e 3 T
T e R RN

Ban o
=




Tom 1
Texankxa
CBEPXBBICORUX
qacToOT

Wsgasme BTOPOE,
pepepaboTaHHOE
I [I0NOJHEHHOE

V-B-NNEBEQEB

TEXHURA
U NPUBOPDI
CBY

ITog pepmaximeit aKajeMUKa
H. JI. leBaTKo0oBA

Jlonymeno
MunanCTEpCTBOM

BBICIIETO
M CpemHero
cnenuaIbHOIOo
o6pasoranust CCCP
B KAa4ecTBe
yaeOHIKA

IJI CTY/IeHTOB
BY30B

M0 CHeNMAJIHLHOCTHE
«3IEeKTPOHHDLIE
puGophI»

9

U3OATENLCTBO
+BbICWIAA WKOMNA-
MOCHBA

n’;lérl% 490

Eywpa -0n mow, z-¥
AY M TR P TR
BASAHOTIRA




6112.1.082
J133
VK 621.37

JleGenes 1. B.

JI33 Texmmra u IpuOOPHL CBUY. Ilox pen. arafeMumKa
H. JI. JeBATKOBA. VueGHUK AJAS CTYAEeHTOB BY30B
0 CHenHaJbHOCTH «IJJIeKTPOHHBIe npuGopsi», M.,
«Buiemr. mroxa», 1970.

440 crp. ¢ muL 1 J. BRI

B Kmure paccMaTpHBAIOTCSA BOJIHOBOZRL MoJiBIe pe-
30HATOPHI, 3aMeJJIAIOIIe CHCTeMEl U1 [pyTHe SiIeMeH-
THI TEeXHUKH CBEPXBBICOKAX 9acTOT. OCHOBHOE BHUMA-
ame yAeJTeHo cHcTeMaM, HaXO0NANM NpUMeHEHHE
B COBPEMEHHOH 3JIEKTPOHUKE CBY.

Kamra MoKeT OHITH IOJe3HA TAK/Ke CTyAeHTaM pa-
[MOTeXHUYECKNX W HONUTEOXHWISCKUX BYy30B W HHIKE-
HepHO-TEeXHUIECKOMY IePCOHALY IPOMBIILIEHHOCTH
7 HayYHO-ICCAS0BATENbCKIX yapesRAeHNL.

3—3—12 6112.1.08
53 34/19—69

PenensenT — Raefipa pajmonepelaiomux yCTpOil-
cts KueBckoro moJMTeXHAYECKOTO HHCTATYTA



COOEPHAHNE

[IpepuciIoBMe K IIEPBOMY MBJAHHI0O . . . .« « « « « « « « =+ =« &
[IpegucaoBHE KO BTOPOMY HMBJAHHUIO . . « . o « « « « & « =« =
I'maBa mepBasa Beegemme . . . . . . . . . . . . . .

§ 1.1.
§ 1.2,

§ 1.3.

§ 1.4.

OcoGermnpocTn fAmama3oHa CBEPXBBICOKMX YacTOT . . . . .
IlpuMmenerne mepefaoIMiuX JUHANA # KoJeOATeTLHBIX CHCTEM
Ha CBEPXBLICOKHX YacTOTax e e .o
Hepocrarkm OOGBIYHBIX IIepefAOIINX JTAHIH W Hone6aTeanbm
KOHTYPOB Ha IOBBINIEHHBIX YacTOTAaX ..

IMomaTus BOMHOBOAA M IIOJNOrO pesoHaTopa . . . . .

I'masa BTOpasg O6mme Bompocsl mepegaromux Juanii CBY

§ 2.1
§ 2.2.

§ 2.3.

Mcxopganle OPEAHOCBIIKE . . & . . .+ « o « « . .o
Penienme BOJHOBOTO ypaBHEHHA [JA IIPOH3BOJILHOI IIepejaro-
OeH JTHHAT . & v v v v v e e e e e e e e e e

dazoBasg CKOPOCTs, W JIMHA BOJHBL B IIepelalOINUX JIMHAAX
CBY

§ 2.4. lucuepcuss B mepeparomux juEmax CBY . . . . . . .
§ 2.5. CBoiicTBa AMCHEPCHBIX BOMTH . . .« =+ « & o« & o « o o« .
§ 2.6. I'pynnoBass cCKOPOCTH BOJIH M CKOPOCTH IEePeMeIieHusl 3Hepruu
§ 2.7. Tuusl BOJH, PacHPOCTPAHAIONIUXCA OO IepefalomuM JUHHUAM
§ 2.8. Konnmennuma mapomaldbHBIX BOMH . . . . .+ « « « o o
§ 2.9. Boiomur e e e e e e e e e e e e e e e e e
I'maBa TperTb s BoaHoBogsl MPAMOYTOABHOTO CEYCHMA . . . . . .
§ 3.1, McxogHbIe COOTHOIIEHHA . . .« « « « & o o o o o o
§ 3.2. YpaBHeHUH COCTABIAIONINX HOJA B TPAMOYTOIHBHOM BOJHOBO-

§ 3.3.
§ 3.4
§ 3.0.

§ 3.6.
§ 3.7.

Je mpm Bommax THma ™™™ . . . . . . . . . . . . ..
YpaBHEBHS COCTABJIAKINX TONA B OPAMOYTOJIBHOM BOJHOBO-
Ae mpm BojHax Tmma TE . . . . . . . . . . . o ..
CtpykTypa monss B OPAMOYTOJBHOM BOJIHOBOAE IIPH BOJIHAX
tuoa TM
Crpykrypa monsi B IPAMOYTONLHOM BOJNHOBOMIE HPH BOXHAX
tuna TE
Tokm B CTE@HKaxX IPAMOYTONBLHOTO BOJHOBOAA . . . . . .
Kputuueckas [Asa@HA BOJHELL U JHCIEPCHA BOJIH B IPAMO-
YITOTbHOM BOJIHOBOJE e e e e e e e e e e e e e

'mapa werBepras BoixHOBOgBI KpyIIOro ceueHms . . . . . .

Crp.

NeJiNolNe ol N|

12

13
15
20
20

23

26
31
34
38
41
44
47
49
49

o1

99

o8

63
67

73
78



I'nasa cenbmasn Crosayme BOJHBI M COMNIACOBAHHA . . . . .

§ 4.1. VpaBHenus 0O B IUIABPUYECKOM cHCTeMe KOOPAWHAT . .
§ 4.2. Bormpl Tuma TM B KpyraoM BOJHOBOJAE . . . . . .

§ 4.3. Bomgsr Tuma TE B KpyriaoMm BoTHOBOZE . . . . .

§ 4.4. Bpicume THIBI BOTH B KOAKCHANbHOWM JHHEM . « . . . .

I'masa natasa Ilepegaua 9HEpPrum 1m0 BOJHOBOAAM e ..

§ 5.1. Bo3Oysaenne BOJHOBONTOB e e e e e e e e e e e
§ 5.2. 3aBHCHMOCTb HAUPSIKEHHOCTH IOJNedl M HIOTHOCTH TOKAa B
CTeHKaX BOJHOBO/[a OT BEJIHWYWHBLI IepeJlaraeMOil MOLIHOCTH
JIeKTprYecKass HPOYHOCTH BOJHOBOAA . . . . . .
[ToTepm B BOMHOBOMAX . . & & « « & & + « o o o
BonxwoBon, BsamosHeHHBI H3O0TPOUHBIM JAMITEKTPHKOM . .
Bei6op Ttuna BoaHEI, OPMBI M pa3MepoB CEYEHHA BOJTHOBOJA
MHOTOBOJIHOBBIE BOJHOBOJBI . .

Ilpoume TnmBI mepeaOMMUX IUHAN CB‘E[ .o .o
BonHOBOX B perKmMe OTCEYKHM (3amperebHBIH BOJIHOBOJ)

o eon WD con O con won
AR A
© oo NoU W

JEHTHBIX CXeM . . . . « . .« « « « « « .

§ 6.1. HaduecTBennble mpefmoCBUIKA e e e e e e e e e
§ 6.2. XaparTepucruueckoe M BSKBUBAJCHTHOE COHOPOTHBIEHHMS BOI-

HOBOJA
3 CormnacoBanue, X0J0CTOI XO0J I KOPOTKOe 3aMbIKAHHE BOJIHOBOJA
JAuadparMbl B BOJTHOBOTE . . « . + + « « & «
Pe3oHAaHCHBIE OKHA . . . . « « « « « o o o o o«
BosHOBOHEIE PA3BETBIEHHA . . . . .+« + « =+ .+ + =
[IpuMeneHHE BOMHOBOAHBIX TpoiinumkoB. I[loHATHE 06 aHTeH-
HOM IIepexIdaTese e e e e e e e e e e e,
§ 6.8. JlpoitHOH# BOMHOBOTHBINL TPOMHHK . . . . .« . « .+ .« .
§ 6.9. [Ipoune HEOLHOPOZHOCTA B BOIHOBOJE . .

§ 6.
§ 64
§ 6.5.
§ 6.6.
§ 6.7.

ﬂCDCﬂH-\

§ 7.1. KoaddumuesT oTpajKeHUsaA M CBOICTBA CTOAYUX BOJH . .
§ 7.2. RoodppumueAT cTOSTIEH BOTHBL . .« o & + & & « o« « «+ .
§ 7.3. Kpyropasg pmarpaMMa IIOJHBIX CONPOTHBICHUH M MIPOBOJUMO-

cTell TepefalINUX JIMHAN B IIONAPHOM CcHCTeMe KOOpAWHAT

§ 7.4. OcHOBHBIe IDEMEHEHUS KPYTOBBIX AHarpaMM . . . . . .
§ 7.5. CormacopaHme MmepelaloMUX JWHAH CBEPXBBICOKHX YaCTOT
§ 7.6. TpamchopmaTopsl HOJXHBIX comporuBienmit ma CBY . . . .
§ 7.7. Ilpoune BONpOCHL COIMTACOBAHME . . . . . . . . . .
§ 7.8. lloaaTHe o0 npuMeHeHUN MATPHI LpH AaHAJH3e M CHHTE3e
CBY memeitl . . . .+ © v « v v 4 e v e e e e
I'maBa BocbhbMasa. IJIEMEHTH BOJHOBOXHOH TeXHUKHA . . . . . .
§ 8.1. CouneHeHme BONHOBOJOB M KOAKCHAJLHBIX JHHUK . . . .
§ 8.2. HoporrozaMEIKalOmue MOPNIAE B BOTHOBOJHEIX M KOAKCHAJD-
HEIX JHHAAX e e e e e e e e e e e e e e e
§ 8.3. Cornacosamusie Harpyskm (mormormrenm). HKamopmmerpmue-
CKHM M3MEPHTENb MOIMHOCTE . . . . & v o o o o o
§ 8.4. Ocnaburenn (aTTEHIOATOPEI) e e e e e e e e e e

§ 8.5. QeppuroBbie HeBzamMHEIe ociaburen: (BeHTmI@) . . . . .

78
81
86
89
95
95

. 100
. 102
. 106
.17

120

. 125
. 126
. 132
I'masa mecrtasa HeognopogHoers B BoAHOBOxAaXx. Merom JKBUBA-
. 137
. A37

141
149

11
. 156
. 163

170

. 174
. 176
. 181
. 181

186

. 194

201

. 209

216

. 226

230
235
235

. 240

244
248
254



§ 8.6. JleTeKTOpDHHe H TEPMHCTODHEIE TOJOBKH. IloaTHe O TOpMAU-

CTOPHOM MOCTE e e e e e e e e e e ... 262
§ 8.7. UzmepuTenbAEBIe JAHAN . 271
§ 8.8. HampasieHHbIE OTBETBHTENH e e e e e e e e 213
§ 89. IIpuMeReRre HanpaBIeHHBIX OTBETBHTENEH . . . . . . - 281
§ 8.10. BOMHOBORHBEIE MOCTEL . .« « « « « « & » « =« =« « = . 285
§ 8.11. @eppuTOBble MUPKYAATOPBL . . . . . .. . ... . 290
§ 8.12. IIpouast BONHOBOZHASA ammaparypa . . . . . « « « « - 294
I'nasa JeBATasa I[oasle pe3oHaTOpPHI At
§ 9.4. Ilyte amanmsa moJBIX PE30HATOPOB . . A ¢ 1¢
§ 9.2. Haxoxpaenue mapaMeTpoB IIOJBIX pPE30HATOPOB C MHOMOIIBIO
TeOpMA HONA . . - 0
§ 9.3. Boipasxenne ,D;OGpOTHOCTI/I IOJIOTO pPe30HaTopa dYepes ero ak-
THBHYI0 W PEAKTHBHYIO IPOBORUMOCTH . e . . . . . . 306
§ 9.4. Bunsl xoneGaHmWit HONBIX PE3OHATOPOB . . . . . . . . . 310
§ 9.5. HarpyskeHHas u BHemHAA AoGpoTHOCTH pe3oHaTopa . . . . 312
§ 9.6. Mcnonbp3oBagne MOHATUA [JOOPOTHOCTH JJIs aHAIM3A& CXeM
BKIIOYEHUA IOJALIX Pe3oHaTopoB . . . . . . . . . . .3dl4
§ 9.7. Iloparue o6 DX0-pE30HATOPE . . . . + « « .+ . . . 319
I'maBa gecsaras OcHOBHBIE THOH U MpNMEHeHNE NOJLIX Pe30HATOPOB 322
§ 10.1. KpaTkmii 0630p THIIOB HONEIX PE30HATOPOB . . . . . . . 322
§ 10.2. Pe3oHaToOpsl KOAKCHAJBHOTO THOA . . .« .« . « . . . . 322
§ 10.3. IIlpuMeHeEE KOAKCHAJIBLHBIX PE30HATOPOB B Pe30HAHCHBIX
BOJTHOMEPAX . v & v & o o o o o e 0 e e o+ o.o.o.o.332
§ 10.4. [IpmamaTudecKue MmOJbIe PE30HATOPHI . . . . . . . . . 337
§ 10.5. lunmAxprYecKAe® HOJLIe PE30HATOPEL . . . . . . . . . 342
§ 10.6. ToponpmanbEble PE3OHATOPHI - v/L¢
§ 10.7. IIpoume mumet CBY pesomaTopos C e e . 353
§ 10.8. CBA3p D[ONBIX pE30HATOPOB ¢ HAIPY3KaAMH. BOBGY}KJIGHHG
Pe30HATOPOB - b Y
§ 10.9. Ilonatue 006 W3MepeHUAX ITAPAaMETPOB IONEIX Pe3oHATOPoB . 360
§ 10.10. Bribop ¢opmsrl monoro pesomaropa m BuAa Koidebammit . . 367
'maBa ofmEHAOATAS 3aMeIAIONUe CHCTEMbI .o . 370

§ 11.1. BosmokHOCTD cOBJaHUA TepefalouX JIUHII CB‘J c «MefI-
JIeHHBIMHUY BJICKTPOMATHATHEIMA BOJTHAMZ % o o o o o .« o 370

§ 11.2. OGimme cBoiicTBa 3aMeNJIeHHEIX BOAH . . . . . . . . . 373
§ 11.3. XapaKTepuCTHKA M HmapaMeTPH 3aMeIAI0IIAX CHCTOM . . . 378
§ 11.4. Ilepmommueckue saMemigionme cmeTeMbl . . . . . . . . 385
§ 14.5. Compann e e e e O 1¢ |51
§ 11.6. Samemgnaroman cHcTEMa THIIA rpe6emm e+ e o . . . 398
§ 11.7. 3amepnaroman cmcreMa THIOA BCTPEUHBIX IOTHIpe#r . . . . 402
§ 11.8. IIpounme Tumnl 3aMEIAOIAX cHECTEM . . . . . . . . .404
§ 11.9. OneMeHTH KOHCTPYKOHEH 3aMefAA0IIAX CHCTEM . . . . 407
§ 14.10. IlomaTne 06 H3MepeHHWH IapaMeTpoB 3aMeNIAIMUX cumcTem 410
I'maBa gBeHapgmaTad 3akmogenme . . . . . . . . . . . .415

§ 12.1. IIlpuMepH DpUMEHEHWS TEXHOKA CBeDXBHICOKMX gacToT . . 415



§ 12.2. TlepcueKTHBHL Pa3BUTHA NEPEAOIMUX JHHUI W KoxebaTeyn-
HBIX W 3aMeIAINIAX CHUCTEM CBEPXBBHICOKHX YaCTOT

Ipunoxenue 1.
ITpusoaenue 2.
ITpunosenue 3.
Ilpuaoscenue 4.

lipuaosxcenue 3.
Hpusoxenue 6.

Jlureparypa

ITapaMeTpbl HEKOTOPHIX CTAHAAPTHHIX BBHICOKOYACTOTHBIX
Kabeseil
Tabnuia mepexona or AenubesoB K OTHOMIEHHAM HAUPHA-
JKEHIII W MOIMHOCTeHX . . . . . . . . ..

CBoiicTBa HEKOTOPHIX TIPOBOTHUKOB, WCHIOJIb3YEMBIX B
TeAHUKe CBEPXBBICOKMX YacCTOT Ce e e

CBolicTBA HEKOTOPBIX [WINEKTPUKOB HA CBEPXBHICOKUX
gacrorax (mpm 20—25°C) . . . . . . . . . .
CraugapTHEIe BOJTHOBOJB HPAMOYTOJILHOTO CEUeHUSA

MaTpunsl paccesHusi HEKOTOPHIX MHOTOIIONIOCHUKOB, HC-
uonb3yeMbx B TexHmre CBY . . .

. . . . . . . . . . . . . . 1y . . . . . . .

AnQaBUTHHI YKABATETD . . . « « v« v e e e e e e e

419

. 424

. 426
. 427

. 430

432
435



NIPEIUCJIOBUE K IIEPBOMY M3IAHHIO

[Iuporoe mpUMeHEHNE DIEKTPOHMKYN CBEPXBBICOKHX 4acTOT B pas-
AMIHBIX 00JaCTAX HAYKYM U TeXHUKU, CO3[[aHUWe HOBEHUIINX pPafmOodJIeK-
TPOHHBIX YCTPOHCTB M DiIeKTpoBakyyMHEIX npumbopos CBY ompepmess-
10T BO3PACTAIONIYI0 MOTPEeOHOCTh B XOPOINO ITOATOTOBICHHLIX CIICHUAJN-
ciax. Jlag ycHemHOM IOATOTOBKM  CHENWAJINCTOB B  00JacTd
snexrporukr CBY meoGxommmo mMerh yueOHEKM 1 yueOHEIe TOCOOUA.
Hacrosmas KHUTa HaIcaHa Kak yueOHOe mocobme Imo MaTepuajiaM
nexnuii, auraemerx V. B. Jle6emeBsiMm B MocKoBcKOM 3HepPreTmiecKoM
MHCTATYTE I CHeNUAILHOCTH «DJIEeKTPOHHBIE TPHOOPE IO KypCy
«CpepxsricokodacToTriie npubopsry (Texnmrka m mpmGoper CBY).
B mepBoM ToMe M3iI03KeHEI OCHOBHEIE BOIIPOCH TEXHIKHU CBEPXBBICOKNX
4acTOT, BTOPOH TOM OyJheT HOCBAIIEH DJIEKTPOBAKYYMHEBIM Ipubopam
CBU.

HampaBieHHOCTE Kypca W eTo CBA3h C DIEKTPOBAKYyMHBIMHU IIpH-
Gopamu CBY oOycaopmam mombop M WM3IOKeHHe UMb TOM dYaCTU
MaTepuajoB m3 O0JaCTH TEeXHHKH CBEPXBBICOKHX YaCTOT, KOTOpPas
COBEPIIeHHO HeoOXORZMMAa IIPHM W3YYEHWH YKAa3aHHOTO Kypca CTY[IeH-
TaM¥, CHEeNUalH3NPYOMEMUCA MO 3MeKTPOHHBIM npmbopaM. I'maBHoe
BHIMaHHe o0pamjeno Ha (U3WYeCKYI0 CYITHOCTH SBJIEHUN B BOJHOBOJI-
HBEIX JWHUAX, ITOJLIX Pe30HaTOPax U 3aMefJAIONINX CHCTeMaX, a Tawkke
Ha BOIPOCH HMX OPAKTHYECKOro IpmMeHeHmsa. Muorme BasKHBIE IPO-
6xemer texamrn CBY, me mMeoIIme HEIOCPEICTBEHHOTO OTHOIIEHH
K 3JIeKTPOHINKe, KaK, HAIPUMep, aHTeHHHI, PAcIpoCTpaHEHHe Ppaguo-
BOJIH, BOJHOBOJHEIE JJUHAW CBSA3H, 3fech He paccmorpeHsl. He 3arpo-
HYTBHI TaKKe BOIIPOCHI TEOPUH, pacueTa W NMPUMEHEHHA 3IEKTPOBAKY-
ymMubIX npubopos CBU, uto sBasercs copmep:;kaHmeM BTOPOTO TOMA.

arepuat HACTOSIMIETO MOCOOMS M3JIOMKEH B IPEIIONOKeHNN, 4TO
YNTaTeJh 3HAKOM € TEOPETHYECKAMHE OCHOBAMH 3DIeKTPOTEXHUKH, a
TAKKe C OCHOBAMH PaJHOTEXHUKHU B 00beMe KYpPCOB, UHTAeMBIX B BHIC-
MuX TeXHAYeCKNX yueOHBIX 3aBefeHmax [1—4].

Hna yraybiaemHOro W3yYeHWs HIEKTPOAMHAMIKA W OTHENBLHBIX
npobuem rexunkn CBY umrartens mMorker 06paTHTBCA K OTETECTBEHHON
[5—20, 30—33] m mepesogmoit [21—29] mureparype. Bonsmoit o6nem
YKA3aHHEIX TPYROB, Pa30pPOaHHOCTH OTMENRHEIX Da3JIelNoB, OTCYTCT-
B¢ YHU(DPMKAINA B TepMUHOJOTAM W 0603HAYEHMAX M T. IL. 3aTPYAHA-
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0T WCITOJb30BAaHHWE 5TOH JAMTEPATYPHl CTYNeHTAMH HeIOCpPe[CTBEeHHO
0pu H3y49eHwHn Kypca.

Mz mosjaraeM, 9To HACTOAMAS KHHUTA, B KOTOPOH CHCTEMAaTHU3UPO-
BAH BECh CAaMBIl HEOOXOZWUMEIA MaTepwaj, IMOMOMKET He TOJBKO CTY-
ZeHTaM, CHeIUaJN3NPYIONEMCA 10 3IEeKTPOHUMKE, HO H CTyJeHTaM
CMEKHBIX cHelmajgbHOCTedl. Humra Mosker OHITH IIOJIe3Ha TakK:Ke g
MOJIOABIX HH)KeHEepOB H Pa0OTHMKOB IPOMBINLIEHHOCTH, W3YydaloIuX
3Ty oTpacihb TexHumKm. ClegyeT oTMETHTH, UTO HPH CaMOCTOATEILHOM
U3y4eHHHN 9JTOTO0 Kypca COBEpPINeHHO HEeOoOXOAUMO Iapajlie]bHOe HC-
II0JIb30BaHAE TEKylell MKYpHAJIbHOM InmTepaTypsl. TONBKO IIpH 3TOM
VCIOBAM MOMKeT OBITH oOecledeHO O3HAKOMJIEHHE C HOBUHKAMH, He-
IIPEPBIBHO IOABIAUIMMIUCSA BO BCE€X OTPACIAX PpPaFUHOdIEeKTPOHUKHA
CBEPXBBICOKAX 9aCTOT.

H. 1. IEBATKOB
WNions 1960 r.

IIPEJUCJIIOBUE KO BTOPOMY HU3JTAHMIO

Bo Bropoe m3nmaEme KHATH BHECEHHI HN3MEHEHUS, YIUTHIBAIOIIUE
HOBHIE HAIMPABICGHUA DPa3BUTHA DIEKTPOHWKH CBEDPXBBHICOKHX dacTOT.
Bonbpme BHUMAaHHUA YAENEHO 3aMeIAIOINAM CHCTeMaM W HEKOTOPHIM
BOIIPOCAM KBA3MONTHIECKAX yCTpoicTB. [laHO MOHATHE 0 MPHMeHEHHUR
MaTpHI[ paccesHUsa Iiud aHaamsa u cmHTesa ycrpoitctB CBY, o mHO-
TOBOJIHOBBIX BOJHOBOJAAX, 0 IMyMaX B BOJHOBONHBLIX JHHUAX W TP.
Hapsany ¢ 3tmM coKpalmeHH MaTeMaTHYeCKHe BERIKJIAJKHA, CBA3aHHEIE,
B JAaCTHOCTH, ¢ PACCMOTPEHWEM ONHOPOIHBIX BOJHOBOXOB, W IPOW3-
BeieH DPAJ COKpallleHU#l B TOM Mepe, B KaKoil OHHM He HapymaloT
ACHOCTH H3JI0KEeHUS.

OnpIT WCIOMB30BAHMA IMEPBOTO M3MAHUSA KHUTH W IOJNOKHTEILHBIE
OT3LIBEI 0 Hell KaK MelarorosB BEHICIOHX Y4YeOHEBIX 3aBeJeHHA, TaK M
CIeIUanucToB, pabotaomux B obaactu saekrpormkn CBY, mosBoisior
DPEKOMEHJI0BaTh BTOPOe M3JaHME B KaUecTBe yueOHHUKA [is CTYNCHTOB
CHeNUANbHOCTN (JJIEeKTPOHHBIe Ipmbophly. HKumra Mosker OBITH HC-
II0NIb30BaHa TAKKe CTYJEHTAMHI CMEKHBIX CIeqUAaIBLHOCTEH M MOJIOABI-
MH coenuammcraMu. Beien 3a sTuM m3fganmeM OyAeT m3maH 2-# ToM
kHnrn «Texnmka m mpmOOPH! CBEPXBHICOKWMX YACTOTH, MOCBAMIEHHLI
BIIeKTPOoBaKyyMHEIM nprbopam CBUY.

H. JI. TEBATKOB
JexaOpp 1966 r.



Faasa mepsan
*"BBEJTEHNE

§ 1.1. OCOBEHHOCTH [JUANIA30HA CBEPXBBICORHX YACTOT

Ilox cepxshicokmmu uacroramu (CBY) mpmusTo moHEMATE ydac-
TOK DIEeKTPOMATHUTHOTO CIIEKTPA € YaCTOTAMHU KOJeOaHMH, JeKammMu
npubmasnTensro Meskny 30 Mey m 3000 ey, m ¢ puHAME BOJIH COOT-
sercreenno mexny 10 » m 0,1 mm. Takum oGpasom, mumamazom CBY
PACIOIOKEH MEKLY OO0JACTBI0 (OOBIYHBHIXY» DPAJHOBOIH H YYACTKOM
nH@PAKPACHEIX U CBETOBBIX M3IyYeHH.

JroT HEAma3oH YacroT, mmpmHA KoToporo B 10° pas mpesmimaer
CYMMy BC€X HANIA30HOB, WCIOIL3YEMbIX «OOBITHOKY PAAMOTEXHHKOU
¥ DIEeKTPOTEXHUKOW, IPHHATO YCIOBHO JeJNTh Ha HECKOJbKO Ooiee
Y3KOX UAIa30HOB.

MeTposvimu BoIHAMH HasbkiBalT Boaubl miamuoir ot 10 mo 1 x
(zactorer ot 30 mo 300 Mey).

Heyumerposvi;m BOIHAM COOTBETCTBYIOT IJIWMHHI BOMH oT 1 M o
10 cm mnn gactorsl o1 300 mo 3000 Mey.

CanrumeTposvlli AWAA30H 3aHWMAaeT y4acToK mamH soga ot 10
mo 1 cm, aro coorsercTByer wactoTam ot 3000 mo 30000 Mey (winu,
nHade rosops, ot 3 mo 30 [ey).

Muasumerposvili MuamnazoH XapaKTEPU3YeTCA IIMHAMEA BOJIH MEHK-
ay 1 cx m 1 mm mau gacroramu ot 30 mo 300 Iay.

Cybmusaumerposulli [UANa30H BOJH 3aHAMAET BECh OCTAJIBHOM
Y4aCTOK CIIeKTpa MEKIy MILIMMETPOBHIMEH W [JINHHBIME mH(pPaKpac-
HBEIMH BOJTHA M.

Ponp pmamasoma CBY HempepsIBHO Bo3pacTaeT B CBA3HM ¢ OypPHBIM
Pa3BUTHEM CaMBIX pasHOoOpa3HBIX o0macTeldl HAYKH W TEXHHKH — pPa-
JUONOKAIAN, PATAOYIPABIEHNAs], CBA3HU, TEJIEBUACHAM, IIPOMBIIIICHHOM
ANeKTPOHNKHA. CBEePXBRICOKOYACTOTHEIE IPAOOPEI MIHAPOKO HCIOIb3YIOT-
C B DaKeTHOH W aTOMHOI TeXHWKE W BO MHOTHX 00JacTAX (Quaude-
CKUX wucciremoBanmit,. OcBOeHHEe KOCMHYECKOTO ITPOCTPAHCTBA, Hapa-
craomee ucrnoxnrzosanue diexkrpoukn CBY B pane obnacreit mapon-
HOTO X03A#cTBa m MepmumHe moTpedyloT B Oynmymiem eme 6odee
IMIPOKOT0 IPIMEHEHWA TEXHUKM W IPAOOPOB CBEPXBEICOKHX YacTOT.

JdlleKTpoMarHuTHEIe Konebanms muanazoma CBYU o6mamator pAROM
BajKHBIX pusuveckuxr ocobennocreli W CBOHCTB, OTAMIAIIIAMA HX OT
CMEKHBIX y4acTKOB CHEKTpa.



1. Ha cBepxBricokux 9acToTax AJMHA BOJHBLI COM3MepuMa ¢ JuHeil-
HBIME  pasMepaMu (HSHUecKHX Ted. ['eomerpmueckue pasmepsl
alIapaTypsl, B TOM UHCIe ¥ aHTeHH, Tak:Ke OKA3BLIBAIOTCH COM3MeEpI-
MBIMI ¢ JIIHHON BOJNHBI B MOTYT 3HAUHTENHHO IIpeBHImaTth ee. IloaTo-
My Boamsl puamazona GBY oGaagaror keasuonrTuueckumu ceolicrea-
MU, T. €. IO XapaKTepy pacIpocTpaHeHNs NPUCIMIKAIOTCS K CBETO-
s BoaHaM. Hapsagy ¢ atum npwmummer patorsr CBY yerpoiicts
B 3HQUYUTEJNBHOHI Mepe OIPENEIAIOTCS SIBISHUAMU IUQParmuy n He
MOTYT HEHOCPeRCTBEeHHO MCIONh30BATH BaKOHBI TeoMeTpHYecKoil
OUTHKN, 2 TaK/Ke 3aKOHBI 0OBITHBIX DIEKTPUUECKHX Ielneil.

Heasumontuyeckme cmoiicTBa 0COOEHHO HEHHBI [ HAIpaBIeH-
HOHW Ilepeflau® CHIHAJIOB, a TaKKe IId ONpe/eJeHUs KOOPAUHAT
00pexToB. VIMerno 8To 0GCTOSATENLCTBO [[ai0 HMEPBBIH TOIIOK K NTH-
POKOMY TPWMEHEHWI0 CBEPXBHICOKHX dYacTOT B PAaAMOIOKATUOHHOI
TeXHUKe.

2. B ornmume or Gonee MIUHHHIX PAZUOBONH W WHEPAKpPACHBIX
uzryuenuit, Boaabl CBY, ocobenno ma yuacrre mMemxuay 100 Mey u 10
I'ey, moutm OecnpensATCTBEHHO HPOHUKAIOT CKBO3h HOHU3HPOBAHHLIC
CIIOM, OKpYIKaloIime 3eMiIi0, a TaKKe cKBo3b arMocdepy. CyurecTBoBa-
HUe IMIPOKOT0 OKHA RPO3PAYHOCTU B JUala3oHe CBEPXBHICOKUX dac-
TOT JJaeT BO3MOMKHOCTH, C OTHOH CTOPOHEI, MCCIAE0BATH MHPOBOE IpO-
CTPAHCTBO paguoacTpPOHOMUYeCKHME Merojamu, mcrnoassdys CBY ms-
ayuenme Cosnma, 3Be3x m JApyrmX Kocmmueckux Teia. G gpyroil cro-
POHBL, BTO CBOWCTBO, B COUETAHUN C OCTPOH HAIIPaBIEHHOCTHIO M3JIyde-
Hust, nexaer puanason CBY mesaMenummbiM /IS pasBUTHA KOCMHYe-
CRUX HCCIEeIOBAHMUM, B TOM 4YHCIe AXA oOMeHa mudopManumeil Memxuy
JeMieil 1 KOCMIYeCKHMU yCTPOWCTBAMH.

3. Beanmumma wBamTa sHepruu, coorBeTcTByIOmas nuamazony CBY,
COM3MepuMa C PA3HOCTHIO dHEPTUil OJM3KO PACHONOMKEHHBIX DHEpre-
THIECKUX YPOBHe#H aroMoB um Mosexyr. IlosTomMy cBepXBBICOKOUA-
CTOTHBIE HIEKTPOMATHUTHBIe Koaebauusa, B ocobeHHOCTH KoidedaHris,
JEKAINIe B CAHTHUMETPOBOM, MIVIIMMETPOBOM M CYOMHJIEMETPOBOM
marasonax, 00JaaloT CITOCODHOCTBIO PEe30HAHCHO20 IHEP2eTUHecK020
63aumo0elicTéus ¢ BEHeCTBOM. ITO OOCTOSITEIHCTBO IIHPOKO MCIIONH-
syercs Ipu aHanuse crpoenms BemiectBa meromamMu CBY papgmocmen-
1pockornu. [loMumo permenns cmemugHIecKUX HAYYHBIX TpobIeM,dTo
Hamnpapjiennde, B CBOI0O 0Yepeb, OKa3blBaeT CIIFHOE BIMAHWe HA pas-
putue texukn CBY. HMcomoan3oBanme pe3oHAHCHOTO B3amMoOfgei-
cteuss CBY wmosebamuit ¢ aToMaMyu W MOJEKyJaMu LPUBES0O K pas-
pafoTKe NMPUHOWNHMAILHO HOBBIX YCTPOUCTB — KBAHTOBBIX MOJERYIAP-
HBIX yCHIWTeNel ¢ TeHepaTOpOB W K PAasBUTHIO KBAHTOBOH HIIEKTPO-
HUKT.

4. Tlepmox CBEPXBBICOKOYACTOTHBIX KoJ€0AHWI cOM3MepuM ¢ Bpe-
MEHeM IIpojieTa DJIEKTPOHOB B MEYDIEKTPOTHOM IIPOCTPAHCTBE
DIEKTPOBARYYMHBIX TIpHO0poB, umeomuym uopamor 1078-+-107° cex,
I YacTO OKasbIBaeTCA B3HAYUTENBHO MeHLIIe BpeMeHW IpoJeTa.
CBA3aHHBIE ¢ DTHM RPOJETHblE AEAEHUS TeIaloT, KaK IIPABHIO,
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HeBO3MOIRHO} paboTy  «OOEIYHBIXY DIEKTPOBAKYYMHBIX Hpuéopos
ua CBY.

BamecTo «KIACCHYCCKUX» DIEKTPOHHBIX JaMII B JHallasoHe CBEpX-
BLICOKINX TacTOT paspaboTaHbl M HENPEPHIBHO COBEPIIEHCTBYIOTCA CIe-
[[MAJIbIIbIe THIB TPUOOPOB, OCHOBAHHEIC HA IIOIESHOM HCIIONB30BAHMI
HHEPHUN BJIeKTPOHOB,— KIMCTPOHBI, MarHETPOHBI, JaMIIBL Oeryell
11 obpaTHOI BOJIHBI, NIaTHHOTPOHHL H Jp. CTpemMurenbHoe pPasBUTUE
snexrporurn CBY nesxnmr B ocHOBe ycliexoB, JOCTHIHYTHIX BO BCeX
OTpaciAX TeXHUKH CBEPXBBICOKHUX 4aCTOT.

5. B mmamasome CBY mokHO pasMecTHTh 3HAUHTENILHO OoJbmiee
YICIO0 KAHAJOB CBA3W, 4eM Ha Ooxee HUM3KHX vactorax. Hampuaep,
HeTPY/AHO BUETH, UTO Jasjke yaKas moioca dacTor B 1% mpm cpenmeit
yacrore 10 I'ey (mamma BogHBl 3 cM) II03BOJISIET B IPHUHINIIE pasme-
CTITH CTOJNBKO JKe Hes3aBHCHMEBIX KAHAJIOB, CKOJBKO HX HMEETCA BO
BCeM AMAlla3oHe OT CBEPXIHHHBIX JI0 YJIBTPAKOPOTKHX BOJIH JINHOIO
3 u. Borsmas ungopmayuorrnas emrocrs CBY pmamasona mossonser
OCYIIeCTBAATH MHOTOKAHANBHYIO TeIe(OHHYIO U TeICBI3HOHHYIO CBA3D,
B 0COGEHHOCTH HA CAHTHMETPOBLIX, MUJIJIUMETPOBHIX W, BO3VOMKHN,.
H3 CyOMmLIIMETPOBHIX BojHax. (Co3faHNe KBAaHTOBHIX TEHEPATOPOB
I YCHIWTENeil OMTHIECKOro Aualna3oHa (l1a3epoB) JaeT BO3MOIKHOCTH
eme Goixee IOBHICUTH HHEOPMANUOHHYI0 €MKOCTH KaHaJ OB CBsI3M
¢ HeIoCpecTBeHHBEIM MCIOJIb30BaHHeM MeTomoB m ammaparypbl CBY
AmaIas3oHa.

Cremuguueckue cpoiticrsa guanazoHa CBY ocobeHno cmabHO mpo-
ABIAI0OTCA Ha BoiHax Kopoue 1 a. [losromy w mmamasomy CBY wacro
OTHOCAT JIUIOb JeIUMeTPOBHIe, CAHTHMETPOBBIE, MUIINMETPOBHIE
n cyOMuAInMeTpoBeie BOJHBL [lambHelllmee M3I0:KeHNE MaTepuaa
Oymer oTHOCHTBCA IJIaBHBIM 00pasoM UIMEHHO K JTHM y4acT-
KaM ODJEeKTPOMarHUTHOTO CIIeKTpa. 1eM He MeHee, MHOTHE Me-
Tonbl TexHUKN CBY pacmpocrpanensl ceifdac Ha 3HAYATEILHO (olee
BBICOKME 4YacTOTHI, BKIYAS ONTHUYECKWH pmmamasoH. JT0 006CTOMA-
TeJbCTBO elle pa3 MofguepKuBaeT oco0yi0 posib TeXHWKHU I IPMOOpoOB
CBY.

Nsygenne u ocoenme puanmasoma CBY tpeGyer pemennsa Mpornx
1pobiIeM, Ra4eCTBEHHO OTIMYHLIX OT 3ajiad, BCTPeUAIOIIUXCH HA (olee
HH3KHIX YacToTaX. OHAUYUTENLHBIM BRKJIAT B PasBUTHE W NPUMCHEHIE
fuanazouna CBY BHecam coBerckwe ydemsbie, paspaforapuine IIPIHIIN-
UNaJIBHO HOBBIE METOABI TEHEPWPOBAHMUS, YCHICHUS M RaHAIM3AI[IN
Koebanuit CBY. Himporo wssectusr tpymer B. A. Baepmencxoro,
A. T. Apenbepra, M. C. Heitmana, I'. B. Kucyubko, mOCBANICHABIC
pacupocTpaHennio pajWoBONH, TepealomimM JUHIAM M KOJe0aTelnb-
LbiM cucremam CBY, u paSorst H. . [lessarrosa, B. M. Kamnuuna,
M. T. I'pexosoit, M. C. Heiimama, C. JI. I'osgosepa, A. M. IIpoxopo-
ga, H. T. Bacosa m np. B ofmacti remepuposanus n yemrenns CBU
xomebanmit, It ¥ MmoTMe APyTie paboTHL COBETCKUX M 3apyGerKHbIX
VIEHBIX JIJKAT B OCHOBE COBPEMEHHBIX HAUPABICHNWII TeXHUKM II IMpH-
OOPOB CBEPXBBICOKMX TaCTOT.
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§ 1.2. IPUMEHEHUE NEPEJAIOIUX JUHNI W KOJEBATEJIbHBIX
CHCTEM HA CBEPXBBICOKHX YACTOTAX

Ilepeparomue awany (dupepsl) um KoldebaTesbHbIe el HUIPAIOT
CYHIECTBEHHYIO POJbL BO BCEX OTPACIAX HIEKTPOTEXHHUKN U pPafMOTeX-
nukn. OfHAKO IpH Iepexofie K CBEPXBLICOKMM YacToTaM Iepeaioiue
AWHUA NpurodpeTadT 0co00 BaKHOE, NPHHIMIHNAILHOE 3HAYCHHE.

CymecTBeHHEIM 00CTOATENBCTBOM, BINAINEM HA HoBeJeHue
1 cBoiicTBa mepeparomux guHmit CBY, aBnsgerca ro, 4To MX NPOTAMKEH-
HOCTH COU3MEpHUMA C JJIUHOW BOJHBI M, KAK IPABUJO, NPEBLIIIAET ee.
ITomepeuntie pasmepsl JWMHUM TAKMKe OKABBIBAIOTCS COM3MEPUMBIME
¢ pauHoil BoaHEL IlociegHee MPMBOIHMT K PANYy WHTEPECHLIX SBJICHUIL,
BHIXOJAMAX JAJEKO 32 PAMKH KIACCUYECKON TCOpUH IMHHLIX JNHHIA.
Meronsr KaHanuM3amMUM CBEPXBLICOKOYACTOTHOM dHEPTUH IIPETepIieBaloT
rnyOorue usMeneums. Hambosee xapaxrepHoil mepefamoimeit gmHmen
nuanasona CBY ssaserca ¢osnoeod — Merajmmaeckasi Tpyda, mo BHY-
TpeHHe#l HO0JOCTH KOTOPOH OCYHIECTBIAETCA mepefada dHepTHu.

JImneiinple pasMepsl KoJe0aTeNbHBIX I[ellefl TpPH CBEPXBEICOKHX
YaCcTOTAX TAKKe OKA3ZBIBAIOTCA CPABHUMBIMH C IJiuHOI BoaHEL IloaTo-
My ROHIeNnnus Koie0aTelhbHBIX ROHTYPOB € COCPEOTOUEHHBIMHA ITOCTO-
SAHHBEIMHA TepseT CBOil cMmuici. B rauectse KonedarenpHbix cucreM CBY
ACHOJB3YIOTCA ROAblE PE30HATOPbL — YCTPOHCTBA, MMEIOIIAEe MHOTO
o0mero ¢ BOJTHOBOMHBIMY JIMHAIMHA.

Ilepenatome AuHUY ¥ PE30HATOPH HAXOIAT MHUPOKOE ITPUMEHEHUE
B pammorexumyeckoii anmaparype CGBY. C momompio stmX ycTpoiicTs
CO3MAIOTCS AHAJNOTH BCEeX DIEMEHTOB Ieleil, M3BecTHHIX Ha Oolee
HUBKUX dYacToTaxX, — MHIYKTHBHOCTOH, ©MKOCTeH, aKTUBHLIX COIpPO-
tTupaeHni. Pasnmunnle komMOmHammu mepepatomux nuanii CBY m me-
OJHOPOMHOCTEH IO3BOJIAIOT CO3JABaTh II0JOCOBBIE M 3arPasKIAIOIIIe
GQUIBTPEI, TPAHCHOPMATOPHI, MOCTOBBIE CXEMBI M APYTHe THUITHI MHOTO-
TOJIOCHUKOB, a TalKe PAX YCTPONCTB, HEM3BECTHBIX WAV PEIKO IPH-
MeHgeMEIX Ha 0ollee HUBKUX YaCTOTAX.

JIeKTPOBAKYYMHBIE NPUOOPEI, UCIONb3yeMble B JHAIIa30He CBepX-
BBLICOKHX YacTOT, HEIOCPEACTBEHHO COMepsKaT B CBOEM COCTaBe IOJbHIe
Pe30HATOPEI, OTPE3KN BOJHOBOMOB M APYTIuX nepefaiomux juauil. Bee
fojlee MMUPOKOe MPUMEHEHUe 3/[eCh HAXONAT CHeNuaJbHbIe THIE ITepe-
naromux jguanii CBY — samedaarowyue cucremot. IllosTomy paspensnoe
pPaccMOTpeHHnEe «JIaMIIBI» M «CXeMEBI» Ha CBePXBLICOKHMX 9acTOTax Tep:-
eT BCAKHN CMBICIH.

TecHag cBA3H SAEKTPOHHBEIX IPOIECCOB ¢ SABICHHSAMH B Iepefaio-
IUX JHHEAAX B KoleOaTeJIbHEIX CHCTeMax — OfHa W3 Ham0ojiee Xapakr-
TepHBIX ocobenHocreir snexrporukn CBY. MHoro crosxueix mpobiem
BO3HUKAeT W IIPH W3MEpPeHWW NMapaMeTPoB W XapaKTePHCTUK 3JIERTPO-
BarkyyMHBIX npubopoB CBY. B cBsasum ¢ sTum paspaboTKa 3IeKTPOHHBIX
n rasopaspsamuabix mpmbopoB CBY rtpeGyer riyboxoro 3HAaHWSA Teo-
pUM ¥ TeXHUKW BOJHOBOJIOB, IOJBIX PE30HATOPOB W 3aMEISION[AX
CHCTEM.
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1.3. HEMOCTATKHA OBBIYHBIX OEPEJAIOINNX JIMTHIN
H KOJEBATEJBLHBIX KOHTYPOB HA HOBBINIEHHBIX YACTOTAX

IIpu mepefiade DHEPrud Ha CPABHUTEILHO HUSKAX 4acToOTaX INHPO-
Koe IpEMEHeHNe HaXO/AT OTKPHITHIE ABYXIPOBOHDIe [UINHHEE JHHHI.
[MoX0oKUME CBOMCTBAME O0JAFAlOT W KOaKCHUAJbHBIe JTUHUH, HCIOIb-
gyeMble B TMATIA30HAX METPOBLIX M JEIHMEeTPOBHIX BOJIH*,

Kak IBYXOPOBONHEIE, TaK H KOAKCHAJNBHBIE JUHNN He CBOOOJHBI
OT HEeKOTOPHIX HETOCTATKOB, 0CO0EHHO CHIBHO IPOABIAIONAXCA IO
Mepe TMOBBIMIeHHA pafodeil YacTOTHI.

1. C yBeamyenmeM YacTOTHI BO3PACTAIOT AKTHBHBIE II0TEPH B Me-
Tamige W NUIJIEKTpUKe, ITO HPHBORHUT K OBICTPOMY 3aTYyXAHHUIO BOJHBI,
Gerymeil Bfoap jgunmm. OcoDeHHO CHIbHOE 3aTyXaHue Habiromaercs
B KabemfxX co CIIOMIHBIM ImpieKTpwieckmM HanonHeHumeM. IIpumene-
HMe TAROX JUHWN, HAYWHAg ¢ BOJNH CAHTHEMETPOBOrO JUMANAa30HA, CTa-
HOBHTCA BaTPYAHHATENHLHEIM JlaKe IIPA MCIONb30BAHHMM  JTYYINAX
IHDIEKTPHKOB, O0JAJAIOINNX HAUMEHBIIMM YIJIOM JHIIEKTPHYECKUX
noTeph.

AlecTREe KOAKCHAJXbHEIC JUHUHE € BO3JYIIHBIM HAIIOJHEHIEM MMe-
J0T HeKOTOPEIe IpeuMyIiecTBa, HO TaKKe 00JaFalOT BBICOKHM 3aryxa-
HEeM 3a c4eT HoTeph B CTEHKAaX, IVIABHHIM 00pasoM BO BHYTpeHHeM
IIPOBOJIHUKE, I/leé WMeeTcs HauGoabmas HIOTHOCTH BBHICOKOYACTOTHOIO
TOKA.

2. JlomonuuTedbHBIM HCTOYHUKOM II0TEPh B OTKPBITBIX [BYXIIpO-
BOJHEBIX JMHASAX SBIAETCH M3JIyueHUe, 00yCIOBJISHHOE CPaBHUMOCTLIO
AAWHBL BOJHBI W PACCTOIHUS MeKAy mpoBopgHmkamm jsunun. Hapany
¢ TOTepsIMH TepelaBaeMoil DHEePTHUM, W3JydeHme HEeMKeIaTelIbHO H C
TOYKH 3peHHs Tapa3uTHHIX CBsI3ell W HABOJOK HA OKPYIKAIOMYIO amIa-
patrypy. B pesxume mpmeMa OTRpHITas JWHHA 00JaJaeT II0 STOH K6
HPHIUHEe HU3KOM IOMEXO3aIMWINEeHHOCThI0. ITH 00CTOATeILCTBA, 0OCO-
GeHHO pe3Ko IPOSIBIAINUECHA C YBEIMYCHHEM UYACTOTHI, OrpaHMYMBA-
0T IpUMeHeHHWe IBYXIPOBOJHBIX JIWHWII, HAaYWHAS C 9acTOT ITOPATKA
300 Mey.

HKoakcmanpHas awHES obeclieumBaeT IPAKTHIECKH IIOIHYI0 JKpa-
HIPOBKY W OTCYTCTBHME HM3JY4YeHWs, MOCKOJIbKY TOMIUHA HAPYKHOTO
DPOBOHEKA JHHUN (HApy:KHO# TpyOH) BHAYMTENLHO IIPEBLIIIAET
IIyOMHY TPOHMKHOBEHHS HIEKTPOMATHHTHOTO IIOIS B METAILT, IMEH0-
myo #Ha CBY mopamor emumunm mau moxeir mumkrpoma. C 3Toi TOURM
SpeHNA KoaKCHaJgbHAs JHHEA Oolee TpPHMEHHMA HA CBEPXBLICOKOM
UYacToTe, HEKEeJHW NBYXIPOBOTHAA JIUHUSL.

3. OnHUM W3 KpyUHBIX HEJTOCTATKOB Kak OBYXIIPOBOJMHLIX, TaK W
ROQKCHANBLHEIX JIMHUI ABISAETCA HX HUSKAA DIEKTPAIECRAST IPOTHOCTD,
XapakTepusyeMas MOIDHOCTBHIO, IIPH KOTOPOil B peskmMe Gerymjeir Boi-
HEHL HacTynaer suexrpmdecKnit mpoboit (CBY paspspm) memmy mposoji-

* A1)
coa Teopusa ATAHHBIX JIMHAH, HONEepPeYHRle pPasMepPH KOTOPHIX Maibl II0
PABHEHUIO ¢ NimHO# BONHEI, m3BecTHA m3 [1,2] W 37ech He paccMaTpPHBaeTCH.
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HUKaMu auann. Hag Oyger mokasamo, ¢ IOBBIIIEHNEM YacTOTHl IIOIe-
peuHnle pas3Mepsl 5THX (PuIepoB HEOOXOAUMMO YMEHBIIATH IPUMEpPHO
IpPONOPIMOHANLHO [IAHE BOJHEI BO m3DeyKaHMe LOSBJICHHMA BBICHINX
THAIIOB BOJH, 3aTPYJHAIIAX ITPAKTHYECKOe HCIOIb30BaHUe JIHHMIL.
IlosToMy mHa BoaHAX CAHTHMETPOBOro Jualla3oHa ¥ JasKe Ha Jenu-
MeTPOBHIX BOJIHAX OOBIYHEIE JUHUU He B COCTOAHUU 00€CIeUHThH Hepe-
nady OOJNBITUX MOITHOCTEH, MOXydaeMBIX OT COBPEMEHHBIX TeHepaTo-
poB u ycunnteneir CBY.

. 4. Ecnw pnmHHasi JWHESA OpefHASHAYEHA A IIepefadll MaJoil
MOIMHOCTH, TO HpobjieMa 3IEKTPHIeCKOro mpoCod TepseT CBOW OCT-
pory. TeMm He Menee, yMEHbIIEHNE PACCTOTHAA MEMKTYy MTPOBOTHUKAMU,
1eobXouMoe Ipu IMOBHIMEHWH Padodeil 9acTOTHI, 3aTPyHHsIET MeXa-
HUYecKoe maroropienme jguamu. Caemyer TakKe ydecTh, 4T0 MeTal-
JiINYecKue MPOBOJHUKY JIBYXITPOBOAHBIX B KOAKCHAJBHBIX JUHHUI He0-
CTATOYHO JHECTKM M HYKJAIOTCg B MONEeP/KUBAIOIIAX YyCTPOHCTBaX.
Tak, B KoaKcHANBHOM JUHUM OKA3LIBAETCH HEODXOMUMBIM MCIOIb30-
BATH MIANOH U3 AUDIEKTPUKA WM MPEMEHATH CIIJIOMIHOE THIAJIeKTPUYe-
croe 3amosnneHue. Obeciiedenne KeCcTKUX JOMMYCKOB Ha B3AWMHOE pac-
HIOJIOKeHNe HPOBOJTHUKOB M, CIEI0BATEIBHO, HAa DIAEKTpHUECKIe Iapa-
MeTpHl JMHAN HATAJKHBaeTcsT Ha psay TpynHocreit. HeommopomHocrtis
10 JJIMHe JWHUHE BHIBHIBAIOT HEjKelaTelbiHble oTpasKeHus BoaH. Hako-
Hell, 32 CYeT Majoll MeXaHWYeCKOW ;KEeCTKOCTH BO3MOKHO IIOABJIEHUE
BUOpanmii TPOBOJHUKOB, 4TO TAKMKe yXyamiaeT paboTy JWHUMH.

Ilepeuncaennsie HETOCTATRA JEMAIOT HEMKEIATENbHBIM IPHMEHEHIIe
OTKPBITHIX [ABYXIPOBOMHBIX IHHMH ViKe Ha BOJHAX eIIMeTPOBOTO
INaasoHa W 3aTPYyNHAIOT MPAMeHEeHNe KOAKCHATBHBIX JUHWH Ha CaH-
TUMETPOBBIX BOJHAX.

Toursle rpaHuNbl TPUMEHOHHUSA DTUX JUHUN IpABECTH Heab3d. Tak,
KOAKCHAJIbHBIe JIWHUAW HEeOONBINON IIMHLI HHOTAA NOPHMEHSIOT mpil
MaJioit TepefaBaeMoil MOmIHOCTM Ha BojHax miuHolo 1—3 cm. Pas-
IBIM 00pasoM HAXOMAT IpUMeHeHNe KOaKCHAJbHEIe Kabelu CO CILIONI-
HBIM JUDJIEKTPpHYEeCKUM HAIlOMHEHWEeM Aajke IMpH OOJAbIIOM 3aTyXaHH,
ecam oT IWHUU He TpedyeTcsa BHICOKOTO KOd(PHUIUeHTa MMOTE3HOTO
neiicrsusa. Ilomobuas cuTyanusa BeTpedaercs NMPH MHOTHX M3MepeHHAX
ra CBY. Opgmarko Bo Bcex coaydasx, Kormga HeoOXoquMo IlepemaTh
¢ MaJIBIMM TOTepsAMHE OOJBIIYI0 MOIIHOCTH, HAIIpEMep, OT IeperaTdu-
Ka K AHTCHHE PajuoJIORAIMOHHON CTAHINHN, KOAKCHATIbHEIe JAHIH OKa-
3BIBAIOTCHA HEIPHUTOHBIME B JHaNasoHe BoixH Kopoue 10 cwm.

WcmonssoBannme OOBIYHBIX KoIe0aTEIHHBIX KOHTYPOB C COCPEOTO-
yenHBIMA MocTogHHBIME LC Ha CBEPXBBICORMX 9aCTOTAX HATAIKIBAET-
CA Ha Te JKe 3aTPYNHEHW, ¢ KOTOPLIMHU IMPUXOJHUTCA BCTPEUATHCS MPH
paboTe ¢ OOBIYHBEIMA AAHHHBIMA JHHUAMA.

B pesyabraTe pocra moreph Ha M3lydeHWe, morepb B Meramiae (3a
cueT CKMH-3(peKTa) U IOTeph B JUAIEKTPHKE T0OpPOTHOCTH Koiaeba-
TEeJIBHOT0 KOHTypa Hafaer. PesomamcHoe comporusieHHe KOHTYpa
Tarwke ymensmaercsa. IloaToMy maske ma genmMeTpoBHIX BOJHAX TPYH-
Ho cosmaBath KoHTYpsl tuma LC, obnamammume BHICOKOI YacTOTHOIR
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cenexTmBHOCTEI0. C JIPYroil CTOPOHEI, €M KOpOYe JUIMHA BOTHEL, TEM
erbIIe JOMKHEL OBITh HHAYKTHBHOCTD H €MEOCTDL M, CIEH0BATENLHO,
MeHDIIe TeoMeTpIdecKue pasMepsl KOHTYpa. C yMeHbIIeHMEM reoMer-
pEIeCKAX PasMepoB NPUXO[UICA CHUKATE pabounme HaUpPAKEHUA
B KOHType BO H30eKaHHe DIeKTPHIECKAX npoGoes. OHOBpEeMEHHO
oKA3BIBAETCA HEODXOMMMBIM CHIKATH MOI[HOCTH, PacceMBaeMylo Ha
aeMeHTaX KOHTYPA, BBHJY YMEHBIIEHHs1 paboInx LOBePXHOCTEH. Irr
0GCTOATENBCTBA 0COOEHHO CYI[eCTBEHHB! IPH HCIOJb30BAHHHA KojieOa-
TelLHBIX KOHTYPOB B COYETAHHH C BIIEKTPOBAKYYMHBIMEH IpPHOOpaMA.
CosjjaHme HTAJOHOB YACTOTHI, PE3OHAHCHBIX BOJIHOMEPOB M [PYruX
H3MEPUTEIBHEIX YCTPORCTB TaKyKe 3aTPY/HHACTCA BBULY PESKOro yXya-
IMeHHs PEe3OHAHCHBIX CBOMCTB OOBIYHBIX KONTYPOB HA HOBLIIEHHBLIX
yacToTax.

Teopusi AIWHHBIX IWHOHA IIOKA3BIBAET, YTO PONH KOIEOATEIHHEIX
cueTesf MOTyT HIpaTh OTPe3K: [BYXIPOBOMHBIX JIMHMM, [IWMHA KOTO-
pHIX comaMmepnMa ¢ paboueii miunoi Boausl. [logodHBIE KOHTYPHL C pac-
IpefelleHHLIMA IIOCTOSSHHBIME (cumcTema Jlexepa) obmaziaioT HeKoTo-
PHIMU IIPeNMYIIECTBAME B CPaBHeHHH ¢ KoHTypamu tHna LC, Ho BMec-
Te ¢ TeM COXPAHAOT H BCe HENOCTATRY, HNPHCYyIIde OOBIYHBIM
OTKPHITBIM [JIMHHEIM JHHAAM. TakuM o0pasoM, IpUMeHEHHEe OTKpPLI-
THIX K0J1e0aTeJIhHBIX KOHTYPOB KaK ¢ COCPEJOTOYeHHLIMH, TaK U pac-
IpeleleHHBIME [OCTOSHHBIMA He pemiaeT IpobieMy KolebaTelbHBIX
riereil CBePXBBICOKHX YacToT.

§ 1.4. IIOHATHA BOJHOBOJA U1 IIOJIOT'O PESOHATOPA

Or MHOTHX HEIOCTATKOB, MPHCYI[NX OOBITHEIM JUINHHLIM JIXHOAM,
(BoOOHA TepefaloINasi JUHUA, BEIIOJIHEHHAs B BHUAe IIONOH MeTaJlIn-
yecKoli TpyOHl, He copepsKamieii BHYTPEHHHX IpPOBOJHHKOB. Tarag
TpyDOa, cayskamas AIg Ie-

pelayy 9YHEPruum B [gUama- UWned s 4 b

sone CBY, momyumma mas- /\

BaHUE BOJHOBOIA*. B, }
Bosmosxnocers mepegaun « // 3 £

DIEKTPOMATHATHHIX BOJH [0 < | || ) i - =

IONBIM TPYyGaM MOKeT GbhIThH 3 = |

Ha4eCTBCHHO IIOKal3aHa Jga- \ 4,7? =

JKe Ha npuMepe OOLIYHON |

JIMHHOW JmHUM. PaccMmor- a) 5)
pEM  JIBYXIDOBORHYVIO JIH- Puc. 1.4
moo  (puwe. 1.1) KOTO- .
- puc. -1), B OTO a — nepexos, OT OTKDLITOH JBYXIPOBOZHOH JM-
pOH BRIOYEHBI Hapanﬂeﬂb_ HHH K NPAMOYTONLHOMY BOJIHOBO/Y, 6—-CprK"
o Typa 3JeKTPHUYUECKOTO IIOJsT H 3mHopa acnpene-
HbI€ OTBETBIEHHA («ILIeii- NeHHS ero BAOAE CTOPORM @

*
Ilox TepMumHOM «BOMHOBOMY B IMAPOKOM CMEICIe IOHMMAIOT Jio0yi0 mepe-
AAIOIyI0 JWHUI0O B AWANa30HE CBEPXBBICOKHX YACTOT.
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¢BI» ), 3aMKHYTEIe HaKOPOTKO Ha ApyroM kromme. OmpenmenuM ycaosus,
IpH KOTOPHIX «HIieiiI» He OKA3HIBAIOT BIWAHHUA Ha Ilepefady dHep-
I'My 110 [AJWHHOW JIAHHH.

BxofgHoe CONpPOTHBICHWE OTpeska AAHHHON awHwu 6e3 moreps [2]
ompeieNsieTcsi ypaBHeHueM

. 2nl

Zy+JZ,tg Y
Zo=2Z, L3 (1.1)

Z,+ JZy tg e

rge Z, — XapaxkrepucTHdeckoe (BOJIHOBOE) CONPOTUBIEHNE IWHUH;
Z, — ROMILIGKCHOE COIIPOTHBIICHUE HATPY3KH;
[ — mnuma paccMaTpUBaeMoro oTpesKa JUHNH;
A — pabovas IJIMHA BOJHEL
Ilpn xopoTrOM 3aMBIKaHHE Ha KoHIe «muieiipay Z,=0 m BXOJ-
1oe COITPOTUBIEHHE

Zux « = jZ, tg 22, (1.2)

Ilpm pauwne [, pasmoii —2-, BXO/IHO€ CONPOTHBIEHUEe «mireiipar
crpeMuTCcs K 0eCKOHEYHOCTH, CJEJOBATENLHO, €T0 INyHTHpYIomee Hei-
CTBUE CTPEMHUTCSA K HYII. IJTO CBOWCTBO MIMPOKO HMCIOAB3YETCA HAa
NpaKTHKe, HAOpHMep, [AAs CO3HAHUA «MeTAJINYeCKHX M30JATOPOBY,
UPUMEHSAEMBIX [ 3aKpeIieHuss OLHOTO HPOBOAHUKA II0 OTHOIMNEHUIO
K Ipyromy 0e3 ITOMOIIY JHIIEKTPUUECKUX U30JIATOPOB.

YBelnuenue 9uciIa KOPOTKO3AMKHYTHIX 9€TBEPTHBOJIHOBBIX «IIIIeii-
¢oB» He HapymaeT HOpMaJbHOW padoTEl mepenamomieil jsunnn. B mpe-
nelie «IUIeiuiy CAMBAIOTCA B MeTaJLIMYecKue ;kelioda, ¢ BYX CTOPOH
MOMKIIOYeHHBIe K MBYXMPOBOJHON IHHUH. JTa JHHUS IIpeBpamiaercs
B MeTALIMYECKYI0 TPyO0y HPAMOYTOIbHOTO cedeHUA — BOIHOBOJ, pas-
Mep & KOTOpOro paBeH MOJNOBUHE JIMHBI BOJNHBLI; pasmep b, Kak pac-
CTOSIHUE MEMKIY IMPOBOMHUKAMU, He oIpefelisieT XapaKTepa pacmpocT-
paHeHus BOJHBL Bce 3JIeKTPOMATHHTHOE IIOJIe OKRA3BIBAETCH COCPeNo-
TOYEHHLIM BHYTpH TPYOBL OJNeKTpuUdecKoe IOJe H3MEHAETCS BOJb
CTOPOHEI @ TI0 CHHYCOHM/le, KaK mokasano Ha puc. 1. 1. Bgoas croponst
b Bapuamus dIEKTPUIECKOTO TOAS OTCYTCTBYeT.

Paccmorpenubiii mpuMep I03BOJIsgeT MOHATL OCHOBHBEIE IpemMYyIiie-
CTBA BOJHOBOMOB B CPABHEHUW ¢ OOBIYHBIMU IepefAOIUMHI JTUHUSIMH.

1. BonmoBoOp obamaer HambOJbIIEH MPOCTOTON B KECTROCTHIO KOH-
crpykumd. OMHOPOAHOCTE BOJHOBOJAA IO JIMHE MOKeT ORITH obecliede-
Ha 3HAYUTEJIBHO Jierde, 4eM B CIy4ae ABYXIPOBONHBIX WM KOAKCHAIb-
HBIX JIMHWN.

2. BonnoBox He mMeeT HoTeph Ha WM3jlydyeHWe, TaK KaK 3IEKTPO-
MarguTHOe I[I0JIe IEeJIWKOM 3aKIIYeHO BHYTpH TPYOBI (IpHM TOJXIIWHE
CTEHOK, IPeBBINAINel ITyOMHY UOPOHMKHOBEHHS IIONA B METaull,

16



aro BHIONHAETCSH BO BCEX MPARTHUECKE BCTPETAIONAXCA  Ciry-
qaﬂ?}f.) Bpmry 0TCYTCTBHS BHYTPEHHETo TPOBOJHMKA OTMAfaeT He00X0-
JQEMOCTH BBEJICHHST OIOD. B pesyibraTe 5T0r0 MOIHOCTHIO MCKIIOYAIOT-
cg ToTepH B JHDJIEKTPUKE, KOTOPHIG, KAk YVHKa3BIBAJIOCH, YACTO Hgg:
s TCTBYIOT TPHMEHEHWIO OOBIYHBIX JIMHIH HA BEChMA BBHICOKHX
(JTOZa,Xl.—IOTepI/[ B CTEHKAX BOIHOBOMA JOTKHEL OBTh MeHBINE, YeM
oreps B IPOBOJHWKAX OOLITHEIX JIMNMii, HANPEMEP KOAKCHAIBHOU
JIMHAN, BBAAY OTCYTCTBHA BHYTPEHHEro IIPOBOJHMKA MAJIOTO JHAMETPa
¢ GoJNBIION MIOTHOCTBHIO TOKA.

5. DaeKrpHdecKas IPOYHOCTH BONHOBOAA BHIIIE, IeM Yy KOAKCHAIb-
HOW WM JBYXIIPOBOJHOM JMHAM, TAK KAK YBEIWIEH IyTh BO3MOJKHO-
ro pIEKTpIIECKOro mpofosi B 00JacTH MAaKCHMAILHON HANPAKEHHOCTH
HIAEKTPUIECKOTO TTOJA.

Mcnonn3ys IMOX0KIe PACCY/RACHNS, MOKHO Ka4eCTBEHHO IIOKA3arh
mepexoj 0T OTKPHITOro KOXefaTeNbHOTO KOHTYPA € COCPe0TOeHHEIMI
mocroguasiMt Trma LC R 3aMKHYTO# KouxeDaTembHOW CHCTEME —

LI0JIOMY Pe30HATOpYy.

&
\\\\\\“\\\\\\“\\“\\

SIIRIRAIIEIIN?

AEANEEENRANARAR NN

Puc. 1.2.

a — TepexoJ, OT OTKPHITOro KoseGaTenpbHOTo KOHTypa

C COCDEJOTOYEHHBIMH TOCTOSHHBLIMH K TOPOHAANLHOMY

HOJIOMY Dpe3oHaTopy, O — CTPYKTypa 3JeKTPHYECKOTO
M MarsuTHOTO IHoJefi BHYTPH [MOJIOTO pe30HaTOpa

Ha pumc. 1. 2 mokasausl mpoMe;RyTodHEIe (OPMEL KOIE6ATENBHOrO
KOHTYpa OOBIYHOTO THOA C MHAYKTHBHOCTHIO, YMEHBIIEHHON CHAYaja
J10 OTHOTO BUTKA, & 3aTeM ¢ HECKOIbKUMH IapajLielbHO BRIIOYCHHBIMA
BuTRaMu. B npenene momyuaerca MeramiamuecKas moTOCTh ¢ cOCpeo-
TOYeHHOM eMKOCTBIO B cepepfmue. TopoummaipHas 9acTh DTOTO IIOIOTO
pesoHaTopa UrpaeT pPoiab MHIYKTUBHOCTH.

Onucamubiit TOpougaIbHELL pe3oHATOD sBIAETCA OpOCTeHmuM, X0-
T8 W NIAJIER0 He eJUHCTBeHHBIM THIOM IOJIBIX pesoHaropos. Ilpemmy-
MecTBami  IOJNBIX PE30HATOPOB ABIAKTCA OTCYTCTBHE WM3IYYCHWS
6naromaps mommoit 9KpPaHUPOBKE IIOJ CTeHKaMH pe30HaTopa M OTCYT-
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CTBME TOoTeph B JUIJIEKTPHUKe, IOCKOJIbKY B IpPUHIWIIE BBEJeHUE
M30JATOPOB BHYTPH pesoHaTopd He spisercda HeoOxommMeiM. Ilorepm
B CTeHKAX pe3oHaTopa TaKKe 3HAUYNTeNbHO MeHbIle, 4eM B IPOBOAHH-
Kax oObr9HBIX KOHTYpoB THHa LC, Giaromaps pasBUTOM BHYTPeHHE
IIOBEPXHOCTH, 110 KOTOPOM IIPOTERAIOT BHICOKOYACTOTHEIE TOKH.
B pesymerate 3TOr0 [OOPOTHOCTH WOJLIX KOJIEOATENBHBIX CHCTEM
MoKeT OBITH YyBeJHYeHAa HA HECKOJBKO DOPANKOB II0 CPaBHEHUIO
¢ OOLIYHBIMH OTKPHITBIMH KOHTypaMu. [lamee, I0j00HO BOJHOBOJAM,
TTOJIBle PEe30HATOPHl BBITOAHO OTJIMIAI01CA KECTROCTHI0 ROHCTPYRIIHH
1 yroOcTBAMEI MeXaHMIeCKOTO M3rOTOBJIEHHS.

Teopusa 0OOBIYHBIX [JANHHHIX JHHUA ¥ KOHTYPOB C COCPELOTOYEH-
HBIME IIOCTOSTHHBIMM HE B COCTOSHHM JaTh IOJIHOr0 OTBEeTa O MOBeje-
HUW BOJHOBOJOB W IIOJHIX PE30HATOPOB HA CBEPXBHICOKMX YaCTOTAX.
Hs mosicHeHMA PacCMOTPAM CHOBA NPSIMOYTOJBHBEIM BOJHOBOJ, HM30-
Opasxenusrit na puc. 1. 1.

N3 ragecTBeHHBIX cOOOpaKeHUl HETPYAHO HPUUTH K BHEIBORY, 4TO

A

pasMep @ BOIHOBOAA He MOKeT OBIThH MeHbIIE -—5  BO n3besranme
IDYHTUPYIOH[Ero MeificTBUA OOKOBHIX «muieiipoB», OAHAKO OH MOMKET
HECKOJBKO ITPEBHIIIATH IIOIOBAHY INHEI BOJHEL [LIA mMoxTBep:KIeHNA
9TOTO JOCTATOYHO IIPEICTAaBUTHL ME€PBOHAYAJbHYI0 MBYXIPOBOTHYIO
JUHWIO B BHIE IBYX JIEHT KoHeuHO# mupunsl. CliemoBaTenabHo, IPIMO-
VIOJNLHEBIH BOJHOBOJ C 3aJaHHEIME pasMepaMy CEeYeHHs a, D MOMKHO
HCHOJb30BaTh HA dYacToTaX, IPEBBIMAOIIX HEKOTOPYI0 «KpHTHUe-
cryio» gactory. CooTBercTBeHIO padodas JIMHA BOJHBLL HOKHA OBITH
MEHBITIE KPUTHMUYECKOH IIWHBI BoiHBL COTNacHO IpPOBEJeHHBIM pac-
CY'KIEHUAM, KPUTHYECKUH PE’KUM COOTBETCTBYeT CJydalo, Korja pas-

A
Mep @ B TOYHOCTH paBeH 5. llodroMy KpHmTHYecKass HIHHA BOJHBI

IPSAMOYTOJIHHOTO BOIHOBOJA paBHAa 24.

Yro mpomsoiimer, ecim [AAMHA BOJXHEI TeHepaTopa, OT KOTOPOro
BO30yIKIAeTCsE  paccCMaTPUBAEMEBIN BOJHOBOJ, Oyjer B3HAUMTENLHO
MeHbIle KPUTHYECKOW JIWHBI BOJHEI? JTOT BONPOC paBHO3HAUEH
ToMy, Kar Oyjer BecTHm ce0s BOIHOBOJ, €CIH PasMepsl ero HollepedHo-
YO ceueHHS @, b 3HaumTenRLHo IpeBHmAlOT pabouyio mamrEy A. Teo-
pUsA IIWHHLIX JAHANR OKA3LIBAETCS B MOJO0HOM CIydae siBHO HEJoCTa-
109HOU.

