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OCHOBHBIE OBO3HAYEHH A

X, — HCTHHHOE 3HAYEHHE H3Me-
PAEMOI BETMYHHEI
X — pe3y/IbTaT H3IMEpPEHHA
A — afcomoTHas norpeiHocTs
& — OTHOCHTENBHAA TOTpell-
HOCTh
¥ — NPHBEAEHHAA NOTPEILHOCTS .
A, — CHCTEMaTH4eCKas norpemni-
HOCTh
Ay — YaCTHaA CHCTEMATHYECKAN
NOrPEHOCTE

e cnyqaiﬁlax NOrpeltHoCTh

A; —uacTHad ciyvaiinan
MOrPELIHOCTE
Am — MAKCHMANBHaA (Npeaens-
Has) NOrpelHocT
d — anNMTHBHAA OTHOCHTENb-
Haf norpemHocTs npubopa
€ — CyMMApHas OTHOCHTEIbHAR
norpewHocTs npubopa
A(A) — OUCHKA MOrPEHOCTH Pe-
3YABTATA KOCBEHHOIO H3Me-
peHus
AL A ) — CHCTEMaTHHECKaR COCTaB-
nA101Ad NOrPeHOCTH pe-
3YABTATA KOCBEHHOTO H3Me-
peHus
A(A4) - cayuatinas cocrasnsioman
MOTPELHOCTH pe3ybTaTa
KOCBEHHOIO H3IMEPEHHA
Ay, A, — HIDKHAA W BEPXHAA TPAHH-
16l HHTEPBANA NOTPemIHO-
creii
Xy — HOpMHpYIOLLIeE 3HAYEHHE
X — KOHEUHOE IHAYEHHE (Kbl

P — pepoaTHoCTE
P, — nosepurensHas
BEPOATHOCTE
p(x) —3aK0H pacnpeneneHns
TUIOTHOCTH BEPOATHOCTH
P,(f) — HOpMHPOBAHHEIH HOpMank-
Hbiii 3aKOH pacnpeeneHus
) — MATEMATHYECKOE OXKMIAHHE
% = A — OLEHKA MATEMATHYECKOrD
OKHIAHHA (pe3ynbTaT H3Me-
peHuA)
© — CpellHee KBalpaTHyeckoe
otknoHeHKHe (CKO)

& — ouenka CKO Ha6monexuii

m =

Eq, = §(A) - ouenxa CKO pesynsTaTa
HIMEpEeHHI

& - cMemennas onerka CKO
HabmoaeHui
S; — ouenka cymmapuoro CKO
pesynsTaTa H3MEpEeHHA
A, — npeaen ponyckaemoi ab-
COMOTHON OCHOBHO# Mo-
rpemHocTH npubopa
8cy — Npenen A0nycKaeMoi 0THO-
cHTENbHOMN OCHOBHO# No-
rpemHocTH npubopa
Yeu — MPEde NONYCKAEMO#H npH-
BE/IEHHO# OCHOBHOI no-
rpemHocTH npubopa
D — nucnepeua
W(z) — MHTErpan BEPOATHOCTEH
@O(z) — pynkuma Jlannaca
F(x) — unTerpansHeii 3aKoH pac-
npeaencHua
K P, n) — koaduupent CroroneHra
S(w) — cNeKTpansHas MIOTHOCTL



r(ﬂ}. r("T'lJ ~ ramma-(pyHKUHK (HHTErpa-

2 nei Diinepa)
q = YPOBEHb 3HAYHMOCTH
omuHKH
E — HanpsKeHHOCTS MeKTpH-
4ecKOro noms
d — KBAHTH/Ib HOPMATBHOTO
pacrpeeneHus
0 — obiuas rpaHHLIA HEHCKTIO-
HEHHBIX CHCTEMATHHECKHX
norpetmHocTe i
©Q — noGpOTHOCTE KOHTYpa
B — unnyxums
€ — NOBEPHTENBHAN MPAHMLIA
caysaiiHoit norpelmHEoCTH

pe3ynsTara HaMepeHHit
¥; - ouenka koapduumerTa
KOppensimu
S — YYBCTBUTENLHOCTL CPEACT
HIMEPEHUI
R(t) — xoppenausonHas GyHKUMA
H(x) - GeaycnosHas 3HTponua
H(x/x) — ycnosHas 3uTponua
I - konmnuecTso urdopmanuu
k, = auTponuiieii kosdpuin-
eHT
A, = IHTPONHAHOE 3HAYECHHE
NOrpemHOCTH
Ay, A, — HIKHAR W BEPXHAA IPAHH-
bl AOBEPHTENLHOTO HHTEP-
sana
X - A, X+ A - nosepurensHsiii HHTEpBAN
K, — ko3adduument rapmonuk
M - ko3 duumeHT aMnHTY -
HOM Moay ALKy, ko3ddn-
UHEHT B3aHMHON HHIYK-
THBHOCTH KaTyIlex
u(t) — ananorossiii (Henpepsis-
HBUH) CHrHan
(1) — aMckpeTHBl cHrHan
uy(f) — undponoft curuan
Up = BMIAHTYA8 rApMOHHYECKO-
IO HANPAKEHUA
U, U, - nonokHTensHoe H OTpHua-
TE/ILHOC AMILTHTY AHBIE
IHAYCHHA
U — cpennee Kpanpaniveckoe
IHAYEHHE HANPDKEHHA
U, — cpenree 3nadeHue Hanpa-
HEHUA

Usp 5 — Cpeanessinpamientoe
JHavcHHe
K, — koadpuument ammunTy s
Ky — koadpduument dopmsi
8(r) — neneTa-GyHKLUHA
Wy — yaensHoe
NOTOKOCUETIEHHE
B - xoadprument nepenayn
uend obpaTtHOH cBAIM
F,, — MPOMEXyYTO4YHAS YACTOTA
Af = nonoca nponyckanus
S8, — YyBCTBHTE/IEHOCTH OCLM-
norpaguseckoit Tpyoku
V = CKOPOCTh JBIKEHHA Tyda
Tpy6Ku no kpany

Af,, Af, — OTPENTHOCTH AMCKPETH3A-

LMK HAYANA W KOHUA
HIMEPAEMOr'O HHTEpBANA
BpEMCHH
At, ~ 00MIas NOrPeITHOCTS JMC-
KPETHIALHH HIMEPAEMOTO
HHTEpBANA BPEMEHH
Tey — BpEMA cueTa
Ton — BpeMs Ompoca
J = unKnu4eckan vacrora
@ = Yropas yacTora
{) - yrnopas 4acTora MOyNa-
LK
( — HavansHas jasa
A — dasossiii casur
COS(p — KOCHHYC YTa Meskiy ABY-
MS FAPMOHHYECKHMH KOfNe-
Garmuamn

E ins Emay — COOTBETCTBEHHO MHHH-

Ma/IbHAA H MAKCHMANbHAS
AMIUIHTYIBI CMEmaHHOM
BOJTHBL

I° = KOMIUIeKCHBI#
KO3 PULHEHT OTPAKEHHA

K, — ko3tduumenT Gerymed
BOJIHbI

K, = ko3pduument crosuch
BOMHB

Wim) — cnexTpansHan nIoTHOCTS

MOLIHOCTH
P — XapakTepHCTHYECKOE CO-
NPOTHEIEHHE, BONHOBOE
COMPOTHBIIEHHE
M,, — Bpamaomuii MoMeHT
g8y — TaHreHe yrna rnoreps
KOHZeHcaropa



MPEVCJIOBHUE PEJAKTOPA

3HauuTeNbHBIH nporpecc B o6MacTH PaaMOTEXHHKM U MHUKPO3JIEKTPOHHUKH
MPHBEN K TOMY, 4TO TOAABIAIONICE YHCIO M3MEPEHHH NPHUXOAMTCA MPOBOAMTH
COBPEMEHHBIMH TPHOOPaMH, TMOCTPOEHHBLIX Yalle BCETO HA YCTPOHCTBax BhIYHMC-
JIUTENBHON TEXHUKH, & 06paboTKy HX pPe3y/bTaToB C MOMOLIBIO TEOPHH BEPOATHO-
CTH ¥ METOOB MaTeMaTH4YECKOH CTATUCTHKH, M KOHEWHO KoMIbioTepoB. [TosTomy
rMaBHAA LENb HACTOAIIEro yd4eGHUKa — HM3NOKHTh HOBEHILINHE OCHOBBI TEOPHU H
MPaKTHKY H3MEPEHHH.

[To croeii Temaruke yuyebnuk «MeTponorus ¥ paaHOW3IMEPEHHA) MNpeaHa-
3HaueH JUIA CTYNEHTOB BY30B, 0OYy4alOUIMXCA MO HAMpaBIeHUIO MOATOTOBKA AW-
niomuposanHoro cnemmanucra 210300 — PaauoTexnuka. OaHako ero MoryT
ACTIONB30BATE CTYAEHTHI IPYTHX CIELHANTbHOCTEH PaiHOTEXHHYECKOro MPOGHIIA.
Knura GyaeT Taioke Noje3Ha CTYA€HTaM, aClMpaHTaM W HHXEHEPaM CMEXHBIX C
paAMOTEXHUKOH CreunanbHOCTEH, KOTOPLIM HEOOXOAMMO MONy4uTh NEpBOHA-
YabHYIO TOArOTOBKY B 06JaCTH COBPEMEHHOI METPONOrHK ¥ M3Mepenni. B or-
nrure ot 60NLIIKWHCTBA y‘-{65HHX UCTOYHWKOB, TI€ OCHOBHOE BHHMaHHWE YAENEHO
UANOJCeHW0 NACLMTUINHBI, B ITOM y4eOHHKE aKLEHT MepeHeceH Ha obwacHenue
npeaMera. OH MOXeT ObiTb MHTEPECEH €IUE M TEM, YTO MHOTME aCNEKTbl B HEM
cMellleHbl B 061acTh UM(POBOH H3IMEPHTEILHONH TEXHUKH, YTO OTPaXKaeT COBpE-
MEHHbIE TEHEHIHN B PA3BHTHH CPEJICTE HIMEPEHHH.

VueGHUK COCTOUT W3 TPEX YacTeil.

l'lepBaﬁ yacTb KHUrd «OCHOBBI METPOJIOTHHY MOCBAIIEHa OCHOBAM METPONO-
HH M B Heil OMMCHIBAIOTCA: TEPMUHOJIOTHSA, CIIPABOYHBIE JaHHBIE, CHCTEMBI BH3H-
YyecKMX BEJWYHH W eIMHHL, KnaccuuKamyus MeTOIOB M CPEICTB H3MepeHHi, aTa-
JIOHBI, TEOPH M3MEPEHHH M TEOpHA MMOTPELIHOCTEH, BOMPOCE HOPMHPOBAHHA
METPOJIOrMYECKHX XapPAKTEPHCTHK CPENCTB M3MEPEHHA W WH(OPMALHOHHLIE Xa-
PAKTEPUCTHKH CPENICTB HIMEPEHUH.

BTopas 4acTh MOCBALIEHA OMMCAHUIO TIPHHIIHTIOB AeHCTBHA M CIoCOOOB CO3-
JaHUA M3MepUTENbHON TeXHWKH. Pasnenbl 3TOH 4YacTH MpeiCTaBACHBI TaK, Kak
OpraHM30BaHbl BAILI H3MepeHHil B cucTeme DenepanbHOro areHTCTBa Mo TEXHH-
YECKOMY PETYJIMPOBAHHIO ¥ METPOJIOTHH. U3MepUTENbHAsA TEXHUKA paccMaTpHBa-
eTcA Kak obnacth HEMOCPEACTBEHHOIO UCTIONBL30BAHHA HOCTHXEHUIA METPOJIOTHH
LUDPOBLIX TEXHONIOTHI U KOMIBIOTEPHON TEXHUKH.

TpeThbs YacTb yueOHHKA ABNAETCA KPATKMM ONMHCAHHEM CYLIHOCTH BONPOCOB
TEXHUYECKOTO PEryJMpOBaHus, CTAHIApTH3AUMH, CepTH(UKALMK H OATBEPKAL-
HUA COOTBETCTBUA.



Marepuan Beex Tpex uacreii yyeGuuka CONEPKUTCA B NATHAALEATH B3AUMO-
CBA3AHHBIX NaBaX, obecneuHBaOUIMX HeoBX0aUMBIil YPOBEHB NMNOArOTOBKH crie~
LUHANHCTOB B OGNIACTH PAMOTEXHHKH MO METPONOrHH, PanHOMIMEPEHHAM H Tex-
HHYECKOMY pery/iMpoBaHHIO.

OcHoBHas vacTe yyeGHuka Hanncana, nopabotana u McnpasneHa kostek-
THBOM npernonasareneli MocKOBCKOrO rocyaapcTBeHHOro HHCTHTYTa paaMoTex-
HHKH, 3JIEKTPOHHKH H aBTOMATHKH (TeXHHYECKOro yHuBepcuTeTa). Benmka pons
Npenonasarenei # acnupaHToB Kadeaps! paaHoNpHBOpos apyrux kadeap MH-
PDA, ¢ KOTOPbIMH Mbl OBIIATHCE B TeueHHE MHOrHX JieT nejaroruydeckoi nes-
TensHocTH. Tpu pabote Han KHUroi ety YUTEHBI H OT3bIBbI, 3aMEYaHHA U coBe-
Thl CNELHANINCTOB HAYHHBIX YUPEXICHHI U NMPOMBILLIEHHBIX APEANPUATHI paano-
TEeXHHYeCKoro npoguns. Bonswias 4yacts HemocTaTkoB B yueGHuke ycTpaneHa
Onaronaps nonesnoil KpUTHKe M LEHHBIM 3aMeyanHsM KaHAHAAaTa TEeXHHYECKHX
Hayk JLH. Bpsmuckoro, 3a yto asTOpbl BBIpAXAIOT eMy rybOKyl0 npu3HaTens-
HocTs. Heouenumsiii pnag B MCNpaBlieHHe HETOYHOCTEN B yueOHMKe BHECHH 10-
uentel E.B. ®enopoea u E.K. Bensuuna. Ouy mobesso romorsik Gonee ymaumo
H3NIOXHTL HEKOTOPbIE BOTIPOCKI, Y€M aBTOPHI ¢ GIArOAAPHOCTBIO BOCHONBIOBA-
Jncek. Tem He MeHee, Mbl CHOBA roToBbI ¢ NPHIHATENLHOCTBIO NMPUHATL KOHCTPYK-
THBHYIO KDHTHKY, NPE/UIOKEHNA H NOKENAHUS, KOTOPbIE KOHEUHO OyayT oTpae-
HBI B CITEYIOMIMX H3NAHHAX KHUIH, €C/IH TaKOBbIE NMOCTEAYIOT.

C HECKpBIBAEMBIM YNOBOJILCTBHEM OTMEYalO rpomantyio paboty npogecco-
pa I'.T". PanneBa, B3sBuIero Ha ce6s Hemerkuii TPYA M0 PeLEH3HPOBaHHIO Y4ebHH-
Kka. Ilpu peuensuposanun um Gbin Beickasan PAN UCHHBIX 3aMEYAHHi, YTyyIIHB-
WHX yueGHUK. CYHTAIO CBOMM NPUATHBLIM A0NFOM BBIDA3HUTh MCKPEHHIOIO Gnaro-
AapHocTh npodeccopy A.B. TMpoxoposy 3a obcyxnenue psaa npoGnem s IToi
KHHre. MHOTO NONE3HBIX peKOMEHIaUMii, KOTOpbie TPYAHO NEPeOLeHWTDh, Hanu
npogeccopa A.A. IMapamonos, B.M. Ceuctos u B.W. Karaxos.

ABTOpbi Garonapubl Bcem, KT0 6bL1 cTOML nmobe3eH, Halas BOIMOXKHOCTS
BHHMATE/IbHO MPOYECTh PYKOIHCE yueOHuKa,

Ipu nonroroske nopa6oransoro u HClpaBieHHoro yyebuuka k myGnukauuu
H3NATENLCTBOM H MHOIO GBI MPHNOKEHO MHOTO YCHAMH K TOMY, 4TOGHI ycTpa-
HUTL 3aMeleHHbIe MOTPEIHOCTH H ONEYaTKH B TEKCTE, PUCYHKAX W tdopmynax.
On1Hako HeT NOJTHOM rapaHTHM B TOM, 4TO B AOCTATOMHO CHAThIE CPOKH NOArOTOB-
Kn yyeGHHUKa B €ro Marepuanax He 6bi10 4T0-1160 YIYLIEHO W Aaxe HEBEPHO HC-
TonkoBano. Ecnu BuuMatensHelit udTatens OGHApYKHT HETOYHOCTH B KHMTE, TO 1,
KkaK peiakTop H 0ZIHH H3 aBTOPOB yueGHuka, nomHoCTLIO Gepy Ha cebs MOPaJIbHYIO
OTBETCTBEHHOCTD 32 3TH YNYUIEHHS.

ABTOpBI ¢ rTyGOKO#H NPH3HATENBHOCTBIO npuMyT mobkle 3aMevanua u noxe-
JNlaHus uMTaTeneH, KOTopele MPOCAT MpHCHUIaTL Mo ampecy: 127994, Mockaa,
I'CI1-4, Hernunnas yn., 29/14, usnarenscrso «Bsicwas Konay,

/Kenaio 6cem kpenxozo 300posba, cuacmes u ycnexos.
B. Hegheoos



HesepHele Beckl — mep3ocTs npea [ocnogom,
HO NpaBKLHBIH Bec yroaeH Emy.
bubnua

BBEJIEHHME

[o3Hanue yenoBEKOM OKPYXKAIOLIEro MHpa HEPaspLIBHO CBA3aHO ¢ Habmo-
AeHWAMH M 3kcriepuMenTamu. Ilonydenue nndopmaunn B npouecce HabMONEHHI
H IKCTICPHMEHTOB 6a3upyercs Ha WIMEpeHHAX. B TOM WM MHOM BHIE H3MEPEHHSA
3apOAHIINCE C MOSABJICHHEM 4elloBeka Ha 3emne. YcraHoBieHo, uto Gonee yem 3a
HeThIpe THICAYENETHA 10 HOBOH 3phl (Poxaectsa Xpucrosa) B Basunoune u Erun-
Te Yike NPOBOMMIIH aCTPOHOMHYECKHE M3MepeHHa. Ha nporsxeHuu Bcel ucropun
Pa3BHTHA HayKu 1 TEXHHKH Mepe YeJOBEKOM BOIHUKANO W BO3HHKAET MHOXKECTBO
npoGiem, And pelleHHs KOTOPHIX HEOGXOAMMO pacnojiaraTs KOJMHYECTBEHHO!M
HH(OpMALIMER O TOM WIH UHOM CBOHCTBE 00BEKTOB MaTepualbHOTO MuUpa (sBe-
HHH, Mpouecce, Tene, BEUIECTBe, U3eaun U mp.). OcHOBHEIM criocoGoM nomyue-
HUs Takod MHQOPMALUH ABNAOTCA u3MEpeHus, NPH TPABHILHOM BBINOJHEHHH
KOTOPBIX HAXOAWTCA Pe3ysibTaT H3MepeHHus ¢ Oonbiieil WIH MEHbINEH TOYHOCTBIO,
OTpaXkaloLIui HHTEpecylolIne cBoHcTBA 06beKTa MO3HAHMS.

Hamepenna urpaiot BaKHEHIIyI0 POk B KH3HM YENOBEKA U ABIAIOTCA Ha-
HATLHOHM CTYNEHbIO MO3HAHMA, KOTOPhIE YaCTO HE TMPEBLILIAIOT YPOBHSA SMITUpUYe-
ckuX. TlockonbKy KpHTEpHeM WCTHHBI BCETa CTY)KHT NPAKTHKA (OKCNEpHMEHT),
PE3YNBTATEl W3IMEPEHHH OYEHb YACTO BBICTYTIAIOT B KaY€CTBE KPHTEPHA HCTHHBI,
M3mepenus ie1aioT npesicTaBleHHsA O CBONCTBaX OKPYXalollero Hac Mupa Gonee
NONHBIMY W MOHATHRIMH. MOXHO cka3aTb, 4TO MPOTPECcC HAYKH U TEXHHKHM Ofpe-
AENACTCA CTENEHBIO COBEPIIEHCTBA H3IMEPEHUH U H3MepHTeNbHLIX Npubopos. IILH.
Menjenees Bhipa3un 3HaUYCHHe M3MEPEHHIH /UIS Hayku cleayiomuM obpasom:
«Hayka HauuHaeTcs c Tex nop, KaK Ha4HHAIOT W3MepATb. TouHas HayKa HembiC-
numa 6e3 Mepbi».

Ha nporsxenun Bceil ucmpnn pasBUTHS HAYKH M TEXHUKH MEpe] 4eJ0BEKOM
BO3HMKAET MHOXECTBO MpoOnieM, MIA peleHus KOTOPLIX HEOOXOMHWMO pacrona-
rath KOJNHMYECTBEHHOH MH(OpMmaLueil 0 ToM unu WHOM cBolicTee 06bekTOB MaTe-
puanbHOro Mupa. OcHOBHBIM crocoboM momydeHHs Takoil HHOOPMALWUK ABNAIOT-
€4 usMeperusi, NPW NPaBWILHOM BBITIONIHEHHN KOTOPLIX HAXOAMTCA pe3yjLTaT
u3Mepenus ¢ Gonbiueli WM MeHbLIEH TOYHOCTHIO, OTPAXKAKIINA HHTEPECYIOLIME
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cBoficTBa OObekTa mosHaHus, Msmepenus senaior MPENCTABNEHUA O CBOWCTBAX
OKpYKalolero Hac Mupa Gosiee MONHBIMH W MOHATHBIMH.

H3mepennamu 3aHHManKCh U CYHIECTBEHHO WX Pa3BUIIA U3BECTHBIE YUEHBIE:
X. Troiirenc, U. Hetoton u apyrue. OcHoBateneM ke METPOJIOTHH KaK Hayku, B
cymHocty, 61 K. ayce. Bonbwioit Bknan s pasBuTHE MeTpoJiorud BHec B. Be-
bep, kotopsrii BMecte ¢ K. Tayccom paspabotan abcomoTHy0 cHcTemMy NEKTPH-
HYECKMX H MArHUTHBIX €AUHMLL,

3apoxnenne B Poccun memponozuuecoii cyocObl cenyer oTHeCTH k 1842 1,
KOraa Gbinl M3JlaH 3aKOH 0 Mepax M Becax, NpeaycmMaTpuBaroLuii coznanue neppo-
T0 B Hawei cTpaHe METPONOrH4ecKoro yupesaeHus. OHo NONYYHNIO Ha3BaHHe
«lleno obpasyoseix mepy. CymecTBeHHbIi BKIAN B Pa3BUTHE OTEYECTBEHHON MeT-
POJIOTHH BHECHA aKkajeMH4ecKas KOMHCCHA B cocTaBe akagemukos O.B. Crpyse,
I'H. Bunbna n B.C. SIko6u (1870). OcuoBarenem OTEUECTBEHHOH METpoNoruu
CTan BblAalomuics pycckuit yuensiii .M. Menneneer (| 834-1907). On Tak on-
PENEIAL PO/ib K 3HAYEHHE H3MepeHuii: «B npupoae mepa u Bec cyTh rasHoe opy-
Aue no3HaHusA. Hayka HauMHaeTcs ¢ Tex Mop, Kak HAYMHAIOT HU3MEPATh, TOUHAaA
Hayka HembiciMa Ge3 mepbi». B 1893 r. no ykasy uMneparopa 6slna ocHoBaHa
Ihaenan nanama mep u eecos, IUpexTOpoOM KOoTOpo#i 6bin Hasuauen JI.U. Menne-
Jees. B 3amauM nanarel BXOAWIO HE TOJBKO XpaHeHue smanonos U obecneyeHue
hoGEPKY TI0 HUM CPEICTB U3MEPEHHH, HO W NPOBEJIeHUE HAYYHBIX HCCIeN0BAHMI B
obnactn MeTposiorum. 3ateM B Haweit CTpaHe CTaIH CO3/1aBaThCiA MECTHbIE MOBe-
POYHBIE Manarsi, !

HcTopus passuTus TeXHUKH 3nekmpuyeckioe u3Mepenutl Hepa3phIBHO CBA3a-
Ha C HMEHaMH BbIAAIOWIKXCA pycCKUX yueHsx M.B. Jlomonocosa u I'.B. Puxmana,
kotopeie B 40-x rogax XVIII B. ckoHCTpyupoBanu TepBolil B MUPE 2JIEKTPON3MeE-
puTenbHbIH npubop, Ha3BaHHBIN aBTOpaMu «ykazamens INEKMPUHECKOT CLTBIY,
Bhinatomuecs yueusie (A. Bénsta, 111 Kynon, I'. Om, M. ®apapneii u 1p.) Bo Bro-
poii nonosuse XVIII — nepsoit nonosuxe XIX peka MPOJIOIKHIIH CO3aHUE ApY-
FHX BHAOB U3MEPHTENBHBIX Npu6GopoB. B yacTHocTH, 3akon Oma Guut OTKPBIT NPH
Hab/MIOIeHHH B3aUMOJEHCTBHS MPOBOJA C TOKOM, PacroioKeHHOro PALOM C Mar-
HUTHOH CTpenko#f, — npoobpasa MIMEPHTENBHBIX npHOOPOB MAarHHTOAJEKTPHYE-
CKOH cucTeMbl. C NOMOLLBIO 3TOTO HECIOKHOIO ycrpoi#ictsa M. @apaneit yetaHoBin
3aKOH 3JNEKTPOMAarHUTHOH MHAYkuwMK (1826-1931). Bo Bropoit nonosune XIX .
CYLIECTBEHHBIH BKJIa B PA3BUTHE U COBEPUICHCTBOBAHUE ITEKTPOH3MEPHTENBHBIX
NPHOOPOB BHEC/TH BBIAAIOLIMECA PYCCKHE yuensie A.I. Croneros, B.C. Sko6u u
ocoberno M.O. Jonuso-J{o6poBonbekHii, TIPEJUIOKMBLINH 3NIEKTPOMArHUTHEIE W
pan apyrux npubopos,

[lepBele naMepurensHsie NPUGOPHI HCMOIB3OBAMUCH JHLLb ANS OTHOCHTEb-
HOH OLEHKH (husHueckoi BenuyuHbl. Takoe MoNOKeHHUe COXPaHAIOCh 10 TeX nop,
noka He ObLIM onpeneNeHbl IeKTPUYecKHe mepbl. BHavane (cepeamna XIX s.)
9TH MEpBI, CO3NaHHbIE OTACTLHEIMH Y4EHBIMH B Pa3HbIX CTPaHax, He OblUIH OaHHA-
KOBBIMH. OIHAKO 3TO MO3BOJIAIO BCE KE POM3BOAMTH H3MEPEHUA, XOTA ellle U He
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8 oBWENpUHATLIX €NWHHLIAX, H CHENAN0 BO3MOXHBIM B3aUMHOE CAMHEHME STHX
MED W CPaBHEHHE Pe3y/bTaTOB ONBITOB.

B 1875 r. mo B3auMHO{l JOrOBOPEHHOCTH HA CMEIHMANbLHON MEXIYHapOAHOH
xoH(epeHumy ¢ yyactuem Poccum Obiia moanucaHa METpPHYECKas KOHBEHLMA, M0
KOTOpo#t CTpaHbl ofs3amich cofepxkaTh «MexayHapoaHoe Gl0po Mep M BECOB» Kak
LeHTp, obecneunBalomMii eAMHCTBO M3MEpEHHH B MexayHaponHoM MacwtaGe. ITpu
ITOM B IIMPOKOM CMBICITE TIOJl e0UHCMEOM U3MepeHuti TIOHUMACTCA XapaKTepHCTHKa
KauecTBa M3MEPEHHI, 3aKTOUAIOWAACA B TOM, YTO WX PE3Y/bTaThl BBIpAXAOTCA B
V3aKOHEHHbIX €IMHHULAX, PasMepbl KOTOPbIX B YCTAHOBIEHHbIX MPEAENax paBHbl pas-
MepaM BOCHPOM3IBENEHHBIX BE/IMYMH, a MOTPEUIHOCTH PE3Y/bTATOB M3MEPCHUH H3-
BECTHB! C 3a[1aHHOMN BEPOATHOCTHIO M HE BHLIXOJIAT 32 YCTAHOBJIEHHbIE npenesl. [pyu-
MEHHMTEBHO K Hallielt cTpane, cornacHo 3akoHy Poccuiickoit ®enepaimn «O6 obecre-
YeHWM e[MHCTBA W3MEpEHMID, eOuHcmeo uamepenuti — COCTOSHHE W3MepeHui, MpH
KOTOPOM WX PE3YJILTaThi BLIPOKEHB! B Y3aKOHEHHBIX €IMHULIAX BEAWYHH H MOTPELIHO-
CTH M3MEPEHHI1 HE BLIXOAAT 33 YCTAHOBNEHHBIE MPAHHLIbI C 3a1aHHOH BEPOATHOCTEIO.

Ha MeXIyHapoHbIX KoHrpeccax no anekxrpudectsy (1881 r. — Tlapik n 1893 r.
— Yuxaro) 6buia MpUHATA MPUMEHAIOWIAACA U 10 HAIIEro BPEMEHH MpakThyeckasn
CHCTEMA 3/IEKTPHYECKHX M MarHHTHBIX €IMHHLL, 6a3upyIoIIancs Ha MEXTYHaPOAHIX
EIHHHLIAX aMriepa H oMa.

BHellpeHne TEXHWKH W METONOB H3MEPEHHH COBNAN0 C HA4YAIOM PasBHTHA
CHCTEM pagMOCBA3M M panvoTexHHKH. CylllecTBeHHOE BHUMAHNE NaHHBIM BOMpO-
cam yjensn KpymHeHimii pycckuit yuembiit, uso6perarens pamro A.C. [lonos.
OCHOBOMONOKHNUKOM OTEUECTBEHHON PaAMOM3MEPHTENLHON TEXHHKH CUHTAETCA
akanemuk M.B. IllyneiikuH, opranusoBasumii B 1913 r. nepsyio 3aBOACKYO Jia-
60paTOPHIO 1O MPOM3BOACTBY W3MEPHUTENbHBIX NPUOOPOB. BombIIoH BKNaM B pas-
BHTHE TEXHHMKH M3MepeHui BHec akagemuk JLM. Maupenbuitam, CO3aBIIKH B
Hauane XX B. MPOTOTHIN COBPEMEHHOTO SMEKTPOHHOTO ocuwiiorpapa. Muorue
pYCCKHE y4EHbIE, Takue, KaK M.A. Bonu-Bpyesuy, B.B. 11lupkos, H.H. Tlonoma-
pes, B.I'. lybeHeukuil u mpyrue, CyImECTBEHHO pa3sBHIM TEOPUIO H TEXHHKY pa-
AHOM3IMEPEHH.

CTyneHThl paaMOTEXHUYECKHX CNEeLManbHOCTEN, HauHHas yiKe ¢ nepsoro ce-
MECTpa, BBITIOAHAIOT faboparopHeie paGoThl Ha OBLIETEXHUYECKUX W CreUHab-
HbIX Kaenpax. [Tpu 31oM B OCHOBE GoNbIIMHCTBA NabOpaTOpHLIX paboT nexar
H3Mepenna. PesynbTaTst MoGbix M3MepeHHii, kak Obl TIIATEBHO OHH HH BbINOJ-
HSUIMCH, Hew3BeXHO colepXkaT HeKoTophle morpeurHocTH. [Toaromy ycneuwHas
paboTa CTy#eHTOB B 1abOpaTOpHAX Hapsdy C W3YYeHHEM CPE/ICTB U METOJ0B W3-
MepeHui W MpHOOpeTeHUeM HABBLIKOB M3MEPEHWH MpeAnoJiaraeT Takke UX 3Ha-
KOMCTBO C COBPEMCHHBIMM METONaMH MaTeMaTH4ecKoi 00paboTku pe3yiLTaToB
U3MEPEHHI, aHAN3a W OLICHUBAHUA NOrPELIHOCTEH.

ToToBsACh K caMocToATeNsHOl pabore Mo u3bpaHHOW cneuuanbHOCTH, CTy-
JIEHTBI JIOJKHBI MMETh B BHIY, YTO M3MEPEHHS MPOHHM3BIBAIOT BCe CQepbl HHKe-
HepHoro Tpyna. C U3MepeHHAMH CBSA3aHa JCATENBHOCTE HIKEHEPOB, PaboTaloLIMX
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no npodunaM uccneaosarened, KOHCTPYKTOPOB, TEXHONOTOB U T.4. MHkeHep He-
NPEMEHHO [O/UKEH HMMETh ACHOE MPE/ACTABIEHHE O BO3MOXKHOCTAX HW3IMEpPHTENb-
HOW TexXHWkH, 4TOObl ObecrneunTh BIANMO3AMEHAEMOCTh H3MIENHH, YCTPOHCTB M
Y3/10B paaH031eKTPOHHO TeXHHKH. [103TOMY 3HAHHE COBPEMEHHBIX CTAHAAPTOB,
npasun, HopM H TpebopaHuit B obnacTi niMepeHnit Takke obs3aTenbHbl ANA crie-
UHATUCTOR, 3aHAMAIOIIMXCA YNPaBieHHEM W OpraHu3aumneil Npon3Bo/ICTEA.

Yto6bl ycneuiHo cnpaBUTLCA ¢ MHOTOUHCIIEHHBIMH W pasHOOOpa3HbIMH M1po-
GremMamMyu paxHONM3IMEPEHHH, HEOOX0AHMMO OCBOMTH PAA OOLINX MPHHLMIOB MX pe-
HWIeHUs, OTPEAETNTE CANHYIO HAYHHYIO W 3aKoHojaTensHyio Gasy, obecneunpaio-
HLYIO Ha MPaKTHKE BBICOKOE KAYECTBO H3MEPEHHH HE3aBHCHMO OT TOrO, TiI€ W €
Kakoii uensio oHn BeinonuAoTea. Takoii 6asoit senserca memponozun (0T rpeve-
CKHX CIIOB «METPOH» — Mepa, «JI0roc» — yHeHHe).

ITepeoHa9anbHO METPOJIOTHA 3aHUMAalach ONMCAHWEM pa3HOro poja mep (nu-
HelfHBIX, BMECTHMOCTH MACChl, BpEMEHH) H MOHET, MPUMEHABLIMXCA B PA3HBIX CTpa-
Hax, H COOTHOLIEHHIT Mexay HUMH. CoBpeMeHHas METPONIOrHs onupaeTcs Ha husn-
qeckHii IKCMEPUMEHT BbICOKOH TOYHOCTH, UCNONBIYET AOCTIKEHHA (PUIMKH, XMMHH
W JIp. ECTECTBEHHBIX HaykK, HO BMECTE C TEM YCTAHAB/IMBAET CBOM crieuMpuyeckue
3aKOHBI ¥ MPaBUNA, MO3BONAIOILME HAXOANTHL KONHYECTBEHHOE BLIPAKEHHE CBOMCTB
obbexToB MatepHaibHOro Mupa. O61as Teopus WIMepeHnH OKOHUATENIBHO elle He
CNOKWIACH, B HEE BXOJAT CBE/ICHHA, MOJY4EHHBIE B PE3yNbTaTe aHANH3a U U3YYEHHs
H3MEPEHNt M X HIEMEHTOB: (MIUUECKHUX BESTUYHH, UX €[IMHULL, CPEICTB H METO/0B
H3MEPEHHH, MONMy4YaeMbIX Pe3yIbTATOB HIMEPEHHH.

CospemeHHoe onpeieneHne MeTposioruy aano 8 Pekomenaaunn PMI™ 29-99
«I"CH. Metponorus. OCHOBHbIE TEPMHHbI H ONPEAEIEHHAN . MEMPONOSUR — HAY-
xa 06 uzmepenusx, memooax u cpedcmeax obecnevenua ux eouncmea u cnocobax
docmuoicenun mpebyemoli mounocmu. B Poccumn 3TOT TEPMHUH W ONpemeneHus
ApYr#xX TEpMHHOB wucnoms3ylorcs cornacHo Pykosoactey HCO/M3K 2
(MCO/MBK 17025:1999) u MexayHapoiHOMY C/IOBapiO OCHOBHBIX W 0BmmX
TEPMHMHOB B MeTponoruu (amra. International vocabulary of basic and general
terms in metrology — VIM).

TIpedomemom memponozuu SBNSETCH W3IBIEYEHUE KOJIHYECTBEHHOH MHpOp-
Maln| 0 ¢BolicTBax 0OBEKTOB W MPOLECCOB € 3aAaAHHOK TOYHOCTBIO M JIOCTOBEp-
HocThio. Cpedecmaa mempono2uu — COBOKYMHOCTh CPE/ICTB 3MEPEHHH W METPO-
NIOrMYeCcKHX CTaHaapTos, obecnevrBalouiuX HX pallMOHaNbHO’ HCNOAL30BAHKE,

OcHOBOMONOWHUK KiaccH(pukalmm Hayk akanemuk b.M. Keapos mpemio-
KW MOHATHE TPEYrobHHKA HAYK, «BEPIIMHAMM) KOTOPOro sBasioTca duiocod-
CKHe, €CTECTBEHHbIE M COlManbHble Hayku. OcHOBHaA Lellb METPOJIOrHH — M0-
JHAHUE OKpYkKarouiero Hac mupa. B 3Tom ee cBasb ¢ dunocodueit. Merposnorus
OTHOCHTCS K TOYHbIM Haykam — B 3TOM €€ CBA3b C MAaTEMAaTHKOIl Kak Hayko# ec-
TecTBeHHOH. M3aMepeHus npoBOAATCA HE TONBKO B TEXHMKE, H3IMEPEHHAMH 3aHH-
MalOTCA M NCHXOJOrN, W COLIMOJONH, H NPE/ICTaBHTEIM MHOFHX APYTHX Harpasne-
HHUI, HE OTHOCALLIMXCH K «TO4YHbIMY Haykam. Tak, WMPOKO pacrpoCTPaHEHHYH) B
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MCHXOJIOTHH OLEHKY YMCTBEHHOTO Pa3sBMTHA YeJIOBEKA HA3bIBAIOT U3MepeHUEeM
unmennexma. B 3T0M CBA3b METPOJIOTHH C COLMANBHBLIMU Haykamu. MeTponoruso
€ 3TO# TOYKH 3PEHHA MOXKHO NIOMECTUTE Ha JII060i CTOPOHE TPEYTroJIbHUKA HAYK.

Mertponorusa Bxiouaer B cefs METOMBI BBITIONHEHH MPAKTHYECKH BCEX M3~
MEPEHHH, & TaKXKe UX MPaBOBble M TEOPETHYECKHE OCHOBLI. MeTponorus aennrcs
Ha meopemuneckyio (hyndamenmanvuyio, HayuHy0), 3aKkonodamensuyio (npaso-
8y10) W npuKnaduyio (npakmuyeckyio).

Teopemuueckans memponozua rnaBHeIM 06pa3oM cBsf3aHa ¢ pazpaborkoit u
u3yyeHHEM (yHIaMEHTaNbHEIX BOTIPOCOB TeopHM MamepeHHil. B Gonee mmupokom
CMBbICIIE TEOpEeTHYECKas METPONoTHs, NpejacTaBnas coboil ocHoBHYI0 6aly usme-
PUTENBHOW TEXHHKH, 3aHUMAeTCs H3ydeHHeMm npobnem u3MepeHHi B LENOM, a
TaKke o0pasyrolMX W3MEpeHHs IEMEHTOB W COCTABAAIOWMX: CPEACTB W3Mepe-
HHH, QU3NYECKHMX BEMYMH W UX €AMHULL, METONOB U METOAHK M3MEpeHHil, pe-
3y/IbTATOB U3MEPEHHH M NorpelHocTed n3MepeHuil U np.

3axonodamensras memponosus ycTaHaBnUBaeT 06sA3aTeNbHble TEXHUUECKHE
H IopHnYeckue TpeGoBaHUA M0 MPHMEHEHHIO eAHHUL (PU3HUECKUX BEJTHYMH, ITa-
JIOHOB, BUJIOB, METOJIOB, METOJMK M CPEICTB W3MEPEHUH, HanpaB/eHHbIX Ha obec-
neYeHue eIMHCTBA U HEOOXOAUMON TOYHOCTH M3MEpeHHH B MHTEPEcax MHPOBOro
coobiectea. [lo cyiecTBy MpaBOBbiE OCHOBBI METPOJIOTHH OGECTIEUHBAIOT €IH-
HooOpasue CpeAcTB M3MEpeHMH M eIMHCTBO M3IMEPEHMil MOCPEeACTBOM YyCTa-
HOBJIEHHBIX MOCYAapcTBOM NpaBui. MCXOAHBIMM TOKYMEHTaMH 3aKOHOJATeNbHON
MeTposiorun  ABnstotcs PenepanbHbie 3akoHbl Poccuiickoit Penepaunn «O6
obecrnieueHUn eTHHCTBA H3MepeHHUiD» U «O TeXHHYeCKOM perynupopaHumu». Braro-
Jlaps IeHCTBMIO B Halllel cTpaHe KOMIJIEKCa rocyJapcTBEHHBIX CTaHAapTOoB, 00be-
OUHEHHBIX B [ocydapcmeenuylo cucmemy obecnevenun eOuHCmMEa u3MepeHuil
(I'COEH, ynpomennoe — I'CH), ycraHoB/eHa efuHas HOMEHKIIATypa CTaHOApT-
HBIX B3aUMOYBA3aHHBIX NPaBHA U NONOKEHWH, TpeGoBanuii W HOPM, OTHOCALLIKXCA
K OpraHM3ali¥ ¥ METOJHKE OLUEHMBAHWA W obecrnedeHHs TOYHOCTH H3MEpeHHit,
Psn TakuX OCHOBHBIX MOJIOMEHHH ycTaHoBNeH ctaHaaprom Poccuiickoit ®@enepa-
uuu F'OCT P 8.000-2000. «I'CH. OcHOBHBIE MOSOKEHHAY.

Hpuknadnas memponozus cBA3aHa ¢ U3yueHHeM BOIPOCOB NPaKTHYECKOTO
npuMeHeHHs pa3paboTok TeopeTHYeCKOH METPONOTHH W MOJNOKEHHH 3aKoHOAa-
TeNbHOW MeTponorun. B ee BefieHHH HAXOAATCA BCE BOMPOCH METPONOTHYECKOro
obecneuenus cpencTs naMepeHuid. U3 npuxiagHoit METPOTOrMK UIA HYKA pafno-
TEXHHKH BBIICNAMOT TEXHUYECKHE W3MepeHHs. B Hacrosllee BpeMsa K TeXHHYe-
CKHUM H3MEPEHHAM, PACCMATPUBAEMBIM BO B3aMMHOM CBA3M € TOYHOCTBIO B Pajno-
TEXHHKE, B OCHOBHOM OTHOCAT M3MEPEHHA PasiHYHbIX 3NEKTPHYECKHX BEIHYMH.

Jna pykoBojacTBa Beel AATENBHOCTBIO H MOJUIEPHAHKA eJWHCTBA H3Mepe-
HuH B Poccuy co3naHa MoulHas MeTpoiorudeckas cmyxba, posrnasisemMoi @ede-
PANbHBIM A2EHMCMEOM RO MEXHUYECKOMY DeZYRuposanuio u memponoauu (Ha-
NOMHHM, 4To 3T0 ObiBIMi [occranpapt Poccuu), U BeIOMCTBEHHBIX cyX6 BO
BCEX OTpac/ax HapoJHOIO X03sHCTRa.



Cnenyer obpatuTh BHHMaHHE Ha TO, YTO Ha 3Tane COBPEMEHHOH Hay4HO-
TEXHHYECKOH PEBOMIOLMA B METPOJIOTHH, W B 9aCTHOCTH B PajiMOM3MEPUTENbHON
TEXHHKE, NPOMCXOIAT 3HAYMTENBLHbIE KauyecTBEHHbIE W3MeHeHHa. H3amepenus
MPaKTHYECKH MOJIHOCTHIO MEPEXOAAT Ha UWGPOBbIE METOIbI, BOIUIOMIEHHbIE B
npubopax ¢ UM(PPOBBLIM OTCHETOM M PErucTpaLeil; CyIeCTBEHHO PACLLIHPAIOTCA
AMana3oHbl H3IMEPAEMBIX BEIHYHH; B U3MEPHTENhHBIX CHCTEMAX WIHPOKO NpHMe-
HAETCA aHAIOTOBaA W UKM(POBAT MHKPOINEKTPOHHKA; BOIHMKIA HEOOXOAUMOCTD B
M3MEPEHHH XapaKTePHCTHK cly4aiiHbiX npoueccos. Bee ato Tpebyer Hosoro noa-
X0/1a K COCTOAHHMIO CPE/ICTB PafHOU3MEPEHHH, K COOTBETCTBHIO UX METpONOruye-
CKHX CBOWCTB YCTaAHOBJIEHHBIM HOpMaM.

B nocneanue roabl WIMEPEHMA NMOYTH MONHOCTHIO MEPELLTH HA LH(PPOBbIE
METO/Ibl; CYLIECTBEHHO PacIMpAIOTCA AHANA30HBI H3MEPAEMBIX BETHYMH; B H3Me-
PHTENIbHBIX CHCTEMAaX LIHPOKO NPHMEHAIOT MHKPOJJIEKTPOHHKY; NOABHIACE HE0G-
XOAHMOCTh B M3MEPEHUH XapaKTEPUCTHK CIydalHBIX NMpOLECCOB. YCnoKHEeHHe
TEXHONOTHH MPOW3BOACTBA, Pa3BHTHE HAy4YHBIX HCCNENOBaHHH NpHBeNnH K Heob-
XOAMMOCTH M3MEPEHHA M KOHTPOJA COTEH M ThICAY MapaMeTpOB OAHOBPEMEHHO.
TMosBunca HOBBIH Kinace WHGOPMALIMOHHO-H3MEPHTENBHOH TEXHHKH — H3MEpH-
TenbHele WHGOPMALMOHHbIE CHCTEMbI, ocymecTastomme cbop, obpabotky, me-
penauy, xpaHeHune u orobpaxkeHue uHpopmauun, PaGorsl B obnacti unpopmaum-
OHHO-H3IMEPHTENBHOH TEXHONIOTHH NO3IBONKIH B NOCNEAHHE rojibl CO3/1aTh HOBBIM
pasnen TEOpHM M MPaKTHKH M3MepeHwil — BupTyansHbie npubopst (Virtual In-
Struments; BUPTYIbHbIH — KaXyWHHcs) W HHTE/IEKTYANbHBIE W3IMEPHTENbHBIE
cucTembl. Bee 910 TpebyeT HOBOro NOAXONA K COCTOAHWIO CPEACTB W3MEPEHWU, K
COOTBETCTBUIO UX METPONOTUHECKUX CROUCTE YCTAHORNCHHEM HODMAM.

DupTyansmh npudop — 3TO cneuManbHas niaTa, ycTaHasnHBaemas B nep-
COHanbHBIA KoMmetoTep (B cnot ISA win PCI) wnu BHemHee ycTpoicTso, noa-
Kkmodaemoe vepes LPT-nopT B koMniekce ¢ COOTBETCTBYIOUIMM MPOrpaMMHBIM
obecneuenneM. B 3aBHCHMOCTH OT MCMONB3YEMO# IIaThl M NPOrpaMMHOro obec-
neYeHus roNb30BaTe/lb NOTyHaeT HIMEPHTENbHBIH NpHOOP NOA TY WM HHYIO MET-
posoruueckyto 3asavy. CoBepiIeHHO OYEBHIHO, YTO MHOTHE METPOJIOTHYECKHE U
uccnenopatensckue 3anayu Gynyt B XXI B. pemartscs ¢ NOMONIBIO MHTENIEKTY-
AIBHBIX H3MEPHTEJIBHBIX CHCTEM H BHPTYAIbHBIX MPHOOPOB.

Vyebuuk HanucaH B NPeANONOXEHHH, YTO CTYJEHTHI, MPHCTYNas K H3yue-
HHIO Kypca «MeTpoorHa ¥ pagHOM3MEPEHH), HMEIOT AOCTATOYHO XOPOUIYIO
TEOPETHYECKYI0 W MPAKTHYECKYK) TOATOTOBKY MO CAEAYIOUINM AHCLMIUTHHAM:
«Boictuas maremartukay, «®usnkan, «Mudopmaruka», «Pagnomarepuanst U pa-
AHOKOMMOHEHTLI), «OCHOBBI TeopHH uenei», «DnexkTpoHukay, «PagHoTexHHue-
CKHE LIENH W CHrHameh. B cBolo ovepens, 3ToT kypc apnserca 6asoBbiM ang Auc-
UMIIHH «DNeKTPOIHHAMMKA H PacipocTpaHeHue paauoBonHy, «Yerpoicrtesa CBY
M anTeHHb», «PannoaBToMatHkay, «CXeMOTEXHHKa AHATOTOBLIX MEKTPOHHBIX
yctpo#icts», «Llndpossie ycTpoiicTBa 1 MUKpOMpOLECCOpLI», @ TakkKe paja cre-
UHANbHBIX IHCLUHMIUIMH, H3Y4aeMBbIX CTYIEHTAMH NO3AHEe.
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B nocniesrme ro/ibl B BY30BCKHX Y4eGHBIX [UIAHAX 110 MHOTMM CHIELMATLHOCTSM
NOABHIIUCE BOMPOCHI, CBA3aHHbIE ¢ NpobieMaMH TEXHHYECKOrO perynHpOBaHHS,
CTaHAAapTH3ALHH, NOATBEPHKAEHHA COOTBETCTBHA M CepTHHHMKAUKH,

Berynusumii | mions 2003 r. B cuny @enepansHeiii 3akon Poccuiickoi Me-
NepauuH «O TEXHHYECKOM PerynMpoOBaHHI) ONPEAENHII HOBYIO CHCTEMY YCTAHOB-
JIeHHA W MPHUMEHEHHS TpeGOoBaHMIt K NPOYKIIMK, NpoLeccaM NPOU3BOACTBA, pabo-
Tam M yciayram. STOT 3aKOH HamnpaBlleH Ha CO3JlaHWe OCHOB CIHHON MOJHTHKH B
0061acTAX TEXHUYECKOTO PEryIHpOBaHHS, CTAHAAPTH3ALIMH, NOATBEPXKIEHHA COOT-
BETCTBHA M CEPTH(HKALMM, OTBEYAIONIEH COBPEMEHHBIM MEXIYHapPOAHBIM Tpebo-
BaHHAM. B pesynbrare NpUHATHA 3aKOHA MOSBHINCH HOBbIE MPABOBBIE aKThl, Mpe-
KJe BCEro TeXHMYECKHE PErJIaMEHTBI, CYILECTBEHHO MEHAIOIIHE MOBCEAHEBHYIO
IKOHOMHYECKYIO XU3Hb Poccuiickoi Deaepaunn.

OCHOBHBLIMH MHCTPYMEHTAMH TEXHHYECKONO PEry/IMPOBAHUA CTAHYT mexnuye-
cKue peziamenmei, TpeACTaBAMOMME coOol o0fA3aTe/NbHbIE MPaBWIA, BBOAMMBIE
DenepanbHbLIMK 3aKOHAMH, HALHOHAIBHBIC CTAHAAPTB — NpaBwIa ANS A06POBOL-
HOFO HCMONIL30BAHHA, MPOLEAYPLI MOATBEPKAEHHA COOTBETCTBMSA, AKKPEAMTALIMA,
roCyapCTBEHHbIH KOHTpoNL U Han3op. Cranaaptusaums craHosurcs Gonee rubkoii
1 MexiayHaponHoit. CepTudHKaLUMA pacCMaTPHBAETCA KaK MOATBEPKIEHHE KayecTsa
1 BO MHOTOM OMpe/ie/IfeT KOHKYPEHTOCNOCOBHOCTE MPOIYKIIMH, a 3HAYUT U pa3BH-
THE NPOM3BOJICTBA, €ro peHTabenbHOCTh H 3 PEKTHBHOCTE.

YuuTeIBas, 4TO OCHOBHYIO HArpy3Ky B Kypce Bce e Hecer pasznen «Pamwo-
H3MEPEHUA), METPOJIOTHYECKas MOArOTOBKA CTYIEHTOB A0JIKHA ObITh HENpPEpLIB-
HOH M MpeaycMaTpHBaTh MOMy4EHHE METPOTOrHYECKHX 3HAHKHA, YMEHHH W HaBbI-
KOB Ha Bcex 3tanmax oOyuenus. Ha 3to B Gonbiueii creneHy W OpHEHTHPOBAH AaH-
HBIH y9eGHHK, KOTOPBIH CUIAHHPOBAH Kak OCHOBHas yyeGHas MTepaTypa 1o Kyp-
cy «MeTponorns U paaMou3MepeHus» M NOTIONHUTENbHAS TIO APYIHM AMCUMIIIN-
HaMm JUlA paaMOTEXHHYECKHX CrelManbHoCTel.

B 3akniouenne oTMETHM, UTO COBPEMEHHOE COCTOSHHE METPOJIOTHH M pa-
NMOH3MEPEHMiT W MepCrexTHBa WX PasBUTHA NMPEeIbABIAIOT NOBbIEHHBIE TPe6o-
BAHHA K YPOBHIO METPOJIOrHYECKOH NMOArOTOBKH paaHoHHkeHepoB. B cooTteerct-
BHH C 0buyumu mpebosanuamu k obpazoeannocmu unxcexnepa (KBaNM(GUKAUHMOH-
HOW XapaKTEPHCTHKH) CTYAEHTHI A0J/DKHBI:

* H3Y4UTh OCHOBHbIE MPHHIIMITE, METO/bl H CPEICTBA W3MEPEHHA 3MTeKTpHYe-
CKHX M PalHOTEXHHYECKHX BEIHYMH,

* Hay4HThCA METPOJIOrMYECKH M TEXHMUECKH MPAaBHILHO BhIGHpATh H3MEpH-
TENBHYIO annaparypy;

* YMETh MPOBO/IWTL H3MepeHHA, obpabaTeiBaTh MX pe3y/NbTaThl W OLEHHBATH
JIOCTHTHYTYHO TOYHOCTD;

* O3HAKOMHTLCA C nojiokeHuaAMH «l'ocynapcTBeHHOH cHcTeMbl obecnieyenus
€/IMHCTBA M3MEPEeHNiD», NpobeMaMi TEXHUYECKOTO PETYNHPOBAHUS M nep-
CNEKTHBHBLIMH HaNpABIEHHAMH H TEHAEHUHWAMH Pa3BHTHA METPOJIOTHH W pa-
AnoH3IMepeHHit,



YACTH 1
OCHOBBI METPOJIOT' U

I'nasa 1. OCHOBHBIE NIOHATHUSA METPOJIOT YA

PassuTHe HOBBIX HanpasicHHH panHoTexHHKH, OypHbIH pocT panuoanekTpoHHOM npo-
MBILLICHHOCTH, NMOBCEMECTHOE BHEAPEHHE KOMIMLIOTEPOB, ABTOMATH3AIMSA TPOW3BOIACTBA M
ciheprl MOTpebNeHU HEBO3MOXKHB! €3 COBEPIICHCTBOBAHHS M3IMEPHUTENLHOM TEXHHKH W Mo-
BEILICHHA JP(PEKTHBHOCTH €€ METPONOrHYeckoro obecrneveHus, cO3NaHWA HOBLIX METOAOB
W3Meperuit M cpencTs konTpons. Ha Beex sranax uccnenopatius, paspaboTky, NPOH3BOACTEA
H IKCTUTYaTalMH paIHOTEXHHYECKHX YCTpoHcTs paboTa MHKEHEPOB CBA3AHA C GONBILIMM YHC-
noM uaMepernii pasnuuHLIX BemuHH. OT TOro, HACKDITBKO MPAaBHIBHO W GRICTPO NPOBOAATCA
M3MEPEHHS, 3aBUCAT CPOKM paspaboTkH, KAYECTBEHHBIE MOKA3ATENM W HANEKHOCTL Annapary-
PBl, 8 TAKOKE 3aTPaThl HA €€ CO3JAHHE H HCMOJb30BAHHE.

1.1. O6mue ceenennn

KauecTBeHHO HOBOE pa3BHUTHE pa3NUYHLIX HamNpaBleHHH panHOTEeXHHKH
npenbarnseT Bee Gonee BuicokHe TpeGoBaHMA k MeTpoNOrHyeckoMy obecneueHuio
H YPOBHIO panuon3MepeHuii. B 310i cBA3N /1A METPOJIOTHH XapaKTePHbI:

* MOBbILIEHHE TOYHOCTH W3MEPEHHWH W pacUIMpeHUE NPENE/OB HIMEPAEMBIX
BEJIUYHH;

* pazpaboTka COBpPEMEHHLIX METO/0B H3MepeHHi u npubopos ¢ Hcnonb30Ba-
HHEM HOBEHILMX GHINYECKNX NPHHLIMIOB;

* co3manue UHGOPMALUHOHHO-HIMEPHTENBHBIX CHCTEM, 00naNaloWHX BbICOKOMH
TOYHOCTBIO, ObICTpONEHCTBHEM H HAAEKHOCTBIO.

I'naBHble 3ajiaun pajMOTeXHHKH CBA3aHbl ¢ nepenayeil, npuemom, obpabor-
kot u npeobpasosannem uHdopmaumu. [TosTomy na panHousmepeHuii xapakrep-
HO uccnenoBanie koneGaHnii BechbMa IIMPOKONO [Mana’oHa 4acToT, MpPH 3TOM
04€Hb BaXHO OLIBAET HE TONBKO OMPEJETHTh IHAYEHHA H3IMEPHAEMbIX BEJIHYMH, HO
H MONY4YHTh laHHbIE O OPME H CTIEKTPE HCCEYEMBIX CHTHAIIOB,

OcHoBHbIe 0COGEHHOCTH, XAPAKTEPHBIE 1A TEXHHKH pPaaHou3MepeHui

Y ‘{peashlqaﬂuo LIJHPOKH“ AHanasoH HIMEpPAEMBIX BEJIMYHH, HANpHMEpP Mo
MOLIHOCTH — OT A0Med MHKPOBATT A0 COTEH KHIOBATT, N0 HAMPAKEHHIO — OT

-2 12
AoNei MHKPOBOJILT 10 COTEH THICAY BONLT, O yactore — oT 10 [upo 3-10 T'n
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- -6 12

# Donee, No BenHYHHE conpoTHBaeHHA — oT 10 Om a0 10 ° Om u 1. a. Benencr-
8HE ITOH OCOGEHHOCTH METOAbI M3MEPEHHS OJHOTO W TOTO e MapameTpa MOryT
OTAHYATHCA B 33aBHCHMOCTH OT HANa3’OHa YacToT, HA KOTOPHIX NMPOH3BOAUTCA H3-
vepenme. OT InanasoHa HecaeayeMbiX HacToT 3aBHCHT A@Ke Cam repeyeHs napa-
METPOB PHIMYECKHX BEJHYUH, NOMIEKAWMX M3MeperHmo. Tak, ec/iu B AManasoHe
PanioyacToT o6LIMHO H3MEPAETCA HANPSXKEHHWE CHrHANA, TO B [HANA3OHe CBY,
KaK Npasujio, HIMEPSETCA €ro MOMHOCTL, [Ipn 3TOM reoMeTpHyeckHe pasmepsi
00BEKTOB H3MEPEHHA MHOTOKDATHO OTIMYAIOTCS APYT OT Apyra (M3genwus MHKpO-
IMEKTPOHHUKH H H3JIEJTUA AHTEHHOMH TEXHNKH),

2. TlockonbKy OCHOBHOM 0GBEKT HCCAENOBAHMA B PAIHOTEXHHKE — AEKTPH-
HECKHH CHTHAN — ABAAETCA HOCHTENIEM MCTIONb3YeMOi HH(OPMALIHK, BO3HHKAET
HeOOXOMUMOCTE HabMIONEHHA U HCCeN0BaHUA BOPMBI | CrIEKTpa ANEKTPHYECKUX
xonebaHH, a Takke reHEPUPOBAHHA HX KOMHIE H 06PA3LOB. DTHM BBIZBAHO uMpo-
KO€ MPUMEHEHHE B MPAKTHKE pajoH3mMepeHHit NpuGopos aia HabnoaeH s H pe-
rHCTpauny konebanwuit (ocumanorpados, aHANH3ATOPOB CEKTPOB) M HCTOYHHKOB
MEKTPUHECKHX KONIEOaHU# (MIMEPHTENLHBIX TeHEPATOPOB).

3. Mi3-3a CIIOXKHOCTH CTPYKTYPHI PAHOCHCTEM | YCTpO#HCTB W Bonbluoro konu-
HECTBa BCEBO3MOKHBIX MApamMeTpPoB, ONMUCHIBAIOWMX MX paboTy, XxapakTepHo pas-
HOOOpasyue U3MepeHuil Naxke B OHOM IKCTIEPUMEHTE, HEOBXOAMMOCTb KOMIIEKC-
HOTO MX MpOBeAeHHA, ObICTPOACHCTBHE, TOMHOCTD, @ CNEAOBATEILHO, ABTOMATH3A-
LA IpH COBPEMEHHOM CTaTHCTHYECKOM XapakTepe M3MepeHHil.

INpakTiyeckn mobas cxema M3MEPeHUs NapaMeTPOB PATHOTEXHHYECKOH Lie-
4 paGoraer creayiownm oGpasom. HaiineHusie 3HaueHus napameTpos oGbekTa
H3MEPEHHS B BHAE CHTHANOB MOTYT ObITh NpeACTaBieHbl NPAMO Ha YCTpOWHCTBE
oTobpaxeHus, T. €. H3IMEpeHb! HerocpencTsenHo. B apyrom ciyuae 3t xe nek-
TPHYECKHE CHrHANBI nojaloTea B koMmnbiorep. Ciosla e 3aBOAATCS 3a1aHHble Na-
pameTpsi obbekTa u BHewnei cpeast. [Tocae o6paborkn no OIHOMY H3 cnocoGoB
CpaBHEeHHA (PacCMOTpeHb! Aanee) pesynsTHPYIOUMi CHIHAN MofaeTcs Ha YCTpOii-
CTBO OTOGpaxenus. B mocnenwem ciytae MOXHO cka3ars 06 aBTOMATH3MpPOBaH-
HOH CHCTEME M3MEepEeHH, YNPaRIAeMOi KOMIbIOTEPOM. OUEBHIIHO, 4TO TOYHOCTS
H3MEpEeHHii B 3TOM ciydae GyleT 3HAUYMTENLHO BhILLE.

Du3nyecKne CROMCTBA H BeJIHIHHBI

Jlio6Goii 0GbEKT OKpYKAIOUIEr0 MUPa XapaKTEPHIYETCH CBOHMH CBOHCTBAMHE.
Ceoticmeo — Qunocockas Kareropus, BeIpaxaiolias Takylo CTOpOHy obbekTa
(mpouecca, sBneHns), kotopas o6YCHOBAHBAET ero OOLIHOCTH HIH pasnuume ¢
ApyruMH oObekTamu (Mpoueccamu, ABNEHUAMHK) H OBGHAPYIKHUBAECTCA B €r0 OTHO-
weHuax K HuM. Ilo coeit cyTn cBoficTBo — kateropus kavectsennas. JUis konu-
HECTBEHHOIO OMWCAHHA PawIMYHBIX CBOWCTB MPOLECCOB M (HIMYECKHX Ten
CIYAHT NOHATHE BEJTHYHHBI.

Benuyuna — cBoHCTBO 4ero-mmGo, KOTOpoe MOXET GbITh BBIACNEHO CpPeaw
ApYruX CBOHCTB M OLIEHEHO T€M WM MHBIM ¢NocoGoM, B TOM YHCHE W KOAWYECT-
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BeHHO. BenuumnHa He cymecTsyeT cama 1o cefe, a UMeeT MeCTO JIUIlb NOCTONBKY,
MOCKO/BKY CylIecTBYeT 0GBEKT CO CBOHCTBAMH, BHIDAKEHHBIMH 3TOH BENHYHMHOM.
AHaIH3 Pa3THYHBIX BEJIMYHH M103BOJSET PA3AEUTh UX HA HICATBHbBIE H PEalibHbIE.

Hoeanvnvie genuuunbt rnaBHeIM 06pa3oM OTHOCATCA K 00JIaCTH MaTeMaTHKH
u apnsoTes 0bodmeHuemM (MOaeNnb0) KOHKPETHBIX peaibHbIX NMOHATHA. OHM BEI-
YHCNAIOTCA TEM WIH MHBIM COocoGoM.

Peansrbie 6enudunbi, B CBOIO O4epeb, AenaTca Ha (usnyeckue U Hedusnye-
ckue. Du3nyeckas BelMYUHA B 001eM ciry4ae MOXeT ObIT OnpeesieHa Kak Beiu-
YHHA, CBOWCTBEHHAA HEKOTOPBLIM MaTepHANBHEIM 00BeKTaMm (MpoLeccam, ABIEHH-
AM, MarepuaiaM), H3ydaeMbiM B €CTECTBeHHLIX ((U3uKa, XMMHA) H pasIHYHBIX
TexHMYeckHx Haykax. K nHedusuueckuM OTHOCAT BeJIHUMHBI, MpHCyluMe obuwect-
BEHHBIM (HeH3MYECKHM) HayKaM — (PUAOCO(HH, COLIMOIOTHH, SKOHOMHKE H T. 1.

1.2. ®n3avecKne BeJTHYIHHBI

Dusuveckan 6enuuna — CBOHCTBO, obllee B KAYECTBEHHOM OTHOLICHHM JUTS
MHOXeCTBAa 00BEKTOB, (PH3IMYECKUX CHCTEM, MX COCTOAHHMH H IPOMCXOAAILIMX B
HHX NPOLECCOB, HO HHAHBHAYANLHOE B KOJMYECTBEHHOM OTHOIICHHM JUlf KaXI0-
ro u3 HuX. KayecTBeHHas CTOpoHa MOHATHA «(PH3MUECKAsn BEJIHYHMHAY) ONMpeenseT
«poy» BENMHYHHBI (HanpHUMep, NEKTPUIECKOe CONPOTHRIEHHE Kak obulee ceolicT-
BO NMPOBOIHHUKOB 3JIEKTPHYECTBA), @ KONHYECTBEHHas — €€ «pa3Mepy» (ConpoTHB-
JIEHHE KOHKPETHOIO MCCIIeyeMOro NMpoBOJHKKa). YHCI0BOE 3HAYeHHE pesybTaTa
HimepeHus Oyner 3aBuceTs OT BeiOOpa eMHMIb (usHdeckoli BenHunHbL. B yact-
HOCTH, B NOMYJIAPHOM AETCKOM MYJIBT(HIbME MPH H3IMEPEHHH JUIHHBI YIaBa B Ka-
YecTBe eMHMUBI IMHBI Obina BhiGpana anuHa nomyrad. Ecnu ke 3a eauHuuy
AHHE! BbIOpaTh OOMIENPHHATYIO €AHHUILY — METP, TO YHUC/IOBOE 3HAYCHHE [UTHHBI
yaasa OyleT HHbIM, XOTH PasMep €ro OCTANCA NPEKHNM,

C passuTHEM HayKH, TEXHHKH M pa3paboTKoi HOBBIX TEXHONIOTHI H3MEPEHH:
OXBATLIBAIOT BCE HOBBIE M HOBbIE (PU3HYECKHE BENMYMHBI, CYLIECTBEHHO pacium-
pAIOTCA JHANA30HLI M3MEPEHUH, KaK B CTOPOHY H3MEDEHHMs CBEPXMAlbIX 3Haye-
HHIA, TAK U B CTOPOHY O4eHb GoNbIINX 3HaYeHHIT PUIMYECKHX BEJIMMHH.

PuU3HYECKHE BEIIMYHHB] PAa3eNAIOT Ha N3IMEPAEMbIE H OLICHHBAEMBbIE.

Hamepaemele husuveckue eenusunsl MOKHO BBIPa3HTh KONHYECTBEHHO B BH-
Zie ONPE/IeNICHHOrO YHCIA YCTAHOBJICHHBIX e/IHHHIL H3MEPEHHA.

Oyenusaemvie usuyeckue senuyunbl — BENIMHHHEI, U KOTOPBIX 110 KAKHM-
6o NpUYHHAaM He MOXeT GbiTh BBE/ICHA €IMHULIA H3MEPEHHA, H OHH MOTYT BbITH
TONBLKO OLECHEHbI,

Pasmeprnocms usudeckoti eenuyunbi — KONHYECTBEHHAA ONPENENEHHOCTD
BEJIHYHHBI, NPHCYIIAA KOHKPETHOMY NPEIMETY, CHCTEME, ABJIEHHIO WK NpOLeccy.

Oyenusanue — ONEpaUMA TNPUNUCHIBAHMA NaHHOM (u3Mueckolt BeTHUMHE
ONPEACIEHHOTO YUCNA NMPHHATHIX 1A HEe eMHMIL, MPOBEACHHAA 10 YCTAHOBNEH-
HBIM NpaBHJIaM. -
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Jina Gonee neTanbHOrO M3yveHHA QUIMYECKHUX BEIHYMH HX CIEIYeT KakHM-
aubo obpasom knaccH@uuuposaTh. OQHA W3 BOIMOMKHBIX, JOCTATOYHO MOTHbIX
knaccuukaumnit GHIMUECKHX BEIMYHH NpUBeieHa Ha puc. 1.1.

DuiuvecKue senuNunb
| | |
Onepzemuvecxue " Bewecmeennvie ” Xapaxmepusyroujue
(axmuansie) (naccusnsie) apEMENHBIE NPOYECehl
| : | |
[ | - [ [ o
(rocmpemcmemm Mermmece | *iiimie” | o | o uimpyes || 5
[ I | I | |
| |
I Ocnosneie _I I [poussodneie ]
t {
| Pasmepneie I [ Bespasmepnwe |

Puc. 1.1. Knaccupuxauus (pHIHueCkUX BETHUHH

IMo sudam senenuii OHK NENATCA HA CNEAYIOMIHE IPYNIibI:

* 9nepzemuyeckue (axkmusrvie), T.e. BENWYHHBI, OMUCHIBAIOILIHE IHEPTETHYE-
CKHME XapaKTepHCTHKH mpoleccos npeobpasosauus, nepejayn ¥ MCroNb30BaHHA
JHEPruM; K HHM OTHOCATCA TOK, HANpAKEHHE, MOLIHOCTb, JHEPrHA, 3apal; OHH
moryT ObiTh npeofpasoBaHbl B CHrHambl M3MepHTENbHON HHpopmauun 6e3 uc-
110J1b30BaHHA BCIIOMOraTe/IbHBIX HCTOYHHKOB IHEPTHH,

* gewjecmeennvie (naccusnvie), T. €, ONUchiBalolme Qusuveckre U GuINKo-
XHMHYECKHE CBOHCTBA BEIIECTB, MATEPHAIOB H H3/IC/HA M3 HUX; B pAIHOTEXHHUKE
— 3T0 3MEKTPHUECKOE COTNPOTHBICHHE, EMKOCTh, HHIYKTHBHOCTE M AP.; MIA HX
H3MepeHHs HeobXoauM BeroMorare/bHbllf HCTOYHHK JHEPrHH, ¢ MOMOUIBIO KOTO-
poro (OpMHPYETCA CHIHAN H3MEpUTENbHOH MH(QOPMALHH; MPH 3TOM MACCHBHbIE
BEJIHYHHBLI NIPe0OpasyroTCs B AKTHBHbIE, KOTOPbIE H H3MEPAIOTCH;

* Xapakmepusyloujue Gpemennbie npoyeccsl; K 3TOH rpynne OTHOCATCA pas-
JMYHOIO BHAA CTIEKTPAlbHbIE, KOPPENALUMOHHbIE (PYHKLMH U 1Ip.

Mo npunadnexcnocmu xk paznuynbiv 2pynnam uuveckux npoyeccos yka-
3aHHble HUINYECKHe BENHUHHBI AENATCA HAa NMPOCTPAHCTBEHHO-BPEMEHHKIE, MeXa-
HHYECKHE, TEIUIOBbIE, 3MEKTPHYECKHE, MATHUTHbIE, QH3UKO-XHMHYECKHE, aKyCTH-
4ecKUe, CBETOBbIE, HOHH3HPYIOILUX HITYHEHHI, aTOMHOMH W AepHOH PHIUKH.

Mo nvaruyuio pazmeprocmu HAU3HYECKHE BENHUWHBI NENATCA HA pasmepHbie W
bespasmepneie.

3uauenue ghuzuyeckoii eenuvunbl — OLEHKA pasMepa (PU3INUECKOH BENHYHHbL B
BH/IE HEKOTOPOIO YMC/Ia NPUHATLIX IS Hee eMHHLL amepeHua. Yucrosoe snauenue
QusuecKkou eenusuHbl — OTBIICYEHHOE YHCIIO, BBIPAKAIONICE OTHOWEHHE SHAUEHHA
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BE/HYHHBI K COOTBETCTBYIOLUEH eMHALE AaHHOH (uanueckoil Benuuuns! (Hanpu-
mep, 10 A — 3HaYeHue CHIBI TOKA, MPHYEM camo 4ucno 10 — 310 1 ecTs YUCIOBOE
3HaueHue). MMEHHO TepMHH «(3Ha4eHHe» CreIyeT MPHUMEHATH V1A BbIPAKEHHS KO-
NM4ECTBEHHOH CTOPOHBI paccMaTpHBaeMoro csoiicrsa. HenpaswisHo, Hanpumep,
FOBOPHTL M NHCATh (BETHYHHA TOKAY, «BEJHYMHA HANPMKEHHUA» M T. [., OCKOABKY
TOK M HAaNPAKEHHE CaMH ABNAIOTCA BETHYMHAMK (MPaBUIbHBIM GyneT npUMeHeHHe
TEPMHHOB (3HAYEHHE CHJIBI TOKAY, (3HAYCHHE HAMPIKEHUS» U Mp.).

Hna oGo3nauenns wacTHeix ocobenHocTei (U3NIECKUX BETUYHH NPUMEHS-
0T TEPMHUH napamemp. Hanpumep, KOHAEHCATOP XapaKTEPH3YIOT EMKOCTHIO, a
€ro napaMeTpaMi MOXHO CYMTaTh TaHTeHC yrna notepb. MHoraa mapamerpom
HA3BIBAIOT HIMEPAEMYIO PHIHYECKYIO BENMUHHY — aMIUIHTYY, dasy, yacToTy.

[Tpn BeIOpanHO# OueHKke QuzHYecKOit BETHUHHBI €€ MOXKHO oXapakTepu3o-
BaTh HCTHHHBLIM, AEHCTBUTENBHLIM M H3MEPEHHBIM 3HAUYeHUAMU. Haxoxknewue uc-
THHHOTO 3HaueHns pu3nueckoll BeIHYMHLI — r1aBHas npobiema MEeTPooruy.

Hemunnoim snavenuem gusuveckol Genuuunst Ha3blBaeTca 3Hauenne duanye-
CKOM BETHYMHBI, KOTOPOE HJIeanbHbIM 06pa3oM OTpaxano Gbl B KAYECTBEHHOM H KOJH-
YECTBEHHOM OTHOLIEHHMAX COOTBETCTBYIOUIEE CBOHCTRO obwexTa. Onpenenuts 3Kce-
PHMEHTAILHO €10 HEBO3MOXKHO BCAEACTBHE HeM30EXKHDBIX NOTPELIHOCTElH H3MepeHNs,

Tozpewnocme uzmepenua ects pasHHIa A MEXITY Pe3y/IETAaTOM HIMEPEHNA X H
JeHCTBUTENIbHBIM 3HAYEHHEM 3TOH BEJIHYMHBI, MOA KOTOPBIM MOJpasyMeBaeTcs ee
3HAYEHHE, HANJICHHOE KCTIEPHMEHTANBHO M HACTONLKO MPUOIHKAIOWEEC K HCTHH-
HOMY Xy, 4TO 18 JAHHOM LA OHO MOXET BbITh HCMONBIOBAHO BMECTO HETO,

[lycts m3mepsieTcs AuamMeTp MeTaLTHYECKOro aucka. OYEBHIHO, YTO H3MepeHHe
JMAMETPa MOAKHO MPOBOAMTH C Bee Bosiee 1 Gonee BbICOKOI TOYHOCTBIO, €CiH BLIGPATH
CpeICTBO M3MEPEHHH cooTBETCTBYIOWEH TouHocTH. Ho Korma morpemrHocTs cpeacTsa
H3MEPEHHA IOCTHIHET PasMEPOB MONEKY/TbI, 0OHAPYKHTCA Kak Obl pasMbIBaHHE Kpaes
Jmcka, o0yCNORNENHOE XaOTHYECKHM JIBIDKeHHeM Monexyn. [ToaToMy 3a HekoTopbiM
MpefieloM TOYHOCTH Camo MOHATHE [HAaMeTpa JHCKA MOoTepseT MepBOHAYANbHbIH
CMBICI M JalibHetLIee NOBbILIEHHE TOYHOCTH HaMepeHns Gecnonieano. CneloparensHo,
NOHATHE CMCTHHHOTOY 3HAYEHUA JIMAMETPa B TAHHOM ClTyvae MpuoGpeTaeT BepoATHO-
CTHBII CMBICIT 1 MOXHO JTHIIIL C ONPE/ENEHHO# BEPOSTHOCTHIO YCTAHOBHTh HHTEpBA
3IHAYCHUH, B KOTOPOM OHO HaxomuTcs. [103TOMY OHMM M3 OCHOBHBIX MOCTY/IATOB
METPONOTHH ABIACTCA NOJOKEHHE O TOM, YTO WCMUHHOE IHANEHUe Q.’?ILB‘HH‘ECKO?;
GETUYMUNBL CYryecmaByem, 00HAKO anpedenuma €20 NymMem UIMEPEHUA HEeBOIMONCHO,

B cBs3M € TeM, 4TO HCTHHHOE 3HauYeHHE (PHINUECKON BEAHUHHBI ONPENENHTS
HEBOIMOXKHO, B MPAKTHKE H3IMEPEHHH OMEpHPYIOT NMOHATHEM NEHCTBHTENLHOrO
3HA4YEHUs, CTENEHb NPUOTHKEHHA KOTOPOro K MEPBOMY 3aBHCHT OT TOYHOCTH W3-
MEPHTENLHOTO CPEe/ICTBA H NOTPELIHOCTH CAMUX H3MEPEHHIA.

Heticmaumensruim snauenuem ghusunecxkoli enuyunbl Ha3LIBAETCA 3HAYCHHE
(usnyeckoli BeMHUMHBI, HANIEHHOE IKCTIEPHMEHTANLHLIM TYTEM H HACTOILKO
npuﬁnmmméeca K MCTHHHOMY 3HAYEHHIO, 4TO AAA AAHHOM LENH MOXKeT ObiTh
HCMONL30BaHO BMeCTO Hero. Jlna meficTBHTENbHOTO 3HaueHUs (u3uyeckoil Bemu-
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qHHBI BCETZIa MOXKHO yKa3aTh rpaHuiibi Goniee nin MeHee y3KoH 30HbI, B NMpeaenax
KOTOpO# ¢ 3aJaHHOM BEPOATHOCTBIO HAXOAWTCA UCTHHHOE 3HAYCHHE huznueckoi
senuuunbl. JleficTBuTensHoe 3HaueHue (Gu3Myeckod BEIMYMHBI OMPEACNAIOT Mo
o6pa3LoBEIM MepaM H MpuBopaM, MOrPeiHOCTAMH KOTOPbIX MOXHO npenebpeun
N0 CPABHEHMIO C MOTPEIIHOCTAMH MPUMEHAEMBIX PabOUHX CPEACTB WIMEPEHU.

[Mon uzmepennvim 3nayeHuem TIOHMMAETCA 3HAYCHWE BENWYMHbBI, OTCUMTAH-
HOE M0 OTCYETHOMY YCTPOHCTBY CPeICTBA H3IMEPEHHS.

BaxkHy:0 pojib B MPOLIECCE U3MEPEHHUA WIPAIOT YCI06UA UMEPEHUA — COBO-
KYTIHOCTb BIMAIOLIWX BEJIWYUH, OMHCBIBAIOLUIMX COCTOSHHE OKpyKatoulei cpeabl ¥
CPENCTBA U3MEPEHHIA.

Brusiowjan gpusuveckan eenuduna — (puznyeckas BenUUMHA, HEMOCPEACT-
BEHHO He MIMepAeMas CPeCTBOM M3MEPEHHsA, HO OKa3bIBaroLlas BIMAHHME HA HETO
WM Ha 0OBEKT M3MepeHus TakuM 00pa3oM, 4TO 3TO MPUBOAWMT K HCKAXKEHHIO pe-
synsTata w3mepenms. Hanpumep, npu usmepenuu OONbUIMHCTBA MapameTpoB
TPaH3MCTOPA BIMAIOWIEH BETHIMHOH MOXKET 6bITh TEMNIEPATYPA.

Pa3znuyaloT HOpMaibHble, paboune M TNpENCTbHbIC YCTOBHA H3MEPEHHH,
HopmansHble YCnoeus usmepenuii — yCIOBHA, TIPH KOTOPBIX BIMAIOLIME BENMHH-
Hbl MMEIOT HODMAlbHBIC WIH HAXOMIIMECH B NMpeienax HOpMaibHOMH obnactu
3HaueHus. Hopmanshas obnacms 3nayesuil nunioujel eenuiunsl — obnacts 3Ha-
geHuii, B mpeaenax KOTOpPO# M3MEHEHHEM pe3ysibTaTa u3MepeHuil noj BO3MIeHCT-
BHeM BIMAIOLIEH BEJIMYUHLI MOXKHO MpeHeOpeds B COOTBETCTBHH C YCTAHOBICH-
HbIMH HOPMaMH TOYHOCTH. Paboyumu Ha3bIBAIOTCA YCIOBHA W3MEepeHHH, MPH Ko-
TOPBIX BIMSAIOLINE BENWYHHBI HAXOMATCA B MpEjEnax CBOMX pabounx obnacrei.
Pabouas obnacme 3nauenuii enusioyei senuyunsl — 061acTs, B Mpeaenax koTo-
POl HOPMHMpYETCS IOMONHMUTENbHAS NOTPEUIHOCT WM M3MEHEHUE noKazaHui
cpeicTBa M3MepeHHs. [Ipedenbrbie YCOSUA UIMEPeHUU XapaKTepU3YIOTCA JKC-
TPEMANLHBIMH 3HAYEHUAMU U3MEPSEMOH U BIMAIOLIMX BENUYKUH, KOTOPbIE CPEACT-
BO W3MEpEHMS MOXET BbiaepxkaTh 6e3 paspylieHuit ¥ yXyleHHs ero METpOIorH-
4eCKHX XapaKTepUCTHK.

Tocmosnnan Gusuveckan eenuyuna — (Qusnveckas BeNTHUHHA, pasMep KO-
TOpO# M0 YCTOBHAM M3MEPHTEbHOH 3a1a9¥ MOKHO CUMTATL HE M3MEHAIOILIHMCA
3a BpEM$, NPEBLIIAIONICE ITATENLHOCTD H3MEPEHHA.

epemennan usuveckas Geruyuna — QUINYECKAA BENUYHHA, WIMEHTIO-
ascs Mo pasMepy B MpoLEcce HIMEPEHHS.

Dusuveckuii napamemp — PUINYECKas BENMYHHA, XapakTepHu3yiollas HacT-
HYI0 0COBEHHOCTH W3MepseMoit BennunHbl. Hanpumep, MpH H3MEPEHHH Halpske-
HHA TIEPEMEHHOTO TOKa NapaMeTpoM MOryT ObiTb €ro ammiuTyia, MTHOBEHHOE,
CPeIHEBBIMPAMICHHOE WITH CPe/IHee KBaIpaTHieCckoe 3HaUCHUA 1 Mp.

Eounuya ¢uzuyeckoil 6enudunysl — Gusnueckas penutinHa (HUKCHPOBAHHOTO
pasmepa, KOTOPOi M0 ONPEENeHHIO YCIOBHO MPHCBOCHO CTAHIApTHOE HHCIOBOE
3HaueHHe, paBHoe eauHuLe. OHa NPUMEHAETCA UIA KOJIMYECTBEHHOTO BbIpAXKEHNA
OIHOPOAHBIX (PUIMUECKHX BEJIMUUH.

5 19



1.3. Mexaynapoanas cHcTeMa eJHHHI

Envnnua nsmMepenus 10mkHa ObITh YCTAHOBNEHA U KXIOH U3 WIBECTHBIX
(usuyeckux BENHUHH, MPH ITOM HEOOXOAMMO YYHTHIBATH, YTO MHOTHE (H3HYE-
CKHe BETHYHHbI CBA3aHBI Mexay coboil onpeaeneHHbIMYU 3aBUcuMocTAMH, [ToaTo-
MY TOJIBKO 4aCTh (M3NYECKMX BEJIMYHH U COOTBETCTBEHHO MX SAMHHML MOTYT Ofi-
pefenAThCA HE3ABMCHMO OT ApYruX. TakMe BeNHYMHBI HA3BIBAIOT OCHOGHLIMU.
OctanbHble (U3HMUECKHE BEHUMHBI ONPEACHAIOTCA ¢ MCMONb3OBAHHEM (H3HUE-
CKHX 3aKOHOB H 3aBHCHMOCTE#H uepe3 OCHOBHBIE (PM3HYECKHE BETHYHMHBI.

CoBOKYNMHOCTE OCHOBHBIX M MPOM3BOAHBIX eAMHHIL (PMIMUECKHX BeHYHH,
00pa3oBaHHas B COOTBETCTBHM C MPHHATBIMHM NPHHUMIAMH, HA3BIBAETCA cucme-
Mou eQunuy (husuveckux eenuyun. ENMHWLA OCHOBHOM (M3NYECKOi BeNHYMHBI
ABJIAETCA OCHOBHON eOuHUYel NaHHON cucmemsr.

Mexaynapoanas cucrema emmnuu SI (SI — ot ¢panu. — Systeme
International — The International System of Units; B pycckoi TpaHCKpUmuMu
cucrema CH) Gbina npunsta XI I'enepanbHoit koHpepeHumel no mepam U Becam
(FKMB) B 1960 r. u yrounena na nocnenytoumx 'KMB. Ha tepputopun Hameii
crpanbl cucteMa el CH yeranosnena FOCT 8.417-2002. EauHMLIb! BETHYHH.

K ocHoBHBIM XapakTepucTHkam cuctemsl CH crietyet oTHeCTH:

* YHHBEPCAILHOCTb, T. €. 0XBaT Beex 001acTeil HAyKH W TEXHHKM;

* yHu(ukaumio Bcex obnacteil U BUAOB M3IMEpPeHHil;

* BO3MOKHOCTb BOCNPOH3IBEAEHHA €IHHMULL C BBICOKOH TOYHOCTBIO C HAHMEHB~
el NOrpelHOCTBIO VIR CYLUECTBYIOIETD YPOBHA H3MEPHTENbHOH TEXHHUKH;

* KOI€PEeHTHOCTh BEJINYMH, T. €. CBOMCTBO, MPH KOTOPOi NPOU3BO/HLIE €IHHH-
bl BCEX BEHYHH MOTYT ObITh NOJIy4eHbl C MOMOLILIO ONPEAENSIOMMX YPaBHeH
€ YHCIIEHHBIMH KO3 HUHEHTAMH, PABHBIMH EAHHHLE;

* ynpouieHHe 3anucH hopmy;

* YMEHBIIEHHE YHCJIA IOMYCKAEMbIX € AMHHIL;

* eINHYI0 cUcTeMy 00pa3oBaHUs KPaTHBIX W 0NBHEIX €IHHHLL, HMEIOLIHX cob-
CTBEHHbIE HAHMEHOBAHHS;

* nyqiee B3aMMONOHMMAHME NpPH PAa3BUTHUH  HAYYHO-TEXHHYECKMX H
3KOHOMHYECKHX CBA3EH MY pa3IMYHBIMH CTPAHAMH.

EquHuub! U3HUeCKuX BEMYHH MOAPA3IENIOTCA HA OCHOBHbBIE W NPOU3EO0-
note. Jlo 1995 r. umenu MecTo ee dononnumensnsie eOuHUYbl — eXMHULBI MI0C-
KOI0 M TeJIECHOrO Yrina, paouan W cmepaouan, — HO C LeJIbIO YIIPOIIEHHs CHCTe-
mbl 3TH eaunnubl XX FKMB Guiin nepeseneHbl B kateropHio Gespaimephsix
npouseodubix edunuy CH (MMerowMMH cneuytanbHble HAMMEHOBaHUA W 0603Haye-
HHA), KOTOpBIE 10 HeOOXOANMOCTH MOTYT ObITh HCMONL30BAHBI WK HE MCMONbL30-
BaHbl B BhIPXKEHHAX U1 APYTHX NPOM3BOAHBIX eanHHu CH.

OcHoBHBIE eTHHHLBI BBIOMPAIOT Tak, 4TOObI, MONL3YACH 32AKOHOMEPHO# CBSA-
3bI0 M3y BEIMYHHAMH MOXHO Obl10 OBl 06pa30BaTh eAHHHLIBI APYTHX BEJTHYHH.
O6pazoBaHHbIe TAKHM 06pa3oM BEIMYHHEI H SAHHHLBI HASBIBAIOT NPOUIE0OHBIMU.
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OcHosHbie eaunnupl CH ¢ ykasaHWeM COKpalleHHbIX 0003HaueHH pyccku-
MH ¥ JJaTHHCKMMH OykBamu npuBeneHs B Tabn. 1.1.

Ta6nuual.l. Ocnosusie eanunubl CH

Benuuuna Enunnua
Hanmenopanue Pasmeprocts | HaumeHosanue O6o3nauenne
MEXAYHapOAHOE | pycCKoe
Hnuna L METp m M
Macca M KWJIOrpaMm kg KK
Bpems T CeKyHlia S c
Cuna 3nexTpHHECcKoro Toka I amrep A A
TepmoauHaMUYECKas G KEThBHH K K
KonuuecTso BeniecTsa N MOJlb mol MOIb
Cwuna ceeTa J KaHjena cd KI

TNpumeuanue, Kpome TepMOIMHaMHM4ECKOH TeMMEpaTyphbl AOMNYCKAETCHA TPHMEHATH
temneparypy Llenscus (310 cneunansHoe HanMeHOBaHKE, 0603HaYEHHE 1), ONpeenieMylo
kak ¢t = T~ Ty, rae Ty = 273,15 K. Tlo pazmepy rpanyc Llenscus paBeH KenbBHHY.

Memp ecTb ANHHA ITYTH, MPOXOANMOTO CBETOM B BaKYyME 3@ MHTEpBAll Bpe-
menu 1/299 792 458 c.

Kunozpamm ecThb elMHHL@ Macchl, paBHas Macce MeXITYHapOIHOTO MpOTOo-
THNA KWIOTpaMMa.

Cexynoa ecTh Bpems, pasroe 9 192 631 770 nepnosam n3my4eHHs, COOTBET-
CTBYIOILIETO TIEpexXony MEXIY ABYMA CBEPXTOHKMMH YPOBHAMH OCHOBHOTO CO-
CTOSHMA aToMa Le3us-133,

Amnep ecTh CHa HEH3MEHSIOMIEroca TOKa, KOTOPBIH MPH MPOXOKAEHUH N0
JBYM NapaniebHbIM TIPAMOHHEHHBIM TPOBOAHNKAM GeCKOHEYHOH JUTHHBI U HH-
YTOKHO Majioll TUIoMaau KpyroBoro NMOMEpPEeYHOro CeveHHs, pPacnoNOoKEHHBIM B
BAKYYME HA PAcCTOSHMM IM OIMH OT JPYroro, Bhi3Baji Obl Ha KaXJ0M y4acTke
NMPOBOJHMKA JUTHHOM 1M CHITY B3aUMOJEHCTBHA, PaBHYIO 2 107 N (HbioTOH).

Kenvaun ecth eiMHULIA TEPMOJMHAMUYECKOH TeMniepaTypsl, pasHas 1/273,16
4acTH TEPMOAWHAMMYECKON TEMIepaTypbl TPOHHOH TOYKH BObI (npu Tepmoau-
HaMHYeCKo#l TemrepaType TPOMHOM TOUKM BOABI TpH (ha3bl BombI — Napoodpas-
Has, KHAKAA ¥ TBEPAAs — HAXOAATCA B AMHAMUYECKOM PABHOBECHH).

Mone ecTb KONUYECTBO BELIECTBA CHCTEMBI, COIEPXKALLEH CTOMBKO e CTPYK-
TYPHBIX 3IEMEHTOB, CKOJILKO COJIEPHKHTCA aTOMOB B yriepoae-12 maccoit 0,012 kr.

Kandena ecth CUia CBETA B 3a1aHHOM Hanpas/ieHHH UCTOMHHKA, HCITyCKatoLIe-
ro MOHOXpOMaTHdecKoe W3nyueHue wactotoit 540-10" Iy, smepreTnueckas cuna
CBETA KOTOPOTO B 3TOM HanpaBieHny cocTasisier 1/683 Br/cp (cp — crepanman).

Pan npouseoaHeix eauHul CH, MMellHe cnenuanbHble HAMMEHOBaHHA M

o603HaueHn, npuseieH B Tabn. 1.2,
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Ta6anua 1.2. Mpoussoansie exnunuss CH,
HMEKUIHE CNeUHATbHLIE HAWMEHOBAHHA ¥ 0603naAYeHHR

Benuunna Enunuua
O6o3nauenne
HanmenoBanue P;“ﬂ? Hz;::::o— MeXIyHa- heciiss
poaHoe
Inockuit yron 1 panuaH rad pan
Tenecusiii yron ! cTepaaMaH | sr cp
Yacrota i repu Hz Iy
Cuna LMT? HBIOTOH N H
Jlasnenue L'MT? | nackans Pa Ma
DHeprus, pabora, konuyecTso Ternorst | L2MT 2 KOYh J T
Mousocts L’mr? BaTT w Br
mﬂ::i;gﬂ 3apaf, KONMHYECTBO o T C Ka
OnexTpUyecKoe HAMPSIKEHHE, HNEKTPU=
4Yeckui NOTeHUMAN, pasHoCTs notes- | L*MTI" | somer ' B
UHANOB, EKTPOABIKYILAA CHIIA
DNIEKTPHHECKaR EMKOCTh L?M'T*1* | papan F @
NEXTPHYECKOE CONPOTHRACHNE L’MT?I?  |om Q Om
IneKTpHYeCKas NPOBOIMMOCTE L*M'T*1* | cumenc S Cum
E:;o: oi:::‘ﬂmoﬁ HHIYKUMH, MATHAT- LAMT BeGep Wb B6
mmmm oy MT" |recna T Tn
WnaykTusHoCTs, B3auMuas unaykuus | L°MT 212 | renpu H Tu
Temneparypa Llenscus a mim °C 2
CsetoBo#t notok J JIIOMEH Im M
OcseleHHoCTs LS noxe Ix K
AKTHBHOCTb PAnMOHYKIHAA Tt Gekkepens | Bq Bk
e e [ O [
_ i‘:;wu et e T 3MBEpPT Sy 3B
AKTHBHOCTb KaTaTH3aTopa NT Karan kat Kar
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OGo3Hauenns NPOM3BOAHBIX EAWHHMILL, HE MMEIOIIMX CMIEUHANBHBIX HauMe-
HOBAHHiA, IOMKHEI COIEPKATE MHHUMANLHOE YHCTo 0603Hauenuii equnni CH co
CNEUHANBHBIMH HAHMEHOBAHMAMM W OCHOBHBLIX €AMHMII C BO3MOXKHO Gonee Hu3-
KHAMH [0Ka3aTeNAMH CTeNneHH.

bespaimepnvie npoussoduvie edunuyer CU panman m crepaauan B OCHOB-
HOM HCTIONb30BAHBI U1 00pa3oBaHHA €MHHL YTIOBOH CKOPOCTH, YII0BOTO YCKO-
PeHHMA H HEKOTOPBIX APYTHX BENTHUYHH.

Camu no ceGe paanan n cTepainaH NPUMEHSIOTCS B OCHOBHOM IS Teope-
THYECKMX MOCTPOCHHH M PAcueTOB, TaK Kak GONBLUIMHCTBO BAXHBIX [UIS NPAKTHKH
3HaYeHui yrnoB (NOMHbIA yron, npaAMOil yron u mnp.) B paguaHax BbIpaxalTcs
TPaHCUECHACHTHBIMH YHCaMH (27, /2 U T. 1.).

Paduan — yron mexay AByMs paMycamu OKPYKHOCTH, JUTHHA YT Meway
KOTOPBIMH PaBHA 3TOMY pamHycy.

Cmepaduan npencrasiser coGoi TenecHbIi yron ¢ BEPUIMHOI B LUeHTpe cie-
Pbl, BbIPE3AIOWMI HA ee MOBEPXHOCTH MUIOWANb, PABHYIO TUIOWIAAM KBaJpaTa Co
CTOPOHO#, paBHOit panuycy chepsi.

H3MepsioT TentecHble yriibl MyTeM OTpesenenus MIOCKHX YIJIOB U nposeje-
HUA JIOMONHHTENBHBIX PACYETOB 110 (GopMyne:

a = 2a[l — cos(@/2)], (1.1)
FAe o — TENECHbIA Yron, ¢ — NAOCKHi yron npu BepiumHe KoHyca, 06pasopan-
HOTO BHYTPH CEphbI NaHHBIM TENECHBIM YIIIOM.
Eanunusl konnvectea uaGopmaunu
Equnmusr xonuuecTsa wHopMaLmK, MCronb3yeMbie NpH nepenave, obpa-

DoTke M XpaHEHHH PE3YNLTATOB H3IMEPEHHMIT BENHYMH, yKa3aHsl B Tabn. 1.3.

Tab6auua 1.3, Exunnus konngectsa uHdpopmaumuu

Enunnua
Benuyuna Ofo3nauenue
Haumenosanue
MEKAYHapOJHOE | pycckoe
Komuuectso 6ut bit our
HHpOpMALUH Oaiit B (byte) b (Gaiit)

Ot™eTiMm, 41O | Gaitr = 2° = 8 6uT.

Brecucmemubie edunuybi — eanHuLbl GUMHECKHX BETHUHH, HE BXOAALIHE
HH B OAHY M3 cucTeM eauHHlL. [TonoGHble eanHuubl BBIGHPANHCHL B OTAENBHBIX
00nacTax M3IMepeHuit BHe CBA3M C MOCTPOEHHEM CHCTEM eanHULL. BHecHCTeMHbIE
CAMHMLBL MOXHO Pa3NeHUTh Ha HesaBMcHMble (onpeaensembie Ge3 nomouy apy-
TMX €JIMHHL) ¥ NPOM3BONLHO BLIOPAHHBIE, HO OMpEaENseMbIe Yepes ApYrHe efu-
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HHUBL. K nepseiv oTHOcATCs, Hanpumep, rpanyc Llenscus, onpeaenseMsiil Kak
0,01 paswocTH mMexIy TeMmrepaTypaMy KHIEHHS BOMbI M TASHHSA JibJIa TIpK HOp-
ManbHOM aTMOC(EpHOM AaBieHHH, NoNkbIH yron (o6opot) u ap. Ko BTOPBIM OT-
HOCATCA, HanpUMep, €AMHNLA MOLHOCTH — NolaauHas cuia (735,499 Br), enn-
HHLb 1aBleHHs — TexHuueckas atmocgepa (1 kre/em?), Muwummerp pPTYTHOrO
cron6a (133,322 wn’), Gap (10° wn®) u ap. B npuHuMne npumenenye prectc-
TEMHLIX CAHHHIL HEKENATE/NbHO, TAK Kak Heu3GekHble nepecuéTs Tpebyior 3arTpar
BPEMCHH M YBEMHBAIOT BEPOATHOCTL OWMOOK. Cpeau nomyuuBuIMX HWIHpOKoe
PacnipOCTPaHCHHE BHECHCTEMHBIX €/IHHUIL OTMETHM KHJIOBATT-4ac, aMrep-yac,

Coxkpauiennsie 0603HAHEHHS PA3NHIHBIX eIHHHLL, Kak MEKIyHAPOAHBIX, TAaK
H PYCCKHX, Ha3BaHHBIX B YECTb BEJMKHX YHE€HbIX, MHUUIYTCA C 3arVIaBHBIX Oyka;
Hanpumep: amnep — A; oM — OM; BoisT — B; apan — @ (oT™eTHM, 4TO "YacTo
HCTIONL3YCTCA HE pernaMeHTHpyembiii TepMun — dapana). B Toke spems s
CPaBHEHHA: METP — M, CEKYH/Ia — C, KHJIOTPaMM — KI.

B ny6aukaumax nonyckaercs npumesnsts 1mbo MEXIyHapoaHsie, nubo pyc-
ckHe 0003HAYEHHA eNWHMIL OnnospemenHoe npuMenenne 0GoznaueHuit 06oHX
BUIIOB B OLHOM H TOM )€ H3/IaHHH He J0MyCKaeTCsA, 38 HCKITIOYEHHEM MyGauKawLmil
M0 eAMHHIIAM BENTHIHH.

Tak kak AMana3oH peanbHbIX 3HAYCHMIH HIMYECKUX BETHYHH OYeHs BEITHK,
TO TipuMeHeHne uenbix eannnu CH wHorna neynoGHO, Mockonbky B pesynstare
H3MEPEHHHA NMOMy4aloTca GONbUINE WIH Malbie MX 3HAYEHMS. [Tostomy B cucreme
CH Gbinu ycTaHOBNEHBI IECATHYHBIE KPATHBIE H AOTBHBIE €HHHULL! 3T CHCTe-
MBI, KOTOpbI¢ 06PasyioTCs ¢ MOMOLIBI0 MHOKHTEEHA, Kparusie u nonssie eaunu-
Ul (PH3UYECKMX BEIHMMH MMIUIYTCA CIAMTHO C HAMMEHOBAHHEM eauHnipl CH, Ha-
Tpumep: MIUTHBONST (MB), merarepu (MI'y), Hanocekynna (Hc), nuxkodapan (nd).

Kpamnan eounuya gusunecxoii eenuunsr — enunuua, 66mbimas s uesoe
“HMCII0 pa3 cHCTeMHOM, Hanpymep, kiorepu (10° I'u), merasarr (10° Br).

Honbnan eounuya gusuveckoli senununsi — enMHALA, MeHbIAS B Leioe
HHCNIO pa3s CHCTeMHOH, Hanpumep, Mukporenpu (10 Tw), nixodapan (1072 @),

Haumenosanus n 0603HaveHns mecATHUHBIX KparHbIX W NONBHBIX €AMHHIL
CH obpasyior ¢ noMomsio MHOXHTENeH 1 NPHCTABOK, yKa3aHHbIX B Tabn. 1.4.

HanmeHoBaH#HA KPATHBIX U JOJNBHBIX €IHHHLL HCXOTHOI €/IMHHLbI, BO3BEJEH-
HOH B CTeneHs, 06pasyioT, NPUCOETHHAS NPUCTABKY K HAUMEHOBAHMIO MCXOIHOMN
eantuubl. Hanpumep, ais o6pa3oBaHus HAMMEHOBAHHMA KPAaTHOM WIH [ONbHOI
CAHHHLIBI NIOWANM — KBaAPAaTHOrO MeTpa, npeiacTasnstouieii coboi BTOPYIO CTe-
MIEHb CIHHHULBI MUTHHBI — METPa, MPHCTABKY MNPHCOSIMHANT K HAHMEHOBAHMIO
ITOH Mocneanell eAHHUIBI: KBaIPaTHRIT KHJIOMETP, KBAAPATHbIH AEUMMETp, KBa-
paTHBI CAHTHMETP M T. A.

B 3akmouenue 3aMeTHM, 4TO paccmarpHBaeMbiii Bonpoc o6 onTuMansHoM
BbIGOpE PU3MUECKHX BEMYMH U enunmit Gyer CYILECTBOBATL BCErNa, MOCKOJbLKY
Hay'1HO-TEXHHYECKHH NPOTPecC NOCTOSHHO MPENOCTARNAET BCE HOBbIE M HOBBIE
BO3MOMKHOCTH B NPAKTHKE H3MEPEHHIA.
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Tabnunua 1.4, MuokHTeNN H NPHCTABKH, HCNOAb3YeMble 1S 00pa3oBaHHA
HauMeHOBaHUI 1 0603HAYEHH NeCATHYHBIX KPATHBLIX H A0AbHBIX eaunuy CH

Hecatnuneiti | Ilpucraska O603HaueHHe MPHCTABKH
MEXAYHApOJHOe | pyccKoe
10" JKca E <,
10 nera P 1 4
10" Tepa 3 T
10° ryra G r
10° mera M M
10° KHJIO k K
110° TEKTO h r
10' neKa da na
107 JIeltH d i
107 CaHTH c c
107 MULIH m M
107 MHKpPO u MK
107° HaHO n H
1 g MHKO p n
107" demro f )
107" arTo a a

1.4. OcHoBHBIE METPOOrHYECKHE TEPMHHLI H NOHATHS

K 06ILenpuHATLIM B METPOJIOTHH OMPENENEHHAM OTHOCATCS MOHATHA: U3Me-
peHus, cpedcmea, NPUHYUN, Memoo u 0GBLEKM UIMEDEHUSA, R2OPUMM USMEDPEHUS U
wKansl uzMepenul N PAL ApYTHX TEPMHHOB.

Himepenuem Ha3biBaeTCA MPOLECC HAXOKACHUA 3HAUCHUA (Pusmueckoil Be-
JIHYHHBI OTILITHBIM ITYTEM C NIOMOLLBIO CIELHAbHBIX TEXHUYECKUX CPEACTB.

Merponorudeckas cyTh H3MEPEHUA CBOAUTCA K OCHOBHOMY YPaBHEHHIO W3Me-

peHHs (OCHOBHOMY YPaBHEHHIO METPONOTHH):

A = kA, (12)

e A — 3HayYeHHe U3MepAEMOi (PU3HYECKOH BENHUMHBI, Ay — 3HAUEHHE BETHYMHbI,
TIPHHATO 3a 06pasell; k — oTHOIEHHe H3MepAeMOH BeIMYUHDI K 06pastiy,

Jlroboe u3mepeHue 3aKMOYaeTCd B CPABHEHHH MyTeM (U3IHYECKOro 3KCre-
pPUMEHTA IAaHHOWN BEJIMMHHBI C HEKOTOPLIM €€ 3HaUYEHHEM, NPHHATBLIM 33 EAHHULLY

25



CpaBHEHWA, ¢ TaK HasbBaeMOH mepou (cM. nmanee). Takod moaxon BhipaboTaH
NPaKkTUKOH W3MEpeHHH, ucdHcIseMolt coTHAMH ner. Eme Bemmxuii MaTeMaTHK
JL. Ditnep yrepicnan: «HeBo3MOXHO OnpenennTs Wi M3MEPHUTh OJIHY BEIUIHHY
WHAte Kak NPHHAB B KAYECTBE HIBECTHOM APYTYIO BEHMHHY 3TOrO %e poja M yKa-
3aB COOTHOWLIEHHE, B KOTOPOM OHH HAXONATCAY.

Haubonee ymo6en Bun ocHOBHOIO YpaBHeHHA Mertponornu (1.2), ecnu Bbi-
Opatnas 3a o6pasen BeNHUMHA PaBHA eAMHHILE. [pu 3ToM napamerp k npescras-
S€T COO0M YHC/I0BOE 3HAYCHHE HIMEPEHHOM BeTHYMHBI, 3aBHCAIEe OT NPHHATOTO
METO/Ia H3MEPEHHA H €HHHIILI HIMEPEHNA.

Homyuaemas npu u3mepennsax GH3HYECKAX BeTHINH HH(OPMAIHA HA3LIBAETCA
uamepumensHol. 3auactylo HHGOpMauus 06 o6bekTe H3MEpPEeHHs H3BeCTHa [0
NPOBEACHHA HCCNENOBaHHH, 9TO ABNAETCA BaKHEHIIHM taxTopoM, obycnormu-
BalowM 3 (eKTHBHOCTE H3Meperus. Takyio nH(opmato 06 ofbekre HImMepe-
HHA HA3BIBAIOT anpuophou ungopmayueii. TIpn NOTHOM OTCYTCTBHH 3TOH HH(pop-
MalHiH M3MEpEeHne B NPUHLMIE HEBO3MOXHO, TAK KAK HEM3BECTHO, YTO XKe HeoG-
XOIMMO M3MEDHTE, a C/IEI0BATENLHO, HENb3A BHIOPATH HYXKHbIE CpeicTsa H3Mepe-
Ruii. Tlpu Hammumm anpropHoi nudopMaiiy 06 ofbekTe B MOMHOM obbeme, T. e.
TpH M3BECTHOM 3HAYEHHH HIMEDAEMOH BEHIHHBI, H3IMEPEHHS MONPOCTY He HYX-
Hbl. ANpHOpHas MH(OPMALMA onpenenser AOCTHKHMMYIO TOYHOCTE W3MEPEHHI W
uX 3 eKTHBHOCTE.

Hudopmauns, nonysaemas s pesynsrare H3MEpEHHA, MOXKET CONepPKaThLCA
B 00beKkTe M3MepeHHs B AByX (OPMAx: NaccHBHOH M AaKTHBHOM. [Taccuenas
uNghopMayus — 3TO COBOKYNHOCTH CBEJCHHH, 3aKII0YCHHEIX B TOM, KaK ycT-
poeH o0bekT; Takoi mHpoOpmauueli sBnseTCH, HanmpuMep, uHpoOpMaLus 0 Be-
JUYUHE HANpAKEHHA HCTOYHHKA mHTanus. C apyroii cTopomsl, HHpOpMaLHA
ABNACTCA AKMUBHOU, ECIIH OHA HMeeT (POPMY IHEpreTHYEeCKO XapaKTepUCTH-
Ki kakoro-mi6o ssnenus. IlogoGuule dHepreTHYeCKHe ABNECHHS Ha3bIBAIOTCA
CHrHanamu. X npumepamu SBISIOTCA 3NeKTPHYECKHE, ONTHIECKHE U aKycTH-
HCCKHE CHIHAJIbl, HCTIONB3yeMble JUIS Tiepenay HHOpMALIHH.

OcHoBHbIe XapaKTepHCTHKH H3MepeHnil

OCHOBHBIMH XapaKTepHCTHKAMH M3MEPEHHIi AR/IIOTCA PESYNLTAT, NOTPEMHOCTS,
TOUHOCTE, MPaBHILHOCTB, CXOIHMOCTB, BOCTIPOM3BOIMMOCTb H I0CTOBEDHOCTS.

Pesynomam wamepenuit $pusiaeckoi BeHIHHBI (xpaTko — pesyneTaT HIMe-
PEHHA WIH, IPOCTO PE3yNbTaT) — 3TO 3Ha4YeHHe (PH3MYECKOH BeIMYHHEL, noJry-
YEHHOE MyTeM ee H3MepeHud.

Yacto B nosmyueHHsll pesynbTaT BHOCAT nonpaeku (nonpaexa — 3HaueHne Be-
JIAYHHBI, OXHOMMCHHOH C M3MEpPAEMOi, KOTOpas BBOAMTCH B pesynsTaT HaMepe-
HHA JUIA MCKMIOYEHHA ONpeleNieHHBIX, TAK Ha3bIBAEMBIX CUCMIEMAMUYEcKux co-
CTABJIAOMIUX MOTPEMIHOCTH (CM. IM1.2), YTO HAXOAMT OTPAXEHHE B TEePMHHOJIOTHH;

* Heucnpaenennsii pe3ynbTaT UIMEPEHHA — IHAYCHHE (buzueckoi BemuunHLL,
TIOMyHEHHOE NpH NOMOLIA CPEACTB H3MEPEHHIT 10 BHECEHHA TIOTPaBOK;
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* ucnpasnexnHulil pe3ynsTaT H3MEPEHHA — 3HAYCHHE (u3udeckoll BEMYHHEL,
NONy4eHHOE MPW MOMOLIN CPelCTB M3MepeHuil ¥ YTOYHEHHOe MyTeM BHECEHHA B
HEro Heoﬁxonmmx IIOMpaBOK.

Hozpewnocme cpedcmaa uaMepenus — PasHOCTh MeXIy MOKa3aHHAMM Cpel-
CTBa M3MEPEHHA M MCTHHHBIM (NeiCTBHTE/BHBIM) 3HaYCHHEM H3MepaeMol dusn-
9eCKOil BeJIHYHHEI,

Tounocme usmeperuti — TIOHATHE, OTpaKaloIee Mepy 61M30CTH pe3yNbTaToB
H3MEepeHHH K MCTHHHOMY 3HAYEHHIO m3Mepsemol Quimdeckol Benwummbl. Tep-
MHH «TOYHOCTH H3MEpPEHHID), T.€. CTeneHb NPACIIDKEHHA Pe3y/IbTaTOB H3MEPEeHHA
K HEKOTOpPOMY JeHCTBHTENBHOMY 3HAYCHHIO, He HMEET CTPOroro OnpeaeIeHHA H
HCTIONB3YeTCH I KaYeCTBEHHOrO CPaBHEHMA M3MEPHTENbHBIX onepauuid. Tod-
HOCTB W IOTPEMIHOCTH CBA3aHBI 00paTHOM 3aBHCHMOCTBIO. 10 TOYHOCTH M3MEpE-
HAA JeNAT Ha TPH OCHOBHBIE TPYIIMbL:

* UIMEPEHUA MAKCUMAIbHO BO3MOJCHON MOYHOCMU, NOCTIKMMOH IPH CymIe-
CTBYIOIIEM YPOBHE Pa3BHTHSA HAyKH H TEXHUKHM; 3TO H3MEPEHHUA, CBA3aHHBIE C CO3-
JaHHEM ¥ SKCIUTyaTalell ITANTOHOB, & TAKXKE H3MEPEHHA, IPOBOIUMBIE [P Hay4-
HBIX WCCNENOBAHMAX; IJIA TAKMX W3MepeHHil HeoOXonuma THIaTeNbHAas OLCHKa
OOTPEIIHOCTER H aHAIN3 MX HCTOYHHKOB;

* KOHMPONbHO-NOBEPOYHbLIE U NABOpamMopHble UsMeperuA, K KOTOPBIM, B 9acT-
HOCTH, OTHOCATCS METPOJIOTMYECKas aTTeCTallhd CpelICTB H3MEPEHHU, 1abopaTop-
HBIH aHAJIM3, SKCIIEPTHBIE H3MEPeHU; MOTPeNTHOCTh TAKUX H3MEpeHUH He I0JKHA
MPEBBIINATE HEKOTOPOTO ONPEAE/ICHHOTIO YPOBHA,

* MEeXHUYecKue uiMepenus, NprA KOTOPBIX TMOTPEMIHOCTE OLIEHHBAIOT IO METPO-
NOTMYECKAM XapaKTepUCTHKaM CPEACTE HM3MEPEHHHA C Y4ETOM NPHMEHAEMOro
METO/1a H3MEPEHHI.

IIpagunenocms uamMepenuli — 3TO METPOJIOTHYECKas XapaKTepHCTHKa, 0Tpa-
Kawomas 6IM30CTh K HYII0 CHCTEMaTHYECKUX MOTPeIIHOCTEH pe3yNnbTaToB H3Me-
peHHIA.

Cxodumocms pesynbmamos usMepenuti XapakTepusyeT KauecTBO M3MepeHHil,
oTpaxkaioliee GIM30CTH APYr K ApYry Pe3ylbTaToB W3MEpeHHit ONHOM W TOH e
BeJIMYHHEI, BEITIOJTHAEMBIX MIOBTOPHO OJHAMH M TEMH € METOIaMH ¥ CpeNCTBaMH
H3MEPEHUH H B OTHHX H TEX K€ YCIOBHAX.

Bocnpoussodumocmb pe3yibmamos usmMepenuli — XapakTepuCTHKa KavecTba
H3MepeHHi (HU3NIECKON BeMIUHbI, OTpakaromas OIM30CTs APYT K APYTY pesynb-
TATOB M3MEpEeHWil ONHOW M TOM ke BEJIMYMHBI, MOMYYEHHBIX B Pa3sHBIX MECTax,
pasHBIMH METONAaMH W CPENCTBAMH M3MEPEHHMH, Pa3HBIMH ONEpaTopaMH, HO IpH-
BEJICHHBIX K OJIHHM M TEM XK€ YCIOBHAM.

Hocmosepnocmy usmepenuti ONPeNieNAeTCA CTENEHBIO 00gepus K Pe3ylbTary
H3MEPEHHS W XapaKTepH3yeTcs BEPOATHOCTHIO TOTO, YTO MCTHHHOE 3HAY€HWE M3-
MepseMoOil BENIMYHMHBEI HAXOJAWTCA B YKA3aHHBIX Npejenax, WiId B YKa3aHHOM HH-
TepBase. JlaHHEIl WHTEpBAN B TEOPHH W3MEPEHHH HA3LIBAIOT 008epUMENbHLIM 1
MEX/IY €ro rpaHMLIaMH C 3alaHHOH 006epumensHol 6epoSMmHOCbIO

27



P,,(x,,<x,,<x.)=l~q (1.3)

HAaxOIMTCA HCTHHHOE 3HAYEHME X, OLEHHBACMOrO Napametpa. B dopmyne (1.3)
q = Yposenb snavumocmu Kpumepus owubiu (ani, Ypoeens sHauumocmu owubku,
CM. 1. 2); Xy, X, — HIDKHSIA H BEDXHSAA TPAHHIB! IOBEPHTENILHONO HHTEpBana.

O6bras0 M3Mepenus nenst na docmoeepnvie n HedocmoaepHsie B 3aBHCHMO-
CTH OT TOTO M3BECTHBI MM HEH3BECTHLI BEPOATHOCTHEIE XapaKTEPHCTHKH MX OT-
KIOHEHHA OT HCTHHHBIX 3HAYCHHH HIMEPSEMBIX BETHYHH,

Hpunyun usmepenuti — COBOKYNIHOCTE (PM3WYECKHX ABICHHMH, Ha KOTOPBIX
OCHOBaHBI W3Mepenns. Hanpumep, npumenenne apperra Xomna nis H3MEpeHUs
MOIIHOCTH, 3¢ pekra [kosedcona ams H3MEPEHHA 3/eKTPUYECKOTO HANPAKEHHS,

Memoo usmepenuii — COBOKYITHOCTB MPHEMOB HCIIONB30BAHNUS NPHHIIATIOR
H CpelicTe u3mepenuii. 310 noctatouno obmee ONpe/ie/IeHHe Ha MPaKTHKe 9acTo
KOHKPETH3HPYIOT, OTHOCA €ro TONBKO K NPHMEHAEMBIM CPEACTBAM H3MEpEHHS,
HalpEMEp MeTON HM3MEepPeHHS YacTOTHI aCTOTOMEPOM, HANPAKEHUT — BOJHLTMET-
POM, CHJIBI TOKA — aMTIEpMETPOM H T. 1.

Memoouxa usmepenus — obmmit wm NO3TanHbI# MIaH OpoBeeHHs H3-
MEpPEHHA — HaMe4eHHSIH pacnopanok H3MEpeHHH, onpeensiomuit coctap npH-
MEHAEMBIX MPHOOPOB, NMOC/EI0BATENLHOCTS | TNpaBriIa NPOBEeACHHA OneparHii.

Obvexm usmepenus — sro peanbHbil pusuueckuit o6bexT, cBoficTBa Ko-
TOPOTO XapaKTepH3YIOTCA ONHOH WIH HECKONLKHMH H3MEPAEMbIMH (hH3NTECKHMH
BETHYHHAMH.

Mamemamuueckas moders obvexma — COBOKYITHOCTh MaTeMAaTHUECKHX CHM-
BOJIOB (06pa3oB) W oTHomexwii MEXIy HHMH, KOTOpas afeKBaTHO ONHCHIBAET
CBO¥CTBA 06BEKTA H3MEpeHNs,

Anzopumm usmepenus — toumoe NIPEANTHCAHNUE O MOPALKE BHINONHEHUS
oneparui, obecneyrpaomux H3MepeHHe QU3HTecKol BeTHIuHE!,

Ulxana usmepennii

Ha npaxtuke neo6xomumo NPOBOHTE H3MEPCHHA PAITHYHBIX (HIHIECKHX
BEJIHYHH, XapaKTepH3YIOWMX CBOHCTBA BelecTs, 00BEKTOB, Te, ABNeHui U npo-
neccoB. Hekotopsle cpoifcraa TNPOABJIAIOTCA TONBKO KONHYECTBEHHO, Apyrue —
KauecTBeHHO. KonmyecTsennble i kavecTBeHHKe MpoAB/IeHHA MoOOro ceolicT-
Ba OTP@XAOTCA MHOXKECTBAMH, KOTOphIe 06pasyIoT wikansi usmepenus.

llixana usuyeckoii seruvuns — YNOpANOYEHHAA MOCNENOBATENEHOCTh 3Ha-
YeHHH (u3maeckol BenuduHsl, TIPHHATAA MO PE3YNBTATAM TOYHBIX WIMepeHHi.
Ommemxu wixansi — 3nak Ha mKane NpuGOopa (4epTouKa, TOYKa H T. 1), COOTBET-
CTBYIOIIUI HEKOTOPOMY 3HAYEHHIO (u3uaeckolt Benuuunbl, g UMPPOBLIX mIKan
HCIA ABIIAIOTCA OTMETKaMH WKanbl. [TpomesxyTok MEXTY COCEHHMH OTMETKaMH
UIKaNb! HASLIBACTCA Oenenuem wikanst. Llena derenus uxans — PasHOCTh 3HaYe-
HHH H3MepAEMOii BeIauHEI, COOTBETCTBYIOIHX COCEHMM OTMETKAM IIKATEI.

Ortmerku HaHOCATCH Ha LkaTy npH 2padyuposxe npuGopa, T. €. Npx nogave Ha
€ro BXOX CHrHana ¢ BhIXOAa 06pa3LOBON MHOrO3HAYHOM Mephl. Vxazamens —
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9acTh OTCYETHOrO YCTPOHCTBa, MONOXKEHHE KOTOPOr0 OTHOCHTENBHO OTMETOK
MKATBI ONpe/ieNifAeT NOKasaHuA H3MepHTenbsHOro npuGopa.

Cpenw mkan cremyer BBUICNUTE TPH OCHOBHBIX THIIA: IIKALI HAHMEHOBAHNH,
HHTEPBANOB H a0COOTHRIE MIKAIEL.

1. Ilixana naumernosanuii (wkana knaccugukayuu) OCHOBAHA Ha TIPUITHCHIBA-
HEH 00bexTy wHdp (38aKOB), HrPAIOIMX POtk MpocTeIX uMeH. Hymepamis oGbex-
TOB MO HIKajle HAHMEHOBAHHI OCYINECTBIAETCA IO NPHHIMITY: «HE TIPMITHCHIBAf
ONHY W Ty e wadpy pasHbiM ob6bexramy. [103TOMY ¢ IH(ppaMu, HCMOTB3YEMbIMA
TONBKO KaK CTICHM(HIECKHE HMEHa, HEb3s POBOANTS HHKAKHX ApHOMETHICCKHX
neifcTBUH.

2. llxana unmepeanoe (uxana pasnocmeii) OTpaxkaeT pasHOCTb 3HadeHmH (u-
3U9eCKoH BeMdMHBL. K TakdM WKanaMm OTHOCATCA, HAampHMep, TeMIepaTypHsle
mkansl Llenscas, @apenreiita u Peomiopa. Ha TemneparypHoif mkane Llenscus 3a
HAa9aJI0 OTCYETa PasHOCTH TEMMNEpPaTyp NPHHATA TeMIeparypa TasHus nbaa. s
ynoGcTsa nomb3oBanms wkanod Llenscus MATEpBaN MeXIy TeMIepaTypamm Tas-
HHA JIb/IA 1 KHIICHAA BOJBI pa3ziesieH Ha 100 paBHBIX HHTepBaioOB — rpajiyCcos.

3. Abcamommeie wikansl UMEIOT €CTECTBEHHOE OTHO3HAHOE OTpe/ieNieHHe eIHN-
Bl H3MEPEHHA H HE 3aBHCAT OT MPUHATOH CHCTEMEI e/IHHAL HiMepeHHs. [laHHkle 1iKa-
I COOTBETCTBYIOT OTHOCHTENBHBIM BeJIHYHHAM: koa(drimenty yeunenus, koaddn-
mHeHTy ocnabnenus U T. /1.

IlonsaTHs cyera, HCNBLITAHUA, KOHTPOJIA H NOBEPKH

* Cuem — mpouexypa OmpejelieHUs YHCIEHHOCTH KAYECTBEHHO ONHOTHITHBIX
06BEKTOB B NaHHOM MX COBOKYNHOCTH. Pe3ynsTaToM cueta ABANETCA YHCIO 06H-
€KkTOB. OCHOBHBI€ XapaKTePHCTHKH CYeTa — [AOCTOBEPHOCT H CKOPOCTS.

Henvimanue — 3KCTIEPUMEHTANBHOE ONPE/EeHHe KOMMIECTBEHHbLIX B (HiH)
Ka4ECTBCHHBIX XapakTepHCTHK CBOMCTB 06bekTa Kak pe3yNbTara 3a1aHHOro BO3-
HeHCTBHA HA HETO NPH ero QYHKIMOHMPOBAHMA U (WIK) NPH MONETHPOBAHHHN HC-
neiTyemMoro obpasia u (Hiu) Bo3meicTemit.

Ob6vexmom ucnvimanuii ABNAETCS MPOXYKIMS WK NPOLIECCH €€ NPOM3BOACTEA
H (QYHKIMOHMPOBaHMA. B 3aBHCHMOCTH OT BH/Ia MPOXYKIMH K MPOrPAMMBI HCIIBI-
TaHHH 0GBEKTOM MOXET GBITh MakeT WIH MOJE/b M3/ETHA, KaK eIHHHIHOS H3Me-
Jie, TaK ¥ HX IapTus.

Tlon ycnosusmu ucneimawuii TOHMMAIOT COBOKYNHOCTh BO3NEHCTBYIOMMX
$akTopos u (WH) pexkuMOB (yHKIMOHUpOBarUs 06bexTa MpH HemBITAHMAX. M-
MBITAHAS KIACCHQUIMPYIOT N0 pagy npusHakoB. ITo naswavewwio McnBITaHus Je-
JAT HA MCC/ICNOBATENIbCKHE, KOHTPOIbHBIE, CPABHHTEIBHbIC H ONpPEICNHATENbHBIE.
[lo yposnio nposedenus pasnU¥aIOT: rOCYNAPCTBEHHBIE, MEXKBEAOMCTBEHHEIE |
senomcreennsie. Ilo eudy smanos paspabomxu ucnwimyemoii npodykyuu pasin-
HaloT Npe/ABapHTe/bHBIE H NPHEMOYHbIE HCNBITAHUA. B 3aBHCHMOCTH OT 6uda uc-
neimanuii 20moeou npodyKyuu WX NONPA3NENAOT HA KBATHQUKALMOHHEIE, IpHE-
MO-CAaTOYHbIE, IEPHOAHYMECKHE H THIOBEIE,
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Uenvio ucneimanuii cuuraior HAXO0XKICHHE HCTHHHOTO 3HAYeHMs napaMeTtpa,
ONPEAC/ICHHOTO He NPH TeX PEATBHBIX YCIOBHAX, B KOTOpBIX OH (akTHYECKH MO-
KET HAXOIUTHCSA B XOAE HCNBITAHMI, & B 3aMAHHBIX HOMHHAJIBHBIX YCIOBHAX MC-
MbITaHHA. PeanbHble ycnoBms ucnbrranmti NpaKkTHYECKH BCErJa OTNHYAIOTCS OT
HOMHHAIBHBIX. 3HAYHT, Pe3y/bTAT HCIBITAHHA BCEra HMEEeT MOrpemIHocTs, BO3-
HHKAIOLIYIO HE TO/BKO M3-3a MOMPEIIHOCTH OMNpeAeeHHst HCKOMOR XapaKkTepHCTH-
KH, HO H H3-32 HCTOYHOTO YCTAHOB/ICHHS HOMHHAIBHEIX YCNOBHIA MCTTBITAHHA.

Pesynemamom ucnvimanuii nassisaercs OLICHKA XapaKTepHCTHK CBOMCTB 06%-
CKTd, YCTAHOB/ICHHA COOTBETCTBMA OOBEKTA 3aNAHHAIM TpeboBaHuAM, NaHHBIe
aHaNH3a KauecTBa (yHKUHOHHPOBAHMSA 00beKTa B TpoLecce MCTBITAHAMN, Pesyss-
TaT UCTILITAHNN XapaKTEPH3YETCH MoYHOCHbI0 — CBOHCTBOM MCIILITAHMIA, OMHCH-
BAIOMMM GIH3OCTE MX pesynbTaTOB K NCHCTBHTENLHEIM 3HAYEHHAM Xapakrepu-
CTHK OGBEKTa B ONPE/IENeHHBIX YCIOBHIX HCIIbITAHMIA,

Konmpons — npouecc onpeaenenns COOTBETCTBHA NapameTpa M3Jenus ycra-
HOBJICHHEIM TPEOOBAHUAM WM HOpMaM, Kontpons 3akmouaercs s NpOBEIeHUH
AByX 3TamoB. Ha nepsom momyuaior HHPOPMALHIO 0 (PaKTHUECKOM COCTOSHMH
00bekTa, 0 NpH3HAKaX W MOKasaTensx ero CBOHCTB. D10 nepauynan wndopmais.
Ha sropom stane neperunyio HHOPMALIHIO CONMOCTABASIOT ¢ 3apaHee YCTaHOB-
JICHHLIMA TPeOOBaHUAMH H HOPMAMH. Ipn 31OM BBIABATOT coOTBeTCTBHE MM
HECOOTBETCTBHE (PAKTHYECKHUX NAHHBIX Tpebyembim. Hudopmanms 06 ux pacxox-
ACHHH Ha3BIBAETCH 8mOpuyNoil.

IToéepka — omnpenenenne creumamsHsm OPraHoM METPONIOrHYECKOH CITy)On
METPONIOTHYECKHX XapakTePHCTHK Cpe/icTBa M3MEPCHHA W YCTAHOBJIEHHE €10 MpH-
TOZHOCTH K MPHMEHEHHIO HA OCHOBAHHM Pe3yIIbTATOR KOHTPOJIS HX COOTBETCTBHA
NpeabABNAeMbiM TpeGoBanuaM. OcHOBHOI METPOJIOTHYECKOH XapaKTepHCTHKOI,
OnpenenisemMoil MpH rnoeepke cpencTea H3MEPEHHH, ABIACTCA €r0 MOrPEelIHOCTS.
OHa HaxomuTCs Ha OCHOBaHHH CPABHEHHA MOBEPACMOro Cpe/CTBa M3IMepeHuit ¢
Gonee TouHBIM CpencTBOM H3MepeHuH — paboynM FTaoHOM.

LS. Knaceuduxauns navepennii

HU3Mepenns secbMa Pa3HOOOpasHbI, YTO OGBACHAETCH MHOKECTBOM H3Mepse-
MBIX BETHYHH, PAsIHYHBIM XapakKTepoM HX H3IMEHeHHs BO BpeMEHH, pa3THYHBIMH
TpeGOBAHHUAMHE K TOYHOCTH H3MepeHuii 1 T. 1. B cBa3M ¢ 3THM H3MEpPeHHA KIIaccH-
GHULHPYIOT 110 pasmHYHBIM MpH3HaKaM.

Buast usmepenmnit
Bume! mmepenii onpezensiores (hi3HeCcKHM XapakTepom Hamepsiemoit BEJIHYHHBIL,

Tpebyemoii TouHOCTRIO H3MEperns, HeoOXOMHMOl CKOPOCTBIO H3MEPEHHA, YCIOBHA-
MH H PEKHMOM H3MepeHHii 1 rp.

Ha puc. 1.2 npencmmmmnoammoﬁoﬁnxmmmndmmmmmmpon
mmmr,mcynmnyeruammmsﬂnonmepemﬁ, H YHUCJIO MX MOXET YBETHYM-
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Jabopamopnuie:
: C MOYHbIM O eHUGAHUECM
Texnuueckue nozpewnocmu lpeyusuonnvie
€ RPUBAUINCEHHBIM OYCHUBAHUEM
nOZpewHOCmu

o uucny [To ceasu
uzMepeHuii c obwexmom:
BEAUTUNBL o moynocmu 5

MHO20KpamHoie alenics beckoHmaxkmuble
odnokpamibte e KORRAIIH pE
DeUHOCU
o memody:
1o cmenenu HEnocpeocmBeeHHOl OYeHKy
aocmamowowcmu CPASHEHUA ¢ MepOTi
UsMepenuu: nPOMUBONOCMAGLEH UA
Heobxodumble ouppepenyuanvrviii
uzbLIMoUHbIE BHIBI HY1esoil
H3MEPEHHH sameweruem (cosnadenuii)
o xapaxmepy / \ Ilo cnoco@y
pesyabmama HOAYYEHUA
UIMepeHuil; Mo ycaosuam Ilo xapaxmepy pesyavama:
AT o oo UsMeperuli: usMepenus. npambie
donyckoguie DPAGHOMOYHBLE YO Mean. KOCBEHHbIE
omHocumenvtole | | HepasHomaounsie | | cmamucmuieckue COBOKYNHBIE
JuHamMuyecKue COBMECTMHBIE

Puc. 1.2. Knaccuduxanns BuI0B H3MEpEHUH

BaThCA. MOXHO BBIIENIUTE BHABI H3MEPEHUIA B 3aBHCUMOCTH OT UX IEJIH; KOHTPOIb-
HBIE, IMAarHOCTHYECKHE H NPOTHOCTHYECKHE, 1ab0paTopHbIE H TEXHHYECKHE, 3TATOHHLIE
H [IOBEPOYHBIE, a0COMFOTHBIE U OTHOCHTENBHBIE U T. 1, Psl onpeaenenuii 5Toif knac-
CHHKALMK TPHBENIEM 3/1eCh, APYTHE — B MPOLIECCE M3N0KEHHS MaTepHaa.

Hauboneiuee pacnpocTpaneHne NONYy4HIA KIACCUPUKAYUR NO 0BUUM npue-
mam nonysenun pesynbmamog uzmepenui. CorjiacHo 3TOMY NPH3HAKY, H3MEPEHHUA
OeNATCs Ha NpsAMbIE, KOCBEHHBIE, COBMECTHBIE H COBOKYITHEIE,

IIpamebie n3mepenus

IIpsmbim Ha3bIBAaETCA H3IMEPEHWE, KOTAA HCKOMOE 3HaYeHue (U3HIECKOl Be/Tl-
HHHBl HAXOMUTCA HEMOCPENCTBEHHO M3 OMBITHBIX AaHHbIX. ClieIyeT OTMETHTb, YTO
HacTo NOJ NpAMBIMHM MOHMMAIOTCA TAKHE W3MEPEHHMs, TPU KOTOPHIX HE MPOHM3BO-
OHUTCA NPOMEKYTOYHBIX NpeobpazoBaHmil. ST, HANpHMEp, H3MEPEeHHe HarpsKe-
HHUA W CHIIBI TOKA M3BECTHEIMH JJIEKTPOH3MEPHTEIBHBIMU NMPHOOpPaMH — BOJIBT-
METPaMH W amriepMeTpamu. MareMaTHYeCKH NPAMbIE H3MEPEHHA MOXKHO OXapak-

TEPU30BATh 3JIEMEHTApPHOH (OPMYIOii:
A=x, (1.4
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Ie X — 3HAa4Y€HHE BEJMYMHBI, HaHIEHHOE MMyTEM €€ M3MEepeHHS M Ha3bIBAEMOE
pe3yIbmamom UIMepeHus.

KocBeHHble usMepeHHA

Kocsennbim Ha3BIBAETCSA U3MEPEHHE, IPH KOTOPOM HCKOMOE 3HAYEHHE BEJTHIH-
HBEI HAXONAT HA OCHOBAHMH W3BECTHOH 3aBMCHMOCTH MEXIY 3TOi BelHYHHON W
BEJMYHHAMH, MONBEPracMbIMH MpPAMBIM H3MepeHHAM. KocBeHHBIE H3MepeHHs
MOKHO OXapaKTepH30BaTh Cleayrolei dhopMymnoii:

A=Ixoe X (1.5)

TIE X, Xy, wvey Xy — PE3YNBTAThl NPAMBIX M3MEPEHUIl BEJIMYMH, CBA3AHHEIX (yHK-
LIMOHAIbHOH 3aBUCHMOCTEIO f'C HCKOMBIM 3HAYEHHEM H3MepAeMOH BeNTHUMHEL 4.

KocBeHHBIE H3MepeHHA XapaKTepHbI s MPAKTHKH PATHOM3MEPEHHH, HApH-
Mep, H3MEPEHHE MOIMIHOCTH METONOM aMIepMETpa—BONLTMETPA, ONpeNeNieHHe
PEe30HAHCHOM YACTOTEI KOJEaTeNLHON0 KORTYpA IO PEe3yIBTAaTaM NpAMBIX H3Me-
peHHUi eMKOCTH U HHIYKTHBHOCTH KOHTYpa H T. /1.

K KOCBEHHBIM OTHOCATCA T€ H3MEPEHWUA, NIPH KOTOPLIX PacyeT OCYIIECTRISIOT
BPYYHYIO WJIH @BTOMaTHHYECKH, HO MOCHE MOJYYSHHsA PE3yNITaTOB MPAMEBIX H3Me-
penui. TIpn 3ToM MOkeT OBITh yuTEeHa OTAENBHO NOrPEIIHOCTh pacieTa 3HAYeHHIl.

ITo BHmY (YHKIHOHATEHON 3aBHCHMOCTH f KOCBEHHBIE W3MEPEHHs MENAT Ha
nuHeHHBIe U HeMHeNHble. [Ina aunelinbvix koceeHHbIX UzMepeHul MaTeMaTHIeCKMi
annapar CTaTHCTHYecKod 00paboTKHM MONydeHHbIX pe3ynsTaToB paspaboraH me-
TanbHO. Henuneinvie KoceenHvie uaMepeHus OTIHYAIOTCA TeM, YTO pPe3yJbTaThl
HM3MEPEHHH apryMeHTOB MOABEPraoTca (yHKIMOHATEHEIM MPeoOpasoBaHmsAM.

COBOK}'HHBIC H3MEpeHHA

CogoxynHbiMu Ha3bIBAOTCA NPOBOAUMEIE OXHOBPEMEHHO H3MEPEHHS HECKOMb-
KX OJHOMMEHHBIX BEJHYHH, IPH KOTOPEIX MX 3Ha4eHUs HAXOMAT PelIeHHeM CHC-
TEMBI YPaBHEHHil, NOJy4YaeMbIX MpPH Mps-
MBIX WM KOCBEHHBIX H3MEPEHUIX pas-
JIMYHBIX codeTaHMi 3TWX BeawuuH. [Ipu
3TOM MOTYT M3MEpATHCA HECKOIBKO KOM-
GuHanuil 3HAYEHUI BEJIHYHH,

Hanpumep, u3MepsAs CONPOTHBICHHA
Rapy Roe M Rpe MENIY BEpUIMHAMH Tpe-
yrojbHAKa, B KOTOPOM COEIHMHEHHI CO-
npotuBneHuA Ry, R; # R; (cM. puc. 1.3) n,
pewias cucteMy ypaBHeHmit Tmma (1.5)
MOKHO OIIPEIeNHTh HCKOMBIE 3HaYeHHs
conpoTtusnenuit Ry, R; u R; metomom co-
BOKYITHBIX H3MEpEeHHMIL:

_RBorR) L REER) o RRER) o
BRasmAR> " RIRIET T RIENE

Pue. 1.3. K COBOKYTIHBIM H3MEPEHHAM

ab
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CoBMeCTHBIE H3IMEpeHHS

CosmecmHubiMy Ha3bIBAIOT MPOBOAUMBIE OJHOBPEMEHHO W3MEPEHHA IBYX WIH He-
CKONBKHX HEOJHOMMEHHBIX BENMWYHH U1 YCTAHOBJEHWA 3aBHCHMOCTH MEXIY HHMH.
3aMeTHM, YTO COBOKYIHBIE U COBMECTHbIE H3MEPEHHA BechMa ONU3KK ApYT K APYTY.

HawubGonee u3BeCTHbIN NPUMEP COBMECMHBIX UIMepeHuti — OTpele/ieHHe 3aBH-
CHMMOCTH COTIPOTHBIIEHHA PE3HCTOPA OT TEMIIEPaTyphl:

R,= Ry[1+a(t — 20)+B(z — 20)*], (1.7)

rae R,,— conpoTtuBicHKe pesuctopa npu ¢ = 20° C; a, B — TemneparypHbie Ko-
sppunmenTs!,

Jlns onpefienenus BEMHYUH Ry, o ¥ B B Hauase M3MEPSIOT COMPOTHRIIEHHE R, peu-
CTOpa MpH, HanpUMep, TPeX PaTHYHbIX 3HAYEHUAX TEMIEpaTypsl (1, &, £;), @ 3aTeM Co-
CTAaBJITIOT CHCTEMY M3 TPEX YpaBHEHHiA, 10 KOTOPOH HAXOIAT NapaMeTpbl Ry, o 1 f:

Ry, = Ry[1 + a(t, — 20) + B(z, — 20)’],
Ry = Ryl + at, — 20) + P(t, - 20)°), (1.8)
Riy = Ryl 1 + a(t; — 20) + B(t; — 20)’].

KocBeHHbI€, COBMECTHBIE W COBOKYITHbIE H3MepeHus 00beauHeHb! 061HM CBOH-
CTBOM: MX PE3YJILTAaThl PACCYMTHIBAIOT 10 U3BECTHBIM (DYHKLMOHANBHBIM 3aBHCHMO-
CTAM MEXAY U3MEepAeMbIMU BEJIMYHHAMU U BETHYWHAMM, OMNPEAE/ISEMbIMH NMPAMBI-
MH M3MepeHHAMH. Pazniune Mex Iy STHMH H3MEPEHHAMH 3aKTI0YaeTcs JIWILb B BU-
Je (PyHKIMOHAIBHOM 3aBUCHMMOCTH, HCTIONB3yeMOl MpH pacyerax. [Tpyn KOCBEHHBIX
M3MEPEHUSX 3Ta 3aBMCHMOCTH BbIPAKAETCA OHMM ypaBHEHHEM B sBHOM Buze (1.6),
NPH COBMECTHbIX H COBOKYITHBIX — CHCTEMOIi HesABHbIX ypaBHeHHi THna (1.8).

BmecTe ¢ TeM, KaK cliefyeT U3 MPUBEACHHBIX ONpPEENEHNH, coemecnHbie usme-
PeHUs OCHOBbIBAIOMCA HA U3BECMHBIX VPABHEHUAX, OMPANCAIOUUX cyujecmsyrowjue
C8A3U MedICOy UIMEPACMbIMY GENUMUHAMU, @ COBOKYNHbIE — HA YPAaBHEHUAX, ompa-
HCAIOWUX NPOU3BONBHOE xmﬁuuupoeanue BENUYUH, CJ'IEJIOBaTeIIBH(}, COBMECmHbIE
USMEPEHUA MONCHO UHmMepnpemuposams Kaxk 0606146}{1!8 KOCGeHHbLX, @ COBOKYNHblIE
— Kax o6obujenue npameix uzmeperui. 1103ToMy Jajiee OTPaKeHbl MPAMBIE U KOC-
BEHHbIE H3MEPEHUS.

Ab6conomuvie u omHocumenbibie usMeperus. B 3aBUCUMOCTH OT BBIPDXEHHA
pe3yAbLTATOB H3MEPEHH nocieHUe JeNAT Ha aGCOMIOTHBIE H OTHOCHTENBHBIE.

Abconiomuble usmepenus OCHOBAHBI Ha TIPAMbIX M3MEPEHHAX ONHOM WK He-
CKONBKMX BEIMYMH C MCIONB30BAHUEM 3HAYEHMH (U3HUeCKHX KOHCTAHT. Peayiib-
Tat abCoNOTHOTO HM3MEpPEHHA HEMOCPEACTBEHHO BhIpaXaeTca B eAHHHLAX H3ME-
pAeMOii BEJTHIHHBI.

OmuocumenvHble UsMepeHus — W3MEPEHHA COOTHOIIEHWA BENHYMHBI K Of-
HOMMEHHOM BENMYHHE, UTPAIOWEH PONb EAHHULbL, WK H3MEHEHHS BETWUHHBI 110
OTHOILEHHIO K OJHOMMEHHOH BeJWYMHE, NPHHUMaeMoii 3a ucxoaHyw. OTHoCH-
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TeNbHBIE H3MEPEHUS NPH MPOYMX PABHBIX YCIOBHSAX MOTYT GbITh BEINONHEHE 60-
jiee TO4YHO, 4eM abCoMOTHBIE, TAK Kak B CYMMapHYIO IOIpEINHOCTE HE BXOMIHWT
HOrpPEIHOCTE MePhl BelNUYHHEL. XapakTepHble IPHMEPbI OTHOCHTEIBHBIX H3Mepe-
HUIl; U3MEpeHHe OTHOMIEHWS HANpPKEHWH HIM MOIIHOCTEH, MCClIeIoBaHHe Jac-
TOTHBIX XapakTepUcTHK (k03¢ GULIHeHTOB epeayut) NeKTPHYECKHX Lernei u T. 1.

IIpH OTHOCHTENbHEIX H3MEPEHUSX HCIIONb3YIOT BHECHCTEMHYIO Ge3pasMepHyio
enuHMIy — neuwben (ab), onpenenseMyio NpH CpaBHEHUH Hanpsxenui U, u U,
o opmyne:

1 1B = 201g(U,/U,), npu U,/U, = 10" = 1,122,

a Ipu cpaBHEHMH MOIIHOCTeH P, u P
1 1B =101g(P,/P,), ipu P,/P, = 10"'° = 1,259.

Jlns nepeBoja OTHOLIEHMH MOIMHOCTEH W HanpskeHui (TOKOB) B AeLmObensl 1
ob6parso npuMeHsIoT Tabuik! (Tab1.1.5), NpuBeneHHbIE B CIPABOMHAKAX.

Ta6nuua 1.5. Jeunbens! U OTHOLIEHHA

OTHOIIEHHE OTHOIIEHHE
OtHOLIEHHE OTHOIIEHHE
Jeunben | HanpskeHWH Jaoamsocial Jeuuben | Hanps:xeHui st
(TOKOB) {TOKOB)

0,0 1,000 1,000 14,0 5,012 25,120
0,1 1.012 1,023 15,0 5,623 31,620
0,2 1,023 1,047 16,0 6,310 39,810
0,3 1,035 1.072 17,0 7.079 50,120
0.4 1,047 1.096 18,0 7.943 63,100
0,5 1,059 1,122 19,0 8,913 79,430
0,6 1,072 1.015 20,0 10,000 100,000
0,7 1,084 1,175 25,0 17,780 316,200
0,8 1,096 1202 30,0 31,620 1000
0,9 1,109 1,230 35.0 56,230 3162,000
1,0 1,122 1,259 40,0 100,000 10*
2,0 1,259 1,585 45,0 177,800 3.162:10*
3.0 1,413 1,995 50,0 316,200 10°
4.0 1,585 2,512 55,0 562,300 3,162:10°
5,0 1,778 3,162 60,0 10° 10°
6,0 1,995 3,981 65,0 1,778-10° 3,162:10°
7.0 2.239 5,012 70,0 3,162:10° 107
8.0 2,512 6,310 80,0 10* 10°
9.0 2.818 7,943 90,0 3,162-10* 10°
10,0 3,162 10,000 100 10° 10"
11,0 3,548 12,590 110 3.162:10° 10"
12,0 3,981 15,850 120 10° 10"
13,0 4,467 19,950 150 3,162:107 10"
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OcHoBHBbIE MeTOALI H3MepeHHi

KOHerTHbIC METOObI mmepeﬂuﬁ OOpelenaroTcd BHAOM H3MEPACMEBIX BEIIH-
YUH, X pa3Mepamu, TpeOyeMoll TOYHOCTHIO pe3ynbTata, OBICTPOTOM mHponecca
M3MEPEHHUs, YCIOBHAMH, TIPH KOTOPBIX NMPOBOASTCA M3MEPEHUS, H PAIOM APYIHX
NpH3HakoB. B mpuHiMne kxaxmyio ¢u3MUECKyI0 BEIHYHHY MOXKHO W3IMEPHTH He-
CKOIbKMMH METOJIAMH, KOTOPBIE MOTYT OTIIMYATECS APYT OT Apyra 0CoO0eHHOCTAMY
KaK TEXHHYECKOTO, Tak H METOIHYECKOro Xapakrepa. B OTHONIEHUH TEXHUYECKHUX
ocobeHHOCTeH MOXKHO CKa3aTh, YTO CYINECTBYET MHOKECTBO METO/IOB H3MEPEHHS,
H [0 MEpEe pasBUTHA HAaYKH H TeXHHMKH, 9YHMCI0 HX BCe YBEJTHIHBAETCA. c METOOH-
YeCKOM CTOPOHBI BCE METOMbI H3MEPEHUIA MOIAIOTCA CHCTEMATH3aMK | 06061me-
HHIO 110 061IUM XapaKTepHEIM NPH3HAKAM.

CoBpeMeHHbIE METOIBI M3MEpeHHH TPHHATO AENWTh HAa METON HEMOCpencT-
BEHHO# OLIEHKH U MeToJl cpaBHeHus (puc. 1.4).

Hyneegoti
Memod Aoafed Mdmod
HenocpedcmeeHHoU

oyeHKl :
Memoowu , Jupgepenyuansroiil

uaMepeHuil et Memod

Memod a=i
CpaeHeHus Memod
= 3ameujeHus

Puc. 1.4. Knaccuuxalins METO10B H3MEPEHHA

Ilpu memode nenocpedcmeennoii oyenxu YHCIEHHOE 3HAYEHHE HIMepse-
MOM BeJIMYHHBL ONPENeIOT HENOCPEACTBEHHO MO NMOKa3aHUIO H3IMEPUTEIBHOTO
npubopa (HanpuMep, U3MEPEHHE HATPSKEHHA C TIOMOINBIO BOJLTMETpa). BricT-
poTa npouecca H3IMepeHHA METOA0M HCHOC]JEI[CTBCEH{Oﬁ OLI€EHKH JENacT €ro 4acTto
HE3AMCHHMBIM U1 MPaKTHYECKOro MCIONB30OBAHHA, XOTA TOYHOCTH H3IMEpPEHUSA
00BIMHO OrpaHr4eHa,

Memoo cpasnenus — MeTOL U3MepeHHH, IPH KOTOPOM H3MepAeMYIO BeJIHIH-
HY CPaBHHMBAIOT ¢ BEJMYMHOH, BOCIIPOM3BOIMMOM Mepoii. D10 MokeT ObITh, Ha-
NpUMEp, H3MEPEHHE YPOBHA HAaNPKEHHA MOCTOAHHOIO TOKA IYTEM CPaBHEHHA C
S/IC HopManbHOro (3TaNoOnHOro) AnemMenTa. [pubopl, peanusyiommue H3MepeHue
Ha OCHOBE METO/Ia CPaBHEHH:A, HA3LIBAIOT H3MEpPHTENLHEIMH NpHOOpaMu cpaBHe-
uua. B ommuune ot npubopoB HenmocpeAacTBeHHOM OUEHKH, Gonee yaoOHBIX A
noyydeHusi onepaTuBHOH uHGopMauuH, npuHOoOpsl cpaBHEHHA o6ecnevuBarOT
06/b1IYI0 TOYHOCTE H3MepeHHH. MeTo/ cpaBHEHHs IPHMEHAIOT KaK Ul H3Mepe-
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HUS BEJIMHHH, CONEpkalluX 3arac SHeprud (HanpmKeHHe, TOK WIM MOIIHOCTB),
TaK ¥ JUIi M3MEPEHNUs NIapaMeTPOB J/IEMEHTOB J/IeKTPHYECKUX Lenel; conpoTyB-
JIEHNi, FHAYKTHBHOCTEN M eMKOCTei.

Pasnidaror creyromue pasHOBUAHOCTH METOJa CPABHEHHS:

* HYnegou Memod, TP KOTOPOM JeHCTBHE H3MEepAeMOH BEHUMHBI MOTHOCTBIO
YPaBHOBEIMBAeTCs 06pa31oBoif;

* Jugppepenyuansuviii Memod, korma M3MEpAETCA pasHHla MEXAY H3Mepse-
MOH BeMMYHHOM M GNU3KOM eif 1Mo 3HAYEHHIO W3BECTHOMN 3TATOHHOM (manpumep,
H3MEPEHHE SICKTPHIECKOTO COMPOTUBICHHA METOAOM HEYPABHOBEIIEHHOTO MOC-
Ta); nuddepeHnMaTbHBIN METON CpaBHEHHSA HCTIONB3YIOT TOrAA, KOTAA NpakTHUe-
CKOE 3HauCHHE MMEET OTKIOHEHHE H3MEpSEeMOit BENHYHMHBI OT HEKOTOPOro HOMH-
HAMBHOTO 3HAYEHNA (YXOZ YACTOTEI, OTK/IOHEHHE HANPKEHNS M T.1L.);

* MemoO 3amewjenus, IPA KOTOPOM NelicTBHE H3MepAeMOi BEIHYHMHEI 3aMela-
eTcA (HanpuMmep, ¢ TIOMOIIIBIO TI0CNEI0BATENEHO MPOBOAMMBIX BO BPeMeHH JeicT-
BHit) 06pasmosoil.

M3 Beex nepeuMCIeHHBIX METONIOB HYIEBOH MeTONI obecrednBaeT HaHOONbBIIYIO
TOYHOCTE H3MepeHHil pusnueckoit Bemmaunsl. Ero pasHOBHAHOCTAMY ABIAIOTCS:

* KOMREHCAUOHNbILl MemoO, TIPH KOTOPOM JIeficTBUe M3MEPAEMOH BeJTHHHEI
KOMMeHCHpyeTcs (ypaBHOBENIHBaeTCs) 06pasioBoii;

* MOCmoGou mMemoo, KOT[a AOCTHTAIOT HYNEBOrO 3HAYEHHS TOKA B H3MepH-
TENbHOM IHArOHANH MOCTa, B KOTOPYIO BKITIOYAeTCs UYBCTBUTENLHBIH HHAMKATOP-
HBIH pubop (06EIMHO HyITb-HHAWKATOD).

[lo cmocoby mpeoGpa3oBanus u3MepaeMON BeNHUYMHBE
M GopMe NMpeaCTAaBNEHHA Pe3yNbTaTa UIMEPEHHS NENATCA HA aHA-
JIOTOBEIE (HETIPEPLIBHEIE) H UHPPOBLIE (TMCKPETHBIE).

lpu ananozoswix usmepenusx w3aMepuTeNBHbIH npubop NpoM3BOAMT HETpe-
PBIBHOE Mpeobpa3oBanue H3MEPAEMOH BEHIHHEI, PE3YIBTATOM KOTOpOTO ABJISET-
CA MEpPEMEIICHHE YyKas3aTeld OTHOCHTENbHO WIKAIbl. 3ak/IIOYeHHEe O YHC/IEHHOM
SHaYCHHH BEWYHHBI NICIACT ONEpaTop, OTMeuas MOJIOKEHHe YKa3aTelns OTHOCH-
TEIBHO OTMETOK NMIKA/BI H3MEPHTE/IbHOTO Npubopa. TOYHOCTE TAaKOro H3MEpeHHs
OrpaHMYHBAETCA FEOMETPHIECKHMH 0COOCHHOCTAMM YKa3aTeNld W MIKaJbl M YacTo
He nipesbimaet 0,05 %.

Ipy yugposwix usmepenusx cpasHenue GUIMIECKOH BETHIMHDLI ¢ pAanoM o6-
Pa3LOBLIX 3HAYEHHH MPOM3BOAMTCA B M3MEPHTENHHOM NPHUGOPE aBTOMATHYECKH,
ONEPaTOp ke MOMYYAET TUCICHHOE 3HAYEHHEe UIMEPEHHON BEIUUMHE B IIU(POBOI
(opme. EcrectBeHH0, 4TO 3/1€CH BCE 3aBHCHT OT TOYHOCTH CPaBHEHMA B U3MEPH-
TENLHOM MPHOOpE M, K TOMY K€, HCKIIOYAITCA CyGheKTHBHBIE OLHGKH omneparo-
pa. CoBpemennsie mmppossie NpuGOPHL, Kak MPaBHIO, 06ECTIEYHBAIOT Goee Bbi-
COKYIO TOYHOCTb, YEM AHAIOTOBbIE. PojIb OmepaTopa YNpolIaeTcsa, TAK Kak OH
JIMIIB CYUTHIBAET YUCIIO,

IloxapakTepy M3MeHEeHH H3IMEpPAEMON BENHYHHB BO Bpe-
MEHH Pa3i4aroT CTaTHYECKHN U TMHAMUYECKUN PEXMMBI H3MEpEHHil.
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Cmamuyeckuii pesicum usMepenuii — 3TO PEXHUM HW3MEPEHHH, MPH KOTOPOM
CPeICTBO M3MEpeHNil paboTaeT B CTATHYECKOM PEKHME, T. €. KOIJa BBIXOIHOH CHT-
HaJl OCTAETCA HEM3MEHHBIM B TeYeHHE BPEMEHH ero MCTIONb30BaHMsA (WM MEHIeT-
s TAK MEUIEHHO, YTO KaKIbIi pe3ybTar H3MepeHUs MOXeT OBITh BEIPAKEH TOJb-
KO OTHMM YHCIIOM).

Hunamuneckuti pescum usmepenuti — 93TO PEXHM H3MEPEHHH, pe3ynbTaToM
KOTOpOTro sBisieTcs (yHKUMOHANRHAA 3aBHCHMOCTh H3MEPSEMON BEJMYHHBI OT
BPEMEHH, T.e. KOT/Ia BRIXOJHOH CHTHA/I CPEICTBa H3MEHAETCHA BO BPEMEHH, B COOT-
BETCTBHM C M3MEHEHHEM 110 BpeMeHH M3MepsAeMoii BenuduHel. Takum obpasoM,
NUHAMUYECKHE H3MEPEHMA NPHUMEHAIOT A H3MEPeHHA MapaMeTpPOB BEJIHYHH,
HMEIOIIMX 3aBHCHMOCTE OT BpeMeHH. IIpuMep AMHAMHYECKOTO H3MEpeHHi —
onpefeneHle MTHOBEHHBIX 3HAYEHHH paJHOTEXHMYECKHX CHTHAlOB B TeYeHHE
Kakoro-mubo uHTEpBana BpeMenn. [[MHaMUIeckHe H3MepeHHs MOryT ObITh Hempe-
PHIBHBIMH (TIPUMEHAEMEBIE TEXHHYECKHE CPEICTBA IMO3BOJIAKOT, HETIPEPBIBHO Clie-
OUTh 33 3HAYEHMSMH M3MEpAeMOll BEIWYHMHBI) W JHCKPETHEIMH (3HAYCHHA H3Me-
psieMOii BenuuuHbl (UKCHPYETCS TONBKO B OTAENbHBIC MOMEHTH BpemenH). [lnd
OLIEHKH TOYHOCTH pe3yibTaToB AMHAMHYECKHX M3MEpEeHHH HeoOXOOuMO 3HAHWe
JIMHAMHWYECKHX CBOHCTB CpEJICTB U3MEpEeHHH,

Heobxonumo Taxske pasziuyarh M3MepeHHA NapaMeTpoB demepMUuHupoeantblx
genuyun (CUTHAIIOB) M XApAKMepUCmuK CRy4aiinuix éenuyun (CUrHaNoB, mpouec-
coB). B mepBoM ciygae W3MepSIOTCH 3aBEJOMO TIOCTOAHHEBIE, MO0 MEHSIOMMECH
M0 M3BECTHOMY 3aKOHY BENHYHHbI. Bo BTopoM — B pe3y/bTaTe HEKOTOPOIO HMC/A
ONBLITOB OMNpENeNsioTCs XapakTepHCTUKH 3aKOHOB pacTpelielleHus H3IMepseMBIX
ClydaiiHBIX BEJUYHH (aMIUTUTYb], JUTHTEIEHOCTH HMITYILCOB B T.IL.).

B 3aBHCHMOCTH OT METOJla H3MEpeHHA W CBOWCTB NPHMEHAEMBIX CpPEICTB
H3MEpEHHi, BCe paccMOTpPeHHbIE BbILIE BHIBI W3MEPEHHH MOTYT BBIMONHATEHCA
mu6o ¢ ooHokpamueimu, MU0 ¢ MHO20KpaAmMHbIMU HAOMIONEHHAMMY,

Habniodenuem Npu u3MepeHuH (M3MepuTeNnbHEIM HabmiofeHHeM) Ha3bIBaeTCA
eIMHUYHAA KCTIEPHMEHTANbHAA OTepallis, HTOr KOTOpol — pesynsmam Habnio-
Oenusi — BCETa AMeeT CIydaifHbIN XapakTep W NMpeAcTaBngeT coboii 0HO U3 3Ha-
4eHUH U3MEpACMON BEJIMYMHBL, MOJUIEKaIEH COBMECTHOMH obpaboTke m1a momy-
4eHHA pesynbTata maMepenua. OT yucna HaOmONEHWH H3MepAeMOil BeIMIHHEI
3aBHCHT cnocob 06paboTKM SKCepHMEHTANBHBIX AaHHBIX W OLEHKH MOrpelrHo-
cTel H3MEepeHHI.

Ha npaxTuke MHOTOKpAaTHBIE Ha0/IFONEHNSA TIPH MPAMBIX H3MEPEHHAX KaKoH-T0
du3NYecKol BENHYHHE! OCYINECTBIIAIOTCS ONHMM 3KCHEPUMEHTATOPOM, B OIWHA-
KOBBIX YCNIOBHSIX M C TMOMOIIBIO OZHOTO M TOTO XKe cpelcTBa M3MepeHus. Takue
H3MEpPEeHUA MPHHATO HA3IBaTh pagHomoynvimuy. IIpH paBHOTOWHBIX M3MEPEHHMAX
cpenHue KBanparudeckue otioneHus (CKO) pesynbTaToB BCEro pa/a HIMEpEHuUii
MoryT 6BITh OJTM3KH 1 aKe paBHBI MeXIy co6oi.

OpHako 4acTo HeoOXOAHMO ONpeneNuTh Haubosee TOYHYIO OLIEHKY H3Mepse-
MO¥ BEJHYHMHBEI HA OCHOBAHHH pe3y/ILTAaTOB HaOMOAeHHH, NMONTYYEHHBIX PA3HBIMH
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IKCHEPUMEHTATOPaMH, B PasHBIX YCIOBHAX, C NMPUMEHEHHEM PasHbIX METOXOB M
CpeacTs u3Mepenns. Pesynsrarsl Takux nabmonenuii Oymyr umers pasnHuHyo
TOYHOCTD, H NOITOMY TaKHe H3MEPEHHA HA3BIBAIOT HEPASHOMOUHBIMU,

Ilo HeoGXxoammol TOYHOCTH ONEHKH MOTPEIIHOCTH H3MEpEeHHs NENATCH Ha
ClenyloulHe BUABL: BhICIIEH TOYHOCTH (npeyusuonHbie), CBA3AHHEIE C CO3/IaHHEM
3TAJIOHOB K M3MEpeHHeM (YHIAMEeHTANIBHBIX PHIHIECKHX KOHCTAHT; TEXHHYECKHE
M3MEPEHHA, B KOTOPBIX MOTPEIIHOCTE PE3Y/ILTaTa ONpeIenseTcs XapakTepucTHKa-
MH CPEACTB W3MEPEHHH, PerIaMeHTHPOBAHHBIMU YCIOBHAMH H3MepeHuii, i ole-
HHBAcTCA N0 NPOBEJCHHA MIMEPEHHH, KOHTPO/JBHO-IIOBEPOYHEIE, MOTPEIIHOCTE
KOTODBIX He JIOJDKHA IPEBBIILATE HEKOTOPLIX 3apaHee 3aiaHHbIX 3HAYCHHIL.

1.6. Cpencrea nsmepenuii

OCHOBHBIM OKYMEHTOM 3aKOHOZATE/IbHOH METPOJOTHH, ONpeeNIOUHM
MeTpOJIOrHIecKkie TpeboBaHMA K CpeNcTBaM H3MepeHHH, sBnserc 3akon Poccuii-
ckoit ®enepaunH «O6 obecnevyennn eanHCTBa H3MepeHHi». CoBpeMeHHOe MOHS-
THE «CPe/ICTBO H3MepeHHiD BBenieHo ¢ | suBapsa 2001 r. Pekomennaumeit no mex-
rocynapcTeeHHol cranaaptusauun [IMI" 29-99 «I"CH. Mertponorus. OcHOBHbIe
TEPMHHBI H OTIPEIENEHUD).

Cpedcmeo uzmepenuti (CH) — 310 TeXHUYECKOE CPEACTBO (M HX KOMIUIEKC),
NpeIHa3HAYEHHOE UIA M3MEPEHHMI, HMelolllee HOPMUPOBAHHEIE METPOJIOrHYECKHe
XapaKTepHUCTHKH, BOCTIPOM3BOMsIIee W (WIH) XpaHfinee eMHHULY (u3HYecKoii
BEJIHYHHEI, pa3Mep KOTOpOH MPHHHMAETCA HEH3MEHHBIM (B Mpejenax yCTaHOB-
TIeHHOH TIOrPeIIHOCTH) B T€YEHHE W3BECTHOTO HHTEpPBANA BpeMeHH. [laHHoe ompe-
IEJICHHE PaCKpbIBAET METPOJIOTHYECKYIO CYIIHOCTb CPEICTB M3MEPEHHS, 3aKIIO-
HaIOIYIOCA B YMEHUH XPaHHTh (WIH BOCIPOH3BOIHTE) eIUHHIY (U3UYecKoi Be-
JIAYHHBI W B MO/IEPKAHHH HEH3MEHHOCTH pasMepa XpaHWMOM eIMHHIEI BO Bpe-
MenH. TlepBoe No3BOMAET BLINOAHHTL COGCTBEHHO H3MEPEHHE, CYTh KOTOPOTO, KaK
H3BECTHO, COCTOMT B CPaBHEHHH HM3MEpAEMOii BENHYHHEI C €€ YCTAHOBJICHHO
eMEnLed. BTopoe NPHHIMNHMANLHO HEOOXOZMMO, MOCKONLKY TPH H3MEHEHHH
pasmepa XpaHUMOH eMHULB! (PHU3HIECKOH BENTHIHHBI C TIOMOLIBIO JAHHOTO CPeli-
CTBA H3MEPEHUsA HENb3s NOMYYHTL Pe3yIbTaT H3IMepeHus ¢ TpeGyeMo TOYHOCTHIO.

Hrak, u3mepaTs ¢ MpHemiIeMOil JUId MPAKTHKH TOYHOCTEIO MOXKHO TONBKO MpH
YCIIOBHH, YTO CPENCTBO H3MepeHHii ofecrieunBaeT XpaHeHHe (WM BOCTIDOM3BENE-
HHE) EMHHIIGI W3MEPAEMOH BETMINHBI IPAKTHIECKH HEH3MEHHOM Kak BO BpPEMEHH,
TaK M NOJ BosjelcTBHeM (akTopom okpyxkaiomeil cpemsl. ITpHuem 31y Heusmel-
HOCTB pa3sMepa eHHWULBI BO BPEMEHH M NOJIBEPKEHHOCTb €e H3MEHEHHAM I0J BO3-
AeHcTBHEM BIHAOMMX (aKTOpOB HEOOXOMMO KOHTPOJIHpOBaTs. B 3aBucHMocTH OT
TpeboBaHHi K Ka4ecTsy M3MEpPEHHil ITOT KOHTPO/Ib MPOHCXOAHT C NMOMOMIBIO pas-
JIMYHBIX 110 METPOJIOTHYECKMM (DYHKLMAM CPeICTB H3MEPEHHMIL.

INokasauus cpencrsa m3MepeHuit THGO HENMOCPEACTBEHHO BOCHPHHHMAIOTCA
OpraHaMi MyBCTB 4eJOBeKa (HanpuMep, NMoKa3aHuA CTPENOYHOTO Wi UH(POBOro
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npuBOpoB), MHGO, ECII OHM HEJOCTYITHBI BOCTIPHATHIO YETOBEKOM, HCTIONB3YIOTCS
s peoBpa3oBanus APYTUMHE CPEICTBAME H3MEpEeHHil.

Kinaccudukauus cCpeacTB H3MepeHuil

MHOKECTBO M3MEpAEMBIX BEJIHMYHUH, 2 TAKKe ITHPOKHH AMAna3’oH HX BO3MOXK-
HBIX 3HAYeHHil PHBOIAT K MHOroOGpasHio NPHHIMIIOB, HA KOTOPHIX GasupyeTcs
MOCTPOSHHE PaIMO3IEKTPOHHOM H3MEepHTeNbHOl anmnaparypsl. Hampumep, mero-
IBI M3MEPEeHHi W KOHCTPYKUUH MpHOOPOB, OCYMECTBIAIOMUX HIMEPEHHA B pas-
JTHYHBIX YACTOTHBIX AHAMA30HAX, MOTYT NPHHIMIIHAIEHO OTIHYATECA APYT OT ApY-
ra. B OManazoHe HW3KMX 4YacTOT FeoMeTpHYecKHe pasMepsl MpuOopa MHOTO
MEHBIIE IIHHLI BOJHBI KojeOaHMii, 4TO MO3BONAET CTPOHTHL H3MEPHUTENBHYIO am-
napaTypy Ha JEMEeHTax ¢ COCPEJOTOYSHHBIMH mapamerpamy. Ha cBEpXBBICOKHX
4ACTOTAX PasMEpPhl M3MEPHTE/LHLIX IEeMEHTOR CPEICTE M3MEpPEeHHil CPABHUMEI C
JUTHHOM BOJIHBI 3/IeKTPOMATHUTHBIX Ko/eGaHMil, a pe3yNnsTaThl H3MEPeHHs 3aBHCAT
OT MecTa MoAKIoYeHHs prubopa, ero KOHCTPYKUKY H pa3MepoB.

Hcnons3yemMsle B pasinuiHbIX 06J1aCTAX HAYKH M TEXHHKH CPE/ICTBA U3MEPEHHH,
4pe3BbiualiHo MHoroo6pa3uel. OnHAaKo WA 3TON0 MHOMKECTBA MOMHO BBIICIHTH
HEKOTOpBIe OOIIHE NPU3HAKH, TIPUCYLIHE BCEM CPEACTBAM M3MEpeHHUi He3aBUCHMO
oT ofJIacTH IPHMEHEHHH.

I[lo ponu, BBNONHAEeMOW B cucTeme obecnedeHus
eNHHCTBA M3MepeHH i, cpeacTBa H3MEPEHHH JeaTCs Ha:

* Memponozuyeckue, TpeHa3HAYEHHBIE U METPOJOTHYECKHX Lesell — Boc-
Npou3BeIeHHA €IHHUIBI U (WIHM) ee XpaHeHHs WM nepelav pasMepa eIHHHIIbI
pabo4uM cpejicTBaM H3MEPEHHUH;

* paboyue, IpUMEHSEMBIE [UTS M3MEPEHNH, He CBA3aHHBIX C Mepefayei pasme-
pa eJHHHIL,

MeTposnorsyeckie CpeicTBa H3MEPEHWH BecbMa HeMHOTOYHCIEHHBL. OHH
pa3pabaThiBalOTCA, MPOM3BOMATCA M AKCIUIYaTHPYIOTCA B CIELMAIH3HPOBAHHBIX
Hay4YHO-HCCIEO0BATEC/NBCKHX LEHTPaX. HOC‘)TOMY noaasAIoLIee OONBIIMHCTBO HC-
M0JIb3yEMBIX Ha MPaKTUKE CPEACTB H3MEPeH i NPHHAUIEKAT KO BTOPOH rpymIe.

Io ypoBHIO aBTOMATH3alHH BCe CPEJCTBA M3MEPEHWH MAENATCA Ha
TPH OCHOBHBIE IPYIIIBL:

* Heaemomamu4ieckKue,

] asmOMamusuposa}mue, MpPOH3BOAAIIHE B ABTOMATHYECKOM pPEeXHME OIHY
HITH 4aCTh HSMepHTCJI]:HOﬁ onepanuH;

* gagmomamuyeckue, MPON3BOIAIINE B aBTOMaTHYECKOM PEKHME HIMEPEHHA H
BCE OMNepalyy, cBa3aHHbIe ¢ 00paboTKOM HX pesybTaToB, perucTpaumeii, nepena-
geif JaHHBIX MM BBIpaboTKON yNpaB/sAiOmIHX CUTHAJIOB,

I[loypoBHIO cTaHAApTH3Al UK CPEACTBA U3MEPEHHMI NENATCS Ha:

s cmaudapmus'osaﬂuue, H3roToBJIEeHHBEIE B COOTBETCTBHH C TpCﬁOBaHH}!MH Cco-
OTBETCTBYIOLIErO rocyIapCTBEHHOrO WiIH OTPacieBoro CTanaapTa;

* necmandapmusuposantsie (YHUKaNbHBIE), IPHMEHAEMbIE [T PEIIeHUd Cre-
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UMHIECKHX H3MEPHTENLHBIX 3a1a4 B CHEUHANBHBIX HANDABICHUAX HAYKH M
TEXHUKH, B CTAHAapPTH3aLUHK TpeboBaHni K KOTOPEIM HET HeOOXOMUMOCTH.

[onasnsomee GOMLUIMHCTBO CPEACTB H3MEPEHHN ABNACTCS CTAHAAPTH30BAH-
HBIM. OHHM BBINYCKAIOTCA CepHItHO M 06A3aTENLHO NOIBEPralOTCs rOCYaapCTBEH-
HBIM HCTbITaHHAM. HectannaprusosaHHbie cpeicTBa M3MepeHHil paspabaTsiBaioT
CMELHANTH3UPOBAHHbIE HAYYHO-MCC/IEIOBATENLCKHE OPraHM3alMHd W BBIMYCKAIOT
CIHHWYHBIMH 3k3eMiuiapaMu. OHH HE MPOXOIAT roCyNapCTBEHHBIX HCIBITAHMI,
HX XapaKTepHCTHKH ONPEeJe/IAI0T MPA METPOJIOrH4eCcKOl aTTecTalllH,

Ilo oTHOmWEHHIO Kk H3IMepaeMoit dusmdeckold Benmuune
Cpe/ICTBA H3IMEPEHHI NoApa3IeNnsioTCs Ha:

* OCHOBHbie — 3TO CPEACTBA W3MEPeHHH TOW (u3HYeckolt BenHYHHBI, 3HAaYE-
HHE KOTOPO# HE0OX0AMMO MOTYYHTE B COOTBETCTBHH C H3MEPHTENLHOM 3a/1aueif;

* 6CROMO2ameNbHble — 3TO CPeICTBA W3MepeHHit Toif pu3nuecKoil BeIMIMHDI,
BIHAHHE KOTOPOH Ha OCHOBHOE CPEACTBO W3MEPEHHIl HWIH 0GBEKT HIMEPEHHS He-
00X0AMMO Y9eCThb U MO/TyHeHH s Pe3y/IbTaTOB H3MEPEHUs TpebyeMOl TOYHOCTH.

Knaccuduxauns no Ha3Ha4YeHIO, POJH B MPOLIECCE HIMEPEHHA M BHIMOMHSE-
MBIM QYHKIMAM AB/IAETCA OCHOBHOM M MpeacTas/ieHa Ha puc. 1.5.

Cpedcmea usmepenuii
I

Snemenmapnuie Komnnexcuoie
1 [ 1 1 1
Yempoicmea | | Himepumens-| | Hamepu- Himepu- Hamepu-
Mepasi cpasuenun — | |Hoie npeobpa-| | meavheie meabHble meavhsle
KoMnapamopel 3o8amenu npubopsi | |yemanosku| | cucmemst
"I OonosHaunse ' l Hepeuynvie ]"' "‘I Ananrozoeuie ] Hughopma-

yuonno- ||
uUIMEpUMEnLNbE
—Ii{noewnawue”Hpo.ue.xcymowue" '-I Hugpossie l cfcmemm

"LHaéopu Mep “ Macwumabnvie }" '{Pewmpupynmejl Hamepumensho-

GHINUCAU- |

menvhbie
'-'Lﬂ-{aeaaunu.uep” Ananocoesie I'* '-iHaxa:tusammu;I KOMRAEKCH
'—Iﬁmanosowue ] IAHaﬂon‘HugﬁpOdue]"' Komnviomeprio-

uIMepu- -y

menbHpie
-—[ Bempoennvie ”Hm;bpoanmazoeme]‘- cucmembl

Pue, 1.5. Knaccuduxauns cpeacTs u3MepeHui
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Ilo peann3auuu mpouenyps H3IMEepeHHSA CpelCcTBa H3MEPEHHH
OwIBaIOT INEMEHMAPHBIMU H KOMIIEKCHBIMU.

Cpencrsa u3MepeHHil pa3nesioT Ha MepBl, YCTPOHCTBA cpaBHeHHs (KoMMapa-
TOpLI), H3MEpHTEeJIbHEIE MpeoOpaszoBaTelH, H3IMEpPHTeNbHBIE NPHOOPHI, H3MEpH-
TellbHbIE YCTAHOBKH M M3MepHTensHbie cuctemsl (MC). M3MepHTebHBIE CHCTEMBI
YCIOBHO HenaT Ha uHpopmausonHo-wiMepurensusie (MHC), usMepurensHo-
BhKcIHTENbHBIe KoMIuiekcsl (MBK) n komnsiotepHo-m3Mepurensablie (KHC).

JnemMeHTAPHbIE CPEACTBA H3IMEpPeHHil

Onemenmapusie cpedcmsa usmepenutl NpelHA3HAYEHB! 1A PEANTM3ALMHA OT-
IeJIbHBIX OnepauHi NpsMOro H3MepeHHs.

K HHM oTHOCATCS Mephl, YCTPOHCTBA CpaBHEHHA H H3MepHTelbHbIe npeobpa-
soBaren. Kakoe H3 HUX, B3ATOE MO OTAENBHOCTH, HE MOXET OCYIIECTBHTH Olle-
paLMIO H3MEPEHHH.

Mepa — cpeacTBo M3MepeHuii, NpeJHA3HAYEHHOE JUIA BOCNpOH3BeJCHHA (u-
3UYECKON BEJIMYMHBI 3a[JaHHOTO pasmepa (3Ha4deHusA). B kauecTse Mepbl B paIHO-
H3IMEPEHHAX, B 9ACTHOCTH, MCITIONB3YIOTCA: KBapleBhlil aBroreHeparop (Tousee
4acToTa KoneOaHWii KBapLEBOro reHepaTopa) — Mepa YacTOThl 3NEKTPHYECKHX
xonebaHuil; H3MEpHTENbHBIA PE3HCTOP — Mepa NIEKTPUYECKOTO CONPOTUBICHHS;
H3MEPHTE/IbHEI KOHIEHCATOP — Mepa 3JIeKTPHYEeCKol eMKOCTH. Mepsl ObiBaioT
0/IHO3HAYHBIMH U MHOTO3HAYHbIMH,

Oodnosraynan mepa BOCTIDOM3BOIMT (PHIAYECKYIO BEMYHHY ONHOINO pasMepa.
Hanpumep, H3MepHUTe/IbHBIHA PE3HCTOP, H3IMEPUTENbHBIH KOHAEHCATOp NOCTOAHHOH
emxocTH, 3JIC HOpMaNLHOTO 3/IEMEHTA.

Mrozosnaunas mepa BOCTIPOH3BOIHT PAJl ONHOMMEHHBIX BEJIHYHH PasIHYHOIO
pasMepa, HampuMmep, TOTEHIIMOMETp, BapHOMETP WHIYKTHBHOCTEH, KOHIEHCATOD
NEPEMEHHOH EeMKOCTH.

Kpome 3toro, pasnuualor waboper mep, Mazasunbl mep, YCMAaHOGoUHble U
acmpoennvie Mepel. Habop Mep — cneumanbHO nonoOpaHHbI KOMIUIEKT OIHO-
TUNHBIX 3JIEMEHTOB, NPHMEHAEMBIX HE TOJIBKO IO OTAEJBHOCTH, HO H B pasjiud-
HBIX COYETaHHAX /Ul BOCIPOM3BEACHHA PAia ONHOMMEHHBIX BEJIHYHH PasiIHIHOTO
pasmepa, HanmpuMep, Habop H3MepHTENbHBIX PE3HCTOPOB, HIIH KOHACHCATOPOB,

Yempoticmeo cpasnenus (komnapamop) — 3TO CPEACTBO M3Mepe-
HHH, MO3BOMIAIONIEe CPABHHBATH APYr C APYTOM MEphl OJHOPOMHAIX BEJIHYMH HIIH
TNOKA3aHHA W3MEpPHTeNbHBIX TpHOOpoB. IlpuMepoM MoXeT ciyxuth (oropene,
BKUTIOHlONIee (BHIKIIOYAIONIEE) YIHYHOE eKTpHYeckoe ocBemenyne. Bo MHOIHX
OTHOCHTE/TBHO MPOCTBLIX CPECTBaX H3MEPEHHH pONb KOMIApaTopa BHIMOJHSIOT
OpraHsl YyBCTB HEJNOBEKa, IABHEIM 00pa3oM 3peHHe, HanpuUMep NPH CPaBHEHHH
OTKJIOHEHMA yKalareis npubopa ¥ 9ucna AeNeHnil, HaHeCeHHBIX Ha ero Kane.

CreneHs COBEpIUIEHCTBA KOMITApaTOpa ONpejie/seTcs MUHMMAIbHO BO3MOX-
HBIM MOPOTOM HYBCTBHTEIBHOCTH, @ TakkKe ero OLICTPOJEHCTBHEM — BpeMeHeM
NePeKIIOYeHHs U3 OJIHOTO COCTOAHMS B Apyroe. Y MaeaJkHOro KoMIapaTopa mo-
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POT H BpeMs NEpeKMOoYeHHs paBHBl HY/MO. B peansHbix cxemax kommapatopa
BBOJIAT NOPOr cpabaThiBaHHA (/U1 HCKMOYEHHA TaK HA3kIBAEMOro «Ipefesra KoH-
TAKTOBY), Y4TO MPHBOXHT K BO3HHKHOBEHHIO a/UIMTHBHOM (CyMMHpyeMoil ¢ H3me-
PAEMO BETHYHHOMH) NOrPeIIHOCTH.

Hsmepumenvnviii npeobpazoeamenv — CPeACTBO HIMEpPEHHI,
NpeHa3HaYeHHOe JUIA BLIPAGOTKH CHrHaNa H3MEepHTeNbHOH HHpopmamhy B dop-
Me, ynobHo# ana nepemauw, npeoGpasoBarus, o6pabOTKH M XpaHeHHS, HO He
MOANAIOMEHCA HEMOCPeACTBEHHOMY BOCTIpHATHIO HaGmoparenem. H3mepurens-
HbIe NpeobpasoBaTe/n MOTYT Kak BXOMHTB B COCTAB M3MEPHTEJLHBIX NPHOOPOB,
TaK U NPAMEHATHCA CAMOCTOATENBHO. M3MepuTeNbHEIe peobpasoBaresty, KOTOphie
I'OCT no cnoxusuielics TPaIHIMH PacCMAaTPHUBAET, KAK CAMOCTOATENbHBIN Kirace
CPENCTB HU3MEpEHHH, He MOryT MO CBOEH CYTH ABIATHCS XPAHUTENEM €IMHMII H3-
MepeHHs. 3a49acTyi0 KOHCTPYKTHBHO 060cob/eH bIe NepBHTHbIE npeoGpasopareny
HA3BIBAIOT damyuKamu.

Pa6ora usmepurensHOro npeobGpasoBaTens NPOTEKaeT B YCIOBHAX, KOT/A MO~
MHMO OCHOBHOTO CHTHana X, CBA3aHHOTO C H3MepAeMOif BEIMYHHOI, Ha HEro Bo3-
NeHCTBYeT MHOKECTBO APYTHX CHIHAJIOB Z, AB/AIOIMXCA B NAHHOM CITydae nome-
XaMH. BBIXOMHBIM CHIHANIOM M3MEPHTENBHOTO NpeobpasoBaTeNs CAYKHT Hekas
BenuuuHa Y (HanpsxeHwue, TOK),

Baxmne#meii xapakrepucTrkoil u3aMepuTensHOro npeoGpasosarens sBAfETCA
GyHkms (ypassenue) npeoGpazoBanus, KOTOpas OMHMCHIBAET CTATHYECKHE CBOI-
cTBa mpeobpa3soBarens u B 06lleM ciydae 3amuchiBaeTcst B Bune ¥ = F(X, Z). He-
06X0MHMO OTMETHTH, 49TO MPeoOPA3OBAHHA M3MEPAEMBIX BENHIHH BCErIa TasT B
cebe OnacHOCT BHECEHHS MMOrPEIIHOCTEH B PE3yNbTaT H3MepeHHii.

H3meprTensasie npeobpasosatens KiacCHGUUMPYIOT mo psay cneumpide-
CKHMX NPH3HAKOB,

[loMecTOmMONOKEHHIO B HIMEPHTENBHON menu npeoSpasosa-
TeJIH AENATCA Ha NEPBHYHBIE U MPOMEKYTOTHEIE.

[Tepsuunsiii npeobpasosamens — wiMepuTebHEIH NpeobpasoBaTens, K KOTO-
POMY TIO/IBEICHA M3MEPAEMas BENHYHHA, T.€. ABNACTCA NMEPBBIM B H3MEPUTENHHOM
uery. Hanpumep: Tepmonapa B Lenu TepMOATEKTPHIECKOTO TEPMOMETPa.

[Tpomesicymounsiic npeobpaszosamens pacTionaraeTcs B H3MEPHTEIBHON 1EMH
nocne nepBHYHOrO.

BaxHoli pasnosunHOCTBIO NpeoGpasosarenel sBnseTcs Macumabubiii npeo6-
pasosamens — W3IMEPHTENbHEIH npeobpasoarens, NpeAHa3HAYEHHBIN 1A H3Me-
HEHHA pa3Mepa BEMYHHBI WIH H3MEPHTENLHOTO CHIHANA B 3a/laHHOE YHCIIO pas.
Hanpumep: usmepuresubiil TpancdopMaTop TOKa, AETHTETs HANIPKEHNAS, H3MeE-
PHUTENBHBIH YCHTHTENE.

[lo BHAY BXOAHBIX H BHIXOAHBIX BENHYHH HIMEPHTENbHBIE
npeobpa3oBaTeny AensaTes Ha:

* ananozogvie, Npeobpasyiomne 0IHy aHAIOTOBYIO BEJIHYHHY B APYTYIO aHAJO-
FOBYIO BEJIMUHHY;
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* ananozo-yughpogeie (ALIIT), npenHazHaueHHEIE Ul NpeoOpa3oBaHus aHANO-
rOBOTO H3MEPHTENLHOr0 CUrHala B IIM(POBOIt KOI;

* yugpoananozoewie (L1AIl), npenHasHaveHHble WA NpeobpazoBanua nubpo-
BOTO KOJa B @aHAJIOTOBYIO BEJTHIHHY.

Ewe omuum THnoM npeobpaszoBareneil ABIsAeTca nepedaiowjuii npeobpasoea-
mens — M3AMEPUTENbHEIN npeobpa3oBaresp, CoyXKamui A AUCTAHIMOHHON Te-
penaqM CHrHaja H3MepuTenbHOH HH(OpMaIHHM K APYrMM YCTPOHCTBAM HJIM CHC-
TEMaM.

KomniekcHble cpecTBA H3IMEpeHHH

KoMiutekcHble CpeicTBa H3MepeHUi MpemHa3sHaueHbl 1A peajn3alyn Bcei
npoueaypsl n3MepeHusa. K HUM OTHOCATCA H3MEPHUTE/bHbIE NMPHOOPHI, H3MEPH-
TENbHBIE YCTAHOBKH H H3MEPUTEIbHbIE CUCTEMBI.

HameputenbHBM NpHOGOPOM Ha3lpBaeTCid CPEACTBO H3MEPEHHSA,
npeaHa3Had9eHHOE Ui BHIpabOTKH ONMpeNeNeHHOro BHIA CHIHAIA H3MEePHTENbHOH
uHpopmayy B Gopme, TOCTYMHOH A HEMOCPEACTBEHHOTO BOCIPHUATHA Onepa-
TOPOM.

B 2/1eKTpOHHON TEXHHKE, pagHOTEXHHYECKHX LIENAX, YCTPOMCTBAX W CHCTe-
Max, a TaKKe CHCTEMax CBA3W CHTHAIOM H3MEepHTeNbHON MHpOpPMAIHH ABIAET-
i, KaK MpaBWiIiO, 3MEeKTPHYECKU CUrHAJ, (YHKIHOHAIBLHO CBA3AHHEIA C H3Me-
paemoll ¢u3uueckod BenwumHON. Hudhopmamuenuim napamempom 6X00HO20
INEKMPUYEcKo20 cuesHana CpeiacTBa M3MEPEHHA CIYKHT MapaMeTp . BXOJHOTo
curHana, GpyHKIHOHANEHO CBA3aHHLIN ¢ W3MepAeMol Qu3ndeckol BenMIUHON 1
HCITOJIB3YEMBIR UIA fepeaayy ee 3HaueHHs WM ABAOIMHCA caMoil u3Mepse-
MOH BEIUYUHOH,

Kareropusi cpeicts W3MepeHHH, OXBaThIBAIOIAA H3MEpHTEIbHbIE MPUOOPh U
npeofpa3oBaTeiy, Ha3bIBACTCH UIMEPUMENbHBIMU YCMPOUCmeami.

HsmepuTenbHble MpUOOPEI MPHHATO KiaccHPUUMpPOBATh MO PNy cremupHye-
CKHX NPH3HAKOB.

ITo popMe MHAMKAUHM H3IMEpAEMOH BEIMYHHEI BCEe pamHo-
H3MEpHTEbHEIE MPHOOPE! HENAT HA MOKA3BIBAIONIME ¥ PETHCTPHMPYIOLIHE, CpenH
KOTOPBIX Pa3IMYaroT CaMOMHMIIYIIKE H TIeYaTaloNIHe,

Hoxasvisarowuil usmepumensueill npubop — yCTPOUCTBO, MpeIHAIHAYEHHOE
TONBKO IS CIUTHIBAHUA MTOKA3aHUH, HATIPUMED BOJBTMETP.

Pezucmpupyrowuii usmepumenvuuiii npubop — npubop, B KOTOPOM TIpexy-
CMOTpEHA perrcTpalus MoKa3aHWwil u3MepseMOH BeJIMYHMHBLI, HapUMep yHUBep-
calbHBIH ocipuutorpad.

Camonuutywui uamepumensuvii npubop — perucTpupylomui npubop, B Ko-
TOPOM TpeNyCMOTpPeHa 3alich MoKa3aHuii B jopMe nHarpaMmsl.

Hevamarowuii usmepumenvrvii npubop — PErHCTPHPYIOIIHA H3MEPUTENb-
HEIH npuGOp, B KOTOPOM NpeAycMOTpeHa nedarh MoKa3aHHM, Kak MpaBuio, B
nudposoii hopme.
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INlo metony mnpeoGpazoBanmsn H3IMepAeMOH BEeNHYHHB
paznH4anT NpHOOpPHLI NPAMOro, KOMIEHCALMOHHOIO (ypaBHOBeIIHBAIOIIETO) M
CMeIIaAHHOro npeobpazoBaHus.

[lo Ha3sHAYeHMIO MIMEPHTENbHBIE NPHGOPHI AENATCH Ha aMIepMeTps,
BOJILTMETPBI, OMMETPEI, 9aCTOTOMEDHL | T. L.

HamepurensHsie npubopsi, HCoNs3yeMEle B PAIHOTEXHHKE, N0 cmpyxkmypHou
cxeme MOKHO B CaMOM OOIIeM BH/Ie Pa3/Ie/IAT HA 21eKMmpPOoMexXaHuNecKue M nex-
mpounbie. K panuonsMepurensHsM npu6opamM OTHOCATCH TOMBKO INEKTPOHHLIE, B
COCTAB KOTOPBIX B KAY€CTBE OTCYETHONO y31a MOTYT eule BXOAWTH /eKTpoMexa-
HUYECKHE ycTpoicTBa,

Ilo popme npeobGpasoBanus HCHONB3IyeMBIX H3MEpH-
TEJbHBIX CHIHANOB NPHGOPEL! PA3AENAIOTCA HA AHATIOTOBBIE H IH(POBHIE.

Ananozoeviii usmepumenviviii npubop — CPENCTBO HIMEPEHNS, NOKA3AHUS KO-
TOpOr0 ABIAOTCA HENPEPLIBHOW (YHKUMEH H3IMEHEHHS M3MEpAEMON BeTHUMHEI
AHasioroble NpHOOPH! NENAT HA YETHIPE OCHOBHbIE PYIIIHI, NpeIHa3HaYeHHBIE
T pasiH9HBIX U3MEPHTENILHbIX Leneit.

B nepsyio BXoasT mpuGOpsl /LI H3MepeHHA MapamMeTpoB W XapaKkTepHCTHK
CHTHANOB (HanpUMep, OCLMLTOrPadhl, BOIETMETPBI, YaCTOTOMEPEI, aHaTH3aTopBI
CIEKTpa M T. 11.).

Bropyio rpymmy o6pasyior npuGops! /s H3MepeHis NapaMeTpoB i XapaKTepH-
CTHK aKTHBHBIX H MIACCHBHBIX 3/IEMEHTOB MEKTPHIECKHX CXeM. DTO — HIMepHTeNH
CONPOTHBJICHHA, EMKOCTH, HH[yKTHBHOCTH, N12PaMeTPOB MHKPOCXEM, TPAH3HCTOPOB,
a TAKKe MPHOOPBI U CHATHA YACTOTHBIX M NEPEeXOIHBIX XapakTepHCTHK.

Tpetbs rpynna — u3MepuTesIbHBIE TeHEPATOPHI, ABNAIOMMECT HCTOTHAKAMMU
CHTHAJIOB pa3/iMYHO#N aMIUTHTY/Ibl, (JOPMBI H YACTOTBL

B deTBepTyIO IpYnmy BXONAT 3/MEMEHTH MIMEDHTENBHBIX CXeM, TakWe, Kak
nmpeoGpasoBareny, aTTEHIOATOPEL, LHPKYIATOPHI, (hazoBpamares, HanpageieHHsIe
OTBETBHTE/H H T. /1.

Huppossim uzamepumenvuwim npubopam (LIUIT) Hassisaerca CpelCTBO H3Me-
PeHWA, aBTOMATHYECKH BhIpabarbiBalolnee MMCKPETHbIE CHTHANEI H3MEPHTe/BHOM
HH(OPMALMH, NOKA3aHHA KOTOPOTO NPEACTABNEHHI B uupporoit hopme.

LIHTI #MeloT nepen aHANOTOBBIMH PAJ NIPEHMYIIECTS:

* yno6eTBO M 06BEKTHBHOCTE OTCUETA H3MEpAEMEIX BeJTHIHH,

* BRICOKYIO TOYHOCTH Pe3y/IbTaTOR H3IMEPEHHS;

* WHUPOKHHA AHHAMHYECKHI 1Hana3oH NpH BHICOKOH paspemaiomeit cnocobHo-
CTH;

* BBICOKOE GhICTpOZIeficTBHE M3-3a OTCYTCTBHS MOABHKHBIX /EKTPOMEXaHYe-
CKHX 3]IEMEHTOB;

* BOSMOKHOCTh aBTOMATH3aLHHA MPOLECCa HIMEPEHHS,

* BOSMOXHOCTE HCITOTB30BAHHA HOBEHIIMX NOCTIDKEHHI MHKPO3IEKTPOHHKY;

* BBICOKYIO YCTOHYHBOCTb K BHEIIHAM MEXaHHYECKHM W KIHMATHYECKHM BO3-
HeHCTBUAM,
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[lo npuEUMNY neficTBUSA HIMEPHTENbHbIE NPHOOPHI AENAT Ha Pl
KJIACCOB, MEPEYHCIICHHBIX HIKE.

Hamepumensnsvie npubopst npamozo Oeticmeus, B KOTOPBIX TPEXYCMOTPEHO
OIHO WJIH HECKONBKO Mpeofpa3oBaHWil CHTHANA M3IMEpPHTEIbHOH MH(pOpPMALMH B
OHOM HanpasjieHuH, T.e. 6e3 npuMeHeHus menedt obparHoit cBA3M; Hampumep,
aMIepMeTphl, BONLTMETPHI.

Hsvepumenvuvie  npubopu cpasHeHus, npemHasHaYeHHble VA
HEMOCPEACTBEHHOID CPaBHEHHA H3MEPAEMOi BeIHYHHbI C H3BECTHON BETHYHHOMN;
HanpHMep, 3JIeKTPOH3MEPHTEJILHELH MOTEHLHOMETP.

Humezpupyiowue usmepumensrsie npubopst, B KOTOPBIX MOABOIHMAS BEJIHYM-
Ha WHTErpHpPYeTCs Mo BPEMEHH WIH MO JPYToii He3aBHCHMOI MepeMeHHOI; Ha-
NpHMEP, EKTPHHECKHI CHETUNK SHEPTHH,

Cymmupyrowjue usmepumensrvie npuboper, TIOKa3aHHs KOTOPIX (YHKUHO-
HAJIbHO CBA3aHBI C CyMMO# JByX WM HECKOJBKHUX BENHYHH, MOABOAMMBIX K HHM
N0 pasHeIM KaHajiaMm; HaNpHMep, BATTMETP A M3MEpPEeHHs CyMMbI MOLIHOCTEM
HECKOJBKHX 3IEKTPHYECKHX FeHEepaTopoB.

CroxHble H3MEpHTE/IbHbIE CPEICTBA MOTYT COCTOATH M3 (YHKUMOHAIBHO CBSi-
3aHHBIX NPOCTBIX HM3MEPHTENBHBIX CpencTB. K HHM OTHOCATCA H3MepHTelbHEIE
YCTAHOBKH H U3MEPHTEJIbHBIE CHCTEMbI,

B Poccuiickoit Qenepanynyu comiacHO COOTBETCTBYIOMIEMY CTaHIAPTy Bee pa-
IHOTEXHUYECKNE M3MEPUTENbHbIE MPUOGOPhI U COOTBETCTBYIOUIME HM MEpPBI 3JeK-
TPUYECKHX BETHYHH I10 XapakTepy M3MepeHHi U BHIY H3MEpAEMBIX BEJIMYMH pa3-
OeNeHsl Ha MOArpynIbl, 0603HaYaeMble IPOMHCHLIME GyKBaMH PycCKOro aindasH-
T1a. [Ipu 3ToM npubopk! aenarcs Ha 20 moarpymm:

A — M3MEpHTENH CHIBI TOKA; b — HCTOYHAKH MHTAHHA IS CXEM H3MEpEeHHi
H H3MepuTensHeIX npubopos; B — u3ameputenu sHanpskeHua, ' — reseparopsl
mMepuTensHsie; [l — u3mepurenn ocnabnenus n arrenHioatopsl; E — uameputenu
napaMeTpoB 3JIEMEHTOB ¢ COCPENOTOUEHHRIMH nocTosHHbIMU, M — mpuGopst wis
HMITYJIBCHBIX H3MepeHHH; K — KOMIUIEKCHBIE H3MEPHTE/IbHbIE YCTaHOBKH, JI —
HIMEPHTEIIH TIapaMeTpoB 3JIEKTPOHHBIX JIAMIT H TMOJTYTIPOBOAHHUKOBBIX MPHGOPOB;
M — u3mepurenn mommocTH; [T — M3MepHTENH HANPAKEHHOCTH TIONA M PATHO-
nomex; P — u3MepuTe/n NapaMeTpPOB 3NIEMEHTOB H TPAKTOB C pacipe/eeHHbIMH
nocTosHHbIMH, C — npuGopsl ans HaOMONEHHs, M3MEpPeHHA M HCCIENOBAHMA
$OpMBI CHTHANOB H HX CIEKTPOB; Y — YCHIHTENH H3MepHTeNbHbIE; O — H3Me-
putes $a3oBbIX CABMIOB M IPYIIOBOTO BpeMeHH 3ana3mbisanus; X — npu6ops
1S HaOlmIOIeHHA | HCC/IeI0BAHHA XAPAKTEPHCTHK EKTPHYSCKUX 1eneil U pamno-
yerpoiicTs; U — nsmepurenu uactorel; 1Ll — u3MepuTenu anekTpuMeckux U mar-
HHUTHBIX CBOHCTE MarepHasioB; 3 — H3MEpHTEIbHbIE YCTPOHCTBA KOAKCHANBHEIX
BOJTHOBOJIHBIX TpakToB; Sl — 6ok paanoHIMepuTenbHIX TPHOOpOB.

Bxoasmue B noArpyniy W3MepHTeIbHbie MPHOOPSI NOAPA3AEIAIOTCS HA BAIBI
B COOTBETCTBHH C OCHOBHOM BhINONHAEMOH (yHkumell. Buaam nprcsampaercs
GykBenHO-uM(poBoe 0603HaueHHe, cocrosiee u3 GyKBBI MOArPYNIbI W HOMEpa
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Bana. Tak, Hanpumep, BUI «BONBTMETPHI IIEPEMEHHOTO TOKAY) 0603HAYaCTCS KaK
B3, Bun «BonsTMeTphl mMmynscHoro Toka» — B4 1 1. 1. [TomHoe HauMeHOBaHHe
npaGopa onpe/ienseTcs HANMEHOBAHAEM BHIA, K KOTOPOMY npubop oTHOCHTCA.

B cootseTcTBHE ¢ COBOKYNMHOCTBIO TexHMYECKHX XapakTepHCTHK H OYepeaHo-
CTbiO pa3paboTok MPHGOPLI BCEX BUIOB PasNe/cOTCA HA THIBI, KOTOPBEIM COOTBET-
CTBYeT MOpANKOBBIH HOMep mozenn. OGo3nadenwne npuGopa coCTOHT U3 0603RA-
ACHAA BHIA M HOMEPa MOJCTH, NPHYEM TepeX MOCHENAHHM CTaBHTCH hedwc. B
HACTHOCTH, HA/MHCh Ha H3MepHTeNbHOM npubope B3-40 rosoput o ToM, 4T0 310
COpOKOBas MOJIe/ib BOJILTMETPOB NEPEMEHHOIO TOKA.

Bosiee mmpoko#i seasercs KIACCH(HKAUHA CPEACTB M3MEpEHHH 1o KOHKpeT-
HEIM TIpu3HakaMm. OIHHM M3 OCHOBHBIX NPH3HAKOB CAYXHT AHANA3OH paboanx
114CTOT, B KOTOPOM NaHHOE CPEACTBO H3MepeHHit paGoTaeT WK COXpaHseT HOpMH-
POBaHHBIE METPONOrHYEeCKHe XapakTepucTHkH. Bribupas cpenctso H3MEpeHui
JULA SKCILTYaTalil B HEKOTOPOM YACTOTHOM AMAMNA3OHE, HEOGXOMHMO YYHTEIBATS,
9TO JI0 HACTOAIIETO BpeMeHH B POCCHH MMeeTCA pasHOMTEHHE HaMMeHOBAaHHD
NMANa30HOB JacTOT.

Pemenuem MexyHapoHOro KOHCY/IETATHBHOTO KOMHTETa 110 paauo (MKKP)
PCKOMEHNIOBAHA ONpE/eICHHAs CHCTEMa PasieNeHus M HauMEHOBaHMY monoc B
CHEKTPE HacToT, MPHMEHAEMOM [UIS PalHOCBA3H, PaIHOBEIAHUS H Te/EBHICHNA,
CornacHo 31o#f pekoMeHaIMH YCTAHOBE B! CIeyIouIHe AHATIA30HE;

KpaiiHe ruskux yactor (KHY) — 3...30 I'g;

ceepXHuskux gactot (CHY) — 30...300 I'm;

uHdpanu3kix yacror (MHY) — 300...3000 I'y;

049€Hb HH3KHX YacToT (OHY) — 3...30 xl'iy;

HU3KUX wactor (HY) — 30...300 kI'u;

cpenrux actot (CH) — 300...3000 kI'u;

BBICOKHX yacToT (BU) — 3...30 MI';

O4€Hb BRICOKHX 9acToT (OBY) — 30...300 MI'i;

YNsTpaBsbiCOKHX 9acTot (YBY) — 300...3000 MI'r;

cBepXBhICOKHX 9acToT (CBY) — 3.,.30 I'T:

Kkpaiine Beicokux gactot (KBY) — 30..300 I'T:

runepsbIcOKHX 9actoT (I'BY) — 300..3000 I'Tu,

B psizie opuuMAnBbHBIX poCCHICKHX TOKYMEHTOB Ha CPeACTBa W3MepeHHH U He-
KOTOPOJi JIHTEpaType M0 PAIHOM3MEPEHHSAM €1lie OCTACTCS TPAAHLHMORHOE fe/eHHe
Ha iHana3ousbl 9acToT: HHGpanuskux (MHY) — 10 20 'u; muskux (HY) — o1 20
't o 300 &I BBIcOKMX (BY) — o 30 xI'y 10 300 MM cBepxBeicokux (CBY)
— caeime 300 MIM.

Hamepurensinie npubops!, npuvMensemsie B PaTHOTEXHHKE, XapaKTePH3YIOTCA Clie-
OYIOUMMH O CHOBHBIMHM TMOKa3aTeaaMHu

Huanason usmepenuti — obnacts 3uavenuii U3MepAeMOH BEJIHYIHMHEI, I8 KO-
TOpO# HOPMHMPOBAHEI [IOMYCKAEMbIE MOrPEITHOCTH M3MEpHTENbHOr0 mpubopa
(cpencTsa usmepeHns).

46



Juanason nokasanuii — pasmedeHHas o0nacTs IIKajkl, OrpaHHYeHHas ee Ha-
YaBHBIM H KOHETHBIM 3HAYCHUAMM, T.€. YKA3aHHBIMH Ha Hel HAUMEHBIHM Xy B
HANGONBIIAM Xpay BOIMOKHBIMH 3HAYEHUAMH H3MepAeMOH BeTHIHHEL (OH MOXKET
ObITH LIKPe AHANA30Ha HaMepeHui).

Ipeden uamepenuti — HanGonpmiee WiM HauMeHblIee 3HAYEHHE NHANa3oOHa
W3MEpPEeHHH.

O6nacme paboyux wacmom (1MANAa30H 9aCTOT) — M0JIOCA YACTOT, B MpeAeIax
KOTOpO# morpeiHoCTh npubopa, nofy4eHHas NpH HIMEHEHHH YacTOThl CHrHaa,
He MPEeBLIAeT AOMYCKAEMOro npe/ena.

Ipadyuposounan xapaxmepucmuxa — 3T0 3aBHCHMOCTb, ONpEAeNAIOmas co-
OTHOIIEHHE MEeXIY CHrHAJIAMH HA BBIXOJIe ¥ BXOJE CPEICTBa M3MEPEHHH B CTaTH-
YECKOM pexHME.

YyecmeumensHoOCMy RO UIMEPAEMOoMY napamempy — OTHOIICHAE H3MCHEHHA
CHIHa/a Ha BBIXOJE H3MEPHTeNbHOro NpHOOpa K BhI3BaBlLIEMY €ro M3MEHEHMIO
H3MEpAEMOH BeJTHYHHBI:

§= lim(-a—y-] i (1.9)
Ax) dx

rjle X — M3MepseMasn BeIMUHHA; Y — CHIHAJI Ha BhIXOZIe; Ax — H3MEHEHHE H3Mepse-
MO BeIM4HHBI; Ay — M3MEHEHHE CUIHANIA Ha BBIXOJE.

Ipedenvran uyecmeumensrocmy (N0 HANPSHKEHHIO, TOKY HIH MOIIHOCTH) —
MHUHAMAJbHAS BETMYMHA MCCIIEAYEMOro CHrHaNa (HanpsykeHus, TOKa HIIH MOIIHO-
CTH), MIOIABAEMOr0 Ha BXOJ MpHOOopa, KoTopas HeoOXoIHMa UIs ToMyYeH A oTCYe-
Ta C MOTPEMIHOCTRIO, He MPEBOCXOMANIEH AOMYCTHMOH.

Paspewaiowas cnocobrocme (abconiomnan) — MAHAMANbHAA PAa3HOCTD IBYX
3HavYeHHl H3MEPAEMBIX OAHOPOIHBIX BEJHYHH, KOTOpas MOKET ObITh pasininMa ¢
TIOMOMHIBIO ITpubopa.

Buicmpooeiicmeue (ckopocmb uzMepenus) — MAKCHMAIBHOE YHCIO H3MEpe-
HUi B €IMHUILY BpeMeHH, BhIMONHAEMBIX ¢ HOPMHPOBAHHO# MOTPeNIHOCTEIO.

Bpems uzmepenus — BpeMs, Kotopoe TpeyeTcs Ui OnpeieneHns 3Ha9CHA
H3MepseMON BETMYHHBI C 3a[JAHHOH MMOrPELIHOCTBIO.

Bxoonoe conpomugnenue (monHoe) Z,, — CONPOTHUBICHHE HIMEPHTE/IBHOIO
npuGopa co CTOPOHB! €ro BXOIHbIX 3AKHMOB. Ha CpaBHUTENLHO HM3KHX 4acToTax
BXOIHYIO liefb NpuGopa, BKIOYAEMOro NMapaielbHo M3MepseMoi LEnH, MOXHO
NpeICTABUTS IKBHBAJIEHTHOH CXeMOMH, COCTOAWIEeH 13 COSMMHEHHBIX MapaulelbHO
pesuncTopa Ry, 1 koHneHcatopa Cyy.

Yrobbl He BAMATL HA MIMEPAEMYIO liellb, H3MEPHTEJIbHbIe NPHOOPHI JOIKHEI
HMETh KaK MOXKHO GoJibluee aKTHBHOE BXOIHOE COMPOTHBIEHHE Ry, H BO3MOXHO
MEHbIIYIO BXOIHYIO eMKOCTh Cyy. [T03TOMy B 00/MACTH HHM3KMX YACTOT © = 27if,
KOIJla eMKOCTHOE CONpOTHB/IEHHE BENHKO M0 CPABHEHMIO C AKTHBHBIM COMpPOTHB-
nenreM 1/(0Cy) >> Ry, NPAKTHYECKH BXOJHOE CONPOTHBIEHHE H3MEPHTE/IBHOTO
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npu6opa Z,, = R,. B 06nacT BRICOKHX 9acTOT BXOMHOE COMpOTHBJIEHHE NpHOOpa
OMPENEIACTCA NPEUMYIIECTBEHHO eMKOCTRIO H Z,, = 1/(joC,,), Tak kak B 3TOM
ciydae 1/(0Cyy) << R,y

Buixoonoe conpomuenenue Zy, — conpoTHBNeHHe H3MEpHTeNBHOro npubopa
CO CTOPOHEI €r0 BHIXOAHBIX 32KHMOB. 3TO CONMPOTHBIIEHNE ONpe/enser HOITYCTH-
MYIO Harpy3ky mpu6opa npH NONKIIOYEHHH ero, HANpHMEp, K KOMTILIOTEDY.

Ilopoe uyecmeumensnocmu — wiMeHeH e H3MEpAEMOM BEJIMYHHEI, BRI3LIBAIOIIEES
HAUMEHBIICE M3MEHEHHE MokasaHml, oGHapy)uBaeMoe HalmonareneM npu HOpMak-
HOM [U14 JaHHOro npubopa crnocobe orcyera,

TToxasanue — 3HaueHHe WIMEPAEMON BeTHUMHDI, onpejiensemMoe 1o oTcyer-
HOMY yCTpO#icTBY npuGopa 1 BEIPaKEHHOE B eNHHHUIAX 3TOH BETHIHHEL

Bapuayus noxazanuii — paszuocts MeXxIy nokasaHuAMM npubopa B oiHOM M
Tol e TOYke AMAna’oHa W3MepeHHit MpH IUIABHOM TOIXome K Hedl co CTOPOHBI
MEHBIINX # GONBIIHX 3HAYCHAH HIMEPAEMON BEIHIHHEI,

Cobcmeennan nompebnseman mownocme P,.s — MOLIHOCTS, noTpeGisemas
OT H3MEpAEMOH Lenn (YeM P, MeHbIIe, TeM TOYHee H3MepeHusn),

Tozpewrocmu uamepumensnozo npubopa — UHCMPYMEeHmManbHele TIOrPeTHOCTH.

Bce nepeunciieHHble TOKa3aTeN OTHOCTCS K METPOJIOrHYECKHM XapaKTepH-
CTHKaM paTHOTEXHHYECKAX CPE/ICTB H3MepeHHit. DTH XapaKTepPHCTHKH Yalle Bee-
TO HOPMHPYIOTCA B TEXHUYECKOR NoKymeHTauun. ECTs 1 Apyrie XapakTepucTuku
H3MEPHTE/bHBIX PHGOPOB, MPHCYIIHE TONBKO LHBPOBLIM CpesCcTBAM H3MEepeHNuA,
KOTOpBIe GYAyT BBeeHEI MO3HEe.

HimepuTensuas ycramoska — COBOKYNIHOCTh (YHKIHOHAIBHO
00beIMHEHHBIX CPENCTB MIMEPEHHH W BCIIOMOrATENBHLIX YCTPOHCTB, npeaHa3Ha-
YeHHas 1A BRIPAGOTKH CHIHAIOB M3MEPHTEILHOMN HHpopmaimK B dopme, yrob-
HOH ANA HEMOCPECTBEHHOIO BOCTPUATHA Habmionarenem, pacrhosioxkeHHas B
O/THOM MecTe.

H3mepuTenbHyio YCTaHOBKY, HCTIONB3YEMYIO [T MCTIBITAHMSA KAKHX-THEO u3-
Jlenvit, Ha3BIBAIOT UCHBIMAMERbHVIM CIEHOOM.

H3MEpHTETBHYIO YCTAHOBKY C BIUTIOYEHHEIMH B Hee 00pas1noBsIMH cpencTBamMu
H3MepeHuit (B 9aCTHOCTH, 3TaNlOHaMH), NPEHa3HAYCHHYIO [UIA MOBEPKH CPE/CTB
H3MEPEHHH, Ha3kIBAIOT nosepoYHOl yemanosxoti (Hanpumep, YCTaHOBKa Ans Mo-
BEPKH BONLTMETPOB). HekoTopsle Gonbliuve W3MepuTeNbHble YCTAHOBKH, HCO/Ib-
3YEMBIE B OCHOBHOM /U1 MPOBEPKH PANHOTEXHHYECKHX KOMILIEKCOB THIIa PAlHO-
nokauHoHHBIX cTanumit (PJIC), HasbiBatoT usmepumensrsimu mawunamu.

HiMepurenbHas cHcTeMa — COBOKYNHOCTS CPelICTB H3MEpeHHH H
BCTIOMOTATe/ILHBIX YCTPOHCTB, COEAMHEHHBIX MEXTy co0OH KaHamamm CBs3m,
TpEAHA3HAYCHHAA 1A BHIPAGOTKH CHIHANOB H3MEPUTENbHOM HME(GOPMAIMH B
yaoGHo# ana asTomaTHyeckoi o6pabotku popwme, ee nepeaayn M MCToNb30BaAHUA
B Pa3MYHBIX cHCTemax ynpasiienus. Kak yxe ormewanocs, UC mocratouno ye-
JIOBHO pa3fefflOTCA Ha MHQOPMAIMOHHO-H3MEPHTEITHBIE CHCTEMBI, H3MEPHTETHHO-
BRIHC/THTE/IBHBIE KOMIUTEKCHI H KOMITHIOTEPHO-H3MEPHTENTBHbIE CHCTEMBL.
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Hugpopmayuonno-uamepumensisie cucmemst — 93TO COBOKYIHOCTb (yHKLHO-
HATBHO 00BEANHEHHBIX CPEICTB H3MEPEHHIH, CPE/ICTB BLIYMCITUTENBHOM TEXHUKA H
BCIIOMOTATENIbHBIX YCTPOMCTB, COEAMHEHHBIX MEXKIY coboil KaHanamMH CBSI3H,
NpeIHA3HAYEHHBIX U BHIPAGOTKH CHTHANOB M3MEPHTEIBHOMN uHpopMalmH o (u-
IMYeCKHX BeNMYMHAX, CBOMCTBEHHBIX JaHHOMY 00BeKTy, B (popme, ynoOHOH i
asToMaTHUeckoit ob6paboTku, mepenaud ¥ (WIH) MCIIO/IB30BAHMA B aBTOMATHYE-
CKHX CHCTEMAX YIIPaBIIEHHS.

HamepumenbHO-8b14UCTUMENbHbIE KOMIIEKCHl TIPEICTABIIOT co0oi COBOKYI-
HOCTH CPEJICTB M3MEPEHUN M KOMIBIOTEPOB, O0BEIMHEHHBIX C IOMOIIBIO yCT-
DONCTB COMpSKEHMS W NPEeIHA3HAYCHHBIX I M3MEPEHHH, HAyYHBIX HCCIEeA0BA-
HHUI H pacyeToB.

KomnbiomepHo-usmepumenvhas cucmema (BUPTyabHbIH npuGop) COCTOMT H3
CTAHJAPTHOTO WM CIENUANM3WPOBAaHHOrO KOMIBIOTEPA CO BCTPOEHHOM B HEro
ruiaTo (MomysieM) c6opa IaHHBIX.

1.7. DTanoHsl eAHHMI JIeKTPHYECKHX BeJIHIHH

CpezcTsa W3MepeHuii, peHa3sHauYeHHBIE U1 BOCIPOU3BEICHAA H XpaHeHuA
¢IMHHMI M3MEpPEHHH, MOBEPKH W IPAXyHPOBKH NMPHOOPOB JENATCA HA STAIOHEI M
00pa3noBbIie CPEACTBA U3MEPEHHA.

Smanon — CPelcTBO U3MepeHHA (WM KOMIUIEKC CPEJICTB u3Mepennuit), obec-
nevHBalOlee BOCTpOM3BeNeHHe U (WIH) XpaHeHWe eMHHMLBI (H3MYECKol BeH-
9HHBI C HAMBBICIIEH TOYHOCTHIO JUIA JAHHOTO YPOBHS Pa3BUTHA M3MEPHTENBHOM
TEXHMKH C LIeJIbIO Nepefiady ee pasMepa HIKECTOALINM Mo MOBEPOYHOM CXeMe
cpeacTsaM w3mepeHuit. Knaccuuxauus, HasHaueHHE H obmue TpeGoBaHHA K
CO3JIAHHIO, XPAHEHHI0 ¥ MMPHMEHEHHIO 3TAIOHOB YCTaHABIMBAIOTCHA COOTBETCT-
BYIOIHMH CTaHIapTaMH.

[lepeyeHb 3TANOHOB HE TIOBTOPAET MEPEdHs (PU3MIECKUX BEIMMHH. Jns pana
eIMHMI] STATOHEl HE CO3JAIOTCS M3-32 TOrO, YTO HET BO3MOMHOCTH HENOCPEACT-
BEHHO CpPAaBHMBATh COOTBETCTBYIOMME (HU3MHMECKHME BENMYMHBL, HANPHMED, HET
yranona mromans. He co3maloTcs STAnoOHE M B TOM Ciydae, KOra eauHuna du-
3MYeCKON BEIWYHWHBI BOCIPOM3BOAMTCA C [AOCTATOYHOH TOYHOCTBIO Ha OCHOBE
CPAaBHHUTENEHO NPOCTBIX CPEACTB M3MEPEHHH APYrHX (PH3MYECKAX BEJIMIHH.

KOHCTpyKIMs 3TaNoHa, ero (pu3uyeckue CBOHCTBA H crioco0 BOCIPOH3BEIEHHA
eIMHHILI OTIPENENIOTCS DU3NIECKOH BENMYMHOM, eIUHMuA KOTOpO# BOCIPOM3-
BOMUTCS, ¥ YPOBHEM PasBHUTHS M3MEPUTENIbHOH TEXHHKH B naHHOM ofmacTH u3Me-
peHmif. DTaNOH NOJDKEH obnanarth, no KpadHed Mepe, TpeMs B3aUMOCBAZAHHBIMH
CBOWCTBAMH; HEM3MEHHOCTBIO, BOCIPOU3BOAMMOCTBIO H CIMIaEMOCTRIO.

Heusmennocmes — CBOMCTBO JTANOHA YIEPXKHUBaTh HEH3IMEHHBIM pasMep
BOCMPOM3BOAMMOR UM eIMHMIbI PU3MIECKOH BETHIHHEI B TEUEHHE JUIMTE/IBHOTO
uHTEpBana BpeMeHu. [Ipu 5ToM Bce H3MEHEHHA, 3aBUCAIINE OT BHEITHHX ycnoBui,
J0/DKHBI GBITH CTPOrO ONpPEACNEeHHBIMU (YHKIMAME BETHYHH, JOCTYHBIX TOTHO-
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My H3MepeHHIo. Peanusanma 3tHx TpeGoBanuii NpUBENa K CO3NAHMIO (ECTECTBEH-
HBIX» 3TAJIOHOB Pa3IHIHBIX BEJIH4YHH, OCHOBAHHEIX Ha ¢H3H‘ICCKID( NOCTOAHHBIX.

Bocnpousgodumocms — BO3MOXHOCTH BOCTIDOM3BENEHHS €IHHHIIBI (uznge-
CKOH BENMYMHBEI C HAMMEHbINEH MOrpemIHOCTHIO IS CYIECTBYIOLIETO YPOBHs
Pa3BUTHA H3MEPHUTENILHOH TEXHHKH.

Cruyaemocme — BO3MOXKHOCTb CITHICHHA C STATOHOM APYTHX CPEACTB H3Me-
PeHHH, HIKECTOAMMX 1O MOBEPOTHOM CXeMe, B MEPBYIO OYepeb BTOPHYHBIX 3Ta-
JIOHOB, C HaUBBICIIEH TOYHOCTHIO [UIA CYIIECTBYIOWETO YPOBHA Pa3BHTHS TEXHHKH
H3MEPEHH.

OranoHsl KNacCHQHUUPYIOT B 3aBHCHMOCTH OT METPOJIOTHYECKOr0 Ha3Haye-
HHA. OTO HA3HAYeHHUe NMPEAMO/AraeT OCHAIIEHHE METPOIOIHIECKOH CITyx0BI Tep-
BAHBIMH, CNEIHATBHBIMA, TOCYIAPCTBEHHBIME, HALHOHANBHBIME, MEXIyHapo/-
HBIMH H BTOPHYHBIME 3Tal0OHaMH (pHC. 1.6).

Imanon-
’_‘ ceudemens

Imanon -
Kxonus

Smanon 1lepeunnoii | | Bmopuunsiii| |
eounuYbl SManox IManoH

Imanon
CpaeHeHus

Qma.ao:f
paboyuii

- i

Puc. 1.6. Knaccuduxaims sranonon

Tlepeuynviii smanon — sranoH, obecneunBalommii BOCIPOM3BE/ICHUE ©HHH-
UbI C HAMBBICIIEH B CTPaHEe TOMHOCTBIO. [TepBHYHbIE ITANOHBl — 3TO YHHKAJIBHEIE
CpeicTBa M3MEPEeHHil, 4acTo MpejcTaBNsIonue coboil crokHemue H3MEpHTENE-
HBIE KOMIUIEKCHl. OHHM COCTaBIMIOT OCHOBY NOCYNapCTBEHHOI CHCTEMBI 0becreue-
HUA €IHHCTBA U3MEPEHHUH. :

ITepBrumEblii 3TaNnoH MOXeT OBITh CrEHHANbHBIM, roCyaapcTBEHHBIM, HAaLHO-
HANBHEIM B MEKIYyHapPOIHBIM.

Cneyuanenpiil smanos — 3TanoH, obecrnedHBarOIIHIt BOCHPOHU3BEIEHHE E€/IH-
HHLBE B 0COOBIX YCTIOBHAX M 3aMEHAIONIHI [UIA STHX YCTIOBHI IEPBHYHBIH 3TAIOH.
OH ciy)XuT M1 BOCTIPOM3BEACHNS eNHHHULBI B YCIOBHSX, KOrIa HNepBHYHBIH 3Ta-
JIOH HEJB3A WCTIONB30BATH, U MpAMAs Mepejiaya pasMepa €IUHALBI OT NEPBUYHOTO
3TajoHa ¢ Tpefyemoll TOYHOCTHIO TEXHMYECKH HEOCyIeCTBHMA (nanpumep, Ha
BBICOKHX M CBEPXBBICOKHX 4acTOTaX, B Hayalle M KOHLE Y4acTKOB IHAIA30HOB
W3MEpeHHH U T. 11.). .

IlepBuyHEIe H CTIENMAJIbHBIE YTANOHBI ABMAIOTCA HCXONHBIMH IS CTpaHbl, HX
YTBEPXKIAIOT B KAUECTBE 20CYOaPCMEEHHbIX.
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I'ocydapcmeennbiii — 310 NEpBHYHBIN (WIN CreUMANLHEII) 3TANOH, MPU3HAH-
HbIH peleHHeM YroJIHOMO4YeHHOro ["ocy1apcTBEHHOTO OpraHa B Ka4ecTBe HCXO/-
HOTO HA TEPPHTOPHHM rocynapctsa. ['ocysapcTBeHHBIE 3TANOHBI CO3AIOT, XPAHAT
H TPHMEHSIOT LEHTPaJbHble METPOJOTHYECKHE HAYYHbIE MHCTHTYTHI CTPaHhI, a
yreepaaeT I'occranmapr. TOYHOCTh BOCHIPOM3BENCHUS €AMHHLILI JO0JDKHA COOT-
SETCTBOBaTh YPOBHIO JYYIIHX MHPOBBIX JOCTHXKEHHH H yIOBIETBOPATHL MOTpes-
HOCTAM HAayKH M TeXHHKH, B cocTaB rocyapcTBeHHBIX 3TA/OHOB BKIIOYAIOT Cpel-
CTBA M3MEPEHHH, C MOMOUIBID KOTOPBIX BOCTIPOM3BOAAT M (WJIM) XPAHAT eIUHHILY
u3HYecKoil BENHYHMHBI, KOHTPOIHPYIOT YCJIOBHA H3MEPEHHH M HEM3MEHHOCTh
BOCMPOM3BOJMMOTO WIH XPaHHMOrO pasMepa eIvHHIbI (PU3UHeCcKod BeTHYHMHBI,
OCYIIECTBIAIOT €r0 nepesayqy.

TMorpemHocTH rocyaapCTBEHHBIX MMEPBHYHBIX M CHELMANBHBIX TAIOHOB Xa-
PAKTEPH3YIOTCH HeuckmouenHoll cucmemamuuecxol nozpewnocmoio (HCIT), cny-
%aiHoll nozpewHocmoio N Hecmabunenocmeio, HeMCKMOYeHHas cHCTEMATHYECKas
NOTPeNIHOCTh ONMHMCHIBAETCSA IpaHHI@AMHM, B KOTOPBIX OHAa HaXOAUTCH; CiaydaiHas
NOTPeNIHOCTh ONPE/IeNAeTCH CPeIHHM KBAAPATHIECKHM OTKJIOHEHHEM pe3y/sTata
H3MEPEHUH IPH BOCHPOM3BENCHHH €IMHMIbI C YKA3aHHEM HHC/A HE3aBHCHMBIX
mMepeHdd (TOHATHA (HEHCKIIOYEeHHas CHCTeMaTHdeckas MOrpelmrHoCTb) |
“cpeliHEe KBagpaTHYECcKoe OTKJIOHeHWe» OyayTt Beenenbl B ri. 2). Hecrabwib-
HOCTb 3TANOHA 3a/1ae€TCA H3MEHEHHEM pa3Mepa eIMHMIIEL, BOCIPOU3BOAMMON WIH
XPaHUMOH ITANIOHOM, 3a ONpe/ICNeHHBIH MPOMEXKYTOK BPEMEHH.

Hayuonaneneiii — 3TaNoH, NPH3HAHHEIA O(QHLMANLHBIM PElIeHHeM B KadecTse
HCXOJIHOTO [/l CTPaHBI.

MedicOynapodnwiii — 3TanoH, IPHHATEIHA 10 MEXKIYHAPOAHOMY COTJIAMIEHMIO B
Ka9eCTBE MEKIYHAPOIHOH OCHOBBI /UIA COMIACOBAHHA C HHM Pa3MepoB eIHHHIL,
BOCIPOM3BOANMEIX H XPAHUMBIX HAMOHATBHBIMHA 3TAIOHAMH.

Bmopuunsiii smanon — 3TaNnoH, 3Ha4eHHe KOTOPOTO YCTaHABJIMBAIOT MO Mep-
BHYHOMY 3Ta/IoHy. BropudHEle 3TanoHk! ABAAIOTCA YaCTHIO MOAYMHEHHEIX CPE/ICTB
XPaHEHHA EIMHHMIL M Nepesadyd MX pa3MepoB, CO3JIAIOTCA H YTBEPHKAAIOTCHA B TEX
CTy4qasx, Koraa 310 HeoOXOZHMO IS OpPraHM3alMK MOBepovYHBIX paboT, a Taxke
214 obecneyeHHs COXPAHHOCTH M HAUMEHBILETO M3HOCA rOCYIAPCTBEHHOIO JTa-
soHa. [To MeTponora4eckoMy Ha3Ha4YeHHIO BTODHYHbIE ITANOHBI JENATCA HA 3Ta-
TIOHBI-CBH/ETEITH, ITATOHBI-KONIHA, 3TAJIOHBI CPABHEHHA W pabouHe STaNOHEL

Imanon-ceudemens CITYXKHT JUIA NPOBEPKH COXPAHHOCTH H HEM3MEHHOCTH ro-
CYIApCTBEHHOIO 3TaJOHA M 3aMeHBI €ro B ClTydae Nop4H Wik yTpatsel. B HacTos-
miee BpeMA TOJIBKO 3TAOH KHIOrpaMMa HMeeT 3TalOH-CBH/IeTelNb.

Omanon-konua MpeAHa3Ha4YeH A Mepelays pasMepa eAHHHLB!I pabodum
stanonaM. OH co3naercs B ciryvae HeOGXOAWMOCTH MPoBeieHHs GONBILOro YHCNa
n0BepOYHBIX paboT ¢ 1eNbI0 NPeIoXPaHeHNs MePBHYHOTO HilH CMeHATbHOTO 3Ta-
J0HA OT MPEXAEBPEMEHHOIO W3HOCA, DTaNOH-KOMUA MpeacTasngior coboii Komuo
rOCYAapCTBEHHOIO 3TANOHa TONLKO M0 METPOJIOrHYECKOMY Ha3HAYEHHIO, TIOITOMY
OH HE BCErja ABIAeTCH ero Gusndeckoit konuei.
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Omanon cpaenenus NpUMeHSETCA IR B3AUMHOTO Cruvenus 3TaJIOHOB, KO-
TOpBIE TIO TEM HIIH HHBIM NPHYHHAM HEJb3s HEMOCPENCTBEHHO CpaBHHBATE Apyr c
Apyrom (HampHMep, MeKIyHaPOIHBIE CIHYEHHs 3TAIOHOB),

Pabouue smanonsi npenHasHauenbl 1A NoBepkH 00pa3loBEIX M Hambosee
TOYHBIX pabo4uuX CpeicTB U3MepeHwmii. Paboune TamoH] TIPAMEHSAIOTCS. BO MHO-
THX TepPHTOPHATLHEIX METPOJIOTHYECKHX LIEHTpAX. :

OueHku morpemsocTelt BTOPHIHBIX 3TANOHOB XapaKTepU3yIOT OTKIOHEHHEM
PasMEpOB XpaHHMbIX HMH €JHHHIl OT Pa3Mepa eIMHHLII, BOCIIPOH3BOTMMORH nep-
BHYHBIM 3TaJIOHOM.

Tlepenaya pasmepoB equHuUL GH3NYECKHX BETMHMHH OT STATOHOB paboaum me-
paM H H3MEpHTE/IbHBIM NPHOOPaM OCYIECTBIAETCS C MOMOMIBIO PabOTMX ITANo-
HOB (10 HelaBHEro BpeMeHM B Poccumitckoli Denepaunn BMECTO TepMHuHA «pabo-
HE STANOHED HMCTIONB3OBANOCE MOHATHE «OOPA3LOBbIE CPeNCTBa H3MEPEHUI,
KOTOpO€ B IPYTHX CTpaHaX He MPUMEHSIOT),

Pabouue sranous: npu meobxoamumocTy nmoApasfendores Ha 1-if, 2-if u T. 1.
Paspsibl, OTIPENENAOIKE NOPANOK MX CONOMIMHEHHS B COOTBETCTBHH C MMOBEPOY-
HOM cXeMO#. PasnmidnbIM BHIAM H3MepeHuit YCTaHaB/IHBAIOT, HCXOAA U3 TpeGoBa-
HH# NPaKTHKH, PasMHuHOE YHCIO Pa3psiaoB pabogmx ITANOHOB, ONpeNeNseMBIX
CTaHlapTaMH Ha MOBEPOYHbIC CXeMb [UTA NAHHOTO BAJA H3MEPEHHii.

Ha cxeme puc. 1.7 nokasana METPOIOrHyeckas Noc/IeI0BaTebHOCTS Nepenaun
Pa3MepoB €MHHI (H3HYECKHX BENHYMH OT NEPBHYHOIO 3TANOHA pabouumMm, or
paboumx 3TanoHoB — paGounm mepam u M3MEPHUTENbHBIM TIpHbopam (paboumum
CpencTBaM U3MEpeHHuir).

CoBOKYITHOCTE BCEX NEpeuMCIEHHBIX ITATOHOB obpasyer sranommyio Gasy
Poccuiicxoit Denepaumn.

Smanous

I

I

]

; Ilepeuynsie - Pabouue
1

T e e e i o - 2 2

Hauswicwei Buicweir Buicoxoii Cpedneii Hausvicwen
moyHocmu mosHocmu MouHOCmU moyHocmu moyHocmu

Pabouue mepor u usmepumensuvie npuboper

i T S e S e e B e o e et 1

Puc. 1.7. Crpykrypa nepenauu PasMEpOB EIHHML (PUIMIECKHX BENTHYHH
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JTa/IOHBI OCHOBHBIX /IEKTPHYECKHX BeJIHTHH

OCHOBHOM eQMHMIeH SMeKTPHYECKAX BENHYHH SBIACTCS CAMHHUA CHIIBI
Toka — ammep (A).

[TIpou3BOAHBIE OT aMIiepa €AMHHALBI 3IEKTPHYECKUX BEIHIHH:

« euHANA 3MeKTpoBwKymei crbl (3JIC) U 3MEeKTPHYECKOro HANPHKEHMT —
BoJIET (B);

* eauHuLa 4acToThl — repit (T'm);

* ¢MHHLA HTEKTPHYECKOT0 cOnpoTHBIeHHs — oM (OM);

* eMHMAIA HHIYKTMBHOCTH H B3aMMHOH HHAYKTUBHOCTH ABYX KaTyIIEK — I€H-
pu (Tu);

+ eIMHALA IEKTpHIecKoil emxocT — dapaz (D).

Bce mepeyMCleHHbIE eIMHMIbI BOCHPOM3BOAATCA M XPaHATCA NOCPECTBOM
TocynapCTBEHHBIX NEPBUYHBIX 3TANOHOB.

Ta/I0H eQHHMIBLI CHJbI NIeKTpHYecKkoro Toka. Eme HemaBHO zocyoapcm-
BeHHBIM NEPEUYHLIM SMANOKOM avnepa OB KOMIUIEKC CPeICTB M3MEpEeHHIL, Kyla
BXOJIHJTH TOKOBBIE BECHI H Mepa 3NEKTPHYECKOr0 CONPOTHRIICHH, NPHMEHACMas [PH
mepefiade pasmepa ammepa (3TaloH cpaBHeHmT). B TOKOBBIX Becax, TIpeNCTaBIIAIO-
X coBol phrYaKHBIE PABHOIUIEUHE BECHI, C OJHOH CTOPOHBI Ha KOPOMBICIIO nedcT-
BYeT CH/Ia B3aMMOJEHCTBHS ABYX CONCHOMIOB (KaTylKka MHIYKTHBHOCTH), ONHH H3
KOTOPBIX TIOABIDKEH H MOJBEIIEH K 3TOMY KOPOMBICIY, C Ipyroit cTOPOHBI — THpA
w3BeCTHOM Macchl. [Tpy NPOTEKAHHH MO KaTyIIKaM NOCTOAHHOIO TOKA BOSHHKACT CHld
MX MHIyKTHBHOTO B3aHMOJIEHCTBHA, KOTOpas YPaBHOBEIIMBACTCA CHIION TSDKECTH.

Hrak, Npy paBHOBECHH BECOB CHIIA TOKA ONpPENCHACTCA maccoii rHpH, yCKope-
aHeM ee CBOGOIHONO MajeHus B MECTe PacroNOXKeHHA BECOB, NOCTOAHHOM 3JIeK-
TPOIMHAMMYECKOH CHCTEMBI, KOTOpas 3aBHCHT OT (OPMbI A Pa3MepoB COJICHOH-
110B, JMaMeTpa CeYeHHs HX NPOBOJA, 3HAYEHWs OTHOCHTENBHOH MAarHuTHOH 1po-
HALIAEMOCTH CPeAbl M Ipodee, T.e. aMrep BOCIPOH3BOAMTCA H9€pe3 OCHOBHBIC €/TH-
HHIEI — METP, CEKYHIY, KHIOrpamM.

B CBA3H C BBEJGHHEM B METPOJIOrHYECKYiO NMPAKTHKY 3TajoHa BOJIbTA Ha OC-
sose 3ddexra [HxozedconHa | ITANOHA oma Ha ocHose 3¢ dexra Xomia HazHave-
HHe aMIIep-BeCOB YTPAaTHNO cMBICH. Bbl paspaboTaH HOBBIH ITaOH amIepa, Ko-
TOpBI# COCTOMT U3 ABYX KOMIUIEKCOB. B NIEpBOM aMIiep yCTaHOBJIEH H€pe3 BOJLT H
OM C pUMeHeHueM KBaHTOBBIX d(dextos [lkosedcona u Xomnna, a B IpyroMm —
gepe3 dapai, BOJIBT ¥ CEKYHIY C HCMONB30BAHHEM METOZIOB JEKTPOMETPHH. Co-
BpeMeHHBIil 20CydapcmeenHbii NepeuHblll IMANOH amnepa COCTOUT 3 annapa:
TYpSl, BHITIOJIHEHHON Ha OCHOBE!

+ kBaHTOBBIX 3(¢ekroB Hrosepcona u Xomna, BKIOYAS Mepy HANpLKCHILA,
MEpy 37eKTPUIECcKOro CONpPOTHBIIEHHA, CBEpPXTPOBOAAIIMI KOMIIApaTrop TOka H
peryupyeMble HCTOMHHKH TOKa;

« MCTIONMB30BAHHA METOIOB EKTPOMETPHH, BKIIOUas BXOAHOH 60K ¢ Habo-
poM Mep TIOCTOSHHOM €MKOCTH, HHTErparop, A3MEpHTENBHBIN 60K € 4acTOTOME-
poM, IM(BPOBEIM BOJETMETPOM M KOMIIAPaTOPOM.
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TocynapcTeennsIit nepBrYHBI 3TAN0H aMmnepa BOCMPOW3BOOHUT 3HAYEHHE CHIBI
HIOCTOTHHOTO SNEKTPHYECKOro TOka i obecreqnBaeT nepenady pamepa amIepa B
mmanasore 107'°...30 A. DTaNoH BOCIPOH3IBOUT eAUHMITY CHITHI TOKA CO CpemHHM
KBAaJpaTHICCKHM OTKIOHEHHEM pesynbTaTa W3MepeHmii e Gonee 5:107° A npu
HOMHMHANBHBIX 3HAYeHHAX CHUIBI Toka 1072...2:107* A. Hemckmouennas cuctema-
THYECKasd NOrPeIHOCTE He JOJ/DKHA mpeBhimats 2:10~°A TIPH HOMHHAILHEIX 3Ha-
YEHMAX CHIIBI [IOCTOAHHOTO Toka 107> 1 1 A.

H7 BOCTIPOM3BEICHNA M XPAHEHHS SAMHUITSI CHJTBI TIEPEMEHHOI0 TOKa paspa-
GoTaHBI 1Ba rOCYNAPCTBEHHBIX CTIENMANBHEIX 3TANOHA.

Tocyoapcmeennsiii smanow cunet nepemennozo moxa ons duanazona wacmom
40...10° ' u snavenuii moxos 0,01...10 A BOCTIDOM3BOIMT aMIIEP CO CPeAHHUM
KBa[IpaTHYECKHM OTIJIOHEHHEM He Gonee 1074 A IIpH HEMCKIMOYEHHOH CHCTeMaTH-
9€CKOH MOrpeiiHoCTH, He nperpmaromedf 2:107* A,

Tocyoapcmeennwiii smanon. cunst nepemMeHH020 moKka 0N OUANazoHa Yacmom
0,1...300 MI' u 3nauenuti moxoe 3...100 A BOCTIPOH3BOJMT aMIlep €O CpeIHHM
KBaJIpaTHYECKUM OTKIOHeHHEM He Gonee 5-10™ A mpu HenckmoueHHOM cucTeMa-
THYECKOH MOTPEMHOCTH, He NpeBsimaomei 8,5-107 A,

ITANIOH eXMHHMIbLI 3/IEKTPOABMIKYLIEH CHIABI H Hanpsukenus. ocydapem-
BeHHbIUl NEpeuuNbIll 3Manon eonbma obecreTrBaeT BOCMPOU3BENECHHE €MUHHIEI
S/IC 1 3MeKTPHHECKOr0 HANPKEHUs CO CPETHIM KBaJpaTHYECKHM OTKJIOHEHHEM He
Gonee 5:10° B, TpH  HEHCKIIOYEHHOM CHCTEMAaTHYECKOH TNOrPemHOCTH, He
npessimaomeis 107 B.

Hnst BOCIPOM3BENIEHHS M XPAHEHWS €MHHIIEI HAMPSDKEHHA TIEPEMEHHOTO TOKA pas-
PpaboTaHsI M HCTIOME3YIOTCS [BA TOCYIAPCTBEHHBIX CTIEIMATBHEIX 3TATOHA.

Tocydapcmeennviii nepeuynsiii smanon HANPAJNCEHUA NEPEMEHHO20 MoKa oA
suavenuii 0,1 ...10 B 6 ouanasone wacmom 20...3-10" ' BOCTIDOM3BOMIUT €IHHHULLY
HalpDKEHHA CO CPEeAHHM KBANpaTHIECKHM OTKJIOHEHHMeM He Gonee 5-10° B mpu
HEHCKIIOYCeHHOH CHCTEMAaTHYEeCKOH MOrpeIHOCTH, He NPEeBBIIIAIIEA 3HAYSHNSA B
310*B.

T'ocydapcmeennuiti nepeuynviii smanon HARPAJNCEHUS. REPEMEHHO20 MOoKa OnA
snavenutt 0,1...1 B 6 duanazone wacmom 30...3000 MTit BOCNpOM3BOANT BOMET
CO CpenHHM KBaApaTHICCKHM OTKIIOHEHHEM He Gonee 5-107° B npu HeMCKOYEH-
HOM CHCTEMaTHYeCKOH IOrpenrHoCTH, He npessimatomeit 2-1072 B.

OTaNoH eAMHHI BPEMEHHM H 9YacTOTHL Exueuua BpeMeHH — cekyHza (c)
BXOIUT B YHCNO OCHOBHEIX emunui; CH, a eguHMIA YacToThl — repu (I'm) — B
HHCIIO POU3BOJHBIX eHHHIL. Eciu 0603Ha9nTE YacTOTy rapMOHHYECKHX KoNeha-
Hul £, a ux nepuon 7, To = 1/T (1/c).

T'ocyoapcmeennviti nepsuunwiii smanon épemenu 00ECNIEYHBAET BOCTIPOH3BE-
Jlienue 3Ha9eHuit uHTepBanoB Bpemenu 10~°...10° ¢ B amanasose wacror 1...10"
'l co cpennuM KBanparHueckuM OTKIOHEHMeM He Gomee 5-107™ ¢ MPH HEHCKJTIO-
YEHHON CHCTEMaTHIEeCKO MOrpeLTHoCTH, He npessimaroneit 2:107" ¢.
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ITAN0H eIHHALBI AEKTPHYECKOr0 CONPOTHBAeHHS. [ ocydapcmeennbiil nep-
suyHBIll SManioH oMa 00ecTieYHBaeT BOCHPOM3BENEHHE eIMHUIILI 3JIEKTPHYECKOro
COMpPOTHBIIEHMS CO CPEHMM KBAJpaTHYECKAM OTKIOHEHHEeM He Gonee 107 Om pH
HEHCKTIOYEHHOMH CHCTEMATHIECKOH MOTPEIIHOCTH, He mpeBbimarowedi 54107 OM.

DTaIOH €MHHHMUBI TEKTPUYECKOil eMKOCTH. [ocyoapcmeentblil nepeutHblil
SMANOH IMEKMPUYECKOU eMKocmy BOCTIPOM3BOIMT (apajl co CpemHHM KBajapaTH4e-
CKHM OTKIOHeHHeM He Gonee 2-1077  NpH HEMCKIOYEHHOM CHCTEMATHYECKOMH Mo-
TPEIIHOCTH, He MpPeBbIMalomIe 5-10”7 ®. B guamasose gactor 1...100 MI'u atanon
SOCTIPOM3BOIAMTCSA CO CPeIHHM KBaIpaTHYeCKMM OTKIOHEeHHEM He Oosee 3:10° @
NPH HEMCKITIOUEHHOM CHCTEMaTH4eCKo# MOrpeliHOCTH, He TPEBBIIAoNIeH 107 @.

3TaN0H eJHHHIBI HHAYKTUBHOCTH. [ocydapcmeennblii nepeudHslil Smanon
e0uHUYbl UHOYKMUGHOCHY OCYIIECTBIAET Nepejady reHpu Ha gactote | «I'm co
CPe/IHMM KBaJApaTHIECKHM OTKIOHeHHeM He Gonee 10™° I'H mpH HEMCKIIOYEHHOM
CHCTEMaTH4YeCKOH MOrpeliHOCTH, He MpeBhIIanmei 5- 107 I'n.

Hepcnem‘nnu CO3JAaHHSA H PA3sBHTHH 3TAJIOHOB

Bce Bospacraioniye TpeGoBaHHs K TOYHOCTH H3MEPEHHIl B pasiiMiHbIX 00s1ac-
TAX HayKH M TEXHHKW CTUMYJIMPYIOT CO3JIaHHE HOBBIX CHELHANBHBIX 3TAOHOB H
VBeNIMYeHHe TOYHOCTH Yike cymecTByromux. Kak npaemno, npu pa3paborke 3Ta-
JIOHOB CTPEMATCA HCMIONB30BATH cTabunbHbIe ¢H3H‘I€CKHC SBNIEHHA H MMPOLECCHL,
BOCHPOM3BEAeHHEe KOTOPEIX ofecrieunBaerca QyHAAMEHTANBHBIMH 3aKOHaMH (u-
IMKH U MAJIO 3aBHCUT OT KOHKPETHBIX 0COOEHHOCTEH NoCcTpoeHHA 3TaloHos. Haun-
Gonee APKAM MPUMEPOM TAKOTO MOMXOMA ABIAETCA yTBepxaeHHsli B 1983 r, [No-
CYIapCTBEHHBIN MMEPBHYHBIH 3TANOH BPeMEHH H HaCcTOTEHI, HCIONB3YIOIHIA SBie-
HHe Pe30HAHCHOTO MOTOLIeHHs 3eKTPOMArHHTHON BOHbI ATOMaMU LIE3Hs.

DTanoHbl pa3MYHBIX (U3MYECKHX BEIHYHH CTPEMSATCH CO3JaBaTh Tak, YTOOLI
oHH 00pa3oBBIBAIM ONpEJIENeHHYI0 B3aHMOCBA3aHHYIO cucTeMy. Takue cBs3u yc-
TAHABJIMBAKOTCA 32 CYET HCIOJIB30BaHHA MEPBHYHBIX 3TATOHOB OCHOBHBIX q:nz}me-
CKHX BEJIHYHH. Hanpumep, CriellMaibHBIE 3TATOHBI MOLIHOCTH MICKTPOMAarHHTHBIX
CBY-kone6Ganuii 1 MOIIHOCTH KoneGaHMi ONTUYECKOrO JHana3oHa CBA3aHbI MEX-
Iy coboit TaK, KaK UX aTTeCTYHOT M0 HANPDKEHHIO H CONPOTHBIEHHIO Ha NIOCTOAH-
HOM TOKE. DTaJloHBI OfHOH W TOH ke (u3rIecKod BEeIHIHHBI AJIA PasHBIX nuamna-
30HOB YacTOT C/IHYAIOT HA MEePEKPLIBAIOIIHXCA IPaHKLax paﬁoqr{x OHaIaizoHoOB.

CranpapTHeie 06pasnbl

B psife npakrudeckux M3MEpPCHHH MEPCHEKTHBHBIM CPEICTBOM ITOBBILIEHHS
sdbdexTuBHOCTH MOBEpOUHLIX paboT ABNAETCA MPHMEHEHWEe CTAHAaPTHBIX 0bpas-
uoB. IIpaBuna paboThl cO cTaHAAPTHRIMA 00pa3laMK yCTaHABIHMBAIOT COOTBETCT-
syiommii 'OCT Poccuiickoit Peaepauny 1 pekomeHgamui. CornacHo 3TUM I0-
KYMEHTaM, Crnanoapmublii 06pasey cocmasa U CBOUCIE GEWECHIE U MAMEPUANOS
— 3TO CpelCTBO M3MepeHHHt B BHIE BellecTsa (MaTepHaa), COCTaB MIH CBOHCTBA
KOTOpOI'0 YCTAHOBIEHB! aTTECTALHEH,
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Cranpmapraeie 06pasipl npeIHasHAYeHs! UM o0ecrieYeHHs eQMHCTBA H Tpe-
GyeMOl TOYHOCTH H3MEPEHHI ITOCPEICTBOM:

METPOJIOrHIECKOH aTTECTAlMH METOIMK BHITIOHEHNA H3MEPEHHMii;

TpamyHpOBKH, METPOJIOrHYECKOH aTTeCTALMH H OBEPKH CPEACTE H3MEPEHHS;

KOHTPOJIA MOKa3aTeneli TOUHOCTH H3MepeHHil;

u3MepeHns (H3NYECKUX BEJMYMH, XapakTepH3YIOIMMX COCTaB HIM CBOMCTBA
BEIIECTE U MaTepHaNoB, METOJAMH CPABHEHHA.

ITo cBOeMy Ha3HAYEHHUIO CTaHIAPTHBIE 0OPasIBl NCTOHAIOT POJib MEp, OHAKO
B OTJIMYHE OT (KJIACCHYECKUX» MED, OHH HMEIOT psin ocobeHHocTel. CTaHmapTHBIE
00pasiisl, KaK NpaBWIO, He SABIAIOTCA W3NENMAMM, OHU PEaH3OBAHBI OOBIYHO B
BHJIE YaCTH WIH HOPIWH OJHOPOJHOrO BelNecTBa (MaTepuana), MpUYeM 3Ta HacTh
ABJIAETCS IIOJTHOLICHHBIM HOCHTENEM BOCTIPOM3BONMMON eIHHWMBI (H3HYECKOH
BEJTHYHHEI, 4 HE €€ 4acTH.

Crannaprasie ofpasmbl coctaBa M CBOMCTB B OTIMYHE OT Mep Xa-
PaKTEPH3YIOTCSA 3HAYHTENBHBIM BIHAHHEM HEHH()OPMATHBHBIX IMapaMeTpoB (Ipu-
Mecel, CTpYKTyphl Matepuana ¥ ap.). [Ipn HCnons30BaHMM CTaHAAPTHBIX 06pas-
1I0B 0Y€Hb 9aCTO HEOOXOAMMO YIUTEIBATh (DYHKIMH BIAAHHUS TakHX [apaMeTPOB.

B 3aBucuMoCTH OT cepsl neiicTBHA W 06NacTH NMPUMEHEHHS CTAHAAPTHBIE 06-
pasipl NENATCA Ha 2ocydapcmeennvie, ompaciessie W Cmanoapmrvie 06pasmbl
npeanpuATHi. Tem cTaHgapTHRIM 00pa3iaM, KOTOphle BKIIOYEHE! B OBEPOYHbIE
CXEeMBI, IPUCBAUBAIOTCA Pa3pAIbL.

CrannaprHbie 06pasubl 00beIUHAIOTCA B THIBL. Tun — KiaccH(UKaIHOHHAA
rpynna o6pasLoB, ONpenessioMHMH TPH3HAKAMHA KOTOPHIX ABIAIOTCH OAHO H TO
e BEIEeCTBO, W3 KOTOPOTO OHH H3TOTOBJICHBI, M €AWHASA JOKYMEHTAIMA IO MX
BBIITONTHEHHIO. THITEI CTaHAAPTHBIX 00pasLoB JOMYCKAIOTCA K MPUMEHSHMIO NPH HX
YTBEPXKACHUH M PErHCTPALMK B COOTBETCTBYIOIEM peectpe. JIis Kakaoro Tuma
CTaHJA@PTHBIX 00pa3loB MPH MX ATTECTALNH YCTAHABIMBAETCS CPOK NeHcTBHA (He
Gonee 10 neT) M ONpeneNsAIOTCH METPOIOTHYECKHE XAPAaKTEPHCTHKH, KOTODHIE
HOPMHPYIOTCH B IOKYMEHTALMH| Ha uX pa3paGoTky u Beimyck. K HHM oTHOCSTCS:

* aTTeCTOBaHHOE 3HAYEHNE — 3HAYEHHE aTTECTOBAHHOM XapaKTepHCTHKH 00pa3-
1Ia, HM BOCIIPOM3BOJMMOE, YCTAHOBJIEHHOE TIPH €r0 aTTeCTAlNH H NPHBOANMOE B
CBUJIETENBCTRE C YKa3aHHEM TIOTPEIIHOCTH;

* MIOTPEUIHOCTH ATTECTOBAHHOTO 3HAYEHHSA — Pa3sHOCTE MEX/IY aTTECTOBAHHBIM
H HMCTHHHBIM 3HaY€HUSAMH BeJIMYHMHBI, BOCTIPOM3BOAMMOMN Tolf uacTsio obpasua,
KOTOpas UCMOJB3YeTCA NPH U3MEPEHHH;

* XapakTepucTHKa OJXHOPOJHOCTH — XAPAaKTEPHUCTHKA CBOlcTBa obpa3ua, Bel-
PaXarInerocsa B NOCTOAHCTBE 3HAYCHHMA BEIIHYHHBEI, BOCHpOPBBDI[KMOﬁ €ro pas-
JIMYHBIMH YaCTAMH, HCTIONB3YEMBIMH PH H3MEPEHHAX;

* XapakTepHCTHKa CTAOMILHOCTH — XapaKTepHCTHKa CBOHCTBAa ofpasiia co-
XpaHATh 3HAYEHHS] METPOJIOTHYECKMX XapaKTEePHUCTHK B YCTAHOBIEHHBIX TIpeaenax
B TeUeHHe YKa3aHHOro B CBHAETE/LCTBE CPOKA MOMHOCTH MPH COGNIOACHUY 3aaH-
HBIX YCJIOBHI XpaHEHHA U NPUMEHEHNS;
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* (YHKIMW BIMAHWA — 3aBHCHMOCTH METPOJIOTHYECKHX XapaKTepHCTHK obpasia
OT H3MEHEHUA BHEIIHHX BIMAOIINX BEJIMIHH B 3aAaHHLIX YCNOBHAX NPHMEHEHHS.

Bo3moxHO Hcnons30BaHMe W APYrHX METPONOTHYECKUX XAPAKTEPHUCTHK CTaH-
AapTHBIX 06pasmos.

ITpumenenue cTaHZApTHRIX 00pa3LOB JOKHO OCYILECTBIATECA B COOTBETCT-
8HH C TpeGOBaHMAMH: HOPMATHBHO-TEXHHYECKHX [OKYMEHTOB Ha METOIBl H3-
MEpEeHMH, MCIBITAHUH, KOHTPOJS, MOBEPKU M IPafgyHpOBKH CPE/ICTB M3MEpeHHI;
2TTeCTOBAHHBIX METOMHK BLITNIOJIHEHHA W3MEPEHHH; rocyJapCTBEHHBIX, BEIOMCT-
BEHHBIX H JIOKAJIbHBIX OBEPOYHBIX CXEM.

1.8. l'ocyaaperennas cacremMa obecnedeHHs eIHHCTBA H3MepeHui

ITpn nposenennu u3Mepennit Tpebyerca obecneunuts HX equuHcTBO. Obecnevye-
HHE e[IMHCTBA M3MepeHMiT HeoOXOOMMO JUIA NOCTHXKEHUS COTIOCTABEMEIX pe3ylib-
TaTOB H3MEPEHHI OIHHX M TeX JKe MapaMeTpOB, BHIMOMHEHHEIX B Pa3HOE BPeMA H
8 pasHBIX MecTax, C NMOMOILIbIO pa3HbiXx MeToaoB M cpeacts. CornacHo 3akoHy
Poccuiickoit @enepamn «O6 obecrniedeHny eIMHCTBA H3MEPEHUI) OA eduncm-
S0M uiMepeHull NTOHAMAIOT COCTOAHHE M3MEpeHHH, NPH KOTOPOM HX Pe3yNbTaThl
BRIPAJKEHBI B Y3aKOHEHHbIX eJIMHMLIAX W OHM obecrneumBaloTCs C MOMOIUBIO elH-
#000pa3HBIX CPECTB H3MEPEHMUIl, a NOrPeIHOCTH H3MEPeHH I H3BECTHBI C 3a/IaH-
HOH BEPOATHOCTEIO,

IonaTHe «eAMHCTBO H3IMEPEHHID HMeeT eMKoe HamonHeHHe. OHO OXBaTBIBAET
pAll BaXKHEHIIMX 3a/1a4 METPOIOrHH: YHHOUKAUMIO eIHHUL QU3HIeCKHX BEJIHYHH,
pa3paboTKy CHCTEM BOCTIPOM3BENEHHS BEJMYHH M Nepeaadyy MX pasMepoB pabo-
9HM CpeICTBaM H3MEpPEeHHH C YCTAHOBJIEHHOH TOYHOCTHIO M APYrHe BONPOCHL
EnuncTBO I0mKHO o6ecneunBarses npH moboi TOYHOCTH, HeoOX0MMMOil B pak-
THYecKo# meTposiormd. Ha mocTwkeHue W noajepikaHue Ha JODKHOM YpPOBHE
SIMHCTBA M3MEPEHMiI HanpaBiieHa NEeSTelNbHOCTb rOCYNApCTBEHHBIX W BEIOMCT-
BEHHBIX METPOJNIOrHYECKHX cyk0, NMpPOBOJMMAas B COOTBETCTBHH C YCTAHOBJIEH-
HEIMH MPaBHIaMH, TPeOOBAHUAME H HOPMaMH.

PyKOBOJICTBO AEATENBHOCTHIO METpONOrHuecKol ciyx6e Poccriickoit Mene-
pauMH ¥ ee KoopauHauuio ocymecrsiaser [occranmapr Poccnn. K cyGbexram
MeTposioruu oTHocATeA: [NocynapeTBeHHas MeTponorudeckas ciysx6a Poccuitckoit
Depnepamun (CMC), metponoruyeckue ciryx0bl (enepalbHbIX OpraHOB BIACTH H
sopuaryeckux mu (MC) u MeXIyHapoAHBIE METPONOTHYECKHE OPraHM3aliu.

OG6uwe TpeGoBaHKA M OCHOBHBIE METPOJNIOTHYECKHE NMPABHIIA YCTAHOBJIEHBI 3a-
xoHOM Poccwuiickoii @eneparmu «O6 obecrneueHuy exuHCTBA W3MepeHniDy, Kou-
KPETHBIE METPOJOrH4eCKHe HOPMbI H NPaBH/Ia H3JIOKEHbI B HOPMATHBHBIX JIOKY-
MEHTax (CTaHzaprax, mpaBmiIax, peKOMeHAaunax u np.). Kommiexkc crannapTos u
JOKYMEHTOB, YCTaHaBIMBAIOIIMX NpaBHiIa, HOpMBI W TpeGoBanua, obecrneynBaro-
e JOCTIKEHHEe U TMOJJIEpKaHHe eIMHCTBA H3MEPEeHHIf COCTaB/IAIOT rocy/aapcT-
8eHHYI0 cucTeMy obecneyenus eauncTa Hamepenuit (CCOEU, npoue — I'CH).
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Hns npoBepkH COOMONEHHA METPOIOrHYECKHX NPABII HopM I'MC ocyme-
CTBISET IOCYNapCTBEHHEIH METPOJNIOrHUeCKHH KOHTPONb H Hamsop. OGbexkTamu
FOCYNapCTBEHHOT0 METPOJIOTHYECKOr0 KOHTPOJIA M HaJ30pa SABJAIOTCA: CPENCTBa
W3MEPEHUH, STANOHBI, METONHKH BBITIOIHEHHA H3MepeHuii, KagecTBO TOBAPOB,
npyrue o0beKTEl, NpeXyCMOTPEHHEIE IPaBAIaMH 3aKOHOAATENbHOI METPOJIOTHH,
locynapcTBeHHBIN MeTPONOrHYecKuil KOHTPONL H Hayizop obecnednBaeT yTBep-
KISHHE THNA CPENCTB H3MEPEHNH, MOBEPKY CPE/ICTB H3MEPEHHI, TMIEH3NPOBAHHE
FOPHAMYECKHX M (QU3AYECKHX JIMI, 3aHUMAIOUIMXCA H3TOTOBICHUEM, PEMOHTOM,
TIpoJiascei U MPOKATOM CPECTB H3MEPEHHIL.

T'ocynapcTeeHHas MeTponOrHyeckas ciyxba OCYILECTBJIAET IiaBHbIM 06pazom
KOHTPOJIb ¥ HaA30p 3a;

* BBITYCKOM, COCTOAHHEM M NPUMEHEHWEM CDPEICTB M3MEpEHHH, aTTeCTOBAH-
HBIMH METOJMKAMH BBITIONHEHHA M3MEPEHHH, ITaNlOHAMH, COGMONEHHEM MeTpo-
JIOrU4ECKHX MPaBHI U HOPM;

* KOJIM9eCcTBOM (hacoBaHHBLIX TOBAapOB B YNakoBKaxX mo6oro Buia IpH HX pac-
dacoBke 1 mponaxe.

