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B. A. ®oreancon. BOJTHOBO/IEB!

Bpounopa «Boanoronb» BXOANT B BhinycKaemyio Boewnnm HManatednh
ctBOM OubaroTeky «Papwonokaunonnas’ texnwka». BunGaworeka paccun-
TaHa Ha oduLepPOB, CBAIAHHLIX C IKCIAyatTauHedl pagHOTexHUYeCKUs
cpeacts. OHa MOXeT OblTb TakKe WCMOAb30BaHA LIUPOKHM K[LVIOM 4YHTa-
Teqeil, XeJaninX NoApoOHO 03HAKOMHTLCS € paloTOH OTieNbHbIX Yy3JC!
M 3/1eMEeHTOB PALHOICKAUUOHHBIX CTaHUHM,

Tepevens, Gpomnop, Bxoaaugix B Oubanoreky <«PaaHOJACKALHOHHA
TexHuKa», noMeilled Ha 3-fi cTpanvile o6J0XKKH.

Bpouopa «BonHosonu» B jAoctyuHo#l dopme naeT MpeACTARAER.IC
O Tpoueccax, POTERAOUIHX B BOJHOBOAAX NPH Repelaue 3JAexKTPOMATHHT-
Hoft suepruu. Kpome toro, B Opoluwspe npusenentl MHOTOYHCAEHHLIE [OpH-
Mepbl KOHCTPYKilHE OCIlOBHBIX 3JIeMHTOB BOJIHOBOAHBIX CHCTEM COBpEMuli«
HbIX PAAUCJOKALHOHHBIX CTaHUKA.
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BBEIZEHHE

B pamnonokanuounoll Texnuke LA ONpeleJeHHs MecToua-
XOMACHUN pa3judiblXx 06bEKTOB U3 LIMPOKOrO CMEKTPa JeKTPOo-
MarHuTHbIX KogeBGauuil Hanbosice MMPOKO UCMOJb3yeTCst AUana-
30H CBEpXBLICOKHX UYAaCTOT.

Ha Bosnnax Gonee 10 cm 3JMeKTPOMArHUTHAS DHEPTHs Mepe-
[aeTCs N0 JABYXNPOBOAHBIM HJ/M KOaxkcHaAbHbIM Jaduuam. lla
BONHax Kopoue 10 cm NMpUMeHATL yKasaHHble JUHUH He Keja-
_TeJIbHO @ OCHOBHOM H3-32 BO3DacTaHus HeOOPATHUMBLIX [OTEpb.

B stom csoyuae uenecoofpasHO HCNOJB30BATH ¢ KayecTBe
JUHUT Nepefayd BOJHOBOAE! C KPYIVILIM HJIM APAMOYIOJbHBIM
HONEepeuHbIM CceyeHHeM.

Iloanasn Teopusa BOJIOBOKOB, LOBeIEHHAA N0 HIIKEHEPHLIX
pacueToB, TpyAHa jaxce AJA HHXKeHepOB cpeiHedl Kmaauduka-
umu, a teM GoJee AAA CHEUHANTHCTOB-TCXHHKOB, 3aHAMAIOLIHXCSA
dKCI/IyaTalllell COOPBETCTRYIOWEH annaparypul. 31a TPYyAHOCTb,
N0-BHANMOMY, 3aKMIOUAETCH B TOM, 4TO MEXIy OCHOBHHLIMU
3aKollaM4 3JeKTpomarHeTuama (ypaBHeHunsiMma MaxcBeana) o
KOUKPCTHBIMY pe3yJibTaTaMu TEOpHH JIeXHUT MOCT K3 MHOrO4uc-
JIEHHbLIX H CJOMHbIX MAaTeMdaTHYeCKUX onepaunii.

Hacroswas Gpouliopa npecienyer uedb Jath TNpeacrase-
HHE O Npolleccax, NpOTeKaloILlIX B BOJHOBOAAX, HAa 6a3e TOMLKO
husuvecknx caeactsuil ypasuenuii Makcseasna. Urobu cpnep-
Wauie OGpounopsl cTajo 6ojiee KOHKPCTHBIM, [PHBENEHB! IMpH-
Mepbl KOHCTPYKIIUH OCHOBHbBIX 3/CMEHTOB BOJHOBOAHLIX CHCTEM,
NPUMEHSIOUHUXCS B COBPEMEHHOA pPaJAMOJOKALHOHHOH TexXHUKe.
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I. BOJIHbl U BOJIHOBOE N BUWU)XEHHE

1. O6mue ceenenus

B Texnuxke 4acTto BCTPewaloTCsl CAyYaH, KOTAA [PUXOLUTCH
UMeTb AeN0 C NepHOAMYECKHUMH HIMeHeHHUSMH (KOoJ¢BGaHUAMH)
TOH WM HHOH (Pu3NyecKol BeqHUNHBl (IOJNOKCHHE YACTHIL TBED-
JOro TeJsa, TeMIleparypa TeJ, TOK WJH HalpsiKeHue B 3JeKTPH-
YeCKOH LeMu M T. I.). DTH U3MEHEHUA-KoJeGaHus, BC3HUKHYB B
OHOM MeCTe, MepefaloTCs B COCeJHHe TOUKH MPOCTPaHCTBA,
BCe GoJee u OoJiee yAAJSASICh OT UX MCTOUHUKA.

Kak npoucxomut pacnpoctparenue KojieGauuii? Jias oreera
Ha 3TOT BONPOC HCMOJAL3YIOT YCTAHOBHBINEeCs (PU3HUECKOE MO-
HATHE O BOJIHE W BOJIHOBOM JBHIKEHHH.

CiioBo «BosIHA» yHNOTpeGJIsiIOCh B $13bIKE HAMHOTO paHbIIe,
yeM OHO MPOHHKJO B HAyKy, U 0603HayaJO yepegoBaHHE HBH-
JKYLIIUXCA JIPYT 32 APyroM rop60B M BHARHH, KOTOpblE YacTo
BHJHBl Ha BOJIHOH NOBepXHOCTH. B naabHefilleM NOHATHE BOJIHBL
6blJI0 pacnpocTpaieHo Ha BCAKYIO H3MEHSIOULYIOCS CO BpeMe-
HeM (U3MUCCKYIO BEJWYHHY, HMEIOLLYIO, KpOMe TOro, 4epefo-
" BaHHE MAaKCHUMYMOB W MHHHMYMOB B IIPOCTPaHCTBE.

HauGose2 HarAsiAHbIM BHAOM BOJIH SIBJSIIOTCS BOJIHBI, BO3-
HUKIUYe Ha FJaJKOl BOAHOH INOBEPXHOCTH I[IPH BO3MYILEHHH ee
B KakoM-nufbo onHoM MecTe. Hanpumep, mpu najendn KamHs
Ha IOBEPXHFOCTb BOABl CIIOKOHHOrO 03epa Mbl BHAMM KapTHHY,
n3obpakeunyio Ha puc. 1. Pax xpyros, o0pasoBaHHBIX uepe-
AYIOLIMMHUCS BAOJb pajuyca BHajvHaMH H ropbamy, pacxo-
JUTCA OT TOUKW MAajeHUd KaMmHsA, KaK U3 neHrpa. Yucao Kpyros
(uyicsio BOagwu ¥ ropfoB BHOJb PafUyCa) YBeJHUIBAGTCA MO
Mepe TOro, Kak paclnpocTPaHseTCss BO3MYIIeHHe.

JIpyruM npumepoM CJIy:KHT BOJIHA, Oeryuias BAOJbL WHYpa
(pesHHOBOrO WK U3 APYroro ynpyroro mMaTepuasa), nojpelleH-
HOro 3a OAMH KOHel, H BO3MYIUEHHOIO Ha CBOGOAHOM KOHIE
(puc. 2).
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StoT NpUMep Mexanu4yeckoll BOAHK B YNpyroft cpese (wWHyp)
JaeT BO3MOXHOCTb MO3HAKOMHTBCA € OCHOBHBLIMHM CBOHCTBAM i
BOMIH BoOOILe. Eciu cBOGOAHLI{ KOHes, LIHYpa GLICTPO OTBECTH
B CTOPOHY M BepHyTb 00paTHO, TO ofpa3oBaBlUMiicA U3rub no-
GeXUT No IWHYpY BBepx (puc. 2, a) u, 10iia8 A0 TOYKM MOABECA,
OTpa3uTCA M BepHercss BHu3 (puc. 2,06).

Puc. 1. BonHbl Ha nMOBePXHOCTH BOAH

Ipu HenpepuiBHOM BO3MYUIEHUM HE3aKPemJeHHoro KOWia
1IHYpa N0 HeMy NUGENHT BOMHa, HOPMA KOTOPOi COOTRETCTBYCT
cunyconae (puc. 2, 8), ecJi OTK/JOHeHHe KOHLa WIHypa OT no-
JIOKEHWR PABHOBECHA MPOU3BOAMTCA NO CHHYCOMJAJbHOMY 3a-
KOHY (rapmoHudeckoe KogebauHe).

[apmoHuueckoe Koae6anWe XapaKTepH3yeTcs- TPeMs Bei-
YyHHaMU: nepHoaoM KoaeGauus T -— TeM BpeMcHeM, 3a KOTOpCe
KcJaebanie NPOAAET MOJAHBIA WHKA, aMIINTY 0N KonebaHun A —
pasMaxoM KoseGaHUA OTHOCHTEJNbHO CPeNHEero TMOJNOKEeHHs: U
nauya/abHOi (a3ofl — COCTOANMCM, C KOTOPOro Haya.ochb Ko.le-
Ganue.
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3a BpeMs BCEro uukja konebGaHud, T. €. 3a MepHOA KoJe-
Gauusa T, poaMylleHHe B Kako#-JiHGO TOUKe IIHypa nepemec-
TUTCH HA HEKOTOpOe PaccTofiive, Ha3blBaeMO¢ JJHHOH BOJIHBI
u oBo3Hauaemoe rpeueckoll 6ykeoifi A. Hanpumep, paccrosnue
MeKAy NBYMs COCeAHUMH rop6aMu BOJNHE (MaKCHMAAbHOE OT-
KJIOHEeHHEe TOYKH NpH KogeOaluid) paBHO AJHUE BOJHBL

AN\ NN\ RN

Puc. 2. Boauwt na wnype:

a — u3ru8 GexHT BBEPX HO IWHYpYy: 6 — nocsae OTParkeHus H3-
ru6 BO3BpaULAETCH; 6 -— OTPE30K CHHYCOHJAJbHOH BOJHM

Kaxnaas Touka IHypa np# Ko.JefaHHW coBepliaeT Taxoe
JKe ABHIKEeHHe, KaKOe Mbl 3aCTABHAH MPOAENAaTh HHKHHI KcHel
1Hypa, HO OHO Tew GoJbllle 3amasgbiBaeT (oTcTaer mno Qase),
Yyeu 3Ta TOUYKA JaJbllle OTCTOMT OT HHKHero KoHua lHypa.

TaxkyM o6pasoM, eciy Hauaabuyio a3y Kojebanns HHXK-
Hero KOHLA IIHypa NpHUHATbL 3@ HyJab (T. e. KojteGanHe HauM-
HaeTcs ¢ HelTpadnLHOro mnoJoxcHusA), 1o (asa KoaeGanus Jai0-
Go#i npyrofi TOukH wHypa OyAeT NPONOPUHOHAJbIA PACCTOANHMIO
X OT HHZKHETO KOHHA A0 3TOil TOYKH.
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Tax RKaK HWKHHMH KOHeIl HIHypa KoJelJeTcsl IepreHAHKY-
JISPHO 1O OTHOWIEHHIO K WIHYPY, TO TPH PacnpocTpaHeHWH
BOJHLI JioGas Apyras Touka OymeT KoJebaThbcsi B TOM XKe Ha-
npaejeHun, T. €. [ONepek HanpasJeHHa PacnpoCTPaHeHUs
posubl. [lo3TOMYy © BOJHA TaKOro BHMJA Ha3biBaeTCs Iomne-
peutoctl.

B pesyabraTe uero mnoJyuaercs mnepefaadya Ko/aeGaTeNbHOTO
IBHYKEHHA OT OAHOH TOUKW wnypa (cpeawt) x Apyro#, mouemy
npyu KoseGaHud OLHOTO Y4acTKa IIHypa B NONepPevyHOH MJIOCKO-
CTH APYTOR BOCTIpUHHMAET KoJeGaHHe TaKe B TONEpPedHOH
TMJIOCKOCTH M HodyeMy Ilepejlada ABYKEHHS NPOHCXOAMT C 3aras-

Puc. 3. Ilonepeunas BosHa Ha MoneNH

neBanueM? [TOHSITH 3TO MOXKHO, TOJIBKO MO3HAKOMHUBIUUCH C CH-
JlamMu, BO3HUKAIOMMMHA B yupyroit cpefe. CMellleHue HHXKHErO
KOHIlA WIHypa B CTOPOHY (BMNPABO HJIM BJIEBO) BBI2LIBAET Je-
dopmaunio ero B 3ToM MecTe. B pesysierare nedopma-
UMK TOABJAAIOTCSL  CHJABlL  YNPYTOCTH. 3TH  BHYTPEHHUE
CHJIbl CTPEMSITCA YHHUTOXKUTH Ae(hOpPMANHIO U TEM CAMBIM MNepe-
JAI0T HATSIKeHWe Ha yuacTOK IIHypa, MpUJeralouii K yuacTky,
cMeleHHOMY Hawel pykoil. CmellleHHe 3TOro y4acTka BbI3bl-
BaeT nehOpPMaLHI0 U HATSIKEHHE B CJeAyIOleM YJacTKe U T. I.
VuacTky umnypa o6saanaioT Maccofl, a CAef0BaTeNbHO, U HHep-
Huefi u HaGupaloT WIH TEPSIOT CKOPOCTb NMOA AeI/ICTBI/IeM cHa
(HaTsXeHHI) He MTHOBEHHO.

Ecay ™Mbl 10OBeJd KOHel MIHypa IO Hanéoﬂbmero OTKJIO-
HeHHMs BOPABO W HauaJd BEeCTH ero BJeBO, CMEeXKHbIH y4acTox
ewe GyneT NPOLOJKATbL ABHIAThbCsl BIpaBo. JlOCTHIHYB Hau-
GOJIbIIEr0 OTKJIOHEHHs,, OH OCTAHOBHTCS ¥ TOXe TMOHAET BJEBO.
B JAeficTBHTEeNLHOCTH HHKAKHX OTAEJAbHBIX yqacmos IIHypa HeT
if IPOLECC U/ET HEeMpephiBHO.

Taxoro ponpa paccy:xaenus MO CYyIIeCTBY OCHOBLIBAIOTCH HA
MpeJCTaB/JeHHH WIHYpa B BHAe MOMEJH, COCTOsLIeH U3 rnocJe-
JOBATEJIbHO COeMHEHHbIX [IapHKOB, B KOTOPBIX COCpeLOTOYeHa
Macca OTAeNbHbIX Y4acTKOB ILUHypa, M INpPYyXHH, H300pakaro-
LIMX MCTOUHMKH CHJ YIPYTrOCTH, BO3HHKAIOUIHX MEXKAY OTAeNb~
HBIMH ydYacTkamu (puc. 3).

. BagBiluuch 3a Kpa#Hud mwap ¥ Kauas ero U3 CTOPOHBI B CTO-
POHY, MOXXHO Ha0JIOAAaTh, KaK MOCPEACTBOM AeopMauyy mpy-.
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KHH Koslebdnue fepeflaeics or iwapa K wiapy. IIpd kaddaHdd
KpafHero mapa B CTPOTO IOMEPEYHOM HANPaBJEHHH TPYKHUHBI
GyayT HMeTb B OCHOBHOM JedOpMallfio CMEUIleHUs OIHOTO
BUTKAa OTHOCHTEJILHO JIPYrorc ©e3 H3MeHeHHS pacCTOfHHUS
MeXAy BUTKamMu (6e3 nedopMalud pacTsiKeHHs) M C coxpa-
HEHHeM NapaJJeJbHOCTH IJIOCKOCTefl BUTKOB (6e3 medopmanuu
uarnda).

BosuukHOBeHue TAKOTO pofa Ae(opMamid U sBJSETCS NpH-
YiHOH T0TepPeuHOoCTH BOJIHEL B LIHYDE.

OnHako ¥ 1Opd 3TOM OC-
TAETCsl BONPOC: 4TO e JBH-
KeTCsl TpH PaclHpoCTpaHEeHUH
BOJIHBI, C YeM CR§I3aHO [MOHf- 21
THE BOJIHOBOTO JIBHXKEHHS?

Ua*puc. 3 BULHO, YTO Ha- a
pALy € ydacTKaMH, TpHIHes-
IWUMH B JBHKEHHE, HMe-
IOTCH  YYaCTKH, HaXOAsiLuecs
B noxoe. Huas toro utobul mo-
KosUu#ACa  y4yacToK  Cpejbl
NPUBECTH B KoJedaTesbHoe

JIBHXKEHHe, HeoOX0oKEMO CO- 6
BEpIUUTb PAbOTy NPOTHB CHJI  Puc. 4. Boswa Ha  KOJbIEEOM
yupyroctd. Jta pabora ocy- wHype

ILECTBAAETCA 32 CUET IHEPrHH,

KOTOPOH of6Janaer COCeAHUH, y»Ke HaxXoAAIUiCH B IBHIKEHUU
YyYacToR. IDTOT YUACTOK IJA MOILAEPIKAHHA CBOEro KoJebaTeb-
HOro HBMKeHUs ueplaerT JHepruio y «cocema» d 7. I., MMOKa
KpalHuil JeBLIHl Wap He OTAACT CBOell HEepruy, NOJyUYeHHOH OT
PYKH.

Takum cnocof6oM 42pe3 NpoOMexXKyTOUHBIE KOJAeBJIIOHINecs
TOUKY CpPefbl OT UCTOUHYKA (pYKH) Nepenaercs SHepPrus MOKOs-
IIMMCS TOYKAaM, 3a CueT Yero M IPOUCXOJUT PacnpocTpaHeHHe
EOJIHBI.

OaHako BOJIHOBOE [BHKeHHE CBSI3aHO HE TOJMLKO C JBH-~
KEeHHeM, [NOTOKOM 3HEPIdHu, HO H C ABUXEHHEM (i)aSbX (COCTOH-
HHH) KoJeOaHHud KaxKAOoro yuacTKa Cpell.

B stom moxHO ybeauTnes, paceMaTpHBast GECKOHEUHYHO CH-
HYCOHAAJIbHYIO BOJIHY, [I0 HANPABJEHHIO PACNPOCTPAHEHHN KOTO-
poll TOYK# Cpefbl HAXOAATCA B KoJjebaTelnHOM [BMMKEHHH HA
HEOrPaHHYEHHOM PaCcCTOSHHH.

To6bl TpPEACTaBUTE CeGe OCOBEHHOCTH pacnpocTpaHeHUs
TAKOH BOJIHbI, PACCMOTPHM CJAYIOLIHH DpuMep.
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HNmeerca HeBecoMBblfi yNpYruil HINyp, CBEPHYTHIX B KOJBUO
B FOPH30HTANbHON MJOCKOCTH, KOHedHble TOUKH KoToporo [/ u 2
Mexay cooit He coeguHenut (puc. 4, a). Ilpusenem Touky / B
KonebaTeilbHoe ABH)KeHHE B [Molepeyloll NAOCKOCTH € Tako#
aCTOTOH, YTOOLl HA CBEpPHYTOM LIHYDE YJAOXKHUJIOCH Uesoe YHCIO
BOJH M JJIMHA BOJHbL Obljla HAaMHOro MeHblle pajilyca Kpu-
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Puc. 5. PacnpocTpanende BOJHH Ha MOJend OTpe3Ka INHypa
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BU3HL wHypa. Torna no wHypy OymeT paclpocTpardaTLes To-
IepeyHas BOJIHA; TOYKA 2 HadierT ABHIKEHHEe B TOT MOMEHT,
Korjga Touxka / COBepUIMT Hea0e YHCA0 KoJaebauuit v Oyner Ha-
XOJAHUTBCS B HCXOLHOM MOJOXKEHHW. B 3TOT MOMEHT CoeanHuM
Toukr [ W 2 BMeCTe M NpefOCTaBUM WHyp camomy cebe (ybe-
peM HCTOMHHK 3HEpruu).

Ecan ner noTepb 3Heprud Ha TpeHHe O BO3AYX M yacTul
OIHypa Mexay coboi, 1o xoaebanna winypa OyayT COXPaHATLCH
HEeOrpaHHuSHHO J0JIr0, PacllpocTPaHAaChb B HanpapicHHU CTpe-
J0K (puc. 4, 6).

B mowmeHT coenuHenns Touck I ¥ 2 NoOCTynJeHMe 3HEpPrHH
OT HCTOYHNKA TMpeKpaTHaoCh (WHYP MNpefoCcTaB/icH CaMoMy
ceGe) W ABHIXKeHWe INePrHir C BOJIHOR TaKiKe NPeKpPaTHIOCh
-(HeT TOYeK, KOTOpbie HE HAaXO/HJUCL Obl B KoJebaTeJbHOM ABH-
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AMEeHHUM C OAWHAKODBLIM 3amacom sHepritd), UTo e B 3TOM cay-
~2e BMecTe ¢ BosHOH pacnpocTpatisiercss? OnaTh BOCNOMb3yeMCs
w02eab10 winypa. ITockoibRy Kamanii yyacTok obaanaer cBoeil
opuMeil aHepryy, OJHNAKOBOH C APYTUMY ydacTKamH, H CoBep-
v..eT KoJebaTenbHoe ABHKeHde, OH MOxKeT ObiThb H306pa’keH
. Brje [mapHKa, Macca KOTOPOro paBHa Macce ywacTka luiypa,
£21dI0UIeraCcs Ha yNpPyroM OCHOBAHWH. DpipemeM KyCOK LIHYDa
Ji+THOH, paBHON MJiMHe BOJHBI, M pa3obbeM ero Ha NATh pPaB-
‘iblX yuacTkor (pHc. 5, a).

Ha puc. 5,6 ana cpaBHenns HapuCcOBaH OTPe30K GeCKCHeu-
0} CHHYCOHAAJIbHOH BOJIHBL, C/l8JAaNHLI N3 TPOBOJIOKH, JieBas

paBad yacTH KOTOPOTO 3aKPLiTEl, a CepelndHa OTKpbITA A8
~pABHERHA ¢ orubaioweli, 110 KOTOPOH pacnojarawTas lIapHKH
FONENIH OTpe3Ka ILHypa.

Bce mapuxn xycka LHypa KoJaeGaoTCd, NMPHUYEM KaKAblH
1~ XOAUTCA B Taxkod (hase, uro B HayasbHeIl MoMmeHnT { =0 Bce
‘1 pacmonaratotcsi no orubarouleii (OyHKTHPHAas JIMHHS Ha
puc. 5, a), mpexacrasJasionlelt coGoil uwacTb cunyconan. Hepes

T ,
*TBepTb Hepuoga, T. €. B MOMEHT l=:1—, KaxJibld U3 IUapu

ko8 3afiMeT TOJIOMEHKe, NPH KOoTopoMm orubatomias Takxke Oy
AST TIPEACTaBAATh KYCOK CHHYCOWAbBl, HO CABHHYTHIH BIpaBO
79 ¢opme oHa GymeT COOTBETCTBOBATH OTKPBITOH 4acTH INPOBO-
TOUHOH CHHYCOM/B!, €CJid fIOCJAeHIOn paBHOMepPHO nepeme-
LLATb BNIPABO C ONpefleJeHHOl CKOPOCTbIO B TeUeHHe UETBEPTH
{epHOAA.

T
Eute yepes ueTBepTh NEPHOXA, T. €. B MOMEHT f= 5 B

Cr0eM [BHMEHHH IIAPUKK 3afMyT TaKkue [OJNIOMKEHHR, YTO Ord-
Galoulas JMHUS, NPoBeldeHHas vepe3 nux, OyAeT COOTBETCTBO-
=4Th N0 QopMe HabAI0A2@MOMY YUACTKY MpPOBOJOUHON CHHY-
COHABI, eCjli MocJedHss nepemellanachk BIPaBO PaBHOMEPHO ¢
Tipex<iiell CKOpPOCTHIO.

Tor xe npolecc ABHMeHHs ornbatoulell (BOAHE) IIapHKOB

3
r7paBo Mbl 6yeT HaGIIOAaTL B MOMEHTDE [ == " T,t=Twur I

Uro e B 3TOM CJyuae riepemeuiaercsl, ecay ofmeHa suep-
riHefl Mexay ydyacTkamu Hypa (waprkamu) ner? Oxasbl-
EAETCH, ABHKEHHe BOJHBI CBSI34HO € MepemelleHneM (asbl —
COCTOSIHAA, B KOTOPOM HaXOAHTCA KaXAb# IWAapHK B TOT WJH
140/ MOMEHT.

JeiictButenbho, 8 Moment f==0 cocTosiHue tuapuka I xa-
JAKTEePR30Ban0Ch MAKCUMaJdLILIM CAATHeM MpYKHHb (Hau-
fodbllas BeJIHYMHA [OTEHUHANLHOH 3HEPrHH), CKOPOCTbIO ABH-
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eHHs, paBHOH Hy/I0 (MUHHMAJLHAS KHHETHUECKAs] SHEPrus),
H MaxkcAMaJbHON CUJOH, JelicTBYIOUIEd Ha IIapHK BrepX. B 3T0
¥Ke BpeMa ApyTHe IIaDHKH HAXOAUJIHCH B COCTOSIHHSIX, COOTBET-
CTBEHHO OTJIMYHBIX OT Iapuka I (kpome mapuka 5).
Yepes uerBepTh mepuoja cocrosHueM (dasoft) wmapuka I
obsajaeT yxe 1WapuKk 2, COCTOSHHEM IIapHka 2 — wapuk 3
u T. 0. Ilo nmpomecTBuy mosynepHoga KoJeGaHUS COCTOSHUEM
mapuka I o6najnaer mapuk 3, wapuka 2 -— mapuk 4 1 T. I
Takum o6pasoM, B pacCMOTPeHHOH HAMH MOJESH C Tede-
HHeM BpeMeHHM (paza KoJeDaHUf MepexOoJuT OT OLHOrO yYacTKa
K apyromy. Takoe pacmnpocTpakenue (aspl siBAAETCA CAMOCTOS-
TeJIbHOH XaPaKTEePHCTHKOH BOJIHOBOrO UBHXKeHHs (He3aBUCUMO
OT pacnpocTpanenus sHepruu). Ilpumep puc. 4 u mozens yua-
CTKa LIHypa PUC. D [I0KA3bIBAIOT, YTO B OECKOHEUHOH CHHYCOH-
JaJbHON BOJIHE pacnpocTpauseTcss TOJAbKO (aza xogebaHus.
Ckopocte pacnpocTpaHeHus ¢assl BoJHH (Ha pHC. D CKoO-
pPOCTE NepeMellleHHs NPOBOJOUYHOI CHHYCOUILI) Ha3bBaeTcs da-
30BOH CKOPOCTLIO.
3Hasi (a3oBy0 CKOPOCTb H NEPHOA KoJefaHus 4acTHl, yud-
CTBYIOUIUX B BOJHOBOM JBHKeHUH, MOJKHO OINpeJesHTh H IJHHY
BOJIHEI

A= Uq)T.

Paccmorpennass HaMu GeckoHeuyHast CUHYCOWAaJbHaa nome-
peuHast BOJIHa MOKeT ObITh BhipaxeHa (opmyJoi

y = A sin (0f— kx),

rae Yy — OTKJOHEHHe YaCTHIH B NOMepeyHo! NJOCKOCTH B JIIO-
6ot MOMeHT BpeMeHH U B JI0OOH TOuKe 110 HAmpag-
JIEHHWIO PACOPOCTPAHEHUs ROJIHBL X;
A — aMnautyaa KoaeGatps,
® — KpyroBasi 4acToTa KoJeBGaHHs YACTHUI[ Cpemdl;
kx — ¢asa xone6anus 4acTHLbl B JAaHHBIA MOMEHT Bpe-
MEHH B TOUKE X.
BenuuvHa % Ha3biBaeTCS BOJIHOBBIM YHC/JAOM U CBfI3aHA C

o o 27
JJUHOU BOJIHbLI H (paaoxaon CKOPOCTbIO COOTHOLUCHUAMHU == 7
H U =2

¢ P

‘M3 5THX COOTHOIIEHHH BHIFO, YTO BOJHOBOE UHCJO UEJIHKOM
3aBHCHT OT CBOHCTB Cpejbl, B KOTOPOU NPOHCXOAUT pacnpocTpa-.
HeHHe BO,IHBI.

PaccmotperHbie cBoicTBa BOJIHBI, pacopocTpaHsiomeiics mo
HIHYPY, [OJHOCThIO COXPAHAIOTCA M AJfA BOJH, KOTOpble MOIYT .
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pacnpocTPaHATLCSl 10 HOBEPXHOCTH WJIM B HPOCTPAHCTBE.
OnHako AJs NOCTEeIHUX CYIUECTBYET JOMOJHHUTEIbHAS TeOMeT-
pUUECKas XapakKTepHCTWKA, TaK HasbiBaeMoe TIeOMeTPHYEeCKOoe
MeCTO TOUeK paBHBLIX (a3, KOTOpOoe MOKeT ObIThb JHHHEH HJH
TIOBEPXHOCTBIO.

Ha puc. 1 npusesen npumep BO3OYXKIeHUS HA BOAe IO-
BEPXHOCTHOH BOJHBI, Y KOTOPOH reoMeTpUuyeCcKOoe MeCTO TOYeK

Puc. 6. ITosepxuocTHasi (@) ¥ TPOCTpaHCTBEHHbIE (0, 8, 2) BOJHE

pasubix (a3 (manpumep, rpefHell WJAM BNafuH) INpeacTaBiseT
OKpYXHOCTb. Ha BOZHO!N 1NOBepXHOCTH MOXHO OblIO Obl MOJY-
YHThL BOJIHY C FeOMeTPHYECKHUM MeCTOM TOYeK paBHbliXx (pas3, coort-
BETCTBYIOIIUM OpPAMOU JUHHMA. JIJ1s 3TOro BOAHYIO MOBEPXHOCTD
Hy®KHO Gbl10 Gbl BO30YX<AaTh He KaMHeM, a J/JAMHHOH JIMHeH-
Koii. O xapaxTepe Takoil BOJIHBI JaeT MpeACTaBJeHHe PHC. 6, a.

Hakonen, naubosiee 4acTo Ha NMpakTHKe BCTPedaroTcs Mpo-
CTpPaHCTBEHHbIE BOJIHBI: TJOcKHe (puc. 6, 6), UHIMHAPHYECKHE
(puc. 6,8) u chepuyeckue (puc. 6,2), y KOTOPbIX TreoMeTpuye-
CKHMH MeCTaMH paBHBIX (Pa3 COOTBETCTBEHHO SBJAIOTCA IJIO-
CKOCTb, KpYroBble LMWJIMHADHYCCKHEe M c(epUuyecKue IOBepX-
HOCTH.

Hmesa B BHAY, 4TO 3HAKOMCTBA CO CBOHCTBAMH IJIOCKOH
BOJIHBI BIIOJIHE JOCTATOYHO JJIsi NOHUMAaHUs BOIPOCOB, pa3bu-
paeMblX B 310# Gporope, B maJbHelieM GyleM N0Jb30BATLCA
TOJILKO TNOCJAEAHHUMH, TAK KaK OHH HMelT OoJee IPOCTOe reo-
MeTpHuecKkoe ‘M300paxKeHHue.
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Mooy srme gt cavom Ceovenaa 0 0 L
BOJIH, HO HAC nmepecy}or TOMHKO IBa cnyqaﬂ KOTO‘pre HMeloT
TIpAMOe OTHOLUeHHe K JajbHelilleMy onucaudio. D10 cayuail
CADKEHHs ABYX [JOCKHX BOJIH OLHOH M TOH Ke aMIVIMTYAbl H
YacTOTH, HMewoudx pasuocth (a3 180° u pacmpocrpansio-
LIMXCA HABCTpeuy IpYyr APYTY, a TakiKe cjayuall ABYX [JIOCKHX
EOJIH OAHOH M TOH e aMIJUTYAbl H 4acToThl, HO paclnpocIpa-
Hmoumxca [OJ HEKOTODBIM YFJIOM IpPYF K ApYry.

[TepBblit cayyail Mbl 4acTHYHO pas-
6upanu, Korga  «Kauvajus  ILHYp
(puc. 2,a@). W3zru6, powexwnfi no
TOYKH 3aKpenJieHdst LUHypa, OTpa-
3HJCS M, H3MEHHB  HanpaeJeHue
(puc. 2,6), crad pacnpocTpaHATLCH
HABCTpeuy MepBOHAUA/bHO GeKanliel
BosiHe. Ilpm HenpepbiBHOM Ka4dHuu
He3aKpemJieHHOro KoHia UIHypa Mbl
YBHAUM KapTHHY, H300paxMeHHYI Ha
puc. 7. 3awTpuxosaHubie obaacti co-
OTBETCTBYIOT OTHE/]bHBIM MIHOBEHHbLIM
NOJIOKEHUSIM IUHYPa, KOTOPble BOCNpHU-
HUMawoTCsl HaMmy cAHTHO, CrviolwHas #
NYHKTHPHAR JHHUH [OKAa3biBAIOT Tpa-
HHUHDbIE TOJIOKEHHA WIHypa. 10 TaK
HasbiBaeMasi crosiuast BoJAHa. B el
Puc. 7. Crosume sosnm  MOXKHO 33aMETHTb TOUKH, KOTOpble HE

Ha lHype IPHHUMAIT y4acTus B JABWxeHuH. Ta-

KHe TOYKH Ha3blBAlOT y3JaMHu cTosueil

RoJHe. Hmelorcs Toukm, obaanaioiive HauGOABIIUM Pa3MaxcM
KOJIeGaHus; 9TH TOUKH HA3LIBAIOTCR MYTMHOCTSIMH CTORIEH BOJIHbI.