IlpepcraBieHue HOJIOr0 Pe30HATOPA B BHJE CBOEOOPA3HOTO KOHTY-
pa ¢ COCPeJOTOYEHHBIMY IOCTOSHHBIME TaKiKe OKA3BIBAETCA HE BCETIA
Bo3MokuEIM. Ha pue. 1. 3 moxasan muiamHApHMdYecKuil HOJHIE pes3oHa-
TOp, 00pa3oBaHHBIA M3 ROIEOATEIHHOI'0 KOHTYPA C COCPEOTOYeHHBIMA
NOCTOSIHHEIME. B ornmume oT ciydas, HDoKasaHHoro Ha puc. 1.2,
37ech HeJab3sl HalTH o0macTH, Ihe IOKAIM30BAHO TOJLKO BIIEKTPU-
JecKoe MM TOJBKO MaTHWTHOe BHICOROYACTOTHOoe moie. Pasmepst
pesoHaTOpa 10 BCeM TpPeM HAIIPABIEHHSIM CTAHOBSTCS COM3MePHIMBIMHU
C JUIMHOK BOJHEL fIBHO BBIPAKEHHBIX WHIYKTUBHOCTH M eMKOCTH
37lech He CYyIIecTByeT.
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Jlist aHAJIM3a BONHOBOJOB M IIOJNBIX DPE30HATOPOB, SBIANIAXCA
cpecTeMaMHu C paclpefefleHHBIMA HOCTOSIHHBLIMA IO BCeM TpeM H3Me-
cHUAM, HEOOXOJHMO HCIIOIb30BaTh Gojee o0IMme METORBI, OCHOBAMH-
pple HA YPABHEHUAX BJIeKTPOMArHUTHOTO HOJIA.

ITepexo/l K pemleHnAM B TePMMHAX IT0jiell B3aMeH TOKOB M HaIps-
speHII 3aCTABIAET, HA MTEPBHII B3IJIAX, IMTOJHOCTHI0 OTKA3aThCA OT

[pUBBIYHBIX TOHATHI Ije-
meit. Opmako, Kak Oymer
[MOKA3aHO B JIAJbHEHImeM,
g B STOM clIydae ypmaercs
IPOBOAUTEL JAJIERO WyIie
amagorna ¢ memsamu. llo-
pTOMY AHAJIN3 BOJIHOBOJIOB
I TOJBIX PEe30HaTOpoB Oy-
meT TPOBOJHTBCA — TAKHAM
obpa3oM, 4dYTODEIL, T/He DTO
BO3MOJKHO, CBECTH CJOK-
HEle ABJIEGHUA C MOAAMH K
SKBUBAJICGHTHBIM ITPOIEccam
B IlelgX C COCPeIOTOYeH-
HBEIMHU ITOCTOSHHBIMHI WJIHX B
OOBIYHBIX JUIMHHBIX JINHUAX.

Taroii momxon gBagerT-

i F

Puc. 1.3. Ilepexom oT OTKPLITOTO Kojeba-

TEIBHOT0 KOHTypa C COCPeJOTOYeHHEIMIU

MOCTOAHHBIME K IUIXHAPHIECKOMY IIOJO-
My PesoHaTopy

Cs1 OCHOBOHM COBPEMEHHBIX HHJKeHEePHBIX MeTofoB B mmamasoHe CBY
u ofseruaeT pemieHNWe MHOTHX BOIIPOCOB, CBABAHHBIX € TEXHHKOM
A DJIeKTPOBAKYYMHBIMI ITpUOOpaMM CBEPXBBICORNX YacTOT.



I'maBa BTOpas

OBIMHE BOIIPOCHI INEPEJAIONINX JMHHN CBY

§ 2.1. AICXOJHBIE NPEAIIOCBHIIKNA

Ilpesxpme gyeM mpucTynmuTh K aHAJAW3y YACTHHIX CIydaeB BOJHOBOM-
HEIX JUHAN, Hambollee YacTO BCTPEUANMMXCA HA IPAKTHKe, 00paTHM-
¢ K PacHpOCTPAHEHHIO BONH II0 IIPOM3BOJBHON IepejaloImeil JTHHHM.
B rauecTBe OCHOBHOTO OrpaHMYeHNS IPUMEM CHA4Yala OJHOPOJHOCTH
JNHWAA, T. €. HEM3MEHHOCTH (DOPMEI, PA3MEpPOB CEUYEHNS W IIapaMeTPOB
ee B HAIpaBlIeHWH Iepepaunm sHepruu. llomepeduHble pasMepn! JUHAK
MOTYT IpPH 3TOM HAXOIHUTHCA B JII0OOM COOTHOIIEHWMH ¢ paboued jim-
HOYW BOJIHEL.

ITomo6HOE paccMoTpeHme JO/KHO OXBATHIBATH, KPOME BOJHOBOJIOB,
TAKWE XOPOIIO W3BECTHHIE Iepefalomue CHCTEeMBI, KaK /[BYXIIPOBOJ-
Hble M KoaKcmaiabHele jgmamd., Crofia ke CJIeyeT OTHECTH M CBOOOA-
HOe ITPOCTPAHCTBO, KOTOPOE
MOJKHO paccMaTpHBATh, Kak
mepefalomyoo auHWIO0 C0ec-
KOHEUHO YIAJIE€HHBIMU IIpO-
BOHUKAMIA.

Urar, paccMoTpuM of-
HOPOTHYH  HEpPa3BeTBIECH-
HYI0 IEpefalomyl0 JIWHUIO,
COCTOAINYI0 M3 MI060T0 dme-
ja  IPOBOJHAKOB IIPOM3-

Auanexmpux

Z BOJILHOTO IIOIIEPEYHOIo Ce-

genns (pume. 2.1). Hampas-
Puc. 2.1. OpHOposHaa mnepepamoImas JA- JIeHme pacupocTpaHeHnA
HUsAA C OPOBOZHMKAMHA TIPOM3BOJBHOI'O HO- BOJHHI COBMECTHM C OCBLIO

TIEPETHOTO COTeHIA 2 IPAMOYTOABHON CHCTEMEI

KOODAWHAT; IIOIEPETHOE Ce-
YeHHe HAXOAWTCA B INIOCKOCTH XY. BHOOp IpAMOYrolbHOR CHCTe-
MBI KOOpAWHAT 3fech 00yCIOBjJeH HamOOJBIIeH IIPOCTOTON MHmOIydYa-
CMBIX COOTHOINEHWH W He MOKeT HAPYIIUTH OOUHOCTH BEIBOJIOB.
Pemenne OyzneM MpoBOAWTH, IMOJIB3YACH MEKAYHAPOAHON (IpaKTH-
YecKou pamuonaiaumsoBaHHOI) cmcreMoit emmumn CU. Ilpocrpamcrso
My TIPOBOJHUKAMF IIOJOKUM BAaIOJHEHHEIM HM30TPOIHEIM [Ud3-
JEeKTPUKOM C OTHOCHTENBHON AWDJIEKTPHUYECKON IIPOHUIAEMOCTHLIO &,
OTHOCHTEJIHHON MArHUTHOH IPOHMIIAEMOCTHI0 U W YAedbHON mPOBOAHU-
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mocThi0 0. B Hambosmee mpOCTHIX, dYalje BCero BCTPEIAIOLIUXCSH CIy-
gagX BOIWYWHEL & | M G He ABIATCA (QYHKOUAMH KOOpAWHAT
g HAOPSKEHHOCTH dJIEKTPHYeCKOr0 M MArHUTHOTO IOJEH.

ByneM cuuTaTh, YTO B IPOCTPAHCTBE MEKAY ITPOBOJHUKAME JINHAH
OTCYTCTBYIOT CBOGOMIHEIE 3aps/bl (IEKTPOHHEIE WM MOHHBIE TOTOKH),
q TAKKe OTCYTCTBYIOT KaKme-Tn60 BHIBI «AKTHBHEIX cpefy (HampH-
mep, BO3OYKIEHHLIC aTOMBI MJIM MOJIEKYJHl), ABIAIOIHECH HCTOYIHU-
gama CBY xonebanmit. Takmm oOpasom, paccMoTpeHme Oyner orpa-
HAYMBATLCA CIydaeM IacCWBHOII JNWHUH, IO KOTOPO# Iiepefaercs
5JIeKTPOMATHUTHAS SHepruA OT BHemHero reHeparopa. IIpmanmmom
[eficTBIA W YCTPOMCTBOM TeHepaTopa MOKHO IOKA He MHTEPecOBATH-
s, cUWTas, 9TO reHepaTop obecmedusaeT TpedyeMylo 4acTOTy KOJe-
Gapuil IPHW MOCTATOYHON MOITHOCTH. BoIpoch reHepmpoBaHUA W yCH-
meaug CBY xomeGammit m, B 9acTHOCTH, IPHMEHEHHE C DTON IIENbIO
«aKTHBHEIX cpef» IPe/ICTABIAT 0COOHI mHTepec W OyAyT paccMart-
puBaTHCA BO BTOPOH 4acTH JAHHOrO Kypca.

Mcxonueie ypaBHeHus MaKcBeia, ONWCHIBAIOIHAE 3DJIEKTPOMA-
rHATHOE IIOJIe B IIPOCTPAHCTBE MEKTYy IIPOBONHUKAMH, He COfepika-
meM CBOGONHBIX 3apAnos, mMmeior sux [3]:

rot H = oE - e, —g];‘; (2.1)
H

rotE = — Wo—gt—; (2.2)

div (se E) = O; (2.3)

div (pp,H) =0. (2.4)

Yepes €, m ny 0003HAUEHHI JAWAIEKTpUIECKasg W MATHHTHAS IIPO-
HAI[aeMOCTH BaKyyMa, paBHBI®

e, = 0,886 - 10-11 L%,

8- M

8 - CeK
a M’

p, = 1,256 - 10-°

B Texmmke cBepXBEICOKHX 9ACTOT, B OTIMYME OT HM3KOUACTOTHOIN
JIEKTPOTeXHMKA W PAJUOTEXHUKW, HHTEPEC IPEACTABIAT B OCHOB-
HOM 1oy, mameHANmMEeca BO BPeMEHH II0 TaPMOHHYECKOMY 3aKOHY.

T0 B 3HauwWreanrHOH Mepe OOyCIOBIEHO TeM, 4TO B TeHeparopax
36;; MHOTUX 3IeMEeHTaxX CBY tpakToB mMCHOIB3YIOTCA pPE30HATOPEI,

Raomue BEICOKOI moOpoTHOCTHIO. (CylmecTBoBaHMEM HECHHYCOH-
AAIBHBIX KosteGaHmit 0GEIIHO MOKHO IpeHeGpeds.

'Iecnggssyﬂ% KOMIUICKCHEIM METOJIOM, 3aIHIIeM BEKTODH BJeKTPH-
W  MargENTHOrO0 TWOJEeH B  PpaccMaTpWBAaeMOH  JWHAR
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E=E,e& H=H,e", (2.5)

roe o — Kpyrosas dacrtora Koxebammii. IlojcraBisiss BHEIpasKeHUd

(2.5) B ypaBmenua (2.1) — (2.2), mocae muddepeHnmpoBaHuA IOdY-
YaeM:

rot H = ¢E - j weg, (2.6)
rot E = — jopp, H. (2.7)
Ypasuenme (2.6) MoskHO IIpeoOpasoBaTh K BUIY
ot H = (o jwze,) E = jwe'e  E,

rje & — KOMINIeKCHASI OTHOCHTENIbHAs [UANEeKIPHUIEecKas NpoHHAIae-
MOCTH C y4eTOM IIOTeph B Cpefe:

e =e—J] —. (2.8)
(DEO -
Taxum o0pasoM, IPHA OJHOPOIHOM H30TPOITHOM 3ATMOJIHEHIIH JHHIII

YPABHEHUS IMOJSI TMPHUBOIATCA K CHMMETPHYHOMY BHUIY OTHOCHUTEILHO
pexTopos I m H:

rot H = j we’s E; (2.9)
rot E = — j opp, H; (2.10)
div E = 0; (2.11)
div H=0. (2.12)

Ypasuenus MarcBenna Jerko cBogATCS K BOJHOBBIM ypDaBHEHHAM,
B KOTOPHIE BXOJUT TOJIbKO OAHH W3 BeKTopoB mous. Oupepensas H us
seipasennsn (2.10) u moacraBuaaa ero B (2.9), momydaem:

rot rot E = o?’spu E.

PackpriBasg BEIpaskenme, CTOAINEe B JIEBOH YaCTH IOJIYyYEHHOTO
ypaBHeHHUs, 110 opMysIe ABOMHOTO BEKTOPHOILO IIPOM3BENCHMSA MMEEM:

[ V[V E]] = graddiv E — div grad E = o%'e up, E.
Bsemem o6o3HaueHmE
wZe'e pp, = k7. (2.13)

(Dusnueckuil ¢cMBICI TOCTOAHHON 2 OymeT BBMICHEH B JalbHEHIIeM.
B cuny Boipaskenus (2.11) momyvaem BeKTopHOE BOJIHOBOE ypaBHEHIIC

div grad E + @?/e pp, E = 0;
"E+RE=0, (2.14)



Takoe ke ypaBHEHHe MOKHO IIOTYYHTh OTHOCHTENBHO BeKTOopa H,
ppraucisaa Bennaunny E m3 coorHomenmsa (2.9) m mojcraBuAs ee

2H + k?H = 0. (2.15)

Bce paccMOTpeHHBIe YpaBHEHWsI CIpaBeNIMBHL Jisi ni000# cucre-
MBI KOODAUHAT, IpPWIeM B 00IOEM CiIydae BeKTOPH BJIEKTPHUECKOTO
[ MATHHTHOTO IIOJell MOIyT WMMeTh 10 TPHW cocrasisomux. [Ipn

HCIOAB30BAHIN IPAMOYTOJLHON CUCTEMBI KOOPAMHAT
X
E=e [, ek el (2.16)

H=eM,}eH, eH, (2.17)

7 €x, €y, €, — eJIMHWIHbIe BeKTOPHl (OPTHI).

Ecau mopcraButh cootHomenusa (2.16) m (2.17) B ypaBHeHums
(2.14) m (2.15), To mocieaHne pacmafaloTCA Ha MIECTh He3aBUCHMBIX
( KQJISIPHBIX YpaBHEHUIl:

V2E, A RE, = 0; H, | RH, =0 ,

Bce ypaBHenma mMeloT coBepmieHHO ofnrHakoByn ¢opmy. Ciaemo-
BaTeNbHO, HAXOKJEHMEe OoOIMUX BHIPAKEHUI COCTABJIAIONINX IIOJA
B IPAMOYTOJBHOI cHUcTeMe KOOpJAWHAT TpeOyeT pemieHWsI OJHOTO CKa-
JigpHoro muddepeHnnaNIbHOT0 YPaBHEHASA B YACTHBIX IIPOM3BOIHBIX
THIa

®2I L RL L.,

rgje L —ogHa W3 COCTABIAIMUX DIEKTPUIECKOro X MAarinT-
Horo mons, T. e. Ky, By, E,, Hy, H, nuu H,.

HeoGxopuMo orMmermts, 4T0 B [PYrHX CHCTeMaX KOOPAMHAT,
HaOpuMep B MUIIMHEPHIECKON cucTeme, Bhipaskenne \/ 2 E umeer Goxee
CIOKHYI0 opMy W He JaeT CTOJb MPOCTHIX YPABHEHUI OTHOCHTEILHO
BCeX cocTaBiAIUX 1ModA. Pemenue ypaBHeHHA [JsA 3TOTO CJIyYasd
Oymer momasamo B pasjene, NOCBAIIEHHOM KpPYTIBM BOTHOBOJAM.
Onmako mpn pacemorpennm ofmux cpoiicts mepefafontux amamit CBY
AOCTaTOYHO OrpaHWYATHLCA aHAAW3oM ypasnenmit Tmma (2.18).

§ 22. PENIEHNE BOJIHOBOTO YPABHEHUS [JIS IPON3BOJbHON
HEPETAIONIEN JIMHUM

Bonxumosoe ypaBHEHHE, OIUCHIBAIONIEe 3JJIEKTPOMAarHUTHOE II0JIe

Hepenaromux amaumsax CBY, Bcrpeuaercs mpm paccMOTpeHHH MHO-

TIX sazmau ¢usurnm n piIeKTpoTeXHUKA. MaTeMarmueckoe peinneHne
~

B
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9TOr0 ypaBHEHHS MOKeT OBITh ITPOM3BEJEHO pa3fieleHWeM IepeMeH-
HHX 110 MeToRy Dypse.

IIpencrasum pemienme ypapHenms (2.18) B BuUAe IpoW3BemeHUA
COMHOKITONCH, Ka'KOBIA W3 KOTOPBIX ABIAeTcA (QYHKOUHEH TOIBKO
OIHO# KOOpAMHATHI MM BpEMEHH:

L = X (x) Y(y) Z(2) eit. (2.19)

3darem mpoumssefeM auddepeHIIPOBAHTE DTOTO BEIPAMKEHUSI M TIOJ-
crauM peaynsTaT B (2.18). Ilocme memenmsa oGemx dacreit ypaBHe-
HEUA Ha BeqmumHEy L (mpm atoM oTOpachIBaeTCA TPUBHAJLHEIN caydai
PaBEHCTBA TIOJIA HYJIIO) HOJNydaeM:

1 02X 2y 1 »Z
X o Y o T T

.y} (2.20)

QOyurmun X, Y, Z asuagorca B3aumMmHO HeszapucuMbIMu. Ilostomy
IJIS TOTO, YTOOBI CyMMa UIEHOB, HAXOMNAIIMXCA B JEBOW YaCTH BHIpA-
wenns (2.20), paBHsIAach MOCTOSHHO#M BeamdnHe, HEOOXOMUMO, 9TOOH
KRB W3 WIeHOB Take OBLI paBeH HeKoTopoil KoHcTamTe. [lpm-
PABHUBAA KaKJbI W3 YJIEHOB IIOCTOAHHON, 3aIHIIEM:

1 a2y
—)7‘ ——'y§ — —7]2; (222)
1 427 ,
7 dat V- (2.23)

IHocrosmusie E m m? 3pech 3amMcaHbl TPOMBBOIBHO CO 3HAKOM
MEHYyC, B oTimume oT mocrosHHO# y2. CymecTBeHHO# poim 9T0, ecTe-
CTBEHHO, HE WrPaer, IIOCKOJILKY IIOCTOSTHHEIC eIfe HEe OIPeIeieHEL.
Hexoropble ypnobcrBa Takoil sanmcH OyJyT BUAHBI M3 JadbHeimiero.

CBA3s MEKAY IIOCTOAHHEIMU &, M W Yy B cmiy BuipaskeHma (2.20)
QIpeIeNIIeTCS COOTHOIEHNEM

B2 — vyt = R (2.24)

Bripamennsa (2.21) — (2.23) csopmarcsa k auHEHHHEIM AuddepeHnn-
ATBHBIM YPABHEHWAM BTOPOTO NOPAJIKA, pEIIeHWS KOTOPHIX MOTYT
OHTH 3ammMCaHBl B CIEYIOIIEM BH[E:

X = C,el%* + C,e 7, (2.25)
Y=CyeW + C,e 7 (2.26)
L =Cze% 4 Cye 2, (2.27)
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TaxuM o6pasoM, ¢ yuerom coorHomeHus (2.19) momyweno peme-
paue BOIHOBOTO ypaBHeHms (2.18) pmuna mroboit w3 cocTaBIANIIAX
Ex; Ey’ Ezl Hx’ Hy H Hz-

TIpencTaBiusercs yROOHBIM IIPOMBBECTH HEKOTOpble HpeodpasoBa-
pusA, WMeA B BHAY, YTO 0oCh 2 BHIOpaHa B KadYecTBe HAIPaBICHUS
pacIpOCTPAHEHNUs BOJHEL Comuoskmrenm X m Y MoKHO mIpepcTa-
sATh B TPHIOHOMETpHYECKod ¢opMe, B To BpeMs Kak (yHKIuo Z
oCTaBUTH B IOoKasarenbHoil ¢ropme. Ilo dopmyne Oitmepa m3 BBEIpaske-
nus (2:25) momygaem:

X =(C,+Cy)costx +j (C,— Cy)sink x. (2.28)
Iociemnee ypaBHeHHe MOJKHO IIPENCTaBUTH TaKMe B BHJE

X =Acos (Ex — o), (2.29)

rre A W @ — HOBBEIe HOCTOSTHHEIE B3aMeH HocTossHHEIX Cp m Co.
AnanormunsiM 00pasoM MOJIYYHM:

Y = (C; + Cy) cosmy + j (Cs — C4) sinmy (2.30)
I

Y = Bcos(ny — {), (2.31)

rge B m { — mocTosHHbIe, BBeNeHHbIe B3aMeH KoHCTaHT C3 m C.
IMogcrasum Beipaskenms (2.29) m (2.31) cosmectHo ¢ (2.27)
B ypasuenue (2.19). Torma cramsp L oraspiBaeTcsi PaBHBEIM

L = D, cos (ix — @) cos (ny — b) el
== Dj cos (Ex — o) cos (ny — §) e/ot+ie, (2.32)

rie Dy uw Dy — HOBHIe mocTosHHEIe, oObemumusomue A, B, Cs u Cs.

Ilonyuennoe pemenwme pacmagaercsa, TAKAM o0OpasoM, Ha JABa cla-
raeMBbIX, OTIMYAIONIUXCSA JWIIb aAMIIATYAAMHA W HAIIPABJIEHUEM OTCYe-
Ta 1O ocW 2. JTO peIIeHWe [aeT, KaK HETPYJHO BHUMEThH, [ABE BOJIHEI,
pacipocTpaHAIMAECS B NIPOTHBOIOJOKHEIE CTOPOHEI BJOJL OCH
JIUHNMN,

i paccMoTpenna CBOMCTB JMHAH MOKHO OTPAHMYHTHCH AHAJIHU-
30M Jmmb oxHoil m3 aTHX BoaH. DHW3WUYeCKH 5T0 03HAUAET, UTO pac-
CMaTpuBaercsa 0eCKOHEYHO [JIMHHAS JMHMSA, He MMEIOmasa oTparKeHHOM
BonHH. B panpHeiimeMm, Korga motpe0yeTcss ydueT OTparkeHHBIX BOJIH,
MOKHO OymeT I[eIMKOM BOCIIOJL30BATHLCA pPe3yabTaTaMd AHAJIHE3A
BOJH, pacnpocTpaHAMAXCA B «IPAMOM» HAIIPaBJICHAM.

TgREM 00pa3oM, pelneHHe CKAJAPHOTO BOJIHOBOTO YPABHEHHA [JIA
To6oit w3 COCTABIAIIINX ITONA Oerymieil BOJHEI mMeeT OOIWI BUJ

L = Dcos (Ex — o) cos (ny — b) e/ot-1z, (2.33)
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RoncranTsr & n m, BXofgmue B 5TO BHIpa’KeHNE, ONPENENAIT I3-
MeHeHme (BapHAIlMIO) BJIEKTPOMATHATHOTO ITOJAA B INIOCKOCTH IOIE-
PeUHOr0 CeYeHHs paccMarpmBaemoin amHum. IlosroMy & m m wacto
HA3BIBAIOTCS NONEPEeUHbIMU G60AHOGbIMU YUCAAMY TIePeAIoNell INHNII.

Wrorma mpm mHammcaHmm ofmiero pemeHuss ypaBHeHHA (2.18)
MCIIOJNB3YIOT HECKOJIBKO HHYI (opMy, HMCXONAMYyI0 W3 BHIpaKeHUIl
(2.28) m (2.30). IlocrkombKy wW3MeHCHHMe HOIA BAOIb Oceil £ @ ¥,
COITACHO HTUM BHIPAKEHWAM, ITPOMCXOMAT II0 (DYHKIMAM CHUHYCOB
11 KOCHHYCOB, MOKHO COKpPaI[eHHO 3aITACATh:

COS oS
L =Dy, (5x) i (ny) &1, (2.34)

B manpHeiimem OymgeM mcmonb3oBaTh 06e (OpMBHI 3ammcH ypaBHE-
HOH 0N, COOTBETCTBYMOIIUE BEHIpakeHmaAM (2.33) m (2.34). Ilpn

HeoOXOMMOCT! peNIeHne BOJHOBOTO YPaBHEHUA MOMKHO 3aIHCATh
TaKKe B BHJE

L =F(x,y)ewi-z (2.35)

roe F (z, y) — Pyuruua pacimpemelneHus OIS B INIOCKOCTH (DPOHTA
BOJIHEI, He 3aBUCANIAA OT KOOPAUHATEHL 2.

Taroro pemeHusa B BuAe Oerymeil BOJXHBI MOKHO OBLIO OKHAATH
HasKe M3 YMCTO KAYeCTBEHHBIX CcoOOpasKeHWi, YyUYMTHIBAas 3alla3mblBa-
HUe IIPW PACIPOCTPAHEHHHW BO3MYINEHWs BJIOIbL JIWHUM.

§ 23. ®PA30BAA CHROPOCTh W IJIUHA BOJHBI B IIEPETAIONUX
JUHNAX CBY

Pemenne, mpoBefieHHOe B mpepsimymieMm maparpade, IOKasbIBaer,
9TO B Pe/KHMe YCTAHOBWBINUXCS TAPMOHMUECKUX KoJie0aHWIl B mpom3-
ROJIBHOM OMHOPONHON Iepefalomeil JIWHNUHA BEKTOPHL 3IEKTPAUIECKOTO
I MArHUTHOTO IToNeil Gerymeidl BOJIHEI MOTYT OBIThH UPEJCTABICHLI

B BHupge. s
E=E, (x,y)e %, (2.36)
H=H, (x, y) et (2.37)

3hech Y ABIAETCA NOCTOAHHOL PACNPOCTPAHEHUS paccMaTpHBae-
MOT0 BOJHOBOTO mmpomecca. PmamuecKmil CMBICA €e BBIACHACTCH cJe-
nytomuM obpasom. Ilomaras B oOmem ciaydae

=at 8, (2.38)
HAIIPEMeD, IS DIEKTPUYECKOro IO B JIMHAH IONydYaeM:
E=E, (x,y)e el (v1=52), (2.39)
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Bexnunnaa o 00yCcIOBIMBAET 3aTyXaHUe BOIHEHI, T. €. YMCHBUICHHE
aMILIUTYARL BIONL och 2; B asisercs ¢asoBoil mocrosaHol. Caemo-
paTeJbHO, IIPHW YMCTO MHUMOM BeJIWYWHE Y BOJHA PACHPOCTpaHIETCHA
proab amHUN Oe3 3aryxamua. llpm umero meiicTBUTeNBHON Y pacipo-
CTPAHEHASA BOIHBI He IPOMCXONUT. JIEKTPOMATHHTHOE IIOJe 3aTyXaer
[(pH 9TOM BJOJb OCH Z IO DKCIIOHEHIIMAJbHOMY 3aKOHY 0e3 chapura Io
dase.

(DazoBas CKOPOCTH BOJHBI, paciipocTpaHsoOIedica M0 JWHAU, HMe-
eT CMBICI CKOPOCTH IEpEeMeIeHUs BIOIL OCH Z «Ipe0HA» diIeKTpude-
CKOTO WJIN MATHHTHOTO II0JA WIA J000ro [pyroro BOIHOBOTO
¢poHTa, XapaKTepHayIerocs mocTogHcTBoM (assl Boausl. W3 yciro-
BIsI HOCTOSTHCTBA (Pashl B BhIpasweHm:m (2.39) ciexyeT sammcarthb:

wt — Bz = const.

Hduddepennupys mociefgHee BeIpaykeHne, TOIyIaeM:

daz w
__ QR . —
wdt = Bdz; T

Tarum oOpasoM, ¢aszoBasg CKOPOCTh BOJIHHEI Uy B CaMOM o0meM
caydae ompefieliieTcsl YpaBHEHTEM

V= ;’ . (2.40)

Ilonatme a3oBoit CKOPOCTH MPUMEHMMO TOJIHKO K MOHOXpOMATH-
YecKOMy KoiebaHWIO, T. €. K UYACTO CHHYCOWAATLHOII BOJNHE, XapaKTe-
pu3yeMoil 0OfHAM 3HAUYeHWEM JaCTOTHL O.

YT06BI yuecTh BCe BO3MOKHBIC pEIIEHWs, HE CIeTyeT 3apaHee
moyiarath (pasoByI0 CKOPOCTL BOJHEI PaBHOH CKOPOCTH CBeTa B CBO-
Oomaom mpocrpamerse. Torjga 1o CMBICIY IMOHATHSA [UIHHL BOJHBI, KaK
I[yTH, IPOiileHHOr0 BOJHOH 3a mepmox I', MOKHO 3ammCATh:

Vo= L = by =1y, (2.41)

’

<

re v — gacToTa KojJebaHWi, 2y,
' Ay— INWHA BOJHH IPH [AHHOH dYacToTe B paccMaTPHBAEMOM
nepegamIel JIUHNAM.

Unpexc «B», KOTOPHI OymeT WMCHOJIbL30BATHCA B NAJIbHEHNIEM, OT-
HOCHTCA K CIOBY «BOJHOBOIY.

Yepes A Ges AHIeKca Oymer 0003HAYATHCA MJIMHA BOJHEL B CBOOOJI-
HOM IIpoCTpaHCTBE, He 3AIMOIHEHHOM JWIIEKTPHKOM. OTO BOIHA IIOJI-
basymeBaercs Bcerja mpm yKasaHEU IapaMeTPOB TEHEPATOPOB, PAIHO-
CTAHONU, IPA TpafyHpoBKe PE30HAHCHLIX BOJHOMEDOB H T. J.

JAeyeT OTMEeTHTh, YTO, AOIYCKas B o0mieM ciydae HEpPaBeHCTBO
%?;IEE:&IX HGROpOCTeﬁ B JAHHOW Iepefjaiolied JWHAM H B CBO-
PocTpaHCTBe, HeOOXOJHMO [ONYCTHTh MW HEPaBEHCTBO
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COOTBETCTBYIOIAX JJIMH BOIH A, M A. TeM caMBIM HeoOXOREMO OTKa-
3aTHCA OT IPHUBLIYHOTO ITOCTOSHCTBA JUIMHEL BOJHBI, KAK KOHCTAHTEI,
ONHO3HAYHO XAPaKTePM3YIOIell HMCTOUYHWK KoJeOAaHMH W IIOJHOCTHIO
sameHaomeit gacrory. HeoGxommmocThs Takoro oTkasa Oyaer sAcHa
U3 IOCIeAYIONMIero M3JI0KEeHUS.

Comocrasias sepaskeHnsa (2.40) m (2.41), morydaem:

B = i—“ (2.42)

Qaszosaa nocrogHHaa P, BXomamas B ypasHenms (2.38) — (2.40)
m (2.42), xapaxrepmayeT W3MeHEHHe SJIEKTPOMATHHATHOTO IIOIA
B IPONOABLHOM CEYEHHH PAcCMATpHBAaeMOil JIWHWHM ¥ YacTo Ha3bIBa-
eTCSA NPOJOALHBIM 80LHOBLLM UUCLOM.

Jns HaxomeHWs BeAWIMHBI (Pa30BOH CKOPOCTH o0paTHMCA CHOBA
K BOIHOBBIM ypaBHenmam (2.14) m (2.15). SaBmcmMocTe HOIA OT
KOOD/MHATH 2 ompefenserca mo seipayxenmio (2.36). IIpomssoms ero
nadepernmposande 0 2 ® IOJCTaBIAA pesynsrar B (2.14), mra
BEKTOpA DIEKTPUYECKOTO IIONA IIONYyJaeM:

0?E | 02E

IlepBrie mBa wiIeHAa B 5TOM ypPaBHEHWN IIPEJCTABIAIOT ABYXMEPHEIHA
JaliacumaH B INIOCKOCTH IIOIIEPEeUHOro cedeHmA JuHNU. BBemem o6o-
3HAYeHHE

Vi E=22 4 %E? (2.43)
Ncnonpsys pTo B ImpeArAylneM BHIPAKEHUH, TTOTYIHAM:
Vi E + (B2 + 1) E=0. (2.44)
Ananormano pansa Bexropa H:
V2, H + (k2 + y*) H = 0. (2.45)

Ionyuennsle ypaBHeHHA MOTYT OBITH HCIOOIB30BAHHI A OLpefe-
JeHWsA (asoBOl CKOPOCTH B IPOW3BOJALHON Iepefalomieil JIWHUM,
OrpanmgmMcs peKEMOM PAcIIPOCTpaHEHNWsA BoxH 0e3 saTyXaHms, T. e.
cryzaeM y=jfB. Torga mpoBOJEMOCTE CpeABl O CIEAyeT IIOJOKATH
paBHOH Hymo. [Im3jeKTpEdecKas IPOHANAEMOCT: & B BHIPAYKEHHN
(2.8) oxasereaerca pasmoit &. Ilocrosmmas k m3 ypasmemma (2.13)
ONIpeHeNsAeTCA Teleph COOTHOMEHAEM

k? = weeypp,. (2.46)

Paccmorpmm Ba Hambonee THnmunbX ciayuas. OOparuMmces cHavasa
K pacIpoCTPaHEHMIO INIOCKOH BONHEI B IPOCTPAHCTBE, HE OrpPaHWYECH-
HoM IposomEmKamu, Torna
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E==f(x,y); H#7(x,y)
7, CIAe0BaTEeIbHO,

APl

CoriacHO BOJHOBHIM ypaBHeHWsaM (2.44) m (2.45) mpm mouxe, OT-
“jmuHOM OT HyJs, yciosue (2.47) maer:

RP4-qr=0; k2—B=0; k=8

OTpHUraTedbHBI 3HAK B MOCHENHEM BHIPAKCHHN He YYTeH, Tak
KAK OH COOTBETCTBYeT IWIIb W3MEHEHWIO HAIIPABIEHUA [IBHKEHUS
ponnbl. Bemmumma % wussectma m3 (2.46). CuemosaTenbHo, [
IUIOCKOM OJHOPOJHON BOJHEI B MPOCTPAHCTBE, HE OTPAHHYEHHOM IIPO-
BOJTHUKAMU,

B=k =0 ) eopm,

OTKyZa B COOTBETCTBHH ¢ ompepencuueM B mo (2.40) mmeem:

o 1 ¢
V ecaping Ve

JTOT pe3yJabTaT, M3BECTHHI W3, OCHOB JJIEKTPOTEXHUKH, TOTyUeH
KaK YACTHBIM clydail obmeil Teopmu. [[nsa cBOOOZHOTO IIPOCTPAHCTBA
1pn e=p=1 pazoBasg CKOPOCTH BOJH paBHA CKOPOCTH CBeTa C:

Vg (2.48)

1

c = ; c=3-10° M/cek. (2.49)
V Eolo
Corunacuo coorHomernusM (2.46) u (2.49) “
k=2 Vea=2 Ve - (2.50)

]

Tem cambiM BBISCHSETCH (YUBMIECKMIA CMBICI IIOCTOSHHOU %2, (hop-
MajJgbHO BBefleHHOH# paHee B BOIHOBHIe ypasHeHmsa. Oma sBisercs
TIPOJIONLHBIM BOJTHOBBIM UHWCJIOM JJISI IIPOCTPAHCTBA, HE OTPAHHMIEHHO-
T0 IIPOBOXHUKAMM.

Ilepeiiem & paccMoTpeHmI0 BTOpPOTro, Goiee o0mIEro ciIydas Iepe-
Aaomeil nuHuu. BHIACHAM, MOTYT JW II0 JIMHAH PACIPOCTPAHATHCA
BOMHEL, ()a30Basi CKOPOCTh KOTOPHIX OTIMYAETCH OT CKOPOCTH CBETA.
Cormacno mmrpascenmam (2.44) m (2.45), HEpaBEHCTBO BONHOBEIX
qucern X u B, meo6XoaEMoe IS CYIIeCTBOBAHUA BOJIH C JJINHON BOIHEL
%8, OTIMYHOE 0T A, MoKeT OBITH YJOBIETBOPEHO JHINb IIPH YCIOBHH

Vi, E£0; Vi H=0. (2.51)
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Ilpm arom k2+4+y2 =0 u k2—p? = 0. Beegem oGo3HaweHme
R =k (2.52)
N .
7= — R+ k. (2.93)

Hepes k%), B 9THX BEIpOKeHHAX o0003HaYeHA HEKOTOpad, IOKa
OopMaNLHO BBeJeHHAs KOHCTAaHTa, He paBHAsd B pacCMaTPUBAEMOM
clydae HYJIIO.

QxS — 2w "
Ilockonsry k = TV sp n P = <—, TO U3 coobpaKeHuii pasmep-
‘B
HOCTEH MOKHO 0003HAUYUTE:

Fp = —, (2.54)

rge Ay, — HOBBIH, IOKA IPOW3BOJILHBIA HapaMeTp, UMWl pas-
MepHOCTh mamusl”. VIHAeKC «Kp» yYKaswpiBaeT Ha (KPUTHIECKWil» Xa-
paKTep KOHCTAHT Ry, W Ayp , KOTOPHIe, KaK OyHeT MOKa3aHO HAAJbINe,
OIPefes 0T caMy BO3MOKHOCTh PACHpPOCTPAHEHWS BOJHHI IO JHHUU.
IMoycraBnasa seipaskenue (2.54) B (2.592), momydaeM:

(27:)28 (211)2__ 27:)2
}\. P‘ )\B o ( )\KP *

Orciofja erKO MOJYyYUTH BasKHOE ypaBHEHHWE, OIpeJelaiornee -
HY BOJHBI BO BCAKOM OIHOPOIHOU Iepefaoniey INHAN:

) = h (2.55)

B ]/ N \2
St

Boapmoe mpakTmuecKoe 3HAaUYeHUWe HMMeeT CAydail [AWIIEKTPHUKA,
st koroporo e=p=1 (BakyyM miam, mpaKTHYecKH, BO3myX). Torma

), = ! e
Vl“—(';\;;)

Uz ypasuenmit (2.55) m (2.56) wMmoxHO ompemenurs (pasoByio
CKOPOCTH BOJHH, pacHpocTpaHsiomelicA mo Iepefalomieil IHHAN:

(2.56)

'Uq_) pam— )\B\);

V= (2:57)
V(i)

* Cayuaii, Korfa Axp SBASETCA MHAMOHM BeamuuHOR M k%xp <0, paccmarpm-
BaeTcsA B I 11, mOCBAMEHHON 3aMeIIAIOINM CHCTEMAaM.
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B cayuae BAKYyMHOTO HallOJHEHUA HMEeM:

4 =
Vg = —— 2.58

. — 7\Kp
BMecTO0 KOHCTAHTEI 7\‘Kp nHOTrJa ORa3biBaeTcda YI(06H51M BBECTHU

HOBYIO KOHCTAaHTY Vyp, MMEIOIYIO DasMEpPHOCTH YaCTOTBHI W CBA3aH-
HyIO CO CHOpPOCTHIO CBETa B CBOﬁO,I[HOM IIpoCTpaHCTBE COOTHOULIECHHUEM

¢

Vicp — 7:(;. (259)

Torjja OpEM BaKyyMHOM HAIOJIHCHWN IWHWE ypasHeHHe (2.58)
Jaer:

c
(Ucb: ———T——Z-.
V()
v

IlonryuenHBle ypaBHEeHHWS IOKAa3hIBAIOT, YTO B 00meM ciaydae a-
30Basg CKOPOCTH DJIEKTPOMATHWUTHHIX BOJH, HaUpaBIIeMBIX Iepefaro-
meil IMHIel, MOMKeT OTJAWIATHCA OT cKopocTu cmeTa. [lamee, ¢asoBas
CKOPOCTH 3aBUCHUT OT 4acToThl Koaebamwmii. Ilo amamormm c omrTHKoii,
B BTOM CIydae ciefyer rosoputb o ducnepcuu. CymecTBoBaHHe AMC-
HepcuHd, T. €. 3aBUCHUMOCTH (PasoBOil CKOPOCTH BOJHLI OT YaCTOTHI,
urpaer BaykHedmyio pois B Texumke CBUY m ocoGemHo B 3jeKTpoBa-
KyyMHEEX npumbopax GBUY. 91o smaeHme Oymer paccMoTpeHo HOApOO-
Hee B JaJIbHEHIIeM.

ITpn BaxyyMHOM HAIIOJIHEHUH BOJIHOBOTA (PasoBas CKOPOCTH BOIHLI
cornacHo ypaBHenmio (2.58) Bcerma mpeBbIIIaeT CKOPOCTH CEeTa C.
Pasymeercs, HUKaKOTO KOH(IWKTA ¢ TEOPHEH OTHOCHTENLHOCTH 3[€Ch
He mpomcxozur. Kak m B caywae Ji00bIX BOJH, (a30BYI0 CKOPOCTDH
JeTKO H3MepHuTh, Hampumep, MHTePPEPEHIMOHHBIME MeTOAaMu, T. €.
IPOCTO co37[aBas CTOAYYI0 BOJHY. UTo Kacaerca CKOPOCTH Iiepefadn
CHTHaJIa UM CKOPOCTH [BIDKEHHSA SHEPIWHW II0 JWHAH, TO OHA IO
PeIATHBHCTCKUM IPHHIUIIAM He MOKeT IPEBHIMIATh CKOPOCTH CBeTa.
JTOT Bompoc 3acay:kmBaer ocoforo paceMorpenma (cm. § 2.6).

4

(2.60)

§ 2.4. MUCHEPCUS B NEPEJAIOIIMX JIVMHUAX CBY

Hpoananusmpyem pmmenepcmomHEle ypasHeHma (2.55) — (2.58)
n  (2.60), xapakrepmsynomme szasmcumocTH Uy =f(A), A,=f(A)
" Ugp=f(v). , .
Ha pme. 2.2 nmorasanm rpadux == =f (A_)’ IHOCTPOEHHBIA 110
Kp

v v
Ypasrenmio (2.56). 3asmcmmocThb _c_q_> =f (T)’ ompepeigeMan
Kp

YpaBmenmem (2.60), mso6paskena rpadmueck:m Ha puc. 2.3.
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Ilpm namHe BOMHEI B CBOGORHOM IPOCTPAHCTBE A, MHOTO MeHbIHieij
KOHCTAHTHI Ap, COLIACHO BHIpaskeHMI0 (2.56), fuumHa BOJHEI B JINHWR
A, ctpemurcsa kK A. DasoBas CKOpPOCTL HPH 3TOM, KaK HOKA3LIBAeT
cootHomenme (2.58), cTpeMuTcs K ckopoct:m cBera c¢. llpm A=},
u V=", 3HaMeHaTens Beipakenmit (2.56), (2.58) m (2.60) obpama-
erca B HyIb. [lnmHA BOMHHI A, M pasopas CKOPOCTH U4 CTPEMATCH
k Geckoneunocts. Haroner mpm A>A,, U v <V, BHpaskeHus daso-
BOW CKOPOCTH M [JIMHBI BOIHBI CTAHOBATCSA MHUMBIMU.

CMBICT MHUMBIX BOJIMYUH Ay M Uy JIETKO BBRIABIAETCS U3 BEIPaKe-
wmit (2.36), (2.38), (2.40) u (2.42). Ilpm sTux ycaosuax ¢asosas mo-
CTOSAHHASL [ TaksKe CTAHOBHUTCA
MHHUMO#, W IIOCTOAHHAS DAaCIPO-  Up/c
CTPaHeHWS Yy CTAHOBHUTCA MeHcT- 4

BUTEJILHON BenmamHOU. B pesyis- W
TaTe moJie B BOJHOBOJE 3aTyxaer }
l
15 ‘ J t
7 - &7
! | \Zry/#ﬂ
‘ |
|
Vx;f" #0— ! :
VA0 Vau 0!
2 %qp ! |
2 -
} ]
0, 09 10 15
Puc. 2.2. 3aBmcHMOCTSL [JIH- Puc. 2.3. 3asumcmmocTh (Has30BOi
HBl BOJNHBI B Iepejpaiomiei CKOPOCTH BOJHBL B Ilepeparomeit
JWHAH OT JJUHL BOJHEI B JUHAA OT 4YacTOTH B CIydYae BaKy-
cBOOOTHOM HIPOCTPAHCTBE B YMHOTO HamoNHeHHA (e=p=1)

cayvae BaKyyMHOTO HAmoJd-
Henua JuHEH (e=p=1)

10 HKCIOHCHIAILHOMY 3aKOHY BMOIb ocH 2 0e3 m3MeHeHmA mo (ase,
1 pacmpocrpaHeHume BOJHHEL mpexpamaercsa. Ciaexyer ocobo Hmopguepk-
HyTh, 9TO HTO 3aTyXaHWe B JAHHOM CiIydae He o0yCIOBIEHO IOTeps-
MH B BOJHOBOJE, IIOCKOJLKY B caMoM Hadaie maparpaga OBLIo mpef-
noxokeno y=jf m a=0.

Taxkmm ofbpasom, Beamuumua A,,, BBeJeHHadA (OPMAJILHO, HMEET
COBEPINEeHHO oIpefeNeHHBIA guamueckuit cmeicn. OHA ABIAETCA KpU-
TUYECKOU, WIn npedenvHoll INJIWHON BOJHLI, W3MEPEHHOI B CBOOOJZHOM
IPOCTPAHCTBE, IIPH KOTOPOil NMpeKpalaeTcsa mepefada BOJH II0 JWHAHA
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p caydae eaxyymuozo Hanonnenus (e=1, n=1). Coorsercreenno se-
qUUAHA Vip HOKHA DAaCCMATPHBATHLCA KAaK KPUTHYECKAST YacTora.
prmsgHue AUDIEeKTPUYECKOT0 HAIOMHEHHA HA pAacCIpocTpaHeHHEe BOJIH
GyzeT PaccMoTpeHo B § 5. 5.

VI3 paccMOTPEHHBIX COOTHOMIEHUIT MOKHO CeNaTh BaJKHEII BBIBOA,.
YCIOBHAMU PACIpPOCTPaHEHUA BOJH IO BCAKOHW JWHWH ABIAITCA
pepaBeucTBa

A < )‘}sp; (261)
V> Yoo (2.62)

Jmanason BomH A>A,, W gacTorT v<Vy, HasblBaeTca 00.4acTvio
oTceyku. B BTOM pe)KkmMe JIMHUS ¢ BOJHON paccMaTPHMBAaeMOTo TUma He
MOKeT OBITH MCHONB30BaHA JJIA epeadyy dHEepruu.

Kpurnueckass [juHA BQIHBI W KPHTHYECKAS dacTOTa B3aBUCAT OT
pasMepoB M KOH(QUIypaluu IPOBOJHUKOB B IOHEPEYHOM CeUeHHH
JHHAT U 0T (DOPMBI CHJIOBHIX JUHWI 9JIEKTPHIECKOTO M MAaTHUTHOTO
1oJed. ITO BUHO M3 TOTO 0O0CTOATEIHCTBA, YTO B OCHOBE JHCIEPCHOH-
HBIX ypaBHeHuil mexar ycaosusa iy B0, iy H# 0. Ognaxo Beau-
YHHEL V¢, U A, HEKAK He 3aBHCAT OT YACTOTH KoJeGaHmii reHepaTopa,
pHepPTUA KOTOPOro IepefiaeTcsa MO paccMaTpHBAEMOU JWHWM.

Taxum o0pa3oM, mOJyYeHHBIE 3aBUCHMOCTH YKa3bIBAlOT HA CYIIe-
CTBOBaHUE IBYX KJIACCOB DJIEKTPOMATHUTHHIX BOJH. C OfHOI CTOPOHEL,
BO3MOKHBI BOJHBI, He MMEIOIIWe MUeNepcuu, A KOTophix ¢asoBas
CKOPOCTH PABHA CKOPOCTH CBETA W He 3aBWCHUT 0T YacToThl. Hpmrmue-
cKas [IMHA BOJHBI i HUX paBHA 0ECKOHEYHOCTH, KpHUTHYecKas da-
CTOTA paBHA HYJI0. YCI0OBHEM PACIPOCTPAHEHWA TAKUX BOJH ABISAET-
cs1 PaBeHCTBO HYJIO JAILIACHAHOB SIEKTPHYECKOTO W MATHATHOTO
noJeil B MONEPETHOM COUCHWN JIMHUH.

C mpyroit cTOpoHEI, IMeeTCs KiIacc BOJH, 001aTal0MuX PE3KO BEIpA-
REHHOU mucmepcueil mpu (pasoBoil CKOPOCTH, NPeBHIMAIOIEN CKOPOCTH
CBeTa B JAaHHOM JAWDJIEKTPUKE. JTH BOJHBI MOTYT PaclpoCTPaHATHCA
JUIOL HA YACTOTAX BHINIE€ HEKOTOPOW KPUTHUECKOI YAaCTOTHI, SBIAIO-
Mecss KOHCTAHTON [AJiA MAaHHON JUHUA HPW JaHHOI KoHQUTryparuaa
nona. RpurepmeM cymmecTBOBAHWS TAKWX BOJH SIBIAETCA HEPABEHCTBO
HYJIIO0 JIAIJIACHMAHOB TOJA B TJIOCKOCTH ITONEPEYHOTO CeYeHWsT IUHUM,
T. e. ycaosde (2.51).

Hucnepcua soam B Boamosommuix guumsax CBY obmagaer mBymsa
XapaKTepHHIMU 0CO0CHHOCTIM.

Rax summo m3 pme. 2.3, dasoBasgs CKROPOCTH BOJHBEI YMEHBINAETCA
€ pocrom wacrorsl. Takas sKe 3aKOHOMEpHOCTH, HabJaOmaeMass B ONTH-
K€ UPM mpoxoKIeHnn cBeTa Yepe3 OOMbIMUHCTBO BeIeCTB, HA3LIBAETCS
Hopmaavhoill ducnepcueti. Hamporns, anomarvras ducnepcus B ONTHKE
COOTBETCTBYeT CIywalo, KOTHa HAa HEKOTOPOM ydacTKe JacToT gasoBas
CKOPOCTH pacTeT ¢ yBeJIWYCHHEM YacTOTHI. ¥ Ka3aHHBIe TeDMUHEL IIPH-
HATO WCIIOAB30BATh TAKKE M OPHMEHUTEIHLHO K IEpeJalIfAM JHHHAM
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CBY. Tarkum o6pasom, MOKHO YTBEPIKIATh, UTO JUCIEPCUSA BOJIH
B OJTHOPOAHBIX BOJHOBOAAX SBJIAETCS HOPMAaJbLHOM.

MosxHO 0OTMETUTE U IpYroe 06cTOATENLCTBO, UTPaloIee, HA MePBLIi
B3TJIANl, BTOPOCTEIeHHYI0 POIb M ABIAIOIIEECT HOYTH CAMOOYEBUIHBIM.
Hanpasnernue ¢asoBoit CKOPOCTH B BONHOBOMAX COBIAJaeT ¢ HaIpas-
JieHWeM JBIKeHHS JHEpruu. YciaoBumMcS B JajbHEUImeM Ha3HIBAThL
TaKyl0 JUCIEPCHI0 ROLOMUTEALHOU WIN RPAMOL, B MPOTUBOBEC OTDU-
yareabHoll WIN 06paTHOU AUCIIePCUH, TTPH KOTOPOil (Pa3oBasi CKOPOCTE
HaIopaBieHA HaBCTPeUy NBIKeHUIO dHepruu. IloHaTns moIoKuTeasHoil
U OTPHUIATENLHON [UCIEPCUN IIPUMEHSIOT B TAKOM BHE TOJILKO B TeX-
HUKe CBEPXBBICOKMX YacTOT.

CrmemoBaTenbno, B paccMoTpeHHBIX mnepermammux Jjunnmax CBY
(BorH®BOMAX) CYIIECTBYET HOPMAJbHAA, MONOKHUTENbHAA (TpAMast)
mucnepcusa. HamomawmM, uTo Bce paccykaeHus ObLIM OCHOBAHHI Ha
IPeNuoNOKEeHNN 00 OTHOPOMHOCTH mepepaiomieir numHmu. Har Oyner
OKAa3aHO B JajJbHelIneM, Ipm HEKOTOPHIX YCIOBUAX B HEOTHOPOMHBIX
muausax CBY (B mepwopmueckmx 3aMe[isSOIMAX CHCTEMaX) MOKET
IMeTh MecCTO aHOMaJbHas orpumarenbHas (o0paTHas) mucmepcus,
yrpaiomas BAJKHYI pOJIb B COBPEMEHHBIX 9JEKTPOHHBIX IIpmOopax

CBU.

§ 2.5. CBONCTBA [JUCIHEPCHBIX BOJIH

Hanbonpmuii wHTEpEC IJIA AAJIbHEHIIEr0 W3JA0KEeHWS NpeICcTaBis-
IOT BOJIHBI ¢ JUCIIEPCUEeH, KOTOPhIe MOTYT CYIIECTBOBATHL JWINL IPH
NOCTATOYHO BBICOKMX "acToTax. OOpatuMca K 0Co0eHHOCTAM CTPYKTY-
PBL IO 9TUX BOJIH.

B mauame amamuwsa o0mqux croiicTB mepemaronqux numHmi B § 2.1
OBLIO TIPEJANOJIOMKEeHO, YTO CYHM[eCTBYIOT BCe IINECTh COCTABJIAIOIIX
9IEKTPUIECKOTO W MAaTHUTHOTO TOJieit 1o TpeM ocAM kooppmuart. Opn-
HAaKo clIeflyeT yd4ecTh, YTO B OOBIYHBIX IepefaloluX JIWHUAX (ABYX-
IIPOBOJHEBIX, KOAKCHAJHHBIX) W B CBOOOJHOM IIPOCTPAHCTBE IO MMe-
IOT YUCTO IONEePEeYHLII XapakTep W TPONOJBHBIE cocTapisgiomue £,
m H, B mux orcyrcrBywr. [losToMy mpepmcraBisger mHTepec Bompoc,
NOJKHO M BBHITIOAHATHCS PaBEHCTBO HYJI0 cocTapiastomux F, n H,
TaKKe W B IMHAAX JUCIEPCUOHHOTO THIA.

Jlns orBeTa HA DTOT BOUIPOC CHOBA OOpaTHMCSI K MCXOJHBIM ypaB-
HenmaM MaxcBemna [jis rapMOHWYECKH H3MEHAIOIMUXCA moJei. Ecan
OTBJIEYLCA OT AKTHUBHOW IPOBOAMMOCTH Cpejbl, 3aIOJHAIOMENR Ipo-
CTPAaHCTBO MEKIY IPOBONHWKAMY JHHWH, To ypaBHeHuUs (2.6) m (2.7)
MoryT OBITH IepenMcaHbl B BHE

rot H = j wee  E; (2.63)

rotE = — j opp, H. - (2.64)
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PackiIafbiBasi BHIPDAsKEHUsS POTOPOB IO OCAM KOOPAWHAT, TOJIy-
gaeM:

e, e, e,
’ 0 0 0
rotE =| 557 oy oz |
E, E), E,
0E, OE, _
rOth“‘“;——(); — Jopp, M
0E oE .
rOty E = ()zr F;z — J Oy, Hy,
- 0Ey,  0E, _ ,
rot, E = ax oy = — jopp, H,;
OH, OH, |
rot, H =%y 0z = Jwegg £
_ 0H, oH, . - ]
I’OtyH_“‘a—z——“—()—x———]UcuOEy,
OH, O0H,
rOtzH — Ox - dy :.] weso EZ'

]
BerueauM w3 3THX ypaBHEHHWIT COCTABIAKIOHAE DIEKTPUIECKOIO
11 MAarHUTHOTO TIOJIeH, MCHOJNb3YsA M3BECTHYIO 3aBHCHEMOCTEH OT KOOPJIH-

natsr 2 mo Beipaskenmoo (2.35). Ilocne muddepernmporanus ero mo
< HAMeeM:

C OH,
Ep=—] = (SF+1H,); (2.65)
: OH.,\
Ey=J o (1 Ho+ S5 (2.66)
o OHy  OH.y\
Ez'—"—__/ weeg (()x _ ay ), (2.67)
.1 (0E, _
He=) o (32 +1E); (2.68)
: OE,\
Hy = —J == (1Et G5)5 (2.69)
.1 (0B,  OE,
H, =] -5 (ax — 35 ) (2.70)
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BripasuM mnomepeunbsle cOCTABIAANONIME HOIAA Uepes IIPOJOJIbLHEIE
cocTapasmionmue. [Iag artoro momcrasuM coorHomenue (2.66) B (2.68):

1 0hg)

oE
H,= (j(,i)seo—a—;z—-T > (2.71)

AHAJIOrM9YHO [JIA APYrux TImIoIIepedYHbIX COCTaABIAAKOIUAX IIoJydaem:

1 . OE, OH,
H, = — e (ose 527+ 1 55 (2.72)
1 . 0H, oF,
Ex - k2 - Tg (j w!"'P’O ay _I_ 1 O)C); (2'73)
1 . oH oE
E}' — TR 12 (j @t 0)42-— (?yz)' (274)

Us ypasmenmit (2.71) — (2.74) cmemyer, d9TO HOpHW paBeHCTBe
Hygo obemx MpoONOMBHBEIX cocrapasomux £, mw H, nDomepeuHsle
COCTABJSIONIAE MOTYT OBITH OTIMYHBIMH OT HYJA TOABKO IIPH YCIOBHH

R+ 1P=0; k=2

JTO ycJIOBHe y’Ke BCTPEYAJOCh PaHee W COOTBETCTBYET BOJHAM
6e3 [UCHEePCHH, IOTYHHAINNMCA cooTHOomenmaM V 1yE=0; vV iy H=0.
Taxmm oGpasom, oKazaHo, 4TO YUCTO IOMEPEYHHIE BOJHBI HE MOTYT
UMeTh ANCHEPCHUH.

B obniem ke ciaydae Upm OJHOBPEMEHHOM CYINECTBOBAHWH HOTE-
PEYHHIX COCTABIAIINUX W XOTdA OBl OJHON HPOAOJIHHON, KAK ITOKA3HI-
BAIOT TOJTYyYeHHLIE YPABHEHWA, [MOKHO COONIONATHCI HEPaBeHCTBO
k%4+vy?2=£0. Boume 0OpLIo ImOKAa3aHo, 4TO STO COOTBETCTBYET YCJIOBHIO
aucmepcnu. OTcrofa ciaemyeT, YTO BOJHBI, 00JajamoIide MHCIepCHeil,
[OKHBI WMeTh XOTA OBl OfHY HPOJONBHYIO COCTABISIONIYIO, OTIMY-
gyio or mHyasa. [losTomy sieKkTpoMarHUTHLIE IOJNSL B BOJHOBOJAX HMMe-
10T 3HAYUTEJHLHO 00jiee CIOKHYIO CTPYKTYDPY, UM BOJHEI HETUCHEpC-
#0ro THIA.

PaccmorpuM  ¢msmyeckmit cMpicn  HepaBeHcTs /iy E 5= 0;
ViyH # 0, aprgomumxcs KpUTepPUAMA CYNIECTBOBAHWSA AUCHEPCHN N
OJHOBPEMEHHO KPUTEPHAME CYI[€CTBOBAHWSA IPOMOJBHEIX COCTABIAIO-
mux noisg. CpaBHEM 3TH HEPABEHCTBA ¢ YPABHEHUAMHA CTATHYECKAX
3JEKTPUIECKOr0 W MATHUTHOTO II0JIeIi.

IIpu E=~f(¢); Hs f({) u npu 0=0 ypasuenns Maxcsemra (2 6)
@ (2.7) npmobperawT BUN

rotE =0; rotH = 0.
Bepa poTop aTuX BhIpajKeHmil, MOTydIaeM:

graddivE — V?*E=0; grad divH— v?H =0.
36



B cuay paBeHCTBA HyJII0 AUBEPreHUUil I0Ns ypaBHEHHA CTATHYe-
cKUX moJeil cBONATCA K O0OBIYHHIM ypaBHeHHAM Jlammaca:

VZE=0; V?H=0.

OgeBuHO, YPABHEHUA ILUIOCKMX CTAaTHYECKIX Tojed OyRyT mMeTh
BH[:

v,?cyE :O; vng :O.

ITocnepume ypaBHEHWS NOJHOCTHIO COBIAAAIOT C HOJYYCHHBIMHA
VCAOBUAMA OTCYTCTBHS AWCHEPCHH W OTCYTCTBHUS IPONOILHLIX COCTaB-
JITIONINX BBICOKOYACTOTHOIO II0JSI B Iepefaiolell JUHUA. ITO MO3BO-
JgeT CAeJaTh BBIBOJ, UTO YCIOBUEM OTCYTCTBHA MUCIEPCHHW B JUHWHA
ABJAETCA TaKas CTPYKTYpa BBHICOKOYACTOTHBIX IIOJIEH, KOTOpas B ILIO-
ckocta pOHTA BOJHHI (B HOIEPETHOM CEUEeHWH) B TOYHOCTH COBHA-
laeT €O CTPYKTYpPOH CTATHYECKUX DHIEKTPHYECKOTO M MATHHTHOTO
rosieii, CO3JlAaHHEIX B TOH jKe NWHUU®, W He 3aBUCHT OT YaCTOTHL.

Hao6opor, wpurepuu /3y E#~ 0, ViyH 0, mpumcymue BomxHam
¢ mucuepcueil, yKa3bIBAIOT HA HEBO3MOKHOCTH IIOMYyUeHHS cTaTwde-
CKHUX TIOJeil, KOTOpPHIC B HOIEPEUHOM CEeUEHHW Nepefaloned JTHHAH
nMenan OB TaKyo jKe (OpMY CHWIOBHIX JUHUH, KaK II0JIe paccMaTpH-
BaeMoO# BOJHH B (PHKCHPOBAHHHIM MOMeHT BpeMeHH. UTClOfla CTaHO-
BOTCS SICHO, YTO JIA OIPEJEeCHUs, MOKET JM KaKasg-Tado JIWHUA
repelaBaTh BONHHL 0€3 JUCHepCHA, Heo0XOMUMO TPOBEPUTH, MOJKHO JId
pPacCIoJIOMRUTH HAa €e TPOBOAHUKAX CTaTHUeCKHE 3apsAfbl WIA Hpouy-
CTATH TO JHHUW B [BYX HANPABRIEHMWSAX MOCTOAHHBI TOK. Ecam ato
HEeBO3MOYKHO, TO JWHHS MOKeT IepefaraTh JUINb BOJHBI, NMEIOIIHE
JHCTIEPCHIO.

ObOpaTtHOE yTBEp:KIEHUE, CBOAAIMEEecT K TOMY, UTO JWHU, Ha IIPO-
BOIHUKAX KOTOPOW MOYKHO PaCIOJOKHUTH CTATMIECKUE DIEKTPHUECKHE
3apaAfpl, o0A3aTeNbHO MOMsKHA MMETHh BOJHEL 0e3 AumclepcHi, Takke
CTIIpaBeInBo B OONBIOWHCTBE CIydYaeB, HO HE ABISETCA BIOJHE CTPO-
ruMm. MoskHO mOKa3aTh, UTO WMCKINUYEHUE COCTABJIAIOT AUHAW, MMeEIO-
mue HEeOXHOPOTHOCTL IUAJIEKTPUIECKOTO BaMONHEHUS B IJIOCKOCTH
MOTIepevHoro CeueHus.

Herpynuo Bumers, uto moasie TpyOs! (BOMHOBOMLI) ¢ sioboit dop-
MOIl ceueHHSI MOI'yT IepefaBaTh II0 IPOCTPAHCTBY BHYTPH TpyOsI
TOJIBKO BONHBI ¢ pucmepcueil. B camom nese, BHyTpu TpyOBI C TIPOBO-
IAIMUMA CTeHKaM#u, He MMelomell BHYTPeHHUX IPOBOTHWKOB, HEIh3A
CO3JaTh CTAaTHYOCKUEe DIEKTPHYECKOe W MATHUTHOE TOJSA HAa CKOJb

* Toymoe copmazieEme (OPMHI DIEKTPHUECKNX ¥ MATHHTHBIX CHIOBEIX
IMHOH BEICOKOYACTOTHOTO NONS B HOMEPETHOM CeTeHNH JMHMA IPH YCIOBHH
ViyE=0; V2, H=0 c gopmoii CHIOBHIX JWHWA CTATHYECKHX HTEKTPHIECKOLO

I MarHATHOrO MMOJNeH CieRXyeT W3 eNWHCTBOHHOCTH pemieHmd 3amaunm [Jupmxie
PN 3aJaHHLIX T'PAHUYHBIX YCIORHUAX.
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yroguo GonsioM paccTodHWE OT KOHIA TpyOnl. CBoiicTBa BOIHOBOAOB,
TAaKAM 00pasoM, JOKHEI CHILHO OTAAYATHCA OT CBOICTB OOBITHHIX
JINHHBIX JUHANI.

JIByxnpoBofiHasA, KoaKCHANIbHAA W [{PYyTHe MHOTOIPOBOJHEIE JINHWUH
C OJHOPONHBIM [JWAJIEKTPUUECKUM B3AIOJHEHWEM, COTJIACHO IIONyIeH-
HOMY KPHTEpHIO, MOTYT BO30YKIAThCA Ha BOJHAX, HE 00JaJAIOIMUX
IUcIepcUell W He MMeIIuX orceuku. [lepemaua sHepruw mo STUM JIH-
HEAM BO3MOMKHA Ha JMIOOBIX YaCTOTAaX, BKIOYAA HOCTOAHHEIA TOK. Y3
5TOr0 He BRITEKAeT, OJTHAKO, 9TO, HAIIPUMEp, II0 KOAKCHAILHON IHHUHA
He MOTYT PacHpoCTPAHATHCS NUCIEPCHbIE BOJHEBI, NPUCYINUE BOIHOBO-
naMm. MoskHO nums 3apaHee HpercKa3aTh, YTO B KOAKCHAJILHON JIAHUE
BO30YK/IeHUe IUCHEPCHHIX BOJH BO3MOKHO JHIIL HAYAHAA C JOCTa-
TOYHO BBICOKUX dacTOT. B padpHeimiemM BOJHBI JUCHEPCHBIX TUIOB
B KOAKCHAJbHBIX JHHUAX OymyT pazoOpaHsl ocobo (cM. i 4).

§ 2.6. TPYIIIIOBAA CKOPOCTH BOJH U CHOPOCTb HINEPEMENIEHN A
9HEPI'IN

B cBasu ¢ Tem, 4T0 (pasoBasd CKOPOCTH BOJH B O0IIeM ClIydae Mo-
jKeT ObITH OOJBIIEe CKOPOCTH CBETa, BO3HWKAET 3aKOHHEIA BOIPOC
0 CKOpPOCTH Ilepefjauy CUTHAJa WM O CKOPOCTH HEPENBWIKEHUSA DHEPIHUn
no auaud. OQYeBWJHO, UTO B CHJIY PENATHBUCTCKUX NPUHNWIOB 3TH
CKOPOCTH HEe MOTYT NPEBHIMATh CKOPOCTH CBeTa B CBOOOIHOM IIPO-
CTpaHCTBe.

PaccmoTpmM pacmpocTpaHeHHe II0 HepefaoImeil JUHUHW CHUTHAIA
R BUJE I[yTa DJIEKTPOMATHUTHEIX BOJH KOHETHOW IPOJOIKUTEILHOCT.
[To cymecTBy TOMBKO B 3TOM ciydae (IpH HAJIWIWW MOXLYIANUU) MO-
jKeT OBITH pPAcCMOTPEH BOOPOC O CKOPOCTH Iepefaudm CHUrHAJa Mo
JTUHAMN.

Bribepem fBa KonebaHWA ¢ OAW3KO PACIONOKEHHBIMH YaCTOTAME
®) I ®g, BXOIAMAE B CHEKTP aMINIATYHO-MOAYJINPOBAHHOTO CHUIHAJIA.
[TpemcraBuM SIEKTPHMYECKOEe II0JIe BOJH, pACIPOCTPAHAIOIMAXCA MG
JIMHWY B HAITPABIEHUHU OCH 2, B opMe

E, =E,, e, E,=E,,e" 1

Monosxus masa mpoctotel By, =Eg, =E,, MomHO 3ammcars cym-
MapHOe II0Jie B BHJIE

E =E, e/ot=17 {1 + & (a=o)i—(u—m) 2}

OGo3HaunM pasHOCTH YACTOT W PABHOCTH HOCTOSHHBIX PACIIPOCTPa-~
HeHUs depes

Wy — 0y =805 7, — 1, = 0,
npmyeM OymeMm moxarats 0w K o1; 0y K 1y.
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VImMesa B BULY BOJHEI PACIIPOCTPAHAIOIIETOCS TAIA, HYKHO ITOJOMKHATE
yvi=Iipi; Ovy= j6p. BrIpajkeHume 9IeKTPHUYECKOr0 TOJS B JWHUU WPHUBO-
quaTCsA TOTHA K BUXY

E=E, |1+ e (Got=582) of (ait—f:2) —E, ei (nt—piz),

JTo ypaBHEHHEe OINCHIBaeT BOJHY, HecyIag dYacToTa KOTOpOi
coBITafiaeT ¢ 4acTOTOM OJHOW W3 pacCMOTPEHHBIX BOJH, a aMILIUTY[A
MeIeHHO H3MeHsgerca Meskpy mHydeM um 2E,. Taxum obpasom, 1o
JMHAN IepeMeInaeTcs BOJMHOBON IMaKeT.

PaccmMoTpuM mnepememenme (PUMKCHPOBAHHON TOYKH, HaIpUMep
«rpefHSI» ITOro MaKeTa. YCJIOBHE IOCTOAHCTBA BBIODAHHOH TOYKH
atOJRHO 3allMcaTh B BAIE

cof — 6Bz = const.

uddepennupys mociennee BHpayKeHNe, KAK W IPU ONpPEeIeHAN
¢a30BOil CKOPOCTH, HAXOAWM CKOPOCTH IepeMeINeHHsT HaKeTa, 0OBITHO
HARBIBACMYIO 2DYNNO60U CKOPOCTHIO Uy

. dz_ dw
’Urp——-zl,-;—-—gjg—.

PaccmMaTprBag HENpPepBHIBHBIM YaCTOTHBIA CHEKTP MOAYJIWPOBAH-

#HOTO ROJIeﬁaHI/I}I, B IIpexejge MOMHO 3allACaTh: /
do
‘Urp = -ag' (275)

TakaM 06pas3oM, TPYIIOBasf CKOPOCTH BOJH, PAacIpPOCTPAHSIONIAX-
¢ 710 IWHUYW, B O00IMeM ciIydae He COBIAafaeT II0 BeawmdyumHe ¢ ¢as3oBoit
CKOPOCTHIO, onuchiBaemMoil ypasuenuem (2.40)*.

Has cpaBHenms (a3oBoil W TPYNIOBOI CKOPOCTEil paccMOTPHUM
CHaYaja MPOCTEUIMMH CAydal pacupoCcTpaHeHUs BOJH B IPOCTPaH-
CTBe, He OrpaHWYeHHOM HIpoBofgHmKaMm. Har Oplno mokKasaHo pawnee,
JUIA TaKOTO TMPOCTPAaHCTBA ()a3oBass CKOPOCTH

O 1
k VEEOP“P“G
FPYHHOBaH CHOpPOCTH BOJIH B HOPOCTPAaHCTBE, HE OI'PDAHHYEHHOM

fipopogHUKaMu, ompefensteMasi mo gopmyae (2.75), pasHa
do 1 1

— - — C-— .
Vieewm Ve (2.76)

'Uq):

U

0T Tdk

d
—= (0 V eeqpp)

——

¥ Bamermm, yto BEIpakenms (2.40) m (2.75) asoBoit mw TPyHIOBOK CKOpO-
CTeM NPYMEHWMBI W K JAPYTEM BOJHOBHIM IIPOIeCCaM, COBEDIIEHHO He CBSA3aH-

iHM c)sneRTponHHaMnRoﬁ (FampmMep K BOJHAM Ha HOBEPXHOCTH >KHIKOCTH
T. 1),
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HATHL 00 OTCYTCTBHH JIucCliepCu;l W,

Taxkmm ofpasoM, B paccMaTpmBaeMoM cirydae $asoBas W IPyImo-
Ras1 cKopoctTm opmHAKoBHL IlociemHee CTaHOBHTCA SCHO, €CIH BCIOM-

ciaenosaTel]bHO, O [IBH/XKEHUR

BCEX COCTABIAIOINUX BOJXHOBOTO MAaKeTa C OAMHAKOBOM CKOPOCTHIO.
B cayuae mepemaiomux JuHMA, 00JaJa0MAX AUCHEpCHeH, IPYIIIO-
Basi CKOPOCTH MOKeT OBITH ompejeneHa w3 BeIpaskeHHa (2.75) ¢ Tmo-
mMompio ypasHeHm# (2.40) m (2.57). Haiimem mpoussomuyio

A8 _

V eeoppo

do
Vi

2
Wkp
e

THe Oy, — KPATHIeCKas Kpyrosad 4acToTa, CBA3AHHAA C KpATHIe-
CKOWl NJImHON BOMHEI BhIpasKeHWeM (2.59) m OOBIYHBEIM COOTHOIIEHWEM

() - QTW

Kp

Orciona

Prc.
CKOPOCTH BOJH B [HUCIOPCHOHHOH Ie-
pepalomeli JWHUM OT YaCTOTH IIPH Ba-
KYYMHOM HamoJHeHME (e=p=1)
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2.4, 3aBmcmMoCTh TPYNIIOBOIL

KD

(2.77)

Ypasaenme (2.77) 1moKa-
BHIBAET, YTO TIPYNIOBAasA CKO-
POCTH MEHBIIE CKOPOCTA CBe-
Ta B [JaHHOM JHWDJIEKTPUKEe R
CTPEMHATCA K HYJI IPH

)\ - \,\Kp ’l/.e}—""

Bripaskennsa rpymmosoii w
¢asoBoil CKOpOCTE#t MO ypas-
peanaMm (2.77) m (2.57) nme-
I0T ORWHAKOBBIH  (IOJIOIKII-
TeJIbHEI) 3HAK, YTO IMOATBEp-
JKaeT 3aMedaHme, CHEeNaHHOe
B § 2.4, 0 MHONOMUTEILHOI
AMCTIepCUN OTHOPOIHBIX IIepe-
naromux Jauani CBY.