I'ocynapcTennbie oprausl ynpasnenus Poccumiickoif Denepauun, a TakKe
IopuapYecKkue ¥ (GU3NYECKHEe NTHUA, BHHOBHLIE B- HADYIICHHH METPOJIOTHYECKHX
HOPM M NpaBHJI, H3IOXKEHHBIX B 3akoHe PO «O6 obecneyeHny equHCTBA H3MeEpe-
HUID), HECYT YTOJNIOBHYIO, a/IMHHUCTPATHBHYIO HIH TPaKIaHCKO-NPaBOBYIO OTBET-
CTBEHHOCTb B COOTBETCTBHH C JIEHCTBYIOIIHM 3aKOHOIATENECTBOM,

Bocnponaaeneune H nepeaavya pasMepoB eIHHHIL INEKTPHYCCKHX BEJIHYHH

Tt obecrieyenns eIMHCTBA M3MEPEHNH HeOOXOMMMA TOKIECTBEHHOCT enm-
HHIl, B KOTOpPBIX MPOTPamyHpOBaHEl BCe CYIIECTBYIONIME CPEICTBA H3MEPEHMH
OIHOH M TO e BeNWYHHBL. DTO JIOCTHTAETCA [lyTeM TOYHOTO BOCTIPOM3BENCHHS U
XPaHCHUA B CMICLHANM3HPOBAHHEIX YIPEK/CHHAX YCTAHOBOYHBIX eAHUHHL (PH3HYE-
CKHX BEJIMYHMH H NEpeladn UX pa3MepoB NPUMEHAEMBIM CPEICTBA H3MEPEHHUiL.

Bocnpouseedenue edunuybr usuteckor 6enuunpl — 310 COBOKYIHOCTH OTie-
paumii M0 MaTepHaNH3alMK eIHHHILI (H3MYECKON BeNWYHHBI ¢ HAUBHICIIEH B
CTpaHe TOYHOCTBIO NOCPEACTBOM TOCYAapCTBEHHOTO 3TATOHA WIH HCXOIHOrO 06-
Pa3LOBOro CpeACcTBa U3MEPeRnii. Pasnuyaior BocpousBe/ieHHe OCHOBHOM W Npo-
M3BOIHOH eIHHHIL

Bocnpouseedenue ocnoenoii edunuyet — 310 BOCTIPOH3BENCHHE €THHHIIEI ny-
TEM CO3MaHWA (PHKCUPOBAHHOI TIO pasmepy (QUINUECKON BEMUMHLI B COOTBETCT-
BUH C ompeieneHueM eIWHWNLI, OHO OCYMIECTBISETCS C MOMOIILIO rocy-
NapCTBEHHBIX MEPBHYHBIX 3TATOHOB,

Bocnpou3zsedenue npoussooroi edunuys: — 310 ONpefeIeHAe 3HAYCHHS du-
3MYECKOH BEIMYMHEI B YKA3aHHBIX CJIMHWIAX HA OCHOBAHMH KOCBEHHBIX H3Mepe-
HH APYTUX BEIHYHH, QYHKUHOHATEHO CBA3aHHBIX C H3MEPAEMOH.

Ilepeoaua pasmepa edunuys — 3TO TIPUBENEHHE Pa3Mepa eAUHHIIB! u3Hye-
CKOH BeJIHUHHbI, XPAHUMOli MOBEPAEMBIM CPEICTBOM H3MEPEHHI, K pasmepy eu-
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HULBI, BOCNPOW3BOIMMOM WIH XPaHHMON 3TajlOHOM, OCYIIECTBIAEMOE IPH HX
noBepke WIH KanuOposke. Pasmep enuHMIBI NEpegaeTca «CBEPXY BHH3» — OT
fomee TOYHBIX CPEACTE H3MEPEHHH K MEHEE TOYHBIM,

Xpauenue edunuysi — COBOKYITHOCTE onepanuii, obecneunpaiomas Hen3MeH-
HOCTh BO BPEMEHH pa3Mepa eIUHHULI, TIPHCYIIEro JaHHOMY CPEACTBY H3MEpeHHI.
XpaHeHHe 3TANOHA eOUHUIL! (HIHYECKOH BENIMYHMHBL MPEAINONaraeT NMpoBeACHHE
B3aMMOCBA3AHHBIX OMNeEpalyii, MO3BOJMIOMHKX [OAIEPKHEATh METPOJIOTrHIECKHEe
XapaKTEPHCTHKH 3TaJlOHa B YCTAHOBJIEHHbIX Npenenax. IIpH XpaHeHHN NepBHIHC-
ro 3TANOHA BHITIOJHAIOTCA peryJsApHbIE €r0 WCCIeN0BaHusA, BKIMIOYasd CIMYeHHA C
HAIMOHATEHEIMA STAJIOHAMH JPYTHX CTPaH C LEJbI0 MOBBIMEHHS TOYHOCTH BOC-
MPOHU3BEICHUA €IHHHLIB] H COBEPILICHCTBOBAHHA METOMIOB IEpeaaiH ec pasmMepa.

Xora B Poccuu M co3nana MomqHas 3TajioHHas Oasa, mpaAMmas nepefada pasMe-
POB eMHHIl PU3MYECKUX BEIMYMH OT 3TAIOHOB PabOYMM CpEACTBAM M3MEpEHHH
JaTpylHeHa H3-32 MX GONLIIOrO Napka, Haxoasmerocs B pabore. IToatomy Heob-
XO/MMA TPOMEKYTOUHAs KaTeropusa CPeICTB HU3MEpPEHMH, MpefHasHaYeHHas JUIA
peanvu3alliy Ha MpakTHKe 3TOH nepenayH, — o06pasiioBLIe CpencTBa H3MEPEeHHA.

Obpasyoesim cpedcmeom uzMepeHuli Ha3biBAETCA MEpa, N3MEPHUTEIbHBIN NpH-
Sop wu npeoGpa3oBarelib, yTBEPXKACHHBIE B KaueCcTBe 00pasLOBLIX H CIyXKalye
U1 TIOBEPKH TI0 HUM JIPYrUX cpeacts HamMepeHui. OT 06pa3moBsiX CPEACTE H3Me-
peHmii pasMephl eMHUIL (PU3MYECKUX BEJMYMH MepefaloTcs nanee pabounm Mme-
paM u U3MepPHTENILHEIM pubopaM, T.e. pabounM cpeicTBaM U3MEPEHHUH.

Paboyumu Ha3bIBAIOT TAKHE CPENCTBA U3MEPEHHI, KOTOphIE MPUMEHAIOTCA A
H3MepeHuil, He CBA3aHHLIX C Nepeavedl pa3sMepa eTuHHLL

O6mue Tpebopanus Kk 0Opa3LOBEIM CPEACTBAM H3MEPEHHH, X METpOIOruye-
ckoli aTTecTalMKi W MPHMEHEHHIO peraMeHTHPYIOTCA CTaHAAPTaMH M peKOMeH A~
IMAMH TI0 METPOJIOTHH. B 9aCTHOCTH, Mpe/IyCMaTPUBAETCA co3/anue 00pastoBbIX
CPEICTB M3MEPEHMH OIHOM U TOM e QU3HIeCKOH BEIHIHMHBI HECKOIIBKHX YPOBHEH
TOYHOCTH — pazpados. IIpu 3ToM 06pa3oBkIe cpe/icTBa H3Mepenuit 1-ro paspiana
CYHTAIOTCA UCXOOHBIMY W TIOJJIEXKAT MOBEPKE HETOCPEICTBEHHO MO pabouuM ITa-
nonaM. O6pa3ioBLie cpencTBa usMepeHui 2-ro, 3-ro W NOCJENYIOIHX PaspaIoB
FBIAIOTCH HOOYUHERHbIMY | TIOMUIEKAT MOBEpPKE 110 00pa3LoBEIM CPEICTBaM H3Me-
penuit 1-ro, 2-T0 M MOCTEAYIOIMX Pa3psioB cooTBeTcTBeHHO. Hakonel, o6pasuo-
BbiE CPENCTBA H3MEpPEHHH MOTyT OOBEIMHATECA B H3MEPUTENBHBIE NOBEpOYHbIE
YCTAaHOBKH, MO3BONSIOMMeE GBICTPO BHINIONHATE BCE ONEPALIMH MOBEPKH.

IIpH aHaIM3€ CXEMBI COTMOMYMHEHHOCTH pabodero sTanoHa ¢ 06pasloBEIME Cpel-
CTBAMM M3MEpEeHHit, paboaMMK CpeCTBAMM H3MEpEeHHI (MepaMu) H H3MEPHTEITbHBIMH
npubopaMil HAI0 IOMHUTE: 06pa3LoBEIe CPEICTBA H3MEPEHHMIT U H3MEPHTE/ILHBIE MPH-
SOpbl MPHMEHSIOT U151 M3MEPEHHA, CBS3aHHbIX C Nepefiadeii pasmvepa euHuL; paboune
CPEICTBA M3MEPEHUH UCTIONB3YIOT 11 M3MepeHHit 663 nepejaiy pasmMepa eJIMHHILL

[oBepounble cxembl. O0ecrieyeHne NpaBUIBHON Nepefayy pasMepa eIHHHIl
DU3MYECKHX BENHYHH BO BCEX 3BEHBAX METPOJIOTHHYECKOH LEMH OCYILECTBIACTCS
TIOCPENCTBOM IMOBEPOYHBIX CXEM.
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Iosepounas cxema — HOPMATHBHBIH JOKYMEHT, KOTODbIH YCTAHABAUBAET CO-
NONYHHEHHE CPe/CTB H3MEpeHHil, yHacTBYIOIHX B nepejaye pasMepa eIHHHIEI
OT 3TajoHa K pabouuM cpeacTBaM M3MEpeHHit ¢ yKasaHHeM METOOB W MOrpeil-
HOCTH, W KOTOpPBIH YTBEPXKIEH B YCTAHOBNEHHOM nopsake. OCHOBHEIE MOIOKEHHS
0 MOBEPOYHBIX CXeMaxX NpHBEJEHbI B COOTBETCTBYIOMEM cTaHaapTe. [ToBepouHbie
CXEMBI IEIATCA Ha roCy/1apCTBEHHbIE, BEJOMCTBEHHBIE U JIOKANLHLIE,

TI'ocydapcmeennas nosepounan cxema pactpOCTPAHAETCS HA BCE CPENCTBA H3-
MepeHHit TaHHOH (PH3IMIECKOit Be/IMYMHEL, HMEIOLIHECs B CTPaHe.

Bedomcmeennas nosepounas cxema pacmpoCTpaHAeTCH Ha CPeJCTBa H3IMepe-
HuH 1aHHO# PHINIECKOR BEIMYHHBI, MTOJIEKaINHUe BEIOMCTBEHHOI MOBEpKe.

Jloxanenas noeepounan cxema PaclpoOCTpaHAETCA Ha CPEACTBA W3MEPEHHMi
NaHHOMH (U3MYECKOH BETHIHHEL, NOJIeXKAlIHe NOBEPKe B OTAEIBHOM OpraHe MeT-
ponoruveckoii ciryx6sl.

l'ocynapcrsedHas nosepoyHas cxema paspabaTeiBaeTcs B BHIE roCyIapcTBeH-
HOT'O CTAHAapTa, COCTOALIErO U3 YEPTexka MOBEPOYHOM CXEMBI H TEKCTOBOM YacTH,
coliepkalleii MOACHEHHA K JaHHOMY yeprexy. BeIOMCTBEHHYIO H JIOKATbHYIO
TNOBEPOYHBIE CXEMBI O(OPMIISIOT B BHIE COOTBETCTBYIONIEro 4eprexa. Benomct-
BEHHEIE MOBEPOYHBIE CXEMBl HE JO0JDKHBI MPOTHBOPEYHTH MOCYJAPCTBEHHBIM MO-
BEPOYHBIM CXeMaM JUIA CPE/ICTB M3MEPEHMIl OHMX H TeX e (PH3HYECKHX Belu-
yuH. OHH MoOryt OBITE COCTaBNEHBl NPH OTCYTCTBHHM FOCYJAapCTBEHHOH mMoBe-
pounoli cxeMsl. B HHX JI0IMycKaeTCA yKa3blBaTh KOHKPETHEIE THIBI (IK3EMIUIAPEI)
CPEACTB H3MEPeHHIA.

IloBepouHas cxeMa yCTaHABIMBAET Mepe/iadyy pa3Mepa €IHHHI OJHON HIH He-
CKOJIBKMX B3aHMOCBS3aHHBIX BenMuMH. OHa JOIDKHA BKMIOYATH HE MEHee ABYX
crynesei nepesayn pasmepa. [lopepodHyio cxeMy JUIA CPECTB H3MepeHu oxHOMN
H TOH )€ BEIHYHHE], CYMECTBEHHO OTIMYAIOMMXCA TI0 JAHANa30HaM H3MEpPEeHHit,
YCNOBHAM NPHMEHEHHS H M@TOJaM MOBEPKH, @ TAKXKE JUIA CPeiCTB H3IMEpeHHH
HECKOJIBKMX (M3HYECKHX BEIMYMH JIOMycKaeTcs NoapasjensTh Ha yacti. Ha yep-
TeXax MoBepOYHOM CXeMBI JOJDKHBI OBITH YKa3aHbI:

* HAHMEHOBaHHs CPEeJICTB H3MEPEHNH 1 METOIOB MOBEPKH;

* HOMHHANbHbIE 3HAUeHHA (PHIMUECKUX BETHYMH WIH HX NHANA30Hb;

* A0oMycKaeMble 3HaUEHHA NMOrpelHoCcTeH CpeIcTB H3MEpEeHHIA;

* JIONyCKaeMble 3HA4EHHs MOTPElIHOCTel MeTOI0B MOBEPKH.

IMpasuna pacueTa napaMeTpoB NMOBEPOYHBIX CXeM H OPOPMIIEHHS HX YepTexei
NPHBE/IEHB! B COOTBETCTBYIOIHX HOKYMEHTaX.

Tax xak noBepo4HbIE CXeMbI NPe/IHA3HAYeHBI B 00IIEM Cily4ae IS Mepelady pas-
MEPOB €IMHMIL BeJIMIHH OT [0CY1apCTBeHHBIX 3TANIOHOB 10 00BEKTOB TOBEPKH ¢ 00ec-
TIEYEHHEM BO3MOXKHOCTH NMPOBENEHHS METPOJIOIHYeCKHX MCIBITaHui (rocynapcTsen-
HBIX, KOHTPO/JBHBIX, NMOBEPKH, arTTeCTAalldH M Mp.) CPEACTB H3MEPeHH PazTHIHOTO
KJIacca TOYHOCTH, B X OCHOBY IOJIO)KEH MHOTOCTYTIEHYATHIH NMPHHLMIL 3TO 3HAYHT,
4TO MOBEPOYHAN CXeMa JI0/DKHA COCTOATH HE MEHEE YeM M3 JIByX CTyneHell mepenavn
pa3Mepa eUHHLIb! (PH3HIeCKOit BETHIHHBL.
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Yepreku NOBEPOMHOM CXeMBl COCTOAT M3 TOJEH, pacrmoNokKeHHbIX APYT TOM
IPYIOM, W HMMEIOT Takhe HauMeHoBaHuA: «OranoHeD, «O6pasloBele CpeacTBa
#WIMEpeHHH n-ro paspsmay, «Paboure cpencTBa UIMepeHHin». YIpoIeHHas CTpyK-
Typa YepTexa NOBEPOYHOMN CXeMbl NpeJicTaBneHa Ha puc. 1.8.
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Meroner nosepku (rpaaynpoBku) cpeacTBa uaMepeHuii (CH), yka3siBaemble B
TNOBEPOYHOM CXeme, IeNATCA Ha NPAMbIE WIIH KOCBEHHBIE HAMEpeHHUs, HETIOCpecT-
BEHHbIE (¢ MacTabHBIM npeobpasosaTenem wiu 6e3 HEr0), CIMYeHHE IPH MOMO-
10U CPEACTB CPaBHEHHA (HalpuUMep, KoMIapaTopa).

Hamvenosanus CH sakmouator B MPAMOYTO/IEHUKH, & METO/IOB TOBEPKH B rOpH-
SOHTAIBHbIC OBAJIBI, [IEPE/lady Pa3MEPOB eHHHILL «CBEPXY BHH3» H306p@KAIOT CIUIONI-
HBIMU JIMHUAMH, CO€JHHSIOMMMH 0GBEKTbI OBEPKH C COOTBETCTBYIONMMH CPE/CTBA-
MH, OTKYy/Ia NIEPEIAETCs PasMep & IMHHLL. '

AN MHOTO(YHKIIHOHANBHBIX CPEACTB M3MEpeHHil (HalpHMep, TecTepoB, am-
IEPBOJIETOMMETPOB) HCTIONB3YIOT PAN TMOBEPOYHEIX cXeM. B cocras MOBEPOYHBIX
CXEM MOTYT BXOAUTH 00pa3slLoBbie CPelcTBa H3MEPEHHET, 3aMMCTBOBAHHBIE U3 Ipy-
THX TIOBEPOYHBIX CXEM, T.€. CPENCTBA, paspaboTaHHbie [UIs APYTOi MOBEPOYHOH
cxemsl. Tak, B cOCTaB MOBEPOYHOMN CXEMBI CPENCTB H3MEpPEHHI CHIILI TOKa BXOIAT
obpasuossie Mepst S/IC u CONPOTHBIEHHH 2-10 H 3-T0 pazpsaoB.

Cnoco0bl NOBEPKH CpeacTB M3MepeHHil. Pa3iuualoT HeCKOIBKO BHAOB MO-
BEPKH: TOCYNApCTBEHHYIO M BEJOMCTBEHHYIO, NIEPHOAMYECKYIO M HE3aBHCHMYIO,
BHEOYEPE/IHYI0 1 HHCNEKIMOHHYIO, KOMIUIEKCHYIO, IO3/IEMEHTHYIO H JIp.

OcHoBHBIe TpeGOBaHWA K OPraHM3ALMH M TODAAKY IPOBEACHUS NOBEPKH
CPe/ICTB M3MEPEHUH NPUBE/EHb! B NPABIIIAX MO METPONOTHH, a TAKXKe B paie pe-
komenatid. IToBepKy BBITIOMHAIOT METPOIOrHYECKHe CITykObi, KOTOPBIM JaHO Ha
310 npaBo. CpencTBO U3MepeHHil, MPU3HAHHOE FOTHBIM K TIPHMEHEHHIO, 0(OpM-
JNACTCS BBLAAYCH CBHICTENBCTBA O M0BEPKE, HAHECEHHEM TIOBEPHTEIIBHOTO KiieHma
MM HHBIMH CIIOCODaMH, yCTaHABITHBAEMBIMU HOPMAaTHBHO-TEXHHYECKHMH HOKY-
MEHTaMH,

Mepsi oBepsIOTCs PAIOM METOMIOB:

* MSMEPEHHEM BOCTIDOU3BOXMMON MEPOi BEHYUHBI H3MEPHTENLHBIMA NPUGO-
PaMH COOTBETCTBYIOLIETO K/1acca TOYHOCTH; B 3TOM CIIydae MOBEpPKa YacTO Ha3bi-
BAETCH 2padyupoexou;

* CIM4eHHeM c Dofiee TOYHOI Mepoii mocpencTBOM KoMnapupyromero nputo-
pa: CIMHMEHHE Mep C NOMOMIBIO KOMNApaTopa OCYECTBIAETCS METOAAMH NPOTH-
BOTIOCTABJICHHSA W 3aMEIIEHHs — OOIIMM [1s 3TUX METOJIOB IOBEPKH CPE/ICTB
H3MEPEHUS ABJSETCA BHIPaGOTKA CATHANIA O HATIHYHH PA3HOCTH Pa3MEPOB CPABHH-
BaeMBIX BEJIMYHH; eClM NoAGOpoM 06pa3LoBOif Mephl 3TOT CHrHaJ GyJieT CBeeH K
HYJIIO0, TO PEATH3YETCS H)1e80t METO U3MEPEHHS,

* kanubposxoi, koraa ¢ Gonee TOYHON MepOi CIHYAETCH UMb OIHA Mepa Ha-
Gopa Wi oHA U3 OTMETOK IMIKANLI MHOTO3HATHOM MepBHI, a NeHCTBHTENEHEIE pas-
MEPEL ApYTHX MEp ONPEAENAIOTCA HX B3aHUMHBIM CDaBHEHHEM B Pa3/IHUHBIX COue-
TaHHSX Ha NpHOOpax CpaBHEHUA U NpH 06paGoTKe pesyabTaToB H3MEPEHHI.

ToBepka H3MepHUTELHEIX NMPHUGOPOB MPOBOKTCS TyTEM:

* HEMOCPEICTBEHHOIO CIMYEHNS MOKa3aHUH MOBEPAEMOr0 W HEKOTOPOro 06-
Pa3sLOBOTO MpHOOpa NP M3MEPEHHH ONHOM M TOM Xe (PHIHUECKOH BEJIMYHHEL;
OCHOBO#H JIaHHOTO METO/A CTY)KHT OIHOBDEMEHHOE M3MEPEHHE OHOTO H TOTO XKe
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3HAUEHHS BENHYMHBI TIOBEPAEMBIM M OGpa3LOBBIM CPEACTBAMH H3MEpEHUH; pas-
HOCTH TIOKa3aHWil 3THX MPUOOPOB paBHa abCOMOTHOM NOrPEIIHOCTH NOBEPAEMOro
CpeCcTBa M3MEPEHMIA,

* HENOCPENCTBEHHOTO CPaBHEHMS M3MEpAeMOH BENMUHBI H BEMTHHEL, BOC-
NPOM3BOAMMOM 06Pa3LOBOH MEPON COOTBETCTBYIOMIErO Kilacca TOYHOCTH; 3HAe-
HWA BeJIMYMHE HA BHIXOJE Mephl BEIGMpAIOTCA PaBHBIMH OLM(POBAHHEIM OTMET-
XaM LIKadbl prHoopa; HanGoMbIIas Pa3HOCTE MEXNTY Pe3yJbTaTaMu H3MEPEHHA H
COOTBETCTBYIOLIMMH HM pa3MepamMi Mep ABJIACTCA B ITOM ClTyHae OCHOBHOI 110-
rPeNIHOCTHIO MpHbopa.

BaKHBIM TIpH TIOBEpKe ABIACTCA BHIGOP ONTHMANBLHOTO COOTHOMICHHA MEHK-
Ay IONycKaeMbIMH MOTPEMIHOCTAMM 06pasioBOro H MOBEPACMOro CpeAcTEa
a3Mepennii. OGRIMHO HA NMPaKTHKE, KOTJa NPH TMOBEPKE BBOJAT MONMpaski Ha
noKa3aHHA OGPa3lOBBIX CPEACTB M3MEPEHHH, 3TO COOTHOUIEHHE NMPUHHMACTCA
1:3 (ucxofis U3 KPUTEPHUA HUYTOKHO MANOH MOrpeMIHOCTH — ommbka I pona).
Ecnd e TONpPaBkA He BBOJAAT, TO 00pa3lLioBEIe CPENCTBa M3MepeHHii BHIOHPaIOT
73 cooTHowmenus 1:5 (omubka II pona). CooTHOmEHHE NOMYCKAEMbIX IIOrpeml-
HoCTel ToOBepseMBIX M 00pa3sLOBBIX CPEACTB U3MepeHHd YCTaHaBIHBAETCA C
V4€TOM TIPHHATOTO METOJa MOBEPKH, XapakTepa TOrpemrHoCTeH, OMyCKaeMbIX
suavenuii ommboxk I u Il poloB M MHOTA MOXET 3HAYHTEIbHO OTIMHATECA OT
yKa3aHHBIX paHee LHHD.

KonTpo/ibHbIe BONPOCHI

Yo M3yyaeT JUCLIMUILINKA METPOJIOTHA?

M3 KaKEX OCHOBHBIX Pa3fiefioB COCTOMT METPOOTHS?

Kakoe MECTO 3aHHMAET METPOJIOTHs CPeIH JPYTHX Hayk?

Ilaifre onpeneneHne QU3HYECKOH BETHHHHBL

Yo TaKoe PasMepHOCTS (PH3HYECKOH BETHIHHEI?

JlaliTe onpeneneHHE CHCTEMBI QH3NIECKHX BETHYUH,

IIpuseauTe IPUMEPE! OCHOBHEIX, JOTIONHUTENBHBIX W MPOHU3BOIHEIX (u3UHECKHX Be-

JIHYHH.

8. [lpoanamusupyiite ONpeAeNeHHs CYETA, OUCHHBAHWA M HIMCPEHHA. Beiaenure HX
obIIHe W OTIHIMTENBLHEIC PH3HAKY.

9. Ha3zoBWTe OCHOBHBIE ONEPALHH NPOLEAYPEI UIMEPCHHHA.

10. ITo kakuM NpU3HAKaM KNAcCHQHUUPYIOTCA METOIB! H3MEPEHHIA?

11. Yro Takoe MpHHIIMIL, METOJ W METOHKA u3MepeHuit?

12. Kaxue MeTO/IbI H3MEPEHMIt BAM HIBECTHBI?

13. Yro Taxoe ycnosus uamepenui? Kaxumu onn Gbisaior?

14. Yto Takoe pe3y/bTaT H3MEPECHUA H 9€M OH XapakTepusyerca?

15. Jlaiite OmpemeneHus MPAMBIX, KOCBEHHBIX, COBMECTHBIX M COBOKYIHBIX BHIOB M3-
MepeHHUil.

16. TpuBeauTe NpUMEPE! H3MEPEHHH KaX0r0 BAIA,

17. Yro TaKOoEe KOHTPOJE M 4eM OH OTIHYAETCA 0T H3MepeHHA?

18. Yro TaKoe mKana GU3HIecKol BeTHIHHbI?
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19.
20.

21.
22
23,
24,
25,
26.
70y

28.
29.

30.
31.
32
33.
. Kakum oBpazom ocymiecTBigeTcs BOCIPOM3BENCHHE W NEpelaya pasMepoB eIMHHII

o
36.

IMpuBeniuTe TPUMEPHL PA3THYHEIX IIKAN PHHYECKHX BETHIHH.

Yro npezcraBnsior co60# METPONOTHYECKHE MOHATHS CUETA, MCIILITAHHS, KOHTPOMA
H NOBEpKH?

Yem HcHBITAHKUE OTINYAETCH OT H3MEPEHMUS?

Yro npencrasnser coboil cpecTBO HIMEPEHHIHT?

ITo kaxuM MpH3HAaKaM KIACCHPULIMPYIOT CPEACTBA HIMEPEHUH?

IIpuBenuTe NPUMEPE! CPENICTB U3IMEPEHAN PA3THIHBIX (PHIHYECKHX BETHYHH,

Yro coboit mpencTaBAIOT H3MEPHTENLHEIE NPUGOPLI?

[lo kakuM npuzHaKaM KAaCCH(PUUMPYIOT H3MEPHTENEHEIE NTPUGOPEI?

Kakumu rnapamMeTpamMu M XapakTEPHCTHKAMM OMHCHIBAIOTCS COBPEMEHHBIE W3MEpH-
TeNnsHEIe TPHOOpEI?

Yro npeacrasnser coboH usMepuTenbHas cHeTeMa?

Ans kakux uenel npeaHasHauyeHnl WHPOPMALUHOHHO-H3MEPHUTENLHBIE CHCTEMEI,
M3MEPHTE/IbHO-BEIMHCIUTEILHEIE KOMIUIEKCHL M KOMIBIOTEPHO-U3MEPHTENEHbIE
CHCTEMBI?

Yto Takoe 3TanoH (pu3MHECKON BETHIUHBI?

Kakue 0CHOBHBIE ITAIOHEI BEI 3HaeTe?

Pacckaxkute o rocYIapCTBCHHEIX 3TANOHAX OCHOBHLBIX €IHHHIL,

Jlnst 4ero UCIoNMB3YIOTCA CTAHAAPTHEIE 00pasis?

INEKTPHYECKHUX BETHIUH?
Yro Takoe nopepouHas cXxema H i Kakux Liesieli oHa nmpuMensercs?
Kaxwue crioco6b1 noBepku cpejicTB H3MepeHHMi Bbl 3HaeTe?



I'naga 2. OCHOBBI TEOPUM NNOT'PEIIHOCTEN

Ilensto noOBIX H3MEPEHHH ABASTCH TOMYHEHHE PE3yNbTaTa, T. €. OLEHKM MCTHHHOTO
snadeHus Gu3uHeckoit penwuuHBL. OnHako KakuMH OBl TOYHBIMH M COBEPIIEHHEIMH HE
SBITH CPEACTBA W METOIB!I M3MEPEHHH M Kak GBI TINATENBHO U3MEPCHHS HE BBINOJIHA/MCE,
ux pesyibmam 6ce20a OMAUNACMCA OM UCMUHHO20 3HAYEHUA usMepaeMoul ghusuyecxol
SERUNUHBL, M.e, HAX00UMCA ¢ Hexomopol nozpewHocmyio. T1orpeITHOCTH NOABNAIOTCA H3-
33 HECOBEPIIEHCTBA TNPHUMEHACMBLIX METONOB M CPEJCTB H3MEPEHHMH, HENOCTOAHCTBA
BIHAIONIAX Ha Pe3yssTarT H3MepeHHs PU3HIecKUX BeTHIHH H HHIUBHAYANbHEIX 0COOEHHO-
creif sxenepuMenTaropa. Kpome Toro, Ha TOYHOCTE M3MEPEHMH BIMAIOT BHEIIHUE U BHYT-
DEHHHE MOMEXH, KJIMMATHHECKHME YCJIOBHA H MNMOPOT YYBCTBHTEIBHOCTH M3MEPHTENBHOTO
npubopa.

2.1. O6mue cBeaeHHN

OueHuBas MOTPEIIHOCTH M3MEPEHHUA, CIeIyeT MOHNUMaTh, YTO YPOBEHB TOUHO-
CTH, K KOTOpOMY HeOoOXODMMO CTPEMHTHCH, MODKEH ONPEHEATECS KPUTEPHAMH
TEXHUYECKOH ¥ SKOHOMH4Yeckoi nenecoobpazHocTd. B METpOJNIOTHH YCTaHOBIIEHO,
4T0 yBeNHYEHHE TOYHOCTH M3MEPEHHA BOBOE yIOPOIKaeT caMo H3MEpEHHe B [IBa-
TpH pa3a. B To e BpeMA CHIDKEHHE TOYHOCTH M3MEPEHHA B TNPOH3BONCTBE HIDKE
onpesieeHHOH HOPMEI MPHBOJANWT K TOABIECHUIO CYIIECTBEHHOTO Opaka W3neimuii.
[IpH YCTaHOBJIIEHMH TOYHOCTH HW3MEPEHHIl BRXKHO TAKOKe YYMTHIBATE MX 3HAYH-
MOCTh. B 0OHMX cly4asx HEeZOCTATOYHAS TOMHOCTh MOMy4aeMoi H3MEepHTENLHOH
#ndopMalMy MMeeT HeGoNbIIOE WM JIOKANEHOE 3HAYEHHE, B JPYIMX — HIpaeT
HCKTIOYUTENBHO BAXKHYIO POJb: OT TOYHOCTH H3MEPEHUS MOrYT 3aBHMCETh Kak
170pPOBbE H )KU3HB JIIOJEH, TaK U HAYYHOE OTKPbITHE.

Ecnu npaMoe u3mepenue QU3NYECKOH BEJIHYHHBI MPOBENEHO OIMH pa3 — Tak
Ha3E[BAEMOE OJHOKpATHOE MpAMOE H3MEpPEHHWe, TO pe3yNIbTATOM H3MEPEHHA AB-
a5I0TCA HETIOCPE/ICTBEHHOE IokaszaHWe cpeictsa m3mepeHusa. [Ipu sTom 3a mo-
IPEIIHOCTE pe3yibTaTa W3MEPEHHA HacTO MNPUMHMUMAIOT MOTPEINHOCTh CPelcTBa
#IMEpEeHHA.

B citydae MHOTOKpaTHBIX HAOJIOJEHHI pe3ynbTaT H3MEpEeHHs W €ro morpeur-
HOCTh HAXOHAT Pa3IMYHBIMH METOAOMH CTaTHCTHYeCkol 06paboTKH BeeX BEINOI-
HeHHBIX HaOoAeHuit.

H3MepeHHe MOXKHO CHHTATh 3aKOHYEHHBIM, €C/IM HAWIEH HE TOJIBKO pe3ybTaT
H3MEpPEHHs, HO M MPOBE/IeHd OLIEHKa ero NOorpenHOCTH.
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2.2. lMorpemHocTH H3MepeHnH H HX KNaccHPHKANHS

B meTponioruu onpejeneH1e «rorpewiHOCTb) ABNAETCA OAHHM M3 LEHTpaib-
HbIX, IPHYEM B HEM OTPAXKEHBI MOHATHA (TIOTPELIHOCTE PE3yNLTaTa H3IMEPEHUD) H
«MOTrPEIHOCTL CPEACTBA W3MEPEHUA». OTH ABa MOHATHA GNMU3KH APYr K ApYry u
06BbIYHO KNaCCH(UIMPYIOTCA 10 OAMHAKOBBLIM MPU3HAKAM.

VYOpOUIEHHO nozpewtnocmeio pesyrbmama u3Meperus MOXHO Ha3BaTh OTKIIO-
HEHHE pe3yNbTaTa M3MEPEHWs OT MCTHHHOTO 3HAYCHHA M3MEpAEMOH BENHUMHBI,
Tak kak HCTMHHOE 3HAUEHHE H3MEPAEMOil BeIMHHbI HEU3BECTHO, TO NPH KONHYe-
CTBEHHON OLEHKE MOTPELLHOCTH MONb3YIOTCA delcmeumenvHeiM IHavenuem @u-
3uyeckou GenuyuHbl. ITO 3HAYEHHE HAXOAMTCA IKCTIEPHMEHTANILHBIM MyTEM M
HACTONILKO OJIM3KO K MCTHHHOMY 3HAYEHHIO, YTO JUIfl NOCTABIIEHHONH H3MEPHTENb-
HO# 3a1auu MOKeT ObITh HCIOIB30BAHO BMECTO HErO.

Iozpewunocme cpedcmea usmepenua ONpefieNaeTcs Pa3HOCTHIO MENAY MMOKa-
3aHUAMH CPEACTBA W3MEPEHMS W UCTHHHBIM (NEHCTBUTEILHBIM) 3HAYEHHEM H3Me-
paemoit duznueckod BenuuuHbl. OHA XapaKTepU3YeT TOYHOCTh PE3YJLTATOB W3-
MepeHHH, MPOBOANUMBIX HCTIONIB3YEMBIM CPEACTBOM.

Kak oHa W3 OCHOBHBLIX XapakTepUCTHK pe3ynbTaTa W3IMepeHHd, NOrpelHoCTh
JonxkHa 6biTh 0683aTENBHO OLleHeHa. [Ina pa3nuYHBIX BWIOB M3MepeHuil npobne-
Ma OLEHKH MOrPEIIHOCTH MOXET pellIaThCs Mno-pasHoMmy. [lorpeinHocTs pe3ynbTra-
Ta W3MEPEHHA MOXHO OLIEHHTEL C Pa3HON TOYHOCTHIO HAa OCHOBAHWUH Pa3IUMHON
ucxoaHoH uHpOpManuK. B COOTBETCTBHH € ITHM pa3THYAIOT W3IMEPEHUS € TOY-
HOM, MpUONIKeHHOI U NpeABapUTeLHON OLIeHKO# NorpemHocTe.

ITpu HU3MEPEHHAX C MOoYHOU OyeHKOW NozpewtHocmy YYNTHIBAIOT WHAHBHIY-
anbLHBIE METPONOTHYECKHE CBOMCTBA W XapaKTEPMCTHKM KaXK10TO M3 MpPHUMEHEH-
HBIX CPEACTB MU3MEPEHMs, AHATM3UPYIOT METO/ M3MEPEHHH, KOHTPOIUPYIOT YCNIo-
BUS H3MEPEHUI C LIENTBIO YUETA WX BIHAHUA HA PE3YJIbTAT H3MEPEHHA.

Ecnu usmepeHus BeIyT ¢ npubnuiceHHol OYeHKoll noZpeuwtHocmu, T YHUTHIBA-
FOT JIMlIb METPOJOTHYECKHE XapaKTEPHCTHKH CPEICTBA M3MEPEHHS M OLEHHBAIOT
BIIMAHUE HA HX PE3Y/LTAT TOJNBKO OTKIOHEHHS YCIOBUI H3MEPEHUS OT HOPMANbHBIX.

Hamepenus ¢ npedsapumenvroii oyeHkol RozpewiHocmu BITIONHAIOTCS MO TH-
MOBLIM METOJMKAM, PEr1aMeHTHPOBaHHBIM HOPMATHBHBLIMM JOKYMEHTAMH, B
KOTOPBIX YKa3aHbl METOMBbl ¥ YCIIOBHA M3MEPEHUH, THITBI U NOTPEUIHOCTH HCMONb-
3YEMBIX CPEJCTB M3MEPEHHH W Ha OCHOBE 3THX [aHHLIX 3apaHee OlLIEHEHa BO3-
MOYKHad NOrPeniHOCTh Pe3ybTaTa,

PaccMoTpuM OCHOBHbBIE PH3HAKH, N0 KOTOPbIM KIaCCU(HULMPYIOT MOrPeLIHo-
cTH (puc.2.1).

Mo ¢opme KONHUECTBEHHOrO BBIPAXKEHHH MOTPEUIHOCTH HM3MEPEHHA pas-
aendaroTca Ha aGCOMOTHBIE, OTHOCHTENBHBIE W NPHBENIEHHBIE, _

Abconiomnon nozpewnocmvto A, BelpakaeMol B €IHHULAX W3MepAeMoit Be-
JUYHHBI, Ha3bIBAETCA OTKJIOHEHHE pe3ynbTaTa M3MEPEHHA X OT UCTHHHOTO 3Haye-

HWA X,
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HOrpPEIHIHOCTH

H3MEPEHHH
ITo hopme Mo 3axoHOMepHOCM U NPORBAEHUA
KOAuYecmeenHo20
GUIPAINCERUA.! |
abconomusie | ] |
OMHOCUMEeRbHbIE 2 :
npugedennsie Cayuaiinsie Cucmemamuyeckue I'py6uie (npomaxu)
Ilo npununam Ilo xapakmepy
B03HUKHOBEHUA! HpOSBAEHUR
Memoouvecxue [ I 1
UHCMPYMERMATbHbIE
aHewnue
ma unam Kue
cybvexmusnsie Cmamuveckue A uyec

Puc. 2.1. Knaccuduxauus norpemsoctel usmepeHui

A=x—Xu (2.1)

Pa3sHOBMIHOCTHIO aGCOMOTHON MOTPENIHOCTH ABNAETCA NpedenvHas nozpeut-
wocmp A, — TOTPEIIHOCTH, Gonblle KOTOPOH B IAHHOM H3MEPUTEILHOM JKCIIE-
DHMEHTE He MOJKET IOSBHTHCA.

ABcomoTHasA TOTPEIIHOCTh XapaKTepu3yeT BEIHIHHY H 3HaK TIOTY4eHHO mo-
IPEINHOCTH, HO He ONpE/IENAET Ka4eCTBO CaMOro H3MEpEeHNMA.

XapaKTepUCTHKOM KauecTBa W3MEPECHHA ABIACTCA MOYHOCHIb usMepenuu, oT-
paxaiolleil Mepy GIU30CTH PE3y/bTAaTOB H3MEPEHHH K HCTHHHOMY 3HAUCHHIO H3-
wepsemoli BenMdMHb. MHade roBops, BBICOKOH TOYHOCTH H3MEpEeHHi Co-
OTBETCTBYET Manas norpemnocts. Tak, HanpuMep, U3MEPEHHE CHIIBI TOKA B 10 A
# 100 A MoxeT GbITh BHINOJHEHO ¢ MACHTHYHOH abGCOMOTHOH NMOrpelHOCTHIO
A =+ 1 A. OnHaKo KauecTBO MEpBOro W3MEPeHns Xyxke Broporo. Iloaromy, 4T0-
&1 MMETh BO3MOXHOCTh CPAaBHHBATh KAYeCTBO H3MEPEHHI, HCTIONB3YIOT OTHOCH-
TENBHYIO NOTPEIIHOCTb.

OmHocumenvHoli nozpewHocmbio & Ha3LIBAaETCA OTHOMICHHE abcomoTHOH no-
IPENIHOCTH H3MEPEHUA K HCTHHHOMY 3HAYEHHIO H3MePACMOi BETHIHHEL:

8§ = A/xy. 2.2)
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Mepoii TOYHOCTH H3MEPEHH CIIY)KUT MOKa3aTellb, 00paTHEIN MOIYIIO OTHO-
cuTenbHON morpemuocTh: Ky =1/|8| OTHOCHTENBHYIO NOTPEINHOCT & YacTo BbI-
paxatot B npouentax: 8 = 100A/x, (%). Tak kak 06BIYHO A << X,;, TO OTHOCHTE/Ib-
Hasi TIOrPeIHOCTh MOXeT OBITh ompesieNneHa Kak & =~ Ak umu & ~ 100A/x (%).

Ecnu y3MepeHHe BHIIONHEHO OTHOKPATHO U 3a abCOMOTHYIO MOrPEITHOCTh pe-
3y/lbTaTa U3MEpPEHHA A TIPHHATA PAa3HOCTH MEXIY MOKasaHWeM npubopa W HCTHH-
HbIM 3HAYEHHEM H3MEPAeMOil BeJIMYMHBI X,, TO M3 (2.2) cnedyeT, YTo 3HAUCHHE
OTHOCHTEJILHOM TMOrPEIHOCTH § YMEHBIIAETCS C POCTOM X, (3I€Ch NMpeamnojaraeT-
Cfl HE3aBHCHMOCTH A OT X,,). [TosToMy mna usMepeHuit nenecoobpazno BeIGHpaTh
Takoit npubop, mokasaHus kotoporo ObinM OB B mocieZHEH YACTH €ro INKaibl
(nuanazona uW3MepeHuif), a LIS CpaBHEHHA PAa3THYHBIX MPHOOPOB HCMONB30BATh
TIOHATHE NPHUBENEHHOHR MOTPEIIHOCTH. _

ITpusedennoli nozpewHocmvio Y, BEIpaXalomed MNOTEHIHANBHYI0 TOYHOCTh
H3MepeHuif, Ha3sIBaeTCA OTHOIIEHNe abCOMOTHON MOrPENIHOCTH A K HEKOTOPOMY
HOPMHPYIOIIEMY 3HaUeHMIO Xy (HampuMep, K KOHEYHOMY 3HAYEHMIO IIKajbl MPH-
Gopa WIn CyMMe 3HaYeHMIt 1IKaJT IPH ABYCTOPOHHEH MIKae):

y=100—— %. 2.3)

N

ITo xapakTepy (3aKOHOMEpPHOCTH) MPOABIEHHA IMOrPENIHOCTH H3Me-
peHHI TOpa3AensOTCA Ha TPH OCHOBHBIX KJlacca: CHCTEMATHYeCKHe, ClrydaifHble
u rpy6sie (MpoMaxH).

Cucmemamuveckue nozpewHocmu A¢ — COCTaBJIAKINHE MOrPELIHOCTH H3IME-
peHul, OCTAIONMecs TOCTOSHHBIMH WM 3aKOHOMEPHO H3MEHSIONIMECH MPH MHO-
TOKpATHBIX M3IMEPEHHAX OTHOM W TOH Xe BEJIMYHHBI B OHUX U TeX e YCIOBHSX.
Takue NOrpemrHoCTH MOrYT ObITh BEISBIEHB MyTEM N€TalbHOIO aHATH3A BO3MOX-
HEIX MX HMCTOYHHKOB W YMEHBIUIEHBI BBEJGHHEM COOTBETCTBYIOIIEH MOMPABKH,
npuMeHerreM 6oiee TO9HBIX MPHOOPOB, kKaATHOpPoBKO# MPHOOPOB ¢ MOMOLIBIO pa-
Goumx Mep H T. 1. OIHAKO NONHOCTBIO X YCTPAHHTE HElb34.

Cnyuaiinsie nozpeminocmu A — COCTABIISIOUIME NMOTPEMIHOCTH M3MEPEeHHH,
H3MEHMIOUWIMECH CTydalHEIM 00pa3oM MO 3HAYEHHI0 M 3HAKY NPH MOBTOPHBIX
H3MEPEeHHAX OJHOH M TOM e (U3NIecKol BEIHIHHEI B OJHAX H TeX iKe YCIOBHAX.

JlaHHBle MOTPEMIHOCTH TPOSABIAIOTCA OPH MOBTOPHBIX M3MEPEHHMAX OIHOW U
ToM e (H3MYEeCKON BeJMUMHBI B BUAE HEKOTOporo pasbpoca moydaeMbix pe-
3y/bTaToB. [IpakTidecky ciay4daifHble OTPEIIHOCTH HeM30ekKHbI, HEYCTPAHHMBI U
BCErja MMEIOT MEeCTO B pe3yibTaTe H3MepeHud, Mx onxcaHHe W OLIEHKAa BO3MOX-
HBI TOJILKO Ha OCHOBE TEOPHH BEPOATHOCTEH H MATeMAaTHYECKON CTATHCTHKH.

Crny4aiible TOTPEIIHOCTH HENb3A HCKMOYMTH M3 PE3YJIbTATOB M3MEPeHMMH
BBeleHHeM mnonpaBkd. OnHAKO MX MOKHO YMEHBIINTh MYyTEM MHOTOKpPaTHOIo
u3Mepenus Gpu3nueckoil BETMYMHBI W TOCTeayIolel cTaTucTHIeCKok 00paboTkoi
TIOJTY9EHHBIX PE3YJIbTaTOB.
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Ipybeie nozpewnocmu (npomaxu) — TOTPEMIHOCTH, CYHIECTBEHHO NPEBLI-
mAIOHe OKHIAaeMble NPH JAHHBIX YCIOBHAX H3MepeHH. JlaHHBIE MOTPEIHOCTH
S03HHKAIOT H3-3a OLIMGOK OMEpaTopa WM HEYITeHHBIX BHEIIHUX BO3NEHCTBHIA. B
cTydae OJHOKPATHOrO M3MepeHns 0GHapyXHTh NpoMax Heib3s. [Ipu sToM Lene-
£006pa3HO BHIMOJHATE [BA-TPH H3MEPEHMS ¥ 32 Pe3yJbTaT MPUHATE HX CPEIHEe
aprdMeTHIECKOE 3HaueHHe. [IpH MHOTOKpaTHbIX HAOMONCHHAX MPOMAXH BEIAB-
amOT B mponecce 06pabOTKM WX Pe3y/ibTaTOB M MCKIIOYAIOT M3 pacCMOTPEHMA,
T0/B3YACH ONpeIeeHHBIMA NPaBHIaMH (CM. T71 3).

Takum 06pa3oM, €CIIH He YIHTHIBaTh MPOMaxH, abCOMOTHAS NOTPEMHOCTh M3~
wepeHus A, onpezesniemas BbipakerueM (2.1), pesCcTaBAeTcs CyMMO# cucTEMa-

THUecKoM A, B crydaliHOH A COCTaBJIAFOIIMX:

KSR (2.4)

370 03HAYAET, 4T0 a0CONMOTHAS MOrPElIHOCTh, KaK M Pe3yNbTaT H3MEpEHH,
SRIISETCA CYNaiHou BeTHIHHOM.

[lo npu9yMHAaM BO3HHKHOBEHHA (MO BHAY HCTOYHHKA) NOTPEMIHOCTH
EIMEPEHHA [OAPA3/IENAOTCA Ha METOAMYECKHE, HHCTPYMEHTAIBHBIC, BHEIIHHE H
cyOBeKTHBHBIE (JIMIHBIE).

Memooduueckue nozpewHocmu BO3HAKAIOT H3-32 HECOBEPIICHCTBA METO/A H3-
MepeHHH, HEKOPPEKTHOCTH aJITOPUTMOB Wi GOPMYJI, 1O KOTOPBIM MPOM3BOIATCA
SLIYMCIICHHA Pe3y/IbTATOB H3MEPEeHHH, OTIMYMs NPHHATOH MOJeIH o0BeKTa H3Me-
peHHs OT TOM, KOTOpas NPaBHILHO ONHCHIBAET €ro CBOHCTBO, ONpE/ENIeMOe ITy-
TeM HM3MEpeHHA, a TAKKe M3-3a BIMAHMA BHIOPAHHOTO CPE/ICTBA M3MEPEHHA Ha
mMepsaeMble apaMeTphl CHIHAJIOB.

Ecnu, HampuMep, BOJIBTMETP MMEET HEIOCTATOMHO BBICOKOE BXOHOE CONpO-
THBIIEHHE, TO €r0 MOAKTIOYeHHe K CXeMe crioco0HO M3MEHHTH B HEH pacupe/ese-
“wWe TOKOB M HampseHHi, [Ipu 5TOM pesylbTaT H3MEpEHHs Oyner OTIMYATECA OT
IEHCTBUTEIBHOIO.

[pumep 2.1. PaccMOTpUM MOABIEHHE METOJH-
92CKOM MOrpemHOCTH NPH H3MEPEHHU CONPOTHUBIIC- i‘.( ) dr
EMs METOAOM BONETMeTpa-amnepmerpa (puc. 2.2).

Jl18 OnpeieNeHus 3HAYEHHA COMPOTHBACHHUS R, I,l
peaucTopa HeoOXoAuMO W3MepuTh TOK Ik, mpoTe-
FROMMA Yepe3 Pe3sucTop M NaJeHHe HAMpMKeHUA Ha i1z [] R, Us
seM Up. B mpHBesieHHOH cxeme, peanusylomeii aToT
MeTOJI, TIaICHUE HAMPAKEHHS Ha PE3HCTOPe H3MEpA-
eTcd BOJLTMETPOM HEIOCPENCTBEHHO, B TO BpEMS
£AK AMIIEPMETP M3MEpAET CYMMAapHBIH TOK, 4acTh
LOTOPOrO TIPOTEKAET YEPe3 PEe3UCTOp, HAcTh HEPE3 Puc. 2.2. K nossicHHIO

soneTMETp. B pe3ynbrare M3MEpPEHHOE 3HA4CHHE METOJAHYECKOH MOrpeiHOCTH
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U
CONpOTHBNEHHA Oymer He R. = —& R =—2L8— u nossisercs Merommeckas mo-
Y. x s a

I, In+1;
TPeUIHOCTh M3Mepenns AR = R’ — R,. Meroaudeckas MOrpeliHOCTh YMEHBIIAETCH H
CTPEMHTCS K HyIIO NPH TOKe Iy —> 0, T.€. IpH BHYTPEHHEM CONMPOTHBICHUM BONBTMETPA

Mertonudeckyio mOrpemHoCTs MOXHO YMEHBIINTE IyTeM NpHMEHEHHs Gonee
TOYHOr0 METOZA H3MEPEHHS.

Hucmpymenmanensie (annapamyprvie, npubopHvie) nozpewHocmu BO3HUKA-
IOT H3-32 HECOBEPIISHCTBA CPEICTE H3IMEPEHHS, T.€, OT MX MorpemHocrei. Mctou-
HHKAaM{ HHCTPYMEHTAIbHBIX MOrPEeMHOCTeH MOryT OBITE, HAalpHUMep, HETOUHASL
rpafyupoBka npubopa u CMelleHue Hys, Bapualys nokasauuii mpubopa B mpo-
liecce SKCIUTyaTallid U T. 1. YMEHbIIHTE HHCTPYMEHTANEHBIE MOTPEMIHOCTH MOX-
HO, MpUMeHsA Gonee TOTHBIN npubop.

Brewnan nozpewnocmys — BaxHas COCTABIAIONIAs TIOPELIHOCTH HIMEPEHNS,
CBA3AHHAA C OTKJIOHEHHEM OJHOM HIIH HECKONBKHX BIHAIOIUIMX BEJIMIHH OT HOp-
MabHBIX 3HAYEHWH WIH BBIXONOM HX 3a TIpelielibl HopMaTbHOM o6nacTu (Hanpu-
MEp, BIHAHHUE BIaXKHOCTH, TEMIIEPATYpPhl, BHEITHUX 3JEKTPHIECKHX W MAarHATHEIX
nonei, HecTaOWIBLHOCTH WCTOYHMKOB TUTAHMA, MEXaHWYECKUX BO3NEHCTBHH M
T.1.). B GonbmmHCTBE Ciyyaes BHEWIHHE MOTPEIIHOCTH M3MEPEHHH OTHOCATCA K
CHCTEMAaTHYECKHM W ONPENENAIOTCA AONOMHHTENbHBIMH MOTPEINHOCTAME TIpUME-
HAEMBIX CPEICTB H3MEpEeHHI. :

Cybvexmugnsie nozpemnocmu BHI3BIBAIOTCS OMMOKAMH ONEPaTOpa MpH OT-
CueTe NokasaHWi CPEACTB M3MepeHHA (TOrpemIHOCTH OT HEOPEKHOCTH M HEeBHH-
MaHHA ONeparopa, OT Mapajiakca, T.€. OT HENpPaBIILHOIO HaNpaBieHHs B3rafna
TpHA OTCYETE MOKa3aHWH CTpenoYHoro npubopa u mp.). IogoGHeie morpemHOCTH
YCTPaHAIOTCA NMPUMEHEHHEM LH(PPOBEIX NPHGOPOB WIH aBTOMATHIECKHX METOIOB
H3MEpeHHs.

ITo xapakTepy mnoBeOeHHS H3IMEPAEMON BENUYHUHEH B
npouecce H3IMEPEHHH pajuIHYalOT CTATHYECKME H JHHAMHYECKHE I10-
TPEIHOCTH.

Cmamuueckue nozpewnocmu BO3HUKAIOT NPH M3MEPEHUM YCTAHOBHBIIETOCH
3HAYCHHA HIMEPAEMO (GU3MIECKOH BETHIHMHEL, T.€. KOT/a 3Ta BENHYHMHA TIepecTa-
€T H3MEHATHECA BO BPEMEHH.

Hunamuueckue nozpewnocmu UIMEIOT MECTO NPH AMHAMHUECKHX H3MEPEHHAX,
KOraa u3MepsAeMas BelHYMHA H3MEHAETCA BO BPEMEHH M TpedyeTcs yCTaHOBMTS
3aKOH ee M3MeHeHus. [IpHuMHa NOABNEHHS IUHAMHYECKHX TIOTPEIIHOCTEH COCTO-
HT B HECOOTBETCTBMM CKOPOCTHBIX (BPEMEHHBIX) XapaKTepHCTHK npubopa u cko-
POCTH H3IMEHEHHA U3MEPAEMOl BETHYHHBEI,

[lo ycnosuam 3KcHnayaTanWm CpeacTBa H3IMepeHHN, pas-
NUYaI0T OCHOBHYIO U JOMO/THHUTENLHYIO NOTPEIIHOCTH,
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OcHoénas nozpewtnocmp CpeiCTB H3MEPEHHI HMEET MECTO NPH HOPMAIBHBIX
YCITOBHAX 9KCIUTyaTallMH, OTOBOPEHHBIX B pErIaMEHTHPYIOMNX JOKyMeHTaxX (nac-
opTe, TEXHHYECKHX YCIOBHAX H T. IL). -

Hononnumensnas nospewtnocmes CpelicTB W3MEPEHHH, BO3HHKAET BCIEICTBHE
8BIX0/Ia KaKOH-1HM00 M3 BIMAIOMIMX BEHYHH (TEMIEPATyphl, BIaKHOCTH | Jp.) 3a
npezesibl HOpMaIbHOM 06/1acTH 3HAYEHMIA.

Ipumep 2.2. BoneT™erp npeaHasHa4eH [jis H3MEPEHHA MEPEMEHHOTO TOKA C HOMH-
Ha/lbHBIM 3HaYeHneM 4acToTsl (50 + 5) I'u. OTknoHeHHe 4aCTOTHI 3a 3TH NpeeNsl NpHBe-
JET K JONONHUTENTEHOH [OTPELIHOCTH H3MEPEHHH.

KraccuuKauus norpemHocTelt H3Mepennii HOCHT JOCTATOYHO YCIIOBHEIH Xa-
paktep. OTBETE! Ha BOMPOCH! 06 OTHECEHMH TOTPELIHOCTH KOHKPETHOTO H3MEpEHHS K
TOMY HITH HHOMY KNTaccy M O JIeJIEHHH €€ HA CHCTeMaruyecKHe M ciydJaiHele MOXHO
JaTh TOJIBKO NP HATMYHMH MOJHOM HH(POPMAIMH O CBOMCTBAX NaPaMEeTPOB W XapakTe-
DHCTHK H3MEPAEMOT0 00bEKTa CPE/ICTB H3MEpEeHHi, YCIIOBHIA, B KOTOPBIX NPOBOIWIHCH
H3MEPEHHS, A TAKKE N0CNIE OCYIIECTRIEHNS MHONOYHCIEHHBIX MOBTOPHBIX H3MEPEHMUI.

Tak, Hanpumep, MPH W3rOTOBICHHH H3MEPHTENBHBIX MOCTOB pa3bpoc compo-
THBJICHUH MX PE3UCTOPOB MOKHO CUMTATh CIY4aHHBIMH MOTPENIHOCTAMH, B TO
2peMA Kak B KOHKpETHOM coOpaHHOM MOCTe 3TOT pa3bpoc ciieayeT OTHECTH K
CHCTEMATHIECKMM MOrpPEeUIHOCTAM HM3MEDPHTENBHOTO MOCTa. J[pyrdM HAITISIHBIM
IPHMEPOM MOXKET CITYXHTh MOTPELIHOCTh M3MEPHTEIBHOrO NMpubopa, BEI3BAHHAS
IHMaTHHeCKUMH H3MEHEHMAMM B Tpouecce H3MepeHMid. EcM BO3MOXKEH KOH-
TPOJib TEMMOEPATyphl, MPH KOTOpPOH MPOBOAATCA H3MEpeHHs Kakoi-mnbo Beim-
SHHBI, H HMEEeTCA MONpaBoYHas TabmHIa, TO TAKyl0 MOTPENIHOCTh CIIEAYET pac-
CMarpUBaTh Kak CHCTeMaTHiecKylo. OJHAKO TpH OTCYTCTBHH KOHTPOJIA TeMIiepa-
TVP 3Ta K€ NOTPEIIHOCTh YIUTRIBACTCA KaK clydaiiHas.

2.3. CucremMaTH4ecKHe NOrPelIHOCTH

B ocHOBy Knaccu(MKanuu CHCTEMATHYECKHX MOrPENIHOCTe ! MONoXKeHa 3aK0-
HOMEPHOCTb HX MOBEJCHHA BO BPEMEHH.

Ilo xapakTepy H3MeHEHHS BO BpPEMEHH CHCTEMATHYEeCKHe [Or-
PEMIHOCTH NMOAPA3JEIAIOT Ha IIOCTOAHHBIE H NepeMEHHEIE,

[TocmosnnpiMu HA3BIBAIOTCA TAaKHE CHCTEMATHYECKHE TOTPEITHOCTH M3MeEpe-
HHA, KOTOPBIE OCTAIOTCA HEHM3MEHHBLIMHM B TEYEHHE BCEH CepHM M3IMepeHuii (co-
XPaHAIOT BEJIMYHHY M 3HaK). HampuMmep, MOrpemHocTy u3-3a OnIMOKH YCTAaHOBKH
HYJIA BOJBTMETPA WM KATHOPOBKH ocuuiorpada u T.1m.

ITepemennvimu HA3BIBAIOTCA MOTPEMHOCTH, H3IMEHSIOIMECS B TPOLIECCE H3ME-
peHuA. Hamuuue CymecTBeHHOH mepeMeHHON CHCTeMaTHYecKoi MOrpemHoCTH
HCKaXaeT OLEHKH XapaKTepHCTHK ClTy4aiHoi# norpemHocTy. [loaToMy oHa momk-
#a 0043aTe/bHO BRIABNATLCA H HCKIIOYATECA H3 PE3Y/ILTATOB H3MEpEHHH.
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[lepemenHbIe TIOrPETHOCTH MOAPASNENSIOT HA MOHOMOHHO UBMEHAIOUjUECH,
nepuoduyecKkue u npozpeccupylouue. '

Monomouno usmenstoweiica sBnseTCA CHCTEMATHIECKas MOTPEMIHOCTE, KOTO-
paf B NpOLECCE M3MEPEHHA MOHOTOHHO BO3pacTaeT WnW yOwBaer. /laHHas mo-
TPELIHOCTs UMEET MECTO, HaNpuMep, TIPH TOCTENEHHOM paspsiie Garapen, mu-
TaoLIeH CPeACTBO H3MepeHHil. Yalle BCEro Takde MOrpenrHOCTH M3MEHSIOTCS 110
JTHHEHHOMY 3aKOHY.

Ilepuoouueckoii Ha3biBAETCA MOrPEIIHOCTb, 3HAYEHHE KOTOPOH ABIACTCA Iie-
puomirieckoli ¢ynkuueldi Bpemenu. IIpHMepoM MOXeT CIYXHTH MOIPEMIHOCTS,
BEI3BAHHAA CYTOYHBIMH KONEOaHMSIMH HANPSIKEHHA CIIOBON NHUTAromel CETH,
TeMNepaTyphl OKPY XKaIOMIeH cpesl H Ip.

IIpozpeccupyrowan (apeiidosas) norpemHocTs — HETIpeICKa3yeMas morpewt-
HOCTE HSMCPGHHﬁ, AOCTAaTOYHO MEIUIeHHO MEHAIoIasca BO BpEMEHH. O1nnau-
TeJIbHEIE 0COOEHHOCTH NPOrPeCCHPYIOUIMX MOTPEITHOCTE!:

* HX MOXHO CKOPPEKTHPOBATh MOMNpPaBKaMH TOJNLKO B TAHHBI MOMEHT BpeMe-
HHM, a [ajle€ OHH BHOBb HEMPENICKA3yEeMO M3MEHSIOTCS;

* H3MCHEHHS [POTPECCHUPYIOIIHMX MOTPELIHOCTEH BO BPEMEHH — HECTAIMOHAPHEIH
CiryqalHBIN MpOLECC, H NMOITOMY B paMKax XOpomo pa3paboTaHHOMH TEOpHH CTa-
LIOHAPHBIX CIYYaHHBIX NPOLECCOB OHH MOTYT OBITH OTMCAHBI THINE C U3BECTHBI-
MH OrOBOPKaMH.

CrcreMaTHuecKHe MOTPeIIHOCTH MOTYT M3MEHATHCA M IO Gojiee CIIOKHOMY
3aKOHY, 00YC/IOBIICHHOMY KAKHMH-TM00 BHEITHUMHM NPHYHHAMH.

MeToab! HCKITIOYEHHS CHCTEMATHYECKHX NOrpelnHocTei

Pe3ynsraTel usmepeHul, cofepkaline CHCTEMATHYECKYIO MOTPEIIHOCTb, OTHO-
CATCA K Heucnpagnennsim. TIpu npoBefeHUH M3MEPEHHH CTPEMATCS HCKIIOYHTH,
YMCHBIIHTE HITH YYeCTh BIMAHHE CHCTEMATHYECKHX MorpemHocTteit. OnHako BHa-
9ane uX HaJo 0GHapyXKHTE.

TMocrosHHbIE cuCTEMATHYECKHE TOrPEITHOCTH MOXHO OGHAPYKHTH TONBKO ITy-
TEM CpaBHEHHSA Pe3yNLTaTOB M3MEPEHMH C JAPYIMMH, MOJYYEHHBIMH C HCHOIB30-
BaHHEeM OoJiee TOWHBIX METONOB M CPEICTB M3MEpeHHs. B psue ciyuaeB TakHe
TMOTrPEIHOCTH MOXHO YCTPAHUTB, HCTIO/B3YS CHEIHANBHBIE METOLI H3MEPEHHH,

PaccMoTpuM Hambonee M3BECTHBIE METONBI MCKTIOYEHMA (CYIIECTBEHHOIO
YMEHBIIEHH) NOCTOAHHBIX CHCTEMATHYECKUX TIOTPENIHOCTEiA.

Memod samewenus obecneunBaer HauGosnee MONHOE peIICHHE 3a[1a4H KOM-
NEHCALMH TOCTOAHHON CHCTEMATHYeckoi norpemHoctd. CyTh METONA COCTOUT B
TaKOH 3aMeHe M3MepAeMOl BETHYHHBI X, H3BECTHOM BENMYMHOM A, momyqaemoit ¢
TNOMOIIBIO PEryTNPYeMOl Mepbl, YTOOBI MOKa3aHHE W3MEPHTEIBHOrO npubopa
COXpaHHIOCh HEM3MEHHBIM. 3HaueHHE HM3MepAeMOif BEJWYMHBI CUMTHIBAETCS B
3TOM CJyyae [0 YKa3aTelo Mephl.

Ipu ¥croNnb30BaHKMM TAHHOTO METOA MOTPENIHOCTh HETOYHOTO H3MEPHTE/b-
HOro npuGopa yCTpaHAeTCcs, @ MOTPEIIHOCTh M3MEPEHHs ONMpENeNieTcs TONBKO
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MOrPEMIHOCTHIO CaMON Mephl M MOTPEIHOCTEI0 OTCYeTa U3MepAeMOH BeJIMIHHEI
110 YKa3aTelro MepHl.

Tpumep 2.3. UsMepanocs CONpoTHBICAKE PE3UCTOPa R, OMMETPOM Manoi ToY-
socT. Pesynsrar HaMepenus pasen x = R, + A, e x u A, — COOTBETCTBCHHO M0Ka-
3aHME OMMETPA U CHCTEMATHUECKas MOTPEIIHOCTE H3MepeHUs. 3aMeHuB Ry Mara3uHoM
COTIPOTHBIEHUH M OTPEry/IHPOBAB €ro Tak, YT00bI COXPAHMIOCE NOKA3AHHE OMMETDa,
nonyduM x = R, + A.. M3 NpUBENEHHBIX ABYX BBID@KCHMH IS X cneayeT, 4ro R, = R,,.

Memoo xomnencayuu nozpewnocmu no 3saxy (METOM ABYX OTCYETOB WM H3-
MeHeHHA 3HaKa CHCTEMATHUYECKOH MOrpeliHOCTH) MCIOB3YETCs LA YCTPaHCHHA
MIOCTOSIHHOM CHCTEMATHUYECKOW MOTPEIHOCTH, Y KOTOPOH B 3aBHCHMOCTH OT YCIIO-
sHil M3MepeHus M3MEHAeTcA TONbKO 3HaK. IIpW 3TOM MeTONe BHINOJNHAIOT 1Ba
H3MEPEHHUA, PE3YIBTATE KOTOPBIX JOMKHBI OBITE PABHBL X; = Xy + Ac HX; = Xy— A
rae x, — u3MepsaeMan BenuduHa. Cpe/iHee 3HaYSHHE M3 MOJTYHEHHBIX Pe3yJITaTOR
(x; + x2)/2 = x, npencrasnAeT coGoH OKOHYATENbHBIN Pe3ynbTaT H3MEPEHHA, HE
comepyKammii MorpelmHocTH +A.. JlaHHbIA METOJl 4acTo MCHOMb3YETCA NpH H3ME-
PEeHHH SKCTPEMANIbHBIX 3HAYEHNU (MaKCHMyMa W HyJIs) HEH3BECTHOH BE/IHIMHBL.

Mpumep 2.4. Wsmepurs 3nauenue DJIC NOTEHUMOMETPOM MOCTOAHHOTD TOKA, KO-
Topelit o6nanaer napasutHoi Tepmo3/IC,

Pemenue. YpaBHOBECHB MOTEHIHOMETP H BBINOJHHE NEPBOE H3IMEPEHHE, MOMYHAEM
3JC U,. 3areM meHsem nonapHocTs m3Mepaemoit OJIC, a 3Ha4HT H HAINPABJICHHE TOKA B
notennuoMerpe. CHOBA MPOBOAMM €r0 YPaBHOBEIIMBAHHE H B PE3YJILTATE BTOPOro H3MeE-
penus nomy4aem suasenne U,. Ecimu tepmoD]IC naet morpeniHocTs AU u nanpsxenue U,
= U, + AU, to Uy = U, — AU. Otcrona nanpsxenue U, = (U, + U)/2. Utak, cucrematiie-
ckas MorpemsocTs, ofycnosneHHas acficranem TepMo3/(C MOTEeHUHOMETPA, YCTPaHEHa.

Memod npomueonocmaenenusi TIPUMEHAETCA B PAJWOH3MEPCHUAX Ui
YMEHBIUEHHMA TOCTOSHHBIX CHCTEMATHYECKHMX MOrPelIHOCTEH NpH CpaBHEHWH
H3MEpAEMOil BENMUMHBI C M3BECTHON BEJMYHMHOMN NPHMEPHO DPAaBHOTO 3HAYCHHA,
BOCMIPOHM3BOJIMMOM COOTBETCTBYIOIEH 00pa3oBoi Mepol. ITOT METOA SBIACTCA
pa3HOBMAHOCTBIO METONA CPaBHEHMS, NPH KOTOPOM H3MEPEHME BBIMONHACTCA
AB@KIBl M TIPOBOIHMTCS TaK, 4T00bI B 0GOMX CilywasX NPUYMHA MOCTOAHHOH ro-
IPENIHOCTH OKa3blBala pa3Hble, HO M3BECTHBIE MO 3aKOHOMEPHOCTH BO3ACHCTBHA
Ha pe3y/bTaThl HabMOAEHHH.

Tpumep 2.5. M3MepuTs COMPOTHR/IEHHE PE3UCTOPA ¢ MOMOMIBIO OZMHAPHOTO MOCTa
(cM. Janee) METOIOM IPOTHBOIIOCTABIIEHHS.

Pemenne. CHauana uaMepseMoe CONPOTHBIEHHE R, YPaBHOBEWMBAIOT 00pa3LoBO
MEpOii — M3BECTHBIM COMPOTHBICHHEM R), BKIOYEHHEIM B N/IEY0 CpasHeHus MocTa. Ilpu
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3TOM R, = R\ Ry/ Ry, rne Ry, Ry — CONpPOTHBIIEHHS TI/1eM MocTa, 3aTem pesucropel R, u R,
MEHSIOT MCCTAMH ¥ BHOBE YDPaBHOBEIIMBAIOT MOCT, PEryiiMpys conpoTuBieHre 06pasioso-

ro pesucropa R, = Ri. B arom ciywae R, = RIR,/R,. W ABYX ypaBHeHu# ans R, wuc-
kmodaetes orHomenue Ry/Ry. Torna R, = Ry R;.

Memod pandomusayuu (ot aurn. random — CiTy4yaiiHblH, GecriopsnouHbii; B
TepeBoNe Ha PYCCKHUil 03HAYAET: NepeMeMMBaHHe, CO3TaHNE Gecriopsiaka, xaoca)
OCHOBaH Ha MPUHLINANE [EPEBOA CHCTEMATHIECKIX NOTPEIIHOCTEN B Clly4aiiHble,

3T0T MeTox mo3BoJisET 9 pekTHBHO yMeHbImIATH MOCTOAHHYIO CHCTEMa-
THYECKYIO MOTPEIIHOCTh (METOAMYECKYIO 1 HHCTPYMEHTANBHYIO) MyTeM H3Mepe-
HHA HEKOTOPOH BEJIMIMHEI PAAOM OTHOTHITHBIX npubopoB ¢ nocnemyomei onex-
KO# pesynbrarta H3MEPEeHHl B BHAE MAaTeMaTHYECKOTOo OXHIaHHA (cpemHero
apupmMeTHIecKoro 3Ha4Y€HHs) BBINONHEHHOrO pAna HabjroneHnii. B NaHHOM Me-
ToAe npu obpaboTke pe3y/bTaToB H3MEPEHHH HCIONB3YIOTCH CITydaiiibie H3MeHe-
HI OTPEIIHOCTH OT npubopa k npuGopy. YMeHbmeHue CHCTEMaTHYECKOH I10r-
PEIIHOCTH JOCTHTACTCA W MPH M3MEHEHHH CITyqaiHbM 06pasom MeToamKH u yc-
TIOBHIf POBEACHMA H3MEPEHHIA,

Hosichnm nedicTene metona PAHIOMH3AUMA NPOCTBIM NpuUMepoM. [Tycts He-
KOTOpas (u3nyeckas BenmauHa u3Mepserca n (YUCI0 7 JOCTAaTOYHO BEJIMKO) 0J1-
HOTHITHEIMHA anGopaMH, HMEIOUIMMH CHCTeMaTHYECKHe NOTPEeUIHOCTH 0JHHAKO-
BOTo npowucxoxnenus. [lns oaroro npuGopa sta MOTPEIIHOCTE — BEJIHYHHA T10-
CTOsfHHaA, HO OT npubopa k MpPUGOPy OHA H3MEHSeTCH ciry4aiiHsM 06pazom. ITos-
TOMY, €CIIH U3MEPHTh HEH3BECTHYIO BEIHUHHY 7 NpubOpaMy U 3aTeM BBIYUCITUTD
MaTeMaTHIECKOE OXHIAHHE BCEX DPe3yIbTATOB, TO 3HAYEHHE TIOTPENIHOCTH Cy-
WIECTBEHHO YMEHBINHUTCSA (KaK U B Cllydae YCPEAHEHHA CITy4HalHOM NOrpelHoCTH).

Memoo esedenus nonpasox. HoBONBHO YacTo cHcTeMaTHYeCKHe NOrpeLIHOCTH
MOTYT ObITh BEIYHCIEHBI H HCKITIOYEHb! 13 PE3YNBTATA H3MEPEHNA C MIOMOIIBIO TO-
npaBky. [Tonpaska C — BenudnHa, 0HOMMEHHAS C H3MEpAEMOii X,,, KOTOpas BBO-
AUTCA B Pe3y/bTAT H3MEPERHUS X = x, + A, + C ¢ Le/Ibi0 HCKTIOUeHHUs CHCTEMATH-
YeCKOH morpemmHoctu A.. B cmyqae C = — A, cucreMaTtudeckas NOrPEeLIHOCTE
TOITHOCTBIO MCKITFOYAeTCA U3 pesysibTaTa M3MEPEHH. Iompasku onpenensrorcs
IKCIEPUMEHTAJIbHO WIIH ITyTEM CIeLHaTbHbIX TEOPETHYECKUX HCCIeOBaHU K
3ajaroTcs B Bune popmys, Tabini WM rpadHKoB.

Haubonee npocto Metonom seenenus TOTIPABOK MCKJTHOYANOT MOCTOSHHBIE HH-
CTPYMCHTalbHBIE CHCTEMATHIECKHE MOrPEIHOCTH, KOTOpBI€ OOLIYHO BBHIABIISIOT
TMOCPEACTBOM MOBEPKH CPEICTBA H3MEPEHMUS.

Opumep 2.6. Ipu H3MCPEHUH HANPAKEHHUA B CETH TIEPEMEHHOTO TOKA MOKA3AHMSA
BOJILTMETpa cocTaBuiu 218 B, B ceuaerenserse o nosepke npubopa ykasaHo, YTo Ha 3TOMH
OTMETKC ero WIKajIbl CHCTEMATHYECKas MOTpelHOCTS BOJILTMETpa coctasnsier —2 B. C
YHCTOM NONPABKK HANPAKEHHE B CETH paBHO 218 + 2 =220 B.
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Ipumep 2.7. HanpskeHue HCTOMHHKA 3]IC U, n3amMepeHO BOJBTMETPOM, CONPOTHBIE-
sme koToporo Ry = 5 kOM onpezeneno ¢ norpemtocteio £ 0,5 %. BHyTpeHHee COMpOTHB-
seume ucrounnka DJIC R, = 60 + 10 Om. Tlokasanue BonsT™erpa Uy = 12,50 B. Haiitu
OMpaBKy, KOTOPYIO HYXKHO BHECTH, W TOKasaHWe NpHOOpa Il ONpENe/eHHA JeHcTBH-
TENBHOTO 3HAYEHMs HANpAKEHUA UCTOYHHKA.

P e m e H ¥ e. [Tokazanua BONLTMETPA COOTBETCTBYIOT MAAEHHIO HaMpAACHHA Ha HEM!

R, + Ry

(OTHOCHTE/ILHAA CHCTEMATHYECKAd METONHHMECKAd IMOrpeurHOCTD, OGYCHOBJICHM or-
PaHWYEHHBIM 3HAYEHHEM COTIPOTHB/ICHHA Ry,

kil : 0
5, = 2= 10004 = 100—2— =100 = -1,2%.
) R +R, 5050

Uy

x°

[MonpaBka U3MEPEHUA HANPAKECHHA pABHA a6comoTHON CHCTEMATHYECKOH MOrpEIIHO-
cTH, B34TOH C 0OPATHEIM 3HAKOM:

A,=12,50+0,012 = 0,15 B.
TTOrpeIHOCTS NOMYSEHHOr0 3HAYEHUA ONPABKH ONPEAENAETCA NOrPEIHOCTEIO, € KO-
TOpO# H3BECTHO CONpOTHBIEHNE R;, a 310 A==+ 10 OMm. Ee npeziensHOE 3HAY€HHE COCTABHT
A= 10/60 = 0,167. Tlorpemtocteio A Vi 0,005 HeTOYHOCTH OLEHKH Ry MOXHO mpe-

sebpeus, ClleOBATE/bHO, MOrPEUTHOCTE onﬁe.ncneuua nonpasku A = + 0,167 - 0,15 =
=0,0251 =~ 0,03 B.

Wrak, B NOKa3aHAs BOMLTMETpa HeobXoauMo BBecTH nonpasky: AU =+ 0,15 B. Toraa
WCTIPaBEHHOE 3HAYEHHE U,= 12,5 + 0,15 = 12,65 B. D10T pesy/ILTaT UMCET ONpEeNncH-
Hyi0 TOTPEIIHOCTS, B TOM WYHCIE HEHCKIOYCHHBIH OCTATOK CHCTEMATHYeCKOH 110-

rpemsoct# A = % 0,03 B mm § = + 0,24 % u3-3a norpeGieHns HEKOTOPOH MOUIHOCTH
S0/ILTMETPOM.

BBoj OHOM MONpPaBKH MO3BOJIAET HCKIMOYHUTE BIHAHHE TOJIBKO OnHOMU cocTaB-
asonIel cucTeMaTHIecKol norpeiHocTy, Jlnd ycTpaHeHHsA BCeX COCTABJIAIONINX,
8 pe3y/IbTAaT M3MEpPEHHUs IPUXOANTCA BBOJMTH PAL NMONPaBoK.

PaccMOTpHM [ajee HEKOTOpble METOMBI, MPHMEHAIOLINECT 1A obHapyKeHHA
W yMEHBIICHHS MEPeMEHHBIX W MOHOTOHHO M3MEHSIOMMXCA BO BPEMEHH CHC-
TEMATHYECKHX TOTPENIHOCTEH.

Memod cummempuunsix Habnodenuti BecbMa 3QQexTHBEH NPy BBIABICHHM H
HCKITIOYEHHH [OTPemIHOCTH, ABJAIOUIeHCS yuHEHRHOM (yHKUMEH COOTBETCTBYIO-
mero apryMenTa (aMIUTHTY Ibl, HANpsKeHHs, BPEMEHH, TEMIICPaTyphl H T. n.).

TIpeamnoNoknM, YT0 H3MEPAETCA BEIMYHHA Xy, @ PE3y/IbTaThi HabmojeHuil x;
3aBHCAT OT BpeMeHH f. Jlnd BBIABIEHHA XapaKTepa M3MEHEeHHs TIOTPENIHOCTH BbI-
NOJTHSIOT HECKOJIbKO Hal/moienuil uepe3 paBHbIe IPOMEXKYTKH BpeMEHH Al Ilyctn
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BBITIONIHEHO IATh HaOMONEHHH X, ... Xs B MOMEHTHI BPEMEHH {, ... f5. [lanee Brl-
HHCIIIOT CPETHHE apHPMETHIECKHE 3HAYEHUA TBYX nap HaGmoneHuit (x; + x5)/2 u
(x; + x4)/2. Habmonenus B 31UX Napax NpoBeNeHbI B MOMEHTEI ¢, Is H £, f;, CHM-
METpHYHEIE OTHOCHTENBHO MOMEHTa f3. IIpu mHHelHOM XapakTepe W3MEHEHHA
TIOTPEITHOCTH, MOJNYIeHHbIe CPEAHHE 3HAYEHHS JO/KHBI GBITH ONMHAKOBLL V6e-
AMBITHCE B STOM, pe3y.bTaThi HaO/IOAEHMI MOXKHO 3amicaTh B BHE X, = x, + kt;,
TIie k — HeKOTOpas MOCTONHHAL, Iycts x; = x, + kt) 1 x, = x,,+ kt;. Pemenne cuc-
TEMBI 3THX YDAaBHEHHH 1acT 3HAYEHHE X,, CBOGOHOE OT MEPEMEHHOM CHCTEMATH-
HECKOH IMOTPEIHOCTH: X, = (X — X18,)/(t; — t). lono6usiM o6pasom ynaercs He-
IJIOYHTE MOrPEeIHOCTH, OOYC/IOBNEHHbIE, HANPUMEp, MOCTENEHHBIM NAXeHHeM
YPOBHA HaNPHKEHUS HCTOYHHKA ITUTaHHA (aKKyMyJIATOpA, 6atapen).

Memoo ananusa 3naxoe weucnpagnennvix enyvuainbix nozpewnocmedi, Korna
3HAKH HEHMCIPAaBIEHHBIX CIyJaifHbIX TOTPEIHOCTeH YepeayioTcs ¢ HeKOTOpoit
3aKOHOMEPHOCTBIO, HMEET MECTO MEpPEMEHHAs CHCTEMATHYecKas TOTPEMHOCTE,
Ecim y cmywaitreix norpemmsocreit [OCTIEIOBATEIbHOCTE 3HAKOB «+)» CMeHieTcs
TOCIENIOBATENILHOCTBIO 3HAKOB «—» WM Ha0GOPOT, TO MPHCYTCTBYET MOHOTOHHO
MBMEHAOIAACS CUCTeMaTHYeckas norpemHocTs. Ecnu ke y cygaitusix norpem-
HOCTEH TDYNIIBI 3HAKOB «+» U «—» HepeNyIoTCs, TO HMEET MeCTo MEpHOAMYECKas
CHCTEeMaTHYeCKas HOrpemHOCTb.

I'pagpuyeckuii memod sBnsercs Haubonee IPOCTBIM [Tl OOHapyKeHus repe-
MEHHO# CHCTEeMaTHYeCKOH MOTPELIHOCTH B psijie pesynbraToB Habmonenwmii. [Tpu
STOM METOZI€ PEKOMEHIYeTCs TIOCTPOMTh IPpaduK, Ha KOTOPHIY HAHECEHE! pesyins-
TaThl HAOMOAEHNH B TOH 10C/IEN0BATENEHOCTH, B KAKOH OHH GLLTH nomygensl, Ha
rpapuke 4yepes ToukH HabimomeHmit NPOBOJAT IITABHYIO JIMHHIO, KOTOpas BhI-
PKACT TCHICHIMIO PE3yJIbTaTa H3MEPEHHS, eCIIH OHa CyIeCTBYeT. Eciu Tenmen-
I He NIPOCNIEXUBACTCA, TO NEPEMEHHYIO CHCTEMATHYECKYIO HOTpeIHOCTL CYM-
TalOT NPaKTHYECKH OTCYTCTBYIOMIEH.

B sakimrouenne otmerim, uTo npu M3MEPEHUAX BCETa OCTAOTCH Heuckoyen-
Hble ocmamku cucmemamuveckux nozpewnocmen (HCIT). Topanok ux yuera npH
OLEHKE NMOTPENIHOCTH Pe3yNbTaToB NMPAMBIX H3MEPEHHH ¢ MHOTOKPaTHBIMH Ha6-
TONEHHAMHU PacCMOTPEH B pasziene 3.

2.4. Ciyuaiinble HOrpemHOCTH

Hns ynobersa anamisa ke npeanonaraeTcs, UTo abcoMoTHAS MOTPeIHoCTh
Pe3ynibTaTa U3MEpeHUH (2.4) ABIAETCA TONBKO ClydalHOM, T. €. A =A, W nanee
obo3HayaeTcs Kak A.

Onucanne u ouenka cay4aiHbix norpeumHocTed

AHAIITHYECKH CITydaifHble TIOTPEMHOCTH H3MEPEHNH OMUCHIBAIOT 1 OIleHHBa-
fOT C NOMOIIBIO aNMNapaTa TEOPHH BEPOATHOCTEH M MaTeMaTHYECKOMN CTATHCTHKL
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Haubonee ob1mell XapakTepUCTHKON CTydaifHOH BeMYHHEI (B JaHHOM CITydae
CIyd4aiHON MMOTPEmHOCTH A) ABIAETCA 3aKOH (@pynxyus) ee pacnpedenenus. B
MaTeMaTHKe M3BECTHbI [Be (HOPMBI ONHCAHHS ITOrO 3aKkoHa: AnddepeHimanbHas U
HHTerpajbHas.

Juppepenyuansupim 3aKoHOM PACHPEOENeHUs CTYYauHOl ROZPeutHOCmuU A
WM IAOMHOCMBIO pAChpedeneHus eepoamnocmen (n1omHocmbio geposmuocmei)
cryuaiinoii nozpewnocmu A rassiBaetes pynkuua p(A) = dF(A)/dA, rne dF(A) —
BEPOATHOCTE HAXOXICHHS 3HaYeHui morpemHoCTH A B HHTepBane dA. B naHHOM
cryqae audQepermanbHbi 3akoH p(A) ABIACTCS 00HOMEPHBIM.

Humezpansivlm 3akOHOM pacnpedenenus Cy4aunou nozpeunocmu A Ha3bIBa-
etcs yHKims F(A,), BRIpaxaiomas BEpOATHOCTs P TOro, 4T0 CIydaiiHas norpei-
HOCTh HAXOZHUTCA B MHTEpBae 0T —0 JI0 HEKOTOPOrO 3HA4€HH:A, MEHBIIETO rpa-
HHYHOTO A

Ap
F(A,)=P(~0<A<A,)= Ip(b)dA. @.5)

-

®yuxuua F(A,) HeyOIBalomas 1 Onpe/iesieHa Tak, 4to F(— ) =0 u F(0)= 1.

TpakTuyecKkuil HHTEpeC NPeJCTaBIseT NOUCK BEPOATHOCTH P, c koTOpOI#i TIOT-
PEIIHOCT M3MEpEHHH A HaXOOHMTCHA B HEKOTOPOM 3a0QHHOM uHmepeane nozpeut-
nocmetl (Acy, Ora), TOE Ay M Ay — HUDICHAA W 6EPXHAA 2PAHUYbL ITOTO HHTEPBAIIA.
JamucHIBAETCA 3Ta BEPOATHOCTH Kak P(A < A< Ap) u B o6mem ciyyae 0 < P < 1
Ecnu P = 0,6 ¥ BBINOJIHEHO, HATIpAUMED, CTO H3MEPEHHIA, TO MOKHO CUHTaTh, TO
mIeCThAECAT 3HaUeHHH A TIonagaroT B MHTEpBal (A, An).

Jlns onpenenenus BepoaTHOCTH P(A; < A < Ar;) MOKHO HCIIOIB30BATh H HHTE-
rpanbHBIi B TH(QepeHInaTbHEIN 3aKOHBI PaCTIPEIC/ICHHA NOrPEIHOCTH A:

P(‘&rl“"- A< Ar!) T HArI) = 'F(Arl); (26)
Ap

P, <A<Ay)= _[ p(A)dA. @.7)
Apy

B MeTpoNoruM yame Mcrons3yercs auddepeHunanbHbii 3aK0oH, TaKk Kak OH
OMHCHIBAET CBOMCTBA CITy4alfHOM MOTPEMHOCTH ¢ 60Mbiuell HArIAAHOCTHIO.

W3 ¢pu3HyeckuX MpEACTABIEHMH CEMYeT, HT0 BEPOATHOCTh HAXOKICHHA MO-
PENIHOCTH A Ha MHTEpBaJle BCEX BO3MOXHBIX 3HAYCHHH MOrpeIIHoCcTeH H3mMepe-
Hmit, T.e. B 00IIeM Cllydae Ha HHTepBaie (— o, o)

P(-0<A<w)= _[p(A)dA=1. ' 2.8)

-
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Beipaxenue (2.8) B Matemaruke HassBaercs YCRoGUEM HOPMUPOBAHUA NAOM-
Hocmu pacnpedenenus eeposmmuocmeii P(A). OHo o3navaer, 4To momazs nox
rpaukom moGoi dyrkuun p(A) Ha HHTEpBaJle BCEX €€ 3HaYeHuM NomkHa GhITh
paBHa eIHHHLE,

3aKoHbI pacnpeneneHus p(A) Moryr 6wITh CHMMETPHYHEIMHA WIH HECHM-
METPHIHBLIMH OTHOCHTEJIBHO LIEHTpa pachpeieneHus norpemHocTd, B nansueii-
IIEM pacCMaTpHBAIOTCA TONLKO CHMMETPHHBIE 3aKOHBI KaK HaHGojee pacnpo-
CTPaHeHHbIE B MPAKTHIECKO METPOTOTHH.

Onncanne ciy9aitusix norpemsocredt ¢ TIOMOIIBIO 3aKOHOB pacrpe/eNeHus
P(A) sBnsercs HauGonee NMOTHEIM, HO OKCHEPHMEHTATLHOE ONpENENeHHE ITHX
3aK0HOB TpebyeT BeckMa Gonpimx 3aTpar BpeMeHH. OZHaKo BO MHOTHX NpaKTH-
HECKHX CIy4anX HET HeOOXOMMMOCTH ONMCHIBATE CITy4afiHyl0 OrPeLIHOCTh TI0JI-
HOCTBIO, 2 IOCTATOYHO OXapaKTEpPH30BATH YHCIAMM JIIIL OTHENLHEBIE ee CBOMCT-
Ba. Takue uncnossie XapaKTCPHCTHKM B TEOPHH BEPOATHOCTEH M MaTeMaTHYeCKO
CTATUCTHKE HA3BIBAIOT MOMEHMAM.

Hna paccmatpuBaeMEix Hipke CHMMETPHYHBIX 3aKOHOB p(A) mpuMeHseTcs B
OCHOBHOM LEHTPANbHBIA MOMEHT BTOPOTO TOPAIKA, HA3bIBAEMbIil oucnepcuei:

D= _[AZ P(A)dA. 2.9)

Hucnepcus D xapakrepusyer PaccesHne MOrpelrHoCcTell OTHOCHTENBHO LEH-
Tpa pacnpenenenus A = 0. Tak kak D umeer Pa3MEPHOCTE KBAJIpaTa MOTPEIIHO-
CTH, TO OGBIYHO HCTIONB3YETCA cpednee Kkéadpamuveckoe omknonenuem (CKO)

o= \/B » KOTOpOE MMEET Pa3sMEPHOCTh CAMOM MOTPEIIHOCTH.

B npakruke usmepenuit HauGonee wacto HCHONMB3YIOTCH HOpManbHbIi (Cayc-
ca), paBHOMEPHEIH, TpauelCHAANEHEIH, TpeyroibHbli (Cumncona) 3aKOHBI, a
TAKOKe 3aKoH pacnpenenenus CTRIONEHTA H AOpyrHe.

Hopmanshslit 3akon pacnpeje/ieHnsi NorpemiHocTell nNpuMensercs npH
CIENYIOLHX NPEATON0KEHUAX:

* TIOTPENIHOCTb MOXET MPHHHMATh HeNpPepHIBHbII PAL 3HAUEHWI B MHTEpBaNe + co;

* TIpH BHIMOMHEHHH 3HAYMTENEHOTO YMCNa HAGMIOACHMH GoMbie MOrpeHo-
CTH A NOABIISIOTCA Pexe, YeM MaIble, a 4ACTOTA OSBIICHHS NOrpemHoCTeH, HIeH-
THYHBIX [0 a0COIIOTHOM BETHIHHE H MPOTHBOTIOMOKHEIX MO 3HAKY, OJHHAKOBA,

Hns HopManBHOTO 3aKOHA pacnpesieneHus:

1 A?

expl -——— |, (2.10)
2n G 20°

p(A) =
o

Tl 0 — cpednee keadpamuyeckoe omxkroHeHue TOrPELTHOCTH A XapakTepusyer
TOYHOCTH BBINOJTHEHHBIX H3MEPEHHA.
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Puc. 2.3. ['padmku HOPMANBEHOrO 3aKOHA PACTIPENCICHHS

Uem G MEHBIIE, TEM BBILIE TOYHOCTh M3MEpeHHH. DTO CeayeT U3 rpaguKos
dyskian (2.10), NpUBEIEHHEBIX Ha puC.2.3 M Pa3IHIHbIX sgauennii o. [To Mepe
ymenpienns CKO o paccesHue CIydaifHBIX MOTPENIHOCTEH A OTHOCHTENBHO
LIEHTPa WX Paclpefe/cHys, T.e. B IAHHOM CIy4ae OTHOCHTENILHO 3HAICHHA A= 0,
VMEHBIIAETCS.

Ilpu HopManbHOM 3aKoHe GopMyna s pacdeTa BEepOATHOCTH P(An< A< Ap)
HAXOIHMTCA MocTaHoBKOH (2.10) B (2.7). lns cmydast Ay = — A H Ap = A, T. €.
1A cummempuuroeo WHTEpBana (— A, Ap:

S O 0 P 2.11
exp| ——— |dA. :

cm 6[ p[ ZGZJ )

OTMeTHM reoMeTPHHUEcKylo HHTepIpeTalio BepoaTHocTH (2.11). Ha rpaduke
IIOTHOCTH BepOATHOCTH Wi koHkperHoro CKO o (pwuc. 2.3) BepOATHOCTb YHC-
JeHHO PaBHA IUIOM@M S 3aUITPUXOBAHHOMN (QUIYpEL, orpaHHYeHHOH (QyHKLHEH
p(A), OTpE3KOM OCH NOrpenHocTel A o1 — Ay 10 A, v opmuHaTaM p(— A.), p(Ar).
YeM mIMpE 3aNaHHbIl HATEpBaN MorpemHocTed (—Ay, A,), TeM Gobie TIomas S,
T.e. GobIIe BEPOATHOCTS MOTIAJAAHHS CIyJalHbIX NOTPEIHOCTeH H3MepeHuit AB
10T MHTepBan. [lis MHTepBAlIa MOrPeIHOCTe! U3MepeHuH (— 0, o0) BEPOATHOCTE
P(~o< A<w) =1 -

Tl BhiuMcaeHHs BeposTHOCTH (2.11) yno6HO B MHTerpaie 3aMEHWTEH Nepe-
MeHHYI0 A Ha { = A/c. [Ipu 3TOM €ro BepXHHHA Npeen 3aMeHACTCA Ha Z = A/o, a
npaBas 4acTh BelpaxeHus (2.11) npeoGpasyercs B TabynupoBaHHBIH HHTErpan
¥(z), Ha3BIBAEMBIH unmezpanom eeposmrocmeil.

A
P(-A, <A<A)=2 [p(a)ds =
0
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* 4
P(-z <t <z)="¥(z) = 20(z) = Jz— Iexp[~ %}ﬂ 2.12)
T
0

Ormerum, uto ynkuus O(z), HaseiBaemas Pyuxyueii Jlannaca, Beipakaer Be-
POATHOCTE NONANaHKs Ciy4aiiHoi BeudauHb! ¢ B uuTepsa (0, z).
I'papuk dynximn ¥(z) nan ua puc.2.4, a ee 3naveHms npHBeeHs! B Tabur. 2.1.
¥(2)4

1,0 —————
0,8 o

0,6 A

yd
0.4 / v
02 [—

0 0,5 1 1.5 2 2,5 3 =z

Puc. 2.4. I'padux 3uavenntt dynxum ¥(z) ans z = 0

3aaBadch rpaHuuei A, B JONAX G, HAXOMAT z = A/G, a 3aTEM MCKOMYIO Be-
POATHOCTS 10 Tabmuuam ynximn P(z). TTpH HeO6XOAMMOCTH MOKHO BBITIOIHATE
oOpaTHBIi MOKCK, T. €. Mo 3a1aHHoM BEpOATHOCTH ‘V'(z) HaliTH z, nanee A, = zo u
uHTEpBAN (—A,, A,).

Ta6auna 2.1. 3navenns unrerpana BeposTHocTeil W(z2)

z ¥(z) z ¥(z) z ¥(z) z ¥(z)
0,00 0,000 0,70 0,516 1,40 0,839 2,25 0,976
0,10 0,080 0,80 0,576 1,50 0,866 2,50 0,988
0,20 0,159 0,90 0,632 1,60 0,890 2,75 0,994
0,30 0,236 1,00 0,683 1,70 0911 3,00 | 0,9973
0,40 0,311 1,10 0,729 1,80 0,928 3,30 | 0,9990
0,50 0,383 1,20 0,770 1,90 0,943 3,50 | 0,9995
0,60 0,452 1,30 0,806 2,00 0,955 4,00 | 0,9999

C nomompio rpaduka (puc. 2.4) win Tabun. 2.1 MOXHO HalTH 3HAYeHHUS BEPOAT-
HOCTeH (2.11) W1s HEKOTOPRIX, MMEIOMMX MPAKTHYECKOE 3HAYCHHE HMHTEPBAIOB
norpewHocTel (—A,, A;), IpeACTaABNEHHBIX B I0MAX G:

P(20/3 <A <20/3)=0,5, P(-c<A<0)=0,683:

P(-36 <A<30)=0,997; P(-mo<A<+w)=1, (2.13)
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B COOTBETCTBHH CO 3HAYEHMAMM 3THX BEPOATHOCTEH MOTPEIIHOCTE PE3YbTa-
TOB M3MepeHuii, paHas (2/3)0, Ha3BaHa pasHoseposmHol (TIOCKOTIBKY P=0,5).
[TorpeuHoOCTh, paBHad 3G, MPUHATA B PAJANOTEXHMKE 33 MAKCUM@IbHYIO H 3ani-
cuiBaerca B Buge M = 3o. Ipu P = 0,997 U3 THICSYH BBINOJHEHHBIX H3MEPEHHH
TOBKO TPH HX MNOTPEIIHOCTH A BRIXOJAT 3a Tpeniensl uuTepBana (30, 30).

CooTBeTcTBYIOMMI HHTerpaty (2.12) 3akoH pacnipesieNieHus, npeCcTaBIeHHEIH
2 3aBMCHMOCTH OT OTHOCHTEJBHOTO Ge3pazMepHOro aprymenTa { = A/c, HasbiBaeT-
sl HOPMUPOBAHHBIM HOPMANLHLIM 3GKOHOM 1 33/1a8TCS BRIPAKCHHACM:

2
(1) = J;_n exp[~ %} 2.14)

Tpad¥K HOPMHPOBAHHOTO HOPMANBHOTO 3aKOHA NMPHBEAEH HA pUC. 2.5. Ilo
bopme OH coBnazaeT rpadpukoM HopMAIbHOTO 3akoHa (2.10), korna CKO o =l.

Py

0,4

o5 1\

0,2 /

i / \

0 -
-6 -4 =3 0 2 4 6

Puc. 2.5. I'paduk HOPMUPOBAHHOrO HOPMAILHOTO 3aKOHA PACTIPEACTICHIA pD

OTMETHM CBA3b IPaHHMIl A, ¥ z B BeIpaxeHuaX (2.11) u (2.12) npH 0ANHAKOBEIX
IHaueHUAX BeposTHOCTH P. ITycTh 3a1aH HEKOTOPbIH CHMMETPHYHBIA HHTEPBAI
pachpefie/IeHus MOTPEmHOCTH (—f, ), THe =2 = A/o — OTHOCHTENbHAA €T0
rpanuna. [Ipi HOPMHPOBAHHOM HOPMAJBHOM 3aKOHE pacnpeiesieHuA pl) (2.14)
BepOATHOCT P(— £,< t < #;) NONAJaHHs OTHOCHTENBHOH CITydaliHOM BENMIUHBI ! B
aHTEpBaN (- fr, ;) paBHA BepoATHOCTH P(— A, < A < A;) Tpu 3aKOHe pacnpenese-
ang supa (2.10) ong rpasuupl A, = £.0 = z0.

HopMasibHblii 32KOH pacrpeiesieHns CIrydanHbiX MOTPEeNIHOCTER WHPOKO HC~
nonb3yeTcs npu 06paboTke pe3y/bTATOB M3MEPEHHH, YTO 00BACHACTCA CNEAYIO-
muMH obcTosTenscTBaMy. ClydaiiHas MOTPENIHOCTh M3MEPEHHA HEKOTOpOH Be-
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JHYHHBI CKJIANBIBACTCA W3 MHOTHX COCTABJIMIONIMX, BBI3BAHHBIX PasInYHBIMH
[IPHTHAHAMHE, 329aCTyi0 TPYAHOYJIOBMMBIMH. [Tpudem kakmas u3 COCTaBJIAFOIIHX
OKa3bIBACT HE3HAYMTENLHOE BIMAHWE HA CIydaltHyio norpeuHocTs. IIpa 31oM,
KaK CleNyeT u3 UeHTPAIbHOM MpeensHO#i TeopeMbl TEOPHM BepoATHOCTell (Teo-
pembl JIamyHoBa), Takas ciyvaitHas TIOTPEIIHOCTE UMEET 3aKOH paclpemeneHus,
Oauskuit x HopManLHOMY. YuuThIBas H3JI0XKEHHOE, ONPaBAaHHO NPUHUMAIOT, YTO
NpH NPAMBIX H3MEPEHHAX 3aKOH PacrpeNeneH s ClyqaiiHbIx HNOrpenIHocTell MHO-
TOKpaTHBIX HAOMIONCHHN HEKOTOpOI BETHYHHEI COOTBETCTBYET HOpPMATbHOMY.
H1st TIosydeHnst 1OCTATOMHO TOUHBIX pe3ynbTaToB 06paboTku Takux HabmoaeHw
HX YHCIIO 1 NOJDKHO ObITh He MeHbIme 20,

3akon pacnipesenenusi CToionenTa (P.A. ®umep Hazean ero pacrnpejene-
HueM Cmoiodenma — ncesponum B.C. Toccera, TPEACKA3aBLIEro 3TO pacrpeie-
Nienne) Haubonee 4acTo MpUMEHsETCH B nporecce 06paboTKH pe3ynabTaToR He-
Gonsworo gucna (2 < n< 20) MHOTOKpaTHBIX HaGmoneHuHit GU3HIECKO BeTHYHHET
H CTIpaBeJUTHB, KOT1a CTy4aiHble MOTPEMIHOCTH PacHpeAeIeHs! Mo HOPMaJIbHOMY
3aKOHY. 3aKOH ONMMCEHIBAET pacmpedeseHHe MIOTHOCTH BEPOATHOCTH 3HAYEHHIH

Cay4aitHOM BeNHauHsI £, = A,/ Gop= (X —x)/ ﬁcp . 3nech
X=(x,+x +.+ x,)/n

— OyeHKxa CpeiHEro apu(MeTHIECKOTo 3HAYEHMS pana HaGmoneHwit (x,, x,, ..., x,)
BEIHYMHBI X,; ch— oyenxa CKO crmydaiiHo# BenmuuHBI X . DTOT 3aK0H YUH-

THIBACT YUCJIO BBITIONMHEHHBIX HabMoAeH I # | 3a13eTcy dyHKUHEl;

3)

.
p(t,)], = 1 [1+ fx J 3 @.15)
r(”T“],/n(n S S

~1

3neck 1 > 2 — gucio Habmonenmui; F(gj, F(iz—] — ramma-(yHKIHH (MH-

Terpaiel Jiinepa), onpeenseMsie [T HEKOTOPOTO apryMeHra x Kak
F(x)= le™u*"du. (2.16)

0

Ha puc. 2.6 npuBenews rpaduku 3akona pacnpenenenus Creiogenta (2.15)
AL pasfIAiHOrO YMcNa Habmonenuit n. JIns cpaBHEHHS Ha 3TOM ke PHCYHKe [10-
Ka3aH rpauk HOPMHPOBAHHOTO HOPMAJIEHOTO pacnpenenenus p (1), caydaiinas

OTHOCHTEJIEHAS MOTPEUIHOCTh KOTOPOTO 7 = A/G MPHHATA PABHO 1,
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Puc. 2.6. T'paduxu pacnpenenesus CTeionenta p(t)|s Ana pasnUYHBIX n
H HOPMHPOBaHHOI0 HOPMANLHOTO pacrpeneeHAs pu(f) Ipu =1,

W3 aHanuza rpadukoB ciemyer, 9TO 3akoH pacnipejenenus CThbIOLEHTa NpPH
gucyie HabmomeHuit # > 20 NpakTHYecKH COBNANAET ¢ HOPMabHBIM HOPMHPO-
BaHHBIM 3aKOHOM py(f), a pH n < 20 OTIMYAETCA OT HEro TEM 3HAYMTENbHEE, 9CM
wensme n. OTIHYAA COCTOAT B YBEIWUEHHUH PAcCEsHHA OTHOCHTENBHBIX MOrPeml-
HOCTeH ¢, OTHOCHTENBHO LIEHTpa 4, = 0 10 Mepe YMeHbIIeH A THC/a HabmoAeH .
[1pH 3TOM CJleyeT OXKAUAATh YMEHbIIEHAs BEPOATHOCTH P TONaaHuA NOTpemiHoc-
Teii CiTyqaiiHOM BeMYHHBI /; B 3alaHHbIH HHTEPBaJ (=, 1)

Jlns momcka Takoi BEpOATHOCTH AOCTATOYHO MOACTABHUTH (2.15) B dopmyiy,

nonoGuyio (2.7), HO B KOTOpO# mepeMeHHas A 3aMEHEHa Ha OTHOCHTEINBHYIO

t.= (X —x,)/ Gy, @ Mpenensl HHTErpaNa Ay H Ay — Ha paBHble + fr=iAJ3¢p:

it %
Pty <ty <tln= [P\ndty =2 [Pt et 2.17)
)

-ty

Pe3y/bTaThl pacueTa 3HaueHUH BEPOATHOCTH 10 popMye (2.17) npuBeEHE! B
suze rpaduKOB I HECKONbKMX 3HAYEHHH 77 Ha pHC. 2.7. Tam xe [Uid CpaBHEHHA
1aH rpaduk uHTerpana BeposTHocTel ¥(z), y KOTOpPOro apryMeHT z NPHHAT pas-
HEIM 1. VI3 pCYHKa BHHO, 9TO TIPH GOMBIIOM uHcIe H3mMepernii (1 > 20) BepoAT-
#ocTh (2.17) MpaKTHUECKH COBMAJAeT C BEPOATHOCTBIO, [aBAacMOH HHTETpaloM
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Puc. 2.7. Tpauxn BepostHoCTEH P(~ I.< t<t)|, NpH 3akoHe
pacnipenenchus CTRIONEHTA IS pa3THgHLIX 3Ha9erui 7 1 QyHKIMH Y(z)

¥(z). Omnaxo, 0 Mepe CHYDKEHHMs 1, 3Ta BEPOATHOCTH YMEHBINAETCA H TEM 3HAUH-
TeJIbHEE, YEM MEHBIIE A.

OtMmeTuM, 9TO Mapamerp #, Ha puc.2.7 1 B BeipaxkeHu (2.17) HassiBaeTCs Ko-
apuyuenmom Cmslodenma u mis Hero NPHHATO CHELHHANTBHOE 0003HaYeHue.
[pu BemMoNHeHMm pacyeToB mnorpemHocTelt H3MEpeHui 3afaloTcs HEKOTOpOH
NOBEPHTEIILHOM BEPOATHOCTHIO P, = P u yucioM HabomeHult #. IToaromy nan-
HblH k03 HuUMeHT 0603HaTaI0T Yepes #(P,, ). 3HAYEHHS 3TOTO ko3 duiHenTa
TpUBENEHE! B Tabm. 2.2,

Ta6auua 2.2. Koagdpuumnentsr Creionenra HP, n)

n_ | P05 | P=0.6 | P=07 | P08 | P=09 |P=095]P~098]P-099
2 100 | 1,38 | 1,9 | 308 | 631 | 1271 | 31,82 | 63,66
3 082 | 106 | 134 | 18 | 292 [ 430 | 697 | 993
4 077 | 098 | 125 | 164 | 235 [ 318 | 454 | 584
5 074 | 094 | 119 | 153 | 213 [ 278 [ 375 | 460
6 073 | 092 | 1,16 | 148 | 202 [ 262 [ 337 | 403
7 072 | 091 | 113 | 144 | 194 | 245 | 314 | 371
8 071 | 0% | 112 | 142 | 1,90 | 237 [ 300 | 3,50
9 071 | 08 | 111 | 140 | 18 [ 231 | 290 | 336
10 | 070 | 08 | 110 | 138 | 18 | 226 | 28 | 325
16 | 069 | 087 [ 1,07 | 134 | 1,75 | 213 | 260 | 295
25 | 069 | 08 | 106 | 132 | 1,71 | 206 | 249 | 280
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TIpu MCTONBL30BAHUM HA TpakTHKe KodduuuenTos CThIOAEHTA 3a/1a10TCs J10-
BEpHTENILHOM BEpOATHOCTHIO Py > 0,9.

PapHOMEpHBIH 3aKOH pacnpeje/ieHHs TUIOTHOCTH BEePOSITHOCTH XapakTe-
peH Ui TOBeJEeHMA CHy4aifHBIX MOrpemHOCTeH NMpH M3MEPEHWH HEMPEpPhIBHBIX
$H3MUECKHX BEJMYMH METOJOM JMCKDETHOro cyera (Tak HasblBaeMble NOrpem-
HOCTH NMCKPETH3alliM) NpH Npeofpa3oBaHWM TAKMX BENHYHMH B aHANOTO-LM(-
POBBIX Mpeobpa3oBareiax (MOrPeIIHOCTH KBAHTOBAHHA YPOBHEH CHTHAJIOB), A TaK-
e Ul MOTPEIIHOCTEeH OTCUeTa IMOKa3aHWil C pasiHYHBIX IIKAJ M3MEPHTENLHLIX
npubopoB.

Bce BO3MOXHBIE CTydaiiHbie OrPENIHOCTH Pe3y/IETaTOB H3MEPEHHH, XapaKTepH-
3yeMBIX PaBHOMEPHBIM 3aKOHOM, PAcIIONOXKEHBI B HEKOTOPOM HHTepBaie (—Ay, An),
rne A, — MaKCHMaIbHadA MOrpellHOCTh. AHANUTHYECKH IUIOTHOCTh BEPOATHO-
CTH PaBHOMEPHOTO 3aKOHA pacipeleNieHHs IOrpelHocTedl OMUCHBACTCS COOT-
HOIIEHHAMH:

ks —A, SASA,;
p(A)=1{2A, (2.18)

0, A<-A,, A>A,.

I'padux paBHOMEPHOTO 33aKOHA PACTIPEie/ieHrsl IUIOTHOCTH BEPOATHOCTH MpH-
BelleH Ha pHc. 2.8.

BepoATHOCT TOr0, YTO Ciy4aiiHas MOrpemIHoCTh Pe3yibTaToB H3MepeHHH A
HAXONUTCA B CHMMETPHYHOM HHTepBane (—A, A;), onpejesnsercs ¢ MOMOLIBIO
spipakeHus (2.7) OpH TONCTAHOBKE B HEro 3HaYeHMs IUIOTHOCTH BEPOATHOCTH

2(8) =1/(2An):

Ar Ar
1 A
A, <A<A)= - =S .
P(-A, <A<A,) -Jp(A)dA 2Am25[dA T (2.19)

Ha rpa¢uke mioTHOCTH BepoaTHOCTH (pHc. 2.8) miomas 3alITPHXOBAHHONO
NpAMOYIOJIkHMKA C OCHOBamueM 2A, # BeicoToif 1/(2A,) 4MCIeHHO paBHa Be-
POATHOCTH, OIpeIeaeMON Mo

dopmyane (2.19). P

Jii paBHOMEPHOTO 3aKO0- 7 ,% 1
Ha pacmpe/eNieHHs TOTpem- / / A
HOCTell, CHMMETPMYHOIO OT- % / e
HOCHTENBHO LeHTpa A = 0, SR A R A A
pacier CKO o cnyvaiiHoi » : ¢ o
“02%“-91'31{0““ BBIMOTHACTCA Puc. 2.8. PasHoMepHbIif 3aKOH pacmpeaeieHus
no B 8 e
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@ A 2
=J5=J IAzp(A)dA = f IAZdA = %ﬁ =%L;—. (2.20)
- ™ A

Tpeyronbusiit 3axon pacnipenesienns (3axkon Cumricona) XapakTepeH I
CITy9ailHBIX NOTPEMHOCTeH LH(POBBIX H3MEPHTENBHEIX npuGOpOB, B KOTOPBIX
M3MEpAeMas BeNHYHHA MpeoGpasyeTcs B MpONOpUHOHAIEHEIH HHTEpBAN BpeMeHH

oo HASBIBACMBIH 6pemenem cueta. 3Meperue 3TOT0 MHTEpBANA BHIMOTHAETCS C
NOMOWIBI0  CYETHEIX  HMMITY/BCOB pt
CTabHIBHOTO reHepaTopa, HMero-
WHX 33aNaHHBIN MepHO. ClleJoBaHMS
Ty B cBa3u co cryyaitHbIM momoxe- 1
HHEM CYETHBIX HMIYICOB OTHOCH- A
TEBHO WHTEpBana T, a TakKe Cly-
YaHHBIM  COOTHOLICHHEM  Mexay [ =
nepuoziom T, u Bpemerem cveta 7,,  -A, -A_ 0 . A
TPEYTONbHBIA 3aKOH MpencTaBiseT
CcoGolt komnosuyuio (coemmmenue) Phc. 2.9. Tpeyronsusii saxon pacnpezenetus
ABYX pPaBHOMEDHBIX 3aKOHOB C OIH-

HAKOBEIMH MaKCHMAaJIbHEIMH NOTPEIIHOCTAMHE A,,.

M TpeyrosbHOro 3akoHa (yHKiHA Pacnpene/eHus IWIOTHOCTH BEPOATHOCTH

CITy4aiiHBIX MOTPEIIHOCTEH 3a1a8TCs COOTHOMEHUAMH:

(A, +4 -A, <A<0;
Al
p(A):JéﬂrAZ;A_’ 0<A<A,; (2.21)
0, -4, >AASA,,.

I'paduk Tpeyronssoro 3akona pacnpeneneHna Ciy9alHb% MOrpelmHocTeld
OpHBENEH Ha prc.2.9.

/Ui 3TOrO 3aKOHa BEPOATHOCTH TOFO, YTO TIOTPENIHOCT H3MEpeHHs A pacrio-
JlaraeTcs B HHTEpBae (—A,, A;), HAXOIUTCS C TOMONIBIO dopmyn (2.7) u (2.21):

A, 2
P(—Ar<A<Ar)=2J.éddA=zéf—~ Aol 2.22)
g AL ANy
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3amTpHxoBaHHas 06aacTh Ha puC. 2.9 YHCIEHHO paBHA BepoATHOCTH (2.22).
CKO o Hec/IoXKHO ONPEIeNHTh MyTeM MOJACTAHOBKH B (2.9) nepBoro win BTOPOro
seipaxeHus i p(A) 13 (2.22). B pesynbsraTe HECTOXKHBIX BHIYHCICHHN MOTy9a-
&M, 4TO 0=Am/\{g.

Kak yxe oTMeyanoch, B NpPaKkTHKE pagHOH3IMEpPEHHI BCTpPEYalOTCA M Apyrue
3aKOHBI paclpefie/ieHus morpelHocTeif (HanpHMep, mpaneyeudanvHolii U apK-
cunyca W fAp.). OTMETHM B YacTHOCTH, YTO TpaneleHIanbHbIi 3aKOH SBIAETCA
KOMIO3MLKEH OBYX HOPMAIbHBIX C pa3iH4YHbIMH 3HAYEHHAMH MaKCHMAIbHBIX
norpemHocTed A,,. Eciu 3akoH pacnipesiesieHuss HeW3BecTeH, TO OOBIMHO NMPHHH-
MaroT paBHOMEPHOE pacrpe/IeeHHE NOTPelIHOCTEH,

OnucaHHe H OLEHKA Pe3y/iLbTaTOB Hal/oNeHuii
Hmxe mpeamonaraeTcs, 4To pe3ysbTaThl HabmoOAeHUH ¥ = X, + A HEKOTOPOM

du3HYeCKOW BETHYHMHBI X, COAEp:KaT TOJNBKO CAydallHyIO0 NMOTpemHocTh A =A.
JlaHHble pe3ynbTAThl, KAK M ClydaifHas MOTPeHOCTh A, ABIAIOTCA CIydalHOMN
BEJIMYHHOM.

CeoiicTBa ciydaifHOH BeMHYMHBI X HauboJiee MOJHO OMHCHLIBAIOTCA 3aKOHOM
pacopenenenus p(x), COOTBETCTBYIOIIAM 3aKOHY pacnpeleieHns ee CiIyqaiHon
MOrpPelHoCTH A,

TIpuMepsl HOPMAIEHONO ¥ PABHOMEPHOIO 3aKOHOB pacmpenenicHns p(x) mokasa-
H61 Ha puc.2.10, e m; — HeHTp pacnpeae/ieHHs ClydaiiHOH BETHYMHBL X = X, + A.

AHanuTHYECKOE MPEACTABIEHHE NAHHBIX 3aKOHOB MOXHO MOJMYYUTH MyTeM
npeobpazoBanud KoopauHatT B hopmynax (2.10) u (2.18), T. e. nepexogoM K HO-
20ii mepeMeHHON x. Hanpumep, HOpMAaIBHEIH 3aKOH pacnpefie/ieHHs CiydaiHoi
BEIMYMHbI X ONUCHIBAETCA BBIPAKEHHEM:

X 0 my x

6)

Puc. 2.10. 3akoHs! pacripeneneHus Cny4aiHol BeTHYHHBL
@ — HOpMAanbHEL, 6 — paBHOMEPHEIH
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1 expl (J“”’?l)2
2n 207

px)= ! (2.23)

g

TNC m; U & — COOTBETCTBEHHO MareMaTH4eckoe oxumaave u CKO ciay4aiHoii
BEJTMYHHEL

BepostrocTs P nonanauus semwuuun: x B HEKOTOp®IH HHTepBan (x;, X;) BbI-
qucsercs no gopmyrne, noxobuoii (2.7):

P(x, <x<x,)= J‘ p(x)dkx. (2.24)

x

Hns omMcaHWs OTAENBHBIX CBOMCTB CIy4daliHON BelHYHHEl X HCIOJIB3YIOTCH
HCIIOBBIE XapaKTePHCTHKH 3aKOHOB pacTIpelieNieHus p(x) — uauansusie u yeH-
mpaneHbie MOMEHTBI k-0 MOPAAKA, MPeICTABISIOmHe co6oli HEKOTOpEIE CpefHue
3HaYeHHA. MOMEHTEI Ha3bIBAIOTCA HAYANLHBIMH, ECTH C X HOMOIIBIO YCpeIHs-
fOTCA BETHIHHEI, OTCYHTBIBAEMBIC OT HAYala KOOPOMHAT, U UEHTpallbHEIMH, €CITH
YCPERHAIOTCA BEMYHHEI, OTCIMTBIBAEMBIE OT LICHTPA Pacnpe/ie e s.

Himke npusenensr dopmyner pacuera Tomsko Tex MOMEHTOB, KOTOpPBIE Haubo-
716€ 9ACTO HCMOMB3YIOTCA NPH aHANM3E 3aKOHOB pacpeneneHus p(x).

Hauansusiit moment 1-ro Tnopsifika (Mamemamuyeckoe oxcudanue cryyainoii
8enutunst) ONIPENIENAET UEHTP pacrpeNe/eH s P(X) ¥ ONIHCEHIBAETCA BHIPAXKEHHEM:

oo
m = J.x p(x)dx. (2.25)
-0

LlenTpansHbiii MOMEHT 2-r0 nopsnka (ducnepcus cayuatinodi BEnUYUHYI) Xa-

PAKTEPH3YET paccessHHe 3HAYEHUH CITy4ailHON BEJTHIMHBI U BRIYHCIIAETCH KaK:

D= I(x-m] ) p(x)d. (2.26)

Toueunsie ouenkn 3aKoHoB pacnpejieieHusi pe3yJibTaTOB Ha0/I0XeHHIA.
PaccmoTtpenHbie dynximm pacnipesienienus p(x) OMMCHIBAIOT MOBENEHHE Henpe-
PbI6HBIX CIyYalHBIX BEJIMYMH X, BO3MOMKHBIE 3HAYCHHS KOTOPBIX HEOTHEIHMBI
ApYT OT Ipyra W HeMpephIBHO 3aIONHSIIOT HEKOTOPHIH KOHEYHbIH MM GecKoHey-
Hbll mHTepBai. [Tostomy Beipaxkenus (2.25) u (2.26) otHOCATCA MMERHO K Hempe-
PLIBHBIM BesTMIHHaM. OfIHAKO peansHOe YHCTO 1 HAGHOJeHuMi bmsdeckoii Benn-
AHHBI X, BCEr/la OTPaHUMEHO, U MOITOMY KaK pesy/isTaThl HaGMONEHNH, Tak H ux
CJIy4aiHbie MOTPENIHOCTH AOMYCTHMO CUMTATH BETHIHHAMM MHCKPETHBIMH, BO3-
MOJHBIC 3HAYEHHA KOTOPHIX OTAETHMbI APYr OT APYra H IOANAFOTCS cuety. B
CBA3H C 3TAM PaCCMOTPHM BaXHbIi BOMPOC OLEHKH MATEMATHYECKOTO OKHIAHHAS
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m 1 CKO o= VD mns orpauwdeHHol rpynisl (esi6opku) Habmonenuii, 06o3Ha-
yas ux 4yepe3 x;. Takue OLEHKH B METPOJIOrHH HA3BIBAKOTCSA MOYeHbIMU W HX NPH-
HATO MOMEYaTh BOIHHCTOM YepToi, T. . 0603HavaTh Yepes m,;, G | D . Cpasy xe
OTMETHM, 4TO OLEHKY 7, 0603HauYaeMyl0 B TIOCJEIYIONHX pasfenax uepes X,
NPHHHMAIOT 33 pe3yibmam uaMepenull BeIHIHHBI Xy.

Pesynsrar M3Mepenuii X =, NpH pacnpe/eneHWn HaGmomeHud 1o Hop-
ManbHOMY 3aKOHY ONPEAENSIOT, YYHTHIBas H3BECTHYIO B TEOPHH BEPOATHOCTEH
3aKOHOMEPHOCTh (3aKOH GONBUIMX YHCeN): MPH docmamoyHo 6onsuioM YUCIe n

He3aBHCHMBIX HabmoneHnit x; cpeiHee apudmerHdeckoe MOTyYEHHBIX 3HaYEHUN
cay4aHO BeTMIHHB! MPHOIHKAETCA K €€ MATEMATHYECKOMY OMKHIAHHIO m:

my = L ¥z, @27
R jul
CooTBeTcTBeHHO, TpH noucke oneHkn CKO G HCMonb3yioT BHIPAXEHHE UL
CKO o, cripaBeutHBOe JUIs 00CIMamo¥Ho BOnbUUX 1;

s=YDs JLi(x,. —m)?. (2.28)

n=1i5

MHaye rOBOPA, TOYEYHBIE OLEHKH X =/, H O HAXOMAT C MOMOMLIBIO BhIpaXke-
atit (2.27) u (2.28) NpH KOHEYHOM H OTHOCHTEJILHO MaIOM YHC/Ie Hab/oaeHHi 1.
Hem n Gonblue, TeM GioKke 3TH OLIEHKH K BEIMYHMHAM 71y H O.

JloBepuTENbHAS BEPOSITHOCTh H A0BEPHTE/bHLIH uHTepBai. [IpuHuman
TO4EYHYI0 OLEHKY X =/, 3a MCTHHHOE 3HAYCHHE W3MEPAEMOH BENIHYHHBI Xy,
seobxonumMo ybenuThcs B ee TOYHOCTH. B KauecTBe Mephl TakOH TOYHOCTH
cielyeT paccMaTpHBAaTh CHMMETPHUHBbIHA uHTEpBan (—A. A,), B KOTOPOM C 3a-
1aHHOM BEPOATHOCTHIO P, = 1 — ¢ pacnosaraeTca oMMOKa OUCHKH Ay =X — X,
P(-A < X —x,<A) =P,

D10 BEIpAKEHHE PHHATO 3aMHCHIBATH B (JopMe:

P(X-A<xuy <X+ A)=Py (2:29)

o3HAYAIOMmEN, 9TO MCTHHHOE 3HAYeHHe W3MepAeMOil BEeITHIMHBI C BEPOATHOCTHIO
P, nonajiaet B MHTEpBan (X — A, X +A,).

Wnrepsan (X — A, X + A;) WHPHHOH 2A, H BEPOATHOCTH P, Ha3bBAIOTCA doge-
pumensHeiMu, 3 KO3QOHUMEHT g, npuHUMaeMblid He Gomsmmm 0,1 — yposwem
suayumocmu, OTMETHM TAKAKE, 9TO Xy, =X — Ap KX, = X + A; Ha3bIBAIOTCA HUNCHE
u 8epxHell 2PanuyaMu O06EPUMENbHO20 UHMepeand, a A, — doeepumensioi 2pa-

wuyell enyyaiHol NoZpetHocmu pesyrbmama usMepeHua.
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Ilopsinok onpeneneHns rpaHuilkl A, MpUBENEH B 1. 3. 31ech xe OTMETHUM, 4TO
9Ta paHUlA 3aBUCHT OT JOBepHTeNbHOl BepoaTHocTH P,. [TosTomy B pesynsTaTax
06paboTkH MHOTOKPaTHEIX HaGMONeHWi BEIMIHHEI X, 00S3aTENHHO YKasblBaeTcs
MPHHATOE 3HAYCHHE 3TOH BEPOATHOCTH.

B MeTponoruu onenka crygaiHeIX norpentHocteit H3MEpPEeHHMiA ¢ MOMONIBIO [0~
BEPUTE/ILHOTO MHTEPBAsa HA3bIBACTCS UHMEPEAIbHON, a COOCTBEHHO NOBEpPUTENE-
HEIf HHTEPBAI ONpeIENAeTCA IIaBHEIM 00pa3oM ¢ HCIIONB30BAHHEM KEa@HMUTbHBIX
OIEHOK CITyYaiHBIX MOTPEUIHOCTEMN, MOSCHAEMBIX HIDKE,

KBanTuibHbIe OlleHKH pacnpeienenus cay4aiHbix norpeumHocrei. Ilo-
ACHCHHE KBAHTHW/IBHBIX OLIEHOK NaeTcA ¢ MOMOMIBIO puc.2.11, Ha KOTOPOM npuBe-
AeH Tpaduk p(A) HOPMANBHOTO 3aKOHA pacTpeelIeHHA CJIy4aliHBIX TIOTpem-

HOCTER A=A,

Tlpu Takux OUEHKAX WCXOIAT M3 TOTO, 9TO MIOIIA/b, 3aKTIOYEHHAs TIO] BCel
KpHBO# TUIOTHOCTH pacrpe/ieieHHs MOTPEIHOCTeH, OTpaKaeT BEPOATHOCTH BCEX
BO3MOXHBIX 3HA9CHWH MOTPEIIHOCTH M 10 YCIOBUAM HOPMHPOBaHMS paBHA eIi-
Hue. DTy MIOMAIh MOXHO Pa3euTh BEPTHKATLHBIMY JIHHHAME Ha 4acTi. AGc-
LHCCHI TAKHX JTHHHH HA3LIBAIOTCA KEAHMUWIAMU.

Ton P-npoueHTHsIM (31€Ch P — CHMBON BEPOATHOCTH) k6anmuiem Ap MPHHS-
TO HOHMMATH abCLMCCY TaKOW BEPTHUKATLHOM JIMHUK, ClleBa OT KOTOPOIl IWIOMmAns
NOJ KpHBOH IUIOTHOCTH pacmpenenenns p(A) pasha P %. Wnaue roBops, kean-
Mmute — 3TO 3HAYECHHE CIyYaHHON BEWIMHBI (B JAHHOM CIy4ae MOTPENIHOCTH
u3MepeHnii) A ¢ 3aiaHHOM N0BEPHTENBHOMN BEPOATHOCTEIO P,

Ha puc. 2.11 abemucca —A; ects 25 %-Has KBaHTWIb, TAK Kak IUIOMAMb MOX
KpHuBO¥i p(A) crieBa oOT Hee, T.e. 0T — © 10 — A; cocTaBAer 25 % Beeil mwiomAany.
Abcnmcca A, cooTBeTCTBYET 75%-HOM KBAHTHIIH,

B uATepBalie MeXIy KBaHTHISAMH Ao 25 M Ag 75 comepxuTes 50% Bcex BOIMOK-
HBIX 3Ha4YeHHMH cmywaiiHoll mo-

TPEIIHOCTH HM3MepeHHH A, W ero - Py
NPOTAXKEHHOCTE 3aMHCBIBAETCA B
TakoM BHIE: dos = Ag7s — Ags.
Murepsan 3HaveHnidl ciywaitHolM

NOrPeINHOCTH A MeKAY Aggs H 25%25%

Aoos oxpateiBaeT 90 % Bcex ee

BO3MOXHEBIX 3Ha4€HW W Ha3bIBa-

€TCH  UHMEPKEAHMUNLHBIM  MpO- /25% 25%
medcymrom ¢ 90 %o-woti eeposm- =AA L Oty A

Hocmbio. IIpOTSHKEHHOCT: HHTEp-
KBaHTHJILHOIO NPOMEXKYTKa OIpe-
HensieTcs KaK: doo= Apgs— Ag os.

Puc. 2.11. KpauTunnHele OLeHKH
ciTy4alHO# norpemHocTH
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2.5. Ilpasuia u GopMbl NpeAcTABICHHSA Pe3yILTATOB H3MepeHni

Jliobas m3mMepHuTeNbHas HHPOPMAIHA — PE3YNBTATEl ¥ MOrPeIIHOCTH H3MEpe-
Hil, SMITUPHUECKHE 3aBHCHMOCTH U T. A, — JO0JDKHA COMPOBOKAATECA MOKa3aTe-
19MM TOYHOCTH W3MepeHHil. B memix enuHoOOpasHd OTPaXEHHUs PE3yJILTATOB H
NOTpeIHOCTe! M3MepeHui HEeOOXOMMMO MPHMEHATh OJHOTHITHBIC MOKA3aTelH
TOYHOCTH M3MepeHHi H (opMBb! NpeNCTaBIeHHA PE3YILTATOR H3MepeHHi.

PacnpocTpaHeHHOR OMHMGKOH NP OLEHWBAHAN PE3yNBTATOB H TIOrpenHoCTEH
H3MEpEHUil ABNAETCA BBIYMCIEHHWE MX M 3amHCh C GoNbINAM HHCJIOM 3HAYANIMX
mwadp. DTOMY CHIOCOBCTBYET HCTIONB30BAHHE M1t PACieTOB KOMITLIOTEPOB, Mo3B0-
JAIOIIMX TOMYUaTh Pe3y/TaThl PAcueTa ¢ UeThpbMA H Gosiee 3HaYaMMUMK oudpa-
wn. OIHAKO TOTPeMHOCTH 3MepeHHii He Beeraa Tpefyercs 3HaTh C O4eHb BRICO-
50l TOYHOCTEIO, B YacTHOCTH, I TEXHHYECKHX H3MEPEHHN JOIyCTHMO# cYMTa-
£7Cs MOrPEMIHOCTE OLEHMBAHUA TIOTPEITHOCTH B 15...20 %. Hanpumep, BEIYHCIHB
snauenue norpemnoctr 0,4359, a pesysnbTaTa H3MEPEHUA —12,7254, nano nomy-
MaTh, UMEET JH CMBIC/ 3aMACh Pe3yibTaTa ¢ TAKOH MOrpeIHOCTHIO. Bens ecid
HCXOMHMTE W3 TOTO, YTO HEJOCTOBEPHOCTD PE3yybTara Y)Ke XapakTepu3yeTcs Aeci-
rerMu nonsivi (0,4...), TO BKJNAJ TMOCHEAYIOUMX 3HaYaliX HEQp B OLEHEHHYIO
norpemHocTs GyneT Bce MEHee W MeHee BECOM H HHYETo He pobasuT K HHOpMa-
n 06 u3MepAemoii Bemuaure. [TosToMy TO 1 HEOGXOAUMO OTPaHHYIMBATE YHCIO
3HAYAINMX AP B 3a0HCH pe3yIbTaTa U3MEPEHHA.

COOTBETCTBYIOLIMM CTaHAAPTOM YCTAHOBIIEHO, YTO B YHCIIEHHBIX NOKA3ATE/IAX
TOYHOCTH W3MepeHHii (B TOM YHC/E U B TOTPEIIHOCTH) HOJDKHO 6piTh HE Gonee
28yx 3Havamux mudp. Tax, NpH 3aIMACH HAMMCHBIIHE Pa3PAbI YHCIOBBIX 3HAE~
HHH pe3ysbTaTa H3MEPEHHA W YHCICHHBIX niokasatelieit TOUHOCTH JOJDKHEI OBITH
ONMHAKOBEI, B NMpHBEIEHHOM NpPHMEpPE OLICHKA MOTPEIIHOCTH NOJKHA OBITH 3alH-
cana kak 0,43 wim 0,4, a pesynsTar H3meperns — 12,72 win 12,7 COOTBETCTBEH-
#0. Pacder mMoOrpemHOCTel OKpYIJIeHHs MOTPelIHOCTH H3MEPEHHS NOKa3bIBaeT,
9TO TIpH OKPYIJIEHHH [0 [BYX 3Ha4auluX WHdp OHA COCTABIACT HE Gomee 5 %, a
pH OKPYTJICHHH [0 OfHOM 3Havamed uadpsr — He Gonee 50 %. Ilpu 3TOM Xa-
DAKTEPUCTHKH TIOrPEIHOCTH OLEHHBAIOT NPHOINKEHHO; TOYHOCTE OLCHOK COla-
COBBIBAETCA C LENBIO H3MEPEHNUA.

B npaKTHEECKOH# METPOIOrHH BhIpaboTaHbl ClIEYIONIME NPABHIA OKPYTICHUA
pe3y/IbTATOB M MOTPENIHOCTeH H3MEpeHH .

1. Pe3ynsTar U3MepeHHs OKDYIJIAETCS 1O TOTO XKe AECSTHYHOrO 3HaKa, KOTO-
pLIM OKaHYHBAETCA OKPYTJIEHHOe 3HaueHHE abcomoTHOM nmorpemHocTH. JlnmHe
wadphl B LEBIX YHCIAX 3aMEHAIOTCA Hy/IAMH. ECni fecaTHIHAs apoGs B YHCIIO-
20M 3HAYEHHM PE3YJIbTaTa H3MEPEHHH OKAHYMBACTCA HYJIMM, TO HYJIH otGpacsl-
5al0TCA JI0 TOTO pa3paja, KOTOphIH COOTBETCTBYET Pa3psiy YMCIOBOrO 3HA9ICHHA
[OTPeNIHOCTH,

TMpumep 2.8. Pesynsrar 4,0800, norpemrocts 0,001; pesynsTar OKpyrifior 10 4,080.
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2. Ecnu umdpa crapuiero u3 oT6pacsisaemMbix pa3pA0B MEHBIIE S, TO OCTAIb-
HBIE UH(PBI YHC/a He H3MEHMOTCs. JIMMmANe IH(PHI B LEIBIX YHCNAX 3aMERSIOTCS
HYJIAMY, a B IECATHYHBIX Apo6sx oT6packiBaroTcs.

IIpumep 2.9. Ynucno 174437 npu coXpaHeHuH deThipex 3HAYAIIUX undp KomKkHO GEITE
okpyrneHo 10 174400, uucno 174,437 — o 174.4.

3. Ecim umdpa crapmiero u3 ot6packiBaeMsIX paspsioB Gonbiie Wik paBHa 5,
HO 32 HEH CNEeAyIOT OTIAMYHBIE OT HY/A LM(PHL, TO MOCIEIHION COXpaHSEMYIO
IMpPY YBETHYHBAIOT HA EAMHMILY.

Ipumep 2.10. Ipu coxpaHenuu Tpex 3HAYALMX uugp gucno 12567 okpyrasor mo
12600, gucno 125,67 1o 126.

4. Ecnu orbpaceiBaemas uudpa pasua 5, a crenyiomue 3a Hei uuppsl Hens-
BECTHBI WIH HyJH, TO MOCJIEHIOK COXpaHAEMYIO H(PY HE H3MEHSIOT, EC/li OHA
H€THasA, U YBEIMIHBAIOT Ha €AHHMUILY, €C/TH OHA HeueTHaA,

Ipumep 2.11. Yucno 232,5 npu coxpaHeHun ABYX 3HAYAIIMX uubp OKpYrASIOT N0
232, a uucno 233,5 no 234.

5. TlorpemmocTs pesynsrata M3MepeHus yKa3bIBaeTcsd deyms 3HAYAMIUMH
uuppamu, eciu mepsas U3 HHUX paBHA | WK 2, U 00HOH — eciH nepsasd uudpa
paBHa 3 win Gonee. :

6. Oxpyrienne NPOU3BOJAT MIIL B OKOHYATEEHOM OTBETE, a BCE npeaBapu-
TENLHBIC BEIYHCITEHHA NPOBOJAT C OMHAM-IBYMS JIMIIIHUMH 3HAKAMH,

Ecim pyKOBOACTBOBATLCS STHMHU MpaBANAMH OKPYTIICHHS, TO KONHUECTBO 3Ha-
JalluX OMQpP B YMCIOBOM 3HAYEHHM PE3yNbTAaTa M3MEPEHHH NaeT BO3MOXKHOCTH
OPHEHTUPOBOYHO CYAWTE O TOMHOCTH M3MEpEHHA. DTO CBA3AHO C TEM, HTO Mpe-
AenbHas NMOrPenIHoCTk, 06YCNOBIeHHas OKPYITICHHEM, PaBHA MOMOBHHE &HHHIbI
TMOCAEHEro paspsa YHCIOBOTO 3HAYECHHUA Pe3yJibTaTa H3MEepeHNUs.

2.6. HopmuapoBanne MeTPoJIOrHYecKAX
XapPaKTepPHCTHK CPeICTB H3MepeHH

Hns obecnieyenus eNUHCTBA H3MepEHHMIl H B3AHMO3aMEHAEMOCTH CpPeICTB M3-
MEPEHHH X METPOJIOTHIECKHE XapaKTEPUCTHKH HOPMHUPYIOTCH 1 pernaMeHTupy-
I0TCA. [JINA 3TOr0 HCNONB3YIOT HOpMUposannvie 3Hawenus nozpeunocmu. TTon
HOPMHDOBaHHBIM 3HAY€HHEM NOHHMAETCA MOTPENIHOCTD, ABJIAIOMIAACE npedens-
HOW JUIA NAHHOTO THMNA CPEICTB M3MepeHus. IIpaBuia mpenmMcaHus npenesios
AOIyCKaeMBIX MOIPeIIHOCTEN W (hopMa UX 3AMHCH YCTAHABIHBAIOTCHA CHCTEMON
CTaH/IapTOB, 00ECIIEYHBAIOMIEH €IHHCTBO H3MEPEHHIA.

K mMetponoriecknm XapakTeprHCTHKAM CPEACTB H3MEPEHHIT OTHOCTCA Te, KO-
TOPBIC OKA3bIBAIOT BIIMAHME HA PE3YNLTAaThl M IOTPEMIHOCTH W3MepeHmii. Cpemu
HHX MOXHO BBIIENHTE HECKOJILKO OCHOBIbeX:
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* rpagyHpOBOYHbIC XaPAKTEPHCTHKH, ONpPEAEIIONIHE 3aBHCAMOCTh BLIXOJHOT'O
CHTHa/Ia OT BXOAHOI0; HOMHHATbHOE 3HAYEHHE MEPBI; Mpeaeibl H3IMEPEHUA; LIeHa
JeNleHHs [MKANL 1A aHAIOroBIX MpHOOpPOB; BHI M MapaMeTps! UM(ppoBOro koja
wH(POBEIX NMPUGOPOB;

* AMHAMMYECKME XapaKTePHUCTHKH, OTPAXKAIOUIHe HHEPLHMOHHBIE CBOHCTBA
CPENCTB H3MEPeHHH M HeOOXONUMBIE /1A OLCHHBAHWA AHHAMHYECKHX MOTPELIHO-
creil H3IMepeHui;

* HHCTPYMEHTANbHbIE COCTAB/IAIONIHE MOTPEITHOCTH H3IMEPEHHS;

* (YHKUMH BIUAHHA, OTPAXKAIONIWE 3aBHCUMOCTh METPOJIOTHYECKHX XapakTe-
PHCTHK CDE/ICTB M3MepPEeHHH OT BO3NCHCTBHSA BIHAIOIIHX BENMYHH MIH HeMH(Op-
MATHBHBIX MApaMeTpoB (HaNpskeHHe, 4acTOTa CeTH U T. 11.).

Merponorudeckue XapakTepUCTHKH HOPMHPYIOTCA [UIS HOPMAJIbHBIX YCIOBHI
NpHMEHEHNA CPEACTB H3IMepeHHH. Hopmansubimu CYUTAIOTCA TAKHE YCIOBHA, IIPH
EOTOpPBIX H3MEHEHHWEM METPOJIOrHYIecKUX XapakTepHCTHK MO Bo3/eHCTBUEM
ATHAIOIIMX BETHYHH MOXKHO MpeHe6peds.

JUis MHOIMX THIIOB CpPe/ICTB M3MepeHHH HOPMATLHBIMHM YCIIOBUAMH NpHMEHE-
EHA ABJIAIOTCA: Temmeparypa okpyxkawomeit cpens (20 + 10)° C; nanpsenue
mataromeit cetu (220 £ 4,4) B; 4acrora cet (50 + 0,5) I'n. Onno#t U3 BakHEdH-
mHX METPONIOrHYECKHX XAPaKTePHCTHK ABIACTCH NOZPEUHOCHb Cpedcme uamepe-
U — UHCMpPYMeNmanbHas TIOTPENIHOCTh (TOYHOCTB) M3MEpPEHHs HMM QH3Hde-
cx0if BETHYHHBI.

HHCTPYMEHTANBHYIO NOrPEMIHOCTs B HOPMaNbHOH 06NacTH 3HAYEHHA BIMSIO-
W¥X BEIHYWH HA3bI8AIOM OCHOBHOU.

BeIXon 3Ha4YeHHs BIHMIOMEH BeMYMHBI 33 MpeJeNbl HOPMaIbHOH 001aCTH
3HaveHuil MOXKET MPUBECTH K BO3HWKHOBEHHMIO 3HAUMTENLHON cocTaBimoLlei
EHCTPYMEHTANEHON MOrpPeIIHOCTH, Ha3kIBaeMOl 00noHUMENbHOIL.

Jins cpeicTB M3MepeHHH 3MeKTPU4ECKHX BEJIWUHH OCHOBHAA M [OTIOJIHH-
TenbHAA MOTPEIIHOCTH HOPMHMpYIOTCA oTAenbHO, Ilpenens: AomyckaeMbiX [0-
DONHHTENbHBIX TIOTPEMIHOCTEH, KaK MPaBHIO, YCTAHABIHBAIOT B BHAE JI0JBHOTO
IHAYeHHs npeiesa IomycKaeMoi OCHOBHOMN NOrpemHocTy. [ OUeHKH JOOTHH-
TEMLHBIX MOTPeIHOCTeH HW3IMEPeHWH B JOKYMEHTAlHH HA CPEICTBO H3MEpEeHMS
0GBITHO YKa3bIBAIOT HOPMBI W3MEHEHNA MOKA3aHUH MPH BLIXOMIE YCIOBHI H3Mepe-
=94 32 NPeJie/ibl HOPMATbHbIX,

Knaceb! TOUHOCTH CpeJCcTB H3MepeHHH

V4eT BCeX HOPMHDPYEMBIX METPONIOTHYECKHX XapaKTePHCTHK CpeACTBa M3Me-
peHMil MPH OLEHWBAHMM TOTPELIHOCTH pe3ynbTaTa H3MEepeHHii — JI0CTaTOYHO
cAOKHAs W TPYZAOeMKas Npoueaypa, ONpaBAaHHas NPH H3MEPEHUAX MOBBIEHHOT
togHOCTH. [IpH M3MepeHHsX HA MPOM3BOJACTBE, B TOBCEIHEBHOM JKM3HH Takas
TOYHOCTH He Bceraa Hykna. OJHaKo ompejeneHHas HH(OPMAIHA O BO3MOXKHOM
HHCTPYMEHTAIBHON COCTABRIMOMIEH MOTPEMIHOCTH H3MepeHHA HeoOXxoamma H
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TM03TOMY OHA JONKHA ObITh KakuM-1ubo obpasom orpaxkena. Takas unpopmauus
COHEPXKUTCA B YKa3aHWH KJJacca TOYHOCTH CPeNCTBA H3IMEPEHMs.

B PexomeHpmauuu mo MexrocymapcTBeHHOH cranmaprtusaumm I[IMIT 29-99
«I"CH. Metponorus. OcHOBHEIE TepMUHBE H onpefeneHus» (ananorngto B FOCTe)
Jaercs CleAylollee OnpeleieHde Kiacca TOYHOCTH: «Kracc moynocmu cpencTea
HiMepeHHs — 0606IeHHas XapakTepHCTHKA CPeICTBA H3MEPEHH s, ONpeie/aeMasn
nipeaesiaMi JOIyCKaeMbIX OCHOBHBIX M JOMOJHUTENbHBIX OTPENIHOCTeI, a TakKe
APYTHMH CBOWCTBAMM CPEJICTB M3MEpPEHHH, BIMAIOIMMH HA TOYHOCTh, 3HAYEHHA
KOTOPBIX YCTAHAaBIHBAlOT B CTaHIApTaX Ha OTHENBHBIE BHILI CPEICTB H3Me-
pennity. Mmeerca u Takoe mpumedanwe: «Kiacc TOYHOCTH CpPENCTB H3MepeHHi
XapakTepH3yeT HX CBOWCTBA B OTHOWIEHWH TOYHOCTH, HO HE ABIAETCA HENOCpe.-
CTBEHHBIM TOKA3aTENEM TOYHOCTH M3MEPEHMH, BHIMONHEHHBIX C MOMOIMIBIO 3THX
cpeactsy. IlocnenHee cBA3aHO ¢ TeM, YTO MOTPELIHOCTh 3ABUCHT €lle OT psAaa
takTopoB: MeTola U3MepeHuit, ycnosul usmepenuit u 1.4, Kinace TounocTH nums
MO3BOJIAET CYIHTE O TOM, B KaKWX INpeleiax HAXOAHTCA HMOTPEeIIHOCTh CPeAcTBa
H3MEPEHHs JaHHOTO THIIA.

Knacchl TOYHOCTH MPHCBAUBAIOT CPeCTBAM W3MEPEHHIl NPH MX pa3paboTke Ha
OCHOBAHMM HCCIIC/IOBAHWI W MCMBITAHUN NpPENCTABHTENLHON NApTHH YCTPOMHCTB
IauHoro Tuna. OOBIMHO OHM YCTAaHABIHBAIOTCA B CTAHAAPTAX WIH TEXHHYECKHX
YCIIOBHAX Ha CpencTBa usMepeHwii. [IpH 3TOM mpefieisl AOMYCKaeMbIX MOrpemHo-
CTeit HOPMHPYIOT H BhIpaXkaioT B (popMme abcomomuont (A= A), omnocumenshou
(8ew = 6) unu npusedennoi (Y., = Y) nozpewnocmeti (Janee WHAEKC «CW» WA yIi-
pomeHua omymeH). dopMa BeIpaXKEHHA 3aBHCHT OT XapakTepa M3MEHEHMS MO0-
TpeNIHOCTEH B Mpe/ieNnax QHana3oHa H3MEepeHHi, a Takxke OT YCIOBHH NpUMeHeHus
¥ KOHKPETHOTO Ha3HaueHHs CPEJICTBA H3MEPEHHUA.

Tlpenens! momyckaeMbIX MOTpPEIIHOCTEH ONpeaenAlOTCs aHANOTHMYHO MOrpemi-
HOCTAM M3MEpeHUH COOTBETCTBeHHO Mo (opmynam (2.1), (2.2) u (2.3). Oanaxo B
HHX BMECTO PE3YyNBTATa M3MEPEHHA X JI0JDKHO HCTIO/L30BaThCA MOKAa3aHUE CPesicT-
Ba M3MepeHus (M3MeputenbHOro mpubopa) y. B yueOHOH M TexHUYecKoit uTepa-
Type 3T0 NokazaHHe 0003HAYAIOT HHOTAA B BUIe 4, A, 4,, X, WIH X,

B obmem cimyuae abconroTHas NOTPENIHOCTh CPENCTB U3MepeHuit A, = A co-
CTOMT U3 adoumuenoti (CYMMHUpYeMOli ¢ H3MepseMOoii BeTMMUHON) 1 MyTbmuniu-
xamusnou (YMHOXaeMol Ha H3MepsAeMylo BeJIMYuHY) cocTaBimioumx. [Ipuannoi
BO3HHKHOBEHMS AJINTHBHON COCTaBIMIONICH MOrpemIHOCTH MOTYT OBITh: HETOY-
HOCTh YCTAHOBKHM Ha HYNb Iepe] H3MepeHHeM, Hanmyue TepmMol]IC B uenax mo-
CTOAHHOTO TOKa M T.A. J[If yCTpaHeHHUA TaKHX MOTPENIHOCTEeH BO MHOTHX M3MEpH-
TeNbHBIX MPpUOOpax NpexycCMOTPEHO MEXaHHYeCKOe WK NeKTPOHHOE YCTPOHCTBO
IUIsl YCTaHOBKM HYNA MIKambl WIH IU(POBOro MHAHMKAaTOpa (KOppeKTop HYyIs).
IprurHamMy BO3HUKHOBEHWA MYJIBTHIUTMKATUBHOM MNOrPEIIHOCTH MOTYT OBITh
H3MeHeHHA koadduimenTa yCHIeHHs yewinTend, kodguimesTa nepesadu uaMe-
PpHTENBHOrO Npeobpa3oBaTels H T.1.
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Ipenenb! fonmyckaemMoil OCHOBHO#H MOrPeITHOCTH CPeCcTBA H3MEPEeHHA

MaKCHMATbHAA OCHOBHAS MOTPEIIHOCTH H3MEPHTENEHON0 npubopa (cpeacTsa H3-
wepeHHs), PU KOTOPOH OH paspelieH K MPUMEHEHHIO, HA3bIBAETCA Hpedenam Oonyc-
«22M0ti OCHOGHOU NOZPEUIHOCTI.

ITpedenst donyckaemou abconomuolli OCHOBHOU NOZPeWHOCMY YCTaHABITHBAIOT
20 0aHOM K3 opMyIL:

A=sta, (2.30)

ETH
A=4%(a+ bx), (2.31)
T3¢ x — 3HAYEHHE M3MEPAEMON BeJIMIUHBL, @, b — MONOXKUTENIBHEIE YHCIa, He

SABHCHIIUE OT X.

IMepsas opMyna ONMCHIBAET AUTATHBHYIO IorpemHocts (puc. 2.12, a)
cpeacTB M3Mepenuil. HopMHUpOBaHKe B COOTBETCTBHM C BhIpaxkeHHeM (2.31) o3Ha-
%322T, 4TO B COCTaBe NOIPEMIHOCTH CpeaCTBa H3IMEPEHHA NPUHCYTCTBYET CyMMa
LITWTHBHON M MYJBTHIUTMKATUBHON (MYJIBTHIUIHKATHBHASA MOTrPEIIHOCTE MOKa3a-
=2 Ha puc. 2.12, 6) cocrasmmomux (puc. 2.12, 6). Hanpumep, ans reHepatopa
=3kol wactotsr ['3-36: A=+ (0,03 f+2) I'n, -

g) 2)

Puc. 2.12. Bugs! norpenHocTel cpeacTs H3MEPEHHI:
a — aJUIHTHBHAA; § — MYJILTHIIHKATHBHAS,
8 — CYMMa aJIIHTHBHOM W MYNETHIIMKATHBHOM, 2 — OTHOCHTEILHAA cyMMapHau

ITpH MPOBENCHUH W3MEPEHMI BAXKHOE 3HAYCHHE HMEET OUANA3OH UIMEPEeHUl
“pelcTBa M3MEpeHHs (MU3MEPUTENHLHOrO NPHOOPa), 9TO XOPOIIO BHIHO Ha rpaduke
STHOCHMTEJIBHOMN CyMMapHO#i norpemHocTs & (cM. puc. 2.12, 2). IIpu yMeHbIICHHH
#IMEPAEMON BEMYHHBI X OTHOCHTEJIBHAS MOTPEIHOCTh CPEeiCTBA M3MEpenns O
yBeTHYMBAeTCA H H3MeHseTcs no runepbose. [103TOMy credyem evibupame maxou
J%ana3on uaMeperud, 6 Komopom 3navenue x bausko k Xy — Oombiiemy (o mo-
IVIHO) U3 IPENENoB H3IMEPEHHH.

OTMeTHM, YTO PACCMOTPEHHbIE BhIIIE BbIPAXKEHHS U paukH 1718 a0COMOTHOH
A # OTHOCHTENbHOH & MorpemHocTeil cpeacTBa H3MEPEHHs Momyuersl s A > 0.
DaHako B MPaKTHKEe M3IMEPEHHIi BIOJNHE BO3MOXKHO MONyYeHHe 3HaueHua A < 0.
MoaroMy B 00IIeM ciydae BhIpaxeHHs LI aOCOMOTHOH W OTHOCHTENbHOM mor-
DEITHOCTEH CPECTBA M3MEPEHHS AHATUTHYECKH 3allHCHIBAKOTCA CO 3HAKOM « £ ).

95



B ¢opmynax (2.30) u (2.31) 3HaueHns A U x BBIPKAIOTCS OTHOBPEMEHHO JIH-
60 B efMHHLAX H3MEPAESMOH WIH BOCTIPOM3BOAMMOM MEpO# BeTHYHMHEI, THOO B
HENeHHAX MKAIbI CPEACTBA H3MEPEHHA. B 3THX ciyuasx Kiacc TOYHOCTH 0603Ha-
YaeTcq 3arnaBHbIME GykBaMH naTHHCKOrO andasura (nanpumep, L, M, C u 1. .),
umd pumckumu mugpamu (I, I 1T 1 1. 1), k 6ykBaM mpH 3TOM AoMycKaeTcs Mpu-
COCMHATL MHIEKCH! B BUIE apaOckoi mudpsl. Yem MeHbINe mpesens AomycKae-
MOt morpemHocTy, TeM Omke K Hauany andasura HoSKHA ObiTh GykBa M TEM
MeHbIe muppa.

TIpedenvr donycxaemoii npusedenroi 0CHOGHOI NOZPEUHOCMY YCTAHABIUBAOT

o hopmyie:

T=A100%=:|:p. (2.32)
Xy

3neck Xy — HOpMHpYIOlIee 3HaYESHHE, BEIPAKEHHOE B TeX XKe eIMHHIAX, YTO H
abCoOMOTHAA MOTPEeNIHOCTE A; p — OTBICUEHHOE TOMOKHTENBHOE YHCIIO, BHIGH-
paeMoe U3 psa NPeanoYTHTETBHBIX 9HCEI:

1-10% 1,5-107; 2-10”; 2,5-10%; 4-10"; 5-10"; 6-10", (2.33)
rmen=1,0,-1,2utn

M cpencTB M3MepeHHH ¢ PaBHOMEDHOM, NPaKTHIECKH PaBHOMEpPHOH HIIH
CTENEeHHOH mKanoi 3Ha9eHue Xy MPHHAMAIOT PABHBIM:

* GonblueMy U3 mpeneNnoB M3MepeHHii WM PaBHEIM Gonblmemy 3 MoOIynei
NIPENIEIOB H3MEPeHUH, ecln Hy/ieBoe 3HadeHWe (Hy/leBas METKa) HaXONWTCA HAa
Kparo WK BHE QHATIA30HA W3MEPEHHIT;

* CyMMe MOJyJeil mpenenoB M3MepeHWH, ec/ii HyIeBOe 3HAUCHHe HAXONUTCH
BHYTPH HaNa30oHa U3MEpPEHUS.

IIpedensr donyckaemoti omnocumensHol 0CHOBHON NOZPEWHOCMY YCTAHABIH~
BAIOT CJIE/IYFONIMM 00pa3oMm:

5=2100%= g, (2.34)
X

€CJIH TOTPEIHOCTS 3anana Gopmymnoit (2.30), Te. A = * a. 31eck g — OTRIEYEH-
HOE MOMOXKHTENbHOE YHCIIO, BHIOMpaeMoe 13 pslia MPeToY TUTENbHBIX Tucen (2.33).

Korna nomyckaemas aGcomorHas OCHOBHas MOTPEMIHOCTh 3aaHa (OPMyITOi
(2.31), npedensr donycxaemoti omrnocumensrol 0cHO6HO nOZpewtHOCMU:

Xe
X

= l} ; (2.35)

X

= é1(}{]%=i c+d[

rIe ¢ — cyMMapHas OTHOCHTEJbHasd IOTpelIHOCTh npubopa; d — aamuTHBHAA
OTHOCHTe/IbHAd MorpemHocts npubopa; X, — KOHEYHOE 3HAYEHHE IHANA30HA
M3MEpeHHit; ¢, d — OTBIEYEHHbIE TONIOKHTE/IbHbIC YHCHA, BHIOUpaeMEIe U3 psja
TIPEANOYTHTENLHBIX YHCEN, IPUBEAeHHBIX B (2.33).



Yucna a, b, ¢, dB (2.31) 1 (2.35) ceszansl Mexiy coboii cremyomum 00pasoM:

csb+d d=r=, (2.36)
Xl
npHYeM Beeraa ¢ > d.

Knacchl TOYHOCTH M3MEpPHTENbHBIX NPUOOPOB, Mpeenbl AOMyCKaeMoi OTHO-
CHTEJIbHOH OCHOBHOM MOrpelHOCTH KOTOPBIX MPHHATO BhIpaXaTh B BHAE AOJNBHO-
ro 3Ha9eHWs TPENENa JOMyCKaeMOW OCHOBHOM INOTPEIIHOCTH, T.€. MO (opmyrne
(2.35), o603Hayal0T YKCIaMH ¢ M d (B MpoLEHTAaX), pa3fienad WX KOCoi yepToi
(sanpumep, 0,05/0,02).

Ipenesnisl gonmyckaemMoii AONMOJHHTE/ILHOH NOrpeliHOCTH CPEACTBA H3MEPEeHHs

Ilpemen pomyckaemoii abconiOTHOM JOMONHUTENRHOM NOrPENIHOCTH CPeAcTBa
HmIMepeHHs Ay, MOXKET YyKa3bIBaThCs B BUIIE:

* TIOCTOSHHOrO 3Ha4eHWs JUIA Bcelf pabouelf ob6nacTd BAMSIOMEH BeIHYHHbI
#IH MOCTOAHHEIX 3HAaYeHWH 1Mo MHTepBaiaM pabodel 06iacTH BIMAIOIIEH BemlH-
SHHBI;

* OTHOIIEHWA Tpejena AOIyCKaeMOH MOTOJHHTENbHON MMOrpemHOCTH, COOT-
BSTCTBYIOLLEr0 perjiaMeHTHPOBAHHOMY HHTEpBaNy BIHIOMEH BETMYHHbL, K 3TOMY
HHTEepBaIy;

* 3aBHCHMOCTH Npefena Ay, 0T BIHAOMIEH BETHIHHBI,

INpaswia u npuMepsl 0603HaIeHnd knaccoB TouHocTH CH naxel B Tabn. 2.3.

TaGnuna 2.3. Hpumepsi 0603HAYEHHSA KIACCOB TOYHOCTH

DopMyna BEIPMKEHHA Ipenenst nomyckaemok OB03uaueHHe KI1acca TOYHOCTH
OCHOBHO# MOrpelHoCTH OCHOBHOI MOTPENIHOCTH
B IOKYMEHTALHH Ha npubope
AbcomoTHas
A=za, Gl L L
A= (a+b3) +(a + bx) M M
IMpusenenHas
A A
y=—""100%=%p r==%15 1.3 L5
X'\"
OTtHOCHTENBHAS
A 5 ==05 0,5
3=—100%=%gq
X
OrtHOCHTENBEHAA
- =+ ¢/d=10,02/0,01 0,02/ 0,01
i c+d[—“—l] & 0,02/ 0,01 0
X
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JUtst pasniaHBIX criocoG0B HOPMUPOBAHMS MOTPEITHOCTEH CpelcTB H3MepeHHH
BBEIYHCJIEHNA NOrpeIHOCTeN pasimaHel. PacCMOTPHM XapakTepHble ClIyvan.

HMpumep 2.12. Knacc tounoctn npubopa ykasaH Gyksoii p. Torma aGcomorHas mo-
[PENIHOCTS pe3ynbTaTa uaMmepenus A = £ pUy /100, a OTHOCHTENBHAS MOTPEIIHOCTE H3ME-
penus (B npoientax): § = Ay, /u = pUy/u. ITycrs kiiacc TOYHOCTH HCMONE3YeMOTO BOJIBT-
merpa 1,0. IIpoBoauiocs H3MepeHHe HanpsDKeHUs B Touke ¥ = 1 B Ha npenene usMepeHus
Uy= 10 B. Toraa oTHOCHTENEHAS [IOrPEIIHOCTE PE3YJILTATA H3IMEPEHUA!

6=+ pUy/u==1,010/1 =% 10 %,

IMpumep 2.13. OrcueTHOE YCTPOHCTBO BOJGTMETPA CPEIHEr0 KBAIPATHYECKOTO 3HAYC-
Hus ¢ knaccom TounoctH 0,5 umeer npenenst 0 1 200 B. Vkasarels MoKa3kIBaeT HaMpsKe-
uue 127 B. Yemy paBHO H3MepAeMOE HAaNpskeHHe?

Pemenue. Jina nanxoro npuGopa npesen AomyckacMoi NpHBEIEHHOH OCHOBHOM MOTpel-

A A

HoctHy = ——100 % = ——100 % ue npessnuaer 0,5. Orciona naxomum, yro A <+ 1 B.
Uy 200

CnenogarensHo, uamepsaemoe Hanpskenue: U= (127 + 1) B.

Ipumep 2.14. OrcueTHOE YCTPOHCTBO amnepMeTpa ¢ npeneiaMu + 50 MA H KIaccoM
tounoctu 0,04/0,02 nokassisaer i = 25 MA. Yemy paBHa usMepsemas Ciia Toka?

Pemenue. Jng paunoro npufopa mpenen AOIMyckaeMOH OTHOCHTENEHON MOrPEIlHO-
CTH B IIPOLIEHTAX cornacHo (2.35):

ool o

AGcomoTHas NOTPENIHOCTE H3MEPEHNS OTIPENETUTCA KaK
A=+8:i/100=0,06-25/100 =+ 0,015 =~ + 0,02 mA.
Taxum o6pasom, usmepseMas cuia Toka = (25 + 0,02) MA,

Mpumep 2.15. Knacc TOMHOCTH MCIONR3YEMOIO NPH H3MEPEHHAX BONBTMETPA yKa3aH
kak ¢/d =0,06 / 0,04. Onpenenuts aGCOMOTHYIO NMOTPEITHOCTE H3MEPCHHA.

Pemenue. B 3rom coydae ynobHee BEYHCITHTE OTHOCHTENLHYIO NOTPEIIHOCTE PE3yb-
Tara uaMepenus 1o dopmyne (2.35), a yxke 3areM HalTH aGCOMOTHYIO NOTPELIHOCTE KAK
A = 8u/100. [TpoBoaniocs H3MEPEHHE HANPSAKCHUA B Touke ¥ = 25 B Ha npeaene uaMepe-
uHua U, = 100 B. Toraa oTHOCHTEIBHAA NTOrPENTHOCTE PE3YNETAaTa HIMEPEHUA:

100
6= 1[0,06 + Om{‘_ - IH =+0,18 %,
25

a abCcomoTHAas MOrPENIHOCTE H3MEPEHHS HANpPSKEHHA !

98



A=+ §-u/100==0,18 - 25/100 ~ + 0,05B.

Mpumep 2.16. Bribpats BONETMETP CPEAHEro KBANPaTHUYECKONO 3HAYEHUS JUIA M3ME-
DEHHS CETEBOr0 nepeMeHHoro Hanpsskenus 220 B ¢ oTHocuTensHOM MOrpelIHOCTEIO, HE
npeppinaioniei 2 %. 3amucare pesynbTaT W3IMepeHHH, ecii npubop nokasan 225 B.

Pemenue. Beibupaem poastmerp ¢ npenenamu mxans! 0...300 B. Tak xak otHocH-
TelbHAA MOTPEIIHOCTE M3MepeHuit & He no/vkHa 6biTh Gonsiie 2 %, Heobxoaumo, 4ToOEI
abcomoTHasA MOrpeIIHOCTE He npeBsickuna A = éu = 0,02 - 220 B = 4,4 B. Torna npusencH-
Had MOTPEMTHOCTS H3IMEPEHHUH HAMPAKEHHA COCTABHT:

A
Y= 100% = (4.4300)100% =147 %,

N
9TO COOTBETCTBYET Kiaccy ToyHocTH 1,5. Pesynsrar usmepennit: U= (225 £ 4,4) B.

OrmeruM cnenududeckue CBOWCTBA TOYHOCTH IUQPOBBIX CPEACTE H3MeEpe-
aui. B yacTHOCTH, B NH(POBLIX H3MEPHTENbHEIX MpHbOpax aqAUTHBHAS IOrpel-
HOCTh OTIPENEIIACTCA HO2PEUHOCMbIO KBAHMOBAHUA (OTPEIIHOCTRIO AUCKPETHO-
ctu). [lpy miaBHOM M3MEHEHHH BXOJHOMN BENMYHMHBI X (HalpuMep, HANpKEHUA B
ananazone 0...5 MB) uudposoit BonsTMeTp ¢ npenenom u3Meperus 100 MB He
MOXET JaTh APYTHX NOKa3aHWH, KpOMe OUCKpPETHBIX 3HaueHui 0-1-2-3-4-5 MB.
[Tostomy mpu Bo3pactanuu BenwumHsl x ot 0 go 0,5 MB npubop Oyaer mokassi-
saTh x = 0. [Ipu npepbimenuy 3Ha4enud 0,5 MB undpoBoii BONETMETp HAcT NOKa-
3aHMA x = 1 MB # coxpanur ero jox= 1,5 MBHu T. &1.

2.7. AndopmManHOHHBIE XaPAKTEPHCTHKH CPEACTB H3MeEpeHmi

Tax Kak Bce H3MepHUTeJTbHbIE NPUOOPEI, CPEICTBA U CHCTEMBI Tpe{HA3HAYEHB IS
MOJTy4eHUs M3MEPHTENbHOM HH(pOPMALH, KPaTKO NpOaHANM3HpYeM HX HH(opMaim-
OHHBIE XAPaKTePUCTHKK. 3TO CBA3AHO TAKOKe ¢ TeM, UTO ceifuac HaGmonaerca BHeape-
HHE METOJIOB TEOPHH HH(OPMALIMY B MPOLIECCHI TOTYHEHNA H3MEPUTEIIEHBIX JAHHBIX.

C TouKH 3peHHsA TeopuH MHGOPMALMH CYTh W3MEPEHHS COCTOMT B CY)KeHHH
HHTEpBANAa HEONPENENeHHOCTH Mephl HH(OpPMALUMH OT 3HAYEeHWd, H3IBECTHOIO
nepes ero NpoBeIeHUEM, 0 BEJHYUHbI, HA3bIBAEMOMN SHMPONULHLIM UHMEPEATOM
neonpedenennocmu A,. Utolsl OLIEHHTE ITOT HHTEPBAJ, PAaCCMOTPUM HEKOTOpHIE
aneMeHTHl Teopud HHGbopMauuu. OOHUM U3 OCHOBHBIX MOHATHI TeopHM HHpOp-
Malli{ fABIAETCA TaK HalbiBaeMas besycnoswas sumponus H(x), xotopas mia
II0THOCTH BEPOATHOCTH pacnpeeeHns norpemHocTel p(x) onpenendeTcs Kak:

H) =~ [pGlinp(x)las. 2:37)

Be3ycnoBHas 3HTPONMA XapaKTepH3yeT HeOoNpeleNeHHOCTh HalluX 3HaHHH

(cBemeHHit), OCTAIOMIOCA MOCNe NoMydeHus (nocne H3MepeHuit) 3Ha9eHns H3Me-
paeMOH BeTHYMHEI TIPH CBOHCTBEHHOM eif 3aKOHE pacrpe/ie/IeHHs] BEPOATHOCTEH.
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TMockonbKy BCe CpeAcTBa H3MEPeHHA NpeHasHa4YeHs! JUIA MOMyYEeHHA H3MEpH-
TeNbHOH HHpopMalMH, HeobxoauMo 0co60 OCTAHOBHTECH Ha WX MH(OPMAIHOH-
HBIX XapaKTepHCTHKaX.

CormacHo OCHOBHOMY TONIGKEHHMIO TeOpHH HH(OpPMAlMH (TeopeMa TEeOpHH
undopmaumn chopmynuposana K. lllenHoHoM), TonydaeMoe B pesynsTaTe H3Me-
peHnA KONHYECTBO MH(POpMAuwy / paBHO YMEHBINECHHIO HEONPENEeNEeHHOCTH, T.€.
Pa3HOCTH SHTPOMNMI 10 H NOCTIE H3MEPEHUA:

I=H(x) - H[xi] (2.38)

3mecs H(x) — Ge3ycnoeHas (ampHOpHas) IHTPONHS, H[iJ— YCIIOBHasA
xﬂ

(anocTepHopHas) YHTPOIMA, T.€. SHTPONHA BENIMYHHBI X NPH YCIOBMH, YTO MOy~
9eH pe3ynsTarT W3MepeHuH x,. OueBHIHO, YTO YCIIOBHAS YHTPOMHS ONpelesseTc
3aKOHOM pacTlpeesieHAs MOTPemIHOCTH A CpeacTBa U3MEPEHNAS:

H[_".] i Ip(A)[lnp(A)]dA. (2.39)
x -0l

Eciu norpemHocTs H3MEpEHHA pacnpe/eieHa paBHOMEPHO Ha HEKOTOPOM HH-
tepsane [-A,, ... A,], TO yC/IOBHAA 3HTPOMHS:

B
H(ij;— : [111 : }a’A:ln(Zam). (2.40)
X 22,0 2,

Jna HOpManbHOro 3akoHa pacnpeneneHuu norpemHocTd ¢ CKO o ycnoeHas

SHTPOTHS
ot R0 J' p«--—ln : m;p“Az dA.
0321: ov2n 20?

OmnycTHB AOCTATOYHO CIIOXKHBIE BHIKIANKH, MPABENCHHBIE B CIICLHAIBHON JIH-
Tepatype, OKOHJaTeNbHO 3anuIIeM:

H[i—] = ln(oJE ) (2.41)

IZie € — OCHOBaHHe HaTypalnbHOTo jorapudma.

H3 cpasuenus dopmyn (2.40) n (2.41) HeTpyIHO 3aMETUTh, YTO W3MEPHTENb-
HBIE TIPHOODEI, HMEIOIIHE PA3IHYHEIE 3aKOHEI PacTIPE/IeNIEH s TOrPEIHOCTEH, TPy
H3MEPEHHH ONHOW M TOH K€ BENIMYWHBI MOTYT [JaBaTh OAMHAKOBOE KOJIWYECTBO
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wrdopMaLMd. [IiA paccMaTpHBAEMOTO CIydas 3TO YCJIOBHE BHINOJNHACTCA TPH
2A,, =ov2me. Ilo3TOMy B KayecTBe XapaKTEPHCTHKH Me3UH(OPMAILEOHHOIO

BO3/ICHCTBUS HA TOYHOCTh M3MEPEHHA TOTPEIMIHOCTH ¢ MPOM3BOJBHBIM 33KOHOM
pacnpeeNieHus, HCIOIB3YIOT €€ SHTPONMIHOE 3HAYEHHE.

B MeTpOJIOTHH 3HMpONUUHbLIM 3HAYEeHUemM TIOTPEITHOCTH H3MEPEHHA MPUHATO
cyuTaTh HaubONbIIee 3HAYEHWE MOTPEIIHOCTH NPH PABHOMEPHOM 3aKOHE pacipe-
neieHHs, KOTOpas BHOCHT Takoe e Ae3HMH(pOpMalMOHHOE NeHCTBHE, KaK M MO-
TPEMIHOCTh C JIOOBIM APYTHM 3aKOHOM pacrpeneneHus. Tak, HampuMep, eCiH
NOrpemHOCTh M3MepeHHil pactpe/ieNieHa HOPMAIbHO, TO SHTPONMHHHOE 3HAYCHHE
MOTPEIIHOCTH

A,=0,50v2ne =o+2ne =2,070. (2.42)

Tono6HeIM 00pa3oM ONpeaensIeTcs IHTPONHIHOE 3HAYEHHE ITOTPELTHOCTH U
m060ro KOHKPETHOTO 3aKOHa pachpe/ie/IeHus.

B ofmeM BHAe 3aBHCHMOCTE MEXKIY IHTPONHHHBIM 3HAYEHHEM M 3HAUYEHHEM
CKO norpenrHocT MoXeT ObITh NPEACTARIEHA KAK:

A,= ko, (2.43)

rae k, — 3HTponmitHEI K03QdUIHEHT.
DHTponMiHEI ko3¢ duuMeHT k, 3aBUCHT OT BHIA 3aKOHA pacmpeleieHus mo-
rpemuocTeil. U8 pABHOMEPHOTO pacrpe/ieNieHus SHTPONMHHEIA ko3 pUIIHenT

A
ky ==2=43~173, (2.44)
o

2 U1 HOpMaJIbHOTO pacrpe/eneHHs
k, =4+/0,5me =~ 2,07. (2.45)

U3 TeopuH MOTpemHOCTeH M3BECTHO, YTO MPH OAMHAKOBEIX CPENHHX KBajpa-
THYECKMX 3HAYEHMSIX MOTPEIIHOCTH Ae3HH(POPMALIHOHHOE NeHCTBHE MOTPeITHOCTH
¢ moObIM 3aKOHOM paclpeeNleHus MeHblle Ne3UH(POPMALMOHHOIO eHCTBHA
NOTPEINHOCTH, Pacrpeie/IEeHHOM M0 HOPMANIEHOMY 3aKOHY.

Jina noKa3aTebCTBA 3TOrO MONOXKEHMs CPaBHHM JBa mpubopa, mpenHa-
3HAYCHHBIX JUIA HM3MEpeHHs ONHOW M TOH Xe (M3UYECKOH BENMYMHEI, HO
EMEIONIMX pa3Hble 3aKOHHI pacnpeneneHus norpemnocTy. [TycTs abcomoTHas
NOrpeNIHOCTh MEPBOr0 M3MEPHTENbHOro mpHOOpa MMeeT paBHOMEepHOE pac-
npenesieHHe Ha HHTEpBaje (—~10_2, 10° ), @ MOrpemHoCcTh BTOpOro npubopa —
HOpMaJIbHOE C HyJeBhIM MaTemaTtudeckuM oxunanueM u CKO o, = 0,5 -104.
CpaBHHM 3TH mpuOOphl MO TOYHOCTH, BRIOpAB B KauecTBE KPUTEpHA TaKHe
napaMeTpsl, Kak: Hanbonemyio nmorpemHocTs, CKO nOrpemHoCcT:H U 3HTPO-
OHHHYIO NOTPEeITHOCTb.
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Tepsuiii mpubop uMeer Haubonbllee 3HaueHHe abGCOMOTHOHW MOTrPENIHOCTH
mimepernii A, = 10 . ITorpemsocts Broporo npufopa He OrpaHWYeHa, ee Hau-
Gonpinee 3HAYEHHE B MpHHLHIE paBHO GeckoHeuHocTH, Ha mpakruke i HOp-
MJBHOTO 3aKOHA TaCTO UCTIONB3YIOT SHAYCHHE (TPEX CHIMY, NPHHAMAs abcomoT-

Hyl0 norpemHocTs A = 30. B mannom mpumepe A, = 30, = 1,5 10", To 3ITOMY
KPHTEPHIO CHIEIYeT OTAATh NPEANoyTeHHe TIepBOMY MPHOOPY, OHAKO HEJNB3d CUM-
TaTh HOCTATOYHO OGOCHOBAHHBIM MPHHATOE 3HaYeHWEe HaubOMbIIeN MOrpemHOCTH

Broporo mpu6opa. CKO norpemHocT# niepeoro nputopa o,=10 143 =0,58-10",
CNIE/IOBATEIBHO, [0 TOMY KPHTEpHIO MpEINOYTHTENbHEE BTOPOH MpHGOp —
sero CKO 6,=0,5+10"

Tlpr MH(POPMALMOHHOM TONXOAe K M3MEPEHHAM HCIONB3YIOT CPaBHEHHE

npu6opoB 10 KOMMYECTBY HH(OPMALHMH, IMOJY4aeMOH NpH H3MEPEHMH, T.€. M0
SHTPONMIHOMY 3HAYEHHIO NOrpemHOCTH. Jna mepsoro npuGopa COrmacHo co-

OTHOIIEHHIO (2.43) SHTPONHUIHOE 3HaYEHHE MOTPEIHOCTH A, = k,cr P lO

a 1s Broporo nio gopmyre (2.45) umeem A, = k.o =2,07 - 0,5- 10°=1 L2353 10
AHanu3 NOy4eHHbIX SHTPONUITHEIX 3HaUeHUH MOrpemHoCTel [I0Ka3bIBAET, 4TO MO
HH(pOPMALIMOHHOMY KPHTEPHIO 3TH NPHOOPS! OTIHYAIOTCS CYIIECTBEHHO.

B o6nacTi panHou3MepeHuit MOKHO CYHTATh SHTPONHUIHYIO NOTPEIHOCTD 60-
Jiee TOUHOI M OTBEYaKOmEei COBpeMeHHOMY HHPOPMAIIMOHHOMY MOIXOAY K Xapak-
TepHCTHKE MpoLecca H3MepeHus (usmueckux BeudnH. MHpopMALMOHHBIHA TOA-
XOZI TIO3BOJAET C eNMHBIX MO3ULMI AHANW3HPOBaTh W3MEPHUTEJbHBIE YCTPOHCTBA
KaK B CTATHUECKOM, TaK M B IHHAMIYECKOM pexuMax paloThl, ONTHMH3IHPOBATh
TEXHMYECKHE XapaKTEPHCTHKA M OLEHHTh MpEIeNIbHbIE BO3MOXHOCTH TeX HIH
MHBIX CPEICTB N3MEPEHMIA.

OnHAaKo KJIaCCHUECKHe METOIBI OLEHKH TMOTPEITHOCTH H3MEPEHHH TOKe HMEIOT
CBOM MPEMMYINECTBA U MO-NPEKHEMY B OCHOBHOM IPHMEHAIOTCA B METPOIOTHH.

KonTpoasHubie BONPOCHI

[epeunciuTe BO3MOXKHBIE MPUIHHEI IPOSBICHHA [OTPELIHOCTENR H3MEPEHHIA.

Ha3oBHTE NPU3HAKH, 110 KOTOPHIM KNACCHOHUUMPYIOT MOTPEIIHOCTH.

3. Yro mpUHATO Ha3bIBATE aGCOMIOTHOR, OTHOCHTENBHON ¥ IPUBEICHHOR MOrpENIHo-
cTaMu?

4. Yro Takoe rpyOsle MOrpelHOCTH (mpoMaxu)?

Kakue XapakTepHCTHKH MOTPEeIHOCTEH BaM U3BECTHEI?

6. Ciopmynupyiite cBOMCTBAa CHCTEMATHUECKOH, cryyaiiHoH H nporpeccHpyiomen

COCTABMAIOUHX MOTPEIHOCTH HIMEPEHHU.

IIpHBEANTE H3BECTHEIE BAM NPHMEPHE METOJUYECKHX TIOTPEUIHOCTEH.

B ueM 3aK/M04AI0TCA TIPUHLIHMITE! OLEHHBAHKA NOrpemHocTed?

Kakue HCrofb3yioT METObl HCKIIOUYEHH HTH YMEHBIUCHHA CHCTEMAaTH4ECKUX MOo-

rpeuHocTei?

b

L% 1

0 90
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15.
16.
17.
18.
19.
20.
21.

22,

23.

24,

27.

28.

29.
30.

. [Tpn Kaxux yCIOBHSX NMOrpeImIHOCTE HIMEPEHHS MOXKET PACCMATPUBATHCH KAk Ciy-

yaiiHag BeTHYHHA?

. Kako#i MaremaTudeckuif anmapar HCNOOJNB3YETCA JIA OUEHKH Ciay4alHBIX

MorpetHocTei?

. HazoBHTE OCHOBHBIE 3aKOHBI PACTIPENEAEHHH CTydaiHbIX MOrpemHOCTEH.
. Yro Takoe HOpMansHOEe pacnpezeneHHe? YKakKHTE OCHOBHBIE XapaKTEPUCTHKH

HOpPMANBHOTO 3aK0HA pacnpeIcICHHA.

. Tepeuncnure cBolictBa wHHTerpamsHOM W auddepenunansuoii  GyHKUHH

pacnpeneneHus cuy4ainoli BeTHYMHEL

HazoBure uncnoBEIC NapaMETPh 3aKOHOB pacnpeleneHus.

Yro TakOe HHTErPall BEPOATHOCTEH | 1A YEro OH MCMosb3yeTca?

Kaxk onmHchIBaeTCA M KOTaa Mcnoab3yercs pacnpenenesue Creionenta?

Y0 HA3LIBAETCA JOBEPHTENEHON BEPOATHOCTRIO H JOBEPHTENRHEIM HHTEPBAIOM?
Kaxkue ciocobbi 3a1aHuA JOBEPUTENLHOIO HHTEPBANA BAM M3BECTHEI?
TMepeuncnure MpaBuIa OKPYrJICHHS PE3YIbTATOB H3MEPEHUIA.

Kakum 006pa3oM OpHEHTHPOBOYHO OLIEHHTH MOTPEIIHOCTh pe3ynbTaTa H3MEpEeHH:
[0 MUCITY ero 3Hauamux uudp?

IMepeuncnure OCHOBHBIC NMPHHIMIEL, JE€XKAlME B OCHOBE BeIOOpAa HOPMHPYEMBIX
METPOJOrHYECKHX XapaKTePHCTHK CPEACTB H3MEPEHHH.

Ha xakue rpynmel nensaTcs HOPMHPYEMbIE METPONOTHHYECKHE XapaKTEPHUCTHKH
cpeacTB u3MepeHui?

Kaxk BeirnansT rpaduku abcomoTHOR M OTHOCHTENBHOH MYIbLTHILIMKATHBHOH MO~
TPEIIHOCTH B 3aBUCUMOCTH OT YPOBHSA H3MEPAEMOi BETHUHHBI?

. Kax HopmmpyloTca npubopsl Mo kjlaccaM TOYHOCTH NpH npeobianaiolied amiu-

THBHOH 1orpemHocTH?

. Kakue MeTpomorudeckie XapakTepHCTHKH OTHOCHTCS K XapakTepHCTHKaM, Mpel-

HasHAYECHHBIM JIJIA OTIPEeNICHUS PEe3yIbTaTOB H3MEPEHUH?

Kakue MerpolorHyeckue XapakTePHCTHKHM OINHCHLIBAIOT IMOTPEIIHOCTE CPEICTB
u3Mepennit? KakuM 06pazoM npoH3BoAMTCA MX HOpMHpOBaHHE?

Kakue wH(QoOpMalMOHHBIE XapakTEPHCTHKH MOXHO < NpHIHCATE H3MepAeMoii
(u3ugeckoii BenuunHe?

Kak onpenensiercs a3HTpONHHHOE 3HAYEHHE NTOrPEIIHOCTH?

Ot 4ero 3aBUCHT 3HTPOMUIHELH K03(GHIHEHT NOrpemHOCTH?



Inaga 3. CTATUCTHYECKAS OBPABOTKA
PE3VJIBTATOB U3SMEPEHUI

I'nasHo# 3anaveit MOOBIX H3MEPEHMH ABNAETCA M3BJIEHEHHE C 3aJaHHON TOYHOCTHIO H
MOCTOBEPHOCTHIO ko;{quTBcHHOﬁ uHbOpMaLKH O (PHIUIECKAX BEMHIHHAX, TEX HIM MHBX
CBOMCTBaxX peaibHEIX (PU3NYECKHX 00BEKTOB, 3aKOHOMEPHOCTAX MPOTEKAIOMINX MPOLIECCOB
HT I HOCKDJ’]BKY HIMEPEHHA MPAKTHYECKH BCEra COIpOBOMIAKOTCA MOABICHHEM CIIY-
YaHHBIX NOrpemHocTel, To 06paboTka pe3ynbTATOB M3MEPEHHH NOKHA BKIOYaTh B ce0s
Olepalyi Hal CiyqaliHBIMM MpPOHECCAMH HIH Cly4alHBIMM BEMYMHAMM., OTH OMNEpaluH
BEIMIOJIHAKOTCA C MOMOUIBKD METOOOB TCOPHH BEPOATHOCTH H MAaTEeMATHIECKOH CTATHCTHKHM.
Craructuueckas o0paGoTka pe3ynsTaToB H3Mepenuit — 06paboTka M3MEPHTENLHOH HMH-
(opMaLHK ¢ LENBIO MOJTYUeHHs JOCTOBEPHEIX NAHHLIX. PasnooGpasue 3aa4, pemaeMeix ¢
NOMOIIBIO U3MEPEHHIA, onpe/ieiseT U pasHooOpasue BHIOB cTaTHCTHYecKo# o6paboTkn Hx
pe3y/ILTATOB.

3.1. O0mmue cBeneHuNA

ITpuBe/ieHHBIE B IJ1. 2 OCHOBHEIE MOJNIOKEHHS TEOPHH IOTPEIIHOCTEH MO3BOMA-
JOT PacCMOTPETH PAX H3BECTHBIX B METPOJIOTHH AITOPHTMOB CTATHCTHYECKOH 06-
pabOTKH Pe3yJIbTATOB H3MEPEHHI.

3apaua craTHCTHYECKON oOpaboTKM pe3ynbTaTOB MHOTOKPATHBIX M3MEPEHHI
3aKII0OYAaEeTCA B HAXOXKIECHHMH OLUCHKH HZMB]JHEMOFI BEJIMYHHEL H JOBCPHUTEIBHOIO
WHTEpBala, B KOTOPOM HAxXxOIHTCA € HCTHHHOE 3Ha4€HHE. Hepeﬂ, TIPOBEACHHEM
06paboTKH pe3yNsTaTOB H3MEpEeHHH HeoOXOIHMO YIOCTOBEPUTBCA B TOM, YTO
naHHble u3 06pabareiBaeMoi BLIGOPKH W3MEPEHWH CTATHCTHYECKH KOHTPOIHPY-
10TCA, TPYNNHAPYIOTCA BOKPYT OJHOTO M TOTO K€ LIEHTPa M MMEIOT OJHHAKOBYIO
IUCTIEPCHIO.

Cratucruueckas o6paboTka WCnonb3yeTcsd Ui MOBLILIEHHA TOYHOCTH H3Me-
peHnit ¢ MHOTOKPaTHBIMH HAOMIOAEHUAMH, @ TAKKe ONpeleleHHs CTATHCTHYECKUX
XapakTepHCTHK CIydaiiHOH morpemHocT. Bmecre ¢ TeM U3 pe3ynbTaToB H3Mepe-
HHii HeJIb34 TOJHOCTHI0 MCKJIOMHTh W CHCTEMATHYECKHE MOTPEINHOCTH M3Mepe-
Huii. M mocKoJbKY BCeria OCTATCH HMX HEHCKIIOHEHHEBIE OCTATKH — HEUCKIIo-
yeunvie cucmemamuueckue nozpewnocmu (HCII), To ¢ TOUKM 3peHHA YMEHBIIIE-
HMS 3THX COCTABJSIOIIMX, CTaTHCTHYeckas oOpaboTka pe3y/bTaToB H3MepeHHH
TaKKe HeobxomuMa.
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Jins mpsMBIX ONHOKPATHBIX H3MEpPEeHHH CTaTHCTHYCCKasd obpaboTka MeHee
CII0%HA M FPOMO3/IKa, 9TO 3HAYHTE/ILHO YIPOIIAET OLEHKY norpemHocTei. B npo-
W3BONCTBEHHBIX YCJIOBHAX TOYHOCTh TAKMX HM3MEPEHHMil OOBMHO OKA3bIBACTCA
BIIOJIHE MpHeMsieMoit. BmecTe ¢ TeM MpakTHUECKH BCErAa HeoOX0IUMO MPOBECTH
OLIEHKY HX PE3YNbTaTOB.

Eciu B pesynbTaTax HaGuo/IeHuit OHO WIK ABa CYMIECTBEHHO OTIMYAKOTCH OT
OCTANBHBIX, 4 HANMYHA OMMOKH B CHATHH MOKA3aHHUI, OTIHCKH H IPYTHX IPOMAXO0B
e o6Hapy)eHo, ToO HeoOXoAMMO NPOBEPHUTE, HE ABJIAIOTCS JIM OHH rpyOBIMH 110T-
PELIHOCTAMH, TO/IEKAIAMH HCKITIOYECHHIO.

B TeXHMYECKMX HCCIefOBAHMAX HYACTO HCIONB3YIOT KOCBEHHBIE M3MEPEHHA.
CraTucTHYeCKyl0 00paboTKy pe3y/ibTaToB KOCBEHHBIX M3MepEHHil NMPOU3BOMAT,
KaK TPaBHIIO, METOaMH, OCHOBAHHBIMH Ha pasenbHOH o6paboTke apryMeHTOB H
MX TIOTPEIIHOCTEH M METONIOM JIHHEApH3AIHH.

COBMECTHBIE ¥ COBOKYTIHbIE M3MEPEHHSA XapaKTEPU3YIOTCA TeM, YTO 3HAUCHUA
HCKOMBIX BEIHYHH PacCHHTBIBANOT Mo CHCTEME ypaaHeHnﬁ, CBA3bIBAIOIIMX HX C
HEKOTOPBIMH APYTVMH BETMUMHAMH, OTPe/Ie/AeMBIMH MOCPEACTBOM NMPAMBIX HITH
KOCBEHHBIX M3MepeHuil. [Ipy 3TOM H3MEpAIOTCA HECKOJBKO KkoMOMHALMH 3HAYe-
HUH yKasaHHBIX BenuunH. HauGonee pacnpocTpaHEHHbIC COBMECTHBIC H3MEPEHMA
o6pabaTsiBAIOTCA PA3HBIMU CTATHCTHUCCKMMH METOJAMH. Cpens HHMX LIHPOKO
H3BECTEH M 4acTO MPUMEHASTCS METO] HaUMEHBIIHX KBaapaTos.

3.2. IipsaMble H3MEPeHHsi ¢ MHOTOKPATHBIMH HAO/IOIEHHAMH

Heo6X0TMMOCTs B MHOTOKPATHBIX HaGIIONEHHAX HEKOTOpoil (usuieckolt Be-
AMYMHBL ¥, = A BO3HHKAeT TPH HAIMYHK B TIPOLECCEe U3MEPEHHH 3HATMTENBHBIX
coygaitHbix norpemHocteif. [Tpu 2ToM 3ana9a 06pabOTKM COCTOMT B TOM, 9106BI
no pe3y/nbraTaM HaOmoneHHH ONpeenTh HAWTYIIIyio (ONTHMAITBHYIO) OLEHKY
H3MepseMoit BeJIMIUHEI X, = A W MHTEPBAJL, B KOTOPOM OHa HAXOQHUTCA C 3a1aHHOH
BepOATHOCTHIO. JIaHHas 3aJaua peiuaeTcs Crocooom craTucTudeckot 06paboTkn
pe3yNbTarToB HaGIOfeHHH, OCHOBAHHBIM Ha THNOTE3€ O Pacpe/e/IeHAH ciy4ai-
HBIX TIOTPELIHOCTEl Pe3yETaTOB 110 HOPMAJIbHOMY 32KOHY.

IMopsanok Takoi 06paGoTKH NOIKEH MPOBOAMTECA B COOTBETCTBHM C roCyAap-
CTBEHHBIM CTAHAAPTOM H PEKOMEHIALMAMH MO METPOJIOTHH, XapaKTepH3yIoIMU
NpAMBIE M3MEPEHUs C MHOTOKPATHBIMM HAOMIONCHUAMH ¥ METOBI obpaboTku HX
PE3yJILTATOB.

VuuTEIBAA YKa3aHHBIA TOPAJOK, NPHBOAMMAS HIDKE METOIHKA obpaboTtkm pe-
3Y/BTATOB W3MEPEHHH, JOTOHeHa HeoOX0UMBIMU TIOACHEHHAMM H IAeTCA TIpH-
MEHHUTENIBHO K HPAMbBIM USMEPEHUAM C MHO20KPAMHBIMU He3a8UCUMBIMU U PABHO-
mounsiMu Habniodenuamu. HanoMHEM, 9TO PaBHOTOYHBIMHM HAa3BIBAIOTCA H3MEPE-
HUA, MPOBOJAMMEIE OJHMM KCTICPUMEHTATOPOM B OJMHAKOBBIX YCJIOBMAX H C II0-
MOIIBIO OJHOTO ¥ TOTO 7K€ CPECTBA H3MEPEHHMA.
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Hckiiouenne CHCTEMAaTHYECKHX NMOTPelIHOCTel M3 pe3yasTaToB Habmio-
nennii. KayecTso, a 3HAYHT U TOYHOCTH PE3YNILTATa MHOTOKPATHBIX HAOMFOmeHwMi
TeM BBbIIE, 4eM MEeHBIIE CHCTEMATHIECKad COCTAB/AIOMIAN TOTPENIHOCTEN TaKuX
Habmoznenuti. [T03TOMy BeChMa BaXKHO BBIABHTH CHCTEMATHYECKHE MOTPEMIHOCTH
M MCKITIOYHTH MX U3 pe3y/sTaToB Habmonenuil. K uuciy Mep Takoro HCKmodeHHs
OTHOCATCA:

* YCTpaHCHHE WMCTOYHHKOB MOTPEINHOCTEH N0 Havana M3MepeHHH, Tak Kak B
GonsmmHCTBE O6NacTeif H3MepeHuli H3BECTHBI OCHOBHbIE HCTOUHHMKH CHCTEMATH-
YeCKHX MOrPeIIHOCTe U pa3paboTaHsl METONBI, HCKIIOYAONIME X BO3HHKHOBE-
HHEe HIH YCTPAHAIONIME HX BJIHAHHE HA PE3yNbTaT U3MEPEHHs; B CBA3H C 3THM B
TIPaKTHKE WU3MEpeHHH CTapaloTCA YCTPAHHTL CHCTEMATHYECKHe TMOrPElIHOCTH He
nyTeM 06paboTKH SKCTIEPHMEHTANBHBIX NAHHBIX, @ IPHMEHEHHEM NPUGOPOB, pea-
JH3YIOMWHKX COOTBETCTBYIOMINE, ONTHMATLHEIE METOMBI H3MEPEHHI;

* OmpeieNieHHe MONPaBOK W BHECEHHE UX B Pe3yNbTAaT H3MEPEHHUS,

* OlIEHKA IPAHMI] HEHCKITIOYEHHBIX CHCTEMATHYECKHUX MOrPEeLIHOCTEH.

IMopsmok y4eTa HEMCKITFOYEHHBIX CHCTEMATHIECKHX NOrpelHocTel TIPH OLIEH-
K& MOTPEeIIHOCTH PE3YILTATOB MPAMBIX H3MEpPEeHHH ¢ MHOTOKPATHBIMH Habmome-
HHAMH PacCMOTPEH B MOCISIYHOIIHX pasnenax.

Onenka pe3syibTaTa H3IMEPEHHS H €10
CPEHEro KBaJpaTHYeCKOro OTKJIOHEHHS

Hns yno6cTsa aHanu3a OpeAMoNoKIM, YTO FIPA BINONHEHHH /7 MHOTOKDATHBIX
HaOmoneHuH ooHOM W TOH JKe BeNWYMHBI X, = A NOCTOAHHAA CHCTEMATHYECKAs
TIOTPelHOCTh A, MOJHOCTEIO HCKIOYeHa (paBHa Hymo). Torma pesyasTar /-ro Ha-
Omonenus x; = x, + A; HAXONMTCA C HEKOTOPO abCoMOTHOM crywaitHo# morpen-

HOCTBIO, KOTOPYIO MOXHO 3alTHCaTh B BHIE: A; = ;3,. =X — X

Tlpu HOpMaIbHOM 3aKOHE pacTpeneneHus cyJaifHol MoTpeInHocTH A, 3a He-
TUHHYIO BEJIMYHHY X, = A NIPAHEMAIOT €€ ONTHMANLHYIO OLEHKY X = A, paBHYIO
OLIEHKE 77, MATeMaTHYeCKOTo OXHAaHHA BHINOJHEHHOro pAna Habmonenwii, T. e.

TIOJIATAIOT, YTO X = A = m, ecTh MbMAm uaMepexus:
> m

O I <1 X Sl G S S, £
¥=A4="1-—2 3 ”=—Zx_.. (G.1)
n n

i=1

3Hast OUEHKY X = A =7l HCTHHHOTO 3HAYEHWA BEJMYWMHSI X,, BHIYMCIAOT a6-
COJTIOTHYIO TIOTPELIHOCTh KaXkKIOT0 U3 /7 HabMmoneHuii:

A =x-% (3.2)
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Jlanee, Bocrons30BaBmuch dopmyioii (2.28), Haxoast oyenxy CKO Habnode-
suii G , XapaKTepH3yIONIyI0 TOYHOCTh METO/Ia H3MEPeHHI:

swifelognga (33)

Ouerka ¥ = A ¥BMePAEMOT0 HCTHHHOTO 3HA4YEHHA X, = A, 3BHCHT OT YHCIA Ha-
fimoneHuit 7 1 ABNAETCA CydalHOM BenuduHO. T103TOMY BBOAAT H BRIMHCIIAIOT OLEH-

xy CKO pe/muuHBl X = A , KOTOpYIO HAIBIBAIOT OYEHKOH CPeOHe20 Kadpamu4ecKkozo
OMKNOHEHUs Pe3yibmama UaMepeHus Ecp = S(E). Jannoe CKO xapakrtepmsyeT cTe-

nenb pasbpoca 3HaueHHH X = A O OTHOMICHHIO K HCTMHHOMY 3HAY€HMIO X, = A, 1
1 pasIMYHbIX 77 ONPEAEIACTCA KakK:

8cp = S(Z) = _‘7? . (3.4)

W3 seipaennii (3.3) u (3.4) cnenyer, YTO TOYHOCTh METOAA H TOYHOCTH pe-
3yIbTaTa MHOTOKPATHBIX HaOMONeHNH YBEIMIUBAIOTCA C POCTOM HHCIa 1.
PaccMOTpUM CiTydaif MHOTOKpaTHBIX HabmoneHui, koraa pesynbrar /-ro Ha-

AMONeHNs CONEPXKHT M CydaiHyio A, W MOCTOAHHYIO CHCTEMaTHIECKYIO A, mo-
rpemHOCTH: X; =X, + A, + A TlofcTaHoBKa 3Ha4eHHH X; B (pOpMYITy (3.1) mo3so-

A%EeT NOMY4YHTh OUEHKY X pe3ynbTaTa M3MEepeHHil B ClieqyIOIIeM BHe:

Xp+X, £ 2% 4.+ X,

l a
SRR o (3.5)

H n i=1

=

U3 3T0ro BRIPaXKEHMs CIEAYET, 4T0 MHOTOKPATHbIE HAOMONCHNA M YBEIHMYEHNE
HX YMCNA 1 HE BIMAKOT HA CHCTEMATHYECKYIO COCTAB/IAIONIYIO MOTPEmHOCTH pe-
yIbTaTa M3MEpEeHHH, HO YMEHBINAIOT CiydaifHyio (32 CHeT pasHBIX 3HAKOB OT-

JeNBHBIX peanu3armit A ;). Tlostomy B crmydae, Koraa B pesynsTareé MHOTO-

XpaTHBIX HabmoneHuii npeofnagaeT cucTeMaTHYeCKas MOrPEUIHOCT (HanmpuMep,
NPH MCTIONB30BAaHMM MPUGOPA HM3KOH TOYHOCTH), LENeco06pasHO OrPaHHIMTECA
TONBKO OfHMM M3MepeHueM. CyluecTBeHHBIH /1A MPaKTHKH H3MEpeHHH BONpOC
OrpaHHYEHHA YHCIa MHOTOKDATHBIX HaOJII0feHHH PACCMOTPEH HIKE.

O6uapyxeHue u HCKIIO4eHHe rpy6bIX norpemnocTed
H3 pe3y/ibTaToB HaGuroneHui

Eciu B MOTy4eHHOM rpyIme pesyabTaTos HabmoaeHuH OJIHO WM JBa CYIIECT-
SeHHO OTJIMYAIOTCS OT OCTANBHBIX, 4 HA/IWYMs OIIMOKH B CHATHM NOKAa3aHHH, OMH-
CKH M IPYTHX NPOMAxXoB He 0OHAPYXeHO, TO HEOOXOAUMO NMPOBEPHTH, HE AB/AIOT-
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¢ MU OHH rpyOBIMH MOTrPENIHOCTAMH, TOMIEXKANMMH HCKTIOYeHnio. Pemlenue
9TOM 3aa4M BBIMOJHAETCA OOMIHMH METONAMH TIPOBEPKH CTATHCTHYECKHMX THIIO-
Te3 B MPEAIOIOKEHHH HOPMAJIBHOTO pacrnpeie/ieHus pe3yabTaToB HaOmomeHHil,
ITpoBepgemMas rUNOTE3a COCTOMUT B YTBEPAKAECHHH, YTO Pe3yNbTAT i-T0 HAOMONeHHA
X;, He COIEpXHUT rpy0oil MOrpenIHOCTH, T.6. ABJIAETCH OMHHM W3 3HAYCHHN H3Me-
psieMo¥# Benu4HHEL. [Tonb3yachk onpeneneHHBIMH CTATHCTHYECKMMH KPHTEPHAMH,
TILITAKOTCS OMPOBEPTHYTH BBIABHHYTYIO rurnote3y. Eciy 310 yaaercs, To pesynsTar
HaOmo/IeH!A paccMaTPHBAKOT KaK rpy6yio MOrPeIHOCTE B er0 HCKITFOYAlOT.

PaccMoTpuM METOIHMKY HCTIONB30BAHHA OHOTO M3 KPUTEPHEB, PEKOMEHIYEMOTO
roCYAapCTBEHHBIM CTAHIAPTOM.

Kpumepuii oyenku anopmanbHocmu pe3ynvmamos Habaodenuii npu neus-
secmuom CKO G . IIpu HCKITIOYEHMH 10 3TOMY KPHTEPHIO rpyOBIX MOTpEIIHO-
cTell U3 pe3ynkTaToB HAOMIONEHHI MPOBOIAT CENYOINIe OMepALHH.

1. PesynwraTel rpynnbl W3 n HabmojeHul, Ha3zbiBaeMele obvemom evibopKU,
YHOPANOYHBAOT MO BO3PACTAaHMIO X; <X, < .. < X, ITo dopmynam (3.1) u (3.3)
BBIYHCIIAIOT OLEHKM CpepHero apumerwdeckoro 3Hadenus x¥ H CKO Hab-
monernii G 3Toil BeIGOpKK. [l MpeanonaraeMBIX MPOMAaxoB, KOTOPBIMH MOTYT
OBITh, HAIPHMEP, PE3YIBTATHI X, U X, IPOBOAAT pacyeT K03 PHULUHEHTOB!

=|J‘1—3‘7‘|

~ 3

t,,=@.

(o}

(3.6)

2. 3afaTca YpOBHEM 3HAYMMOCTH KpUTepHsa omwnOku g. OueBMOHO, 3TOT
YPOBEHb JOMKEH OBITH JOCTATOUMHO MAaJIbiM, YTOOBI BEPOATHOCTH OMIMOKH Gbl-
na Hepenuka. M3 tabn. 3.1 no 3agaHHBIM MapaMeTpaM g H 7 HAXOHAT MpeAeib-
Hoe (rpaHuYHOe) 3HaTeHHe K03 dHuueHTa

Ta6aunna 3.1. [IpenencHoe 3HayeHue koadduumenta ¢,

Yucno IpenensHoe 3HAYEHHME £, Yueno Ipenensnoe IHAYEHHE I,
nabmonenuit TIpH YPOBHE 3HATHMOCTH ¢ HabmoneHut NpH YPOBHE 3HAYUMOCTH §
n 0,100 | 0,075 | 0,050 | 0,025 n 0,100 | 0,075 | 0,050 | 0,025
3 0 1 I [ R e 12 2,13 | 220 § 229 | 241
4 1,42 | 144 | 146 | 1,48 13 2,17 | 224 | 2,33 | 247
5 1,60 | 1,64 | 1,67 | 1,72 14 2210 2287 ] 237 |50
6 a7l 182 1189 15 ey | 232 | 2AY 1258
7 1,83 | 1,88 | 1,94 | 2,02 16 228 | 235 | 244 | 2,58
8 e et Rl R S S 17 231 | 238 | 248 | 2,62
9 198 | 204 | 2,11 | 221 18 2,34 | 241 | 2,50 | 2,66
10 2,03 | 2,10 | 2,18 | 2,29 19 236 | 244 | 2,53 | 2,68
11 20991 218 1 223 V236 20 2,38 | 246 | 2,56 | 2,71
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" max|x1 —;SE_|
e E—j »

(3.7)

3. BHINONHAOT cpaBHeHHE KO3(pQUIMEHTOB, ONpenenseMbIX I0 Qopmyram
(3.6) u (3.7). Eciu BHIMONHAIOTCA YCIOBHS £, > f. U I, > 1, TO PE3YILTATBL X1 H Xy
OTHOCAT K POMaXaM H HCKITIOYAK0T U3 Pe3y/bTaToB HabmoeHHii.

Kak BHIHO M3 JAHHBIX TaOM. 3.1, ¢ yMEHBIIEHHEM YPOBHS 3HAYMMOCTH g KO3 (u-
LMEHT {, yBeNUYMBAETCA NPU JAHHOM WHelie HaGmoneHuit n. OTO 03HAYAET, YTO TpH
CHIDKEHHH 3HASEHHS g, BCE MEHbIIEe YHCIO Pe3y)bTaToB Hab/moneHuit MokeT ObiTh
OTHECEHO K IPOMAXaM, TIOCKOMbKY YCIOKHSETCS BINOIHEHME YCIOBHA ¢, > . [TosTo-
MY CIIHITIKOM MaJIbie 3HaYeHNs ¢ HE MCTIONB3YIOT M OHH OmNyIIeHs! B Tabu. 3.1.

Mpumep 3.1. [Ipn onpe/eieHHA CONPOTUBICHHA beancropa MOMy4eHa YNopaao4yeHHas
BHIOOpKa MATH chaemyromux 3nadenuit: 180 Om; 182 Om; 183 Om; 184 Om; 196 Om. Tpe-
fyeTcs OLEHWTH pe3ynbTarT uamMepeHus 196 Om npH 3anmaHHOM YPOBHE 3HAYMMOCTH omub-
ki ¢ = 0,05.

Pemenue. s naxHoit BeiGopku no ¢opmynam (3.1) u (3.3) BeMHCIAEM OLEHKH
cpeaHero apu(METHYECKOro 3HAYEHUA R =%=185,0 OM u CKO nabmogeunnii &= 6,3
Owm. 3arem ¢ nomoukio (3.6) BemucnAeM £, = 1,75. [To Tabn. 3.1 anan=5u g = 0,050

HAXOMMM I, = 1,67. Tak kak fs> f,, To pesynsrar 196 OM cuTacM NPOMAXOM H HCKTIOHACM
13 BeIOOPKM M3MEPEHHI.

Ipumep 3.2. [Tposeputs pe3ynsTarsl 18-TH MHOTOKPATHBIX H3MEPEHHH (nabmoneHuif)
conpoTHBaeHus pesuctopa R (Om), npencrasiesuble B Tabn. 3.2, Ha HATHYHE rpy6six no-
rpeIIHOCTEH.

Tabnuua 3.2

R | 8619 | 8380 | 8498 | 8,484 | 8,340 | 8,526 | 8,394 | 8,641 | 8420
R | 8553 | 8522 | 8408 | 8283 | 8,494 | 8,399 | 8561 | 8551 | 8,669

PemeH ue YnopamouuBacM pe3ynsTarsl Hafmomesui R; Mo BO3pAacTaHMIO (CM.
tabn. 3.3) 1 BBOJMM HX HyMEPALHIO.

Ta6auua 3.3
i 1 2 3 4 5 6 7 8 9
R, | 8283 | 8,340 | 8,380 | 8,394 | 8399 | 8,408 | 8,420 | 8,484 8,494
i 10 11 12 13 14 15 16 17 18
R, | 8,498 | 8522 | 8526 | 8551 | 8,553 | 8561 | 8619 | 8641 | 8,669

IIpoBepseM, He OTHOCATCA nu MuHMMameHOe R; = 8,283 Om m MakCHMaTbHOS
Ry = 8,669 OM 3mauenus Habmopenuit k rpy6emv norpemHoctsaM. Ilopsnok npoBepku
CenyIONMii.
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1. C nomomsio Beipakeruit (3.1)...(3.3) nocnenoBaTeNsHO BEIMHC/LEM OLEHKY PE3yib-
Tara H3MepeHns X = R, aGcomoTHYI0 NOrpemHoCTE A; xaxjoro naGmoneHns (pacuer-
HEIE 3HAYECHHUA NpeJCcTaB/eHb! B Tabn. 3.4) u ouenky CKO nabmonennit G

n n
e R 1
_~_§:_L_ = ' Z A
R=x= o =84860M, o= ) A; =0,106.
j= i=l

TaGmuua 3.4
i 1 2 3 4 5 6 7 8 D
A, | -0,203 | -0,146 | -0,106 | -0,092 | -0,087 | -0,078 | -0,066 -0,002 | 0,008
i 10 11 12 13 14 15 16 17 18
A | 0,012 | 0,036 | 0,040 | 0,065 | 0,067 | 0,075 | 0,133 0,155 | 0,183

2. Ilposoaum pacieT K03 GULHEHTOB ¢, | t 110 Gopmyne (3.6):

et |x, - [8,283-8.486]
1 = e = =

] 0,106

1,903;

_|x =3 [8.669-8,486] e

c 0,106

Ly 721.

3. 3anaemca ypoBHeM 3HauuMocTH ommbkn g = 0,1. TTo uncny npoBeneHHEIX Habmo-
nenwii n= 18 1 g = 0,1 u3 Tabn. 3.1 HaxoxumM 3Ha4eHHe koadduumenta £ = 2,34,
4. V6exmaemcs, 4To pesynbrarsl HabmoneHull Ry U Ry He sBnsiorcs rpyGsiMH no-

TPEMIHOCTAMH, TaK KakK f; < {. H {1z < I, ¥ [eJIaéM aHATIOrM4HLIH BRIBOJ JJIA BCEX pe3ynkTa-
TOB HabmoaeHwui,

Kpumepuii «mpex cuzm». JlanabIi KpUTepHl NpHMEHSETCA U PE3Y/LTATOB
H3MEpeHHH, pacipeeneHHbIX [0 HOPMAIbHOMY 3aKOHY, H OOHHM H3 TPaHHYHBIX
napameTpoB ciryxHT ouerka CKO usmepennit G . ITo 3TOMy KpUTepHIO CumMTaeT-
€, 9TO Pe3yJbTaT, MOJyYeHHbIN ¢ BepoATHOCTEIO g < 0,003, ManoBeposTeH H ero

MOXHO CHHTATh POMAXOM, €CIH [x,. -x | >3G.3HaqeHHs ¥ H G BBIYHMCIAIOT

Ge3 ydera IKCTpEMaTbHBIX 3HAYEHHMIA X;. JlaHHBIN KpUTEpPHIi NOCTATOYHO XOPOIIO
paboraet npu gucie u3Meperuit n > 20... 50.

ITpoBepKka runoTessbl 0 HOPMAABLHOM pacnpeneeHHu
pe3ynbTaToB Habnwogenui

Iockoneky 3aKoH pacrpefie/leHHa CIydaifHbIX NOrpemHocTei MoxkeT b0 co-
OTBETCTBOBATh HOPMAJBLHOMY, THOO OTIMYATCA OT HETo, TO 110 IKCIIEPUMEHTAIL-
HBIM [aHHbIM HeoOxomumo HueHTHGMIMpOBaTh GOPMy 3aKOHA pacrpeleleHus,
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T.e. POBEPHUTh TMNOTE3y O HOPMAIBHOM 3aKOHE pacrpejeNeHHs ClTydanHbIX
NOrpelmHOCTell pe3y/bTaToB MHOTOKpAaTHhIX Habmronenuit. HeobxomumocTh
MPOBEPKH THIOTE3bl O HOPMAIBHOM 3aKOHE pacnpele/ieHHs Cy¥aiHBIX IMO-
rpemHoCTeil pe3yabTaToB HaO/IONEHHN BbI3BaHA TEM, 4TO MCXOIA M3 HEE BBI-
rnojiHgeTcs pacdeT mapaMeTpor HabmomeHuH. I1pu ducne pesynbTaToB Habmo-
AeHHM n < 15 mpoBepka WX Ha MPHHAIEKHOCTh K HOPMalbHOMY pacnpeiene-
Hu0 He mpomsBoautcs. Ecnu ke 15 < n < 50, TO npoBepKa BEINONHAETCA 110
COCMagHOMY Kpumepuio, COCTOAIEMY W3 ABYX KPHTEPHEB, METONMKA IpHMeE-
HEHHA KOTOPLIX IPHBOIUTCA HHKE.

Iposepka zunomesst 0 HOPMANLHOM PACHPEOENEHUN PE3YTbMAMO8 HAD/IO-
oenuii no cocmaenomy Kpumepuio. Kputepu# 1. Ilo pesynsraram Habmone-
HHH X, X,, ..., X, BRITHCIIAIOT 3Ha49eHHE NapaMeTpa

n
Z | - % |
d=il_——, (3.3)
no
e X — pesyNsTaT 3MepeHusA, O -— cvmeujenHai (OTHOCHTENBHO MaTeMaTHye-
ckoro oxupanun) oyenxa CKO nabniodenuii. Cmemennas ouenka CKO naGmone-
HHil PACCYMTRIBAETCSA 110 chemyromei hopmyie:

5 = wfif:(x,- s s (3.9)
R =1

Jlanee BHIOHpAIOT ypOBeHb 3HAYAMOCTH KpUTepHa OmmOKH ¢q,, pasHeM 0,02
win 0,1. U3 TaGn. 3.5 no BeIGpanHOMY g, M H3BECTHOMY YHCITy HabmoneHu# n

Ta6nuua 3.5 Kantuan pacnpenenenus (cTaTHeTHRA d)

nas‘;ﬁgun ¢=0,02 =01
" G | o | du | o |
16 0,683 0,914 0,724 0,888
21 0,695 0,900 0,730 0,877
26 0,704 0,890 0,736 0,869
31 0,711 0,883 0,740 0,863
36 0,717 0,877 0,744 0,858
41 0,722 0,872 0,747 0,854
46 0,726 0,868 0,750 0,850
51 0,730 0,865 0,752 0,848
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HAaXONAT NpeleNbHBIE 3HAYEHWA NapameTpa d, ABIAIOUIMECA KEAHMUIAMU HOD-
MAabHO20 pacnpeodenenus;

i =d Ao =, - (3.10)

T'umoTe3y 0 HOpPMAJIbHOM pacHpele/icHUH pe3y/bTaToR HabmoneHui o Kpure-
puio 1 monararoT BepHOH, €CJIM BBINONHAIOTCA CEAYIOMME YCIOBUA:

onin < @ < dipa. (3.11)

Kpurepuit 2. [lna pesynsraroB HabmoneHu#t x,, X,, ..., X, BEIYACISIOT a0-

COMOTHYIO TIOrPELIHOCTE Kaxkaoro Habmonenna A; = x, — X u ouenky CKO Ha-
6monennii G no dopmynam (3.2) u (3.3).

3aTem 3amaloTCs YPOBHEM 3HAYUMOCTH KPHTEpHA ¢,, pasHeM 0,01, 0,02 mwin

0,05. U3 Tabn. 3.6 no AByM nokasarenaM — BeiGpaHHOMY g, W uuciTy HabmoaeHuH

7 HaXO[AT 3HAYEHHE BEPOATHOCTH P, a TONBKO M0 7 — 3HAYEHNE TEOPETHYECKOro
xo3dunmentTa m. '

Tabnuua 3.6. 3nayenus P Ansi BEIYHCICHHA Zpa

- i L /]
0,01 0,02 0,05
10 1 0,98 0,98 0,96
11.,.14 1 0,99 0,98 0,97
15...20 1 0,99 0,99 0,98
2122 2 0,98 0,97 0,96
23 2 0,98 0,98 0,96
24..27 2 0,98 0,98 0,97
28...32 2 0,99 0,98 0,97
2 fe 2 0,99 0,98 0,98
36...49 2 0,99 0,99 0,98

U3 1abn. 3.7 pana 3Hauennit ¢pynkuun Jlannaca @(z) = 0,5'¥(z), roe ¥(z) —
uHTerpan BepostHocTed (2.12), mo Bemuwumue ®(z) = P/2 HaXomAT apryMeHT
(GYHKIHY Z = 2 pjp ¥ PACCYUTHIBAIOT KOIDDHIMENT Z pp G.

W HaKoHEL, TMOACYHTHIBAIOT SKCIIEPUMEHTANBHOE HHCIIO M, Momyneit MOrpem-

HocTeH | X% i , KOTOPO€ JOMKHO YAOBIETBOPATE YCIIOBHIO:

| %, =%| > zpmo. (3.12)
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Ta6nuua 3.7.3nayenus dpynkuun Jlannaca D(z)

| 2 0 1 2 3 4 5 6 7 8 9
| 20 | 0,4773 | 0,4778 | 0,4783 | 0,4788 0,4793 | 0,4798 | 0,4803 0,4808 | 0,4812 | 0,4817
2.1 | 0,4821 | 0,4826 | 0,4830 | 0,4834 0,4838 | 0,4842 | 04846 | 04850 0,4854 | 0,4857
2 0,4861 | 0,4865 | 0,4868 | 0,4871 0,4875 0,4878 | 0,4881 | 04884 | 0,4887 0,4889
| 23 | 0,4893 | 0,4896 | 0,4898 | 0,4901 0,4904 | 0,4906 | 0,4909 | 0,4911 0,4913 | 0,4916
| 2.4 | 04918 | 0,4920 | 0,4922 | 04925 0,4927 | 0,4929 | 0,4931 | 0,4932 0,4934 | 0,4936
12,5 | 04938 0,4940 | 0,4941 | 0,4943 | 0,4945 0,4946 | 0,4948 | 0,4949 | 0,495 1| 0,4952
S,G 0,4953 | 0,4955 | 0,4956 | 0,4957 0,4959 | 0,4960 | 0,4961 0,4962 | 0,4963 | 0,4964
2.7 | 0,4965 | 0,4966 | 0,4967 | 0,4968 0,4969 | 0,4970 | 0,4971 | 0,4972 0,4973 | 0,4974
iL 28 | 0,4974 | 0,4975 | 04976 [ 0,4977 0,4977 | 0,4978 | 04979 | 0,4980 0,4980 | 0,4981
| 2.9 | 0,4981 | 0,4982 | 0,4983 | 0,4983 0,4984 | 0,4984 | 0,4985 | 0,4985 0,4986 | 0,4986

['umoTe3y O HOPMAILHOM PaclpeNe/CHHH pe3ynsTaToB HaOIIoneHHH 0 KPATE-
pHIO 2 TONAraloT BEpHOM, eclu m, < m. TurnoTe3a 0 HOpMaNBEHOCTH pacnpeace-
HAA IPMHMMAETCA, SC/IH BBITOIHAIOTCA o6a xpurepus. PesynsTHpytonuii ypoBEHD
1HAYUMOCTH COCTABHOINO KpUTepHa ¢ < ¢;+ gy

Tpumep 3.3. Tlposeputs runoresy 0 HOPMAfILHOM 3aKOHE PACIpeneicHHA pesyib-
TaTOB HabMIOAEHMI CONPOTHBACHHA PE3UCTOPa R = x (nanee B IpUMEPE BMECTO R wncnone-
3yeM X), TIPE/ICTABNIEHHBIX B ra6n. 3.2 nns O(z) = P12 = 0,4950. ;

P e w e H 1 e Tak kak uncno nabmonenuit 15 < n < 50, TO BHINONHAEM MPOBEPKY -
10TE3Hl 110 COCTABHOMY KPHTEPHIO.
Ilnst kpuTepusi 1 BeIGHpacM ypPOBEHb 3HAYMMOCTH ¢ = 0,02. C nomolsi0 BeipaxeHnH

(3.9) u (3.8) BEruHCIAEM cmemennyio oueky CKO HaGmojennii G M mapamerp d, yamn-
TiBA% TIOFPEIIHOCTH A, = x, — ¥ K@KIOTO HAGMOJCHUS, HAMICHHLIC B npumepe 3.2 (cm.
aanHsle Tabn.3.4): o =0,104; E = (,834. W3 Tabn. 3.5 gna 4ucia nabmonenuit n =18 u

g, = 0,02 Haxoaum 3HAYCHUA KBaHTHICH PAcTpeNeneHus dmin = 0,688 # dyax = 0,908, wic-
107B3ys QOPMYITY NMHEHHON HHTEPIIOMALIMHI:

)

d(n) = ding) + ——2[a(m) - d(m)],

m.=—hy
rae ng = 16 u ny = 21 — 3HAYCHHUA YHCIA Habmonenwit B Tabn. 3.5, MexK1y KOTOPHIMH Ha-
xomutes n = 18; d(ng), d(n;) — TabIUHHEIE 3HACHHIA KkBaHTH/eH pacnpenencHus, CoOOTBeT-
CTBYIOLIME Mg ¥ Hy; d(1) — HCKOMOE 3HAYEHME KBAHTHIL pacnpenencHus A1 3a1aHHOTO 7.

Tak kak ycnosue (3.11) BBITIOTHACTCA (0,6877 < 0,8344 < 0,9082), To menaeM BBIBOI
0 HOPMAJILHOCTH 3aKOHa Pacrpene/eHus pesy/bTaron HabmoaeHui no kpurepuio 1.
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Ans kpurepus 2 3amaeM YpOBEHE 3HAYMMOCTH Kputepus g, = 0,02. M3 tabn. 3.6 no
IaHHBIM g, = 0,02 u n = 18 HaxoguM 3uayeHuHe BepoaTHocTH P = 0,99, a Toneko no qHCITY
n = 18 — 3naueHue Teoperndeckoro kospduumenta m = 1. 3arem u3 tabn, 3.7 no 3nave-
HHIO dyuximy Jlannaca ®(z) = P/2 = 0,4950 Haxomum ee aprymeHT z = zpp = 2,6. Boc-
HONE30BABIINCE OMPENENCHHBIM B nipuMepe 3.2 3uavenuem CKO mabmonenuii & , BBIYHC-
NAEM KOIPPHUMERT 2pp G = 2,6 - 0,107 = 0,277. C noMomsio HaiieHHLX 8 npumepe 3.2

3HAYCHHH TMOIPEIHOCTH KAXIOr0 apryMeHTa A, =x;,—% (cm. Tabn. 3.4) nomcuuThiBaeM

| —
HHCIIO M, MOJYJiel morpelnHocTet |x, = X|, KOTOpOE NPEB3ONII0 3HAYEHHE Zpy O = 0,277.

Tockomneky m, = 0 ¥ BEIMONHAETCA yClOBHE m, < m, N0 KPHTEPHIO 2 pe3ysTarhl Habmo-
IeHUM NPHHANIEKAT K HOPMANILHOMY 3aKOHY.

YuuTeiBad, 910 06a KPHTEpHs BHINOMHAIOTCS, THIOTE3a O HOPMAJIBHOCTH pPE3YNLTATOR
HaGmonenuii BeMYMHEL X BepHa (MPHHUMAETCS) C Pe3yNBTHPYIOMMM YPOBHEM 3HAYHMOCTH
COCTaBHOTO KPHTEPHA ¢ = g, + g, = 0,04.

HoBepuTenbHbie rpanuubI cily4aiinol norpemHocTH Pe3ysIbTaTa H3MepeHus

Ouenka X = A W3MepAEMOi BeTHIHHEI X, = A ABIAETCH CaydaliHOH BeHdH-
HOIL M, CIIe/IOBATEILHO, OT/IMYACTCA OT Hee Ha HeKOTOpYIO abCcoMmoTHYIO TIorpem-

HOCTh A =A . B cBA3M ¢ 3TUM npakTiyecKuii UHTEpec MpeJICTaBlIseT onpeaeIeHne
oosepumenvrozo unmepeana (A — A, A+ A), B KOTOpOM ¢ 3amaHHOMH doeepu-
menbHoU 6eposmuocmpio P, Haxomurcs H3MepAeMas BeTHYMHA X, = A4,,.

Hanomum, 4to B 0BepuTeNBHOM HETEpBAE, paBHOM 2A,, HOrpemHocTH +A,
Ha3bIBAIOT Q0BEPUMENLHBIMU ZPAHUYAMU CIVYALHOI nozpewnocmu pesyibmama
usmepenus, a Ay = A— A u A, = A+ A, — nuxcueii u éepxnell spanuyamu doge-
pumensHo20 unmepeana. AHAMTHYECKN JOBEPHTENTbHAA BEPOSTHOCTH 3afAChi-
BAETCA B CIENYIOIIEM BHIE:

P(A—:A,«A<A+Ar)=Pn. (3.13)

['panvupl noBeputensHOro MHTepBana (IOBEpHTE/TBHbIE IPAHHUIEI) TPHHATO
YKashIBaTh CHMMETPHYHBIMH OTHOCHTENBLHO pe3ysibTaTa M3MepeHus. B Gonee 06-
eM ClTyyae MOXeT OBITh 3alaH W HECHMMETPHIHbII ZOBEPHUTENBHLIN HHTEpPBaN
(4 -4, 4 +A,).

C uensio eanHoOGpasus npencTaBIeHAS CITyqaiHbIX MOrpemHocTell nmpu Tex-
HWMECKHX H3MEPEHHAX, I0BEpPHTENbHAS BEPOATHOCT NPUHMMAETCS PaBHOH 0,95,
Jlvs s 0co60 TOYHBIX M OTBETCTBEHHBIX H3MEPEeHHil JA0MyCKaeTcss MCHOMb30-
BaTh GONee BRICOKYIO I0BEPHTENbHYIO BEPOSTHOCTS.

Ecim wucno nabsmopenwit » sennko, o as pacueTa JOBEPHTENbHOMN rpaluiib
A, MOXHO HCIIOJIB30BAaTh HOPMANBHBINA 3aKOH pacnpenenenus. Ilpu uncne Ha-
Gmonenuit 7 < 20 Haubonee TouHBIN pacyer A ONyyaeTcs MpHU HCHONb30BAHAH
pacnpesienienus CTbIOIEHTa, YYUTHIBAIOMIENO YHCIIO 71, '
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TIpu HCTIONB30BaHHH HOPMANBHOTO 3aKOHA MOMCK NOBEPUTENBHOIO HHTEpBaa
SLITIONHSAETCH C MOMONIBIO MHTerpaja BeposTHocTel ‘W(z), 3Ha4eHHA KOTOPOro
mpHBeIeHs! B Tabm. 2.1.

3a7al0TCA IOBEPHTENBHOM BEPOATHOCTHIO P, | 1O Tabn. 2.1 HAXONAT Z, COOT-
sercTyiomee ¥(z) = P,. Jlanee, yuuThBas z M 3apaHee BBIMHCICHHYIO OLCHKY
CKO pesynbrara usmepenuit G, = S(A), onpenensioT JOBEPHTEIBHYIO ITPAHHIY
cIy4aifHOI NOrpeIHOCTH Pe3ybTara H3IMEPeHHA:

A=e=zS(4). (3.14)

AHATUTHYECKH HIDKHIOIO A, ¥ BEDXHIOW A4, FPaHHUIIb] J0OBEPHTEIBHOTO HHTEP-

Basa MpeCTaBIAIOT B CNIEAYIOMEM BHIe: :
A =A-zS8(A); A,=A+zS(4).

PaccMOTPHM BONPOC O MpHMeHeHuH pacnpenenenus CThIONEHTA 11 MOHC-
xa JIOBEPHTE/IBHOTO HHTEPBANA. 3HAYCHHA KOIpPHLMEeHTOB H(P ), n) pacnpene-
aeHHA MpHBENEHH! B Tabn. 2.2. Mcnons3ys naHHbe Ta0aHIIbL, MO 3agaHHOM Ho-
sepHTe/ILHON BEPOATHOCTH P, M M3BECTHOMY YMCIy HabmioaeHu n HAaXOMAT
cooTBeTCTBYIOmMI koapduument Creionenta (P, n). [lanee onpenensioT
Z0BEPHTENBHYIO IPAHHUIY CydaiHON NOrpemHOCTH PE3yNbTaTa HIMEPEHHA

A, =e=HKP, n)S(4), (3.15)
2 TAKXKE rpaHHLIbI JOBEPHTENIBHOINO HHTEPBAJIA:

A=A~ 1P, n)S(4);

A, =A+4P,n)S(4).

TIpu onHOM ¥ TOM ke OBEPHTENLHON BEPOATHOCTH C YMEHBILIEHAEM 1HC/IA Ha-
AmoeHuii JOBEpHTENbHbIN MHTEPBAJl YBEIMIHBAETCA, T. €. TOTHOCTD H3MepeHHi
¥XyImaeTc.

Tpumep 3.4. [lna pesynsraros HabmoneHui, NpeACTABICHHBIX B tabn. 3.2, HaitTi rpa-
EM1IEI IOBEPHTENBLHOTO HHTEPBAIA NPH A0BEPHTENBHON BEPOATHOCTH P=0,95.

P em e H u e. Tak kax ucio Habmogenuit n = 18 mensme 20, TO NpH MOHCKE rPAHHLL
mone3yeMcs pacnpenenesnem CThIONEHT.

C nomousio nasHex Tabn. 2.2 BeumcnseM koadduument Croionenta {(Pyn) = 2,13
278 3a/aHHEIX 3HaYeHuH P, = 0,95 u n = 18, HCNONE3YS BRIPAKEHUE 1A TMHCHHOH HHTED-
monAuud, nogoGHoe o GopMe pUMEHEHHOMY B npumepe 3.3:

n—=n
(P, m) = 1P 1) + [P m) - 1B ),
m = hy
rae no= 16 u n; = 25 — 3naveHus yncaa Habmonenuit B Tabm.2.2, MEXITY KOTOPBIMH HAXO-
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aures n =18, (P, ny) = 2,13 u H(P,, n)) = 2,06 — Ta6IMYHbIE 3HAYCHHS koot unmenton
Crel0NeHTa, COOTBETCTRYIOMMNE P:=0,95u ny= 16, n,=25.

Beruncnsem ouenxy CKO pesynnrata msmepenus O w00 ;i) no topmyne (3.4),
yuutsiBas n = 18 u ouenky CKO naGmonennit & ~ 0,11 Om, Hal/IcHHy10 B npumMepe 3.2
&, = S(4)=0,025 Om.

[TpoBonum pacyer rpaHuus! ciy9aiiHON HOrpemHOCTH pe3ynsTara uaMepeHus A, 1o
bopmyne (3.15): A= = t(Py, n;) S(A)= 2,11 0,025 ~ 0,05 Om.

Brraucnsiem HIDKHIOW A, M BEPXHIO A, TPaHHLbl NOBEPHTEILHOTO HHTEpBAa
TpH NIOBEPHUTEILHOH BEPOATHOCTH Py = 0,95, Hcrons3ys HaiiieHHyIO B npuMepe
3.2 ouenky pesyssTaTa H3MepeHns ¥ = 4 = 8,486 ~ 8,49 Owm:

Ay=A-A=849-005~8430m; A,=A+A=849+0,05~ 8,54 Om.

I'paHHUbI HEHCKITIOYEHHBIX CHCTEMATHYECKHX
NOrpemrHocTell pe3y/ILTaTa H3MepeHHs

Kax ormeuanocek Beiure, cucTeMarudeckue TIOTPETHOCTH M3MEPEHHI HeNb3s
TIOJTHOCTBIO MCKITFOYMTE C OMOIMIBIO G0JIee TOYHBIX NPUGOPOR WITH METONIOB M3Me-
penuii. TlosToMy BCerma OCTAIOTCS HEHMCKITIOYEHHBIE CHCTEMATHYECKHE TIOT-
pemnocTy. Yame Becero HCIT npu noBTOpHEIX m3Meperusx (usraeckoii Benuun-
HBbI ¢ MPUMEHEHHEM ApYruX MpHOOpPOB aHANOIHYHONO THNA H3MEHSIOTCS, HO OC-
TArTCA B 3aJaHHBIX rpanHuax. [lostomy nogodusie HCIT npunsto paccMaTpHBaTh
Kax cryvaHHble C PABHOMEPHBIM CHMMETPHUHBIM 3aKOHOM pacnpeneieHus IwioT-
HOCTH BEPOATHOCTH M ONPENENATh Kaxayio rpamnuamu + 0;. [Ipuyem B kagecTse
TPaHHIBI 6; IPHHUMAIOT, HANPUMED, MPENENbl JOMYCKAEMEIX OCHOBHEIX H Jonon-
HHTETBHBIX NOTPeIIHOCTEH CPEICTR U3IMEpPEHHIL.

OGuyro rpauuiy 6 = 6(P,) 4Kcna m HEHCKIIOYEHHBIX CHCTEMATHIECKHX IO
PELIHOCTe N BEITHCIAIOT 1O (hopMyrie:

6=k1/§:9f : (3.16)
i=l

rie k — ko3dduimenT, 3aBucALIMIt OT 3HAYCHHS M, NPHHATON JOBEPHTENBHOM Be-
POATHOCTH P H COOTHOLIEHHA MKy COCTABIIOMMMH 6);. BepostaocTs P, nomx-
Ha OBITH paBHA TOM, KOTOpas Gbiia MPHHATA TPH pacuyere JOBEPHUTENBHOM IrpaHu-
bl CITY9aiHOM MOTPeNIHOCTH pe3ynbTaTa i

H3MEpEHHA. Tabauua 3.8. Bei6op xosdduumenta k
Bri6op ko3¢ duumenta k npoussomut- P, o X

Cs B COOTBETCTBHH C Tabm.3.8 u rpadmxa- 0,95 s 1.1

MH Ha puc. 3.1, rne mapametp / =61/0,— [T999 | -4 1.4

OTHOIIEHHE TPaHMIIL, 0,99 <4 110 rpaduky k()|
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k Ilpu gucne HCII, parHoM 3 win

14| 4, B Ka4ecTse rpaHuipl 6, nMpHHH-
¥ -’/"\\\ MaloT Ty, KOTopas M0 3HaYeHHIO
1,3 \\. o Haubollee OT/IMYAETCA OT OCTAb-
1.2 N RS 3l | HBIX, @ B Kauectse 0, — rpammiy,
’ o e S 2
I N ~ 6mokaiiuryio k 0,
L1 W = g, i
l — I'panuns! NorpeiHocTH
1,0 PesynbTaTa H3iMepeHHs
] e e e =]
i A AT 5 6. e ] B GombmMHCTBE IKCIEPUMEHTOB

Ha MOIpemHOCTh pesyisTarta H3Me-
peHHsA C MHOTOKpaTHBIMH Habmone-
HHAMH BIMAIOT CTy4aliHble norperu-
soctu 1 HCIL B 3710M ciryuae rpaHuIbI IOrPeNIHOCTH PE3y/sTaTa H3Meperns + A
OLEHHUBAKOTCA B MOPAJIKE, YKa3aHHOM HHKE.

[Tyets © — rpanuua HCII, onpeaensiemasn no gopmyne (3.16), S(A4) — ouen-

Puc. 3.1. I'padpux pynxwan k(7))

sa CKO pesynstara msmepenns (3.4), a € = (P, n) S(A) — nosepuressias rpa-
HHIA CITy4aiHOH MOrpemHoCcTH pesyibrarta uimeperns (3.15). [puuem ouenku 0
# £ BBITOJIHEHB! NIPH OTHHAKOBO# 10BEPHTENBHON BEPOATHOCTH P,

1. Ecu 0 < 0,8 S(A4), 1o HCII npeneGperaor, CYHTas MX HeCyllecTBEHHBIMM
00 CPaBHEHHIO CO CTy4aHHBIMH MOTPEITHOCTAMH, H MOJAraloT, YTO IPaHMIa mo-
TPENIHOCTH Pe3y/IbTaTa HamMeperns A, = € = (P, n) S(4).

2. Mpu 6 > 8 5(A4) nperebperaior CiTy4afHOW TOrpemHOCTIO MO CPABHEHHIO
¢ HCII u nonaraiot, 9To rpaHuna NOTPeIHOCTH pe3y/ibTara HiMeperus A = 6.

3. B cnyuanx, korna 0,8 S(4)< 6 < 8S(A4), rpanmiy morpemHOCTH pe3yisTa-

Ta M3MEPEHHA B METPOJIOrHM BLIYHCIAIOT MyTeM KOMIIO3HIMH pacripeneneHui
CTydafHBIX M HEHCKIIOYEHHBIX CHCTEMAaTHYeCKHX TOTpelHOCTel, paccMar-
PHBAEMBIX KaK ClTydaifHbie BequuuHbl. DOpMyna JUIS BBIMMCIEHHH TPAHMIb! 110-
rPEIIHOCTH TAKOBa:

A= KSy, (3.17)
e K — koadduuuent, 3aBucAmmiA 0T COOTHOWEHHA CITy4aiiHON H HEHCKTIOYEH-
EBIX CHCTEMaTH4ECKHMX mnorpelHocredf; Sy — oyenxka cymmapnozo CKO pe-
HNLMAMA UIMEPEHUS.
Koapduument K u ouenxa Sy Beryucsrores no Gopmynam:

S; = Ji(e}/sh S} A); (3.18)

117



K= 2y : (3.19)

S(Z)+Ji(9,2 /3)

=1

Onuako Beipaxenus (3.17) ... (3.19) BE3bIBaOT ¥acTo HapeKaHusd, Tak Kak
AAIOT ABHO 3aHIKCHHBIE OLICHKH TPAHHULIbI OTPEITHOCTH A,. Bonee mpaBoMouHEIM
ToN1araroT OLEHHBATH FPAHMUILY MOrPEIIHOCTH Pe3y/bTaTa H3MepeHns Kak A, = (0] + g,
rae © — o6Ias rpaHULA HEHCKTIOYEHHBIX CHCTEMATHIECKHX MOTpEIIHOCTel, Or-
penenseman o ¢opmyne (3.16); e = #(P,, n)S(4) — AOBEPHTENIbHAA TPAHULIA
ciy4aliHOH NOrpeHOCTH pesynbTaTa u3MepeHus (3.15).

Jns paccMaTpHBaeMbIX CHMMETPHYHEBIX JOBEPHTENBHBIX IPAHMII TIOrPENIHO-
CTH pE3yIbTaT H3MEPECHHA BEHYMHBI X, = A JOMKEH MPEeICTABIATHCA B CIELYIO-

mei gopme:
x,=A=A+AP,). (3:20)

rie A — olieHKa pesyTsTaTa HMEpEHHs, ONpefeNAeMoro 1o (3.1).

YuchoBoe 3HaueHue pesynbTaTa MIMEPEHHA A AODKHO OKAHYUBATHCS Hppoi
TOrO K€ paspsfa, 4To ¥ 3HaveHwe norpemHoctd A. Hanpumep, ecm A = 0,05 B, 1o
A=1462B,vowe A=14,6Bwm 4=14,623 B.

PaccMotpum Bompoc 06 orpanmyenHy YHCa 7 MHOTOKPATHBIX HaGIrONEHHiL,
NPUMEHSAEMBIX IPH H3MEPEHHH (pu3MIecKo BeIUIMHLL. B kadecTse KpuTepus or-

PaHHYEHHA YUCHA 71 LenecoobpasHO HCONB30BaTh yeiosue O < 0,8 S(A4). eicr-
BHTEJIBHO, C POCTOM 7 yMeHbmaerca S(A), uro cnemyetr U3 BelpaxeHud (3.4).

Taxoe ymensienne uenecoobpasHo 10 KocTiwkenns pasenctsa S(A4)=0/8. Jlanb-

Heiimiee yBeNH4eHHe 9UCna HaGMmoNeHUH He HMEeT CMBIC/A, TIOCKOMBLKY TIPH OLEH-
K€ TpaHuLbl MOTPEIMHOCTH PE3yNbTaTa H3MEepeHHHi CyuaiHON NOrpemHOCTEIO Mpe-
Hebperaior. I103TOMy MakCHMaNbHOE YHCIO HAGMIONEHMH 7y, MOKHO OLEHMTH

TIPH NIOICTAHOBKE B ycnoBue S(A)=0/8 snavenms s S(A) us (3.4):
M = (85 /6)?, (3.21)

rae G — ouenka CKO nabmonenuii, onpenensemas o (3.3).

3.3. IlpsiMble OXHOKPATHBIE H3MEPEHASN

IIpsiMble ONHOKpaTHEIE H3MEPEHHSA ABILOTCA HauGoNee PacHpOCTPaHEHHBIMH.
B NPOM3BOACTBEHHBIX YCIOBMAX HX TOYHOCTh YACTO OKA3bIBAETCSA BIIOHE NIPHEM-
NIeMOH, a MpOCTOTA BEHINOJNHEHMs, BBICOKAs MPOM3BOMUTEBHOCTE (KOJTHMYECTBO
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HIMEpeHHH B elHHHULY BpeMeHH) M HU3Kafd CTOMMOCTE CTaBAT OJHOKPAaTHOE H3Me-
peHHe BHE KOHKYpPEHIHH ¢ Jo0sIME apyruMu, OfHAKO 3TH H3MEPEHHA BO3MOXHEL
JHITE NPH CIEOYIOINAX YCIIOBHAX!

» o6bem anpuopHOH uHbopManuK 06 00BeKTe H3IMEPEHHH TAKOH, 9TO aHAH-
THHYECKasa MOoJelb o0BexTa H OIpeneineHHe mmepaeuoﬁ BEJIHYHHEI HE BBI3BIBAKOT
COMHEHHMH;

* METOJ M3MEPEHMs JOCTATOYHO M3y4eH, W ero MmorpemHocTH Iubo 3apanee
VCTpaHeHH!, TH0O OLICHEHBI;

* CpeAcTBa M3MEPEHHH HCIPaBHBI, 4 UX METPOJIOTHYECKHE XapaKTEPHCTHKH
“OOTBETCTBYIOT YCTAHOBJIEHHBIM HOpMAM.

Meroauka 00paboTKi pe3yNnsTaToB NPAMBIX OJNHOKPaTHBIX H3MEPEHHH yKka3aHa B
COOTBETCTBYIOLIMX HOPMATUBHBIX JIOKyMEHTAX, NIOCBAIIEHHBIX NPAMBIM OAHOKPATHBIM
MMEpeHHs M U OLIeHWBAHMIO MOTPEeHIHOCTeH pesynbrartoB m3MmepeHuid. [Ipumenenue
METOJIMKM BO3MOKHO, ECITH M3BECTHBI COCTABJIAIOMINE TIOTPEIIHOCTH H3MEPEHHS, 3aKOH
pacrpeseNieHns ClTy9aiHbIX COCTAR/ISIONMX — HOpPMaibHbIH, @ HEMCKIFOYEHHBIX CHC-
TeMaTHYECKWX TIOTPENIHOCTelf — paBHOMEPHBIH ¢ H3BECTHBIMH IPaHMIaMH + 0.

Peayﬁbmamom npAMO20 odﬁoxpamuoeo usmMepenun 4JH3RHGCKO£? BEAUHUHDI
x, = A, ABNAETCH MOKa3aHMe, CHATOE HEIMOCPEACTBEHHO ¢ UCIOJIb3YeMOTro CpelcT-
za usMmepeHus. Jlo m3aMepeHMs nopkHa OBITH MpOBEJEHA anpuOpHas OLEHKa
COCTABNAIMAX MOTPEUIHOCTH € HCTNIOJIB30BAHHEM BCEX NOCTYIIHBIX JaHHBIX. H‘pH
OnpeleNeHHH JOBEPHTENLHBIX TPAaHMLL OTPEMIHOCTH PE3y/bTaTa H3MEPEHHH 10~
sepUTeNbHASA BEPOATHOCTh MPUHUMAETCs, KaK MpaBuiio, paBHoO# 0,95,

I1 ozpewtHocmb pesyibmama RpAMoZ2o OOHOKPGMHOZO uzMepens BKIIOYaeT
SOrpenIHOCTh CPEICTBA N3MepeHHs (MHCTPYMEeHTAIBHYIO MOrPelIHOCTh), HOTPel-
S0CThb MCTOIB30BaHHOTO METONA H CYOheKTHBHYIO (JIMYHYIO) MOTPEMIHOCTE Oflepa-
TOpa. Kaxnad U3 3THX COCTABNAIOMMX MOKET HMETh HEMCKIIIOUEHHbIE CHCTeMaTH-
SECKHe MOTPEIIHOCTH H CIyJaiHEIe.

OnenuBaHWe MOTPEIIHOCTEN NPAMBIX ONHOKPATHBIX H3MEPEHHH MOXXHO MOJ-
pasIeNuTh HA MouYHoe U npubrudicenHoe.

[IpsiMbie OAHOKPATHBIE H3IMEPEHHH ¢ TOYHBIM OLeHHBAHHEM IIOTPELIHOCTEH

PaccMOTpUM METOAMKY moyHou OUEHKH. IIycTh YHCIO HEUCKIHOYeHHEBIX
CHCTEMATHYECKHX TOTPELIHOCTEM paBHO m ¥ Kaxaas 3ajaHa nubo rpanuiaMy +6;,
100 NoBepHTENLHBIMM rpaHulaMy * 6,(P)), T.e. rpaHMIIaMU C H3BECTHOM A0BEPH-
TENBHOM BepoATHOCTRIO P;= P ;. B nepBoM citydae dosepumensras epanuyd cuc-
memMamuyeckoll cocmasnaiowel pesynomama usmepenus 6 = 6(P,) oueHuBaeTCA ¢
3a71aBaeMO JIOBEPHTENILHON BEPOATHOCTEIO P, o dopmye (3.16); BO BTopoM —
COITIaCHO COOTHOIIEHHUIO:

= ot Ay (3.22)
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re k — koddUUMEHT, 3aBUCAUMIA OT 3HAYEHMI P, U M, ¥ TIOPAZOK OLEHKH KO-
TOpOro npueejeH B Tabn.3.8, a k; — kosdpuument, 3aBuCAIMA OT P U OUCHH-
BaeMBblit aHaormHo ko3 dunmenty k.

Ouenka dosepumensroii spanuyer cryuatinoii nozpewnocmu pesynemama us-
Mmepenua € = € (P,) ¢ 3a1aBaeMoii OBEPHTE/IBHON BEPOATHOCTHIO P = P, BbImon-
HACTCS B TOPAAKE, 3aBUCALIEM OT BHOA NpEICTABIEHHS CIyYalHBIX COCTABIIAIO-
X (MOrpenIHoCTel CPecTBa M3MEPEHNUS, MeToaa, orneparopa).

Ecnu crydaiisbie coCTaB/AlOmue NMOIPEMIHOCTH M3MEPeHMil TpPeICTABNCHE!
ceoumu CKO S, MpUBeIeHHBIME B TEXHUYECKON TOKYMEHTALIHH, TO € = €(P,) BuI-
qucAeTca 1o Gopmyne

£=2p,8(A)= Zpn

isf ; (3.23)
=1

A€ m — HHCIO COCTaBNAIOWNX; Zpy = Z — apryMeHT QyHkumu Jlannaca @(z),
npuBeAeHHOH B Tabm. 3.7, COOTBETCTBYIOMMH JOBEpHTENLHOM BEPOATHOCTH
D(z) = P2; S(A) — oyenxa CKO pesyiiemama 0OHOKPAMHO20 UIMEDEHUS BENUYI-
not A. [pu BeposTHOCTH P, = 0,95 NPHHUMAIOT 2, = 2, A IPH P,=0,99 — zp, =2,6.

Ecnu ciryqaiiible cOCTaBIAIOINIME TOTPEIHOCTH NPeACTaBieHs! cBonMi CKO S,
KOTOpbI€ GBUTH OTIPE/IENeHE] Ha OCHOBE HKCTIEPUMEHTA MPH YHCITe H3Meperit n < 20,
10 € = €(P,) BeIMHMCIIAETCA N0 opMmyIIe:

e=t(P,,n)S(A)=1(P,,n) st (3.24)
i=1

rae {(P,, n) — xo3dpduument CTeionenTa, onpemesnsemsiii u3 Taba. 2.2 1o 3axaH-
HBIM P, 1 uncTy Habmoneruii n. TIpuuem n TOMKHO GBITH PABHO MHHMMATBHOMY
YHCITY H3MEPEHHH, KOTOPOE BHIOJIHANOCH NPH Hokcke oneHok CKO S,.

Korma ciyualitble cOCTaBIIONME NOTPEIIHOCTH M3MEPEHHH MPEACTABIEHS!
HOBEPUTENLHBIME IDAHULAMH £{(F), COOTBETCTBYIOIIMMH OIMHAKOBOH JAOBEpH-
TeJIbHOH BEPOATHOCTH P = P, Torna 3HaueHue € = € (P,) pacCUHTHIBAIOT TaK:

(3.25)

Ecin ciyyaiiibie cocTaBsionIye 3a1anb! JIOBEPUTENBHEIMU rpaRHLAMH € (P))
C pasIHYHOH NOBEPHTEILHON BEPOATHOCTRIO P, = P, T0 3Ha4eHHe € = £ (P,) ¢
3a/1aBaeMOli BePOATHOCTBIO P, MOXeT ObITh HaliieHa COracHo BBIPAXKEHHIO!
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, (3.26)

me S(A) — oyenxa CKO pesynomama usmepenus; zp, Zpp — OTHOCH-

renbHBIE aprymedTsl dyukuuu Jlamnaca ®(z), onpenensemele NpH 3HAYEHUAX
®(z) = P, /2 u D(z)= P;,;/2 coorBeTCTBEHHO 110 Tabu. 3.7.

CymmapHas nozpewHocms pe3ynvmama npamo20 0OHOKPAMHOZ0 USMEPEHUA
A = A(P,) BRIYMCIAETCA B 3aBHCHMOCTH OT COOTHOLICHHS 9/ S(A) no omHOH U3
©opmMyn, MpuBeIeHHBIX B Tabn. 3.9.

Tabnuua 3.9 HorpemHocTs pesybTaTa NPAMOro 0AHOKPATHOIO H3MepeHH:A

3HayeHus B/ S(A) [TorpeiHoCTH pe3y/sTaTa H3MEPEHHA A
0/S(4) <08 A=¢(P)
0,8<6/5(4)<8 A=K [6(P,) + 0(P,)]
6/5(4) > 8 A=6(P,)

3nauenus koaduumenta K npH noBepuTeNnbHBIX BepoATHOCTIX Py = 0,95 u
P, =0,99 onpenensarorcs no tabm.3.10.

Tab6nuna3.l0. 3nagenun ko3ppuuuenra K

0/s(A) e il e R L R R S A I

K s P,=0,95 |0,76 | 0,74 | 0,71 | 0,73 | 0,76 | 0,78 [ 0,79 | 0,81 | 0,81

K P,=0,99 0,84 |0,82|0,80 0,81 |0,82]0,83 0,83 | 0,84 | 0,85

CoOTBETCTBYIOINMM CTaHJAPTOM perlIaMeHTHpOBaHa (GopMa 3ammucH pe3ysbTa-
T2 MPSAMOTO 0JHOKPAaTHOTO H3MEPEHUs BEHYHHEI X, = A:

x,= At AP), (3.27)

rae A — pe3synsTar usMepeHus; P, — NOBepHUTENbHAS BEPOSTHOCTE TIOTPEIIHOCTH
pesyibTaTa NpAMOTo H3MEpeHHs A.

Tlpx OTCYTCTBMM JaHHBIX O BHAAX (YHKIHM pachpeneNeHus COCTaBJIAIOIIMX
DOrPEIIHOCTH Pe3y/IbTaTa NPAMOro OTHOKPATHOrO H3MEpeHHs WIH NP HeodXo-
IMMOCTH JayibHeifelt 06paGoTKH pe3ynbTaToB, pe3yabTaT H3MEPEHHA NPeacTaB-
am0T B hopMme A ,S(z), n, 0.
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IIpsimble oaHOKpATHBIE H3MepeHHs
¢ NPHOIHAKEHHBIM OLIEHHBAHMEM TIOIPELIHOCTell

PaccMoTpuM ocobennocTn npubnuscennoii OY€eHKU TIOTPENIHOCTEN Pe3yih-
Tara npAMOro OXHOKpaTHOTO W3MepeHnus. Ipu Tako# oueHke, kak u MpH TOY-
HOH, HeoOXOAMMO mepen HauanoM H3MepeHHI MPOBECTH TpPEIBAPUTENBHYIO
OLEHKY COCTABIAIOMIMX NOTrPEITHOCTH PE3yNbTaTa H3MEPEHHS M COBCTBEHHO
NOTrpeMHOCTH HU3MEPEeHHUs. 3Ta HHPOPMALHS H3BIEKAETCA W3 OIMBITA nposene-
HUA TOAOGHBIX M3MEpeHHH, U3 HOPMATHBHO-TEXHHYECKOH JOKYMEHTAalHuH Ha
HCTIONB3YEMbI€ CPENCTBA U3MEPEHHH, H3 HAYYHO-TEXHHYECKHX OTYETOB H apy-
THX MCTOYHHMKOB. ECiIH oneHKa nMorpemsocTH mpesbimaer AOMYyCTHMYIO, TO
cnenyer BeOpaTh Gonee ToYHOE CpencTBO M3MEPEHHH MM U3MEHUTh METOIH-
Ky H3MEpeHHs,

Horyckaercs npereGpexenue cIyaiiHsMu TOTPELIHOCTAMY, €CIM OKA3dHO, YTO
rpaHHUA O HEMCKITIOYEHHBIX CHCTEMATHYECKHX TIOTPEMIHOCTEN pesyisTaTa usMepe-
Hist Gombinie omerkit CKO S(4) citysaifHbIx morpeiHocTedt B Bocems pas i Goriee.

B mpocreiimenm cyuae norpemsocts pesynsrara M3MEepeHHs paBHA Mpeey
AomyckaeMo# abCoMmOTHOH 0CHOBHO# MOrpemHoCTH Cpe/CTBa H3MEPEHUA A, Ori-
peneseMoi o HOpMAaTHBHO-TEXHUYECKOMN AOKYMEHTaLlMH, €CIIH M3MEePEHHS Mpo-
BOMMITHCh B HOPMANBHBIX YCIOBMAX. TIpu 3TOM pesynsrar H3MepeHHs MOXKHO 3a-
nmHcaTh B BUAE x, = A+ A_, T. e. Ge3 YKa3aHus JOBEPHTENLHOH BEPOSTHOCTH, KO-
Topasi nonpasyMesaeTcs pasHo# P, = 0,95. Ecin e W3MepeHus MIPOBOIUIIHCE B
YCTIOBHAX, OTIMYAIOMMXCA OT HOPMATLHBIX, TO CEYET ONPEAENATh U YIUTHIBATE
MPENEJIbL AOTIOMHUTE/IBHBIX MOTPEIIHOCTEH, a 3aTeM CyMMHPOBATh HX C OCHOBHbI-
MH. [TOpANOK TaKOrO CYMMHPOBAHKS IPUBENEH B HOPMATHBHBIX METPOJIOTHYE CKHX
HNOKYMEHTaXx.

Ipumep 3.5. Ouenuts pesysTar u norpentHocts OHOKPATHOTO H3MEPEHHS 3HAYCHHS
HAMPSKCHHA HA YHACTKE JMEKTPHUCCKOH LEH CONpoTHBICHNEM R = 4 OM, BBINOIHEHHOrO
BOJILTMETPOM Kiacca TouHoctd 0,5 % c BepXHuM npezenom mamepenuas Up = 1,5 B u
BHYTPEHHMM ConpoTHBicHHeM Ry = 1000 Om. IMokasanue Bossr™erpa U.= 0,90 B. Ma-
BECTHO, YTO JOTIO/IHHTE/IEHbIE OTHOCHTE/TBHBIC IOMPEIHOCTH TI0KA3aHHi BO/IBTMETPA H3-3a
BIRAHAA MarHUTHOTO T0JIA ¥ OKPY’KalOleH TEMIEPATYPEI He TIPEBBIIIAIOT COOTRETCTBERHO
3Ha4eHUH O, =+ 0,75 % u 8, =+ 0,3 % JonycKaeMoi npeaensHON OTHOCHTENBHOM o~
FPELIHOCTH.

P e m e u u e. MHcTpymenTanssas coctasisioman TMOrPENIHOCTH H3MEPEHHS Ompejie-
ACTCA OCHOBHOH W JOMOIHMTENBHOM morpemuoctamu, Ilpu noxasauuu BOJILTMETpPA
0,90 B npenen nomyckaeMoit OTHOCHTENBHO MOrPEIIHOCTH BOJIETMETPA Ha 3TOH O0TMeTke
B IPOLIEHTAX PABEH:

8, =8y 0 = 0,52 = 0,83%.
U 0,90
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Metoanyeckas NOrpeniHOCTE ONPENENSETCH COOTHOMEHHEM MEXIY COMPOTHBICHHEM
V9aCTKa Uemd R ¥ COMpoTMBNEHHEM BoibTMETpa Ry. IlpH moacoenuHeHHM BOIBTMETPA
HCXOHOE HanpsokeHHe U, H3MEHWTCS W3-3a HAnMuMs CONPOTUBIEHHA Ry M COCTABHT:

iR
R+R, ™
Otciona OTHOCHTEMbHAS METOAHYECKAs NOrpeiHOCTE.
AU U,-U 4
§, =—=——2X100=~ 5 100 = ———100 = —0,4 %.
U U, R+R, 1004

OTa METoMYECKas NOrPENIHOCT ABMAETCH CHCTEMAaTHYECcKOol M NOIDKHA OBITh MCKIIO-
9CHA M3 PE3yJLTaTa U3IMEPEHHS ITyTEM BBEICHHS MONMPABKH:

C=0,9-0,4/100 = 0,004 B,
Toraa pe3ynbTar H3MEPEHUS C YHETOM NMOMPABKH HA CHCTEMATHYECKYIO MOTPEIHOCTD!
U = 0,90 B + 0,004 B=0,904 B.
OTHocHTE/IbHAS NOTPEIIHOCTE Pe3yNBTaTa H3MEPEHNs HAXOJHTCS CYMMHPOBaHHEM
8, = 0,83 + 0,75 + 0,3= 1,88 %.
ITepexons k abcomoTHON cyMMapHO# MOrpenHOCTH, MOMYSHM
Ay =8,U/100=4 0,017 B.

[IpuMeHHB cTaTHCTHYECKOE CYMMHpOBaHHe 1Mo (opmyne (3.16) npH HoBepHTENLHOH
seposTHOCTH 0,95, nomy4uM 3HaYeHHe NOBEPUTE/ILHOM MPaHHUEI HEHCKIIOYEHHEIX CHCTE-
MATHYECKHX NOrPEeNTHOCTEH: '

0= 1,|~Jo,832 +0,752 +0,3% =1,3 %.
Haxoxum abCcomoOTHYIO IOrPEMIHOCTE:
A=0U/100=0,012 B.
Oxpyriss, OKoHYATEeNLHBIH Pe3y/BTAT HIMEPEHHA MOYXKHO MPEACTABUTE B dopme:

U=090B; A=0,01B; P=0,95.

3.4. KocBeHHbIe H3MepeHHs

Tlpu KOCBEHHBIX H3MepeHUsX (u3uIecKas Bel4nHa A, 3HaUeHHE KOTOPOi Ha-
30 U3MEpHTh, ABJAETCA M3BECTHOH (yHKUMeH f pana ApYrHX BeNHYHH — apry-
MEHTOB X, X, «vey Xjy +v- 5 Xy, JIAHHBIE APTYMEHTBI MOJBEPIralOTCA MPAMBIM H3MEpE-
HHAM, 4 BeIM9MHA 4 BRIMHUC/IAETCA MO opMyTe:

A = LX), X33 veis Xom): (3.28)

B kauecTse pesynbmama xoceennozo uamepenus paccMaTPHBAIOT OLEHKY Be-
IHYHHBI A, OmpelenfeMylo IOACTAaHOBKOM B (3.28) OLEHOK apryMeHTOB 3TOi
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Gynkupn. Kaxneilft w3 apryMeHtoB msmepsercs ¢ HEKOTOPO¥H MOTpPeIHOCTERIO,
BHOCSIIEH ONpeleNeHHbI! BKNaj B PE3YIbTAT KOCBEHHOIO usMepeHuq. Ipugem
STOT BKJIaJ 3aBHCHT OT BHAa (ynkuu (3.28). C yueToM 3TOr0 BHIA BCE KOCBEH-
HBIE M3MEPEHHA NOAPA3NENAIOT HA AuHenHvle U Henunelinvie. K nuHeMHBIM KOC-
BEHHBIM H3MEPEHHAM OTHOCATCH TOJBKO Te, korna dymkums (3.28) npencrasnser
co6OM CyMMy M3 m COCTABISIONIMX BHIA @y Ijie @, — HeKoTopoe gucio. [Ipu
mobom apyrom Buae (yHkuuu (3.28) KocBeHHbIE H3MEPEHHA OTHOCATCS K HElH-
HEWHEIM,

Ilpu HenMUHEHHEIX KOCBEHHBIX M3MEPEHHMSAX BOIHMKAIOT CYINECTBEHHBIE CIIOK-
HOCTH MX CTaTHCTHYEeCKOHW 06paboTki, cBA3aHHBIE C M3MEHEHMEM 3aKOHOB pac-
TpenieNieHns Cy4aiiHbIX BeNHIHH (aprymenToB Qynkmn (3.28)) B pesynbTaTe MX
(yHKIMOHANBHEIX NpeobpasoBanmii. B cea3m ¢ 3THM TIPOBOAAT NpHOMIKEHHYIO
OUCHKY MOrPemHOCTH Pe3ynbTaTa KOCBEHHOrO M3MEpPEHHs HA OCHOBE JUHEapw3a-
e pynkumn (3.28).