Paccmortpum nogpobGiee ocnGeHHOCTH CTOSIUMX BOJH Ha MO-
 Jeay orpesxa GeCKOHeUHOro liiypa, Mo KOTOPOMY pacnpoctpa-
HAIOTCH HABCTDEWY APYr APYrY JBe COBepLIeHIO OAMHAKCBbIE
BOJIHLI € pasHOCTbiO (a3 180°.

Bynem onste u3o0paxarh OTHe bHble YUacTKH IWHYpa, NpH-
HHUMalollle yuacTHe B KoJjebaTejbHOM ABHXKeHHHd (B pe3y/braTe
KOTOpOro pacnpocrpaHsercst OeCKOHeuHasg CHHYCOUHAAgbHARA
BOJIHA), B BUIe IHApWKOB Ha ynpyrom ocHosawuu. Ha puc. §, ¢
DOKa3aHbl B pas3jyuyHble MOMEHTbl BPEMEHH MOJOMEeHHS WeCTH
IUAPUKOB (yYacTKOB LIHYpPA) B TOM cJyuae, ecau Obl 110 LWIHYPY
.pacnpoctpansnach Jaubo Boasa [ (cseBa Hanpaso), au6o
BosHa Il (cnpaBa uasieso).

CrpeJik¥ OKOMO LIAPHUKOB MCKa3LIBAIOT, B KaKOM HampasJe-
HHH OyjeT fepeMeulathesl ILapHK B CJAEAYIOUHHA MOMEHT Bpe-
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Puc. 8. Cxema o06pa3oBaHus CTOsUEH BOJAHLI HAa MOLENH
oTpe3ka WHypa:

a — [oNoXeHHe YYacTKoB HIHYPa (LUZDHKH) B pasinunblie MO-

MeHTbl, ecan Boauu | 8 Tl pacapocTpasawTcs He OAHOBPEMEHHO;

6 -~ pesyabTHpyIOillee OTKJOHEHHE YHacTKOB WHypPa B pasfdutble

MOMEHTH BPEeMEHH NDH ORHOBPEMEHHOM pacnpocTpaHesy soad I u If
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Meiu. [{peanonaracs, 9T0 B HaYaibHoll MOMeHT {f = Uj, eciin
-6bl pacnpocTpaHssach TOAbKO BOJHA I, mosoxeHHe LIapUKOB
COCTBETCTBOBAJIO Gbl BepxHeMy rpaduxy Ha puc. 8, @, mpd pac-
DPOCTpaHeHUH ToJbKO BOJIHBL 1] — BTOpOMY cBepxy rpadury Ha
puc. 8, a. Ilpu ogHoBpemennom pacnpoctpanenuu Bosin | u 1I
pe3yJbTHPYIOLCE OTKJONEHHE UIADHKOB OT TMOJIOKEHHS paB-
HOReCHs DaBHO HYyJIO (BepxHee MOJIOXKeHHe Ha pHC. §, 6).

T
B momeHT BpemeHu t=z NOJMIOXKEHHs [IAPUKOB NpH HaJHu-

UMK TOJMBKN BOJHH | coorBercrBOoBand 6bl TEM, IPHU KOTOPHIX
’ A
CUHyCcougaJibHasa ord6aromasi MX Kak Opl CMeCTHJach Ha Z‘

A
BIIpAaBO, TIPH HAJMYHU Ke TOJLKO BOQJIHE II — Ha z‘ BJIEBO.

ITpu onnoBpemennoM pacnpocrpasesud BojH I u Il B moment
BpeMeHH t=T pesyJbTHpYIOLlee CMelleHue Irapuka I paBHo

YABOCHHOMY CMeILEHHIO BHH3 OT IMOJOXEHHA PiBHOBOCHS, il
pHKa 2 — HyJIO0, MapuKa 8 — VIABOEHHOMY CMEIUeHHI BBepX OT
[I0JIOXKEHHs] PABHOBECHST W T. . Pe3yibTHpvioniee rofoKene
BCEX I[IapUKOB COOTBETCTBYET BTOPOMY <cCBepxy rpaguky =7
puc. 8, 6.

PaccmaTtpupass pesyJbTHPVIOLIME IOJCACHHS IHAPHKOB &
cleyloulHe MOMEHTH BpeMeHH TIPH pPACHpOCTRaHe:
OJIMHAKOBBIX BOJH € pasHocTbio ¢a3 1807, manpasne:
BCTpeuy APYr APYTY, MOMKHO 3aMETHTb, YTO wiapuku Z, 4 u 6
ocraioTcs Bce Bpema B noxkoe. llapukm I, 3 u 5 coeepmator
KoJieGaHHus C YABOEHHBIM pasMaxoM, MpHdueM ¢asza xoJebauus
piapuka 3 oTauyaerca Ha 180° or daswl Konebanuil mapukos [
1 5. Orubatowas mwapukos (puc. 8, 6) npeiacras/ser coGoH He
YTO HHOe, KAk CTOAUYH0 BOJHY Ha MOJEJN OTpe3Ka ILUHYpa.

AHanuTHueckoe BhIpajKeHWe IJIsl CTOSUEH BOJIHLI MOMKHO [0-
JYYHTb CJAOXKEHHEM COOTBETCTBYIOLIMX COCTaBJISIOLIKX:

BOJIHBI, Geryuieli ciesa HANpaBso,

Yy, = A sin (ot — kx),

¥ BOJIHBI, Geryile#l cnpaba HaJeso,
Yo = Asin (of + kx).
PesyabTHpyomas crosgyas BoJIHA
Y=y, + ys==2A sin kx sin ot. (1

Crosiuast Bosina (I) mo cBOMM CBOMCTBAM 3HAUHTEJBLHO OT-
JIMYaeTCss OT COCTaBIAIOMWIUX ee Oeryuiux BoJH. Bo-nepshix,:
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. A 3 ‘
B CTOsIYeH BOJIHE HUMEIOTCAd TOUYKH (JC:‘:-—Q—; A —2— AW T L ,

B KOTOPBIX YaCTHibl cpenn! (wapuxu 2, 4 u 6 ua puc. 8, 6) ue
VUYaCTBYIOT B JIBH2KEHHH. DTH TOUKM Kak Obl OTACJASIOT 06J1aCTH,
B KOTOPbIX YACTHLEBI CpPejbl COBepPLIAIOT KoJebaTentoe ABHXKe-
Hue ¢ (asamy, OTIHYHbIME ApYr oT apyra ua 180°. Kax yxe
YyKasbiBaJ10Ch, TAKHe TOYKH Ha3blBAIOTCA Y3/JaMi CTOAUEH BOJIHEL
Bo-BTOpniX, B LeNTpe YKa3aHHbIX oO0JacTefi dYacTHUbl COBep-
WaKwT KojebaHUs ¢ YABOEHHOH aMNNUTYnoH (My4YHOCTH CTOAUCH
BOJIiibI) . B-TpeTbiix, B cTosueii BosHe (pa3a Ko/eOAHHSA OT TOUKH
K TOuUKe B npejesnax OfHOH objactd (MeXAy AByMs y3Jjamu)
He M3MEH7eTCA B TedeHHe BCero BPeMeHH CYIIeCTBOBAHHA
sBosiHbl. Ilpu mepexone uepe3 ysea asza MeHAETCd CKayKOM
ua 180°.
- Kak mbl yx)e y6eauich Ha npuMepe ¢ 3aKperJieHHbIM MHy-
[OM, YCJOBHA, GJArONpPHUATHBIE [AJS BO3HUKHOBEHUS CTOsiueld
BOJIHEI, MOTYT GbITh He TOJbKO NPH PacupocTpaHeHHH ABYxX Gec-
KOHEUHBIX CHHYCOUJAJMbHBEIX BOJH HaBCTpeuy Apyr apyry. Takue
YCJIOBHSL BO3HMKAIOT, HApUMeED, ¥ OPH OTPAa’KeHUHW BOJH OT He-
OJHOPOJHOCTH, BCTPETHUBUIeHCS Ha NYyTH HX pPACNPOCTPAaHEeHHS.
TlpuMepamn pe3KO BeIPaXKEHHBIX HEOLHOPOAHOCTEH ABJSIOTCS:
Oeper A/ BOJIH Ha IIOBEPXHOCTH PEeKH, CTeHA AJS 3BYKOBLIX
BOJIH, METaJIHYeCKUH 2Kpad AJs 3EKTPOMarHUTHLIX BOJIH H AP.
Ecan paccMmoTpeHHble ABC BOJHBI HMEIOT HEOLHHAKOBbIe
aMWJINTYAB, TO HX pe3ynabTupyioutas 6ylIeT COCTOATh U3 CTOS-
yefl u Geryilel BOJIH, B YeM MOXKHO yOeluTbCR CJACIYIOUIAM
obpasom. Ilycte BOAHa yi, pacnpocTpaHsiioiiasics CJjeBa Ha-
npaso, obaanaer ammaurysoit (A 4 a), a Bosna Y, pacnpo-
cTpaHsiiollascsi crmpasa HaneBo, — amnautyaoii A. Toraa pe-
3YJbTHPYIOIIAA BOJHA Y OYNET COCTOSATb U3 JBYX CJllaraeMbix:

y=1y; + yo=(A + a) sin (ot — kx) 4 A sin (ot + kx),

HIIU
y = 2A sin kx sin of 4 a sin (ot — kx),

T. €. MepBLlii WieH BEIPAXKAET CTOAYYIO BOJIHY, 8 BTOPOH BOMHY,
Geryuiyio cjeBa HampaBo C daMIUIHTYIOH, paBHou pPa3HOCTU am-
IVIMTYJ ABYX MEPBUYHBIX BOJIH.

Jrtor caydyaldl WMeeT MecTo, Koraa Geryilas BOJHA BCTpe-
YaeT HEOAHOPOAHOCTL U OTPAKAECTCH HE IOJHOCTBIO, @ YaCTHUHO.

IpyruM HHTepecymOLHM Hac NPHMEPOM CJOXKEeHUS * ABYX
IJIOCKMX MOMepeuHbiX BOJH SBJSETCS pe3y/bTaT BO3JAeHCTBUS
Ha OJHY H Ty K€ IJIOCKYIO NMOBEPXHOCTb ABYX CHHYCOMJaJ/bHAIX
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COMH ORWHARG TS MIHTYITD T RGO B, HE PACH DO TPAHHIO
ILMXCH TIO TOBEPXHOCTH MOJA HEKOTOPbIM YIJIOM 2 Apyr K
apyry. Kaxpas BoJsiHa B OTAeJbHOCTH H306paxeHa Ha puc. 9, a
H 6. MexaHuuecKHM CJCMKOM TaKOHi BOJHBEI MOP Gl SIBUTbCH
JIMCT rodpipoBaHHoro mudepa, KOTOPLIM [OKPHIBAIOT KPbIlLA
JomoB. Puc. 9, a paer npejcrasjeHde 0 MOBEPXHOCTHOH BOJHe,

Puc. 9. JIze niockHe MOBEPXHOCTHBIE BOJIHB B NPOCTPAHCTBE:
a u 6 — BOJIHH pasnenbHO; 8 — B3aHUMHOE DaCnoNOKeHHe ABYX 3THX BOJH

pacnpocTpassiolleiicsl 3a IJIOCKOCTh PHCYHKA B HAMPABJeHUH
crpeski. Bropas sosna (puc. 9,6) pacnpocTpassiercd NOUTH
NapasiesbHO TJIOCKOCTH PUCYHKA.

[IpencrasieHde O B3aWMHOM pPacMoOJOXEHHH 3THAX BOJH B
npocTpaHcTBe AaeT puc. 9, 8. Ha JinHuy nepeceueHud 3THX ABYX
BOJIHOBLIX NOBEPXHOCTEH PACMOJIOXeHb TOUKH, B KOTOPBIX COB-
NagaloT BeplIMHBI W BHOAAWHBI PACTPOCTPAHSIONIMXCA  BOJH.
Kpome TOro, MMeloTcs Takhie NJOCKOCTH, B KOTOPHIX MPOdHIIb
CeueHHs] BOJIHOBLIX MOBEPXHOCTel MpeicTraBAsioT ABe OJUHAKO-
BBIE CHHYCOMABI CO casurom das 180°.

[To puc. 9, 6 MOXHO CYAHTb, UTO Y Pe3YJILTUPYIOUIEH BOJHBL
IiMEIOTC MeCTa, TAe TOYKH Cpejibl y4acTBOBaTb B KoJebaTelib-
HOM JIBHXKeHUH He GyAyT. DTH TOYKH HAXOLATCA B TOH IJIOCKO-
CTH, TAe TOMNepeuHsle CeueHUs ABYX 06pasyloUluX BOJIH AatOT
IBE OJIMHAKOBble CHHYCOMAB, CABHHYTble Ha 180° (nepenHuii
cpes, nokasaHublli HA puc. 9,8). B pesyabTHpylouleld BOJHE
HMEIOTCSl MecTa, B KOTOPbIX KoJjieGaTesbHOE JBHXKeHUe COoBep-
HiaeTcs ¢ YABOEHHOH aMmauTyRofl.

Bsaumuoe pacrosoxende Hanbodee xapakrepiiblX TOUCK pe-
3YJbTUPYIOLIel BOJIHB MOXXHO MNOMYUYHTb, €C/id BOCIOJb30RATHCS
«MT'HOBEHHHIM CHHMKOM» INIaHa JIMHUAA rop0oB M BHajdH ABYX

'8



oBpasyiomex soan (puc. 10). Jlunud rop6oB ORHOH BOJHBL
0603uauellhl CHAOWHBIMA KUPHLIMY JUHHAMHA, JHHHA BHAAHH
3TOMN BOJIHb! ~—— NYHKTHPHBIMH XKHDPHBIMH JIHHUSMH, HaTpasJeline
pacrnpocTpaHeHHs BOJHbBl — XKHPHOH crpeikoll. Jaa apyro#
BOJIHEl — Te )Ke 0603HauyeHus, HO TOHKUMH JHHUSIMH.

Yenobrsie obosnavenus:

Nunuy 20p608 I bosner
- = = = funuu Bnadun [ Bonws:

Nunuu 2op6ob I Boser
----- Aunuu Bnadun I Bonnss
® /opbei pesynemupyrowed Bonvise
@&  Bnadunw pesynsmupyrowed boames
=== fluttuu ysnof pesynsmupyrowed bornsr

Puc, 10. Cxema pacnonoxenus rop6oB ¥ BHaiuH NEPBHYHLIX BOJH H X
pesyabTHpyoiliel

XapakTepHbIMH TOUKAMH PE3YJ/IbTHPYIONIeH BOIHBl SBJTIOTCH:
TOUKH pe3yJ/bTHPYIOWNX ropboB, rae rop6 oaHoR BOJHLL coBna-
JlaeT ¢ rop6oM BTOPOH BOJIHBI, TOUKH Pe3yJ/IbTHPYIOIIMX BNaAMH,
Ile BrafudHa OJZHOH BOJIHB COBMAajZaeT C BMaguHel BTOPOH
BOJIHbI; TOUKH, /i@ NPOHCXOAUT ralleHue Kodebauuil OAHOMN
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200ubl KoseSanuamu aApyroi. Ma pue. 10 Bixilo, 4ro BCe TOUKH
pacnoJloKeHsl Ha MapaJjule/bHhIX NPAMbIX; HANpaBJeHHe 3THX
OpsIMBIX COBMafaeT ¢ OGuccekTpucoit yrna (20), noj KOTOPLIM
pacnpocTpaHsloTess Apyr K Apyry obpasyiolipe mnepBHYHEIE
BOJIHBL,

Ecnn npencraButh ceGe nepemeuienne ropGoB U Bniafus oG-
pasyomwux BOJIH B CJeQyIOIHE MOMEHT, TO COOTBETCTBEHHO
nepeMecTATC pe3yabTHpyiolide rop6ul ¥ Brnamuuel. Ho eciu
nepeMelrieHye nepBblX ObIJIO B HanpaB/eHUU CTPeJNOK, TO mHepe-
MelleHHe BTOPbIX — B HalpapJeHUd NapaJJie/bHBIX JHHHH
(6uccektpuch yraa 26). '

ITonnas reoMerprueckast KapTHHa pe3yJbTHPYIOUleH BOJHEI
npeacrarieHa Ha puc. 11, HA KOTOpPOM MOJKHO yBHIEThL He
TOJIBKO ropOsl U BIAJUHBI Pe3yJbTHPYIOLLEeH BOJIHbBL, HO U T€ JH-
KHH, B KOTOpPbLIX KoJeOaHusi He Hab/104ai0TCd.

Puc, 11. PesyapTupyiomas BoaHA AByX NOBEpPXHOCTHHIX
BOJH B HDOCTPaHCTBE

[lepemelienne pe3yAbTHPYIOLINX TOp6OB K BUAAKH MPOUCXO-
"IUT Kak Obl 1o xejo6aM, KpasMH KOTOPLIX CJyXKaT JIHHHH HO-
KOSILLIUXCSl TOYEK.

dopma pesy/bTUpYIOlLLEll BOJHB MOXeT OBITh HaTJsAAHO
onpenesneHa IMpH MOMOLYM KPHUBBIX, [OJYUYAIOUHUXCA TIpH Ceye-
HHE 3TOH BOJIHBI TJIOCKOCTSIMH BAOJb M IONepeKk OHCCEKTPUCH
yrsia (HanpasJieHHe pacnpoCTPaHEHHs pe3yabTHPYIOMHUX TopGoB
¥ BIALUH).

OkasbiBaeTcsl, YTO B CeYeHUU BOJIHBI IIPOAOJBLHOI IJJOCKO-
CTblO 06pasyeTCsi CHHYCOHAA C TeM MeHbllell aMIUIMTYIOH, 4eM
6Ji1Ke MJI0CKOCTb CeueHHst K JUHHAM nokosmmxcs Ttouek. C Te-
ueHMeM BPEMEHHM 3Ta CHHYCOMZa nepeMeilaercs BAOJAb GHCCEK-
TPHCBLI CO CKOPOCTBIO ABHXKEHHS pe3yJdbTHPYIOIUX TopOoB H
BHAAKH. .

B ceuennu pe3ymbTHpYiOLIell BOJHBI MOMEPEUHOH MJIOCKOCTBIO
(eBBIll Kpall yacTH BOJIHOBOII IOBepXHOCTH Ha puc. 11) obpa-
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ayeTcsl TaKkKe CHHYCOHJA, HO OHA He GEXXUT BIOJIL NMONEPEUHOH
MJOCKOCTH, & MeHsieT CBO0 (opMy CO BpeMeHeM TaK Ke, Kak
crosiyass BosiHa. TaxuMm 06pazoM, JUHUY [OKOSIIHMXCA TOYeK
SIBJISIIOTCS] TEOMETPHUYECKUM MECTOM Y3JIOB CTOSTUMX BOJIH.

Paccroanue mexay AByMs COCeIHHMHU ropbamu o Hampas-
JIeHUI0 OHCCeKTPHChl MOXKHO Ha3BaTb [JIMHOH Geryutefi BOJHEI
Ager, @ pACCTOSIHHE MEKAY JHHUSMH y3/0B — AJAUHOH Crosdeft
BOJIHB!  Agr.

OGo3naunue (a30BYyI0 CKOPOCTb MepPBHUYHLIX BOJIH 4epes 0,
a AJIUHY BOJIHBI Yepe3 Mg, 3 puc. 10 Hafigem

Py v

A =0 Vyp = ’ 2
Ger cos B HIH ¢ cos 8 ( )
a TakKiKe
A
)\ = 0 3
" 9sinf ’ (3)

rie vy — (pa3oBas CKOPOCTb Pe3YJbTHPYIOLLEH BOJHBI, Gery-
mell B HanpaBJeHHH GHCCEKTPUCH yraa 20.

U3 Buipaxenui (2) u (3) Jerko HaHTH COOTHOLIEHHE MEXLY
(ha30BBIMH CKOPOCTAMHE IEPBHYHONH BOJIHBL H Oerymed pesyJib-
THPYIGLLEH

v

Uy == — (4)
l/"‘<le)

oTkyna (azoBasg CKOPOCTb Uy D3V bTHPYIOUIeH BOJHBI BCeraa
GoJibliie (Pa30BOH CKOPOCTH U MNEPBHYHBLIX BOJIH.

ATOT BHBOA JETKO TOHATH, €C/d NpPeACTaBUTh cefe OBe ne-
pecekaiolllecs [pAMble, KOTODbIE MepeMellaloTcs MapaJliie/bHO
camuM ceGe. Touka X TiepeceueHHs ABHKercs ¢ TeM GoJbliel
CKOPOCTBIO, YeM MeHbIlle yroJ fnepeceveHns 3THX mpsMbix. Hem
yros 6anxe K 90°, TeM CKCpOCTb NepemMeuleHds TOUKU Mepece-
YeHHs MPAMBIX :'eHblIe OTJIHYAeTCH OT CKOPOCTH IepeMeulieHus
CAMHX NPAMBIX.

PacnpocTpanenide ABYX BOJH (puc. 9) Mbl He OrpaHUYHBAJIH
CBOUCTBAMH CpPefbl; ONHAKO AJs HAIJAAFOCTH MPeACTABUM, UTO
STH BOJIHBl PaclpOCTPAHAIOTCH NG TYro HATAHYTOH Pe3HHOBOH
nosepxHocTH. Torna npu o6pasoBaHuy Ha Hel Pe3y/bTUDPYIOLIEH
BoJiHBl (puc. 11) MBI MOXeM 3Ty NOBePXHOCTb 3aKpenuTh Ha
KaKOM-IH60 OCHOBAHHH (HanpuMep, NpUOUTb MEJIKHMH TBO3JH-
KaM{ K TOpIlaM TOHKHX IJ1aHOK) BAOJb JIMHHYU y3J0B, He M3Me-
HAs ycJoBuil pacnpocrpanenns. OkasbiBaercs, 4ro obsacru mo-
BEPXHOCTH MEXKAY JHHHAMH Y3JI0B COBEpIUEHHO HE3aBUCHMBI H
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MOTYT paccMaTpPUBATLCA KAXKIAT B OTASJBHOCTH KaK pe3y/bTar
pacrpocTpaHeHuss ABYX BOJIH NOK yIJIOM APYr K APVIY B mpe-
nenax atux Jaunuf (puc. 12, a).

Yrto npousofiier, ecay Npu TOM Ke 3aKpervieHHH pPe3uHOBOH
MOBEPXHOCTH AJHHA BOJHb! NePBUYHLIX BOJH U3MEHHUTCS, HAMpH-

Mep yBEJHUHTCA?

i
i
2 I
. gez__,,_,'

Puc. 12. PesyasTHpylomag BOSHA Ha pe3WHOBOH MOBEPXHOCTH,
HaTAHYTOH MeXAYy IAByMf NJaCTHHAMH

Utofel OpH yBeJHUeHHH ); COXPAaHUJUCH YCJIOBHA HA Tpa-
HHUAX Pe3WHOBOH MOBEPXHOCTH, T. €. PACCTORHHE MeXay Ju-
HHUSIMH HEMOABHIKHBIX TOYeK He H3MEeHHJIOCb, HeoOXOAHMO yBe-
JAuYHTh yroa 20. B 3toM MoxHO yBenuTbest, OOpaTHBIINCD K PH-
cyHKy 12, 6 u ypapHeuuio (3).

C yBe/nueHHeM yraa U3MeHsIeTCS COOTBETCTBEHHO ¥ (ha3o-
Basi CKOPOCTL paclpocTpaHeHHs Oeryiueil pesyJbTHpYOLLleH
30JIHbl; B HalleM MPUMepe OHa YBEJHUHBAETCH.

Taxum ofpazom, NpU NOCTCSHHOM PACCTOSTHHH MeXAy rpa-
HALAMH CPeJILl, Ha KOTODBIX BLINOJHAKTCS H3BECTHLiE YCJOBHUSA
‘B HauleMm cJyuae OTCYTCIBYST CMeUIeHHe YacTHI{ pPe3HHbl),
thazosass CKOPOCTh pacrpocTpansioulefics pesyJbTRpyloei
EOJIHBI 32BACHT OT AJMHBI BOJHLI (4acCTOTHI) HCTOUHHKA. :

Mgl paccMaTpuBay Morepeunsie BOAHBI MeXaHHUeCKOH NpH-
DOIB! H YCTaHOBAAM PAL UX CBOHCTB. B aToM cayuae reomerpi-
gecKoe H3o6pameHHe BOJIHBI COBIIAJ/1aeT C BOJIHOH, KOTOPYIO Mbl
HaGmonaeM B jeficTBUTebHOCTH. OLHAKG 3TO TOJAbKG YacCTHLIA
wydail BOJIH, KOTOpble MMEIOTCA B NPHPOJE,
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ITpn paccMOTpeHHH APYTHX BOJIH MPUXOAUTCS OTPaHHYHTHLCS
YCJOBHLIM TeOMeTPHYECKUM H300parkeiueM, KCTOPHIM Mbl T10JIb-
30BaJIHCh, TOHHMAs KaXKAbld pa3 moj cM2illeHHeM 3Hadedue TOMH
¢u3uuecKoll BeJMUYHMHLI, BOJHA KOTOPOIl pacnpocTpassercs.

HecmoTpsa Ha pasnuuHyio OpuUpoAay BOJH, CBOMCTBA HX
OCTAIOTCS OJHUMH U TeMH Xxe.

2. da3oras u rpynnosasi CKOPOCTH BOJH

B nepsoM pasnene Mbl yCTaHOBHJIH, 4TO NPU pacnpocTpaHe-
HUWH BOJIHBI B CpeJie UMeIOTCS AABa ABHKEHUA: 3TO MepeMelleHHe
(asbl KoneGauus OT TOUKH K TOYKe M JABHIKeHue sHepruu. JIsu-
JKeHHe PHEePruH CBA33aHO C BO3MYLIEHHEM TOUYEK Cpellbl, HAXO1s-
muxcs BOAM3H MCTOUHHKA 3HEPTHH. DTO BO3MyileHHe (MyTeM
H3MeHeHHs AH60 aMIJIUTYIbl BOJIHB, JHGO yacToTsl, Mu60 ¢asbt)
pacnpocTpaHsaeTcst ¢ BOJHOH M HOXOAHT IO MeCTa, I'Ie MOXKeT
OuiTb  3aperzcTpupoBaHo. Takoe BO3MylleHHe —MOKoslIeHcs
CPeAB! WM Cpelibl, B KOTOPOH MMeeTcs YCTaHOBUBUIASCH BOJHA,
Ha3niBaeTCs CurHajoM. Taxum oGpa3oM, pacHpOCTPaHEHHE CHI-
Ha/sla MO¥eT OblTb CBSI3aHO TOJBKO C PaclpoCTpaHEHHEM 3Hep-
THH B BOJIHE.

Ha npumepe BonH B mIHype MBI YOeIRINCh, YTO pacmpocTpa-
Henne (aswl KoJeGaHus B BOJHE MW nepefaya Hepruu (MoTok
IHePrHH) — 3TO pa3jHUHbBIE CTOPOHBI OJHOTO H TOTO Ke Npo-
necca (BoJHOBOrO HABHXKeHHA). Bo3HUKAWOT BOMpOCH: KakoBa
CKOpOCTb NepeMelleHHs CHriana (Bo3MylleHHs), B KaKoM BHae
OH JIOAMeT 10 NpHeMHHKA H KaKOBA CBy3b CKOPOCTH Mepenauu
curuata ¢ )asoBofi CKOPOCTBIO BOJIHBI?

OrseThl Ha 3TH Bompockl 6yleM HCKaTh ClAefyrowuM o6pa-
30M.

Curuan mo6oli GopMbl MOKHO TMPEACTABHTb MO H3BECTHOH
TeopeMe M3 FapMOHIYECKOro aHaJsin3a B BUle CyMMb! OecKoHed-
HOFO YHCJIA CHHYCOMIAJBHEIX COCTARJSIONINX € Pa3/uuHbIMHU
ammautynaMu W dactotamu. [lycTb curian mnpencrasiser co-
6ol rpynny ropGoR ¥ BOAAWH Pa3jJHYHOH BeNHYUHEl, KOTOpHIE
0o6pa3yioTcsi CyMMHPOBAHHEM CHHYCOMAJbWbIX COCTAB/AIOUIMX
pasauuHoi aMmaMTYAb ¥ uactoTh (puc. 13,a). Beauununa
rop6oB ¥ BNafgyH B Npejenax CUrHaja U3MeHseTcs: NO IITPUX-
IIYHKTUPHOW orubarouied.

Haw curuan nofyuuscs xak pe3yabTaT CJIOMKeHHs! OpAMHAT
BCEX CHHYCOHLAJLHBIX COCTaBJSIONINX.

ITycts B MOMeHT { = {y BCe OpAMHATH CHHYCOULAJNbLHLIX CO-
CTaBJISIIOIINX, OTMEUEHRBIX GyKBOH @ B TOUKe Xo OCH X-OB, O6pa-
3yI10T caMblii GoJbLIGH ropd U3 rpynns! rop6or curnaja (MakcH-
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Puc. 13. PacnpocTpaHeHue curHaja B oObiyHo#t (d) # Aucneprupyio-
wei (6) cpemax



MaJbHOE 3HauyeHHe WITPUXMYHKTHPHOU orubalouleii). Uepes He-
KoTopoe BpeMs (f=1,) (a3a CHHYCONAANbHBIX COCTABJSIONIUX,
oTMeueHHast OYKBOH @, NMEpPeMeCTHTCH B TOYKY X; Ha OAHO H TC
e paccTosHue (x;— Xg) AJ8 BCeX COCTasaslOUNX CHrHANa.
DTO BO3MOIKHO B TOM CJlyuyae, eC/ld paclpocTpaHeHHe BOJIH NPO-
UCXOAUT B TAKOH cpele, B KOTOpO#H (ha3oBasi CKOPOCTb ONHA H
Ta XKe M CHHYCOHIAJbHBIX BOJH JMOGOH 4acToThl (HE 3aBHCHUT
OT YacToTh). MakcumaJsbHbIl TOPG cUTHAJa TaK¥Ke OKaiKeTcs
B Touke X; (puc. 13, 0). Bce ocrasnbuble ropOul ¥ BHAZWHBI CHI-
HaJjla MO BeJHYHHE W OTHOCHTEJBHOMY pPAaCHOJOMKEHUIO OCTa-
HYTCSl TAKUMH JKe, KaK B MOMEHT ¢ = l,.

X1—Xg

Besnuuuna — asoBas CKOpPOCTb CHHYCOHAAJBHBIX

1—
COCTaBJSIIOUINX CHIHaMa, HO B TO e BpeMs I ONHCAHHBIX
YCJAOBHH .9TO TaKyKe CKOPOCTb PacnpoCcTpaHeHHsl curHaja (no-

CKOMLKY 3a Af == 1) — fp CHTHAA NpOIleN NYTb X1 — Xg).

Taxk kax curHajg o6pasosan rpynmnoii rop6oB H BIOanHE
(B Hamem cjayuae msaTb ropGOB M YeThipe BMALHHLI) H 3TE
TPYINa BO BpeMsl pacnpocTpaHeHuUs He U3MeHHJa cBoell (hopmul,
TO CKOpPOCTb PacOpoOCTpaHeHWsl CHTHAJA MOXKHO Ha3paTb Cpyl-
noBofi cxkopoctbio. MuHofi pesyabTaT mNoJydYuM, €CJid CHUTHAL
pacnpocTpaHsieTcst B Cpefe, CBOHCTBA KOTOpOH He MO3BOJAIOl
CHHYCOUJAJbHBIM BOJIHaM pPa3JHYHON UacTOTHl pacnpocrpa-
HATBCSL C OAHOH M TOH »Ke (Pa30BOU CKOPOCTbIO.

HHuMu caoBaMu, cpefa odnafaeT TAKHM CBOWCTBOM, UTO
CKOPOCTb pacnpocrpaHeHds (asbl B GECKOHEUHONU CHHYCOU/aJb-
HOH BOJIHe pa3Had AJs BOJH C PAa3iHyYloll [EePHOAHUHOCTHIC
(uactotofi) BO Bpemenu. Taxoe siBieHHe Ha3bIBaeTCsi gucnoep-
cuel, a cpena, obaajgaioulasi YKasaHHbIMA CBOHCTBAMH, — JUC-
neprupyiouiefd cpenrof.

[lonw3ysce puc. 13, MOXKHO onpefesuTb, YTO ecJH Cpela
obyanaeT oueHb CHJBHOH AUCIepcHel, T. e. (a3oBble CKOPOCTkL
CHHYCOUAANbHBIX COCTABJASIIOIINX CUJABHO OTAHYAIOTCS APYr OT
Jpyra, TO TIpH paclpocTpaHeHUW curuaja ero gopma OyneT u3-
MEHSTbCH U MOXET MCKa3UThCA B Takol crereHd, 4TO FOBOPHTL
0 KoMMakTHO# rpynne rop6oB U BHajuH yXKe He OyAeT CMbICJa.

Yacto Ha npakTHKe (a3oras CKOPOCTb MaJjlo 3aBUCHT OT
YaCTOTHl B CJydae pACNpOCTPaHEHUs CHHYCOMAAJbHBIX BOJH.
[Ipu stom pedopmauus cHruasa He3HauuTeslbHAs, U TOITOMY
MOXHO TOBOPHTb O [PYNMOBOfi CKCPOCTH, KAK O CKOPOCTH pac-
NPOCTPaHeHUsl CUrHaja (MM ero SHepru).

Puc. 13, 6 nosicuser pasanude Mexay (PasoBoil CKOPOCTBHIG
nepeMelleHys rop6oB U BNAJUH CHIHAJa M CKOPOCTbIO CamMoro
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curuasa, xoraa (asonas CKOPOCTb CHHYCOHIA/IBHBIX BOIH TeM
MeHblile, 4eM GoJibllle WX 4acTCTa.