'padmr wmsmenemusa rpyiu-
IIOBOM CKOPOCTH B BaBHCHMO-
CTH OT YacTOTHI IPUBEEH Ha
puc. 2.4. Jlna cpasnenma Ha
TOM JK€ PHCYHKe IOKa3aHa
o0cy:xjaBmasica paHee 3aBH-
CUMOCTEL (Pa30BOMI CKOPOCTH OT
9aCTOTHL



Mo;KHO 1I0KasaTh, 4TO TPYNIOBag CKOPOCTh, OIpefelsgeMas IIo
¢opMyIaM (2.75) m (2.77), Bcerpa paBHa CKOPOCTH [BH}KEHHS dHep-
rpu 1o BoaHOBOXy. OOmiee cooTHOmEHWe, KOTOpoe CIeflyeT MCIOIb30-
gaThb IPHA OIpeJieIeHNA CKOPOCTA NepeMelieHAA JHePTrHd U;, MOKHO
zalACATh B 09eBHIHON hopMme:

p

Vy = —W—l, (278)

rie P — DONHLIA IOTOK MOIIHOCTH Yepes3 IOIePeYHoe CedeHne JINHAH,

W, — Ronm4ecTBO IHeprmm, cojep:Kameiicsi B Oerymeil BoaHe Ha
egmHAny nauesl gmann*. Takam obpasom,

c ne
Uy == s 1 — : 2.79
3 Vsp. \/ 7\{2’p E. ( )

YpaBHeHre TPYNIOBOH CKOPOCTH eIie pa3 pAacKpbIBaeT CMBICH
quctnepcun. B pesyinbraTe AWCOEPCWH CKOPOCTH OTAEIBHBIX MOHOXPO-
MATHUYCCKAX COCTABIAMAX CHTHAJa pasanyHa. CUrHa:T MosKeT «pac-
[ILIBATHCA», 0COOGHHO B cJyJae KOPOTKHX HMIIYJIBCOB, YaCTOTHBIH
CIIeKTP KOTODHIX CpaBHOM ¢ Hecymei wgactorou. OpgHakro ciuegyer
¥MEeTh B BUJY, YTO YpaBHEHHE IPYIIOBOil cKopocT:® (2.75) MONHOCTHIO
CIPaBeInBO JINIIb A y3KOT'O YAaCTOTHOT'O CIEKTpa, He CPaBHUMOTO
€ 9aCTOTOH KoJeOaHM.

Jlna coBpeMeHHBIX BOJHOBOAHBIX YCTPOHMCTB AWCIIEDPCHS ITPOSABIA-
eTcs, TIaBHBIM 00pa3oM, He B m3MeHeHH:m ()OpMBI CHrHajia, a B OBICT-
pPOM H3MEHEHHH 3JIeKTpHYecKOW [IMHEL ‘TmH7mA mpa paboTe B HEKOTO-
pOM [HMamasoHe dYacToT**,

§ 2.7. THOBI BOJIH, PACIIPOCTPAHAIOMUXCA IO NEPETAIOLIM
JINHUAM

Ananms o0mero ciy4as pacHpOCTPaHEHHS BOJH II0 Iepejalomiein
JUHUW TOKAa3all, 4TO CYIIeCTBYIOT ABA KJIacca BOJH.

K nepromy mmaccy oTHOCATCS BOJNHEI, KOTOPHIE

IMEIOT TOJHKO IMONEPETHBIC COCTABJIAIONIAE MMOJIA;

He 00JaJaioT JHCIIEPCHEH;

He UMEIOT KPUTHYECKOil 4acTOTHl (KOHEUHOH KPUTHIECKOH IJIHHBI
BOJAHBI) W MOTYT IIO3TOMY PACIPOCTPAHATHCA HA BCeX YacTOTaX, BRIIO-

* CropocTh v, OHpenesisieMyl0 cootTHomeHmeM (2.78), MOMKHO CpaBHHTH
€O CKOPOCTBIO IPOTEKAHWA SKANKOCTH 10 TPyOe HEM3MEHHOro cedeHmA. Beun-
“WHa P amajormgHa Macce >KHIKOCTH, BEITEKamomeil m3 TpyOsl 3a 1 cex; Bean-
YaHa W, aHazormvHa Macce KEAKOCTH, KOTOpasg COJep:kmricA B Tpyde enmHmu-
HOH JUTAHEL

** Ilox »ieKTPHYECKOH JIMHON JMHAM OOBIYHO IOAPasyMEBAETCs OTHOIIE-
#HNe reoMeTpMYECKON NJIMHH JHHWA K [JIHHE BOJHBI B TOH JKe JUHHU WIH CO-
‘OTBeTCTBYIOIIad BeJWYUMHA B rpajgycax. ITo sTomy Bompocy CM. TiI. 7.
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9asA HMOCTOAHHBIA TOK. Takwme BOJHBI HA3BIBAIOT ROREPEUHBIMU IAeK-
TpomaeHUuTHbIMU wan BouHaMu Tuna TEM. K gaucay Bomm tmma-TEM
OTHOCATCS BOJHEL B CBOOOJJHOM IPOCTPAHCTBE, a4 TaKiKe BOJIHEI OCHOB-
HOTO WiIn (pyHJAMEHTAJILHOTO THIMA B JBYXIPOBOJHEIX, KOAKCHAAILHBIX
7 HEeKOTOPHIX OPYTHX MepeJalolnX IXHAAX.

Ncxopa ms coorHomenmit (2.65) — (2.70), merpynHo moixydumrh

obmume ypaBHeHma BoxH THna TEM, monoxums E, =H,=0. 91z ypas-
HeHU NproOpeTanT BHUJ

Ec = —] —i— Hy; (2.80)
Ey =] — Hy (2.81)
H, =] -5 E * (2.82)
Hy=—j — E. (2.83)

Bropoii kiacc BomH B IepefalomAX JINHUAX XAPAKTEPH3YeTCA:

HaJM9neM He TOJBbKO IONEPEeYHHIX, HO W IPOJOJBHBIX COCTABJAIO-
OIAX TI0JId;

CYIIeCTBOBAHNEM JWCIIEPCHN;

CYIIeCTBOBAHNEM KOHEUHOW KPHUTWUECKON [JIMHBI BOJHBI (KOHEY-
HOM KPHUTHYECKO# gYacToThl). PacmpocTpaHeHme BOJIH BTOPOTO KiIacca
BO3MOYKHO TOJIBKO HAa YacToTaX, YAOBIETBODAWINUX HEpPaBEHCTBY
V> Vyp -

Jdasa wmaccmuranmm JUCHIEPCHBIX BOJH IOJE3HO CHOBA odpa-
THThCA K ypaBHeHmaM (2.71) — (2.74). Bce momepewnwle cocTaBiisi-
I0IIe MOJA ABIAIOTCA CyMMO#l ABYX (YHKOUH, KaKgasd M3 KOTOPBIX
sapucHT maum ot L., mam or H,. llosToMy moie B BONHOBOZE MOKHO
paccMaTpuUBaTh, KaK JUHEHHYI0 KoMOmHAmmio (HajoKeHWe) IBYX He
}ABACANIAX APYT OT APyra TUIIOB BOIH.

Bomnuul, mMelonue HapAAY C HONEPEYHLIMA COCTABISION[AMN IIOJsE
HPOMONBHYI0 COCTABJIAIONIY MarHuTHOro mossa H, mpu paBeHCTBE
HYJI0 TPOJOIBLHOTO 3JMEKTPWIECKOTO Mo [,, Ha3hIBAIOTCSA nonepey-
HBIMU IAEKTPUYECKUMU 60aHaMU (TAK KaK DJIEKTPAYECKHEe CHUJIOBHIE
JIMHUU IeMIAKOM JIeKAT B IJIOCKOCTH IONEPEeYHOT0 CEeUEHWS JIMHWM).
[Homepeunbie aaeKTpUUECKNE BOJHBI COKPAN[eHHO HA3HEIBAIOT BOJTHAME
runa TE. Yacro mx Ha3weBalOT emje «MATHUTHHBIMH» BOJHAME WX
BoJaHamMu Tuna H.

C papyroit CTOpOHBI, NOREPEYHLIMU MAZHUTHLIMU BOMTHAMA WK
ponuamu Tuna I'M Ha3sIBalTCA BOJHBEI, MMeEIOIIHe, KPpOMe IoImeped-
HEIX COCTaBJAAIIINX TOJg, TaKKe OPOJONBHYI COCTABIAIMYIO
3JIEKTPHYECKOr0 moJiA [/, npwW paBeHCTBe HYJII MPOMOJBHOI cocTas-
aaomei mararTHOro mona H,. Ilonepeunsie MaramTHbBIe BONHEI 9acTO
HA3LIBAIOT TAKMKE «DIEKTPHYECKAMHU» WM BoJHAME Tuna E.
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B coorBercTBum ¢ ypasHemmamm (2.71) — (2.74), oOmue ypasHe-
grsa BoiH Tumos TE m TM B nmpAMoyroisHO# cucTeMe KOODAWHAT
@MeIoT CAeNYyIOIAn BAL:

poansl Tana TE; E,=0:

E,=—j -t 55 (2.84)

» Ey =) o S (2.85)
Hy= — i 55 (2.86)

\ Hy = — e 2 (2.87)

Ey=— it O (2.88)
Ey = ot 52 (2.89)
Hy =] -2 5 (2.90)
H,=—j k“’+07 i3 (2.91)

Ypasueuna Boan tunoB TE m TM Oymyr meranbHO paccMOTpeHBI
OpH aHaIW3e BOJHOBOJOB MPSAMOYTOJNBHOTO M KPYIVIOTO CEYEHMA.

BosmokHa W HECKOABbKO HHasA MHTEpUpeTammsa HOJeid B JHHAAX JuCIepCH-
oHHOTO TmOa. HamoskmM Ha mpomonbHBEIe cocraBiagomue E, m H, BOXH THOOB
T™ u TE momoaHmTENLHOE YCJIOBIE

o, . 1 oE,
oy~ 7 Toppg ox-

. Torgma coriaceo BeipaskeHmAM (2.84) m (2.88) cymma cocraBnaommx E .
UpH ofgHOBpeMeHHOM cymecTBoBaHEH BoJH THHOB TE m TM okasniBaeTcs paBHOM
"ymo. OcranbHble IATH CYMMApHHX cocrapiawmux (Ey, E,, Hy, Hy, H;) or1-
JIMYHBL OT HYJAA. JJMeKTPHYeCKHe CHIOBHIe JWHHAHN JEKAT IPH 3TOM I[EJHKOM
B ILTOCKOCTH IPOAOJHHOTO CeUYeHMs Hepeparmommeill JwAmd. Taxkme BOJTHEL, IOIY-
YaeMble B pea3yidbraTe HaJMo:KeHmA AByX BonH Tumos TE m TM, masmiBaiorcsa
npodoabHbIMU~ dAEKTPUYECKUML, BOJHAME HIH BOMXHaMmu runa LE.

Anamormago MOryT OBITH IOJNY4E€HBI nNp0JOAbHbIEC MAeHUTHbIE BOJHBI, IR
Bosmbl 7una LM VIX XapakTepHO# 0COOEHHOCTHIO SABJIAETCA PABEHCTBO HYJIO
ONHOU W3 IOIMePeYHHIX COCTABJIAIONIMX MATHHATHOTO IOJIA NPH HaJIMIMA OCTAJb-
HBIX IATH COCTAaBIAAIIINAX, OTIANYHEIX OT HYJ.

Cucrema Bonu Tumos LE uw LM croas ke peanbHa, Kak @ cucTeMa Boiaxn TE
n TM.

“
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B mexoropeix mHamoliee CIOKHHIX CIydYassx (HaOpEMep, OIpH HAJUIAW HEON-
HOPOJHOTO JW3JeKTPHKA B IOIEPEYHOM CeUEeHHHM BOJHOBOJA) BIEKTPOMATHHTHO®
noje B MMHWHA He MOMeT OnITh pasioskeno Ha BoaHel TE, TM mim Ha BOJHE
LE, LM. Bonmb, 418 KOTOpPHX ONHOBPEMEHHO HE paBHEl HYJI BCO INEeCThb
COCTABIAAIOINUX IOJis, IPHHATO HA3LIBATL 2ubpudnvimu. C OPAKTHISCKON TOYKM
3DeHHd, OJHAKO, OHH HPeICTaBIAIOT 3HAUYMTEIbHOo MeHpmuil mHTepec. Ilpm pa-
0oTe C MOJBIMH METANIAIeCKUMH BOJHOBONAMH B OOJBIOMHCTBE CIYyYaeB IpH-
XOAUTCA PaccMaTpmBaTh JHINb BOJAHEI THOOB TE m TM.

B ofmem cryuae mo BCAKOW ONHOPOAHOM Iepefaloleil JIHMHUL
MOTYT PAacIpOCTPAHATHCS HE3aBUCUMO JPYT OT Jpyra OecuImciIeHHOe
KOJIMYECTBO THUIIOB BOJH, PAa3INYAONIAXCA KPUTAYECKON IIAHONI BOJ-
BB Ay, H CTPYKTYypOil 3JI€KTPOMarHMTHOTO Ioiad. BomHa, mada KoTo-
poil BeIW9mHA A, fBIAETCA HamOoxbmIeif, a KPUTHYECKAs 4acTOTa —
HaWMeHbIIel, HA3BIBaeTCA HU3ulell BOTHOH.

Jaa AByXUpOBOAHBIX M KOAKCHAJLHBIX JMHWH HAWMEHBIIYI0 KpH-
THYECKYI0 4acTOTy, PaBHYI0 HYII0, mMeeT BojHA THOma TEM. 91a BOI-
Ha, ABIAKINAACA HU3IIEH, HOCAT HA3BAHWe OCHOEHOL BOJXHEL Bcee
RONHEL JWCIEPCHBIX THIOB i YKABAHHHIX IHHEA ABJIAIOTCA 6blC-
WUMl.

B BonHOBOmax mm3mias BomHA 00S13aTeNbHO JOMKHA 007a7aThH AHC-
nepcueit, Taxk Kak Boxubl Tmma TEM B monsix Tpy6ax pacmpocrpa-
HATHCA HE MOTYT.

Hak Oymer morasaHo B JajbHeHIeM, IpM IPAKTAYECKON padore
Ha CBEPXBBICOKMX YacTOTax O0odbINell 4YacThi0 HCIOJB3YIOTCS BOJTHBY
HU3IIUX THIHOB.

JaxamumBasi obmiee 0oOCY)K[eHWe THIIOB BOJH B IepefaloIHux JIH-
Huax CBY, ciegyer cremaTh 3aMedaHWe TepPMHHOIOTHIECKOIO XapaK-
Tepa. VIHOTJ]a BMeCTO TEePMHHA «THI BOJHBI» BCTpPeYaercd Ha3BaHUe
«MOJia», 3aNMCTBOBAHHO@ W3 WHOCTPAHHON amTepaTyphl. CIoBO «MOma»
Il ero IPOU3BOJAHEIE IMONYYHIA XOKIEeHWe, B JACTHOCTH, B CBABH C pas-
BATHEM JIa3€pHOW TEeXHWKW, TAe «MOAAa» WHOTrAA 0003HAYAeT TAKKE
eud roaebaruil pesomaTopuoit cucreMbl (cM. § 9.4). Tepmum «mopa»,
KaK KpailHe HEeyJauHGBIA, B 9T0il KHHTe ymoTpebasaThcs He Oyjer.

§ 2.8, ROHHEININA IMAPHUAJILHBIX BOJIH

Tlonumannio QH3AYECKHX IIPOIECCOB, HOPOHCXOAANINX B BOJHOBOAE IpPH
pacnpocTpaHeHRH DJIEKTPOMATHUTHEIX BOJIH, MOKET CHOCOGCTBOBATH IpeJicTaB-
JOHHe NO0JiA B BHAE CYMMEI djieMeHTapHHX (mapruaibHBEIX) BoJH Tmma TEM.
IJTH BOJHBI, MHOTOKDPAaTHO OTpaKagch OT CTEHOK BOJHOBOMA, M CO3XAIOT Ty
KapTHHY, KoTopasd ObplIa paccMOTpeHa HpH IoMomu ypasHeHH#W Maxcsenna.

PaccMoTpmM cHavasa OTpasKeHHe SJIeKTPOMArHHTHOH BOJHEI OT HOEAIHHO
nposoAneil 6eCKOHEeYHO IPOTAMKOHHOX moBepxHocTH. Ha pme. 2.5, 2 myHKTApPOM
noxasaH (YPOHT IIOCKO# omHOpPOmHO@ BomHH TEma TEM, najawmei mox yriaom 0
Ha IOpoBojAmyl mnoBepxHocTh. 00a Bektopa E m H memar B maockocTz
¢porTa BOjHBL IIpmMeM, 9TO HmAOCKOCTh HOJAPH3ANMM, T. €. ILIOCKOCTH, IpO-
XoAAINasa 4epes BEKTOP dJIEKTPHYECKOr0 WONA W HANpPaBJIeHHe PAacuPOCTPAHEHUS:
BOJHHI, NMEPHEHJMKYJIAPHA K INIOCKOCTM HaJeHHs (IJOCKOCTH depreska). Bex-
trop E npn arom mampaBnien Broib ocH .
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B mexoTopyio TouKy M, pacumonoKeHHYI0O HaJ IPOBOAAMNEH IOBEPXHOCTHIO,
IpUXONAT ABe BONHEI: OCHOBHAafg Najalomiad BOJHA M BOJNHA, OTPaKeHHasA OT
TIOBePXHOCTH. Pa3HOCTh XOfia 9THX BOJNH, KaK HOKa3aHO Ha pHC. 2.5, 6, ompe-
neasgerca orpeskamzm OM m BM.

Magaroniaa BogHa B To4ke M MoskeT ObITH ONUCaHA COOTHOIIEHWEM

Enall == Emej (o)t—kl])’

rme [, —aamEa orpeska BM;k = oy e up;, TOCKOABKY BOJHA OTHOCHTCS
k tany TEM.

OrpaskeHHad BoOJHA, OpuIlefmas B TouKy M, xapaxkrepusyercsa cjaeqyIOIIuM
ypaBHeHHUEM:

EOTP - Emej (mthk12)~
3HAK MUHYC B HOCAegHeM BHIPAKeHHH CBH33aH C XapaKTePOM OTPayKeHHs

0T UfieaibHO TpoBopameil mirockoctd. Yepes I, ofosEaueHa AnmHa oTpesxka OM.
YpaBHeHHe CYMMapHOTrQ 3JeK-

TpA9ecKOro mojsa B Touke M mMme- Z
eT BH] \
\
E=E, {e](wt'_kll)__ 7 \\ s
_ of (wt=RL)y (2.92) 43 ola \
/ VA
Jamay orpeskoB I/, m l; MOM«- T I
HO BHIPDAa3HTh UYepe3 KOOPAUHATHI
Toukn M (z, z) H 4epe3 yrox ma- a)
neausa O.O6pamascs K pmc. 2.5, u3a . z
rpeyroasankos ODE m DEM, a Tak- G

/Ke u3 TpeyronbaEUKOB FGM w FOK
HeTPYIHO OUpENeNInTh:

I, =2zsinf — xcos 0;

[y =2zsin0 -+ xcos?b.

g
WL,
6)

— i (of—kz sin B
E = Epe’ ) X Puc. 2.5. Ilafenane n oTpa’keHne BOJIHEL
X 2 j sin (kx cos 0). tana TEM or mpmeainbHO mpoBOpAmiei
ILIOCKOCTH

IlogcraBnas 5Tm BHIpasKeHHS B
(2.92), nmomygaem:

IlocnegHee MOKHO HpeACTAaBATL B BHUJIE

b (-2 Vf‘*_ sinf).
=E, ¢ — (2.93)

_ Ypaemenme (2.93) ommchiBaeT BoNHY, Oerymyio B HampasieEmm 2 ¢ (aso-
BO#l CKOPOCTHIO

c
Vp = —>—— 2.94
P V “ep sin (99
g ¢ aMILIATYRO’
E;n = J 2E,, sin (kx cos 6). (2.95)
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dra BonHA Goapme He oTHocuTcA K tamy TEM, Tak Kak ¢asoBas CKOpOCTh
ee 1o BeipaskeHWI0 (2.94) oxassiBaerca OoxbIme cKopoctH cBera. Hpome Toro,
BOJIHA MMeeT COCTaBIAIIYI0 H, OTIRYHYK OT HYIA, B CHIY HAJIRYAA IIPO-
AOJIBHOW COCTABIAKIIENl MarHMTHOTO IIOJIA Y IafaloInei BOJHEI IO OTHOINGHMIO
K ocu aumAnn. COriIacHO BBeJeHHOU paHee RiaaccmpuKammd, TaKyH BOJHY cCJe-
nyet otHecT: K tmmy TE.

IIpn ¢gmrcumpoBanHoM yrie § pacupepesnenmue pmoid B HANPaBICHWA OCH &
HMeeT CHHYCOHIAJbHBIN Xapakrep. WNmade rosops, B pesyisrarte mHTep(depes-
nuU NaJalomed ® OTPaKeHHOM BOJH B IPOCTPAHCTBe Haj NPOBOMAIMNel IOBEpX-
HOCTBLIO 00pasyeTcsi CHCTeMAa CTOAYAX BOJH. JJIeKTpHMYECKoe HoJe CTOSdell BOJ-
HHl DapHO HYJI0 B TOYKax, rme kzx cos O=mn, 1. e.

TR

X =5 cost n=20,1,23...

Taxmm o6pasoM, TOBEePXHOCTL HYJIEBOIO SJIEKTPHIECKOrO WOJA MABAAETCA
IJIOCKOCTBIO, MapaielbHOM OTPa’KaIOM(ell NOBePXHOCTH.

IloryunB Takoil pe3yibpTaT, MOMKHO pAaCHOJOXHTh B MiuocKocTm E=0 BTO-
PyI0 HPOBOAAIIYI0O IOBEPXHOCTh. JTA IOBEPXHOCTH HE HCKa)KaeT LOIYyIeHHOIro

pacupenenerus nmoJus. O0o03Havass PacCTOSTHAE MEKIY JBYMA HJIOCKOCTAMH 4epes
a, UMeeM:

TN
a = 5—
kcos B

Ho MosxHO paccy:xpath m Haobopor. Ecam pamsl ABe mapasuiejbHbIE IPOBO-
JsAInue NJ0CKOCTH, PAacIOIoKeHHbIe HAa PACCTOAHWH a4 APYr OT ApPyra, To ycCJ0-

BHEM pacupoCTPaHEHMs BOJHBI, ONHUCHIBaeMoil coorHomeHmamu (2.93) m (2 94),
™

HBJIHBTCH:C086:_Z- CnemoBaTesbHO, HaJeHHMe NAaPOHUAJbHLIX BOIH ROJLKHO

IPOMCXOAMUTL IO BIIOJHE OIPeeJeHHBIM yIraoM. IIOCKONBKY HOpm BaKyyMHOM
D) on

HANMONHEHNN R — o= 5 10

A
cosf =n 52 (2 96)

rje A — JJAuHA BOXHBI B CBOOOTHOM IPOCTPAHCTBE.

HapMenpmmii BOSMOKHEIA pasMep a UOPH MaHHOHA BeJmImHe A, Heo0xopnm-
MBIJ s pacHpoCTpaHeHHWsI CyMMapHON BOJHBI B HAIIPaBJIGHWH OCH 2, OIpefe-
assercs m3 BeipaskeHHma (2.96), ecam monoskmTh cosf=1:

A

Amuy = )

CoorsercTaylommii yrox majmenms 0 paBem Hymwo. PazoBasg CKOPOCTh CyMMap-
HOM BOJIHBKI IPH 9TOM 0 cooTHOmeHmIO (2.94) paBHa GeCKOHEYHOCTH.

CornacHo ypaBHemmio (2.96), mpm 3ajaHHOM pasMepe ¢ CyIHecTByeT KpH-
TH9eCKad JNJIMHA BOJHBI

Yp = — (2.97)

OrpaHMYMBAKOINAsA BO3MOKHOCTH pPACHpPOCTpPaHeHHsA BOJHBI THHa TE Mexpy
HapaIeAbHBIMHA IJIOCKOCTAMI.

Taxkme ke pesymbTaThl MOryT OBITH HOJyYeHHI ® [ BoaHEL Tmma TM,
ecli U3MEHHTb Ha pHC. 2.5 TOJApH3ammi0 mcxoxHoil BojHBI Tmna TEM, mana-
10Ieil Ha TPOBOAAIIYIO IIJIOCKOCTh.
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o ypasmenuio (2,96) Beramcsaum sin § m mopcraBum ero B BhlpajKeHHe A
dazoBoit cropoctm (2.94). G yuerom coorHomemma (2.97) mMeeM:

c ¢
'U(b = _——-—T—J - _________)TT
Viclog) V-

B pesyiasrare moJydYeHO ypapHeHHE, COBIajalomiee ¢ OOMHEM ypaBHOHH-
em (2 98).

Pacupocrpasenne Boad Tumos TE u TM Mexny mapadielbHhIMU IPOBOAA-
IMEMH IJIOCKOCTSAMHA MOYKHO pacCMaTpPMBATH, TAKAM 00pasoM, KaK pe3yibrar
MHOTOKDATHBIX OTDAKeHHMII BONH, MOKaszaHHBIX Ha puc. 2.6. Uem Gamske AAMHEA
EOMHB A TOAXOJAT K KPHTHYeCKOH, TeM MeHbINe yrox mHamennms 0 mapnm-
aJbHOM BOJHBL Haxomem, B
KPATHYECKOM  pe)KmMe BOJHA ,
majaeT HOPMAJLHO K IIOBEPX- Llsy L LLLLLL 4lLLL
HOCTH H, OTPayKasCh OT HPOTH- 4y Zar
BOLOJIOKHOA  IJIOCKOCTH,  CO-
3laeT pPE30HAHC B HOUEpPeYHOM 8
Hanpasiaenunu. lleperoca 3Hep- ' ,
TMA B HAIpaBJICHHW 2 HE Ipo- SIS ’/ / 7/
mCXoMuT. 3anasablBaEWe IO (ha- aj
3¢ BMOJIb OCH 2 OTCYTCTBYeT. / SIS SIS TS

IapnuanbHBIe BOJHEI MOMK- \
HO pAaccMATPEBATh HE TOJBLKO 4 /

B CHCTeMEe NapaiIeldbHBIX IJI0- T
cKocTell, HO M B 0GoJee cgoB}f;-
HEIX Tepefalonux JIAHAAX .

Hognqecflalenﬂmﬁ aHAJIN3 © s 0‘/ IILISTIII LTS
OOMOIMbI0 ITAaPOHUANLHBIX BOJNH . 9)
oOBIYHO  OKaswIBaeTCH  Goiee
CIIOJKHBIM, Hemeam Oomee ¢op-
MaJbHBLII QaHAJU3 C IIOMOIILIO
ypaBHernil 1monada. IloatomMy B

(2.98)

&

Puc. 2.6. 3uraaroobpasHoe pacmpocTpaHe-
Hue Boambl Tmma TEM Mesgy mapai-
JeJbHBIMIA HPOBOAAIIUMHU IIOBEPXHOCTA-

JallbHeAIeM HW3J0KEeHUH KOH- )

menonusg — OApPOEalbHBIX  BOJH mu. B caydsae (a) OTHomeHme

HeIOCPeJCTBeHHO HCII0JIb30BaTh- kp
M q 6

ca He Oymer. Tem He MeHee, leHpIIe, YeM B caydae (6)

ee cleyeT AMeTh B BHAY, B 9aCTHOCTR, 11 00bACHEHAA PACHPOCTPAaHEHUS BOJH
U0 BOIHOBOJAM ¢ (a3oBOd CKOPOCTBIO, NPEBHIMAIOIIE CKOPOCTh CBeTa, N
NAd MOHAMAHUA (PUBWIECKOTO CMBICHA KPUTHYECKON MIMHBI BOJAHBL I[lapnuanb-

Hble BOJHBI XOpOmo OOBACHAIOT TaK:Ke oOpasoBaHWME BOJH C IPOXOJBHEIMA CO-
CTABAAKNIMUMI TOJeH.

»

§ 2.9. BLIBOJBI

Hogsemem mrorm paccMoTpeHms: obmIuX CBOHMCTB BOJIH, pacipocTpas
HAIIIXCA o mepejapmuM JuHuAM. B T1abx. 2.1 mpuseneH®sI cOOT-
KOIIeHUs, THIWYHEIE [JIA ABYX KIAaccOoB BOJH. B manapHeiimem Oyger
paccMaTpWBaTHCHA, TIABHBIM 00pa3oM, BTOPOH KiIacC Iepefaiomux

JIWHAA, TpeAcTaBIAIMAA 0co0bIl MpaKTHIECKNT WHTEpeC Ha CBepX-
BBICOKHX daCTOTaX.

~
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Tabamma 2.4

Boansl B mepefaloIax JAWHAAX

ITepBBIA KJacc
(BOJIHBI 0e3 Jucmepcun)

BTopoii Kiacc
(BOJIHBI C OuUcCHepCcHueii)

vLE=0 v2iH=0
2:k2_k2KP
ka:(), )\Kp:OO

@zkz%llf e

1 ¢

Vi, =— =
b V ez pug V e

1 c

v == P
P Vg Ve

H,=0, E, =0

(Bonna tuna TEM)

vHE#0, vIH#OQ;

B2 = k2 — k2
kgp #0; Aygp #
2w
=
z A
B ==
==
Kp
v c
¢
View— (l_)2
hkp
L V oep 1— Agp e
a)HzZO: 6) HZ?&O
EZ #O) Ezz()

(Boannl THHAa TM) (BoaHbl THnA TE)



I'naBa Tperbsa

BOJIHOBObI NPAMOYTOJbHOTO CEYEHU:A

§ 31. HICXOXHBIE COOTHOHIEHU

PaccMoTpuM HamGosiee CymeCTBeHHBIZ [If IPAKTHKW BOJHOBOA,
IPSAMOYTOALHOrO ceueHns, maoOpaskeHnusiii wa pme. 3.1. lnag mpocro-
THI TOJOMKAM, YTO BOJHOBOJ B3AIMOJHEH OJHOPOMHEIM M30TPONHEBIM [H-
oieKTprKoM Oes morteps, T. e. o=0. IloTepm B cTeHKax TawkKe HO
OyneM YuYmTHIBATH, IoJaras
OPOBOMAMOCTL CTEHOK O cp
pasHO#t OeckoHeuHOCTH. Ta-

KUM oOpasoM, TmocCiIexylo-

mye pacdeThl OYAyT aHAIO- A
IMYHBl pacueraM [JIMHHBIX
amawnit 6e3 moreps Ilpeme- -
OpesxeHWie  HOTEPAMHE B < g % .
CTEHKaX W B JIHIJIEKTPHKE

BIIOJIHE MOIYCTAMO B 00Jb- -
IMHCTEE IIPaKTAIECKN /
BCTPEUAIOIIAXCSA  CIy4aeB.

Koneunyio OPOBOIMOCTE Pmc. 3.1. BoaHOBOJ NPAMOYIOJLHOIO CO-
CTEHOK moTpedyerca B alib- JeHAA

HelmeM yYecTh JWIb IIpH

IpuOIIKeHHOM pacdeTe 3aTYXaHHS BOJIH B BOJHOBOJAX.

OTBiIeueMcs MePBOHAYAIBHO OT CII0c000B BO3OYKIEHMA BOJIHOBOMAA
I oIpefielnM, KaKWe THOHI BOXH MOTYT CYIIEeCTBOBAThH B OecKoHedY-
HO [JHHHOM BOJHOBoZe. A mpaKkTmuecKmX mesieil BajkeH pacdeT
CTPYKTYPBI 3JIEKTPAYECKOTO W MATHUTHOTO TIOJeil B IIONEPEeTHOM
U TIPOJIOJBHOM CeYeHHAX BOJHOBOJA. OSHAaHWE paclpeeleHns MO
1103BOJIsAeT, HAIPUMep, PAaBIMIbLHO OPHEHTHPOBATH B BOJHOBOME MBIY-
Japline U IpHeMHBIe YCTPOWCTBA (9JIEMEHTHI CBA3M). SHAA CTPYKTY-
Py BBICOKOYACTOTHOTO TONA, MOMKHO OTPENeNHTh TOUKH, MeKIY
KOTOPHIME Ham0oJee JIETKO TIPONCXOIUT 9SIEKTPHUECKHl IIPoloii,
BEIYACINTH  MOLIHOCTH,  IepeflaBaeMyi0 [0  BOIHOBORY, ©
1. II.

HpoMe 3akoHOB pacmpemeneH:AS Tojed, BeCbMa BAKHO BBIYHCJIATH
KPUTHYEeCKYI0 JJIWHY BOIHH (KPHTHYECKYI0 YacTOTy) paccMaTpuBae-
MOTO BOJHOBOJA W HalTH MAJIWHY BOJHEL B BomHOBome. Ilociemmee
OY€HDL CYI[eCTBEHHO C TOYKH 3peHNs WHTePHepPeHOUOHHLIX SBJICHUN
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L.

B BOJHOBOJAX, K KOTODHIM CBOJAATCA TaKUe Ba)KHEIe 3a7a4d, KaK
COIJIacOBaHME.

O0mee perieHnme BOJTHOBOTO YpaBHEHH:d, IpofiellaHHOe B T 2,
JlaeT BO3MOYKHOCTH BBIUHCIUTH BCe WHTEpecylommue BeqHmYImHEL. B ca-
MOM Jieiie, IS eKapTOBOM CHMCTEMBI KOOPAWHAT, COTJIACHO ypaBHEHHIO
(2.33), cocraBaAONINe 3MEKTPHIECKOr0 W MATHUTHOTO MoJeil Oeryimeit
ROJIIIBI MOTYT OBITH 3aIIMCAHEI B 00IeM BHUJE:

L = Dcos (Ex — ¢) cos (mqy — ) efvi-12 (3.1)
niau
COS ,, . COS fnz
L =D, (x) gip (ny) o (3.2)

IMocrosmnasn 7, ompenesnAiomias JINHY BOJHEL B BOJHOBOJE, (aszo-
BYI0 CKOPOCTh M 3aTyXaHHme BOJHBI, HMeeT COINIAaCHO BBIPa;KeHHIO

(2.24) Bup,
- 7P =— R+ 2+ (3.3

Corsacuo o0mmeil Teopmud, MO BOAHOBOAY, He MMeEON[eMy BHYTpPeH-
HEX TPOBOJTHUKOB, MOryT pachpocrpanarscsa sostuel tumoB TE m TM,
HO He MoKeT cymectBoBaTh BoxHa Tmma TEM. CxemoatensHo, mose
BHYTPH BOJHOBOJA OIMCEIBAGTCH JECATHI0O ypaBHeHuaMu smpa (3.1)
min (3.2) oTHOcHTeNbHO cocrapisomunx £, £y, H H,u £, win H,,
KOUKI0e ™3 KOTOPHIX COJEP/KAT TNATh HEe3aBHCUMBIX KOHCTAHT
(D, &, m, @, p). Taknm oGpasom, ecad BeImmcaTh ypaHeHma (3.1) u
(3.2) mIa KasKmoi W3 COCTABIAIOININX B OTAEIBHOCTH, TO HeOoOXOIUMO
HAATH 2D KOHCTAHT JiIaA Bouan thmna TE m 25 KOHCTAHT AJA BOJH THIIa
TM. 9rm mocrosgHHBle MOTYT OBITH HAHMEHBI ¢ TTOMOINBI0 TPAHMYHBIX
YCJIOBYi, OIpPeNe/A0NMX I0OBeleHne BIEeKTPOMAarHHTHOIO II0JIA Ha
(TeHKaX BosHOoBOMA. Ilpm GeckoHeuHO OONBINON NMPOBOTUMOCTH MaTe-
pHaja CTEHOK BOJHOBOIA TAHTEHIIMATHHAS COCTABJIAIONIAS DIEKTpHYe-
CKOro MOJsA Ha CTeHKAaX [o/UKHa ODLIThL paBHA HYJIIO:

E,=0. (3.4)

Jlna yopomeHmsa pelleHmsa Heo0XOQUMMO BEIOpATh TAKyH CHCTEMY
KOOPJUHAT, IPH KOTOPO#l IPAHUYHBIE YCIOBUS HA MOBEPXHOCTAX ITPO-
BOJHUKOB 3aluchiBalorca B Haumbosee mpoctoir ¢opme. HaubGosee
MONXOIAINEH ABJIsAETCA JeKapToBa CHCTeMa, OPUEHTHPOBAHHASA OTHO-
(WTEJIBHO BOJIIOBOJA, KaK MOKasaHo Ha puc. 3.1.

KoamuecTBo MOCTOAHHBIX, MMOMJIEMKAIUX OIPENEHNI0, MOMKeT
OLITH YMEHBINEHO, €CJM Y9ecTh, UT0 IOIEPETHBIe COCTABIAIOIAE
SIIEKTPOMATHATHOTO IOJA ONHO3HAYHO CBA3AHBI C TPOJOILHBIMH CO-
crapiagomuMa. B camom pmese, sHaA Beipaskenua mia £, m H,, Mox-
o w3 ypaBHeHm# (2.84) — (2.91) nHaiitm Bce ocTaTbHBIE KOMIIOHEHTEI
nosia Boan TunoB TE m TM. IlostoMy 11 modydeHMs cHCTEMEBI ypaB-
HeHnid BoaH TE m TM mosKHO orpaHmMYMTHCA HAXOMKIEHHEM He IIATH-
[ECATH, & AecCATH KOHCTAHT.
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Jlpyroii gacTo mpmMeHseMEI MeToj| OCHOBEIBaeTca Ha OGoiee dop-
MAJLHEIX, HO BMecTe ¢ TeM OOmHX IOJOKeHUAX TeOpH: IOJA. JTOT
MeTo]; 6asmpyeTcs HA MCHONB30BAHUN BJIEKTPHIECKOTO W MarHHTHOLO
BekTOopoB ['epuma. HommuecTBo KoHcTamT, KOTOpBIe HEOOXOJMMO OIpe-
JeJATh II0 YKasaHHOMY MeTofly, paBHO JecsATH, T. €. TaKoe
e, KaK [pH MNCIHOJIb30BAHMH PEIIeHWsA OTHOCHTENBHO COCTaB-
amomux E,m I .

§ 3.2. YPABHEHUA COCTABJIAIOWNX IIOJA B IPAMOYTOJbHOM
BOJTHOBOJIE ITP! BOJIHAX THUIIA TM

Hpn BeiBome ypaBHemmit Boan tmma TM Bocmoawssyemcsa MeTomoM
pacyera TOMEPEYHEIX COCTABJIAIOMIAX 3IEKTPUUECKOTO W MATHHTHOTO
moJieil 9epes MPOMOJBHBIE COCTABJAIOIIE, B [JaHHOM Clydae dUepes
cocrasisomyio £, (cocrasinawouiasg H, npa Bornax tmma TM papna
HYJIO).

Cesasw cocrapiasgoomux mouasa K., £y, Hy w H, ¢ E, onpenensercs
obmumu ypasueauamn (2.71) — (2.74) un (2.88) — (2.91). C mgpyroit
CTOPOHBI, cocCTABJAIOIMAA £, MOHKHA YIOBIETBOPATH CHAJISIPHOMY
BomHOBOMY ypaBHeHmio Tuna (2.18). CroemoBartenbHO, Ha OCHOBAaHMHA
pellleHus, MpABEIeHHOTO B § 2.2, BRIpajKeHUe mPOAOJBHON COCTABIIIO-
el SIIEKTPHYECKOTO HOJA Mo COOTHOoImeHmio (2.33) MOMKHO HMETh
8UJ

E, = D, cos (:x — ) cos (ny — b) efot—1, (3.5)

rae D — aMINIATYHBIA MHOYKHTEIIb.
[MopcraBnsas Bripaskenme (3.5) B ypasuemma (2.88) — (2.91),
gocyie muepeHITAPOBAHNA MOTYydaeM:

E, = Dyt —g—sin (4 — g) cos (ny — ¢) €71 (3.6)

E, = Dyn —g=— €08 (2x — @) sin (ny — $) 1% (3.7)

H, = — j Dy—g—"7 cos (ix — @) sin (ny — ) e/, (3.8)

H, =Dt —k—;’%sin (Ex — ©) cos (ny — ¥) efot=12_ (3.9)

[as yopomeHnsa o603HaTIAM

OxoHUaTeqbHO, OIyCKasg BO BCeX BBIPUKEHHAX MHOKHUTEID
elvt=iz, MOJKHO IIepelmcaTh CeMeliCTBO ypaBHEHHWI NOJA IPH BOJ-
Hax tuna TM B IpsAMOyTOIBRHOM BOJTHOBOJE B BHJE
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E . = D+tsin (Ex — o) cos (my — b); (3.10)

E, = Drmcos (Ex — ¢) sin (ny — $); (3.11)
E, = D (k* 4 1?) cos (x — @) cos (ny — ¥); (3.12)
Hy, = —JD weegycos (Ex — ) sin (ny — 9); (3.13)
H, = D ocetsin (Ex — ) cos (ny — ); (3.14)
H,=0. (3.15)

Bripamenume (k2-+vy?), Bxogsamee B (3.12), ¢ moMomnpo ypaBHEHN S
(2.24) MoKHO 3aMEHUTH depes

R+ =8 (3.16)

Taxum ob6pasoM, B ypasuenusa (3.10) —(3.15) Bxopar aums nAThH
HE3aBUCHMEIX KOHCTaHT &, M, @, P, D, OfAHAKOBEIX I BceX MATIH
COCTABJIAIONIAX TIOJIA.

CTeHKE BOJNHOBOJa NPHHATH HAEAJNBHO HpoBojgamuMu. B ceasm
¢ 3TUM, obpamasdcs K pumc. 3.1, MO}KHO 3alMCcaTh TPAHUYHOE YCIOBUE
(3.4) B Bume

E.=0npu y=0; y =0; (3.17)
E,=0 npu x =0; x = a; (3.18)
. E,=0npn x=y=0;, x=a; y=>=. (3.19)

Ycaosuem paBeHcTBa £, =0 mpm 100bIX 3HAYEHUAX I ABIAETCSE
cos (my — ) =0.
Ilonaraa y=0, moxyuaem:

T

cosh =0; b= = -+ pr,

rae p — aioboe 1esnoe IUCI0, BRIOYAS HYIb.
B panpHeiimmeM [0CTaTOYHO BOCIOJNL30BATHCA PeIIeHHEEM A
opu p=0:

b= (3.20)

Herpynuo Bmpmers, 910 B ciaygae p—-(0 mpomcxoguT JUIIb OfHO-
BpeMeHHOe M3MeHeHne 3HaKa IPY BCEX COCTABJIAIIHAX II0JA, OINACHI-
BaeMbIx ypaBHeHuAME (3.10) — (3.15).

Ilonaraa y=b m BHOBL wmcmoan3ya ycioBme E,=0, ¢ yuerom
seipaskenna (3.20) momygaem: sinnb=0; nb=mnn, orxyna
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ofechk n — jo0oe menoe 9deao, BKiaodas nyas: n=0, 1, 2, 3...
Ilpenebpeur mepHOAUTHOCTHIO TPUTOHOMETpHYECKOH (QyHKIMR

B pacCcMATPHBA€MOM CIydae HeJb3fd, TaK KaKk B NPOTHBHOM CIydae-

BC€ KOMIOHEHTBHI IOJNA CTAHOBATCA TOKIECTBEHHO PABHBIMH HYIIO.
Homo6usiM ke obpasom MomHo HaiThm mocrosHuele £ m ¢. Mz

coorsomernua (3.11) c¢ yuerom rpammumoro yciosua (3.18) - mouy-
yaeM:

cos (x — 2) = 0;

© = o (3.22}
i =1 (3.23)

roe m=0, 1, 2, 3...

Ilpm ompenenenum koHCTaHTHL ¢ B (3.22) cHoBa BEHIOpaHO JIANIBL
ONHO W3 BO3MOMKHBIX peIIeHWI, MOCKOJBKY (opMa ypaBHEHHH OIS
B 3THEX CIydYasaX OCTaeTcs HeM3MEeHHOM.

Takxum o6pasoM, ¢ moMoInsio rpaEudHEX ycaosmit (3.17) m (3.18)
yaJI0oCh ONpPEJeJATh YeTHIpe ITOCTOSHHEIX — IOIEpPeYHBIe BOJHOBHIE
yrcaa § M m mocTosHHEIe ¢ U . Ycmosme (3.19) He maer HoBRIX
pelmieHNWil, B 9YeM HeTPYRHO yOemuThCsA, paccMaTpHBasg BBEIpaKe-
nme (3.12).

IHocroaunaa D, mMelomasca B paccMaTpHBAEMBIX ypPAaBHEHUAX,
MOJKeT OBITH BBIYHCIEHA TOJHKO ITPH HAJIWYAW MOIMOTHUATEJIBHEIX YCJIO-
BUil, HAIpPUMeEpP, BEJIWYMHE! IepefaBaeMON MO BOJHOBORY MOU[HOCTH.
CpHako IJIA OmpeNeNeHNA CTPYKTYpHl IodA Beaunumua [ poam He
UrpaeT, MOCKOJPKY OHA ONMHAKOBO BXOJHUT B YPaBHEHHA BCeX COCTAB-
AAOMAX U oOpefeisgeT Jumb a0CONIOTHYI0 BeJmumHy moneit. Bompoc
00 abcoaloTHON BeamumHe KoHcTaHTH D Oymer paccMmorpeH Oosee
HOApoOHO B TJI. O, IOCBAIIEHHOHW Tiepefade BHEPTHHW IO BOJHOBOJAM.

IlocTossHHAA pacopocTpaHeHuA Yy ompefeisgerca deped & m M COOT-
womeHueM (3.16):

9 2
= — k2 (%1_ 4 _1';2_) (3.24)

OKoHYATEeNBHO YPABHEHUA COCTABJIAIIIAX HOJSA B NPAMOYTOTHHOM:
pojHoBOfe miag BomH Ttama TM Moryr O®ITH mpejcTaBieHBl B BHfE:

E,.= —Dx %1 COS (%nx) sin (35— y); (3.25)

E, = — Dy n—; sin (l;’—z x) coS (Eg— y); (3.26)
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= D=? (-Z%z -+ '222) sin (%n- x) sin (ZZ?' y); (3.27)

H, = JD wee, ﬂ—;— sin (—Z—m x) coS (fb’—l y); (3.28)
. m m . TN
Hy = —_/D wzg, - COS (—a' JC) Sin (—b— y), (329)
Hz — Ou S (3.30)
B xamkmoM m3 3THMX YypaBHeHHI mMojpasyMeBaeTca MHOMKHUTENb
LIet=1z, COOTBETCTBYIOIMN PACIPOCTPAHEHHI0 BOJHHI B HAampasile-

HN 2.

PaccMoTpenHbie ypaBHeHNS OXBATHIBAIOT KAK BOJHBEI PacIpocTpa-
HAIAXCA TUIOOB, TaK W 3aryxaoimue (HepacIpOCTPaHAIIIEECH)
BOJIHEI, COOTBETCTBYIOIINE PEIKAMY OTCEUKHN.

[ia pacmpocTpaHAOMEAXCSA THNOB BOJH, IPeACTABIAIIHAX HaH-
ponpmmmii mHTepec (A<M, ), CHeLyeT HOJOKHTH, Kak OOKITHO,
y=jP. Torma ypaBuemma Boan TM B nDpAMOYroALHOM BOJHOBOME
MOJKHO IPUBECTH K CJIeRY0IeMy BULY:

D8 =2 cos (22 x) sin (5 y); (3.31)

E, = DB 5 sin (5 x) cos (G- v); (3.32)

| E, = jDx’ (_gjf 4 -’;—) sin (E—mx) sin (22 y); (3.33)
H, = — Doz, I sin (2 x) cos (5 ) (3.34)

H, = Doss, 2% cos (2 x| sin (5 y); (3.35)

H, =0. (3.36)

Ilpm nammcammm ypaeHeHmit (3.31) — (3.36) ammamrymer Bcex
-COCTABJIAIOMAX IOMHOKEHBI HA [ IJIA ympomieHWs WX samucu. IIpwmu-
» IATTHAJIBHOM POJIM 3TO He Wrpaer, TaK Kak KoHcraHTta D mo-mpesHeMy
ocraercs HeonpefedeHHoil. Hak OymeT BmaHO m3 majpHENIero, yMHO-
HeHHe aMIUIATYABl TMOJed Ha j COOTBETCTBYeT JHINh CHBATY HAYaja
orcdera KOOPAMHATHL 2 Ha YeTBEPTh JIMHEI BOIHLI B BOJHOBOJE 0es
KaKaX-1100 M3MEHOHUH B CTPYKType TOJIeH.

Ilockompky paccMaTpHBaeMble BOJNHEL OTHOCATCA K PACIPOCTPaH:A-
0meMycs THILy, MHOKATeNs €/“'~7¢  mpmobperaer Bumpy e/ (*1—9#2),
rae $asoBasd MOCTOAHHAA § OMpeensiercs BHIPASKEHHEM

@ g g (L"i 4 ). ‘ (3.37)

a2 | b2
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IIpoBemenHoe pemeHWe MOKA3LIBAET, YTO B HPAMOYIOJIBLHOM BOJI-
HOBOZe B oOm[eM ciIydae MOMKET CyIm[eCTBOBATh OECKOHEYHOe MHOMKe-
ctBo BosH Tuma TM, orTamuwarommxca sHadeHuaMm O0e3pasMepPHEIX
MHO;kuTeneit m m n. llosTomy npm oGosHauyeHHE BOJTHEI B MHJEKCE
IIPAHATO YKa3BIBaTh BeadduHsl m u n, 1. e. TM,,, mm E,,,.

PaBeHCTBO HyII0 MHEKCOB /M W 1 HE COOTBETCTBYET KAKUM-IHOO
peaabHBIM BOJHAM, IHOCKOJBKY corsiacHo ypasHenuam (3.31) — (3.36)
BCe coCTaBlgmue moisa obpamarmrcsa mpm dtom B HyIb. Ciemoma-
TeabHOo, BOJHBI THIOB TMpo, TMo, m TMpmo B mpAMOyrombHOM MeTa-
JUYEeCKOM BOJNHOBOMe He cymiecTByioT. IIpocTeiimeir BOIHON 3JIEKTPU-
YeCKOTO THIIA B NPAMOYTOJLHOM BOJHOBOAE ABJIAETCA BOJHA THII&
TM, wiam E;;. Jamee caenytor soansr TanoB Eio, Eoi, Eg m 1. 1. 1O
OECKOHETHOCTH.

C mareMaTmueckoil TOYKH 3peHHA THCIA M W 1 MOTYT HMETb He
TOJBKO TOJIOKHUTENBHBIN, HO B OTPHUIATEJIbHBIN 3HaK. OJHAKO OoTpHIA-
TeJbHBIE 3HAYEHHSA M W N He [AalOT HOBHIX POMIGHWI, TaK KaK IIpH
DTOM HM3MEHAeTCHd WML SHAK IPH BCEX COCTABIANMX MOAA. ITOT
3HAK MOMKeT OBITh YYTEeH IPH BHIYMCIEHUM KOHCTAHTH D, ompepens-
IOIel aMILIATYY IHO0JIST B BOJHOBOJE.

§ 3.3. YPABHEHHIA COCTABJIAKOIINX IIOJA B IIPAMOYIOJbHOM
BOJHOBOJE IIPU BOJ/JIHAX THUIIA TE

Pactier BOMH MarHMTHOTO THOA B NPAMOYTOJBHOM BOJHOBOJIE
B METOAUIECKOM OTHOIIEHWHN AHAJIOTHMYeH PACCMOTPEHHOMY BBIBOMY
porH Tuna TM.

Bocmonbayemess ypapHeHuamn (2.84) — (2.87), cBAswBaOmmMu
ronepedrsle cocTaBiagomme BoaHE Tnna TE ¢ cocrapiaomeint H ,.
Pemenne CKaJApPHOTO BOJHOBOTO ypaBHEHHA OTHOCHTEIbHO H, MOXK-
HO TIPEJICTAaBUTH B BUJIE

H, = D, cos (£x — ©) cos (ny — §) /I, (3.38)

He Ipefrnosarag, pasyMeeTcs, 3apaHee pPaBEHCTBA COOTBETCTBYIOLIWX
rouctTauT nuaa Boad tTunmos TM m TE.
Iloncrasisa Bmpaskenme (3.38) B (2.84) — (2.87), momygaewm:

E, =D —g— cos(Ex —e)sin(ny —9);  (3.39)
E,= — D,z W—wf%— sin (Ex — ¢)cos(ny — ¥);  (3.40)
H, = D ﬁ—(— sin (Ex — @) cos (ny — b); (3.41)
H, = Dy —p—jﬁ cos (Ex — o) sin (ny — ). (3.42)
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B ypapuennax (3.39) — (3.42), kak m mpempe, ONyINeH Jjid KparT-
KOCTH MHOMKHTEIE &/°1 =17,

Ha ocmosammm rpanmaHoro ycaosmg (3.17) us ypasmenma (3.39)
MOKHO TIONYIATH:

sin (my — ) = 0;

QOTKYyIa
| Y=0; (3.43)
m === (3.44)

IlocTosnnsie £ m @ onmpexgensiorca mo yciaosuio (3.18) ma (3.40):

0; (3.45)

(P fra—
£ = 2 (3.46)

N3 ycroBma mepmogmM9HoOCTH TPHUTOHOMETpHYECKHX (QYHKOAT M
% 1 MOTyT OBITH MIOOBIMH HEJBIMU YWCHAMH, BKIIOYAA HYIb.

OrMmeTnM, 9T0O MONMEepeTHEIe TOCTOSHHEIE § M N COBOAJAIOT C AHAJO-
rmYHBIME KoHcTaHTaMm BojH Tuna TM. CimemoBaTensHO, COBHAZAIOT
¥ BRIpa’KeHUS A MOCTOAHHOU pacmpocTpaHeHds Y B $aszoBOHd MOCTO-
aHHEON P, ompenpensemeie ypaBHeHuaAMn (3.24) m (3.37). llocToannyio
D, ma maHHOM 9Talie pPacdIeToB OMpenensaTh He OyAeM, TaK KaK OHA
"e ABIAETCA HEOOXOJMMOW NpPH aHalW3e CTPYKTYPHL IOJEH B BOJHO-
BOJAX.

Ucnonpsyem naiijeHHbe mocTosHHBIe, O003HAYAA A KPaTKOCTH

; M
D = jD, ﬁr,

YPaBHCHHA BOJH THIIA TE Momuo nepenucaTe OKOHYATEIBHO:

E,=Do 5f cos (2% x) sin (2 y); (3.47)
E, = — Do I sin (22 x) cos (I y); (3.48)
E, =0; (3.49)
Ho= =D o= T (Zajeos ()i 650
M= =D e Feos (Zasn (Zo) @
H,=—jD = (& 4+ 5 cos (2 x) cos (3-y).  (3.52)
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B caygae pacmpocrpaHAmomuxcsa BoJH, T. €. IpH A<Ay,, MOCTOAH~
Hasg pPacCOpoCTpaHEHHWA Y TIpum OTCYTCTBHM NOTEPh ABIAETCA IACTC
MHEMOI Beawumuoil (y=jf), m ypasmenus (3.47) — (3.52) mpmun-~
MaloT BHJ

E,= Do cos (22 1) sin (22 y); (3.53)
Ey=—DoZtsin (Zx)cos (Fry)i (3.54)
E, = 0; (3.55)
H,=D - 2 sin (2% x) cos (52 )3 (3.56)
H,=D pio I cos (2 x) sin (50 v); (3.57)

1
|

Ly T2 2 2 b nn
H, iD "o (—2-22— -+ ’Z_z) cos (——;iz x) cos (—b— y) (3.58)

Ypasrenua (3.53) — (3.58) mnoraseiBaior, 9T0 B 00meM ciyyae
cymecTByeT OeckoHedHoe KonmduecTBo BouH Tmna TE. ITostomy BOSHBI
MarHATHOTO THOA B TPAMOYTOJHHOM BOJNHOBOJEe 0003HAYAIOTCA depes
TE,,nma H,,, .

Herpyneo BHmeTh, YTO ONHOBpPEMEHHOE PaBEHCTBO HYJI YHCEN
M W n OPUBOAUT K IOJHOMY WCIe3HOBEHUI0 moas B BoaHoBofe. Cie-
ROBaTeAbHO, BOJHEI THma TEgy HeposmokHBEL OmHAKO eclIm OHO U3
qUCeJ M WIN k PABHO HYJO OPA APYrOM 9HCjE, OTIMIHOM OT HYIA,
TO 9aCTh COCTABJIAIOINUX MoJsA o0pamaeTcsa B HYIb, HO IIOJe IIPOMOJi-
*KaeT CYL[eCTBOBATH, XOTsA W B 3HAUATEIHHO YIPONIEHHOM BHUJE.

B cmny psama ofcrosaTenscTB ofHA W3 TAKHX ITPOCTEHMIIAX BOJH,
a uMmenHO BomHa THma TE;, mmm Hjp, mrpaer ocobo BaskHy® pOIH
B TEXHHKE CBEPXBBICOKMX YacTOT. ¥ paBHEHUS pacIpocTpaHAIOMecs
sostHel THOa Hj Jerxo moxy4mTh M3 OpEABIAYIINX BHIPasKeHWil, IMOJIO-
s#mB m=1 m n=0. BomumeM 3Tr ypaBHEHH:A, 9aCTO BCTPEUAIOIIIECSH
Upd TOpaKTHYeCKHX pacueTax BodHOBOAHEIX amumi CBY:

E, = — D= sin (- x); (3.59)

' . Bz . w .
H, =D~ sin (< x); (3.60)

. w2 T
H,=—jD e cos( -~ x); (3.61)
E,=H,=E,=0. (3.62)

57



HanomunM, uro Bo Bcex ypasmemmax (3.53) — (3.61) mogpasymena-
eTcsa MHOMkmTenb e/ (*1—PF?) | geomHOKpaTHO yHOMHHABIOHiiCS B TIpe-
NBIAYIeM HM3I0YKeHWNM.

Taxkum o6pasoM, 10 OJHOPOLHOMY BOJHOBOLY IPAMOYTOJIBHOIO Ce-
genus (e3 MOTeph B NPHHIUIE MOTYT PACHPOCTPAHATHCSI MATHUTHDIE
ponusl TunoB Hyo, Hoi, Heo, Hoo,..., Hyy, Hig, Hoy, Hee mw 1. 1. 1o
OeckoHeuHocTH. [asKmas W3 9THX BONH, PABHO KAaK W BOJIHBI THIIOR
Eomn, CYIECTBYIOT COBEPIIEHHO HE3aBHCHMO ofHa ot apyroi. Homkper-
HBIe YCIOBHs BO30YKIEHMsA TOTO WM APYroro THIA BOJHEL, a TaK/Ke
CTPyKTypa mojell, U3AYECKHiI CMBICI HHIEKCOB M W h W Jpyrae
BOTIPOCHL OyAyT PACCMOTPEHHI B CIAeIYIONIUX pasfieiax.

§ 3.4. CTPYKTYPA IIOJA B IIPAMOYIOJbHOM BOJIHOBOJIE
TP BOJHAX THIIA TM

ITox cTpyrTypoit mossA mofipasyMeBalOTCA pacupefeieHne 1 gopMma
JJIEKTPUYECKUX W MATHUTHBIX CHIOBHIX JHHUHE B BoJHOBome. OOBIYHO
CTPYKTYPY TOJIS paccMaTpumBamwT B (DHKCHPOBAHHBI MOMEHT BPeMEHH,
Kak OBl ocraHapiuBasg u «dororpadupys» BOJHY, OErymyio Io BOJ-
1OBOTTY.

ITocTpoenne cHUIOBBIX JMHAN MOYKHO TPOM3BECTH TI0 M3BECTHBIM
ypaBHenuAM coctapasomux. CoriacHo ompeJesennio, CUIOBASA JUHNSA
sIBJISAETCA KPHBOIl, KacareabHas K KOTOPOH CoBIagaer IO Halpasie-
umio ¢ pekTopom E umm H B paccmarpmBaemoii Touke. CiemoBaTessb-
H0, B TPAMOYTOJNBHOI cucTeMe KoopAmHAT AudepeHmmansl CHIOBON
guann dx, dy m dz cBA3aHEL ¢ COCTABAAIOMIMMA II0JIA COOTHOINEHM MU

dx _dy dz
F=F =5 (3.63)

d
== (3.64)
x y 2

Mcmonwayss  ypaeHenma (3.31) — (3.36) coBmectHO ¢ (3.63)
g (3.64), mokHO cocraBuTh AuUddepeHuaNbHEe ypaBHEHUA, IIOCTe
WHTEIPUPOBAHNIA KOTOPHIX IOJYdYalOTCA YPAaBHEHUS COOTBETCTBYIOMINX
CWJIOBBIX JUHUH (B maHHOM ciayvae A BoaH tama TM). Taxoit me-
ToJ HeymoOeH TeM, YTO mojJyiaeMoe o0Imee aHAIHTHIECKOEe BEIpaKe-
fiue CHJIOBOW JWHUM HETOCTATOYHO HATJIATHO.

BocmoassyeMmcss MeTOIOM HEMOCPEACTBEHHOTO MOCTPOEHUS CTPYK-
TYPHl MOJIs B BOJHOBOME HPU IOMOIMH 3IIOP COCTABIAIOIIUX IIOJNA IO
pe6paM BOJHOBOJA.

IMockonbky maa Boad tmuma TM H, =0, 3akmouyaeM, 4TO MarHmT-
HbIe CUJIOBBIE JUHWHA SABIAOTCA INIOCKAMY KPHWBHIMH, JeKAIQUMK B I10-
mepedHoM cedeHmm BoixHOBo#a. Hamporme, smexTpmuecKkme CHIOBEHIE

JUINA AMEIOT BCe TPH COCTABJIAIIAE U ABIAITCA OPOCTPAHCTBEHHEI-
MHA KPHBBHIMO.

o8 ;



Haumem paccmoTpenme moss ¢ mpocreiimnx Boad tuna TM. B ciay-
vae BoXHH TEma E;, momaras B ypasmemmax (3.34) m (3.35) m=1%
u n=1, moixydaeM:

’

H,~sin (% x) cos (—7;— y);
H, ~ cos (—Z—Z— x) sin (—;i- v).

[TocTponM 3HIOPEI COCTABIAOMIMX MATHETHOTO WOJs B IOTeped-

b
HOM ceueHHH BOJHOBOfA. ITo mmumm AA (puc. 3.2), 1. e. mpny——5-,
H,=0nopr mo6pix smauenmax x. CiefoBaTelbHO, CHJIOBBEIC MarHAT~

%

Pmc. 3.2. Omiope! MarHUTHOTO HOJasA m opMma

MArHUTHBIX CHJIOBHIX JMHUA B HNOMEPEYHOM Ce-

YeHNN TPAMOYTOJBHOIO BOJHOBOJA TIPW BOJHE
tana Eyy

a
Hble JUHEN BCIOAY HopMmaibHb K ocm AA. Ilo ocw BB mpm x = -5

obpamaercsa B Hyas H, m, cieoBaTesabHo, MATHATHEIE CHIOBEIC JIMHUD
_ nepeceKalT npsamylo BB mox mpameim yriaom. Bo Bcex mpoumx Tou-
KaX CeUeHHA BOJHOBOJA NPUCYTCTBYIOT 00€ COCTABIAIONIEE MArHUT-
HOTO NOJisA, M3MEHAIMUIECS 110 KPUBLIM, TMOKA3aHHKEIM Ha puc. 3.2.
B pesymnsrate marmmTHBIe JEHEE OpHOOperaroT (OPMY MCKAMKEHHBIX
9JIAICOB, CTPeMAMUXCA BOJIASH CTEHOK K IPAMOYTOJNBHUKY.

B mpomombHOM ceYeHHMH BOJHOBOKA IO OCHA 2 HANPSIKEeHHOCTH
MArHATHOTO NOJA mpu l=const msMeHAeTcsi MO CHHYCOHUIAIBHOMY
3aKOHy, Ha 4TO yKasslBaeT MHOMHTenb e/ (“1~F2)  pompasymenaemsrit
B ypasHeHuax (3.34) — (3.35). Paccrosmme Memnmy MaKcEMyMaMu

HANPAKEHAEOCTA MATHATHOTO IOJS COCTABJAET —5'5- Ilocnemuee BEAHO
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W3 TOro, 4To mpm o=const, {=const mepememnieHne BAOIL OCH 2 Ha
Az, cooTBeTCTBYyIOIIEee M3MEeHEHNIO (a3l Ha %, tpebyer: P(z+Az) —

T s
— Bz ==, orryma Az = 5 WM Az——Q—.

@opMa dIEKTPHIECKUX CHIOBBIX JIMHUHA NOKHA OBITH PaccMOTpe-
fa B JBYX IJIOCKOCTAX, TaK KaK BTU JUHAA MMEIOT COCTABJIANIINE IO
BceM TpeM ocam. Ob6pamasce K ypasHeruam (3.31) —(3.33), mus Bou-
@bl tana Ei; moxygaem:

E,~cos (——;——x) sin (% Vi
E,~ sin (—g— x)
E,~j sin (—;—E- x) sin (—%— y).

IJMIOPH pacIpeneleHAs] dIEKTPHYECKOTO IIOJA B IONEPEYHOM N B
WPOJOIHLHOM CEeUeHUAX BOJHOBOMA ImoOKaszamnl Ha puc. 3.3. Hanmame

w

4 q
Tl , g
T ]
! <
* | a l T
4——————r—~——" T
7] Jnopa by
Inropa Ex
— tr, by £z
— : z
A N A i i
7 ﬂ.g/Z -
dnrpa £,

Pmc. 3.3. IMIOPEl 3IEKTPHYECKOI0 IOJSA B HOINEPEIHOM
® TPOAOJBLHOM CEYEeHHAX NIPAMOYIOJBHOIO BOJHOBOMA
opm BoJiHe Tmna Ep

WMHOKATENSI | B BRIPAYKEHUN A L, B cpaBHEHWH ¢ BBIPAKCHHAMH 1A
TMOTIEePeYHBIX cocTaBIAOmuX £, m £, yraspBaeT Ha CABUT MaKCAMYMa

T
E, mo ocm z ormocmrenrno makcmmyma L. m E, mHa -, T. €. Ha Wer-

BEPTH JUIMHBI BOJHBI B BOJHOBoAEe. A MOKa3aTeabcTBA MOCTATOYHO
BCIIOMHUTH, 9TO MHOKHATENH | MOKeT OBITh HpeACcTaBlieH B IOKa3a-

T

TexabHON opme uwepes e’ 7. Taxmm o6pasoM, mpnm cocrasigomei £,

wt — Bz +—

mMeeTcA MHOKHUTETH e’ ( 2 )B oTAMuUme oT MHOKHTend el (®{—B82)
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y BCeX OCTAJLHBIX COCTABJIAKMUX mojA. 1IpomsBojsa oueBHAHBIE Npe=
o6pa3oBaEnA W y4HTHIBafA, 49T0 P=27/hs, NOMyIaEM

](mt~62~|—-§- wf B2 X
e ):ej(tﬁz), rie z’:z———zf—.

PaccMaTpuBag SHIOPH], MOKAa3aHHBIe HA pHC. 3.3, JErKo 3aKIIO-
qUTh, UTO DIEKTPHUECKHE CHIoBHe juHEE B ceuenuax AA m BB ne-
JIMKOM JIE}KAT B IJIOCKOCTAX, MPOXOMSIIAX depes 3T OCH W IapajlIesb-
ublx ocnm 2. [Ipogonbrasa cocraBiasiomas 3JIeKTPHIECKOTO 1IOJIA, paBHAA
HYJII0 HA TOBEPXHOCTH BOJHOBOJA, YBeJIWYHBACTCSA IO Mepe y/ajaeHuA

L]

., /1

ey
e IEIEE)

— -

TN =

Puc. 34. CrpykTypa OJIEKTPHYECKOTO IIOJNA B
OPAMOYTOJBHOM BOJHOBOAE IIpH BOXHE Tulla E

oI CTeHKH. B pesyiabTare 9TOr0 CHIIOBBIE JUHNU BLIXOJAT H3 IJIOCKO-
ctu xy. CooTBeTCTBYIOIIEe M300pasKeHne IEKTPUICCKAX CHIOBLIX JiH-
HIIl B IOIEpPeYHOM W IPOKOJIBHOM CedeHHAX BOJHOBO/JA IOKa3aHO Ha
puc. 3.4.

Jlaa coBMECTHOTO TOCTPOEHHA CTPYKTYPHI 3JIGKTPHYECKOr0 W Mar-
HOTHOTO IIOJeil HeoO0XOoaWMO ydYecTh, UYTO, COIVIACHO YpaBHEHHAM
(3.31) — (3.35), Bce momepedHble COCTABIAAIIIAE HMCIOT OJMHAKOBY G

- T
¢asy. Muoxuresb |, yKaspIBAaOIAl Ha cABAT (hasbl HAa—5, HMEETCSA

Toapko B ypasuenwnu nua F,. CiaemoaTenbHo, MAaKCUMYyMBI IIOTIEPEYHO-
r0O MATHATHOTO IIOJA COBIAJANT ¢ MAKCHMYyMAaMH IIONEPeYHOro 3JeK-
rpaueckoro mojs. C uamIeckoii TOUKH 3peHHA 3TO 00CTOATENBCTBO
NOJKHO OBITH COBEPIIEHHO fCHO, €CJHH YYecTh, 9TO pPaccMaTpPHBACTCA
beeyujasa BOIHA, DHEPTHSA KOTOpOI mepeMeInaercs B HAUPABICHHH OCH
BOJIHOBOJIA.

ITonHaAa KapTHHA OJIEKTPHYECKOT0 W MATHHATHOTO TMOJEH BOJHBI
rana Ei; nokazama ma pmc. 3.5. Iloxe mepememaerca BIOIAL OCH BOI-
HOBOJIA CO CKOPOCTHIO, paBHON ()a30BOM CKOPOCTH BOJHBEL.

CrpykTypa mOIfA, B IOmepevHoM cedeHHH m300paskeHHast Ha PHC.
35, me Moker ObITH o0pasoBaHa B CTAllMOHAPHOM pe:KEMe CTaTmie-
CKUMH DIEKTPAYECKAME 3apPAJaMU ¥ TOCTOSTHHBIM TOKOM. TeM CaMbIM
€Ie pa3 HaIIANHO MOATBEepKAaeTcs obIiee MOJIOKeHHe O KpHTepHn
CYIMeCTBOBAHASA JMCIEPCHM B Tepenaoiqux jamHuax (cm. § 2.5).
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BMecrte ¢ tem Ha npumepe BoJHSBL Ej; BHIHO, YTO MOHATHE HANpKe-
HUfA, CTOJL IIMPOKO MCIOAL3YeMOe B OOBIYHON TEOPHH IeIeil, MOKeT
TePATH CBOI CMBICH TIPW Iepexojie K BOJHOBOJHBIM CHCTEMAaM.
O6patnMcs K BOJHAM 3JIeKTPHUECKOT0 THINA, XapaKTepu3yeMBIM
uHIekcaMu M u n,06apmumu eqmaunbl. Boana Es; otitm4aaercs ot Bo-

_ 1,5/2

* ﬁmﬁ“

Puc. 3.5. Iloanasa wapruHa D2JIeKTPUYECKOr0 W MArHUT-
HOro mojeil mpm Oerymieit BoaHe tuma ki

HBl E|; Jnmb mosBieHHEeM BTOPOTO TOJyHNeproja SIIOPHI IO OCH I.
JTO O3Ha4aeT, YTO BO3HHUKAET BTOpas sSUYeiiKka IOJS 10 CTOPOHE 4, KaK

nokasaHo ma pmc. 3.6. Boama tmna Ege xapakxrepmayercs YeTnipbMst
guerkamMu  mossa  (pme. 3.6).