Meroauka o6paboTkH pe3ynsTaToB KOCBEHHBIX H3MepeHui CTaHIapTH3HpOBa-
Ha. B COOTBETCTBYIOMMX NOKYMEHTaX pPaccMOTPEHE! Clly4ad aHATHTHYECKOro
TIPEACTABNEHNA JIMHEHHON W HenmAHelHoN dynkumn (3.28) npu oTCYTCTBHM U Ha-
MMIHH CTATHCTHYECKON CBA3N (KOPPENAIMA) MEXIY TOrPEMHOCTAMU H3MepeHuii
aprymeHToB. [IpuBoauTCs KpUTEpHil NPOBEPKH THMOTEIB 06 OTCYTCTBHH YKa3aH-
HOM Koppenauum.

Onenka pesyisTaTa H norpemHocTel KOCBeHHBIX H3MepeHHI
Jho6oit u3 aprymMeHToB B BhipaxeHuH (3.28) MOXKHO NPeACTABHTE B BHIE:
X =% +A =% +(Ay +A), (3.29)
re X, X; U A; — COOTBETCTBEHHO HCTHHHOE 3HaYeHHe, oleHKa u abcomoTHas
NOrPEIIHOCTE pe3y/bTara HIMEPEHHA i-TO apryMeHTa, a NapameTphl A u Z\s—

CHCTeMaTH4Y€ECKas H CTy4aiiHas COCTAaRIMONKE aGCOMOTHON NOrpemHOCTH A,
3ajaya COCTOHT B TOM, 4TOGHI ¢ moMombio dyrkmmy (3.28) 1 ee apryMeHTOB

HAHTH OyenKu pesynbmama KoCceenHo20 uamepenus A uezo nozpewnocmu A(A)s
BHJIE, Mopo6HOM (3.29):

A=A+ AMA)=A+[AA)+ACD], (3.30)

tne A(A) n A(A) — cucmemamuveckan n cryuaiinas cocmaanaioujue nozpeu-

HOocmu Kocgenno20 uzmepenus A( A ). s pemenys 3a1a49u OACTABHM APTyMEHTH!
(3.29) B (3.28) u nomyanm Beipaxenwe:

A+MA)Y=RF +A,, 5 +4,, .., %, +A,). (3.31)
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IMomoxuM, 94TO B MOcHenHel GopMylle MOrPEIIHOCTH A; apryMeHTOB MaJlbl
B0 CPaBHEHHIO ¢ OLEHKOH X; apryMeHTOB M 4TO B Npe/enaX H3MEHEeHHs A;

zonycTUMa JivHeapusauua ¢yakuuu (3.31). YauTeBag 3T0, pa3NoXKHM JaH-
ayio ¢ynkumio B psan Teiinopa 1 oCcTaBUM B HeM TOJBKO WIEHBI NMEPBOTO I0-
paIKa:

A+ M) = A +[A, (D) + ACD] =
=f(i’1,3c”2,...,i‘m)+2(%}Ai +R= (332)

& £ B i ,,,)+Z( J(A“A,)

o =. B

¢ —— — YacTHBI€ MPOH3BOJHLIE, BEHIMHCIASMBIE PH OLECHKAX X, R — ocra-
i
TO49HBI 4neH pana Telinopa (npe.ncraaneu JUis ynpouieHus 6e3 BeIBOJA):

052

i=1,j=1

333
Bxax i

U3 (3.32) momyqaem dopMyy 1A oyenku pe3ynbmama KOCEEHHO20 UIMEDEHUA
zzf(il:fzr"’fm); (334)

2 TAKKe BBIPAKEHHE [UTA OYeHKU e20 AbCanomHO CUCTEMAMUYECKOT NOZPEULHOCTU

A=Y % o3 (3.35)
i=l i
3 KOTOPOM HaCTHbIE MPOH3BOIHbIE % HazpIBaloT K03 dHIMEeHTaMH BIHAHAA i-10

i

o

EPryMeHTa, a cllaraeMble gm—qmmm TOTPEIIHOCTAMH.
[

Ha npakrHke cHCTeMaTHYeCKHE MOTPEMIHOCTH A; apryMEHTOB CTPEMATCA
YCTPaHWTh, @ MX HEHCKIIFOYEHHEIE OCTATKH PacCMATPHBAIOT Kak CiiydaiiHble,
DONYUHAIOIIHECHS PABHOMEPHOMY 3akoHy pacmpeneneHus. I1o3ToMy BeIpaxe-
HEWe JIJIS OLEeHKH CHCTEeMAaTH4YecKOH MOrpeliHOCTH KOCBEHHOIO HM3MEpPEHHA,
npHBEIEHHOE Jajiee, OTIIHYIaeTcd OT cooTHomernus (3.35).
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Js OLleHKH CiyqaitHol COCTaBAMIOMmElH NOrPEITHOCTH KOCBEHHOTO H3MEPEHHS

Z\(Z ) BeryuTatorT Gopmynei (3.34) u (3.35) m3 coornHomenus (3.32). B ocras-

IEMCSl BRIPAKEHHH
LR m af o
A(A) = —=—JA; (3.36
@3 >

YCPEIHsIOT KBaJpaTHI JIEBOM H MpaBoil YacTH, YTO MO3BOJISET B UTOTE HANTH OyeH-
ky CKO S(A) cayuaiinoii noZpeuHocmu pe3ynbmama KOCBEHHO20 UIMEPEHUA B

3aBHCHMOCTH OT oueHok CKO G, cry9alfHBIX OrpemHOCTel apryMeHTOB:

S(Z)mJZ[ ] +22( I J"'ai{, (3.37)
i=1 i=li<j J'

oneHka koapuuueHTa KOppeNALKY, ONPeAE/AIOMmEro Mepy CTATHCTH-

e r; —
4ecKol CBA3N CITy4alHBIX BENMYHH X, H X;, Bce BO3MOXHBIE 3HAYEHUA OLEHKH KO-

appuimenTa koppenauuu ?‘,} Jiexar B mHTEpBANe oT — 1 mo + 1. VeranorneHue
3HAYECHUA ?';, 06er4HO 3aTpyanuTensHO. [To3TOMy paccmarpusaior ABa Crydas:
?;- =1 (nonHas cTaTHCTHYECKAd CBA3b MEXIY apryMeHTaMH) U 3'; =0 (orcyrcTBHe

CBA3M).
Ipu 7; = 0 onerxy CKO S(A) sruucnsior mo popmyne:

S m q 4
S(A4) ~ Z(g} gy (3.38)
i=1 i
A uenonbs3osanus Beipaxkenuit (3.37) u (3.38) Tpebyercs BhIuMCIEHUE OLE-
Hok CKO G; aprymenToB dyxumu (3.28) Ha ocHose o6paGoTku Pe3yNnETaToB MX
MHOTOKPaTHBIX HAaOMIONEHHIA.
PaccmoTpum vacTHbie crydan shrauciaenns CKO KOCBEHHOro W3MepeHHs npH

OTCYTCTBHH KOPPEJIALAH MEXIY MOTPEMIHOCTAMH H3MEPEHHUS apIryMEHTOB.
IMycte dynxuwma (3.28) umeer BUX CYMMBI:

4=y, (3.39)

A

Haiing ee yacTHbIE MPOM3BOIHEIE o = @; ¥ IOAICTaBHB HX B (3.38), momy4umnm:
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(3.40)

IMpennonoxuM, 910 pyHKima (3.28) uMeeT BUJ MPOH3BEACHIA:
A=hkelxs..xT, (3.41)

e k, , B, ..., ¥ — koHcTaHTEL. OnpezienuM ee JacTHbIe MPOM3BOIHBIE MO apTy=
MEHTAM X, X5, ..., X, H TMOJCTABMM HX B (3.38). TMocne npocTeIX npeobpasoBaHui
soyquM yIoGHOe 1A pacyeToB BhIPAXKEHHE:

~ S84
5= = f(am ) + B8, (B, @)
e 6(3) u J, =£_I_l — COOTBETCTBEHHO omuocumenshvie CKO cryqaunbix no-
X,

i~

spewnocmeti pesynsmama usmepenus A # i-T0 apTyMeHTa.

JloBepuTe/bHbIE IPAHMLIBI CTY4aHHOI NOrpemIHOCTH H HEeHCKJII0YeHHBIX
CHCTEMATHYECKHX MOTPelIHOCTEH KOCBEHHBIX H3MepeHHMil

[pu KOCBEHHBIX M3MEPEHHAX, KaK M MPH PaCCMOTPEHHBIX paHEe MHOTOKpat-
=X HaOMIONEHHAX MPH NMPAMBIX M3MEPEHMSX, OLECHKA PEe3y/bTara H3MepeHHs A
(3.34) sBnseTcs CIy4adHOH BEAMIHHOM M OTIIMYAETCA OT HCTHHHOTO 3HAICHUA
z, = A, [103TOMy TpaKkTHYECKHil HHTEPeC MMEET OLEHKA JO0BEPUTENLHOIO HH~
TepBaja (Z - A, A +A,), B KOTOPOM HAXOJHTCA X, C 3aJaHHOH JOBEPHTENbHOH
22pOATHOCTRIO P, e + A — OdogepumenbHble 2pPanuybl cnyNainoli nozZpeuno-
Cmu pe3ynbmama KOC8EHHOZ0 U3MePeHUs.

EcIIY MOTPEITHOCTH Pe3ynbTaToB M3MEpeHHA BCEX apryMEHTOB byHKIMH
4 = flx;, Xy, +ees Xm) MMEIOT HOPMaNbHBIH 3aKOH paclpe/ieNienus, T0 10BEpHTEb-
sas rpaHMIa A, BEYHCIAETCS 1O hopmyie, noA0GHOH (3.15):

A =e=1(P,n)S(4),
me P, n) — xodpuuuent CrrioneHTa, COOTBETCTBYIOMIMI JOBEPUTENLHOM
S¢POSTHOCTH P, M HEKOTOPOMY LEJIOMY TOJIOXKHTEIBHOMY HHCIy n = Fi e
S(4A)= 5@ — oyenra CKO pesynemama xoceennozo uzmepenus (3.38).

Koapduuuent f, — aghgpexmusnoe wucno cmenenei 606006 pactipe/ie/eHHA
CThi0fIeHTa — PEKOMEHYeTCs PACCYHTHIBATD N0 MPHODKEHHOH dopmyne:
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ﬂ=(i¥ﬁ} (thj (3.43)

= n+1

%)
e b; = o ; My — YHCIIO M3MEPEHNUI [PY ONpeeIeHu: apryMeHTA X,.
Ox;
Ipanuya © neuckniouennvix cucmemamuyeckux nozpewHocmeii pesynbmama

KoceeHHo2o uzmepenus onpenensercs 6e3 yuera 3Haka o Gopmyse:

(3.44)

rae B; — 3a7aHHBIe MPAHMIK] PE3YNETATOB H3IMEPEHNH HEHUCKITIOUEHHBIX CHCTeMa-
THYECKHX IOrPEIIHOCTEH apryMeHTOB; kK — MOMpaBOYHBIN K03 duumeHT, 3HaYe-
HHA KOTOPOTO ompenessiioTcss H3 Tabn. 3.8 u rpadwkos Ha puc.3.1 ¢ yyeTom 3ama-
BaeMOH JOBEpHUTENBHOM BEPOATHOCTH P UIS OlIeHKM 3HaveHHs O, a Taike 4HCIa
m coCTaBnAomux 0.

H3BecTHO, 9TO MOrpelIHOCTh pacyeTa rpaHdibl § HEMCKITIOUEHHBIX CHCTEMa-
THYECKHX MMOrPEITHOCTeH Pe3ynsTaToB M3MepeHuit mo dopmyme (3.44) He mpeBsI-
waet 5 %.

I“pammm NOrpelHOCTH Pe3y/ibTaTa KOCBEHHOI0 H3IMepeHHs

CymMapHeIe TpaHHLB! + A MOrpelIHOCTH Pe3y/bTaTa KOCBEHHOTO H3MEpeHHs
BBIYHCIAIOT C YYETOM [PaHHMIB! HEHCKIIOYEHHBIX CHCTEMaTHYECKHX IOTpEITHO-
creii 0 (3.44) v noBepUTeNbHOM IPaHMIEI € = A, CiTy4aiiHol norpemeocTH (3.15) B
3aBHCUMOCTH OT OTHOIIEHHSA 9/ S(A4), tne S(A) — oyenxa CKO cnyuaiinoii no-
ZpewtHocmu Koc6enHo20 usmepenus. T1opsaaok Takoro ydeTa aHaJOTHUEH COOT-
BETCTBYIOIIEMY Y4€TY /A OAHOKPATHBIX MPAMLIX U3MEPEHHH U yKa3aH B TabI.
3.9, rae xo3@duument K 3aBUCUT OT 3aJ1aBaeMON NOBEPHTENBHON BEPOATHO-
ctd (P,= 0,95 wm P, = 0,99) u oTHOIEHUS B/S(A).

3uadenus xoapuienta K mpH KOCBEHHBIX H3MEPEHMSX BHIGHpaloTCA MO
Tab. 3.10, Kak M PH NPAMBIX OJHOKPATHEIX H3MEPEHHIX.

Pesynbrar KOCBEHHOr0 M3MEPEHHA M €ro MOrPemHOCTh JOJDKHbI IIPEACTaB-
NAThCA B BUE (DOPMYJIEL:

= A+ A(P). (3.45)

B zakmoyeHwe OTMETHM, YTO NpPH ONHOKPaTHBIX H3MEPEHMAX APryMEHTOB
NpoLeaypa ONpeleNeH s Pe3ybraTa KOCBEHHO H3MepAEMOil BETHYHHBI COXPaHS-
eTcs Takol ke, Kak ¥ IPH MHOTOKPATHBIX M3MepEHHX.
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Tpumep 3.6. O6pabomxa pesynvmama Kkoceéenno2o uimepenus. OLEHKA MOIIHOCTH,

pacceuaaemoﬁ Ha PE3HCTOpE, MPOBOJHIACE T10 (l]O]JMy.TIEZ
U2

ssehfs

[IpsMEle M3MEPEHHUS TIPOBE/ICHbI B HOPMAJIBHBIX YCJIOBHAX LHQPOBBIM MY/ILTHMET-
POM NPY BpEeMeHH TIpeobpa3oBanisl £, = 20 mc. Pesynsratsl namepenus Uy = 758,8 MB,
R =35,3 kOM, op= 1,5 MB, o = 0,015 kOm. Pe3ynsrarsl H3MEPEHRI HE KOPPEIMPOBAHHEL
HaMmepenns HampskeHHs npoBowmMck Ha mkane 1000 mB; mpu aroM g udposoro
wynsTHMeTpa ¢y = 0,10, dy= 0,05. ConporuBieHne u3mepsnock Ha mkaie 10 kOm: coor-
seTcTBEHHO ¢ = 0,20; dg = 0,05.

Onpe/ieNuTs | 3aNMCaTh PE3YNLTAT H3MEPEHHS MOLIHOCTH NMPH AOBEPUTENBHOM BEPO-
sTHoCTH P, = 0,95.

PX

Pemenue. JIng UCXOMHBIX JAHHLIX BRIYMHCISEM H3MEpAEMOE 3HAYEHHE MOLIHOCTH

u? (0,7588)°

OnpeiensieM 0THOCHTE/bHYIO CHCTEMATHYECKYIO TIOTPEIHOCTE M3MEPEHHs 1o (opMy-

32, aHanoru4Hoi (3.42):
8, =(25,) +8%.

Tlo dopmyne (2.35) BeIYHCHAEM TOTPEIIHOCTH Sy U g MO MACNOPTHBIM JaHHBIM HC-
DOB3YeMOro MyIETHMETPA:

00,0
5, =% |0,10+0,05 Ys _1]]= | 0,104 0,05 2222 —1} =+ 0,12%;
U, 7588
8, = i[0,20+ 0,05(%- 1]] - i|:0,20+ 0,05 [% -1}] = £ 0,24%.

[lonmyyeHHBIE 3HAYEHUA By M Sy MOCTABIAEM B BhIpaxkcHue (3.42) 1N OTHOCUTE/ILHOK
CHCTEMATHYECKOH MOrpellHOCTH H3MEPEHNS MOILHOCTH Op M HAXOHM!

8p = £y(2-0,12) +0,24* = + 0,34%.

[epexoas k abCoMOTHOM NOTPENIHOCTH, MOYYaeM:

Ap=% 8pP,=0,0034-108,6 == 0,37 mxBr.

Pe3y/IbTaT H3MEPEHHs MOLIHOCTH 3aMUCEIBaeM B BHIIE;
P =(108,60 + 0,37)MxBr; P, =0,95.
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3.5. CoBmecTHbBIC H3MEpEeHHS

B npakTHYecKOH METPONIOTHH 4acTO HCTONL3YIOTCSH COBMECTHBIE H3MEPEHHS.
CosmecmubiMy Ha3bIBAIOT BBINOJIHAEMBIE OJHOBPEMEHHO H3MEpEeHHA IBYX HIH
HECKOJIbKHX HEOJHOHMMEHHBIX (bHTSH'ﬂIECKH}( BEJIHYHH C LICJIbIO YCTAHOBJIEHHA 3aBH-
cuMocTH Mexay Humu. [Tycts TpebyeTcs onpenenuTs 3aBHCHMOCTS ¥ = flx) Mexk-
oy x u y. Jna 3toro HeoGXOAUMO W3MEHATH BEMYHMHY X M NPH KaKIOM yCTa-
HOBJIEHHOM 3Ha4Y€HHHU X BBHINOJNHATH OXHOBPEMEHHOE H3MEPEHHE €€ BENHYHHBI H
BEJIMYUHE y. B pesynbrare Takux M3MepeHHN HaxoIATCS KOOpIMHATHI (X; ;) HC-
KOMO# 3aBUCHMOCTH y = f{x). DKcIiepHMEHTabHbIe KOOPAMHATHI X;, y; (rae i = 1,
2,... h — YMCJIO COBMECTHBIX M3MEPEHHH) OTIIMYAIOTCA OT WCTHHHBIX KOOPAHHAT
(x, ¥) M3-33 CHCTEMAaTHYECKUX H CITy4aiiHBIX rMorpemHocrei nimepenuii. [Toatomy
BO3HHKAeT 3ajadya HawIydmel anmpoKCHMAlMH 3KCIEpHUMEHTANbHOH 3aBHCH-
MocTH Y = f{x) N0 KoOpAUHATAM X;, Vj,.

OnTuManbHel MOAXON K PeIleHHI0 NMomoOHBIX 3a7ad BO3MOMEH Ha OCHOBE
NpHMEHEHHA Mmemooa HAUMEHBULUX x&adpamoe.

MeTox HAMMEHBIIHX KBaJApaToOB

CylmHOCT METO/Ia HAMMEHBIIHNX KBaJpaTOB COCTOMT B TOM, YTO HAHBEPOAT-
HeHIIAMK 3HAYeHUSIMM APTYMEHTOB NCKOMOT aHATNTHYECKOH 3aBUCAMOCTH Gy Iy T
Takue, IpH KOTOPHIX CYMMa KBaJIpaToOB OTKJIOHEHHH KCIIEPHUMEHTANBHBIX 3HAYe-
HEi (PYHKIHH y; OT 3HAYeHUH camoit QyHKIMY y, OyaeT HaHMEeHBIIIEH:

i(y;- ~)" = min. (3.46)
j=1

O6s14HO QyHKIUA y ABJIAeTCS (QyHKIMEH HECKOMLKUX apryMEHTOB:

Yy =ﬂxl‘s Agy A1y ooy aﬂ!):
roe dap, dyy ... , Gy — HEHIBECTHRBIC K03¢I¢HHHGHTB! MHoro4eHa. Torja Ha OCHO-
BaHHH ;1 3KCNEPHMEHTANIBHBIX Map ); H X; CIEOYET ONpeNeiuTh m + 1 HCKOMBIX
ApryMeHTOB aHAMTHYECKOM 3aBUCHMOCTH, KOTOpas HaWTy4IIHM Dspa.'iOM OITHCRI-
BAa€T MAcCHB ); M X;, T.€. B 3TOM Cllydaé METOX HAaHMEHBIITHX KBaApaTOB ‘[‘peﬁyeT
BBITTOJTHEHHA YCIIOBHA.

ib’r‘ —f(x,-,aa,al,___,am)]z = min. (3.47)
i=l

TlpuMenenre MeTOla HAHMEHBIINX KBAJIpaTOB MPH CTaTHCTHUecKol o6pabot-
Ke pe3yNsTaToB U3MepeHnit TpebyeT ydeTa pana ycuoBuii:

* 3HAYEHHA apTYMEHTOB X; H3BECTHBI TOUHO;

* pesynbTATHl H3MEpeHHI y; He3aBMCHUMEI M COJEPXKaT JIHIIb ClyvaliHeie Tmo-
rPenIHOCTH ¢ OJMHAKOBBIMH JIHCTIEPCHAMH,

* TIOTPEIIHOCTH U3MEPEHHS y; IMEIOT HOpMaJlbHOE pacrpeeieHue.
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Ileppoe ycnoeue mpubGIHKEHHO
BHITIONTHSIETCS 32 CYEeT U3MEpPEHHA 3Ha- VA
YeHHUA X; C MeHbIIeH MOrpemHocTEIO,
geM y; Hanmwdwe TONBKO CiydailHbIX .
norpeniHocteit obecrneunBaeTcs HC-
KIFOYEHHEM W3 pe3yJIbTaTOB H3Mepe-
HAW BO3MOJKHBIX CHCTEMATHYECKHX
_TIOrpelHocTe.

Ha ocHoBe MeTOAa HaWMEHBIIHX
KBaJpaTOB MOXKHO BBINONHATE an-
NMPOKCHMALMIO Ppa3iWYHBIX aHAIUTH-

HECKHX 3aBHCHMOCTEH, HalpuMep, Bbi- 0 ¥ x
paKaeMBIX TakMMH  IMOJMHOMAaMH:

y=a+bx+ol+. . +el\meab,c,....e Puc. 3.2, Annpokcumaris

— KOHCTAHTEL HCCTenyeMoil 3aBHCHMOCTH

PaccMOTpHM Ba)kHBIW JUIsl TIPaKTH-
KM CITy4ail, KOrjia HCKOMas 3aBHCHMOCTE HMEET IMHEHHBIN Xapakrep BUAA

y=a+ bx. (3.48)

[pu WCTIONB30BAHHH METOAA HaMMEHBLIMX KBAAPATOB HEOOXOAMMO 110 Habopy
3 71 3KCHEPHMEHTANBHBIX KOOPAMHAT (X;, ¥;) HalTH Takue OLEHKH HEH3BECTHBIX
NOCTOSHHBIX @ W b, TIPH KOTOPBIX MOTYYaeTcs MpAMas JTHHKMA, HAWTy4muM obpa-
30M OTPAXKAKOIIAs HCTHHHYIO aHATH3IUPYEMYIO JIHHHIO (3.48).

I'paduk dynkuny (3.48) — npamas nuaus ¢ koddduumentom b = tga, nepe-
cekalolias OCh OpAMHAT B ToUKe g (puc.3.2).

B COOTBETCTBHMHM ¢ METOAOM HAWMEHBLIMX KBaJpaTOB HAWTYYIIHM OLEHKAM d
# b COOTBETCTBYET MHHUMATEHOE 3HAYEHHE BhIPAKEHHA:

fj(y,-—y)2 =i[y,-—(a+bx,-)]2, (3.49)
=1 i=1

rae [y — (a + bx;)] — OTKIOHEHHe U3MEPEHHBIX 3HAYEHHH y; OT BBIYMC/ICHHBIX M0

dbopmyne (3.48) npu x = x;.
Cymma (3.49) MuHMMAalbHa, ECJTM €€ YACTHBIE MPOM3BOJHBIE MO @ H b paBHBI
HYITIO: ;

3y yi—(a+bx)) ) [yi-(a+bx))’
d=1 =0 w =l =0. (3.50)
da ob ¢
Pelnas CHCTEMY 3THX [IByX YPaBHEHHH, HaxouM (POPMyYJibl JUIA OLICHOK 3HaYe-
anii a u b:
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SZS3 '_SISd / b £ nS4 _SIS:,; (3.51)

rae
n

Slzixﬁ S2=Zx,-25 Saziy-f;
i=1

i=l i=l1

Se=2 %y; Ss=nS;-8.. (3.52)
i=]

Creneus MpUOIDKEeHUS HAMIEHHBIX 3HAYCHUI a M b K MCTUHHEIM 3HAYCHHAM
9THX BeTHYHH oleHuBaeTca ¢ nomomei ux CKO o, 1 o)

0, =0,{S;/S;; o, =0,n/S;.. (3.53)

rae o, — CKO norpeniHocTy H3MepeHus BENMYUHE! Y, 3HAYCHHEe KOTOPOH MOXKHO
HOTYYHTh M3 MACTIOPTHBIX NAHHBIX HA CPENCTBO W3MEPEHWs WA BEIYHMCIHTE N0

bopmyne: ;

n
> bi—(a+bx)f
o, =]+ ! (3.54)
4 n-2

B kauecTBe npuMepa NPakTU4ecKoro MPUMEHEHHs METO/Ia HANMEHBIINX KBaJl-
paToB PAacCMOTPHM AMITPOKCHMALIMIO HArpy304YHOH XapaKkTepUCTHKH OJHOrO M3
ycrpolict npeoGpasoBaTeNbHON TeXHUKH. [l MOCTPOEHUA HArpy30YHOH Xapak-
TEPHCTUKH W3MEPAIOT 5...10 nap 3HaueHui BEIXOAHOTO HANPAKEHAA Uy, H TOKa

Harpysku [, . Magekc i =1, 2, ... , n COOTBETCTBYET TEKyNIEMY H3MEPEHHIO (n—

apcno wamMepenuit). B naHHOM mpumepe Gbl10 CHATO AecaTh map (n =10) skcrme-
PHUMEHTANBHBIX TOYEK ¥; = Uy, H X, =1, HANPHKEHHA H TOKA COOTBETCTBEHHO

(cM. Tabm.3.11 u puc. 3.3).

Ta6nuua 3.11. IxcnepuMeHTANBHEIE Pe3YJbLTATHI

i 1 2 3 4 5 6 7 8 9 10

U B | 535 | 520 | 511 | 492 | 476 | 476 | 450 | 433 | 430 | 404

I, , MA | 105 110 129 148 154 181 190 206 225 241
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Puc.3.3. Anmpokcumaims Heeeyemoii 3aBUCHMOCTH METOZIOM HAHMEHBIIMX KBaJ[paTOB

M3 pacronoeHns 5KCIepHMeHTANEHBIX TOUEK (pmc. 3.3) BHAHO, 4TO ANIPOK-
CHMUDYIOLIHM ypaBHEHHEM MOXeT ObITh TIOIMHOM TepRoii crenenu (3.48):

u=a+ bi

Takum 06pa3oM, Ha OCHOBAHWH MACCHBa SKCTIEPHMEHTATEHEIX JAHHBIX 110 YPABHEHHIM
(3.51) u (3.52) Berumcnsem koadpuLmenTs a | b,

Pacuer no ypaexennsam (3.51) u (3.52) naer 3suaveHus K03(hduuMeHTOB anNMpoKCHMa-
wa @ u b, paBHbie a = 6,24 B u b = — 8,95:10 B/MA = — 8,95 B/A. CrenoBarensho, ue-
SACNYEMOE YCTPOMCTBO MMEET HArpy304HYIO XapaKTEpHCTHKY, aHATHTHYECKH OMHCHIBAE-
MYIO KaK;

Upux = 6,24 — 8,95:107 I,
Ha puc. 3.3 npencrasnen rpaduk nomyaeHHOH METOZIOM HAHMEHBIIHX xna.upzroa an-

TPOKCHMALIMH Harpy304HOH XapakTepUCTHKH.

IIpumep 3.7. Tpebyercs yCTAHOBUTL PEATBHYIO 3aBHCHMOCTE COMPOTHB/IEHHS MeTal-
SHHECKOTO MPOBOJIHUKA OT TeMIepatypsl R, = f{f) no pe3ynsTaraM COBMECTHBIX H3MEpEHMIA
(rabn. 3.12). [Tpu 510M TeopeTudeckas 3aBUCHMOCTE ONIPEe/IeHa Kak:

= Ro(1 + aut),

rie Ry — conporusjienye nposoanuka npu 0° C; o0 — TeMIepaTypHeii koadduument
COMPOTHBJICHHA NPOBOJHMKA; { — Temneparypa, 0° C.
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TabGnuual. 12, PesyabTaTel COBMECTHBIX H3MepeHHI

ey 10 15 20 25
R, Om 10,3 10,9 11,3 11,6

[lpeoGpasyem nocneanion opmyny k BuIy:
Ri=a+ bt,
B koTopoii @ = Ry, b = aR,.
Pacyerst no dopmynam (3.51) u (3.52) npun=4, x, =t u y; = R,f_ AaloT Ccleayolmue

PE3yJIbTaTHI:
a =952 Om; b=0,09 Om/rpan.

Ilycts cpeacrBo usmepenns umeer CKO o, = 0,2 OM. Toraa, npoBeis BeMHCICHUS
y P Ry p

no dopmynam (3.53), nony4aum:
0,~0,33 Om; &, =0,02 Om/rpan.

OKOHYATENBLHO UMEEM:

a+o,=(9,521£033)Om; b +0,=(0,09 £ 0,02) Om/rpan.

3.6. [lorpemnocTs M HEONMpEAEIEHHOCTE Pe3yIbTATA HIMEPEHHS

[Tocsie Toro, Kak Bee MpeanonaraeMeleé COCTAaBJISIOME NOrPEMIHOCTH pe3ynb-
TaTa U3MEPEHHUA OLICHEHBL! W BHECEHL! COOTBETCTBYHOLIME MONpaBKH, BCE ELIE OC-
TaeTCAd COMHEHHE B TOM, YTO pe3yabTar H3MEPEHHA 61U30K K HCTHHHOMY 3Haue-
HUIO' M3MEPACMOH BelMYMHBI [l0 HelaBHEro BpEMEHM KONMYECTBEHHOMH Mepoii
3TOr0 COMHEHUsA ObII0 MPHHATO MCTIONBL30BATH MOHATHE (MOTPELIHOCTH HiMmepe-
HusA». OfiHaKo KnaccHHKaLMA MOrPeUIHOCTH H3MEPEHHUA Ha CITyMalfHyI0 M CHCTe-
MaTHYECKYIO M MOCTPOCHHLIE HAa TAKOM pa3/IeIeHHH METOIbl €€ OTNMHCAHHUA B MO-
clieiHee BpeMA nepecranu no pasHeIM NpHYHHAM YAOBNETBOPATL pARY METpOIO-
ruueckux Tpebopanui. IToaTomy cTanu nocTynaTe NpeaIokKeHus Mo COBEpILEHCT-
BOBAHHIO 3THX l‘lpeﬂCTaBﬂCHHﬁ, 000CHOBBIBaBIIHECH «Hecoomeemcmeuem npuH-
HYUROE8 OYeHUBAHUA noepemnocme:? COBPEMEHNHBIM NPAKMUYECKUM 3a0a4amy.

ITo uHMUKaTHBE pANa MEXIYHAPOAHBIX METPOJOTHYECKMX OpraHM3aLmii Gbuta
NpeUIokeHa KOHLEMUUA HOBOrO MpPEACTABIEHHA pe3ynbTaTOB M3MepeHuid, Ee
CyTh npocta. O6paboTka pe3ynsTaToB UIMEPEHHH NPAKTHYECKH Be3/e NPOBOAUT-
€A C MCNOJIL30BaHUEM annaparta TEOPHUH BEPOATHOCTEN W MaTeMaTHYeCKoi CTaTH-
CTHKH WM BE3JI€ MOrpeUIHOCTH pasaendgroTca Ha c:ryqaﬁHb:e H CUCTEMATHYECKHE,
OnHako MoaenH MOrpeluHOCTe, 3HaYeHUs T0BEPUTENbHBIX BEPOSTHOCTEH H dop-
MHPOBAaHHE JOBEPUTENIbHBIX HHTEPBAJIOB B Pa3HBIX CTPAHAX 3aMETHO OT/IMYAIOTCA
JApYyr OT Apyra, 4T 3aTPYAHAET CIWUEHHE PE3YJIbTATOB H3MEpPEHHIA.
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Jlns ycTpaHeHHs 3THX CHOXHOCTEH Ob110 paspaboTaHo «PyKOBOJICTBO MO Bbl-
paxeHUIo HeonpeaesneHHocTu B u3mepenuuw» (Guide to the expression of uncer-
tainty in measurement, ISO/TAG — /WG3, Geneva, June 1992). Ero 0CHOBHBIMH
NON0KEHWAMH ABIAIOTCA:

« OTKA3 OT MCTONB30BAHMA TAKHX MOHATHM, KAK HCTHHHOE W AEHCTBHTENLHOC
IHAYEHMs W3MEPAEMOH BENHYMHBL, NMOrpeuiHOCTh, OTHOCHTE/IbHAs MOrPEMHOCTD,
TOYHOCTh M3MEPEHNMS, ClyHaiiHas W CHCTEeMATH4eCKas MOrPeLHOCTH;

* BBEICHHE HOBOTO TEPMHHA (HEONPEAEEHHOCTEY — MapaMeTpa, CBA3AHHOTO
¢ pesyJbTATOM M3MEepeHHs H XapaKTepH3YIOIIero AMCNepeHio 3HaueHWi, KOTopble
MOryT GbITh OGOCHOBAHHO NMPHUIHCAHB! H3MEPAEMOH BENHIHHE,

* pa3jieJieHHe COCTABMAIOIINX HEONpPEENeHHOCTH Ha J1Ba THIA. AuB.

BHOBb BBOAMMBIE TPYINbl HEAAEKBATHBI CyuaidHbIM M CUCTEMATHHECKHM M0~
rpemHocTaM. PaszeneHune OCHOBAHO HE HAa TEOPETHYECKMX MPEANOChiIKax, a Ha
NPaKTHYECKHUX COODpaKeHUsX.

HeonpeneneHHoCTH THMa A MOTYT OBITh OLEHEHbI CTATUCTHYECKHUMH METOMa-
MM Ha OCHOBE MHOTOKPATHbIX M3MEPEHHH M OMHCHIBAIOTCA TPAAMLMOHHBIMH Xa-
DaKTEPHCTHKAMM UCHTPHPOBAHHLIX CITyYaWHBIX BENMYAH — AMcnepcuen Wi
CKO. B3aumopeiicTBHE Heompeje/eHHOCTEH Turna A OMMchbiBaeTCAs B3aUMHBIM
XOPPEALMOHHBIM MOMEHTOM WK KO3 QHLHEHTOM B3aUMHOH KOPpENALHH.

HeonpeaesnexHocTh THNa B MOryT GbiTh OLEHEHS mobbIMU IpYrdMH METOaA~
WH, KPOME CTaTUCTHYECKUX. OHM JIO/UKHbI OMHCHIBATHCA BETHYMHAMH, aHANOTHY-
ubiMi aucniepcud win CKO, Tak kak WMEHHO STH XapakTepUCTHKH MOXHO MC-
NONTB30BaTh TS 0OOBEAMHEHNs HeonpeaenerHocTel THa B kak mexay cobol, Tak
¥ C HEOTpe/IeJIEHHOCTAMY THra A.

OueBHIHO, YTO HEOMPEESNeHHOCTh THNA A He 4TO HHOE, KaK Xapaxkmepucmi-
xa cAyuaiiHol COCMAGNAIOUell ROZPEULHOCTU Pe3yNbMmama umMepenus, a Heonpe-
AeNEHHOCTh THMA B — Xxapakmepucmuka HeuckmMoueHHou cucmemamuyecKol
nozpewnocmu. lpuueM, o0beIMHERHE HEOTpELNEHHOCTe! TUMa A u B nposo-
AWTCA 1O TEM XK€ MpPaBKIaM, YTo ¥ Npyu 00bEAWHEHHH COCTAB/AIOUIHMX NOrPELIHO-
CTH, T.€. CYMMHPOBaHHEM JHCTIEPCHH.

TH HOBOBBEJEHHA, 10 MHeHHio MBMB, nomikHbl ObITh pacrnpocTpaHeHsl Ha
PAKTHYECKYIO JeATeIbHOCTh METPOIoros. EqnHoe MHEHHUE METPONIOrOB Poccwii-
ckoit desepalyy Ha STOT NOKYMEHT K HacTOALIEMY BPEMCHH €IIC HE chopmupo-
2aHO W 1I0KA W B yuebHOH 1 TEXHUYEeCKO#H TUTEpaType HCNOJL3YHOTCA NMPUBLIMHBIC
onpedenenus. Bmecte ¢ TeM pacCMOTPEHHbIE PEKOMEHAAUHH NO GbIPANCEHUIO
seonpedenenHoCmu @ UIMeperuy YKe BOUIH B HOPMATHBHbIE AOKYMEHThI MET-
ponoruueckux opraHoB Poccuitckoit Pexepaunu (CM. Hanpumep, rocT P
8.000-2000 n FOCT 8.563-96).
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10.
I1.

12

14.

15
16.
17.
18.

KonTpoasusie Bonpocs!

Tlepeuncnure OCHOBHBIE ANropuT™Mbl 06paboTKH Pe3yIBTaTOB NPAMEIX MHOIOKpAT-
HEIX H3MEPEHHI.

Kakue Mepsl MCNONL3YIOTCA I8 MCKIIOMEHHS CHCTEMAaTHYECKMX MOrpemsocreit us
PEe3yJ/IBTATOB MPAMBIX MHOTOKPATHEIX HabMoaeH!iA?

Yro coboit TNPEACTAaBIAT HEHCKIIOYEHHEIC OCTATKH CHCTEMATHYECCKHX IorpemHo-
crei?

Yro Takoe rpy6eie norpemHocTy? Kak onpesenuTs WX NPHCYTCTBHE B BRIGOPKe?

Yro mpencrasager coboif kpuTepuil OLEHKH AaHOPMAJIBLHOCTH PE3yNLTATOB Ha-
Omonennii?

Pacckaxure 0 KPUTEPHUM (TPEX CHIMY.

st gero Heo6X0auMO MAEHTH(PUIMPOBATE OPMY 3aKOHA Pacpele/ICHUS PesylbTa-
TOB H3MepeHH#? PacckakuTe, kakum 06pazoM HTO AenaeTcs.

Kak OIIPENENAIOTCA IPaHMLIBEI HEHCK/IIOYEHHBIX OCTATKOB CHCTEMATHYCCKHX rnorpeL-
HoOcTelt HaMepeHuit?

B kakux ciydasx MCHOJB3YIOT JOBEPUTENEHYIO BEPOATHOCTh M JIOBEPHTCILHEIA HH-
TEpBA CIIy4alHBIX MOrpeiHocTed?

Kak onpejiensiorca rpaHulibl NOTPEIIHOCTH PE3YNbTaTa H3MEPEHHS T

Kakos nopsnok 06paboTky pe3ynbTaToB OJHOKPATHBIX H3MEPEHHH ¢ TOUHEIM OLIEHH-
BaHHEM NOrpeimHocTeit?

Kax obGpabarpiBaioTcs pe3yneTarsl OQHOKPATHEIX H3MEpPEHHH ¢ NPHONTMKEHHBIM OLie-
HUBAHMEM MOrPEeIHOCTEH?

. Kax npunsto o6GpabaTeiBaTh pe3yNETaTEl NHHEHHBIX W HEAMHEHHBIX KOCBEHHBIX

H3MepeHHit?

B 4eM coCTOMT METON TMHEAPH3aLMY U KaK OH MCHOB3YeTCA A 00paboTky pesyiis-
TaTOB KOCBEHHBIX H3MEPEHHIH?

Kak onpejensioT rpaHuilL OIPENIHOCTH PE3YIbTaTa KOCBEHHBIX H3MEPEHHIA?

Kaxos anroputv 06paGoTku pe3yibTaTOB COBMECTHEIX H3MEPEHUIA?

B uem cocToHT CYTE METOMIa HAUMEHBIIHX KBAIPATOB?

Kaxnm o6pa3oM cBA3aHEl Mex1y co0oii MOTpenIHOCTs W HEONPEIENeHHOCTE Pe3yilh-
Tara U3MepeHns?



YACTH 11

TEXHUYECKHUE CPEACTBA 1 METObI
U3MEPEHUSA PU3HYECKUX BEJINMYNH

I'nasa 4. U3BSMEPUTEJIbHBIE CUT'HAJIBI.
UMITYJIbCHAS U IU®POBASI TEXHUKA U3MEPEHUN

Jlauusiil pasaen B HEKOTOPOM POJIE OTHOCHTCS K (JOPMAJIBHBIM B METPOJIOrHH, TCOPHH
¥ NIPAKTHKE U3MEPHTENbHBIX YCTPOHCTB M ABINETCA CMPABOMHBIM [ULA CTYNCHTOB, ElIC B
J0CTATOYHOM Mepe He 3HAKOMBIX C H3MEPHTEIbHBIMH CHTHANIAMH H 0CHOBAMH HMITYJILCHOR
# mH(poBot Texuuky. IT03TOMY HHKE IPUBOIATCA TO/BKO HEKOTOPHIE OCHOBOTIONATAIOIHE
cRe/leHHs U1 MOHUMAHMS W YCBOGHMH JabHEAmEro MarepHaa rno coBpeMEHHbIM H3MEpH-
TeNbHBIM CHIHA/NAM, METO/IaM, CPEICTBAM M TEXHUKE H3MEPEHUH.

4.1. Oomue ceeaenns 00 A3MEPHTENbHBIX CHTHAIAX

Cuznan (oT nat. signum — 3HaK) — QU3MYECKUiA mporece (WM ABNIEHKE), HE-
cympl MHGOPMALIIO O COCTOSHMH Kakoro-iubo obbeKTa Habmonenua. C TOYKH
3PeHHs. METPONOTHH UIMEPUMENbHBIM CUCHANOM HA3bIBACTCA MaTrepHasIbHBIH HO-
cHTeNnk MAGOPMALIMH, MPEICTaBIIMONIHA coO0l HeKoTopsIii pu3HIecKuit MpoLece,
ONMH W3 [IAPAMETPOB KOTOPOTo (YHKIMOHATLHO CBA3AH C H3MEPACMOH ¢dusnye-
CKO# BENIHYHHOH,

B METPOJIOTHH HIMEPHUTEIIEHBIC CHUTHANILI ABJSIOTCA B OCHOBHOM 3JIEKTPHYC-
CKHAMH W OITHCHIBAIOT PA3fMYHBIMH MaTeMaTUIeCKUMH MOTIEIAMM, HauGonee pac-
TPOCTPAHEHO 6pEMEHHOE U CHEKMPANbHOE (vacmomnoe) NpeAcTaBlieHne i onmuca-
HHe NEKTPUYECKHX CHTHAJIOB.

Bo BpeMeHHOH oOnacTH NPUMEHSIOT OTNpeleIeHHbIe (YHKIHH BpeMEHH
u(t) = f(t, U, o, ¢, ...), Haubonee TOYHO ONHCHIBAIONINE M3MECHCHHE CHIHAA (Ha-
IpMMep, OTPAXEHHOTO B BHIE HANPSKEHUS), B KOTOPLIX OJMH U3 NapaMeTpoB U,
®, ¢ U T.J, 3aBUCHT OT H3MEPAEMOH BETH4HHBL.

CrexTpanbHOe NMPEACTABICHHE SEKTPHYECKHX H3MEPHTENBHBIX CHTHA/NOB MI-
paeT 0co0yi0 pollb B NMPOLECCE MX IeHepaluy, Nepe/iayt, mpueMa 1 obpaboTikH,
TAK KaK OHO TI0 CYLIECTBY ONpeAenseT NapaMeTphl i XapaKTePHCTHKH HCHONb3Ye-
MO# annapaTypsl.
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I H3mepumenvhbvie cuznain —l
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Puc. 4.1. Knaccudukanus usmMepurebHbIX CHPHAIOB

ObGobmiennas kiaccHuKauis M3MEPHTENbHbIX CHIHANOB M0 PasTHIHBIM MpPH-
3HaKaM IOoKa3aHa Ha puc. 4.1.

[lo xapaxTepy H3MeHeHHs HHPOPMATHBHOTO M BpEeMEH-
HOTO mapaMeTpOB MIMEPUTENbHBIE CUTHANLI IENATCA HA AHATIOTOBbIE, JIHC-
KpeTHbIe (OT J1aT. discretus — pa3/ieNeHHsIH, NPepBIBUCTEIM) H LM(pPOBHIe.

Ecnu ¢usuaecknit nponece, nopoxkaalomuit CHIHAN, MOMKHO NpeICTABHTE He-
npephiBHON (yHKuueit Bpemenn u(f) (puc. 4.2, @), TO TaKOW CHrHAN Ha3bIBAIOT
ananozoesiM (HenpepuiaHsim).

Marematudeckas MoieNnb duckpemnozo cuzHana i,(f) —i0CIeN0BATENBHOCT
TOYEK Ha BPEMEHHOH OCH, B Ka10# M3 KOTOPBIX 3aaHbl aMILIHTYIHBIE 3HAYEHHS
COOTBETCTBYIOLIEr0 HEMPEPLIBHOTO CHrHana (puc. 4.2, 6). DTH 3HAYEHH HA3LIBA-
K0TCA 6b100pKamu, WA omcyemamu. Takne CUrHaNbI OTIACHIBAIOTCS PelleTYaTEIMH
GyHKIMAME. .

Lugpposeiv HA3BIBAIOT CHIHAN C KOHEYHBIM YHCIIOM JHCKDETHBIX YPOBHEH, 110-
CKONbKY YPOBHH MOJKHO NPOHYMEPOBATh YHCJIAMH € KOHEYHBIM KOJIMYECTBOM
paspanoe. B uudposoM CHrHAIE IMCKPETHBIC 3HAYEHHS CHTHANA u(f) 3aMEHSIOT-
CA YHCTaMH u,(f), Yalie BCEro peanu3OBaHHBIMH B [ABOMYHOM KOME, KOTOpHIii
NpENCTABIAIOT gbicokuM (edunuya) W Huskum (Hynv) YPOBHAMH MOTEHIHANOB Ha-
npsmxenns (puc. 4.2, g).
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Puc. 4.2. ®opma npeicTaBlIeHHs M3MEPHTEIBHEIX CHIHAJIOB!
@ — aHaNoroBoro; 6 — AMCKPETHOro; 8 — HH(POBOrO

IloxapakTepy H3MeHeHHA BO BpPEMEHH H3MEPUTEIbHBIE CHIHA-
a8l IENATCA HA HOCMOSAHHbIE, AMIUTATY 12 KOTOPBIX C TE4EHHEM BPEMEHH HE H3MeE-
HAETCS, M NepeMenHble, MTHOBEHHBIE 3HAUEHHA KOTOPBIX MEHIOTCA BO BPEMEHH.

IMepemeHHble CUTHANIBI OBIBAIOT HEMPEPHIBHAIMU BO BPEMEHH 1 HMITYJIbCHBIMH,
K uenpepuigHbim OTHOCATCA CHIHAJBI, MApAMETPhl KOTOPEIX H3MEHAIOTCA BO Bpe-
MEHH HETpepHIBHO.” HMHynbCHbli CHTHAI — 3TO CHTHAN C KOHEYHOHW 3HeprHei,
CYIIECTBEHHO OTMMYHEIN OT HyJIA B TEUEHHE OrpaHHYeHHOr0 HHTEPBajla BpEMEHH.

ITo MaTeMaTH4YeCKOMY MpeacTaBieHHIO (N0 CTENEHH HATMYUA anpuop-
#otl uHghopmayuu) Bce U3MEPHTENILHEIE CHTHAIIBL ISNATCA HA 1B OCHOBHBIE IPYII-
Tbi; JETePMHHUPOBAHHEIE (pery/spHbIe) H cayyaiHele.

Jlemepmunupoganneimu Ha3bIBAKOT PaJMOTEXHHYECKHE CUTHAJBI, MTHOBEHHBIE
3HaYeHMsA KOTOPBIX B JIF000H MOMEHT BPeMEHH JIOCTOBEPHO M3BECTHEL, T. €. Mpel-
cka3yeMbl ¢ BEPOSATHOCTBIO, paBHOM enuHUIE, JleTepMUHHPOBAHHBIME ABJIAIOTCA
CHrHAJTBI U3MEpHTENbHBIX Mep. HanpuMep, BEIXOIHOM CHIHAN TeHEpaTopa rapMo-
HHYECcKOro curuana (puc. 4.3, @) xapakTepH3yercsa 3HaUeHHSIMH aMIUIHTY/bI, 9ac-
TOTHI M HavyanbHOM (a3sl, KOTOpbIe YCTAHOBJIEHEI HA €r0 OpraHax ynpaBjIeHHA.
JleTepMHHUPOBAHHBIE CUTHANEL OBIBAIOT NEPUOOUYECKUMU U UMPYILCHOIMU.

Cnyuatinele cuznanet — 3TO CUTHaJIBI, MTHOBEHHBIE 3HAYeHHA KOTOPBIX B JIO-
Gble MOMEHThI BDEMEHHU He W3BECTHBI ¥ HE MOTYT ObITh MPeACKa3aHbl C BEPOATHO-
cTHIO, paBHOU euHHLE (pHC. 4.3, 6).

i /\’.HM
s e

t
a) o)

Puc. 4.3. HamepuTe/ibHbIE CHTHANIEL:
a — AeTepMHHHPOBAHHBIH; 6 — CIydaiiHbii
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Crryyaitisle CHrHajBl IenATCH Ha CTALMOHAPHBIE M HECTALMOHApHBIE. Cma-
YUOHAPHBIMY HA3BIBAOT CJIY’-[aﬁHLle CHUI'Hallbl, CTATHCTHYECKHE XapaKTePHCTHKH
KOTOPBIX HE H3MEHAOTCH BO BpeMeHH. OcTalbHBIE ClyqalHble CUTHANBI — He-
cmayuonapHsie, CTallHOHAPHBIE Cy4aifHble CHrHaNbl OBIBAIOT 3p2oduyeckumu W
nespzoouyeckumu (cM. rin.13).

Knaccndurxanus momex

Kak npaBuio W3MepHTeNbHbBIE CHTHANBI PEIKO AEHCTBYIOT B CPEACTBAX H3Me-
peHHii B YMCTOM BHIE — Ha HHX HaknajsiBaioTcs nomexu. [Toa nomexoii monuma-
€TCA 3[IeKTpHIecKoe KojieGaHue, 0MHOPOIHOE C M3MEPHTENBHBIM CHIHAJIOM H k-
CTBYIOIIEE OHOBPEMEHHO ¢ HuM. Ee Hanudue NpUBOAMT K TMOSBIEHHIO MOIpel-
HOCTH H3MepeHus. [ToMexu KnaccHUIMpYIOT 1Mo pAgy NpPH3HAKOB.

lNomMecTy BOIHHKHOBEHHUSA B U3MEPHUTENbHOM CXEMe TIOMEXH IeJIATCH
Ha BHELTHWE W BHYTPEHHHE,

TpuunHOH BOIHMKHOBEHHS GHewHUXx TIOMEX ABJAIOTCH TPUPOHBIE TPOLECCH
¥ paboTa pasNHYHBIX TeXHHYECKHX cHcTeM. [ToceHHe CO3Mal0T TaK Ha3biBaeMbIe
undycmpuanbHole TIOMEXH, BOSHUKAIONINE W3-32 PE3KHUX M3MEHEHHH TOKA B JIEK-
TPHYECKHUX LIENAX Pa3THYHBIX JMEKTPOTeXHH4YeCKHX ycTpocrs. Cioa oTHOCATCS
MOMEXH OT 3JIEKTPOTPaHCNOPTa, SMEKTPHIECKHX ABUTaTeNel, Me IMLIMHCKHX yCTa-
HOBOK, CHCTEM 3a)KUTaHMS JBUTaTeNel BHYTPEHHEro CropaHus o T. I.

Brympennue nomexu o6ycIOBIEHS! IPOLIECCAMH, IPOUCXONAMMMHE IpH pabo-
Te camoro cpencTsa u3MepeHui. TlpakTuueckn B moboM aManazoHe 4acToT HMe-
IOT MECTO BHYTPEHHHE INYMBI PaJHOTEXHHYECKHX YCTPOHCTB, 00yclOBIeHHBIE
Xa0THYECKUM IBIDKCHHEM HOCHTeNeil 3apsia B YCHIMTENBHBIX npubopax, pe3n-
CTOpax W IPYTHX SJIEMEHTax anmnapaTypsl. )

Bo3MOXHBI IBa COYETAHMA H3MEPUTENBHOTO CHTHANa W myma. Eciu usMepH-
TeNbHBIH CHTHAN CKIAABIBAETCS C IIYMOM, TO MoMexa — adoumuenas (0T aHIIL
addition — cnoxenue). IIpy nepeMHOXEHHH W3MEPUTENHHOTO CHTHANA W IIyMa
BO3HHMKAeT Mynvmuniuxamuenas (0T aurn. multiplication — yMHOXeHHe) TIoMexa.

TloocHOBHBIM CBOMCTBAM ANIUTHBHEIE IOMEXH MOKHO Pa3le/HTh Ha
TPH Kjacca: COCPeNOTOYeHHEIe M0 CMeKTPY (Y3KOMONOCHBIE MOMEXH), HMITYJkC-
HBIE TIOMEXH (COCPENOTOYEHHBIE BO BpeMeHM) W (NyKTYalHOHHEIE MMOMEXH, HE
OrpaHU4EHHbIE HH BO BPEMEHH HH 10 CIIEKTPY.

MMoBuAy YacTOTHOTO CHEeKTpa TMOMEXH JENATCA TAKKe Ha Henwviil U
Hecmayuonapuuiti wiymst, CrieKTpanbHBIe cocTaBnsiomue Genoro myma paBHO-
MEpHO pacrnpelieNie bl 10 BCeMy YacTOTHOMY AuanasoHy. HectauwoHapHsii mym
HMeeT HepaBHOMEPHBIH CIeKTp.

CocpedomouennbiMu no cnexkmpy HasBHIBAIOT MOMEXH, OCHOBHAA 9acTh MOII-
HOCTH KOTOPBIX HAXOJWTCA Ha OTAE/BHBIX YYaCTKaX AHANA30HA YACTOT, MEHBIIHX
THOJIOCK! NPOMYCKAHUSA PaTMOTEXHHIECKOH CHCTEMEL

HmnynecubiMu nomexamu Ha3bIBaeTCA PeryaspHas WIH XaoTHIecKas Mociesio-
BaTELHOCTh MMITYJILCHBIX CHTHAIOB, OJHOPOAHBIX C TIOJIE3HBIM CHrHaTOM. Mc-
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TOYHUKAMM TAKMX NOMEX ABIAIOTCA UHQPOBBIE M KOMMYTHDYIOIIHE IE€MEHTEI
paIHOTEXHHYECKHX Lenell WM paboTaiomero psaoM ¢ HuMH ycrpoiicTsa. Hm-
My/bCHBIE W COCPEAOTOYEHHBIE TIOMEXH HacTO B PAHOTEXHHKE HA3bIBAIOT HAE00-
Kamu.

Dnykmyayuonnas nomexa (urym) npeacrasaser coboil caydaifesiii nponecc ¢
HOPMAJIBHBIM pacrpefelieHneM. DTOT BHUI NOMEX MMEET MECTO MPaKTHIECKH BO
BCEX PealbHbIX H3IMEPHTE/BHBIX KaHA/AX H MX 9acTO Ha3bIBAIOT IIYMaMH.

BonbIIyio 4acTh 3MeKTPHYECKHX NMOMeX MOXKHO YCTPaHHTh IyTeM SKpaHHpo-
BaHHA, 3a3eMJICHHA MPHOOPOB, IPAMEHEHHA CTICIMATLHBIX METOAOB (HILTPALIHH.

4.2. MaremaTH4ecKOe ONIHCAHHE H3IMEPHTE/IbHLIX CHIHAJIOB

Bcnomozamenshsie cuchansl, NeHCTBYIOIIAE B UMIYIbCHBIX M UH(POBBIX W3-
MEpHTENBHBIX CHCTEMAX, MpEeACTaBIAloT cobol pajiMuHbie NOCNeA0BaTeIbHOCTH
MMITY/ILCOB OTpe/eneHHol ¢popmbl. OfHa W3 OCHOBHEBIX (POPM — MPAMOYTONBLHBIA
umIynsc. UMImynbcHBIE NepHOAHYECKHE H OIHHOYHbIE CHIHANBI HMEIOT J0CTaToq-
HO IIHPOKHAH CrIEKTpanbHbIH COCTaB.

Ilepnonnlieclcue H HMIOYJIbCHbI€ H3IMEPHTE/IbHbIE CHIHAAbI

lepuoanMyeckne CHTrHaNbL IlepHoaHdeckHM HasbiBAlOT MOGOH H3-
MEepHTENBHBIN CUrHAN, MOBTOPAIOWMITCS Yepe3 peryiapHbele HHTEpPBAJbl BPeMEHH
(puc. 4.4, a) n ynosneTBopsrommii ycnosuo: u(f) = u(t + nT), rae T — nepuoa
noBTOpeHus (cnenosanus) umnymscos; 1 =0, 1, 2,..., ... .

E
—i" ..."t(l.‘f. 1;‘ f
a)
[}
E
-
_12:_ 0 .‘f
8)

Puc. 4.4. [IpaMoyronbHbie HMITYIbChI:
a,6— NEPHOHYECKAA NOCACROBATENBHOCTD H €€ CNEKTP,
8, 2 — OMHOYHBIA HMITY/IBC H €10 CMEKTPANLHAA IUIOTHOCT
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Hepﬂonnqecxan NOCIEAOBATENEHOCTD HMITYIIBCOB OTNTMCBIBAETCA paAIoM:

u(t)= Y uy(t—nT). (4.1)
3pech wuo(f) — dopma oauHOTHOrO HMITy/IbCa, XapaKTEPH3YIOMAACH ClIEHyIO-
UIHMH napameTpamMH: aMIUATYAOH (BRICOTO) E; MIMTENBHOCTHIO (mmpHHOH) T,
nepuoaoM cieposanus 7' = 1/F (F = @,/2n — UMKIHYEcKas 9acToTa CJI€/IOBaHHAA);
TIONIOKEHHEM HMITYJILCOB BO BpEMEHH OTHOCHTEJIBHO TAKTOBBIX TOYEK,
OnuHouHBII NPAMOYro/bHbIH HMIYNEC (pHC. 4.4, @) OTHCHIBAIOT YpaBHEHHEM:
u(t) = E[o(t + 1,/2) — o(t — 1,/2)], (4.2)
T.e. OH QOPMHpYeTCH KaK pasHOCTh JBYX €IHHIIHBIX dyskunit o(f) (hynxumit
BKIOUCHHA, win pyHKuwi XeBucaiiza), CIBUHYTBIX BO BPEMEHH HA T,
TocnenoBaTebHOCTE NPAMOYTONBHBIX HMITYyJIBCOB TpeAcTaBmieT coboit u3-
BECTHYH0 CYMMY OJJHHOYHBIX HMITYJIbCOB:

o
u(t)=")" Elo(t+ kT +1,/2) ~oft —kT' - 1,/2)). (4.3)
k=0
OrHomenne nepuosia K JUTHTENBHOCTH NPAMOYTONLHOTO HMITY/IbCa HA3kIBAET-
¢ ckeaxcrocmpio q = T/t -
TlpencTaBuM nepHOAMYECKHIt CHIHAN TpHrOHOMeTpuiecKkoil dopmoit psana

Dypse:

a & .
u(t)= Tﬂ+ > (a,cosnw,t +b,sinnw, ). (4.4)
n=1
B 3tom cooTHOmeHMH:
i)

a s 2 u(t)dt (4.5)
T =1
— NOCTOAHHAA COCT&BJ'[SIOH.I&E;
5 T2
a, =— ju(r)cosnm,rd: (4.6)
-T/2

— @MIUTHTY bl KOCHHYCOHAANBHEIX COCTaBJIAKOIINX,;
I

b, = e u(t)sinno,tdt 4.7)
T _in
— MILTHTY/Ibl CHHYCOMNIANIBHBIX COCTABNMIOMMX.
Yacto ynoGree (4.4) NpencTaBIATS SKBHBATCHTHOH (GOpMOit pana Oypee;

u(t)= A + i A,cos(nat —,), (4.8)

n=1
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rae Ao = a2, A, = ya,’ +b," — amnnuryna; ¢, = arctg(b,/a,) — HavanbHas da-
3a n-f rapMOHMKH CHTHAJIA.

Ilepuoauyeckuit curuan obnajaer nuHeHYaTHIM (JHCKPETHBIM) CHEKMPOM.
CrexTpanbHyio COCTABISAONIYIO € YaCTOTOH ®;=271/7 B paiMOTEXHHUKE HA3BIBAIOT
nepeoil (0cHo8HOW) 2apmonuKoll, a COCTABNAIONINE ¢ YacToTaMm no; (n>1) —
8bICULUMI 2APMONUKAMU TIEPUOIMIECKOTO CHIHANA,

Hanbosnee HarnsaHo o criekTpe CHrHANA MOXHO CYIHTH 110 CHEKTpalbHOM AHa-
rpaMMe. Pasnuuaior amniumyono-wacmomuvie W hazouacmomnsie cnexmpe.
COBOKYNHOCTS AMIUTHTY/l FapMOHHYECKHX COCTABISIONIMX A, HOCHT Ha3BaHHe
cnexmpa amrumyo, ¢, — cnexkmpa gas,

Ha criexTpaibHeIX 1uarpaMMax mo ocH abCLUHce OTKIABIBAIOT TEKYIIyiO Yac-
TOTY, & MO OCH opAuHAaT — aubo BemecTeHHyio (puc. 4.4, 6), 1u6o KommIekc-
HYIO aMmIUTHTYODy, Wik (asy COOTBETCTBYHOLUMX TAPMOHHYECKHX COCTABJISIOIIMX
aHaMU3UpyeMoro cHrHana, CnekTp nmepHOAHYecKOro CHTHA/IA NPHHATO Ha3biBaTh
AuUHEUambiM WK OUCKpemHbIM, TAK KaK OH COCTOUT M3 OTHENBHBIX JIMHUH, BBICO-
Ta KOTOPBIX PABHA aMIUIHTY € A, COOTBETCTBYIOIIMX [APMOHHK.

YactoTa nepBoif rapMOHHKH CIIEKTPa CHrHA/IA PaBHA YACTOTE CIEAOBAHHA UM-
mynsCeoB f; = ,/(2r) = 1/7, yacTora BTOpoi — YIBOGHHOH YacTOTe ClIEI0BAHHS WM~
MYTBCOB 2f; U T. . AMIUTHTYIBI TAPMOHMK C YBETHYEHHEM HX HOMEpA YMEHBIIAIOTCH,
103TOMY CHHTAIOT, ©CIH 110/10ca NPONYCKAHHS CXEMbI JIEXHT B Tpejenax ot 1/1, g0
3/1,, TO OHa HE BHOCHT 3aMETHBIX HCKaKeHHH B Tepe/aBAeMbIil MMITY/IGCHBIH CHIHAIL.

Henepuoanyeckue (MMnynbcHbie) CHTHANb. B mpakruke m3mepesmii
BCTPEYAIOTCA HENIePHOAMYECKHE CHIHAMLI, OTpakaloyue (PH3HYECKYIO BETHIHHY
Ha He(oMbIIOM HHTepBae BpeMeHH (pHc. 4.4, 6). DTH CUTHAJE! MMEIOT CIVIOMIHOM
CHEKTP M OMHCHIBAIOTCA HHTETPAILHBIMH NpeobpasoanuaMu Pypbe:

S(0) =S(0) = S(jo)= ejﬂ(r)e'f""d.', (4.9)
u(t) = ﬁ [t do. (4.10)

Coorromenns (4.9) u (4.10) HA3BIBAIOTCSA COOTBETCTBEHHO MpAMbIM W 06pam-
HeM npeobpazosanusmu Pypve. OHN CBA3BIBAIOT MeXLy co6Oil BEIIECTBEHHYIO
(yrkunto BpeMenn (curuan) u(f) 1 KOMIUIEKCHYIO QYHKIHIO 9acToThl S(w).

[pumep 4.1. Onpeaenuts CNEKTPAAbHYIO IIIOTHOCT NPAMOYTONLHONO MMITY/IECA Ha-
(pAKEHHA, HMEIOMIETO AMIUTHTY LY £ U NTHTEABLHOCTS T, (pHC. 4.4, 6).

Pemenue. Tlockomsky aHamM3upyeMbiii CHIHAI PacriofiokeH Ha BPEMEHHOM HHTepBane
~1,/2, 7, /2, T0, B COOTBETCTBHH ¢ (4.9), nony=um:
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T /2 T /2
S(w) = J' Ee ™dt=F _|' (coswf — jsinot)dt = Et,, )
-1, /2 =%, /2 Tﬂ/z
CrexrpaihbHas II0THOCT MPAMOYTONBHOTO MMITYIsca (pHc. 4.4, 2) comepuT Bce rap-
MOHHKH, HAYHHAA C HY/IEBOH (mocToaHHEI ToK). Ha wacToTax, COOTBETCTBYIOIMX HYIEBRIM
3HAYCHHAM OrHOaloeH CeKTpaIbHO MIIOTHOCTH, aMIUIHTYAE! FAPMOHMK PABHEL HYITIO.

sin(or, /2)

MarteMaTHYeCKHE MOAETH 3JIEMEHTAPHBIX HIMEPHTEJILHBIX CHIHAJIOB

Hdensra-gyHKk qusa PaccMOTpUM TEOPETHUIECKYIO MOJENEs GECKOHEYHO KO-
POTKOTO MMIIyJkca ¢ Geckoneuno Gosbimoit ammumaryno (puc. 4.5, a), aHanuTy-
YeCcKH ompezienseMoro GopMmysoii:

=10,

e @)

8() o)k
! 1
|
I
1
P

0 ! 0 !
a) o)
Puc. 4.5. I'padmku Mogeneit mpoctefinIux CHrHANOB:
a— nenbra-GpyHKunu; 6 — eauHHIHON GYHKIHK
Tlnonians TAKOro HMITYJLCA BCErJa PABHA € AHHHMIE:

°]ts(r)afml. (4.12)

DyHKIMIO S(f) Ha3kIBAIOT Oenbma-@yHKYUel, eOUHUHBIM UMNYTbCOM, (BYRK-
yueii JJupaxa, ¥ OHA UMEET (U3MYECKYIO Pa3MEPHOCTh LMKIHYECKOH YacTOTH — C .
Ilpu cnure nenbTa-(pyHKIHMA [0 OCH BPEMEHH Ha MHTEpBa f, (pHuc. 4.5, a) onpe-
nenenns (4.11) u (4.12) Heob6xoaumo 3anucath B Gonee obmeit dopme:

Blrtgyad oo (4.13)
0o, ety
[o(e—to)dt =1. (4.14)

-0

JHenbra-hyHxuusa obnanaer BaxHeHmuM cBoicTBOM, Gnarofaps KOTOpoOMY OHa
HONYYHIa MHPOKoE MPHMEHEHHE B MaTeMaTHKe, QU3MKe, pajio- W M3MEPHTENb-
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sofi Texuuke. ITycTh MMeeTcs HekoTopas HenpepbiBHas ¢ynkums Bpemern f{1).
Torza, cormacHo Gopmynam (4.13) u (4.14), cnpaseTHBO COOTHOMEHHE:

[ £ @Bt —to)dt =f(t,) [3(t~15)dt =1 (1), (4.15)

Buipaxenue (4.15) xapakrepusyet gurempyiowjee (6riderniouee, WH cmpo-
Supyioujee — OT CIIOBA «CTPOG» — KOPOTKHI MPSAMOYTOMBLHBIH HMITYJIbC) CBOTCT-
20 AenbTa-QyHKIHH, KOTOpOe HCMOIb3YeTCA VIS MpeACTaBlIeHHs JHCKPETH3HPO-
saHHBIX BO BPEMEHH CHIHAJIOB C IIArOM AMCKpeTH3atmu 7= AL,

Ennauunas ¢yHkuud [IpesenpHoe, ynpouleHHOe aHATHTHIECKOE BhI-
pakeHHe TAHHOTO cHrHana (puc. 4.5, 6) NPHHATO 3aIHCHIBATH TaK:

® (1 3 | @.16)
a(t) = o
1=

OyHKINO 0(f) HASKIBAKOT eQUHUYHON QyHKyUei, yHIyuUel GKII0YEHUR WK PYHK-
sueil Xegucaiioa.

CnekTpanbHas MIOTHOCTH rapMOHHYeckoro curaana. Onpenemim
CNEKTPAILHYIO TUIOTHOCTH CHrHAna u(f) = coswot. [ToacTaBus B mpaMoe npeoGpa-
sosanne Oypse (4.9) 3amaHHsii CUTHAN, W BOCTIONB30BAaBIIHCH GopMyroi Ditnepa
&" = cosx + jsinx, HaxomuM:

S@)= [cosoy e dt =05 [V dr+05 fe O Nar.  @.17)
- -0 —m

l'loc.neuﬂee COOTHOIEHHE MOMKHO 3aMucaTh B cnenylomeu BHIE:
S(0) = | S(w)| =5(w) = 7[5 - o) + 8w + vp)]. (4.18)

Htak, rapMOHHYECKOMY (B JAHHOM CITy4ae KOCHHYCOMATbHOMY) CHIHAIY C
xOHEYHOM aMIUTHTY IO COOTBETCTBYET
THCKPETHBIN CHEKTP, COCTOAMMHA u3 SA
asyx Jjueuil  GeckoHeuHo Gonbmoi
EMIUTHTYZBI B BHAE JeabTa-QyHKLU,
PACTONOKEHHBIX CHMMETPUYHO OTHO-
CHTENIBHO HYJIA Ha YacToTax — ¥ M

(pHc. 4.6).

ITo amanorud ¢ KOCHHYCOMIATb- 4
HbIM CHTHAJIOM HETPYAHO TOKa3aTh, ~®, 0 @ ©
e c.HHyco e 2 S o e Puc. 4.6. CiextpansHas [UIOTHOCTE
() = sintyl OTHERAET: CTRKTPANEHAR TapMOHHYECKOrO CHIHANA
UIOTHOCTh

S() = n[d(® — @g) — 8(® + ®o)]. (4.19)
3/1ech 3HAK MUHYC — CJIE[ACTBAE HEUETHOCTH (DYHKIHMK CHHYCA,
W0 — 6210 145



a) 6)

Puc. 4.7. I'paduxu Moneneii:
a — 3KCNOHEHIHANBHOTO HMITYJIbCA; 6 — MOCTOAHHOIO CHIrHama

OKCNMOHeHUHaNbHB i HMITyNbC. DTO CHTHAN C «IOTYOECKOHETHOM) MTH-
TEAbHOCTHIO (pHcC.4.7,a) ¥ NpH eTMHHIHOH AMIUTHTY/IE ONHCEIBAETCH KaK

) 0, t<0; 490
u(t) = )
¢ Tt >0, %20
rae o > () — peuecTBEHHBIH napamMerp.

locmosannwiii cuznan (nanpsxenve, TOK) — camslif pocToit u3 SJIEMEHTApPHBIX
CHTHaIOB (pHC. 4.7, 6).

MaTemaTHuyeckue MOJE/H CITOKHBIX HIMEPHTEIBHBIX CHTHAIOB

Curnanei ¢ nunelHbIME yuacTkamu. B H3MEPHUTEJIbHOM TeXHHKE NPUMEHS-
TOT NIEPHOANTECKHUE CHTHANBI C IMHEHHBIMH Y4acTKaMu. DT0 THHEHHEI 3HaKoIme-
PEMEHHBII 1 OAHOTIONAPHBIH THHENHO H3MEHSIOHTiCs (nmunoo6pasHelit) cHrHANEI.

Puc. 4.8. Jluneiinbiii snakonepemennslif curuan

JInHeHbI# 3HAKOTIEPEMEHHEII CHIHAT (puc. 4.8) onmcbiBaeTcs ypaBHeHHEM:
aU /T, mpu  0<(<T/4;
U()=44U,,(T/4-1)+U,, npu  T/4<t<3T/4; (4.21)
4U,, (t-3T/4)/T-U,, npu 3T[4<t<T.
Monyaupoeanusie curnanss. B METPOJIOTHH TIOA MOOYNAYUel TTOHMMAETCH

Tiponece, Npu KOTOPOM H3MEPHTENIBHBIN CHrHal e(f) BO3/IEACTBYET Ha KakoH-1u60
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mapaMeTp HEKOTOPOTO CTALMOHAPHOrO CHTHANA #%,(f), O6nanaiomero TakumMu ¢u-
ssseckoll IPUPOMIOH M XapaKTepoM M3MEHEHWMs BO BPEMEHH, TIpH KOTOPBIX yn00-
=1 ero panbHeifmne mpeoGpazoBaHHWe M mepefaya, B kauecTBe CTAllHOHAPHOTO
CHTHAJA, UMEHYEMOTO Hecywjum, OOBMHO BbIOMpAIOT MO0 MOCIEN0BATENBHOCTD
EMITYIBCOB, 1160 CHHYCOHAAbHOE (rapMOHHIECKOe) KoeOaHHe:

tx(f) = Uycos(@of + o) = Uycosy(?), , @22

rae U, — aMIUIATY/Ia B OTCYTCTBHE MOZYJIALIAM; (9 — YIJIoBas (Kpyrosas) 4acto-
ra; pp— HasanbHas pasa; Y(f) = gt + Qo — nonHas pasa.

B 3aBHCHMOCTH OT TOrO, KakOoi M3 IapaMeTpoB rapMOHHYECKOTO HECyILIEro
sonebanus MOABEPraeTcs BO3AEHCTBHIO, PasMial0T aMIAUMYOHYI0, YacmomHyio,
£az08yi0 ¥ Al BUIOB HMITYJIECHOM MO IALAH.

Owspaeckuil mpouecc, oOpaTHB! MOAYNALMH, HA3sbIBaeTCA Oemodyniyued,
=M demexmuposanuem, W 3aKII0TAETCA B MONYYEHHH M3 MOIYIHPOBAHHOIO KO-
s=0aHus CUrHANA, IPOTIOPLIMOHANLHOTO MOIYTHPYIOIIEMY.

HauGonee MpOCTHIM MOMYIMPOBAHHBIM CHTHAIOM SBIAETCA AMMIUMYOHO-
“OOYAUPOSAHHBIY CUZHAN, B KOTOPOM H3MEpHTEeNbHAat HHQOpMalHa 3al0keHa B
suruuTyny Uy(f) Hecyiero konebanus (puc. 4.9):

u(t) = Ug(t)cos(wot + o) = [Uy + ke(D)lcos(@of + @o),  (4.23)
rae k — GezpasMepHsIi K02 OULIHEHT IPOTIOPLUHOHANIEHOCTH.

NAAAANN AT

L HM#VUV\f
6) : i, S >
- T)=2n/Q -

o vivin r\vfk?\i\
UU__.\/ s

Puc. 4.9. AMINIMTYIHAS MOy TALHSA:
a — Hecyuiee Konebanue; 6 — MOIYAHPYIOIHA curnan; 6 — AM-curnan
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[TycTs MOTYIHPYIONIMI CHIHA — rapMOHWYeCKOe Koebanue BHIa
e(f) = EycosC, (4.24)
rie Ey — ammumryna; Q = 2n/T; — kpyrosas yactora; ) — Nepuo.
Torna, npunsis Ans ynpomenns ¢ = 0, 1 noacrasus dopmyay (4.24) B (4.23),
NOJTy9UM BbiIpaxkeHHe 111 AM-curHana:

uam(t) = (Uy + kEqcosQi)cosmet = Uy (1 + McosQi)cosmyt, (4.25)

rie kEo = AU makcuManbHOe OTKIOHEHHe aMILTHTY a5l AM-CHrHaNa OT aMIUIHTY-
mut gecymert Uy M = kEyUy =AU/U, — kosgpgpuyuenm unm anybuna amnnumyo-
HOU MOOYIAYUU,

I'papmkn Hecymero koneGanms ¢ HavamsHOM dasoit gy = 90°, MOAYIHPYIOMIErD CHr-
Hana 1 AM-CHrHaia noxasassl Ha puc. 4.9, a — a.

CHrHanel ¢ 4acTOTHOH Moaynsuue it [Tpu yacToTHOM MOy~
LMK HecyImas 9acToTa o(f) cBA3aHA C MOJYJUPYIOIAM CHIHATIOM e(f) 3aBH-
CHMOCTBIO:

o(f) = wg + ke(l), (4.26)
rae k,— pasMepHsIi Ko3pQHIHEHT NPONOPHHOHATEHOCTH.

PaccMotpum odnomonanshyio wacmomuyio modynayuro, Koraa MOIYJTHPYIO-
MM CHTHAJIOM ABJISETCS rapMoHuYeckoe konebanue e(f) = EqcosQt. TTyets ¢ = 0.
Homayo pasy YM-curnana B moGoH MOMEHT BPeMEHH f OTIPe/IeNTHM yTeM HHTEr-
PHPOBaHHA 9acTOThI, BRIpaXKEHHOH gepes opmyay (4.26):

(1) = ICO(r)dI = I(wu + kyEpcosQf)dt = ot + % sinQ, 427
0 0

e O = keFo — MaKCHMaJIBHOE OTKIOHEHHE YaCTOTHI OT 3HAYEHHSA Mg, WIH Je-
suayus Yacmomel IPU YaCTOTHOH MOy IALMH.

OtHomeHue my, = 0/ = k,E,y/Q, asimomeecs Oesuayueli haswl Hecymero
KonebaHus, Ha3bIBAIOT UHOEKCOM YACMOMHKON MOOYIAYUU.

C ygeToM 3T0T0 BEIpakeHus  (4.27) YM-CHTHAT 3aMHUIIeTCs KaK

uym(t) = Uycosy(t) = Ucos(wot + m,sinQi). (4.28)

Ha puc. 4.10 npejicTaB/nens! BpeMeHHEIE THATPAMMBI COOTBETCTBEHHO Hecy-
1ero xonebaHus uy(f) ¥ MOIYNUPYIOIIEro CHrHANA e(f) M ONyYeHHbIH B pe3ybTa-
Te npolecca 9acToTHOH Moy Ay UM-cHrHam ugy(f).

®azosas Moaynanus [Ipu onHoTOHANBEHON MOmyNAIMM dasa HecyIie-
ro KoJjebanus:

Y(0) = ot + kyEocosQt = gt + mycosQ, (4.29)

rae ky — Ko3(QQUIMEHT NPONOPLMOHATLHOCTH; My = koEo — undexc gazosoi
MOOYASYUU,
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a) 0

Puc. 4.10. YacToTHas 0JHOTOHANBHAA MOy IALIMS
a — Hecyee konebanue; 6 — MOIYTHpYIOmHit curuan; e — YM-curaan

Toncrasnas hopmyny (4.29) B (4.22), 3anumeM ©@M-curnan kak
ugm(t) = Uycos(mof + mycosQi). (4.30)

Herpyano 3ametuts, uto YM-curnan u ®M-curHan npu oJHOTOHAILHOH MO-
IYNALUME O9€HB TIOX0XKH.

4.3. Cursaiel ¢ HMNYJIbLCHOH H HMIYJ1bCHO-KO010BOH Moayasnneii

B nocneanaue roisl B H3MEPUTENBHON TEXHHKE B OCHOBHOM IPHMEHAIOTCS CHI-
Hallbl C HMITYJIbCHOH H MMITYJIECHO-KOJIOBOH MO IYIIAIHEIH.

HmnyabcHadg MOAYIAINHA

Ilpn umnynecHol modyasyuu (puc. 4.11) B KauecTBe Hecymiero komebGanus
(TouHee, MOHECYNIEr0) MCIONB3YIOTCA Pa3THIHbIEe MepHOTHIECKHE HMITYIbCHRIE
OC/IeI0BaTEILHOCTH, B OAWH M3 NapaMeTPOB KOTOPEIX BBOAUTCA H3IMEPHTEIbHAL
sndopmanys. JIg MHCKPeTHBIX CHIHAIOB TIPOLIECC MOy ALY NPAUHATO Ha3bIBaTh
ManunynAyuel NapaMeTpoB MMITyJICOB.

[Tycte momHecymuM koneGaHueM SBIAETCA MEPHOOMYECKAd MOCIEIOBATENb-
HOCTh MNpAMOYTOJIbHBIX HMITYJIBCOB C aurmmynoﬁ UH, JNMHUTENBHOCTED T, H Me-
puonom noetopenns T (puc. 4.11, @). [inga HarIAgHOCTH M YOPOLIEHHA MaTeMaTH-
S9ECKHX BBIKNaNOK Bmﬁepem B KAYECTBE MOAYIIHPYIOILIEro CUIrHAJIa I‘ﬂpMOHH‘leCKOE
xonebanue e(t) = EqcosQdt, y koToporo HayaisHas (a3za 0, = 90° (puc. 4.11, 6).

HMIynbCHYIO MOIYJISALAIO B 3aBUCHMOCTH OT BblGopa W3MEHAEMOro mapamer-
pa MOAYTHPYeMoii MOoc/ieI0BaTeIbHOCTH ENIAT Ha:
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Puc. 4.11. UMnynscHas MOy asims:
@ — MNOC/ENOBATE/ILHOCTS HCXOAHBIX HMITY/IbCOB, & — MOAYNHPYIOWIAI CHrHAT,
& — AHM; 2 — [ITUM; 9 — ®UM; e — YHM; ac — UKM

* amnrumyono-umnyneciyio (AUM), koraa 1mo 3aKOHY M3MEDHTENBHOM WH-
(opMalmMu H3IMEHAETCS AMIUTATYHa MMIYJIBCOB MCXOMHON MOC/ENOBATENbHOCTH
(puc. 4.11, 8);

* wupomno-umnynecuyio (LLIMM), npy u3MeHEHHH NO 3aKOHY H3MEPHTEILHOM
HHYOPMALMH TUTETEHOCTH (IIMPUHLI) HMITYJTHCOB HCXOXHOM MOCHENOBATEBHO-
ctu (puc. 4.11, 2);

* gazoumnynvcryro (PHM), unu epemsumnynscryio (BUM), eciu mio 3aKOHY
M3MEpHTE/TbHOH HH(OPMALMA M3MEHAETCS BPEMEHHOE MONOKEHWE HMITY/IBCOB
(puc. 4.11, 9);

* vacmomuno-umnynocuyio mooyrayuio (Y4MIM), NpH U3MEHEHHH NO 3aKOHY H3-
MEPUTENbHOM HMH(DOPMAlMK YacTOTHl CNEIOBAHMA HMITY/TBCOB TOAHECYIEH
(puc. 4.11, e); :

* umnynbcHo-kodoeas modyrayus (UIKM), npu kotopo#t mepBuuHbIli cHrHan
npeBpaiaeTcs B (HGPOBOH KOX — IOCITeI0BATENLHOCTD HMITYIBCOB (1 — «emu-
HA) ¥ mays (0 — «Hy”eiy), IMerommmx ONMHAKOBYIO JUTHTENBHOCTh. JTOT BHA
monymanmn (puc. 4.11, xc) nauGonee WHPOKO MpUMEHAETCH B COBPEMEHHOM H3-
MEPHTENBHOH TeXHHKE.
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HmnyascHo—konosas (uugposasi) Mooy asiums

MOXHO MONYYHTh €Ile TPH BAAA UMIMYILCHO-KOAOBOH (UM(POBOI) Momys-
UMM Hecymero: mMoaynsaumio no ammautyae (MKM-AM, unu undposyio amniu-
TyaHy1o Moayauuio — LIAM), sactore (MKM-YM, wnu uudposyio sactoTHyto
wonynawmo — [UM) u no daze (MKM-OM, nnu undposyio dazosyro moayns-
wno — LI®M). Ha puc. 4.12 npusenensl GopMbl curiana npu IBOMYHOM KoOZe
714 pa3IMMHbIX BUAOB AMCKPETHON MM UH(PPOBOH MOAYIALIMH,

-

ﬂ) 0

6) o

fi

Puc. 4.12. Buas! unpdpoBoit MOZYASUNH IBOHYHBIM KOJOM:
a — koft, 6 — UKM-AM; § — UKM-YM; 2 — HKM-OM; d — ODM

Cumsony «1» npu UKM-AM (puc. 4.12, a, 6) cOOTBETCTBYET nepeaaya Hecy-
utero koneGaHus B TeueHWE MHTEpBANA BPEMEHM T, (Mocwlika), cumeomy «0» —
orcyteTBMe KoseGanua (naysa) Ha TakoM Ke BPEMEHHOM WHTepBane. B ciyuae
HKM-YM (puc. 4.12, g) nepenaua Hecyuiero koneGanus ¢ yacToTol fy cooTBeT-
CTBYET CHMBOITY «1», a nepeaaua konebaHua C 4acToTOH f) coOTBETCTBYET «O»,
lpu asowunoit UKM-®M (puc. 4.12, 2) mensercs dasa necymeit va 180° npu

ak/10M mepexone o1 «1» k «0» u ot «0» K «1n,
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Ha mpakTrke IUPOKO MPUMEHAOT TUCKPETHYIO CHCTEMY OMHOCUMENbHON da-
30601 mooynayuu (OPM). B ormmane or UKM-®M, npu OPM (puc. 4.12, 9)
(hasy KaHAIBLHOTO CHIHANA OTCYMTHIBAIOT HE OT HEKOTOPOro 3TajloHa, a OT a3kl
MPEABIAYIIETO 3/IeMeHTa cHriana. Hanpumep, cumBon «0» mepesaeTcs oTpe3kom
CHHYCOH/IbI ¢ HA4ATbHOR ()a3oii MpemIecTBYIONIEro 5JIEMEHTa CHTHANIA, 4 CHMBO/I
«l» — TakuM ke OTPE3KOM C Ha4anbHOH (a3ol, OTIHUAOMEHCS OT HAYATBHOI
(hasbl mpemecTBYIONIEro 3NemMenTa curHana Ha 180°. Tpu O®M nepegada Havu-
HAeTCA C MOCHUIKH OJIHOrO He HeCyWero MHpopMaluM 3JeMeHTa, KOTOPhIi ClIy-
AHT OTIODHBIM CHTHAJIOM [UIS CpaBHEHUA a3kl NOCIEAYIONIETO 3/IEMEHTA.

Kak npasuio, B TeXHuKe H3MePEHHIl HCTIONL3YIOTCA NBOMYHbIE KOIHI (m = 2)
H noatomy At = 7, (puc. 4.12,a),

4.4. OcnoBHbIE CBEACHHS 00 HMIY.ILCHOI
H uuppoBoii TeXHHKE H3MepeHHi

MuvnynscHoe W undposoe npencrasnenue MHGOPMALMOHHBIX CHIHAIOB
MHPOKO MPHUMEHAIOT B U3MEPHUTENbHON TexHuKe. [Ipn 3TOM aHanoroBwifi cur-
Hall, OTPaXalouHi NapaMeTpsl peanbHOro GHIHYECKOro Npouecca, mpeobpa-
3YeTcs B MOCIEN0BATENLHOCTh HMIYIBCHBIX CHTHANOB, MPHIOAHBIX A1s 06pa-
60TKH IH(POBEIME YCTPOHCTBAMM.

Hamomumum, uto ycrpoiicta, mpeoBpasyroume aHanoroBelf CHrHAL B M-
OyTbCHEIH (LM(pOoBO¥) BHA, HA3BIBAKOTCA aHATO20-yu@pPossIMU npeobpasoeame-
aamu (ALTI), a ycrpoiictea o6parHoro npeoGpazoBaHms — yugppoananozoebimu
npeobpazosamensimu (LIAIT),

HcxonHoii nipenocsikoi BO3MOXKHOCTH TIOCTPOSHHS LH(POBBIX H3MEpPHTENb-
HEIX puOOpoB, ¥ B qacTHOCTH ALITT u LIATI, cyKHT W3BeCTHAs B pagroTeXHHKE
meopema Komenvnukoea (meopema omcuemos). CornacHo ofHOM, Haubomee u3-
BECTHOHM HMHTeprpeTauuu Teopembl KoTenbHHKOBA, npoussonvhwiii cuznan u(f),
CREKMp KOMOopo20 02panuyen nekomopou sepxnen yacmomoii F,, moocem Guimp
NONHOCTNbIO BOCCMAHOGREH RO NOCTE008AMEIbHOCMU CBOUX OMICHEemHbIX 3HAYe-
Hull, CREOYIOWUX ¢ UHMEPEanom GpemeHu

m:]

2F,

IIpn mepexone OT aHaNOroBOro (HeNpepsIBHONO) CUrHaNa K HupPOBOMY ocy-
WECTBIMOTCA TPH crieuududeckux npeodpasosanns (puc. 4.13): duckpemuzayus
N0 6peMeNU, KeaHMosanue no yposHio amnaumyo u koouposauue (oyugposxa).
Taxoe npezcTaBieHHe CHIHANOB Ha3bIBAIOT AHATIOMO-LU(POBEIM NIPe0GPa3OBAHNIEM.

Ilon duckpemusayueii noHMMAIOT TIPOLIECC IIPeACTaBIeHHT (3aMeHy) BO Bpe-
MEHM aHAJIOTOBOTO CHIHANA JAWCKPETHON MOCNeNOBATENBHOCTEIO omcuemos (abi-
bopok), cnenyromuX ¢ 3aIaHHBIM BPEMEHHBIM unmepseanom At, ¥ 10 KOTOPBIM C
3a[aHHOM TOYHOCTBIO MOXHO BHOBb BOCCTAHOBHTH MCXONHBIM CHrHal B npo-
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creifiieM ciyvae OpH AMCKPETH3alMM aHAIOroBOTO CHrHala (opMHpYeTcs MHO-
HECTBO €r0 OMCYemHbIX 3HaYenuil COOTBETCTBYIONIeH aMIUIHTys! (B BHE Oecko-
HCYHO KOPOTKMX HMMITYNbCOB), B3ATBIX HEpe3 HHTEpPBall BPEMEHH, OTBEYAIOMIMH
yenoeuio TeopeMsl Kotensuukosa (puc. 4.13, a, 6).

us

wp7isiataieleiziel
SO 110 5 1
111101011010 ¢

Puc. 4.13 ®opmbl CHrHANOB NIPH aHaNoro-uudposoM npeobpazoBaHuH:
@ — AHANONOBOTO; § — JNCKPETHIMPOBAHHOIO, 8 — KBAHTOBAHHOIO, 2 — UH(QPOBOIO

Jlns mpeacTaBieHna AMCKPETHBIX OTCHETOB LM(POBLIMU CHTHANAMH (Kodupo-
sanuf) WX Tpe[BapHTENbHO KBAHTYIOT MO YPOBHIO HampsikeHMA. B mpouecce
XBaHTOBAHHA BECH JHANAa30H BO3MOKHBIX H3MEHEHHI aMIUTHTY/l aHAJIOTOBOTO CHT™-
s271a 0T 0 10 Upgx (W OT Upyyy 10 Uy B CITyyae pasHONONAPHOTO CHTHANA) pas-
SHBAIOT HA ONpPENENeHHOE YHCIO OAWHAKOBBIX HIH Pa3AYHLIX (PHKCHPOBAHHBIX
YDOBHEH HanpMKeHUA A, HAa3BIBAEMBIX wazom keawmoeanus (puc. 4.13, @). Ilpu
3TOM KaXkIoMy (PMKCHDOBAHHOMY YPOBHIO CHrHana u,(f) MpHCBAaHBAIOT ONpee-
7eHHoe 3HavYeHHe B (opMme yciosHoro uucna uupposoro koga. C TOUKH 3peHHs
y1o0cTBa TEXHHYECKOH peann3auny U 06paboTki 0OBIMHO MCIONB3YIOT IBOHYHBIE
undpoBbie KOBI, COCTABNEHHBIE M3 1 (1 — LeJ0e YHCII0) pa3palioB, KaxIbsld 13
SOTOpBIX TpeacTasieH «1» — ummynbcom unau «0» — may3oi. Obmee yHcso
YPOBHEH KBAHTOBAHWA COCTABIAET 2 Vposens mara kpanTtoauus (puc. 4.13, 6)
ca83aH C KOJTHUECTBOM pa3pAIoB JBOMUHOTO koia dopmymnoit:
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A= —2‘3’% (4.32)

Ha puc. 4.13 B kavyecTBe NpHUMepa MOKa3aHO KBAHTOBAHWE MPOCTEMHIIEro o-
HOMOJIAPHOTO aHANOrOBOro CHrHana Ha 2" = 2°=8(0, 1, 2,..., 7) ypoBHe#, ut0
COOTBETCTBYET TpexpaspsmHoMy xoxy. Ha BpemeHHOH ocu TpexpaspamHeii mud-
POBOH KOZX MpeacTaBNseTcs Pa3lIHYHBIMK KOMOMHALMAMM M3 TPeX MMIYJILCOB M
nay3. Kaxasiif u3 3THX UMITYILCOB Ha OJHOM HHTEpPBaJie AHCKPeTH3alMH CHTHANA
Af B COOTBETCTBHM C 3aHHMAEMOIl NO3MULMEH, oTBEYalomed paspany s LA
umeeT MHOXHTENS | wim 0. Hanmune Ha JaHHOM HMHTEpBasie NHCKPETH3alMH HM-
IYNBCOB € TEM WM WHBIM MHOKHTENIEM OTNPEeSeT YPOBEHb KBAHTOBAHHA CHUTHa-
na. Hanpumep, npy KOZMPOBaHWM 3HAYEHHA aMIUTATYIL! Hanpmkerud u(0) = 7 kax-
OBl paspal HMEeT MHOXKHUTENE 1, 4EMY COOTBETCTBYET IPUCYTCTBHE BCEX TPEX UM-
MyILCOB HA HHTepBase Auckperusamun — 111, AHanoruuHo 3Hauenue u(2Af) =3
NpencTaBieHo aBoruHbIM kogom 011, T.e. maysoi n aBymsa mMmynscami, [Ipeobpa-
3yeMblii B LudpoByio (opMy aHaJIONOBBIH CHIHAII MOMKET HMETh W OTPHULIATENBHOE
3HauyeHne. B 3ToM ciTydae MaKCHMANEHOMY 3HAYE€HUI0 OTPHUATEIBHOTO MOTEHIHA-
Ja curHana Gyfer cOOTBETCTBOBATH HyneBO# ABOMYHBLHA kox, T. €. 000.

B unpoBoit TeXHHKE OIS OTPaXKEHUS M3MEPHTENLHOH HHpOPMALMH HCTIOND-
3yI0T Kodogsie croea. Kak npasuno, undopmamms (KOJOBbIE CNIOBA) MPENCTABIIA-
eTCH MMITY/ILCHBIMH CHTHANIAMY MPSAMOYTOJBHON (GOPMBI, MMEIOIIUMH 1Ba QUKCH-
poBaHHbIX yposHs Hanpspkerus 1 u 0. Takum o6pazoM, KOJOBOE CIIOBO B IH(PO-
BOW TEXHHKE HMEET BHI MOCIEJ0BATENLHOCTH CUMBONOB 1 u O ompeneneHHOl
AnuHel, Harpumep 10110110.

Teoperuueckoit Gazoit mocTpoexns cucreM nudposoi obpaborku HHpopMa-
LN SBJKIOTCA Ouckpemuan mamemamuxa W arzebpa no2uxu byns. B ocHoBe an-
reGpel JIOTHKA JIEKAT HECKOJILKO axcuom W 3aKOHOE8 W TPH 3JIEMEHTapHEIE Olepa-
wau: UM (rozuueckoe cnosicenue, win ousvionkyus), U (nozuueckoe ymnooice-
nue, wnn konwvronkyus), HE (nozuveckoe ompuyanue, WA uneepcus).

4.5. Jlornueckne # BHA(PPOBLIE 31eMEHTHI

Bce BO3MOXKHBIE ONMEPALHH HAJ JOTMYECKHMH NEPEMEHHBIMU BbIMNOJIHAIOTCA
JIOrH4eCKHMH 2JIEMEeHTaMH.
Jloruyeckne 3J1eMeHThbI
Jozuvecrkuti anemenm WA umeet nsa win 6onee BXonos X |, X;,... W OMH BbI-
xon Y (puc. 4.14, a).
Onepauus TU3bIOHKIWM U1 ABYX NEPEMEHHBIX HMEET BHIL
Y=X 42X, (4.33)

PaccmotpuM npocreiinryo (s obnerdenus aHamusa), HOAHYIO Peau3auuio
neyxsxogosoro sneMenta UJIH (puc. 4.14, 6). Ecnu efHHAYHEIH YPOBEHb HANps-
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Puc. 4.14. Jloruueckuit anement UJIH:
a — ycnosHoe obo3HaueHHe, 6 — JHOIHAN PEANH3ALNA; € — Tabnuua HCTHHHOCTH

weHus (Toruyeckas 1) MPUCYTCTBYET WIH Ha TepBoM X, HIH Ha BTOpoM X,, WiIH
#a oBOMX BXOJIAX, TO Yepe3 OTKphIThie Auoasl VD, wiu VD, 310 HanpskeHHe ne-
penaeTcs HA BBIXOM, CO3JABAs eAMHUYHEIN YPOBEHE BRIXOJHOIO HanpskeHus. [Tpu
HyNeBBIX BXOJHBIX HANPAHKEHHUAX (OTCYTCTBHH CHIHAJA) AHOIbI OKAXKYTCH 3aKphl-
TEIMH, M Ha BbIXOJIE 3/leMeHTa GyleT HMeTh MECTO HyJIEBOH YPOBEHb HANPAKEHHA.

B xiaccHyeckoi MaTeMaTHke JUiA 3aiaHna (yHKUHH 00BMHO HCTIONB3YIOT ABA
criocoba: ananurHdeckuit (B Bune dopmynsl) u Tabmuanbii. [TonoGHEMHE ke crio-
cobaMu MOXKHO 3aaBaTh H norudeckue ¢pyukaan. Haubonsmee pacnpocTpaHeHne
NOAYYHIO MpeicTaB/ieHde JorndeckuX (yHKumit B BHAe TabimHll, Ha3sBaeMBIX
mabauyamu Cocmosnui WIn mabruyamu UCMuHHOCMY, B KOTOPBIX TPHBOAATCH
5Ce BO3MOKHBIE COYETAHMA apryMEHTOB M COOTBETCTBYIOIIHE HM 3HAYEHHS JIOTH-
9eckol QyHKUMH. B COOTBETCTBHM C 3THM JIOTHYECKOMY 3/IEMEHTY OTBEdYaeT mab-
1ya ucmuKKocmu, NOKasaHHas Ha puc. 4.14, 6.

Jlozuveckun anemenm WU (nozuveckan cxema coenadenus) CONEPKHT Ba HIH
Gonee BXxoAOB X;, X,,... H ofuH BeiX0x Y (pHc. 4.15, a). [TpencrapnenHsiit B 060-
IHaYeHuH dJTeMenTa cumBon & (and — uwnraercs «aHoy, T. €. M) orpaxaer onepa-
M0 KOHBIOHKLMH JUIA JBYX NMEPEMEHHBLIX M Onpeje/sercs CleayloluM Bhipaxe-
HHEM:

Y= XX, (4.34)
Xlolo| 1|1
Xy
L& Y Xlofl1[o]f1
X L
Y4 04010581
a) a)

Puc. 4.15, Jloruuecknii anement H:
a — ycnosHoe o6o3HayeHue; § — NHONHAA PEANHIAUMA; § — TAOIMIA HCTHHHOCTH
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OOpaTuMcs K 3JIEMEHTAPHOM, ABYXBXONOBOW JHOMHOH peanu3alii 3eMEHTa
U (puc. 4.15, 6). Ecnu mo6oe u3 BXONHBIX HaNpPKEHHH PABHO HYIO, TO KATON
COOTBETCTBYIOLIEr0 QHONA 3aMKHYT Ha KOPITYC H BBIXOJIHO€ HANPSKEHHE Takke
paBHO Hymo. HanpspkeHue Ha BRIXOZE MOABHTCS, €C/IH BHICOKOE HANpPsDKEHHE, 3amy-
patontee auoMmBI, OymeT MOJAHO OJHOBPEMEHHO M HA NEPBBHIN, U HAa BTOPOH BXOMIbI
(X, =1, X, = 1). B 3ToM ciyqae o6a miona B cxeme OyAyT 3aKpbITHI, U Yepe3 pesu-
cropel R, # R, NOTEYET TOK, KOTOPBIH CO3JACT HA Pe3ucTope R, BRICOKOE BHIXOAHOE
Hanpsokenwe (curHan Y = 1). Tabnuua wmctueHOCTH 3neMenTa M mokasana Ha
puc. 4.15, 6.

Jlozuueckun snemenm HE (unsepmop) BHINIONHAET ONEPAIMIO HHBEPCHH, T. €.
VHBEPTHPYET BXOIHYIO IOTHIECKYIO BEJIHIHHY B COOTBETCTBHH C (hopMynoi

Y=X (4.35)

CnoBaMH JaHHas onepalys TPaKTyeTcs Kak «uzpek paseH He ukcy», WIH «u2-
Pex paseH uxkcy noo 4epmoib».

B ycnoeHom o6o03HaueHuM 3ne-
merra HE (puc. 4.16, a) onepaums 1 Y xlol1
HHBEPCHH OTpa){€Ha KPY»KKOM Ha Bbl- X
xone cxembl. Pabory snementa HE 20 18 L [
AUTIOCTpUpYeT TA0NMIA HCTHHHOCTH
Ha puc. 4.16, 6. OnepauHio HHBEPCHH a) 6)
BRINIONNTHAKOT 3M1EeKMPOHHBIE KIIOYU —

TPaH3UCTOPHBIE YCHIHTEIH. Puc. 4.16. Dnement HE:
B npakTtuyeckux cxemax wougpo- “6':_ yﬂgﬁﬁiﬁcﬁlﬁ::;e;
BOH M3MEpUTENBHON TEXHHUKH NpHMe-
HAIOT JIBe 6a3o6ele cxembl TOTHIECKAX
3NIEMEHTOB M MX Moaudukanuu. B HUX HCNONL3YIOTCA CoveTaHMA LHPPOBBIX JIO-
raveckux anementoB UJIH u U ¢ uasepropom HE.

Inemenm UIIN-HE (puc. 4.17, a) ocylIecTBIAET JIOrHYECKOE CIOKEHHE ABYX

(n Gonee) nMppPOBLIX CUTHANOB ¢ HHBEPCHEH pe3ybrara:

YaX,#X;. (4.36)

Onemenm U-HE (puc. 4.17, 6) npou3BOIUT JIOTHYECKOE YMHOXKEHHE IBYX (M
Gonee) NUQPOBLIX CHTHANIOB C HHBEpCHEH pe3ynbTara:

r=X %, &)

Tabnuupl uctuaHoctH 3nementos MJIM-HE n U-HE npusesneHs! cooTBETCT-
BEHHO Ha puc. 4.17, 6 u e.

Ba3oBele cXemMbl MOMKHO TAKOKe HCTIONB30BaTh IUIA MOCTPOSHUSA JIOTHYECKHX 3Jie-
menToB. Tak, o6nemmenne pxonoB cxembl I-HE npespainaior ee B HHBEPTOP.
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Puc. 4.17. ba3oBkIe 3IEMEHTBI:
@ — WIU-HE; 6§ — U-HE; 6, 2 — COOTBETCTBYIOILIHE MM Tal/IHLIbl HCTHHHOCTH
Hanwuue ycunmrensHoro snementa B cxemax W-HE n WJIN-HE no3BonsieT
SOXPAHATh BBICOKHI MOTEHIMa HANPHKCHHA CHrHaNa (normueckyio 1) B mpouec-
c= ero mepeiadyd NPH IOCNEOBATENEHOM MHOTOKPATHOM COEIMHEHHH STHX yCT-
DOHCTB.

Tpurrepel

Tpuzzep, wm bucmaburbnan (06ycmabunonas) NONYRPOBOOHUKOBAR AYel-
¥3, — YCTPOHCTBO ¢ AByMs YCTOHYHMBBIMM COCTOAHHAMH, CKATKOM nepexoAmiee
#3 O/IHOIO COCTOSHHS B APYroe NOJ BO3/elCTBHEM BXOJHBIX CHTHAIOB. Haumeno-
sasvie CMEHbI COCTOSHHI TpUTTepa UMeeT P/l CHHOHMMOB: nepebpoc, nepexiiote-
sue, ONPOKUOBIGAHUE.

OCHOBHOE Ha3HAYEHWe TPHITEpa — 3anoMunanue (xpanenue) UWAPPOBOH HH-
sopmanuu, [TpHHAB 01HO cocTOAHKE 32 1, a Apyroe — 3a 0, CYATAIOT, 9TO TPUITEP
XDEHMT paspA]l 4ucia B JBOMYHOM Kojie. XpaHEeHWE wagpoBoii MHGOpMALIHE B
TaKol CXeMe TEeOpPETHYECKH MOXET MPOAOJDKAThCA CKOMb YrOAHO JOMTro, Moka Ha
TpHTTEp He TIOCTYNAT CHTHANBI YIPABICHHA WA C HEro He OyneT CHATO Hampske-
=3¢ TUTaHUA.

CTpyKTypPHO unmezpanbHbie mpuzzepsl COCTOAT U3 COOCMEeHHO mpuzeepd
# CXeMBl YNpaBjieHHs ero BXoiaMu (6xodwon nozuku), B 3aBHCHMOCTH OT
SPHHIMNA [MOCTPOEHHSA BXOXHOW JIOTHKH MOJYYalOT TPUITEPbl C PasHBIMH
SVHKIMOHANLHBIMA BO3MOKHOCTAMH: TPHUTTEPHI RS, D, T, JK (4uTaeTcs Kak
CEH-Ka») B Op.

[To cnmocoby ynpaBleHHS TPUITEPHl NENATCA Ha ACUHXPOHHbIE H
cusxponnsie (maxmupyemoie). ITlepexmodeHne aCHHXPOHHBIX TPUITEPOB TIPOHC-
YOIWT C MOCTYIUIEHHEM BXOJHOTO CHTrHaNa Ha ungpopmayuonneiii BXon. CHHXPOH-
=sie TPUITEPHl UMEIOT JOTIONHUTENbHbIH Makmogsii BXOA C (C — clock — duk-
calms BPEMEHM), M MX ONPOKHMIBIBAHHME MPOHCXOJMT TOJBKO NP NOCTYIJICHHH
3XOIHOTO CHIHANA ¥ 0043aTe/IbHOM HAHYHH MaKmo6020 HMITYJIbCa.

Pasnuuator odnomaxmusie (0603Hadenne T) U 0gyxmaxmusie, WIA 0BYXCmy-
senyamuie (06o3gagenue TT) Tpurrepbl. OMHOTAKTHBIE TPUITEPBI NEPEKTIOYAIOT-
c% 10 nepenHeMy (PPOHTY TAKTOBOTO MMITYIbCA, & NBYXTAKTHbIE — TIO IO 3ajiHe-
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My cl)pon'r_y. Tpurrepsl UMEIOT ABa B3aMMOHHBEPCHBIX BBIXOHA: mpamon O W um-

gepcnbiti () (YATAETCS KaK (e KV, <Ky nod yepmoiby). TpUITep HAXOMATCS B €HHIS-

HOM cocTostHuH, korma O = 1, §=0, # B Hynesom, xorna O =0, §= i
RS-mpuezep — Ha puc. 4.18 noka3saHa joruyeckas cxema, yclosHoe o6o-

3HaueHWe ¥ TaONHIla MCTHHHOCTH RS-TPHITEpa, BBINOJIHEHHONO Ha JIOTHYECKHX
anementax WJIIM—HE. 3ot Tpurrep uMeer nea HHPOPMALHOHHEIX BXoaa R 1 S.

hY y =t
1 Q S|R|(@Q|Q
T
s | 2 0l by
o it
Rl of1]o0]1
1 i) 6 o | o | namams
R 4
1 | 1 | sanpem

a) 8)

Puc, 4.18. RS-rpurrep ¢ npAMBIMH BXOJaMHK:
a — cxema; 6 — ycnosHoe 0003HAYEHHE, 8 — TabNHLIA HCTHHHOCTH

Bxon, no KOTOpOMY TPHITEp YCTaHABIMBAETCA B eIMHAYHOE COCTOAHHUE, HA3bl-
BAIOT BX0AOM S (OT aHDI. sef — YCTaHOBKa), a B HyJeBOe — BXOHOM R (reset —
cbpoc). Ecmu § = 1, R = 0, T0 TpHTTEp MEPEXOIUT B eOUHUYHOE COCMOAHUE, TIPH
§ =0, R =1 — B Hynesoe cocmoanue. TIpu ycTaHOBKE Ha BXOJax JIOrHIECKHX
Hyne# (S = 0, R = 0) Tpurrep coxpanseT Npebiayliee COCTOAHHE. Takyro xombu-
HALMEO BXOJHBIX CUTHAJIOB HA3bIBAKOT HelmpanbHOu, WA Namameio.

Ecinu Ha BXOJB! ONHOBPEMEHHO NOCTYIAIOT UHIHYHEIE CHTHANEL (S = 1, R = 1),

* <

TO Ha 000MX BBIXOJAX MOSBNAIOTCA Jorwyeckue Hymd O = 0, 0= 0, u Tpurrep

yTpauHBaeT CBOM CBOMCTBA, MOCKOIBKY MOJI BO3/IEHCTBHEM BHYTPEHHHX (PAaKTOpOB
OH MOKET PaBHOBEPOATHO MEpeHTH KaK B eJHHHIHOE, TAK U B HYJIEBOE COCTOAHHE.
Taxas koMOHHALMA BXOJHBIX CUTHAJIOB ABIAETCA 3anpeujennoti A TpUArrepa.
IToctpoennsiii Ha anementax WJIM-HE u nepexmovaromuiics eIMHHIHBIMH
CHrHaNaMu RS-TpUITep, HA3LIBAIOT MPUS2EPOM € NPAMBIMU BX00AMU,
RS-Tpurrep, BhinoNHeHHbINH Ha 6a3oBbix anementax U-HE, — mpuzzepom ¢
ungepcHoimu exodamu. Utobsl RS-tpurrep Ha joru-

T ©Q
D = geckux nemerTax U-HE srpipabathiBan Te jke CHUrHa-
c ) JILI, YTO M TPUTTEP C NPAMEIMH BXOIaMH, HeobXoIuMo
NoaaBaTh Ha €ro BXOAbl HHBEPCHBIE CHIHAJIEL,

D-mpuzzep umeeT nBa BXofa: HHGOPMALMOHHEILH D
Puc. 4.19. D-tpurrep  (delay — 3apepska) u Takrossii C (puc. 4.19). 3anucs
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sHQOpMALK B HEM MpOM3- Th

SOAUTCS TOIBKO B MOMEHTBI '| 'l y'l "I -l

DOCTYIUIEHHA TaKTOBBIX 7 0 L |1 -

EMMYTLCOB Ha Bxom C | O 0 T !
= - T T 7

C = 1). B 310M ciygae Bbl $ @ r‘

LOIHOM CHrHaJT (O MOBTOpsieT 0 =

=omHoll D: Q = 1, ecimm I t

D=1,uQ=0,ecuD =0. a) 6)

T-mpueeep, WM
CYemHBlU  mMpuz2ep WMEeT
TOABKO OfMH, HHGOpMAaLH-
ouHbli BXon T (puc. 4.20, a), ¥ ero nepeximoYeHne MPOHCXOAHT B MOMEHT TOCTY-
TISHMA 0YePeNHOT0 BXONHOro HMmynbca. IlepHon MOBTOpPEHHS BLIXOAHBIX HM-
myIbCOB 7-TpHITEpa B JBa pasa GoNbINe MEPHOAA MOBTOPEHHS BXOAHBIX MMITY/Tb-
coB (puc. 4.20, 6). ITockoneKy YacToTa C/€AOBaHMSA BHIXOIHBIX HMITYJILCOB B
JTOM Clly4ae yMEHBINAeTCA BABOE, T-TPHITEpHl IHPOKO UCHONL3YIOTCA B denu-
WMEMAX Hacmomul,

JK-mpuzeep uMeer npa uHpOpMaLMOHHBIX Bxoaa J (jump — nepebpoc),
X (keep — coxpansTs) u TakToBBI B0 C (puc. 4.21, a). Ecnm curnan C = 1, To
JK-tpurrep GyHKIMOHHPYeT Kak RS-TpUrrep ¢ MpAMBIMA BXONIAMH, TIPH 3TOM BXOJ
J mpejHA3HavYeH I YCTAHOBKY TpHITEpa B cocrosHue 1, a Bxon K — B coctogamue 0.
SoMOuHaius curHanos J = K = 1 He sBnseTcs 3anpeiueHHoi s JK-tpurrepa — B
3TOM ClTy4ae NPOHCXOMHT €ro OnpoKHIbIBaHKe. Tabnuia HCTHHHOCTH 3TOrO TPHI-
TEpa MpeJcTaslieHa Ha puc. 4.21, 6.

Puc. 4.20. T-tpurrep:
a — 0603HAYCHHE; § — BPEMEHHEIE IHATPAMMEL

B JK-tpurrepe MMeIOTCS eINe ABa AOMOJHHTENbHBIX HHBEPCHBIX BXona S M

#, WCTIONb3yEMBIX IUIA €ro NMPUHYAWUTENBHOM YCTAHOBKH B coctosHue 1 wmm 0.

riElelao
—S TT 1SR 10 o
Q
p——— e
S5 S = ) 1% T
' Q
0 | o |namams
—y I
1 1 | nepedpoc

a) 6)

Puc. 4.21. JK-tpurrep:
a — ycnoeHoe o0o3Hayenue; 6 — Tabnuua HCTHHHOCTH
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ITpu atom coctosnua BxonoB J, K u C MoryT 6bITE COBEPHIEHHO MPOH3BOJBHLI.
Ecmu HeoOX0nHMMO MCKIHOYHTE BIHAHHE BXOIOB HpHH}’IIHTeJ‘ILHOﬁ YCTaHOBKH Su

R , TO HA HUX TIOHAIOT JIOTHIECKYIO 1, T. €. MOICOEMHHAIOT Yepe3 OrpaHNYHBAK-
[MKe TOKH PE3UCTOPRI K HCTOYHHUKY TIATAHUA MAKPOCXEMBI.

HuTerpanbHbie cHeTYHKH

Humezpanenorii cuemyux — UAQPOBOE YCTPOHCTBO, BHIOMHEHHOE HA HHTe-
rpajJibHBIX TPHITEPAaX CO CXEMAaMH YNPABIEHHS Pa3HOW CTPYKTYPEl H OCYIIECTB-
JSTIOWIEE CYET MOCTYHAIOIIUX Ha ero BXOJ HMITyTbcoB. CUeT UMITYIBCOB B CUETYH-
Ke TIPEeJICTABIIAETCA ONpe/le/IeHHbIMH KOMOMHAMAMM COCTOAHMI TpHUrrepos. Ilpn
MOCTYIUIGHHH Ha BXOJ] CXE€MbI OYepeIHOMN JIorHdeckol | B cueTyHKe yCTAHABIIHBA-
eTcs HOBaA KOMOWHALMA COCTOAHWH TPHUITEPOB, COOTBETCTBYIOINAA YHCIY, Ipe-
BBILLIAIONIEMY NpeNblaymiee Ha eIUHUIlY. Takue cUeTYMKH HA3bIBAIOT CYMMUP)IO-
wumu. B miadpoBoi M3MepUTENBHON TEXHUKE MPUMEHSIOT W GbIYUmMaioujue cuem-
yuku, B KOTOPBIX B MPOLECCE CUeTa BXOMHEIE YHCHA TIOCIENOBATEEHO YORIBAIOT
HA EOHHHLY, & TAKXKe pegepcugrvle cuemuuxu, CIOCOOHBIE IepEeKIIoYaThCA H3
pexuMa CyMMHpPOBAHHS B PeXKUM BEIMHTAHHA H HA000pOT.

JUns mpencTaBieH A YUCEN B CUETYMKAX UCMOJB3YIOTCA B OCHOBHOM J[BOHYHAA,
OecATUYHAA U JBOMYHO-AECATHYHAA CHCTEMBI cuucieHnii. [Ipn npuMeHeHHH ABO-
HYHOM CHCTEMEI CYHMCIIEHHA JIOTHYECKHE YPOBHH Ha NPAMBIX BBIXOJAX TPHITEPOB
onpeaensioT WHQpsl ABOWYHEIX pa3spamoB uncna. B aToMm ciydae kaxaelil pa3pain
YHCHIa B CHETYHKE 00ECIETUBAETCS ONPEIEIEHHBIM COCTOAHHEM OHOTO TPHITEPA.
MaxkcuManBHOe YMCIIO 3aMHMCHIBAEMBIX HMIYILCOB cocTamier N = 2"-1, roe n —
YHCJIO Pa3pAAoB (YHCIIO TPHITEPOB) B CIETUHKE.

PaccMOTpHM NIPOCTEHIIHN O60uYHbIN KONbYEEOol cuemyuK, NPEICTaBIAIOUINH
co0Oo# TpH 3aMKHYTBEIX B Konbuo JK-tpurrepos (puc. 4.22, a), Mo KOTOPLIM MOZ

40 4l A2 ﬁn 0,10:] 05
ol1]olo
S TT Oi T 0_‘5;‘ 7| ) YT 961 K g B [
r:(l.f ol 8 %] 15 *2Tolo]1
c = = S P =
K \Ql K ..QZ K Q3 Ly 00
i_x s I = 7y s]of1]o
slolo]1
Voms 6l1]o]o
° T1o.110
(o7
Bx. glolol1

a) 6)

Puc. 4.22. KonsueBoii cueTYHK:
a — cxeMa; 6 — Tabnuua MCTHHHOCTH
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BO3/GHCTBHEM BXONHBIX HMIY/IBCOB (TOUKA Bx.) IMPKY/IAPYET OIHA MIIH HECKOMNb-
KO KOHOBBIX enuHAL. B 370l cXxeMe mpsAMOit BRIXOM KAKAOTO MpebIAYIEro TPHr-
repa coelMHeH ¢ BxomoMm J nocnexmyiomero Tpurrepa. Takrtossie Bxomsl C Bcex
TPHUITEepoB 00beauHeHs! (y3en Bx.) U Ha HUX MOCTYNAIOT CYETHBIE HMITYNLCHI. TTe-
Pell HaqaJioM CYeTa MEPBLIN TPHITEP UMITYIILCHEIM CHTHANOM Yem. YCTAHABINBAETCS B
cocrosnue 1 (Berxozt 0), ocTansHbie Tpurrepsl (Bbixons! 1 u 2) — B cocroanme 0. Dto-
MY COCTOSIHMIO CHeTYHKa cooTBeTcTByeT 0 Ha BhiXoge O , MOCNENHEro TPHITepa,
[Tocne oTkmMOYEHNs CHrHANA Yem. HAYHHACTCA CUET M TPHITEPH (YHKIMOHADYIOT
xak 00br9HbIe JK-TPHUITEDEL.

Tak kak Ha HHQOPMALAOHHBIX BXOAX NEPBOIO TPHUrTepa GbLIO YCTAHOBIEHO J = 0
# K= 1, B MOMEHT OKOHYAHH TIEPBOTO BXOJHOIO MMIIY/ECA OH MEPEiIeT B COCTONHME
sorudeckoro 0. Bropoit Tpurrep npumMer cocrostwe 1 (Bexox 1), Tak kak Ha €ro BXo-
1ax 6buto J = K = 1. Tperwit TPUITED HE UIMEHHT CBOETO TPEJBITYIIEN0 COCTOSHHS.
Taxum 06pasom, KozioBasi | mepenuia ¢ TIEPBOrO TpUrTepa Ha BTopoii. ITo okoHYaHUK
KKIOT0. CIIEMYFOIIEro BXOMHOIO MMIYNbea, kofmoBas 1 Gymer nepememarscs ot mpe-
ALITYIIETO TPUTTEPa K NOC/EAYIOIIEMY, T. €. IEPEXOUTH 10 CXeMe BIpaso (cM. Tabiu--
1y UCTHHHOCTH Ha pHc. 4.22, 6).

IIudgparops! 1 gemmpparopsi

Ipexne dem mepeifT K pacCMOTPEHHIO CTIEM(HYECKUX YCTPOHCTS L(POBOA 13-
MEPHUTENILHON TEXHMKH — IIM(paTopoB H Jenmpparopos, obpatuMes k CHCTEMaM 0TO-
SpaxeHnsa mAGPoBO# HHbOPMaLIH,

Cucmemvl cuucnenus u koOwi, npumensiemvie 6 Yu@Ppoeol uIMepumensHol
mexnuke. s u306paxenns MOOBIX YHCENT CYIIECTBYET HEKOTOPOE OrPaHHIEHHOE
9HCJIO 3HAKOB H MOPSAMOK WX HAaNMCAHWA — 3TO W €CTh CHCTEMA CUHMCieHus. B
OPHBLIYHOM I8 HAC AECATHYHON CHCTeMe TakuxX 3HakoB gecars: 0, 1, 2, ..., 9.
DopMa 3aNKCH YHC/IA B IECATHIHON CHCTEME CUNCIIEHHA UMEET BHJI

n

N= le a10"™ = 4107+ 4,,10"%.. 4 610"+ 410",  (438)

i
rme 10 — pecATHYHEIA paspan; a; — 3HAYCHHE CHMBOJIA B COOTBETCTBYIOLIEM
paspsjie, KOTOpoe MOXeT ObiTh o6BIM ot 0 10 9.
Hampumep, 4ucio 583 ¢ nomomsio Tpex AeCATHYHBIX Pa3psioB 3alHUIIETCA

z 1 0
kak: N=583 =510+ 810 +3-10.
AHaJIOTHYHO 3aITHCEIBAETCS LIEJI0e YHCJIO U B IBOHTHON CHCTEME CYHC/ICHHUS:

n
N = E LS R A S S T LR (4.39)

B 3ToM BeIpakeHHH K03 bULMEHTS! b, NPHHAMAIOT ML Ba 3Ha4eHus: 0 u 1,
Hanpumep, gncio 583 B qBondHO#M cHCTEME 3aIHIIETCA B CIEAYIOLIEM BHIE:

N=12"+ 02" +02" +12° +02° + 02 +02° + 122+ 1.2' +1.2°.
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CnepoBaTeNbHO, YHcHy 583 B JeCATHYHONH CHCTEME COOTBETCTBYET MHC/IO B
neougHoi: 1001000111. [Tocnensee NPUHATO HA3BIBATH KOJIOM 9YHCIA B BOHIHOH
cHcTeMe CUHCIICHHS.

Harmmcanie 9UCIa B JBOMYIHOM KOJAE OKA3bIBAETCH YNOOHLIM [UIA MPOBEACHAA
apudMeTHIecKHX NeHCTBHH No 3aKoHaM OyneBoi anreOpsl, 9TO NPHMEHAETCA B
MUKPONPOLECCOPHOH ¥ KOMITBIOTEPHOH TEXHHMKE.

TIpu HCTTONB3OBAHKH JECATHIHOM CHCTEMBI CHUCIEHNA MUls 00pasoBaHus Koja
TpebyeTcs NecATh Pa3sNUYHbIX HMITYJIBCOB, HANPHMED, OTIHYAIOIIMXCA AMILTHTY-
[OH, IIHTeNLHOCTRIO M 1p. Takoe MpeicTaBieHHe KOMOB HEe MPUMEHAIOT, Tak Kak
s 06pa3oBaHMA M ero pacrio3HaBaHuA TpeOyeTcs CNOKHAA annaparypa, B TO
BpeMs Kak JUTs 06pa3oBanma i 0GpaboTKH ABOMIHOTO KO/A MOTYT ObITh HCMONB30-
BaHBI MPOCTHIE, TBOMYIHbIE IEMEHTHI, HMEIOIIHE BCETO IBA COCTOAHHA 1 u 0. [Ipo-
W4HBIH KoI Hambosee KOMTakTeH (3KOHOMHMYEH) H NOKa ABIACTCA OCHOBHBIM KO-
IOM B KOMITBIOTEPHOH TEXHUKE.

OnHAaKo TBOWYHBIA KOI HeynoGeH IUisi yNpaBiieHHs NeCATHYHBIM LH(POBBIM
OTCHETHBIM YCTPOHCTBOM H3MepHTENbHOW armaparyphl. [IodTtoMy B uudpoBoi
H3MEPUTENBHOM anmaparype MIHPOKO HCIONL3YIOTCA 0BOUNHO-OECAMUYHBIE H
mempaono-decamuynbie KOMIbl, TaK KaK MPeCTaBIeHAE H3MepAeMOoi BeMIMHbI Ha
MHIMKATOPE JOJDKHO OBITh BBITONHEHO B MPHBBIMHOM JUIA ONEPATOpa ACCATHIHOM
BHIE, a MEPEeBO IBOWYHOTO KOJIA B NECATHYHbI — CITIOXKHASA /IS HETO 3a1aqa.

B TeTpanHO-IeCATHYHOM CHCTEME Kakas NecATHIHas uppa (0...9) xonupy-
eTcs 4eThIpbMS (TeTpana — 9eTkipe) ABONYHbIME yHCHaMu 0 u 1 MpH pasTHYHbIX
BECOBEIX K03 pUIHEHTAX.

Haubonee MMPOKO PacHpoOCTpaHeH B UH(POBBIX H3MEPUTENbHBIX npubopax
xon 8421, B KOTOPOM BECOBBIMH KOI(PDHIMEATAMH SBIAIOTCA uudpst 8, 4, 2, 1
(tabn. 4.1).

Ta6nuna 4.1, JIsonuno-gecaTuHbI Koa 8421

ﬂ“’;“;‘:;“" T i O PR s T S

Kon 8421 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001

Eciu BepHYThCA K uncny 583, To B koxe 8421 oHo Gynet MpelcTaBieHo ciie-
IyIOLIUM 06pa3oM:

583 = 107 (8:0 + 41 +2:0+1-11+10"- (8- 144-0+2:0+1-0)+10 - (8:0+4-042-1+1-1).
CoOOTBETCTBEHHO 're'rpanﬂo-necamnaﬁ 3anuck UMeeT BHIO
0101 1000 0011.

[TOMHMO JBOMYHO-IECATHYHOTO KOJA MPH MOCTPOCHHH LH(POBBIX H3MEpH-
TeNBHBIX TPUOOPOB MPUMEHSIOTCS KOIBI H C IPYTHMH BECOBBIMH ko3¢ duumenTa-
MH (TeTpajHO-eCATHYHbIE KOMbI), Hanpumep: 4 2 2 1 i Ap. 3TH KOMBI HEOMIHO-
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3HauHbIe (T.e. YMCNA MOXHO MONYYNTh PAa3HEIMM KOMOGMHALMAMM), HO TpeGyroT
MEHBIIIE CHMBOJIOB, YTO HHOIIA BaxHO. JUId yCTpaHeHHs! HEOAHO3HAYHOCTH NpH-
HHMAIOT CNIELMATTEHBIE MEPBL.

B mupoxo ucnonb3yeMbix B UH(POBOH HIMEPHUTENLHOM TEXHHKE 0eCAMUYHbIX
(Oexadmbix) cueTduKax UMQPLI PaspAgOB AECATHUHOTO THCHA NPeACTABAAIOTCA B
HETHIPEXPaspAAHOA ABOMUHON (dopMe, T. e. HCTIONBL3YETCH NBOMYHO-IECATHUHAS
cucteMa ucumcienus. [Ipu 3ToM mis kaxknoro paspaia DEecATHYHOTO YHCIA HC-
HOJIE3YETCA YEThIPE TPHITEPA M, ECIIH YMC/IO NECATHIHBIX Pa3psmos k, TO JUis pe-
THCTPAlHK YHCEN B AECATHYHOM CYETIYHKE HEOOXOAMMO 3aleiicTBOBaTh 4k TpHrre-
poB. MaKkCHMAabHOE YHC/IO 3alHCAHHBIX HMIYIBCOB B CYETYMKE B 3TOM Clydae
cocrasnger N = 10% - 1. JecaTuyHbIE CIETUMKHM LIMPOKO MPHMEHIOT B CIIyyasx,
KOT[a YUCJI0 MOCTYNAIOLIHX MMIIY/IbLCOB He0OXOAUMO MPeACTaBHUTh B MPHBEIYHOMN
115 4€JI0BEKA NECATHIHON CHCTEME CUUCIICHHA.

HIngppatop

[lugppamop (HassiBaeMblii 4acTO Kodepom) — YCTPOMCTBO, npeoGpazyioniee
AeCATHYHBIE YHCIIA B IBOMIHYIO CHCTeMY cuHcnenus. [lycts B mudparope umeer-
€ m BXOIOB, NOCNEN0BATE/ILHO MPOHYMEPOBAHHBIX NeCATHYHBIMU uncaamu (0, 1,
2,3,..., m— 1), n n BbiX010B. [ToCTyIIeHNe CUrHAJA HA OMH M3 BXOAOB BhI3LIBACT
NOABJIEHHE HA BRIXOJAX 1-paspAIHOro NBOMYHOTO YHCJA, COOTBETCTBYIOMIETO HO-
Mepy Bo30yKI€HHOTO BXOJIA.

M3BecTHo, 4TO MOCTPOUTH WHBPATOPLI ¢ GOMBIIMM YAC/IOM BXOIOB M TEXHH-
HECKH TPYIHO, MO3TOMY OHHM MCIMOJB3YIOTCA [UIS Tpeobpa3oBaHys B IBOMYHYIO
CHCTEMY CHMCICHHA HEOONBINMX NecATHYHBIX uHcel. [lia npeobpasosanus Gomb-
OIMX AeCATHYHBIX YHUCEJ MCTIONB3YIOTCS crenuanbhbie Metoabl. [Lndparopsr yac-
TO CHaOXAIOTCA KJIABHATYPOH, KaXIas KJIaBUIIA KOTOpOH CBA3aHa C ONMpeescH-
HBIM BXOIOM INM(PATOpa, H Ha €r0 BBIXOIE BOCIPOM3BOTMTCA NABOWYHOE YHCIIO,
COOTBETCTBYIOIIEE HAMMCAHHOMY Ha KIABHIIE CHMBOITY.

Ha puc. 4.23 nokaszano ycnosHoe

msobpaxenne wmmpparopa, npeobpa- x—0| CD 1 f—n
3YIOWEro MepBble AecATh madp necs- X 1

THYHOro cumcienus 0, 1, 2,..., 9 B aBo- =2

WIHOe mpexcrasienne. Cumson CD B 3 i =
o6o3HaYeHuy mmudparopa 06pasoBaH 1z 3] i 5

OykB, BXOOAIIMX B AHIIMHCKOE CIIOBO x— 6 4 f— y,
CODER. CneBa Ha cxeMe mOKa3aHO X7 7

NeCATh BXOA0B, 0003HAUYEHHBIX COOT- xg— 8

BETCTBYIOIIMMH JeCATHIHBIMM YHCIIA- Xg 9 Bifrere W
mMu, CnpaBa mpeacTaBleHBl BBIXOABI

umdparopa: madpamu 1, 2, 4, 8 06o- Puc. 4.23. Yenosuoe

BHCHH a
3HaY€HBI BECOBBIE KOA(DPUIMEHTE! JBO- FROGDAMGENS MIADPRTOD

HYHBIX PpaspsAfioB, COOTBETCTBYIOIIMX
OTHENBHEIM BEIXOJAM.
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Hemndparop

Hewuppamop (HasbiBaeMBlit Takoke dekodepom) NpeHasHaYeH UTA 06GPATHOTO
Tpeo6pasoBaHus JBOHYHBIX YHCEN B CPABHUTENBHO HeGONMbIIAE TIO 3HAYEHMIO Jie-
CATHYHBIE 4ncna. Bxonwl pemmdparopa crykar mis MomadM MBOMIHEIX 4HCEN,
BBIXOJIBI [OC/EOBATENLHO HYMEPYIOTCS NeCATHYHBIME Hcaamu. Jlemudparops:
WHPOKO HMCHOMBL3YIOTCA B LUM(POBOH M3MEPHTENBHON TeXHHMKe. B YacTHOCTH, X
NPUMEHAIOT B YCTPOKCTBAX, TeYaTalomuX Ha Gymare BHIBOAMMEIE W3 UM(POBON
CXEMBI TEKCT WM 4Yucna. B Takux ycTpoHCTBAaX NBOMYHOE 9YHCIO, MOCTYNas Ha
COOTBETCTBYIOIIMA BXON Aemmubparopa,

BEI3BIBAET IMOABJEHHE CHUTHANA Ha €ro » 1 oc |ob—x
ONPENIENICHHOM BBIXOJE. 1 2
Ha puc. 424 B xawectBe npmmepa 1
NpUBEJICHO YCIIOBHOE W300pakeHHe of- ¥ 2 3 *3
HOM U3 NPOCTEMIIHX CTPYKTYPHBIX CXeM g = y
nemmndparopa. Cumson DC obpazosan i B 3 2
u3 OykB anrHiickoro ciosa DECODER. 7 f—x,
CneBa oT cXeMbl INpPEICTABIEHBI BXO- 8 —x5
msl mu¢paropa: widpamu 1, 2, 4, 8 06o- Y418 S —x

3HAYEHBI BeCOBbIE KO3(DHUIUMEHTH ABO-
HYHBIX paspsanoB. CrnpaBa mokasaHbl Je-
CATH BBIXOJIOB, NPOHYMEPOBAHHBIX JECH-
THYHBIMH YHCJIaMH, COOTBETCTBYIOLUIHMH
OTAeNBHBIM KOMOHHALIMAM BXOJHOTO ABOMYHOrO yMcia. Ha kakmom BeIXoze ge-
wHpaTopa MpH CTPOTO ONMpeAeNeHHON KOMOMHAIMK BXOZHOTO JBOMYHOIO KOJa
BbIpaOaThIBAETCA NeCATHYHAS Udpa.

Puc. 4.24. Yenosnoe
n3obpaxeHue nemndpparopa

4.6. Iludpossie n3mepuTenbHLIE NPHGOPHI B IpeoGpasoBaTen

[udpossie H3MepHUTENBbHbIE MPHGOPE! ABTOMATHYECKH NPE0BPA3yIOT BXOLHOH
M3MCPHTENbHBIH CHTHAN B JMCKDPETHBIH BBIXOAHOM CHIHAJ, NpPENCTABNEHHBINH B
mudposoii popme.

IIo Buny usmepseMbix Benudun LUI nenarcs ua:

* BOJIBTMETPBI ¥ aMIIEPMETPBI MOCTOAHHOTO U MIEPEMEHHOTO TOKA;

* OMMETPBI B MOCTBI TIOCTOAHHOTO H NIEPEMEHHOTO TOKA; -

* KOMOMHHpOBaHHEIE TIPHOOPE;

* M3MEPHTENH YacTOThl, HHTEPBA/IOB BpEMEHH M (ha30BOTO CHIBHTa;

* CHeHHaTM3MpOBaHHbIe MPUOOPEI, NMpeHa3HAYEHHEIEe [UIS ONpENENeHHs Bpe-
MEHH cpabaThIBaHMs PasIMIHbIX 37EMEHTOB H T. /1.

Huanazon m3mepsembiX nocpencrsom LIMIT BemwanH 06b14HO BechbMa HIMpO-
Kui ¥ pasOMBaeTCs Ha pAl NMOAAMANa3oHOB. BEIGOP HYXHOTO MOAAMANAZOHA B
NMPOLECCE M3MEPEHHMA NPOM3BOINTCA BPYYHYIO WIH aBTOMaTH4eckd. H3mepeHue
Ha BRIGPaHHOM MOJTHANA30HE BCEra OCYIECTBAAETCA ARTOMATHIECKH.
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OcHoBHBIME KnaccH(pUKALMOHHBIMEI npu3Hakamu LIATL npuuaTo cukrath B
mvepieMol puznveckolt BenmuuEBl M criocob npeobpasoBanus, onpeneNtOUIHe
TaKHMe BaXKHblE XapaKTepPHUCTHKHM, Kak TOYHOCTh M ObicTposeiicteue. IlTo BuIy
=xo/HbIx  (usmdeckux penwuuH LIHI] o6beauHAlOT B CIEOyIOUIHE OCHOBHBIE
TpyNnbl NpHOOPOB 1A HIMEPEHHUA:

* IOCTOAHHOTO M NEPEMEHHOTI0 TOKA (HANPAKEHU ),

* napaMeTpoB R, L u C 3eKTpHYecKHX Lenei;

* BPEMEHHBIX I1apaMeTPOB (YaCTOTSL, NePHO/IA, HHTEPBAA BpeMeHH, (asbl).

Pasnosuasoctamu LIHII, Bxoasmux B ynoMsHyThi€ TpYIIE], ABISIOTCA Cpefi-
CTBd W3MEpPEHHMH ¢ MHKpONpoNEeccopaMy, H(POBbIe OCIULIOrpadsl H BUPTYalb-
#hie MPHOOPE! Ha OCHOBE KOMITBIOTEPOB W miar c6opa JaHHbIX.

BaxubiM# TexHudeckumu xapakrepuctukamu LIMII, onpemensrommmu Bo3-
MOXHOCTb MX MCITONIb30BAHMA U1 KOHKPETHOM M3MEepUTENbHON 3anavyH, ARmsSiOT-
32 Mpelenbl M3MEpeHHs, eHa [e/IeHns, BXOAHOe CONpoTHBIeHNHe, OhicTponeiicT-
EHE, TOYHOCTD, MOMEXOYCTOHIHBOCTD ¥ HA/IeHHOCTb.

Obobmennas ctpykrypHas cxema LIMIT nokasana Ha puc. 4.25.

B madposom npubope

mMepAeMas BEJHYMHA X N
NOJAETCA HA BXOOHOE YCT- Kod
poficteo (BY), npeanasna- X gy XA oy
4EHHOE /Ul BbUICNEHHA ee

3 nomex M maciurabHoro 1 1 lyy! H

npeobpa3oBaHua. AHano-
ro-uudposoif  mpeobpaso-
sarens (ALIIT) npeoGpasy- Puc. 4.25. O6o6uennan crpykrypHas cxema LITT

€T BBIXOJHYIO BEJIHYHHY

BY x' B ko N, xoTopsiit nofiaetcs Ha mwHdpoBoe orcueTHoe yetpoiictso (LIOY), rne
HHIHIMPYETCA B BHAE pana AecATHYHBIX 1Mdp. L{ndposbie koAbl MOTYT BEIBOJUTLCH
# BO BHEMIHME YCTPOMCTBA, HANPUMEP B KOMIBIOTEP MU AaibHeiiel ob6paboTku
wid Xpanenns. Ynpasnser paGoroit LIUIT yctpoiictso ynpasierus (YY) myTeM BbI-
pabOTKH W MOAAYH ONpENE/ICHHOH MOC/EI0BATE/IHOCTH KOMAHIHBIX CHTHAJIOB BO
sce (hyHKIMOHAIbHBIE Y3761 IpHOOpA.

ITo cnocoby npeob6pazoBaHus BXoAHoro curnana LMII
YCIIOBHO AeNAT HA NpHOOpPBI HpAMO20 W ypasHoeewusaiowe2o npeobpasosa-
wur. B LIHIT mpamoro npeoGpa3soBaHua oTCYTCTBYeT uemb obmel orpuua-
TenbHON obpaTHOW cBA3M (T.€. OTpHLATENbHAA CBA3b BRIX0AA C BXOAOM). OHH
obnagaloT noOBeIDIEHHBIM ObicTpoielicTBHeM, HO NpeLH3HOHHBIE H3MEPEHHA
BO3MOJKHBI JIMIIB NIPH BBICOKOH TOYHOCTH BCEX H3MEPHTENbHBIX Mpeobpa3sosa-
Teneit, noatomy npumensiorcs peako. LMIT ypaBnosemmsaiomero npeobpa-
30BAHMA OXBaveH 1eneio obmeit obparHoii cea3zn. Cxema nenu oTpUNIATENLHON
obpaTHo# cBf3M npencTtaBnfer coboit mo cymectBy nudpoaHanoroseli npe-
obpazoparens (LIAIT) BRIXOAHOr0 AMCKPETHOrO CHrHala B KOMIEHCHPYIONIYIO
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BEJIMUMHY X,, MMEIONIyI0 OAHY (U3HYECKYI0 NPUPOAY C W3MEPSEMOil BETHIH-
HOH x(1).

[orpemnocts 1IUII ypaHOBenmBaroniero npeodpa3oBaHus, OXBA4€HHBIX OT-
pHUaTeNbHOM 00paTHOM CBA3LI0, MPAKTHYECKH HE 3aBHCHUT OT NOTpemHoCTel mpe-
obpasosarerneii Lenyu npAMoro npeodpa3oBaHys, a ONpeaeNsieTcs B OCHOBHOM Ia-
pametrpamu LIATI.

I[To xapakTepy H3MEHEHHSH BO BpPEMEHH KOMIEHCHDYIOLIEH Be-
nvauss! x, [TATT genar Ha npubopet pasgepmuisaronfezo N cnedsuezo ypasHoseusa-
Huw. Tlpumepom LIATT nepeoro Tuna ABAAXOTCS OpUOOPBI, B KOTOPBIX 3HAYEHHE KOM-
MEHCUPYIOLIEH BETHIHMHBI X, B KOKIOM LMKIE W3MEPEHUS BO3PACTAeT OT HyJs CTyme-
HSMH, paBHBEIMH IIAry KBaHToBaHHsA A (puc. 4.26, a).

Korga x, = x, npouecc ypaBHOBEUIMBAHHA MpeKpamaercs # PUKCUPYETCH pe-
3yJIBTaT HW3MEPEHHA, PABHLIM YHCIY CTylNeHeH KBAHTOBAHHA KOMITEHCHPYHOLIEH
BeJHYMHBL. OTCYeT NokasaHuit MPOU3BOAUTCS B KOHIE LIMKIA M3MEHEHHS BEIHYH-
Hbl x,. [TpH 5TOM BO3HHMKAET MMHAMWYECKAs MOTPENIHOCTh A,, 00yCIOBICHHAS U3~
MEHEHHEM H3MepACMOH BeNMuMHBI X(f) 32 MHTEPBAT BPEMEHH MeKIy MOMEHTaMH
YPaBHOBEIIMBAHUA W OTCYETA.

B IIUII cnensmero ypasHopelupanus (puc. 4.26, 6) ypoBeHs KOMIEHCHPYIO-
mieif BEMMYHHBL HE BO3BpAIIAETCs K HYMIO MOCHe AOCTHKEHUs PaBEHCTBA ¢ M3Me-
PAEMOIi BEJTHYMHOM, a 0CTAeTCA MOCTOAHHBIM 10 Hadania ciexyiomero nukia. [Ipu
W3MEHEHHH X BEIMYMHA X, COOTBETCTBEHHO OTCIEXKUBAET ITO H3MEHEHHE TakK, 4TO
pa3HOCTh X — X, HE MPeBbIIIAeT 1ara kBanTopanud. OTcYeT MPOBOANTCA WIH B MO-
MEHT YpaBHOBEINHBAHU, HIH 110 BHEITHAM KoMmaHmam. Crnepsiuee ypaBHOBEIIHBA-
HHE CIIO)KHEe B TEXHHYECKOH peanu3alnd, HO TIPH NMPOYHX PABHBIX YCIOBHAX JaeT
MEHBIITYI0 TUHAMHYECKYIO IOrPEeIHOCTh, He NPEBIMAIOIIYIO ara KBaHTOBaHHS.

~ Tlo BMAY BBIXOAHOrO AMCKpPeTHOro curuana LI u AL[I
IeNATCs Ha NMPUOOPHI C TBOMYHOMN, AECATHIHOM M TBOUYHO-IECATHIHOM (hopMaMu
npeacrapiaenus uHdopMaruy, JIsonuHas gopma ABAgETCA CaMON 3KOHOMUYHON H
HCIIOJIB3YETCA B OCHOBHOM I MpecTaBneHus HHpopManuu B cucteMusix ALTT.

X, X, Xk
An
s t
> AJI / x()
x()
A X
i i A
2 | X=X | X=X o
[ uicn usmepenus| Omcuem Omcuem 1 Omcuem
oout] 6)

Puc. 4.26. Bpemennsie nuarpammel k cxemam LTAIT ypaBHoBeinuparomiero tuma:
a — pasBepTHIBAIOILEID; 6 — clesiero
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4.7. Ananoro-uagpossie n nudpoaHaIOroBbie NpeodpasoBaTeIn

[Ipexze 4eM nepeiiTi k aHanusy npuHuuna aeficreusa AL u LIAII, xopoTko
PACCMOTPHM BaKHEHIIMH 37€MEHT HHTEerpanbHOH TEXHHKH — ONEpaurOHHBIA
VCHITATENTb H pAL CXE€M, [TOCTPOCHHBIX Ha HEM.

OnepanuoHHBIH YCHIHTEIb

OnepannoHHeM ycunuteneM (OY) Ha3piBalOT BEICOKOKAYECTBEH-
HbIH MHTErpajibHbIl JTMHEHHBIN YCHIHTENs HANPSUKeHUA, HMeIomui 60/bImoi ko~
sdumment yeunenns (10°...107), Bricokoe BxoaHoe (cotin MOM) u Manoe Bbi-
xonHoe (emuHuusl OM) conporusnenud. Ha puc. 4.27, a nokasaHo ycioBHOe rpa-
dbugeckoe obo3Hagenue OV, :

a)

Puc. 4.27. OnepauoHHbIH YCHITHTEb:
a — ycioBHoe rpaduyeckoe 0603HaYeHHE; 6 — NEPeNATOYHBIE XapaKTEPHCTHKH

ITo oTHOWEHMIO K BBIXOAY OOMH W3 BXonoB OV ABNAETCS HEUHBEPMUPYIOUWUM
U, a npyroit — ungepmupyiouum U,; nocnenHuit 0603HaYaeTCs 3HAKOM uUHBED-
cuu (kpyxok Ha Bxozne OV). ITuranme OV ocymecTBIfeTCs OT ABYX OJMHAKOBBIX
Pa3sHOMONAPHBIX HCTOUHKKOB +U, n —U,. TIpu TakoM ONUTaHUH BXOJHBIE H BBIXOJI-
HEIE CHTHAJIBI MOTYT OBITh ABYNONSPHBIMH, a HYIEBBIM BXOIHBIM CHTHAlaM COOT-
BETCTBYET HYJIEBON BBIXOMHON curHai. Beixoauoi curwan OY mponopuxoHasieH
e peHIHATEHOMY BXOMHOMY CHIHAITY — pa3HocTH BXoaueix Uy =U,— U,.

Koadduument ycunenus no HanpskxeHmo K, OY paBeH OTHOIIEHHIO BBIXOM-
HOTO HanpsuKeHuA K MuddepeHIIHansHOMY BXOIHOMY HAIPSKEHHIO!

g maRiy (4.40)
Uo

I[lepenaTodHBle XapaKTepPHCTHKH — 3aBHCHMOCTB BBEIXOJHOIO HANpPAKEHHA OT
sxoHoro (puc. 4.26, 6) — umeloT BaxkHoe 3Havenne wa OY. Ecnn ycunmusaeMbii
CHTHAJ TIO/IaH Ha HEHMHBEPTHPYIOLMI BXOJI, 2 UHBEPTHPYIOIIMI BXOA 3a3eMIIeH, TO
3HAK BBIXOMHOTO HANPKEHHS COBMNAAAeT CO 3HAKOM BXOJHOTO HANpsKeHUs (/-
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uus 1). [pu mojiade CUTHANA Ha WHBEPTUDPYIOLIHH BXOJI M 3a3EMJIEHHH HEHHBEPTH-
PYIOILIET0, 3HAK BHIXOJHOTO HANpsUKEHUs GyneT MPOTHBOTIONIOKEH 3HAKY BXOJHOTO
(muamg 2), Yronm HakjIOHA JHHEHHBIX YYaCTKOB MEPEJATOYHBIX XapaKTEPHUCTHK
MPOTOPLHOHANEH KO3(dHIMERTY YCHIeHHs 110 HanpsokeHuio K. ['opu30HTANIB-
HbIE YUACTKH TIEPEJATOYHBIX XapaKTEPHCTHK COOTBETCTBYIOT PEXKUMY HaChILl'[eI{E'[SI
OKOHETHbIX TpaH3ucTopos OY, M03ToMY BEIXOAHOE HanpmkeHue: Uy = U, =+U,

C Henblo YIPOIIEH!s aHaTH3a ¥ PacdeTa CXeM Ha OTEePaLMOHHBIX YCHIMTENAX
BBOIAT MOHATHE «uoeanshuiiy OY, Wi KOTOPOro CHpaBelJINBhI CISAYIOMHAE A0-
nymenus: Geckonedno Gonsume koddduument ycunenus K, = oo, BXOIHOE CO-
POTUBTIEHNE R, = ©© W HYJIEBOE BBIXOJHOE CONPOTHBIIEHHE R =0

W3 atmx nonyme}mﬁ BBITEKAIOT B2 OCHOBHBIX CBOKHCTBA (npaBn.ua aHaJm:;a) ov.

1. MuddepenimansHbli BXOIHON CHIHA PaBeH HYMO

U
Uy =5ﬂ1=—%=0. (4.41)
K 0 o0
2. Bxonpl OV He noTpebiisioT TOK 0T HCTOYHHKA BXOAHOTO CHTHATIA:
7, = i By (4.42)
R o0

ex(

IMousatue uneansHoro OY coOTBETCTBYET TaK HA3eIBAGMOMY MPHHIIMITY «8up-
myansro20» (KOKYIETocs) 3aMbIKaHus €r0 WHBEPTHDYIOWIEro M HEHHBEPTHPYIO-
miero BXomxoB. ITpu BHPTYaIbHOM 3aMbIKAHUH, KaK W MPU QU3HYECKOM, Hampsike-
HHE MEXIy COeJMHEHHBIMH 32KMMaMH paBHO Hymo. OJIHAKO B OTIHYME OT (hu3u-
YECKOTO 3aMBIKAHMA, TOK MEXKIY BHPTYAJIRHO 3aMKHYTHIMH 32KHMaMH HE TE4eT.
Hnage roBop#, Jid TOKa BHPTYanbsHOE 3aMBIKAHHE 32XUMOB SKBHBAJICHTHO pa3pel-
BY JIEKTPHYECKOH LIEMH.

B 3aBHCHMOCTH OT YCJIOBHiA 0Aau¥ CurHana Ha Bxoasl OY ¥ NOMKIOYeHHA K
HEMY BHEIIHHX 3/1€MEHTOB MOXHO TONYYHMTh [Be (PYHNAaMEHTasIbHBIE CXEMBI
BKJIIOUEHMS: UHBEPMUPYIOWYIO U HEUHBEPMUDYIOWYIO.

Puc. 4.28. Veunureau Ha OV:
a — HHBEPTHPYIOILHI; § — npeobpasoBaTe/lk TOKA B HANPMKEHHE, 6 — HEMHBEPTHPYIOIHH
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MHBepTHPYWIMHA ycHUIUTENb. B cxeMe MHBEPTHPYIOLIETO yCHIM-
resis (puc. 4.28, a) BX0oJHOe HANPSKEHUE Yepe3 Pe3ucTop R, mopmaercs Ha HHBEp-
THpYIOIIMH BXOJI, KOTOpBIH C IOMOIIBIO PE3HCTOPA 0OpamHoii céa3u R, oxBayeH
napanenbHoll ompuyamensnol 06pamHol ceA3bI0 (OOC) no HanpsxeHuo. He-
HHBEPTHPYIOIIHI BXOJ YCHIMTEIHHOTO Kacka/a 3a3¢MIICH.

Jlns onpeese kst ApaMeTPOB HHBEPTHPYIOMIEr0 YCHIIMTENS BOCTIONB3YeMCA
nepsbiM 3akoHOM Kupxroda /i TOKOB MHBEPTHPYIOIIETO Bxona: Iy = Io + L.
[TocKoJIBKY 1O BTOpOMY cBOHCTBY mueanbroro OV Tok Ip = 0, T0 I = I,,. Bripa-
3MB TOKH Y€pe3 COOTBETCTBYFOIIME MM BXOMIHbIE HANPHKEHHS, MOy THM:

Unx _UO = UB '_wa g
‘R! ROC

ITo nepsoMy cBoMcTBY MaeansHoro OV Uy =0, u U, /Ry = — Upsx/Roe. Torna
k03 dHUIMEHT YCHICHUA HHBEPTHPYIOLIETO YCHINTEILA:

K, =%—*‘i=—-%. (4.43)
BX 1

Cornacto (opmyse (4.43), H3MEHEHHEM 3HAYCHUA COMPOTHBIICHIA obpaTHOM
cB3M R, MOXHO PEryjupoBath Ko3(QGUIMEHT YCHICHHA HHBEPTHPYIOMIETO YCH-
JUTENA,

BxoaHOE COTPOTHB/ICHNAE MHBEPTHPYIOWET0 YCHIHTENs CYWIECTBEHHO MEHE-
1ie cobeTBenHOro BxoxHoro conporueienus OY. MokHO MoKa3aTs, YTO BXOAHOE
¥ BBIXOJHOE COTMPOTUBIIEHHA HHBEPTUPYIOMEr0 YCHITHTENA:

U oatly, U K
om0 R R =R 4.44)
Rn In I“ anu KuRmﬂ (

OtMeTHM, 4To TpH R; = Ry, K, = —1 cxema puc. 4.28, a npespamaeTcs B
HHBEPTHPYW KA NOBTOPHUTEND (unsepmop).

ViHBepTHpYIOMHMiT YCHINTEE MOXKHO TIPEBPATUTH B npeobpazoéamens MoKd 6
nanpsiocenue (puc. 4.28, 6). 1o Gyaer npu R, = 0. Torna Tok Iy = Lo = —Usgal R
u BeixonHoe HanpsukeHue Uy = — LixRoc

HeuHBepTUPYW I HH YyCHIHTENb. B HeMABEPTHPYIOWIEM YCHIHTE-
Jie BXOIHOM CHTHAN NOCTYMAET Ha HeMHBEPTUPYIOLINH BXOJ, & HHBEPTUPYIOMIMHA C
MOMOLIBI0 PE3UCTHBHOTO Aenutels Ry, Ry, OXBaUeH nocienosarensHoi OOC no
Hanpsbkenuio (puc. 4.28, 6). B 9T0ii cxeme HANPAKCHAIS Uy = Uy + Uy, Tak Kax
Up =0, 10 Upy = Upe = UpndRi/(Ry + Roc). OTcCIONA KOIQDUIHEHT YCHICHHSA HEHH-
BEPTUPYIOLIETO YCHIIUTENA:

K. U RE (4.45)
Unx Rl

M3BeCTHO, YTO BXOJHOE COMPOTHBJICHHE HEMHBEPTHPYIOUIETO YCHITHTEA BE-
JIMKO ® PaBHO BXOAHOMY conpoTuBicHmo OV 10 HEHHBEPTHPYIOMIEMY BXOLY, @
BBIXOJIHOE COTPOTHMBIIEHHE OIM3KO K HYJIO.
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Ecnu conpotusnenue obpartroii ceasu Ry = 0, 10 Uy = U,,, ¥ HEHHBEpTH-
PYIOLIMI YCHIMTENb NPEBPANIAETCA B NOBTOPHTENs HAMNPAKEHHU A, KO-
TOPBIH HCIIONIB3YIOT [UIA TalbBAHHYECKOH Pa3sBA3KH PasfIMIHEIX CXEM.

KoMmapaTtop — YCTpOIHCTBO, OCYLIECTRIAIOMIEE CPABHEHHE JBYX aHAJO-
TOBBIX HanpspkeHWi. B mpoctelimel cxeme KoMmmaparopa BXOAHOE HanpsKeHHE
CPaBHHBAETCS C HEKOTOPLIM OMOpHLIM, B Ka9ECTBE KOTOPOIO MCIOJL3YETCH YacTh
BBIXOJHOTO HampsokeHus (puc. 4.29, a).

e
5] 5 N @
Lemps MY

1 fy / 1 I
U Usem

~U, M -

a) 0) 6)

Puc, 4.29. Komnaparop:
a— cxeMa; 6 — nepenaToMHad XapakTepHCTHKA;
8 — (hopMHpPOBAHHE MEAH/IPA H3 CHHYCOHIIB KOMITAPATOPOM

Ha mmseprupyronwii xox OY momaercs BXODHOe HAaNpSDKEHHWE, @ HA HEWHBEPTH-
PYIOIIHIA BXOJ — CHAMaeMoe ¢ aenutens R,, R, onopHoe nanpsmkerme U, = U, = BU,,
rae B = R/(R,+R,) — xoadpduumnenT nepenaun pe3uCTUBHOM Hen R,, R, monoxu-
TensHOll OC, Takum obpazom, OV oxBaueH MONOKUTENTBHON 0OpPAaTHOH CBA3BIO IIO
HEMHBEPTHPYIOIIEMY BXOMy, H BBIXOJHOE HANPMKEHWE CKAYKOM M3MEHAET CBOKO I10-
JIIPHOCTE NPH CPABHEHWH BXOHOTO H OTIOPHOTO HATIPSKEHWH.

INprHummn feifcTBUA KOMMAapaTopa pacCMOTPHM C MOMOIIBIO MepenaToqHoil xa-
pPaKTEPHCTHKH — 3aBHCHMOCTH BBIXOIHOTO HANpsDKEHUs OT BXofHoro (puc. 4.29, 6).
IMycts BXOnHOE Hanpskenne U, = 0, a Bexoanoe U, = U,,,+ (Touka / Ha puc. 4.29, 6).

HampsiskeHne Ha HEMHBEPTHPYIOLIEM BXoJie TpH 3ToM Byner: U, = BU,,,+.
Ecnn BxogHoe Hampskenue Gonblue HyNd H yBeJMYHBAETCHA, TO [PH CpaBHe-
; b +
HWW €10 aMIUTHTY/IBI C OTIOPHBIM, PABHBIM Hanpsiicenuio cpabamviganui Uy, = BU,
KoMmaparop nepexmroqaercs. [Ipu atoM nmpousodifer ckaykoobpa3Hoe U3MEHEHHE
BBIXOZIHOTO HATIPSHKEHUA CO 3HAYEHUSA U,,,+ Ha 3Hauenue U, (mepexor oT TOUKH 2

K Touke 3 Ha puc, 4.29, 6). JlanbHeliniee yBenuueHHE BXOAHOTO HAMpPAXKEHUA HE
W3MEHUT COCTOSHHA KOMIapaTopa, M HalpsKeHHe Ha HEHHBEPTHPYIOIEM BXOJe
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OV Gyner taxke noctossusM: U, = U, . [lpy yMEHbIICHIH BXOIHONO HANpsKe-

H5l 710 YPOBHSA OMOPHOTO, PaBHoro nanpsocenuio omnyckanus Uy, = Uyy = BU.
npom3oiieT ckaukooGpasHbIf BO3BPAT KOMNApaTOpa B MCXOAHOE COCTOAHHE. Bri-
XOIHOE HampKeHHe NpH IToM H3MeHuTCs ¢ Uy Ha U," (nepexon ot ToUKH 4 K
Touke 5 Ha puc. 4.29, 6).

Takum oOpa3som, MepefaTouHas XapakTepHCTHKA KOMIaparopa HMEEeT BHI
nemnu 2ucmepesuca. Taxol xomnaparop obnamaer mpuzzepHoim (nepexiouaro-
M) sghghexman, v ero HaspiBaloT TpUrrepom limurTa.

CymMa Hanpspkenuit cpabaTbiBaHHA ¥ OTITYCKAHHA

U,= Uyt Upy=2PUn (4.46)
ARIIACTCA Hanpadicenuem zucmepesuca, OHO BBOIUTCA UL MOBBILLICHHA MOMeXQyCTOMH-
qMBOCTH ¥ TI03BOJISET YCTPAHHTS «Jpebesa TPUITepa, Te. CydaiiHoe ero nepekmode-
HMe HAMPSDKEHNEeM TIOMeX ITPU OTCYTCTBHM BXOTHONO CHIHANA.

B KOMNapaTope aMIUINTY/Ia BBIXOAHOTO HANPHKEHWA MPAKTHICCKH paBHa Ha-
npskenuio nutanna: Uy, = U,t = +U,. KoMnaparopsi MPUMEHOT Uis OpMH-
POBAHHA CHTHAJIOB NPAMOYTOIBHOM (POPMBI H3 PA3NHUHBIX HEMPEPBIBHBIX CHTHA-
110B. B 4acTHOCTH, NPH TOJa9e Ha KOMIAPATOp CHHYCOMIL! (PHC. 4.29, ), Ha ero
BBIXOJ/IE CO3/AETCA CHMMETPHIHOE MPAMOYTONBHOE KolleGaHue — Meanop.

[onoxuM, 9T0 B MOMEHT BpeMeHH f = 0 HanpsKeHHE Ha BEIXOIE KoMmapa-
topa Uy = U,". B TakoM cOCTOAHHM komnaparop GyieT HaXOAMThCA, MOKa aM-
mTya BxoaHoro Hanpskerus U, < U,,. B MOMEHT BpeMEHH { = I, BXOIHOE Ha-
npsokenne craner U, = U, ¥ KOMNaparop nepexmoiHTes. [IpH 3TOM BHIXOIHOE

nanpsmkerne Uy, CKaYKOM H3MEHHTCS CO 3HAYCHHA U,.,+ Ha 3uagenue U, . B Mo-
MEHT BpEMeHH [ = f, BXOJHOE HanpsDKeHHEe CTAHET PaBHBIM U, s ¥ TIPOM3OHAIET
HOBOE MEPEeKII0YEeHHE KoMIapaTopa.

Hudpoanaioroenie x
npeobpazosaTesin 5];1 R
I g Lla L12
PHHIIUI AeHCTBUA YeThIpexpas-
pamsoro LIAIT wunocTpupyeTcs ¢ o O, )@ )G
TMOMOIIBIO TpOCTeHImel CcXembl Ha EI | l Ry

OV, npeacrasnentoii Ha puc. 4.30.
OcHOBY cXeMBl COCTaBIfET MarpHua | | |
PE3UCTOPOB ¢ HCTOUHMKOM TIOCTOAH- I i
HOTO HANpPKSHHA, COEAHHEHHBIX C
HHBEpTHPYIOmHM BxonoM OV Kimo-
9aMH, KOTOpbIE YNpaBjfAlOTCH [BO-
HYHBIM KOJOM (HAmpUMep, BbIXOM- Puc. 4,30, Yersipexpaspsutsnii LIATT
HBIM KOJIOM CHETHHKA).
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B 3aBMCHMOCTH OT TOCTYNAIOMIEro Ha CXeMy Kojia Li()pOBOro CHrHaja K ycu-
UTENIO MOAKIIOYATCA PE3HCTOPH] ¢ Pa3HYHbIMA HOMHHAIAMHA CONPOTHBIICHHH,
B cxeMe KIIOYH 3aMBIKAIOTCA TOMBKO NMPU MOCTYIUIEHHH HA HAX KOMaHJ, COOTBET-
CTBYIOIIMX JIOTHUECKOH EeAUHHIIE. KosduupenTs! yCHIEHHs HHBEPTHPYIOLIETO
YCHIIHTENS TI0 BXOAaM 20, 2 ', 2% 4 2° COOTBETCTBEHHO paBHBI:

K,=—-RQJR; K,=-2RQ/R; K,=~4RQ)/R; K;=—8R,QOyR. (4.47)

3neck Oy, O, Oy Q5 — KOJOBBIE YHCIA, NIPHHUMAIOMUE 1BA 3HATCHIS. 6o 1
(xmo4 3aMKHYT), 60 0 (Ko Pa3OMKHYT).

U3 dopmymnsi (4.47) creayet, 4To yeThHIpeXpa3pAIHbIN TBOUYHBIA KO Mpe-
o6pasyeTcs B BBIXONHOE HANpSKEHHUE, U3MEHSIOUIeeCs 10 amrmuiuTyze ot 0 no
15A (HamoMHHM, 94TO A — wWar kpaHToBanus). Hanpumep, IBOMTHOMY HHCIY
1001 COOTBETCTBYET HANPSKEHHUE Uy, = A(8:1 + 40 +--- + 20 + 1-1)=9A, a
gqueny 1100 — u,,,, = 12A. [TockonbKy Ha BXOI PE3UCTUBHON MAaTpHLE! NOaa-
eTcs MOCTOSHHOE Hanpskernue E, To Bhxonnoe Hanpsokenue LIAIT usmenser-
CA CKAYKAMH TIpH TEPeKIIOYeHHH KOjAa UM(pPOBOro CHrHana. CrnaxuBaHHe
BBIXOJHOTO CHIHATA OCYIIECTBIACTCH QuUIbMpPOM HU3KOU ¥acmombl (@®HY).

Auanoro-undpossie npeodpasoBaTed

Tlo cBoeil cTpykType amanoro-umdpossie Mpeobpasoparery (ALIIT) Gonee
cnoxHsl, yeM L[ATI, mpuueM MocieHue YacTo ABIAIOTCA OCHOBHBIM y3/I0M ALTT
B HacTosiliee BpeMs CYIIECTBYIOT TPHM DPasiM4YHBIX METOIA TOCTPOCHHA CXEM
ALIIT: nocsieioBaTeNbHbIH|, NapasliebHblH U HI0CNEI0BATENEHO-TIAPaJIIeNbHBIH.

Iocnedosamenvupiii (nocnedosamenvrozo cuema) MeTOJ MOCTPOSHUA ALII
(puc. 4.31) ocHOBaH Ha MOJCYETE YHCIA CYMMHpOBAHHIT OMOPHONC HATPIKEHUA
MJIAIIEero paspaja, HeoOXOTMMOro [Uis MONYHEeHWs HANPSKeHMA, PABHOTO BXOM-
Homy. TIpu 3TOM k-paspsanHblii ABOWYHEIH KOI OIHOTO OTCHETa Onpefe/IeTCs B
cxeme 3a 2* HHTepBaNOB AMCKpPETH3ALIMA.

M = Cm2

1

2

Janyck T fr= b3

L9 —y0d
K |

- -
r 20,2, 05

Puc. 4.31. Ctpyxrypras cxema ALII nocnenoBareIbHOTO CHETa

D/A

=R

Hagano mpeo6pa3oBaHus BXONHOTO HEMPEPBIBHOIO CHIHANA OMPEesAeTCH
BpEMEHEM TOCTYIUIEHHA WMITYNIbCA 3amycKka, KkoTopslii yepe3 RS-tpurrep T mox-
KouaeT cueTdMK Cm2 K BBIXOIY T€HEpaTopa TAKTOBBIX (CYETHBIX) UMITYJIBCOB M.
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Cxema HAII D/A4, xyna moctynaeT uudpoBoif Kom cO cyeTdHKa, (opMUpPYeT BhI-
L0HOE HANpPKEHHE ¥, KOTOpOe cpaBHUBAaeTcA B Kommapatope K ¢ BXOOHBIM
=anpsHkeHueM u,,. [lpu cpaBHeHUH 3THX HaNpAKeHWH, KOMIAapaTop Yepe3s JOoTHIe-
cxuit anemenT W (&) BeigaeT curHan npekpanieHHs mopavk Ha caeTdauk Cm2 Tak-
TOBBIX MMITYNIECOB. B pesyibTare oCyllecTBIAETCA CYMTRIBAHHME CO CUETIHKA BBI-
XOIHOTO YETHIpEXpaspAAHOro Kojia, OpeCTaB/IAIOIIEro B MOMEHT OKOHYAHMA IIpe-
oOpazoBaHus HH(PPOBON SKBHBANIEHT BIXOXHOTO HATPAXKSHHA.

B omucannom AIII 3Hagenus BeIxomHoro umudpoBoro koxa B mpouecce mpe-
00pa30BaHHsg MHOTOKPAaTHO M3MEHSIOTCH, TT03TOMY OH ofiajgaeT HHU3KHAM OBICTpO-
JeHCTBUEM,

HeiictBue napanrensuuix (o memody cuumwieanun) k-paspagasix ALTT
OCHOBAHO HAa MCHONb-
sopanmm 2* —1 KoMIapa- Ulgy

topos (puc. 4.32). He-  ° K 2-1|CD EZEN
HHBEPTUDPYIOLIME BXO/bI Usn []]R | Ony)
OnepalHOHHBIX  YCHIIH- Qu-:i
Tenelf  KOMIapaTopoB —K "9 s
o0beHHEeHBl, U Ha HHUX

noJaeTcs HENnpephIBHBIN e mtade i A 4 o =0
CHTHQN, @ K KaKIOMY —1K 1 | 9,
AHBEPTHPYIOLIEMY BXOIY

NOAKIHOYEHO HHIMBHIY-

a/lbHOE ONOPHOE HArpsi- E]R

KEHHE, CHHUMAeMOe C
PEIRCTHRHOIO. AT Puc. 4.32. Crpyxrypras cxema napannenssoro AL
PasHocTh Mexmy omop-

HBIM HaNpsXKEHHEM JBYX COCEJHHX KOMMNapaTOpOB pPaBHA IIAry KBaHTOBAaHHA
A= Um/2*. KoMnapaTopkl, ¥ KOTOpPBIX BXOJHOE HaNpMKEHHE MPEBBICHT COOTBETCT-
BYIOIlIEE OMOPHOE HANpsKeHWe, BhIpalbaThBalOT JOTHYECKYIO 1, a ocTanbHble —
norudeckmit 0. MApOpMaLms ¢ BEIXONOB KOMIAPaTopoB IOCTYNaeT Ha mudparop
CD, xotopsiit peoOpasyeT ee B IBOAYHEIH KO,

[TapannensHeie cxeMsl obnagator HaubonemmM OsICTpOAEHCTBHEM CpEnH Ipy-
rux THnoB AL OnHako Ui NOBBIMIEHHS TOYHOCTH U3MEPEHHH W yYMEHBINEHHS
MOILHOCTH IIyMOB KBaHTOBaHM# B mnapamnensHeix AL tpeyetca ypenmueHue
9HCITa KOMIIapaTopoB.

B nocredosamenvno-napamnervhuix cxemax ALl ucnone3yercd codYeTaHue
METOJI0B TOC/TEI0BATENLHOTO ¥ Mapa/UleIbHOr0 Npeo6pa3oBaHis CHTHANIOB, YTO
CYHIECTBEHHO YBeNWIHBaeT GBICTpoJelicTBHE NOCTel0BaTeNbHEIX Mpeobpazopare-
nell 1 yMeHbImaeT 06beM NapajUIensHbIX.

Ha puc. 4.33 nokaszaHa CTpyKTypHasi cXema LLecTHpa3psAIHOTO aHanoro-1uppoeoro
npeolpasopare/s JAHHOTO THIA, B KOTOpOH HCMOMB3YIOT [Ba TpeXpaspsamHbIX mapai-
nenbrbx AT, omus Tpexpaspsamaei LIAIT 1 cymmarop .
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F Y Y

o ALlI1 = A2 |2,

L . -
—

Puc. 4.33. CrpyxrypHas cxema nocnenosarensHo-napanneasHoro AIIII

Amnanoro-mudposo# npeobpasoparent GOPMUPYET W3 BXOAHOrO HATPSIKEHHSA
TPW CTAPIIMX paspsia BEIXOZHOTO KOJa, COOTBETCTBYIOMHe 3HaueHusm 2°, 2%, u
2°. DT paspagsl MOCTYNAKOT Ha BXOA TpexpaspsmHoro LIAIL, B koTOpOM OHM
BHOBB NIpeofpasyloTcsl B aHANIOTOBOE HAMPKEHHE, OTAHYAlONIeecs OT BXOTHOTO
HANpPSOKEHHS %, HA BeNMYMHY TNOrpemHocTH mHpeobpaszoBanus cxemsl ALIIII.

Amnanorosoe HampsbkeHue ¢ Bhixoga cxemsl ITATI momaercs Ha cymmarop Z, rae
OHO BBIYHTAETCA W3 BXOJHOTO HANPMKEHHA u,,. ITogydeHHOe pa3HOCTHOE HAmps-
enue mopaerca Ha ALITI2, B koTOpoM OHO TpeoOpasyeTcsa B TPH MIagmux mud-
poBbix paspsana 2°, 2', 2% BeixomHoro KOna MpeoGpasoBatens.

B mocnennvie rofbl MPUMEHSIOTCA AHANO020-OUCKpemHble UIMepumensHole
npuboper (AIIWAIT). B otnuuue or IIHIT B HHX HCHONB3YIOT K6ASUAHANO206bIE O~
cuemnuie yempoticmea, B KOTOPBIX POJIb YKa3aTelIs BLITIONHAET CBETAIIANACA M0N0~
ca WM CBETAINAACH TOYKA, MEHSIONIIME IUCKPETHO CBOIO IIHHY (TIoNoca) WM Mo-
noxeHue (Touka) OTHOCHTENILHO MIKajkl. KBasmaHanoroBeie OTCYETHEIE YCTPOHCT-
Ba ynpasisorces kogom. Takue npubope! codeTatoT B cebe NOCTOMHCTBA aHANOro-
BBIX IPHOOPOB (aHaNOTOBEIE OTCHeTHHIE yeTpoiicTea) u LIWTT (xon Ha BhIxXOzE).

KonTpoJibHble BOIPOCHI

1. Kak#e curHansl OTHOCATCH K H3MEPHTEIbHBIM?

Ilo KaKkM OCHOBHBIM NPH3HAKAM MPHHATO B METPOIOTHH KNAcCH(YHUMPOBATL H3MEPH-

TENBHEIE CHIHAMEI?

Yro oTpaxaeT aHaNIOroBkIi (HenpepsIBHLILT) curaan?

B ueM OT/IMYME aHATOTOBEIX CHTHANOB OT JHCKPETHBIX U H(poBEX?

Kakue BHIBI MMITYILCHBIX W IM(POBEIX CHTHATIOB BBl 3HaeTe?

[puBenuTe H3BECTHBIE TPHMEPH! UMITYIBCHBIX H IH(POBLIX CHTHATIOB.

B 4eM OCHOBHOE OT/IHYME JETEPMHHHPOBAHHBIX CHTHAJIOB OT CIyHaiHbIX?

Kakue noMexH BO3HHKAIOT B TIPOIIECCE H3MEPEHUIA?

Kakue anemeHTapHbBIE H3MEPHUTEIIBHBIE CHIHANB! BBI 3HACTE.

10. Yro coGoit mpeacraBnser d-(pyHKINA H KAKHMHM CBOHCTBAMH OHa XapakTepHa?

11. Kakue sneMeHTapHEE CHIHATE! HCTIOE3YIOTCS B M3MEPHTENBHOM TexHuKe?

12. Kakue BRI NPENCTABICHHHA 3/IEKTPUMECKHX CHTHAJIOB ITPHMEHSIOT B U3MEPHUTEIBHOH
TeXHHKe? '

o

SN L (o
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16.
17.

18.
19.

20.
21.
I

23,
. Jins KakuX Lienei NPUMEHSIOT TPHITephi?
25.
26.
2l

24

28,
25
30.

3l
32.
33.

34,
35.

36.

. Kaxoit maremaTwveckuii anmapar MCIONB3YETCH IS CHEKTPAIBHOrO Npe/cTaBieHus

TIePUOHYECKHX CHTHAIOB?

. Kako#t MareMaTHuecKWi anmapar MCIoNb3YeTcs I CHEKTPAIbHOrO MpECTaBIECHHA

HENePHOAMIECKHX (HMIY/BCHEIX) CHTHAOB?

. Uem oTmHuaeTcs CNEKTpa/ILHAS IUIOTHOCTE HENEPHOINHYMECKHX CHI'HaJIOB OT CHEKTpa

MEPHOIHYECKUX MMITYJILCOB?

Kakoii ciekTp MMeeT rapMOHHHECKHH curnan?

Kaxie BHIBI aHANOTOBOM MOAY/IALHM CHTHATIOB MCIIONB3YIOTCS B H3MEPHUTEIBHOM TEX-
Huke?

C. MOMOMIBIO KAKHX BHIOB MOIY/ALHMH MOXHO Tpeo6pa3oBaTs aHANOTrOBBIA CHTHAT B
HMITYIbCHBIH H AQpoBOi?

B xakux ciy4adX B M3MEPHTENbHOH TEXHHKE NMPHUMEHAETCA HMITYTECHO-KOI0BAsA MOMTY-
nsp?

B uem ocHoBHaa cyTh TeopeMsl Kotensunkopa?

Kakue 0CHOBHBIE 3JIEMEHTHI HCIIONB3YIOTCS B IMGPOBEX npubopax?

Kak BBINISOST TAONMIBl HMCTMHHOCTH Y OCHOBHBIX JOTHYECKHX 37eMeHTOB «H»,
«HIJTH», «<HE»?

Kakwe snemenTapHsle 6a30Bbie 3EMEHTE HCOIB3YIOTCA B HHPOBOH TexHuKe?

B kakux ycTpoHCTBax MCIONb3YIOTCH CHETHKH?

I1o KaKHM OCHOBHBIM CXEMAaM BKIIOHAIOTCS ONEPALMOHHBIE YCHIHTEIH?

Jlns kakux peneil B yCTpoHcTBaX W3MEPHTENbHON TEXHHKH HCTIONB3YIOTCA KOMIaparo-
phi Ha OY?

Kak 3anucriBaiOTCy 9MCaa B ,EIHGH‘{HOﬁ CHCTEME CUMCIICHMA?

Kak 3anMchIBAIOTCS YHCHA B TETPA/IHO-JIECATHYHOMR cucTeme?

Touemy B tHdpoBBIX NpUOOPAX HCIIONE3YETCA B OCHOBHOM TETPANHO-ACCATHYHAA CHC-
TEMA CHUCIEHNA?

Jliia kaxux ueneit npuMensiores mmdparopst U AemugparTopsr?

Kax BRIrSAST yeoBHble rpaduyeckue oGosHauenus wndparopos u nemnpparopos?
Kax npencrasnsercs oGobumienHas CTpyKTypHas cXeMa UH(pPOBOTO H3MEPHTEIBHOTO
npubopa?

B "em 3akmodaercs npuHimn geicreus LIMIT?

Kax mopasaensiores npubopsl o MeToly NpeobpasoBaHus BXOIHOTO CHrHANA B -
poBoii koa?

Tlo xaxum npuHumnam crpoates AL u LIATI?



I'naga 5. ISMEPEHUE HAIIPAXKEHUSA U CHJIBI TOKA

ViamepeHus HalpAKEHHA W CHILI TOKA (B JINTEPATYPE M HA MPAKTHKE MPHHATO [OBO-
purh 06 M3MEpeHMH TOKA, HO B MPHHLMIE H3MEPSIOT Cuwiy MOKA) B PATHOTEXHHYECKHX
LensX CYMECTBEHHO OTANYAIOTCS OT MOAOOHEIX M3MEPEHHH B 3/IEKTPOTEXHNYECKHX LIETIAX,
4T0 0OBACHAETCA CEHHKON pafHoTeXHHUeCKHX cHrHanoB. HecMoTps Ha orpaHH4eHHOE
NpPHMEHCHHE TAKHX XapaKTEPHCTHK dﬂmaJlDB, KaK HanpaxEeHHME M CHIOA TOKA, BONBTMETPHI
H aMITepMETPBI ABIAIOTCA JOCTATOYHO BOCTPeGOBAHHEIME THIIAMH NPHGOPOB.

5.1. O0mue cBefeHHN

H3mepenuns HanpsKEHWA M CHIbI TOKA B 3JIEKTPUYECKHX LEMAX OTHOCATCA K
Haubonee pacrnpocTpaHeHHBIM Bupam wm3MepeHuid. IIpm 3ToM mpeobnaparomee
3HAYCHHE MMEET M3MEPEHHE HaNpMKEHWSA, TaK Kak 4alle BCEro 3TOH BENIMYHHOH
NPHHATO XapaKTepH30BaTh PEXUMBI paboThl pasnuYHLIX PaaMOTEXHHYECKHX lie-
neil ¥ ycrpolcts. K ToMy ke napanie/bHbli METO MOAKIIOYEHHS BOJIBTMETPA K
YYacTKy 1IN, Kak OpaBuio, He MPHBOAMT K HapYIIEHHIO 3JIeKTPHIECKHX Npolec-
COB B Heill, MOCKONEKY BXOJIHOE COMPOTHEIEHNE NpHbopa BEIOHpaeTcsa J0CTATOYHO
6onpimum. [Ipy H3MepeHHAX jke TOKa MPUXOMUTCA Pa3sMBIKATh MCCIEAYEMYO LIENb
U B €€ pa3phIB MOCNEN0BATENBLHO BKIOYATh aMIIEPMETP, BHYTPEHHEE CONPOTHBITE-
HHE KOTOPOro OTIMYHO oT Hynd. OnHako B paje ciydaeB HeoOXOINMMEI WM Ips-
MBI€ WJIH KOCBEHHBIE H3MEPEHHs CHJIBI TOKA, NMO3TOMY BONPOCH! M3MEPEHHA Ha-
MNpAXKEHNA U CHJIBI TOKA B 3TOM ITaBe paccMarpuBaroTCa COBMECTHO.

3anaqa H3MEPEHHA NOCTOAHHBIX HANMPAKEHHA W CHJIBI TOKA 3aKJIHOYaeTCA B Ha-
XOJKIEHUH HX 3HAYEHHA M MoiApHOcTH. Ilenblo m3mMepeHHs NMepeMEHHLIX Harps-
JEeHMS M CIITBI TOKA ABJIAETCA ONpeaeieHNe Kakoro-muio UX napameTpa.

Tak kak Hanps:KeHWe W CHIa TOKa CBA3AHBLI, COINAcHO 3akoHy OMa, nuHeHHOH
3aBHCHMOCTHIO, Yallle MPOROAAT W3MEPeHHE HAMPSKEHH U 110 ero 3HaYeHHIO aHa-
JIMTHYECKH BBIYHCIIAIOT CHITY TOKA.

M3 xypca ¢pu3HKM H3BECTHO, YTO HaNpsKeHHe Mexxay ToukaMHu 4 U B ecTh cka-
JIApHadA BEJIHYAHA, ONpeaeiaeMas BRIpaKeHHEM

B
Uyp = J-Ed!, (5.1)
A4
rie £ — HanpsDKeHHOCTh SMEKTPHYECKOTO NOJIA; /| — PACCTOSHME MEKY TOUKAMH.
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CoBpeMeHHbIE METOIBI H CPEACTBA M3MEPEHHH TO3BOJIAIOT H3MEPATH Hamps-
serns B quamasone 107°...10° B u cny Toka B auanasone 107'%...10° A. Bmecre
¢ TeM JaHHbIE M3MEPEHHA MOJUKHBI OCYIECTBIATHCA B OYEHb LIMPOKOH Mosoce
=3CTOT — OT MOCTOAHHOTO TOKA [0 CBEPXBBICOKMX dacToT. Takwe KpaiiHHe 3Ha-
TeHUA BeIHYHH TPeOYIOT YHHKAIbHBIX METOAOB H3MEPEHHUA.

W3mepenue MapaMeTpoB MEPEMEHHOTO HANPSIKEHHA — CI0KHAA METPONIOrH-
secKas 3ajiada, cBA3aHHas ¢ obecredeHneM TpebyeMOro 4acTOTHOTO AHANA30Ha U
vaeToM (OpMBbI KpHBOH H3MepaeMOro curxana. [lepeMeHHOE HanpsKEHHE (mepe-
MEHHBIN TOK) MPOMBIIUIEHHOH 9aCTOThl HMEET CHHYCOHIANbHYIO hopmy

u(t) = Uysin(or+@), (5.2)

¥ er0 MI'HOBEHHOE 3HaY€HHE u(f) XapaKkTepH3yeTca HECKOJBKHMHU OCHOBHEIMH T1a-
paMeTpaMu: aMIUTHTYROH Uy, KPyroBO# 4acToTOH ® M HaYaJIbHO tazoit @.

VpoBeHb MEPEMEHHONO HANpMKEHHA MOXeT ObiTh OTpeleNneH Mo amnaumyo-
somy, cpednemy keadpamuueckomy (9acTO B TEXHHYECKOW NHTEparype ynotpeb-
2%eTCS TEPMHHBI Kcpednexeaopamuueckoen, «oelicmeyioujee» u «apdexmuanoe,
sotopeie cootBetcTByomuM 'OCToMm oTHOCATCA K HeperfiaMeHTHPYeMBIM), cped-
wemy (nocmosanHou cocmaenaouell) WA cpeoHesbinpAMIEHHOMY IHAYEHUAM.

Mznosennvie 3nauenusn Hanpsicenua u(f) HaGMIONAOT Ha SKpaHe OCLMLIOrpa-
$a WIH ApYroro MHAMKATOPHOIO YCTPOWCTBA M ONPEAE/AOT B KK MOMEHT
=peMeHH (puc. 5.1).

Amnnumyda (evicoma; ycrapesuee — nukogoe snavenue) Uy — HauboJbIIEe
MTHOBEHHOE 3HAYEHHE HANPSUKEHHs 32 BpeMs HaOMONIEHUs WK 3a NepUo/L.

VismepsieMble HANPSKEHWSA MOTYT MMETh PasH4HbIi BUA, HANpHMeEp, GopMy UM-
V7IHCOB, FAPMOHMYECKONO WIH HErapMOHHYECKHX KoJie0aHuii — CyMMBI CHHYCOUIBI C
DOCTOSHHOM cocTasisommeit u T.4. (puc. 5.1, a, 6, 8). I1pu pa3HONONAPHBIX HECHMMET-
PHYHBIX KPUBBIX (DOPMbI HANPAKEHHA Pa3IMYalOT 1Ba AMIUIMTY/IHLIX SHAYCHHA (puc.
5.1, 2): nonoxurensHoe U, u otpuuarensroe U, .

Cpednee keadpamuyeckoe 3Ha@yeHue HANPSKEHUA ONPENENAeTCA Kak KOpeHb

¥BaJPATHBIH M3 CPEAHEro KBajpara MCHOBEHHOIO 3HAYEHI HAMPAKEHNS 33 BPEMA
m3MepeHns (WK 3a MepHo):

(5.3)

Ecnu nepHOAMYECKHiA CHTHAN HECHHYCOHIANICH, TO KBalpaT CPEHETO KBaapa-
THYECKOrO 3HAUCHMS DaBeH CyMMe KBaIparoB IOCTOSHHOW COCTaBnsiomeH H
CpenHHX KBaIpaTHYEeCKNX 3HaYeHUi rapMOHHK:

U2 =U2 +U2 +U2 +--. (5.4)
0 1 2

Cpeduee 3Havenue (nOCmoAHHAA cocmasnaiouas) HanpskeHUs PaBHO Cpel-

aeMy apu(METHIECKOMY BCEX MTHOBEHHBIX 3HAUEHHH 3a IIEPHON:
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u(f)} u(t) .
Un
U, 0 Po
0 : ‘ \/
a) 6)
u(r) - u(t)}
m Um U+-
0 / v / t‘ 0 \ :U* 7
8) 2)

Puc. 5.1. MiunocTpalsy K MOHATHIO aMIUTHTYAA HANPSKEHU,

@ — HMITYECHI NONOKHTENRHON NONAPHOCTH, 6 — CHHYCOWAANBHOE HANPSKEHHE;
8 — CYMMa CHHYCOM/bI H MOCTOAHHOM COCTABNAIOINEH, 2 — HECHHYCOHAANEHOE KoneGaHue
3%
— lu(t)dt . (5.5)
r 0

Cpednesbinpamnennoe HaNpsHKEHHE OTpeNeNAeTcs Kak cpefHee apupMeTHye-
cKoe abCoMOTHBIX MTHOBEHHBIX 3HAYEHUH 3a nepuoa:

U, =

T
Uspn = % j| u(t) | db. (5.6)
0

Jl1s HanpsKeHUA OIHOH TTONIAPHOCTH CPEIHEE M CPEIXHEBRINPAMIIEHHOE 3HAYe-
HUsA paBHel. B ciydae pa3sHONOMAPHBLIX HANPKEHHH ITH [Ba 3HAYEHHA MOTYT Cy-
IIECTBEHHO OTIMYaTheA ApPYr or Apyra. Tak, Uil rapMOHHYECKOTO HANpMKEHHA
Up=0, Uy, =0,637U,. _

Haubonee 4acTo M3MeEpAIOT CpellHee KBaJpaTHUECKOe 3HAUEHHE HAIpPSKeHH,
TaK Kak 3TOT [apaMeTp CBA3aH C MOIIHOCTBIO, HArpeBoM, motepAmH. OmHAKO
NpoIIe M3MEPHTE aMIUIUTYIHOE WM CPEIHEBBINPAMICHHOE 3HAYEHHE W NPOH3Be-

CTH TiepecveT ¢ MpuMeHeHHeM ko3 duimentos ammimtyast K, u ¢popmsl K:
U U
X == Kigime———
a i) U

cpB

(5.7)

B uacTHOCTH, AN CHHYCOMIANBHOH (rapMOHHYECKO#) (GOpMEI mepeMeHHOro
Hanpmxenna: K, = 1,41; K¢= 1,11,

3Havenus 3TuX ko3ddunnentoB mis Hanbonee ynoTpebiseMbIX B pagHOTEX-
HMYECKUX LIEMIX H CPEICTBAX H3MEepEeHHS BUIOB CHIHAJIOB M COOTHOIIEHUS MEeXIY
HUMH faHbi B Tabi. 5.1, rae Bce Benu4HHbL HanpAKeHUH 0603HauYeHB! OYKBOH .
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6LI1

Tabnunas.l. KoawuecTnentbie COOTHOWEHNS MEALY PAIIHYMHLIMH IHAMEHHAMH PAAA PACNPOCT PANCHHLIX CHIHAIOB

Napamerput curxana
AMnanTyna Cpennensinpsmnentoe |  Cpennee ksanpar- Koadpmunent Koarunent
Dopma JHAYSHHE HECKOEe JHA4YEHHE hopmbi AMILIATYAB
CHrHana 1 T 1 T u um
Um A =—”a'1d; i —qud.l' K¢ = K, =—
Lo A ﬂq“ u
+
3 ; 0,637 o il L1 oL 1414
=7 ~u,, =0,637U 0,707 =1 R
of—; = u, =u, o » . 0.637u,, 0,707u,,
U
sy
o r u; = u; Um . U 1 1
uy
= ¥
a3 fost 2 u, =i, D-1 R D-1
k=1/D 2 Uy 21D-1 HITH
9 U, =-=U,, b2 WK
Um g = WK 1-k
= - + - 1 e
e ¥ u, tu, =u, . 2k() k) Uy 1’)‘(]_&) ol - . k
2 N k(1-k)
*1 Yo _osu b wosmu, | & o yyss | =Mooy
+ - — L — =, e —— —_— =
0] u, =u, 2 ¥ g " | osu, 0.577u,,
Uy




5.2. OcroBHBIE THIILI NPHGOPOB,
H3MePSIOIMUX HANPAKEeHHE H CHJIY TOKA

Hanpsxenne u cumy ToKa H3MepAIOT NMPUGOPaMH HEMOCPENCTBEHHOM
OLEHKH MJIH MPUOOpaMH, UCTIONB3YIOMMUMH METON CPaBHEHHMs (KOMIEHCATO-
pamu). ITo CTPYKTYpHOMY MOCTPOEHHIO BCEBO3MOXKHEIE npubopsl, H3Me-
pAlolHe HANPAKEHHE H CHIIYy TOKA, YCIOBHO MOXHO PasfeNuTh Ha TPH Oc-
HOBHBLIX THIA:

* 3NIEKTPOMEXAHUYECKHE;

* JNIEKTPOHHBIE AHAJIOTOBBIE;

* U(pOBEIE,

JueKkTpoMexaHHYecKne Npubopoi

Jlnst M3MepeHns HanpsOKEHWs W CHITBI ToKa 5...20 JeT Ha3ajx (MHOTA elne | B
HACTOAIIEE BPEMS) LIMPOKO NMPHMEHSINCE 3IEKTPOMEXaHHIeCKHe npubopsl. [Tpu-
GOpBI 3THX CHCTEM 9YacTO BXOAST B COCTaB M IPYrux, Gonee CJIOJKHBIX, CpPEICTE
HU3MEpEHHI.

o ¢usmaeckomy npuHUMIY, TOTOKEHHOMY B OCHOBY NOCTPOEHHS W KOHCT-
PYKTHBHOMY HCIOJHEHUIO, 3TH NpPHOOPEI OTHOCATCA K TPYNNE AHANOTOBBIX
CPEACTB W3MEPEHUA, OKa3aHHUA KOTOPHIX ABJAIOTCA HENPEPBIBHON (yHKIMeH H3-
MepAEMOH BeTHIHHEI,

OneKkTpoMeXaHHIecKue MPHGOPLI HEMOCPENCTBEHHON OLEHKH H3MepsaeMoii
BEJIHYHHBI TIPEACTABIAIOT Kjacc MpUOOpOB aHAIOroBOro THMa, 06NTagaroImx
PAIOM MONOXKHTENBHBIX CBOMCTB! MPOCTHI MO YCTPOMCTBY H B 3KCILTyaTaLMH,
001afialoT BHICOKOW HAZEKHOCTBIO W Ha NEPEMEHHOM TOKE pearupyioT Ha
CpeaHee KBagpaTHyeckoe 3HaYeHue HanpsxeHuAa. [Tocnennee o6cTOATENBCTRBO
T03BOJIAET U3MEPAT Haubonee HHPOPMATHBHbIE TApPaMeTphl CHrHaNa 6e3 Me-
TOAMYECKHX OMHKOOK. DNEKTPOMEXaHHYECKHE MH3MEPHTENbHbE NPHGOPHI
CTPOAT 1o 06001MeH O CTPYKTYpHOM CXeMe, Noka3aHHO# Ha pHC. 5.2.

H3MepuTenbHas cXema 3J€KTPOMEXaHHUECKOTO NPHGOPa COCTOMT M3 COBO-

Hamepumenvran HamepumensvHatii Omcuemnoe
x cxema X! MEXAHUIM o ycmpoiicmeo  |N(x)

Puc. 5.2. CrpykrypHas cxema 3/1eKTPOMEXaHHYECKOTO npubopa

KYNIHOCTH CONPOTUBNIEHHH, MHIYKTHBHOCTEH, eMKOCTeHl M NPYTHX 3]IeMEHTOB
S/IeKTPUYECKOR LeNH npubopa H OCYLIECTBISET KOJIHUECTBEHHOE WM KaYeCTBEH-
HOe MpeobpasoBanue BXOAHOH BE/HYHHBI X B SNEKTPHIECKYIO BEMYMHY x', Ha
KOTOPYHO pearupyeT W3MepHTenbHbIi MexanusM. ITocnemnuit mpeobpasyer amek-
TPHIECKYIO BeJMYMHY X' B MEXaHWYECKOe YIIOBOE W/IH JTHHEIHOE TepeMeleHue
0L, 3HAYEHHEe KOTOPOTO OTPAXKAETCA Ha MIKaje OTCUETHOIo ycTpoicTBa, mporpa-
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IYMPOBAHHOM B eHHHULAX H3MEPAEMOH BeJIMIHHbI N(x). Jins 3TOro HeoOX0AUMO
$T00B KQKIOMY 3HAYEHHIO H3MepAeMOii BeJIMYMHBI COOTBETCTBOBAJO OIHO W
TONBKO OJHO OMpejiesieHHoe OTKIOHeHHe o. [Ipy 3TOM mapaMeTphl CXEMbl H
#3MEPHTE/ILHOTO MEXAHW3Ma HE NOKHBI MEHATHCA NPH H3MEHCHWH BHEIIHHX
YCIIOBHIA: TEMIMEPATYPhl OKPYKAIOUIEH Cpe/ibl, 1acTOThI MUTAIOIEH ceTH U Opy-
rix GaKToOpoB.

KnaccupuKamuio 37eKTPOMEXaHW4eCKHX MPHOOPOB MPOH3BOAAT HA OCHOBA-
MM THITA I3MEPHUTENBHOro Mexann3ma. HauGonee paciipocTpaHEHHBIMMU B IIpak-
THKE pANMOTEXHHYECKHMX M3MEpEeHHH ABAAIOTCA CJEAYIONME  CHCTEMbI:
MAZHUMO/IEKMPUYEeCcKan, BRBKMPGMGEHHIHHM, eﬂexmpOOuua.uuvecxax, anek-
mpocmamuyecKa.

VenosHoe 0603HAYEHME THITA H3MEPHTENBLHOM CHCTEMbl HAHOCHTCA HA HIKAC
npubopa WK CPelCTBa H3MEPEHHA.

Jlannsle H3MEPHTENbHbIE CHCTEMbI IIPEICTABIICHEI B tabn, 5.2, rae NpuBEAEHE]
rakke GopMyBl nepenatouHol GyHKuMM (ypaBHEHHSA ILKaJIbl) M3MEPUTEIBHOTO
MeXaHH3Ma U PAZ eT0 TEXHHYECKHX XapaKTepHCTHK.

B pnoGaejieHre K moMemleHHsIM B Tabn. 5.2 cBelieHMAM M PHCYHKaM caenacM
CAenyoIHE MOACHEHHA.

MaruuTO21eKTpUYeckas cucTema B 310l cUCTEME H3MEPHTEIb-
Bt MEXaHM3M COCTOHMT W3 TMPOBOJOYHOH PaMKH C NPOTEKAIOIIMM B HEil TOKOM,
noMeIeHHOM B MoNe MOCTOsHHOro MaruuTa (Marnuronposoza). Ilone B 3asope,
rIe HAXONWTCS paMKa, PABHOMEPHO 3a cdeT 0cofoil KoH(UTypalmn MariuTonpo-
sona. Ioa Bo3aeiicTBMeM TOKa | paMKa BpallaeTcs B MarHUTHOM MOJie, YToil oBo-
POTA 0, OTPaHHYMBAIOT CTIEIHANBHOH NMPYKUHOM, O3TOMY NepeaaTodHas (yHKLHS
(4acTO Ha3pIBAEMAs ypaBHEHUEM IIKaJbl) JTMHEHHA:

a=1 vil 3 - (5.8)
w
rae W, — yHelnbHOEe TOTOKOCUEIUICHHE, ONpeJeniemMoe napaMeTpaMi pamMKki u
MATHWTHOR MHIYKIMeH; W — ynenbHbIl MPOTHBOAEHCTBYIOMIME MOMEHT, cO3/a-
BaeMBIii CrieLUaIbHOM NMPYXUHOM.

Ha ocHOBe MAarHHTO3JIEKTPHYECKOrO0 MEXaHH3Ma CO3JaKTCA BOJIBTMETRI,
aMIIepMeTPsI, MIUTHAMIEPMETPSl W APYTHE M3MEpHUTENbHBIE MPUOOPHI, W HX
CTPYKTypHOE TOCTpOEHHe IMaBHBIM OGPa3oM ONpENENieTCs HIMEPUTENbHOH
cxeMoit. M3meputensHble npHOOPH! MarHHTOMIEKTPHYECKOH CHCTEMBI HMEIOT
20CTAaTOYHO BBICOKYIO TOMHOCTb, CPaBHUTE/IBHO Majioe MoTpebieHne SHepruM 13
W3MEPHTENBHOM LEMH, BLICOKYIO TyBCTBHTENBHOCTD, HO PabOTAIOT JIHIIE HA 110-
CTOAHHOM TOKE.

U1 pacuIMpeHus MpeeNioB H3MEPEHNs TOKOB aMNIEPMETPaMM H HANPAKCHHH
BONBTMETPaMH MPHMEHAIOT MIYHTH M A00aBOYHBIC CONPOTHBIEHHA, KOTOPBIC
BKIIOYAIOT COOTBETCTBEHHO MAapaUie]bHO H TMOCNENoBaTe/ibHO HWHAMKATOpam B
CXEMBI 3THX MPHEOPOB.
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Tabnuna 5.2. dnexrTpomexannveckue npubopei

HanmeHOBaHHE CHCTEMEL, VYpaBHeHHe WKasL, ;Im:'f“iﬂ:gm
o s CTH, KITACC TOYHOCTH
Maznumoanexmpuvecxan; Wo
1 — paMKa ¢ M3MEPAEMBIM TOKOM o=J—=,
W CTpEKOi;
2 — HETOABIKHBIHN CEPACTHHK; e gy, = 85w ;
3 — MOMOCHBIE HAKOHEYHHKH B — wHAyKUHs B 3a30pe; MocTosuHsIH TOK
4 — BO3BpATHAR NPYKHHA S - niomans pamky; Kﬂa;t{i) 'SIO‘I{;lgm

@ — YHCJI0 BHTKOB PAMKH,
W — ynenbHeli npoTHBoaeiicTRYIOMMI
MOMEHT, co3anaeMuli NPyKUHOK

[NepenocHbte, naﬁopmpume, MHOIoIpe-
JENbHBIC AMIEPMETPEI, BONBTMETPH! MOCTO-
AHHOTO TOKa

Pos~10"...107" Br

Snexmpomaznumnan 1 e dL
0 = e e
e W da F=0..5xTu
N Knace TounocTu
2 2 0,5...2,5
roe I° =— |idt; i .
fJ_‘ T -[ Ps=1..6Br
Cepneussx ¥
L — MHIYKTHBHOCTE KaTYIIKH
[{urossie 1 Na0OPaTOPHBIE [IEPEHOCHEIE
HH3KOYACTOTHBIE AMIEPMETPEL, BOIBTMETPbI
Snexmpodunamuneckan fhE daM
1 — HENOABHIKHAR KATYIIKA e ;"1"2 cosf ";; , :
2 — MOJIBH/KHAA KATylIKa F=0...5xn
rae 6 — yron MesKIy TOKaMH, Knacc TouHOCTH
I 1 M — xo3dduupeHT B3aHMHOIN HHIYKTHR- 0,1...02
HOCTH KaTymex P.s=1Bt
L
I I JlaGopatopHsie pHOOPE! HH3KOYACTOTHEIE
BBICOKOTO KJIACCA TOYHOCTH
Inexmpocmamuieckan . _1__ o £ 2 & T %
e b P PR i el F=0...30 MI'a
" ' Knace Tousnoctu
C'— eMKOCTb Mes1y MIaCcTHHAMH 05...1,5
Topsixias Henomakuas Pes< 1 MBT
TUIacTEa St BEICOKOYACTOTHEIE JTA00PATOPHEIE H

BBEICOKOBOJIBTHRIE BONBTMETPEI
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Tanveanomempsr. Ocobyio rpynmy W3MEpHTENel TOKa COCTABIAKOT BBICOKO-
SYBCTBUTEJIbHBIE MArHHTOAJIEKTPHIECKHE TIPHOOPBI — HyJIb-HHIMKATOPBI, CXEMBI
CpaBHeHHS, WIH YKa3aTelll PaBHOBECH:, HalbiBaeMbie rambBaHomeTpamu. MX 3a-
2293 MOKA3aTh HANMYME MM OTCYTCTBHE TOKA B LIETH, MO3TOMY OHU paboTaioT B
HaYaLHON TOUYKE IIKANBI W HO/UKHEI 061agaTe GoMbLIOH YyBCTBUTENBHOCTHIO.
[a1bBaHOMETPhI CHA0XKAIOT YCIOBHOH IIKAIOH ¥ HE HOPMHPYIOT IO KJlaccam To4-
HOCTH.

YyBCTBUTENBHOCTh Ta/bBAHOMETPOB BhID@KAETCA B MM MM JeneHHax (Ha-
npuMmep, S; & 10° Mm/A). Takas BbICOKass 4yBCTBMTEIBHOCT JOCTHTAETCS 33 CHET
ocoboit koHCTpyKUMH nmpubopa.

[10CKONBKY 9yBCTBHTENBHOCTD [aJIbBAHOMETPOB OY€Hb BBICOKA, X rpaLyHpo-
30YHas XapakTepHCTHKa HecTabuibHA M 3aBUCHUT OT COBOKYIHOCTH BHEIIHUX
anuAomux $pakTopos. [1o3ToMy HpH BBITYCKe HA MPOU3BOJACTBE TyBCTBHTE/BHbIE
ranbBAHOMETPHI He IPajyHpyIOT B €AMHHLAX H3MEPAEMON PU3UYECKOH BETHIMHEI
¥ UM HE TPUCBaHWBAIOT KIACChl TOUHOCTH. B KauecTBe ke METPONOTHYECKUX Xa-
DaKTEPUCTHK TATbBAHOMETPOB OOBIYHO YKa3biBAlOT MX UYBCTBHTENBHOCTb K TOKY
HTH HANPSDKEHHIO U COMPOTHBIICHHE PAMKH.

CoBpeMeHHbIE TATBAHOMETPHI MO3BOMSIOT M3MEPATh TOKH 10795107 A
HANPHKECHUA 110 107B.

DONeKTPOMarHuTHAas cHcTeMa [IpuHuMN AeHCTBUA SMEKTPOMArHHT-
50#f CHCTEMBI OCHOBaH Ha B3aHMOACHCTBHH KaTyIIKH ¢ (peppOMArHHTHBIM Cepaet-
koM. DeppOMarHMTHbIH CepAedHNK BTATHBAETCS B KaTyIIKy NpH 0G0 moip-
HOCTH MpPOTEKAKoIero no Hel Toka. 10 00yC/I0BIEHO TeM, YTO (eppoMarHeThK
pacrioNaraeTcs B MArHMTHOM TI0JIE KaTYLIKK Tak, 4To mojie ycunusaercs. Crenopa-
TenbHO, NPHOOP 3MEKTPOMArHUTHOM CHCTEMBI MOXeT paboTarh Ha MEepeMeHHOM
toke. OJIHAKO TEKTPOMArHUTHbIE MPUGOPBI ABIAKOTCA BCE-TaKH HM3KOYACTOTHBI-
MH, TAK KaK C POCTOM YacTOTh! CHJIBHO BO3PacTaeT HHAYKTUBHOE COMPOTHBIIEHHE
KATYIIKH.

JlocTOHHCTBaMH TIPHOOPOB 3EKTPOMArHUTHOH CHCTEMBI ABIAIOTCA IPOCTOTA
KOHCTPYKLMH, CHOCOOHOCTb BbIIEPKHBATH 3HAYMTENBHbBIE TEPErpy3kH, BO3MOX-
HOCTh IpaIyMpPOBKH MPUOOPOB, MpeHa3sHAYEHHBIX LI W3MEPEHNUI B LEMNAX nepe-
MEeHHOTO TOKa, Ha noctosiHuoM Toke. K HemoctaTkam mpuGOpOB 3TOW CHCTEMBI
MOKHO OTHecTH Gobioe coGeTBeHHOe MoTpebieHne YHEPTHH, HEBLICOKYIO TOY-
HOCTh, MA/IYIO YYBCTBHTEIBHOCTD ¥ CHIIBHOE BINAHME MArHUTHBIX MOJEH.

Ha npakTuke MPUMEHTIOT aMIIEPMETPhI 3JIEKTPOMArHUTHOM CHCTEMBI C Tpene-
7aMM M3MEpeHHs OT Joseil amnepa 1o 200 A, ¥ BOJIBTMETPBI — OT J10Ni€H BOJIbTA
30 COTEH BOJIBT.

[Tpubopsl 3MeKTPOMArHUTHON CHCTEMBI NPUMEHSIOT B OCHOBHOM Kak LUMTO-
bl AMMEPMETPsl M BOJBTMETPHI TEPEMEHHOT0 TOKAa NMPOMBILUIEHHOH 4acTOTHI.
KJracc TOYHOCTH 1WMTOBLIX mpuOopoB 1,5 u 2,5. B HEKOTOPBIX CIy4asX OHH HC-
NOMB3YIOTCA VI M3MEPEHHMil Ha MOBBILIEHHBIX YacToTax: ammepMeTpsl a0 8000
"1, BoneT™MeTphl g0 400 I,
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Tpumep 5.1. Knacc To4HOCTH GONBUIMHCTBA 3NEKTPOMEXAHHYECKHX MPHOOPOB 000-
3Ha4eH onHO#M wu(poit * p. [lokaxem, kak MONL30BAThCA YKA3aHHBIM 3HAYEHHEM Kjacca
TOYHOCTH Ha NPHMEpE 3a1a4H.

Tlpu H3MepeHHH HaNpPSKEHHS CeTH BOJABTMETPOM 3JIEKTPOMArHHTHON CHCTEMBI Kilacca
tounoctH 1,5 co mkanoii, MakcumansHoe 3Hadenue kotopoit Uy = 300 B (HomuHaneHoe
3HaueHue), nokazauus npubopa cocrasnanu 220 B. Yemy B NeHCTBUTENRHOCTH MOKET
GBITH PABHA MIMEPEHHAS BETMUMHA HANPSKeHUa?

Pewmenne. [Tonaras, yro cornacuo (2.35) Hanboneiuas npHBefcHHAs OCHOBHAA MM0-
rpelHocTs coctasiger p = + 1,5 %, onpenenseM IomyckaeMmyto abCOMOTHYIO Morper-
HOCTE:

U
A=+ ——-N—=i1,5@=i 4,5B.
100 100

CrienoBateibHO, CTHHHOE 3HAYEHWE M3IMEPACMOr0 HANPMKEHMS JIEKHUT B rPaHHUAX:
(220 — 4,5) B < U,; £ (220 + 4,5) B. [lanHoe HepaBeHCTBO YKa3bIBAET HA TO, 4TO HCTHHHOE
3HAYEHHE HE MOWKET OTKIOHATHCA OT M3MEPEHHOTo Ha BemwunHy Gonee, uem + 4,5 B. B
JAEHCTBUTENBLHOCTH 3TO OTKIOHEHHE, KAK TIPABMIO, OKA3BIBAETCS MEHBIIMM, Tak Kak NpH
YCTAHOBJIEHMM KJlACCA TOYHOCTH YYHTHIBACTCS Hauxyiawas komOuHanms akropos
BIMAIOUIMX Ha HHCTPYMEHTANBHYIO [0TPEIHOCTE pubopa,

DOnekTpoOHHAMHYECKAasd CHCTEMa — H3MEPUTENBHBIH MEXaHH3M
CONEPIKHUT ABE M3MEPUTE/bHbIE KaTyIIKH: HeTIONBIDKHYIO H NOABIKHYIO, ITpHHImn
HeHcTBHSA OCHOBAH Ha B3aHMOJCHCTBMHM KaTylleK, 3JIEKTPOMarHMTHEIE TIOMIA KOTO-
PBIX B3aHMOJIEHCTBYIOT B COOTBETCTBHH ¢ (OPMYIIOH:

My, =11, cosﬂﬂ, (5.9
do

e M,, — Bpaimaronui MOMEHT; /; — TOK Uepe3 HeNOABHKHYIO KaTyIIKy; I, —
TOK Uepe3 MONBIDKHYIO KaTylKy; 6 — (ha3oBhIi COBHI MEXILY CHHYCOMIATBHBIMH
TokaMK; M — k03¢ dHIKHEHT B3aUMHOH HHAYKTHBHOCTH KaTylIeK.

Ha ocHOBe 3/IeKTPOIMHAMMYECKOTO MEXAaHH3MA B 3aBUCHMOCTH OT CXEMBI COE/IH-
HeHHs 0OMOTOK MOTYT BHITIONHATHCSA BOMBTMETPEI, aMIIEPMETpE], BaTTMETpLI. JlocTo-
HHCTBOM 3/IEKTPOAMHAMHYECKHX BOIBIMETPOB H aMmIEepPMETPOB ABIISETCA BHICOKAsA
TOYHOCTH Ha TIepeMeHHOM Toke. [Tpesen oCHOBHOM MpHBEIEHHOM MOTPENIHOCTH MOKET
65ITE 0,1...0,2 %, 9TO ABIAETCA HAWTYHLINAM AOCTIKMMBIM MOKa3aTeneM Juiid H3MepH-
TeNbHBIX NpHOOPOB NepeMeHHoro Toka. I1o Apyrum nokxasarensM SAECKTPOAHHAMUYE-
CKHE MPHOOpB! OMMB3KH K 3EKTPOMArHUTHBIM. DJIEKTPOIMHAMUYECKHE MPUOOPbI HC-
TOJIB3YIOTCA Kak 00pasLoBkle TabopaTopHbie H3MepHTENLHbIE IPHOOPEL.

DnexTpocTaTHUYeckHe NPHUOOPH — NPUHUMN ISHCTBHA 3JIEKTPO-
CTATHYECKOTO MEXaHW3Ma OCHOBAaH Ha B3aUMOMNEHCTBHH SIEKTPHYECKH 3apPAKEHHBIX
npoBofHukoB. [lofBwKHas aMOMHHHMEBAs IUIACTHHA, 3aKPEIUICHHAs BMeCTe CO
CTPEJIKO#, TIepeMeraeTcsi, B3aMMOIelCTBYs ¢ HeNOABMXKHOM ruiacTuHOM. Orpanuve-
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ave JBIKeHWS (KaK M B JPYTHX JIEKTPOMEXaHHIECKHX CHCTEMaX) OCYIIeCTBIAETCA
3@ CYeT MPYKMHKM, DNEKTpoCTaTHYecKHe TpubOps! N0 NPHHLAIY NeHCTBAA Mexa-
@¥3Ma ABISIOTCA BONBTMETpaMM. JIOCTOMHCTBA 3THX MPHOOPOB: LIMPOKHI 4acToT-
sniii maanasos (1o 30 MI'i) ¥ Manas MOLIHOCTb, IOTpebiAemMas U3 H3MepHTETLHOH
erm. [Tprbops! M3MEPSIOT Cpe/IHee KBa/IpaTHIecKoe 3HAYCHHE HANPDKEHNUI,

MarauToaieKTpideckne npudope ¢ npeobpasosaTeisiMH
nepeMeHHOro TOKa B NOCTOSTHHBIH

OrmcaHHbIe BhIE MPHOOPLI He PEIIAloT MHOrMX Npo0iieM, BOHHKAIOMIMX MPH
#3MEpeHMM HA TIEPEMEHHOM TOKE: JIEKTPOMATHMTHBIA M IMEKTPOAMHAMHYECKMA —
ABKOYACTOTHBI, AEKTPOCTATHYECKUH oManaeT HU3KOH TyBCTBHTENBHOCTEIO. [Tprme-
SCHHE MArHUTOAIEKTPHYECKOrO MEXAHM3MA B COYCTAHMHM C TpeobpasoBare/ieM Mo3so-
2%€T CyIIECTBEHHO PACIIMPHTH BOIMOKHOCTH M3MEPeHMH Ha mepemeHHOM Toke. ITo
THITy MpeoOpa3oBaTens AaHHbIE NMPHOOPEI JENATCA HA BRIIPAMUTE/ILHBIE H TEPMOSICK-
rpudeckue. OnucaHue CBOMCTB CXeM Mpe/ICTaB/IeHo B Tabi. 5.3.

Tab6nuua 5.3. MarauTosieKkTpHueckasi cCHCTeMa ¢ npeofpasoBaTensivH

| : YacToTHEI AHANA30H,
HauMeHOBaHHE CHCTEMEI, YpasHeHHE LIKAEI, R L
HKIMOHANEHAA CXEMA HMEHEHHE 1
Gynm ¥ Hp norped/IeHHE MOLITHOCTH
|
| Bunpawumensnas cucmema Yy
| Qopma moka i W[r-pn’ F=0...100 xI'u
| & aunepuempe Knace Tounoctd 2.5...4
| e HA MEPEMEHHOM TOKE,
e . o= T _ﬂ i |df 1,5 Ha NOCTORHHOM TOKE
ot oy
0 Ps=10 ...10 Br

T[MepeHOCHBIE MHOTONPENEIEHEIE
aMIepMeTpPEI-BONETMETPE! HA
MOCTORHHEIH H NEpEMEHHBIH TOkK

Tepmoanexmpuieckan CUcmema: %= Al
! — narpesarens; 2 — TepMonapa YR F=0..10MI'y
| 1’ Knacc toynoctu 1,5...4,0
| e ]2 =—j‘;‘1d; PWSEO,UI...IBT
T [}

A — xo3hULHEeHT, YUUTHIBAIO-
muili napameTpel  HarpeBarTels
Tepmoriapsl ¥ npubopa.
AMNEPMETPEI Ha HOBBILICHHYIO
HacToTy -

BeinpsMHTEeNbHEE NPUOOPH COCTOAT H3 TMOJXYNPOBOAHMKOBOIO
npeo6pa3soBaTens MepeMEHHOI0 TOKAa B TMOCTOAHHBIA M MAarHHUTOJNEKTPUIECKOro
apubopa. OCHOBHEIM Y3/IOM 3/MEKTPHYECKOH CXEMbl BBRINPAMHUTEILHOIO npubopa
ss1seTCs MpeodpasoBarens. [l €ro NOCTPOEHHA WHPOKO MUCTIONB3YIOTCA MONY-
TpOBOJHHKOBBIE MuOoabL. [IpuMeHeHHe MOMyIPOBOJHMKOBEIX JHOIOB OCHOBAHO HA
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ABJICHUN HENMHEHHON 3aBHCHMMOCTH MEXy NMPHIOKEHHBIM HaNpsIKEHHEM M TIPo-
TEKAIOIMM Yepe3 HUX TOKOM. Bernencrsue HeMHeHOCTH XapakTepUCTHKY HOMa
CNIEKTP MPOTEKAOLIEro 4epe3 Hero TOKa CONEePXKHUT COCTABJAIOIIME 9acTOT, Kpat-
HBIX 4acTOTe M3MEPACMOr0 HAaNpsDKEHHSA, @ TAaKKe MOCTOAHHYIO COCTABIISIOLLYIO,
OTPAKAMOIYI0 HHOOPMALIHIO O 3HAYEHUH U3MEPAEMOI BETHUHHEL.

Texuudaecku ynobHee BBIEIUTD IOCTOSHHYIO COCTABMAIONLYIO BRIXOZHOTO TO-
Ka (WM HAMPSKEHHA), 3HAYCHHE KOTOPO CBA3aHO ONpedeneHHOMN (hyHKUIHOHATE-
HOH 3aBHCHMOCTBIO C H3MEPAEMbIM HANpMKEHHEM, H KOTOPAas MOXKET CIyKHTh
CHTHAJIOM M3MEpUTeNbHOH MH(opMauuu. B 3ToM cilydae OCHOBHbIE Omepammu,
BBINONHACMBIC JIEKTPHYECKOH CXeMO#H BONLTMETPa — Mpeobpa3oBanie U3Mepse-
MOr0 HalpsAKeHWs € MOMOLUIBIO HENHHEHHOr0 YCTpOMCTBA, BBIIETIEHHE MOCTOAH-
HOH COCTABIIAIONICH Y €e H3MEPEHHUE NOKA3BIBAIOLIMM H3MEPUTEbHBIM PHOOPOM.

Cxema npeoGpasoBaTensi MOKET CTPOMTLCA PAa3HBIMHU CHOCOGAaMH, HO B pe3yne-
Tare 4epe3 U3MEPHUTENBHbIH MEXaHH3M NMPOTEKAET OJHOMOMAPHELH MY/ 1bCUPYIOIHH
TOK (mayxnonynepnmmbm HITH OHOTIONYTIEPHOHBI),

B Tabn. 5.3 nokasan npocreitmmii ABYXnoMynepHOHEIH (IBYXTAKTHBIIA) IHOJ-
HEIH BBIIPAMATENb. B CHy TOro, 4TO MarHMTO3IEKTpHUECKas HIMEPHTEJIBHAS
CHCTEMA pearupyeT Ha MOCTOAHHLIH (CpPEIHEBBINPAMIEHHBIH) TOK, MOKA3aHHsA
npubopa GyayT NpONOPHHOHANEHE! CPEIHEBBIPAMICHHOMY 3HAYCHHIO HepeMEH-
HOTO TOKa WM HanpskeHWd. JlaHHOE OBCTOATENECTBO ABNAETCH OYEHb CYHIECT-
BEHHBIM, TaK Kak mpuGOpsI POrpaxyMpOBaHbl B CPEOHUX KEAOPAMUHECKUX SHAUE-
HUAX CHHYCOMIAIBHOTO TOKa, JTO 3HAYMT, YTO HA IIKaJe npubopa MNpencTaBneHo
HE TO 3HAYCHHE, Ha KOTOpOe pearupyeT NpuOOp (T.e. CpeIHEBBINPAMIIEHHOE), a
BENUYIHMHA, YMHOXKEHHaA Ha koa(duimear GopMel CHHYCOHIEI K= L11.

[lpn usMepeHnu napaMeTpoOB NEPEMEHHOTO HErapMOHMYECKOTO CHIHANG,
OPaKTHYECKH BCETNa BO3HHKAET METOAMYECKas morpemHocTs. Hanpumep, npu
rpanyHpoBKe H3MEPHTENILHOTO NMPHOOPa HA CHHYCOUIANLHOM TOKE TOUKE IIKANLI B
100 B cootBeTcTBOBANO CpeTHEBBINPAMIICHHOE 3HaYeHHe Hanpsukerns 90 B. Ecin
Ha STOT U3MEpHTEBHEIH NPUOOP NoaaTh HaNpmKeHHe, UMeromee GpopMy MeaHapa
C mapameTpamy, H300paKeHHBLIMM HA pHC. 5.3 (HaOMHHM, 9TO Y TAaKOTO CHTHANA
Kos Ky =l 1o Uy, =U= U » = 90 B), ero nokasamus Taxke GyayT okono
100 B (1,11U,,) u abcomoTHas MOrpeNrHOCTh H3MEPEHHA HANPAKEHHS COCTABHT:
A=100-90 =10B.

BrinpsmuresnbHble MPHOOPSI NpH-

MEHJIOTCA Kak KOMOWHMpOBaHHEIE U.=90B
H3MEPUTENHM TOCTOSHHOTO M Tepe- m
MEHHOTO TOKa W HampsKeHWs ¢ mpe- r“

HenamMH M3MepeHHua Toka ot 1 MA go
600 A, nanpsxenns ot 0,1 no 600 B.

JloCTOMHCTBAMH BRIMPAMHUTENNLHBIX
npubOpOB ABIAIOTCA BBICOKAS YYBCT-
BHUTENBHOCTh, Majioe CcoOCTBEHHOE
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noTpebnerne SHEPTHA H BOIMOXKHOCTh H3MEPEHHA B LIHPOKOM AMana3oHe HacTor.
YacToTHBI AMANA30H BHINPAMUTENbHBIX TPHOOPOB ONpenenieTcs NpuMeHAeMbl-
wit 1ronamy. Tak, MCTIONB30BAHNE TOYETHBIX KPEMHHEBBIX THOMIOB OOecreuHBaeT
a3MepeHHe TIEPeMEHHBIX TOKOB H HANpSKEHHil Ha 4acToTax 50...10° 'y, OcHoB-
Z5IMH HCTOYHHMKAMH TIOTpelHocTel NpHOopoB ABJSIOTCS H3IMEHEHHS NapaMETPOB
IHOIOB C TeYeHHEM BPEMEHH, BIMAHHE OKpYXKalollei TeMIepaTypel, a Takike oT-
wi0oHeHHe (POPMBI KPHBOH H3MEPAEMOIO TOKA HITH HANPAKEHHA OT TOi, MPH KOTO-
ot poM3BE/IEHA rpayHpoBKa MpHGopa. BEMpAMHTENbHEIE npuGops! BHIMONHA-
0TCSA B BH/JE MHOTOMPEIENbHBIX H MHOTOLICNEBBIX J1a60PAaTOPHEIX H3MEPHTENLHRIX
spubopoB. K 3TOMY THITY U3MepHUTEILHEIX PHOOPOB OTHOCHTCS Tak Ha3bIBaeMBIH
mecmep.

TepMoO3NeKTpPAUYECKAas CHCTEMa — MPHOOPHI COCTOAT M3 TEPMO-
AIeKTPUYECKOro mpeoOpasoBatesis ¥ MarHHTO3JIEKTPHIECKOr0 MHKpOAMIIEPMETpa.
Tepmonpeo6pa3oBarens BKIIOYAET HArpesaresib, MO KOTOPOMY MPOTEKAcT M3Me-
paeMblii TOK, ¥ TepMOmNapy, Ha KOHUAX KOTOPO# BO3HHKaeT tepmodJIC. B uens
TEpMOMApH! BKJIOYCH MHKPOAMIIEPMETP, H3MEpPAIONIHH TEPMOTOK. PaGoumit craif
TepMOTIaphI HAXOMTCA B TEIUIOBOM KOHTaKTe ¢ HarpesareneM. Harpesaresb npe-
stasngeT coboll TOHKYIO TPOBOJOKY M3 METAlNIMYecKOro cIulaBa C BBICOKHM
VIeNbHBIM CONPOTHBJICHHEM (HUXPOM, MaHraHuH). Eme fonee TOHKHE NPOBOJIOY-
£# W3 TEPMO3JEKTPONHBIX MATEPHAIOB MPHUMEHSIOT I H3TrOTOBJEHHA TCpMONa-
o1, [py NPOXOXKICHHN H3MEPAEMOTO TOKA Yepe3 Harpesarelib, MECTO €ro KOHTak-
Ta ¢ TEPMOTIAPOH HArpeBaeTCa A0 TeMIIepaTypsl HArpesa, a XOJIOOHBIH cTiai 0cTa-
£TCsl IIPM TEMIIEPAType OKpyKatomei cpeapl. @yHKIMOHMPOBAHHE npubopa ocHO-
$aHO HA TETUTOBOM AEHCTBHH TOKA, H M03TOMY MArHHTO/IEKTpHUECKHi npubop ¢
TEPMOINEKTPHYECKMM TipeoOpasoBaresieM H3MEpAET CpeaHee KBaJpaTHieckoe
1HaYeHUe MePEMEHHOTO ToKa JiF060# GOopMBI.

Tepmo3/ieKTpHYeckHe NpHOOPE! NPUMEHSIOT B OCHOBHOM U1 M3MEPEHHA TO-
x0B. B KauecTBe BOJILTMETPOB OHM MpPaKTHYECKH HE HCHOJL3YIOTCA, TAK Kak HX
SXOHOE CONpPOTHBJIEHHE 4pe3BbIvaiiHO Mano. JIOCTOMHCTBOM TEPMOJNEKTpHYIC-
cxuX mpUGOPOB ABIAETCA MMPOKUH YaCTOTHBIA AuanasoH (mo 10 MI'm). Hemoc-
TATKM: HEBBICOKAs TyBCTBHTENLHOCTh, HU3KMH Kiacc TounoctH (1,5...4,0), Gonb-
moe moTpebIieHHe SHEPTHH U3 U3MEPHTE/ILHOM LEMH.

5.3. KomneHcaTopbl NOCTOAHHOIO0 TOKA

PaccMOTpeHHbIE paHee NPHOOpPHI 3MEKTPOMEXAHWYECKOH TpYMNIkl SBISIOTCH
npubopaMu HETOCPEICTBEHHON OLIEHKH W3MEPAEMOro mapameTpa u BCe (B Gome-
meil WIH MEHbIEH CTeneHH) NoTpeG/siOT MOIIHOCTh M3 M3MEPHTENLHON LEIH,
470 MOeT MPHBOIMTH K HapyIIeHHo paboTel uccnefyemoro obbexra. Msmepenne
TOKA ¥ HampKEHHs aHATIOTOBBIMH SMEKTPOMEXaHHIECKUMH MPHOOpaMK BOIMOX-
80 B IydIeM ciydae ¢ norpemsoctsio 0,1 % (kmacc TogHOCTH MpubOpa 0,1). bo-
e TOUHBIE W3MEPEHHA MOXHO BBITONHUTH METOOM CpaBHeHus ¢ Mepoit. Cpen-
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CTBa HBMQPCI{FIﬁ, HCTIONB3YIOIHEe METOM CPaBHEHHA, HAa3hIBAKOTCA KOMIICHCATOpA-
MH HITH MOTEHIHOMETPAMH.

Komnencamopvr — npubopsl, B KOTOPBIX W3MEpeHHE NPOM3BOAMTCA METONOM
CpaBHEHHs H3MEpAeMON BEMHYUHEI ¢ STAJOHHOH. [TpHHINAN JeHCTBAA KOMIIEHCa-
TOpa OCHOBaH Ha YpaBHOBEIIMBaHWM (KOMIIEHCALMM) M3MEPAEMOro HaNpsKEHHA
M3BECTHBIM MANIEHNEM HanpsbkeHus Ha obGpasuoBoM pesucrope. MoMeHT HOJHOM
KOMITEHCAIMH (PUKCHPYETCS WHIMKATOPHBIM npubopoM (Hyns-HHAUKaTOpOM), Pas-
paboTaHbl KOMIEHCATOPE! NEPEMEHHOIO W MOCTOAHHOTO Toka. KoMneHcauuoHHbI#H
METOJ IPHMEHSIETCA Takke B L(POBEIX U3MEPHTEbHBIX MpHOOpax.

VipomeHHas NPUHIANHAILHAS CX€Ma KOMIIEHCATOpa MOCTOSHHOIO TOKa 1A
n3MepeHus HanpsokeHua U, nokasana Ha puc. 5.4.

#+ |__E0 f Rpcr

le J
R, —t Ru
bl ‘
JRT,
J.rtEm
11 2 1+ &
L...___...E_J {I_"-—'

Puc. 5.4. YnpomexHas NpUHUMNHAIEHAA CXEMA KOMIEHCATOpa MOCTOAHHOTO TOKA

VIcTOYHHK MOCTOSHHOTO HanpsokeHus E, obecnieduBaer npoTekaHue pabodero
TOKa [, 10 LenH, COCTOsMEH W3 MOCNe0BATE/IbHO BKIOUECHHBIX UIMEPUTENLHOTO
R,, ycraHoBouHOTrO (06pasuosoro) R, ¥ perynupoBodHoOro R, pesuctopos. B ka-
yectBe HcTounmuka obpasuopoit DJIC (Meper JMC) ucmoOnb3yeTCs HOPMANBHEI
anemenT E_ — W3roTaBIMBaeMEIil 10 CIIEIHANBHOH TEXHOIOTHH TajibBaHHYeCKIH
anemeHT, cpenuee 3Hadenne JDIC kotoporo npu Temneparype 20° C M3BECTHO C
TOYHOCTBIO JI0 NMATOro 3Haka u papHo E = 1,0186 B. VeranoBouHBIN pe3ucTop
R; npenctaeiger cob0i KaTymiky CONPOTHBIECHMS CHEIMABHOM KOHCTPYKLMH C
TOYHO HMBBECTHBIM M CTa0WIbHBIM COMpOTHBIeHHeM. B cxeme asnement HH —
HYJIb-HHJIHKATOp, Pearupyloliiii Ha 09eHb MaJleHbKHE TOCTOSHHBIE TOKH (YyBCT-
BUTEJTLHOCTB 1O TOKY Syyy; — mopanka 107" nen/A).

OTHOCHTENbHAs TIOTPENIHOCTE HOPMABHOTO IEMEHTa MOXKET OBITh B Mpee-
nax ot 0,02 mo 0,0002 %. C noMoLIBIO NepeKodaTeNd Hyllb-HHINKATOpD BHaYase
BKIIOYAETCA B LieTb YCTAHOBOYHOIO CONPOTHRICHUS R (TIONOXKEeHHE TiepeKouaresis
I). Tlpu 3T0M PerynupoBOYHBIM COTIPOTHRIEHHEM R, IOOMBAIOTCA OTCYTCTBHA TOKA B
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ST HYJTb-HHIMKATOpA. D10 03HadaeT, 910 LR = E,,, 0TKyNa 3Ha4eHue pabodero Toka
orpefienaeTcs Yepes cootHolnerue [, = E /R = 10™ A (1151 KaxI0TO THIIA KOMITEeHCa-
TOpa BEJIMYMHA 11 — YUCIIO MHAMBUAYATBHOE ¥ HEM3MEHHOE, UTo 0becrevnBaeTcs ro-
CTOSHCTBOM TIApaMeTPOB MCTOMHHMKA HAmpskeHus E,, M YCTAHOBOYHOIO COINPOTHBIIE-
=i R). 3aTeM HyIb-MHIUKATOp BKOYAETCS B H3MEPHTENBHYIO Lerb (MONOXKeHHe
nepexsiodareln 2) W H3MEHEeHHEM M3MEPHTENBHOTO COMpPOTHRIIeHHA R, nobHBarOTCA
#\7IEBOTO TOKA, 8 3Ha4YuT, paseHcTsa U, = IPR = EmR/Ry. Hrak, m3MepAeMoe Hanpsoke-
swe OnpelieNsiercs ¢ MOCTATOMHO BBICOKOM TOYHOCTHIO M Ge3 HapymieHHs paboTel H3-
MepUTeITbHOM LIeITH, TaK Kak B MOMEHT U3MepeHHs TOK Uepe3 MHIHKATOP HE MPOTEKaeT.

C noMOIIBIO KOMIEHCATOpa MOXHO TAKOKE OMpPEHNENATh TOK B HCCIEAYEMOM
ycTpoiicTse, mMpeobpas3oBaB ero NpeaBapUTeNbHO B HalpsAKeHHe COrmacHo (Gopmy-
22 [,= UJR,, roe R, — 00pa3iioBoe CONPOTHBIEHHE.

[Ipu M3MepeHUAX HanpsKeHWH Ha MPOU3BOACTBE NPHMEHEHHE HAXOMAT aBTO-
MaTHYECKUE KOMIIEHCATOPhl, B KOTOPBIX MOAIEPKHBAETCA Pa3HOCTHOE 3HA4YeHHE
AUy = LR, — IR, — 0 ¢ nomomsio creasineit cucteMsl. 31€Ch Ry, B Ry —
S2CTH H3MEPHUTEIEHOTO CONPOTHRIIEHHS B HAaYalle M KOHIIE LAKIA CHEKEHUA.

B COBPEMEHHBIX KOHCTPYKUHAX KOMIIEHCATOPOB BMECTO HOPMAIBHOIO ane-
MEHTa YacTO NMPUMEHMIOTCA 3TANOHHBIE (B YAaCTHOCTH CTaOMIM3MPOBAHHBLIE) HC-
TOYHMKH HampsokeHus ¢ Gojiee BHICOKMM 3HadeHHeM kod(pduuuenTa crabmimsa-
MM, YTO MO3BOJIAET PAcIIMPHTL BEPXHHH Npele/ H3MEpPEHHA KOMIEHcaTopa [0
HECKOJIBKHX JECATKOB BOJIBLT.

[TorpemHoCTh KOMIEHCATOpa MOCTOAHHOIO TOKAa ONpPEAE/AeTCs NOrpelrHo-
CTAMH pe3ucTopoB R,, R, SJIC HOpManbHOTO 3MeMeHTa £, a Taike JyBCTBH-
TeILHOCTRIO  HyJb-HHAWKaTOpa., COBpEMEHHBIE NOTEHIHMOMETPhl MOCTOSHHOIO
TOKa AMeloT knace TouHocTH ot 0,0005 mo 0,2. Bepxnuil npenen W3MepeHus ao
[...2,5 B. IIpu nocTaToyHOH 9yBCTBHTENBHOCTH HYJb-HHAHKATOPA HIKHMIA Ipe-
Ze11 H3MepeHHA MOXKET COCTABJIATh €INHHIEI HAHOBOJBT.

KOMHCHC&L[HOHHBIC METOBI HCTIONB3YHOTCH TAKKE 114 mmepenuﬁ H Ha nepe-
MEHHOM TOKE.

5.4. AnaJjioroBble 3J1IeKTPOHHBLIE BOJILTMETPbI

Tpu M3MepeHUH HaNpMHKEHHA METOOM HENOoCpeICTBeHHOH OLEHKH BOABTMETD
DOIKITIOYaeTcs NApaUIeNIbHO YHacTKy MccneayeMo nemd. [lns yMeHblIeHHs Me-
TOOWYECKON NOrpemHoCcTH H3MepeHHs colcTBeHHOE MoTpebieHHe BONBTMETpA
20/0kHO OBITE Mo, @ ero BXOJHOE CONpOTHBIEHHE Benuko. [losTomMy B nocien-
#He OBl B OCHOBHOM HCTIONb3YIOTCA 3NIEKTPOHHBIE BOMBTMETPSI.

DNeKTpOHHbIE BOJBTMETPH! TPECTABIIMIOT co00il codeTaHHe 3JEKTPOHHOIO
npeobpazoBarte/ia U W3MEPHTENLHOTO NpHbopa. B OTIIHYHE OT BOJBTMETPOB JJIEK-
TPOMeXaHWIeCKOH TPYMIEI 3IeKTPOHHBIE BOJMBTMETPHI TIOCTOAHHOIO H NEPEMEH-
S0T0 TOKOB MMEIOT BEICOKHE BXOIHOE CONMPOTHUBJIEHHE W YYBCTBHTENBHOCTD, IIH-

189



pOKHe TpeleNsl H3MEpPeHHd W 4acToTHBIA muanasoH (ot 20 I'm mo 1000 MI'm),
Majoe NoTpebieHHe ToKa U3 H3MepHTeNbHON Henu.

KnaccupuuupyroT anekTpoHHbIE BOTBTMETPEI 10 PARY NPH3HAKOB!

* 110 HA3HAYEHHIO — BOJIETMETPHI MOCTOSHHOIO, MEPEMEHHONO H MMITY/IbCHOTO
HANpPMOKEHUH; YHUBEPCaNIbHbIE, (a30UYBCTBHTELHEIE, CEIEKTUBHBIE,

* 110 cnocofy m3MepeHus — NpUOOpBI HEMOCPEACTBEHHO# OLIEHKH W NpHOOpsI
CpaBHEHHS;

* [I0 XapakTepy M3MepAeMOro 3Ha9eHHs HANpPMKEHHA — aMIUTHTYIHbIE (MHKO-
BBIE), CPEIHETO KBAIPaTHUECKOro 3HAYEHHS, CPeIHEBLINPAMICHHOTO 3HAYECHHA,

* M0 9aCTOTHOMY MHAaNa3oHy — HHM3KOYaCTOTHBIE, BLICOKOYACTOTHBIE, CBEPX-
BEICOKOYACTOTHBIE.

Kpome Toro, Bce 31eKTpOHHEIE PHOOPEI MOXKHO pa3feNnTh Ha nBe Gonbmme
TPYNIBL AHAJIOTOBEIE 3JIEKTPOHHBIE CO CTPEIOYHBIM OTCYETOM M MpHbOpBI auc-
KPETHOTO THIIa C IIH(POBHIM OTCUETOM.

B cootsercTBuM ¢ OOIIENPHHATEIME 0003HAYEHMAMH OTEYECTBEHHBIM IEKTPOH-
HBIM BOJBTMeTpaM npucBauBaercs uuaekc B. Hampumep BK7-16A — somsrMeTp
" kombuaHpoBaHHkIH (K) — MoXeT u3MepaTh COMPOTHBICHHE; 7 — YHUBEPCAITBHBII Ha
MOCTOAHHBIA W TiepeMeHHbl Tok; 16 — Homep paszpaborku; A — Moaudukanms.
BoneTMeTphl NOCTOAHHOTO TOKA MMEIOT HHIEKCAMo B2, a BONMBTMETpEI MEpeMEHHOTO
Toka — B3,

ITpy H3MepeHnsaX CHITBI TOKa SNIEKTPOHHBIM BOJILTMETPOM, BHaualne Tok npeob-
pasyeTcs B HanpsKeHue, a 3aTeM onpeensercs no popmyne: I, = U, /R,,.

CTpYKTYpHbIE CXeMbl AHAJONOBBIX BOJIbTMETPOB

VihpoleHHbie CTPYKTYPHBIE CXeMbl AHATIOTOBBIX BOJNIETMETPOB TPEICTABIEHEI
Ha puc. 5.5. B HacTosAmee BpeMs aHAJIOTOBEIE HIEKTPOHHLIE BOJNETMETPHI NOCTO-
AHHOTO TOKa (pHC. 5.5, @) HaXomAT OrpaHUYEHHOE NMPUMEHEHWe, TaK KaK OHH IO
CBOMM TEXHMYECKHMM CBOMCTBAM CHJIBHO YCTYMAlOT LA(POBBIM BOIETMETPAM IO-
CTOSSHHOTO ToKa. [To3TOMY Aanbiie paccMarpHBAIOTCH TOMBKO aHAJIONOBhLIE BOJIBT-
MeTpBI IEPEMEHHOTO TOKa.

M306paxkeHHas Ha pHc. 5.5, 6 CTPYKTypHas cXeMa MCTIONb3yeTcs B BOJIBTMET-
pax fepeMeHHOTO TOKa sl H3MepeHHs HANPSUKeHHI 3HAYUTeNLHOTO YPOoBHS. Yac-
TOTHBIM JHAaNa3oH TaKHX BOJETMETPOB MOKET COCTABJIATh COTHH Merarep.

Yrobri obecrnednTs HeOOXONUMYIO TOYHOCTh BONBTMETPA K YCHIMTENAM I1O-
CTOSHHOTO TOKa, TIPUMEHSEMBIM B JIEKTPOHHBIX BONBTMETPAX, NMpeaBABIAIOTCA
KeCTKHe TpeOOBaHWA B OTHOIIEHHH JIHHEHHOCTH aMILTUTYIHOM XapaKTepHCTHKH,
MOCTOAHCTBA Ko3()(pHIIHEHTa YCHIIEHHA, TEMIEPAaTypPHOIr0 M BpeMEeHHOro apeitda
Hyms. IIpE NOCTPOEHHH 3NEKTPOHHBIX BOINBTMETPOB NI M3MEpPEeHHA MalbIX Ha-
npsbkeHuii 3TH TpeboBaHua He Bcerma MoryT ObiTh yaoBnerBopeHsl. IToaromy
9IEKTPOHHBIE BONETMETPHI TIEPEMEHHOT0 TOKA JUIA M3MEPEHHS MATBIX HAmpshke-
HHIi BHITIONHAIOTCA MO cXeMe pHuc.5.5, 6. OTa cxema NpPUMEHAeTCH B MUJUIMBOJIBT-
METpax, MOCKONbKy ofianaer Gonbuioi 9yBCcTBHTENBHOCTHIO. [loceHee cBA3aHO
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Puc. 5.5. CTpyKTypHBIE CXEMBI AHAJIOTOBBIX /IEKTPOHHBIX BOIETMETPOB;
& — TOCTOSHHOTO TOKA, f — HanpskeHuil GONBIIOr0 YPOBHA; 6 — MHILTHBONETMETDPA
(VITT — yeunnTe b NOCTORHHOTO TOKa; > — YCHIHTEb [EPEMEHHOTO TOKA,
MIC — MArHHTO3EKTPHYECKAR CHCTEMA — CTPeNioHBtE npuGop)

¢ HAMYHEeM JOMOJHHTETBHOTO YCHINTENA NIePEMEHHOr0 TOKa, OIHAKO 94aCTOTHBIN
IHMANa3oH CXeMbl HWKe (10 COTEeH KHIOrepi), Tak Kak BOSHHKAIOT TPYAHOCTH NpH
£03/1aHMH [IAPOKOTIONOCHOTO YCHIUTENS,

emedTHas 6a3a, UCTIOL3yeMast NPy CO3AAHHMH BOJBTMETPOB NEPEMEHHOIO TO-
%3, ONpe/ieNAeTCs CYLECTBYIONMM Ha MOMEHT HX CO3[AHHA YPOBHEM TCXHMKH, O/~
=2K0 (YHKLMOHANIBHOE Ha3HayeHue ONOKOB MICHTHIHO. TIpu 3TOM 0COOEHHO Bk~
#yi0 (yHKIMIO HeCyT Ipeobpa3oBaTeN NepeMEHHON0 HANPMKEHNA B TIOCTOAHHOE
setekTOphI). JIeTEKTOpbl MOXKHO KIaCCH(UIMpOBaTh N0 (GyHKIMH nipeoGpa3oBaHus
3XOHOTO HANPSDKEHWs B BBIXOJHOE: aMIUIHTY/HbIE (NUKOBbIE), CPEIHETO KBAPATH-
S6CKOTO H CPEIHEBBIPAMIICHHOrO 3Hauenus. THIT IETEKTOpa BO MHOTOM ONPENEIICT
csolicTBa MPUOOpa: BOMBTMETPhI ¢ AMILTHTYHBIMH JETCKTOPAMH ABIAIOTCA CaMbIMH
251COKOUACTOTHBIMH, BONETMETPHI C JETEKTOPAMH CPEIHEr0 KBaApaTUeckoro 3Ha-
SeHH MO3BOJLIOT M3MEPATH HANpsUKeHHE TOG0H (OPMBI; BONLTMETPhI CPEIHEBbI-
PDSMJICHHOIO 3HaUEHUs M3MEPAIOT TOJbKO APMOHMYECKHE CHTHAJIB, HO ABILTIOTCH
caMbIMH TIPOCTHIMH H HAJIEKHBIMH.

Hipke MPUBOAATCS HEKOTOPBIE IPOCTEHIIHE CTPYKTYPHbIE CXEMbI IETEKTOPOB.

AMOINTYAHBIH AeTEKTOpP — YCTPOKCTBO, HANPSDKEHHE HA BHIXOLC
$0TOpPOTO, T.6. Ha Harpy3ke, COOTBETCTBYET MAKCHMabHOMY (aMIUTHTYIHOMY) 3Ha-
SSHIIO M3MEPAEMOTO HanpskeHus. UTo0bl Lenb Harpy3ku ACTeKTOpa s dexTuBHO
STMIETPOBBIBATIA MOCTOSHHYIO COCTAB/AIONUIYIO M NOJABIAIA napasuTHEIE BHICO-
£09ACTOTHBIE FAPMOHUKH, HEOBXOMHMO BBITIOJIHEHHE HEPABEHCTBA:

1/(@C,) << R, (5.10)
r1e C, — eMKOCTb (QHIBTa; R, — CONpOTHBJIEHHE HArPy3KH AETEKTOPA.
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Eme ogHo ycnosue addexruBHOM paboThl IETEKTOPAa — CONMPOTUBICHUE PE3H-
cTopa Harpy3kd R, A0/DKHO ObITh 3HAYMTENBHO 0O/IbIIE CONPOTHBICHUS IHOMA &
ero npsMoii ITPOBOIAMOCTH, 9TO MPAKTHYECKH BCET/A BRIMOIHACTCA.

Ha puc. 5.6 u300paxxeHbl NPUHIMNMAIbHAA M JKBUBAJIEHTHAA CXEMBI H Bpe-
MeHHI:Ie JHarpaMmMbl aMIUIATYAHOIO HOETEKTOpa ¢ MapaUiefIbHBIM BKIIIOYCHHEM
oropa (JeTeKTop ¢ 3aKPBITHIM BXOZIOM).

+11=
alra s

U, _%Uﬂ b | Ug [P418MD |0, = U, =Vl
o
a)
—
ié RH UR
1

Uy
0)
Paspad 3apad U,=U,
i __/ /

8)

Puc. 5.6. AMmuinTyHbIH JETEKTOP ¢ MapaiieibHbIM JHOI0M:
a — NPAHLHITHATEHAA CXEMA, 6— 3KBHBANCHTHAR CXEMA, 8 — npemenm::e JHarpaMmMel

Paccmotpum paboty merekropa (puc. 5.6, 4) TpH Tofade Ha €ro BXon
rapMOHMYECKOTO HANpskeHUd u,(f) = Uy, sinat.

Ha uHTepBasax BpeMeHH, KOoTaa Ha BXOJL IETEKTOPa MOCTYNAET MOJIOKHUTENbHAS T10-
JyBONIHA, KoHneHcatop C 3apsKaeTcs Yepe3 JHOJ, CONPOTHRIEHHE R, KOTOPOrO B OT-
KpBITOM cocTosHud Maio. [TocTosHHas BpeMeHH 3apsana T, = R,C Heselmka u 3apsl
KOHJIEHCATOpa /10 MAKCHMalThHOTO 3HadeHus U, npoucxomut OeicTpo. Ha uHTepBane
JeHCTBHA OTPHMLATEILHOMN MOMYBOMHBI IHOM 3aKpHIT M KoHAeHCaTop C MEUIEHHO pas-
PSKAETCs HA COMpPOTHRIEHWH Harpy3ku R, Tak Kak OHO BbIGHpAeTCs HOCTATOMHO
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SomsmmaM (50...100 MOwm). Hrak, noctosHHas paspsana t,= R,C okaskBaeTcs 3HaTH-
TensHO Gonbie neproaa 7' = 21/ BXOIHOIO MEPEMEHHOIO HANpsbkeHUd, B pesynsrare
KOHJEHCATOP OCTAHETCH 3apmKeHHBIM 0 HampskeHusd, 6muskoro k Uy, = Uy = Uy,
VOpoIieHHas SKBHBANIEHTHAS CXeMa AMIUIMTYIHOTO NETEKTOpa W BpEMEHHbIE Jva-
rpamMMBl, IOACHAIOMHUE ero paboTy, NpeCTaB/IeHs! Ha PUC. 5.6, 6, 6.

H3MeHeHHe HampsOKeHHA Ha CONPOTHBIIEHHH HAarpy3Kd R, ompejensercs pas-
HOCTBIO AMIUIMTYb! BXOAHOIO HaNpPAXKEHHA Ux H HanpLKeHHA Ha KOHOEHCATOpe
U, te. Ug = U, — U,. Takum 06pa3oM, BEIXOAHOe HanpshkeHue Uy GyneT mynbCH-
PYIOIIUM C YIBOSHHOM aMIUITHTYIOH H3MEPAEMOro HaNpsKeHHs, KaKk 3TO TOKa3aHo
Ha pUC. 5.6, 8. DTO OATBEPKAAIOT POCTHIE MATEMATHYECKHE BBIKIAIKH:

U= Upsinot — U, = Upsinot — Uy;

npy sinot = 1 Ug=0; npu sinwt = 0 Uy =-U,,; npu sinat =— | Ug =—2U,,.

[l BeImENeHUs MOCTOAHHOM cocTaBnsromed curgana U. = — U, Ha BbIXoe
HeTeKTOpa CTABHUTCS €MKOCTHOH (HIIBTD, MOJABIIAIONIHI OCTAIbHEIE TapMOHHKH.

HerpyaHo 3aMeTHTh, YTO 4€M MEHbIle NEpHOJ HCclexyemMoro curxana (4em
BBIIIE YACTOTA), TEM TOYHEE BBINONHACTCA PaBeHCTBO Uy = U, DM OOBACHAIOT-
s BBICOKOUACTOTHBIE CBOKCTBA IETEKTOpA.

OnHuM U3 TOCTOHHCTB aHAIOTOBLIX BOJNIETMETPOB C AMILTHTYIHBIM JIETEKTOPOM
#BNIAETCS He3aBHCHMOCTH IOKa3aHuit mpubopa ot ¢opMel curaana. O6bYHO mKa-
7a aMIUIMTYAHEIX BOJBTMETPOB IPamyHpyeTcs B CpPeJHHX KBaOpaTHYECKHX 3HadYe-
HHAX CHHYCOHJANBHOTO HANPSDKEHN, T.€. nokasauwus npubopa: Uy, = Un/K,.

JetexkTop cCcpelAHEro KBaJpaTHYEeCKOro 3HaYeHHA —
npeoﬁpasonamr, MEPEMEHHOI0 HAMNpPLKEHHUA B MOCTOAHHOE, IPONOPIHOHATBHOE
KOPHIO KBaJpaTHOMY M3 CPEJHEro KBaJpaTra MrHOBEHHOIO 3HAYCHHA HAPAKeHH,
3HauMT, M3MEpeHHe NEHCTBYIOIIEr0 HANpsKeHHs CBS3aHO C BHINOJHEHHEM TPEX
HOC/e/IOBATENbHBIX ONEpalii: BO3BEICHHE B KBaJpaT MTHOBEHHOIO 3HAYEHMSA CHT-
Hanma, ycpeJHeHWe U M3BJIeYeHNe KOPHSA H3 pe3y/ibTaTa ycpeaHeHHs ([ocneHss omne-
pauus 0OBIMHO OCYNIECTBIAETCA NPH IPagyMpOBKe LIKANLl BoMbkTMeTpa). Bossene-
HHE B KBaJIpaT MTHOBEHHOI'O 3HAYEHMs, KaK MPaBHIO, MPOM3BOMAT SYEHKOHM C Homy-
MPOBOJHHMKOBBIM 3JIEMEHTOM NYTEM HCIMONBL30BAHWA KBAJPATHYHOIO YYacTKa €ro
XapaKTePHCTHKH, HHOT/IA 3TOT YYacTOK CO32eTCA HCKYCCTBEHHO.

Ha puc. 5.7, a npepcrasnena auonHas sueiika D R,., B KOTOPOil NOCTOAHHOE
sanpskeHne £, mpuuoxeHo k aupomy D, TakuM o6pa3oM, YTO OH OKa3kIBaeTCH 3a-
EPRITHIM IO TEX TOp, TOKa M3MEepAeMOe HampsvkeHHe u,(f) Ha pesuctope R, He
NPEBBICHT BEIMYHHEI E,.

Cnenyer HMeTh B BUY, 9T0 HAYATBHEIN KBAAPAaTHIHLIA YIacTOK BONBT-aMIEPHOM
XapaKTepPUCTHKH MOMYITPOBOIHMKOBOIO JHONA MMEET, KaK MPaBHIO, MAIYI0 [po-
TDKeHHOCTH (pHc. 5.7, 6), MO3TOMY 3Ty 9acTh YIIMHAIOT UCKYCCTBEHHO, N0 METO-
Iy KycoqHo-THHeHHol anmpokcuManiy. s 3TOro B CXeMe JETEKTOpa UCHONb3y-
0T HECKOJIBKO HAEHTHYHBIX JHOOHEIX f4eek (puc. 5.7, 8), aHANIOrWYHBIX TOKa3aH-
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Puc. 5.7. JleTekTop cpefHEro KBaApaTu4ecKoro 3Ha4eHuA:
a — NROIHAs fueika; 6 — HIeaTH3HpOBaHHAA XapaKTePHCTHKA,
& — CXEMA KBAJpaTHYHOIO JeTeKTOpa
Hoit Ha puc. 5.7, a. JluHelHbIi yyacTok 0600MEHHON BONET-AMITEPHON XapakTe-
PHCTHKH MTPH 3TOM YBENMUYHBACTCA.

Ha puc. 5.8 nokasaHo, Kak MOTy4aeTcs B TOM Cily9qae KBajpaTHiHas XapaKre-
PHCTHKA NPY NOCTEIO0BATENbHOM BIIIOYCHHH LEMOYCK Pe3nCTOpOB R, Ry Ry ©
muonamu D,, D,, D;. Jlnon D, nepBoHavaibHO 3aKpHIT HANPSKCHHCM E,, satem,
10 Mepe PocTa HANPSKEHNA u(f), OH OTKPLIBAETCA H Haya/bHEIH THHEHHBIA y4a-
CTOK ero HACATH3UPOBAHHON XapaKTepUCTHKH YBETHTHBACTCAL.

B cxeMme, Npe/CTaBIeHHON Ha pHC. 5.7, 6, MEPBOHAYAIBHO JHOMIBI Dy, D,, D,
3aKpHITHl COOTBETCTBYIOIIMMH HANPKEHIIMH CMEIICHHA E,, E,, E;, 1 IpH MAJIOM
BXOIJHOM HAIpSKEHUH 1,(f) TOK 9epe3 MILTHAMIIEPMETP PaBeH i,. Korpa BxomHoe
Hanpsokerue u,(f) > E,, otkpeiBaetca AuoA D) # NapajlienbHO Pe3ncTopy R, mop-
KToYaeTcs AenuTeNh Hanmpskenus Ry, R B pesyneTare KpyTW3HA BOJBTaMIEp-
HOIf XapaKTepHCTHKH Ha y4acTKe OT E, mo E, Bo3pacTaeT; CyMMapHBIH TOK, IIpoTe-
KAIOIHH 4epe3 MUJUTHAMIIEPMETP, CTaHeT iy = it i;. Korjga BEIMOIHATCA YCIOBHE
udf) > E,, otkpoercs auon D, u TOK MHILTHAMIIEPMETPA iy = ip + iy + i;. IlpH BBI-
nonHeHuH ycnoBus u(f) > E;, orxpoercs Auon Ds B CyMMapHBIH TOK, MpOTeKaro-
1Ml Yepes MrUTHaMIiepMeTp, OyreT is = o + i+ ipt+ i
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B pesynerare cymmapHas

i BOJIBT-aMIepHAas XapaKTepH-
T/ CTHKA mnpHONIWKaeTcd 1O
0° = dopMe Kk KBampaTHIHOMN
i 4 L KPHBOH.

IToxazanue npubopa Gy-
0 ) " JeT  TPONOPLHOHANLHEIM
: 1, * CPEZHEMY KBaPATHIECKOMY
h 3HAYEHHIO BXOJIHOTO HAMpS-
% KEHHA U OHO He 3aBHCHT OT

0 E, u, €ro (JopMblL. _
- Ilpy  KOHCTpYUpOBaHHH

i 4 npu6opos  meficTBylomero
3HaYCHHA BO3ZHHKAET UENbIH
PAL TPYAHOCTEH, B TOM YHC-
* ne U ¢ obecneyeHneM Miu-
POKOT0 4acTOTHOIO JHana-
30Ha. TeM He MeHee 3TH
NpHOOPBL ABNAFOTCA CaMBIMK
BOCTpeOOBaHHEIMM, TAaK Kak
OHH MO3BOJIIOT HM3MEpPATh
HanpskeHue JHoOoH - crox-
HOH OpMBL.
HdeTtexTop cpen-
HEBBINPAMIEHHOTO
s 3HaAYEeHHA — YCTpoH-
Uy CTBO, mpeofpasyiolee nepe-
MEHHOE HalpmKeHHe B MOo-
CTOSHHBIA TOK, MNpONOPLMO-
HAIBHBIA  CpEeJHEBLIIPAM-
7ICHHOMY 3HA9CHUIO HanpsDkeHus. CTPYKTypa BRIXOTHOTO TOKA H3MEPHTENBHONO MpH-
Bopa ¢ IeTeKTOpOM CPe/IHEBBIMPAMICHHOTO 3HAYEHNS aHATIOTHYHA PaHee PACCMOTPEH-
HOMY Y3ITy BBIIPAMHTEILHON CHCTEMBI H ITO3TOMY HX CBOHCTBA BO MHOTOM HIEHTHYHEI
(3aBHCHMOCTE OT (JOPMBI CHTHANA, YAaCTOTHEIE XapaKkTepHCTHKH, KJacC TOYHOCTH).
AHAJIOrOBbIH 3MEKTPOHHLIA BOJIBTMETD CPEIHEBHITPAMIEHHOIO 3HAYeHHs HMeeT Gonee
BBICOKYO YYBCTBHTE/ILHOCTb M MeHbllee TI0TpetiIeHHe MOIHOCTH OT H3MEPHUTENBHOM
UeTHH (3a CYET JOMONHHTEILHOTO YCHIIEHHS), YeM NMPUOOp cO CXeMOi BLIMPSAMIICHHS.
WHTerpanbHbele aMOAHTyOHEIE neTeKTopsl. JlHomHele (Kak u
TPaH3HCTOPHBIE) AMILTHTY/HEIE NETEKTOPHI NPH MAIBIX HANPDKEHMIX BHOCAT B H3Me-
PACMBIH CHTHAJI 3HAYUTENbHBIE HeTHHEHHbIe HCKaxeHns, [T03TOMyY B OC/EHME TOMbI
8 M3MEPHTEBHBIX YCTPOHCTBAX MPHMEHSIOT aMIUIMTY/HEIE IETEKTOPhI HA HHTErpaib-
HBIX MHKPOCXEMaX — OMepPAlHOHHbIX YermTenax — OV (puc. 5.9).
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Tak Kak AeTeKTop BBHINOIHCH R,
no MHBepTHpYIOmeH cxeme (B03- —{

MOKHO M HeMHBEpPTHpYOLlee L
BKTEONEHHE), TO TpPH moaade [o- R |
JIOKHUTENTBHEBIX OMYBOJH HAMPS- o—i:l‘r > VD,
erue u, Ha Bexome OV Gyner

il i 5
OTpHUATENBHBIM. [Ipi 3TOM /WOA s R C_J_ 4
VD, oTkphIT, & oA VD, 3aKphIT. Uy fn —l—- ik
Beixon OV uepes masnoe npiMoe | B
conporunenye mmona VD, non- -
KMO4eH KO BXOAy, YTo CO34acT Puc. 5.9. AMmumyassii getekrop va OV
IyOOKy10  OTPHIATENBHYIO  006-
paTHyiO CBf3b. B pesynbTare HanpKeHHE HA pexozie OY paBHO HAaNPAKCHUIO HA €T0
BXOJe ¥ GN3KO K Hymo. BBXoIHOE HAMPMKEHHE ACTEKTOPA Toxe pasHo Hymo. [1pu
[ofiaYe OTPHIATETBHON TOMYBOMHEI HANPIKEHHE U, HA phxone OV GyneT Momnoxm-
Te/bHBIM, TIOITOMY [WMOR VD, 3aKpHIT, & VD, — OTKPHIT. [Tpx 3TOM HANpSKEHNHE HA
momeYnnemmpaum=u,=—u,,Rz/Rl.

Bhime GbiA MMPEACTaBNCHBI PasnHiHBIC BHIBI npeoGpasosateseii (1eTEKTO-
pOB), NPHMEHAEMBIX KAK B JNEKTPOHHBIX AHANOTOBBIX, TaK ¥ B UpoBBIX NPAGO-
pax. Ipu Bsibope npeobGpasoBare)ia CleayeT oBpaTHTh BHUMaHHE Ha BO3MOXHYIO
METOIHYECKYIO TNOrpemHOCTb, BOHUKAIOMIYIO TPH HecHHyCORMAATBHON (opme
CHrHANA. DTO PACCMOTPEHO HIXKE HA HECKOMBKHX npaMepax.

4

1!

Tpumep 5.2. Ha 31eKTPOHHEIE BOABTMETPEL © pasTMYHbIMH JCTEKTOPAMH MOJABATHCE
MOOYEPEAHO ABA CHIHANA pasHoit (opMbl, HO C omuuakosoit amnutyaol U, = 100 B.
lepBbifi CHTHAT — CHHYCOMJ/IbHBIA; COOTBETCTBEHHO €ro ko3 duument GopMmel
Ky o= L11, k03 PHIHEHT AMTIUTATY B! K, . = 1,41. Tlosromy cpeanee KBaJpaTHIecKoe
suauenue U= 70,7 B, cpeHEBLMPAMICHHOE Uecp.se = 63,7 B,. Bropoil curHan — MEarip;
cpe/iHee KBANPATHHECKOE H CPEAHEBIIPAMICHHOC sHaqeHns 3cCh PaBHBI MRy coBOi:
Uy = Ucpsn = 100 B, T8K KaK K03(PHImMeHTE! GOPMBI H AMILTHTY b Ku=Kyu=1

Pemenue. OTBETHTE HA CIEAYIOIIHE BOMPOCKHL

A. OnMuakoBsl WK HeT GyIyT MOKajaHHs BOJNBTMETPOR TIpH Mojave CHTHANOB OTMe-
geHHO# dopmer?

B. Kaxopsl MOrPEIIHOCTA HIMCPCHHSA, BEI3BAHHEIC HECHHYCOMIATEHOCTBIO (POPME! CHI-
nana?

B. Kakyio JOCTOBEPHYIO MAGOPMALIMIO MOKHO TOMYYHTh NpH HecHHYCONIANBHOM
dopme cHrHana no MoKasaHHAM npuGopos.

[1p¥ 3TOM HHCTPYMEHTANBHBIC NOrPEUIHOCTH npuGOPOB CHHTAIOT HECYIIECTBEHHBIMH.