[To ucreuenun Bpemeuu f; — lp (ha3pl CHHYCOUAANBHEIX CO-
CTaBAsOINX, o6o3HaueHHble GyKBoi a’ (B cayuae OTCYTCTBHS
nucriepcun 3ty a3y o6o3Haunan 6yKBoil @), yKe He HaXOAATCS
E OAHOM TOuYKe X| 14 BCeX COCTABAAIOULAX. 3a 310 BpeMs (¢asa,
o6osnavenHas 6ykeoii @', Tem €CoJibllle He HOHAET JO TOUKH X1,
yem GoJibine YacToTa cocTapJisioiled. Tak Kak IUCHEPCHbIS
CBOHCTBA CpeJbl HE OYeHb CHJBLHO BLIPAKCHBI, TO OpAHHATHL
CHHYCOHAA/IbHBIX COCTaBJIONINX C (bason a’ o6pasyict rop6 A’
CKrHaJa, HO yKe He MAaKCUMasbHOH BeJNUYUHLl, KaK 3TO OblIO
B MOMEHT [ == f;. MakcHMa/bHLIH Ke rop6 b’ 6yneT obpa3oeay
opanHaTaMu, o6o3HaueHHbIMU GykBoll 6. B MoMeHT £ =ty 3TH
opAHHaTH o6pasosanu rop6 b (puc. 13, a).

Ecau mpoBecTH CITPUXTYHKTHPHYIO oruéaiouxyro curHana,
TO LEHTP CHrHaja OKaxercsi B Touke X, < X1, T. €. 32 TO XKe

Bpemsi Af = ¢, — 15 curdaa npofiger paccTtosiHue X’y — Xo, MeHb-
wee x; — Xo. IloaroMy B CKOpoCTb cHruaja (rpymrnosas CKo-
X, —X

0

pOCTE) B JMCTIEPTHPYIOIeH cpelle MeHblle CKOPOCTH

1—
cHrHama B cpeje, He 0G/ajaioliell THCTIEPCHBIMH CBOHCTBAMH.

KakoBa xe (hasoBas CKOpOCTb pacnpocTpaHeHus ropbos H
EMajuH CHrHajga?

B mucneprupyiomel cpene rop6 A’ pacroJioxes modTuH Ha
TOM K& MeCTe X|, UTO U B cpefie, He obJanaowmed JRCepCHbIMH
csolictBamMU. Tloatomy MoxHO cuuTaTh, uTO hasosasd CKOPOCTDb
CHTHasa pasHa cpefHell (as0oBO# CKOPOCTH €ro COCTABJAIOUINY
U B Haulem cjayudae 60JbllUe CKOPOCTH CHUrHaJja (rpynnoBoi CKO-
poctn). Baaronaps stomy ropGsl Kak Gbl IPOCKAIb3bIBAIOT OTH-
6alomylo CHrHaJaa.

YKaszauHble YTBep:JIeHHS MOryT OblTb [NPOBEPEHH TyTeM
NPOCTOrO  CJIOXKEHUs1 [BYX CHHYCOMIAJbHBIX COCTABJRIOULINX.
OnHOBPeMEHHO MOJNYUYHM KOJIHYECTBEHHOE COOTHOILEHHE MEeX1y
rpynnosoil H $a30Boil CKOPOCTSIMH CHTRaJa.

[lycTs ckaapbiBalorcst ABe CHHYCOHAaJjbHble BOJIHBI C aM-
nautynoi A, wacrotel kotopsix fy (6dabinas) u fy (MeHbinasn)
oueHb GJIM3KH APYT K APYry; BojHa € uactoToll f, umeer ¢aso-
BYIO CKOPOCTb, MEHBIIYIO, UeM BOJHA C YAacTOTOH fi.

B pesy/ibTale CJOXKCHHS ITHX BOJH CYyMMapHCe 3HAaUeHHe
pesyJbTUPYIOUleH BOJHB ¥ B HeKOTOPbIfi MOMEHT BpeMeHH ¢
B TOYKE NPOCTPAHCTBA C KOOPAHHATOH X BBIPA3UTCA

y=Asin2rn (flt—w) -+ Asin 2= (fzt -——f—)
N )y
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(TaKaﬂ 3anuch CHHYCONNAJIBHBIX BOJIH aHAJIOTHYHA paHee BBe-

o 2
JeHHo#, Tak Kak o =2xf u k—_——;—:) i

y=2Acos oxlbzhy _h—h ]Sin2“{h+f"’t-—- sy ] ,
L 2 2/\1)\2 2 2)\1/\2

, PRI
rje MHOXHTENb sin 2= [fl-g—ﬁt _%“’x]
p "1"2

BbIpazKaeT BBICOKOYACTOTHYIO 4acCTh CHria/ja H XapakTepuayer

pacnpocTpaHerue (assl KoJeGauHil 4acTOTHI fi—;_—f? (cpenneit
' fe—I, Mh—2
M3 COCTaBJISIOUINX), @ MHOXKHTEIb 24 cos 2r | ==—2f —~~-T~x
A]IQ

Bbipazkaer ornfarmmyio rpynnel rop6oB ¥ BHaAMH CHrHaJA.

llepnoit zanauefl fBAsieTCA omnpelescHHe CKODOCTH TMepeMme-
menua orubaioiielt rop6os ¥ BOaaAMH (CUrHaga), KoTopas, B
YACTHOCTH, COBNAaAdeT CO CKGPOCTbLIO MepeMellelts MaKCHMab-
Horo ropGa curuajaa. ATy CKOPOCTb MBI ONpele/uM, Kak CKo-
poCTb nepeMellleHHs B IPOCTPAHCTBE HEKOTOPOro ONpeJesIeHHOr0
3HaYeHUs PyHKIUH

2AcosQn[f9;f‘t—— b x].

kg

B MoMeHT BpeMeHH ! == {; B TOUKe C KOOpAHHATOM Xp UMeeM
5 — hy—h
crpeflesieHHoe 3HaYeHHe KOCHHYCA COS 2xv———-’ 5 Lt —2-——? }gxo} .
ty ho
[lycTh 3TO 3HaYeHHe COOTBETCTBYET KakoMy-nubo rop6y cur-
Hana. B moMeHT Bpemenu f =={; TO Xe camMoe 3HauyeHHe KOCH-
Kyca OyieT y>e B HeKOTOPOl Touke X, T. e. ropl CUrHaJa nepe-
MECTHTCH M3 TOUKM Xo B TOUKY X 32 BpeMmda Af = ¢ — lo.
Hckoman ckopoctb nepeseunieuus ropfa (rpynnet rop6os n
RIAAHN)
X1 — Xy
Vypp == ————.
hi—1y
ITo ycooBuio npu f=1{; 1 x=1xy, a TaKxKe NpU f==1f U
X == X, 3HaYeHUs KOCHHYCa OJIHK M Te XKe:

[ fog —— Ay — X [ fo — hq — )
cost,f' flto___ 1" ¢ 1= cos 2r fa f1t1__ 122y |,
2 2/1)\2 2 2/\1I\2

OTKyZa

— M — g — hy— L
fo flto___ 17 2x0=f1 f1tl___ s
2 2y 2 2htg
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WJIHA

A ~— Y —
l—)\2(151'—')Co)=—“f' L (¢ —to),

2hihg 2
TOrA4
= =% __fo—h 2
™ — = .
t—t 2 N1
[MToncraBuB 3HayeHHst 4acToT fo M f; uepes ¢asoBwle CKOpO-
CTH M AJHHBl BOJIHBI (f=—;i) ; NOJIy4uM
v == UM — Uido - (Orh — Urdy)
p — .
A — A

Taxkum 06pa3oM, CKOPOCTb Tpymibl rop6oB U BOaguH (CKOPOCTh
curHaga) OyjeT paBHA
U1 —Y
Upp == Uy — A} ——=,
D 1 1 )\1_)\2
B cayyae HOpMaNbEHON AUCTepcHd pasHulla Mexny ¢aso-
BBIMH CKOpOCTSIMH MaJsas (Ipd HesHauuTeJbHOH pasHuue uHa-
ctoT). [Tosromy 3ameHsieM »

U3 —Uy=AU B Aj—ly=AN

B pesyJabrate rpyniioBas CKOpPOCTb CHrHaJa
Ay .
(eI ¢ —-l — 5
pyd 1 1 AN ( )
Taxum e CrocoB6OM OMpenessieTCsl CKOPOCTb NepeMellCHHUs
ao6oro rop6a uau BnajJuHbl (2 He ropba onpele/ieHHOH BeJH-
’ A A
hthy htd
2 23 A
B pasiUYHblE MOMEHTH! t; " t: (Touku x; " x;). [Iponenas

Te ke BbIUHCJeHus AJs 3TOH (YHKIHHU, Mbl MOXeM yOeluTbed,
YTO CKOpPOCTh MepeMmeledds rop6a WM BNAAUHL paBHa

ypye) 10 3xaveHuio QyHkuug sin 2w [

. Av o
v v+ ~ » TRe Av— pasHocTb (a30BBIX CKOPOCTEH HBYX

BOJIH, COCTaBJIAIOIINWX CHTHAJL
Tak kak oruGaromas ropGoB W BHaAuH (CHrHAJ) mnepeme-

. © v
faeTcs ¢ TPYNHOBOM  CKOPOCTBIO Upp== U;— A T @ camu

Av
rop6bl M BNAaAWHEl — CO CKOPOCTBIO U ==0U; - ~ » TO HX OTHOCH-
-TeJbHOE MNEpEeMEIICHHE IIPOHCXOAUT CO CKOpOCTbIO
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. . Av . Av Av/, . 243
AV—_—U—U =y N 7] ) 1 - it S
D R 1+1A)\ 2\TA)\/’
TaK Kax
M
i § 1,
M>>
TO
A
AV =1, 22,
AN

Taxum o6pa3oM, eciy NpH yBeJIHUYEHHH AJHHLI BOJHBI (Pa3o-
Bas CKOPOCTb YyBeJMuHBaeTcss (HOpMaJibHAasi AMCHOEpPCHs), TO
rop6bl M BNAQHMHBI ONEpexaloT CBOK OrHBGalollyio CO CKOPOCTHIO

Av o
AV =i, —, 4T0 CBHAETeJbCTBYeT O MpeBbillleHUd (a3oroi
- AL’

CKODOCTH Haj, TPYNIOBOH CKOPOCThIO CHrHAJA.

O cxasaHHOM JaeT HarJisgqHOe MpelcTaBjeHHe CJAelyIOWnd
[IPOCTON OMNBIT: [Be OOBIKHOBEHHbIE pacyeCKH C pa3HbIM pac-
CTOSIHMEM MeXAy 3yGbfMH NpU HaJOXKEeHWH ONHOH Ha APYryio
MMeT [epeMeHHYI0 NmpospadHocTb. Tas, rae 3yObs ofHOH 3a-
KPBIBAIOT NPOCBETHI ApYTofl pacueckH, OyJleT HauMeHblIan Mpo-
3pPAYHOCTb CJOMXEHHBIX pacdecok. Tam, rae 3y6bsl B MpPOCBETLI
JBYX pactuecok cosmnajatoT, GynerT HauboJbluas npo3payvHoCThb.
Ilpu He3HAuUTENLHOH CKOPOCTH MepeMellleH!s pacyecoK OTHOCH-
TebHO Ipyr apyra (Av) mecta HauGogbluefl M HaHMeHblieHd
TIPO3PAYHOCTH OYAYT MNePeMellaThCsl OTHOCHTeNbHO Kpas pac-
YecOK TeM ObicTpee, ueM O6oJiblile PacCTOAHHE MEXAY 3yObsiMu
(%), uem 6oablIe OTHOCHTENbHAS CKOPOCThL MepeMmellleHns pacye-
COK (Av) u yeM MeHblIe PA3HOCTb PACCTOAHHA MeXAYy 3yObsaMH
nByx pacuecok (A)). B atom onbiTe Mecrta HauOoJblued H Hau-
MeHblllefl [IPO3pPAaYHOCTH HUMUTHPYIOT Trop6bl M BIAAMHBI
CHTHaJsa, 8 Kpas pacuecok -— FpaHullbl CHUTHAJA.

IIpumepom cpearl, B KoTOpO# (pa3oBasi CKOPOCTb pacnpo-
CTpaHeHHs BOJIH 33aBHCHT OT 4acTOTBl HCTOYHHKA, MOMKET CJy-
JKUTb pe3UHOBAs IIOBEPXHOCTb, 3aKpellJleHHAs MeMAy JAByMsl
napanje/bHbpIMB cTOfiKaMu (puc. 12). Ira noBepxHoCTb 06.Ja-
JlaeT CBOHCTBAMH AUCHEPrupylolled cpelbl M5 MeXdHHYECKHX
BOJIH CMeLLeHHs.

3. DJeKTpOMarHUTHBIE BOJHBI

B mpeasiayumux naparpagax Mul paccMaTpHBAIH BOJHH Me-
XaHHUeCKO# OPHUPOAbl, T. €. Mepeaady KosaeGaTe]bHOrO ABHKE-
HHS 4aCTHI, Kakoil-mu6o cpedpl.- DTH BOJHB B TOBCEAHEBHOH
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UIHM NTPAIOT OYeHb GOJBIIYIO posib. JIOCTATOUHO CKA3aTh, UTO
£ TaKiM BOJHAM OTHOCHTCA PacnpocTpaHeilve 3BYKOBLIX KoJe-
Canuii, ynapuoil BOJHBI NpPH B3pbIBe KOJeGaHnil B 3eMHOM Kope
(ceficMnueckne BO.IHBI), YJbTPAa3BYKOBBLIX KoJe6GaHndl B Bojae
H MHOIO ADYFUX.

Oanaxo ne MEHLIIYIO POJIb B TeXHUKE W YKH3HI UFPAIOT BOJ-
HOBblE fikjelUs COBEPILEHHO HHOM TIPUPOABI, a4 HMEH0 — 3JeK-
TPOMATHKTHLIE BOJIHbL. DTH BOJIHbI NPEACTAaBIAOT COBOM Mepe-
Jauy U3 OAMMX MECT TpOCTPaHCTBA B Apyrue Kojedanufl 3JeK-
TPHUECKOr0 ¥ MACHHTHOrG MOJeH, CO31aBAEMBIX 3/1eKTPUYECKHUMHU
sapsanaMu M ToKamu. Tmepaas, :Kuakas u rasooOpasHas cpena
MOKET CHJIbHO BJHATb HA PACNPOCTPAHEHHE 3JIEKTPOMATHUT-
HLIX BOJIH, HO ee MpPHCYTCTBHE AJA8 ITHX BOJH He 00f3aTeNbHO.
DJIEKTPOMATHUTHEIE BOJIHLI MOTYT pPacripocTPaHATsCs  BCIOAY,
T1e HMEIOTCA YCJAOBHA JAJSI CYUIECTBOBAMHUS HJEKTPHUUECKHX H
MaTHUTHGIX NoJIel, B TOM YHC/Ae B B {IPOCTPEHCTBE, He 3aroJ-
HEHHOM KakUM-Jub0 BeL1eCTBOM, — «IyCTOTEY,

CpolicTBa 3/1€KTPHUYECKMX U MAaridTHLIX [0JeH, HX B3aUMO-
CBsA3b MeXAy cobGit M cpeloil, B KOTOPOH OHMU pacnpoctpa-
HAIOTCS, ABJAIOTCA CJeACTBHEM OCHOBHBIX 3aKOHOB 3J€KTNO-
MarHeTHsma. DTH 3aKOHbl B HACTOsIllee BPeMsi HOCAT Ha3BaHue
ypaBuelinii Makcseana, no UMGHH aHIIHIACKOrO y4yeHOro, KOTO-
polé 0606WHI HX M NpUBesa K BHLY, yROGHOMY AJds MaTeMaTH-
HECKUX PacyeTos. .

CrpapenuBoCTb ypaBHeHnii Makceenna u ux caeacTsuil ie-
JUKOM A0Ka3aHa OueCTUIMMHE AOCTHHEHUAMH 3JeKTPOTeXHUKH
"H painoTexHHKH 3a nocaennue 50—60 get.

OcHoBHLIE CBOHCTBA 3/7E€KTPOMArHUTHOrO [I0N, 3HAHHE KO-
TOPbIX HAM NoTpedyeTcs, MOMHO CPOPMYAHPOBAThL CAEAYIOLUIUM
obpasom.

1. K3neHenne 3JeKTPUYECKOTO MOJsE B KaKOM-MHGO MecTe
BCerfa BLI3bIBAET NOABJEHHE B 3TOM MeCTe MepeMelHoro mar-
HHTHOTO NI0J14, 4 B3MeHeHHe MarHuTHOTO rnoJjs, HaoGopoT, Bceraa
CO3JAaeT nepeMeHHCe 3JeKTPHYeCKOoe [oJle, NPHUTIeM H3MeHeHHUS
oboux noJefi coBnagatoT no Qpase.

3TO OCHOBHOE CBOWCTBO M #BJAAETCS NMPUUHHON BO3HHKHOBE-
HHSl 3JEKTPOMArHUMTHON BOJIHBI: CO3Z2HHOE MepeMelHoe 3JeK-
TpUUECKOe MoJie B OAHOI TOUKe NPOCTPAHCTBA BBEI3LIBAET Mar-
HUTHOe nojie BOKpyr 3T1oil Touxy. [losBuBlieecs repeMenHoe
MArHHTHOE 110Jie B COCe/IHel TOUKEe BLI3bIBAET B Heil B CBOIWO Oue-
peAb 3JeKTpHYeCKOe MoJie, 3axBaTbiBalolllee CJACAYIOIUHE TOYKH
rpoctpancTea, u T. 1. [TosTomMy nosnyuaerca mepeaauya npouecca
HW3MEHEHUs 3JEKTPHUYECKKX M MarHUTHLIX NOJel U3 OfHOHA TOUKH
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GCpAHCTBA B Colelliie, T e NPOHCXOAUT acipocTpaHehne
DJIEKTPOMArHATHOH BOJIHBI.

Masectno, 4To 3/1eKTpUuecKHe MOJIst BO3HHKAIOT TaM, Tiae
HMEIOTCsl 3JCKTPHMeCKHe 3apsifbl (Hanpnmep, OKOJIO 3apfiKeH-
HBIX Ten). SJ'IEKTPAI{GCKOG noJje B ZAaHHOH TOYKe NPOCTPAHCTBA
XapakTepusyerca AeHCTBHEM CH/bl HA €IHHHUYHLIA MOJOMKHTEb-
HbIA 3apsj, NOMeLleHHbIH B 3Ty TOUKY. JTa BeNHudHA HA3bI-
BaeTC HANPSKEHHOCTHIO SJEKTPUUECKOro 10Jsl 1 0603HauaeTcs,
6yxsoil E. :

Ecnu sapsaanl nmkyTcs paBHOMepHO (HampuMep, B MeTaJ-
JIUYECKOH NPOBOJIOKE), TO Mbl HMeeM TIOCTOSIHHbLA TOK, CO3Aalo-
LIK{ Mar"uTHOe MoJe, BeJHUMHA KOTOPOFO B OKPYIKAIOUIEeM Mpo-
CTpaHCcTRe He Meusercd. KojuuecTBenHOH XapaKkTepHCTHKOM
MAarHUTHOTO NOJIA B JaHHOH TOUKe NPOCTPaHCTRA siBAsleTCs CHJa,
RefcTBYIOIlAas HA eJHIHYHbIA OTPE30K NPOBOAHMKA C eAHHHY-
HBLIM TOKOM. 3Ta XapaKTepUCTHKa HA3blBAETCA HANPAKEHHOCTHIO
MarHuTHOTO TNoJs B o6o3Havaetcss Gyxso# H.

B ykasaHHbix cayyaax 3JeKTpUvYecKde ¥ MAarHUTHblE MOJs
HEe H3MEHAIOTCA C TEUCHUEM BPEMEHH, ¥ NOITOMY 3JeKTpomar-
HHTH&A BOJIHA BO3HUKHYTb HE MOXKeT.

[Tpu HepaBHOMEPHOM MBHIKEHHH 3MEKTPHUECKHX 3apALOB H,
B YACTHOCTH, NPH HX KoJieOaHHH — INepeMeHHOM TOKe — 3JieK-
TPHUYECKHe ¥ MarHuTHblE NOJs ¢ TeUeHHeM BRPEMEHH H3MEeHSIOTC.!
DTH H3MEHeHUs NepelaloTCs OT TOUKM K TOUKe #, CJejoBa-
TeJJLHO, PACMPOCTPAHSIOTCA BO BCe CTOPOHBL, 00pa3ys 3JeKTpo-
MAarduTHYIO BOJIHY.

B 3710t BoJIHe aMIIUTYIB! 3/IeKTPUUSCKO U MArHUTHON BOJH
HaXolATCs B ONpPEAE/]CHHOM COGTHOLIEHMHU:

E0= l/ HO: (6)

rie e — QU3JeKTpHUECKas, — MAarHuTHas MPOHHIAeMOCTh
Cpensl. :
2. DnekTpoOMarsuTHas BOJHA BCErJa pAaCHpOCTpaHsiercs ¢
¢t a30Boil CKOPOCTbIO

c
U=

e

rZle ¢ — CKOpPOCTb  PacHpOCTPaHEHHs  3JeKTPOMAarHUTHOTO
nons B ceoGoAHOM HOpOCTpaHcTBe, paBHas 3108 m/cek (cko-
pocTb cBeTa).

3. DnexkTpHyecKHe M MAarHHTHble CHJIOBBHIE JIMHHH B 3JEKTpPO-
MaruuTHOA BOJIHE BCerAa B3aMMHO-INepleHHKYJIsPHbI.



Ec/u BeKTOp HAMPSKEHHOCTH 3JeKTpuueckoro nosas E mo-
BOPAYHBATb K BEKTOPY HAMPSKEHHOCTH MarduTHoro nosas H, to
HanpaeJ/ieHde PacrnpoCTpPaHeHHsi JMeKTPOMArHUTHOA BOJHBEI (V)
COBMNajeT C HalpaB/eHHeM BBUHYMBAHUS BHHTA C MPaBO pe3b-
Goit (puc. 14).

4. JjeKTpuyecKHe CHJIOBBIE JUHHUU BCerga HAYT Ju6O OT 3a-
pana oJHOro 3HaKa K 3apaly Apyroro 3Haka, Ju6o mpeacras-
JISIOT COGOM 3aMKHYTGLle JIHHHH, ~OXBaThlBAaloOLlMe I[epeMeHHoe
MarHHTHOE ToJe.

5. MaruuTtHble CHJIOBbIE JIMHHM BCETRA SIBJSIOTCSH 3aMKHY-
ToIMH. Ec/in MarHUTHOe noJje HOPOXKIEHO TOKOM, TO OHO OXBa-

£

H v

Puc. 14. OrHocuHTenbHOe pacnofOMeHHe BEKTODOB
nanpsxenuocteil £, 1 CKOpPoOCcTH v anexTpomar-
HUTHOR BOJHBI (NPABU/IO [PABOLO BUHTA)

TeIBAET TOK, €CJIW e OHO MOPOKIEHO IepeMeHHLIM 3JeKTpuye-
CKHM [0JeM, TO OXBaTbIBAeT 3TO [0Je.

6. [lpn pacmpocTpaHeHHH 3JEKTPOMArHUTHOH BOJIHBI B TMpO-
CTpPAHCTBE, 3aMOJHEHHOM CpelaM{ C pPas3jMuYHbIMU CBOHCTBAMH,
HA TpaHulie Cpell JAOMKHBI BBHITIOJHATHCH MU HaNpsKeHHOCTeH
noxeii E m H onpepneseHdble ycjoBusi. B wacTHocTH, Ha rpa-
HHUe AHYJCKTPHK —- MeTaJjlJl TPAHHYHble YCJOBHSA [ BEKTOPOB
E v i moryt ObiTb chOpMyIHPOBARLI TaK:

a) cocrasasionlas Bekropa E, napassesbHas IOBEPXHOCTH
paszena, OTCYTCTBYET (paBHa HYJIO), T. . y NMOBEPXHOCTH HAe-
a/iblOro TPOBOAHUKA CHJIOBHIE JIMHMH 3/IeKTPHUECKOro INoJd
HanpapjeHbl  NEPNeHAHKVJSPHO  MOBEPXHOCTH  MPOBONHHUKA
(OKaHYMBAKOTCA HJIH HauMHAIOTCS HAa IMOBEPXHOCTHBIX 3apsaaax
TNIPOBOJHHKA) ;

6) npd HaJUUMH MOBEPXHOCTHBIX TOKOB MAarHWTHOE TOJIe
OKOJ0 TOBEPXHOCTH pasjleja HalpasJ/eHO [apaJJesbHo NoBepx-
HOCTH pasieJa.

IpannuHele yCJIOBHS [alOT BO3MOXKHOCTb DACCUMTHIBATH
cTpoeHue noviell, BO30ykKAdaeMbIX B CHCTEMaXx IPOBOJHHUKOB C
H3BECTHOM KOH(pHI'ypalued.
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['eomerpuueckoe H306parkenye JEKTPHUECKHX ¥ MATHUTHD:
noJIell CBSI3aHO C MOHATHEM O CHJIOBBIX JIHHHAX K&K reOMeTpH-
€CKOM MeCTe TOYeK MPOCTPAHCTBA, B KOTOPHIX HAPSKeHHOCTH
il0JIfl MO BeJIMYMHe PaBHBI

Ha puc. 15, a yc/oBHO noKa3aHO MoOMepeyHoe CeyeHHe MJI0-
“KOH 9JIEKTDOMArHHUTHOH BOJIHBL DjekTpuueckasi (E) u maruur-
uafg (H) nanpsikeHHOCTH ToJell M3006pa)eHbl BEKTOPAMH B
Loo6pakaeMoll MJIOCKOCTH, NapasenbHoOl ocaM x H y. Boawps
7aClpoCTpaHsieTCsl CJeBa HANPaBO BAOJb OCH 2 W 3alOJHS T
5CI0 00s1acTb pHcyHKa. EciM yKasaHHYIO IJIOCKOCTL TNpeacTa-

Z z

z
a

Puc. 15. TInockas 3J€KTPOMArHUTHAS BOJIHA, PACHPOCTPAHAIOIIASCA B Ha-
npasieHud OCH 2

BHTH HENOJABHKXHOH B IIPOCTPAHCTBE, TO NPH NPOXOKIEHHH Ue-
ne3 Hee TJIOCKOK 35/eKTPOMAarHHTHOH BOJIHBI BeKTOphl E U H R
+TOH TJIOCKOCTH OYAYT MEHATLCSA C TeueHweM BpeMenu. Ecin ke
iIPEACTaBUTh, UTO BoOOpakaemas MJIOCKOCTb JABUIKETCA BHOJb
OCH 2 CO CKOPOCTHIO DACHPOCTPAHEHUSI BOJHBI, TO BEKTOpH F
u H B 3TOH IJIOCKOCTH GYIYT HEU3MEHHBIMH (HMEHHO 3TO CBOI
.TBO ONpefenseT MAOCKYIO BOJHY).

Ha puc. 15,6 nano apyroe rpaduyeckoe IpeacTaBjeHHe O
T0H 2Ke CHHYCOWJIAJbHOH BOJHe, pacnpocTpaHsiouieficd B Ha-
IipaBJIeHHH OCH 2. BesanunHa XaKAOH CTpesiku, H300paxatouiel
HANPAXKEHHOCTh 3JeKTPUUCCKOTO oA E u HanpsaxKeHHOCTh Mar-
YHTHOrO NoJisi fl, XxapakTepusayeT M3MeHeHHe BeJIHYHHLI Hampst-
“{EHHOCTH BJIOJIb OCH 2 B JAHHBIH MOMEHT BDEMEHHU.

B naspHefilmeM BeJMUMHY HaNpAXKeHHOCTH MoJell Oynem
:i300paxaTb JUOO TYCTOTOH CHJIOBBIX JHHHAH TpPH IMOCTOSHHOI
BeJIHUHHE CTPeskH, Jubo BeduuuHOH camofi ctpenku. To HJIH
npyroe m3obpaxenye GyAeT HCUOML30BAHO B 3aBUCHMOCTH OT
HArJgJHOCTH B Ka)KAOM KOHKPeTHOM cJyuae.

>
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Hu puc. 15,a, un puc. 15,6 He HAIOT HOJHOrO npeacrTaB-
JeHust 0 BoJiHe, Uro6bl ¥306pa3uTh BOJHY B TPEXMEpPHOM Ipo-
cTpaHcTBe, moTpefoBanack Gbl KOMOWHAUUS JHarpaMmM, IOKa-
3bIBAIOIINX paclpefeseHye 3/JeKTPHUECKOr0 W MATHUTHOIO IO-
Jelt Bo MHOrHX njockocrsix. OfHaKo u Taxoe H300paxeHue
Jajo Obl KapTHHY BOJIHBI JIUIIb AJS JAHHOTO MOMEHTa BDPEMeHH
H He OTpaXaso ee ABHXKEHHUS.

Ecayu pacnpocTpaHsiercss He UYHCTO CHHYCOMAasbHAs BOJHA
(GeckoHeunas CHNIYCOKWIA), a PPYINa BOJH, BEI3BAHHBIX HEKOTO-
pEIM BO3MYILi€HHeM, TO BMecTe ¢ 3TOH TpyNmo# BOJH JBH-
JKETCSl ¥ DHEPrusi BO3MYIUIEHHA.

3uaMeHaTH pycckuil GUIHK YMOB IoKa3aJ, 4TO JABHIXKEHHE
SHEprH, CBsI3aHHOM C pacmnpocTpaHeHHeM BOJH, MOXKHO pac-
CMaTPHBAaTh KaK MOTOK SHEPIHH. JTOT MOTOK XapakTepH3yeTcs
HEKOTOPBIM BEKTOPOM (IJ151 3JICKTPOMAarHATHHIX BOJH BEKTOPOM
Vmosa-ITofiutunra), nampas/jeHrue U BeJMUHHAa KOTOPOro B pas-
JIMYHBIX TOYKaxX IIPOCTPAHCTBA DPAaSJUUHEL

15 3/1eKTPOMArHATHOHA BOJiHB BeKTOp YMoBa-Ilo#inTunra
CBA34H C HAIPAKEHHOCTHIO JIEKTPHUECKOrO0 M MAarHHTHOTO [MO-
Jiefl TIPOCTOH 3aBUCHMOCTBIO

S=-LEM, (7)

npuueM BeKTOp S TepreHaukyispen Bekropam E u H u ero
HanpapjieHdHe MOXeT OBITb HafileHo MO MpaBUJy HPaBoOro
BHHTA.



Ii. HATPABJISIIOIUUE CUCTEMBI

1. Hanpasasiouine cBoiicTBA METAMINYECKOH MNJIOCKOCTH

PaccmoTpuM, YTO MPOHCXONUT, ecjqd HA NYTH pacmpocTpa-
HEHHsI 3JIEKTPOMATHUTHOH BOJIHBI B TPOCTPAHCTBE BCTpPEUAETCS
NPENnsTCTBYE B BHAE MeTaJu4ecKOol MJOCKOCTH C HAeaJbHOH
NpoBOAMMOCTRIO. IIpH 3TOM XapakTepHBIMH SIBJASIOTCS CJydau:
KOIrjla NJIOCKOCTb OPHeHTHPOBAHA TaK, YTO BOJIHA NagaeT Ha
Hee MepHeHAMKYJsPHO; KOrJa BOJHA NajaeT MoK YIJoM K IJIo-
CKOCTH, OTJIMYHBIM OT MpPAMOrO, W KOI'Za BOJHA DPacmpocTpa-
HSeTCsl BJOJb IJIOCKOCTH.

Mepnenpuxynapuoe nagenne. [Ipy nafeHuu 3JeKTPOMAarHut-
HOH BOJIHBI Ha IMOBEPXHOCTb MeTaJlja I'PaHHYHbE YCJOBHUS AJSA
HanpsikeHHocTell £ W H TakoBbl, YTO HANpPSIKEHHOCTb 3JeK-
TPHYECKOTO IIOJI paBHA HYJO, a HANpPSIXKEeHHOCTb MarHUTHOrO
noJis MakcumaJbHas. JJs o6bsCHEHHS STOrO MOXKHO Mpeipno-
JIOXKHTb, YTO IPU NaJEHHH BOJHB HA MeETa/JINYeCKOH IIJOCKO=
CTH BO3HHKAeT HCTOYHHK, BO3OYKAAIOIUi BCTpeuHyw (oTpa-
JKEHHYIO) BOJIHY C TOH Ke YacTOTOH W aMIVIMTYZAOH, 4TO H Ia-
Jawowas poaHa. Pasa MarEMTHOrO MOJIs OTPaXKEHHOH BOJIHBI
coBnagaer ¢ ¢ha3ofi MarHUTHOTO MOJ TNajaouiedl BOJHLI
(puc. 16, 6), a ¢asa 3J€KTPUUECKOTO NOJS OTPaKeHHOH BOJIHBI
OTJIMYaeTCsl OT (Dasbl AMEKTPUUECKOTO NOJs Hafarouiedl BOJHE
Ha 180° (puc. 16, a).

OmnelT noxkasbiBaeT, YTO HA TIOBEPXHOCTH MeTAJJIHYeCKOH
IJIOCKOCTH OTpa’KeHHas 3JEKTPOMarHuTHast BOJHA C YyKasaH-
HEIMH XapaKTepUCTUKaMU AeHCTBUTENbHO BO3HHKAET.

B pesynbrare cioxenus napawoweit (Ex v Hy) U oTpaxeH-
Hoit (Eop, Hop) BOJH 1nepen MeTa/UIHYECKOH IJIOCKOCTBIO
BO3HUKAET CTOsIYas BOJIHA, B 4eM MOXKHO yOeAHUTbCH KaK C 1o-
MOLIBIO FEOMETPHUECKOTrO TMOCTPOEHHS, TaK U MPOCTOTO CJIOKe-
HUSl CHHYCOUIAJBHEIX BOJIH:

E,+ Eqp=E;sin (of — kx) — E sin (ot + kx)=
g* 35



= — 25, 8il1 kX COS wf == L4y,
Hy + Hop=Hysin (et — kx) + H sin (of + kx)==
= 2H,cos kx sin ot = H,.

ITH BHIpaKeHHUs A CTOSHHX BOJIH 3JIEKTPUUECKOTO M Mar-
HHTHOrO TOJeHd MO3BOJSIOT CASJATh CJeLYIOLMIHe BLIBOJIHL:

a) B KaxAo#l TOoYyKe CTOsYel 5/eKTPOMArHUTHOH BOJIHE
3JIeKTpUUECKOe M MarHHTHOe NOJS H3MEHSIOTCS BO BpeMeH!!
¢ pasHocteio a3 90° (puc. 17,a u 60);

Memannuyvecxas
nobepxnacms -

lnacwocme
NeKMPUYECKO20 NONS

flnocrocms
MAZHUIMHO20 NOAR.