Jlanbueiinree paccMoTpeHiie £y
BOJH C BO3pacTamIiiuMu WH- ) ;Ey

JeKcaMu M m 1N He daBlIdeTcs _ 7y
HEeoOXOqUMBIM. £
\
£, 12
- E E_\ AR DASAARA }/H
AT /
R e 7
L é 4

& Ez

Puc. 3.6. Crpykrypa moaeit Boan tuios E, m Eo
B IIOIEPEYHOM CEYEHUU NPAMOYTOJIBHOTO BOJIHOBO-
na. JaAa DoACHeHMA CMBICHA WHAEKCOB /7l H N
IOKA3aHBl JMIOPLL OTHON W3 COCTABIAWINHX DJICK-
TPAYECKOTO IIOJA IO CTeHKaM BOJHOBOMA

B pesyabprare mcciemoBaHuUSA CTPYKTYPHL IOJA BBIACHAETCH (PH3HU-
YeCKAH CMBICJI HHIEKCOB /1 M 71, BBeNEeHHHIX paHee M3 (HOPMaTbHBIX
TPHTOHOMETPHIECKHX cooOpaskeHnmid. Umciaa M M n NOKA3KIBAIOT KOJH-
9EeCTBO IPOCTPAHCTBEHHBIX MONYHEPHOROB (BapHAaIii) IOJA IO COOT-
ReTCTBYIOINEH! OCH KOOPAWMHAT HWIH, 9TO TO K€, YWUCIO0 MPOCTEURImmX

A4eeK TO0JA BJOJIL COOTBGTCTBYIOI[leﬁ CTOPOHEBI C€UeHUA HNPAMOYTOJIb~
HOTro BOJHOBOJAA.
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IIpocreiimeit AdeliKol 1A 3MEKTPUUYECKUX BOJH ABJIAETCA CTPYK-
rypa BoxHbl trna Ei;. IlostoMy mocraTouyHo 3HAHMA CTPYKTYPHI IOJIA
9TOM BOJHBL, 4TOOBI paccmaTpmpath Jio0ble BoxHel Tmma TM B nps-
MOYTOJIBHOM BOJHOBOZE.

§ 3.5. CTPYRTYPA 1IIOJIAA B NIPAMOYTOJHHOM BOJHOBOJE
IIP BOJIHAX THUHIA TE

B ciayae MarHWTHBIX BOJH BJIEKTPHYECKOE IIOJI¢ BCEIa JICHMA <
8 IJIOCKOCTH, HOPMaJXbHOW K OCH BOJTHOBOJA, B TO BpeMA KaK MarHUT-
fible CHJIOBhie JIMHUHW SABNATCA NPOCTPAHCTBEHHBIMH KPHUBLIMU.

PaccmMoTpennme CTpyKTypel oI Ha9HeM C IHpOCTeHINell BOJIHEI
tnna Hio, ypasmenma wotopoit paccmarpmsanuchk B § 3.3. Cormacuo
spipaskeHnaM (3.59) —(3.62), sneRrTpHUeCKOe M MArHUTHOE IIOJA 3TOMH
BOJIHBI I3MEHSIOTCA 10 3aKOHY

x);

)

H, ~ jcos (—Z— x)

E, ~sin (

qp

H,~sin (

Ql:l

npa E,=H, =E,=0.

Ha pumc. 3.7 mocrpoeHa smiopa 3A6KTPHIECKOTO IIOJNSA B I0IIEPeY-
HOM CceUeHWW BOJHOBOJA. Bapmanmsa mois BIOML CTOPOHBL U oTCyTCT-
ByeT. BIOMb CTOPOHBL @ IEKTPHYECKOE T10JIe M3MEHAETCA 10 CHHYCOH-
JIATLHOMY BAaKOHY; BJJEeKTPWUECKHe JUHAMN Be3Je HOPMAJLHBI K ILIO-
cRoctH x2. CTPYKTypa 10, BEITEKAOMAA W3 PACCMOTPEHHON SIIOPHL,
fToKa3aHa Ha TOM ;Ke pucyHKe. I'ycToTa CHIOBEIX JWHHEN oToOpaskaer
BeJNINHY HANPAKEHHOCTH 3JIEKTPAIECKOTO HOJIH.

WnTepecHo OTMETHTH, UTO MOJYUYEHHAA CTPYKTypa DIEKTPHIECKOTO
[I0JIsT COOTBETCTBYET Clydal0, pacCMOTPEHHOMY KadeCcTBEHHO Ha pHC.
1.1 ma 6aze mpoCTEHINWX NPEACTABICHUN O IIAHHLIX JHHAAX (CM.
§ 1.4). Hax moraspIiBaeT MPOBENEHHEIN aHAJIW3, 9Ta CTPYKTypa OTHO-
CATCA JWIIb K YaCTHOMY CIYydYal0 MATHATHBIX BOJH B IPAMOYTOJLHOM
BOJIHOBOTIE.

CrpyKTypa MarHWTHOTO moJii BoaHBI THna H,p BuigcHaerca n3
BOI0P, HPHUBEJEHHBIX Ha puC. 5.8. MarHUTHHE THHEW UMel0T GOpMYy,
IMOX0KYI0O HA BJLIWICHI, W PACHONATAIOTCA IEINKOM B ILIOCKOCTH IZ2,
KaK IOKasaHo Ha puc. 3.9. Makcmmym mpomoianHoi cocraBisomein H,
CMeIeH BJO0Jb OCH 2 OTHOCHUTEJILHO MaKCHMyMa IONepPedHOl COCTaB-

A .
agomein H, Ha —f—{CM. MHOKHATENS | B ypasuenun (3.61)].
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CoBMelieHHAsA KapTHHA SJIEKTPHMIECKOr0 M MATHUTHOTO noxei
Cerymeii Bommsl Tmna H,, moxasama Ha pHC. 3.10. 3mech, Kak # B
ciaygae E-BoilH, MAKCEMyMbI HONEPETHEIX COCTABIAIOIMUX nojieir 06sa-
3aTeJbHO COBIAAIOT.

Y Hy
7 by
vig

/

y £ )

| 4 [nfe

Y Yy y Hy

y

a | T z

Puc. 3.7. dmopa B CTPYK-

Typa DIeRTPHIECKOTO TIIO0-

A1 B IIOTIEPEYHOM Cede-

HUH UPAMOYTOJBHOTO

BOJTHOBOZA IIpM  BOJHE
tuna Hio

Puc. 3.8. Smropsl Mar-
HUTHOTO TIIONA B 1I0-

Ag/2
Ag/?

Pnc. 3.9. Crpyxry- Puc. 3.10. Ilonmasa

nmepevHOM CeUYeHUH
BOJIHOBOZA HPHW BOJHO
Tauna Hjo
Boaurt Ttmmos  Hao,
Hso u 1. 1. mMeT cOOT-
BeTCTBEHHO JiBe, TpH M
fosiee BapHamMil IOJA
mo cropone a  (pmc.
3.11). Boama Tmma Ho
OTIHWYAeTCA OT BOJHEI

tama Hjo UMb TOJOMe-
HAeM IJOCKOCTH TIONSA-
pmsamum, T. €. HIOCKOC-
TH, WTPOXOAAMEN 4Yepes
BEKTOP  9JIEKTPHIECKOTO
moNA W OCh BOJHOBOJA.
CiemoBaTexbHO,  pasid-
9aTh uYepejoBaHUE HHJIE-
KCOB M W n, HAIpUMep,
orTamgaTh Boamy tana Hie
or Boxubl Ho mMmeer

pa MarHETHOTO IO-
A B IPAMOYIOIb-

HOM BOJIHOBOJ[®
IpH BOJHEe THIA
Hio

KapTHHA 3JIeKTpH-
YeCKOr0 W MAaTHUT-

HOro IoJIel Ipu
Oerymeit BOJTHO
rana Hjo

CMELICJI JWAML TOrAa, ROT-
Ja M3BECTHO COOTHOII -
Hue MeXAy pasmepaMu

ceuenna @ m b miam Kor-



la YCJIOBHO NPHWHATO pacHojiojKeHWe oceil KOOPAMHAT OTHOCHTEILHO
(eUeHUA paccMaTpHBAEMOTO BOJHOBOJA.

MarHuTHEIE BONHEI, XapakTepusylomuecsa nuapekcamn m>0, n>0,
IMeT 0ojee CIOKHYI0 CTpyKTypy mnojis. Ha pme. 3.12 moraszama

H
v

£
\
R _ P\ Ky

F N= ey

H Hy £l V7 Hyp

mh/‘

Hoy

~

Puc. 3.11. Crpykrypa SIEKTPUYECKOr0 ¥ MAaTrHMTHOIO IoJei
B [IONIePeYHOM CeYeHHWV IPAMOYTOJBHOTO BOJHOBOJA IIPH BOJHAX
TunoB Hz, Hy u Ho

/‘/'Z 2

Pme. 3.12. CrpyKTypa 3JIEKTPHYCCKOTO I MATHUTHO
ro mojieil B IOIMEpPEeYHOM CeYeHHH IIPAMOYTOJLHOIO
BOJHOBOJA IpHW BoJdHaxXx TumoB Hi;,, Hy m Hoy

cTpykTypa BosaHH TAna Hi; B momepeunoM ceuenmn BosmoBopa. CTpyK-
1ypy Bosn tumos Hgy m Hoo, m300paskeRHyI10 Ha TOM jKe pECYHKE, MOSK-
HO IOCTPOWTH, YUIATEIBAA, YTO MHACKCH /1 W 1 3[1ech CHOBA YKa3HIBa-
10T HA KOJMYECTBO BapHAlMid IOJA IO COOTBETCTBYIOIMIEA ocH (IHCIO

O 1. B. JieGenes 65



AYEER T0JA). AHAJIOTMYHO MOKHO H300pasuTh CTPYKTYPy MOJA I
J000# C¢0sKHOI BOJHEI H ).

Taxam obpasom, misi onucannd BoiH Tuma TE B DpAMOYroibHOM
BOJIHOBOZE HeOOXOAMMO 3HATH TOJBKO [BE TPOCTEHIMHUX AYEHKH IIOJIA.
[lepBass mpocrTeiimas Adeiika coOTBeTCTByeT BodHe tuma Hio, BTOpan
coorBeTcTBYeT Boane thma H,;. Bce ocrampusie Bonust Tma H,, Mo-
ryT OLITH 00pa30BaHbLI M3 YKA3aHHBIX NMPOCTEAMUX A4EeKr MOJA.

OGpamaer Ha cebs

£ Npabodsuue rrockocmu BHIMaHne  CJICAyIOIee.
AN -\ B Boxmosome, BO30YX-
) b7 JIeHHOM Ha Jdi00oii u3

soad tunos Hjo, Hyy, Ha
[y - A T. 7A., MOKHO HauT;

/
£ IJOCKOCTH, BO BCEX TOU-
Hip Hy KaX HOPMaJbHHIE K DJIeK-
TPAIECKEM CHJIOBBIM JiH-
Prc. 313. BosmokHOe pacmososxenue HIAM ¥ KacaTejabHBIE K
e e R e M
n Hy, nuruaMm  (pme.  3.13).
CiaemoBaTenbHO, moJie

NAHHOH BOJHEI HE OyHer
BO3MYIIEHO, €CJHM B BOJHOBO/[€ PACIIOJOKATH TOHKHE HAeaJbHO HpO-
BOAAIMMME IIOBEPXHOCTH, COBIAJAIONIAE C STEMH IJIOCKOocTAMH. B pe-
3yJbTaTe IPSAMOYTOJLHLIN BOJMHOBOJ, BO3OYKIEHHHIA Ha BOJHe THIIA
Hio, Mo)KeT OBITH pasfeNeH Ha CKOJb YrogHO OONBINOe YHCIO BOJHO-
BOJIOB C HEM3MEHHBIM pasMepoM @ W ¢ YMEHLIIGHHBIM pasMmepoM b.
I3 cmydae Boambr tmma H;; BomHOBOA pasduBaercs Ha TpPEYrolbHBIE
AYeHKY, II0 KOTOPHIM HE3aBUCHMO PACIHPOCTPAHAIOTCA DIEKTPOMATHUT-
Hble BOJHBEL. YHauuB JIO0YI0 M3 AYEEK, MOKHO IOJIYIHTH BOTHOBOJ
¢ (popMmoOil CeueHUd, 3HAUYUTETHHO OTAMIAIOMIENCA OT OPAMOYTOIBHOM,
HO HMeEIoIedl MNPEHHII KPATHYECKYIO [JIAHY BOJHEL.

B HeROTOpHIX caydaAx aHAJOTMIHEIM IPHEMOM YAAETCA UCKIIOYNTH
pacmpocTpaHeHHe IO BOJHOBOAY KaKOH-Im00 He)KeNaTeIbHOH BOJHHI,
He Hapyllasd pacOpoCTPaHEHUA JAPYrodl BOJHEL I 9TOTO B BOJHOBOJA
BCTABIAIT METAINYECKYI0 pPemeTKY, JopMa KOTOPOil BO3MOIKHO G-
’Ke COBIIAflaeT C JJIEKTPHYECKIMH CHJIOBBIMH JWHUSAMHI HEKeJIaTelb-
Hoit BomHbL. Ecam cTpykrypa moig TpeGyeMoil BONHBI 3HAYATENLHO
OTJId9aeTCHd OT CTPYKTYPHl HEKeJaTelbHOH, TO [eiICTBAE pPenieTK:H Ha
JKeJATeJbHYI0 BOJHY MOJKeT OBITh BeChMa HE3HATHTENbHBIM. B 10 iKe
BpeMsd BOJHA HE)KeJaTeJhHOT0 THMNA OTPaKaeTCA OT PemeTK! HO4TH
TaK JKe, KaK OT CILIOIMIHOHM MeTaJIH4YeCKON IMOBEPXHOCTH.

ITpocTeiimuit mpmMep WCIOAB30BAHAA NOMOOHBIX (PUABTPYIOMIEX
pelmeToK IOKazaHm Ha puc. 3.14, a. 3mech HeKeJaTelIbHON ABIAETCA
sora Trna Hoj, mirockocts mongpumaarum KOTOpOIl mapaJielbHA IIH-
POKOH CTeHKE BOJHOBOJA.

JApyroit ciydait mCroab30BaHUA CTPYKTYPH IOJSA, 9aCTO BCTpPEUAIO-
muitcA Ha DpaKTHKe, ToKasaH Ha puc. 3.14, 6. Meramnmaeckmit crep-
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’K€Hb, BBEJICHHBI B BOJHOBOJ NEPHEHAUKYJIAPHO Y3KOU CTOPOHE HE
BBI3LIBAET BO3MYIIEHUSA IIOJISI, €CJIHW II0 BOJHOBOAY pacIpoCcTpaHAETCA
posHa tuna Hjo. Taroil cTepieHb MCHONB3YETCHA, HAIPAMeEDP, B HEKO-
TOPEIX THHax rasopas3paaasix npubopoB CBY, rme om wmrpaer poib
BCIOMOTAaTeNbHOr0 3JEKTpPofa. AHAJNOTHYHOE YCTPOWCTBO YACTO HC-
MOJL3yeTCA B BOJHOBOAHOM TeXHHWKe, HallpIMep, PN KOHCTPYHpPOBa-
HAH [eTeKTOPHHIX roJoBOoK (cM. § 8.6).

IIpuBenennsle NpuMepHl AAOT HEKOTOPOE MPEICTAaBIEHHE, CKOJb

BayKHO TOYHO 3HATH CTPYKTYpPY IOJA B BOJHOBOAE [JA peIIeHHMA BO3-
HUKAOOUX HA OTPaKTHKe 3anad.

L7777

NNNNNNN

/(/// L 2

a) 37

Puc. 3.14. IlpmMepsl pacmoJOMKeHHA HeOTpa-
JKAIOIAX IPOBOJAINNX CTePKHeHl B BOJHOBOJE
C Yy4eToM CTPYKTYPHl 3JE€KTPUYECKOIro IOJA

CymiecTByer nm BO3MOJKHOCTh DSKCIEPHMEHTAIBHOr0 HaOII0/eHAA
CTPYKTYPHI JJIeKTPOMATHATHOrO moja B BoaHOoBOAe? C 9To# IEIBIO
BHYTPh BOJIHOBO/IA MOJKHO BBeCTH HeOOJBIIOH 30HMA, COeNUHEHHBIH
¢ TyBCTBUTCIBHBIM WHAAKATOPOM, TPH YCHOBHM, UTO 30HK HE BHOCHT
CYIIECTBOHHBIX MCKA’KeHWil B mccaexyemoe moje. VsBecTHBI m Apyrue
MeTO/{bI HAOIIOIeHUA CTPYKTYPHL MOJIA B BOJHOBOJAX, HOMHOCTHIO HMOA-
TBePA/A0IIAe NPOBeNeHHLH Teopernueckmil anamms. Ilpm mpaxrudge-
CKOit paboTe C OMHOPOAHBLIME BOJHOBOJAME BCErJla MOMKHO HCXORHTH
M3 Halepe] M3BECTHOH CTPYKTYpPH HIOJHA, €CIH YCTaHOBJIEHO, KaKHe
TANHL BOJH MOTYT CYIIECTBOBATH B pPacCMaTpPHBAEeMOM BOJHOBOJE HpH
3aJaHHOi dYacToTe TreHepaTopa CBEPXBHICOKOYACTOTHBIX KOJeOaHMIHA.

§ 3.6. TOK B CTEHKAX IPAMOYTrOJbHOIO BOJIHOBOJIA

B mposeieHHOM aHaJW3e pacIpoCTPaHEHWS BOJH IO BOJHOBOLY HO
paccMaTpUBANHCH TPOTECCHl, MPOUCXOAAINAE B CTeHKaX BOIHOBOAA.
Memnay teMm m3 OOmMEX 3JIEKTPOTEXHUYECKHX COOOparKeHWil JIETKO 3a-
KAIYATH, 9TO OO0 BHYTPEHHEH NIOBEPXHOCTH CTEHOK NOKHBL ITPOTe-
KAaTh BBICOKOYACTOTHBLIE TOKH, CTPYKTypa KOTOPHIX TECHO CBSI3aHA CO
CTPYKTYPO# IOJIA BHYTPH BOJTHOBO/A.

Ha puc. 3.15 m3o0paskeHsl CTEHKA BOJHOBOIA W OTPE30K MArHUT-
HOH CHJIOBOM JIMHWH, KacaTedbHON (TaHTeHOUWAJNLHOII) K STOM CTEHKe.
PaccMoTprM IPAMOYTONBHBIA 3aMKHYTHII KOHTYD HPOTAKEHHOCTHIO
dl, coBmamaromuii Ha yIacTKE BHYTPW BOJHOBOJA C BEKTOPOM TAHTEH-
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LAAJALHOr0 MarHuTHoro monasa H;. Bropo#t y4acTok 3aMKHYTOTO KOHTY-
Pa paCHONOMAM B TOJNIIE MeTalla NAaPAIIeNLHO ero IOBEPXHOCTH.
O6osmaunm uwepes H, Haups/KeHHOCTb MAarHHTHOTO IIOJAsS BHYTPH

MeTaJLIa.
ITo 3aKOHY IOJHOTO TOKA, 00XOmA NMYHKTHPHBIA KOHTYP, HMOJYIaeM
TOK TPOBOZEMOCTH I, HOPMAJBLHBII K MOBEPXHOCTH KOHTYypa:

7 L S — _
% iy dl =|H, — H;|dl.
e e N Hanpasnenue tora dI ompenenser-
A e at | oal ¢Sl IPaBHJIOM OypaBUmKA.
IloryuenHOE COOTHOUIEHWE MOKHO
Pume. 3.15. K ompepeine- mepenncaTh B BHJE

HAI0 IOBEPXHOCTHOTO TO-
Ka B CTeHKe IIepeao-

. J = 1
el JTuANH

= H, —H;|, (3.65)

b

rae / — WJIOTHOCTHL IOBEPXHOCTHOTO TOKA B CTEHKE BOJIHOBOJA B aM-
nepax Ha MeTp.

Ypasrernne (3.65) ommcpiBaeT TOK, IPOTEKAIMUA 0 HOBEPXHOCTH
pasjgena [ByX JIOOBIX Cpef, 1O 3aJJaHHBIM TAHTEHIAAJIBHBIM COCTaB-
JAAIAM MarHUTHOTO MOJA 1o 00e CTOPOHBI Pasfea.

Pacnmpoctpasas KoHTyp, MokasaHHEIH Ha puc. 3.19, mocrarodmo
najgeKo BHYTpb Meramaa, rie H, —0, T. e. oxBaThiBasg Bech IIOBEPXHO-

CTHBIA TOK, IOJIy4aeM:
J=1H,]|. (3.66)

Taxknum 00pa3oM, TOBEPXHOCTHAA IIOTHOCTb TOKA B KaYKIOW TOTKE
Ha BHYTpEHHEe!l CTeHKe BOJHOBOJA YMCICHHO paBHA HANPKEHHOCTH
MATHHTHOTO IOJISA, KAcaTeJbHOTO K paccMarpusaemoii crenke. Ilo mpa-
BTy OypaBuuKa HETPYLHO BaKIOUUTL, 9TO IIPOJOJABHHIT TOK J,
00yCJIOBIEH NONEPEYHBIMA COCTABIAINAME MarHuTHOro mons MH
u H,. Haobopor, monepeannie Tokn J, m J, ompeaenAnTcs TPOIOIDL-
HOIl COCTaBJAIONIeH MarHATHOrO Moy f1,

Iny0mHa nNpPOHEKHOBEHWA TONSA B MeTAJI O ompeneiaseTcs MO
yPaBHEHUIO TTOBEPXHOCTHOTO ddherTa

o 2
= ]/————— (3.67)
WY er o Ser

Iae Ou M |p — aKTHBHAA IPOBOJUMOCTh MaTepHasia, U3 KOTOPOTo
U3TOTOBIEHLl CTEHKH BOJHOBOZA, M €r0 OTHOCHTEJIbHAS MarHHTHAs
IpOHUIAeMOCTh. B ciydae, Korjja CTeHKH BOJHOBOAA BBIIOJHEHLI W3
XOpomIo HIpoBOAAMmMEro Meraiiaa (cepebpo, MeAsp), TOJMIMWHA ITOBEPX-
HOCTHOTO cJIosl oueHb Mana. Ha wacrorax mopamkra 10°—10'° 2y oma
COCTABJIAET MOJNM WIW efMHUNL MEKpoHoB. Iloaromy mocrarodmo, Ha-
IpEMep, HAHEeCTH TOHKHUII cloil cepeOpa Ha BOJHOBOJ, WBTOTOBICHHBIN
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U3 APyroro Marepmaja, 4To0bl 00ecHeYuTh HPOXOKAeHHEe IMOBEPXHOCT-
HOT0 TOKA II0 3TOMY XOpOIIO HpPOBOAAIIEMY CIOIO.

OHaHUE HAUPaBJICHUS U BeJINYAHBE TOKOB B CTEHKaX BOJHOBOJA
Heo0XOAUMO Il DPEmIeHNA MHOTHX NPAKTHUEeCKN BasKHLIX 3a7ad.
IIpesrpe Bcero, Ipm KOHEUHOU NPOBOJUMOCTH METAJia B CTEHKAaX BOJ-
HOBOJIa WMMEIOT MEeCTO AKTHBHBIE IOTepH, YTO 00YCIOBIMBAET HEKOTO-
poe 3aTyxaHHe BOJIHBI, PAcIpOCTPAHAIOUICNCA 1m0 BOAHOBOMY. [l BHI-
YMCJIOHNA 3aTyXaHUA MOKHO B IMePBOM IPUOJMKEHUH BOCIOJIb30BAThH-
€1 ypaBHEHUAMN TOKOB, HalilecHHLIMHU IIpM IpPeJANOTIOKeHNun 00 uae-
AJIBHOI IPOBOAMMOCTHA CTEHOK BOJIHOBO/IA.

He MeHee cymiecTBeHHBIM ABIAETCA BOIPOC O TOM, Kak Oyner
BeCTH ce0f BONHOBOJ NPH HapyIIeHWn CTeHOK (IpH HAJIWYAHA Wiesren
1M OTBEPCTHHl B CTeHKAX BOJHOBoJA). Kciy Imeam HapymaoT TOKH,
KOTODBIE [IOJUKHBI Teub IT0 CTeHKEe BOJHOBOJA, TO IOABJIACTCA H3JIyde-
HUe Hepruym W3 BOJHOBOMA B OKpy’Kalomiee mpocTpaHcTBO. B Heroro-
PHIX cCiIyyagxX »5TO ABJIEHHe MOYKHO WCIOJIh30BaTh, HAIDHAMED, 1A
CO3MAHNA CHeINaJbHBIX INEJeBHIX AHTEHH WM HAaIpaBJIEHHBIX OTBET-
surexein (cm. HmyKe). YacTo 9T0 M3IyueHWe OnIBaeT, OfHAKO, Heexa-
1eJbHBIM, TAK KAK 3a CUeT HapyIIeHWA TMOBEPXHOCTHHIX TOKOB MOYKET
f(POM30JiTH OTpasKeHwWe BOJHBI, PAaCIPOCTPAHAIIIENCA IO BOJXHOBOAY.
Hpome TorO, B MecTax, Tjie HAPYIICHHI BBLICOKOYACTOTHBLIE TOKH, IIPHU
GoaAbIION MOIHOCTH BO3MOJKHO MCKpeHHe (1mpoboit).

PaccmMoTpuM TOKH, mpoTeKalomue B CTeHKAX HIPAMOYTOJBHOTO BOJ-
svosoa. O6patmMca cHavasa K BogHaMm tama TM. B cmay orcyrcrsua
UPOMONBHOW COCTABJIAKIMEA MATHATHOTO TOJNA 3aKJ04YaeM, 49TO BO
BCEX CJIYYasaX 3JNeKTpUUecKNX BOJH E,, momepeuHbie TOKA B CTeHKAaX
ROJHOBOAA OTCYTCTBYIOT:

IlpomonbHbie TOKM ONpeNessaioTes, KaK ObLIO YKAa3aHO, IMOTIEPEeTHLI-
mn cocrapiaomumn H, u H, 00603HauuM IIOTHOCTH ITPOAOILHOIO
TOKAa B IIMPOKOIl cTeHKe BoJHOBoma a depe3 J; (a) m MIOTHOCTL IpPO-
IONILHOTO ToKa B cTeHke b gepes J, (b). Torma:

J.(@) =H, npn y =0, y=1b, (3.68)
J,(b) =H, npu x =0, x = a. (3.69)

Ucnonnsyss ypasmenua /i BoJaH Ttuna Ep,, #MeeMm:
. wm
J, (a) ~sin (7x );

J,(b) ~sin (—T:Zf y )
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Ha pmc. 3.16 mocTpoeHBI COOTBETCTBYIOI[HE I3MIOPHI TOKOB s
upocreiimeit BoaHE Ei;. B KayKI0M cedeHNH BOJHOBOAA HANPABJICHUE
TOKOB BO BCEX CT€HKaX OJ{MHAKOBO.

Pacnpepenerre Toka B CTeHKaxX BOJHOBOMA IpHW BOJMHe THHA Ky
¢ y4eTOM CHHYCOHMJJILHOTO M3MeHEeHUA BJIOJb OCH 2 MOKAa3aHO HA pHC.
3.17. PumcyHor mnpepncraBisgeTr co0oil pasBEePTKY CTEHOK BOIHOBOJA.
IMocTpoeHMe JIMHMA TOKOB HPOBEJNEHO A (PEHKCHPOBAHHOTO MOMEHTa

BpPeMeHH; [JINHA JUHHUN TOKA YCIOBHO OTOOpasKaeT BeJIUYAHY IIOTHO-
CTH TOKA.

/z(a) () H

/7 (6)

$/2(5)

Pme. 3.16. IlnoTHOCTE TOKA B CTEHKAX IIPAMOYIOJb-
HOro BOJNHOBOAAa OpH BoJHe THma E;

I T e T

—_———t——— — -—— 1 — — — Sz =0 Ez-Man

| DI A [ s

—_—— e —— —— —— —— — e —_——— — 4

éwm A e

Puc. 3 17 PacnpepeneHne IHOBEPXHOCTHHIX TOKOB B CTEHKax
BOJHOBOJA HIPH BOJXHe THma E;

Toxnm ma peGpax BommoBOmAa mpu BonHe Thna E;; paBHH Hyo,
[I03TOMY KOHTaKT B peOpax MPHHUWIWAJLHON pojiu He mrpaer. Boxee
TOr0, B CTEHKAX BOJNHOBOJA MOTYT OBITH MPOope3aHbl y3KWe IMeNH, ma-
paiienbHble Oci BOJHOBOJa. Pacmpocrpanenme Bomnmel Tuma Ey,  (u
JI00BIX JPYTHX BOJH 3JIEKTPHYECKOTO THIIA) IIPH 3TOM HPHENANAAILHO
ne HapymaeTca. Haobopor, Besakasa momepeunas menb JOJKHA CHIBHO

BO3MYIIATH I10JIe B BOJIHOBOJIE, IOCKOJNIBEKY OHA 0053aTeIBLHO Hapymiaer
JINHAYM TOKA B CTEHKAaX.
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[Toctpoenne nuanit Tora npu BojgHax TUNOB Ko, Egoe m T. A mpo-
U3BOJATCA aHAJIOTHYHO 110 M3BECTHHIM CTPYKTYpPaM MAaTHHTHOTO IOJA.

O6parumcsa ® TokaM MarHmTHEIX BOJNH. [lockoabky B o6mem ciy-
yae npm BonHax H,, mMeorca Bce TpHm cOCTABIAINEEe MAaTHATHOIO
I0JIA, CIIEflyeT CelaTh BHIBOL O CYINECTBOBAHAA B CTEHKAaX BOJHOBOJA
KaK IIPOJOJBHEIX, TAK U IONepeYHHIX TOKoB. IIpogonsHEIE TOKH MOTYT
€pITh ompepesnensl u3 cooTHomenmi (3.68) m (3.69). IlmorHOCT: mO-
{I€PEeYHBIX TOKOB 3aBHUCHUT OT cocTaBagwmen H,:

J.(@)=H, npu y =0, y =b; (3.70)
J,(b) =H, npu x =0, x =a. (3.71)

PaccmorpuM Gomee mompoGHO IpOCTEHIIYI0 MATHATHYIO BOJIHY
tuna Hjp. Cormacmo ypasuemmam (3.60) —(3.62), ¢ ygerom mampas-
JICHNA 110 IpaBmWiIy OypaBYAKa HMeeM:

P ] T
J,(a)=+D Soog Sin (_Z{' X ); (3.72)
J,(b) = 0; (3.73)
72 T \ .
Jy(@) =+ D —= cos (= x); (3.74)
2
Jy (b) =D I (3.75)

JmIOpH paclpeferleHNss TOKOB B IONEPEIHOM CEeUYeHHH BOJHOBOAA
upur BoaHe Tuna Hjo mokasamnr Ha pumc. 3.18. B y3skoil creEKe BOJHO-
BOJAa TPOJOJbHEIe TOKH OTCYTcTBYIOT. Ilomepedntlii TOK B y3KOi CTeH-

<t T Ui -
7, =0 7,=0 il /

m‘]n

X XXX 2 —_~

Puc. 3.18. IlnoTHOCTE TOKAa B CTeHKax HPAMOYTOJBHHO-
ro BOJHOBOZA Hpm BojsHe Tmma Hg

Ke BOJNHOBONA B (DHKCHPOBAHHOM CeYeHHMH He umeeT Bapmanmii. Cie-
IOBaTeNbHO, JI00asT NPOJOJNBHAS IIeNb B Y3KOM CTEHKe BOJHOBOAA
NO/KHA CAVILHO Bo3MywaTh Boampy tama Hije. Hamporms, yskas nome-
pedHas Ieiab B CTOpoHe D He HOIUKHA BIWATHL HA PACIpPOCTPAHEHWE
BOJHBL.

OGpamaer Ha ceba BHEMaHHMe, 4TO B CepefWHe IMHPOKOH CTEHRH

a o
BOJIHOBOJIA IIPH X = —~IOHEPeIHHIN TOK paBeH HYI. CremosarelbHO,

71



IPOfloNIbHAA IeJb, IpOopesanHasg TOUHO B cepefiHe MMUPOKOH CTeHKR
BOJIHOBOJA, He JAOJYKHA BIMATH HA pacupocTpanenue BoJHBI THma Hig
Ecam e mpopesaTs NpofOJNBHYIO INENb CO CMeIIeHHeM OTHOCHTEILHO
ocW BOJHOBOJA MW 00y MOMEpPeYHyI0 IMelh B ero MAPOKOil CTeHKe,
TO HOPMAJBHOE PAacIpoCTpaHEHMe BOJHH OyAeT HapyIneHo.

IIpomonpHAA mieNb B cepefdHe MWPOKOHX CTEHKN BOJTHOBOIA YacTO
HCIOJIb3YEeTCSA B BOJHOBOTHOH TeXHHKE [ 30HAOBLIX H3MEpEeHWUir
CTOSTYAX BOJIH, pacCMaTPHBAaEMBIX B T 7.

U3z puc. 3.18 smmmo, uTo gepe3 pebpa BOJIHOBOjA HPHW BOJHE TUIIA
H,o nporexaer MaxkcuMaJdbHbIA nmomepeunbir Tok. IToaTomy, eciam BoJ-
HOBOJ| AEJaeTcs COCTABHEIM, ClemxyeT 00ecneYdTh XOpOIIne KOHTAKThHE
Ha pebpax. Pasnem BonHOBOmA Jydmme mejaTh B CepejdHe IIAPOKOIt
cTeHKM, m3rorasimBas Ase II-oOpasHble ceKUAA. JTOT MPAEM MCHOJb-
3yercs B CIy4YasgX, Korga Heo0XommMo o00ecmeuyuts 0c000 BBICOKYIO
TOYHOCTH IIPH H3roTOBIeHHH BoJHOBOAA. OmHako Hambolee ompaBRaHO
IpEMeHeHne 0EeCHIOBHEIX MEeALHOTAHYTHIX METaJInIecKuX TPYO.

Pme. 3.19. Pacmpepenenme HIOBepPXHOCTHHIX TO
KOB B IpPAMOYIOJHHOM BOJHOBOJE IIPH BOJHE
tana Hjy # pachonoKeHEme DISKTPHISCKHX
I MaTHHTHHIX CHJIOBHIX JUHUH Oeryiien BOJHBI

MrroBerHas cTpyKTypa TOKOB mpm BojiHE Thuna Hjp mokasaHa Ha
pasBeprke creHOK (cM. pmc. 3.19). llpm mocTpoeHmm 3TOl CTPYKTYpEX

Y4TeHhl CHHyCconJalbHOE pacupeneyieHde BOJHBI BIOJb OCA 2 WM CHABUT

7T

(1133151 OPOJOJIBbHBIX TOKOB OTHOCHTEJNBHO IIOINEPEYHBIX TOKOB Ha—Q,

BEHITeKalomuii 3 ypasHeHmi (3.72) —(3.75). lua cpaBHeHma Ha 3TOM
JKe PHCYHKe IOKasaHO Hoje Oerymeidl BOMHHEI TOro jKe Tama. Hapruua
TOKOB W NOJIell MEepeABHraeTcss BIOJb OCH BOJIHOBOIA CO CKOPOCTHIO,
paBHO# (pa30Boi CKOpPOCTH paccMaTphmBaeMOi BOJHEL
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ITocTpoeHVe 5WIOp W KApTUH pachpefeleHHsa TOKOB IPH BOJHAX
tumos Ho;, Heo, Hiy m 7. A, me mpencraBiser Tpyga MIA YUTATENS
110 PACCMOTPEHHBIM DaHee CTPYKTypaM Ifojiell B BOJHOBOJE.

Jlas paccMoTpeHnst abCOMIOTHON BEJIMYAHLI TOKOB B CTEHKaX BOJ-
110BOJIa He0o0XOIWMO ompefeleHme moctosHHou D, BXoiAileil B ypas-
senna BoqH tHNOB TE m TM. Orteer ma sror Bompoc Oymer mOIyIeH
npn pacdeTe MOIIHOCTH, IepeJaBaeMoil II0 BOJHOBOAY.

§ 3.7 KPUTUYECKAA NJUVHA BOJIHBI M JUCHEPCHA BOJH
B ITPSIMOYT'OJIbHOM BOJHOBOIE

Ycaosaem pacnopocrpaHennsa soixH tunos H,, m E,, asngerca
mepaBeHCTBO A<<Ay,. Ilog kpmrmuecKkoll [IMHON BOMHEL A, HOKPA3y-
MeBaeTCA JJIMHA BOJHBI, H3MepeHHAsA B CBOOOJHOM MPOCTPAHCTBE, MPH
KOTOpPO# IpeKpamlaercd paclpocTpaHeHWe BOJHBI PacCMaTPHBAEMOTO
THIA [0 BOJHOBOAY, MMEIOIEMY BaKyYMHOE HaIOJHeHMe™.

OOpaTuMcA K BBHIYUCICHAI0O KPATAYIECKOH MJIWHEI BOJNHEI MJIf HpH-
MOYroabHOro BoJHOBOAA. CoriacHo o0IMAM MONOKEHWAM Il 2 ¢aso-
BaA TOCTOSTHHAS [} CBA3aHA ¢ MOCTOSTHHBIMU £ W 7 COOTHOIIEHHEM

=R (E ). (376)

B kpuTtmueckoMm peskuMe (asopas MOCTOSHHAA [3 paBHA HYJ0. Be-
jJaunHa kR, ompefensemas m3 Bepaskenna (2.50), mpu A=1,, paBHa

h=2" Ve

hkep

ITpuanmana e=u=1 (BakKyyMHOe HAaNlOJHEHWE) W moJlaras B COOT-
gomenun (3.76) p2=0, morywaem:

2%

T VT

(377)

IMomepeunsie mocToAHHBIE § W 1) coriacHo ypaBHeHmam (3.21) m
(3.23), a rawme (3.44) m (3.46) nns 3JMeKTPHUECKNX W MaTHUTHHIX
BoJH cosmajaior. CiaenoBaTeNbHO, BHIPAIKEHAE KPUTHIECKON MIMHEI
BOJIHBI ABIAETCA 00IAM KaK ;A BonH tama TE,,, Tak @ [ BOJH
tana TM,,,. Hoxcrasassa sopaskennsa (3.44) m (3.46) B (3.77), mo-
JyYaeM BechbMa JacTo MPUMEHSEMOe W 0UeHb BAKHOE ypaBHEHHE'

) = S (3 78)

P m? n2

+

a?

* QupeneneHnue Ayp, oOCympapmeecs B § 24, He sBIAeTCS €JWHCTBEHHO
£03MOKHEIM. JIHOrma moj Axp HOAPasyMeBal0T KPHTHIECKYIO [JAUHY BOJIHEL
upu «rw060m MUDIEKTPAYIECKOM HANONHEHWHW. B janbHeiimmeM mu3I0KeHUNW KPUTH-
YeCKas JIMHA BOJHEI, COOTBETCTBYIONAA IUANEKTPHISCKOMY HAMOJIHEHHIO,
OTIMYHOMY OT BakyyMa, OyneT oGosHauarbest uepes A'xp (cM. § 55).
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Ypasuenne (3.78) mokaswIBaeT, 9TO KaKJOMY THIY BOJHEI, OTJIH-
YaloMeMycsa BeJIWYWMHAME /1 W 1, COOTBETCTBYeT CBOA KPUTUIECKAH
juimHEa BojHBL OMHAKO TIpW PaBHBIX 3HAYEHHUAX /1 W 1 KPUTHIECKHE
mwimael BoaH tunos TE m TM cosmamator. 9To 3HAYHUT, YTO YCJIOBHSM
cyllecTBOBAHNA TaKWX BOJH, HampmMmep, Kak E;; m H;, nma Eq n Hy,,
OAMHAKOBEL. B MOMOOHBIX ciaydasx, KOrfa [ABa Win OOJbIIee YHCIO
¢U3nYeCKN PasIHYHEIX COCTOSHNN XapaKTepHWsyHTCS paBHBIMEA Iapa-
MeTpaM#a (B JAHHOM CJIy9ae — PAaBHON KPATHYECKOU IJIMHOW BOJHBI),
IIPAHATO 'OBOPHATH O 8bIPONIEHUL.

CriemoBaTeIbHO, BOJHEL B MIPAMOYTOJBHOM BOIHOBOJE OOBIYHO MMe-
I0T JIByKpaTHOe BEIpO}KjeHHe. He mMeroT BBIPOKJEHHSA TOJBKO IIpO-
creifmue MarauTHBIe BOJIHBI Hpo m Hpn, mOCKOTBKY me cymecTByIOT
BOJHEL THIIA B 1 Egp. - :

Brramennm KpUTHUECKYIO [JIEHY BOJHBL JJI HEKOTOPHIX THIIOB Mar-
HATHBIX U sjaeKkrpmdeckux BoiaH. [{na soxmsl tuna Hie mmeem: m=1,
n=0. CiaemoBaTejlbHO, OPH BAKYyMHOM WJIW BO3XYMHOM HamOJTHEHHMN

’ ()‘Kp)Hm = 2a. (3.79)

Boansr tanos Ho; 1 Hye cooTBeTCTBEHHO HMEIOT KPHTHYECKYIO AJIH-
HY BOJHEI

(p)it, = 203 (3.80)
(}‘}(p)Hm = a. ’ (381)

HJIH BOJIH THIIOB Eu n H]] KpATH4YeCKaa [JUHa BOJHBI OAMHAKOBa
A COCTaBlIAeT

2ab -

()‘KP)EU - ()"Kp)Hn -

B § 2.7 ykaspiBamoch, 4TO BONHY, /IS KOTOPOH KOHCTAHTA Ay,
uMeeT HauOOJBINYI0 BEJIUYNHY, IPAHATO HASBIBATL HU3ULEL 60AHOLL
paccMaTpPHBaeMOro BOJHOBOMA. B mpAMOYroixbHOM BOJHOBOZE MpH 3a-
JAHHBIX pasMepax a, b, cormacHo coorHomenuam (3.78) — (3.82), xpu-
TAYeCKAaA JIMHA BOJHBI TeM OOJbIIe, YeM MEHBINE BEIMYMHA YHCEe
m u n. Ilockonbky 1A E-BosH HyJeBble 3HAYEHUA 3THX YUCENT HEBO3-
MOJKHBI, CleflyeT 3aKIIYUTh, ITO HA3MEH BOJIHOH B MPAMOYIOJILHOM
BONHOBOJEe ABIsAeTca Bonna Tuna Hio mum Ho B 3asmcmMocTH: oT coor-
HOINEHUA MEMIy pasmepamu a u b.

O6rraH0 "Yepes a 0003HAYAIOT GONBIIMIA pasMep CeUeHHs BOIHOBO-
na. B aToM ciyuae Humsmmeit ciaegyer cuuraTh BoiHy THHA Hp9. Coot-
ReTCTBYIOmAsA el KpPUTHYECKAsT JJIAHA BOJHEI HMeeT HAamOOJBIIYIO Be-
JUIHHY, a KPATHYECKasa 9acToTa ABJISETCA HamMeHbmeih. B manvHeli-
nieM M3JI0:KeHHMM A sAcHocTw OyjeMm mpexpmosnarath a>b. Husmasn

BOJIHAa B IPAMOYTIOJIbHOM BOJHOBOJE BCermga 6yneT 0003HaYaATLCH yepes
H[() nim TE]o.
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Ecnm mpm 3ajaHHBIX pasmepax @, b Heo0X0ogmMO HCHOIL30BATH
BOJHOBOJ[ Ha BO3MOYKHO 0ojlee HM3KHUX 9aCTOTaX Mim, HA000poT, HE0oO-
XO¥MO IOJYyYATH HaNMeHbOIAE pasMephl CeYeHHA BOJHOBOJA [JA
fiepeflady 3HePraM HA JAHHOW dacroTe, TO }KeJaTelIbHO MCIIOJbH30BAThH
THII BOJHBEI ¢ HamboIbnIell BOSMO)KHOH KPATHIECKOH IJIAHOM BOJHEL
Ilocaemuee 06CTOATENBCTBO OUEHDL BajdHO, TAK KaK U3 HEro BBITEKaet,
yTO0 [IA ol0ecrmevyeHHsA HaWMEHLINWX ra0apHTOB W BECa BOJHOBOJA
11e00X0AMMO MCIOJB30BATh HASIONAN TAM BoXHBL. CyIIeCTBYIOT W APY-
rue IMPUIMHEL, B CHJIy KOTOPHIX Mpefnodrenme OOBIYHO OT[aeTCA HU3-
meil BoiHe (CM. L. 9).

J1a ;amocTpanuu HM3I0MKEHHOr0 PAcCMOTPHM YHCIOBOH IpuMmep
fl OHpPEeeNIAM KPATHYECKHE BOJHBI IPAMOYTOIHHOTO BOJIHOBOAA C BHY-
TpeHHEMA pasMepamn ceveHnsa 23 unu u 10 mn*. Ilonaras, aro BoaHO-
BOJl HAIIOJHEH BO3IYXOM, IOJydaeM:

Tun BOJIHBI H,o Hy Hao Ho, Hy, H,, Ey; H,:» L, H; ' Ey

Axpr CM 4,60 | 2,30 |~ 1,53] 2,00 | 1,00 ~183 | ~ 1,51 ~ 1,21

Ha pnc. 3.20 m3obpaskeHsl IMMKAJBL JIMH BOJH M 4acTOT, HA KOTO-
PHIX HaHeCeHbl BEIYACICHHBIC 3HAYCHNS KPUTMUECKUX [JIMH BOJH W
COOTBETCTBYIOIIME MM KPHUTHYECKHE YacTOTHL JalITPUXOBAaHHAA Ha
PHCYHKE 00JacTh COOTBETCTBYeT IMoJHOUM orceuxe. Ilo BomHOBOMY B
aToif 00MacTE He MOTYT pacOpoCTPaHATHCA HUKAKAE BOMHHL B cropo-
HY KODPOTKAX BOJIH M BBICOKAX YaCTOT T'yCTOTA PACIIOIOMKEHUA KPUTH-
9eCKAX BOJH BO3pPAcTaeT, YTO yKasbIBaeT HAa BO3MOKHOCTH CYINECTBO-
BaHUA BCe OOJNBIIETO KOJMYECTBA THUIOB BOJH. Hcam, mampmmep, Ha
BonHe A=3,2 cm, 1. e. mp: "acrtore 9375 Mey, mo paccMarpuBaemMoMy
BOJIHOBOZY MO’KeT PaCHpOCTpaHATHCA BoMHA omHoro Tmma Hig, To Ha
BonHe A=1,6 cx (gacrora 18 750 Mey) BO3MOKHO y:Ke CYIIEeCTBOBA-
aue o TANOB Hio, Heo, Hoy, Hyy m Eyy. Ilpn manbreiimem mosbiie-
HUHA 9acTOTHI BO3MOKHO BO3HHKHOBCHHE eme OOJILIIEro 4mcia THIOB
BOJIH.

PaccmoTpeHHEI mpEMep MO3BOJAET YACHATHL pasHUIy MeRmy Oec-
KOHEYHBIM YMCJIOM THIIOB BOJH, MOI'YIOUX CYINECTBOBATH B BOJHOBOMIE
B O0IeM ciydJae, M KOHEYHBIM YWCJIOM THIIOB BOJH, PACIpOCTpaHAIO-
IAXCA 0 KOHKPETHOMY BOJHOBOMY NPH (PMKCAPOBAHHOH (KOHETHOM)
YyacTore.

Ilpepcrasnser mHETEepec obpatHasa 3ajgada. OmpemesanM MAHUMAIL-
HbBle JIONYCTAMBIE Pa3Mephl NPAMOYTOJILHOTO BOJIHOBOKA A Iepejfadn
Ha 3aflaHHOIl 9actore, mampumep npu v=060 Mey (A=5 x). Cormacuo

* O craHfgapTHHIX pasMepax Ce4YeHHsd BOJHOBOJOB, NMPHMEHAEMBIX Ha HpakK-
THKE, cM. B § 5.6.
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M3J10;KeHHOMY, Heo0XoquMo o0paTHThCA K HO3IIeMY THOY BOJHBI Hio.
Us ypasrmemma (3.79) caemgyer, 4TO pa3Mep a CEIEHHAS BOIHOBOJR
HoMKeH ObITH Ooxnpme 2,5 #. OTcoja MOHATHO, MOUEMYy BOJHOBOJGE
NpeficTaBIAIOT peajbHBIl HHTepec TMABHEIM 00pa3oM B [HAaNa30HE
vyacror Beime 100—300 Mey. [laske Ha MeTPOBHIX BOJHAX, IpUMeHse-
MBIX B TE@XHUKE CBfI3W W B TEJNEBUCHHW, pasMepsl BOJHOBOAA CTaHO-
BATCA 00BITHO HETOIIYyCTAMO OOJBIIAMM.

’ . My
Hag < /////////
Hoq
,‘;(_E— | ﬂiﬂacm&/
11> Epr OIMELYKU /
130
Hz1,€24
H31: 531 /
= )
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Puc. 3.20. Kputuyeckme [JIHHLI BOJH H KpUTHYECKUe
9acTOTHl IPSAMOYTOJILHOTO BOJHOBOJA C pa3MepaMu cede-
HAA a =23 mm; b=10 un

OGparEMCs K [JIMHE BOJHBI, PACIPOCTPAHAINENCA IO BOJHOBOAY.
3Has BEIMYWHY Ayp, HETPYAHO HAWTHU [JJIAHY BOJHEL Ay a Tak:Ke dga-
30BYI0 CKOPOCTBL Ug. JJA MX BEIYHCIEHAS CIEAYyeT BOCIOIb30BAThHCA
ypasHeHaamua (2.50) u (2.97) wnmm, Ay cirydas BO3AYIIHOTO HAIMOJHE-
HuA,— (2.56) m (2.58).

B KauecTBe mpmMepa ompefielmM [JIAHY BOJHEI B BOJHOBOJE C
payTpeHHAMu pasmepamu 23X 10 mx npm Bo30Oy:KaeHHH Ha dYacroTe
9375 Meay. [lamHoil 9acToTE COOTBETCTBYET [IMHA BOJIHBL B CBOOOTHOM
npocTpaHcTBe A, pasHaA 3,2 cu. Ilpm aTmX yciloBmAX, KaK IOKasaHO
B TIPEABIAYIIEM YHCIOBOM Pacdcre, IO BOJTHOBORY MOMKET pacIpocTpa-
HAThCA TOABbKO BoaHa tmna Hyo. CiaemoBareabHo, Ay, =4,6 cu u guuma
BOJIHBI A, W3 BEIpa)KeHHmA (2.56) mpubiamsurensHo paBHA 4,46 cu.
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Jlauny BOMHBL A, JIeTKo M3MEPHUTH, co3jaBag cToAYyo BOJHY. [ia
9TOr0 MOYKHO, HAIIpIMep, PACIOJNOKHTH B IIOIEPEYIHOM CEYeHNU BOJI-
HOBOZIA IPOBOJAIYI0 cTeHKY. OmBIT MOKa3bIiBaeT YPE3BLIYAMHO TOYHOE
COBIIaJIeHNE DKCIePIMEHTAJIbHEIX i pacueTHBX AaHHBIX. B HeKoTOphIX
caydasx H3MepeHMe A, yAaeTcs HCIIOIb30BAThH AasKe /A HAXOKIeHUSI
PacYeTHBIM IyTeM MJIUHBI BOJHLL B CBOOOXHOM TPOCTPAHCTBE A W I
onpeielieHNs 9aCTOTHI KOjIe0aHmil.

MosxHo 3amaThcA BompocoM, Kakosa OyfeT JJAMHA BOJHEL B pac-
CMOTDCHHOM BOJIHOBOZe, Hampumep, upm dacrore 18750 Mey
(A=1,6 cu). Rar Bmgao u3 puc. 3.20, mpm 9TOM MOTYT CYyIIECTBOBATEH
IIATH PA3INYHBIX THUIIOB BOJIH, A3 HHEX [Ba TUIA BBIPOKICHHBIX. 3mast
KpPUTHYEeCKHe JIMHBI BOMH [jIA KajKEOTO W3 THIOB, MOMKHO BBITUCIUTH
IATH 3HAUeHUil A, (/Ba 3Ha4eHUA A; OKA3BIBAIOTCS 3/€CH OJATHAKOBBI-
mu). Boanoson Bemer ce0a B JaHHOM clydae, KaK IATH HE3aBUCUMELIX
JUHUN mepenaun, XapaKTepusyeMbIX Pa3IMIHBIMI (BIIONHE OHpefeseH-
HBIMHI) BHAYEHUAMH A, Ay U Uy. OnHaKo pemeHme Bompoca O TOM,
KaK pacmpejelsercd MeKAy dTAMU BOJHAMI MOIIHOCTBH, IepefiaBae-
Mas 10 BOIHOBONY, SIBJISAETCS HEJETKOW 3ajjadeii.



I'nasa uyeTBepTas

BOJTHOBO/1bI KPYT'JIOI'O CEYEHUA

§ 4.1. YPABHEHUA 10 B INJINHIPUYECKON CUCTEME KOOPIHUHAT

Permenne 3amaym pacnpocTpaHeHH:A BONH B BOJHOBOJE KPYIIOTO
ceueHNsd ¢ (UBMIECKON TOUKU 3peHAA He OTIMYAETCS OT Caydasg Ips-
MOYTOJIBHOTO BOJHOBOAA, PAcCMOTPeHHOTO B ri. 3. OcHoBHOe MaTema-
TAYECKOe OTINYWe 3aKII0YaeTcs B BEIOOpe MUINHAPWIECKOU CHCTEMBI
‘ KOOpAWHAT, W300pasKeHHONl Ha pwc.

@=0 4.1, B Koropoii HaumboJee MmpPOCTO
,a BaIHCHIBAIOTCS I'paHHYHEIE YCIOBHA
— PaBEHCTBO HYJI0 TaHTEHIAATb-
HOJ COCTABIAIOINEN 3JIeKTPHIECKOT0
o1  Ha HOOBEPXHOCTA HOeaJbHo
IPOBOMAIIET0 TMUIXHIPA.

Tarkum  o0pas3oM, rpaHUUYHbBIC
YCIOBHS MOTYT OHITH B paccMaTpH-
BaeMOM clydae 3aNHCAHBI B BUMIE

Eo,=0npu r=R; (4.1)

Puc. 4.1. BoamoBoJ KpYTsIo- E,=0 npu r =R, (4.2)

ro ceueHnd
tne K, m E, — azmMyraasHas u oce-

Basg COCTABIAIOMAE 3ICKTPAICCKO-
0 H0JA B BOJHOBOAE W R — pajimyC BOJIHOBOJA.

Kak 7 B cayJae TpAMOYTONBHOTO BOTHOBOAA, OyAeM mojaraTh BOI-
HOBOJ{ BamOJHEHHBIM . OTHOPOJHEIM H30TPOIHEIM [HIJIEKTPAKOM 063
[IOTEePB.

s naxompenns ypasaernii BosH Tunos TM m TE Bocmonbsyem-
cs, KAK 1 B TJI. 3, METOJOM BEIYMCJIEHUSA IONEePEYHHIX COCTABIAIIINAX
uepes MpomoJdbHEIe cocTaBiaiomme mmouas [, m H,. Bexropnas omepa-
I¥A poTopa B IMAJUHIPWIECKOR CHCTeMe KOOpPAHMHAT HMeeT BUJ

1 9E, oEP) OF, oEz)
TOtE:(r g 0z ) °r (35—'57 Ce
1 OE OF,
to(r BB . (43)

rae e,, €., ¢,— eJHHAYHEIe BeKTOPHI (OPTHI) IO KOOpAWHATaM 7, @, 2.

-n
10



[loassysick BeIpamkenmeM (4.3), pasIoskuM MO opTaM NMAIHHIpHYE-
CKOli crcTeMbl KooppuHaT ypasHerus (2.9) u (2.10) mpm orcyrcTBmA
noreps B AWAIEKTpEKe (8 =¢g):

1 0E, OE, , 1 ooH, oH, . .
R e i e A Bold
0E, OF OH, OH

()zr# or — Jopp, H; dzr_ Orz J os2q Eg;

OE, 1 OF, 1 H 0H
+ Eot 5 g = v ot o5 —
1 0H,
i - 0 ——./U)%OEZ

[poussops nuddepennuposanue mo Z ¢ y4eroM MHOKATeNA e/ 1
U BBINOJHASA HECJOKHEIE IPeoGpasoBaHusA, HoJo0HbIe MpeodpasoBanu-
AM, onmcannsiM B § 2.9, nonyqaeM

Ee= ﬁ—;— (— - df-z +J oppg %]fz); (4.5)
=y g
Ho = ———,;;f—pg (/ weey 2+ L %’:) (4.7)

-

Ilopo6ro ypasHemmam (2.71) —(2.74), monydeHHBIe COOTHOIIEHHS
SIBJIIAIOTCS CyMMOW /BYX JHHEHHO He3aBHCUMBIX peIIeHWi, 3aBUCAMMX
COOTBETCTBEHHO TONBbKO 0T E, m H,.. Takmm oOpasoM, moje B KPyILJIOM
BOJIHOBOJIe pas3fensercsa Ha BoJaHbl Tumos TE m TM.

JlampHelimmee paccMOTpPeHWe MOJA B KPYIJIOM BOJHOBOIE Tpedyer,
KaK OObITHO, PEIIeHMsT BOJHOBOTO BEKTOPHOTO ypaBHeums (2.14) wuim
(2.15) m HaXOKTEeHWA BEIPAIKEHUN mIA cocrapisiomux £, m H,.

Jnasa Toro uroOH pasBepHYTH ONEPATOP BTOPOTO HmOpAnKa tuua vV 2E B mm-

JHHAPAYECKON cmcTeMe KOOpDJAMHAT, CIeAyeT BOCIOJb30BATHCA BEKTOPHBIMU
COOTHOIIEHUAMY [0 KOOPAUHATAM 7, @, 2

(v2E), = grad, divE —rot, rot E

Onmepamuy JuBEePreHNWM M rpajueHTa B NUJIXHAPUYECKHMX KoopAHHATaX
BAINCBHIBAIOTCSA B BHJE

1 oE, 1 0E, OE,
d1vE=—-;-E,+~(;+T 7;(’;'#—5;,

0o 1 0d 0P
grad(bﬂ-a;-e,rT%estB‘z—ez
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Ncnonp3yss 9TM COOTHOMIEHHWS COBMECTHO ¢ (4.3), MOKHO IepemmcaTh BOJ-
HOBOE ypaBHeHHE OTHOCHTeNbHO BeKTopa E B BHge Tpex CKAJIAPHBIX ypaBHe-
HUi, COOTBETCTBYIOIUX UYJeHAM IIPH OPTax €, e., €,. Ilocaemnee w3 3THX
YpPaBHeHHI Jaet:

PE, PE,
022 7 or:

0E, 1 O,
5o e L RE, =0 (4.8)

1
+ =

P
AHaJIOTmYHOEe ypaBHeHUE MOsKeT OBITh HOJYyYeHO I coCTaBiasgmomen H ..

Pemenne ypaBHenms tuma (4.8) MoskeT OBITH IFpomsBefeno, Kak m B § 2.2,
METOJOM pasfieleHns IepeMeHHbIX. Hampmmep, s BeJWYnHBI F, MIOJORAM

E;= R (r) ®(¢) Z(2) &/*". (49)
[locne mogcranoBKu BeIpaskeHHs (4.9) B (4.8) mMmeem:

1 o’R 1 dR 1 0 1 022

R on TR O T et 7 g2 TR =0. (4.10)
O6o3HaUNM
1 02Z -
7 o5 (4.11)
1 02

IToncrasaaa (4.11) m (4.12) B (4.10), monydaeM ypaBHeHHme OTHOCUTENHHO
comuOKuTeNIA R(r):

0’R OR
2 Ga gy H R (R4 — 2] =0, (4.13)

Takmm obpasoM, ypaBHenme (4.8) B HaCTHBIX HPOW3BONHBIX pPAaCIIEIIIOCH
Ha Tpu HesaBucmMbIX auddepeHInaabHbIX ypaBuenus (4.11) — (4.413) orHoCH-
TenbHO QyEKOEA R, ®, Z. PemeHnsa mHepBbIX ABYX YPaBHEHHI WMEOT BHJ

Z = C % | Cpe™ V% (4.14)
® = Czcosny + C,ysinne. (4.15)

B Boipaskenunm  (4.15) MOKHO HCHOAL30BATH MNpeoGpasoBaHume BHIA
Bcos (ngp—1) mopo6HO TOMY, KaK 3TO 61,13{0 CleJIaHO B ciaydae HOPSIMOYTOJIBLHOTO
BOJAHOBOa, ONHAKO HETPYAHO BUMAETh, UTO OTCYTCTBHE OIpeIe/IeHHOI0 HAYalA
oTcyera YIVIOB ¢ B Ce4eHUN C IIOJHON TeOMETPHIECKON CHMMeTpHeil [eiaeT
HEBO3MOKHEIM OIpejfieJleHne MOCTOAHHOR 1.

OcraBmieecst ypasuennme (4.13) oTHOcmTesbHO (PYHROmuU R (r), Mo;keT OBITh
CBeleHO K OOBITHOMY ypaBHeHHWIO beCcells ¢ IOMOIILI0 IOACTAaHOBKH

r2 (k2 + 92) = €2,

d°R R

Pemenne ypaBHenma (4.16) Bripamaercs uepes dyHkmmm Beccedss mepBoro
H BTOPOTO POJia n-TO HOPAMKA:

R(r)=CsJy (r VEE+ 12 + CN, (r VE2+ 7). (4.17)
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Jlas OPMEHTMPOBKM HAa pHC. 4.2 IpmBeeHB IpaPuKn (I)ym{gm'v’x Becceus.
VMecTHO OTMETHTh HEKOTOpPOe BHEMIHee CXO[ACTBO 9THX (PYyHKOWE ¢ TPATOHO-
MeTpHUeCKAME QYHKIUAMEA CHHYCA M KOCHHYCA.

OtGpaceiBasg BOJHY, DAaCOPOCTPAHAIOIYIOCA B CTOPOHY OTPANATENLHBIX
sHaueHNH 2z [MepBHIX WiIeH B ypaBHeHmum (4.14)], momygaem:

E. = {CsJo(r VE 4712+ CsN, (r VEE4-72)) - [Cscosng +
+ C,sin n ] Coe? ™72, (4.18)
HocnenHee BEIpai€HNnEe MOKHO COKDalIeHHO nmepeimncaTtr B BAe

SN 5 51 |COS ol —
E, —=B{Ci, rVETT) + CsNy % r szﬂ?)}sm ng e/t Tz’(4.19)

rme B, C; m Cg— mocrosHHBIE, J1(%) ™
ggﬁgﬁgggéomne AMIUIATYRAY TOJA B 2l J,(%)
. 7

CoBepmeHHO aHAJOTHYHEIE
VpaBHEHHsS MOI'yT OBITH HAOWCAHBI
u Jas cocramiaiormein H,.

IIpu r—- 0 ¢Pyaroma DBeccens
BTOPOT0 POZa CTPEMUTCA K MHEHYC
6eckomegHocTm (cM. puc. 4.2). U3 i 1 ,
YCIOBUA KOHEYHBIN 3HAYCHHNI 0 5 N x
rnepegaBaeMoil MOIIHOCTH W Hampsa-
JKOHHOCTII IT0Jieil B I[@HTpe MOJIOoil
TPpyOBl  BaKJI0YaeM, 9TO IOCTO-
sauunasa Cg B ypaBHeHun (4.19)) moi-
jKHa OBITH paBHA HyJd0. Takum

Ni(x)

o0pa3oM, pellennsa [IIg LIPONOJIb- 05F Puc. 42.Tpadiru QyHE-
HBIX  COCTaBJAIINX  ILOJA B ’ ! muit Deccelsa nepBoro M
KpyrioM BoJHOBOJE CBOJATCH K ! } BTOPOTO pojla  IepBOTO
BUJIY: HOPSATKA
i } = Dy (r VETD - ngelot =, (4.20)
H, sin

§ 4.2. BOJIHbI TNIIA TM B KPYIJIOM BOJHOBOJE

JlIs HaxoKAeHUsA YPAaBHEHMN COCTABIMIONIAX IOJS BOJH BIIEKTPH-
YeCKOTO TUIA B KPYIJIOM BOJHOBOME B ypaBHeHuAX (4.4) — (4.7) moio-
#wum H,=0. Bynem cpasy paccMaTpuBaTth BOJHEI, PacIpOCTpaHAIOIe-
ca Oe3 saryxaHms, T. e. y=jfB. B aToM coayuae ypaBHeHHs IIolieped-
HBIX cocTaBiagomux Boan Ttuma TM mpmobperaior BuUi:

b O,

E =—gtn 55 (4.21)
_ JB__ OE

Ev=— ri— 9 (4.22)

6§ U J. BeGenes 81



OE,

_ Jwegg
H= re—m) o (4.23)
J wegg 0E

ITpononrHas cocraBaaomas £, cOTIACHO PEIIeHUI0, TPUBEXeHHOMY
B § 4.1, okasnBaeTcsa paBHOM
COS
E D1 ( V b2 32 )Sln © e Jlot=32) (425);
IMogcrasnag coornomenue (4.25) B (4.21) — (4.24), moxHO Hai™TH
OCTAJbHBIE COCTABJIAIOINUE TOJA B KPYIVIOM BOJHOBOJE HPH BOJHAX
tana TM. [laa cokpamienuns 3anucu 0603HATAM

D“—jk‘) ?)

B pesyabraTte cemeitcTBO ypaBHEHMi mojig mpd BojHax tHma TM
B KPYIJIOM BOJHOBOJ[e IpHoOpeTaeT BU[

E=D3VE—F Jy(r VE_F |5 ne: (4.26)
E,=7T D3, (r]/k 3)(321;18 ne; (4.27)
© E =D %), (r VEF ) s (4.28)
H. — + Do, -/ <r V—kﬂ——_@?) o e (4.29)
H, = Dose, V EZ =& J, (r VR =@ )gfrf no  (4.30)
H,=0. (4.31)

Yepes J', (ry/ k*—P3%) B oTux BLIpaKeHMAX 0603HAYEHA I POH3BO/I-
Has Geccenenoii QyHKIUE IepBOro poma M-ro MOPAJAKA OT apryMeHTa

(ry/ k2—3%). Bo Bcex ypasHenmsax (4.26) — (4.30) muomurems &' ™7

Oy I eH.

Ocraerca ompenmeanTh DOCTOAHHBIE, BXOAANNNE B BBLIPAKEHHA CO-
crapaaomux nojad. Ha cremke somnosoma nipu r=R E,=E,=0. 310
YCJOBHE MOKHO BBITOJHUTH JJIsA JIOOBIX (p TOJBLKO MPH

‘/n (R sz ““ 33) — Oa
rae R — pajnycC KpPyrJaoro BOJIHOBOMA.
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Ob6o3naunM Gespa3MmepHbe KOpHE (QyHKIUH beccems vepes vy;:

vi=R VEF
rie i — momep Kopusa (i=1, 2, 3...).
CaemoBaTensHO,
9 2 (Yni 2
k—-s_(R). (4.32)

O6Go3paumM, Kak 3TO AeJAJOCh OPH PacCMOTPEHHH 00mEero ciydas
s § 2.3,
2n

k% — B2 = k;%p, kxp - m

\
Orciofa ¢ ydeTom cootHomenusa (4.32) KpATHUeCKas NIXHA BOJHLI
2ng BogH tuna TMp; mnmm En: B KpyIvIioM BOIHOBOJE paBHA

T
(g, = . (4.33)

Nupexc n 8 ypasuennn (4.33) MOKeT UPHHHMATH HE TOJBKO Ife-
Jl04YIICIeHHBIE, HO M HYyJeBbie 3HaueHWA. [[poOHBIe 3HAUEHUA N HE HMe-
10T (U3NIECKOT0 CMBICHA, MMOCKOABKY B 3TOM ClIy4ae OJHO3HAYHOCTDL
1oJAd Te MOKeT OBIThL ofbeclieueHa Opm 00XoHe IO asmMMyTy Ha 2.

YucieHnble 3HAYEHUA KOPHEH Vpi MOKHO IOIYYWTH W3 Tabimum
Oect esqeBBIX (QyHEKIUI. B npocTrefimux ciyuasax mMmeeM:

Bonua runa Eop: vor == 2,405; A, = 2,62 R; (4.34)
sorHa tiina By vy =3,832; A, =1,64 R. (4.35)

s HexoropeIx Apyrux tunos BoixH TM,; 3HaueHns A,, IpuBefe-
HEl B Tabn. 4.1.

C yuerom (4.32) momydaeMm QKOHYATENbHBIE YPABHEHHUS BOJH BJIEK-
TPAYECKOTO THTA B KPYIIIOM BOJHOBOJE:

E, =D% B Ju(r ) ne (4.36)
E,= D3 22 J, (r 22)57 ng; (4.37)
E,=JD (32) . (r &) g 1% (4.38)
H, = & Dossy 2 J, (r 2) 30 po (4.39)
H, = Duwee, —;—g-‘ In (r —%—‘) glons ne: (4.40)
H,=0. (4.41)
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Tabanima 4.1

KPKTPI‘ICCRHG JJMHBL BOJH 51 BOJHOBOAA KPYIIOro ceéyenm:Aa

Boganpl Tuna TM Bosausl Tuna TE o
Tur BOJIHBL Akp THUO BOJHEI Axp

Eon 2,62R Ho 1,64 R
Ege 114 R Hog 0,90 R
Eg3 0,72 R Hos 0,62 R
Eq 1,64 R Hi 341 R
Eq 0,90 R Hig 1,18 R
Eq3 0,62 R Hys 0,74 R
Egt 1,22 R Hy, 2,06 R
Egg 0,75 R Hyo 0,94 R
E3 0,9 R Hay 1,49 R

Hy 1,18 R
S Hy, 0,98 R

B obmiem caygae BonHbl THA En; B KPYIVIOM BOMHOBOJE ABIAIOTCSH
IBYKpaTHO BBIPpOKJeHHBEIMU. B caMoMm feine, mpmcyrcTBHe CHHYCOU-
AQILHBIX ¥ KOCHHYCOUAAIBHBIX WIEHOB BO BCEX PACCMOTPEHHBIX ypaB-
HOeHMAX yKasbiBaeT Ha CYIIECTBOBAHMWE BOJH, PABIHYAOIUXCS YeTHOI
WIN HEYeTHOH Bapualmeil mMoJid OTHOCHTEIbHO MPOM3BOJLHOTO HAUYaja
"oTCcYeTa YriIOB . JTH HapHBEe BONHLL IIPH WAEATHHOU CHAMMETPHH
BOJHOBOJA HNMEIOT OJWHAKOBHIE IIOCTOSHHEBIE pacipocrpaHeHus. He
IIMEe0T BBIPORAEHUA TOJABKO BOJHBI Tuma KEg;, obrajgamomme asmMmy-
TQJILHON CHMMeTpHeil, T. e. He HMeIOIe Bapuamuii nojJd 1Mo yriy ¢.

Cpepm BONH BIEKRTPAYECKOTO TUIA B KPYIJIOM BOJHOBOJE HambOIb-
mAii HHTepec A IPaKTHKHU IIpejicTaBifgeT BoJHA THma Kg. Ee ypas-
HeHUA MOTryT OBITH IIOJAydYeHBI W3 BhIpaskeHmit (4.36) — (4.41) c yue-
TOM COOTHOIIEHI S

Ja(x) == T, (%) — Ju 1 (),

X

HIponsBomsa meoGxomumMbie mpeodpasoBaHusA, TOJIyYaeM ypaBHEHIs
paciipocTpaHsaIomeiics BOJHBI THIA Lo

E = D3 257 U, (r 222, (4.42)
i (B (2



2,405 2,405
Ho =—D wee, ‘——R—— J1 (r T), (444}4
E,—H —H, =0, (4.45)

Crpyrrypa monsg BonHB Fg; morkasana ma puc. 4.3. Bapmamma mo-
ISl 10 a3EMYTYy OTCYTCTBYET, BapHAI[Ud MOJA 10 PayCcy HTPOUCXOUT
oo KpuBoi feccesneBoil PyHKIUN (BMECTO TPHTOHOMETPHYECKON (PyHK-
I B Cliydae MPAMOYTOJIBHOTO BOJHOBOAA). VIsMeHeHWe OIS BIOIE.
OCH Z CHHYCOHJAJBHOE, CO CHBUTOM (hasdhbl cOCTaBjsgomeRr £, OTHOCH-

TEJIHhHO COCTABJIAIONIINX
7

E, nH,na 5 - Toxu

B CTEHKaX BOJHOBOJA
npu BoJHe THIA Fgyf.
KaK M BO BCEX CIydasax
JICKTPUYCCKAX BOJIH,
qUCTO IPOJIOJIBHEIC.
MaxkcuMyMm IIOTHOCTH
TOKa J, coBImagaer c
makcumymom E, m H

Ag/2

Puc. 4.3. Crpyxkrypa Pumc. 4.4. Crpyxrypa Pmc. 4.5. CGrTpykTypa
DIEKTPHYECKOT0 W Mar-  HJIEKTPHUYECKOTo M  DJIEKTPHIECKOTO "
HUTHOTO ToJieit mwpu Oe-  MArHMTHOrO IOJNEH B  MArHUTHOTO IIOJel B
rymeii BoiaHe tnna E; — KPyIJIoM  BOJIHOBOJe [ONEpPeYHOM CevYeHmnH
B KpYIJIOM BOJHOBOJE npm Oerymjeit BoaHe  KpyIJIOTO  BOJIHOBOJA

tana Eg opu BogHe THHA En

OGpamaer Ha ce0A BHMMaHHE CXOACTBO BOJHBI THHa Eo; B Kpyr-
JIOM BOJIHOBOJE ¢ BOJHOU Tmna KEj; B mpaMoyronsHOM BOJIHOBOMmE (CP.
puc. 4.3 m 3.5). Crpykrypa nosusa Eo; B momepeanomM cedeHHH KPYTIOro-
BOJIHOBOJIa IIOXOKAa TaKKe HA CTPYKTYDPY [OJA B KOAKCHAJILHOH JH-
sun. OTcyTcTBUE BHYTPEHHETO NMPOBOJHHUKA B BOJHOBO/E BOCIIOJHAET
IPOIOJAbHASA COCTABIAIONIAA SJIEKTPHIECKOTO HOJIA.