OTBETH: -

1. Hamepenus npouseooamcs 60nbmMmempom ¢ npeobpazosamenem cpeduezo keadpa-
MUNECcK020 IHAYEHUR.

A. Tak kax npuGOp W3MEPAET CpeaHee KBAIPATHHECKOS 3HaYeHHe HANpKeHuH moGoil
dopMEL TO MOKa3AHMA COOTBETCTBEHHO OynyT:
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— npu rapMoHHdeckoM curdane U, = 70,7 B;

— nns meanapa U, = 100 B.

F. MeToau4ecKHX MOTrPelHOCTEH HET.

II. Hamepenus npoeodamecs eonsmmempom ¢ npeobpazoeamenem cpeoHesuInpAMaEH-
X020 IHAYEHUA, OMZPAOYUPOEAHHOM NPU CUHYCOUOARBHOM MOKe 6 CPeOHUX Keaopamuvye-
CKUX FHAYEHUAX,

A. Tlokasanus npubopa OyayT NMpoONOPUHOHANBHEI CPEHEBLINIPAMICHHOMY 3HAHEHHIO
mo6oit opMel, yMHOKeHHOMY Ha koadduument Ky = 1,11: U= Ky Ucp 5.

TlokazaHHA MPHOOPa ISt CHHYCOMTANBHOTO CHrHANA: Up, . = 1,11+63,7=70,7 B — 1o
COOTBETCTBYET CPEHEMY KBAIPaTHHECKOMY 3HAYEHHIO CHHYCOHIANBHOTO HATIPKEHHS.

[okazanus npubopa ans curHana Tuna «meatapy 6yayt Upp, = 1,11:100 =111 B, uro
OpEBBIIAET YPOBEHE CPENHETO KBApaTHYCCKOro 3Ha4YCHHA.

F. TTorpemH=oCTs H3MEPeHHs HeCHHYCORIANBHOro curnana: A, =111 -100=11B.

OTHOCHTENEHAR TorpemHocTs 8, = 11/100-100 % =11 %.

B. Tlo nokazauuam npubopa ¢ npeoOpa3oBaTe/eM CPeIHEro 3HaUEHUA NPH HECHHYCOH-
aansHOH (opMe CHTrHANA MOXKHO ONpENENINTh TOJNBKO CPENHEe WM CPeAHEBBIIPAMICHHOE
IHAaYeHHe, T.€. A Meanapa Uy, = 111/1,11 =100 B.

111, Hamepenus npouseodames npubopom c npeobpazoeamenem AMNAUMYOHOZ0 SHAYEHUA.

A. TMokasanus npubopa GYAYT NPONOPLHHOHANBHEI AMIUIHTYAHOMY 3HAYCHHIO CHIHANA
mo6olt GopMBI, IeNEeHHOMY Ha rpanyupoBoyHbli ko3dduuuent. Ecnu rpanyuposka npo-
¥3BOJMNACE NPH CHHYCOMIATBHOM TOKE B CPEIHMX KBATIPATH4ECKHX 3HAYCHHAX, TO MOKa-
3arus mpubopa cootsercrBenHo: Uy, = U, /K, = U, /1,41. CrenoBareinsHo, N0Ka3aHHA
npubopa GymyT onuHakoBsl i obenx dopm curnana: Uy, = 100/1,41 =70,7 B.

ITpu 3TOM A1 CHHYCOMIBI 3TO CpElHEee KBANpPaTHUECKOE 3HAYEHHE, 4 JUIA MeaHapa —
MeHbIIIe CPeIHEro KBaIpaTHieckoro (Tak Kak cpefHee Kpanparudeckoe sHauenne 100 B).

b. TlorpemHoCTs uaMepeHus 1 Meanapa coctasut: A= 100 — 70,7 = 29,3 B. Ornocu-
TeqbHAs norpemnocts 29,3 %.

B. To noka3aHuAM H3MEPHTENBHOrO MpHOOpa MOMKHO ONpPENENUTh aMITUTYIHOE 3Ha-
seHue 15 moGol Gopms! currana. B naHHOM Ciydae, Juis CHIHaNa opMel MEAHIPA HMe-
em: U, ,,=70,7-1,41=100B.

5.5. lludpoBbie BOABLTMETPBI

Tlo Buay W3MepseMoll BelMuHHBl HAGPOBEIE BONLTMETPHL JIEJIATCA HA! BONBT-
METphl MOCTOSHHOTO TOKA, MIePeMEHHOTO TOKA (CPeIHEBBINPAMIEHHOTO WA CpeJi-
HErQ KBAApPAaTUYECKOro 3HAYeHWA), HMITYJIbCHBIE BOJBTMETPH — NI H3MEPEHHA
napameTpoB BHJEO- H PaTHOMMITYJIECHEIX CHTHAJIOB M YHHBEPCATbHEIE BOJIBTMET-
phl, TIpeJHA3HAYEHHBIE JUIA U3MEPeHHA HATPSKEHUs TIOCTOSHHOrO M MepEMEHHOTO
TOKa, @ TAKXKE PANa APYTHX SMEKTPHIECKUX H HENIeKTPHUECKHX BeIHIHH (compo-
THBIIEHHS, TEMIIEPATYPhI H poYee).

Ipusuun paGoTsl UHPPOBBIX H3IMEPUTENbHBIX HNPHOOPOB OCHOBAaH Ha JHC-
¥DETHOM M IM(POBOM Npe/ICTABICHAY HENPEPBIBHBIX H3MEPAEMBIX BENMHYMH. ViI-
DONIEHHAs CTPYKTYpHAs cXema UH(ppPOBOro BONETMETpa NpHBEAeHA Ha puc. 5.10,
CxeMa COCTOMT M3 BXOIHOro ycrpoiictsa, ALIL, uudpoBoro oTCYETHONO YCTPOH-
CTBa M YIPaB/IAIONIET0 YCTPOKHCTRA,
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Puc. 5.10. Ynponiennas cTpyKTypHas cXema nudpoBoro BOIETMETPA

BxojiHOe YCTPOWCTBO CONEPHKMT AEIHTENb HANPHKEHNA, B BOJIBTMETpaX mepe-
MEHHOTO TOKa OHO BKIOuaeT B cebs Takke mpeobpa3oBaTelb NEPEMEHHOIO TOKa B
TIOCTOSHHBIH.

ALIII mpeo6pa3syeT aHANOTOBbIi CHTHAT B U(pPOBOH, NpeCTaB/IACMbIH Q-
poBom konom. IIponecc aHanoro-mudpoBoro mpeobpasOBaHKA COCTABIACT CyIl-
HOCTH M060ro 1HdpoBoro Mpubopa, B TOM YHC/E U BonsTMeTpa. HMcnob3oanue
B AL[IT mupoBBIX BOMETMETPOB JBOMIHO-IECATHIHOIO Kofia obnervaer obparnoe
npeoGpasoBanue HUMPOBOro KoJa B AECATHIHOE HHCIIO, OTPAKACMOC mupoBEIM
OTCYETHEIM YCTPOHCTBOM.

LIndpoBOE OTCYETHOE YCTPOHCTBO H3MEPHTENBHOIO NMpHOOpa PEruCTpUpYeET
M3MEpAEMYIO BENHUMHY. YnpaBisiomiee yCTPOHCTBO o0bequHAET W YNpaBisieT
BCEMM Y3JIaMH BOJILTMETPA.

o tuny AL usdposbie BOAETMETPBI MOTYT OBITE pa3ieneHbl Ha YETHIPE 0C-
HOBHBIE IPYTIIbI: '

* KOJOMUMITYIIbCHBIE (C TIOPA3PAIHBIM YPABHOBEIIMBAHHEM);

* BpeMAHMITYJILCHBIE,

* JACTOTHO-UMITYJIbCHEIE;

* IPOCTPAHCTBEHHOTO KOIMPOBAHMS.

B HacTosuiee BpeMs LH(PPOBBIC BONBTMETPBI CTPOATCA Hallle HAa OCHOBE KOIO-
MMITYJIECHOTO ¥ BPEMAMMITY/TbCHOTO NPe06pasoBaHHus.

AL BonsT™METPOB MpeobpasyroT CUrHAJ MIOCTOAHHOIO TOKA B wudpoBoii kox,
M03TOMY ¥ TA(POBbIE BONBTMETPHI TAKKE CYMTAFOTCA NMPAGOPAMH MOCTOAHHOTO
ToKa. JIna H3MEPEHHs HANPAHKEHHA NEPEMEHHOrO TOKA Ha BXOJIE BOILTMETpA CTa-
BHTCA Tpeobpa3oBarenb MEPEeMEHHOT0 HANPSKEHMA B TOCTOSHHOE HANPDHKCHHE,
YaIme BCEro 3TO AETEKTOP CPEAHEBRINPAMIIEHHOTO 3Ha9CHHH,

TTpoaHanH3UpyeM OCHOBHbIE TEXHUIECKHE XapakKTePHCTHKH CpeIHEeCTaTHCTH-
4ecKoro mu(poBOro BOJLTMETPA MOCTOAHHOTO TOKA!

« nuana3on mmepenus: 100 mB, 1 B, 10 B, 100 B, 1000 B;

« MOpOr YYBCTBHTENBHOCTH (YPOBEHb KBAHTOBAHMS AMIUIHTY/IbI HANpPSKEHUA
WIH eIMHALA AMCKPETHOCTH) Ha AuanasoHe Hanpsxenns B8 100 MB moxker OBITH
1MB, 100 mxB, 10 MxB;
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* KOJIMYECTBO 3HAKOB (muHA HHGPOBON MIKATE]) — OTHOMIEHME MAKCAMAITb-
HOHl M3MepAeMOl BeNMYMHLEl HAa HTOM IHaNa3oHe K MHHHMAJBHOM; Hampumep:
nuanasoHy usmepenns 100 MB npm ypoHe kBaHTOBaHHMA 10 MKB COOTBETCTBYET
10* 3HaKoB;

* BXOJIHOE COTIPOTHMBJICHHE 3JIEKTPHIECKOI CXEMBI — O4YEHb BBICOKOE, OOBIYHO
fonee 100 MOwm;

* NTOMEXO03aIIAIIEHHOCTh — TAaK KAk WH(POBbIE BONETMETPHI 00/1aal0T BBICO-
K0i YYBCTBUTENBHOCTBIO, OUeHb BaXKHO OOECIEYMTE XOPOIIYIO MOMEX03allHIIeH-
HOCTB.

VrpoieHHas CTpYKTYpHas cxeMma, MOSCHAIOIAsA PHHLKMI BOSHUKHOBEHHA I10-
MeX Ha BXo/ie H(poBOro BOIETMETPA MOKa3aHa Ha prc. 5.11.

Hemouruk
cueHana Boasmmemp
.~ ¢
o g S o
R;
o
| o
sk AR | 3
R
s E]
Gy

Puc. 5.11. Cxema BOSHHKHOBEHHS [IOMEX Ha BXOJIe IH(POBOTO BONETMETPA

3neck E, — HCTOYHHK CHrHana; E,, — momexa, MPUIIOKEHHAA K BXOMY BONBT-
meTpa (momMexa HOPMATLHOTO BHJA, HaBOMKH); E,, — romexa obuiero BAja, BO3-
HMKAIOIAs W3-32 PA3HOCTH TOTEHIMANO0B KOPIYCOB HCTOYHHKA CHTHANA M BOJBT-
metpa; R; — BHYTpeHHee CONPOTHRJICHHE MCTOYHMKA CHrHana; R,, — BXOIHOE
COTPOTHBJIEHHE BOJIBTMETPA.

Ilomexa o61iero BUaa BO3HHKAET B JMEKTPHIECKOH CXeMe H3-3a HECOBEPIIEH-
cTBa HMCTOYHHMKOB IMHATaHHA Ha wactorax 50 m 100 I'u, co3paeT nmajgeHue Harpske-
HHS HA CONPOTHBJIEHHH F, COEIHHUTEILHOTO MPOBOJA M MEPeXONUT BO BXOIHYIO
Uenb BOJBTMETPA, EC/IH CONPOTHBIICHHE YTEUKH R, MEKITY KIEMMaMH U KOPITyCOM
seBenuko. Ec/H e oHy u3 KneMM npubopa 3a3eMIIHTh, TO H0J NOMEXH obmero
8HIa, NepexoiAlias BO BXOAHYIO lens, yBenmuurca. [losToMy mpH H3MepeHHH
MATBIX CHTHANOB TOJB3YIOTCA H3ONMPOBAHHBIM OT 3eMiH (KOpIyca) BXONOM
B0JIETMETPA.

Crioco6bl yMeHBIIEHHA BITHAHHSA OMeX:

* HCIIO/NB30BAHHE DKPAHMPOBAHHBIX IPOBOJOB H HM30MHPOBAHHOrO BXOZA
BONBTMETPA;
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. npmweueﬂue HHTErpHPYIOMMX BONBTMETPOB; HPH 3TOM TEPHON TOMEXH

Upond(D) = Uy SINO KPATEH BpEMEHH H3MEPEHHS U MOMEXa YCTpaHAeTCs Mo re-
pHoay GOl‘.TIaCHO hopmyne:
1 T
Unow =7 [Unnousinotdt — 0; (5.11)
0

* BKTIOYEHHE HA BXOJE BOJLTMETPA punsTpa ¢ GonbimuM ko3 dHIMEHTOM 1o
nasieHns nomexu (60...70 nB).

B nocneguem ciydae xo3(pOHUIMEHT MOAABIEHUS [IOMEXH ONpeNenieTcs cie-
nyrommM obpasom: K, = 20lg (U, ,,/U, .. TH€ U, o, — GMIUATY2 TIOMEXH Ha
sxofe ¢unerpa, U, .. — aMIUIHTYJa HOMEXH Ha ero BhIXOo[e.

Tounocmsb yugpoesix eonemmempos. PactipeieieHHe NOrPeIIHOCTH 110 AHana-
30Hy H3IMEPEHMs HaNpPKCHHH ONpeneNnseTcs npederoM OONYCKAeMou OMHOCU-
menvHoli  OcHogHoU nozpewnocmu (2.35), XapakTepH3ylOIEH Kiacc TOYHOCTH

CpeAcTBa H3IMEPEHHS:
5=éloo%=t{c+d(—g&
X U

—1] ¥ (5.12)

e u — u3MepseMoe HanpspkeHue; U, — KOHEYHOE 3Ha4YCHHE [Haria3oHa u3Mepe-
HUH; ¢, d — COOTBETCTBEHHO OTHOCHTENIbHBIE MPUBENEHHBIE CyMMapHas U aniu-
THBHAS COCTABJISIONIAE MOTPEIIHOCTH.

Buicmpodeticmeue. CospeMennbie cxemsl AL, npumeHsemsie B (POBBIX
BOJIETMETPAX, MOTYT O0ECTeYHTs O4YeHb OoinbmIoe OBICTPONEHCTBHE, OJHAKO M3
coobpaxeHui TOUHOM perAcTparHy IOMYYEHHOTO pe3ynbraTa H YCpeIHeHHA CeTe-
BOM TIOMEXH y LMGPOBLIX BOJETMETPOB OHO yMeHbIIaeTcs npumepso xo 20...50
H3MEPEHUH B CEKyHITY. :

KopoumnysnscHsie uugpoBbie BOJBTMETPBI

B KONOMMITYIbCHBIX IM(POBBIX BOILTMETpPAX (B BOMBTMETPAX C MOPaspAIHBIM
YPaBHOBEMIMBAHHEM) Peau3yeTcs MPUHIMIT KOMIEHCAMOHHOTO METONIA H3Mepe-
HUA HaNpsKeHHs. YIpPOINEeHHad CTPYKTYpHas CXeMa Takoro BONBTMETpa Mpen-
cramiieHa Ha puc. 5.12.

H3amepseMoe Hanpskenne U, MOMydeHHOE ¢ BXOAHOTO YCTPOKCTBA, CPAaBHH-

BaeTcA ¢ KOMIIEHCHPYIOIIMM HanpsbkeHueM U,, BeipabaTsiBaeMbiM NPELH3HOHHBIM
IeauTeNeM W WCTOYHHKOM OMOpHOTO HanpspkeHWs. KoMneHcHpyiolee Hampske-
HHE HMMeEeT HEeCKOJbKO YPOBHeiH, KBAaHTOBAaHHLIX B COOTBETCTBUM C JBOMYHO-
necsTHYHOMN cucTeMolt cuncnenus. Hanpumep, AByXpaspanHbiii (udpoBoi BOMLT-
MeTp, NpeAHa3HaYeHHbIH [T H3MepeHus Hanpsokeruit 10 100 B, MoxeT BKmOYaTh
creylomye ypoBHu Hanpskerwit: 80, 40, 20, 10, 8, 4,2, 1 B.
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Puc. 5.12. YnpomeHHas CTpyKTypHas cxema mﬁomnym,cﬂom BONETMETPA

CpaBHeHHE H3MEPAEMOTO U’ u xomnencupyiomero Uy HanpsOKeHUH POH3BO-

IMTCA TOC/EIOBATENEHO N0 KOMAHAAM YNPABIAIOMETO YCTPOHCTBA. Tlpomnecc
CpaBHEHMs HANPsHKEHHH MOKa3aH Ha PHC. 5.13. Yopasnsiompe HEMIyIscsl U, de-
pe3 onpe/ie/ieHHbIE HHTEPBAJIbl BPEMEHH NEPEKIoYaioT CONPOTHRIICHIA nperysn-
OHHOTO JeJHTelIs TakuM o6pasoM, 4TO Ha BBIXOAE JEIHTE NOCHEN0BATENBHO
BO3HHKAIOT 3Hauenus Hanpskenns: 80, 40, 20, 10, 8, 4, 2, 1 B; onHOBpEMEHHO
K COOTBETCTBYIOLIEMY BBIXOY MPELM3MOHHOTO ACTUTENA MOAKIIOYAcTCA ycTpoOii-
CTBO CPaBHEHHMA.

Ecmu U, > U, T0 ¢ yCTPO#HCTBA CPaBHEHNUA TIOCTYNACT CHIHAT U,, Ha OTKIO-
qeHHe B JE/HTENE COOTBETCTBYIOMETO 3BeHa, TaK, YTO0bI CHATh CHTHAN U,. Ecim
U, < U',, T0O CHTHaNl ¢ YCTPOHCTBA CpaBHEHWA HE NMOCTYTACT. ITocne OKOHYAHHA
npolecca CpaBHEHws MONyHeHHbIH CHrHan U, TONOKEHHA Kmodel Mpelu3HOH-
HOTO JeTHTENs  ABIAETCA TEM KOIOM, KOTOPbiH CIUTHIBAETCA HH(POBLIM OTCHET-
HBIM YCTPOHCTBOM.

Ha puc. 5.13 1 HaMIAQHOCTH TIOKa3aH MPOLECC KOAMpOBAHHMA aHaJI0roBOro
HaNpsOKeHWs ¢ aMIUIATYAo# 63 B, 3 KOTOpOro BHIHO, HTO KOZ, COOTBETCTBYIOIIMA
sToMy curaany, Gymer 01100011.

TIpouecc H3MEPEHHs HANPHKEHHA B KOAOMMITYIbCHOM npubope HaNOMHMHAET
sIBeIIMBAHME HA BECAX, TIOITOMY NPHOOPH HMHOINA Ha3bIBAIOT 7IOPA3PAOHO-
ypasHosewusaoujumu. TOIHOCTE KOAOMMITYIECHOIO npuGopa 3aBHCHT OT CTa-
GUILHOCTH ONOPHOTO HAMPSKEHHS, TOYHOCTH W3TOTOBJECHWA AENHTENA, ropora
cpabaTsIBaHMs CPABHHBAIOLIETO YCTPOHCTBA.

Jina co3jaHnd HOPMANBLHOM IOMEX03aIIHIIEHHOCTH (60...70 nb) Ha BXonE
NpUGOpOB CTABHTCH MOMEXOTIONABIAIOMIH PHILT. B uenoM Takoi mudposoi
npubop 06afaeT XOPOIMMH TEXHHIECKAMH XapaKTCPHCTHKAMH H HCTIONB3YETCH
kak naGoparopusiii. [lepBie muppoBbe TPHOOPHI CO3NABANHCH TIO METOLLY B3BE-
muBaHUA, HO ceiiyac 0ojiee MHPOKOE PACPOCTPAHEHHE MONYHHIIH nprbops! Bpe-
MAHMITYJILCHOIO THIIA.
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Puc. 5.13. I'paduku, noscusioure pabory KOJOUMITYIECHOIO BOJBTMETPA

BoabsTMeTpbl ¢ BpeMAHMIY/IbCHBIM Npeofpa3zoBaHHeM

B ocHOBe NpUHIMNA JEHCTBAA BOMBTMETPA BPEMAHMITYIIbCHOTO (BPEMEHHOI0)
THNa nexur npeobpaszosanue ¢ noMombio ALl mW3MepseMOro HanpsKeHHS B
TPOTIOPLHOHANBHEI HHTEpBaJl BPEMEHH, KOTODBIH 3aNONHACTCH CYETHBIMH HM-
MyAbCaMM, CEYIONIMMHA C H3BECTHOMN cTabmibHOHM 9acToToi cnenosanus. B pe-
3yJETaTe TAKOrO MpeoGpa3oBaHusi NMCKPETHBIA CHrHajl U3MEPHUTENbHOMH HHpOpMa-
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MH Ha BBIXOJE Tpeobpa3oBarens HMEET BUI MAaYKH CYETHBIX HMITY/IbCOB, THCIIO
KOTOPBIX NMPOMOPIHOHATLHO YPOBHIO H3MEPAEMOTr0 HANPDKEHHA.

T1OrpemHOCTs H3MEPEHHH BPEMAMMITYJIECHBIX BOJIBTMETPOB ONPEAENACTCA pi-
a0oM (hakTOpOB: TOTPEIIHOCTBIO AHCKPETH3ALMH H3MEPAEMOTO CHIHANA; HeCTa-
GUIBHOCTHIO YaCTOTHl CUETHBIX MMITYNIBCOB; MOPOTOM 4YYBCTBHTENIBHOCTH CXEMBL
CpaBHEHHS H HETHHEHHOCTHIO MAI006Pa3HOT0 HANPKEHHA.

CyIIecTBYEeT HECKOJIBKO CXeMOTEXHMUECKMX PEIIeHHil, HMCIONb3YEMBIX TPH
CO3aHMH BPEeMIMMITY/IECHBIX BOJITMETPOB. PacCMOTPHM JIBE TAKME CXEMBIL.

BpeMAHMNOYIbCHE# BONBTMETP C reHepaToOpoM NHHEH-
HO HW3MeHAlomerocs HanpsaxeHHA CIpyKrypHas CXeMa BpEeMANM-
MyIbCHOTO HU(POBOro BONLTMETPA H Bpememe [MarpaMmsi, NOACHAIOMME ee
paboTy, mpeACTaBlIeHbl Ha pHc. 5.14. JlaHHBI THII BOJBTMETPA BKIFOYACT Allll ¢
MPOMEXKYTOYHBIM TpeoGpasoBaHHeM H3MEPAEMOT0 HANPKEHHA B MPOTOPIO-
HaNBHBIM HHTepBan Bpemenu. B cocras ALITI BXONAT: reHepaTop NMHEHHO H3ME-
gsmomerocs Hanpsxenns ([JIMH); asa yetpoiicrsa cpauerns 1 u II; tpurrep T;
formdeckas cxema W; reHeparop CHETHBIX HMITYJNBCOB; CYETIHK HMITYNIBCOB H
mi(poBOE OTCYETHOE YCTPOHCTBO.

JIMCKpEeTHBINH CHIHAI H3MEpHTENbHOH HHpOpMalyH Ha BhIXOIE npeobpasopa-
TeNs MMEET BHJL MAYKH CUETHEIX MMITYJILCOB, YHCIIO KOTOPBIX N MPOTOPLMOHATBHO
BelMuMHe BXogHOro Hanpsxkerua U’y (te. U,). JIuHe#HO H3MEHAIOMEECH BO
spemenn Hanpsxenne U, ., ¢ [JIMH noctynaer Ha Bxoasl / o6onX ycTpoHcTs
cpaBHeHus. JIpyroit BXox ycTpoi#icTBa cpaBHeHHs / COEMHEH C KOPITyCOM.

B MOMEHT, KOIZia Ha BXOJie YCTpolcTsa cpasHenws /| Hanpskerme U, = 0, Ha
€ro BBIXOJIE BO3HMKAET MMIYNsC U, 1, YCIOBHO duxcupyromuit HyJeBoH ypOBEeHb
8XOIHOTO CHIHANA, DTOT MMIYJILC, MOJaBacMbli Ha eIMHUYHBIN BXOJ TPUTTEPA T
BBI3BIBAET MOSABJIEHUE MOJIOKHTENLHOTO HAMPSIKEHMS Ha ero BhIXOIE.

Bo3BpaIlaeTcs TPUITEP B MCXOIHOE COCTOAHME MMITYIbCoM Uycn, MOCTymaio-
MM C BbIXOJa ycTpoiicTea cpaptenns /I, MMmynsc Uy BO3HHKAET B MOMEHT pa-
BEHCTBA M3MepAeMOro U, ¥ JMHENHO M3MEHSIOMErocs HanpsOKeHHA U Cdopmn-
POBAHHEIA B PE3YNIBTATE Ha BRIXO/IE TPHITEPA MMIYNLC U UTHTENBHOCTEIO

At=U'S ;
(3mech S — Koadduument npeobpasosanys) NoaeTCs Ha BXO cxembl M, Ha BTO-
poil BXOA KOTOpoOif moctymaer curhan Uy, © reHepatopa CHYETHBIX HMITYIbCOB,
CIeMyIomHX ¢ qacTotol f= 1/7,,

Ha srixone cxemsl U curnan U, MOABISETCA TONBKO NPH HATHIHH MMITYJIBCOB
U, u U, Ha 000HuX ee BXO#ax, T.6. CIETHbIC HMITYJILCEI MPOXOIAT Yepe3 CXeMy H
TOoraa, Koraa MPHCYTCTBYET CHIHAI HA BBIXOJIE TPHITEpa.

KonuuecTso npommemmux yepe3 cxeMy /A CUETHBIX HMITYIIbCOB

N =~ AT,

MOCYNTHIBAETCA CYETIHKOM M 0TOGpakaercs Ha WHAMKATOpe WiGpoBOro OTCYET-
HOrO ycTpoiicTBa mpubopa. ;
203



Uea

U, Uy
Bxoonoe & Vempoiicmeo St
yempoiicmeo cpagrenun 11| T|U Cxema U
7y ol
U Tenepamop
— ITHH cuemmbix
y Umu UMRYAbCOB
1
Yempoiicmso Uper Cuemuuic
cpaerenun I UMNYALCOE
2
N
- Lugposoe
omcuemHoe
a) ycmpoiicmeo
U * UTJ[HH
TIHH
Uy
R AT <
U;cl ] t
0 -
Uycllk t
UTOI. T

i Sy, G

0)

Puc. 5.14. I1u¢poBoii BONETMETP C BPeMAHMITYICHBIM Npeo6pa3oBanyem:
a — CTPYKTYpHaa CXeMa; 6 — BpEMEHHBIE JHArpaMMBl




M3 [ByX nocnefHuX COOTHOMEHM noMydaeM HOPMYITY /Ui ONpENeNeHHs H3-
MEPAEMOT0 HANPSKEHUA:
U, = 2L,
foS

B BoneT™eTpe 3nauenue f,S Beibupaior pasusiM 10", rae m = 1, 2, 3,... (qucno
m ONpPEeAEIACT NONOKEHHE 3aMATOH B HM(ppPOBOM 0TCUeTE) MO3TOMY NPHOOP HEIo-
CpeCTBEHHO MMOKa3bIBAET 3HAYCHHE H3MEPAEMOr0 HANPSKEHHSA.

Paccmotpenusili unkn paGoTsl BOIETMETPA NEPHOAMYECKH NOBTOpAETCH. Bo3-
spat I'J/IMH B HCXO/HOE COCTOSIHME M MOANOTOBKA CXEMEI K OYepeaHOMY H3Mepe-
HHIO OCYyIIECTBIAETCA aBTOMaTHYecKH. [To TakoMy ke NMpHHUMIY CTPOSTCA WHd-
POBBIC BOJLTMETPEI I€PEMEHHOTO ToKa. B HHX HampsikeHwHe NMepeMeHHOTO TOKa
NpeIBapHTENLHO BRINPAMIIAETCA H MOJAETCA HA YCTPOHCTBO cpaBHeHus /1.

®opmyna (5.13) He y4HTHIBaST NOTPEIIHOCTH THCKPETHOCTH M3-3a HECOBMA/Ie-
HHA MOMEHTA MOARNEHHS CYETHBIX HMIY/IbCOB C HAYaIOM M KOHLIOM HHTEpBasa Af.
Omnako eme Gombumyio NOrpemHOCTs BHOCHT (JaKTop HETHHEHHOCTH Ko3dduun-
enta npeoGpasosanus S. HeocTatkom MeToaa BpeMAMMITYIILCHOTO NPeo6pa3oBa-
HHS ABIIAETCA TaKKe ero HeBbiCOKas momexoycroiumsocts. lllymoBas momexa,
HAJIOXKEHHAA HA M3MepAeMOe HanpsikeHwe U,, M3MEHAET €ro W, cleI0BaTeNbHO,
H3MEHSET MOMEHT NOABNCHHA HMNYNbca Uy, ONPEAENSIOMEro LTHTENBHOCT A
BpEMEHH c4eTa, [103TOMY BOJBTMETPBI, TOCTPOCHHBIE 110 JAHHOI cXeMe, ABJIAIOT-
C HAaMMEHee TOYHBIMH B PALY IH(POBEIX.

BpemMAsuMnynbcHBE BONBTMETPH C ABOHHHIM HHTETrpH-
posaHuem. IIpuHumn paGotsl BoisTMETpa NONOGEH NPHHLMITY pabOTHI CXEMBI
C BPEMAMMITYILCHBIM Mpeofpa3oBaHHeM C TEM OTAMYMEM, YTO 37eCh B TEYEHHE
uiKna u3mepenns 7' popmupyroTcs Ba BpeMeHHBIX uHTepBana T) u Th. B nepsom
HHTEPBA/IE NPOH3BOANTCA MHTETPHPOBAHHE H3MEPAEMOrD HaNpsKeHHsd, a BO BTO-
pOM — omnopHoro HanpskeHus. [mrensuocts uukia T = T + T, usMepenns 3a-
BEAOMO YCTaHaBIHBAETCA KPATHOM nepHoMy AeHCTBYIOWIEH HA BXOAE MOMEXH. D10
MPHUBO/IAT K CYIIECTBEHHOMY MOBBILIEHHIO IOMEX0YCTOHYHBOCTH BOJIBTMETPOB.

CTpyKkTypHas cxema BONBTMETPA H BPEMEHHEIC [IHArPAMMbI, TOACHSIOUIME ee
paGoty, mpeacrasnens Ha puc. 5.15. Cxema CONEpXHT BXOAHOE ycTpoiicTso,
ABYXMO3HLMOHHBIH IJII04, HHTErPAaTOp, HCTOYHHK 06Pa3sOBON0 HANPAKEHMS, YCT-
POMCTBO cpaBHeHHA, TpHITep T, reHepaToOp CYETHBLIX HMITYILCOB, YNpaBIAIONIee
YCTPOKCTBO, NOTHYECKYI0 cxemy M, cYETYHMK HMITYNBCOB M HM(POBOE OTCUETHOE
yeTpoficTeo. B Havane mukna M3MepeHHs NpH [ = {, YCTPOHCTBO YNpPABICHHUS Bbi-

pabarbiBaeT KanuGpoBanusiit umnyise U/, mimtensHoctsio T, = ToK, rae Ty —

(5.13)

NEPHOJI CICNIOBAHHSA CYETHBIX HMIYNBCOB; K — €MKOCThL cYeTdyHKa. B MomeHT
noAsneHus Gpponta ummynbea Uy, KITIOY MEPEBOJMTCA B IONOKEHHE /, ¥ C BXOZ-
HOTO YCTPOWCTBa HA MHTEIrpPaTOp MOCTyMaeT Hanpsokehue U., MpONOPIHOHANE-

HOE H3MEepAeMOoMY HanpskeHuto U,.
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Puc. 5.15. Lludposo#l BoaLTMETP C ABOHHBIM HHTETPHPOBAHHEM:
@ — CTPYKTYPHAS CXeMa; 6 — BPEMEHHBIE AHATPAMMEI

3arem, Ha unTepsane T; = f; — fp NPOMCXOANT HHTErPUPOBAHHE HANPIKEHMSA
U;, (nponopunosansHoro usmepsemomy U,) B pe3yisrare 4ero Hapacraiouiee
U]
HanpsKeHHUe Ha BeIX0Ae HHTerparopa Oyaer: U, = IU}dl.

fy
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B MOMEHT { = {; yIPaBJISIOIIMi CHTHAT U}",‘;p TIePEBOIMUT KO B MOJIOKEHHE 2

¥ Ha MHTETPAToOp C MCTOYHHMKA 00pa3liOBOrO HANPKEHHA MOAACTCA o0OpazmoBoe
oTpuu@areibHOe HanpsbkeHne U, OXHOBPEMEHHO C 3THM yOpaBNAIONHMI CHIHAT
U:,‘:,p ONPOKHBIBAET TPUITED.

Wnrerpuposanue Hanpsokerns U, MPOUCXOMUT OBICTpee, TaK Kak B CXeMe yC-
tasosieso |U,,| > U',. HHTerpupoBanme ONOPHONO HANpPAKEHWS MPONODKACTCA
10 TeX TIOp, TMOKA BBIXOMHOE HANPKEHHE MHTErpaTopa CHOBA HE CTAHET PaBHBIM
Hymo (npu 31oM T; = tp— ;). ITo3TOMY B TeYeHHEe BPEMEHH BTOPOro HHTEpBAia Ha

L]
BBIXOJIE MHTErpartopa QopmupyeTcs crajaromee Hanpsokerme: U, = — IUmdt.
h
TIpy 3TOM JUTHTEIBHOCTh HHTEpBANa HHTETpHPOBaHKA T, TeM Goibile, 1eM BhIIE
AMIUTHTY/Ia u3MepsieMoro Hanpsokerus U'.

B MOMEHT BpeMeH# ! = {, HanpspkeHue U, Ha BRIXOJE HHTErparopa CTaHOBHTCA
DaBHBIM. HYJI0 H YCTPOHCTBO CpaBHeHHs (BTOpO# BXOA COEIUHEH C KOpIIYyCOM)
BBIIAET CHTHAJ Ha TPHITEp, BO3BpaMIas €ro B HCXOHOE cocTosnue. Ha ero Bhxo-
ne dopmupyercs uMIybe U, WTHTEMLHOCTBIO T, NOCTYNAOMIMH Ha BXOJ CXeMBI
W. Ha npyroii ee Bxoa mogaerca cursan U, , ¢ reHepaTopa CHETHBIX HMITYIBCOB.
[lo OKOHYAHMM HMIYIhca U,, MOCTYMAIOIIEro ¢ TPUITEpa, NPOLECC H3MEpeHMA
TpeKpamaeTcs.

IIpeobpa3oBanue BPEMEHHOrO MHTepBaiia I; B SKBUBANCHTHOE THCIIO MMITyJlb-
coB N OCYIIECTBIAETEA TaK ke, KaK U B NPebIAYImEeM MeToie — IyTeM 3amoJHe-
HEUA MHTepBaia T, UMITYIbCAMH I€HEPAaTOpa CYETHBIX MMIYIbCOB M MOACETa MX
qpcya cueTurKkoM. Ha cueTdrKe, a 3HAYMT M Ha LAGPOBOM OTCYETHOM YCTPOHCTBE
sammceIBaeTcs Yucno wmMmynscoB N(U,,), TpONOpUHOHANLHOE H3MEPAEMOMY
HanpsokeHHo Uy

qju;dr —rszmdr =0, o (514)

fp h
D10 BEIpAKEHHE IPHBOIHT K CIETYIOAM GOpMyam:
T,=TK; T,=TN; UL =UyD. (5.15)
M3 nocjiefHAX COOTHOMEHHUH no.uqua
Ui=U_.NIK. (5.16)

M3 NpHBeIEHHBIX COOTHOMICHMH BHAHO, YTO NOrPENIHOCTD Pe3yJbTaTa M3Me-
PEHHs 3aBHCHT TOJBKO OT YPOBHA 06pa3LoBOro HanmpskeHHA (a He OT HECKOJIBKHX,
KaK B KOJOMMITYJIGCHOM TprGope). OHako 31eCh TAKKe MMEET MECTO MOTrpemr-
HOCTb JMCKPETHOCTH. JIOCTOHHCTBO NpHOOpa — BHICOKAA MOMEXO3AMHINCHHOCTD,
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TaK Kak OH HHTerpupyomuil. Ha ocHoBe cxeM ¢ NBOWHBLIM HHTEIpHPOBAHHEM BEI-
nyckaroT IpubopE! ¢ 6onee BEICOKMM KJIaCCOM TOYHOCTH, 9eM mpubopst ¢ TJIMH.
BoJBTMETPEI 3TOTO THNA MMEIOT NOrpemHocTs m3meperus 0,005...0,02 %.

IndpoBsie BONBETMETPEI HAMBBICIIETO KJIacca TOYHOCTH CO3NAIOTCA KOMOMHHE-
POBaHHBIMH. B CX€Max COYETAIOTCA METOHBI MOpaspAdHOTO YPaBHOBCIIHBAHUA H
BPeMANMITY/ILCHOIO MHTErPHPYIOLIEro npeobpa3oBaHus.

BonbmMHCTBO CEpUIMHEIX IM(PPOBEIX BONETMETPOR HEPEMEHHOTO TOKA CTPOAT C
MpHMEHeHHeM IpeobpasoBareneli nepeMeHHOr0 TOKa B IOCTOAHHBIH (IETEKTOPOB)
CPEe/IHEBLINPAMICHHOTO M CPEJHET0 KBaApaTHYeCKOro 3HaveHus. CpoicTsa 3THX
npubopos 6yayT BO MHOTOM ONIPENENSThCA JETEKTOPAMH.

Iludbporbie MynbTUMETpH. Brmodenne B cxeMy mu(ppoBOro BOJET-
MeTpa MHKPOIPOLIECCOpa W NONOJHUTENBLHBIX Npeobpa3oBareneii Mo3BONAET Ipe-
BPaTHTh €T0 B YHHBEPCAJIbHBIH H3MEPHTENBHEIH nputop — mynsTumMerp. Lludpo-
BbIE€ MYJIBTHMETPHI H3MEPAIOT MOCTOSHHOE M NIEPEMEHHOE HANPAXKEHHE, CHITY TOKa,
CONPOTHBIIEHHA PE3HCTOPOB, YacTOTy JJIEKTpHYeckHXx konebanuit u 1.4, IIpn co-
BMECTHOM HCIIOJIB30BaHHM € OCLILIOrpagoM MyIETHMETPEI MO3BOJAIOT H3MEPATE
BpEMEHHBIE MHTEPBAIBI (nepuop, JIHTENLHOCTh MMITYNbCOB M Tp.). Hamiune B
CXEME BOJIBTMETPA MUKPOIMpPOLIECCOPa MO3BOAET OCYLIECTBIATE ABTOMATHIECKYIO
KOPPEKLIHIO MOTPENIHOCTe H, aBTOKATHOPOBKY H IHArHOCTHKY OTKA30B,

Ha puc. 5.16 B xayecTse mpHMepa MOKa3aH COBPEMEHHBIH LudpOBOil BONBT-
MeTp ¢ MuKponpoueccopoM. OCHOBHBIMHM YCTPOHCTBAMH BOJNBTMETPA SBIMIOTCSA
mukponpoueccop, AL, 610kH HOpMaTH3AINY CUTHANIOB U YIIPABJIEHHA.
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Puc. 5.16. CoBpemeHHbIi M(POBO# BONETMETP ¢ MHKPOTIPOLIECCOPOM
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BIoK HOPMA/M3alMH CHTHANOB ¢ MOMOIIBIO COOTBETCTBYIONWX MpeoGpasosa-
TeNell MPUBOIAT BXOHbIE H3MepseMble NapaMeTphl (HaNPsHKeHHS NEPEMEHHOrO I
NOCTOSIHHOTO TOKA, COMPOTHBJIEHHs TIOCTOSHHOMY TOKY H IIp.) K yHH(DUIHpOBaH-
moMy curHamy (u.), Koropsiii momaercs Ha Bxoa ALIIL Iocnensuii ne#cTByeT
oBBIYHO 110 METOXY ABOIMHOTO MHTErpHpoBaHHs. Biok ympasjieHus obecrednBaeT
ss160p pexuma paboTsl Ui 3aJaHHOTO BHJA H3MEpPEHUH, yrpasieHue AT, duc-
nreem. KpoMe TOTO, OH CO3/1aeT HY)XHYIO KOHQUIyparyio CHCTEMbl H3MEPEHHUA.

OcHOBOW G110Ka yrpaBJieHus ABIAETCH MHKPOIPOLECCOP, KOTOPBIH CBA3AH C
ADYTEMHM y3JiaMH Yepe3 CABHTaloNiie PErucTphl. YIpaBjieHHe MHKPOTIPOLIECCOPOM
OCYIIECTBIAETCS C TIOMOIIBIO KIABMATYPBI, PAclONOKEHHOH Ha MaHeIH YTpasJie-
#Hs WIH 9epe3 cTaHnaprHbil unTepdeiic (670K COMPAKEHNs; CTBIK) MOAKITIOYAE-
soro KaHana cessu. [TporpamMMa paGoTel MHKpOTIpOLIECCOPA XPAaHUTCA B OCTOAH-
soM 3amoMmuHalomeM ycrpoiictee ([13Y) m ofecrnednBaeTcs ¢ TMOMOMIBIO ONEpa-
THBHOIO 3amoMuHaromero ycrpoiicrea (O3V).

Jins m3aMepeHH# HMCMONB3YIOTCA BCTPOCHHBIC BBICOKOCTAOMWIBHBIE H MPELH3H-
OHHBIE PE3NCTHBHEIE JIENIATENU OTIOPHOTO HANIPOKEHHS, TH(depeHIMaNbHbIH ycu-
aurens (JIY) ¥ pAl BHENIHUX 3EMEHTOB (ATTEHIOATOP M YCTPOHCTBO BeIOOpa pe-
#uMa, GI0K OIOPHOTO HaNpPsKEHHs ). Bce HMIYIbCHBIE W IM(POBEIE YCTPOi-
£TBa CHHXPOHM3UPYIOTCA CHTHAJIAMHM T€HEPaTopa TAKTOBLEX HMITY/IbCOB.

5.6. TexHnKa H3MepeHHs HANPAKEHAS

Jlns u3MepeHNs HaNpsUKEHHAs HeOOXOAMMO MPaBIILHO BHIGpaTh npubop ¢ y4e-
TOM ero JHana3oHa M3MepeHHs, 9acTOTHOro JHana3oHa, Kiacca TOYHOCTH, MO-
Tpe6eHns MOIHOCTH M3 U3MEPUTEIbHON LenH, BIHAHNS (OPMEI CUTHANA HA pe-
TyIbTaT M3MEPEHHA. DTH NapaMeTphl yKasaHbl B TEXHHYECKOH JOKYMEHTalUd Ha
npubop. IIpu 3T0M cremyeT o6paTHTh BHUMAaHHE Ha CIEMYIOUINE BayKHBIC obcTos-
TenbeTBa. IIp¥ M3MEpPEHMHM TapMOHMYECKHX HANpPAKEHHH 9acToTa H3IMEpAEMOro
CHTHAJA JOJDKHA HAXOJMTBCA B Mpejesax pabouero JManasoHa 4acToT (Kenarenkb-
50 He y Kpaitrero npejena). CiefyeT NpoBepUTh 110 MACHOPTY, HE HMEET JIH MECTO
JOTOJNHMTEbHAS YaCTOTHAA MOTPELIHOCTE B H3MepAeMoit Touke. ITpu n3MepeHuy
CHTHANOB CIIOXKHOH (DOPMBI YaCTOTHBIH [HANA30H NODKEH BHIOMPATHCA C Y4ETOM
9aCTOT BBHICIIMX FapMOHHMK. B 3TOM Cydae IpaBHIbHYIO HHOpMaumio o JeHcT-
ByIOIeM 3HAYeHHH CHTHANA 0TOGPaKaloT TONBKO MIEKTPOHHBIE NPHOOPEL, HMEIO-
mue npeobpa3oBarenu cpeHero KBaJpaTHdecKoro 3Ha4YeHHA.

EciiM HCIIONB3YeTCS ANEKTPOHHBIH NPHOOP ¢ aMIUTUTYIHBIM JAETEKTOPOM, TO 10
£T0 IIOKA3aHHAM MOKHO OMpeeNuTh AeHCTBYIONEee 3HAYEHHE TOJILKO UL CITyqad,
¥Ora M3BeCTeH Ko3(pOHIMEHT aMIUIATYabl H3MEPAEMOro CHrHana. AHAJIOTHYHO,
npH M3MEPEHHH TIpHOOpOM C mpeobpasoBaresieM CPENHCBBINPAMICHHOIO 3Ha4e-
HHA [714 ONpeeNeHUs CPeIHero KBaparuyeckoro 3Ha9eH A CHrHania HyXHO 3HaTh
03 uument ero popmsr Ky ...

Torna, ¢ yuetoM Gopmyssi (5.7), TOIyInM:
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7 PN ¢
U="I’K¢ml—ﬁx¢m. (5.17)
b s

HeobxomumMo MOMHWTB, 9TO TIPHGOPE! CPEIHEBLITIPAMIEHHOIO 3HAYEHUS MOAYAC
BOOOIIe HENPHIOMHEI JI H3IMEPEHNs CHIHAJIOB CJIOKHOM (OPMBI, MOCKOIBKY He 00ec-
TIEYHBAIOT HeOOXOMMMOT0 YaCTOTHOTO JHAMA30HA.

ITpn mMepeHnAX Ha MepeMeHHOM TOKe C TIOMOIIBIO AEKTPOHHBIX IPHOOPOB Heob-
XOMMO UMETH B BHJLY, 4TO OCHOBHAS HX MACCA HMEET «3aKPhIThINA BXOM) [/ IOCTOAH-
HOM COCTaRIIOIIEH CHrHANA. 310 0OCTOATENBCTBO TO3BOMAET NPOM3BOIUTE H3MEpe-
HUS B SJIEKTPOHHBIX CXEMaX, [Jie YPOBEHb CHTHANIA 3HAYMTENLHO MEHBINE, YeM MOCTO-
SHHBIE HANPSDKEHUA PEXKAMA NOKOA cXeMbl. OIHAKO NPH H3MEPEHUH MMITYIILCHBIX CHI-
HaJloB MpubopamMK ¢ aMIUIMTYJHBIMA Mpeobpa3oBaTeliMu Ha 310 clieayeT obparuTs
ocoboe BHAMAHHE,

C noMoWBo BpeMeHHEIX muarpamm 4} T ik
(puc. 5.17) moxaszaHO, Kak MOXHO OIl- y
PEAeNUTE mNapaMmeTphl OJHOMOMAPHBIX S e
TPAMOYTO/BHBIX HMITYITBCOB, AMILIHTY- 148
na U, [IMTENBHOCT T W 49acToTa . s “U_ r
J = /T cnegoBaHus KOTOPEIX M3BECTHBI, Z y

ITycts ImKana H3MEPHTENEHOTO : f
npubopa OTTpagyHpoBaHa B JeHCT- Puc. 5.17. [InarpaMme! K BOJIETMETDY €
BYIOLIMX 3Ha4YeHHAX cuHycomssl. Torma aMILTUTYIHBIM NpeobpasoBarenem
nokasaHue npubopa c AMIUTHTYIHBIM

npeobpa3oBaTenieM H3MEPAEMOr0 HANPHKEHUA TOJDKHO OBITE: Up= l%iﬂl_ . Benen-
CTBHE TOI0, YTO NpHOOp pearHpyeT TONBKO HA nepemeﬁ:{ylo COCTaBJIAIOIIYIO CMT-
Hajia, MpeCTaBIeHHYI0 Ha puc, 5.17 N0 OTHOIIEHHIO BPEMEHHOM OCH £, MOKasa-
+ -

HEA npubopa Oyayt Uy, = %ﬂl— wH Uy, = ?ﬁ B 3aBHCHMOCTH OT NOJIAPHOCTH

3 3

(-7

ero noxkouenns, rue U, =UP—T——— — TMONOKHUTENBHOE AMIUIHTYIHOE 3Ha-

- T
venne; U, =U, T OTPHUATENBHOE aMILIMTYJHOE 3HAYCHHE AMITYITBCA.
@opMynbl IMEpeBoia HANPSHKEHUI MOTYUeHk! U3 YCIOBHSA PAaBEHCTBA HYIO T10-
CTOAHHOW COCTaBILIIOMIEH, T.¢. IIomany S, H S, OTHOCHTEIEHO BPEMEHHON OCH /'
PaBHBI: '

S, =Ulr, 8,=Us(T-). (5.18)

Jlna obecneyenis BHICOKOH TOTHOCTH M3MEPEHMI HX CIeIyeT NPOU3BOIHTH B
TOYKax IIKajkl, [Oe W3MepseMas BelHMUHHA ONIM3Ka K HOMHUHATLHOMY 3HAYEHMIO,

210




1. B KOHIE MKaibl. KpoMe Toro, mepej HaqaioM MpoLecca H3MEpeHHH npubop
ce/lyeT BHIBECTH B HOMMHA/ILHBIN PEXWM, OTKAIMOPOBATS H YCTAHOBHTE HYJEBOE
3HaUeHHE [PH 3aKOPOUECHHBIX BXOIHBIX 3a/KMMaXx.

H3mepenne IYMOBOI0 HaNpAKeHHs!

Haubonee TOYHO CpefHee KBa[paTHIECKOE 3HAYECHHE ITYMOBOTO HANPAKEHHA
MOXHO M3MEDPHTh KBAJPaTHYHBIM BOJLTMETPOM. IpagyupoBka BONETMETPA C
¥BaJPATHYHBIM IETEKTOPOM HE 3aBHCHT OT (OpMbI HaNpHKEHHS, @ CICJOBATEIb-
50, MPUIOIHA M B JAHHOM Cliydae.

[Ipu M3MepeHHH LIyMOBBIX HaNpPMKEHHH HEOOXOMMMO YIMTHIBATE PAX CTICLH-
duueckux TpeboBaHuh,

1. I1lymoBOE HANPSKEHHE MOXKET HMeTh GonbIume BhIGPOCKH!, MPEBLILAIONIHE B
3...4 pasa ero cpeaHee KBaapaTHueckoe 3HadeHue. ITosroMy NpOTIKEHHOCTH
¥Ba/JpATHYHOTO YYacTKa BONBT-aMIEPHOH XapaKTepHCTHKH NETEKTOpa NOJDKHA
arTh GOMBINOH, MPH 3TOM He JODKHO OBITH OrpaHMHYEHHMA IIyMOBOIO HaNpKeHHA
% YCHJTHTENISX, BKIIOYEHHBIX [0 CXeMBI IETEKTOPA. AMIUTMTYIHAA XapaKTepUCTHKA
XO/IHOTO YCHJIMTEIA JO/DKHA ObITh TMHEHHOH 10 YPOBHS, BEPOSTHOCTE MPEBhILIC-
W KOTOPOTO ITYMOBBIM HampskeHHeM Hepenuka. OOGEIMHO 3TOT yPOBEHB BEIOH-
5alOT pPaBHBIM YTPOSHHOMY CPEIHEMY KBaJPAaTHIECKOMY 3HAYCHHIO HAIPIDKEHHA.

2. CnieKTpanbHas IUIOTHOCTh MIyMOBOTO HaNpsDKeHHs OOBIMHO 3aHMMAET -
DOKYEO TIOJIOCY 9acTOT. YCHIATENH, BKIIOYEHHbIE 10 HeTHHSHHOr0 ycTpo#HcTBa, He
20/DKHBI BHOCHTH JIMHEHHBIX HCKKEHHH.

3. TIpu W3MEpEHNH TIOKa3aHWs BOJIBTMETPA ONPEAEILIOTCA peanusalyen He-
cielyeMOoro MpOLEecca 3a KOHEYHOE BPEMs HaKOIUICHHS, T.€. BONBTMETD H3MEpACT
cpelHee KBAJPaTHYECKOE 3HAYEHNME OTHE/bHBIX pealu3alluii IyMOBOTO Hampske-
aua. [IycTh MCClEIyeMbI IIyM — CTalMOHAPHBIH aprofMueckuil crydakHeii
TPOLECC M €ro MAaTeMATHYECKOe OKUIAHHE W IUCMEPCHs HE 3aBHCAT OT BPEMCHH.
IMoka3aHuA BOMBTMETPA PA3IM9HBI JUIA PasHBIX PeaNu3aluuid, T.c. UMEET MECTO
ommbKka H3MepeHuil, 00ycloBIEeHHAA KOHEYHOCTHIO BPEMEHH HAKOILICHHA. Pa3-
Spoc moka3aHHii BOJILTMETPA OT OHOH pealMsallM K Ipyro# TeM MEHBIIE, 9EM
Sosbire BpeMs HakoruieHus. Ilpu 3ToM ommbka W3MEPEHHH TakKke YMEHBIIACTCA.
Ilns obecniedenus TpeGyeMOro BpeMeHM YCpeIHeHHs B CXEME BOJNBTMETPA Heol-
YOMAMO HMETh (HILTP, BKIIOYAeMbill MOC/e HENMHEHHOro 3JEMEHTa. Pone
SWISTPa MOKET BBITIONHATH MOJBHXHAA 4aCTh NEKTPOMEXaHHIECKOrO npubopa; B
WIEKTPOHHBIX Mpubopax — 310 @HY.

H3MepeHHsi HMOYILCHBIX H BBICOKO4ACTOTHRIX HanpsKeHHH

AMINyNbCHBIE HANPSXKEHAA M3MEPSIOT C MOMOMIBIO HMITYJIECHBIX BOETMETPOB,
NOCTPOGHHBIX 110 CXeMe, Tpe/iCTaRNeHH ol Ha PHC. 5.6, a. B 3TOH cxeMe BOIMOXKHO
#3MEpeHHe aMIUTHTY/IB! TOIBKO TIOTIOXHTENBHBIX HMITYIBCOB, IS OTPHIIATE/ILHBIX
seobxomuMo ob6parHOe BKIIOYeHHe nuoaa. CrielHanbHbe HMITY/IbCHbIC BONIBTMET-
Dhl FPAIYHpPYIOTCA B aMIUIATYHBIX (MMKOBBIX) 3HAYCHHAX.
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[lpu wccnefoBaHMM PaTMOMMITYIIBCOB MPOLIECCH] B CXEME BOILTMETpA TIPOTE-
KaIOT TaK K€, KaK W NPH H3IMEPEeHUH BHACOMMITYJIbCOB. OIHAKO 3apsA/ KOHIEHCaE-
TOpa NPOHMCXOMHUT TONLKO MPH MOJNOXKUTELHBIX TOMYNEPHOAaX HEeCYIIeH YaCTOTEL
T.€. TIpU NOTOXHUTENbHOA orubaromeit. [TorpenIHOCTE H3MEpPEHuUit B 3TOM ClTydae
MOJKET BO3PACTH,

B ciydae usmepeHus MMIYTLCHBIX HANDSKEHHE HEOGXOMMMO MMETh B BUIY,
HTO CHEKTP YacToT, 3aHMMAEMBIH HMMITy/IbcaMH, ObIBaeT IMPOKHM, OcobGeHHo
CMEKTP PajHOMMITYIECOB MaNnoi JMTensHOCTH. COCTaBsIONIHE CIIEKTPa MOryT
HAaXOJWTHCA B OGNACTH BBICOKHX YacTOT, HAa KOTODPBIX MOABIAIOTCS JOTIONHHTE b-
Hbl€ TIOTPEITHOCTH.

Ilpu msMepeHMHM HampsXeHUIl BBICOKOHM 9acTOTHI MOABIAETCHA MOTPELIHOCTS,
00yCIIoBNIEHHAs BIHAHAEM CleNyIomuX GakTopos:

* HaJIMYMEM BXOJHBIX E€MKOCTeH NEeTeKTOpa, eMKOCTBIO M HHAYKTHBHOCTHIO
MOHTaXa; HaNMHIHEe 3THX EMKOCTCH NPHBOAWT K PE30HAHCHBIM SBICHHSM, NpH
9TOM HaNpsHKEHHE, NPHIOKEHHOE K KOHAEHCATOPY H IHOMY, He PaBHO M3MEPAEMO-
MY HanpsDKeHHIO, KaK 3T0 HMEET MECTO Ha HH3KHX 4acToTax;

* MHEPLMOHHOCTBIO HOCHTEJIEH 3apAia B aKTHBHBIX 3/IEMEHTaX (HampHMep,
TPaH3UCTOpaX YCHIHTENeH).

HAns yMeHBIIEHHs MOTPEMHOCTH NEPBOTO BUAA HEOGXOMMMO YaCTOTY Pe30HaH-
Ca BXONHOH LENMH pacrojioKuTh BHE AMana3oHa paboumx 4acToT BOIIETMETpA H
OpEACNBHO YMCHBIUNTE JUIMHY COCIMHHMTENBHBIX NPOBONOB. [II 3TOr0 HCMONL-
3yeMblii B ipeoGpasoparesie AETEKTOP BHINOIHSIOT B BHE OTAEBHOTO BEIHOCHOTO
670Ka, KOTOpEI MOXHO HETOCPEACTBEHHO MOIKMONATE B TOYKAX, THE u3MepseTcs
Hanpsokerne. [IpH 3TOM MakCHMaNbHO CHIDKAIOTCS €MKOCTH M HHIYKTUBHOCTH
COCAIMHHMTENBHBIX MPOBOOHMKOB. MHOrNna m3MepseMoe HaNpsyKEHWe MOJAeTca Ha
BXOl BOJIBTMETpA Yepe3 OTPe30K MIHHHON juHMH. CregyerT MOMYepKHYTh, HTO
PE30HAHCHBIE MPOLECCH BO BXOAHOH LENW NPUBOIAT K 3aBHIMIEHUIO 3HAYEHHS
H3MEPAEMOTO HANPIKEHHA,

HHepumonHOCTS HOCHTesIe 3apaia BEAET K TOMY, 4TO BONETMETP IOKA3BIBAET
3aHIDKEHHOE 3HAYEHHE H3MEPAEMOT0 HANpPMKEHHA, TPHYEM 3aHWKEHHE TeM
Gonbiie, YeM BEIIIE 9acTOTA.

[TorpemHocTH 3a cYeT pe3oHAHCA M MHEPUHORHOCTH HOCHTeNIeH 3apsa HMEIOT
NPOTHBOTIONIOXHBIE 3HAKH, M MO3TOMY MPOMCXOMMT MX YacTH4YHas (WIM MofHas)
KOMIIEHCALIHSA.

5.7. OcobeHHOCTH H3MEPEHNS CHIIBI TOKOB

CymecTsyeT psn METONOB M3MEpPEHNs CHITl TOKOB B 3MEKTPHUECKHX LEMAX:
KpOME NpAMBIX U3MEpeHHH, ITMPOKO HCTIONB3YIOTCA KOCBEHHBIE H3MEPEHHA.

[IpamMoe wm3mepenue cunm TOoka B 31OoM ciydae ammepmerp
BKJIIOYAIOT NOC/€A0BAaTENbHO B pa3sphiB JNEKTpHUecKol menu (puc. 5.18, a), B
KOTOpO# NPOM3BOANTCA H3MEPEHHE CHIIBI TOKA.
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a) 6)

Puc. 5.18. Cxembl H3MEPEHHS CHIIBI TOKA:
a — AMIIEPMETPOM; 6 — C NOMOIIBIO BOJITMETPA

BkioueHHe B HCCIIENyeMyIO LieNb aMIepMETPa HCKaXKaeT PesyNbTaT uiMe-
peHHA. B HacTHOCTH, Hanu4yMe B cxeme pHC. 5.18, a aMmepmeTpa ¢ BHyTpeH-
HHM CONpPOTHBIEHHEM R, NMpHBEAET K TOMY, 4TO BMecTO cHibl Toka [, = U/R,
KOTOpHI# MpOTeKan B 3Toif uenu Ge3 aMmepMeTpa, MOC/e ero BKIKYEHHs No-
TEYeT TOK:

bt
R+R,’

I (5.19)

AbcomoTHad norpemsocth wiMepenns Al = I, — I, Gyaer tem Gonbine, yeMm
BbIlIE BHYTPEHHEE CONPOTHBICHHE aMnepMeTpa Ry.

H3MepeHne CHNIB TOKAa KOCBEHHBIM METOAOM C NMOMO-
MBI 3NEKTPOHHBX BONLTMETPOB. [Tockonsky Mexay HanpsKeHH-
€M W TOKOM B 3JIEKTPHYECKOH lenHu uMeeTca NHHeHHas CBA3b (COrTacHo 3aKo-
Hy OMa), TO TOK MOXKeT OBITh M3MEpPeH KOCBEHHBIM METOHOM C MOMOIILIO
CXeMBl, MoKa3aHHOH Ha puc. 5.18, 6. IIpu 3ToM, H3MEpHB BOJIETMETPOM Ha-
NpsHKEHNE Ha CONMPOTHBIICHHH 3TAJOHHOTO pe3ucTopa R,, CHIY TOKA HaXoauM

no opmyne:

LY
R,
rie U, — HanpskeHue, H3MEPEHHOE BOJILTMETPOM; J; — TOK, NOJUIexkautmii onpe-
IeneHuio; R, — aKTHBHOE ITANOHHOE CONPOTHRIEHHE H3BECTHOIO HOMHHANA.
Onxako NpH H3MEPEHHH MANBIX TOKOB TIOA06HAS METOMKA MOXKET OKA3aThCA
HenpHeMIeMoii. B 3ToM ciyuae B u3sMepuHTe/IbHBIX NPHOOpPAX NPHMEHAETCA cXeMa
BXOJHOIO YCH/IHTENILHOTO Kackana ¢ J0CTATOYHO MAIEIM BXOTHBIM COTPOTHBJIE-
aueM. OIHHM W3 BAPHAHTOB TAKOrO KACKAJAA MOXKET CIyXKHTh mpeobpasosament
moxka 8 nanpaxicenue (cM. puc. 4.27, 6).
OcobeHHOCTH M3MepeHHUH MaJblX TOKOB M HampAXKeHH
PaccMoTpenHbie CIOCO0s! H3MEpeHH HANPSKEHHA HIH TOKOB MAIBIX YPOBHEH

OCHOBaHBI, IaBHLIM 00pa3oM, Ha NMpuUMeHeHHWH ycunurtenedl. JIns ycunenus
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MallbIX CHTHANOB TpeGyerca MMeTh YCWIMTENb C GOMBIMM KOI(PHLMEHTOM
ycuneHusa. CoBpeMEeHHEBIA YPOBEHs Pa3BUTHA JJIEKTPOHHON TEXHHKH MO3BOJIA-

eT YCHemHO pemHTh 3Ty 3agady. IlosToMy He ko3(dHumMeHT ycHieHud, a
BHYTPEHHHE IIyMBl HCTOYHHKA H YCHIHMTEId HCCIEOyeMOro CHrHajia ompene-
NAIOT OpefeNbHO AOCTHXHMBIH NOPOr 4YYBCTBHTENBHOCTH TNIPH H3MEPEHHH
MaJIbIX YpPOBHEH CHTHaNOB.

0 =

10.

11.

12.

13.

14.

KonTpoJibHBIE BOIPOCHI

Yro HAIBIBACTCH AMIUIHTYAHBIM, CPEJHHM, CPEAHEBRINPAMICHHBIM H CPEAHHM KBal-
paTHYECKHUM 3HAMCHHAMK HATIPSKEHMA WK ToKa?

Kakue kod(dUIMEHTE YCTAHABIMBAIOT CBA3E MEXIY AMIUINTYIHBIM H CDENHHMM
KBa/PaTHIECKHM, MEKIY CPEIHHM KBAJPATHYECKHM H CPEIHHM 3HAYCHHAMH Hamps-
weHus (Toka)?

Yemy pasHbl k03 (PHLUMEHTE aMIUTHTYAB! H (OpMBI 118 rapMoHUYeckoil GopME
curxana? ;

H3-3a 4ero MoskeT BOSHHMKAThL METOAMYECKas MOTPENIHOCTE NMPH M3MEpPEeHHH HECHHY-
coumansHoro curxana? Ilpusennre npuMeps! npuOOPOB, B KOTOPHIX Habmomaercs
TaKas MOrpeuIHoCTS,

IMepeuncnuTs OCHOBHBIE CHCTEMBI 3IEKTPOMEXAHHM4ECKHX TIPHOGOPOR M JaTh CPaBHH-
TEeNBHBIC XapAKTEPUCTHKY 110 TTapaMeTPaM.

TTouemy MarHuToaneKTpUIECKUi Mexanusm paboTocnocoGeH TONBKO Ha MOCTOSH-
HOM Toke? YUTO NpeAnpHHUMAETC JUIA HCIIONB30BaHKUA ero B npubopax mepeMen-
Horo ToKa?

Kakue CHCTEMEI 3/IeKTPOMEXaHHYECKHX MPHOOPOB AB/AIOTCHA BRICOKOYACTOTHBIMM?
KaxoBel JOCTOHHCTBA KOMIIEHCALIHOHHOT'O METOa M3MEpEHUAT

TIpuBeCTH OCHOBHEIE CXEMBI TIOCTPOCHHS 3EKTPOHHBIX AHANOTOBEIX BOJIBTMETPOB H
HX OT/IHYHA.

O6BacHUTE paboTy aMIUIMTYAHOTO JUOAHOTO NpeobpasoBaTend NEPEMEHHOTO TOKA B
nocrosuusii. [Touemy amMmunTyaHbiit npeobpasoparens SBiseTcs Haubonee BHICOKO-
YaCTOTHBIM?

Kak ¢yskunoHupyer npeoOpa3oBaTells CPEIHEr0 KBAJPATHYECKOro 3HAYEHHs, pea-
TH30BAaHHEI C MOMOWIBIO KYCOMHO-/IMHEHHOM aNMPOKCHMAIHK BONBT-aMIIepHOM Xa-
PAKTEPHCTHKHU?

Kak Bo3HMKaIOT Ha BXoJe UH(POBOrO BOIBTMETPa MOMEXH OOMIEro H HOPMAIBHOTO
Buna? KaxkoBsl MeTosl Gope0EI ¢ HUMH?

Kako#i NpHHIMKI pealu3oBaH B 3IEKTPHYECKMX CXEMAX KOJOMMITYIBCHBIX LH(POBEIX
BONIETMETpax?

Ha kaxoM MPHHLAIE CTPOAT BONBTMETPhI BpPEMAHMITYIBCHOTO THIA?




I'nasa 6. ABMEPUTEJIBHBIE TEHEPATOPBI

[lpu MccnenoBaHMUAX, HCTIBITAHHAX, H3MEPEHHAX NApaMETPOB HIM XapakTepPHCTHK pai-
THYHBIX PATHOTEXHHYECKHX CXEM, YCTPOHCTB M cHCTeM TpeOyloTCs HMCTOYHMKH HCIBITa-
TEABHBIX M PEAIBHBIX CHIHANOB caMbIX pa3HooOpasHeix dopm, yacTor u MommocTeil. [loaa-
821 3TH CHIHANBI B MCCEAYEMYIO annaparypy, H3MepsioT psjl NapaMeTpPOB EKTPHYECKHX
w0n1e6aHui, NPUMEHAS MCTOYHWK B Ka4eCTBE MEpHI (MACTOTAa rapMOHMYECKOro KonebaHms,
OCPHOA  CNENOBAHHA HMIYILCOB, KOI(OHUHEHT MOIYASUMH), CHHMAIOT AMIUIMTYIHO-
SACTOTHBIC H TIEPEXOJHBIC XApAKTEPHCTHKM Lenci, a Takke onpeaensior koddduumeHT
ZIyMa PA3JIMYHEIX YCTPOUCTB; rpafyMpyioT WM TECTHPYIOT M3MEPHUTE/bHBIC NPUOOpPLI; 3a-
THTHIBAIOT H3MEPHTELHBIE JHHHH NMPH OnpejencHuH koddhuunenTor Gerymeit u crosqei
S0/HEL, KO3GQQHIHEHTOB OTPaXKEHAS H MOMHBIX conpoTHBIcHMi Harpyskn CBY ycrpoiicTs.
Takne MCTOYHMKHM PAa3NMYHBIX KONEGAHUH HAILIBAIOT HIMEPHTE/LHLIMH TEeHEPATOPAMH CHT-
H4/10B.

6.1. Obmue cBegenus

Hamepumenvruie 2enepamopsi cuzraiog (aBTOreHepaTophl) — MCTOYHHKH CHI-
HAJIOB Pa3HYHBIX (JOPM H HACTOT, MpeJHA3HAYEHHbIE iA paboTel ¢ paaHO3NeK-
TPOHHBIMH cXeMamHd. OHM MMEIOT Pl NPHHUMIHANBHBIX OTIHYMI 0T OGBIYHBIX
FeHEeparopoB: 001afaloT BOIMOKHOCTBIO TOYHOH YCTAHOBKH M PeryliMpOBKH Bbi-
XOIHBIX TMapameTpoB koneGauuH (4acToThli, POPME! H YPOBHS HANPSKEHWA HIH
MOMIHOCTH) B IIHPOKHX JHAMNA30HAX; HMEIOT BBICOKYIO CTaOHILHOCTh MapaMeTpoB
i BCTPOGHHBIE H3MEpPHTENbHbIE TPHOOPKI, MO3BO/AIONIHE KOHTPOJIHPOBATh YCTa-
HOBKH CHTHAIIOB; MOTYT paboTaTe COBMECTHO C APYTHMH CPEACTBAMH H3MEpPEeHHs 1
IPOrpPaMMHOTO YIIpaBJieHHS.

B 3apucimvocn oT popMB BBHIXOOHBX CHTHAJNOB pasMyalor
KaMepumenbHbie 2eHepamopbl 2APMOHUNECKUX U penakcayuonnsix (UMmyIbCHBIX)
xorebanuii. B cnexkTpe BRIXOAHOTO CUTHA/a reHepaTopa rapMOHHYECKUX Kojeba-
HHH UMEeTCA OJHA HIM HECKONBKO rapMOHHK. Bhixommbie KonebaHHA penakcaiu-
OHHOIO reHepaTopa COAEPXKAT IIHPOKHIl CTIEKTP rapMOHMK, MMEIOIIHX CON3MepH-
Mble aMIUTHTY/IBI.

[lowacToTHOMY AMana3oHY reHeparopsl JeATCA Ha: HH(ppaHU3KOYa-
crotsbie (0,01...20 I'm), HM3KOMACTOTHBIE, WIH IeHEPATOPhI 3BYKOBOTO AMANa30Ha
(20...300000 I'u), rereparopsl Beicokux gactor (0,3...300 MI'n), ceepxBHICOKOYAC-
rorasie (CBY, ceime 300 MI'). Oco6yio rpymity npeacTaBsioT TeHepaTophl ciy-

“aunblx KoneOaHHi (CUrHANOB) — H3MEpPHTENbHbIE TeHepPaTophl IMyMOBBIX CHIHA-
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noB. OTMeTHM TakKe I'eHEepaTophl NCEBAOCTy4alHBIX H JIHHEHHO-H3MEHAIOIIHMXCA
Hanpsoxeruit ([JIMH), koTopeie OTHOCATCA K peNlakCallMOHHEIM TeHepatopaM. Ta-
KHe TeHepaTopsl HCIONB3YIOT KaK H3MEPHUTENbHbIE, TAK H B Ka4€CTBE FEHEPATOPOB
pa3BepPTOK.

Hezaencumo ot Ha3Ha4YeHHs, NpHHIATA HEeHCTBHA H CXEMOTEXHHIECKOI0 BBI-
MONTHEHUS reHepaTop JoObIX MepedHcieHHbIX koneGaHuil (kpome napameTpHye-
CKHX CXeM mHepamm) COCTOMT M3 HelUHEUHO020 ycunumena, yenu HONOACUMENLHOU
obpamuoll céA3U N UCMOYHUKG NUMAHUA ROCMOARHO020 moka. PopMa M YacToTa Bhl-
XOIHBIX KonefaHui oNpenensioTcs TONBKO NapaMeTpaMH CaMOTo NeHEPaTopa.

I'eneparop rapmoHMYeckux KosieOaHHM NOJDKEH COINEpKaTh B CBOEM COCTaBe
yaxkononocHylo konebamensuyio cucmemy. IIpHHIMI NeWiCTBHA pelaKCallHOHHBIX
reHepaTopoB OCHOBAH Ha 3apANHO-Pa3sPAAHBIX WM HAKOTIMTENBHO-TOTIOMAONIIHNX
ABJICHHAX, NPOTEKAMIHX B WUPOKONONOCHBIX SHEP2OEMKUX Yenix MONOKHTENBHOMH
obpaTHOIi CBA3H.

PaccmoTpuM yciioBus caMoBO36Y)KIeHHs reHepaTopa rapMOHMYECKHX Koneba-
Huil. [{na Bo3OyxaeHus W reHepaumu koieGaHMiT JacTbh WX MOIIHOCTH C BhIXOIA
ycunutend (TodHee, ¢ konebaTensHON CHCTEMBI) MOJaeTcs Ha ero BXoJ [0 CrHely-
anbpHO BBEJEHHOM Lenw monoxurensHoi obparHol ceasu (OC). I'oBops uHave,
nogoOHoe ycTpoicTBO «BO30yxaaeT caMo cebm» W Mo3TOMY Ha3BIBAETCH 2eHepa-
mopom ¢ camogo3byxcoenuem.

MexaHn3M BO3HMKHOBEHHA KoleOaHMH B reHepaTope MOXHO YHPOIIEHHO
TPaKTOBaThk clenyomuM obpazoM. B MoMeHT 3amycka B konebaTenbHOH CHCTEMe
CaMOTPOH3BONIBHO BO3HHUKAIOT cnabsie cBoGonHsle konebanusa, obycnoBlIeHHEBIE
BEKJIKOYEHHEM HCTOYHHMKOB ITHTAHHA, 3aMBIKAHHCM ueneﬁ, CKa4YKaMH¥ TOKOB H Ha-
NpsXKeHHH B yCuIuTeNnbHOM npubope u T. A. braronaps BBeIeHHIO LEIH MONOMKH-
tensHOi OC "9acTh 2Hepruu konebaHuit ¢ BBIXONA YCHIMTENA MOCTYNAET Ha €ro
pxon. M3-3a Hanwuus y3KOMONOCHOH KoneGaTenbHON CHCTEMBI BCe ONHCAaHHEIE
MPOLECCHl MPOUCXOAAT Ha OJHOHM HacTOTE @ H PE3KO 3aTyXaloT Ha APYrHX 4acTo-
Tax.

BHauane, nociie BRIFOYEHUS MUTAHWsA 'eHEPaTopa, YCHIEHHE BO3HHMKILEro B KoJie-
GareNbHON CHCTEME CHTHAIA NPOUCXOOUT B JIMHEHHOM peXHME, a 3aTeM, Mo Mepe
pocTa aMIUTHTYB! KojleOaHHii, CYIECTBEHHYIO POJib HAYWHAIOT MIPaTh HENHHEHHbIE
CBOMCTBA YCHIHTEILHOTO d/ieMeHTa. B pesyisrare aMIUIHTY/ia BHIXOIHBIX KosiebaHui
rEHEpaTopa NOCTHTaeT HEKOTOPOTO YCTAHOBHBILETOCS YPOBHA W MOTOM CTAHOBHTCH
NpaKTHYeCKH HEM3MEHHOH. DHeprusA, oTOMpaeMas OT HCTOYHHKA MOCTOSHHOIO TOKa
YCHIIMTEJIEM CXEMBI 33 OfIHH TIepHol KoneGaHui, OKa3biBaeTCA PAaBHOH SHEpPruM, pac-
XOMyeMoOli 3a TO ke BpeMs B Harpyske. B 9ToM ciyqae roBOpAT O cmayuoHapHom
peorcume paboTel TeHEpaTOpa.

T'eneparop rapMoHHYecKMX KoneOaHmit (kak M koneOaHui moboit Gopmbl u
9acTOTHI) MOXHO MpeAcTaBuTs 0606MmenHol cTpyKTypHO# cxemoi (puc. 6.1), co-
cTofmell U3 HeIHHEHHOro PE30HAHCHOTO YCHIMTEN ¢ KOMIUTEKCHBIM k03ddu-
uuentoM ycunenusa K = K(jw) u nernn nonoxwurensHol OC ¢ KOMIUIEKCHBIM KO-
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>OULMEHTOM Tiepenan MO HANPSKEHHIO

§ = B(jw). B npeacrasieHHOlf cxeMe reHe- Unl K Vs
paTopa OTMEYEHbl KOMIUIEKCHbIE AMILIATY- &
bl CEAYIOIIHX HaNpsKeHWH: BXOAHOIO — _‘

U, = U(jo); Bexomsoro — U, = U, (jo) Uec B

# obparsoit camn — U = U, _(jo).

Bripaxenue s HanpskeHus oGparHo
c8434 Ha moOoit acToTe reHepauuH ® 3a-
nHIIEM B BHJE '

Puc. 6.1. O606mennas
CTPYKTypHas CXeMa reHeparopa

U,.=U_=pU.. (6.1)

Torna BeIXOAHOE HANpsKEHHE ONpENENAeTcs Kak Uy = KU,,, Wi ¢ yderom
$opmynsi (6.1), U, = KBU,. Otciona cnenyert, uto asroreneparop Gyner pabo-
TaTk B CTALIMOHAPHOM PeKUMeE MpPHU YCIOBHH, KOra

KB=1. (6.2)

Ecmu K > 1, To aMmunTyzsa BeIXOAHBIX KoneGaHuiA HAPAcTaeT, YTO ONpeaenseT
#e00X0IMMOe YCIIOBHE CaMOBO30YKACHHS TEHEPATOpa.
Ilpencrasum popmyiy (6.2) cnemyronmm obpasom:

K(m)ehx (w)ﬁ(m)eﬁrﬁ(m) = Kﬁe‘“""‘ ) -1, (6.3)

3necs nokasarenu K(o) = K u f(0) = B — aelicTBHTENbHEIE 3HAYEHHA KO-
duuMenTa ycwienus cobersenso ycwmatens (6e3 uenn OC) u koadduumenta ne-
penavd uernH nonoxurensHoil OC; @x(®) = px H Pp(@) = @ — dazosbie CABHIH,
BHOCHMBbIE COOTBETCTBEHHO YCHITHTENEM H Lenbi0 nonoxkurensHoit OC Ha Tekymeit
HaCTOTE .

B teopun reneparopos (6.3) npeAcTaBNAIOT ABYMS PABEHCTBAME:

KB =K, .=1; (6.4)
Pk + @ = 27n, (6.5)

e Ko — K0a(GULmMenT yCUieHHs YCHITHTENIA C LIeTIO NONOKHTENbHOM 0GpaTHO CRs3u;
n=0,1,2,3,.

CoorHomenue (6.4) onpenenser ycrosue 6aranca amniumyd B aBTOTEHEpaTo-
pe. M3 Hero crieyer, 4T0 B CTALMOHAPHOM PeXKHMe HA IeHepHpYeMoH 4acToTe Ko-
>pduupent yeunenus ycunurens ¢ odparHoi ceassio K = 1.

PaseHcTBO (6.5) Xapakrepusyer ycnosue 6ananca ¢has. OHO NOKA3BIBAET, UTO B
CTalHOHApHOM peXKHMe CyMMapHble (ha30Bble CIBHIH CHIHAJla HA 4YacTOTe reHepa-
UHH, CO3/1aBaeMble YCIHINTENEM H Lenblo nonoxurensHoi OC, nomkHbl OLITh pas-
HEl HYJIO WIH KpatHel 27, ClemyeT OTMETHTB, 4TO TONBKO ycnoBHe Oamanca a3
NO3BOJIAET ONPENEHTE YACTOTY NeHepHpYeMbIX KonebaHui.
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B cxeMax reHepaTopoB rapMOHHYeckHX KoneOanuii, paboTajommx B CTalHO-
HAPHOM pekuMe, cooTHomerms (6.4) u (6.5) BHINOMHAIOTCS HA OIHOH ¢buxcHpo-
BAHHOM 9YACTOTE (O, KOTOpas SBIAETCA PeIOHAHCHON JUI Y3KOTONOCHOH Koneba-
tenbHOM cuctemsl. Ilpu paGoTe aBTOreHepaTopa HerapMOHHMECKHX koneGanmwii
ycnosus (6.4) 1 (6.5) JOIKHEL BEINONHATECA JJIsi HEKOTOPOH TOJIOCK! YAaCTOT.

B rexeparopax rapMOHMYeCKHX KoneOanui kojebarenbHLIMU CHCTEMaMH CITY KaT
pesonancusie LC-kouTyphi (B CBY-reneparopax i 3THX Lenel HCHoMb3yIoTes pe-
30HATOPHBIE CHCTEMbI) H 4acTOTHO-3aBHCHMBIE (asupyiowue) RC-nem. 'eHeparo-
bl rapMOHHYECKHX Konebanuii ¢ LC-KOHTYpaMu HasblBaloTcs LC-2ceHepamopamu, a ¢
dasupyrommmu RC-uensmu — RC-zenepamopamu. LC-reRepaTopsl BHIPabaTbiBaioT
konebanus AOCTaTOYHO BhIcokoil gactoTsl (Gonee 100 xI'm), a RC-reHepaTophl
NPUMEHAIOT )14 CO3IMaHHA HHU3KOYACTOTHRIX FapMOHHYECKHX Kosiebanmit (OT
JoJel repl 10 AeCATKOR KHIOTEPLL).

6.2. TenepaTopbl rapMOHHYECKHX KoJeGanuii

I'eHepaTopbl TAPMOHMYECKAX KoeOaHui IS CpelCTB H3MEPeHHIl BRINONHAIOT-
cs B IBYX BUnax: remeparopsl curHanos (I'C) u reHeparopsl CTaHIAPTHBIX CHTHA-
nos (ICC). TCC umeror Gonee BHICOKHE MOKa3aTe/u CTaOMILHOCTH YacTOTHI H
(opMBl, HO MeHbIIME YPOBHHU curHana, yeM I'C. OTe4ecTBeHHBIC NeHEPaTOpkl CUr-
HANIOB Mapkupyiorcs '3, a reHepaTophl CTaHAapTHBIX curHanos — 4.

OG606ImEHHBIE CTPYKTYPHEIE CXeMbl H3MEPHTENBHBIX M'eHEPAaTOPOB rapMOHHME-
ckux curnanos Tanma I'C u I'CC npefcTaBieHs! Ha puc. 6.2.

LC-renepaTtopsl

B LC-reneparopax, Jisi KOTOPhIX BEITIONHAIOTCA YCIOBHSA OajlaHCcOB aMILIHTYL H
a3, 4acTOTa B OCHOBHOM OIpEIENACTCA PE30HAHCOM KO/ebaTesHOT0 KOHTYypa:

1

f=mic

VnpoineHHas cxemMa coBpeMeHHoro LC-reHepaTopa Ha ONepalioHHOM YCHITH-
Tene — MoKa3aHa Ha puc. 6.3, a. YCHIHTENL aBTOreHeparopa OXBadeH AByMA Iig-
mAMH 0GpaTHON cBs3H, 06ECTeYMBAIONAMA PEKHUME! GanaHCcoB aMIUTATYX U (as.
BaJjlaHc aMIUTHTY[ YCTaHABIMBAETCS LENbio oTpHuareisHol OC, cocrosmed u3
peancTopos R, u R;. C ee momonipio 3afaercs TpeGyeMblii KOIGHIMEHT YCHICHHA
cobererno yeumutens |[K| = Ry/R,. Bananc ¢a3 obecreymsaeT uenb MONOKH-
tenpHOW OC, cocToAmas M3 pe3ucTopa R M mapaielbHOro KojiebarenbHoro
LC-xontypa. KoaddunuenT nepeaadu nenu nonoxurensaon OC:

(6.6)

__K
B_R0+R’ - (6.7)

e Ry — Pe30HAHCHOE CONPOTHBJICHHE NapalebHOT0 KOHTYpa.
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Puc. 6.2. O6o6nieHHBIE CTPYKTYPHBIE H3MEPHTENBHEIE CXEMBI;
4 — reHepaTopa CHIrHAna; 6 — reHepaTopa CTAHAAPTHRIX CHIHANOB

Ksapunesas crabunuszauus wactoThl. K LC-renepatopaM OTHO-
CATCA M FEHEpaTopbl ¢ KBapleBoH crabminsamueil wactorel. JlanHsil cmoco6
cTabuiu3aiuy OCHOBAH HAa MPHMEHEHUH B EKTPHYECKHX CXEMaxX KBapLesoro
pe3oHaTopa BMeCTO 3/1eMeHTOB LC-KOHTYPOB, YTO MO3BOJAET CHH3HThH HeECTa-
GWIBHOCTH YacTOTH KoneGaHuil aBToreseparopa 0 107 (OTKIOHEHHE YacTOTHI
#a Af' = 0,1 I'u ot renepupyemoii B £, = 1 MI'u). OTHOCHTe/IBHAA HECTAOMNBLHOCTS
9CTOTHl B AMCKPETHBIX Toukax cocrasiser 5107 3a 15 mua u 3-10° 32 16 4
pa6oTel remeparopa.

Ksapuessiit pesoHaTop (cokpalleHHO xeapy) mpeicTaBnseT coboif nomemen-
HYI0 B Kéapyedepoicamens TOHKYIO NPAMOYTONBHYIO IUTaCTHHKY MHHEpaa KBapua,
TPaHH KOTOPOH ompeneneHHsIM 06pa3oM OPHEHTHPOBAHLI 10 OTHOMIEHMIO K OCHAM
xpucTamia. M3 Qu3MKH H3BECTHO, 9TO KBapl o0najaeT MpAMBIM M 0OpaTHBIM nbe-
soanekmpureckum sgpgexmom (ipowe, nvezoapgexman). Mpsamoii nbe3oaddherr
BO3HMKAET NPH MEXaHH4YeCKOM C)KaTHH WIH PACTHHKCHHH KBApPLEBOH IUIACTHHKH H
CONMPOBOXK/AETCA MOABJIEHHEM Ha €€ MPOTHBOMONOXKHBIX IPAaHAX 3NEKTPHYECKHX
3apANIOB.

Ipu Bo3aelicTBHM Ha KBapLEBYIO IVIACTHHKY NEPEMEHHOTO IEKTPHYECKOrO Mo
B Hell BO3HHKAIOT ynpyrue MexaHudeckue koneGanus (o6pamuuiii nbezosgpgexnt),
NPHBOAMINKE, B CBOIO OYEpelb, K MOABIEHHIO MEKTPHYECKHX 3apANOB HA IPaHAX
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a)

Puc. 6.3. LC-reneparops! Ha OY:
@ — YNpPOIIEHHAR NEKTpUYecKan; 6 — ¢ kpapuesolt crabuinsaumeit

mnacTusky. KBapi MokHO paccMaTpuBaTh Kak JNEKTpOMeXaHHYecKylo Konebarelnsb-
HYIO CHCTEMY M CPaBHHBATh €€ CBOMCTBa ¢ 0ORMHBIM KonebarenbHbM LC-KOHTYpOM.
Jlo6poTHOCTE KBapLEBOIO Pe30HATOpa JOCTHTAET COTEH ThICAY, TOTHa Kak y koneba-
TEJIEHOTO KOHTYpa OHa He mpesbimaet 300...400. Mexanudeckas MPOYHOCTH H ClIa-
Gas 3aBHCUMOCTb YaCTOTHBIX CBOWCTB OT TEMNEPaTyphl 06YCIOBIMBAIOT AOCTATOYHO
BBICOKYIO 3TaJIOHHOCTE YaCTOTHI KBApIIEBEIX PE3OHATOPOB.

Ha pnc. 6.3, 6 nokaszaHa ynpolueHHas cxeMa LC-reHepaTopa ¢ KBaplLeBoH cTa-
Ounusanmei.

Kax npasuno, LC-reHepaTops! npeiHa3sHaualoTcs A1 paboThl B aBTOMAaTH3H-
POBAaHHEIX H3MEPHTEJILHO-BEIYHCIIUTENBHBIX KOMIUIEKCaXx M obecnedmBaioT BO3-
MOXKHOCTb JMCTAHIIHOHHOIO YIpaBlieHHus YacTOTOH U ypOBHEM BBIXOIHOTO HAmps-
JKeHHA MOCPEACTBOM KOMaHJ, MepelaBaeMbIX TBOWYHO-NECATHYHBIM KoaoM. Jiua-
Na3oH nepecTpoikyM 4acToThl 00bMHO JexuT B npenenax ot 0,01 I'm no eauHMu
Merarepll, MUHUMallbHasd JJHCKPETHOCTE ee ycTaHoBKH coctaBnseT 0,01 I'n,

Hpumep 6.1. 3anana mpakTHYecKad cXeMa ABTOTGHEpaTOpa Ha BhICOKOTOYHOM OV
(cM. puc. 6.3), paGoTalomero B CTaUHOHADHOM PEXHMME C LMKIHYECKOH yacToTOH BBI-
XoAHbIX kKonebanuif f, = 1 MI'n. Onpenenuts napaMeTpsl UCCIENYeMO CXeMBl ABTOTEHe-
paropa, ecnu: Q =50; L =75 mxI"; K =1,1; R, = 10 xOm.

Pewm e u e Tak kak B craumonapHoM peskume KP = 1, u 3anan K = 1,1, To p = 0,91.
Onpenenum napameTps aanHoro koutypa: C = 1/(4n’f;’L) = 340 n®; p = 2nf,L = 470 Om;
Ry = pQ =23 kOm. INockoneky p = Ry /(Rp + R), To npu 3uasenun B = 0,91 naxonum, 9to
R = 2.6 xOm. Conpotusiienne peaucropa R, uenu orpuuarensHoit OC naxonst u3 GopMyisl
I8 pacueTa HHBEPTHPYIOmEro yeumrens: R, = [K] R, = 1,1:10 = 11 kOm.
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RC-renepatopbl

Texuuueckue xapaktepucTuku LC-reHeparopoB B [Hana3oHax IOCTAaTOTHO
SI3KMX YACTOT CYIIECTBEHHO YXYAIIAOTCA H3-3a Pe3KOTO BO3pAacTaHWs BEMTHH
=HIYKTHBHOCTEH H eMKocTel konebaTesbHbIX KOHTYPOB H COOTBETCTBYIOIIMX MM
pa3MepoB KaTyllek MHAYKTHBHOCTeH M KoHAeHcaropos. Kpome Toro, ux TpYIHO
mepecTpauBaTh MO YacToTe B MMPOKMX npenenax. I[TosTomy B HM3KOHaCTOTHBIX
#IMEpHTENBHBIX TeHEPATOPax TapMOHHYECKHX KojieGanuii B kadecTBe Konebareih-
=X CHCTEM H Lienell monoxutensHoii OC HCIONB3YIOT YaCTOTHO-M30UpaTeNbHbIe
RC-nenu. Takue reHepaTopsl Ha3bIBAOT RC-TeHEpaTOpaMH,

O6bruno B RC-reHeparopax BKmodaioT moct Buna (puc. 6.4, a), KOTOpHIit ocy-
ZECTBIIAET CABHT (a3bl cUrHana obparHoi ceasu Ha 180°.

i R,
i R > g
e — ?
b ¢
: ‘\‘ C
\: > : R, I_;I{]!_
_ R
C ‘ ”(fi R _‘__ C
e .
a) 6)

Puc. 6.4. Cxembl RC-reHepatopoB ¢ MocTom Buna:
a— 00BIMHAas; 6 — KBapl BKIOYEH B MOCT BHHA B Ka4Y€CTBE CONPOTHBIACHHA

Cxema reHeparopa CTPOHMTCA HAa OCHOBE YCHIIMTENd, Y KOTOPOro B IIHPOKOM
IManasoHe 4acToT ko3 UIMEHT Tepenayn — BelIeCTBEHHas BeNMYMHA, a (aso-
suiif cBur. @ = 27 obecneunBaeTcs 3a cyeT MocTa BuHa M WHBEPCHHM CHTHANA B
¥AacKajax yCHICHHA.

YacToTa rapMOHHYECKHX konebanuii B RC-renepatope ¢ MocToM Buna:

1
" 2aRC’
Ha puc. 6.4, 6 uso6paxena ynpomenHas cxema RC-rereparopa ¢ MOCTOM Bu-

52, B KOTOPOM BMECTO OIHOIO M3 PE3HCTOPOB BKMIOYEH KBapIEBBIH pe3oHATop,
paboTaromui B peXXAMe PE30HAHCA HaTPAAKEHHIA.

(6.8)

XapakTepHCTHKH reHepaTopoB 3BYKOBBIX YacToT

TeHepaTophl 3BYKOBOTO JMAMA30HA YacTOT (HH3KOACTOTHBIE NEHEPATOPhI) HMEIOT
0OBIYHO 3HAYHTENBHBIH YPOBEHS MOIIHOCTH BBIXOJHOrO CHrHana — 0 5...10 BT.

221



OpHaKo Takas MOIIHOCT MOMKET BBIIEATHCA TONBKO Ha COrIaCOBAHHOM HArpyske,
M03TOMY Ha BBIXOJIE reHepaTopa 4acTo BKIIOHYAIOT COTJIacyIOMHM TpaHc(opMaTop,
Hanpumep, Ha Harpysku 60, 600, 6000 Om. [ToxazaHua 31EKTPOHHOIO BOJBTMETpa
BLIXO[HOTO HANpPSDKeHWA OyIyT NMpaBHILHBIMHA TOXE TONBKO NPH COTTIACOBAHHOM
Harpy3ke resepatopa. [TorpemHocTs YCTAHOBKH YACTOThI FEHEPATOPa MOXKHO CHE-
3MTh [0 BEIWYWHEI, MEHBIIEH OHOrO MPOLIEHTa, €6 HECTAOMIBHOCTE — TOTO XE
nopsnka. [ToBeimaioT cTabHILHOCTh YaCTOTHl MYTEM NPHUMEHEHHA NMPEHHU3HOHHBIX
BHEIIHHMX JIEMEHTOR (KOHAEHCATOPOB, MHIYKTHBHOCTEH U Ppe3UCTOPOB).

B 3ajalonux reHepaTopax 3ByKOBBIX YacTOT HMCIOJIB3YIOTCA TPH METO/a reHe-
pHpPOBaHHA:

* NPSAMOI;

* MeTO/I OMeHHi;

* METOJ NIEKTPOHHOI'0 MOJEITHPOBAHHS.

B reneparope, nmokazaHHoM Ha puc. 6.3, @, HCNIONB3yeTCA NPAMO METOJ FeHe-
parmu.

Jlns noBbIIEHNs CTa0WILHOCTH YacTOTHI 3BYKOBBIX F€HEPAaTOPOB YacTo MpHMe-

‘fq 2eHepamop N
UKCUPOBANHOU _‘_‘_‘
cmom
ya b f] an=f2—fl ¢m5mp F“
Cmecumens > npomedxcymoyHuix —-

BY zenepamop SRSmIIERY
Gurcuposannoi ——' :

yacmomaut [, f

Puc. 6.5. CTpykTypHas cxeMa H3MEPHTENEHOTO reHeparopa Ha GHEHHAX

HAIOT 3afalolne cenepamopet Ha buenuax. CTPYKTYpHas CXeMa 3aal0Ilero rexe-
paropa COAEPXHT JBa MEePBHIHBIX BEICOKO4ACTOTHBIX TeHEepaTopa GUKCHPOBAHHBIX
4acToT f1 H j;, CMECHTENS U (PHUIBTP MPOMEXKYTOTHOH acToTsl (pHC. 6.5).

MeTon OMeHHi 3aKM0YaeTcs B TOM, YTO KoleOaHis 3ByKOBO#M qacToTHl 0Opasy-
IOTCA B pe3ynbTare BO3NEHCTBHSA HA HelHHEHHBIH 3/EMEHT CMECHTeNs ABYX Oims-
KMX 110 YacTOTe rapMOHMYECKHMX koneGaHuit f; u f,. [Ipn 3TOM HacToTa f; MOXeT
MEHATECA B Npefieiax ot fi 1o f, + F, roe F — Hanbonbinas 9acTora paGodero aua-
nazoHa. Ha BeIXOae CMeCHTENA TONYYal0T KOMOHHALIMOHHBIE YaCTOThL, B TOM 9HCIIE
¥ TAaK Ha3bIBAEMYIO npomexcymounyio yacmomy Fu, = f,— fi. Konebanue npomexy-
TOYHOH 4acToTh! F, BhIAENACTCH QUABTPOM NPOMEKYTOUHON YaCTOTHL.

Ipu paspaboTke U3MEpPHTEILHEIX TEHEPAaTOPOB Ha GHEHHAX MPUHUMAIOT MEEI,
HarpaB/ieHHsle Ha obecriedenne BHICOKONW CTa0HIBHOCTH YacTOTHI MEPBHYHBIX re-
HeparopoB konebaHuif. Kax npasuio, npenycMaTpHBalOT BO3MOXHOCTE IEPHOIH-
geckoi kanubpoBky yacToTsl reHeparopa. KoaddHimeHT HemMHEHHBIX HCKaXKeHHH
reHepupyeMsIX koneOaHuil 06GBIYHO COCTABIIAET NECATHIE NONH MMPOLEHTa H B OC-
HOBHOM OTIpefenieTcs KauecTBoM (QHIETPa MPOMEXKYTOUHON YacTOTHI.
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MerTo/ 3TeKTPOHHOTO MOAENHPOBAHIA HCIIONB3YIOT UL NOMy94eHUA rapMOHH-
=eCKHX KoyieOanmii HH(paHW3KOH JaCTOTHL.

Tenepamop ungpanuskux wacmom MOXeT OBITE IOCTPOEH TO o6obmenHOH
cTpyKTypHO# cxeme (pHC. 6.6) C IMEKTPOHHBLIM YIPABICHHEM YaCTOTOH. Takue
YCTPOICTBA NPHHATO HA3KIBATE (IYHKYUOHANOHBIMU 2EHEPAMOPaMU.

Humezpamop Uy Humezpamop U
2 Hueepmop %2
a)
R | R R | C|
oo ol B R Va0 gl I
o) 8)

PHc. 6.6. CTpyKTYpHEIE CXeMEI kKonebare/sHOro 3BeHa:
a— 3MeKTPOHHAA MOJENb; 6 — YCHIHTENEHAA, § — HHTErpHpYyioLas

3apalomeii reHepaTop MpeAcTaBiIseT co0oi MEKTPOHHYI0 MOAEIb xonebarens-
20ro 3BeHa. OCHOBHBIM 3MEMEHTOM JIEKTPOHHOM MOJENH KonebaTebHOro 38eHa
TRISETCA MHTErparop, MOCTPOEHHbIH Ha YCHIMTENE TOCTOAHHONO Toka — onepa-
THOHHOM ycHHTeNe. MHTerparop, kak MpaBuio, MpeACTaBiseT coGOH 3amomu-
saomee 38eHO. Ha pic. 6.6, @ nokasaHa CTPYKTypHAs CXeMa S/IEeKTPOHHON MOJieNH
mre6are-HOTO 3B€HA, BKIIOYAEMOr0 B LieMb MOJNOKHTENbHOW OOpaTHOM CBA3H
asTOreHeparopa MHQPaHW3KAX YacTOT. DNEKTPOHHAd MOJENb CONCPXKHT [Ba IO-
£7e10BaTEBHO BKIIOYEHHBIX HHTETPATOpa M HHBEPTOP B BUJE YCWIMTENA. YCHIH-
TeIbHOE M MHTErPHPYIOMME 3BeHbA (YHKIMOHANLHOTO NeHepaTopa NpeCTABIeHb!
=a puc. 6.6, 6,6.

XapakTepHCTHKH BbICOKOYACTOTHBIX F€HEPaTOPOB

B mMana3oHe pagModacToT B CPe/ICTBAX H3MEPEHIH HCTIONMESYIOTCA KAk IreHeparopel
CHIHATIOB, TaK W TeHEpaTophl CTAaHNAPTHBIX CHIHATOB. ['eHEpaTophl CHIHANOB HMEIOT
SOTBITYIO CPEIHION BBIXONHYIO MOLIHOCTH (10 3 BT) M HCMIOMB3YIOTCS I MATAHHA
EIMEPHTENbHBIX MEpefAloNMX AHTCHH W JPYTHX MOUIHBIX YCTpOMCTB. ['eHeparopsl
CTRHNAPTHBIX CHTHAJIOB — MAJIOMOLIIHbIE HCTOYHHMKH C HH3KAM YPOBHEM BBIXOJHOTO
sanpskerns (10 1 B) — NPHMEHAIOT NIPH HCIBITAHMAX H HACTPOHKE Y3/I0B pagioarnta-
parypsl. OcHOBHEIE TpeGoBarus, MperbiBiiemMbie k ['CC: BhICOKHE CTAOMIBHOCTb Hac-
TOTHL M AMIVIKTY/IB! BRIXOHOTO CUTHANA, MaNbli KO3(h@UIMEHT HEMHEHHBIX NCKAKe-
Evit R

B resepatopax CTaHZAPTHEIX CHTHAJIOB IPEAYCMAaTpPHBAETCA BO3MONKHOCTE MO~
IyueHHA aMIUTATYIHON MOIYIALIMH 38 CYET MCNOJNB30BAHMA KaK BHEIIHErO, Tak H
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BHYTPEHHETO UCTOYHUKOB HANpsKeHHs. BHyTpeHHAA MOTYIALHA 06BIMHO OEHCTBY-
et Ha gactorax 400 u 1000 I'r.

T'enepaTopsbl CBEPXBLICOKAX YaCTOT

T'eneparopbl cBepxBhicOKHX 4YactoT (CBY-reHeparopsl) paboTaioT B IHana3oHe
wactor 1...40 ITu. ITo THITY BEIXOAHOTO COEIMHHTENS C HCCIELAYEMOH CXeMO# OHE
IENATCS HAa KOaKCHAJIBHBIE M BOJHOBOJHEIE, IPHYEM mocenaue Gonee BEICOKOYac-
totHele. Jlns CBY-reHepaTopoB XapakTEpHO ONHOXHANA30HHOE MOCTPOEHHE, C
HeGOMBIINM TIEPEKPHITHEM 110 4acToTe (0KONIO OKTaBhl — 2 pa3a). Hekanubposas-
Has BBIXOAHAS MOIIHOCTH M3MepureibHoro CBY-reHepartopa — Heckonbko BT, a
KanuGpoBaHHas HOCTHraeT HecKombKUX MKBT. Illxamst KaJMOPOBaHHBIX ATTEHIOA-
topos CBY-renepatopos rpanynpyioT B b, a 'CC — B ab 1 MKBT.

T'eHepaTophbl CBEPXBHICOKHX YaCTOT MCMOJB3YIOT 11 HACTPOHKH pajHONpHEM-
HBIX YCTPOHCTB PaIMOTOKAUHOHHBIX M PaJHOHABHTALMOHHBIX CTAHIMH, CHCTEM
KOCMHYECKOH CBA3H M CIYTHHKOBOTO BEIIaHHMA, H3IMEPEHHA apAMETPOB aHTCHH H
1. 1. OGo6Imennas CTPYKTYpHas cxema reseparopa CBY mokasana Ha puc. 6.7.

Hmnynoenoni | | CBY—

Moa}’mop EEHEPGINOP
Bamoeis e Yacmomamep
Hamepumens Kanubposanviii :uR?B“
Mmanoii
P hsscna s ammenioamop

Puc. 6.7. CTpykTypHas cxeMa NeHeparopa CBEPXBBLICOKHX 9acTOT

Oco6eHHOCTAMH W3MEPHUTENBHBIX TeHeparopoB 3TOr0 BHJAA ABJIAIOTCA OTHOCH-
TeNbHAs MPOCTOTA 3NEKTPOHHOH YAcTH CXEMBI M CIIOKHOCTh MEXaHHYECKHX Y3TIOB
npubopos. Cxema reneparopa CBY Bkmouaer cOGCTBEHHO CBY-reHepaTop, HM-
MyALCHEIN MOTYNATOP, H3MEPHTEIb MATIOH MOIIHOCTH, YaCTOTOMED H kanubpoBaH-
HEIH arTeHioarop. Bce BHICOKOYACTOTHBIE Y3I/IbI TEHEPATOPA COEMHAOTCA BOIHO-
BOJIAMH.

3anatomue CBY-reHepartopsl M3MEPHTENLHBIX MPHOOPOB BEINIONHAIOT HA OTpa-
JaTeNbHBIX KIMCTPOHAX C BHEMIHHM HIH BHYTPEHHHM DE30HATOPOM, Ha JHOJaxX
['aHHa, MarHETPOHAX, JIABHHHO-NIpoJieTHLIX muomax (JIIT/I) wim Ha nammax obpart-
Hoit Bojusl (JIOB).

B mmepurensisix CBY-reHeparopax HeoOXonuma TINATENbHAA SKPaHMPOBKA, Tak
KaK yTedka MOIIHOCTH C POCTOM HacTOThI BO3pacTaeT. [IpoBo/ia MHTAHHSA BBINOHAIOTCS
B BHIE KOAKCHAILHBIX Kabeneil co crielyaabHBIM HAMOJIHEHHEeM, XOPOILLO TOIIoain-
M 3Heprio CBY-koneGanuii. [ToBEIIeHHbE TpeGOBAHNS NPEIBABIAIOT M K HCTOY-
HMKAM TWTaHWA, TAK KaK akTHBHEIE deMeHTsl CBY-muanasoHa 1yBCTBHTENBHBI K HE-
cTa0HIBHOCTH IMUTAIOLIMX HANPSKEHHIA, '
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6.3. lludpoBsie H3MepuTeILHBIE FeHEPATOPHI HH3KHX 9aCTOT

I{udpoBrle reHepaTopbl HHIKHMX YacTOT MO CPABHEHMIO C AHAIOTOBBIMH Xapak-
Tepusytorca Gosee d(dexTHBHEIME METPONIOrHYECKUMH XapaKTePUCTHKAMH: Bbl-
COKMMH TOHHOCTBIO YCTAHOBKH M CTaOHIBHOCTBIO 4acTOTHI, MaJibiM K03 dHImeH-
TOM HEJHMHEHHbIX MCKaKeHMii (CTpOro CHHycOMIanbHOH (opMOif), MOCTOAHCTBOM
YPOBHA BbIXOAHOro curHaia. LludpoBsie renepatopsl, momydaromme Bce Oonee
MHPOKOE PacnpoCTpaHeHHe, YAo0Hee aHAIOTOBBIX B SKCIUTyaTallHH: BhILIE ObICT-
pozieficTBHE, CYIIECTBEHHO NPOIIE YCTaHOBKa TpebyeMoit yacToTsl, Gosiee HAMIAA-
Ha uHAMKauua. Kpome Toro, uudpoBsie reHepaTopsl MMEHOT BO3MOXKHOCTb aBTOMa-
THYECKOM MepeCcTPOMKH JacTOTEI 10 3apaHee 3aJlaHHOM NporpaMMe ¥ NpHMEHEHNs
B COYETaHHH C H(PPOBLIMH cpencTBamMu 06paboTky HHPOpMALH,

JelicTBHe MU(POBBIX TeHEPaTOPOB OCHOBAHO HA IPHUHIAIE (POPMHPOBAHUA YH-
CJIOBOTO KOJa € MOC/eyomuM npeobpa3oBaHHeM €ro B aHaJIOTOBLIH rapMOHHYE-
ckuit curran. Ilocnennauit anmpokcuMupyercs QyHKIHEH, MOIENnUpyeMOoi ¢ ToMo-
mbio LIATT.

IpuHUMNBI ANNPOKCHMALIHHA

CaMplii TIPOCTON BHJ alNpOKCHMAUHH — cTyneHdarasd. OHa 3aKI0YaeTcd B
ApeJCTaBNeHUH (3aMeHe) CHHYCOMAANBHOIO KojiebaHus HANpsKeHHEM CTYTIEHYaToH
tdhopMBl, BecbMa Mano OTIHYAIOLIeHCs OT CHHYCOHANbHON KpHBoii (puc. 6.8, a).

I
Cmynernuamasn
AUHUA
At t
Annpoxcumupyeman
(cunycoudanvrasn)
Kpueas
a)
Tenepamop| | Heaumens Yeunumeno|Buixoo
umnyavcog| | wacmomui [ | Cuenryuic = HAIT (— ¢ ®HY

6)

Puc. 6. 8. Lndposoii reneparop HUIKHX YaCTOT:
a — CTyNeHYaTas annpoKCHMALMA; 6 — YNPOUICHHAA CTPYKTYpHAA CXeMa

ANnNpoKCHMHPYEMOE rapMOHHYeCcKOoe HampskeHue u(t) = U,sinot THCKpeTH-
IHpyeTcs BO BpeMeHH (paBHOMEpHad AMCKpeTH3alHsA c Iwarom A7) H B HHTEpBa-
Ae, paseNAlomeM JIBa COCEHHX MOMEHTa BPEMEHH f; H { ., CHHYCOMIA/IbHOE
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KonebaHue 3aMeHAeTCA HATIPSDKEHUEM TIOCTOAHHOTO TOKa — CTYIEHBKOH, BBICOTA
KOTOpOH paBHa 3HaYEHWIO AMIPOKCHMUPYEMOrO HATIPSIKEHMA B MOMEHT [, T.C.
u(t) = U, sinot;. B pesynsrare Takoif 3aMeHbl BMECTO KpHBOH CHHYCOMWIaJIbHOH
dopmeI moMy9aeTCs CTyNmeHdaras THHAA, H300pakeHHad Ha PHC. 6.8, a.

Ipu uMeromemcs nepuofe T rapMOHMYECKOTO KoneGaHus YHCIO CTYNEHEK p,
NPUXOSIIMXCS HA OIMH NMEPHOJ, ONpedeNnseTcs 1aroM NUCKpeTH3alui: p = T/At.
Ecni ke M3 TEXHWYECKHX COOOpakeHMH 4YHCIO CTYMeHeK 3aJaHo, TO H3MCHCHHE
Iara TUCKPETH3aLMH TIPHBOIMT K M3MEHEHMIO neprona GOpMHpYeMOro Harpsbke-
Huf, ockonbKy T = pAl.

VauTEIBAA, UTO f; = iAf, ypaBHEHHE CTYIIEHUATOH KPUBOH MOMKHO MPENCTABUTS B
guze u(iAf) =U, sin(ioAf) win ¢ y4eToM 3Ha4Y€HHA p M COOTHOIICHHA © = 2n/T
3anucarsb B CJICTYIOLIEM BHIE:

u(iAf) = U, sin(i2n/p). (6.9)

KpoMme Toro, CTyneHuaras KpuBas TEM TOYHee MpubmDKaeTCs Mo opme K CH-
Hycoue (YMeHbIIAeTCs MOTPEmHOCT ANNPOKCHMALMH), YeM Gombie BHIGpaHO
qucio cTymeneit p. Korna 310 4HCIO KOCTAaTOYHO BEIHKO, COPMHPOBAHHOE CTY-
NeHYaToe HAnpsyKeHWe MOXKHO PacCMaTpUBaTh KAk HH3KOYaCTOTHOE CHHYCOMIAITb-
HOE HanpsUKeHHe, HCKAXKEHHOe B HeOOMBILON CTENCHN BBICOKOYACTOTHOMN alINTHB-
HO#t noMexoi.

CrieXTpanbHblif aHATH3 HANPSDKEHNS, TIOY4EHHOTO IyTeM CTYNICHYaToH armpOKCH-
MALJH, [OKA3bIBAET, 9TO €r0 CIEKTP CONCPKHT rapMOHHMKY OCHOBHOI YacTOTBI M PAjl
BHICIIMX rapmMoHMK. [Ipi 3TOM OKa3sbiBaeTcs, uT0 OMmiKaiiiueil K OCHOBHOH BBICIIIEH
rapMOHHKOH GylieT COCTABNSIOMAN ¢ HOMEpOM p — 1, crieftyroliieli — rapMOHMKa HOMe-
pa p + 1, 3areM rapMoHuKu Homepos 2p — |  2p + 1 n T.1. Hanpumep, ipu p =25
¥ 4acTOTe HANPSDKEHHS / OCHOBHOM rapMOHHKH OIDKaiIIMMH BBICITHME rapMOHHKaMH
GymyT 24-51, 26-1 1 495, 51-1 rAPMOHKKH, T. €. HanpsDKeHHs sacTot 24 £, 261, 491, 51 I
TakHe COOTHOIIEHHSA MeIy OCHOBHOM H BBICHIMMH FapMOHMKAMH MO3BOJIAIOT IPOCTO
OCYIIECTBHTD BHICOKOKAYECTBEHHYIO (H/IETPAIIO, PE3KO OCIatusIoNLyio YPOBHH BBIC-
IIUX FApMOHHK, T.€. [OAY4YHTh CHHYCOMIANBHOE HANPSIKEHHE, XapaKTepH3yeMOe 10CTa-
TOYHO MaJIBIM KO3((HUIHEHTOM HelTMHEHHBIX NCKaKEHHIHA.

VrpomeHHas CTPyKTypHas cxema LuQpoBoro reseparopa, (popMHpYIOIIETo
CTYIEHYATYI0 KPHBYIO HaNpsOKEHWA, MpUBEJicHa HAa PHC. 6.8, 6. UmmynbcHsIi
KBapUeBblil reHeparop BeipabaThiBaeT NEPHOAHYECKYIO MOC/NENOBATENBHOCTE
KOPOTKHMX HMITYJILCOB C neprojiom ciezosanus 7. Ha BEIXOE ENUTENs HACTOTBI
peryiupyemMsiM ko3GbGhUIMEHTOM [eNeHUs g MOMy4aeTcs MeprHoaHvecKkad Mo-
ClIe0BATEILHOCTh MMITY/ILCOB C NEPHOJOM creoBaHust Af = g7, 3ajarouiiM mar
JUCKpeTH3alud. MIMIyneChl NOCTYNAIOT B CUETYHK EMKOCTHIO p. Kopnopast koMbu-
HAIWA, ONpeJENseMas YHCIIOM | MMITY/IbCOB, HAKOTUICHHBIX B CHETYHKE, [IEPEAACTCA
B cxemy LTATI. Tocnexnmit BbIpa6aThIBaeT HANPKEHHE, COOTBETCTBYIOIEE YHCITY
i, Te. u(iAf) = U, sin(i2n/p). Takum obpasoM (HOPMHpPYIOTCH p CTYNEHEK amrpok-
cHMHpyeMoit kpuBoit. [Tocie HaKOTUIEHHS p UMITYJIHCOB CHETIHK MEPETONHACTCA
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# cOpacsiBaercs B Hynb. C mpuxoaoM (p + 1)-ro umnynsca HauuHaercs GopMUpo-
BaHHWE HOBOI'O NMEPHOMA CTYIEHYATOH KPHBO.

Hactoty (opmupyemoro xoneGaHHA MpH (PUKCHPOBAHHOM YMCIE CTYNEHEK p
PETYNHPYIOT, U3MEHAA IIar JHCKpPeTH3aluu Af, 9TO HOCTHraeTcs M3MEHEHHEM KO-
s hunventa neneHus g nenuTeNs 4acToTHI.

6.4. I'enepaTopsl Ka4aloleics: YaCTOThl H CHIHAJIOB CHEUHAILHON GopMbI

B M3MepHTENBHON TEXHHMKE 9ACTO MCIOMNB3YIOTCH MCTOYHMKH FapMOHMYECKHX
CHI'HAJIOB, 4AaCTOTa KOTOPHIX ABTOMATHYECKH H3MEHAETCA B Npeaenax 3alaHHOH
T0JIOCHI HaCTOT.

TenepaTopbl Kauaioweiics 4acToThI

K reneparopam xagaromerics gactorsi (KUY — ero ycrapesinee HazBaHHe
CBMII-T€HEPATOP) OTHOCATCA UCTOMHHKH rApMOHMYECKHX KolieGaHuit co crenyais-
HbIM (JTMHEHHBIM, JIOTAPHOMHYECKHM H T. JI.) 3aKOHOM aBTOMATHYECKOTO H3MEHe-
HHA 9aCTOThl B Npe/ieNiax 3alanHol monockl kadanws. [Tonoca kauauus Af onpepe-
TETCA KaK PasHOCTh KOHEYHOIO f; H Ha9abHOTO f,, 3HAYEHMUI 4acTOThl, T.e. Af =f, —
fu B 3aBHCHMOCTH OT ee 3Hauenns ['KY mensrcs Ha yskononocHsie (Af He Gonee 1
% MaKCHMaIbHOH 4acTOTsI pabodero AUanasoHa WiH NOAAMANa30Ha), MIHPOKOMNO-
nocHeie (Af > 1 %) 1 KOMGHHUPOBAHHEIE,

Ynpowennas crpykrypHas cxema I'KY (puc. 6.9) ComepXuT HCTOYHUK MOJY-
JMPYIOIIETO HAaNpsHKCHHA, 3ala0IIHA reHepaTop, cxeMy (OpPMHpPOBAaHHA 4acTOT-
HBIX METOK, BRIXOAHOW 6JI0K ¥ LHM(PPOBOi HHAKKATOP YPOBHSA, DHKCHPYIOLIMI BhI~
xoJHoe konebaHue,

Cxema
| @opmuposanua
Yacmomubix Memox
L
Hemounux 3 - -
adarnwui i Buixoonoii o
mooynupyiouezo ™ Zepenamop £ 6ok
HANPAJNCEHUR
Hughposoii
= uHouKamop
YpO8HA
O

Puc. 6.9. Ynpomennas CTpykTypHas cXxema reHeparopa Kayalomeics 4acToTsl
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OCHOBHBIMH TIApamMeTpaMH JaHHLIX FeHEpPaTOPOB ABJIAIOTCA YACTOTHHIE H aM-
WIATYAHBIE Toka3aTenu. K nepssiM OTHOCAT AMana3oH pabouMX 9acToT, mosocy
KayaHus, UIATEJIBHOCTh ABTOMATHYECKOr0 KayaHus YacToThl, HENHHEHHOCTh ee
nepecTpoiiku # T. 1. Ko BTOPbIM — ypOBeHb BBIXOXHOH MOIIHOCTH (HANPAKEHHA)
npu paboTe Ha COTJIACOBAHHYIO HArpy3Ky, HEpPaBHOMEPHOCTh 3TOr0 YPOBHA TpH
nepectpoiike yactoTsl i mpouee. K reHepatopam Kadaiomencs 4acTOTsl MPEXbsB-
JIAIOTCA JOCTATOYHO XeCTKHe TpeGoBaHus M0 THHEHHOCTH MOIYIAIMOHHON Xapak-
TEPHUCTHKH, TOCTOAHCTBY BBIXOAHOTO YPOBHA MOIIHOCTH M 3HAYEHHIO MOGO4HON
MOy IALAH.

Teneparopsl Kadaiomeifca 9acToThl CTPOATCA MO NPAMOMY METOIY reHepaiuu
¥ MeToay Ouennii. B quana3one OT NecATHIX W [iaKe COTHIX JOJeH repi oo aecsr-
KOB Merarepil MCIoNb3yioT (yHKIMOHAIbHEIE TeHepaTophl (pUc. 6.6) ¢ 3EKTPOH-
HBIM yTpaB/ieHneM 49acToToif. [Tpu 3TOM HacTOTy TaKHX reHepaTOpPOB MOKHO pery-
JIMpOBaTh, U3MEHAN TOK 3apsga (paspsna) eMKOCTH MHTerpatopa. [lpu Hamwauu
npeoGpasoeareneif UMAPOBHIX KOAOB B CHUIHAILI YIPABIEHHA HCTIOJIHUTEIBHBIMH
3/IEMEHTAMH, BO3MOKHO ANCTAHIMOHHOE W MPOrpaMMHOE H3MEHEHHE YaCTOThI.

B 10CTaTOYHO WMPOKHX TpejeNax aBTOMATWYECKOe KauaHWe 4acToThl Ges
KOMMYTALHK 3JIEMEHTOB KonebaTebHOM CHCTEMBI JIETKO PEaiM3yioT B HH3IKOYac-
TOTHBIX reHepaTopax Ha 6ueHusx. IIpH 3TOM B Ka4ecTBe MepecTpanBaeMoro rete-
poIMHA MOXeT CITyXuTh LC-reHepaTop ¢ 3/IeKTPOHHEIM YNPaB/ieHHEM YacTOTOH.

B Hacrosmee Bpems pa3paGoTaHbl HECKOJNBKO CMOCOOOB YNpaBJIeHHA 4acTo-
To#i BeicOKO4acTOTHRIX LC-renepatopoB. IIpakTudeckoe NMpPHMEHEHHE HAXOIHT
cnoco6 rnepecTpoiK| 4acTOThl MMyTeM HIMEHEHHA BelM4MHbLl GapsepHOi eMKOCTH
p-n-Tiepexo/ia TOYNPOBOHHKOBOIO IMO/a — BapHKana. EMKOCTS ero p-n-nepexoza
MOMHOCTBIO WM YAaCTHYHO BKIOYAETCH B LeNb KoNeOAaTeNbHOro KOHTYpa reHepa-
Topa. Moynupyioliee HanpskeHue, Bo3AeliCTBYS Ha IMON M3MeHseT ero Gapbep-
HYIO €MKOCTb, 4, C/IS/IOBATeNIbHO, H 4aCTOTY FeHepHpPYEeMBIX Ko/eGaHHi.

B ob6nactn CBY rerepaTopbl KadaloueHdcs 9acTOThl CTPOAT HA MaJOMOIIHbIX
KIMCTpoHax, aHonax 'anHa n mamnax o6parHoit Boymsl (JIOB).

TIpy HCIIOB30BAHMH KIMCTPOHOB JMHEHHAA YACTOTHAS MOMYNALMS KonebaHui
JIOCTUraeTcsa 3a CYeT MCMOMB30BAHMA MUI006Pa3HOr0 HANPSIKEHHA, MOJABAEMOro
Ha OMH M3 €ro 3MeKTpojoB (oTpaxaresb). MakcHManbHas NeBHALMSA YaCTOTHI
OrpaHHYMBAETCA JMANA30HOM 3JIEKTPOHHOM MepecTpoMky 4acToTsl KiucTpoHa. K
nepocratkam KU Ha KIHMCTpPOHAX CrefyeT OTHECTH Hamwyue no6o4HON ammim-
TyAHOH MOMYNSLAN, BOSHHKAIONIEH H3-32 HETMIOCTORHCTBA BHIXOAHON MOUIHOCTH B
npezenax 30Hbl reHeparuy,

B03MOXHOCTB 3/1EKTPOHHOH NepecTpoiikn 4acToTsl reHeparopoe CBY Ha
nuojax aHHa mosBiseTCs M3-3a UX CBOMCTBA M3MEHATH CBOIO IKBHBAJICHTHYIO
€MKOCTh M0JI BIHAHHEM [NPHIOKEHHOr0 HanpsxkeHus. YacToTHas MOIYNAIHA
koneGanuit JIOB ocymecTsasercd mAnooOpasHBIM HANPSIKEHHEM, MMOABOIHMbIM
k yckopsiomemy anektpoay. Henocratkom JIOB, Tak ke kak M KIHCTPOHa, B~
nsetcs Hanuuue noGouHol ammiMTyaHoR Momymsumu. Kpome Toro, saparomuii
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reHepatop Ha JIOB umeer Gojiee rpoMO3IKYI0 KOHCTPYKIHIO U TpeOyer Gonee
CITOXHBIX HCTOYHHKOB NATAHHA.

I'enepaTopsl cnenHanbHOH GopmMbl

K reneparopaM crenuansHoH (OPMBI OTHOCATCS MCTOYHMKH OMHOYHBIX HIIH
NepHOAMYECKMX HMITY/IBCHBIX CHTHANOB, (IOpMa KOTOPBIX MOXKET ObITh M NpsSMO-
YTOJIBHOM, W OTIIMYHOM 0T Hee. PaccMoTpuM (DyHKIIHOHAIIEHEIE FEHEPATOPBI, KOTO-
phie B IIMPOKOM AHaNa30He YacTOT MOTYT FreHepHpOBaTh CHHYCOHIAIBLHOE U IHIIO-
ofpa3zHoe HanpsKeHHe, a TaKKe HMITYJIbCHOE HANpPMKeHHE TPEYToJNbHOM, MpAaMo-
YrONBHOH W JApYrHX crenuanbHelX (opm. I'eHepaTopsl 3TOTO THIA AOMYCKAKT
IaBHYK PEryJMpPOBKY HacToThl KojebaHul B mpefieiax OT COTHIX AONEH repi A0
enuHNN Merarepl. FiMeercsa BO3MOXKHOCTE MOIYJIMPOBATh (IPHMEHSETCA H TEPMUH
«CBUITAPOBATHY) 4acTOTy KoneGaHWM HampsKeHUeM OT BHEINHEro MCTOYHMKA. I'e-
HEpATOPbl 3TOr0 THIA AOCTATOYHO CTAOWILHEL H MPOCTHI B 0OCTY)KHBaHHH.

ITockonbKy OCHOBHBIM 3JEMEHTOM (YHKIHOHAIBHOTO TE€HEpaTopa sABJIAETCA
uHTerpaTop Ha OV, To vactory Kosnebanuii Ha BEIXOze NpHOOPa MOXKHO Peryanpo-
8aTh, M3MEHAA 3HAYEHHE TOKA B 3apsAmHoi (BXoaHoil) RC-uemm mHTerparopa. B
reHepaTopax TpefycMaTpHBAeTCsd BO3MOXKHOCTb PETYIHPOBKH CHMMETPHYHOCTH
(hopMEI BBIXOZHOro HampskeHusa. B pesynbraTe MOkHO (OPMHPOBAThH TPEYroOJib-
HO€ HAalpMKEHHE ¢ Pa3HbIM HAKIOHOM CTOPOH WM HECHMMETPHYHOE MPAMOYIOJib-
Hoe HampskeHue. [Tpu Hammuuu uHTepdeiica GpyHKIMOHANBHBEIE TEHEPATOPEI MOX-
HO  HCHONB30BaTh B COCTABE  ABTOMATH3HPOBAHHBIX  H3MEPHTENBHO-
BLIYUCITHTENIBHBIX KOMIUIEKCOB M M3MepHTeNbHbIX cucTeM. [Tpu 3ToM BCe mapamer-
Dbl BRIXOJHBIX CHTHAJIOB YCTAHABIHBAIOT HUCTAHIIMOHHO.

Ocoboe MecTo B pALy reHepaTopoB crelHanbHOl GOpMEI 3aHUMAIOT HMITY/IbC-
sble (penakcalMOHHBIE) reHeparopsl. OHM TOApa3NeNdrOTCA Ha TeHepaTopsl me-
DHOIHYECKOH MOC/IE0BATEIBHOCTH HMITYJIECOB M TEHEPATOPEI KOAOBBIX IPYIIT HM-
mynecoB. lllupokoe mpUMeHEHHEe HAXOIAT FeHEPATOPhl NEPHOAHYECKUX TTOCTIEI0Ba-
TENLHOCTEH MPAMOYTONBHBIX
HMITYJIBCOB.

PeanbHas ¢opma UMITYNb-
ca HECKOJIBKO OTIHYAeTcH OT
NpAMOYTOJIBHOH, Kak 3TO
nokaszaHo Ha puc. 6.10. OnnHa-
K0 3TH OTKJIOHEHHA HE JOJDK-
Hbl NPEBBINIATH [APaMETPOB,
YKa3aHHBIX B TEXHWYECKOH
JOKYMEHTALHH, t

HoeanvHulli npamMOy2onbHblil UMRYALC

OObI4HO NPAMOYTONbHBIE » Jow | |Jpen
HMITYNIECHI  XapaKTepU3YHTCs
CAeayIOUIAMHA OCHOBHEIMH Puc. 6.10. ITapamerpsi peaibHOTO
napaMeTpaMu: aMILTUTYIHBIM HPAMOYTOJILHOTO HMITYIBCA
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3HadeHueM U, M HanpskeHweM criaga BepmuHsl U, KOTOpoe HE MpPEBBIIAET
0,05U,,; BATENBHOCTHIO (PPOHTA HAPACTAHUA [y , — WHTEPBAT BPEMEHH, B TEHCHHE
KOTOpOTO MTHOBEHHOe 3Hadenue Bripactaet ot 0,1 xo 0,9 ammmrynsOrO Uy (310
Bpemsa cocrtagnger 0,1...0,2 jmrensHOCTH HMITYIBCA); lycq — ITHTETBHOCTEIO
dponTa cniaga — Bpems cnaja Hanpsokerns ot 0,9 no 0,1U,, (310 BpeMs COCTaBIIs-
er 0,2...0,3 anuTensHOCTH MMITYNbca). ECTECTBEHHO, YTO [VIaBHBIH NapaMeTp HM-
MyNbCa — MIHTENBHOCTD.

Jlns GOpMHEPOBAHHA NPAMOYTONBHBIX HMIY/IBCOB CO CTAOMIBHBIMH JITH-
TENLHOCTHIO ¥ YAaCTOTOM Ce0OBAHMSA, KPYTHIMH ()POHTAMHM H TUIOCKOM Bepiiu-
HOM WMCNONB3YIOT GIOKMHT-TeHEepaTopsl H MynbTHBHOpaTophl, paboTaiomue B
aBTOKONEeGaTENLHOM H XKAYIIEM pexumax. B MynsTHBHOpaTopax MpHMEHAETCA
KBapueBas cTaOMNH3aIMA YaCTOTHI.

VnpomeHHas CTPYKTypHas cXeMa MMIY/JIbCHOIO reHeparopa u BpEMEHHbIE
xuarpaMmsl ee paboTsl moKasaHbl Ha pHc. 6.11.

sy Pmrmemen] . [ cuns | , [oonrmames
CUHXPOHU~- e 3adepaciu
UHMEPEanos UMAYABCOB
3ayuu —I I_'
1.1z,
Kuou Uy
Cxema eHeuiHez0 Hamepumens
fun ;:::L u odHoKpamuo2o amMnAumyds Yeuaumens ...--—a--»o""“:"’’“”1
s 2anycka UMNYAbCOG MOHIOCRIS, 3| nanme

e

Pyuroii (00nokpamubii) nyck Cmynenuamsiii | Boixod

a)

Jads A A
Z N

t

S
|

6)

Puc. 6.11. UMny/1ecHBIA reHepaTop:
a — CTPYKTYpHas CXeMa; 6 — BPEMEHHEIE IHATPAMMBI
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dopMupoOBaTeb BPEMEHHEIX HHTEPBAOB MOXET paboTaTh B peKHME aBTO-
reHepaTopa (MOJOKEHHUE K04 /) WK B XKAYIIEM pexumMe (MoNokKeHHe Koda
2). OnHOKpaTHBIH MyCK OCYIECTBISIOT HaxaTuem kHonku K. Murepsan T on-
pelenseT YacToTy clenoBanus uMmynbcoB [ =1/T, JTATeNsHOCT UMITYIIBCOB OIl-
pefiesisieTcs BpeMEeHeM 3alIep)KKH, Kak B ONHOMMEHHOH cxeMe: T, = T,.

ITo MIMTENTBHOCTH MPSAMOYTONBHBIX HMITYICOB HMITYILCHBIE F€HEPATOphI M€~
7ATCA HA MHKDPOCEKYHIHBIE W HaHOCeKyHIHbIe. Kiacchl TOYHOCTH HMITYJILCHBIX
TEHEpaTOpPOB YCTAHABIMBAIOTCA OTAENBLHO MO aMIUIMTYAE, TacTOTe CICA0BAHHA H
JUTHTEILHOCTH HMITyIbca. KpoMe Toro, B JOKYMEHTAlMH YKa3bIBAOTCA fy , B ly op
Knacchl TOUHOCTH [0 @MIUTHTYIHOMY 3HAY€HHIO YCTAHABJIHBAIOTCA KaK MPHUBEACH~
Has TOTPEMmHOCTh, @ [0 OCTAIBHEIM IapaMeTpaM Kak OTHOCHTeNbHad rorpem-
HOCTH OT M3MEpAeMol BenuYuHBL. [IpHdeM MOTPEMIHOCTH YCTAHOBKH Bpeuemmx
napamMeTpoB B CPEHEM JOCTHIalOT HECKONbKHX MpoueHToB. O6o3naueHue orede-
CTBEHHBIX TEHEPATOPOB NEPHONMYECKUX MPAMOYTOIBHBIX HMITYIbCOB — I'5.

COBpEMEHHBIE TeHEPATOPhl CHTHANIOB CTICHMAbHON (OpMBI OTHOCATCA K yHH-
sepcalibHBIM H3MEpHTENbHEIM OpHOOpaM ¢ IIHPOKMM YacTOTHBIM [HMArasoHOM,
GonpMM 4HCTIOM (OPM BBIXOIHBIX CHTHAOB H 3MEKTPOHHBIM YNPAaBICHHEM Ma-
pamMeTpaMu CHrHajoB. B paje ciydaeB 3TH reHeparopsl 4aCTHYHO HITH MOJHOCTHIO
3aMEHAI0T HM3KOYACTOTHBIE, B TOM YHClle HHOPaHH3KOYACTOTHBIE, BHICOKOYACTOT-
HBIE H HMITY/IbCHBIE FeHEPaTOPEIL.

6.5. T'enepaTopsbl NIyMOBLIX CHIHAJIOB

[eHepaTophl NIYMOBBIX CHIHAJOB (LIYMOBBIE TeHEpaTOphl) BhIpaGaThiBAIOT
HIYKTYaIMOHHBIE HANPSKEHUA C OTIPEJIE/ICHHbIMH (3a/1aHHBIMK) BEPOATHOCTHBIMU
XapaKTepHUCTHKAMM.

OCHOBHO¥ y3eJl IIyMOBOTO reHeparopa — 3ajaroumii reaeparop (puc. 6.12).
Ero CHrHabl JOJDKHEI HMETh PABHOMEPHYIO CIEKTPaNbHYIO IJIOTHOCTE MOIHOCTH
no Beeit TpeGyeMoil MoNoce 4acToT (TeOpeTHYECKH ITO Henwiil uiym). B 3anatomem
reHeparope MCTIONB3YIoTCs (PH3HUeCKHe ABNEHHs, MPHU KOTOPHIX BOSHUKAKOT 0CTa-
TOYHO MHTEHCHBHEIE IIYMBI CO CTATHHYECKUMH XapaKTePHCTHKaMH U NapaMeTpaMH,
NONAAIOIIAMHUCS HOCTATOYHO HECTOXKHOMY MaTEMaTHIECKOMY aHAITH3Y.

3adaiowuis Ceotormadtatss BuixooHuoi U(AY)
2enepamop ammeHoamop

Bonsmmemp cpeonezo
K8aopamu4ecKo20
3HAYEHUA

Puc. 6.12. CTpykTypHas cxXemMa IIyMOBOIO FeHeparopa
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HcTouHnKH TEN/I0BOro myma

HarpeTsii mpoBonouHs# pe3ucTop. B kasecrse o6pasnosoro uc-
TOYHHKA LIyMa MOXET CIYKMTE HarpeThilf MpOBOIOTHEIN Pe3nCTOp, cpeaHee KBal-
paTH4eCcKOe 3HAYCHHE HANPAKEHHA HAa KOTOPOM PacCIHTHIBAETCA MO (lopMyIe:

U’ = 4kTRA, (6.10)

e k =1,38:10% Ji/rpan — nocrosunas Bonsumana; T — aGcomoTHas Temmepa-
Typa pe3ucTopa B rpanycax KemseuHa; R — conporusiesue pesucropa; Af — mo-
Jloca NpomycKaHHsA.

KOHCTPYKTHBHO pe3HCTOp BHINONHAETCS B BHAE BONb(GPaMOBOM crMpanu, Ha-
MOTaHHOH Ha KepaMH4eCKHil Kapkac, TEMIEpaTypa KOTOpOH MoAIepKuBaeTcs mno-
CTOAHHOM.

Bonomerpuyeckuif rewmeparop myma, K HCTOYHMKAM TenIoBoit
UIYMOBO¥ MOIIIHOCTH OTHOCHTCA M GonomeTpudeckuii reneparop. Soraomemp npen-
craBnser coboit BaKyyMHbIH CTEKISHHBIH Ga/siOH, BHYTPH KOTOPOTO HATAHYTa
BONMB()paMOBas HHUTE.

Herounuky TENnoBoro uryma MCToNb3ylOTCA B KauecTBe 06pa3loBEIX reHepa-
TOPOB LIYMOBBIX HANPSKEHHI, TaK KaKk pacuyeTHhle JaHHBEIE XOPOIIO COBMAJAIOT C
MPaKTHYECKUMHM pe3ynbTaTaMHu.

B nrymoBBIX reHepaTopax Takxe MPUMEHSIOTCA (OTOAeKTPOHHBIE YMHOKHTE-
JTH, ra3opaspAiHbie TPYOKH, IMyMOBbIE THOIB | T. IL

lazopaspsaHbie HCTOYHHKH

laszopaspaaHele reHepatops mywma, lllupokoe npuMeHeHHe B Ka-
4€CTBE MEPBUYHOIO0 MCTOYHHKA IIyMa B CAaHTHMETPOBOM /MANa3OHe BOJNH HALLIN
rasopaspsannsie mymossie Tpyoxku (I'LT) ¢ nonoxurensHeiM ctonbom. I'azopas-
pAdHBIE IYMOBbIe TPYOKH MMEIOT BBICOKYIO PABHOMEPHOCTh CIIEKTPANBHOM IIoT-
HOCTH MOIIHOCTH IIyMa B MIMPOKOH Mojioce 4acToT, CTabHIbHbIH W OTHOCHTEILHO
BBICOKHI YPOBEHb MOUIHOCTH, IPOCTbI B 3IKCIUTyaTALMH, YCTOWYUBBLI K JKECTKHM
BO3/IeHCTBHAM BHEIIHeH cpeanl W o01analoT JOCTAaTOYHO BEICOKOH 3KCILTYaTallu-
OHHOM HaJIEXHOCTHIO,

lazopaspsaHbiil UTyMOBOM IéHEpaTop BBHINOJHEH B BHJE CTEKIAHHON TpyOKH,
HaTOJIHEHHOW MHEPTHBIM ra3oM (aproHOM HJIM HEOHOM) [0 [ABIEHHA OT COTEH JIO
ThicA4 mackanei. Ha omHom koHie TpyOKM pacrionoXeH NpsMOHAaKaTbHBIH, WiIn
NOAOTpeBaeMbli KaTol, HA NMPOTHBOMONOKHOM — aHo/. CBOHCTBO rasopa3pamaHbIX
TpyOOK reHepupoBarh WyMbl 06yC/IOBNAEHO KoneGaHWAMM TEKTPOHOB B IUIa3Me.
JIna NpakTHYECKOro HMCMONb30BAHWA [IYMOBOTO HITYYEHHSA TOJIOXUTENBHOIO
cronba I'lIT nomemaroT B cHenManbHble reHepaTopHbie cekunH. B 3aBucHMocTH
OT [Mana3oHa 4acToT W THNa TpyOku MoryT ObITh MCHONL3OBaHbLI MEHEPATOPHLIC
CEKIIHH, BEITIOTHEHHBIE HA BOJTHOBOJIE, KOAKCHATBHON WIH MOJIOCKOBOH THHHH.

BonrHoBOOHBE WIYMOBbLIE FeHEepaTophl NpeacTaBsuoT coboit o1-
Pe30K BONIHOBOAA, B LEHTpPe IMHPOKOH CTEHKH KOTOpPOro MOA MAanbiM YIJIOM
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(7...15°) nomemaerca I'IIT. HaknoHHoe nojoxenne TpyOku B BONHOBOAE obec-
MeyuBaeT NpH pa3spsje PaBHOMEpHOe BHECEHWE MOTeph Ha AOCTATOYHOH [UTHHE
JIMHHAH, Garofapa YeMy IOCTHIraeTcs YIOBIETBOPHTENBHOE COTIACOBAHHE I'IUT ¢
NWHHEH NepefavyH B [IAPOKOM JHaIla3oHe 4acToT.

Pa3zpaboTka reHepaToOpoB LyMa B KOPOTKOBOJIHOBOH 9acTd MHJUTHMETPOBBIX
BOJIH conpskeHa ¢ GONMbIMUMH TPYAHOCTAMH H3-3a MAJOro AHaMeTpa H TOJIIHAHEL
creHok I'LLIT. B cBsA3H ¢ 3TUM NIyMOBBIE FE€HEPATOPEI MIJLIMMETPOBOTO THaNa3oHa
M3rOTOBJIIOT MAKETHPOBAHHBIMH 0€3 BO3MOXKHOCTH B NPOLECCE 3KCIUTyaTalHH
npousBonuTs cMeHy I'THT. :

B ,EUIPH-KHOBOJIHOBOﬁ YacTH CaHTHMETPOBBIX BOJH H3-3a CIIOKHOCTH cormacopa-
His TpYOKM ¢ JuHUeH nepenayn ofbIYHO NPHUMEHAIOT KOaKCHalbHbIe HIIH MOJO0C-
KOBBIE T€HEpaTophl IIyMa,

B xkoakcHalbHEX TeHepaTtopax myma [T nomewaror BHYTPH
JIEHTOUHO# CIMPANH, KOTOpas SBJSETCS BHYTPEHHUM NPOBOIHHKOM KOAKCHAIbHOM
NHHAY. BHEMHUM NPOBOAHMKOM CITYXKHT HIUIMHAPHYECKAsA MOBEPXHOCTH KOpIyca
manun. dopma cnupaid (3a30p MEKIY COCEIHWMHM BHTKAMH, THAMETP CIMPAIIH)
ONpeMeNAETCA HCXONs U3 TpeGyeMOoro BOJHOBOIO CONPOTHBIEHHS, CBA3M TPYOKH C
THHHEH nepenavy, AManasoHa 4acTor.

IlonockoBEE FeHEpaTOpPh MmyMma MNpeAcTaBIAOT cobol cumMmer-
DHUHYIO MOJIOCKOBYIO JTHHHIO, BIONL OCH KOTOPOW NOMeINaeTcA rasopaspsanHas
urymoBas TpyOka.

HurencusHocTs manmyderns [T onpenensercs riaBHeIM 06pa3oM 37eKTPOH-
HOll Temmeparypoif razmsl. IlorepH, BHOCHMBIE reHEpaToOpoM IIyMa B TPaKT, B
BBIKTIOYEHHOM COCTOSIHUE B OCHOBHOM OMNpPEENAIOTCS TIOTePAMH B CTEHKE TPYOKH,
JIMHUHM [I€peiad H B PHCOEAUHHTENBHBIX 3/IeMEHTaX.

Ha npaktuke yacTo Tpebyercs HCMONB30BaTh MEHEPATOPHI IIyMa B AMITYIIbC-
HoM pexume. JlmurenbHocTh uMmmyibca roperus ILUT orpaHuveHa cHH3Y IUIH-
TeJILHOCTBIO TEPEXOAHOr0 Tpoliecca B Ta30BOM paspsane. B 3aBHCEMOCTH OT J0-
IyCTUMBIX MCK&)XEHHH MWHHMAalbHas JUTHTEIbHOCTE MOIYJHPYIOLIEro HMITYJIbCa
MoxeT cocTaBiaTs 0,2...1 Mc.

IenepaTopsl WIymMa Ha NMOJIYNPOBOAHHKOBBIX NpHbopax

FeHepaTopsl Ha JaBMHHO-TIPONETHB X AHOaax. M3 reHeparo-
pOB IIyMa Ha MOIYHNPOBOJHMKOBHIX MpHOopax Haubo/bllee MPUMEHEHHE B MpakK-
THKE M3MEpEHMil HaXOIAT reHepaTophl Ha JaBHHHO-TposnetHom muoxe (JITIN).
KoHcTpykTHBHO OHM coctoaT u3 JITIJ[ W reHepaTopHO# ceKuwm, CiyXamen Ui
COIJIACOBAHHMSA BXOIHOTO CONPOTHBIICHHS p-H-TIEPEXOJA € CONPOTHBIICHHEM Ha-
rpy3kH. OCHOBHEIM HCTOYHHMKOM IIymMoBOro u3nydenns B JIIIJ[ ansiorcs Apo6o-
Bble QIyKTyallHH TOKA HACBHIIEHMA AHOIA.

JIaBMHHO-IIPONETHEIE JHOMB! HMEIOT PE3KYH0 3dBMCHMOCTh MOJHOTO COMpPOTHUB-
NeHHs p-n-lepexosa B paGoueM peXxume OT HACTOTHI H TOKA AHOAA. OTO 3aTPyIHA-
€T corjlacoBaHMe JHoAa C BRICOKOYACTOTHBRIM TPAKTOM B l[[HpOKOﬁ noJioce 4acToT.
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[lpu cozmannu resepaTopoB uryma Ha JITTJ] atH 0coBeHHOCTH YUHTEIBAIOTCS COOT-
BETCTBYIOIIMM BRIOOPOM TOKa muoaa, KoagduunenTa nepenavn, HanpspkeHUs mpo-
0os u npoyee.

I'eneparopsl myma Ha JITIJ] nepekphiBalOT NelMMETPOBBIH H CAHTHMETPOBBIH
ouanazoHsl BoiH. OHH MoryT pafoTaTh Kak B pe)KuMe HelpephIBHbIX KoneGaHuiA,
TaK ¥ B peXHME HMMYJILCHOH MOSYNALMH TIPH [UTHTENbHOCTH MMIYJIBCOB OT He-
CKONBKHX Joneil MHKpoceKyH H Goree.

OteyecTBeHHbIE HH3KOYACTOTHBIE IeHepaTopsl MyMoB o0o3HadaioTcs Kak 72,
pabotator B auanasoHe ot 20 'y no 10 MI'n u BeIpabarsiBaloT MOMHOCTE 10 5 BT.
CBUY-reHepaTophl HMEIOT BRICHIYIO 9acToTy paodero nuanazona mo 37 I'Tw, U Kak
W IeHepaTopsl FapMOHMYECKHX KoyeGaHWii, BEIOMHAIOTCHA OXHOMMANA30HHBIMH C
MaJIbIM MepeKphiTHeM 1o YacTote. O6o3HauatoTea urymossie CBU-reneparopsl Tak
Ke KaK ¥ HH3Ko4acToTHeie — ['2,

B xasectse mpeobpa3opateneil criekTpa B IIyMOBBIX NéHepaTopax NpHMEHSIOT-
CA yCHNHTENH, (HIBTPEI, OTPAaHHYHTENH, TEHEPATOph! MepecTpauBaeMoil YacTOThl
~— B 3aBHCHMOCTH OT TOTO, Kakoe npeofpaszoBanue nryma Tpedyerca. Tak, npUMEeHHB B
KadecTBe npeobpasoBarens GUIBTP ¢ ONpeeNeHHbIM Ko hHIMEeHTOM NepenayH,
MOYKHO IOJY9HTh K3 reHeparopa 0elioro myMa reHepaTop CTallHOHAPHOTO Ciyyaii-
HOTO Tpoliecca cO CHNEeKTPanbHON MIOTHOCTBIO MOMIHOCTH, H3MEHAIOLIEH S 1Mo 3a-
JIAHHOMY 3aKOHYy B ONpeNeNeHHOM auana3zoHe 4acToT. OCHOBHBIM 3IEMEHTOM BbI-
XO[HOTO YCTpOHCTBA reHepaTopa CIyHUT KanubpoBaHHBIH aTTeHI0aTOp, obecneyu-
BAIOIIMH OMHAKOBLIH KO3(DHLMEHT NesleHHsi MOIHOCTH MO Beelf nojoce 9acToT
nryMa. JIJia KOHTpO/A YPOBHA BBIXOTHOH MOIHOCTH B CXeMy FeHeparopa BCTpaH-
BaeTCA BOJIBTMETP CPEIHEr0 KBaApaTH4eCKOro 3HaYeHHs.

6.6. I'enepaTopsl MyMON0J00HBIX CHTHAJIOB

B HacTofimee BpeMs B TEOPETHIECKON paiHOTEXHUKE, CHCTEMaX nepenayu uH-
dopmanmu u, ocobeHHo, cucTeMax MOOHIBHOM CBA3M YCHIEHHO BHEPAIOTCS CHI-
HaJIbl C 3aJJaHHBIMH KOPPENALMOHHBEIME M CIEKTPANbHBIMH CBOHCTBaMH. 3TH CHT-
Hallbl UMEIOT CIEKTPAILHBIE XapaKTepuceTHky, Gmuskue k 6enoMy (kBazubenomy)
HyMy B WAPOKOH nonoce yactoT. [1oJoOHEIe CHTHANBI IPUHATO HA3BIBATH ULPMO-
nodobuvimu (wupoxononocnvimu) cuznanamu (LWUTIC), cuenanamu 6e3 necywei
WM cuzHanamu ¢ paccesunsim cnekmpom. CTpYKTypa IyMONOHOGHBIX CHTHAIIOB
Xopomo npucnocobnena wis uudpoesix cucreM cBas3u. LllymononoGHbIe CHrHAE,
BO-TIEPBEIX, MO3BOJIIOT YIUIOTHUTE MEperpy)KeHHbIH YacTOTHBIA AHanasoH, a BO-
BTOpBIX, 00ECMEeYHBaOT CKPBITHOCTE Mepefayd HHGOpMAalMH WIH abOHEHTCKHX
MEepEroBOpOB.

B CBA3M C OTMEYEHHBIM, B KOHTPOJIBHO-H3MEPHUTENIBHBIX YCTpOlHcTBax Bee 60-
Jee WWHMPOKOe pacnpocTpaHeHHe MOMY4arT H3MEPHTENbHEIE IIHPOKOMNONOCHbIE
(myMoBBIe) reHepaTophl, BHIMONHAEMbIE Ha 3feMeHTaX uudposoit TexHukH. Ilo
CPABHEHMIO C IeHepaTopamMH, B OCHOBE KOTOPBIX JiexKaT (u3uueckne npubopsl, B
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NofOOHBIX FeHepaTopax HCMONL3YIOTCA MPOrpaMMHEIC MAKEThl, H MO3TOMY OHH
obnajaroT paaoM HocTouHCTB. K HEM OTHOCATCS BO3MOXKHOCTE TOYHOIO KOHTPOIA
4acTOTHI H TOYHOIO ONpeIeNeHHs CTaTUCTHYECKHX XapaKTepHCTHK reHepHpYeMOoro
CHrHaNa, TIOCTOAHCTBO €ro CpelHel MOMHOCTH BO BPEMEHH U B IIMPOKOH mosoce
9acTOT, OTCYTCTBHE Apeiida u T.4.

Ecnmu paccMaTpuBaTth TOCJEAOBATENBHOCTH M3 1 = M ABOMYHBIX HMITYNIbCOB
NPAMOYTO/IEHOM (OPMBEL, KOTOPbIE B COOTBETCTBHM C HOMEPOM MO3uumH M MOryT
NpUHUMaTh 3Ha4enus + 1 (uHoraa — 1 u 0), To MPOCTHIM repeGopOM MOXKHO HaMH-
TH TAKHE TIOC/IEAOBATENBHOCTH, U KOTOPBIX

E :
—=n, (6.11)
E,

rae E — 3Heprus Bceit MMITy/IbCHOM MOCIIe/I0BaTENBHOCTH, £ — IHEPrua 0IHOTO

HMITY/IbCA.
IMocneaoBaTeEHOCTE Kjlacca IIyMOMNOAOOHBIX CHTHANOB TMOBTOpSAETCHA 4epes

nepuon T = nAt = (2" — 1)At, rne At = l/F, — WHTEpBaJ C/IENI0BaHKA CABHIAOIHX
AMITyabcoB (pHC. 6. 13,a), WM MIMTENBHOCTh OMHOTO 3nemeHTa (F; — 4acToTa
crefoBaHMs TocAenoBaTensHocTH). Hanmpumep, m3o0paxeHHas Ha puc. 6.13,0
NceBHOCTy4aifHas NBOMYHAS MOC/EA0BATENbHOCTE, HMEET MEPHOM, COAepKAIIMii 8
3IeMEHTOB.

u
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6)
Puc. 6.13. BockMH3/IeMEHTHBIH ITyMONOJ0OHbIA CHIHAT!
a— CHBMTAIONIHE UMITYNLCEL;, 6 — auarpaMma ynkunu; 6 — AKD:

235



OJIT mpencraenser co6oil BaKyyMHYIO CTEKISHHYIO KoJi0y, BHYTPH KOTOpO#H
PasMELIEHB! 3IEKTPOHHASA TMYINKA, OTKAOHAIOMME MIACTHHBI H IIOMUHECUEHTHBIH
3kpaH. DNeKTPOHHAA MyLIKa COCTOMT M3 MOZOrpeBaeMoro Karoma K, mMomynstopa
(ceTkH) APKOCTH CBETOBOTO MATHa M, snexTpofoB (OKYCHPOBKH U YCKOPEHHS
37EKTPOHHOTIO Jiyda — (OKYCHUPYIOLIEro aHojia A,, yCKopsromero aHosia A, u oc-
#0BHOro aHoma A;. fpkocts cBeueHus momuHoopa DJIT perynupyercs myTem
H3MEHEHHS OTPHLATENLHOTO HANpMKEHHs Ha Mmomayastope M. Hanpsxenuwe Ha
nepBoM aHofe A, PoKycHpyeT 3MeKTPOHHBIN MOTOK B y3KHit Jiyd, Uto6sl mpuaaTh
ITEKTPOHAM CKOPOCTb, HEOOXOMHMYIO Ul CBEMEHHA TOMHHO(Opa, Ha BTOPOH
2HOJ 4, monaetcsa JoctatrouHo Gonkinoe (A0 2000 B) monokuTensHOE HANpsHKe-
ue. JInd TOTIONHUTESIBHOTO YCKOPEHHA 31IeKTPOHOB HCIIONB3YIOT OCHOBHOMU aHOA
43, K KOTOPOMY NPHIOKEHO BBICOKOE MONOKHTENbHOE Hanpsmkerue (1o 10...15 kB).

IMonaras, uyTo CTYOeHTEl W3 Kypca (PU3UKK 3HAKOMBI C YCTPOHCTBOM 3EKTPOH-
HOM MyLIKH, OTMETHM JIMIIb, YTO €€ Ha3HauYeHHeM sBJIAeTcA (OpMUpOBAHHE Y3KO-
IO 3/1eKTPOHHOIO Iy4Ka, MPH MONafaHuH KOTOPOro Ha JIIOMHHECLEHTHBIH JKpaH
Ha SKpaHe BO3HUKAET CBETALIEECS IATHO.

VopomenHo paboty otkioHsiomux cucreM DJIT MOKHO NOSCHUTH CIELYIO-
muM 06pazoM. DJIeKTPOHHEIH IMydok (JIy4), MPOXOOUT MexIy ABYMS NMapaMu B3a-
HMHO MEPNEHAMKYIAPHBIX META/UIHYECKHX OTKIOHAIONIMX [UIACTHH: BEPTHKAIBLHO
OTKJIOHAIOMMX VY ¥ TOPH3OHTANBHO OTKIOHMIOMMX X, Eciy K OTKIOHAOWMUM 1U1a-
CTHHAM MPHJIOKHUTE HaMpshKeHHe, TO MeXIy HAMH Oy/eT cyllecTBOBaTh JIEKTPH-
SECKO€ TI0NTe, KOTopoe GyNeT BbI3bIBATh OTKIOHEHHE SIEKTPOHHOTO Ty9a B Ty HITH
#iylo cropoHy. Korja HanpskeHHe NPUIIONKEHO K BEPTHKANBHO OTKIOHAIOLINM
TU1aCTHHAM, TO MATHO OyneT nepeMeuiaTscs 1o OCH Y; ecii e HAnpsKeHue NpH-
J0KEeHO K FOPH30HTANLHO OTKJIOHAIOIINM MIaCTHHAM, TO CBETOBOE IATHO Ha JK-
pane TpyOku Oymer oTknoHAThCA Bmons ock X. Ecmu Terneps cdokycHpoBaTh
VIEKTPOHHBIN JTy4 Tak, 4ToObl CBETOBOE IATHO PAcHONOKUIOCE B LIEHTPE 3KpaHa
3JIT, a 3aTeM K IIaCTHHAM Y NMPMIIOKNATH HCCIIeIyeMoe HalpsKeHue, a K [UIacTH-
saM X muI006pazHoe HanpsKeHHe, TO NMOJA COBMECTHBIM BO3JeHCTBHEM IBYX Ha-
OpAKEHHH JTyd BBIYEPTUT Ha dKpaHe TPYOKH OCIMITIOTpaMMY, OTpaXalollyio 3a-
EHCHMOCTH BXOJHOTO HANpPHKeHUA OT BPEMEHH.

Kanan eepmuxansnozo ominonenus ayya (puc. 7.1) CIyxur s nepegadn Ha
wiactuasl Y OJIT uccnenyemoro curnana u(f), mogsogumoro k Bxoxy Y. Kanan
SCPTUKAIBHOTO OTKJIOHEHMA /y4Ya COAEPIKHT aTTEHIOATOp, JIMHHIO 3afepKKH U
vewnmurens Y. ArreHroatop mossonser ocnabute curhan u(f) B omnpejeneHHoe
FHCIIO pa3, a peryiupyeMas JHHHA 3alepXki obecrieunsaeT HeOOMbILOH BpeMeH-
50 caBUr curHana Ha mactiHax ¥ DJIT oTHOCHTENbHO Havala pasBepThIBAIONIe-
o HanpsokeHus U, 4To BAXKHO 114 XKIylIero pexumMa. Yeunurens Y obecrieunsaer
EIMIUTHTYLy CHTHAJA HA [UIACTHHAX Y, JOCTATOYHYIO /U1 3HAYHTENLHONO OTKIOHE-
Hiid Ty4Ya Ha 3KpaHe JaKe MaJbIM MCCIeyeMbIM CHTHATIOM U (1).

B cBoro ouepenb, ycumurens Y kaHana BEPTHKATBHOTO OTKIOHEHHS Jy4Ya CO-
JEPHHUT BXOLHOH YCHIMTENb C W3MEHSeMbIM KodduuueHToM ycunenus K . u
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napadaznsrii (¢ nporuBodazHEIMK BEHIXOAHBIMHM CHTHAJIAMM OXMHAKOBOH aMIUIMTY-
Apl) ycunuTelnb, obecrneynBarOmItii TO0KEHHE CBETOBOTO MATHA B LEHTPE 3KpaHa
NPH OTCYTCTBMH MCCIEAyeMBIX CHTHa/IoB. B KaHan BEPTHKANBHOTO OTKIOHEHHS
nyda MOXEeT Takxke BXOAWTh Kanubparop ammuutyasl. CurHanm or xamubGparopa
HOCTYTIAeT Ha BXOJ NEPBOTO YCHIIUTENA [UIA YCTAHOBKH 3aJaHHOTO Ko duLHeHTa
ycunenua K. Tlpn oTom uena nenexus B/Oen MacmTaGHOH CETKH Ha JKpaHe
ocuusutiorpada Ge3 ydera aTTeHioaTropa onpeaenuTes GopMyno:

; 7.1
P (7.1)

yel

rie U, — HanpskeHHe Ha BhIXoe kanubparopa; K., — KO3 (QHIMEHT yCHIeH s
ycunuTens kasana Y npH ogHOM (HUKCHPOBAHHOM IOJIOXKEHUH PETYIHPOBKY; 1, —
YHCNO [eNeHuit CeTKH, 3aHAToe n300pakeHneM KaaubpOBOYHOrO CHrHajsa Ha 3K-
pase JJIT. \

Llena nenenus macurraGHOM CeTKH C yueToM K03 duimenTa nenexus K, arre-
Hioatopa ¢, = ck,. Ecnu B npouecce paGoTsl napaMeTp ¢ OCTaeTCA NOCTOAHHBIM,
TO BEJIMYHHA ¢, MOXET OBITh yKa3aHa Ha JHCKPETHOM MepeKIoYaTeie aTTeHI0aro-
pa, YTO M JieJlaeTcs Ha TpaKTUKe.

OCHOBHEIE XapaKTepUCTHKH KaHa/la BEPTHKAIBHOTO OTKIOHEHNUA:

* BepXHAS IrpaHMdHas 9acToTa (mopanka 100 MI'n u Gonee);

* UYBCTBHTENBHOCTE S, = k, K. S; (S; — UyBCTBHTENIBHOCTL TPYOKH); UYBCTBH-
TeNbHOCThL COCTARNACT OKoo 1 MM/MB mpu k= 1;

* BXoziHOe compotusienue (1...3 MOwm) u BxogHas emkocTh kanana (1...5 n®);

* [IOrPEIIHOCTH H3MEPEHHA HANIPHKEHHA H HHTEPBAJIOB BpeMeHH 5...7 %.

Bo BxomHO#M Lenu KaHa a BEPTHKAJIBHOTO OTKJIOHEHUA BKIIOHAIOT TAKKE KOM-
MYTHPYEMBIH pa3/ieNINTeLHEIH KOHIeHcaTop, TIO3BOIAIONINH IPH HeoOX0AMMOCTH
HCKIIOYMTE MOAA4yy Ha BXOA ocumuiorpada NMOCTOAHHON cocTapiAOLIed Hccne-
AYEeMOro CHrHaia («3aKphIThliDy BX0M).

Kanan zopuzonmaneHozo omknoHeHus ny4a CIYXHUT IJIA CO3JaHHA TOPH3OH-
TaJbHO OTKJIOHAIOWIETO0 — paszeepmuiéaioujeco — HanpsxeHus U, ¢ MoMOMIB0
HaMpsDKEHUS reHepaTopa pa3BepTKH WK MUl nepeaad (Yepe3 aTTeHIoaTop M yCH-
JIMTeNb) Ha MAacTHHBI X HcclielyeMoro CHrHaia, MoJBOIHMOr0 K Bxony X,

Cxema CHHXpOHM3AIWK (M 3allycka pa3BepTKH) YNpPaBlAeT IeHepaTopoM pas-
BEPTKU U obecrneunBaeT KpaTHOCTh MEPUOMIOB CHIHANA H pa3BepTkH. Jlns momyde-
HUSl HENOMBHKHOTO M300pajkeHMs HA4yano pa3BepTKH INOKHO OBITH CBA3aHO C
OJHOH M TOH ke XapaKTepHOH Touko# curHana (GppoHTOM, MAKCHMYMOM aMIUTHTY-
OBl M T.A.). 3T0 JOCTHraeTcd CHHXPOHM3ALMEH HANMPSKEHHA PA3sBEPTKH C HaIps-
JKEHHEM CHrHala, [O3TOMY TIepHON pasBEepTKH AO/MKEH ObITh paBeH WM KpaTeH
MepHOLY HCCIeIyeMOr0 CHTHAIA; Tpm =nl,rnen=12.2734,....

Paseepmra — 310 MHKA, KOTOPYIO NIPOYEPYHBAET JIy4 HA 3KPaHE NPH OTCYT-
CTBHH HCCIEQYeMOro CHrHajla B pe3ylbTaTe NeHCTBHA TONBKO OIHOIO paszéep-
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meigaioujezo Hanpsxcenus. Ilpolecc NpHBA3KH pasBepTKM K XapaKTEPHLIM TO4-
¥aM CHI'Haia HaselBawT cuaxpouus*auueu" B aBTOKONebaTeIbHOM peXHUME H 3anyc-
¥oM — B XKAymeM. CHHXPOHM3ALMA U 3alyCK Pa3sBepTKH IPOM3BOAATCH CHELH-
LTEHBIM CHHXPOUMITY/IECOM, MOJaBAaeMbIM Ha FeHepaTop M3 YCTPOHCTBA CHHXPO-
HH33IHH.

B ocummorpade ycTaHOBNEHBI Ba peXUMa CHHXPOHHW3ALMH: GHYMPEHHAA
snewnsa. Tlpu BHyTpeHHel cHHXpoHu3anvH (nepexmoyareny /71 u 712 — B no-
704eHAA /) CHHXPOMMITYJIbChl BhIpaBaThIBAIOTCA M3 YCHJIEHHOTO BXOIHOTO CHT-
Hana ;0 ero 3agepxku. [Ipu Bremnelt (nepexmoyarenu /71 u /72 — B nonoxeHAn
2) — CHrHAJ CHHXPOHH3AIMHU [OJAETCs OT BHEIIHero HCTOYHUKA Ha CTeLHaTbHbIA
sxon X ocumiorpaga. Hanpumep, B CTaHIZAPTHBIX FeHEPATOpaX HMITYIBCOB BEI-
pa0aThIBAIOTCA CHHXPOHMITY/IBCHI, OTHOCHTENBHO KOTOPHIX BBIXOZHOW CHIHAN
MOXET ObITh CABHHYT C MOMOLLBIO PETYIHPYEMOH 3aNEePKKH.

Cxema CHHXPOHW3ALMH BeIpa0aTsiBaeT CHIHA CHHXPOHHM3ALMH, MOCTYIAKIIHA
53 IeHeparop pasBepTKH [UlA MOJYYEHHS YETKOH, HeNONBHKHON OCIMILTOIPaMMBl.
Yewnmrens X KaHama rOpH3OHTAIBHOIO OTKIOHEHHS YCHIHBAET MAI006pasHelii cur-
gan U, redeparopa pa3BepTkH i npeobpasyeT ero B HanpsaxkeHue passeprku U,

Kanaj1 ropH3oHTaNbHOTO OTKIOHEHHS XapaKTepH3yeTCs TyBCTEUTENEHOCTRIO H
T0NI0COM MPOIMyCKaHHsA, MOKa3aTellH KOTOPBIX NMPAKTHYECKH pa3a B JIBA MEHBINE,
9EM B KaHaJle BEPTHKAJILHOIO OTKIOHeHHA. OCHOBHOH GNOK B KaHajle ropH3oOH-
TANTLHOTO OTKJIOHEHHS — reHepaTtop pa3BepTKH, paboTalomuili B HENpephIBHOM
win xayuaiem pexume. K dopMe munooGpa3Horo HanpskeHMs reHepaTopa mpemab-
sReTcs pan TpeboBaHuii:

* Bpems 00paTHOro Xo/1a Jiy4a JA0/DKHO OBITh MHOTO MEHbIIE BPEMEHH TIPAMOTO
wona, T.e. Tog, << T,,,. B npoTusHOM ciydae gacTs u3obpaxenus cureana Gymer
OTCYTCTBOBATD,

* HaMpsHKEHWE PasBEPTKH NMPH NPAMOM XOHe Jiyda JO/DKHO OBITH JWHEHHEIM,
uHade Jyq Oyner ABMraThbCA 1O 3KPaHy C PamiMuHOH CKOPOCTBIO U HAPYIIUTCH
DAaBHOMEPHOCTH BPEMEHHOro Maciutaba mo ocd X, 3T0 MOXET NPHBECTH K HCKa-
ETHHKO CHTHAJIA.

Kanan ynpaenenus apxocmpio (KaHajl MOOYIALMH EKTPOHHOIO JIyda 10 Ap-

$0CTH) ocuMiIorpada npeaHasHau4eH IS IIOACBETKM NpsAMoro xoaa my4a. [Mon-
“BETKA OCYIIECTBIACTCA IyTeM MEpeiadyy ¢ BXoaa Z Ha YNpaBIIOMAHN 3MEKTPOL
sioynsitop M) DJIT curHana, MOLYTHpPYIOIIETO MOTOK €€ JIyqa H, CeI0BATELHO,
iDKOCTh CBedYeHHs omuHO(opa. [TocTosHHOe HampsikeHue Ha momynstope DJIT
s:0UpaloT Ha YPOBHE 3amupaHus TPyOku. B cxeMy 3TOro kaHana BXOAAT: aTTe-
S0OATOP, CXEMA M3MEHEHHA MOJMAPHOCTH W ycunurens Z. [Ina ¢popMHUpOBaHUS Tpe-
FYEMOTO YPOBHA HANPMKEHHUS, MOCTYNAIMIEr0 Ha MOLYJISTOP, CITYXKHT YCUIHTENh
Z. Yeunuresib MOXET UMETh JOTIONHUTENBHBIA BXOA. ITO AT BO3MOXKHOCTH MO-
IYIALMA H300paXeHHs Mo APKOCTH BHemHUM curHajioM, Kanan Z ucrone3yercs u
114 CO3[aHMA APKOCTHOW OTMETKM B ociuuuiorpadax ¢ OBoiHON paseepTioH, a
TEIOKE APKOCTHBIX METOK I W3MEepEeHHs 9acTOTH H (haskl.
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Kanubpamop — reHeparop HampsokeHuH, (QOpMHPYIONIMH mNepHOIUIecKui
MMIYJILCHBIM CHTHAN C M3BECTHBIMH aMILIATYIOH, JUIMTENBHOCTBIO M 9acTOTOH
ana kanubposku ocommnorpada, T. e. JUIA obecTiedeHusA MPaBHIbHBIX H3MEpeHHil
napaMeTpoB UCCIEAYEMOro CHrHana. y

Jinsa kanubpoBKH OcH Y MCHIONB3YIOT MOCTOAHHBIE HANPSHKEHHA 00eHX Mmomsap-
HocTell (MHOTHA IUIABHO PEryNHpYeMblIe) H HAOpSHKEHHA B BHe MeaHzapa. Mac-
mrrab no ocu X 06LIYHO YCTAHABIMBAIOT 10 CHHYCOMIANLHOMY HalPSXKEHUEO, CTa-
OMIM3MPOBAHHOMY [0 YACTOTE KBapLEM,

Buasl passepToK B yHHBepCaJabLHOM ocuuaorpage

OauuM W3 OCHOBHEIX GnokoB ocuwuiorpada senaerca OJIT, Beixonusie ane-
MEHTBI KOTOPOH — [IB€ Maphl IUTACTHH, C MOMOLIbIO NEHEPaTopoB pasBEPTKH OT-
KJIOHSIOIIME JTyd FOPU30HTAILHO W BepTHKAIbHO. Ecnii pa3sepTsiBalollee Hanps-
JKEHHE TIPHIOKEHO K OJHOM Mape OTKIOHMOIMX IIacTHH (00BIYHO K IUIACTHHAM
X), To pa3BepTKy Ha3BIBAIOT 1O (OpME Pa3BEPTHIBAIOIIETO HANPAKEHHA (Han-
puMep, aunelnoli WM cunycoudansrou). Eciu pa3BepThIBaONINe HANPAKEHHA
NPWIOKEHB! K OTKJIOHMOMNM I1acTHHaM X ¥ Y TpyOKu OXHOBPEMEHHO, TO Ha3Ba-
HUE pa3BepTKe AaeTcs 10 ee (opMe (HarpuMep, Kpy208as WK SATUNMUYECKAs).

HauGonee mmpoko HConb3yeTcs THHEHHAd pa3BepTKa, co3aBaeMas
munoobpasHbiM HanpsokeHueM U, reHeparopa paseepTkd. B cmyuae JIHHEHHOH
pasBepTKH JIyd, JBATAsCh PABHOMEPHO IO SKPaHy, MPOYEPYHBAET TPSMYIO FOPH-
30HTAIBHYIO JIMHHIO, KaK OBl HAHOCH Ha 3KpaH och abcLyce NeKapTOBOH CHCTEMBI
KOODJMHAT — OCh BpEMEHH. B 3aBHCHMOCTH OT pexxuma paboThl reHepaTopa pas-
BEPTKH TAKYIO pa3sBepTKy MOAPA3MeNAioT Ha HeCKOIBKO BUAOB. PaccMoTpuM Heko-
TOpPBIE H3 HHX.

Aemoxonebamensnas pazgepmka — 3TO Pa3BEPTKa, TIPH KOTOPO#H reHeparop
Pa3BepTKH MEPHOAMYECKH 3alyCKaeTcs (aBTOMAaTHYECKH) H MPH OTCYTCTBHM CHI-
HaJla 3aIlyCcKa Ha €ro BXoje.

Moy as pazeepmxa — pa3BepTka, NPU KOTOPOH TeHEpaTop pa3sBEPTKH 3aIryc-
KaeTCA TONBKO C MOMOIIBI0 CHTHAJIA 3alyCKa.

Oonokpamnas pazgepmica — Pa3BepTKa, ¢ MOMOIIBIO KOTOPOH reHeparop pas-
BEPTKH 3amycKaeTcs OIHH pa3 ¢ mocneaylomeii 6nokuposkoid. OfHOKpaTHas pas-
BEpTKa NMpUMeHseTCH i HabloleHus OHHOYHBIX M HENepHOAMYIECKUX MpoLec-
COB, a TaKke Npu (poTorpadMpoBaHNH C 3KpaHa OCLHUIOrpada HEMOBTOPAIOMINX-
CA CHT'HAJIOB.

I1pu nonase Ha TOPH3OHTANBHO OTKIOHAFONIME IUIACTHHB HANPAKEHHS Uy = Uy
nunoo6pazHoi Gopmet (puc. 7.2), aneKTpoHHBIH C(OKYCHPOBAHHBIA Ty MOJ BO3-
NefiCTBHEM 3TOrO HaNpsKEHHMA TEepeMellaeTcs cjieBa HampaBo Ha uHTepsane T
(Touku 0 — I — 2 — [UIATENLHOCTE MPAMOTO XOJIa JIyda) M CIpaBa HAllEBO HA WH-
tepBaie Tq, (TOYkH 2 — 3 — JUIMTENBHOCTE oOparHoro xoza jryya). [Tpuuem cxo-
POCTH JBIKEHHS JTy4a B 0GPaTHOM HaNpaBIeHUH MHOTO Gonbine (00BIMHO Ty4 NpH
3TOM FacHTCH), 7€M B OPAMOM.
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Ihacmunsr X

Puc. 7.2. [lnarpaMma, NOSCHSAIOWIAA CO3aHHE

BpeMeHHOro MacirTaba no ropusoHTansEHON ocu 3xpana IJIT;
——» — npamoii xoa nyya, ~"TTTTTT ¥ — obparHsii xon myua;

R A b

C noMOLIBIO HANPSKEHUA Pa3BepTKH, N0JaBaeMOro Ha rOpU30HTANIBHEIE IIac-
tursl DJIT (mnactuesl X) ocumutorpada, Ha ero 9KpaHe MOXHO HabmoxaTh WC-
creyeMbiil CHrHaJI, IOCTYTIAKOIIAI Ha IUIACTHHBI ¥ H H3MEHAIOMIHMIACA BO BPEMEHH
(pa3BepHyTHIit BO BpEMEHH).

Aemoxonebamensvras (Henpepviénas) pasgepmia NPUMEHACTCA A HCCIIE-
NOBaHHA IMEPHOIMYECKHX CHIHAJIOB, a TAKXKE HMIYIbCHEIX ¢ HebGonbuio
cKBaXKHOCTBIO g = T,/t. OHa BKIIOYAETCA NMPH BHYTPEHHEH CHHXPOHU3ALMH.

Ha puc. 7.3 npeacraBlieHbl HCCneayeMble AMITYIIBCHL ¥, NTUTENBHOCTBIO T Ka-
KIIbIH, Pa3BEPTHIBAIONICe CHHXPOHHOE HANpPMKEHHE u, W HabmoxaeMas OCIHIIO-
rpamMma (B pamke). IlepHon MOBTOpPEHKHA UMITYIILCOB H NEPHOJl Pa3BEPTHIBAIOIIETO
nanpsokerus: T, = Ty,

C moMOMIBIO aBTOKONEGaTeNbHON PasBepTKH IMOYTH HEBO3MOXKHO HabmonaTh
HEMepPHOAMIECKHe CHIHANBI ¥ OHa (aKTHYeckH Gecrioie3na MpH HAGMIOACHUH Tie-
PHOIMYECKAX KOPOTKHX HMMITY/IbCHBIX CHIHANOB C GONBINOH CKBRXHOCTBIO g
(3T0 CBA3AHO ¢ TeM, YTO NepelHU U 3aHUH (POHTE HMITYNIECA MOUTH CIHBAOT-
cs). B 3THX cydasx MCTONB3YIOT KAYLIYIO Pa3sBEPTKY.
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uct T. :

T=T.

Puc. 7.3. [Ipumep npuMeHeHHs aBTOKONEOATENBHON pa3BepTKH

XapakTepHsii MPHMED HCTIONB3OBAHMA AIYIIelf pasBepTKH B OCLIUUIOrpafde noxa-
3aH Ha puc. 7.4. ['eHeparop pa3BepTKH 3aIyCKAETCA TONBKO MPH MOCTYIUIEHHH HM-
MYNCOB %, ECIA JHTENIBHOCTS pasBepTkH, paBHas f, — f,, COMOCTABHMA C JUIHTE-
ITBHOCTBIO HCCIEMYeMOro MMITYIIhCa, TO €ro m3o0pakeHHe Ha JKpaHe JOCTATOMHO Je-
TAILHO,

Ue T, uccnedyemuiii
L | Lo | . -
[l I :
0 J-— 1
up' :
I
|
' 3a0epacannviii
0 4 uMmILC

Puc. 7.4. lpumMep npuMeHeHAS KAYWEH PasBepTKH

B ocuwuorpade B crry HHEPUMOHHOCTH TEHEPATOpa Havano XAymed pas-
BEPTKH MOXET ObITh HECKONBKO 3a/Iep)KaH0 OTHOCHTENBHO (poHTa MMmybCa u,.
[Toaromy, eciti GpoHT HMMyIbCA OYEHb KOPOTKHIA, TO OH MOXKET He 0TOOPa3UTHCA
Ha ocumutorpamme. Jlna HabmoneHus KOPOTKOro GpoHTA CHIrHAN ¥, 3aePKHBAIOT
Ha T, BO BPEMEHH B KaHasie ) ¢ MOMOIIBIO IHHAM 3a/IEPXKKH (LUTPHXOBLIE HMITYIIb-
Chl 4, Ha puc. 7.4). Habmonaemas ocumuiorpaMMa JiaHa BMeCTe C HE 3allepiKaH-
HBIM HMITYTbCOM Ha pHC. 7.4 mTpuXoBoii uHuMeil (B pamke).

s pemenus paja W3IMEpPUTENbHBIX 3a]a4, HAaNPUMEpP HW3MEpeHHSA YacTOThI
HIH pasHOCTH (a3, BMECTO MUI000pa3HOTO HANPAKEHHA Pa3BepTKH (MMHEHHOMH
Pa3BEPTKH) HCMIONBIYIOT CHHYCOMAaNbHY IO pa3BepTKy. i nonyuenus
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CHHYCOMIANBHOM pa3BepTKH Ha TUIACTHHBL X TOZAIOT HANPAKEHHE, H3MEHsoLIee-
s 110 TAPMOHHYECKOMY 3aKOHY u,(f)=U,,sinot. IIpu 3170M reHeparop AWHEHHOH
pasBepTKH ocuwutorpada orkmouaercs. [1og0XUTENBHBINH MOTYNIEPHO HATIPSKE-
=W CHHYCOMIATBHOM pa3sBEPTKH BhI3bIBAET NEPEMENIEHHE JIyda OT LIeHTPa 3KpaHa
30 ero mpapoif rpaHUNBl W 00paTHO; OTPHLATENBHbIH IMOMyNEpHo — OT LEHTpa
3kKpaHa 10 ero JIeBoil rpaHuLbl U 06paTHO k HeHTpy. CKOPOCTH IepeMeIneHus iyda
MIMEHAETCSA 10 CHHYCOWIANbHOMY 3aKOHY, XOTA JIMHHA Pa3sBEPTKH MpejCTaBJIAET
£000# rOPU3OHTAIBLHYIO JTHHHIO.

Jlna nonydyeHds Kpyrosod pa3zBepTKH Ha MIacTHHel ) mopaercs
CHHYCOHMIANbHBIA cHrHan u, = Usinat = Usin(2n#/T), a Ha miacTuHsl X' — aHa-
JOrWYHEIA 10 GopMe W aMIUIUTYIe CHTHAJI, HO 3ajlepKaHHbIi Ha 9€TBEPTh MEPHO-
1a (no ase Ha @ = 90°), Te. u, = Usin[w(f — 7/4)] = — coswt. OcwwuiorpaMma
£PYIOBO# pa3BepTKH MMoka3aHa Ha puc. 7.5,

u, e B

0 T 7

i 1 2

/\ /\ a9 3
7 AV,

Puc. 7.5. [Tonyuenue KpyroBoil pasBepTkH B ocuuiuiorpape

A

b

=1

ITon peiicTBHEM HANPAKEHANA PAa3BEPTOK uy, M U, IyY NPOYEPYHBACT HA JKpaHe
oxpYXHOCTh 3a nepuon 7. [lonoxkeHue Tyya Ha SKpaHe B MOMEHT Bpemenu [ = 0
oTMedeHO TouKoi 0, B MOMEHT ¢, — TouKo# | M T. 1. Ec/ii aMIUTHTY/IBI CUTHATIOB 1, H
. HE PaBHBI, TO KPYT MCKaKaeTcs i Ha SKpaHe HaOmoJaeTcs JJUIUIIC, T.€. BO3HHKAET
sANMNTHYeCKasds pa3sepTka Hanpumep, npu u, < u, 60/blIas OCh 3JUIHII-
ca pacroioKeHa 10 NOPH3OHTAIH, @ Maas 1o Beprukamu. [Ipu (asoBeiX capurax,
se paBHbIX 90°, TaxKe MoMydaeTcs 3IUTHIIC C HAKIOHHBEIMH OCAMH, BBIPOKIAIONIH-
MHCA B IPAMYIO TIPH HyJIEBOM (Pa30BOM CZIBHTE.

B coBpemeHHBIX ocmmuiorpadax IMMHPOKO PAacHpOCTPaHEHbl I'EHEpPATOPbI
asoliHoM pazsepTku (3amepxuBaroiielt U 3amepxkanHoi). [Ipumenenue mBOiHON
Da3BEPTKU CYLIECTBEHHO YBeNHYMBAET (YHKUHOHAIbHBIE BO3MOXHOCTH OCLIHILIO-
rpadha. B yacTHOCTH, 3TO MO3BOJIAET PACCMATPHUBATE OTAENLHEIE YIACTKH CHIHANa
& yno6HOM MacmTabe, YTO MOBBIIIAET TOYHOCTh H3IMEPEHHA.

JNeKTPOHHO-/1y4eBan TpyDKka

Cnoco6 nomygenus ¢OKyCHpOBAHHOTO JTyda ¥ NPHHLMIT YIIPABIEHHA JIy4OM MOM-
20 TOSCHUTH C MOMOIIBIO CXEMBI, TIPECTaBIeHHON Ha puc. 7.6. Kak yxe oTMevasoc,
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B OJIT coBOKYMHOCTE 3MeKTpooB K, M, A,, A,, A; Ha3BIBAETCA ANEKTPOHHOM MyIIKOA
KOTOpas M3My4aeT y3Kui My4oK 3JeKTPOHOB. JIns 5T0ro Ha 3MeKTpo/Ibl NONAIOTCs Ha-
OPSDKEHNA, MPHMEPHEIE BETHYHMHEI KOTOPAIX JaHbl Ha puc. 7.6.

OcHoBHBle XapakTepucTHKH DJIT — uyBCTBHTENBHOCTH, MONOCE
MPOIYCKAHUA, INTHTETbHOCTh NOCNECBEYEHN, I0MaAb 3KPaHa.

YysctBurensHocTs TpyOku S, = L/U,, rne L, — OTKIOHEHHE Jlyda HA 3KpaHe
TPYOKH 101 BO3/IeHCTBHEM HANpPsDKeHUs U, PATOKEHHONO K Nape OTK/IOHSIONIHY
mnactHH. O6bryHO S mopsnka 1 Mm/B.

C yBe/TMYEeHHEM YaCTOTEI HC-

CIeAyEMOro CHrHama 4YyBCTBH- 4 A3
TeNLHOCTE  TpyOkM  mapaer. KM 4 4

BepxHss rpaHMIa MONOCH Mpo- - R -

nyckanus DJIT ycraHaBiTMBaeT- = et

Ci Ha YpPOBHE, TIHE€ WYYBCT- Sprocms —I<Daxyc

BHTEILHOCTh COCTABISET TPH-

MepHo 0,7 OT HOMHHAIBHOIO 0 " +100.200B X
3Ha9eHud. Jlnd yHMBepCalbHBIX -50 B +1000...2000 B
OCLMLIOTPad)oB IMHPOKOTO HC-

TONB30BAHAA 3TA 9YACTOTAa MOC- Puc. 7.6. Cxema ynmpasnenus nyyom DJIT

turaet 200 MI'u. B coepemes-
HBIX OCLIJLIOrpaax 4acTo NPHMEHAIOTCA MHOTOMyYeBbie TPYOKH, 9TO JOCTHra-
€TCH YBENHIEHHEM KOJIMYECTBA /EKTPONOB. Boliee SKOHOMHYHEIM OKa3bIBAETCS
HCTIONB30BaHHE OAHONYYEBOrO OcHWLIOrpada B pexuMe MOOYEPENHON NomauH
NBYX CHTHAJIOB HAa OTKJIOHAONIME TUIACTHHBI (IByXKaHATBHIE OCLMILIOrpadsl). 32
caet apekra mocnecseueHns TPYOKH M CBOKCTB Ivia3a Ha KpaHe HaGmomaeTcs
OTHOBpeMeHHOEe u300pakeHHe ABYX CHTHATIOB, XOTA OHH NOJAIOTCA MO09EPEIHO.

Opun u3 BaxHbix napamerpoB OJIT — miomans paboueit 9acTu 3kpaHa, B
npeenax KOTOpOH MCKaKEHHA OCLMIUIOrpaMMbl MHHHMAIbHBL. JIIs MOBBINIEHNHS
30 (EKTHBHOCTH HCTONB30BAHMSA IUIOMAAH 3KpaHa copemennble JIT HMeloT
3KpaH MpAMOYTONBHON (HOPMEI.

K cBetoBriM nmapamerpam DJIT otHOCSTCS:

* IUaMETp CBETOBOTO MATHA, KOTODEIH HPH ONTHMANBHON SPKOCTH ONpe/enseT
paspemarontyro cnocobrocts 3JIT;

* MaKCHMaNkHasA APKOCTh CBEYEHHUS IKPaHA — 3aBHCHT OT IUIOTHOCTH HEKTPOHHO-
IO JTy4a M PErynupyeTcs H3MEHEHUEM OTPHLIATENLHOIO HAMpPKEHHS HA MOZYJIATOPE;

* BT CBEYEHHA IKPaHA — Yallle BCEro HCHOMB3YIOT 3eEHbIN H KeNThIi 1Be-
Ta, 06ecnequBaloIne HaMMEHBIITYIO YTOMIISEMOCTB IM1a3; Wit GoTorpadupoBaHms
¢ skpaHa npuMeHsioT DJIT ¢ romybbiM cBedeHHEM, K KOTOpOMY Gosee JyBCTBH-
TeNbHbI (HOTOMATEPHAIEI;

* BpeMs MOCJECBEYEHHA — [ YNydleHAs BH3YaIbHOTO BOCHPHATHA OC-
LHJIIOrPaMMbl BpeMsA CBEYEHHs 3KpaHa JODKHO TPEeBBIATh BPpeMs BO3JEHCTBHS
Ha HEro 3J€KTPOHOB.
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Ecnu Tpebyerca HaGmopars npoueccs ¢ YacroToi Menee 10 I'u, ucmomns3sy-
T 3KpaHbl C MOCTeCBeYeHHeM cpeaHeil mpoxomkurenbHoct ao 100 mc. [l
poropeructpaunn Gonee mpeanodTHTENeH moMuHOGop ¢ Mamsim (0,01 ¢) mo-
CICCBEYECHHEM., HpH HCCNIEeN0BAHHH MEIJIEHHO MEHAIOIHXCA MpOoLEeCcCcOoB MpHUMeE-
S410T SKpaHsl, HMeloIIre nocnecedeHue Gonee 0,1 c.

HanpsokeHde pa3BepTKH MpPH NPAMOM XoJe Jyda JO/DKHO OBITh JTHHEHHBIM,
EHavue MOABATCA HCKAKEHUA HCCIeayeMoro curtana (puc. 7.7, a).

Hemuneiinocth paboyero ydacTka pasBepTKH NPAMOTro XoIa Jiy4a XapakrepH-

svercsl koaghdhuyuenmom nenunesinocmu:

>_|J\ r.ﬂ
3 3 Hzobpaoicenue
§ 3 Ha IKpane
FalTl 1T T
T e N R
] ) I 1 [}
] I 1 1 1
Gt ey
! i ; Hexancennvie
i H I CUSHAbI
1
i Heucraoicennviii
- CUZHAN
Y ()
U
D
o)
ot Ix
H K

6)

Puc, 7.7. HckakeHHs OCHHILIOIPaMMBI CHTHATA:
a — BCNEICTBHE HEJIHHEHHOCTH PasBEPTKH, 6 — WITIOCTPALHSA K NOHATHIO
ko3 pHiHeHTa HEMMHEHHOCTH, H — HA4Ya0 PA3BEPTKH, K — KOHELl PA3BCPTKH
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(o) %)

tbuzrgeckuit cMbIca KoToporo nogcHiercd puc. 7.7, 6. Koaddument HenunelHo-
CTH BBIpaXaeT OTHOCHTENbHOE H3MEHeHHe CKOPOCTH HApACTAHUS HANPHKEHHA B
HavaJie ¥ koHIle pabodero xoza pazeeptku. Koagduent HenrunelinocT paboye-
I0 yJacTKa pa3BepTKH He JOJDKeH NpeBbimars 1 %.

TlepeuucienHbiM TpeboBanusM OTBeuan 6l MIeANbHBI reHeparop pasBepTK,
yTIpoIeHHas CTPYKTYpHas CXeMa KOTOpOro MoKa3aHa Ha puc. 7.8, a.

X100 %, (72)

far ™\ /;.’m'l U, R:ig_ Ql g,

C] (&

a) 6)
Puc. 7.8, YnpouieHHbIE CTPYKTYPHBIE CXEMEI T€HEPATOpa pa3BepTKH:
a— HicajipHad; @ — peanbHas

Beckoneuno Gonpias eMkocTs C 3apAKaeTCH TOKOM ly,p OT HCTOYHHKA TOKA [ B
TeYeHHe J0CTAaTOYHO GOMBLIOro MHTEpBAJa BpeMeHH T, , a 3aTeM B TEUEHHE OYeHb
Majioro BpeEMEHH NMpH 3aMKHYTOM KJK0Y€e TIPOUCXOIUT €€ PaspAl TOKOM ip,,. Bpems
3aMBIKAHMA KII0Ya COOTBETCTBYeT BpeMeHH oOpaTHoro xofa. Torha HampspkeHHe
Pa3sBEPTKH ATA paﬁuqem YYacTKa 3alMHIIeTCA TaK:

17 1.1 M=
=U,=— d=—it , 73
Uc Coj c | (73)

T.6. HMEET MECTO JIHHeHHaA 3aBHCHMOCTb.

OmHako pealibHas CXeMa reHeparopa OKasblBaercs Onmke K cxeme, M300pa-
KeHHOH Ha puc. 7.8, 6. Jlng 310 cXeMbl H3IMEHEHHUE HANPKEHHA HA KOHIEHCATO-
pe B TeueHue pabouero BpemeHu onpepensercs GopMyoi:

Uc =E(-¢™), (7.4)
rae T = RC — nmocTosHHAA BPEMEHH.
PaznoxuB QyHKUHIO e s pan Teitnopa
e o (7-5)

HOJYYHUM: |
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YT R S e (7.6)

2
4
Eciu B (7.6) orpaHuuuThCA ABYMA YieHaMH pasnoxkenus U. = E ——Ez—{,
T T
TO HETPYNHO 3aMETHTB, 4YTO B OCHOBHOM HEJIHHEHHOCTh HaIpsDKEHWA I'eHeparopa
2z

t
onpenenserca cocrapumomen E—-. CriefoBarenbHoO, He00X0auMO, 9TOOkI 3Ha-
21
2

3
qeHue E -5—2 —> 0, 9T0 BO3MOKHO 1pH T >> T,.. 3TOT Ciy4aii cOOTBETCTBYET pabo-
T

T¢ Ha Ha9aJbHOM YJacTKe JKCIIOHEHTSI,

T.€. HA IUHEHHOH YacTH pa3BepTKH. D10 R didimsa: e

3HAYMT, YTO PEXHUM HCTOYHHKA HANps- = 1

xeHus E HOKeH Npubnmkarbes K pe- ip ‘fo

KHUMY TeHepaTopa Toka. D>
ITpaKTHYECKH JIHHEHHYIO pa3BEpTKY e $uo o

#a skpade OJIT npu orpaHHYeHHOM 1

YPOBHE THTAlOMEr0 HampsokeHus E Umax

MOXHO CO3/1aTh B CXEMaxX HHTErpaTopoB o4 3

ga OV (puc. 7.9). ITockonbky B cxeMe B 2

cuty upeanbrocTd OV ToK iy = 0, Haxo- Puc. 7.9. I'eneparop passepriu Ha OY

UM, YTO ip = U, /R ip =— Cdu,, /d.

[TpupasraB TokH H nonarad RC = 1,, NOCJIe HECIOKHBIX IPpeo0pa3oBaHmii, MOy dHM:

Jrs i
=—— U dt =—— |u, dt, Ll
o =~ it == fi (7.7)

T.e., IaHHOE YCTPOHCTBO Ha OV Gy/eT OCYIeCTBIATS JHHEHHOE HHTETpHpPOBaHHE
HaNPXKEHUS Pa3BEPTKH.

JByxKkaHa/ibHbIe 0 ABYXJy4eBble OCHHIOrpadsb

JByXxKkaHanbHBlEe OCHHANOTrpadbl HMEIOT IBA MACHTHYHBIX KaHAJIA
BEPTHKAIBHOTO OTKJIOHEHHd (BXox nepeoro — Y1, Broporo — Y2) u 3eKTpOHHbIH
NepeKInoYare/ib, KOTOPEIA MOXKET NOOYEPEIHO MOAABATH BBIXOAHBIE CHTHAJBI Ka-
HAJIOB HA OJHH W Te Xe IutacTuHbl Y. B 3aBucuMocTH oT ynpaBneHus paboToii
HIEKTPOHHOTO IEPEKMIOYATe/Ii MOXKHO peanusoBaTh CleqyronHe OCHOBHBIE pe-
®uMBl paboTel ocummtorpada: oonokananbheid (Ha SKpaHe BAAEH OAMH CHIHAJ,
nonasaemMseiil Ha V1 unu ¥2); noovepednwiii (Ha 3xpase BHAHEI 00a CHrHANA 32 CYET
NePeKIOYEHHA IEKTPOHHOTO NEPEKITIoYaTeNns BO BpeMs KaxkI0ro 06paTHOro xoza
paspepTkH). Ha o0CHOBe JByXKaHAIBLHOrO MPHHLMINA CTPOAT MHOTOKAHAJBHEIE OC-
UHIIOTpadkl ¢ YHCIIOM KaHAJOB 0 BOCEMH.
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IOeyxnydesbie ocuunnorpad s HMEOT IBa KaHana Y U crneumnas-
HyI0 aByxnyuesyio JJIT, B KOTOpoif ecTh JBE HE3aBHCHMBIC MEKTPOHHBIE MYINKH
¥ Napa CHCTEM OTKIOHSIOMMX TUIaCTHH. [OpH30HTANbHAS pa3sBepTKa Jiydeil obmas
— 3aMycKaeTcs OT NeHeparopa pa3BepTKH, a BePTHKaNbHasd — KakIad OT «CBO-
ero» kanana Y, uto mo3sonser Habmonarhk Ha SKpaHe OCHHIUIOIPAMMBl JABYX CHT-
HatoB (6e3 WX MepHOaMYEeCcKOro MpephIBaHuA, KaK B JBYXKaHANbHEIX). Takue oc-
mwitorpadsl HAMHOTO CJIOMHEe CXeMOTEXHHIECKH H JIOPOXKE NBYXKaHATbHBIX.

ABTOMAaTH3ALMSA NIpouecca H3IMepeHni
B YHHBepCAJILHBIX OCHHLTOrpadax

AsTOMaTH3aUKA Npollecca U3MepeHHil JaeT 3HAYHTENIbHBIH BLIMIPBIII BO Bpe-
MEHH H B pAJe CIIy4acB CYIIECTBEHHO MOBLIIIAET TOYHOCTE muepemﬁi. Paccmor-
pUM BO3MOXHBIE MyTH aBTOMAaTH3alliM PEryJIHPOBOK M OTCYETA MOKA3aHWH Mpu
MPOBEAEHUH OCHMUIOTPAHUECKAX H3IMEPEHHH,

ABToMaTH4Yeckad ycTaHoBka mMacmrtaboB mo ocaMm Xul
HeiicTBHe aBTOMATHYECKOH YCTAHOBKH MacmTaboB 3aKMOYaeTCa B TOM, YTO MPH
W3MEHEeHHH aMIUIMTYObl H MIHTEJBHOCTH BXOOHOI'O CHIrHalNa B HHTEPBAJIC JHHa-
MHYECKOT0 [Harna3oHa ocuwuiorpada pasmeps! H306paXeHHs OCTAFOTCA NOCTOAH-
HBIMH WM MEHSIOTCS B 3alaHHbIX npeaesax. IIpu 3ToM npousBoauTcs udpoBas
HHIHKAIHA K03(Q(HIMEHTOB OTKIOHEHHA W Pa3BePTKH U060 Ha CrieHHabHOM HH-
nukarope, b0 HemocpencTBeHHO Ha skpane DJIT.

ABTOMAaTH3a0HA pPETryIHPOBKH APKOCTH H3006paxeHHA
PerynupoBka SpKOCTH H300paXkeHHs — OIHa M3 HEOOXOIMMBIX Orepalmii npu
ocmuiorpaduposanuy. OHa 3aHUMAaeT MHOTO BPEMEHH, TakK Kak SPKOCTh 3aBHCHT
OT CKOPOCTH TIepeMeIleH A Tyya N0 JKpaHy, CBA3aHHOH ¢ BHIOM CHTHAJIA H BelU-
YMHON yCTaHOBJIEHHOTO MacmTaba. Kpome Toro, ipkocts u300pakeHHs He OCTa-
eTcs TOCTOSHHOW B MpefieNiaX KpaHa, Tak Kak W3oOpaxkeHWe CHrHama CONepKHT
YYACTKH, TIPOXOJMMEIE JIy9OM ¢ pasHoit ckopocThio. [ns momydeHus OWHAKOBOH
APKOCTH H300paKeHHs Ha IKpaHe HCTONb3yeTCA IMPUHIIKI ABTOMATHYECKOU MOy~
nsuun ayga DJIT. Vposens obuielf SpkocTH M300paKeHHA YCTAHABIMBAETCS JUIA
Haubonee OGnaronpuATHLIX ycnoBuil HabmoaeHus. OTMETHM, 9TO BEIpaBHHBaHHE
H306paXKeHHs 110 APKOCTH YBEIHIHBAET TOTHOCTh H3MEPEHHS, 0COOEHHO B Cly4a-
AX, KOr[a CUTHAJl HMeeT YJacTKH C pe3ko OTIHYAIOMIEHCa CKOPOCTHI0 H3MEHEHHA
HanpskeHus (HANPUMep, HMITYILC C KPYThIMH (poHTaMu). Tak kak (HOKyCHpOBKa
JTyda 3aBWCHT OT APKOCTH, B COBPEMEHHBIX OCIALIOrpaax npUMEHSIOT CHCTEMY
aBTooKyCcHpOBKH. [IpH 3TOM HanpsikeHHe Ha (oxycupyroumx snekrponax SJIT
ABTOMATHYECKH MEHAETCS TIPH BAPUALIAX SPKOCTH JTyda.

llepeBon aHANOTroOBOrO BXONHOTO CHrHana B UuppoByw
¢ opMy MO3BONAET ABTOMATH3UPOBATh HE TONBKO IPOLECC PEryIMPOBKH, HO H
nporecc u3MepeHns u 06paboTkH CUrHaa,

Haubonee npocro uudposas o6paboTka CHTHANA peaTH3yeTcs B CTPOOOCKO-
NUYEcKuX ocuimIorpadax, Tak kKak JUCKPEeTH3alHA CHrHana BO BPEMEHH JISKHT B
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OCHOBE MpHHIMNA AEHCTBHA cTpobGockomudeckoro npeobpasosarens. B mudpo-
BOM YCTPOWCTBE NpPOBOMUTCHA NHUCKPETH3ALMA CHTHAJNA TOJNBKO 10 YPOBHIO, pe-
3yAbTaThl npeobpazoBanHus 06pabaThiBAIOTCA BCTPOEHHBLIM MHKPONPOIIECCOPOM
HJIM BHEIIHHM KOMITBIOTEPOM,

7.3. 3anoMuBaK0mMuBe oCHHIOTPadbI

Ilpu wmccnenoBaHHM ONMHOYHBIX CHIHANOB W TMEPHONHYECKHX CHTHAJNIOB C
00/bIIOH CKBaXHOCTHIO HCIONE3YIOT 3AMOMHHAIONIME OCHMLIOrpadhbl, OCHOBOMN
KOTOPBIX SBJIAIOTCA 3aNIOMHHAIOIIHE TPYOKH.

3anoMHHaKWUHE NEKTPOHHO-Iy4eBHE e TPy KH cogepxar Te
Ke aneMeHTel, uto H JJIT yHuBep-
canmsHOrO ocuuwiorpada, a TaKkKe A4 M K
JOTOJHHUTENBHO OCHAMANIOTCA Y3JIOM
naMATH H CHCTEMOH BOCIIpOHM3Bene-
HuA m3obpaxkeHus. VYien mamsaTu
COCTOMT W3 ABYX IUIOCKHMX CETOYHBIX
3/IEKTPOJIOB, PAacHOJOXKEHHBIX Tia-
pajulenbHO 3KpaHy (puc. 7.10). He-
MOCPE/ICTBEHHO Y 9KpaHa HAXOIHUTCA
MHINEHb, HNOKPBITAA CJI0EM IHIJIEK-
Tpuka. IToBepx MHMIIEHH pa3melueH
ApYroii 3JIeKTpox B BUle CETKH ¢ Holiee KpyIHOH CTPYKTYpOil — KOJLIEKTOp.

Hzobpakenue 3anmHChIBAETCA SIEKTPOHHBIM JIy4OM BBICOKOH 3Hepruu (3amu-
CHIBAIOLIMH Jy4). DNEKTPOHBI Jlyda OCENAlOT Ha MHIIEHH, NPHYEM KOJIHYECTBO
3apsAza NpONOPLHOHANBHO TOKY Jiyda. [Ipu nepemelieHun Iyda Ha MHIIEHH CO3-
faeTcs NMOTeHUMaNbHbIH penbed, nosropsomuii GopMy ocumsiorpaMmsl, Tlocne
NpeKpalleHus AeHCTBHA CHrHaNa MOTEHUHANbHBIH penbed) MAMIEHH COXpaHs-
ercs JutuTensHoe Bpems. Habmonate 3anmmcaHHoe u3o0paxeHHe MO3BOJIAET BOC-
NPOM3BOJAIMIAS CHCTEMA, COCTOAINAs M3 mojorpesaemoro Karona K', anoma A', u
moayiasaTopa M’ (cm. puc. 7.10). Katon TpyOku co3aaeT MOTOK 3/1€KTPOHOB Manoi
3HEPTHH, IUIOTHOCTH KOTOpPOro perymupyerca momynsatopoM M'. B pesynerare
dopmupyeTcsi HMPOKWH pacOKyCHpOBAHHEIH Iy4OK 31EKTPOHOB, PABHOMEDHO
obmyvarommii MumeHs. [ToTeHnman Mumens nogoOpan TakuM 006pasoM, uTOOH!
MPH OTCYTCTBHMH 3aNMCAHHOTO M300pa)KeHNs Me[JIeHHBIE HMEeKTPOHB BOCIPOHU3BO-
AAIIETO My4Ka HE MOIVIK 4Yepe3 Hee mpoiTH. IIpy HaIMYHH NOTEHIHAILHOIO pellb-
eda B 3THX TOYKAX MUIIEHH YaCTh HIEKTPOHOB MPOXONHMT K 3KPaHy, BhI3bIBAS €r0
cBevyeHue. Ha skpaHe nossigercs OCLMIIOrpaMMa, MOBTOpsiomas GpopMy noreH-
UManbHOro penbeda MumeHH, CTHpaeTcs 3aliCh IMyTeM [MOJaY¥ HAa KOJJIEKTOp
OTPHLATEILHOIO HMITYIIECA, BEIPABHUBAOLIETO MOTEHIMAN MHIIEHH.

Y 3anoMuHalOmeR TpyOkM MOXHO BHIAENWTH TPH XapakTepHBIX peXuMa pa-
DOTBI:

Puc. 7.10. 3anomunaromas DJIT;
A", M', K’ — BocnipoM3BoAsias cucTeMa
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* HaOmonenue curHana Ges samuch W300pakeHHsi — Ha KOJUIEKTOpe HeGOmb-
moe NoyoXKuTensHoe Hanpskenue U, = + 50 B, Ha MumeHn Hy/IeBo# noTeHIHan
U e = 0, MUIIEHE TTpo3payHa Ui OBICTPONETALINX JIEKTPOHOB;

* pexxuM 3anmucu — U, = + 50 B, Ha MUIIEHs NMOJAETCA MONOKHTEIBHBIH T10-
TeHuman U, = 30 B, u MUIIEHb CTAHOBHTCS MeHee NPO3payHa, B pesynsrare Obi-
CTPO JIETAILIHE 3JIEKTPOHBI BRIOHBAIOT BTOPHYHBIE IEKTPOHBEI M CO3MAIOT HA MH-
LIEHW TIOJOKHUTENBHBIA MOTEHIWANBLHEIH penbed), KOTOpPBIi MOMXKET OCTABaThCA
[IATENIEHOE BPEMS;

* PeXKHM BOCIPOM3BENIEHMA — MOTEHIMATI MUIIEHH CHOBA CTAHOBUTCA Hyjie-
BBIM U, = 0, KpoMe Tex MecT, rie 3anmucaH pembed; MAmEHs 06IydaeTcs mupo-
KHM MOTOKOM ME/IJIEHHO JIETAIINX 3IEeKTPOHOB C BOCTIPOM3BONMAIIEH CHCTEMBI, A
9TOro NOTOKAa MUILIEHE MPO3pavHa TONbKO B MECTax peibeda, rie 3amicaH CHTHaL.

3anomunarone OJIT XapaKkrepusyloT CIeIyrOIIHe NapaMeTpsl:

* APKOCTH CBEYEHHA JKpaHa B pekHMeE BOCTIPOH3BEICHHA — OHA PETYIHPYETCA
HalpKEeHHeM MOOYJIATOpa CHCTEMBI BOCMIPOHU3BEICHHA H MOXKET OLITE BBICOKA,
TaK Kak BOCTIpPOM3BEIEHHE MPOU3BOIHUTCA HENIPEPBIBHO,

* BpeM# BOCTIPOM3BENEHHA H306paXeHHs — 3TO BPEMS B OCHOBHOM OTPaHNYM-
BaeTCAd yCTOMYHMBOCTHIO MOTEHIHANBHOTO penkeda K HoHHOU GomGapmupoBke; B
coBpeMeHHBIX OJIT Bpems BOCTIPOM3BEICHASI MOXKET JOCTHIaTh AECATKOB MUHYT;

* BpeMs COXPaHEeHHs 3allMCH — OHO ONpeeNAeTCA IPH CHATOM HAIPSHKEHHH C
OI1T;

* CKOPOCTh 3amicH — XapakTepusyer OpicTpozeiicteue DJIT B pexume 3aro-
MHHaHHA; ONMPENETIACTCA BpEMEHEM, HCOGXU,[[HMHM IS CO3TaHHA MOTeHIIHANBHO-
ro penbeda I0CTaTOUHOM BETHIHHEI.

CospemeHnbie 3anomuHatone SJ1T HMEIOT CKOPOCTh 3aIMCH CHTHANOB OT 2,5
o 4000 km/c.

MaTpuuHas MHAMKAaTOpHAas mNaHexb. Hopeluum Tanom orobpa-
HKaIOIIero yCTpOHCTBA, NMpUMEHse-
MOI0 B COBPEMEHHBIX OCHHILIO-
rpajax ¢ aHamoro-U@poBEIM H
TMONHOCTRIO IM(POBEIM Tpeobpa-
30BaHHEM HCCIIEAYeMOr0 CHrHaa,
ABNACTCA MaTpUYHasd HWHOIHKATOpP-

WTTLTTITLS LTSS TSSSTI SIS
Haa naHeﬂL » CIILIT TS SIS TSI ITLIT SIS 4

e R P R R ]

Ona npencrasnser coGoii coso-
KyITHOCTH PAcTIONIOXKEHHBIX OIpee- /
JeHHBIM 00pasoM OTHENBHBIX JUC- i 2272777777 77777 777777724

- 'IIII’IIIIIIIIIIIIIIIIIIII;
KPETHRIX M3Ty4areneif (rasopaspsn 2
HbIX, IUIA3MEHHBIX, JKHIKOKPHUCTAN-
JIAYECKHX, TBEPAOTENBHEIX M T.AL). Ha  Pyc. 7.11. Marpuunas wnankaropras nasens:
puc. 7.11 mobpakeHa KOHCTPYKIMA ]— CTeKNAHHBIE NACTHHBL, 2 — AHOZBI;
MATPHYHON ra30paspsAaHOi MaHeH. 3 — Karozer, 4 — Marpuiia
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Marpu4Has maHe/lb CONEPXKHT ABE CTEK/ISHHbIE IUIACTHHBI /, Ha BHEIIHHX T10-
BEPXHOCTAX KOTOPLIX HamblLIEHBl TOHKHE MPOBOAANINAE MOJOCKH — aHOABI 2 M Ka-
TOABI 3. AHOJIBI PACIONAralOTCA Ha JHIEBOl MIACTHHE, Yepe3 KOTOPYIO MPOXOIHT
CBETOBOE M3JIy4EHHE, OITOMY HX JeNal0T Mpo3padHbIMH. Mex 1y IIacTHHAMH 110~
MellaeTcs AMINEeKTPHYEeCKas MaTpulia 4 ¢ OTBEPCTHAMH, 00pa3ylomuMK rasopas-
paaHble (WiM Apyrue) suelfku B TOYKaX NepekpecTHs asekTponos. [Takens 3anon-
HAIOT refiuii-HEOHOBON cMmechio M repMerusupyior. M3obpakenne uccnemyemoro
CHTHaJIa BOCIPOH3BOIHTCA MOOYEPE/IHbIM CBEYSHHEM ra3opaspsaaHsiX sdeek. s
3TOr0 CO CXeMBI YIpaBlIeHHA MaHENbI0 B KaXkIbii MOMEHT BpeMeHH Ha aHOIbl H
KaTo/lbl IMIIACTHH MONAIOT COOTBETCTBEHHO MOJIOXKHTENBHBIH ¥ OTpPHLATENbHbIH
HMITYIbChl HANpskeHWH nomkura. Homep aHoaa, Ha KOTOp.Iil M0AaeTCs HMITYILC
HaNpsDKEHUA MOIUKUTA, OMNpeNieNseT CTPOKY pa3BepTKH, A HOMep KaTroa — CToM-
Oel; Ha WX MEPEKPECTHH pacrionaraeTcs CBETAMA’CA sueika mawend. Takoi
TPHHUMII YTIPABIEHHs JIy4OM Pa3BepPTKH Ha3bIBAKOT MATPHYHBIM, HA NMPAKTUKE €10
peai3yloT UM(PPOBLIMH METOZAMH H YCTPOHCTBAMH.

IpenMyIiecTBa MaTpHYHbIX HHAMKATOPHBIX NMaHeNel — Masibie rabapuTsl H Bec,
HU3KHE HANpSDKeHHs MATAHHA. B HUX OTCYTCTBYIOT reOMETPHYECKHE HCKAKEHMS, CBe-
TAAACA TO4Ka crabiibHa. PaspaboTaHsl naHes M ¢ BHYTpeHHEH NaMATsIO, CriocoGHEIe
HE TOJIbKO BOCMPOM3IBOMMTB, HO M 3alOMHHaTh HioOpaweHwe curHana. Lludposoit
PHHLIAIT YTIPARICHHA MO3BO/IET JOCTATOYHO MPOCTO COBMECTHTHL H300paKeHHe CHT-
Hana ¢ uuppobyKBEHHOM HHIMKALMEH ero napaMeTpoB Ha oHoM 3kpane. K Henocrar-
KaM MaTpHYHBIX HH/IMKATOPHEIX MaHejielf clefyeT OTHECTH CIIONKHOCTL CXEMBI YIpaB-
NIEHWA, CPaBHHTE/BHO HEBBICOKYH) Paspellalollylo criocoGHOCT: M HH3KOE GhiCTpO-
NIEACTBHE..

3anoMHHalomHue uupposse ocuuanorpads. B nocnennne
rofibl IHUPOKOe MPUMEHEHHE B HIMEPHTEJIBHON TeXHHKE HAXOIAT 3arOMHHAIOIIHE
wdpossie ocuwutorpadsi (3L[0). CTpykTypHas cxeMma 3anOMHHAIOMEro H(po-
BOTO ocumwiorpaa npueesieHa Ha puc. 7.12.

o Ur) —]IH i
b e 0 Pt L |
|
U{ Koumponaep
Bxo0 enewneii W (Cyopg 2_'\% Tenepamop| | Yewru- — Ha
CUNXPORUSGUUY ) cunxcponusauu [~ paaaeyuxu—j_' meny X ﬂacn;l,mu

Puc. 7.12. CrpyktypHas cxema 3anoMuHaiowiero uadposoro ocumaiorpada
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Ocmunnorpad Moxer pabotars B mBYX pexnmax. Ecn cIBOeHHEIH mepek-
Jmovarens I1 HaxoouTed B MONOXKEHWH /, TO CXeMa MPEACTABIAET OOBIYHEBIA YHH-
BepcalbHBIA ocupmiorpad, a ecnu B nonokeHuu 2 — 1o cxema padoraer kak 3L10.

VnpomesHo npuHIMI AeficTBUA 3alOMHHAIONIEro wrdpoBoro ocuunnorpaga
MOXHO OTIHCaTh criemyromnM obpasom. Mcenenyemsiit curdan u (f) ¢ 8xoma Y mo-
llaeTcs 4epe3 aTTeHaTop Ha HH(OPMALMOHHEIH BXOA aHamoro-uudpoBoro mpe-
obpazosarens (ALIT). M3 xonrpomnepa (ympasnsiomero ycrpodicrsa) na ALIII
MOJAIOTCA €IIe W TaKTOBbie MMIynbehl Ur ¢ mepuonoM cnegosanusa 7. Ilpu mo-
CTYIUIEHHH B HEKOTOPBIH MOMEHT BpeMeHH #; ogHoro uz Hux, ALIIT npeobGpasyer
aMILUTMTYAY CUrHana u (f;) B ABOW4HbIH kog U(), T. e. Habop komoebix uucen 0 u 1.
B ronne Takoro npeotpazosanus ALITT BeiaeT Ha KOHTPOILIEP COOTBETCTBYIOLIHI
curnan. Ilpu 3Tom mudpoBoit kox nepenaercs B onpefiesieHHYIO AYEHKY 3anoMH-
HatoIero ycrpoiicraa (3V).

3a Bpems uccnenoBanud curdana U(7) B 3Y HakaIiMBarOTCA KOIbI €T0 AMIUIH-
va Ut), U+ T), Ut + 27) 1 T.0.; TaM OHH MOTYT XpaHHThCA mo6oe Bpems,
MOCKONBKY 3V, KaK W3BECTHO, — JHEprOHEe3aBUCHMOe ycTpodcTso. s Bocmpo-
H3BEJICHHA XpaHMMOM HMHGbOpMAlMHM M0 KOMaHOe KOHTpoiuiepa u3 mamsta 3V
BRIGHpalOTCA  (CUMTBHIBAIOTCA) KOmbl B TpeGyemMoH TMOCHEOBATENLHOCTH H
3a[laHHOM TEMIE W MOJaloTCsA Ha UudpoaHanoroselit npeobpasosarens (LIAII).
LIATT xaxneiii kon npeoGpa3yeT B COOTBETCTBYIOIIeE eMy HanpsbkeHue. OTH
HanpsHKeHHsA MepefaloTcs 4epe3s YCHIWTeNb Ha mnactiHbl Y. Ocumiumorpamma
npencTapiseT coboif Habop ceetamuxcs Todek. i monydeHHs HerpepeIBHOM
ocHmuorpaMmel nociie 3V ycraHaBiuBaloT ONOK CINIaXHBAHUA — IO CYLIECTBY
(uILTp HIWKHEX YacToT (Ha pHc. 7.12 He nokaszan). :

OcHoeHele poctouHcTBa 3L|0O: npakTHYeCKH HEOTPAHWYEHHOE BpPEMs Xpawe-
HHA MH(pOpMalK; IMPOKHe Npefesibl CKOPOCTH ee CUUTHLIBAHHS, BO3MOXKHOCTH
3aMEIJICHHOIO BOCITPOM3BCHOCHHA OTHENBHBIX YYAaCTKOB 3allOMHEHHOIO CHrHaja,
APKHE M 9eTKHe OCLUJUTOrpaMMbl; BO3MOXKHOCT 06paboTku uHdopManmuy B ud-
POBOM BHIE Ha KOMIIBIOTEPE WJIH BHYTPH CaMoro ociumuiorpaga ¢ MOMOIIBI
BCTPOEHHOTO MHKpornpoueccopa. OcHopHO#! Hemocrartok 31[0 — wu3-3a cpaBHu-
TENBHO Hepbicokoro Oeictponelicteua AL GonsiuHcTBO Ocummiorpados Moryr
3alOMHHATE CHTHAJIBI, MMEIOIIHE YacToTy He Brime 40 MIu.

OJIT kak ycrpoiicTeo 0TOGpaXKeHHs 3aMOMHHAIOMIETO ocuuuorpada uMeer psf
HEeJI0CTaTKOB: GonbInne rabapuTel (JUTHMHA), BRICOKHE MUTAKOLIME HANPKEHHS, CPaBHH-
TENBHO Majias gonroedHocTs. [lostomy B mocnemnme romst B 310 ucnons3yrotcs
MaTpHYHbIe ra30paspaaHble U KHIKOKPHCTAIUIHIECKHE HHIUKATOPHEIE MTAHEITH,

7.4. CxopocTHbIe H cTpofocKONHYEeCKHE oOCHAIIorpadbl

Ilpu HabmoeHuy M MCcCNeJOBaAHHH KOPOTKHX MMITY/IECOB (CHTHAJIOB HAHOCE-
KYHIHBIX JuHTenbHocTel) u konebanuii CBU-auana3zoHa BOIHHKAET PAL CIIOKHO-
CTeii, KOTOpble AeNaloT MpUMeHeHHe YHHBepCaNbHbIX OCIMUIOrpadoB 3aTpymHi-
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TeJibHBIM. MOMKHO BBIIENHTH 1WECTh OCHOBHBIX (PAKTOPOB, OC/IOKHAIOMIMX TPHME-
HEHHE [UTA 3TUX LieNleli yHHBepcanbHbIX ocLiuorpados:

* B/IMAHWE E€MKOCTH IUIacTHH TpyOKM Ha KpyTH3HY (poHTa HCcieayeMoro
CHTHanNa;

* MapasHTHBIE Pe30HAHCHI, BOIHHMKAIOLIWE B HenAX, o0pasyeMbIX eMKOCTEIO
M1aCTHH H WHAYKTHBHOCTHIO MOJABOAAUIMX MPOBOIOB, BKIHOYAs BBOABI TUIACTHH;
napasHTHas pe3oHaHCHAs 4acToTa A0/KHA ObITh HamHOro Gosbire Beicmeft rap-
MOHHKH HCCJIEIYeMOro CHIHANa;

* BJIHAHHE KOHEYHOT0 BPeMEHH MNpojieTa BAEKTPOHOB MEXIYy TUIaCTHHAMH
OJIT, koropoe coctasiser |...10 Hc; ecnu 3a BpeMs HAXO0XKACHHA 3IEKTPOHA Me-
A IUIACTHHAMH CHI'HAJI M3MEHHTCS, TO OTKJIOHEHHEe 3JIEKTPOHHOrO Jyda Oymer
HenpeACKa3yeMo;

* HeoOX01MMO MMETh OYeHB MHPOKYIO ToNoCyY MpoIyckaHus kaHana ¥; nonoca
NPOMYCKAHUA JUIA Mepefaqyd OpAMOYTONbHOTO HMITYNbCa NMPHOIMKEHHO MOXKET
ObiTE paccyHTaHa no gopmyne Af = 2,5/t,, Toraa npH LTHTENLHOCTH HMITYJIbCa
1,= | Hec nonoca nponyckanna Af = 2,5 I'T;

* 1 HabmoeHnA HAHOCEKYHIHBIX HMIYNbCcoB H KoneGanuit CBY tpebyrorca
BBICOKHE CKOPOCTH ABHXXEHHA Ny4a MO 3KpaHy; Tak, HanpHMep, WA MOTy4eHHA
H300paXKEeHHa HMITY/Ibca JUTMTENLHOCTHIO T, = 5 HC Ha 3kpaHe OJIT mmpusOM
L = 100 MM CKOpPOCTb JBMXKEHHS Jyda HomkHa ObiTh mopaaka v = 20 000 xm/c
(v = L/t, — cKOpOCTh ABIKeHHUA Ty4a, L — paimep n300pakeHHs Ha IKpaHe);

* y300pakeHHe Ha SKpaHe MOXKET OKa3aThCs O4YeHb ONeHBIM, MOCKOJIBKY JTyd
BBIYEPUHBAET OCUWIIOrPaMMY C OFPOMHOMN CKOPOCTBIO,

Bce oTmeueHHBIe HelocTaTkKH TpeOyeTcs YYHTHIBaTh NpH paspaboTke ckOpocT-
HBIX ocumnorpadgoB. B ckopocTHeIX ocummiorpadax, paboTaiomix B pealbHOM
macmrabe BpemeHH, npuMeHstotcs creunansHsie DJIT bezywjeli onwsl, 4TO B
pesy/bTaTe He MO3BOJAET MOMYYHTh BHICOKYIO YyBCTBHTEBHOCTH KaHana BEpTH-
KaJbHOro oTkioHenHs (S, ~ 1 Mm/B). Co3nanne BBICOKOCKOPOCTHBIX Pa3BepTOK
TaKKe BCTPeYaeT TPYAHOCTH; HeoOXOMMMO MOJAHMMATH HAMPAKEHHEe pa3BepTKH 10
HECKOJIBKMX COTeH BOJBT. CylIecTByIOIHE cepHiiHEIe CKOPOCTHBIE OCHALIOrpadel
HMEIOT BEPXHIOI0 IPaHHYHYIO 9acToty 5...7,5 [T

Ilpu HcenenoBakuH GBICTPOTEKYIMX MPOLECCOB ¢ Majtoif aMIUTHTYAOH Hanps-
KEHHs, ONHUCAHHBIE CKOPOCTHBIE OCHMILIOrpadhl He MPHIOIHLI H3-3a HU3KOH 1yB-
CTBHTEJIBHOCTH. DTa npolnema peinaercs ¢ MOMOLUBIO crieUHanbHOM cTpodocko-
nageckoii npucTaBku (npeobpasoparens) K yHUBepcalbHOMY ocumuiorpady.

Crpobockormuueckuit Meton ocumulorpagMpoBaHMs NaeT BOIMOXKHOCTB CY-
IECTBEHHO YMEHBIINTh CKOPOCTh Pa3BepTKH 10 CPaBHEHHIO C TOM, KoTopas Tpe-
OyeTcs MpH HENOCPEICTBEHHOM HaGMONEHHH MCCeyeMOro CHrHala Ha CKOpoCT-
HoM ocumnorpage. Crpobockomiueckne ocummiorpadsl no3sonsior Habmonars
O4YeHb KOPOTKHE MepHOAHYeCKHe UMITYIEChl H BBICOKOYAcTOTHRIEe KomeGanus. OHu
obnagaot GombIION TyBCTBHTENBHOCTHIO, T.€. BXOMHbIE CHIHAIBI MOTYT HMETh

MaJTyIO aMIUTHTYLY.
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CmpoBockonuueckum Ha3BIBAIOT MEKTPOHHBIH ocILIOrpad, B KOTOpOM s
nomyyenus Ha 3kpane JJIT QopMbl curHana MCMons3yeTcsi 0TOOP €ro MrHOBEH-
HBIX 3HaYeHHH (BHIOOPKM CHrHANA) W BBINONHACTCS BPeMEHHOE NpeobpasoBanye,
T.€. H300pakeHue CHTHANA aeTCA B yBeTuueHHOM MaciuTabe Bpemens. ITo cyime-
CTBY NMPHHIHMI AEHACTBHSA 3aKIIOYAeTCH B MPe0OpPa3OBAHUH HECKONBKHX HIEHTHI-
HEIX CHTHAJIOB MalOH [UIHTENBHOCTH B OMIHH, HMEIONAi GOMBIIYIO MTHTENLHOCTS
1 TIOBTOPAIOMIMH (POPMY BXOHBIX CHTHANOB. CKOPOCTh PasBEpPTKH YMEHBLIAIOT
myTeM TpaHcdopmaryu Macmra6a BpemenH. Ha skpare ocmpwuiorpaga mossaser-
cs u3obpaxkeHue, o popme noxobHoe HCCIEAYEMOMY CUTHATY, HO B YBEIH4EH-
HOM BpeMeHHOM MaciuTale.

OGo0wenHas cTpyKTypHas cXema cTpoOOoCKONMMYECKOro ocummiorpada Kpome
Y3JI0B, THIOWYHBIX U1 YHUBEPCALHBIX OCLMIIOrpadoB, CONEPKAT CTPOBOCKOTH-
qeckui npeoOpa3oBatenb W YCTPOMCTBO CTPOGOCKOMHYECKOil Pa3sBepTKH, BKITIO-
Halomee TeHepaTop pasBepTKH, TeHepaTop CTPOO-HMITYNIBCOB (OHH MIPAlOT polb
NEPEHOCYHKOB HHOOPMALMK O CHTHANE) U G/I0K aBTOMATHYECKOTO CBHIE, 3a/ai0-
Wi mar cyuTeiBaHKA. ['eHeparop passepTku Moxer paGoTaTs B KOYIIEM PExH-
Me, HTO MO3BOJIAET MCCIIENOBATH MOBTOPSIOIIMECS HEMIEPHOANYECKHE MPOLECCHI.

OcHoBHEIM ycTpolicTBOM ocumtorpada seiseTcs CTpo6OCKOHIeCKHH npeobpa-
30BaTellb, B KOTOPOM HPOHMCXOIUT JHCKPETH3AlMA MOBTOPAIOMIETOCH HMCCIENYEMOro
CHrHaJIla ¢ MOMOIIBIO KPAaTKOBPEMEHHBIX CTPoO-MMIymbeoB. CTpYKTYpHas cxema
BPEMEHHEIE JIHATPaMMbI npeobpasoBare/ia BXOIHONO CHIHANA PUBE/EHBI Ha puc. 7.13.

U U
—— 3
= Cmecumens Yeunumens Pacwupumenp—-
2
a)
1 1
3 14 5 6 % 8
' |
] i
At AT 1 4t ALY L TAL
- A b Rl S o
AR X ks % H I 4 i ' L A
Vol a%Lnd BT TR e TR G AT e LY
“ Jl 1 ;‘ \\ J’ \. 1’ 1 t’ \ l', ﬁ?h
T '=Kppt t

Puc. 7.13. Tpunumn pabots npeoGpa3sosarens cTpo6oCKOMHYECKOro ocumorpada:
a— CXeMa; 6 — BpPEMEHHEIE HAarpaMMBbl

Uccnenyembie ummynscel U, AIMTENBHOCTBIO T H NIepUoaOM TOBTOpeHus T
TIONAOTCS. BMECTE €O CTPOG-HMITyrbcamu Uy Ha cTpOGOCKONMYeCK A CMECHTENh Mpe-
obpasosarens (puc. 7.13, a). [Tepron cnenosarms CTPOO-HMITYITBCOB Toy = T, + At, THE
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At HA3BIBAETCA Wd2aM CuumbIeanus. JTATeTBHOCTE Af BRIOGHpaKOT U3 ycioBua At = t/n
(n — uenoe uucno). B pesynsTare 3T0ro nMpeodpazoBaHMs OKA3kIBAECTCS, YTO Mep-
BBl CTPOG-MMITYJIBC COBMAfaeT ¢ HadauoM mepsoro ummymsca U, (1), 2-i —
CABMHYT OT Hauana 2-ro (2) umnynsca U, Ha A¢, 3-if cABHHYT OT Hagana 3-ro
(3) ummyneca U, Ha 2At u T 1. (puc. 7.13, 6).

Ha BhIXOIE cMECHTEA TOABIAIOTCA KOPOTKHE HMIYIbehl U3 (KHpHBIE JIMHHH C
TouKoH), COBMANAIONIME MO BpeMeHH co cTpob-ummynecamu (U, ), HO uMeromue
AMIUTHTYLY, PaBHYIO aMIUTHTYe HCCIeMyeMbIX HMIyIbcoB U B MOMEHT MOCTYILIe-
Hus cTpo6-ummyibeoB U,. ToaTomy mMITynbchl Us Ha3sbIBAKOT cmpob-umnynecami,
NPOMOOYTUPOSanHBIMU O amniumyde uccnedyemuim cueHaram U, (puc. 7.13, 6).

Kak BugHo M3 auarpammsl curHana U,, oeubaiowjas npomMooyAupoeanHuix
cmpo6-umnyiscos (JKAPHas IITPUXOBas JIMHKA Ha puc. 7.13, 6) npakTudeckd no-
emopsem gopmy ucciedyemulx umnyaecos U, Ho no CPaBHEHUIO ¢ HUMU PACMAHY-
ma 6o epemenu. Umnynscsl U; YCHIMBAIOT, 3aTeM pacmIMpsIOT 10 Tpebyemoii
ITATENBHOCTH ¥ MOAAIOT Yepe3 YCUIUTeNb KaHana ) Ha OTKIOHAIONIHE IUTACTHHbI
crpobockonuueckoro ocuwuiorpada. IIpu 3TomM Ha 3KkpaHe ocumuiorpada c
oberusEIMI DJIT 1 mutooGpa3xoit pazsepTkoii HabmoxaroT GopMy HMITY/IBCOB U,

Insa Gonplued KOHTPacTHOCTH H300paXeHHs IUIOCKHE YIaCTKH PacilipeHHOro
BO BPEMEHH MCCIIeLyeMOro CHrHana MoJCBeYHBalOT MMITY/IbCAMU CXEMBI TI0ICBETa
nyya, Takum obpazom uzobpaxkeHne curHaia OymeT MMETh BHJ CBETAMIUXCS “ep-
TOYEK, 4UTO ABJIAETCA XapAKTePHLIM NPH3HAKOM OCLMLIOrPaMMbl CTpoOOCKONHYe-
CKOTO OcHmMLIorpada.

Crenesb pacTAHYTOCTH HaGIONaeMOT0 HMITYIbCa BO BpEMEHH (BpeMeHHOe
npeobpasoBanue) XapakTepHsyeTcs koagduyuenmom mpanchopmayuu macuima-
6a spemenu K., = nT,. /T, T0€ n — 4uCIO CTPOG-MMITYIECOB, CYHTHIBAIOIIMX HM-
nynse U.,. [Tockoneky n = 1 /At, TO

Rop = Lot (7.8)

B coepeMeHHBIX ocLmuiorpagax Ky JOCTHTaeT IeCATKOB THICAY, UTO MO3BOJISET
npu oObMHBEIX pasBepTkax HaOmofars (GopMy HAHOCEKYHIHBIX MMIY/LCoB. ITonoca
NpOIYCKaHHs COBPEMEHHBIX CTpoGOCKONMYeCKHX ocupiorpados npesbimaet 10
ITu; ypoBeHb BXOAHOTO CHIHajla — OT HECKOIBKMX MHJUIMBOJLT JIO JECATKOB
BOJIBT; MOTPEIIHOCTE W3MepeHns 5...7,5 %

7.5. OcunnnorpadgupoBanne HeNpepbIBHLIX H HMIY/IbCHBIX CHIHAJIOB

ITockonbKy OCHOBHEIM TpeOOBaHHEM, NMpPENbABIAEMBIM K KOKIOMY H3MEpH-
TeJBHOMY NpHOOpY, ABNAETCS MHHHMAJbHAs TOTPEIIHOCTh M3MEPEHHA, TO TIPH
Bhifope ocmwuiorpada credyer B MepBylo ouepedhb 0OpaTHTL BHHUMaHHE HA ero
TaKMEe TEXHHYECKHE XapaKTePHCTHKH, KaK YacTOTHBIH IManazoH, YyBCTBHUTEINb-
HOCTB, pasMep 3KkpaHa. [Ipu 3ToM u300pakeHHe NOIKHO 3aHUMATh UEHTPATbHYIO
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4acTh Skpana ¥ cocTaBiath 70...80 % ero miomann. B uudpossix npubopax 310
TpeboBaHHe 0OBIYHO BbINONHAETCSH aBTOMaTHueckn. Lllupuna Jiyda JIoJpkHa ObITh
MHHMMAJILHOH NpPH A0CTAaTO4YHOM ApkocTr. Clenyer Takke obpamars BHEMaHHE
Ha BXO/iHBIC TTapaMeTphl ocuusLIorpada. Tak, y HEKOTOPBIX OCLHILIOrpadoB BXO-
HOE COMpOTHB/EHHE Topsaka 1 MOM, 94T0 MOXKET OKa3bIBaTh LIyHTHPYIONIEE Heii-
CTBHE HA BBICOKOOMHYIO HccleyemMyro cxemy. To ke HebnaronpuaTHoe melicTBue
OKa3bIBAC€T M BXOAHAA €MKOCTh, KOTOPas BMECTE C €MKOCTBIO COENMHMTENBHBIX
TpOBO/OB (kabesiel) MOXKET COCTaBHTh HECKONBKO JECATKOB MHKO(Dapas. Ipu n3-
MEPEHHH UMITYITECOB H HANpPsIKEHHH BBICOKMX YacTOT IMIA COENHMHEHHH MCTOUHH-
KOB CHTHANIOB H BHEMIHHX MEHEPATOPOB C OCHMLTOTPa()oM JOMKHBI HCTIONB30BATE-
CA CMEIHAIbHBIE BRICOKOYACTOTHBIE Kabes.

M3mepenne aMnMTy bl H BpeMeHHEIX NAPAMETPOB CHIHANA

B yHuBepcanbHsIX ocumiiorpadax HCIOMb3yeTcs METON H3MEpeH:A aMILTHTY]
CHTHAJIOB C MOMOMIBIO MACIITAGHOH CETKH, OMEIEHHOH Ha JKpaHe ocumiiorpa-
a. Llena eNeHns CETKH yCTAHABIHBASTCS C [IOMOLIBIO Kanubparopa aMILTHTY/IEI,

HimocTpauys 1aHHOTO METOZa H3MEPeHNs NPeICTABNeHa HA puc. 7.14, roe no-
kasarbl NEpHONMYECKHE CHIHA/EI. [TapaMeTpsl HMNY/ILCOB OMPEAENIOTCS CEmyIo-
muM obpazom: U,=Gl; U, — pasmax
(ammmaTyna mMmynsca); | C, | — uena [ i
NeNEeHNA CETKH IO BEpPTHKaNH, B/men; . A A
T = C; L, — nepuon crenoBaHus mm- 7/ /
mynbcoB; 1, = C; I, — IIMTENLHOCTD
aMiymbea; | C | — uena nenenms cer- ;.
KH 110 rOpH3OHTaNM, c/aexm; b, Ly, I, — 7/ /
BEIPAXKEHEI B JEJIEHHAX CETKH,

IMorpemHocTs W3MepeHus amruTH-
TYAbl CATHAJIA TIPH 3TOM METO/E HIMe- C.
penus cocramiset 3...5 %. Cymecr- ! T
BYET AN CMOCOOOB IMOBBICHTH TOY- = X

HOCTD MSMEPCHEN AMIUIMTYAR! HCCNe-  pye 714, Onpensnesnic napaMetpon
AYEMOTO CHrHa/a, HANPUMED KOMMEH-  cpruana ¢ NOMOWIBIO MACIITAGHOM CETKH
CallHOHHBIE METOAbl. JITH METOHbI

Halle BCEro NPUMEHAIOT TONBKO B UM(POBBIX OcIUIOrpadax, 9To MO3BONSAET
HONyIHTh YHCICHHBIC 3HAUCHHA IAPaMETPOB C TIOTPEIIHOCTEIO 1...2 Y%.

B ommuume ot 9acToToMepoB M u3MepHTenelt BpeMEHHEIX HHTEPBAJIOB, ¢ MO-
MOIIBIO OCUMILIOrPad)oB MOXXHO M3MEPATH TIADAMETPhl CHTHATIOB CIIOXKHOI Bpe-
MEHHOH CTPYKTYpbl, HAPHMEP CTYNEHYATBIX CHTHANOB WM CHIHATOB KOTOBBIX
nocnenoBareNbHOCTEH. MOXHO H3MEPATL MAapaMeTpsl CITy4aiHBIX ¥ NEPEXOXHBIX
nponeccos. HauGomnee mpocTsiM METOAOM HCC/EIOBAHNS ABNSETCH Memod Kanub-
Pposannoii paseepmiu (xannbpoBaHHBIX MeTOK) (puC. 7.15). Peansnas morperm-
HOCTb 3TOro MeTofia coctapnier nopaaka 10 % u 3aBHCHT OT KONMYECTBA METOK.
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KanubpoBouHsle MeTKH W3-
BECTHONM 9acTOTEl HAHOCATCA Ha
H300paKEHHe CHTHANA [UIMTENb-
HOCTBIO T, IyTeM MOMIY/IALHH
APKOCTH JIy4a, T. €. mojaded Ha
cetky OJIT HanpskeHus H3BECT-
HoH wactoTsl fi = 1/7;. TTpu sTOM
UTHMTENLHOCTh CHTHANA T, = nT,
e N — KOJIM4eCTBO Kaaubpo-
BOYHBIX METOK.

OcraHoBuMcs Ha cnocobe
H3MEPEHHA [0 MHTepdepeHLH-
OHHBIM (HrypaM, Ha3bIBAEMEIM
puzypamu Jluccascy. Hamepe-
HHE OCHOBAHO HA CpAaBHEHHM
HEH3BECTHOM YacToTel f; C H3-

T

Puc. 7.15. HamepeHHe HHTEPBAIOB BpeMeHH
€ MOMOMIBIO KATHOPOBOYHLIX METOK:
U — HCCNIEIYEMOC HANpPAMEHHE,
Uy — KaMHOPOBOYHOE HANPKEHHE

BECTHOH vacToToll f,, Bocnpoussomumoii Mepoit. C 3Toit nensio xoneGanua us-
BecTHO#H (06pa3uoBoi) YacToThl f, MOAAIOTCA HA ONWH BXOA ocumwIorpada (Ha-
npumep, ¥). Ha Bxon X (npu a1om cobcTenHas passeprka ocumniorpaa oTkmo-
9a€TCA) MOCTYNAKT KoneGanua u3mMepseMoil yactotsl £, Yactory f, o6pasnosoro
reHepaTopa MOACTPaMBAIOT Tak, 9rolbl Ha JKkpaHe ocmmwlorpada Habmomanack
npocTeimas ycToiunBas Gpurypa, npHMepHbIe BHIB! KOTOPOi NpH pasHeIX (a3oBbix
caBUrax mokasambl B Tan. 7.1. ®opma ¢uryp Jluccaxy 3aBHCHT OT OTHOUIEHHS
9acTOT m/n W HAYIBHEIX (a3 cpaBHUBaeMbIX KomebaHwii.

TabGanua 7.1. HarepdepeHumontsie uryps pH pasHbix GaoBbx CIBHrax

IMEHHE

9acToT 45

Coortio- Hayansneiit hazoswil caenr kone6anna ua sxoae Y, rpan

90 135 180

le
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COOTHOIIEHHE 9aCTOT ABYX rAPMOHHYECKNX 1
koneGaHuit MoxeT OwiTh ONpeneneHo Kak OT-
HOIIEHWEe YHC/Ia TOYeK MepecedeHus GHUryphl
Jluccaxcy m 1o BEPTHKAJIH K YHCITY TOYEK me-
peceueHnd » 1o ropusoHTand. Hanpumep, kak 0f )y
1oka3aHo Ha puc. 7.16, 3TO OTHOLIEHHE CO- \ ‘

CTaBJIAeT: b ’ \/

fEim 2 L i Nt 1
Jenotm g o2
Puc. 7.16. K onpenenennto
Orclona m3Mepsemas 49acToTa ONpenenser- OTHOIICHWA HacToT
o Kak: f, = f,/2.

TovHOCTE 3TOrO METOMA ONpENeNIeHNA 9acTOThl KoNeOaHus OKa3bIBAeTC s BRICO-
KOHM ¥ ONpEAENAeTCs CTAOMIBHOCTHEO 00pa3LOBOr0 reHepaTopa, OJHAKO MOoJyde-
HUe ¥ HaOmoneHne Takux GUryp — NOCTaTO4HO CIOKHAA H3MEPHTEbHAS 3a/1a49a.

OcuumiorpadupoBaHie HMIYJALCHBIX CHTHAJIOB

Ipu w3MepeHHH UMITYILCHBIX CHTHAIOB 0c000€ 3HAaYeHHE MMEET MPaBUILHOE
omnpeneneHue BUAA W MapaMeTpoB ()POHTOR MMITymbca. OCHOBHBIMH BITHAIOIHMH
(akTopaMu Ha MPaBUJILHOE BOCIIPOM3BEAECHHUE HMITYILCHOTO CUTHANA ABJISIOTCS:

* YacTOTHBIN NHaNa30H KaHasa BEPTHKAILHOTO OTKIOHeHuA AF =f, — f. tre f,,

J;, — COOTBETCTBEHHO BEPXHASA W HIKHAA IPAHAYHBIE YACTOTHI KAHANA;

* NEpEXonHad XapaKTepHCTHKA KaHala oc-

wwinorpada. ol

YacroTHble cBO¥cTBa ocuumiorpada otpa- =
KATCA  apaMeTpaMH  €ro  aMIUIATYAHO-
YacToTHOH xapaktepuctuku (AYX) — 3aBucu-
MOCTH pasMepa W300pakeHHs: rapMOHHYECKOTO
CHrHana ot ero 4actotbl. AUX xapakrepusyior
MOJOCOH MpOINYyCKaHUA, ONpelensieMoil Bepx-
Heil rpaHHYHOHN 9acTOTHI f;, OTCUUTEIBAEMOH 1O T 7
ypoBHO 0,707 or 3HaueHus AYX Ha HM3KHX I
yactoTax. Cpeu Opyrux napaMeTpoB OTMETHM
paGouwmii muanazoH AUX, B npeienax KoToporo Puc. 7.17. Tlepexonnas
ee HEpaBHOMEPHOCTh HE MpEBbIlAET morpem- — XaPAKTEPHCTHKa ocumiorpada
HOCTH H3MEPEHHA HANpPDKEHUA U4 JaHHOTO
ocuuiorpada. 3T0T napaMeTp ONpefeAeT YacTOTHBIE IPAHUIbI H3IMEPEHUS aM-
IUTHTYJ, TAPMOHHYECKAX CHIHAJIOB € 3aJJaHHOMN TOYHOCTEIO.

K napamerpam nepexonHo# XapakTepHCTHKH, NpelcTaBlieHHOH Ha puc. 7.17,
OTHOCAT BpEMs HapacTaHHA T,, — HHTEPBAJ, B TEYEHHE KOTOPOrO Jy4 MPOXOAUT
or 0,1 a0 0,9 or ycranoBuBmIerocs 3Hauenus (yposnsa U,) nepexonHo#l xapakre-
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PaKTEPHCTHKH MOXeT OmTh ¢ BhIGpocom \ ]

WIH C OCHWUIAUMAMM; B JTHX ClIydasx
HCTIONB3YIOT JIOTOJHHTENbHBIE NapaMer- I
PH: BpeMs  YCTAHOBJIEHHA T,,, OTCYUHTHI- |
BaeMoe oT ypoeri 0,1 1m0 momenTa /
YMEHBIICHAA OCHIUDIHA 00 3aMaHHOTO
ypoBHS; BHOpOC onpenenserca napamer- 1/ >
pom 8. Bpems HapacTaHHfA — OCHOBHON ™, T t
napaMerp KaHaia BepPTHKAILHOTO OTKIIO- £
HeHus ¥ ocomnorpadga, Puc. 7.18. Hckaxenns Gopmet
JUiA MccneNoBaHus KpaTKOBPEMEHHBIX TpAMOYTOMBHOrO HMIY/bCa
CHrHanoB  HeoOxomum  ocumwwiorpad,
MMEIOLIMi BpeMs HapacTanus He Gonee 0,3 OT IHTENBHOCTH CHIHANA.
V4uThIBas H3NOKEHHOE, MOXKHO PEKOMEH/IOBATH BEPXHIOIO IPaHMILy 9aCTOTHO-
O AHANasoHa ONpe/esaTh No Bhopmyie:

fi=2h, (7.9)

Tpu 3ToM AkTeNbHOCTS (ponTa uMmysbca (puc, 7.18) Cleyer YTOYHATEH CO-
IJIaCHO BBIPAKEHHIO:

puctuky. Tnockas yacTs nepexonHod xa- ( .

Un

5
\3
\
\
\
\

To =Y T —Tho » (7.10)

TA€ Tyy, — MIMEPEHHOE 3HAYCHHE JUTMTENBHOCTH (PPOHTA; T, — BpeMs HapacTa-
HHA (pOHTa, onpenensemMoe MO MepexomHOH XapaKTEpHCTHKe ocummorpada,
nomkHo 6biTE He Gonee 0,1...0,3 OT WIMTENBHOCTH CHIHANA,

Or HiwkHelt rpaEHHO# YacToTs! F,, 3aBHCHT BeniamHa ckoca AU, BEPILIHHEI HM-
nymeca (puc. 7.18). Ota rpaHMdHAR 4acTOTa MOKET GBITH ONpPeEeHa H3 dopmysl:

F,<§,/(2nt,),
rae 5“ — NOMNYCTHMAas OTHOCHTENLHAA BEJIHYMHA criana BEPIIUHBI HMITYTIBCA:

8, = AU/ Uy,

7.6. Hudpossie ocunnorpadi

Ludposoii ocummiorpad nossomser OAHOBpeMeHHO HaOmo#aTk HA 3KpaHe
CHTHAI H MONTY4aTh YHCICHHBIC 3HAYEHHs PAZAa ero napameTpos ¢ Gonbiuei Tou-
HOCTEIO, YE€M 3TO BO3MOXKHO ITyTE€M CHHTBIBAHHA KOJHYECTBEHHLIX BEJIHYHH HEIO-
CPEeACTBEHHO ¢ 3KpaHa o0biYHOrO ocuwiorpada. D10 BOIMOXKHO MOTOMY, 4TO
flapaMeTpel CHIHANA HIMEPAIOTCA HEMOCPENCTBEHHO Ha BXOAE LWH(PPOBOr0 OCLHI-
norpaga, Toraa Kak CHrHal, MPOMENMMH Yepe3 KaHAN BepPTHKAIBHOTO OTKIOHE-
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HUA, MOXKET OBITh H3MEPEH C CyIIeCTBEHHBIMH OMMOKamMu. DT OmHUOKH MOTYT
nocturars 10 %.

IlapameTpamu, U3MepAEMBIMH COBPEMEHHBIMH LM(POBEIMA OCLALIOrpada-
MH, ABJIAOTCA. aMIUTHTYa CUrHajia, ero yacTora Wil ANUTEeNbHOCTS. Ha JKpaHe
ocumorpaga, moMUMO COGCTBEHHO OCLMIUIOTPaMM, OTOOPaKAETCA COCTOSHHME
OPraHoOB yHpaBiieHHA (YyBCTBUTENLHOCTD, JUTHTEIBHOCT Pa3sBEPTKH H T. 1.). [Ipe-
AYCMOTPEH BhIBOA MHPOpMalMH ¢ ocumuiorpada Ha nevars i Apyrue QyHKIuHo-
HaJIbHBIE BO3MOXHOCTH. OHaKO 3THM HE OrPaHWYHBAIOTCA BO3MOKHOCTH LM(-
poBeIxX ocummiorpagos. Conpskenue HMbPOBBIX OCHHUIOrpadoB ¢ MUKPOIPO-
[eccopaMu Mo3BONSAET ONPENENATh JeHCTBYIONIee 3HAYCHHE HAPSXKEHHA CHIHA-
Jla ¥ Jaxe BBIMUCIATE M 0TOOpakaTh Ha 3KpaHe mpeobpasoBanus Dypue s
moboro BuIa cCHrHana.

B yerpoiicteax uudpossx ocumanorpagoB ocymecTaIseTcs noiHas uudpo-
Basi 06paboTka curHasa, NOITOMY B HHX, KaK IPaBHIIO, MCTIONB3YeTCA 0ToGpaXe-
HHE HA HOBEHIIHMX MHIMKATOPHBIX MaHE/AX.

B mudposex ocumniorpadax otobpakenue pesynsTaTa WIMEPEHUs MPOH3BO-
HOHTCA TpeMs criocobamu:

* MapamiesabHo ¢ HabJIoNeHNeM THHAMITIECKOTO H306paXkeH s CHIHANA Ha K-
paHe, ero YHcIeHHBIE NIapaMETPhl BLICBEUUBAIOTCA HA Tabo;

* OnepaTop NOJBOMNT K M300paXeHU0 CHTHAIA HA JKPaHe CBETOBBIE METKHM Tak,
9TO0BI OTMETHTH H3MEpPSEMBIH NapaMeTp, U Mo UMdpe Ha COOTBETCTBYIOMIEH pery-
JIAPOBKE ONpee/IaeT BEMIHHY HHTePECYIOLIETo MapameTpa;

* UCTIONB3YIOTCA CTENHANbHEIE KHHECKOME! (HANPHMEp, MaTPHYHbIE HHIHKATO-
PbI) ¥ pacTpoBLIi MeTon hopMUpOBaHHS HIOOPAKEHHS HCCIIETYEMBIX CHIHATIOB U
rdposoit nHdopMatmM. .

B coBpeMeHHBIX M(POBEIX ocumorpadax aBTOMATHIECKH YCTAHABIHBAIOT-
Csi ONTUMANbHBIE pasmepsl H300paxkeHHA Ha skpaHe TpyOku. Hinke mpusopsTcs
napaMeTphl COBPEMEHHOr0 UM(POBOro aBTOMATH3IMPOBAHHOIO ociuLIorpada,
KOTOPBIH ABJIAETCH XapaKTEPHBIM NpPECTaBUTENIEM 3TONO KJIacca Mpubopos.

CrpykrypHas cxema 1udposoro ocumwinorpada CoIepKuT: aTTeHI0aTop BXOa-
HOTO CHIHafa; YCHIHTEN BEPTUKANIBHOIO U TOPH30HTAIBHOTO OTKIOHEHHS; H3ME-
pUTENH aMIUTATYABI ¥ BPEMEHHBIX HHTEPBAIOB; HHTep(delCcH CUrHaNna ¥ M3MEpH-
TeNel; MUKPOIpONECCOPHbI KOHTPOJUIEP; TIeHEpaTop pasBEPTKH, CXEMy
CHHXPOHH3ALMH M 3IEKTPOHHO-JIYYEBYIO TPYOKY.

TexHHYeCKkMEe XapaKTEePHUCTHKH THUIOBOTO COBPEMEHHONO LHM(pO-
BOro ocumuiorpada:

nojoca nponyckanus 0...100 MIu;

ko3 unmentsl otkaonenus 0,002...10 B/nen;

ko3 uumentsl pazsepriu 20 uc/men...20 mc/nen;

MOTPENIHOCTE KO3 QHIMEHTOB OTKIOHEHNA W pazBepTku 2...4 %,;

MOTPENIHOCTE HH(POBLIX H3MepeHuit 2...3 %,;

pasmep axpana 80X100 mm,
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OYyHKUHOHAJbHBE BOSMOKHOCTH:

aBTOMATHYECKas YCTAHOBKA Pa3sMEPOB M300paeH:A;

aBTOMATHYECKAA CHHXPOHM3ALINA;

PasHOCTHBIEC H3MEPEHHMA MEKITY ABYMA METKaMH,

ABTOMATHYECKOE M3MEPEHHME pa3Maxa, MakCHMyMa ¥ MHHUMYMa aMILIHTYIBI
CHTHAJIOB, TIEPHOAIA, ITHTEIBHOCTH, Nay3bl, PPOHTA U CNaja HMIYILCOB;

BXOJI B KaHaJ1 061LIEro mojib30BaHuA.

M3 cTpykrypHO#l cxemsl (puc. 7.19) BHAHO, 4TO aMILIUTYAHBIC H BpEMEHHbIE
mapaMeTphl HCCIEAyeMOro CHrHajla ONpeieNsioTcs C MOMOIIBI0 BCTPOCHHBIX B
npubop usmepuTesen. Ha ocHoBaHHH NaHHBIX M3MepeHui MHKPOIPOLIECCOPHBIH
KOHTpOJUIEP NPOM3BOIMT BBIYHCIIEHHE TPEOyEeMBIX K03()(pULHEHTOB OTKIOHEHUA
W pa3BepTKH U Yepe3 UHTepdeiic yCTaHABNHBACT JTH k03¢ uIHeHTs B anma-
paTHO# YacTH KAaHANOB BEPTHKAIbHOTO M IOPH3OHTANIBHOr0 OTKIOHECHHA. D10
ofecrednBaeT HeU3MEHHBIE pa3Mephl H306paKeHUs MO BEPTHKAIM 1 FOPU3OHTA-
JIH, @ TaK)Ke aBTOMaTHYECKYI0 CHHXPOHU3AIHIO CHrHAIA.

Humepgeiic & —> Konmposaep
‘ J
Bxod Yeunumens
gt Ammenroamop gepmikanbHoeo | |
cueHaaa OMKAOHEHUA
H3mepumens Cxema
amnaumyast —l CUHXPOHU3AUUU
Humepgheiic K— Yeunumens
| |z0puzonmansrozo |l
H3amepumens ,_l i
BPEMEHHBIX | | [Tenepamop |
UHMepaanoe pasgepmii

Puc. 7.19. Yipomennas cTpyKTypHas cxema muposoro ocuminorpaga

MHKpOTIPOLIECCOPHBIH KOHTPOJ/IEp Takuie OMPAIIMBACT MOJNOKEHHE OPTAHOB
yIpaBieHus Ha NepejHel naHeNd, ¥ JaHHbIE ONPOCa MOC/HE KOAMPOBAHMA CHOBA
MOCTYNAIOT B KOHTPOJLIEP, KOTOPBIH 4epe3 mHTep(eiic BKIOYaeT COOTBETCTRYIO-
MM peKUM aBTOMATHYECKOTO M3MepeHus. PesynsTarsl HW3MEpEHHH MHANIHPYIOT-
Csi Ha OTAENBHOM CBETOBOM Tabuo (OHO MOXeT GLITh BCTPOGHO B 3KpaH TPYOKH),
NpUYeM aMIUTHTYIHBIE W BpeMEHHEIE MapaMeTphl CHrHaia 0ToOpakaioTcs OIHO-
BpEMEHHO.
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KonTpoasnsie Bonpock!

1. Jlns xakux ueneit IpUMeHSIOT ociuuiorpader?
2. Kakue G10KH BXOJAT B COCTAB CTPYKTYPHOM CXEMBI YHHBEPCANBHOTO oCLMLIOrpada?
Hx nasnauenue?
3.” Jina yero npUMeHseTCs CHHXPOHM3ALMA Pa3sBepTok oclumiorpada? OCHOBHbIE THIIBE
CUHXPOHH3ALHH.
4. Jlns kakux uesedt B ocuuiorpadax NpUMEHAIOT Kanubparopsi?
5. KakoBo HasHaweHue MMHEHHO-H3MEHAIONMIErOCA HANPSKEHHS, [I0]ABAEMOTO HA TOPH-
. 30HTAIBHBIE MIACTHHEI?
6. DnexTpoHHO-Ty4eBas TpyOka: yCTpOMCTBO, IPHHLMI JEHCTBUA, OCHOBHEIE NapaMeT-
-PBI H XapaKTEePUCTHKH.
7. 3anomuHaOmMe OCHMLIOrpadsl — NPHHIKT JCHCTBHS, NAPAMETPEI H OCHOBHEIE pe-
_JKHMBEI pabOoTEL
8. Kakossl oco0eHHOCTH oCLMIIOrpa()pOBAHHS HMITYTECOB HAHOCEKYHIHON JTHTENb-
HocTH?
9. B uem 3akmo9aeTcs NPHHLMI CTPOGOCKONHYECKOr0 OCLMLIOrpaf)HpoBaHus GEICTPO-
TEKYIIHX POLEcCcoB?
10. OcuosHeie TpeGoBanus k «pa3BepTHIBAIOMEMY» HanpskenH:o. Kak paGoTaer reHepa-
_ TOp NuNo06pazHOro HanpsKeHus?
11, INepeuncnuTe OCHOBHEIE BUALI PA3BEPTOK.
12. Korpa ucnone3yercs nuHeitnas passepTka?
13. Kak ocymecTeisgercs Kpyrosas passepra?
14. Kax n3mepsercs aMILuIHTy/1a CHTHAJIOB ¢ NOMOIIEI0 ocupmtorpada?
15. Kak oCymecTBIsSeTcs H3MepeHHe BPEMEHHEIX HHTEPBAIOB C MOMONIBIO KanHGpoBaH-
'Ho pasBepTky H APKOCTHBIX METOK?
16. Kakum 06pasoM MOXHO MpOBECTH M3MEPEHHE HacTOTHI CHrHana METOmoM (uryp
" JInccany.
17. Kaxue Tpe6GoBaHHs NPeXbABAAIOTCA K OCHHINOTpady NpH H3MEPEHHH HMMITYIbCHBIX
CHUTHaNOB?
18. IpuHumne! nocTpoeHns MGPOBLIX ocuuLIorpados.
19. M3 xakux OCHOBHBIX Y3/10B COCTOUT LU(poBO# ocmmnorpad?
20. Ha3oBuTe OCHOBHEIE MapaMeTPEI COBPEMEHHOI'0 M(poBOro ocummiorpada.



Iasa 8. ASMEPEHHUE YACTOTHBI
" UHTEPBAJIOB BPEMEHHA

Mi3MepeHMe HACTOTHI ¥ MHTEPBAJIOB BPEMCHH, @ TAKKE XPAHCHHE H BOCTIPOHM3BE/ICHHE
#X eMHHIL JIEKAT B OCHOBE MHOTOYMCIEHHBIX H3MEPUTEIBHEIX 3a/1a4, PEIIACMbIX B COBpE-
meHHolt panuorexHuke. TexHHHeckas anmaparypa i 4ACTOTHO-BPEMEHHEIX M3MEpEHHI
o6pasyeT eMHbIHA KOMILTEKC MPHOOPOB U CPE/ICTB, ofecreyrBaioMi BO3MOXKHOCTE MIPOBE-
TeHH W3MEPEHHHA C HEMOCPEACTBEHHOH HX npuEs3Kkoii k [0CcynapcTBEHHOMY JTaJOHY Hac-
ToT 1 BpeMeny. ITociennee onpeneseT NPHHUMITHAILHO BRICOKYIO TOTHOCTE H3MEPEHNIt,

8.1. O0mne cBegeHHS

YacroTa f win nepuoa T OTHOCATCS K OCHOBHBIM IapaMeTpam mo6oro rapMo-
HUYECKOr0 WM TIEPHOJMMECKOro npotecca. B obmem ciryqae nox yacmomoii 1o-
HUMAIOT YMCIO HASHTHYHBIX COOBITHIL, MPOHCXOAMINX 32 SAHHUILY BPEMEHH. T
MepUOAHYECKHX, HO HE TapMOHHUECKHX KoneGaHuil CTPOrO CrpaBeTMBO JIHILDb
nousTHe meproaa. OTHAKO M B 3TOM Clydae 4acTO FOBOPAT O HacToTe, MOHHAMAd
04 ATHM BEJIMYHHY, 0OpaTHYIO NEPUHOIY.

Enunuua yuxknuvecxoii wacmomer f — repit (I'l) — COOTBETCTBYET ONHOMY
xoneGanmio 3a 1 ¢. OTMETHM, YTO HCTOPHYECKH B PAAHOTEXHHKE BBICOKHE HacTO-
ThI IIPUHATO 0603HAYaTH GyKBOI f; @ HU3KHE — F.

HaroMHUM, 9TO FapMOHMYECKHiT CUTHAT 3AIHCBIBACTCA KaK

u(f) = Upcos(ot + @g) = Ucose(), (8.1)

rne U, — aMIUIHTYaa; @ — yryiosas (kpyrosas) 4actoTa; @o — HadaibHad taza;
o(f) = 0f + ¢ — noNHas (TeKymias, MrHOBeHHas) pasa.

VrnoBas uacTota @ = 27f BRIpaXaeTcs B pay/c ¥ paBHa M3IMEHEHUIO TeKymei
assl curHANA Q(f) 32 eTMHMLY BpeMEHH. YIJIOBas 4aCTOTA 3aMUCRIBACTCA IJ11 Bbl-
COKMX H HH3KMX 4acTOT COOTBETCTBEHHO Kak ® = 21f u Q = 2nF. JLnst rapMOHHYe-
CKHX CHTHAJIOB (B TOM UHCIE H HCKaKEHHBIX 10 Hopme, HO HE IT0 MEpHOILy CIE0
BAHKSA) YACTOTA ONpPEAENAETCA YHCIIOM MEPeXoJIoB Yepe3 0Ch BPEMEHN (T. e. "epes
HYJTB) 32 €IHHUITY BpEMEHH.