6

Puc, 16. [Tagaroman H OTpaXeHHas IUIOCKHE SJeK-
TPOMArHUTHLIE BOJIHEl [pH HepNeHIHKY/ISIDHOM Ta-
JeHHH Ha METaJJMYeCKyl0 IJIOCKOCTb!

a — COCTaBJasiiollasl 3JIEKTPHUYECKOIro [10oJsd  BOVIHLI, 6 — co-
CTaBaAfdomads MAarHUTHOrQ MoJfl BOJIHLI
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6) nJs CTOstYell BOJIHBI 3JEKTPHYECKOrO MOJS Y3/ OTCTOAT

»

o A
OT MeETaJIH4ECKOH IIJIOCKOCTH Ha pacCTOAHHWH, KDAaTHOM 5—

A A
a My4YHOCTH — HA paCCTOSIHUH Y +m—-, rnem=0,1,2. . . Ha

puc. 16,a ysnsl OTMeYeHBl TOUKAMA HAa JMHHH HAMPABJICHHS
pacnpocTpaHeHus: BOJHLI;

B) JJIst CTOsYeH BOJIHBI MarHHTHOI'O MHOJSA y3Jbl OTCTOAT OT

o IS A
MeTaJlJIMueCKOH IIJIOCKOCTH Ha pacCCTOodAHUHU Z+m-2—, rjpe

A
m=0,1,2. . ., a Ny4HOCTH — HA PaCCTOSIHUM, KPATHOM 5" Ta-

KHM 06pa3oM, B MECTaX y3JI0B 3JEKTPHYECKOrO MOJA OYAeT Myy-
HOCTb MarHUTHOTO M Hao6opor (puc. 17, 8).

AN\

AN

ARRARLRRNRALY

f Alutunnuinnnsinay

pdd

g
a J 6
Puc. 17. Crosiune BOJHBI y OTpaxaiouledl MeTAaMIHYIECKOH NIOCKOCTH:

a B 6 — snekrpuueckass (E) n marnutHas (H) BOJHB B MOMeHTH BpeMeHH =0 B

f == —— i 8 — OTHOCHUTEe/JbHOE PAaCMOJOXEeHHe Y3JOB H INYYHOCTeH 3JeKTPHYeCKOR U
4

MAarHUTHOH BOJH

YCTaHOBUBIIAACA CTOSYAsA BOJIHA MATCHHTHOTO M 3JEKTpHYe-
CKOrO T0JIell B POCTPAHCTBE MEXK1y IeHepaTopoOM 3JIeKTpoMar-
HUTHOH BOJIHBI H OTpaxKaloulell MJIOCKOCTbIO SIBJAAETCH «3JeK-
TPHUECKAM MOCTOM», 6JIarojapsi KOTOpOMY FeHepaTop HCIIbIThI-
BA€T PeaKIMIO IJIOCKOCTH. ITa peaklHsi SKBUBAJEHTHA HEKOTO-
poil peakTHBHOI Harpyske, XapakTep KOTOPOH 34BHUCHT OT
B3aHMHOTO DacIOJIOXKEHHs TeHepaTopa ¥ MJockocTd. Ecau re-
HEPATOD HAXOJMTCS B MYYHOCTH CTOSYEH BOJIHBI MArHUTHOTO
10J15, TO OH HCIBITHIBAGT YHCTC HHAYKTHBHYIO Harpysky; ecid
reHepaTop HAaxOAWTCA B IYYHOCTH CTOs4edl BOJIHBI 3JEKTpHYe-
CKOro MmoJisl, Harpyska OyAeT 3KBHBAJEHTHA YHCTOH EMKOCTH.
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ITpoMe:KyTOUHBIE TOUKH MPOCTPAHCTBA MEXIY IMJIOCKOCTBIO
¥ I'eHepaTopoM MOLYT OLITh TAKIKe IPUBEIEHH B COOTBETCTBHE
C HEKOTOPOH peakKTHBHOH HArpy3KoH, XapakTep KOTOpou (eMm-
KOCTHBIH WM HHAYKTHBHBIH) OyneT 3aBHCeTb OT DACCTOSHHUS
FeHepaTop — IJIOCKOCTb.

B cayyae HewgeasnpHO MPOBOAsIieH NJIOCKOCTH WM ee Ma-
JIOH BeJMYHHBl Ka)KAOH TOUKe MpocTpaHcTBa OYyAeT COOTBET-
CTBOBATb CBOE KOMILJIEKCHOE COTIPOTHBJIEHHE, HCIIBITHIBAEMOE
TeHepPaTOPOM, BeJIHUHHA AKTHBHOH YacTH KOTOPOrO 3aBHUCHUT OT
BeJHYKHBl SHEPIHH, YUIeMIeH CT reHepaTtopa 6Ge3BO3BPaTHO.

ITO CBOHCTBO NPOCTPAHCTBA MEXKAY OTParKarollefl MJIOCKO-
CTbFO M F'eHepaTopOM TOBOPHT O CXOACTBE SABJIEHHH, MPOUCXOASA-
IIUX OPH MaJIeHUH 3JeKTPOMATHHTHOU BOJIHBI Ha IIOBEPXHOCTD
HeaJbHOrO [POBOJHMKA W INpH PACHpOCTpaHEHMH BOJH BAOJ/D
JIBYXIPOBOHBIX H KOAKCHAJbHBIX JHHHH, 3aKOPOUEHHBIX Ha
onHom KoHfe (cm. Opourtopy M. Tl. Mapkosa «JIluHuHM mepe-
Jauuy).

Takoe cxonCcTBO 0COGEHHO 3aMETHO HPH PacCMOTPEHHH OT-

o . E
HOLICHUA HAIPDANKEHHOCTEH IOJEU 1—1', KOTOpOE HMEEeT pasmep-

HOCTL CONPOTUBJEHHS. B cTosiuell BoJ/iHe BeJUUHHA ITOTO OTHO-
IIeHUsT 3aBUCUT OT TOYKH, B KOTOpo# HampsxeHuoctd E u H
paccmarpuBaloTcs. B gacTHoCTH, A crOsiuedl BOJIHBI Iepej

o E
HAcaJbHO NPOBOJALICH IIJIOCKOCTBIO OTHOUICHKE [; BO3pacraer

A
or 0 Ao oo, Kak tgxx aasa . Touex 0\<x\<z. Ilnaa touek

A A
4—<x<2f 9TO OTHOUieHHe YObIBAET A0 HYyJAsS [0 TOMY K€

3aKOHY.

Taxum o6pasoM, Kaxao#h ToUKe NPOCTPAHCTRA, e UMEHTC A
CTOSTYME BOJIHBI, MOXKHO JaTh XapaKTEepPUCTHKY, aHAJOrMYHYIO
BXOXHOMY COIIPOTHBJ/IEHHIO, KOTODOe MCIEITEIBAET TIeHepaTop
aJeKTpoMAarTHuTHOH BOJIHBEL OTHOIIEHHEe HANpPSIKeHHOCTeH IoJei
E n H nns Geryuiefl BOJHB JaeT BeJHUHHY, KOTOpas B Jio6oe
BpeMsl U B JIOGOH TOYKe OZHOPOIHOrO IPOCTPAHCTBA OJHA H
.Ta XKe. OTa BeJUUMHA OOLIYHO HA3KIBACTCSl XapaKTepHcTdye-
CKHM CONpPOTHBJAEHHEM CpPelrl H N0 (PU3HYeCKOMY CMEBICJIY aHa-
JOTHYHA BOJHOBOMY CONPOTUBJ/IEHHUIO AJHHHON JIMHHH.

U3 ¢opmysan (6) BHAHO, UTO XapaKTEPHCTHYECKOE CONPO-
THBJIEHHE OJIIOPOJHOH Cpelbl

zozl/g. (8)
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Ecau myTh pacnpocTpaHeHHS 3JEKTPOMATHUTHBLIX KoJeOaHH#t
[pOXONMT Yepe3 fIBe Cpelbl C PasJUYHLIMH JHIJIEKTPUUECKHMH
MNOCTOSHHBLIMU & M MArHUTHBIMH OPOHHIIAEMOCTSMH w, TO BXOJI-
HOE COMpPOTHBJIEHHE, HCILITHIBAEMOE FeHepaToOpOM, COBNAJLAET C
BXO/JHbIM COIPOTHBJEHHEM IJHHHON JIMHHH, WMEOHel AJTUHY [,
IJOCTOSIHHYIO pachpocTpaHeHusi £ ¥ HATPYXKeHHYIO CONPOTHUBIE-

HueM Zg:

(9)

Z, cos kl + jZysinkl
Zz-_-"-Zo[ L iZy ]’

Zycos kl 4+ jZ, sin ki

rAe Z; — BXOJHOe COMNPOTUBJIEHHE, HCILITHIBAEMOe TeHepa-
TOPOM;

Zy — BOJIHOBOE CONpPOTUBJIEHWE JIHHUH, K KOTOpOH mox-
COeJIMHEH TeHepaTop, WJIH CPefbl, B KOTOPOH reHepa-
TOp HAXOJUTCS;

Z; — CcONpOTHBJIEHHEe HArpy3KU JIUHHU HJM BOJHOBOE CO-
NPOTHUBJIEHHE CPEMBl, IpaHHUaNlell co cpejoll, B KOTO-
po#l HaXOAUTCSI TeHepaTop;

[ — pnuna JUHUK WK TPOTSIKEHHOCTb OOJIACTH paclipo-
CTpaHeHHs BOJHBEI B IIepBOI Cpefe.

VKasanHble  KOJNHUECTBEHHbLIE  XAPaKTEPUCTHKH  CBOHCTB '
Cpe/bl, NPOSIBJSIONHUXCS IIPH H3JIyYeHHU TeHepaToOpoM 3JIEeKTpO-
MaTHHUTHOH BOJIHBI, SIBJAIOTCS B DSAe CJIYUaeB TAKUMH Ke HeoD-
XOJUMBIMH, KaK H XapaKTePHUCTHKH HAaTrPy3KH B TEOPUH TIlepe-
MEHHLIX TOKOB, BbIpa:KeHHble B BHJE KOMILIEKCHOTO HHCJA.

To ¥ jApyroe nepeBOJHT pealibHhle (DH3MYECKHEe MPOIECCH
Ha YCJIOBHBIH f3bIK, 0OJeryarouuii nposeieHHe pacyeToB B KOH-
KPeTHBIX caydasx. .

Haknonnoe napenue. [1pu HAKJIOHHOM NALEHHUH 3JAEKTpOMAr-
HUTHOM BOJIHLI HAa [WIOCKYIO, HAEaJbHO MPOBOASIIYI0 IOBEpX-
HOCTh OyZeT BO3HHKATh OTpPakeHHas BOJHA, TAK Kak Ha NOBepX-
HOCTH METaJsa HOJIKHBI BLINOJHSTHLCSA H3BECTHble TpaHUYHbIE
ycioBus. B 3TOM ciiyyae ONTHYECKHH 3aKOH OTPaKeHHs OKasbl-
BaeTcs TAK:Ke CIIPABE/JIMBLIM, T. €. YroJ MNajeHus ¢, OTCUHTHI-
BaeMbiil OT [EPIIEHANKYAApa K TMJOCKOCTH, PaBeH yIiy OTpaxe-
nus. OQHako Npy 3TOM MOTYT ObITh JBa Ciaydas:

1. BeKkTOp HANpsXKEHHOCTH dNEKTPHYeCKOro noJs E ajexrpo-
MATHHUTHOH BOJHB! HAXOAUTCS B IJIOCKOCTH NaxeHHs (IJIOCKOCTb
PHCYHKA), a BEKTOp HANPSIXKEHHOCTH MarnuTHoro noas H mep-
NEHIUKVIAPEH [JJOCKOCTH MafeHusi. DTOT Cjydaid cOOTBETCTBYET
puc. 18, a, rae Hanps:KEHHOCTb 3JIEKTPHUYECKOro noJs usobpa-
#ena crpeikamu (En B nagawomedl, Eqx B OTpaeHHOH BoHE),
a HampsKeHHOCTb MAarHUTHOrO MOJ/if — KPYXOUKaMU C TOYKOH
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¥ KDeCTOM, YTO YKasbiBaeT Ha HampaBJeHue Bekropa H, mep-
NEHIUKYJISPHOE TIJIOCKOCTH TNafeHH.

2. Bektop HampsXKEHHOCTH 3J1EKTPHYECKOro moJs E mampas-
JieHl TepreHIHKYJ/ASPHO NJIOCKOCTH NafeHHs, a BEKTOp Hamps-
XKEHHOCTH MATHUTHOrO noJst H HaxouwTcs B IJIOCKOCTH maje-
Husa (puc. 18, 6).

Ha puc. 18 mokazaHo mo cyiiecTBy pacrnpocTpadedue JIBYX
LJIOCKMX BOJIH NOA yrioM = — 2¢ Apyr K Apyry. OjnHa BoJHa

Puc. 18, Haxnonsoe nagenwe 3/eKTPOMArHMTHOH BOMHBI Ha OTpa-
JKAIOHIYI0 IIOCKOCTD:

a — pekTop E B mIockocT# naxeHus; 6 — BekTop E B IJIOCKOCTH, NMEPIEHAUKY-
JAPHOH NJIOCKOCTH HaleHus

najamoilas, a JApyras OTpaxeHHasd; COBMECTHOe JefcTBHe UX
BOJIM3H OTpaxkaloilell MOBEPXHOCTH 00pa3yeT Pe3yJNbTHPYIOILYIO
BOJIHY. AHaJOrH4HBIA TpuMep OBLT PACCMOTpeH HaMH paHee;
[pH PACCMOTPEHUU ITOrO MpuMepa GLIIH YCTaHOBJEHL OCHOB-
Hble CBONCTBA pe3y.JbTHpYIOIIell Bosubl. B paccmarpuBaemom
clyuyae HAKJIOHHOIC MaleHWs DJIeKTPOMArHHTHOH BOJHH Ha
NPOBOASNLYIO IIJIOCKYIO NMOBEPXHOCTh HA TPAHHIE pA3fesa Me-
TaJUl ~— BO3AYX JIJiA 3JeKTPUUECKOH H MArHWTHOH COCTaBJSIO-
uefl BOJIHB! JOJUKHLI BBEITOJNHATLCA CBOM COOCTBEHHLIE rpaHMy-
Hbl€ YCJIOBHSI.

[MosTomy B6/M3M rpaHuuEl pasiena o6pasyercs pe3yJibTH-
pyoiias BOJHA 3JEKTPHUECKOr0 ToJs M  Pe3yJbTHPYIoinast
BOJIHA MAarHHTHOrO NoJs. PesyabTHpyioulde BOJHBI INpeacTaB-
JSIIOT cO00H YepeJOBaHUe Y3JIOB W MyYHOCTEH B MepreHAUKYJIsIp-
HOM HAIlpaBJeHHU K PaHHIe pasjesa, MepeMelnaonnxcs BIoab

¢ . .
FPaHULE CO CKOPOCTBIO Uy ==——— .Y pe3yabTHPYIOiIEll BOJIHBL
sin¢
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JEKTPHUYECKOro nOJid Y3Jbl pacrnojarailrcad Ha [IOBEPXHOCTH
MeTajjia H B TOYKAX, OTCTOSAIMX OT 3TOH [IOBEPXHOCTH Ha
n—2p

2 .

l=n (B dopmyJay (3) noacrapsero sHaueHue §=

2cosyp
Pesynbmpymmaﬂ BOJIHA MAarHUTHOI'O II0JIg Oﬁ./lﬂllaeT TeMHU
e CBOWCTBAMH, OJIHAKO ee IPOCTPaHCTBEHHBIE XapaKTepHUCTHKHA
OTJAHYAaIOTCA TeM, YTO Ha rpaguune MEeTaJJNJI—BO3AYyX HMeeTCs
IMIYYHOCTE MArdUTHOIO I10JIsA CTOAUYeH BOJIHBI, Y3Jbl Ke pacio-

A
JIOXKeHBl Ha paccTosuuu {;==(2n 4 1) .
4coso

OHeprus curLafna He Beszlle GyAeT PACIPOCTPAHAThCA ¢ da-
30BOM CKOPOCTBIO BOJIHBI, HAampHMep, BOJH3H MJIOCKOCTH 3Hep-
rust 6yAeT pacnpocTPaHATbCSl BIOAb TJIOCKOCTH CO CKOPOCThIO,
MeHbllle#d (asoroii ckopocTH BoJHB. B sTomM  HerpyaHo y6e-
JUTLCA IIPH TOMOLIM BBEJEHHOTO paHee [MOHATHA O MOTOKE
sHepray, usobpaxaemoro pexropoMm ¥YMosa-[lofinTuura.

Ha puc. 18 Bexrop noroxa sHepruu S paajm OT HJIOCKOCTH
COBAJaeT C HampapJeHHeM Jyda (34ecb W HHKE BeKTOpHI
YwmoBa-Tlofiutuura B nagaiomed BoJHe S; ¥ B OTPaKeHHOH
BOJIHe Sop OyleM o6o3HauaTh ORHOH M TO¥ e 6yksod S, mo-
CKOJIbKY OHHM 110 BeJIMUHHE PaBHHI).

B HenocpencTBeHHO! 6J1M30CTH K IVIOCKOCTH, I'leé HMEETCH
pesyJbTHpYIOLaA BOJHA, KaK CAEACTBHEe AeHCTBHUA Mamaouiei n
OTpakeHHOH BOJIH, BeKTOp S MOXeT GblTh pa3JioKeH Ha [Be COo-
CTaBJISIICUIME: [I0 HANPABJEHHIO, NEePIeHANKYAIPHOMY OTpaxKalo-
el MJIOCKOCTH, ¥ HAllpaBJIeHUIO BAOJAb OTpaKalouiel NJ10CKOCTH.

BeprukaabHas cocTaBJsiollas 3TOr0 BeKropa S, B majalo-
el BOJIHE HAlpaBJieHa HA OTPaaIoUIyI0 MJOCKOCTh W paBHA
+Scosp;, B OTpasKeHHOH BOJIHE HalpaBJjeHa OT NOBEPXHOCTH H
paBHa —Scos ¢ (3HAK MMHYC IIOTOMY, 49TO 3a NOJIOXKHTEJNbHOE
HanpasJjeHHe MeplueHAUKyasapa B3sTO HanpasJleHHe I[epexoja
K3 BO3AYyXa B MeTaJs). IDTO 3HAUHT, YTO CKOJbKO SHEpruH Ha
OTParKakILyIo MIOCKOCTh B BEPTHKAJILHOM HalpaBJeHHH HpuTe-
KaeT, CTOJIbKO 2Ke U OTpa)KaeTcsi OT MJIOCKOCTH. [TosToMy B Kax-
JIoH Touke crosiuefl BOJIHBI [IOTOK B cpeiHeM (3a OJAMH TEPHOJ
KoseGanuil) pasen HyJdio. OfHAaKo cocTaBJsiollas BeKTOPa

. csin ¢
[I0TOKa HEePruu BJIOJb IJIOCKOCTH paBHa S,=Ssin ¢ = e EH.
T

Otciona caenyer, 4To BOJIU3H OTpaxKalolle# MJIOCKOCTH SHeprust
pacrnpocTpaHseTcs TONbKO B HANPABACHUH MJIOCKOCTH B CO CKO-
POCTBIO U,y == Sin ¢ = ¢ cosf.

B sToM 3ak/oyaercs OJHO M3 IPOABICHHA HANPAB/ISIOLIAX
JeHCTBUE MeTaJl/IMIeCKOHA NOBEPXHOCTH.
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C pacnpocTpaHeHHEM 3JIEKTPOMATHHTHOH BOJHBI BHOJDL Me-
TAJJINYeCKOH TIOBEPXHOCTH CBfI3aHO TaKXKe pacIpoCTpaHeHHe
TUepeMEHHLIX NOBEPXHOCTHEIX TOKOB W 3apAfoB. TOKH U 3apsijibi
Ha MeTaJUIMYeCKOH IOBEPXHOCTH, BJOJIb KOTOPOH TNPOUCXOIUT
pacnpocTpaHeHHe, HaXOAATCS B TeCHOHN B3aUMOCBSI3U € 3JIEKTPO-
MarfdTHO# BOJIHOMH, INOCKOJBKY OHM SIBJSIIOTCA IIOPOXKIEHHEM
JeHCTBYIOLUX HA [I0BepXHOCTL MoJeil. Ecau Ha myTtH pacmpo-
CTpAaHeHUsi BGJHBl MeTaJjJiMyecKass NOBEPXHOCTb H3MEHSET CBOe
HanpaBJeHue (u3rubaercst), TO, €CTeCTBEHHO, ¥ NOBEPXHOCTHbIE
TOKM U 3apsiipl BMeCTe C Hell MeHSIfOT HaIlpaBJ/eHue, B CBOIO
cuepenb BhI3LIBAS H3MeHeHHe HAlpaBJeHHs paclipoCTpaHeHUd
aJieKTpoMarHuTHO# BoJiiel. Iloc/leniHee TakXke sBAsSCTCA OJHUM
K3 cJeACTBHE ypaBHeHHA MakcBesasa.

Pasmuuve Mexay paccMaTpUBaeMbiMA CJIyd4assMH HAaKJIOH-
Horo nagenusi (puc. 18) sakmouaercd B TOM, 4TO A4 Caydas a
XapaKTepHO Ha/MYHe COCTaBJ/SIOMIEH 9JeKTPUUECKOI'o MOJd
BJOJb HANPABJEHHS PaciIpOCTPAHEHHs Pe3yJbTHPYIONLed BOJHLI
BOJIH3U TJIOCKOCTH (NpH BekTope [/ MarHuTHOrO moJss B IoIe-
PeuHOH MJIOCKOCTH), a HJIs ciaydas 6 — HaJHuue COCTaB/IAIIeH
MArHUTHOTO TMOJIA BAOJb HANpaB/eHUsl paclIpocTpaHeHusd pe-
3YJbTUPYIOIUEH EOJIHBI (MpH BekTope E 3JeKTPHYECKOro IOJIS B
norepeyHoil myockoctn). COOTBETCTBEHHO AJAA 3THX CJAydaes
CTPYKTYpa pe3yJ/bTHPYIOULeHd BOJHBI OyXeT pas/iHuHas.

Pacnpoctpanenue BAOJb MIOCKOCTH. PacrnpocTpanenue 2JeK-
TPOMATHHTHOA  BOJIHBEI  BJAOJb  TNPOBOAALIEH  HOBEPXHOCTH
( o= ;—) nMeer GoJsblloe NpakKTHYecKoe 3HaveHue. OpHAKO
B/JOJIb TAKOH HNOBEPXHOCTH MOKET pAaCHPOCTPAHATHCA TOJBKO
Takas 2JeKTPOMarHuTHas BOJIHAZ, ¥ KOTOPOH BEKTOP HaNpsKeH-
HOCTH 3JIeKTPUUECKOro nojisi E U BeKTOp HampsKeHHOCTH Mar-
HUTHOTO noJist H HaxoLATCs B NONEpeYHOH IJIOCKOCTH M BCerja
HallpaBJeHbl TaK, 4To BeKTop E mneprneHIUKyJspeH, a Bektop H
GapaJjesed IIOBEPXHOCTH (MJM HampaBJsieH II0 KacaTesbHOI,
€CJIM TIOBEPXHOCTh HEIIoCKasl). JTC Tak HasbiBaeMmas moIe-
pEYHO-3/IeKTPOMAarHiTHast BOJIHA, KOTOpast OObIYHO 0003HAUAeTC s
tTpemsa G6ykeamu TEM. Tlpu Bosine TEM ¢asosas cKopocTh pac-
NPOCTPAHEHHsE COBNALAET CO CKOPOCTBIO PACIPOCTPAHEHHA dHEp-
rug M paBHa ckopoctH cBera. Ilonepeuno-siextpomarnuruas
posaa TEM mo cBouM CBOfiCTBAM aHAJOrH4YHA IIIOCKOH 3J€K-
TPOMATHUTHOH BOJHe, PACNPOCTPaHsAIOmelCs B CBOGONHOM IIpo-
crpanctee. OIHAKO B OT/IMYME OT 3JIEKTPOMACHMTHOH BOJIHEI B
cBo6onroM TpocTpancTBe TEM-BosHa Bcerja TecHO CBs3aHa
C TOXaM{ M 3apsijaM{ Ha TOBEPXHOCTH, BAOJb KOTOPOH oOHa
pacnmpocrpansiercsi. Harnanuoe npeacrabieHde o6 9TOM  jaer

42



puc. 19, Ha KoTOpoM H300pa)KeHa OECKOHEWHO TOHKAS MeTaJl-
Jinueckasi IJIACTHHA, BXOJIb KOTOPOH IPOMCXOAMT pacnpocTpa-
nenve TEM-poannl.

Besnnunua HanpsmeHHOCTH 3JEKTPUYECKOTo Tods £ H Besu-
YHHA I[IOBEPXHOCTHBIX TOKOB YCJIOBHO OOO3HAYeHBl pPasJHYHONH
LJHHOH CTpeJioK.

Kak Toks, Tak ¥ 3apsijibl, BRI3BAHHBIE 3JIEKTPUUECKUM TOJeM
BOJIHKI, Ha O0EHX CTOPOHAX IVIACTHHBI UMEIOT DA3JIHUYHBIE 3HAKH
(1711 OJHOTO M TOTO K& CEUEHHd).

[Ipu pacnpocTpaHenuy 3/7eKTPOMATHUTHOH BOJIHBI BIOJb Me-
TaJJIH4eCKOH YJIACTHHBI BOJIHA CTPYKTYpPBl He MeHdeT |

O - +( @ +4 - - (®) =) =
T T T R T T T Ty 2y £ T T o T (*)
+ -y ) - He) +

ok -B-PNO-9 -0 -4

——— e e A e e - i
e e e e e . —— i i ———

i e e - e o e W - -

——— e o> e e e o e i i e

Puc. 19. Pacnpocrpanenne TEM-Bonue Broab 1I1po-
BOASIEH INIACTHHEL

ocraercsd mockoil. Ha niacTure BO3HUKAIOT BOJHLI OBEPXHOCT-
HEIX TOKOB M 3apaaoB. OTpaxeHus OT MJACTHHB HET, TaK Kak
NJIACTHHA NpejnoJaraercs 6eCKOHEUHO TOHKOH U COCTaBJfIONIad
noJisi, napaJiefbHas MeTadlIy, OTCyTcTBYyeT. EC/HN e naacTdHa
pacrioJiokeHa B IIPOCTPAHCTBE TaK, YTO Bektop £ manaomiei
BOJIHbI He MEepHeHIHKYIspeH IJIACTHHe, TO BO3HHKAET OTpaKeH:
Has BOJIHA TeM O0Jibillell HHTEeHCHBHOCTH, ueM OOoJiblie BeJHYHHA
cocTaBaAlIell BekTOpa L, mapaJjniesbHod MNOBEPXHOCTH IJa-
CTHHHI.

[Mpu naactuxe OeckoHeWHO OGOJBIIOA TPOTANKEHHOCTH  IJIO-
cKasl SJEKTPOMATHUTHAS BOJHA pa3lefuTcs Ha JABe [JOCKHe
BOJIHBI; OJIHY, PacilpOCTPaHsIoILYIoC HaJ IJIOCKOCTbIO U CBfl-
3&HHYIO C BOJIHOH TOJIOXKHUTENBHOTO 3apsifa, U JIPYryio, pacnpo-
CTPAHSIIOILYIOCS MOA IIJIOCKOCTBIO H CBS3aHHYIO C BOJIHOH OTpH-
nareapHoro 3apsiia. O0e BOJIHB CBSI3aHBl Tak¥ke C MOBEPXHOCT-
HBIMM TOKaMH TPOTHBOIIOJOKHOIO HaNpaBJeHHsl.

2. BoJnnl MeXRy napaaieJbHbIMU NIOCKGCTAMH

Korpa no HalpaBJeHUIO pACHIPOCTPAHEHHUH IJIOCKO¥ 3J1eK-
TpOMal‘HIfITHOﬁ BOJIHBI pacroJararnicd ABe IapaJJesaphble MJI0-
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CKOCTH, TO MPOCTPAHCTBO, 3alOJHEHHOE MoJieM IJIOCKOH 3JeK-
TpOMarHHTHoﬁ' BOJIHBI, OEJHTCH Ha TPH 4YaCTH: MOJ HUXKHed
MJIOCKOCTBIO, Hajl BepxHel NJOCKOCTBIO M MeXAY IJIOCKOCTSMH.
CooTBercTBe{IHO IUIOCKAs BOJHa pasfelurcd Ha TPH IJIOCKHUX
BOJIHBL: BOJIHY, PACIPOCTPAHSIOUIYIOCS NOJ, HUKHEel IJIOCKOCTBIO,
BOJIHY, PACHPOCTPAHSIOLULYIOCA HaJd BepxHedl MJIOCKOCTBIO, H
BOJIHY, PacOpOCTPAHSIOILYIOC MEXIY MJIOCKOCTSIMH. Bee atu
BOJIHBl OKA3LIBANOTCS CBSI3aHHLIMH C BOJHAMU [MOBEPXHOCTHBIX
3apAfOB U TOKOB.

Oco6riil HMHTepeC MNpPeACTABRJseT BOJIHA, PacIpPOCTPaHsIO-
mascs MexAy IUIOCKOCTsAMH. lloasg 3ToH BOJIHBL, Kak U MOJA
GJOCKOH BOJIHBI B ¢BOGOAHOM NPOCTPAHCTBE, HAXOAATCS B IONe-

/jg/' =

| #2 Ll

Puc. 20. Ilnockwe napansienbHble METaNNUYECKHe JEHTHI
B KayecTBe HamnpaBJsfpolled CHCTeMbl 9JEKTPOMarHUTHbLIX
: BOJIH

peuHoit (K HanpaBJ/ieHHIO PAacnpoCTpaHeHHsT) MJOCKOCTH W Ha-
MpaBJIEHBL: 3/IeKTPHUECKOE [0JIe NMEPIEHIHKYISIPHO MJIOCKOCTM,
a4 MarHuTHOe moJje napaJjuienpHo naockocrsm (TEM-gonna).
Ec/v UCTOYHHK BHICOKOYACTOTHOTO 3JEKTPOMArHUTHOrO MOJA
MOMEeCTHTb MeXKIy NnapaJsjeabusiMy miactuaamMu (puc. 20) Tax,
YTO OKOJIO IJIOCKOCTeH BekTop E Oyaer HampaB/eH N0 OCH X,
a BekTop /1 1Mo ocH Yy, TO pacnpocTpaHeHHWe BOJHBl OyXeT Npo-
HCXOJHUThb B HampasjeHud 2. Taroe ycJoBHe CIOCOGCTBYET aBTO-
MATHYECKOMY BBITIOJHEHHIO T'PAHHYHBIX YCJOBHH Ha NOBEPXHO-
cTsX nJockocTell. B6ausn mcrouHumka BoJHA OyJeT HeCKOJbKO
OTJUYATLCS OT TJAOCKOH, HO CPABHHUTENLHO Ha HeGOJLIIOM pac-
crostHun (2 = 3\) oHa yxkKe mpakTH4ecKH OyAeT MJIOCKOM.
Pacnpocrpanenue TEM-BoJiHbl He OIpaHUYEHO HHKAKUMHU
VCJAOBHSIMH I10 4aCTOTe, NO3TOMY HAJO MOAaraTh, 4TO U BOJIHO-
BOE CONPOTUBJEHHE TaKOH HANPaBJAALIIEH JHHHKM 3aBHCHT
TOJMBKO OT XapaKTepHCTHUECKOrO CONMPOTHBJIEHHS cpeanl (Zo) H
reOMEeTPHYECKHX PAa3MEPOB IONEPEYHOro CeYeHHs MPOCTPAHCTBA,
B KOTOPOM [MPOWCXOMUT pacrpocTpanenne BojHsl. [edicTsu-
TeJIbHO, aHaJMU3 pelleHHil ypaBHeHHH MakcBesuia faer ClaeAyro-
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5 GOpMY Y AN BOSEOBOTO COTPOTHBJAEHHS JUHAY, COCTOH
viel H3 napaiiefbHbIX JIeHT IWUMPHHOH 8, HaxXOASIIMXCS APYT
OT Jpyra Ha pacCTOsIHUH a:

a
Z,=-—27,
i b 0
I‘paHuquIe yCJAOBHA Ha IMapaJdie/ibHbIX MeTaJJInJyeCKUuX TIIo-

HOPXHOCTHX OYAYT BBIIOAHATbEA He TOMbKO aas TEM-posnsbl,
HCTOUHHK KOTOPOH CO3M4ET 10/ COOTBETCTBYIOLIEH KOH(HUIypa-

721820777774 Z 777 /M

Hy

Hanpabnexue pacnpocmpa-

wewus TM-Boanet
7z v/
G M

Hy, HanpalBnenue pacnpocmpa -

g, Hewun TE-Bonnsl

| POV IPI OIS L L

Puc, 21, TIlepsuunnie Bonmnl, o6pasywowue IM-
BoiHy (@) uw TE-poauy (0) Mex1y napajjieib-
HBEIMH METAJIJIHUECKHMH [LIOCKOCTAMHU

nuy, Heobxomumble rpaHUYHBIE YCJIOBHS, T. €. PaBeHCTBO HYJIO
cocTaBJisiioillell BekTopa E, mapassenbHOH MJOCKOCTSIM, H CO-
craBagolell BekTopa [, mepreHIUKy/AsSpHOH NJIOCKOCTAM, MO-
ryT OBITh BBINOJIHEHB! TaKxKe U AJS BOJIHBEI, IO CBOUCTBAM aHa-
“oTHYHOR BoOJHe pHC. 12.