Boar tana E,, B KpyrioM BoiHOBOJe He cyimectsyer. Herpynwo,
moKasaTh, 970 Opu (=0 Bce KOMIIOHEHTHI MOJS 0OpPamIAlOTCA B HYJb.
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Ha pue. 4.4 u 4.5 mokasaHa cTpyKTypa 110Jig BosiH THIOB Eg 1 Ej;.
13 sTHx pPHUCYHKOB CTAHOBHUTCA sCHee (PUBWUYECKHiIl CMBICI HHIEKCOB
n m i, Ilomo6HO WHAEKCAM B OPAMOYTOXHHOM BOJHOBOMAE, 9TH YHCIA
VKasHBAKT HA KOJIMYECTBO BApHMAIIHH IOJA IO COOTBETCTBYIOMEH KO-
opAMHATEe, B JAaHHOM Cly4ae II0 a3EMYTy W 110 pagaycy. Pasymeercs,
4YTO YHCJIEHHOe COBIajieHne HHAEKCOB BOMH K., B IPAMOYTOJILHOM
BOJIHOBOLE C MHJEKcaMd BOJIH K,; B KpPYIVIOM BOJHOBOJE OTHIOAL He
yKaspiBaeT Ha (PU3MUEeCKOe CXOZCTBO COOTBETCTBYIOMIWX BOJH.

&

§ 43. BOJIHBI TUIIA TE B KPYIJIOM BOJHOBOJE

Marsurasie BONHBI B KPYTJIOM BOJHOBOME MOTYT OBITH BHITUCICHEI
¢ roMombIo ypasHeHmir (4.4) —(4.7) npm yciaosum E,=0, coorsercT-
pylomeM BoxHam tmna TE B mio6om ommopommom BoJgHoBome. Ilocie
HO/ICTAaHOBKY Benmuuubl [, onpenensemoir ypasueHueM (4.20), moiy-
4aeM ClefyloIiue ypaBHEHHS pAcIpOCTPAHAKIMHXCA BOJXH Tuma TE
8 KPYTIJIOM BOJHOBOJE:

et Dop ), (rV F=F e (4.46)
E,= Do, VE—F J, (r VE—F /) S oy (4.47)
E. =0 (4.48) -
H =—D V-8 J, (r V—/{z_—?'g'?)gf’rfmp; (4.49)
Hy= +D3§ = J, (r]/ kT — )ilons ne; (4.50)
Ho=— Dk~ 8) 1, (rVE T |sns.  (450)

I'panmanoe ycioBme £, =0 mpu r=R paer:

RV R—B) =0 RVE—F=y,,. (4.52)

Yepes pn; 0603HaUeH (- KopeHb HPOM3BOAHON GecceleBoii pyHK-
4IUd IIePBOro poAa N-ro IMOpsARKa.
Kpurtugeckas maiuHa BOMHEL OTCIONA paBHA
2R

()it = . (4.53)

Uncna nmi MoryT OPEHAMATH 3HAYEHUS

n=0,1,2,3...; i=1, 2, 3...
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BerumeimM KPUTHYECKYIO JUIMHY BONHBI IS HEKOTOPBIX IPOCTEH-
HIAX THIOB BOJH:

somHa THa Hoi: por =£3,832; A, = 1,64 R; (4.54
BomHa tama Hyp: py == 1,841; A, =2 3,41 R. (4.55)

Hpurumueckne AJIMHBI BONH [JIA HEKOTOPHIX APYTHX 3HAYCHWH N | i
npuBefeHs B Ta0I. 4.1.

Ilpm paccmoTpenmn TaGn. 4.1 BEIAcHSAeTCS, 4TO HAMOONLIIYIO KpH-
THYECKYIO [UIMHY BOJHLI MMeET He BOJHA ¢ HAMMEHBIIAMH WHIEKCAME
Hoi, a Boxma tuma H;,. CnepoBarennHo, Hu3mieil MarHATHOU BOJHONI
ABinsAeTcd BoaHa tuma Hp;,. 9ra 0co0eHHOCTH elle pa3 IIOKa3BIBAeT
OTINYNE HHIEKCOB, 0003HAYANMNX BOJHBI B KPYIJIOM BOJHOBOJE, OT
aHAJOTHYHBIX WHIEKCOB JIJIA IIPSAMOYTOJLHOTO BOJIHOBOJA.

YpaBuenmsa pacupocrparsiomuxcsa H-Borr B Kpyriom BolHOBOAE:
(Tmoce mpeoOpas3oBaHmil, CXOJHBIX ¢ IPAMEHABIIHMHCH paHee), mMe-
I0T BHJ:

E, = + Doy, -l;-— J, (i‘ -%-‘) ilons no; (4\-\56)‘
E,= Doy, Jy (r 22 iy N (4.57)
E,=0; (4.58)
H,=—Dg 22 J, (r 2200 e, (4.59)
- H,= + D3 -i;— J, (r %) gg; ne; (4.60)
H,=—jD (32) J, (r La)F ns. (4.61)

B ypasmemmax (4.56) —(4.61) onymen mmosumrenn e/ (W1=82)
XapaKTepU3YIOMAIl BONHY, PACIPOCTPAHAKINYIOCA B HaIpaBIeHHR:
+ 2 ¢ (pasoBoit DOCTOAHHOM, PaBHOH 3.

MarumtHEIe BOJNHBI, KAK W 3JIeKTPUIECKHAe, OKAa3BIBAIOTCS ABYKpAT-
HO BHIPOJKJIeHHEIMY, 3a ucKiaoogenneM n=0. Bopouem, Boana tuma Ho;
AMeeT OAMHAKOBYI0 KPUTHIECKYIO JIMHY ¢ BosHO# THna Ky (cM. tabm.
4.1). IMosToMy yKasaHHBIC BOJHBI TAK/Ke MMEIOT BHIPOKTEHWE.

W3 MarEuUTHLIX BOJH IIpaKTHYeCKWA mHTepec IpefcranidioT H; n
Ho;. Crpyxrypa moseii sTux BOJH mOKasana Ha puc. 4.6. Boama tmma
H,; umeer cTpyKTypy, CXOXHYI co cTpyKTypoil momsi H;o B mpsmo-
yrouapaoM BoaHosoxge. Ommaxo BomHa Hoj, BO3MOKHAsE B KPYIJIOM BOJI-
HOBOJIe, HE MeeT aHAJora B IPAMOYTONBHOM M 00JalaeT HEKOTOPHIMU
AaHOMAIMAMH. IJIEKTpHUEeCKHe ' CHIOBRIC JIHHUA DHTOH BOJHEI HMEIOT
GopMy BaMKHYTBIX OKpY:KHOCTell W He 3aKaHIMBAIOTCA HA CTEHKAaX
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rojgHOBONMA. ToKM B CTEHKaX BOJHOBOJA TaK/Ke IIPOTEKAIOT II0 OKPY’K-
HOCTAM M He HNMET IIPOJOJbHBIX COCTABJIAIIIUX.

Becnma mpumeyaTenbHoit ocoberHOCTHIO BoHbl THHA Hoy sBagior-
¢s1 Malble II0TepPH B cTeHKaX. B cmiy sroro somma Hy, mpemcrasuser
©Co0BII MHuTEpec, KOTAa HeoOXOAMMO MaJjioe 3aTyXaHWe, HaIpuamep,

it
™

Xy
N

{

Ag/?

Pmc. 4.6. Crpykrypa moseit Oerymmx BOJH THIOB
Hyy m Hop B KpyrioMm BOJHOBOAE

B BOJTHOBOJHBIX JIHHUAX AajbHell cBasu. Boama tmma Hoy mcmonnsyercs
TaK/Ke B IOJBIX PEe30HATOPax, 00JafaiomMuX BeChMa BHICOKOH o0pPOT-
HOoCcThIO (cM. § 5.4, B, 5.7 m 10.5). Ucmoan3oBanme 3TOM BOJHBI JJIA
Iepeadn dHEPIHU BATPYyHHAETCH, OTHAKO, TeM, uTo BoxHa THma Hy;
He ABJIAETCA HU3MIeil.

Ha pme. 4.7 morasaso pacmpefielleHHe KPHTHYECKHX JJIHH BOJH
ns Kpyraoro Boxamomoja. Ob6macts BomH A>3,41R coormerctByer
MONHOR oTceurke. B mmamasome 2,62<A<3,41R 1o BoamoBOmy MoO-
JKeT pacirpocTpansaThesa ToibKo omumu Tui BoxHBL Hij. Takum oGpasom,
BosHa TtuHna H;; sABxsiercs HHUBMIeH# BOJHOH B KpPYIVIOM BOJHOBOJE.
Haumras c¢ mounst Boaasl A=2,62R, MoryTt cyiiecTBOBaTh OITHOBpE-
MeHHO BoXHBL Tun0oB H; m E;. Ilpu manpHelimem ykopouenny MIMHBL
poxHH 70 2,06R BosHmkaer BomHa Tmma Hgj, a mpm ykopodeHwmm miIm-
el BOJHBL Jo 1,64R moryr moasmrTnes cpasy ase Bonmel Ho m Ep

R
nrT o Mosxno IMOKa3aTh, YTO IIPHA YBEIWMYEHNM OTHOIIEHUSA TKOJIK‘IB-
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CTBO THIIOB BOJH, MOTYI[AX PACHPOCTPAHATLCA IO KPYTIOMY BOJHOBO-
R 2
Ry, cocrasiusger mpmbamsmremsmo M = 10,2 (T) . ecaum M>10.

B03MOKHOCTD IpPaKTHYECKOTrO MCIIOJNB30BAHUA BOJIH B KPYTIOM
BOJTHOBOZE M CPABHEHWE WX C BOJHAMH B HMPAMOYTOJBHOM BOJHOBOjC
nofpobuee OyAyT 0OCY:KHeHH B Iil. .

oo, L <y

Hz Jonacms 7
o7 . OFICEYHUL 7

2 7
ey -
0 Lnllm R IR )
Hag

H,

¥
i

Puc. 4.7. Kputnmdeckme [JIWHLI BOJH BOJIHOBOJA KPYIJIOTO
ceyeHns

§ 44. BBICHIIE THUHIBI BOJH B KOAKCHAJBHONI JWHNN

ITocranoBka BoIpoca 0 CyH[eCTBOBAHWE BOJH IHCIIEPCHOTO THI&
B KOAKCHAJBLHOW JIMHUM SABIAETCA €CTECTBOHHBIM IPOJO/KeHNEM aHa-
JM3a pacupocTpPaHeHUs BOJH 10 Tpybam. B camom jese, KaK yKa3bnIBa-
Jgoce B § 2.5, A KOAKCHAJAbHOH JIMHUHM MOKET OBITh BBITIOJIHEHO
yeaosne 3y E=0, iy H=0, B pesyabrare gero mo jumuum Oymer
pacrpocTpaAaTbea BoxHa tEma 1EM. CoorBercrByiomias CTPyKTYypa
nojsa m3obpasxkeHa Ha pue. 4.8. Ommaro orciofla HeAb3SA BAKRIIOUUTH O
HEeBO3MOKHOCTH cymiecTBoBaHuA BoaH tama TE m TM, mus roropsrx
Viy E5£0, Vi, H=0. Bompoc o Tom, OyayT In B JAHHOI JIHN
CYIECTBOBATH BOJHBI TUCIIEPCHHIX TUIIOB, peIIaeTcs, KaK OOBIYHO, U3
COOTHOIIEHNA MEMKy MJIMHOW BOJHBI B cBOOOJHOM HPOCTPAHCTBE 1t
KPUTHYIECKOU JAJINHON BOJHBL JIA pacCMaTpHBaeMOTo THUIIA.

Orereuemcsa va BpemsA oT Boauu Tuna TEM m obpatmmcsa k Tpak-
TOBKE KOAKCHAJIbHON JIHMHWH, KaK KOAKCHAJLHOTO BOJHOBOJAA C JIBYX-
CBASHBIM ITOIEPEYHHIM ceueHueMm (pmc. 4.9).

AHanwW3 1o B KOAKCHAJBLHOM BOJHOBOZE BecbMa CXO[eH C AaHAIH30M
00BIYHOTO KPYIJIOTO BOJHOBOJA. 3[[€CHh CHOBA MOJKHO HaImmWcaTh ypaBHeHHS A
OPOROJLHEIX COCTABIAIOMAX JIEKTPAYECKOr0 W MAarHUTHOTO MTOoJedl mo THmy
(4.19). OngEAako B OTIAMYME OT HOJOTO KPYIJIOrO BOJHOBOJA MOJOMKHUTHL KOHCTAFE-
ty Cs B ypasHeHum (4.19) paBHO# Hy/II0 y)Ke HEIb3A. ITO OOBACHAETCA TEM,
y1o TOUYKa r=0 He oTHOCHTCA 0ojiee K MPOCTPAHCTBY BHYTPHW BOJIHOBONA, H HA
MOBEPXHOCTH BHYTPEHHETO0 IIPOBOJHUKA (PyEKOEms Beccems Broporo pomga mMmeer
KOHEYHYI0 BeINduHY.

CTpyKTypa AUCHEPCHBIX BOJIH B KOAKCHAJILHON JWHWHU, KaK W B KDPYIJIOM
BOJIHOBOJE, XapaKTepu3yeTcd a3MMYTAJbHHIMU 7 W pPajuajbHBIMU [ BAPAALEIMU
nojA. YpapHeHHA COCTABIAKIUX JJIEKTPAYECKOTO M MATHUTHOTO IoJell mpu

8%



noqHax Ttuma H,, m E,, comepskar xoMOunammio Qyurnmii Deccensa mepsoro
il BTOPOTO pofa.

HakaageiBasg rpaHAYHBIe YCJOBAA — PABEHCTBO HYII0 TaHIeHIHAJIBHOIO
31eKTPAYECKOT0 HOJA Ha MOBEPXHOCTAX HAPY’KHOTO B BHYTPEHHEIO IIPOBOIHN-
hOB, MOKHO HAWTHA KpHTHYeCKHe HAWHE! BOJHE THmnoB TE m TM. B pesyanrare
‘BpIPAsKeHNA [Js KPAUTHYECKHX BOJH HE HMeIOT CTOJL HPOCTOR (OPMBI, KdAK
B clydadax IpsSIMOYTOJIbHOTO B Jake KPYIJIOTO BOJHOBOXOB.

(\\‘
L

°
' ese
| oo
&
t)\'

AJ?
e —
Punc. 48. CTpyKTypa 3J€KTPHYECKOTO B Mar- Puc. 4.9. HoarxcmaabHBI
HATHOTO Iojeit BoaHEI Tmma TEM B Koarcm- BOJTHOBO

AJLHOHM JWMHURN

ITpuGnmxennniii pacdeT 3HAYEHMI A, AJIA HECKOJILKHAX IIPOCTei-
MIEX BHICHIAX THIOB BOJH BO3MOJKEH W3 CIeIYIOMHAX PaCCYHIeHHUM.
PaccMoTpEM BONTHOBOX HPAMOYTOJBLHOTO CEYEHHUS C YBEIWYEHHON
MHAPOKOIl CTEeHKOH a, BO30Y:RIeHHHIT Ha BoHe TUna E;; (pmc. 4.10,a).

g y £ /f/ FE Ez A £
ORI AL
pEH S S s

a A
— — ] _ ﬁ}

a) b)

Puc. 4.10. ITonyuenme BomEE THOA E) B KOaKCHAJIHLHOM BOJHO-
BOle W3 BOJHEI THma E;; B DpAMOYroJbHOM BOIHOBOJE

1IpopoisKass HeoTpaHMUYEHHO YBeJAWIWBATH PasMep @, MOMKHO HPUATH
K CTPYKType mous, maobpaskeHHoit Ha pumc. 4.10, 6. Kpnradeckas nim-
Ha BOJHBI JJIA 3TOr0 cIydas ommchriBaeTcda oOmuMm ypaBHeHHeM (3.78)
u cTpeMurcs k 2 b.

He MeHsAsA cymecTBeHHO CTPYKTYpH pacCMaTpPUBAaeMOil BOJHBL
MO’KHO MCKPUBHTH HCXORHBIE HAPAJIIENBHBIE INIOCKOCTH, KaK IT0Ka3aHO
ua puc. 4.10, 6. B pesyxnsraTe, «cBOpauMBaA» MeTaLIMYeCKHe IOBEPX-
HOCTA B 3aMKHYThle KOHINEHTPAYECKAE MUJIMHIPHI, HOIyIaeM KOAKCH-
ANBHBIA BOJHOBOJ CO CTPYKTYPO#l BOJHBI, m300pakeHHoi# Ha puc. 4.11,a.
JdTa BoNHAa Xapakrepusyerca upmsHakamm E,#0, H,=0, me mmeer
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a3EMYTaJbHEIX BapHanuii moas 1 0067ajgaer OJHON BapHallMed MO
ne pamgmycy. Iloab3ysich Kinaccmpuramuei, WCIOIL30BATHOM IIPA pac-
CMOTpeHMHN KPYTJIbIX BOXHOBOMNOB, BTy BOJHY ciefyeT o0osnaumts Ko,
Kpuruueckas [JIMHA BOJHEI IO-Ipe;KHEMY B [EPBOM HPHOIHKEHA

Prme. 4.11. Crpykrypa O9JIEKTPHYECKOTO W MArHHTHOIO IIojei
B IONEPEeYHOM COYEHHWH KOAKCHAJbHON JWHAN IpPU BOIHAX
tanos Eq, Hy m Hy

pasua 2b. Bripaskas pasmep b depes jmaMeTpsl NPOBOXHUKOB KOaK-
cuanpHol mmamm D u d (cMm. pumc. 4.9), momygaem:

b = —-12— (D — d), orkypa
(}Kp)Emg D — d (462)

Boana rtuma Ho, usoOpasxkennas Ha pmc. 4.11,06, Momer OBITH
MEBICI@HHO IIOJIyYeHA IIyTeM CJIOKEHHA OO0JBIIOr0 YWCIa BOJHOBOZOB
OPAMOYTOJABHOTO CedeHmusA, cuH(a3HO BO30OY)KIeHHBIX Ha BOJHE THIIa
Hyo (pumc. 4.12). BoanoBomam mTpupmaercs cekropHasg ¢opMma, 4T0 He

a

Pmc. 4.12. Iloryyerme BommEnl Tunma Hy B Koakcnm-
aJbHO! NWHWN M3 BOJHLI Tmma H;o B mpAMOYTrois-
HOM BOJHOBOJ®

FOIGKHO CIJILHO BIMATH HA KPHATAYECKYIO IJIUHY BOJHBL, PaBHYO 2 4.
[locme Toro, KaK CEKTOpHBIE BOJHOBOJBI CIOMKEHBI, KaK HOKA3aHO H&
puc. 4.12, obmue mmEpoKme cTeHKH MOKHO yAamuTh, CTPyKTypa OIS
ot sroro He MeHseTcs. B pesyasraTe moxydaem BOJHY B KOAKCHATh-
HOM BOJIHOBOJE, Y KOTOPOH! 3JIeKTPpMYECKHE CHJIOBBIE JIMHHW JesKaT
B IUIOCKOCTH NOTDEPEYHOTO CEUeHUS W MMEIOT BHJ, 3aMKHYTHIX OKPYIK-
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‘HocTell. MarHNTHEIE CHIIOBBIE JUHUN HMe0T dopmy, OJMU3KYI0 K 3JI-
JUIcaM, W JIesKaT B PafuaidbHEIX ITocKocTAX. Ilockodsry pasmepy a
B JAaHHOM CJIydYae COOTBETCTBYET pacCTOgHME MeE:KAy HAPYKHBIM U

BHYTPEHHAM IPOBOJIHAKAMIL, PABHOE —5- (D - d), nmoayuaem:
()‘Kp)Hm = D - d (463)

CpoiictBa BoaHHI THHa Ho; B KoakcHMaILHON JuHUN GIN3KHA K CBOI-
<TBaM BOJNHHEI Tuma Hoi B KpyrioM BOJIHOBOZe, paccMoTpenHHoil B § 4.3.
B uacTtHocTH, 3TOll BOAHE HPHUCYIHA

1 D TOJBKO IIOIepedHbIe KOJNLIeBBIE TO-
2 2 KN B cTeHKaXx. Takum obOpasoM, mo-
nmepedHble KOJbIEBBIE Iean B Ha-
PY/KIIOM ¥ BHYTPEHHEM IIPOBOMHMU-
KaX KOaKCHaJbHOTO BOJHOBOMA, Ha-
pymamnme Toxkn BoJaHB THma TEM

4 n BoaHbl Do), He BIAMAT Ha pac-

/ | mpocrpanenme Boamel THna Ho.
\ S / IToxoskme paccy:KmeHNs MOKHO
\ y ‘rr\’ E / ACHO0JB30BATH M A O0BACHEHUA
N / IA b\ \ / cTpyKTypH! Boaubl tnna Hii B koak-
N i />/ cmanpHoft aummn. Pacemorpmm cHo-
~ L Ba IPAMOYTOJbHBII BOJHOBOM, BO3-
< z —{  Oy;KfeHHBII mHa BoxHe Ttuma Ho,

KOTOPOMY Ha 5TOT pa3 TpumaHa
Pmc. 4.13. K BeiBomly KpmTHYeCKOH  (hopMa MOMYKOJBIA B ILIOCKOCTH

JIIAHBL BOJIHBI KOAQKCHAJALHOA JIHA-
., posGymgemmoll Ha pojme LOTIEPETHOTO CedeHHs (pme. 4.13).

toma Hy MosxHo mpMHATH, 9TO KpHUTHYECKasd
IAJIAHA BOJHBL OIpefielsAeTCsi Cpef-
HHUM pa3MepoM HOINPOKOH CTEHKH, pa-

1 D+ d
BHBIM B TAHHOM Cly4ae Q¢ = 5 T . CoskmM ¢ DTUM BOJHO-

BOJOM BTOPOHl TaKOH Ke BOJHOBOJ, M300pasKeHHBIM MyHKTHpoM. [s
TOro 9ro0bl MMeTh BO3MOKHOCTh YOAJIMThL o0IMue y3KHe CTeHKH 000-
HX BOJHOBOJOB, HAXONAIIAECA B 00JaCTAX HYJEBOTO SIEKTPHYIECKOTO
1oJIsI, HeoOXomuMo, 4TOOBI HEKHHI BOJHOBOMX OBLTI BO30OY)KJIeH CHH-
¢asHO OTHOCHTEIHLHO BEpPXHEro BOJHOBORA. B camom pere, B 5TOM
ciysae moxst H, xacareapHsle K y3KNM CTeHKaM, HMeEIOT
OIHHAKOBOE HallpaBJeHme IO X o0emM cTopoHaM. Tok B y3Koil mpo-
MOJTHLHON CTeHKe II0 Mepe YMeHbNIeHWs ee TOJINUHBEL CTPEeMHTCA
K HYJIO.

Pesynbsrmpylomiee mole B KOAKCHAJHLHOM BOJHOBOE HWMeeT BHJ,
uzobpasKeHHeINl Ha puc. 4.11, 6. ¥YMecTHO CpaBHHUTH 3TO II0JIEe C IIOJEM
soaasl Hip B KpyrioMm Bommosome (pue. 4.6), MBICIeHHO BBOJA B KpYT-
IBIA BOJHOBOJ, BHYTPeHHUI MeTaJIN4eCKUl MIPOBOTHUK.

KHputnuecras mmmua soanp Tana Hi; B KoakcmaabHOM BOJHOBOJE
JOJUKHA B TOYHOCTH COBIAZIATH C KPUTHYECKON [JIWHONU BOJHBEI €ro
92

7 £



BepxHell mosykoabneBoit wactm (puec. 4.13), naa Koropoi )\Kp%(cv'd
Tarum ob6pasom,

(1ep)rr, = 5 (D +d). (4.64)

Ypasuenus (4.62) —(4.64) copasemimBel IpU He 0UEHb MAlOM
JaMerpe BHYTPEHHEro0 IPOBOJHMKA KoakcmanpHou amumd. Ha mpax-

THKe OTHOINEHMEe ANaMeTpoB TBBIﬁI/IpaIOT 00BIYHO B mpefeiax 2--9,

YyeMy B Ccllydae BO3IYITHOI'0 HANOJHEHNS COOTBETCTBYET XapaKTepHuCTa-
Yeckoe (BONHOBOE) compoTmBieHue Ha BonHe THma TEM mopangka
90—100 om*. Bonee meTampHEIN aHaIM3 MOKA3bIBaeT, UTO B 3TUX CJy-
uyasAx ypaBHeHnsa (4.62)— (4.64) paioT BIOJNHE NMPHEMIEMYI0O TOTHOCTH
n MoryT ObIThb peKoMeHIOBaHBLI /I WHKeHePHBIX pacueroB. Takg,
ypasHenne (4.64) obecmeumsaer morpemHoCcTs MeHee 4%, HampaBieH-
HYI0 B CTOPOHY 3aBBIINEHNSA BOTHIUHEL Ay .

Hy

—> Hor.Eor
7 Tg// o

7 e,

0 ~ 2c
w(D+d) D-d

|

Puc. 4.14. IlpubamsmrenbHasa KapTWHA pacmpefe-
JeHNs KPHTHIECKHMX 4YacToT [ KOoaKCHAJILHOM
JUHAR

Ha pmc. 4.14 mokasaHO pacipefelende KPUTHYECKAX 9acToOT [JIA
KoakcuaapHou aunma., Bomna tmma TEM mosker cymecrBoBars Ipu

2¢
JI00BIX 9acToTax, HaumHag oT Hyaa. Yacrora v :m 110 ypas-

HeHWI0 (4.64) sABnsAerca KpuTmuyecKodl miaa BoaHsl Tmma Hp;. Tarmm
obpasoM, pabora KOAKCHAJbHOW JUHAKM HA BOJHE OTHOrO THIA OKAa3bI-
BaeTCsA BO3MOMKHOUN JHIIb IIPA YCIOBHUAX

2 ; n

B xoakcmaJbpHOII JWHNN HUSIIAM SABJISAETCH He THN BoJXHHI Hij,
KaK B KpyriaoMm BosgHoBoje, a TEM. Cpean BricIINX THIOB dalile BCETO
npuxoguTca uMerts feio ¢ soanamu Hyy, Hey, Ha m 7. 1.

IlpakTHyeckoro npuMeHeHHA AJIA Ilepeadn YHEPTUN BBHICIINE THIIBI
BOJH B KOAKCHAJLHOW JIMHUM TOYTH He HAXOAAT, TAK KaK HAa HHU3KUX

D
* OmrmMasipHOe OTHOMIEHME —;~ Me[HBIX IPOBOJHAKOB KOAKCHAJBHOH INHIH

C TOYKH 3DeHMSA MHHUMYMa 3aTyXaHHA cocTaBiser 3,6.
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YacToTax BHICIIME THIBI BOJIH PACIPOCTPAHATHCA HE MOTYT W OBICTPO
3aTyxaloT B MecTax mX Boz0y:kfeHmsa. Onnako B nuamasone CBY mpm-
XOMUTCS CUMTATHCA C BOSMOKHOCTBIO TOABIEHNA PACHPOCTPAHAIOIMX-
cs percrmmx tamoB. OOBIYHO 5T0 OBIBaeT KpailHe HeyKelaTeJIbHBIM, Tak
Kak HapymmaeTcsi HOpDMajdbHasg paboTa KOAKCHAJbHON anmapaTypel.
Pasmepsl ceueHusA KOAKCHMAJIbHON JHHIM CTAPAIOTCA 00BIYHO BEIOMPATH
TAKAMHU, 4TOOBI HCKIIOYATH BO3MOKHOCTH PACHpPOCTpaAHEHHWS BBICIIMX
THTIOB BOJIH.
Yemnosue (4.65) MosKHO mepemmcaTh B BHE

D+d< 2. (4.66)

Orcioma cTaHOBUTCA MOHATHO, YTO C YKOPOUEHUEM BOJHEI ITPHXO-
IUTCSA YMEHBINATHL AMaMeTphl MPOBOTHHKOB KoaKcHadbHOil muang. Ho
yMeHBITIeHNe JnaMeTrpa KOAKCHAJbHON JMHUW NPHUBOAHUT K CHUKEHHIO
NOIyCcTHMOH IlepeaBaeMoil MOIIHOCTH W3-32 MOSBIEHHA BIEKTpHYe-
ckux mpo6oes. Ha BomHax Kopoue 3 cx KoaKCHaJbHBIE JUHNH [pUMe-
HATCA PeIKO, 3a UCKIIYEHNEeM KOPOTKIX YYaCTKOB C HU3KAM YPOB-
HeM MOIIHOCTH, HAITPUMEP, B BHIBOJIE DSHEPIUH OTPAKATEIbHOTO KIH-
CTPOHA.

Biusaue BBICIIEX TUMOB BOJH MOKET BPEIHO INPOSABIATHCA B CJIy-
qasX, KOrfga OTPe3KNM KOAKCHAJbHBIX JMHUN, MMEINuX OO0JbIINe AIa-
MEeTPHI, UCHOJL3YIOTCA HA KOPOTKUX BOJHAX B KaJeCTBE PEe30HATOPOR
H JipoccenmpyommXx ycrpoictB. Muorma HabmI0maioTcs MapasHTHEIS
pe30HaHCH, yXyAmaomue padoTy ammapaTypsl, B TOM 9@CIe W BaKy-
ymapix npubopos CBY. B HekorTophIX ciiydasX OpPHXOAHTCA MOMaB-
JSATH BHICIINE THIBI BOJH, HADHMEpP, IyTeM MPOPE3LIBAHUA MPOA0Tb~
HEIX Iejeil B mpopomumKaX amund. [[lenm mapymaioT Tokm Heskeja-
TeJIBHBLIX BOJH, HO He BJIMLIOT Ha NpOTeKaHWe TokKa BoaHbEI Tmoa TEM.
Taxmm o0pasoM, 3HaHHE CBOIICTB BHICIIMX THUIIOB BOJH B KOAKCHAJb-
HOM JIMHWH II03BOJISAET BeCTH ¢ HEMH ycmemmHyo 06opr0y. OmHako cy-
[eCTBYeT OJHO MHTEPECHOe NPHMeHeHHEe KOAaKCHAJHHOTO BOJHOBOMA,
B0o30yKIeHHOr0o Ha BoJHe BhHIcmero Thmna Hp. Kak Oyger moxasauo
B AaJIbHe#IIeM, 9Ta BOJHA, TOoKo0Ho BoaHe THna Hop B KPyriaoMm BOIHO-
BOJle, MMeeT AaHOMAaJbHO Mallkle MOTepPH. ITO 0OCTOATENBCTBO IPHBEHC
K mcmoib3oBanmio BorHBL Hpy B moaeix pesoHatopax, obmamanomax
BechbMa BEICOKOIT moOporHocThi0 (cM. Ti1. 10). B wacrHocTH, BOmHS
tuna Ho, B KoakcmadpHON JumHWH, mMelomeil O0JbIINe pa3sMephi IoIe-
PEYHOro cedeHUsi, HENOCPeACTBEHHO HCIOJNB3YETCA B OJHOM M3 Kiac-
coB ojeKTpoBakyyMHBIX mpubopor CBY — KoakcmadbHBIX MaraeTpo-
HaX. .



I'nmapa naras

: NEPEJAYA SHEPTHUHU II0 BOJHOBOJAM

§ 5.1. BO3BY;KJIEHHE BOJHOBOJIA

[Ipm paccmorpeHusm BOJTHOBOAOB B 3 W 4 riaBax He 3aTpParuBajACh
CITOCOOBI BO30YKIeHHSI KOHKDETHBIX THIOB BogH. U4eBHAHO, 4TO B
00IeM cjaydae B BOJIHOBOJE MOTYT CYI[€CTBOBATH BCE THIEI 3JEKTPH-
YEeCKHX ¥ MATHUTHBIX BOJIH, ONHUCHIBAEMBIX, HAIPHMEpP, YPaBHEHHUAMHA
(3.31) —(3.36) m (3.53) —(3.58). Omnaro AnA IPAKTHIECKAX I[eJeH
JKeJaTelbHO Hamepeln 3HATH CTPYKTYpPYy molsa B BoanHoBofe. Caenoba-
TEJBHO, HE0OXOMNMO HANTH CIOCOOBI BO30Y:KIATh BOJHY KaKoro-Imbo
OIHOTO THIIA W [elaTh HeBO3MOKHEIM pacpOCTPaHEHHe BCeX ApPYrux
THTIOB BOJIH.

Crporoe MareMaTHYeCKOe pemieHWe 3afa4d BO30YKZEeHHS BOJH
8 BOJHOBOJ@ ITIPeACTaBIsgeT OoJbOIne TPYAHOCTH Aajke B IPOCTEHIMHX
caydaax. G ¢usmuecKo#l TOUYKM 3peHUS IJIA BO30OYKIEHUA BOJHHI 3a-
JaHHOTO THHA MOTYT OBITH HMCIOJB30BAHEI CHEAYIONIHE CIIOCOOBL.

1. IlpumeHeHne BO30OYKIAIOMET0 YCTPOUCTBA, KOTOPOE CO37AeT
B HEKOTOPOM CeYeHWM BOJHOBOJa 3JEKTpPmYecKoe IoJje, COBIafaloniee
[0 HATPABJIEHUIO DIEKTPAYECKNX CHJIOBEIX JUHWH C IIOJIEM BOJHEI JKe-
JJaeMoro THIIA.

2. Ilpumenenne B030YKIAIOMIETO YCTPOMCTBA, KOTOPOE CO37aeT
MarHuTHOE ImoJie, COBHAAAIOIee II0 HANPABIEHWIO CHJIOBBIX JHHHH
¢ MAaTHATHBIM II0JIeM BOJIHBI JKeJaeMoro THUIIa.

3. Ucnonp3oBarme BO30Y/KEAIONIEr0 YCTPOMCTBA, CO3MAIOINIET0 B
cTeHKaX BOJHOBOJAA BBICOKOYACTOTHEIE TOKH, HATIPABIECHNE M paclpe-
neJeHWe KOTOPHIX HA HEKOTOPOM YYacCTKe BOJIHOBOMA COBMAJAIOT C TO-
KaMH BOJIHBI 3KeJIaeMoro THIIA.

ObpatuMcad K KOHKDPETHEIM CIyYasM BO30YKIEHUST BOJHOBOMOB.

JHeprusa OT cBePXBHICOKOYACTOTHOTO TreHepaTopa (KIMCTPOHA, Mar-
HeTpOHA W Jp.) MOKeT OBITHL BBEJEHA B BOJTHOBOJ dYepe3 KOPOTKHIi
OTPEe30K JUHUW, OPraHWIeCKNM CBA3AHHON C BAKYYMHBIM IpuOOpOM
m HaswBaeMmoii 6v18000om sHepeul. QOOBIYHO BBHIBOJ SHEPrdM BHITOJHS-
eTca Jubo B BHje BOJHOBONA, JU0OO B BHAIE KOAKCMAJLHON ITMHUM.

B caydae B030yKmeHms BOJHOBOJA KOAKCHAJNLHOM JMHOEA BO3-
OyHAQJOIMUMHA  YCTPOUCTBAMH MOTYT SIBIATBCA DIEKTPHUYECKHH WA
MATHHTHBIA JANONN. JJNEKTPUYECKAN ITUIONL CO3[NAETCS IITHIPEM, sSB-
JAI0MUMCA TPOJOJIKeHHEeM BHYTPEHHET0 IPOBOJAHWKA KOAKCHAJIBHHOMN
amaun, MarHATHBIA JUOONE MMeeT BHJ NeTHH, 00pa3oBaHHOH 3aMBIKA-
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HIeM BHYTDPEHHEeTo IPOBOJHUKA KOAKCHAJILHOH JMHHM HA ee BHeUIHWi
NPOBOJHUK. ¥ CTPOICTBO [AHMIONEH CXeMarWYecKH IDOKasaHO Ha pHC.
o.1.

3nas cTpyKTYypy TpedyeMoro SJIeKTPHUECKOTO MOJs B BOJIHOBOJE,
Jerko BLIOpaTh OpPUEHTAmuio Bos30y:Kmatomero mrteipA. [as aToro
JNO0CTATOUHO pPACHOJOKATL OCh INTHIPA II0 HaMpaBIeHWUIO dJIEeKTpude-
CKHX CHJIOBBIX JIMHWH.

(N\‘_____. En % ©

®
T E
mf @

0)
Pne 51 TIlpocten Puc 52 Bosdy:xuerme Boau Ttuma TM
nime  Bo30yIKmao B TPAMOYTOJBHOM BOJHOBOIE C IIO-
e ycrpoiicrsa — MOIIBI0 9JIEKTPHYECKOT0 MHUIO 14

IMERTPAYECKIT 1
MATHHTHBIN JTUTOJN

Ha pwmc. 5.2,a npuBemeno ycTpoificTBO I BO3OY:KACHHS BOJHLI
tana ;) B mpsAMoyToibHOM BoJHOBOAE. TaKoe ke yCTPOMCTBO MPHUTOJ-
HO T 171 Bo30yskeHUA BoAHBL THrma Ko B Kpyriom sorHOoBOme. HlTRIpH
pacrionaraercsa BJA0JL OcH BoXHOBoxa. HapyKHBI TPOBOMHMK KOAK-
CHANbHOII JIMHUM COeJVHEH C MeTaJJIHYeCKOH! IINIOCKOCTHIO, oGpasyio-
ey Toper; BOJIHOBOJA.

Bomny muma E;) B mpAMoyroJbHOM BOJIHOBOJAE MOMKHO BO3OYAHTH
U pYTUM CII0cO0OM, BBeJA HITHIPh depe3 OTBepcTHe B OOKOBOI CTEHKE
BOTHOBOJ]a M PACIOJOKMB €r0 B ILIOCKOCTH TOIEPEeYHOr0 CeUeHusd
aunun. OgHako mpu 9ToM OyAyT BO3OY:KAATHCA W BoaHel Tuma H, uto
MO’KeT OBITH HeMKeJaTelbHBIM.

Ecim meo0xommmo BO30YANTH BOJHY THOA K2 B OpAMOYTOILHOM
BonHOBOMe (miam BoJHY [j; B KpyrioM BOJIHOBOAE), TO MOKHO BOC-
MOJB30BATLCA ABYMSA BO30YKAAIOIMMME INTHIPAMU, KaK TNOKA3aHO Ha
puc. 52,6. C yuerom cTpyKrypsl BomHB Ei» Heo0xommmo cosjars
cuBur (Pas Ha T MEKTY TOJAME DTHX INTHIpe#. [[ns aroro mocrarogno
BOCIIOJIL30BATELCS PAa3BETBIEHHEM KOAKCHAILHOU JIMHNMH, GBHBBIBaIO]]I)ef/'I

NITHIPH C FeHepaTopoM, W obecmednTh PA3HUIY B JJHHE JAHWA Ha—g‘—.

Bos0y:xnenne soausl Tuna Hjp B IpAMOyroabHOM BOJHOBOJE IMOKA-
3aHO Ha pHC. 9.3. Bo30y:Rmawomuit mMTHPs BBOGUTCA B BOJTHOBOX IIa-
pamIenbho yY3KOH CTeHKe depe3 oTsepcTme B Impokoit cremke. Ilo-
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CKOJIbKY HPU 5TOM BO30YKIAI0TCS BOIHEI, PAcIpPOCTPAHAIOmECH B 06e
CTOPOHBI BJOJL OCH BOJHOBOJA, TO HCIOJB3YeTCA NPOBOAAIIAA IOP-
MeHb, OTPAKAIOMMIA OfHY W3 BOJH B HYKHYIO CTOpPOHY. PaccrogHme
[\ or mOpHmIHA A0 MITHIPA W [IUHA INTHPA [; MOXOHpPaTCsA TaKAM 00-
pasom, 4to0bl 06ecednTs coriacoBaHme KOAKCHAJBLHOI JHHUM C BOJ-
HOBOZIOM, T. €. MOJNY9HNTh 4HMCcTO Oerymyio BOJHY B KOAKCHAJIBHON JH-
HUE Ipu 4dcro Oerymieit Bosme tuma Hyo, pacmpocTpaHsmiomeiics mo
BOJHOBOMY CileBa HaIlpaBo Ha pHC. 5.3.

Honpsysch mOfOGHBEIME - HPOCTEIME  COOGpaKeHAAMHA, HETPYAHO
[[PeACTaBUTh YCTPOMCTBO, BO30y)KHalomee, HAIpEMep, BOJHY THIA
Hzo B mpamoyrombmom BonmoBome. [liA 3TOr0 MOMKHO HCIOIB30BATH
[IBa MITHIPA, MOJA KOTOPHIX HAaXoxgArca B IporumBodase. Boxma Tmma
Hio 31ecs me Bo3Gy)xmaercs, ecim MTHIPH PACIONOKEHEl CHMMETPHY-
HO II0 OTHONIEHMIO K CepefuHe IMMPOKOil CTeHKH BOJHOBONA.

Hak Oymer morasano B ganbHeitmeM, B HamOoJee pacIpoCTPaHEH-

HBIX HA NPaKTHKe CIydYasX He IPUXOAUTCSA CTAJKABATHLCA C BO30OYHK-
lICHNeM M WCIO0JIH30BAaHMEM BEIC-

MAX THHOB BOJH, IHOMHEMO HHO3- £

meit BoaHel TMma Hjo. Ilostomy =
paccMoTpeHme  yCTPOUCTB  [JIs Ly f’_a,
BO3OYKIEeHNSA  BBICIINX  THIIOR ] Ly

BOJH ITPEJICTaBIsAeT CKOpee IpHH- =

NUONAJbLHBI WHTEePEC.

TEM
IToxoskme paccy:raeHnsa Bos- ‘
MOKHBI I B cjy4ae, Korja sHep-
s BBOOUTCS B BOJHOBOM C IIO-
MOII{bIO MAaTHUTHOTO MAIIOIA — Pnc. 5.3. BO36y}RHeHﬂe BOJIHBI TH-
TeTII. ma Hyp B OIpAMOYroibHOM BOJTHOBO-

e ¢ MOMOMBI0 HITHIPA
Ha puc. 5.4 gna opumepa mo- . B P

Ka3aHO YCTPOMCTBO, KOTOPOE MO-
JKeT OBITH MCIOJL30BAHO IJIA Bo30YKIeHusa BoxHH THna Ho B mpsaMo-
YyTOJbHOM BOJHOBOAE. ILIOCKOCTH HMeTIW pacloiaraercsi TakmMm obpa-

=0

Puc 5.4 OpwH M3 BO3MOKHBIX BapmaHTOB
po3Oyxuernsa BoaEsl Ttuma Hy,, ¢ mo-
MOINBIO IeTJIH

30M, 4TOOLI OHA OPOHUSHIBANACH MATHHTHBHIME CHJIOBHIMA JIMHHAMM
Bo36yxmaeMoii BonHH. Unmratear moxer Ges Tpyma paccMOTPEThb ApY-
rme BapHaHTH BO30YKAEHAS BOJHOBOZA C MOMOIIBIO IETIH HIA MITH-
psA npH JI000M 3afaHHOM THIIE BOJH.
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B page cayuaes Bo30Oy:KieHHmEe OJHOTO BOJHOBOJA IIPOM3BOJUTCA OT HPY-
rOT0 BOJHOBOJa Yepe3 OJHO WM HECKOJLKO OTBEePCTHH B CTeHKax o00omx
BONHOBONOB. IIpuMeps! TakKoro BO30Y:KIeHMA pacCMOTpPeHH Ha pme. 8.40—8.42.
Bonma, pacmpocTpaHAIOmasca 0 OJHOMY M3 BOJIHOBOZOB, CO37aeT B o0iacTu
OTBepCTHs SIEKTPOMarHMTHOEe I[ojile, NPOHHMKAaKINee BO BTopoll BoxHOBOA. Ta-
KuM o0Opas3oM, OTBepCTHEe MOKHO pacCcMaTpwBaTh KaK 9SJIeKTPHYeCKHI mian
MaTHHTHBIA AWIOJNbL, IA060 KaK KoMOmHAmuio STHX mmmojeir. VsMeHsa opueH-
TAIUI0 OJHOT0 ROJHOBOJAA OTHOCHTENLHO APYILOTO W BHIOMpast MeCTO B CTEHKe
BOJIHOBOMIA, TIJl@ CHAeNaHO OTBepcTHe, MOMKHO HOJYYUTH BO3OyKieHHe BOJHBI
/KeJIaeMoro THIA.

| A 8 4 -
Hro 1 :____//J///T Hor
v ‘, |\ Mo
i * \r\f‘
YR, ) o y,
£ F 7. F£ |
B DN
b 2aq
4-A b5-5 b5-5 rr 4-1

Puc. 5.5. llnasHBll mepexoj, olecHedmBaIOIIUil BO3-
OympeHne BOoNHBI THma Hy B KpYIJIOM BOJHOBOZE OT
BoJMHEI THHma Hi;o B mpAMOYroixsHOM BOJHOBOJE

Bos0yxnerme OfHOT0 BOJHOBOJA OT [APYrOTO MOMKET COOPOBOMKIATHCA
rpaHcopmanmeil Tmma BOJHBL [ia mpmMepa Ha pmc. 5.5 DOKa3aHO YCTPOMCT-
BO, IIIaBHO TpaHcopMApylomee BoJHY H;p B UpPAMOYTrOALHOM BOJHOBOJE
B BoaHy Tuma Ho B Kpyriaom BoaHoBoje. IIpaMoyronspHEI# BOJHOBOJ, m3obpa-
JKeHHBIH Ha mncxogHoM cedeHmm AA, cHadama mepexomuT B T-o6pasHEBIA BOJHO-
BOJ{ € IOCTENIEHHO PpACHIAPAOINeNCA HU/KHEH dYacThlo, IIOKA3aHHLIA B cede-
anmn BBG. IlyreM IOCTeNIEHHOTO YMEHBIMEHHA BHLICOTHI CPEHET0 BBICTYIA 3TOT
BOJTHOBOJI B ceueHMn BB cHOBa mepeXoguT B IPAMOYTOJbHBIA, BO30Y:K/IeHHBIH
y:xe Ha BostHe THHa Hyp*. [lanee ciegyer y9acToK ¢ HOCTeNI@HHO BO3PACTAIOIIAM
yrioM paspopora O ofemx IMMPOKMX CTEHOK BOXHOBO#A (ceueHme I'l"), B pe-
ayJaprare dUero, moclie ypajgenms ob6oumx BeICTYNOB B cedeHmm /J /], moiaydaercs
TpebyeMan cTpyKTypa moas Hy B OOBIYHOM KpPYIVIOM BOJHOBOJE.

HemocraTkoM ycTpoiicTBa, m300pasKeHHOTO Ha pHC. 5.0, ABIAETCH 3HAYH-
TenpHAsd MJAWHA, cocTaBiasiomasa Oosiee pBagmaTd JIMH BOJH. TeM He MeHee,
OTINCAHHBI Depexo] HnMeeT N BaKHOe NIPEeNMYIECTBO — ITHPOKOIOJOCHOCTD,
T. €. OTCYTCTBHE KPHTUYHOCTH K mM3MeHeHHI0 paboueidl yacToTel. CyIIecTBYIOT
¥ f[Apyrre TUNBI HOPeXO0J0B, MO3BOJAINEAX B0306YXKAATh JI000fi TAOD BONHEL OT
BOJHOBOJa NPAMOYTOJBHOTO CeYeHHdA, BO30Y:KIEHHOro Ha BoJHe THAma Hjo.

Bos0y:xjenne depes orBepcTHe IMHPOKO MCIOAL3YETCA B BIEKTPOBAKYYM-
gprx nprbopax CBY pis mepefmaym 9Heprmm B BOJHOBOJ OT HOJIOTO PE30HATOP2.

* YyacTok mepexofa Mexnmy ceueHmAMH AA m BB mpepnCraBiageT CaMOCTOA-
TEIbHBIH WHTEpEeC M MOKeT ObITh MCOONB30BaH MiA 3PderTaBHOTO BO3OYKIe-
HUA BOJHBI Tmma Ha.
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Taxoe coegmHeHHme, paccmarpuBaemoe Ha puc. 10.34, Tunm4HO 1A JAHMaLa3oHa
CAaHTHMETPOBHIX W 0COOEHHO MMJIJIMMETPOBEIX BOJH, IZie KOAKCHAJbHBIe JIWHWW,
RAK IPaBHJIO, OKA3LIBAIOTCA HEHNPHIOJHBIMI. :

IToMEMO PACCMOTPEHHEIX CIIOCO00B BO30OYKIEHMSA BOJHOBOLOB, BO3MOKHO
HEeIIOCPEJCTBEHHOE BO30y:KeHNe OJeKTPOHHBIM HOTOKOM, MPOHH3BIBAIOINNM
BOJIHOBOJ| Yepe3 OoTBepcTMe B CTEHKe WNWIM IIPOXOAAIMMM BHYTDH BOJIHPBOIIH
BIOIL €ero OCH. ITOT BHAN BO30Y:KZEHHA IPEACTABIAET CaMOCTOATEJIBHBIM WH-
tepec 1 OyJeT paccMOTpeH BO BTOPOM TOME B pasjejiaX, IOCBAIIEHHLIX TeHe-
PHPOBAHUIO U YCHIEHNIO Koje0aHMil CBePXBBICOKAX 9acToT.

PaccmarpuBasi mpoGieMmy Bo30y:KIeHUS BOJHOBOMOB, HeoOXOAUMO
0o0paTUTh BHAMAHNE Ha [ABa 00CTOSATEIHCTBA, MMEIOMNX IPHHIIANNATL-
HOe 3HAYeHHe. :

1. IloMnmo BOJHBI ;KedaeMoro THIA, J000e MUCKpPeTHOE BO30YIK-
JaloIiee yCTpoiicTBO yMOBJETBOPAET MHOMeCTBY JAPYTHX THIIOB BOJH.
Hampumep, ycrpoiicTBo, moKa3aHHOe Ha pHc. 9.3, Bo30yXKAaeT, KpoMe
Boaubl tuma Hyo, eme m Bomusr tumoB Hso, Hso,..., Ei1, Ea,...., Hyy,
Hi;, H3y m 1. 1. mo Geckoumeunoctu. Haxkme w3 mepedmciIeHHBIX BOJH
OylyT pacHpoCTPaHATHCA MO BOJHOBOXY, 3aBHCHT OT COOTHOIIEHMSA
MEKIy MJNHON BOMHEL A W BEJMYMHOHN A, A paccMaTpHBAEMOTrO
trna BOJHBL Ecam A>MA,,, To Bommel OyayT saTyXaTh BOJH3H BO3-
Oy3K1aI01Iero ycTpoiicTRa.

Orcroga ciaemyer celaTh BBIBOM, 9TO B OAUdXCHell 30He OKOJO BO3-
Oy)RIOAIOIMIeTo yCTPoiCTBA II0JIe BCETZla HMMEeT CJIOMKHYI0 CTPYKTYPY
I He COOTBETCTBYeT IOJI0 «IHCTOH» BOJHBI KAKOTO-IHOO OJHOTO THIIA.
OGecmeunts BO30YKAEHME TOJHLKO OJHOTO THIIA W MCKJIIOYNTH BCE APY-
(e pU WOMOINN BO30Y:KIAIONEro yCTpoucTBa MPUANANNAIEHO HEBO3-
moxkHo. Hambosmee Hame)kHBIM cmocoboM, o0ecriedmBaIOIIAM YHCTOTY
.BOJTHBI B OaabHell 30He, ABIAETCA TaKoil BHIOOpD pa3MepoB CcedeHHA
BOJIHOBO/IA, KOT/IA BCe HE)KelaTeJdbHbIe THUIILI BOJH OKA3BIBAIOTCA 3a
ITpeesaMu OTCOUKH.

2. BosOy:xnenme BOJIHBI 3aJlaHHOIO THIA B BOJHOBOLE HMeeT He-
[IOCPEe/ICTBEHHOE OTHOIIeHME K APYroil BajKHOI 3amade — oTbopy DHep-
TAYW W3 BOJIHOBOJA OT BOJHBEI W3BecTHOro Tuma. Ilo mpuunumy obparm-
MOCTH, MEHFf MeCTaMH TeHepaTop W Harpy3Ky, MOKHO HIPeBPaTATh
BO30ysKatolee yCTPOUCTBO B MpHEeMHOEe ycTpoiicTBo. Takum oGpasoM,
BCAKoe Bo30y)Kmaiomiee yCTPOCTBO MOMKHO paccMaTpHBaThL Kak
oreMEeHT C64A3U BOJIHOBoAA ¢ BHemHell menbio. OtmensHoe paccmo-
TpeHWe IPUEeMHBIX YCTPOHCTB B BOJHOBOJAX OKA3bIBAETCS W3JIMIMI-
HUM.

Ha mpaktmke mCHONB3YI0OT MHOKECTBO BHJOB YCTPOMCTB CBA3H
B 3aBHCHMOCTY OT BeJIMYMHEI TepefiaBaeMoil MoImHOCTH, pabodeir ga-
CTOTHI, THIIA BOJHEL, TpeOOBaHWI K COIVIACOBAHHIO W T. 7. B pame
cllydaeB OT YCTPOHCTBA CBA3M TpeOyeTcHa OTBETBICHHE JNIIL YaCTH
MOIHOCTH, IIPOXOJAllell I0 OCHOBHOMY TpPaKTy, a He Iepefada BCeil
MONIHOCTH.

HexoTopele BapmaHTHL YCTPOHCTB CBASH ONHCAHEL B pasfeiax,
MOCBSMEHHBIX BOJHOBOTHON TeXHUKe W TeXHUKe TONLIX Pe30HATOPOB.
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§ 5.2. 3BABUCHMOCTh HANPIHREHHOCTI NOJEN 1N NJAOTHOCTH TOKA
B CTEHKAX BOJHOBOIA OT BEJIUYIHBI IEPEJABAEMON MOLIHOCTHA

AMIIATYBI BIeKTPAYECKOr0 I MArHNTHOTO HOJIeH B peskmMe Oery-
meil BOJIHEI ONPEIeAAI0TCA MOIIHOCTHIO, IEpeJaBaeMoil 10 BOIHOBOLY.
B ob6mem caydae nmo Teopeme ¥YMmoBa-IlofinTuara cpemgaunii B0 BpeMenn
IHOTOK AaKTUBHOM MOINHOCTH, IPOXOAAINEl dYepes MMOBEPXHOCTH S
B HAIpaBIeHHH OCH 2, IPH FapMOHHYECKH H3MEHAOMUXCA HOAAXx E
u H mosker OBITh BHIYHMCIEH 10 M3BECTHOMY COOTHOIIEHHIO

P = Re | [EH],aS. (5.1)

S

Uepes H* o6osmadena conpsyKeHHAS KOMILIEKCHAs aMILIATYA
BEKTOpA HANPSIKEHHOCTH MAaTrHATHOTO MOJIA.

ITpmmenuM Beipaskenme (9.1) K BOJHOBOAY IPAMOYTOJBHOTO CEYeE-
ana. PackragsiBas Bexrop [EH*] mo opram B mpsamoyronbroil crcreme
KOODAWHAT W OPOM3BOJS MHTErPHPOBAHHE IO IHOBEPXHOCTH IIOMEped-
HOT'O CEYeHUSI BOJTHOBOJMA, MMEEM:

a b
e ” (E Hy— E,Hy) dxdy, (5.2)
00

rje a 1 b — pasMepnl ceueHUs BOIHOBOJA.

B ypaBHenmm (5.2) ciegyer HCHOJAb30BATh BBIPAYKEHHS COCTaB-
agomux mnoxeit 6erymeit Boausl Tana TEq,, mamm TM,,,, noxyuennnie
B § 3.2 mw 3.3. [lna mpmMepa BEIYMCIAM MOIHOCTH, IEPEJABAEMYIO IIO
BOJHOBOAY Tpm Huameil BoaHe Tuna Hjp. B pesyabrare momcramoBKm
ypaBHeHH# (3.59) — (3.62) B (5.2) momygaem:

b
Ny @B 7‘2 N oY '“2 b o
35[) dx dy =D Z oo (5.3)

N3 atoro BeIpasKeHHST MOKeT OBITH HalifleHa mocTosgHHAsS D, ocTas-
masacsa HeonpefeJeHHON HpPH PAacCCMOTPEHUH CTPYKTYPHl IOAS B BOJ-

HOBOJIE:
N e p (5.4)

Ilocae aToro He cocraBigeT TPyAa ONPEAEIHTH AMILIATYAY BCeX
cocTaBiAlmUX moxs np® Boiame Tmoa Hio B mpamoyroiasHOM BOIHO-
Bofie. Tak, ypaBHennme (3.59) MoskeT OHITH IepemHCaHO B BHAEG

T
[ ]

oT . X
=—D— sm—a————Emsm 7
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wian, B CllyJae BAaKyyMHOro (BO3IYLIHOTO) HAIOJHEHH,

LV l/
i

Torm B cTeHKax BoJIHOBOJA TaKsKe MOTYT OBITH BEIDQJKEHEI depes
IPOXOALIY0 MomyHocTh., OGosmaunmM depes Jun B Jum aMIUIATYHBI
IUIOTHOCTH TPOMOJBHOTO M IONEPEeIHOr0 TOKOB B IIMPOKOM CTEHKE
BOJIHOBOZA. IIepe3 Jym 0003HAYMM aMIUIATYAY IVIOTHOCTH IIOIIeped-
HOTO TOKa B y3Koii cremke. Ilo ypasmenmam (3.72), (3.74) m (3.75)
€ y4eToM BhIpakeHHA (9.4) B ciIydae BAKYYMHOIO HaIlOJTHEHHUA IOJNY-

qaeM:.
Wt VEVEVTREE e

R P/ e Ao

V- ()

Hanmomumm, 4TO0 Bce ypaBHeHHs, B ToM gucae # (9.9) — (5.7),
sanucambl B cucreme emguuun CU. Taxum o6pasoM, MOIIHOCTH
JouKHA OBITH BBHIpaskKeHAa B BaTTaX, JHWHEHHbIE pasMephl — B MeTpax;
BeJTMIHUHBL Ky, u Jy — COOTBETCTBEHHO B BOJIBTAX HA METpP W aMIepax
Ha Merp.

Hoxrsysacs ommcamHBIM METOIOM, MOJKHO OTIpeenTh a0COMITHYIO
BeJNYMHY TOJIel W TOKOB IIPH JII000M Hamepen 3aJaHHOM THIIE BOJHEL

HanmpssxeHHOCTE IO W TOKE IpH HPAKTHYECKH MCIOJIb3YeMBbIX
YPOBHAX MOIIHOCTH MOTYT JOCTHIaTh BeChbMa 3HAYATENLHOW BeNIWUM-
oel. PaccMoTpuM caydail, Korga IIo OPAMOYTOJLHOMY BOJHOBOXY
¢ BHyTpenHHME pasmepamu 10X 23 mm, mMeronieMy BO3AYIIHOe HJIN
BaKyyMHOe HAaIOJHeHWe, MepefaeTcsa HMIYJILCHAS MOIIHOCTh, PaBHASA
500 xer. Yacrory xomebamumit mpumem pasuoit 9375 Mey (A=3,2 cnu).
Hak y)xe ObLI0 mMOKa3aHO, B 3TOM clIydae IO BOJHOBOAY MOKeT pac-
IMPOCTPAHATLCA JUmL Bojua tuma Hie. ITocme mopmcramoBkm Bcex He-
00X0UMBIX BeJIMYMH B ypaBHEHHE (9.5) nonyqaeM aMITATYy HaUps-
JHeHHOCTH JIEKTPHYECKOTo moas B umyasce £, =151 ke/cm. Ammian-
TyIa TJIOTHOCTH IIPOROJBHOTO TOKA B cepejuHe MUPOKOA CTEHKH BOJ-
HOBOJIA B TOM ’Ke pesKuMe ;3 cooTHomeHEs (5.6) oKasbBaerca pas-
moit J,m=240,6 a/cm. [lna aMmaaTyms IJIOTHOCTH HONEPEYHOTO TOKA
B YBKOH CTeHKe M Ha pebpax BoNHOBOJA W3 ypaBHEHHA (5.7) MOKHO
satita: Jym=Jym=39,4 a/cu. OnHako mpm MaJBIX MOITHOCTAX, THIHY-

(5.9)

>
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HBIX, Hampumep, i pesKEMa IOpHeMa paJnoJoKallMOHHONM CTaHIUH,
HANPSKEeHHOCTh IOJIA W ILIOTHOCTH TOKOB B BOJNHOBOJE MOTYT HMeThb
upesBEIUaiiHO Maayio BeamumHy. Ilojaras MomHOCTH cWTHaIa paBHO
10~12 g7, HeTPYIHO BHITHCIHTDH, YTO Ha BOIHEe A=3,2 c# B BOJHOBOJE
paccMaTpmBaemoro cedenuns F,=~=22-107° g/cu.

Juanme abCONIOTHOH BeNWIWHEI HANPAKEHHOCTH 3JIEKTPUYECKOrs
HoJisl B BOJHOBOZe OBIBaeT HMOJIE3HEIM B TeX CIydasaX, Korja paccMar-
pHUBAIOTCA YCIOBHSA, IPH KOTOPHIX BO3MOKEeH dJIeKTpPHYecKHil mpoOoir
(cBePXBBICOKOTACTOTHEI paspAfX) BHYTPH BOJHOBOMA. BurumcieHmE
BeIUIUHE [, HeoO0XOMMMO, HAmpuUMep, IPH PACCMOTPEHHH DIEKTPO-
ontmueckux 3gderros, mcmoabsyeMbix mias CBY mopgymamum omru-
YeCKMX KBAHTOBEIX TeHepaTopoB (1a3epoB). AOCOMOTHAA BEIWITHE
TOKOB B CTeHKAX TaK/Ke IpeJCTaBIAeT MPaKTHIeCKUN WHTepec, HAIIpu-
Mep, mp:m pa3paboTKe HEKOTOPBIX THIOB Ta3opaspAafHBEIX HpuGOpos
CBY. Snas Beamumny TOKa, IPOXOAAIIEro depe3 OpumGop, MOKHO pac-
CYNTATH AKTUBHEIE MOTEPH MOLIHOCTH, ONEHATH TEIIOBOH pe:KuM Ipu-
Oopa m T. 1.

§ 5.3. QJIEKTPHYECKASI IPOYHOCTD BOJHOBOJA

IIpn nepemave mo gmamm GONBIION MOIMHOCTH MOKET BOSHHKHYTH
BBICOKOYACTOTHEI mpoboit*. fBieHus, compoBoskpmamomue mpoboi
B BOJHOBOJE, BHENIHE MMEIOT MHOr0 OOIIero ¢ sBIGHUAMH, KOTOPHIe
Ha0miofjaloTca OpH mpoboe HAa MOCTOSSHHOM TOKe W Ha HUBKHX 4acTo-
tax. IIpo6Goii mpomcxomur B obiacTm HAWMGOJABMIEH HANPSKEHHOCTIR
BBEICOKOYACTOTHOTO 3JeKTpmueckoro moid. Ilpm pmasmenmm, Oam3Kom
K aTtMocepHOMy, mpo0Ooii mMeeT BHJ HCKPOBOrO paspsAfa H OOBITHO
COIPOBOKIAETCA CHIBHEIM 3BYKOM. B ciayuae TOHWKEHHBIX [aBJe-
Huil (e UHUOH WIN JEeCATKA MAJUIEMETPOB PTYTHOTO CT0a06a) mpoOoik
CXOJIeH CKOpee C TJISIOIINM pPaspAmoM.

ITpo6oii BoMHOBOXA BHI3BIBAET SHAYHUTEABHOE OTPAKEHHE BOJIHEE
BBUAY OOJBIIOH IPOBOXEMOCTH BBICOKOYACTOTHOTO paspana. Hopmain-
Has Tepefiada HePruy IpeKpallaercsd; PeKUM TFeHepaTopa pesKo Me-
HSETCS, 9T0 MOKET MHOIJ[a IMPHBECTH K BEIXO[y BAKYyMHOTO mpmbopa
n3 cTposa. B Tex mecrax Ha BOJHOBOHE, THe HPOHCXOAAT IMPOGOIL,
METAJJT OKHUCISCTCH.

O6ozraunmMm gepes Egp aMIVIATYy HAUDAKEHHOCTH 3JIeKTpHIe-
CKOTO IOJIA B BOJHOBOME, OIPH KOTOPoil HaumHaerca mpoboi. Bemmum-
Ha nOpoOWMBHOI HAOPSKEHHOCTH 3AaBHCHT OT pAfa (aKTOPOB — POz
rasa, JaBjJeHHUs, 9aCTOTHI KOJeOaHWil, cTelleH: HAaJaJlbHON MOHW3ANN
it T. 4. (cM. HEKS).

W3 omkelTa ycTaHOBIEHO, YTO IPW HOPMAJILHOM aTMocepHOM [aB-
JeHNN NpoOMBHAS HANPS/KEHHOCTH DIEKTPHIECKOT0 HOJNS CyXOro BO3-

* 3mecy m HIKe A COKpameHusa OyneM WCIOIb30BaTh BLIPKEHME «BLICO-
KOYacTOTHHIA Ipobo#i» BMecTo Gojiee IIOJAHOTO HA3BAHUA (CBEPXBLICOKOYACTOT-
HEI mpoGoit». Takoe ke coKpamenme OymeT WHOIAA HPHMEHATHCA W IIPIE
paccMOTpeHHR ApYyruax BompocoB TexHmKzm CBY.
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TyXa B AmAa3oHe CAHTHMETPOBHIX BoiaH mMeeT mopsamok 30 ke/cm.
IlpmMmepHO Takas ke BeqmumHA OIpeeNseT, KAK H3BECTHO, IPO0OOi
PO3AyXa OpHM moctogHHoM Hanpspremmu. CoBmajeHye HTHX BeAHYNH
ABJIAETCA B SHAUNTEIHLHON Mepe CJIy4YallHBIM 1 HE MOKEeT paccMaTpu-
BATLCS KaK YKazaHMe HA TOMKICCTBEHHOCTL (PU3MYECKHUX IIPOIECCOB,
IPOUCXOJAINX MNpPH pas3pdafax B razax Ha IIOCTOSAHHOM TOKe II TpH
CBEPXBBLICOKHX YacCTOTAX.

Auaa pacuera mpoGusHoil (mpepenbHoit) MOMHOCTH Ppyo; TH000TE
BOJTHOBOMIA CJIelyeT BOCHOJL30BATHCA YypaBHEHWEM, CBA3BIBAIOIMIUM
AMIDINTYY HAUPSYKEHHOCTH JJIEKTPHYECKOTO IOJSA ¢ MOIIHOCTBIO Oe-
rymieil BoaHel. ObpatiMcs cHoBa K HamboJjee IIPOCTOMY B MaTreMaTu-
9eCKOM OTHOIMICHMM CIydal HPSAMOYIOJBHOIO BOJTHOBOMA, BO3OY:KIeH-
#oro Ha Bojgue Tnma Ho.

IIpoGoit BoaHOBOZA MOJYKEH HACTYMHTH TOT[A, KOTJA aMILIATYHA
HAIIPSKEHHOCTH DIEKTPAIECKOTO MO [y, B IeHTpe IMUPOKOIl CTEeHKH
nocturuer Lp,s. Ilomaraa B Bepaskennnm (9.0)

E, = Enpoé; P = Pnpo(),

MOKHO BBIYHCINTH MOIMHOCTH, IPH KOTOPOH B ciydae 4mcTO Oerymien
gomasl tana H;o wagummaerca CBY paspan:

(PogasVit, =2 Eigos /22 /1~ (=) (5.8)

Ecan mopcraBuTh B 3T0 BLIpasKeHWe 3HAYCHUA € W o, yYKA3AHHBIE
8 § 2.2, nm noxomurs En,s =30 ke/cm=3-10°% ¢/m, To pacuernoe
ypaBHEHWE Ui ONpeeJeHHs NpOoOMBHOM MOIMHOCTH TIPH BOJIHE THUIA
Hip B mpaAMOyroJnbHOM BOJIHOBOJE HPH HOPMAJIBLHBIX YCIOBHAX ITPH-
o0peraer BUJ

m

(Papos)i, =597 ab )/ 1— () (5.9)

Haa ymobGcTBa pacdeToB pasMmepsl a, b W JIWHA BOJHBI A, BXOJS-
vime B (5.9), BHIpasKeHH!, B OTJIWYWE OT MPEABIAYHNINX OOIIMX BBIKJA-
JIOK, B caHTHUMeTpaX, a MpoOMBHASA MOIHOCTH 37eCh BEIpayKeHa yiKe
flc B Barrax, a B KWJIoOBaTTax.

IMomo6ubIM e 06pa3oM MOKHO TIpOM3BeCTM pacueT NpoOMBHOM MOIMHOCTH
JJs APYTHX THIOB BOJH W OJIA Apyrux (opM cedeHWs BoJAHOBOAA. Hmske npuso-
msaTess Oe3 BBIBOJla pacyeTHLIe YpaBHeHWs IPOOMBHOW IPOTHOCTH IIPSAMOYTOJb-
(IOTO M KPYIJIOTO BOJHOBOMOB IIPM HEKOTOPHIX HPOCTEHINAX TAOAX BOJH A

ciydas,, Korma TpoOmBHAA HaIpSKeHHOCTh paBHA 30 ke/cm.
Jinsg somEn tuma H;; B mpAMOYTOJLHOM BOJHOBOJE

b? A2

Haa Boaewm THna H;, B KpyrioM BodHOBOJE

AR
Prpos =2 1790 R? Vl — (}\—Kp) . (5 11)
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Jasa Boxmnl Tuma Hoy B KpYIVIOM BOJHOBOAS:

Ao\ 2
Prpos = 1805 R? ]/1 _(m) ) (5 12)

BeanunHbl Axp, BXOAAIMHEe B 3TH BHPAKGHUA, [OJKHLI MONCTABIATHCS
B COOTBeTCTBAH ¢ YypaBHeHmamMm (3.82), (4.54) m (4.55).

1A cpaBHeHHsA CBOMCTB PAa3NWYHLEIX THIOB IepefalIInX JIMHAA IO0Je3HOo
paccMOTpeTh BeIWYWHY IPOOMBHOW NPOYHOCTH KOAKCHAIHHOH JIHHWA C BO3-
RYMHLIM HamoinenmeM NpH BoJHe tuna TEM. Ilpmammana Enpos=30 Eké/cm.
MOJKHO HOJAYYHTH:

D
Prpos = 1870 d? In —-. (5 13)

Pasmepsl ceuenus a, b, R, D, d B ypaBHemuax (5.10) — (5.13) Bripa’kenn:
B CaHTUMeTpax, MpoGHBHAsA MOIMHOCTH — B KHAJIOBATTaX.

Ilponssemem myia mpuMmepa pacuyeT IPOOHMBHOM MOIMHOCTH MPAMO-
YyTOJIBHOTO BOJHOBOAA, mMelomero cedenme 10X23 mm. Ilycrs mimma
BOJIHEI TeHepaTopa B CBOOOJHOM TpOCTpaHCTBe paBHa 3,2 cx. Torma
coriacuo coorHomeHnmo (9.9) mpoboit BorHOBOMA Tpm BouxHe THma Hio
[OJKEeH TPOM30MTN MpP!W MOIIHOCTH, MPUOIMBUTEAbHO paBHOE 987 ker.

JNeKTpUIeCKaA IMPOIHOCTh KOAKCHMAJLHON JMHHUM BCETAa MEHLIIe,
9eM y BOJHOBoJa. B aToM HeTpymHO yOemumThcs, yIWTHIBAas OrpaHUYIE-
Hue (4.66), markmagsiBaeMoe Ha AHaMETPHl MPOBOTHAKOB KOAKCUAIL-
Hoit swHuW. Tak, Opum AJmHE BOJHKI A=3,2 cM, 3aJaBasch OTHOIIE-

HIeM %:3, n3 BpIpaskeHni (5.13) um (4.66) MOKHO MONXYYHTH: d<%c';

Prpos <530 rer. Cnemyer mMmeTh B BUMy, YTO pasMephl CeYeHUS -
MOYTOJBHOTO BOJHOBOMA, TpefHa3HA4eHHOro My paboThl Ha BOJHE
3,2 cm, MOTYT OBITH HeckoabKo Oosbme, deMm 10X 23 mm. Ilpobusrnasn
MOIITHOCTh TAKOr0 BOJXHOBOAA MOJJKHA eIe CHILHEe OTIMYAaThCS OF
pacCYMTAHHOH 3[Iech MPeJeabHOH NPOOMBHON MONIHOCTH KOAKCHAJb-
HOM JIHHUM.