[Ipd HEMOCTOAHCTBE YACTOTH MCIOJBL3YETCA MOHATHE MzHO8eHHOU Y2n080l
wacmomul &(f) = do(f)/dt = 2nf(t), tae f{f) — meHoeennan YUKIUYECKas 4acmo-
ma. B HACTOAIEM pa3fieie NpH ONHCAHMH METOOB H3MEPEHUSA YaCTOTEl HMECTCH
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B BUIY €€ Cpednee 3nayenue 3a pemMa uamepenus. Pasnuuaior Taioke donzospe-
MEHHYIO W KpamkospemenHylo HecTaOHWILHOCTH YaCTOTHI, CBA3aHHEIE COOTBETCT-
BEHHO C MOCTOAHHBIM M3MEHEHHEM YaCTOTHI 32 [UTMTENbHbIH H KOPOTKHI HHTEpBa-
JbI BDEMEHH H ¢ €¢ (NIYKTyalOHHEIMH H3MEHEHHAMHE. [ paHHIa MEXIY 3THMH He-
CTaGHILHOCTAMM YCIIOBHA H 3/1a€TCA MyTEM yKa3aHHs BPEMEHH H3MEpeHHUA.

Tak Kak M3MepeHne YacTOTEL, [0 CAMOMY €€ ONPE/E/ICHHIO 3aHMaeT OnpeneneH-
HBIH POMEXYTOK BPEMEHH, TO PE3yJ5TATOM H3MEPEHHS SBJISeTCs YCpe[HeHHOe Ha
HMHTEpBa/Ie BPEMEHH T, 3HAYCHHE YaCTOTHI H, CEJ0BATENBHO, MOXHO OXHIATH, 4TO
TNOrpeIIHOCTb H3MEPEHHA YaCTOThI GyAET 3aBUCETh OT BPEMEHH YCPEIHEHUS.

Humepeanom eépemenu At B obmeM cioydae HasbBaeTcs BpeMs, Mpome/iee
MEXy MOMEHTAMH JBYX MOCNeNOBaTeNbHBIX cobbiThit, K wHCHy Takux MHTep-
BAJIOB OTHOCATCS, HANpPHMEp, MEpHOA KoieGaHHif, MNMHTENEHOCT MMITYIBCA WITH
JUIATEIEHOCTE HHTEPBAJIA, ONpeJiesiieMas pa3HOCOM 110 BPEMEHH JBYX HMITYIThCOB.

Iepuodom T Ha3piBaeTCs MHTEPBAN BPEMEHH, uepes KOTOpBIH peryispao mo-
BTOPAIOTCA MTHOBEHHBIC 3HA4Y€HHs rapMOHMYECKOTO HIIM MEPHOIWYECKOrO CHI-
Hana u(f). Orciona cnenyet, uto u(f) = u(t + nT), rae n = 1,2, 3, ... . Ins rapmo-
HIIECKOTO CHrHana, Hanpumep Wis #(f) = U,sin(2nt/T) = U,sing(f), nepuon kone-
Gauus T MOXHO Takke ONpeNeNHTs, KK HHTEpBA BPEMEHH, B TeYeHHE KOTOPOro
asa curnana (f) (B pannanax) usmenserTcs ua 27,

Yacrora f u nepuon koneGannus T nyansHsl (T. €. JBOHCTBEHHBI, DABHOTIPABHbI)
u cBa3aHbl popMynoii £ = 1/T. Tlockonbky 3TH /B¢ DH3MYECKHe BENHIHHBI HEpas-
PBIBHO CBA3aHbI, H3MEPEHHE OJHOM BeNMYMHBI MOXKHO 3aMeHMTs apyroii. Ho Ha
TIPAKTHKE Yalle H3IMepAeTCs 4acToTa.

Armapatypa [ 4acCTOTHO-BPEMEHHLIX H3MEpeHui 00pasyeT eMHEIH KOMIUIEKC
NMpUGOPOB, 0beCTeuHBAIOMIKI BOIMOXKHOCTh [POBEIEHHS H3MEPEHUH C HemocpescT-
BEHHOH HX NPHBS3KOH K [0CYIapCTBEHHOMY STANIOHY YaCTOTHI M BpeMeHH. 10 daxTy-
HECKH rapaHTHPYET BO3MOKHOCTb NPHHLIMITHATLHO BBICOKOH TOYHOCTH M3MEPEHHIA.

OCHOBHBIMM H3MEPHTETEHBIMH [IPHOOPAMHU U CPeiCTBAMH YaCTOTHO-BPEMEHHEIX
M3MEPEHHH SBIIIOTCA:

ocumorpadsi;

NPHEMHHKY CHTHAJIOB STAJIOHHBIX 9aCTOT H KOMIapaTopBi;

npeo6pa3oBaTel YacTOTE CHIHAJIOB;

YaCTOTOMEPHI PE30HAHCHEIE;

acTOTOMEPLI HAa OCHOBE METO/a 3apA/a-paspsaia KOHAEHCATOPa;

4acToTOMEpH! HHbPOBLIE;

UH(POBBIE H3MEPHUTESTH YACTOTHL M HHTEPBAIOB BPEMEHH,

bazo#i s 4acTOTHO-BPEMEHHEIX M3MEpeHHi CITy KuT rpymmna I'ocynapcteen-
HBIX CTAaHIAPTOB 4aCTOTBl — BBICOKOTOYHBIX MEp 4aCTOTHI M BpeMeHM, o0benu-
HAIOMAsA pyOMAMEBsIH, Le3HeBIN, BOXOPOAHBIH M KBAPLEBHIH cranpaptel. [Tpu-
BA3KA K HAM [PAKTHIECKHX M3MEPEHHH OCYMECTRIAETCA MPHEMHUKAMH CHTHAJIOB
STANIOHHBIX HACTOT, MepefaBaeMBIX panuocTaHuuamu locynapcTeeHHO# CoykObl
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43CTOT M BPEMEHH, a TAKke KOMIapaTopaMy U npeobpa3oBaTe/siMi 4acToThl CHr-
sana. [locneHAe NPUMEHSIOTCA Ui NEPeHOCa JacTOThl HIIH CIIEKTPa H3MEPACMO-
0 CHrHaNa B TOT JHMAra3oH 4acToT, rae Hambosee Ienecoobpa3HO MPOH3BOAWTH
geofXxoaUMOe H3MEPEHHE.

B 3aBHCMMOCTH OT Y4acTKa 4aCTOTHOIO CTIEKTpa U JIOMYCTHMO#H NOTPeIHOCTH
115 M3MEPEHNA YaCTOTH! IPHMEHIOT PA3HYHbIE CIOCOOB! | MPHEMBbI H3MEPCHHA,
OCHOBAaHHBIE KaK Ha HCIIONL30BAHHH METONIOR CPaBHEHHUA, TaK H METONOB HETMO-
CpeACTBEHHOM OLIEHKH.

B MeTOaX CpaBHEHHS (De30HaHCHbL, 2emepOoOUHHbIll Vi C NOMOWbIO OCYUNI0-
2pagha) UCTIONB3YIOT CPaBHEHHE M3MEPAEMOI JacTOTHI C 4acTOTOM MCTOYHHKA 00-
pasLOBBIX KoeGaHuit. DTH METObl NPHMEHSIOTCA B OCHOBHOM IUIA rpanyHpOBKH
reHepaTopoB Pa3NMYHBIX H3MEPHTENbHBIX MpHOOpoB. Ha ocHoBE MeTONA CpaBHe-
A JeHCTBYIOT OCLMUIOrpauyeckue crocoObl M3MEPEHHs 4YacTOThl U IeTepo-
IMHHBIE uacToTOMepsl. JUIs MX peanu3auui HeoGxommM 06pasioBbIi reHeparop
Soltee BBICOKOM TOUHOCTH M YCTPOHCTBO cpaBHeHHs (Cidenns) dacTot. [lepedmc-
MM METOBI, OCHOBAHHbIE HA HCTOJB30BaHMH OCIMAILIOrpaga B KaiecTse ycTpoii-
CTBa CPaBHEHHS:

+ Ompe/Ie/ieHHe YACTOTH MeTofoM Guryp Jluccaxy;

« ompeieNieHye HHTEPBATIOB BPEMEHH (TIEPHOJIA, JTUTENBHOCTH HMITYJIBCA 1 T.0.)
¢ HCTIONB30BAHUEM KATHOPOBAHHOM pa3BepTKy ocuwiorpaga;

* OTIpeieNIeHHe YACTOTHI C MOMOLIBIO APKOCTHBIX METOK Ha KPYTOBOH PasBEPTKE.

[epBbie B M3 MEPEUHCICHHBIX METOJ0B PACCMOTPEHBI B [IABE 7. Tpetnii METOR
peau3yeTcs TPH YCIIOBHH, 4T0 HEH3BECTHAA 4acToTa f; Gomsme obpasioroit f,. Kpy-
roBas pasBepTKa CO3NATCs NP MO/IBEJICHHH K BXofaM ¥ n.X ocuwuiorpada rapMoHu-
9eCKHMX CHTHAJIOB 0OPa3LOBOit 4aCTOThI ], CIBUHYTEIX B3aUMHO M0 (ase Ha 90°. Tlo-
1aBast rApMOHMHYECKHI CHTHAJ C M3MEPAEMOi YacTOTOH f+ Ha BXoJl Z MOTYJIALMH APKO-
cTH Jyya octpuUiorpaa i PerymMpys HactoTy fi, MOXHO NOMYHHTb MPAKTHIECKH He-
MOABKDKHYIO MOTYTHPOBAHHYIO TI0 SPKOCTH KPYTOBYIO PasBEPTKY (puc. 8.1).

Ecmu N — 4ucio ApkuX Ayr (HIH TeMHBIX MPOMEXYTKOB MeEMIy OyramMu) Ha
KpyroBOii passepTke, TO 4actora f; = N f, (Ha
puc. 8.1, £=81).

Bce ocumuiorpadHyeckue METONbI HMEIOT AT
HEBBICOKYIO TOYHOCTH (OTHOCHTENbHAs MOrpel- / \
HocTh u3MepeHuii nopsaka 107'...5:107%). Bepx-

HSA TPAHMILA IMATIA30HA U3MEPSEMbIX YacTOT OTl- \ /
pefiefeTcs NapameTpamMu ocuusuiorpada w s
GoMbBIIMHCTBA M3 HUX He npesbimaer 500 Mru. o AR

K npuGopam, paboTaroluM 10 METOIY HEmo-
CpeICTBEHHON OLEHKH, OTHOCATCA PE3OHAHCHBIE
4acTOTOMEPHI M W3MEPHTENM YacTOTHI, MCIONb-
3yIolMe METO 3apA/ia U pa3psana KOHIeHCaTopa.
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CoBpemMeHHOE M3MEPEHHE YACTOTBI METOIOM HETIOCPEACTBEHHOH OLEHKH ITIABHBIM
00pazoM BBINOMHAETCH JMEKTPOHHO-CUETHBIM, WIH yugpossim (Ouckpemnoeo cuema)
METO/IOM, Ha OCHOBE KOTOPOrO CO3AaloTcs Liudposble (MEKTPOHHO-cHeTHBIE — 3CYH)
HacToTomepsl. K IocTOMHCTBAM 3TOT0 METO/IA OTHOCHTCA BRICOKAS TOYHOCTH H3MEPEHHIL,
IIMPOKHIT IHana3oH H3MepAeMBIX YacToT, BO3MOXHOCTL 00paboTkH pe3ysTaroB HaGmo-
JeHHH ¢ MOMOIIBIO BEIMUCTHTELHBIX YCTPOHCTB (MHKPONpPOLIECCOPOB, MEPCOHATIBHBIX
KOMITBIOTEpoB H 11p.). LlndypoBsie yacToTOMEpHI MO3BOIAIOT H3MEPATE HE TO/IHKO YACTOTY
Kkonie0aHHi, HO ¥ MHTEPBAJIbI BpeMEHH.

8.2. PezonancHblil METOA H3IMEPEHHS YACTOTHI

IMpunumn peficTBHA pe30HAHCHOTO METONAa OCHOBaH Ha CPaBHEHWH H3MEpAEMOi
YacTOTHI f; ¢ COGCTBEHHON PE30HAHCHOI YacTOTOH f, TPaIyHpPOBAHHOTO KoJlebaTeNBHO-
IO KOHTYpa WX pe3oHatopa. O6bMHO JaHHBIA METOX NPHMMEHACTCA B AHAMA30OHaX Bhbi-
cokux qactor H CBY, Ho MoxeT Hcrionb30BaThea U B Oonee HinkoM auanasone. Mame-
pHTebHBIE NPHOOpS!, paboTaromie Ha OCHOBE ITON0 METONA, HA3BIBAKOTCH PEIOHAHC-

u(f)|  Bxoomoe Ilepecmpausaemas Huduxamop
yempoiicmeo ””gmg"“” pe3oanca

Pwuc. 8.2. O6obmennas cTpykTypHas cxeMa pe30oHaHCHOTO 4acTOTOMEpa

HbIMU yacmomamepamu; WX 060011eHHas CTPYKTypHas cXeMa NpHBe/ieHa Ha puc. 8.2.

ITepectpanBaeman koneGarenbHas cHcTeMa BO30Y)KIaeTcs CHIHAIOM HC-
TOYHHKA H3MepaeMOoil 9acToTsl u(f;) yepes BXoIHOE YCTpOHCTBO. MHTEHCHBHOCTE
xonebanuii B xonebarensHON CHCTEME Pe3Ko YBEIUIHBAETCA B MOMEHT pPe30HaHca,
T.€. PH f; = f,. JlaHHBI MOMEHT (HKCHpYETCH C MOMOMIBIO HHAMKATOPa Pe30HaH-
ca, CBA3AHHOIO ¢ KoyebGarenbHON cHCTEMOH, H 3HaYeHHE U3MEpPAEeMON YacTOTHI f;
CYHTHIBAETCA C rpaJyHpOBaHHOM IIKAIBI MEXaHH3Ma HACTPOHKH.

B xagectBe KonebarenbHOH CHCTEMBI Ha 9acToTax A0 coteH MI'n ucmons3yioT-
ca kosnebaresbHble KOHTYpHI; Ha Yactorax A0 | I'T — KOHTYpEI ¢ pacnpeienes-
HBIMH TIOCTOSHHBIMH THIIA OT- 3

Pe3KOB KOAKCHAITEHON JIMHUM; Ha 2 BI C) |

4acToTax, npesblnarommx |1

I'Tu, — obvemHBIE pe30HATOPLL. ¢ 5
Ha puc. 8.3 npusenena yn- ﬁ.\ ] ' 4

POILEHHAsA CTPYKTYpHas cxema

PE30HAaHCHOTO  4YacToToMepa d 1 7

(BonHOMepa) ¢ 00BLEMHBIM pe- =

30HATOPOM, BKJIIOYAOLIAA BOJ- Puc. 8.3. Ynpouiensas cTpykTypHas cxema

HOBOA /, MO KOTOPOMY MOCTY- PE3IOHAHCHOIO YacToToMepa
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naeT OSHEpIMA H3MepsAeMON YacToThl fi, TETIO CBAH 2, nmertekrop (mony-
TPOBOIHMKOBBIN THOA) 3 ¢ HHAWKATOPOM pe30HAHCa U, obsemHbIH pe3oHaTop 4 U
myHKep 5, MpeaHasHaYeHHbIH U1 H3MEHEHHA ONHOTO H3 pasmMepos pe3oHaTopa u
CBA3AHHBIN ¢ OTCHeTHOM mKanol. CBA3s pe3oHaTOpa ¢ ACTSKTOPOM HHAYKTHBHAL
H OCYIIECTBIISETCA NeTNel CBA3H 2.

Jlumelinbii pasmep pe3oHatopa / B MOMEHT HACTPOHKH B PE3OHAHC OHO3HAaYHO
CcBf3aH C UTMHOMN BOJHBI A BO30Y)XKIaeMbIX B HEM 3JIEKTPOMArHHTHBIX KonebaHui.
Pe3oHaHC HACTYNaeT NpH IAIHHE pe30HaTOpa I=nm\J/2,tnen=1,2,3 urt A llo3to-
My, epemMelias IUIyHkep 5 0 MOMEHTA MOJyHeHHs: NEpBOro pe3oHaHca, a 3aTeM
CleAYIOMEro H OLEHHBAA M0 OTCYETHOM WIKae pasHoCTh Al = 1,~ 1, = M2, MOXHO
ONpeNeNUTh JUTHHY BOTHEI A. 37€ch [, 1 [, — TmoKa3aHud OTCYETHOM MKalbl B MO-
menT 1-ro u 2-ro pesoHascos, M3mepaeMan qactoTa f. BeucseTc N0 Gopmyne
f. = ¢/\, TIe ¢ — CKOPOCTh PacTPOCTPAHEHIA CBETa B BakyyMC.

YroBGbl YBENMUYUTH TOYHOCTH M3MEPEeHHl HacTOTHI, HeobxoaumMo TNOBLILATH
no6potrocTh O pesonaropos. C 3ToH HENbIO MX BHYTPEHHHE MOBEPXHOCTH MOJH-
pYIOT ¥ cepeOpAT, A0BOIA BENHIMHY O no 3HaYEHUA (5...10)10°. C menpio ymenb-
[IeHMS CONPOTHBJIEHMS B MECTE MOABMKHONO KOHTAKTA MLTyHHKEPA C Pe30HATOPOM
TPUMEHSIOT CHCTEMBI JUTHHHBIX manuit (OTpesky JHHUA JHHOM A/2, A4).

Pe30HaHCHBIE YACTOTOMEPSI (BOTHOMEDbI) HMEIOT NPOCTOS ycTpoHcTBO M HOC-
TaTOYHO YAOGHE! B KciUTyaTauuy. Hanbonee TOYHbIE K3 TAKUX npuGopos obecre-
qUBAIOT W3MEPEHHE YACTOTHI C OTHOCHTE/BHON MOTPEIHOCTIO 10°...107*, Oc-
HOBHBIMH MCTOYHMKAMM TIOTpeIIHOCTel W3MEepeHus SBIAIOTCA MOTPEINHOCTL Ha-
CTPOMKM B PE30HAHC, MOTPELHOCTb MIKAL! ¥ [IOrPEIIHOCTE CYMTHIBAHUA TAaHHBIX.

8.3. leTepoauHHBIH METOJ H3MEPEHHN YACTOTEI

TemepoounHelii Memoo ABIACTCA ofHO# W3 Pa3HOBUIHOCTEH METOIOB CpaBHE-
S M3MEpPAEMOii YaCTOTHI f; C YaCTOTOH 3TA/OHHOTO TeHeparopa — reTepojHHa.
SToT METOMI HCTONE3YeT NPHHIMI MOCTPOSHHA CXEM € HYICBLIMH OGueHHAMH,

VhpolueHHas CTPYKTypHas cXema reTepoarHHOro yacToTOMEpa MpeAcTaBiIcHa
Ha puc. 8.4. OHa colepKHT: BXOIHO® YCTpOHCTBO, KBapUeBkill reHeparop, cme-
CHTellb, FeTEpPO/IMH, YCUITHTE b HU3KON 1aCcTOThI H HHANKATOP (uyneBbIx GueHHit).

JleiicTBHE TeTEpPOIAMHHOIO YacTOTOMEPa CBOAMTCA K CHCAYIOIEMY MpPOCTOMY
NPUHLMAITY: NPA NEPEKIOYeHAH KII01a K B mojioxenne | MPOH3BOAMTCS Kamno-

e [ Bxodwoe |2 Veunumens 6
yempoiicmeo| 34 | SHecument [ nuswoi yacmomei| | Hrnouxamop
|7
Keapueeviii
&pramop 7 Temepodun

Puc. 8.4. YnpomenHas CTpyKTypHas CXeMa reTepoinHHOTO 4acTOTOMEPA
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POBKA [IKaNbl reTEPOANHA; MPH MOJOKEHHH 2 — U3MEPEeHHe YacToTH f;, nonaBae-
MOH Ha BXOIHOE YCTpPOMCTBO.

Kanubposka mkanbl rereponuna (kmod K HAXOAMTCS B MOJN0KEHAH /) OCyIIe-
CTBIAETCSA HEMOCPEACTBEHHO MEPEN MPOBEIeHHEM H3MEPEeHHUs ¢ MOMOILIBIO AOIIO0J-
HHUTENBHOTIO, KBAapLEBOro reneparopa. CHrean, nocTynamoumii ¢ KBapueBoro re-
HEpaTopa, UMEET CIOKHYI0O (OPMY H CONEPKHMT pAL rapMOHHYECKHX COCTaB-
JSIOMMX € KPATHBIMM YACTOTAMH: fiy1s frs 20 «+os Jap is +++5 Son o TA€ W — HOMED rap-
MOHHKH. YacTOTEI 3THX rapMOHUK KBapLEBOTO reHEpaTopa B PaJHOTEXHHKE HA3bI-
BalOTCA KeapyesuiMu MoYKamu.

OrtcyeTHplil TAM6 reTepoaHHa YCTAHABIHBAIOT B MONOXKEHHE, COOTBETCTBYIO-
mee Gmimkaimei K H3MepsAeMoil YacToTe f; KBapueBoil Touke (NPHMEPHOE 3Haye-
HHE ﬂzmepzeluoﬁ HacTOThl OOKHO OBITE H3BECTHO, HHA4Y€ Mpouecc H3MEpPEHHHA
O4Y€Hb YCIIOKHAeTCA). CHrHaBI ¢ KBAapUEBOro reHeparopa f,,, ¥ reTepojuHa f, mo-
CTYNalOT HA CMECHTENIh, MO3TOMY Ha €ro BBIXO[E BO3ZHMKAIOT KojebaHus C Ccym-
MapHBIMH, Pa3HOCTHEIMH M KOMOHHAIMOHHEIMH YacToTaMi. MHAMKATOPHEIN TpH-
0op ¢ukcHpyer HamHdHe CHrHaIa OHeHWI HAa MHHMMATBHON Pa3HOCTHOM yacToTe
Fg= | fua s — /i, MpoXonsmero uepes ycuiurelns HU3KOM 4acTOTHI (BEICOKOYACTOT-
HBIE COCTABJIAIONIME, TIONYYAONIMECH B PE3Y/IBTaTe CMEILEeHHs 9acTOT KBAPLEBOro
TeHeparopa U reTepoauHa, Yepe3 yCHIHTEb HH3KOH 4acTOThl He mpoxomat). Me-
HAS €MKOCTh B KOHTYPE IeTepo[yHa, Noay4aloT Hy/leBble OUeHNUd, ClleqoBaTeNbHO,
4acTOTa reTepofiMHa CTAHOBMTCA PaBHOM 9acToTe KBaplieBOi rapMOHUKH [~ f,, ;.

ITocne 3Toro MpHCTYNalOT K H3MEPEHHIO HEM3BECTHOW 9YacTOTHI f,, MEpeBOMs
oy K B nonoxkenue 2. Bpamas orcuerHbIH mMMO reTeponuHa, 106uBalOTC Hy-
NeBBIX OHEHHH M MO OTKOPPEKTHPOBAHHOMH MIKaNe reTepoaHHa ONPENessioT 3Have-
Hue f; = f.

letepomuHEBIE YACTOTOMEPH ABNAIOTCA NOCTATOYHO TOYHBIMH H3MEpPHTENb-
HBIMH npuGopamu. UX oTHOCHTENbHAS MOTPEIIHOCTE H3MEPEHHS JIEKHT B Mpefe-
nax 107...107. Omnako B AuManasose cpemnux gactor (o 300 ML u Hike) UX
BBITECHAIOT JJICKTPOHHO-CYETHbIE YaCTOTOMEPHI, KOTOpbie 00ECTIEYMBAIOT TY XKe
BBICOKYIO TOYHOCTD, HO 3HAUUTENBHO MPOIIE B SKCILTyaTaLHH.

B nuanaszone CBY-koneGanwit reTepoIMHHBIN METOX H3MEPEHHA YaCTOTHI
NPHMEHAETCA COBMECTHO ¢ UM(pPOBEIMH MeTomaMu. Pacurupenue npepena u3Me-
penns go 10...12 I'Tu nocturaercs 3a cuer nepeHoca (npeofpasoBaHus) H3Me-
psAeMoli gacToTel B 00macTe Gonee HM3KuX yactoT. Takoif mepeHOC MOXKHO OCY-
WECTBATh, HANPHUMED, C MOMOIILI0 OUCKPEMHO20 2emepoduHHo20 npeobpa-
306amens Yacmomet, CTPYKTypHas cXeMa KOTOPOIro BMecTe ¢ Li(pOBEIM 9acTOTO-
MEpOM TIpHBefieHa Ha puc. 8.5.

B cocrase nudpororo wactoToMepa CONEPKHMTCA TEHEpaTOp OMOpHOI (3Ta-
noHHOH, 06pa3LoBoii) JacToTH ;. ITa HacToTa MOCTYNAeT HA HeNMMHeHHbIN dJie-
MEHT (reHepaTop rapMOHHK), KOTOphiit (OPMHPYET CeTKy TapMOHHYECKHX CO-
CTABNAIOMMX f, = nf,, roe n =1, 2, 3, ...— nensle yucna. C NOMOILIBIO MEPECTpan-
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Jx ITepecmpaueaemoiii Jn Tenepamop Jo Lugppoeoi
] Cuscumess duasmp [~ 2apmonux [ |uacmomomep

AS=|fi=nf|

yiry

Puc. 8.5. CrpykrypHas cxXema JIHCKPETHOro reTepojIHHHOro npeolpasosares

BaeMoro ¢unbTpa (06bI4HO 3TO 0OBEMHBIN PE30HATOP C OTCYETHOH MmKano#) a0-
OMBaKOTCH BBIAENEHHA M3 HHX FApMOHMKH f,, Gmwkaiied k wiMepsaemoil 1acTore
/.. Tlpn 3TOM Ha BBIXO/le CMECHTeNs MOAB/SETCA CHTHaJl C pPa3HOCTHOH 9YacToToi
Af=1fe - nf, |-

Veunurens npoMexyrouHoif gactotsl (YITH) umeer nonocy nponyckaHus, co-
H3MEPHMYIO C Pa3sHOCTHO#H yacToToM Af.

Pe3ynsTaT H3MepeHHS HeM3BECTHOH 4acToTel f, KojeGaHHii BEIYHCISIOT 1O
dopmyne f; = nf, £ Af, B KOTOpO# HOMEP rApMOHHKH /1 CYHTHIBAETCS CO ILIKANBI Ie-
pectpausaemoro ¢unsTpa. [lockonsKy nocneaHee BeIpaXeHHE HEONHO3HAYHO, TO
U1 TIONY4eHWA HauOO/ee TOMHOrO pe3y/brara MPOBOAAT BTOPOE H3MEPEHHE, BbI-
Gupas ¢ MOMOIIBIO NepecTpanBaeMoro GuisTpa rapMoHuKy (n + 1) £, cocennion
¢ rapMOHHKOH nf,. Ecnu pesymsTarsl BRIMHCICHHA YacTOThI f COBNANH MpPH ABYX
M3MEPEHMIX, TO OHH CHHTAIOTCA BEPHBIMH.

8.4. Uamepenne 4acToThl METOIOM 3apsiia M pa3psiia KOHAEHCATOPA

Hcnons3oBanne MeTOIa 3apaja M pa3psaa KOHAeHcaTopa Mo3BojseT Co31aBarh
MPOCTHIE B 3KCIUTYaTAllMK H HEAOPOrHe 4acTOTOMEpE!, paboTaloiHe B 1HANa3oHe
0,02...1 Mru, HO HMelOWKe CPABHHTENBHO HEBLICOKYI To4wHOcTh. Mx orHOCH-
Te/bHAs MPHBEJEHHAS MOrPenrHocTs Moxker gocturate 5 %. [NpuHumn neficTeus
KOH/IEHCATOPHOTO YacToToMepa MoXeT ObiTh MOACHEH C MOMOIIBIO CXEMBI HA PHC.
8.6, a. BxonHoit nepuonuueckuii curran mo6oil GopMBl HEM3BECTHOM YaCTOTHI
u(f,) npeobpasyercs ¢ MOMOLIBIO Npeolpa3oBarei B HMIYTbCHBIA yNpaBIsiOUIHit
CHTHAL Uy, TUIA MEAHIP, UMEIOL ML Ty XKe YacToTy.

Ha puc. 8.6, 6 nokasan npocTeiituuii npHHIMN Npeobpa3oBaHHs BXOIHOIO CH-
HyCOMIANBHOro kosebanus B koneGaHue THNA MEAHAP U, W CONYTCTBYIOULHE
cursanst. CHrHan u , ynpasiser Kmo4oM K: Np MONOKHTENBHOH NOMAPHOCTH
K09 3aMKHYT, [IPH OTPHIIATENEHON — Pa3OMKHYT.

ITpy 3aMKHYTOM HOJIOKEHHM Kilo4a eMKkocTh C 3apskaeTcs OT MCTOYHMKA Ha-
npsokeHHA £ TOKOM i,, MPOTEeKalOIHM Yyepes conpoTusienne Ry u auon D,. Ilpn
Pa30MKHYTOM K/IIOYE JaHHAA €MKOCTb PaspskKaeTcs TOKOM iy, MPOTEKAIOMMM He-
pe3 muon D,, namMepHTenbHslii npubop mA u conporasiaenne R, Yrobsl 3apsan koH-

nieHcaTopa POMCXONN MelTIeHHee, YeM paspal, Tpebyercs, 4Tobsl R, > R.
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Puc. 8.6. KonnencaropHsiii yactotomep:
@ — CTPYKTYpHAA cXeMa, 6 — BPEMEeHHEIC JHArpaMMBl K CXEME

HenpemennsiM ycnosuem paGoTsl mopo6GHOrO gacToToMepa sBasieTcs Tpe6o-
BaHHE TOTO, YTOOBI EMKOCTH B TEUCHHE 3apPANHOTO BPEMEHH YCIIeNa MONHOCTHIO
3apAIUTECA 10 HEKOTOPOrO MOCTOAHHOIO 3HaUeHus £, a MpH paspsie — Hanpsxe-
HHE HA EMKOCTH MPaKTHYECKH CTAHOBHIOCH HyNeBbIM. TOra MakCHMabHOE 3Ha-
YeHHe Pa3pANHOTO TOKa i, OyNeT ocTaBaThCA HEM3IMEHHBIM M PABHO /nyy, BpEMS
paspana t = RC nocrosHHeIM. [IpH 3TOM cpesiHee 3HaYeHHe TOKA, TPOTEKAIOLIEr0
Yepes U3MepHUTeNbHBIN NpuOop, onpenewres GopMymno:

=-;— waxdt. (8.2)

S
[

WUtak, nokasaHHs W3MEPHTENBHOr0 NpuOOpa MPONMOPLHOHANBHEI YacTOTE
L=1ITe

o= Telias%- (8.3)

H3mepenue uacToTsl METOOM 3apana M paspaga KOHJeHcaTopa B HacToAliee
BpeMA HCIIONB3YeTCS KpaiHe pelko ¥ OH MPUBEEH 3/eCh HCKIIOUHTENLHO LI Lie-
JIel O3HAKOMJIEHHH.

8.5. lndporoii MeTox H3MEPEHHS YACTOTHI

[udposoii (TMCKPETHOro cYeTa) METOA W3MEPEHWS YaCTOTHI Peasi30BaH B
ur(ppoBsIX Yactoromepax. [IpuHImI NeficTBUA WAPOBOTO YacTOTOMEpPa OCHOBAH
Ha W3MEPEHHUH YacTOThl B COOTBETCTBUH C €€ OTpe[eNieHHeM, T. €. Ha CYeTe YHca
HMITyTCOB 3a HHTepBan BpeMeHH. [laHHBIe NpuGOpPBI YAOOGHEI B 3KCIUTyaTally,
MMEIOT IHPOKHHA JHANa30H H3MEPAEMBIX 4acToT (OT HECKOIBKHMX Iepll 0 COTeH
Merarepl) H MO3BONSAIOT MOMYYHT PE3yILTAT H3MEPEHHSA C BBICOKON TOIHOCTHIO
(oTHOCHTENBHAs MOrPemHOCTh H3aMepenHus gactoThl 10 ©,..10° %),

IMTockonbKy wigpoBEIE YaCTOTOMEPE! SBJIAIOTCH MHOTO(YHKIHOHATBHBIMU H3-
MEPHTENIbHBIMH MPHOOpaMH, TO B 3aBUCHMOCTH OT PEXHMa MX paboThl MOXHO
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MPOBOAWTL M3MEPEHUE HE TONBKO YAacTOThI M OTHOLUEHHS ABYX 4acTOT, HO M HH-
TepBaJIOB BpeMeHH (HepHoa clie/IoBaHusA NepHOAHYECKHX CHTHAIOB W HHTEpBalla,
3alaHHOTO BPEMEHHBM TOI0KEHHEM JABYX HMITYNIBCOB).

TIpMHLAN U3MEPEHHS YaCTOTHI FAPMOHMYECKOTO CUrHana UH(pPOBbIM METOAOM
nosicuser puc. 8.7, rae MpuBe/ieHbl CTPYKTYpHas cXeMa LH(pPOBOTo 4acToToMEpa B
pexMMe W3MEPEHHA YacToThl H BpeMEHHBE 1HarpaMMBl k ero pabore.

o ay P on 12 5o | ¢ a0y |
x 78 ]

A4 | yoy

N, uM.;ymae
6)

Puc. 8.7. Ludposoii vactotomep:
@ — CTPYKTYpDHASA CXEMA; § — BPEMEHHEIE THATPAMMBbI

Hccnenyembiit rapMOHMYECKHH CHIHAJl YacTOThI f, MOJAETCA Ha BXOAHOE yCT-
poiictBo (BY), ycunusaiolee win ocabnsioniee ero 10 3Hauenus, Tpedyemoro
n1s paboTsl nocnenytowero yerpolcrsa yactotomepa (puc. 8.7, @). CHumaeMbii ¢
Bbixoaa BY rapmonuueckuii carnan , (puc, 8.7, 6) noctynaet Ha popmupoBarens
ummynscoB (PU), npeobpasyrouuii ero B NOCNEN0BATENBHOCTb KOPOTKHX OAHO-
MONAPHBIX MMIYJILCOB #,, CHEAylOWMX ¢ mepuonoM 7, = 1/f. ¥ Ha3bIBaeMbIX
cuemnbimu. TlpudemM nepenHue QPOHTBI 3TUX UMITYILCOB MPAKTHYECKU COBMAnA-
0T ¢ MOMEHTAMH Mepexona curHaia u, yepes HyJleBO€ 3Ha4YE€HHE Ha OCH BpEMEHH
npH ero Bo3pacTaHuu. CxeMoTeXHHueckH popmuposatens ®U cocTONT U3 yCHIH-
rCUA-OPAHAYMMTENA Y KOoMNaparopa (Tpurrepa [UMUTTa).

CuyeTHble UMMYJIbCHI %, TIOCTYTAIOT HA ONMH M3 BXOAOB BPEMEHHOTO Cenek-
Topa BC, Ha BTOpO#l BXOX KOTOPOTO OT YCTPOHCTBA YOPMHUPOBAHNA U YNPaBJICHHUSA
VOV nofaeTca cmpob-uMnyive u; RPAMOY2OneHOU opmbl U KanubposanHou
dnumensnocmu T, > T,. Vinrepsan BpeMeHH T, Ha3bIBAlOT 6peMeHemM cuema.
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BpemenHoi cenekTop OTKPBIBAETCA CTPOO-HMITYIBCOM 3, H B TEYEHHE ero [UTH-
TEABHOCTH TPOMYyCKaeT rpynmy (maket) U3 N, UMIYIbCOB %, HA BXOJ CUETYHKA
(CH). B pesynsTtaTe ¢ BpeMEHHOTO CENeKTOpa Ha CYETIHK MOCTYNAET MakeT u3 N,
HMITYCOB ;. TTepBhIif cueTHBIN MMIYNBC, TONABIIMIT BO BpEMeHHEIE BopoTa T,
crpo6-uMmyneca (puc. 8.7, 6), onepexaer ero nepeaHuit GpoHT Ha Bpema Af,, a
Cpe3 BOPOT M MOCHEJHAN CUETHBIN HMITY/IEC, MOABIIMIOUIMICS 10 Cpe3a, pasieseT
unTepean At U3 puc. 8.7, 6 cnenyer, uro

To= NiTo— Aty + Ate= N, T, — At, (8.4)

rae At u At, — abconiomible nospewHocu OUCKpemu3ayuy Ha4ana | KOHLA HHTEp-
Bana 7, BHI3BAHHBIE CIyJafiHBIM MOJIOKEHHEM CTPOO-HMIYIIbCAa OTHOCHTENBHO CYET-
HBIX MMITYIIBCOB 2y; Af, = Af, — At — obwan abcomomuas nozpemnocms OucKpemy-
3ayuu.

IIpenebperas B gopmyne (8.4) morpentHocTsio Az, NOMyuaeM, 4TO YHCIO M-
nynscos B nakete N, = T, /T, = T, f; U, clnefoBaTensHo, U3MepseMas 4acToTa mpo-
HOPLHOHATEHA YHCITY CHETHBIX HMITY/IBCOB, MOCTYNAIONIAX HA CHETIHK:

¥ =5y A (8.5)

Jna dopmupoBanus cTpob-HMITyECa Ha ycTpolictBo YOV nocTynarmoT kopoT-
KHe UMITYJILCHI C nepHooM T, (Ha pHCYHKe JUIS YTIPOIIEHHS He TOKa3aHkl) OT cXe-
Mbl, BKmodaromei ksapuessiii redeparop (KI') o6pasuopoii yacToTs! £, H AeKan-
Hpli menurens yactotsl (JIIY) cnenopaHus MUMIyNLCOB ¢ koddduimenToM aene-
Hug K, (kaxkaas nexana yMeHbIIAET 9acToTy f,, B AecATh pa3). [lepuon ummynscos
Ha BBIXOJE AEKAIHOTO NETUTENS YacTOThl H ATUTENBHOCTE CTPOG-UMITYNIECA PABHEI
MepHOy CHTHANA Ha BBIXOAE AenuTeNd 4acToTel, T.e. T, = K, /.. [loaTomy BrIpa-
weHue (8.5) ynoOHee npeacTaBUTE B BHAE

SEN LK (8.6)

Otnowenwe f,, /K, MOXHO IHCKPETHO H3MEHATh BapHaumei K,, T.e. 3a cuer
HIMEHCHHA 9HCJIa JeKan HEKanHOIU JOEIHUTEIA YaCTOTHIL.

CueTyHK MOJCYMTHIBAET YHCIO MMIYALCOB N, W BBIOAET COOTBETCTBYIOIMH
koa B uudposoe orcyerHoe yerpoiicteo (LIOV). OrHourenue f,, /K, BoiGupaercs
paereM 10" T', rae » — uenoe gucio. Ipu atom LIOY oro6pasxaer uucio N,, co-
OTBETCTBYIOLIEE H3MepAeMoH yacToTe f; B BoIOpaHHBIX eaununax. Hanpumep, ec-
T 33 cuer usmeHenus K, BeiOpaH kospduument n = 6, to yuciao N, orob-
paxaemoe Ha IOV, coorBercTByeT HacToTe f;, BhIpaxeHHoil B MI'w, ITepen Ha-
yanom usMepeHuil YOV cOpaceiBaeT NOKa3aHHs CHETUMKA B HYIIb.

IMorpeniHoCcTe M3MEpEHHA YacTOTHL f; ITHM METOIOM HMEET cucmeMamuye-
CKVIio H maﬁny;o COCTaBJIAIOIIHE,

CucremaTndecKkas COCTAaBNAIONIAA TOTPENIHOCTH HM3MEPEHHA BEHI3LIBAETCA B
OCHOBHOM JOJITOBPEMEHHOM HeCTaGHIBHOCTBIO YACTOTHI KBaplEBOTO reHeparopa
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Ji- E€ YMEHBINAIOT IMyTeM TepMOCTATHPOBAHHUA KBapLia WK 33 CYeT MPHMEHEHHUS B
KBapLEBOM TIeHepaTope 3JEMEHTOB C TepMoKoMIeHcammeil. IIpm 3TOM OTHOCH-
TeJbHOE H3MEHEHUE JaCTOTHI f, 38 CYTKH OGBIYHO He Bhime 8, = 5-107°, ITorpem-
HOCTb 3a@ CYET HETOYHOCTH YCTAHOBKH HOMHHANBHOIO 3HAYEHHA HacTOThl [,
YMEHBINAETCsS KanuOpoBKOH KBApLEBOTO TeHEpaTopa MO CHTHANAM STaJOHHBIX
3Ha4YEHHH YacTOThl, NEpeNaBacMbIX MO Pajauo, WIKM C TIOMOMIBI0 TEPEBO3UMbIX
KBAHTOBBIX CTaHAapTOB 4acToThl. OTHOCHTENBHAS MOTPEIIHOCTh KalHOpOBKH
KBapLIEBOTo reHeparopa He npesocxomut (1...5)107°,

Ouenp gacTo TpeGyeMas cTabHILHOCTE YacTOTH 06ecrieunBaeTCs BBEJEHHEM B
CXeMy KBapleBOro reHeparopa cucTeMsl (azoeoii asronoacTpokiku (PAITY).

Cny4aiiHas COCTABJAIOMIAA MOTPENIHOCTH M3MEPEHHS OMNpelesieTcs nospeu-
Hocmbio ouckpemusayuu At, = At, — At,. TIOCKO/IILKY B3aHMHasi CHHXPOHM3ALWUs
CTpo6-MMITyJIbCa ¥ CYETHBIX HMITYJIECOB OTCYTCTBYET, TIOTpeIHOCTH Af, 1 Af,, on-
penessomye Ha pyc. 8.7, 6 monoXkeHHe Hadana M KOHIA CTPOO-HMITYIbca MEXIy
COCETHHMH JBYMS CYETHBIMH HMIYIECAMH, MOTYT NPHHUMATE BO BPEMEHH C OfH-
HAKOBOH BEPOATHOCTBIO 3Ha4YeHUs oT Hyna a0 T, [Toatomy norpemHocTH Af, U Af,
SABJIAKOTCA CITy4aiiHbIMK M paclipeseNeHsl 10 paBHOMEPHOMY 3akoHy. Benencteue
HE3aBHCUMOCTH 3THX MOrpelHocTeil 00IIas MOrpemrHOCTh AHCKpeTH3alHH Af,
pacrpezesieHa 0 TPEYroJbHOMY 3aKOHY C Mpee/NbHbIMH 3HaYeHWAMH + T,

MaxcHManbHyO MOTPEIHOCTh NUCKpeTH3alMi Hayalia W KOHLIA MHTepBaia Bpe-
menu cuera T, T, e, Af, = + T, ynoGHO yduTEIBATL Yepe3 SKBHUBANEHTHOE ClTydaliHoe
M3MEHEHHE YHCITA CYETHBIX HMMYNIbcoB N, Ha + 1 ummynse. Tpu 310M Makcumanvuas
abcontomnas nozpewHocmy OUCKpemu3ayuu MOXeT ObITh OMpENENeHa PasHOCTHIO
3HaYEHHH YacToTel f;, momydaeMoi o dopmynam (8.4) wm (8.5) mpu N, £ 1; B 3TOM
ciyqae Af, = £ 1/T,. CoOTBETCTBYIOIIAA MAKCUMANbHAR OMHOCUMETbHAS NOZpell-
HOCHT> MBMEPEHHS: %

8=AL/fi=+ UN,= + IAT,L).

CymMapHas OTHOCHTENbHAS [OTPENIHOCTS H3MEPEHHs! YacTOTE! LIH(POBONO YacTo-
TOMEpPa HOPMHPYETCA B MPOLIEHTAX M ONpeAe/AeTC: BEMMIHHON

2
8/ =100 554{ } : @7

Tof

Orcrona crieflyer, 4T0 CyMMapHas OTHOCHTENBHAA TIOTPEHOCTs H3MEePEeHHa 13-3a
TIOTPELIHOCTH JHCKPETH3ALMK YBE/IMYMBACTCA MO Mepe YMEHBLIEHHA H3MepAeMoil
yactotsl f,. [Ipn mocratoyHo Manoil 4acToTe f; OHa MOKET NpPEB3OHTH AOMYCTHMOE
3HAYEHHE JaXKe MPH MakCHMAaTbHOM BpeMeHH cueTa T, KoTopoe B UH()POBBIX YaCTOTO-
Mepax 00brdHO He npesbimaet | wm 10 c. B atoM ciydae uenecoofpasHo H3MEPHTh
nepron T, = 1/ f;, a 3aTeM BBIMHCIIHTS HCKOMYIO YacToTy f;.
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Hist yMeHbIUeHIs BIUAHUA TOTPEIIHOCTH THCKPETH3ALAM HA PE3yNETaT H3MEPEHNs
YacTOTEI f; MOMKHO TIPOBECTH €€ MHOIOKpATHbIE HAOMOIeHHs, a 3aTeM BEITIONHHTE X
CTAaTHCTHYECKYIO 06paloTky B MOpAKe, YKa3aHHOM B pazzaene 3.2,

JuanasoH M3MEpsAeMBIX YacTOT UH(POBBIX YaCTOTOMEPOB OrPaHW4eH CHH3Y
TIOrPEIIHOCTEI0 JHCKPETH3ALMY, a CBEPXY — KOHEYHBIM OBICTpOAEHCTBHEM HC-
NOJIB3YEMBIX CUETYHKOB M AenuTeNeH JacToTel. BepxHuil npenen u3MepeHus yac-
TOTHI JlocTAraeT 500 MI', ¥ ero pacIMpsIOT COCO60M reTEPOAMHHEOTO Ipeobpa-
30BaHus (NepeHoca) uiMepsaeMolt yacToTsl B 06/1acTh Gonee HU3KMX yacToT. OnuH
3 c1ioco60B Takoro NpeoGpa3oBaHHA PACCMOTPEH B MPELIIYLIEM pasaere.

Heo6xoauMo OTMETHTS, YTO B CTPYKTYPHYIO H NPHHLMITHATEHYFO CXEMBI uupposo-
IO HacTOTOMepa 00A3aTeNLHO BKITIOYAIOT CXEMbI ABTOMATHYECKOH PETYTMPOBKH YCHIIe-
Hust (APY) M mojaBnenus BHeIIHMX momeX. [IpH MajioM ypOBHE BXOIHOTO CHTHAA
(HIDke MIWLTHBOMETA) M3MEPEHNs NPEKPALIAIOTCS H TIOKA3aHKs CHETINKa COpachIBaioT-
¢4 Ha HyJlb. B ycTpolicTee NpeaycMOTPeHbI Takoke MEpBI 3allHTEI OT NEPETPY3OK.

B coBpemenHbIx nn(ppoBEIX YACTOTOMEPAX IMMPOKO NPHMEHAIOTCA KBaplEBhIe
CHHTE3aTOPEI acTOT, CO3JAIOIINE CUTHAMEI C IMCKPETHOM ceTkoi vacToT. L{udpo-
BbIE HACTOTOMEPEI C NPOrPaMMHO-YPaBIAEMbIMA CHHTE3aTOpaMH YacTOT ¥ MHK-
POTIPOLECCOPaMH ABJIAIOTCA NEPCIIEKTHBHEIMHA U3MEPHUTENEHBIMH NpHGopamu 6i1a-
rofiapa BEICOKOH TOYHOCTH, MMPOKOMY AHATIA30HY H3MEPAEMEBIX 9acTOT, HAJIEAKHO-
CTH 4 Y0OCTBY BKIIOYEHHS B ABTOMaTH3UPOBAHHbBIE H3MEPHUTE/bHBIE CHCTEMBI.

8.6. lludposoii meTox H3MepeHnsi HHTEPBAJIOB BpeMeHH

Pemenyie MHOrMX pajMOTEXHHYECKHX 3a/la4 CBA3AaHO C H3MEPEHHEM MHTEepBa-
0B BpeMeHH. O6BIYHO MPHXOAUTCSA H3MEPATH KAk 0YeHb Maskie (eaMHHIBI KO-
CeKyHJ) Tak ¥ 04eHb OosibliMe (COTHH CEeKyHA) HHTEpBa/LI BpeMeHH. MHTepBakl
BPEMEHH MOTYT Takxke OBITh He TOJIBKO MOBTOPSIOMHMHCS, HO ¥ OHOKPATHEIMH.

PasnuyaroT /18a OCHOBHBIX CNIOCO0A M3MEPEHHs WHTEPBAIOB BPEMEHH: OCIIHI-
norpaduteckuit 1 TAGPOBOIi.

H3Mepenne MHTEpBANOB BpEMEHH ¢ MOMOIIBIO OCLMILIOrpada MPOBOAMTCA 110
OCHHIIIOTPAaMME HCCIeIyeMOr0 HANPMKEHHA C HCIOJNB30BAHHEM (UTHHEHHOM)
pa3BepTk. M3-3a HeJMHEHHOCTH pa3BEpTKH, a Takke GOMNBIIMX MOrpemHoCcTei
OTCYETa Ha4alla ¥ KOHLA WHTEpBalla 00mas NMOrpelIHOCTs H3MEPEHHA COCTABIAET
EIMHHULIEI NPOLEHTOB. B nocneanye rofbl HHTEPBAILI BPEMEHH B OCHOBHOM H3Meé-
pAIOTCS LUGPOBEIMH METOIAMH.

Hsmepenns HHTEPBAJIOB BPEMEHH C IIOMOLIBIO M POBOro YacToToMepa

IIpHHUMN H3MEpPEHHA NepHOIa rApPMOHHYECKOTO CHIHANA UA(POBEIM METOAOM
€ NOMOIIEI0 LH(PPOBOTO HacTOTOMEpa MoACHAeTCA puc. 8.8, roe MPUBE/EHBI CTPYK-
TypHas CXeMa YCTPOHCTBa M COOTBETCTBYIOIIME €r0 paGoTe BpeMeHHbIe AHAIPaM-
Mbl. i3smepenue unTepeana BpeMery 7 mu(ppOBEIM METOIOM OCHOBAHO HA 3aMoji-
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Puc. 8.8. Lindporoif qacTroTomep B pesxnMe HIMEPEHHA MEPHOAA CHHYCOM/ILL:
@ — CTPYKTYPHAS CXeMa; i — BPEMCHHLIE IHATPAMMEI

HEHWH ero HMIyNbCaMH, CAeAylomMUMH ¢ 006pa3noBsiM nepronoM T, U nojcyerte
gHcaa M, ITHX HMITYJIECOB 3a BpeMa T,.

OCHOBHBIE 3IEMEHTHI YCTPOCTBA M UX AeiicTBHe OBUIM MPOAHAIM3HPOBAHbL! B
npeibioyIneM pasaene. B raHHoM ciydae rapMoHuueckuit curHan, nepuon T ko-
Toporo TpeGyeTcs H3MEepHTS, MOC/Ee MPOXOXKASHHA BXOAHOrO yctpoiictsa (BY) (»,
— BLIXOJHOM curHan BY) u dopmuposarens mmmynscoB ($H) npeobpasyerca B
NoC/eI0BATEeNIHOCT KOPOTKHX MMIY/IBCOB 4, C H3MEPAEMBIM NepHOIoM. B yct-
polictee (hOpMHUpOBaHUA W YNpaBleHHA U3 HUX (QOPMHpPYETCA CTPOO-HMIYILC s
IpAMOYTONIBHOH (POPMEI U THTENBHOCTBIO T, MOCTYNAIOIIMI Ha OIMH M3 BXOJIOB
speMeHHOro cenextopa (BC). Ha Bropoii BXoa 3T0r0 cenexkropa noaalTes Kopor-
KHe MMITYJIbChI 2%, C 0GpasLoBLIM mepHoaoM crenoBanus T, cOPMHPOBAHHEIE Jie-
xaiHeIM AenuTtenem gactorsl (JIIU) u3 xonebanuii ksapueporo reseparopa (KI').

Bpemennoit cenexrop npomyckaet Ha caeTduk (CH) gmcno M, CHETHBIX HMITYIILCOB
1g B Te4eHHe HHTEepPBANa BpeMeHH T, paBHOM JUTHTEbHOCTH CTPOO-HMITYIIBCA 24;.

H3 puc. 8.8, 6 cinenyer, 94T0 H3MepAEMEI NEPHOJI ONPEAEIAETCA KaK

Ii= M.T,- At, (8.8)
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rae At, = At, — At, — ofmas NOrpeurHoCTs AUCKpeTH3aLMK (JUCKPETHOCTH); Al i
Atf_— TOrpenIHOCTH IHCKPETH3AIMM Havana H KoHla nepuosa 7.

bes ydera B opmynie (8.8) norpemHocTi Af, YHCIIO UMITY/ILCOB, OCTYNHBILEE HA
cuervnk, M, = T./T,, a m3smepsAeMslii nepHO/ NPONOpIMOHANeH M,

To= M,T, (8.9)

BeIxoaHo# Kojl CHeTYMKA, NOCTYNAIOIHH Ha MH(POBOE OTCUETHOE YCTPOHCT-
BO, COOTBETCTBYET YHCIY NMOACYMTAHHBLIX AM CYETHBIX HMIY/ILCOB M., a NokaslaHus
LIOY — nepuony T, NOCKOIBKY MEPHOJ CAECAOBAHHA CIETHBIX HMITYILCOB Us He-
obxomumo BeIGHpaTh U3 cooTHomenus 7, = 107, rne n — nenoe uucno. B yactHo-
cti, npu n = 6, LIOY oroGpaxkaer uncio M,, cooTBeTcTBYIONIee nepuony 7y, Bhi-
paxeHHOMY B MHKPOCEKyH/IaX,

[MorpeitHocTh H3MepeHus nepuona 7., kKak W MPH HIMEPEHHH YaCTOThI, HMEET
CHCTEMAaTHYEeCKYIO M CIy49aiHyl0 COCTaBJIAIOLLME.

CucTeMaTHyecKas COCTABNAIONIAA 3ABHCUT OT OTHOCHTENBHON CTabMIBHOCTH
8, 00pa3sLioBoif 4acTOTHl KBapLEBOIO I'€HEpaTopa, a ciydaliHas ONpenenserTcs B
OCHOBHOM [OTPEIIHOCTBIO AMCKPETH3ALMH Af,, paccMOTpeHHOH B pasjene 8.5.
MakcuManbHOE 3Ha4Y€HHe 3TOH MOrpellHOCTH YA00HO YUHTBIBaTh Yepe3 3KBHBa-
JIEHTHOE H3MEHEHHE YHCIIa CYETHBIX HMMYTbcoB M, Ha + 1. [Ipu atom maxcumans-
nas abconomnas nozpewnocms Ouckpemuzayuu MOXeT ObITh OnpeneneHa pas-
HOCTBIO ABYX 3HaueHwii nepuozna 7, momydaemsix no gopmyne (8.9) npu uncnax
M.+ 1 u M, u pasaa AT, = = 7, CoOTBETCTBYIOIIAA MaKCUMANbHAL OM-
Hocumenvran nozpewnocme & = + AT /T, = + 1/M, = + 1/(T.f), rae f,= VT, —
3HaveHHe 00pa3oBoil 4acTOTHI KBAPLIEBOTO FreHepaTopa.

Ha norpemHocTs H3MEPEHNs BIMAIOT TaKKe MIyMbl B KaHanax ()OpMHPOBaHHA
cTpob-uMIynbca u; W uMmynscoB u, (puc. 8.8, a), BHOCAIIME B MX MONOXKEHHE
BPEMEHHVIO MOIYIALMIO N0 cyyaiiHoMy 3akoHy. OJIHako B peanbHBIX npubopax ¢
GONBIIHM OTHOHMIEHHEM CHTHAL/IIYM MOTPEMIHOCTE M3MEPEHHA 3a CYET BJIHAHHA
myma npese6peskuMo Malia 1o CPaBHEHHIO € MOrPEIHOCTBI0 ANCKPETH3ALHH.

CymMapHas OTHOCHTE/IbHad MOrpeliHOCTh H3MEPEHHA NIEPHOAA ONpeaeNnseTcs
B MpoILeHTax 1o Gopmyne:

(8.10)

H3 seipakenus (8.10) cnemyer, 4TO M3-3a MOTPEIIHOCTH AWCKPETH3ALHH 10-
zpewnocme uzmepenus nepuooa T, pesko yeenuuusaemcs npu e20 yMeHbuleHu.
TToBBILIEHNS TOYHOCTH H3MEPEHUI MOXKHO TOOHTBCH 3a CYET YBETHUCHUS YaCTOThI
/, KBapueBoro reseparopa (ITyTeM YMHOXEHHS €ro 4acToTsl B K, pa3s), T.e. myrem
YBEIIMUEHHS YHCIA CYETHBIX UMNYnbcoB M. C 3Tol ke Lessio B CXeMy rocie
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3XOJHOTO YCTPOHCTBA BBOIAT JE/UTENb JaCTOTHI MCCISYyEMOTO CHIHANA © K0Ig-
dunmentom neenus K (wa puc. 8.8, a He moxasan). [Ipn 3TOM BBINONHAETCS H3-
vepenne K uccnenyeMsIx nepHoaoB 7, M B Takoe jke pa3s yMEHBMIAETCA OTHOCH-
TeNbHAA NOIPEeUIHOCTE TUCKPETH3AHH.

ITOrpenrHoCTh AUCKPETHIALMM MOXHO YMEHBIINTS H CHIOCOGOM H3MEpeHHH ¢
MHOTOKpATHBIMH HaOmoneHuAMH, ONHAKO 3TO 3HAYUTENBHO YBEJUIMBACT BPEMA
msMepenni. [TosTomy paspaboTanbl METOIBI, YMEHbIIAKMIHME NOIPEIIHOCTD AUCK-
DETH3ALMH C MAJIBIM YBE/IHYCHHEM BPEMEHH M3MepeHHs. ITO METOJl HHTEpIo-
TAIAA U HOHWYCHBIH METO/,

Meton uHTepnonsuuu, CyTs 3TOr0 METONA COCTOUT B TOM, HTO MOMH-
MO LIEJIOT0 YHCIA MepHOAOB CYETHHIX HMITYJIBCOB, 3aONHSIOMMX H3MEPACMbIH
MHTEpBAJI BPEMEHM, YIUTHIBAIOTCA W JIPOOHBIE YaCTH NEPHO/A, 3aKIOYCHHbIS Me-
%Iy HayanaoM HHTepBaJa M MEepBbIM CYETHHIM HMITYJIBCOM, @ TAKKe MEXIY Mo-
CAeAHHM CYETHBIM HMITYJIBCOM H KOHLIOM HHTEpBaJa.

TIpHHIMN H3MEPEHHs BPEMEHHBIX MHTEPBAIOB METOJAOM WHTEPIOMALMH TOsAC-
uger puc. 8.9.

lhy T,

by
At [ Al $
a) , . } '
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Puc. 8.9. MaMepeHune BpeMeHHOr0 HHTEPBAIA METOIOM MHTEPIOJIALHH:
4 — W3MEPAEMBIN HHTEPBAT; 6 — CUETHBIE HMITYIIbCHI;
& — BCMOMOTATENbHBIE PACHIHPEHHEIE HHTEPBAL, 2 — OCHOBHBIC pacuIHpeHHBIE HHTEPBA/IbI,
0 — TPYNINE] CYETHBIX HMMYNIECOB PACLIMPEHHBIX HHTEPBA/IOB

[lycTs M3MepAeTCa HHTEPBA BpeMeHH T, HaYalo ¥ KOHELl KOTOpOro 3a/iaHsl Mojio-
KEHUEM HUMITYIIbCOB %, U 1, COOTBETCTBEHHO (pHC. 8.9, a). Ilpu 31OM NpeanonaraeTed,
4TO HAYaNo H3MEPSEMOro MHTEepBAla He CBA3aHO CHHXPOHHO CO CYETHBIMH HM-
mynkCaMH, MpHBeIEHHBIMU Ha pHc. 8.9, a, 6.

Jlns yMeHBIICHHS COCTABISIOLIAX MOrPEMHOCTH AMCKpeTH3aumn Af, u Af, B
Havane ¥ KOHIe WHTepBana Ty, MOKHO PaclIMpHTh B k pa3 uHTepBanbl Al H Al 1
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U3MEPATH UX, 3alONHUB CYETHHIMH MMITYTbCAMH. YUHUTHIBAA €llle ¥ NOTPEMHOCTH
pacumpuTeneif, Ha NPAaKTHKE PACIIHPSIOT 3TH HHTEPBANLI 10 GoNbluel [THTeNs-
HOCTH. MM MOTyT ObITB, HAIPUMED, BCIOMOTraTe bHbIE PACIIMPEHHbIE HHTEPBAJIEI
1= 27, — At, u1,= 2T, - At (puc. 8.9, 6). UToOBl eme yMEHBLUINTE MOrPEIHOCTH
IOHCKpETH3alWH, BCIIOMOTATeIbHbIE MHTePBAIEI MOXKHO B CBOIO OdYepellb Takke
pacmupuTs. [TomydeHHEIe OCHOBHEIE PACITHPEHHBIE HHTEPBAILI HMEIOT JUTHTENh-
HOCTH kiTy B kyT, cooTBeTcTBEHHO (pHC. 8.9, 2), rae k; u k; — koadduIHenTs
pacmmpenus. PaclIMpuTeiH CTPOAT, HCIOIB3Ys 0OBIYHO Crocob 3apaza M paspsaia
KOHIIEHCATOpa C Pa3Hol CKOPOCTEIO.

OCHOBHBIE PAaCIIMPEHHBIE HHTEPBAJIbI, @ TAKKe MHTEPBAN To MEXKIY KOHUAMH
HMITYIILCOB T, H Ty U3MEPSIOT HH(POBLIM METOAOM, HCIIONB3YS KAHANLI, COIepiKa-
IHe BpEMEHHOMN CeeKkTop M cyeTduK, CueTHbIE MMITY/IBChI, MOCTYMUBIIME HA BXOX
K)KIIOTO CYETYHKA TIPH U3MEPEeHHH OCHOBHBIX PACIIMPEHHBIX WHTEPBAJNIOB, MOKA-
3aHbl Ha puc. 8.9, 0. M3MepseMsle paciIMpeHHbIe HHTEpPBAIbl ¥ MHTEPBAll Tg, Kak
cremyer u3 puc. 8.9, MOKHO NMPEICTABATE B BUJIE:

ku=NT FAL S B =NT M o= N T (8.11)

rae Ny, N, ¥ Ny — 4ucia cHETHBIX HMITYJIBCOB, 3aMOMHMBIINX OTMEYEHHBIE HHTEp-
BaJbl, a Af, U Af, — MOTPEeNIHOCTH AUCKPETH3ALUMH H3MEPEHUS OCHOBHBIX pac-

IIHPEHHBIX HHTEPBAIIOB.
H3 BpeMeHHEIX nuarpaMMm Ha pHc. 8.9 Takke BHIHO, 4TO HCKOMBIH MHTEpBaJ

MOJKHO ONpeNenuTsh Kak T, = T,+ T, — T,. [lofcTaBnss B 370 BeIpaKeHHe NapaMeTph
Tgs Ty U T,, BeIUHCIAEMBIE 110 (8.11), Haxomum, uTo

T,= NyT, + (N,T, + Aty )k, — (N,T,+ At L)k, (8.12)

I[pu onuHakoBbIX KO3 (UIMEHTaX PaCIIUPEHHs] CTOPOH H3MEPAEMOTO MHTED-
Bana (k, = k, = k), momyumum

To= T[Ny + (Ny— NyYk] + (At~ At )k, (8.13)

IMorpemsocTd nuckpeTH3aluu Af,, H Af,, HMEIOT paBHOMEPHOE pacrpenere-
Hue ¢ npeaenamu 0...7,, a ux pasHocTh Af, — Af,, pacnpeleNcHa [0 TPEYTroubHO-
My 3akony ¢ nipenemamu + T, [TostoMy makcumanshan nospemnocms Quckpemu-
zayuu npu usmepenuu unmepeana T, passa T, /k u ymeHbIaeTcs ¢ pocToM Ko3tdu-
upenTa paciuupenns k. Ha npakruke 31ot koo ¢uimeHT BEIGHpaIoT paBHbM 128 1w
256 (3TO CBA3AHO C Pa3pAAHOCTHIO HCKPETU3aTOPOB), TaK Kak IMPH ero JaabHeHIeM
YBEIMYEHUH CYIIECTREHHO BO3PACTAET MOIPEIIHOCTE PaCMpPHTE EH HHTEPBAIOB.

HouuycHei#i MeToa B W3MepUTEN X HHTEPBAJIOB BPEMEHH NMPHMEHAIOT
M [OTIONTHUTEBHBIE METOIbI PACIIUPeHHs pabodero AMana3oHa B CTOPOHY MajlbIX
3Hauenuit A7, OOHUM M3 HMX ABJISETCS HOHHYCHBIH (HOHHYC — yKa3aTellb CpPelcT-
Ba W3MEpEHHs B BHJE JOTOJHHUTENBHON IIKabl). 3TOT METOJL MO3BOIAET CHU3UTE
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MOrpelHOCTh AUCKPETH3ALHMH, KOTOpas CTAHOBUTCA HelomycTuMo Gonbmol npu
H3IMEPEHHH KOPOTKMX (AECATKH HAaHOCEKYHI) MHTEpBaIoB BpemeHH. C 3THM Npu-
XOOUTCA MMETh HENO, HANpPHMEpP, NpPH M3MEPEHHH [UIHTENBHOCTH (poHTA HM-
MyNIBCHBIX CHrHANOB. [IpakTHYeckas pealu3alys HOHAYCHOTO crocoba obecnedn-
BaeT BpeMEHHOE paspelleHHe NopAaKa AeCATEIX AoJel HaHOCEKYH/IBL.

CoBpeMeHHbIE H3MEpUTEbHbIe IMPHOOPE! Ha OCHOBE MHKPOIpPOLIECCOPOB BEI-
MOHAIOT (PYHKINH W3IMEPEHHU HHTEPBAIOB BPEMEHH H 9acTOTH! HA €MHOH OCHO-
Be. 3TO CBA3aHO C (OPMHPOBAHWEM M MOCIEAYIOIIHM H3MEPEHHEM HHTepBajla
BpEMeHH, PABHOTO H3MepAeMOMY MHTepBany (MpH M3MEpeHWH BPeMEHH) WIH Iie-
JIOMY YHCITY TIEpHOAOB M3MepseMOro cHrHana (MpH W3MepeHWH NepHoja U 4acTo-
1). ChopMHpOBaHHBIH HHTEPBAJ W3MeEpAETCH UM(POBBEIM METOAOM C MHTEPIO-
nALpeif 19 yMeHBIIeHHs OTPEeNIHOCTH JUCKPETH3ANH,

B Takux npubopax mpu H3MepeHHH PaclIHPeHHBIX HHTEPBANoB k,T,, k,T, U HH-
TepBana 1, (puc. 8.9) COOTBETCTBYIONIHE YHCIA CHETHBIX HMITYILCOB (N, N, 1 Ny),
3aMOJIHAIOMIAX 3TH HHTEPBAb], HAKAIUIMBAIOTCA B OTHE/IBHBIX PETHCTPAX.

JmurensHoCT T, ONMHOYHOTO H3MEPAEMOT0 MHTEPBAla BRIYHCIAETCA MHKpPO-
MPOLIECCOPOM COIIacHO (hopmyre:

T, = T[N, +(V,— Ny— AN, /A, (8.14)

rae AN, — TONpaBOYHOE YHMCII0, YYHTIBAIOIIEe B3aMMHOE PacCOracOBaHHE pac-
mUpHTENed H ONpenenseMoe B NPOLECCe HX ABTOMATHYECKOH KamuOpOBKH € MO-
MOIIIBI0 MHKPOTIPOLIECCOPa.

[lpy W3MEpEeHMH TOBTOPSIONMXCA HHTEPBANOB (C YCPEIHEHHEM) [O-
MOJTHUTENBHO MOJACYHTHIBAETCA YHCITO Ny YCPEIHEHHBIX 3a BpeMs M3MEPEHHS MH-
TepBaioB. B 3ToM citydae uzMepseMblil HHTepBa/l BpeMeHH BBIYHCIAETCS KaK

To = T,[Ny + Ny~ Ny~ Ng AN ) K/ N (8.15)

IMpu n3mepenuu nepuona T, uucno Ng ONpelensaeT KONMIecTBO YCPeaHAEeMbIX
nepuonoB. IIpH 3TOM nepuoa BEIYKCIAIOT 10 dopmyie:

T, = T[N, + (N, — N, — AN, YKJ/Nz. (8.16)

8.7. ABToMaTH3aNHAS NPOHECCOB H3MepeHHS
4acTOThl H HHTEPBAJIOB BpeMeHH

IToBceMecTHOE BHEAPEHHE MHTErPaibHOH MHKPOIIEKTPOHHUKH W KOMITLIOTED-
HOH TEXHUKH BBIABHIIO TEHIEHIIHIO MOCTpOEHHUA HBME]JHTCJISﬁ BpeMeHHI;IX HHTED~
sanos (HBH) u qactoToMepos. B HacTosAmee BpeMs NMpaKTHIECKH OTNana Heobxo-
OMMOCTB B MapajiielbHOM Pa3sBHTHH [BYX paHee BIOJHE CAMOCTOATE/BHBIX TPy
H3MepHTeNbHBIX Npubopos, Takux, kak ICY u UBH. Ceiiuac mmerorca u paspaba-
THIBAIOTCA MHOTO(YHKIMOHANBHEIE NPHOOpPE], MOMHOCTBIO YHIOBIETBOPSAIOIIHE
BceM TpeGoBaHWUAM, KOTOpHIE PaHBIIE B OTAEABHOCTH NPEIBABIINCE K 3THM H3-
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MepHTEIAM. Tak, B MOCHeAHHX BHITYCKAX H3MEPHTENbHBIX NPUOOPOR, OCTPOEHHbIX
C MCIO/B30BAHHEM MHKPOMPOLECCOPHOIO KOHTPO/UIEpa, (YHKIHH M3MEPEHHS HH-
TEPBa/IOB BPEMEHH, NIEPHO/IA H YacTOThl PEAIM3YIOTCA Ha eIMHON OCHOBE,
YnpomesHas CTpyKTypHas cxema OH(POBOIO HIMEPHTENLHOTO NpHGOpPa C©
MUKPOTIPOLIECCOPHBIM KOHTPOJUIEPOM MpejcTaBneHa Ha puc. 8.10.

E-mi,-—-—- -------- ---—--------: Kmmo&ueeomm;ﬂomﬂm
' Vempoiicmeo 1
1 | awquciumensroe || 03YV 3V 1y emem Humepgheiic
: ynpaéinioiuee i u HOuKauuu
Ji1e el o) 53 abelsiat sk b o ke o &y b
o z ——
amepumens| | Copex-| | Humep- Dapmu- Bnok
;‘fsfv’ggg’g‘ 1 mop [ nmﬁei%p 1 pasapmma 1 pecucmpos
: ] I
Hemounuk | |Cunmesamo,
numaHus ugcmombi - Lam

Puc. 8.10. Ynpouiennas crpyxrypras cxema HBH ¢ mukponponeccopom

Cxema UBH conepxur cieyionme G10KH: H3MepHTENb YaCTOThl H HHTEPBa-
JIOB BpEMEHH, HHTEPIONATOP, CenexTop, hopmuposarens, 6mok pernctpos, LIATI,
CHHTE3aTOp 4YacTOTHI (BLINO/IHEH B BH/Ie KBAPLEBOTO TeHepaTopa ¢ noc/eayiommm
YMHOMKEHHEM HacTOThl), MHKponpoueccopHsiii korTpomiep (MITK), mmrepdeiic,
60KH ynpaBleHns M MHAMKAIMM, UCTOYHMK muTaHus. MIIK ssasercs ocHoBoil
npubopa u BKMOYaeT B ceGf YCTPONCTBO BEINHCIHTENBHOE YNPABIAIONIEE, ONepa-
THBHOE 3anoMuHaroniee ycrpoiictso (O3V), nporpaMmmupyemoe (ocTosHHoE) 3a-
nomuHawomee ycrpoiictso (I13V). HamepuTtens 4acToThl U HHTEPBATIOB BPEMEHH
CONEPAHT YCHIUTENH-(DOPMUPOBATENH BXOAHBIX CHIHAIOB, ACAWTENb YACTOTSI,
KOMMYTaTop, 3anoMHUHaloniee YCTPOHCTBO M JelH(parop, KOTOpBIH CONEPKHT
nporpammy pabotsl npubopa ¢ gaHHbIM GlOKOM.

Cenekrop usMepHTenbHOro npuéopa OpMUpYeT U3 BXOMHOTO KoneGauus u3-
MepAeMbiii HHTepBaJl BPEMEHH, 2 H3 CHTHA/IA OTIOPHOH YacTOThI KBAPLIEBOTO IeHe-
patopa — 3TalOHHBIH HHTEPBA BPEMEHH, PABHBIH H3MEPAEMOMY C TOYHOCTBIO JI0
UTHTENBHOCTH NEPHO/Aa CHIHAA ONOPHOI YacTOTEI.

Cxema MHTEprOIATOPa BKITIOYACT JIBA OJWHAKOBBIX KaHANA M CITYKHT IS pac-
LIHPEHNHA HMITYITECOB, OTPAKAIOIINX ITOrPEIIHOCTH ANCKPETHIALMH, W TTOCHeIyIo-
IEr0 UX W3MEPEHMs METOAOM cueTa 4Hcia konebanHit omopHol wactotsl. Dop-
MHpOBaTe/ib NTOTOBHOCTH CONEPXUT AeMN(paTop YIpapneHus CeaeKTOpOM U cYeT-
YHKH YHC/Ia HMITY/TECOB, @ Takoke BhlpabaThiBaeT crieMaNbHLIN CHIHAL, 3a/1ar0mHil
Bpems paboTsl cenekTopa.
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BJIOK perncTpoB CONEPHKHT OCHOBHYIO HacTh CYETYHKOB, a TakkKe Hemudparop
ynpaeneHus, BeipabarbiBaoluii curaay cOpoca perucTpoB, YCTAHOBKH B HCXOJI-
HOE COCTOfHHE CEJIeKTopa, MpHeMa U Bbiladu MH(popmalmu. Cxema COBNANEHHA
BBLIAET CHTHAJl B MOMEHT IEPENONHEHHA cueT Hka. CHIHAJ ¢ BBIXOJA CXEMBbI COB-
naaeHHs MOATOTABIIMBAET OKOHYaHWe BpeMeHH cuera mpubopa. B nauHo# cxeme
ysen LIAIl mpenHazHauyeH Jis M3MepeHHs YPOBHA 3amycka npubopa B pexuMe
PYYHOTO YNpaBIeHHS M [UIS YCTAHOBKH TpefyeMoro ypoBHS 3amycka B pEXHME
IHCTAHIMOHHOTO YNpaBieH:Hs Mpubopom.

Brox ynpaBneHMs W WHOMKALMH YNpaBiseT ONOKOM HHIMKAaTopa W Ipe-
o0pasyeT KOMaHIHbIe CHTHaBI, noctynatomue ¢ MIIK, B ynpapniomue cHryais
npubopa. OH TakkKe cofiepkuT UUPOBOH WHAMKATOp M KJIaBHaTypy MUIA BBOIA
nanHeX. MHTEpdeiic obecnednsaer paboty npubopa B H3MEPUTEIBHBIX CHCTEMAX
¢ KaHaloM 0OMIero monb3oBaHus. Biaok muTaHuA BeIpaOaThiBaeT MHTAIOIIME Ha-
npspkerus. CHHTe3aTop YacTOTH C KBapIeBbIM IeHEpaTopoM CO3/IAeT CTa0HIbHEIE
rapMOHHYECKHe KojiebaHus pa3nHIHOH 9acToTe! (Yactorol 5 MI'u v T.o.).

Texuuueckne xapakrepucTuky MITK onpenensroTcs B OCHOBHOM MapameTpa-
MM CTaHOAPTHBIX COBPEMEHHBIX OTEYECTBEHHBIX WMIIH WHOCTPAHHEIX MHKpOIpO-
neccopo 1 KMOII mHTErpanpHBIX MHKPOCXEM, Ha KOTOPHIX NOCTPOEHO Gonb-
HIMHCTBO YCTPOiCTB conpskenus. MIIK noakmodaeTcs K yCTpoHCTBaM NaMATH
HeMocpeACTBEHHO Yepe3 NpUOOpHYIO MarucTpalb, K JApyrdM YCTpOMHCTBAM H3Me-
puTensHOro npubopa — YacTU4YHO Yepe3 NpuGOPHYIO MarucTpanb H 60K ynpas-
nenus. B mpubope mpeaycMOTpeH peHM CaMOKOHTPOJIS, OCYIIECTRIAEMBIA H3-
MEpPEeHHEM .HACTOTHl WM MepHona cOOCTBEHHOIO OMOPHOI0 CHrHaja KBapLEBOIO
reneparopa 4dactoroif 100 MTI'u. Jlng BHYTpeHHHMX CBA3€i W MOAKMIOYEHHA K
BHEIUHWM YCTPONCTBaM, HAaMpPUMEP K KOMMObLIOTEPY, B W3MEpUTENBHOM NpuOOpe
HMEIOTCA TPH BHAA LH(pPOBLIX MarucTpaneii: muHa ynpaenenns (LUY), anpecHas
muHa (ILIA) u muHa gasex (L),

KonTpoJibHble BODPOCHI

1. Tlepeuuciure OCHOBHBIE METOIB! H3MEPEHUS YACTOTEL
Kakosa ocHoBHag oGnacts NpHMEHEHHA PE30HAHCHOIO METOa HIMEPCHHA Y4acToTel?

3. Kaxue OCHOBHEIE OrpaHHYEHMS TIPUCYINH METOAY M3MEPEHHS HAacTOTHI MPH MOMOIIH
3apsa-paspaia koHaeHcaropa?

4. B uem 3aK/m04aeTcs NpHHLMI paboTH reTepPOIMHHONO YacToToMepa?

5. OO6bacHUTE BPEMEHHEIE AUArPAMMEI, COOTBETCTBYIOIIHE PEXHMY W3MEPEHHS YacTo-
TBI LU(POBLIM IPUGOPOM.

6. OOGBACHHTE BPEMEHHBIE AMArPAMMBI, COOTBETCTBYIOUIME DEXHMY H3MEDEHHS Bpe-
MEHHEIX HHTEDBATOB nuQpoBeM MPHGOpPOM.

7. Kak BIMSET NOrpelIHOCTh JMCKPETHOCTH HA PE3YNIBTAT NPH M3MEPEHHH BHICOKHX H

HH3KMX 9acToT unppoBemM npubopom?

Kak aBTOMaTH3HpPYIOT MpOLIECCHl H3MEPEHHA YaCTOThI U HHTEPBAIOB BPEMEHH?

9. TlpencrassTe YNpOIIEHHYIO CTPYKTYPHYIO cxemy MBH ¢ MukponpoLeccopoM.
19*
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I'nasa 9. ASMEPEHUE ®A30BOI'O CABHUTA

K 4McITy OIHOTrO M3 OCHOBHBEIX MApameTpoB 3MeKTpuueckux konebaxui, onpenendio-
LIMX COCTOAHME KojebarensHOro mpouecca B moboll 3a1aHHellf MOMEHT BPEMEHH, OTHO-
curcs dasa. Hapsny c dasoli onHoro koneGaHHs HHTEPEC MPEACTABAET COOTHOMEHHE (a3
nByx koneGanuii. Heo6xoauMocTh B M3MEPEHHAX 3THX TAPAMETPOB BO3HHKAET MPH HCCIe-
HNOBaHWH YCHIHTENeH, GUIBTPOB, MUHEHHBIX LeneH, rpanyupoBke (hasospaiiarenec, cHs-
THH ()a304aCTOTHEIX XapaKTEPHCTHK PA3IHYHBIX PATHOTEXHHIECKHX YCTPOHCTB U T. 1.

9.1. O6mHue cCBeNeHHNA

TonsTie «pasa» XapakTepusyeT rapMOHWYecCKoe (CHHycOMJanbHOe) Koneba-
HHe B mMoOO0H KOHKpeTHBI MOMEHT BpeMeHH. [l rapMOHHYECKOro koiebamus
u () = Upsin(ot + @,) ¢ amumtypoit Uy, ¥ KpyroBo# 4acToTol @ TeKymias
(MrroBeHHas) daza B oGOl MOMEHT BpeMeHH ! paBHA @(f) = of + @, TIe @; —
HauanvHaa gasa.

Dazoebim cosuzom AP NBYX rapMOHHYECKHMX CHTHAJIOB OIHHAKOBOHM 9acTOTHI
uy(#) = Up,sin(of + @,) 1 uy(f) = Up,sin(o? + ¢,) Ha3pIBacTCA MOMYIb Pa3HOCTH KX
HaqaJlbHBIX (a3

80 = 9,- 94 ©.D

CoO6CTBEHHO %€ BENWYHHA O, — (), HA3bIBAETCA pasHocmbio ¢has curHanos, da-
30BBI# CHBHr A He 3aBHCHT OT BPEMEHH, €CJIH OCTAIOTCA HEM3MEHHBIMH Ha4allb-
Hble a3kl @) | Q,.

Tak kak a3a ¥ BpeMs CBf3aHbI JIMHEHHON 3aBHCHMOCTBIO, TO (Ha3oBLIH ciBur
HCTIONB3YIOT AIA KONMYEeCTBEHHOM OLEHKH BPEMEHH 3ara3/ibiBatis MPOXO0KICHH
CHTHaJIa Yepe3 HEKTPUUYECKYIO Lemb. [IpH 3T0M B 3aBHCHMOCTH OT KOHKPETHOMH
W3MEpPHUTENLHON 3a/lauy ¥ JUaNa3oHa YacToT, B KOTOPOM NMPOM3BOIATCSA H3Mepe-
Hus, TpeGOBAHMA K TOYHOCTH M3MepeHHs (a30BOro casura Moryt GbITe pasiud-
HBIMM — OT HOCTATOYHO IpyOBIX M3MepeHHH (C MOrpelIHOCTHIO H3MEpEHHA
1...5°) no Becema TouHbIX (0,01°).

Ha npaxruke 06bI4HO pemIaloT 3a1ady H3MEPeHHs pa3HOCTH (a3 IByX rapmo-
HAYECKNX (CHHYCOMANbHBIX) KoeOanuil ¢ paBHBIMU YacTotamu. ITpu aToM daso-
BBIH CIBHI yIOOHO MpeNCcTABUTh B BHIE 3aBHCHMOCTH OT coued CusHAnos 8o
gpemenu At, COOTBETCTBYIOWIErO MX HACHTH4HBIM (aszam. Tak, Hampumep, IiA
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Puc. 9.1, ['padyxs AByX CHIHANOB C O/IHHAKOBBIMH NEPHOAAMH!
@ — CHHYCOMJANBHEIX; & — CHHYCOHIATEHOTO H HECHHYCOMAANBHOTO

rapMOHHYECKHX CHTHANOB u,(f) = U,sinot u u)(f) = Upsino(f — Af), EMeromuX

2
onuHaKoBkli nepuon 1 = _n, (pasossiii casur B paxuanax (puc. 9.1, a):
®

Ap=0At = 2?! : ©9.2)

J[Ba CHTHAJNA HA3LIBAIOTCA CUHDA3HLIMU, NPOMUBOPATHOIMU H HAXOOAUSUMUCA
8 keadpamype, ecni (asoBbI CIBUT MEXTy HUMH paseH 0, T n/2 COOTBETCT-
seHHO. [IpMMEHHTENBHO K NEPHOIMYECKHM CHHYCOMIANBHOMY W HECHHYCOUATIb-
HOMY curHanam (puc. 9.1, 6) H K IBYM HECHHYCOWIANBHBIM CHIHAJIaM C OJMHAKO-
BBIM MepHoTioM T HCTIONB3yeTCs MOHsTHe 06 uX cosuze (3a7iepiKe) BO BpEMEHHU Al.

Jins wameperns (asoBOTO CHBMIAa MCTIOJB3YIOT MPHGOpPEI, HaskiBaembie (aso-
MeTpaMH, a B KauecTBe Mep CIBHra — ¢hazoepawjament, T. €. JIMHEHHbIC Y€Thl-
PEXIOMOCHNKH, Y KOTOPhIX BBIXOJHOH CHIHaJ 3aJepXaH Mo (ase OTHOCHTENLHO
BXoHOr0. CYIIECTBYIOT peryIupyeMble i HeperyrupyeMsle $a3oBpamarey.

Yro6bl u3MEPUTH (Ha30BLIH CHBHT, MPUMEHSIOT PA3IMYHEIC METOBI H NPHEMEI
W3MepeHHii: ocumLIorpadHYecKue, KOMNEHCALMOHHBIH, IPeobpa3opaHus ¢azoso-
rO CHBHra BO BPEMEHHOMH MHTepBal, LAdPOBOH (IMCKPETHOTO CYeTa), M0 FeoMeT-
pHuecKoif cyMMe M PpasHOCTH Halps/KeHHH, a TakKe ¢ npeoGpa3oBaHKEM YACTOTHL.

CpexcTsa u3MepeHHil (a30BOro CABHIa, Peau3ylolue NepevHCICHHBIE CIIO-
cobbi (KpoMe OCLMIUIOrpaduecKnX) Npe/ICTaBICHb aHANOrOBBIMH 1 LH(pPOBBIMH
3eKTPOHHBIME (hasomeTpamu, 0OecneYUBAIOIMMA H3MEPEHHMA B JManasoHEe OT
HH(Pa3BYKOBBIX [0 BBICOKHX 4acTOT.

9.2. OcunanorpadguuecKkue MeToAbl

Ilns maMepennus (a3oBOro CABUra ¢ TMOMONIBIO Ocuuorpada NPUMEHAIOTCA
MeTOIB! IMHEHHON, CHHYCOMAANEHOM H KPYroBO# pa3sBeprok, a Takke METOJ IHo-

TYOKPYKHOCTH.
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MeTon nHHeiiHO# pasBepTKH

JlanHsIit MeTON peauyercs Npy HaOMOJEHHH HA IKpaHe OHOBPEMEHHO JIBYX
curnanos (puc. 9.1, a). Cnoco6 iuHelHOH pa3BepTKH COCTOMT B [0Ja4e Hamps-
weHui uy(f) U uy(f) B KaHabl BEPTHKAILHOTO OTKJIOHEHHS IBYXITy4€BOrO HIIH
IByXKaHansHoro ocumnorpada (Ha Bxoasl ¥, u 13) U nocnenyomem u3MepeHHH
uHTeppanop Af u 7. Mox-

HO TaKkKe [PHMEHHUTH

OMHOMY€BOH il Dnexmponnetii Ocyunnozpagh
norpad (puc. 9.2), ecam KOMMYymamop

Ha ero Bxox Y mojasaTth O
HCCIelyeMble  CHTHamsl Y1 0 Y
NOOYEepeHO Yepe3 3Mek- s Bnyi;ip.
TPOHHBIH  KOMMYTaTop. * CUHXP.
DONeKTpOHHBIH ~ KOMMY-

TaTop TIEPHONMIECKH Puc. 9.2. Meton nuHelino# passepTku

TIepeKIIouaeTcs ¢ MOMO-
IIBK0 UMITYJILCOB THIIA «MEaHAp», MOCTYNAOLUMX ¢ reHepaTopa W CIeNyIOUIHX C
gactotoit F = (25...100) 'u. B ToM H ApyroM BapHaHTax rOpPH3OHTAIbHBIE pas-
BEPTKH ocuLiorpadoB (BHYTp. CHHXp.) JOJDKHBI OBITh CHHXPOHH3HWPOBAHBI OJI-
HHM 13 curHanos. [Tone3Ho ypaBHATE aMIUTHTY bl 060MX HaNpsKEHHH,

Wamepus BpemeHHbie orpeskd Af u T' (cM. puc. 9.1), BeramcsnoT (asoBbIi
CIBWT CHTHAJIOB B pajMaHax ro dopmysne (9.2) wim B rpamycax 1o dpopmyse:

A 360 N. ©.3)
f

ITpy NaHHOM METOAE TIOTPENIHOCTb W3MEpeHNs (ha30BOro CHBAra AQ COCTaBIACT
+(5...7)° ¥ BI3BaHA HEMHENHOCTBIO Pa3BEPTKH, HETOYHOCTHIO 3aMepa HHTEpBANOB Af
u T, a Taroke OMHUOKAMHE ONpPEEIeHHs MONOKEHHA OCH BPEMEHH.

MeTon cHHYCOMIANLHOMN Pa3BePTKH HIH 3/LIHNca

MeTosi peau3yercs ¢ NOMOLIBIO OJHONYYEBOro OCIMLIorpada npu rmogade
OJIHOTO CHTHAJA Ha BXoH Y, a BToporo — Ha BXof X oTkIOHeHus ny4da. [Tpu aTom
reHeparop pa3BepTkH ocuuLIorpada nomkeH ObiTh BBIKTIOYEH.

ITycTs Ha BXomsl X ¥ Y ocumuiorpada Obiik MOAaHEI COOTBETCTBEHHO CHI-
Hanbl #,(f) = u; = Uy, sinot u uy(f) = u,= Un, sin(@f + @), s KOTOPBIX (azoBaIil
cHBHT AQ = @ (1anee B BHIPAKEHUAX WA %,(f) M u,(f) apryMeHT  Be3jie OMyIIeH).
MrHOBeHHbIE OTKJIOHEHHA JIyda Ha 3KpaHe 10 rOPU30HTAIM H BEPTHKAIIH PaBHBI:

x = h U, sinot = asinof; (9.4)

y = hyUp, sin(ot + ¢) = bsin(ot + ), ©9.5)
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rne koatunuenTs! A, s, — COOTBETCTBEHHO 1yBCTBHTEILHOCTH ocuwutorpada k
OTKJIOHEHHIO JTy4a 10 TOPH30HTAIM H BepTHKANY; a = hUp,, b = hU,, — ammm-
TY/IbI OTKIIOHEHH Jy4a (puc. 9.3). '

Jlns onpenenenus Gpopmsl QUrypel, BEIMEPIHBAEMON JIyIOM Ha SKpaHe OCLIHII-
norpada, Haliiem ee aHATMTHYECKYIO 3amuch, [l 3T0ro JOCTaTOYHO MCKIIOYHTh
u3 dopmyn (9.4) u (9.5) mepeMeHHYIO [ K 3aTeM INPeACTaBATE OTKIOHEHHE ) B
3aBHCHUMOCTH OT BEJIMYHHBI X:

5
sinwf = i, cosmt =+ l—['—x—] 8 (9.6)

a a
y = bsin(of + @) = b(sinot- cos@ + cosat- sing). 9.7)

INocne moacraHoBkH (9.6) B (9.7) MONY9IHM BhIpaXKeHHE!
y= E[xcosq: +va® -x? sinq)], 9.8)
a

npeacTasisioliee coboi ypaBHeHHe
3JUTHTICA, TI0KAa3aHHOIo Ha pHc. 9.3.
Onpenenvm BenudHHY (pa3zoBOro
CIBUTa CHUTHAJIOB U, H u;. YdacTaMm
3JUTAICA, MPEICTAaBIEHHBIM HErpe-
PHIBHOH M IUTPHMXOBOH JHHHAMH
(puc. 9.3), COOTBETCTBYET YpaBHe-
uie (9.8), B KoTOpOM repesi KOpHEM
CTOAT 3HAKH IUIIOC M MHHYC COOT-
BETCTBEHHO. BemWuuHEI OTPE3KOB
Vp M X, HaX0IATCA MO YPaBHEHHIO
(9.8), ecinu NONOXKHTH AN HeEmpe-
peIBHOH nuHMMA x = 0, a And mWTpH-

Puc. 9.3. K u3sMepeHuio pasHoCTH

xoBoii y = 0: y, = bsing, x, = asing. (a3 meTozom amMIICa
Orcroa MCKOMBIH (ha30BbIf CHBHT B
paJMaHax:
A = @ = arcsin (‘%") = arcsin [I—") 9.9)
a

TNepe HaYaNOM H3MepeHHs AQ 0OBIMHO YPaBHUBAIOT HA IKpaHEe aMIUTUTYIBI b
# a (puc. 9.3). Jlnst 37010 NooYEPEaHO OTKIIOYAIOT CHIHANBI 1) M U, OT BXOHOB X H
Y ¥ ¢ NOMOMIBIO PEryTHPOBOK YyBCTBHTENLHOCTH hy WK A, NOOMBAIOTCS PABEHCT-
8a b = g. U3MepyB Ha SKpaHe OTPe3KH 2y, ¥ 2b (wnu 2x, u 2a), TOACTABIAAIOT HX
oTHoweHue B Gopmyiy (9.9) U BEIMHCITIOT AQ.
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Da30BbIi CABHT NMPH a = b (puc.9.3) MOKHO ONPENENHTE U APYTHM CHOCO6OM.
Mt sToro cnegyer u3MepHTh OONBIIYI0 B 1 Malyio A OCH 3JUIMIICA U BEIYHCITHTS
(a3ossiit ceur o dopmyne A = 2arctg(4/B).

Ap=0°(360°)
150°(210°) 1\ 30°(330°)
45°(315°)
60°(300°)
90°(270°)

Puc. 9.4. Metoz annunca: ocuu/uiorpaMMsl P pasHeIX (a3oBBIX CABMIaX

Merox snnunca He MO3BONAET ONHO3HAYHO ONMPENENHTH (Ba30BBIH CHBHT B
awnanasoxe (0...360)°. DT0 BHIHO M3 OCIMINOrPaMM Ha puC. 9.4, COOTBETCTBYIO-
IIHX Pa3sfiu9HbIM 3Ha9eHHAM A@. HeoaHO3HAYHOCT H3MEPEHHA UMEET MECTO JUIA
(ha30BBIX COBHIOE:

0 <Agp <90°u270° < Ap < 360°;
90° <A@ < 180° u 180° <A@ <270°%  A@=90°uA¢p =270°
C uenpio monyveHus NpaBUIBHOTO pe3ynNbTaTa M3MeEpeHus A@, HeobXomuMo
TakKe MOAaBaTh CHTHAN %, Ha BXoJ Y ocumiorpada yepes (azoBpamaresns, co3-
HAIOUIAiA OTOJHUTENBHEIH (azoBeiil capur Ha 90°. Ilo M3MEHEHMIO OCHHILIO-

rpaMMBl  MOXHO clieflaTh BBIBOJ O 3HayeHuH A@. INopAnok ycTpaHeHHs HeOXHO-
3HAYHOCTH ¥ (hOPMYJIBI pacyeTa AQ npuBegeHs! B Tabm.9.1.

TaGnuua 9.1. ®opmyns pacyera Ag

Hcxonxoe monoxkenue

Sommodt ock smnca (BOD) B 1-m u 3-m kBanpanTax Bo 2-m 1 4-M xBajpaHTax
[onoxenne BOD npu yse- | Bo 2-M u 4-M Bl-M#u3-um Bo 2-m u 4-m B 1-Mu3-m
JHueHHH A Ha 90° KBaJIpaHTax KBaJipaHTax KBaJlpaHTax KBanpaHTax

JlnanasoH, B KOTOPOM

e o 0<Ap<90° |270°<Ap<360° | 90°<Ap<180° | 180°<Ap<270°

BripakeHHe 1A pacyera

o rhayo Ay’ 360°- Ag’ 180°~ Ag’ 180°+ Ag’

[Ipumeuanue: Agp'=180° arcsin[(y,/b)/n] =180° arcsin[(x,/a)/n]
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B nononHeHHe k Tabn. 9.1 oTMeTHM, YTO HEOZHO3HAYHOCTH I (a30BBIX
cnuroB AQ = 90° u Ag = 270° yctpanseTca aHanorH4Ho. ECiH mpH I0mnonHE-
TebHOM (Da30BOM CBHre CHrHana u; Ha 90° ocmsuiorpaMMa HMEET BHIL OTPe3Ka
NpAMOi, PacTIoNOKEHHOTO BO 2-M ¥ 4-M KBanpanTax, 1o Ap =90° a ecmm B I-M 1
3-Mm—T10 Ag@ = 270°.

TlorpemHoOCTs M3Meperns (Ha30BOr0 CABATA MEKTY ABYMS CHHYCOHOAIbHBIMA
CHrHAMAMK METOJIOM 3JUTHTICA — OHa cocTasnsier + (2...5)° — 3aBHCHT OT TOMHO-
CTH H3MEPEHHS UTHH OTPE3KOB, BXOAAIIMX B BeIpaxenue (9.9), pasmepa ocumuio-
rpaMMbi # TOYHOCTH (JOKYCHPOBKH Jlyqa Ha 3KpaHe ocuwuiorpada. 3T MPHIHHEL
OKa3BIBAIOT TeM Gonbllee BIMAHME, YeM OGmke M3MepAeMsld caBar (a3 K Hymo
wi K 90°. Bo3MoXKHAa Takke CHCTeMaTH4yecKas MMOrpeliHOCTh H3MEpeHHA H3-32
HanMYMA pasHoro (azoBoro CIBMra, CO3AABAEMOr0 YCUIHTENSIMH KaHANOB BEPTH-
KAMLHOTO W TFOPH3OHTAILHOIO OTKJIOHEeHHS mydelt TpyOku. Jina ee ycTpaHeHHs
MOXHO (Mepen HaganoM u3MepeHMif) OMH U3 WCCieNyeMbIX CHIHANIOB MOMaTh HA
BX0Z1 ¥ ocnmuiorpagia HeNoCPEICTBEHHO, @ Ha BXOJ X — uepe3 perynapyemsiii (aso-
spamaress. Mamenss HacTpoiKy gasoBpamarens, HeoOX0IMMO NOOHTECSA MOAR/ICHHS
HA FKpaHe OCLUUIONpada HAKIOHHON NMPAMON JTHHKH, PACTIONOXKEHHOR TIO/L YITIoM 45°.
3areM, COXpaHas 3Ty HACTPOKy, NojaTs Ha BXoA (asospamarens BTOPOH CHIHANL H
nposecTH Tpebyemoe H3MepeHHe (azoBoro CIBUIa CHIHaJIOB.

MeToa Kpyrosoii pasBepTKH

1ot MeToa obecnedrBaeT H3MepeHHe ()a3oBOro CIBHIra NPaKTHYECKH B Ipe-
nenax or 0° go 360°. CymHOCTh METOJA MOACHAETCA CXeMaMH W JnarpaMMamH,
NMOKa3aHHLIMK Ha PUC. 9.5, Wis cydas W3MepeHua (a3’oBOro CABHra MEXIY CHI-
Hanamu u; = U, Sinot 1 uy = Up,sino(t — A).

TenHeparop passepTkH ocipuuiorpada npeaBapHTENbHO BBIKMIOYAETCA W HA
Bxoms! ¥ u X NONAOTCA CHTHAM ¥, W CHTHAM u; (puc. 9.5, a), 3auepKaHHLIA OTHO-
CHTENBHO %, To ase Ha 90° ¢ MOMOMIBIO OTONHHTENBHOTO (asoBpamarens
(®B). [lpr oaMHAKOBOM OTKJIOHEHHH 3JIEKTPOHHOIO Jiy4a M0 rOpH3OHTATH H BEp-
THKaJIM Ha 3Kpase ocuwuiorpada Gyner HabmoaaTses OCUMLIOTpaMMa, HMelomas
BHJI OKPYXKHOCTH (PHC. 9.5, 6).

AHanuzupyemsle HanpsoKeHus u; ¥ 4, NOCTYNAlOT TaKkKe HA BXOAbL HACHTHY-
HbIX opmuposateneii @1 1 O2, npeobpasylOUMX CHHYCOHANbHbIE KoneGaHms B
NOC/EeI0BATENEHOCTh KOPOTKHX OXHOMOMAPHBIX MMITYIBLCOB u, U ug (pHC. 9.5, 6).
Iepennne GPOHTHI ITHX HMITYILCOB MPAKTHIECKH COBMANAIOT C MOMEHTOM nepe-
XOda CHHYCOHMI 4epe3 Hy/leBOoe 3HAYeHHe NPH HX BO3pacTaHuH. MMmynbcHble
CHTHANBI 2, W 15 OOBEAMHSAIOTCS ¢ noMoikio norudeckoi cxemsl HIIH. Ee bixon-
HOM CHrHAN U, B BAJle ABYXMMIIbCHOM MOC/I€0BaTENbHOCTH TOAETCA Ha BXOA
Z ynpasieHHs SPKOCTHIO Nyda ocumwuiorpada. B pesynsrare Ha OKpPYKHOCTH
(puc. 9.5, 6) B Toukax / # 2 NOABNAIOTCA OTMETKH IOBBILICHHON APKOCTH.
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Puc. 9.5. Meton kpyroBoii pasBepTku:
a — CXEMA H3MEPEHHS, § — OCLMILIOrpaMMa, 6 — MIOPsI CHIHANOB

Hamepenne dazoBoro capura AQ Mexay CUTHAIAMH % W 4, BBIONHAIOT TaK,
KaK rnokasaso Ha puc. 9.5, 6. Tlpu m3mepennn (asoBoro cIBHra JaHHBIM CIIOCO-
6om ynoOHO HMCIONB30BATE MPO3pavHLI TPAaHCTIOPTHP, MOMEIIEHHBIH Mepes 3K-
paHoM ocmiiorpada; HeHTP TPAHCTIOPTHPA COBMEMAIOT ¢ LIEHTPOM OKPYKHOCTH.
Hamepsemsiit dasoBsiif yron OTCUMTEIBAIOT N0 JeNEHAAM TpaHcnopThpa. JlaHHbliH
METOJI H3MEPEHHA OCHOBaH Ha ciiejyrouieM, IToiHyo 0KpyXKHOCTB, KOTOPOIi COOT-
BETCTBYET yroa 360°, Jy4 ONMHUCHLIBAET 32 BPEMSA, PaBHOE meproay I CHTHANOB
WIH 1, & OyTy MeXXy Toukamu ! H 2, KOTOpOit COOTBETCTBYET HEKOTOPKIN yron
A@, — 32 BpeMA 3aJIEPKKH 3THX CHTHANOB Af = Ap T/360°, '

IIpu wamepenusx (a3oBoro ymia cnocobom MONYOKPY)KHOCTH (OH 31ech He
paccMarpHBaeTCH, TAK Kak MPHMEHAeTCS PelIKo) MOXHO JOCTHYB Gonee BBICOKOH
TOYHOCTH (morpemHocTs u3Meperus 1...3°). Kpome Toro, aTot MeTol no3ponser
NOJYYHTE MpAMOi OTCYeT (pasoBoro yria ¢ ykasaHueMm 3Haka, Ha morpemmHocTs
H3MepeHHs (ajoBOro ymia BIHSIOT TOYHOCTH (OPMHUPOBAHHA OKPYKHOCTH H Om-
pemeneHus ee LEHTpa, a TAKKe CTeMeHb WIEHTHYHOCTH Mopora cpabaTeiBaHHA
dopMupoBareneif 1 TOYHOCTE HIMEPEHHA YITIa A ¢ IOMOIIBIO TPAHCTIOPTHPA.
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9.3. KomneHcanHoHHLIH MeTOX

PaccMOTpHM OZMH U3 CriocoG0B, peaIM3YIOMKX KOMITEHCAIMOHHBIH (HyneBoit)
METOJI M3MEpEeHmH U ABIAIOIMHANCA PasHOBUAHOCTBIO METOAA CPABHEHMA. Ero
CYIIHOCTB COCTOMT B CPaBHEHHH H3MEpPAEMOro (a3soBoro CABHra ¢ M3BECTHBIM
$a30BEIM CIBHTOM, CO3JaBaeMbIM Mepoi — 06pa3LioBEIM (pasoBpamiaTeneM.

CTpyKTypHas cxeMa H3MEpHTE/IbHOM yCTAHOBKH NMPHBEJIEHA Ha pHC. 9.6. Ona
COOEPIKHUT H3MEPHTEBHELH

dazoppamarens (OB) 1 uHIM-

KaTop paeeHcTBa (a3, B Ka- O ¥y
4eCcTBE KOTOPOTO HMCIOJB30BaH PR

ocummiorpad ¢ orkmouensem ML Sp | ¥ X x
redepatopom passeptkd. Cur- b

HAalM u, mofaeTrca Ha Bxon Y -

ocuwnorpada depes (asos- Puc. 9.6. K onpenenenuio ¢azosoro
pamareib, a CHrHaa U, Ha BXOQ COBHra KOMIICHCAIIHOHHBIM METOAOM

X — HEnocpeAcCTBEHHO.

@a30Bbiil CABHT AQ MEXIYy ABYMA CHTHAJAMHU u; ¥ Y, ONPENEILIOT MyTeM H3-
MeHeHnA (assl JOTIOMHATENLHOTO CHTHAJA %3 C TIOMOIIBIO 006pa3LoBOro dazospa-
MaTe/s 0 MOMEHTA MOSBICHHA Ha SKpaHe HAKIOHHOH MpaMoi NuHAM (CM. pHC.
9.6), T. €. 10 MOMEHTA paBeHCTBa (a3 CUTHANOB , U ;. [1py 3TOM HCKOMBIH dazo-
BBIA CHBHMI AQ CUMTHIBAIOT MO mmKajie 06pasioBoro ¢dasospamarend. s Gonee
TOYHBIX W3MEPEHUH CleXyeT MPOBEpHTh M CKOMIIEHCHPOBaTh BO3MOXKHOE HE-
paBeHCTBO (Ha30BIX CABHMIOB, BHIPaOaTHIBAEMBIX YCIJIHTE/IAMH BEPTHKAIBHOIO H
rOPH30HTABHOINO OTKIOHEHHM: Jlyda ocIuuiorpada. 3To BEINONHAETCA B OPAIKE,
H3JIOKEHHOM IPH PAacCMOTPEHMM METOA 3JUIAIICA.

TOYHOCTh H3MEPEHMS KOMIEHCALMOHHBIM METONOM Bbicokas. IlorpeiHocTs
A3MEpEHHs ONpENeNeTCA B OCHOBHOM KauecTBOM rpaAyMpOBKH MIKaskl pa3oBpa-
marens u gocturaer (0,1...0,2)°.

KoMrieHCAUMOHHbIH METON MCHONL3YIOT U B auanasoHe CBY ana u3mepenus
$a30BOro CIBWra, CO3ABAEMON0 Pa3MYHBIMH PaJHOTEXHHYECKUMH yCTPOHCTBA-
mu (GHILTPOM, OTPE3KOM BOJNHOBOZA MJIM TONOCKOBOM JHHHH H 1.11.). Ilpouecc
A3MepeHHi MOXHO MOACHHUTB CTPYKTYPHOH CXeMOH, OKa3aHHOM Ha pHC. 9.7,
rae: I' — CBY-reneparop, AT — pa3essbiBaionyit arreroarop, ®B — u3mepy-
rensHbt CBY-dasospamarens, Z — HCIbITYeMoe YCTpoiicTeo, K3 — koporkosa-
MBIKAIOIas 3arTyIKa.

W3mepeHue BHIMONHAETCA B [Ba 3Tana. Brayane cobupaeTcs yCTaHOBKA, MOkKa-
3aHHas Ha pHc. 9.7, a. [Ipy BMOUeHUU reHepaTopa I' B TpakTe yCTaHAB/IMBACTCA
cTosyas BONHA. B mpoW3BONBHOM ceveHWH (asoBpamaresd BBOAWTCA 30HI, CO-
eqMHeHHBIH ¢ AHOAOM M MHAMKaropoM. [lepectpamsas (asoBpainarens, n00uBa-
FOTCHA COBMENIEHHA Y3/1a HANPSKEHHA CTOAYEH BOJHBI C IUIOCKOCTBIO CEHeHUd, B
KOTOpPYIO BBeieH 30HA. MOMEHT COBMEIIEHHMA YCTAaHABIIMBACTCA IO HYICBOMY
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Puc. 9.7. Hamepenue dasosoro casura Ha CBY koMIeHCAITHOHHEIM METOIOM:
@ — CXEMa HCXOJHOH YCTAHOBKH; 6 — CXeMa H3MEPeHHA

nokasaHuio HHAWKaTopa. [Ipu aToM co mxansl @B cyuTeIBaeTCs nokasanue ¢aso-
BOTO yIJia .

3arem cobupaeTcs ycTaHOBKa, MpUBeAeHHAs Ha puc. 9.7, 6, B KOTOPOI MexIy
©®B u kopoTko3aMBIKalOWeH 3anTylkoff BBOAWTCA WCIHBITYEMOE YCTpoOHCTBO Z.
Ilpu srom B Tpakre pacnpocrpaHenus CBY koneGaHuii NpOHCXOIMT CMelIeHHe
y3na HanpsbxeHus. Ilepectpausas @B, cHoBa nobusatoTcs (N0 HyIeBOMY NOKa3a-
HHIO HHIWKATOpa) COBMEILEHHA y3/1a ¢ MIOCKOCTBIO YCTAHOBKH 30HAa. Co MKanmbt
@B cuuTHIBAIOT HOBOE TOKa3aHue (,. Mckomblii (a3oBelil cIBHT, BHOCHMBIH yCT-
polcTBOM Z, onpenenaeTcs o gopmyne Ap = (@, — ¢,)/2.

ITpouecc u3MepeHUs (Ha30BOroO CABHIa KOMMIEHCALMOHHBIM METONOM JIETKO aB-
TOMATH3HpPOBaTh; 0OBEKTOM ABTOMATH3ALMH ABJIAETCA M3MEPHTENLHBIH (a3oBpa-
marenb. CooTBETCTBYIONIHE (Ha3OMETPbI HA3BIBAIOT A6MOKOMNEHCAYUOHHBIMU.

9.4. Merox npeobpazosanus $a3oBoro cABHra Bo BpeMeHHOH HATepBAJ

Ipubopel s (a3oBbIX W3MEpPEHMIl MOTYT coep:kaTk npeobpasoBaTenun —
ycTpoiicTBa, (OpMHpPYIOIME 3IEKTPUYECKHe CHTHANBI, IapaMeTphl KOTOpPBIX
(GYHKIMOHANBHO CBA3aHbI ¢ M3MEPAEMBIM (ha30BBIM CIBHIOM.

CrpykTypHas cxema ycTpoiicTea, npeobpasyromiero (ha3oBEIi CIBHT BO BpeMeHHOMH
HHTEpBa (B BHAE UMITYJILCOB TOKA), H 3MOPSl, NMOACHAIOLME ero paboTy, AaHBl Ha
puc. 9.8. B cocrae ycrpolicTsa BXoAaT npeodpaszorareib (AQ — Af) HCKOMOTO (hazo-
BOTO cIBHTA A B MHTEpBal BpeMeHH Al H M3MepHTeNbHEIH npudop. [Ipeobpasopa-
Tens (A@ — Af) mMeer gBa omuHaKoBeIX (popmuposarens @1 u @2 u Tpurrep T.
Ipunuun aeficreua dopMuposateneil noscHeH B pasaene 8.5 (cM. puc. 8.7 u 8.8).

CuHycOMJaNbHbIE CHIHAMBI %, W 1, HMMEIOIIME HEKOTOpBIi (a3oBbIi CHBHT
A@, noparorcs Ha uaeHTHYHBIe GopmupoBarend @1 u @2, npeobpasyromye uX B Mo-
CTIE0BATENBHOCTH KOPOTKUX HMIYIECOB U; H 1, (puc. 9.8, 6). UMmynsch u, 3amycka-
10T, @ MMTTYJIbCHI %, cOpackiBatoT Tpurrep 7' B HCXOmHOE cocTosiHMe. B pesynsrare Ha
BBIXOZle TpHITepa (OpPMHpYeTCs NepHOIMHYecKas IOCIeNOBaTeBHOCTE HMITYIIBCOB
HANPAKEHHSA, TIEPHOJ] NOBTOPEHUA H [UTMTENTLHOCTh KOTOPBIX PaBHEI nepuony 7' u caBH-
Iy BO BpeMEHM Af HCCIEIYEMbIX CHTHAJIOB ¥, U u,. JIaHHBIe UMIYNILCHI, TOCTYNas Ha
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Puc. 9.8. Meton npeoGpasosanus a3oBoro CABHra BO BpeMeHHOH HHTEpBAN:
a — cXema yCTpoicTea; 6 — 3MIOpPs! CHIHANIOB

Pe3UcTOp R, COEIMHEHHBIH ¢ H3MEPUTE/IEHBIM NPHOOPOM (MMKpOaMIEPMETPOM) WA,
npeobpasyloTcs B NOCIEI0BATEIbHOCTE HMITY/ILCOB TOKA i ¢ AHAJIOTMYHBIMM [EPHOIOM
H JUTHTE/IGHOCTBIO M HEKOTOPO# aMrumaTyoi Z,, (puc. 9.8, 6).

B kauecTBe M3MEPHTENLHOIO NpuGOpa NPHUMEHAIOT MHKPOAMIIEPMETP MATHH-
TO3NEKTPHYECKOH CHCTEMBI, pearnpyloIIHii Ha Cpe/iHee 3HaYeHHE TOKa / 3 EPHON
ero cnenoauus T. ITycts S; u I, — UyBCTBHTENBHOCT MpHGOpa | CpelHee 3Ha-
YeHHe MPOTEKAIOEro Yepe3 Hero Toka. Toraa nokasarue npubopa:

a=S8,1, = _[1 dit =51 - 9.10)

C yuerom Beipaxkenns (9.3), momyaum

29 ©.11)

C£=Sffm >
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rae A — u3mepAemslit pasossiit casur. Tak kak 4yBcTBHTENBHOCTS S; npubopa u
aMIUTHTYA OOBIYHO /, TIOCTOSIHHBI, TO IIKATy MHKPOaMIiepMeTpa MOKHO Mporpa-
IyMpOBaTh HEMOCPEACTBEHHO B rpanycax. M3amepenHoe 3nagenmne (a3oBoro ciasH-
ra SB/IAETCS CPe/IHHM 3a BpeMs H3IMepeHus,

370 yCTPOHCTBO — MPAMONOKA3LIBAIONIMI AHANOrOBBIH (asomerp ¢ paBHO-
MepHOH mkanol. Jlnanason paGoyHX 4acTOT OrPaHHYEH CHH3Y HHEPUHOHHOCTHIO
MarHHTO3/IEKTPHIECKOro mpubopa, a CBEPXy — KOHEYHOCTBIO MTHTENBHOCTEMH
¢ponTos umiynscor popmuposarenelt @1 u 2, Bmsonmx Ha paboty Tpurrepa
T. ITorpemHOCTh H3MEPEHHMA 3aBHCHT OT MOTPENIHOCTH NpeobpasoBaTe/a | Kiacca
TOYHOCTH MHKpOammepMeTpa. AHanorosble (asoMeTpsl H3MepsioT (Hazosbiif
C/BHI CHTHAJIOB B AMana3ose gactor (20...10%) i c norpemHocTeio £ (1...2)°,

9.5. lludpossie MeToALI H3MepeHns $a30B0r0 CABHTA

BonbunscTeo uHdpossx dasomeTpoB GNU3KH N0 NPHHLMITY AefCTBAA K WH-
POBBIM H3MEPHTE/IAM HHTEPBAJIOB BPEMEHH M paboTaloT 110 METOMY JUCKPETHOro
cdera. Meton auckperHoro cyera (Gonee ToUHO — yughposoii Memod uzmepenus
paszoeozo cosuza), ucrions3yemsit B UHPPOBHIX a3omeTpax, BRIOYAET
IBE Onepauyu:

* npeoGpasopanue Ha3oBOro CABHTA B HHTEPBAN BPEMEHH;

* I3MEPEHHE HHTEPBAA BPEMEHH METOIOM JHCKPETHOIO CUeTa.

Lndpossie pasomeTpur

PaccmoTpuM peannsaumio MeTona IMCKPETHOrO CHeTa B mpocTeiimeM madpo-
BoM (azomerpe (puc. 9.9, a), CTpykTypHas cxeMa KOTOPOTO COAEPKHMT Mpeob-
pasoBaresnib HCKOMOro (a3oBoro casura A@ B MHTEpBan BpemeHu Af (Ap — Af),
BpemeHHOM cenextop (BC), GopMHpOBaTeNs CYETHEIX uMnynscoB (f/nf), caeTaHk
(CY) n uupposoe orcuerHoe yerpoicerso (LIOV). CTpykTypHas cxema ¥ npHHLMT
AeficTeus npeobpasosarens (AQ — Af) NONTHOCTHIO COBNANAET CO CXeMOM H NpHH-
LHIOM AefiCTBHS aHANOrHYHOrO mpeobpazoBaTend, OMMCAHHOTO B paiuene 9.4.
Bpemenuéit cenexrop npexncrasinser coboit KmoueByio norugeckyro cxemy. ®op-
MHpPOBATENlb CYETHBIX HMITYJIbCOB MOCTPOEH Ha 0aze YMHOKHTENA YacTOTH BXOJI-
HOTO CHrHasa ¥ cXeMbl GOPMHPOBaHHA BBIXOHBIX HMIY/IHCOB.

Ludposoii dazomerp paGoraer cnenyiommm obpasom. [lpeoGpasosarens
A — Af W3 IOAABAEMBIX Ha €ro BXO/bI CHHYCOMIANBHBIX CHTHANIOB %, H U, C (a-
30BBIM CABHIOM AQ (OpMHpYeT NOCTe0BATENLHOCTh NPAMOYTOIBHBIX HMITYIECOB
u; (puc. 9.9, 6), UMEIOWMMX UTMTETBHOCTE A W NepHOA MoBTopeHus T, paBHbIe
COOTBETCTBEHHO C/IBHIY BO BDEMEHH H MEPHOAY CHTHANIOB U, H U,.

HMymsesl w3, a Takoke CYETHBIE HMITYIIBChI Uy, BHIpabaTsiBaeMblie (hopMUpOBaTe-
JieM CYETHBIX HMITY/TbCOB, MOMAIOTCA Ha BXO/ILI BpeMeHHOro cenexropa. Cenexrop
OTKPhIBAETCA HA BPEMs, PaBHOE JUTHTENLHOCTH Af HMITYJIECOB U3, M B TEYEHHE 3TONO
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Puc. 9.9. Lludposoft meron uameperns (Gasoeoro CiBura:
a — CTPYKTYpHas cxema; 6 — BPEMEHHBIC INArPAMMBI

MHTEpBaia MpOMyCKAaeT Ha BXOJ CYETHUHKA HMITYIBCHI s Ha BbIX0[e CeneKkropa
(OPMHPYIOTCA NAKETHI HMITYIBCOB s, CICYIONIHE C MEPHOIOM T

M3Mepenue NPOBOAMTCA 3a OJIMH Neproz 7' CHIHAMOB ¥ H 43 (cxema ynpasiie-
HHd, 0BecneunBaloNIas Takol peXuM M3MepeHus, Ha puc. 9.9,a He TIpUBEZIeHa).
Tlp# ITOM Ha CHETYHK C BEIXOJA CEJIEKTOPA MOCTYNAeT KOJIHHeCTBO HMIYILCOB,
cojiepyalneecs B OJHOM MAKeTe H paBHOE

n=AlT, (9.12)

rae T, = T/(36-10™) — nepHoA c/le10BAHNSA CYETHBIX UMITYJILCOB (hopmupoBaTes
(finf), m=(1,2,3...).

TMoncrasnss B (9.12) coorHowenne ma Af 13 (9.3), HAXOMUM BHIPDKEHHE JUTA
M3MEPAEMOro (ha30BOr0 CABHIA CHIHAIOB Uy W Uy

i n
T 10m-!

M3 (9.13) cneayer, uto (a3osiif cABMr AQ NMPONOPUHOHANIEH YHCITY CYETHBIX
MMITyJTBCOB 7, TIOCTYITMBIHEX Ha cueTunK. KooBsilt cCHrHa co cHeTdHka, nporop-
uMoHanbHbIE dasoBomy casury A, moaaercs Ha IOV, nokasaHus KOTOpOro
BHIIAIOTCSH rpa;ycax mpi m = 1, ¢ yHeToM AecATsIX Aoned rpayca npH m = 2uT.0

A 9.13)
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TMorpewmnocTs ganHOro UKppPOBOrO PazomeTpa ONpeesAETCs MOrPEHIHOCTAMH
JNHCKPETHOCTH M anmapatyphl. [lorpemHoCTs INCKPETHOCTH CBA3AHA C TeM, HTO
MHTEPBA/I BPEMEHH Al MOXHO M3MEPUTH C TOYHOCTBIO JI0 OAHOIO NMEpHONa cyeT-
HBIX HMITYICOB. ANnaparypHas MOTPEIIHOCTE ONpelesseTcs OTKIOHEHHEM [UTH-
TENBHOCTH OT Af, HeCTabHIBHOCTHIO npeobpasoBarens Ap — Af i npouee.

JAns yMeHBIICHWS MNOTPEMIHOCTEH WIMEPEHHs WCNONB3YIOT HU(BPOBEe
hazoMeTpH CpPEAHETr0 3HAYEHHA, PE3YNLTATOM HIMEDEHHS KOTOPHIX
ABJIAETCA CpEJHEE 3HAYEHHe H3MepAeMoro (asoBoro capura 3a GOJNBIIOE YHCIO
nepHoA0B T aHATH3MPYEMOTO rapMOHHYECKOTro Kosiebanus.

CrpykrypHas cxema uudposoro dhazomerpa cpefHero 3Ha4eHus NpecTapieHa
BMECTE C MOACHAMOIHMH 3MOpamMy Ha puc, 9.10.
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Owua oTWuaeTcs oT cxembl (cM. puc. 9.9, @) paccMOTPeHHOTO Bbile (azomeTpa Ha-
AWYMEM BTOpOTO BpemeHHOro cenextopa BC2, renepatopa MMMybCOB (TH) n
dopmuposarens ummyibeos ().

Mpunimn paGoTsl pasomeTpa ya0GHO aHATH3HPOBATH, BbIACAAA B HEM QyHK-
UMOHATBHO 3aKOHYeHHbie yCTpoiicTBa. K ux umcay oTHocutea npeolpasosaresib
Ap — At uckoMoro $azoBoro ciBura A@ AByX CHHYCOHAANBHLIX CHTHANOB Uy H 1,
B MHTEpBAN BpeMeHU Af, OPMUPYIOLIMI UMITYTTbCHBIH CHTHAN Uy (PHC. 9.10, 6),a
rakke npeoGpazosarenb A7 — n uHTepBaia Af B COOTBETCTBYIOLIEE HHC/IO (naker)
ummynscoB n. [IpeoGpasosarens Ar —> 7, GOpMHPYIOIIMA NAKETH! UMITYABCOB Us,
COCTOMT M3 reHeparopa ummynscor (I'M) 1 Bpemennéro cenexropa (BCI). Homu-
HAJILHOE YMCIIO HMITY/ILCOB 71 B OJHOM TakeTe ompe/enseTcs sbipaxernem (9.12).

Jlna ycpeaHeHHs pesynbTata M3MEpPEHHA MaKeTsl WMMYbCOB us MOJAIOT HA
YCTPOHCTBO, BbIAAKOWIEE 7 TAaKHX NAKETOB 3a KaJlMOPOBaHHBIA OTPE3OK BPEMEHH
T,>> T, rie T — nepHoA NOBTOPEHHA UCCIETYEMbIX CHTHANOB U, H Uy, B coctas
ycTpoiicTsa BxoaMT (popmuposarens ummynsea (PH) AmMTeNbHOCTBIO T, w Bpe-
veHHOM cenektop BC2, Cxema ®H noctpoena Ha Gase fenTeNs HacToThl € K03d-
duumentom aenenua K. Ha ero BXoA MOCTynaloT UMITYILCHI ¥, C NEPHOAOM TIO-
stopenua T, (Ha puc. 9.10, 6 mepwon 7, nokasan CTpenkoi) oT reneparopa
umnynscos. Ipu 3Tom Ha Bhixose PH GopMUPYETCA UMITYILC Ug LTHTEBHOCTHIO
T, = K,T,, otkpbiBatoumii Bpemennoit cenexrop BC2. B pesynsrate Ha Bbixoa
NOC/EHEro NPOXOANT PA NAKETOB HMIIYJIbCOB Ug, YHCIIO KOTOPBIX

m=T./T=K,[T,IT. (9.14)
Cwurnan u, ¢ BeIxoa BpemenHoro cenexktopa BC2 (puc. 9.10, 6) nocTynaeT Ha

cyetunk (CY), ceasannblit ¢ LIOY. O6wee 4HCI0 MMAYABLCOB, NOCTYNHUBIIKMX Ha
3TOT CYETHHK, C yueToM Beipaxenuti (9.12), (9.14) v ocHoBHO# (opmyIibl 9.3):

KT
N:nm=§. £ "_'KnE:Kﬂ. ae A (915)
! e ¥ 360°

M3 (9.15) Haxoaum uamepAeMbii Gasosbiil CABUT MEXIY FApMOHHYECKHMH Ha-

NPSOKEHHAMH Uy W ;.
[}
360 . N . (9.16)

K, k

B sbipakenun (9.16) koaddUUMEHT k ABASETCHA NOCTOAHHBIM IS NaHHOTO MpH-
fopa u BbIOHpaeTca paBHBIM k = 10, rne @ — uenoe uucno. [pu 3TOM Ha Likane
LIOY nokasanus (a3oBoro caBura OTpakaioTcs B rpamycax. Hem Gonblue a, TeEM
BbIlLIE paspelalomas crnocoGHocTs pasomeTpa, onpeaesieman k03bOHLHEHTOM &.

B ¢pasometpe puc.9.10, a nmmynbent reneparopa M v uccneyembie CHrHalbl #, H
1> HE HMEIOT B3aHMHOM CHHXPOHI3aLMA. [103TOMY BO3MOXKHO HIMEHEHHE HOMUHATHHO-
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ro 4HC/ia UMIYJILCOB /1 B O[IHOM MakeTe Ha + 1 UMOyNsC (IOrpeImHOCTs TUCKPeT-
HOCTH). OIHAKO pe3yNbTHPYIOMAs MOrPeITHOCTE 3a BpeMa u3MepeHus T, yMeHs-
IAaeTCs, TaK KaK HAa CYETHYHMK MOCTYMAIOT HMIYJLChl OT m MAaKeTOB, B KOTOPBIX
yBeIMYeHHE WIH YMEHBIICHHME YHC/a MMIYIbCOB /1 HA OJHH HMITYJEC paBHOBE-
positHo. Ha norpemHocTh noka3annii azoMerpa BIASET TAKKE HETOYHOCTH (K-
canun npeobpazosarenieM A@ — Af MOMEHTOB TIepeX0/ia CHTHAJNOB ) H 1, Uepes
HYJIEBOH ypOBEHb, OTIIHYHE ITHX CHUTHAIOB OT CHHYCOMIANbHO# (GOpMBI, a TaKke
BIIASHAE LIYMOBBIX MOMeX Ha Mpeobpa3oBanue (a30BOro CABWTA B MHTEPBAJl Bpe-
MeHH. OJIHaKO MOrpelHOCTH OT ITHX MPUYHH, KaK H NOTPENIHOCTh JUCKPETHOCTH,
YMEHBINAIOTCA MPH YCPEIHEHNH pe3ybTaTa H3MepeHHs 3a HHTepBal BpeMeHHu T,
3HAYUTEJILHO OOJBIIHI MepHoaa HCCIIeIYEMBIX CUTHANIOB.

[TorpemHocTs M3Mepenus mudpoporo (azomeTpa yka3blBaeTcs B ero Mmacnop-
Te. Ecnn y pasoMeTpa npeobnafaer aniuTHBHASA COCTABJIMIOIAA MOIPEIIHOCTH, TO
B Nacropre NMPHBOAMTCA Tpelesl €ro IomyckaeMoil ocHOBHOI abcomoTHOM mo-
rpemHoCTH: A, =+ @, (Hanpumep, A, =+ 0,5°). Ec/i xe aniuTHBHAS ¥ MY/BTH-
IUVIMKAaTUBHAA COCTABJIAIOIINE MOTPEMHOCTH COM3MEpPHMBI 10 3HAYEHHIO, TO YKa-
3bIBAaETCs 3aBHCHMOCTH INpelena abComOTHONW MOMYycKaeMOM MOrpeIrHOCTH 0T
nokasanus dasomerpa ¢ A, = * (¢, + bg,), rie b — mMoOCTOAHHOE YUCIIO; Ha-
npumep, A, =+(0,5 +0,01¢ )°.

MuxponpoueccopHsii dasomerp

3HaunTenbHOE paciMpenye (YHKIMOHANBHBIX BO3MOMKHOCTEH, MOBBINIEHHE
HAJEeKHOCTH W HEKOTOPBIX IPYTHX XapakTepHCTHK (aszoMeTpoB obecrnednBaioTCs
IIpH MX MOCTPOCHMM Ha OCHOBE MHKpOIpoLEeccopa, pafoTaromero COBMECTHO C
W3MepHTeNbHEIMH npeobpasosarenamu. Takue (a3oMeTphl NO3BONAIOT HIMEPATH
(pa3oBBI COBHI MEXIy OByMA MNEPHOAMYECKHMMH CHrHanamMu 3a JioGolt BbIG-
paHHBIA nepuopn, HabmonaTs QMIOKTYyalHy MOJOOHBIX CHBHIOB M OLIEHHBATH HX
CTATHCTHYCCKHE XaPaKTCPHCTHKH.: MaTeMaTH4eCKOe OXHIaHHE, IHCIEPCHIO,
cpe/lHee KBaJpaTHYeCKOe OTKJIOHeHHe. BO3MOXKHO TakKe, Kak U B PACCMOTPEHHBIX
BhIlIe H(PPOBLIX (ha3oMeTpax, BHITMONMHEHHBIX 10 CXeMaM C JKeCTKOif JIOrHKoii pa-
60TbI, H3MEPEHHE CPEHEro 3HaUeHUA (a30BOro CIABHIA.

CTpykTypHas cXeMa MHKpOIpPOLECCOPHOTO (pa3oMeTpa MpHBEJEHA Ha
puc. 9.11, a. Tlpuruun usmepeHus $a3oBoro CABUra MEXIY OBYMSA CHHYCOHIANb-
HBIMH CHTHANlaMM #, H #, 33 OXUH BHIOpaHHEI nepron T HX clef0BaHHA MOACHS-
eTcs BpeMEHHBIMH THarpaMMamy Ha puc. 9.11, 6.

B dazomerpe B cxeme ummynscHoro npeobpasosarens (UITP) curHanst u, u u,
npeo6pa3yloTcs B KOPOTKHE HMITYThCEl 4, M #,, COOTBETCTBeHHO. DOpMHpOBa-

Tene @/ ¢ MOMOLIBIO NMEPBOH NMapel NAHHEIX MMITY/IBCOR BhIpabarhiBaeT HMITYIIBC
u; IUTATENBHOCTBIO Af, PaBHOI CABHTY BO BPEMEHH CHTHANIOB #; H i, VIMIyTBCOM
OTKphIBaeTcs BpeMeHHO#H cenekrop (BCL), koTophiil B TedeHHe BpeMeHH Al TIPOITyCKa-
et Ha Bxoj cuetumka (CH1) cuerHbie MMITYIILCHI, clleayioniye ¢ nepuonom T, ¥ Beipaba-
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Puc. 9.11. MukponpoueccopHsrii Im:bponoﬁ (azomerp:
@ — CTpPYKTypHaR CXeMa; 6 — BPEMEHHEIE AHArPAMMEI

ThiBaeMble MHKponpoueccopHoii cuctemoli (MIIC). INoctynaronmii Ha Bxon CU1 na-
KeT HMITyJIbCOB 0003HAYeH Ha pHC. 9.11, 6 yepes u,.
Yucnio HMITYJIBCOB B MAKETe
n=At/T, ©.17)
OnuospemenHo (opmuposarens @2 BHIPabaTHIBAET HMIYILC s, JUIMTENb-
HOCTB KOTOPOIO paBHa MepHOAYy T MCCIEMYEMBIX CHIHAJOB 4, H U, MMIymbe ug
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OTKphIBaeT Ha Bpems T BpemeHHOM cenexrop BC2, nponyckaromuii or MIIC Ha
Bxof cuetynka CY2 naker uMmynscoB #u,. Ilepuon uMmynscoB B nakere Ty, a HX
YHCITO

N =TIT, 9.18)

Jlist otleHKH MCKOMOro 3HadeHusA ()azoBoro casura A@ 3a BeiGpaHHEIH HepHon
T tpebyercs Haifitu orHoweHue senudud (9.17) u (9.18), pasuoe n/N = AUT, a
3aTeM, YYHTHIBass OCHOBHYIO dopmyry (9.3), JOMHOXKHTE 3TO OTHOIIEHHE Ha 360°:

A@ = 360°n/N. (9.19)

Beruncienne Beipaxenus (9.19) seinonnsercs MIIC, Ha koTopyro nepena-
10TCA BpipabarpiBaeMble cuetankamu CH1 u CY2 koxst uucen n u N. Ipu coor-
sercTByiomed nporpamme MIIC na nucnnee ] orobpaxkaercs 3xadenue (ha3oBoro
casura A@ ana moboro BribpanHoro mepuona T. 3a cueT cpaBHeHHMA TaKMX CIBH-
IOB B pa3sHbIX MMEPHOJAX NOAB/AETCA BOZMOXKHOCTh HabmoxaTh QIOKTYauud AQ 1
OLIGHHBATh WX CTATHCTHYECKHE TTApaMeTpHl.

B pexume oneHku (azomerpom cpemHero 3HadeHus (azoBoro casura Ag 3a
3amaHHoe 9Hucio r nepronoB 7 B cuerarkax CH1 u CY2 npoucXomMT HAKOIUICHHE
KOJIOB OT YHCIIa HMITYJIbCOB, MOCTYNMHUBIIMX Ha MX BXOJHI 33 r NIEPHOIOB, T.€. KOAOB
qucen nr U Nr COOTBETCTBEHHO, KOTOphIe 3aTeM nepenatorcs B MIIC.

JanHeiM (ha30MeTpoM, KaK H paHee pacCMOTPEHHBIMH, MAYI0 TOTPEMIHOCTh
Hu3MepeHus AP MOXKHO IOTYYHTh TOJIBKO Ha NOCTAaTOYHO HU3KOM dacToTe Hcce-
JAYeMbIX CHrHanoB. ITo3TOMy s pacliMpeHHs 4acTOTHOTO Juana3oHa (asomer-
POB HCTIONB3YETCA NPENBAPUTENILHOE reTepOIHHHOE NPeoOpasoBaHie CUTHAJIOB.

9.6. MeToan! n3mepenns (a3oBoro cABHra ¢ NpeofpazoBaHHEM YACTOThI

i paciivpeHns IMana3oHa 9acToT ()a30MeTpoB MPHUMEHSIOT npeobGpazosa-
HHME 9acTOTHl HCCNEAYEMBIX Konebanuii. OCHOBHBIM ABJAETCH IeTEPOAHHHOE Mpe-
00pa3oBaHHE YacTOTHI, [IO3BOJAIONIECE CBECTH H3MepeHHe (a30BOro caBMra Koje-
GaHuii MPaKTHYECKH MOOBIX YAaCTOT K H3MepeHHIo (a30BOro CHBHra Ha (QUKCHpO-
BaHHOM MPOMEXyTOYHOI yacToTe.

Tpu m3MepennH ManbIX (ha30BBIX CHBHIOB HUCMONB3YIOT YMHOKEHHE YACTOTHI.
B atom ciayuae (a3oBsiii CABAT MEXIY CHTHANIAMK YBEHYHBAETCA BO CTONBKO XKe
pas, BO CKOJIBKO M 4acToTa. 3TO MOBBIMIAET TOYHOCTh H3MEpPEHHIA.

Pa3oMeTp ¢ reTepoAHHHBIM Npeodpa3oBaHHEM YACTOTHI

CrpykTypHas cxema (pazoMeTpa ¢ momoOHbIM npeobpazoBanueM MoOKa3aHa HA
puc. 9.12. ITycts uepe3 BxonHsie uenu BLI1 u BLI2 Ha cmecurenn CM1 u CM2
npeobGpa3oBaress YacTOThl MOCTYTAKOT COOTBETCTBEHHO CHTHANH 1, = U, sinmt u
U = Uppsin(ot — @), uMeromue apyr ¢a3oBsiit caBur AQ = @, a Takke rapMoHuye-
ckoe Hanpskenue rerepoauna (I) u,=U,sin(od + ¢,). Ha cmecurens CMI Bo3-
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OelcTByeT HanpsDKeHue uy + i, a

Uy BIII J o _"I VIl Ha CM2 — u; + u. Ha BeIxOzE
L Kaaoro u3 cmecurenei (oTHO-
y4i cAMMXCA K HEJMHEWHBIM WIH

T a3 HY gazomemp napaMeTpPHYECKAM  KacKaaam)

‘ Fu; TOABJIAIOTCA KonmebaHWA ¢ CyM-

Iy MapHBIMH, Pa3HOCTHEIMH H KOM-
B2 M2 Y2 BUHAIMOHHEIMM YACTOTaMH, COC-

TaBAEHHBIMH W3 YacTOT aHaJIH-
3UPYEMBIX BXO/JHBIX CHIHAJIOB H
HANPSKEHIA reTepoaMHa.
CroxHble KoMeGaHme ¢ pa3sHOCTHOM (npomecymounoi) 9acToTol o, = |® — o,]
SBIIEIIAIOTCA YCHIMTENAMH MpoMeKyTouaHoi ugactotst YIIU1 u VITY2 xaxnoro
xanana. Ecmu B u3aMeputene (assl ¢ reTepoIHHHBIM MpeoOpa3oBaHHEM HacTOThI
zackaasl BI[1 u BI[2, CM1 u CM2, VITUl u YITY2 upeHTHYHLI, TO BBIXOJHbIE
CHIHAJIbl YCWIMTENEH TIPOMEKYTOIHOM 4acTOThi &'y | %', MOCHE TIPOCTHIX Mpeobpa-
30BaHHi MOKHO MPEICTaBHTh B BUJIE!

#' () = kUp,Up cOs(0 — @ )1; (9.20)
' y(£) = kUpy, Up ;cO8[(0 — © )t — @] (9.21)

Puc. 9.12, @azoMeTp ¢ reTepoIHHHbIM
npeobpa3oBaHHEM YacTOThI

B »mix dopmynax k — mocTosHHbIH Ko3(dHIKEHT, XapaKTepusylomuii 3¢-
dekT mpeobpa30BaHUA CHTHATIOB.

M3 (9.20) 1 (9.21) cnenyert, 4to (a3oBbIii CABMI IBYX CHUIHAJIOB, TOMYHEHHBIX
Ha BbiXoaax VITY, paBeH (azoBoMy CABHIY MCCIEIyeMBIX CHIHAJIOB 4y U U4,. Cur-
Hambl #'; W u', MOCTYMAlOT HA HU3KOYaCTOTHBIH (HY) ¢asomerp, H3MepsIOMIMA
dha3oBslii cABUT HA MPOMEXYTOYHOH YacToTe. YT00b! MPOBOAUTE H3MEPEHHA B LIH-
POKOM CHIEKTPANBHOM AMANa30He CHIHAJIOB, NMPHMEHSIOT FeTePOIHH C NepecTpan-
BaeMoii yacToToM. PaspaGoTansl (pasoMeTphl ¢ reTepOIMHHBIM NpeoGpasoBaHHEM
gacToThl, paforaiomme B muanasone ot 20 I'm no 20 Mru, a Taloke B AUanasoHe
CBY—0,1..15 T,

®a30MeTphbl ¢ YMHOXKEHHEM YACTOThI

Takwue (pazoMeTpsl NPUMEHSIOTCA V1A H3MEPEHHA ManbiX (asoBbix cABHroB. B
dazoMeTpe WCTONL3yeTcs [ABa ONMHAKOBLIX YMHOXKHTEINss, Ha ONIMH M3 KOTOPBIX
TOJ@ETCA CUTHAT U, & Ha BTOPOH — u,. EC/IH 3TH CHTHA/ILI UMEIOT (ha30BBIH CABUT
A, TO MOC/E€ YMHOKEHHS MX YaCTOTHI B # pa3 (pa3oBelii CABHI YBETHIMBAETCA W
CTaHOBHUTCA paBHBIM AQ,= nA@. Takoii (a3osblil CIBUT MOXHO H3MEPHTH C MEHb-
meii morpemHocTsio. MckoMmsiit hasossiit cABHr onpenenseTca kak Ap = Ag,/n.

@a3oMeTphl C YMHOXKEHHEM YaCTOTHI MOTYT HMETh JOTIOIHUTENLHYIO MOrpem-
HOCTh M3MEDEHMA, BHI3BAHHYIO YCHIEHHMEM BIMAHHMA CTOPOHHMX mymoB. Takue

IIyMBI, MOCTYTIas Ha 002 YMHOXHTENIA BMECTE C CHrHANaMM U, H i, BBI3LIBAIOT
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cy4aiiHble OTKIOHEHMA (a3bl KakJOro M3 3TMX curHanoB. Yem Gonbme ko3d-
¢duEeHT YMHOXEHHA n, TeM Oonblue durokTyaum# (a3 CHrHANOB HA BEIXOHE YM-
HOXHTENICH M NOrpelmHocTs H3MepeHuit. Bo3MOXHa Takke cHCTeMaTHYeCcKas
NOTPEIIHOCTh H3MEPEHHM, BEI3BAHHAA HEHASHTHYHOCTHIO (ha3OBBIX XapaKTepH-
CTHK IBYX YMHOXHTeNeH. 3Ty NMOrpemHOCTE MOXKHO YYeCTh M YCTPaHHTh, €CIH
NOMIaTh HA KXIbIH YMHOXKHTEIb YACTOTHI OfHH M TOT JK€ CHTHaN (HampuMep, u,).
IToxasanua (azoMerpa, B3AThIe ¢ OOpaTHBIM 3HAKOM, CJIEAYET HCIONB30BATh B
KauecTBe MONpaBKH [Ji NOCAERYIOIAX W3MEPEHHI.

9.7. Hamepenue gazoBoro cABHra pazoBbIMH AeTEKTOPAMH

Da30oBhIH CABHI MEXIy ABYMA TapMOHHYECKAMH CHIHANAMH OHON YacTOTHI
MOXHO H3MEpUTh (Ha30BBIM JETEK-

TopoM. OpgHa m3 cxem ¢asoBoro D]VDI : “3
JeTeKTopa NpuBeieHa Ha puc. 9.13. Ci
CHrHABL %; ¥ U, MEXKIY KOTOpBI- R Ry U

MH H3MepsaioT (a3oBBIft COBHT @, -y 25 T o |t
npeoGpasyror (1a30BbIM IETEKTO- 0 J_

poM B TIOCTOSHHOE HaNpsDKeHHe. o 2 G U
Ha Bsixone ero BKIIOYAIOT BOJIBT- 7 T

metp (D), usmepsromuii mocro- Dlm,z ' A

AHHYIO COCTABJIIONIYI0 HampskKe-
HUA MeXOy TOYKaMH a M 6, xoto-  Pue. 9.13. ®asomerp ¢ ha3oBLIM TETEKTOPOM
poe paBHO Pa3HOCTH NPORETEKTH-

poBaHHBIX HanpsokeHuit U u U,. Eciu aMIUmMATYIEL HCCNEMyeMbIX HanpmKkeHui
NOANEPKMBATh MOCTOAHHBIMH, IIKAdy BOJNBTMETPA MOXKHO TIPOTpagyHpoBaTh
HEeMnocpeACTBeHHO B 3Ha4YeHuAX (pasoporo yrna. C nmoMoinsio (a3oBoro merexkropa
TOMy4aloT MOTPEIHOCTh M3MepeHHit okono (2...3)°. ITorpemHocTs 3aBHCHT OT
BHITIOJIHEHHA YCNOBMH, HakjIaIbIBAEMbIX HA MAPAMETPHl CXEMBl H AMIUIATYIbI
HCCTeiyeMbIX HampsDKeHHi, 0T cTabMIbHOCTH 3THX BENMYWUH BO BPEMEHM, UyBCT-
BHUTEJILHOCTH BOJIBTMETPA M T. 1.

Ilndposrie ¢azoBbie geTekTOpbl MOryT OBITH MOCTpOEHBI Ha LHGPOBEIX
normdeckux cxemax: snemente «Mcxmowatomee WJIH», JK-tpurrepe u np. Ilpu
9TOM JOCTATOYHO TMPOCTO YAAeTcAd MNOMYYWTh UIMTENBHOCTh BBIXOAHBIX HM-
MyJECOB, MPOMNOPLHOHANBHYIO (Pa30BOMY COBUTY MEKIy CUTHANIAMM U U U, TIOCIIE
yero crinamurs 3TH uMmnynscsl B @HY. Ha puc. 9.14, a B kauecTBe npuMepa npu-
BeneHa cxema uubposoro (asosoro gerexkropa Ha snemente «HMcxmoudaromee
HJIW» (cymmamop no modynio dsa).

BpeMeHHEIe THarpaMMbl paboThl CXeMbl TIOKa3aHbl Ha puc. 9.14, 6 — 2. B atom
HOETEeKTOpE M3 MCCIEXYeMBIX CHHYCOHMH #; M #; (OPMHUpPYIOTCA COOTBETCTBYIOIIHE
HanpmKeHUsA TUna «Meauap» (puc. 9.14, 6,6). Ha BrIXole NOru4eckoro 3neMeHTa
BEIpabaTHIBAIOTCA MMITYJIChl HATIPSOUKEHHA Y, UIMTENBHOCTh KOTOPBIX MPONOPIMO-
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Puc. 9.14. Lludposoii dazossiit getexrop Ha snemenTe «Hexmouaomee UITH»:

a— ¢xXema; 6 — rapMOHHYECKHI CHTHAN ) H MEaH/IpP, 8 — rapMOHHYECKHH CHIHAN w3 M MEeaHIp,;

2— BHIXOJIHEIE CHTHABI NEMEHTA y H (hazosoro fetektopa U(7)

HarbHA (ha30BOMY CHOBHTY BXOAHBIX curHanoB (pmc. 9.14, 2). Jlanee 3TOT curHan
nonaetca Ha OHY. Hanpskenne U(r) na Berxone @®HY nponoplMoHanbHO COBHIY
CHTHAJIA % OTHOCHTENBHO OMOPHOTO ;.

e 0 SO0 e A W 8 b

KonTpo/bELIe BONPOCHI

Kaxoif cMEIc BnoxeH B noHsTHe «hasa» curnana?

Yro HassiBaeTCs (ha3oBBIM CIABHIOM ABYX CHIHAJIOR?

[Tepeuncants OCHOBHEIE METO/BI M3MeEpeHHs (a30BOr0 CABMIA,

B 4eM cOCTOMT MeT0/1 THHeHOH pa3BepTKH u3MepeHus (a3oBoro caBura?
[TosicuuTe, Kak M3MEPAIOT CHBHT (pa3bl METOIOM 3JUIHIICA,

[MoscuuTE METOA KPYroBOH pa3sBePTKM M3MEPEHHA (a30BOr0 CABMIA.

Kak pa6oraer dazomerp ¢ npeobpasopanueM (a3l B HHTEPBAn BpeMeHH?
Ha kakoM NpHHLETIE paboTaloT KOMIEHCAHOHHEIE (hasoMeTpEI?

Kak uaMepsior daszossiit cagur 8 CBU-nnamnazone?

. TloscHuTs NpuHUMT JeficTBUA uMppoBoro dasomerpa, MIMEPAIOUIEr0 CPeNHee 3Ha-

venne ¢asel. JIis NOACHEHUA HAPUCOBATH BPEMEHHEIE IHATPAMMBL.

. Kak paGoraer undposoii hasomerp Ha 0CHOBE MHKponporieccopa?

. Kax zeficTsyer asomerp ¢ reTepouHHbLM NpeofpasoBaHueM YacToThI?

. B kakux cmyuasx npuMensiotcs (azoMeTphl ¢ YMHOKEHHEM HacTOThHI?

. IlosicHuTe NpUHIMD H3MEpEHUA caBKra a3kl (a30BEIM IETEKTOPOM.

. Kak mamepsercs (azoBelit CABHT ¢ MOMOMILIO JETEKTOPA HA JIOTHIECKOM 3/IEMEHTE

«HMexmovaromee MIJTHW».



I'nasa 10. ABMEPEHHE JIEKTPUYECKOU MOIHOCTH

K M3MepeHHIo MOTIIHOCTH B MPAKTHIECKOH PATHOTEXHHKE MPHOEraloT BO BCEM YaCTOTHOM
HAra30He — OT MOCTOAHHONO TOKA JI0 MHIUTMMETPOBBIX ¥ GoJtee KOPOTKHX JUIHH BO/IH. Ha-
MEPATH YPOBHH MOMIHOCTH NMPHXOANTCA B O4EHb IMPOKHX Npejienax — ot 10" 10 10° Br.

B nocneaHue roasl NpyU H3MEPEHHAX HApAAY ¢ AGCOMOTHEIMA (BATT, MH/UTHBATT M T.1L.)
HIMPOKO MCMONB3YIOT OTHOCHTENBHBIE (JIorapHpMHUUEcKne) eIHHHILI MOWHOCTH (aermbe-
nsi). OTMETHM, YTO OTHOCHTE/ILHBIE EIMHHLIE H3IMEPEHHA MMEIOT PAJl CYIIECTBEHHBIX Mpe-
MMYIIECTB W MPHMEHSIOTCA UM OLEHKH MOIIHOCTH MCTOYHHMKOB PANHOTEXHHYECKHX CHI-
HaJIOB, CTEMEHH HX YCHICHHA HIH ocnabneHns, YyBCTBHTEIBHOCTH MPHEMHBIX YCTPOHCTS,
norpemHocTell H3MEpeHHi U mp.

Hopsie BOIMOXKHOCTH B PELICHHH 33184 HIMEPEHHUA MOILHOCTH OTKPBLIH JIOCTIHKEHHS B
obnacTi GH3NKH, MHKPO3/IEKTPOHHKH, H 0cobeHHO 1HGPOBOH TEXHHKH, I03BO/IMBIIHE aBTO-
MaTH3HPOBaTh H3MEPHUTENBHYIO MPOLENYPY H IPOBOAMTE €€ B HHTEPAKTHBHOM PEXKUME.

10.1. O6mmue cBeaeHHA

Kak pu3ndeckas BeMMHA, JEKTPHYECKas MOLHOCTS onpesienseTcs paboToi, co-
BepIIaeMOil HCTOYHHKOM 3MEKTPOMAIHMTHOIO NOJIA B €AHHHLLY BpeMeHH. PasMepHOCT:
WIEKTPHYECKOH MOMIHOCTH 3AIHMCHIBAETCA C/IEIYIONIHM 00pasoM: JDKOY/IL/CEK = BATT.

WM3mepenne MOLIHOCTH B Pa¥IMYHBIX YACTOTHBIX [MANA30HAX HMEET OmpeeneH-
Hele ocobenHocTH. M3mepHTei aMeKTpHYecKoi MOIIHOCTH MPOMBINUICHHOMN Yac-
TOTBI HAPSALY CO CUETIYHKAMYU DHEPrHH ABJIAIOTCA OCHOBOM JEHCTBYIOLIEH CHCTEMBI
yuera rnoTpeGeHHs MeKTPHIeckoii JHEPrHH B HAPOAHOM Xo3aicTse. M3mepenne
MOITHOCTH Ha TMOCTOAHHOM TOKe, @ TAKKe B JHaNa3oHe 3BYKOBBIX H BBICOKMX 4ac-
TOT HMeeT OrpaHHYeHHOE 3HAYeHHE, MOCKONBKY Ha 4acToTax A0 HeCKOINBKHX Je-
CATKOB Merarepii 9acTo ynoOHee H3MepATh HANpPAKEHHA, TOKH H (asoBbie CABHTH,
a MONIHOCTh ONpEJENATh pacueTHeIM myteM. Ha uactorax cseime 300 MI'u
BCJIE[ICTBHE BOJTHOBOIO XapakTepa NpOlECCOB 3HAYEHHA HaNpSHKEHHA W TOKOB Te-
PSAIOT OJHO3HATHOCTH M Pe3yNbTarhl M3MEpeHHH HayMHalOT 3aBHCETh OT MecTa
nonKmodenna npubopa. Bmecte ¢ TeM NMOTOK MOMIHOCTH Hepe3 moboe nonepey-
HOE CeyeHMe JIMHHMM flepefiauy Bcerja octaetcd HemsMeHHBIM. [lo 3Toii mpHuune
OCHOBHBLIM NapamMeTpoM, XapakTepusylomHM pexum pabortsl yctpoiictsa CBY,
CT2HOBHTCA MOIIHOCTb.

AxtuBHas (MOrIOmAeMas 3MEKTPUUYECKOd Lemsi0) MOMHOCTE OAHO(a3IHOTO

MNEPEMEHHOND TOKA ONPEACIIACTCA KaK
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P = Ulcosg, (10.1)

rie U, | — cpenHue KBaapaTHYecKue 3HaUSHUS HANPKEHHA W TOKa, ¢ — CIBUT
dassl MeX Iy MTHOBEHHEIMY 3HAYCHHAMH HANPAKEHHA H TOKA.

Ecnu Harpy3ka R, B 3MeKTpHYecKod LienmH 9HcTo akTuBHaA (¢ = 0), To Moll-
HOCTE MEPEMEeHHOTO TOKa

P=UI=R=U"IR. (10.2)

Ina curHana npou3BONBHOH (OpMBEI, MMEIOMIErO MEPHOANYECKYIO CTPYKTYDY,
JMEKTPHYECKYIO MOIHOCTH MOXHO OLIEHHTB C TIOMOIIBIO pAna Pyphe:

P=Uyl, +U,Icos@, +U,I,c08Q, ++-+U,1,c0s0,, (10.3)

rae U, I, — nocroauusie cocrapnmomue; U,, I, — cpennue kpagpaTudeckue
IHAYEHHS FAPMOHMK HANpPsOKEHUS M TOKA; ¢, — ()a30Bbii CABHI MEXIY rapMOHH-
xaMu HanpsbkeHus U, H Toka /,.

DNeKTPUYECKYI0 MOIIHOCTh NEPEMEHHOTO TOKA MOMKHO M3MEPATh HEMOCPencT-
BEHHO C MOMOLIBI0 CHELHALHEIX NPUOOPOB — gammmempos, WA KOCBEHHO ITy-
TEM H3IMEPEHHA BCJIIMYHH, BXOMANIMX B MPHBCACHHBIC COOTHOIICHHA. HPHHHHT[
aeffCTBHA BATTMETPOB OCHOBaH Ha peau3alldd onepauud ymHokenus. [Ipumens-
0T YCTpOMCTBA MPAMOTO H KOCBEHHOIO repeMHoxeHHs. IIpuMepaMu ycTpolcTs
NpAMOTO TEPEeMHOXKEHHA ABIAIOTCA H3MEPHTENbHBIE MEXaHH3MBl BAaTTMETPOB
3NEKTPOAMHAMHYECKON cHcTeMbl. [IpAMoe MepeMHOXEHHE HANpSKEHHs W TOKa
MOXHO O0€creynuTh ¢ MOMOMBI0 npeobpasoBareneit Xonna, WM CIEUHAIBHBIX
CXeM Ha IOIeBbIX TPAH3UCTOPaX U T. 1.

B ycTpoiicTBax KOCBEHHOTO NepeMHOKeHHA NMPOH3BEICHHE BEMIHH HAXOIAT
B pe3yJIbTaTe HMCIOJB30BAHUA TAKHX MaTeMaTHYECKHX OnepauMi, Kak ClioKeHHe
(BEIYMTAHME), BO3BEICHHE B CTEMEHb, JIOrapH(pMHUpoBaHAe, HHTErpUPOBaHUE H 1P,
Jlns 3THX UeJiel cyXaT aHaIOTOBbIe HHTETpalIbHEIe nepeMHOkuTend. CoBpeMeH-
Hble BaTTMETpPhI Ha dacToTs! 1...10 MI' cTpoATCA HAa OCHOBE MHTETPANBHEIX IE-
peMHOJKHTeNelt ¢ UCMONB30BaHIeM TepMonpeobpasopaTeneil.

10.2. M3mMepenHe MOIHOCTH B HANA30HAX HA3KAX H BbICOKHX YaCTOT
Tlpy NpAMEIX H3MEPEHASX B IHANA30HAX YaCTOT 10 HeckonbkuX (1...10) kuno-
repi MOI'YT HHOTIAa HCTIOJIb30BATHCA INMEKTPOAHHAMHYECKHE BATTMETPEL.
JneKTpoAHHAMHYECKHE BATTMETPhbI

[IpuHUAN AeHCTBHS 3/EKTPOAMHAMHYECKOTO BATTMETPa OCHOBAaH Ha TOM, YTO
YroJI I0BOPOTA O, PAMKH (CO CTPENKOi) HNeKTPOAMHAMHYECKOTO NpHOopa mpornop-
MOHAJIEH MPOU3BE/IEHHIO TOKOB, YMHOKEHHOMY Ha KOCHHYC YIJIa (p MEeXIy HUMH:

o =k 1,1, coso, (10.4)

rae k — MOCTOSHHBIN [T JaHHOTO NpHOopa KO3 (HIHEHT.
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ITycts TpeGyeTcs H3MEPHTb aKTHBHYIO MOIIHOCTB, MOTPEGISEMYIO HEKOTOPOii
Harpysko# Z,, K KOTOpo# NPUIOKeHO [eHCTByIoNmee 3HaYeHne Hanpsukerns U, u
4epes Hee TNPOTEKaeT rapMOHHYecKHH

TOK CO CPE[HHM KBApaTHYECKUM 3Ha- 7 2 Ve

YyeHueM [, W cHBuHYTEIH mo dasze Ha Kamyuixa

YIOJI () 110 OTHOMIEHHIO K HANPSDKEHHIO. A A5
Cxema BKIIIOYEHHS KaTylieK BarT- ® \L/

MeTpa nokasana Ha pac. 10.1, rne R4 Hem%m |2

— mo6aBounoe comporuBnenue. Ecin U U L1Ze

napaMeTphl BaTTMETpPa BHIOPAHBI TaK, [l]ﬂm

4T0 R, >> Z,, TO TOK B HEIOABHK-~ o

HOH Katymke [, ~ [,, a B NOABHKHOM Piic. 10.1. Cxema

— I, = Uy /Ry5. TloaTOMY yron otkio- 3/IEKTPOANHAMHYECKONO BATTMETDA

HEHMS CTPE/IKH (L BaTTMETPa C YYETOM
(10.4) Gyner nponopuuoHaNeH aKTHBHONX MOIHOCTH B Harpyske P:

0% (k Iy Uy/Ryos)c0s® = kP, (10.5)

e k — K03 (UIMEeHT NPONOPUHOHANEHOCTH.

BarrMerpsl 31€KTPOJHHAMUYECKOH CHCTEMEI MOTYT NPUMEHATHCSA YIS H3Me-
PEeHHS NEKTPAYECKOH MOIHOCTH B LEMAX KaK MOCTOSHHOrO, TAK M MEPEMEHHOT0
TOKa, HO Hanbonee MHPOKO HCTIONB3YIOT WX IS M3MEPEHUA MOIHOCTH TPOMBIII-
JIEHHOMH YaCcTOTBL.

BaTTMeTpEI HA HHTErPabHBIX AHAIOTOBLIX MEPEMHOKHTENAX

WuTerpansHbiil nepeMHOKHTENb CHTHAIOB PEai3yeT NepeIaToqHyo (GYHKIMIO

Poux= kattytty,
rae k, — MaciTabHbiit Ko3(OHIMERT, a ¥, U %, — NEPEeMHOXAeMbIe aHAJIONOBEIE
HaNpPsKEHHH,

PaccMOTpHM yNpOIIEHHYI0 CTPYKTYPHYIO CXeMY 2HaJIOrOBOTO MHTETPAbHOI0
NEPEMHOXKHUTENA AByX HanpskeHui (puc, 10.2), B OCHOBY NMpuHUMNA AeHCTBHSA
KOTOPOTO 3AJI0KEH Yemblpexkeaopanmusili METOJ MEPEMHOKeHHA. B 310l cxeme
(B TeXHMKE M3MEPEHHS MOIIHOCTE}H €€ HHOIIA HA3BIBAIOT KBAAPATOPOM) NPHHATEI
cnenyomue 06o3HaueHua: (+) — cyMMarop; (—) — BBIYHTAIOLIEE YCTPOHCTBO;
(Ke) — ycTpoHCTBO BO3BEJICHHA B KBaAPaT; (-4) — HENUTE/b HAMPHKEHHA Ha Ye-
THIpe (3TOT J/IeMeHT Heobs3aTene ).

TpH nepeMHOXEHAH JBYX AHASIOTOBBIX HANPSOKEHMH MPOM3BOAATCS ONEPALIHH:

CYMMUpOBaHHE: U, + u,; f

BBIYHTAHHE: U;— Uy;

BO3BeleHHe B KBaNpar: (1, + u,)’, (4, — 1,)%;

BBIYMTAHHE KBAAPATOB: (1, + 1) — (1) — w,)* = 4uyuy;

JeNIeHHe HanpsSOKeHHs Ha YeTsipe: du,u,/4 = uu,.

314




L

N+ Uty e (utu)”

431“2 4 )

- K 2
i, U=t 2 (“1—“7.)

Puc. 10.2. CTpykTypHas cxeMa aHaJIOr0BOrQ MEPEMHOMKHTENA CHTHANOB

Yto6bl MPUMEHHUTE IEPEMHOXKHUTENE CHTHANIOB B CXEME BATTMETPA, JOCTATOYHO
8 KA4eCTBE BHIXOIHOTO KAacKa/ia U3MEPHTEIs BKIIOYHTH HU3KOYACTOTHBIH QUibTp.

Ecnu Hanpsokenus u; = U,cosot H 4, = I,Rcos(of — ¢), rie R — 3TalioHHOE
CONMPOTHBIEHHUE, TO CHTHAN HA BBIXOAE: Py = K UnlnR(coswt) cos(of — ¢). T1pu-
uAB ko3 dument k, = 1, conporusnenne R = 10M 1 yuuThiBas opMyiy npous-
BEJICHHs [BYX KOCUHYCOB, OMY4nM: Py = 0,5Upl,c05¢ + 0,5Unlnc08(201 — ).
Bobile/ieHHas CTelHaJbHEIM HH3KOYACTOTHRIM (PUIBTPOM IMOCTOSHHAA COCTAB-
nMmoman JaHHOH MOMHOCTH OyAeT MpONopUHOHANbHA H3MEpAEMOH MOIIHOCTH,
t.e. Po=0,5U,l, cosp = Ul cosg.

B NepeMHOXHTENAX MCTIONB3YIOT HACHTHYHbIE, CO CTa0WIBHBIMK TapaMeTpa-
MH HEJHHeHHBIE HIEMEHThI, HMEIOIHe KBaIPaTHYHBIE XapaKTepPHCTHKH.

Bonee BBICOKYIO TOYHOCTH H3MEPEHHs MOIIHOCTH MO0 METOAY NPAMOro YMHO-
KEHHA [JBYX CHTHAJOB obecreyuBaeT onepals HHTETPHPOBaHHUA, KOTOPYIO NpH-
MEHSIOT B NpPELM3HOHHBIX H3MEPHTENBHEIX IpeodpasoBare/isiX aKTHBHOH MOIIHO-
CTH NPOMBILIUIEHHOH YaCTOTHI.

ITo ypoBHIO M3MepsieMBIX NEKTPUIECKHX MOUIHOCTEH BCe H3MEpHTENH MOII-
HOCTH JAEJATCA Ha BaTTMeTphl Manoi (mo 10 MBT), cpeaneit (10 MBr...10 BT)
Honpmoi MomqHocTel (cerime 10 BT).

10.3. Hamepenne momuocTa CBY-konebanuii

BosbIoe NpakTHYECKoe 3HaYeHHe HMeeT mMepenre MomuocTH CBY-koneGanmii.
Cnoco0s1 w3mepenusa MoirHocTH CBY cymecTBeHHO OTIHYAKOTCA OT PACCMOTPEH-
HEIX. Bce OHH OCHOBAHEI HA IKBHBAIICHTHOM NpeoOpa3oBaHUH SHEPTHH HCXONHBIX
3NeKTPOMArHUTHBIX KoJieGaHH| B APYroil BHI SHEPrHH, ynoOHbIH A H3MEPEHHA.
KocBeHHBIE METO/IbI, H3/I0KEHHEIE BhbIlE, HE HAXOMAT MPUMEHEHHA, TaK KaK TOKH
W HaNpKEHUs Pas/IHYHbl B Pa3HbIX CeUeHHAX JTHHUM nepenad (CTosuue BOJIHBI) H
MOQKTIOYEHHE H3MEPHTEILHOTO NPHOOpa MEHACT PEXUM paboThl H3MEpHTENBHOR
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uen. [Tosromy B CBY-auanasone HCOMB3YIOT METO/IbI Npeo6pa3oBaHus SHEPrHx
SMIEKTPOMArHUTHBIX KoNeOaHuii B Apyroi BUI SHEPrUH, YIOGHBIN /1A H3IMEPEHHA.

Paznnyaior 18a OCHOBHBIX METO/I2 M3MepeHHs MonmHOcTH CBY-konebanuii,

1. Hzmepenue mownocmu ucmounuka snexmpomazHumneix xonebanuii (rene-
paropa).

CornacHo 06LIENPHHATOMY ONpENENeHHIO, TIOA MOILHOCTEIO reHeparopa mo-
HHMaIOT MOITHOCTD, OTIABAEMYIO HM B COTJIACOBAHHYIO Harpy3ky (puc. 10.3, q). B
3TOM ciTydae H3MepseMas MOIMHOCTh MONHOCTHIO PacCeMBAETCH HA HEKOTOPOM
H3MEPHUTELHOM SKBHBANEHTE HATPY3KH C MOCHEAYIOMHM H3MEPEHHEM MOLIHOCTH
TETueBoro mpouecca. Takue n3MepuTen MOMHOCTH HA3BIBAIOTCA amMmMempamu
noznowaroueco muna. Tak xax Harpyska JO/DKHA MONHOCTBIO TOMIOLIATH U3Me-
PAEMYI0 MOLIHOCTB, TO HCTIONIb30BaHKeE NMPHOOPa BO3MOXKHO JIHIIb TP OTKIFOYEH-
HOM moTpebutene. PesyneTar naMepenns Gyner Haubonee TOYHBIM, €CIH BXOTHOE
CONpPOTHBIIEHHE H3MEPUTENLHOTO NPUGOpA MONHOCTEIO COTTIACOBAHO ¢ BBIXOAHLIM
COTIDOTHBJICHHEM HCCIIEyeMOr0 IeHEpaTopa MM BOJNHOBBIM CONpPOTHBIEHHEM
JIMHUH TIepeadu, T. €. R. =R, x, = — x,.

Tenepamop Hazpysxa
Haepysxa—
uaMepumens
Tenepamop noznowaemol Hamepumens
MowHocmuy npoxodauei
MOWHOCmU
a) %

Puc. 10.3. Crioco6r1 u3MepeHns MOIHOCTH BaTTMETPOM:
@ — NOMOIAOEH MOMHOCTH; 6 — npoxoasmed MOIHOCTH

2. Hamepenue snexmpuyeckolni MOuHOCY, 6bl0ensieMoil 8 Hazpyske, NOHOe
conpomugnenue komopoi modicem Gvimb npoussoneHo. B 3toM ciyuae Mexy
TeHEpaToOpOM M Harpy3koil BK/IOYaeTcs CHeLuabHOe YCTPOHCTBO, mpeobpasyio-
mee B Apyryio (opMmy NHIIb HE3HAYUTENBHYIO HacTh NMEpenaBaeMol 10 JIHHWM
SHEPTHH H He HapyIIaiomiee npolecca ee nepexaqu (puc. 10.3, 6).

H3mepenne MOIIHOCTH ¢ IOMOIUBIO PE3HCTHBHBIX
TEPMOYYBCTBHTE/ILHBIX 3/IeMEHTOB (TepMOPE3HCTOPOB)

HanGonee pacnpocTpaHeHHBIM METONOM M3MEpPEHHS MaNbIX MOIMHOCTEH, Ha
KOTOpPOM MOCTPOEHB! NMPOMBILIIEHHBIE BATTMETPHI, ABIAETCH METON H3MEPEHHS
COMIPOTUBJICHHA TEPMOPEIHCTOPA NMPH PACCESHHHA B HEM 3NIEKTPOMArHHTHOM 3Hep-
rud. B ka4ecTBe pe3sUCTHBHBIX T€PMOUYBCTBHTE/LHBIX 3MEMEHTOB HCIONB3YIOTCS
GosoMETpEI, CONPOTHBNIEHHE KOTOPEIX PaCTeT ¢ TOBLIIEHHEM TeMIIEPaTypHI (110-
TIOXHUTENbHbIA TEMIEPaTYPHEIH KO3(Q(HUIMEHT CONPOTHBIEHNA), W TEPMHCTODEI,
CONPOTHBICHHE KOTOPLIX C POCTOM TEMIIEPATYPhI NA/IAeT.
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OCHOBHBIMH MPEHMYLIECTBAMH TEPMHCTOPOB M0 CpaBHeHHIO ¢ GoloMerpamu
SRIAOTCA WX Oonee BbICOKAA HMyBCTBHTENBHOCTh M GOMbINas yCTOHYMBOCTE K Iie-
perpy3kam.

Tepmucmopom Ha3bIBAIOT TEPMOPE3HCTOP, H3TOTOB/IEHHBIA M3 CrEUHANLHOIO
NoayIPOBOAHUKOBOTO Matepuania, obnagaioiiero GONBIIHM OTPHIATENBHBIM TEM-
fEpaTypHBIM KO3((HUMEHTOM CONpPOTHBIEHHA, T.e. TeMIepaTypHasd XapakTepH-
CTHKa TepMHCTOpa — oOTpHuarenbHas. [IpEMeHmoT ABa THIIA TEPMHCTOPOB:
cTepikHEBO# M Oycunkopsiid. CTepkHeBbie TepMHUCTOPBI 06anaoT 6oee BbICOKOH
VIEKTPHYECKOH NPOYHOCTBIO M HMEIOT OTHOCHTEILHO MEHBIIEE PEakTHBHOE CO-
npoturieHre. TepMHcTOphl GYCHHKOBOTO THHA NPH NPOYHX PABHBIX YCIOBHAX
HEMEIOT MEHBIIYIO NMOBEPXHOCTH OXJAKACHHA H NMo3ToMy oGnanaior Gonbmed TyB-
CTBHTENIBHOCTBIO. YYBCTBHTENIBHOCTH TEPMHCTOpa Bhicokas — ot 10 mo 100
Owm/MBT. J1n4 nosmyueHns BEICOKOH YYBCTBHTENBHOCTH pabouyio TOYKY TEPMHCTO-
pa BRIOHPAIOT HA Y4acTKe C MAKCHMAJIbHON KPYTH3IHOH XapakTepHCTHKH.

bonomemp — MPOBONOYHLIN HIH IIEHOYHLIH TEPMOPE3HCTOP C MONOKHTENb-
5Ot TeMIepaTypHO# XapaKkTepHCTHKOMH, MOMEMEHHbIH B CTeKIAHHbIH (BaKyyMHBIHA
HIH HANOJHEHHbIH MHEPTHHIM rasoMm) Oamnon. s yBenuWdeHus HyBCT-
SHTE/ILHOCTH HHTH BBITONHEHA M3 MaTepHala C BHICOKHM TEMIepaTypHBIM K03g-
DHULMEHTOM CONPOTHRIIEHHA. BonoMeTpsl MeHee YyBCTBUTENbHEI, YeM TepMOpe3H-
CTOpBL, HO HMEIOT Gonee crabHnbHbIE, He 3aBHCAILEE OT TEMITEPATYpPhl OKpYkalo-
wieit cpe/ibl XapakTepHCTHKH,

Tepmuctop wim GooMeTp NMOMEIIAIOT BHYTPh M3MEPHTENBHOH FONOBKH, CO-
CTOAMER W3 OTPe3Ka BOJHOBOJAA MIIM KOAaKCHaNLHOW nuHuMM. H3MeneHue conpo-
THBJIEHHS TEPMOPE3HCTOpA NpPH PACCESHHW B HEM 3JIEKTPOMArHHTHOW 3HEpPruau
H3MepsAeTca 0ObITHO C MOMOMNIBI0 MOCTOBLIX cxeM. Mcnoms3yioT aBa crnocoba u3-
MEpEHHA CONPOTHBJIEHHA TEPMHCTOPA: C NOMOMILI0 HEYPABHOBEIICHHOTO H ypaB-
HOBEIMEHHOro MOcTOB. HeypaBHOBelIeHHbIE MOCTBI MPUMEHAIOT IS NOCTPOEHHS
H3MepUTe/ied MOIIHOCTH MO THmy NpUGOPOB NpAMOro JeicTBHA, YpaBHOBEIIEH-
Hbl€ — B BATTMETPax, OCHOBAHHBIX HA METO/IE CPaBHEHHA.

Cxema HeypaBHOBEIMEHHOr0 MOCTAa C TEpMOpPe3IUCTOpPOM
npeacTasieHa Ha puc. 10.4.

Hcxonnoe ypaBHOBeIIHBaHKE MOCTA (NPH OTCYTCTBHH H3MepAeMOH MOIHOCTH
CBY) ofecneduBaioT cxeMoli TemmnepaTypHOH KOMIEHCALHH, COCTOSINeH H3 mo-
TeHIHoMeTpa R nnaBHOI
PETYIHPOBKH H BCHOMOTa-
TenkHOro reHeparopa [I” ¢
4acTOTON BBEIXOAHBIX Koseba-
auit 50...100 xI'n. [pa pas-
HOBECHH MOCTa TOK B M3Me-
PHTENTLHOH JIHAMOHAIH H MO0-
¥a3aHHA rajJbBaHOMETPA paB-
Hbl HYITIO.

Puc. 10.4. Cxema HeypaBHOBEIIEHHOTO MOCTA
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Hamepsemyro mommsocts CBY P,, nonator Ha Tepmuctop R,. Ecmu cxema -
MEPHTENIA COTNacoBaHa C reHEpaTopoM, TO MOIIHOCTE MONHOCTEI) PacCEHBAETCH
Ha TepMucTOpe. B pesynsTare ero conpoTHBIEHHE MOHM3UTCA M Yepe3 rambBaHO-
METp HauHeT mpotekarh ToK. lllkamy ranbpaHoMeTpa rpamyHMpylOT B €JHHHIAX
MOIIHOCTH, HCTIONB3Ys KaMHGPOBaHHBIH HCTOUHHK NOCTOAHHOTO TOKA E, ..

K npenmy1iecTBy H3MEpHTENEH EKTPHYECKOI MOTIHOCTH ¢ HEypaBHOBEIIIEH-
HBIMH MOCTaMM OTHOCHTCS HAUISTHOCTE MHIWKALMM Pe3ykTara U3MEpEeHHH, a k
HENOCTaTKy — CPaBHUTENbHO Manas To4HOCTh, [Tocnennee obbAcHAeTCS ABYMs
OCHOBHBIMHM NpHYHHAMH. BO-NepBhIX, HeH30eKHOE NMPH MIMEPEHHH MOINHOCTH
CBY u3meHeHHe CONPOTHBICHHUA TEPMUCTOPA BIIEYET 3a 06O HapylIeHHe COMa-
COBaHMsA COMPOTHBIICHHIH TEPMUCTOPHOM KaMephl ¥ JIMHWK TEPefayM 3/eKTpoMar-
HHTHBIX KoneGanuii. BeencTBue 3T0T0 BOSHMKAET YAaCTHYHOE OTPAKEHHE JJIEK-
TPOMAarHUTHOM BOJHEI OT HArPY3KH, @ 3HAYMT, HETIONHOE paccesHHe H3MepAeMoi
MOIITHOCTH Ha TepMHCTOpe. Bo-BTOpEIX, MO MEpe ecTeCTBEHHOrO HM3MEHeHHs Xa-
PaKTEPHCTHK TEPMHUCTOPA (WIH NPH €r0 3aMEHe) HapyINaeTcs YCTAHOB/IEHHOE MpH
TPafiyMpOBKe COOTBETCTBHE MEXIY MMOKa3aHMAMM Npubopa U BeNWYHHOM paccen-
BaeMOH MOLIHOCTH.

Boree BEICOKYIO TOYHOCTH HM3MEpeHHIH OGECIEYMBAIOT ypaBHOBE I € H -
HBE € MO CTBHl, B KOTO-
PEIX H3MEpAEMYI0 MOIL-
HocTh CBY cpaBHHBAIOT C
KaMMOpoBaHHON MOMIIHO-
CTHIO TIOCTOAHHOIO TOKA.
Ipumep omHolt M3 cxem
H3MEPHUTENBEHOTO YPaBHO-
BEIIEHHOT0 MOCTa € Tep-
MOPE3HCTOPOM MpeacTaB-
nieH Ha puc. 10.5.

Tepmopesuctop R, HaxoIAmMiica B H3MEPHTENELHOM TOJIOBKE, BKIIOYAIOT B OJ-
HO 3 mied MocTa. OCTaNbHEIMM [UIE9aMH MOCTa ABJIAIOTCS PE3HCTOPHI R, R,, R;,
PaBHBIE MO BEJIWYHHE Ry, — CONPOTHBIEHHIO TEPMOpe3HcTOpa B paboueii Touke.
Hanpsbkerne mutanua E Ha MOCT MOJAeTCs 4epe3 pesucTop R,, CONPOTHBIEHHE
KOTOPOI'O BEJIMKO H MO3TOMY 4€pe3 HEro NPOoTeKaeT JOCTATOYHO MAITKIN TOK ITUTa-
HuA [, Tlapaniensso MOCTy BKTIOUEH NENHTENh U3 conpoTusnenuii R, R,. Pesn-
cTop Ry mpezcTasiset coGoit peocTar, ¢ ABIKXKOM KOTOPOrO CBS3aHa M3MEPHTENh-
Has mkana (Ha puc. 10.5 He nokasaua); 4epes 3TOT PE3NUCTOP MPOTEKAET TOK I,

OTCHYHTBIBAEMBIH MO wkane. OT COMPOTHBIEHUA pe3ucTopa R, 3aBHCHT TOK [ R

Puc. 10.5. Cxema ypaBHOBELIEHHOTO
MOCTa C TEPMOPE3IHCTOPOM

TPOTEKAlONIMii Yepe3 TEPMOPE3UCTOP: MOCKONBLKY TOK nuTanus Mocta [, = I,— I,
TO KOTZla MOCT YpaBHOBEIIEH, TOK [ - 0,51,
Ho moaaan moumoctd CBY MocT c6aaHCHPOBaH 3a CYeT IBYX MCTOYHHKOB

MATaHHA: MOCTOAHHOTO TOKA M TIEPEMEHHOT0 ToKa reHeparopa I”. [pu aTom nosno-
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meHHe [IBWKKA pe3ucTopa R, Takoe, 4ToObl CONpOTHBIEHHE R 6BII0 MaKCHMAIlb-
=M, eCJIH HCIIONB3YeTCs TEPMHCTOp, WIM MHHHMATbHBIM, €CIIH HWCIHONB3YETCA
Sonometp. ITpu nonase CBY-konebanusa 6anaHc MOCTa HApyIIaeTCH, H €ro BOC-
sTaHABJIMBAIOT, H3MEHAA TOK MHTaHMS MOCTA (a, clefoBaTeNbHO, U TepMOpe3n-
cTopa) ¢ MOMOMIBIO COMPOTHBICHHA R M HCTOYHHKA TTHTAHHA E. [Ins TepMHCTO-
20B HYXXHO yBEJMYHMBATh UIYHTHpPYIOLIEe NSHCTBHE, T.€. yMEHBIUATH CONPOTHB-
wune R, a m1s Gonomerpos — HaoGopoT. Kak npasmio, mKana JBWKKa Rg
palyHpyeTcs HeNoCpe/CTBEHHO B BarTax. Hawambnad GanaHcHpOBKa MOCTA
sepeMEHHBIM HaNpsKeHHeM reHeparopa I” Mo3BOJAET UCKIIOUNTE BIHAHHE TEM-
sepaTyphl OKpYXKarolleif cpeikl H COXPaHUTh rpaxyHpoOBKY NMpPH CTAPEHHH Tep-
WODE3UCTOPOB H HX 3aMEHE. '

[TpoMBINUTIEHHbIE TEPMOPE3NCTOPHBIE BATTMETPBI HMEIOT obuyio abcomor-
#Vi0 norpemHocTs mnopanka 4...10 %, [TorpemHoCTH M3MEPEHMA TakuX BarT-
MSTPOB ONPEIENIAIOTCA B OCHOBHOM CTETIEHBIO COINIACOBAHHOCTH HArpy3Kd H
£29eCTBOM U3MEPHTENIbHOI FOJIOBKH.

M3mepeHHe MOLIHOCTH TepMonapamMH

JlanHeIii MeTON M3MEPEHNs OCHOBAH HA PETHCTPAlMH 3HAYCHHA tepmoIJIC,
so3HMKArONIel NpH HarpesaHuu TepMonapsl dHepruedl CBY. CrpykTypHas cxema
saTTMETpa COCTOMT H3 NPHEMHOTO TepMonpeodpasoBarens u U3MepHTeNBHOl Jac-
. OCHOBHBIM 37IeMeHTOM mpeobpasosarend ABNAETCA ONOK BBICOKOYACTOTHBIX
mmddepeHIHANTBHEIX TEPMONAP, OXHOBPEMEHHO BBITIONHAIOLIHX (dhyHKIMH corna-
coBaHHOM Harpysku u nupgepenumansHoro repmomerpa. B CBY-muanasone 4a-
me NPUMEHSIOT TEPMOTIApH! B BUIE TOHKHX METAUTHYECKHX UICHOK, HANBLICHHBIX
=3 IMOIEKTPHIECKYIO MOMIOKKY. OCHOBHEIM 3JIEMEHTOM M3MEPHTEbHOH HacTH
spubopa ABNAETCS BOILTMETD MOCTOAHHOIO TOKA C IH(POBEIM AHCILIECM.

K npenMylecTBaM TakuX BaTTMETPOB CIICAYeT OTHECTH MAIyIo 3aBHCHMOCTD
2e3yNBTATOB M3MEPEHNUs OT KoleOaHuii TemMneparypbl OKpYXaloIEeH Cpesibl H Ma-
20 BpeMs MOAroTOBKH npubopa k paborte. HepocTarky BaTTMETPOB: OTPaHHYCH-
=1fi BEpXHHMIl YpOBEHb NWHAMMYECKOTO [AMANa30oHA M HENOCTaTodHAd YCTOHYH-
30CTh K Neperpy3kaM, OrpaHMdMBaloLIas IOMYCTHMOE 3HAUCHAE CPEHEH MOMIHO-
¢TH TPM M3MEPEHHM MMITYJILCHEIX CHTHanoB. [IpakTadecku cTaHiapTHbIE TEpMH-
cTOpBI CII0COGHB! BhIIEPXKHBaTh 0e3 paspylieHHA MOIMHOCTB, HE MPEBAILIAIOIIYIO
50...75 MBT. YpoBeHb H3MEpPSEMO MOIHOCTH MOXKET OBITh HECKONBKO YBE/IHYEH,
=C/M Nepell TepMHCTOPHON KaMepoit oMeCTHTh KanuOpOBaHHbIH aTTEHIOATOP.

Ammenioamop — YCTPOUCTBO, Y KOTOPOTO BEIXOIHAA MOIUHOCTE Py, B 3a1aH-
H0€ TUCIO Pa3 MEHBIIE BXOXHON MOIHOCTH Py,. Pesybrar H3MepeHus paBeH ro-
£a3aHMI0 MPUGOpa, YMHOKEHHOMY Ha KOd((uUMeHT ociablienus aTTeHioaropa:
i = P,JP,.. ATTEHIOZTOpH PasNAYaioT N0 NPHHIMNY NEHCTBHA (mornomao-
mwe, NpelieNbHble) W KOHCTPYKUMH (BOMIHOBOIHBIE, KOAKCHATIBHBIE, TOJIOCKOBBIE).
Onn GbIBAIOT ¢ GUKCHPOBAHHBIM HIIH H3MEHAEMBIM K03 dHIHEHTOM ocnabneHus

3aTyXaHUA).
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-BonHOBOXHKIN MOMIOMIAIONINI ATTEHIOATOP COCTOMT W3 OTpe3ka BOJHOBOMA.
BHYTPH KOTOPOro MOMEIIEH ClIOH BelecTsa, 3¢ dexTusHo nomomaromero CBY-
sueprimo. Koadduumenr ocnabnenus (NOMOMEHNs) SHEPruM ONpeIeNIeTcs CBOi-
CTBaMH BEIIECTBA, & TAKXKE pa3MepaMH H PacTONIOKEHHEM MONIOMIAFOIIETO CIOS OTHO-
CUTEJIBHO ICKTPHYECKOH COCTARIBIONIEH 2IEKTPOMATHHTHONO [10JIA BOJHOBO/A.

B npedensuvix ammenoamopax McTons3yeTca SBIEHHE SKCTIOHEHIHMATBHOTO
3aTyXaHHs IJIEKTPOMArHWTHOIO TIOJIS BJIOJIb BOJNHOBOXQ, MONEPEYHbIE pPa3Mephi
KOTOPOro BRIOpaHbI MEHbIIIE KPUTHYECKHX is paboueii [UTHHEI BOHEL

ATTEHIOATOPHI ¢ IUIABHBIM H3MEHEHHeM Ko3((HIMEeHTa 3aTyXaHHs W MIKAJIOiL
pOrpaxyMpoBaHHON B Aeuubenax, 00bYHO MPUMEHAIOTCA B pHOOpaXx, pe3yisTar
H3MEPEHNA KOTOPBIMHA GUKCHPYETCS B OTHOCHTE/BHBIX €IHHUIIAX.

Kanopnmerpuueckuii MeToa H3MepeHHs MOIIHOCTH

Kanopumerpideckuii METO U3MEPEHHS MOMHOCTH OTIIHYAETCS BHICOKOHN TO4-
HOCTBIO, ABNACTCSH YHUBEPCATLHBIM M HCIIONB3YETCA BO BCEM PAIHOTEXHHYECKOM
JIHara3soHe 4acToT, KaK AJid MalblX, TaK ¥ 1ia GonsImmmx MomHoctei. Meton oc-
HOBaH Ha MpeoOpa3oBaHWH SHEPrUM MEKTPOMATHUTHEIX KonebaHWH, mormiomae-
MBIX COTJIaCOBaHHOH HArpyskoii, B Terwiosy:o. ITornomenye SHEPrHyM MOTIOTHTE-
JIEM, COCTABJIAIOLIAM OCHOBHOH 3/1€eMEHT MpuOOpa, MOMXHO 33perHCTPHPOBATH
nub0 HEMOCPENCTBEHHO IO M3MEHEHHIO €r0 TEMIEepaTyphl, MO0 KOCBEHHO Kak
u3MeHeHHe o0beMa, JaBIeHus WIH APYTUX XapaKTEPHCTHK.

HanexHsle kanopHMeTpHdecKHe METOIbl OTIMYAIOTCH 06PATHMOCTHIO B TOM
CMBICITE, 9TO C MOIJIOTHTENIEM HE NPOHCXOIUT HHKAKUX HEOOPATHMBIX H3MEHEHHI
4 BCE KalOPUMETPhl BO3BPAIIAIOTCS B CBOE MEPBOHAYANLHOE COCTOSHHE 33 BPEMS
YCTaHOBJIEHHA paBHOBECHA.

Kanopumerpudeckue u3MepHTeNH COCTOAT M3 ABYX 4acTell: mormomaromei
Harpy3ku W u3Mmepurens temmneparypsl. Haubonee pacnpocTpaHeHBI HATPY3KH C
IPOTOYHON BOZOH. MoOIHOCTE, MOIIOMAaeMas B BOASHOM HAIPY3Ke C MPOTOYHO!
BOZIOH, ONpeeNsercs Mo pa3sHOCTH Temrepatyp AT Ha BBIXOE M BXOJE HATPY3KH
KaJIOPHMETPa M MO CKOPOCTH Pacxojia mnpoTtekaiomeii Boasl v. [ls onpejenenus
BENWYHHBI YPOBHA MOILHOCTH IMOJBL3YIOTCS (hopMynoii:

P =4,17sGdAT, (10.6)

Tae § — yneibHas TEMVIOeMKOCTh JKHIKOCTH (1 Bofsl s = 1); G — pacxox Bojs!
— 00BeM BOMEI, MpoTekaomeil Yepes HarpysKy, cM’/s; d — yielbHAs Macca 1o-
HIOIAIOMeH Harpysku; A7 — pasHOCTb TEMIEPATYP Ha BXOAE H BBIXOJE KaIOpH-
MeTpa. IIpH NOCTOSHHBIX MoKasarensx s, G u d u3MepseMas MOWHOCTh TIPOTIOp-
UMOHANEBHA pa3sHOCTH TeMneparyp: P = 4,17AT.

CrpykTypa NOCTpOEHMA BOIAHOH KaNOPMMETPHYECKOH HATpY3KH MOKA3aHAa Ha
prc. 10.6. BHyTpu oTpeska BomHOBoAAa / 3aKpEILIEH CTEKIAHHBIA KOHyC 2, Yepes
KOTOpBIH MpoTekaeT Boga. B ocHoBaHWe KOHyca BrasHbl aBe TpyOku 3 u 4. Bona
BXOIMT B TPYOKY 4, a BhITeKaeT yepes Tpybky 3. Harpyska coeqMHAETCS ¢ HCTOY-
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HHKOM H3MepaeMod Moml-
HOCTH  COENMHHUTEIHLHBIM
dnadneM 5. 3anonHeHHBIA
BOJIOH KOHYC NpeACTaBIAeT
coboii Harpy3ky c O6olb-
oMM 3aTyxaHumeM. Pas-
HOCTh TEMIeparyp H3Me-
paeTcs TepMonapam,
BKITIOYEHHBIMH Ha BXOJE H
BBIXOJIE BOJIbI B HATDY3KY.

TepmMomnaps! BKJIHOYCHBI
BCTPEYHO, TaK YTO MHAMKATOPHbLIA MPpHGOp (UKCHpyeT pasHOCTh TeMneparyp. Kak
yKe TOBOPWIOCH, KAJIOPUMETPHYECKHA MeTOJ| camblii TouHEIH, [TorpemHOCTH 06-
Pa3LOBBIX KAJIOPHMETPOB COCTARIIOT OKomno 1 %, a nmpoMbllUIeHHEIE KANOPHMET-
psl ofecreYrBaloT NorpemuocTs 2,5...5 %.

Puc. 10.6. Boaguas nornomawomas
HATpPY3Ka KAIOPHUMETPHYECKOTO BATTMETPA

Barrmerpel npoxoasiueid MOLWHOCTH

[Tox npoxoasie#t MOIHOCTEIO Py, OHAMAIOT Pa3HOCTE MOIIHOCTEH rajaso-
we# P,,, ¥ 0TpaXeHHOH P, 3MeKTPOMArHATHEIX BOJH:

Pp=P (10.7)

Y

IIpoxXopAnIyro MOIIHOCTE 3/IEKTPOMArHUTHON BOJIHBL, MOXHO H3MEDHThH pac-
CMOTpPEHHEIMM paHee BaTTMETPAMH, HCTIONb3YeMBbIMM COBMECTHO C HaNpasieHHbl-
Mu omeemeumenamu, Wi npubopamn, AeHCTBHE KOTOPHIX OCHOBAHO HA MCIIONbB-
30BaHMH (U3MUECKUX ABICHUH, He TPeOyIOmMX MOJHOro MOIIOWICHHA H3Mepsae-
moit sueprun. K Takum npuGopam OTHOCATCA H3MEPHTENH MOUIHOCTH Ha Nnpeod-
pasoBarenax Xoja, ¢ Moromaemie creHkoi 1 ap. B mocieaHne romsl s M3-
smepeHus mMowHoctn CBY-koneGannii Hadanmu uenonb3oBaTk 3(QeEKT Tak Hasbl-
BaeMBbIX FOpAYHX HOCHTEIEH TOKa B MOMYNIPOBOAHHKAX.

B BOITHOBOIHBIX H3MEPHTENAX MOLIHOCTH pa3lie/ieHHe NMaJailluX H OTPakKeH-
#6IX BoH CBY-3Heprud NMPOHM3BOMAT BOJHOBOJHBIM HAIpaBJICHHBIM OTBETBHTE-
AeM, ynpolIeHHas CTPYKTYpPHas cXeMa KOTOporo npeacTasieHa Ha puc. 10.7.

CrpyKTypa KIacCHYeCKOro HAIpaBIeHHONO OTBETBUTEIA CONEPXKHT IBE BOIHOBOM-
Hble JIMHHK: ITaBHYI0 A W BCnoMorareNsHyio B, uMetonue obmryro cresky. Io mas-
HOH BOJHOBOHOH JIMHWMM PaclpoCTpaHAETCs Maarollas BojHA OT TeHeparopa K Ha-
TPY3Ke H OTpaXkeHHas OT HArpy3KkM K reHeparopy. BenomorarensHas BOMTHOBOAHAA JIk-
Hus paboTaeT B pexHMe COIIacoBaHMA ¢ 00enx cTopoH. Mexay maBHOM 1 BCriomora-
Te/TbHOM MMHMAME MMEIOTCA OTBepcTHA B oOmel cTeHke. Paccrosnue Mexay OTBep-
CTUAMM cd paBHO YETBEPTH [JIMHBI BOJHBI, PACTIPOCTPAHAIONICHCSA B [MIABHON JIMHHH.
Yepes oTBepcTHA ¢ M d MAjAlOMas W OTpaKEHHAA BOJHBI NPOHUKAIOT BO BCIIOMOTa-
TENBHYIO JIHHHIO, HO (ha30BbIE CIABHIH ITHX BOJH TaKOBBI, YTO OKOJIO OTBEPCTHA d Nia-
JAIOMIHAE BOJHEI CKTAJBIBAIOTCA — TOUKA /, @ OTPaKEeHHbIE — BBIYHTAIOTCA ¥ B3aUMHO
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Puc. 10.7. Ucnons30BaHue HANPaBIEHHOrO OTBETBHTEIS B BATTMETPaX

KOMTIEHCHpYIOTC — Todka 2. Okonlo OTBEPCTHA €, Hao60poT, CKIANBIBAIOTCA OTpa-
JKeHHbIe BOMHBEI — TOYKa 3 M B3aMMHO KOMIEHCHPYIOTCA Najaromme — ToYKa 4.B
pesymbTaTe NAfAIOWAs BONHA TIOCTYTIA€T Ha BATTMETP, 2 MOLIHOCTS OTpakeHHOM BOJI-
Hbl PacceMBAeTCA HA COITIACOBAHHOM Harpyske 5. Taxum o6pasoM H3MEPSAETCA MOMI-
HOCTB najaromieli BoMHbL. Vi3MepeHne MONIHOCTH OTPKEHHOH BOJHBL, HeoOxomuMoe
U159 OTpeJieieHHs MPOXOMAMIEH MOIIHOCTH, MOXKET OCYIUECTBIATECS TEM XKE OTBETBH-
TeneM, WIIH BTOPhIM, pasBepHyThiM Ha 180°.

JIocTOMHCTBAMH BAaTTMETPOB Ha OCHOBE HarpaBiCHHBIX OTBETBUTENEH ABIIA-
JOTCS [MPOKHE TIPENeNBl M3MepSeMOl MOLIHOCTH 107™...10° BT; BO3MOXHOCTb
pa3feNibHOro H3MEpeHHA najaiomei, OTPAXEHHOH M MPOXOAAMmEd MOIHOCTH.
JlnanasoH wactot Takux Barrmetpos 0,03...40 ITu, npenensl TOMYCKAEMBIX IO
rpewHocTeit 2,5...10 %.

W3mepenne MOIHOCTH Npeodpa3oBaTensiMu Xoaia

TIpsAMOe MepEMHOKEHHE TPH H3MEPEHHH MOIIHOCTA MOXHO TAlOKe NOTyHHTS,
HCTIONB3YA TOJTYNPOBOHHKOBEIE npeobpasosament Xonna.

Ecnu crienyanbHyo MOMyIPOBOAHUKOBYIO IIACTHHY, MO KOTOpOii TeueT ToK [
(nokasan myHkTEpoM Ha puc. 10.8, a), BO30YKIaeMblif MEKTPUIECKHM IIONIEM
HANPSODKEHHOCTBIO E, MOMECTHTh B MarHUTHOE MOJE C HanpsKeHHOCTBI0 H (HMH-
nyKuned B), To MexIy €€ TOYKaMH, JIEXallHMH Ha NIpAMOH, TepreHANKYIAPHOH
HANPABNCHUAM MPOTEKAIOUIEro ToKa / ¥ MATHWTHOTO MOJIA, BOSHUKAST pasHOCTL
noreHmanos (3¢ dexr Xonna), onpenensemMasn Kak

U.= kEH, (10.8)

rie k — k03¢ uLIHeHT NPONOPLUHOHAIEHOCTH.

ComiacHo M3BecTHOM B (u3HKe TeopeMbl YmoBa—ITOMHTHHIA, MIOTHOCTH MOTOKA
npoxoasuet MomHocTH CBY-koneGauii B HeKOTOPO# TOYKE NOJIA ONPENETACTCA BeK-
TOPHBIM NPOH3BENCHHEM aneKTpUYeckoil 1 MarHWTHOM HANPDKEHHOCTEH ITOr0 TIONA:
[T = [E+ H). Otciona, ecim Tok / Gyner dynKupei 3MEKTPHUECKOH HAPKEHHOCTH £,
TO € TIOMOIIBIO JaTYrKa X0JUIa MOXKHO TIONy4HTh CIIEYIONLyIO 3aBHCHMOCTE HAMPAKE-
H@A OT mpoxoseH MomuocTy: U, = gP, e g — NOCTOAHHBIA K03(PUIMEHT, XapaK-
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a)

Puc. 10.8. [Ipeobpazoparenn Xonna:
@ — BO3HMKHOBEHHE 3{(DeKTa B JISKTPOMATHHTHOM NOJIE;
6 — NPHHLKMN H3MEPEHHA MOIIHOCTH B BOJTHOBOJE

TEpH3YIOWMI 00pasel] — 4acToTy M np. [l u3MepeHns Takol MOHOCTH TTACTHHY
TOMYNPOBOAHKKA (MracTHHKY Xomma — /7X) MoOMEelIaioT B BOJHOBO, KAk MOKA3aHO Ha
puc. 10.8, 6.

PaccMoTpeHHbIH u3MepuTenh NPOXOAAMEH MOIIHOCTH 06MaIaeT CIENyIOMMMHU
A0CTOMHCTBAMM:

* MOeT paboTars npH /moboit Harpy3Ke, a He TOJBKO PH COITTACOBAHHOI;

* BLICOKOE OBICTpONEHCTBHE BATTMETPA €T BOSMOXKHOCTE NPHMEHATE €10 TIpH
H3IMEPEHHH HMITYJIbCHOH MOIHOCTH.

Omuako mpakTH4ecKas peanu3alys BaTTMETPoB Ha 3ddexre Xomna — nocra-
TOYHO CJIOKHAA 3aja4a B cuiy MHOruX (axropos. Tem He MeHee, CYIIECTBYIOT
SaTTMETPBI, H3IMEPAIOILHE MPOXOAALIYIO HMITYIECHYI0 MoOIHOCTE A0 100 kBT ¢
norpemHocTeio He Gonee 10 %.

BarT™meTphl Ha ocHOBe 3herTa «ropaYHX» HOCHTeNel TOKa

M3 Qm3uKky M3BECTHO, YTO MOJ BO3/IEHCTBHEM MEKTPHYECKOrO MOJIS B TIOMYNPO-
SOMIHUKE YBENIHYMBACTCA CPEIHAA Xa0THYECKas CKOPOCTh CBOOOIHBIX HOCHTENEH 3aps-
1a (3MeKTPOHOB WK IBIPOK), YTO SKBHBANEHTHO MOBBILIEHMIO HX TeMIIEPATYPHI OTHO-
CHTE/IBHO TEMIEpPATyphbl KPUCTAIUIMYECKOI pelleTkH Marepuana. 3To SBIEHHE B TEo-
DHH TONYTIPOBOJHHKOB HA3BIBAETCA pazospesaM Hocumenell 3apioos.

Ecnu ocymecTsuTs HEONHOPOMHBINA «Pa30rpes» MOMYNPOBOIHHUKOBOH TUIACTH-
Hbl, TO MO/KEH BOSHHKHYTH MOTOK HOCHTENEH 3apANOB W3 «ropsyei» obmacTH B
XonoxHyro». BMecTe ¢ TeM oOKasbiBaeTCs, 4TO TOK B Pa3OMKHYTOH LENH paBeH
HYMO. 3T0 0BCTOATENLCTBO CBUICTEIBCTBYET O BO3HHKHOBeRHH DJIC, npoTHBO-
JeHCTBYIONIEH NBWKEHMIO 3apsnoB. Benuumna taxoit BJIC 3aBHCHT OT CTeneHH
“pasorpesay MoyNpOBOAHWKOBO# IUTACTHHBL.

Hns ycuwnenus 3¢gekra HEONHOPOIHOMY «pa3OrpeBy» CledyeT MOABEPTrarh
NOTYNPOBOJHUK, KOHLEHTPAIMA HOCHTeNell B KOTOPOM MPOCTPAHCTBEHHO HEOJ-
Hopoaxa. Eciu «pasorpes» ocymectensercs nonem CBY, to no 3navenmo JJIC
MOKHO CYIHTh O npoxogsuiei MommocTH CBY, [TockonsKy HHTepBan YCTaHOBIE-
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HHA TEMIIEPATYphl HOCHTENEH 3apaIoB Ha HECKONBKO MOPANKOB MEHBILE BPEMEHH
YCTAHOBIEHHMS TEMTIEPATyphl KPUCTAJUTHIECKOH pemIeTKH, BaTTMETPhI Ha OCHOBE
pasorpeBa HOCHTeJIelH 3apAn0B MO3BOJAIOT HEMOCPEACTBEHHO H3MEPATh HMITY/IbC-
HYIO MOILIHOCTE TIPY IIHTENBHOCTIX HMITYIsCoB 70 0,1 Mxc.

OCHOBHBIMM Y3JIaMH TAKOTO BAaTTMETpa ABNAIOTCA MpHeMHEIH mpeobpazoea-
TeJb C TONYIPOBOIHHKOBEIM 3IEMEHTOM U H3MEpHTENbHOE YCTPOHCTBO ¢ udpo-
BBIM OTCYETOM. '

10.4. UamMepeHHe MOLIIHOCTH JIa3ePHOI0 H3TYUEHHS

MoIHOCTE W SHEprus H3NMyYeHHA Na3epoB — 3TO pasiHYHbIE, XOTA H TECHO
CBSI3aHHBIE APYT C IPYrOM BENWYMHBL. MOIHOCTE ¥ 3HEPTHIO J1a3€PHOTO H3ITyde-
HEs OOBIYHO HA3LIBAIOT SHEPreTHYECKUMH NapameTpaMu. Jlazepnoe usnyuenue
MPHHATO XapaKTEepH30BaTh CAeAYIOIIHMH NapaMeTpamMmu:

* MOIIIHOCTBIO H3NydeHus P npu paboTe naszepa B HENMPEPLIBHOM PEXHME;
* SHepruell H3ny4yeHus OJHHOYHBIX HMITYJIECOB

T

W= ]P(r)dr, (10.9)
0

TIe T y — AIHTEbHOCTE HMITYJIECA H3TYHEHHA;
A cpenHeﬁ MOIITHOCTBIO B AMITYJTBCE

Pas=Wihty (10.10)

* CpeMIHeH MOUIHOCTEIO MMITYJTCHO-MOXYIMPOBAHHOTO H3Ty4eHHA
1 i
Py _[P(r)d:. (10.11)
1]

3nech T — MepHOJ CleI0BAHNA HMITYJIBCOB.

H3MepeHus SHEpPrid ¥ MOLIHOCTH JIa3ePHOTO H3TyYEHHA HE OTIIMYAKOTCA J0C-
TAaTOYHO BHICOKOM TOYHOCTEIO (OmmMGKH H3MEpeHHA OKoNo 2,5 % H pelKo MOHH-
warotes go 0,5 %).

MOIIHOCTE U JHEPrHI0 H3NIYYEHHA J1a3epOB M3MEPAIOT PasjIMiHBIMH MeTo.a-
MH, B TOM 4YHc/ie M MeTonamu, npuMmenseMbiMu i CBY-nuanasona. OgHako X
peanu3alug A1 BOJIH ONTHYECKOro AMana3oHa HMEET HEKOTOPbIe OTIHYHA.

Ui M3MepeHus HMITYITCOB JIa3epHOTO H3MydeHns ¢ sHepruelt menee 107 Ik
NPHMEHAIOT 8aKYYMHbIN MUKDOKQIOpUMemp C TIOTTIOTHTENEM B BHIE MHHHATIOP-
HOTO KOHYCa, H3rOTOBJIEHHOTO U3 MeHOM dosbry u uMeroero Maccy okomno 0,1 r.
HW3MepsieMoe H3TyYeHHE HANPABJIAIOT B MONIOTHTEND C TIOMOMIBLIO KOPOTKO(DOKYC-
HOM JH3EI. M3MeHeHue TeMIeparyphl MOTIOTHTENA PerucTpupyerca Auddepen-
HMaNEHONM MEIHO-KOHCTAHTaHOBOM TepMmonapoi. OIHH H3 cOaeB TEPMOMaphl YK-
peIUieH Ha BepillHe KOHyca, a ApYroi (XomoHbIH) TPUCOEHHEH K TPaBepce, Bbl-
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XOZIALIEH HapyKy yepe3 HOXKy konbul. KoHyc BK/eeH B CIIOMAHYIO IUTACTHHY, 32-
KPEIUIEHHYI0 B CHENMANBHBIX JAepxkareniX. [IpH HCHoNb30BaHHH rajibBaHOMETpa
JYBCTBHTENLHOCTE Tpubopa coctasndeT 0,8 mJIx Ha neneHue MKabl.

W3MepAIOT JHEPrHIO Ja3epa W HCUOKOCMHbIMU KANOpuMempamu, NON00HBIM
paccMOTpeHHBIM B pas3fl. 10.2. OcHOBHO#H HEOCTaTOK KAJIOPUMETPOB ¢ AaTIHKaMH
TeMIepaTypbl — GONBINOE BpeMs YCTAHOBNEHHMA TEIUIOBOTO PABHOBECHA (€/MHU-
16l MHHYT). 33 3TO BpeMs YacTh TeIJla TEpAETCs Ha H3MyYeHHE H KOHBEKIMIO, 4TO
ABNIAETCA NMPHYHHON JOMOIHHTEIBHEIX NOTPEIIHOCTEH H3MEPeHNU: YPOBHA MOTJI0-
maeMoil HepruH. DTOT0 HENOCTATKA JIMINEHbl KHOKOCTHBIC KaJlOPHMETPhI AT
mIMepenns GoNbIIMX SHepruil H3TydeHus, paboTaiomue nofo6GHO TEPMOMETPaM.

[TpUMepoM TAKOTO KAJIOPUMETPa MOXKET CIYXKHTh CIELHaNbHBIH cocyl, Ha-
MONTHEHHBIH PacTBOPOM HHUTpaTa MeIu B aneToHHTpHie. KoHIeHTpaluio HUTpaTa
MeH MoAGHpaloT TaK, YTo0k Ko3¢gpHUUMEHT MPONyCKaHHs s4eHKu UMHOH 75 MM
coctasmsun 107 s magatomielt SHEPTHH M3MyYEHHS Ha JUTMHE BOJHbI PyOHHOBOrO
nasepa. Cocyn CBA3aH C TOHKMM KamwumipoM auametpom 0,1 MM, B KOTOpBIi MO-
KeT BBIXOJHUTE KMAKOCTh NMpH pacmmperud. OOGBYHO ypOBEHb XKHIKOCTH yCTa-
HABIMBAETCA TakK, YTO €€ MoAheMY Ha 25 MM COOTBETCTBYET yBENMYCHHE H3MeE-
paemoit sHeprum Ha 2,5 JIxk.

@OoTO3/IeKTPHYECKHE H3MEPHTEJIH JIA3ePHOT0 M3y HeHHH

@daktHueckn mo6oi (GOTONPHEMHHK, BBIXOJHOW CHIHal KOTOPOTO MpOMop-
[MOHAJNEH MaalomeMy JYMHCTOMY IOTOKY, MO3BOJIAET H3MEpPATh MOIIHOCTD He-
NPEPHIBHOTO M3NydYeHHs Ja3epoB WIH IHEPTHIO X MMITYBCHOTO H3nmydeHns. Jind
H3MEPEHUs CpemHeld MOIUHOCTH M3JTyYeHHs Ja3epOB HEMPEPHIBHOTO NEHCTBHA
NPUMEHSIOT MONYNPOBOXHAKOBEIE (POTONPHEMHHKH C p-n-TIEPEXONOM. DHEPrHIO
H3Ty4eHHs J1a3epoB, paboTalomuX B MMITYJbCHOM PEXHME, H3MEpPAIOT UHTerpupo-
BaHHMEM BBIXOIHOTO CHrHaNa (POTONPHEMHHKA.

HzmepuTenn 60/bIIHX HMIYILCHBIX MOLIHOCTEl JIA3€PHOr0 H3JIYYeHHA

Bonpiye HMITYJIbCHBIE MOUIHOCTH HacTO M3MEPSAIOT C MOMOMIBIO Pa3iHYHBIX
3¢ ¢ekToB B KpUCTAJLIAX, NPO3PAYHBIX UL JA3E€PHOI0 M3JydeHHs.

Ceznemoanexmpuyeckuil usmepumenv mownocmu. Tlpu naneHud H3TyveHUs
Ha CErHeTO3NEKTPHK (MHPO3IEKTPHK) HA KpUCTAIe WIH Ha IMOC/IeN0BATEe/IbHO
COEIHHEHHOM ¢ HHM PE3WCTOpE YAaeTCsa MOJYYHTh IIHPO3/IEKTPHYECKOe Hanpsxke-
HHE, KOTOPOE MOXHO H3MEPHTE.

B KauyecTse CErHeTO3/IEKTPUKOB NPUMEHAIOT TUTaHAT Oapusd, THTaHAT CBHHIIA,
MOHOTHApPAT cynb(ara MMTUA U Ap. JUnd u3MepeHus CUIIbl IHPOTOKa HA MPOTHBO-
MONOXKHBIE CTOPOHBI KPUCTA/LNA HAMBUIAIOT CEpeOpAHBIE WIH 30JI0ThIE 3JIEKTPOIbI
(puc. 10.9, a).

lpueMHUK OOBIYHO BHIMONHAIOT B BHJE IWIMHIPHYECKOrO KOHIAEHcaTopa ¢
KpYI/IbIM MM TIPAMOYTOJbHBIM BXOAHEIM oTBepcTHeM. Cdepa COCTOMT M3 ABYX
nomycd)ep, H3rOTOBJEHHBIX M3 NMHPOAKTHBHOM KepaMUKH THTaHata Gapus  co-
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H3znyyenue

a) 6)

Puc. 10.9. Cxemb! n3mepuTeneit GONBIINX HMITYTECHBIX MOUIHOCTE!:
@ — Ha CErHETO/ICKTPHKE: 6 — Ha 06paTHOM 3neKkTpoonTHYecKoM 3bdekTe;
1 — usmepurens; 2 — 3neKTPoss!; 3 — NIACTHHE! KOHAEHCATOpa

€IMHEHHBIX CrelHanbHBIM 00pa3oM. Ha BHENIHIO U BHYTPEHHIOK NOBEPXHOCTH
nosycdep HAHOCAT cepeOpsAHbIE AMEKTPObL, K KOTOPLIM MPHCOEIHHAIOTCA TOHKAE
MPOBOAHHKH. [ W3MEPEHHUA BBICOKMX HHTEHCHBHOCTEH M3yYeHUS BHYTPEHHIOW
HOBEPXHOCTh Cephl MOKPHIBAIOT TYTOIUIABKAM CIIOEM C GOJBIION OTpaXkaTenbHOM
CMOCOGHOCTBIO — HAMpPUMEP, CI0EM IUIATHHBI TOMMIHHOK 0,1 MM.

Hzmepumene mowgnocmu usnyyenus ¢ ucnonb3o8anuem o6pammo20 nekmpo-
onmuyeckozo agpgpexma. JlaHHbIA SPPEKT COCTOMT B TOM, YTO IPHU MANEHHH MO-
HOXPOMATHYeCKOr0 H3JIy4eHHs Ha HEKOTOPhIE KPUCTAIUIEI B HHX BO3HHKAET IOJI-
pusauus. Ecnu Takoi kpUCTanl NOMECTHTh B KOHAGHCATOP CHEUMATLHON HOpMBI
(puc. 10.9, 6), To u3mMepAeMas MOMHOCT M3MyueHHs OyeT CBA3aHa C Hanpske-
HHEM ¥ Ha 3aKHMax KOHJEHCATopa ONpe/e/IEeHHBIM COOTHOLIEHUEM.

HauGonee 3(QeKTHBHO HCMONB3OBATH MOMYNPOBOAHHKH MNPH H3IMEPEHHH
MOIITHOCTH JIa3epoB, pafoTalomux B MHGPaKpacHOM JIHana3oHe (HampuMep, jiase-
pos Ha CO;). Bepxnuii ypoBeHb H3MEPAEMO MOIIHOCTH OMpPEENAETCA ONTHYE-
CKOM MPOYHOCTBIO KpHCTAIA, KOTOpas I Mbe30KPHCTA/IOB HAaXOMUTCS B TIpe-
nemax (0,15...1):10"" Br/cM%, 4T0 CPaBHEMO C ONTHYECKOH MPOYHOCTHIO ONTHYE-
CKHX CTEKOJI JIy4IIHX MapoK, HCIIONB3yeMbIX B Jla3epax.

MsMepuTens MOIMHOCTH C HCTONB30BAHWEM OOPaTHOTO 3JIEKTPOOINTHYECKOTO
3¢dekra comepKUT NMPO3PAuHBI A UIMEPAEMOTO M3TY4eHHS KPHCTALI, KOH-
OEHCAaTOp C MOMEIIEHHBIM B HEro KpHCTAJLUIOM, € TUIACTHH KOTOPOTO CHHMAETCs
HanpsoKeHHe, MPONOPLUHMOHANIEHOE MHKOBOH MOIMHOCTH MMITY/bCa Jasepa; 3JieK-
TPOHHYIO CXeMy i m3Mepenus HaseneHHod 3JIC (kak mpaBHIlO, BONBTMETpa
aMILTATYIHOTO 3HA4YeHHA). JIns perucTpalMy [UTHTEIFHOCTH JIa3epHOr0 MMITYIIbca
NPH U3MEPEHHH JHEPTHH H3JIYYEHHA K H3MEPHTEIO MOIIHOCTH MOMKET MOMKITIO-
4aThcA ocumiorpad.

Ilonoepomomopwuiii eammmemp. JleiicTBHe HOHAEPOMOTOPHOTO (MexaHWye-
CKOTO) M3MEPUTENS OCHOBAHO Ha UCIIONb30BAHWUH CBETOBOTO NaBjieHus. [laBnenne
3JICKTPOMArHUTHBIX BOJIH Ha OTPaXKAIOILYIO NOBEPXHOCTH MPONOPLAOHANEHO 3Ha-
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YeHWI0 BeKTOpa YMoBa — [ToiHTHHra, KOTOpBIH ONPEACACT MWIOTHOCTH NOTOKA
3HEpPTHH, TPOXOAAIIEH eXEeCEKYHIHO Yepe3 eIMHHYHYIO IUIomank. Taxue npH-
Gopsl MPHMEHSIOT I H3MEPEHHA SHEPrHH H MOIIHOCTH H3Ny4eHH:A JIa3€poB,
paboTalOmuX KaK B UMITYJIbCHOM, TaK H HENPEPRIBHOM peKHMaX. Bepxuuii npe-
fen H3MEepAEMBIX BEJWYMH MOIIHOCTH WIH 3HEpPrud NMpakTHYeCKH HE OrpaHn-
geH. TTOHIEPOMOTOPHbBIE W3MEPUTENH MOIIHOCTH O0NAjAlOT BBICOKOH TOYHO-
CTBIO W3MEPEHHil, MOTPEOIAOT He3HAYHTEIBHYIO MOIHOCTh, MAJIOHHEPLIHOHHEI
# He GosTca meperpysok. MIx HemocTaTKoM SBIAETCA HHM3Kas BHOPOYCTOHYM-
BOCTh H HCO'GXOI[HMOCTB TIIATENBEHOTO COTJIACOBAHHA H H3rOTOBJIEHHA ne'ra.neﬁ
[0 BBICIIEMY KJIACCY TOYHOCTH.

10.5. IlagpoBrie BATTMETPHI

[ToBceMeCTHO BHeApAeMas B TOC/IEIHHE TOMbl B M3MEPHUTENBHON TEXHHMKE aB-
TOMaTH3AlMA MPOLECcca W3MEPEeHHs PacpOCTPaHMIaCk U Ha CPeJICTBA H3MEPEHHA
soigoctd. Heob6xomuMocTh B aBTOMAaTH3alMM CPEACTB M3MEpPEeHHsA MOIUHOCTH
BO3HHIUIA TIO [IBYM MPHYMHAM: BO-IIEPBBIX, W3-33 Pa3BUTHSA aBTOMATHIECKHX CHC-
TeM KOHTPOJIS H, BO-BTODBIX, H3-32 CHOXHOCTH YNpaBlienns paboToif, CBA3aHHO ¢
§anaHCHPOBKOM MOCTOBBIX CX€M, KOTOpHIE SBJISIOTCA OCHOBHBIM SJICMEHTOM JIO-
60ro TepMOpPE3UCTOPHOIO BATTMETPA.

B um(poBBIX BaTTMETpax NPHMEHSIOT PasM4HBIE THILI MpeoGpasoBarenei
MOIIHOCTH, B TOM YHC/E H TEPMOPE3UCTOPHBIE.

VnpouieHHas CTPyKTypHas cxema Ui(poBoro BaTTMETpa JiaHa Ha pHC. 10.10.

OCHOBHBIM 3IEMEHTOM CXEMbl BATTMETpa ABJAETCA MHKporponeccop. YIIT
YCHJIMBAET BBIXOZHOE HAMPMKEHHE TEPMOINEKTPHIECKOro NPHEMHOTO npeobpazo-
BaTeNs N0 3HavyeHws, obecrevmBalomero ycroiumsyio paGory Gnoka AL Ha-

Hamepsemas ¢
MOWHOCHIb Muxponpoyeccop oy

{} 1 1 I

Hpuemnbtii =
npeobpazoeamens W P 5 AU

Kanubpamop Kanubpamop Hemounuk

MoOwgHOCMU MOowHOCMU ey e s
NOCMOSHHO20 MOKA nepemMenHoz0 moxa

Puc. 10.10. Ynpomennas cTpyKTypHas cxeMa IH(poBOro BarTMeTpa
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MpsKeHKE, TPONOPLMOHATILHOE 3HAYCHHIO H3MEPAeMOH MOMIHOCTH, Npeobpasyet-
Cfl C MOMOIIBIO BPEMSMMITYIBCHOTO MpeobpasoBaTens (Ha CXeMe He MOKasaH) B
MHTEpBAJ BPEMEHH, KOTOPHIH 3aMOTHACTCS UMITY/IbCAMH OMOPHOH YacToTsl. YHcio
MMITY/ILCOB, TPONOPIMOHATLHOE H3MEPSAeMOll MONIHOCTH, OToOpakaeTcs Ha UHQ-
poBom orcaetHoM ycTpolictee (LIOV) uny MOXET BBOJIUTECH B CHELUATHU3HPOBAH-
HOE YCTpO#icTBO 06paboTKH H3MEPHTENbHOH HH(OPMALIMH.

Mukpompotieccop BaTTMETpa COOEPKUT HJIEMEHThl aBTOMATUYECKOTO YIIpaB-
NeHUA pekHMaMi paboTel H AWUCTAHLMOHHOIO NEPEKTIOYeHNs MPEeNeNoB W3Mepe-
HHA, WHIMKAUH YCIOBHOrO ofo3Hagenus m3Mepsiemoli Bemmuunel. KamuGparop
MOIHOCTH MEPEMEHHOIO TOKA MCIONb3yeTcs UIi CaMOKanMOpOBKHM BaTTMETpa.
KanuGpaTop MOIIHOCTH MOCTOSHHOTO TOKA MPUMEHAETCA AiA KanubpoBku uub-
POBOTO BaTTMeTpa, paboTaiomiero ¢ npeoGpasoBaTenaMy Ha CPEIHUX M GONBIIAX
YPOBHAX MOLIHOCTH. Bce y3nbl BAaTTMETPa 3aNUTHIBAIOTCA OT BCTPOEHHOIO MCTOM-
HHKa MATaHAs NOCTOAHHOIO TOKA.

TpuemubIi npeo6pa3oBaTesns COCTOUT W3 OTPe3Ka KOAKCHaNbHOH JuHAN (WK
BOJIHOBO/Ia) €O CTAHAAPTHLIM BEICOKOYACTOTHBIM Pa3beMOM, MOMIOUIAOLIEro JJe-
MEHT4, TEepMO3JIEKTPHYecKoro Momyns, «obpasina cpaBHeHus». Ilomtomaromui
3JIEMEHT TIPENCTaBAeT COGOH TOHKOILUIEHOUHBIH PE3UCTOP Ha TEIUIONMPOBOIALICH
(6epuiueBoit) kepamuke. LlgHTpansHBIM NPOBOJHHKOM KOAKCHAJIBHOTO TpakTa
ABJISETCA TOHKOCTEHHas TPYOKa W3 HepiKaBelowleH CTaM, MCKITIOYAloIas Terio-
BOE BIIMSAHHWE BHEIIHEH cpelsl HA MOMIOMAONIMI NeMeHT. [lni yMeHbIeHUs 110-
Teps Ha CBY TpyOKka noKphiBaeTca Menbio H cepebpom. Tlormomaromui aieMeHT
3a CUET IUIOTHOM TOCAJKH MMEET 3MeKTPHYeCKHA KOHTAKT ¢ LEHTPAIBHBIM Mpo-
BomHMKOM. JIpyroii ero koHel| BasH B COIIACYIOMMI MeHbIi 3kpan ¢ cepebps-
HBIM TIOKpEITHEM. B comnacytouiem 3kpaHe NpeaycMOTPEHO CTYIIEHYAT0e M3MEHE-
HHE AHAMETpa, 4To 00ecneuHBaeT COMIACOBAHME MOMIOLIAOIIErO 3JIEMEHTa C
TPaKTOM BO BCEM JMana3oOHe YacToT.

TepMO3/IeKTPHYECKHHA MOTY/b NPEeCTABIAET CoDOH MUCK C OTBEPCTHEM H pac-
TIONIOKEH TaK, 4TO TOpAYMii criaif HMeeT TeIUIoBOi KOHTAKT ¢ BHENIHEH MOBEPXHO-
CTHIO CONACYIOIIEro 3KpaHa B MECTe MaiKH IMONIOINAIONIero 3MeMEHTa, a X0/Io-
HBLi cnaii — ¢ «obpa3suoM cpasHeHHa». K BBIBONAM TEPMOINEKTPUYECKOTO MOMY-
Jisl TPUNAMBAIOTCA NMPOBOJA COENMHHTENbHOro Kabend. JluA 3amMTel MOyNA OT
cyuaiiHbIX BHEIIHMX TEIUIOBBIX BO3JCHCTBHIE MCIONE3YIOTCA BHYTPEHHHH W
BHEIIHMI 3kpanbl. Ha BHemHeM 5KpaHe yKperuieHsl pedpa, 00pasyloiue BMecTe ¢
sKkpaHoMm paauarop. IIpuMenenue paguaTopa MO3BOJIAET YBEIHYHTR MOIIHOCTE
paccesHus npeoOpa3oBarTeni.

B mmdposom BartMerpe Gnaronaps NMpUMEHEHHIO MHUKpONpoleccopa ocyue-
CTBIISIETCS PAJl ABTOMATU3MPOBAHHBIX OMEpalMii: aBTOMAaTHYECKHIA BBIOOp mpejie-
JIOB M3MEPEHMUH, aBTOMATHYECKAs YCTAHOBKA HYNA M CaMOKanuOpoBKa, KpoMe To-
T0, TPeayCMaTPHBAETCA BBIXOX HH(POPMALMH Ha KaHa 001Uero nonb30BaHUA NpH
€ro BKJIFOUEHHH B COCTaB HH(OPMALIMOHHO-H3IMEPHTELHOH CHCTEMBIL.
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10.

11.
. IlpuseauTe cxeMy ypaBHOBEHIEHHOIO MOCTA.
15:

14.
15.
16.

17.
18.
19.

20.

KouTpo/ibHbIe BONPOChI

Yro cofoit mpeacTaBiser Takas (hu3Mueckas BENMYMHA, KAK MOIIHOCTE 3/ICKTPHYC-
CKHX Konebanui?

Kak 3amHchIBaeTcs aHANUTHYECKOE BHIPAXECHME Ul aKTHBHOH MOIMIHOCTH B Ciiy4ae
MEPHOAMYECKOT0 CHrHANA?

TIepe ucauTE OCHOBHBIE METOMBI M3MEPEHHS MOLIHOCTEH B Pa3/IMMHBIX 4aCTOTHBIX
ZanazoHax. y
OBGBACHHTE NPUHLKI JHCTBHA JIEKTPOIMHAMHYECKOT0 BATTMETPA.

Kaxoli anropuT™ MareMaTHUECKMX ONEpauuii 1eKUT B OCHOBE BaTTMETpa Ha mepe-
MHOMCHTEAX.

KakoBsl 0COGEHHOCTH M3MEDEHHMS MOIIHOCTH ONEKTPOMATHMTHLIX KonebaHu# B
nuanazone CBY?

Kaxk cTpoATcs BATTMETPBI MOrMOMAOWeH MOHOCTH U Hanalona CBY?
[IpuBeaUTE PAMEP BATTMETPA NOTIOMAOIIEH MOIHOCTH.

B ueM 3aKI0YaeTCA TEPMOPE3NCTOPHBIH METO/ U3MEPEHHs SMEKTPHUECKOH MOIIHO-
cru B CBY-nmanazone?

Kakne THIIb! MOCTOB IIPMMEHSIOT /18 M3MEPEHHs MOIIHOCTH C MOMOIIBIO TEPMOpe-
3ucTopoB?

TIpuBenuTe CXeMy HEYPaBHOBEMIEHHOTO MOCTA.

B uem 3aK/II049aeTcs METOJ M3MEPEHHS 3NEKTPHIECKOH MOIIHOCTH € TIOMOIIBIO TEP-
monap?

Ha yeM OCHOBAH KANOPHMETPHUECKH METOJ H3MEPEHHUS MOIIHOCTH?

Kax paGoTaior BaTTMETpEI NPOX0AsmEH MOWHOCTH? [TpUBECTH NPHMEDEI.

Ha kakoM TIPMHLIHIIE OCHOBAHE! H3MEPHTE/M MOIIHOCTH, HCTIONESYIONIKE Npeobpaso-

*parenu Xonna?

Kak ocyiecTBisieTcs H3MepeH e MOIIHOCTH ¢ mpeobpasosarenaMu Xomna?

Kak pa6oTaioT BaTTMETPBI HA OCHOBE 3 PeKTa «ropsIHX» HOCHTENEH TOKa?

Kakue MEeTOIBI HCTIONB3YIOTCS TIPH M3MEPEHHAX MOIIHOCTH U SHEPTHH JIa3€PHOTO H3-
nyqenus?

O6HACHATH NPHHIAT AefcTBHS LM(POBOTO BATTMETPA I10 IO YNPOIICHHOH CTpyk-
TYpHO#H CXeMe.



I'naga 11. AHAJIN3 CIIEKTPA CHT'HAJIOB

B pannoTexHmueckux ycTpolcTBaX MpoTEKAOT JNEKTPHYECKHE MPOLECCH], HMEIOLIHE
crieumduueckuii xapakrep. PeanbHbifl pajuoTexHHYeckMH CHMIHAN Kak (pusngeckuit
00BEKT AHATUTHYECKOr0 M NPAKTHYECKOr0 HCCIE0BAHMH JOCTATOYHO ClOKeH. YTo6k!
NPOH3BECTH AHANM3 NPOXOMKIACHHS CHIHANA Yepe3 PalHOTEXHHYECKHE LICHH, HEOBX0aHMO
€ro NpencTaBHTe B yno6HO# Matemarnyeckoil dopme. B Teopum curhanos HIUPOKOE TPH-
MCHEHHE HAIM JBa Croco6a MaTeMaTHYeCKoro H GHIHYECKOro NPEACTABNEHHS SeKTPH-
HECKHMX CHIHAJIOB: BPEMEHHOH M crieKkTpansHeii. Takoe NpeacTaBieHHE BOIMOKHO BCIEl-
CTBHE npunyuna Oyanbrocmu (ABOHCTBEHHOCTH, B3aMMOCBA3H) YacTOTHl M BPEMEHH, T10-
CKOMBKY f = 1/¢. I1pu BpeMeHHOM crioco6e aHATH3a CUrHAT OTPakKaeTes HenpepbIBHOH (yHKIW-
©€H BPEMEHH WIH COBOKYITHOCTBIO 3/TIEMEHTAPHBIX HMITYJIBCOB, CIETYIOLIMX APYT 3a JIpyTroM uepes
ONpEJIC/ICHHBIE HHTEPBAML! BpemeHy. CrekTpanbHelif cmocol OCHOBAH HA NPEICTABNEHHH
(anmpokcHMaLyK, NEKOMIIOSHINK) CHTHATA B BHIE CyMMbI FAPMOHMHMECKHX COCTABISIONIIX

PasHBIX, 06LMHO KPATHBIX APYT APYTY YACTOT.
Ilpotieccst B dneKTpHYECKMX LENSX NMOTYYAIOTCH TeM CIOKHEE, YeM 6osee CHOKHON

SBASETCA (POpMa CHrHANOB. B 3THX Cllyyasx 4acTo CTAHOBHTCH 3(pexTHBHBIM K MOTE3HEIM
CIEKTPANILHOE NPEACTABNIEHHE CUTHANIOB,

11.1. O6mue cBeqennn

DyHIamMeHTaNbHAA HIEA CIEKTPAILHOTO MPeICTABIEHNS CHIHANOB BOCXOIHT K
BpeMeHaM Gonee uem 200-neTHel TaBHOCTH ¥ NIPHHAIEKHT 3HAMEHHTOMY tpan-
uy3ckoMy Qusuky u Maremaruky Dypee. B mavane XIX B. ®ypse yAanock Ooka-
3aTh OPHrHHANBHYIO TEOPEMY, B KOTOpPO# OH mMoKa3al, uTo moboe H3MeHeHHe BO
BPEMEHH HEKOTOPOH NepHoauyeckoit (GyHKIMH MOXHO NpENCTABHTE B BHIE KO-
HEUHOH MM GECKOHEWHOH CyMMBI pAlia TapMOHMYECKHX KoneGaHmii ¢ pa3HBIMH
aMIUTATYIaMH, 4aCcTOTaMH W HadajbHbIMH (asamu. B pamnorexwuke 31oit dymk-
upell MoXker ObITh, B 9aCTHOCTH, TOK W/IH HANPSKEHHE B HEKOTOPOH NEeKTpHye-
CKOi 1IemnH.

Crob npocToe npencTaRieHne CI0KHOTO H3MEHEHHS BO BPeMeHH KaKoH-u60 ¢du-
3UYECKOH BETHHHBI (B TAHHOM CITydae JeKTPHYECKOr0 CHIHAJIA) B BUJIe CyMMBI pAjia
TIPOCTEHIINX FAPMOHHYECKHX KoNeDaHHit MOITIO NOKa3aThCa Ha MepBbif B3N MaTe-
MaTryeckiM TpiokoM. Ho 310 He Tprok. HecokHsIi mpuMep JoKa3aTebcTea paceysk-
Aenuii @ypbe MokasaH Ha puc. 11,1,

Tycts nepuommMyeckas, NOCTATONHO CIOKHAS 10 GOpPME KPHBAS HanpsokeHus u(r)
(puc. 11.1, @), — 370 cymma BYX CHHYCOHII PaBHOM AMIUTHTY/IBI, HO Pa3HBIX YacTOT M
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savanbHeX ¢as (puc. 11.1, 6): ocHOB- u

#0# u,(f) (mepBoii rapMOHHMKH) H YIBO- 3 GI /\ /\

eHHOM 1,(f) 110 OTHOLIEHHIO K Heil uac- V NS Nt

ToTsl (pHc. 11.1, 8). i
Jna nepHoIMYEeCKHX CHTHAJlOB 6 0

@ypre BBEN pa3JioKeHHe TI0 pasii-

HbIM BH/IaM PAIOB — TPUIOHOMET- U
DHYECKHM, KOMIUIEKCHBIM H T.J., 8) 0 7%@‘%{
sanpumep o dopmynam (4.4), (4,7).
dypbe TaKXKe nOKazal, HTO Here- Puc. 11.1. K ananmsy ®ype:
a — ciiokHoe konebanue; 6, 8 — nepeLIi
pHOOWYECKHE (MMIY/IBCHBIE) CHIHA- 1 BTOpOH CyMMMUpYEMBIE CHTHATEL
76l MOXHO OIACATH C MOMOMLIBIO
aByX ero npeobpasoBaHmii — MPAMOro # oGparHoro.

Hrak, npakrudeckd mo6oii curaan MOKHO NPeACTaBHTE B BHAE CYMMBI rap-
MOHHMYECKHX COCTABJAIOIINX, aMIUIMTY/IBl M YACTOTH KOTOPBIX MOTyT OBITh OMpe-
nefeHsl ¢ MOMOIIEI0 MpAMoro mnpeotpazoBaHus @ypee. ITOT CEKTP rapMOHHYE-
CKMX COCTARJIAIONIMX MOXHO M300pasuTh rpadHyeckd, eciy rno ocu abcuuce oT-
KapIBaTh 0003HAYEHHE YACTOT, @ 110 OCH OPIMHAT — BEJIMYUHbI AMIUIATYA rap-
moruk. Ha puc. 11.2 HarmagHo NMOKa3aHo BpeMeHHOE M CNEKTPalbHOE MpecTaB-
7IeHHE JOCTATOYHO CIIOXKHOrO 1o (opme cHrHana.

AHanu3 CrexTpa BK/IOYaeT H3MEPEHHE KaK aMIUTHTY[, FapMOHHK — CIEKTP
AMIUTMTY/I, TaK M MX HA9albHBIX (a3 — crekTp (a3, OnHako 1A MHOTHX MPAKTH-
qecKHX 3aad JOCTATOYHO 3HATH JIHILL CMIeKTp aMIIuTy . [ToaToMy 1oJ aHAIH30M
CIEKTPOB OOBIYHO MOHHMAKOT HAXOKICHHE CNEKTpa aMIMUTY[A HCCIEIYeMOro
CHTHAJIA.

ABTOMAaTHYECKOE NPEACTaB/IEHHE CIEKTPa CHIHANIOB OCYLUECTBIAETCA CHeLH-
aNbHEIMK MpUOOpaMHi — ananuzamopamu chekmpa.

Amnaumyoda Munaumyoa

Puc. 11.2. [IpencraBlieHHe CHTHANA!
a — BpeMEHHAS THarpaMma; 6 — CriekTp
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AHAIM3aTOPHI CTIEKTPa MIEKTPHYECKHX CHTHANIOB MOXHO KJIACCH(UUMPOBATH 10
pany cnetpHIecKIX NPU3HAKOB:

* 10 criocofy aHa3a — MOC/e/I0BaTeIBHbIE, NapaUiebHble (OMHOBPEMEHHBIE) ¥
CMEIIaHHEIe;

* [0 THITY HHAWKATOPHOIO YCTPOHCTBa — OcIUIOrpatdHaeckue, ¢ CAMOIHCIIEM;

* 10 IHana3oHy YacTOT — HM3KOYACTOTHBIE, BRICOKOYACTOTHEIE, CBEPXBEICOKOYAC-
TOTHBIE, HIHPOKOIHATIA30HHbIE,

BOMBUIMHCTBO OTEYECTBEHHBIX aHANM3ATOPOB CHIEKTpa MMeeT o6o3Haderne C4 —. ...
OCHOBHBIMH METPOJIOTHYECKMMY XapaKTePHCTHKAMU AHATH3ATOPOB SRIAIOTCA: pas-
pelaiomas crocoGHOCTs, BpeMs aHAIM3a H NOTPEIIHOCTH M3MEPEHHSA YACTOTHI M aM-
ATyl CymHocTs 3THX nonsTHiE Gyner ofbscHena nambire. OTMETHM JIHILb, 4TO
METPOJIOTHYECKHE XapaKTEPUCTHKH aHATH3aTOpa ONPEAENIAIOTCS €ro CXeMOil.

Jns criekTpanbHOro aHaTH3a HEMEePHOANYECKHX CHIHANOB ((PYHKIIHMIT) HCMOMb-
3YI0T anmapaT MHTerpanbHoOro npeobpasosanus @ypse. [Ipn 3TOM NpuMeHseTCA
u3BecTHas (opMmyna mpamoro npeobpaszosanus Dypre, XapakTepH3yloOmas Crek-
TPaNbHYIO MIOTHOCTE HEMEPHONMYECKOrO (MMITYTbCHOI0) CHIHANA:

o0
S(jo)=S(e) = j u(t)e ™" dt. (11.1)
—o

OpnHako ecTs 0HO 0OCTOATENBCTBO, OOMICE VI BCEX CXEM aHATH3ATOPOB,
OrpaHMYHMBalOlee TOYHOCTh aHANK3a CreKTpa curHana. [Ipeobpasosanue @yphe
IIMPOKO NMPHMEHSIOT MPH AHATUTHYECKHMX HCCIeTOBaHUAX (PM3MUECKMX MpoIiec-
COB, €CIIM BBHIMONMHAIOTCA ycnoBus Jlupuxie u abCOMOTHON HHTErpPHPYeMOCTH.
s peanbHBIX (PH3MUECKHX MPOLIECCOB 3TH YCIOBHA OOBIYHO BBITIOMHAIOTC.

IIpeoGpasosanus ®ypbe npeamonaraiot, 9to mpoiiecc u(f) 3agaH Ha Bceit
OCH BpeMEeHH OT — o0 [0 + c0. B 9acTHOCTH, Ha HHTEpBAIle BPEMEHH OT — 0 10 #; U
OT £, 10 + oo cumTaloT u(f) = 0. Takaa MOZENb COOTBETCTBYET MOHATHIO KOHEYHO-
CTH BO BPEMCHH mpouecca, npeobpasyemoro no Pypee. Criextp (11.1) ompene-
JIAETCA BCEM 3aKOHYHMBIIMMCA NMPOLECCOM, ABAAETCA QYHKIMOHATIOM BCEro Tpo-
necca. OHAKO NPH H3MEPEHHAX HAGITIONAIOT MPOLIECCH HAa KOHEWHOM HHTEpBae
BpemenH T, (BpeMeHH aHanu3a, HabmoneHns), T.€. He 3aKOHYHBIIHECS BO BpeMe-
HH. DTO HECOOTBETCTBHE MO3BOISET YCTPAHUTH MOIENh TEKYIIET0 HacTOTHOTO
CIIeKTpa, ONpeNeNsieMOr0 COOTHOIEHHEM

Tl
SGo.1,)=8(0.7,)= [utye""ar. (112)
]

HHbiMu cnoBamH, TeKymias CNEKTpanbHas IUIOTHOCT 3aBHCHT OT BPEMEHH
aHamm3a U (opma TeKyIero CrekTpa B 06ImeM cirydae OTHYAETCH OT HCTHHHOTO
Tem Gosbine, yem MeHsme 7,

Otmiape TEKYINEro CreKTpa OT CIEKTPa 3aKOHYHMBIIErocs MpOIECca 3aBHCHT
OT TOro, MPOABUIMCH M 33 BPEMs aHanu3a 7, Bce XapakTepHEIe 0COGEHHOCTH
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currana. Ecau uccneayeMslil aHATH3aTOPOM CHTHAI MEpHOIMYECKUii ¢ NIepuoIoM
caenosanms 7, To Heobxoaumo, utodsl T,>> T.

Tlpu M3MepeHnH CrHeKTpa HIKHMUI Mpeen ABIAETC] KOHEYHbIM, T.€. HHTErpH-
poBaHue (ycpeAHeHHe) poM3BONHTCA B MHTepBane ot 0 xo 7,. 3a cHeT 3T0ro Bo3-
HHKAET MOrPEIIHOCT ONMpe/eNieHns COCTAB/IIOMNX CIIeKTpa, CBA3AHHAA C METO-
J0M M3MEPEHMIL, T. €. METOAMYECKas MOTPENIHOCT,, DTa MOTPelIHOCT WA PAna
TeXHHYeCKHX MPUMEHEHHH He urpaeT 0coGod posii, B APYTHX Cydasx ee Heobxo-
MO YYHTHIBaTh M UCCIEN0BAT.

INpakTideckn Bce MPUOOpPBI, NPUMEHAEMbIE IJId aHANM3a CNEKTPd CHUIHAJIOB,
MOJKHO YCJIOBHO pa3fiefluTh Ha aHajnoroBele W mudpossie. HecMoTps HAa MHOTHE
JOCTOMHCTBA W BO3MOXHOCTH IH(POBBIX aHANH3ATOPOB, AHANIOTOBBIE AHAIN3ATO-
Dbl €llle MHPOKO MPUMEHSIoTCA, 0CO0EHHO B BEepXHEii YacTH BBICOKOUACTOTHOIO U
CBY nuana3oHoB. BMecTe ¢ TeM COBpEMEHHEIE aHA/IOTOBbIE AHAM3ATOPhI CIIEK-
TPOB COIEPkKAT H UH(PPOBBIE YCTPOHCTBA.

ITpakTUYECKH BO BCEX aHANOTOBBIX aHATH3ATOPAX BbIAENEHHE TAPMOHHIECKAX
COCTABJISIONIMX CHIHAA POU3BOAMTCSA Y3KOMOMOCHBIMH (QUIBTPaMK. DTOT METON
peanusyeTcs ABYMA CHOCO0aMH: napamiensHozo W nociedo6amensHo20 aHaimsa
curHana. OCHOBHOI 3/IEMEHT TakuX NpubOpOB — MONOCOBOM (PUABTP (BHICOKO-
10OPOTHBIH PE30HATOP) C Y3KOM MONOCOH NPOMYCKAHHMA, CYKAIWil 11 BbIICICHHA
OTIENTbHBIX COCTARIAIOMIMX WX Y3KHX JHANa30HOB HCCIIEAyeMOro CIIeKTpa.

11.2. IapanneabHblil aHAIA3 CHEKTPA

AHanu3aTopsl TAKOTO THMa NMPHMEHSIOT B OCHOBHOM Ul aHajiu3a CMEKTPOB
OMHOYHBIX HMITYJIbCHBIX CHTHANOB. [Ipy nMapajuie/bHOM aHalu3e CIeKTpa CHrHana
TPUMEHSIOT 7 TIONOCOBBIX (UIETPOB D, KXkl U3 KOTOPBIX HACTPOECH HA OMpEene-
nenHyio dactoty (puc. 11.3, a).

Hccnenyempiit curaan u(f), CIEKTp KOTOPOTO PacrioNiokeH B TIONIOCE YacToT Af,
(puc. 11.3, 6) moaaeTcs ONHOBPEMEHHO HA BCe QUILTPHL. PHILTPEI HMEIOT UICH-

| o1 a1 PYI 6 L] |Aif[ | ] -
®2 7, PY2
wp [ L B VAV VAVAVAVAVAVAON
Dn An P¥Vn Aty
a) # | | | | 1 .

Puc. 11.3. [MapannensHpiii aHamas CrexTpa:
a — CTPYKTYpHas CXeMa AHATH3ATOPA; 6 — HCCMeayeMbii CTIEKTP;
8 — AUX DuisTPOB; 2 — CHEKTP HA BEIXOJE AHATH3ATOPA
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TH9HBIe AYX ¢ OIMHAKOBBIMH IIONIOCAMH TPOIYCKAHAS % H HaCTPOEHBI Ha Ompe-
IeneHHble 9acToThl (puc. 11.3, 6). CHrHaibl Ha BhIXOE (HIBTPOB ONpENENTIOTCS
COCTaB/IAIOIIMMHE CIIEKTPa aHaJu3Mpyemoro mpouecca (puc. 11.3, 2). Jlanee cnex-
TpaJibHbIE COCTABIIAIOLINE, TOC/IE NETEKTHPOBAHASA B J€TEKTOpax /, NOCTyNaoT Ha
PETHCTPHpPYIOIIKE ycTpolicTea (PY).

Ilonoca mporyckanus GuIETpa ONpENENAET CTATHYECKYIO pa3pelnaronrylo
CrocoGHOCTE aHanu3aTopa (Tipy yc/ioBuH BpeMs aHanmusa 7, — oo, T. e. T, — Benm-
ko). Paspewaiowan cnocobrocmp aHanmM3aTopa — CNOCOGHOCTH Pa3MHYATh CO-
CTaBJIAIOIINE CTEKTpa ¢ OnM3kuMHM yacToTamMu. YeM yxke monoca NpomycKaHHs
(unbrpa, Tem BhINIe paspemaromas cnoco6HocTs. ITpn mupokoit monoce npomyc-
KaHHA HECKONIbKO COCTaBNAIOMX He OymyT pasaemaTscs. Ecmu ouenuBsats paspe-
AIONIYI0 CIOCOOHOCTB MONOCOH 4acToT Aff, MpH KOTOPOH BOMOKHO pasienenue
GmwKkafilKX COCTaBNAIOUIMX, TO TPH WAEANBHOM NpsMoyrombHO# AYX duieTpa
MOXHO monarath Af, = Af. Jing peanbHeIX GUIBTPOB Af, = 2Af,. Ecnu Bpems aHa-
Jm3a T, Majlo, TO HMEET MECTO OUHAMUYECKAs Paspeuiaionyas cnocobHoCm.

Heobxoaumoe Bpems aHammsa i NpaBHIBHOTO BOCHPOM3BENEHHA CMEKTpa
MOXHO NpPHONM3UTENBHO OLEHHTL CHeAyIOmuM o6pasom. Bpema amamusa npu
Napajlie/IbHOM HCC/IENOBAHMN MOXET ObITh NPHHATO MPAMEPHO PaBHBIM T, —
BPEMEHH yYCTAaHOBJICHUS HANPSDKEHHA Ha BhIXoae (GubTpa ¢ mMpAMOYTonbHOH Hac-
TOTHOM XapaKTepUCTHKOH M paboueit monocoii Afy (ot yporns 0,1 1o yposns 0,9
OT YCTAHOBHMBINEIrOCs 3Ha4eHwus). M3 Teopun (UILTPOB M3BECTHO, 4TO BpeMs yc-
TaHoBJeHHA T, = 0,86/(Af}), cnenosarensHo, 7, ~ T, = 1(Af).

Cmpocrb NapajIeNbHOTO aHANMH3a

_Y, ")
T n(Afy)’. (113)

CkopoCTh aHanM3a pe3ko CHIDKAETCA NPH CYKEHHH TONOCH! MPOINYCKAHMSA
¢unsrpa. K NOCTOMHCTBY aHANM3AaTOPOB MAPAIENBHONO NEHCTBHA OTHOCHTCA
MaJloe BpeMs aHaJu3a.

TlorpemHOCTL NpH NapaiebHOM aHAIM3e ONPEAENAIOT CeAyIONHe OCHOB-
Hble (JAKTOPHI: KOHEYHOCTh BPEMEHHN YCTaHOB/IECHHA KoeGanuii Ha BeIxoze DUIIBT-
pa ¥ 3aBHCHMOCTB €€ OT MOJIOCHI MPOIYCKAHMA, PasiHike XapaKTepUCTHK (uibT-
POB, HACTPOEHHBIX Ha Pa3HBIE YACTOTHI.

11.3. IocnexoBaTenbHbII aHAIM3 CIEKTPA

Jist HccrleloBaHMs CIEKTPOB MHOTOKPATHO MOBTOPSAIOLIMXCS NPOLECCOB Yalle
BCEro MPUMEHAIOT MocnenoBarebHbli aHanus. Ha puc. 11.4 nokxazana ynpoimes-
HasA CTPYKTypHaA CX€Ma aHaNHu3aTopa CHEKTpa NOoCeN0BaTeIbHOIO THIIA.

AHanM3aTop COCTOMT M3 CYMNEpreTepOAWHHOrO MPHEMHHMKA, WHIMKATOPHOIO
(wame ocumorpaduueckoro) yctpoiictsa u kanuGparopa. CynepreTepoaHHHEIH
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Puc. 11.4. CTpyKkTypHas CXeMa aHANIW3ATOpa CTIEKTPA MOCEA0BATEEHOIO THITA

NPHEMHUK CITYXHT IUIA TI0CIeI0BATeIbHOr0 BO BPEMEHH BBIIENICHHsA [apMOHMYE-
CKHX COCTAaBJIAIOUIINX CIIEKTpa BXOQHOIO CHrHana. HpHCMHI‘IK COJIEPIKHUT BXOJHOE
yCTpOHCTBO, CMecHTENb, TeHeparop kadatomelica uactorel (IKY), ycnmmatens
npomesxyTtouHoii gactorsl (YIIY) u merexrop. K mpHeMHHKY MOXKHO OTHECTH H
BBIXOAHOM ycunuTenb. HacTpoliky mpHeMHHKa HAa pasHbIe 9aCcTOThI MPOHU3BOMAT €
MOMOIIBIO HANMPSIKEHHA, TOCTYNAIOLIEro ¢ BHIX04a reHepaTopa pa3BepTKH.

WHMKaTOpHOE YCTPONCTBO MpeaHa3sHaueHo i HaOmoAeHHs CreKTpa uccne-
JlyeMOTo TPOLECca ¥ NOCTPOSHO IO IPHHIMITY MIEKTPOHHOro ocumorpada. OHo
COMIEPKUT 3JIEKTPOHHO-TYHEBYI0 TPYOKY ¥ reHeparop pa3BepTKH. B kauecTBe WH-
JIMKATOpa MPUMEHAIOT Pa3IYHbIE ra30pa3psaHble U Mia3MeRHble naHeny. Kamid-
paTop MCHOJNB3YIOT JUIS M3MEPEeHHA XapaKTePHBIX NapamMeTpoB CHEKTpa: YacToT,
COOTBETCTBYIOIMX MAKCHMYMaM MM HyNeBBIM 3Ha4eHHAM orubarouieii cexrpa,
IHPHHEI TTIABHOT'O H OOKOBEIX JENeCTKOB U T. II.

PaccMOTpHM NpOIEcchl, MPOTEKAIOMIME B anam3aTope criexrpa (puc. 11.5). Bxozn-
Holt curHan u(f) TIONAeTCA Ha CMECHTEINb Yepe3 BXoHoe yeTpoiicTso. Ha Bropoii Bxon
CMECHTeIIs TIOCTYNaeT CHTHAI OT TeHepaTopa Kadaroeiica JacTotsl. Ha puc. 11.5, a, 6
MOKa3aHbl COOTBETCTBEHHO M3MEHEHMe BO BpemenH uactorel KU (dactora f,, MeHs-
€TCA OT fonin JIO fax B TAKT C M3MEHEHHEM HANPsDKEHHA TeHEpaTopa passepTku), Gopma
aMIUIHTY/IHO-9acTOTHOM Xapakrepuctuku Y114 w.,, ¥ IHarpaMma criekTpa S(f) uccne-
JYEMOro CHrHana (Ha muarpamMMe OH MOKa3aH TPeMs TapMOHWYECKHMH COCTABIIIO-
IIMMH, OTPAXKAIOITHMH OTHOTOHATBHOE AMILTHTYTHO-MOJTYTTHPOBAHHOE KOJIeOaHHe).

B pesynerare BO3CHCTBHA HAa CMECHTENL MCCIEyeMOro CHIHAJIA W HAIpsKe-
aua TKY cocrasnsmomue criekrpa S(f) mpeobpasyroTcs B AMana3oH MPOMExyToq-
HbIX 9acToT S(f). PopMa CIeKTpa CHrHajla NpH 3TOM COXPaHACTCH. C nuHEHHBIM
u3MeHeHHeM dactoTsl KU criekTpanbHBiE COCTABISIONME MPeoOpa3soBaHHOTO
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Puc. 11.5. Carnaist B aHaIM3aTOPE CTIEKTPA MOCHEIOBATEIEHOTO THIIA:
a — u3MeHenne vactotsl ['KY; 6 — uccnenyemsiit cnektp u AUX VITU; 6 — nnueittoe i3MeHeHHe
HacTOTh! BO BPEMEHH; 2 — CHIHAN Ha BBIX0JE YITH; 0 — CHrHAN Ha BHIXOJIE AETEKTOPA

CNEKTPa TaKKe JIMHEHHO M3MEHAIOTCA BO BPEMEHH M MOCTEAOBATENBHO MOMA-
AaroT B nojocy npomyckanus YIIY (puc. 11.5, ¢). Hanpsxenwue Ha Berxome VITU
MMEET BHJL PaIHOMMIYNIBCOB (pUc. 11.5, 2), aMIUIHTYABI KOTOPHIX NMPH MOCTOSHHOM
Hanpsxernn I'KY nponopuyosansHel aMIuIATyaaM COCTaBISIOMEX HCCIELYEMOro
CIEKTpa.

C Beixona YITY paauoMMmynschl MONAIOTCA Ha AMIUIATYIHbIH nAerextop. Ha
BBIXOZIC NICTEKTOpA BOSHMKAIOT BHACOMMIYILCH U, (puc. 11.5, 0), noctynaromue
4epe3 BBIXOMHOW YCHIMTENB HAa BEPTHKANBHO OTKIOHMomMe riactursl DJIT, Ha
TOPU3OHTANBHO OTKIOHAOMME MiacTHHB OJIT nomaercs munoobpasHoe Hanps-
KCHHME reHEpaTopa pa3BepTKH, B PE3yJIbTaTe Yero Ha 3KpaHe ocIuuIorpada noss-
JIAIOTCA BHACOMMITYIIBChI, H300paXalolIHe CIIeKTP MCCIIEIyeMOro CHrHana B Teue-
HHE O/(HOTO neprona passepTku 7,= T,
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JluarpamMmsl Ha puc. 11.5
NOCTPOEHBI TPH  YCJIOBHM, U, U,
4T0 pPa3HOCTh YacTOT cOcen-
HMX COCTABIMIONIMX CIHEKTpa a)
wHOro Gonplle MOJOCHL MPo- :
nyckanus YIIYU, mpu 3TOM h b f
303MOKHa CpaBHHUTENBHO
manas CTaTAdeckas paspe- 6) "
matomas cnocoGHocTe (T.e.
SonbIION WHTEpBAl YacToOT )2 -
Af)). Ha mpaxTHke normycka- x
ercd HEKOTOpOe MEPeKphITHE Puc. 11.6. [lnarpaMmbl K ONpencieHHo
mobpaxeHui TAPMOHHMK  paspemarouieil cnoCoOGHOCTH aHATH3ATOPA CIIEKTPA:
curaasios (puc. 11.6). @ — CIIEKTp CHTHANA; 6 — JMIOPEL CTIEKTPOB HA SKPaHe
CraTtH4ecKyro paspe-
mAOULyI0 CTIOCOGHOCTh aHANM3ATOpa CIEKTPa MOCIEAOBATENBHOTO THIA ompeze-
asioT 110 (opmyne (MpuBereHa 6e3 BRIBOAA):

A, = 30y (11.4)

—

[TapaMeTphl CHIEKTPa H3MEPAIOT BCIIOMOTATETbHBIMU ycrpoiictBamu, [Tonoxe-
gHe HA OCH 9ACTOT OTAEBHBIX CHEKTPAIBHBIX COCTABIMIOMMX M XapakTEpHBIX
Y4aCTKOB CHEKTPa OMpPEAe/AOT JacTOTHBIMHE METKAMH. Hau6onee mpocTo co3za-
eTCs OZHA YACTOTHAS METKA IyTeM MO/[a¥H Ha BXOJ aHA/H3aTopa CIEKTPa BMECTE
¢ MCCeNyeMbIM CHTHAJIOM HATpSKEHWA OT H3MEpHTEILHOI0 reHeparopa CHHY-
COMIATbHBIX KoneGanuit. B 3T0M ciyyae Ha SKpaHe aHAIM3aTOpa MOABHTCA Hac-
TOTHAA METKa — PHCKa, COOTBETCTBYIOIAA HacTOTe CHrHAJA FeHepaTopa, H3MEHAR
9aCTOTY KOTOPOro HOOMBAKOTCA COBNANCHHMA METKH C onpenenaeMoi TO9KOH CrieK-
Tpa. YacToTy 3aT€M HAXOIAT 10 LIKAJIE reHeparopa.

Yto6bI CO3AaTh HAGOP PABHOOTCTOSMIMX APYT OT APYra METOK, B aHANH3ATOpaXx
CTIeKTpa MPUMEHSIOT CCUHaTbHEIe TeHEPaTOphl (HANPUMED, IeHEPATOpbl 4acToT-
HO-MOIY/IMPOBAHHOTO CHrHANMA). I3 pafMoOTeXHUKH H3BECTHO, 1TO CIEKTp YacToT-
HO-MOIYTHPOBAHHOIO CHIHA/A COCTOMT M3 pflia rapMOHMIECKHX COCTABISIONIHX,
OTCTOAMIMX APYr OT ApYra Ha 4acToTy Moiynamu F. IIpemycMaTpHBaOT BO3-
MOKHOCTb M3MEHATH CPETHIOK YacToTy koneGanwii /o, ¥ HacTOTy MOMIyJIALAH i
INpu M3MEHEHHH YacTOTh MOMYIALAH MCHAETCS MHTEPBAT MEKILY MeTKaMH, TIpH
H3MEHEHNH CPelHeH 4acToThl KoNeGanuii Bce METKH C/BHTAIOTCA TI0 OCH HacToT.
HanpsukeHHe OT reHeparopa YacTOTHO-MOAYNHPOBAHHBIX xonebauuif BMECTE C
HccrielyeMbIM CHTHAJIOM MOAAIOT Ha BXOJI aHAIM3aTOpa CHEKTpa. Ha 3kpane Tpy0-
ki HabGmopgaercs KapTHHA HaJIOKeHHA ABYX CHEKTPOB. W3mMeHssi mapamMeTpbl Ha-
npsKeHKs KaJMOPOBKH (CPeHIO0 4acToTy H HacToTy MOJY/IALHN), COBMEIAIOT
METKH C XapaKTepHbIMH TOYKAMH HCCIIEAYEMOTO CIICKTPa.
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Hunamuveckan paspewiaiowyas cnocobrocme aHAN3aTopa CIeKTpa 3aBHCHT OT
CKopocTH nepecTpoliku 4acrotsl I'KY. Ipu yBemmuennn ckopocTi MEPECTPOHKH Ha-
npskeHue Ha serxofie YITY He ycrieBaeT M3MEHSTBCS C M3MEHEHHEM HANPSKEHHS Ha
BXOZE, TaK kak SHEprid, 3anaceHHas B H3OHpare/IbHOl cHCTeMe (HanpuMep, B KOHTY-
Pe), He MOKET U3MEHHTHCS MTHOBEHHO. JTO SBIEHHE HMEET MECTO B TOM CiTydae, eciii
JVIMTENBHOCTH NEpexoaHoro npowecca B YITH com3mMeprMa co BpeMeHeM H3MEHEHHs
4aCTOTHI KoyieGaHHit Ha BXOJIE M B NpPe/IeNax ero rnoocs npomnyckanus. JluHaMudeckue
HCKKeHNA M300PQKEHNS CIIEKTPa OrpaHHIHBAIOT JOTYCTHMYIO CKOPOCTE H3MEHEHHs
gactotsl 'KY. Orcrona Bpems anamsa onpesensercs HEPABEHCTBOM (JUIA YTIPOLIEHHS
(opmyna npueena 6e3 BeiBoaa):

7>V (11.5)
AN,

1€ Af ey = foax — frnin; A — K03 durmenT, ompenenseMsii cxemoit YITY u noryc-

THMBIMH IAHAMWYECKHMH MTOrPENIHOCTAMM.

Hcnoms3ys dopmyny (11.4) mns unTepBana gactor, ONpeaesAIoIIero cTaTuye-
CKYIO paspelialolyto ciocobHOCTb Af;, MOMyYnM Bpems aHaTu3a:

Ta>3M“‘;_ (11.6)
AN

Otciona crenyer, uto Bpems amanusa o6partHO NpOTIOPUHOHANILHO KBagpaTy
paspematomeii cniocoGHocTy. YeM Bhiuie paspemraomas crocobHOCTE (MeHbIIE
Af,), Tem Gonbime KOMKHO GbITh BpeMs aHATH3A. Jns noBsImenns paspemaroneit
crnocobHOCTH (YMeHbIIEHNS Af,) TPUMEHSIOT CXeMBI C ABOMHBIM HTH TPOHHBIM
npeoGpa3oBaHMeM YaCTOThI, KOTOPBIE 31€Ch He PACCMATPHBAIOTCH.

B Hacrosmee BpeMma cepuiiHble aHATH3ATOPH MOTYT 06eCHEYHTH paboty B
Auanasone 4actor ot 10 I'm go 40 I'T'u ¢ monocoit npomyckanus 0,001...300
K[l 1 paspematontef crioco6HocTEIO 1 K HA BEICOKHX 9aCTOTAX. ITorperHocTs
H3MEpeHUa YPOBHEl HanpsukeHuit nocturaet 5 %.