HeficTBHTEIBHO, €C/IT MeXAY MapasJcIbHBIMA MJOCKOCTAMU
TOMEeCTHTb WCTOUYHMKH, H3.Jy4dalolllHe [Be IVIOCKHE BOJIHBI IO
yrjiom 20 npyr x apyry ¢ GHCCeKTpHCOH, HanpapJ/eHHOH mapaJ-
e TbHO IJocKocTaM (pHC. 21), TO OpPH COOTBETCTBYIOLUEM Bbl-
Gope A ¥ O MOXHO MOJYYHTb TaKyI0 DE3YJbTHPYIOIYIO BOJHY,
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IUIST KOTOPOH MeoMeTpHYECKNe MeCTa C HYJIeBBIM 3HAUCHHEM TaH-
FCHIMAJLHOHA COCTaBASOIIEH BeKTopa £ W HOpMAaJbHOH COCTaB-
Jsollel BexkTopa {1 coBmazamT ¢ BHYTPEHHHMH MOBEPXHOCTSIMH
METaJJIHY2CKUX IIocKocTed. Taxkum o6pasoM, Ha TOBEPXHOCTH
MeTaJlla IpaHiyHbIe YCJIOBHS GyNyT aBTOMATHUYECKU BRIIIOJHEHEL.
Tak Kak pe3y/bTHpYIOLIasi BOJIHA HHYEM He OTMIHUYAETCS OT
BOJIHB, oOpasywoulelics BGAM3H OTpa)aioulefi  MJIOCKOCTH
(puc. 18), To paccrosnue
T 2sind’

YpaBHeHus ajsi $ha3oBofl CKOPOCTH U CKOPOCTH PACIPOCTPa-
HEHHs SHEPrHu COOTBeTCTBe_HHO 3aMuLIyTca:

==, (10)
cos B l/ A2
1 —(—
()
UaH=cc036=cl/1—(L>2, (11)
. 2a

W3 ypaBuenus (10) moxHO 3aMerutb, YTO (Ha30Bas CKO-

POCTb pACIPOCTPAHEHHS pe3yJbTUPYIONIEH BOJHLI 3aBHCHT OT
[

2a
CTaHOBUTCS PaBHOIl 6eCKOHeUHOCTH. B 310 Ke BpeMsi CKODOCTh
pacrnpoCTpaHerusl IHePrHH Upy = (. PHBHYECKH 3TO .03Hayaer.

HaJaie MeXAY MJOCKOCTSIMH TOJBKO CTOSIUed BOJHM C y3J/laMHu
T
IIa Tpadguue AUJICKTPHK — MeTat]a (6 == '2—) .

YacCTOTHl H NIpH HEKOTODPOM KPUTHUECKOM 3HAYeHUHU ee ']cRp=

B paccmaTtpusaeMoMm ciydae, TaK e KaK TNPH HAKJIOHHOM
NMajeHUH BOJIH HA METAJJIHUECKYI0 MJIOCKOCTb, MOI'YT GHITh I3a
BUJA BGJH: KOTAa BeKTop E HAaXOIMTICA TOIBKO B MOMEpPeyHOH
IJIOCKOCTH OTHOCHTE/IBHO IIPOBOJHHUKOB, a BeKTop H HMeeT mpo-
JOJIbHYIO COCTABJAIOULYIO U KOrJla BeKTOp H HAXOAHTCA TOJBKO
B IIONePeYHOH MJI0CKOCTH, a BeKTop E HMeeT MHpOLOJBbHYIO CO-
CTaBJSIONLYIO.

IlepBrifl Bun BOMH 0GBIUHO HaswelBaoT IE-BosHO# (BekTOp E
TOJMBKO B IIOIEPevYHOH IIOCKOCTH) uad H-BoJmoil (uMeercs
npofoNBHAs cocTapsonias Bekropa H). Bropo#t Bua BosH Ha-
swiBatoT I'M-BostHo#t (BexkTop H TOJBKO B IOMepeuyHOH IIJIOCKO-
cr) uau E-posiHO#l (MMeeTca NPOMOJBHAS COCTABJAAIONIAA BEK-
Topa E).

OGpa3zoBanye TOTO WJIU WHOTO BHAA BOJIHEI 3aBHCHT OT Ha-
nipaBnenns BekropoB £ u H B nepBuuHbX BoaHax (puc. 21),
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'KOTOpbIe B CBOIO O4Yepedb 3aBUCAT OT KOHCTPYKUMH H3JydaTeds,
MOMEIIEHAOTO MeXKAy IJVIOCKOCTSIMH, H €r0 OTHOCHTEJILHOTO pac-
TOJIOMEHHSI.

IMonepeuno-snekrpuueckas (TE) u mnomepeyHo-MarHUTHas
(TM) BOJHBI HMCIOT PSih, OTJIMYHTEJbHBIX OCOGeHHOCTeH, OCHOB-
HBIMH M3 KOTODHIX $IBJAAIOTCS pasJjiuuyue B IeOMeTPHUecKOl Kap-
THHEE JIEKTPHUYECKHX H MATHUTHBIX MOJell W pa3jdusie BO BXOX-
HBIX COITDOTHBJICHUAX ORHOH M TOH »Ke JHHHUH, BIOJb KOTOpOH
OHH PacrpocTpaHsIoTCs.

Paznpure B KapTuie 3JEKTPHYECKHX H MATHUTHBIX MoJel
MBI YBHAHM, Korja OyleM paccMaTpUBATb BOJHBI B BOJHOBO-
Jax. OTInuMe e BO BXOEHBIX CONPOTHBJAEHHSX ONpeHelIseTcs
pasauuHbBIME cocTaBasiomumu sekropos £ u H B TE- n TM-
BOJIHAX. '

Ecru B NepBUYHBLIX BOJH2X aMIVIUTYAAa HAlPSIKEHHOCTH
3J1eKTPHUYECKOTro 1oJisi paBHa Eo, a MarauTHOro nosst Ho, to ans
‘TE-BosHBl COOTBETCTBYyIOLIMe 3HaueHus OyAyT Eo u Hy cos 6,
a ana TM-sonuwl Eg cos 0 u Hy (cm. puc. 21). '

[Tonp3yach UOHSATHEM XapaKTCPHCTHYECKOTO COMPOTHBJIEHHUS
cpelibl ¥ II0 aHAJIOTHH paccMaTpUBasi BOJHOBOE COMNPOTHBJEHHE
JUHHH KAK OTHOIUEHHEe aMIUTYJH HanpsixeHHocTeld noJed B Ge-
ryuieil BOoJIHe, MOJYYHM:

2 % (12)

Hocosﬂ— "-_“)\-;
Vo)
Egycos A\2

Zry=—0"" — {1

=B/ o

L=

TaK Kak

Beipaxkenuss (12) u (13) noxaswlBaioT, 4TO TeHepaTtop, mo-
MEILIEHHBIH MeX1y MEeTaJIIHUYECKHMH JIOCKOCTSIMH HeOrpaHUyeH-
HOH NpOTSXKEHHOCTH, HCOBITHIBAET PA3JIMUHYIO HATPY3Ky B 3aBH-
cUMoCT# OT Toro, Kakas BoqHa (TE wmm TM) BosGyxnmaercd.

INpu Bo36yxaenun TE-BosHBI C H3MeHeHHeM pa3Mepa @ 3Ta
Harpy3Kka H3MeHsieTCsl KaK CONPOTHBJEHHe, NOAKJIIOUeHHOEe IO-
CJIeIOBATENIbHO K TeHepaTopy, ubo Opu Axp=2a Harpyska Zrg
yBeJMUUBaeTcst 10 GeCKOHEYHOCTH, YTO COOTBETCTBYET PEXHMY
xoJqiocroro xoaa. I1pu Bo36yxaennn xe TM-Boanbl M aHasoOrHy-
1OM H3MEHEeHHH pa3Mepa a Harpyska Zrm H3MeHseTCd KaK CO-
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fpoTHBJEHHE, NOLKAIOYCHHOS K eHepaTopy HapaJfesbHO, Tak
Kak mpH Agp==2a Zrm =0, 4TO COOTBETCTBYET pPEKHUMY KOPOT-
KOI'0 3aMbIKaHUS.

3aBUCHMOCTb BXOJIHOTO CONPOTHBJICHUS JIMHUU A5 BoaH TE
u TM oT pasMepa a@ MOXKHO HCIIOJb30BATb KaK CPeICTBO I0JaB-
JIeHHs HewesaTesbHbIX BHIoB BoJH. IlpeacraBum cebe, uto
reHepaTop ¥MeeT BO3MONKHOCTb BO30yamzaTh Kak Boany TE, Tak
n BoJHy /M B oxuHaKoBOH cTerneHd. YTolel NOAABUTH, HANPH-
Mmep, Bo3Byxaerne TM-BOJHB 'PU AaHHOH AJIHHE BOJHB A, Bbl-
O6upaem pasMep @ Tako#, uro6Ll Harpy3xka TreHeparopa IJs
TM-BosiHbI TIpeBBIIIAJA JAONYCTHMYlO. Torga reHepaTop BOJHY
I'M renepuposats He 6yner. g TE-pojHbl Harpyska npH yka-
3aHHOM @ OyaeT He3HauHTeJILEas H YCJOBHA BO30YXKIEHHS
BOJIHBl He HapyiaTcs.

[Tpu psure BOJHHW TeHepaTopa A >> 2a BXOAHBIE CONDPOTHB
JieHHs CTAHOBSITCS MHHMBIMH (CKOPOCTH Uy M U,y TAKXKE CTAHO-
BATCA MHUMBIMH), WTO FOBOPHT O HEBO3MOXKHOCTU PaclpocTpa:
HeHHs [PH ITHX YCJIOBHUSX HE3aTYXAIOLKMX BOJH.

Paccmorpennnil un TE- u TM-BoJH BASETCS TPOCTEHIINM,
MOCKOJIBKY MeXJIYy MeTasJIHUeCKUMH [JIOCKOCTAMH HMeeTCsHd
TOJIBKO OJHA CTOsYas BOJIHA.

[Ipy mnOCTOAHHOM ~ PacCTOSBHH @ W YMEHbIIEHUH MJIMHE
BOJIHB! (yBeJMUEHHU YACTOTHI) MEXAY MJIOCKOCTAMH MOTIyT 00-
PaszoBathcst B, TPH M T. 4. CTOAUME BOJHBI [IPH YCJAOBHH, UTO

a—=n , Tne n=2, 3, 4...

2sint

Kapruna 3/7eKTpuuecKUX H -MArHUTHBIX INOJell 3THUX BOJH,
K2K YBHAHUM HuxKe, OyNeT TeM CJ0xHee, yeM 6o0Jjbile CTOSYMX
BOJIH YK.1a71bIBAETCS MeKAY MIOCKoCTAMH. Takue BOJHBI Ha3bl-
BawTCA BoicUMU tunamu [E- u TM-BoaH.

HecmoTpst Ha BO3MOXKHOCTb pacnpoCTpaHEHUd MeXKAY ABYMS
11apasjenpHBIMA JeuTamy (MJIOCKOCTSIMH) TONePeUHG-3/1eKTpH-
YeCKUX H MONEepPeYHO-MarHUTHBIX BOJH BCE K€ OCHOBHBIM THIIOM
B 3TOH JIMHUH SBJAETCS MOINEPEYHO-3JIEKTPOMATHUTHAS BOJHA.
s Hee HET KPHTUYECKOll YacTOTHI M BO3OyXAeHHE He Mpel-
CTaB/sET KaKuX-1u60 TpyaHocrTed.

OnHaKO Ha TNpaKTHKe JUHHH TaKOTO poOAa INpUMEHSIOTCA
peaxko. UYaule paJas mnepegaud [OfepeyHO-3JEKTPOMATHHTHON
BosHbl (TEM) ucnonb3yioTcsl ABYXMPOBOAHBIE B KOAKCHAJbHbIE
JIMHUM.

JleficTBUTE/ILHO, €C/IH KaXKAYI0 H3 TPOBOJSLIMX MJIOCKOCTeH
(puc. 20) cBepHYTb B HMJMHAP, TO TOJYYHM JABa UHJIHHIAPA

o 8
fecKoHeYOH NPOTAXKECHHOCTH € JHaAMETPOM d= = , HaMHOIO
k3
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BEHLIMHm pACLIOAHRR  WCKAY MHApasmd a {OpR cooTBet-
CTBYIOIIEM COOTHOLLEHUH a U 8). :

Bmecre ¢ peopmauneit niockocteit 1eOpMHPYIOTCS H 3J1eK-
TpHYECKOe M MaTHHTHOE MO0Js, HO TaKMM 06pa3oM, YTO BEKTOPHI
HATIPSDKEHHOCTH HX OCTAlOTCH B IJIOCKOCTH, IONEPeYyHOl K Ha-
NpaBJIeHHI0 ABYXIpPOBOAHOH JuHMU. Puc. 22 naeT npeacras.e-

Puc. 22, Xop cunOBHIX JIHHHfl 3JeKTpHYe-
CKOro (—) H MarsuTHOro noJe# (---) noaell B
JBYXIPOBOLHOH JHHHH

HHe 06 0CcOo0eHHOCTAX KApPTHUHBI IOJed B ABYXIPOBOAHON JIMHHU:
pekTopel E u H Haxomsitcs B IONEPeYHOH MIOCKOCTH, CHIOBLIE
JIMHHH 3JIeKTPHUECKOro MOJIS HAYHHAIOTCA H OKAHUMBAIOTCH HA
sapsiax NPOBOJAHUKOB, MarHHTHbIE CHJIOBblE JIHHHH 3aMKHYTHI
H OXBaThIBAlOT NPOBOXHHKH C TOKOM.

KoakcuanpHyio JIMHHIO MOMKHO THOJYYHTb U3 3THX Ke MJO-
CKHX JIeHT, PacIOJIOKHB MOJy4YeHHble TIDH CBePTHIBAHUH IHU-
JUHADH OFUH B JApyro#l. B aToM cjyyae Takmxe HMMeeT MECTO
ILJIOCKas IIONepeuHO-3JIeKTPOMarHuTHaa BosiHAa. Ho KapTuHa
nojie OTMHUHA OT KAapTHHBl MOJeHd B IBYXIPOBOAHOH JIHHHH.
X0 3JeKTpUUeCKUX M MarHHTHHIX CHJIOBBIX JIMHMI TOKas3aH Ha
puc. 23. 34ecb Mbl HMeeM 3aMKHYTOe BO BHeNIHeM LHJMHApe
3JIEKTPOMArHUTHOE NoJe ¢ BeKTopoM E, Hampas/eHHHM IO pa-
AMycaM, U BekropoM F, HampaBJIeHHLIM TO KOHUEHTPHUYECKUM
(OTHOCHTETBHO BHYTDEHHETQ TDOROAHTKA) OKPVKINCTAM.
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Hecmorps Ha yxo6CTBO HCHO/Ib30BAHUS ABYXIPOBOJHLIX JIH-
RHUI Nepefadyd, OHM HMEIOT PAA CYLIECTBEHHBIX HEJIOCTaTKOB,
HampuMep, IBYXIPOBOAHASA JIMHHSI HA BLICOKHX 4acTOTaXx HMeeT
3HAUATeNbHBIE TMOTEPH HEPTUH 32 CYeT TEIJIOBBIX HOTephb IIPH
OpOTeKaHUM TOKa B [POBOJAHMKAX M 3a CUeT H3JyueHHd B MpO-
crpancTBoO. [loTepn 3a cueT H3JIyueHUs] OOBACHSIOTCH GOJLIINM
paccesiHueM npoJieii {puc. 22); c noBHiIlIeHHEM YacTOTH 3TH IIO-
TEPH PAacTyT Upe3BbluaiiHO OblCTpO. [IByXNpOBOAHBIE JIMHHM B
OCHOBHOM HCIOJIB3YIOTCS KaK JIMHHH INepeljayd 2JIeKTPOMAarHHT-
HOI SHeprHd BOJIH He Kopoye 2—5 .

Koagcuaabuast MHHHA UMeeT 3HaduTespHble IpPeHMYILecTsBa
MO CPABHEHHIO C ABYXIPOBOAHON, HO Ha BOJIHax Kopoue 10 cu

Puc. 23. Xox cunoBblXx AMHHE 3/MeKTpuue-
CKOro (—) ¥ MaraLutHoro (---). nosel B
KOAKCHaJbHOH JIVUHUK

H oHa IOTJIOLLaeT MHOTO 3HEPrMHM B OCHOBHOM 32 CUET MOTEpb
Ha TelJIO B NMPOBOAHUKAX (M3JyUeHHs NPAKTHUECKH HET).

Ecin BbIHYTb M3 KOAKCHAJbHOH JIMHUH HEHTPaJbHHIH mOpo-
BONHHK, KOTOPBIH OGYCJOBAUBAET NONOJHHUTEJNbHLIE NOTEPH HA
HarpeB MeTaJ/l1a, TO NONepeyHo-2JeKTPOMariuTHas BOJIHA Cylile-
CTBOBATb B Takoil TpyOe He cMmoxeT. OTCYTCTBHE MPOBOAHHKA
C TOKOM, Ha KOTOPOM OKAHYHBAJIHCh Obl MJIH HAUHHAJHCH 3JEK-
TPHUYECKHE CHJIOBBIC JIMHHH ¥ BOKPYI KOTOPOro WMesoch 6Bl Mar-
HUTHOe MOJie, He AONYCKaeT CYLIECTBOBAHHHA AJEKTPUUECKOTO U
MAarHHTHOTO TOJIEH TOJIBKO B IOTIepeYHOH MJIOCKOCTH.

OpHaxko HaAM H3BECTHO 06 OJHOBPEMEHHOM CYIECTBOBAHUH
9JeKTPHYECKHX H MAaTHHUTHBIX MNoJiell 6e3 KaKHUX-JIHOO NPOBOX-
HUKOB, KaK HampuMep, B IJIOCKOH 3JeKTPOMarHUTHOH BOJiHe, .
pacnpocTpansiionleiics B c30601HOM NpocTpaHcTBe. TeM GoJee
3JeKTPOMArHuTHasi BOJIHA ¢ BeKTopamu E u H MoXeT cyliecTBo-
BaTh B IoJIoH TpyOe. B »TOM caydae mMoJsisi OKa3blBaloOTCS CBfA-
3SaHHEIMHM C 3apAJaMH H TOBEPXHOCTHHIMH TOKaMH [OJOTo npo-
BOMHHKA W HCHBITHIBAIOT ero HanpasJjsioliee JeHCTBHE,
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HauGosiee mpocThiM HpHMEpOM TaKOro HPOBOAHHKA  SIB-
JieTCs noJiasg Tpyba NMpsAMOYroJbHOTO ceueHust (puc. 24), KoTo-
paf MoxeT OBITb MOJYYeHa W3 JABYXJeHTOUHOH JuHMH (puc. 20)
3aMblKaHUEM OTKPBITHIX KPaes.

Puc. 24 nono/fHyATeNbHO
[OSICHHET  HEBO3MOMKHOCTh
cyiutecrsoBanus TEM-poa-

HBEl B IOJIOH TpyGe, TaK KaK
MarHUTHOE MOJie He MOXKET
0CTaBaThbCsd TOJBKO B II0-
nepeysodl MJIOCKOCTH U 065-

3aTeJbHO  JOJKHO  H3[H- -
0aTsCsl, MPOXOJs BIAOJAL y3- N > T
KOl creHKH TpyObl; UHAYe \:-—--: vl 6
He ObIX Obl BHINOJHEHH! JTT D ‘ai
rPaHHUHBIE YCJAOBHA (pa-
BEHCTBA HYJIO COCTaBJSIO- e @ ——
Uiefl HanpsiAKEeHHOCTH Mar- Puc. 24.  Ilpamoyross-
HHTHOTO M0Js1, NepIeHIu- HEH  BOJHOBOX:

% | 8 — pasMep Y3KOH¥ CTeHKH
KyJSpHOH MeTaJ/JIUYeCcKHM D ot sreme;
CTEHKaM).

AHanu3 3JeKTPOMAarHUTHBIX SBJAEHUH, NPOUCXOAAIIUX B M0-
JBIX Tpy6ax, KOTOpHle HHaue HAas3blBAIOT BOJHOBOJAMH, TOKA3bi-
BaeT, 4YTO B MOJBIX INPOBOJAHHKAX MOI'YT pPacnpoCTPaHATbCH
9JIeKTPOMATHUTHblE BOJIHB TOJNBKO JBYX BHIOB — IIONEPEYHO-
margutaasi (TM- wiu E-BofHA) © TONepeuHO-3/JeKTpHyecKas
(TE- nnn H-sonma). Ha mpakThKe NPeUMyIIeCTBEHHO HCIIONb-
3YIOT BOJIHOBOABl KPYIJIOTO U IPSIMOYTOJIBHOTO IONepeYHoro
CeUeHHMs, KOTOPHIE SIB/JAIOTCH JIMHUSMH Tepefadyd 3JeKTPOMar-
HUTHOH 3HEPIrdH CBEPXBLICOKOH 4acTOThl (MJIMHBI BOJHBL 10 c
g Kopoue).

[IpenmyulecTBa BOJHOBOXOB IepPeR KOAKCHANbHBIMH JIH-
HRSIMY ~— MeHbIIasl [OTepsl 3HeprHM HA TOTJIOIIeHHe B HPOBOA-
HHKaX, BO3MOXHOCTb Nepefadn 6oJibluell MOIHOCTH H IPOCTOTA
KOHCTPYKIHH.
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II. NOJIbIE BOJTHOBOJI bl

OnHOPOJHBIM NOJBIM BOJIHOBOJOM HA3bIBAETCS TaKas MPSiMO-
AuHeliHas GeckoHeuHasl MeTaJlIMdecKasi Tpyba, y KOTOpOH Jito-
Goe romepeuHoe ceueHre UMeeT OJHY B Ty Ke QOpMY H pasmep,
4 CBOMCTBA CpeAbl B KAXKAOH ee TOUKe OAHH M Te ke. B ommo-
POJIHOM IMOJIOM BOJIHOBOJAE MOKCT OBITh TOJNLKO 0eryias BOJHA.
Jl1o6oe HapymeHrne OJHOPOAHOCTH — HUCKPUBJIEHHE OCH BOJHO-
BOZ4, H3MeHeHMe [IONEPevYHOrC CedeHHs, H3MEHeHHe CBOWCTB
CpeIBl M Jp. — BBI3LIBAET OTPaXKeHHe BOJHBI OT MecTa Hapyue-
HHs ONHOPOJHOCTH H, CJeLOBATENbHO, NOsIBJICHHE CTOAYMX BOJIH.

1. MpamMoyroasHBIA BOJTHOBOJ,

Ilo BOSTHOBOAY MOrYT pacnpoCTPaHATbCS Pa3IHUHbIE THIIH
3JeKTPOMAarHuTHLIX BoJH. [lpeumyniecTBeHHOe pacnpocTpaHeHHe
BOJIH TOT'O WJIM HHOTO THNA, K&K MBI yXe OTMeYaJ/H, 3aBHCHUT OT
reoMeTpUYecKHX pa3MepoB BOJHOBOAA, YACTOTH BO30YKIAEMBIX
9JIEKTPOMATHATHBIX KOJIe0aHUy B METOAA UX BO3DYIKIEHHS.

Cxema o6pasoBauus BosH 7E u TM B BOJHOBOAE NpsMO-
YrOJILHOTO CEUeHHsI Takas e, KaKofl Mbi I0JIb30BAJHCh [pH
obpasoBanuu BoH TE u TM wmexny napasiebHLIMH IJIOCKO-
€TMHU. ITY CXeMy MOsICHsIeT pHC. 25, Ha KOTOpOM H300paKeH
XOJ OJHOTO M3 ABYX JyueH IJIOCKUX IIePBHYHBIX BOJIH B HPAMO-
YrOJIbHOM BOJIHOBOZE (BepXHsisi IIHPOKAsi CTEHKa He MOKa3aHa).
JIy4 BTOpOil BOJIHB! MMeeT 4HAJOTHUYHBIN XOJ, HO BCe BpeMs Ha-
XONMTCSl MO OTHOWIEHHIO K [E€PBOMY Jyuy MOJA HEeKOTOPHIM
yrJoM, Kak yKasaHo Ha pHc. 21.

Monepeyno-anexkrpuueckue 7FE-ponnsl. M3 puc. 25 wmoxHo
3aMeTHTb, YTO BeKTOp £ IpH pacnpoCTpaHEHHH IVIOCKOH BOJIHBE
HAaXOAUTCS TOJMBKO B MOMEPeyHOll MJI0CKOCTH, a BekTop H, Kpome
riorepeuyHol cocraBJ/soilell, HMeeT I[IPOACJBHYIO COCTABJISIO-
myio. Ilo onpenesenuio, naHHOMY BbiLde, Pe3yJLTUPYIOIAS
BOJIHA J{OJI3KHA ObITb MOMEePEYHO-3eKTPUUECKOH, Hial T E-BOJHOH.

B npocreiiniem ciaydae CH/IOBHIE JIHHHA 3JIGKTPAYECKOTO
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niosis TE-BOJIHBEL IPEACTABASIOT COOOH nMpsiMble JIMHHY, a Hamps-
AKEeHHOCTb N0 Mepe NPUO/IUKEHHS K Y3KHM CTeHKaM BOJIHOBOJa
YyMeHbLIaeTcs 10 HyJs (B HenocpeACTBeHHOH GJIM30CTH CTEHOK).
CuJioBble JIMHMH MarHATHOTO TOJISE 3TOH BOJIHBI CTPOSITCHA
[eOMETPHUYECKUM CJIOKeHHEM BEKTOPOB HAIPsiKeHHOCTH MAaTHHT-
Horo noJst H nepsuunelx BoJsH. Hanpassenne pacrnpocrpanenus
STHX TJIOCKHX 2JIeKTPOMATHUTHBIX BOJIH Ha puc. 26 0603HauyeHO
HABYMA NPSMBIMH TOJCTRIME cTpeikamu ¢ uupekcamyu [ u 1L

Puc. 25. Xoa Jsyua oXZHOM #3 MEPBHYHBIX MIOCKHX BOJH
B IPSIMOYTO/NBHOM BOJIHOBOJE

[Monoxenust rop6os # BHagud (MO TEPMHHOJOTUHH, IPUHSATOMN
ans puc. 9 u 11) Kamaoll U3 POJIH, KOTOPHIMH B JAaHHOM CJy-
yae SIBJISIIOTCS MAaKCHMaJbHble (IOJNOXKHTEJIbHOE W OTpHIATes]b-
HOe) 3HAUeHHWs HaNpsXKeHHOCTH 3JIEKTPUUECKOro IO0Js, TMOKa-
3aHB! CIVIOMIHBIMH (ropObl) M LITPUXNYHKTUPHBIMH (BIIaJHHBI)
JIHHUSIMH. ‘

FeoMerpuueckoe noctpoenue pesysabTaTa [AeHCTBUA HBYX
IUIOCKHX 3JIeKTPOMATHHUTHBIX BOJIH Ha PUC. 26 BO MHOIOM CXOXKe
C MOCTpOeHHeM, NpUBefeHHHIM Ha puc. 9, 10 u 11,

M3o6pazkasi HalpsiKeHHOCTh 3JeKTpHuecKoro moJs E Besd-
YHHOH CTPeJIKM, 3JIEKTPUUECKOe IOJe Pe3YJbTHPYIOeH BOJIHHI
(puc. 26) MoxHO nokasarb TaK, Kak Ha puc. 11. Jlumum AA’,
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5B’ u BB’ Ha puc. 26 COOTBETCTBYIOT Y3JIOBBIM JIMHUAM pHC. 11.
3uak @ Ha puc. 26 COOTBETCTBYET MAKCHMAaJbHOMY 3HAUYEHHIO
BekTopa E B pe3ysbTHpPYIOIIE#l BOJHE, HANpaBJeHHOIO MepIeH-
JUKYJSPHO PHCYHKY OT udrareds (Bmagu#a Ha puc. 11).
3uaxk () COOTBETCTBYET MAaKCHMAaJbHOMY 3HaueHHIO BekTopa E,
HATNpaBJEHHOTO Ha yuraTess (rop6 Ha puc. 11). .

Hanpasnenne pacrnpocTpaHeHHsl pesy/bTHPYIOLLEH 3JIeKTPO-
MarHUTHOH BOJIHE Ha pHC. 26 u300pakeHO (QUIYPHBLIMH CTpeJ-
Kamu 6e3 HUHIEKCOB. ‘

IO\
I,////\\ N

\‘_';.Bl

Puc. 26. ®opma MaruuTHHIX CHI0BbX auHuH TE-BOJHB, MONYYHB-
miefics B pesysnbTaTe C/IOXKEHHS [ABYX IJIOCKHX 3JE€KTPOMATHUTHBIX
o I u II

Hna onpenenenus $HOpMBl 3aMKHYTBIX CHJIOBHIX JIMHHI Mar-
HUTHOTO NOJI MBI DacCMOTPHM 3Ha4yeHHe Bekropa f (pesyiib-
THPYIOIETO) B TOYKAaX IlepeceyeHHsi JIHHWUH rop6oB M Bmagud
IByX BOJIH (puc. 26).

Hanpassenue Bextopa H Kaxi0¥ U3 BOJIH ONpeNe/sieTCs MO
npaBuiy npasoro sunTa. OHO mapaJjJesbHO JUHUAM TropboB H
BlIaf¥H 3JeKTpudeckoro noJs soad I u I

Ha puc. 26 Bextopnl H 17151 MepBUYHLIX BOJH H306paXKeHBI
TOHKUMH cTpejkamu ¢ HHAekcamu [ u Il. Pesyastupyromuit
BEKTOP IIpU CJ0XKeHHH BeKTopoB ¢ uHiekcamu | u II mokasan
TCHKOH CcTpeskoli 0e3 HHIeKCca M MNpelCTaBJiseT HalpabJ/eHUe
MATHHTHOTO NOJIA B JAHHOH TOUKe. YUHTHIBAS BCIO COBOKYI-
HOCTb pe3yJbTHPYIOIIUX 3HaueHUH BeKTOpa HarpsikeHHocTH H
MarsuTHOIO TOJIA H MMes B BHAY 3aMKHYTOCTb CUJIOBBIX JIHHHH
MATHUTHOIO IOJIsA, NOC/IEeNHHE MOXKHO H300paxaTh Tak, Kak IO-
Ka3aHO Ha PHUC. 26 NYHKTHPHBEIME JHUHHAMH. MOXHO 3aMeTHTb,
Yro BOJIM3M Y3J0BBIX JHMHHH JEKTPUYECKOTO TOJsI MArHUTHBIE
CUJIOBBIE JIMHMM MPOXONAT INapaJ/iiesbHO, a B MecTaX MAaKCH-
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MaJIbHOT'O 3HAueHHs BeKTopa E — mepneHIuKy/spHO Y3JI0BBIM
JIUHUSM,

3HaueHUs 3MEKTPUYECKOrO M MACHUTHOrO HOJeH Ha JIMHHAX
AA’, B5’ u BB’ HuyeM He OTJIMYAIOTCH OT TPAHUYHBIX YCJIOBHH
Ha MOBEPXHOCTH MeTaJla, MO3TOMY IIpU pacnpocTpalieHHH ABYX
IUVIOCKUX TepBHYHBIX BOJIH B NPSIMOYIOJBLHOM BOJIHOBOAE Kap-
THHA CUMOBBIX JIMHNH MArHUTHOTO NOJIS1 aHAJIOTHYHA NTOKAa3aHHOM
NYHKTHPOM Ha puc. 26.

IR T 2 I T IR T2 2 D T I T D)

Puc. 27. Buextpuueckoe (a u 6) u MaruutHoe (8) mnoas TEi
BOJHBl B CEYEHHAX ODPAMOYTOJBLHOTO BOJHOBOAA

[Ipocrefimnit tun TE-BosHBl mNoJyuaercs, Korha  y3KHe
CTEHKH IIPSIMOYTOJIbHOTO BOJHOBOJZA HAXOASTCA HA PACCTOSHHH
ApYr OT Apyra, COBNAZAIOUIEM C PACCTOSHHMEM MEXAY ABYMS
GMKaiIMMY y3JIOBLIMH JHHHSIMH pHC. 26 (Hampumep, MexXAy
AA’ n BB’ wnu BB’ n BB’). ¥ 3T0li nonepeuHo-3/IeKTPHYECKOR
BOJIHBE CHJIOBble JIMHMH 3JIEKTPUYECKOTO IOJA SIBJASIOTCS Tps-
MbIMH JIHHHSIMH, NIepHeHAMKYJIAPHLIMH IIMPOKUM CTEHKAM BOJI-
HoBoda. HamnpsixeHHOCTb 3JIEKTPHYECKOrO TMOJIS B CepellnHe
HIHPOKOH CTeHKH MAaKCUMaJbHAas H YMeHbIIaeTcsl MO CHHYCOH-
aJIbHOMY 3aKOHY IIpH NPUOJIKEeHUH K Y3KUM CTeHKaM. B Hemo-
CPeACTBEHHOH OJM30CTH OT 3THX CTEHOK HANPSKEHHOCTb 3JIeK-
TPHYECKOrC MOJIA CTAHOBHUTCS PaBHOM HYJ/IO (OLHO K3 TpaHHY-
HHIX ycsioBHil) . CUIOBHIE JIMHUM MATHUTHOTO IOJIS UMEIOT GopMy
H pacrofioKeHHe 3aMKHYTBIX OYHKTHPHBIX JUHHHA pHC. 26.