Ilpogenannsie pacdersl HE YYATHIBAIOT BO3MOMKHBIX HEOTHOPOJI-
HOCTeH, OPUBOMAIMMAX K JOKAJILHOMY TIIOBBIMIEHAIO HANPIKEHHOCTH
SIIEKTPHYECKOTO0 Mo W o0jgerdalommx BO3HHKHOBeHHe mpobosa*. He
yUYTEHHI 3[ech u Apyrue (PaKTOPH, B TOM UHCIE CTOSIYHE BOJHEBI, IIpH
KOTOPHIX MPOGUBHAS MOIIHOCTH TAKKe OKA3BIBAETCH HEIKE PACUYETHOU
pesmanHel (M. § 7.5, 6). O6BrTHO Ha HIpPaKTHKe AOIOYCTHMAs MOI-
HOCTh, mepefaBaeMas B Harpysky mo CBY Tpaxry, nmpumammaercs
¢ HeoOxommMeIM 3amacoM m cocraBiasger 20—30% or paccumramHoB
mpeleIbHON NPOOMBHON MOITHOCTH.

TeMm He MeHee, IpPoBeJleHHEIe PacYeThl IO3BOJAIOT CHEIAThH BHIBO/,
9T0 DIEKTPHIECKAsA IPOYHOCTH BOJHOBONHEBIX JUHWUN NOCTATOYHO BHI-
COKa W B OCHOBHOM YOBJIETBOpPAET Imepefade dHEPTAW OT OONbIIWH-

* HeomHOPOZHOCTH 0CO0CHHO CHJILHO IIPOABIAIOTCA B KOAKCHAJIbHOU IHHUH,
B pesyibTaTeé Yero pasHUOA B HNPOOMBHOA IIPOYHOCTH KOAKCHAJIBPHOU JIMHNK
M BOJIHOBOJIa CTaHOBHTCA eme Ooiee pe3Koil.
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cTBa coBpeMeHHEX mcrounnkos CBY konebammit. Tak, oTBIeKascs or
MaJOMOINHBIX YCHJHTENeil M OT I'eéHepaTOpOB IeTepoAMHHOro KJjacca,
MOKHO YKa3aTh, 4TO B PaccMaTpPHBAEMOM I IIpEMepa 3-CM AMATa30-
He [JIMH BOJIH MOIIHOCTh MMIYJIbCHBIX MarHeTPOHOB M ILNIATHHOTPOHOBR
cocTaBjAeT OOBIIHO MECATKU WM COTHHM KWJIOBATT, T. €. HUJKE pacciu-
TaHHOW momycTuMmoli Bexmumpel. OfHaKO yKe ceiidac cosgaHbl mpubo-
pet CBY 3-cx amamasona, BHIXOZHAS MOIHOCTH KOTOPHIX WPEBBIMIAET
onuH MeraBaTT. OdeBHgHO, 9YTO B TOM CiIydJae HAIWHAET IIPEHCTaB-
JATH NpobiaeMy Jajke BLIBEIeHHE TeHEPHPYyeMOH MOITHOCTH H3 3dJeK-
TPOBAKYyyMHOT0 mpmbopa.

Yem Gosble pasmepsl ceueHHs BOJHOBOJA 4 W b, Tem BhIIIe ero
SJIEKTPUYeCKasa nmpouHocTh. PaHee OBLIO IMOKa3aHO, 9TO IIPW yMeHbIIe-
HUHE 9acTOTHI KoJieGaHUA HeoOXOMMMO YBEJIMYNBATH pPa3sMephl cedeHud
sBonHoBoga. CireqoBaTeabHO, ¢ HOHMKeHNEM JaCTOTHI NPOOMBHAS MOII-
HOCTh BOJIHOBOJIA MOJKHA pe3Ko Bo3pactaTh. OJHAKO BEIXOMHASA MOII-
Hocth mpubGopos CBY Tawke mnOBRIMIAETCA C yBeJAWYeHHEM [JIMHLI
BONHBI U B HEKOTOPHIX CJIYyYasX yie IPeBHINaeT HOPMAJIbHYIO IpO-
SUBHYIO MOIIHOCTL BoaHOBoMAa. B 10-cu mmamasome, Hampumep, JOCTHUT-
HyTa MMOyJabcHass MomHocTh B 30—50 Mer, B To BpeMsa Kak Ipe-
JedbHAasg TpPOOMBHASI MOIDHOCTH COOTBETCTBYICINEIO CTAHIAPTHOTO
BOJIHOBOMIA COCTABJsAeT mpu HOpMadbHBIX yciaoBmax 10 Mer. Bcee aro
OOKa3hIBAaeT, CKOJIb CYLIECTBEHHYIO POJIb UTPAIOT BOIPOCHL MPo0os mpH
paspaboTKe MOIMHBIX TEHEPATOPHBIX U YCHJIUTEIbHBIX HpHOOPOB
CBY.

Jlg moOHMMaHUS TPONECcCOoB, MPOUCXOAIINX NpH podoe Iepesaro-
UINX TPAKTOB, HEOOXOMUMO M3y4IeHHNE CBOICTB CBEPXBHICOKOJACTOTHHIX
paspapgos B rasax. Ha pmc. 5.6 mokasaH Buj KCIepEMEHTAJILHO CHSA-
TOW 3aBHCUMOCTH NPOOWBHON HAUPSKEeHHOCTH BJIeKTPHIECKOI0 IOJA
CBEPXBBICOKOH WacTOTH OT fAaBieHmsi rasa p. HKpuswie E,p06 =/ (p)
BHemIHe CXOMHHI ¢ Kpusoil Ilamema pua paspamoB Ha MOCTOSTHHOM
Toke. [Ipm dmrcmpoBanHoii gacToTe KojeOaHWII CYIMIECTBYeT TaBIEHUE
Po, IIA KOTOporo mnpoOWBHAS HANPS/KEHHOCTh HMeeT HAWMEHBIIYIo
peqmuuHy. [laBieHme po s3aBHCHT OT 9YacTOTHI W, KaKk IIOKA3aHO Ha
puc. 5.7, mpakTmueckn Bo BceM AmamazoHe CBY yBemmamBaerca mpo-
HOPIUOHAJILHO 9aCTOTe KoJe0aHMUi.

Ilpn gnwae Bomubl mopsimra 10 cx maBmeHme po muA GOIBLMIUHCTBA
Ta30B COCTABJIAET HECKOJIHKO MHUJIJIHMETPOB PTYTHOro ctoxba. Tarum
obpasom, B 10-cu mmamasoHe 5TOT y4acTOK AaBjeHmWil mHambosiee «orma-
CeH» C TOYKW 3peH’s MPo6osa BOJHOBOJHOTO TPAaKra.*

B caygasax, Korga cBepXBEICOKOYACTOTHAS ammapaTypa mpejgHa3Ha-
yaercA JIA paboTH Ha OONHIIAX BHICOTAX, BOIHOBOMHEI TPAKT 06BITHO

* lHTepecHO OTMeTHTDL, YTO JMHEHHBII XapaKTep B3aBHCHMOCTH po=[(V)
pacmpocTpaHsAeTcsa Ha 0osiee BRICOKWE YacTOTHI W JasKe Ha ONTHYECKWH HWama-
30H, Irje Tak:Ke 00HApY)XeHO ABJeHWe IPo0OA TPH BECHMa BEICOKMX MOIIHOCTAX
(mpopomxeHne OYHKTHPHOIO ydYacTka KPHUBOM Ha pmc. 5.7). Tak, Opm JamHe
sonHbsl  mopanka 0,6 wmEx pgaBieHWMe pp [AIUA  WCCIEZOBAHHEIX  Ta30B
@MeeT DOPANOK coreH aTMmocdep; seamamHa Enpos moxommr mo 10—107 e/cm.
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T€PMeTH3UPYIOT M ¢ TOMOImbBI0 KOMIOpeccopa o0ecneuymBaoT JoCTAa-
TOYHO BEICOKOE NaBJeHHe HAIOJHAImero rasa. il xommnpeccuposammio
BOJIHOBO/IHBIX TPAKTOB IPUXOAUTCA HPUOEraTh M B TeX CIydasx, KOTIa
lIepeapaeMas 10 BOMHOBONY MOIMHOCTh IPEBHINAET OMYCTHMYIO
BEIMINHY, PACCIUTAHHYIO JIIs HOPMAIBHOrO aTMocepHOro JABICHMA.
Yeeanuenus P ,qq MOKHO [I0CTHYb TAKKe IyTeM moabopa poja
rasa, HANOMHAOMEro BOMHOBOA. Tak, mpuMeHds «dieras» (mecTudTo-
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Puc. 5.6. 3aBmcmMocTr mpobms- . Puc. 5.7. Xapakrep sasmcn-
HOM HAaNPSKeHHOCTH OT JaBJIe- MOCTH [iaBlIeHHA rasa, COOT-
HEA rasa LA ABYX DPasiImIHBIX BeTCTBYIOIIET0 HamMeHbIIeii
9acToT KoiebaHmit BesnInHe Eppos, OT dacto-

THI KoJeOanmit

pucryio cepy SFe), ynaerca npumeprno B 3 pasa HOBLICUTL BEJINYNHY
“ipos , UTO IOBBIIAET MMIYJILCHYI0 MPOOHBHYI0 MOLIHOCTH HOYTH Ha
HOPAZOK B CDaBHEHUM C BO3AYMIHLEIM HANOJHeHWEeM. IloBbiime-
HA0 Eqp05 TaKsKe cmocoGeTByeT mpuMeHeHme 5JIEKTPOOTPHANIATEIbLHBIX
rasos M Mapos, 00eCHeYNBAOIIUX (IPHIATAHACH BIIEKTPOHOB K MOJIe-
KyJlaM u o0pa3oBaHIe B Pe3yJBTATe HTON0 THAMKEIHIX OTPULATEILHBIX
HOHOB.

CBEPXBBICOKOUACTOTHEIE PABPAAEL B BOMHOBOJHBIX TPAKTaX MOTyT
UrpaTh He TONLKO OTPHNATENBHYI0, HO M TOIOKUTENBLHYI0 poib. Cy-
ecTByeT GOJABIMOH KiIacec rasopaspagHEIX NpAOOPOB — aHTEHHBIX
HepeRIoYaTeNell, IpeJHA3HAYEHHBIX IS aBTOMATHYECKOM KOMMYyTa-
UMI CBEPXBERICOKOYACTOTHEIX TPAKIOB PAJMOJOKALMOHHBIX YCTPOMHCTR.
B arux npubopax mcmompayercs paspsn IpU TOHWKeHHBIX JaBJIEHMSIX
BOM3HM MUHEMYMa KpUBOH Eo05 =] (p), n300paskeHHON Ha pmc. 5.0,
Ilonarne 06 ycrpoiictBe amTeHHBIX nepern0gareneit Oymer mano

B § 6.7.

§ 54. IIOTEP B BOJIHOBOJAX

lpn nepenage smeprum mo BOJIHOBOZTY MMEIOT MECTO IIOTepH MOIi-
HOCTA 3a CYET KOHEYHOIo CONPOTHBIEHHA METAJIA, W3 KOTOPOTO M3ro-
ToBJIeH BOMHOBOM. [lorepsamm B pguamerTpEKe MOMEHO 0GBHITHO IIpene-
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Opedsb, MOCKOJBLKY BOJHOBOEI HMEIOT, KAaK IIPaBUJIO, BO3AYIIHO®
HanoJHeHNe.

ITocTpoenme cTporoii Teopuum BOIHOBOAA C Yy4eTOM HOTEPH B CTEH-
Kax KpailHe 3aTPyJHEHO B CBABH C HEOOXOAMMOCTHIO BBE[I@HUSA HOBEBIX
rpaHM9HBIX ycaoBuit. OGBIYHO IOMB3YIOTCA CIETYIOINUM IPUOJIHKEH-
HBEIM METONOM ollpefesneHus morepb. CHavaga morepum He yUHUTHIBAIOT
11 pemaloT OOHYHYI0 KpaeByl 3afady, Kak oTo OBLIO CHAEIAHO B 3
u 4 riaBax. 3aTeM IOJIaraloT, 9T0 NPHCYTCTBHE MOTEPL He H3MEHSeT
CTPYKTYPY HOJedl W BeIWYMHY TOKOB B CTeHKaX BoJHOBofa. Mcmous-
3y TOKH, ONPeJleIeHHEIE W3 MPEAMOJNOKeHHs 00 OTCYTCTBHH IIOTEDb,
HAXO[AT MKOYJIEBHl MOTePH IPU KOHETHON (3aZaHHOH) NMPOBOAUMOCTH
CTEHOK.

a. [TocrmossHnas 3amyxXanust npuw KOHEUHOU
nPOBOOUMOCMIN CMEHOK B80AH0B00Q

IIpn majmmuumm moTeph IOCTOSHHASA PACIPOCTPAHEHUA 1\ [OJYKHA
OBITH KOMILICKCHOM: y=0-jB. Ilome B amHUE B 3TOM CiIy4yae U3MEHS-
eTCcs IO 3aKOHY

E = E, e el w152, (5.14)

HocrossrHaa 3aTyxaHusS 0 MOKeT OLITH BBIYMCIEHA M3 CJIETYIOIIAX
coobpamennii. CormacHo BeIpa)keHHmI0 (0.14), mpm gnwHe BoJHOBOAA,
paBHO#l equWHWIe, HANPSKEHHOCTH IOJSA yMEHBIIAeTCI B e*  pas,
4 MOIIHOCTH, TPONOPIHOHAJIbHASA KBAJpaTy HANPSIKEHHOCTH, YMEHb-
maetca B e* pas. CiefoBaTeIbHO, MOIIHOCTDH, IOTJONIAeMAs B CTEH-
KaX BOJHOBOZa HA efWHWIEe [JIMHBl, paBHA:

| ‘DHO'H:P(I—_e_Qa)’

cae P — momHuOCTS, MOCTymAaIoOmas Ha BXOJ BOJIHOBOJA.
IIpeobpasysa mosyueHHOE BEIpayKeHme, IMoAydaeM:

e—2 — | — Pror 1
P .
OGBI9HO mOTepH B BOJHOBOJAX HEBEJIMKA H MOMKHO IIOJIOKATH
P
—5+ < 1. PackmampiBas BeIpazkenme e~ B DA IO MAIOMY

flapaMeTpy 71 HMCIIOJb3yA IEepBble ABA YJjeHA Pa3JOKeHHUA, IIoJydaeM’

1 P -
(1%7 ﬂ;))’rl. (015)

Tarmm obpasom, cormacHo ypaBHeHHm0 (5.15) mia pacuera mocTo-
SAHHOM 3aTyXaHHA o HE00XOJUMO BBHIYHMCIATL MOIIHOCTE Py, pac-
cemBaeMy0 B CTEHKax BoJHoBoma npm piamue | m. Mommocrs P, mepe-

JdaBaeMyo mo BOJHOBOOY, MOMHO onpeneauTy u3 Bmpameﬂm}i THIIA
(5.1) 1 (5.2).
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Paccmorpum ygacTok CTeHKH BOIHOBOJA, BRIPE3AHHBI A HATIAL-
HOCTH BJOJH JIWHIH TOKA, MIPOTEKAIOINero B JaHHON CTeHKe. AKTHBHOE
CONPOTHBIEHHE CJIOS eNMHUYHOH IJIMHHI ¢ MUpHHOH dl m Tommm-
HOil 8, paBHoil rIyOMHE NPOHMKHOBEHMA IIOJA B METAJI, COCTABIAET

11
Gep 0dl”

MontHOCTS TEMJIOBHIX MOTEPHh B paccCMaTpPHBAEMOM 3JIEMEHTE CTeH-
KA TIpH aMIuiATye Toka d/ pasHa

1 (dIy?

dpnori ) Segodl . (516)’*

Benrnmunua dI cBAsaHa ¢ TJIOTHOCTHI0O IIOBEPXHOCTHOTO TOKa J
COOTHOMICHAEM

dl =\J|dL.

WnTepecylomas HAC MOIIHOCTh TOTEpPh B CTEHKAX MOKeT OBITH
HaM/leHa MHTerpHpOBaHUEM BhIpaskeHHA (0.16) mo mepmmerpy BoJaHO-
BOJAa NIPH JJINHE, paBHOA 1 Mm:

1 Jldi)2 1 -
&m:§7{yw’:2Rm§umn (5.17)

Yepes R0z 37ech 0003HAYEHO MMOBEPXHOCTHOE” aKTHBHOE COTPO-
TUBJIEHNE CTeHKH Ha pabodueil 9acToTe C y9YeTOM ypaBHEHHS MOBEpPX-
goctHOrO 3dpderra (3.67), T. e. COMPOTHBIEHNE CIOA METAJJIa TOJIIN-
HOH O, WMelomEero eJWHAIHYIO IJIUHY W INAPUHY:

Rnoa — 1 = M (518}

Ierd 26cr

B ypaBuenme (5.17) B coorBercTBmE ¢ (3.66) Mo)KeT OBITH MO[-
cTaBAEHA BMECTO INIOTHOCTH MOBEPXHOCTHOro ToKa |J | wmcmenmo pas-
Hasg el BeJMYMHA HANPSIKEHHOCTH TAaHTeHIHAJILHOTO MArHATHOTO
nona H,. Oxomuarenanpuo nmeem:

pﬂ0T1:%RHOB@|Ht|2dZ- (519)s

Benmumna H; Mosker GHITH HDoJydYeHa W3 YpPaBHEHWH COCTaBIAIO-
IMUX I0JA paccMaTpEBaeMoro tTma BOJHEL IlofcTaBisas cooTHoOIeHU
(5.19) m (5.1) B (5.15), MoKHO HANTH MOCTOAHHYIO 3aTyXaHAA 1A
J11060r0 OJHOPOZHOIO BOJHOBOJA NPH OTCYTCTBUH IOTEPH B JUAIEKTPU-
ke. OmHaKo Ipemne 4eM mepeidTHm K OOCYKIeHHI0 3aTyXaHOSI B KOH-

KPeTHHIX THUIIAaX BOJHOBOZAOB, o0paTEMCA K BOIPOCY O eJUHHUIAX H3Me-
peHNsA 3aTyXaHus (IOTeps).
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6. Eounuusbl u3meperHnss nomepb

3aTyxaHue moJjia B J000 JAMHAM Imepefadd, B TOM 9HUCJe X B BOJ-
HOBOJle, IIPUHATO BHIpaKaTh B Jorapu@MHUYECKHAX eIMHUIaX — deyu-
benazr.

IMycrs abconoTHaA BeamumHA HANPSKEHHOCTH HOJS W MOITHOCTH
Oerymieil BOJHBI, TofaBaeMoll Ha BXO[ paccMaTpmBaeMoil IWHHAM,
pasunl |Eyl m P, Tlog |Enn u P, 0Oyaem moipasyMeBaTh
COOTBETCTBEHHO HANPAKEHHOCTH TOJSA W MOLIHOCTHL BOJHBI, ITOCTYMIAI0-
meil ¢ BHIXO[A JIMHAM B COIVIACOBAHHYIO HArpysky. Mesxny sTuMnm
BeJIMUYNHAME MO cooTHomeHuio (D.14) mmeercsa oueBmJHASA CBA3D:

IEBHX. - IEBX l e—al. PBHX - PBX e—?al’ (520)

{ ’

rpe [ — reoMerpmdecKasi JIMHA PACCMaTPHBAEMON IMHUHA MEKITy BXO-
OOM M BEIXOJIOM.

O6osHaunMm 4epes L moTepm B JUHWH, OmpefeisdeMbie COOTHOIIE-
HEEM

L—lg 2n (5.21)

Enmauna saryxamma L mocut massamume 6ea. Ilpm morepsix B 1 Gex
MOIITHOCTh HA BEIXOMle JUHUW MEHbIIe BXomHOo#l MomuiHoctH B 10 pas.
P, cBA3W ¢ TeM, 9TO Gesl — KPYNHAS BeJWUYHHA, OBLIA BBeJeHA IPOH3-
BomHAA OT Hee — menuben (coxpaiienuno 06), pasumas 0,1 6esaa. 3ary-
xaHune (morepu) B gemu0esiax B COOTBETCTBUU ¢ BhIpa;KeHmAMHZ (5.21)
u (5.20) ompepensieTcs ypaBHeHUAMHA

L =10lg -f— ~9201g llEb;iTxll J6: (5.22)
L =~ 8,68 ol 6. (5.23)

Takum obpasoMm, TMOcTOSTHHAA 3aTyXaHWA (, ONUCHIBAEMas O0ITIM
ypaBueHEeM (5.15), B coorBercTBmm ¢ (5.23) [MO/UKHA BHIPAYKAThLCH
B nenubenax ma Merp. EnmEmna 6es ceiiuac mpaKTHIeCKW He mpuUMe-
EfeTcA JaskKe B TeX CIydasX, KOrfla HOTePH M3MePAITCA JecATKAME:
H COTHAMH Ierubesos.

B pmemmbenax BhIpasKaloT He TOJBKO IIOTePW B BOJMHOBOJAX, HO M MHOTHO
Apyrue OTHOIIGHUS MOIMHOCTEH WM HAmpsiKeHHOcTeld moas. Ilogo0HBEIM ke
00pa3oM IIPHHATO BHIPAKaTh HEKOTOPHEIE NapaMeTPhl 3JIEKTPOBAKyYMHEIX IIPH-
6opos CBY, mHampmmep KoagdwmmmeHT ycmienwms, Kodd@uOmenT mIymMa M [p.
Wuorga B memmbesiax BEIPAJKAIOT BEIWYMHY MOIIHOCTH MAJIOTO CHTHAJIA, OTHOCH
ee, HampmMmep, K YypoBHIO B 1 mer. Tar, wmommoctr B 109 67 MOKeT
SpiTh IpeficTaBlIeHa KaK MOIIHOCTH, HaxofAmasca Ha 60 96 mmwxe 1 mer. 9Ty
BeJIMYMHY MONIHOCTH MOMKHO 3amucaTh mHade: — 60 d6mer. [Ina marasgHOCTH N
s obsnerdeHms pacyeToB B NPMIOKEHAW 2 NaHa Ta0JMIa YMCJIOBHIX IIEPexo
JOB OT iemuGeioB K HaTYpPAIbHEIM OTHOMICHMSMM.
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IToste3aHo Bcerjga MOMHHITL HECKOJBKO INPOCTHIX COOTHONIEHWIA:
3 96 coOTBeTCTBYIOT W3MEHEHHIO MOIIHOCTH B 2 pa3a;

6 06 TO Ke 4 pasa;
10 06 » 10 pas;
20 96 » 100 pas.

ITons3ysack TOAbKO dTUMHE nmdpaMy, MOKHO, He mpmberas K pacueTaM IO
norapudMuUecKoi AWHelike wiam mo TabammaM, HaiitH, 4To ociabiaeHme B 16 96,
T. e. 10 0646 06, cooTBETCTBYET OTHOINEHWIO MOIMHOCTeil, paBHomy 10X 4=40,

Ocnabnenue 27 96 uaum upade 30 96 — 3 96 COOTBETCTBYET OTHOIICHHUIO MOIHO-
3

CcTel, paBHOMY —129 =500, u T X

Wnorma motepm BHIpasKaloT He B faenumbenax, a B Hellepax, HCXOJsd U3
HATypajlpHOTo jorapudMa OTHOINIEeHWA HANPAKEHHOCTeH IOJsA HA BXOJe W BHI-
Xoze JUHUNR

|EBX'

= = 524
L n | Evurc] al Hen ( )

ITocroarHas 3oTyXaHuWsa o B DTOM CJiydJae BBIpakaeTcd B Hellepax Ha MeTp
UIM B [OPOM3BOJHHIX eNWHWIAX — MIJIIMHemepaXx Ha MerTp. Hemep — Gomee
KpyIHasA enumHuna, deM nenuOen. CooTHOINeHMe MEKIY HEIEpOM M JenuiOeaoM
JIeTKO yCTAaHOBWUTH, CpPaBHWBag BhIpaskeHmsa (5.23) m (9.24): 1 men=8,68 00.
B rexmmxe CBY Hemep HaxogwT Jumb OrpaHWYEHHOe NPUMeHeHHe.

8. [lomepu 6 804AH0B800AX RPAMOYZOABHO20
I KpPY21020 CedeHuni

B ciywae wwmsmeit Bomubi Tuma Hjp B mpAMOYTroIBHOM BOJIIOBOE
pacuaersl o gopmyaam (95.19), (5.19) — (5.23) ¢ mcmoab3oBaHUEM
ypaBHeHHil cocraBiaglomux moag (3.59) — (3.62) mpmsomAT K cie-
AyIOeMy YPABHEHHWIO JJIA IIOCTOSHHON 3aTyXaHHA (3mech M jalee
3HAK HPUOJIMKEHHOTO PABEHCTBA I COKPALIEHMS 3aUACH ONYIIEH):

l 23cy [1 + 2 _Z_ (—kz}i—p)z], (5.25)

b ]/1 ~ (}—T{;)a

rje € W (L — OTHOCHUTeJIbHEIe JWIIEKTPHUYECKAs W MarHUTHAs ITPOHHU-
IaeMOCTH AWIJIEKTPHUKA, HAIOMHAIINEro IMOJ0CTh BONHOBOA.

OO6bIYHO Ha TPAaKTHKe OPHEXOJUTCA HMMETh JeJ0 ¢ BOJHOBOAAMH,
BHLINOJHEHHHIME 13 He(eppoOMATHUTHOrO MaTepmala, T. €. . ==1.
B aToM caydae, mosaras € u | W3JIeKTPUKA PaBHLIMHA eIMHUIC W y4u-
TRIBaA, 910 (Ayp)H ,=2a, TOTyIaEM:

(0)p, =

V5= e
(D)sr, = ——re e (142 — (5] . (5.26)

b]/l— 4222
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Kpyrasiit BOTHOBO M3 HeMarHUTHOrO MeTalla, BO30Y;KAeHHBIH Ha
porHax TEnoB Hi; m Hy;, B caywae BO3AyMIHOTO HANOJHEHNA MMEET
OOCTOAHHYI0 3aTYXaHUA, ONACHIBAEMYI0 YPaBHeHUAMA

V5 :

(D)1, =~ [ 0,42+ () |; (5.27)

Rl/1~(/\:p ) )hp

2CT : ( A )2. (5.98)

@) g, = :
! RVI“*(“TP ) "

3feck R o603Hadaer paguyc BOJTHOBOJA; A, OHpefenAeTcsa ypas-
geHuaMn (4.94) u (4.55); O — yHAeabHasdg o0beMHAs ITPOBOJIIMOCTH
MaTepuaja CTeHOK, M3MEPeHHAsd Ha TOCTOSHHOM TOKe W BEIpaKeHHas
B cumeHcax Ha Mertp (ox 'w!). Benmumma yHeabHOR MPOBOTUMOCTH
HauboJiee pPACIpPOCTPAHEHHKIX ITPOBOJAHMKOB IIpHBefleHa B IPHIOKE-
HAN 3.

YMHOKaA BeJIMYUHY @, OIpefeiseMylo ypapHeHuamm (5.26) —
(5.28), Ha KoaddumuenT 8,68, HETPYNHO BHIYUCIAUTH IOTEPH B NEMH-
femax ma merp. ViMenno sTa BenmumHA W YKa3bIBaeTcAd OOBITIHO TpPH
paccMOTPEHHUH OTeps B BOIHOBOJAX.

Ha pmc. 5.8 npmBeznensl rpadmkn noTeph B CTEHKaX NPAMOYIOJb-
HOTO BOJNHOBORA NpH BoJgHe Twma Hj¢, paccumrTadHbBle MO ypaBHEHUIO
(5.26). MarepuamoM CTeHOK ABIAAITCH MeAh C YAEABHOH IPOBOIH-

(

mMoctei0 5,8 - 107 ABanormutble KPUBBIE JIA KPYTJIOTO BOJHO-

oM - M
BOjla TOKAa3aHBl HA puc. 9.9. ITM rpadurd IOKA3EIBAIOT, 4TO TPH
TpUOM/KEHNT K KPHTHYIECKOH 9YacToTe TMOTEPH B BOJHOBOJAX PE3KO
Bospacraior. Ha pocraTouHoM yhajeHWH OT KPATUUECKOTO pPeKHMA
MOTepH CPABHUTEJIbHO HeBeJduKW. [laigbHeiimmee MOBBIMIEHWE YacTOTEHI
ITPABOJIAT K MEJJIEHHOMY POCTY 3aTyXaHUA.

OmeIT TOKA3bIBAET, YTO peaJbHbIE MOTEPH B CTEHKAX OJHM3KH K pac-
YeTHBIM, HO mpesbimanT ux Ha 15—20% B 3aBHcHMocTH 0T RadecTBa
00paboTKE BHYTpPEHHHX MOBepXHOCTeil BOJHOBoja. Uem Goxplme MU-
KPOHEPOBHOCTH CTEHOK, TeM [JHHHEee TYTh BBHICOKOYACTOTHEIX TOKOB
u TeM ObIcTpee HPOMCXORUT 3aTyXaHWe BOJHEL. ToiIuHA IOBEpPXHOCT-
HOTO CJIOf, II0 KOTOPOMY TEKYT TOKH, YMEHBIIAETCA C POCTOM UaCTOTH
rojebaHuil, MOITOMY IIEPOXOBATOCTH CTEHOK CHIbHEe CKAa3hIBAeTCSA
Ha 0OojJee KOpPOTKEHX BoaHaX. IIpaKTmueckm K KadeCTBY BHYTPEHHHX
noBepxHocTell BOJTHOBOMOB B JHAIA30HE CAHTHMETPOBHIX BOJH TPEIb-
asaaloTca Tpebosanma o6paborkm mo 8—10 KmaccaMm YHCTOTH ITOBEPX-
Hoctw, npegycmorperusiM I'OCT 2789—59*. Caenyer taxke yduThI-

* Cornacuo I'OCT 2789—59, mpu 4ucToTe MOBEPXHOCTH, COOTBETCTBYIOMICH
8 m 10 wjaccaM, cpeHAA BHICOTAa HEPOBHOCTEHd HEe MOJKHA NPEBHIIIATH COOT-
setcTBeHHO 3,2 m 0,8 mrM.
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BaTh, UYTO IIOTEPH 3aMETHO PACTyT HIpPH HAJIWYUM IIBOB B CTEHKaXx
poaHopoma. G 9TOM TOUKm 3peHHMs, KaK yKaswBajoch B § 3.7, mpen-
TI0YTeHHE CIeflyeT OTHATH OeCIMOBHBIM HEILHOTAHYTHIM BOJTHOBOJHBIM
TpybaM. B HEKOTOpHIX caydYaax HaXoIAT INPHMEHeHAE BOJHOBOIHI,
W3COTOBJICGHHLIE METOJOM HJIEKTPOJATUIECKOTO OCaKICHNA MeTala.
CrwxeHHI0O TOTeph CHOCOGCTBYeT NPUMEHEHUE BIEKTPOXHMUYECKOH
IIOJINPOBKA BHYTPEHHHUX IIOBEPXHOCTEH BOJHOBOTHBLIX JHHHM.

JlIA mImocTpanuE BeIMYHWHEL IOTEPh B BOJHOBOJAX MOJKHO YKa-
3aTh, YTO MEQHBIH BOJHOBOJ NPAMOYTOJLHOTO cedeHHs 34X T2 mu
Ha uacrore 3000 Mey oGmamaer morepamu okomo 0,02 06/x. Ha
aTOll Ke JacToTe KoakcmaabHBI Kabenn PH-75-9-13 ¢ mommsTmiero-
BRIM HANOJHEeHHMeM (cM. HpmiokeHme 1) wmmeer moreph, paBHBIE
0,8 06/mn. Cnemosarensro, npm gnmue 10 x ocrabieHme B BOIHOBOJE
cocraniser 0,2 96, T. e. menee 5% mo momuocTH. IloTepu ke B Kabe-
Jie IpH TOH ’Ke JymHE cocTaBAT 8 36, 4TO COOTBETCTBYET IOIVIOMEHMIO
okoimo 84% mepemaBaemoit MomHOCTH. TaKEM 00pasoM, HATIATHO
BBIABIAAIOTCA IPEMMYIIECTBA BOJHOBONA KAaK JUHAHW C MAJBIMH IIOTe-
PAMIH.

PaccmatpuBasa soary tmma Hjpy B mnpsmMoyroanrHOM BOJHOBOJE,
MOKHO 3aMETHTh, YTO 3aTyXaHWe pacTeT MPW YMeHbIIeHUH CeUYeHHs
(em. pue. 5.8). C ¢m3muecKoit TOYKH 3PEHUS POCT 3aTYXaHUA MOKHO
O0BACHATH clemylomnM obpasoMm. MomHOCTH, ITepejaBaeMas [0 BOJ-
HOBOJTy, MTpPOMOPIWOHANRHA IJIOMAAA €ro MOIepPEeYHOTO CeYeHuA.
MomHocTh sKe ToTeph B CTEHKAX MOKHA OBITH B IEPBOM NpHOIHIKe-
HAW WTPONOPIMOHAJbHA MepuMerpy mnomepeuHoro cedenmsa. Cremona-
TeJHHO, TOCTOSHHAA 3aTYXaHUA MPONMOPIHUOHATIBbHA OTHONIEHWIO IIepH-
MeTpa ¥ IJIOmann cedenus. Bermumua o cTpeMuTcs K O6CKOHETHOCTH,
ecanm pasmep b yMeHbIaeTcH A0 HyJs. ITO 00CTOSTENBCTBO YIUTHIBA-
eTCsl TpH BHIOOpE pa3MepoB CTAHAAPTHHIX CEUYeHWI BOJHOBOOB, pac-
cMaTpHBaeMHX B § 5.6.

O6mmit xof 3aTyXaHWA B KPYIJIBIX BOJHOBOJAX B 3aBUCHMOCTH OT
qaCcTOTHl CXONEeH C AHAJOTHYHBIMHM 3aBHCHMOCTAMH IJIA TPIAMOYTOJb-
HBIX BOJHOBOMOB. AHOMAJBLHBIMH cBoiicTBAaMH o00JIamaeT JUIIbL BOJHA
tunia Ho;, paccmorpennasa B § 4.3. 3aryxaHue 9Toil BOJHHI, Iafasd IO
Mepe yRaJeHmsi OT KPUTHYECKOH 9acTOTH, HE NPOXOANT Yepe3 MUHU-
MYM, & ACHMITOTHYECKH CTPEMATCA K HYJI0 NP HEOTPAHHYEHHOM
pocre dacTtorhl. Ilpmumuoil 2TOr0 ABNAETCA CYD[ECTBOBAHUE TOJBKO
TOMepeYHBIX (KONBIEBBIX) TOKOB y BodHEI THma Ho), Beqwmumna KOTO-

R
poix yObIBaeT ¢ POCTOM YACTOTHI, T. €. C YBEIHICeHHEM OTHOMEHHS——.

2. Poarb nomepo 6 nepeoarwuwunx sunusix CBY

Benmmunna moTeph HENOCPEACTBEHHO ompesenser 3QQeKTUBHOCTDH
nepefadn sueprum o nepejaomum amaAAM CBY. O6ozmadmm Koad-
(uIueHT M0Je3HOT0 AeHCTBHSM JINHAN depes

(2l
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Pypix -
N = —P-;—. (()29}'°

(papunmBas seipaskenus (9.29) m (5.22), HeTpymHO HAHTH, UTO HPIP
notepax L, pasusix 0,5 06, K. 1. I. IMHUE COCTABIAET HPUOIH3ATETD-

—2 =126, T0 K. 1. 1.

0 89%. Ecanm L=1 06, uemy cooTBETCTBYeT ye
BblX

camkaercsa 1o 79%, u 1. 1.

Bricokmil K. WM. . mepejiaiouieil JUHAW 1 HA3KWAE IOTEPH HEOOHXO0-
IMMBI, HaIpAMep, MPA Tepefade SHEPTHH OT MepefaTiNKa K aHTeHHE:
PaAONOKAIMOHHON CTAHIUKA, a TAKMKe IpH IMepefade IMPUHAMAEMOLo
CUTHAJA OT AHTEHHBHI KO BXOMy IPHEMHHKA Bo m30e/KaHme CHIMKEHWSE:
HAIbHOCTH MEeHCTBUA CTAHIWA W YMEHBIIEHHS €€ YYBCTBUTEJILHOCTH.

Hapsany ¢ ykasammbiMm mambosiee O4eBHAHHLIM TpeOoBaHMeM K Ma-
JOCTH TIOTEPhL CJeJAyeT HMMeThb B BHJY JIBA JAPYTUX OOCTOATEIBCTRA,
0C00eHHO CHJIBHO NpOABIAIOIMEcH mpu padore ¢ BechbMa BBEICORHMIP
¥ BechbMa MAajbIMH MOI[HOCTSIMU.

MomnrocTh, paccenBaemMas Ha eIWHUIE JIUHK Tepejaiomell ITNHAA
3a CUeT MKOYJNEBHIX IIOTepPh, KAK M Ha 0ojiee HU3KUX YACTOTAX, MOKeT
0Ka3aThCsl MOCTATOTHON il 3HAYATEIBHOTO PA30rpeBa W Jame sk
pacunaBneAuss quHEn. C 3THM TPAXOJUTCSA CUHTATHCA ITPU Hepejadc
BeChbMa BHICOKHX CpPeJHUX MOmjHOcTeil. B camoMm fene, maske mpu yme-
penaelx morepax B 0,1 d6/x B crenkax jguHAA HIUHOW | M TOLKHO
paccemBaTnca B suje Temaa Ooxee 2% mepemasaemoit momrmocT, Ecam
rmepegaBaeMas Mo TaKOi JUHUE CPeIHASA MOI[HOCTH COCTABISAET JIeCHAT-
KM WM COTHHM KHJIOBATT M BHIIIE, TO MOTYT TMOTPEOOBATHCA CIEIAAThH-
Hble MEPH IS OXJaKAeHWsi ¢TeHOK BoJHOBoja. OmHakKo mpm GoJee
HIN3KAX CPETHUX MOITHOCTSAX, Ualle BCTPEYAloNuXCcA Ha ITPaKTUKe,
ATHM TPOABICHHEM TMOTepPh B CTEHKAaX MOKHO mpeHedpeub.

Bonee mompo6HOro amannsa TpeGyeT BJIWSHNE IOTEPh Ha Iy MbI,
BOJHHKAIOUINE B BOJHOBOAHBIX TPAKTa\ YYBCTBUTEJNbHBIN HPUEMHELOB
CBY pmamaszona.

Kax umssecrno u3 (Qu3MKmM, BCe Teja, HAXOJANINECS B TePMOAMHAMUYECKOM
PABHOBECHM ¥ TOTJIONIAIOMINE M3JTydeHWe B HEKOTOPOM [Mana3oHe 9acToT, CaMIk
SIBJAAIOTCSA WNCTOYHAKAMU TeIJIOBOTO HEKOTepPeHTHOIr0 H3IyYeHHWA B TOM IKe
nmamnaszoHe. Takmm o00pa3oM, CTEHKW BCAKOW Iepealomieil JWHWUN, WMeMei
KOHeUHbie TOTepWM W HaxojxAmelica @pu abconroTHOM Temmepatype 71 >0,
ABIIIOTCS HMCTOYHUKOM TeryioBoro (mymoBoro) m3anyderms CBY pumamasomas
HaKJajbIBaromerocs Ha npuumMaeMsii CBY curHan m MacKupymollero ero va
done momex.

Ob6o3HauuM uepes 4 KodPPUIMEHT TMOIION[eHHUS paccMaTpUBaeMOU JWHMII,
pPaBUBIA

Pex — Pgux 1
Laéc '

3nech Lagc— abcoaioTHag BenWYWHA MOTEpb, BHIPAsKEHHAs  He B Aemmbenax.
a B BUje OTHOIUEHMA BXOMHOI M BBIXOJHON MOIHOCTEH:

A =

(5 30

A _ i PBX . ezol
abe = PB})IX o )
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B coorBercTeum ¢ 3akomoM Hupxroga, OTHOIMEHHe H3IyYaTeJbHOH CIO-
co0HOCTH JI000T0 Teja K ero IOIJOMAaTeJIhbHON CIOCOOHOCTH ABJSETCA BEJIWYM-
HOIl MOCTOSIHHON, paBHOH M3IydaTeJbHOHl CIOCOOHOCTH a0COJIOTHO YepPHOro
Teda (ummeadbHOro moraormrtend). Orciofia caeayer, 4To IIYyMOBasg MOIIHOCTD
P, manydaemad Iepefalommell JMHEMEH, paBHA MONIHOCTH HIYMOBOTO H3TyYeHHH
abCcoOMOTHO YepPHOTo Telad P yepn, HAXONAMIETOCA IPH TOM JKe a0COMIOTHOM
Temneparype T, ymMHoeHHONM Ha Ko3@dumuenr mormomeHma A, T. e

Py=P, qepﬂ(l _ "[al;’) (531)

C npyroii CTOpPOHBI, CHERTpajbHasd IJIOTHOCTh H3IydeHHA abCOMIOTHO dep-
#0ro 1ea dPw gepn/dv (BeIMYWHA MOL[HOCTH, H3JIydaeMOHl B II0JIOCe YaCTOT
upuHOA B I ey Ha dacToTe V) Ha ONHY CTemeHbL CBOOOABL, T. . IPH OJHOM
TUOe BOJHH, ommchiBaercsa Qopmynoir IInamka®

dpm e pH hv
v~ , (5.32)
kT — 1

e

gnte h — mocrosiHan IlnaHka, pasHasa 6,62 . 10—3* dac - cer;

k — nocrosgHast Boabrmmana, pasgaa 1,38 - 10-2 dwc/zpad.

B pmmamazome CBY (v<10'%y) mnpm HopManbHOil Temmeparype Av< RT.
Torna (532) npuBoputca K Gosiee IPOCTOMY BHIY

dP

I 4yepH
7 = kT,
OUUCHIBATONEMY «GeMpIil» IIyM, CIHEKTPambHAA IIOTHOCTH KOTOPOr0 He 3aBH-
CHT OT YaCTOTHI.
Taknm o6GpasoM, B nojoce 4YacToT AV MOIJHOCTb MIYMOBOrO H3IyYeHHA
10COJIOTHO 9ePHOTO Tejla PaBHA
Py gepn = RT Ay (0.33)
Ypasuenue HaiikpmcTa (5.33) Wrpaer BamKHYI0 POJb B pacieTax HIYMOBBIX
ABJICHHA B [Walla30He CBePXBHICOKHX dYacToT. IlofmcraBiusis 9TO0 BHIpaKeHme

B (5.31), MOKHO HaliTH MOIIHOCTH IOYMOB Iiepefaomiell JIWHUH, HMeIOIIein
morepR Las. W HaXxopAlmeica mpm Ttemiepatrype I

1
Py = kT Av (1 — T ) (5.34)

Uneanbuass mepepaiomias JaHUOS 0e3 moTeph, HJsT KOTOPOd Lase=1, 1o
ypaBHeHmI0 (0.34) He co37maeT MyMoB mpum Jaio00ifi KOHEYHOl TeMmeparype
crenok. Yem OosbIle mOTepw B JUHAM, TeM 3HAYATeJIbHEe MOIIHOCTL Py, Iipm-
OmmKapmasncs B mpejelie Npu Lage — 00 K H3AYYEHHIO YePHOTO Tela.

IIpn paccMOoTpeHHHM IIYMOBHIX HBJIeHHA BMECTO aOCONIOTHOH BeJXMIMHEBI
{IyMOBOM MOIMHOCTH P HIEPOKO HMCHOJB3yeTca HoHATHe aPderTusHnol wymo-
eoti remneparypevr T m, OIpepenseMoil KaK TeMmeparypa abCONIOTHO YePHOTO
TeJa, NPH KOTOpPOIl B 3amaHHOIl mojoce 9acTror Av IIyMoBad MOIIHOCTH PaBHA
OIyMOBOI MOIIHOCTH PACCMAaTPHBAeMOT0 MCTOYHMKA.

* Tlo atum pompocam cM. [31], a tarxme: 9. B. Ilnonbckmit, Aromuas dusu-
&a, 1. 1, Qusmarrus, 1963, ra. VI.
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Taxum o6pasom, mo ypaBHeHEmAM (5.33) m (5.34) MOKHO 3ammCAThH:

1
Laﬁc /7’

kTmL\v:kTAv(l-—

OTRy/A

1
Tm:T(lﬂl, ) (5 35)
-abc /

HNHaTepecHO oTMeTHTH, YT0 €CJIM HA BXOJ HepefaloImeil NWHUK MOCTYIIaeT
BHEIIHMA IMyMOBOI cCHTHAJ ¢ 3PdeKTHBHOE mIyMoBO# TeMmeparypoir 7i.sx.
T0 TOTEPH B JHHWHA 0CAA0IAIOT DTOT CUTHAN, MOOABIASA B TO jKe BpeMs «cob-
CTBEHHBIO» INYMbl JuHUH. B pesyinsrate sT10or0 3(QeKTHBHASL IITyMOBas TeMIe-
parypa npWeMHOTO TpaKTa ¢ yYeTOM BHIpaMeHHsa (5.35) OKasbiBaeTCsA PaBHOIR

T

1. BX

1
w. noan [ s a T(l— L 26 > (5.36)

Ionpaysick ypasaesueM (5.35) mam (5.36) mpr 7w . sx =0, HeTPYAHO HAUTH
s peKkTUBHYI0O IMyMOBYI0 TemmepaTypy 7w IIpH HOPMAJILHOH TeMIepaType BO:I-
soBota 7'=290° K. Ecam motepm B numEum cocrtaBiasior 1 96 (Lgase = 1,26), To
nryMoBasA TeMmIlepaTypa okaspiBaercs pasHodl 59°K. IIpm Gonee HE3KuX HOTEpPAX
H3MeHEeHHe MOoTeph Ha HKaKIYI MeCATYI0O M0N0 Henubesa COOTBETCTBYET M3Me-
HOHHIIO OIYMOBOH TeMmeparypsl npumbsmamrensHo Ha 7°H.

Jlo HefaBHero BpeMeHHM TaKWe IIYMOBBIE TeMIepaTyphl W COOTBETCTBYIOIHE
UM NIYMOBBIe MOIMHOCTH HAXONUWINCh 33 IpefejaMy YYBCTBUTEJHHOCTH YCHIMA-
TeabHBIX mpmbopoB CBY puamasoma. OgHAKO ¢ CO3ZAaHHEM CBEPXMAJOIIYMAIAX
ycuanreneir cobcrseHHbIe mymbl CBY TpakToB cramm ogHUM m3 (HaKTOPOB,
OTPAaHMYMBAIOIINX YYBCTBATEIHHOCTh NPHEeMHUKOB*. [[JIs CHWXKeHHS BeJHIHHBY
NoTepb MNPHXOAUTCHA COKpAamaTh [JINHY NPHeMHOTO TPAKTa, MOCKOIBKY HA ['m
OKa3bIBAIOT BIWAHWE IIONHBIE HO0TepH Lasc. MHOTHAa A CHIKeHHA IIyMOB
HAYT 0 OYTH OXJKAeHHS TMPHEMHOT0 TPaKTa, YMeHbIAas 3HaYeHHe TeMmepa-
1yper T B ypaBuemmsax (5.35) m (5.36). OcobenHHO GONBIIYIO POJH HIPAaeT BbI-
Oop Tuma BOAHOBOHA, 00eCIeYWBAIOINEr0 HUBKYI0 BETHIMHY IOCTOSHHOH 3aTy-
XaHud q.

T

PaccMoTrperHBIME cO00pakeHNAMA He MCUYEPIBIBACTCA PONb HOTEPh
B nepepatomux guauax CBY. Ilorepu apnAioTcA OJHAM M3 HCTOTHU-
KOB IOTPEIMHOCTed MpH HEKOTOPHIX M3MepeHHAX. YdeT MoTeph CoBep-
MEeHHO HeOOXOAWM IIPH PACCMOTPEHHH TepefalomuX JUHUM, HCHOAb3Y-
eMbIX B modbix pesoHatopax (cMm. ra. 10 m 11), m 1. a. Opmako
cJIefyeT ydecTh, YTO IpH pas3paboTKe PafmOTEeXHUIECKON almapaTyphk
7 3MeKTpoBaKyyMABX 1mpubopoB CBY mpoTaKeHHOCTH BONHOBOTHBIX
JUHAA COCTABJIAET CIHHUILI WIH, MAKCEMyM, JecaATKH Merpos. llore-
pr B BOJHOBOJIAX Ha TAKOH JJWHE OKA3BIBAIOTCA, KAK IIPABUJIO, OYEHD
MaJBIMH. B ¢BA3KM ¢ 3THM BO MHOIMX CIydasgX BOJHOBOTHEIE YCTPOii-
CTBA MOKHO paccMaTpuBaTh KaK JUHAK Ge3 MOTeps.

* IllymoBasg TeMIepaTypa KBAaHTOBLIX IapAMArHUTHBIX yCHJIATENEH uMeeT
nopsinoxk  20°K u, mo-smpuMmomy, B Ommkaitmee BpeMs OyheT NOHIKEHA [0
10°K. 3HadmrenbHEIe yCHeXM B CHUKEHHH NIYMOB AOCTHTHYTHI TaKie B 00Ja-
CTH NapaMeTPHYeCKHX yCHANTedell u jyaMn Oerymied BOJIHEL
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§ 5.5. BOJTHOBO/J, 3ATIOJTHEHHbBINT N30TPOIIHBIM JHU3JEKTPIKOM

ObpaTuMcs K ciayuaio, Korjia BOJHOBOR HMeeT He BO3JIyHIHOe, KaK
00LIYHO, HAMOJTHEHME, a COJEePKAT KAKOU-IH00 [UHAIEKTPHK, OTHOCH-
TeIbHAA [AWIJIEKTPUYECKAaA W MACHATHAA NPOHUIAEMOCTH KOTOPOTO:
oTaMYHEI 0T equHunel. Hambonee mpocroe pemerne MosKeT OBITH IOJY-
YeHO IPH OJHOPOJHOM HM30TPOIHOM [UIJIEKTpUKe, LeJINKOM 3aI0NHA-
I0ImeM MOJOCTh BoJAHOBOAA. bosee cioskHOE TONOKeHHe BO3HHKAET,
KorJla TWAJIEKTPUK 3aI0JHAET JUIIbh 9acTh 00beMa BOIHOBOJA.

OOmuit aHANN3 PACHPOCTPAHEHHA BOJH 110 BOJTHOBOZAM, IPOBEJEH-
HBI# B [MI. 2, MOJHOCTHIO OXBATHIBAET CJAydail OIHOPOJHOTO M30TPOMHO-
ro AUBJIEKTPHYecKoro HamoaHeumsa. (OTmiedeMcsa CHa4ajaa OT TIOTIO-
WeHns MOIMHOCTH B AmIdeKTpHKe. CpaBHUM KPUTHYECKYIO JIHHY
BOJIHBI BOJIHOBOZA, I[@IMKOM BaIlOJHEHHOIO AHDIEKTPNKOM, ¢ KpATHYe-
CKOM AJWHONW BOJHBI TOTO K€ BOJHOBOJA, MMEIOINEro BO3AYyNIHOE Ha-
OJTHEHHE.

Cornacao ypasHeHH0 (2.52), AJ1A OJHOPOAHOTO BOJTHOBOJA JHOOOrC
NOMepeYHoTo ceyenus 6e3 MOTephb BhIpakeHHe as3oBod NOCTOAHHOU [
nMeeT BHJ

@2 = k? — }%p
njin
¥ = () e (). (5.37)

Yemopmem otceuru apasierca P2=0. Orcioga mpu e=u=1 momay-
9aeM M3BECTHOE TOMAECTBO: A=A,,, T. €. A, — KPUTHUECKAS JJINIA
BOJIHBL B BOJIHOBO[E, MMeIONIeM BO3AyIIHOe (BaAKYyMHOE) HaMOJHEHME.

Ecam oTHOCHTENbHBIE TPOHUIAEMOCTH € U |\ OTJIAYHBI OT e{WHAIHI,
TO JJUHA BOJHBHI, TPH KOPOPOH ITPOUCXOJAHAT OTCEUKA, W3MEHSeTCH.
O6o3navas 8Ty [JIWHY BOJHEI 4epe3 A'y,, M3 BEIpasKeHHA (5.37) mpm
B?=0 monyuaem:

iy = hp Vo1 (5.38)

Tarkum oOpasom, mpu 3amOJHEHUH BOJHOBOMAA THIIEKTPHKOM, WMe-
omuM ¢ >1 mam u>1, KpuTHIeCKaA IJIMHA BOJHBI YBEJIWYUBAETCA IIG
CPaBHEHWIO ¢ KpUTHIECKOH AJMHOW BONHEBI TOTO jKe BOJHOBOJA, HAIOJI-
HEHHOT0 BaryyMoM. [IpuMeneHne MMAIeKTPAIECKOTO HATIOTHEHHUS I103-
BOJISIET MCIIOJAB30BAThH BOJHOBOJ IIPHM HEMsMeHHHIX rabapurax Ha Oosee
HU3KHX 9aCTOTAX.

CpoiicTBa HEKOTOPHIX Hambojee yNoTPeOUTeNhHBIX AWIIEKTPHKOB
NPUBENEHH B HpmioKeHnH 4. OTHOCHTENBHYI0O MATHATHYIO IPOHMIAE-
MOCTH BO BCEX CIydYasX, 3a HCKIOYeHHEeM (eppoOMarHeTHKOB (CM.
§ 8.5), MOYKHO CYMTATh PABHON e[UHUIE.

PaccMoTpnM B KadecTBe IIPEMEpa MpAMOYTIOJLHEIL BOJTHOBOJ, HMe-
romuit pasmepbl cedernma 10X23 mm (cM. mpexBIAyIEe UHCIOBBHIE-
upumepsl). Hambompluasg RINHA BOJHHL A, MPH KOTOPOH IO 3TOMY
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BOIHOBOXY BO3MOMKHO DACIPOCTPAHEHHE BOJH B CIyYae BO3JYIIHOTO
HanosnHenns, pasHa 4,6 cu. Ecam 5ToT BOTHOBOJ HANOMHHTH BOJOI,
WMeIomeil OTHOCKTEIbHYIO JUIIeRTpHIecKylo mocTogHHylo £=380 mpm
u=1, To, He yYHTHIBAA IOTJIOMEHUS B BOJe, MoJydaeM HaUOOJIBHIYIO
mpoImycKkaeMylo BOMHY paBHo# nmpmbamsmrensHo 41 cm™*. CoorBercTBy-
101man KputuyecKad dactora cocraBiasger npumepro 730 Mey BMecto
6520 M2y npm BO3AYIIHOM HATIOJHEHHAM.

MosxHO OBLTO OBl OKUAATH MCHOJIB30BAHUA BOJHOBOJOB, 3aIIOIHEH-
HBIX [HAJIEKTPUKOM, M YMEHBIIEeHNUsA WX TabapuToB WM JJjiAd BHeJpe-
HUs BOJIHOBOAHON TEXHUKH B [WATA30HB! 0ojiee AIMHHBIX PaTHOBOJH.
Ilpn stoM caefyer TakMe ydecTh, UTO CINIOIIHOE [AUIIEKTPHIECKOE
NaloJdHEHHE BOJIHOBONA MOJKET TMOBBICHTH €r0 MPOOHBHYI MPOYHOCTH.
Tlpumenenue BemiecTs ¢ O04eHBL OOJBUION AMAIEKTPHIECKOH ITOCTOSH-
H0W OTKpHIBaeT, Ha MEPBHIN B3TJIAM, 3aMaHYABHE NepcrneKTHBEl. OmHa-
KO OHH JIMDJCKTPUKA 00JagaloT 3HAUMTEIbHBIM IIOTJIOIMEHNeM Ha
‘CBY, a gpyrme, manpumep KBapll, X0TsI @ WMeIOT HeDOJIbINNe MOTEPH,
HO TpyAHO obpabareiBatorcs. Lledwiii paAx RWAIEeKTPHKOB o0Jajmaer
HU3KOH TeMIlepaTypHOil CTOWKOCTRI0 W T. J., TIOATOMY OpHMeHEeHHne HX
orpannueno. HamomHenme BOJHOBOMOB BONOI TPHMEHSETCS B HACTOSA-
fiiee BpeMsd JAMb [JsA CO3JMAHUA BOJHOBOTHBIX IIOTVIOTHTENEH —
COTJIACOBAHHBIX HArPY30K.

YacTtraHoe B3amojiHeHNEe BOJHOBONOB OTHOPOTHBIM AHW3JIEKTPHUKOM
(moTMCTHPOJ, KBApIL W Ap.) 4acTo ObiBaeT HEOOXOAMMO [JisA M3MEHe-
HUA daeKTpudeckoir mauesl auaun. Ha pme. 5.10,a m3obpasken BoaHO-
ROJ, TPAMOYTOJBHOTO CEYEHHs, BHYTPH KOTOPOTO IAapajlielbHO OcH
paciososKkeHa AUdJeKTpHUecKaa maactuHa. IIpepmomomum, aTo Tommn-
Aa IJIACTHHBI AOCTATOYHO Majia WIH ee AUdJIeKTpHdecKas MPOHUIae-
MOCTDH JIMIMEL HE3HAUATENHHO OTINYAETCS OT eIWHHIL. Torma, oTsie-
‘RasCh OT CTPOTOT0 AHAJW3a, MOMKHO [JOIYCTHTH, 9TO B BOJHOBOJE
CYIIECTBYIOT Te 3Ke TUOHI BOJH, KOTOPEIe IMENNCHh OB TP BAKYYMHOM
HATIOJTHEHNW, W TPOWCXOAWUT JIWAMb BO3MYIIeHHE COOTBETCTBYIOMIEH
CTPYKTYPHL IMOJS W HNOCTOSAHHOW pacmwpocTpaHeHUs BoxHBL. W3meHeHme
KPATHIECKON [IMHHI BOJHH W (Pa30BOH CKOPOCTH MOYKHO KaYeCTBEHHO
MpUINCaTh MAeficTBUI0 HEKOTOpoil 5PdeKTHBHON AWIIEKTPUIECKON
TIPOHMIIAeMOCTH, ycpep;HeHHoﬁ 0 TIOMEePEYHOMY CEYEeHHIO BOJHOBOJA.

Ecom MeHaTh pasmep a’, mepefBuras MJIACTHHY BHYTPH BOJHOBO-
na (pumc. 5.10,a), To s(b(beRTHBHaH MUDJIeKTPAYECKAsa IPOHANAEMOCTS
MOMKHA UBMEHATHCA B 3aBHCHMOCTA OT KOH(QUTYPAIUH IMOJSA BHYTPH
BOJHOBOJIA. Hycm HapuMep, B BOJHOBOJe Bo30yiKJeHa BOJHA THIIA
Hio, mpu woropoil simeKTpumUecKoe ToJe W3MEHAETCA BIOID IMUPOKON
CTEHKH BOJHOBOJA 10 CHHYCOMAAILHOMY 3aKOHY. Torma Bo3Mymialo-

* OTnocHTeNbHAA [UMYJIEKTPUYECKad NPOHHIAEMOCTh BOJBI YKa3aHa 3Jech
0 pe3ynbpTaTaM H3MepeHMd Ha 0olee HE3KUX dYacToTaxXx. B pmeiicTBUTEILHOCTH
BenmuAHA £ N4 BOAHI IIajlaeT C yBeJmdeHEmeM uacToTel. Hampmmep, ycraHOBJe-
HO, YTO IPU A~8 mm guaIeKTpHUYECKas MMOCTOAHHAA MUCTHIJINPOBAHHON BOMIKI
IpH TemmepaType 23°C cocrasisier OKoJo 23. YieibHas TPOBOAUMOCTH BOBI
Ha TOH ke dacTore paBHa 55 om~lm~!
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uiee JeNCTBHe ILTACTHHLI OymeT HauMeHBIIUM, ecJId OHa UpUKaATa
K y3koit creake (a’—0), HauGompmee BosMyIeHHe MOKET OBITH MOMY-
YCHC Hpﬂ paBMemeva IIJIAaCTUHDBI B M&KC]?IMYMG SJIeKTpI/I‘IeCROFO IIoJIA,

a
’
T. €. Ipu a4 :T.(DaBOBaH CKOpPOCTH BOJIHEI B 3TOM CJy4ae JOJIMKHG

6prTh  HamMenbmred. CiefoBaTenbHO, IepeMemas UIIEKTPHYECKYIo:
IJIACTAHY BHYTPH BOJHOBOAA, MOKHO ILIABHO M3MEHATH JIINHY BOJHDE
B HEM Ay U PeryiIumpoBaTh dJIeKTpHUe-
CKyIO JUIHHY JUHWU (OTHOINEHHE Teo- |4 a //1.9/75/&’/77,0!1&
MeTpUYecKOil JUIMHEI BOJIHOBOAA K JJIN- -
He BOJHBI Ay). A
OnmcaHHOE YCTPOMCTBO MOJKHO Ha- 1=
3BaTh (paszocdeuzareaem uau Paso- 2 y
gpawaresem. Hpome mumpiaerTpmuecko- A
ro as3ocIBUTATEA, BO3MOMKHEL JPYTHe
BOJTHOBOJHBIE YCTPOICTBA, BBITIOJTHAIO-
Auarexmpux
mue rte e ¢ymrumm (cMm. § 8.12).
OdeBngHO, YTO DIEKTPUYCCKAS JJIHHA \
paccMOTPEHHOTO TUIIEKTPUIECKOTO 2
cdazocaBUraTeNA He BaBHCUT OT Ha-
IIPaBJIEHAs TBUKEHUS SHEPTHH MO BOJI- &)
nosony. DaszocaBuraTenr ¢ W30TPOI-
HEIM JWDJICKTPUKOM MTONUMHAECTCA NPHH-

e

&)

N

———
N
N

Pmc. 5.10. Bommosom ¢ da-

mumy B3amMHocrm (oGpaTmMocTH). CTHYHBIM JASINEKTPHICCKHUM
IogBm)KHBIe MUAJNEKTPUYECKNe T1jla-  HAIOJHEHEHWeM (crydam Ipo-
CTHHBI, pacllojaTaeMele IepleHgnKy-  ACIPHOIO I - IOMEPEHHOro

pPacmoJIOKeHUN  [IHIIEeKTPHN
aspHo ocm BoxHOBoma (pme. 5.10,6), 9ecKON IIACTHHBI)

NCIOJAB3YIOTCA B HEKOTOPBIX COTJA

CYIOIMUX DJIEMEHTAX — TPaHCPHOopMAaTo-

pax noanvix conporugseruii (cm. § 7.6,r). Hacruunoe BBemcume
AMBJIEKTPUKA B BOJHOBOJ, 0KA3biBaeTCcsA HEOOXOJUMBIM TaKyKe IPpH KOH-
CTpYyHpOBaHWE dJeKTpoBakyyMHbIX mnpubopor CBY. [dusmextpur
(CTeKNO0, KepaMmKa, CJIOfla) BIAWBAeTCsA IOMEPEK BOIHOBOZA s
obecreuennss BAKYYMHOM ILIOTHOCTH ONHOTO u3 ero ydacTkoB. ITopo6-
I10e yIioTHeHme Tpedyercs, HANpUMep, B BBIBOJE HJIM BBOJE YHEPrun
reHepaToOpoB W ycuiamTeneil ceepxBRICOKEX yacToT. HOraa ymaorHsmz0-
Ui AUSTEKTPUK ABJAETCA YACTHI0 PE3OHAHCHOTO OKHA. ¥ CTPOMCTRG
U CBOIMCTBA PE30HAHCHHIX OKOH paccMoTpeHHI B § 6.5.

BosHoBOM, B3amMOJHEHHBIH [AUATEKTPUKOM C MAJBIMH IIOTEPAMH,
MOJKHO HMCIIOJb30BATH [JIA CO3TAHMA SJIEKTPOBAKYYMHBIX HPUOOPOB —
pPasHOBMIHOCTH JIAMIT Oeryimeit BoaHK. Takne npuOopHl TOKHEL pabo-
1aTh IIpH HOPUOIM3UTETHHOM paBeHCTBe (PA30BOIl CKOPOCTH BOJHBI Uy
M CKOPOCTH 3JeRTPOHOB Uo. ONHAKO IO PEMSTUBMCTCKUM MPHHIAIIAM
vo<c. Wcnmonn3oBaHue COOTBETCTBYIOIIEI0 IMAJIEKTPUKA IS «3aMe[-
JIEHAA» BOJHEBI MOKeT 00eCHeYHTh BHIIOJHEHHe YCIOBHA Uy = Uy.

Iepematomue auanm CBY, mo KoTopsiM pacnpocTpaHAIOTCA BOIHEY
¢ ¢as3oBOil CKOPOCTHIO, MEHBIIENl CKOPOCTH cBeTa B CBOGOTHOM
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TPOCTpANCTBe, MPUHATO HA3BIBATE damedastouyumu cuctemamu. Taxam
©0pasoM, BOJHOBOJ HEM3MEHHOIO IOMEePEeYHOro CeYeHUsd, MMEIOIHi
J(MDJIEKTPIMYEeCKoe HAIOJTHEHHE, MOKET pPAacCMATPUBATLCHA, KAK 4acT-
HBIT, XOTA W AaJIeKO He eJUHCTBSHHBIN ClydYail 3aMe[Id0IIAX CUCTEM.

B cBsisu ¢ oOcy)k[eHHeM [MAJeKTPHIeCKOro HAMOJHEHWS BOJHOBOLOB cle-
AyeT YHOOMAHYTH 00 WHTepeCHOM BHe HAIOJHEHHS — 3JIeKTPOHHO-MOHHOM
11asMe, HaxoJAmeldl IpHMeHeHWMe B ycrpoiicTBax jmamaszoHa CBUY. Ecam o1-
BI€YBCA OT COYJApeBHH 3J6KTPOHOB C MOJIGKYJAMH Ta30B, TO IPH OTCYTCTBHUU
fIOCTOSAHHOTO MArsMTHOIO IOJA ILIa3Ma BefeT cebs, KaK H30TPONHBIH JWDJIEK-
TPUK C OTHOCHTEJIBHON AW3IEKTPMIECKOM NPOHUIIAEMOCTHIO, PABHOM

Ne?

mEO(DJ ’

e=1— (5.39)
tle N — KOHOeHTpaLuA SJeKTPOHOB B ILIA3Me;

0 — Kpyropag 49acToTa HAJIOKEHHHIX H3BHE CBEPXBHICOKOYACTOTHBIX KoOJe-
0aBuil; e U m — 3apAR M Macca IMOKOSIIETOCH DIEKTPOHA.

Bce penumumubl, Bxopsmme B BeipaskeHme (5.39), MOJKHBI OBITH BHIpAKEHH
8 cucreme egunAun CU.

Ilmazama Mmo)keT OBITH CO3/[aHA BHYTPH BOJHOBOXA IYTeM B3a’KATAHHA pas-
pAda B rase Ha IOCTOAHHOM HJIM Ha IepeMeHHOM Toke. HoHNEHTpamusa Siek-
TPOHOB N 3aBHCHT OT BeJWUYWHEI TOKA, OPOXOAAIIEr0o uepe3 paspan. Masmenasa
3TOT TOK, MOXHO IJIABHO YHOPAaBAATH BEJMIMHON € IMIIAa3Mbl W, CJIEJOBATEIBHO,
M3MEHATH KPUTHYCCKYI0 9aCTOTy M AJHHY BOJHEI B pacCMaTpHBaeMoill JHHUH.
IlonoGHBIe ycTpoO#CTBA MOTYT NIPUMEHATHCA B KadecTBe MAaJOWHEPIMOHHLIX

dazocuBuraTeseid IpH He CIMIOKOM BBICOKOM MOIIHOCTH CHI'HAaJa, IPOXOIs-
Iero MmO BOJHOBOAY.

Ocofnlilt mHTEpPEC HmpejacTaBIseT CAydail, KOrla B KadecTBe CpeRbl, 9acTHY-
HO 3aMOJHAIMEN BOJHOBOM, MHCHOOJb3YETCA MATHATONUDIEKTPHK — (PEeppHT.
obnagaomuii MarauTHOH ammsorpomnmeil. Kak Oymer moxasamo B ri. 8, mpuMe-
HeHEe (DeppHTOB HpPHBENO K CO3JaHUI0 NPHHIUIKAILHO HOBHIX YCTPOUCTB, He

"CJAeIYIOMNX NPAHINNY B3aBMHOCTH W ATPAIOIIWX BasKHYIO POJb B COBPeMEHHOMH
TexHnKe CBY.

§ 5.6. BbLIBOP TUHA BOJHBI, ®OPMbI 1 PASBMEPOB CEYEHHIA
BOJHOBOJA

Il BonmHOBOAY, IpefHA3HAYEHHOMY [JIs MPaKTHIECKOI0 HMCIOIL30-
BaHUA B KadecTBe Iiepefalomeil JuHUW, OOBIYHO HPEIBABIAIOTCS CJe-
AyloIue OCHOBHEIE TpeGoBaHMSA.

1. Bo Bcem pabouem pmamasome yacToT mepefava SHEPTHH II0 BOJ-
‘HOBOY [MOJYKHA OCYIIECTBIATLCA TOJNBKO OMHHUM THIIOM BOJIHEIL

2. BoxHoBOJ mMOKEH MMETh MOCTAaTOYHO BHICOKYIO JIEKTPUIECKYIO
HPOYHOCTH JIsI Tepefadym OOJIBINON MOITHOCTM OT TeHepaTopa K Ha-
rpysKe.

3. Ilotepun B BoNHOBOJE MOJIKHBEI OBLITH 110 BO3MOMKHOCTN MUHU-
‘MaJLHBEIMA.

4. TabapuTel W Bec BOJHOBOZA [OJJKHEI OBITH MHHHMAJILHBIMHU,
a TeXHOJIOTMS H3rOTOBJIEHNA BO3MOMKHO Oojiee mPOCTOI.

Crpemiiennme paoraTh Ha ONHOM THIIE BOJHEI CBA3aHO C TeM, 4TO
CYIIEeCTBOBAHMe HECKOJHKHX THIIOB BOJH SKBHBAJIEHTHO BKIIOYEHUIO
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ME}KJly reHepaTopoM W HArpy3KoW He OHOM, a HEeCKOJBKNX Iepefaio~
EIUX JUHAR (10 9UCIy pacHpOCTpaHAIMAXCS THIOB BOaH). Ilpn stom
ObIBaeT TPYAHO CO3[aTh KOHCTPYKOHIO BO30Y/KIAIOIIHX YCTPOUCTR
M JpyruX 3JIEMEHTOB BOJHOBOMHOIO TPAaKTa, OJHOBPEMEHHO YIOBJIE-
TBOPAIOIIYI0 TPEOOBAaHWIO BEICOKOrO K. I. J. Ipm Tiepefade DHEPruw
Ka;KABIM M3 THIOB BoiH. TpymmocT! 0coGeHHO Bo3pacTaoT IpH pabo-
Te B IMHPOKOIT H0JIOCE YacCTOoT.

Bribop THDA BOJHBL, KaK IPaBHJIO, pEINaeTcsi B COOTBETCTBIM
¢ mepBHIM TpeGoBaHmeM. [lmsa Toro 4TobEl oGecmednTh paboTy BOMHO-
BOofla TOJBKO Ha OJHOM THIEe BOJHEI, yXoOHEe BCEro MCIOAb30BATh
HE3IIAN THUO, T. €. TAN, KPATWIEeCKas [JIMHA BOJIHBEI KOTOPOTO HMeeT
HamOOJIBINYI0 BeJIMYMHY.

PasMepsl ceuenma BoJHOBOAA MOJKHBI OBITH TaKMMH, UTOOBI obec-
UeYATHh CYIIeCTBOBAHME BOJHBI HUBIMETQ TUMA, HO He JOIYCTHThL pac-
OpocTpaHeHUs: BOJH Bcex apyrmx tumoB. llociegaemy momHO ymoBie-
PHUTH, CHEeJIaB HEBO3MOMKHBIM PACIpPOCTpaHEHWEe THMA BOJHEI, OamRaii-
miero K HusmeMmy. Ecium A — paGouas mimHa BOXHB (B CBOOOTHOM
ITPOCTPAHCTBE), TO JOJMHBI COOJIIOAATHCA COOTHOIEHNSA:

A < ()\Kp) HM3IIEH BOJIHBI; (540}
8 > ()‘Kp) Gavzxaiilueli Boicliel BOJAHbI. (541}

Heo0xomuMo 0oTMETHTH, UTO TN 3Ke YCIOBHA oOecledmBaiOT Ham-
MeHbINNe TadapHTHI BOTHOBOJIA.

N3 coobpamennit mpocTOTHI YCTPOMCTBA BOJHOBOAA pPeYb MOKET
UATH, TAaBHEIM 00pasoM, O NpWMeHeHWH TPYO KPYILIOTO WM IIPAMO-
vroibpHOro ceuenus. llpoBenem cpaBHeHme 3TUX [BYX THIIOB BOJIHO-
BOJIA.

Huszmeit BoTHOW B KPYIJIOM BOJIHOBOME ABJIAETCSI BOMHa Tuma Hi;
Onmmaitmeil kK Heit sAiBnsgercss BosiHA THHa Ko, B npamoyronasmoMm BoJI-
HOBOJe HUBINEH ABJIAeTCs BoJHA THHa Hip, ONM/KAWIIMMHA BBICIIAMMR
tnmamu BostH asissorces: Hyy m Hoy (B 3aBmemMocTn ot cooTHommenns
pa3mepoB a u b).