11.4. Hndposoii anann3 cnexrpa

BypHoe paseuTie nudPOBOIi BHIYMCIATENLHOM TEXHUKA JA0 TOMMOK IS CO3-
AaHHA IHQPOBBIX aHANM3aTOpOB criekTpa. LlmdpoBoii Meton amammsa creKTpa
COCTOMT B Npeodpa30BaHHK HCCIIEYeMOro CHrHana B HH(POBOH KOA M BBIYHC/IE-
HUH COCTABJIAOUIMX CTEKTPa ¢ MOMOIIBIO CHEHATH3UPOBAHHBIX MHKPOMpPOLEC-
copos. Liugposkle aHAMM3aTOPLI CTIEKTPA 1O COBOKYTHOCTH TUCKPETHBIX OTCYETOB
(BEIGOPOK) AHANOTOBOrO CHrHANA BBIYHCIIAIOT CNeKTPanbHyi0 wioTHoCTs (11.1)
[IyTEM 3aMEHBI MHTEIPaja Ha KOHEYHYI0 CyMMY M3 HEKOTOPOrO 4HC]a BHIGODOK.
Takue BbIMHCIEHHA OCYIIECTBIISIOTCS C TIOMOMIBIO ANTOPHTMOB IMCKPETHOTO |
GricTporo mpeobpasosaumii Gyphe.
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AnropuTm AucKpeTHOro npeoGpaszosanus ®yphe

Eciu curnan u(f) co cmexrpansHoli miotHocteio S(w) (puc. 11.7, a, 6), sB-
amomuica HerpepuiBHOH (yHKiMel BpeMeHH B HEKOTOPOM OrpaHHYEHHOM MH-
tepsane 0...7,, THCKpPeTH3MPOBaH B COOTBETCTBHH ¢ Teopemoii KoTensHuKoBa H
orpaxked cBouMH N orcueramm {u(kAf)} = {w} c uactoroll mHCKpeTH3AUMM
o, =2n /T, = 2n/(NAf), TO €r0 MOXHO NPEJCTABHTEL B BHE AMCKPETHOro npeobpa-
sosanus Oypee (JI1D).

N, M

-N+1 0| A1 m

a) 6) 6)

Puc. 11.7. [Ipeacrasnenue aHANIONOBOI0 CUIHAMA JUCKPETHEIM npeoGpasosannem Dypse:
a — cursan; 6 — cnextp curtana; 8 — J{I1d curuana

Crnextp mpomecca, MOMy4eHHBIH YHC/IEHHBIMH METOJaMH B BHIE KOHEYHBIX
CYMM IMCKPEeTHBIX pemerdarsix ¢yukumit (1), otnHyaercs OT cnektpa, Bbl-
SHCIEHHOTO HHTerpanbHeIMH Tpeobpasosannamu (11.2). Crnexrp JAIIP Hemnpe-
PLIBHOIO CHTHAJIA MEPHONMYECKH Pa3MHOMKEH: MOBTOPAETCA MO OCH YACTOT C Me-
PHOJOM, PABHBEIM YaCTOTE CJEJOBAHHUA OTCYETOB. AJITOPHTM AHCKPETHOIO mpeod-
pasosaHusa Dypbe UMeeT BUA;

=l Euke"”"‘”’”, a7
N k=0

rae C, — KOMIUIeKCHbIE TapMOHHYECKHE COCTAB/AIOMME HCCIIEAYEMOrO CIIEKTpa;
N = T, /At — HeoGXoaUMOe YHCIO OTCIETOB, OTBEYAIOMHMX TpeGOBAHHAM TEOPEMBI
Korensnmkosa; n=0, 1, 2,..., (VM2 ~ 1) — HOMep CNeKTPanbsHOH COCTABNSIOMIEI.
3710 (yHmameHTanbHOE ANA AMCKPETHBIX CHIHAJIOB COOTHONIEHHE MOKA3aHO
rpapuyeckn Ha puc. 11.6, 6. [luckpetHoe npeoGpasopanue Qypbe MO CYMIECTBY
npejicTaBigeT co6oi anropHT™M LUMPPOBOTO BEIMHMCIEHHS FAPMOHHYECKHX COCTaB-
amommx cnektpa C, no 3a5aHHbBIM IHCKPETHBIM OTCYETaM 4 AHATOrOBOIO CHIHA-
12 u(f), 4TO 3HAYHTEILHO COKpaIaeT BpeMs i o6bem o6paboTky.
BricTpoe npeoGpazopanue ®ypbe
Bonbmoe Bpema BhIYMC/IEHHH CTEKTpa MPENATCTBOBAAO PACTPOCTPAHEHHIO
WH(POBLIX METONOB CNEKTPAILHOTO aHanH3a. MHOrOKpaTHO COKPATHTH YHCIO
onepauui Mo3BosseT Gvicmpoe npeobpazosanue Pypoe (BIID), obecneunBaoiee
Bonee ckopocTHOe M 3 dexTuBHOE LMppoBoe Bhuucaenue JI1P. B ocHoBy anro-
PHTMA TIOJIOKEH MPHHUMI pasOuenus (MPOpPEXHBAHAA BO BPEMEHH, WIH JeLHMa-
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UMM — OT rped. deyu — [0/IA) 3aaHHON MOCNENOBATENBHOCTH OTCYETOB Iic-
KpETHOTO CHTHANA HA PAA MPOMEXYTOYHBIX MOC/IeI0BaTENLHOCTEH (TIOANOCHE0-
BarenbHOCTeH). Ipu 3TOM 4mMCIO AMCKPeTOB N PasiensiorT Ha MHOKHTEIH (Ha-
npumep, N = 8 =2:2+2, N =60 = 3-4-5). 3arem ONpPENENAIOT CEKTPEI ITHX
TIPOMEXYTOYHBIX MOCNEAOBATENEHOCTE! 1 YePe3 HUX HAXOIAT CHEKTD BCEro CHr-
Hana. B 3aBHCMMOCTH OT cocTaBa, YHC/Ia M TIOPSKA CIEAOBAHAA MHOKECTB MOXK-
HO CO3paTh pasnuiHbie anroputMel BIT®. B uudpoBoit Texnuke yno6uee o6pada-
ThIBATE CHIHANBHBIE TIOC/IEA0BATENILHOCTH C YHCIOM OTCHETOB N, ABJIAIOIIMMHCS
CTENEHBIO C OCHOBaHMEM nBa (4, 8, 16 u T.1.). DT0 Mo3BONSET MHOTOKpaTHO He-
JIUTH BXOJHYIO TOC/IE0BATENIbHOCTE OTCYETOB HAa GoNiee MesKkHe TOANOCHenoBa-

TEeIIbHOCTH.
Uk 2
e LI LI ]
L2388 i
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et
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Puc. 11.8. [TocnenosarensHOCTH W NOATNIOC/IEA0BATENBHOCTH CHIHANA:
d — BXOOHaA, 6 — C 4eTHBIMH HOMEpPAMH, 8 — C HEYETHLIMH HOMEpaMH

ITycts Tpebyerca BeraucinTs JTI® BXOZHON NMOCHENOBATENBHOCTH JHCKpeT-
Horo curHana {u(kAf)} = {u,}, umeromeit veTHOe 9MCIO OTCYETOR (puc. 11.8, a),
npudem N = 2, rae r — uenoe 4ucno (ecu 310 yCIoBHe He BBITIONHSAETCHA, TO MO-
CIIENIOBATENILHOCTE MCKYCCTBEHHO [OTIONHAIOT HYJNAMH [0 TpebGyeMoro 3HauyeHus
N). TlpencraBum BXOIHYIO NMOCIENOBATENBHOCT B BHIE ABYX MOATIOCTEN0BATENb-
HOCTEH C YETHBIMH M HEYETHBIMH HOMEDPAMM H IOJIOBMHHBIM YMCIOM 9/IEHOB B
kaxnoi (puc. 11.8, 6, 6):

Ug = Uy, Uy = Uy, £=0,1,2,..,N2-1. (11.8)

Koaddrments JI[IP m1s noanocneaoBaTensHOCTeH ¢ YeTHHIMHE W HESETHLI-
MU HOMEpaMH 3alTHIIeM OTAETLHO:

1 N2 _pmk L NJ2-1 _%";‘i
F Z uye ¥ ='§ Upe *Coars
k=0 k=0
| M- _L2ma(2kel) 2w N _% _J2m
v 2, e Y =N VoY uge we WOLNIHLY)
k=0 k=0
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Koadouumentsl C, pesyibTUPYIOLIETO JITI® BxoAHOM MOCIEAOBATEIBHOCTH
MOXKHO BHIpa3uTh Yepe3 napaMetpsl C, ur ¥ Cy yy ABYX BHOBD BBE/CHHEIX TI0TI0C-
senoBarenpHOCTeH. U3 mocnenneit GopMyIibl HETPY/IHO 3aMETHTh, YTO B AHanaso-
se HOMEPOB 0TcYeToB ot 0 mo N/2-1, JITIP BXOJHO# NocaeaoBaTeIbHOCTH OTpe-
JeAeTCs COOTHOUIEHHEM

C=Cora+ ™™ Cpp. n=0,1,2,.,,N2-1.  (1110)
Tak kak JI[I® ueTHON M HEYETHOH NOAMNOCIENOBATEEHOCTEN ABNAOTCA ME-
DHOIMYECKHMH, MMEIOILIMMH TIEPHOJ CIIE0BANHA Ni2, 0!
Corin™ C{n + NI2) urs Cu w C(n + NIZ) wae
3anumIeM 3KCIOHEHIMANBHBIA MHOXKHTENk B dopmyne (11.10) mpu n = NI2,
T.€. A H,Hq) C(N,‘z + n) uus B BHIIE!

_j22 W 24n) i _jam
e N =gffg ¥ =—-e ¥.

C yueToM ABYX MOC/HETHHUX BHIPDKEHHI HAXOAUM JIITI® exomHO# moCHenoBa-

reIbHOCTH JUIS OTCYETOB ¢ HoMepamu oT N/2 io N — 1:
Corea® Cooi 8 2PN C iy 020, 1,2, i N2~ L. (11.11)

CootHomenus (11.10) 1 (11.11) NpeACTaBIAIOT arcopumMel Bli@. Otme-
THM, 4TO IKCTIOHEHIHANbHbE (Pa30BBIE MHOKHUTENH ¢ 72N g 3rHX aNropUTMAax
YYUTHIBAIOT BIMAHHE CABHIa HEYETHOMH MOAMNOCEN0BATENLHOCTH OTHOCHTENB-
HO 4ETHOH.

Yro6kl elle YMEHBIIUTD YHCIO BHIYHCIEHHH, TeTHYIO 1 HEYCTHYIO NOATIOCHE-
10BaTeMLHOCTH TakkKe pa3OMBAIOT Ha 1BE MPOMEXKYTOUHBIC HACTH. Pazbuenue
IPOOJDKAIOT BIVIOTH JO TIONYHeHHs MPOCTEHIIMX ABYX3NEMEHTHBIX TIOCJIE/10Ba-
reasHocTell. Onpenenus JTIQ faHHbIX MPOCTEAIIAX Nap OTCHETOB, MOXHO BB~
gucmuts IO YeTHIPexX3NeMEHTHBIX, BOCBMUIIEMEHTHBIX H TaK Janee noamocie-
zosarensHocteid. Ipu obbvemurenun [P 9eTHOH K HEueTHOI MOAMOCe/0Ba-
repHOCTeH Henosb3yioT anroputmbt (11.10) u (11.1 1), noacTagnas B HHX COOT-
BETCTBYIONIVE 3HAYCHUA HOMEPOB N ¥ 7.

MOJKHO 3aMETHTB, YTO BhIUMCIeHHe N0 popmynam (11.9) He norpebyer ome-
paumii YMHOXKEHHS, 3 TOJIBKO CIIOXEHHE H BLITHTAHHE KOMIUIEKCHBIX duces. Viu-
TLIBATECA JKe [OJDKHBI JIMIIL OTEpalii YMHOXKEHHA B alropHIMax (11.10) u
(11.11) [Is pasnUYHBIX 7 TIPH pa3bHEHUsX MACCHBA OTYETOB Ha MENIKHE TOATOC-
7enoBaTeNbHOCTH. UHMCHIO 3THX oOnepauwmii mpH NEpEoM pasGHeHHH COCTABIIAIO
NP2. Toske xe aucno N/2 onepauuil TpeGyeTcs BBINONHHTS MPH KOKIOM CIICAYIO-
meM pasbuennn. Witak, BABOE yBENMYHBAETCA HHCIIO TIOTOCHeI0BaTeNBHOCTEH 1
81BOE COKpaIaeTcs HaubobiIee Hcno 1 B hopmynax (11.10) m (11.11).

Beruucnenne xo3dduumentos AP nocnenosaresbHOCTH H3 N OTCYETOB MO
anroputmam BII® tpeGyer coBeplleHHs TPUMEPHO Nlog,N onepauuii yMHOXe-
aus. Anroputmbl BII® cokpamarT 4HCIo orepaumii 0 CpaBHeHHIO C alropHT-
smamu [P B N 2/(N log,N) = N/(log;N) pa3. B 4acTHOCTH, MpH KONHHECTBE oT-
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cueroB N = 2'°, umeem log;N = 10 u coxpamenne 4ucia Onepauuii cocTaBiaseT
Ni(log,N) =~ 100. Ilpu oueHs GONBUIMX MacCHBaX OTCYETOB BXOJHOIO CHTHANA BhI-
UIPHINL B CKOPOCTH 06paboTKH MOXET HOCTHTATh HECKOJBKHMX THICAH.

VYrpomeHHas CTPYKTypHas cxema UH(POBOrO aHAIM3ATOPA CHEKTPa, peaiy-
3ylomas ouH u3 anroputMos BI1®, nokasana Ha puc. 11.9.

Yy

f i i ¥ TR I L T
O3VEN AV, EXBIL EN AV, EXBIL ) 5 DB 4V, D
Tt 7t 1t 77

I
YBB 13y
]

Puc. 11.9. CrpykrypHas cxema aHanu3aropa ¢ peanusauueit BITd

B cxeme ucrnons3yiorcs mponeccopst BII® ¢ kackamHo# cTpyKTypoit opranm-
3alMW MapauiensHoi paGoTsl M conepxkarca g = log,N apudpmerndeckux ycr-
poiicts (AY)), a Takke g —1 Gnokos namsra (BII) emMkocTsio 2' KOMILIEKCHBIX
CIIOB Kakmbiil. B' pexume peansHoro BpeMeHH Bce N oTcuetoB ob6pabaTsieaemoii
TPyl Yepes ycTpoiicTBO BBOAa-BhiBoAa WHGopMauuu (VYBB) nmocrymnaer B one-
paTuBHOE 3anomuHaromee yctpoicrso (O3V). INocnenHuM TakTOM BBOMIA TPYIIISI
orcyetoB k O3V nocnenoBaTensHO NOAKIIOAIOTCS apuMeTHIecKHe YCTPONCTRa,
KOTOphIe ocymecTeaAoT 06paboTky MH(pOpPMAUMK B COOTBETCTBHM C 3aJaHHBIM
anroputMom BIT®. CryxebHas nHbOpMANMS 0 KOMIUIEKCHBIX BECOBBIX K03(Ddu-
HenTax exp(—j2nnk/N) BBonutca B apudMeTHIECKHE YCTPOHCTBA M3 MOCTOAHHOTO
3anoMuHatomero yerpoicrea (TI3Y).

BriBon pesynbTatoB 06paboTkH OCYIIECTBASETCS HENOCPENCTBEHHO u3 AV,
CuHXpoHu3aumus paboTel BceX YCTPOMCTB LM(POBOrO aHaIM3aropa CreKTpa BhI-
TIOJTHAETCS KOMaHIaMH, BeipabaThiBaeMBIMH YCTpOlicTBOM ynipaenerus (VY).

ITudporbie aHANN3ATOPBI CHIEKTPA

Cospemennbiil nH(pPOBOI aHanU3aTOp MpeAcTaBiseT co6OM KauecTBEHHO HO-
Bblil THI anmapatryphl, B KOTOpoH cnenuduueckue (GyHKUMH MHOTOYHMCIEHHBIX
npubopOB MOJIENHPYIOTCA € TOMOIIBIO HAabopa KOMIBIOTEPHBIX MPOrpamMm: s
U3MEHEHHA XapakTepa (YHKUMOHHPOBAHHS HOCTATOYHO BBI3BATH COOTBETCTBYIO-
Iy nporpammy o6pabotku Ge3 anmapatypHoli mepectpoiiku ycrpodicts., Kom-
IUIEKC MPOrpaMM COBPEMEHHOIO LM(POBOro aHaIH3aTOpa CIEKTPa MO3BOJSET CO-
yeTaTh B OJHOM NMpuOOpe MpaKkTHYecKH Bce (PYHKUMOHANLHLIE BO3MOKHOCTH, He-
00X0aHMMbI€ 111 BCECTOPOHHETO MCC/ISI0BAHHA NIAPAMETPOB Pa3IMUHBIX CHIHAJIOB
H MPOLIECCOB.

342



Puc. 11.10. @ysxouonansHeie BO3MOXHOCTH COBPEMEHHOTO UH(POBOTO aHATM3ATOPA CTIEKTPa

Dazosan Huazpamma Huazpamma
Bocemanoenenue | | X0POKMEpUcmiKa Boavnepma Haliksucma
cuzHana no [
cnexmpy AYX [lepedamounan Hmnyavenaa
hyrkyus ghynryus
I Ludghposan
UABMPALUR
Moadyas Hudghposoii anaruzamop cuznaios / ¢ e
cnexmpa (annapamyproe u mamemamuueckoe ofecneyexue)
- N Onepauus,
| | oGpamuas
Daszoea i Keadpamypuste cocpmye
cnexmp cocmaeasiougue
Ananuz cmamucmuvec- | |Hoenmuduxayus
it Cnexmp __1 Cnexmpansuiil KUX XapaKmepucmux Cuzcnasa
cnexmp MOWHocmu avaaus | K
nepuoduyecKux, Tucmopamms qﬁfy fm e,::“: Baaumno-
DyHK YA Bsaumnoui FAPTERCIUR N MZHOBEHHBIX 3HAWeHUll akosnz | | m%ns“u&m
Ko2epenmHocmu crexmp cAyMadnbo:
CU2HaN08 1
Kencmpansiei] OdnomepHas naomuocms || Koppeayuonnas
anans @epormHocmu PyHKYUR
Hamepenue Humezpansvran Xapakmepuc-
ygﬂsg:f““e napamempos dyHK s muyveckan
pa cuzHanoe pacnpedenerus dyHKUuUS




IMpunuun neficTBuA OMGPOBOTO aHANMM3ATOPA CHEKTPAa OCHOBAH HA BEIYMCITH-
TENIBHBIX MPOLEAypax ONpefe/ieHns NapaMeTpPOB M XapaKTepHCTHK pPasIMgHBIX
CUTHAJIOB M Nponeccos. B (yHKIHOHANBHEIE BO3MOXKHOCTH COBPEMEHHOTO M-
poBoro aHanu3aropa (puc. 11.10) 3an0XeHs! clieAyFONIHE AINOPHTMBI:

* BOCCTaHOBJIEHHE CHTHAJIA 10 €0 CIEKTPY, T.e. BhIYKCIeHHe 06paTHOTO rpe-
obpa3opanus Oypse;

* aHANM3 M CHHTE3 XapaKTepPHMCTHK 3JIEKTPHYECKHX LEMeil: omnpeneneHuie uM-
MYIbCHBIX (PeaKiys LMy Ha 3NEMEHTapHbIE CHTHANBI), IEPEAATOYHBIX U (Ha30BBIX
XapakTepHCTUK LETEH ¢ COCPENOTOUEHHBIMH MapaMeTpaMy (MOCTOAHHBIMH); aHa-
13 juarpamm Bonenepra-CMuTTa (XapakTepHCTHKH M TMapaMeTphl Lenei ¢ pac-
npefie/IeHHBIMHM  TTOCTOAHHBIMH); YCTOHYMBOCTL Liemeil CO 3BeHBAMH 06paTHBIX
CBA3€# — aHaIn3 QuarpaMMel (KpuTtepus yctoiiuusoct) Halikeucra;

* uudposas 06paboTka ¥ QHIBTPALNA CHTHANIOB ¥ BBIYHCIIEHNE MPOH3BEICHHA
CNEKTPOB (omepalus, o6paTHas CBepTKe);

* KOppeJsILIHOHHBIA aHaIH3 NeTEPMAUHHPOBAHHBIX H CIyJailHBIX CUTHAJIOB: Bbi-
YHC/ICHNE KOPPENSLUMOHHBIX M B3aMMOKODPENSLMOHHBIX (YHKIWIA; ompefeneHye
(a3oBbIX COOTHOMEHHI CHTHANIOB (MIEHTU(HKALIS CHTHAJIOB);

* CHEKTPANbHBIA aHAM3 NMEPHOAWYECKHX, MMITYIbCHBIX M CIy4alHbLIX CHTHa-
JIOB: aHAIM3 KBaApAaTypHLIX COCTaB/fIONIMX — ONpeNeNeHHe MOMYIsA CIEKTpa,
(pa30BOro cmekTpa, KOMIUIEKCHOTO CIEKTPa; ONpENENeHHE CIEKTpa MOMHOCTH
ClyqaHHOTO mpomnecca H ero (yHKLUH KOTePEHTHOCTH; BBIYHMC/IEHHE B3AUMHOTO
CIeKTpa; YCpeaHEHHe CIIEKTPa I10 MOJIOCE YacTOoT; OnpesieNieHne KercTpa CUHrHaIOB
— TaK Ha3biBaeMblil 0600meHHbIH wiu roMoMOpdHEI (roMOMOp(U3M — HEOIHO-
3HAYHOCTH) JINHEHHEIH aHAIN3 MYIETHIUTMKATHBHEIX CHTHATIOR,

* H3MepeHHe NapaMeTPoOB CHIHAJNOB (aMIUIMTYIbI, 4acTOThl, (askl, ko3dduim-
€HTAa WIH HHEKCa MOAYIAUNH, NEBHALHH (OTKIIOHEHHUS) YaCTOThl CHTHAJIOB; OMpe-
AEJIEHHE NapaMETPOB UMMY/BCHBIX CHTHANIOB — aMIUTUTY/IbL, JIHTENEHOCTH, MTH-
TENBHOCTEN MepeHero u 3agHero (GpoHTOB, NepHoaa CAEIOBAHHS H T.AL.);

* aHAJIH3 CTATHCTHYECKHUX XapaKTEPHUCTHK CITyYaifHEIX NMPOLECCOB; MOCTPOEHHE
rucrorpaMm (cTonbuaThIX pacnpefeneHHi BeMYHH) MTHOBEHHBIX 3HAYEHHH CHT-
HaJIOB; ONpeAeNeHHe ONHOMEPHOH IUIOTHOCTH BEPOATHOCTH M MHTErpajibHOi
dynximK pacnipeieneHus cy4aiHLIX MPOLECCOB, XapaKTEPUCTHIECKOH DYHKIMM.

CTpykTypHas cxeMa COBPEMEHHOrO HH(pOBOTO aHANW3ATOpA CHEKTPa MpHBE-
neHa Ha puc. 11.11.

Hccnemyemble aHanoroesie CHrHaibl o ogHoMy (A) unu aByMm (4, 5) kananam
TIO/Iat0TCA Ha COOTBETCTBYIOIIME YCHIIUTEINH € NEPEMEHHBIM KO3 DHIMEHTOM yCH-
JIEHUs, KOTOPIE MPUBOAAT pa3IndHbIE YPOBHU BXOMHLIX curHanos (ot 0,01 go 10 B)
K CTAaHIAapTHOMY 3Ha4€HHI0, HEOOXOIUMOMY UL HOpMANbHOH paboThl nociemyio-
IHX TPAKTOB. 3aTeM CHrHANLI noctynaloT Ha ®HY, B KOTOpOM BHITENAETCS MO0~
ca 9acToT, rnojjiexamas ananm3y. [To xomaHzme WccnemoBatena (HIBTP MOXeT
OpiTe BRIKMOYEH. C BhIXO#a (MIBTPOB cHrHANBI HocTyrnaloT Ha ALITI, rae onu
npeoGpazyroTcs B TapaienbHblil JecATHpa3paaHbI IBOMSHBIH kKo#. Bo3moxHa

344



¥ Yempoiicmeo| | Lugpposoii
mmmmmmm e ynpagaenus 2paghonocmpoument
I -
1
Bxod 4y Yeunumens I
i — [punmep
|
L St L e e Buoiuuc-
.fmmartbnoe Hugbpoeaﬁ
[ yempoucmeo Maznumogor
I
8 a ]
—B:- Yeunumens Huckosoul
' ™ naxonumens
T e v S S s o e et -
V. .
empoticmeo Ocumﬁ;
102pa
yuppossix
OanHbIX
A-Y
camonucely

Pue. 11.11. CrpykrypHas cXema COBPEMEHHOTO LIM(POBOTO aHANU3aTOpa

paboTa Kak ogHOro, Tak M 06oux kaHanoB, B mocnenHeM ciydae BEIOOPKH MTHO-
BeHHBIX 3HaYeHHUIi CUTHANIAa NPOXOJAT OJHOBPEMEHHO Mo 060MM KaHajIaM, YTo Mo-
3BONISIET COXPAHWTEL B HU(BPOBOM Koie wHMopMammo o (a30BBIX COOTHOLIEHHAX
CHTHAJIOB, HEOOXOAAMYIO U1 H3MEPEHNA B3aUMHbIX XapaKTePHCTHK,

YacToTa BeIOOpKH OmpeneNnAeTcs KBapLEBbIM T€HEpaTopoM H MOXKET H3Me-
HATBCA HccnegoBarenem B npenenax 0,2...100 kI'n. Orta yacToTa onpenenser or-
cueTHBIH MacTab npubopa Bo BpeMeHHOH | YacTOTHO#H ofnacTax.

TpakT NpoXoMAEHUA MCCEIyeMOro CHIHAJIA OT BXOJIA YCHITHTENEH 0 BBIXOAA
AIIIT nveer kanuGpoBaHHbIE 3HaYeHHs Kod((HIMEHTa Tlepejauy BO BCeM JHana-
30He HacTOT ¥ ypoBHe#f Hanpspkenwii. MHpopmanusa o 3HaueHun ko3dduimenta
nepefavyy M 4acToTa BHIOOPKH BBOIATCA B LH(POBOE BHIMUCIUTENBHOE YCTPOHCT-
80 (MHKpPOTIPOLIECCOP) M YYHUTHIBAIOTCA NMPH GOPMHPOBAHHH KOHEYHOTO pe3yjibTa-
ta. Mukponpoueccop paGoTaer B COOTBETCTBHH C 3aJI0KEHHOU B HET0 IpOrpam-
vo#. [lporpamMma COCTOMT M3 psia MONIPOrpamMM, OPraHU3YIOMMKX TY MM HHYIO
BEIMUCITHTEILHYIO ONepauuio (BEIYHCIEHHE CIeKTpa, KOppensmuoHHOH (yHKIMM,
NOCTPOEHHE T'HCTOrpaMMEl H T.J1.). Bei3oB HeoOxoauMol MOANpOrpaMMel ocyme-
CTBAfETCA C ycTpolicTBa ynpapneHHa. Pe3yibTaThl BBIYMC/IEHHI BBIBOJAATCA Ha
MHIMKATOPHOE WIH PErHCTPHPYIOLIEE YCTPONCTBO, B KaYECTBE KOTOPOTO MOXKET
6sITh MCMIONMB30BAH HH(POBOH rpadonoCTpoUTeENb, NPUHTEP, LM(PPOBOH MArHUTO-
doH, OMCKOBBIN HaKoMUTENb, ocuMiUIorpad wiM camonucel. OTMETHM, YTO MO-
cnenHue npa nomxmovatorcs 4eped LIAIL Bce pe3ymsraTel CONPOBOXKAAIOTCH
macinTabHbIM k03 HIHEeHTOM I IlepeBofia UX B (PH3HYECKHUe eIHHHUIIBI.
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[pu aHanu3e CUrHAJNOB, MPEACTABICHHBIX B M(POBOM BHIE (B BUJIE 9HCIOBO-
ro psaja), AaHHble BBOJIATCA HEMOCPEACTBEHHO B HH(POBOE BEIMHCIHUTENBHOE YCT-
pOJCTBO ¢ MOMOMIBIO YCTPOMCTBA BBOJA HM(MPOBBIX JaHHBIX ¢ HabopHoro Tabno
My/IBTa YIPaB/IeHNUA B IECATHIHOM KOJIE.

OcHOBHBIE pexKUMbI paboThl HH(GPOBOro aHANHM3ATOPA CIIEKTPa:

CIIEKTPaJIbHBIH, CTATUCTHYECKHH H KOPPENALHOHHBIH aHa/IN3;

H3MEpEHHE aMIUTHTYIHOIO U (pa3oBOTo CNEKTPOB;

W3MepeHHe NepenaToIHbIX (YHKIH INEKTPUYECKUX CHTHATIOB;

W3MEpPEHHE CBEPTKH JIBYX CHIHAJIOB;

H3MepeHHe CIEKTPa MOIMIHOCTH, B3aHMHOTO CIIEKTPa;

H3MEpeHHe KOppenHOHHBIX (QyHKIHiL;

H3MEpPEeHHe THCTOTPaMM aMIUTHTYA.

11.5. Anasm3aTopsl cnekTpa Ha nHdpoBbIX GpuabTpax

Bueapenue 1uppoBbix MeToI0B 00pabOTKH CHIHAIOB B M3MEPHTEIBHON TEXHHKE
NPHBENO K CO3MAHMIO 3D(EKTHBHBIX W BHICOKOCKOPOCTHBIX AHAIM3ATOPOB CMEKTPA HA
uHdpossix Guwiktpax. Lndposoit GrIbTp MMeeT CTAGIILHYIO YaCTOTHYIO XapakTepH-
CTHKY, He HY)KIAeTcs B MOICTPOIMKE, KOMIIEHCHPYIOLIEH HETOYHOCTH W3-33 CTAPEHHA
3JIEMEHTOB M €r0 YHHBEPCABHOCTS HAMHOTO Bbilile aHanoroeoro ¢uierpa, I1pu nepe-
cTpoiike mA(poBoro (GuIkTpa HET HEOOXOAMMOCTH MEHATE IEMEHTHI, @ JI0CTATOYHO
€ro nepenporpaMMupoBats. OHAKO TMIaBHOE NPEHMYILECTBO 1(poBoi GHILTpaIHH
B M3MEPHTENIBHON TEXHMKE — TPHMEHEHHE BBICOKOTOYHBIX HU(POBRIX JIETEKTOPOB U
ycrpoicts yepensenus (mgpossix uHTerparopos). Ilndporoli nerektop H3Mepser
NpaKTHYeCKH HCTHHHOE CpeiHee KBaJpaTHYeCcKoe 3HAYEHHE aHaIM3HPYEMOro CHIHanNa
Oe3 orpaHHueHHH, CBA3AHHBIX C €70 AMIUITHTYIHBIM 3Ha4eHHEM.

LlndpoBoe ycTpoiicTBO ycpeaHeHns, obecneauBaioliee ycpeaHeHHe aHalu3n-
pPYEMOro CHTHANA 110 JIMHEWHOMY M 3KCMOHEHIHMANEHOMY (WM NOKa3aTelbHOMY)
3aKOHaM, OTIIHYaeTCd YHHUBEPCAJIbHOCTRIO H 3¢¢IEICTHBHOCTLIO, HEOOCTHKHMBIM
JUTA aHAJIOTOBBIX YCPeIHAIOMIMX YCTPOHCTS.

Hudporasi 06paboTka CHIHAJIOB B AHATH3aTOPaX CIIEKTPOB

OpHuM M3 BaKHEMINMX METOHOB Li(poBoii 06paboTku CUrHANOB B COBpPEMEH-
HOI M3MEpUTEILHON TEXHUKE H, B YaCTHOCTH, B aHANHM3aTOpax CIIEKTPOB, ABIACTCH
undposas punsrpauus. OHa 3aKmodaerca B HPOBOM NpeobpazoBaHuK MOCIIEN0-
BATEJILHOCTH YHCIIOBBIX OTCUETOB BXOmHOro curnana {u(kAr)} = {u;} B mocnenosa-
TENBEHOCTE YHCIIOBBIX 0TCUeTOB {W(AAf)} = {y4} BBIXOIHOTO CHTHAIA,

PaccMOTpHM YTIPONIEHHYIO CTPYKTYpHYHO cxeMy Lmdposoii o6paboTku cur-
Hasos (puc, 11.12). HenpepbisHsiit cursan u, (1) = u,, (1anee apryMeHT { ONYLIEH)
noctynaet Ha Bxox ALI[l, Ha BeIXOJEe KOTOPOro co3NaeTcs LU(POBOH KOA B BUIE
meomuroro yucna {u(kAt)} = {u;} = u; ¢ PUKCHPOBAHHEIM KOJIMYECTBOM pa3ps-
OB, COOTBETCTBYIOILUMIA IMCKPETHBIM OTCYETaM BXOHOIO CHTHAJA.
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Puc. 11.12. YnpouenHas cTpykTypHas cxema uudposoii o6pabortku curianos

[TocnenosarebHOCTL 3aKOAMPOBAHHBIX OMpe/e/eHHBIME WH(pPaMH OTCYETOB
{u;} nmoctynaer B uwudporoit punerp (LIP), npencrasnsommit coboil, no cyru
Aena, CNeUMaIH3HPOBAHHbLIH MHKPOKOMITBIOTED (paHHee Ha3BaHHe — CMELBLITHC-
aurens). B unpposom Gpunbrpe ocymecrsnserca uudposas o6paborka curaaa s
COOTBETCTBHM C OMNpE/EIEeHHbIM AITOPHTMOM, B PE3YIETATE 9ero Ha ero BIXOJIe Mo-
ABRIHOTCA HOBhIe WH(poBsie Kol {u(kAf)} = {u,} = u,, COOTBETCTBYIOLHAE MPO-
(QHIBETPOBAHHOMY BXOJHOMY CHTHAIY.

O6rr4no o6pabarkiBaemblii curdan ¢ uadposoro GuisTpa noctynaer ua LIATI,
8 KOTOpoM UM(poBas dopma cursana npeobpasyercs B aHANOTOBYIO u,(f) = u,.
Onnako B H3MEPHTENbHOM TEXHHKE YacTO MCIONB3yeTcs npeoGpa3oBaHHLIA CHr-
HAJl HENOCPENCTBEHHO B IUdpoBoit dhopMe u npu 31oM HeobxomumocTs B LIATI
ornaaaet. Ecn e LIAIT Bmogen B cxemy 06paboTku, To Ha ero BeIxoje Heobxo-
auM cunTesupytommii dunstp (CP) Hu3koii gactorsl (no cymecrsy sto ®HY),
xoTOpBIi GyleT MPOM3BOINTS CIMAKHBAHKE MOMYYEHHOTO aHANONOBOTO CHrHANA. B
pesylibTare CIKHBaHHA (opMa KPHBOH BEIXOIHONO CHIHANA U, (f) = U, CTaHO-
BHTCA IUIaBHOI, a He CTymeHYaTol.

CTpyKTypHBI€ cCXeMbl THHEHHBIX UHPPOBBIX PHIBTPOB

Luppoesie GpuabTpel Aensarca Ha ABa GOMBIINX KIACCA: HEPEKYPCUBHBIE W pe-
Kypcusneie. TepMUH pekypcugHeili CBA3aH ¢ H3BECTHBIM MAaTEMaTHYECKHM IIpHe-
MOM — pexypcuen — UHKIHIeCKHM 00pallieHHeM K BHIYHCIEHHBIM NaHHBIM, [10-
TTYYEHHBIM Ha MpPeAbIAYIIMX ITANax MaTeMaTHIECKHX OMNepaLmil,

HepexypcusHsie undpossie GHALTPH. B HEPeKypCHBHBIX, HIH
mparceepcanvibix (OT aHIIL. Iransverse — nonepeynsili — C TOYKH 3PeHHs CTPYK-
TYPbl HX rpadHyeCKoro NoOCTPoeH ) UHPPOBBIX YUIBTPAX OTKIUK 3aBHCHT TO/b-
KO OT 3Ha4YeHWH BXOIHOH MOC/NENOBATENBHOCTH, H ANA (HOPMHPOBAHHA A-I0 Bbi-
XOJHOTO OTCYETa HCHONB3YIOTCA JIUIIb NPEABLAYIIHE 3HAYEHHA BXOAHBIX OTCYETOB,
Takue QuasTphl 06pabareiBalOT BXOAHON AHCKPETHBIH CHrHAN {u;} B COOTBETCT-
BHH C aITOPATMOM:!

Vi = Qo + Qi+ Gl + .t Qg (11.12)

rae y; — BBIXOAHOW CHTHAN; d,, 4, @, ... G, — AeHCTBUTENbHBIE TOCTOAHHEIE
(secosvie) kO3pHUUMEHTI; M — nOPROOK HEPEKYPCHBHOTO (DHILTPA, T.€. MaKCH-
MaJIbHOE 9HCJIO 3aNIOMHHAEMBIX YHCEI.

AHATATHYECKYIO CTOPOHY anroputMa obpaborkm (11.12) HamsaHO Xapakte-
pHU3yeT CTPYKTypHas cxema Wudposoro GUmsTpa, npeacTainenHas ua puc. 11.13.
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Puc. 11.13. CrpykrypHan cxema HepeKypCHBHOTO LHPOBOTo Guisrpa

Ocuogoii mo6oro mwudposoro GHILTPa ABIAIOTCA IEMEHTHI 3aAEPKKH BXOI-
HOH uu(poBoi nocnexoBaTeNEHOCTH {u,} HA MHTEpBan AucKperm3aumuu Z ' (3a-
HepKa CHrHaJIa Ha WHTepBan Af B 06IENPUHATHIX CHMBOJIAX H3BECTHOTO B MaTe-
MaTHKe z-npeobpa3oBaHus), a TakKe MaciuTabHbie (BeCOBbIE) GIOKH @,,, BBITION-
Hsromue B 1mupporoit GopMe onepauun YMHOKEHHS Ha COOTBETCTBYIOIIHE KO3 (-
(unmenTsl. YacTo, 1 N0 CymecTsy, 3MEMEHTHI 3a/IEPXKKH HA3BIBAIOT SYeifkaMu ma-
MaATH, CHrHaiBl ¢ MacmTaGHBIX GNIOKOB MOCTYNAIOT B CyMMatop (+), Ha BBIXoJe
KOTOpOro 00pasyeTcs NoC/e0BaTe/IbHOCTE OTCYETOB BHIXOAHOTO CHTHANA {1},

He nposoas mnoapoGHoro awanusa, oTMeTHM, 4TO KOI(HMIMEHTH d,,
ay; @y, ..., Gy COBNANAIOT C COOTBETCTBYIOLIMMH OTCUETAMH, TAK Ha3bIBAEMON MM-
IyJIBCHOMH XapakTepUCTHKK udpoBoro (Gunkrpa by, Ay, As,..., Ay,

PexypcuBubie nudponsie ¢unbrTps. BoIMOKHOCTH HEepeKyp-
CHBHOTO UM(QPOBOro (QUILTPA CYIIECTBEHHO PACIUMPAIOTCS TPH BBENEHHH B
ero cxemy oOpaTHBEIX cBA3el, KOTOpbIe MO3BONSAIOT GOPMHUPOBATH k-if BEIXON-
HOM OTCYET NMyTeM KMCIOIb30OBAHHA NMpPeNBIAYINUX 3HAYEHHH KaK BXOJHOTO, TaK
¥ BBIXOHOTO TMCKPETHBIX (BEIpaXKEHHBIX B HH(POBO# hopMe) cHrHANOB

Yi= gt g i+ Gy Ut Gt Byt oyt byea. (11.13)

3neck nocrosHHbIe KOIQQHUMEHTH ay, 4y, g, ... , @ ,, KAK U B ANTOPUTME 06-
pabotku (11.12), xapakTepusyloT HepeKypCHBHYIO 4acTh, a Kod(QHIMEHT!
by, by, ..., b, — PEKypPCUBHYIO 4acTh aNropuT™Ma UMQPPOBOH GHILTPaIH, MpHYEM
HocneHIEe He paBHBI HYIO onHOBpemMeHHo. [Topaaok Takoro uudposoro dgrsrpa
onpejenseTcs ko3hphuMeHToM m HepeKypCHBHON 4acTu anroputma o6paborin.
CrpykrypHas cxema Ou(ppPOBOro pekypcHBHOro QUIBTpPa nokasana Ha puc. 11,14,

Ha mm¢possix puisTpax MoxHO co3/1aBaTh Pa3THIHbIE AHATH3ATOPEI CLIEKTPA CHI-
HAIIOB, B YaCTHOCTH, H TIOC/IE0BATENRHOI0, M NapallieNbHOTO METONOB aHATH3a.

11.6. Mzamepenne HeNAHEHHBIX HCKAKEHHH

HM3Mepenue psana BenWYHH, XapaKTepH3YIOLMX MapamMeTphl CHUIHANOB WM
JMEKTPUYECKUX Uenel, OCyecTBIAIOT ¢ MOMOIIBI0 NPUOOPOB, KOTOPHIE MO MO-
CTPOEHHIO aHAJIOTHYHEI aHATM3aTOpaM criekTpa. K TakuM XapakTepHCTHKAM OTHO-
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Puc. 11.14. CrpykrypHas cxemMa peKypcHBHOro LH(poBoro GuisTpa

CATCA HeJIMHEeHHbIe HCKaKeHHMsA, KOTOphIe BO3HUKAIOT B IIEMAX C HEIMHEHHOI aM-
IUIATYAHOH XapakrepucTHKOH, [Ipn MpoxXoXHeHWH Mo TaKMM LemsM KoneGanus
TepAIOT CHHYCOMJANbHYIO (opMy (MCKaKAIOTCA) U B HX CIEKTPE MOABIAFOTCH
BBICIIIHE FAPMOHMKH.

Bosuukalomue npH HeJHHEHHBIX MCKAKEHHAX FAPMOHHKH MOXKHO HCCIIENo-
BaTh H H3MEPHTh € MOMONIBI) AHATTH3IATOPOB CHEKTpa. H3BeCTHBI HECKOIBKO
KOJIHIECTBEHHBIX TIOKas3aTeneilf ypoBHA HelMHeNHbIX uckaxeHud. HauGonbmee
pacrpocTpaHeHde MOMYYW TAKOW Mokasareib Kak ko3()UIHEHT HelmuHeHHBIX
HCKaKeHHH (Ko3((QUUHEHT rapMOHHK), MpeiacTaBisfiomuid cobod oTHOmEHHE
CpelHero KBaJApaTHYecKOro 3HAYeHHA BCEX BBICIIMX TapMOHHMK HampsKeHHs
(unm ToKa)

U, = U2 +U2 4.4 U (11.14)

K CpefIHEMY KBAIpaTHIECKOMY 3HA9€HHIO €T0 MEPBOH rapMOoHuKy U

u
K.=—L. (11.15)

U,

Jnd u3MepeHHs OTHOCHTENBHOTO 3HAYEHHA HANpPMHKEHHS FapMOHHUK MOXHO
HCIOJIB30BATh AHATM3ATOP CMEKTpa, EC/H ero paspealoman cnocofHoCTs No3Bo-
nAeT HabmozaTs pasfeNbHO CneKTpalkHEle cocrasismomue. Ecinu nerekrop aHa-
nH3aTopa NMUHEHHBIN, To B dopmyny (11.15) Bmecto Hanmpsokenu#t U,, U.,..., U,
MOXCHO TOJACTaBHUTh 3HAUYEHHA MX aMIUTHTYI, H3MEPEHHBIX Ha SKpaHe aHaau3aropa
B EAUHHLAX JUTHHEL.

CymecTBylOT cneuuanbHbie Npubopsl, H3MepAonne Ko3QGHINEHT HEaH-
HeHHBIX HCKAXKEHUH, HA3bIBAEMBIE UIMEPUMENAMU HENUHEUHBIX UCKANCEHU.
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Puc. 11.15. YnpomeHHas cTpykrypHas cxeMa
8HANOro-UH(PPOBOTO H3MEPHTENN HEMMHEHHBIX HCKAKEHMI

VrpomeHnHas cTpykTypHas cxema ananoro-uu(poBoro uzmepumens Henu-
HeliHbX ucKkadxicenud NpuBeneHa Ha puc. 11.15.

B ocHOBe M3MEpHUTENBHON METONMKH TakMX MPHGOPOR JEKUT METON o-
JaBJICHHA OCHOBHOM YaCTOTHI HCCIENYEMOTO CHrHANA,

BxoHOE yCTPOWCTBO CIY)KHT IIA COIIACOBaHMA H3MEPHTENBHOTO npubopa ¢
HCTOYHHKOM HCCriefyeMoro curHaia. [lepen nsmepenuem nepexmoyarems Ki cra-
BAT B Tonoxenue Kanubposka. 3ateM ¢ MOMOIIBIO YCHITHTENS YPOBEHb HCCIIE/ye-
MOI0 HANpPSKEHMs TMOBBIIAIOT [0 TAKOTO (PHKCHPOBAHHOIO 3HAYEHMSA, TPH KOTO-
POM 3NIEKTPOHHBIA UM(POBOH BONBTMETP CPEAHEr0 KBaJPAaTHIECKOrO 3HAYECHHS
Oyzet mporpamydpoBaH B BeNMYMHAX KOS(DQUIHEHTA HeIMHEHHBIX HCKAKEHHMI,
Ilpn JTOM m3MepsieTcs CpejHee KBAIpaTHYECKOe 3HAYEHHE HAMPSIKEHHS BCETO
HCCIIEyEMOr0 CUrHamna

U=U2+ U2 +U2 4402 | (11.16)

3arem nepewmodarens Kn npu6opa cTapaT B monoxeHHe Hamepenue. Ha-
CTpamBas 3arpaXalomni (UILTP, MOAABNAIOT HANpPAKEHHE OCHOBHOW YaCTOTHI
(mepeoii rapmonuku U,). ITonHoe moxasnenne rapMOHUKH U, Oyner npu MHHH-
MaJIbHOM MokasaHuyu npubopa. B 3ToM cayuae undpoBoit BONETMETp MOKA3bIBAET
CpeaHee KBalpaTH4eckoe 3HaYEHHE CYMMbI BBICINHX FapMOHHYECKHX COCTABIISIO-
mux cursana U, (11.14).

CpaBHyBas moka3saHus BO BTOPOM H MEPBOM CIY4asX, HAXOAAT K03 umment
rapMOHHK

U
Ky =~&, 11.17
=7 (11.17)

TpakTideckn npu monoxennu nepexmouarens Kn Hawepenue Gyner mame-
pATbCA koI duumenT K. ITpu 31oM kodddHumeHT rapMormk K, MOXHO BBIYHC-
JIATE Kak:

K =—-£!l—. (11.18)
1- K}

rl
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TIpu HeGONBIIUX HeTMHEHHBIX HCKAKEHHAX Heenenyemoro currana (K < 0,1)
waddumuentr K, u K, otnuyaiorca MeHplle 4eM Ha 1 %. Obp9HO H3MepHTe-
¥ HeTMHEHHBIX HCKa)XKEHHI MPHUMEHAIOTCA Ui u3MepeHHus ko3ddHunenTa rap-
wonuk K, B npenenax 0,1...30 %, B nuanazone yactot ot 0,01 kI'u mo 25 MI'y
E DOJIEE.

KonTposibHbIe BONPOCHI

—

JIns Kakux uenei HCroJIb3yeTcs CeKTPabHbIA aHAIH3 CHIHANOB?

2. Kaxoit dusuueckuii cMBICT JIGKHT B OCHOBE NpaMoro H obparHoro npeobpasosa-

Hui Qypee?

Kak aHanuTHYeCKH 3allChIBAIOTCS TIpIMoe 1 o6parHoe npeobpazosanns @ypee?

4, Ha 4em ocHOBaH napaiieibHbIH U NOC/EA0BATENLHBIH aHATN3 CIIEKTPa MCCIIeIyeMBIX
curHanos?

5. Kaxosa cBs3b MKy AMCKPETHEIM NpeobpasoBanieM Oypbe H rapMOHHYECKHMH CO-
cTaBnLIOmEMH curuana? Kak 31o ucros3yercs B HHQPOBBIX aHANH3aTOpax?

6. B uem coctouT CyTh GeicTporo npeobpasosanus Oyphe?

7. Kax BHIMISAAT YOpONmIEHHAs CTPYKTYpHas#s CXEMa aHAIM3aTOpa MapajuieibHOro
nedcraua?

8. Yro HassIBaeTCs paspemaieli cnocobHOCTHIO aHam3aropa?

9. Kak paspemaiomas cnocoGHOCTb CBA3aHA C MOJIOCOH NponyckaHus GpuisTpa aHauu-
3aropa?

10. KakoBa ynpouieHHas CTpYKTYpHas CXe€Ma aHalIM3aTopa CIeKTpa Mocie0BaTensHo-
ro tuna?

11. Kak cBa3aHa CKOPOCTh aHaTH3a C TIOJIOCOH NPOoIycKaHHs aHanu3aTopa?

12. Yemy paBHO BpEMsl AHAJIH3A B CXEMaX MOCNEA0BATENLHOT0 THIA?

13. Ha 4em OCHOBaH IPHHLMII NOCTPOEHHS IE€TEPOJHHHOTO aHANH3ATOPA CIIeKTpa Mocie-
JloBaTENBLHOro THNA?

14. KakoBsl OCHOBHEIE XapaKTEPHCTHKH EeTEPOMHHOTO aHanu3aropa?

15. KakoBa CTpyKTypa HepeKypCcHBHOro lH(pororo junsrpa?

16. Kax ctpostcs pexypcuBHble UHGpoBbie HusTphi?

17. Kak 3anuceIBaeTCS MATEMaTHYECKOE BRIPAKEHHE 1% KO3 (DHIHEHTa rapMOHHK?

18. KakoB aIropHT™ NPakTHYECKOro onpeacacHus kosdduimnenta rapMoHuK?
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Iasa 12. IBMEPEHUE NAPAMETPOB IEIENA
C COCPEJOTOYEHHBIMH U PACTIPEIEJIEHHBIMHA
MNOCTOsAHHBIMHA

DNeKTPHYECKHE LENH MPEACTABISIOT COBOKYITHOCTh COCTUHEHHBIX ONPENEIeHHBM 06-
Pa30M HCTOYHHKOB DNIEKTPUHECKOH SHEPIHH M HArpy30K, M0 KOTOPHIM IIPOTEKAET MOCTOSH-
HEI MM MEPEeMEHHBIH TOK palnu4Ho# yactoTsl (Bkmouas Toku CBY). C Touku 3penus
COOTHONIGHUS pPasMepoB leneit u pabodell JUIMHEL BONHBI JNCKTPUYECKHX KoneOGanmii,
HMEINIHX B HHX MECTO, pa3HYyaloT LEMH ¢ COCPCAOTOMEHHBIMH H pacnpenencHHBIMH Ma-
pameTpami (MOCTOSHHBIMY). METONB! M3MEpPEHHS NAPAMETPOB 3/IEMEHTOB MEKTPHYECKHX
Lienel ¢ COCpeiOTOYeHHBIMH ¥ PACHIPENE/ICHHEIMH MAPAMETPaMH CYIIECTBEHHO Pa3/IMHaOTCA.

12.1. O0mue cBegeHAs

PanuoTexHHUECKHE LENH, pasMepsl KOTOPBIX ropa3fio MeHbIIe pabodeH IHHEL
BOJIHBI, Ha3bIBAKOTCA LEISIMH ¢ cocpedomodenHbiMu napamempamu. CBOHCTBa
JAHHBIX LieTeil PaKTHYECKA HE 3aBUCAT OT KOH(UIypalMy BBIBOIOB (3/IEKTPOIOB)
aKTHBHBIX W IIACCHBHBIX 3JIEMEHTOB M PasMEpPOB COEJIHHHTENBHEIX NPOBOMOB. Pa-
[MOTEeXHHYECKHe LENH, PU3HIECKHE PasMepbl KOTOPHIX COM3MEPHMBI ¢ pabouei
JITMHOM BONHBI KojebGaHuii, OTHOCATCA K LEMAM C pacnpedenennbiMu napa-
Mmempamu. Kaxsii 3MeMeHT WK COeMHHTENBHBIA MPOBOA 3TON uenu obnanaer
CONpPOTHBIICHAEM (AKTHBHBIMH, T.€. HEBO3BPaTHMBIMH, IOTEPAMH MOIIHOCTH),
MHIYKTHBHOCTBIO M €MKOCTBIO. Takue LENH HasbIBAlOT ONURHbIMU NUHUAMU WITH
CBY-mpaxmamu.

DnemMeHTsl paJHOTEXHUYECKOH HENMH MOXHO COEAHHHTL B ABYXIIOIOCHUKH H
yeThipexnomocuuku (puc. 12.1). Jeyxnontocnux (ONMHOYHBIH MEMEHT HIH CIOXK-
Hasg 3NeKTpHYeCKas

1 1,
i S = 1lenk) MMEET [Ba
Tex T S = BBIBOAA — IIOMIOCA.
iy R U, U,
- gt et l Bx l mx  UemblpexnonocHux
U Unsax CONEPXHUT IO mape
BXOOHBIX M BBIXO[-

a) (77} HBIX BBIBOOOB —

Puic. 12.1. PagHoTexHnyeckue UEHH: HUTRPE SHSRUC R

@ — JBYXTIOMOCHHK; 6 — YETHIPEXTIONIOCHHK B anexTprdeckux
Henmdax ¢ cocpenoTo-
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YeHHBIMHM [ApaMeTpaMy UIHPOKO MPHMEHAOTCA NHHEHHbIE KOMITOHEHTH obuero
HA3HAYEHMS: PE3UCTOPHI, KATYUIKA MHIYKTHBHOCTH M KoHjeHcaropsl. [Ipn ompe-
JeNeHHBIX JOMYIIEHWIX 3TU 3JIEMEHThl MOXKHO PaccMarpHBaTh Kak JIHHEHHbIC
flaCCHBHBIE [BYXIOJIOCHHKH, XapakTepU3yeMble HEKMMH HIealbHbIMH MapameT-
paMu — CONMPOTHBIEHHEM R (BenwumHa, oOparHas CONPOTHBICHHIO — MPOBOAK-
MOCTh Y), HHIYKTHBHOCTBIO L, eMKocThIO C.

[Ipn ¥3MEpeHUAX He BCEraa yJaercss OnpeielTh 3HaYeHHe TOro WK MHOro
napameTpa, COOTBETCTBYIOLIEE WIEalbHOMY Bumy 3nemeHTa. HecoseplueHCTBO
KOHCTPYKIIWH H XapaKTePHCTHK NPHMEHSEMbIX MaTepHalioB SBIAETCA MPUIHHOH
NoABIIEHMs MAPA3UTHLIX MApaMeTpoB sneMeHToB. Tak, Hapsly ¢ MIAaBHBIM napa-
METPOM PE3HCTOPa — AKTHBHLIM COMPOTHBICHHEM, OH HMEET W OMPENeeHHYIO
WHIYKTMBHOCTh; KaTymIKa WHIYKTHBHOCTH, 0ONafas WHIYKTHBHOCTBIO, HMECT
NapasUTHYI0 eMKOCTh M aKTHBHOE COTPOTHBJ/IEHNE (CONMPOTHBIICHHE OTEPE) H T.JL.

C y4eToM Mapa3uTHBIX MapaMeTPOB PE3UCTOP, KOHAGHCATOP HIIM KATYIIKY MH-
AYKTHBHOCTHM MOXHO COOTBETCTBEHHO XapaKTepH30BaTh HEKOTOPBIM 3(QeKTHs-
HBIM 3HAYEHHEM CONPOTHBIEHHSA, eMKOCTH, HHIYKTHBHOCTH, KOTOPhIE 3aBHCAT OT
gacToThl. TloaToMy 3dEKTHBHEIE MapaMeTpsl KOMIIOHEHTOB HeOOXOIMMO H3Me-
pATh Ha paboYMX YacTOTaX, €CHH WX BIMAHWEM HA PesynbTaT H3MEPEHHA Hellb3d
npenebpeds. TpebyeTca 3HaTh W PAJl BTOPHYHBIX MAPAMETPOB ITUX 3NEMEHTOB,
HanpuMep: Jo6poTHOCTE O KaTyIIKH WHAYKTHBHOCTH, TAHIEHC YIia noTephb )
KOHIEHCATOpa, XapakTepUCTHYeCKoe CONPOTHBIIEHUE P KOHTYpA, 4TO MO3BOJIACT
foJiee TOYHO OMpeeNaTh H3MEpAEMbIe apaMeTpPhL.

MeTozbl H3MEpPEHHs HMEKTPHIECKHX TApaMETPOB LeTei ¢ COCPeN0TOYEHHBIMH
napamMeTpaMH O4eHb pa3HooOpasHbl, a NPHOOPHBIA COCTAaB BKIIOYAET B ceba B
OCHOBHOM 3JIEKTPOHHbIE TMPHOOpPHI, MO3TOMY 00O3HAaYeHHE CPEICTB M3MEpEeHMi
MOKET GBITh PasMYHBIM B 3aBUCMMOCTH OT mpuMeHsemoii cuctemsl. Haubonee
9acTO OTeYECTBEHHBIE JNEKTPOHHbIE W3MEDHTENH NapameTpoB ueneil 00603Hava-
toTes Kak E6 — E7. Bonsmas rpynna npubopos (HEKOTOpbIe MOCTEI H H3MEPH-
TeNkHEBIE JIMHKK) 0003HauaoTCs GyKBOH «Py.

B 3aBHCHMOCTH OT BHIA H3MepseMoil BeJUYHMHEI, TpeGyeMod TOYHOCTH pe-
3ynbTaTa, [Mana3oHa pabodux 4acToT M JPYrux YCHOBMH I M3MEPEHHA Napa-
METPOB 3NIEMEHTOB C COCPEJOTOYEHHBIMH IMOCTOSHHBIMM TIPHMEHSIOT PasiiniHBIe
MeTOIbl M CpecTBa u3Mepenuit. Haubonee pacnmpocTpaHeHHBIMM METOJAMH H3-
MEpeHHs ABJISIOTCSA: METOMBI aMIIepMeTpa M BONETMETPA, MOCTOBOH METOM, Pe3o-
HAHCHBIIf METOJ M METONI IMCKpeTHOTO cueTta (LudpoBoif MeToI).

OCHOBHBIMHU TNapamMeTpaMi JUTHHHBIX JIMHHUHA, N0 aHAJIOTHHM C LETMH C Cocpe-
JOTOYEHHBEIMH MOCTOAHHBIMH, ABJIAKTCA HOSOHHBIE aKTHBHOE COIMPOTHBJIEHHE,
HHAYKTUBHOCTh M €MKOCTB. OIHAKO, B OTJIMYHE OT Lenell ¢ COCPe0TOYEHHBIMH
MOCTOSHHBIMH, 3TH [IAPAMETPHI He HMEIOT TAKOro YeTKOro (H3NIecKoro CMbicia u
MO3TOMY HE H3MEpsIoTcs. B To e BpeMms ocHOBHbIE 3neMenTsl CBY-TpakToB sB-
JIAIOTCA AHAIOTaMH [BYX- H YETHIPEXMOIOCHHUKOB, H3 KOTOPBIX COCTOAT LEMH €
COCPENOTOYEHHBIMHM MOCTOAHHBIMH, DTa aHaJIoTUs MO3BOJSET PacCMaTpHBaTh Ma-
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pamerpsi CBU-TpakToB Kak napamMeTphl AByX- U YETBIPEXOIOCHHKOB. Hpubopsl,
NpefHa3HaYeHHbIe I M3MEPEHHA MapaMeTpoB lieTiell ¢ pacrpeAeNeHHbIMH 110~
CTOAHHBIMM, KNacCHQUUMPYIOT B 3aBHCHMOCTH OT XapakTepa KOHKPETHBIX H3MeE-
peHurit ¥ BHIA W3MEPAEMBIX BETHIMH.

12.2. H3smMepenne AKTHBHBIX CONPOTHBJICHHH

BenuauHbl H3MEpAEMBIX aKTUBHbIX COTIPOTHBIICHHMH JIexkar B mpejiesiax ot 107
10 10" Om; Beimyckaemele cepHiiHble MpHOOpPHI Halle 0XBATHIBAIOT AMANa30H OT
0,001 go 10° OM. AKTHBHOE COTIDOTHBIICHHE MOKHO W3MEPATh KaK Ha MOCTOAH-
HOM, TaK M Ha mepeMeHHOM Toke. Hi3aMepeHHe aKTUBHOTO COTPOTHBICHMA Ha Iie-
PEMEHHOM TOKe lieniecoo0pa3Ho B LEMNAX, T¢ eCTh NOTEPH NPH NepeMarHmiHBa-
HuH (LEN¥ CO CTaNbHBIMU CepeYHHKAM¥ — KaTyIIKHA WHIYKTUBHOCTH, APOCCENH,
TpaHchopMaTope).

Cpeny POMBIILTEHHEIX CIOCO00B H3MEPEHHs aKTUBHBIX COTPOTHBJICHHMH Ha
MOCTOSHHOM TOKE MOJKHO BBIJIEITHTE CIEAYIOIIHE:

* METO/bI, OCHOBaHHbIE Ha HCMONL30BAHUHA aMITEPMETpPA WIH BONBTMETPA;

* JIOTOMETPUYECKHE METO/IBI,

* MOCTOBBIE METO/IBI (aHANOrOBBIE i HH(POBEIE NPUOOPHI).

H3mepenne MeToAaMH aMIlepMETPa H BOJIbTMeTPa

H3MepeHre MeTOlaMH aMIepMeTpa M BONBTMETPa CBOAMTCA K ONpENeIeHHMIO

TOKAa WIH HalpsKEHHS
R Ryos

B IIENH C HU3IMEPAEMBIM %
IOBYXTIONIOCHHKOM  H "
rocyieayIoeMy pacye- r
Ty €ro mapameTpoB IO ] E R,
sakoHy Oma. Meton
MOKHO  HCTIOJB3I0OBATH r-\ o
IS M3MEPEHUS aKTUB- (nA)
HOTO M IOJHOTO COMpO- a) )
THBIIGHHS, HMHIYKTHB-
"Hoct u emkoctd. Ha
puc. 12.2 nokazaHa
CTPYKTypHas peaiu3auys 3THX METOOB IIPH H3MEPEHHAX AKTUBHOIO CONPOTHBIIC-
HuA. M3MepeHHe akTWBHBIX COIpPOTHBIICHUH MPOM3BOMAT HA NOCTOAHHOM TOKE,
TIPH 3TOM BKJIFOYaTh PE3UCTOP R, B M3MEPHUTEIBHYIO LEMb MOXHO I10 [IBYM CXeMaM.

B cxeme ¢ amnepmeTpoM (puc. 12.2, a) OTKIOHEHHE NOKa3aHKH MU/LTHaMIep-
METpa PONOPHHOHATLHO TOKY:

H

1
|
]

.[N

®

Puec. 12.2. UsMepenue akTHBHEIX COMPOTHBIEHAH METOIaMH!
a — aMnepMeTpa; & — BOAbTMETpa

R
Rnoﬁ * Rx

(12.1)
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# 00paTHO MpONOPIHOHANEHO H3MEPAEMOMY COTIpOTHBIIEHHIO R,. ITo Takoii cxeme
H3MEPSIOT JocTarodHo Gorbime conporeienus (or 1 Om mo 200 MOw). Tlepen us-
MEPEHHAMH 32)KAMBI X 3aMBIKAIOT Kmo4oM K W rnepeMeHHBIM PE3HCTOpoM R, o
YCTaHaBJIUBAIOT TaKo# TOK, YTOOBI CTpeNka OTKIOHWIACh HA BCIO IIKATy, 49TO CO-
otBeTcTBYeT Touke 0 OMm.

Jns usmepenns uHeGombmux comporueneruit (0,01...100 OM) ucnone3yercs
cxeMa ¢ BOJNBTMETPOM, M3o0paxeHHas Ha puc. 12.2, 6. ITokazanmsa BonETMETpa

onpenenoTcs POpMYNIOH:
R,

U=E—=—
Rys + R,

(12.2)

npY YCIOBHH, YT0 R, 5 >> R,, U = ER, /R, T.€. UMEET MECTO NpAMas 3aBHCH-
MOCTh HampsKeHus (MoKa3aHMA BOJIBTMETPA) 0T H3IMEPAEMOTO CONPOTHBICHHA R,.
[lepen usMepeHHeM CTpeENKY Ha MpHOOpe COBMEIIAIOT ¢ OTMETKOMH « o0 » IpPH pa-
30MKHYTBIX 3a:KHMaX X,

Ofe cxeMbl MPUBOAT K METOIMYECKUM MOrPEIMHOCTAM H3MepeHHA AR,, 3aBH-
CAILMM OT BHYTPEHHHX CONMpOTHBJIeHU# mpubopos. OYeBHIHO, YTO B CXEME DHC.
12.2, @ MeTonHYECKas MOTPELIHOCTE H3IMEPEHHS TEM MEHEIIE, 9eM MEHBIIE BHYT-
PEHHee CONMpOTHRIIEHHe amnepmerpa (npu R4 — 0, AR, — 0), a B cxeme puc. 12.2, 6
3Ta MOTPeIIHOCTh TeM MeHBIIe, YeM Goblle BHYTPEHHEE COMPOTUBIIEHHE BOJIBT-
merpa (npu Ry — «, AR, — 0). Utak, cxemoit, mokazanHoif Ha puc. 12.2, g, cne-
OyeT MOMB30BATHCS A M3MepeHus GONBIIMX CONpPOTHBIEHHMH, a CXeMOH, moka-
3anHoi Ha puc. 12.2, 6, — s u3MepeHHs ManbX conmpoTHBieHHH. [Ipu 3TOM
HabmoaeTcsa npAMas 3aBUCHMOCTh TOKa3aHuit oT HanpsbkeHWA mutaHua E. Tod-
HOCTB 000HX METOIOB HEBBICOKA — MOTPEIHOCT H3Meperus 1,5...2 %.

PaccmoTpeHHBIE METOALI H3MEPEHHSA AKTHBHOTO CONMpPOTHBICHHA 10 CHX MOpP
LIMPOKO MCHOJB3YIOTCA B MajioraGapHTHEIX KOMOHHHPOBAHHBIX MpHOOpax — Tak
Ha3EIBAEMBIX Tecrepax. [Toka3aHus COBPEMEHHBIX NPHOOPOB OOBIYHO PErMCTpH-
DYIOTCS ¢ OMOLIEIO LH(POBRIX Tabno.

H3mepenue ¢ moMoLIbLI0 JIOroMeTpa

VYMEHEBIIUTE BIHIHWE WCTOUYHHKA MHTAHHA £ Ha TOYHOCTH M3MEpEHHS aKTHB-
HBIX CONMPOTHBJIEHHH MO3BOJIAET NMpPUMEHEHHe MArHHTO3NeKTpHYecKoro mpubopa
— Jn020Mempa, WHOTHA elle BCTpedaromerocs B abopaTtopHOH H3MEPHTENBHOM
npaKkTuke. YCTPOMCTBO M CXeMa BKJIIOYEHHS MarHHTOINEKTPHYECKOro JIOroMeTpa
npejcTaBieHs! Ha puc. 12.3.

JloroMeTp COCTOMT M3 [BYX JKECTKO CKPEIUIeHHBIX Mexmy cobolf paMmok, mo-
MeIIeHHBIX B HEPABHOMEPHOE IMoJIe MOCTOSHHOrO MarHuTa (puc. 12.3, g). Hepas-
HOMEpHOCTh MAarHATHOIO MOJ JOCTHraeTCs 3a CYeT CrelManbHOoH KoH(urypammy
NOMOCHBIX HAKOHEYHWKOB. HepaBHOMEpHBIM MONe HeNaeTcs Wid TOro, YToOHI
BpamaInie MOMEHTEHI, IPHIIOXKEHHBIE K paMKaM, 3aBHCE/IM HE TOJBKO OT TOKOB,
MPOTEKAIMIKX B paMKax, HO H OT NOJI0XKEHHA PaMOK B MATHHTHOM TIOJE, T.€.
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My=yy (@l My= @ (123)

rae I;, I, — TOKH, MpoTeKalomue B pamMkax; (o), \(0t) — 3HaYEeHHA TOTOKOCIIE-
IUTEHHH Mar"HuToB C CO-
OTBETCTBYIOIIMMH HM N S
pamMkamMu. Tax kak Bpa-
IAIOIIHe MOMEHTHI pa-

—_—
—~

MOK C NpOTEKAIOIIHM B + l I, { L
HHX TOKOM HaIlpaBJIeHbI B L T FE
TPOTHBOTIONIOXKHBIE  CTO- Ry | |Rx
pOHBI, TIONOKEHHE pas-
HOBECHS HACTYIIMT IIpH
ycnoBuu, korma M; = My;
a 0,
W@l = (o)l H, cre- i 4
JIOBAaTeNbHO, YIOm OT- Puc. 12.3. MarHuToaneKTpHIeCcKui JoroMeTp:
KIOHEHHS  MOABIIKHOH a — ycTpoHCTBO; 6 — CXeMa BKIIOHEHHS
CHCTEMBI ONPENEINTCS OTHOIIEHHEM TOKOB:
a=F(/L). (12.4)
Jins cxemsl Ha puc. 12.3, 6:
' E
A (12.5)
R, + Ry Rp +R,

rme R, — corrpomaneﬁm pamok; R, — 06pa3lioBoe CONPOTHBICHHE.
Taxum ofpa3oM, MOKa3aHHA JIOTOMETpAa MPaKTHYECKH HE 3aBHCAT OT xoneba-
HHAA HANpAXKEHUA NMUTaAHHA, TaK Kak

o :Fl:—%% . (12.6)

JluHelfHas 3aBHCHMOCTB MOKa3aHMI MO3BOJAET CO3/aBaTh NabopaTopHbIE JIO-
TOMETpbl C TOTPENIHOCTEI0 M3MEPEeHHH, He npessimatomeit 0,5 %. HedyeBcTBa-
TENLHOCTB JIOrOMETpa K Kojie0aHHAM HANPMKEHHA IMUTAHMA MO3BOJINA TAKKE
paspaGorare knacc MpHOOPOB, MUTAIOMIMXCA OT TEHEPaTopoOB, POTOP KOTOPBIX
BpANIAKOT BPYYHY!O. JTH NpHOOPE B HACTOAIIEE BPEMS PEMIKO HCIONB3YIOT A
ONpe/ieNeHHA CONPOTHBICHNA H30MAIMHH TeNe(OHHBIX CeTeit i Ha MPOM3BOJICTRE.

DneKTPOHHbIE OMMETPBI

CoBpEMEHHBIE 371eKMPOHHbIE OMMempyl AHAIOrOBOTO THMA BBIMONHAIOT HA
OCHOBe MHBEPTHpYIOIEro yomwmarens Ha OY, 0XBageHHOro OTpHIATENbHOM obpar-
HO# CBSI3bIO ¢ MOMOLIBIO H3MepAeMoro conpotusienns R, (puc. 12.4). Hanpmxe-
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HUE HA BBIXOJE YCHIMTE/A OMMETpPa HETPYOHO BEIMHCIMTE NO YiKe [PHBOAMMON
dopmyne:

R
=-U—X, (12.7)

UIIHK Rl

l'locmxy BBIXOJHOE HAIPDKEHHE B CXEME JIHHEHHO CBA3AHO C H3MEpPAEMBIM CO-
TpoTHRIEHHEM R,, TO mKana mpubopa
MOKET OBITE MpPOTPajyHpOBAaHA HEMO-
CPe[CTBEHHO B EIWHMIAX COMpPOTHBIE-
uua. Illkana momydaerca paBHOMepHON
B [IMPOKHX Mpelenax i NPaKTHIeCKH He
33aBHCHT OT BHEIIHMX (HABECHBIX) 3Me-
MeHTOB ycwmmrend. IlorpemmHocTn u3-
MEPEHHS TEKTPOHHBIX OMMETPOB 3Ha-
yuTeNEHsE (2...4) Y. Puc, 12.4. Cxema 3NEKTPOHHONO OMMETpa

B npubopax 1A usMepeHus 0co6o
OonbLINX CONMPOTHBNEHUH (mepaommempax) conpoTHBNeHUs R, U R, MeHsoTCA
MECTaMH, IPH 3TOM IlIKaia npubopa nomygaeTca o6paTHOi U HANPAKEHHE

B
o

X

Ugw =-U (12.8)
TMorpemrocTs H3MEpeHNs COMPOTHBIEHHI TepaoMmeTpaMu nocturaer 10 %.
BJIBI(TPDHHHB H3MEPHTEITH COUpDTHBJTEHH.ﬁ, NMOCTPOEHHBIE N0 TPHBEAEHHLIM

CXeMaM, MCIIOJIB3YIOTCS U H3MEPEHHS CONPOTHBNEHUH U Ha TIePEMEHHOM TOKE,

12.3. MocToBBIe H3MEPHTE/IH NAPAMETPOB 3/JIeMEHTOB

Jlnst u3aMepeHus NapaMeTpoB SJIEMEHTOB OJJIEKTPHYECKMX Lemedl MeToloM
CpPaBHEHHs IIMPOKO NMPHMEHAIOT MocTEl, CpaBHeHHe H3MepAeMO BeIUYHHBI (CO-
NPOTHUBJIEHHSA, HHIYKTMBHOCTH, EMKOCTH) ¢ 00pa3oBoii Mepoii npyu moMonm mMoc-
Ta B MPOLIECCE H3MEPEHUA MOXKET OCYHIECTBIATLCS BPYIHYIO WIM aBTOMaTHIECKH,
Ha MOCTOAHHOM WM NEPEMEHHOM TOKe. MoCTOBBIE CXEMBI 00NAfalOT BEICOKON
YYBCTBHTE/ILHOCTEIO, DOMBIIOH TOYHOCTHIO, IMTHPOKHM IHANA30HOM M3MEpPAEMBIX
3HAYeHUii MapamMeTpoB 3meMeHToB. Ha 0cHOBe MOCTOBBIX METO/IOB CTPOATCA Cpel-
CTBa U3MEPEHHUA, NIPEIHA3HAYEHHBIE KaK /11 H3MEpeHUA KakoH-mubo ool Benu-
YHHBI, TaK U YHHBEPCAILHBIE aHANOTOBBIE U LH(PORbIE MPHOOPEL.

CymecTByeT HECKONBKO Pa3sHOBHIAHOCTEH MOCTOBBIX CXeM M3MepeHus Mapa-
MeTpoB R, L, C Ha nepeMeHHOM TOKe: YeThIpexIUieuue, wecTnuiedne (IBoHHbIE),
YPaBHOBEIIEHHBIE, HEYPABHOBEIICHHBIE W MPOLICHTHbIE. YNpaBIeHUe ITHMH MOC-
TamMH MOXeET OBITh KaK py4HBIM, TaK H aBToMarndeckuM. Haubonbiee pacnpoctpa-
HEHHE MOJYYHIH CXEMEl YeThIPEXIUIEUYHX YPaBHOBEINEHHBIX MOCTOB (puc. 12.5).
O6obmennas CTPYKTYpHas CXeMa TAKOTO MOCTa NokaszaHa Ha puc. 12.5, a.
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a)

Puc. 12.5. CxeMbl 4eTHIPEXIIIEIHX MOCTOB:
a — obobmennan; 6 — 1A H3MEPEHUA AKTHBHEIX COMPOTHBIEHHH
ConpoTHBIEHHA YETHIPEXIUIEYEro MOCTa B 00MIEM CTydae HOCAT KOMIUIEKCHBIN
XapakTep:

21 = Z]ej‘pl H 22 = Zzeﬁpz 3 23 = Z3ejq,3 s 24 = Zdejq,q' y (129)

e Zy, Zy, Z3, Zy— MOIYNA KOMIUIEKCHBIX CONPOTHBIEHHH; @, Oy, @5 0, — HX

COOTBETCTRYIONIHE a3k,
VcroBus paBHOBECHSA YETHIPEXILIEYETO MOCTA ONPENENSIOTCS PaBEHCTBAMM:

Z2\Zy= 173 (12.10)
Pt 0= Pyt Qs (12.11)

Jlns BHIMONHEHHA 3THX YCIOBHH HeoOXOMMMO HajiMdie B IUIeYaX MOCTa JJe-
MEHTOB C perynupyeMbIMH mapamerpamu. JIna obecriedeHHs YCIOBHS paBEeHCTBa
ammumatyal (12.10) HanGonee ynoGHO MPUMEHATH ITAJIOHHOE PETYIUPYEMOE aKTHB-
HOE COMpoTHB/ICHHE. B kayecTse 31eMeHTa, 06eCeuHBaiOMEro YCIOBHE PABHOBE-
cust a3 (12.11), HCIONB3YIOT ITATIOHHBIA KOHIEHCATOP eMKOCTHIO C, ¢ MATBIMU

MOTEPAMH.
H3mepenne napaMeTpoB 3/1EMEHTOB HA NOCTOSIHHOM TOKe

CxeMa HeThIpeXIUIeYero YpaBHOBEMIEHHOTO MOCTa MOCTOSHHONO TOKA IS H3Me-
peHHil aKTHBHBIX CONPOTHR/ICHUI NMpeJIcTaBNeHa Ha puc. 12.5, 6. DnexTpoHHEIH WK
uudposoil Hyne-uHAHKaTop (HU) BKIMFOYaeTCs B TMATOHANL MOCTA, TOK B KOTOPOH
B MOMEHT M3MEPEeHHs M0JKEH OBITh YCTAHOBIEH PaBHBIM Hymo. CornacHo yc-
noBuio (12.10) mns pasHOBecHs MocTa He06XoaUMO, 4TOOB! BEINONHANIOCH pa-
BEHCTBO R,R, = R,R;, 0TKy/la HEH3BECTHOE CONMPOTHBIIEHHE MOXKHO BRIPA3HTE CJIe-

nyromen gopmyoit:
R
R, =R, 2. (12.12)
R,
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JUtst NOCTHXKEHMA PABHOBECHS YETHIPEXIUIEYEr0 MOCTA ¢ AKTHBHBIMH comnpo-
THRJICHUAMH JOCTATOYHO HMETh OIMH DeryiupyeMslli mapameTp (HampEMep, co-
NPOTHBJICHHE pe3ucTopa R,), Kak nokasaHo Ha puc. 12.5, 6. Ipenens: uamepsae-
MBIX CONIPOTHB/IEHHI U1 MOAOGHEIX MOCTOB cocTarnsior ot 107 o 107 Om. ITo-
TPEIIHOCTH H3MEPEHHA — OT COTRIX J0N1eH MPOLEHTa A0 HECKONBKHX MPOLIEHTOR B
3aBHCHMOCTH OT IMana3oHa H3MEepeHH .

Haumensime norpemsoCTH fexar B Ananasose wamepernii or 100 Om xo 100
¥OM. Tpu ManbIX M3MepAEMBIX CONPOTUBNEHHAX PE3HCTOPOB BKIAK B norpem-
HOCTE HM3MEPEHMA BHOCAT COTIPOTHBIECHHA COCJMHWTENBHBIX MPOBOLOB, NpPH
OONMBIIMX — COMPOTHB/IEHHA YTeqekK.

[Nokasannas Ha puc. 12.5, 6 cxema Moxer 6bits madposoi. Jlns 31oro perym-
PYEMBIH PE3UCTOP H3rOTABIMBAIOT B BHJE HAGOpa PANa CONPOTHB/EHHIL, BHINON-
HEHHBIX B COOTBETCTBHH C JIBOMMHO-JECATHYHBIM KoZoM. CONpOTHBIIEHHs M00Ye-
PEIHO BRIFOYAIOT B IUICY0 H3MEPHTEILHONO MOCTa [0 TeX MOp, MOKAa CXeMa He
ypasHoBecutca. ITonoxernne kmodeit xapakrepusyer co6oi kon H3MEpAEMOii Be-
JHYIHHEI, NOCTYNAIONIMI 3aTeM Ha UM(POBOE OTCYETHOE YCTPOIHCTBO.

H3mepenne nuIyKTHBHOCTH, J0GPOTHOCTH, EMKOCTH
H TAHTeHCa YI/Ia NOTeph MOCTAMH NEPEMEHHOr0 TOKa

Pan pacnpocTpaHeHHBIX CXeM MOCTOB Ha TepeMEHHOM TOKe UIA H3MepeHus
HHIYKTHBHOCTH H N0GPOTHOCTH KaTyllek NMpeACTaBIeHH Ha puc. 12.6. B Hux
HCTIONB3YIOTCA HCTOYHHKH TapMOHHYECKOrO TOKA C aMILTHTYAOH HanpskeHns U 1
YIJIOBOH 49acToToif ®. DTH YeTHIpexIUieyne MOCTH 0GecTe HBaloT HAHITYYLIYIO
CXOMMMOCTE (YPaBHOBEIIHBAHHE). DKBHBAJICHTHBIE CXEMbl 3aMEIICHUS IUIs Kary-
ek HHIYKTHBHOCTH ¢ MOTEPAMH MOTYT GbiTh MOCIIEOBATENLHBIMK WIH Napai-
JIC/IbHBIMH B 3aBHCHMOCTH OT NOTEPb, OTPAKEHHBIX aKTHBHBIM COTPOTHB/ICHHEM.

Puc. 12.6. CxeMbI MOCTOB A1 H3MEPEHAS HHAYKTHBHOCTEH
H MX 106poTHOCTEH ¢ 06PA3LIOBLIMHE JNEMEHTAMH:
a — KaTylkoif; 5 — KOHICHCATOPOM
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VYcnosue paBHOBeCHA MOCTA st CXeMbl puc. 12.6, a uMmeeT BUA:
R(R, +joL,) = Ry(R, +jaL,), (12.13)

e L, u R, — u3MepseMbie HHIYKTHBHOCTb H COIPOTHBIICHHE OMHYECKHMX TIOTEPH B
karyuike; L, # R;— 06pasiioBrie HHAYKTHBHOCTS H COTIPOTHRIICHHME.
IpupaBusB neHcTBUTENBHEIE H MHAMEIE YiieHbl Gopmyisl (12.13), nomydum:
L, =L,RJR;; R, =R;R/R, (12.14)

ITockombKy M3roTOBJIEHHE BBICOKOAOOPOTHBIX 00PA3LOBEIX KATYMIEK BBI3EIBAET
OMNpeIeNieHHbIe TPYAHOCTH, YacTO B KadecTBe 00pa3loBOi Mepsl B MOCTax Mepe-
MEHHOTO TOKa NpUMeHsAeTCs KoHneHcarop (puc. 12.6, 6). IInd 3Toi cXeMsl:

R, +joL, = RyR,(1/Rs+ joCy). (12.15)

Eciu npupaBHATS OTAENBHO B JAHHOM YDAaBHEHHH BELIECTBEHHYIO H MHUMYIO
9acTH, TOJTYYHM CIETYIONIHe BRIPAXKEHHA [T ONpe/ieNieHHs NapaMeTpOB KaTyIuKy
HHOYKTHBHOCTH:

R, = R,Ry/Ry; Li=CR.Ry (12.16)
JoBpoTHOCTB KaTymIKu
O, = oL, /R, = R,0C,. (12.17)

Jlis M3MepeHns eMKOCTH M TaHreHCa yIila MoTeph KOHIEHCATOPOB C JOCTATOYHO
Ma/IbIMH TIOTEPSMH MPUMEHAIOT MOCTOBYIO CXeMy, NMpeICTaRIeHHyI0 Ha puc. 12.7, a
(mocnenoBarensHoe coeHeHKe AMeMeHTOB C; M R,), @ ¢ GONBIIAME NOTEpAMHA — Ha
puc. 12.7, 6 (napamwiensHoe coeiHeHHe sneMeHToB Co i R,).

Venosue paBHOBeCH:A UL cXeMBI puc. 12.7, @ umeeT BuL;

Ry[R, + 1/(joC )] = Ry[Ry +1/(jaC )].

Puc. 12.7. Cxemsl MOCTOB /IS H3MEPEHHA EMKOCTH H TAHTEHCA YITIa [OTEPh:
a — C MAIBIMH MOTEPAMH; 6 — ¢ OonbIIMMH MOTEPAMA
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Paspenue 30ech BEIIECTBEHHYI0O W MHUMYIO YacTH, TOIYyYMM clieyromue
(opMyIIBI UL ONpeIeNeH: A NapaMeTpPoB KOHAeHCaTopa:

Co = ColtRs: R.=R,Ry/R,. (12.18)
Tanredc yria noreps KOHIEHCATOpa
tgd, = 0C R = 0CyR,. (12.19)

Jlns MocTa ¢ napasiensusv coemunenueM Ceu R, (puc. 12.7, 6) ycnosue pas-
HOBECHA 3aMUIIETCA KaK:

RR (1 +joCoRy) = R,Ry (1 + jaCyR,).

Orciona
Ce =C RJ/Ry; R.= R,Ry/R,. (12.20)
TaureHc yria noTeps KOHAEHCATOpa PH TIapa/UIENbHOA CXEME ero 3aMeIeHHs:
128, = W(0CR,) = 1{0CyR,). (12.21)

IMockonbKy YCIIOBHA YPaBHOBEIUMBAHHA MOCTA 3aBHCAT OT YACTOTHI, TO MOCTO-
BEIE CXEMbl M3MEpEHMs MpeJHa3HadeHbl 114 paboThl Ha ONHOH U3 ONPEAEIEHHBIX
gacTtor, Hanpumep: 50, 400, 1000 I'u.

VpasHOBEeNIHBaHHE CXEM MOCTUTAeTCsl MOOYEPENHBIM PEryIHpOBaHHEM Mepe-
MeHHBIX 06pa3OBLIX COMPOTHBIEHH WM EMKOCTEH. DTa Mpoleypa Ha3bIBAeTCA
mIaramu, a KOJIA9ecTBO MIAroB ONpelenseT CXOAMMOCTh MocTa. MocT ¢ xopouueii
CXOOMMOCTBIO MMeeT He Gosiee IATH LIaroB.

MOCTHI TIepeMEHHOr0 Toka paboratoT Ha Hu3kuX Yacrorax 500...5000 ['m. Tlpu
paboTe Ha MOBHIIIEHHBIX 9aCTOTaX MOTPEIIHOCTH H3MEPEHHs PE3KO BO3PACTAIOT.

TMorpemHoCTs H3MEPEHHH MOCTa MEPEMEHHOI0 TOKA ONpPEeJENAETCHA MOIrperHo-
CTAMM 3HaYEHMH 3EMEHTOB 00pa3yfoLMX MOCT, IEPEXOHBIX CONPOTHBICHHH KOH-
TAKTOB, YyBCTBHTEJBHOCTBIO CXeMbl M MHAMKaropa. MoCTbl NEPEMEHHOTO TOKA
foJIB1IIe YeM MOCTBI IOCTOSHHOIO TOKA MMOABEPKEHBI BIIMAHUIO MIOMEX H NaPa3sHTHBIX
cBA3eH MEXTY TUIeYaMH, [UIEYaMH ¥ 3eMieil, MocToM  oneparopoM. IToatomy, maxe
npH TINATENBHOM 3KPaHMPOBAHMM MOCTA W NPMHATHH JPYrHX MEp 3allUThl, M0-
IPEIIHOCTH MOCTOB TIEPEMEHHOT0 TOKa 6OolbIle, YeM MOrpelHOCTH MOCTOB MOCTO-
SITHHOTO TOKA. BhInyckaeMbie 0T€YECTBEHHON NPOMBILUIEHHOCTBIO YPABHOBEIICHHBIC
MOCTBI TIEPEMEHHOTO TOka 006eCIIeYMBAIOT NIOTPEIIHOCTL H3Meperud ot 0,5 10 5 %. -

12.4. PezoHaHcHbIE METOABI H3MEPEeHHS NAPAMETPOB 3JIeMEHTOB

Pe30HaHCHBIN METOJ M3MEPEHHA OCHOBLIBAETCA HA HACTPOWKE B PE30HAHC KO-
ne6aTeNsHOr0 KOHTYpa, COCTAaBIeHHOro M3 00pa3ioBoro W H3IMEPAEMOro 3/1eMEH-
TOB (MHIYKTHBHOCTEH WM eMKOCTei) ¥ OTpE/ieseHHH €ro Pe30HAHCHOH YacTOThL.
JTOT METO/ MPUMEHAETCA 1A W3MEPEeHUA MHIYKTUBHOCTEH M eMKOCTeH TOJBKO

361



Ha BBICOKMX 4acTOTaX, TaK KaKk B 00NAacTH HH3KWX HaCTOT Pe30HAHCHbIE ABIICHHA
NPOSABIAIOTCH HEJOCTATOYHO PE3KO, YTO HE MO3BOJAET MOMYYHTh BBICOKYIO TOY-
HOCTh H3MEPEHUA.

C moMoIIBI0 pe30HAHCHBIX CXEM OCYIIECTBIIOT W3MEPEHHE MyTeM 3aMele-
HHUS, IPH KOTOPOM OHMH U TOT Xe 3(¢eKT (HanpuMep, pe3oHaHC Ha (PHKCHPOBAH-
HOHW 4YacTOTe) MOBTOpAETCA IBAXIBI: MEPBEHIH pa3 — C H3IMEPAEMBIM 3JIEMEHTOM,
BTOpOH — ¢ Mepo#i ToM e Gu3nueckol IpHPoabl. 3a pe3yasTaT H3IMEPEHUS NpH-
HUMAIOT 3Ha4Y€HHe, PaBHOE BeJIHYHHE MephI NPH pe3oHaHce. Pe30HaHCHLIE CXEMBI
yAo6HBI TIPH TOYHBIX H3MEPEHHWAX OTHOCHTENEHO MallbIX 3HAYEHWH MHIYKTHBHO-
cTeill ¥ B3aUMHOH HHIYKTHBHOCTH, EMKOCTEH, TAHTEHCOB YITIOB NIOTEPE KOHAEHCa-
TOPOB U T.1.

Haubonee yHnBepcansHeIM MpHOOPOM IUIA H3MepeHHA NapaMeTpoB Lienei pe-
30HAHCHBIM METOJOM ABMAETCH kymemp (0T naTHHCKOH GykBbl O — XapaKTepH-
CTHKH [JOOPOTHOCTH KATYIIKM HHOYKTMBHOCTH), B KOTOPOM OCHOBHAsA H3MEpH-
TeNbHas LNk — MOC/IeI0BaTe/IbHBIN Pe30HAHCHBII KOHTYP.

VipomeHHas cTPYKTYpHas cxema KymMeTpa rnokasaHa Ha puc. 12.8.

Lx RLx

[enepamop 74 o @
e .

Puc. 12.8. VrpouiesHas CTpYKTYpHad CXeMa KyMeTpa

HcToaaukoM CHHYCOHIaJIbHEIX CHIHaJOB, MOJaBaeéMblX Ha IOCIEA0Ba-
TENbHBI PE30HAHCHBIH KOHTYp, ABNAETCA TeHEpaTop TOKa, Harpy)XeHHBIH Ha
Majioe akTHBHOE compoTusienue R, ~ 0,05 Om. YacTtoTa BEIXOAHEIX Koneba-
HHM reHepaTopa MOXKET H3MEHATHCA B IIMPOKHX MpejieniaX. YPOBEHb BXOAHOTO
CHIHAJIa HEOOGXOAWMO MOANEPKHUBATH MOCTOAHHBIM (4TO KOHTPONHPYETCHA IO
BoaeTMeTpY V1).

Ilpy wW3MepeHHH HWHIYKTHBHOCTH HCCIIENYEMYIO KaTYIIKy MOAKMIOYANOT K 3a-
xkmmaMm /-2. B 3ToM ciydae pe3oHaHCHbIH KOHTYp Oynmer ofpasoBaH KaTymIKo
H3MepAeMOi HHIYKTHBHOCTH L, ¢ aKTHBHBIMH NMOTEPAMH Ry, ¥ MEXBHTKOBOH eM-
KocTei0 ee mpoeonoB Cp,, a Takke NepecTpanBaeMoii 3TaloHHON emkocTeio C,.
Pe3oHaHC B KOHType Ha 3alaHHON 4YacTOTe HOCTHTAETCA M3MEHEHHWEM BEJIMYHHEI
emioctd C, 3TANOHHOTO KoHHeHcaropa. CocTodHHME pe3oHaHca KOHTypa ompene-
nseTcA 10 BONLTMETPY V2, oTrpalydpoBaHHOMY B 3Ha4eHUAX JOOPOTHOCTH (.
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H3amepeHne MHOYKTHBHOCTH L, ¢ Y4ETOM E€MKOCTH C‘Lx MPOM3BONAT Ha JBYX
PE30HAHCHBIX YaCTOTAX, KOTOPHIE MOMKHO BRIYHCIHTE CIEYIOUMM 00pasom:
= : s T = 1 s
21 [L,(C +C1,) 2m|L,(C;p +C1)

7 (12.22)

rae C,; u C,, — W3MepeHHbIe ITATOHHBIE EMKOCTH NPH YacTOTax fy; M f;, COOTBET-
CTBEHHO.

Ilycts cooTHOmEHWE 4acToT f; = Kfj,, rae koapouuuesT K — pemect-
BeHHOe 9mcno. Torja coBMecTHoe pemeHue ypasHeHm# (12.22) mossoiser
BEIYHCIIHTH paHee HEeW3BECTHBIE 3HAaYeHHA napaMeTpos L, uC L, 10 dbopmynam:

2

= f 2 : (12.23)
@) (C,, -Cyy)
= 3
C, = EQLESI_K_ (12-24)
LA' Kz L% 4

C NOMOMIBIO KyMETpPa MOKHO TaKXKe ONpENeNATh HEU3BECTHLIE NapaMeTpsl R,
C, tgdc, MOAKIIOYAs M3MEPAEMbIE PE3HCTOP WM KOHIEHCATOP K 3aKuMaM 3 — 4.

TMorpemHOCTH H3MepeHus kymeTpoM mapametpos L, C, tgde, R cocTaBmsioT
1...5 % B 3aBHCHMOCTH OT HCIO/Nb3yeMoH cXeMbl. IIpHaMHAMH MOABIEHHA 3THX
MOrpemHOCTEl MOTYT SBIATHCA: HECTaOMIBHOCTL NEHEPaTopa, Halliuue B KOHTYpe
TIOCTOPOHHET0 CONPOTHBIEHHS R,, HETOYHOCTh MIKAJIbI KOHIEHCATOpPa 3TAIOHHOH
eMKocTH C,, TIOTPEIIHOCTH H3MEpHTeNbHBIX Ipubopos V1, V2, NOrpeirHOCTE CIH-
ThIBaHMA MMOKA3aHUIA.,

12.5. udposbie npubOPHI A5 H3IMEPEHHSA NAPaAMETPOB 3JIeMEHTOB

Ludpoesie cpeicTBa W3MEPEeHHA NMApaMETPOB JJIEMEHTOB 3NEKTPUMECKHX Lie-
neif Yalie BCero MCrob3yIoT COYeTaHne aHaoroBoro npeobpasosarens, npeodpa-
3YIOIIEro OmnpejenieMblii napaMeTp 31eMEHTa B aKTHBHYIO BENMYUHY, H COOTBET-
cTByomiero uudpoeoro npubopa Mg H3MEPEHUA ITON BEJTMIHHbI.

OnHuM M3 METOJOB M3MEPEHHA CONPOTHBJICHHA, HHIYKTHBHOCTH M €MKOCTH
ABJIAETCA METOJ IPAMOro MpeoGpa3oBaHMs MX 3HAYEHMH B NPONOPLMOHAIbHBIN
HHTEpBal BPEMEHH M H3MEpPEHME 3TOTO HHTEpBajia MyTeM 3arOHEeHHA ero cqeT-
HLIMH MMITYJIBCAMH. DTOT METOA M3MEpEHWs Ha3bIBalOT MemodoM OUCKpemHOo20
cyema.

Bropoit cnioco6 mH(poBoro MIMEPEHHs NAapaMeTpoB 3NIEMEHTOB MCIOJB3YeT
ypaBHOBEIIMBAIOIIEe NMpeoOpa3oBaHHE COTPOTHBIIEHHS, HHIYKTHBHOCTA H E€MKO-
CTH, OCHOBaHHOE Ha CPABHEHHH H3MEPAEMOii BeJIMIHHBI ¢ 06pasLoBOi.
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MeTon JHCKPETHOIO cYeTa

IMpu mMeTOae NUCKPETHOrO CHeTa HCIONB3YIOTCA 3aKOHOMEPHOCTH anepuoiy-
YeCKOTro IPOLECCa, BOIHMKAIOWIETO NPH MONKIIOUEHAN 3apAeHHOTO KOHIEHCAaTo-
pa HIH KaTylIK# WHAYKTHBHOCTH ¢ NPOTeKAIOWIMM B Helf TOKOM K 06pa3moBoMy
pesuctopy. [Ipy u3MepeHHH aKTHBHOTO CONPOTHBIIEHHSA NPEMEHAIOT POLECe pas-
psna 06pa3snoBOro KOHAEHcaTopa Yepes HiMepseMbli Pe3HcTop.

W3MepeHHBIf HHTEpBal BpEMEHH OKa3biBaeTcs (YHKIIMOHAIBHO CBA3aHHBIM C
npeobpasyeMeiM nmapamerpoM. [JlaHHeie npeobpa3oBaTeNd OTIHYAIOTCA BBICOKOM
TOYHOCTBIO, OBICTpOAEHCTBHEM, TUHEHHOCTRIO (YHKIMK npeobpazoBaHud, ynobt-
HBIM 1715 npeobpasoBanus B LM¢poBOH KO BUAOM BBIXOQHOTO CHIHAIA.

Cxema mnpocreiimero npeobpaszoparensi CONPOTHBIEHWH, WHIYKTHBHOCTEH H
€MKOCTEH B HHTEPBaJl BpeMeHu (MepHo/l MeaHIpoBOro HANPSIKEHHMA) NOKa3aHa Ha
puc. 12.9, a.

+ : u
'_UO Unsx QTx + UU ______________________
+plo "“7 “""7'
0 v .
of NG
-pun| o N
_Uo t - T

Unx

0

[ |
e 1

a) ' ) 8)

Puc. 12.9. [Tpeobpaszopatens napaMeTpoB 31€MEHTOB B MHTEDBAJ BDEMEHH!
7
a — CXeMa, 6— H3MEPHTENBHBIE LIETNH, 8 — BPEMEHHEBIC THATPaAMMEBI

HUsmepurensHas uens (HL[) HHTErpupyiomero THIa ¢ MOCTOAHHOM BpeMeHH
1, = R,C, (wm RC,, wm L/R, — puc. 12.9,6) nuraercs BHIXOAHBIM Ha-
npsokeHreM onepaumonHoro yeunurens (OY), spmsmomerocs komnaparopom. Ilo-
pOT €ro cpaGaThIBAHMs 3aACTCA PEIUCTHBHBIM fenuTeneM R, i R, (ko duimen-
TOM TMepefiay Lenu MOoNoKuTeNnsHOH o6paTHON CBA3H). BpeMeHHEIE AMArpaMMbl
pabotsl mpeobpa3oBarens NapaMeTPOB IEMEHTOB IPHBEIeHb! Ha puc. 12.9, 6.

Tpu nonage ¢ Beixona OV ua UL B MOMEHT BpeMeHH f, Hanpsxerua U, npo-
UCXOIHT €r0 MHTErPHPOBAHWE M3MEPUTENbHOM Henkio. Hanpsmkenne Ha HHBEPTH-
pyiomem Bxone OY uMeeT CIeIyIONIyi0 aHaMTHYECKYIO 3aIHCh;

u(t) = U(1 + B)(1 — €)= BU, (12.25)
rae B = R,/(R, + R;) — xo3punmenT nepenain uemu nonoxurensuo OC.
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Tlpu mocTwieruu 31o¥ (ynkumeii moporosoro 3xaueHus +B U, (MOMEHT Bpe-
MEHH f,) KOMITapaTop cpabaTeiBaeT U H3MEHAET Ha BBIXOJE 3HAK Hanpsxenus U, Ha
MPOTHBOIOIOKHBIH. MOXHO 1M0Ka3aTh, YTO HHTEPBAJl HHTETPUPOBAHIA

Tt ty =l 2P (12.26)
a-p)

Ha cnepyromem untepsane spemenu T, = ¢, — f, IPOHCXOAHT (OPMHPOBaHHE pas-
BepTHIBAONIEH (YHKIMN C MPOTHBOIMONOKHEIM 3HAKOM NMPOM3BOAHON. OYeBHIHO, YTO
TIPH PABEHCTBE 3HAYEHUH MONOKUTENHHOTO H OTPHIIATEEHONO MOPOroB CpabaThiBaHMUsA
| +BU, | =|-BU, |, uarepsanst 7| u T, paBHeL [1p 370M NEPHOJ HANPSDKEHHS HA BBIXO-
ne OV onpenensercs BEIpOKeHHEM '

T,=T,+ T, = 25,ln L2 (12.27)
(1-B)

DTOT HHTEPBAN U3MePAeTCA UU(POBEIM H3MEPHTEIEM HHTEPBAJIOB (MIJIH YacTO-
ToMepom). Pesynsrar uameperus nepuona 7, NpoNopUMOHANEH 3HAYCHHIO OMpe-
nensiemoro napamerpa R, (unu C,, win L,).

B kauecTse npuMepa Ha puc. 12.10 mokasaHa CTPYKTypHas cxema HHdpoBoro
M3MEpHTENA eMKOCTH U COMPOTUBIIEHNA, pealH3yIoas MeTo/l IMCKPETHOrO CYeTa,
a Ha puc. 12.11 — BpeMeHHbIe MArpaMMBl K CXEME.

Ynpasraoujee
ycmpoticmao R
—
Rl + Kﬂl/i- 1 3
- E 21 Ue |\ Vempoticmeo Uye Ur| Crema Uon | Cyemuuc
R, {ET: | cpaanenun Tpuzeep [ coanadenus| ™ |umnyascos
R ) A
A i Ur Tenepamop
UMPTYAbCO8

Puc. 12.10. I{ndposoii u3MepHUTEIh EMKOCTH H CONIPOTHBIIEHHA

IMepen u3Mepennem emMkocTH kmod Kn (puc.12.10) ycTaHaBmMBaoOT B HOIOKE-
anu | u xoHpmeHcarop C, 3apsikaeTcs 4Yepe3 OrpaHMYHTENIBHBIN pe3nctop R, no
3HaYeHus cTabHIM3MPOBAHHOIO HCTOYHHKA HATpKeHHA £,

B MoMeHT Hayana u3mepeHns eMkoctd !, (puc. 12.11, q) ynpaenaomee ycT-
POHCTBO MMIYJBCOM YNpPABIEHHS MepeknoyaeT TpUITep M3 coctogHua 0 B co-
CTOAHHE 1, OYHMIIAET MpEeABIAYIINE MOKA3aHHUA CYETYNKA MMITYIECOB U EPEBOIUT
wiod Kn B nonoxenue 2. M3mepsemsiif koHaeHcatop C, HAUMHAET pa3psDKATBCA
depe3 00pa3uoBkIfi pe3ncTOp R 5, MO SKCIIOHEHIHANBHOMY 3aKOHY (puc. 12.11, 6),
KOTOPBEIif OMUCHIBAETCA YPABHEHHEM:

U = Be™-)s, : (12.28)
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Uie e T = Ry,C; — mocto-
a) 0 2 - AHHASA BPEMEHH LEMH pas-
Ul ik pala KOHJIeHCaTopa.

E B MomeHT Bpemenw ¢,
Uk eIUHHIHBIH uMnynse U, ¢
0) gy BBIXOJA TPHITEPA OTKPHI-
. h b sk BAET CXEMY COBHAACHHA M
g U \ CYETYHK HAYMHAET CYeT
0 - TAaKTOBBIX MMITY/ILCOB Te-
U . HEpaTopa, CHENYIOMMX C

B3 L) HEKOTOPO# 4acTOTOH f,
0 T = Hanpsxenwe U, nona-
U, N _ i eTci Ha ONMH M3 BXOJOB
b) l T YCTpoiicTBa CpaBHEHHS, KO
0 7 BTOPOMY BXOAy KOTOPOIo

. . TIONBOAMTCH HaNpsDKEHHE C
Puc. 12.11. Bpemennsle nuarpammsi k puc. 12.10:

a — MMIYNBCE! YNpaBfieHus; 6 ¢ paspana o v e
= yn ; 6 — mpotec

KOHJEHCATOpa; § — CHTHAM Ha Bhixoae YC; pe3ucTopos R, u R,. 310
2 — CHIHAI TPUITEPa; d — HMIYIBCH HA BXOJE CYETUHKA HanpsyKeHHe onpelesseTcs

CIEOYIOIIHM BBIPaXKEHHEM
R
Up = E—2—, (12.29)
Ry +R,

Conporusnenust R, u R, BoiGupaioT Tak, 4To6kl pH paspane KOHIEHcaTopd
yMeHbINaomeecs Hanpskerne Uy N0 UCTEYEHHH BPEMEHH T CTAN0 PABHBIM Ha-
TIPSDKEHHIO MpH paspsine Uz. B MOMEHT £, KOTIa CpaBHUBAIOTCS 3TH HANPSKEHHU,
Ha BBIXOJIE YCTPOWCTBA CpaBHEHHMA BO3HHKaeT MMmynbc Uy, MepeKImodarommii
TPHUITEP B HCXOIHOE COCTOAHME, PH KOTOPOM 3alHUM (poHTOM ero uMmynsca U,
3aKpBIBAETCA CXEMa COBMNAJECHHA, H CYETYHK MPEKPAIIAET CYET TAKTOBEIX HMITYIlh-
coB (puc. 12.11, 6 - 9).

Iockonsky npu ¢ = t, Hanpsxenua Uz = Ug HT=1t,—1;, TO

ST S - (12:30)
R +R,

Koo o ot s 1
R +R, 2,718
Hanpsokenue Uy, cHUMaeMoe ¢ nenutens R,, R,, AMEET ONpe/IeNeHHOe 3Hade-
uue (Ug= 0,368E), uTo mocTHTaeTcs moAGOpPOM COMPOTHBIEHHI €10 Pe3HCTOpOR.
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3a uHTEpBAN BpeMEHH T = R 5, C; HA CIETYHK NOCTYNAET YUCIO HMITYILCOB
N=f1, (12.32)

e f— YacToTa CleJOBaHUA CUETHBIX HMITYNIbCOB.
Tak kaK T = Ryg,Cs, TO 1pH (MKCHPOBAHHBIX 3HAYEHMAX HACTOTHI f M COIpO-
THBICHHA R 5,

Cy= N/(fRo,) = NIK,, (12.33)

rie koapduument K, = f R .

Cornacso (12.33), BendguHa H3MEPAEMON €MKOCTH NPAMO MPONOPUHOHATEHA
YHCITy HMIYIBCOB N, MOCTYNHBUIMX HA CHETYHK,

Haymrawe obpasiosoro konaeHcaropa Cog, NMO3BOJIAET aHAJOTHIHBIM ofpazom
H3MEPHUTH CONMPOTHBIIEHHE PE3HCTOPA;

Re= N/(fCyp) = NIKy, (12.34)

rae ko3dduiment K,= fCq.

[ludpossie H3MepHUTENbHEIE MPHOOPH!, MOCTPOEHHBIE N0 METOLY AMCKPETHOrO
cyeTa, TOMy4M/TH MIMPOKOe PacmpoCTpaHEHHE NMPH W3MEPEeHHH NapaMeTpOoB SJIeK-
Tpudeckux uenei. K nocToMHCTBAM METO/IA ClIEIYET OTHECTH, IIPeXk e BCEro, A0C-
TATOYHO BBICOKYIO TOYHOCTH M3MepeHHi. [lorpemHocTh M3MepeHui LH(POBEIM
metonom cocrasmsier 0,1...0,2 % ¥ 3aBHCHT B OCHOBHOM OT HECTaOMJILHOCTH CO-
MPOTHBIEHHH Pe3NUCTOPOB R, R, R, nu xonaencaropa Cog, HecTaOHIbHOCTH
9aCTOTHI f TeHEepaTopa CYETHBIX MMITYJIBCOB, a TakKe HETOYHOCTH CpabaThiBaHHA
ycTpoiicTsa cpaBHeHus. K HemocTaTkaM TakuX NpHGOPOB MOXHO OTHECTH TpPYI-
HOCTh M3MEPEHMS NIapaMeTpoB Ha paboyei yacToTe.

H3smepeHue napamMeTpos 3/IEMEHTOB MeTOAOM
ypaBHOBeLINBAIOLIEero npeodpa3oBanus

Hapamy ¢ MeToiaMH NpsMoro npeobpasoBanis (TMCKPETHOTO cdeTa) B Npak-
THKE HCHOJb3YIOTCSA TAKKE METOIb! YPABHOBEIIHBAIOIIETO NpeodpasoBaHus H3Me-
pAEMBIX 3HAYEHMN COMPOTHBICHHA, HHIYKTMBHOCTH H €MKOCTH, OCHOBAHHBIC Ha
CpaBHEHHMH W3MepAeMOil BeIHYHHB! ¢ 00pasioBoit. CpaBHeHHe H3MepAeMOii Be/lH-
q9uHBI ¢ 00pa3noBoif Yalle BCero OCYMECTBIACTCA MyTeM YPaBHOBEIIMBAHHA MOC-
TOBOM M3MEPUTENBHOM 1IeNH, B OHO W3 IUIeY KOTOPOH BKIIOYAETCA HCCIeayeMBIH
ABYXTIOMIOCHHMK. B CMEXHOE IUIeY0 MOCTa BKIIOYaeTCs OOpa3LOBBIH INEMEHT,
npeacTaBnsiommMit  coGoi Habop KBaHTOBaHHBIX OOpasLOBHIX Mep, COOTBET-
CTBYIOILHMX BECOBBIM K03(HUUHMEHTaM Pa3pAI0B HCIIONb3YEMOTO LHPPOBOro Koza.
V3MeHeHMeM MapameTpoB 06pasoBOro ABYXIOMOCHHKA N0GHBAIOTCA PAaBeHCTBA
HYJIIO HANPSYKEHHA B M3MEPHTEIBHOM JIHATOHAIH.

JocTonHcTBamMu mA(POBBIX W3MEpHTENel ARIAIOTCS BHICOKAA TOYHOCTh M IIHPO-
kil IMHAMIYecKuit apanasoH. K MX HeJOCTAaTKaM OTHOCHTCSA JOCTATOYHO HH3KOE Obl-
CTpoAeHCTBHE.
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Ha puc. 12.12 nokazana cTpyKTypHasd cxema IH(pOBOro MocTa MOCTOAHHOIO TOKa
YPaBHOBEINHMBAIOLIETO THMIA /i1 H3MEePEHHUs aKTHBHOIO CONPOTHRIIEHHS PE3UCTOPa W
JPYTOro 3JIEMEHTa C OMHYIECKMMH MOTePAMH.

R| R
Hi “| YC | YV [q= OOY

R TKCl=

Puc. 12.12. CrpykrypHas cxeMa uudpoBoro Mocra
TMOCTOAHHOIO TOKA YPABHOBEIIHBAIOLIEr0 THIIA

Hamepsemsrit pesuctop R,, 06pasioBsle pe3uctopsl R, U R, 1 npeobpasosaresb ko-
na B conpotuBnente (ITKC) obpasyror MOCT, KOTOpPBIH MUTAETCsi HCTOYHHKOM II0CTO-
srHoro Hanpspkerus (UIT). Pasbananc Mocta (UKCcHpyercss yCTPOHCTBOM CpaBHEHHH
(YC). Verpoiicteo ynpasnerus (YY) aHamM3HpyeT BeIxogHo curHan YC u B 3aBHCH-
MOCTH OT €r0 3HaKa yBeJIMMMBaeT WIN yMeHbIIaeT u@poBoit kon N, BeigaBaeMblil Ha
IIKC. VpaeHOBeIIMBaHHE NPOM3BOMUTCA IO TEX MOP, MOKA HANPSHKEHHE B BBIXOMHOM
IMATOHATH MOCTa He CTAHET MeHbIIe Topora YyecTeuTenbHocTH YC. Tlpn 310M H3MeE-
PAEMOE COTPOTHRIIEHHE

Re= R\Ruye /Ry = ke N Ry/R;, (12.35)

rae Ryge — conporupnenne IKC; ke = Ryye /N — ko3 pummenT npeobpasosa-
Hua [TKC.,

Kak cnenyer u3 dopmynsr (12.35), pesynerar usmepenus (on dukcupyercs uud-
POBBIM OTCYETHBIM ycTpoiicTBoM — LIOY) He 3aBUCHT OT HANMPSIKEHUA MHTAHMS.

IMpenens! u3MepeHus MOAOHUPAIOT ITyTeM H3MEHEHMA OTHOIIEHHA CONPOTHRBIIE-
HHH pe3ncTopoB R, U R, uenu monoxutenbHoi obparHo# ceazu. IorpemHocTs
H3MEpeHHs OnpeaenseTcs cTabuIbHOCTEIO CONPOTHBIEHH 00pasIOBBIX PE3HCTO-
poB R, u R, u TounocTeio TTKC.

Ludpossie MOCTEI TOCTOSHHOTO TOKa YPAaBHOBELIMBAIOLIETO THIA 06ecnevunBa-
10T MOTPelHOCTh H3MepeHus napamerpos okoso 0,01 % u mo3TomMy MHPOKO MC-
NOJB3YIOTCS VISl TOUHOrO H3MEPEHUS aKTHBHOTO CONPOTHBIIEHHSA PE3HUCTOPOB.

Bonee cnoXHBEIMH MO CTPYKTYpe IMOCTPOEHHUS ABJIAIOTCA MOCTHI NIEPEMEHHOTO
TOKa, TpeJHa3HAYCHHbIE U1 H3MEPEHHH KOMIUIEKCHOIO CONpPOTHRIICHHS, HHIYK-
THUBHOCTH M €MKOCTH NPH ompe/esieHHo i GUKCHpoBaHHOH JacToTe (00BIYHO OKOJIO
1 xI'u). DT MOCTHI BBITIONHAIOT YPaBHOBEIIMBAHHE MO [BYM MapameTpaM, T.e.
TPOM3BOJAT pa3feNbHOE H He3aBHCHMMOE YPaBHOBENIMBAHHE JBYX COCTABJIAOIIMX
KOMIUIEKCHOTO CONPOTHBIEHHS Z,.
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Iudpoebie apTOMATHYECKHE IPHGOPEI ¢ MUKPONPOLECCOPOM

B nupoBEIX aBTOMaTHYeCKHX NpHOOpax MiA H3MEPEHHs CONPOTHRICHHA, HH-~
JYKTHBHOCTH M €MKOCTH IIMPOKO MCIIONB3YIOTCS METO/Ibl, CBSI3aHHbIE C Mpeobpa-
30BaHHEM HM3MEPAEMOro napaMeTpa B HanpaKeHUE WIH TOK, 9acToTy WIH HHTED-
BaJ1 BPEMEHH, 4 TAKKE METObI HA OCHOBE MOCTOBBIX M KOMIIEHCAIMOHHBIX CXEM.

HawuGosnpliee pacnpocTpaHeHye NOTYy9HIH HM(POBbIE aBTOMATHYeCKHe MpH-
60opbl ¢ MEKPOIPOLIECCOPOM, BBITIOHEHHBIE [0 CXEMaM C MCIIOJIb30BAHHEM YPaB-
HOBENIEHHBIX MOCTOB. YpaBHOBELIMBAHHE OCYIUECTBIAETCS aBTOMaTHYECKHM pe-
IYIMPOBAHHEM JBYX OPraHOB MOCTA (W1l KaXKIOTO M3 M3MepAEMBIX NapamMeTpoB).
VrpoleHHas CTPYKTypHasi cXeMa IH()POBOTO aBTOMATHYECKOTO H3MEPHTENA KOM-
TUIEKCHOIO CONMPOTHBJIEHHS ¢ MUKPOMPOLIECCOPOM MpHBe/ieHa Ha puc. 12.13.

Pesepcusrmiii
Wi mﬂguac r:uemurrc AC
emerm 7 Y
Uac I 4 Usnac
Murponpoyeccop U;
c makmoguiM | J@uﬁurgfﬁ:ﬁ:ﬂgﬁ;ﬂﬂa :{; P Mocm - | HOY
2enepamopom [~ P ¥
A
Urc Dazo6biil gonPC |
™1 demexmop PC [™ =
.| Peeepcuanniil
cuemyuyx PC

Puc. 12.13. VnpouweHsHas cTpyKTypHas cxema Iu(poBOro aBTOMaTHieckoro
HIMEPHUTENA KOMIIIEKCHOTO COMPOTHR/IEHHA ¢ MHKPOTIPOLIECCOPOM

B ocHOBe AaHHONO crnoco6a W3MepeHus NapamMeTpoB ueneil MdpoBEIM MpH-
G0pOoM JIeKHT MOCTOBOH MeTox ¢ (ha304yBCTBHTENBHBIMY ACTEKTOPAMH YPaBHO-
selIMBaHMsA. [THTaHHE MOCTOBOM CXeMBl OCYIIECTBIAETCA OT reHeparopa mepe-
MEHHOI0 HanpsKeHus (Ha PUCYHKE [UIA YIPOLIEHHs He TT0Ka3aH).

MUKPOTIPOLIECCOP C BCTPOEHHBIM TAKTOBBIM €HEPATOPOM ONPEIe/IeHHOM Yac-
TOTHI BHIIONHAET BCe (PYHKUMM YIpaBlIeHns W3MepHTensHbIM npoueccom. Hanps-
KeHHe pasGananca Mocta U, Hepe3 ycwIMTeNlb CHrHaNIA pasbananca MocTynaer Ha
Bxomel (pasoBeix meTekropoB akTuBHOM AC u peakTnBHOH PC cocTaBnsiOmux.
OnopHbie HANpsyKeHHs (a3oBhIX JeTeKTOPoB U, - B U, pc CHUMAIOTCA € MOCTO-
Boit cxemel. C ()a30BBIX IETEKTOPOB HaNpsokeHHE paibananca mojaeTcs Ha peBep-
CHBHBIE CUETYHKH, .ynpammon;ne COCTOAHHEM OpPTaHOB YpaBHOBEIIHABAHHA MOC-
TOBO#I CXEMBI, ¥ HA MUKPONIPOLIECCOP, 3afalomuii curianaMu Uye i Upe CKOPOCTD
c4eTa COOTBETCTBYIOIIUX PEBEPCHBHBIX CHETIHKOB.

Hanpagsienue cueta peBepCHBHBIX CIETUMKOB ONPENIENAETCS 3HAKOM HampsKe-
uus paszbananca (asoBsiX JETEKTOPOB, CKOPOCTb CYETd — 3HA4YEHWEM STOr0 Ha-
npsokenns, M3MeHeHrne COCTOAHHS CIeTYHKa, BHI3BAHHOE MMPUXOIOM Ha MOCT Kax-
I0r0 TAaKTOBOTO MMIIybca U, TAKTOBOrO IeHEparTopa, MPHBOINHMT K H3MEHCHHIO
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3HAYEHWA PErynupylolero napaMeTpa Ha ONHY EQMHMIY MITalmIero paspsia.
OnopHbie HaNpsKeHHs (asoBBIX JETEKTOPOB BEIGHPAKOTCA TAKMMH, 9TO CHTHANbI,
BRIpabaThiBacMbie UMM, OMPEENIIOTCS OTKIOHEHWEM OpPraHa YIpPaBIeHHS OT CO-
CTOAHMSA PaBHOBECHA: CHTHA/I OIHOTO IETEKTOpPA OTKIOHEHHEM 110 AaKTHMBHOI Co-
crapnmonieli AC, cHrHaN Ipyroro — 1o peakTHBHOH coctasisomeit PC. Yrpas-
JIEHHE MOCTOM OCYILECTBJIAETCA CHrHANoM U, MHKpOTIpolieccopa.

Tlo mepe npuGmDKeHUA K COCTOAHUIO GaaHca MOCTa HanpskeHHe pasbananca
YMEHBINASTCSA, BCIEACTBUE 4Yero 3aMeIAeTCs CKOPOCTh €ro ypaBHOBEUIHBAHHS.
[pu mocTHKEeHUH COCTOAHHSA PAaBHOBECHS MOCTOBOM CXeMBI TMCKDETHOE YPaBHO-
BCLIMBAHHE MPEKPALIAeTCs W PEe3yIbTaThl M3MEPeHHS MOCTYHAIT Ha UHU(PPOBEIE
orcdeTHsle yeTpoiictea (LIOV).

Mukponpoueccop ocymecTBiIseT caMOKauGpOBKy NpuOOpa Mepen Hadanom
M3MEPCHHH, H yTHTBIBAeT BIMAHNE BHEMIHMX YCIOBHH HA TOYHOCTh H3MEPEHHI.

12.6. Msmepenue aMIUTHTYIHO-HACTOTHBIX XapaKTePHCTHK

Kak yxe oT™Medanocs, B paiHoTeXHHKe MHAPOKO PACIPOCTPaHEeHBI TMHEHHbIE
YETBIPEXTIOMIOCHUKH. WX BaHeimeld XapakTepHCTHKON ABJIAETCA YACTOTHBIH
K03 PHIMERT Tiepeauy (dammie NpocTo koaghduyuenm nepedauu). Kosdduument
Nepejayy ONpene/AioT Kak OTHOIICHHE KOMIUTIEKCHBIX AMIUIMTYX BBIXOAHOIO
Upix(j©) = Upgx 1 Bx0HOT0 Uy (j) = U, rapMOHHYECKAX HANPKEHHIA OXHON ¥
TOM K€ YacTOThI M:

U y
K(jo)=K(o)= TJM = K(w)e’*™. (12.36)
BX
Mogyne K(w) Ha3bBalOT aMm- X
TUIATY HO-9aCTOTHOM Xapak- y 5
TepucTHKOW  (AUX); aprymenr
¢(w) — dasouacroTHON xa-

pakrepuctuxkoii (DPUX) uwersipex-
nomocHuka. Kak npaeBuno, AYX
HMEET OJMH MakcuMyMm, a PUYX
M3MEHAETCA MOHOTOHHO B 3aBHCH-
MOCTH OT 4acToTsl (puc. 12.14, a,6).

B ofnactiH HekoTOpO#l MONOCH
YAaCTOT OTKIMK JIMHEHHOr0 4YeTHI-
PEXIIONIOCHHKA HAa BXOJHOE BO3-

a)

A

JIeHCTBHE HAYHHAET YMEHBIUATHCA, 9

B CBA3M € 3THM HCHONB3YIOT MOHSA-

THE noaocet nponyckanusa (paboyeil Puc. 12.14. XapakrepucTuku
nonocel) — OONACTH 4YACTOT, TAE YETHIPEXTIOMOCHHKA!

Momynb kod(duumenta mepenaun EEARRe S
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K(w) cTaHOBHTCA He MeHee I/ \E CBOEro MakcuMaibHoro sHauenus. HaubGonee

#e ynobeH npu MpakTUYEeCKHX pacuyeTax HOPMMpPOBAHHBIH MoIyb Ko3dduineHTa
nepenaud K/K i, MAKCHMaIbEHAA BEIMYMHA KOTOPOTO paBHA efMHHLE, 3HAYEHHE

}/ J_ = 0,707, no KOTOpPOMY ONpENENAOT MOJNOCY NMPOMYCKaHHA JIMHEHHOH Heny,

BBEJIEHO He cirydaiiHo. Jleno B TOM, YTO Ha IPaHMIEX MOJOCHI MPOIYCKAHHUA MO-
ayab Ko3(dHuIHenHTa nepenayl mo MOIIHOCTH, PABHbIH OTHOIIEHHIO BBIXOJHON H
SXO/THO MOIITHOCTEH, YMEHBIIAETCA B JBd pasa.

Ha puc. 12.14, g nonoca npomnyckaHus JTHHEHHOrO YETHIPEXITOMOCHUKA 3a-
KT0YeHa B 00NaCTH OT HUdiCHEN My, 10 8epXHell s TACTOTHI H MOITOMY €€ IMHPHHA
cocTaBisfeT Awy = M, — Oy [IpH NpakTHUECKUX pacyeTax MoJB3YIOTCA HE Kpyro-
80#, a yuxnuveckou vactoTod f = w/(2n). B 3ToM cirydae mojoca MpoIyCKaHusS
JHHEHHOTO YeTEIPEXNOMOCHHKA!

Ao =fo =t (12.37)

rae f — BepXHsd, a f,, — HIDKHAA TPaHUYHbIE MKIHIEeCKHE YacTOThL.

ITpubopsl JUid HccnelOBaHHMA aMIUIMTYIHO-4aCTOTHBIX XapaKTepHCTHK
00BIYHO TO3BOMAIOT CHUMATE KPHBYIO 3aBHCHMOCTH AMIUTUTY Bl HATIPSKEHUS Ha
BLIXOMIE IIETH OT YaCTOTEl CHHYCOMIANBHOIO HANpMKEHNA Ha BXOAE MPH MOCTO-
sHHOH ero ammmuryze. [Ipu m3mepenny (a309acTOTHBIX XapaKTEPHCTHK OIpe-
AeNAI0T HacTOTHYIO 3aBHCHMOCTh PA3HOCTH (ha3 MEXIY CHHYCOMAAIbHBIMH Ha-
NpsHKeHWAMH Ha BBIXOMIE M BXOJE HcclemyeMoro ycrpolictsa. I[IpoussonHyio oT
@YX no yrioBo# 4acToTe Ha3BIBAIOT YaCTOTHOM XapaKTepHCTHKO# epynnoeozo
speMeHU 3ana30bl8anus.

Tlpu KCNepUMEHTANBHBIX HCCIIEI0BAHMAX Yallle Beero TpedyeTcs onpeeNnTs
AUX 4eTHIpeXTOMOCHHKOB. JT0 0OBACHASTCA ClemylommMu nprunHaMa. AYX
HATJBIAHO OTpaXkaeT CBOMCTBA LENH B 3aJaHHOM [HANMA30HE YacToT, €& MOKHO
MOy HTh, UCIIONB3YsA CTaHAapTHEIE H3MepHTeNbHbIe npubopsl. Kpome Toro, mist
MHHUMATEHO-(Pa30BeIX Lenelt — KoneGaTensHBIX KOHTYPOB, (HIBTPOB, JUHEH-
HBIX YCHIHTeNel M IPYrHX YCTpONCTB, B KOTOPBIX OTCYTCTBYIOT IEPEKPECTHBIE
CBA3H, — CYIIECTBYET ONHO3HAYHOE COOTBETCTBHE MEKIY YAaCTOTHBIMHM XapaKTe-
PHCTHKaMH, BeneacTsre Yero OUX MoxHO BRIYHCIATL No cHATOH AUX. Kcratu
OTMETHM, YTO K HEMHHHMAalbHO-(a30BEIM IIEMAM OTHOCATCH MOCTOBBIE CXEMBI.
[TpakTHYecKH NpH HAcTpoiike MHHAMANBHO-(a30BHIX lieneil J0CcTaTOYHO obecne-
quTe 3amaHHylo (opmy ux AYX. Tlpm stom OyayT nosydeHsl BIIOJHE ONpe-
nenenHsle @UX H XapakTepHCTHKa TPYIIIOBOrO BPEMEHH 3ana3bIBaHuA.

CtpyKTypHBI€e cxeMbl H3MepuTeaeii AUX

TMpubopsr a1 HccnenoBaHH) aMIUTNTYXHO-4aCTOTHBIX XapPaKTEPUCTHK JIMHEH-
HBIX leneif U ycTpolcTB HasbiBaloT HiMepHurenamMu AYX. HMx mupoko ucrmosk3y-
0T B JIaDOPaTOPHBIX M NPOM3BOACTBEHHBIX YCJAOBHAX /Uil HACTPOMKH H KOHTPONA
paaMoanmnapaTypsl. '
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CrpykTypHas cxema s usMepeans AUX npusesnena Ha puc. 12.15, a. ua-
1a30HHEIA TeHEPaTOp rapMOHHYECKHX KosieGaHui nepecTpauBamoT B HCCIIEAYEMOM
nuanazone 9actoT. AUX, Wiy 3aBHCHMOCTB aMIUIMTY Ikl BBIXOJHOTO HANpPMKEHHA
uccaenyeMoll Lemu OT 9acToThl (MPH MOCTOSHHOH aMmIUTHTy[de HanpsKeHHs Ha
BXOZig), CHUMAIOT ¢ MOMOIIBIO HHA(PPOBOro BOJIBTMETPA IO TOYKAM MPH MOCIEN0-
BaTeNbHON HACTPOIHKe reéHepaTopa Ha YacToTHl fi, fr, /5 U T. A. Ilo pesynpTaTam
u3Mepenui rpadugecku crpost ekomyro AYX (puc. 12.15, 6).

PaccmoTpernbiii croco6 goctaTouHo TpyaoeMok. Kpome Toro, Moryt ObiTh
yiylieHsl u3meHeHns AUX B nmpoMexyTKax Mexay ToukaMu H3Mepenui. Hemoc-
TATKH 3TOr0 crnocoba ocoOeHHO 3aMeTHBI MpH HAcTPOHKE paguOTEeXHHYECKMX
CXEM, Korga Mmocjie KaKIoro u3MeHeHHsA 2JIEMEHTOB CXEMBI BCHO MpOLEAYyPY CHA-
THA AUX npuUXoauTcs MOBTOPAT.

g AUX

| Huanasounnii| | Heenedyemas Hugposoii
I 2enepamop yens golbmmemp

I f fe.
a) 6)

Puc. 12.15. K metoay custus AUX mo Touxam:
a — CTpYKTypHas cxema; 6 — rpadudeckoe noctpoenne AYX

0

¥

B HacTosee BpeMms NPHMEHEHHE HAXOAAT NMaHOpaMHble M3MepuTenn AYX,
NOCTPOEHHbIE HAa OCHOBE TeHEpaTopa kadaiomeifcs 4acToTsl ¥ LM(pPoBoi cxemsl
yIpaBieHHs ¥ HACTPOMKH M 3NEKTPOHHO-TYYEBOr0 WA COBPEMEHHOrO AMCILIes.
Mo npuuiMITy AeficTBHA MaHopamHbie ua3mMepuTenn AYX 61u3KH K reTepOAHHHBIM
aHanu3aTopam cnektpa (cM. pazmen 11.5; puc. 11.4). Oqnako MexIy 3THMH TpH-
GopaMi UMEIOTCA U PA3NIMHKsA, CBA3AHHBIE C TEM, YTO aHAM3ATOPHI CTIEKTPa Mpef-
Ha3HAyYeHsl [ M3MEPEHHs NapaMeTpoOB CHIHANOB, a MaMepuTemu AYUX cmyxar
ISt ICCTIeIOBAHMSA XapaKTepHCTHK Heneit 1 yCTpoHCTs.

VrpomieHHas CTPYKTypHas cxema maHopamuoro usmepurens AYX npusencHa
Ha puc. 12.16. OcHoBoit npuGopa sBNseTcs reHepaTop KayaromieHcs JacToThl, CO3-
JAIOIHH BEICOKOYACTOTHOE HANPsIKEHHE C MOCTOSHHON aMIUTMTYION H MepHOaHYe-
CKH MEHSIOMIEHCA 4acTOTOi, 3aKOH H3MEHEeHNA YaCTOThI ONpezenseTcs GopMoH MoTy-
JMPYIOWIET0 HANPAKEHWA, B KAa4ecTBE KOTOPOTO HacTO HCMOMB3YIOT IMAI000pasHoe
HANpSDKEHKe pa3BepTky. Orubaromas HaNPsDKEHHA Ha BBIXOJIE LITH NOBTOPAET GopMy
AYX. Eciu 310 HanpsbkeHHe NOIaTh HA BEPTHKANBHO OTKIOHSIONME TiacTrHbl DJIT
WA JPYToro THIIA JUCTUIEs, Ha SKpaHe NosBUTCA u3o0paxeHue AUX.

HanpsskeHne Ha WHAMKATOPHOE YCTPOHCTBO MOMKHO IONABATh HEMOCPEHCT-
BEHHO C BBIXOJa HCCIIEMYEMOH LEeMH — pexuM | HITH nocne JeTeKTopa U yCHIH-
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. Veunumens
Hcc.:’ee?:maa Hemexmop  |—= HusKoll
1 yacmomul

[ |

Tenepamop | Tenepamop
Kauaroueica paseepmicu
wacmombi

Puc. 12.16. YnpouieHHas cTpyKTypHas cxema rmaHopaMHoro usmepurens AYX

TeJlsl HU3KOM 9acToThI — pexxuM 2 (mepekmoyarenb Ha cxeme puc. 12.16 B nono-
weHuax | wim 2). CooTBeTCTRYIOIHE M300paKeHUa Ha SKpaHe NUCILIEA MpUBEe-
Hbl Ha puc. 12.17.

IlepBhlii pexuM NMPUMEHAIOT B TeX CIIydasX, KOrJa HalpsKeHHE Ha BBIXOIE
L€ UMEET AOCTATOYHO GONBIIYI0 aMIUTHTY Y. [IpH 3TOM yCTpaHAKOTCA OMHOKH,
CBA3AHHBIC C HEJNWHEN-

HOCTBIO XapaKTepUCTH- - /
KH NETEKTOpa M HEpas- AYX uenu
HOMepHOCTRIO  AUX
YCHJIMTENA HW3KOH
gactoTel. Bropoil pe-
KHM HCIONB3YIOT TPH
HCCIIeOBAHWH  YeThl-
PEXNOJIIOCHUKOB € Ma- i 5
M koo duumentom  \ TP <1/
ycunenus. IlokazaHHas :

Ha puc. 12.17 ropusos- Puc. 12.17. U3obpaxenus AUX Ha SKkpae HHIHKATOPA
TajdbHas JIMHMA Tpo-

qepuHBaeTCs aBTOMATHYECKH BO BpeMa oGpaTHoro xoza iy4va. I'eHeparop kadaio-
mieHcs 9acTOTH! Ha 9TO BpeMs 3alMpaeTcs HanpshkeHHeM FeHepaTropa pa3BepTKH.

[IpumeHseMsle B TIOCHeIHHE TOIbI H3MepHTenH AUX KpoMe 3JIEMeHTOB, MoKa-
3aHHBIX Ha puc. 12.16, uMeloT pal JOINONHUTENBHLIX YCTPOHCTB, MOBBIIIAIOIHX
TOYHOCTH BOCIIPOH3BeeHNa HccnenyeMbix AYX Ha 3kpaHe QuUCIUIes W yIy4maio-
IHX pAZ APYTHX cBOHCTB npubopa. HasHaueHne 3THX YCTPOHCTB HETPYAHO MOAC-
HHTL Ha NpuMepe 0600IEHHOH CTPYKTYPHOH CXEMBl MAHOPaMHOIO H3MEpPHTENA
AUX (puc. 12.18).

CornacHo NpHHALMNY AelicTBrA u3mepurens AUX, OTKIOHEHHE JIyda HHCILIEA
N0 FOPH3OHTANH JOJKHO OBITH MPONOPLHOHAIBPHO HacTOTe, T.e. HEOOXOMHMO
ofecreynTh JIMHEHHYIO 3aBHCHMOCTh MEMIY MTHOBEHHBIMH 3HAYECHMAMH Hanps-
#eHus paseepTkd W yactoTel 'KY. OTwioHeHMA OT JNHHEHHOHW 3aBHCHMOCTH
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Kanubposanbiii Hecnedyemasn
i == nex,
ammeHwamop yenb ﬂe ERMOR
A
y
lenepamop
I'KY Foi 4aCcmMOMHbBIX e Yeunumens
Memok i
A
Cxema
Aenuapuzayuy || I'enepamop - Huduxamo,
MOOYAAYUOHHOT pazeepmxu P
XapaKmepucmuru

Puc. 12.18. OGobmenHas cTpyKTypHas cXema naHopaMHoro u3Mepurens AYX

NIPHBOIAT K HEPAaBHOMEPHOCTH YacTOTHOro Mmaciuraba Ha 3kpaHe npubopa M K
uckaxeHuaM Gopme! HecneayeMerx AUX. UToObl 3T0 YCTpaHHTE, B M3MEPHTENhL
AYX BBeneHa cxema nuneapuzayuu mooynayuonrnou xapaxmepucmuxy I'KY. Op-
HAaKO Ka4aHHE YacTOThI MOKET COIPOBOMKAATECA H3MECHCHHEM aMILTHTYIBI HAIIpA-
weHud 'KY, yTo npuBener k uckaxeHusaM dopMel Heenenyemerx AUX Ha akpaHe.
IMostomy B nanHOM npuGope HMeeTCs YCTPOWCTBO aBTOMATHYECKOH PerylnupOBKH
aMIUTHTY 6 (Ha puc. 12.18 He nokasaHo), cTabunM3MpyoLIee HanpsUKeHHe Ha BBIXO-
oe F'K4.

YT06b!1 UIMEHUTH HANpPHKEHWE, NOABAEMOE HA HCCIIEAYEMYIO LIETIh, HA BBIXO-
fe I'KY prmoueH nepeMeHHsl kanubpopaHHbl# aTTeHioaTop. M3mepeHue 4acToT
B XapaKTepHBIX TOYKax HccienyeMerx AYX npou3BOAAT ¢ MOMOIIBIO NEHEpATOpa
9acTOTHBIX MeToK. Kak npaBmno, MeTku GOpMHpPYIOT M3 HyJeBBIX OMEHHIH, MOITy-
YeHHBIX cMemeHHeM HanpmxeHua ['KY ¢ HanpskeHHeM, CIEKTP KOTOpPOTO C€o-
JepXUT Habop KanubGpoBOYHBIX H4ACTOT. Y CHIEHHOE HaNpsyKeHHe METOK TOJaeTcs
Ha mucIuieli H o6pasyeT YacTOTHYIO IIKay Ha 3KpaHe npubopa.

OrMeTuM, 4YTO OCHOBHOE HasHaueHHe M3aMepureneil AUX — muccienosaHue
aMILTHTYTHO-4YaCTOTHBIX XapaKTepHCTHK JHHEMHBIX YETHIPEXINOMOCHHKOB. BMme-
CTe C TEM BO3MOXKHO C MoMolIbio u3Mepureneil AYX wuccnenoBath 4YacTOTHYIO
3aBHCHMOCTE KpYTH3HEI AYUX, H3MepATs 100pOTHOCTH KOHTYPOB M PE30HATOPOB.

12.7. Mzamepenune napametpoB JaHeiiHbIX CBU-yeTpolicTB

Usmepenus mapaMetpos ueneil 8 CBY-nuanazoHe UMeIOT psan ocobeHHOCTEH.
Ipu u3mepennu B CBY-nnanazone HeoOXOMMMO YUHTHIBATE Ba OCHOBHBIX (hakTopa:

* COM3MEPHMOCTh [JIMHBI BOJHEI koneGaHHd ¢ TeOMETPHYECKUMH pa3MepaMH
3/IEMEHTOB;
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* HajW4YHe MPOCTPAHCTBEHHOIO 3NEKTPOMATHHTHONO MOJIA B JIMHUAX Tepenad,
KOTOpO€ M ABJAETCA OCHOBHBIM HOCHTEJEM JNEKTPHYECKOH IHEPTHH.

K CBY-ycrpoiicTBaM OTHOCATCHA: KOAKCHAlIbHBIC, BOJHOBOJAHEIE M II0JIOC-
KOBBIE TPAaKThl (JIMHHMM Nepefad), NBYXIONIOCHBIE, YETHIPEXHOMOCHBIe H MHO-
ronomocHsle yeTpoiicTsa, paboraromue Ha yactorax ot 300 MI'n go 300 I

Hsmepsior napamerpst CBY-ycTpoOHCTB IBYMs OCHOBHBIMH CHOCO0aMM:

* ¢ MOMOUIBIO M3MEPUTENBHON JIMHAN aHAIW3UPYIOT pacnpefeNieHHe 3JIeKTpo-
maraaTHoro mous B CBY-TpakTe ¥ pacdeTHBIM MyTEM OMNPENeNdioT HCKOMBIE I1a-
PaMeTpaI;

* TIOCPEACTBOM ABTOMATHYECKHX mmepmeﬂeﬁ NnaHopaMHOro THIa, OCHOBaH-
HBIX HA Pa3felbHOM M3MEPEHHM Majalouieif W OTPAKEHHOW 3JEKTPOMArHHUTHBIX
BOJTH, BH3yaJibHO HAabMIOAaioT Npouecchl, MPOHCXOAIIHE B HCCIIEMYEMBIX LEMAX.

[Nockoneky pasmepsl CBU-y3/10B H3MEPHUTENBHOM JIMHUM COM3MEPHMBI C IUIH-
HOM BOJIHBI 3JIEKTPOMArHUTHBIX KojieOaHuit A, TO B HEH yCTaHABIHBAIOTCSA, B 3aBH-
CHMOCTH OT XapaKTepa Harpy3kH, pexHMbl Oerymux, CTOSYMX WM CMEMIaHHBIX
BONH (MX TONOKHTENLHBIX 3HAYEHHMH, TIOMYIEHHBIX TOCIE ACTeKTHPOBAHMA), KakK
nokaszaHo Ha puc. 12.19,

OcHoBHbIMU napameTpaMd CBY-ycTpo#cTB ABIAIOTCA: MUTHHA BOJHBI; BOJTHO-
BO€ (XapaKkTepUCTHYECKOE COTPOTHRIEHHE); 3aTyXaHHe (IOTepH);, MaKkCHMAalbHaA
MOIIHOCT, M3 TEOpHM [UIMHHBIX JIMHHI M3BECTHO, 4TO JUIA OMHCAHMA CBOWCTB
CBY-IBYXNOIOCHHKOB BIOJIHE JOCTATOYHO 3HAThH KOMMIEKCHbIll Koaghuyuenm
ompaccenus (Tpoie, kosgguyuenm ompaoicenus) B pabodeM IHaNa3’oOHe 4acToT
 gonHogoe (XapaKTepUCcTHIeCKoe) conpomusnenie TPakTa, Ha KOTOPOM OH CKOH-
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Puc. 12.19. Pacnipenenesue nois BAOAL HIMEPHTEALHON THHHH B PEXUMAX!
a — Gerymieii BOJHBI, 6 — KOPOTKOIO 3aMbIKAHHMA, 6 — XOJIOCTOTO X0/a; 2 — CMEIIAHHEIX BO/H
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cTpyupoBaH. BONHOBOE CONPOTHBIEHHE OTHOCHMTCA K BTOPHYHBLIM TapameTpam
IUIMHHEIX THHEM, TONHOCTBIO ONpelenseTcs KOHCTPYKIMEN TpakTa ¥ HaXOAMTCHA
pacdeTHLIM MyTEM [0 €ro FeOMETPHUECKHM pasMepaM.

Jlns monsoi nepenaun MomuocTH CBY-koneGanus oT reHeparopa K Harpyske
HeoBXomuMo, 4T06BI COTNPOTHBIEHHE HArpy3KH OBbUIO aKTHBHBIM H PaBHO BOJIHO-
BOMY CONMPOTHBIIEHHIO JTMHUKU: Z, = R, = p. 311eCh p — BOJHOBOE CONPOTHRICHHE
M3MepHTENbHOM MuEnyn Ha CBY. Takas Harpy3ka HashbIBAETCS COTMACOBAHHOM.

Komnnexcuwili ko3gguyuenm ompadcenus ONPeeNnieTcs Kak OTHOIIEHWUC
KOMIIEKCHOM aMILTMTY/Ibl HANIPSDKEHHA BOJIHBI, OTPKEHHOH OT HAarpy3kH, K KOM-
TUIEKCHOM aMIUIATY/e HanpsDKEHNsA BOJIHBI, MANAIOIIeH Ha Hee:

r=§9-= Eoloso. (12.38)
En Etl
3nech
4nd
o= —;i - (12.39)

— a3oBeiit yron ko3(HUIHEHTa OTPAKEHHS, En 1 E, — KOMIUIEKCHBIE aMILTH-
TyIB! COOTBETCTBEHHO NMAjAONIel ¥ OTpaXeHHOH BoMH; /, — BeNHYHHA CMEIle-
HH TIEPBOrO0 MHHUMYMa OTHOCHTE/EHO KOHIIA JIMHUH [P HAarpys3ke (pumc. 12.19).
KosdduupenT oTpaskeHHs XapaKTepusyeT CTereHb COrfacoBaHus JIHHHH C Ha-
rpyskoit. Pazossiii yron koddduuHeHTa OTPAKEHHA OMPENLNAeTCA BEJIMYHHOI
cMemierms [, NEPBOr0 MUHMMYMa OTHOCHTENBHO KOHLA jMHHH. CMelneHue £
MOXHO HaifTi B moG0ii TouKe M3MEPUTELHON JIMHMH, IPHHATOH 32 €e YC/IOBHBIN
xoHel. YCIOBHEIH KOHEl| ONpeieseTcs 1o yIo0HoMy Ais OTCHeTa MUHHMYMY pH
3akopoueHHOM nuHEK. B cBOIO ouepens, K03 HIMEHT OTPaXEeHHs ONMPENENACTCA
gepe3 MapaMeTpsl Harpy3KH H BOJHOBOE CONPOTHBICHNE H3MEPHTEbHON THHHH:

f:?—;g, (12.40)

p=VJL/C, (12.41)

rae L u C — COOTBETCTBEHHO HHAYKTHBHOCTh M EMKOCTb JIMHUM Ha eIMHUILY HJIH-
Hbl; Z, — KOMIUIEKCHOE CONPOTHBJICHHE HArpy3KH,

Monynb Ko3dduLMEHTa OTPAKEHHS MOXKHO ONPEJEeNTHTh “epe3 MapaMeTphl
3NEKTPOMArHWTHONO MONs JIMHHM, KOTOPbIE BBIPAKAIOTCA 4epe3 K03 duIMeHT
6erymeii Bonusl (KBB) s ko3(@uument cTosuel BoIHbI (KCB). Koadduuuent
Oerymeif BONHEI

Kg =22, (12.42)

376



a ko3¢ dUIHEHT CTOAYEH BOJHBI

X o , (12.43)

e E,;, Epy — COOTBETCTBEHHO MHHHMAJIbHAai M MAaKCHMAIbHAS aMIUTHTYIbI
cMeLaHHoM BonHsl (puc. 12.19).
Herpymso 3amMeTiTh, 4TO KoadduimenT Gerymeii BonHbI B K03(duumenT cros-
4eif BOJIHBI CBA3AHEI 00PATHO TPONOPLMOHANEHON 3aBHCHMOCTEIO, T. €. Koy = 1/K;,.
HOCKO-“I‘KY Emax = |En| * |-Eol; Enin = |En| 7 |EBI’ TO

_|Ed|+|E| _1+|]

= = : (12.44)
i A AR BT
OTKyIa MOIYNb KO3 HIIMEHTa OTPaKeHHs
K, -1
prpst 1L 12.45
H st (12.45)

CB

CoemectHoe peiuenue ypapHeHud (12.43)...(12.45) nossonser ompeaenuTh
aKTUBHYIO R, ¥ PEaKTHBHYIO X, COCTABJAIONHE MOIHOTO CONPOTHBJIECHHA Z, Ha-
TPY3KH JTHHHH:

Ke o; (12.46)

" K2 +1-(K2 ~T)cosq

R

PR - L), A e (1247)
K& +1-(Kg —1cose

Z.=R,+jX, (12.48)

Cnoco6 m3mMepuTeLHOH JIHHHH

Criocob 3axmodaeTcs B M3MEPEHHH paclpeeNeHus HanpsHKeHHOCTH 3eKTPH-
9eCKOTO MOJIA BIOMNL JIMHWK Nepenadd MomHocTd CBY ¢ moMomeo H3MEpPHTEIb-
HOHM JIHHHH ¢ MOCEYIOIMM ONpefielleHHeM H3MepAeMbIX BelHIHH. FismepuTeb-
HBIe TUHUA OBUTH MepBRIMH NpUGOpaMH, MpeJHA3HAYEHHBIMH A H3MEPEHHA Na-
pamMeTpoB wemneil ¢ pacmpeneneHHbIMU NOCTOAHHBIMEA. OHH MO3BOJIAIOT M3MEPSTH:
IUIMHY BOJIHBI A; 3aTyxaHue; (hazy; ko3pHLHMEHT CTOAYMX BONH; MOJHOE COMpO-
THBJICHHE HATPY3KH.

H3amepurenbHbEIe THHHA OBIBAIOT BOTHOBOIHBIMH, KOAKCHANIEHBIMH H MOJIOCKO-
BeIMH. HecMOTpsi Ha orpaHHYeHHble BO3MOXHOCTH aBTOMAaTH3allWH W3MEPEHMH
H3IMEPHTENBHBIE JTHHHH MPOAODKAKOT OCTaBaThCA TpalHUHOHHBIMH H3IMEPHTEIb-

HeiMH npubopamu B auanasoHe CBY, ocobeHHO NpU OCBOEHHH Kak HOBBIX AWara-
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30HOB BOJH, TAK W HOBBIX KOH(urypamuii CBU-TpaKToB 1 B pse APYrHX MpaKTy-
YECKHX C/Iy9aeB.

VeTpoHcTBO M NpHHUMN AeiicTBHA H3MEPUTENbHOH JTHHHN
Hccrnenopanye pactipesie/ieHns HAMPKEHHOCTH IEKTPHYECKOr0 10/ BAOB THHHH
nepenadn MouHocTH CBY Raubornee MpocTo MOKHO BBITOIHATE 30HIOM, TOTpyXKae-
MBIM B H3MEPHTELHYIO JTMHHIO H TepeMeIaeMbIM BIOJb Hee. Jijis 3TOro u3mMepuTesb-
Has JTMHKA JO/DKHA MMETh IIPOIOMBHYIO HOH3/TyHaIoMIyIo Melb (PHC. 12.20).

Om

zeHepamopa K usmepsemon
CBY HazpysKe
——ai BEm——

Al o e A b b L,
aindtulibtaplisaludess=s -

Puc. 12.20. YrpoueHHas KOHCTPYKIHMS H3MEPHTEIBHOMA IMHAK

30H[ BHIMOJHAET GYHKLHA U3MEPUTENIEHOH aHTEHHBI W JIOIDKEH OBITH CBA3aH C
JETEeKTOPOM, BRITIPAMJIEHHBIA TOK (HanpsbKeHWe) KOTOPOTro XapaKTepH3yeT Hanps-
JKEHHOCTb TONA B KaXXO# Touke JumuH. Takum o6pa3soM, KOHCTPYKUMA moOoMH
H3MEpHTETLHON JIMHUK [JOJDKHA CONEPXKaTh CIEIYIOLIne (GYHKLMOHANIBHBIE Y3IIBI:
IIENEBYIO CEKIMIO, 30H/IOBYEO TONOBKY M KApPETKy ¢ MEXaHH3MOM NEepeMEIICHHA
30H/IA BAO/b IMENEBOH CEeKIHH.

Ienesan cexyus BONHOBOJHOMH M3MEPHTENIHOH JIHHAK COCTOMT M3 OTpe3ka
CTAHIAPTHOTO TPAMOYTOIBHOTO BOJIHOBOJA /, OKAHYHBAKOUWIETOCH tdnaHuaMu 1A
MOAKTIOYEHHS M3IMEpPUTENBHOrO reHepartopa W usMepsiemoro CBY-anemenra. H3
teopu CBY-yCTpOHCTB M3BECTHO, YTO IUIs NOMs BoMHbI Hy, y3kas MpOAONEHAA
wens GyneT Hew3nydalomlel, ecid OHa MpOpe3aHa TOYHO MOCPEeIHHE LIHPOKOH
CTEHKM BONHOBOAA. JIIMHA METH 3aBUCHT OT JHANa30Ha HacTOT W3MEPHTENbHOH
JMHHH 1 A0JKHA 6BITH TOCTATOUHOM /UIs (MKCALWN HECKOIIBKUX nywHocmen (Mak-
CHMaJIbHasi AMIUTATYAA) W ¥2106 (Hy/eBas aMIUIHTY[a) CTOS4eH BOJHbI. TounocTs
BBITIONTHEHUS 3aaHHBIX Pa3MEepOB HIENeBOi CeKUWH BIMAET HA TAKWE BAXHBIC Ia-
paMeTpsl H3MEPHTENbHOH JINHIH, KAK 3aTyXaHue, cobcrBennnli KBB, HEmoCTOSAH-
CTBO CBA3M 30H/A C TONEM MPH €ro MepeMelleHuH (3a cueT M3MEHEHUs Ty OMHBI
NOrpyKeHus),
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3ondoean 2onoska COCTOMT W3 30HAA 2, NIyOMHA MOTPYKEHUS KOTOPOrO B JH-
HHIO MOXET U3MEHATLCA C MOMOMIBI0 MHKPOMETPHIECKOTO BHHTA 3, pe30HAHCHOI
CHCTEMBI C HACTPOEYHBIMH MopHaAMHU 4 1 CBY-guona 5, moMeleHHoro B creLy-
ATBHYIO IETEKTOPHYIO KaMepy.

B nopasnsmomem 60NBIIMHCTBE COBPEMEHHbIX M3MEPHTELHEIX JINHUH TPHMe-
HAIOTCA 30HMIbl EMKOCTHOTO THIIA, BHITMIOHEHHLIE B BHJE TOHKOIO BEePTHKAJIBHOTO
mTeIpa. Takoif 30HA pearnpyeT Ha MEKTPHIECKYH) COCTABIAIOLYIO mons E B JH-
HUH, MpudeM HasofuMas IJIC nponopimMoHATEHA ITyOHHE ero NOrpyKeHHs B JIH-
HuIO. BBenenne 30H7a B IIeNb SKBUBANEHTHO BKIIOYEHHIO KOMILIEKCHOM MPOBO-
JUMOCTH, PEAKTHBHAA COCTABJIAIONMIAS KOTOPOH MCKAKAET KAPTHHY MONA B HM3Me-
DHTENBLHON JIMHUK W IIO3TOMY OHa JI0KHa OBITh CKOMIIEHCHPOBaHa. 3TO NOCTHTA-
eTCA HaCTPOHKOH 30H/IOBON IOJMIOBKH B PE30HAHC C MOMOIMILI) CHEIHANBHOM pe3o-
HAHCHOM cHcTeMbl. B kauecTse Takoil cucremsl B CBY-guanasoHe NPpEUMEHSIOT TaK
Ha3elBaeMbIH OMKOaKCHANBHBIN pe30oHAaTOp. JKpaH 30HAA U BHYTPEHHSA MOBEpX-
HOCTh CPEHETO LMIMHAPa 06pa3yioT KOHTYpP 30HIa, a BHEINHAA MOBEPXHOCTE U~
THHApPA W BHYTPEHHAA MOBEPXHOCTE HapyKHOH TpyOsl — kouTYp CBY-smeTexropa.
Hactpoiika M3MepHTe/bHOM JHHUM TPOH3IBOAUTCS C IOMOWIBIO TOpHIHEH 4 a0
MoNyYeHHs MAKCHMAITBHOTO TOKa (Hanmpskenus) nerekropa — CBY-nuona 3.

Kapemxa 6 npefHasHaueHa JJid NepeMeNleHNs 30HIO0BO IOJOBKH BIONL JIH-
HUU W OINpeNeNeHHs ee MOJAOKEHH C MOMOIIbIO M3MEPHTENBHOM JIMHEHKH 7 HIH
HHIMKATOpa ApYroro THHAa. 3TO AOCTaTOMHO MacCHBHasA MJIMTA, MepeMeliaemasn
BHHTOBBIM MEXaHH3MOM.

Ha ToyHOCTh H3MEpEHHA TApaMeTPOB Harpy3Ku BiHAET psll (GakTopoB: Bce y3-
Bl JIOJDKHE!I OBITE COUIeHeHsl TOYHO W Oe3 mepekocoB; BeiOpaHa ONTHMAbHAs
ryOHHa NOTPYXKEHHUA 30HM4, ero CBA3b C M0jeM NODKHA GhITh mocTosHHOM. [Ipu
COOMIOEHAH 3THX YCIIOBHH MOTPELIHOCT H3MepeHus cocTasiser 2...5 %.

Cnoco0 pa3ieibHOr0 H3MepeHHs NafAI0Lel 1 OTPAKEHHOIH BOJIH

B pane ciydaeB 1OCTATOYHO 3HATH TOJNBKO YaCTOTHYIO XAPAKTEPHUCTHKY KO3(-
dunmenTa crosueil BonHsl uccnenyemoro CBU-snementa. Torma uenecoobpasHo
MPUMEHATL HE 0YEHB CIIOXKHBIE NpUOOPEI, HasbiBaeMble peghnexmomempamu (T. e.
H3MEPHTENAMH Pa3fieNbHbIX CUrHANoB). OTH npubopel cHabkatores DT (wm
COBPEMEHHBIM IHCIUIEEM), HA KpaHe KOTOPOH 0ToOpakaeTcs HCKOMas XapakTe-
PHCTHKA B 33JaHHOM YaCTOTHOM NHAITA30HE; MO3TOMY HX Ha3bIBAKOT HAHOPAMHbLI-
MU USMEPUMENIMY WIH nanopamubiMu penexkmomempamu, Tlogo6Hsie npuGope
BRITOHO OTIMYAFOTCA OT M3MEPHTENIBHBIX JIMHHA W OOBIYHBIX pedieKTOMETpOB
GonblieH CKOPOCTHIO W YA06CTBOM M3MEpPEHHIA, BOIMOKHOCTEI0 H3MEPEHHs MOJI-
HbIX COMPOTHBIIEHHH, OBICTPO MEHAIOIMXCS BO BpEMEHH H SBJIMIOMUXCS (HYHKIH-
eif yactoThl, [TaHopaMHEIe H3MEPHUTENH HCIONBIYIOTCH TAKOKE [T H3MEPEHHUs Yac-
TOTHBIX XapakTepucTHk ociabinenns CBYU-4eThpexTIoOCHUKOB.

VnpoleHHas CTpyKTypHas cxeMa rnaHopaMHoro peduiekroMeTpa rokasaHa Ha
puc. 12.21. PaboTa Takoro H3MepuTes OCHOBAHA HAa MPHHIMAIIE Pa3JeEHOTO BbI-
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HENeHHs CUTHAJIOB, MPONOPIHOHANBHEIX MOITHOCTAM BOJIH Nafatoueli ot resepa-
TOpa M OTPaXkeHHO# OT Mccnemyemoro obbexra (mpu H3Meperun KCB) mwiu mpo-
memuei yepes uaMepsieMblii obsexT (npu u3MepeHum ocnabnenmns). Ha skpane
TpyOKH BOCTIDOM3BOJATCA YacTOTHBIE XapakrepucTuku K u ocnabnenus. KoHer-
PYKTHBHO TNaHOpamHEIX H3Meputens coctout u3 CBY-reneparopa kavaromieiics
yactotsl ('KY), HanpasnenHsix oteeTsuTeneit Momuocti (HO1 u HO2), opuenTu-
POBaHHBIX Ha MAJAIOLIYIO ¥ OTPAXKEHHYIO BONHEI, JBYX JETEKTOPHBIX ronoBok (/11
u J12), mamepures OTHOIEHHH BONH | ocmuwuiorpadigeckoro gucruies (OJIT).

.| Tenepamop HOL HO2 3 REARTTE
Kavarowelics iy eaywm
B uacmomsl E—x X—(:I 2py.
:
Cxema agmomamu- MY N
HecKOoll pezyauposKu =
MowgHocmu
Hamepenue
OmHOueHUs
En/E, Yeuaumens
w{  Hacmomomep — 8EPMUKAABHOZ0
Memuu wacmomui OMKAOHEHUR.
Tenepamop zop::;‘:zr:::am
e OMKAOHEHUSA

Puc. 12.21. YrpoueHHas cTpyKTypHas cXeMa NAHOPaMHOro pednekromMerpa

ITunooOpa3Hoe HanpmKeHUe reHepaTopa pasBEPTKH MOMYIHMPYET HanpsXeHHe
I'KY u onsospeMenso oTknonser myu SJIT no ropusontany. Takum o6pa3oM, ock
abcumcc Ha JKpaHe ABAAETCA OChIO 4acTOT. Yepes HanpaBleHHBIE OTBETBHTENH
curnay CBY mpoxomuT K HArpy3ke. DTH OTBETBHTENH MPOU3BOMAT 0TOOP MOIIHO-
CTH CHUTHAJIOB, NPONOPIMOHANBHBIX 3HAYEHHAM Najalolei 1 0TPaXKEHHOM BOJIH.

BeineneHHble HANPaBIEHHEIMH OTBETBHTEIAMH MaJalolias i OTpaKeHHas BOJ-
HBl, MPOAETEKTUPOBAHHBIE COOTBETCTBYIOIIMMH METEKTOPHBIMH TOJIOBKaMH (C
KBApaTHUHLIMH JETEKTOPAMH), MOJAIOTCA HA M3MEpHTeNs OTHOmeHnl E/E,. Bri-
XOIHOE HaNpsKeHHE IOCTIEIHEro TNPONOPHHMOHAJBHO KBanpary ko3gdiuimenTta
OTpaKEeHHS HArpy3kd H, CllefOBaTebHO, OJHO3HAYHO OoTpakaeT 3HayeHHe KCB.
IMocne ycuieHHs B YCHIHMTeNle BEPTHKANBHOTO OTKJIOHEHHS 3TO HANPMKEHHE MO0-
CTyIaeT B KaHaJl BEPTHKATHHOIO OTKJIOHEHHA OCIAIUIOrpahHIeCKOro yCTpoHCTBa.

IMockoneKy HampskeHHe TeHepaTopa pa3sBepTKH, MOABOJHMOE Hepe3 YCHIH-
TE€Ib K FTOPH30HTAIBHO OTKIOHAOIHM ILIACTHHAM 3JIT, H3MEHAETCA CHHXPOHHO
¢ HANpsKeHHEM JacTOTHON MOMYNAIMHM, a 3HAYMT, ¥ ¢ BEIXOJHBIM KonebGaHHeM
redeparopa CBY, To Ha skpaHe TpyOku HaGmonaeTcs 3aBHCHMOCTh KBajpara
k03¢ uumrenTa otpaxeHus ot yactotel. OHa aaeT ofuIylo KapTHHY W3MEHEHHS
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KCB, 1.e. nanopamy. Hamenenne gactorst konedanuii 'KY MOXKHO KOHTPOIHPO-
2aTh [0 YaCTOTOMEpY.

,[[JI’I MOBBIIIEHHA TOYHOCTH M3MEPEHHA NPEAYCMOTPEHA aBTOMATHYECKAA pery-
aupoBKa MoliHocTd (APM), ¢ moMollei0 KOTOPOH TOAIepKUBAETCA MOCTOSHHOM
ammuuTyaa curaana I'KY.

Crabmwnanus MOIMHOCTH JIEKHT B OCHOBE TNOCTPOSHHA NPAMONOKA3BIBAIOIINX
MaHOpaMHBIX M3MepuTenell. TI0CTOSHCTBO MOIIHOCTH HEOOXOMMMO MOMNEPKUBATE C
TO4HOCTBIO 1 %, K cHcTeMa cTabHIH3alMK He J0IDKHA ObITh MHEPIMOHHON. YCTpoicT-
2a cTaOHTH3AINN MOITHOCTH, NPEICTARIIONHe coB0i CXeMBI aBTOMATHYECKOTO pery-
AMpOBaHMs, ObIBAIOT C BHYTPEHHMM M BHEIIHMM ynpaBieHHeM. Cxema ¢ BHYTPEHHHM
yIpaB/ieHHEM TPE/NosaraeT BO3eHCTBHE CHIrHaNa OIMO0K, CHUMAEMBIX C JIETEKTOpa
HANpPaB/IEHHOTO OTBETBUTENIS NaJaloweii MOIHOCTH, HerocpencTeenHo Ha I'KY. Jlek-
CTBHE CXEMBI C BHEIIHWM YIIPABIEHWEM, IJIA KOTOPBIX XaPAaKTEPHO OTCYTCTBHE IMapa-
SUTHOH YaCTOTHOH MOIYIALMH, OCHOBAHO Ha NPHUMEHEHHH PETYIUPYEMbIX JIEMEHTOB.
[Toz Bo3aeHCTBHEM CUTHANOB OMIMOKH OHH M3MEHAIOT MOIIHOCTS B CBU-TpakTe.

HMcTouHMKaMH MoTrpenHoCTel B NaHOpaMHBIX peduieKToMeTpax ABJIAIOTCA: He-
cTabHIBHOCTE AMILTHTY IBI najaomel BOJHB H HEHJIEHTHIHOCTh XapakTepPHCTHK
HanpaBeHHbIX OTBETBUTENEH M NETEKTOPHBIX roioBoK. PaccornacoBaHue Xapak-
TepucTHK cocrasnser 0,3...0,5 nb. BepxHsasa rpaHU4Has YacToTa M3MEPHTENA J0C-
traer 12,5 [T

ABTOMaTHY€CKHE MHKPONIPOLECCOPHBIE
naHopaMHbie pefaekToMeTphl B H3mMepurenn KCB

B03MOXHOCTE BBIJIENIEHHS B PACCMOTPEHHBIX NMpUOOpax CHrHANOB, HECYIIHX
aHdopManuio 06 YpoBHAX MOLIHOCTH Nanalolle, OTPaKeHHOH WM MpomeaIe
4epe3 M3MepAeMElil 06BeKT BOJIH, CYMIECTBYIOUIMX B H3IMEPHTENLHOM TpakTe, 10~
3BONIAET aBTOMAaTH3HUpoBaTh M3MepeHns KCB u ocnabneHns ¢ MOMOLIBIO TEX Xke
TeXHHIECKMX pelleHHH, KOTOphle HCIONb3yioTci B miMepurenax AYX. ITocne
cpaBHeHHs u3MepuTenei AUX u peduiekToMeTpa HECIOXKHO MpeICTaBUTE cebe pa-
Soty nanopamuoro wimepurens KCB u ocnabnenns.

B nacrosmee BpeMs B OCHOBHOM MPUMEHAIOTCSA aBTOMATHYECKHE MTAHOPAMHBIE
pediexkromeTpsl u u3mepurenu KCB u ocnabnenus, ynpasisembie MUKpOTIpoLec-
copoM. CTpykTypHas cxema Takoro npubopa usobpaxena Ha puc. 12.22. B uzme-
pHTeNe MPUMEHEHO ABOKHOE NpeofpazoBanue YacTOTE! U LH(poBOe ynpaBieHue ¢
NOMOIIBK MUKPOTPOLIECCOPA M MPHHIIUI €r0 AeHCTBHA MOMKHO KOPOTKO NOACHHTD
cneayrommm obpasom.

OcHOBHEIM Y3710M H3MepHTens spisercas CBY-reHepaTop Kavarolieics 4yacTo-
Thbl, BeIpAa0aThIBAIONIMIT CBEPXBHICOKOUACTOTHOE HANPSAKEHHE C MOCTOAHHOH am-
IUIMTYI0M M MeHAlomelca Mo 3aJaHHOMY 3aKOHY 4acTOTOH. BBIXOZHON CHrHANI
CBY-renepaTtopa 4epe3 BEHTHIb H YCHIWTENb MOCTYNAeT B H3MEPUTEILHBI
TPaKT, colepalluii [Ba HanmpaBjeHHBIX oTBeTBHTENs: namatomeit (IT) BonHbl H
otpaxkeHHOH (O) BOJHEL, a TakkKe HArpy3Ky — 00BeKT usmepeHus. ITocTosHCTBO
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Puc. 12.22. CrpykrypHas cxema aBTOMATHIECKOro
MHKpornpoleccopHoro uimMepurens KCB u ocnabnenus

BbIXOAHOH MomHocTH (aMmummTyasl) CBY-reHepatopa moauepxusaeTca GI0KOM
yTIpaBJieHrAA TEHepaToOpoM, A Yero Ha MOC/IeIHUH NONaeTcs CHrHAI OTPHLATENb-
Ho# OC, cHUMaeMblit ¢ BbIXOIa BEHTHIA H YCHIIUTEIS.

CurHanel ¢ oteeTBHTeNeH nofatoTea Ha cMecHtenu | u [I. MoimHocTs curHana
Ha Bxoje 1 cmecurens | mponopumoHanbHa MOIIHOCTH Mafaromieli BONHBL Pp,;, a
MOIIHOCTE CHrHaJIa Ha Bxone | cmecurens Il — MOIMHOCTH OTpa)KEHHOH BOJHBI
Pop. K Bxonam 2 cmecureneit nogsoaurca CBYU-curean dacToToif f; ¢ Beixona 1
NEpPeCTPauBAEMOro reTepolrHa, HMEIOMEero TaKue )K€ XapaKTepUCTHKH, Kak H
CBY-reneparop Kaudaromeica yactotbl. [Ipu npeo6pa3oBaHuM 9acTOThl B CMECH-
TeJIIX Ha WX BBIXOJZaX 0Opa3yloTcs CHTHAJBI TEpBOM MPOMEXKYTOYHOMN HacTOTHl
Jymi= fe — fr, 3HaUEHHE KOTOPO# NPUOIH3UTENBHO HA BA MOPANKA HIDKE 3HAYECHHA
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$acTOTHI CHrHana ocHoBHoro CBY-reHeparopa. MoIHOCTH BBIXOJHBIX CATHATIOB
smecuteneid I u 11 mponopIHMOHANLHEL Pray U Pory COOTBETCTBEHHO.

JUist COXpaHEHHs B BEIXOHBIX CHTHAIAX aMIUTHTY/HBIX ¥ (ha30BBIX COOTHOIIE-
spii, MPUCYIIMX BXONHBIM CHIHAlaM, XapaKTepUCTHKH npeolpasosaTeneii HacTo-
51 Ha cMecuTensx 1 u 11 omKHE! 061anaTh BEICOKO# JTHHEHHOCTBIO. DTO AOCTHTa-
eTCA TEM, 9TO CMECHTENH paboTaloT B peXHME, NPU KOTOPOM MOIIHOCTh reTepo-
1uHa B 5...10 pa3 Gonbiie MOMHOCTH NpeodpasyeMbiX curHaios. Jid nojuepxa-
1A TIOCTOSHHBIM 3HAYeHHA TPOMEXKYTOYHOM 4acTOThl fin, MpUMeHeHa (asoBas
aBTOMOJICTPOMKA YACTOThl FeTEpOAMHA (CHHXPOHH3HPYIOIME CHHAIBI HA HETO
1OIAl0TCA M3 OIIOKa YIPABJIeHHs FeHepaTopoM). :

Co cmecuresned [ i II BHIXOJIHEIE CHIHANIBI IOCTYNAIOT HA BXOMbI | cMecuTenei
111 u IV, K BxoZam 2 KOTOPBIX MOAKTIOYEH BBIXOJ 2 reTepofHHa. 3HaueHHe JacTo-
THl CHTHAJA Ha Berxoje 2 rerepoauna B m = 250...500 pa3 Hmke 3HA4€HUA YacTO-
el f; Ha ero ocHoBHOM Bhixoze. Ilocie npeobpa3oBaHma 4acTOTHL Ha BBIXOMAX
cmecurenedt 111 u IV monydaroTcss CHTHANBL, 3HAYEHHA 9aCTOT KOTOPBIX CpaBHH-
TEJTbHO Maso (HanpuMmep, f 'y = 100 KI'm). OHK Yepes ynpap/sieMble aTTCHIOATOPkI
1 u 11 nomatorcst B 670K CHHXPOHHBIX IETEKTOPOB, COCTOALIMH H3 TPEX CHHXPOH-
HBIX 1ETEKTOpOB ¢ RC-WIBTpaMy B BBIXOHOM Iery, H asocsuraiomieii neny,
ocymecTsisomelt dasossiit casur Ha 90°.

M3 TeopuM JETEKTHPOBAHHA CHTHAJIOB H3BECTHO, YTO Ha BXO/Ibl CHHXPOHHOTO
JeTeKTopa MOJAIOTCA CHTHANBI ¢ CHHXPOHHOMH (onuHAKOBOIT) YaCTOTOM: HA OIUH
8XOJ] — HCCIEMYEMBIN CHTHAN Uy, = Uysin(ot + @), @ Ha APyroii — onopHoe Ha-
MPKEHHE Ugy = UgnSIN(®F + Qon). BBIXO/IHOE HANPAKEHHE CHHXPOHHOTO NETEKTO-
P Upyx = UpxCOSP, THE @ = Q1 — Pon — (PA30BBIH CABHT MEXAY HANPOKCHUAMH
HCC/IEyeMOTO W OTIOPHOTO CUTHAJOB, a TIOCTOSHHOE HANDPSKCHHE Uy MPONIOP-
MOHAIBHO aMIUTHTY e HCCIIEMYEMOro CHIHaNA.

B cxeme aBTOMaTHyeckoro mimepurens (puc. 12.22) B kauecTBe ONOPHOTO HC-
MONb3YeTCs CUrHA (UKCHPOBAHHON aMILTUTY/IBI (ee 3HAa4YeHHe MOXHO MPHUHATE 33
equHALY), nocTynaroumii ¢ seixoxa YITU I (u3 kanana najaiomei BOJIHBI) depes
ynpaBnseMmsiit arremioarop I Ha Bxox 1 6710ka CHHXPOHHBIX JeTeKTOpoB. Hccneny-
eMBIM CHTHAJIOM [IIf TepBOT0 CHHXPOHHOIO JETeKTOpa ABJAETCA CHrHANl KaHania
naparomeit BonHel (Beixoga YITH I), a mig BTOpOro M TPETHErO NETEKTOPOB —
CHTHAJ, MOCTynaroumii yepe3 ynpasnsemslii arrenoarop II Ha Bxon 2 Gnoka cHH-
XPOHHBIX JIETEKTOPOB M3 kaHaia OTpakeHHo# BomHb! (Boixoxa YITU II). [Tpu 3TOM
OMOPHBIH CUHAN TPETHEN0 CHHXPOHHOTO AETEKTOPAa CABHHYT MO ¢aze nHa 90° ot-
HOCHTENLHO OIOPHOrO CHMrHajia MepBOro M BTOPOrO AETEKTOPOB C MOMOMIBIO
(BCTPOEHHOM BHYTpH 0J10Ka) (asocABUralONICH LeIH.

Witak, HAOpSHXEHUs: IOCTOAHHOTO TOKA HA BBIXOJ@X BCEX CHHXPOHHBIX NETEK-
TOPOB OMMUCHIBAIOTCA TAKMMH BBIPDKEHHAMH: Upux) = k1Upans s = k2 UgrpCOS®;
s = K3 UprpSING, r11€ Ky, Ky, k3 — KO3 HHIUMEHTE! npeoGpa3oBaHud JETEKTOPOB.

CHrHANEL ¢ BHIXO/IOB BCEX CHHXPOHHBIX AETEKTOPOB C MOMOIIBIO MYJIBTHILIEK-
copa TOOYEpeNHO MOAKMOYAIOTCA K CHrHanmbHoMy Bxogy ALII (Homep no-
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KJTIOYAEMOT0 JIeTeKTOpa onpeenserca HUdpoBsIM KOJIOM, NOAABAEMbIM Ha MYJlb-
THINEKCOp M3 MHUKporpoleccopHoi cuctems). TlocTynaiomee Ha AIIII Hanpsoke-
HHe npeoGpasyeTcs B YUCIOBOH SKBUBANEHT, KOTOPBIH QUKCHpYeTCH B O3V mux-
POTIPOLECCOPHOM CHCTEMBI 10 ONPEIEICHHOMY alpecy.

MMUKpPOTIPOLIECCOP BBINOMHAET BLIYHCIHTENBHEIE U YNPaBIAIONIAE GbyHKIHH.
[lepBhle U3 HUX CBOISTCH K BBIYMCIICHMIO MOIYJA M (asbi ko3¢ puIenTa oTpa-
KEHHS 10 3HAYCHUSM HANPIKEHAN Upuxis Usan2s Upens, 8 TAKKE 3HAYCHHA KCB. K

yIpaBnAonM (GyHKIEAM MHKPOTIPOLIECCOpa OTHOCATCA: YCTAHOBKA HA4abHOTO,

M KOHEUHOro 3HAYEHMI YaCTOT MOJOCH KAa4aHWA M JHHelHoe kayaHWe JacTOThl
ocuosroro CBY rexeparopa, aBToMaTHieckas KaluOpOBKa H3MEPHTENA B PexKH-
MaxX KOpOTKOrO 3aMBIKAHUSl M XOJIOCTOrO XOJa, Bblada rpaduueckoit 1 mudpo-
3HaKOBOH MH(OPMALH HA JHCTUIEH, yNpaBIeHHe NoNoKeHHeM (a3oBoit XapakTe-
PHCTHKH Ha KpaHe MUCTies  T.1.

Jlns YCTaHOBKH HaYalbHOrO M KOHEYHOTO 3HAYEHMsA 4aCTOT TOJIOCH! KaaHHs
OCHOBHOTO TEHEpaTopa Ha KiaBuaType HaGHMpaloT HyxHble koipl. [Tpu 3TOM Ha
sxozme! ITATI T U3 MuUKpOnpoIeccopa MoaaeTcs ONPe/IeNIeHHOe YHCIO0 (undposoit
KOZ), KOTOPOMY COOTBETCTBYET (PUKCHPOBAHHOE 3HA9YEHHE MOCTOAHHOIO HaNps-
senus Ha seixone LIATT I. OHo moctymaeT Ha BX0A | 6Ji0ka CyMMHpOBaHHS U Tie-
penaeTcs Yepes Hero u 4epes GJOK yNpaBjieHUs FEHEPATOPOM Ha BXOI 1 CBY-
reHepaTopa Kadaiolielicss 4acTOTBI, B pPe3yJibTaTe Hero yCTAHABIWBACTCA Tpe-
GyeMoe HAaYaIBHOE 3HAYEHHE TI0NOCHI KaUaHHA.

JIuHelHO W3MEHSIOUIEECS HAMPKEHWE C BHIXOJA HHTErpaTopa 4epes yIpas-
naemsiii arreroarop 111 nogsonures K BXxomy 2 Goka CyMMMPOBaHMS, U TaloKe
gepe3 OJIOK ynpasJieHus reHepaTopoM IONaeTes Ha CBY-reneparop, OCyMeCTBIAA
YaCTOTHYIO MOMYJISLMIO €ro BEIXOJZHOTO CHTHAJA MO JMHCHHOMY 3aKOHY, T.e. JH-
HeliHoe kauaHue yacToThl. KpyTH3HA HapacTaHWs BHIXOAHOTO HANpSDKEHHA HHTC-
rpaTopa 3aBUCHT OT 3HAYeHHA HanpsKeHus Uy Ha ero BXoze. B paccmatpuBaeMoM
usmepurene Uy — 3HaueHuUe MOCTOAHHOTO HAaNpsUKCHHA Ha BBIXOIC LIAII II. OxO
ompenensercs HAGPOBHIM KOOM, MOCTYHAIOMIMM Ha BXOIBI LATI IT u3 MHKpO-
npoueccopa. IIpONOmKUTENLHOCTh ASHCTBASA HANPSHKEHUA U, Ha BXOJie HHTETpa-
TOpa 3a/1aeTCA CXeMOH yNpaB/eHus HHTErpaTopoM B COOTBETCTBHH ¢ KOMAHAAMH,
OaBaeMEIMH MUKPOIIPOLIECCOPOM Ha ee L(poBOi BXOLL.

Monoca kauauus (nepmanmsa yactorsl) CBU-reHepaTopa 3aBHCHT OT aMILTHTY-
JB1 HANPSDKEHHUs, MOABOAUMOTO ¢ WHTerpaTopa. CiefoBaTe/bHO, HIMEHATE NOJIO-
Cy KauaHus MOXKHO KO3((HIMEHTOM nepelayu YNpasiseMoro aTTeHioaTopa 11,
3HAYEHHe KOTOPOro ompeselsercd WM(GPOBLIM KOAOM, NOCTYTAIOUIMM Ha aTTe-
HIOATOP ¢ MHKpOTIpoLIEccopa. -

JUis TONy4eHHs Ha 3KpaHe KpuBOH, oToOpakaromei 3aBHCHMOCT KCB or
YacTOTHl, B JMCIUIEH BCTPOEH TEHEPATOp Pa3sBEPTKH, BBHINOIHECHHBIH Ha OCHOBE
LIATI, ynpagnseMoro MHKpOIpOLEcCopoM.

B cxeMme aBTOMATHYECKOTO M3MepHUTelis HMeeTcs (HOpMHpOBATE/h YaCTOTHBIX
smetok. C ero MOMOIIbIO HA JKpaHe JUCIUIEs MOJYYaloT APKOCTHBIE METKH, pac-
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CTOAHHE MEXIY KOTOPBIMH 110 FOPH3OHTANLHOH OCH COOTBETCTBYET ONpe/IeIEHHOMY
3HAYEHHIO YaCTOTI.

ApTomaTHueckasd kanubposka usmepurens KCB npousBouTCA B pexHME KO-
POTKOTO 3aMbikanus ocHoBHOro CBY-tpakra. JIs 3TOro npH OTKIOYEHHOM 00b-
eKTe M3MepeHns BRIXOJ TpaKTa 3aMbikaeTcs HaxopoTko. Ecnm kaHams! majaiomei
¥ OTP@KEHHO#H BOJIH MAEHTHYHBI, TO 3HAYEHUA HANPskeHUil Ha Bxoxax | u 2 Gno-
Ka CHHXPOHHBIX JieTekTopoB OyayT pasmel. Ecim e mpu kanmmubposke 310 He yc-
TAHABJIMBAETCA, TO KO3 (HIMEHTHI NEpefayH YKa3aHHbIX KAHANOB BhIPABHHBAIOT-
¢ ¢ MOMOIIBIO yrpasiseMbix arTeHioaropos | u Il cornaceo uuppossiM KoxaM,
NO/BOIMMBIM H3 MHKPONPOLECCOpa K HX LH(pPOBLIM BXOAAM.

A

bl e

10.
1.
1%

13,
14.
15

16.

Konrpoasubie Bonpocsl

Kakue napamerphbl 2CKTPHMECKHX LENeH CYHTAIOTCA COCPENOTOYEHHBIMH, 4 KakHue
pacmpe/ie/ieHHbIMU?

[lepeuncnuTs METO/IB M3MEPEHHA AKTHBHBIX COTIPOTHBJEHWH, 1aTh KPATKYIO Xapak-
TEPHCTHKY ITHM METOJIaM.

MocToBble METOIbI H3IMEPEHHA HA NEPEMEHHOM M NOCTOAHHOM Toke. Yem oTaHyaloT-
Cfl YCNIOBHS PABHOBECHS HETHLIPEXIJICYEro MOCTa HA MEPEMEHHOM TOKE OT YCIOBHA
PaBHOBECHS HA NMOCTOAHHOM TOKE?

[NpuBeauTe CXEMBI MOCTOB JUIS H3MepeHHs napametpos L, C, R u tgd.

HapucoBaTs yNpoIIEHHYIO (YHKIHOHANBHYIO CXeMY KyMeTpa M OOBACHHTH €ro
MPUHLMN AEHCTBHA,

Kakue MeTo/ibl H3MEPEHHES NapaMeTpoB [UIHHHEIX THHUI HCNONL3YIoTCs B HGPOBLIX
npubopax?

Kak npoussosmres ncenenosanne AUX muHeHHEIX teneif?

Kakue MeTos! H3MepeHns napaMeTpoB HCNob3yloTes B ananasone CBY?

Kaxas cBA3b CYUIECTBYET MExkY pexkuMoM paboThl W Harpyskoi B nepejaiomei nu-
uuu CBY? [Npusectn npumepst.

JIns 4ero CIyMHT H3IMCPHTE/IbHAR THHHST?

KakoBo ycTpoiicTso BOTHOBOAHOI JIMHHH W KAKOB NPHHLMN e¢ AeiicTaa?

Kak onpenenserca ¢asa koaHuMEHTa OTPAKECHHA C MOMOIIBIO H3IMEPHTEILHOH
JIHHHKT?

Kak BeiuHcasercs Moayis kodduunenta oTpaxeHns?

Jlns wero npennasHadeH peduexromerp?

O6bacuuts paborty naHopamuoro uiMepurens KCB n ocnabnenus no ynpomenHoi
CTPYKTYPHO#H cxeme.

[ToSCHUTE TIPHHIKN JCHCTBUA ABTOMATHYECKOr0 MHKPOIPOLECCOPHOTO H3MEPHTEA
KCB u ocnabnenus.
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Inaea 13. U3AMEPEHUE XAPAKTEPUCTHK
CJIVUANHBIX MPOLIECCOB

B pamuorexuuke GOMBUIYIO POJIb MIPAIOT CTyHadHbie MPOLECCHL: HanpsoKeHne cobeT-
BEHHBIX IIYMOB DANMOTEXHWHECKOH anMaparypsl, CHIHAIBI IPYTHX PATHOCHCTEM, UTYMOBBIC
CHTHABI, CHTHANBI PEUH M T. . AHAIH3 PAsNHYHBIX 33139 PATHOTEXHUKH NOK23BIBACT, HTO
npakTHaecky oGoH curHan, Hecyimi HH(OPMALHIO, MOKHO PaccMarpHBarhk Kak cmyqaii-
Hetil (croxacTideckui). OYHKIMOHHPOBAHHUE PA3THIHBIX PAIHOTCXHHHUCCKIX YCTPOHCTB H
CHCTEM TIPM HAJIMHHH TOMEX, paspaboTka MOMEXOYCTOHYHMBON PaIHOAINAPATYPHI, H3MEpPe-
uHe crabhIX CHTHANOB Ha (JOHE MIYMOB HEPa3PHIBHO CBA3AHBI C ONPEACHCHACM W H3MEpe-
HHEM Pa3HOOOPAsHBIX XapaKTEPHCTHK CIydaHHBIX MPOLIECCOB. [MpuGops! AN H3MEPEHHA
TOROBHBIX XAPAKTEPUCTHK HAXOAAT MHPOKOE MPUMCHEHUC HE TONBKO B HCC/IEN0BATCIILCKIX
LEJISX, HO ¥ MPH PEIICHAN MHOTHX MPAKTHIECKHX 3ana4.

13.1. O6mue cBegeHHHA

M3ydenne pasyioOTEeXHHYECKHX CIy4aifHBIX IPOLIECCOB TpebyeT MpAMEHEHHA CTa-
HCTHHECKHX METONOB aHamu3a. [Iph CTATHCTHYECKOM MOMXONE HET HeOOXOMMMOCTH
ONpeNIe/IATh TOYHBIH PE3yNLTaT OTAETLHOTO OMbITa WIH H3MEPEHHA, 2 MOYKHO OCHOBBI-
BATLCA HA UCCIICIOBAHMI MHOXKECTBA ONBITOB. [TpH pacCMOTPEHMH MHOKECTBA OIBITOB
yaeTca HalTH 3aKOHOMEPHOCTH ¥ KOJMYECTBEHHBIC COOTHOLICHHA, XapaKTepHU3yIonme
ciyqaiHBIi mpouece B cpeaHeM. Eciti NOBTOPATH HaGmonenus (M3MEpeHNs) B TeUE-
HUe [UTUTENBHOTO BpeMEHH (MK ApYTUM H3MEPHTE/IbHBIM npuGopoM aHAIOTHIHO-
TO THIIA), YHCIEHHBIE 3HAYEHNA H3MEPEHHOH BEMIHHBI OyayT WHBIE, T.€. OHH TaK-
e ABJIAIOTCA CiydaiHbIMH BeJIMUHHAMH.

COBOKYIHOCTE OTAEJBHBIX HabmoaeHuil B TEOPHH CITy4aiiHBIX IPOLECCOB Ha-
3BIBAIOTCA aHcambnem peanusayuii. AHcamOnb peanusalii — MaTeMaTHicCKad
aGCTpaKius, aHATATHYECKas MOJIeNb CITyHaifHOro npouecca. KonkpeTHble peas-
3aupy, HaGmozaeMble MPH HCCIENOBAHMAX, NMPECTABIAIOT coboii (u3HYecKue
MPOTIECCHI, ABMCHUA MIA OOBEKTHI M BXOIAT B aHcamOnb Kak ero HeoTbeMieMasn
yacTh. Hanpumep, ancamblieM peannsaupii CirydaiiHoro nporecca sBieTcs rpyn-
[1a CHIHATOB, HAGMIONAEMBIX OZHOBPEMEHHO Ha BBIXOJAX MIEHTHIHBIX IEHEPATO-
POB IIYMOBOTO HANPSKEHH. -

Ancam6ib peanusaiuii ciydaifHoOro mpouecca ABIAETCA OCHOBHBIM JKCIIEpH-
MEHTA/IbHBIM MATEPHAJIOM, Ha OCHOBE KOTOPOTO MOXHO MONY4HTh €ro XapakTepi-
CTHKH H IapaMeTphl.
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Puc. 13.1. Ancambns peanusanuii ciyyalisoro npouecca

Ha puc. 13.1 mokaszan Hekuil ycnoBHbiii aHcambib peanu3aumil CIydadHbIX
¢bysxumit. OgHako 3TOT aHcamOblb ciiydalHBIX (QYHKIHMH TOMy4eH B pesyJLTaTe
H3MEPEHHS HecayHalinol yuKkyuu U mocne o6paboTKy AaHHLIX aHcaMbia Heobxo-
AMMO HMeTh CBeleHHA 00 MCTHHHOM (HeciydaifHOM) 3HaUeHHH H3MepseMol ciry-
vaitHoi Qyrkmmm X(1).

BeposaTHOCTHBIE XapaKTepPHCTHKH CJIy4aiHbIX IIPONECCOB

Ilycte cmydaiiHblii mpouecc ommcaH HekoTopol ofobmeHHOM cmydaitHoi
bynkumeit X(f). Konkperssiit Bun x,(f), x,(1),..., X({),... 370# QyHKIHM npouecca,
MOJTyHMeHHOM B pe3ysbTaTe NpOBEJEHHOro SKCIIepHMEHTa (HampuMep, H3MepeHs),
T03BOJIAET OTPEAEIIUTH BCE €€ MapaMeTpsl U OHA ABMAETCA Yike (B HEKOTOpOit Mepe
YCIIOBHO) demepmunupogannbim cuznanom. CleoBaTellbHO, CTyuaiiHas QyHKIus
X(f) coBMemaer B cebe XapakTepHble MPH3HAKY CTydalHON BENUYHHEI ¥ IETEPMU-
HupoBaHHOH ¢yHkuuu. [Ipu dukcupoBaHHOM 3HAYEHHWH apryMeHTa ! OHa mpe-
BpAIIAeTCs B CydaliHyl0 BeJIMYHHY, @ B pe3ylbTaTe KakIOTr0 OTACNLHOrO OMbITa
CTAHOBUTCH NETEPMHUHHUPOBAHHOH (yHKIHEH.

BeibepeM HekoTOpbldf MOMeHT BpeMeHH ;. COBOKYNHOCTBL OTHENBHBIX
MTHOBEHHBIX 3HAUEHHI BCeX peanusaliuii ancambns B 3a1aHHBIN MOMEHT BpEMEHH
t, Takxe Oymer HekoTopoi chyuaiiHod BenwuHHOM X(f,), Ha3biBaeMo# cevenuem
cnyuainozo npoyecca. 3Tta ciyvaliHas BeJIHYMHA MOXET HMETh Jobbie 3apaHee
HeM3BEeCTHBIE 3Ha9€HHsA B BO3MOXHOM HMHTeppaie ee usMeHenud. CrmydaiiHeie Be-
NTHYHHBI U MX XapaKTepUCTHKH OBUTH YK€ TPEeICTABIEeHBI NPH H3YYCHHH CITydai-
HBIX MOrpelHocTel uiMepenus. KpaTko HamoMHUM HEKOTOpPhIE W3 HUX.

JocTato4Ho MONMHOW XapakTepHCTHKOH ciydaiiHod BenwduHs! X(f,) ssnsercs
unmezpanshan Qyukyus pacnpedenenus F(x). Ora QyHKUHs ompenensercs Kak
BEPOATHOCTE TOTO, YTO BCE 3HAYEHMA CITyuaiHO# BenuuuHbl X(f,) HE MpeBLINAIOT
HEKOTOPOTIO 3aaHHOI0 YPOBHSA NEpeMeHHOH x:

F(x) = P[X(1)) <x], (3.1

e P — cHMBOJI, XapaKTepH3YIOIWi BepOATHOCTh COORITHA.
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Hurerpanstas (yHKIEs pacnipeae/ieHus onpenensiercs Ha unTepsane 0 < F(x) < 1.

Ecnu cryuaitas BenwuuHa X(f,) SABNSETCA HENPEPhIBHOW BO BPEMEHH, TO
ynobHee TOB30BATECA NMPOM3BOMHON (YHKIWH pacnpeie/ieHus — 0OHOMEPHOU
nIoOMmHoOCMbiO pacnpedeneﬁux BeposMHOCmuU.

dF 13.2
p(x, )= v R {122)
3amamuM KakoW-mu6o MHTepBaN g, b W3MEHEHHs IMapaMeTpa X CiyqaiiHoH Be-

mramEsn X(2,) (cm. puc. 13.1). Torna u3 dopmymnsi (13.2) crenyer, 4T0 3Ha%eHHE
plx, t,)dx = F(b) - F(a) = Pla < X(t,) < ] (13.3)

€CTh BEpOATHOCTS TIONANAHNSA CiTydaifHol BemMAb! X(f) B 3a/IaHHbIH HHTEpBAT 4, b.
TTycTs napameTp @ —» —, a NapaMeTp b MPUHUMAET TEKYIICe HAYCHHE Nepe-
MexHo# x. Torna HuTerpanbHas GyHKIHA pacnpefeNeHus CTyJaiHoro npouecca

x
F(x)= P[-0 < X(t;) <x]= ]’p(x, t,)dx. (13.4)
OnHoMepHast IUIOTHOCT BEPOATHOCTH HEOTPHLIATE IbHAS BEJIHYHMHA H ILTOIA/b
N0 KpHBOii p(x, ;) paBHA eMHMIIE.

YucsioBbIe XAPAKTEPHCTHKH CTy4aliHbIX NPOLeccoB

Cnyuaifasie mpoueccsl HauGonee IONHO ONMMCHIBAIOTCA 3aKOHAMH  pac-
Tpe/ieNieHus TUIOTHOCTH BEPOATHOCTH: OJHOMEPHEIM, IBYMEPHBIM M T. . Onnaxo
OnepHpoBaTh C TAKHMH, B 00lieM cCiy9ae MHOrOMEpHLIMH yHKIBAMH OYeHb
CJIOHO, TIO3TOMY B MEDKEHEPHBIX IIPHIOKEHHAX, K KAKHM OTHOCHTCA METPOJIOTHA,
crapatorca 0GOUTHCH XapaKTepHCTHKAMH ¥ NapaMeTpaMH 3THX 3aKOHOB, KOTOphIE
OIMUCHIBAIOT CITydalfHble MPOUECCH He MOMHOCTHIO, @ YaCTHIHO. K BaxHeHmHM 13
HHX OTHOCATCA MAaTEMaTHYECKOE OKHIaHHE H JHCTIEPCHA,

H3MepeHye NapaMeTpoOB ¥ XapaKTepUCTHK CIy4aiHOro mpouecca CymecTBeH-
HO yNpoUIAeTcs NPH ero CTalHOHAPHOCTH ¥ S3PTrOAHYHOCTH.

CmayuonapHeimMu Ha3bIBAIOT CITydaliHble MPOLIECCH, CTATHCTHIECKHE XapaKTe-
PHCTHKH KOTOPBIX He H3MEHAOTCs BO BpemeHH. [Ipoe ropops, K CTalHOHaPHEM
OTHOCATCA CiIydaifHble MpONecChl, MPOTeKaloIue BO BPEMEHH OJXHOPOMHO, 4Ya-
CTHBIE PEANH3AUHH KOTOPBIX C NOCTOSHHON aMIUTHTYIOH xonebimoTcs BOKpYT He-
KoTopo#i cpemueli pyHkumn. CBoOHCTBA CTALMOHAPHBIX MPOLECCOB XapaKkTepH3y-
I0TCA CAEIYIOIHMH YCIOBHAMH:

» MAaTEMATHIECKOEe OXKHIAHHE CTALHOHAPHOrO CIy4aHHOro Mpouecca MoCTOAH-
HO, T.€. my(f) = m, = const; OiHAKO 3T0 TpeGoBaHHE He ABJIACTCA CYIIECTBCHHBIM,
TIOCKOJIBKY OT CiyHaiisoi ¢yHKimu X(f) Bceria MOXHO NMEpeHTH K UeHTPHPOBaH-
HOM (YHKIMH, AJI4 KOTOPO# MaTeMaTHIeckoe OXHIaHue paBHO HYJIIO (yenmpupo-
@anubie CydaiiHele POIECCH); OTCIOA BBITEKACT TO, YTO ECIH cirydaiHsIi npo-
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UeCC HECTAITHOHAPEH TONBKO 33 CYET NEePEeMEHHOro BO BpeEMEHH MATEMAaTH4ECKOI0
OXKUIAHKSA, TO OTIEPALKs IEHTPHPOBAHHA €T0 CBOJMT K CTALIHOHAPHOMY;

* Ul CTALMOHAPHOrO CITy4aifHOro Mpouecca AUCTIePCHs MO CeYeHHAM ABISET-
s MOCTOAHHOH BeJTMIHHOM, T.€. D,(f) = D, = const.

TlpakTidecku Bce peabHBIE pafiHOTEXHHIECKHE CllydaiiHble MPOLECCH OTHO-
CATCA K CTanMoHapHeIM. [Tonasnsmomee GOMBIMHHCTBO CTAMOHAPHBIX CITydalHBIX
MPOLIECCOB 00NanaloT CBOHCTBOM 3p20duyHOCMY, TIPH KOTOPOM YCPENHEHHE 10
aHcamOMmo peanu3anuii MOXKHO 3aMEHHTh YCPEIHEHHEM [0 BPEMEHH OIHOil pea-
nM3anME B npenenax GeckoHeuHo MMHHOro murepsana 7T, IMpome roBops, ans
CTAallHOHAPHOTO 3ProAMYMEcKoro ciyvalHoro mpouecca mobas ero peamuzanusa
A0CTATOYHOH MPOOOIKMTENBHOCTH ABJIAETCA Kak OB «MOTHOMOYHBIM MpencTaBH-
TeJIeM» BCEH COBOKYIHOCTH peanu3aluii mpoliecca.

Wrak, mis cTallMOHapHOTO CiTy4aifHOro mpoiecca XapakTepHa BEpOATHOCTHAsA
3KBHBAJICHTHOCThL BCEX BPEMEHHBIX CeMeHMH aHcaMbia peannsauui, 1id 3proau-
9eCKOr0 — BEPOATHOCTHAA JKBHBANIEHTHOCTE BCEX PEANM3ALIMINA, BXOAAIIMX B aH-
caMOns.

B paguoTexHyke BOSMOXKHBI B APYTHEe BHIBI CITy4aiftHsIX mpoueccoB. Cmayuo-
HAPHBIN Heapeoduyeckull IPoLiecC — 3TO CiydaliHslit npolece, Y KOTOPOTo 3KBH-
BANICHTHBI BPEMEHHbIE CEYEHHs (BEPOATHOCTHBIE XapaKTEPHCTHKH HE 3aBHCAT OT
BDEMEHHM), HO He SKBHBANCHTHbI peaiu3aldd (BEPOATHOCTHLIE XapAKTEPHCTHKH
3aBHCAT OT HOMepa peanusaluy). Y necmayuonaprozo 3pzoouyeckozo ciydaiHo-
ro mpouecca >KBHBAJEHTHBI pealu3allid (BEPOATHOCTHBIE XapaKTEPUCTHKH He
3aBUCAT OT HOMEpA pealu3aliuy), HO He SKBUBATIEHTHEI CEYEHHS 10 BpEMEHH (Be-
POATHOCTHBIE XapaKTEpPHCTHKA 3aBHCAT OT TeKymero BpeMenw). Hecma-
YUOHAPHYBIT He3p200uyeckuli — 3TO CIyHalHbIA MPOLECC, Y KOTOPOTO He 3KBHBA-
JEHTHBI HH BpEMEHHbIe CeueHus, HU pearn3auui. Mrak, KiaccH(pHKamsa Ha OCHO-
BE CTAIMOHAPHOCTH M 3PrOAMYHOCTH JAeT YEThIPE Knacca caydaiHeIX MPOLeccos:
CTAlMOHAPHEIE 3ProJMYECKHE, CTAMOHAPHbIE HEAProgHYECKHE, HECTALMOHAPHEIE
3ProANYeCKHe, HECTALHOHAPHEIE HEAProgHYECKHE,

B npaktideckodf panMOTeXHWKe TPHXOIHTCS MMETh JIENO CO BCEMH Mepe-
9HCNIEHHBIMH K/accaMi CITyqalHBIX MpoleccoB. B GonbliMHCTBE ciydaes mpen-
CTaB/fAET HHTEPEC HM3MEPEHHE BEPOATHOCTHBIX XAPAKTEPHCTHK CTALMOHAPHEBIX
3ProAWYECKHX MPOLIECCOB, YTO M PACCMATPHBAETCA Aanee.

OmnpenenuM OCHOBHEIE HHCIIOBBIC XapPaKTEPHCTHKA CMayuOHAPHO20 3p2o0uye-
€K020 CIy4a#HOTO npouecca.

Mamemamuyeckoe ooicudanue (cpemHee 3HaueHWE) CiydaHOro IpoLecca
BBIYHCIIAIOT TyTeM yCpeaHeHus (3Ta onmepaumsa o603Ha4eHa 4epTol Hajl COOTBET-
cTByIOIeH (QyHKUMeH) 3HAUeHNH 3a1aHHOM peanu3aluy (KMpHas NuHUs, 0603Ha-
4eHHas Kak m Ha puc. 13.1)

o —— 1 T-\‘
m, =x(f)= lim T_ x(t)dt. (13.5)

Ty—o> X0
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Jucnepcus ciydaifHOro npouecca, Kak y»e 0TMedaoch paHee,
T.\' o g —
D=0 = lim e I[x(t)—mx]zdt=x2(t)—m§ (13.6)
Iy—a Tx 0

OnpefeNsieT MOUHOCTh (QUItOKTYaLuii.
ITapamerp o, = \/ D, ectb cpednee keadpamuyeckoe ominonenue (CKO).

Kak yxe oTMeqanock, Ha TpaKTHKE BMECTO CPENHET0 3HAUeHHs, a TakoKe JUCIEp-
CHHM H CPEOHErND KBaaparuieCKOro OTKIOHEHHA pe3yneTara I—Buepermﬁ HaxXonAT JTHNIL

HX OLIEHKH, KOTOpbIe 0G03HAYAIOT COOTBETCTBEHHO Kak m,, Dy H o).

B Teoperuueckoil panMoTEXHMKE Pa3UYal0T Be OCHOBHBIE IPYIIEL CTATH-
CTHYECKHX XapaKTePHCTHK, COAEPKANIMX HHPOPMALHIO O CITy4aiHOM NpoLecce:

* pachpe/iefieHHe 3HAa4YeHHH Mpouecca BO BpeMeHH (MaTeMaTHUecKoe OXHa-
Hue, aucnepcusd, GyHKuua pacnpeneneHus, QYHKUMA KOpPeIAunn);

* pacrpefeNeHue SHepruy MpoLecca No 4acToTe (CneKTpalbHas INIOTHOCTS).

B npunnune HCTHHHBIE XapaKTePHCTHKM CIy4aifHBIX MPOLECCOB, ONpeense-
MbI€ B GONIBIIHHCTBE CITy4aeB Kak HHTErpasikl 10 GeCKOHEMHBIM MpefieaM, MOKHO
HaiiT Ha ocHOBaHMH GecKOHeYHO GONBIIOTO KONHYECTBA MX BO3MOMKHBIX peann-
3auUuii WIK B cly4ae 3proadqHOCTH — Ha OCHOBAHWH OJHOH peanH3alud Gecko-
HEYHOH JUIMTENBHOCTH. PeanbHO MOXKHO HabmonaTe TONBKO OFPAHHYEHHBLIE BbI-
Gopku, T. e. KOHeUHbIH aHcaMbib peanu3allHH WIN peanu3aliio KOHeWHOH JH-
TensHocTH. IlosToMy 3agaya M3MEpeHHi COCTOMT B TOM, YTOOBI HaHTH OLIEHKH
XapaKTepHCTHK CITydalfHOro Mpolecca Ha OCHOBAaHWM KOHEWHOH BEIGOpKH. OTH
OLICHKH HA3bIBAIOT 8b160POYHBIMU.

JIns M3MepeHHs BEPOATHOCTHBIX XapaKTEPHCTHK CJIydaifHBIX NMPOLECCOB Xa-
PaKkTEpPHO HAIMYHE CHCTEMATHYECKOW MOrpemHoCTH, 00YCIOBIEHHOH KOHEYHO-
CTEIO 00BheMa BBIOOPOUHBIX MAHHBIX O MTHOBEHHBIX 3Ha4deHHAX peanu3auuy, ITo-
TPEIIHOCTE 3TONO BHAA WACcTO Ha3bIBAIOT METOAMYECKOH. UToObl M3MEpHTH OT-
OeNbHBIE BEPOATHOCTHBIE XaPAKTEPHCTHKH CIyYalHBIX MPOLECCOB, MPUMEHAIOT
pUOOPLI, NpeHa3HAYEHHbIE /IS U3MEPEHHA MaTeMaTHIECKOro OXHIaHuA (cpel-
HET0) M [AMCIEPCHH HANpHKEHHs WIH Toka. JINA M3MEpeHHA MaTeMaTHYecKOro
O)KMIAHHA NPUMEHAIOT B OCHOBHOM LM(pOBLIe HHTErpUPYIOIMIKE MPUOOpPEL, a it
M3MEPEeHHA JHCIIEPCHH — NMpHOOPBI, MOKa3aHHA KOTOPBIX ONPEAEAIOTCA CPeIHHM
KBaJpaTHY€CKHM 3HAYEHHEM BXOOHOIC MpoLecca.

13.2. H3mepenne MaTEMATHYECKOr0 OXKHAAHMS U AHCHEPCHH

OueHKa MaTeMAaTH4YECKOro OXHIAHHA YcpemHsIomee yCTpPoiCTBO, Bbi-
nonHaolnee yHkuuu cornacHo dopmyine (13.5), aBngerca HaeanbHbLIM HHTErpa-
TopoM. Ecin ynkuua X(f) npencrasiser TOK WIH HANPHKEHHE, TO B PONIH aHAJIO-
rOBOTO HHTErpaTtopa MOrYT BEICTYNATh MHTerpupywoimue RC-1eNOYKH HIH HHTer-
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PHpYIOIIEE YCTPOWCTBO, MOCTPOEHHOE Ha Kn
OCHOBE omepauuoHHoro ycwmrens (OV), R
OXBaYEHHOro rIYOOKOM OTPHUATEIBHON 06- O-E——C—"—
paTHO# cBaA3kIO (pHe. 13.2).

C noMoumsl0 3JIeKTPOHHOTO Kiwda Kn Un(E) > b
4 _—
3afaeTcd BpeMs HHTerpHpoBaHusa (ompo- 7

ca) BxoaHoro curana 7, = T,. [Tpu t = 0 "wL(I;n) = my
KJIHO4Y pAa3MBIKaeTCAd M HaXOOHTCA B 3TOM O é
MONIOKEHHN 10 MOMeHTa f = T, . mocie e

qero 3ambikaeTcs. 3a spemsa T,, ocymect-  PHc. 13.2. Cxema nHerparopa Ha

[ BIO
BIETCA YCpENHEHHe BXOAHOrO CHTHama O CCMKOCTHOI oGparHol cass

U, (). Yepes 3amknyTsIit knrou 1 OY KOHAEHCATOp pa3pskaeTcs NPaKTHIECKH
MIHOBEHHO. J_IJ'ISI NOJYYECHHA OUSHKH CpelHero 3Ha4eHHA HCCIeayeMoro Ha-
npskeHrA u(f) HeoOXONMMO M3MEPHTH BBIXOHOE Hampsukenue u,, . (7,,) Ha HH-
TepBajie BpeMeHH T, .

Cpennee 3HaueHHEe BXOIHOTO HANPSUKEHUs ONpeNeuTcs Kak (hopmynia npuse-
nena 6e3 BeIBOIA):

m.=Ku(T,), (13.7)

rae K — ko3 QHIMeHT yCHITeHNs yCHIIATEIIS, BXOASAIIETO B CXEMY.

Ouenka mucnepcuu. Jlna u3MepeHns OLEHKH IHUCTIEPCHH B COOTBETCTBHM C
(opmynoit (13.6) MOKeT HCTIONB30BATECS BOJBTMET, HMEIONIMH KBaApaTHyHbIH Mpe-
00pazoBares, T. €. ONPedeNATh CPeiHEe KBAIPATHIECKOE SHAYCHHE. Taxo# BoETMETP
IOJDKEH OTBEYATH CIIEAYIOLIUM TpeOOBaHMAM:

* UMEThb «3aKpHITHIH BXOIY, T. €. He MPOMYCKaTh NOCTOAHHYIO COCTARMAIOLIYIO A
MOMy4eHHA HEHTPHPOBAHHOMH BETHINHEI;

* ofnajars GombIIOH MPOTHKEHHOCTEIO KBAIPATHYHOTO YYacTKa XapakTepHCTHKH
IETEKTOpa, Tak KaK M3MEpSAEMBIE HANPHKEHUS MOTYT OTIHYATECA OONBIIMMU BeJIMYH-
HAMM OTHOIICHHUS MTHKOBOIO 3HAYEHHS K CpeHeMY KBAIPATHIECKOMY 3HATCHHIO,

* HMETb BRICOKYIO YYBCTBUTEIBHOCTE B IIMPOKOM JHANA30HE HCCIIEYeMBIX 9acTOT.

HadpoBsie H3MEPHTEIH MATEMATHYECKOI0 OKHAAHUS H AHCHEPCUH

Ilpu M3MepeHHH OlIEHOK MaTeMaTHYeCcKOro OXWIAHWA W JAHCTIEPCHH LHdpo-
BBIMH MprOOpamMu uHTErpasl B Gopmynax (13.5) u (13.6) 3ameHsOT cymmamu:

mt = lix(f?‘m % (13.8)
L

= 13 iz -m3 P (13.9)
L
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Puc. 13.3. [ludponoii H3MEPHTEIL MATEMATHYECKOTO OXKHIAHMA:
’
a — YNpONICHHaA CTPYKTYpHas cXeMa; 6 — BpeMeHHBIE HarpaMMEl

3neck T, — 3a0aHHBIN WHTepBan BpemeHH mamepenus; n = T, /T, — obmee
KOJIMMECTBO BEIGOPOK 33 BpeMs H3MEPEHHS.

VopomieHHas CTPYKTYpHas cXema LM(POBOro H3MEpHTENs MaTeMaTHYecKoro
OXKHIaHUs (TOYHEE ero OLEHKH) M BPeMEHHEIe AUAarpaMMBI, MOACHAIOMIKME ero pa-
6oty, npeacTaBiieHsl Ha puc. 13.3, a ,6.

Pexxum dysxumonupoBanus npubopa 3agaercs TakToBeiM reseparopom (TT),
KOoTOphI# ynpasnsier paGoToii reHeparopa JMHEHHO M3MEHAIONMIErocs HampsHKeHHsA
(TJIMH). 31oT reHepaTop BXOOHMT B COCTaB BpeManMITyiabcHoro ALIL, mpuHumm
neficTBHA KoTOpOro GbUI ONMCAH NPH pacCMOTpeHHH LMGPOBEIX BONLTMETPOB. Ha
BPEMEHHRBIX JHarpaMMax MoKa3aHbl CUTHaJbl, NeHCTBYIOLIHE B cXeMe Lu(poBoro
u3Mepurens. OTMETHM, YTO 371eCh M Jajiee B KaueCTBE HUCCNENYeMOH BENTHYHHBI
x(f) paccMarpuBaeTcs HanpskeHue u(f).

VYipasneHue cxemofi OCYHIECTBIAET TeHepaTop cuyeTHbIX MMIyiascoB (I'CH).
Hanpsokenue u,, (uMimynscel, cnefyiomue ¢ 4actotolt f, = 1/7,) TCH onHospe-
MEHHO MOCTYNaeT Ha ONMH M3 BXOHOB cxeMbl M u menurens 9actotsl (JY). Koag-
(uiment k, nenenns BLIOHpaeTCs KPaTHLIM NECATH: k,=10P, rne B — menoe umc-
no. ITony4eHHEIt B pe3ynbraTe HHTepBal ONpoca:

T, = kT, =10°T;,
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UMIynsChl YIPABACHHUA Uy, (OTIOpHEIE HMITYJIBCBL), MOCTYNAIOIIHE C IEPHUOI0M
nosroperns T, ¢ TAKTOBOTO reHepaTopa, KoMaHao# /Jyck 3alyCKalOT reHepaTop
JIMHENHO M3MEHSIONIETocs HaNpsHKeHHUs, CHUrHaMN u,(f) KOTOpOro CpaBHHBAaeTCA C
HCCNeTYeMBIM BXOJHBIM CHTHaIOM u(f) B komnaparope K1. OnHOBpeMEHHO ¢ Ha-
qanoM pa6orer IJIMH apyroii komnaparop K2 nogaer paspemiaiommii CHrHan Ha
sxont Tpurrepa T, u Ha 000MX BXoJax cxeMbl Y MOABIAIOTCSA CHTHATIBL, B PE3YIIbTa-
Te 9ero oT Hadana Komauasl [Tyck umnynbesl 'CH nonapaioT Ha CYETIHK (©).
ITpouecc mozxcuera ummyibeos 'CH mpekpaTHTCs, KOra ¢ KoMIaparopa K1 mo-
CTYNHUT CHrHAl, onpokugsiBaomuil Tpurrep T. OT0 MpoH30HAET B MOMEHT Cpas-
HeHus HanpsbkeHus . (f), BeipabarsiBaemoro [JIMH, ¢ BXOIHBIM HANPAKEHHEM ;.
ITocne oxoHYaHHS BpeMeHH mukaa T, ¢ MPHXOAOM CHENYIOIIEro ONOPHOro HM-
My/bCea Uy, CHOBA npousoiiner 3amyck [JIMH u B cyeTduk GyRyT 3ammChIBATECS
NaHHBIE CNIEAYIOMETO [UKNa | T. 1.

Ec/m 3anmporpaMMHPOBAHO 1 LMKIOB M3MepeHuH, To ofluee KONM4ecTBO HM-
MyNBCOB, 3aNMCAHHOE CYETYHKOM 3a BpeMa usMeperus T, Oyner:

N=£q,, (13.10)
i=l

[Jie §; — 9UCII0 UMITYITHCOB 33 BpeMs onpoca.
B ceoto ouepens, g; = Cu;, Torna:
n
N=CY u, =Cnm3, (13.11)
i=l
rae C — KOHCTaHTa, KO3 (HIMEHT NPONOPUHOHANBHOCTH; 4; — 3Ha4eHHe BXOA-
HOTO HANPSDKEHHSA B MOMEHT CPaBHEHHS.
Cpe/inee 3HayeHue (OLIEHKA) HCCIEMYEMOr0 HANPKEHHA

m;, = N/(Cn). (13.12)

[NoxcuynTaHHOE 3HaYeHHE OLEHKH CPEIHEro OTpaxaeTcs Ha auciee uu@poso-
ro orcaeTHoro ycrpoicraa (LIOY).

Tlpn ompeneneHAN MAHMCIEpCHM HEOOXOAMMO TNPOM3BECTH IICHTPUPOBAHHE
CpEIHEro 3HaYeHUA

u(t) = u(t)-m3,

a 3aTeM BO3BECTH B KBaJpaT TOMyueHHYHO BeiuuHy, CTpyKTypHas cxema uudpo-
BOTO M3MEpPHTEIs AUCTIEPCHH MPECTaB/IeHa Ha puc. 13.4.
C nomomuipio LEeHTpUpyiomero ycrpoiictea (LIY) u3 MccieayeMoro cHrhana

BHIIENAETCHA €ro MepeMeHHas cocTapnsomas u(f), KoTopas MOCTymaeT Ha JBYX-

MONyNepHOAHEII BeIpaMuTens (B).
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Puc. 13.4. CrpykrypHas cxema Hu(poBoro H3MEpHTENA JHCIIEPCHH

Komnaparopom (K) seimpsmnesssiii cursan | #(¢) | npeobpasyercs Bo BpeMeH-

HOM MHTEepBan Af; yTeM CPaBHEHMA €ro C JMHEHHO W3MEHSIOMMMCS HaIpsKeHH-
eM u,(f) = kit (k; — xo3dduument npeobpazosanus [TIMH), kotopoe Bhipabatsl-
Baetcs [JIMH. B pesynsrare aToro npeoOpa3oBaHus NMOMyIHM BpeMeHHON HHTEp-
Bal, OITHCHIBAEMBIH YPaBHEHHEM:
2
. (13.13)
]
rae k, — ko3 duiment npeobpasoBaHus KOMIApaTopa.

Hanpsxenne TTIMH u (f) ynpasnseT u 9acTOTOH reHepaTopa CYETHBIX MM-
nynscoe (I'CH), xotopas onpependercs kak fy = /T, = ksu (1); 3necs k; — xo-
sbdunuent npeobpasosanna ['CH. CueTHble UMIYALCHI MOCTYNAIOT Ha BXOJ
cxeMmbl coBmagenus M, Ha mpyroii Bxox kortopoii depes Tpurrep (T) momaerca
HMITY/ILC UTATENBHOCTH Af;, TPHUITEp OTKDHIBAETCH HANPSKEHUEM U, KOTOpPOE
meiicteyet Ha maTepsane T,,. Hrtak, Ha BXox cueTduka umimynscos (CY) 3a uHTep-
BaJl JUTHTENBHOCTH odepenHoro uMmynsca At; ¢ I'CH gepes cxemy Y mpolner He-
KOTOpOE YHCIIO HMITYIIECOB:

At= ko Ju(t)

u(t) (13.14)

A Aty AL "
g = [fodt= [kt = [kskytde =kyAt, = kofu(t)] ,
0 0 0 ;

rae ky = kyks; ko= kky = kkoks.
CrenoBatensHo, 32 Bpems usMmepenus T, = nl,, (31ece T, U n UMEIOT Te XkKe
3Ha4YeHH, YTO U B CXeMe M3MepeHHs m} ), B CIETUMKE 3apErHCTPUPYETCst YHUCIIO

N=ZQ;‘ =Zk0

i=l i=]

2
= kynDs. (13.15)

()

Pazpemis uncno N AMITYNECOB Ha kg, IOMTyYHM 3HAYEHHE OLICHKH OUCTIEPCHHM CITy-
9aifHOrO IpoLEcea:

D3 =02 = Ni(kyn). (13.16)
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1{sbpoBoii H3MEPHTEND NMCIIEPCHH CIIy4aifHOTO MPOLIECCa TAKKE YIPaBIAeTCA
AMITYTLCAMHE TAKTOBOTO TeHEpaTopa, /I YIPOMEHHUA Ha puc. 13.4 He moKasaHHo-
ro. IosToMy HanpskeHHe u,, B CXeMe — HMITY/ILCHBIH CHTHAIl TAKTOBOIO reHepa-
topa. IToyueHHble pe3y/IsTaTsl H3Meperus oTobpakaiorcs Ha Tabno LOY.

OCHOBHBIMH TOTPEIIHOCTAMH H3MEPEHHA NPH ONpeAe/ieHAN 1 OLECHKH CpeHe-
O ¥ AMCTEPCHH CIy4aifHoTo mpomecca ABIAKOTCA MOTPEIIHOCTH, CBA3AHHBEIE C KO-
HETHOCTEIO BpeMeHH ycpenHeHus (usmepenns) T,

13.3. Mismepenne pacnpejeieHHs BEpPOsiTHOCTeH

Jis paguoTexXHHKH 0coObIH MHTEpEC NPEACTABIAOT HHTErpaibHAL (pyHKLHA
pacrpe/esieHus ¥ pacnpefe/ieHHe TUIOTHOCTH BEPOATHOCTH. AHAIM3 pacrpene-
JNeHHsT BEPOSTHOCTEH MpefyCMaTpUBAET TIOJYYeHHEe KPHBBIX PacHpeleneHUA LA
pasIMYHBIX 3HadYeHui aprymenta. B mpubopax s w3MepeHua (OLEHKH) HMHTe-
rpanbHO QyHKUMA F(x) W IVIOTHOCTH BEPOATHOCTH p(X) HCTIONB3YIOTCA METOMEL,
OCHOBAHHBIE Ha CBA3M MEXIy (QyHKUMAMH BEpOATHOCTel M BpeMeHeM mpebiea-
HUA CTALMOHAPHOIO 3PrOAMYECKOTO IPOLIECCa B HHTEPBAE 3a/]aHHBIX 3HAYSHHH X.

Himepenue unmezpanvhoi @ynxyuu pacnpedenenus. OUeHKy HHTe-
rpanbHOM (YHKIMM pachpeie/eHHs MOXHO MPOMUHOCTPUPOBaTE C TOMOIIBID
puc. 13.5, rue npecTaBieHsl COOTBETCTBEHHO CTPYKTYPHAsA CXEMa H3MEDHTENA H
rpadukH, moACHsIOIMe ee pabory.

w(?) f
o2 BY x P vy | noy]
a) -
(]
HPH
Unx Unx ()
/ /TY ‘
6) on 4 U;J
0 7
u - -
U
¢ 0 T T2 T 4

Pue. 13.5. Uamepenue GyHKIME pacupeIeneHHs BEpOATHOCTEH:
a — CTPYKTYpHas cxeMa; 6 — BpeMa npeOsIBaHuA peani3aliH BhIIC YPOBHA aHAIH3a,
8 — HMITYIEChI Ha BBIXOAE KOMIaparopa
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CrpykrypHas cxeMma (puc. 13.5, a) comepxut BxoaHoe ycrpoiictso (BY), xom-
naparop (K), ucrounmnk perynupyemoro Hanpsokenmus (MPH), ycpemnsiomee yor-
poiictso (YY) 1 uudposoe orcuerHoe ycrpoiicrso (LIOV). ARanu3upyeMslit cHr-
Han (peanm3amms) ug(f) (puc. 13.5, 6) 4epes BxoaHoe yctpoiicTtBo, obecnedn-
Balomiee HeoOXOAMMYI0 HHTEHCHBHOCTB HCCIIeyeMOro MpoLecca Ha BXOJe OCHOB-
Hbix GoKOB, noaeTca Ha kommaparop. KoMnaparop BEIONHAET PONb ammaumyo-
HO20 cenexmopa ¢ onpeesieHHbIM NoporoM cpabateisanns U, ycTaHaBIHBaEMOTO
FCTOYHHKOM PEerylIupyeMoro HanpsKeHHUs.

Tlpu cpabaTsiBaHKAX KOMIIAPATOPa Ha €0 BEIXO/IE BO3HHKAET TOC/Ie0BATENLHOCTD
UMITYITECOB #(f) MOCTOSHHOM aMmrutiTymbt U, 1 ciydaitHolt TUTeNEHOCTH T, KOTOPas B
KaXIOM ClTydae MporopLUHOHANbHA BpeMeHH NpeObiBaHus aHATH3HpYeMOl (yHK-
IIMH BHIIIE YCTAHOBIEHHOTO 3HAYeHHsA noporosoro Hampsukenus U, (puc. 13.5, 6).
TMony4eHHbIe IMITYITECE! IOCTYNAIOT HA YCpEIHAIONIEe YCTPOHCTBO, KOTOPOE OCYIIECT-
BIET YCPENHEHHe 3a BpeMa mMepenna (obosnaunm ero kak T, = T,.). 910 ycrpoii-
CTBO MOXET GbITh BBINOTHEHO B BUJIE HHTErpatopa Wid GuikTpa HU3KHX YacTOT.

CpeniHee 3Ha4YeHHE HANPKEHHA Ha BBIXOJE YCPENHIOMErO YCTPOHCTBA, OTHE-
CEHHOE K aMIUIHTYIE HAIpsKEeHUA HMIYIBCOB U, COOTBETCTBYET alNTOpHTMaM
(13.1), (13.4), onpenenAloOmMHM XapakTep H3MEHEHHA HHTErpajlbHON (QyHKIHH
pacnpenenesys. Berauenus TakuMm o6pa3oM HeKYHO BCIOMOraTelbHyIo (yHKIHIO
Ha BrIxonme YV

U n
R =;‘—Zn— =U,, = P[u(t) > U, ],

on i=]
MOXHO TIOJICYHTATE H OueHKy H]-[Tel"p&JII:HOﬁ Ib)’HKI.[HH pacnpeneneHus:
Fu)=1-F,=1 - Plu(t)> Up] = Plu(t) < U,]. (13.17)

CurHan c BhIXO#a ycTpoiicTBa ycpenHeHua nocrynaer Ha I[OY. B kauectse
LIOY npumensoT uudpoBbie HIMEPUTENH HHTEPBANIOB BPEMEHH, KOTOPHIE OTpe-
IENAI0T CyMMY UIHTeNIEHOCTEH MMITYNBCOB 33 Bpems ycpeanenus T, . Ecim npo-
M3BECTH M3MEpeHHs, MeHss MoporoBoe 3HaueHue U, To momydum rpaduk QyHK-
WA pacrpene/ieHus.

H3mepenue nnomunocmu gepoamuocmu. IIOTHOCTE pacrpeneneHns Be-
POATHOCTH aHATIM3HPYIOT C MOMOIIBIO ycTpoiicTea (puc. 13.6, 4), comepkaliero asa
OJIMHAKOBBIX KAHANA, MoA0OHBIX KaHamy cxeMsl puc. 13.5, a. B 0boux xaHanmax msme-
PHUTENA YCTAHARIMBAIOT YPOBHH CEJIEKIMM N0 HanpspkeHuto U u Uy + AU

B 3T10i1 cxeMe, Kak u B cxeMe Ha puc. 13.5, a: BY — Bxogroe yctpoiicTteo; K1,
K2 — xommnapatopst; HPH — HeTOUHMK peryiipyeMoro HanpsbkeHus, Boipabarsi-
Baroumit puxcupopaHHele ypoBHH HanpskeHuit U, u (U, + AU); YV — ycpen-
Haromee ycrpolicteo; LIOY — uudpopoe orcuetHoe ycrpoiicteo. Kpome Toro B
CXeMy H3MepuTeNa BXxoaaT opmupyromue yerpoiictsa (Y1, ®VY2) n cxema Bbl-
gutanus (CB).
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Puc. 13.6. OnpeneneHue NIOTHOCTH BEPOATHOCTH:
a — CTpyKTypHas cxema; 6 — Bpema npeChBaHHA peani3alyy B 3a1aHHOM HHTEPBAIE,
& — uMmynbesl @Y1; 2 — uMnynscsl BV2; 0 — HANPMHKEHHE HA BLIXOIE CB

['paduKy, MOACHAIONIAE PHHIMIT ONIPE/IENEHHA OAHOMEPHOH MIOTHOCTH BEPO-
STHOCTH CITy94alfHOTO TpOLEcca C NOMOMIBIO BPEMEHHLIX HHTEPBAJIOB, MPEICTaB-
neHsl Ha puc. 13.6, 6—0.

Hccnenyemas peammaums u(f) (puc. 13.6, 6) depe3 BXOAHOE YCTPOHCTBO MO-
crynaer Ha xommaparopel K1 u K2. Ha Beixone kommaparopa K1 dopmupyrotcs
MMITYJIbCBI HANpsOKEHHs, JTHTETBHOCTh KOTOPBIX T; COOTBETCTBYET MHTEpBa/aM Bpe-
menH, Korma u#(f) > U,. Jina xomnaparopa K2 WIMTeNEHOCTE 1) MMITyJIBCOB COOT-
BETCTBYET MHTepBanaMm BpemenH, korma u(f) > Uy + AU. Jlanee AMITYIIBCHI oboux
KaHAJIOB TIOCTYMaloT Ha dopmupyiouye yerpoiictea OV 1 1 OV2, Ha BBIXOAE KO-
TOPHIX TOABJIAIOTCA CTAOUIbLHEIE MMITYTBCHbIE HATIPSIKEHUA U, 1 U, (PHC. 13.6, 6,2).

CxeMa BLIMHTAHUA BhIpabaTsiBaeT Pa3sHOCTHOE HANpPDKEHHE MEKIY KaHaTaMH:
U, = U, — U,. JUIATENBHOCTS MMITYITHCOB BBIXONHOTO HANPKCHHS %3 CXEMBI BB HTAHIS
(puc. 13.6, 0) cOOTBETCTBYET MHTEPBA/laM BPEMEHH, KOT/IA U < u(f) < (Up+ AU). Ye-
pelHeHHe 3THX MMITYIbCOB 332 BPeMS HAKOIUICHHA ONpEeIesAcT HEKOTOpBIi ypo-
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BEHb HANMpPMKEHWs!, COOTBETCTBYIOIINMA OLIEHKE IIOTHOCTH BEPOATHOCTH MpOIECcca.
Hrak, MOXHO CUHTaTh, YTO HANPSKEHHWE HAa BBIXONE YCPEOHAIOMIEro ycTpoicTBa
A@eT OLEHKY 3HaYEHHs TUIOTHOCTH BeposTHOCTH pr, (U,). Unnekc «T,» yKassiBa-
€T Ha TO, 9TO OLIEHKAa MONMy4YC€HAa IMPH KOHEYHOM BPEMCHH YCPEOHEHHA M HE paBHa
TOYHO 3HaYeHHIO IUIOTHOCTH BepoATHOCTH. MeHsa moporosslii ypoens U, MOX-
HO TOJTyYHTh 3aBUCUMOCTB IUIOTHOCTH BEPOSTHOCTH pr ().

B cooTBercTBHH ¢ OnpeeneHHEM IWIOTHOCTH BeposTHoCTH (13.2), (13.3) wna
HEKOTOpOro WHTepBasia Habmonenua T, :

Pdsu= PLUS ) < Uyt AU == 3 (5, =) (13.19)

on =1

HertpynHo nokasath, 4TO 34€Ch:

35, = P>V —— 3% = Plu)> (Uy+ AV)L
on =] on =l

Ecnu BeixonHsle uMmmmyiischl komnaparopoe K1 u K2 ucnons3osate 1is 1Mof-
KJIIOYEeHNs reHeparopa o6pa3noBoit 4acTOTEl K CYMMHPYIOIIEMY H BEIYHTAIOIIEMY
BXOJaM PEBEPCHBHOIO CYETYHKA COOTBETCTBEHHO, TO MOCJIEIHHI B 3TOM ciy4dae
GyIeT BHIMONHATE ONEPaliM BEMUTAHWA H MHTETPHPOBAHMSA, 3aMEHAA Y3JIbl CXEMBI
V1, OY2, CB.

Hrax, npousBoAs H3MEpPEHHs, COOTBETCTBYIOIIME DPa3HYHOMY 3HAYEHHIO
ypoBHs nopora U, Ha ocHoBaHHM (opmyan (13.17) u (13.18) MoxHO mOCTPOHTH
KPHMBBIE OLEHKH MHTErpalbHON (QyHKIMH pacnpeneieHus U pacnpeeleHus IioT-
HOCTH BEPOATHOCTH.

AHaJIH3aTOP, PeaIn3yIOIHi METOA AHCKPETHBIX BbIGOpoK

PaccmoTpeHHEIIH BhIlIe METOI M3MEpEeHHit MOXKHO peann30BaTh B AHCKPETHO-
uUdpPOBOM BHIE. '

OneHka QyHKUHH pacnpepeneHud B atoMm ciydae HanpsKeHHe
peaymsatmn u(f) ciydaiisoro npouecca U(f) ¢ NOMOMIBIO aMIUTATY AHO-HMITYILCHOTO
MOZynATOpa Npeobpa3yloT B MEPHOIHYECKYH) MOC/IENOBATENBHOCTE HMITYJIBCOB,
orubarouas aMIIMTYH KOTOPHIX MOBTOPAET MO (popMe HCclefyeMylo peanusa-
HI0, — OMCKpeTHble BeIGopky, [TomydeHnble HMITYIBCHl HCCITIENyeMOH peanu3a-
LIY B THCKPMMMHATOPE CPABHHBAIOT B 3a/laHHBIE JHCKPETHBIE MOMEHTHI BpEMEHH
¢ (HUKCHPOBAaHHEIM YpOBHeM HampskeHHs U, COOTBETCTBYIOIIMM OIHOMY M3
ypoBHeli aHanu3a ¥. MoOMEHTHI CpPaBHEHMs HanpsXKeHWil 3aJal0Tcd reHepaTopoM
AMITY/IbCOB BEIOOPOK (MX Ha3BIBAIOT MMITYJIBCAMHM OMpPOCa), CIEAYIOIHX C NEpPHO-
nom cnepgoBanus Ty Ha BRIXOA AMCKPUMHHATOpA MMITYJIECHI MPOXOJAT B T€ MO-
MEHTHI, TIPH KOTOPHIX HanpsxkeHue peanuszaunu u(f) = U,

OTHoLIeHHe YHCIa CTy4aeB /1, KOraa B TedeHHe BpeMeHH uimepenusa T = T,
BXOMIHOE HanpskeHue peanusauuu u(f) = Us, K MOTHOMY KonudecTsy BeiGopok N
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(N 3a7atoT 1OCTaTO4HO GONBIIMM) CIyKHT OLeHKoH Qynxunn F(u)=P[U(f) = Up].
OuéHKy WHTerpanbHOH (yHKUMH pacnpefeneHus BBHYHCIAIOT T0 (opmyne:
PAUW) < Up] = 1 — n/N. Tlpou3Bosis W3MEPEHHUA, COOTBETCTBYIOMIME PasIHIHOM
BenuauHe ypoBHA Uy, MOYKHO MOCTPOHTS KPHBbIE OLEHKH HHTErPANbHOH QyHKIMHA
pacnpe/eieHus.

OneHka NJAOTHOCTH BepoaTHocTH. [na onpefeNeHHs 3HAYECHHI
TUTOTHOCTH pacnpejieieHuss BEPOATHOCTH MOACYMTHIBAIOT HHCIO BBIOOPOK, MpH
KOTOPBIX HaNpsDKeHHe peanu3auny ¥(f) coydaifHOTO Mpoliecca OKa3bIBaeTCs B HH-
TepBasie yposHe# AU, T.e. BBINONHAETCA OQHO U3 yenopui: u < U(f) < u + AU wm
u—-AUR2<U®) < u+ AUR.

Hcrnons30BaHue MeTOAa ANCKPETHOTO CHeTa MO3BOJIAET NMPHMEHATH NpH Mo-
CTPOSHMH AHATM3ATOPA CXEMbl M 3/IEMEHTHl LM(POBOH TEXHHKH, U B KOHEYHOM
cueTe, YMEHBILIHUTE NIOTPEMHOCTS H3MepeHuH.

MukponpoueccopHbii (WudpoBoii) n3amepuTenb Cymecrses-
HO DPacHIMpsIOTCS BOMOMKHOCTH H3MEpHTENed XapakTepUCTHK paclpefieieHHs
BEpOATHOCTEM, TOCTPOEHHBIX Ha OCHOBE MHKpomporeccopos. CTpykrypa mo-
CTPOEHHMs MHKpPOMPOLECCOPHOrO H3MEpPHTENA XapakTEPHCTHK pacnpejieneHna Be-
posiTHOCTe# (puc. 13.7) Bo MHOTOM aHAJIOTMYHA CTPYKTYpE LM(POBBIX BOIBTMET-
poB ¢ MuEKponpoueccopoM. IIpuHuMn AelicTBHS paccMaTpUBAeMOro M3MEPHTENA
3aKJTFOYAeTCH B CNEeaVIOIEM.

:
% yc‘?égg;;fmo ALlIT :(>LMuxponpoueccop :>‘ [ucnneii
e

Pue. 13.7. MukponpoiueccopHbIi H3MEpHTENb
XapaKTePHCTHK pachpee/ieHHs BepOATHOCTEH

Hanpskenwe peanw3aumu #(f) CTAIMOHAPHOIO 3PTOJMYECKOr0 CirydaHHOro
npouecca U(f) moctynaer depe3 BxoaHoe yctpoiicTeo Ha ALIIL, mpeobpasyiommit
3HaYeHHe HanpskeHusA #(f;) B MOMEHT j-i BBHIOOPKM B YHCIOBOH IKBHBATIEHT M.
Yucno ypoeHeit kBaHToBaHuA 2", onpenendemoe cTpykrypoi AL, 3anaet konu-
YeCTBO YPOBHEH aHA/IM3a, a LIar KBAHTOBAHWA — IIUPHHY UX AH(QepeHImaIbHO-
ro xopuzopa. [omyveHHoe MO m; CPABHEBAETCA C XPAHUMBIMH B TAMATH MHK-
pomnpoueccopa UU(pPOBLIMH KOJIaMH ¢, COOTBETCTBYIOLIMMH YPOBHAM aHaIM3a.

BRLINONHEHHE YCIOBHS G < M; < Gjsy O3HAYACT, YTO HATIPDKEHHE PeaU3ALUA
u(iTy) otHOCHTCH K k-My muddepeHUHansHOMY KODHIODY, 4 B A4eiike maMiTH,
aj[pec KOTOpO# COOTBETCTBYET HOMepY K, 3amuchIBaeTCs equHuua. 1o ueTeueHnn
N BLIGOPOK B 1 selikax NaMATH HAKOTUIEHBI YHCHA, MpeACTaBImomue co0oi pe-
3yJIBTaThl aHANIM3a HA MHTepBasie u3MepeHud. 1o 3TMM NaHHBIM MHKpPOIIpOLECCOp
BEIYKCIISIET 3HAYEHHS IUIOTHOCTH paclipeielieHHs BeposTHOCTell. Peaynbrarsl BbI-
YHCTeHnii oToBpaxaloTes Ha muMcIUiee B Bue rpaduka wim B mupposoit Gopme.

4 399



13.4. M3mepenne KoppeIasnHOHHBIX QYHKIHH

KoppenanuonHas ¢yHkuus (pyHkuus koppensuuu). Marematuue-
CKO€ OXMJIaHWE W JHCHEPCHA ABIAIOTCA BEChMa BAXKHBIMH, HO HE MCUEpILIBAIO-
UMK XapaKTepUCTHKAMH CITy4aifHOTO MPOLECCa, Tak KaK OMNpPEeNfioTCs TONbKO
OHOMEpHEIM 3aKOHOM pacmpefeneHia. OHH He MOTYT XapaKTepH30BaTh B3aUMO-
CBA3L MEXIY pa3IMUHbIMHA CEUEHHSMH CIy4aiHOro mnpolecca IMpH pasaHYHBIX
3HAYEHWAX BPEMEHH f; U f,. JIIs 3TOr0 HCTONB3YETCH KOPPENIYUOHHAR PYHKYUA —
Hecay4daiiHas dyHKuus R (1, ;) ABYX apTyMEHTOB I, H [,

Koppensauvonnas ¢yHkims, HasbiBaeMas 4acto asmokoppenayuontou (AKD),
OMNMCBIBAET CTATUCTHYECKYIO CBA3b (KOPpPENAUNA — CTEeNeHb CBA3M) MEeXIy MIHO-
BEHHBIMH 3HAYEHHMAMH ClyqaliHOH (yHKIMH, pa3neeHHBIMH 3aJaHHBIM 3HAYEHH-
€M BpeMeHH Af = ¢, — f,. [IpH paBeHCTBe apryMeHTOB, T.€. f; = f;, KOppeJALHOHHAA
dyHKUMA paBHA mucriepcHH ciydaiiHoro mpouecca. KoppenaummonHas ¢ynKums
BCET/la HEOTPHIATENbHA.

ITpubope!, H3MepsIoNIHe 3HaYeHHs (PYHKIMN KOPPENALMH, HA3bIBAIOTCA Koppe-
nomempamu. YCTpoHCTBa, MO3BONIONIME NONYIUTh PH M3MEPEHHAX rpaduk Beei
dyHKIMHN KOppendaiun (kopperozpammy), TIONYYHIN Ha3BaAHHE Koppenozpagos.

ITycts xormms curHana u(¢ + ), WIK, 4TO paBHOLEHHO u(f — T), CMENIeHa OTHO-
CHTEIbHO CBOEro OpHrHHaia u(f) Ha HEKOTOpPHIN MHTepBas BpeMenH 1. s Komu-
YEeCTBEHHOI OLIEHKHM CTeNmeHH OTIH4YMA (CBA3M) HMCXOMHOTO CHTrHama u(f) M ero
CMeEIEHHON BO BpEMEHH KOTHHM u(f + T) HCIONB3YIOT aBTOKOPPENALMOHHYIO GiyHK-
ITHHO.

,E[J'[}'[ ILETCPMHI{PIPOB&!HHOID CHIHAJIa KOHEYHOH JUTHTENIEHOCTH aHaIHTHYECKAaA
sanuck AK® npeacrapnsier co6oif HHTErpan Buma:

R(1)= Iu(t)u(t——t)dt= Iu(t)u(t+1:)dt. (13.19)

Baxnettmee croiictBo AKD — ee uetHocts: R(t) = R(—t), 94TO HETPYOHO OOKa-
3aTh MaTeMaTHYECKH.
B TeoperHdeckmx pacueTax 4acTo MCIONB3YIOT HOpMHpOBaHHYI0 AK®:

K(z) = R(x)/R(0) = R(1)/c”, (13.20)

e R(0) = o>

Jna nepHoIMYecKOro CHrHala ¢ MEepHONOM ciexoBaHus T, IHEpTHA KOTOPOro
6ecKOHEYHO BeJIMKa (Tak KaK CHTrHaJ CyLIecTBYeT OeCKOHEYHOE BpeMA), BBIYHCIIE-
nne AK® no dopmyne (13.19) menpuemnemo. Torma npunaro onpenenats AKD
32 [IepHON i

1 72
R, (t)=— ]'u(:)u(: +T)dt. (13.21)
T -T2
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Yro6bl yNpocTuTh 00bsicHeHHe, onpeaenuM AK® mpAMOYrolbHOr0 UMIyIkCa
eIMHUIHON AMIUTHTY/IBI, MMEIOUIEro BHIOpaHHYIO IIA yAoOCTBa MOCTPOCHMSA JUTH~
TeNBHOCTS T, = 5T (pHc. 13.8, a).

;
a)
0 4 75 B T
T G- TE {Ton
) R R(O)=5/N
: 7
o "tz Re)=4/N
Tl Tt i t
2 “No— L RQO=3N
127 { | gk
) “bt g | RGO=YN

i

i3
) s} ‘—E—t—mf—| | R@)=1/N
R )
t

T

a

|

-

=

o

::H'Ul

gh'i I ey 50

T

Puc. 13.8. K rpauaeckoMy onpeieeHiio aBTOKOPPEIAIHOHHON (hyHKIMA:
a — WMITYALC; 6 — KON, 8, 2, 0, €, 3¢ — CABHHYTHIE KOTHH, 3 — OLEHKA AK®D

Beraucnenne uaTerpana (13.19) ynoGuee npopectu rpadoaHaiuTHIECKHM Me-
TOZOM Ul HEKOTOPOTO TPOM3BONILHOTO MHTEpBana aHanusa (usmepennt) T, Ec-
JH KOTIHIO HCCIIEJYEeMOT0 CHrHaNa CHBHrarh AUCKPETHO mamMm=0,1,..,5n
BbiOpath T, = Nt, TO olleHKa (yHKLMH KOPPENALMHA I Kk A0r0 AMCKpeTa T Co-
crasiser 3Hauenue R'(t) = n/N. [Ipu nocTpoenusix Ha puc. 13.8, a, ..., o npuse-
NeHBI COOTBETCTBEHHO: MMITYIThC %(1); €ro TOYHast Komwus #,(f); CHBUHYTHIE Ha T, 2T,
31, 47 1 5T KoMK

T'paduk OmpesesieMOol aBTOKOPPENALMOHHOM (YHKIMH NOKa3aH Ha PHC. 13.8, 3
B BHJE JIMHWH, NpOBefeHHOH Yepe3 Touku 0, 1, ..., 5. B cuny yetHoctH AK® ee
rpad MK CHMMETPHYEH OTHOCHTE/ILHO OCH OpPAMHAT.

HeTpynHo 3aMeTHTh, 4TO MpousBeneHne u(f)u(f + nt) He PaBHO HYIIO TOJIBKO
Ha MHTEpBalaX BPEMEHH, KOTIa HMEeTCs HajloeHWe rpapukoB CHIHaua H €ro
CHOBHHYTOH KOTIHH.
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Kak cnenyer u3 rpadukor puc. 13.8, sToT uHTepBaN paBeH nt — T,, €CJM Bpe-
MEHHOH CABMI MEHBINE IHTENBLHOCTH MMIynbca. Torma wis NpAMOYTONBHOTO
uMITyThca otenka AK® sanumercs tak: R'(t) = (1, — | #t [) npu BpeMeHHOM CIIBH-
re | nt | < 1,. UTtak, Halinennas AK® umeer Bull paBHOGEIPEHHOTO TPEYTOIBHHKA C
IIMpUHON OCHOBaHMs#, B /Ba pa3a GosibiNe MUIHTEILHOCTH MMITYIIbCa M BEICOTOH,
onpeziensieMol sHepruei uccnenyemoro cursana R°(0) =3 =03 (puc. 13.8, 3).

B paanon3MepeHnsX BBOIAT YNOOHbIH /Ui aHain3a CTeTICHH CBA3HM CHTHANA H
KOITMHK, WM Pa3HBIX CHIHAJIOB, YHMCIOBOW MapaMeTp — uxmepean Koppeniyuu,
paBHI# mupuHe ocHoBanusA AK®. B jaHHOM NpHMepe TOT HHTEPBAIL: T, = 21,

B ofmiem cayuae JUis HEKOTOPOTo MHTepBana Habmonenus T, KOPpENALHOH-
Has (QyHKIHA crydaifHOro CTALMOHAPHOIO YPrOAUIECKOro NpoLiecca UMEET BHA:

TOTI
R(1)= lim TL Ix(t)x(r+r)dt. (13.22)

on % on ¢
TIpH MCCIEOBAHAH CBA3M MEXKIY IBYMS CIyqaiHbIMU peanH3aliaMu x,(f) u

X,(f) MCTIONB3YIOT 63AUMOKOPPENAYUOHHYIO YHKYUIO, KOTOPas B CITy4ae MX 3pro-
OAIHOCTH HMEeT BHI

TO[’I
Rip(v)=_lim —— |3 (0% ¢ + vy, (13.23)
on on ¢

B MeTpOJIOrHH W paIMOM3MEPEeHHAX LEIbl0 KOPPENALMOHHOTO aHaM3a ABJIA-
ercsd YHMCIEHHAA OUEHKA (QYHKIHMH KOPpEsAHH A PasIHYHBIX BPEMEHHBIX 3a-
JepHeK T. DTH ONEHKH MOXKHO HAXOIHTh MOCNENOBATENbHO BO BPEMEHM WM OX-
HOBpeMeHHO (Tapa/uie/ibHO; MHOTOKaHAIbHBIE KoppenoMeTphl). COOTBETCTBEHHO
PazTA¥AIOT KOPPEIOMETPHI NOCIIEN0BATEIBHOTO W NapauienbHoro ananusa. Ilpu
HoCcNeJ0BaTeNLHOM aHa/IM3e 3HAYeHHe 3aAepXKKH T, BBOOUMOM JUIs OOHOTO U3 HC-
CliedyeMbIX MPOLECCOB, MOCNeN0BaTeNbHO H3MeHseTcs. [TocnenoparenbHbli aHa-
7M3 TIPUMEHSIOT TPH MCCIE0OBAHHH CTALMOHAPHBIX CTyYaiHBIX MPONECCOB, CTa-
THCTHYECKHE XAPAKTEPHCTHKH KOTOPBIX He 3aBHUCAT OT Hayana OTCHUETa BPEeMEHH.
IpH NMapa/iensHOM aHATH3e CXEMa KOPPEJIOMETpa NpeCTaBiseT co60H MHOrOKa-
HATBHOE YCTPOMCTBO, B KaHANAX KOTOPOr0 M3MEpAIOTCA 3HAYeHHs (QYHKIMH KOp-
peJislMH, COOTBETCTBYIOIIHE PA3NHYHBIM PUKCHPOBAHHBIM 3a/iepXKKaM.

ArnmnaparypHoe BBITIOJHEHHE KOPPENOMETPOB MOXKET ObITh Kak aHAJOTOBBIM,
Tak U WippossiM. Cpen pana NoaoGHLIX KOPPENOMETPOB Pas/Idal0T ABa OCHOB-
HBIX THNA. [[eficTBHE NEPBHIX W3 HUX OCHOBAHO HA MEpeMHOJCenul HCCIEMyEMbIX
NMPOLECCOB B COOTBETCTBHH C OTPE/IE/IEHHBIM allTOPHTMOM; BTOPBIX — Ha npeo-
cmagnenuu (annpokcumayuu) UCKOMOR (QyHKIMH KOPPENALMH B BUE KOHEYHOH
CYyMMBI WIEHOB pa3JiokeHus ee B pan @ypse N0 NpOCTEHIINM OPTOHOPMHPOBAH-
HBIM (QYHKIHAM.
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KoppesioMeTpsl ¢ iepeMHOKeHHEM CHTHAJIOB

CTpykTypHas CXema KOppeloMeTpa, MpHBeleHHas Ha puc. 13.9, comepkur
3XONHbIe YCTpoiicTBa / W 2, WAEANbHBIH MEPEMHOXKHATENb, Y361 PeryiupyeMoi
3a/IepKKH BO BPEMEHM OIHOTO M3 HCCNETYEMbIX MPOLECCOB HA BENMIHHY T, YC-
DENHMIOUIEE W PETHCTPHPYIOIIEe YCTPOHCTRA.

U (1) BxooHoe (1) Vepednarouee
| yempoiicmeo 1 Uepemupacumen yempoicmeo
iiy(1+1) ] RYL()
uy(1) Bxodnoe iy(1) pezy .ayuﬁenmﬁ Pezucmpupyrouee
yempoiicmeo 2 3a0epHCKU ycmpoticmeo

Puc. 13.9. CrpykrypHas cxemMa KOppeloMeTpa C NepeMHOKCHHEM

ITpH M3MEPEHHSAX KOKIOMY 3HAYEHHIO 3aIepXKKH T COOTBETCTBYET MOCTOAHHOE
HANpSDKEHNE, 3HAYEHHe KOTOPOro perucTpupyior. KpHByio, NoCTPOSHHYHO MO ITHM

TOYKaM, MPHHAMAIOT KaK OLEHKY (DyHKIHH KOPPEJSIMH MCCIeyeMBIX NPOLIECCOB.
Tpy aHamu3e QYHKUMH aBTOKOPPENALMA Ha KaHaIbl / ¥ 2 MOAAIOT OAMH M TOT XKe

accnenyemMplli curHan, [pu ananuze GyHKIWMH B3aHMHOH KOppeNslMH B KaHAIBI
veTpoifcTBa NOCTYNAIOT Pa3IuYHbIE CHIHAIIBI.

KoppesioMeTphI ¢ annpoKcHMauueii CHrHA0B

C MeTpONOTHIECKOH TOYKH 3PEeHHA NPAKTHIECKHHA HHTEPEC UL CNEUHANTUCTOB,
XpOME HYETHOCTH, MPEACTABIMIOT CIEAyIOIHE CBOMCTBA (DyHKUHMH KOPPE/ALWMH
CTAlMOHAPHOTO 3ProIHIECcKOro CIy4aifHoro npouecca:
npH O4eHb DONBINNX 3HAUYCHUAX T

lim R(t) =0; (13.24)

T—»0

A7 OrpaHMYEHHBIX MO JUIHTENLHOCTH CHTHAJIOB HHTETpaj OT MOMYNS (yHKIHH
XOpPENALMHA UMEET KOHEYHOE 3HAYEHHe, T. €.

?]R(t)| di<B, (13.25)
0

rae B — KoHEYHOe YHCIIO.
M3 Kypca MaTeMaTHKH H3BECTHO, YTO €C/H U Jmoboit napsl yskumit v(f) U
vi{f) N3 UX OpPTOTOHAIBHON CHCTEMBI BBITIOJIHAETCA YCIIOBHE

2 , i=k
Hdt=1" ) 13.26
quI(:)vk() {0’ o (13.26)

TO cHcTeMa (yHKIMI — OPTOHOPMHPOBaHa (OPTOrOHAEHA M HOPMHPOBaHA K 1).
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Tlpu BHINONHEHMM YKA3aHHBIX YCIOBHM (YHKIMIO KOPPETALMH MOMKHO npen-
CTaBUTE B BHAE 0006menHoro pana Pyphe MO MONHON CHCTEME OPTOHOPMHPO-

BaHHBIX (QyHKIMIA v(T):
R(1)= i ¢ v; (1), (13.27)
i=0

I1e ¢; — HEKOTOpbIE NOCTOAHHBIE KO3 (HIMEHTH pAaa.

Tlpu mpencrasnennn QyHKuuu Koppensuud B Bue paga (13.27) Bes un-
(opmaumst o Helt comepkuTCA B 3HAYCHHAX KOIPPHUIMEHTOB pA3NOKEHHA c,.
OyHKIMA KOPPENAUMM H ee 3HaYeHWe I JHo00# 3a1epKu T GyIyT M3BECTHEL
eci onpezenens! ko3pduurentsi ¢;. [ToaTomy 3anaua oueHKH QyHKLMHA Koppes-
IMH B 3TOM C/Iy9ae COCTOMT B BEIYHCICHHH KOIQDUIMEHTOB PA3NOKEHUA MO H3-
BecTHOH dopmyine:

Iz
o = [ut)ve (). (13.28)

I

Tlpn w3MepeHuaX Ko3(pQHIMEHTE! ¢; MOKHO ONPENENHTE 110 ONHOM peaTH3aln
CITy49ai{HOrO CTAUMOHAPHOIO 3ProJHYEcKOr0 MPOLECCa ¢ MOMOMIBIO CHELHMATBHBIX
¢wisTpos. [lanee npu aHanu3e OLCHKY QYHKUMHM KOppenauuu (OpMHPYIOT 10 Hali-
ACHHBIM KO3((QHUUHEHTAM PA3NIOKEHUS C IOMOLIBIO YCTPOHCTB, paGoTarOmKX Ho afl-
roput™y (13.27) mpH KOHEYHOM HHCTIe ClIaraeMbIX. 3alepyKUBATh UCCAETyeMbIif CHT-
HaJl BO BpeMeHH He Tpefyercs. ITo3ToMy KOppenoMeTpsl ¢ anmpoKCHMaIuMelt CHrHa-
n1a He UIMEIOT YCTPOMCTB 3a/IEPHKKH.

MuorokanajibHble HH(POBLIE KOPpPENOMETPLI

Linppossie METOIBI MPHMEHSIOT H LTS TIOCTPOEHHS KOPPENOMETPOR, B OCHOBY
KOTOPBIX TMOJNOKEHbI KaK HIeallbHOE MEPEMHOKEHHE C 3a[ep)KKOH OTHOTO M3 CHT-
HAJIOB, TAK M aNMPOKCHMAIHA (QYHKLMH KOppelsiuHy,

B kxoppenomeTpax ¢ uieanbHBIM HMQPOBLIM nepemMHOkeHHeM (puc. 13.10, a)
BBIYHCIUTE/ILHBIE ONEPAlMM 3aMEHSIOTCS ONepalsMKi CYMMHPOBAHUS U MPOM3-
BOJATCA COIIACHO CJIEMYIOmEMY anrOPHTMY:

N
1 L L]
R*(it)=—") x(kt)x(kt +i1), 13.29)
Ry~ Z, (k) x(kr + ir) (
rae it — uHTepsan capura (i =0, 1,..., n =1); T = mAt; At — mnepnan IHCKPETH-

3almy; x(rt) — KBAHTOBaHHBIE M0 YPOBHIO 3Ha4YeHMs LIEHTPHPOBAHHBLIX pealln3a-

i x(f) crydaitHoro mpouecca X(f) B IHCKpeTHbIE MOMEHTHI BPEMEHH iT; K03(-
(upent n = T /Af — KoNM4eCTBO AWCKPETHBIX 3HAYEHHMH AHANUIHPYEMOTO CHI-
Haua, MOMy9eHHbIX 3a nHTepBal Habmonenua 7, . [lenoynciiennsli ko3ddumment
m, OTPAXKAOIUIMA COOTHONIEHHE MEKIY T 1 At BEIGHpaeTcs KpaTHEIM, Kak rokasa-

HO Ha puc. 13.10, 6.
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Puc. 13.10. MuorokaHansHbIi 1H(PPOBOH KOPPEIOMETP:
d — CTPYKTYpHaA cxema, 6— MPHHLAN JHCKPETHIALMH peanH3alHHe

PaccMOTpHM Ha3Ha4eHHE KaKIOro M3 Y3JI0B MHOIMOKAHAJIBHOTO mdposoro
KOppenoMeTpa, oKa3aHHoro Ha puc. 13.10,a.

Bxonusie ycTpoiicTBa / ¥ 2 OCYHIECTBIAIOT AMCKPETH3ALMIO MO BPEMEHH H
KBAaHTOBAHHE MO YPOBHIO HANPMKEHHA HCCIeMyeMbIX peanmsammit x(f) u W(1), a
TalOKe MpPENCTaB/IeHHe AMCKPETHBIX OTCUETOB B WMCIOBOM Koje. B pesynsrare
JMCKPETH3allHK TI0 BPEMEHH HeNpephiBHBIE (QYHKIMH, COOTBETCTBYIOLIHE HCCIE-
nyeMbIM peanusammam x(f) u (1), TparcpOpMHUpYIOTCS B pemieTyarsie (moceso-
BaTENbHOCTH IMCKPETHBIX 3HaueHHl — oTcaetoB) dyHKumH x(iA7), y(iAf). 3Have-
HUS OTCYETOB (YHKIMI COOTBETCTBYIOT 3HAYEHHAM HCCIEAyeMbIX MPOLECCOB B
MOMEHTEI BpemerH iAf, tie i =0, 1, 2,..., n — 1 — mocnef0BaTenbHOCTE OTCYETOB.

Benu4uHy MHTEpBalia JUCKPETHOTO CUMTHIBAHHA Af BHIOHPAIOT HAa OCHOBAHWUM
TeopeMbl KorenpHukoBa. KonudecTso MHTEpBAIOB KBAHTOBaHHA 3aBHCHT OT Tpe-
GyeMolf TOYHOCTH HM3MEPEHHHi, OT paclpe/e/ieHns 3Ha4eHui HCCIeayeMoro mpo-
uecca. OCHOBHBIM Y3JIOM BXOHOTO ycTpoiicTsa ssiserca AL, npeoGpasyrouiuii

3HAYEHHUs HANpSHKEHUH HCCenyeMBIX mpoleccos B mupoBoi kol BxoaHsie ycT-
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poOMCTBA MOTYT BBINIOJHATE PAJL JONOJIHUTENBHBIX ONEPAlyi: B 9aCTHOCTH, YCHIIE-
HHE HIH ocnabnenue BXOOHBEIX CHTHAJIOB.

ITepeMHOXHTENH OCYHIECTBISAIOT NEPEMHOXEHHE KOIOB JUCKPETHBIX OTCYETOR
BXOIHBIX curHanoB. Lludposrie ycpegHuTeNM BHINONHMOT LM(POBLIE ONepanyy
CYMMHpPOBaHHA NPOH3BEJCHHH, AeNeHue pesynbTaTa CYMMHMpOBaHHA Ha HHCIIO
MpoM3BENeHHN n. B page ciyyaer NpoH3BONMTCA HOPMHPOBAaHHE OpPIHMHAT KOppe-
JAnHoHHON (yHkumH. [ucnuieii MPOM3BOOUT BRIBOM TMONYYEHHBIX B MPOLIECCE H3-
MEepeHHH JaHHBIX B PETMCTPAlMIO 3HAYCHHH KOPPENALHOHHOH (yHKIMHK B rpad-
YeCKOM WM LH(POBOM BHIE.

B xoppenoMeTp TakKe BXOIAT YCTpOHCTBA 3aA€PXKH, OCYIIESCTRILIIOMINE B Ka-
HaJle 3afep KKy ONHOH K3 peanusanuii Ha UHTEpBaN T, 21, ... , IT, ..., (1= 1)T.

ITo cTpyKType M NpHHLMIY AeWCTBAA UH(POBOI KOppeioMeTp NpeAcTaBigeT
co60ii crielHaTM3NPOBAHHOE BEIYMCIHTENBHOE YCTPOUCTBO IS BHITIONHEHHS OTie-
pauui onpeneneHHoro Buia. ITosToMy MHOTHE ycTpoHcTBAa M Y3nbl HM(POBBIX
KOPPEJIOMETPOB aHAJIOIMYHBI YCTPOHCTBAM MHKPOIPOLECCOPOB M KOMIBIOTEPOB.
Ecnu Ha BXozie KOMIBIOTEPA MOCTAaBUTH Npeofpa3oBaresib CHIHAMOR, TO KOppPeno-
METp JIETKO BBHIMONHUTE MEepenporpaMMHUpyeMEIM Ha OCHOBE MaTePHHCKOTO MHK-
pornpoueccopa.

Iudpossie KOppenoOMETpPBI TO3BONAIOT NOTYUYHTh BEICOKHE TOYHOCTE H OBI-
crponeticteue. OTHOCHTENbHAS MOrPENmIHOCTE NpPH NPaBUILHO BHIOpaHHOM
Bpemenu T, coctapnset menee 10 %.

Jns yrpomieHns cXeMHOTO pelleHHs npubopa MHPOKoe IPUMEHEeHHe Toyda-
10T TaK Ha3bIBAEMBIE 3HaKOBbIE KOppeloMempsl, B KOTOPBIX PealM3yeTcs CleNyio-
A BUJI KOPPENAHOHHON (QYHKIIMH:

T
Ry («:)%njfl ¥, e+ o)l (13.30)
3necs f,[x(9)] u £;[)(¢)] — 3HakoBbIe (yHKIMH, ONpefenaeMble o GopMye:
1, x(r)>0;
f,[x®))=sgn[x()] =4 0, x(1)=0; (13.31)
-1, x(1)<0.

3nakoBas Qynkuus f,[)(¢)] Haxomures Tawke Kak u Qynkums fi[x(1)]. 3uaxo-
BBI€ KOPPENOMETPHI INHPOKO MCTIONB3YIOT NPH MCC/ISI0BAHHH B H3MEPEHHH Xapak-
TEPHCTHK CJIy‘laﬁ}l]:IX MPpOLECCOB C HOPMAJIbHBIM 3aKOHOM pACIIpENEIEHHA.