BoJiee mosHoe mnpeicraB/ieHHe O KapTHHAX 3J€KTPHYECKOTO
¥ MarsutHoro noJedl 7E-BoJHBI mpocrefilero TUna B NPAMO-
YyroJBHOM BOJHOBOZe xzaeT pHc. 27. Ha Hem u306paxeHH
3JeKkTpuueckoe (@ uw 6) U MaruuTHoe (8) MHOJISl B PasJHYHHX
ceueHUsX: HollepeyHoM (27, a), NpOJOJBHOM IlapaJljiesIbHO Y3KOH
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credke (27,6) u NpOJOJBHOM INapassejbHO LINPOKOH CTeHKe
(27, 8). DyekTpuueckue CHJIOBbIE JIMHAM H300pa)eHbl, Kak
[IPUHSATO, CIJIOWIHBIMH JIMHASIMH, TYCTOTA KOTODBIX OPHEHTHDO-
BOYHO XapaxTepHayeT BeJHYHHY HAnpsKeHHOCTH E 3afexTpuue-
CKOI'0 IOJIsi, 8 MATHUTHBIE CHJIOBBIE JIMHHH — MYHKTHPOM. Kpome
TOTO, MAaKCHMaJbible 3HAUEHHAR SJeKTPUYECKOTO TNOJS Ha
puc. 27, 8 1norasanbl 3HakoMm (+) (HanpaB/JeHHe HA YHTaTeJsl)
u 3HakoM € (HanpassieHue oT ugraress). BsaummHOe mnpo-
CTPAaHCTBEHHOE PACIOJOXKEHHEe CHJIOBHIX JIHHUH 3JeKTPHYECKOTrO
¥ MAarHHTHOTO MOJIeH MOXSHO YBHAeTb Ha pHC. 24.

B cooTBeTCTBUH C KaPTHHON 3JeKTpUIeCKOro nons I E-BoJHbI
TIOBEPXHOCTHBIE 3aPsiibl HMEIOTCS TOJBKO Ha IIHUPOKHX CTeHKaX.
ITnoTHOCTH MOBEPXHOCTHHIX 3apsSACB HA LIUPOKOH CTEeHKE H3Me-
HSIETCA MO TOMY K€ 3aKOHY, YTO M HAaNpsKeHHOCTb 3JeKTpuue-
cxoro nossg. Tak Kak 3/JeKTpHYecKoe MoJie B KaxKAoH TOUKe MHO-
NIePEUHOro CeYeHHus] M3MEHSeTCsl ¢ TeYeHHEM BPEMEHH, TO H3Me-
HAETCS COOTBETCTBEHHO CO BPEMEHEM M ILIOTHOCTH [TOBEPXHOCT-
HBIX 3apsiIOB B KamKIOH TOUKe ILMPOKOH CTEHKH.

Bsiarogaps ToMy YTO IlepeMeHHOe MartuTHoe noJe I E-BoJiHbI
HMEET COCTaBJAMINE, NapajelbHEle KaK Y3KUM, Tak H IIHPO-
KKEM CTE€HKAM BOJHOBOJA, MO HAM OYAYT IPOTEKATh MOBEPXHOCT-
Hble TOKH, [JIOTHOCTE KOTODLIX

J=*knf, (14)

rie k& — ko3bUUHEHT TPONOPIUHOHANBHOCTH;
1 — HampaBJieHHe HOpMaJd K MeTasJIMIeCKOl MOBEPXHO-
CTH, 11O KOTOPOH IIPOTEKAIOT TOKH.

Hanpagnenus BexTopoB J, n u H cBasanbl MeXay coGofi N0
HpaBHJy PAaBOrO BHHTA.

3Has pacmpele/ieHde HANPSKEHHOCTH H MArHUTHOTO MOJs
BOJIH3U CT@HOK, MOHO HOCTPOUTb OGILYI0 KAPTHHY MGBEPXHOCT=
HBIX TOKOB, IPOTCKAIOLIAX [0 BHYTPEHHUM TIOBEPXHOCTAM BOJHO-
Boja. Puc. 28 maer ofumme npeacrasieHus o6 3Toll KapTHHE
KaK B rmpocrpaHcTse (puc. 28,a), Tak H Ha pasBepTKe CTEHOK
BOJIHOBOZA (pHC. 28, 6).

Ha puc. 28 MOHO 3aMeTHTh, WTO JIHHUU TOKOB MPOBOIM-
MOCTH Pa30MKHYTBl. JTO MOMKET BBI3BATb HEKOTOPOS? HejoyMe-
vue. Opnnako corocrasseHde puc. 27 ¥ 28 nokasblBaeT, 4TO
MeXJy TOYKaMH Hau6oJbliell KOHIEHTPALHH TOKOB IIPOBOIMMO-
CTH pasHbIX HalpaBJeHdH# (HA MPOTHBOIOJOXKHBIX ILIAPOKHX
CTEHKaX BOJIHOBOAA) PAaCHOsOMKeHBl 06JACTH HAHGOJDBIIEro H3- .
MEeHCHHs! 3JIEKTPHUECKOTO 110J14 BO BpeMeHH (E mepexomut yepes
HYJIEBOE 3HAYEHHe), KOTOPOe COMPOBOKAAETCS MAKCHMAJbHBIME
TOKAMH CMEUIEHHSA. '
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Taxum o6pa3om, TOKH MPOBOAMMOCTH B CTEHKAX BQJIHOBOJAOB
3aMBIKAQIOTCA TOKAMH CMeElIeHHs, TAK e Kak IepeMeHHbIH TOK
B OOLIYHOH 3JIeKTPUYECKO! LeNd 3aMblKaercs TOKAMH CMellle-
HHS, MPOTEKAOIUMH Yepe3 KOHIEeHCATOP.

Buepsrle 3nakoMsch co cBoficrBamu TE- u TM-BoJH, MBI 06-
HAPYXMJIM, YTO MPH HMX pPaACHPOCTPAHEHUH JIMHUS Mepefayu
o6J1aflaeT AMCHEPCHOHHBIMH CBOHCTBAMH, T. €. 3aBHCHMOCTbIO
($a30BO¥ CKOPOCTH M CKOPOCTH PACIpOCTPAHEHHS] SHEPTHH CHI-
Hasa (rpynmnosasl CKOPOCTb) OT 4acToThl (AJIMHBI BOJHBHI). Tak
KaK (Qusnyeckne npouecchl obpasosanust TE- u TM-onu mist

1

N __ =

-1 N i

Puc. 28. Kapruna JiMHEHE [OBEPXHOCTHbIX TOKOB TEjo-BOMHLH Ha
BHYTPEeHHHUX CTeHKaX BOJHOBOIA

JHUHUH, COCTOsIIeN M3 ABYX IJIOCKHX JIEHT, H AJISi BOJIHOBOAOB
OIMHAKOBbIE, TO 3aBHCHMOCTb (a3oBOii cKOpocTH (Up) u CKO-
POCTH pacnpocTpaHeHds 3HEPrdd (Vog) OT YACTOTHI, BHIpAXKEH-
nas ¢opmyaamu (10) u (11), ocraercs crnpaBeIJMBOH TaKKe
u ajs BosHoBojaoB: Hanuure uyacToThl, HHXKe KOTOPOH 3JeKTpO-
MarHUTHAsl SHEPrUS N0 BOJHOBOLY HE pacOpOCTPaHseTCsl

4
(f“=2‘a)’ XapakTepusyeT BOJIHOBOA KaK (UJIbTP BepXHUX

YyacToT, T. €. YCTPOHACTBO, He NpONYCKaloliee 3JeKTPOMAarHUT-
Eble KoJeGaHusi HUXKe ONpelesleHHON KPUTHYECKOH 4acTOTHL.
[Tpu BO3GY)XAEHHH BOJHOBOJA HCTOUHHKOM, OCHOBHAs Ya-
CTOTA 3JIeKTPOMArHUTHBIX KojJeGaHu# KoToporo 6/u3ka K KpH-
. THYECKOH, B BOJIHOBOJIE TIPOSIBAsIETCS pe3Kasi 3aBHCUMOCTDb (aso-
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BOA CKOPOCTH OT YacToThl. B 3ToM ciayuae B BOJHOBOAAX Hal-
JIIofaeTcsl oueHb CHJbHCE 3aTyXaHMe JICKTPOMAarHHTHLIX BOJIH,
YTO OGDBACHIETCA Pe3KO YBeJHYHBAIOUIUMCS YHCJIOM OTPaKeHHH
TIepPBAYHBIX BOJIH OT CTEHOK BOJIHOBOAa (yroa 0 ma puc. 21 6au-
30K K 90°), u nepenaBaeMBlfl CHTHa/Jd MOXKeT CHJbHO HCKa-
3UTBCH.

[MousiTHe XapaKTEPHCTHYECKOTO COMPOTHBJEHHS CPeAbl Kak
OTHOLIEHHS 3JIEKTPHUECKHX W MArHUTHBIX COCTaBJsiolUX Gery-
el 3JeKTPOMArHUTHOH BOJHBI MOXKeT OBiThb HCHOJb30BAHO H
I/1s1 BOJIHOBOJA.

[lo asanoruu ¢ AJHHHBIMH JIMHUSIMH BOJIHOBOE CONIPOTHUB-
Jlente BOJHOBOJA OyaeM ONpejensiTh KaK OTHOLIeHWe Halps-
YKEeHHs MexAy UIMPOKMMH CTeHKaMM K NPOJOJbHOH COCTaBJIsAO-
el TOKa, MPOTEKAOLIEro 0 UIHPOKUM CTeHKaM BOJHOBOJA.

MpomonbHast COCTABAAIOLLAS IIIOTHOCTH TOKa UPOMOPLHO-
HaJIbHa IONMEPEYHOH COCTaBJSIONIEH MAarHUTHOIO I0Js, KOTOpast
M3MeHsIeTCs] B CEUEHHH BOJIHOBOAA MO TOMY K€ 3aKOHy, YTO H
3JIeKTpUYecKoe Moje (B LEHTpe MaKCHMaJbHOE, BOJIM3H Y3KHUX
CTEHOK MUHHMAaJILHOE).

Wmest B BHAy, 4TO NOJIHBIA TOK, NMPOXOAALIHH dYepe3 morme-
peyHoe CeyeHHe BOJIHOBOAA, IPOTOPLHOHAJEH MaKCHMaJbHOH
IJIOTHOCTH TOKAa, YMHOXEHHOH Ha IIUPHUHY CTeHKH 4, U MPHHHU-
Mas BO BHHMaHHe Bhipaxkenue (14), noayuyum

i~aH.

Hanpsxenue ke Mexay MHMPOKHMH CTEHKAMH
U~DbE.

Takum 006paszoM, BOJIHOBOE COIPOTUBJICHHE BOJHOBOZA JJIs
TE-ponHel npocreiiiiero THna GyneT

bE
Zyrg=—-

<

aH

[Ipunumas BO BHUMaHue BhipaxkeHde (12), nmosyumm

Zoe =1/ . ! L (15)

g A \2 a
] — | —
2a] .
dopmyJsa  BOJHOBOTO CONpPOTHBJIEHHS BOJIHOBONA AJis
TE-poaub v aHanoruynas efi gopmyna nis sosubl TM urpaior

BAaXKHYIO POJIb NMpPH pacueTax BOJHOBOJOB M HX COIVIACOBAHWH
NpH HaJHYHH HEOXHOPOAHOCTEH.
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Ha puc. 26 BHIHO, 4TO MACHWTHBIE W 3JEKTPHUYECKHE OIS
HMEIOT HEKOTOPYIO ICBTOPAEMOCTb B mpocTpaucTse. Ecan 6B Mbi
COBMECTHJIH y3KHe CTeHKU BOJHOBOJA He C GaMKaHfmuMH y3/C-
BBIMH JIMHUSIMH, a 4epe3 OJHY JHHHIO, IBe U T. A., TO TAKU:
BOJIHBl B BOJIHOBOAE MOIJIM Obi TaKyKe CYIECTBOBATb. ¥ 3THX
BOJTH OLIO OBl §oJiee CJOXKHOE CTPOEHHE NOJIel, HO YCJAOXKHEHHE
XapaKTePH30BaJOChL Obl MPOCTHIM HapalldBaHHEM KapTHH moJefl
BoJIH GoJiee TpocToro Tuna. BosHbl ¢ GoJiee CIOXKHBIMH KapTH-

: o —

i

Puc. 29, diexrpuueckoe (@ m 6) u maruutHoe (8) nous TEse-Boaubl
B CEUYEHUSX MPAMOYTOJBHOIO BOJHOBOAA

HaMH 3JIEKTPHYECKUX M MATHUTHEIX MOJel Ha3hIBAIOTCH BOJHAMH
SBICIIUX THUIIOB.

Hus TE- u TM-BoaH ycraHoBJeHa ChelnuaJbHas HHIEKCA-
u¥s, KOTOpas MO3BOJSeT Pas3/nyaTh BOJHBl pasHbiX TUNOB. JlJs
NPSAMOYTOJLHOTO  BOJHOBOJA THI BOJIHBL  XapaKTepHU3YeTCs
MHAeKCaM® M ¥ 1, HanpuMep TE, , TJie m —— 4UCJIO HOJYCHHY-
COMA, (MMM YHCJIO 3aMKHYTBIX KDUBBIX) H3MEHEHHsI MOJS B Ha-
NpaBJeHUH pasMepa a; 71 -— YUCJ0 TIONYCHHYCOWA (MM YHCIO
3aMKHYTHIX KDUBBIX) M3MeHEHHs I0Ji1 B HampaBJ/eHUH pas-
iepa 8 (puc. 24).

Takum oOpasoM, paccMOTPeHHLIH HaMU IPOCTEHILMH THI HO-
[epedHO-3JIeKTPHUECKOH BOJIHEI oGo3Hayaercs TEi, T. e. moje
u3MeHseTCs TOJNBKO B HalpaB/JeHUH pasMepa a. Ilpumepowm no-
[ePEeUHO-3JIeKTPHYECKOH BOJIHE! ¢ 6oJjlee CJIOXKHOH KapTHHOH IHO-
aeft  cayxur TEg-sonna. PaccmatpuBas KapTHHY — T0Jel
TE-pomuel  (puc. 29), MOXKHO YBHIETb, YTO OHa fBJAETCH
«ynsoeHueM» nojed TEie-oaubl. [Tono6GHO BOJHE 3TOr0 TUNE
MOTYT ObiTh BO36yxaeHb BoJHbl TEso, # TE4 u T. .
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Ewme Gosee cj0XKHON MO KapTHHE 3JEKTPUYECKHX U -MAarHHT-
HHIX TIOJIell SBJISETCSl TMONepeyHo-dNeKTpUuueckass BoJHa TEis;
NOJIsi 3TOH BOJIHEL B PA3JIMUHBIX CeueHHSX BOJHOBOAA MOKA3aHBI
Ha puc. 30.

B naHHOM ciyyae HasHyue CTOSYUX BOJIH BJOJb O0EHUX CTO-
pOH MOMEPEeUHOro CeyeHHs CBHAETEJNLCTBYET O TOM, UTO OTpaXke-
HHUA [EPBHYHBIX IJIOCKHX BOJH IIPOMCXOIAT OT BCeX 4YeThlpex
CTeHOK BOJIHOBOJA. [TosTomy BostHa TE11 MoxeT ObiTh NpeAcTaB-
JIeHa KaK pe3yJbTHUDPYIOIlast YeThlpeX NePBHUYHBIX IVIOCKHX 3JIeK-

”s vors

s

Puc. 30. dnekTpuueckoe (a) u maruutsoe (6 m 6) noas TEu-BosHm B
CEYEHHAX APSAMOYTOJLHOIO BOJHOBOAA

TPOMArHATHBIX BOJIH, IONAPHO OTPAXKAIOIIUXCA OT IPOTHBOIO-
JIOXKHBIX CTeHOK. [la/bHelilllee yC/I0:KHEHHe CTPYKTYDPH MOJeH
NPOUCXOIUT B BosHAX TE21, TEs1 u 1. L.

OcHosHble Tunbl TE-BOJIH B OPAMOYTOJHHOM BOJHOBOJE,
BCTpeuajouIuecs Ha NPaKTHKe, PHBENEHBI B PUJIOKEHHH, IIOMe-
LLIEHHOM B KOHIe GpoHnophl.

Honepeuno-marnutusie poansl TM. Ilo onpenenenuo B 1mo-
MepeyHo-MarHUTHOA BOJIHe MarHHTHOE MOJe He HMeeT [pOoaOJb-
HBIX COCTABJISIIOLIMX H MarHUTHbLIE CHJIOBbIE JIHHUH PACIIOJIOKEHb
TOJIbKO B MONEPEYHOH MJIOCKOCTH. UTOGE! BHIMOJHANHUCH TPaHUY-
Hble YCJOBHA, MATHUTHLIE CHUJIOBLIE JIHHUH AOJIKHBI MPOXONHTH
E/JI0/Ib CTEHOK BOJIHOBOJA, a BEKTOP HAMpSIKEeHHOCTH nojs H —
B HeIOCPeACTBEHHOH OJM30CTH OT CTEHOK MapaJuiellbHO M.
B npocrefimem cayuae TM-BOJHBI MardUTHBE CHJIOBHIE JHHHU
IPeJCTaBJSIOT B [ONEPeYHOH NJIOCKOCTH TOJBKO OLHY CHCTEMY
3aMKHYTHIX JuHHA. Ins nocTpoedus KapTHHLI CHJIOBHIX JIHHUH
9NeKTpuueckoro moJs B TM-BosHe BocmoJibdyeMcs CHnoco6oM,
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KOTODHIH TPHMEHANH AJIS MOCTPOEHUS CHJIOBHIX JIMHME MaTHUT-
Horo noas TE g-BOJHbBI.

Brauasie paccMOTpHM B3auMomefiCTBHe ABYX BOJIH, pacrpo-
CTPaHSIONMXCS NOJ, YIJIOM JIPYT K OPYry B NJOCKOCTH, HepIleH-
OUKYJIAPHON MAarHWUTHBIM CHJIOBBIM JIHHMSIM,

Ha puc. 31 toncteimu crpenxamu ¢ ungekcamu [ u II yxka-
3aHb! HaNpaBJeHHs PacIpOCTPAHEHHS MEPBHYHBIX BOJH C BeK-
TopoM H, nmeprneHANKyJISsIpHBIM TIOCKOCTH PHUCYHKA. JIMHUU TOp-
00B M BNajuH BEKTOpa HAMPSXKEHHOCTH MAarHdTHOro nojsi H

Puc. 31. dopma 3ieRTpHEECKUX CHMMOBHLIX Jupui aas TM-somub, no.sy-
YHBLUAACA KaK pe3y/bTaT CJAOXKEHHsA ABYX H/OCKHX BoaH [ m II

MEPBHYHBIX BOJH H300paxeHH CIVIOLIHBIMH H IITPHXIYHKTHD-
HbIMH JIMHHUSIMH COOTBETCTBEHHO.

Tak xe kak u B cayuae TE-BOJIHB, PACCMOTPHM TOUKH Tiepe-
CeyeHHsl MHHME rop6oB U BNaJuH. B Tourax mepeceueHds JUHUH
rop6oB NMepBHYHBIX BOJIH MAarHHTHOE [OJe MaKCHMAaJIbHO, Ha-
npaBjeHo Ha uuraTens H obo3Hauaercss yeped (9. B Toukax
lepeceyeHHs JIMHHH BOagMH IIePBHUYHLIX BOJH MarcHMaJjbHOe
MarHATHOE NOJie HallpaBJeHO OT 4YuTaTeAs H 05O3HAUEHO
gyepes .

B kaxnofl Touke nepeceueHus JUHUE rop6OB ¥ BNAJUH Ha-
MPSKEHHOCTh 3JIeKTPUUECKOro [0Js1 MepPBHYHBIX BOJIH H300pa-
#eHa TOHKUMH crpenkamu c¢ upaekcamu | u II. Hanpasaenue
THX CTPEJIOK OllpejeseHO MO NPaBujy NPaBOro BHHTA, YYHTHI-
Bas HallpaBJleHHe CKODOCTH PaclpoCTpaHeHHs IepBHYHLIX BOJIH
H HanpaBbJieHHe BeKTopa f.

PesyapTrpyrolmas HanpsizKeHHOCTb 3JeKTPUUECKOrO I10JS 110-
Ka3aHa TOHKOHN cTpeJsikol Oe3 mHieKkca. PaccmaTpusasi COBOKYH-
HOCTb BCEeX TOHKHX CTpesioK 0e3 MHAEKCOB, MOMHO HayepTHThb
tHhopMy CHJIOBBIX JIMHHH 3JEKTPHUECKOro MOJs pe3yJeTHpylomleli
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TM-posubl. DTH KpHBBble Ha puc. 31 u3obpaskeHHl TOHKHMHM|
CIUIOIIHBIMA JIHHHUSIMH U MMeloT (opMy, aHaJoTH4HYyIo (dopme

KPUBbIX MarHuTHoro moJst TE-soassl (puc. 26).

Ecnu yskde CTeHKHM BOJHOBOJAA MOMeLIeHB! 1Mo JuHuaM AA’
v BB’ nepneHAHKYNsiPHO PUCYHKY, IPAHUYHBIE YCJIOBUS A/ Me-
Ta/a OKAa3hIBAIOTCSl BBUIOJHEHHBIMH, TaK KaK B pe3yJbTHPYIO-
IieH BOJHE MArHUTHOE TOJe HANPAaBJIeHO BROJb MeTaJIHUecKHX
CTEHOK, a 3JEeKTPUYEeCKoe I0Jie MepleHuKkyaspHo um. Ilosromy

ERCTTT R ) ®
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Puc. 32. nextpuueckoe (@, 6 u 8) u maruurHoe (@) noas TMu-Boanm
B CEeYeHHHAX NPAMOYTOJBHOTO BOJHOBOZA

CTeHKH BOJIHOBOAA HE H3MEHST YCJAOBHH pacnpoCTpaHeHHs M
(opmMa CHJIOBBHIX JIHHUH 3JeKTPHUECKOro MOJs, H300parkeHHas
Ha puc. 31, coxpaHuTCS.

[To ykasaHHBIM NIPHYHHAM MATHUTHOE H 3JeKTPHUSCKOE 110
B BOJIHOBOJe HAJsi NOMepeyHO-MATHHUTHOH BOJIHBI NpOCTeHInero
THITA UMEIOT BHJ, IOKazaHHBIl Ha puc. 32. ITOT THN BOJH 060-
3Havaerca uepes T'Mu, roe 3nauenve nudp B MHAEKCE TO Ke,
uro u jpas TE-poan. Marnwrasie cuaoBble JuHUK T Mi1-BOJHE
NPeACTABIAIOT cO0OH 3aMKHyTble JIHHHH, PAacloJOXKeHHBIE B
IJIOCKOCTH MONEPEYHOrO CeueHHs] BOJHOBOAA (MYHKTHPHBIE JIH-
HUY puc. 32, a), a >]eKTpUUECKHe CHJIOBHIE JIMHHHM HAUMHAIOTCS
¥ KOHYAJOTCA Ha OAHOH W TOH e CTeHKe BOJIHOBOAA H IO CBOeH
(opme 0AMHAKOBH B JBYX LEHTPANbHBLIX [IPOJOJLHBIX CEUeHHAX.
Ha puc. 32, a aniekTpuyeckuie CHIOBLIE JHHUE BHAHB YaCTHUHO!
OHH HAYHHAIOTCA HA CTEHKAX M BXONST B IMIyGbh BOJHOBOAA OT
ugraress. Ha puc. 52, 6 n 8 HanpaB/eHHs MACHUTHBIX CHJIOBBIX
JHHHH B MeCTax MaKCHMaJbHOIO 3HAUYeHHsd HaNpSKeHHOCTH
nonss H oGo3nayend yepes O u @,
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O pacupenesieHuu MOBEPXHOCTHBHIX TOKOB HA BHYTPEHHHX
CTelKaX BOJHOBOAA JaeT NpeicrasJeHde puc. 33. [IcBepxHocT-
HBle TOKY HMeIOT TOJIbKO HPOAOJBHYIO COCTABJFIONIYIO, TaK KaK
MArHUTHbIE CHMJIOBHIE JIMHHHM DAaclOJNOXKEHB HCKJIOUNTEJIbHO B
nonepednoit musockoctd. Ha pasBepTke cCTeHOK BOJIHOBOAA
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Puc. 33. Kapruna aunuil moBepXHOCTHBIX TOKOB TMi1-BOJHEI HZ BHYT-
PEHHHX CTeHKAaX NpPSMOYrOJbHOTO BOJHOBOZA. BeqnunHa MJIOTHOCTH TOKa
n3o0paxKeHa AJHHOH CTPEJKH

(puc. 33,6) MOXKHO CYAUTb O TOKaX, MPOTEKAIOIMX HA BCEX
CTEHKAX.

Hast TMu-posiHbl 3HaueHnd (pa3oBOfl W rpynmoBoit cKopo-
cTeil ocralTcs Te ¥e, yro ¥ aaa TE-BoJn.

IlpunumMast Bo BHEMaHKe Bhipaxkende (13), BOIHOBOe compo-
THBJIEHME BOJIHOBOJA NpH pacnpocTpaHeHuy TMui-BoiHbl Gyger

=1 _?_]/ S
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KapTunsl MarHuTHBIX H-3JeKTpHUecKrX nosell TM-BosH BeIC-
LIMX THUHOB MOTYT GBITh BOCIPOHU3BEAEHB IyTeM [OBTOPEHUs
KapTuHbl nosig T'Mii-BosiHEI HeckoJbKO pas. B mpuiloxKenu,
NIOMEILEHHOM B KOHLle GpOWIIOpHI, KaK NpHUMep HOIepeyHo-Mar-
HATHO BOJIHBI BBICINEro THNa npuBegeHa IMei-BosHa.

(16)

2. Kpyraptii BOJHOBOJL,

[ToMuMO DIPSIMOYTOJIbHEIX BOJIHOBOJOB, B NPaKTHKe HpHMe-
HAIOTCS BOJIHOBOJBI C KPYIVIBIM MOMEPeYHbIM CeYeHHEeM.

63



i Dy DABIX BOAEOLOAUS WMalYT BO3UYMAATDC BOJNED ICHC
peunc-snexkrpuueckoro (TE) u nonepeuno-maruutnoro (TM)
BUJIA.

Usmenenne BeSWUHHR HANPAXKEHHOCTH 3JeKTPHUECKOTO HJH
MAarHHTHOTO MOJI BJOJb Pajnyca WY o [iepHdepuy BOJHOBOAA
3HAYUTENbHO (oJjlee CJIOXKHO, UeM B NPSMOYTOJbHHIX BOJIHOBO-
nax. Ho Bce e ¥ B KpyTJbIX BOJHOBOJAX MOXKHO 3aMeTHThb
HEKOTOPYI0 HEPHOJHYHOCTb B PACHONOMEHHH CHJIOBBIX JIHHHH
BJIEKTPUYECKHX B MArHUTHBIX moJeill. Dta NepuoJHYHOCTL NO3BO-
JsSleT B 3aBHCHMOCTH OT CJOXKHOCTH KAPTHHBI 3J€KTPUUECKHX H
MarHHTHHIX foJiefl KJaccH(UNUpoBaTh BOJHBI o tunam. Jas
0603HaYeHHsl BOJHE TOIO HJHM HHOTO THIIA HCHOJBL3YIOT ABY3HAY-
Hy10 HHjekcanuto, Hanpumep TEq. Ilepsas uudpa, crosimasa y
oGo3HaueHust BuJa BOJHBI TFE, O3HAYaeT U{CJIO CTOSYHX BOJIH
BJOJb OKPYXKHOCTH, @ BTOpas — YHCJAO CTOAUHX BOJH BHOJb
pamdyca. B mpuBegeHHOM IpuMepe IONEPEUHO-3/IeKTPHUECKONR
Bostabl (TEy) BHOJL OKPYIKHOCTH MEPUOAMUHOCTH OTCYTCTBYET,
a Ha paguyce YKJAaauBaeTcss ojHa croddas BoJua. MHorama
BAOJb paauyca HeT IeJOYHCJICHHOH NepHOAUYHOCTH. B 3ToM
ciydae BTopo# HUGpPON B HHAEKCe THIA BOJHBI CTaBUTCH Oau-
xalmaa nudpa.

Ias xpyrsoro BoJIHOBOZA Hesab3sl BOCIPOH3BECTH KapTHHY
3JIEKTPHUECKAX M MAaCHHUTHBIX MOJied KaK pe3yJbTaT reoMeTpH-
YecKOTO CJI0OMeHHs Honed ABYX (MJH ABYX HONAapHO) TIOCKHX
BJEKTPOMACHUTHEIX BOJIH, PaACOPOCTPAHSIONIMXCS IOK HEKOTO-
pPBEIM YTJIOM JIpYT ApYrY.

HeranpHplil aBanu3 pelleHus ypaBHeHHIT MaKCBeJma npu- -
MeHHTeJbHO K YCJOBHSM, CYNIECTBYIOUIMM B KPYIVIOM BOJIHO-
BOJe, /l@aeT BO3MOMHOCTh ONPENesIUTh CTPOEHHE 3JIEKTPHUECKHX
U MarHHTHBIX TOJIell NPH pa3/jUuYHBIX THMaX BOJH. IlpencranJe-
HHEe O XapaKrepe KapTHH MOJEH ITHR BOJH MOXHO NOAYUHTH
nyreM JeopMalud OpSMOYTrOJBHOIO BOJHOBOJAZ B Kpyrablfi
BOJIHOBOJ.

Hedopmupysi npsaMoyroJipHbE BOJHOBOX, B KOTOPOM BO3-
6yxnaeHa TEi-Bonna (puc. 27), B KpyrJbI BOJIHOBOJ, MBI I10-
JYYUM TaK HasbiBaeMylo TE11-BOJHY B KPYIVIOM BOJIHOBOJE.
Pacnpenenenue 3/eKTPHYECKOTO H MArHHTHOTO mosiefl 3To#H
BOJIHBI M300paxkeHO Ha pHUc. 34.

O6uin#i xapaktep KapTHHbB JUHHE TMOBEPXHOCTHLIX TOKOB
gna TE11-BosiHBL B KpYIJIOM BOJIHOBOME (pHC. 35) TakXe B 3Ha-
YUTeJLHOH CTElIeHH CXOXK C XapaKTepoM TMOBePXHOCTHEIX TOKOB
TEp-BonHB! B mpsaMoyrosibHOM BosHoBofie (puc. 28). Has Ha-
[VISAHOTO 1IpeJCTaB/ieHUs LesecoobpasHo NepecHATh puc. 35,0
Ha KaJbKy, KOTODYIO 3aTeM CBEPHYTb B IHUJIHHAP.
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Puc. 34. DnekTpryeckce u Marmurice noast 1FE;-RonHBl B CEUEHHAX
KEYIJOro BOJIHOBOZA
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Puc. 35. Kaprupa JuHMH DOBEDXHOCTHLIX TOKOB TE|i-ROJHLI Ha BHYyTpeH-
Hell TOBEPXHOCTH KPYyIVIOrO BOMROBOAA

Puc. 36. DnmexTpuyeckoe u MarHuTHOe moas TMo-BOHE B CeUEHHAX
KPYTJIOTO BOJHOBOAZ
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iipumepoM Tmpocreiiniero BHAA loLepeyHO-MaIHATHON BOJHE
B KDYIVIOM BOJIHOBOZE CAYKHT IMoi-BOIHA, KapTHHA 3JEKTPH
YeCKOro M MarHHTHOTO moJielt KoTopoit (puc. 36) uMeeT GOJbILOE
CXOACTBO C KApPTHHOH 3JIGKTPUYECKOTO W MArHUTHOIO IOJiel
TM11-BoJHBl B NPAMOYTOJNBLHOM BOJHOBOZE (puC. 32).

ITorepxuoctHble TOKH 1Mo -BosiHbl (puc. 37) HMEIOT, Kak U
y TMi1-BoSIHB B NIPSIMOYTOJIBHOM BOJIHOBOZE (pHuC. 33), TOJIBKG
IIPOJIOJBHYIO COCTaBJSIOULYIO.
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Puc, 37, Kaptuna muHufi MOBEPXHOCTHEIX TOKOB TMoi-BOAHEI Ha BHYTPRH-
Hell TNOBEPXHOCTH KPYIJIOFO BOJHOBOLA

B BosHOBOME KDPYIVIOrO CeueHHsi B OTJMYHE OT BOJHOBONA
C OPSAMOYIOJIbHEIM TONePeYHbIM CeUeHHeM MOJKEeT pacrhpocTpa-
HATBCSI BOJIHA, Y KOTOPOH 3/EKTPHUecKOe II0Jie He CBA3aHO C
NOBEPXHOCTHBIMM 3apsilaMU W HMeeT, KaK M MaTHHTHOE IOJe,
3aMKHYTble CHJIOBble JIHHMH. DTa BOJHA 0603HAYAETCS Yepes
TEy. B stoM cayyae a/eKTpHUeCKHE CUJIOBEIE JIMHUH NPeACTaB~
JIFI0T c060#i KOHLEHTPHYECKHe OKPYXKHOCTH, PaCIIQJIOKEHHEIE B
HonepedHOl IVIOCKOCTH, @ MAryUTHBIE CUJIOBble JIMHHH B BHJE

Puc. 88. Dnektpuueckoe m maruuthoe mnoas TEy-BoJHE B CeueHHsX
KpYTJIOTO BOJHOBOAA



SAMKHYTHIX IleTelb BHITAHYTHl TOMApHO. BHOJEL BOJHOBOAA
(puc. 38). IloBepXHOCTHBIE TOKH, NPOTEKAIOLIHE [0 BHYTPeHHEH
CTeHKe BOJIHOBOJAA, HE HMEIOT COCTABJAANOLIEH BIAOJb OCH BOJHO-
BOJA M TeKyT MO OKPYKHOCTIM B IMONEpeuHoli MJIOCKOCTH. Xa-
paKTepHOU 0COOeHHOCTBIO T'Lo-BOJHBL SBJISETCA MaJoe 3aTy-
XaHHe TIpH pAacIpoCTpPaHEHHH ee 10 BoJHOBORY. OXHAKO Mpak-
THYECKH YCTaHOoBJeda Gosbiasi HecTabuanHOCTb T Eo-BOJHBEI H
BO3MOXKHOCTb JIETKOI'O Hepexofa B APYTHe THUOBI BOJH.