OcHoBHBIM HefmocTaTKOM BosHBL THma Hi; B KpyriioM BOJHOBOAE
AIBJIAETCA HEYCTOMYMBOCTH €€ TNIOCKOCTH Hojasipusanmu. PaccMorpnmm.
4TO IPOM30HMET, eCIU B OTHOPOTHOM KPYIJIOM BOJIHOBOIE BO30OYIKmeHa
BOJIHA ¢ IIOJIApPU3aInueil, MoKka3aHHoi Ha puc. 5.11,a. Ity BomHY MOKHC
MPeACTAaBUTH B BHUJEe CYMMEL JBYX JWHEHHO MOJAPN30BAHHLIX BOJIH OT-
HOCATEJBHO [ABYX TPOW3BOJHHBIX B3aWMMHO NEPHEHAMKYJISAPHBIX Ha-
IpaBieHnii, Kak m3oOpaskeno ua puc. 5.11,6,6. B mpmeansuo cmmae-
TPUIHOM BOJHOBOZEe o0e BOJHBI MMEIOT OJMHAKOBBIE IOCTOSHHLIEC
pacIpocTpaHeHwsa, T. e. SBIATCA BHIposKAeHARIMA. (DaszoBrle CKO-
POCTH BOJH OAWHAKOBEI, TO3TOMY PeaJbHOE IIONOKEeHNE ILIOCKOCTH
mosApu3anum ocraeTca Hem3MeHHBIM. OmHaKo mpm HeOOMLINOM BIIAI-
TANAYHOCTH BOJHOBOZA JiBe BOJHEI, pacCMOTpeHHbIe Ha puc. 5.11, 6, 6,
¥MeloT Oiam3Kme, HO He OJWMHAKOBEIe (hasoBele cKopocTH. ILIoCKOCTE
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NOJSPU3ANUA CyMMApHOl BOJIHBI HAUMHAET CaMONPOHM3BOJIBHO II0BOPA-~
NMBATHCH, MONIMHSAACH, PasyMeercs, IPUHIAIY o0paTHMOCTH.

WzMenenne IFIOCKOCTH MOJAPU3AIMMAA BO3MOKHO W TIPH HAJHYUA
HPYruX HEeOTHOPOMHOCTel BOJHOBOJA — M3rMO0B, PA3BETBJICHMHA 1 T. II.
KoHTpoIMpoBaTh MOBOPOT IIOCKOCTH IIOJIAPUBAIME TPYAHO, HOBTOMY
KPYIJIBI BOJHOBOJ CPAaBHUTENHHO PEKO HMCIOIL3yeTcs /s Nepefavn
3HEePIrU™ HAa BoJHe HuU3mero Tuna Hi;.

NA0CKOCIIG  NONFPUSE . Ll

T g 5 g

Pnec. 5.11. Boaga tana H,; B KpyrioM BOJHOBOJI® H €@
pasjioKeHUe HA [IBE BHIPOKIEHHBIE BOJHBI C B3aHMM-
HO MepHeHANKYJISPHBIMH HJIOCKOCTAME UOJISAPU3AUAN

Bonra tmma Ep), He ABIANINAACI HHU3INEA BOJHON, HAXORUT
|ce jKe HeKOoTOpoe TexHHYecKoe IpuMeHeHue. [[eHHBIM CBOHCTBOM
sotHbl Eg sABJIseTcA moJHAs Kpyrosas cUMMeTpms moss. Baaromaps
aToMy BoiHa THma Ko mcmonap3yeTcs Ha KOPOTKHX OTpPe3KaX BO Bpa-
H1AI0INXCA CoeMHeHNAX aHTeHHBIX ycrpoiicts CBY. KHpome Ttoro,
BojiHa Tuna Ko mpuMeHAeTCSa B JIMHEHHBIX 3JIEKTPOHHBIX YCKOPWUTE-
JAX, I7e CyneCTBEHHYIO POJIb UrpPaeT MPOROJbHAS COCTABISIONIAS BHI-
COKOYaCTOTHOTO BIEKTPUIECKOr0 MOJIA.

Borna tmna Hio B mpAMOyroJibHOM BOJHOBOJE, KaK YKa3bIBaJOCh
paHee, BHIpOJKJeHWS He mMmeer, ecim az~b. Ilmockocts mouspusarum
soaabl Hjo (uKcmpoBana, MOCKOJIBKY dIIeKTpHYECKOe II0Je BCerja
ocTaeTcsl HOPMAJIBLHBIM K IIUPOKON CTEeHKEe BOJHOBOAA. B cmiy 3Toro
00CTOATENBCTBA IIPEANoYTeHNe OKa3bIBaeTCA OOBIYHO HE KPYIIEIM,
A4 INpPAMOYTOJBHBIM BOJHOBOJAM, XOTS HU3TOTOBJIEHHE KpPYIVIBIX TpPyG
¥ IIpomie, HeKeJW H3TOTOBIEHWE MPAMOYTOJBHBIX TPyO. Ocroerol
pabouetl 6oaHOU, ucroavdyemoli 6 nodagastoujem 6OALULUHCTEE B0A-
HOBOOHBIX YcTpOUET8, A8AfeTCA 8oaHa Tuna H .

OmpenennM pasMepwl CeYEHWS NMPSIMOYTOJIBHOTO BOJHOBOJA, YIOB-
JaeTpopaAwmue pabore Ha «amcroity Bomme tura Hip. B coorBercTun
¢ yeaouama (95.40) m (5.41) mokHO 3anmcars:

A< ()Kp)Hw - Qa;
P> ()KP)HO = a;

1> (hep)ity, = 26
#22 , -



Orcioga monyuaeM:

Haxr noxassiBaer yciosme (5.42), pasmep b orpamnmuen (axrmde-
CKI JUIOL C OMHOM cTopoHEl. OgHAaKO HEOOXOXUMO Y4e€CTh, UTO DTOT
pasMep ompeJesAeT 3JIeKTPHIECKYI0 TMPOIHOCTH BOJHOBOAA M IOTEPU
B crenkaX. llosTomy pasmep b BEIOmpatoT 0GHIYHO JHIIL HEMHOIG

MeHbIIe —5-, mopsafka (0,3—0,4)A. Yro racaercsa pasmepa a, To erc

B COOTBETCTBHH C ycioBueM (9.43) BpiOmpaloT B OOJBIIMHCTBE CIyda-
e (0,7—0,8)A. Ormomenue pasmepos a/b o0braHO BHIOHpalOT pas-
HBEIM 2

YKazaHHLEIE COOTHOINEHUA SBJISIOTCA OPHEHTHPOBOYHBIMA U HE
HCYepIBIBAIOT BCeX TPeOOBaHWIl, CYHeCTBYIOIINX B AWATa30HEe CBEPX-
BEICOKMX dYacToT. B cmemmaibHBIX ciydasX, HanpuMmep, OpH paspa-
OoTke JaMm Oeryimjeir BOJHBI M HEKOTODPHIX THIIOB Ta30pas3psTHBIX
npubopos CBY, xemaTeqsHO NPHMEHATH TPAMOYTOJLHEIE BOJHOBOLY
¢ YMEHBIIEHHON BHICOTOH (yMeHBIIEHHBIM pasMepoM cedeHus D).
HecMmorpsa Ha cHm)KeHWe TPOOMBHOX IIPOYHOCTH W Ha YBEIUYCHHE
3aTyXaHud, 37ech OKA3BIBAIOTCA HEOOXOMUMBIMHA (IIIOCKUAE» BOJHOBO-
IBI, Y3KH#A pa3Mep cedeHHs KoTopeix cocrasiaser (0,1—0,2)A.

Jl71s1 BCeX OCBOGHHBIX JUAIIa30HOB BOJH B HACTOSAINEEe BPeMs CyIile-
CTBYIOT CTaHOAPTHHIE Pa3Mephl MPAMOYrOJLHLIX BOJIHOBOMOB. B mpm-
JIOKEeHUN O IPUBefleHbl HeKOTOPHIE CTAHAAPTHBIE pasMephl Tpy0, mpu-
MEHSIeMBIX I W3TOTOBJIEHUA BOJHOBONHEIX JIMHWA.

O6patuMca K moxoce 9acToT (BOJH), TPOIYCKAEMOW MPSAMOYIOJMb-
HEIME BOJHOBojaMH. Hambonsmasa mamHa BONHBL Ayaxe , IPA KOTOPOLF
MOJKeT PacmpocTpaHATheA BoiaHa Tuma Hio, paBHa

Maaxe < (hgp) 0 = 242 (5.44)

Hanbonee KOpOTKAaA BONHA Ayuy, IPH KOTOPOH BOJHOBOX MOJKET
nepegaBaTh SHEPrwio ToJAbKO HA BoiHe THma Hio, ompepernsiercst on-
HAM U3 yCJIOBUH:

)MPIH > () K]))Hm - Qba (54"5)i
}MHH > (le)Ho = a. (546}

HUcnonrssys stm yclmoBuA miasi BoiaHOBoHa cedenmeMm 10X23 mw,
nexydaeM: 4,6>A>23 cu. CoOTBETCTBYIOIUI /IMANa30H 9aCTOT Je-
;xaT B npepenax 13 040>v>6520 Mey, 1. e. He mpeBbimaeT OFHOI
OKTaBEBI*,

* Tlo ompejeiieHMI0, 3aMMCTBOBAHHOMY M3 aKYCTHKH, OTHOIN@HHe KpalHHX
9acTOT AumamasoHa B 1 oxkraBy pasHO 2: 1.
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Pa6oayio mosiocy (nmamasoH) YacTOT BOJIHOBOJA MOKHO BEIPA3HTH
B IPOIEHTaX OTHOCHTEIHHO CPefHe# JacToThl. B paccmoTpeHHOM mpH-
Mepe MAKCEMAJLHEI JAMAmasoH 9acTOT cocTaBiaeT okoxo 66% mmm
+339% or cpemHe# 9aCTOTHL.

IIpaxrugeckn paboTaTh BOJM3H BOMHEL A= (M) y, He clenyer B

CHIy HajJeHns IMPOOMBHOI IIPOYHOCTH, a TaKiKe pocTa IIOTEPh B BONHO-
Bome (cMm. puc. 9.8). TouHO TaK Ke HeKeJaTelbHO NPHOIMKEHUE K
BomHe A= (M)}, , TAK KaK IPA 3TOM YMEHBIIAETCA CKODOCTH 3aTy-

xaHua BoaHel Hgy B Mecrax ee Bo30Oy:kmeHms. CliemoBaTelbHO, IPH
3alaHHBIX pasMepaX OPSIMOYTOJIBHOX TpPYyOB CYIeCcTByeT BIOJIHE
ompefieieHHAsA MOJIOCA JACTOT, B Ipefiedax KOTOPOl MOKHO IpaKTH4e-
CKH HCHOJH30BaTh [JAHHHIA BOJHOBOA. JTa II0OJIoCA WMMeeT MHOPSTOK
+20—25% ot cpemHeit 9acTOTHL.

B merotoprix ciydasx paGodad molioca 9acToT CTAaHZAPTHOTO BOJ-
HOBOJIa OKasHLIBaeTCSA HeJOCTATOYHOM, HAIPHMeEp, Ipm paboTe OJHOrO
TpaKTa Ha HECKONHKMX pa3HeCeHHEIX YacTOTaX HJAN IIPH KaYaHNH
YacTOTHL B IIHPOKAX Mpefeiax, MOXOOAINMX [0 OKTaBH M Ooxee®.
Pabouas momoca KoaKcHWaJbHON JWHWW B3HAYNTEIbHO IIHpe, 9eM y
BOJHOBOJa, TaK Kak mo ycixosmio (4.65) oHa orpaHmueHa TOJBKO CO
CTOPOHBI BepXHUX 4YactoT. HeKoTopile BO3MOMKHOCTH pacCIINPEHHS
pabodeil MOJOCH OPAMOYTOJBHHOTO BOJHOBOZA OyayT IIOKa3aHEI
B § 5.8, a.

PazMepsl mpAMOyTOJBHBIX BOJHOBOTOB MJsi MUJIJIIMMETPOBBIX BOJH
OKa3kIBaloTCA 09eHb MasisiMu. Ilpm 9TOM MakcmManbHAsS TepefaBaeMas
MOIOHOCTH IajiaeT, moTepW yBeiawmdmBalorca. [lanpHelimee yKopodeHHe
BOJIHBI 3aTPYAHAET WMCIOIb30BAHWE BOJHOBOMOB. B camom pese, mis
paboTel Ha BoNHE [IMHOK 2 MM 1m0 ycaosmam (9.42) —(5.43) cede-
HUe BOJNHOBONA [OJIKHO HMeTh pasmepsl 2>a>1 mm, 6<1l wmnm.
Hame ecaum mpuHATH HanMGOJLIINE JOMYCTAMBIE Pa3Mepbl a=2 MM
n b=1 mum, To pacuerHas mpoGmBHAA MOINHOCTH PN K p06 =30 Ke/cu
cocrasiser Bcero 10,3 xer. Ilorepm B CTeHKax TakKOro BOJHOBO-
na, W3TOTOBJIEHHOTO W3 MeAHW, MOJIKHBI COCTABJISATHL He MeHee
3,4 06/m.

Takmm 00pa3oM, 0OOLITHEIE BOJIHOBOALI B HIUMKHEN 9acTH MUJIJIMMET-
pOBOro AWanasoHa W 0C00eHHO B CyOMMIIMMETPOBOM AHMAIIa30HE MMe-
I0T IOYTH Te Ke HeJOCTaTKH, KOTOpble MPUCYINU OOBIYHLIM JUIMHHBIM
JIVHUAM B JUAaNa30HAX AEeNEMeTPOBHIX W CAHTHMETPOBHIX BOJH. IIpo6-
jJeMa IepefalolnNX JHHAN MANIAMETPOBOTO M CYOMEIJIAMETPOBOTO
Mana30HOB, IPATONHBIX JJIA mepemnavd GOJbIIAX MOD{HOCTEel m o0Jja-

fa0ImMAUX MAaJILIMH II0TepsAMH, IOJHOCTHI0O He pellieHa N0 HACTOSIIEro
BpeMEHN.

* Ilpn WCHOiL30BaHWA COBPEeMeHHBIX JaMII 06paTHONR BONHEI M MHTPOHOB
AnanasoH 3JIeKTPOHHOU HacTpPOUKH, B Ipejeaax Koroporo obecmedmBaeTcs Gesbis
HEPNUOHHO® KaYaHMe 9JacTOTH, cocTaBigeT oT 1 7o 2 oKras.
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§ 5.7 MHOI'OBOJIHOBBIE BOJIHOBO/bI

MEOroBOJIHOBEIME BOJHOBOJAMM IPHHATO HAa3HBaTh Iepejaiollue JINHWH,
monepevHLI®e pa3Mephl KOTOPHIX JOIyCKalOT Ha paboueit gacrore pacmpocTpa-
HeHme Oonee YeM ojHOro Tmma BOaHHEL. Hak ykaseiBamoch B § 5.6, mpu pabore
C TAKEMH BOJHOBOJAMH BCTpeYaeTCA pAX COphe3HRIX TpyhHocTeid. OpHAKO He
ciexyeT 3a0BIBaTh, 9T0 yBejpmueHHe OTHOIIGHHS pPa3MepPOB IIONEPEYHOr0 cede-
HHA K [JJINHE BOJHEI H03BOJAeT B NPUHONIOE 3HAYATENHLHO MOBLICATH 3IEKTpH-
YeCKYI0 IPOYHOCTHh BOJHOBOZA H CHU3UTH moTepum. Tak, HampmMmep, B CciIydae
IpPAMOYTOJBHOIO BOIHOBOJA C pasMepaMm cedeHHA a=A, b=2), B030YKIeHHOIr0
Ha pomHe Ttumoa Hj,, SIeKTpHYecKasa HPOYHOCTh B COOTBETCTBHH C YCIOBHEM
(5.9) mpmmepsO B 7 pa3 Bpime, 94eM y CTAHAAPTHOIO HPAMOYTOJHLHOIO BOJIHO-
Bofa ¢ pasmepamm a=0,8\, b=0,4A. IlocroAnHas 3aTyxaHmsa O MO COOTHOIIE-
HOIO (5.20) CHEKaeTcsA MPHW BTOM HmOUTH B 4 pasa. COOTBEeTCTBEHHO yMEHBIIAIOT-
¢ IOyMBl BOJHOBOJA, paccMaTpumBapmmecsa B § 5.4,r. Haxomen, yBeamueHme
pasMepoB a, b Morio OBl CHIrpaTh HEMAJOBAKHYIO POIb A MHILIAMETPOBOIO
U CcyOMHIIMMETPOBOr0 [HMAIAa3QHOB BOJH, I7le pasMephl Ce4eHHMA OOBIYHBIX
BOJHOBOJOB ABIAIOTCA CIAIMIKOM MHUHHATIOPHBEIMH. [losToMy 3a mocaefgHue
roabl 3HAYMTEJHLHO IMOBHICHJICA MHTEPEC K MHOTOBOJHOBEIM BOJHOBOJaM.

O6r19H0 mpu pa3paGoTKe MHOTOBOJIHOBOTO BOJHOBOJHOTO TPaKTa CTapaloTCA
obecmeunTs NOJABIEHNE BCEX THIIOB BOJH, KpPOMe OJHOro, BEIOpaHHOIO B Ka-
yectBe pabouero tTuma. PaGoumm THIOM, KaK W B CIydae CTAHJAPTHRIX (OTHO-
BOJIHOBBIX» BOJHOBOJIOB, B HIPAMOYTOJIHLHOM BOJIHOBOJ[@é 9acTO BHIOMpaeTcd HH3-
masn BoaHa Hjp, Ho m3BecTHo npuMeHenme BoJaH tHna Ho, Hy # ap. MommoCTH
mapasuTHHX (Hepa0odmxX) THIOB BOJH, BO30Y)XJaeMEIX B OT/HEJBHEIX yJacTKax
BOJIHOBOJTHOTO TpaKTa, AOJUKHA OHITh HO Kpaiimeii Mepe mHa 15—20 06 HumKe
ypoBHsA pa0oueit BOJHEI.

C 3Toil meabl0 OKA3EIBaeTCA HEOOXOMMMEIM MCHOOJIb30BAHWE CHEMAJIBHEIX
BOJTHOBOJHBIX (WIBTPOB H IOJaBuTeNell. BoJbIIyI0 poib HMrpaeT Cco3faHme
KOHCTPYKIuUA BOJHOBOIHOTO TPAaKTa, KOTOpHIe, YUATHIBaA OCO0EHHOCTH CTPYK-
TYypel monsA pabovyero THIA BOJHBL, He BHIBHIBAIOT Npeo0pa3oBaHUA SHEPrUU
mocJieTHEeH B YHEePruio MapasmTHHIX THIOB BOJIH.

B ravecTse mpmMepa MOKHO IPDHBECTH IPAMOYIOJBHEIA BOJHOBOJ C pas-
Mepamm cedenma 1,0AX2,5\, KoTopHIZ B AmanmasoHe dactoT 8—10 [I'ey obecme-
gppaeT pabory 0e3 KoMIpeccmpoBaHWS IOPH HMIYJILCHOH MOIMHOCTH 10 5 Mer
{cM. § 5.3). CpexgHaAsa MOIJHOCTH, IPOINyCKaeMas II0 9TOMY BOJHOBOXY 0e3 BojsA-
HOTO OXJIA)KNIeH’s CTeHOK, Moj;keT mocrmrath 100 xer.

HamGonpmmue ycmexu B paspaboTke M mpEMeHeHHH MHOTOBOJHOBBIX BOJHO-
BOJIOB [IOCTHTHYTHl C HMCIIOJIH30BaHWEM BOJHHK TmHa Hp B KpyriioM BOJHOBOJE.
Kaxk ywasmBamoch B § 4.3 m 5.4, B, aTa BoJHa 006Jagaer aHOMAaJbHO HHU3KUM

daTyXaHHeM, HeOrpaHHYeHHO yMeHbINAKINHMCA C YyBeJIndeHHeM OTHOHIBHHH§,

fipp9eM IpH pajmyce BOJHOBOAAa R=~ (3—4)A morepm [o/uKEE OBITH Ha He-
CKOJBKO HOPANKOB HUKE, YeM Y OGHIYHEIX BOJHOBOZOB. OJHAKO O HOBpEeMeH-
HO ¢ BoJHOI THNa Hg o mofo0HOMY BOJHOBOAY MOTYT PAacIpoCTpaHATHECA Golee
COTHH JPYTHX THIOB BOJH, KOTOPHI® CIEIyeT pacCMAaTPWBATh KaK Iapa3uWTHEHIe.
ITH BOJHEI MOTYT B030y’KIaThcs Ha Hem30eKHO NPHCYTCTBYIOIIHX HEOZHODPOI-
HOCTAX, B TOM 9mcje Jake Ha INaBHBRIX m3rmbax BodHOBOZA. B pesymbrare
9TOr0 9acTh dHEPrudm BOJHEI Hoy MOKeT HmepexofuTh B SHEPIUI0 APYIMX THIOB
BOJIH, HMEIOINX 3HAYMTEeJIHbHO Ooapmmil Kod((@uOueHT 3aTyXaHHA.

«Ilepexaukxa» 9Heprum TPOUCXOZMT O0CO0EHHO WHTEHCHBHO IIpm Gamsoctda ’
dazoBrIx cropocTeil paboyeii m mapa3mTHOHl BoaH. C 9TOH TOUKH 3PEHHS BECh-
Ma HeKejaTelbHO#l ABndercd BojgHa tHma E;;, mMelomasa B ciaydae HealbHOTO
KPYIJIOr0 BOJHOBOJA TaKYIO K6 KPHTHWYECKYIO JJIMHY BOJHEI, Kak Hy;.

Jlna yMeHbIIOHAS IOTePs Ha IPeo0pasoBaHH® THIOB BOJIH MOMKHO HCIIOJNb-
30BaTh TOHKYIO JHBJIEKTPHYECKYIO IIEHKY, HAHOCHEMYIO HA BHYTPEHHIOIO IIO-
BepxXHOCTh BoJHOBOfa. B pesyiasrTare dTOro ¢asosbie cropoctu BoaH Hg m
£, craHoBATCA pas3nMIHHIME, Olarofapd d4eMy yMeHbIIaeTCs o0Igee 3aTyXaHHe
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npu pabGore ma poame Tuna Ho. [pyrum myTeM ABIAETCA HCHOOJIB30BaHME KPYT-
JIOTO BOJHOBOJA, CTEHKH KOTOPOTO COGPAaHbl U3 M30IMPOBAHHLIX METAIMYIECKHEX
KOJeIl WM W3 CIPasn, HAMOTAHHOM BUTOK K BUTKY W3 H30JHPOBAHHOIO IIPO-
Bojla. Mzousmua MesRIy KOJALIAMEH HJIM BHTKAMH Pe3Ko HapyumiaeT IpoAOALHEIS
TOKH BceX THIIOB BOJIH, KpoMe BOJHBEI Hj;, uMeIol[eidi TONBKO KPYTOBHI€ TOKRE
(1axuM ke cBoiicTBoM obaamaioT Bce Boambl Tuna H,, ). CosnaHme onmcaHHBIM
oyTeM aHH30TPOIHOA HPOBOJUMOCTH CTEHOK BOJHOBOIA HPHBOJAT K caMO(mib-
TpAamuu NapasuTHLIX THIOB BoJH X obmerdaer paboTy Ha «YMCTOi» BOJHE THIA
Ho;.

lIlpmMeHeHNMEe KPYIJIBIX BOJHOBOJOB, BO30Y:KIeHHBIX Ha BoaHe tmia Hg,
0co0eHHO IpPHBJIEKATENbHO B MIJUIEMETPOBOM JHalla30He BOJH Ha YacToTax
50—100 I'zy. o cuX mOp OCHOBHBIe YCHTHS HAUPABIAINCH HA CO3MAaHHUE BOJ-
HOBOMHBIX JWHAH TAJbHE# IMUPOKONOJOCHON ¢BsA3W. lloTepm, mocTuTHYTHIE Ha
OpaxkTuKe, He mpesbimanwT 1—2 06/kMm, 9TO B OCHOBHOM Y/JOBJIETBOpPseT CHCTe-
MaM cBasd. IpejcrasiseT MHTepec MCIOJIb30BaHIle BojHBI TmHa Hp B Kpyriom
BOJHOBOJIE HeIOCPE[CTBEHHO B pajuodjieKTpoHHo ammaparype CBY pmamna-
30HA, TAK KAaK, DOMHMO MAJbIX IOTeph, IpuMeHeHue BOJHBI THHAa Ho MoEeT
HaTh PAL HAPYrux OpemMymiectB. Tak, BBUAY OTCYTCTBHA IPOMOJBHBIX TOKOB
B CTEHKaX BOJHOBOJa Ipu BoiHe tuma Ho; He tpebyercA NIpuMeHeHHme CIEIU-
QJIBHBIX JPOCCENMPYIOUIUMX YCTPOMCTB HPH COWIEHeHUMH OT/JeJbHLIX CeKIIHil
BOJéHZ(;BOILa n Opu paspaG0TKe KOPOTKO3AMBIKaWINITX mmopmued (cp. § 8.1

IlpuBeeHHBIMA OpEMEPAMH JaleKO He HCYephbiBaeTcAa IpobiemMa MHOIO-
BOJHOBBIX BOJHOBOHOB. PojcTBeHHBIe BOHPOCHI IPUXOAUTCA pemarh, B 9acTHO-
CTH, NPH H3MepeHHH MOIIHOCTH TAPMOHHK W HO0OYHBIX M3Iy4eHHii, HOPHCYT-
CTBYIOIMX B CHEKTpEe DJIeKTPOHHHIX reHepaTopoB m ycmaureneii CBY. B camom
Jeie, KonebaHmsa, YaCTOTA KOTOPHIX 3HAYMTEJIHLHO NpeBeImMaeT pabouyio 4acToTy,
MOTYT NPUBOXHETH K BO30Y)KIEHHIO BHICIINX THIOB BOJH [gajke B OOBITHEIX
«OJHOBOJIHOBBIX» BOJHOBOMHBIX TpaKTaxX, MOCTPOEHHHX Ha (asze paccMOTPeHHAEIX
CTAHJapPTHBIX BOJIHOBOJOB.

§ 5.8. IPOUYNE TUIbI NEPENAIOLIHUX JHHAN CBY

IToMnMo KoaKcMambHBIX JUHAA ® BOJIHOBONOB IIPSIMOYTOJIHHOI'O
u Kpyraoro ceuenmsa, B TexHnke CBY mmorma mcmoabsyroTca mapyrme
THIB CIIeHaJbHEIX JuHUN. HopoTKO paccMoOTpmM yCTpOCTBO W oOC-
HOBHBIE€ CBOMCTBA HECKOJNBKHUX THNOB TAKMWX JIHHUHA.

a. IlI- u H-o06pa3nbie 801H08000!L

Ycrpoiicteo II- m H-06pa3HBIx peOpHCTEIX BONHOBONOB MOKA3AHO
Ha puc. 9.12. 3TM BOMHOBOABI OTAWIAIOTCS OT OOBIYHLIX BOJHOBOLOB
IPSIMOYTOJIBHOTO CEYEHHWSA IPUCYTCTBHEM OIHOI0 WJIW ABYX IIPOMOJL-
HEIX METAJNIMYECKUX BHICTYIOB, PACIOJIOMKEHHBIX B I[€HTpPe MINPOKOIR
CTeHKH TPYOHI.

OCHOBHBIMEH TPEAMYIH[ECTBAMH IIOMOOHBEIX BOIHOBOJOB SBIAIOTCSH:

1) Gomee mmpokas, yemM y npAMOYTOJILHOTO BOJHOBOAA, HOJIOCA
9acToT, B IpefelaXx KOTOPOH BOJHOBON MOMKeT paboTaTh B PeKAME
ORHOTO TUHA BOJHBI;

2) yMmeHbImeHHEIe ra0apuThl B CPaBHEHAM CO CTAHJAPTHHIM IpA-
MOYTOJNBHBIM BOJIHOBOZOM, PACCYATAHHBIM Ha Ty jKe CPEIHIO 4aCTOTY.
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VKasaHHBIe CBOICTBA MOKHO HOACHATHL KA9YEeCTBEHHO CJEYIONAMH €000-

paxennAmu. PaGouag mosoca 9acToT OOBIYHOrO MPAMOYTOJBHOTO BOJHOBOA
a
apm b<—5~ orpaHHYeHAa BO3HHKHOBeHHEM OimKaiimell BeICmIeid BONHBL THIA Ha.

Eciiu B IleHTpe IPAMOYIOJIbLHOTO BOJHOBOJA, BO3OY:KIeHHOT0 Ha BojHe Hg, pas-
MeCTHTh OfHY HWJIH MBe MeTa/LIMYecKHX ILIacTHHLl (pebpa), KaK HMOKA3aHO HA
puc. 5.13, TO OHH He MOIyT CYImeCTBEHHO BO3MYTHTDL 3JEKTPOMATHHTHOE MOJE.
CaenosarenbHo, pefpa Majo BIHAIT Ha KPATHYECKYIO JAumay BOXHEI Hy. C mpy-
rol CTOPOHEL, AIA BoJHBI THHa H;y Takme niaacTHHEI OKA3BIBAIOTCA B IYYHOCTA
DISKTPUIECKOTO TOJA HW HOJIKHBI CHJIBHO BO3Mymarh ero. OTciofa HY:KHO cle-
JlaTh BBIBOJ, 9TO BeJIUYHWHA Axp A BOMHEI THIAa H,o CymecTBeHHO M3MeHseTCA
P BHECEHHUU ILJIACTHH.

Haxk 06puto mokasamo B § 2.8, KpurudecKkas [AJuHA BOJHBEI ¢ (PU3MIECKON TOT-
KN 3PpeHHs OoIpeJelsaeTcs pesoHAHCOM BOJH, pAacHpPOCTPAHAIOMMUXCA MONEePer BOJg-
HOBOAQ, IPH OTCYTCTBUW BapHALUU HOJA BIOJIb
ocu JamHEEH. O6pamascs cHoBa K pmc. 9.13,

MOKHO 3aMeTHTh, dTO pebpa CcO3HAIOT B q 3
LeHTPe BOJHOBOJA HpW BoJHe THHa Hio momo- /\\ _
O1e cocpemoTOYEHHON EMKOCTH. IJTa EeMKOCTh VE
BKJII0UEHA MapaslieIbHO BOOOpasKaeMBIM «Ijedi- B / H
tham», oGpasyrOIMUM CTeHKH HPSIMOYTOJILHOTO AR VW 20
sonHoBoga (cm. pmc. 1.1). Pesomancuas pnmna M “ﬂ‘ I
BOJHKI KoxeGaTesibHOTO KOHTYpa, 00pasoBaHHO-
[0 YKasaHHOH EeMKOCTBI0O m «IuiefipaMu», yBe-
sununBaerca* IlosTomMy Opm BHECEHHH BHICTY-
y £y
19
Ay \/E
[ *\ / Hip
| i
\Y :
a
Puc 512 PelGpumctoie BosHOBOmB! H- m Puc. 5.13. Bamanme wmeran-
[T-o6pasnoro ceveHmit JUYeCKuX MJACTHH HA 3Jjex-

TpUYecKoe TI0JI¢ BOJH TH-
nos Hy m [,y B mpamo-
VI0JILHOM BOJHOBOJE

0B B NIPAMOYTOJbHBEIA BOJHOBOJ KpHTHYECKas AJWHA BOJHE THma H)o JomxHa
YBeJIWYNTHCA NPH HEeM3MEHHOH Kpumrumueckoit Bosme tuma H,, PaGodas momoca
9acTOT, COOTBETCTBYIOIIAaA pabore HA BUOM3MEHEeHHOM THIE BOJHHI Hjo, Moser
OBITH TeM caMbIM B3HAYHTEJILHO YBelWueHa. llpm 3aflaHHON dYacToTe CHTHAJA
pasmep a H- mmam II-o6pa3Horo BOJHOBOHA MOKET OHITH 3HAYNTEIBHO YMEHB-
OIeH 110 CpPaBHEHHWIO C OOBIYHBIME IPAMOYTOJBHLIMA BOJHOBOJAMM.

PacimupeBne mosiockl IaCTOT W yMeHbIDeHHe rabapuTOB BOJTHOBOIOB IOCTH-
ralTcs TeHOW CHWKeHHWA HPOOMBHOW MOIIHOCTH U YBeIHUYeHHA 3aTyXaHHUS.
JT0 He [aeT BO3MOKHOCTH OYeHb IMHPOKo mpuMeHATs H- u Il-o6Gpasubie
BOJTHOBOAEL. TeM He MeHee, OHM MOIYT OKas3aThCA IOJNE3HLIMHU, HAIPHEMeD,
B ciydae, Korja mo ogHON m Toil ;Ke JmHEEM TpelyeTcs mepenaBaTh yMepeHHYIO
MOIHOCTD B 3- B B 6-CAHTEMETPOBOM JWAINa30HAX BOJH.

* 910 dABIEHHEe PpacCMATPUBAETCA ¢ HECKOJIBPKO HHONM TOYKH 3DPEHHA
B8 § 10.2,B, HOCBAINEHHOM [IOJBIM PE30HATOPAM C TAK HA3LIBAEMOM YKOPAYHBAIO-
el e€MKOCTHIO. '
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Bommosomsl H-00pasHoro cedeHHmA Tak)ke HANLIX IPAMEHEHWEe B BLIBOJAX
PHepPrIM MAarHeTPOHOB, Il OHH HCIONB3YIOTCA B Ka4ecTBe TpaHCHOpMEDPYIO-
OAX OTpe3KOB JIMHUIl — YeTBePTbBOMHOBHIX TpaHCcHopmaTopos (cMm. § 7.6,a).
3mech HeMaJIoBajKHOe 3HAUYeHHEe MMEIOT TeoMeTpHYecKHe pasMephl BOJIHOBOJA,
B ocoGeHHOCTH Majibie pasMephl a W b’. CHmKeHne HpoOMBHON HPOYHOCTH He
ATpaeT B JlaHHOM ClIydae CYINecTBeHHOHI poJim, Tak Kak ceknua H-o6pasmoro
BOJHOBOZA PAacCIoJaraeTcs BHYTPH BaKyyMHo# 000J0YKHM MarseTpoHA.

L4

6. IToa0cK08bLe (neHmOUK ble) Aniun

HomnckoBbie Tepearommne JHHAW TPEACTABIAIOT c000I0 HAJbHEI-
mee pas3BUTHe UPUHIAIIOB [BYXIPOBOAHOU W KOAKCHAJHLHOU JUHUIA.
3aMeHuM Yy KOAKCHUAJIBLHOW JIWHUU HAPYKHBIT KPYIJIBIA IPOBOTHHK
OpAMOYTONBHEIM W OymeM yBeIU4YUBATH pa3Mep @ ITPU KPYIJIOM WIH
HPAMOYTOJILHOM BHYTpEeHHeM TpOBOgHUKe (puc. 9.14, a, 6). Ygansas

Puc. 5.14. Tlepexom OT KOAKCHAJbHON JWMHAH C BOJHOU
tana TEM K CHMMeTpHYHOW IIOJIOCKOBON JIHHUHA

B npefese OOROBBIE Y3KUE CTEHKH, MORHO IPHHATH ‘K KOHCTPYKTHBHOMY
BApHWAHTy CHMMETPHYHON NOJOCKOBON JMHWH, W300paKeHHOMY Ha
puc. 5.14, 6. Ita amEUS o0pasoBaHA ABYMsS MeTAJUIMYECKUMH JIEHTA-
MU, MKy KOTOPBIMHA MPOXORHUT TPeThdA, Oojee y3KaA MeTaImdecKas
I0JI0Ca WM KPYTJIBLA CTep:KeHb. B cHMMeTPDHYHON ITOJOCKOBOX JWHUUT
MosKeT OBITH Bo30y:Kmena sosHa tana TEM (mpm wacTmaHOM 3aTonHe-
AN [U3JIeKTPUKOM — BoaHa KBasu-TEM) co cTpykTypoit mons, yka-
3aHHOHN Ha TOM ;Ke pPUCYHKe.

Ecau pasmep b cedeHuWss IuHUN MeHbINe IOJOBUHBI IJIUHBI BOJHEI,
TO T0JIe MOJKET JIWIIMh TPOBUCATH B TOIEPEYHOM HaMpPaBJIEHUH, CIIaiast
B -00e CTOPOHEI IO DKCIOHeHTe. DOKOBBIE YYACTKHM JMHAM IOXOOHEE
TIPSIMOYTOJBHOMY BOJHOBOMY, BO30Y/KIaeMOMY Ha 9acTOTe HUKE KpPH-
THYECKOW. 3aMeTHOT0 W3IYYeHNA BHICOKOYACTOTHON HHEPIUH W3 JIHU-
HAW He NPOWCXOAWUT, eCIW IIWPHHA ¢ JEHT He MeHee 4eM B O pa3
I[PEBEIIIaeT paccTosIHne b MeRIy MiIacTHHAMA.

Ilomockopble JMAWH MHOI'A BBIOOJHAIOTCA B BHAe TOHKUX METANINICCKHX
cinoeB (¢oxnrm), HaHeCOHHBIX Ha JWCTHI AmddexTpumka (pmc. 5.15). Ilpm wmaro-
TOBJGUAN TAKHX JWHHAHA MOKeT OBITH WCIOJIL30BaH MeTo] IIeédaTHBhIX CXeM, YTO-

oco0eHHO IeHHO IpH MaccoBoM mpomssoicTBe ammaparypu CBY. Ilpocrora,

KOMIIAKTHOCTH, MAJILIA BeC M [eIleBA3HA — OCHOBHEIE JOCTOMHCTBA IIOJIOCKOBBIX
TAHNH.

PaGouas mosoca uacToT NOJOCKOBHIX JIMHEA 3HAYUTENbHO OGonbmme, gem
Yy CTaHJApPTHHIX IIPAMOYTIOJABHEIX BOJHOBOZNOB. IloBhlIIeHme 9acCTOTHI, Kak
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W B Clyuae KOAKCHAIbHON JIMHWH, OTPAaHMIEHO BO30Y)KIeHHeM BBICIINX THIIOB
poiH. Hpmrwdeckme pmiament Bonm Oamwxaimmux TEmoB TE m TM moxockosoii
JAMHAN MOTYT OBITH BHIYMCJIEHHI W3 COOTHOINEHMI

_ - b —
()\Kp)TM = 2b V g; ()\Kp) 7 = Lep Ve= ( 2w -+ —Ti") VE. (5.47)

3peck Lcp — cpemHuit mepmMeTp CeYeHmA CHMMETPHIHON IIOIOCKOBOH im-

HNW, COBHA/AIOINAA C CHJIOBOW JWHMEe# MArHATHOrO MOJA, H300pasKeHHOH Ha
puc. 5.14, 6. Ilpemmomnaraer-

¢fl, 9TO HPOCTPAHCTBO MEIK- o
Ay OpPOBOMHWKAMH B3amoiHe- AUi/exmpux Memany

HO OIHOPOJHBIM  HMB3OTPOI- V //// / \\fwﬁefmp ur
HBIM JU3JIeKTPAKOM ¢ OTHO- ‘ &
CHTeJIBHON JHOIeKTPHIeCKOM % / // /
OPOHATAEMOCTBIO €. \{

C yderoM cooTHOmeHUs Memany
(0.47) mupuHA JEHTH W

Puc. 5.15. IlomepeuHoe cedeHme cEMMeOTPHY-
HOM WM HeCHMMETPHYHOU IOJOCKOBEIX JIMHHAI
4T0 HNpoOMBHASA MOIHOCTH

OOJOCKOBEIX JHHHM C BO3-

OYIIHBIM HANMOJIHEHWeM NpPHMEepHO B 4 pasa MeHbINe, & IOTePH HECKOJIBKO
BRIIIE, YeM Y OOBIYHOIO HPAMOYTOJHLHOIO BOJHOBOIA, MMEIOMIETO Ty e Bepx-
HIOIO rpaHuny paboumx gwacTor. B orHOmEeHMH TpPOOMBHON IIPOYHOCTH IOJOCKO-
BEIe JIMHUM OJM3KH K KOAKCHAJHHBIM, HO BBITOTHO OTJAMYAIOTCA OT HHX IPO-
C10TON KOHCTPYKITAN.

ITosocKkoBhie JNWHEM HAXONAT NPHMEHEHHE B BHICOKOYACTOTHEIX TPAaKTax
HekoTopeix TunoB CBY mnpmeMHHMKOB, paboTamiimx B [HalasoHe IPHUMEPHO
ot 500 Mey no 10 I'ey. 9tm auEWE neaecooOpasHO NPUMEHATH H B yCTPOiCTBaX,
rie He TpebyeTcsa mepepada BechbMa OONBIIMX MOIHOCTEH, HO Ifie peMAIOIyI0
pois mrpawT rabaputer u Bec [30].

KoHcTpyknus, Gan3Kasg K CUMMEeTPUIHOW ITOJIOCKOBOH JWHHH, HAmJja IIHPO-
KOe HpHMeHeHWe B KOAKCHAJBHHIX H3MEPHUTENbHBIX JMHUAX ¢ IePeBIKXHBEIM
soHmOM (cM. § 7.2 m 8.7). C moMompbi0 IOJOCKOBHIX JIHMHWN OCOGEHHO YAAYHO
pemaerca 3amada KOHCTPYHPOBAaHHS KOMIIAKTHBIX CJIOKHEIX y310B GBY Tpax-
TOB — (PENBLTPOB, oTBeTBHTENell m Hp. OFXHAKO HEIOCPeJCTBOHHOT0 IPAMeHEeHHs

OpA KOHCTPYHPOBAHWM 3JIEKTPOBAKyyMHbIX mpumbopoB CBY monocKoBhle JWHAK
IOKa MOYTH He HAILIW.

Jod;KHa OBITh MEHbIIe 5 -

8. lusaexmpuueckue 804AH08000bL

Ramanmsaumsa 5JIeKTPOMATHETHEIX BOJH MOKET OCYI[€CTBIATHCA HE TOJBKO
¢ DOMONIIbI0 IepefalImuX JuHAK, 06pasoBaHABIX MeTAIMYCCKEME IPOBOHHKA-
MH, HO M C HOMOINBI0 [WAIEKTPHYECKNX IJACTHH WIH CTep)KHeH, He OTpaHHm-
YeHHBIX MeTAIMUYECKMMHE HOBepxXHOcTAMU. IIpmMepoM TaKOd IMHAH ABIAETCA
KPYIJBIH JU3JIEKTPNIeCKA BOJHOBOJ, NPEICTABIANINANA CIUIOIDHOX NUINEKTPH-
yeckmid mmamHAp. C (msWYecKOod TOYKM 3peHHWA pacHpoCTPaHEHHe BOJH IO
IM3JIeKTPHIeCKOMY BOJHOBOAY OOYCIIOBII@HO IIOJHHIM BHYTPEHHHM OTpa’KEHHOM,
TPOMCXONAIIAM 0pPH HAKIOHHOM DIafileHWW BOJHEL Ha IIOBePXHOCTH pasfenia
ABYX IUWAIEKTPUKOB CO CTOPOHHEI CPeIBI, mMelomeit 6ojee BEICOKYI0 AHIIEKTpH-
YeCKYI0 IIPOHMIaeMocTh. HarmasggneiM HosACHeHWmeM 3Hech MOTYT CIY:KATh Iap-
1AaJIbHBIE BOJHBI, paCCMOTPeHHEe B § 2.8.

AHanw3 mOKa3BIBAeT, 4TO BOJHEI, PAaCIPOCTPAHAIONIHECA IO JHASJIOKTpHYe-
CKOMY BOJHOBOZY, B 00IIeM Ciydae sIBIAIOTCA THOPHIHEIMY, T. ©. HMEIOT BCO IN6CTh
COCTABJIAIMAX HIeKTPHYeCKOro M MarsatHoro mojgeir. Cpeim 6GeCYHCISOHHOTO
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MHOKeCTBAa THIOB BOJH, MOTYIIUX CYIeCcTBOBAaTH B  JUBJICKTPHISCKOM
BOJIHOBOfe, HAmMOONBIINI WHTEpeC IpPefCTaBJiAeT TaK HasblBaeMas AUIOIbHAA
Bosima tuna HE;;, cTpyKTypa IOJA KOTOpOoi m3o0paskena Ha puc. 5.16. Idror
THI uMeeT OECKOHEYHO OOJBIIYI0 KPUTHIECKYI0 [JIMHY BOJHEI, T. €. MOKeT
B IpHHIUIE CYI[ecTBOBAaTh Ha JOOHX dactoraX. HalpsyKeHHOCTh HOJA cha-
flaer TPHOINBUTEJBLHO IO JKCIOHEHIMAJIBHOMY 3aKOHY B paJdaJbHOM HaIpaB-
JeHME TPH yAaJeHHH OT IIOBEPXHOCTH JAW3JeKTpuKa, YacTh dHeprum Iepeaa-
eTCA BHYTDH [U3JEKTPHKA, a OCTAJbHAA — [BHKETCA 3a IpegesiaMi JUAJIeKTPH-
YECKROro mwimHipa. Us;rydeHud sHepruu OPM DTOM HE HPOHCXORHUT: WOJe Kak
OBl (OPHRUMACTCA» K [UDJIEKTPHICCKOMY CTEP/KHIO. DTO NPHKAMAHHE TeM
3HaUUTEeNLHee, YeM 0OJbIIe OTHOIMEHWE AuaMeTpa CTeP:KHA d K JJWHE BOJHEI
B CcBOOOJHOM TPOCTPAHCTBE I YeM BbILIe AWDIeKTPUYecKas IPOHUIAEMOCTh
MATCPiI&IQ, 113 hUTOPOLO H3TOTORJIEH CTEPIKeHb.

Auanexmpux

Puc. 5.16. CtpykTypa moJda B JUAJIEKTPUUECKOM
BOJTHOBOMe Tpu 1uOpupHOil BoamHe Tmma HE)

Bosnpl, obmapaiomue MTOXOOHBIMU CBOHCTBAMHM, INIPHHATO HA3LBaTh no-
gepzrocrutmu. Kak Oymer moxaszano B 1i. 11 mpu pacCMOTpeHnM 3aMeISOIIIX
cucreM, a3oBas CKOPOCTH IMOBEPXHOCTHHIX BOJIH BCETNa HECKOJBLKO HIKe (a He
BBIMIe, KaK B OOBIYHLIX BOJHOBOJAX) CKOPOCTH CBeTa B CBOGOJHOM IPOCTPAH-
CTBE.

3aryxaHme BOJH B [HIJEKTPHYECKOM BOJHOBOLC 3aBHCUT OT TAHreHCA
yriia no;epb WCIONB3YEMOT0 OUDAJIEeKTPUKA M YOHLIBAeT ¢ yMEHLIIeHHeM OTHO-

oreHnA T, TaK RaK IOPH 9TOM BCE MEHbIIIasd 9aCTh SHEePTUM BOJHBI IIEePEeHOCHTCA

BHYTPH JU3JIEKTPUKA.

JusaerTpuuecKuii BOJTHOBOJ OCOOEHHO BajKeH A HIKHEH dYacTH MULIJIA-
METPOBOTO M Jisi CyOMUAJIMMETPOBOTO [MALla30HOB BOJH, TJe IOJLle MeTaJllii-
Yyeckme BOJHOBOALI 00JafaloT B3HAUWTEJNLHBIM KOI(QPUIHEeHTOM 3aTyXaHuA
M HMeEIOT BechbMa MaJjbie pasMephl cedeHua. Jaa paboTel Ha OQHONE BOJHE
tana HE;, puamerp d qudJIeKTPHMIECKOTO CTEPKHS MOKEH OBITH JOCTATOTHO
MalbiM, 4TOOBI HE [ONYCTHTHh CYIIeCTBOBAHUA OJIDKAHIIero BBICIIEr0 THIIA
BOJHHL. AHaJNW3 IIOKA3hIBaeT, YTO KPHUTHYECKAs [JINHA BOJHH* OumsRaiimmero
BEBICIIIET0 TUIIA COCTaBJACT

Axp = 173d 'l‘/—el — €y,

* Hpurnueckaa (rpaHWYHAs) JJMHA BOJHBI B [UBJIEKTPHYECKUX U JPYTHX
OTKPHITHIX BOJHOBOJAX HMMEET HECKOJbKO HHOM CMBICJ, YeM B IOJBIX MeTal-
anmueckux. IIpm A>MAyp He mpomexoguT SKCOOHEHNHUANLHOTO B3aTyXaHHA IOJA
B [IOIEPEeYHOM Ce9eHHM BOJHOBOJA i YHEPIUA JAHHOTO THIA BOJHBI M3IYyIaeTCHA
B OKpy:Kamliee IPOCTPAHCTBO.
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3eCh € M €; — OTHOCHUTEJbHLIE JUAJIEKTPHYECKHe IIPOHUIAeMOCTH JHDJIEKTpu-
Ka, M3 KOTOPOr0 W3TOTOBJEH BOJHOBOJ, U OKpYyKawIllieu Cpebl.
TakuM oOpasom, pjis paGoTel Ha OJHOM THIIe BOJH JuaMeTD BOJHOBOfa d

fosKeH OHITH Memsmme, wem A/1,37 e—¢a.

Ha cyOMIIINMeTpPOBLIX BOJHAX AUBIEKTPUYIECKHE BOJHOBOJ AOJKEH MMETD
BAJl TOHKOM HHTH. 9TOT THII Iepefaiomieil JHHAN IPOCT B H3TOTOBICHHH, MMEET
CPaBHUTEJNBHO Majible IOTepWM M, HECMOTPA HA HEKOTOPHIe TPYAHOCTH, HMeeT
[ePCIeRTUBH IPAKTUYECKOTO IpNMeHeHUS Ha BOJHAX Hopagka 1 mm m Kopode.

NuTepecHo mpuMeHeHWe MUDIEKTPUIECKAX BOJHOBOJOB Ha BOJNHAX ONITHYE-
CKOro fiMamasoHa. B ToM ciyuae BOJHOBOX WMeeT BHJ TOHYAMINEI0 BOJOKHA,
H3TOTOBJIEHHOI'0, HalpHMep, W3 CTeKJIa, OKPY/KeHHOIr0 CJIoeM JIpYIroro CTeKna,
IMEIIero MeHBNIYI0 BeinduHy €. BosMOsKHO ofbefumeHme OOJBINOro 4Ymcia
TAaKUX BOJOKOH (7o 10%) B ruOkwme RryThl, cly;Kallue [Js Iepegadu onTHIe-
cKnx wusolOpajkeHuil. B aroii ofgactn, Kak ¥ B pPAAe APYTUX HAIpaBICHUI,
TexHnKa CBY cMeIKaercs ¢ coBpeMeHHO# ONTHMKO# (cMm. § 12.2).

IR,

AuINnexmpux Memann Jusnexmpun ’
a) 4)

Puc. 5.17. BoaHOBOAHBIE JUHHAM:

a — OJHONPOBONHAS JIMHHS G JQU3JEKTPUUECKHM MOKDBLITHEM,
6 — H-o6pasHblil MeTa10-LH3IEKTPHUCCKHH BOJHOBOL

HexoTopolil MHTEpeCc NIPEACTABIAAIOT METAJIO-KUAIEKTPHICCKHEe BOJHOBOJET,
HaxopjAIIue WHOrja IpuMeHenue B JuanasoHe CBY mapsagy ¢ pacCMOTpPEHHBIMW
auausamu. Ilpumepst ycrpoiicTBa JABYX MeTaNIO-IUAIEKTPHYECKHX BOJIHOBO-
A0B — OIMHOYHOTO METAJVIMYeCKOTO0 IPOBOJA, WOKPHITOTO CJOeM HRUdJIeKTpHKa,
1 H-00pa3HOro MeTajIo-IudJIeKTPUIECKOTO BOJHOBOJA INOKa3aHH Ha puc. 5.17.
B mnomepedynoM cedeHUW STHX JHUHHH, KaK M B CiIydae JAUAJIEKTPUILCKOTO
BOJIHOBO/Ia (M JICHTOUHON JIMHHWM, paccMOTpeHHOi B § 5.8, 6), moje yOnIBaeT IO
SKCIOHEHINAJbHOMY WM OJU3KOMY K SKCIOHOHIMAJILHOMY 3aKOHY.

2. PaouaasrvHas AUHUS

IIpn KoHCTpPympOBaHUYW CBEPXBBHICOKOYACTOTHON ammapaTypsl HpH-
XOIUTCA CTAJKHBATLCA € eIlfe OMHON, HEeCKOJILKO HeOOLIYHOW ImHmeH
mepefiladd — TaK HasbkIBaeMoli paduaavroll aunueil (cm. pue. 5.18,a).
dra AmHNSA 00pasoBaHA ABYMA IapaLIedbHBEIMHI MeTaJUIMIeCKIMHA ILI0-
CKOCTAMH, MeKAYy KOTODHIMU HMeeTcs ONHOPOMHLIN MUOICKTPHUK WIIH
BaxkyyM (Bo3myx). Pacmpocrpamenme Boim mo Hell mpomcXOimT B pa-
OUATbHOM HaIpPaBiIeHHNW OT MecTa BO30OYKOCGHUA, Kak IOKasaHO Ha
puc. 5.18, a. IlyrrrupoMm oGo3Haden (PPOHT BOJHHI, HMEIOIINH PopPMY
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mmnrnagpa. Takum oGpasoM, HOIepeYHoe CeYeHHe pajuajbHOl JIWHUR
FMeeT Hem3MeHHYIO (opMy, HO He COXpaHSeT NOCTOSHHLIMH PasMephl!
nonepeunoro cedeHus. IlodsTomy pajmaneHas JAWHEA [OMKHA OBITH
OTHeceHa K KaTeropum HEeOJHOPOJHBIX IepefaloIuX JINHMIA.

Omycrass aHaium3 0ecYHmCIEHHOI0 MHOKeCTBa THIIOB BOJH, CIOCO0-
HEIX PACOPOCTPAHATHCA IO PajfHaIbHOA JWHUH, CIEAyeT OTMETHTh
Hu3myI0 BoaHy THma TM, y KoTOpoit mojsie He mMeer BapHaluii B Ha-
HpaBieHNN OCH 2 W IO a3UMyTy @. JIeKTPHIECKOe I0Je DTOH BOJHBI
HaIPaBJIeHO NMEPHEHUKYIAPHO K METAJIIAIeCKAM ILJIOCKOCTAM. BEIco-
KOYaCTOTHOE MAarHHTHOE II0Jie
nMeeT (OPMY KOHIEHTpHUUe-

VA
CKUX OKPY/KHOCTeil, KaK IOKa-
3aHO Ha pmc. 9.18, 6.
|1 IlpakTugeckoro mpumMeHe-
HUA IS TepeJadd SHePTmd OT
reHepaTopa K Harpyske pa-
Memannuyec @ JnajJbHAsA JUHUA HEe HaXOOUT.
| a poHM B0/1Hb!
ke nnockacmu ) Tem ne MeHee, pajgmadbHasA
JUHUSA TIPEeACcTaBisgeT WHTEpec,
O
CKHX IIOJNBEIX PE30HAaTOPOB, a
2) TaK/Ke HEKOTOPHX [POCCeb-

B YaCTHOCTH, C TOYKH 3peHHA
7 5 HEIX YCTPO#CTB, paccMaTpH-
L.

AHTEPOpeTannu [UIHHIpUIe-
BaeMEIX B TJL.

§ 5.9. BOJHOBO/J B PEKIME

7 OTCEYKN (3AIIPEJIEJIBHBIN
BOJIHOBOJI)
‘ x
‘\ Hpmrrepmem pacupocTpane-
. HUS BOJH IO JIOOOMY BOJIHO-
BOXY SIBJSETCS HEPaBEHCTBO

D-j A < ()‘Kp) HH3ILEro THIIA BOJHbI.
Pmc. 5.18. VcrpoiicTBo pagmambmoi O6paTuMca K clydaio, KOr-
JuHEAA B (QopMa SIEKTPUIECKHAX N} Ha palo4as [JIMHA BOIHEI

MATrHUTHBIX CHJIOBLIX JMHHA npum Oe-

P 0oJbIIe KPATHIECKON HUBIIETo
rylie#i BOJIHe HHU3IIEro THOA

tuma, T. e. BoxHE Hig B mpsa-
MOYTOJILHOM BOJIHOBOZE WA
BorHEl Hi; B kpyraom Bommosome. Ilpm AL, Hacrymaer pe-
UM OTCEYKH, W pacIHpOCTpaHEHHS BOJH He IPOUCXOJHUT, II0ITOMY
MCIOJb30BaTh 3alIPeJebHBI BOMHOBOM [JisA Iejed 00BITHOH Tepefadn
9Heprum Heib3A. TeM He MeHee, BOJHOBOX B PE)KUME€ OTCEYKH Ipef-
CTaBJAeT 3HAYUTEIbHEII HHTEpec.
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PaccMoTpuM mocTosmmyio pacnpocTpaHeHHsA Y B clydae 3ampe-
JeJILHOTO BOJTHOBOMA. ITo 00mmyM COOTHOMEHNSIM UMeeM:

A\ o I \2 2 \2
=kt =— () e ()
lomaras mia npocrorhl £=p=1, momyuaem:
2 Tonp) 2
(== Y - (he) (5.48)

Kp

[Tpn A>hyp HOAKOPEHHOE BHIpAsKeHHe CTAaHOBUTCHA IIOJIOKATENb-
HOM BeJIWYMHON, W TOCTOSHHASA OKA3LIBAETCA AeMCTBUTEIbHOU
{(vy==*a). Ilogcrasasasa »T0 BhIpaskeHHe B o0I[ue ypaBHEHHA MO0JA
8 BOJIHOBOJe, TTOJIYIaeM:

E=E,e"-12=E, e** e (5.49)
H =H,e/t=17 = H,, e*** e/t, (5.50)

JIeKTpUIeCKOe W MArHUTHOE TOJS B 3alpefleIbHOM BOJHOBOJE
@A3MEHATCA 110 YKCIOHEHIMAJIBHOMY 3aKOHY W IYALCHPYIOT BO Bpe-
meHn Oe3 casmra (asel mo ocm 2. TakKoe ke 3aKI0OIeHHe OBLIO CHe-
saHo B § 2.8 mpm paccMOTpeHHH TMAaPIMANbLHBIX BOJH B KPATHIECKOM
pesRuMe.

HomoskurensHnomy sHarky B ypasHeHmax (9.49) m (5.50) coorser-
CcTBYIOT O€CKOHEYHO OOJbIIMe HATPSIKeHHOCTH TOJS Ha 0ECKOHETHOM
PACCTOSTHUU OT PAcCMAaTPUBAEMOTO CEYEHUA, B CHJIY 9Uero dTUM pele-
H7IeM MOKHO npeHeOpeds. TakuM o6pa3oM, B 3anpefeIbHOM BOJHOBOIE
Q0JIsT W3MEHSIOTCS TI0 3aKOHY

E=E, e *e~t; H=H, e e/, (5.51)

[locTrosiHHAA s3aTryxanms

20 Ao\ 2
o= ]/1_(72)_ (5.52)

IIpn A>> ¢, B HOXKOPEHHOM BBIpaMKeHHH (9.52) BTOPHIM UJIEHOM
B CPaBHEHUN ¢ eJWHUIEH MOKHO TpeHeOpedsh:

o 2Z (5.53)
Kp

CiegoBaTeibHO, ecim BHIOpAaTh pasMepHl Ce4eHHs BOJHOBOMA [O-
CTaTOYHO MAJEBIMHA, 9TO0R IPA JAHHOH YacTOTe 00€CHEeYUTH COOTHOIIE-
HEe A >k, , TO 3aTyXaHMe B BOJHOBOJE OIPEMeNAETCS TOJIBKO BeJH-
ymHOfi A, W He Oyder sasucerb 0T uacTOTHL. JTO CBOICTBO Bampe-
NeTBHOr0 BOMHOBOJA HCIOJAb3yeTcs B ociaabUTensax (aTTeHIATOpax)
IpeielbHOr0 MM, ITO TO JKe, 3aupeIelLHOr0 THIA.
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[IpmEnmun ycrpolicTBa IpeIeNbHOr0 OCIa0MTENA IOKasaH Ha
puc. 5.19. B kpyrayio TpyOKy, ATrpaiouiyio POIB KPYTIOTO 3ampefiedlh-
HOTO BOJHOBOMAA, ¢ IOMOIONBI0 KOAKCWAJIBbHOH JIMHUN BBONATCS BO30Y-
spaomue mWreiph mwin nerias. GooTBercTBeHHO 3TOMY B TPyOKe BO3-
OYAIAITCA TpemMyliecTBeHHo BOJHH THna Fo; mam Hy;. Ilockoabry

Boaya_ Bonna Bomna
munaTEM  munay, muna/TEN
ya /

© : S _ —
S -—-7'—4 J 3 | L
xQ Q 1 |
a) ! |

/roa/rcua//()/m/e |
ﬁaﬁua 13 , !
e . — — l
N I 3 |
S S I, |
~ bz |
S L S  § - z
7
Nenina cBasu 5) &, !
Puc. 5.19. Ilpuamun ycrpoiicrBa mpe- Puc. 5.20. Ilpunmum peficTBASA
HeABHBIX oOclabnrelnei IpeeabHOTO OCaa0nTeN s
a — ecaabGuTesns Ha BosaHe Tuna Ey; 6 — oc-
aaburtenp Ha BoaHe THna Hy ~

A >k, uTO OGecmednmBaeTcs BHIOOPOM AmaMeTpa TPYyOKHM, TO HaupsA-
JKeHHOCTD IIOJA cIafaeT IO JKCIOHEHIHAJILHOMY B3aKOHY, KaK MmOKa-
gaHo ma puc. 9.20. G APyroro KoHIA 3ampenedSbHOT0 BOJIHOBOJA BBO-
OUTCA TpHeMHas aHTeHHA (IOTHIPh WM TeTis), mofo6Has B030y-
AOAOmen aHTeHHE.

O6Gosnaamm vepes [ paccTossHme MeKIY IIPUEMHBIM INTHIPEM U BO3-
oy:xgatomuM. Eciau oTBIedncs or APYTAX THIOB BOXH, OBICTPO 3aTy~
XaIOIuX BOIHM3U Bo36yﬁma10mero yCTpPO#CTBa, TO CUTHAJ, MPHHUMAae-
MBIl BBIXOJHBIM YCTPOIMCTBOM, B COOTBeTCTBHE ¢ YyciaoBmeM (9.51)
OIIPeIeNIuTCA COOTHOIIEHTEeM

| EBbIX | — ! EBX ‘ e—al. (554}

N3mensa paccrosiHnme ! myTeM mepeMeleHWs HPUEMHOI aHTeHHEI
BIOJAL OCH 2, MOKHO pPeryjlmpoBaTh CHTHAJ Ha BEIXOfe ociaburess.
IIpm srom meoOGXogmmMo MHORYEPKHYTH, 4TO IIOJIyIaeMoe ocjabreHue
He CBASAHO ¢ KAKHM-IuOO IOIVIONIeHWeM SHepruu B ociaaburene. Bces
OCTAJbHAS DHEPTHUs BOJHEI, MOCTyIaloMIeil HA BXO MPefelIbHOTO0 0Cla-
OuTesisi, OTpaykaeTcs B CTOPOHY TeHepaTopa.

Beamumna ocnabimenns L omucniBaeTca COOTHOMIEHTEM

— 20 Ig —‘-EB—XL —90 Ig e 28,68 al 6.  (5.55)

* Ble ’

Taxum o6pasom, ocnaﬁnenne ABIAeTcA IHHeHON PyHKImed mepe-
Mewennsa [
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Bennunna a Moyker ObITH BLIYHCIEHA IO pasMepaM cedeHus (B
JaHHOM caydae — mo gmamerpy TpyGOsr). Ecam A > Ao, 1o ocmabie-
HUe, Kak 00 9TOM roBOpWJIOCH, HE BaBHCHT OT YAaCTOTHI M SBIIAETCA
muporonoaocHBIM. Ocnadmrens me Tpebyer I'pafyHPOBKH II0 KaKOMY-
an6o sTanoHy. AGCONIOTHAA TpagyupoBKa M IMHPOKOIOJIOCHOCTEH ABJIA-
10TCA OOMBIIMMY IPEMMYIecTBaMK HPefeNbHOT0 0CIa0nuTes.

Hpyrum mnpemmymiecTBOM fBIdgeTcss ero JuHeliHas XapaKTepH-
CTHKA.

B cayuae Bomub tuma Eg; B xpyriom sampefexbHOM BOJHOBOAE
~ociablleHne PacCYUTHIBAeTCS B COOTBETCTBHUM ¢ BRIpasKeHHAMH (5.55),

{0.53) m (4.34) mo Qopmyime

L~ 2??’8 06/en. NJIUHBI, (5.56)
a mpm BosOymmennu BojHB THHa Hij
Lg_%&dé/e,a. JUWIHHBI, (5.57)

rme R — pagmyc sampemensHOro BOJIHOBOJA.

Ilpomecchr, mpomcxopsAmime B 3ampPefieILHOM BOJIHOBOMNE, MOKHO
HaTJIATHO HOSCHUTH C MOMOINBIO YPaBHEHUII TIOJS B BOJIHOBOJE.

B rauecrBe mpumepa BozbMeM ofLm[ue ypaBHeHUs BOJH Tmma 1M
B IpPAMOYTOodbHOM BoJHOBOAEe (3.25) — (3.30). YuumrriBasg B HHX MHO-
RUTENb €/°—17 p§ momcraBaAs BMecTO Y IeHCTBUTEIHHYIO BEJINYHUHY,
pPaBHY 0, IMOJy4aeM, YTO HOIEPEUHBIE DIEKTPHIECKOe W MATHUTHOE
OJIS1 B 3aMpeNeJI-HOM BOJHOBOME CABUHYTHI 110 (Pase Ha —;— (MHOKT-
Tedh | B BRIpOKEeHUAX KoMmmoHeHT H, wm H,). 9o momrBepmmaer o1-
CYTCTBHE PacUpOCTPaHAIOIINXCS BOJIH 1 mepernoca dHepruud. C yMeHn-
IIeHUeM 9acToThl coctaBisiomue H, u H, HeorpammIYeHHO yMEHbLIIA-
I0TCA B CHIIy HaJWINs MHOMKATEIA ®, a coctasiasomue Ey, E, n E,
cTpeMATCSA K mocTosiHHOW Benmduue. Dartndeckum npm E-Bommax B
3aIpefieIbHOM BOJHOBOJE WIPaeT POJEb TOAbBKO DIEKTPHIECKOe IIoJIe.
TaruMm xe 00pasoM MOMKHO IIOKasaTh, 9To B cayiae H-soam B sampe-
JleIbHOM BOJIHOBOJ[e TpPeBaJHPyeT MACHUTHOE BBICOKOYIACTOTHOE IIOJIE.
BomHoBEIe mpomeccs B 3ampeeabHOM BOJTHOBOIE WMCYE3AI0T, 0CTAETCS
IPOBHCAIOIee 3HICKTPUIECKOe WM POBHCAIOINEe MACHUTHOE IIoJe.
PaGora mpenennrroro ocaabuTess CBOJUTCS K IMPOCTON 3IEKTPHIECKOH
UM MaTHUTHOM CBSSH MEKNY IPHEMHLIM W BO30YKEAIOIIAM YCTPOI-
CTBaMA. \

Ifommmo ocnaburens, 3ampefieIbHBIH BOJTHOBOJ HAXONUT ApPyTHe
rpuMeHeHuA. B HEKOTOPHIX clydasX TpeOyercs COCJUHATH BOJIHOBOJ
¢ BaAaKyyMHOII CHCTeMO# M OTKa4aTh W3 HEero0 BO3AYX, HO HE JOILyCKATh
II3Iy49eHusA dHEPTHU Yepe3 O0TBepcTHe B CTeHKe BoXHOBoAa. Juada aToro
MOKHO HCIOJb30BAaTh METAIAICCKYI0 TPYOKY (ImTymep) HOCTaTOYHO
MaJIoro gmaMerpa, paboTaloInyio B peRmMe oTcedrn. Tpy0kKa HoKHA
OBITh BHAsgHa B CTEHKY OTKAYMBAGMOTO BOJHOBOHA. AHaTOTHUIHO
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IPOM3BOJATCA COCMMHEHNE BOIHOBOJA WM PE30HATOPA ¢ KOMIIPECCO-
poM IS TOAJepIKaHUA HYKHOTO [ABJICHASA HIU IIA o0JyBa BaKyyM-
Horo Ipubopa, ABIAIIEr0CA 4acThi0 M0N0l CHCTeMBI. 3ampefenbHEIR
BOJIHOBOJ, MOYKHO WMCIOJIb30BAaTh JJisi BBEJCHHUSA Yepe3 HEero B OCHOB-
HOIl BOJHOBOJ HJIH B PE30HATOP KAKOU-IM00 MUAIEKTPHIECKOW DPYIKE
s MeXaHWIecKoro yipasieHus. HakoHem, OTKPBITEIA IMTymEp,
ABJIAIOIIAIACA 3aTPeAeNbHBIM BOIHOBOJOM, IIOJNE3CH JJs BH3YaJILHOTO
HaOIIOJieHns MPOIECCOB, MIPOUCXOMAAIMAX BHYTPH OCHOBHOTO BOJHOBO-
na (mampumep, saskuranua CBY paspsaga m t. 1m.).

Jlns mpuMepa paccudTaeM, KaKylo JIHHY MeTaJIMIecKoil TPyOKm
HeoOX0EMO MCIOJL30BaTh, 9TOOH ocialjeHme Ha BOJHE 3 CM CO-
craBiaamo me MeHee 60 06 (7. e. 10° mo mommocTm). Ilpesxme Bcero
YCTaHOBAM COOTHOLIEHWE MEMKAY BeIWIMHAMH A U Ay, W OIpefelanm
IpueMiaeMelil gumamerp TpyOKd. OpHEHTHpPYACh HA HUBIIYIO BOJHY
tTana Hy,, mpm xoropoii ociabienne MokeT OHITH HAMMEeHBIIAM, IOJIY-
gaeM: A>3,41R; R<0,88 cm. Ilpumem pagmyc TpyOKH pPaBHBIM
S5 mm. Ilo ypasmenmio (5.52) BrIgmCaAeM ociableHWme Ha eAWMHULY
mauabl: L=26 06/cm. Cienosarennuo, yKe mpu AjauHe TPYOKH [, pas-
HOiT 2,5 cM, W3IydeHHEM W3 TPYOKM MOKHO TPAKTHIECKU IpeHe-
Opeun. Fcam e oTBepcTHe TOro Ke AmaMeTpa CHelaTh HEIOCPEACT-
BEHHO B TOHKOI CTEHKE BOJHOBOJA, TO H3JydeHHe OBIIO OBI 3aMer-
HEIM.

3ampepenbHbIe BOJHOBOABEI HCIONB3YIOTCA ® HEIOCPEACTBEHHO
B KOHCTPYKIUAX 2jeKTpoBakyymHBIX mpubopos CBUY. Tak, B mHOTO-
PEe30HATOPHEIX KIWCTPOHAX, mCmoab3yeMbix mmsa ycemiaenus GBY xo-
nebanmii, 3ampeeJbHBIl BOJIHOBOM HUIPAET pOJEL IMPOMETHON TPyOH:
(«TpyOnI ppeiidar), pacmososReHHOW MeKAy pesoHaTtopamu. B raso-
paspARHLEIX IIYMOBHIX T'eHEpPATOpax 3aUpefeldbHBEI BOJHOBOJ, CIY-
JKUT JIA BBEJCHUS PaspANHON TPYOKM BHYTPH OCHOBHOTO BOJIHOBOJA
| T. .



I'nasa mecras

HEOTHOPOJHOCTI B BOJIHOBOJAX.
METO]] 9KBUBAJIEHTHBIX CXEM

§ 6.1. KAUECTBEHHBIE IPEJIIOCHLIIKT

B mpegmimympux paspemax paccMaTpHBAlIMCh TOJNBKO BOJIHOBOMBI
HEN3MEHHOr0 IIOHEePEeYHOr0 CeYeHHsd, OChb KOTOPHIX CTPOro IIPAMOJIH-
geitna. Ha mpaxkTmwke jKe NPHXORUTCA HMETL [0 CO 3HAYATENBHO
6ollee CIOMHBIMI BOJHOBOMHLIMHU ycTpolicTBamu. B sTHX ycTpoiicTBax
¢dopMa BOIHOBOJA CKAIKOOOPA3HO M3MEHAETCS, BOJHOBOJHI Pas3BeTB-
IA10TCA, marmbaioTca W T. . BHYTpE BOJHOBOJOB pacloyiaraioTcs
crep:sxHm, AuadparMel m apyrue HeomHopommocTH. Ilpmmeprr HeomHO-
POTHOCTEl, YacTO BCTPEUANIOIIMXCA Ha NOPaKTHKe, IOKA3aHL HAa
pac. 6.1.