13.5. CnexTpaibHblii aHAJIH3 CAy4aiiHBIX PONECCOB

OueHKy CNeKTpalbHOM TUIOTHOCTH MOIIHOCTH (CMEKTpa MOIIHOCTH) CiTydaii-
HOIO MpoLecca MPOBOMAT OBYMS METOINAMH: MO BhIOOPOUHOM oleHKe (yHKIMH
KOppeJIALMH | yTeM (WIBTpaLMy HcclieAyeMOoro npomecca.
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BoiGopounas oneHka QyHKIMH KOPpesiliiy

JlaHHEI METON OIEHKH CHEKTPAIbLHON IUIOTHOCTH MOIIHOCTH CJy4aiHOro
nponecca OCHOBaH HA WCHONB30BaHMM mpeoOpasopanuii @ypse. U3 crarucTHYe-
CKOM paJMOTEXHHMKH M3BECTHO, TO CIEKTpajbHas IUIOTHOCT M (PyHKIMA KOppe-
SILMKA CTyYalHOTO MPOLECcCa CBA3aHLI meopeMou Xunuuna—Bunepa, BeipaxaeMon
8 BHE NpaMoro U obparHoro npeobpazosanuii Pyphe:

W, (0)= “ij (Ve /™" dr, (13.32)

— o

R.(%)= 5'; ij(m)ef“dm, (1333)

rie W,(®) — crekTpanpHas IUIOTHOCTh MOIIHOCTH; R.(T) — KOppelsauHOHHas
(yHKIMA MOIHOCTH CITy4aifHOTO mpolecca. BeMHCIHB (yHKLMIO KOPPENALHH, 10
dopmysie (13.32) HaXOAAT CIEKTPAIBHYIO IUIOTHOCTB.,

JauHbIi cnocod OLEHKH CIEKTpPaJbHOH IUIOTHOCTH MOIIHOCTH IIHPOKO pac-
MPOCTPaHeH B CBA3M C NPHMEHCHHEM anTOpUTMOB GBICTpOro npeobpasoBaHHA
®ypee, pe3ko obnersaromero BeMHCIHTENbHBIe onepammu. [lomssysce BIID,
MOXHO OTPEIE/HTh CIIEKTPANbHYIO TIOTHOCTh HA OCHOBAHHH HMCCIIEAYyeMoii pea-
JH3A0MA CTALMOHAPHOIO SProfMuecKoro ciydaiiHoro mpouecca. Hrak, Bce oc-
HOBHBIE TEOPETHYECKHE MONOXKEHHS H CHOCOOBI CHNEKTPAJbHOIO aHalM3a JAeTep-
MHHHMPOBAHHBIX CHTHAJIOB, MCHOJb3youiMe npeobpasoBanua Pypse U paccMoT-
peHHBIE B I71. 11, MpUMEHHUMBI W NPH aHAITH3E CIy4ailHBIX IPOIECCOB.

MeTtoa GHIBTPALHH

Meton (uIsTpallK OCHOBaH HA MPOIYCKAHUHM PealH3alliy ClIy4aiHoro mpo-
Hecca u,(f) 4epe3 U3MepHTENLHOE YCTPOHCTBO, COCTOAMIEE M3 KacKaJHOro Coely-
HEHHA Y3KONOJOCHOrO (DHIIBTpPa C MONOCcOoi mpomycKaHhA Af M HaCTPOEHHOTO Ha
ONpeieNIEHHY0 YacTOTy f, KBaApaTHYHOTO JJIeMEHTa (KBaaparopa), HHTerparopa H
mucmies (puc. 13.11).

u(t) |Vaxonanocusiii

dunemp

Keadpamop Humezpamop Hucnneii

Puc. 13.11, CtpyxTypHas cxeMa W3MEPHTE/A CIEKTPa MOIIHOCTH

HanpskeHue Ha BHIXOE YCTPOMCTBA MOKHO NPHOMINKEHHO OLEHUTH MO dop-
Myie (BBIBOA 1 YIPOLIEHUS OMyIIEH):
W = @A . (13.34)

JIns yMeHBLIEHHS MOTPeIIHOCTEN M3MEepeHHH HeoOXoHMO NMpPOM3BECTH CIia-
JKHBaHUE OLIEHKH CIEKTPAJbHON IUIOTHOCTH MOIMIHOCTH CIy4aiHOro npouecca,
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KOTOpO€ 3aKiouyaercs B cieayiomeM. Haxopsr BeIGOpOUHYI0 CHEKTpPanbHYIO
IUIOTHOCTE UIA k peanuzauuii ciyyatiHoro mpouecca. CriiakeHHYIO OLEHKY CIIeK-
TPALHOM TUIOTHOCTH [UIS KAKIOM YacTOTHI BEIMUCISIOT KaK CpeliHee apudMeTn-
YeCKOe 3HaYeHHe BEHIOOPOUHBIX OLEHOK WTM]_ (f), cOOTBETCTBYIOIHKX OTAENBHEIM

peanu3anuAM 3a nepuos HakoruieHus (orpoca) 7oy, T.€.
k
Wi, (f)=%gwrm,. ). (1335)
i=

Ecnu cnyqaiinslif mpouecc ABIseTCA CTAUHOHAPHBIM M 3pTOAHYECKHM, TO Tpe-
Oyemele HabOpBI peanu3alyii MOXKHO NOMYIUTh W3 OTHON peanu3alluy MyTeM pas-
OueHUA ee 1O BpEMEHHW Ha YacTH HY)KHOTO MHTepBaia. J[nWHa peanusauuu omnpe-
JensAeTcsa Ha OCHOBaHMHM TpefyeMoro HauboNBIIero pa3peleH A [0 YacToTe.

Ipu u3MepeHHH CIEKTPAIBHOM IIOTHOCTH MOIIHOCTH METONOM (MIBTpalHy
CIIaKMBaHUe OLEHKM HMeeT MecTo, KOTZia MOCTOSHHAS BpeMEHH Y3KOMONOCHOIO
GMIBTPa CYLIECTBEHHO MEHblIE BPEMEHH HAKOIUIEHWA B WHTErparope. AHaH3
MOKA3EIBAET, YTO CINa’keHHas OIeHKa CHeKTPANbHOH IUIOTHOCTH SABISIETCA CMe-
meHHOH. BenuunHa cMeleHusa onpenensiercs AAUTENbHOCTEIO PeaTu3aluy U TEM
GoJbloe, 9eM KOpoYe peanu3alus WiK mupe pabodas momoca 4acToT GuisTpa.

Jucniepcus OLEHKH 3aBHCHT OT KOJIMYECTBA PealH3aliuif, M0 KOTOPBIM NpOM3-
BOJOAT ycpenHeHHe. YeM Oonbmie uucno peanmsauuii u Gombme k B dopmyrne
(13.35), TeM MeHBbIIIe TUCOIEPCHS CIIXKEHHON OLIEHKH CIIEKTPANbHOM IUIOTHOCTH.

KOHTPOJII:HI:]E BOINPOCHI

Kaxue curaaist (Ipoueccst) OTHOCATES K cnyyaiHemM?

Kako# cryuaiisslii Nponecc CYNTAETCA CTAMOHAPHBIM M Projiuyeckum?

Yro HasbiBaeTcs BEIOOPKO#H CTyqalHBIX BETHIHH?

Kakumu rapamerpamMy MOKHO XapaKTepH30BaTh CIyqalHBIH cTallMOHApPHEIH proau-

yeckuit npouecc? [IpuBECTH OCHOBHEIE (JOPMYIIBL

Kak aHajorossIMu H3MEPHTENAMH MOXKHO ONPEIETNThL MATEMATHYIECKOE OkMIaHHe?

[IpuBecTH BpeMEHHBIE QHATPAMMEL, MOSCHAIOMME METOM JUCKPETHOTO ONpENCICHHA

MaTeMaTH4ecKOro OXHAAaHUA U POBBIM MPUOOpPOM.

7. O6bAcHUTE paboTy HH(POBOro H3IMEPHTENSA AMCIIEPCHH MO CTPYKTYPHOH CXeMe.

8. TlpuBecTH BpeMeHHBIE IHArpaMMEl, MOACHAIOUIME ANTOPUTM OIPEACIHCHHA HHTE-
rpaneHOH (QyHKUHM BEPOSTHOCTH?

9. C noMOIIBI0 COOTBETCTBYIOIIMX BPEMEHHEIX HArpaMM MOACHUTE METOJMKY Ompeje-
NEHHSA MIIOTHOCTH BEPOATHOCTH.

10. Kakoit dui3udeckuii CMBICH BKIAABIBAETCA B OHATHE KOPPENALMOHHON (hyHKuun?

11. [IpuBecTH pa3znu4Hele GOPMBI 3AITHCH aBTOKOPPENALIMOHHON H B3AHMOKOppESLHOH-
HO# (yHKIMiL,

12. Kak BRITTIAMAT YNPOILEHHAsA CTPYKTYPHAs CXEMa KOPPEJIOMETpa C MEPEMHOKEHHEM?

13. lNoscHuTs npuHUMN peanu3auny 1MdpoBOro MeTO/a ONpeeNeHNs KOPPEIAHMOHHBIX
(yHKupii 10 BpeMEHHBIM QUarpaMMam.

14, Kak onpeznensior creKTpaibHyIO MI0THOCTA MOIIHOCTH cayyaiiHoro npouecca?

ool
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I'hasa 14. AHOOPMAIIMOHHO-U3MEPHUTEJIBHBIE
IMPUBOPHI 1 CUCTEMbI

PassBuTve Hay4yHBIX HCcneaoBauuid, paspaloTka HOBBIX YCTPOMCTB M CHCTEM C MC-
TIONB30BAHHEM COBPEMEHHBIX PAlHOTEXHONOTHH M U3ETHI MUKPODJIEKTPOHHKH, YCIIOXKHE-
HHE MX MPOM3BOICTBEA, a TAKKE MOBbIICHHE TPeGOBaHUH K TOYHOCTH HIMEPEHHH W UX Obl-
C’TpﬂJICﬁCTBHlO TNPHBENH K HCDGXCII[HMOCTH HIMEPATE H KOHTPOJIHPOBATL OJHOBPEMECHHO OT
COTEH [0 HECKONLKHX ThICAY PA3/IHYHBIX ¢!H3H‘{CCKHX BenmHyMH. EcTecTrennan C]JHBHOJ’]O]"H-
Heckas OrpaHH4eHHOCTh BO3MOMHOCTEH uenoBeka B BOCIIPHATHH H oﬁpaﬁmke BoasmKux
0bbeMOB u3MEpHTENLHON MH(OpPMALKHK cTana OAHOW W3 OCHOBHBIX NPUYMH MOSABIEHHA
TAaKUX CPEACTB M3MEpeHul, Kak BUPTyaibHble HH(OPMALMOHHO-UIMEPUTENLHBIE TTPUBODEI
(BUpTYansHbie MPHOOPHI) H CHCTEMBI.

14.1. O0mue cBegeHus

DYHKUMOHAIEHbIE BOMOKHOCTH TPaAULHOHHEIX H3MEPHTELHBIX NpHGopoB
3aJal0TCA NPH TIPOM3BOACTBE M MEPECTPOHTb MX MIM M3MEHHTh YHCIO KaHAIOB
M3MEpPEHNA WM aHATW3a 0CTATOYHO npobaeMaTHuHo. M nockobKy NpOU3BOAKTEND
HE B COCTOSHHMH OXBAaTUTh BCE MHOrooOpa3sHe peanbHbIX WCCAENOBATENLCKHX 3a-
a4, 3TO B 3HAYMTENBHOM CTENEHU 3aTPYAHAET Noa0op ONTHMANEHOTO KOMILIEKTa
obopymoBaHus ¢ TpeGyeMbIMU MapaMeTpamy W ero HacTpoiky. M3amepurenbHsie
CHCTEMBI M BUPTYaJlbHbIEe MPUOOPBI CHUMAIOT JaHHOE OrPaHHYEHHE.

HndopmatiMoHHbIE TEXHOTOIHH BBIBENH H3MEPHUTENbHYIO TEXHHKY Ha HOBBIH
YpOBEHb, NMO3BOSAIONMI GbicTpee U ¢ MEHBUIUMU 3aTpaTaMu paszpabaTbiBaTh WH-
thopMalMOHHO-M3MEpUTENbHbIE MPHOOPB! U CHCTEMBI PA3NIUMHON CIOXKHOCTH! OT
H3MepeHUs napameTpoB 0 BBoaa u 06paboTku BuaeonzobpaxkeHuid ¢ nepenayei
pe3y/IbTaTOB YePe3 BHELIHIOIO CETh Ha MOObIE PACCTOAHMA.

[MosBneHue MIMEPUTENBHBIX WH(POPMALIMOHHBIX KOMIUIEKCOB U CHCTEM, a
TaKKe NPHOOPOB ¢ NMPUMEHEHHEM CNEUHMATH3IHPOBAHHBIX MHKPONPOLECCOPHBIX,
KOMIBIOTEPHBIX W BUPTYAIBHBIX TEXHONOTHI BbI3BAHO CNIEAYIOIMMH aCTeKTaMu:

* HIHPOKMM pACMPOCTPAHEHHEM CHELHATN3HPOBAHHBIX MHOrO(yHKIIMOHAIb-
HBIX MHKPOTPOLECCOPOB W TIEPCOHANBHBIX KOMMBIOTEPOB, UMEIIIMX BBICOKOE
GeicTponelictere, Gonbiue 06beMbI NaMATH, CTaHAAPTHEIE HHTepdelch! (cMm. aa-
Jlee), MPaKTUYECKHU HEOTpaHUUYEHHbIe rpaduueckue BOIMOKHOCTH, M03BOJIAIOILHE
co3aath (PYHKLUMOHHPYIOILME B peanbHoM MmaciuTabe BpeMEHM BHPTYalbHBIE H3MeE-
pHUTENbHBIE YCTPOHCTBA, ¢ BBICOKOH CTEMEHBIO M0JI06HA BOCTIPOU3BOMIAILIE [TOBELIE-
HHe TeX WM HHBIX (QU3HYEeCKHX IPHOOPOB H CHCTEM;

409



* CO3/1aHHEM ABTOMATH3UPOBAHHBIX HH(OPMALMOHHO-H3MEPUTENBHBIX CHCTEM
Pa3NMUYHOTO HAa3HAYEHMHA, TAKUX KAk aBTOMATH3MPOBAHHLIE CHCTEMbI HAYYHBIX
HCCNieioBaHUH M KOMIUTIEKCHBIX UCMBITAHUI, hH3HUECKHE H KOCMHYecKHe 00bek-
ThI U TIP.

* BO3MOXHOCTBIO peanu3allMi B BECbMa KOMIMAKTHOH (opMe M3MEPHTENLHbIX
npubopoB | MOIyNeit;

* MOABJIEHHEM M3MEPUTENLHOr0 MPOrpaMMHpOBaHMUA, MOJ KOTOPBIM MOHHMa-
eTcs MpOorpaMMHpOBaHWe A HHAOPMALMOHHO-UIMEPHUTENLHOM TEXHHKU H CHC-
TeM, M03BOSIOLIEE € POBOJUTE H3MEPEHHE, KOHTPOJIb, AMArHOCTHPOBAHHE MK
pacnosHaBanWe o6pa3oB, Bkmouas QyHkuuK cbopa, nepenayu, obpaborku, npea-
CTaBAEHHA H3MEPHUTENLHON HHGOPMALMK M YIIPaB/eHHs W3MEPHTENbHBIM JKCHe-
PUMEHTOM.

14.2. U3mepHuTEIbHbIE CHCTEMBI

Hasuauenue moGoit n3MepuTesHON cucTeMel, ee HeoOxonumeie (yHKLMO-
HalbHbIE BO3MOKHOCTH, TEXHHYECKHE MapaMeTphl W XapaKTepUCTHKH B pellaro-
uieit cTeneHH onpeendioTca 06bEKTOM HCCNENOBaHuS, U8 KOTOPOro OHa co3ja-
Ha. Crpyktypa coBpemeHHbix MC upe3BbivaiiHo pasHooOpasHa, ObicTpo
pa3BUBAETCA W CYLIECTBEHHO 3aBMCHT OT pellaeMbIX 3ajay, a WX NeJleHHe B Ha-
CTOfLIEE BPEMA ellle He HMEET AOCTATOYHO MONHOTO U Y€TKOTO TONKOBAHHS.

B 3aBHCHMOCTH OT BHNOJNHAEMBIX QYHKUMHA HIMEPHTEND-
HbI€ CHCTEMbI MOXKHO YCJIOBHO pasfie/TATh Ha TPH OCHOBHBIX BHJA: W3MEPHTENb-
HBIE CHCTEMbI H3MEPEHHA M XpaHeHus nHdopMauwu (YCIOBHO Ha30BEM X usMe-
PUMENbHBIMU CUCTIEMAMU NPAMOZO0 HA3HAYEHUR), KOHMPONbHO-UIMEpUmensisie
(aBTOMaTHYECKOr0 KOHTPOIIA) W meneuzmepumenvusie cucmemsi. K HaMepuTesb-
HBIM CHCTEMaM OTHOCAT TakXke CHCTEMbI pacno3HasaHus 06pa3oB M CUCTEMbI TeX-
HHYeCKOH AMarHOCTHKY, KOTOPEIE B KypCe, OTHOCAIIEMCS K PalHOUIMEPEHHAM, HE
M3y4aroTcs.

ITo yucny U3MEPHUTENBbHBIX KaHaloB UIMEPUTENILHBIE CHCTEMBI
TNIOAPa3AENAOTCA Ha OIHO-, IBYX-, TPEX~ H MHOTOKaHa/bHbIe (MHOroMepHsIe). Jnsa
COBMECTHBIX M COBOKYMHBIX W3MEPEHHIf 4acTO HCMOMB3YIOT MHOTOKAHAIBHBIE, all-
NPOKCHMHPYIOLLHE CHCTEMBI,

HaubGonee OypHo B HacTosllee Bpems paspabarsiBaiorcs W BHeapswoTea MC
NpAMOTo HA3HAYEHWA, OCHOBHOH 0COGEHHOCTLIO KOTOPBIX ABIAETCA BOIMOMXKHOCTh
MporpaMMHBIM CrOCOGOM MepecTpauBaTh WX TS M3MEPEHH pasnu4HBIX (H3U-
YeckHX BENMMYMH H MEHATb PEeXUM H3mepeHuid, M3meHeHuit B annapaTHOi 4acTu
npH 3TOM He Tpebyercs,

H3amepuTensHbie CHCTEMBI MPAMOTO Ha3HAYEHUA YCIIOBHO JEAT Ha!

* MH(OPMALHOHHO-U3MEPHUTENbLHBIE CHCTEMbl (HACTO WX HA3BIBAIOT TEPMHUHOM
uamepumensvie ungopmayuorrvie cucmemnr; ab6pesnarypa oaunakosa — HHUC);
* U3MEPUTETLHO-BLIMHCTHTENbHBIE koMnekchl (MBK);
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* BUpTYalbHbIE HH(OPMALMOHHO-W3MEPHUTENILHEIE MpuOopsl (YcTosBIEECH Y
paspaboTUHKOB H CEHAIHCTOB Ha3BAHHE — BUPTYa/lbHBIE MPHOOPBL; WIH KOMITBIO-
TepHO-H3MepHTeNbHbIE crcTeMbl — KHUC),

HHpopMalHOHHO-HIMEPUTEILHLIE CHCTEMbI

CaMbiM [IHPOKHM KJIACCOM H3MEPHTENBHBIX CHCTEM MPAMOrO HazHAYEHHS
senaotcs MUC. Hasznawenne HHUC onpenensior Kak LieleHanpaBieHHOE ONTH-
MaJILHOE BENEHHE u3MepumenbHo20 npoyecca W 00ecnieveHHe CMEXHbIX CHCTEM
BHICIIETO YPOBH#A JocToBepHOi uHdopmauneit. OcHoprele ynkuun HUC — no-
Jyd9eHue U3MEPUTENLHOM HHpOpMaIKU OT 00beKTa HcceoBaHus, ee obpaborka,
nepefava, npescTaBieHne WHGOPMALMK ONMEPaTOpy WIW/H KOMIBIOTEPY, 3aNOMH-
HaHHe, oTobpaxeHHe u GopMUpOBaHHE YNPABNAIOUIMX BO3AEHCTBHIL

HMHC nomkHa ynpaBasTh HIMEPHTEIBHLIM MPOLECCOM WIIH IKCNEPHMEHTOM
B COOTBETCTBHH C NPHHATBHIM KPHTEPHEM @yukuuouuposaum; BBLITIOJIHATHL BO3JIO-
KEHHBIe HA Hee (PYHKLHMM B COOTBETCTBUW C Ha3HayeHWEM M Lienbio; obnanars
TpeOyeMbIMH MOKa3aTeNAMH ¥ XapaKTepPUCTHKAMH TOYHOCTH, NMOMEXOYCTOHYMBO-
CTH, OBICTPOAEHCTBHSA, HAJEKHOCTH, MPOIMYCKHOH CrOCOOHOCTH, aaanTHUBHOCTH,
CIOXHOCTH, OTBE€YaTh 3KOHOMH4YECKHM TPCGOBSHHSIM, NpeabABIAEMbLIM K CIIOCO-
Gam M dopme npencTaBneHus HH(QOpPMALWH, pa3sMEILEHHS TEXHHYECKHX CPEACTB,
ObITh MPUCHOCO0JIEHHOM K (PYHKUMOHHPOBAHHIO C M3MEPHUTENbHBIMK HH(BOpPMaLIH-
OHHBIMH CHCTEMaMH CMeXHBIX YpoBHel uepapxuu u apyrumu MUC.

OcuosHo# dynkuneit HUC, kak n moboif Apyro#l TeXHHM4ECKOH CHCTEMBI,
ABJAETCA LiefieHanpasieHHoe nmpeoGpasoBaHue BXOAHOH HH(OpMaLMH B BHIXOA-
HYI0. DTO npeobpa3oBaHKe BHIMOMHAETCA TUO0 ABTOMATHUECKH C NOMOLIBIO arma-
paTypei TeXHHYeckoro obecrieyeHus, 100 COBMECTHO — OMEPaTHBHBIM fepcoHa-
oM W anmapaTtypoli TexHuueckoro obecmeuenus B cnoxueix MHUC, MBK u
BUPTYaibHbLIX npubopax.

[puMeHeHHe COBPEMEHHbIX CPEACTB UH(POBOH CXEMOTEXHHKH KOPEHHBIM
obpazom usmeHwio npusumnsl nocrpoenus UHMC. Kpome Toro, MeTosibl 060CHO-
BAHHOTO pacripeiesieHds W HanpasneHus WHGOPMaLMOHHBIX MOTOKOB JAlOT BO3-
MOMXHOCTb YMEHbIUUTL X W3OLITOYHOCTb. 3TQ MO3BOJAET CTABHMTH 3ajady O BO3-
MOMKHO MAKCHMATBHOM MepeHoce 0GpaboTKi M3MEPUTENLHOH HHPOPMALMK K MECTY
ee (opMHpOBaHus, T. €. NMepeiTH K KoHBelepHoil 00paboTke M3MEPUTENILHOMH MH-
dopmauun B pacnpenenennoit MMC. B uenom Takas cucrema COCTOMT M3 CIEMYIO-
IMX OCHOBHBIX YacTeil: CHCTEMBbI NEPBHYHLIX Npeobpasosarteneii (1aT4uKoOB), yCT-
poiicts c6opa W mnepsuuHONH 0OpaboTkmM wWHpOpMALMK, CPEACTB BTOPUYHOH
obpabotki HHGOPMALIMHK, YCTPOHCTB YNPaBAeHHUA W KOHTPOJA, YCTPOHCTB CBA3W C
ApYTHMU CUCTeMaMK 00beKTa, HakonuTenel HHpopMaliy.

[To anropuT™y (GyHKUMOHHPOBaHHA pa3inyaloT cnemyromue Bruasl HUC:

* ¢ 3apanee 3a0auHBIM An2opummom pabombt, TpaBuAa QYHKUHOHHPOBAHHS
KOTOPBIX He MEHSIOTCSA, MO3TOMY HX MOXHO MCTIOJIB30BaTh TOJBKO JUIA MCCIEN0-
BaHWA 00BEKTOB, pabOTAOIIHX B MOCTOAHHOM PEXUME;
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* npozpammupyemeie, B KOTOPBIX H3MEHSIOT airopuT™ paboThl MO 3anaHHO
NpoTrpamMme, COCTaBASEMOH B COOTBETCTBHH C YC/IOBHUAMH (DYyHKUMOHWPOBAHHA
06BbeKTa HCCIIEIOBAHMS;

* adanmuéHble, aANTOPUTM paboThl KOTOPBIX, @ YACTO M CTPYKTYPa M3MEHSAIOT-
s, MPHCMOCabINBasCh K M3MEHEHUAM M3MepseMbIX BelHYHH U YCIOBHH paboTsl
obnekra;

* unmennekmyansHeie, 06nanaomKe cnocobHOCTLIO K NMepeHacTpoike B COOT-
BETCTBHH C H3IMEHAIOIIUMHUCS YCIOBHAMM (DYHKUMOHHPOBAaHUSA U crioco6HbiE Bbi-
NONHATE Bee (YHKUWH U3MEPEHHA U KOHTPONA B peanbHOM MaciiuTabe BpeMeHn.,

MaremaTtuueckoe, nporpaMMHOe U HHGOPMALIMOHHOE OOECNEUEHHe BXOIUT
B coctaB auulb HUC c BeIYHCTHTENBHBIMH KOMIIIEKCAMH,

Mamemamuyeckoe obecnevenue — aHaNUTHUECKUE (MaTeMaTHYECKHe) MO-
aenu ofkeKTa HeeneoBaHus (H3IMEPEHUA) U BHIYHCITHTEIILHBIE AJIFOPUTMBI,

B marematnyeckyro MoleNns 00BbeKTa M3MEPEHHUA BXOAUT ONMCaHHE B3aUMO-
NeliCTBUA MEXIy NMepeMeHHBIMH BXOJA W BBIXOJA JUIA YCTAHOBHMBILErocs W repe-
XOJIHOTO COCTOSHMIA, T. €. MOZENM CTATHKU W AWHAMHKH, 2 TAKXKe MPaHNYHEBIe yC-
JIOBUA W JIONMYCTHMOE H3MEHEHWEe TNepeMeHHbIX mpouecca. Popma 3amucH
MaTeMaTHYeCKOH Mozennd MoXer OwiTh pasnuyHa: anreGpandecke ¥ TpaHCLEH-
NEHTHbIE ypaBHeHWs, audpdepeHUHaNbHble YPaBHEHUA U YPABHEHHS B YaCTHBIX
NPOM3BOAHBIX. MoOryT HCroONbE30BaTECA MEPeXOAHbIE W MepeaaToYHble (PYHKIHM,
YaCTOTHHIE W CNEKTPANBHBIE XapaKTEPHCTHKH U np. PaznuuaroT TPH OCHOBHBIX
METOJa MOJYYEHHA MareMaTHYeckux momeneil vcenepoanus MUC: ananurtuye-
CKHH, 3KCNEPUMEHTATbHBIA H SKCTIEPHMEHTAILHO-aHATUTHYECKHIA,

B nocnennue romst npu cosganun MC  nauGonee wacto ucnoss3ylor
MaTEMaTHIECKOE MOJIENTHPOBAHUE, PeasIH3YIOLLEE LIENOYKY: obbexm — mooens — abi-
YUCTUMERbHBIT AN2OpUMM — NpOZpaMma Ons KOMABIOMEPQ — pacyem Ha KOMAbIO-
mepe — ananu3 pesyibmamos paciema — ynpasieHue obbekmom uccie008aHus.

AJH‘O]JHTM H3IMEPEHHA MOXET ObITh MPENCTABIIEH NPOZPAMMHO, CNOBECHO,
GHATUMUYECKU, 2paqbul¢ecxu WM COYETaHWEM 3THX MeTonos. llocnenosarens-
HOCTh JEHCTBHH NMpH 3TOM HE NPOM3BOJIbLHA, @ peanusyeT TOT WM MHO#M MeTol
pemenus 3afayn. Bo Bcex cimyuasax mocTapjieHHas 3aja4a A0MKHA ObITh HACTONB-
KO To4YHO cdopMynupoBaHa, 49ToBbl He oOcCTanock MeEcTa  pasIUYHBIM
JIBYCMBIC/IEHHOCTAM.

Ipozpammuoe obecneuenue UAC Brmouaer B ceba cucremHoe m obuee
NPUKIIAJHOE NporpaMMHoe obecreyeHune, B COBOKYNHOCTH obpasyloniee MaTema-
THYecKoe obecneyeHne, KOTOpoe peanusyercs NporpaMmHoi noacucremoi. Cuc-
TEMHOE MporpaMMHoe obecrnedeHne — 3T0 COBOKYMHOCThL MporpaMmHoro obec-
MeYyeHWs  KomnbloTepa, wucnosiezyemoro B  HHC, u  gononHUTENbHBIX
NporpaMMHBIX CPEICTB, MO3BOMAIOLIMX paboTaTh B AMANIOrOBOM peXHUME; yNpaB-
NATH W3IMEPUTENbHBIMH KOMTIOHEHTaMM; oOMeHMBaThCAd HHGOpMaUWeH BHYTPH
NOACHCTEM KOMIUIEKCA, aBTOMAaTHYECKH MPOBOAWTH NHArHOCTHKY TEXHHYECKOTO
COCTOAHNA.
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Mo cymecTsy, nporpammuoe obecneuenue MMC npeacrasnser coboit B3au-
MOZIOTIONHAIONIYIO, B3aUMOJEHCTBYIONUIYIO COBOKYMHOCTh MOANPOrpaMmM, peanu-
IYIOLIHX:

* THINOBbIE ANTTOPUTMBbI 3D(EKTHBHOTO NMpeACTaBicHUA W 00paboTkH H3MEpH-
TeNbHON WHGOPMALMK, NIAHUPOBAHUA 3KCTIEPUMEHTA H APYrHX H3MEPHUTENbLHBIX
NpoLeayp;

* apXUBUPOBAHHE NaHHbIX U3MEPEHHIT;

« MeTposoruyeckie (QYHKIUMM KOMIUIEKCA (aTTecTalHio, NOBEPKY, 3KcMme-
DHMEHTAIBHOE ONpeeNeHHe HOPMHPYEMbIX METPONOTHYECKHX XapaKTepHCTHK
HT. IL).

Hugpopmayuonnoe obecneuenue ONpENENsieT CnOcOOB W KOHKPETHbIE ¢op-
bl WH(OPMAUMOHHOrO OTOOpaKEHHs COCTOSHMA OOBEKTa MCCNICI0BAHUA B BHIC
J0KYMEHTOB, IWArpaMM, rpadMKoB, CHFHANOB 1A WX MPEACTaBIeHUs OOCTYXH-
sajOLIEMY TIEPCOHATY W KOMITBIOTEpY JUlf AanbHEHLIEro UCrosb30Banus B ynpase-
HHH,

BClo M3MEPHUTENLHYIO CHCTEMY B LEJIOM OXBAaThIBAET METPOJIOTHYECKOE
obecneuenne (puc. 14.1).

: Oprasu3auMoHHOE »| OneparuBHE :
! obecneueHune nepcoHan i
! I
Bxomnas Hadopmannonroe Burxomaas P
'I madopmams [ ™| obecnewerme || mupopmawai | =
—
— — —— — — — —] -

| TexHEueCKOE e Tiporpammeoe | ,
: obecneueHuHe obecnedenne 1

= oz I
! Merponoraveckoe obecricyeHre 1

Puc. 14.1. Ctpykrypa obecnievenns HAC

B crpyxTypy TexHHuecko# noacuctembl UMC BxoasT:

« GIIOK MepBUYHBLIX U3MEPHTENBHBIX Mpeobpa3oBaTenei;

* CPEACTBA BBIYMCIEHHH JNEKTPUUECKHX BENHUYHH (HIMEPHTENIbHbIE KOMIIO-
HEHTBI);

* COBOKYIMHOCTh UH(POBBIX YCTPOHCTB H KOMIBIOTEPHOH TEXHHKH (BBIYMCITH-
Te/ILHBIX KOMIIOHEHTOB);

* MEpBI TEKYIIIEro BPEMEHH W HHTEPBAJIOB BPEMEHH,

* 610K BTOPHYHBIX H3MEPUTENbHBIX Npeobpasoparenei;

* YCTpONCTBA BBO/A-BHIBOJA AHANONOBBIX M LUM(POBLIX CHrHA/NOB C HOPMHPO-
BAHHBEIMH METPOJIOTHYECKHMM XapaKTePHCTHKaMH;
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* COBOKYMHOCTb 3JIEMEHTOB CpPaBHEHHA, MEP M 3IEMEHTOB OMHCAHUA;

* 6ok mpeobpa3zoBareneil curnana, UMGpPoBLIX Tabno, AMCILIEEB, 3MEMEHTOR
NaMATH U np.;

‘s pa3IMyHBIE HAKOMHTENH HHOPMALIHH.

Kpome yxaszaHHeIX 3neMeHToB B noficucrembl MUC moxeT BXOOUTL pan ycT-
pOHCTB COrIacOBaHMA CO LUTATHLIMK CHCTEMaMM HccrenyeMoro obbekTa, Tenemer-
pHeit 1 mp.

BaxkHoe 3nHaueHue ana sxcrutyarauud MMC umeer apronomuueckoe, addek-
THBHOE W HarNsgHOE nocTpoeHue (Gopm aucries H yNpaBiAlOIUX SJEMEHTOB,
Ha3bIBAEMBIX unmepghelicom nonbzosamens, o0ecrneYMBAIOUINX B3aUMOAEHCTBHE
oneparopa C NMepCOHANbHBIM (MIH CNeLHATH3UPOBaHHBIM) KOMIbIOTEPOM. B 06-
LWIEM JKe ciyudae uxHmepgheilcomM Ha3blBAIOT YCTPOHCTBO COMNPAKEHHA NMEPCOHAlIb-
HOrO0 KOMITBIOTEPA CO CPEACTBAMH M3MEpeHHH WM MOOBIMM APYTUMH BHELIHUMH
TeXHHYeCKMMH CHCTeMaMHd (MHOTJa B 3TO MOHATHE BKIIOYAIOT M MPOrpamMMHOe
obecneueHne H3IMEpUTENBHOM cuctembl). SddexTuBHOCTL paboThl paccMaTpH-
BaEMOTro HHTEpdelica 3aKmouaeTca B GHICTPOM, HACKONBKO 3TO BO3MOMHO, Pa3Bu-
THH Y MONB30BATENA MPOCTOH KOHLEeNTYyansHo#i Monenu p3aumoneicTaua ¢ UHUC.
JpyruMu BaKHBIMH XapakTepucTHKamu uHTepdeiica nonb3opatens ABAAIOTCA €ro
HaMIAZHOCTD, AM3aifH W KOHKPETHOCTh, YTO 00€CNeyHBalOT ¢ MOMOLLBIO MOC/EN0-
BATENbHO PACKPHIBAEMBIX OKOH, PACKPLIBAIOLIMXCA BIOKEHHBIX MEHIO M KOMaHJ-
HbIX CTPOK C YKa3aHHeM (GyHKLHOHATbHBIX «TOPAYNX) KIABHLL,

B kopotkoit uctopuu passutiua HMC M0OXHO OTMETHTE PAZL MOKOJIEHUH.

ITepaoe noxonenue xapakrepusyercs dopmuposBanuem koHuenunu MHC u
CHCTeMHOMN opraHu3auueii COBMECTHO#H paboThl CpeACTB nomyueHus, 00paboTku u
nepenayd KonudecTBeHHOH uH(oOpMalnu, 3To ObINKM B OCHOBHOM CHCTEMBI LIEH-
TPanU30BaHHOTO LMKJIMYECKOrO MOMyYeHUs N3MepHUTenbHOH MH(opmalmi ¢ ane-
MEHTAMH BBIYMCIIHTENIbHON TeXHKH. Janubii neproa (koHer 50-x — Hauano 60-x
roIoB MPOLILIOrO CTONETHA) HA3BIBAIOT NEPHUONIOM OemepMuHuaMa, TIOCKOJbKY Ul
uccnenosanuii 8 UUC Hcnons30Baics anmapar aHaIuTHIeckoi MaTeMaTHKH.

Bmopoe noxonenue pazsutus u Baenipenna MHUC ceazano ¢ Henons3oBaHnem
anipecHoro cbopa nHdopmaimu U ee 06paboTKH ¢ MOMOLIBIO BCTPOESHHBIX KOMIIb=
I0TepoB. DNieMeHTHYI0 6a3y TakuX CHCTEM TNPEACTABIAIOT MHUKPOIJNEKTPOHHBIE
cXeMbl Malloi U cpesiHell cTeneHy HHTerpauyH. S1oT nepuoa (70-e roasi Npouwio-
ro CTOJNETHS) XapaKTepeH pelleHHEM LIEOro Paaa BOTIPOCOB TEOPHH CHCTEM B paM-
Kax TEOPHH CITydalHbIX MPOLECCOB M MAaTEMATHYECKOH CTaTHCTHKH, MOOTOMY €ro
MPUHATO HA3bIBATh NEPUOLIOM CIOXACMULHOCHIU,

Tpembe nokonenue XapakTepHO MIMPOKHM BBEIEHWEM B HH(POPMaLUOHHO-
uamepurensHeie cuctemsl BUC, Mukponpoueccopos, Mukpo3BM u npomsiuiien-
HBIX (PYHKUHOHANBHBIX 6I0KOB, COBMECTHMBIX MexIy coboi mo MHPOpMaUUOH-
HbIM, METPOJIOrHYECKHM, KOHCTPYKTHBHBIM, SHEPreTHYECKHM M IKCILTyaTalMOH-
HBIM XapaKTepHCTHKaM, @ TaKKe CO3/laHneM pacrpeneneHHsix 1 anantusHbix HHUC.
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Yemeepmoe noxonenue OTNHYACT MOABNCHHE TMOKMX MEPECTPaMBACMbIX
nporpammupyembix MUC, uto cBA3aHO € pasBUTHEM BRIYHC/IUTENbHONH TEXHHKH.
rubkue UMC otnuyaloTes npexie scero cBofool nons3osaTe/ld B ONpeieieHIH
HYHKLMOHANLHOTO HasHadyeHus cucTeMbl. Co3faeT M nporpaMMHupyeT rubkyio
cHCTeMY He TIPOM3BOIMTENh €€ KOMNOHEHTOB, a M0JIb30BATElb, B COOTBETCTBUH CO
csouMM 3ajauamu. B anemenTHoil Gaze ruOkux MUC pesko Bo3pacTaet Ao
sukpocxem GombiIoi ¥ CBEPXOOIIbLIOH CTENEHH HHTErPaLHH.

Ilsamoe nokonenue GYpHO pazBHUBAETCsA B HACTOALLEE BpPEMH, HTO obycnosne-
50 MOSBJIEHHEM afaNTHBHBIX, HHTEIEKTYaIbHbIX W BHPTYaIbHBIX HUUC, noctpo-
eHHBIX Ha 6a3e NEepPCOHANBHBIX KOMINBIOTEPOB M COBPEMEHHOrO MaTeMaTHHeckoro
# IPOrPaMMHOT0 00ecreyeHNMA.

H3MepHTEHBHO-BI:I'iHCIIHTBJIbHLIE KOMILIEKChI

Omuoit w3 pasHosuaHocTelt MUC  ABNAIOTCA  u3MEpUMENbHO-GbINUCTU-
menvibie komunexcs. OCHOBHBIMH MPH3HAKaMH MPUHALIEKHOCTH W3MEPHUTCTh-
soit cuctemsl kK UBK ciykaT Hanp4ue KOMIMbIOTEpa, HOPMHPOBAHHBIX METPOJIO-
THYECKWX XapakKTEePHUCTHK, MPOrpaMMHOr0 YMpaBieH!s CpeACTBAMH U3MepeHuit,
£7104HO-MO/Y/ILHOH CTPYKTYpbI MOCTPOEHHS, COCTOALICH H3 TexHM4ecko# (anna-
paTHOI) U MPOrPaMMHOIA (AIrOPUTMHUYECKOH) MOACHCTEM.

Mo HazHadeHwuio WBK nenarca Ha Tunosele, npobneMHbie H crie-
UHATM3HPOBAHHBIE.

Tunoevie UBK npena3HaueHbl /UTA peLIEHHs WUPOKOro Kpyra THIOBBIX 3a-
139 ABTOMATH3ALMK M3MEPEHHH, HCMbITAHHH WM HCC/e0BaHNI HE3ABUCHMO OT
obnacTi NpUMEHEHUA.

ITpo6remuvie UBK pa3pabarbiBatoT [UlA pellieHHs crnetuGuuHON 3alavH B
KOHKDETHOM 06/1aCTH aBTOMATH3aLMK H3MEPEHHA.

Cneyuanusuposannvie UBK HCNONb3yIOT U1 PEUICHHA YHUKaNBHBIX 33134
aBTOMATH3ALMH U3MEPEHHH, U1 KOTOPbIX pa3paboTka THIOBBIX M CTIELMATHIHPO-
3aHHBIX KOMIUIEKCOB SKOHOMHYECKH HellenecoobpasHa.

HBK npennaszHaueHsl [iA CEAyIOLIHX 3a1at:

* OCYLIECTBIIEHHS TIPAMBIX, KOCBEHHbIX, COBMECTHBIX WM COBOKYITHBIX METO-
10B U3MepeHuH QU3HYECKUX BEIHUHH;

* MpeACTAaBNEHNs ONEPaToOpy Pe3yNIbTATOB H3MEPEHUH B HYKHOM BUIC M yMpas-
AeHMA MPOLIECCOM M3MepeHHUii U BO3JIEHCTBHA Ha 00BLEKT H3MEPEHUH.

Urobbl peanuzosarh 971 (yHKuns, UBK nomxen:

* 3¢peKTMBHO BOCIPHHUMATS, NPe0GpPa3OBLIBATE H oOpabaTbiBaTh CHrHAMBI OT
MEPBHYHBIX M3MEPHTEbLHBIX NMpeobpasoBaresieh, a Takke yNpaBaATe CPEACTEAMH
H3MEPEHUI ¥ APYr¥MH TEXHHYECKHMH YCTPOUCTBAMM, BXOALIIMMH B €TI0 COCTaB;

+ BbIPabaThIBaTh HOPMHPOBAHHDBIC EKTPHUECKHE CHIHABI, ABIAIOUIMECS BXOA-
HBIMH JUIf CPEJICTB BO3AEHCTBHA Ha OOBEKT, OLEHHBATL METPOIOTHYECKHE XapaKkTe-
PHCTHKH M MPEACTABNATh PE3yILTAThI U3MEPEHHit B YCTAHOBIICHHOH (opme.
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14.3. Bupryaasabie HHPOPMANHOHHO-H3MEPUTE/IbHbIE CHCTEMbI

CoBpeMeHHBIe pellieHlss B 001acTH MpPOMBILLIEHHOH aBTOMAaTH3aUWH Mpe-
MONArafoT OTKa3 OT Y3KOCMEeLHANHIHPOBAHHBIX PEIUCHHH B MOJIL3Y LIMPOKOIO HC-
MOAb30BaHHs NEPCOHANBHBIX KOMITBIOTEPOB, OCHalleHHbIX nnaramu ALITI/LIATIL,
ukdpoBoro BBOJA-BEIBOAA HHGOPMALUHK, MPUOOPHEIX, a TAKKE PasIM4HBIX MOCHe-
JIOBATENBLHBLIX M MApajUIeNibHBIX YCTPOHCTE conpskeHns — uHTepdeiicos. Takue
nepcoHaNbHbIE KOMMbIOTEPH, paboTalolne B pekUMe peanbHoro maciraba Bpe-
MeHH (B pexxume real time), MOTYT BBIMOMHATE BCE (PYHKIMH CrIEUHATU3UPOBAHHO-
ro o6opynoOBaHuUs, COXpaHAS MPKH 3TOM NOCTOMHCTBA KOMMBIOTEpA obluero HasHa-
YeHHUs!, MPEXK/E BCEro — rubKOCTD H MEpeHacTpanBaeMocTb HHTepdeica.

IMouaTue «BupTyaibHbie npubope» (Virtual Instruments) noaBuIOCH Ha CThi-
K& W3MEpHTENbHOM, MHPOPMAIIMOHHOA M KOMNBIOTEPHOH TeXHUKH. BUpTyanbHbii
npubop npeactapiser cofoi KOMOMHALMIO KOMMBIOTEPA, YHUBEPCATIBHLIX aMma-
paTHBIX CPEICTB BBOIA-BBIBO/A CHIHAIOB U CHENHANM3MPOBAHHOTO MPOrpaMMHO-
ro obecneueHus, KOTopoe, cOGCTBEHHO, U ONpeaensaeT KOHpHUrypauuo 1 QyHk-
LIMOHMPOBaHHe 3akoH4YeHHOH cucteMbl. TTo cyTH, B pykax co3laTesis CHCTEMbI
uMeeTcs KOHCTpYKTop (Habop), U3 KOTOpPOro fAaxe He WUCKYLIEHHbIH B KOMIbIO-
TEPHBIX TEXHOJIOTHAX HHKEHEP M/ MCCIIENOBATeNlk MOXET MOCTPOMTH H3MEpH-
TenbHBIH npubop moboii cnoxuocty. Teneps ckopee TpeDOBaHHA 3a1a4H U COOT-
BETCTBYIOIIEE TOMY MPOrpaMMHOe ofecneyeHHe, a HE BO3MOKHOCTH Mpubopa
onpenensioT GyHKUHOHATBHBIE XapaKTepPHCTHKH 3aKOHUEHHOTO npHbopa.

B npocreitiuem ciyyae BUPTYalbHbIH MpUOOpP — 3TO NMEPCOHANbHBIE KOM-
MbIOTEP B KOMIUIEKCE C COOTBETCTBYIOLINM MPOrpaMMHLIM ofecrieueHHeM H Crie-
uManbHas nnata cbopa naWmbIX, ycTaHaBnuBaeMas B Hero (B cnot ISA wnu PCI)
WIH BHeHIHee ycTpoWcTso, moakmodaemoe uepes LPT-nopT, a Takxke uyepes co-
BpeMeHHble BHemHMe uHTepdeiicsi, Takumu unTepdeicamu moryt Geith USB,
RS-232, FieldBus, FireWire, IrDA, GPIB u . .

IMepcoHaNbHBIH KOMIBIOTEp HWMHTHPYET OpraHbl yNpasBlieHus pealbHoro
npubopa W BHITIONHAET ero (YHKIHH, YTO MO3BONAET HHKEHEPY, KOTOpLIA ymeer
paboTath ¢ 3THM NMpUOOPOM, MPOAOIKUTH paboTy C €r0 BUPTYATbHBIM aHAJIOrOM.
BupryansHeiit npuGop MOXKET COAEpXkaTh TOMLKO T€ HMHAWKATOPbI H OpraHbl
yNpaBNeHHs, KOTOpble HeOoOXOAMMBI [UTA pelleHHs nocTasneHHol 3amauyu. Ilpn
3ToM OByueHHe CREUMATTHCTOB MOXHO NMPOBOANTL Ha BUPTYANbHBIX aHANOraX pe-
anbHOro 060pYIOBaHNUs, COXPAHsA ero Pecype U He rojiBepras PUCKY BbIXOAA €ro
U3 CTPOA K3-3a oKBOK orneparopa.

K omnuuTensHeiM 0c00EHHOCTAM BHPTYalbHBIX NMPHOOPOB MO CPABHEHHIO €
MUKpOTIPOLIECCOPHBIME MPHOOPAMH OTHOCATCS:

» OOWHpHEIH (GOHA CTAHAAPTHBIX NPHKIAAHBIX KOMNBIOTEPHBIX MPOrpamm,
JOCTYNHBIX [UIS Onepatopa, Mo3BONAMME pemaTts WHPOKUHA KPYr MPUKIAAHBIX
3ajiay M3MepeHuit (Mccienosanre W 06paboTka CHrHANOB, cOOp NaHHBIX C AaT4H-
KOB, yNpPaBI€HHE Pa3IHYHBIMH MPOMBILIIEHHLIMH YCTAHOBKAMHM H T. I1.);
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* BO3MOXHOCTb OTEPATHBHON Tepe/iayn NaHHBIX MCC/eN0BaHHA M H3MEPEeHHi
Mo NOKaNnbHBIM M Mo0anbHBIM KOMIBIOTEPHBIM CeTAM (Hanpumep, ceTH Mntep-
HeT);

* BLICOKOPa3BUTHIH rpaduueckuii uHTepdeiic nons3osarens, obecrneunBalLHi
ObiCTpOE OCBOEHHE B3aUMOJAEHCTBHUS C CUCTEMOH;

* BO3MOMKHOCTb MCTIONL30BAHHA BHYTpEHHEN U BHelHel namaTi Gonbiioi eM-
KOCTH, 8 TaKe COCTaBJIEeHHA KOMMBLIOTEPHBIX MporpaMm s pelIeHna KOHKPET-
HbIX HIMEPHTENBHBIX 3a4a4,

* BO3MOXHOCTB OMEPaTHBHOIO HCMNOJIL30OBAHHA pasauYHbIX yc’FpOF[CTB HOOKY-
MEHTHPOBAHUS Pe3yJIbTATOB H3MEPEHHIA.

APXHTEKTYpa NMOCTPOEHHSA BUPTYaLHBIX NpuGopos

BuptyaibHbiit npuéop MOXKHO CTPOMTh JIBYMA CMOCOOaMM: € MOC/IEN0BATENb-
HOI WK NapaniesbHON apXUTEKTYPOi.

B supmyansuom npubope c nocnedosamenvroii apxumexmypou (ee wHoraa
HA3BIBAIOT YEHMPANU306aHHON CUCMeMoi) YaCTH CHCTEMBI, Npeobpasyiouike aHa-
M3MpYeMble CUTHAB!, 00pabaThIBAIOT KX B MOC/NEN0BATENLHOM pexume. [ToaTomy
BCHO COOTBETCTBYIOIIYIO HMEKTPOHUKY Pa3MELIalOT Ha CIOTaX KOMMbIOTEPA.

Bupmyansnbiii npubop ¢ napanienvHoil apxumexmypou COASPXHUT pAn ma-
panneNbHbIX KAHAN0B U3MEPEHHS, KX /IbIH U3 KOTOPLIX UMEET COOCTBEHHBIE Y3ibl
npeobpa3oBaHus aHAM3UPYEMbIX CHIHAlOB M TOMLKO MPOLECCOP KOMMBIOTEPA
paGoTaeT B pexume MyabTUIIEKCHpoBaHua (T. €. oGbeaunenus curxanos). [lo-
nOGHBIA MPUHLMI MOCTPOEHHA BHPTYalbHOTO MpHOOpa MO3BONAET NPOBOAHTE
onTUMH3aLMIO 06paboTKK CUTHANOB B KaXKIOM KaHane Hezasucumo. B Takoii cuc-
TeMe npeobpa30BaHHe CHTHAIOB MOXHO BRITIONHATH JIOKANBHO B MECTE pacnoso-
AEHMS UCTOUHHKA HCCIeyeMOTo CUrHana, 4TO NMO3BOJIAET Mepe1aBaTk CHIHalbl OT
u3mepaemMoro obbekra B uHdpoBoil hopme.

O606ieHHas CTPYKTypHasi Cxema BUPTyansHoro npubopa, oTpaxkatouas obe
ApPXUTEKTYDPHI MOCTPOEHHS, NOKa3aHa Ha puc. 14.2.

BaaumosneiicTBHEe MeXIYy OTAeNbHBIMH EMEHTaMU BUPTYanbHOro npubo-
pa OCYIIECTBIAIT C MOMOIUBIO BHYTPEHHEH UIMHBI KOMILIOTEPA, K KOTOPOWH
MOAKIIOYEHbl KaK €ro BHELIHHe YCTpoHCTBA (AMCIUIEH, BHELIHAA MaMATh,
MPUHTEp, TIOTTEDP), Tak H M3MEpUTeNlbHas CXeMa, COCTOALIas M3 KOMMYTaTo-
pa, AL u 6n0oka 06pa3LOBLIX NPOrPaMMHO-YTIPABIAEMbIX MEP HANpPAKEHHA
# yactothl. C nomoiusio LIATT MokHO BhIpabaThiBaTh YNpaBisiOliHe aHANOroOBkIE
cHrHanbl, uHTepdedicHbiii Momyts MM noaxouaeT M3MepHTENbHbIH mpubop K
maructpanu npuGopHoro unTepdeiica. Kommyratop yctpoiictsa obecneunsaet
NnOAaYy aHANOTOBBIX HANPSKEHWI ¢ BHENIHUX JATUHKOB Ha y3nbl cuctemsl. JlocTa-
TOYHO MPOCTBIE Y3Nbl BUPTYANTbHOTO NPHOOpPa MOXHO Pa3MECTUTb Ha OQHOM TuiaTe
NEPCOHATLHOTO KOMIbioTepa. CyIecTBYIOT ¥ DoJiee Cl0XKHbIe CTPYKTYPhl BUPTY-
a7bHBIX TIPUGOPOB, B KOTOPBIX B COOTBETCTBHH C PElIaeMOii HIMEPHTENbHOH 3a/a-
4eil 110 YCTAHOBIEHHOM! NPOTpaMMe MEHSAIOT apXHTEKTYPY MOCTPOEHHSA CHCTEMBI.
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Buemmsas [lpunrep
Hucrneit s i
Kommerotep : [nra koMTIErOTEDA
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aHANOTOBbIX i Kommy-
HampsKeHuH ¢ Tarop

Y

OT JaTYHKOB f *
Brox o6pa3nossx Vnpasnsiomue jI
MpOrpaMMHO-YTIPABIIAEMEIX CHIHaTEl K marucTpand
Mep HalpsoKeHHA H YacTOTE npubopHoro
naTepheiica

Puc. 14.2. OGobuienHas cTpyKTypHas cxeMa BHpTyanasHoro npubopa

OnHUM M3 3EMEHTOB BUpTYaisHOro mpubopa ssnsercsa Gaok o6pa3LoBbIX
NPOrpaMMHO-YTIPAB/AEMBIX MEDP HANPSKEHHUS W 4acTOTHL. B BUPTyanbHBIX NpubO-
pax NpeaycMOTPeHa BO3MOKHOCTh ONPENENeHUA WHIMBHIYANbHBIX (yHKUWHA
BIMAHUA TEMIEPATYPhl Ha pasHble MapameTps! npubopa: apeiid Hyns YIIT, koad-
(HIMEHTHI Mepefaiy pasIMuHbIX NeMEeHTOB. HenpepsiBHbIA KOHTPONbL TeMmnepa-
Typs! 6JI0KOB MO3BOJIAET ABTOMATHHMECKH KOPPEKTHPOBATH BOSHUKAIOLIKE norpeu-
HOCTH H3MEPEHUA.

OCHOBHYIO pOJib B BUPTYanbHbIX mpubopax urpalot naartei cOopa AaHHBIX C
HeoOXOMMBIMH METPOTOTHYECKUMH XapakTepUCTHKaMK A JaHHOH 3a1a4, Ta-
kuMH, kak pazpaaHocts ALTI, GeicTponeiicTeue U AMHAMHYECKHE MOTPEIIHOCTH
aHanoro-ungposoro kaHana. [Ipu 3ToM HeoOXOIMMO HCONb30BaTh OBICTPbIE M
stdekrusrbie anroputMbl 06pabotku Mmepsemol uHGopMauuu, paspaborarh
yno6Hyto nporpammy cGopa U oToOpaxkeHusa AaHHbIX MO Haubonee pacnpocTpa-
HeHHble onepauuonHsie cuctembl Windows 2000, NT, XP u . a.

OpnHa W3 CaMbIX M3BECTHBIX CPEAM CNELHATHCTOB paspaboToK BHPTyalbHBIX
npuGopor — cuctemsl LabVIEW, BridgeVIEW u LookOut komnatuu National
Instruments (CILIA). Kpome Toro, cywectByeT Gonbiioe KomuuecTBo Oubanorex
BUPTYaNbHBIX MPUOOPOB OT HE3aBHCMMBIX CTOPOHHMX npou3soaureneit. Ilpo-
rpammbl B LabVIEW umMeHyioTCs BHPTyanbHbiMU NpuGopami, Tak kak criocob
06LIEHHS C HUMH HAMOMMHAET peanbHble npubopbl. BupTyansHsie npubopsl wr-
patoT Ty € poJib, YTO W (YHKLHH B OOBIYHBIX A3bIKAX NPOrpaMMHPOBAHHA.

3ameHa TEKCTOBOTO MpEACTABIEHHA TpaduyeckuM HeNaeT MpeicTaBleHue
M3MEPHUTENbHBIX AAHHBIX U MpoLeayp Gonee HAarNAAHLIM, HE CO3JAET A3BIKOBOTO
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Gapbepa, pUCYHOK BhIpaxaeT cMmbicn vH(opmauuu B onee KOMNAKTHBIX eIHHH-
uax; HanpMMep, 3TO OTHOCHTCA K rpaduueckoMy nporpaMmHoMy obecneyeHuio
LabVIEW. IMaker LabVIEW — rpaduueckasn anstepHariBa 06bi4HOMY nporpam-
MHPOBaHHIO — MpeAHasHayveH s co3pannd MC u npeacrasnser coboil nporpamm-
HbIE CPEJICTBA, KOoTOphle TpebyroTes npu padoTe B 061aCTH MOHUTOPHHTA, HCMBITA-
Huil u u3mepenuit. C nomoubio LabVIEW cosnaror rpadmueckue nporpammel —
BUPTYalbHble NpUBOPLI, BMECTO HAMKCAHUA TPALHLIMOHHEIX TIPOrPaMM.

TMone3oparens BUpTyansHoro npubopa BiroyaeT obvekr rpaduyeckort na-
HEMK C MOMOLUBIO KNABHATYPh], «MBILIM» WK CNEUManH3HPOBAHHON NpHKNAAHON
nporpaMmbl. BupTyanbible npubopbl co4eTalOT OONbIIME BLIYHCIHMTENbHBIE U
rpaMyecKHe BOIMONKHOCTH KOMMNBIOTEPA C BBICOKOH TOUHOCTBIO W OBICTpOAEHCT-
sueM ALIIT u LIATIL, npumensemeix B nnarax c6opa ganHeix. ITo cyuecTy BMpTY-
anbHele NPHOOPH! BHIMONHAIOT AHANH3 AMIUINTYIHBIX, YaCTOTHLIX, BPEMEHHbBIX Xa-
PAaKTEPHCTHK pasfiMMHLIX PAJMOTEXHUYECKUX Lened W H3IMEpAIOT napameTpbl
CUTrHaJOB ¢ TOYHOCTLIO NpuMeHeHHBIX AL u LTATI, a Tawke ¢opmupyiOT cUrHa-
Jbl ¥ 1A poLiecca coOCTBEHHO W3MepeHui, U i asromarusanuu UC.

INporpamMMHuas yacTh BUpTyanbHoro npubopa MomkeT 3MynHpoBaThk (C03aaTh)
Ha 3KpaHe AHUCIUIER KOMITLIOTEPA BUPTYAIBHYIO NEPEHIO YNPaBAAIOULYIO NaHENb
CTallHOHAapHOTO HW3MepHTensHoro npubopa. Cama ynparnsiouas naHens ¢ BUPTY-
anbHBIMM KHOMIKAMH, pyYKaMd W NepekoyarenaMu, copMUpoBaHHas Ha 3KpaHe
AMCTIIEs, CTAHOBHUTCA MaHENbLIO YNPABJeHHs BHPTYaIbHOro npudopa. B otnuuue
OT peasibHO NaHeN YNpaBleHHA CTalMOHAPHOTO U3MEpPHTENLHOro npubopa, BHp-
TyanbHas naHenb MOXKeT ObITh MHOTOKPaTHO MepecTpoeHa B npouecce paboTsl Ans
aflanTalHy K KOHKPETHBIM YCJIOBHAM JKCNEpUMeEHTa. B 3aBUCHMOCTH OT MaThl U
nporpaMMHoro ofecrieueHus MoNb30BaTeNb MOMAYHaeT W3MepUTenbHbld npubop
MOA TY MW MHYIO METPONOTHYECKYHO 3a/1a4y.

Heckonbko ner Hazaa Ha MyTH pa3BUTHA TEXHONOTMH MPOrPaMMHPOBAHUA H
CO3aHHA BUPTYallbHBIX NpUOOPOB NOABMIOCE HOBOE MHOroobeluaollee Hanpas-
nenue. Ono naseiaetca [VI (Interchangeable Virtual Instruments — p3aumosa-
MEHAEMBIE BUPTYanbHbele HHCTpYMeHTH!). OcHOBHaA uaes Taxosa. Bee npubopel
OJIHOrO KJacca UMeloT GoMblyio, 00LLylo 1S Beex NpUOOpoB rpynimy (yHKLHHA,
Hanpumep, Bce UHdpoBsie MynbTUMeTpsl (DMM) H3MepaIOT NOCTOAHHOE U nepe-
MEHHOE HanpskeHWe, COMPOTHBICHHE, a TaKkKe BLIMOMHAIOT Apyrue QYHKUHH.
Ecnu atH dynkuun seigennts B IVI Class Driver ans knacca DMM Class, To
YacTh NPOrpamMMsl, OTBEYAIOLIAs 3a yrnpaBjieHHe UMDPOBLIMH MYIBTHMETPAMH, HE
Oynmer 3aBHceTh OT KOHKpeTHOro npubopa W ero gapaiBepa. CnelyeT OTMETHTSH
BBICOKOE KAaueCcTBO W HamexHocTs npubopusix apaiisepoB VXI «Plug&Play»
(«skmouail u pabotaiin, U1K «rOpAYHI PEXKHUMY), UTO HE CBA3AHO C KOHLEMUHEH
knaccos npaiisepos VI Class Driver, a peanuayercs ApyruMH cpeacTBaMH.

W koHeyHO, COBpeMeHHbIE MPOrpaMMHBIE CHCTEMBI HEMBICITHMBE Oe3 yaaneH-
Horo poctyna. TpyaHo cebe NpeAcTaBuTE OTBETCTBEHHYIO CHCTEMY, HE HMEIOLLYIO
sbixonia B MHTEpHeT,
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PaccMOTPUM OfIMH W3 COBPEMEHHBIX BUPTYalbHbIX LM(POBBIX 3aMOMUHaI0-
wux ocuunnorpados. Buewnuil BUL npozpammnozo unmepgheiica nonv3osamens
(BupTyansHOit rpadudeckoit UIMEpPHTENLHON naxenn) UHPPOBOro BUPTYANLHOIO
ocuunnorpada npencrasneH Ha puc, 14.3.

»* Qcuymanorpad JIAX10M4

V- '.-'“

Puc. 14.3. Buewnuii Bua nporpaMmHoro uutepdeiica suptyansHoro ocuunnorpada

BupTyansHslil unpoBoil 3anoMuHaomMit ocuuiorpad npeaxasHaueH ana
HaOmoNeHHs, perucTpauuy, odpaboTkH, J0/ITOBPEMEHHOTO XpaHEHUA, aHanu3a u
M3MEPEHHsT aMIVIMTYAHBIX M BPEMEHHBIX NMapaMeTpPOB Pa3iMiHbIX HMITYIBCHBIX,
nepUoaMYECKHX U clydaiiHbiX npoueccos. [IporpaMMHBIii nakeT «Ocuumnorpady,
3a0eHHBIl B MAMATh KOMIMBIOTEPa, 0OMEHHBAETCA NaHHBIMM C muiatodl cbopa
JIaHHBIX 10 2omosrocmu npubopa k o6paborke nudopmauuu. [Tocne BolIaYH M1a-
Te crneuHanbHoi KoMaHabl Ha cOop JaHHBIX MO MapameTpaM HCCEeayEMBbIX CHrHa-
JIOB, MPOTPaMMa OXHIAET OT Hee coobuIeHHs 06 OKOHYaHWH NPOLEAYPbI 3anoHe-
Hus OybepHoit namaTH, BCTpOeHHOH B nnaty cGopa AaHHBIX. 3areM
aHANM3MPYEMBIE CHUTHANBI MOCTYNAIOT B KOMMLIOTEP, rae ux obpabotky u wccne-
[0BaHHe MONHOCTHIO BLIMOJHsAET npoleccop. NporpaMMubie (aisibl MO3BOMAIOT C
MOMOILBIO KOMIBIOTEpa JOKYMEHTHPOBATh MCCIIEMYeMble MPOLECCh], CPaBHHBATH
CHTHANBI C 3TANOHHBIMH K 0TOOpakaTh CHTHAJIBI, CO3AaHHbIE NONBE30BATENIEM B €T0

nporpammax.
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IMpunumn neficTys nuaTel cOopa JaHHBIX YNPOIMEHHO OMMCHIBAETCA ClIE-
ayioum obpasom. [Tpouecc c6opa AaHHBIX MOXHO YCNOBHO pa3AcivTh Ha IBa
Tana: 3anuch OUMGMPOBAHHBIX CHIHANOB B OydepHyio namsTh miathl cbopa naH-
HBIX (COOTBETCTBYET 0OpaTHOMY XOAy Sy4a pealbHOro ocumnorpada) U nepena-
4a JaHHBIX B BUPTYATbHbIA ocuutorpad, ux o6paboTka 1 BBIBOJL Ha IKpaH (cooT-
BETCTBYET NMPAMOMY XOMy Jiy4a peajibHOro ocumnnorpada). Pexum «mnpaMoro
x04a my4ay (MHTepBan OOHOBNEHUA M300paXKeHHs Ha 3KpaHe) 3aBUCHT OT obbemMa
NamATH 3anuceiBatomero Gydepa nmathi cGopa naHHBIX, ObICTPOAEHCTBHA NPO-
ueccopa u O3V komMneioTepa, YHCIA KaHAIOB ocumuiorpada.

HecmoTps Ha TO, YTO MCC/IEAYEMBIE CHTHAMbI — AHANOTOBLIE, H300paxeHHe
Ha BHPTYanbHOM O3KpaHe (aucruiee KoMmbioTepa) ocumumiorpada GpopmHpyeTcs
focsie aHanoro-1mdposoro npeobpa3oBaHus U MOITOMY ABIACTCA AHCKPETHBIM.
BupTyalbHble KHOTKH, PY4KH, TIEPEKITIOHaTe/N H APYTHE JNIEMEHTEI rpau4eckoro
unTepdeiica NPaKTHYECKH HE OTIHYAIOTCA OT PEalibHBIX. EnuHCTBEHHOE H I1aB-
HOE X OTIMYHE 3aKMOYAETCA B H3MEHEHHUH MONOXKEHUS PydeK U nepekimouarene,
KOTOPOE OCYIECTBAAIOT C NIOMOIIBIO «MBILIWY (M KNTABMATYpbl), @ HE PYKOH, Kak
y peabHbIX H3MEPHUTENbHBIX MPHOOPOB.

JIOCTOMHCTBA BHPTYalbHOTO LIM(POBOTO 3aNOMUHAIOLLETO ocumnnorpaga:

« BBICOKAS TOYHOCTH M3MEPEHHUIl apaMeTPOB CUTHATIOB WITH LeTieH;

* ApKuH, YeTko cHOKYCHPOBaHHLIA JKpaH Ha moboil cKOpOCTH pa3’BEPTKH H
PE3KO O4YepYEHHbIE KOHTYPbI H300paxeHus;

* [IKPOKAs NONIOCA NPOITYCKAHHUA;

« BO3MOXHOCTE 3aTIOMHHAHMS AIMIOPbl CHTHANA Ha MPOU3BONLHOE BPEMS,

* ABTOMATHYECKOE H3MEPEHHE NapameTpoB CHIHAJIOB,

* BO3MOXKHOCTb CTaTHCTHUECKOH 006paboTky pe3ynbTaToB H3IMEPEHHUA,

* HanMYMe CPEACTB CaMOKaNUOPOBKH 1 CAMOJHATHOCTHKH,

« BO3MOXHOCTb CPaBHEHHS TEKYLIMX AAHHbIX ¢ 06pa3LUOBBIMU WIH MPENBAPH-
TeJIbHO 3aMUCaHHBIMH,

* HaJMYHE NPUHTEPA W TUIOTTEPa JIA CO3JaHUA OTHETA O pe3ybTaTax H3Mepe-
HHIi, a TAKKe YIIPOIIEHHAA apXHBalus pe3yabTaToB H3MEPEHHIA;

*» BO3MOKHOCTB HCCTIe0BaHKs MEePEXOAHBIX MPOLECCOB, MPOTEKAOIIHX B 3/IEK-
TPUYECKHX LISTAX.

Ha puc. 14.4 noka3aH BHEUIHHH BHJ NPOTPaMMHOTO uHTepdeiica BUpPTyab-
HOTO LIM(POBOrO AHATM3ATOPA CIEKTPa, a Ha puc. 14.5 — BUPTYabHOMO uudpo-
BOr0 NEHEPaTOpa CHIHAJIOB. '

BupTyanbHblil aHATH3aTOp CNEKTPA MOXET UCCEN0BATh OT 2 no 1024 rap-
MOHHYECKUX COCTABNAONMX W MO3BONAET BEIYHCITUTL MITUTY/Ibl 1 (haskl rapmo-
HHK, @ Takke koadduimenTs! Oypbe CNEKTPANbHOTO NPe/CTaBNEHHA HCCICAYEMO-
ro CHrHana.

Buptyansslit redeparop cursanos LII'C-31 cnocobeH co3aaBarh UIMPOKYHO
CeTKy 4acTOT U HMEET MHOTO PEKHMOB paboThl, MO3BOSIOUINX PEryTHpoBarh pas-
MHYHbIE NMApaMETPLL BBLIXOJAHLIX CHTHAJIOB.
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Puc. 14.4. Biewmnuii Buj nporpaMMHoro uHreppeica
BUPTYaNnbHOTO LM(POBOTO AHANKU3ATOPA CNIEKTPA

UTaK, WIHPOKHME BBIMHCIHTENbHbIE BOMOXKHOCTH BUPTYATbHBIX npubopos mno-
3BONSIOT PEANH30BATH NPOrPAMMHBLIMA METONAMH MHOTHE 3a/124H TIOBBILICHUA TO'-
HOCTH M3MepeHHuit, 3hdeKTHBHOCTH U BbICTPOICHCTBHS.

Hanpumep, eciu noiydenHas Npy U3MEPEHHUAX HCTOrpamMMa pacripe/ieneHis
du3vyeckoil BeNUUHHBI, HaGMONAEMAs! IKCMIEPUMEHTATOPOM Ha JIMCILIEE KOMITBIOTE-
pa, HMEET BhINABIIIKE 3HAYCHUA W CITIDKEHHYIO thopMy, TO CNETYeT MPeNONOKHTb
CylllecTBOBaHHE BLIOPOCOB W HanW4ve npeiiha U3MepAEMOl BENTHUUHBI HAM TIO-
rpewHocTH. JUst ycTpaHeHus BbIGPOCOB MOXHO HCTONB30BATh OMHY H3 CTaTHCTHYE-
CKUX NpOrpamm.

B HacToslee BpeMs Pa3BHBAETCA HAMpaBieHne No pa3paboTke BHPTYANbHLIX
MIMEPHTENBHBIX CHCTEM, IUMPOKO MCTIOJNB3YIOUIMX BOIMOXKHOCTH COBPEMEHHBIX
KOMTIBIOTEPOB, KOMMbIOTEPHOH rpadukH, MEPCMEKTUBHBIX METONOB W CPEICTE
p3Mepenuii, uudposoif 06paGoTkM HHDOPMAUMHK H 3 (peKTUBHBIX PEKHMMOB
«Plug&Play» MynbTHMEIMa-TEXHONOTHIT NPH CO3AAHHN NPOTPaMMHOTO H TEXHO-
noruyeckoro obecrneyeHus.

Bce nepedncneHHoe MO3BOMAET CYLIECTBEHHO MOBLICHTH KA4eCTBO M TOU-
HOCTB W3MEPEHHH (PUIMIECKUX BENUIHH.
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Puc. 14.5. BueurHuii BUA nporpaMMHoro HHTepdeiica
BUPTYaNBHONO LK(POBOTO rEHEPaTOpa CHrHAJIOB

Ha ocHoBe TakHX CHCTEM NPOBOJATCS:

* JKCIMEepHMEHTANbHEIE HAYYHBIE H3MEPEHHA W HCCIEI0BaHHA, peanusyembie
B BH/IE YHHBepCalbHbIX ((PYHKIMOHATEHO OPHEHTUPOBAHHBIX) MPUOOPOB B BHP-
TYalbHOM HMCMOMHeHUH (ocuuinorpadpl, aHaNH3aTOpLl, TeHEpaTophl, CHHTE3a-
TOpbI CHTHANOBR, MYJIbTUMETPBI, BOJILTMETPEI, YACTOTOMEPHI, MYJIbTHILIEKCOPb] H
Ip.) H cneuHanbHeIX (MpobiaeMHO-0pHEHTHPOBAHHBIX) CHCTEM, NMPUMEHAEMBIX B
CMEKTPOCKOMUH, aKYCTO- U CBEPXNPOBOAHUKOBOH 3MEKTPOHMKE, B MOJAPH30-
BAHHBIX MCCIEJ0BAHUAX ONTHYECKUX CBETOAHO/I0B, H3YYEHUH PaclpoCTpaHeHHs
3NIEKTPOMArHUTHOTO M3yYeHUA B rasax M atMocdepe, AMCTAHUMOHHOM 30H/IH-
POBaHHK 3eMIIH W TUTAHET H T. 1.;

* pa3spaboTka cemeiicTBa HOBBLIX YHHBEPCATbHBIX KOMIMBIOTEPHBIX MpHOOPOB,
CHHTE3UPOBAHHBIX MPOrpaMMHBIM MMYTEM, CPEH KOTOPhIX MOXHO BBUICJIHTh NPH-
Gopsbl ¢ GNOKOM OLEHKH M NPeACcTaBAEeHUA TOYHOCTH XapakTepucTWK npubopa u
H3MEPEHHIH;

* CO3JaHHe BUPTYaNnbHBIX CHCTEM Y4eOHOTO Ha3HAYEHHA: MPaKTHKYMbl W TpeHa-
epBl, 3MeKTPOHHbIE KATAIOTH ¥ HHCTPYKIMU K cepuifHO BbIMycKaeMbIM MpHbopam,
MOCTPOEHHBIE HA A[IEKBATHBIX MOJENAX YCTPOHCTB.
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14.4. UnTe/IIeKTya/IbHbIe H3MEPHTEIbHBIE CHCTEMbI

Humennexmyanvhvie usmepumensisie cucmemst — CHCTEMbI, KOTOPbIE MOXKHO
MHIMBHIYQTLHO NPOrpaMMMpOBaTh Ha BhIMOJHEHHE crelMduueckux 3agad, Hc-
MoNL3ysi NPOrpaMMMpyeMBIil TepMHMHAN (MpOrpaMMarop) s BBOJA ApaMeTpoB
KoHuUrypuposanus. ITono6Hbie cucTeMbl CHaGKEHBbI CpEICTBAMH MNpPEICTABIEHHS
aHANM3UPYEMOH MH(POPMalMK: AHCIUIEEM UIA BU3yanHu3allM¥ MHEMOHHYECKHX CHM-
BOJIOB KOMaH1, LM(POBLIMH MHAMKATOPAMH, TIPEACTABMSIOUMH ONEpaTopy Heol-
XOIMMY10 HH(OPMALIMIO, ¥ KITaBHIIAMH NepeksroYeHus BuaoB pabotsl. Biok Gecne-
peboitHoro nuTaHus obecneyuBaET COXPAHHOCTH MPOrPaMM MPH OTKIIOYEHHH
IMUTAHKSA Ha JUTUTENLHOE BpEMS.

HHTENNEKTYaNnbHbIE HM3MEPHTENbHbIE CHCTEMBI CMOCOOHBI BHIMONHATL BUE
GYHKUMM H3MEPEHHS M KOHTPONA B pealkHOM Maciutabe BpemeHM. DTO MO3BOJSET
OCYWIECTBIATEL (PYHKUMH H3MEPEHHS U KOHTPO/SA «BLICOKOTO YPOBHA» 63 HCMOMBL30-
BaHua Oonbliix komnbtotepos. [Ipu arToHOMHOM (yHKuMOHHpOBaHWK Takas UC
obecrieynBaeT HENpPepLIBHBIE H3MEPEHHA W KOHTPONb 3aaHHBIX NapameTpos, cop
JaHHBIX U 00paboTKy CHrHaNoB.

HuTennexryanbHble M3MEPHUTENBHBIE CHCTEMBl MMEKOT CYLIECTBEHHbIE Mpe-
HUMYIIECTBA Nepe]l TPAAHIHOHHBIMH, 8 UMEHHO:

* BBICOKOE GBICTpOAEHCTBHE KOHTYPOR YNpaBleHUsA NpoLieccaMu U3MepeHus, a
TaKXe BBICOKYIO CKOPOCTh c6opa AaHHbIX;

* YHHMBEpPCANbHOCTL — CTaHJapTHbie WHTepdeiicul obecneynBaloT npocroe
nojKmoYeHue K MobbiM cucTeMaM 1 060pYa0BaHHIO;

* BBICOKYIO HAJIEXHOCTE Ha KaX/1IOM CHCTEMHOM YPOBHE — NPUMEHEHHE YHH-
BEpcanbHEIX METOZIOB obecneunBaeT 6e3oTkasHyto paboTy;

* B3aMMO3aMEHAEMOCTh; MNOCKOJBKY HHTEJJIEKTYallbHbleé CHCTEMBbI — CTaH-
JapTHbIE YCTPO#CTBA, HHANBHIYANbHO MPOTPAMMUpYEMBIE B pacyeTe Ha MX crie-
uuduueckne GYHKLHHK, TO KaXK/I0€ U3 HUX MOXET ObITh 3aMEHEHO JPYTUM YCTpOii-
CTBOM TOr0 e (YHKUMOHANBHOrO HA3HAYEHUA, KaWAYI0 CHCTEMY MOXHO
paccMaTpHBaTh KaK pe3epBHyIO UiA nmo6oro THMa CHCTEM TOTO JKe Kjiacca, ¥To
YMEHBIIAET YWCAO [JOMONHHUTENBLHBIX PE3EPBHBIX CPEACTB H3IMEPEHHs, KOHTpONA,
YNpaBleHUA ¥ PErYJMPOBKN W CBOAWT K MUHHMYMY aBapuiiHblii nepron B MaloBe-
POSTHOM CITydae BLIXOJIa W3 CTPOS KAKOro-nbo 3JieMeHTa,

[TpHHUMNBI NOCTPOEHUA W CTPYKTYphl HHTEMNEKTYansHeiX UC uHTErpUpytoT
B cebe Bce JTydllIMe CTOPOHBI TPAJMLUMOHHAIX M3MEPHUTENBHBIX CHCTEM, HO Gonee
HACBILLEHBl MHKPOTIPOLIECCOPHOH W KOMIBIOTEPHOH TexHHKOM, MuTennekryans-
HbIE W3MEPHTENBHBIE CHCTEMBI [TO3BONAIOT CO3AaTh AINOPHTMBI M3MEPEHHH, KOTO-
pble YYHTHIBAIOT pabouyto, BCIOMOTATENBHYIO U MPOMEKYTOUHYIO HH(OpMaLIHio 0
cBoiicTBax 06bekTa M3MepeHHH U YCNoBUAX HiMepeHuit. O6nanas cnocobHOCTLIO
K MepeHacTpoiKke U MepenporpaMMUpOBaHHIO B COOTBETCTBHH C H3IMEHAIOLUMMCH
YCNOBHAMH (YHKLIHOHHPOBAHHA, WHTEIEKTYaNnbHbIe AITOPUTMBl MO3BOAAIOT MO-
BBICHTE BBICTpOAEHCTBHE M METPONOTHYECKHH YPOBEHB U3MEPEHH I,
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14.5. UnTepdeiicnl

PaccMoTpuM HHTepdeichl, MPUMEHSEMBIE TOIBKO [UIA COMPAKEHNA KOMIbIO-
Tepa CO CPEACTBAMM M3MEPEHHIH, MOCKONbKY HHTEPdEHCH HCTIONB3YIOTCA H B ADY-
FHX CTIELM(UHECKIX YCTPOHCTBAX, He BCEr/la CONPATaeMbIX ¢ KOMMbloTepamy (Ha-
npuMep, B CBA3HBIX Mojemax W T. A.). OOGbMHO B HMH(OPMAUHMOHHO-
H3MEPHTENLHLIX CHCTEMAX HMCTIONB3YIOT CMAHOApmHuble unmepgencel W MOLyNH,
MOAKNIOYEHHbIE K OGIIMM MarkucTpaniM, KOTOPbIE UCMONB3YIOTCA H 4TS NEpenayn
uH(oOpMaLKK BO BHEWIHUE ceTH. [Tpu 3ToM 1st peleHHs HOBOH METpOJIorHyec KO#
3a7a4M JOCTATOYHO CMEHHTh YacTh MOIYNeH, HCTIONb3YeMbIX B Ka4eCTBE MCTOHHHU-
Ka WK MPUEMHHKA HHDOPMALIMH, i TPOrPaMMHOE obecreyeHue.

B 3aBHCHMOCTH OT 3a/1a4, BbinoaHsemsix UC, MOKHO MOCTPOHTL MHTEPEHCH
pasAMYHOMN CIOKHOCTH H CTPYKTYPBI.

Cosjianve uHTEpGEcoB ANd KakI0H 3a1a4y WIH Ipynn 3a1a4 3KOHOMHYECKH
HEBBITOJIHO, MO3TOMY HMCTIONB3YIOT CTaHAapTHbie MHTepderici. B apxutekType co-
BPEMEHHbIX H3MEPHTEbHBIX MPUGOPOB M cucTeM Bee Gonbiuee 3HAYCHHE npuobpe-
TAlOT CTAHNAPTHbIE KOMMBIOTEPHbIE MHTEPdENCHI, CInyKaluke Ana MOAKIMOMEHHA K
KOMIILIOTEpAaM Pa3IUYHbIX YCTPOACTS. DTO MOTYT ObiTh APYTHE KOMMbLIOTEPSI, umnd-
pOBBIE H3MEPHTENH, ycTpoiicTBa cbopa MH(OPMALMH, BHEUIHHE JKECTKME IHCKH,
Flash-namats (or aurn. Flash — «Bcnbiwka», NpOM3HOCHTCA «hnawm;
nepenporpaMMupyeMas NOCTOSAHHAA NamATh — JHEProHe3aBHCUMAR NamaTh, 10-
mycKarolas MHOrokpatHyio nepesanuck), CD- u DVD-ycTpoiicTsa, ckaHepsi,
npuHTEpsl ¥ Mp. PaccMOTPUM KpaTkoe OMMCaHHE COBPEMEHHBIX CTAHAApPTHBIX MH-
Tepdeiicos.

Tocnenosatensuslii untepderic RS-232-C

B HacTosiee BpeMa LIMPOKO HCTIONB3YETCH MOCHeNoBaTe/bHbIA HHTEp(eiic
CHHXPOHHOHM W ACHHXPOHHOi nepelay IAHHBIX, YCTAHOBJIEHHBIH CTaHIapTOM
EIA RS-232-C u pekomenpaumsamu V.24 CCITT (aba. 14.1).

Ta6auua 14.1. launsie untepdetica RS-232-C

CxopocTb nepenaqu 115 Kéur/c (Makcumym)
PaccrosHue nepenavx 15 M (MakCUMyM)

XapakTep cursaia HecuMMETPHYHBIH N0 HANPAKEHHUIO
Konuuecteo npaiiBepos 1

KonuuecTBo NpHEMHHKOB 1

Cxema coeIMHHEHNA [MonHelit gynieke, OT TOYKH K TOUKE

KommbtoTep nmeeT 25-konTaktHbiii (DB25P) unm 9-kourakTibiit (DBIP) passe-
Mbl 18 moakmoueHus narepdeiica RS-232-C (puc. 14.6). HasHaueHHe KOHTAKTOB M
nopanok o6MeHa HH(opMatHelt nokasaH B abn. 14.2.
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Puc. 14.6. Pazsemsl KoMMNBIOTEPA [UTS NOAKMIOYEHU HETepeiica RS-232-C

Hurepdeiic RS-232-C coenunser aBa yCTpOHCTBa M NpeHa3HAuEH 1714 CBA
34 KOMIIBIOTEPOB MEXAy CO00M, a Takxke /Ul NOAKIOYEHHS K KOMMBIOTEPY CTaH
HapTHBIX BHEIIHHX YCTPOHCTB (MPUHTEPA, CKAHEpa, MOAEMA, MBIILH H Ap.).

Ta6nuua 14.2. Mopagok odmena ganHbIMK N0 uHTepdeiicy RS-232-C

Hanmeiio- | Hanpan- Kownrakr Konrakr .
Bk S e Onucanne (25-xoHTakTHbif | (9-KOHTAKTHBIH
paznem) pazsem)
; Carrie Detect
LER L (Onpeaenenue Hecyei) ¢ :
Receive Data
i s (ITpuuuMaemble 1aHHbBIE) 2 4
Transmit Data
TxD
& e (ITepenaBaembie naHHbIE) : 3
Data Terminal Ready
T
DTR OUE (CotoBHOCTH TEpMUHANA) 20 i
System Ground
s (Kopnyc cuctemsi) 7 3
Data Set Ready
DSR N (CoToBHOCTE NAHHBIX) 6 6
RTS OUT Request to Send 4 7
(3anpoc Ha oTnpaBky)
Clear to Send
CTS W (l'oToBHOCTL NpHeMa) 3 3
RI IN | Ring Indicator (Muankarop) 22 9
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- Jlauusie 8 RS-232-C nepegaiorcs B nocnefioBaTebHOM koje nobaiitHo. Ka-
A bl BalT obpamiAeTcs CTAPTOBLIM U CTOMOBLIMU OHTaMH. JlaHHbIe MOTYT nepe-
1aBaThCA Kak B OJHY, Tak ¥ B APYryio CTOPOHY (pexuM nosmHoro aymiexca). Oc-
HOBHBIMH peUMyliiecTBaMu ucronb3oBanua RS-232-C asnaiorcs BO3MOKHOCTD
nepesayy MHHOPMALMK HA NOCTATOYHO 6OMBLIME PACCTOSHUA M MPOCTOH COEANHH-
TensHbIl Kabens. [Ina ynpaBneHus COENMHEHHBIMU YCTPOHCTBAMH MCIONL3YETCA
nporpaMMHoOe MOATBepXKIeHNEe (BBeJeHHE B TOTOK NEPEeNaBaeMbIX HaHHBIX COOT-
BETCTBYIOLIHX YMPaBIAIOUIMX CHMBOIOB). Bo3MoxHa opraHn3aums alinapaTHoro
MOATBEP/KACHUA MyTeM BBEACHHS AOTONHUTENbHBIX RS-232-C nunuit ana obecrne-
yeHuA PyHKUMI OnpefieNieHls CTaTyca W YNpaBieHHs.
Haubonee 4acTo MCMOMB3YIOTCA TPEX- WM HETbIPEXNPOBOAHAA CBA3b (WA
JByHanpasieHHoH nepefaun). Cxema COEAMHEHHA 1A YETHIPEXTPOBOAHOW AHHUH
cBa3u unTepdeiica RS-232-C nokasaxa Ha puc. 14.7.

TxD —= TxD
RxD X RxD
RTS RTS
:.__l s
DSR-—-—-I—- ——— DSR
DC———— —=—— DCD
LT Re————— et— DTR
RI RI
GND GND
S5G SG
FG FG

Puc.14.7, Cxema YeThipexnpoBoAHO# NuHuK cBazn ana RS-232-C

Jis ABYXNPOBOAHOM THHUK CBA3W B C/lyHae TOJILKO Mepeaayn U3 KOMIbIOTe-
pa BO BHellHee YCTpoHCTBO ucnonb3ytoresa curHanel SG u TxD. Bee 10 curnanos
unTepdeiica 3a1eHCTBYIOTCA TONBKO TIPH COEIHHEHHH KOMIBIOTEPA C MOJEMOM.

dopmar rnepefaBaeMeIX JaHHBIX Yepes HHTepdefic RS-232-C nokasaH Ha pHc.
14.8. Cobereenno panmeie (5, 6, 7 win 8 GUT) CONPOBOXKIAIOTCA CTAPTOBLIM OUTOM,
OUTOM YETHOCTH M OJIHUM WIM IBYMS CTONOBLIMH GuTamu. [Tosmyuus crapToBblii GUT,
NPUEMHHK BbIGHpaeT M3 JHHUK OUTHI JaHHBLIX YEPE3 OMpEAE/IeHHbIE HHTEPBAITLI
speMeny. OueHb BaXHO, 4TOGLI TAaKTOBBIE HACTOTHl MPUEMHHMKA M NepejaTqHKa
ObITH OIMHAKOBLIMH (foNMycTUMO pacxoxaeHue He 6onee 10 %). CxopocTs nepe-
nauu no RS-232-C moxer Buibupatses 13 paaa: 110, 150, 300, 600, 1200, 2400,
4800, 9600, 19200, 38400, 57600, 115200 6uT/c.

ObMen no RS-232-C ocyluecTnseTcs ¢ NOMOLIBK 00palleHHH Mo creuHanbHo
sbifieNieHHsIM s storo noprav COMI (anpeca 3F8h..3FFh, npepisanue 1RQ4),
COM2 (anpeca 2F8h...2FFh, npepbisanue IRQ3), COM3 (anpeca 3F8h...3EFh, npe-
peisanue IRQ10), COM4 (anpeca 2E8h...2EFh, npepsisanue IRQI1).
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Orcyrersue
nepeayn

«l» l

«2»

. ~— * i ‘-———‘,--4
T 8 6uT mammsix [ Cronosue
BuTh
Craprossiii 611 BHT 9eTHOCTH

Puc.14.8. dopmar aauusix RS-232-C

(I’O]JM&TI;I 06pa1ueHHi?1 o 3TUM ajpecaM MOXKHO HAalTH B MHOTOYMCIIEHHBIX
OMUCAHHAX MHUKPOCXEM KOHTPOJUIEPOB mnocnenosatensHoro obmena UART
(Universal Asynchronous Receiver/Transmitter), Hanpumep 18250, KP580BB351.

IMocneposatenbHblit nHTEpdeiic RS-485

ITporokon ceszn RS-485 apnsercsa Haubonee MIMPOKO HCMONB3YEMbIM MPO-
MBILJIEHHBIM CTAHIAPTOM, HCIIONb3YIOUNM ABYHanpaBneHHyo cOanaHcHpoBaH-
HYIO JIHHHIO MepefatiH,

IpoTokon nopaepXHBaeT MHOrOTOYEYHBIE COENWHEHMs, obecneuuBas cos-
ZaHue ceTeil ¢ KOJWYECTBOM Y3NOB 10 32 M mepejavy Ha paccrosHue ao 1200 m
(tabn. 14.3). Mcnonb3osanue nosropureseit RS-485 nossonser ysenuuuTsh pac-
cTosHue nepeaaq eue Ha 1200 m unu nobasuts eute 32 y3na. Crangapt RS-485
NIOJUIEPKMBAET MOy IYIUIEKCHYIO CBA3b. [l mepefayy u npHemMa JaHHbLIX A0CTa-
TOYHO OHOMH CKPYYEHHOH Mapbl NPOBOJHUKOB. .

Tabnuua 14.3. Janueie nurepdeiica RS-485

CkopocTh nepenauu 10 M6ut/c (MakcuMyM)

Paccroanue nepenayu 1200 m

XapakTep cHrHana, HAuddepenunansHoe HanpskeHue,

JHHUA NEpeayy BHUTas napa

Konuyectso npaiisepos 32

KonuyuecTBo npueMHHKOB 32

Cxema coeMHeHHs [Tonymynieke, MHOrOTOYEYHAS
Hnurepdeiic USB

Hurepdeiic (ana Hero yacto xaprouuoe, wuna) USB (Universal Serial Bus
—— YHUBepcallbHas rnocienoBaTeNnbHas WHHA) co3fial B Havasme 1996 r. Paspabot-
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ka 3TOro CTaHmapTa Obila MHHLMKHPOBAHA BECbMa ABTOPHTETHLIMH hupmamu:
Intel, IBM, DEC, NEC, Northen Telecom u Compaq. OcHoBHas Ueib AaHHOTO
CTaHJapTa — CO3JaHHE PeanbHOM BO3MOXKHOCTH NOJIb30BATENAM paboTath B pe-
kume «Plug&Play» ¢ pasnuyHBIMM nepUpepHAHbIMU YCTPOHCTBaMH, B 4aCTHOCTH
¢ MOJEMaMH, JKeCTKUMHU auckamu u Flash-namathio. J70 03HAYaeT, uTo HeobXxo-
Mo OBIIO MpEeayCMOTPETh BO3MOKHOCTE TOAKMIOHCHHS yctpoiictea K pabo-
TAloIeMy KOMIIBIOTEPY, aBTOMATHYECKOE pacrio3HaBaHHE KOH(UrypHpoBaHue
ero Gnaroaapsa NOMANEPHKKE pexuma «Plug&Play» HEMELIEHHO NOC/E TIOAKIHOHE-
HHS W TOCAETYIOleil YCTAHOBKH COOTBETCTBYIOWNX APaHBEPOB. Kpome 3toro,
KeNaTeNLHO THTAHUE MATOMOLIHBIX YCTPOHCTB 10AaBaTh C CAMOH UWIMHBI.

CxopocTb nHTeppeiica USB nomkHa OBITh JOCTATOUHOM UIA MOAABJAIOILETO
GonblIMHCTBA nepudepuithbx ycrpoiicTs. [TomyTHo Gbia pelena npobiema He-
XBATKH pECypCOB Ha BHYTPEHHHX IIHHAX IBM PC coBMECTHMOTO KOMIIbIOTEPA —
koHTposutep uHTepdeiica USB 3anumaeT TOABKO ONHO npepLIBaHUE HE3aBHCHMO
OT KOJIWYECTBA MOAKNIOUYEHHBIX K HHE YCTPOHACTS.

Texnuueckue xapakmepucmuku unmepgeiica USB. B03MOXHOCTH HMHTEP-
deiica USB ceayioT u3 ero TeXHHYECKUX XapaKTEPUCTHK:

« BhicOKas ckopocTh obmena (full-speed signaling bit rate) — 12 Méwur/c;

« MaKCHMaTbHas JUTHHA Kabess JU1s BRICOKOH CKopocTH obmeHa — S™;

« HI3Kas ckopocTh oOmeHa (low-speed signaling bit rate) — 1,5 M6ut/c;

« MakcUMasibHAs AnuHa kabens fna HU3KO0H CKOPOCTH obMeHa — 3 M;

» MAKCHMATLHOE HYHC0 MOAKITIOYEHHBIX JOTIOJTHHTENbHBIX YCTPONCTB — 127

« BOIMOXKHO TMOKTIOHEHHE Nepru(epHitHbIX YCTPOICTB € pasiHHHBIMHU CKOPOCTAMH
obmeHa;

* OTCYTCTBME HEOOXOAMMOCTH B YCTAHOBKE M0/1b30BATE/ICM MepcoHaNnbHOTO
KOMTIBIOTEDA JOTIONHUTENBHBIX JIEMEHTOB, TAKHX, KaK TEPMHHATOPBI N4 SCSI;

* HANPKEHHUE NTUTAHKUS 1A NepHPEPHIHBIX ycrpoiicts — 3 B;

+ MaKCHMAaNbHBIi TOK MOTpe6NeHns Ha OIHO YCTPOHCTBO — 500 MA (310 He
o3HauaeT, 4To yepes USB MOXHO 3anuTaTh yCTpOHCTBa C 061LMM TOKOM NoTpe6-
nenns 127 x 0,5 A = 63,5 A).

Bo3MOXKHOCTS Mcnonb3osanus B uHTepgedce USB Tonbko ABYX ckopocTe#
o6MeHa JaHHBIMU OrPaHHYMBAET MPUMEHAEMOCTb 3TOH MIMHLI, HO CYIIECTBEHHO
yMeHBILAeT KONUYECTBO JHHHHA unTepdefica ¥ ynpolaeT annapatHyio peannia-
wio. Iutanue HenocpeacTBeHHo oT USB BOIMOXHO TONBKO AN YCTPOHCTB C
MaTBIM MOTPeGIEHHEM MOLIHOCTH: KIaBUATYPhl, MbILIH, JOKOMCTHKM U T. M.

Tononoeus unmepgeiica USB. Ha puc. 14.9, a npeAcTaBIeHO othHLHanbHOe
o6osnauenme untepdeiica USB kak B Windows 2000, XT, XP, Tak ¥ Ha 3a[HHX
CTEHKaX KOMIBIOTEPOB (Ja/leko He BCEX), @ TakKe Ha BCeX pasbemMax USB. Dra
MKOHKA Ha camMoM jiefie MPaBrIbHO 0TOOPAKAET WACIO TONOJIOrHA USB, kotopas
NPaKTHYECKH HE OTIMYAETCA OT TOMONOrHH JIOKATHLHOH KOMIMbIOTEPHOI CETH Ha
BUTON nape, 0OBIYHO HA3BIBAEMON «3BE3N0ID). Jlaxe TEPMMHONIOTHA MOX0XA —
Pa3MHOXKHUTENH LMHBI TAKIKE HA3bIBAIOTCA HUB (pycck. xabamu).
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Komnelotep

Puc. 14.9. Tononorna unrepdeiica USB:
a — WKOHa; 6 — 1epeBo NOAKMIOYEHUA

VYcnosHo aepeso noakaovyeHua USB ycTpoHCcTB K KOMIBIOTEPY MOXKHO H30-
OpasuTk, Kak mokasaHo Ha puc. 14.9, 6 (unppamu o6o3xaueHsl nepudepHiitbie
yctpoiictea ¢ uHTepdeiicom USB).

Bmecto moboro U3 ycTpOHCTB K KOMMNBIOTEPY MOXKET ObITH TaKkKe NOAKIIO-
yeH HUB. OcHoBHoe oTinuMe Tononoruu uurepdeiica USB ot Tononorinu obbiu-
HOH noxaneHOH ceTH — KomnbioTep (MH Host-ycTpoitcTso) nomieH ObITh TONBKO
onuH. HUB MoXHO noaxnodath Kak OTHENBHBIM YCTPOHCTBOM € COOCTBEHHBIM
610KOM MWTaHMA, TaK M BCTPOEHHBIM B neputepuiiHoe yctpoiictBo. Haubonee
yacto HUB BcTpanBaeTca B MOHHTOPBI M KIaBHATYPhl KOMNBIOTEPOB.

Knaenarypa gﬁmpe: Kowmmmsiorep
ﬂr.l,uT T....T T._.T
e | L 1 L 1
IxoficTur M Mogem Cranep Kononkn HUB
—TTT

Puc. 14.10. IMpumep coenunenus nepudepuiinsix ycrpoicrs B USB-cets

Ha puc. 14.10 nokazaH npumep coefHHEHHA nepHQepuiHLIX YCTPOHCTB B
ycnoeuyo USB-certs. [lockonsky obmen manHbiMH no wuHe USB uaer tonbko
MEXIy KOMMbIOTEPOM M NepH(epHHHBIM YCTPOHCTBOM (Mexay VCTpOHCTBaMH
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obMeHa HeT), TO ycTpoiicTsa ¢ GonbiiMMH oObeMamu npuemMa W/Win nepeaauy
JAHHBIX JOJDKHBI MOAKIIOYAaTheA 1160 K caMoMmy KomnbioTepy, jiubo k Gnmkaii-
uremMy cBOGO/IHOMY y3ITy.

He Tak aBHO mosBMIachk HoBas Bepcus craHmapra USB 2.0, koTopas obia-
JaeT cNemyoUMMH TperMyuiecTBamu: Bo-nepsbix, USB 2.0 yHacnenosan sce
noctourctea USB 1.1, Bo-BTOpPBIX, MAKCHMANbHasA CKOPOCTb OOMEHa YBEIHIHNACh
B 40 pas u coctasuna 60 M6aiit/c, HakOHel, COXpaHWIack 0DpaTHas COBMECTH-
MOCTB C YCTpOiiCTBaMH, OTBeyaroLuMK TpeGosanmam cranaapta USB 1.1.

Unrepeiic FireWire

B HacTosllee BpeMs peansHbiM corephikom USB 2.0 ssaserca untepdeiic
FireWire, na3siBaembiit Taioke IEEE 1394 (Institute of Electrical and Electronic
Engineers 1394 — craHnapT MHCTUTYTa WHAKEHEPOB MO JMEKTPOTEXHUKE M 3/ICK-
Tponnke 1394). CkopocTb nepenaun aanHbx wukbl FireWire — 100, 200, 400
MG6uT/c, paccTosHMe fepefadn — He MeHee 4,5 M, KOMYECTBO MepH(epuiiHbIX
yeTpoiicts — 1o 125. Kax u unrepdeiic USB, uutepeiic FireWire obecneunpaet
BO3MOXKHOCT TMepeKOH(UIypaluy anmapaTHeIX CPEACTB kommbloTepa Ges ero
BBLIKTIOYEHHS, T. €. B «ropsueM pexumen 6aarogaps nopaepxkke «Plug&Play». B
COOTBETCTBMM C TIPUHATHIM cTanaaptoM FireWire cyulecTByeT 4eTLIPE BapHaHTa
passeMoB i kabeneit atoro HHTEpdeHca.

Tlepsbiii BapHaHT C WIECTHKOHTAKTHBIM pazbeMoM F ireWire npeaycMatpusa-
€T He TONLKO MNepeady AaHHBIX, HO U M0avy 3MEKTPONHTaHUA Ha NOAKIIOUEHHbIC
K COOTBETCTBYIOUIEMY KOHTPOJUIEPY MEPCOHANBHOTO KOMIbIOTEpA YCTPOHCTBA
FireWire. TTpu 3ToM o6wmii Tok orpaHudeH seaudnHoi 1,5 A. BTopoii BapuaHT ¢
YEeTHIPEXKOHTAKTHBIM pazbemMom FireWire paccunTaH TONbKO Ha mepeaavy naH-
HbiX. B 3TOM CiTyuae noaknoyaemblie nepupepuiiHbie yCTPOHCTBA 0/KHBI HMETD
aBTOHOMHbIE HCTOUHHMKHW TUTAHHS.

1lluna FireWire, ucrnons3yeMas s NoAKIIOUEHHs pasnuyHOrO BUAEO- U ay-
nnooGopynoBanus (BuaeoMarHutodonsi, Buacokamepsl, CD- u DVD-ycrpoficTsa
M T. 1), OCYUIECTB/AIOUIErO Mepefayy AaHHbIX B UH(QPOBOM BHMAE, LIMPOKO M3-
BecTHa non HazsaHueMm i.LINK (3to Toprosas mapka Sony).

Hurepdeiic IrDA

Wurepdeiice IrDA orHocutes k THiy wireless (GecnpoBOLHBIX) BHEUIHMX
uHTEp(EIiCOB, OAHAKO B OTAMYME OT paauOMHTEp(eHCOB, KaHAN Mepefaun MH-
$OpPMaUMK B HEM CO3AAETCA C MOMOLIBIO OMTHYECKMX YCTPOACTB. ONbIT NMOKa3bi-
BaeT, YTO Cpean Apyrux GECpOBOAHBIX JIMHMA Nepenayu MHpopMaunu uHppa-
kpacHbii (MK) OTKpBITBIH- ONTHYECKMI KaHal SBAAETCA CaMbiM HELOPOTHM H
y06HBIM cI0cOGOM Mepelauy NaHHBIX Ha HeOONbLIME PacCTOAHUA (10 Heckolb-
KHX JECATKOB METPOB).

Texuuuecku cam uutepdeiic (nopt) IrDA ocHoBaH Ha apXMTEKTYPE KOMMY-
HukanuoHHoro COM-nopra KOMMBIOTEPa, KOTOPbIA HCMOAb3YET yHHBEPCATBHEIH
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acuHXpoHHbli npuemo-nepenatink UART u pabortaer co ckopocTeio nepefavn
nanHeiX 2,4...115,2 Kout/c. Ceass B uutepdeiice IrDA nosymynaekcHas, Tak Kak
nepenasaemslii UK-myy HenzbexHo 3acBedusaet cocentuit PIN-anonHbIi ycunu-
TeNb NpHEMHHKA. Bo3mylIHbIH MPOMEXYTOK MEXIY YCTPOHCTBaMH [MO3BOMSET
npuHATe UK-3Hepruio To/1bKo OT OAHOTO UCTOYHHKA B AaHHBIH MOMEHT,

B nacroauiee Bpems IrDA-standart — oauH U3 camblX pacnpoCTpaHEHHBIX
CTaHJapTOB U4 OpraHu3alMu nepenadyy HHdopMauuu no otkpeitomy MK-kanany.

HuTepdeiic Bluetooth

AKTHBHO npojBuraemas koHcopuuymom Bluetooth Special Interest Group
(Bluetooth SIG), Texnonorus Bluetooth npesHasHaueHa 118 MOCTPOEHHUA LIHPOKO
HCTIONB3YEMBIX TepcoHanbHBIX OecnpoBoaHblx ceteil (personal area network).
O6opynosanue Bluetooth paboraer B puanasone wactot 2,4 ['T'u, a ans nepenauu
TpadMKa MCTONB3YETCA METOJ paclIMpeHHd crekTpa co ckaukoobpasHoil nepe-
CTPOHKOMN YaCTOThI.

CymmapHas mnpomyckHas crnocobHocTe cereit Bluetooth pocturaer 780
K6ur/c. [lpu ucrnonb30BaHMH TAK Ha3bIBAEMOTO ACHHXPOHHOrO MpOTOKONA Mak-
cUMalbHas CKOPOCTh OfIHOHAMpaBNeHHOH mepenadn UM(POBLIX JaHHBIX COCTaB-
nser 722 Kb6ut/c. B nepsoHadansioM BapuanTe crneuupukauuid (v1.0) npemy-
CMaTpHUBAIOCh, YTO [JIMHA coefuHeHui B ceTax Bluetooth ne Oyder nmpesbiaTh
10 M, ognako B 2001 r. pamy npoW3BoaWTeNeH ynanock YBENWYHTh NaIBHOCTh
ceazn a0 100 M (npu pabote BHE NOMELLEHWUH).

K cywecteeHHbIM HefocTaTKaM ITOH TEXHONMOTHWM CHEAYET OTHECTH M3JHLL-
HIOIO rubKkocTs crnieuudukaunii Bluetooth, BcneacTeue KOTOPOH NPOAYKTHI Pa3HBIX
NpOM3BOMTENEN OKA3LIBAIOTCS HECOBMECTHMBI ApYr C Apyrom. 3Ta mpobnema
4yacTHUHO pewieHa B Bepcun Bluetooth v1.1, nossuBweiica B 2001 r. CornacHo
cneundukauuy Bluetooth, 1Ba cOBMECTUMBIX YCTPOHCTBA I0JKHB! B3aUMOJIEHCT-
BOBaTh APYr C APYroM Ha paccrosudu fo 10 M. Hanpumep, MoxHo cBo6GoHO ne-
peMellaTECA, OCTaBuB Tene(oH Ha CToJsie, M Pa3sroBapUBaTh C MOMOLILIO FAPHUTY-
pbl. 210 feficTBUTENLHO YA06HO U NpOCTO.

HnuTepdeiic MIK 625.1

Hurepdeiic MOK 625.1 ucnons3yrot B Hebonbiunx nokansHerx MC Ha ocHo-
BE ellle CepHHHO BLITYCKAEMBIX MPOMBIIIEHHOCTHIO CPECTB H3IMepeHHit: Ludpo-
BEIX BOJBTMETPOB, 4acTOTOMEPOB, NMpOrpaMMHpYEMBIX TE€HEpPATOpPOB, B COCTaBE
KOTOPLIX BBEICHBI HH'Deplt]EFICHbIB MOAYIH, MO3BOJIAIOIIHE UCTIONB30BATE CPEACT-
Ba H3Mep€HHﬁ KaxK aBTOHOMHO, TaK H B COCTaBe HC, Ecnu umeroTtes HCOSXDJIHMI:!&
npubops! ¢ uHTEpdeiicaMu U MOXKHO BbIOPATh KOMITLIOTED, TO CO3MaHUE annapar-
Hoii wactu MC 3akiouaerca B COEMHEHHH BCEX COCTABHBIX NPHOOPOB € KOMIbIO-
TEPOM CNELHANbHbBIM kabenem co CTaHOapTHLIM PasbeEMOM.
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a2 o

16.
17.

18.
19.

KoHTpo/ibHBIE BONPOCHI

Uto npeacTaBiAtoT coboit n3MepuTeabHbIE CHCTEMBI?

Kak knacCHpuuupyoT M3MEPUTENbHBIE CHCTEMBI?

KakoBa CTpyKTypa COBPEMEHHbIX H3IMEPHUTENbHBIX CHCTEM?

Ha kakue KJIacChl MOXHO YCIOBHO Pa3sfiellMTh HM3MEDHTE/IbHbLIE CHCTEMBbI
NpAMOro HasHayeHua?

Uro npenctaBisor coboil BUpTyalbHEIE MHOOPMAUMOHHO-HU3MEPHTENBHBIE
npubopsl ¥ CHCTEMBI?

YTo MOCHY)KMAO MNPHYHHON TOABNEHMA BUPTYANbHBIX HMH(OPMAUMOHHO-
M3MEPHTE/ILHBIX NPHOOPOB U cHCTEM?

Jlns kakux ocHOBHBIX Lene# npumensior HUC?

Kax paznugaior HHMC no opranusaumuy anroputmMa GpyHKIUHOHUPOBaHH!sA?
Kaxkoe obecrnieuenne Bxoaut B coctas HMC?

Kaxwue 3anauu pewator UBK?

Ha kakue knaccsi genstes UBK no nasnauenmio?

KakoBo HazHaueHHe BUPTYANLHLIX MPUOOPOB B COBPEMEHHOMH TEXHHKE H3Me-
peHuit?

IMepeuucnute 061aCTH NPHMEHEHHA BUPTYANIbHBIX H3MEPHUTENIBHBIX CHCTEM.,
Kakue ocHOBHbIE 0COBEHHOCTH M NMpeHMyLIecTBa MEPEA APYTUMH THMAMH
HUC nmetoT BUPTyanbHbie npubopei?

Ha ocHOBE KakHX CTAHOAPTHBIX Y3/I0B W YCTPOWCTB CTPOATCA BHPTYalbHbIE
npubops1?

Tepeuncnute BO3MOKHOCTH nporpammel LabVIEW,

Yro coboit npencTapasioT HHTE/UIEKTYalbHbIE U3MEPHTENbHBIE CHCTEMBI H
IJIs KakuX uesiell OHYu npeaHasHauyeHsl?

JIns kakux UENei ciIyXkar cTaHaapTHble HHTepdeHcsl?

KakoBa cTpyKTYpa OCHOBHBIX MHTEpdeicon?

28 — 6210



YACTH 1T

OCHOBBI TEXHUYECKOT'O PET'YJINPOBAHMSI,
CTAHJIAPTU3AIIMYM Ml CEPTU®UKALIUU

I'nasa 15. TEXHUYECKOE PEI'YJIUPOBAHMUE.
CTAHJAPTH3ALIMA, CEPTUOUKAIINS
U MMOATBEPXJIEHHUE COOTBETCTBHUSA

3akonsl PO «O crannapruzaumi» 1 «O cepTHOUKALMM NPOLYKUMH U YCTYI» 03BOMH-
/1 3HAYUTENBHO H3IMEHHTH W JKOHOMMKY, U METOIMKY, M PaKTHKY paGoT No peryauposa-
HHIO BOMPOCOB 06eCrieYeHHs U KOHTPO/IA Ka4eCTBa NPOAYKUMM U ycnyr. BumecTe ¢ TeM oHu
NEPECTany B JO/KHOM Mepe obecneunBaTh COOTBETCTBHE CHCTEM CTAHAAPTHIALMH H Cep-
THPUKAUUH Ik0oHOMUKE PO, MOCKONBKY HE OTBEHAIOT MHOFHM MOJIMTHYECKMM H 3KOHOMH-
deckum TpeGosanmusm. Berynusmuii 1 miona 2003 r. B cuny ®enepansHuiii 3akoH PO «O
TEXHHYECKOM PEryNHPOBAHHUH) OTIPEAC/IMA HOBYI CHCTEMY YCTAHOBACHHA M NPUMEHEHHS
TpeboBanuii K NPOAYKLHK, MPOLIECCAM NPOM3BOACTBA, paboTam K yeayram.

15.1. O6mue cBegeHns

IIpakTH4eckn BO BCEX IKOHOMHHYECKH PA3BMTHIX CTpaHaX NEATENLHOCTb 110
YCTAHOBJIGHHIO TpeGOBaHHil K MPOAYKUHMH W YCTyraM, MPOLEccaM MX NMPOM3BOACT-
Ba ¥ peanu3aluy, a TakKe KOHTPOMO 3a cobmoaenneM THx TpeGoBaHumii 6azupy-
€TCA Ha CHCTEMaX CTaH[apTH3alliH, KOHTPONSA, MOATBEPXKIEHHUA COOTBETCTBUA M
ceprudukaumy. Jlroboe UIMEHEHHE MO OTHOWEHHIO K CTARHAAPTH3ALHH BHELIHHX
YCOBH BBI3BIBAET H M3MEHEHUE ee camoit. BHelnue ycnosus — nepexon B Ha-
yanie 90-X rr. XX B. 3koHOMHKH PD K peIHOYHOMY THTTY.

Inasuas uems ®enepansHoro 3akoHa «O TEXHHYECKOM PEryITHPOBAHMH) —
CO31aHHE HOBOH OCHOBBI €IMHOI MONMTHKA B 0011aCTH CTAaHAAPTH3ALIMK # cepTH(U-
KaUUH. DTOT 3aKOH OTMEHSAET JeHWCTBHE 3aKOHOB «O CTaHOapTH3auuu» U «O CEpTH-
(vKkaumK NPOAYKLMK M YCITYr W psia APYrHX HOPMATHBHBIX aKTOB. 3aKOH BjieyeT
BHECEHHE M3MEHEHHH 1 NOMOTHEHH B 3HAYNTENLHOE KOMMUECTBO OKYMEHTOB JeH-
CTBYIOLLEro 3aKOHOAATeNbCTBa, BKMoyas 10 50 DenepanbHbix 3akoHOB  6onee 60
TBIC. HODMaTHBHBIX H MPABOBBIX aKTOB: MPHKa3kbl, PACTIOPHKEHHA H MOCTAHOBIEHHA
IIpaBurensctBa PO v munuctepcts U BeaoMcTs. Ouu m3secTHs! kak «[OCThin,
«OCTow, «CHHITb1», «CaulTiHsl», HOpMBI N0XapHo# K BeTepuHapHOH Gesonac-
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HOCTH M T. 1. Bce onn GyayT neiicTroBath 10 TeX MOp, MOKA HX IUIABHO HE 3aMEHHT
COOTBETCTBYIOIIHE TEXHHYECKHI pErTaMenT.

He meHee BaxHO# LenbIO NPUHATHA 3aKOHa «O TEXHHYECKOM PeryanpoBaHHNY
FBJIAIOCH MPHBEIEHHE POCCHHCKHX MPOLEAYP CTAHNAPTH3IALMHA W cepTHHKALMH B
cootseTcTBMEe C TpeboBaHHamu BcemupHoil Toproeoii opranmzaumn (BTO) —
World Trade Organization (WTO). 3akoH NpoTHBOAEHCTBYET MpeBpALEHHIO Ha-
UHOHANBHBIX CTAHAAPTOB M PA3NHYHBIX TEXHHYECKHX TpeGoBaHWH K MPOAYKUMH W
yoiIyraM B HHCTPYMEHT MPOTEKLMOHH3MA MO OTHOLUEHHIO K KakuM-THOO rpynmnam
ToBaponpoussoauTeneil. FapMoHH3aLIMA HALMOHATLHOM CHCTEMBI CTaHAAPTH3ALIMH C
MEeXUIYHapoaHOH obneryaer BLIXOA POCCHICKOM BHICOKOTEXHOMOTHYHOMN MPOLYKLMH
Ha MHPOBbIE PBIHKH, MO3BOJIAET OPraHM3OBaTh KOOMEPALMIO B € MPOM3BOACTBE C
cyOnoapsauHKamMy U3 PasBUTHIX CTPAH.

Konuenuus 3akoHa «O TeXHHYECKOM PEry1HPOBaHHMY NPe/lyCMaTPHBAET, YTO
Bce obs3arenshble TpeGoBaHUA K MPOAYKINK U YCITyraM YCTaHAB/IHBAIOTCA TOMBKO
TEXHHYECKHMH periiaMeHTaMH, KoTopule onpeaensiotcs PenepaibHLIMH 3aKOHa-
M 1 nocranosnenusmu [pasutensctea PD. Texuudeckue pernamentsl (Meto-
AHYECKHE pEeKOMEHaUMH no pa3paboTke o6WMX M creuManbHBIX TEXHUYECKHX
pernamenToB P 50.1.044-2003 «Pekomennaunu no paspaboTke TEXHHYECKHX per-
NAMEHTOBY) JIONKHBI CONEpKaTh MHHHManbHble TpebGoBaHus ans obecneveHus
GesomacHocTH mpoayKuun (yeayr) v cepa npuMeHeHHA obasarensHbix Tpefosa-
HUii CBOAMTCA K MHHUMYMY. [IpudeM nocie BCTYNIEHUA B CHITY TEXHHYECKHX per-
namMeHTOB ofs3aTenbHble TPeGOBaHHA CTAHAAPTOB NepecTaloT ObiTh 0bA3aTENbHbI-
MH H roCyNapCTBEHHbIH KOHTPOJIB (HAA30p) HAYHHAET OCYILECTBAATLCA 3a cobmo-
AexueM TpeboBaHMit TEXHHYECKHX peraMeHToB. MMpOBas npakTuka B Kauecrse
OCHOBHBIX HOPMATHBHBIX 3/IEMEHTOB TEXHHYECKOrO PErylHpOBaHWA Onpeaenser
TEXHHYECKHE PErNaMeHThl, MEXIYHapoAHble, HALMOHANLHLIE H pPErHOHAbHbIE
CTaHAApThI, NPOUEAYPh! NOATBEPXAEHHA COOTBETCTBHA, AKKPEAHTALHIO OpPraHoB
cepTH(HKALMHU U UCTIbITAaTENbHBIX TabopaTopHit (LEHTPOB), KOHTPOIb W HaA30p.

B 3akone «O TeXHHYECKOM PeryTHpOBaHHHY» MPeayCMOTpPeH MepeXoaHslii fe-
PHOAL JUTHTEILHOCTBIO CEMb JIET, B TeHYeHHe KOTOpbIX OyIyT cOCylIecTBOBaThL HO-
BblE H CTapbl€ 3MEMEHTBI TEXHHYECKOro peryiupoBaHus (T. €. COOTBETCTBYlOILNE
peznamenmsl — [OKYMEHTBI, coAepxanine obf3aTeNbHble MPaBOBbIC HOPMBI H
NPHHATBIE COOTBETCTBYIOUIMM OPraHOM HCTIOHUTETLHON BNACTH) U CTAHAAPTSI.

15.2. Hekoropbie no/iokeHHs CTAHAAPTH3AHA

CoBpemeHHOe MOHATHE «CTaHJApTH3AUMA» BKmo4aeT B cebs obnacts yenose-
HECKOH [EATENLHOCTH, OXBATHIBAIOLIYIO MOMUTHYECKHE, HAYYHbIe, TEXHHYECKHE,
JKOHOMHYECKHE, IOPHAMYECKHE, 3CTETHHYECKHE W JIpyrHe acnekThl. B xu3nu obuie-
CTBA CTAHAAPTH3ALMA BHITNONHACT HaLLE IKOHOMHYECKYIO M COLMANLHYIO (QYHKLHH.

Ixonomuveckan hyrnxyus CTaHAAPTHIALNH peanusyeTcs:

* NIpeICTaB/IEHHEM [0CTOBEPHOH HHPOPMALIHK O NMPOAYKLHH;
* OpraHM3auUMe ynpasneHus NPOM3BOJCTEOM C 3aIaHHbIM YPOBHEM KayecTsa;
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* BHEJIpEHUEM NPOrPECCHBHOM TEXHUKH MyTEM PAacTpOCTPaHEeHHs Yepe3 CTaH-
JapThl CBEAECHHUH O HOBBIX CBOHCTBAX MPOIYKLIMH;

* COAEHCTBMEM 3[0pPOBOM H YECTHOH KOHKYPEHLMH, pacLIUPEHHEM B3aH-
MO3aMEHAEMOCTH H COBMECTHMOCTH Pa3/IHYHBIX BUIOB MPOAYKIIKH,

Coyuanenas hynkyus cTarzapTH3auny 06ecneYnBaeT JOCTHXEHHE BLICOKO-

TO YpPOBHA Mokazatene# NpoayKuUuu (YCIyr), KOTOPbIi COOTBETCTBYET TpeGoBaHK-
AM 3[paBOOXPAHEHUSA, CAHHUTADUHM M THUIMEHBI, OXPaHBI OKpYXaloliel cpeabl W
Be3zonacHocTH NrOnEH.

15.3. Dnementnl cepTHGUKALIHNE H NOATBEPKIEHHS COOTBETCTBHA

B ycnoBusax coBpeMeHHOro pbiHka MpojaBell, YyToObl peanu3oBaTh MPOIYK-
UMK, 00paliaeT BHUMaHHE Ha T€ €€ TOBapHBIE CBOIHCTBA, KOTOpPBIE HONbLIE BCEro
HHTEPECYIOT noTpeburens, a 3T0 JajleKo He BCeraa rnokasareny 6e30MacHOCTH.
[ToaTomMy OCHOBHBIE W3/IEPKKH H3TOTOBUTENSA NP 0OECNEYEHUN KAYECTBA NPOIYK-
LMK MIYT HAa JOCTHKEHUE TOBAPHBIX XapaKTEPHCTHK, a 3aTPaThl HA MOIEPKAHHE
6e30nacHOCTH NPOAYKUMH OH TOTOB MHHMMH3HPOBaTh. [Iprobperatens Toxe He
OYeHb 3aHHTEPECOBAH OIUIAYMBATL PACXOMbl Ha OXPaHy OKpyKawolleil cpebl.
Bwmecte ¢ Tem 3¢ddexTuBHOCTL co3nanus nubo mpomykuuu, 1mbo yeryr (8B Tom
ycie M o0pa3osaTesibHbIX) ONMpENeNseTcs ABYMS NapaMeTpamu: «Ka4decTBO» M
«uena». llena, 6e3ycnoBHo, oTpaxaer kayecTBo. Cripoc Ha MPOAYKLMIO H YCITYTH
onpejiesiseTCs COOTHOUIEHHEM LieHa/kauecTBo. B koHkypeHTHO#H Goprbe nobesx-
NaeT TOT, ¥ KOro NpH COMOCTABHMOIi LieHe BbIllIe KAYECTBO.

Ilprobperatens He Becerna MoxeT GezomnboyHo BEIGPATH KAYECTBEHHBIN TO-
Bap U3-3a HEJIOCTATKa MOJHOM U J0CTOBEpHOIT HHbOpPMALH, a ITIaBHOe, H3-3a OTCYT-
CTBHA HEOOXOAMMBIX 3HAHWIl M TEXHWYECKOH BO3MOXKHOCTH MPOBEPHTH AEKiapH-
pyeMble MpoHaBlOM CBOHCTBA MpoaykumH. Brnonee ynosnetrBopuTeNbHas Ha BHUA
NPOJYKLMS MOXET OKa3aThCAd HEKaYyeCTBEHHOH, MOCKONbKY ee NoTpeOuTenbckie
CBOWCTBA 3aBHCAT OT MHOTHX (PAKTOPOB: KayecTBa MCXOAHOrO CHIPhA, TEXHOIOTHH
H3roToBJieHus M T. 1. IlpHoBperatens MOXKET paccyMTHIBaTH JHILE HA CBOH OMBIT,
CyOBEKTHBHOE CYX/IEHUE M rapaHTHM mponasua. K Tomy ke, NOCTOAHHO pacumpsio-
LUMIACA PHIHOK, HOBBIE TEXHONOTHH H3NOTOB/IEHHA MPOAYKUHH MOTYT ONepexkarh HaKko-
iseMslit puobperarenem onbiT. He HMes BO3MOXKHOCTH JONOMTHHHO BRISCHUTE BCE
HDOCTOMHCTBA W HEOCTATKH TOBapa, NPHOOpETaTeNb BLIHYKAEH JOBEPATH B OCHOBHOM
TONbKO Mapke (upMmbl-H3roToBuTens. Owubka npuobperatens B OUEHKE KayecTBa
MPOAYKUMH MOXET NMPHBECTH K COOI0 KOHKYPEHLIHHU.

JauwmTuTs npuobperaTens OT HeNO6GPOCOBECTHOCTH MPOH3BOAMTENS H TpO-
HaBua HekayecTBEHHON unu danbCH(PUUHUPOBAHHOK NPOAYKUMM NPH3BaHLI MOM-
TBePKAEHHE COOTBETCTBHA H cepTH(UKanna. DTo NpeaycMOTpeHO B HOBOM
3aKOHe, I/ie BBIEEHb] 1BA BAXHBIX TMOJ0KEHHUA:

* BBeIcHHE 0000MIAOIIEro NOHATHA, MPUHATOrO B MEXKIYHAPOAHON MpaKkTHKe,
«TToaTBep)KAEHHE COOTBETCTBHAN Kak AOKYMEHTANbHOE YAOCTOBEPEHHE COOTBET-
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CTBHA TMPOAYKUHH HWIM HHBIX O00BEKTOB, NPOLECCOB NPOM3BOACTBA, JKCILTyaTa-
UMM, XPaHEHHUs, NEPEeBO3KH, Peanu3auly U YTHIH3ALUHH, BbIMOMTHCHUA pabot wiu
0Ka3aHHA ycIyr TpeDOBaHHAM TEXHHYECKHX PETNIaMEHTOB, MOJNOKEHHAM CTaHAAP-
TOB HJIM YCTIOBHAM J0rOBOPOB; '

« BBeIeHHe «3HaKa oBpaleHNA» Ha POCCHICKHIA PbIHOK ToBapoB U yenyr. Oc-
HOBAHMEM 1A TOJYYEHUs 3HAKa ABJIAETCS 3apEricTpHpoBaHHas [Aeknapaluid o
COOTBETCTBHH WIH cepTH(HMKAT COOTBETCTBHA.

TepMHH «CepTH(UKALIMM MPOU3OIIEN OT C/IOBA «CepTHHUKAT (dbp. certifi-
cat, Nat. certum — BEPHO W facere — JENaTh), YTO O3HAYAET KCENAHO BEPHOY.
Co6CTBEHHO TEPMHMH «cepTHRMKALMA) B MEKIYHAPOLHOH TEPMUHONOTHHM Onpe-
AENseTcs kax ycmarosnenue coomsemcmgus. OH Obin cthopmynuposan Komure-
toM no cepridukauun (CEPTHKO) MexayHapoaHo# opraHu3auWu no cra-
naptuzaumuu (aurn. — International Standart Organization — [SO; pyecck. —
HCO) u skmoueH B Pykosoacteo Ne 2 MCO sepenu 1982 r. «ObLuue TEpMHUHDI U
onpenenenns B 061acTH CTaHAAPTH3ALMH, CEPTUHHKALMK ¥ AKKPEAHTALNH HCTIBI-
taTenbHbIX naboparopuity. CornacHo My, cepTHUKauus onpeaesnach Kak neit-
CTBHe, YNOCTOBepsiollee MOCPENCTBOM CepTH(UKaTa COOTBETCTBUA WM 3HAKA
COOTBETCTBUA, YTO M3NENHE WM YCITyra COOTBETCTBYET ONpEAE/IEHHbIM CTaHnap-
TaM, TEXHUYECKMM YCIIOBHAM WM APYrUM HOPMATHBHBIM foKyMeHTaM. [1pu 5TOM
nox ceprudukaToM COOTBETCTBHA (cepTHUKATOM) TMOHHMANCH BbIIABAEMBLIH B
COOTBETCTBHM C TpPaBWIaMH CHCTEMbl CEpPTHOHKALMK NOKYMEHT, YAOCTOBEPAIO-
il cooTBeTcTBHE 06BekTa TpeGoBaHMAM TEXHHYECKHX PEr/IaMeHTOB, MOJIOMKE-
HHAM CTAHAAPTOB WM YCIOBHAM JOrOBOPOB KOHKPETHOMY CTaHAApTY.

TMpuMeHsiemMas B HacTosilliee BpeMs HOpMaTHBHas §a3a BKIIOHAET HECKONILKO
BAPWAHTOB CHCTEM CepTM(HKALMH, OTIMHalommecs o6beMOM M COAePKaHHEM
cepTHdUKaUMOHHBIX paboT. Bo BceX BapHaHTax MpeAyCMOTPEHO BLINOJHEHHE On-
PENeNIeHHbIX ATTECTALIMOHHBIX M KOHTPOJbHBIX MPOBEPOK, MPH MONOKHUTENbHBIX
pe3yNbTaTax KOTOphIX cepTHUUMpYeMOii MPOIYKUHH MOXKET 6bITh BBIIAH COOTBET-
cTRYIOLIMH cepmugbuxam kauecmaa.

MeToponoruyeckoit OCHOBO# MOCTPOEHNA OCHOBHBLIX CHCTEM cepTHHKAUHN
apnsoTca DenepanbHbiii 3aKoH «O TEXHHYECKOM PETYJIHPOBaHUHMY, 3aKOH «O 3a-
wTe npae notpebutenei u HopMarusHsie nokymertel HCO, M3K, Cucremsl
cepruHKaToB, MexTyHapOAHOH OpraHu3aLMH 3aKOHOAATENbHON METPOJIOTHH
(MO3M) u np. dpyraMn OCHOBOMONArAIOWMMH 3aKOHAMHM, PEryIHPYIOUIHMA e
ATeILHOCTB N0 cepTHdukaunn B Poccuu, aBasiores 3akod PO «06 obecneueHHH
eIMHCTBA H3MepeHuity, Denepanbhbiit 3akon PO «O npombiiuneHHoH Gezomacto-
CTH OMACHBIX MPOH3BOACTBEHHBIX 00beKTOBY, Denepanbhelii 3aKoH P® «O6 oc-
HOBax oXpaHsl Tpyzaa B PD».

@enepanbHblil 3akoH PO «O TeXHUYECKOM PEryMpOBaHHHY) — (hyHnaMEHT,
Ha OCHOBE KOTOPOTO MOCTPOEHBI M TEXHHYECKOE PETYNHpOBAaHHE, U CTaHIApTH3IA-
1M, ¥ TIOATBEPK/AEHHE COOTBETCTBYA, U CepTHOHUKALMS. B cHITy BAXHOCTH 3akOHa
KPAaTKO MPOKOMMEHTHPYEM €ro cTarhi (OCHOBOH KOMMEHTAPHEB CITYXHT [11D.
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15.4. Tocrareiinbie kommenTapun K PegepansHOMY 3aK0HY
P® «O Texnuueckom perympoBaHHH»

I'nasa |. OBLUHE IMOJIOKEHUA

Cmameoa 1. Cihepa npumenenun nacmoaujezo Pedepansnozo 3aKoHa

1. Cornacao ®enepanbHOMy 3aKoHy «O TeXHHYECKOM perynupoBannmu» Tpebo-
BaHUA K 00beKTaM perynnpoBanHs GbIBalOT:

* obazamenvHoimu, NPEAbLABNAEMbIMH K NPOAYKLMH, a TAKKE K Mpoueccam ee
MPOW3BOJCTBA, IKCILTYATALHK, XpaHeHH:, NEPEBO3KH, peaiu3aliy H YTHIHIALUMH
(manee — npogyKLum);

* geinonHAeMbiMu Ha 006posonbrol ocHose (Nanee — NOOPOBONLHBIE), Npelb-
ABNAEMBIMH K MPOAYKLHH, BbINONHEHMIO paboT 1 ycayr.

Otn TpeboBaHnsa npeapABNAOTC] K 00beKTaM Ha cTaaun paspaloTkH, npu-
HATHA, MPUMEHEHUs M HCToiHeHua (nanee — wcnonHenwus). Mcnonuenue kak
obazarenbHbIX, Tak B 106poBoNbHBIX TpeGoBaHUA [HOMKHO KOHTPOJIMPOBATHCH,
T. €. AO/HKHA OCYILECTBIATLCH OLIEHKA COOTBETCTBHA.

3aKoH perylMpyeT OTHOLUEHHA TPeX CTOPOH, YHacTBYIOUIMX B IEATENbHOCTH
no McnonHeHmo TpebGopaHuil M OlIEHKE COOTBETCTBHMA: MepBas CTOPOHA — M3ro-
TOBHTENb NMPOAYKLUHH, HCTIORHUTENL paboT WK YCIyr, Npoaasell, T. €. CTOPOHa, 3a-
HHTEPECOBAHHAS B PealM3aliMy Pe3y/bTaTa IeATeNbHOCTH M 3adB/sIoas o Heobxo-
JAMMOCTH TMPOBEIEHHs OLIEHKH COOTBETCTBUSA (nanee — zassumens — usnyeckoe
HIH [OpHAMYEcKOe JIHLO, OCYLIECTRIsAOmee 06A3aTeNbHOE NOATBEPXKACHHE COOT-
BETCTBHs; CM. CT. 2 3aKOHa); BTOpas CTOpOHa — JIHLO, NnpHobpeTatolee Npoayk-
uMIO, nomyyalomee pesyastar pabotsl wnu yenyry (nanee — npuobpemamens); Tpe-
T — OpraH, Jaroumii 00beKTUBHYIO OLUEHKY COOTBETCTBHSA MPORYKLUHM, paboThl,
ycnyrd. DTUM opraHoM ABNseTCA opraH no ceprHdukaumn. [oabysch NPUHATHIMH
Ha3BAHHAMM, OTMETHM, 4YTO 3aKOH PeryiHpyer OTHOLICHMA 3asBuTens, npuobpera-
Tens U opraHa no cepTuMKaLMK MPH HCMoHeHun 06a3aTeNbHBIX H A06POBOABHBIX
TpeGoBanuit k NpoAyKUMH, 106poBoAbLHLIX TpeGoBaHuil k paboTam H yciyraMm M npw
OLIEHKE COOTBETCTBHA.

2. B 3akoHe cOepXHUTCH CreUHanbHbli MMyHKT, NOCBALUEHHbIA TEXHHYECKOMY
perynnposatuio B o6iacTH cBA3W. BaXHOCTh 1aHHOrO BOMPOCA NOAYEPKHYTA Bbi-
JefIeHHEM 3TOTO ITYHKTA B Ka4ecTse OJHOTO M3 Tpex, cocTaBasiomux cT. 1 o ce-
pe npumeHeHus 3akoHa. Bompockl OLEHKH COOTBETCTBHA B 00nacTu CBA3M pery-
aupyiorcs ®enepanbhbimM 3akoHom PO «O ceasu» or 16 despans 1995 r. Ne 15-
@3 B ct. 16 «CepTuduKaumus CpencTs CBA3WY. 3Ta OLEHKAa COOTBETCTBHA Onpeze-
nena Tak: «Bce cpefcTsa CBA3M, HCTIONB3YEMbIE BO BIaHMOYBA3AHHON CETH CBA3M
P®, nomexar obs3atensHOi nposepke (cepTHOHMKALMA) HA COOTBETCTBHE YyCTa-
HOBJICHHBIM CTAHAPTAM, MHBIM HOPMaM H TexHuueckum TpeGosanuam. CepTudu-
KalHK TAaKKe MOIYT MOMIeKaTh YCIYrH CBA3M, MPEACTAB/IAEMbIE HA CETH CBA3H
obmero nonsiopannd. Ceprudmkaums cpencts cessn B PO ocyumectensercs dene-
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panbHLIM OPraHOM MCIOHUTENLHOW BNacTH B 00N1acTH CBA3M MPH MOMOLIM yrod-
HOMOYEHHBIX MCIBITATENBHBIX LEHTPOB (labopaTopyii), AKKPEAWTOBAaHHbIX B yCTa-
HOBJIEHHOM MOpAAKe B (eAepaNbHbIX OpraHax MCTONHHTENbHOM BiacTH B 06nact
cTaHjapTH3auun, MeTponoruu U ceprudukaimn. [No 3asepiieHnn MpoUemypel cep-
TU(UKALUMH HA KaXObI obpasell cpeacTs cBA3M (enepaibHbiM OPraHOM HCMOJHH-
Te/ILHOM BIACTH B 061aCTH CBA3M BbIJAETCs CepTH(hMKAT yCTaHOBJIEHHOrO 0bpasua.
Topsnok NpoeeAeHNs cepTH(PHKALIMH OMPEIENAETCs COOTBETCTBYIOLIHM 3aKOHOM.

3. YkazaHHble B 1. 3 cT. | 3aKoHa JOKyMEHThbl He pacCMaTpHBAlOTCA KaK HOP-
MATHBHBIE aKThl, COJEp)KALIHE XapAKTEPUCTUKH 0OBEKTOB, Ha KOTOPbIE OHH pac-
MPOCTPAHAOTCA.

Cmampoa 2. OcHogHble NOHAMUA

Copeprxanuecs B CT. 2 NOHATHA YA00HO Pa3Ae/UTh Ha MATH rPyMN.

1. B nepByio rpymity MOXHO BKIOYHTb MOHATHSA, CBA3AHHLIE C MEPBOii CTOPO-
HOM, ydacTByIOUIeH B AEATENBHOCTH MO HCTONHEHHIO TpeOOBaHMA W OLEHKE CO-
OTBETCTBHA. 3TO “3adeumensvn, «npodyxuux» U OTHOCALLHECA K NMPOAYKUHH MOHA-
™A «Be3onacHocms NPOOYKYUUY, (BEMEPUHAPHO-CaHUMAapHsley U «umocanu-
maprbie Mepui»y. B 3Ty rpynmy BOUCHIBAETCH W NOHATHE (PUCK» — KaK TOHATHE,
SABJIAIOIIEECHA OCHOBHLIM MPH PELIeHHH BONPOCOB pa3paboTKH, UCTIONHEHUA U KOH-
Tpons Tpebosanmil Kk npoxykunnu no GesonacHocTH. Cpeai OCHOBHBIX MOHATHIH B
CTaThe 3aKOHA HET TeX, KOTOpbIe OTHOCATCA KO BTOPOH CTOPOHE, Y4acTBytoLIeH B
eATeNbHOCTH 110 HCMONHEHHIO TpeGoBaHuil 1 OLIEHKE COOTBETCTBUA — «npuobpe-
mamenio». 3 conepkanus Texcra cT. 2 cilieAyeT, yTo npuobperarens — 370 Oo-
nee oblEe MOHATHE M0 OTHOUIEHHIO K MOHATHIO «nompebumensy — rpaxaaHuH,
MMEIoLIHi HaMepeHue 3aKkasaTh iIK nprobpectn Mubo 3akasbiBAIOLLM, IpHobpe-
TAIOWMI WIM HCMO/bL3yIOMHA ToBapsl (paGoTel, yCIyru) MCKIOUYMUTENBHO JUIA
NHYHBIX, CEMEIHBIX, MTOMAIIHNX ¥ HHbIX HYXKI, HE CBA3AHHBIX C OCYLIECTBIEHHEM
NMpeANpPHUHUMATENLCKON AeaTenbHOcTH. OnpeencHue TepMUHa «nompebumensy
navo B @enepanbHoM 3akoHe «O 3amuTe rnpas notpeburenei», rae Takke Bpee-
HBI TIOHATHA «U32OMOBUMENBN, «npodaseu», UUCHOAHUMENLY,

2. Ko BTOpOI#i rpynme JOTHYHO OTHECTH MOHATHA, CBA3aHHBIE C AOKYMEHTaLH-
eli, HA COOTBETCTBHE KOTOPOH OCYLIECTBIAETCA KOHTPOJNL: «CMAanOapmu3ayusy,
«cmandapmy, «MeNCOYHApOOHbIl CMAHOapm), (HAYUOHQILHLIL CMAHOAPM,
WmexHuyeckoe pe2ynuposanuen, «mexHuyecKun peanamennny.

YHPOIII.BHHO TEPMHH (TEXHHYECKOE PETYTHPOBAHHEN MOXHO MOACHUTE Tak.
9T0 06sA3aTenbHBIe YCNoBUA HeHMHAHCOBOrO Xapaktepa [uif MpeAnpHHHMATENb-
CKOii [IEATENLHOCTH, KOTOPhIE YCTAHaBIWBAET rocyaapcTeo. O4eBHAHO, 4TO Xa-
PaKTEepHCTHKH MPOOYKUMH, NPOUECCH] NMPOH3BOACTBA, JKCIUTYaTalHd, XpaHEeHHH,
NMepeBO3KH, peanu3altui 1 yTHIH3ALUMKH AOMKHbI MMeTh obuime TpeGosanus. To xe
caMoO€ OTHOCHTCA K BLITIOJIHEHHID BCEBO3MOMKHBIX pEﬁOT H YCITyT. B nouaTue «rex-
HUYECKOE PeryMpOBaHUe» BXOMAAT W OLEHKA COOTBETCTBHS MPOJIYKLHWH, MPOLIECCOB,
paBOT M YCITYr YCTAHOBNIEHHBIM HOpPMaM, a Takke KOHTPO/b 3a MX COBMOACHHEM.
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Kpome oba3arebHBIX NOCTYNATOB, 3TOT TEPMUH BKOYaeT B ceba (yHK1mMu cobmo-
lieHHs 10OPOBONIbHBIX NPaBHIT B TOH ciepe NeATENLHOCTH, KOTOPOH 3aHAT MPENNpH-
HHMaTeNb. 3aMETHBIM TEPMUHOM SBIIACTCH KHAYUOHANBHBIT cmandapmy, KOTOPLIN B
cootseTcTBUHH ¢ DenepanbHbiM 3aK0HOM «O TEXHHMYECKOM PEryIMpOBaHHMY, MOCTa-
HoBJieHueM (De/iepanbHOro areHTCTBA MO TEXHWHECKOMY PErYIHPOBAHHIO U METPO-
Jorun «O HaUMOHANBHBIX cTaHmaprax PD» 3ameHun npexHue MOHATHE — «rocy-
NapCTBEHHBIA CTAHIAPT U (MEXTOCYIapCTBEHHBIH CTAHAAPTY.

3. TpeTsio rpynmny COCTaBIAOT MOHATHSA, CBA3AHHBIE C KOHTPONEM: (KOHMPOAL
(nadzop) 3a cobnwdenuem mpeboBaHUIl MEXHUNECKUX De2NAMEHIMO8», KOYeHKA
coomeemcmausn». TepPMUH «oyenka coomeemcmeua» TOAPA3yMEBAET ONEpPaluio,
OCYLIECTBIIAEMYIO C LIE/IBIO YCTAHOBJIEHHSA TOTO, YTO MPOIYKLMA MPOACIKAET CO-
OTBETCTBOBATh 32JlaHHBLIM TPEOOBAHMAM, MOATBEPKAEHHBIM MPH cepTUUKALNHU.

4. K 4eTBepToii rpynne cieayer OTHECTH NOHATHA, CBA3aHHLIE C YAOCTOBEPEHH-
€M COOTBETCTBHA MPOAYKLMH, NpOLECCOB, paboT W YCIyr: «udeHmughuxayua npo-
OyKyuw», «noomsepoicoenue coomeememeusy, «cepmugpuxayus», «phopma noo-
MBEPIHCOCHUS COOMBEMCMBUNN, (OEKNAPUPOBAHUE COOMBEMCMBUN», KOCKNAPaYUs O
coomeemcmeuuy, «cepmughuxam coomeemcmeaua», (3Hax 06pawjenus Ha pPoiHKey,
«3HAK COOMBEMCMBus.

5. B natyio rpynny BXOIAT MOHATHA, CBA3AHHLIE C OPraHU3aLMER AEATELHOCTH
TpeThel CTOPOHBI, YUacTBYIOLIEH B NEATENLHOCTH 10 UCMOJHEHHIO TpeboBaHMi H
OLIEHKE COOTBETCTBHA. K ITHM NMOHATHAM OTHOCATCA: «cucmeMa Cepmugurayuuy,
«opean ne cepmughuxayuw), «aKKpeoumayusay.

Cmamoa 3. IIpunyunsl mexuu4uecKozo pezyiuposanun

OCHOBHOH NPHHLMI TEXHWYECKOrO PETYNUPOBAHUA — 3aKOHOLATENLHEIH
YPOBEHL BCEX OrpaHHYEHUN, KOTOPhIE CYILECTBYIOT B OTHOIUEHHH MpPEANPHHAMA-
TEeNbCKOI NeATENbHOCTH.

1. TIpyHUMN «TpUMEHeHWe eAMHBIX MpaBuil yctaHoBieHus TpeboBaHuity 03-
HayaeT, 4To TpeGoBaHua (QopMYNTHPYIOTCA eIMHOOOpa3HO, HE3aBHCHMO OT BMJA
NpOAYKUUH HAH npoLecca, GopMbl COBCTBEHHOCTH W IOPUAMYECKOro cTaTyca pas-
paboTuHka TEXHHYECKOro periiaMeHTa WiTH CTaHapTa, npeAnpHHUMAaTeNs, Bblyc-
KaloLero NpoyKLHIO WIH OKa3bIBAIOMIEro YCIIyry.

2. [pUHUMN «COOTBETCTBHE TEXHWYECKOTO PEryNMpPOBAHMSA YPOBHIO Pa3BUTHA
HAUMOHANMBHOW JKOHOMMKHM, pa3sBHTHA MaTepUaNbHO-TEXHUHYEeCKkoW 0a3sbl, a Takie
YPOBHIO HayYHO-TEXHHYECKOro PasBHUTHA» MOKa3blBaeT, 4To TpeboBaHus, 3aKiaibl-
BAEMbIE B TEXHMYECKHE pErfamMeHThl M HALMOHANbHbIE CTAHIAPTHI, MOMKHBI ObITh
BBIMOJHUMBIMH € YYETOM JOCTHPHYTOTO YPOBHS Pa3BHUTHA OTEYECTBEHHOH npo-
MBILLIEHHOCTH, 00ECNeYeHHOCTH HYXKHBIMH CBOHCTBAMH MatepuanaMu W obopyno-
BaHHEM, TEXHOJIOMHYECKMMH MpoLieccamu, Heobxoaumoi nHdopmaumeii,

3. pUHLIAN «HE3aBHCHMOCThL OPTAHOB aKKPEAUTALMH W CepTH(UKALIUK OT W3-
roToBUTENEH, MPOAABLUOB, HCMONAUTENEH U npuobBperaTenchy Aeknapupyer, 4To
OpraHsbl U M0 aKKpeauTalHu K cepTudUKalui He 0/MKHbI ObITh CBA3AHBI HY € H3-
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FOTOBHTENAMH (MPONABLAMH, HCTIONHUTENAMH), HU C NPHOOPETATENIMH HUKAKH-
MH JOTOBOPHBIMM 00A3aTENILCTBAMHK 38 HCKITIOYEHHEM TeX, KOTOPbIE MPELYCMOT-
petbl AeHCTBYIOLKMMH npaBuaaMH. TlepcoHan 3TUX OpraHoB JoJikeH GbiTh 3aliH-
UICH OT MOMBITOK HE3AKOHHOTO AABNEHHA WM APYrUX BO3AEHCTBHH, KOTOpBIE MOT-
11 Obl NOBAMATL HA NPUHWUMAEMble pelleHus. PyKOBOAMTENH 3TUX OpraHM3alLMii
NO/MKHBI pa3pabaThiBaTh Mepbl, HanNpaBAeHHBIE HA TO, 4TOObl COTPYIHHKM He
BCTYNA/IM B HE3aKOHHbIE CHENKH C JIHLAMH, 3aHHTEPECOBAHHBLIMH B (IMHAHCOBBIX
pe3ynbTaTax akKpeAHTalHH H CepTHOHKALIMH,

4. lpuHUMN «eaWHOM CUCTeMBI M NPABH/ AKKPEOWTALMM» 03HAYaeT, 4TO aK-
KpPeaHTalUus OpraHoB no cepTudukalmy, WcnblITaTenbHbiX nabopatopuii U ueH-
TPOB IO/KHA OCYLIECTBIATLCA B €MHON CHCTEME, a TEPMHHONOTHA, NpaBHNa H
NpoLe/lypbl aKKPeAHTALIMH, NNPHMEHACMbIE B 3TOH cHCTeMe, JOJKHBI 6bITh OCHO-
BaHbl HA €IMHBIX MPHHUMNAX C Y4ETOM MEXIYHapOAHOrO OMbITA, OTPAKEHHOIO B
pyxoBozcTBax HCO n MOK, MextyHapoIHbIX M eBPOTEHCKHX CTaHAapTaXx.

5. lpHHUMN «EAMHCTBO NPABHA H METONOB HCC/IEA0BaHHIl (MCTILITAHMI) U H3-
MEpeHHi NpH MPOBECHHH Npoueayp 0043aTeNbHON OLUEHKH COOTBETCTBHAY YCTa-
HaBIMBACT €/IHHCTBO MPaBHJI, OTHOCALIMXCA K OPraHu3alMH HCMbITaHHI W W3Mepe-
HUH, MPUMEHAEMO#H JOKYMEHTALMH, OOLUMX KPHUTEPUEB COOTBETCTBHA OLIEHHBae-
MbIX 0OBEKTOB YCTaHOBIEHHBIM TpeBoBaHUAM.

6. lpyHUMN «eMHCTBO MPUMEHEHHA TPeGOBaHMI TEXHWYECKHX PEernaMeHToB
HE3aBHCHMO OT BHJIOB W ocobeHHOCTEl caenok» aeknapupyer o6a3aTeNbHOCTb WX
TpeboBaHuil TEXHHYECKHX PErjaMeHTOB He3aBHCHMO OT TOrO, Ha OCHOBE KaKHX
JOrOBOPHBIX 00A3aTeNLCTB NOCTABNACTCA MPOAYKUMA, OKA3bIBAETCA YCTyra WiH
BbInonHseTca pabora.

7. TlpHHUMN O HENOTYCTUMOCTH OFPaHHYEHHA KOHKYPEHUWH NMPH OCyIecT-
BJIEHHH aKKPEAMTAUHH W CEPTU(HKALIMH 3aMpelliaeT BO3MOXKHOCTL CO3/IaHUs Npe-
HMYILECTB OTAE/NBHLIM 3aABHTENAM, HCKYCCTBEHHOTO 3aTOPMAXKUBAHWA pELIEHHA
BOTIPOCOB HIIM UX HEOGOCHOBAHHOTO YCKOPEHHUS.

8. IlpuHuMN HEAOMYCTMMOCTH COBMEIUEHHS TOJHOMOYMII oOpraka rocy-
NapcTBEHHOTO KOHTpoOns (Haa3opa) U opraHa 1o cepTHhHKAUMK pa3srpaHHYUBaET
cheps ux aearensHOCTH. B 0643aHHOCTH 3THX OPraHOB BXOAMT KOHTPOMb 32 Cep-
THQUUMPOBAHHOH NpPOAYKLMER M APYrHMH cepTH)UUMpPOBAHHBIMH OOBEKTaMH,
OIHAKO YPOBEHb 3TOT0 KOHTPONA PA3/iMYEH: OpraH Mo cepTHGHKaLUMH KOHTPONIH-
PYET BBINOIHEHHE €ro peleHHH, a OpraH rocHaa3opa KOHTPOIHPYET H NEATellb-
HOCTE OpraHa no ceprHguKalnm, NPOBEPAET, KaK TOYHO BBIMONHAIOTCA PEIIEHHS.

9. IpHHUMN HENOMYCTHMOCTH COBMELLEHHS OHHM OPraHOM TMOAHOMOYHH Ha
AKKPEJMTALMIO H CepTHHKALMIO BBOAMT 3aMpeT Ha BO3MOXKHOCTbL OAHOH W TOH
K€ OpraHHU3aUHK ObITh H HCMIONTHHUTENEM, H KOHTPOJIEPOM CBOEH AEATENLHOCTH.

10. TlpuHumn HeponmycTMMOCTH BHEGIOMKETHOrO (DMHAHCHPOBAHHA rOCY-
NapcTBEHHOTO KOHTponsa (Haasopa) 3a cobmoaeHueM TpeGOBaHMH TEXHHYECKHX
pernaMeHToB OTPHLAET BOIMOXKHOCTb BIHAHMA YACTHONO Kanurana Ha JesTelb-
HOCTb, ABAAIOLLYIOCA M0 3aKOHY AEATENLHOCTRIO MOCYAAPCTBEHHOrO OpraHa.
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Cmamos 4. 3akonodamenscmeo P® 0 mexnuueckom pezynuposanuu

1. IIpuHMMaeMble B COOTBETCTBHH C HACTOALIMM 3aKOHOM DefepanbHbe 3aK0-
Hbl (1. 1 HacTosAIIEH CTaThH) — MpeXe BCETO 3aKOHbI, YTBEPKAAIOLINE TEXHHYe-
CKHe perJaMeHThl. B COOTBETCTBMM CO CT. 2 TEXHWYECKHE PErjlaMeHThI MOTyT
Takxke npuHUMarsbes ykasom [lpesunenta P®, nocranosnenuem IlpaButenscraa,
pamc]munposanubm B YCTAHOBJIEHHOM NOpsIKe MEXKTYHApPOAHBIM JOTOBOPOM.

Hapsigy ¢ npuHATHEM TeXHMYECKHX periaMeHToB, DelepanbHble 3aKOHbI H
JApyrue HOPMATHBHBIE aKThl MOTYT ofecrnedyHBaTh pellieHHe MPOYHX BOMPOCOB.
ITpyyem 3TH aKkThl MOTYT ObITh CBi3aHbI C IUMPOKHM KPYTOM TEM, B HHCIIO KOTO-
PBIX BXOJAT BOTPOCHI, OTHOCAIIHECS K TEXHHYECKOMY peryaupoBanuio. Mx npu-
MepamH MOTYT CilyHuTh Pefiepanehble 3akoHbl PO «O noxaphoii GezonacHoct»
(1994), «O6 nndopmaumu, HHGOPMaTH3ALMK U 3auuTe HHGopMatHmy» (1995), «O
TIPOMBILIJIEHHOH GE€30MacHOCTH ONacHKIX MPOM3BOACTBEHHBIX 06LeKTOB» (1997),
«O6 ocHoBax oxpaHel Tpyna B POy (1999).

Hpyrue HOpMaTHBHbIE JOKYMEHTbI: nocTaHoBnenue Ipasutensctea PP ot 6
wons 2001 r. Ne 514 «O6 akkpeauTauun OpraHu3almi, OCYIECTBASIOUIMX Jed-
TEJIBHOCTD 110 OLIEHKE COOTBETCTBHA NPOTYKLHH, MPOHU3BOACTBEHHLIX MPOLIECCOB H
YCIIYT YCTaHOBNIEHHBIM TpefOBaHHAM KayecTBa H G€301aCHOCTHY.

2. TIyHKT 2 cTaTh¥ NMOKa3biBaeT, YTO OTMEUEHHbIE B KaY€CTBE NMPUMEPOB HOp-
MaTHBHBIE AKThl H 4YaCTH aKTOB, OTHOCALLHECA K cep'mtbnkauun, KacaroTcA 1o cy-
LECTBY Chepbl MPUMEHEHHA HACTOALIErO 3aKOHA, MOCKONbKY OHM PEraMeHTHpY-
10T BOTPOCH! cepTHOHKaund. OfHAKO B HUX cepTHhHKALMA He NpeaycMaTpHBaeT
KOHTPOJIA BBIMOJIHEHUS TPEOOBAHHH TEXHUUECKHX PETNIaMEHTOB, TAK KAK BO BpeMS
NMPUHATHA 3THX 3aKOHOB MOHATHE «TEeXHUYECKHHA PETNaMEHT» HE HCNOMB30BANOCH.

3. B n. 3 cTaThH OTMe4eH OCHOBHOM TE3UC JAHHOTO 3aKOHAa — 00A3aTeNbHbIE
TpeboBaHKsA MOTYT OBITH YCTAHOBIEHBI TOJBKO Ha YpoBHeE 3akoHa PD. IMpoaykims,
Ha KOTOPYIO HET TEXHHYECKOrO PerfiaMeHTa H He NpeIycMOTpeHa ero paspaboTka,
paccMaTpHBAETCA KaK He ABJIAIONIANCA HCTOUHHKOM PUCKA 1A 30POBbA NIOAEH U
Okpyxaiouieii cpennl. B 3ToM ciyvae @esiepanbHble OpraHbl WCMOMHWUTENLHON
BJ1aCTH MOT'YT YCT2HaBJIMBATh Tpeﬁosa:mﬂ JIHIIL PEKOMEHAATE/TLHOTO XapakTepa.

4. OCHOBHBIM TIPHHUMIIOM 3aKOHA ABJAETCA [NABEHCTBO MEXIYHAPOAHOro
npasa Han poccHickuMH HopMamH. CornacHo M. 4 3akOH yKa3hlBaeT Ha NMPHOpPH-
TET MENTYHAPOLHBIX IOTOBOPOB B TEX CIy4asX, KOr/la NpaB1na, yCTaHOB/IEHHbIE B
3aKOHE, OTIMYAIOTCA OT NPABUII, YCTAaHOBAEHHbIX MEXIYHAPOAHBIM JOMOBOPOM.

Cmameoa 5. Ocobennocmu mexHUEeCK020 Pezyiupocanun 6 OMHOUEHUU
obopounoi npodykyuu (pabom, ycnyz) u npodykyuu (pabom, yciy?),
C8EOCHUA O KOMOPOU COCMABIAIOM 20CYOAPCMEEHHYI0 MATIHY

1. CornacHo n. 1 Hactosuie# crathy 3akoHa «O TEXHHYECKOM PEryJHpoBa-
HUW», 0bopoHHO#H npoaykumeit (pabotamu, yciyramu) u npomykuueit (paGotamu,
yciyramMu), CBEIEHHs 0 KOTOPOI COCTABIAIOT FOCYAAPCTBEHHYIO TaiiHy, ABNAETCA:
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» 0BopoHHas NponyKuMaA (paGoTel, yenyri), NocTasnsemas Jjia (pefepanbHbIX rocy-
NAPCTBEHHBIX HYIKIL 1O MOCYJAPCTBEHHOMY 0OOPOHHOMY 3aKasy;

« nposyxuus (paboTsl, yeryri), HCNONb3yeMas B HE/AX 3Tl CBEACHHH, CO-
CTABMIOMINX FOCYAAPCTBEHHYIO TAaHHY HWIIH OTHOCHMEIX K OXpaHAeMoii B COOTBET-
CTBUH C 3aKoHOgaTenscTEoM PO uHbopMaLnK OrpaHHHeHHOro 10CTyna;

 npomykuus (paboTbl, ycmyru), cBeieHHs O KOTOpOH COCTaBiAKOT rocy-
NapCTBEHHYHO TalHY.

Ocobbiil NOPAAOK Ul TAKOH NPOLYKUMU NPEAMNMCHIBACTCA MPU OTCYTCTBHH Ha
Hee TpeGoBanuil TexHU4eCKux pernamenTos. Toraa obs3aTenbHbIE TpeboBaHuA yc-
TAHABNUBAIOT (henepanbHbIe OpraHbl HCTOIHUTELHON BIACTH, ABNMOUIHMHUCA rocy-
JIAPCTBEHHBIMM 3aKasuMkami 0GOPOHHOTO 3aKasa, B JOKYMEHTaX B 00/acTH CTaH-
naprusauud. OXHOBpEMEHHO 3Tu TpeboBaHks GOPMyNHPYIOTCS B rOCYIapCTBEHHOM
KOHTPAKTE, TIPHYEM 3aKOH TOJILKO B HEM JIOMyCKAEeT OTpaKeHus TpeDoBaHHi.

2. CTpykTypa OOKYMEHTOB B 0OnacTu CTaHAApTH3AlWK, yCTaHaBAWBAIOUIMX
TpeGoBanus B OTHOWeEHW! 06opoHHOH npoaykuuA (pabor, yeIyr) ¥ npoykuuy
(paoT, ycmyr), cBelleHHs O KOTOpOif COCTAaBIAIOT FOCYNAapCTBEHHYIO TaiHy, a
TaKKe NOPAAOK e paspaboTKW, MPUHATHS M NpUMeHEHUs yTBepxaaercd [lpa-
BUTENILCTBOM P@.

3. [paBuna oLEHKH COOTBETCTBHSA 3TOH MPOAYKIMH TAKKE YCTAHABIMBAIOTCA B
nokymenTe, yreepxkaaemoM [IpasurenscreoM Poccru.

4, 3akoH ycTaHOBMI of6miMe U cnienHajJbHbIe TEXHHYECKHE PErjiaMeHThl.
IMockonbky B CTaThe pevb HAET 06 0GOPOHHOH MPOXYKLMH, HA KOTOPYIO HET Tpe- -
GoBaHMit TEXHHYECKOTO perjiaMenTa, To TpeboBaHHs Ha 3TY MPOMYKLMIO, yCTaHaB-
NMBaeMble NOKYMEHTaMH M0 CTAHAAPTH3aUWW, HE NOMKHBI NPOTHBOPEUHTE Tpe-
GoBaHHAM OOLIMX TEXHMYECKHX peryiaMeHTOB. 31ECh pedub MAET O pEeryiAMEHTax,
yCTAHABIHBAIOWMX MUHHMAILHO HeoOXomuMble TpeOoBaHus, obecreuuBaiomiue
G€30MacHOCTL SKCIUTYaTalMi H YTHAW3AUMH MauMH ¥ 00opynoBaHus, 6ezonac-
HOCTb SKCIUTYATallM{ 3JaHHI, CTPOEHHH, COOpPYXKEHHH W HCIONBL30BAHWA MpHC-
ralmUX K HUM TEPPUTOPHH, 2J1eKTPOMarHHTHYIO COBMECTHMOCTb, MOXKapHYIo,
6HONOrHYECKYI0, IKONOTHUECKYIO, AAEPHYIO H PAMALHOHHYIO 6E30MAaCHOCTb.

['naga 2. TEXHUYECKHWE PETJIAMEHTbBI

Cmamesa 6. I{enu npunamun mexuHuiuecKux peziamenmos

1. TloTpebaenHue WM SKCIUTyaTalust MHOTMX BHIOB MPONYKLWH BCEraa co-
NPAKEHBI C PACKOM TS JKU3HY WK 310POBBSA PaX/aH, MOPYH WIH YHUITOKCHUA
MMYLIECTBA, BPEIHbIM BO3JCHCTBHEM HA NPUPOAY B BHNE BhiGpocos B aTMocte-
DY, 3arpA3HEHHMA BO/BI U 3EMIH, 4TO OKa3bIBAaET HETATUBHOE BIMAHUE HA XH3HbL H
30POBbE JKUBOTHBIX U pacTeHMil. [IpUHATHE TEXHUYECKMX PEFNaMEHTOB Kak pas
¥ HaNpaBJIEHO Ha 3AUIMTY FPKIAH W MX MMYLIECTBA, XKHBOH NPUPOJbI, A Takxke
HA TpefyNpexaeHie HeNpaBuibHbIX AeHCTBHH, KOTOPbIE MOTYT MPHBECTH K HE-
JKeJaTeTbHbIM MOCTENCTBHAM 1A TT0NL30BaTENEH MPOAYKLIHH.
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2. CornacHo n. 2 CTaThil TEXHHYECKHE PErNTaMEHTHI BKIIOYAIOT TOMBKO Te
TpeGoBaHus, KOTOPbIE 0GECTIEYHBAIOT PElIEHHE BOMPOCOB, chopmynHpOBaHHBIX B
ee n. 1. [lotpebutensckue cBoHCTBA NPOMYKUHH M YCITYr — TaKue, Kak 3proHo-
MHIECKHE, ICTETHYECKHE, CBOHCTBO BBIMONHATH 3aaHHbe (YHKLMH, XapaKTepy-
3ytoleecs TNOKasaTeNaMH TeXHWuMeckoro addexra (HazHaueHus), SKOHOMHU-
HOCTB, — perNaMeHTHPYIOT AOKYMEHTbI B 00nacTi cranaaptusaumu. Ipunstie
e TEXHHYECKHX PErNIaMeHTOB B KaKHX-TMOO MHBIX LIENIAX MOMPOCTY HE AOMYCKa-
erca. Cobmo/icHHe MPOYMX TEXHHYECKHX HOPM, HAMPAMYIO HE CBA3AHHBIX C YIIO-
MSHYTHIMU B CTaThe 3aKOHA BONPOCAMH, CTAHOBUTCSH (haKyNbTATHBHBIM IEJIOM.

Cmamua 7. Codepoicanue u npumenenue mexnudeckux peznamenmog

1. TexHHyeckue pernamMeHTsl NOJKHBI YCTAHABNUBAT MHHHUMANBHO HEOGXO-
Aumbie TpeGoBanus, obecneyusatomue GezonacHocTs No pagy BOIPOCOB.

B y3koM cMeicne 6esonaciocms — OTCYTCTBHE HENOMYCTHMOTO pHCKa, CBS-
3aHHOTO C BO3MOXHOCTBIO HaHeCeHHs yluepOa, B LIMPOKOM — COCTOSHME 3alllH-
WEHHOCTH XHU3HEHHO BAXHBIX HHTEPECOB JIMYHOCTH, OGLIECTBA U rOCYapCTBa OT
BHYTPEHHHX U BHEILHUX Yrpo3 WK OMAcHOCTE .

Besonacnocmo usnyveruti — 6e30NaCHOCTb, CBA3aHHAR C H3TYYEHHEM JMlek-
TPOMAarHHTHEIX koneGaHuit (370 B 0CHOBHOM paanosonHsl CBY-nuana3ona), cae-
TOBBIX BOJIH, PEHTTEHOBCKHX JTydeif, 3BYKOBLIX BOJIH.

buonozuueckan besonacrnocme — GE30NaCHOCTb B OTHOLIEHHH OPrAHHUYECKOTO
3arps3HenHs Bo3OyuTensmn Gonestel, BpEIHBIMH HACEKOMBIMHU H KITEIIAMH, Nepe-
HOCUMKaMH BO30yauTenel Gonesneil uenoBeka, KHBOTHBIX W PACTEHHIA.

B3puigobesonacnocme — Ge30NacHOCTb B OTHOLIEHHH HENpeHaMePEHHOro
B3pbIBA B NPOLECCE SKCIUTYaTaLWH, TPAHCIIOPTHPOBAHHS W XPAHEHUA NPOTYKLIHH,

Mexanuuecxan 6esonacnocms — 6€30MaCHOCTE B OTHOLIEHMH MeXaHH-
YECKMX MOBPENICHHUH, T. €. MOBPEXKACHHI, CBA3AHHBIX C NEpeMelleHHeM Ten H
NPOMCXOAAIUMMH MPH ITOM B3aMMOAEHCTBHAMH MEXITY HUMH.

lpomeiunennas 6esonachocms — 6€30MacCHOCTh B OTHOLIEHHH BO3JEii-
CTBHS Ha MEPCOHAN MPOMBINICHHOTO MPEANPHATHA ONMACHBIX H BPEAHBIX (aKTo-
POB NpPOW3IBOACTBEHHON Cdepbl — (GHIMYECKHX, XHMUYECKHUX, GHONOTHYECKHUX,
NCHXO(QU3MONOrHHECKHX, TAHKECTH M HANPAKEHHOCTH TPYLOBOrO npouecca, ru-
THEHHYECKHX CBOWCTB 000PYOBaHHA, TPAaBMaTH3Ma H TIp.

Ha Bumbi npomykumu, npuMeHseMble B ONacHBIX MPOM3BOACTBAX, Tpebyercs
COracoBaHHE TEXHWYECKOH NOKYMEHTALWH, CepTHUKALIMA 1 MoyyeHHe paspe-
WeHHH Ha WX MPUMEHEHHME B OpraHax (eaepalbHON MCMOMHHTENLHON BIACTH,
KOTOpBIE OCYLIECTBIAIOT rOCYAApPCTBEHHOE HOPMATUBHOE pEryiupoBaHME Mpo-
MBIILICHHOH Ge30MacHOCTH M BBIMONHAIOT CMEUMANBHbIE Pa3peIUNTENbHBIE, HAl-
30pHBIC H KOHTPOIbHBIE QyHKLUMH. TpeboBaHuA ITHX opraHu3auMit 06s3aTeNbHBI.

Tepmuseckan Gesonacnocme — Ge30MaCHOCTb B OTHOLUIEHHH TEPMHYECKHX
BO3/ICHCTBHI HA NEPCOHAN NPOMbIILNEHHOTO MPEANPUATHA H notpebuTenei,
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Xumuyeckan 6ezonachocms — 6€30MacCHOCTL B OTHOLIEHWH BO3MOXKHBIX M10-
pakeHHii MepcoHaa NMPOMBILLIEHHOTO NPEANPUATHA U NoTpeduTeneil B pesybTa-
T€ XMMHYECKHX BO3ACHCTBHIA.

Onexmpuueckas Hezonachocme — G30MaCHOCTL B OTHOWEHWH BO3MOMHBIX
nopakeHui nepcoHana MPOMBILINEHHOrO MPEANpPUATHA W noTpebuteneit B pe-
3yAbTATE BO3AEHCTBUA 3EKTPHYECKOr0 TOKA, JEKTPUYECKON MyrH, dMEeKTpoMmar-
HMTHOTO TIONIA, CTATUYECKOTO 3EKTPUYECTBA.

Hdepnas u paduayuonnaa 6esonacnocms — 0GE30MACHOCTh B OTHOLIEHHH
MPOHMKAOLIeH paflaliy — MoTOKa raMma-y4ei 1 HelTPOHOB.

DneKmpoMazHUmMHA COBMECMUMOCHb — CTIOCOOHOCTL PafHO3IEKTPOHHBIX
Cpe/ICTB Pa3iuYHOrO Ha3zHaveHus paboTats 0NHOBPEMEHHO 6€3 B3aHMHbIX MOMEX.

TexHuueckue pernameHTbl NO/DKHBI YCTaHaBIMBaTh MHHHUMAJLHO HeobXo-
nuMble TpeboBaus, 06eCIeYHBAIOILME EOUHCMBO USMEPEHUN.

2. TpeGoBaHHA TEXHHYECKHX PErIAMEHTOB HE JOMKHbI ObITh 3aBbILIEHHEIMH
0 OTHOLIEHMIO K TEM, KOTOpble HamiexaluMm obpa3oMm obecneuuBaloT 3alllMTy
AKH3HM W 310POBbA MPAKIAH, HMYILECTBA, OXpaHy OKPYKaIOLIeH Cpe/ibl, JKH3HH H
3/10pOBbA KUBOTHBIX W PACTEHHIA, TaK Kak 3TO MOXeET 00YCNOBUTh YCIIOKHEHHE H
YIOpOXKaHHe MPOTYKUMH H YCAYT H, KaK CAeJCTBHE, CTaTh NPENATCTBHEM OCYILE-
CTBNIEHHIO NpeNpUHUMATENBCKOM AesTenbHOCTH. Hanpumep, Ha cTaauu paspa-
60TKH M COTNACOBAHUA MPOEKTOB TEXHWMYECKHX PErNAMEHTOB MOTYT BOZHHKHYTL
pelIeHUA, KOTOpbIE MOCTaBAT OTEHECTBEHHBIX TOBApONPOU3BOAUTENEH B MeHee
BBITOJIHBIE YCIOBUSA, Heweln 3apybexHbiX. [103TOMY HaliM 3aKOHbI JMO/DKHBI 3a-
1LMIATh, @ HE Pa3OPATh OTEHECTBEHHbIX NPEANpPHHAMATENEH.

3. B TEXHHYECKOM pErfiaMeHTe [OJUKHBI ObITh NEpedHceHsl BCe Te 00BLEeKThI,
Ha KoTopele OH pacrnpocTpansercs. K Takum 00beKTaMH OTHOCATCA: MPOMYKLKA,
npoLecchl NPOM3BOACTBA; MPOLECCH IKCILTYaTalH; MPOLECChl XPaHEHHA, Mpo-
Lecchl NMepeBO3KH; MPOLECCH peann3alHu; MpOUECChl YTUIH3ALIHH. TexHuueckuit
pernaMenT A0JHKEH CONEPKATh YCTaHOBJIEHHBIE obs3aTenbHble 005 NMPpHUMEHEHHA U
HCIOJIHCHHA 'rpcﬁosaﬂua KO BCEM ColepxalllMMCa B HeMm 00beKTaM TEXHWYECKOro
perynupoBania. B TEXHUYECKOM pEriiaMeHTe J0HKHBI OBITH MpONUCAaHE! NpaBUIa
uneHTHduxauuu 0OBEKTOR, T. €. MPaBHIa MPH3HAHKSA TOXKAECTBEHHOCTH peajlbHO-
ro o6beKTa TEM €ro XapaKTepHCTHKAM, KOTOPhIE COAEpHkKATCA B TEXHHYECKOM per-
NaMeHTe, ¥ NPH3HAKK ero ono3HaHud. KpoMe Toro, TeXHWYECKHH pEriaMeHT Mo-
KET COAEPHATE CNEYIOIIHE IaHHBIE:

— npaBuia ¥ GpopMbl OLIEHKH COOTBETCTBUA;

— CXEMBI MOATBEPKACHHA COOTBETCTBHA;

— NpejenbHbIE CPOKH OLUEHKH COOTBETCTBHA B OTHOLIEHHH KaXAOro 00beKTa
TEXHUYECKOTO Pery/IHpoBaHus;

— TEpPMHHO/IOTHIO, B KOTOPOH JaeTcs ONpeNeNeHue TepMUHaM, CrieLMpHIECKUX
JUIS IaHHOTO TEXHUYECKOTO PernameHTa,

— Tpe6oBaHMA K YNakoBKe, KOHCTPYKLMH, CNOCODY HCMONHEHHSA, MapKHPOBKE
WIH 3THKETKaM H NpaBuiiaM UX HAaHECCHHA.
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Texuuueckuii pernamenT GyaeT NPOTHBOAEHCTBOBaThL BBENCHHIO B 3a0myx-
fieHHe nokynarens TosapoB. [lns atoro Heobxoaumo paspaborats Ha yposse De-
JIepanbHOTO 3aKOHa TEXHHYECKHil pernaMeHT o nopaake AOBEACHHA CBEACHHH 0
ToBapax 10 notpebuTesneil ¢ MOMOLILIO MapKMPOBKH M O(OPMIIEHHA ITHKETOK.
Ceroans MH(poOpMaLMs, HAHOCHMAR Ha TOBAaphl W BKIIOYAEMAan B CONPOBOAMTENb-
HYIO JIOKYMEHTALHIO, YaCTO OKa3blBAETCA HENOCTOBEPHOM, B pe3ysikTare Yero fo-
y4aeTcA HEeNpaBHIbHOE NPEACTABNEHHE O PEATbHOM Ka4ecTse NPOAYKLHH.

OcyuiecTBISIOT OLEHKY COOTBETCTBHSA COMOCTAB/EHHEM MONY4EHHBIX C M0-
MOLULBIO MCTIBITAHHI W H3MepeHHil 3HAYEHWH XapakTepUCTHK OOLEKTOB C TEMH
TpeGoBaHHAMH, KOTOpHIE YCTaHOBJIEHb! COOTBETCTBYIOUIMM TEXHHYECKMM periia-
MEHTOM U1 0683aTENBbHOr0 HCMONHeHHA U npuMeHeHns. OIHM XapakTepUCTHKH
00BEKTOB, MOMIEKALUIHE OLEHKE COOTBETCTBHA, MOrYT ObITh MOAYYEHBI TOJIBKO C
MOMOLIBIO HIMEPEHHT, UTA MOTYHEHHs APYrHX XapaKTepHCTHK HEOOXOAMMO Mpo-
BECTH COOTBETCTBYIOLIHE MCMBITAHHA, T. €. MOJABEPrHYTH MX BO3/EHCTBHIO pa3-
NHYHBIX (JAKTOPOB B COOTBETCTBMM C YCTAHOBJIEHHOW npouenypoit. Uamepenus
MOTYT GbITh MPSMBIMH, KOrla 3HAYEHHE M3MEPAEMOH BENUYMHBI MOJTyYaeTcs He-
MOCPEACTBEHHO, WM KOCBEHHBIMH, MIPH KOTOPBIX HCKOMOE 3HaUYEHHE H3MEpAEMO
BENMUHHBL HAXOAAT HAa OCHOBAHMH M3BECTHOH (YHKUHOHAIBLHOH 3aBHCHMOCTH
MEXy 3TOH BENHYHHOMN H BETHYHMHAMH, MNOABEPracMbIMH NPAMBIM H3IMEPEHHAM.

Pe3ynbTaTsl OLEHKH COOTBETCTBHA CYHTAIOTCA MOJIOKHTENBHBIMM, W 3aABHTE-
mo MoxeT ObITh BbIAAHO TOATBEPKICHHE COOTBETCTBHA, €CH MO pe3ysnbTaTaM
MCTIbITAHHI M M3MEPEHHIt YCTAHOBJEHO, YTO OOBEKT COOTBETCTRYET BCeM Tpebo-
BAaHHAM, KOTOpHIE YCTAHORJIEHB! B TEXHUYECKOM pernamente. Ecau no pesynsta-
Tam MCTBITAHWA M W3MepeHHiT 0GHApYKEHO HECOOTBETCTBHE XOTA Obl NO OHOMY
Tpe6OBaHMIO, YCTAHOBIEHHOMY B TEXHHYECKOM PErIAMEHTE, TO Pe3y/IbTaThl OLCH-
KH COOTBETCTBHS MPH3HAIOTCA OTPHUATENLHBIMM, H NOATBEPKAEHHE COOTBETCTBHSA
3aABHTEITIO HE BhIJACTCA,

Tpe6oBaHus TEXHHYECKHX PErJaMEHTOB, OTHOCAUIMECH K 00bEKTaM, Ha KO-
TOpble PacNpOCTPAHAETCH TEXHHYECKUH PErNAMEHT, npaBuia OLEHKH COOTBETCT-
BHA, NpUMeEHseMasi TepMUHONOruA, TpeGOBaHHA K YMNaKOBKE, MapKHPOBKE HIH
JTHKETKAM H MPaBWIaM HX HAHECEHHA MMEIOT NpAMoe IeHCTBHE Ha BCeH TeppHTO-
pun P®. Cobmonenue npounx TpeGoBaHuil kK 0GbexTaM TEXHHYECKOrO pernamen-
Ta, HE BHECEHHBIX B HETO, HE ABNAETCA 00A3aTE/IbHBIM.

4, B TeXHWYECKOM perjiaMeHTe NOJKHBI COAepKaTeCsa TpeOOBAHNA TONBKO K
XapakTepucTHKaM OOBEKTOB, HO HE K KOHCTPYKLMH, TEXHOJIOTHH W METONAM HX
pa3paGoTKH, C TIOMOIIBIO KOTOPLIX 3TH XapakTepHCTHKH obecneumusaioTcs. 310
3afaya pa3pabOTINKOB, KOHCTPYKTOPOB, TEXHOJIOrOB, T. €. CMELHANHCTOB, KOTO-
phle I0MKHLL 0BecneynTts cobmoenne 3THX Tpebosanuii Ha cranuu paspaboTku
obsexra. MckmoueHue cocTaBnsioT ciydau, koraa 6e3 cobmonenusa onpeaenex-
HBIX Npasun pa3paboTku 06bEKTa 3aBEOMO HEBOIMOXKHO OOECTeYMTh 3alMTY
KU3HW W 3[0POBbA TPAKAAH, HMYILECTBA, OXPaHy OKpYXKaiolleH cpelbl W pacTe-
HUIA, JKH3HH H 310POBbA KHBOTHBIX.
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5. JlaHHas CTaThs 3aKOHA MpeaycMaTpUBAaET BO3MOMHOCTL BKTIOHGHHA B TEX-
HHYECKME PErIaMEHTBI CrielHanbHbIX TpeboBaHui ansa obecnieyeHua 3alMThl OT-
NeNBHBIX KAaTeropuii rpakaaH (HECOBEPIICHHONETHHX, OepeMEHHbIX JKEHUIMH,
KOPMSALLMX MaTepei, HHBAIUIOB).

6. 3akoH (1. 3 cTaThH) ycTaHaBnuBaer TpeGoanue 06 enMHO0Opa3HOM MpHMe-
HeHHMH TEXHUYECKHX PErJaMeHTOB HE3aBUCHMO OT CTpaHbl W (WiIH) MecTa MpoHC-
XOWKIEHHS 0OBEKTOB TEXHHUECKOTO PEeriaMenTa, a Takke 0T XapakTepa CACIoK Mo
KyTie-npojae MPOMYKLUH, H3TOTOBUTENEH 1 MHBIX Y4aCTHHKOB CC/IOK.

7. Pan BUAOB NPOAYKLMH MOXKET NPHYHHATH BPEML XKU3HH H 310POBLIO noaen
NPH YCNOBUM JUTUTENBHOTO NPUMEHEHHS ITO NPOIYKLMH, TIPHYEM 3TOT BPEA 3a-
BHCMT OT APYryX (PaKTOPOB, HEMOCPEACTBEHHO MIIK OTIOCPE0BAHHO CBA3AHHBIX C
STHMH BHAAMH TIPOAYKLUMH, B 9THX CTyuasx TeXHWHECKHH pernameHT MOXET co-
nepkaTh TpeoBaHue, Kacaouleecs WHPOPMHPOBAHHSA npuobperaresii 0 BO3-
MO’KHOM Bpefie ¥ 0 (hakTopax, OT KOTOPLIX OH 3aBUCHT.

8. 3aKOHOM TNPEeXYCMOTPEHA BO3MOXKHOCTh HCMO/B30BAHNA MEXIYHAPOAHBIX H
(MM) HAUMOHABLHBIX CTAHAAPTOB B KayeCTBE OCHOBbI A pa3paboTku MpOEKTOB
TEXHMYECKMX perfamMeHToB. 3TO BO3MOXKHO TOrJA, KOraa Ha COOTBETCTRYIOIIUH
06BEKT €llle HET TEXHWYECKOTO perjiaMeHTa, a ecTh HeoOX0AHMOCTh B €r0 paspa-
HOTKe, KOTa HOPMbI MEKAYHAPOHBIX CTAHAAPTOB MOTYT ObITh OBECMEHEHbI OTe-
4ECTBEHHOH MPOMBIIUIEHHOCTBIO W BKIIOYEHUE WX B TEXHMYECKMH periameHT
CO3MACT MPEANOCHLIKH UL YCIEIIHON KOHKYPEHUHH Ha MEX/ITyHapOAHOM PhIHKE.

9. TeXHHYECKHI pernamMeHT MOXKET COAEPKaTh CNeUHANbHBIC TpeBoBanus K
NPOMYKUMH, NPOLECCaM MPOH3BOACTBA, IKCIUTyaTallH, XPaHEHWA, MEPEBO3KH,
peanusalud W YTHIM3ALMH, TEPMAHONOTHH, YNIAKOBKE, MAPKHPOBKE HIIH STHKET-
KaM ¥ MpaBWIaM HX HaHeceHHA (00BEKTaM), KOTOphIe NPUMEHAIOTCA B 3aBUCHUMO-
CTH OT TOTO, B KAKHX FeOrpauueckuX W KIHMATHYECKMX 3OHaX 3TH OOBEKTEI
npoussomarcs. K Takum TpeGOBaHHAMM MOTYT ObiTh OTHECEHBI, B HACTHOCTH, BE-
TepUHAPHO-CAHUTAPHbIE M (UTOCAHMTapHble Mepbl. [lepeueHb 3TUX Mep Onpeae-
J9ETCA C Y4eTOM XapakTepa MPOAYKLHMH H MOXKET BKMOYaTh TPeOOBAHUA KaK Op-
raHU3AUMOHHOrO (HATMPUMEp, HHCIEKTHPOBaHHE, COOMIONeHHE KapaHTHHHBIX
HOPM M MPaBHJI), TaK U HCCIENOBATENLCKOTO W TEXHONOTHYECKOro XapakTepa.

10. Kak MUHUMAbHbIH 33aKOHOM NPEXYCMOTPEH 6-MECAYHbIH CPOK CO JHA
ohHUMANEHOrO OITY6IMKOBaHNA TEXHHIECKOTO PEriaMeHTa 0 BCTYIUIEHHA €ro B
cHy. DTO CAENAHO UTS TOro, YTOOB! H3rOTOBUTENH NPOAYKUMH M KOHTPOJIHPYIO-
tL{e OpraHbl MOTTIH MOATOTOBHTLCA K HCMIONHEHHIO MPHHHMAEMOTO DepnepanbHbIM
3aKOHOM WK noctaHoBneHHeM [pasurenscTsa PO TEXHHUECKOrO pernaMeHTa.

11. OpHoil U3 yacTeil cXeM MOATBEPHKAEHUA COOTBETCTBUA ABJIAIOTCA HCCNICN0-
BaHMs (MCTIBITAHMs) M CBA3aHHBIE C HMMH H3MEDEHUA, HAa OCHOBE KOTOpBIX yCTa-
HAaBAMBaeTC (AKT COOTBETCTBHA MM HECOOTBETCTBMA XapaKTCPUCTHK obbexTa
TpeGoBaHHAM TEXHUUECKOro perjiaMeHTa. INpasuna MccenoBaHuil M U3MEpeHHH
He SIBIAIOTCA OGBEKTOM TEXHWYECKOro pernameHTa. OHW JODKHbI paspabaThl-
BaThcA (efepanbHbIMKU OPraHaMU MCNONHUTENBHON BIACTH B NPeAcax WX KOMMNE-
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TEHLHH, T. €. BENOMCTBAMH, ABISIOMMMHUCH FONIOBHBIMU B OTPACHAX MPOMBILINEH-
HOCTH MO MPOAYKLMH, Ha KOTOPYIO PacrpoCTpaHAeTcs NeHCTBHE KOHKPETHBIX per-
MAMEHTOB. 3aKOH YCTAHABIMBAET CPOK Pa3pabOTKM 3THX MpPaBHJl, KOTOPBIi CO-
CTaB/AET LUECTL MECALIEB CO IHA orryﬁnmconanmt TEXHHYECKHUX periaMeHTOB.

12. B obs3annocts IpaButensctsa PO 3ak0HOM BMeHSETCS HEOBXOAMMOCTD
obecnevenus 3(hekTHBHOrO (YHKUMOHUPOBAHHA MEXAHHM3Ma TEXHHYECKOro pe-
TYNTHPOBAHUA, [UTA YEro OHO JOJKHO OCYHIECTBIATD:

* paspaboTky npeanoxenuii 06 obecneyeHuH COOTBETCTBHS TEXHHYECKOTO pe-
ryTHpOBaHHA MHTEPECaM HALMOHATBLHON 3KOHOMHKH, YPOBHIO Pa3BHUTHS MaTeph-
AILHO-TEXHWHECKOH 0a3sbl, YPOBHIO HAYYHO-TEXHWHECKOTO PasBUTHA, MEXIyHa-
POAHBIM HOpMaM M NMpaBHiIaM;

* YTBEPXKJCHHE NPOrpamMmmsbl pa3paboTKH TEXHHYECKUX PErNIaMEHTOB, KOTOPYIO
HEOOXO0ANMO €XKEeroaHo YTOYHATh H OImy6NHKOBbIBATE;

* MOCTOAHHBIA YHET W AaHAIH3 CIy4aeB NMPUYMHEHHS BPeaa BCIEACTBUE Hapy-
wieHus TpeboBaHMii TEXHHYECKUX PErIaMEHTOB;

* HH(opMUpOBaHUe npHobpeTarenei, H3rOTOBHTENEH H NPOLABLOB O CUTYaLHK
B o6acTi cobmoieHns TpeGOBaHMI TEXHHYECKHX PErIaMEeHTOB.

Cmambsa 8. Budst mexnuueckux peznamenmoe

1. Texunueckue pernamentsl — DefepaibHble 3aKOHBI M OCTAHOBJIEHHUS
[pasurensctsa PO. TexHuyeckne pernaMeHTsl SBAAIOTCS HOPMATHBHBIMU 1 npa-
BOBBIMH aKTamMH. 3aKOH YCTaHAB/IMBAET /IBA BUA TEXHHUECKUX PEraMEHTOB: 06-
HIHE H ChelHabHbIe.

2. KoHuemuus 3akoHa MpefyCMaTpUBaeT, 4To TpeGOBaHMSA OGLIMX TeXHHYe-
CKHX pErnaMeHToB 00A3aTeNbHbl 1A NPHMEHEHHA U COOMONCHUS B OTHOLIEHHH
moObIX BHIOB NMPOIYKLMH, MPOLECCOB NMPOM3BOACTBA, IKCIUTYATALMH, XPAHEHHS,
NEPEBO3KH, PEANH3ALMH U YTHIH3ALHH,

3. CneumainbHble TEXHHYECKHE PErIAMEHTHI YCTAaHABIHBAIOT TPeGOBAHNS K BH-
naM NpoAyKLuH, 6e30MmacHoCTb KOTOPhIX He obecrieynsaeTca TpeGOBaHUAMH OBLINX
TEXHHYECKHX pErjlaMeHToB, CrieunansHble TEXHHYECKHE pEerijamMeHThbl He OOILKHEI
MPOTHBOPEYUTE OOLIMM TEXHHYECKUM periaMeHTaMm.

4. Obuime TeXHHUECKHE PEraMenThl, oopMIseMbie kak Dedepanbusie 3aKo-
Hbl, JOTDKHBL COICPHaTE OCHOBHBIE HOPMbI, PACMPOCTPAHACMbIE HA O4EHb LIHPO-
kuii Kpyr o6sexToB. O6LiMe TEXHHYECKHE PErNaMeHThl N0 Bonpocam Ge3onacHod
3KCIUTyaTallMH 3[aHWH, CTPOEHHI, coopykeHUA W Be3onacHoro MCMONL3OBaHMS
NPUIETAIOUIHX K HHM TEPPHTOPHIi 00A3aTeNbHBI JUTA COOMIONEHNS NPUMEHHTENb-
HO KO BCEM BHJaM 30aHHH, CTPOCHHH, COOPYXEHWH ¥ NMPHIIETalOWNX K HUM Tep-
putopHii. OGLIMe TeXHHYECKUE PErflaMeHTs! Mo BOnpocam GesomacHol JKcrya-
TalW{ H YTHIM3aLUMH MalkH ¥ 060pynoBaHus, noxapHoii GesonacHocTy, GHOMOrH-
geckoM 6e3omacHoOCTH, dKkonorndeckoil GesonacHocTH, ANepHOH M pagualHOHHOMH
Ge30MacHOCTH, 3MeKTPOMArHHTHONH COBMECTUMOCTH 06S3aTeNbHbI U1 IPHMEHEHHA
1 COBMONEHNA B OTHOILICHHH JIOBBIX BUIOB MPOIYKIIHH.
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5. CneumanbHble TEXHWYECKME PEeriaMeHThl yCTAaHaBNMBalOT TpeboBaHWs K
TEXHONOTHYECKUM W MHBIM OCOGEHHOCTAM OTAE/bHbIX BMAOB MPOAYKLHH, NPo-
LECCOB MPOM3BOACTBA, IKCILTYaTalMH, XPAHEHHUS, MEPEBO3KH, peann3aLyy H yTH-
nuzauui. Clofia OTHOCATCA BWMbI MPOMYKUWH, ANS KOTOPbIX HEOOXOAMMO yCTa-
HaBNMBaTh TpeGOBaHUs No 6€30MacHOCTH M3MyuEHHH, B3PLIBOOE30NACHOCTH, Me-
XaHH4YecKoi Ge30macHOCTH, MPOMBILLIEHHON 6e30MacHOCTH, TepMHUYecKod Ge3o-
NACHOCTH, XHMUYECKOH 6e30MacHOCTH, 3neKTpuyecko 6€30M1acHOCTH, a TaKXKe Mo
CcOBMIONEHUIO EIMHCTBA U3MepeHHUi. 3-3a Toro, 4To 3TH TpeOOBaHUA He yCTaHaB-
NUBAIOTCA B OOIIMX TEXHUYECKHX perjamMeHTax, CTENeHb pHcka NPUYMHEHUS Bpe-
112 3THX BHOB MPOIYKLMH BbILIE CTENIEHH PHCKA MPUYHHEHHA Bpeaa Npoaykumed,
AN KOTOpO# 3TH BHIBI OMACHOCTH He XapakTepHsl. CrelHanbHbIE TEXHHYECKHE
pErNaMeHTH! MPEIoNaraeTcsi yTBepXKIaTh nocTaHoBaeHuAMH TTpasutenscrea PO.
Ilo onexxe PenepansHOro areHTCTBA MO TEXHWYECKOMY PeryJlHpOBaHHUI0 H MET-
PONIOTHH YHCIIO CHELHANBHBIX TEXHHYECKHX perfiaMeHToB COCTABMT OKOJO 1500,
4TO TMPUMEPHO COOTBETCTBYET YMCTY BHJIOB NPEANPHHUMATENBCKOH ACATENLHO-
cti. OBwmMx TexHHYeckux pernamenTos Gyaer He Gonee 10. Ha nayano 2006 r. Ha
craguu o6cyxaenus Haxoaarcs okono 100 npoexToB TeXHUHECKHX PErIaMeHTOB.

Taxum 06pa3oM, CTPYKTypa 3akoHopaTenbeTsa PO 0 TeXHUHECKHX perjlaMen-
Tax Oyner uMmeTs BUA nupamumsl U3 1500 HOpMATHBHBIX aKTOB O CMEUMATLHBIX H
nopsaaka 10 @enepanbHbIX 3aK0HOB 00 OOILMX TEXHUYECKHX PETJIaMEHTax, Ha Bep-
iiHe KoTopoit HaxomuTes PefepanbHelii 3aKk0H «O TEXHHYECKOM PEryTMPOBaHUI.

Cmampa 9. ITopadok paspabomxu, npUHAmMUA,
UIMEHEHUA U OMMEHbl MEeXHUYECK020 peziamMenma

1. CornacHo cr. 2 3aKOHa TEXHHYECKHI PernaMeHT MOXET ObITh MPUHAT:

* MefiepaibHBEIM 3aKOHOM;

= ykasoMm [pesupenra P@;

* MEKIYHAPOAHLIM AoroBopoM P®, paTH(PHUMPOBAHHLIM B MOPANKE, YCTAHOB-
JIEHHOM 3aKOHOJaTenbcTBoM PD;

» noctaHosnenueM [IpaBurenscrea PO.

Kak ocHoBHON crnoco® npuHATHA TEXHHYECKOro perjiiaMeHTa paccMar-
puBaeTcs npuHATHE ero PeepansHeIM 3akoHOM PO.

2. TIpoeKT TeXHHYECKOro perjiaMeHTa MMeeT npaso paspabotats oGO THLO
He3aBHCHMO OT BUJa MPOMYKUHH Wik mpouecca, Gopmbl cOGCTBEHHOCTH H 10pH-
IMYECKOro cTaryca paspaboTuuka.

3. ®enepanbHblii 3akoH «O TEXHUYECKOM PETYTHPOBAHMNY B KAYECTBE OAHOTO
W3 OCHOBHBIX MPHHLMIMOB 3al0XHI MyOIHYHOCTE TMOATOTOBKH M MPOXOKACHUS
NPOEKTOB TEXHUUECKUX PETIaMeHTOB. DTO MPUHIUKHMHATLHOE HOBIIECTBO. BaxHo,
4To6B! Ha KAXKIOM W3 TanoB pa3paboTku HOBOW HOpMaTHBHOH 6a3bi, 06LiecTBO B
LENOM H CTPYKTYpbl roCYapcTBEHHOH BracTu it noapo6HO MHPOPMHPOBAHD!
0 TOM, Kak MIeT Mpolecc, Kakue eCTh MPOTHUBOpEUMsA, KTO aBTOP TEX WIH HHBIX
NpeanoKeHHH.
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HacToamui 3akoH npeaycMaTpHBaeT CrelHdalnbHyO nNpouenypy NOAroTOBKH
¥ paccMOTpEHUA MPOEKTOB TEXHHYECKHX pernaMenTos, [pouenypa Biio4YaeT paa
06a3aTenbHBIX 2Tanos, 6e3 KOTOPHIX NMPOEKT He MOXeT ObITh BHeceH B ["ocynapcr-
BeHHyio Jlymy. D10 my6Gnukauus ysejnomieHus of ero paspaGoTke B Me4aTHOM
n3naHuK QefepalbHOrO OpraHa UCMONHUTENBHOM BIACTH MO TEXHHYECKOMY pery-
JIMPOBAHHIO H B MH(OPMALMOHHOMN cucTeMe 06LIErO MCMONB30BAHUSA B JIEKTPOH-
Ho-1Mdposoii hopme (MHTepHeTe). VBeN0OMIEHHE TOMIKHO coaepxath uHdopma-
M0 O TMPOAYKUMH, [T KOTOPOil paspabaTbiBaeTcs pernament. Crofa Takxe Tpe-
Gyercs BHecTH obocHOBaHMe HeobxomumocTH paspaboTky, ykasaHHe OTIIHYUH
pa:spaﬁanmaemom pernaMeHTa OT MEXIYHapPOIHBIX CTaHIapTOB WIH OT 'rpeﬁoaa-
Huit, neficryrouwmx Ha repputopnn PO, Heobxonumsl Takke ceeaenus o cnocobe
03HAKOMJIEHHSA C MPOEKTOM perjiaMeHTa H, KpoMe Toro, peKBH3UTHI pazpaboTyuka.

4. TTo cyutecTBy ofcyaeHHE NPOEKTa TEXHUHYECKOTO pernameHTa HaunHaeTcs
C MOMEHTa ONyBNUKOBaHHA YBeJOMNEHHA O pa3paboTke TEXHUYECKOTO perfameH-
Ta, Hacroawuii 3aKoH 0bs3biBaeT pmpaﬁowuxa NpeaoCcTaBNATE KOMAK TEXHHYE-
CKOrO persiamenTa no00My 3aMHTEPECOBAHHOMY JIHLLY. 3aMHTEpECOBaHHbIE NHLA
HanpaBMOT pa3paboTumKy CBOM 3aMeuaHus W npeanoxeHus. Paspabotuwk pac-
CMAaTPHUBAET 3TH 3aMCUYaHHA H NpEANOXKEHHA, NPHUHUMAET PELICHHC 06 ux NpHHA-
THM, YACTUMHOM MPUHATHH WIK OTKIOHEHHH. 3aBepluaeTcs ITOT aTan pa3paboTkh
TEXHHYECKOTO perjameHTta myOnuuHeIM OOCYXIEHHEM pENaKind TeXHWYEcKoro
pernameHTa, B KOTOPOil yuTeHB! MPHHATbIE 3aAMEYAHNA ¥ TPEANIONEHHA. 3aKOHOM
YCTAHOBJIEHA TUTENBLHOCTE 3TOTO 3TaNna — MeHee ABYX MecsLeB.

5. Oran ofCcykIeHHs MPOEKTa TEXHHYECKOrO perjlaMeHTa 3aBepuiaetcs my6-
nukaiued defepaibHbIM OPraHOM MCTONHHTENIBHOM BJACTH M0 TEXHHYECKOMY
PEryMpOBaHUIO YBEIOMIEHUA, Iie cofepkutcs undopmauus o cnocobe o3Ha-
KOMJIEHHA C TMPOEKTOM TEXHWYECKOro perjaMeHTa W mepevHeM MOMYy4YEHHBIX B
nuchbMeHHoi QopMe 3amMeuaHuil 3aWHTEPECOBAHHBIX JIHML, @ TaKkkKe CBENCHHA O
paspaGoTYHKe TEXHHYECKOro periaMeHTa.

6. Hacroaueli cratheil 3akoHa ycTaHoBieH 10-AHEBHBIH CPOK YBEAOMJICHUA
denepanbHeIM OPraHOM HCTIONHMTENLHOM BJIACTH MO TEXHUYECKOMY PEryaupo-
BAHWIO B CBOEM MEYaTHOM M3AaHUK O pa3paboTke NpoeKTa TEXHUHECKOro perna-
MEHTA M O 3aBepiueHuH MmyOnuuHOro o0CyXIeHHs 3TOrO MPOEKTAa C MOMEHTA On-
natel onyGnukoBaHus ysemomneHuil. ITonobusiM obpaszom obecneuuBaeTcs MH-
dopMHpOBaHKE 3aHHTEPECOBAHHBIX JIMLL O paszpabaTbiBaeMOM TEXHMYECKOM per-
NAMEHTE C MOMEHTA Hauana ero paspaboTku M B Xoae pa3paboTku. 3TO JaeT BO3-
MOHOCTb MCHONHHUTENAM TEXHHYECKOrO PErfaMeHTa BhIpaXaTh CBOE MHEHHE Mo
CymiecTBY pa3pabarTsiBaeMOro TEXHHYECKOrO perjameHta M 3a0raroBpeMEHHO
HaYMHATh MOJTOTOBKY K €ro NPUMEHEHHIO W HCIIOJHEHHIO.

B COOTBETCTBHH C 3aKOHOM BpeEMA OT MOMEHTA ONYGIMKOBAaHUA YBEAOMIEHHA
0 pa3paboTke MPOEKTA TEXHWYECKOTO PErflaMeHTa 10 MOMEHTa OmyOiMKOoBaHHsA
YBEJOMJIEHHS O 3aBEpLICHHH MyGAMYHOro 0OCYKACHHA JODKHO OBITH HE MEHee

NIBYX MECSLEB.
450



7. C BHeceHHs CyObEKTOM Npapa 3aKOHONATENbHOH HHUIIMATHBbI NMPOEKTa De-
2epaBHOro 3aKOHa O TeXHHYeCKoM pernamenTe B [ocynapcTentyio Jlymy Hauu-
HAeTCA ITan NPHHATHA TEXHUYECKOro pernameHTa. Perucrpauns npoekra 3aKoHa
0 TEXHUYECKOM pErlaMeHTe OCYLIECTBISETCS MPH HAMMYHM TAKUX TOKYMEHTOB:

— obocHoBaHHe HEOOXOAMMOCTH MPHHATHA;

— (h¥HAHCOBO-IKOHOMHYECKOE 000CHOBAHHE;

— JOKYMEHTSI, IIOATBEpAAAIouIHe ONyGIMKOBaHNE YBENOMEHH O pa3paboTke
npoexTa,

— JIOKYMEHTBI, MOATBEPXKAAIOIIME OMyOIMKOBAHHE YBEIOMJICHUA O 3aBeplue-
HHAM TyONHYHOTO 06CYKAEHHA MPOEKTA;

— nmepeueHb MOJY4EHHBIX B MHCHMEHHON Qopme 3aMe4yaHui  Bcex
32UHTEPECOBAHHBIX JIHIL.

BHecenHbli npoekt PefepanbHOrO 3akoHa O TEXHHHECKOM PErlaMeHTe C
IPUIIOKEHHEM JIOKYMeHTOB Hanpasisetca [ocynapctsentoii Jlymo# s Ilpasu-
tenscTBo P®. Ha npoext PenepanbHOro 3akoHa O TEXHHHECKOM DErNaMEHTE
[paButenscTo PP B TedeHue MecAua HanpasiseT B ['0CyAapCTBEHHYIO Hymy
0T3bIB, TIOATOTOBJICHHBIH C YHETOM 3aKITIOYEHHA SKCIIEPTHOH KOMHCCHH MO TEXHH-
4eCKOMY peryJaupoBaHHIO.

8. Iepron BpeMenu Ha noarotoBky locynapcTserHo JlyMo# k MPHHATHIO 33~
KOHAa O TEXHMYECKOM perfiaMeHTe B MEPBOM YTEHHH MOCHE MOMYHEHH:A OT3bIBa OT
[TpaButenbcTBa PO HACTOALIMM 3aKOHOM HE YCTAHOBJICH. [IpHHATBIA B NEPBOM YTe-
#uu npoekT DeNepaibHOro 3aK0Ha O TEXHHYECKOM PerjlaMeHTe J0KeH ObITh OMY6-
JHKOBAH B TEYaTHOM M3JaHHM (pelepalbHOr0 OpPraHa MCMOJHUTENbHOH BIACTH MO
TEXHHYECKOMY PEryJMpOBaHHIO W B MH(OPMALIMORHO# cHcTeMe 0blLiero nons3osa-
#HA B 3MEKTPOHHO-LMdpoBoii dopme. IMonpasBku K NPHHATOMY B MEPBOM HTEHUU
NPOEKTY 3aKOHA O TEXHMYECKOM perjiaMeHTe rocne OKOH4YaHHA cpoka UX nonaiu
20/KHBI GBITH OMYB/INKOBAHLI He MIO3/HEE, YEM 3a Mecal 10 paccMoTpenus [ocy-
aapcTBeHHOM JlyMoii MPpoeKTa TEXHHYECKOr0 periiaMeHTa BTOPOM YTCHHH. IMpoexkT
32KOHA O TEXHHYECKOM periaMeHTe, MOArOTOBJIEHHbIH kO BTOPOMY uTehuio, ['o-
cymapcTeeHHas Jlyma HanpapisfeT B TpasuTesscTeo PO He no3aHee, uem 3a me-
cAll 10 paccMoTpeHus npoekta I'ocynapcTeenHOd JlyMo#i BO BTOPOM YTEHHH. Ha
npoekT MeepanbHOro 33KOHA O TEXHHYECKOM periamente [IpaBuTeNbCTBO PO B
TeueHHe MecsAua nockinaer B FocynapcTenHyto JlyMy 0T3bIB, NOArOTOBAEHHBIH €
YYETOM 3aK/TIOYEHHA IKCMIEPTHOH KOMHCCHH M0 TEXHHHECKOMY Pery/IMPOBAHHIO.

9. B cocTaB 3KCTEPTHBIX KOMHCCHI Ha NMapUTETHBIX Hayanax BKIHOYANOTCA
npencTaBuTeny (enepanbHbIX OPraHoB MCMOMHUTENbHON BIACTH, HAydHBIX opra-
HW3ALMH, CaMOperyJIMpyeMbiX OpraHu3aluii, OOLECTBEHHBIX obbeauHeHul npea-
npuruMarteneit u notpebuteneii. Kak ykasano B nn. 7 u 8, 5TH KOMHCCHH BaXbI
YHacTBYIOT HETOCPEACTBEHHO B MPOLECCe NMPUHATHA TEXHHYECKOro perjlameHTa
— TNPH NOATOTOBKE 3aKOHA 0 TEXHHYECKOM PErjlaMeHTe B MEpPEOM H BO BTOPOM
yTeHUH. UneHpl 9KCIePTHBIX KOMHCCHA HMEIOT BO3MOXHOCTb FOTOBUThL CBOE MHE-
HHue 0 pa3pabaThbiBaEMOM TEXHHYECKOM periameHTe Ha boniee paHHER CTaaHu: B
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COOTBETCTBHM C M. 4 paspaborunk 0083aH NMPeAOCTaBNAThL MONYYEHHBIE B MUCH-
MEeHHO# (opMe 3amevaHua 3aHHTEPECOBAHHBIX JIHLL Ha MPOEKT TEXHUYECKOT0 per-
JIAMEHTA MO WX 3ampocaM, M caM MPOEKT HO/MKeH ObITh TOCTYNEH BCEM 3aHHTEpe-
COBAHHBIM JIHLIAM ¢ MOMEHTA OMyOIHKOBAHUA YBEIOMIIEHHA O ero paspaboTke.

10. BrHecenne u3MeHeHHH ¥ NONONHEHUH B TEXHWYECKUI PErNaMeHT WK ero
OTMEHa paccMaTpHBaeTcs Kak pa3paboTka HOBOTO TEXHWHECKOro pernameHTa. B
COOTBETCTBHH CO CT. 2 HACTOALIEro 3aKOHAa BHECEHWE HM3MEHeHHH MOKeT ObITh
OCYLIECTBIEHO NpHHATHeM DenepanbHbiM 3akoHoM, ykasoM [lpesunenra PO,
MEKIYHapOAHbIM JOTOBOPOM, NMOCTAHOBJIEHHEM npaBuTenbcTBa. COOTBETCTBYIO-
e NpOLEIyps! ONMHUCAHB! B KOMMEHTapHAX K HacTosALleH ctaTee H cT. 10.

Cmamesa 10. Ocobstii nopadoxk paspabomxu
U RpUHAMUA MEXHUYECCKUX pe2lAMeHIMoe

L

1. B HCKIIOYHTENbHBIX CTy4asX NPU BOIHHKHOBEHHH OCOOLIX 06CTOATENLCTB,
oroBopeHHsIX B M. 1 ctatey, Ilpesunent PP Bnpase u3nate TeXHHYECKHI perna-
MeHT Ge3 ero mybGnuuHoro obcyxkieHus. Ilpouenypa NpHHATHA TEXHHYECKOro
pernameHTa B 3TOM ciiydae HacToaunM PejiepaqbHbIM 3aKOHOM HE YCTAHOBJICHA,

2. Ipy NpUHATHH TEXHHYECKOTO pernaMeHTa MexIyHapOIHEIM JAOTOBOPOM (B
TOM YHCJle JOrOBOPOM ¢ rocyaapcteamu — yqactHukamu CHI') npumenserca no-
psnok ero pa3paboTku, npeanucanHblif n. 6 cT. 9 3akoHa. COOTBETCTBYIOLIHH Me-
K IYHApOIHbIH 10TOBOp paTHQHUMPYETCA B YCTAHOBIEHHOM MOPsAIKE.

3. Ilpu HeoGXx0oAMMOCTH COKpalleHHA CPOKa BBEAEHHA B NeHCTBHE TEXHWYeE-
CKOTO pernameHTa oH MoxeT ObITh BBelIeH MmocTaHoBaeHHeM TlpaButenscta PO,
ITpn 3TOM NMpOEKT 3aKOHA, NOArOTOBNEHHBIH B COOTBETCTBHH € M. 6 cT. 9, Hanpas-
JIAETCA Ha 3KCTIEPTH3Y B COOTBETCTBYIOLLYIO 3KCTIEPTHYHO KOMHCCHIO MO TEXHUYE-
CKOMY perynupoBaHuto. [1py NpHHATHY NOCTaHOBNEHHUA 06 U3AHUH TEXHHUYECKO-
ro pernamMeHTa YHMTHIBAETCA 3aK/TIOYEHHE 3KcrepTHOH komuccuu, Kak B ciyuae
H3JlaHUA TeXHUueckoro pernamenta [lpesunentom P®, Tak W npH M3NAHUK TeX-
Huueckoro pernaMenTa [pasutensctsoM P@ cranpapTHas npouemypa npotecca
ero pa3paboTKH MOXKET NpOJOMKATECA A0 NPUHATHA JAHHOTO TEXHHHECKOTO per-
namenTa @eepanbHbIM 3aKOHOM.

4. C MOMeEHTa BCTYIIEHHA B CHIY HacTosulero delepaibHOro 3akoHa cOOT-
BETCTBYIOILMI TEXHWYECKHH periaMeHT, u3laHHbli ykasom Ilpesunenta PP win
noctaHornenueM [pasurensctsa P®, yTpaynBaeT CBOIO CHITY.

I'nasa 3. CTAHJAAPTHU3ALIUA
Cmamena 11. Henu cmanoapmusayuu

B npotecce TpynoBo#i HEATENBHOCTH CINELHATHCT pelliaeT CHCTEMAaTHYeCKH
MOBTOPAIOLUIMECH 3a/laui: UIMEPEHHE M YUET KOJHYECTBAa MPOAYKIIHH, COCTaBJIC-
HHE TEXHHWYECKOH H YMpaBlIeH4YEeCKOH MOKYMEHTallHH, W3MEpEeHHEe MapaMeTpoB
TEXHOJIOTHUECKHX OMNepaluil, KOHTPONhL rOTOBOH MPOAYKIIHH, YNaKOBLIBAHHE 11O-
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cTaB/seMoli MPoAYKUMH 1 T. A. CYIIECTBYIOT Pa3N4HLIC BAPHAHTEI PELCHHA STHX
sanay. Kak /eATensHOCTh M0 YCTAHOBJIEHHIO TPaBUil H XapaKTepHCTHK B cepax
npou3BOACTBA H O6palleHus NPOLYKLMH, BbIMONHEHUA paGoT M OKa3aHWA YCHYT,
CTAHHAPTH3aLMA MOXET CnocoOCTBOBaTh JOCTHXEHHIO PasIHIHBIX ueneii. Ha-
cToAuui OeiepanbHbli 3aKOH YCTaHABIIMBAET [JIABHBIC H3 3THX ueneM.

1. Llenb «moOBbIIIEHKE yPOBHs 0e30MacHOCTH XKH3HM WIM 3[0pOBbA TPpaXKIdH,
AMyLLECTBa (PH3WUECKHMX MM FOPHIMYECKUX JIULL, TOCYNAPCTBEHHOTO WM MYHHLH-
NANBHOTO MMYLIECTBA, Konorudeckoii GezonacHocT, Ge30MaCHOCTH KH3HH WIH
30POBBA KMBOTHBIX H PACTEHHI H COEHCTBHE CODMONEHHIO tpeboBaHni TEXHHYE-
CKMX PErJJaMeHTOB) AOCTHracTcs paspaboTKOM M MPUHATHEM TAKHX JOKYMEHTOB B
0bnacTi CTAaHNapTH3ALMH, KOTOPbIE TOMOraloT 00ecneynTh BhINONHEHHE Tpebosa-
Uil TEXHHYECKMX pernameHToB. JI1 3TOr0 CO3AaHBI KOMILIEKTBI JIOKYMEHTOB,
obecreurBaIoLHUe PALMOHATEHOE PElleHHe BONPOCOB, BOSHUKAIOUMX NPU HCCIC0~
BaHMH ¥ 06OCHOBAHMN Pa3pabOTKY NPOLYKLIMH U YCTYT, paspaboTke, H3TOTOBNEHHH
# IKCIUTYaTaLMH NPOAYKLMHA. DTO Takue BOMPOCH], Kak MOPAAOK NPOBEACHHA paspa-
6OTKH, TIPaBUJIAa NPHHATHS 1 O(OPMIICHHS PELICHHH Ha dTanax BLINONHEHKA pa3pa-
6oTkH, 0603HAYEHNA W3E/HH H KOHCTPYKTOPCKUX JIOKYMEHTOB, MpaBWia BhITO
HeHUsl KOHCTPYKTOPCKHX M TEXHONOTMHECKMX IOKYMEHTOB, HX COCTaB, Npasiia pas-
paBOoTKM M MPUMEHEHNS TEXHONOrHYECKUX NPOLIECCOB 1 CPE/ICTE TEXHOJIOTHYECKOTO
ocHalleHus # T. n. [To cylecTBy Ha JOCTHKEHHE 3TOH LieJIM HANpaB/ieHa cama CyLil-
HOCTb CTAHAPTH3ALMH, TOJKYeMas 3aKOHOM Kak [eATENbHOCTb, HAaMpaBleHHAd Ha
onpefieNieHne HOPM, MpaBi, TpeGoBaHMii, XapaKTEPHCTHK, KOTOPBIE AOJDIHEI obec-
neumBaTh 6E30NMACHOCTB MPOAYKIMH, paboT U yCIyr, UX TEXHUYECKYIO H uH(opMa-
LIMOHHYI0 COBMECTMMOCTb, B3aHMO3aMEHAEMOCTb, KayecTBO MPOMYKUHH (ycmyr) B
COOTBETCTBHHM C JIOCTHKEHUAMH HayJHO-TEXHHYECKOTO Mporpecca.

TNpaBoBomy OGECTIEYEHHIO 3TOM LIETH CITYKaT pasiuiHble HOPMATHBHBIC ak=
51 P®. TTpuMepamMu Takux aKTOB MOTYT CilyxuTh DeepanbHbie 3aKOHbI PD «O
setepuHapumy, «O noxapHoii GesonacHocTiy, «O 3ammTe Npas notpebuTeneiby,
«O6 ocHoBax oxpaHsl Tpyaa B P®», «O6 oxpate okpyx aiollei 1 MpUPOAHON cpe-
asi», «O6 axonoruyeckoii skcneprusen. CraHIapTH3auMsA B ofnacTi 3KOJOTHH
HAYMHAET HIPaTh 3aMETHYIO PONTb HE TONBKO B ACATENLHOCTH HALMOHANBHBIX W
MEXIyHApOIHbIX OpraHu3alMii Mo cTaHjapTH3auyu. Bee waie CTaHApTHl pac-
CMATPHMBAIOTCA Kak HE0OXOAMMOE CPEACTBO PeryMpoBaHia oTHolLeHH# B cdepe
OXpaHsl TPHPOJIbI H HCTIONIL30BAHHH PECYPCOB.

2. llenw «roBbilieHHe YPOBHA GE30MaCHOCTH 00BEKTOB C YYETOM PHCKa BO3-
HUKHOBEHHS UpE3BbLIYAHHBIX CHTYalLMif MPUPOJHOrO U TEXHOrEHHOTO XapakTepa»
OCTHraeTcs 3a CYET CTAHIAPTH3AUMH METO/IOB, CMIOCOGOB, KOHCTPYKLIHH, obecne-
YHBAIONIMX 3ALIMTY WIH CHIDKEHWE BO3MOXKHOTO yiuepba npy BO3HHUKHOBEHHH
takux curyanmii. TIpuaem HOpMbI ¥ TPeOOBaHWA CTAHIAPTOB MOTYT OTHOCHTHCA
TaKKe K Be30MacHOCTH XO3ANHCTBEHHbIX OOBEKTOB B 4PE3BbIYAHHBIX CHTYaLHAX
(HanpuMep, TIPHPOMIHBIE U TEXHOTEHHbIE KAaTacTPOQbI); K o6opoHocnocobHOCTH 1
MOBHIM3aUHMOHHONW rOTOBHOCTH CTPAHBI.
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3. BaxHoli npuumHOi, Tpebyrowei npumeHeHus CTaHOAPTH3AUMH, ABNAETCA
«obecrneyeHue HayuHO-TEXHHYECKOro Nporpeccay. DT0 AOCTHIAETCH 3a CYET IiH-
POKHX HAY4YHbIX, TEXHHYECKHX W 3KOHOMHMUYECKHX CBA3eH, Pa3BUTHA creuManu3a-
LHH H KOOTIEPUPOBAHHA MO BAXKHEHLINM BHAAM NPOAYKLHH, TIPOLIECCAM U YCITYraMm
C NPOMBILINEHHO Pa3BUTBLIMH CTpaHamu. Bes nposenenna yHudukauuu u crannap-
TH3aUMH  OOBEKTOB  CMEUMAnu3alMK  HEBOIMOXKHO  OBECNeunTs  Hay4Ho-
TEXHHYECKUI NPOrpecc 1 BLICOKHI 3 dekT MeKTyHapOAHOH KoonepaLHu.

4. Llenb «noBbIEHHE KOHKYPEHTOCIOCOGHOCTH MPOAYKUMH, paBoT, ycayr,
MOXHO JOCTHYL MYTeM pelieHHs KOMIUIEKCa BOMPOCOB M0 CTaHaapTu3anuu. IMo-
CTOAHHO paspaGaTbiBas HOBBIE CTAaHIAPTHl W CHCTEMATHYECKH NepecMaTpHBas
AEHCTBYIOLINE, MOXKHO TUIAHOMEPHO YJTy4IIaTh Ka4€CTBO NPOAYKUMH, paboT, yc-
JIyT, MOBBILLAA X KOHKYPeHTOCNOCOOHOCTS. TTono6Has ynpasnsiomas poss cras-
JAapTH3aUHK NpeIyCMaTPHBAETCA MIAHAMHU Pa3BHTHA HAPOJHOro X03AHCTBA: KOH-
KPETHBIE 3aaHHA M0 MOBBIIEHHIO KAYECTBA NPOIYKIMH, paboT, YCIyr YUUTHIBAIOT
TEXHUYECKHE PETNIAMEHTBI, @ 3aTe€M PEaNU3yIOTCA B HALMOHANBHBIX CTaHAapTaXx.

5. IlpuMeHeHHE CTaHIapTH3ALMY TT03BOJSET PALHOHATLHEE UCTIONB30BATE Chi-
pbe W MmarepHanbl, co3naeath bonee fAewieBble W BMeCTe ¢ TeM pa3sHooGpasHbie
H3JeHA. DKOHOMHS MaTepHANbHBIX PECYPCOB CPEACTBAMH CTAHAAPTH3ALMH —
rMaBHas 3a1a4a MOBBILICHUA KauyecTBa M TEXHHYECKOTO YPOBHA u3menwit. Otcyr-
CTBHE MPaKTHKH OOBEKTHBHOrO Y4eTa M aHanW3a M3Aepkek NPOM3BOJCTBA C lie-
TIBIO WX COKPAILEHHA TPHBENO kK 6€30TBETCTBEHHOH PacTOYUTENBHOCTH MPUPOA-
HbIX GorarcTe PO. CrpaHa, 3aHMMaioWIas Meppoe MECTO MO 3a1eXaM MOE3HbIX
HCKOMAEMBIX, CEroHA PacTpayHBaeT CBOM MPHpOAHbie GOraTcTea, YTO BEJET K
HEBOCTIOJTHUMBbIM NOTEpAM pecypcos. Bce noTepu (TpyaoBbie, MartepHanbHO-
3HEPreTHYECKHE M T. JI.) KOMIMEHCHPYIOTCA NPEANPHATHAMHA M OpraHUW3aUMAMM 3a
CHET YBENHYEHHA CEOECTOMMOCTH, YTO MPHBOAMT K HEOMNpPABIAHHO BBICOKUM Lie-
HaM Ha BCe BHMIBI TOBapOB M YCITYr NpW KpailHe HH3KOM KauyecTBe W, Kak ClencT-
BHE, K MOTEPEe KOHKYPEHTOCNOCOOHOCTH NPOAYKIHH, CHHKEHHIO NPOH3BO/CTRA.

6. Onmoit w3 ueneit cranpaprizauny B PO 3akoH TONKYET Kak AeSTENbHOCTD,
HaNpaBJieHHYI0 HA «TEXHHYECKYI0O M HMH(OPMALMOHHYIO COBMECTHMOCTEY. OTMe-
THM, 4TO B 001aCTH HH(POPMALMOHHLIX TEXHONOTHI HHTEPECHBIM HaNpaBlIeHHEM
CTaHNAPTH3ALMH ABISAETCA HENPEPbIEHas UHDHOPMAYUOHHAR nOJOePIHCKA HCU3-
Hennozo yukna npooykma (CALS-texnonorus). CALS-TexHonorns — crparerus
CHCTEMaTHYECKOTO MOBBILIEHHA 3(Q(PEKTHBHOCTH, NMPOM3BOAMTENLHOCTH M PEHTA-
GenBHOCTH MpOLECCOB XO3ANCTBEHHON [EATENHOCTH NMPENNPHATHS 33 CYET BHE-
ApEeHHA COBPEMEHHBIX METOA0B HHOPMALMOHHOTO B3aUMOAEHCTBHS YIaCTHHKOB
KH3HEHHOIO LMKJIA NPOOYKTA.

3HaYMTENBHYIO PONb B OPraHU3aLMKM MPOM3BOICTBA @, IHAYUT, AOCTHKEHHH
UENU TEXHWYECKOH 1 UH(OPMAUMOHHON COBMECTHMOCTH HTPAIOT TAKHE CTPYKTY-
pel B OOMacTH cTaHzapTH3auuW, kak Gomn crannapror PO u knaccudukatopsl.
®oux crannapros PO, ciyxaumit 6a3oii 41 MHGOPMALIHOHHOTO obecredeHus pa-
GoT He TONBLKO MO CTAHNAPTH3ALMH, HO M MO CepPTHOUKALIMHM, METPONOTHU H ynpas-
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NeHHIO KAYEeCTBOM NMPOLYKUHM, NIPHOBPEN MEKTOCYIapCTBEHHOE 3HAUCHHE LIS CHI,
4TO COCOGCTBOBANO PA3BUTHIO CTAHAAPTHIAUMM B CTPAHaX COAPYKECTBA W ykperl-
NIEHHIO IKOHOMHYECKHX CBA3EH MEKILY HUMH.

C noMowusio K1accH(UKaTopoB 0OecrieunBaeTCs PeleHHe CAeAYIOIMX 3a-
jlay: perucTpalma A0KYMEHTALMH Ha NPOLYKUHIO; paspaboTka nepeyHedt UMmop-
THpYeMOii NpoAyKuMK; paspaboTka HHPOPMAUHOHHBIX AAHHBIX o6 oTeyecTBEHHON
NPOAYKLUMH, NOCTABNAEMON Ha 3apyOexkHbie PhIHKH, MOCPEACTBOM €€ nepeKoau-
POBKH C MOMOLIBIO MEPEXOAHBIX KIIOYEH; obecneyenne uHPOpPMALMK O NMPOIYK-
UMM HA BHYTPEHHEM POCCHHCKOM PBIHKE; peaiu3aliii yHETHBIX ¢yHKuMiA B pam-
kax paboT no rocyaapcTBEHHOH CTATHCTHKE, HanorooON0KEHHIO; Y4acTHIO BO
BHYTPEHHHX H MEX/TyHapOAHBIX HH(OPMALMOHHBIX CHCTEMAX.

7. JlocTHKEHHE «COMNOCTABUMOCTH PE3yNIbTaToB UcCIeI0BaHMIA (HCTIBITAHHH) H
WIMEpEHHUHi, TEXHHYECKHX H IKOHOMMKO-CTATHCTHUECKHX AAHHBIX® peanusyercs
3a cyeT NOKYMEHTOB B 00/IaCTH CTaHAAPTH3ALMH, PErIAMEHTHPYIOUIHX MEeTpoo-
rudeckue TpeGOBaHKA, NPABHIA, NONOKEHHA U HOPMbI, OPraHH3aLHIO 1 nopaaok
paboT 1o ofecneyeHHio eAMHCTBA HIMEPEHHI. OTHOIUEHHA CTOPOH MO BOMpocam
WAPOTOBJEHNS, BbIMYCKa, PEMOHTA, MPOAAXKH W UMNOPTa CPEICTB M3MEpEHHH pe-
ryanpyet 3akon PO «O6 obecneyeHnH eAMHCTBA H3MEPEHHUI.

8. Ba)KHOE 3HAYEHME B CTAHAAPTH3AUWH HMEET 63QUMO3aMeHAeMOCb — TIPUTOA-
HOCTb OIHOTO W3NS, MPOLIECC, YCTYTH JUIA MCTIONb30BAHHA BMECTO APYTOTO H3Je-
/U, MPOLIECCa, YCAYTH B LEAX BBINOMHEHUA OHHX H TEX K& TpeGoBanuii. B3anmosa-
MEHAEMOCTh ODECTIEYMBAIOT YCTAHORIEHHEM B CTAHJAPTAX, YEPTEeXkKaX, HOPMATHBHDIX
JIOKYMEHTaX W APYTO# TEXHHYECKON JOKYMEHTALMH EAHHBIX HOMMHAIILHBIX pa3sMepoB
VIS COMpATaeMbIX feTaneil, COOTBETCTBYIOUWIMX OMyCTHMBbIX Mpe/IeNIoB  pasMepoB,
reoMeTpuYeckuX (JOpM M PacTIONOKEHNA NOBEPXHOCTEH U PeaMERTHPYIOIHX Tpebo-
BaHMIi K KaY€CTBY MAaTEpHaIlOB.

BonbuIylo Pofih MPH JOCTHXEHHH LEAH (B3aHMO3aMEHAEMOCTH APOIYKLMHY
WrpaloT TApMOHW3WPOBAHHBIE CTAHAAPTHI, MPHHATHIC PAITHIHLIMH opraHaMH
CTaHJAPTH3AUMH, PACIPOCTPAHAIOIHECH HA OJIHH M TE XK€ 00BEKTHI CTAHAAPTH3A-
LK M 0BECTIeHBAIONIHE B3AUMO3aMEHAEMOCTh NPOAYKIIHH, MPOLECCOB H yCIyr H
B3aUMHOE TIOHMMAHWE PEe3yJbTaTOB CTIBITAHMA WM MHGOPMALHK, NPEACTaBIAC
MOl B COOTBETCTBMM C 3THMH cTaHAapTamu. [IpoBoanMas NpH 3TOM yHH(pHKAUNS
(«yHudUKALMA) OT JIAT. uNio — CANHEHHE H facere — nenaTb ¥ O3HAYaET NpHBE-
Jenne yero-HuOyb K e1uHol (OpMe WM CHCTEME) H CTaH1apTH3ALMA ONTHMAb-
HbIX BHJOB MPOMYKLMH, MPOLECCOB H YCIyr, obecneyeHune ux nosHoH B3aUMo3a-
MEHAEMOCTH CO3JAIOT YC/IOBHSA ANA JanbHeliluei cneunanusauli U kooneprposa-
HHS B MPOMBILLTEHHOCTH.

Cmamoa 12. Hpunyunst cmandapmusayquu

1. HauvouanbHbie CTaHAapThl, GOHA KOTOPbIX COCTABIACT cefiuac oxono 22
THIC, IOKYMEHTOB, TIPHHUMAIOT CTaTyC A00POBONLHLIX JOKYMEHTOB. BroyeHHbIE
B HMX paHee obsatenbHbie TpeGoBaHus OyayT BbIBEACHbI N0 MEpE pa3spaboTku
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TeXHU4ECKHX perniamenToB. [Ipoueaypsl OLEHKH COOTBETCTBHUA OOBEKTOB TEXHH-
YeCKOro peryiupoBaHus TpebGoBaHUAM TEXHHYECKUX pernamenTos OyayT onpee-
JATBCA B CAMHX TEXHHYECKHX PerjiaMeHTax, KOTOphie B TOM YHCIE A0MKHBI obec-
Ne4YuTh A8 MPOU3BOIMTENS ANnbTepHATHBY BbIGopa 3THX npoueayp. Co cTOpoH:
roCYAapCTBEHHBIX OPTaHOB JO/IKHLI OTCYTCTBOBATh NMPETEH3WH K COCTABY M YPOB-
HI0 TpeGoBaHMI MO MoKasaTeNAM KayecTBa MPOAYKUMH M YCHIYT, TEXHHYECKHM
peUIeHHAM, @ TAKXKE TEXHONOrHYECKUM MeTodaM. MckntoueHne CocTaBNAT Tpe-
OoBanusa no 6e30MacHOCTH, OJHAKO OHH YCTAHABIMBAIOTCA TEXHHYECKHMH perna-
meHTaMH. Llens npUMeHeHHUa cTaHAAPTOB COCTOMT B COAEHCTBMK pa3paboTunkam,
M3TOTOBHTENAM W HCTIONHUTENAM CO3IaBaTh MPOAYKUNIO ¥ OKA3LIBAThL YCAYTH Bbl-
COKOT0 KayecTBa, MPeaoCTaBAATb UM B ITOM OTHOLIEHHH MakCHMaNbHYIO cBoGOIY
nedctBuil. Kputepun kavectsa B 3THX ycnosuax (opMmupyet notpedutens. Urak,
HAlHOHAILHBIE CTAHAAPTHI MOTYT BBICTYNATh B KA4yecTBe AoKa3aTesbHOH 6asbl
cobmoneHus TpeGOBaHUA TEXHUYECKUX pErflaMeHTOB. B 3TOM ciyyae KOHKpPETHbIE
CTaHJapThl, CBA3AHHLIE C KOHKPETHBIMH TEXHUYECKHMH PErjlaMEHTaMH, npejnia-
raloT npousBoanTesaM Hanbonee d>ddeKkTHBHbIE MYTH NOCTHKEHUA LENneH TeXHu-
yeckHX pernamMeHToB. OHAKO OKOHYATENbHOE pelleHHe — ClIeI0BaTh CTaHaapTy
MU W3bMpaTh WHbIE MOAXOAB! IS peanu3alii TEXHHYECKOTo pernamMeHTa — oc-
TAETCA 3a NPOU3BOAMTENEM B CHITY 106pPOBOIBHOCTH HALIHOHATBHOTO CTAHIApTA.

2. TpuHUMN «MaKCHMMaNbLHOrO y4eTa MpU pa3paboTke CTAHAAPTOB 3aKOHHLIX
HHTEpeCcOB 3aMHTEPECOBAHHBIX JIML TNpemycMaTpUBaeT HEOOXOAMMOCTh HAX0X-
HeHHs KOMIPOMMCCA MEXIY JKeNaHUAMU NpHodpeTaTens U BO3MOKHOCTAMH pas-
paboTurka ¥ M3rOTOBMUTENA, T. €. ONTUMH3ALMIO YPOBHA KayecTBa MPOAYKUHH H
YCHIYT NpH YCIIOBMH MX BBICOKOH KOHKypeHTOcnocoGHOCTH. YyacTHHKH paboT mo
CTaHAApPTH3aLIMM, UCXOJA U3 BO3IMOXHOCTEH M3rOTOBUTENA, C OJHOW CTOPOHBI, H
TpeboBaHuil noTpebuTeNs — ¢ ApyYroi, NOMHKHBI HAUTH KOHCEHC)C.

3. CnenoBaHue MPUHLMITY «TPUMEHEHHS MEXKIYHAPOAHOIO CTAaHAapTa KaK OCHO-
Bbl pa3paboTKM HALMOHANLHOTO CTAHAApTa, 33 HCKIIOYEHHEM CITy4yaeB, eClii Takoe
NpUMEHEHHE NPU3HAHO HEBO3MOXHBIM H3-33 HECOOTBETCTBHMA TpeOOBaHMIt MexTy-
HApOAHBIX CTAHAAPTOB KIMMATHYECKMM M reorpaduueckum ocobentoctsm PO,
TEXHHYECKUM H (W) TEXHOMOTHYECKHUM OCOOEHHOCTAM WM M0 HHBIM OCHOBAHHAM
nubo Poccuiickas @epepauys B COOTBETCTBMM € YCTAHOBJICHHBIMH MpOUELYypaMH
BHICTYNANa MPOTHB MPHHATHA MEWIYHapOOHOTO CTaHIapTa WIH OTAENLHOro ero
TIONIOMKEHUSA», CMNOCOBCTBYET YKPEIUIEHHIO TEHIEHUHM K [OCTHXEHHIO MHPOBOr0
YPOBHS OTEYECTBEHHBIX MPOAYKUMK M ycmyr. OIHaKo QOCTHXEHHE 3TOrO YPOBHA B
CHJTY YKa3aHHBIX MPUYHH He BCerza Bo3MoxHo, IToatomy B TekcTe 3T0i Hactu ct. 12
cllefiaHa COOTBETCTBYIOMIAA OrOBOpPKa.

[IpaBuna npuUMeHEHUA MEXIYHapOJHbIX CTaHAapToB B P@ gomyckaroT mpH-

MEHEHHE CIIeIyIONIMX MEKIyHapOAHBIX M PErHOHANBHBIX CTAHIAPTOB!

* IPUHATHE BYTEHTHYHOTO TEKCTAa MEKIYHAPOAHOro CTaHAapTa B KauecTBe Ha-
UMOHAIBHOTO poccuiickoro HopMartueHoro nokymenta (FOCT P) 6e3 kakux-nubo
HONoNHEHUH U u3MeHeHui («Meton oBnoXKHY); NpH 3ToM 0003HAUEHHE HALMO-
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HansHoro cranaapra P® cocrout: u3 uunekca (FOCT P); obo3naueHus cooTseT-
CTBYIOILIETO MeXAyHapoaHOro cTaHjapta (Ge3 ykasanus rofa ero MPUHATHA); OT-
fieNeHHBIX THPE ABYX MOCIEIHUX Mdp rofia yTBepKACHUA FOCTER.

Mpumep: FOCT P UCO 9591-93;

* MPUHATHE AYTEHTHYHOTO TEKCTa MEXIyHAPOAHOTO CTaHAapTa, HO C JoNon-
HEHUAMH, OTPAKAIOIMMHU OCOOEHHOCTH poccuiickux TpeGoBaHHH K 00BeKTY
crangaptuzauny. [Tpu 06o3Hauenny Takoro 10KyMeHTa K 1HQpy 0TEHECTBEHHOTO
cTaHmapTa A00aBiAseTCc HOMEP COOTBETCTBYIOLIET0 MEX/YHAPOAHOrO.

Tpumep: TOCT P 50231-92 (MCO 7173-89).

Baknoe 3HaYeHUE NPUIAETCS B 3aKOHE B MEXIYHAPOAHOMY COTPYAHHYECTBY
B obnacTi ctanaapTu3aiiy. CloKHUBIUIEECS COBPEMEHHOE MEXAYHAPOLHOE pasae-
NeHue TPYAa U CBA3aHHAsA C 3THM TOPTOBJIS H HAY{4HO-TEXHHYECKOE COTPYAHUHECT-
BO MOTPeGOBaNM NOCTHKEHUS MEXIYHAPONHBIX COIMAILCHHH 1 pa3paboTku Mex-
JYHAapOJHBIX HOPMATHBHBIX JOKYMEHTOB, TpeGOBaHHA KOTOPBIX HMEH 6b1 OIHO-
3HAYHOE TONKOBAHME KAK [UIS H3TOTOBHTENA, TaK M JUIA MPOAABLa ¥ NoTpeOuTeNs.

B 061acTy Mes/1yHapOIHO! CTaHAApPTH3aLIMH Y4aCTBYET HECKONIBKO MEXKIIYHa-
ponubix oprarmsauni: HCO; MO3M; MexkayHapoaHas 3MeKTPOTeXHUHECkas ko-
muceus (MOK); Mexynapoaroe Giopo mep 1 Becos (MBMB); Esponeiickas opra-
Hu3ama no kauectsy (EOK) — European Organization for Quality (EOQ); Espo-
nefickuil komuTer no cranpaprwsawmn (EKC) — European Committee for
Standardization (CEN); Esponeiickuii KOMHTET 110 CTAHIAPTH3ALMH B 001ACTH SNIEK-
TpoTexHHuKH H nekTpoHukH (EKCD3) — European Committee for Electrotechnical
Standardization (CENELEC); Esponeiickas 3kOHOMHY€CKasi KOMHCCHA OOH (E3K
OOH) — United Nations Economic Commission for Europe (UN/ECE), Esponeii-
CKHil MHCTHTYT MO CTaHfapTH3auwu B o0nacTH tenekommynukaumii (EMCT) —
European Telecommunications Standards Institute (ETSI) u pan apyrux. MexmyHa-
PO/IHbIE CTAHAAPTHI H PEKOMEHNALMH 3THX OpraHu3auui, dopMankHO He ABJIAACH
06S3aTeNbHBIMU IOKYMEHTaMM, COOIONAIOTCA BCEMH 3aHHTEPECOBAHHBIMH CTOPO-
HaMH B TO# Mepe, B Kakoii 370 UM HeoOX0aMMO.

ABTOPHTETHO MEXIyHapOIHOH OpraHM3auUuA B obnacTy CTaHAApPTHU3aLHH
sensercs MUCO. Chepa ee IeATENLHOCTH KacaeTes CTAHAApPTH3aUMH BO BCEX 06-
JACTAX, KPOME JNEKTPOTEXHUKH W SNEKTPOHMKH, OTHOCHUIMXCA K KOMMCTEHLMH
MDK (8B HekoTopsix obnactax MCO u MOK pefictsyior cosmecTHo). LLlHpoko
HCTIOMB3YIOTCA MexayHapoaHsie craHaapTsl ICO. Onn He ABASIOTCA oba3arensb-
HBIMH JUIA puMeHeHus rocyaapersamu-unenamn MCO. Pewenue 00 ux npume-
HEHHH CBA3aHO CO CTEreHBI0 YUacTHsi KOHKPETHOH CTpaHbl B MEXIyHapOAHOM
pasfeNeHHy TPyAa M COCTOAHWEM ee BHEUIHEH TOProBiIx. B P® ceiiyac akTHMBHO
pHeapatoTca cranaaptel UCO B HaUMOHANBLHYIO CUCTEMY CTaHAAPTHIALMH.

Kpome MICO Haubonbiee BiusHKe B 001aCTH CTaHAAPTHIALMH HMECT M3K.
OpraHM3auMOHHas CTPYKTYPa M MPHHLMMBL CATENLHOCTH €€ aHANIOrHUHb UCO.
OG6osnayenns crangaproe MOK ananoruusbsl 0003HAYEHHAM HALUMOHAILHBIX
cranpapros P® (I'OCT P).
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B pamkax CHI' cranmapTH3auma OCYLIECTBIAETCA B COOTBETCTBHH C Mex-
MpPaBUTENLCTBEHHBIM IOKyMeHTOM «CornauieHie 0 NPOBE/IEHHH COrjacoBaHHOM
NOJMTHKH B 0611aCTH cTaHAapTH3ALMH, METPOJIOTHH H cepTH(uKaumuy. Ha ocHose
corameHus co3aan Mexrocy1apcTBeHHbIH COBET MO CTAHAAPTH3ALHH, METPOJIO-
riuu ¥ ceprudukaunu CHIT (MI'C CHI'), rae npeacrasiiensl Bce HaUMOHANbHBIE
OpraHH3alMH M0 CTAHAAPTH3ALMH, METPOIOrHH U CEPTHHHKALNM ITHX CTPaH.

4, B cOOTBETCTBHH C NPHHIKIOM O «HEAOMYCTHMOCTH CO3aHUA MPENATCTBUIH
MPOU3BOACTBY W 06palleHHIO NPOIYKUHH, BLINONHEHHIO paboT KU OKazaHHIO yciyr
B Oonbuiedi cTenedH, 4eM 3T0 MUHUMANLHO HEOOXO0AMMO /NS BLITIOMHEHHUA Leneii,
yKaszaHHbIX B ¢T. |1 HacToswero ®eaepanbHOro 3akoHa» He JOMKHBI CO31aBATLCA
TaKWe CTaHAAapThl, KOTOPbIE YCIOKHAOT pellleHHe BOMPOCOB B3aMMOOTHOLIEHHS
ciyx6 ¥ nojpasjieneHuit Ha NPOU3BOACTBE, B3AUMOOTHOLIEHUA paipaboTYHKOB U
M3roTOBHUTENEH, H3roToBHTENeH U noctasmukos. He nomkHe! 3assiatbes tpebo-
BaHuA, obecneyuBaloMe IAWMNTY HIH CHHKEHWE BO3MOXKHOro yiuepba npu Bo3-
HUKHOBEHWM HpPEe3BBIMAMHBIX CHTYauMil, He NOMKHA pa3pabaTbiBaThCd MINMHLIHE
YCIOXKHEHHAR TEXHUYECKAA noxymemuua.

5. YcnoBue NpMHIATIA CHENOMYCTUMOCTH YCTAHOBJIEHHA TAKUX CTAHAApPTOB, KO-
TOpble MPOTHBOPEYAT TEXHHYECKHM PEriaMeHTaM» Hemnocpe/ICTBEHHO CNenyeT 3
LENH CTAHNAPTH3ALMH MOBBIATL YPOBeHb GE30MACHOCTH.

6. Ipuanun «obecneyenne ycnopnil A eINHOOOPaZHOro MPHMEHEHHA CTaH-
[apTOB» — MPHHLIKI, HEMOCPEACTBEHHO BLITEKAIOWMI U3 ONpeaeneHus MOHATHI
«emandapmuzayus» M «cmanoapmy.

BbizienuM Apyrue NpUHUHNB! CTAHAAPTH3ALHHA, HE YTIOMAHYTHIE B CT. 12,

ERHEMIJ'JHOCMB u onepexcarwee paisumue cmandapmusauuu. CTaHIlaprl
MOJIE/THPYIOT PeanbHO CYIUECTBYIOUIHE 3aKOHOMEPHOCTH B XO3AHCTBE CTpaHBbl.
OnHako Hay4HO-TEXHHYECKHif Nporpecc BHOCHT M3MEHEHHSA B TEXHHKY, MPOLIECCHI
ynpasnenns. JInHamuuHocTs ofecneunBaeTca nepHoAHuecKoil npoBepkoit cTaH-
NapTOB, BHECEHHEM B HUX M3MEHEHHil, OTMEHOH HOPMaTHBHBIX AOKyMeHTOB. YT0-
Obl CTaHAAPTHI HE TOPMO3WITH TEXHHYECKHH nporpecc, OHHM JOMKHBI YCTAHABIH-
BaTh NEPCHEKTHBHBIE MOKA3aTesNM KayecTBa ¢ yKa3aHHEM CPOKOB MX oOecneyeHus
npousBojcTBOM. Onepexarouye CTaHAAPThl JOMKHBI CTAHJAPTH3HPOBATH NeEp-
CNEeKTHBHBLIE BHIbI NMPOIYKIHH, CEPHITHOE MPOH3IBOACTBO KOTOPBIX €lle HE HAYaTo
HIH HAaXOAMTCA B HayalnbHON craguu. Meton onepekaiollei CTaHAAPTH3ALMK
3aKIKOYaETCA B YCTAHOB/IEHHH TOBBIILEHHBIX MO OTHOIEHHIO K YK€ IOCTHIHYTOMY
Ha MPaKTHKE YPOBHIO HOPM M TpeGoBanuit k 00bEKTaM CTaHAAPTH3ALMH, KOTODLIE
COrNIacHO MPOTHO3aM OYAYT ONTHMANEHBIMHA B NOCAEAYIOIIEE BPEMA.

Ipghexmusnocme emandapmusayuu. TIpUMEHEHHE HOPMATHUBHBIX NOKYMEH-
TOB B 00MacTH CTaHAAPTH3ALMM JO/KHO /1aBaTh SKOHOMHHECKHA WIH COUMAIBHBINA
3pdext. HenocpeacTseHHbIH 3KOHOMHYECKHH IP(PEKT AAIOT CTAHAAPTHI, BEAYIIHE K
IKOHOMHH PEeCypCoB, MOBBIIIEHHIO HANEKHOCTH, TEXHUMECKOR H HHOpMaLHOHHOM
coBmecTumocTH. CTaHaapTs!, HanpasineHHble Ha obecneveHue Ge30nacHOCTH KH3HU
H 3[I0pOBbSA MO, OKpysKaloueif cpesbl, obecrneunBatoT coumansHeii dddexT.
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Tpuopumemuocme paspabomxu cmandapmos, cnocobemeylowjux obecneye-
nuto Be30ONACHOCMU, COBMECIUMOCTMU U 63aumozamensemocmu npooyxyuu (ye-
ay2). DT1a uenb gocturaetcs MyTeM ofecredeHus COOTBETCTBUA TpeboBaHHAM
CTaHAApTOB, HOPMaM 3aKOHOJATENLCTBA M PEATU3YETCA MyTEM PErJAMEHTALHH U
cobnioaeHus oba3aTenbHEIX TpeOoBaHHI rocy1apCTBEHHBIX CTAHAAPTOB.

Tpunyun 2apmonuzayuy. ITOT TPUHIMI NpeayCMaTpUBaeT paspaboTKy rap-
MOHM3HPOBaHHLIX cTaHaaproB. OGecneyenye MACHTHYHOCTH JOKYMEHTOB, OTHOCA-
MXCA K OJHOMY M TOMY e 00BeKTy, HO NMPUHATHIX KaK OpraHH3alMAMH M0 CTaH-
[apTH3aLMK B Halleil CTpaHe, Tak U MexAyHapOAHBIMH (pernoHaNIbHBIMK) OpraHH-
3aUMAMH, NO3BONSET pa3paboTaTh CTAHAAPTHI, KOTOPbIE HE CO3NAOT MPEMATCTBHH B
MeXTyHapOoIHOH TOprosie.

Cmampa 13. Jokymernmst ¢ obracmu cmanoapmusayuu

1. OCHOBHBIMH OOBEKTAMHM HAYUOHANLHLIX CMAHOAPMOE MOTYT ObiTh pas-
NMYHDBIE BHbI MPOAYKLMH, YCIYT M npoueccos (1abn. 15.1).

Ta6nuuals.l. Knaccnpukaunsa o0beKTOB HALHOHANBHBIX CTAHAAPTOB

TTpoRYKUKMA H OTAEALHBIE Yeiyru H OTAEbHbIE

napaMeTpbl H PaIMepsl;
TeXHHYeckHe Tpebosanua,
METOJbl KOHTPONA;
npaBuna NPHEMKH;,
npasuia MapKHPOBKH,
YMaKOBKH,
TPAHCTIOPTHPOBAHKA

H XpaHeHHA

TEXHHYECKHE TEPMHHBI,
METOZB OUEHKH,
KnaccHuKauma npea-
NpUATHE;

TpeGOBaHHA K nepcoHany

4CNeKTh OHOPOIHBIX aCMEKTBI OTHOPOIHBIX Mpoueccs:
rpynn NpoAyKUHN rpynn yenyr

Cuipee | Marepuanst | FotoBsie | Marepu- | CounansHo-
NpUpoAHOE | M MPOYKTHI | H3AeNuA | a@NbHbie | KYIbTYPHEIC

TONHBO

; NpOoLEcChl, MPOHCXOARIIHE HA
. TEPMHHBI;

TEPMIHEL, DO0HENCHHN; 5 OT/IENBHBIX CTAAHAX KMIHEHHOTO

UMK NPOAYKLHH,
NPOLECCH], CBA3AHHLIE C HEMA-
TEpHANBHBIM TIPOM3BOACTEOM
(craTucTHyeckoi, GaHKoBCKOM,
M3AATENLCKOH ACATENBHOCTRIO),
YNpPaBNeHYECKHE NPOLECCH;
M3MEPHTENEHBIE NMPOLECCH!;
npoueccsl yueTa 1 nepepabotku
uHopMaunK

HaiuuoHaneHBIMM CTAHAAPTaMHM MOMKET YCTaHABIMBATbCA TEPMHHOJIOrHA B
pa3NnMuHbIX 00/1ACTAX ACATENBHOCTH, B TOM YHC/IC B TAKHX, KOTOPBIE HMEIOT MEX-
OTpac/eBoe 3HaYeHHe, HATPAMEp, TEPMUHOJIOTHS B 00/1aCTH KauecTBa NPOYKLHH,
HaIeKHOCTH, 6€30MacHOCTH, IKOJIOTHH.

COBOKYHOCTH HAILMOHA/BHBIX CTAHNAPTOB MEKOTPACICBOrO 3HAUCHHA

npeAcTaenieHs B Tabm. 15.2.
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"Tabanua 15.2. CoBOKYNHOCTH CTAHAAPTOB MEKOTPACAEBOT0 3HAYEHHS

y AbGpesuatypa Iudp &
AUMEHOBAHHE CHCTEMBI B 0003HAYEHHH 0603HQQ€HHH
cTaHaapTa
HauuonansHas cucrema cranaaprusaunn PO I'cc 1
Eanuas CHCTeMa KOHCTPYKTOPCKOH JOKYMEHTALHY ECKJT 2
Enunas cucrema TexHonoruyeckoit JNOKYMEHTALHH ECTII 3
Cucrema noxasaresieii KavecTsa NpoayKLHH CIIKIT 4
YHUGHUHPOBAHHAA CHCTEMA AOKYMEHTALIHH yCca 6
Cucrema undopmaunonno-Gubnnorpaduaeckoli CHUBUA 7
JNOKYMEHTalHK
locynapcrsennas cucrema ofecneyenus rcu 3
EIUHCTBA H3MEPEHUI
Cucrema crannaptoB 6e30MacHOCTH Tpyaa CCBT 12
Enuuas cuctema TexHonornyeckod noAroToBky ECTIM 14
NpOM3BOICTRA
Enunas cuctema nporpaMMHbIX J0KYMEHTOR ECNa 19

Vka3aHHBIe CTAHAAPTHl MPH3BAHBI YCTAHABIMBATE HauGojee 3 dexTHBHYIO
T0C/Ie10BATETbHOCTh OPraHU3aLMOHHBIX HIIH TEXHONOTHYECKUX NMPOLENYp B LENAX
obecrieyeHus MOCTaBNEHHBIX Henei. [l A0CTHKEHHS YIOPANOUYEHHOCTH B chepe
obpareHns NpOXYKUMH MOTYT pa3pabaThiBaThCs CTAHHAPTHI MO TPeOGOBAHMAM K
MapKHpOBKE NPOAYKLUMH U Taphl, MPUMEHAEMBIM CHMBOJIaM, CIIOCO6aM YakoBKH.

CTpykTypa HauMOHaNbHBIX CTaHAapToB. Bce HauuoHansHbIe
cTaHapThl PO UMEIOT €MHYIO CTPYKTYPY, KOTOPas BKIIOYAET TAKHE aCMEKTHI:

* 06nacTs pacnpocTpaHeHus;
* COMIEPKATENBHYIO (OCHOBHYIO) YaCcTh CTAHAAPTA;
* HHQOPMALMOHHEIE JaHHLIE,

CTpyKkTypa CTaHAapTOB MOXET OT/IHYATHCA HEKOTOPHIMM MOKa3aTENAMH, OC-
HOBHaA K€ YacTh OCTaeTcA HeusmeHHOH. O6nacTh NpUMEHEHHs NMPHUCYTCTBYET BO
BCeX AoKyMeHTax. ComepxaresbHas YacTbh HAUMOHATbHBIX CTAHAAPTOB BKIIOYAET B
cels knaccudukaumto uaenuii u onpenenexus. CTaHAapTh 06BIYHO CONEPXKAT TeX-
HUYeckne TpeboBaHUA K W3ENHIO, MPABWIA €ro NPHEMKH W METOMIb! MCTIBITAHMil.
HaunonanbHblit cranzapr Moxer colepkaTh Takie pasfiesbl, Kak TpeOOBaHHMA K
KOHCTpYKUHH, MapKHPOBKE, XPaHEHHIO H T. 1. YacTo B CTaHAapTaXx UMEIOTCA MpH-
Noxenus. MHGOpMaLMoHHbIe JaHHbIE PACIONAraloTcs B KOHLE OMHCAHHUA.

Obnacmo  pacnpocmpanenun cmandapma — OGBEKTHl CTaHIAPTH3ALMH,
o0beIMHEHHbIE EAMHCTBOM TPeGOBaHWH AHHOTO CTaHAapTa. JIns MpaBHILHOTO
MPHMEHEHHA CTAaHAAPTA BAXKHLI YETKOCThL M3NOXNKEHHUA U OJHO3HAYHOCThL MOHHMa-
HUsA 0611aCTH €ro pacnpocTpaHeH:s.

460



Codepoicamensnas (0cHosnas) wacme cmanoapma conepxutr TpeGoBaHns K
00BEKTY CTAHAAPTH3ALIMH K 32BHCHT OT €ro Ha3HauYeHHs W BHAA.

Hugpopmayuonneie dannvie — wHbOpMaLMa 0 pa3paboTuHKe H HCMOMb3Ye-
MO#H nHTeparype.

Bunsl cravpaprtos. Bud emandapma — xnaccupuxauMoHHas rpynna
CTaHIapTOB, BhiENEHHasA N0 00beKTaM H TeMaTHKaMm cTaHaapTH3auuu. B cootser-
CTBHHM C €AMHON TOCYIapCTBEHHON CHCTEMON CTaHJapTU3auMyu H (eue AeicTayio-
WM, HO YK€ HaXOMALIWMCA B CTAlMM W3MEHEHHS C Uenbio cornacoBanua ¢ Pene-
panbHbLIM 3aKOHOM «O TEXHHYECKOM PEryjHpOBaHHWY») HAUHOHANLHBIM CTaHIap-
oM 'OCT P 1. 5-92 ycraHoBj€Hb! CNEAYIOIIHE OCHOBHBIE BHALI HALMOHANbHBIX
CTaHIaPTOB: OCHOBOMONATAIOIINE; HA MPOMYKLHIO M ycIyry; Ha pabotsl (mpouec-
CBl); HAa METO/bI KOHTPOA (MCnbITAaHWH, U3MEPEHHH, aHaNu3a).

Ocnoeononazaiowjue cmandapmel YCTaHaBNIHBAIOT 061He OpraHu3auHOHHO-
TEXHUUYECKHE [OJIOKEHUs [UTA onpejeneHHoit o0nacTH AEATENBHOCTH, a Takxke
obwerexHuyeckue TpeboBaHuA, HOPMbl H Npasuna, obecneyrBalOUIME B3aUMOTIO-
HUMaHKe, TeXHHYECKoe EIMHCTBO M B3aUMOCBA3b pa3iu4HbIX obnactel HaykH,
TEXHHKH M MPOH3BOACTBA B MPOLECCaX COIAAHWA M MCNONL3OBAHMA MMPOLYKLHH,
OXpaHy OoKpyxkatoleH cpessl, 6e30nacHOCTb NPOAYKLHH, MPOLECCOB M YCIYT A
JKHM3HH, 30POBbSA, HMYLLECTBA H ApYrHe obueTexHuueckue TpeboBanus.

Cmandapmet na npodykyuio u yciy2u yCTaHaBNHBAIOT TpeOGOBaHHA K Ipyn-
rnam OJHOPOAHOM NPOXYKUMHK H YCITYT WM K KOHKPETHOH NPOMyKUHH U yCiyre.

Cmanoapme: na pabome (NMpouecchl) YCTaHABNHBAIOT OCHOBHbIE Tpebosa-
HuA K MeToaam (criocobam, npuemam, pexkuMam, HOpMam) BBITIONIHEHHA pasfiny-
HOro poxa paboT B TeXHONOTrMYeCKMX mpoleccax paspaboTkH, H3rOTOBIEHWS,
XpaHeHHs, TPAHCMIOPTHPOBAHHA, IKCIUYaTallHH, PEMOHTA W YTHIH3AUHH pasnud-
HbIX BHOB MPOIYKLHH.

Cmandapmel Ha MemoObl KOHMpPOAA YCTaHABIHBAIOT MeToas! (cnocobbl,
TIpHeMbl, METOAMKH ¥ AIp.) MPOBEAEHMS UCTLITAHWMA, U3MEPEHHH, aHanu3a MpoIyK-
UHH MNpH €€ CO31aHHH, CGPTHC])HI(BL[}(R H HCNONB30BAHHHA.

2, lpumensembie B o0NacTH CTAHAAPTH3AUMH npaswia cMaHOAPMUIAYUU,
HOpMbI, pexomendayuu, memoouyeckue W onucameiblble NONOJXCEHUA TpeiHa-
3HAYEeHBb! JU1A YCTAHOBKM MPaBHJI, TPHHLIKIIOB, HOPM, OTHOCAILMXCA K [AEATENLHO-
CTH MO CTaHZAPTH3aLMH, OpraHM3aluu paboT Mo cTaHAapTH3auUMH, paspaboTke,
NepecMoOTpy H OTMEHe CTAHAAPTOB, HX CTPYKTYpe, 3TaNHOCTH pa3paboTkH, MpaBu-
N1aM M3JIOKEHHA H OhOPMIIEHHA.

Ipasuna no cmandapmusayuu, Memponozuu, cepmughpuxayuu u akxkpeouma-
Yuu ABASAIOTCA HOPMATHBHBIMM JI0KYMEHTaMH, YCTAHABIHBAIOWMMHU 00A3aTENbHbIE
1S MPHMEHEHHs! OPTaHH3aLHOHHO-TeXHHYECKHEe W/WIH obueTeXHHYECKHE MoJo-
KEHMA, TIOPAIKH, METO/Ibl BBINONHEHNA paboT B COOTBETCTBYIOIMX 06nacTaX.

Memoduueckoe nonoscenue — MeToAHKa H cnocolb ocyuIeCTBAEHHA npo-
uecca, TOH WIH HHOH ONepalHH, C MOMOLIbIO YEro MOXHO JOCTUTHYTh COOTBETCT-
BHA TpeOOBAHMAM HOPMATHBHOIO JIOKYMEHTA.
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Onucamensnoe nonoswcenue CONEPXHT ONHUCAHHE KOHCTPYKUMH, AeTaneii
KOHCTPYKUMH, COCTaBa HCXOAHBIX MAaTEPHANIOB, Pa3MepOB AeTanel U yacTell usne-
nus (KoHCTpykumn). Kpome Toro, HOpMaTHBHBIH NOKYMEHT MOXET COJAEpXaTh H
3KCIUTYaTallHOHHBIE MOJIOKEHUA, KOTOpbie OMMCHLIBAIOT «MOBEAEHHE» O00beKTa
CTaHAAPTH3ALWH NMPH €ro NpUMeHEeHUW (3kcrutyataumu). B GonsmmucTBE cTpaH
OpraHu3auMa paboT Mo CTaHAAPTH3ALUMH NOCTPOEHA MO MOXOKHM cxemaM. OTiH-
4ue OObIYHO 3aKNTIOYAETCH B CTEMEHW LEHTPATH3ALMHU pa3paboTku cTaHAAPTOB H
YPOBHE y4acTust B HeH KOMMEpYeCKHX H 061eCTBEeHHBIX opranusaumit. Bo MHOrux
CTpaHax TpeGOBaHHA CTAHAAPTOB PErNAMEHTHPYIOTCA HE WA NPOU3BOANMOIi, a
AN noTpebnsemMoit MPOTYKUHK HA TEPPUTOPUH JAHHOTO rocyaapcrea.

Ipasuna crannaprusaumu. OcHOBHbIE pe3ynbTaThl AEHCTBHA CTaHaapTH3a-
UMK OLUCHHBAIOT MO TEM W3MEHEHHAM, KOTOPbIE OHa BHECNA B PasBUTHE HAyYHO-
TEXHHYECKOTO MpOrpecca U XO3AHCTBEHHYIO NEATENbHOCTb. B 3Tux ycnosusx B
METONONIOTHH CTaHAApTU3aUMK KaK MpoLecca ynpaBnenus ocoboe 3HaueHue mph-
obpeTator onpeneneHHbIe NOAXOABL: CHCTEMHbIH aHAMM3 B CTaHAAPTH3ALMH; HayY-
HBbIH TOJAXON B CTAaHAApPTH3ALMM; MPUHLAM TPEANOYTHTENBHOCTH; yHHbHKaLHs,
arperaTHpoBaHHe U CUMIUTH(UKALHA,

CHCTeMHbIl aHANN3 B CTAHAAPTH3AUMM — HaMpaBleHHe MpakTHYeCKoi aes-
TEABHOCTH, B OCHOBE KOTOPOIO JIEXHT PacCCMOTPEHHe OGBEKTOB CTaHAAPTH3ALIMH
kak cucreM. Haubonee npocroe npencramnense o6 ofbekrax cTammapTusaunm
AacT BHI M THN CHCTEMbl OAHHAKOBBIX MM AHANIOFHYHBIX MPEIMETOB W M3MENHil.
Haunnas ¢ npoussosctsa, o6bekTsl CTaHAapTHIALMM YCIOXHAIOTCA 33 CHET
CTPYKTYDPBI ¥ pa3BUTHA CBA3EH.

B obwem ciy4ae cucTeMHbil aHANH3 PacCMaTPUMBAIOT Kak npouece, B pe-
3yNbTare KOTOPOro IMyTeM MOCNeA0BATENLHOTO NPHONIKEHHUS PELIAIOTCA 3a1a4u
YHPABJICHUA, U OH MNPHUMEHAETCA UIA WMCC/ICNOBAHHA CHCTEM, MPENCTABIAIOLINX
coBoif B3aUMOYBA3aHHOE MHOXECTBO 0GLEKTOB CTaHaapTH3aLKWH W Tpebyrommnx
MpeBapuTeNILHOTO ONpeaesneHns uesed, 3aaa4 ¥ HanpasieHui aeicTBHA.