BosiHOBOZB! KPYIVIOTO IIONECPEUHOrO CEUEHHS] MPHMEHSIOTCS
3HAUYUTEJBHO pexke, YeM BOJHOBOJAB C MPSMOYIOJbHBEIM MOIe-
peYHbIM CeueHHeM. JTO OGBSCHAETCS TeM, YTO CTPYKTypa 3JeK-
TPUYeCKHX M MArHUTHGLIX I0Jiefl BOJIHBl OCHOBHOIO THIIA [JIs
[PSAMOYroJibHbeIX BoJIHOBONOB (TE}p) mpoiie, yeM I/ OCHOBHOM
BoJaHbl (TE11) B BOoJIHOBOZAX KpyrJsoro ceuenus. BoJsiee mpocras
CTPYKTypa MoJell NO3BOJsieT CAeJaTb HpOLle M KOHCTPYKIHIO
5JieMEHTOB BOJIHOBOJHBIX CHCTEM, & TakKe MOJy4uTb B pac-
KPBIBe aHTeHHBl IIJIOCKOIOJSPU30BAHHYIO BOJIHY, HE YCJIOXKHSAA
OKOHEUYHBIE YCTPOHCTBA.

OxHako uMetoTcsi c/lydyaH, Korga 6e3 BOJHOBOAOB KDYIJIOTO
TIONepeuHOro ceyeHuss ofoliTHck TpyAHo. Torga B KadeCTse
OCHOBHOT'O THNA BOJIHBI McHoJb3yercs au6o TEuw-BoaHa (B J-
HuH nepefaun), Ju6o TMoi-BojiHA (Bpallaromyecs COuNeHeH s).

Tak xe Kak B BOJHOBOAAX TPAMOYIOJBHOIO CeYeHHs], B BOJI-
HOBOZAAX C KPYIJIBIM IOMEepeyHhiM CeueHUeM HMEeeTCsl YacTOTHOe
OrpaHHYeHHe B paclpocTpaHeHHH BosH. BeanuiiHa Ay, 3aBHCHT
OT pajuyca BOJHOBROJNA. 3HAUEHHS] KPUTHUECKUX BOJH AJs crpa-
BOK YKa3aHbl B NIPHJIOXKEHHH, OMEIEHHOM B KOHIle GpOIIIOPHL.

BoJsiHel BHICIUEX THIIOB B BOJIHOBOAAX C KPYIJIBIM Honepey-
HbIM CeYeHHWeM Ha IpaKTHKe HCHOJb3YIOTCA odeHb peiko. Ilpu-
MepBl paclpefelieHHs] MX DJIeKTPUUYECKHX M MAarHHTHBIX MOJeH
(TMgoe v TM11) mpuBedeHB B TPHJOKEHHH. '

Hesaryxarouye BOJHBI BBICIIHX THIIOB BO3HUKAIOT CPaBHH-
TeJIbHO JIeTKO, eCJIH TeOMeTpPHueCKHe pasMephl BOJHOBOAA JO-
CTaTOYHO BeJIMKH IO CPaBHEHMIO C JJIMHOH BOJHBI MEePBHYHBIX
BOJIH.

BosHukioBeHHe BOJH BEICIIMX THIIOB NOHHXKAET K. M. A. BOJI-
HOBOJIa. DTO OGDBACHSIETCS TeM, YTO BXOJHBIE, BLIXOJHBIE H HPO-
MEeKYTOUHBle YCTPOHCTBA paccunTalbl HA ONpPeeJeHHYI0 CTPYK-
TYPY 3/eKTPHYECKOTO H MArHHTHOTO moJjell (o6blYHO Ha BOJHY
ocHOBHOro THMna). Ecau e Bcs BBICOKOYACTOTHAS HEPTHS pac-
BpefesieTcst MeXAYy BOJHON OCHOBHOrO M BOJHAMH BhICILHX
TUIIOB, TO YACTb IHEPrHH, 3aKJIOYellHasd B BOJHAX BBICIIHX TH-
T1I0B, He MCMOJb3yeTCs [0 HA3HAYEHHIO.
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OcHoBHO#t Mepolt GopbObl ¢ BOJIHAMH BBICHIMX THIIOB SB-
JisileTC BBIGOP OIpeJesieHHbIX pPa3MepoB BOJIHOBONOB H KOH-
CTPYKUHH 3/1eMeHTOB BOJIHOBOAHBIX CHCTEM, PaCCUMTAHHBIX Ha
paboTy ¢ OCHOBHBIMH THIIAMH BOJH. UeM Bblille THH BOJH, TeM
€ro BO3HHKHOBeHHe GoJsiee BeposiTHO. JTO OOBACHAETCS CJ1aboi
CBSI3bI0 BOJHLI C IMPOBOAAIIMMH CTEHKAMH BOJIHOBOAA, UYTO
MOXHO 3aMeTuTh yxe y TMi1-BOJHB B KDYIVIOM BOJIHOBOZE
(3HAUHMTEJILHAS YaCTb [10JIS BOJIHBI CBA3H C NMPOBOASUIMMH CTeH-
KaMH BOJJHOBOJA He HMeeT).

Bce chnenanuble HaMH 3aKJIOUEHHS] OTHOCHTEJNBHO [MOJBIX
BOJIHOBOZOB CMpaBel/HBH [/ CJIyuas, KOTAa BOJHOBOIBI CIe-
JaHbl M3 MaTepuaJja ¢ HjeasnbHofl nposoaumocTbio. Ho BosHO-
BOJBI M3 JI0GOro Merasia TPAKTHYECKH BCerja MMeloT KOHedy-
HYIO TIPOBOJMMOCTb H 3a CYET 9TOTO TOKH B CTEHKAX BOJHOBOJIOB
pacnpejessioTcst He IO IIOBEPXHOCTH, a B HEKOTOPO# TOJIIe
MPOBOAHUKA. ITO, C OAHOH CTOPOHEI, BLI3bIBAET MOTEPH HA
TEMJIo, a ¢ APYroil — HECKOJIbKO HCKaXaeT KapTHHBI 3/IeKTpHYe-
CKHX M MaTHHTHBIX MoJell (HMeeTCss COCTaBJ/AIOLIAN BEKTOpa
Vmosa-TlofinTuura, HanpaBjieHHAsE B MeTaJsll).

Jlns MeTasioB, HMeKUMX GOJBbUIYIO NPOBOXHMOCTb (ce-
pe6po, Mexb), 3TH HCKaXeHHs HEe3HAUMTeJbHBI, H MO3TOMY Ha
IipaKTHKe sIBJEHUsI, TPOHCKO/SILHE B BOJHOBOAAX, O4YeHb BJIH3KH
K PaccMOTPEHHbIM,



1V. 9JIEMEHTbI BOJTHOBOIAHbIX CUCTEM

BosiHoBoiHAsl cucTeMa $IBJsSIeTCS OJHMM H3 BHIOB JIMHHI
nepefaydl JeKTPOMATHUTHOH 3SHepruu. DTOT BHJE JHHHI mHepe-
A4l IIMPOKC INPUMEHSETCS B paJHOTEXHHKE CBEPXBBICOKHX
YACTOT.

[Tpu xoHCTpyHpOBaHUU JI0OOH JUHHU Hepelauy, B TOM YHCIe
M BOJHOBOJXHON, HEOGXONHMO YUYHTHIBATb YCJOBHS, B KOTOPLIX
oHa 6yHeT UCMOJb30BaThCA. [IpakTHYeCKH peiKu ciyyau, KOrAa
BOJIHOBOJHAS CHCTEMa COCTOUT TOJBKO K3 INPSIMOJHHEHHOrO
HEPEPbIBHOTO H OJHOPOJHOrC IO CeYeHHI0 BOJHOBOJHOIO
TpaKTa.

BoJsiHOBOHbBIE CHCTEMBI SIBJIAIOTCSI HOBOJIBHO CJIOMKHBIM KOM-
IUIeKCOM PA3JIMYHBIX SJIEMEHTOB, KaKAbli M3 KOTODHIX UMeeT
cBoe HazHayeHHe, OO0 3TOM CBH/JeTeJbCTBYeT THIIOBAs CxeMa
aAHTeHHO-QUAEPHOH CHCTEMBI COBPEMEHHOH pPajHoJIOKAHOHHOH
cranmuu (pHc. 39).

[To ycioBuSAM 3KCM/IyaTalHd HeyJOOHO UMETb NJIMHHBIE OT-
Pe3KH BOJIHOBOJOB, MO3TOMY Ha y4yacTKax OOJIbIIOH HPOTSKeH-
HOCTH MCIIO/Ib3Y:OT HECKOJBbKO BOJIHOBOAHBIX CeKUHH. DTH CeK-
IHH MOTYT GbITb KaK NPsMOJMUHEHHBIMH (7), TaK H M30THYTHIMH
(5, 8). Bce onm coenuneHbl Mexay coOOH C MOMOILBIO CIie-
HHaNbHBIX (JaHLeB (3).

B pamuo/OKanHOHHLIX CTAHUWSAX CAHTUMETPOBOrO JAuala-
30HAa OpH BpalleHUH KaKOH-AMO0 4YacTH BBLICOKOYACTOTHOTO
TPAKTa MCIOJb3VIOTCS Bpamlaoiyecs coefuderus (4). Has
HeGOMBbIINX YIVIOB IIOBOPOTa IPUMEHSIOTCH TuOKHEe OTpe3Kd
BOJIHOBOZOB.

[Ipu mepexoje OT reHepaTopa K BOJHOBOAY, OT BOJHOBOAA
K NPUEMHHKY HJH BOOOILIe OT OLHOTO 3JeMeHTa K Apyromy Tpe-
GyeTcst COMVIaCOBATh OTHEJbHBIE YIaCTKH CHCTEeMbl MexX1y COOOH,
LISl YEer0o HCIOJMb3YIOTCS COrJIacyiolye 3JieMeHThl. DTUM corJa-
COB4HHEM JOCTHraeTcs Oosiee IOJHAs Iepejaya IHEPTHU IO
BOJIHOBOJHOH cHCTeMe.
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Puc. 39. Tumosas cxema A®PC panuosokanumonHod
CTAHIHM CaHTHMETPOBOIO JHMAllasoHa:

1 — oTpaxarensb;, 2 — u3ayuaTear (pynop); & — ApoccenbHO-
(aaHueBoe  CcoeNMHeHHe; 4 — Bpaulalolleecs COelUHEHHE,
5 — paguycup M3ru6 nopx 90° B E-nsOCKOCTH; 6 — OTPeiok
CKPYYEHHOTO- BOJIHOBOZA; 7 — OTPE30K OAHOPOAHOro BOJHO-
Bofa; & — pamdycHbll w3rub mnox 90° B H-naockocru; 9 —
yronkosm#t uaru® B H-mnockocrw; [0 — paspsannk; 11 —
HacTpauBaeMbll pPaspsAHUK; /2 — BXOX reTepoluHa; I3 —
BHIXOJHOE YCTPOHCTBO MarHeTpoHa; I4 — CMECHTelb M BBIXOX
HANpsXKeHUs [POMEXKYTOUHOH 4YacToTH



s pacnpenenenns sHeprud 1O JABYM M GoJlee KaHa/JaM
NIPUMEHSIOT 3JIeMCHTBI. pa3BeTBJICHHS.

ITpu paccmoTpenyH NpUMepPOB KOHCTPYKUHH H MPKHUMNA pa-
60Tbl KaxKAOTO M3 3JIeMEHTOB MBI GyfeM MpeAnoJiarath, YTo MO
BOJIHOBOJHOH CHCTeMe, B KOTOPYIO BKJIOYEH paccMmalpHBaeMblil
3JeMeHT, pacnpocTpaHsercsi BoJHa 1Ly, NMOCKOJBKY ee foJje
MMeeT BecbMa IPOCTYIO KOH(pHUIYypaLHo U B CBSA3M C 3THM yaile
ECEro HCIOJbh3yeTCA Ha IpPaKTHKe,

1. Hel'IO).lBH)KHble CO€JNHCHUA

K ienoaBrKHLIM COeIMHEHHSAM Mbl OTHECEM TaKHE KOHCTPYK-
THBHEIE 3JIeMEHTHl BOJIHOBOAHOH CHCTEMHI, KOTOpbLIe, He HU3MEeHAsd
CBOEro B3aMMHOIO pachosiOXKeHH!I, ofecleynBaloT HaJaeXXHbIR
DJIeKTpH'-IeCKHﬁ KOHTAKT MeXJYy OTpe3KaMHd BOJHOBOJ0B HJHN HU3-

Puc. 40. ®uanueBoe coeguHeHHe HBYX BOMHO-
BOJIHLIX CEeKUUH

MEHSIOT HalpasJeHHe paclnpocTpaHeHHs BOJIHB M ee [10JsApHu3a-
o, TakuMmy 3/eMeHTaMd  SIBAAOTCH  (JIaHLB!, YrOJKOBble H
paguycHble U3THOBl M OTPE3KHM CKPYYEHHOrO BOJIHOBOIA.

daanup. B 3aBACHMOCTH OT HeOGXOLHMMOro Ka4yecTBa COeMH-
HEHHUSA IBYX 3JEMEHTOB BOJHOBOJHOM CUCTEMBI HCIOJIB3YIOT JHG0
o6biunble ¢aanup  (puc. 40), au6o apoccesbHO-(UIaHLEBLE
coenunernd. O6blunble (GAaHIb NPEeACTABISIOT METalIHYecKyIo
_1ocepe6pednyio NIACTHHKY C OTBEPCTHEM, HATasHHYO Ha KOHell
'BOJIHOBOZ1A.

71



JlBa oTpeska BoOJIHOBOAa, cHaG:KeHHble TaKUMH (hlaHlaMy,
COEJIHHSIOTCS B CTHIK (MPU TOYHOM COBMAJCHUH CeUEHHH BOJNHO-
BOJIOB) M 3aKPemJsioTCA Mexay co6oit au6o BHUHTaMH, Ju60
CTpyOLLAHAMH.

_20
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Puc. 41. dpoccenbno-duiannenoe coemuHeHHe:

4 — BHelWHMlt BMA; 6 — NPUHUMMHAJbHAS cXema; [ —

BLITOYKA; 2 — Jesblii dsaHell; 3 — OCHOBHble BOMHO-

BOAbl; 4 — De3HHOBOE YMJOTHHTENbHOE KOJbLO, § —
npabblii ¢nanew

JlpoccenbHo-(paaHLCBble COCAYHEHHA NPUMEHAIOTCS B CAy-
yasX, KOrjla K COIVIaCOBaHMIO JBYX 3JIEMEHTOB BOJIHOBOAHOM
CHCTeMbl MPeADABJsIOTC TpeGoBaHus, oGecneurBaoILye MHUHU-
MaJbHble OTpaXeHHS NepelaBaeMbiX KoJeGaHuil. .

Coenuunenne CoCTOMT u3 ARyX daaunes (puc. 41,a). Ilpa-
Bolii dianen 5 (puc. 41, 6) HuYeM He OTJMYaeTcs OT ¢JaHUA,
nokasanHoro Ha puc. 40. Jlepnfi dJaaHen 2 uMeeT BBITOUKY
BJOJIb OCH BOJHOBOJAA M IIPOTOUKY B TMONEPeYyHOH IMJIOCKOCTH.
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Ilpu coepunennn STUX (JaHUEB MeXAY KOHUAMH BOJHOBOJOB
obpasyercs 3a30p, 3aMblKalounics Ha BHITOYKe. BbiTouka cpe-

“ A
JlaHa ray6unoit AB —-=—4’—’; 3a30p B IVIOCKOCTH CHMMETPHH BeK-

TOpA HaMNPSIXKEHHOCTH 3JeKTpuueckoro mnoJs E (E-mmockocTs)
umeer AauHy BB (0T Kpas BOJHOBOAHOINO OTBEPCTHS [0 Ka-

HaBKH), TaKkKe DaBHYIO ;—".

B paspese npoccesbHO-(p1aHIEBOTO COSAMHEHHS MOXKHO 3a-
METHTb, YTO B cymMe yuacTku AB u BB cocrasjsior nosysos-
HOBYIO 3aKOPOUYEHHYIO JiHHHIO. CBOfiCTBa JMHHHM TaKOBH, 4TO
Koraa Bo3fym/JeHa cTosyasd BOJHA, TO B Touke b HMeeTcss myu-
HOCTb HAlpsiAKEeHHs M y3esq TOKa, a B TOuke B — ysen nanps-
XKEHUsI U MYYHOCTb TOKA. DTH CBOMCTBA MO3BOJAIOT He ofpaulaTh
0cO60ro BHUMAaHHSl Ha rajbBAHHYECKHIl KOHTAKT B TOuKe 5 H
OJIHOBPEMEHHO HMeTb B TOuKe B HajeXHbl 3JEeKTpPHYECKHH
KOHTaKT IJIf TIPOXOAsiLedl BOJHEL

Takoe coemnnenne He TpeGyer o0co60 CTPOrofi COOCHOCTH
JBYX OTPEe3KOB BOJIHOBOJAA, NPHU KOTOPOH CTPEMATCHA HCKJIOUHTD
1I0sIB/IeHHe CTYNEHbKM B CThIKe JABYX oTBepctuil. Hasuune mpo-
MEXYTOYHOrO 3BeHa (II0JYBOJIHOBAs KOPOTKO3aMKHYTasl JIMHHSA)
1I03BOJIICT 3HAUUTEJNbHO YMEHbIUUTb BJHSHHE CTYNEeHbKH.

Yuactkn AB w BB uMeloT pasnuunyio LIMPUHY, a 3HAYHT,
H pasjHyHbBle BOJHOBBLIE CONPOTHUBJEHHS. DTHM JOCTHTAeTCH
COrJlacoBaHMe 3JIeMEHTOB BOJIHOBOJHOH CHCTeMBbl IJist paGoyero
yJyacTKa [uanas3oHa BOJIH, 8 H2 TOJbKO JJIsi OXHON BOJIHHI.

H3ruGul M noBOPOTH MJIOCKOCTH noasipusaunuu. Ilpu Heo6-
AOJAMMOCTH H3MCHHTb HanpaBJICHUE OCH BOJIHOBOJAHOH CHCTEMbl
KJIM HalpaBJleHue MJIOCKOCTH NOJAPU3ALMN NPOXOAAliel BOJHbI
UCIIOJNIb3YIOT OTPE3KH BOJHOBOAOB, HMeIOIHe H3THOL (HU3JOMbI)
HJIY TIJIaBHBlE TIOBOPOTHI. Peskue U3ruGr BOJHOBOAHBIX CHCTEM
BCerja HexkeJaTejdbHbl M3-32 BO3HHKHOBEHHS! CHJIbHBIX OTpaxe-
HHI OT HEOAHOPOJHOCTH, BO3HMKAIOUIEH B MecTe usrnba. B cay-
Yyae HM3THOOB M IOBOPOTOB HEORHOPOLHOCTh HE COCPENOTOHEHA
B OJHONM NJOCKOCTH, a paclpejeleHa B HeKOTOPOM MpOCTpaH-
CTBe, CPABHHMOM MO TNPOTSIKEHHOCTH ¢ ANHHOH BoJHbL. Tako#
APOTAXKEHHOH HEOAHODOMHOCTH MOXHO Npujaath ¢dopmy, obec-
neyyBaollyi0 MHHHMAaJbHbE OTPaXKeHus.

Ha puc. 42 n 43 usobpaxenn HauGoJiee XapakTepHbie H3-
I'HObl YrOJKOBOIO THNA, KOTOPLie MCHOJB3YIOTCS Ha TNPAaKTHKE.
Ha puc. 42,a u 43,a naus wsru6m B [-nmockocTd, a Ha
puc. 42,6 u 43, 6 B E-NJ0CKOCTH.

IlpocTpaHCTBO, 3aKJIIOUEHHOE MEXAY IIOCKOCTAMH (YCJOBHO
H300paKeH caef miockocty nynkrupom) AL u AB (puc. 42) w
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Puc. 42. Yroaxosne u3ruGei B H-nnockoctn (@) b
E-paockeeru (6)

a .
Puc. 43. [poilnpie yroixosble H3THOB B H-naocko-
ctu (a) u E-mnockocry (6)

Puc. 44. Panuycuboie usrubu B H-maockoctd (@) u E-nnockoctu (6)
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AB w A’B (puc. 43), aBasercd NpOCTPAHCTBOM NPOTAXKEHHOH
HEeOJHOPOJAHOCTH, HA T'PAHUIAX KOTOPOTO BO3HHKAlOT OTpaXKeH-
Hble BOJIHBL. UTOGH OTpa:KeHHs ObIH MHHUMAJbLHBIMH, B YrOJ-
KOBBIX M3ru6ax NpeayCMOTpeHHI CHelldajbHBIE CKOCH, obecre-
ygBaplIMe HeOOXOJUMBIH peXHM B NepexojHoM ydactke. Pas-
Mephl di Ha pHUC. 42 ¥ dz Ha puc. 43 mOOOMPAIOTCH OIMBLITHBIM
nyteM. PaguycHele u3ruObl (pnc. 44) mo3BOJISIIOT TaKkKe H3Me-
HUThb HallpaBJleHde OCH BOJIHOBOJHOH cHUCTeMBl 6e3 3HauWTelb-
HBIX B He#l oTpamenuil. B 3ToM ciyuae npocTpaHCTBO MPOTH-

Puc. 45. Koucrpywuusa paguycworo usruba B
H-unockoctn

XeHHON HEORHOPOMHOCTH HAYWHAETCH C MECTa MUCKPHBJEHHS OCH
posHoBoga. Juasa toro wToObl Taxkoil M3rdb JaBajl He3HAUHTEIb-
Hble OTparKeHHUsl, PajUyC 3aKPYIJeHHs AOJKeH ObITb He MeHee
ba (@ — pasMep WWHPOKOH CTeHKHM BOJHOBOZA). Pasinyaior
IBa BHJa U3THGOB: W3rub B H-NMIOCKOCTH, KOrZa H30THYTas OCh
BOJHOBOJA JIEXHT B OHOM IUIOCKOCTH ¢ BekTopom H
(puc. 44,a), u wm3rud B E-mnockoCTH, Koria H30rHyTas OCkb
JIEXHUT B OJHOH MjockocTH ¢ BekropoM E (puc. 44, 6). Ilpumep
KOHCTPYKUHMU paarycHoro u3ru6a B FH-NJIOCKOCTHM MMOKa3aH Ha
puc. 45.

Ons w3McHeHMs HampabJ/eHHsl IJIOCKOCTH TOJIIPH3aLHH
BOJHBl B IIPOCTPAHCTBE NPHMEHSIOT OTPE30K CKPYUeHHOro BOJI-
woBoaa (puc. 46). B sTom ciayuae DpOCTPaHCTBO OT Hayaja
IO KOHLlAa CKPYTKH TaKXKe SIBJISETCH MPOTAXKEHHOH HeOJIHOPOA-
HocTbio. Takod OTPe3s0K BOJIHOBOJA JIyullle BCErO COIJIacyeTcs

75



Puc. 46. OTpe3soK CKPYYEHHOro BONHOBOAA

C ONHOPOXHLIM BOJIHOBOJAOM, KOTHA IJIMHA OTpe3Ka paBHA le-
JIOMY YHCJIY TOJYBOJH B BOJHOBOJE. [{/IMHA BOJHBI B CKPYUYeH-
HOM BOJIHOBOJE IPUMEPHO paBHa AJHYHE BOJHBL B OJHOPOITHOM
BOJHOBOZAE, €CJAH pa3Mephl M (opMmMa IONepeyHoro CeueHust
CEPY4EHHOrO yUacTka B JIOGOH TOYKe OCTAIOTCA HEeH3MEHHLIMH.

2. HopBriKHBIE COEIMHEHUS

K HauGoJsee yacTo HCMOMB3yEMBEIM MOABUKHBIM COeTHHEHUIM
B [IePBVIO OuYepefb CAeIYeT OTHECTH BpalUAIONIAecs COeXHHEeHHS
M OTpesk# rHOKHUX BOJHOBOJOB.

Bpainaromuecs coeavHeHusl. B paqHoa0KaMOHHbIX CTAHIUAX
IJ1s [lepefaud 3HePTUH K Bpaullalolieiics B TOPU3OHTAJIbHOH H
BEPTHKAJABHON [JIOCKOCTSAX AHTeHHE HCIIOJNL3YIOTCH COeIMHEHMUS,
ofecneynBarolye BpalleHHe OAHON YaCTH BOJHOBOJHOR CHCTEMBI
OTHOCHTEJIbHO APYroil. B aToM ciydae mpuHHMAalOT BCe MepHl K
YMeHBIIEHHIO OTPaXKeHUs OT 3/IEMEHTOB COeAMHEHHS NPH JMI0G0M
VIJVIe TOBOpOTA.

CxeMaTHyeCcKd OAMH M3 THUIOB BPAIIAIONIErOCs COEAMHEHHS,
USCTO HCIIOJMb3YeMOTO Ha IMpaKTHKe, IOKasaH Ha puc. 47. On
COCTOUT M3 JBYyX 4acred, COeJHHeHHbIX TMONBHKHOH MydTOH
cBa3d. Kaxpass u3 uyacTefl npeacrtasiseT coGo#  yraoBo#
flepexofl OT IPAMOYTOJLHOIO BOJHOBOAA K Kpyriaomy. B mecre
repexona MNpeXycMOTPEHB! 3JIEMEHTH! COMVIACOBAHHSI B BHIE 3a-
KODOUEHHLIX OTPE3KOB BOJHOBOACB M AMadparM (Ha pUCYHKe
Juadparmbl He [10Kas3aHbl).

[Ipu pacnpocTpaseHHH B TIPSIMOYTOJIbHOM BOJIHOBOJE IIPO-
crefinlet BosHnl TE10 B OTpe3ke KPYrJoro BOJHOBOAA IPH Npsi-
MOYTOJIbHOM Iepexofe JIerko Bo3byxaaercs BoJaHa tuna 1Mo
(puc. 47, 8). XOL CHJIOBBIX JIMHUHH 3JIEKTPHUECKOTO HOJISi BOJHBL
TMy cuMMeTpUUeH OTHOCHTEIHHO OCH KPYIVIOTO BOJIHOBOJA H
NPU OTHOCHTEJHLHOM BpallleHHH JABYX 4acTefl He MeHsieTcsi (IIpH
JOCTATOYHO TOYHOM lgHTpuponaHuu). IlostoMy npu xoporiem
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COIJIACOBAHHMHU MEPEXOA0B MOBOPOT UX OTHOCHTENbHO IpYr Apyra
He BLI3OBET HU3MeHeHHH B KOHGHrypauuu moJeff, a cJjenoBa-
TeJIbHO, He YBeJuYuT otpaxkenuit. [lpunnun paGotrel MydThH
CBS3H aHaJIOTHYEH TOMY, KOTOPHIH HEHOoJb30BaH LJsA obecreye-
WHA KOHTaKTa B APOCCeNLHO-(PJIaHUEBOM COEAUHEHHUH.

- Boxod TE,

Coenacymuue
yempademba

e
\\\\\“‘“ K

)

=1\
=\
Mygpma
Coenacyrowue  ofgay

yempademba

a

Puc, 47. Bpaujaoiieecs coefuHeHHe:
4 — KOHCTPYKIHSA; 6—paape3 My(b'l‘bl CBSI3H; 8 — 3JeKTPHYeCKHe noJa B npsaMo-
yroJabHOM BOJHOBOAe (TEw-BOJIHA) H Bo BpallaolleMcd COYJIEHEHHH (TMoi-BOnIHA)
Ha puc. 47,6 MOXHO 3aMeTHTb, 4TO yuacTkd MydTh AB u
BB o06pasyiorT no/lyBOJIHOBYIO KOPOTKO3aMKHYTYI0 JHHHI0. IIpH
RO30YKIEHHH B 3TOH JIMHHH CTOsiYe BOJMHEI B Touke b ofpa-
3yeTcs NMyYHOCTb HAMNpPSIKEHHT U y3eJa ToKa, a B Touke B — ysesn
HanpsiKeHHs U IyYHocTs Toka. Takum o6pasom, B Touke K, rae
uUMeeTcsl TPYLIMHCS KOHTAKT, KauecTBO 3JIEKTPHYECKOro KOH-
TAaKTa He UMeeT CYyILEeCTBEHHOro 3HadeHus. B Touke xe B B /no-
oM moJioxeHud oGenx uacrtefi Mydrnl OyneT HaAeKHBIH JeK-
TPUUECKUH KOHTAKT /s NPOXOAsLUeHd BOJHEL.

Puc. 48 paer mpejcraB/ieHde O NPOMbIILJIEHHOM o6pasie
BpAIIAIOEroca CoefuHeHus. DTOT 00pasell OTIMYaeTCsA OT Bpa-
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Pac. 48. Tpomuimnenuuifi 06pasen spa-
aiampoumeroca coeaWHeHHA

Puc. 49. Otpe3ox rogpupoBanHoro ruGKoro: BOJHOBOAA



L{dI0IEr0CH COeNMHEeHnst pUC. 47 TeM, 4To MydTa U OTpe3KH
KPYTJI0ro BOJIHOBQJA KOHCTPVKTHBHO OObEeJHHEHH! B 0JHO IleJioe,
a CcorJaccBaHMe OCYILeCTBJAsieTcs HacTpoiiko# mauadparm, mome-
IIeHHLIX B MEeCTAaX CTHIKOB KPYIJIOIO W NPSMOYTOJBHONO OTpes-
KOB BOJIHOBOAOB (Ha dororpaduu MX He BHIHO).

O1pesku ruOkux BoaHoBonacB. Bcerpeualorcs ciywau, xorma
HeoOXOAUMO HMETb HEXEeCTKOe MOACOeJUHEHHe K BOJHOBOAHOM

§ ¥ & ‘

Puc. 50. OTpesok ceTyaToro rubKOro BOJHOBOLA

CHCTeMe KaKoro-iu6o npubopa WM IEPeXOfHOr0 3JeMeHTa.
Ina sToro mMoryT GBHITb MCHOJB30BaHBI OTPe3KH THOKMX BOJIHO-
BOOB, HMeIOLIUX ro)pApOBaHHbEIE HJIH CETYaThle CTEHKH.

Todpuposanueiit (puc. 49) u ceruatwnit (puc. 50) BoJHO-
B0JIbl OOLIYHO TOMeLIAIOT B Pe3WHOBLINA LIJIAHT, KOTOPHIA yBeJH-
IHBAeT CPOK CJY:KOH! 3THX BOJHOBOJOB.

Uro6bl CHU3WTh BJHSIHHE HEOJHOPOLHOCTel, REI3BAHHBIX
ro)prpOBAHHON MJIM CeT4aTOH CTPYKTYPOil CTEHOK B THOKHX
BOJIHOBOHAX, TVIyOGUHY TopUPOBKH U BeJHYMHY SIYEeHKH CeTOK
NeJIa0T HeCPaBHUMO MaJjIOH OTHOCHMTE/bHO MJMHBI BOJHBI (Me-
nee 0,1}).

3. AneMeHTH COr1acOBaHUR

[Tpu BK/IIOYEHHH TOTO WJH APYroro 3jeMeHTa B BOJHOBOA-
HYI0 CHCTEMY HEMHHYEMO BO3HHKAlOT OTPaXEHUd OT MOsBHB-
iueficA HeONHOPONHOCTH, KOTOphie B 3HAYHTENIbHOH CTemeHH
YMeHhIAaloT KO3 (HUHEHT NOJe3HOro HeACTBHA JMHHR mepe-
Jayd ¥, KpoMe TOro, HapyuawT HOPMalbHBIA pexHuM paGoThHl:
KCTOYHHKA, BKJIOYEHHOrO B CHCTEMY. ’ '
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Jnq yMeHbIeHUS OTPa’KeHHH HCIOJIb3YIOT MeTOAB!, aHaJfo-
THYHBIE METOAAM, NIpUMeHsSIeMEIM B JJIHHHBIX JTHHHSAX.

Korga pacemartpusajioch nazeHue jeKTPOMArHHTHOH BOJIHBI
Ha MeTaJJIMYecKylo MOBEPXHOCTh, OTMEYaJoch, 4TO (PU3HYECKOe
[IOHSITHE HJEaJbHOIO TNPOBOLHHKA TpeOyeT paBeHCTBA HYJIIO
3JIEKTPUYECKOTO TOAsS BHYTPH NPOBOJAHHMKA. BuinosHeHue 3roro
ycJaoBUst OOBACHANOCH TeM, YTO HAa NOBEPXHOCTH NPOBOAHHKA
BO3HHKaeT OTpaKeHHAs BOJHA, PacnpocTpaHsAlomascs B IpPoO-
THBONOJIONHOM Harnpagjenun ¢ daszol, orauyHol or (asel na-
namollel BogHbl Ha 180°. Pesyastupylomas napawoumei 1 orpa-
»EeHHOH BOJIH Ha3BaHa CTOsYed BOJHOH, NMOCKOJABKY B Hell He
HaOJoKaeTCsl IBHKEHEe B MPOCTPAHCTBE HU SHEPrHH, HH (assl.

AHajsiorneil 3TOro CJydasi SIBASETCSE KOPOTKO3aMKHyTas Ha
OJHOM KOHLe IJIHHHAS JIMHUSL. B MeCTe KOPOTKOrO 3aMbIKaHHA
JOJUKHB OBITh BBHIIOJHEHBI TOXKE ONpeAe/eHHble YCI0BUA, KOTO-
pble MOXHO ObLIO OBl HA3BaTh TIPAHHYHBIMM, & HMEHHO! IJs
HAeaJbHOrO MPOBOAHHKA PA3HOCTH MOTEHLHAJOB MEXIy ABYMS
IPOBOJHUKAMHU JIHHUH B MeCTe KOPOTKOrO 3aMBIKAHHA paBHA
HYJIO, @ TOK MakKCHMaJbHO BO3MOIKHEIA Ji/I1 JAHHOH JIHHHH.
OTH YCIOBHSI TaKKe BHISLIBAIOT OTPAXKEHHE HA KOHIE JWHHU U
00pa3oBaHue CTCSIUUX BOJIH. :

OnHako Mbl 3HaeM, UTO B MAJHHHBIX JHHUAX MOTCYT OBITh
CTOSIYHE BOJIHBI He TOJBKO NPH KOPOTKOM 3aMLIKaHHMH, HO H IIPH
J060H HeoIHOPOAHOCTH.