\\

x‘:

a) 3) 6)

Puc. 6.1. [IpaMepsl HEOZHOPORZHOCTEl B IPAMOYTOJLHOM BOJHO-
BOJIE

a — H3JIOM BOJIHOBO#a, 6 — pa3BeTBJIeHHe BOJIHOBOJXA (BOJIHOBOIHLIH TpO#
HHUK), 68 — gHaparma HJAH OKHO

ARanu3 HEeOJHOPOAHOCTEl BHAUUTENHHO CIOKHEe, HeyKeJu aHaJu3
0o0BIYHOT0 BOMHOBOAA. IIpHHIMOMANILHO MOJKHO, KAK M B PacCMOTpEH-
HBIX 3a7aYaX, MONBITaThCSA PEIMATh CTPOTYIO 3a7ady MeTOmaMd TeopHuu
1I0JIfI, HAJIO}KUB COOTBETCTBYIOI[Me TrpaHmgHbie yciaosumsa. Ogmako mpm
ATOM BO3HHKAIOT JOIOJHHUTEILHEIE 3arpynHeHHs. CJIORHEIM TpaHUY-
HBIM YCIIOBHUAM HEJIb3A YAOBIETBOPHUTH, pPAcCMATPUBAA TOJIBKO OJUH
TAN BOJHBL B KadecTBe mpmMepa MOKHO IIPHBECTH BO30YIKIAIOMMIA
WITHIPh B IPAMOYTOJILHOM BOJHOBOAE. Hak OBIIO yiKe mMOKasaHO, IIoJe
BOJMIM3N IITHIPA IPEACTaBIAET CIOKHYI0O KapTUHY CYIEPIo3UMUAA MHO-
jKecTBA BOJH. HacTh 3THX BOJNH B 00meM CIydae MOKET paclpocTpa-
HATHCA 1O BOJHOBOJY, & BC€ OCTAJbHBIE 3aTyXalT BOJMBU IITHIPA.
Jlake B ToM coydae, eciId PacHpOCTPaHATLCS II0 BOJHOBOAY MOJKET
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TOJBKO BOJHA OTHOTO THIA, HJIA PeIieHus 3ajadu Heo0XO[MMO yUeCTh
BCe 3aTyxalljHe TIOJA BLICUIAX THAIOB BOJH.
MaTeMaTHIeCcKOM . OTHOIIEHNH 3a7ada O HEOTHOPOTHOCTAX OKa-

3pIBaeTca cilo)kHOU. JloBecTm ee g0 KOHIA yaaercs TOJLKO B HEKOTO-
pLIX HamGojee IPOCTHIX ciaydadax. lHampumep, mocrarouno yxasars,
4yTO 0 CHX IOp He MOJYyYeHO CTporoe perieHme IS JacTo BCTPEYIaio-
meficas HeOJHOPOLHOCTH — PE30HAHCHOTO OKHA C TUIJEKTPUKOM B HpS-
MOYTOJBHOM BOJHOBOJE. JTa CIOKHOCTL HE BCerfa olmpaBlaHa ¢ Ipak-
TAYEeCKON TouKM 3peHuA. [le1o B TOM, 9TO OCHOBHOI MHTEpeC Ipef-
CTaBIsIeT He CTPYKTYpa IoJA B BO3MYIIEHHO#I 00OJacTH, a CBOMCTBa
HEOJHOPOAHOCTH II0 OTHOIMIEHHWIO K JaJbHEH 30He, IfMe 3aTyXarI[uMu
BHICIIMMHE THIIAMH BOJH MOKHO mpeHe6peun. Crporoe pemenme ypaB-
HeHUH moJs faeT 0OJBINe CBENEeHWU 0 HEOJHODONHOCTH, 4eM TpeoyeT-
cA IJis OOJLIIMHCTBA WHMKEeHEPHBIX pacderoB. CIOMKHOCTEL permaeMoi
3a/layyM 3a CUYeT HTOTO PE3KO BO3pacTaert.

Nmeerca m mapyras BO3MOKHOCTH OLpENeJICHUS HEONHOpPOTHOCTEM
B BosHOBOAax. OMHOPOMHBI BOJTHOBOJ pacCMaTpPWBAOT KaK JIHHUIO
nepefavdd, CXOMHYI0 ¢ OOBIIHOI AByxmpoBopHoii nmumeir. Heommopon-
HOCTII B BOJIHOBOJAX ANMIPOKCHMHPYIOT COCPEOTOYEHHLIMA PEaAKTHB-
HBEIMU ¥ AKTABHBIMHU CONPOTHBIAEHUAMH, BKIIUEHHBIMHA B 9TY JUHHIO.
Bes tpakToBKA BONMHOBOMHBIX Iemeil BEIPAYKAETCS B IPHUBLITHLIX I
YAOOHBIX MOHATHAX TEOPHUU MJIMHHBIX JHHUI U meNeill ¢ cocpegoTodeH-
HBIMH IIOCTOSHHEIMU.

IIpocroe MexaHmdeckoe mepeHeceHUe B3aKOHOB OOLIYHEIX I[emei
U JJAWHHLIX JUHUNA HA CUCTEMEl C CYIIECTBEHHO pacHpeleJeHHBIMA IIO-
CTOAHHBIMY, KaKUMH ABJIAIOTCA BOJIHOBOJALI, OIpPaBAaHO OBITH He MO-
sketr. Henbss mckarh Mo OJJHAM BHEIIHUM IPH3HAKAM KaKHE-TO (MH-
OYKTHBHOCTHY, «eMKOCTH» M «aKTHBHBIE COIIPOTUBIEHHUS» B BOJHOBO-
max. l'oBopsg o6 DKBHBAJEHTHHIX CXeMaX BOJHOBOMHEIX YCTPOMCTB,
IIMEIOT B BUAY He IpoBejeHme BHeINHHX aHajgormii. Peur mosker muru
TOJILKO 0 HaXOMKIeHWH OOIMUX COOTHOIIEHUH, MPHCYIIHX KaK BOJHOBO-
maM, Tak ¥ OOBIYHBIM MIUMHHBIM JuHUAM. IIpnm aToM HEM B KoeM ciyuae
He JOJIKHBI 3a0BIBATBHCS [PYTHEe CBOHCTBA BOJHOBOAOB, OTIMIAIOLIIIE
IX OT OOLIYHBIX IeHeil.

I'myGorkoe BHyTpeHHee CXOJCTBO MEKAY OOBIYHBIMU JJIWHHLIME
JMHUAMY W BOJHOBOJIaMW MOKHO 3aMETHUThL IPH CPABHEHHAHN OCHOBHBIX
TEOPETUIECKUX COOTHONIEHHUH, XapaKrepHsyoIIX 9TH JBa KiIacca

nepegaomux aupamil. B camom meme, Tok I n manpmxenne U B aByx-
TMPOBOJTHON MJINHHOI JTHHUK 0e3 I0Teps, 0bIafalneil MOTOHHON MHIYK-
THBHOCTHIO Lo m morommoit emroctbio Co, onpeensiioress TexerpadHbi-
Mz ypaBHeHHAME [2]

dU = — joLydzl; dI = —joC,dzU, (6.1}
rae Z——Roopmzma'ra paccMaTpuBaeMoro cedeHusd JIMHUMA.
Orcrona
a:U : d2f .
422 + kU = O, 4z —|— kR*1=0. (6.2)
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Yepes & B 3TOM BripaskeHu:m 0603HaUeHA BeJIHYMHA

E=o0V L,C,. (6.3)

Pemenne ypasHeHumit (6.2) MoKHO IpeficTaBUTh B BHIE
U=U,e @ =*) 4 [, el @1+, (6.4)
[=1e =" L[+, (6.5)

@azoBasg CKOPOCTH BOJHEI, PAacIPOCTPAHIIONIEHCA 10 NAMHHON JIn-
A, Kak #m B § 2.3, Momer OBITH OIpefeNeHa W3 YCIOBHA
ot—kz=const, orkyna

» 1
@@:T = 1/£0—C0_ . (66)

Cpasunm Bripaskenusa (6.2) — (6.6) ¢ o0muMn ypaBHEeHHAMHA Iepe-
JlaIOIMUX JINHON, MONYIEeHHEIMA B INI. 2 HAa OCHOBe Teopmu mosis. Boi-
HoBele ypasuenmsa (2.14) m (2.15) mua serropos E m H cosepmenno

ananormausl ypasHeHmaM (6.2) ormocmrennHo HanmpskeHmss U m toxa

I ¢ roit nmmp pasHumeit, 9o B (2.14) m (2.15) mmerorcs BTophle Ipo-
M3BOMHLIE II0 BCeM TpeM KoopaumaTaMm. Beipaskemmsa (6.4) m (6.5),
XapaKkTepHUsyIoIlne Majaioime W OTpaskeHHbIe* BOJHHI HANPAKEHUA
I TOKa B ABYXMIPOBOAHON [IMHHOW IWHWW, aHAJIOTWIHHI YPaBHEHUIO
tana (2.32) piA a060ii W3 KOMIIOHEHT DJIEKTPOMAarHMUTHOTO ITOJIA.
VYpasuenns: dazonoii ckopoctm (2.40) m (2.48) cxommm ¢ (6.6).
Takum o6paszom, mMeeTcs CXOXCTBO MEKAY OCHOBHBIMHM TapaMer-
paMH, WCIOJb3YeMbIMH B TeOPHH AJMHHLIX JHHHEH W B TEOPHH IIOJIAL.

Hanpsxenuto U u moxy / coorsercrsyor mHanpsxenmoctn E m H.
Pacnpenmenennoit emxoctu Cp m pacupefeneHnoir mHAYKTHBHOCTH Lo
COOTBETCTBYIOT AWIIEKTPHUECKAA W MATHUTHAS IPOHUIAeMOCTH, PaB-
HBIE COOTBETCTBEHHO &8 H WUUo.

CymiecTBeHHBIM 00CTOATEABCTBOM, OTINYAIOIINM BOJHOBOL OT
OOBIYHON NJIWMHHON NWHWU, ABIAETCS HAJIWINEC MHOTHX THIIOB BOJIH.
Onmako mosoKeHIe 3BHAYATENLHO YIPOIIAeTCs, eClId 110 BOJHOBOAY Ha
pabodeil gacTtoTe MOKET PaACHPOCTPAHATHCA BOJHA TOJLKO OJHOTO
TAna. B 3ToM ciygae paccMoTpenue 000l HEOJTHOPOMHOCTH MOMKHO
BecTH ciaepyiomuM obopasoM. Ha meommopomHOCTH TMajaer BoJHA, pac-
IPOCTPAHAIINASACA IT0 BOJXHOBOMY CIeBa HAIpaBo, KaK IIOKa3aHO Ha
puc. 6.2,a. B mo6oit Touke, HaxopAmieiica eBee HEOJHOPOAHOCTH HA
NOCTATOIHOM PaCCTOSHHUU OT HEe, MOTYT CYIIeCTBOBATh TOJIBKO BE BOJI-
HBI: Ia[aiolas BoJHA W BOJHA TOTO jKe THUIA, PacIpOCTPaHSIOIIAsICS

* B bleKTPOTeXHMKe TaKKe WCIOJL3YIOTCSA BHIPAKEHUA «mpAMasy 1 «ob-
paTHasA» BONHBL 3pech 9TH HA3BaHUA IPUMEHATHCA He OyayrT Bo usbexanme
CMeIIMBaHNg TOHATHH OTPAXEHHOU BOJHBI B OOBIYHBIX [JIMHHBLIX JAXHHAX
M 06parnoll BOJHBI B IEPHOJWIECKUX 3aMeAJIAIOIMUX cucTeMax (cMm. ria 11).
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N0 BOJHOBOAY B NIPOTHBONOJOKHYI0 cTOpoHy. Hammume oroid
BOJIHBI MOJKHO MCTOJKOBATh, KAK PE3yJbTaT OTPasKeHMd IIaJaloImeli
BOJHH OT HeOJHOpPofHOCTH. UTO KacaeTcsa ydacTKa JHHHE IpaBee
HEOJHOPOAHOCTH, TO TaM MOMKET PAaCOPOCTPAHATHCA TOJBLKO OJHA BOJ-
Ha, Oerymas HampaBo. IIpoummnm HeomHOpOAHOCTAME 3/leCh MOYKHO He
MHTEPECOBAThCA, IOJOKHAB, HANPEMED, 9TO BOJIHOBOX B 00e CTOPOHD?
mMeeT 0ECKOHETIHYIO NMPOTAKEHHOCTD.

Mpoxodswas Gorna
Heodropodnocme . Nnadarwas Apoxodauas

7 Bonna bona

7Z.
S Jmparwennas Bonne

\/Zaﬁmmqaﬂ bonna
2) 5)

Ompamennas Borna

Pme. 6.2. CpaBHeHme namaomIuX, OTPAKEHHBIX W IPOXOIAMINY BOJH
B cJydYae BOJHOBOJAA C OJHHM pACIPOCTPAHAIONIAMCA THIOOM BOJHEI
I B CJIydae ABYXOPOBOJHON mepeaalomei JOHOH

Paccmorpennas kapTmHa chopaBefjimBa AnA OJaabHell 30Hbl, THE
OOJNAME BBICIIMX THIIOB BOJH MOKHO mpeHeOpedb. [elicTBme HEomHO-
POAHOCTH MOKeT OBITh, TaKmM 00pasoM, ymoAo00JeHO BKIIOYEOHUIG
B OOBIYHYIO JUIMHHYIO JAHUIO HEKOTOPOTO YeTHPEXMOMIOCHAKA, m300pa-
’KeHHOro Ha puc. 6.2,6. ITOT IeTHIPEXIOJIOCHUK MOKHO HPEACTABUTH
COCTOAINAM H3 COCPELOTOYEHHBIX CONPOTHBIEHHI M paccMaTpuBaTh
ero B Ka4eCcTBE HKBHBAJEHTHOU CXE€MBl HEOJHOPOZHOCTH.

Taxoil mogxom He MOKeT AAaTh OTBETA HA BOIPOC O CTPYKTYype
7 WHTEHCHBHOCTH MOJeil HemoCpeACTBeHHO B OamxHeid 3oHe. CXomCTBO
MEKy peallbHOH HEONHOPOJHOCTHIO H ee 9YKBHBAJEHTHOH CXeMOon
CYIIECTBYET TOJHKO B OTHOIIGHHM aMIUIATY[A # (pa3 majalon(dXx, oTpa-
JKeHHBIX W NPOXOAAIIAX BOJH BJAJW OT HEOJHOPOAHOCTH. TeM He
MeHee, [l pacdeTa CIOKHOTO TPaKTa, CONEP:KAINEro HEeCKOJIbKO He-
OJHOPOJHOCTEM, Npe/icTaBIeHHe Ka)KAOW HEOKHOPOJHOCTH B BHUME
[elX C COCPEJOTOYCHHHIMM IIOCTOAHHBIMU ABJIAETCA BeChMa ILIOJO-
TBOPHBIM. JKBUBAJCGHTHASA cXeMa II03BOISAET, HAOPHMEDP, COBEPIIEHHO
TOYHO PACCUMTATh IPOXOKAEHHE SHEPTrHH II0 BOJHOBOJHOMY TpakK-
Ty, €CIH H3BECTHHI IIapaMeTphl BCEX HEOSHOPOAHOCTeH, MMEIIMUXCS
B TpPaKTe.

ITapaMeTphl SKBUBAJCHTHOIO YETHIPEXMOJIIOCHHKA MOYKHO OIpefie-
JATH ABYMA CHoco0aMH: TyTeM SKCIePHEMEHTa W IIyTeM HEIOoCpej-
CTBEHHOI'O pellleHns ypaBHeHmI monfA. Jame BCero moab3yIloTCA Iep-
BEIM M3 HHX, KaK Hambomee gocTymHBIM. MaTeMaTmdecKoe pelleHWe
M3BECTHO JUMIb [T HEMHOTHX NPOCTEAmMHUX HEOJHOPOJHOCTEI.
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OcHoBoil pacuera AIMHEHBIX JHHAA U IeNed C COCPEHOTOIEHHBLIMU
NOCTOSHHBIMA SBJIAETCA HOHATHE CONPOTHBJIEHHS HIH IPOBOAUMOCTH.
llosToMy, Tpempme dem mepeiTH K pAcCMOTPEHHI0 YKBHBAJIEHTHBIX
CXeM BOJHOBOJHBIX Iiemeii, He00X0HMO BBECTU IOHATHE XapaKTepH-
CTAYECKOTO COIPOTUBIEHUA BOJTHOBOJA.

§ 6.2. XAPAKTEPUCTHYECKOE U YKBHBAJEHTHOE COIIPOTHBJIEHUA
BOJIHOBOJIA

B riaccmuecKoil Teopmm NIMHHBIX JHHHANR XapaKTepucTHYEcKoe
(BomHOBOE) compormBienme Z. paccMaTPHBAETCA KaK OTHOMIEHHE
HaUpPSUKEHAA W TOKAa BOJHBL, Oerymeil oT remeparopa K HArpyske
B HampasieHm:m ocm -+2. Vcmonwssysa ypasmemmsa (6.1) — (6.5), me-
- TPYAHO WOJYYUTHh COOTHOIIEHHS, CIpaBelyiiBEIeé IOPH OTCYTCTBHH
IOTepk:

Ui

A L. U I,
I

— Zc _ CO’ ]2 _ C(._) _ ZC‘ (67)

Ucxonsa m3 coobpaskennii, paccmorpenHbx B § 6.1, Moixno pacmpo-
CTPAHHUTH AHAJNOTUIO MEKIY OOBITHBIMA AJXHHBIMHA JUHUSME M BOJHO-
BOJAMHI TaK)Ke M HA OTHONIEHHEe HANPSIKeHHA W ToKa. BMecto Hero
B KaYecTBe XapPaKTEePUCTHIECKOTO COMPOTHBIECHUA B TePMHHAX TEOPHH
OOJISI CJIefoBajo0 OBl paccMaTpPHBATH OTHOINEHWE HANPsKEHHOCTel
IEKTPUIECKOTO X MaTHUTHOTO IOJIeH.

OOparmMcs cHagaja s MPOCTOTHL K YHCTO IOIEPEYHOR BIEKTPO-
MATHETHOII BoaHEe — BomHe THma TEM. B coorBerctBHm ¢ o6mmmm
ypasuermamu (2.80) — (2.83) oTHOIMeHWe MIONEPEIHEIX COCTABIAIO-
MUX HIEKTPAYECKOTO H MATHUTHOTO TOJedl fABISETCA TOCTOSHHOU
BEJIMUMHOM

Ey .0 . WPk

B (6.8)
Ex 4 o
Hy T J weEy =/ T (69)

Jl1a He3aTyXalon(ax BOJIH MOCTOSHHAS PACHPOCTPaHEHUA | AOMMKHA
nMeTh 9MCTO MHHMBIA XapakTep, T. €. Y=/jP. IlockoabpKy Iia BOJHEI

tana TEM B=k = 0} eeoppo, ypaBuennsa (6.8) — (6.9) mpmpopsarca
K BHIY

E, — E —
L o . y i .
=V %= ZTEm; o= =, = — Zun,  (6.10)

rge
Ztem = ]/‘i*’-‘;g 376,7 ]/-‘*- ox. (6.11)

\
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TakuM obpasoM, mas Boxusl THna TEM oTHomenwe momepevnbix
DIEKTPAYECKOr0 M MATHUTHOTO MOJedl nMeeT pasMepHOCTh COIpO-
THBJICHHES ¥ PaBHO ZTEM. OTO OTHONIEHHE IPHHATO HA3HLIBATH ZAPAK-
TepucTuyeckuM CORPOTUSAeHUeM HePeflalollell NINHAM HA BOJHE THINA
TEM.

3mecy cHOBA Opocaerca B IvIasa mapajuieaunsMm ypasmemmid (6.10)
n (6.7). B camoMm feie, OTpHIaTeNbHE 3HaK NpH ZTEM B OTHOMIEHHWH

Y
fT COOTBETCTBYET [ABICHHIO OJHeprum 1o JUHUHA B HaOopaBle-
X

HAN —2. 910 00CTOATEIBCTBO IOATBEPIKIAET BHYTPEHHEE CXOJ[CTBO
BeJNYMHE ZTEM, HAHJEHHOH W3 YPABHEHHI IOIA, W BeAHYHHE Z,
MOJYICHHOW C IIOMOINLI0 TEOPHH Ilellell.

ITepexomsas K xapaKTepHCTUUECKOMY CONPOTHBIEHUIO BOJIH JMcIeEp-
CHBIX THIOB, CJIEAyeT pPacCMOTPETh IOIlepedYHble COCTABIAIIIAE JJIEK-
TPUYECKOTO M MATHHATHOrO IOJe#, 00yCIOBAWBAIONINEe IEPEHOC 3Hep-
THM BIOIb ocu duuama. Ofo3HaumM 4depes Zte u Z tm XapakTepucTmde-
CKile COTIPOTHMBIIEHNS Mepefalolieil IMHAM (BOJHOBOJA) COOTBETCTBEH-
Ho npm Boxmax tnmnoB TE m TM. Vpasmemma (2.84)—(2.91) mo
AHAJIOTUN ¢ TIPeABAYIMAMA PaCCYKISHUIMHA [alOT:

— Ly _ Ey o O |

Z1e = (Hy)TE T (71';>TE B (6.12)
£ [ Ey .

L = (H}’)TM o (Tf;)TM =/ wegy (613)

B cayuae pacnpocrpansmomuxcsa BoaH (y=jp) ¢ yueroM BhIpaske-
it (2.42) m (2.95) mumeewm:

Z1EM /
ZTE: ]/1__1_(_7\_)2 s (6.14)
et \ Agp
Zm = Z1Em V 1 ——L\(i—)g. (6.15)
e \Aygp
I'padurn xapaKkTepucTHIECKHUX CONpPOTUBIEHH Zte, ZTM, 4 TaKKe
ZTEM B 3aBHCHMOCTH OT OTHOIICHIIA 'X%—HORaBaHLI Ha puc. 6.3 mua

clydas BaKyyMHOTO HAIoOJHeHHA (IIpH g=u=1). XapaxkrepucTuye-
CKWe COUPOTHBICHUS MUCIEPCHHIX BOJH CHIBLHO 3aBUCAT OT JJIMHBL
BOJHBI, B TO BpeMs KaK CONPOTHBICHHEe ZTEM OCTAeTCH HeM3MeHHBIM
na mo0sx gacrorax. Creflyer uMeTs B BHAY, YTO XaPAKTEPUCTHUECKOE

COIPOTUBJICHNE OOBIYHBIX IWHIA Z, Takie He ABIAeTcd (PYHKIHeH
*
Y&CTOTHL™,

* CTporo roBops, CyIIecTByeT HEKOTOpasA 3aBUCHUMOCTL COIPOTHBJICHUMH
Ze W Zypgp OT YACTOTH, 00YCIOBICHHAS JucHepcued HATOJHAIIIEro JUJIeKTpUu-

Ka, T. €. 3aBHCHIMOCTLIO OTHOCHUTEIHHBIX HpOHI/II];ﬂeMOCTGﬁ €, W OT 4YaCTOTHI.
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NHTepecHo cpaBHUTH XapaKTePHCTHIECKHE COMPOTHBICHNA, BHITHC-
JeHHBIe [JIs ONHOW W TOH Ke mepefalledl IWMHWA IO IBYM METO-
faM — W3 Teopud memeii W m3 Teopuu moisA. B kagecTse mpumepa
paccMOTPHM IE€HTOYHYIO ABYXIPOBONHYIO JMHMIO, BO30OYMIEHHYIO Ha
Bonne tuna TEM. Ilycrs paccrogHme Me;RAy MeTAIMIECKUMI JEHTa-
Mz paBHO b (cMm. pme. 6.4). Illmpury nent o6osmaunm depes a. Hpae-
BeIe 3(PPEeRTH MCKII0IUM C I0-
MOIIBI0  OXPAHHBIX  IIOCKO-

" CTeu.

0 Hanpsswenue U B pacema-
’ TpHBaeMOil JUHHN MOMKHO BEI-
pasuTh depes HANPAKEHHOCTD
1000 9IEKTPIIECKOTO IHOJIS F.:
U = bE,.
800
~ ol
H F’
600 v - -
£H]
400
z
200 s J
/
0 05 104/ A ) S S
Puc. 6.3. 3aBucuMocTh XapaKTepHucTn- Puc. 6.4. U pacucry
YeCKOTO CONPOTMBJIEHIS Irepefafonieit XapaKTePUCTUIECKOTO
JUHAUN OT IJNHBL BOJHBI (CAyduaid Ba- CONIPOTUBJEHIIS  JIeH-
KyyMHOTO HAIIOJHEeHUs) TOYHOII JAUWHHAU

IIpomonwuerit Tok B aumunm / paBeH NMPOMBBEIEHHUIO TOBEPXHOCT-
HOI MIOTHOCTH TOKa J Ha IMUPHWHY JeHTH a. B cooTBeTcTBHN ¢ yCiIO-
BoeM (3.66) Bemmumma J dgmcleHHO paBHAa HAUPAMKEHHOCTH TAHTEH-
OUAQJIBbHOTO MArHHTHOTO II0JA, KOTOpasA B JaHHOM clydae HOCTOSHHA
no ceueHmio auHmA m paBHa My Taxmm oGpasowm,

I =af,.

Orciofia Mo;xeT GBITh BEIYMCIEHO XAPAKTePHCTHIECKOE COIPOTUB-
JeHme JIWHAA Z. PaBHOE

U b E
Z.="T="70T.

(4

<

N

E
Bxopsamaa B 9TO BHIpasKeHHe BeJIWIHHA Hl ABISETCA HE 9eM
y
HHBIM, KaK XapaKTePUCTHIECKUM COTPOTUBICHAEM Z TEM,0TIPe/leIAeMbIM
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AiA Toll ke amEmE m3 Teopum moaA. Tarkmm obpasow,

Z. =2 Ziw (6.16)

a

XapaKrepucTHYeCKHAEe CONPOTHBIEHAA Z. M ZTEM COBIAJAKT B HAH-
b
HOM CJly4ae JUIIb OPH YCAOBHE —- = 1.

B KadecTBe BTOPOr0o IpmMepa MOKHO IPHBECTH KOAKCHAIBLHYIO
JUHUIO, BO30yKAeHHYI Ha ocHOBHOII Boixme TEM. Boaxmosoe compo-
TUBJIeHHE 3TOM NTWHWUH, KaK M3BECTHO, OIpEJeisaeTcd ypaBHEHIEM

- ]/wol = 138 ]/—— Ig d , (6.17)

rae D m d— gmamerpsl HApPY;KHOTO W BHYTPEHHEr0 NPOBOJHUKOB.
CpasumBas nocinennee ypasuenme ¢ (6.11), monygaem:

ZC = ZTEM -QI;- In _{dl (618)

PaccMoTpenHble mpmMephl TOKA3BIBAIOT, 9TO Jajke HIpocTeiimiee
«II0JIeBOE» XapaKTepHCTHYEeCKOe CONPOTHBJIEHUE ZTEM MOMKET OTJIH-
9aThCSA OT XapaKTePHCTAIECKOro (BOIHOBOTO) COMPOTHBIEHHA Z. MMO-
CTOSSHHBIM MHOKHTEJIEM, 3aBHCAIMAM OT PasMepoB MOIEPETHOTO cede-
Hug nepeparomein anauu. B caydae Boan tmmos TE m TM pomosmi-
TeJLHBIM OTINYHEM ABJIAETCA [HCIEPCHS, NPOSABIAIOMAACA B BUje
3aBHECHMOCTH BeJIWYNH ZTg X ZTM OT 9acTOTEHL

Pagmmuusa mesmpay comporumsiaermeMm Z, B TEOPHH [AMHHBIX JITHUI
I CONPOTHBIEHNAMH ZteMm, ZTE W ZTm B o0nieil Teopumm mepegarommux
JUHUH OTrpaHMYMBAIOT BO3MOKHOCTH aBTOMATUYECKOTO II€PEHECEHUsd
3aKOHOB [JWHHBIX JAHUII Ha BOJHOBOXHBIE cmcTeMbl. OgHAKO BO MHO-
TUX pacderax, HampmMep, OpPH onpefeleHEA KodddummeHTa OTparke-
HAs, TpeOylorca He abOCOMIOTHBIE BEeIWYHHBI CONPOTHBIEHHII, a WX
OTHOIIEHHUA. 3aBHCAMOCTh XapaKTePHCTHIECKOT0 COMPOTHBIGHHSA OT
YaCTOTH WHOTA MOKeT He YYHTHIBATHCA, €CJAM pacueT BefeTcs AN
(OUKCEPOBAHHOW YaCTOTHI WM [JiA y3KOro Amamas3oHa dacToT. Iloaro-
My TMOHSATHE XapaKTepHUCTHYECKOI'0 CONPOTHUBIEHHS HAXOAHUT IMHPOKOE
IpIMeHEHNEe B TEOPHU W HH/REHEPHBIX pacueTrax NHepearoniux JWHUTIT
CBEPXBBICOKAX YacTOT.

O6pataMca K Hamboliee PACHPOCTPAHEHHOMY HA HPAKTHKE BOJIHO-
BOJIy NPAMOYTOJHHOTO CeYeHW, BO30Y:KIeHHOMY Ha BojgHe TmHa H,.
B coorsercrsum ¢ eipaskeHmamm (6.14) m (3.79) momyzaem:

ZTEM
(Z1e)m, = . (6.19)
Vit (%)
=2\
Orclofa caeayer, ur0 xapaKTepHCTHYECKOe CONPOTHBJIEHHE IIPAMO-

yTOALHOTO BOIHOBOAA Ha BodHe thma Hjo me 3aBmCHT OT y3KOrO pas-
Mepa cedeHus b.
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BemoMHEM, 9TO npW COYWIEHEHHHW OTPE3KOB OOBIYHEIX JIMHHBIX
JAMHHHA YCIOBHEM OTCYTCTBHA OTPAyKEHHA B MECTe CTBIKA SBIAETCH
PaBEHCTBO XAPAKTEPHCTHUYECKHX (BOIHOBBIX) CONDPOTHBIEHHI DTHX
amuamit. IloatoMy ecim Gn xapakTepEcTHYeCKOe CONPOTHBIEHHE BOJI-
HOBOZia OBIIO TOKIECTBEHHO XapaKTEePHCTHIECKOMY COIpPOTHBIEHHUIO
OOBIYHBIX [UVIMHHBIX JHHMIL, TO B cIydYae CTHIKA [BYX BOJIHOBOJOB pas-
HOTO cedeHnsd, coraacHo (6.19),yciaoBmeM oTCyTCTBHA OTpaskeHUs OBI-
10 OBl PaBeHCTBO MIMPOKHMX pPasMEpPOB CeUeHWsT & HESaBUCHAMO OT b.
CrnemoBaTempHO, B CiIyuae HEOZHODPOZHOCTH THIA «CTYIEHBKHY, H30-
OpaskeHHOH Ha pmc. 6.5,a, oTpakeHme BOJIHBI JOUKHO OBLIO GBI OTCYT-
CTBOBATh.

l a 7 ‘ a
[ & ; 2 [
I/ — j Zj( / <
e ¢ :
) < [~
a ] a,
a) )

Pmc. 6.5. HeogHOopomHOCTH THIA CTYHEHBKHA B LIPAMOYIOJb-
HOM BOJHOBOJ®

OnselT He NOATBepAAeT yKasaHHOTO BrIBofa. CKaakoobpasHoe
n3MeHeHNe Y3KOr0 pasMepa CeuYeHHA BOJIHOBoJA (OpH HEX3MEeHHOM
pasMepe a) BCerfia JilaeT 3HAYATENHHOE OTPAaKeHHEe BOJHEL. TeM caMBIM
BLIACHAETCA, YTO PABEHCTBO XapaKTEPHCTHYECKUX CONPOTUBIEHUIT
JIBYX BOJIHOBOJOB He obecmeumBaer mx coraacosanma. Orcioma He cie-
IyeT, OfHAKO, 9TO XapPaKTePHCTHUYECKOEe CONPOTHBJIICHHE HEIPUTOTHO
IJiss pacdeToB BOJHOBONHLIX mHemeii. Ilomyuennslit pesyaprar ciuenyer
VCTONKOBBIBATh, KaK YKa3aHMEe Ha OrPAaHUYEHUA B HCHOJIH30BAHUN
NOHATHA <IOJIEBOTO» XapPaKTEPUCTUUYECKOT0 COMPOTUBJIEHHS BOJHOBO-

Jla, ONpenesieMOro OTHOIMeHNEeM H;‘

AnanmoruuHoe MOJIOMKEHIe BCTpeYaeTcss W B JAPYruxX THIOAX Iepe-
nafonmux amamii CBY. Ha mpuMmepe KoakcmalpHOH W JICHTOYHOM JIMHAN
OBLTIO IOKa3aHo, 4TO XapaKTepUCTHUeCKoe COIPOTHUBJIEHHE, OIpese-
JseMoe depe3 HaNpPSIKeHAS W TOKH, OTIHYAeTCA OT XapaKTepHcTHYe-
CKOTO COOPOTHBIICHHS, OIPENeNsieMOoro depe3 HANPAKEHHOCTH IOJeH,
HOCTOSHHBIM MHOKHTENEM, 3aBHCSAIIIM 0T (DOPMEL M pasMepoB IoIe-
peunoro cedeHus amauA. IlomsiTaeMcAd HAalTE TaKOH MHOKHTENb A
[IPAMOYTOJBHOrO BOJHOBOAA, B030y)KIeHHOT0o Ha BoaHe tmma Hio.
YTouHeHHOE XapaKTepPHCTHIeCKOoe CONPOTHBIEHNE JOJKHO OBITH HKBH-
BAJICHTHO XapPaKTePHCTAYECKOMY COINPOTHBIEHHWIO OOBIYHON MIUHHOMN
anamn. ITomo6Hoe compormBlIeHUe NPHHATO OOBIYHO HA3BIBATH IKGU-
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6ALEHTHLLM, OHO TOJXHO YUYWTHIBATH M3MEHEHNE HE TONBKO IIHPOKOTG
pasMepa CedeHHA BOJHOBOAA @, HO M Yy3Koro b.

DKBUBAJIGHTHOE COIPOTMBIIEHHEE BOJIHOBONA, o003HagaeMoe depes
Z,, Mo;keT OBITh HA#[IeHO HECKOJBKNMHO cIocobaMmu.

[MepBHiit c10cO6 CBORMTCS K HAXOKAEHHIO aMIuTyn Toka I m Ha-
npsxennsa U Gerymeil BoJHBI B BOIHOBOME, IIOCHE 9er0 DKBUBAJIEHT-
HOE COIIPOTHBIEHHUE ollpefiesnsAeTcA, KAK M B TeOPHH [JIWHHBIX JIWHUIN,
COOTHOIIIEHNEM

z, =+ (6.20)

Ilo BropoMy cmoco0y MOKHO CBA3aTh AMIVIATYAY ¢(HAUPI/KCHHAY
U Gerymeit BolHEI B BOIHOBOJIE ¢ IepefaBaeMoil moufHocthio P m om-
pepenuTth Z, 10 ypPaBHEHHUIO

(6.21)

Haxomner, Tpermii 04eBHAHLIA CIOCO0 3aKII0YaeTCA B BRUUCICHIRE
SKBUBAJEHTHOTO CONPOTUBICHUS dYepes IiepefaBaeMyi0 MOITHOCTE
I aMINIATY[y TOKa BOJIHOBOJA:

Z, =22 (6.22)

B cryuae roaxkcmalbHOM, IBYXIIPOBOMHON # JEHTOUHON JIHHUI Bce
Tpu onpepenenus (6.20) — (6.22) npuBogAT K OMIIHAKOBOMY pPe3yiib-
TATy U JAlOT XapaKTepucrmyeckoe (BOITHOBOE) COMPOTHBIEHHE Z..

IlonaTusa HanpsyKeHWs ¥ TOKA B BOIHOBOJE B 001EeM CjIydae JIHINC-
HBI OPAMOTO CMEBICAA. TeM He MeHee, B clydae mNpocreiiieil BONHLI
tnna Hio manpsskenme m TOR MOTyT GBITH BBIGUCIEHBI 10 M3BECTHBIM
3aKOHAM pacHpefielleHusaA TOTsI B BOJHOBOJE. YUUTHBAsg CTPYHRTYPY
BonHB Hig, MOJKHO IIONYy4YNTH HAINPSA;KEHNE, RaK JUHEeNHBIH HHTErpal
HaNPsKEHHOCTA DIEKTPHMUECKOTO 11011 B CepeliHe IMUPOKON CTCHKIE
BOJHOBO/IA:

U-=10b lEy tmaxc- (623)
Uro KacaeTca TOKa, TO €ro MOYKHO HAllTH IIyTeM CYMMHPOBAHUS

OPOJOJABHEIX TOKOB, TeKYIIUX IO INMHPOKON cTeHke BoanoBoma. Co-
INTaCHO pesyiabraraM, mnoiaydeHuHsiM B § 3.6, mmeewm:

I:TJZ (a)dxzf[h’x[dx;
0 0

I =20 H,| e (6.24)
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CrenyeTr yd4ectb, 4T0
Ey \Ey lmaxc

le(\IaKC )

Ilo ypasmenmio (6.20) ¢ yuerom (6.23), (6.24), (6.25) m (6.19)

SKBHBAJECHTHOEC COIPOTHBJICHNE OKA3BIBACTCA DPaBHLIM
]/ Pit
T b
2 a 3"
]/ 1 —_1_ )
e»

Wcnmonssys BTopoil cmoco6 ompefeneHuss Z,, ¢ MOMOIIbI0 ypaBHe-
mumid  (6.21), (6.23) u (5.3) momyguaem:

Z o 2 b 880
B e
i} e \2a
dlo TperremMy cmocoby
V Piko '
7 n2 b geq

g=2 L . (6.28)
B AR

Mosxuo Ob1I0 OB IMOCTABHUTH BONPOC O APYTOM cIIocobe ommpenese-
HUA TOKA U HANPsUKeHWsA B BOJHOBOJE, HAIPUMEP, IyTeM YCPeJHEHUS
10 KBaj[paTHYHOMY 3akoHy. HeTpyaHo mIoKasath, 9TO B THOCIETHEM
<€JIydae 9SKBHUBAJEHTHOE CONPOTHBICHUE

Zoe — (6.25)

7, = (6.26)

(6.27)

o

Z9 E‘EO ‘
1/ A
e 2(1

JKBUBAJIEHTHOE COIPOTHBIEHHNE MNPAMOYTOIBHOTO BOJHOBOJA HAa
BomHe Tunma Hjo, ompefeeHHOE Pa3IWYHBIMA CIIOCO0AMH, AMEET HeKO-
TOpOe pasinure B UNCIOBOM MHOKUTeNe. Belmimma 3TOro MHOMKUTe-

(6.29)

Jig, Kak BupHo n3 BeipaskeHmit (6.26) —(6.29), cocramaser —g—; 2;

2
- 1. HeopnmosHaunOCTS SKBUBAJIEHTHOTO CONPOTHBIEHUS Z,, B OT-
Jugie OT BOTHOBOrO Z., CHOBA yKasbiBaeT Ha NPHOIMKeHHBIN Xapak-
T€p 3TOr0 HOHATHA.

TeMm me MeHee, BeIM4nHA YHUCIOBOIO MHOMKHMTENSA B pacderax 0CO-

Hoit ponun He mrpaer. Clefyer HaIOMHATL, 9TO COIJIAacOBaHHe IHHMIA
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onpeensAeTcs OTHOUWEHUeM BOIHOBEIX CONPOTHBJIEHHNW, B pPe3yabTaTe
Yero IS OHOTO W TOTO K€ THIA JHHHI JI000ii 9MCIOBON MHOMKHTENH
cokpamaerca. B cBAsE ¢ 3TUM Goubinell 9acThi0 IPHHATO 3aIHMCHIBATEH
9KBUBAJIEHTHOE CONPOTHBIEHHE IPAMOYrOJIBHOTO BOJIHOBOA B BH/E
ypasuenusa (6.29), momaras YHMCI0BO# MHOKHTEIb PABHBIM eJIITHHILE.
Opgmako mpH pacdeTax WHOTAA HCHOIB3YIOT © ApyrHe (OpMYJIbl,
B ocobennoctu (6.27). Boifop Mesmy yKasaHHBIMH COOTHOIIEHHSIMMA
lleJIaloT Ha OCHOBE OIBITHHIX JaHHBIX.

Berumeaarh 9KBHBAJEHTHOE CONPOTHBIEHHE B OMaX, KaK IIPaBUIIO,
He CJefyeT, Tak KaK 9TO MOKeT IIPUBECTH K HENPaBHILHBIM BEIBOJAM.
Henpszsa paccMaTpnBaTh BOIHOBOJ COTJIACOBAHHBIM, €CIH Ha €ro KOHIE
BKJIIOUEHO COCPEOTOUYeHHOE aKTHBHOE CONPOTHBIEHME, YHCICHHO paB-
HO€ YKBUBAJIEHTHOMY COHNPOTHBIEHHIO BoiHOBoxga. IlosToMy sBmBa-
JIeHTHOE CONPOTHUBIEHHWE YAaCTO 3aNMCHIBAIOT B OTHOCHUTEIBLHBIX eUHN-

e

nax, mojaras Lo 1.

V]

JKCIIEpPIMEHTH IOATBEP/KAAI0T, YTO CTHIK JBYX BOJHOBOIOB HE
flaeT OTpaKeHUS IPH PABEHCTBE HKBUBAJEHTHHIX COIPOTHBIEHMII, pac-
CYATAHHHIX mo ypaBHeHmI0 (6.29) mmm (6.26) — (6.28). Tak, Heon-
HOPOJHOCTH THIIa «CTYIEHbLKMY», m300paskeHHas mHa pmc. 6.5,0, Apiaser-
csl MPAKTHYECKA HEOTpasKalomiell, ecjad pasMephl CEYEHHS collpsarae-
MBIX BOJIHOBOJOB VHOBIETBOPAKT VCIOBHIO Z, =Z, . Iloaromy
9KBHBAJICHTHOE CONPOTHBICHUE Z, MOKHO PEKOMEHJOBATH A HHIKE-
HEepHBIX PACYETOB CONPKEHHS BOJHOBOOHBIX TpakToB™. IlpmMepn:
UpUMEHEeHHUI TAKHX pacyeToB cM. B § 6.5 m B 1. 7.

CiegyeT mMOMHHTBH, 9TO IOHATHE SKBHBAJEHTHOTO COIPOTHBIECHN S
OBLIO BBENEHO TOJBKO MPHEMEHMTEIHHO K BOJHOBOIAY NPAMOYTOJHHOTO
cedeHns, BO30y)kmeHHoMy Ha BojgHe Tmma Ho. lag gpyrmx dopm
Ced4eHHUs BONHOBOMNA WU [Jf APYTAX THIOB BOJIH aHAJOTHIHOE ITOHS-
THe OOBIYHO HE WCIONL3YeTCA.

Bompoc o rpammimax mpuMeHeHHs XapaKTePHCTHIECKOTO W HKBH-
BQJIEHTHOTO CONPOTHBIEHAN MOJKHO PEIIHTh CIEeIYIOMHAM o0pazoM.
XapaxTepuctTuuecKoe CONpOTHBIeHUEe ZTE WIN Ztm SABIAsSETcs Oojee
00ImMIM DOHATHEM, YeM DKBHBAJEHTHOE CONPOTHBICHME. BBOIATHL BKBH-
BaJICHTHOE COIPOTHBIEHNE B GOJTBIIMHCTBE CIydaeB HET HEOOXOMMO-
cr. JIckiloueHHe COCTaBIAET CONPSKEHHE BOJHOBOMOB C PA3HBIMEA
pasMepaMm monepednoro ceuenmnsa. IlosToMy B pgampHeiimeM Gonbmmeir
yacThio OyjeT HCIOJL30BATHCA IOHATHE XaPAKTEPUCTUUECKOTO COTPO-
THUBJICHHA.

B nmTeparype HepeaKo yIOTPEOIAOTCSA TEPMHAHLI «BOJTHOBOE COMPO-
THBJEHNe BOJHOBOJA», «CONPOTHBJIEHHE BOJHOBOAa» M [1p., o0o3Ha-

* HeGoxbmoe oTpaskenne BCe JKe BO3HHKAET 3a CYeT I0JIell BHICIIAX THNOB
BOJIH, JNOKAJIW30BAHHLIX BOIM3M CTyIeHHKH. Ha SKBUBAJEHTHON cXeMe MpPHCYT-
CTBAE€ BBHICIIUX THIOOB BOJH MOKET OHITH YUTEHO BKIOYCHHEM HEOOIbIIOlk

mMYHTHpYomen emkocTn. Taxoil e s¢@@ert mabiiomaeTca W HA CTHIKE IBYX
KOAQKCUAJNLHBIX JIMHMTIL,
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qaeMeie 4epes Z, Zo, Z, u 1. A. acTo mcmoap3yioTcs oOpaTHble Belad-
YMHBI — XapaKTepHCTHYECKHEe IPOBOJEMOCTH, o0003Ha4daeMble depes
Yo. Ilpm atom mmeercss B BHIY XapaKTepHCTHIECKOe CONpPOTHBIEHUE,
ompepiensemMoe mo ypasHemmam (6.14) m (6.15), mam coorBercTByIO-
mas XapaKTepucTuuecKas IPOBOJUMOCTh.

MeToguka pacueros AIMHHBIX JIMHHAH, 6a3MpYIOI[ascs HA IOHATHA-
X XapaKTepHCTHYECKOT0 M DKBWBAJIEHTHOTO CONPOTHBIEHHU, B Ha-
cToslMee BpeMA fieTalbHo pa3paloTaHa ¢ mpHMEHEHHeM cIIerHaIbHEBIX
KPYTOBBIX [WarpaMM, pacCMaTpUBaeMHIX B TI. 7.

§ 6.3. COTJIACOBAHME, XOJIOCTON XOJ M HKOPOTHKOE 3AMBIKAHNE
BOJHOBOJIA

CooOpaskenns, M3J0/KeHHBIe B TPEABIAYINEM pasieie, ITOBBONSIOT
paccMaTpUBATh BOJTHOBOM, BO30OYIKCHHBII HA BOJHE ONHOTO THIA, B BH-
Jle 9KBHBAJEHTHOH JBYXNIPOBOAHOII JmHWMH. B KadecTBe BOJHOBOTOG
COIIPOTHBIEHHS 3TOW JUMHUA MOKHO MCIIOJL30BATh XapaKTepHCTHUe-
CKOe WIW, B CHEOUAJBHBIX CIydadX, SKBHBAIEHTHOE COIPOTHBICHHE
peasbHOT0 BOJIHOBOJA.

ITpenacraBuser mHETEpEC BOMPOC, MOYKHO JIA OCYINECTBHATH B BOJHO-
BO/le pesKMMBI, Ham0oJjlee 9acTO BCTpedalomuecs B [AIMHHRIX JHAA-
AX,— PEeKUMBI COIJIACOBAHMUA, KOPOTKOTO BaMBIKAHHA M XOJOCTOTG
xofa.

YciroBHeM KODPOTKOTO 3aMBIKAaHUA [JAAHHOW JIMHAW SABIAETCH
PaBEHCTBO HYJI0 BBICOKOYACTOTHOTO HANPSIKEHUS B HEKOTOPOM cede-
HOA JEHUE ¥ OTCYTCTBHE TIONA 32 INIOCKOCTHI0 KOPOTKOTO 3aMBIKAHHA.
b BomHOBOZE, Kaszamock O, MOCTATOYHO OTPAHUIATHCS 3aMBIKAHUEM
[IPOBOANIAM CTEPKHEM WA PelmeTKod, OPHeHTHPOBAHHON IO HATpaB-
JeHWIO CHIOBRIX NHHUI dieKTpmYecKoro mosusa. OmHaKo 3a c4eT MosB-
JeHHsA HepacupOCTPAHAIINXCA BHICHIAX THIOB BOJIH HMEET MeCTO
HEKOTOpasA CBA3h C YUACTKOM BOJHOBOJA, PACIIOIOKEHHBIM 110 APYTYIO
cTropory pemetkn. [losToMy pmmsa momydeHuss HaJEKHOTO KOPOTKOTO
3aMBIKAHHA CIelyeT IOIEpeK BOJHOBOAA pAaclojaraTh CIJIOIMHYIC:
MeTaIIAYecKyl0 IeperopoAKy, EMeEIOIMYI0 XOpOoImWil KOHTAKT C eroc
creHKamMu. Takas meperopogka He BO30yKIaeT HUKAKHEX JPYTHX
THIIOB BOJH, €CIH €€ IJIOCKOCTh TOYHO COBIAJiaeT ¢ (PPOHTOM BOJHBI,
T. €. IePIeHANKYIApHA OCH BOJIHOBOJA.

KopoTko3aMBIKAIOIIYI0 MIACTAHY MOKHO BBIIOJIHHTH B BUe Iepe-
ABWKHOrO TopmiHs. B 3ToM ciydae 0Tpe30K KOPOTKO3aMKHYTOTO BOJI-
HOBOJla YIOAA0IABAETCA KOPOTKO3aMKHYTOMY ABYXIPOBOMHOMY ILIeH-
¢y, mokasaunomy Ha puc. 6.6. Ilotepm B mopmmue MoryT GhITH crena-
ael  npeneOpeskmmo ManbiME  (cm.  §  8.1). Ilepenq mopmmem
B BOJTHOBOJIe YCTAHABIMBAETCA CTOAIAS BOJHA; KOdPPUIMEHT OTpasKe-
HUS TpHOJMKaeTcaA K efmHANE. TakAM 00pa3oM, pesKuM KOPOTKOTO
3aMBIKQHUA BOJHOBOJA BeChbMa CXONEH ¢ KODOTKAM 3aMLIKAHHEM
00BIYHOM JBYXIPOBONHON JINHUM.
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Nnage 06cTOMT MEN0 ¢ PERAMOM XO0JOCTOTo Xofia. B ciaydae mByx-
OPOBOTHON WM KoAKCHAJAbHOI JuHWM, paboTalolieil Ha BOJIHE THIA
TEM, xomocroit xoj moiXydaeTcsi IPH IPOCTOM pasphiBe ONHOI0 WIH
060MX TPOBOJHUKOB JMHWUH, T. €. IPH 0ECKOHEYHOM COIPOTHBIECHHH
garpysku. OrpakeHne BOJHEL OT OTKPHITOTO KOHIA JIMHWH OTINYAETCS
OT caydas KOPOTKOTO 3aMHIKAHWA JAMb (a30fl OTPayKeHHON BOJHEL.
BoamoBop ke, mMeIOIUl OTKPBITHIH KOHEI, W3JIydaeT 3HAYHTENLHYIO
9acTh MOLTHOCTH majiatomieil BodHB. OTpaskKeHHWe 0T OTKPHITOTO KOHIIA
BOJHOBO/Ia OYE€Hb HEBEIWKO.

— // 1
= AT
w k\ | ”

q)

M NN\

Puc. 6.6. HoporrkozaMbIKamolnuii IOPIIEHL B BOJHOBO-
ne (a) m ero sKBHBaJeHTHas cxeMa (6)

OTKPHITHII KOHEI[ BONHOBOJA TIPaBWJIbHEE paccMaTpuUBaTh Kaw
HalIpaBJeHHBIH manydatens. lIpm mocTemeHHOM pacIIupeHNH BOJHO-
BoJa ylaeTcs Make IPAKTHUYECKW IIOJHOCTHIO MCHKIIOYNTH OTPaKeHHe
OT OTKPHITOTO KOHIa. Tarkme ycTpoiicTBa, MMeIOI[We BHJ PYIOPOB,
IIAPOKO TPUMEHATCA B aHTeHHON u maMmepurenbHOM Texuuke. Cie-
IOBaTEIbHO, HEOMHOPOIHOCTH, KOTOPYIO HPeCTABIACT €000 OTKPHI-
TBIII KOHEI[ BOJNIHOBO/Aa, HEJb3A NPEeACTAaBUTH IPOCTOM SKBHUBAIEHTHOM
CXeMOll B BUe PasOMKHYTOIo AByXmpoBopHoro mieiida. [leranmbmoe
PacCMOTpeHNEe CBOWCTB OTKPBHITOIO KOHITA BOJHOBOJA 37€Ch ITPOBO-
IuThcA He Oyner.

B cuny yrasamHBIX mpUYMH AJIA COBAHUS CTOAYMX BOJNH B BOJHO-
BoJl¢ HEOOXOAWMO IOAB30BATHCA KOPOTKO3AMBIKAIONINM IIOPIIHEM.
HemocpencTeBeHHO €O3aTh PesKUM XO0JOCTOTO XOfIa BOJIHOBOMA HEIB3A.
31ech cHOBA TPOABISETCA ONHO M3 MHOTUX OTINYHII BOJIHOBOIOB OT
OOBIYHEIX IBYXIPOBOAHBIX JUHMI, 00yCIOBIEHHOE CPABHUMOCTBIO pas-
MEpOB TIOIEPeYHOT0 CeYeHHA W pabodeil MIMHBI BOJHEI.

PexuMm cormacoBaHums BONHOBONA, T. €. PEXKHM TUCTO Oeryimeil
BOJIHBI, T0JYydaeTcsd Ipd 0eCKOHEYHO MJIWMHHOM BONHOBONEe. B Texmmke
qacTo BOBHUKAET HEOOXOMMOCTh CO3/IaHUSA KOMIIAKTHHIX BOJTHOBOHBIX
a06cop6epoB — yCTPOHCTB, IEeITKOM IOIVIONIAONIAX IaJaloIyi0 BOJHY
n He pAawINX orpaskeHHoil BoAHBL. C (QuUBUYECKOW TOYKU 3IPEHHS
abcopbep CoOTBETCTBYET GECKOHEUHO JAMHHOMY BOJHOBONY H SBIsET-
¢s1 a0CONIOTHO YePHHIM TeJOM B [HAalla30HE CBEPXBEICOKUX YaCTOT.
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EcrectBeHHO, 94TO TaKoe yCTPOHCTBO MOMMKHO COMEPATh IOIIOIIA0-
nfue BJIeMEeHTHI, B KOTOPHIX SHEPTUs DHJIEKTPOMAaTHUTHOTO IIOJNSA IIpe-
BpallaeTcsd B TEIUIOBYIO DHEPTHIO.

Koncrpyriun a6cop6epos mau, Kak X 0GBIIHO HA3BIBAIOT, BOIHO-

BONHBIX CO2AQCOBAHHbLIL HaA2PY30K, OYHYT PacCMOTPEeHBl B TIiI. 8.
37ech ’Ke YMECTHO OTMETHTh, UTO BCAKUN wmie-
aIbHBIA BOJHOBOJHEIN aGcop6ep MosKeT OBITH OmMu- 7
CaH IPOCTOI YKBUBANCHTHOI CXeMOHW B BHUIe JBYX- J
IPOBOAHOM JUHAW W COCPENOTOYCHHOI0 AKTHBHOTO
CONIPOTHMBJIEHNA, pPABHOTO XapPaKTePHCTHIECKOMY — R=Zy
(BOTHOBOMY) CONpPOTMBIEHHIO IWHHM, KaK IOKa-
3aHo Ha puc. 6.7. Taroil sxe cxeMoii MOKHO OIIHU-
caTh JII00yI0 HealbHYI0 Iepefalollyio aHTeHHY,
CBAZAHHYIO ¢ BOIHOBOJIOM, IOCKOJIBKY OHa o§ecne- Puc. 67, Drpmsa-
YUBAET W3JyUeHue Bceil bHeprum najamomiedl BOI- joprmas cxeMa
Hel. [leficTBUTENBHO, BONHOBOMHBEIN pymop, o0ec- sBoamoBogmoro  ab-
IIeYuBAIONNI COIIaCOBAHNIE BOJHOBOIA CO CBOOOI- Copﬁep,a (cormaco-
HBEIM TPOCTPAHCTBOM, (PU3AUECKY TOMHOCTHI0 DKBH- DAHHON HATDYSKH)
o o BHe 3aBHCIMOCTH
BQJIeHTeH [IMHHON JuHHY, paboraomedl HA op ero wkomeTPyK-
COTJIACOBAHHYIO HATPY3KY. 19381

§ 6.4 TA®PATMBI B BOJHOBOJE

O6paTtuMca K HEOJHOPOAHOCTAM B IIPAMOYTOJABHOM BOJHOBOJE,
KOTOpPhle WMEIOT BHUJ WUAEaNbHO MIPOBOAAINEH IepPEeropogKy, YaCTHIHO
HepeKpLIBAIONMell CedeHNe BOJHOBOMA W PACIOJOKEHHON mepHeHmu-
KyJXsApHO K ero ocu. PaccMoTpuM JBa mpocTeHINIWX THUIA TaKUX IIepe-
TOpO/IoR — AauaparMsl, moxkaszanupie Ha puc. 6.8. Ilomoyxum, dTo TOI-
muHa puadparM d MHOTO MEHBIIE [JIVIHBI BOJHEL B BOIHOBOJE,
H0 MHOTO 00ibIlle INTyOMHBI OIPOHMKHOBeHUS mons B MetamI. [lo Bos-
HOBOJY MOKeT PacCIpOCTPAHATLCA TOJAbKO BojHA Hmsimero tuma Hio.

OueBnaHO, YTO B HENOCPEACTBEHHON O6iam3ocTH ¥ pauadparMe
B BOJHOBOJEe MOTYT CYI[eCTBOBATH IOJS BBICIIMX THUIIOB BOJH, 3aTY-
xawiqye 110 Mepe yaalleHus OT HeOTHOPOAHOCTH, IOCKOJIBKY PasMepbl
CeueHNsA BOJTHOBOJA YIOBIETBOPAIOT PACCMOTPEHHBIM YCAOBUAM:

S\
h>a>—; 5> 0>0.

PaccmeTpuM cmauvana amadparMsl ¢ Ka4eCTBeHHOUM TOYKH 3PeHUS,
HOJB3YsACH KOHIENNKeil DKBUBAJEHTHOTO conporuBieHusa. [Juadparmy
6y/meM paccMaTpumBaTh, KaK KOPOTKUH OTPE3OK BOJHOBOMA, Pa3MepEl
cedeHUsA KOTOPOTO OTIAMYAIOTCS OT Pa3MepoB OCHOBHOTO BOJHOBOJA.
Torma BommoBox ¢ AuadparmMoii MOKHO IPeCTABUTHL B BUEe YKBUBA-
JeHTHOHN cXeMBI, IOoKasaHHo# Ha puc. 6.9,a. Ira cxema cocToHT H3
TPexX Y4YacTKOB [IMHHBIX JUHNHA ¢ SKBUBAJEHTHHIMA COHPOTHBICHUAMME
Zyu Z,. Crporo rosops, moas auadparM He MOTYT GHITH IIOJHOCTBHIO
YyUTeHB HDKBHBAJIEHTHBIMU CONPOTHBICHUAME, IOCKOJLKY 5TO NOHATHE
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TIPAMEHIMO K OJHOPOAHEIM BoJiHOBofaM mpu BouaHe Tuma Hio. IToaro-
My OTCIOfa HEJB3f NONYYUTHh TOUHYIO (OpPMYyINy Mg pacuera Jua-
dparM, XoTsA KadecTBeHHAsT KapTHHA M MoKeT OBITH JOCTATOYHO
HOCTOBEPHOM.

DKBUBAJIEHTHOE CONPOTHBIEHNE [JA OCHOBHOTO BOJHOBOJa C BO3-
JYIIHBEIM HATOJHEHWEM B COOTBETCTBHU ¢ ypaBHeHueM (6.29) mmeer

BH]
|/ o
o
Vi
=z
IIpu cysenunm IMAPOKOTO pasMepa cedeHHAA BoJHOBoAa (puc. 6.8,a)

umeeM: a’ <a; Z, >Z,. Jlna nmadparmsr, m3o0paskerHoit HA puc. 6.8,6,
b'<bulz, <Z,

zK' i d /
a ’ L/ Z3
Memain a

b
Zy=— (6.30)
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Pmc. 6.8. Ilpocreiimme cmMMeTPHUYHEIO Puc. 6.9. IIpeoGpaso-
aumadparMbl B OPAMOYTOJIBHOM BOJHOBOJE BAHUA OSKBHBAJIEHTHON

cXeMBl TOHKOH Jua-
(parMsl B BOJHOBOJE

IlonsiTaeMcst cBeCTHM MONYdeHHYI0 DKBHBAJEHTHYIO CXeMy Mua-
¢§paTMEL K CXeMe C COCPef0OTOUYeHHBIMH TOCTOSTHHBIMH. [Ipomsmemem
rociefoBaTedbHble TPeodPa30BaAHNA, OAb3YACH METOSAMY, IIpHMeHsIe-
MEIMH B TeOpuUH OOBIYHBIX IJIMHHEIX JWHUN. BXomHoe compoTusieHme
B TouKkax ab (puc. 6.9,4) mo ypaBHeHHIO BXOJHOIO CONIPOTHUBIEHUSA
muanu (1.1) Beipakaercsa Tak:

» Zy +jZ; tgB’d
C Zy+jZotgBd’

(ZBx)a6 =Z

Yepes B’ obosmauema ¢pazoBasg MHOCTOAHHAS B JHUHWH, COOTBET-
crByromieit mumagparme. Ilpmw wmamoit Tommuue guadparMbl MOMKHO
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sanmmcats: PB'd1; tgp’d=p’d. Bxogmas mpoBOAMMOCTHL B TOUKAX ab
OKa3BIBAETCA TPUONIKEeHHO PaBHOR

(Vo) — L 1 Z,Zy—j(Z)'d + jZ3d + Z,Z,(5' dp
6 — = - ' 2 *
e (Z8x) a5 A Zg + (Zaﬁld)

3

Hnenamu, copmepsramumu (p’d)2, moskmo mnpemeGpeur B cuay
ycnosug B'd <<1 B pesyanraTe mMeem:

1 8’d Z)\*
(YBX)()“_—_}-] I l:l— (Za> }

HOCJIG,I[HGG BEIpaKEHNE MOMHO IIPeCTaBUThL B BUJIE

- (Yox)as =0+ JB, . (6.31)
rae
1
8d Z\?
st [ (2)] o
Z, Zs

CaemoBaTenbHO, IONYIeHHYI0O PaHee SKBUBAJICHTHYIO CXEMY MOIKHO
npeoOpa3oBaTh K BUly, HOKA3AHHOMY Ha pHC. 6.9,6. 3mecr BMecro
IBYyX OTPE3KOB JUHWN (PUTIypHPYIOT COCPEOTOUYEeHHEBIE IIapaJLIeNbHO
BrIodennsie aktusHaa G u peakrumsHas jB mposomumoctu. Ho axrus-

HY10 IpoBomuMocTh U= —— MOKHO 3aMeHHTh 0ECKOHeYHO AJIUHHON JIH-
3

Auell ¢ DKBUBAJEHTHLIM CONPOTHBIeHWEM Z,, KaK II0OKasaHO Ha
puc. 6.9,6. Takum oOpasoMm, B TouraxX a6 ocTaeTcsi COCPENOTOUEHHAS
peaKTHBHAS TPOBOMUMOCTE B, BRIOUEHHAS B OJHOPOAHYIO AMNHHYIO
JUHUI0 €  HeW3MeHHEBIM SKBHBAJGHTHHIM  COIPOTUBIEHUEM,
pPaBHBIM Z,

Ob6paruMmcss k Bolpaskenmio (6.33). B cayuae pmadparmsl, moKa-

samHoil Ha pmc. 6.8,a, mmeeM: Z,>Z,. B pesynprate peaKTuUBHAS
MPOBOAMMOCTh JHaparMel MMeeT OTPUIATEeNBHBIN 3HAK, YTO YyKadbl-
BaeT Ha umdyKTUGHbLL XapakTep upoBommmoctH. Jmadparma, moxa-
sanHag Ha puc. 6.8,6, mMeeT WONOKHUTENBHYIO, T. €. EMKOCTHYIO

PeaKTHBHYIO IPOBOJUMOCTD, HOCKOIBKRY i Hee Z,<Z,

IIposesiensoe paccykieHye TO3BONAET B3aKIIOUUTH, YTO DHKBUBA-
JeHTHLIMH CXeMaM¥W paccMaTpuBaeMbiX AuadparM SABIAOTCH TIYHTH-
pylomasaA HHTYKTABHOCTH W TIYHTHDPYIOMAs eMROCTh, BKIOYEHHBIE
B ofHOponHyI0 AmuaHyIo jguEuH0 (pmc. 6.10). B cBasu ¢ stum gmad-
parMbl, MOKasaHHbIe Ha puc. 6.8, HA3HBAIOTCA COOTBETCTBEHHO UHOYE-
TUBHLIMU U eMKOCTHBIMU p;na(bparMaMn Yem MeHpmie pasMepel @’
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u b’ y pgmadparM, Tem Goible BelMYMHA WX PEAKTHBHON HPOBOJH-
MOCTH W TeM CHIbHee OTpajKeHHe BOJIHBI OT AWaQparMel.

C (usnueckoit TOYKHE 3PEHUSA HONYyYeHHbIe Pe3yabTaThl IPeJCTaB-
JAIOTCA eCTeCTBEHHBIMH. UMCTO pPeaKTHBHBIN XapaKTep IPOBOTMMOCTH
amadparM cjiefyeT M3 OTCYTCTBMA AKTUBHEIX NoTeph B pAumadparme
n B cTeHKaX BoJHOBomAa. MoykHO OOGBSCHUTH, M IOJyYeHHBIEe 3HAKHI
pearTHBHOII mpoBomumocTu nmadparmM. B camom pme-
e, MHAYKTABHAS AuaparMa BJIUseT B OCHOBHOM Ha
BRICOKOYACTOTHOE MATHUTHOE IOJie NPH BOJHE THIA
Hio. HaoGopor, emrocramas pgmadparmMa BBI3LIBAET

2) KOHITEHTPAUMIO DJIEeKTPHYECKOTO0 BBICOKOYACTOTHOTO
\ nosst Boaubl Hjo, 94T0 B 00BIYHON IWHUK PABHOIEHHO
e eHCTBHI0 eMKOCTH.

T BripaskaTs peakTHBHYIO TpPOBOAMMOCTH muadparm
;7 B B aGcomortubix cgununax (1/om) mememecooGpas-

1n0. OOLIYHO ee YKA3BIBAIOT B OTHOCHTEJIHHBIX ENMHMU-

1laX B BUE OTHONICHUS PEAaKTUBHOW NPOBOJUMOCTH

Puc 610 9xBn- gumahparMel K XapaKTePHCTHIECKOH ITPOBOXHMOCTH

‘:Jifefggﬁfx Cﬁg: BostnoBofa Yo. IlpmMeHeHUMe OTHOCHTEILHBIX €XMHUII

AT CORITX NpY PACCMOTPEHUM TIOJNHBEIX IPOBOMTMMOCTEN W IIOJ-

pmadparM, mzo  HBIX CONPOTUBIEHWIlI OyAeT HOACHEHO B TJI. 7.

OpajseHHBIX Ha IMonszoBaThess ypaBHenmeM (6.33) mns Beiaucie-

puc. 6.8 HUA BEJIWIWHGI PEAKTHBHON IIPOBOAUMOCTH Amadparm

HeJAb3A B CUIYy Cyry0o IPuUOAMKEHHOTO XapaKrepa

pacdera. Teopmsa, yduTHIBAlOIasA BBICIIME THUILI BOJH, IPABOXMT

K clemyiollleMy 0ojiee TOYHOMY YPaBHEHHUIO IS pacdeTa pPeaKkTHUBHOI
IPOBOJIMMOCTH TOHKOW CHMMETPUYHON MHAYKTUBHOMN nuadparMer:

= 4

Ay -
B=— —%ctg® (—2— 2) OTH. €. (6.34)

B cnywae ToHKO# CMMMETPHMYHONM eMKOCTHOH AmaparMbl MOYKHO
[I0JIb30BaThCA ypaBHEHHEM

B:%li In csc(
B

a

’

-5 —bb—) OTH. €. (6.35)

Jaa ynoGctBa mpakTmdecKoro IpUMeHeHWS Pe3yabTaThl pacdeTa
TOHKMX CWMMETPHMYHBEIX AmadparM npuBeleHsl B Bufie rpaduKoB Ha
puc. 6.11 = 6.12.

Donee cnoKHEEIME ABIAIOTCA SKBUBAJEHTHEIE CXeMBI W pacdeT
nuaparm Komewmoit Tommuesl d. OgHako B mepBOM HPUGINIKEHUH
I B 9TOM ClIy4ae MOKHO MCXOMMUTHh M3 pacuera OECKOHEYHO TOHKHUX
mmadparM, ecnm BMecTo pasMmepos @’ m b’ B ypasmenuax (6.34)
u (6.35) mopcrasute coorsercTBemno (a'—d) m (b'—d).

Omno w3 HasHadyenwit mmaparm — TpaHcHOPMATOPH  HONHEIX
CONPOTHUBIEHMH (HONHEIX NPOBOXWMOCTEH) B BOJHOBOJHBIX JIMHHUSX
CBY. Takoe npmMeHenme WHIYKTHBHEIX M eMKOCTHHIX puaparm
paccMaTpmBaeTcsi B I, 7, HOCBAIIEHHOH BOMpPOCaM COTJIACOBAHHUA
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nepefatomux auHmit. Kpome Toro, AmadparMsl pasHbIX THHOB HAILIB
IpIMeHeHNe IIPU HOCTPOeHAH BONHOBOAHEIX (PMIBTPOB M HEKOTOPHIX
TanoB 3aMeqIsomux cucreM (cMm. i 11). Peaxrusuple nuadparmet
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Puc. 6.11. Pacyermbie rpaduKyM SKBUBAJEHTHOM peaKTHBHOMU
OPOBOJMMOCTA TOHKHX CHMMETPHUYHBIX €MKOCTHHIX juadparm
B IPAMOYTOJbHOM BOJHOBOAe IpU BogHe THna Hi,
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Puc. 6.12. Pacuernbie rpamku 9SKBUBaJeHTHOH peaKTHBHOM
IPOBOAMMOCTH TOHKHMX CHMMETDHYHEIX HHIYKTHBHBIX muadparm

re
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FIBIAIOTCS BAaJKHLIM DJIEMEHTOM HE TOJBKO B PaJUOTEeXHWUYECKUX YCT-
poiicTBax, HO W BO MHOTHX THIAX ODIEKTPOHHBIX M Ta30Pa3pPAMHBIX
OpHOOpPOB CBEPXBHICOKUX YACTOT.

MeTox 9KBHBAIEHTHBEIX CX€M, MCIOJb30BAHHBIN IIPM pPacCMOTpPEHUR
muagparm, MoKeT OBITh IOJHOCTBIO NPHMEHEH [JjiA pacuera Apyrou
TUIIMYHON HEOJHOPOAHOCTH — TOHKOU JUIJEeKTPUUECKONl TIJIaCTUHBL,
PACIIONOKEHHOH NEepIeHANKYIAPHO OCH BoJHOBoAa (cm. puc. 5.10,0).
s ygacTKa BOJHOBOJA, COMEpPsKAINEro MAUDJIEKTPUK ¢ & >1 u mMero-
mero HemaMeHHBIE pa3Mephl CeYeHWsd, DKBUBAJEHTHOE COIPOTUBIEHNE

£, na puc. 6.9 ¢ coorserctBmu ¢ BeipaskeHmeM (6.29) Bcerma mMemsmie
DKBUBAJIEHTHOI'0 COINPOTHBIEHHS Zy TOr0 jXe BOJHOBOZA, He 3aIoi-
HeHHoro mudneKRTpuroM. llodTomMy, cHoBa obpamjafgch K BBEIpa/KeHHIO
(6.33), cmemyer sarmYUTH, dYTO SKBUBAJEHTHOH CXeMoii TOHKOi
JH3IEKTPUIECKOI MNACTUHBEL SMBJIAETCA IIYHTHPYIOMAA eMKOCTh,
u3obpaskennas na puc. 6.10,6.

Taxknm o6pasoM, IpU HCIONB30BAHHU AMIIEKTPHUECKOTO «OKHA»
B BOJHOBOME [O/UKHA IOABUTHLCA OTpaskeHHasg BoaHa. Ortpaskenne
MOXHO YMEHBINUTh, IPUMEHAS MUDJIEKTPHK C BO3MOYKHO MeHBINeH

AMINEKTPUUYECKON MOCTOAHHON (Z‘3 —Z,) uWiIn yMeHbIIag ero TOJIh-
"y d [cM. ypaBuenme (6.33)].

HpyrzM myTem ycTpaHeHHs oTpaskeHUs HA B3aNaHHOM d9acToTe
SIBJISIETCA 3aMEHA TOHKOTO OKHA [UAJIEKTPUIECKONl IJNaCTHHOH, TOJI-
IMHA KOTOpoil d paBHA NONOBMHE [UIMHEI BOJHEI A B BOJHOBOJE,

3aIl0THEHHOM [JaHHEIM [U3JEKTPHKOM. B caMoM feie, BXOTHOE COIpPO-
THBJIEHNE OTpe3Ka NUHUN 0e3 MoTeph AMWHOI B IOJOBUHY BOJHE
‘BCerfla PaBHO COIPOTHBJEHWIO HArpy3Kd. Bjaropmaps sToMy BXomHOE
conporusnenne (Z,:) ab ua puc. 6.9,a Gymer B TouHOCTH paBHO Z,
HE3aBHCAMO OT BEIWUHHH Z,. OrpakeHue BONHEI OT ce4eHUs ab
OymeTr OTCYTCTBOBAT.

JmanerTpuuecKkue OKHA NPEACTABIAIOT WHTEpPEC /A TepMeTH3a-
(Ul pA3NWYHLIX YYaCTKOB BOJHOBOJHEIX TPAKTOB. JdTa mpobiaeMma
Oyper obcy:kmaTeca Oojlee MOAPOOHO B CBASHM ¢ PACCMOTPEHHEM BasK-

HO# DPA3HOBU<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>