CHcTeMHBI aHANH3 B CTAHAAPTH3ALMH BKIHOHAET Crenytouue oc-
HOBHbBIE MPUHLIUITHI:

* HanpaBlIEHHOCTh Ha BBIABNEHHME LeNeil CHCTEMBI;

* H3YHEHHE IMHAMUYECKOro XapakTepa NMpoUEeccoB, NPOTEKAIOMNX B CHCTEMAX,
MX (yHKUMOHHPOBAHHS H PA3BUTHA,

* MOMCK BADHAHTOB PelleHHs H BLIGOD HAUMYUILEro W3 HHUX;

* OMNpPECICHHE H UCCIEIOBAHHE BCEX CYILLIECTBEHHBIX B3aUMOCBA3EH Kak BHYTpH
CHCTEMBI, Tak M MEKIy CHCTEMOH W BHEUIHe# Cpe/loi, a Taloke BbIGOP YacTHBIX pe-
IIEHAH C YYETOM MX BJIMAHNA HAa CHCTEMY B LIENIOM;

* HAXOX/CHHE ONTHMANLHBIX PELeH il Ha 0CHOBE cpaBHEHHA 3¢ dexTa 3aTpaT;

* YHeT ciiydaiiHo nefcTBytommx GakTopos.

CHCTEMHBI aHANM3 MMEET CCIYFOLUMH NepeyeHb THIOBBIX CTaHJAPTHBIX 3Jie-
MEHTOB: e/, MYTH NOCTIKEHHSA MOCTABNEHHBIX Lenedl, onpenencHue TpebyeMmbix
PECYPCoB H UX pacnpefiesieHHe, MOIENb U KpHTEpHii.

462



TTpOBOAAT CHCTEMHbIH aHAN3 B HECKONILKO 3TAMNOB:

« MOCTAHOBKA 3aaui, BKIIOYAIONIAA OTpE/e/eHHe KOHEUHbIX Lesiel u Kpyra
BOIMpPOCOB, TPEOYIOWMX pelleHHs;

« aHaNM3 YCOBHI, B KOTOPBIX (PYHKLMOHUPYET CHCTEMA, @ TaKKE ONPEAENeHHE
OrpaHH4EHHil, HAKIAbIBAEMBbIX HA YCIIOBHS (PYHKUHOHMPOBAHHA CHCTEMBI;

* onpenejeHue, aHamu3 1 0600IEHHE NaHHBIX, HeoOXOOUMBIX st pelieHus
npoGnembl, U3yHEHHS CTPYKTYpbl aHAIH3HPYEMOH CHCTEMbI, YCTAHOBIICHHE CBA-
3eit, paspaboTka pa3fi4HbIX MPOrpaMm, 06ecneynBaloLHX PeLieHHE 3anaiH;

* MOCTPOEHWE MOMNENH, WIACHTH(HMKALMA CHUCTEMbI, BHIGOP KPUTEpHEB JUA
npenckasaHus mocneacTsuii suiGopa peuieHuit, cpaBHEHUE pasNUiHbIX BAPHAHTOB
PELIEHWH C TOUKHM 3PEHUSA ITHX MOCNeCTBUH;

» pa3paboTka peKOMeH1auuii N0 CO3AaHHI0 MPOEKTa CTaHAapTa,

« NOTBEpKIEHNE (IKCTIEPHMEHTAIbHAA NPOBEPKA) PHHATHIX PELLEHNH;

« OKOHYATENBHBIH BHIOOP ONTHMANLHONO pEILEHHs 3a1ay¥ Ha OCHOBE 3KC-
MepUMMEHTAIBHOM MPOBEPKH MPUHATOTO PELUEHNS,

* peanu3aiys IPHHATOrO pelleHus (YTBepkIeHHE craHjapTa).

Hayuusiit NoOAX0J B CTAHIAPTM3ALMH OCHOBAH HA TOM, YTO OCHOBHBIE
NoKa3aTeNny, HOPMbI, XapaKTepuCTUKK M TpeGOBaHHs, BKIIOYAaeMbie B CTAHIAPT,
JIOJYKHBI COOTBETCTBOBATH MEPEIOBOMY YPOBHIO HayKH ¥ TEXHHKHM H OCHOBBIBATHLCA
Ha pe3y/LTaTaX HayqHO-HCCIEN0BATENBCKHX H OMbITHO-KOHCTPYKTOPCKHX pabor.

puHUMD NPEeANOYTHTENbHOCTH MCHONB3YIOT NpH paspaboTke
CTAH/JIaPTOB Ha W3Je/us WIRPOKOTO NPUMEHEHHA, PEIIEHHH 3a/a4 palHOHANLHOTO
BHI60PA ¥ YCTAHOBJICHHS MPajalinil KOMMYECTBEHHBIX 3HaUCHUH NapaMeTpoB H3e-
Wi, MPOBEAEHNH YHUGHUKALMH, THIU3AUMMA U TOHKEH OCHOBBIBATECA HA MCMONb-
30BaHUM PALOB NPEANOUTHTENBHBIX YHCe. YCTAHOBNEHHE HA OCHOBE PANOB Mpea-
MOYTHTENBHBIX YUCEN PSAOB NAPaMeTpoB, C OHOH CTOPOHBI, MPENATCTBYET HEOM-
paBJaHHOMY PACUIMPEHHIO HOMEHKIATYphl W THIOPa3MEpOB pa3pabaTbIBaeMBbIX
W31enuii, a ¢ Apyroit — r03BOJIAET YCTAHOBHTH TEXHHKO-IKOHOMHUHECKHE Xapak-
TEPHCTHKH, COOTBETCTBYIOLIUE COBPEMEHHBIM TPeOOBAHMAM, a TAKKE yHECTb nep-
CMEKTHBY COOTBETCTRYIOIIMX BUIOB MPOIYKLHH.

CyTh MapaMeTpHYECKOrO MOAX0AA B CTAHAAPTH3ALMH 3AKITIOUEHA B TOM, YTO
napaMeTphl M3[ENHii MAacCOBOTO MPOW3BOJCTBA YCTAHAB/IMBAIOT MO OTPCACNEHHBIM
MPaBHIaM Ha OCHOBE PAIOB MPEATIOYTHTE/bHBIX YHCEIL. ITpakTHYeCcKH BCE CHCTEMBI
COFNIACOBAHMSA MMAPaMETPOB CTPOATCS HA TPEX OCHOBHBLIX MPaBH/IaX:

* NPONOPYUOHATLHOCU — NApaMETPBI obbekTa NpoMnopLHOHATLHEI ONHOMY
[IaBHOMY NapaMeTpy;

= godumusHocmu — rapameTpsl 00bEKTA YKIaAblBAKOTCA B PAAbl HUCET, obpa-
3yeMBIX MyTeM TIOCAEI0BATEILHOTO CIOKEHHSA;

* MYToMUNTUKAGMUEHOCMU ~— TIapaMeTpLI obbekTa yKnaablBalOTCA B pAdbl H4H-
cen, 06pasyeMBIX MyTeM YMHOXEHUA Ha NOCTOAHHBIH MHOXKHTE/D.

IMpoananusupyem Gonee noapo6HO MPHHLIKI NPEATIOYTHTENBHOCTH, 3aKIO-
yatoluit B cefe TEOPETHYECKYHO OCHOBY CTAHAAPTH3ALMM — CHCTEMY NMPEANOuTH-
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TebHbIX uncen. COMAcHO NPUHUKITY NMPEANOYTHTENLHOCTH HEOBXOAMMO YCTaHO-
BHTb HabOp ycmanoenennvix sHavenuil NapaMeTpos, YAOBNETBOPAIOWIHNX CleaYIO-
MM TpeboBaHUAM:

* MPeNCTaB/IATs PAUMOHANBHYIO CHCTEMY rpajaumii ¢ ydetom morpeGHocTel
NPON3BOACTBA W IKCIUTYaTALIHM;

* UMeTh GECKOHEYHO® YHMCIIO BO3PACTAIOUIMX (T YOIBAFOIIMX) 3HAYEHMIA,

* BKJIIOYATL BCE ICCATHYHBIE 3HAYEHHA MOGOT0 YHC/Ia M EAMHHLLY;

* 6BIT MPOCTBLIMHU H JIETKO 3ANIOMHHAIOLINMHCS.

Psdel  npednoumumenvuvix wucen. CranpapTusyeMble nokazaTesii  Ho-
MEHKJIaTYPhl U3NETHH UMEIOT YHCIIOBOE BhIpaXeHHe H 06pasyloT B onpeneeHHbIX
AHana3oHax MOC/NeAoBaTeNbHOCTh YHcen. [lpu cTanpapTH3aumu BCIO COBOKYM-
HOCTb MOKa3aTeNeil NPeACTaBAfIOT B BHAE MAaTeMaTHYECKHX PALOB, YTO CNOCOOCT-
BYET COKPALIEHHIO HOMEHKNATYPbI H3AENHH, SKOHOMHH PECYPCOB M T. .

B P® peiicTByeT cucTemMa npeanouTHTENBHBIX YHCEN (cucrema pexomeHmo-
sava MCO), ycranasnmsaiowas NpeAnoYTHTENbHbIE YUCAA W PAIBI NPEAMno4TH-
TeABHBIX uHcen (panst R). CneumansHble HCCNe0BaHUS NOKA3any, YTo Haubosee
ONTHMANBHBIMU SBJIAIOTCA PA/ibl, IOCTPOEHHBIE NO MEOMETPHYECKOH NPOTPECCHH.
[penmyiecTBO reoMETPUUECKON NMPOrPECCHH COCTOMT B TOM, YTO B MOBOM MH-
TepBajie NPOLEHT YBeNUYEHUS BEJHYMHE] YHCNA ABNAETCA HEM3MEHHBIM: HEAOCTA-
TOK — BCe €€ UjieHbl 00A3aTeNbHO OKPYIIAIOTCA.

Ilycte MMeeTcs reoMeTpHueckuit P, B KOTOPOM Kod(OHUHEHTH! @y, @,

++s @i ..., Gy — YNICHBI NMPOTPECCHH. B psAme, NOCTPOEHHOM HA OCHOBE reoMer-
PHYECKOH MpOrpeccuu, MOCTORHEH €€ 3HaMeHaTeNb W, T. €. OTHOLICHHME MOoCHe-
OYIOLIETO Y/IEHA K MPEeabIIyIIEMY:

w=a,.,/a,.

Kaxxaerit nocnenyrommit unen paja apnsercs NMPOH3BEAEHHEM MPEIbIIYINErO
"JICHa Ha 3HAMEHATeNh pAaa w H M0O0H /i~ Y/leH reOMeTPUYECKOH Nporpeccuu:
a;=aw"™
Hanpumep, npu sHavenuax a,= 1, w = 2 umeeM reoMeTpHueckuii panl, 2,4,
8,16, ...,anmpuw=14 —panl;1,4;2;28, ...
Psllbl, MOCTpOeHHBIE Ha OCHOBE reoMeTpuueckoit Mporpeccuy, oGnanaloT
CIIEIYIOIIUMH CBOHCTBAMH:
* MPOM3BENEHHE HITH YACTHOE KaXAbIX JIOOLIX W3 ABYX €ro 4ICHOB ABIAETCH
YNeHOM pAna;
* mo0OoH uJieH paaa, BO3BENEHHBIH B LENYIO NONIOKHUTENEHYIO CTENEHb, TaKkKe
ABJIACTCA YNIEHOM 3TOTO pana.
M3 3THX CBOHCTB Crieyer, 4To 3aBUCHMOCTH, ONpeenseMbie U3 NPOH3BE/e-
HHIt YIEHOB PANA WK UX CTEMeHel, BCerua noqyrHHAITCA 3aKOHOMEpPHOCTAM 3TO-
ro paga. Tak, Hampumep, npu BLIGOpE AMH CTOPOH MPAMOYTONBHMKA M3 pAia
NIPEATIOYTHTENBHBIX HHMCEN, ero Tiolaae OyleT 4aeHoM 3Toro paja.
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Menee ynoOHbI NpHMeHAEMblE HHOTAA PANBl, MOCTPOEHHBIE HAa OCHOBE
apudmernyeckoit nporpeccuu. B apudmerHueckoi MporpeccHy pasHOCTh MENILY
€€ COCEIHHMH YJIEHAMH MOCTOAHHA H Moboi unen

a,= a, + b(n 1),
r/ie @, — TNEePBbIi 4ieH MPOrpeccHu; b — pasHOCTh MPOrPECCHH; 11— HOMEP YiIeHa.

B uactHocTH, nocnenosarensHocTh uucen 1, 2, 3, 4, 5, ... npencrasnser
apudpMeTHIECKYIO MPOrpeccHio, BO3PacTaloyIO ¢ pa3HOCThIO 1.

HecmoTpsa Ha npocToTy, pAlbl MPeANOYTHTENLHBIX YHCEN, MOCTPOEHHBIE Ha
OCHOBE apH(MeTHYeCKO#H NMPOTPECCHH, UMEIOT HEJOCTATOK — HEPABHOMEPHOCTh
pAfa, orpaHHYHBaIOLIMI WX NpHMeHerKe. Tak, B MpHBENEHHOM! NOCe10BaTeIbHO-
CTH C pa3HOCThIO | Bropo# uneH paaa npessiaer nepssidt Ha 100 %, pecatsii
Gonbmie aesatoro Ha 11 %, a coteiit Gonbiue AeBsHOCTO AeBATOrO Beero Ha | %. B
pesynesrate Gonbmue YUCHA CAEAYIOT JPYr 3a APYroM C O4eHb MalbiMH HHTEpBa-
NlaMM, 4TO He BCEr/a 3KOHOMHYECKH ONpaBAaHO M paunoHansHo. g yerpaHeHus
3TOTQ HEMOCTATKa MCMOB3YIOT CTYMEHYAThIe PAAbI, COCTABIEHHBIE U3 OTPE3KOB
apuMETHYECKHX PALIOB C PasTHYHLIMH pasHocTAMH. [To Takomy mpuHUMITY MO-
CTPOEH pAA HOMHHANOB MoHeT Poccuu — 1, 2, 5 pyGneit.

MexayHaponHOl opraHusauMedi No CTAHAAPTH3AUMKM PEKOMEHAOBAHO A
MOCTPOEHHSA PAJIOB MPEANOYTHTENBHBIX YHCEN HA OCHOBE reOMETPHYECKOH Nnpo-
IPECCHH HCMOML30BaTh TaKHE PAJIBI, B KOTOPBIX MPOHCXOANT AECATHKPATHOE YBE-
JIHYEHHE KaX/O0ro cliemytollero n—-ro wieHa. Hanbonee ynoOHLIMHM Ana NPaKTHKH

GbmM NpU3HAHDBI PANLL, Y KOTOPbIX MEPBbIA 4ieH @, = | U 3HAMEHaTENb W = m

CranaapToM YCTaHOB/IEHO YeThIPE OCHOBHBIX PAAA MPeANOYTHTENBHBIX YH-
cen, obosHayaempix R 5, R 10, R 20, R 40, v onun aononuutensHeiil R 80, 3Have-
HHA W JUIAl KOTOPBIX COOTBETCTBEHHO PaBHbI:

RS —w= 310~1,6; R10 — w=W10=~125:
R20 — w=10~1,12: R40 — w= Y10~ 1,06:

R80 — w=%10=~1,03.

PAnpl NpeanouTHUTENBHBIX YMCEN, NPUBEAEHHBIE B CTAHAAPTE, BKNOYAIOT WX
3HadeHus ot 0 1o oo, nosyyeHHblE 1A BETHYHH @), Nexalux B uHtepsane | <a < 10.
Jina nepexosa OT 4Kcen 3TOro HHTepBana B moboit Apyroil necaTHUHbIH HHTEpBAN
HeoOX0MMO YMHOXKHTE COOTBETCTBYIOLIEE HHCIIO HA 10%, rae k — uenoe nonoxu-
TENbHOE WM OTpHLATeNbHOE Yueno. Hanpumep, npu k = 1 Bce yucna paja nepeii-
nyT B uuTepsan 10 <a < 100, anpu k=1 — B uareppan 0,1 < a < 1.

JlomyckaeTcs MCMONb30BaTh M MPOW3BOMIHLIE PAlbI, KOTOpbIe 00Opa3syloTes n3
OCHOBHBIX IMyTeM 0TOOpa KaXKA0ro BTOPOro, TPETHEro WiH B oDlIeM ciyyae Kak-
JI0r0 1-ro 4ieHa pana. B yactrocTH, paa, o6o3nayenHsiit R 40/5, pkniovaer B ceba
Ka[plit nATeIA uieH paaa R 40. B ocHOBY NOCTPOEHHA MPEANOYTHTENBHBIX YHCEN
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P® nonoxen pan R 40 ¢ napamerpamu ot 0 no 10. Kpome panoe R ans Bbipase-
HHA YHCIIOBBIX TAPaMETPOB pANA DEKTPHUYECKHX BEJIWYHH HMCIONB3YIOT YHCIA,

NoCTpOEHHbIe 10 pAfaM, pekomeHayeMmbix MOK. Ing vux (panel £) w = mu
n=3,6, 12, 24, [lpuMepoM NpUMEHEHHS PAAOB E MOTyT CIYXKHUTb AL HOMH-
HaLHLIX 3HAYEHUH COMPOTHBIIEHHA PE3HCTOPOB M EMKOCTEH KOHIEHCATOPOB.

Iapavempuyeckue padsi. JIna palHoOHaNbHOrO COKpalleHHA HOMEHKIATYpbl
W3l HeoOXOAWMbI CTAHIApTHl Ha WX NapameTpuueckue panbl. CraHzapTel
JlaHHOTO BM/A HanpaeieHb! Ha COKpalleHHe 10 Lenecoofpa3’Horo MUHUMYMa KOH-
KPETHBIX THINIOB, BUIOB U MOJeNel H3aennil.

INMapameTpHueckHe pazbl CTPOATCA MO OCHOBHBIM napametpaM. [IpH KX Bbi-
Oope crieyeT pyKOBOACTBOBATLCA CEAYIOLUMMH MPHHLHNIAMH:

* HOMEHK/IATYpa OCHOBHBIX MApaMeTpoB A0JKHA ObITh MUHHMATLHOH, 4TOObI
HE OTpaHMYHBaTh MPOLECC COBEPIUCHCTBOBAHMA KOHCTPYKLUMH M TEXHONOTHH M3-
FOTOBJIEHHSA H3JENHI;

* [IapaMeTpsbl, BKJIOYAEMbleé B HOMEHKIATYpy OCHOBHBIX, JO/KHbI ObIThH CTa-
OMIBHBIMH, T. €. OCTABaTHCA HEM3MEHHBIMH NMPH KOHCTPYKTHBHBIX MOIH(pHKALMAX
H TEXHHYECKOM YCOBEpPILEHCTBOBAHHH;

* OCHOBHBIE MApPaMeTpbl HE JAOMKHBI 3aBHCETh OT YacTO H3MEHAEMbIX (hakTo-
POB: TEXHONOIHH M3TOTOBIEHHA; MPUMEHAEMBIX MATEPHANIOB H T. I

Ipu mocTpoeHuu U BeIOOpE MapamMeTpPHYECKHX PANOB Ha KOHKPETHBIH napa-
MEeTP CYLUECTBYIOT B OCHOBHBIX MeToja 00OCHOBAHHA: TEXHUYECKOE W 3KOHO-
mudeckoe. [IpH Wcnonb3oBaHMH MeTO/A TeXHHYeCKoro obocHoBaHHA 3aaya CBO-
OMTCA K TOMY, 4TOOBI MOCTPOMTH PAA HA NapameTp M3Aenui, KOTOpbi Moxker
6bITh QYHKUHOHANIBHO 3aBHCUM OT ApYroro napameTpa ¢ 3aJaHHbIM [apaMeTpH-
YEeCKHM pAZOM. ITOT e METOJ JO/MKEH WCIONL30BAThCA B CNy4asX, Korjga napa-
METp aHAJTH3MPYEMOro H3eNHA CBA3AH MO (PYHKUMOHANLHOMY MW IKCIUTYaTALH-
OHHOMY Ha3Ha4YEHHIO C NapaMeTpaMH APYroro U3aeusd, paj Ha KOTOpbIN 3a1aH.

Tunuzayus 06vekmos cmanoapmuzayuu — AEATENbHOCTL N0 CO3AaHUIO TH-
noBeIX (00pa3uoBLIX) OOLEKTOB — KOHCTPYKUMI, H3NENui, TEXHONOTHYECKHX
npasun, Gopm aokymentauuu, Ilpu 3TomM oTobpaHHble 06beKThl NMOABEPraloTCA
KakUM-THB0 TEXHHYECKUM NpeoOpa3oBaHHAM, HaNpaBAEHHbIM HA MOBbILIEHHE MX
KauyecTBa, HAMEKHOCTH H YHHBEPCASIbHOCTH.

VYHudHuKkauua — feaTeNbHOCTb MO PAaLHOHATEHOMY COKpALUEHHIO KONH-
YecTBa THIOB JeTanei, arperatoB OAHHaKOBOro (GyHKLUHOHANLHOrO Ha3HAYEHUA
HaselBaeTca YHH(MKauueil npoaykumu. Jia palMOHANBLHOTO COKpALIEHWA HO-
MEHKJIaTyphl H3TOTABIMBAEMBLIX W3JeNMH NPOBOAAT MX YHHbMKaumio W paspaba-
THIBAKOT CTAHAAPTH HAa NMapaMeTpHYECKHe PAAbl M3JENHH, YTO MOBBILIAET CEpHIi-
HOCTb, CIOCOBCTRBYET ClELMaTH3aLMKY MPOU3BOACTBA U yTydlieHHo kayecTra. [lo
CyLiecTBy YHH(MKALMUA 3aKT04aeTCA B PALMOHANLHOM COKPALIEHHH YHCA THIIOB,
BHIIOB H pa3MepoB 0OBEKTOB OJHHAKOBOTO (YHKIHMOHANBLHOrO Ha3HAa4YeHHA M Ha-
MpaBjieHa Ha YMEHbILIEHHE KONMYECTBA PasHOBMAHOCTEN MyTeM KOMOMHHWPOBaHMA
nByx unu Oonee pasHoBuaHoctedl. Hanbonee wacto obbekramu yHUDMKALMH AB-
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NSIOTCA OTHENbHBIE W3JENHs, MX COCTABHBIE YACTH, NETANH, KOMIIEKTYIOUHE
sneMenTsl. [IpOBOAAT YHU(HKALMIO HA OCHOBE aHaNH3a KOHCTPYKTHBHBIX BapHaH-
TOB M3AENMIA, MX MPUMEHAEMOCTH, TyTeM CBeleHHs ONM3KMX MO Ha3HAueHHIo,
KOHCTPYKLIMM ¥ pa3MepaM H3fenuit, uX COCTaBHBIX yacTel W neTajiei K eaHHoi
THNOBOIH KoHCTpYKuuH. [Ipu HeoOXOAMMOCTH B KOHCTPYKIMIO YHHHULHPYEMBIX
W3JeNmil M MX 2/1EMEHTOB BHOCAT TEXHHYECKME YCOBEPLIEHCTBOBAHHA H I0PabOTKH.

ArperaTupoBaHHue— METOJl CO3laHus MallikH, 000pYOBAHNUA H MpH-
6OpOB M3 OTHENbHBIX CTAHOAPTHLIX YHU(DHLMPOBAHHBIX arperaTtos (aBTOHOMHBIX
Y3110B), MHOTOKPATHO MCTIONb3YEMBIX MPH CO3JaHHU PasHOOOPasHEIX u3zienuit u
YCTaHABJIMBAEMBIX B HHX B Pa3HYHOM KOJHHECTBE H Pas/IHBIX KoMOMHaLMAX HA
OCHOBE reOMeTPHUECKOi 1 (hyHKLMOHANbHO B3anMo3ameHseMoCTH. Kak nokassi-
BAET OMBIT MPOMBILUIEHHOCTH, KOHCTPYKUHH GONBUIMKCTBA MAWMH, 060pynoBa-
HUA, NPUBOPOB W APYTUX M3Jenuil MOryT ObITh pacuieHeHs! Ha HECKOIIBKO aBTO-
HOMHBIX arperatoB (y3;0B). PacunieHeHHe MALIHH NPOM3BOAAT Ha OCHOBE CTPYk-
TYPHOTO aHaiW3a WX COCTABHBIX HacTed, MO3BOMAOMIErO BBLACTUTL ABTOHOMHBIC
(yHKUMOHANIBHEIE Y3/Tbl (arperaThl) ¢ y4eTOM NPHMEHEHHS HX B PAAC APYruX Ma-
wHH. 3areM arperatsl YHU(QULMPYIOT, CTAHAAPTH3YIOT, H OHH MOTYT COCTABIATEH
KOHCTPYKTHBHO-YHH(PUUMpPOBAHHEIE (TumopasmepHbie) pAmbl. Arperathl W3-
FOTABNUBAIOT HE3aBHCMMO OAMH OT APYroro, H OHW 06najaloT MonHoH B3a-
MMO3dMEHAEMOCTBIO TIO BCEM JKCIUTyaTallMOHHBIM TOKasaTeNsM M Npucoe-
JMHHTENBHBIM pasMepaM. COopka 3THX arperatos JOJkHA ObITh MPOCTOH M Ha-
IexHOM (C MOMOIIBIO Pa3beMHbIX Pe3b00BbIX, WTHLEBBIX H APYTHX coeuHEHUH).
Tocne c60pky MauMHbl 0G0PYIOBAHHE WM MPHOOPD! AOMKHbI obnanare Tpebye-
MOii MPOYHOCTBIO, HANEKHOCTHIO, AONTOBEYHOCTBIO, KECTKOCTBIO, BHOpOYCTO#-
YUBOCTBIO M MMETH ONTHMANBHBIE MOKA3aTeNN KauecTBa, ONpeAciieMble HX SKC-
nTyaTaluHOHHBIM Ha3HaueHHEM.

Cumnnudpukauus — dopma CTaHAAPTH3AUMH, 3aKIIOHAIOUIAACA B
YMEHBILIEHWH KOJWYECTBA THTIOB WM APYTHX pasHOBUAHOCTEH u3nenuit 1o 4Mcna,
[OCTATOYHOTO Ul YIOBJETBOPEHHS CYIIECTBYIOUIMX B [JaHHOE BpeMs notpe6Ho-
creit. TIpH CHMILTHHMKALIMKM OCTABNAIOT TOJLKO T COCTABHbIE YACTH W NETaNH, KO-
TOpHIE CUMTAIOT HEOOXOAMMBIMM. B 0GBEKTEI CUMIIMGHKALMA HE BHOCAT KaKHX-
MO0 TEXHHYECKHX YCOBEPIIEHCTBOBAHHIA.

Cnenuanusaunus NpOU3IBOACTBA —  OpraHW3alHOHHO-
TEXHHYECKHE MEPONIPUATHA, HANPABIEHHBIE HA CO3JaHUE TEXHONOTHH MO BIMYCKY
ONHOTHMHOM NPOLYKLMK B KPYTHOCEPHITHOM MaciTabe Mpy HAWTYHLIeM kauecTse
1 MUHMManbHO# ceBectoumoctH. [Tpn paccMoTpeHHH OOBEKTOB CTaHIAPTHIALMHA
pa3NUYalOT NPEAMETHYIO, MONEIIBHYIO H TEXHONOMHYECKYIO BH/bL CrieLHANH3AUMH.
B 3aBHCHMMOCTH OT 006/1acTH pacnpoCTpaHeHHs crielHanH3aLHs OblBaeT MEXKIyHA~
pOMHO#H, MexXOTpac/eBoil u oTpacieBoii. B nocneauue roas! oco0BIM cTpareriye-
CKHM HampaBieHueM Pa3BHTHs TEXHUUECKMX CUCTEM CTalOo MOOYIbHOE gopmupo-
ganue mexnuxu (M®T), spasiomeeca Bbiciedl GOpMOH CTaHIApTH3ALIMH. CyTs
M®T — KOMIIEKTOBAHHE CIOKHBIX KOMIIEKCOB ¢ GonblIMM pasHooOpasheM

30* 467



XapakTepHCTHK H THNOPa3sMEpOB W3 OJMHAKOBBIX MEPBUYHLIX (THHOBBIX WK
CTaHAApPTHBIX) OGIIMX MEeMEHTOB-MOIYNEH.

Pexomendayuu (P), B TOM uncne u MexrocynapcreeHHsie (PMI), no mexnu-
YECKOMY Ppe2ynuposanuo, CmaHoapmusayuu, Mempono2uu, RnoOmEepICOeHUI
coomsemcmeus, cepmugukayuu u axkpeOumayuyu SBISIOTCA HOPMATHBHBIMHU
NOKYyMEHTaMH, COAEPKAUMMH 106pOBO/IbHbIE 11 MPUMEHEHUS! OPraHU3aLHOHHO-
TEXHHYECKHE W (WIH) OOLIETEXHUUECKHE MOJOKEHHA, MOPAIKH, METOIbI BBITION-
HeHuUs paboT, a Takke peKOMEH/TyeMbI€ NPaBUIa UX BBITOIHEHHA.

lIpasuna (IIP) no cmandapmusayuu, memponozuu, cepmugpuxayuu u axxpe-
Ooumayuu — HOPMATHUBHbIE JOKYMEHTBI, YCTaHABINBAIOINE 006A3aTENbHbIE IS
NPUMEHEHHA OpraHH3aUMOHHO-TEXHHYECKHE W (HTH) obleTEXHUYECKHE MONOXKe-
HUA, OPAAKH, METOBI BLITIOJIHEHHUA PaboT B COOTBETCTBYIOLIMX 06NacTaX,

Memoduueckue uncmpyxyuu (MH) n pykoeodsuue doxymenmsi (PI1) aBns-
0TCA HOPMATHBHLIMH JOKYMEHTaMH METOAMYECKOrO COAEPXaHusA, paspabaTeisa-
I0TCA OPraHH3aUMAMH, MNOIBENOMCTBEHHBIMU PeaepantbHOMY areHTCTBY MO TeX-
HUYECKOMY PEryNHpOBaHHIO U METPONOTHH.

3. HopmaruBHble JOKyMEHTH! MO CTAHAAPTH3ALMH COAEPHKAT TakikKe npUme-
HAGMBbIE B YCTAHOBJICHHOM MOpsaKe KnaccHduUKaluy, obmepoccuiickue KnaccH-
(HKaTOPBI TEXHUKO-3KOHOMHYECKOH M COLMAIBHOIM uHopmaunn. Obwepoccuii-
CKUll KNACCUPDUKAMOP MEXHUKO-IKOHOMUYECKOU U COYUANbHOT UHGOpMayuu —
O(uUMANBHBIH NOKYMEHT, MpeACTaBAstouHit cobol cHCTEMaTH3UPOBaHHBIH CBOJ
HaMMEHOBAHHH M KOJOB KIacCH()UKAUMOHHBIX IPYNNUPOBOK M (WIH) 06BEKTOB
Knaccuukauuy B 061aCTH TEXHMKO-IKOHOMHYECKOH H COLMANBLHOMN uHpopma-
unn. Ha Gase cuctems! knaccudukalmy u kiaccu(puKaTopoB CO3AAIOTCS rocynap-
CTBEHHBIE HH(OPMALMOHHBIE CHCTEMbI, HH(OPMALMOHHBIE pECYPCHI, OCY-
IECTBIIAETCA MEeXKBEIOMCTBEHHBIH 00MeH HHbOpMaLmeii,

Knaccughuxayun — pasjienesne 3alaHHOTO MHOXECTBA Ha MOAMHOKECTBA B
COOTBETCTBHM C NPHHATBIMK MeTolamu Knaccuuxauuu. Llensio knaccudukaumn
ABJIAETCSA PACMONOXKEHHE NMPEAMETOB, ABNEHWH WM MOHATHIA MO Kiaccam, Moj-
KjlaccaM M paspaiaM B 3aBHCHMOCTH OT MX OOIMX MPHU3HAKOB, T. €. CO3laHHE CHC-
TEMbI COMONYHHEHHBIX 0OBekTOB. Yame Bcero knaccHHKaumio NPOBOAAT MO
IecATHYHO# cucTeme.

B knaccudukalny ycTaHOBNEH NPHHLMI NOCAEN0BATENLHOMH KOHKPEeTH3aLHH
KJIaCCHMKALMOHHBIX TPYNMUPOBOK. Bes Bbilyckaemas B CTpaHe NpOAYKLHA
noxpasaenserca Ha 100 k1accoB B COOTBETCTBHH C OTPAC/AMM NPOM3BOACTEA H
KOHKDETH3HPYETCA M0 CBOWCTBAM W Ha3HA4YeHWIO NpPOAYKUMH. 3areM KaKmblii
knacc penures Ha 10 moaknaccos, kaxasiid nogkmace — Ha 10 rpynm, kaxmas
rpynna — Ha 10 noarpynn u kaxpaas moarpynna — Ha 10 pugos. Kaxawiii eun
MOXET BKIO4aTh 10 9999 KOHKPETHBIX HaWMeHoBaHuil npoaykuuu. Tepeuncnen-
HBIE CTYNEHH AC/ICHUS TIPOAYKIHH MCIIONB3YIOT A1A KOAHPOBAHHMSA IPYNMOBOH HO-
MEHKNaTyphl npoftykuny. Ha ee ocHose cosnan obuepoccuiickuii knaccudukarop
NpOAYKUMH. YHUBepcanbHas aecaTH4Has knaccudukauus (YIK) npunsata B kaue-
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CTBE MEXIyHAPOJHO# CHCTEMbI pyOpHKaUHi WHACKCAMH TEXHUYECKOH M TyMaHH-
TapHoii nutepatypbi. Hanpumep, YIIK 62 — texuuka; YK 621 — obuiee mawu-
HOCTPOEHHE H NEKTPOTEXHHKA H T. IT.

B 3akoHe He oTMeueHsl Texauyeckue ycnosus (TY). Texnuyecxue ycnoaua
— HOPMATHBHO-TEXHUYECKHA JOKYMEHT MO CTaHapTH3ALWH, yCTaHaBAMBAOLLHA
KOMTIeKe TpeGoBanuii kK KOHKPETHBIM THTIaM, MAapKaM, apTHKYy/1aM nponaykuud, B
TV conepxarcs TpeGoBaHHs K MOKa3aTeNAM kauecTsa B COOTBETCTBHH C YCIIO-
BMAMHM M PEXMMOM KCTUTyaTalli MpOIYKUHMH, B TOM HHCIE TpeboBanus, npeny-
cMATpHBAIOLIME pasNMyHbie YoOCTBa A 06CITy)KMBAHNA W PEMOHTA H3JenuH,
nossimenye ux GesomacHoctu. TY paspabarsiBacT W3rOTOBHTENb, KOTIA HalHo-
HanbLHBIH CTAHAAPT HIN CTaHAapT OpraHu3alli Heuefiecoobpa3eH, uiu Heobxo-
MO JIOTIONHHTS WK Y)KECTOUUTh TpeGoBaHMs, yCTAHOBJICHHBIE B FOCTax.

Crartyc, dopma 1 conepxanue TY yCTaHABIMBACTCA 'OCT P 2.114 u npa-
BWIAaMH MX cornacopanus u yreepxnaenus (ITP 50.1.001-93). Tpebosanus K HX
COTNIACOBAHMIO M YTBEP)KACHHIO HE PErNAMEHTHPYIOTCS CTaHAApTaMH I'CC, Ho no
TOCT P 1.0-92 TY, Ha KOTOpbIe JAIOTCsA CChUIKH B KOHTpaKTaX, NPUMEHSIOTCH
KaK HOPMATHBHbBIE IOKYMEHTBL.

B TV BXOAT BBOAHAS YacTb W TAKHE PA3fieNibl: OCHOBHbIE MapameTphl H
(unu) pasmepsl; TEXHHYECKNE tpebosanud; TpeboBaua Mo 6e30nacHOCTH; KOM-
[UIEKTHOCT; MpaBiia MPUEMKH; METOJB! KOHTPOJA (McTibITaHHMI, aHanu3a, U3Me-
pewuil); NpaBWia MapKMPOBKH, TPAHCMOPTHPOBAHKA H XpaHeHHs; yKa3aHua no
3KCIUTyaTalMM; TAPaHTHH H3rOTOBHTENA. O6o3navenua TY npHCBaWBaeT paspa-
GOTUHK TPOAYKLIMM H OHO COAEPHKHT: HHACKC TV ueTbipexpa3pAaHbI# k01 Kracca
nponykunn no OKIT u pa3sfeneHHbIil THPE Tpexpa3pAaHbIi perucTPaLHOHHBIMA
HOMep; Kak NPaBUIIO, BOCBMHUPA3PAAHbIH KO NPEANPUATHA 11O OKIIO, asnsamoue-
roca iepxareneM NOMTMHHUKA, W JIBE MOCNCAHHUE uMdpsl rofa yTBEPKACHHA 10~
kymenTa (Hanpumep: TY 2145-170-34267369-99, rae 2145 — rpynna npomyk-
muu no OKII, 150 — Tpexpa3spAnHbif pErHCTPaLMOHHBIH HOMEP, 34267369 —
xox npeanpusta no OKIIO, 99 — roa yreepxenns). ITpoextsl TY nepen yT-
BEpKAEHHEM COT/IaCOBLIBAIOTCA C noTpeGUTENsMH WIH 3aKa34HKaMH MPOYKIUMH H
[PYTHMH 33MHTEPECOBAHHBIMHM OpraHH3alUAMH. [lpu 3TOM TpoBepsAeTCcs, He NMpo-
THBOpEYAT JIH OHM AEHCTBYIOUMM B CTPAHE cranmapram u apyrum TY. Vreep-
snaer TY msrorosutens (pa3paboTyHK TEXHHHECKHX ycnoBuit), Kak MPaBwio, oe3
orpaHHyeHus cpoka aeficTeus. OrpaHUyeHHE CpoKa neiicteua TY ycraHaBnuBaioT
[10 COTJIACOBAHHIO C MPeANMpHATHEM-3aKa3uHKOM (notpebutenem). Ilocne yTBep-
xnenna TY mouiexat rocy1apCTBEHHOMN Y4ETHOH percTpauuH.

4. O6BbeKTaMH cmandapmos op2anu3ayuii MOTyT GbITh XapakTepUCTHKH MPO=
YKIMH, 2 TaKKe MPUHLMIILL, HOPMbI H MpaBua B obnacTy opraHu3aumy pasind-
HBIX CTOPOH AEATENLHOCTH OpraHu3alHH. 11lupokoe MPUMEHEHHE ITH CTaHAAPTEI
MOMYYWIN B Hallel CTpaHe ¢ CepeaunHbl 80-X rofoB NpOLLIOTO BEKa A perna-
MEHTALMN JeSTENBHOCTH B KOMILIEKCHBIX CHCTEMaX YNpaB/eHUs KauecTBOM Mpo-
AYKLHH,
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Cmamoa 14. Hayuonanwnsiii opzan P® no cmanoapmuzayuu,
MEeXHUYECKUE KOMUMEmbl N0 CIAHOApMU3auuU

1. HaunowansHeiit opran PO no cranaaprusaumu (®enepansHOE areHTCTBO MO
TEXHHIECKOMY  DEryJHpPOBAHWIO ¥ METPOJIOTMM)  BBINOJIHAET  HAy4HO-
TEXHUUECKYIO, OpraHM3alUHOHHYIO H NpeicTaBHTENbCKYio (yHkuuu. B paMmkax
HaYYHO-TeXHHYECKON (GYHKIHMM OCHOBHOM 3ajadeil HalMOHATLHOTO opraHa mo
CTaHAPTH3AUMM ABNSETCH OOEcTevueHHe COOTBETCTBHS HALMOHANBLHON CHCTEMBI
CTaHNAPTH3ALWH MHTEPECAM HALMOHANBHON SKOHOMHMKH, COCTOAHHMIO MaTepHallb-
HO-TEXHHYECKOH 6a3bl M HAYYHO-TEXHHYECKOMY Nporpeccy.

Opranunsaunonnas ¢ynkuus denepansHOro areHTCTBA 110 TEXH HYECKOMY pe-
TYJHPOBAHHMIO M METPOJIOTHH PEATU3YETCA CO3NAHHMEM M KOOpDAMHALMeit nesTens-
HOCTH TEXHHYECKHX KOMHMTETOB M0 CTAHAAPTH3ALUMH W [MOCNEIOBATENbHBIM Bbi-
TOTHEHHEM MED 110 CO3/IAHUIO HALMOHANBHBIX CTAHAAPTOB M UX BHEAPEHHIO: MPH-
HATHE NPOrPaMMbl pa3pabOTKN HALMOHANBHBIX CTAH/IAPTOB; OPraHM3aLMs JKCTIep-
TH3bl HAUHOHANBHEIX CTaHAApTOB, YTBEPKIAECHUE HALMOHABLHBLIX CTaHaapToB, op-
raHW3aUMs OMyGIUKOBAaHNA H PACTIPOCTPAHEHHS HALMOHANBHBIX CTAHIAPTOB; y4eT
AOKYMEHTOB B 06NIACTH CTAHAAPTH3AUMK M OBecrieveHe HX AOCTYMHOCTH; yTBEp-
KAeHHe H30DpakeHHs 3HaKa COOTBETCTBHA HALMOHANLHBIM CTAHAAPTAM.

IlpencraButenbckas QyHKUMA HAUMOHAILHOTO OPraHa Mo CTAHAAPTH3ALMK
3aKNIOYACTCA B pa3spaboTKe MEkAYHApOIHBIX CTAaHAAPTOB M B paloTe MeXIyHa-
POAHBIX OpraHH3aLMi, OCYIECTBAMIOIMX AEATENLHOCTD N0 CTAHAAPTH3ALIHH.

2. B cootsetcTBuM ¢ noctaHoBnenueM [pasutensctea PO ot 2 mons 2003 r.
Ne 316 «O mepax no peanuszauuu denepanbHoro 3akona «O TEXHHYECKOM pery-
nupoBaHuky DefepanbHOE areHTCTBO M0 TEXHHYECKOMY PETYJIMPOBAHHIO W MET-
POJIOTHH OTPEAENEHO OPraHOM, YNOJHOMOYEHHBIM HCIIONHATh (DYHKLMH HaLHO-
HanpHOro opraHa P® no cranpaprusaumu. B cBoeil meatennHocTH oH PYKOBO-
acteyerca Koucrutyumeit PO, ®esnepanbhbiMy 3akoHaMu, ykasamu [Ipesunenta
P®, nocranosnenuamu [pasutensctea PO, a Taioke «IlofoxeHueM o Denepank-
HOM areHTCTBE 110 TEXHHYECKOMY PErYIHPOBAHHIO K METPOIOTHIY.

3. 3aKOH He permaMeHTHpyeT NpHHAUIEXHOCTh KakoMy-THGO BEJOMCTBY me-
HaTHOTO M3AHHA, Tie MOXKET ObITh OMy6nHKOBaH HALMOHANLHBIH cTanaapT. [Tpu
TpeboBaHuM O NMyONMKALUHK CTAHAAPTA B HHPOPMALIMOHHOMN CHCTEME OBIIEro MOJb-
30BaHMA B IMEKTPOHHO-LMGPOBOH (opMe 3TO Co3maeT MpeanmockiTKH mis Gec-
MPEMATCTBEHHOTO 03HAKOMJIEHHA CO CTaHAapTaMK BCEX 3aHHTEPECOBAHHBIX JIHIL

4. BaxHeHMMH HHCTAHLMAMM HA TYTH NPOXOXAEHUA MPOEKTA HALMOHANBHO-
ro CTaHaapTa ABMAIOTCA TEXHHYECKHE KOMHMTETBI MO CTaHAApTH3auUMK, B HUX ocy-
LIECTBNAETCA JKCNEPTH3A MPOEKTOB HALHOHAIBHBIX CTaHAapTOB, OKa3biBaloluas
peiualowee BiuAHue Ha peileHne DefepanbHOrO areHTCTBA MO TEXHHYECKOMY
PEryJIHpOBaHHIO M METPOJIOTHH 00 YTBEPKIECHHH MM OTKIOHEHHH MPOEKTa CTaH-
Jaapra. ,ue!!TCIIBHOCTb TEXHHYECKHX KOMHMTETOB 110 CTaHIapTH3allHH periaMeHTH-
pyer PenepansHoe areHTCTRO MO TEXHHYECKOMY PETYIHPOBAHUIO U METPOJIOTHH.
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Cmamesn 15. Hayuonansusie cmanoapmei, 06uiepoccuiickue Kiaccu-
Quxamopst MmexHUKO-IKOHOMUYECKOI U COYUANbHOU UHDOpMayuu

1. Cornacho cT. 13 HacTOALIEro 3aKOHa HALMOHANLHOM CHCTEMOMH cTanaap-
TH3auuu (ObiBilee HazBaHue [ocynapcTBeHHas cucTema cTaHjapTHlauuu PO —
I'CC P®) aBnsaercs cOBOKYNHOCTb JOKYMEHTOB, B KOTOPYIO BXOIAT TPH BHAA H0-
KYMEHTOB B 00JIaCTH CTaHAAPTH3ALMH: HAYUOHWIbHBIE CMAHOAPMbI; NPABUAA
CMandapmu3ayuu, Hopmel u pexomexnoayuu & obracmu cmandapmusayuu; Npy-
MEHAEMbIE B YCTaHOBJIEHHOM Mopaake Kiaaccuukaumu, obuyepoccuiickue knac-
cughukamopsl MexHuKko-3KOHOMUHECKOU U COYUANbHOU UHGOpMayuu.

Kak camoctoarensHas ctpykrypa, 'CC P® nauana ¢popmuposarsesa B 1992 r.
B CBA3M CO CTAHOBJIEHHEM roCyaapcTBEHHOH camocToaTensHOCTH P®. Tlpasosoii
ocHopoit I'CC sBasercs TexHH4eckoe 3akoHoaarenscTBo. OHO MpeAcTaBAseT co-
BOKYMHOCTL 3akoHOB P® (npexne Bcero 3710 3akoHsl PO «O TexHHueckoM pery-
nuposanauy K «O6 obecrevueHUr eAHHCTBA H3MEPEHHITY), MON3AKOHHbLIX AKTOB 1O
ctanfaptusaunu (noctaHosnennit Ipasurenscrsa PP, npukasos deaepanbHbIX
OpraHoOB MCNOJIHUTENBHON BACTH), MPUMEHAEMbIX JUIA roCyNapCTBEHHOrO pery-
JMPOBAHHUA Ka4yecTBa NMPOLYKUMH, paboT U yCryr.

2. Hacrosumit MenepanbHelil 3aKOH YCTaHABIMBAET NOPAAOK pa3paboTkH Ha-
LUMOHANBHBLIX CTAHJAPTOR, KOTOPLIE yTBEepIatoTcs DeiepalibHbBIM areHTCTBOM M0
TEXHHYECKOMY PEryIMPOBAHHUIO N METPOIOTHH.

B 3akoHe oTmeueHo, YTO HalMOHANLHBII CTAHAAPT MPUMEHAETCA Ha A06po-
BOJILHOH OCHOBE paBHBIM 06pa3oMm M B paBHOW Mepe He3aBHCHMO OT CTpaHbl W
(unu) MecTa NMPOHCXOXKACHUA NPOJYKLUHH, OCYIIECTBIEHHA MPOLIECCOB NMPOH3BOA-
CTBA, 3KCIUTYaTallMW, XpaHEHHA, MEepPeBO3KH, peann3ali ¥ YTHIM3AUMKY, BbINOM-
HeHHs paboT M OKazaHHA yChyr, BHIOB Wi ocobeHHOCTel ciesiok M (W) nuu,
ABNAIOUMXCA HITOTOBHTENAMH, HCTIONIHUTENAMH, IPOJIaBLiaMH, IpHobpeTaTenamu.

TpHHUMMHANBHO BaXKHBIM ABISETCA B 3TOMH CTaThe MONOKEHHE O TOM, HTO
NPHMEHEHHE HALMOHANLHOrO CTAHAApTa, T. €. COOTBETCTBHE XapakTePUCTHK Mpo-
AyKUMH TpeGOBaHWAM CTaHAapTa, MOATBEPANAETCH JHAKOM COOTBETCTBHS Ha-
UHOHANLHOMY CTAHAAPTY.

[Tocranosnenunem ot 27 monsa 2003 r. Ne 63 «O HaunoHanbLHBIX CTAHAApTAX
P®» depepanbHOe areHTCTBO N0 TEXHHYECKOMY PEryJHPOBaHHIO H METPONOTHH
3aMEHHIIO [OHATHA «roCYNapCTBEHHBIH CTaHAAPT» M «MEXroCyNapCTBEHHbIH
CTaH/apT» Ha TEDMHH «HALUMOHANLHBIA cTaHmapT». Tam e ykasaHo:

A. Co nHs BcTyTuleHHA B city 3akoHa «O TEXHHYECKOM pery/IMpoBaHHm»:

* MPU3HATH HAUMOHANBHBLIMH CTAHJAAPTAMM ACHCTBYIOUIME rOCY/apCTBEHHBIE
H MEXTOCylapCTBEHHbIE CTAHAAPThI, BBE/IEHHbIE B AeiicTeue no | mona 2003 r. ans
npuMeHeHHsa B PO,

* Brpefib 0 BCTYTUIEHWA B CHJIy COOTBETCTBYIOIUHMX TEXHMUYECKHX pErflaMeHTOB
OCYLLUECTBIIATh MPHMEHEHHE AeHCTBYIOIMX IOCYJApPCTBEHHBIX M MEXIOCYAapCTBEH-
HBIX CTaH/apToB B JI0OPOBONLHOM MOpA/KE 32 HCKMOueHHeM o0A3aTeNbHBIX TpeboBa-
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HUH, obecreynBarOLIMX OOCTIKEHHE Lieel 3aKoHoaTeNbeTBa PD 0 TeXHMYECKOM
PperyIHpOBaHHH.

B. Tlpusnath uenecoobpasHbiM 10 BCTYILUIEHMS B CHITy BHOBb pa3paboTaHHbIX
COOTBETCTBYIOIMX MPaBujl, HOPM M PEKOMEHAlLMi MO CTAHAAPTU3ALMH COXpa-
HHTb JUIS AEHCTBYIOLIHX rOCYapCTBEHHBIX W MEXKIOCYIapCTBEHHBIX CTAHAAPTOB H
paspabaTbiBaeMbIX HALMOHANbHBIX CTAHNAPTOB YCIOBHKIE 0603HaueHHs «[OCT»
u «I'OCT P», npexycmotpentsie cranaaprom FOCT 1.5-2001 'CH. Mexrocy-
JApCTBEHHAA CHCTeMa CTaHaapTH3auuH. CTaHmapThl MEXrocyapcTBEHHBIE, Mpas
BHJI2 M PEKOMEHNIALIMH 110 MEXTOCYAapCTBEHHOI cTanaapTH3auuy. O6iine Tpebosa-
HHA K MOCTPOEHMIO, M3NIOKEHHIO, OPOPMICHUIO, CONEPKaHHI0 U 0BO3HAYEHHIO U
I'OCT P 1.5-92 I'CH. I'ocynapcTBeHHas cucTema CTaHaapTHsaunn PO. O6ume Tpe-
GOBaHMA K NOCTPOSHHIO, H3NOKEHHIO, ODOPMICHHIO ¥ COAEPKAHHIO CTAHAAPTOB.

[ocTanosnennem @efepanbHOro areHTCTBA MO TEXHHYECKOMY pEryJIMpo-
BaHHIO H MeTpoioruu ot 2 centabpsa 2003 r. Ne 100 onpepeneno, uto 10 Beede-
HUA B JeHCTBHE OCHOBOMOMAralolMX CTAHAAPTOB HALMOHANEHOH CHCTEMBI
craHnaptusauud P® paspabotky, odopMieHHE, H3NOXEHHE, YTBEPKIEHHE,
y4eT, opuLMansHOe OMyONHKOBAHHE HALMOHANBHEIX CTAHAAPTOB, BHECCHHA B
HHX H3MEHEHHMI M OTMEHY CNIE[yeT OCYUIECTBNATh B COOTBETCTBMH ¢ TpeGoBa-
HuAMH OCT P 1.2-92 I'CH. I'ocynapcTBeHHas cucTema CTaHaapTH3anuu PO.
[Mopsnok paspabotku rocyaapcreeHHsix crangapros, FOCT P 1.5-92 I'CH. To-
CyHAapcTBeHHas cucreMa cTaHmaptuiauuu P®. O6mue tpeboBaHus Kk noctpoe-
HHIO, M3JIOKEHHIO, OQOPMIICHHIO W CcolepkaHuio cTaHmapToB M [P 50-74-94
«[TpaBuna no ctanaaprusauuy. [ToAroTOBKa MPOEKTOB HAUMOHANBHBIX CTAHAp-
TOB PD W NpOEKTOB M3MEHEHMH K HUM I NPHHATHSA, TOCYAapCTBEHHONH peru-
CTpauMu ¥ U3JaHHAY,

Obo3Havenne HauroHankHoro cranaapra PO coctout us unaexca (FOCT P),
pEerucTpalMOHHOrO HOMEpa M OTACNEHHBIX THpPE NBYX MOCHEOHUX UMp roga yr-
BepkaeHHUs. TIpH BXOXKNEHHH HALMOHAIBHOTO CTAHAAPTA B KOMIUIEKC CTAHAAPTOB
B €r0 PErHCTPallMOHHOM HOMEpE MepBbie P! ¢ TOUKOH ONpenensoT Ko CHCTe-
Mbl. Jlanee cTpykTypa 0603HAUEHHS BKIIOYAET HOMEP KNaccH(UKaLMOHHOM rpyn-
Tkl ¥ NOPAAKOBLIH HOMEP pPerHcTpalMy CTaHAapTa.

[prmep o6o3HaYenns HalmoHanbHoTO cTanaapra PO: FTOCT P 2.41-99, rxe 2
— KOMIUIEKC cTaHaapToB EnuHol CcHCTEMBI KOHCTPYKTOPCKON [NOKYMEHTAaLUu
(ECKMD); 4 — xon knaccuuxalmoHHoit rpynnei; 1 — paspaboTaH nepssiM 1o no-
panky; 99 — yrsepxaen B 1999 .

O6o3naueHye HalUMOHANbHOrO cTaHgapra P®, odopmieHHOro Ha OCHOBe
MPUMEHEHHS AYTEHTHYHOIO TEKCTA MEXIYHApPOAHOro (MIH pPerHoHalbHOIrO) CTaH-
napta, cocrout u3 uHaekca (FOCT P), o6o3HaueHus COOTBETCTBYIOIEND MEXLY-
HapOJHOIO CTaHAApTa M OTAENEHHBIX ABOETOUHEM IOJA YTBEPHAECHHSA, KOTOPLIH Mu-
LIETCA MOJTHOCTBIO.

[Ipumep: HaunoHanbHbIR crannapr PO, opopmaeHHsIii Ha OCHOBE nepesona
cranaapra [SO 9591:1999, umeer o6o3nauenue FOCT P UCO 9591-99.
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3. B xomMeHrapusx k cr. |1 oTmeyanoch, 4TO KAacCH(HUKATOpPbl Mpen-
CTaBAOT COBOH AOKYMEHTBI, HANPABJIEHHbIE HA PeLIEHHE 3a/1a4 CTaHAAPTHIALMH,
OHH ABASIOTCA COCTARHON YacThi0 HAUMOHANBLHONM CHCTeMBl cTaHaapTH3auuu, Ha
OCHOBE K1acCH(MKATOPOB MOXET OCYIIECTBIATLCA KoaM(UKauMa 3HaHMHA B pas-
NHYHBIX 061aCTAX HAYKH M TEXHUKH,

B P® cosnana EQuHaR cucmema KAGCCUPUKAyuu mexnuKo-3Kk0HOMUYecKo u
COYUQTbHOT UHGOPMAyUU, B COCTAB KOTOPOH BXOAST obwyepoccuiickue Kaaccudgu-
Kamopuli MexHUKO-3KOKOMUYECKOU U COYUANbHOU UHGOPMAayuu, HOPMATHBHBIE M
METONMYECKHE AOKYMEHTBI M0 MX paspaboTke, BEACHHIO M MpHUMeHeHHIO. OTme-
YeHHAs CHCTEMa — COBOKYMHOCTH MPaBWI, ONpeNeNsioulnX pacnpeeeHne oob-
eKTOB No Knaccam (KnaccH(MKAUMOHHBIM TPYNNAaM) Ha OCHOBaHMH OOIUMX NpH-
3HAKOB, NPUCYILMX 06LEKTaM JaHHOTO poa ¥ OTIHYAIOLIMX WX OT APYTHX.

JIna CTaHmapTH3auMM BaKHA MEXIyHapoaHasa MH(OpMaUMOHHas cucTema B
obnactu craHpapTusaumMu. Benymee MecTo 31ech 3aHuMaeT MexayHapoaHas opra-
HM3alUMA NO CTAHAAPTH3aUMK, B yacTHOCTH, Komurer no HHOpPMaLMOHHBIM CHCTE-
mam u yeayram (MH®KO). B xomnerenumio HHOKO BxoasT: KOOpAWHALMA H rap-
moHmzaums mestensHoctd MCO w uneHoB opraHusaumu B oGnactu uH(poOp-
MaLMOHHBIX YCIIyT, 6a3 AaHHBIX, MAPKETHHIa, NPOJAXKH CTAHAAPTOB ¥ TEXHHYECKHX
pernaMeHToB; koHcynsTHpoBanue [enepanbHodt Accambnen HCO no paspabotke
NOSMTHKH 1O APMOHM3ALHK CTAHAAPTOB (2apMonusayus cmakdapma — TpHBe/e-
HHE €ro COACPIKaHHsA B COOTBETCTBHE C APYTHM CTAHAApTOM A/IA o0ecneyeHns B3an-
MO3aMEHSEMOCTH MPOAYKLMH M YCIYT, B3AUMHOTO MOHUMaHHs Pe3yJbTaTOB MCIThl-
TaHWH ¥ MH(DOPMALIMH, cofiepiKallieiica B CTAHAapTaX) M APYTHM YKa3aHHBIM BblIIe
BOMPOCAM; KOHTPOMb M PYKOBOACTBO AeATeNbHOCThIO MHpopmaumonkoit cetn HCO.
B unpopmaunonHoM obecrieyerny GoMbuIyio posib urpaeT MekIyHapoAHsIi Knac-
cudmkaTop No cTaHAAPTHIALMH.

Cmamea 16. ITpasuna paspabomxu
U yMEepHCOeHUA HAYUOHAIbHBLX CIMAHOApNoe

1. Hacrosimas craths o0s3biBaeT HALMOHANBHBIA OpraH Mo CTaHA2pTH3ALMM
(DenepanbHoe areHTCTBO M0 TEXHHYECKOMY PEry/MPOBAHMIO U METPOJIOTHH) NpH-
HUMaTh MPOrpaMMy pa3paloTKH HALMOHANBHBIX CTAHAAPTOB, @ Takke obecneuuTs
JIOCTYNHOCTb 3TOH NPOTPaMMBl JUIA 03HAKOMJIEHHS BCEM 3aHHTEPECOBAHHBIM JIMLIAM.

2. Kak u npH pa3paboTke TeXHHYECKMX PErlaMEHTOB, 3aKOH MpeayCMaTpHBacT
BO3MOXKHOCTb Pa3paboTKH HALMOHANBHBIX CTAHAAPTOB HOOLIM NHUOM. OYeBHaHO,
4YTO JUIA CO3/IAHHA TAKOTO CTAHAApPTa, KOTOPLIi ycnemHo npoiaer mybanuHoe obey-
MIEHHE W IKCMEPTU3Y TeXHHYECKOro KOMMTETA M0 CTAHAAPTHIALMH, Y JKENalomero
pa3paboTaTh HALMOHAMbLHBIA CTAHAAPT JIMUA JO/KHEI ObiTh CEPbE3HbIE MPEATIOCHLI-
KM B BUIE KBAIMOHUMPOBAHHBIX CTIELMATHCTOB, OOWHPHOIT HH(OpMaLHK B TOH 06~
NIACTH 3HaHWA O MPOAYKUMHM M YC/Iyrax, Ha KOTOPYH pacnpoCTpaHsercs AeicTaue
CTAaHAAPTa, TEXHHYECKOH W IKOHOMHYECKOH OCHALLEHHOCTH.
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3. I'paduueckas wumocTpaums npouecca paspaboTKH HALMOHANBHOTO CTaH-
AapTa npejcTasjieHa Ha puc. 15.1.

:I 52 53 I4
LMmmM}fM 2 Mecana

Puc. 15.1. 'paduuecian uamoctpaums npouecca paspaboTku HALMOHATEHOIO cTanaapra

Pa3paboTunk HauMoHANLHOTO CTAaHJapTa HANPABNSET B HALMOHANbHbIH Op-
raH 1o craHaapTu3aunu (PeaepanbHoe areHTCTBO N0 TEXHHYECKOMY PEryJiMpoBa-
HUIO ¥ METPOJIOTHH) YBEAOMIIEHHE 0 pa3paboTke HAUMOHANLHOTO CTaHAApTa, KO-
Topoe Mybnukyercs B MHOOPMALMOHHON CHCTEME OOIEro MoNb30BaHHUS B JJEK-
TPOHHO-LH(POBOH (opme U B NEYaTHOM M3NaHMU (eAepanbHOro OpraHa MCo-
HHUTE/IbHON BJIACTH M0 TEXHHYECKOMY perynupoBanmio. Ha puc. 15.1 Toukoii (1)
0603HaueH MOMEHT YBEIOMJIEHHS O Pa3paboTke HALMOHANBLHOTO CTAHAAPTA.

4. C yueToM MOSTY4YEHHBIX 3aMeYaHHH 3aHHTEPECOBAHHBIX UL pa3paboTHHK
HopabaTbiBaeT MPOEKT HAIMOHANBHOTO CTAHAAPTA W NMPOBOMMT €ro MyGIHYHOE
obcyxnenne. Cpok my6nuuHOro o6cykaeHus NPOEKTa HALMOHANBLHOTO CTAHAAPTa
CO AHA OMyOIMKOBaHHA YBENOMJIEHUS O pa3pabOTke NMpOEKTa HAUMOHATBHOIO
CTaHAapTa [0 AHS OMy0JMKOBAHMA YBEIOMIIEHHS O 3aBEPIIEHUM MyOIHYHOTO 06-
CYKJIEHHA He NOJDKEH NMPEBbILATH 1Ba MECANA.

5. VBenomiienue o 3aBeplieHuM MyGnMuHOro 06CYXIEHHA NPOEKTa HalMo-
H&ILHOIO CTaHaapTa My0aMKyeTcs B nevaTHOM W3nauuk DejepanbHOro areHTCTBa
TI0 TEXHHYECKOMY PeryiupoBaHHIO H METPOJIOTHH.

6. ITopanok myGnukaumy yBenomieHua o pa3paboTke MPOEKTa HALMOHATHHOIO
CTaH/JapTa ¥ O 3aBEPIUEHHU MyOIHYHOrO ero obcyK/AeHHs, a TAKKe U pasMep MIaTsl
3a onybnukoBanue ycranasnuaiorca IpasurenscrBom PQ. MoMeHT 3aBeplueHus
nybnuyHoro obcyxkaeHus, ormyG.IMKOBaHUE YBENOMIICHHS, NPEACTABNEHHE NPOEKTa
paspabarhiBaeMOro HalMOHANBHOTO CTAHAAPTa OAHOBPEMEHHO C MEpPEeYHeM Toy-
YEHHBIX B MUCEMEHHOMN opme 3aMeyaHuii 3aUHTEPECOBAHHBIX JIML B TEXHHYECKHI]
KOMHTET M10 CTAHAAPTH3ALIMK HA 3KCNIEPTU3Y OTpaXkeH ToUKo# (2) puc. 15.1.

7. TIPOGKT HAUMOHAILHOTO CTaHAAPTA H IepeveHb MOMYUEHHbIX 3aMeyaHHii 3a-
HHTEPECOBAHHBIX JIMIL MPEACTABNIACTCA paspaboTIMKOM B TEXHHYECKHH KOMHTET M0
CTaHAapTH3aLMH JUIA NPOBENEHNA 3KCTIePTH3bI JaHHOTro npoekrta. Ha puc. 15.1 tou-
ka (3) 0603HaYaeT MOMEHT HANpaBIEHUA TEXHHYECKHM KOMHTETOM [0 CTAaHAApTH-
3aLHM MOTHBHPOBAHHOTO MPEUIOKEHHA 00 yTREPXKACHHH WM OTKIOHEHHH MPOeKTa
HAlLMOHATLHOTO CTaHAApTa B PeiepaibHOe areHTCTBO 10 TEXHHYECKOMY PeryJjiupo-
BAHHKO H METPOJIOTHH.

8. TexHH4ECKHA KOMMTET NO CTAHAAPTH3ALMH C YHETOM Pe3YJIbTaTOB IKCTIEPTH-
3bI TOTOBHT MOTHBHPOBAHHOE MpE/IOKEHNUE 00 yTBEPKAEHUH WIH OTKIIOHEHUH pas-
paGOTaHHOTO MPOEKTa HAUMOHANLHOTO CTAaHAAPTa. JTO MPEANONKEHHE OTHOBPEMEH-
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HO C YKa3aHHBIMM B T1. 7 3TOH CTAaThbH HACTOALIETO 3aKOHA JIOKYMEHTAMH W pe3yibTa-
TaMM JKCMEPTH3bl HAMPABNAETCA B HALMOHATBHBINA OpPraH no CTaHAAPTHIALKHH (De-
NepaNbHOe areHTCTBO MO TEXHUYECKOMY PEry/MpoBaHHIO H meTtponoruu). Tepuoa
BPEMEHH Ha MOATOTOBKY MPE/UIOKEHNS TEXHHYECKHM KOMHTETOM N0 CTaHAapTH3a-
IIMM ¥ Ha MPHHATHE PEICHHA HALMOHANLHBIM OPraHOM MO CTaHIapTH3alMK Ha-
CTOALMM 3aKOHOM HE YCTAHOBJIEH.

denepanbHoe areHTCTBO M0 TEXHHYECKOMY PEryMpOBaHUIO M METPOJOrHH
Ha OCHOBAHHH YKAa3aHHBIX NOKYMEHTOB MMPHHHMAET pEIICHHE 06 yTBEPNAECHHH
WIH OTKJIOHEeHUH pa3paboTaHHOro MpoeKTa HalHOHANBHOro CTaH1apTa. Vrenom-
nenue 00 yTBEpKACHUH HALMOHATBHOrO CTaHAAPTa NOMIEXUT onyOnHKOBAHHIO B
COOTBETCTBYIOLIEM OpraHe MeYaTHOro WiH 3AEKTPOHHOTO H3JaHHA. B cuyuae,
eC/I HALMOHANBHLIM CTAHAAPT OTKIOHEH, MOTHBHPOBaHHOE pelueHue denepasb-
HOTO areHTCTBA M0 TEXHWYECKOMY PEryJIHPOBAHMIO M METPOJIOTHH C NPHIOKEHU-
€M yKa3aHHbIX B 1. 7 HAcTOAILEH CTaThH 3aKOHA JIOKYMEHTOB HANpaBiAeTCA pas-
paboTuKKy MPOEKTa HAUMOHANBHOTO CTaHAApTa.

Touxkoii (4) Ha puc. 15.1 oTMEUEH MOMEHT MPHHATHA HAUHOHATLHBIM Opra-
HOM [0 CTAHAAPTU3ALIMK pellieHNs 00 yTBEPKACHHH HIH OTKIOHCHHH HALHOHATb-
HOTO CTaHaapTa.

9. defepanbHOE AreHTCTBO MO TEXHUYECKOMY PETYIHPOBAHHIO M METPOIOTHH
YTBEpXKIAET W OMyG/IHKOBBIBAET NMEPeueHb HALHOHANLHLIX CTAHIAPTOB, KOTOPBIC
MOTYT Ha 100POBONBbHOM OCHOBE MPHMEHATLCA ANIA cobmonenns TpeGoBanui TeX-
HHYECKHX pEINIaMEHTOB.

Cmampsn 17. Cmanoapmet opzanuzayui

1. CtannapTsi OpraHusaiuit 00A3aTeNbHbl 1% NPEANPUATHA, paspaboTasliero
W yTBEpAMBLUErO 3TH cTaHaapThl. OObeKTaMH CTaHAapTOB OpraHu3auMi MoryT
ObITh XapaKTEPHCTHKH MPOIYKLHH, MPHHLMILI, HOPMbI H MPaBHIIA B obnactu op-
raHu3alyy pasiH4HbIX CTOPOH e NEATENIbHOCTH.

B P® cranjapTsl OpraHusaiii, KpoMe periaMeHTauMi CHCTEM YMpaBicHUs
Ka4yecTBOM, NPUMEHAINCh B KOMIMIEKCHOH CHCTEME NOBBILICHHA 3¢ dexTHBHOCTH
NPOM3BOACTBA, B KOMIUIEKCHBIX CHCTEMaxX YMpABJICHHA KaieCTBOM MPOMLyKIHH H
3(eKTHBHBIM HCTIONB30BAHHEM PECYPCOB.

B ycraHOBNeHHOM pa3pabaThiBaiollei opraHu3aLmei TOpsAke pa3paboTkH,
YTBEPXKAEHNSA, yUeTa, W3MEHEHHA U OTMEHBI CTaHAapTa MOryT ObITb NPELYCMOTPEHBI
Meps!, obecreynBatoLIne OCTIKEHNE LeseH CTaRIapTH3aLMK B HHTEpECax opraii-
3auMH U ee nepcoHana. CTaHaapThbl OPraHM3aLUMH MOTYT C yHETOM ocobeHHoCTEH
KOHKPETHOTO MpEeANpHUATHS OTPaHH4HBaTL TPUMEHEHHE 3alaHHOH HOMEHKJIATYphI
MaTepHanoBs, U3NAENUH, Y37I0B H JeTanei, ycTaHOBJIEHHOH CTaHAAPTaMH APYTHX KaTe-
TOpHIi.

2. B Hacroslliee BpeMs HCTO0/b30BaHNEe CTAHAAPTOB OpraHM3aLMil MosesHo B
CHCTEMaX MeHEMKMEHTa OXpaHbl OKpyxkaloweit cpeiibi, (HHAHCOB, PECYPCOB,

pHCcKa, IPO(ECCHOHANLHOTO 3110pOBbS ¥ GE30MaCHOCTH.
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I'nasa 4. IOATBEPKAEHHUE COOTBETCTBUS

Cmamesa 18. Llenu nodmeepaicoenun coomsemcmeus

Kak cnenyer u3 onpeeneHus mosATHA NOATBEPAIEHHS COOTBETCTBHS (cr.
2 HACTOAIIEro 3aKOHA), ero IMaBHas UeNb — AOKYMEHTAIbHOE YAOCTOBEpEHHE
COOTBETCTBHA MPOXYKLKMH, paboT MM ycyr TpeOOBaHMAM TEXHHHECKMX peria-
MEHTOB, TIONIOKEHHUAM CTAHAAPTOB WIH YCJOBHAM A0roBopoB., Kpome nokymeH-
TANLHOTO YN0CTOBEPEHNMSA, MPOLXYKUKA, COOTBETCTBYIOIAA HALHOHANLHOMY CTaH-
AapTy, MapKupyeTcs 3HAKOM COOTBETCTBHMS, a MPOMYKIHMA, COOTBETCTBYIOLIAN
TEXHHYECKOMY pErfiaMeHTy, — 3HaKom obpalleHus HA pbIHKe. DTU JBa 3HaKa
TIaBHEIM 00Pa3OM M OTPENENsioT BOIMOXKHOCTb JNOCTHXKEHHS Leneil MPON3BOACTBa
NPONYKLMH W OKasaHusa yciyr — cozieficteue npuobperatensm B BbiGope npomyk-
1M, pabor, ycayr. [ToATBEpXkIEHHE COOTBETCTBHA — OCHOBHOM JOKYMEHT, Crio-
COBCTBYIOLIMI MOBLILLEHUIO KOHKYPEHTOCTIOCOGHOCTH NPOAYKLMH, paboT, YCIIyr.

Hacrosimas crates ®enepanbHoro 3akoHa CTUMYNUPYET CO3JaHHME YCIOBHii
Ans obecriedenus cBOGOAHOTO MEPEMENICHHS M Peatu3aud¥ TOBApOB BHYTPH
CTPaHbl, @ TAKKE JUIA OCYIIECTBJCHUS MEXTYHAPOJHOrO 3KOHOMHYECKOr0, Hayy-
HO-TEXHHYECKOTO COTPYAHHYECTBA W MEXIYHapOAHOI TOProBIy.

Cmamon 19. Ipunyuns: noomeepacoenua coomsemcemeun

1. ChopMynupoBaHHbIe B CTaThe MPUHLMILI HATIPABNEHb HA JOCTIKEHHE Le-
Jiel NOATBEPKACHHA COOTBETCTBHA.

3aKOHOM  yCTaHAaBNHBAETCA OOA3AHHOCTS JIML, OCYNIECTBIAIOWMX NOA-
TBEPXKIIEHHE COOTBETCTBHA, ODecneyuBaTh A0CTYNHOCTL HHYOPMALMK O AeHCTBYIO-
IEM MOpAJIKE MOATBEPKAECHHA COOTBETCTBMA NI BCEX 3AMHTEPECOBAHHBIX JHLL,
NPUHAMATL MEpPbl MO COKPALIEHHIO CPOKOB OCYLLUECTBIIEHUs 0643aTeNbHOro nog-
TBEPXACHHA COOTBETCTBUA W 3aTpaT 3asABHTEN,

Jins Tex BHIOB MPOMYKUMH, HA KOTOPbiE PACTIPOCTPAHSETCA KOHKPETHBIN
CreuanbHblil - TEXHUUECKUI permameHT, (OpMbI M cXeMbi 0043aTeNbLHOr0 Moj-
TBEPXKACHHA COOTBETCTBUS JO/DKHBI CONEPKATLCA B ITOM pPEraMeHTe.

Hacrosumm sakoHoM He Jomyckaercs NpuMeHeHWe o6A3aTeNLHOrO Moj-
TBEPXKACHHA COOTBETCTBHA K TeM 00bEKTaM, Ha KOTOpble He YCTaHOBJIEHBI Tpe6o-
BaHUA TEXHHYECKHX PErNaMeHTOoB, Gojiee Toro, HEOMyCTHMO TIPUHYXICHHE H K
OCYHIECTBNEHHIO J0OPOBONLHONO MOATBEPKACHHA COOTBETCTBHA. DTOT NPHHUMN
3akpeniseT cBoGoxy AeHCTBHI NPOU3BOAMTENR, KOTOPbIA MOKET B TEX cmyuasx,
KOrja Ha NpOW3BOAMMYIO MM MPOAYKLHIO PacnpoCTPaHsAeTcA AEHCTBHE HaLHO-
HaNbHOTO CTaHNapTa, He MOATBEPXKAATh COOTBETCTBHE. OOHAKO B YCAOBHAX KOH-
KYPEHTHOTIO pbIHKA NMPOM3BOAMTENIL TEM CAMBLIM MOMET MMOCTABHUTH cebS B 3KOHO-
MHYECKH HEBBINOHYIO CHTYALHIO.

Ecnu na o6bekT ycraHOBNEHE TpeGOBaHHUA TEXHHYECKHUX PErNaAMEHTOB, OHH
HE MOTYT MOATBEPXKAaTLCA N0OPOBONLHOM cepTHdHKaLHeil.
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Jlniy, OCYMIECTBISIONEMY MOATBEPKAEHNUE COOTBETCTBHA, MOryYT CTaTb W3-
BECTHBIMH KOH(UIAEHIMANbHBIE CBEICHUA, COCTABIAIONINE KOMMEpYECKYO TaiiHy,
HanmpHUMep, MiaHHpyeMbie 00BEMbI BbITYCKa MPOMYKILMK U PHIHKH COBITA, HaMe-
yaeMbl€ YCOBEPILEHCTBOBAHWA MPOMLYKLHH. Jakol 06s3bIBAET 3alMLIATE UMYIIE-
CTBEHHBIE MHTEPECI 3aABUTENA, COOMONAT KOMMEPHECKYIO TaitHy.

2. ToaTBepXk/eHHe COOTBETCTBHA MPOMYKLMH M yCIyT TEXHUYECKHUM perna-
MeHTaM 0043aTeNbHO, MOCKObKY NPOAYKLMA, NoANexKalllas o0a3aTeNLHOMY NOJ-
TBEpXKACHUIO COOTBETCTBHSA, MOXET BIMYCKATHCA B obpallieHHe TOJIbKO Mocne
TpOLEAYPbl OCYIIECTBNCHHA TMOATBEPAICHIA cooteetcteus (c1. 28, n. 2). Ilox-
TBEpK/CHHE COOTBETCTBHA, Kak obs3aTenpHOe Tak W 406POBONLHOE, NOJKHO
OCYIIECTBAATHCA MO NPABUIAM, OTHOCALIUMCS OJIHHAKOBO KO BceM 00beKTaM Moj-
TBEpKAEHHA COOTBETCTBHS, HE3ABUCHMO OT TOTO, rjie OHM W3TOTOBJIEHBI HIIH OCY-
[LIeCTBJIEHbI, KEM 1 HA OCHOBE KaKUX HOKYMCHTOB.

Cmamba 20. @opmbl noOMEEPHCOEHUA COOMBEMCMEUR

1. CornacHo cT. 20 noATBep)KIeHHe COOTBETCTBHA Ha teppuTOpHH P® MOXKET
HOCHTH 106POBONBHBIH WM 00A3aTENbHBIH XapaKTep. [Tpumensiembie (OPMBI MO
TBEPXKIEHHA COOTBETCTBHA MPHBE/ICHBI Ha PUC. 13.2.

ToaTBepKACHHE
COOTBETCTBHA
Pl o
Jo6posonbHoe O6szarensHoe
Jo6poBonbsHas JlexnaprpoBaHune Ob6a3arencHas
ceprudKaliA COOTBETCTBHA ceprrduranms

Puc. 15.2. GopMel NOATBEPKACHHA COOTBETCTBUS

2. J106poBONBHOE MOATBEPK/CHHE COOTBETCTBHA HocHT dopMy 10OPOBONLHOM
cepTU(UKALIH.

3. Ofs3aTe/ibHOE MOATBEPXKIEHHE COOTBETCTBHSA MPOAYKIUMHM M yCIYT ABNACTCA
OJIHOM M3 COCTABJIAIOMIUX MEXaHH3IMA OLCHKH HX fezonacHocTH. Jlns npoBeAEHHA
MOATBEPKIEHHA COOTBETCTBHA KOHKPETHOH MPOXYKLIMH (ycmyrn) HeobxoanMmo Ha-
nuune TpeGoBaHMi, YCTAHOBICHHBIX B HOPMATHBHOM JIOKYMEHTE, W BO3MOXHOCTH
NpeAcTasuTh HEOOXOANMBIC /1A YBEPEHHOCTH B €€ 6e30MacHOCTH JOKa3aTebCTRA.

4. Hacrosiumit 3aK0H YCTAHABIUBAET TMOPANOK NPHMEHCHUSA dopm obazaTens-
HOrO MOATBEPKAEHHA COOTBETCTBHA.

O6s3aTenbHOE MOATBEPKAEHHE COOTBETCTBHSA UMEET J1BA BUIA (hopmbl: NPHHA-
THe HeKNapaldu O COOTBETCTBHHM (anee — JleK/IapUpOBaHKE COOTBETCTBHA) U
o6s3aTensHas cepTudukauus (taba. 15.3).
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Tab6nuua 15.3. ®opme o6n3aTensHoro MOATBEPHKACHUS COOTBETCTBHA

JeknapupoBaHue COOTBETCTBHUA

Obs3arensHas ceprudukaums

Hposooum:
H3rOTOBHTEJTb (TIOCTABILMK, HCTIONHHTE)Th)

IIposodum:
M3rOTOBUTEND (TIOCTABLLMK, HCTIONHHUTENS)

Yoocmosepenue coomeememsusn:

Yoocmoeepenue coomsemcmeaus:

ACKNnapalua 0 COOTBETCTBHH CBPTHE])I‘IK&T COOTBETCTBHA

Hughopmayus ons nompebumeneii:
Konus cepTUHKaTa COOTBETCTBHSA;
CBE/ICHUA O CepTH(HKATE COOTBETCT-
BHA; MAPKHPOBaHHE 3HAKOM COOTBET-
CTBHA C yKazaHWEM KOJa OpraHa ro
cepTHdUKaLmm

Hugpopmayus ons nompebumeneii:
CBEJIEHHA 0 3apErHCTPHPOBAaHHOM
JAEKI1apalrK Ha MPOAYKLHIO HITH B
CONpPOBOAMTENBHOR JOKYMEHTALIHHK;
MapKHpOBAaHHE 3HAKOM COOTBETCT-
BHA

Hrax, cornacho ct. 18 HameueH nepexon ot coGeTBEHHO cepTUdHKALMK Kak
ACATENLHOCTH, OCYUIECTBIAEMOH TpeThel CTOPOHOH, k Gonee 0bueMy KOHTpoIO
Be30MacHOCTH — Kk NOOMEEPIICOeHUI0 COOMBEMCMEBUA. Tpennaraercs cHATHE «H3-
GbiTouHOCTHY OBA3aTensHOl cepTdukammu. B 2002 r. 8 Poccuu okono 60 — 70%
TOBapHOH MPORYKLIMH NOANEXKAN0 0653aTeN1bHOM CepTHRHKALMH, B TO BpeMs Kak B
crpanax EC o6s3arensHOMY NOATBEPKAEHHIO COOTBETCTBHS NOMnexut 10 — 15%.
CokpailieHHe HOMEHKNATYpbl HAMEYAETCA TPOBOAMTB 33 CYET BKIIOUEHHS MeHee
OnacHLIX 0GBEKTOB B MepeYeHb MPOYKLMH (YCIYT), COOTBETCTBHE KOTOPBIX Oyzner
MOATBEPXKAATECA NOCPEACTBOM NPHHATHA AEKIapaliK O COOTBETCTBHH.

3aKOHOM MpeIyCMaTPUBAETCA BO3MOXKHOCTh HCMONBIOBAHMA HAPALY C cep-
THHKALMEH NOATBEPNIEHNA COOTBETCTBUA HEMOCPENCTBEHHO W3rOTOBUTENEM
(nponasuom), T. e. nepBoii CTOPOHOI, a Takke KOMOHHALMKM U3 HUX. TeM Gonee
uto B Cornaienun BTO o Texnuyeckux 6apbepax B TOProsiie, a Takke B Mexkmy-
HapoIHOM TepMHUHONOrHYeckoMm jaokymente HCO/M3K 2 ucnons3oBaH UMEHHO
STOT TepMHH. CyTh NOATBEPIKAEHHA COOTBETCTBHA COCTOMT HE CTONBKO B IapMo-
HW3aLMK TEPMHUHONOTHH B 0611aCTH CepTHOHMKALIMK, CKONBKO B nepexofie Ha Gosee
THOKHE (POPMBbI OLIEHKH COOTBETCTBHSA, B NEPEXOAE OT CEPTHPHUKALIMK KAK EAUHCT-
BEHHOH (POPMBI OLIEHKM COOTBETCTBHS K PasHOOGPasHEIM (opMaM, BKIIOYAS MoJ-
TBEPXKJEHHE COOTBETCTBHA Yepe3 IeKNapHpPOBaHHE COOTBETCTBHA.

Cucrema NOATBEPXICHHA COOTBETCTBUA ABJACTCA OAHHM M3 MEXAHM3IMOB
KOHTPOJIA KauecTBa W GE30MacHOCTH U NOTOMY AOKHA FAPMOHHYHO COMETATHCS
TOCYNApCTBEHHBIM KOHTPOJIEM M HaJ30pOM H 10OpOBONBHON cepTH(MKalweii.
IpuMeHHTENBHO K KAXKIOMY U3 TPEX COCTOSHMIl MPOAYKLMH (co3maHHe, peanuza-
UK, CepBHCHOE OBCITYXKHBaHHE) TOMKHBI GBITE ONpeneneHs! ShgeKTHBHbIE MeXa-
HU3Mbl KOHTPONA. LIeHTp TAXECTH MeXaHW3Ma MOATBEPKACHHA COOTBETCTBMSA
JO/DKeH OBITH MEepeHeceH Ha CTajMI0 CO3NAHMA MPOMYKIHMH. I'naBHyto pone B
obecrieyeHHH Ka4eCTBa Ha ITOM CTaAMK AOKHBI HTPaTh CHCTEMBbI KA4ECTBA.
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Cmamoa 21. Jlobposonsroe nodmeepiicoerue coOmeemcmeun

1. B HacTOSIIEM 3aKOHEe OTMEYaeTcs WMpOKuil criekTp o6bekToB 100pO-
BO/ILHOTO MOATBEPHKAEHUA COOTBETCTBHUA: NPOAYKLHA H CBA3AHHBIC C NpomyKUMEH
npouecchl, paboThl U YCIYrH, @ TaKke HHble 00BEKTBI, B OTHOIICHHH KOTOPBIX
CTAHAAPTAMH, CHCTEMamMH 106POBONIBHON CepTH(HKALMHM W 1OrOBOpPaMH yCTaHaB-
nuBatoTcs Tpebosanus.

Jlo6poBONBLHOE MOATBEPXACHHE COOTBETCTBUA OCYLIECTBIAETCA OpraHaMi
10 cepTHOHKALMH, KOTOpbIE MPOBOAAT NOATBEPHKACHHE COOTBETCTBMA, T. €. BbI-
JAIOT 3aSBUTENIO JNOKYMEHTAIBHOE YIOCTOBEPEHHE COOTBETCTBHA B BHIC CEPTH-
}MKaTOB COOTBETCTBHA W MpaBa Ha MPHMEHEHHE 3HaKa COOTBETCTBHA. Opran no
cepTH(HKAUMH MOXET NMPHOCTAHABIMBATE WM MpeKpailiaTh neicTBHE BbIAHHBIX
WM cepTH(HKATOB COOTBETCTBHA.

2. Co3nath cHcTeMy A0OPOBONBLHOM cepTHRUKALMM MOXKET HOPHAMECKOE JIHLO
¥ (M1H) HEAMBHAYANbHbIH NPEANPUHUMATENb WK HECKOIBKO IOPHAMHECKHX JIHLL H
(MnH) MHAMBHAYIBHbIE NPEANPHHAMATENH,

3akoH OmpefenAeT MAHUMANbHBIH COCTAB TPEOOBAHHH K JMLAM, CO3AAIOMHM
cucreMy n0GpoBoNBHOM ceprudukauuu. ITH AHLUA AO/DKHBL: YCTAHOBHTH MeEpe-
ueHb OOBEKTOB, MOMIENKAIIMX CepTHROHKALMK, ¥ MX XapaKTEPUCTHK; YCTAHOBHTH
npaBuia BLIMONHEHMA PaGOT Mo cepTMdHMKALMM W NMOPAZIOK MX OILIATHI; OMpeAe-
/IMTH COCTAB YYACTHHKOB CO3/1aBaeMOi cUCTEMbI 106pOBONBHOH cepTUHKALIUH.

V4acTHHKAMH CHCTEMBbI JOGPOBONLHON CepTH(UKauun MOryT ObiTh: OpraH
10 cepTUdHKALMK, HCTBITATENbHbIE JabopaTophy (ueHTpBI); OpraHW3aLmu, ocyie-
CTRIAIONIME CEPTH(HKALMIO CHCTEM Ka4ecTBa; 3aiBUTE/H.

B nocieauue roasl Gonbiioe BHUMAHHE YAENAETCA YNpaBIEHHIO KaieCTBOM
TIPOMBILLIERHOM TPOAYKUKH, B TOM YHCIIE B NPOLECCE €€ HIOTOBNCHHUA. Paspabo-
TaHHBIE CTAHAAPTHI TIPEIyCMATPUBAIOT BIMONHEHUE KOMILIEKCa paboT Ha npej-
NPUATHH (OpraHu3aliy), KOTOPbIE MOBLILAIOT YBEPEHHOCTH notpeburens B TOM,
YTO MOCTaBAAeMas NpOAYKUMA OyAeT COOTBETCTBOBATH 3afABICHHOMY KadeCTBY.
Ilpu 3TOM noTpe6HUTENb BNPaBe MPOBOJAMTL HHCMIEKTOPCKHE NPOBEPKH HA MecTe ¢
LeNBIO ONpe/ie/IeHs COCTOAHHA OpraHu3aLyy paboT Mo BHINIONHEHHUIO CTO 3aKasa.

OnHa u3 OCHOBHBIX LeJel NeATENHOCTH M0 CTAHAAPTH3ALMH, METPOTIOTHH H
OATBEPXKICHUIO COOTBETCTBUA (cepTHduKaumy) — obecrieyeHHe ka4ecTBa Mpo-
AyKIuH ¥ ycyr. JIaHHyIO Lesb OTPaXaeT TpHaja METOJIOB H BHIIOB NCATEILHOCTH
110 obecneyeHHI0 KaYecTBa, XapakTepHO MPEJICTABIEHHYIO rpaguiecky Ha puC. b

Kauecmeo — COBOKYTHOCTb XapakTepHCTHK 00BEKTa, OTHOCHUIMXCA K €ro
cNOocoGHOCTH YNOBIETBOPHTE YCTAHOB/ICHHbBIE H MPEATIOIaracMblc noTpeGHOCTH.

Cucmema Kauecmea — COBOKYRHOCMb OP2AHUIAYUOKHOU CIMPYKMYpbl, Me-
ModuUK, HPOYECcos U pecypcos, Heobxooumslx Ond obugezo pykogodcmea kayecn-
gom (TOCT P UCO 8402-94. VnpasneHHe Ka4ecTBOM H obecrneueHne KauecTsa.
Cnosaps).

Obwexnom MOXKET BbITh, B UaCTHOCTH, JEATEILHOCTL HIIH MPOLECE; NPOIYK-
UMA; YCTYTH, OPraHu3allus, CUCTEMa WIH OTAENbHOE JHLO, 3 TAKKE mobas KoM-
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Kauectso

MeTtponorus Crannapruzaunus

TlogTREpxKOEHHE
COOTBETCTBHA

Puc. 15.3. Tpuana MeTO0B H BUOOB ACATENEHOCTH MO 0GECNEYEHHMIO KaYecTBa

6unauuna u3 Hux. [IpuMepoM nonoGHON KOMOMHALMK ABNAETCA Takoe BCEOOBEM-
Jollee CBONCTBO, KaK «KayecTBO MU3HUY. 3a pybexoM, a B NocieAHee BPEMS U B
Hallel cTpaHe Bce walle mpobieMy 3allMThl WHTEPECOB W Npas notpebuTeneii
CTaJld paccMaTPHBaTh HMEHHO C MO3WLIMK KAYeCTBa MHUIHH. DT0 MOHATHE BKIIOYA-
€T LeJBIH PAll aCTIEKTOB MPOLECCa YAOBIETBOPEHHA YENOBEHECKHX NOTpeOHOCTEH:
KayeCcTBO TOBapoB W YCNyr, oxpaHa cpeasl obutanud, obecneyenne gusnyeckoro
¥ MOPanbHOro 30pOBbA, KauecTBo 06pa3oBaHus U mp.

ITpoyece (MCO 8402-94) — cOBOKYNHOCTh B3aHMOCBA3AHHBIX PECYPCOB M
HEATENBHOCTh, KOTOPLIE MPeobpasyloT BXOASUIHE INeMEHTSI (B ciiyyae MpOayKLUMH
— ChIpbe, MaTEpHAITLl, KOMIUIEKTYIOLIHE) B BBIXOAAILHE (FOTOBYIO MPOIYKLHIO).

VYenyea (MCO 8402-94) — utoru HENOCpeACTBEHHOTO B3aHUMOIEHCTBHSA MO-
CTABUIMKA W MOTpeOHTENs W BHYTPEHHEH NeATeNbHOCTH MOCTABUIWKA M0 YAOBME-
TBOpeHHIO noTpebHocTell norpedbutenda. EcTh onpenenenue ycayru (TaKxKe Mo Me-
XKyHapo[HbIM CTaHJapTam) B Gonee MocTynHo# opme: Habop (yHKLMI, KOTOpbIE
OpraHu3aums npeanaraet notpeburento.

INpoGnema kauecTBa akTyalbHa JUIS BCEX CTPAH HE3aBUCHMO OT 3pENIOCTH MX
phIHOYHOM 3kOHOMHUKH. Tak, B pa3OMTHIX M pa3NaBNeHHLIX BO BTOPOH MHPOBOii
BoiiHe Snouun ¥ I'epMaHuM yMmenoe NMPUMEHEHHE METOAOB CTAHAAPTH3AUMH W
METPOJIOrHH TNMO3BOAWIO obecrneyuTs KayecTro NpoOyKUMH U TEM CaMbIM J1aThb
cTapT 06GHOBIEHHIO SKOHOMMKH 3THX IOCYIapCTB.

Kauectso opmMupyeTcs, onupasch Ha cneayrouue 6a3sossie NPeaAnoOCHIIKH:

* HANWYHE HOPMaTHBHOM 6a3bl, KoTOpas 3agaet obpaseu (HOPMY) MPOU3BOAH-
MOH NMPOJYKILHH HITH YCITYT;

* YPOBEHb MHKEHEPHOH NMOATOTOBKY MPOM3BOACTBA (TeXHOMOTHsA, 06opynoBa-
HWE, CPENCTBA U METOABLI KOHTPOJIA H T. Jl.);

* YPOBEHb NOATOTOBKH MEPCOHANA;

* YPOBEHE OPraHH3alliy YNpaBJeHHA MPOH3BOICTBOM,

* 3HaHWE PLIHKA MPOAYKLHH H YCIYT;

* COCTOAHHME MEAYHAPOIHOro PhIHKA.
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Ceifyac BO MHOTWX CTpamax CyIIeCTBeHHOe 3HaueHWe npuobpena no6po-
BONbHAA cepTHdMKALMA CHCTEM Ka4yecTBa NPEANPUATHH Ha COOTBETCTBHE Tpe-
foBaHHAM MEXTYHapoaHbIX crannapToB cepiu HCO 9000. Mex myHapo/{HO# op-
rasusaumeii o cranmaptuzauun UCO yrsepxaeHa cepust 9000 MexIyHapOAHbIX
CTAHIAPTOB, YCTAHABIMBAIOIMX TPeOOBaHMA K CHCTEMAM obecneueHus Ka4yecTsa.
Cranpaptsl cepun 9000 NPHHATH! MHOTHMH CTpaHaMy 1 Okasany Oosibuoe BawA-
Hue Ha obecneyeHue kayecTsa, OHM NOCTOAHHO COBEPUIEHCTBYHOTCA.

B sepcuu 2001 B PO npunaTs! cenyouye cranaaptsl UCO: 'OCT P UCO
9000-2001 «CHcTeMsl MeHemxkMenTa kayecTBa. OCHOBHBIE MONOKEHHA W CNO-
sapb»; TOCT P UCO 9001-2001 «CucreMbl MEHEKMEHTA KauecTsa. Tpebosa-
ausy; TOCT P UCO 9004-2001 «CucteMb! MEHEDKMEHTA KaecTBa. PexomeHna-
LMK 0 YMyHUIEHHIO fesTensHocTHy. M3 Bcex TpeDOBaHMH K CHCTEME KauecTsa,
HINOKEHHBIX B JBALATH paszfiefiax MEeXIyHapOIHbIX CTaHAapTOB HUCO cepun
9000 BaxHeHMMH (ONPENENIOMWMUMH U CUCTEMOOGPa3syIOIUME) SABAAIOTCA TPE-
GoBauua K paspaboTke M JAOKYMEHTALHOMY O(OPMIEHHIO MONUTHKH B obnactn
Ka4yecTBa U pYKOBOJCTBA MO Ka4eCTBY.

Crannapt TOCT P UCO 9000-2001 onuckIBaeT OCHOBHbIE MOJIOKEHHA CHC-
TeM MEHeKMEHTA KauecTBa W YCTAaHABIMBAET TEPMUHONOTHIO Ul CUCTEM MEHEDK-
MeHTa kayecTsa. JlaHHbIH CTaHAAPT MOXKET HCTIONB30BaTLCA:

* OpraHM3aUMAMH, CTPEMAMMMCA NOOHTHCS NPEeHMYLIECTBA MOCPEICTBOM
BHE/JIPEHUS CUCTEMBI MEHE/DKMEHTA KauecTsa;

* OpraHM3alMAMHA A YBEPEHHOCTH B TOM, WTO MX 3a/laHHbIC TpeGoBaHus K
MPOAYKUAN GYTyT BHIOMHEHb! MOCTABIMKAMH;

* [0AB30BATENAMHU NMPOTYKIHUH,

* 3aMHTEPECOBAHHBIMH OPTaHM3ALMAMH B €AUHOM MOHUMAHHH TEPMHUHONOTHH,
NPUMEHAEMOH B MEHEKMEHTE KaueCTBa;

* CTOPOHAMH, KOHCYNBTHPYIOILMMH W NPOBOAALIEMY 0DyHuerHe no cucreme
MeHeKMEHTA Ka4ecTBa,

* pazpaboTYMKaMHi COOTBETCTBYIOLIWX CTAH/APTOB.

OCHOBHbIE MONOKEHHA JAHHOTO CTaHAapTa MpeAHasHayeHbl JIA BCEX opra-
HU3aLMil HE3aBMCHMO OT BHIA MNOCTABNSEMON NpOAYKUMH. 3ajauu CTaHAapTa
FOCT P UCO 9001-2001, HanpaBienHsle Ha yIOBJICTBOPEHHE TpeOGoBaHuUH ro-
TpebuTeneit W yay4lleHHe KayecTsa NpoJAYKUMH, 3HAYUTENBHO PacIUMPEHbI. Ouu
YUUTHIBAIOT 3aMHTEPECOBAHHOCTh BCEX CTOPOH, M MPEAYCMATPHBAIOT ACATE/b-
HOCTb OPraHM3aLy B Lenom. [IPHHLKMILL MEHEDKMEHTa Ka4ecTBa, Ha KOTOPBIX OH
Gasupyercs, MOTYT ObiThb pacmpoCTpaHeHbl Ha BCIO OPraHM3ALMIO. Cranaapt
I'OCT P UCO 9004-2001 comepHT peKOMEHIAIMY, KOTOPBIE BBIXOAAT 33 paMKH
TpeGosanuii, npuseexnbix 8 TOCT P UCO 9001-2001, u BKAKOYAET paccMoTpe-
nre 3(HEKTHBHOCTH CUCTEMBI MEHEVKMEHTA KayecTBa, ¥ yIy4LICHHE [CATENbHO-
CTH OpraHu3audi. BHMMaHWe COCPENOTOYEHO Ha JOCTHXEHHH MOCTOAHHOTO
YAYYLIeHHs CTaHAapTa, KOTOPOEe U3MEPSETCA CTENEHbIO YAOBIETBOPEHHOCTH M0~
TpeGuTeNA U APYTHX 3aHHTEPECOBAHHBIX CTOPOH.
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Cranpaptet KCO 9001-9004 npemycMaTpHBAIOT HanH4YHME B CHCTEME Kaue-
CTBA YETKO PErnaMeHTHPOBAHHBIX 3IEMEHTOR, BIMAIOLIMX HAa obecneueHue kaye-
CTBa MPOJYKLHMHM OT €€ NPOEKTHPOBAHHA [0 peann3auuu MoTpeduTenaM, T are-
MEHTbI YCTAHAB/IMBAIOT TPEOOBaHHA MO CNEAYIOUINM HANPABICHHAM JEATENBHOCTH
NPEANPHATHI: OTBETCTBEHHOCTh PYKOBOJCTBA; AHANIM3 KOHTPAKTOB; YMpaBjieHHE
NPOEKTHPOBAHHEM, H3rOTOBNEHHEM, HCTBITAHWEM, KOHTPONEM W TOCTABKAMH
NpOAyKUHH, YNpaBleHHe AoKYyMeHTauueil u OazaMu JaHHBIX; ofecrieueHue KoH-
TPONILHO-M3MEPHUTENILHOH annapaTypoil K HCnbITaTeNbHBIM 000pYI0OBaHHEM; aHANH3
Opaka; BBe/leHHE KOPPEKTHDYIOLIMX W MpeIyNpexXIaoIuX AeHCTBUIA; NOrpy30u-
HO-pa3rpy304Hbie paboThl, XpaHeHHe, YakoBKa U KOHCEpBALMS; BBEJEHHE BHYT-
peHHBFI NPOBEPKH CHCTEMbl Ka4eCTBa; MOArOTOBKA KalpoB; I'IOCJTC[IpOI[a}KHbIﬁ
CEPBHC; HCMONB30BAHUE CTATHCTHYECKHX METOIORB.

OnHa ¥3 mocnefHuX penaKkuuii MexIyHapoaHBIX CTaHmapToB cepuu MCO
9000 coctouT u3 pana cranaapros (nanpumep, UCO 9000:2001, UCO 9001:2001
1 9004:2001), B KOTOPBIX 3a/10%€HBI BOCEME MPHHLMIIOB MEHEKMEHTA Ka4ecTBa:
OpraHu3aiys, OPUEHTHPOBAHHAA Ha MOTPeOHTENs; PONb PYKOBOACTBA B yNpasJie-
HUH KayecTBOM; BOBJIeYeHHe pabOTHUKOB B YIy4lUEHHE KavecTBa, MOAXOJ K
YNPABJIEHHIO KAaYeCTBOM Kak K MpOLECCY; CHCTEMHBIN MOAXOA K YIpPABJEHHUIO;
NOCTOAHHOE YJYYIIEHWe; NMPUHATHE pellleHni, OCHOBaHHbIX Ha (akTax; B3aUMo-
BBITO/IHBIE OTHOIIEHUA C MOCTABIIHKAMH,

B nacrosuiee spema B PO neficTeyer u 3apernctpuporana 8 ['ocysapcTaen-
HOM pEECTpe CHCTeMa CepTH(HKALMH CHCTEM KauecTBa W MPOH3BOMICTB, [OJTY-
YHBIIAA KpaTKOE HasBaHHE «Per HCTP CHCTEM KaieCcTBa», 210t PErHCTp MpeacTas-
nseT cobokt cuctemy cepTuhHKALMK, NOCTPOSHHYIO B COOTBETCTBHM C AEHCTBYIO-
KM 3aKoHoaaTenscTBoM PP (noka 6e3 yuera snusHug PegepansHoro 3akoHa «O
TEXHHYECKOM perynupoaauuu»), npaswiaMH no CE]JTHII]}HKHIIHH, HallHOHANBHBIMH
CTaHAapTaMH, a TaKKe MEXKIYHAPOAHBIMH H EBPOHCQCKHMH npasunaMH U Npoie-
Aypamy. B pamkax NaHHOH CHCTeMBb! cepTHOUKALMH OCYIECTRASIOTCS:

* cepTHOUKALMA CHCTEM Ka4ecTBa,

* cepTUHUKALHA NPOM3BOACTS;

* HHCMEKLIMOHHBIA KOHTPOJIb 33 CePTHOULMPOBAHHBIMYA CHCTEMaM# KauecTBa U
MPOU3BOACTBAMM;

* MEXIYHapOIHOE COTPYAHUYECTBO B 061aCTH cepTH(UKALIMK CHCTEM KadecT-
Ba B HHTEPECAX B3aHMHOrO NPU3HAHUA €€ Pe3yNbTATOB.

ITpu Takoit cepTuduKaun NOMKHBI OBITE ObecTeyeHsI:

* 10OpOBONBLHOCTE;

* Ge3MCKPHMHHALIMOHHBIH JOCTYN K Y4acTHIO B MPOLECcaX cepTUdHKALIAY,

* 00BEKTHBHOCTH OLEHOK H BOCNPOH3BOAHMOCTE PE3YNBTATOB OLEHOK;

* KOHpUIEHIHANTEHOCTE U HH)OPMATHBHOCTS;

* CMIELHANHU3AIMA OPTaHOB M0 cepTHOUKALIMM CHCTEM KAYecTBa;

* [IpOBEpKa BHIMOJHEHNA TpeOOBaHHI, MpeIbABNAEMBIX K NPOAYKUMH (ycIyre)
B 3aKOHOJATeNbHO PErynupyeMoH cdepe;
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+ JIOCTOBEPHOCTH AOKA3aTENBCTB CO CTOPOHbI 3aABUTENA COOTBETCTBHA CHCTE-
MBI KauecTBa HOPMaTHBHBIM TPEOOBAHUAM.

Jlobposonsrocmy. CepriduKalys OCYIIECTBIACTCA TONBKO M0 MHHUMATHBE
3afBHTENA MPH HATHYUM OT HETO MMCbMEHHOH 3aABKH (ecnu ¥HOE HE NpeaycMOT-
pEHO 3aKOHOM).

Be30uUcKpUMUHAYUOHNbIE OOCMYN K yHacmuio & npoyeccax cepmugpurayuu.
K ceprudukaiumuu 8 Perncrpe A0MyCKaloTCs BCE OpraHM3aluy, MoJaBIIHE 3aABKY
Ha cepTUOHKALMIO M MPH3HAOWME NMPHHIMILL, TpeGoBaHHA M MpaBwia, yCTaHOB-
nennsie B Peructpe. Hcwmouaercs ymobad ANCKpHMUHALIAA saspuTeNns ¥ moboro
y4acTHHKa Npolecca cepTuHkaui (ueHa, 3aBbILICHHAsA B CPABHEHMM C APYTHMH
sasBUTENSAMH, HeoNpaBlaHHas 3afepika Mo CPOKaM, HeoOOCHOBaHHBIH OTKa3 B
npueMe 3asABKH 1 TIp.).

ObvexmueHocmy OyeHok 0BecnevHBaeTCs He3aBHCHMOCTBIO OpraHa rno cep-
THUKALMK ¥ MPUBIEKACMBIX HM K paboTe 3KCMIEPTOB OT 3aABMTENA WIH IPYTHX
CTOPOH, 3aMHTEPECOBAHHBIX B PE3ylbTaTax OlEHKH W cepThdUKauuMyu, a TaKKe
NOJTHOTOM COCTABA KOMUCCUYU IKCnepmoa (Iafiee — KOM HCcCHa).

B COBOKYIHOCTH KOMHCCHS 110 CepTHOHMKALIN JOJDKHA SHATE CTaHJapThl Ha CHC-
TeMy KauecTBa, BNAlIETh TEXHUKOH MPOBEPKH, KPOME TOro, 3HaTh 0COOEHHOCTH MPOK3-
BOJICTBA NPOYKLMU M HOPMAaTHBHBIX tpeGoBanuit k Hell. B coCTaBe KOMHCCHH JIOIDKEH
66ITh CHELMANHCT MO MPOBEpAEMOMY BHIY 3KOHOMMHMECKOH AeATENbHOCTH (OTpacnu
xoasiicTsa). [TpH HEOOXOMMOCTH B COCTAB KOMHCCHH MOTYT ObITh BKTIOYEHBI CNIELMa-
JIUCTEE 110 METPOIOTHH, IKOHOMHKE H Ip.

Bocnpou3odumocmo pesynibimamos OyeHok obecrieunBaeTca: NPUMEHEHHEM
NP} NPOBEJCHUH MPOBEPOK M OLEHOK CHCTEM xauecTsa (NPOM3BOJICTB) MpaBuil U
NpOUELYP, OCHOBAHHBIX HA €/IHHBIX TpeGoBaHusX; NPOBEACHHEM OLEHOK Ha OCHO-
Be (DaKTHYECKHX NAHHBIX; JOKYMEHTANbHEIM o(hOpMIEHHEM Pe3yLTATOB OLCHOK
# cepTHUKALIMM, YETKOH opraHusalyeli CUCTEMBb] YHETa H XPaHCHHUA JIOKYMEHTa-
L1MH OPraHOM MO CEPTHHUKALIMH.

Kongpudenyuansnocms. Oprau 1o cepTHdHKalMH, Er0 IKCMEPThl W NPHB/E-
KaeMmbie K y4acTHIO B paboTe KOMMCCHH CTICLIMATHCTEL noMKHET cobnonark KOH-
PuneHUMaNBHOCTb HHpOPMALH 06 opranM3alLMAX, NOMyHEHHOH Ha BCeX Jranax
cepTUdUKaLMK, @ TAKKe BBIBOMIOB, XapaKTepU3yIOUMX COCTOAHNE CHCTEMBI Kate-
CTBa ¥ COOTBETCTBHE MepcoHana. KonpnaeHuuansHOCTb nudopmanmu obecneun-
BaeTcs: AN LITATHOTO MEpcoHana opraHa mo cepTH(UKAUUN — OMNpeleneHHEM
TpeGoBanuii KOHUAEHUMANBHOCTH B MpHkasax PYKOBOAMTENIS OpraHa, HOIKHO-
CTHBIX MHCTPYKUMAX (NPH O3HAKOM/IEHHH MEPCOHA CTABHT CBOIO MOAMWCE); AN
npUBleKaeMOro NepcoHana K paboTam 1o cepTuHKaLHH — YCTAHOBICHHEM Tpebo-
panuit KOH(HACHLMANBHOCTH B J0rOBOpax (TpynoBbIX cornaleHusx), 3aKmnovac-
MBIX MEXIy OPFaHOM T10 CepTH(UKALIMH H MPHBIEKACMBIMHU Y4aCTHUKAMH.

VenosHe KOHQHAEHUMATBHOCTH HHGOPMALHH HE cobnoaaoT B TEX cy4asx,
Koraa npoAyKuus (yciyra), a Takxe ycloBHi NMPON3BOJICTBA MOTYT yrpoXarb 310
POBbIO TIOTpEOUTENIEH U NIPENCTABIATE ONacHOCTh Ui IKOJOTHH.
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Hugpopmamusrocme. B Peructpe nomkHa ofecneunsatses exeroaHas my6-
nukauus ouuransHol HHQOpPMaUKK O CEPTU(PHLIMPOBAHHBIX CHCTEMAX KayecTsa
(npouzeoacTea) opranusaumit. Kpome Toro, B onepaTMBHBIX MCTOYHUKAX WHGOP-
Mauuu (NMEpHOAMYECKUX H3aHuAX PenepanbHOro areHTCTBa MO TEXHUYECKOMY
perynupoBaHHI0 W METPONIOTHU W er0 WHCTHTYTOB) AO/DKHA TTYOIMKOBATHCS TEKY-
ias uHGpopMalus 0 cepTHHUKAUUU WM 00 aHHYNUPOBaHWM CepTH(UKATOB CHC-
TEM KayecTBa (MPOW3BOACTB) OpraHH3auHii,

Cmanoapmel cucmem ynpagnenus Ka4ecneom OKpydcaioujeil cpedst cepuu
14000. Henasno nosasueiuecs cranaaptel HCO cepun 14000 cBazanbl ¢ 0cobbiM
BHUMaHHEM MHpPOBOI OOIIECTBEHHOCTH K BOTIPOCAM 3KOJIOTHH M OXpaHbl OKpY-
axaroteit cpenst. B cepuio 14000 BxoasT cneayiouine CTaHIAPTI:

* UCO 14001 «Cuctembl ynpaBneHHs KavecTBOM OKpy»xarouuei cpeabt. Ob-
uue TpeboBaHNA W PEKOMEHAALMHN 0 UCTIONh30BAHHION;

* UCO 14004 «Cuctemsl ynpaBieHHA Ka4yecTBOM OKpyxarouiei cpembl. O0-
HE NPHUHLMNE! YNPaBAEHHA KaueCTBOM OKpYKAIOIeH cpefibl, CHCTEMBI KaiyecTsa
M MOAAEPKUBAIOIIAA TEXHHKAY,

« UCO 140010 «PyKOBOJACTBO 10 ayAUTy OKpYyxatouuei cpenst. Obuye npuH-
LUIBIY;

* HCO 140011-1 «PykoBoacTeo no ayauTy okpysarouleii cpenst. [Tpouenyps!
aynura. Hactk . AyauT cHcTeM ynpasiieHUs Ka4eCTBOM OKpYXKaloLel cpeibly;

* UCO 14012 «PyxoBoACTBO 1O ayauTy Okpyskatouteil cpeapt. Kpanugukauu-
OHHbIe TpeGoBaHHS K ayIHTOpaM».

MexaynapoaHste cranfaptsl HCO cepun 14000 cornacoeaHkl co cTaHmap-
tamu UCO cepun 9000.

[MepcneKkTHBLI pa3sBUTHA 3TOr0 HANpPaBNEHHA NMOUCTHHE BrieyaTadoue, Tak,
HATpUMED, Y)Ke ceyac psa CTpaH NPHCTYMHI K CO3JaHUIO CUCTEMBI YIpPaBIeHUA
KauecTBOM YPOBHA JKH3HU rOCYapcTBa B LIE/OM.

JHansHeliee coBeplICHCTBOBAHHE MOHUMAHHA, OLUEHKH, ofecrneyerus U ra-
PaHTHPOBAHHA KauecTBa LINO MO MYyTH paciuMpeHus maciutabos paboT, MoseiLie-
HUA Ge30MacHOCTH NPOM3BOACTE JUIS OKPYXAIOIIeH cpe/ibl, yueTa CrelHaTn3alni
pasznuyHbIX obnacTeil NeATENsHOCTH M NMPEAOCTAB/IEHHA PEe3yNbTaTOB KayecTsa
Bcemy OOLIECTBY, BCEM HamnpaBleHUAM JKH3HEAeATENbHOCTH. Bmecte ¢ Tem, He-
CMOTPA Ha BEChbMa 3HaYMTENbHbIE YCTIEXH TEX, KTO HCMONL3YET CHCTEMBI Ka4ecTBa
no crannapram UCO cepuu 9000, Bce Gonbuiee 3HAYEHHWE B MPOMBILLIEHHOCTH
MpPUAAETCS Pa3BUTHIO CHCTEM KadyecTBa MyTeM peanusaunu npuHuuna TQM (anrn.
— Total Quality Management) — sceobuezo menedyicmenma Kavecmed. ITOT
npuHuun 6sin1 3anokeH B 90-e roasl XX B. B crannaprax UCO 9000 B Bepcuu
2001 r. ucnonsayercs pan npuniunos TQM. Cranpaptsl HoBoH Bepcuu 6ymyT
coBmecTUMbl co cranpapramu MCO cepuu 14000 Ha cucTeMbl yNpaB/ieHHA OKpY-
Karollei cpenoi.

YeTkoil v 0aHO3HAYHO#H (HOPMYAHUPOBKM 3TON KOHLIEMNLHH HE CYLLECTBYET, HO
MO3KHO TIPUBECTH XapaKTepHsie MPU3HAKH U LIENIeBbIE YCTAHOBKU cHCTeMbI TQM:
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» ucnonb3osanue Hopm cranaapros HCO cepun 9000 HoBOH BepcHu 200l r. m
cepTHOHKALMA HA HX OCHOBE CHCTEM MCHEUKMEHTA KauecTsa;

« obecneuenmne coorsercTeus cranmapram UCO cepumn 14000 (oxpana okpy-
Kalowe cpebl);

+ aKTHBHOE McroNb30BaHue crannaptos QS 9000 (cneunanusauns);

* OlICHKA Pe3yALTATOB C HCMONBIOBAHHEM MEXAHHIMOB MEX/IYHAPOIHBIX M Ha-
HHOHANILHEIX TPEMHH 10 Ka4ecTBy;

« (TOTANBHOE» BOBJEUEHHE B JEATENBHOCThL MO KayecTBy BCEro rnepcoHana, a
TAKKe NOCTABILWKOB noTpebuTtenei;

* MOCTOSHHAS AHHAMMKA KAueCTBa, B YACTHOCTH KYpC Ha NOCTHXEHHE HH3KOTO
yposis aedexrrocty (10-100 nedekTHBIX €ARHHML Ha 1 MuiH. n3genuit);

* CHIDKEHHE cebecTOMMOCTH.

Crannaptsl UCO cepuu 9000 chopMHpoOBATH KOHUEMUMIO <YHHBEPCATLHOTO
yNpaBNeHus Ka4eCTBOMN, OTAHYHMTENbHOH 0COGEHHOCTBIO KOTOpO#t cTana cepTu-
¢duKalMA TPOH3BOACTB.

KauecTso npoiwio myTh OT NPHUEMOYHOTO KOHTPO/A NPOAYKUHH (navano
npounoro Beka), uepes ee cepruduxaumio (1950-¢ rr.), CepTH(HKALHIO NPON3-
soacts (1980-e rr.) K cepTH(HKALUMK CHCTEM MEHE/DKMEHTA KauecTBa B KOH-
uenunn TQM (c 1990-x rr.), T. €. OT KOHTPOAA K ODecneueHuio. Taxkum obpa-
30M, Ka4eCTBO (M 1IeHa) BO MHOTOM OMPEAENsIOT BOCTPeOOBAHHOCTL MPOLYKUHH H
yenyr Ha poitke. OTCIOA CleayeT, 4TO CMELHATHCTLI N0 YNPABICHHIO Ka4eCTBOM
3aHUMAIOT KTIOYEBbIE MO3MUKMK B I0OBIX BUAAX NPOU3BOJCTE H yCIIYT.

3. JIaHHBIM 3aKOHOM YCTAHOBJIEHO MOJIOKEHHE O PErHCTPALHH CHCTEMBI no6-
pOBONBbHOM cepTHdUKALMK (eaepaTbHEIM OpraHOM WCTIONIHMTENBHON BJACTH MO
TEXHHYECKOMY PerynHpoBaniio. J[o6poBONLHOCTE PErHCTPAUMH O3HA¥AET, HTO
JOPHAKYECKOMY ALY WIH HHAMBHAYaNbHOMY NPEANPHHUMATENIO 1A TOFO, HTO-
6bl OpraHM30BaTh cHcTeMy A06POBONBLHOM cepTHOUKaLNH, AOCTATOYHO B COOT-
BETCTBYIOWIMX AOKYMEHTaX OTPa3WTh BOMPOCHI MO OCYIUECTBICHHIO no6Gposoib-
Ho#t cepTHdHKALMH.

4, Tynktom 3 cT, 21 NpeaycMOTPeH OTKa3 B PErHCTPaLMH CHCTEMbI 1006poBoNb-
HOM cepTH(MKaLIK, KOTOPBIH TOMYCKAETCA TONBKO B CIy4ae HEMpeACTaBICHHA [10-
KYMEHTOB, MpPEAYCMOTPEHHBIX, WIH COBNAJCHHA HAHMCHOBAHHA CHCTEMBI H (unw)
M300paXeHHs 3Haka COOTBETCTBHA ¢ HAUMEHOBAHMEM CHCTEMBI H (wu) n3obpaxe-
HHEM 3HAKA COOTBETCTBHA 3aperMCTPHPOBaHHON paHee CHCTEMbI 106poBONILHOM
cepruuKaLMH. YCTAHOB/ICHBI CPOKH YBEAOMIICHHA o6 otkaze. OTka3 B peructpa-
LMK CHCTEMBI I06POBOIBHOM CepTHHKALMM MOXKET ObITh 002kanosaH B cyze.

5. MenepajibHOE ArEHTCTBO MO TEXHUYECKOMY PEryHPOBAHHIO H METPONIOTHH
JI0MkHO 06ecrnednTh AOCTYIHOCTh CBEICHHH, COAEPXKALUMXCA B €AWHOM peecTpe
3aperHCTPUPOBaHHBIX CHCTEM A06pOBOBHOM cepTHHKALHK, 3aHHTEPECOBaH-
HbIM JuuaM. Bce 3710 cosgaer GnaronpuaTHbIE YCNOBMA [UIA Yy4acTHA B 3TOM
JEATE/IbHOCTH 3aUHTEPECOBaHHBIX FOPHAHYECKHX JIHIL W HHAMBHAYAIBHBLIX
npeanpuHUMaTene.
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Cmamea 22, 3naxu coomeemcmeun

1. PaspemieHo mapkupoBaTh 3HAKOM COOTBETCTBUA CHCTEMbI HOOPOBOILHOMN
ceptudukaunn o6bekThl, cepTUGULIHPOBAHHBIE B CHCTeMe NOGPOBONLHOI cepTH-
¢ukauuu. CooTeTcTBHE OOBEKTOR CTAHAAPTAM OPraHM3alMii, YCIOBUAM HOTOBO-
pa, TpeboBaHMAM CHCTEMBI CepTH(UKALIMK MOATBEpkKaaeTCA Bblaaueit cepTuduka-
Ta COOTBETCTBMA M NPENOCTABIEHHEM INpaBa MAapKHPOBKH 3HAKOM COOTBETCTBHS
cucteMbl  f0OpoBonbHOH cepTH-

dukanun.
CornacHo 3akOHy, Kaxpgas
CHCTEMa CEepTHOHKALHA HMEeT I:||:I I

NpaBo Ha CBOH 3HAK COOTBETCTBHA.
Cuctembl  obs3atensHol  cep-

THHKAUWU OJHOPONHON NpoayK- 0000 0000
UMK, BXOOAMIHE B CTPYKTYpY

HATh YKa3aHHBIH 3HAaK, HO UM He obssarensHo cepruukawm FOCT P

3alpenieHo BBOAMTH M coOCTBeH-
Hble 3HaKH. B HacTosllee BpeMs 3aperucTpUpoBaHbl COOCTBEHHbIE 3HAKH COOTBET-
CTBHA HEKOTOPBIX POCCHIHCKHUX cUcTeM obA3aTenbHol cepTudukaunu (puc. 15.4).
3HaKH COOTBETCTBHSA CHCTEMBI CepTH(MKALIUK HecyT B cebe BCIO MONE3HYIO
nHbopMaumio, kKoTopas: ybexaaeT noTpebuTeNs B HALIEKAlIeM KauecTBE TOBapa,
B €ro 6e30MacHOCTH; MOXKET UCMOJB30BATECA H3TOTOBHTENEM B PEKAMHBIX LIEJIAX;
MOMOraeT OpraHaM roCyJapCTBEHHOTO HaA30pa NPUHATHL pElIEeHHe O BO3IMOXKHO-
CTH peanu3alMy MPOAYKUHMH; U CTPaxoBbIX KOMMNaHWii ABNfETCA OQHON W3 Ta-
panTuii 6e30macHOCTH TOBapa.

2. TIpHMEHEHHE 3HaKa COOTBETCTBHA HALMOHANBLHOMY CTaHAApTY OCYLIECTBA-
€Tcs 3adBUTeNeM Ha N00pOBONBHOH OCHOBE JMOOBIM YAOOHBIM IS 3aABUTEIS CNO-
cobom B nopanke. CooTBeTCTBHE OOBEKTOB HAIMOHANLHBIM CTaHAAPTaM MO.-
TBEpXKAAeTCA BhlJauell cepTH(HKAaTa COOTBETCTBHA W MpeNOCTABIEHHEM MpaBa
MapKHPOBKH 3HAKOM COOTBETCTBHA HaLHOHATLHOMY CTaHapTy.

3. denepanbHBIM 3aKOHOM 3aNpelleHO NMPUMEHEHHE 3HaKa COOTBETCTBHA K 00b-
€KTaM, COOTBETCTBHE KOTOPBIX HE MOATBEPHIAEHO NOKYMEHTATLHO.

IlpHMeHeHHe 3HAKOB COOTBETCTBMA oberdaer nMpHoOpeTaTeNaM, ¥ B MEPBYIO
ouepenb MoTpeduTeNsiM, BRIOOP NPOMYKUMH, YCIyT, paboT, B MaKCUMaNLHOH cTene-
HM COOTBETCTBYIOIMX MX NOTPeOHOCTAM H JKENaHUAM, U TEM CaMbIM CITOCODCTBYeT
peanu3aluy MPHHLKIA MAKCHMANTbHOrO y4eTa HHTEPECOR 3aHHTEePECOBaHHBIX JIHLL.

Cmameoa 23. Obazamensroe nodmeepyicoenue coomeemcmenn

1. Hacrosuum 3aK0oHOM YCTaHOBJNIEHO, UTO obs3arenbHbiM B PO saBnderca noa-
TBEP/IEHHE COOTBETCTBHA TONBLKO TPeOOBAHMAM TEXHWYECKHX PETVIAMEHTOB, T. €.
TpeboBaHMAM B OTHOWEHWN Oe3zomacHocTH. TpebGoBaHWA MO APYrMM CBOMCTBaM
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NPOAYKUMH, Yeiyr i paboT noanexar 100poBOIbHOMY NOATBEPHKACHHIO COOTBETCT-
BHA, MPHYEM HCKITIOYHTEIBHO MO MHHUHATHBE 3asBUTENA (CT. 19, n. 1, ct. 21, m. 1).
JlanHbIi 3aKOH PEryJIHPYET OTHOWIEHHA TONBKO BHYTPH roCyAapcTsa, ModToMy Tpe-
6opanue 06 o0Os3aTeNbHOM NOATBEPHUIEHMH PAacnpOCTPAHAETCA HA NMPOMYKLHIO,
NpUMeHAeMyI0 TObKO B PO.

2. ®opMbl M cXeMbl 00A3aTENLHOTO MOATBEPKACHHA COOTBETCTBHA Tpebopa-
HMAM TEXHHYECKOTO periamenta onpeaeneksl B cT. 20, n. 3. D10 NpHHATHE AeK-
Napatun 0 COOTBETCTBMH (JEKNapUpOBaHHe COOTBETCTBHA) H obs3atenbHas cep-
trdukauus (cM. puc. 15.2). CxeMbl 1€KNapHPOBAHHA COOTBETCTBHA NpEACTaBAC-
HBI B CT. 24. B LIHPOKOM CMbICAE NOJ CXEMOH CepTH(HKALMK NOHUMAETCA cote-
TAHHE PA3AUMHBIX KOHTPOJIBHBIX H HHCMIEKUHOHHBIX JCHCTBUH; OHA MPHHUMAETCS
B KaXOM KOHKPETHOM C/Tydae C y4eToM crneuuduku NpoayKuHH, OpraHH3aluy ee
NPOM3BO/ICTBA, IKOHOMHHYECKHX H MHBIX (akTopos. Bribop dopmbl H CXEMBI 00-
3aTENBHOTO NOATBEPHK/ICHHA COOTBETCTBHA OCYIIECTBIAETCA MpH paspaboTke co-
OTBETCTBYIOLLEr0 TEXHHUECKOI0 perjamMenTa.

3. HesaBHCHMO OT TOro, Kakas cxema o0asaTensHOro MOATBEPKACHHA COOT-
BETCTBHS MPEAYCMOTPEHA TEXHUYECKHM PErIAMEHTOM, AEKNapalHa COOTBETCTEHA
HWIH CepTHOHKAT HMEIOT PaBHYIO IOPHAMYECKYIO CHITY H JefcTBYIOT Ha BCeil Tep-
putopun PO,

4. Bce pabotsi 1o 06s3aTeNLHOMY NOATBEPKICHHIO COOTBETCTBHA NOIEKAT
oruiate 3agBHUTENEM.

Cornacuo c1. 23, Ipasutenscto P@ ycraHasinBaeT METOAWKH onpeicie-
HUA CTOMMOCTH paboT no obsA3areNbHOMY MOATBEPKACHUIO COOTBETCTBMA, CHO-
cOGCTBYET YNOPANOYEHHOCTH 3TON JEATENLHOCTH, OOecreyHBaeT BO3IMONKHOCTS
NI2HUPOBAHWA 3aTPaT 3aABHTENEM, MPOrHO3HPOBAHKA M MUIAHHPOBAHUA ofbemoB
paGoT OpraHoB MO cepTHRUKALINH, HCTIBLITATENLHBIX J1a00paTOPHil H LEHTPOB.

Cmamea 24. [{exnapuposanue coomeemcmeun

1. 3aKOH YCTAaHABAWBAET JIBE CXEMbl ACKIaPHPOBAHMA COOTBETCTBHA. JInua,
KOTOpBIE MOTYT GbITh 3a8ABHTENAMU JAEK/IAPHPOBAHHA COOTBETCTBUSA, TAKkKe Onpe-
JIENSAKOTCA TEXHHIECKHM PEraMeHTOM.

2. B nepBoii cxeMe [eK1apHPOBAaHHA COOTBETCTBHUA, KOMIA ACKiIapalii o Co-
OTBETCTBHM NPUHUMAETCA HAa OCHOBAHUH CODCTBEHHBIX J0KA3ATENLCTB, 3AABHTEND
cam (OpMHpYET JOKa3aTeNLCTBEHHbIE MATEPHANILL O COOTBETCTBHH. CocraB 3THX
MaTepHasoB, B KOTOPLI MOTYT BXOAMTh TEXHHYECKAA NOKYMEHTaLlHA, pe3y/IbTaThl
MCTILITAHHIL M HHBIE JOKYMEHTBI, ONPEENAETCA TEXHUYECKHM PEraMenToM. JTa
CXeMa B 3HAUMTENLHOI CTENEHH CX0XKa ¢ CyLIeCTBOBaBLICH paHee y Hac B CTpaHe
CHCTEMOM OLIEHKH COOTBETCTBHA, KOTOpas OCYLIECTBINACh OTAENAMH TEXHHYE-
CKOr0 KOHTPOJIA MPEANpHATHIA

3. Bo BTOpOit CXéMe NPHHATHA JAEKNApalUHH © COOTBETCTBHM JOKa-
3aTeNbCTBEHHbIE MaTepHanbl, CHOPMHUPOBAHHBIC 3AABHTENEM, NOJIKHBI ObITe J10-
MONHEHB! JOKA3aTe/bCTBAMM, MOAYYEHHBIMH € YYacTHEM TPETheH CTOPOHBI —
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Oprana no CepTUHKALHM, HCMILITATENBHON NlaGopaTopKH (LIEHTPa) WK OAHOH U3
OTHX OPraHH3auMit. THMH 0Ka3aTeNbCTBAMH ABASIOTCS: NPOTOKO/bI HCMBITAHMUI,
TMPOBCACHHBIX B aKKPEANTOBAHHON HCMbITAaTeNbHOM NaGopatopun (LeHTpe); cep-
THOHKAT cCHCTeMbl KadecTBa. Kak v B nepBoit cxeMe, cOCTAB 10Ka3aTENBCTREH-
HBIX MAaTepHanoB OMPEACNACTCA COOTBETCTBYIOUINM TEXHHYECKMM pErNaMEeHTOM.
Hannas cxema sBiseTCH NPOMEXYTOYHOM MEXIy MepBOi cXemoil meknapuposa-
HHUA COOTBETCTBHS M 00f3aTeNbHON cepTdHKaumeii. OHa MOXET MPUMEHATHCH,
koraa AomyckaeTcs, YTO COOTBETCTBHE HAcTH NapaMETPOB, XapaKTEPH3YIOMIMX
Ge3onacHoCTh, MOXKeT NOATBEPKAATHCA COGCTBEHHBIMH I0KA3ATETLCTBAMH 3aSBH-
TENA, a OCTANBHBIE JOMKHBI KOHTPONMPOBATHCA aKKPeAMTOBAHHON MCIBITATENb-
HOH naboparopueii. Cobmonenue TpeGoBanmii mpH IToM rapaHTHPYeTCA CepTH-
(pukauMedt CHCTEMBI KAa4eCTBa M KOHTPOJIEM CHCTEMBI KauecTBa CO CTOPOHBI Op-
raHa 1o cepTuUKaLmMH, BELIABIIETO CEPTUDHKAT COOTBETCTBHS Ha 3TY CHCTEMY.

Jns opraHU3alMoHHO-NPAKTHYECKOH NeATeNbHOCTH 10 cepTUhHKALIMA CHCTEM
kauecTBa DefepabHOE areHTCTBO N0 TEXHHYECKOMY PEryIHpOBaHHMIO M MeTpoJo-
TUHM BBENO GITOK M3 HETHIPEX HALMOHAbHBIX (PaHee, TOCY APCTBEHHBIX) CTaHOapTOB,
CTaBLIHX HOPMaTHBHO-METOAWYECKOH OCHOBOM perrcTpa cucreM kauectsa: [OCT P
40.002-96 «Cucrema ceprudmkaumn. Peructp cuctem kauectsa, OCHOBHbIE TIONO-
xennay; FOCT P 40.003-96 «Cuctema cepruduxaunu. Peructp cucreM Kkauectsan:
I'OCT 40.004-96 «Cucrema ceprudmkaumu. Peructp cucTeM kauectsa. IMopanok
npoBeeHUs cepTudukatmu npoussoactsy 1 FOCT 40.005-96 «Cucrema ceprHpu-
Kauuu. Peructp cucrem kayecrsa. MHCeKUMOHHBII KOHTPONS 32 cepTUHLIMPOBaH-
HBIMH CHCTEMaMH Ka4ecTBa W NPOU3BOACTBAMIDY,

4. Ceprudukar cHCTEMBI Ka4ecTBa MOKET MCTIONb30BATECA B COCTABE MOKA3a-
TEJILCTB MPH NMPUHATHH JEKNApaLNH O COOTBETCTBUM J0GOH NMpoTyKumu, 3a wc-
KTIOYEHHEM Ciy4as, eciu A NPOAYKUMH TEXHHYECKHMH PerilaMeHTaMH Npemy-
CMOTpeHa MHas (opMa NoATBEpPXkACHHA cOOTBETCTBUA. ITpH BbIAaYe cepTHHrKara
CHCTEMBI Ka4€CTBA JO/DKEH OBITH KOHTPO/b CO CTOPOHBI OPraHa no cepTHUKALHHU
33 00beKTOM cepTHdUKALMH.

5. 3akoH onpenenseT 06a3aTeNbLHbI COCTaB CBEJCHWI, BKIIOYAEMBIX B JEKNa-
paumio. 3T0 CBEAECHMS O 3afBHTENE W H3TOTOBMTENE, OOBEKTE MOATBEPKAECHHS
COOTBETCTBHSA W NMPUMEHEHHbIX 10Ka3aTe/IbHBIX MATEpHANax Cpoke NeHCTBHS JeK-
/lapalliy ¥ MHBIC CBENICHNA, YCTAHOBJICHHbIE B TEXHHYECKOM pernamente. Cyuie-
CTBO JekNapaLyi 3aKT0YEHO B 3adBICHHH 329BMTENA O DE30NMacHOCTH NPOAYKIHH
MpH €€ HCNONb30BAHHM B COOTBETCTBHHM C LIENEBBIM HA3HAYEHHEM H O TOM, YTO
TNPHHATEL BCe HEOOXOMMMBbIE Mephl MO 00ECMEYEHHI0 COOTBETCTBUA MPOAYKLUH
TpeOOBAHHAM TEXHUYECKHUX PETTAMEHTOB.

6. Jlexnapauus 0 COOTBETCTBUH, O(OPMIIEHHASA TI0 YCTAHOBNEHHBIM npaBuIam,
MOUIEXHUT perucTpaumny (eiepanbHbIM OPraHoM MCHOMHUTENLHON BIACTH MO TeX-
HUYECKOMY pery/IMpOBaHHUIO B TeYEHHE TpeX JHeH.

7. DenepanbHbIi 3aKOH MpefycMaTpuBaeT odopmieHue IeKapauuu o cooT-
BETCTBUM B JBYX 3k3eMruiapax. ITepBblif 3x3eMnap Aeknapalyi o COOTBETCTBHH
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W COCTABNAIOLLHE JOKA3aTe/IbCTBEHHbIE MaTepHASILl XpaHATCA Y 3aABUTENA B Teve-
HHe TpexX JIeT ¢ MOMEHTA OKOHYaHHuA AelicTBuA AeknapauuH. Bropoii sxsemmusp
JeK/lapalii 0 COOTBETCTBHM XpaHHTCA B (efepaibHOM OpraHe HCHOAHHTENLHOMH
BJIACTH MO TEXHHYECKOMY PEryJTHPOBAHMIO.

Cmamea 25. Obazamensnan cepmuduxkayua

1. Heo6xoauMOCTs MOATBEPKAEHHS COOTBETCTBHA MyTeM NposeneHns 06s3a-
TeNnbHON cepTU(MKALWKH YCTAHABNMBAET COOTBETCTBYIOUIHH TEXHHYECKHM peria-
MEHT, COIEp)KAILMA CXeMbl CEPTHOHKALIMK, MPUMEHAEMbIE UIs 00BEKTOB, HA KO-
TOpBIE PACMPOCTPAHAETCA AAHHBIA TEXHHUECKHI pernaMenT.

O0a3aTenbHyl0 cepTHOHKALHIO MOTYT MPOBOAHTE TOJBKO rOCYAapCTBEHHbIE
OpraHel yrpaefeHus WiH akKpeaHTyeMble UMM OpraHM3allu M OHA MPOBOAMTCA
no tpeGoBaHuAM, ycTaHOBIeHHBIM DenepaibHbIMU 3aKOHAMH — TEXHHYECKHMH
pernamMeHTaMu.

CxeMsl cepTHDHKALMH, COAEpXKALIMECT B TEXHHUECKOM pEriaMeHTe, MOryT
paznMyaThCs KaK Mo MX A0Ka3aTeNbHOCTH, TaK M 1Mo o0bemy HEOOXOAMMBIX KOH-
TPO/BHBIX M WHCMEKUMOHHBIX AEHCTBHI W CTOMMOCTH. 3aiBHTENb WMEET NpaBo
BbIGHpaTh cxeMy cepTHukaumny (cM. ct. 28, n. 1).

2. CeprudMKaT COOTBETCTBMS NMPORYKUMHM TpeOOBAHMAM TEXHHHYECKHX peria-
MEHTOB BBIJAETCH 3afBUTENIO OPraHOM MO CEPTH(HKALMH Mnocie NpoBeIeHHUA KOH-
TPONBHBIX AEHCTBMH, MPEeXYCMOTPEHHBIX CXeMaMM CEPTHRMKALMH, MPH YCIOBHH
NOJyYeHUsi MOJOKHTENBHBIX Pe3y]bTaTOB, Ha OCHOBAHWHM KOTOPBIX YCTAHOBJIEHO
COOTBETCTBME MPOMYKUMH TpeGoBaHWAM TexHHYeCKMX pernamentos. Ceptudmukar
COMIEPXHT CBEeIEHHS O 3asBUTENIe, H3rOTOBUTEJE, OPraHe Mo cepTH(UKALMH, BblAaB-
wem cepTHdUKAT, 0ObekTe cepTHdHKALMH, MPOBEACHHBIX HCTIBITAHUAX H MPEACTaB-
NEHHBIX J0KA3aTeNbCTBAX COOTBETCTBHA, YCTAHOBIIEHHBIX TEXHHYECKUM periameH-
toM. HaGop momoOHBIX CBeIeHWH AOCTATOYEH JUIA YCTAHOBNEHMA (akTa CepTH-
(pukauun 06bEKTa NMPH OCYLIECTBIEHHH KOHTPOIA OPraHOM Mo cepTHHKaLMK (CT.
26, n. 2) u npu rocyaapcTBeHHOM KoHTpone (cT. 33, n. 1).

Cmambsa 26. Opzanuzayua obazamensvroii cepmuurayuu

1. CrpykTypa cucTeMbl cepTH(HMKauum, onpeaensemas HactosuM ®Pene-
PalbHBIM 33aKOHOM, He MpelycMaTPHBAET HAAHYHA HEHTPANbHBIX OPraHoB Mo
cepTHGHKALMK, KOTOPbIE B COOTBETCTBHHM C AE/CTBOBABIIMM 3aKoHOM «O cep-
THOUKAUMM NPOAYKUMH W YCITYr» BLIMOMHAIH OPraHU3yIOWYI0 U KOOPAMHHPYIO-
LLYIO PO/ib B BO3IIABNAEMBIX HMH CHCTEMAX cepTH(HUKAUMK. 3aKOHOM UM Npeoc-
TABNIAETCA CAMOCTOATENLHOCTh MPH YCIOBUM BbINONHEHHA TpeboBaHHi, yCTaHOB-
NeHHbIX NpaBWiamMu no akkpeautauud. Kak ykasano B nn. 1 u 2 Hacroswe# cTa-
TbH 4 M. 3 cT, 31, NOPAAOK AKKPEAMTALMH OPraHOB M0 CePTUPHKALNH H HCTbITA-
TebHbIX NabopaTopuil (LeHTPOB) ycTaHaBauBaeTcs U pernamentupyercs [lpasu-
TenscTeoM PO,
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2. OCcHOBHaA 3a/1a4a OPraHoB M0 CEPTHOUKALNK — Bbija4a CepTH(HKATOB co-
oTBercTBuA. JlNs pewieHus 3TOH 3amauuM OpraH No CepTHHHKALMK OpraHH3yeT
NMpoBeIeHHe HMCCNeNlOBaHUH (MCMBITAHWA) ¥ M3MEPEHWH, MpUBJEKas 1IA 3TOro
aKKpEAMTOBAHHBIE MCTbITATE/bHBIE TabOpaTOpHH (LEHTPHI) HA JOTOBOPHOH OCHO-
se. JlnA CBeJIeHNA 3aABUTENEl OpraH Mo cepTuduKaluK NpefocTaBnseT HHPopma-
LMIO O MOPAAKE MPOBENEHHA CepTHPUKALMM ¥ YCTAHABIIMBAET CTOMMOCTb PaboT.

TTocne BeIIa4yn cepTU(HKaTa OpraH Mo CepTUPHUKALMU OCYUIECTRAAET KOHTPOIE
3a 00bekTaMH cepTHGUKALMH, EC/TH OH TIPELYCMOTPEH CXEMOH CepTHU(HKALIKH, NPH-
OCTAaHAB/MBAET WM MpeKpaliaeT AeiiCTBME BBIIAHHOTO cepThduKara, eciii obHapy-
»aTca HapylieH!s TpeGoBaHHH TEXHMHMECKOTo pernameHTa, Ha COOTBETCTBHE KOTO-
POMyY OCYIIECTBIISIACH CEPTU(HKALIA, BEJIET PEECTP CEPTHHHKATOB.

3. CefieHns O BBIIAHHBIX cepTHdHKaTax opraH rno ceprudukaumuu 0613aH nepe-
napath B De/lepanbHOE areHTCTBO N0 TEXHUYECKOMY PErylHpOBAaHHIO W METPOJIO-
HH, KOTOPOE BEAET EAMHBIN peecTp BbIAAHHBIX cepTH(HKaTOB. 3aKOH BMEHAET Op-
ranam no ceprudukaupn 06g3aHHOCTh HHPOPMUPOBAHHA OPraHOB rOCYAAPCTBEHHO-
0 KOHTpONA (HaA30pa) O NPOIYKLNK, HE NPOLIELeH CepTUHHKALIAIO.

4. O6GA3aHHOCTH AKKPENUTOBAHHBIX HCIBITATENbHBIX J1ab0paTOpHii H LEHTPOB
KaK opraHu3aLMid, paboTAOWKX B TeXHUYECKOH 06/1acTH, CYIIECTBEHHO HE U3Me-
nwuchk. Mx rnaBHof 3ajiaueit asnseTcs nposeieHyue 0GbEKTUBHBIX HCCIEI0BAHHI,
HCTBITAHWI W M3MEPeHUH XapaKTEpUCTUK MPOAYKUMM M BblAa4da MOCTOBEPHBIX
pPe3yNbTATOB B BUIE COOTBETCTBYIOUIMX TPOTOKONOB B OPraH Mo CepTHUKALMH.
Ha 0CHOBaHMHM 3THX NMPOTOKOJIOB OpPraH Mo CepTH(PHKAUNN MPUHUMAET PEIICHHE O
phiiaue Wau 06 OTkase B BhLIaue cepTH(MkaTa COOTBETCTBUA 3aABHTENO. OTHO-
LIEHHA MEXIY OPraHoM No CepTHOUKAUMK H HCTIBITATENLHBIMU 1abopaTOpHAMH
(ueHTpamMu) AOTOBOPHBIE.

3aKoH 3ampelaeT OpraHaM 1o CepTHYHUKALMA MPENOCTABIATE HCILITATENBHBIM
n1a60paTOpPUAM M LIEHTPaM CBEIEHHs O 3asBUTENE, YTO MOBBIMIACT OGBEKTHBHOCTL
pe3ynbTaToB UCIBITAHHA,

Cmamoa 27. 3nak obpamjenus na poiuke

1. CornacHo cr. 27 onpefieneHHas NPOAYKLMA MOXKET MapKHpOBaTbCA 3HAKOM
ofpaieHus Ha pbiHke. 3HaK oOpaleHns Ha PhIHKE MOXKET HaHOCHTBCA Ha Npo-
MYKUHIO, COOTBETCTBME KOTOPOH TpeGOBaHMAM TEXHHYECKMX DErJameHTOB Moa-
TBePHK/IEHO JeKapanueii 0 COOTBETCTBHH WM CEPTHUOHKATOM COOTBETCTBUA — B
3aBHCHMOCTH OT TOro, Kakas (jopMa MOATBEPKIEHHA COOTBETCTBHA MPEXYCMOT-
peHa TeXHHYECKMM PETNIaMEeHTOM.

2. Crioco6 MapKMpOBKM M3ZIENus 3HaKOM 0OpalleHus Ha pbiHKE 3aKOHOM HE
OnpenenseTcs — COOTBETCTBYIOLIEE PEellleHHe 3aABHTE/b MOXET MPHHHMATH ca-
MOCTOATENLHO. 3aKOH 3aMpelliaeT MapKUpoBaTh MPOAYKIUMIO 3HAKOM OBpalleHns
Ha pbIHKE, EC/IN €€ COOTBETCTBHUE HE MOATBEPXKAEHO JeKnapalne 0 COOTBETCTBHH
W cepTrdUKATOM COOTBETCTBHA. ITO TpeGoBaHHE OTPaXEHO U B 00AZAHHOCTAX
sagButensa (eM. cT. 28, n. 2).
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Cmamosn 28. IIpasa u obazannocmu 3aaeumens 6 obaacmu
00A3aMENbHOZ0 NOOMEEPIHCOEHUA COOMBEMCMEUA

1. B Tex cmydasnx, Koraa TEXHHYECKHM perjiaMeHTOM MpelyCMOTpeHa He OfHa
dopMa H He OHA CXeMa NOATBEPXIEHWA COOTBETCTBHA MPOIYKLMH, 3aABUTENDL
MoxeT BeiOMpaTs GopMy M CXeMy MOATBEP)KIECHHS COOTBETCTBMA M3 COJlepika-
IMXCH B TEXHUYECKOM PeriiaMeHTe Mo CBOEMY YCMOTPEHHIO.

Ceobona aeficTsuil npefocTaBaseTCs 3a9BUTENO U B BeIOOpe opraHa no cep-
THHUKAUKK NPOAYKUHK, EC/IH CYUIECTBYET HECKOILKO OPTaHOB 110 CepTHQHKALHH,
061acTh aKKPEAHTALMH KOTOPBIX PACIPOCTPAHACTCA HA MPOIYKLIHIO 3aABHTENS, TO
rnocneAHuiA MoxkeT obpamarses B M000# U3 STHX OPraHoB Mo CepTHRHKALHK.

HacTosuiuit 3aKk0H NPEOCTaBAAET 3aABHTE/IIO NMPaBo obpaluaThes ¢ Kanoba-
MM Ha HEMpaBOMEPHblEe AEHCTBHA OPraHOB MO CEPTH(HKALMK H HCMLITATENbHBIX
nabopatopHii H LEHTPOB B OpraH Mo akKpeauTalum.

2. 'naBnas obs3aHHOCTH 3aABHTENS — obecrneyHBaTh COOTBETCTBHE MPOMYK-
unn TpeGoBanuaM pernamenToB. [TpoyKims, He COOTBETCTBYIOMAs TPEOOBAHHAM
pernameHToB, He MOkeT ObiTh BhiMymeHa B obpawenue. B ToM ciyuae, koraa
NPOAYKUMA COOTBETCTBYET TPeOOBAHUAM TEXHHYECKHX PErNAMEHTOB, CBEACHUA O
cepTHHMKATE COOTBETCTBHA WIH JACKIapalKH COOTBETCTBHA A0JDKHBI ObITH OTpa-
JEHbI B COMPOBOANTENLHON NOKYMEHTALMH ¥ NIPH MADKHPOBKE MPOITYKLHH.

3akoH BMeHAeT B 00A3aHHOCTH 3afABHTENIO COTPYAHHYECTBO C OpraHoMm To
cepTH(HKALMKM ¥ OPraHaMH rocyapcTBEHHOTO KOHTpOAs (Haa3opa) B BOMpocax,
CBA3aHHBIX C MOATBEPXKAEHHEM COOTBETCTBUA NPOAYKLUHMH TPeOOBAHUAM TEXHHHC-
CKHX periaMeHTOB, IPHOCTAHAB/IMBATL WIH MPEKPALATh PEaNu3alHIO MPOJYKIHH,
C/IM CPOK JeHCTBHA JIeKIapaLiii O COOTBETCTBHH MK CEPTH(UKATA COOTBETCTBHA
HCTEK MJIH eC/IH CHH3HIOCH KAa4yeCTBO NPOAYKUHH W OHA nepecTana COOTBETCTBO-
BAThL TEXHWYECKHM periaMeHTaM, a CpoK AeHCTBHS AOKYMEHTOR, MOATBEPHAAIO-
ILIHX COOTBETCTBHE, €IIIe HE HCTEK.

Cmamoa 29. Ycnoeun é6o3a na meppumopuio P@ npodyxuuu,
noonexcauieis 0023amenbHOMy ROOMEEPHCOCHUIO COOMBEMCMEUR

1. 3aKoH 3anpelaeT peanu3aLMio HMIOPTHOMH NPOAYKLUMK, NoANeKauleh 00s-
3atensHOM ceprudukaumy, Ge3 ceprudukata, BHIIAHHOMO M MPH3HAHHOIO B YCTa-
HOBJNEHHOM Topsake. UMNOpTHAA HPOMYKUKS, HA KOTOPYIO pacnpoCcTpaHseTca aei-
CTBHE TEXHWYECKHX PErIAMEHTOB, I0JKHA HMETh NMOATBEPKACHHE COOTBETCTBHA 110
TEM e MpaBMIaM, YTO M MPOAYKLMA POCCHICKHX MpoussoauTened. B ciyyae no-
MelleHHA MPOAYKLMH MO/ TAMOXKEHHDIH PEXKHM 0TKa3a B MOJL3Y rocy1apcTsa npea-
CTaBJICHHE COOTBETCTBYIOUHX JOKYMEHTOB He Tpebyerca. CrHCKH NPOMYKUHH, CO-
nepxatumue koabl ToBapHOH HOMEHKIATYphl BHEUIHEIKOHOMHYECKOMH JCATENbHOCTH
(TH B3J), yreepxaatorcs [Ipapurenscreom P®. TosapHas HOMeHK/IaTypa BHel-
HEIKOHOMWYECKOM NeATEeNbHOCTH MPHHATA B KAYECTBE OCHOBBI CHCTEMbI PETYIH-
POBAHHA BHELIHEIKOHOMHYECKOH [CATENLHOCTH, B TOM YHMC/ie TAMOXKEHHOH CTa-
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tHcTHKH. Konplt TH B3JI apnatotcs o6a3aTeNbHBIMU peKBU3UTAMH YHUGUIHPO-
BaHHBIX (OpM JOKYMEHTALMH NPH PETHCTPALMH Y4aCTHMKOB BHELIHEIKOHOMHYE-
CKOH AeATeNbHOCTH, THLIEHINPOBAHUH, KBOTHPOBAHWH, NEK/IapHpOBaHHK TOBApOB,
BHEIIHETOPrOBO#H CTATUCTHYECKON OTYETHOCTH, TAMOMKEHHOMH CTATHCTHKE H B Y-
FHX NOKYMEHTaX W OCHOBaH Ha «["'apMOHHM3HUpPOBaHHOM cCHCTEME OMUCAHHA W KOIH-
poBaHus Tosapoe» M «KoMOruHHpoBaHHOH HoMeHKnaType EDC».

Paxtuyeckn TH BOJL npencrasnser coboii mHorouenesoit wiaccudukarop
ToBapoB, ofpaw@romuxca B cdepe BHEUIHEIKOHOMHYECKHX CBA3eH M nepece-
KaloIIHX TaMoXeHHyto rpanuiy PD. O6umii o6bemM TH B3I B HacToslliee Bpems
COCTAaBJIAET OKONO 15 ThIC. NO3HLMA.

2. HcknoueHueM M3 npaBuna 0 HeoOXOIHMOCTH NOATBEPKAEHHS COOTBETCTBUA
ABJIACTCA NMPOOYKLUHA, KOTOpas HE NMOCTYNAeT B TOProOBIIO.

3. lNpasurenccreo PP onpenenseT nopsAnok BBO3a HMIOPTHPYEMOH MPOTYKLIHH,
Ha KOTOpylo TpebyeTcs nmpeacTaBieHHe JeKNapauyH O COOTBETCTBHH WM cepTHdH-
KaTa COOTBETCTBHA, BKJTHOY AT CpPOK XpaHEHHA TOBApOB M0 TaAMOXKEHHBIM KOH-
TpOJIEM, TIpaBHiIa 3aMoIHEHUA COOTBETCTBYIOLIMX PEKBM3UTOB TAMOXEHHO# Aekna-
palyH, a TakKe ASHCTBUA MOMKHOCTHBIX UL TAMOMKEHHBIX OPraHoB.

Cmamesa 30. Ipusnarnue pe3yismamos nOOMeEEPHCOCHUR COOMEEMCMeUn

C uenelo COKpaleHHs BpeMEHH M MaTepHAILHBIX 3aTpaT, HeOOXOAUMBIX 1A
MOATBEPKAEHHA COOTBETCTBHSA, MEXIYHApOIHbIM HorosopoM P® moryt mpemy-
CMaTpHBaThCA MEPB! JOBEPHUA K pe3y/ibTaTaM, MOMYHEHHBIM NPH MOATBEPMACHHH
COOTBETCTBHUA, OCYILECTBJIEHHOM B CTpaHe-uMmnoprepe. B aToM ciryyae A0KyMeH-
Thl O NMOATBEPXKAECHHU COOTBETCTBUA, 3HAKH COOTBETCTBMA, MPOTOKONBI HCCIENO-
BaHHUM (MCTIBITAHKIA) M U3MEPEHHH MOTYT ObITh NPU3HAHLI B HALLIEH CTpaHe.

napa 5. AKKPEJUTALIUA OPIT'AHOB 110 CEPTU®PUKALUN
U UCTBITATEJIbHBIX JIABOPATOPUM (LIEHTPOB)

Cmamea 31. AkKpeoumayus opzanoe no cepmudpuxayuu
u ucnsimamensHslx 1abopamopuii (YeHmMpoe)

1. AkkpenuTaums Kak NMpu3HaHWe, 4TO (QU3MYECKOE JHLO MIM OpraHu3anus
obiafiaeT JOCTATOYHOM KOMMETEHLMEH ANA BLIMOMHEHUA KOHKPETHBIX pabor B
00nacTu OLUEHKH COOTBETCTBUA, — BaxKHeHLIMi akTop (hYHKLUMOHHPOBAHMSA CHC-
TEMBI OUEHKH COOTBETCTBHA. OH BaeH Kak AnA roCYnapCTBEHHBIX OpPraHoB, Ko-
TOpble 3aWHTEPECOBAHbI B BBICOKOM YPOBHE JOBEPHA K CepTHHKATAM M MHBIM
JIOKYMEHTaM, MpHMEHAEMBIM B 3Tol 06nacTH, Tak W Ans caMHUX OpPraHoB o cep-
THUKALWH, HCTIBITATENLHBIX Nab0paTopHi (LEHTPOB), KOTOPLIM HeoBXoaHMO ne-
MOHCTPMpPOBATb HECTHOCTb, TEXHHYECKYID OCHALIEHHOCTh H KOMMETEHTHOCTS.
AKKpeauTalusa — rapaHTHs HENpeAB3ATOCTH, HE3aBHCUMOCTH M KOMNETEHTHOCTH.

2. IlpencraBneHHbie B 3aKOHE TMPHHUMIL, HA OCHOBE KOTOPBIX OCY-
ILECTBAACTCA AaKKPEAUTALMA OPTAHOB MO CePTH(HUKALMHK H UCTIbITATENbHBIX Nabo-
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patopuil (LIeHTPOB), 00YC/IOBIMBAIOT NPEABABICHHE K aKKPEAUTYIOLIEMY OpraHy
pana Tpebosanuii. Cpean TpeGopaHuil: UMETh onpeneneH bl IOpUANIECKHi CTa-
Tyc, HUHAHCOBYIO CTabWIBHOCTh, MpaBa U OTBETCTBEHHOCTH, obecreuunBaronIe
3aUIMTY BCEX CTOPOH, YYaCcTBYIOIIHMX B AEATENLHOCTH MO cepTHHKALIMK; pacriona-
raTh MOMEUIEHHAMY 1 CPEICTBAMU TPYAa, HEOOXOAMMBIMHU [ €TO NCATENBHOCTH,
MMETh COOTBETCTBYIONLYIO OPTaHU3alMOHHYIO CTPYKTYPY, BKIIOHAIOULYIO chcTeMY
obecriedeHns KauecTBa, PacrionaraTh WITATHBIM MEPCOHANOM, COOTBETCTBYIOIMM
HanpaBJeHuIO ¥ 06beMy paboT Mo aKKpEAHTALHH. Cuctema obecrneyeHusA Ka4ecT-
BA aKKPEAMTYIOLIEro OpraHa JI0JiKHa COOTBETCTBOBATH obnacTi pacnpocTpaHeHHsA
cucTeMbl akkpenuTanuy. OHa pernaMenTHpyeTca PyKOBOJCTBOM 110 Ka4ecTBY, KOTO-
poe aKTYAIU3HPYETCs OTBETCTBEHHBIM COTPYIHHKOM, NOMMMHEHHOMY PYKOBOICTBY
aKKpEIUTYIOILEr0 OpraHa. AKKpeUTYIOIHA OpraH OnpeaeacT MOPAIOK MPOBENSHNA
AKKpEMTALMN ¥ PETHCTPALMOHHBIX 3aTHceH, MPoLeaypy paccMOTpeHHs Xkanod.

3. INopsaoK aKKpeaUTalHi OpraHoe 1o cepTH(UKALMY W UCTILITATENIBHBIX Ja-
Goparopuit (LUEHTPOR), BINONHSAIOUINX paboThl MO MOATBEPXKACHHIO COOTBETCT-
Bus, ycTanasnusaetcs [pasutenscreom PO. Co3paBaemas Ha OCHOBE 3aKOHa CHC-
Tema aKKpeauTauuy B CTpaHe GyneT WHTErpHpOBaHA B LIETAX obnerueHus BHEL-
Heit TOProB/iM B €BPONEHCKYIO H MHPOBYIO CHCTEMBI. B cBA34 C 3THM KOMIUIEKT
JOKYMEHTOB, PETNIAMEHTHPYIOUIMX CHCTEMY aKKPEIHTALHH, LODKEH 6BITH rapMo-
HH3MPOBaH C €BPONEHCKHUMH CTaHIapTaMH Cepru EN 45000.

Cepusi eBpOMENCKUX CTaHAAPTOB EN 45000 umeer Gonbuioe 3HaYEHHE 1A
BejeHus pabot no ceprudukaumu. Esponefickue CTaHAAPTLI 3TOMH cepuH onpenae-
ASIOT JeATENbHOCTH MCTbITaTeNbHbIX Naboparopuii, OpraHos no cepTuduxaLmm
NPOXYKLMK, CHCTEM KauecTBa, aTTeCTalMH NepcoHana u U3TOTOBHTENSA, 3aABJIAIO-
1Ier0 O COOTBETCTBMM MPOAYKUMH TPEOOBAHUAM CTaHAAPTOB. CraHpapThbl HCTIONb-
3yIOT JUIA YKPEIUIEHUA NOBEpHA K naGopaTopusM, OpraHaM No CepTHhHUKAUMH H
AeKIapaupsM MOCTABIIMKA O COOTBETCTBHH KaueCTBa o6opy0BaH#A CTAHJAPTAM.

Esponeiickuii cranaapt EN 45001 «O6uie TpeGoBaHUA K AEATENLHOCTH
HCTbITATENBHBIX TabopaTopuity 6asupyercs Ha PYKOBOACTBAX UCO/M3K. Cran-
JIapT NMpefyCMaTpHBAeT TAKHE TpeGoBaHUA IS HCTILITATENLHBIX naGopatopuii:

« 06A3aTe/IbHOE ONpe/Ie/ieHHe OPUAHHECKOTO CTaTyCa UCTIRITATELHBIX nabo-
paTopHii;

« OpraHM3auMK A0JKHbI GbITh GECTIPUCTPACTHBIMH, He3aBUCHMBIMM H HEMpPH-
KOCHOBEHHBIMH,;

« UCTILITATENBHBIE 1aGOPAaTOPHH 0/KHDI GBITH KOMNETEHTHBIMH JUIA [POBEAC-
HHS COOTBETCTBYHOIIMX MCTIBITAHMI;

+ B paMKax OPraHW3aLMOHHON CTPYKTYpb! OHU JIOMAHBI HUMETh TEXHHUYECKOTO
PYKOBOJMTENS, HECYLIEro OTBETCTBEHHOCTE 32 BLIMOMHEHHE BCEX 3a1a4;

« HanMuye JOKYMEHTHPOBAHHOTO TIONONKEHUA, COACPXKALIETO HanpaeieHus
JeATeNbHOCTH abopaTopHK;

. HANMYHE CTIELUANNCTOB, MMEIOIIMX COOTBETCTBYIoMIEe 00pa3oBaHue, TeXHH-
yecKue 3HaHMA U OTIBIT.
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Jlabopatopun BMeHAETCA pacnonaraTh Beel HeoGxoauMoli mokymeHTaumeil,
Kacawouleiics onbITa, YPOBHA NMOATOTOBKM M CTENEHM kBanubuKauuu nepcoHana.
JlaGopaTopus nomkHa GbITh OCHaIIeHa 060PYAOBaHHEM JUIS MPOBEAEHHS HCMbITa-
HUH, NPUMEHATH METOIbI M MPOLIEAYPH], YCTAHOBNECHHbIE B JOKYMEHTAX, MO KOTO-
PBIM HCMBITHIBAIOT M3ACJTHA; IOJDKHA HMETh CHCTEMY DETHCTPAaUMM pe3yibTaToB
HCMBITAaHWH, PacyeToB, MPOTOKOJIOB W CHCTEMY, YCTAHaBIHBAIOLIYIO MpaBuia 06-
palieHns ¢ 0bpasuamu, KOHGUAEHIMATEHOCTH W GE30MacHOCTH; O/KHA COTPY -
HHYATH C 3aKa34MKaMK W OPraHaMHu Mo aKKpeauTaLHh.

AKKpeauTauus perfiaMeHTHpYeTCs HOPMaMK Ha MPOLECC €€ BhINONHEHHA H
TpeboBaHUAMH, TNpPEABABNSEMBIMH K OpraHy no akkpeaurtaumd. [Ipouecc
aKKpeuTauMu OpPraHoB Mo cepTH(MKALMK ycTaHOBJIeH B cranmapre EN 45002
«O6umue TpebGoBanusa Npy OlEHKe (ATTECTALMM) MCTBITATENLHBIX NTabopaTopHity.
JlesTensHOCTL OPraHoB MO AKKPe[HTAlUMH perfaMeHTHpyeTcs B cranmapre EN
45003 «O6mme TpeboBaHWs K oOpraHaM M0 aKKpeauTauuu naboparopuiiy.
Cranpapr EN 45011 «O6wue Tpe6oBaHus K opraHam mo cepTudukaumu,
NPOBOAAIIMM  CEPTHOHKALIMIO NPOAYKLUMM» OCHOBAaH HA MENKIYHAPOIHBIX
AOKYMEHTax Mo cepTHHkauuu npoaykuun. CTaHAapT yCTAHABIUBAET OCHOBHBIE
NOJIOXKEHHA, KOTOPBIM AOIKEH COOTBETCTBOBATL OPraH Mo cepTHhUKaLny, YTOOb!
ObITh NPU3HAHHBIM HA HALIMOHATLHOM HIIH €BPOMEHCKOM YPOBHE.

Oprau no ceprudukaiiy nomkeH 6biTh GecpUCTPacTHEIMH H UMETH: Opra-
HH3ALMOHHYIO CXEMY, OMNpEeAENAOIYI0 B3aAUMONEHCTBHE MEX/IY MCITBITATE bHBI-
MH, KOHTPOJIEHBIMH M CEPTHROHKALIMOHHBIME QyHKLNSIMU; CBeIeHNA 00 MCTOYHHKAX
(unaHCcHpOBaHuA; NTOKYMEHTHPOBAHHOE OMHUCAHWE YYPEKAECHHBIX HM CHCTEM Cep-
TH(UKALMH, BKIIOYAIOMMX OCHOBHbIE NMPaBMAa W NPOLEYPbI; AOKYMEHTALHIO,
ONPEAENAOILYIO ero pUAHYECKHi cTaTyc, OpraH no cepTUGUKALIMU AOTHKEH HMETh
CBEJIEHUs O MOArOTOBKE H MPO(ECCHOHATLHOM OTIBITE MePCOHANA, CHCTEMY PErHCTpa-
LMH ¥ NMPOTOKONHPOBaHUA KaXKIOH NMpoLeqyphl cepTU(hHKALIK, BKMOYas 0TYeTsl 06
HCTIBITAHHAX W HHCMEKIHOHHOM KOHTpONE. I[CFI‘IEJILHUC'H: Mo UCTILITAHHAM, OCYLLIECTB-
nsieMasi OpraHoM Mo CepTH(UKALMH, JO/HKHA YIORNETBOPATL TpebGoBaHUAM cTaHmap-
ToB EN 45001 1 EN 45002. Opran no ceprupukauuy aeficTByeT Ha OCHOBE PyKOBO-
ACTBA MO Ka4ecTBY U 0043aH KOHTPONIHPOBATHL KCIOML30BAHUE BbIZAHHBIX UM JIMLIEH-
3Hi, CepTU(HUKATOB U 3HAKOB COOTBETCTBHUS.

OGsazatenbHeIM ycnoBueM (YHKUHOHHPOBAHHSA OPraHoB MO CEPTHUKALIMM U
MCTILITATENBHBIX N1ab0OpaTopHit ABNAETCA COOTBETCTBHE HOPMaM, peErlaMeHTH-
PYIOUIMM HX JeATeNbHOCT, TpeGoBaHHA K opraHaM no cepTHhUKALMY 3270KEHb
B ctannapre EN 45012 «O6mue TpeGoBanua k opraHam 1o ceptidukauuu, npo-
BOAAINMM cepTHHKauuio cucteM obecrnieyenus kausectsa». Craunapr EN 45013
«O6mue TpeboBaHua K opraHaMm Mo cepTHHKALKMH, MPOBOMALINUM ATTECTALHMIO
nepcoHana» ycTaHaBNMHBAET obumre T‘pEﬁOBaHH}{, KOTOpBIE OpraH Mo arrectaudH
IomkeH cob60aTh NPH aTTeCTaLlMK NepcoHana.

Opran no aTTecTalMH [0/KEH HMeTh: OPraHU3aLMOHHYIO CXeMy, KoTopas
YCTaHaBNHBAET CBA3b MEXAY (PYHKUMAMH MO OLEHKE W aTTECTaLMK; CBEAEHHA 06
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UCTOYHUKAX (PMHAHCUPOBAHWA; JIOKYMEHTALMIO BHYTPEHHEH CHCTEMbl KadecTsa;
NOKYMEHTALHIO, ONPEIeIAIOULYIO €10 I0pHAHYECKHil cTaTyC.

Opran No aTTecTaUMH AOMKEH PacrofaraTe NUChMEHHOH uHopmaumei o
KBATHOMKALMY, MOArOTOBKE ¥ NMPOGECCHOHANLHOM ONMBITE KaX/A0ro COTPYAHUKA.
Ou 06f3aH BECTH NepeYeHb aTTeCTOBAHHBIX COTPYAHHKOB, IOCTYNHBIHA OOLIECTREH-
HOCTH C yKazaHueM 06J1aCTH aTTeCTalni ISl K&KI0T0 COTPYIHMKA, a TaKkkKe ocylle-
CTBJATH KOHTPOJTb 32 MCTO/Ib30BAHHEM CBOHX CEPTHHKATOB KOMNETEHTHOCTH.

Esponeiicknit crannapt EN 45014 «O6wue tpeGoBanns k Aeknapaumiu mno-
CTAaBIIMKA O COOTBETCTBMW) YCTAaHABIMBAET OMpeAeNeHHble TpeGOBaHHA K AeKna-
pauusaM mocTaplipkos, CorfiacHo CTaHAapTy MOCTaBLIMK MOKET 3adBJATh MOA
CBOI0 OTBETCTBEHHOCTH, YTO €ro MPOIYKUMA HAXOAWTCA B COOTBETCTBHH C KOH-
KpeTHbIM cTaHaapToM. [TOCTABIIMK NOMKEH KOHTPONHPOBATh BCE BMABI CBOCH
ACATENLHOCTH, BIMAIOWIME HA KAYeCTBO MpOAYKuMH, 4Tobbl obecneuuts Ge-
JyCNOBHOE BLINMONHEHHE TPeGOBaHMI, HAa KOTOPbIE OH CChINIAETCA B ACKapalHi.

I'nasa 6. TOCYJAPCTBEHHBIA KOHTPOJIb (HAJI30P) 3A
COBJIOAEHUEM TPEBOBAHUHI TEXHUYECKHUX PEIVIAMEHTOB

Cmames 32. Opzanst 20cyoapcmeeniozo konmpona (radzopa)
3a cobmodenuem mpeboeanuil MEXHUNECKUX PezlamMenmos

1. TocynapcTeennbiii xonTpons (Haasop) 3a cobmonenuem tpeboaHuil Tex-
HHYECKMX perfaMeHTOB OCYUIECTBISETCA TMyTeM MPOBENEHHS MpOBEpOK (ene-
PaNbHBLIMH OpraHaMH MCTIONHHTENLHOMH BJACTH, OPraHaMH HCMONHHTEILHON Bia-
cTi cydbekToB PXD, noABEJOMCTBEHHBIMH MM TOCYIAPCTBEHHBIMH YUPEXKACHHA-
MH, YNIOJTHOMOYEHHBIMH Ha NPOBE/ICHHE FOCYIAPCTBEHHOTO KOHTPOA (Haa3opa) &
COOTBETCTBHM C [U1aHaMH nposepok. [1pu cOCTaBNEHWH NNAHOB MPOBEPOK YUHTEI-
BAIOTCA YCTAHOBJIEHHbIE LEJEBbE 3a4aHHA H NPHOPHTETHBIE HANPABICHHA roCy-
JApCTBEHHOrO KOHTpons (Hamsopa), uudopmaums norpeburenei, nHpopmalma
PeecTpOB O MPOAYKLIMM, polIeawei cepTHHHKALHIO.

2. TocynapcTseHHblii KOHTponb (Haa3op) 3a cobmoaenuem TpebGoBaHui Tex-
HHYECKHX PEr/IaMeHTOB OCYLIECTBAAIOT NO/KHOCTHBIE JIHLIA OPraHoB rocynaper-
BEHHOTO KOHTPONA (HaA30pa) B YCTAHOBACHHOM 3akoHOAaTeNbCTBOM P@ nopaake.

Cmamen 33. Obvexmut 2ocyoapcmeentozo Konmpona (Had3opa)
3a cobnrodenuem mpeboBaAHUN MEXHUYECKUX pe2laMeHmos

1. B noHsTHe «TeXHHYECKOEe perylHpOBaHWe» BXO/AT OUEHKA COOTBETCTBHA
NPOIYKLMH, MPOLECCOB, paboT 1 yC/TyT YCTAHOBNCHHBLIM HOPMaM, @ TaKkKe KOHTPO/Ib
1a ux cobmonenneM. OLEHKY COOTBETCTBHA NPOAYKLMH TPeOOBAHUAM TEXHHYECKHX
PErIaMEHTOB OCYILECTBIAIOT YNOJHOMOYEHHBIE OpraHbl Ha OCHOBE KOHTPOJIbHBIX
ccie0BanMii (MenbiTanmil) M H3MepenHit B yacTH cobmoaenns TpeboBaHui cOOT-
BETCTBYIOIIMX TEXHWYECKHX pernameHToB. [IpoBepATbCA MOXET HANMYHE JCKia-
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palHH 0 COOTBETCTBEHH HIH cep’rudmxa'ra COOTBETCTBHA, X NOMLTHHHOCTS, NMPpaBiib-
HOCTb O(OPMIIEHHS M PErHCTPALIMH, CPOK NeHCTBHA, HATWYHE AOKYMEHTOB O pe-
3ynbTaTax MHCMEKLUHMOHHOIO KOHTPOJIA, NPaBWILHOCTh MPHMEHEeHHs 3Haka obpalie-
HUsSL HA PBIHKE M J10BE/IEHHE HH(pOPMALMK 00 OlEHKE COOTBETCTBHA 10 MOTpeGuTess.
Hapymerme M3TOTOBHTENEM MPaBHI MOATBEPKACHHA COOTBETCTBHA MOXKET TNpHBEC-
TH K peanu3aluy NpoAyKiuy 6e3 Takoro NMOATBEDKACHHMS, MOC/e HCTEUEHUs CPOKa
HefCTBUs JIEKIapalMH O COOTBETCTBHH WM cepTH(dMKaTa COOTBETCTBHS, MPHOCTA-
HOBJIEHHA WK TIPEKPAIlEHHa JCHCTBUA IEKapalii O COOTBETCTBUM WM CEPTH(H-
Kata COOTBETCTBMA B PEaNH3alMU NMPOIYKLMH, HE COOTBETCTBYIOLLEH TpeGoBaHUAM
110 6e30MacHOCTH, MO KOTOPBIM OHA MPOBEPAIIACE.

2. TocynapcTBeHHBIH KOHTPOJL (HAA30p) OCYIECTBISETCS TOJBKO HA CTANHH
oﬁpamennx MPOOYKLHH, T. €. B NpPOLIECCE €€ XpaHEeHHUA, MEPEBO3KH H peanusanyH.

3. Tlpu ocylIECTBAEHUH MEPONIPHATHIA 1O TOCYNAPCTBEHHOMY KOHTPOJIO (Hafl-
30py) 3a cobmoaenueM TpeGoBaHHH TEXHWYECKHX PErIAaMEHTOB NPUMEHSIOTCS Te
TIpaBHJIa W METOJIbI HCCEN0BaHUA (MCMBITAHUH) W M3MEPEHHH, KOTOPBIE YCTaHOB-
JIEHBI 151 COOTBETCTBYIOLLHX TEXHHYECKHX PETNIAMEHTOB B MOpsAAKe, MpeaycMoT-
peHHoMm 1. 11 cT. 7 3aKoHa.

Cmamusa 34. Ionnomouun opzarnoe 20cyoapemeennozo koumpona (Haozopa)

1. 3akoH «O TeXHHYECKOM PEryIUpOBaHUN» CYXKaeT cepy AEATENBHOCTH KOH-
TPOJILHBIX M HAaA30pHBIX opraHoB. B xozme pedopmbl TEXHHYECKOTO peryJiHpoBa-
HHA ONTHMH3UPYETCA M MOPAAOK NPOBEAEHUA roCyAapCTBEHHOrO KOHTpONA (Han-
3opa) 3a cobmoaenuem oba3atensHeIX TpeboBanuii. CornacHo 3akoHy B OTHOLIE-
HHH MPOAYKLMH roCyIapCTBEHHbIN KOHTpONL (Haa3op) 3a cobnoneHneM Tpebosa-
HUH TEXHUYECKHUX PErNaMeHTOB OCYILECTBISETCA MCKIHOUUTENBHO HA CTaauu 06-
paiieHus npoaykuuu. ObaA3aTeNbHOMY KOHTPOMO W Hamzopy OyneT Moanexath
cobmoAeHHE TOIbKO HOPMAaTHBOB, YCTAHOBEHHBIX TEXHHYECKUMH perlaMeHTaMH.
Hacroauwit 3aKoH npenocTaBnseT opraHaM rocyaapcTBEHHOrO KOHTpons (Han-
3opa) TpeboBaTs cobNMOAeHHs MONOKEHHI TEXHUYECKHX PErNaMeHTOB M Ha oC-
HOBE O0HapYKEHHBIX HApyLIeHHH MPUHUMATL pelleHus. B 3aBucHMocTH oT Xapak-
Tepa 0OHAPYXEHHBIX HAPYILIEHUH STHMHU pellIeHHAMH MOTYT GBITh:

* TpeGOBaHME OT M3rOTOBHTENA JOKYMEHTOB, MOATBEPXAAKIIHX COOTBETCTBHE
NpoayKUNH TpeGOBaHHAM TEXHHYECKNX PECNTAMEHTOB;

* BbIZIa4a NperHcaHna o6 yCTpaHeHHH HapYLLCHUH B YCTAHOBEHHBII CPOK;

* TipoBeicHHe HeoOXOAUMBIX HCCen0BaHUH (MCMbITAHUIT) U U3MEPEHUI;

* 3anpeT nepeflayd MPOAYKUHH, TMOJHOE MM YacTHYHOE NMPUOCTAHOBJIEHHE
TIPOLIECCOB MPOU3BOJICTBA, IKCIUTYaTallHH, XPaHEHHA, MEPEBO3KH U peaiu3alluy;

* IPHOCTAHOBKA WM MpeKpalleHne TeiicTBUA AeKIapalii 0 COOTBETCTBUN HITH
cepTH(HKaTa COOTBETCTBHUA.

ITpy BHIABACHUH OpraHaMH KOHTpONA (Haf30pa) CYLIECTBEHHBIX HApYLIEHHH
MaTepHabl MPOBEPOK HAMpPaBIAOTCA B 0OLIECTBEHHbIE OpraHu3alUy WK B COOT-
BETCTBYIOLIHE OPTraHbl UCMONIHUTENLHON BIacTh. Eclu 3TH HapylieHus noBAeKIu
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NpUYMHEHKE BPE/A 300POBBIO YENIOBEKA, TO COTACHO CT. 238 YronoBHOrO KOAEK-
ca P®, kK BUHHOBHBIM MOXET ObITh TPHMEHEHO YTONOBHOE HAaKa3aHHE.

2. Hactosmas craThsi 06s3bIBaeT opraHel rocyIapcTBEHHOrO KOHTPOIIA (nam3opa):.
MPOBOMTL PasbACHUTENbHYIO PaboTy MO MPUMEHEHHIO 3aKOHOAATE/LCTRA 0 Tex-
HHYECKOM PEryJIMpoBaHiH, HHPOPMHUPOBATh OOIIECTBO O CYUICCTBYIOUIMX TEXHI-
YECKHX PErJIaMeHTaX; MOCKOJIbKY ASATENbHOCTE KOHTPONA MOXET OBITE COMpsKE-
Ha C HEOOXOMMMOCTbIO PpaboThl ¢ KOH(QHAECHUMANLHBIMH CBEACHWAMM, TO KOH-
TPONbHBIE OprauHbl JOMKHbI COOMONAT KOMMEPHECKYIO WIH HHYIO OXpaHAEMYIO
3aKOHOM TaiHy; co0moaaTh NOPAAOK OCYIUECTBIEHHA MepOonpuATHii o rocynap-
CTBEHHOMY KOHTPOO (Hanzopy) 3a CoOMoNeHHEM TpeGoBaHMH TEXHUYECKHX per-
NaMEHTOB; NMPUHHMATL MEPBI N0 YCTPAHEHHIO nocnencTeui Hapymenuid Tpebosa-
HUi TEXHHYECKHX DEraMEeHTOR; HaNpaBiaThk 3AMHTEPECOBAHHBIM JIHLIAM uHpop-
MaLMIO 0 HECOOTBETCTBHH MPOIYKLUHHU TPeDOBAHMAM TEXHHUECKUX PETIaMEHTOB.

Cmamea 35. OmeemcmeeHHOCMb 0P2AHOE 20CYOAPCMEEHHO20
KoHmpoaA (Had30pa) u ux OONHCHOCIHBIX TUY nPU
ocyugecmeneHuu 20cy0apCmeennozo0 KoHmpona (naodzopa)
3a cobniooenuem mpeboeanuii MmexXHUNECKUX pe2liamMeHmos

1. HacTosiwedi cTaThelt 3aK0Ha BBEMICHbI MONOXKEHNA 00 OTBETCTBEHHOCTH O~
HOCTHBIX JIMIl OPraHOB roCyAapCTBEHHOI0 KOHTPOAA (Hag3opa) 3a HeHanexalliee
MCIOMHEHHWE CBOMX CITY)KEOHBIX obazanHocTeil 3a cobmoaeHueM TpeGOBAHHI TEXHH-
4eCKMX PErJIAMEHTOB H B CITy4ae COBEPLICHUS MPOTHBONPABHBIX neicrsuit (be3neii-
CTBH#) HECYT OTBETCTBEHHOCTD.

2. 3akoH 00A3bIBAET OpPraHkl roCy1apCTBEHHOTO KOHTPOJIA (nanzopa) coobuiath
JIML@EM, TIPaBa U 3aKOHHBIE HHTEPECh! KOTOPbIX ObilK HApYLIEHb! B MPOLECCE NPOBE-
JIeHUs KOHTPOJA, O Mepax, MPHUHATBIX K BUHOBHBIM JIHLAM. ITO MOJOKEHHE C yUe-
ToM 0083aHHOCTEH 3agBUTENA, NEPEYNHCIEHHBIX B CT. 28, Ha 3aKOHO/IaTEIbHOM YPOB-
He CO3JaeT NPENOChUTKU [/ eNI0BOr0 COTPYIHH1ECTBA KOHTPOJIHPYIOLIER U KOH-
TPONHPYEMO#i CTOPOH, 3aLHLIACT 3aABUTE/IS OT 3aBBILICHHBIX K Hemy TpefoBaHuUil.

I'nasa 7. AHOOPMALIUSA O HAPYUIEHHH TPEBOBAHUMN TEXHUYE-
CKMUX PETJIAMEHTOB U OT3bIB IMPOAYKLHWH

Cmamea 36. OmeemcmeeHHOCHb 3 HECOOMEEMCMEHE HPOOYKUUU,
npoyeccos npou3sooCcmea, IKCIIYAMayuu, XpaHeH s, nepeeosKi,
peanuzayuu i ymunuzayuu Mpe6osaHuUAM MEXHUYECKUX Pe2AMEHMOos

1. B manHo#t cTaThe OTMEYEHO, YTO H3rOTOBUTEND (vcnonuuTeNb, NpOJABEL,
UL, BhIMONHAIOILEE DYHKLMH HHOCTPAHHOTO W3TOTOBHUTENA, AAJCE B KOMMEHTa-
pHAX — M3TOTOBMTENb) 32 HapyUIEHUE TpeGoBaHuii TEXHHECKUX PEraMeHTOB
HECEeT OTBETCTBEHHOCTh B COOTBETCTBHHU C 3aKOHO1aTeNLCTBOM P®.
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2. Hacrosamuil PenepanbHblii 3aKOH YCTAHABIHBACT, YTO NMPH HEHCNOJHEHHH
nipeAnyUcaHuii ¥ pelIeHu Opraka rocyapcTBeHHOr0 KOHTPOA (Ham3opa) u3roTo-
BUTEJIb HECET OTBETCTBEHHOCTh B COOTBETCTBUH C 3aKOHONATe/IbCTBOM PD.

3. B cTaThe KOHKPETH3HPYIOTCS HapyIIEHHs, NOANAAI0IINe MO AeHCTBHE 3a-
koHomaTenscTea PD, KOTOpble OTpaxaroT creuuduKy AesTeNsHOCTH B 00nacTH
KOHTpOJIA BLINONHEHNs TPeGOBaHHi TeXHUUECKHX peramenToB. K HHM oTHOCAT-
c: HapyuweHue TpeboBaHUIT TEXHUYECKUX PErTaMeHTOB; HEHCMOMHEHHE MPEATH-
caHuil W pelleHHH opraHa rocyJapcTBEHHOTO KOHTPOJIA (Hap3opa); NpHYHHEHUE
BpeAa XM3HM M 3JOPOBBIO TPaXaH, HMYILECTBY, OKpyXkalome# cpene, KUIHH U
3/I0POBBIO XKHBOTHBIX M PacTeHUi B pe3y/bTaTe HapyuleHHs TpeOOBaHMIi TEXHHYE-
CKMX PErJIaMEHTOB; Yrpo3a NMpHYMHEHUA Takoro epena. [Ipn 3TOM W3roTOBHTENL
0653aH BO3MECTHTb NPHYUHEHHEIH BPE] H TIPHHATH MEpPBI B LENAX HEJOMYyIIEHHA
NpHYHHEHUA Bpe/ia APYTHM JIMLIAM, HX HMYLIECTBY, OKPYKarolleH cpe/e.

4. 3aKOH YCTaHABIMBAET, UTO OOA3aHHOCTL BOIMECTHTB BPE/l HE MOXeET ObiTh
OrpaHWYeHa JAOTOBOPOM WM 3asBIEHHEM OJHON M3 CTOPOH M HHKakue corjiatue-
HHS WIH 3a9BIeHNHsA NOTEPNERIIHX HE MOTYT €€ OTMEHHTB.

Cmamea 37. Hugpopmayun o necoomeemcmeuu
npOOYKYUU MpPebOCaAHUAM MEXHUYECKUX Pe2lamMenmos

1. Wi3roToBHTEb (HCTONHATENL, MPOJABELL, JIHLO, BHINOMHAIOLIEE (QYHKUMH HHO-
CTPaHHOrO M3TOTOBUTENA), MPH MOJNYYEHHH HWHDOPMALMHK O HECOOTBETCTBHH Bbl-
nyIieHHoH B ofpalueHne MpoayKuuu TpeOOBAHMAM TEXHWMECKHX PEraMEeHTOB
0653aHO B TeUEHME JECATH AHEeH ¢ MOMEHTA NOoMyyeHHs yKkasaHHOH MHOpMALHK
coo6LMTL 06 STOM B OPraH rocyAapcTBEHHOTO KOHTpona (Haa3opa).

2. JIuuo, He MMEIOILee OTHOWEHHS K H3rOTOBIEHHIO (HCTIOJIHUTENb, MPOJABELL,
JNWLIO, BhINOHSIONIEE QYHKUHH MHOCTPAHHOTO M3TOTOBUTENS) U peanu3aLiy npo-
TYKUHH, Hanpumep, npuoGperatesb, oOUIECTBO MO 3alUMTE MpaB norpeburens,
KOTOPOMY CTa/l0 M3BECTHO O HECOOTBETCTBHH BBIMYLIEHHOH B oGpauieHHe npo-
OYKLHH T‘pBGOBaHHHM TEXHUYECKUX pEerfiaMeHTOoB, HMEET npaBo AOBOAHTL HH-
(opMaLmio A0 CBEAEHHA OpraHa rocy1apcTBEHHOTO KOHTPOIA (Hanzopa).

IpaBo ofpawarbcst NMYHO, @ TAKKE HANPABNATh WHAMBHUIYaIbHbBIE W KOM-
JIeKTUBHBIE 00palleHus B rOCYIapCTBEHHbIE OPTaHbl rpaXlaHe UMEIOT B COOTBET-
creuu ¢ KoHncrutyuueit PO.

Cmamosa 38. O6azannocmu uzzomosumena (npooagya, 1uua,
BHINOTHAIOULE20 (DYHKIUUL UHOCMPAHHOZ0 U3ZOMOGUMENA)
8 Cyuae nONYYEHUA UHPOpMAyUL 0 HECOOMEEMCMEUU
RPOOyKyuYu mpefoeanuam MexHUYeCKUx peznamenmos

1. Tocne nomyueHust WHGOPMALMK O HECOOTBETCTBHM MPOMYKUHH Tpebosa-
HMAM TEXHWYECKMX PErJaMEHTOB W3rOTOBHTENb (B TOM YHCIE HHOCTPaHHbIH) M
NPOAABEN JOKHBI TPOBECTH: MPOBEPKY AOCTOBEPHOCTH MONYYEHHOH undopma-
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LMK NPECTABMTH MATEpHAbl YKA3aHHOH NPOBEPKH B OpraH rocylapCTBEHHOro
KOHTpONA (Haz3opa); MPUHATE MEPbI, KOTOPBIE 10 3aBEPIICHHA MPOBEPKH obecne-
yaT He YBEJWYEHHWE BO3MOXKHOrO Bpeja, CBA3AHHOTO C obpaleHHeM MPOLyKLHH,
ecnu OHa NEeHCTBUTENBHO HE COOTBETCTBYET TpeOOBAHHAM TEXHHYECKHX peria-
MEHTOB.

Ecnu uHdopmallis HeJ0CTOBEPHA, TO B nansHeMMX JeHCTBUAX HET Heob-
XOANMOCTH.

2. Ec/ti IOCTOBEPHOCTh HH(OPMALIMK O HECOOTBETCTBHH NPOMYKLMH Tpebora-
HUAM TEXHMYECKUX PerAMEHTOB HE BBI3bIBAET COMHEHHH, TO W3rOTOBHTENDL B
TeyeHHe JecATH IHel ¢ MOMEHTAa MOATBEPXKACHHA TOCTOBEPHOCTH TaKoi uHpop-
Mauuy 06s3aH: paspaboTaTh MPOrpaMMy MEPOIPHATHIA 0 MPEOTBPALUCHUIO BPEAA
M COrNacoBaTh €e ¢ OPTAHOM TOCYJAPCTBEHHOrO KOHTPOJA (namzopa); nporpaMma
NOMKHA GBITH HAMpaBNeHa Kak Ha MPEeNOTBPALUEHHE HECOOTBETCTBHA NPOAYKLHH
TEXHUUECKHM pEriaMeHTaM ITyTeM JI0paboTKi CXEMHOTO M KOHCTPYKTHBHOTO petlie-
HUS, COCTABA W CTPYKTYpbI, TEXHOJIOTHH H3rOTOBNEHNUA, T. €. Ha obecneyeHue cooT-
BETCTBMS BHOBbL M3FOTOBNAEMON NMPOZYKLMH, TaK U HA HCTPaBEHUE HEOCTATKOB
yike pealM3OBaHHON MPOMYKLMM; MpOrpaMMa MOXET MpefyCMaTpuBarh rnpuocTa-
HOBKY NPOM3BOJICTBA; PeaiM30BaTh MPOrpamMMy.

Ycrpasenue Mo6bIX HEJOCTATKOB OCYIIECTBIAETCA H3rOTOBUTENIEM H 33 €0
cyeT.

3. 3aKOHOM MPEAYCMOTPEH BAPHAaHT, KOrAa HEJOCTATKH MPOMYKIMH HACTONBKO
CYUIECTBEHHBI, YTO He MOTYT ObITh YCTPaHEHb! MyTEM peanHsalii nporpamMmsl. B
3TOM C/Ty4ae MPOK3BOCTBO H PEANH3alHs NPOTYKLUMH JOJHEI ObITh OCTAHOBIIEHBI.

4. B nepuon AeHCTBUA NPOrpaMMBbl H3FOTOBHTEIIO 33KOHOM BMEHEHA obs3an-
HOCTh CHaGxaTh npuobpeTaTens HEOGXOAMMOMH OMNEpaTHBHOH uHdopMmalmen o
TOM, KaK OH JIOJDKEH JeHCTBOBaTh B CBA3M C TEM, HTO npuobpeTeHHas UM MPOXYK-
1145 He COOTBETCTBYET TPeOOBAHNAM TEXHHYECKUX PErIaMeHTOB.

Cmamua 39. Ilpasa opzanoe 20cyoapcmeenioz0 KOHRmMpoiA (naosopa)
6 CIyHae nonyYeHUs UHMHOPMAyuu 0 Hecoomeemcmeuu
npooyKyuU MPebosarUAM MEXHUYECKUX PeaMeRmoe

1. Oprausbl rocyJ1apcTBEHHOrO KOHTPOA (Ham3opa) NpH NOTyHEHHH HHGoOpMa-
LMK O HECOOTBETCTBHH NMPOAYKLMH TPeOOBAHUAM TEXHHYECKMX PErNaMeHTOB KO-
OpAMHHMPYIOT CBOW ACHCTBHSA C ICHCTBUAMU H3rOTOBUTENA. ITpu 3TOM OpraH rocy-
JApCTBEHHOTO KOHTPONs (Han3opa) BHauane NpOBOAWT CBOIO MPOBEPKY HOCTOBEP-
HOCTH TIONydeHHO MH(OPMALIMH, MCMONb3Ys TMPH ITOM MaTepHabl MpOBEPKH,
npoBeaeHHo# u3rotoBuTeNneM. KpoMe MaTepuanos U3roTOBMTEN Opran rocynap-
CTBEHHOTO KOHTpOJIA (Hal30pa) MMEET MpaBoO MOJy4aTh AOMONHHTE/bHbIE MaTe-
puaisl B APyrux (eaepanbHbIX OpraHax MCHONHHUTENBHOH BIACTH W MPUBJEKATD
CNEHMANNCTOB A/ AETANBHOIO aHANIN3a BCEX MNOMyHCHHBIX MaTepHAIIOB.

IMono6uas metanbHas npopaboTka Bompoca O NEHCTBHSX OpraHoB rocy-

JAPCTBEHHOTO KOHTPOIA (Ha30pa) MO OTHOWIEHHIO K H3TOTOBUTENO (nponasuy,
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JMLLy, BBITIONHAOLIEMY (YHKUHH HHOCTPAHHOTO W3rOTOBMTENA) NMPH HECOOTBET-
CTBUM TIPOAYKLMH TPeOOBAHMAM TEXHHYECKMX PErNAMEHTOB €llle pa3 CBHAe-
TENLCTBYET 0 GOMbIWOM 3HaueHun, npuaasaemom denepanbHbiM 3akoHOM «O
TEXHHYECKOM perynHpoBaHum» obecneyeHnIo 6e30MacHOCTH NPOaYKLUH.

2. Ilpu noaTBepxaeHnM HHPOPMALIMK O HECOOTBETCTBMM MPOMYKLHH Tpebo-
BaHHAM TEXHHYECKMX DErJIAaMEHTOB H3rOTOBHTENb 00sA3aH pa3paboTtath nporpam-
MY MEPONPUATHH NO NPEAOTBPALICHUIO MPHIHHEHUA BPeJa, KOTOpas peanusyerca
Ha OCHOBE MpEANHCAHWA, BbIIABaEMbIM OPTaHOM TOCYNAPCTBEHHOIO KOHTPOJA
(1amzopa). Opran rocy1apcTBEHHOTO KOHTpONs (Han3opa) OCYINECTB/IAET elle paj
MEp, B TOM HHCJIe: CIOCOBCTBYET PacnpoCTPaHEHHIO HHPOPMALIMK O CPOKAX M MO-
PANKE MPOBENCHHS MEPONMPUATUH MO MPENOTBPAIUCHHIO BPEd, OCYILIECTBIAET
KOHTPOJIE 32 pealH3aliell MporpaMMel 3TUX MEPONPHATHIA, a TaKke NMPHHHUMAaeT
peuiekie 06 0OpaleHuu B Cy/ C HCKOM O MPHHYANTENBHOM OT3bIBE MPOTYKLIHH.

Cmamosn 40. Hpunyoumensustii om3vie npodykyuu

1. OpraHy rocynapcTBeHHOro KOHTpOMs (HaA30pa) 3aKOHOM MPENOCTABNEHO
npaBo 06paiaThcs B Cya ¢ HCKOM O NPUHYAMTENLHOM OT3bIBE NPOAYKLHH, €CIH
M3rOTOBHTENb HE BBIMOIHHII MPEANMUCAHHE O pa3paboTke NMPOrpamMMbl MEpPONpHA-
THI MO NpPENOTBPALIEHHIO Bpela WM 3Ty NMPOrpaMMy HE BBIMOMHAET, €CHH OHA
paspaborana. Takoe xe npaBo nmpefocrasnseTca MOGLIM JULAM, €C/IH WM CTaHeT
H3BECTEH 3TOT axT.

2. 3aKOH rapaHTHpyeT BBINIOJIHEHHE OTBETYMKOM DEIUEHHA Cyla B TOM HIH
HHOM BHIE, a TAKXe NOBEJCHHUA PEILEHNA Cyla N0 CBeieHus npuobperarenei ue-
Pe3 cpencTea MacCoroi HH(pOpMaLMH. ECii 0TBETUHK HE BBINONHHUT ero dakTude-
CKH, OCYLLECTBUB OMpe/IeNIeHHbIE NEHCTBHA, TO MO 3aKOHY OH 0053aH BO3MECTHTh
YOBITKH, KOTOpbIE MOHECET WCTEll, HMEIOWMIl NPaBO COBEPUINTE NEHCTBUSA, CBS-
33HHBIE C OT3BIBOM MPOAYKLMH 32 CHET OTBETUHKA,

3. Hapyiuenne ®enepanbHOrO 3akoHa B OTHOUICHHH OT3bIBA NMPOAYKLMH MO-
KET MOBNEYb 3a c000i NpUMEHEHHE YrONOBHOrO M aIMHHUCTPaTHBHOTO BO3AEi-
creuf. B yacTHOCTH, B 3TOM cityyae npumenuma ct. 238 VronosHoro konekca PO,
YNOMHHaBIIAACA paHee B KOMMEHTAPHAX K CT. 34 HaCTOAIMEro 3aKoHa.

Cmambs 41. Omeemcmeennocms 3a napywenue
npaeun esINONHEHUA pabom no cepmuuxayuu

Cr. 41 nocssueHa BONpocaM OTBETCTBEHHOCTH OpPraHa rocyJapCTBEHHOTO
KOHTPOJIA (Haa30pa) Kak OCHOBHOIO KOHTPONEpa 3a HECOOTBETCTBHE MPOAYKLHH
TpeGOBaHUAM TEXHHYECKHX PErNIaMEHTOB M MEpPaM, NPUHMMAEMBIM B Ciydae 00-
HapyXeHHs TakWX HecooTBeTCTBUM. OnHako Haubonblias pofis B MpeaoTBpalile-
HHH BBIXOJIA HA PBIHOK COBITA MPOMYKUUHM, HE COOTBETCTBYIOIIEH TeXHHYECKHM
perilaMeHTaMm, MpHHALIEKHT OpraHam Mo cepTUhHMKALWM H MCIBITATENLHBIM Jla-
6opatopusam (ueHTpam).
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M3-3a wapyweHwii npasi1 paboT no cepTHdUKALLMM OPraHoM Mo cepTHHKa-
UMK M JO/MKHOCTHBIM JIMLIOM 3TOFO OpraHa MpoAYKUMSA, HE COOTBETCTBYHOLIAS
TEXHWYECKHM perjamMeHTaM, BCe Ke MOKeT MOAY4YHTh 3HaK ofpawienus Ha
phIHKE U MOCTYMHTh Ha PhIHOK.

DTH HapyIIEHHs MOTYT BBIPAXATHLCA B TOM, YTO CepTH(UKAT COOTBETCTBHS
BhilaeTca €3 mpoBefeHHA MCMBITAHWHA, WIH NPH OTPHUATENBHBLIX pe3yibTaTax
MCTILITAHUH, WIM NPH UCHOPMPOBAHUM CBeleHHH 0 HeI((EKTUBHOCTH CHCTEMBI
Ka4yecTBa Ha MPeANPHUATHH, BHITYCKAIOUIEM NPOAYKLHIO.

HacTosmuit 3akoH JaHHON CTaThH NpelycMaTpUBaeT OTBETCTBEHHOCTH Op-
raHa no cepTUdMKaLMK H JOKHOCTHBIX JIHIL OPraHa 1Mo CEPTH(PUKALMH 32 3TH H
HHbI€ HAapylUeHus NpaBui paboT No cepTHHHKALIH.

Cmameon 42. OmeemcmeenHocms QKKpeOumosanHoi
ucnsimamensroi nabopamopuu (enmpa)

HeobvexTHBHOCTE HcnbiTaTeNbHOM nabopaTopuu (LEHTpa) MOrYT MPOAB-
NATHCA B BUE QanbCHUKAUMH Pe3yIbTaTOB HCCNe0BaHKIA (MCnbITaHNH) U H3Me-
peHHit XapakTepHCTHK NpoAykuwu. HapywenHs 3kcnepToB, OCYIIECTBASHOLINX
OLIEHKY CHCTEMBI KauecTBa, MOTYT MPOABIATECA B BUAE HEOOBEKTUBHBIX BLIBOJIOB
o ee 3¢dexkTBHOCTH. [IpH BLIABAEHWH TaKHX HapyWeHWH M aKkpeauTOBaHHas
HcnbiTaTenbHas nabopatopus (UEHTP) ¥ KCMEPThl B COOTBETCTBMM C 3aKOHOMA-
TenscTBOM P® M 10rOBOpOM HECYT OTBETCTBEHHOCTH 3@ HEJOCTOBEPHOCTH WIH
HeoOLEKTHBHOCTL PE3ybTATOB HCcNeAoBaHMi (MCTbITAHHIT) H H3MEPEHHH.

[nasa 8. HHOOPMALIUA O TEXHHYECKHX PETJIAMEHTAX
N JOKYMEHTAX MO CTAHAAPTU3ALIHH

Cmames 43. Huopmayua o 00KymeHmax no cmanoapmuzayuu

1. BesycnoeHoe TpeGoBaHHe 3aKOHA O IOCTYIHOCTH HH(poOpMalmy o paspaboT-
K€ HALUMOHANBLHBIX CTAaHAapTOB yTBepkaaerca m.n. 3, 5, 8 cr. 16. TpeGosanue
3aKOHA O JOCTYNHOCTH HALMOHATBHBIX CTAHNAPTOB M ODLIEPOCCHHCKHMX KIACCH-
¢dukaTopos o0ycnosnuBaeT Heo6GX0AUMOCTh YCTAHOBIEHHA EIHHBIX NMPABWI LEHO-
ofpazoBaHus, He JOMycKaOWMX HeoGOCHOBAHHOIO 3aBbIIIEHHS LEH, NMPE10CTaB-
JIEHWE NPaBa Ha W3/IaHHE 3THX JOKYMEHTOB PasiH4HbIM H3JATENbCTBAM.

2. BeccrniopHo W TpeGosanue 3akoHa 06 oduuuansHoM omybnukosanuu dene-
paNbHBIM AreHTCTBOM M0 TEXHMYECKOMY PpEryJIHpOBaHHIO W METPOJIOTHM Ha-
LIMOHAJIbHBIX CTAHAAPTOB M 061IEPOCCHICKMX KNACCH(HKATOPOB.

Cmameoa 44. @edepanvrsti unopmayuonnsiic pono
MEXHUNECKUX Pe2IAMEeHMO8 U CIAHOapmoe

1. Hactosmuii 3aKk0oH pernameHTHpyeT BaxHelliuee ycnosue GyHKUMOHHPOBa-
HHA CHCTEMbl B3aMMOOTHOLIEHHH W3roToBHTens, npHobperaTens W TpeTheil cro-
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poHbl — ofecriedeHne cEOOOJHOrO JOCTYNA BCEX 3aMHTEPECOBAHHBIX JIULL K TEX-
HUYECKHM pEriaMeHTaM W JOKyMeHTaM B o6nacTu craHgaptusauuu. Ilns storo
ucnons3yerca PenepansHblil HHGOPMALMOHHBIH (OHA TEXHUYECKHX PErTIaMEeHTOB
Y CTaHAPTOB, ABNAIOUINICA rOCYIaPCTBEHHBIM HHOPMAIIMOHHEIM PECYPCOM.

2. B ornuuue OT TOro, Kak npegycMaTpHBaloch MojydyeHHe HHQopMauHu o
JOKYMEHTax B obnactu CTaHIapPTH3aLUKMH B YTPAaTHBLIEM CHITY 3aKOHE «0 cTaHpap-
TH3aLWKWY), HACTOSAILNHA 3aKOH PerfiaMeHTHpPYET CO3JaHHe eAHHOi HWH(opMaLMOH-
HOM cucTeMbl 11 ofecrieueHus 3aMHTEPECOBAHHBIX UL MH(opMalMed o N0KYy-
MEHTAX, BXOAAWMX B deaepanbHblil HHPOPMaUHOHHBIH (POHI TEXHHYECKHX per-
JIAMEHTOB U CTAHAAPTOB.

['nasa 9. ®PUHAHCHUPOBAHMUME B OBJIACTU
TEXHHUYECKOI'O PETYJIMPOBAHUA

Cmameba 45. Ilopaook ¢unancupoearun 3a cuem cpedcms ghedepanviozo
6100cema pacxodoe & obaacmu mexHUYECKO20 PezyIupOo8aHUA

1. B uenax obecneveHus KOHCTHTYLHOHHBIX npas rpaxjaaH P® Ha npeanpu-
HUMAaTeNbCKyo AestentHocTs (¢T. 34 KoHctutyuun P®D), Ha xu3nb (ct. 20), ox-
paHy 310poBbs (CT. 7, 41), GnaronpuaATHYI0 OKpyxatolyto cpeay (ct. 42), rocy-
JIapCTBO, ONUPAAch Ha 00A3aHHOCTH KakJ0r0 OXpPaHATh MPHPOAY M OKPYKAIOILYIO
cpefy, CO3aeT CHCTEMY TEXHHYECKOTO peryJIMpoBaHHsA, COOTBETCTBYIOLIYIO 3THM
npaBaM H oba3aHHOCTAM. [ToaTOMY rocynapcTeo 06A3aHO 3a cueT QenepanbHOro
6romkeTa PUHAHCHPOBATEL PacXolbl HA CO3JaHHE H QYHKLIHOHMPOBAHHE JJIEMEH-
TOB 3TO#H CHCTEMBI. B COOTBETCTBHHM C 3aKOHOM 3THMH JJIEMEHTAMH ABNAIOTCA:

* rocyJapCTBEHHbIH KOHTpONL (Haazop) 3a cobmoaeHreM TpeOOBaHUH TEXHH-
4ECKHX PerjaMeHTOB;

= QenepanbHblii HHOOPMALIHOHHBIH (OHA TEXHHYECKUX PErNIaMEHTOB H CTaH-
HAapTOB;

* peaiu3al{a MporpaMmMsbl pa3paboTKK TEXHHYECKHX PETTIAMEHTOB;

* pean3aLys MporpaMMel pa3paboTKH HALMOHABHBIX CTAHAAPTOB;

* 9KCMEPTH3A MPOEKTOB TEXHHUECKUX PErNIAMEHTOB H HALMOHATBHBIX CTaHIAPTOB;

* ob1epoccuitckue KraccupukaTopsl;

* yuacTHe Poccuu B MEeXIyHApOIHBIX OPraHU3aLysaX MO CTAHIAPTH3ALIMH.

2. lpasutensctBo PP ycraHapnuBaeT nopsAfok (pHHAHCHPOBAHHA PACXOAOB,
YKa3aHHbIX B M. 1 HacTOALIEH CTaThH 3aKOHa.

I'nasa 10. SAKJIFOYHUTEJIBHBIE U MEPEXO/HBIE IMTOJIOXKEHHA

Cmamosa 46. Ilepexoonsie nonosicenus

1. B nokymenre «HoMeHKnaTypa npoayKium M yciyr (paboT), B OTHOLIEHHH KOTO-
pBIX 3aKOHOJATENBHBIMM axTamu P® npemycMotpeHa ux obssaTenbHas cepTHHka-
i ot | okrabpa 1998 r. oTpaxeHsl HaMMEHOBaHUA 00BEKTOB, TpeOOBAHUA K KOTO-
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PhIM TIOMVIEXAT WCTIONHEHMIO, 0603HAYEHHA COOTBETCTBYIOLUHX HOPMATHBHBIX JIOKY-
MEHTOB M MOATBEpXAaeMble TpeGoBaHMs. B 3TOT JIOKyMEHT B NEPHOIL €ro ACHCTBHA
BHOCWIHCH M3MEHEHHsl, OTHOCALUMECS K MOATBEPXKAEMbIM TPEOOBAHWAM, & TAKKE K
OTHENBHBIM BHIAM NPOIYKLMH, B OTHOLIEHHH KOTOPBIX oGs3aTenbHas cepTidukalms
3aMEHAIAach NIEKIapHPOBAHHEM COOTBETCTBHA. B3ameH 3TOro HOpMaTHBHOIO akTa ¢ 1
nexabps 2002 r. BBeNeHbl B ACHCTBHE JOKYMEHTBI MO/l HA3BaHHEM «Homenknatypa
npoaykiuyuy ¥ ycayr (pabor), B OTHOLIEHHH KOTOPBIX 3aKOHOJATENbHBIMU aKTAMH PO
npenycMoTpeHa MX ofssatenbHas cepruuxkald W «HomeHknaTypa MpOAYKIUMH,
COOTBETCTBHE KOTOPOH MOXeET ObITh MOATBEPHKAEHO eKapaleli 0 COOTBETCTBHID.

2. PernamenTauus n. 2 HacToAileil cTaTbH pacrnpOCTPaHAET MOJIOXKEHHE BTO-
poro a63aua m. 1 cT. 23 0 ToM, 4TO 0GBEKTOM 00A3aTENLHOTO MOATBEPKACHHA
COOTBETCTBMS MOXET GbITh TONBKO NMPOAYKUMSA, Bbiyckaemas B obpalueHue Ha
TeppuTopun PP, Ha nepexoausiii nepHoL.

3. Hactosumit denepansHblii 3aKOH YCTaHaBIHBaeT NMOPANOK, COTIACHO KOTO-
POMY CO AHS €ro BCTYMUIEHHA B CHIY JUIS TeX BHAOB MPOMYKUHMH, B OTHOUIEHUH
koTophIX oba3aTenbHas cepTHdUKaLMs 3aMeHseTCs IeKIapHpOBaHHEM COOTBETCT-
BHM%, OHO JO/DKHO OCYIIECTBNAThCA B MOPSA/KE, YCTaHABIMBAEMOM HaCTOALIHM
32KOHOM.

4. B COOTBETCTBHH CO CT. 24 HACTOALIErO 3aKOHAa KpYyr 3asBHUTENel NeKnapH-
POBaHMSA COOTBETCTBHA MPOJAYKUMM YCTAHABIHBAETCA COOTBETCTBYIOUIMM TEXHH-
yeckuMm pernameHToM. OHAKO Takas PasHOBHAHOCTh [CK/IAPHPOBAHWA, KaK Nek-
NapHpoBaHWe Ha OCHOBE COOCTBEHHBIX AOKA3ATENbCTB, A0 BCTYIUICHHA B CHITY
COOTBETCTBYIOIIMX TEXHHUECKUX PErNaMeHTOB JAOMYCKAeTCs JIMILL TONBKO IUIA
MPHMEHEHHS H3TOTOBHTENIAMM.

5. OTMeueHHbIe B 1. 5 JaHHOM CTaThi 3aKOHBI coepar TpeboBaHmA O HeoOXo-
JHMOCTH COOTBETCTBHS TMPOLYKUMH YCTAHOBNCHHbIM TpeGoBaHuaM. JIoKyMeHTamH,
B KOTOPBIX COAEPXKATCA 3TH TPeGOBaHNA, AB/AIOTCA rOCY/APCTBEHHbIC CTAHAAPTL! H
«CanuTapHble npaBuia H HopMbD). Heo6X01MMO OTMETHTS, YTO KPOME YKa3aHHBIX B
TOM MyHKTe cT. 46 3aKOHOB BOMPOCH! GE30MACHOCTH B IKONOTHYECKOH obnactu
oTpakeHbi Taike B 3akoHax «O rocylapcTBEHHOM peryiMpoBaHHH B obsacTu reu-
HO-HIDKEHEPHOH JIeATENBHOCTH, «O IUIEMEHHOM XHBOTHOBOACTBE», «O cemeHo-
poacTBe», «O rocyIapcTBEHHOM peryjnpoBaHky obecrieveHns TUIOIOpOaKs 3eMeNb
CENbCKOX03RHCTBEHHOrO HasHavenns», «O rocylapcTBEHHOM KOHTpoOJe 33 Ka-
YECTBOM M PALIMOHANBHBIM HCTIONB30BAHHEM 3€PHA W MPOAYKTOB €ro nepepacoTkimy,
«JlecHoit konexkc PO» u 1p.

6. YkaszaHHbie B 1. 6 3Toil CTaTbi 3aKOHbI YCTAHAaBIHBAIOT O6LIHE MONOKEHHSA
no paspaboTke HOPM M NpaBHi B 061ACTH HCNONL30BAHHA ATOMHOH IHEPTHH, BBE-
JEHMIO MX B AeHCTBHE, OCYMIECTBICHMIO HAaA30pa 3a 6e30nacHOCTHIO, 06 oTBETCT-
BEHHOCTH NMPOEKTUPOBLIMKOB M CTpOHTENeH ANEPHBIX 0OBEKTOB 3a BLINONHEHHbIC
paboThl ¥ NPENOCTaBNEHHBIE YCITYTH.

7. Hactosumil 3aKOH yCTAHABIMBAET KOHKPETHbIA CPOK peanH3audu ero rno-
NoeHuil. B 4aCTHOCTH OTMEHAETCS, YTO TEXHHYECKHE PErTaMEHThI J0/KHbI ObITh
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NPUHATHI B TEUEHHE CEMH JIET CO JHA BCTYIUIEHHA B CHITy HacTosiero ®enepans-
Horo 3akoHa. M3 TpeGoBaHus JaHHOrO MyHKTa CNEQyeT HEOOXOMMMOCTh MEpPBO-
ouepesHoii pa3paboTku OOLINX TEXHUYECKUX PErnaMeHTOB, TaK Kak oHM 00s3a-
TENBHBI U1 MPUMEHEHHA U COOMOAEHHU B OTHOLIEHNH NIOGBIX BHIOB MPOIYKIUHH.

8. TpeGosanust n. 8 cTaThM YCTAaHABIMBAIOT HEOOXOOMMOCTH CKOpeluIero
dopmupoBaHys CHCTEMB] aKKPEANTALMH, MOCKOIBKY MO MCTEYEHHU CPOKA AeHCT-
BHA TOKYMEHTOB M0 aKKPEIUTALMK OpraHaMm o cepTHOHKALMK W HCTILITATENbHBIM
naboparopusM (ueHTpam) GyaeT HeOOXOIUMO MPOWIEHHE WX MOTHOMOYHMH. 3as-
BUTENAM Takxke creqyeT ohopMNATL JOKYMEHTBI, MOATBEPKIAIOLIHE COOTBETCT-
BHE Mpoaykuud u yeayr. Jlo MOMEHTa BCTYNIEHHA B CHITy 3aKkoHa HeoGxonumo
OCYLIECTBUTb PAA Mep, obecneqBaloiX ero peanu3ainio. 3TH Mepsl, BEITNOIHE-
HHE KOTOpBIX Bo3/oxkeHo Ha [lpaBurensctBo P@, MepmepansHoe areHTCTBO MO
TEXHUYECKOMY PETYJIMPOBAHHIO W METPOJIOrUM, MPHBOAATCA B COOTBETCTBYIOMMX
MecTax M0 TeKCTY HacTosALIero 3akoHa. HHxke OHM MepeyucieHsl B TOM NopAIke, B
KOTOPOM BCTpeYaloTcs no TekcTy. B ckoOkax ykaswlBaloTCs HOMepa CTaThbd U
MYHKTa, TAE COAEPKUTCA COOTBETCTBYIOILEE MEPOTIPUATHE.

Meponpusitas Ilpasutenscrea P®

1. YeraHosnenue nopaaka paspaboTKu, MPUHATHA U NPUMEHEHHUA JOKYMEHTOB
Mo CTaHAapTH3alUUK B OTHOWEHHH obopoHHON npomykuuu (pabot, ycmyr), mo-
cTasisiemMoil Ui denepanbHbIX TOCYAAPCTBEHHBIX HYHKI MO FOCYNAPCTBEHHOMY
obopoHHOMY 3aKa3y, npoaykiuu (paboT, ycimyr), HCMONb3YEMOMH B LIE/IAX 3ALUTHI
CBENCHHH, COCTABNSAIOIINX FOCYAaPCTBEHHYIO TaiHY WIH OTHOCHUMBIX K OXpaHse-
MOl B COOTBETCTBHH ¢ 3akoHojaTenscTBoM P® unpopmauuu orpaHmyeHHoOro
JocTyna, npoaykunu (pabot, yciyr), CBeIeHHA 0 KOTOPOH COCTaBNAOT rocysap-
CTBEHHYIO TaliHy, Ha KOTOPYIO OTCYTCTBYIOT TpeOOBaHHMS TEXHHYECKUX perjlaMeH-
ToB (cT. 5, m. 2).

2. Paspa6oTka nopsaaKa OLEHKH COOTBETCTBUsA 0BoporHO# npoaykumuu (pabor,
yenyr), nocraBnsemoii ana denepanbHbIX rocylapcTBEHHBIX HYXKI MO rocyaaper-
BEHHOMY 06OPOHHOMY 3aKa3y, mpoaykuuy (paboT, yeiyr), HCHOL3YeMOit B Lenax
3AMIUTH CBEIEHHWI, COCTABIAIOILINX rOoCYAapCTBEHHYIO TaiHy WIH OTHOCHMBbIX K
OXpaHseMOil B COOTBETCTBHH C 3aKOHONATeNbCTBOM PD nHpopMaLMK OrpaHu4eH-
HOro JI0CTYMNA, MpoAyKLKK (paboT, yemyr), CBEIeHHs 0 KOTOPOH COCTAaBJAIOT rocy-
JIapCTBEHHYIO TaliHy, HA KOTOPYIO OTCYTCTBYIOT TpPeGOBaHUA TEXHHYECKUX perna-
MeHTOB (cT. 5, n. 3).

3. VTBepkIeHue NPaBwl i METOJOB HCCNENI0BaHMi (MCIIBITAHMI) W H3MEPEHHH, a
TaloKe Npasu 0T6opa 06pa3LoB T NPOBENCHUA UCC/IEAOBAHHH (MCTIbITAHNH) U W3-
MepeHHii, HEOOXOMMMBIX JUIst IPUMEHEHHUA TEXHHIECKHX pernaMeHTos (cT.7, m. 11).

4, PaspaboTka npemioxeHuii 06 obecrieyeHuH COOTBETCTBUA TEXHHUYECKOro pe-
IYNVPOBAHUs MHTEPECAM HALHOHATBHOH IKOHOMMKH, YPOBHIO Pa3BUTHA MaTepHalb-
HO-TEXHHUYECKOH 6a3bl U YPOBHIO HAYHHO-TEXHHYECKOTO Pa3sBUTHSA, & TaKkKe MEXy-
HapOJIHBIM HOPMaM | MpaBwiam (cT. 7, m. 12).
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5. YTBepik/eHNe NPOrPaMMBl PaspabOTKH TEXHHHECKHX PeraMeHTos (CT.7, . 12).

6. OprasnsaumMs MOCTOAHHOTO YYeTa W aHanusa Cry4aes NpUYHHEHUA Bpeaa
BCIEAICTBHE HapylleHUs TpeOoBaHHil TEXHHYECKHX PErNAMEHTOB KH3HW MIH 3]10-
POBBIO TPAKAAH, HMYIIECTBY PUIHYECKHX HIH OPUANYECKHX JIHL, FOCYAapCTBEH-
HOMY WIH MYHHUMNATBHOMY MMYIIECTBY, OKpYXalouledl cpene, HHIHH Wi 3/10-
POBbIO XHBOTHBIX W pacTeH#ii C yHETOM THKECTH ITOr0 Bpeaa (ct.7,n. 12).

7. Opranmzaunsi HHGOPMHUPOBAHHS M3NOTOBHTENEH U NMPOJABLIOB O CHTYaLMH B 0b-
f1aCTH COOMOIeHNA TPeOOBAHMI TEXHIHUECKHX pernaMeHToB (CT. 7, 1. 12).

8. VcTaHoBNeHMe TIOpAIKA OMyO/IMKOBaHUs yBEAOMJIEHHA O paspaboTke npo-
€KTa TEXHWYECKOTO PErfiaMeHTa W O 3aBepLIeHHH MyGaM4HOTO 0BCYKACHUA ITOrO
MpoeKTa ¥ pasMepa niathl 3a Hx onmy6nukosarme (cT. 9, . 6).

9. YcraHoBneHue NMopaika omyGNIHKOBaHHs NMPOEKTa 3aKOHA O TEXHWHECKOM
pernameHTe ¥ pasMepa Niarhl 3a ero ormyGnHKoBaHHe (ct. 9, n. 8).

10. YTBepxneHue Nopaaka Co3AaHus M AEATENbHOCTH IKCNEPTHBIX KOMMCCHIA
110 TEXHUHECKOMY perynuposanuio (cT. 9, n. 9).

11. YcraHosneHne nopsaka ory6IHKOBaHHs 3aK/TIOUEHHH SKCNEPTHBIX KOMHCCHH
110 TEXHHYECKOMY PEryJIMpOBaHHIO H Pa3Mepa OTUIaThl 3a HX OryOJIHKOBaHHE (c1.9, n.9).

12. Onpenenexne opraHa, ynoJHOMOYEHHOTO Ha WCMOJHEHHE ¢ynkumi Ha-
LHOHANEHOTO OpraKa no crauaapTusauan (cr. 14, n. 2).

13. YcraHoBNeHHE nopsaaka pa3pabOTKH, MPUHATHS, BBEACHHS B JICHCTBHE, Be-
feHWs W TpPHMEHEHHs OOLepoCCHICKUX KNAcCH(HKATOPOB B  COLMAITBHO-
IKkoHOMHYeckoit obnactu (cT. 15, m. 3).

14. YcrasoB/eHye nopaaxa omy6MKkoBaHNA yBEIOMICHHH 0 paspaboTke NpoekTa
HALMOHATLHOTO CTAH/IAPTA M O 3aBEPUICHHN MyGIHYHOTO 0GCYK/EHHA ITOr0 MPOEKTa
¥ pasMepa OrUIaTh! 3a MX onyGmikosanme (cT. 16, 1. 6).

15. VcraHOBAEeHWE TOPAAKZ PErHCTPAlMM CHCTeM A00pOBOJNILHOW CepTH-
dMKaUMK M pasmMepa OniaThi 3a perucTpauio (ct. 21, m 3).

16. VeTaHoBACHHE METOANKH onpeaeneHus croumoctd paGor no obssarenb-
HOMY MOATBEPKAEHHIO cooTBETCTBHA (CT. 23, M. 4).

17. Onpeznenenue nopsaaKa BeleHHA peecTpa JAeknapauyi 0 COOTBETCTBHH,
NpeJOCTaB/EHNs COCPKAIMXCA B HEM CBEACHWH, OTUIaThl 3a MPEOCTABNEHHE
cofiepaluxcs B HeM cBeerui (cT. 24, n. 6).

18. VCTaHOBAGHHE NOPAAKA aKKPEAMTALMH OPraHoB MO CepTH(HKALMK, oCy-
mecTBAAIOIMX 0653aTenbHYI0 cepTudukatmio (cT. 26, n. 1).

19. YcraHoBieHHWe MNOpAAKka AKKpPeAMTaLUHH HCIbITATENBHbIX nabopaTopui
(uentpos) (cT. 26, . 2).

20. VTBepkaeHHE METOIMKH ONpElENeHHs CTOHMOCTH pabor no cepTudu-
kauMu (cT. 26, n. 2).

21. OnpeneneHye Nopsaka BEACHHA eIMHOTO PEeCTpa BbLAAHHEBIX cepTH(UKaTOB
COOTBETCTBHS, NMPENOCTABNEHUA COAEPHKAUINXCA B HEM CBE/ICHMI, OMIaTh! 3a mpe-
JOCTaB/EHHE CONEPKAUIMXCA B HeM cBeeHuit (CT. 26, m. 3).

22. VcTaHoR/eH#e H300paKeHHs 3Haka 00paieHns Ha puikke (CT. 27, . 1).
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23. VcraHoBneHHe CNIMCKOB MPOAYKIMH, NOMIeKAIIEH oba3arensHOMY nog-
TBEPHKECHUIO COOTBETCTBHS NPU BBO3€ Ha Tepputopmio P (cr. 29, n. 1).

24. VcraHoBneHHe MOpA/Ka BBO3a Ha TeppuTopuio PO npomykimu, momuiexa-
e o6s3aTeILHOMY MOATBEPHKACHHIO COOTBETCTBMA (CT. 29, 1. 3).

25. VcranoBneHuHe NMopAnka akkpeaNTalHH OPraHoB M0 CepTHMKALMK U C-
nbiTaTeNbHbIX J1abopatopuit (LEHTPOB), BHIMOMHAIOWMX paGoThl MO Moa-
TBEPXKACHUIO COOTBETCTBHA (cT. 31, n. 3).

26. Onpenenexue nopsaaka omyGIMKOBAHMS HALMOHANBHBIX CTAHIAPTOR H 06-
lepoccHiickux Kiaccudukaropos (cr. 43, n. 2).

27. VYTBepxuenue nopsmka cosmamus W Befenns DenepansHoro HHGOp-
MALHOHHOrO (POHAA TEXHHYECKHX PErfamMeHTOB M CTAHAapTOB M MPaBHI TOMB30-
BaHHA 3TUM (oHmom (cT. 44, . 1),

28. VcraHossnien1e nopaaka u ycnosuii Co3Nanns U GyHKUHOHMPOBAHUSA €AHHOI
MH(POPMALHOHHOM CHCTEMBI O IOKYMEHTAX, BXOAALMX B cocTa DenepansHoro HH-
thopmatmonHOro (oA TEXHHYECKHX PErIaMEHTOB W CTAHAApTOB (CT. 44, 1. 2).

29. Onpenenenue nopsaaxka GUHAHCHPOBAHMA W3 CPEACTE (enepansHOro Glomkera
pacxooB B 0671aCTH TEXHHHECKOTO peryiupoBanus (cT. 45, 1. 2).

30. OnpeneneHue u €XeroaHOE JOMONHEHHE NEPEYHS OTAEbHBIX BUAOB MPO-
IOyKUHH, B OTHOLIEHWH KOTOPHIX 00A3aTeNbHas CepTH(PMUKANNA 3aMEHACTCH JeKia-
pHpOBaHHEM COOTBETCTBHA, OCYIIECTBJAAEMBIM B NOpPAAKE, YCTAHOBIEHHOM Ha-
croamum DeaepanbHbIM 3aKOHOM (CT. 46, 1. 3).

Meponpustus ®egepaibHOro areHTCTBA
N0 TEXHHYECKOMY Pery/iHpOBAHHIO H METPOJIOTHH

l. VTeepkieHue nepcoOHATBHOTO COCTABA IKCMEPTHBIX KOMMCCHIA MO Tex-
HHYECKOMY PEry/IHPOBaHHIO U obecrieyeHne ux aesaTenbHoCTH (CT. 9, . 9).

2. VrBepkaeHHE NIOPANKA CO3AAHHA M AEATENBHOCTH TEXHHYECKHX KOMHTETOB
Mo cranaaptTusaunu (ct. 14, n. 4).

3. llpuuaTHe nporpaMmel pa3paboTKH HALHOHANBHBIX CTaHaapToB (cT. 14,
o Lier. 16,.0. 1),

4. YcraHosneHHe NopAaka NPUMEHEHHs 3HAKa COOTBETCTBHSA HALMOHANBLHOMY
crannapty (cr. 22, n. 2).

5. YTBepxnenne GopMbl AekIapaliH O COOTBETCTBUH (cT. 24, . 5).

6. Yreepxaenue Gopmel ceprudukarta cootBeTcTBHA (€T. 25, 0. 2).

Cmamosa 47. IIpueedenue HOpMamueHsIx HPAGOBHIX AKMOG
& coomeemcmeue ¢ Hacmoauium PedepanbHboim 3AKOHOM

Co aus BCTyruieHHs B cuity Hactosulero deaepanbHOr0 3aKOHa MpU3HaTh YT-
PaTHBLINMMU CHITY:
— 3akon Poccuiickoli @epepauun ot 10 wmions 1993 r. Ne 5151-1
«O ceprudukaumu npoxykunn u ycayr (Bemomoctn Coesna HapoaHeix aenyTa-
ToB ¥ BepxosHoro Cosera P®, 1993, Ne 26, ct. 966);
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— noctatoBnenHne Bepxosroro Coseta P® ot 10 mona 1993 r. Ne 5153-1 «O sse-
Jennn B aeiicteue 3akoxa PO «O ceprudukaimy npoaykumy u yemyr» (Bepomocty
Cue3na HapoaHBIX AemyTaToB i Bepxostoro Cosera P®, 1993, Ne 26, cT. 967),

—3akoH P® ot 10 mona 1993 r. Ne 5154-M «O cranpaptizaunm» (Benomoctn
Cne3na HapoaHsix aenyTaTos 1 BepxosHoro Cosera P®, 1993, Ne 25, c1. 917);

— noctaHoBsienue BepxosHoro Cosera Poccuiickoit ®enepauns ot 10 HioHs
1993 r. Ne 5156-1 «O BBenexuu B peiicteue 3akoHa P® «O craHaapTHiauvm»
(Benomoct Cwbe3na Hapoassix aemyratros M BepxosHoro Coseta PO,
1993, Ne 285, cT. 918);

~ mynktst 12 1 13 craten | @egepanbroro 3akoHa ot 27 aekabps 1995 r. Ne
211-@3 «O BHeCEHHH M3MEHEHHH W AOMOJHEHHA B OT/CAbHbIE 3aKOHOAATE LHBIE
aktsl P 8 cea3u ¢ npuHsTuem DesepansHoro 3akoxa «O noxapHoit GezonacHo-
cti» (Cobpanue 3akoHopartensctsa P®, 1996, Ne 1, c1. 4);

— myHkT 2 crathi | Denepanbioro 3akoHa ot 2 mapra 1998 r. Ne 30-@3 «O
BHECEHMH M3MEHEHMH W JIONOJIHEHHUIl B OTeNbHbIE 3aK0HOAaTeNbHbIE aKThl PO B
cBa3n ¢ npunstnem demepansHoro 3akona «O pexname» (CoGpanue 3akoHopaa-
tenscTea PD, 1998, Ne 10, cT. 1143);

— depepanshbiil 3akoH ot 31 mona 1998 r. Ne 154-3 «O pHeceHUHM HIMEHE-
HHii ¥ fononHeHui B 3akoH PO «O ceprudukauny npomxyxuuu H ycayr» (Cobpa-
HHe 3aKkoHopaTenscTea PD, 1998, Ne 31, cr. 3832);

— crateio 2 ®eaepansHoro 3akoHa ot 10 mona 2002 r. Ne 87-@3 «O eHecenuu
H3MEHEHUs B cTaThio 6 DenepanbHoro 3akona «O6 ocHOBax coumanbHOro obcy-
KHuBaHuA Hacenewus B PO» u nononHenus B cr. 2 3akoHa P® «O cranpapTtuza-
wun» (CobGpanne 3akonoparensctea Pd, 2002, Ne 28, cr. 2791);

— crateu 13 u 14 ®enepansHoro 3akona ot 25 mons 2002 r. Ne 116-®3 «O
BHECEHHWH M3MEHEHHI W AOMONHEHHH B HEKOTOPbIE 3aKOHOAATENbHbIE aKThl PD B
CBSA3M C COBEPUIEHCTBOBAHHEM FOCY/IAPCTBEHHOTO yrnipasieHus B obnacti noxap-
Ho# GesonacHocTiy» (Cobpanue 3akoHonarensctsa Pd, 2002, Ne 30, ct. 3033).

OrmMeueHHbie cT. 47 3akOHa HOPMAaTHBHbIE AKThl H MX YacTH COCTABJIAIOT
NKIG YaCTh JOKYMEHTALMK, pernaMeHTupyloLeli sonpocs! ceptudukaumy. Heko-
TOpbIE M3 AKTOB, HE MOMABIUHX B CMHCOK JUIS MEPECMOTPA HIIH OTMEHBI, NepeYHc-
NeHbl B 1. 5 1 6 cT. 46, eule paa TAKMX aKTOB NEpEHHC/IeH B KOMMEHTapHH k . 1
¢T. 4. JlaHHble DOKYMEHTbI PErflaMeHTHPYIOT IIHMPOKHI Kpyr BOMPOCOB, OTHOCA-
LMXCS K KOHKPETHOMY BHAY MPOXYKUMH WIH BHIY NeATENbHOCTH. B umcne aTux
BOMPOCOB ¥ BOMpock! cepTHukaumuy. ONHAKO, KaK e 0TMEYaloch B KOMMEHTa-
pHH K 1. 2 cT. 4, naHHbIe 3aKOHBI HE COOTBETCTBYIOT AyXY HACTOALLEro 3aKOHa, B
HHX HET TAKHX MOHATHI, KaK «TeXHHYECKHI per/laMeHT) HIH «3HaK obpalueHHs Ha
peinkey». [1o3ToMy B YacTH, COOTBETCTBYIOLIEH HACTOALLUEMY 3aKOHY, OTMEYEHHBIE
3aKOHBI TAKKe AODKHBI ObiTh mepecmoTpetbl. [Toao6HbIH nepecMoTp MOXET GbiTh
OCYILECTBIEH Toraa, korga OymyT paspaboTaHbl TEXHHYECKHE PErlaMEHTHI, OTHOCA-
umecs K MpOAYKUMM WiH 0o0nacTH JesTeNbHOCTH, perfaMEHTHPYeMbIM COOTBETCT-
BYIOIMM 3aKOHOM, TexHu4eckue pernameHTs! OyIyT OpraHHHMecKH CBA3aHbl C 3THM
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3akoHOM. [TepecMOTpy NoWIekKaT TakKe HOPMATHBHBIE IOKYMEHThI, PETIAMEHTHPY1O-
1M pellicHe OPraHM3ALMOHHBIX BOTPOCOB MO CTAHAAPTH3ALWH W CEPTHOMKALMN Kak
Ha MEKOTPACTIEBOM, TAK M Ha OTPAC/eBOM YPOBHSAX, NOKYMEHTBI CHCTEM 00A3aTeNbHOH
u noGposonbHoi cepTudHKaimy. Hiwke naHbl HEKOTOPbIE H3 IOKYMEHTOB.

1. TIpasuna no npoBeneHHIo cepTudHkauyu B PO.

2. IMopsnok nposeaeHus cepTrukaLmy Npoaykuuu B PO.

3. Monoxenue o Cucreme cepruduxaumu F'OCT P.

4. TlpaBuna NpUMEHEHHA 3HAKa COOTBETCTBHA MpH oOs3aTensHOH cepTy-
duKkauuy NPORYKLHH.

5. Cucrema ceprudukauun F'OCT P. ®opMbl OCHOBHBIX IOKYMEHTOB TMpHME-
HAEMBIX B CHCTEME.

6. Tpasuna ceptudukawmm pabot u yenyr B PO.

7. Tlpasuna nposeaeHus paGoT Mo cepTHHHKALAH CeNbCKOX03HCTBCHHOH TeX-
HUKH H TPaKTOPOB.

TTepecMOTp AOKYMEHTOB 1€1€c000pa3HO OCYLIECTBIATE C HCMOJL30BAHHEM
npunumna komudukauyn. Komudukauua kax oaxa u3 GopM CHCTEMATH3ALMH 32~
KOHOB ¥ MHBIX HOPMATHUBHBIX aKTOB MOXKET GbiTh MPUMEHEHA NPH paspaboTke HO-
BBIX JOKYMEHTOB B 06/1aCTH TEXHHYECKOTO PEryiupoBaHus Ha Gase TOrO OMbITA
paGoTel B 06NacTH CTaHIAapTH3AUWHM, CEPTH(UKALMH, KOHTPONIA KauecTsa, KOTO-
phiii 6bUT HAKOTUIEH 32 BECH MPEALIECTBYIOMMH MEPHOLL.

Cmamesa 48. Bcmynaenue é cuny nacmoauwiezo @edepanbHozo 3aKoHa

Hactosmuiit ®enepanshslii 3ak0H «O TEXHAHYECKOM pPEryiIHpOBaHHI» 6bin
oduumansHo ormy6nukosad 31 aekabpa 2002 r. B «Poccuiickoi rasere» Ne 245
(3113), nostoMy oH BeTymun B cuny 1 mions 2003 r., T. €. COrNacHo yCTaHOB/CH-
HOMY MOJIOMEHHUIO 110 MCTEYEHHH MECTH MECALIEB CO JIHSI €r0 OMyONIHKOBAHHS.

BriBoabi

denepansHbli 3aKoH «O TEXHUYECKOM PEryIMPOBAHUI) BHOCHT rnobansHele
M3MEHeHUs B OpraHu3auMio paGoT MO METPOJOTrHH, CTaHAApTH3aUWH, MOATBEP-
HIEHHIO COOTBETCTBHSA M cepTHukauuu B PD. Crenyer BLIYIEHHTE TPH I1aBHBIE
0COBEHHOCTH HOBOI SKOHOMUHUECKO#H MOTHTHKM, KOTOPbIE YCTAHABIMBACT NaHHbIH
3aKOH B OTHOIICHHH NMPOAYKIMH H YCITYT:

* NpeoCTaB/IeHHe MaKCHMaNbHOW cBOGO/IBI NEHCTBHI NPOMIBOAUTENAM B OT-
HOLIEHHY BCEX MOTPeGUTENLCKHMX CBOMCTB MPOAYKIHH, KpOMe 6E30MacHOCTH,

* NOBBIILIEHHE YPOBHA OTBETCTBEHHOCTH NMPOU3BOAUTENA 32 6€30MacHOCTE Npo-
JYKLUHMH, YTO MPOSBIAETCA B MOBHILUEHWH YPOBHA TaKOro MpaBoBOro akKTa, Kak
TEXHWYECKHI pernaMenT, coepxauero Tpebosanus no Ge3omacHoCTH, HesaBH-
CHMOCTH KOHTPOMS COOTBETCTBHS NPOMYKLHMM MO TpeGoBaHMAM Ge30macHOCTH U
rocyAapcTBEHHOrO KOHTPONA 3 COOMIOAEHHEM NPABHIT OLEHKH COOTBETCTBUA;

» obecriedeHue nonHoM HHGOPMHUPOBAHHOCTH BCEX 3aMHTEPECOBAHHBIX JIHLL M0
BCEM BOMPOCAM, CBA3AHHBIM C TEXHHMECKHM PETYHPOBAHHEM, — OT OMOBELIEHHH
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0 Havane pa3paboTk¥ HALMOHAIBHOrO CTAHAAPTA WK TEXHWHECKOro periaMeHTa
[0 eHHOM MH(POPMALMOKHON CHCTEMBI O JokyMeHTax defepanbHOro HHpopma-
UHOHHOrO )OHAA TEXHUYECKHX PEriaMeHTOB H CTaH1apTOB.

deaepanbHblii 3aK0H «O TEXHUYECKOM PEryTHpOBaHUW» NPEACTaBseT Co0OH
OCHOBHYIO 4aCTh MEXaHM3Ma CO3JaHHMA H pepOPMHPOBAHMA YKe MMEIOLIEHCca CHe-
TEMBI TEXHUUECKOro perynmposanis. [lia ocyulecTsienns pehopMUpOBaHHI HE0O-
XOAHMO BBITIOJIHHTB CaMYI0 CYLUECTBEHHYIO H Hanbo/iee TPYA0EMKYIO HacTh paboThl
— paspaboTky OOUIMX H CMEUMANBHBIX TEXHWYECKHX PErjiaMeHTOB, KOTOpBIX, Kak
OTMENANoCh, AOMKHO 6biTh okoso 1500. IIpu aToM HeoGXoauMO, YTOOLI TEXHHYe-
CKHE PErameHThl M COOTBETCTBYIOUIME MM METOIbI MCTIbITAHHWI M H3MEpeHuil, a
TaKKe JOKYMEHTbI B 00/1aCTAX CTAHOAPTH3ALMH, ¥ CEPTHHKALMY COCTABIANN €1~
HOE 11eJI0e, CTPOWIHCE HA eIHHBIX METOAONOTHYECKHX MPHHLIMMAX B NONHOM COOT-
BETCTBMH C TOi MIEONOTHEl, KOTOpas 3AI0KeHa B HACTOALIEM 3aKOHE. ITO JOMKHO
HalliTH OTpaXeHHe W B MPABHIAX MOCTPOECHHA, M3NOXKEHHA, CONCPHKAHHA TEXHHYE-
CKMX perfiiaMeHTOB M CTaHIapToB, B Crocolax peleHns KOHKPETHBIX BOMPOCOB,
KOTOpble BO3HMKHYT B Npouecce MPaKTHYECKOH peanusauny pedopMHpOBaHHOMH
CHCTEMbI TEXHHUYECKOTo perynupoBanus. B ofuiem W uenoM TexHH4Yeckoe peryin-
poBaHHe 0ObEAMHAET ¥ METPONIOTHIO, H CTAHAAPTH3ALMIO, H NOATBEPKICHHE COOT-
BETCTBMA ¢ cepTHdUKaLMel 1 THueH3HpoBaHue. K Bee 310 IeACTBYET KOMIUIEKCHO.

MeTponorus. Peanusauns Penepansroro 3akona «O TEXHHYECKOM pe-
ryIMPOBaHMKH» TO3BOMMT MOBbICHTE 06mMil yposens pabor mo obecrieyeHuio
eIMHCTBA U3MEPEHHHt B cTpake, 3¢ (eKTHBHOCTE NPABOBBIX HOPM, HAMNPABIEHHBIX
Ha 3aLIMTY MPaB W 3aKOHHBIX MHTEPECOB IPAXHAH H IOPHAMYECKHUX JIML, OXpaHY
YCTaHOB/IEHHOrO MPaBONOPANKA M 3AIMTY KOHOMMKH PD OT OTpHUATENBHBIX
NOC/EACTBHH HENOCTOBEPHBIX Pe3ynbTaToB W3Mepenuid. [IpurATHE 3aKOHa MpHBE-
JIET TAKKE K MOJOKHTENbHbIM COLMATBHO-3KOHOMHYECKHM [OCNEACTBHAM, MO-
ckoNbKY ofecreueHne eIMHCTBA HIMEPEHHH ABIAETCA YCIOBHEM MOTY4EHHA 10CTO-
BepHOii HHOPMALINH O KauecTBe M CBOWCTBAX NPOYKIMH, paGoT n ycyr, B obnac-
TH MEMLIAHCKOTO 06CTY)KHBAHUA TP@X/IAH, MPH COBEPIICHHM TOProBBIX OfepaLii,
B 06J1aCTH IKONOTHH H B JPYTHX NPHOPUTETHBIX chepax NesTensHOCTH. Peannsauns
3aKOHa MO3BOMHT YMy4IUMTs paGoTy M MOBLICHTL OTBETCTBEHHOCTh KOHTPOJILHO-
HAI30PHBIX OpraHoB B o6nacti Metponoruy. MonuTHyeckue nocAeACTBUA MPHHATHA
3aKOHA COCTOST B MOBbItIeHHH asroputera PO, kak B MexayHapoaHO#H opraHusa-
LMK 3AKOHOAATENBHOR METPONIOrHH, TaK U B PErHOHATBHBIX METPONOrHYECKHUX Op-
raumsaumax. IOpuawdeckne MocnencTBUA MPHHATHA 32KOHA 3aKIIIOYAIOTCA B MOBbI-
wennH SPPEKTHBHOCTH MPaBOBOrO peryiHpoBanua B obnactu obecneveHns euH-
CTBa W3MEPEHHH, B YCTpaHeHHH NpobenoB U NPOTHBOpeYHid, HMelowwuXes B aeficT-
BYIOILLIEM 3aKOHOAATENBCTBE.

CraHgapTu3aung. TexHHUeCKOE pPerylnpoBaHue i CTaH[AapTH3aUHH
— cepa kak oba3aTeNbHbIX, TaK W A00pOBONBHEIX TpeboBaHMH, HO obs3aTenb-
Hble TpeGOBaHUA — TEXHHYECKHE pernamMenTsi — 06pa3Ho rosops, 3To Kopobka
HOBOro 32auuA Ge3 MMPTOB, KOMMYHHKaLMH 1 OTACAKH. [UIs MPOHU3BOAMTENS ITO
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TO HEMHOTO€, C 4ero HaunHaeTca Tosap. [TpoH3BOAUTENE H3rOTOBKI NPOMYKUHIO,
HO €€ MOHO BHITYCTHTb Ha PLIHOK TOJIBKO TOTHA, KOTAa y Hero BhINOJHEeHb! 001-
3atesibHble TpeGOBAaHUA, YCTAHOBJIEHHBIE FOCYHAPCTBOM, T. €. TEXHHYECKHM per-
naMeHTOM. Bee ocTanbHoe TIOCTOMHCTBO B 3TOM TOBape, KOTOPOE NpPEACTaBIAET H3
cebst moTpeGUTENBCKUI HHTEPEC — 3TO BCA (HAYHHKA» HOBOTO J0Ma, 3TO T€ Ca-
MbI€ CTAHHAPThI, KOTOphie NOKHLL OBITh pa3paboTaHbl H KOTOPBIE JOIKHBI OKPY-
JUTh TEXHWYECKUI perflaMeHT Kak JIenecTK! roNoBKY po3bl, 06ecrneunTs BhINON-
HeHHe ero TpeOoBaHMit U JaThb BO3MOXKHOCTH MPOW3BOJMTENAM BHEIAPHUTH HOBBIE
TexHonoruu. Bee aTo cepa cTaHAapTH3aLMK, KOTOpas B CBA3H ¢ pepopMoit Tex-
HUYECKOTO pEry/JHpoBaHus npuobpena coBeplLIEHHO WHOE 3BydaHHe. Tenepb 310
WHCTPYMEHT KOHKYPEHTHOH MONHTHKH, HHCTPYMEHT MPOMBILUUIEHHOH NOMUTHKH —
HOBBIW Ka4€CTBEHHBIN CKa4yoK B pa3BUTHH cdepbl cTaHaapTHsauuu. 1o cdepa dob-
poeonersix mpebosanui. Ho B mo6om ciyuae, cepa craHaapTH3alMK ropasio WH-
pe u MHorooGpasseii, yem cdepa TeXHUYECKHX PErlaMeHTOB [0 COBOKYIHOCTH TeX
XapaKTepUCTHK, KOTOpbIe B Heil 3anosketbl. IToHATHO, UTO U151 MpoK3BoACTBa Tpeby-
€TCst CTAHAPT, NOTOMY YTO NMPOM3BOACTBO — cepHitHoe. Ho craHaapT momkeH Bce-
ria AaBaTh MMITYILC K TOMY, YTOObl OH BHEAPAT HOBHIE TEXHOJIOTHH, YTOOBI €ro
nponykuma OsUTa KOHKypeHTocrnocobHa. BoT kakoe KayecTBEHHOE COJAEPKAHHE Te-
nepsb y cepsl CTaHAAPTH3ALMH.

[lonTsepxaeHue COOTBETCTBHUA H cepTuduxkauusa K
YUCTYy KOHKPETHBIX BOTPOCOB, KOTOPHIE MOIYT BO3HHKHYTh NpPH NPaKTHYECKOH
peanu3auuu peopMHPOBAHHON CUCTEMBI TEXHHYECKOTO PETYIUPOBAHMS, ClIENyeT
OTHECTH OPTaHM3ALMIO CHUCTEMBl MOATBEPXIECHHUSA COOTBETCTBHS, CHCTEMBI aKKpe-
AWTaLEK, cucTeM A06POBONLHON cepTH(UKAINM CHCTEM MEHEKMEHTA KauecTBa,
ofnpeeneHue KOPPEKTHLIX KOJHYECTBEHHBIX METOJOB U1 OLEHKH «CTENEHH pHC-
ka». B atux cdepax ocHOBHBIMHU HafpaB/ieHUAMH AEHCTBMIA ceiyac ABNAIOTCA:

* MOCTENEHHBIH MePexo/l Ha cepTH(UKALMIO CHCTEM Ka4yecTBa Ha COOTBETCTBHE
cravpaptam cepun HCO 9000-2000. C 3ToH ueNbio YKe NPUHATHL CIERYIOLINE
craupaptel: TOCT P UCO 9000-2001 «Cucremsl MeHemxMeHTa KayecTsa. Oc-
HOBHble nonoxeHua u cnosapey; TOCT P HCO 9001-2001 «Cuctembl MeHEK-
meHTa kavectsa. TpeGosanuan; FOCT P HUCO 9004-2001 «Cuctembl MEHEIK-
MeHTa KauecTBa. PekoMeHIalluy No yay4lIeHHIO AeATEIbHOCTHY,

* nepeperucTpauns cucteM obs3arenpHoH cepTHUKALUM B CBA3M C H3IMEHE-
HHEM 3aKOHOATeNbCTBa B 3TOH 00nacTy;

* pa3suTHe N0OPOBOJILHOI cepTH(HKALMUA HA COOTBETCTBHE BCEM TpeboBaHM-
AM CTaHAApPTOB.

JluuensupoBaHue. BpeleHue TeXHHYECKHX PErNlaMeHTOB OTPA3UTCA H
Ha WHCTUTYTE JMLEH3UPOBaHHA OTAENbHBIX BHIOB AEATENLHOCTH, XOTA HANPAMYIO
3TO W He OTpaxeHo B 3akoHe «O TexHWUECKOM peryiupoBaHHw». CeHuac uner
MpOLECC COKPALIEHNS MePedHs THUSH3HPYeMbIX BHAOB HeATenbHOCTH. OTMEHHUTD
npennaraerca 40 30 BHAOB AeATENBHOCTH, paHee MOMIEKABIIMX JIMUEH3HPOBA-
Hmo. Ho oTMeHATh mpemnaraercd TOJBKO MOCNE BCTYIUIEHHA B CHIY COOTBETCT-

510



BYIOIIMX TEXHHYECKHX pernamenToB. Ha Hauano 2005 r. Ha 3aMeHy JIHLIEH3HpPOBa-
HHs npeiokeHo 14 TeXHWYECKHX perlamMeHTOB: «0O 0Oe3omacHOCTH XMMHYECKHX
Mpou3BoACcTBY; «O6 0GOpYIOBAHMH 3ALIMTHLIX CHCTEM, MPHMEHACMBIX BO B3PBIBO-
onacHbIX cpesiaxy; «O 6e30MacHOCTH MOKAPOONACHBIX U XHMIYECKH ONMACHLIX 00B-
exToB»; «O GE30MacHOCTH MEPeBO3KY Ipy3a aBTOMOOHIIBHBIM TPAHCTIOPTOM; «O
Ge3onacHoil KCIUTyaTaui TpyOGONpOBOa0B MAarHCTPANILHBIX, BHYTPHIPOMBICIOBBIX,
MECTHBIX, pacnpeaeuTeNbHbIX» W Ap. JI0 3TOro OblLTH JHUEH3MK HA OTH BHIEL A€A-
TenbHOCTH. B HaHHOM ciydae B ©ofibllel 4acTH 3THX TEXHHYECKHMX PEriiaMeHTOoB
TpOM30LLI0 HeKoe cMelleHHe. TI0CKONEKY TEXHUHECKOE PeryiMpoBatue Oyner ocy-
[IECTBAATECA M0 OTHOMIEHHIO K NPOIYKUHH, d HE K BHAY AEATEIBHOCTH, TO 3TOT HH-
CcTpyMeHT okaxeTtcs Gonee 3 PeKTUBHBIM, YeM MHCTPYMEHT JIULICH3HPOBAHHA.

KpoMe oTMe4YeHHbIX, OCHOBHbIM HalpaBICHHEM JeiicTBHil ceiiuac apaseTca
paspaboTka GoJiee COBEPIICHHOH KOHLETILIH TEXHUHECKOTO PEry/IpOBaius, MeT-
PONOTHH, CTaHAAPTH3ALMM, MOATBEPXKICHUS COOTBETCTBHA H cepruduKauuu B
pamkax peanusauun @enepansHOro 3aKkoHa «O TEXHHUYECKOM PperyiupoBaHUNY.
PeliieHue 9THX H APYTHX BONPOCOB 0OECTIEYUT CO3IaHHe HOPMATHBHOH Gasbl TeX-
HHYeckoro perynuposanus B P@. BesycnosHo, @eepalibHbiil 3aKOH «O TexHHuE-
CKOM pery/HpoBaHH1iD JOJDKEH CrocobCTBOBATE CO3AAHHIO OnaronpHATHLIX YCIO-
BHil JUIsl pa3BHTHA MEXITYHApPOIHO# TOProBIH U BCTYIUIEHHIO Poccun 8 BTO. -

KonTpoJbHbIE BONPOCH]

1. Tlouyemy B mociemuue roasl Obin HeoOxoaum DenepabHbli 3aKOH P® «O
TEXHMYECKOM perynupoBaHuu»?

2.  Yro cnegyeT NOHHMATh MO TEPMHHOM (TEXHHYECCKOE perynupoBaHue»?

3. Kakosa cepa npumeHeHns 3aKoHa «O TEXHHYECKOM peryupoBaHumu»?

4, OtMmerbTe ocHOBHBie monoxkenus PefepanbHOro 3akoHa «O TEXHHYECKOM
peryJHpoBaHUm».

5. HasoBuTe OCHOBHBIE MOHATHA, MPUBEIEHHEIE B 3aKkoHe «O TEXHHYECKOM pe-
rynuposasumy. [lepeuuciuTe NPUHLUMABI TEXHHYECKOTO peryMpoBaHus.

6. HasoBuTe OCOGEHHOCTH TEXHHYECKOrQ DEryjMpOBaHUA B OTHOWIEHHM 000-
poHHo#l npoxykuuy (paboT, ycimyr) ¥ NpoayKLUKMH (paboT, ycmyr), CBeieHHs O
KOTOPO# COCTABMAIOT FOCY/1APCTBEHHYIO TaiHY .

7. Uro Takoe TexHH4eckuit pernameHT? KakoBbl Le/ld TEXHHYECKWX periaMeH-
ToB? [NosicHUTE cCOfiepKaHne TEXHHYECKHUX PETJIaMEHTOB.

8. HasoBuTe BHIbI TEXHUYECKHX PETIaMeHToB i uX TpeboBaHus. Kakoe nopanox
pa3paboTKH, MPUHATHSA, U3MEHEHHA W OTMEHbI TEXHHUECKHX perjiaMeHToB?

9. Korza npuMeHsiOT 0co0bift MOPAAOK pa3paboTKH H MPHHATHA TEXHHYECKHX
pernameHToB? i

10, [laitte onpeaeneHyue NOHATHIO «CTaHAapTH3auus». HazoBuTe OCHOBHbIE LEH
W 3afauy craHjapTH3aumn. Kakne OCHOBHbIE HOPMATHBHbIE JOKYMEHTBI HC-
MoNb3YyIOTCA B 06NACTH CTAHAAPTH3ALMN?
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Hazoeute npaea 1 ob6a3anHocTH PelepanbHOTO areHTCTBA M0 TEXHHYECKOMY
PETYIMPOBAHHIO U METPONOrHM B 00NACTH CTaHJAPTH3ALIHM.

PacckaxuTe 0 HALMOHAIbHBIX CTaHAapTax W obluepoccuiickux knaccHpuka-
TOpax TEXHHKO-IKOHOMHYECKO# H cOLMANbHO HHpOopMaLiu?
HauuoHanbHbIle CTaHIapThi: IPaBHia MX pa3paboTKH H YTBEPXKIEHHUA.

Kakue HOpMaTHBHBIE AOKYMEHTHI ABNstOTCH oObekTamMu KiaccuuKaumu u
konuporanusa B EquHoii cucteme knaccHpukauM¥ M KOAMPOBAHHMA TEX-
HHKO-3KOHOMHYecKol uHpopmaunn?

ITepeuncnuTe KATETOPHH W BHABI CTAHAAPTOB.

B uem 3akmoyaeTcs NPUHLMN MPEANOYTHTENLHOCTH B CTAHIApTH3ALMHK?
KakoBo MexIyHapoiHOE COTPYAHHUUECTBO B chepe cTaHaapTH3aLHK?
IlepeuncnnuTe OCHOBHbIE MEXIYHApOAHbIE OpraHH3alMK, NEHCTBYIOIIME B
cthepe cTanIapTH3ALNH,

Kaxose! uenu noareepkaeHus coorseTcTBua? B kakux cmyyasx ocyulecTsas-
eTcs n0OpOBONBHOE MOATBEPXKIEHHE COOTBETCTBHA? B Kakux ciyvasx ocy-
mecTBAseTCA 0643aTe/IbHOE NOATBEPKACHHE COOTBETCTBUA?

Jlns yero ocyuUIECTBASAIOT AEKIapHPOBaHHE COOTBETCTBHA?

Korzia npuMeHstoT 0043aTeNbHYI0 cepTHRHMKALIMIO U KaK OHa OpraHu3yeTca?
Koraa nprMeHAIOT 3HaKH COOTBETCTBHA M 3HAaKW 00paleHus Ha phinke?
[Mepeuncnure mpasa u o6A3aHHOCTH 3asBUTeNs B obnacTu oGA3aTeNnbHOro
MOATBEPHIEHHA COOTBETCTBHA,

Hazoeute ycnosus BBo3a Ha Teppuropuio PO npoaykuun, noanexaineil 06a-
3aTe/IbHOMY MOATBEPKAECHHIO COOTBETCTBHA?

B Kkakux cayyasx MpPU3HAIOTCA Pe3y/ibTaThl MOATBEPKIAEHHA COOTBETCTBUA
NPORYKIHH U YCITyr?

Kak ocymecTBAsiOT aKKpeANTALMIO OPraHoB MO CEPTH(MKALUA U HCMbITa-
TenbHbIX nabopatopuii (ueHTpoB)?

Hasosute oprasbl U 06BEKThl MOCYIAPCTBEHHOr0 KOHTpons (Haa3opa) 3a co-
6monenuem TpebOBAHUN TEXHHYECKHX PETNIAMEHTOB.

KakoBb! MOJTHOMOYHSA OPraHoB roCy/1apCTBEHHOrO KOHTpors (Hamsopa)?

B 4em COCTOMT OTBETCTBEHHOCTb OPraHOB IOCYIAPCTBEHHOTO KOHTpOJNA (Han-
30pa) M X JOMKHOCTHBIX JIULL MPH OCYHIECTBAEHHN TOCYAAPCTBEHHOTO KOH-
Tpons (Hanzopa) 3a cobmoenueM TpeGoBaHHI TEXHUUECKHX perjaMeHToR?
KT0 siBNsieTCA HCTOUYHHKOM MHPOPMALMH O HECOOTBETCTBUH MPOLYKUMH Tpe-
BoBaHMAM TEXHUYECKHX pernameHToB?

KakoBbl 063aHHOCTH M3rOTOBHTENSl B Ciyyae monyveHus HHQopMaLuH o
HECOOTBETCTBHH NMPOIYKUHK TPeGOBAHUAM TEXHUHECKHX PErNaMeHTOB?
Korna npumMeHAeTCs NPUHYAUTENbHEIH OT3bIB NMPOAYKUMH?

KT0 HeceT OTBETCTBEHHOCTH 33 HapyLIEHHe MPaBHA BbINOJHEHHA paboT mo
cepruduxauuu?

Kaxue ocHOBHbIE 3amauM (efiepalbHBIX OPTraHOB BJACTH MO BbIMNOJHEHHIO
nonoxenuit GeaepanbHoro 3akoHa «O TEXHHUECKOM PETYIHPOBAHHIY?



3AKJIIOYEHHUE

INepeBepHyB NOCHEAHION CTPaHHUUY, TMOABEAEM HEKOTOpBIE HMTOrH, 4TOOBI
OLEHHTH W3YYEHHOE H HAMETHTB MyTH JaNbHeHwedH paboTsl.

Ceityac B mo60ii 061acTH HAyKH, TEXHUKH M MpPOU3BOACTBA HEBO3MOMHO
o6oiiTHCh 63 TouHbIX M3Mepenuil. [TostoMy 3Ta npoGnema Gbina u Oyner akTy-
anbHa, KioueBble BOMPOCH METPOJIOTHH M TMPAKTHKA W3MEPEHUH Ha COBPEMCH-
HOM YpOBHE H3/10XeHB! B yueOnuke. [aBHas uenb HaCToOALIEro yuebHMKa — Mpo-
AHAM3KHPOBATh OCHOBBI TEOPUM H MPAKTUKH H3MEPEHUH W MOMBITATECA HE TOMBKO
cOOBLIMTS HeOOXOMMMbIE JJIEMEHTApHbIE CBEJEHHA, HO M Pa3BUTh Y CTYICHTOB
MHTYHMLMIO B OTHOLICHUH KaK METPOJIOrHYECKHMX acreKToB, Tak 1 H3MEPEHHH.

Kak coBpeMeHHasi AMCLMIUTHHA, KYpC «MeTpoNior#s U paiHOH3MEpPEHHSD) Ha-
CHIEH TEPMHHAMH, TMOHATHAMH W METOJAMH 3 PasHBIX HAYHHO-TEXHHUCCKHX
obnacreit: MaTeMaTHKH, (PUINKH, TEOPHH IINEKTPHICCKHX uenci, pagHOTEXHHKH,
MHKPO/IEKTPOHUKH M BBIMUCIUTENBHON TEXHHUKH. CrynenTtaM CIleAyeT HETKO
NpeCTABNSTS, 4TO B JJAHHOM Kypce BCE STH TEPMHUHDI, MOHATHA W METO/BI co3JaioT
B3aHMOCBSA3aHHOE 0BPA30BaHKE M JOMKHBI PACCMATPHBATECA KAK €AMHOE UEOE.

ABTOpBI ydeOHUKa HU B KOeil Mepe He 3a[aBaliCh LENbIO AaTh HCHEpMbl-
BAIOLIME OTBETH HA BCE BOTPOCH! TEOPHH M MPaKTHKH M3Mepennit. K coxanenuo,
orpanuuenHbil 00beM ydeOHHKa HE NMO3BONWI B JOKHOM MEPE pacCMOTPETE Pl
Tem. CTeneHs MX BOKHOCTH paiiuyHa. Cpen HUX 0coboe BHUMaHHE, 6e3ycioBHO,
3acTy/KMBAIOT BONPOCHI, CBA3aHHbIE ¢ Gonee raybOKHM pacCMOTPEHHEM undopma-
LMOHHO-W3MEPUTENBHbIX M WHTEJUIEKTYabHBIX CHCTEM M BHPTYAIbHBIX H3MEpH-
TeNbHBIX TpUGOpoB. OHAKO ABTOPbI HALEIOTCA, YTO CTYAEHTBI H BHUMATCIILHBIC
qUTATeNH, OCBOMB MaTepuanbi IaHHOro yueGHHKa, CMOTYT, HCTIONb3yA HOBEHLIYIO
NUTEPaTypy, CAMOCTOATENBHO H3Y4HTh HHTEPECYIOLINE HX BOMPOCHL H npoGneMst.

K Takum acriekTam ClefyeT, Mpexie BCero, OTHECTH: KaiMOpOBKY H3MEpH-
TenbHBIX MPUOOPOB Yepes Internet — HampHUMep, AHCTAHUHOHHAA kanuGpoBKa MK
MoBepka C MPAMBIM ZOCTYTIOM; CO3/IaHNE BCEMHPHOH CETH JUTA METPOJIOrHHECKOro
COTPYAHHYECTBA MEKIY METPOJIOTHYECKHMH OPTaHH3alMAMH PasHbIX CTpaH; H3-
MEpEeHHS B BUPTYaIbHbIX KOMIMAHMAX — B YaCTHOCTH, TEEMETPHUCCKHE HIMEPE-
HUS ¥ KOHTPOJIb; M3MEPEHNS B KOMITLIOTEPHBIX CETAX; U3MEPEHHA B MHTCPAKTHB-
HOM pPEXHMME H T. .
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