Heuro 1nono6Hoe mMpoUCXOAMT TNpH paclpOCTPAHEHHH 3JIeK-
TPOMATHUTHLIX BOJIH, KOrfja BOJHA BCTpPeuYaeT rpaHUIY [OBYX
IH3JICKTPUYECKHX Cpell. 3eCh ONATb BCTYNMAIOT B CHJY IpaHuy-
Hble YCJIOBHS, IO TPeGOBAHHIO KOTODLIX TAHTEHIMAJbHBIE CO-
CTaBJIAIOLINE BEKTOpA HANPSKeHHOCTH JEKTPHUUECKOTO MOJA U
HODMAaJIbHblE COCTABJAIOLIYE [OTOKA MArHUTHOH HHAYKUHM [0
0o6e CTOPOHB! OT IpaHHUB ABYX Cpell HOIKHBI ObiTh pPaBHHL.
MarteMaTHYeCKH 3TO 3AMNMCHIBAIOT TaK:

Et1= Et, H Bn1= an,

TAe 3Ha4KH | ¥ 2 OTHOCATCS COOTBETCTBEHHO K NEepBOH M BTO-
po#t cpenam, a B = pH.

ITpy HeoNWHAKOBBIX NOCTOSTHHBIX ABYX Cpefl (HH3JEKTpHue-
CKOH H MarHMTHOH NPOHHLAEMOCTH) Ha TIpaHulie pasjiena BO3-
HUKAIOT OTPaXeHH:A, KOTOphle fBJIAIOTCA «peakideil» CpaHuLbl
pasiena, «obecreunBa:olel» BLINOJHEHHE TPAHUYHBIX YCJIOBHIL.

Puc. 51, a paer reomerpuueckoe oGbsiCHEHMe BLILIECKA3aH-
Horo. TaHresmuuasjbHas COCTaBJASIOIIAst BEKTOPA, HANPSAXKEH-
HOCTH 3JEKTPHYECKOTo Nojis majammedt Boaum Ey; (B cpelle
C & U 1) M TaHTeHIUATbHAS COCTAB/SIOLIAsT BEKTOPA HAMPS-
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;"@HHOCTH 3/IeKTPHUYECKOro TOMs TMpOXOAsuel BoMHE Ep,  He
V4BHBl Mex Ay coboii. Kak peakuns rpaHuubl BO3HHKAeT OTPa-

< CHHAA BOJHA C TaHTeHUMadsHOH cocrapisiomed Ey H, Ta-
KM 00pa3om,
’ (24 ’
Etletl—-Etl =Et2='Et2’
. . TPAHHYHBIE YCJAOBHUS BHITIOJHEHbI.

- IlpeacraBum cefe, YTO B MOMEHT NPUXOAA BOJHHI C MOJeM
L£; K rpasdue JABYX cCpej KO BTODOil cpele MOAKJ/ICUEH reHe:
paTop, CO3JaI0MWHUA BCJAHBI C TAaHTeHUHAJbHOH COCTABJAIOLIE
3eKTOpa HANpsKEHHOCTH 3JieKTpuueckoro noqas AE,=—E,
(puc. 51, 6). Torna

! ’ ’
Et1: E;IZEQ + AE}z == Et27

" €. TPAHHYHbIE YCJOBUS OKa3BIBAIOTCS TaKKe BBIMOJHEHHBIMH,
HO yKe B flepBOil cpele HeT OTPa)KeHMs W BOJHA MPOXOJHUT 4He-
23 rpaHuLy ABYX cpel GecnpensTCTBERHO.

N
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e, B1. YcrpaHeHne oTpa)keHHil OT rpaHMmbl ABYX Cpef C DOMONILIO NPC-
MeXyTO4YHOH cpelb

(=

Taxum o6pasoMm, BOBpeMs UOAKJ/IOUEHHBIH K TpaHyile ABYX
cpell reHepaTop KaK Obl «COTVIaCOBaJ» YCJOBHSI TIPOXOMXKIEHHs!
JJIEKTPHUECKOTO M0Js1 BOJHBI 4epe3 9Ty rpaHuuy.

Ilpu pacipocrpaHeHuy BOMHbl Jajlee W3 BTOPOH cpelbl B
YPeTHIO, mapaMeTpbl: KOTOPOH & ¥ p3 OTJIHYAIOTCS OT MEePBBIX
LBYX Cpell, moTpeGoBajoch Gbl aHAJIOrHUHOE N[O MPHHUMITY CO-
rinacosanne. OnbiT, KOTOpbIH Mbl onMcaH, ABJfeTcs Boobpa-
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xaembiM. OfHAKO HA NpPaKTHKe NPOUCXOIMT HEYTo Noao6Hoe.

Ecau neo6xonumMo 06eCrevdTb pacnpocTpaHeHHe 3JeKTPO-
MArHHTHOA BOJIHbI 6e3 OoTpaieHHH U3 Cpelbl C mNapaMeTpamy
€ W pi B CPelly C mMapamMeTpaMiy €3 H pj, TO MEXKIY THMH Cpe-
JaMK MOMELIaoT MPOMEXYTOUHYIO Cpely OnpenesenHoll ToJ-
IIMHBL CO CHeluXanbHO NoACOPaHHLIMH MapaMeTPaMHu €; H pa.
B sTOM ciiyuae Mexay AByMs TpaHHILAMH Cpeld ecTb ¥ Oeryuine
d crosiune BoJHbl. [lpu onpeneneHHo nonoGpaHHBIX €3 H g, 4
TaKxKe TOJILUIHHE MPOMEXYTOUHCH Cpelll CTodAYas BOJHA, BO3HH-
Kaiomas B Refl, urpaeTt poJb PACCMOTPEHHOTO Bblllle IeHepaTopa

«aobasok» AE;, u AL:; (puc. 5l,8). Teopus u onulT noka-
SBIBAIOT, 4TO A/ BO3OYKIAEHHA TakoH crosiyell BOJIHBI He0OXO-

o A
AUMO IIpH TOJIIUHE @OPOMEXYTOUHOH Cpelbl —4- BbINOJ/IHUTH

. - A
yCaoBHe, YTOGH <-—> == 3
) 1 b3

Ec/ln xapakTepH3oRaTb CBOHCTBA CPeibl, BBOAS TOHATHE
CONPOTHBJIEHHII PacpPOCTPAHEHHUIO BOJIHBI, TO pPacCMOTPeHHbH
Npolece MOKeT ObiTb 11a3BaH COIJIACOBAHHEM COMPOTHBJEHUH
IBYX BCJHOBLIX KaHaJoB. [IpOMeXyTOuHYIO Cpefy B 2TOM CJly-
yae He OyjAeT OIIMOKOH Ha3BaTh COMIACYIOUIMM TPaHCPOPMATO-
[OM, MOCKOJIbKY pedb HAET O TpaHcopMalLdd COMpPOTUBJCHHH
mepexojia ¢ TpaHHI(Bl [apbl Cpell HAa TpaHuIly APYrod mnaphl
cpen.

C aHaJOrHYHLIM SBJEHHEM Mbl BCTPEYaJHCh M B AJHHHBIX
JIHHHUSAX, THe COTIaCyIOLMM 3JI€MEHTOM CJYXKHT 4eTBepPTbBOJIHO-
ras Da3’OMKHYTas JWHHS, BOJHOBOE COMPOTUBJIEHWE KOTOPOH
PaBHO cpefHeMy FeOMEeTPUUECKOMY M3 COIVIaCYeMLIX COIPOTHB-
JIeHHII.

Ykasanublfi crioco6 COrIacoBaHUsI MBYX BOJHOBBIX KaHAJOB
Lpd MOMOLLH HYeTBePTbBOJHOBOrO TpaHcdopMaTtopa, B KOTOPOM
CTOfYas BOJHA Mrpaer po/b reHepaTopa HeOOXOAHMBIX «A06a-
BOK» Ha IpaHHUAaXx cpef, fBJIgeTCS YacTHbIM cJayudaeMm -Gosee
obiero Merona.

Mg AJUHHBIX JHHUA H, B YACTHOCTH, A/t BOJHOBOAOB STOT
MeTox TpeGyeT CO3JlaHHa HeKOTOPOTO MPOMEXKYTOUHOTC yYacTKa,
B KOTOPOM Mnajaioiiefi BOJHOH BO36YXKRAIOTCS BOJHBI pasJiuy:
HBIX BHAOB M THIIOB KaK HE3aTyXaiollihe, Tak M 3aTyXalollye
C COOTBETCTBYIOUIMMH aMILIUTYyAaMH H (a3aMH. DTH BOJHB Ha
I'PaHHIEX [POMEKYTOUHOIO Y4acTKa CO3JaI0T YCJIOBUS MPOXO0XK-
JIeHHIO OCHOBHO/H BOJIHBEI 6e3 CYLIECTBEeHHBIX OTpameNHi.

B mpocreiiuiem ciydae OTpaXKeHHs B BOJHOBOAE HJH Ji0GOL
ApYyroil JIMHHM Ilepejauyd [NPOHCXOJAAT OT HEOAHOPOAHOCTH,
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HMEIOLIEH Xapakrep COCpPejioTOYeHHOH eMKOCTH WJIH WHAYKTHB-.
Hoctd. McexawueHHe BJAWAHHA 3TOH  HEONHOPOLHOCTH, KoTopas
YacTO BCTPEYaeTCsl Ha MpPAKTHKe, He Bhbi3biBaeT 6OJbIIUX 3aTpyl-
HeHni. ITO HOCTAraeTcst TeM, YTO B JIHHHIO BKJOYAIOT 3Je-
MEHT COTJIaCOBaHHUsl, KOTODPbLIH B CBOIO OoUepelb SIBJAETCS HEOLHO-
poAHoCThi0. B mpocTpaHcTBe MeXAy HEOAHOPOLHOCTHIO JIMHHH
U HEOJHOPOJHOCTBIO, BBEAEGHHOH COIJIACYIOLLUM 32JIeMeHTOM,
yCTaHaBJIMBAETCS TAKOH pe)kHMM Oeryudx H CTOAYMX BOJH, NpPH
KOTOPOM Ha ero rpaHH0aX BbLIIOJHAITCA TPAHHUYHBIE YCAOBHSA
njs BekTopos E n H.

a
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Puc. 52. Bxawouenne muefipa B E-niockocTn BoHOBOLA

Hau6osee wacrto npuMeHseMbIMH B BOJHOBOJHBIX CHCTEMAaX
COTJIACYIOLIMMHI DJIeMEHTaMH ABJSIOTCS Liielidsl, nuadparMel U
peakTHBHbIE LITHIPH.

‘Mlaeiidor. OTpesok BOMHOBOLA, 3aMKHYTHIH Ha ONHOM KOHILE,
SKBUBAJIEHTEH 3aMKHYTOMY OTPe3Ky ABYXMPOBOJAHOIH HJH KOaK-
cuanbHoi JuHun. [1pH H3MeHEeHHH NOJIONEHUS 3aKOpavHBalollelt
neperopofky (IOpIIHSI) MeHseTca AJMHAa 3aKOPOUEHHOH 4YacTH
oTpeska BoaHoBona. Ilo awajorun ¢ IJTHMHHBIMY JHHHAMH 38KO-
poueHHBIH OTPe30K BOJHOBONA MOXHO HA3BAaTh DPeaKTHBHLIM
uieioM U NpH BKJUEHHH erc B BOJHOBOX HMCHOJ/b30BaTbh Kak
BJIEMEHT COrJIACOBAHUS.

Ha puc. 52 wmelid Br/IOUeH B HIMPOKYIO CTEHKY BOJHOBOZAA.
Taxkoi#i cnoco6 BKJlOUeHHs weliha HA3bIBAETCA ROCJIeLOBATENb-
HbIM HJIM BKJIOYEHHEM B £-TJIOCKOCTH.

[Tocse npuxona BoJiHbl B MOMeHT [ = 0 K MeCTy BKJ/IOUeHHA
unefipa (Touku a M 6 puc. 52, 6) 3/1eKTpAUECKOe MoAe pacnpo-
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crpansmileiics (cnpaBa HasleBo) BOJHLI NMPOHHKAeT B ULIeld
¥ He OPOXOAUT B JEBYIO YacThb BOJHOBOZA. DTO MPOUCXOIMT
MOTOMY, YTO MeIy TOYKAMH ¢ W & 3apsiibl pa3HOMMEHHble, a
MeXJ1y TOUKAMH 8 M & OJHOUMEHNbIe, U MOJe OTCYTCTBYET.

o A
Ecau skeuBaJsienTHas AauHa mefida pasHa —Z—, TO yepes

T o
noJinepuoxa (t=—2—) [oJie OTpaxKeHHOM BOJIHBI B MeECTe BKJIHO-

yeHud uuteiida GyieT TAKHM, KaK Ha pHc. 52, 8. 31ech Mex1y
TOYKaAMH @ # 8 BO3HUKaeT IoJe, KOTopoe B036y:KiaeT BOJHY,
NOCTYNAKLLYIO B JIeBYIO YacTh BOJIHOBOAA. B 3TOT MOMEHT noJge
OT NPSIMO¥ BOJIHBl B TOUKax @ W O coprnagaetr no ¢ase U BeJH-
YUHe C 10JieM BOJHBI, OTPa:KeHHOH OT 3akopauuBaiollefl wieild
CTEHKH.

Takum o6pasoM, mnpsiMas BOJHA OT MeCTa BKJIKUeHHd
uuieiiba He orpaxaercd. Heo6xo@nMo 3amMeTHTb, YTO B ceye-
HAsSIX a6 W g2 (ha3bl JeKTPUUECKOro [O0Js BOJHBI TaKHe, KaK
GyATO MEeXAYy 3TUMM CeYeHHSIMH MOCJELOBATeJbHO BKJIOYEH OT-
pe30K BOJHOBOAA AJAMHOH B noJBoJHBL. [Ipsimas BoJHa
(puc. 52, 2) n orpaxkenHas (puc. 52, 8) cosjaioT B ILIelide pe-
KUM CTOAYMX BOJIH.

ITpu n3menenun nimubl maeiida Hapyulaercs yKasaHHas
CHH(pA3HOCTD U B CeYeHHH a0 BO3HHKAET OTPaXKeHNas BOJHA,
amMminTyAa ¥ ¢asa xoTopoil 3aBucAT oT AJuHB wnefida. [lpn-

o o . A
5KBUBAJEHTHOH JanuHe Luefida, paBHOM -2—’?, B ceueHHH ab

CO3JIAfOTCA YCJIOBHS, aHAJOTHYHBIE KODOTKOMY 3aMBIKAHHIO, H
B NIPABOH YaCTH BOMHOROJA GYIET TOBKO PEXKHM CTOSUMX BOJIH,
B TO BpeMsl KdK B JIEBYIO YaCThb BOJHOBOZA BOJHA NPOHHMKATH
He Oynmer.

Bxjrouyass wuteiip B BOJHOBOL, MBI T€M CAMBIM BKJIOUaeM
HEKOTOPYIO HEO/HOPOAHOCTb, PEaKTHBHEIN XapakTep KOTOpPOIl
MeHAeTC B 3aBHCHUMOCTH OT TOJIOXKEHUS 3aKopayupaloiel
CTeHKU HuIeida.

Bx.ouenne wmefiha B y3KYIO CTeHKY BojHoBoga (puc. 53)
HA3bIBAETCA [apaJjiiebHbIM BKJIOUEHHEM MJH BK/IIOYEHHEM B
H-nnockoctn. B 3ToM ciyyae MOXKHO 3aMeTHTb, UTO 3HEPTHs
OpsiMOi BOJIHB! NPOXOAMT BIOJB BOJHOBOAA M YaCTHUHO OTBET-
BJsieTcA B ULIeiid. B mpocrpaHcTBe Mexay sakopaunBaoilefi
CTeHKOH uiefia ¥ IPOTHBOMOJOMNKHOH Y3KOH CTEHKOH BOJHO-
Boja (B mpelesnax Touek 6 W 6) ofpasyercst CTosyas BOJIHA.

o o . A
I1pu sxeuBasenTHoll Anune muefidha, pasHoH f, B CeyeHHH ab

CTosl4asl BOJIHA CO3JaeT YCJOBUS, IPH KOTOPHIX npaMmasa BOJIHA
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IPOXOMNHUT N0 BOJHOBORY 6e3 oTpaxkeHnuil. [1py H3MeHeHHU AJIHMHBI
mwefia crosigas BOJAHA B TOUKAX @, O M 8, 2 He CO3AaeT IOJs,
cuHba3HOIo ¢ NMPAMOH BOJHOM, a MO3TOMY BO3HHKAKT OTPAXKEH-
Hple BOJIHBI TOTO K€ XapakTepa, YTO H [pPH mapajliiesbHOM
BKJIIOYEHHH PEeaKTHBHOrO CONPOTHBJIEHHUS.

Puc. 53. Biioyenue uuieiiba B H-naockocts
BOJTHOBOJA

Ias Hactpoiiky mefioB Tpe6GyeTcs U3MeHeHHe T0JI0MKeHHS
3akopauuBamoilel credku. C 3TOH LeJbI0 HCIOJAB3YIOT MOPIIHK
CreuuaJbHOl KOHCTPYKUHH (pHC. 54).

3a30p MeXIy KOHLOM IMOpiIHA W CTEHKOH BOAHOBOAA HA
yuactke BB o6pasyer pasOMKHYTHIH 4YeTBepTbBOJHOBBIA OTpe-

Bonnecbad

v |

/ﬁopweuo

Z272777272

Puc. 54. 3axopauusaoumii nopulesib, ofecre-
YHBAIOLIHH HaAeXKHblli /EKTPHUYECKHH KOH-
TaKT CO CTeHKaMH BOJIHOBOAA

3ok juHuK. KanaBka AD B nopiiHe oGpasyeT Apyro# uerBepTh-
BOJIHORLIl CTPEe30K JHMHWH, HO KOPOTKO3aMKHYTHIH Ha KOHIe.
Orpesku AL u BB 06pasyloT NOJYBOJHOBYIO KOPOTKO3aMKHY-
TYI0 JIHHHIO, ¥ KOTOpO#l B TOuKe A — KODOTKOe 3aMblKaHue, B
TouKe B — Ny4YHOCTb Hanpsi:xeHuss ¥ y3es TOKa, B Touke B —
ONATh PEXKUM KOPOTKOrO 3aMbIKaHHA. Takas KOHCTPyKiHus obec-
NeduBaer HaleKHbll 3JeKTpHUeCKHH KOHTAKT B TouKe B, ecau
naxe B Touyke b (rpaduua TpPyUIHRXCs MoBepxHocTeli) Oyner He-
JOCTaTOYHO XOpPOLIUfi rajbBAHHUECKHH KOHTAKT.

TIpumepom scmoJib30BaHUA Uilefiha KaK 3JeMeHTa COorJaco-
BaHUS MOLYT CJyXHTb COIJIACYlOLLHe yCTPOHCTBA Bpamlaroule-
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rocs coegurenus (puc. 47), B KOTOPOM HEOGXOAHMO COrJIaco-
BaTh MepexOf OT NpPAMOYFOJbLHOTO BOJHOBOAA K KPYFJIOMYy H
Hao6opoT.

Jinadparmu., Juacdparma, noMeliaemMas B BOJHOEOL, INpen-
cTaBJsieT COOOH MJIAaCTUHKY, B KOTOPOf BbIpe3aHO OTBepCTHE,
Ecam 310 OTREpCTHE MMeeT MPSIMOYroJbHyto (Gopmy, TO Mbl MO-
XeM paccMmaTpuBaTth auadparmy Kak KOPOTKHE OTPe30K MpsiMo-
YTOJbHOFO BOJIHOBOJA, Y KOTODOrO pasMephbl MOlEPeYHOro ceve-
HHSl OTIMYAIOTCH OT pa3MepoB OCHOBHOTO BOJIHOBOAA.

[Mo-npexHeMy CYUTaeM, YTO B BOJIHOBOAE paclnpocTpaHsercs
ponna TEy. B atoM cayuae corsacHo dopmyse (15) BoaHoBoe
CONpOTHBJEHHe BOJHOBOAA C DA3MEPOM IUMPOKOH CTEHKH @ H
y3KOH CTeHKHM 8 BbIpasuTcs

ZrE:l/_‘i_.___l______ ._{’_!
€ )\ 2 a
V 1-(2)

IIpeo6Gpa3oBaB 3TO PABEHCTBO B BUAE

s=tamp-Gfl o

MOJYUHM 3aBUCHMOCTb Das3Mepa OJAHOH CTeHKH BOJHOBOAA OTs
pasMepa Apyrofl npuH IMOCTOSHHOM 3HAYEHMH BCEX MAPYTHX
BEJIUUHH.

JlBa BOJIHOBOMA CUMTAIOTCS COTJIACOBAHHBIMH, €CJH HX BOJ-
HOBble COonpoTHB/eHUs1 paBHbl. PaBencrso (17) nossoaser nojo-
6paTb Takde pasMepbl BOJHOBOAOB, NPH KOTOPHIX JaHHbie BOJI-
HOBOAB! 6y 1yT COLJACOBAHM.

Hns moboro 3HaueHust pasMepa UIUPOKOH CTeNKH BOJHO-
BOMA @ TPH YCJOBHH, 4TO @ 6O0Jbille MOJOBUHBl AJHHBI BOJHHI,
paBeHcTBO (17) mosBosisieT HAlTH 3HaueHHe pasMepa  Y3KO#
CTEHKH 8, TpH KOTOPOM BOJHOBOA 006JajzaeT HeoO6XONHMBIM
BOJIHOBBIM conpoTuJendeM. Korga a Tonbko HeMHoro GoJblie
—g , TO 8 CTaHOBHTCA OYeHb MaJjbiM. TakuM oOpasoM, Y3KHe
BOJIHOBOJL! HMeI0T GOJblIINe BO3MOXKHOCTH coraacoBanus. Heno-
CTATKOM TaKoro cnocofa COrJIaCOBaHUS SABJSETCS yMeHbllUeHHe
IIponycKkaemoll yepe3 BOJHOBOL MOIIHOCTH H3-3a BePOSTHOCTH
npo6os Mo y3KOMy pasmepy aAuadparmbl.

Korna BosHoBoe conpoTtdB/aeHue naMadparmel, paccmaTpH-
BaeMOH Kak KOPOTKWH OTPe30K BOJIHOBOAA, OTJHYAETCS OT CO-
NPOTUBJIEHUS] OCHOBHOTIO BOJIHOBOJA, B KOTOPLIA OHa BCTABJEHA,
NPOHCXOAMT OoTpaxxerHe. K TakuM AuaparMaM OTHOCATCA, Ha- .
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Puc. 55. Tpu Tuma AnaparM, HCHOAL3YEMBIX KaK 3JEMEHTH €O-
riacosasus

npumep, axnadparmsl, y KOTOPHLIX OAMH H3 PasMepoB IIEJH -
(a unu 8) paseH COOTBETCTBYIOLIEMY PasMepy OCHOBHOTO BOJIHO-
BOJA.

Hau6onaee pacrnpoctpaneHsl auadparMel, H306pa’keHHble HA
puc. 55. Korma pasmep wenu auadparmol Takoi Ke, Kak y
OCHOBHOTO BOJIHOBOA4, & pa3Mep 8 MeHblle, YeM y OCHOBHOTO
Bo/HOBOAA (puc. B5, &), BOJHOBOE COMPOTHBJCHHE AHAadparmsl
rno pasedcTey (15) Mebllle, YyeM BOJIHOBOE COLpPOTHBJ/ICHHE
OCHOBHOTO BOJIHOBOJAA.

Ocrobrod
/L Bonnobed
b.‘l\ = Lot b blodedd
D
— Z .
§/ Z Z rovesor)
A LJuagpazma

Puc. 56. [luadparMa, HarpyxeHHas Ha
BQJIHOBOE  CONPOTHBJAEHHE OCHOBHOIG
BOJIHOBOAQ

87



Korna y mmacparmsl pasmep a MeHblle, YeM Y OCHOBHOTO
BOJIHOBOZAA, a pa3Mep 8 Takoi xe (puc. 55, 6), BOJHOBOe CO-
npoTHBJAeHHe Auadparmbol O6yAeT GoJblle, YeM BOJHOBOE COMNpPO-
TUBJIEHUe BOJIHOBOAA.

ITo pasencrsy (9) MOKHO oOnpeneNnTb XapakTep HEOTHO-
DPOLHOCTH B BOJIHOBOJE B MECTE HaXOXKJEHUs TOH HAH APYroit
fuadparMbr.

0O603Hauas BXOJHOe CONPOTHBJeHHe AHa(parmMsl, HATPyIKeH-
HOW OCHOBHHIM BOJHOBOZOM (pHC. 56) ¢ BOJIHOBBIM CONpPOTHB-
JienueM Zy, 4epe3 Z; W BOJHOBOE CONPOTHBJeHHe Auadparmpl
yepe3 Zi, UMeeM
Zgcos kl - jZysin ki
Zycoskl 4 jZysin k!

=1,

Tax xax auadparma oueHb TOHKas H BeJWudHA k[ 3nauu-
TeJNbHO MeHblle eJHHHIb, TO B BIPAKEHHH 19 Z; MOXKHO Npu-
HATE cos kl =1, a sin kl = k! (cuHyc Majoro yrja, BblpaeH-
HOro B pajuaHax, paseH camomy yray). Toraa

7,=1, ZO—{—/:Zlkl
Zy+ jZoki

ITocse HEeKOTOPHIX npeobpa3oBaHUE MOXKHO IOJYYHTD
Zl=Rl+ij

e aKTHBHA5 COCTaBJAIOLLAs BXOXHOrO CONPOTHBJIEHHS auad-
parmsl

1+ &l
Rl'“'"ZO o ’
14—k
+ Z
a peaKTHBHAS COCTABISIOLIAS
. ]
14+ gy M50 1
Z

[To nonyuenumM BuipaxenusMm Agas R, w X, Moxuo 3a-
METHTb, UTO MPH HE3HAUMTENbHOH DasHHIE B BOJHOBLIX CONPO-

Zo .
THBJICHHSAX BOJIHOBOJA H Il]/la(ppal“MbI (70 ~ 1>aK’I‘I/IBHaﬂ coCTas-
1

gsiomass R, paBHa BOJNHOBOMY CONDOTHBJEHHIO OCHOBHOTO
BOJIHOBOJAA Zo, 8 PeakTHBHAsA 4acTb X, HOCHT MHAYKTUBHGLIH HJIH
eMKOCTHBI XapakTep B 3aBHCHMOCTH OT TOTO, KAKO& H3 BOJIHO-
BEIX CONpOTHBJEHUH Z; U Zp GoJblile WK MeHble.
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DTo naeT BO3MOKHOCTb CKasaTh, uto auadparma, Hsobpa-
MeHHas] Ha pHC. OO, a, co3MaeT B BOJIHOBOAE HEONHOPOAHOCTD
CMKOCTHOIO XapakTepa, a Auacparma Ha puc. 55, 6 — HHIyK-
TUBHOTO Xapakrepa.

Huadpparma, usobpaxkeHHas Ha puc. 55, 8, ABJATETCS HHAYK-
THBHO-€MKOCTHOH, M NPH ONpeleIeHHOM COOTHOLIEHHH pPa3MepoB
[10 WHPHHE K BBHICOTE €€ BXOJHOE COMPOTHBJAEHHE MOXKeET OhIThb
Clle/1aHO PaBHBIM BOJIHGBOMY COTIDOTHBJ/IEHHIO OCHOBHOIO BOJIHO-
BOJA.

YcranoBka nuadparMm B COOTBETCTBYIOLIEE MECTO BOJHOBOJ-
HOU CHCTeMDl, KaK y#e YKasblBaJocbh, MO3BOJISIET CO3/aTh HEKO-

a b

®Puc. 57. BrioveHne uuadparM B MecTa HapYIIEHHS ONHOPOAHOCTH BOJ-
HOBONA MO y3KOH CTeHKe (@) ¥ Wupokod credke (6)

_TOPBIE MepexoAHbIf y4acTOK, Ha TpaHHlaXx KOTOPOro BHINOJ-
HSIOTCS HeOOGXOIHMbIe YCJIOBUS ISl NPOXOMAECHHS BOJIHEI

Muoraa, 4ro6bl KOMIEHCHPOBAThH BJHSHHE HEOXHOPOIHOCTH
pPeaKTUBHOCTLIO finadparmel, AOCTATOYHO MOMECTHUTb Auadparmy
‘HEMOCPE/ICTBEHHO Y HEONHODOJAHOCTH, KaK 9TO CHesJaHO Ha
puc. 57.

Henocratkom nnadparm, #Cnomnb3yeMblX sl COTNacOBaHus,
SIBJIIETCS] HeBO3MOXKHOCTb PEryJIMPOBKH UX MOJIOKEHHs BO Bpems
"KCIIYATalHN BOJHOBOZHBIX cHcTeM. [Ipumenenue pauacdparm
-TpefyeT IpeABapuTe]bHOro MORGOpa HMX TOJOKEHHS U pa3Me-
‘pOB OHBITHHIM OyTeM H, CJieJOBaTesNbHO, ONPAaBABIBAETCA B TeX
caydasx, KOrAa uactas HacTpolKa HCKJ/ioYeHa.

Peaktusunie wrbipn. B Tex cayuasx, korma HeoGxoaumo
peryJupoBaTh BHOCHMYIO B BOJIHOBOX PeaKTHBHOCTb, HCIONb3Y-
FOTCSl BEPTUKAJbHble IITHIPH, YCTAaHAaBJHBAaeMble [0 CpenHel
-JIMH{H LIHMPOKOH CTeHKH BoJHOBOAA (puc. 58, a). IkBuBa/eHT-
.ijaf cxeMma AJs WTHIPA mpeicTaBiseT co6ofi nocjexoBaTenbHO
COeJMHEHHble eMKOCTb H HHAYKTUBHOCTb. KOpOTKMH UTHIPH

89



X o o
(/ <—:) AefiCTByeT KaK €MKOCTb; NJHHHBIH LITHIPE CO3J4aeT

A
FHAYKTHBHYIO MPOBOAHUMOCTbL; IpH JAJKHe IUTBIpA OKOJO —4!'

HaCTynaeT Pe30HaHC, NPOBOAKMOCTb ofpaulaercsi B 6eCKOHey-
HOCTb, YTO COOTBRTCTBYET KOPOTKOMY 3aMbIKaHHIO, U BOJIHA B
BOJIHOBOJIe MOJIHOCTbIO OTpaxaercs. Pervanpys ray6uuy norpy-
MEHHS WITHIPA, MOAKHO H3MEHATb aGCCJIOTHYIO BEJHUMHY KO3(]-
¢uureHTa orpaxkeHus oT Hero. Pasa OTpaKeHHOH BOJHBI pery-
JUDPYeTcsl NepeMelleHHeM IUThips BAOJb MPOJOJbHOH IMIeJIH,
NPoOpe3aHHON B LIMPOKOH CTeHKe BOJHOBOAA.

—_—
a
Puc. 58. Peaktupnbifi WTHPs Kak JeMEHT co-

rjacosaHud

HOna obecrneueHHs HAAEXKHOTO KOHTAKTa B MeCTe BBOJA
IITBIPS B BOJHOBOA MNpPeRYCMOTDeHbl KaHaBkH (puc. 58, 6),
SKBUBAJENTHbIE MO CBOell pafoTe MOJYBOMHOBOH KOPOTKO3aMK-
HyToll sunmu. B Toukax m ¥ n moJaydyaetcs peXUM KOPOTKOTO
3aMblKaHHs BHE 3aBHCHMOCTH OT KauecTBA [ajJbBaHMYECKOTO
KOHTaKTa MeXAy KapeTKOl IITHIPS W CTEHKOH BOJIHOBOJA.

O6LiuM HeJOCTATKOM PacCMOTPEHHBIX BLILIE COIMIACYIOUIMX
YCTPOHCTB SIB/ISIeTCSl CPaBHMTE/IBHO y3Kasi [0J0ca, B KOTOPO#
BO3MOHO XOpOlllee COriacOBaHHE OTAENbHLIX 3JeMEHTOB BOJI-
HOBOZHBLIX CUCTeM. [l yMeHbIUEHHS 3TOrO HEJOCTAaTKa YacTo
UCIIOJIb3YIOT OJHOBPEMEHHO HECKOJIBKO COrJIACYIOHX 3JeMeH-
TOB, KaXXIbIfi U3 KOTOPbIX HACT)aHBAETCH C HEKOTOPLIM pas3Ho-
COM II0 4acTOTe OJHH OTHCCHUTE/JIbHO APYTroro.

4. PasserBjeHus

PasBeTBiIeHHA BOIHOBOJOR NpAMEHAOTCA I pacrnpenene-
HHS Bbh!COKOYACTOTHOH HEPrun MeXKAy pas3/IMdYHbIMH n0Tpe6m‘e-
JAMH WIH AJi8 NMOAK/AIOYEHHS] HECKOJLKHX HCTOUHHMKOB K OJHOH
Harpyske.
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[Mpocrefiinm cunTaeTcs PasBeTBJCHHE C NMOMOILbLIO Nepero-
POIKH, TIOMeIleHHOH BHYTPL BOJHOBOAA NepreHAuKyAAPHO CUIO-
BHIM JIMBHSM 3JexTpudeckoro noas (puc. 59). upuua nepe-
rOpPOAKHM paBHa pasMepy LIMPOKOH CTeHKH BoJHOBoAa. [lepero-

b

2

\r

Puc, 59. INpocrefiliee pa3peTBJeHUE BOJHOBOIHOH CHCTEMHE!

polKa TO3BOJsieT PasiesUTh [OJe IO BOJHOBOAAM C Y3KUMH
CTEHKaMH, PABHBIMH 81 H 8.

Takoe pasae/neHre BOSMOXHO NOTOMY, UTO PacnpoCTpaHeHue
BOJHKE TE g He 3aBUCHT OT IWIHPUHBI Y3KOH CTEHKH BOJHOBOAA.
UTo6bl YMEHBIIUTb OTPaXKEHHe OT I[IePeropojxH, OKOJO ee Ha-
yaja NMOMEUIaloT OAHN W3 /J1eMEHTOB COrJIaCOBaHUS.

Hpyriam crnocoSoM pasBeTBAeHUs SABJASIOTCA TPOHHHUKH,

Z
b
l/Bga A )
§ &6

Puc. 60. Cxema TpPOHHHKOBOTO pa3BeTBJE-
Husi B E-maockocty

Tpoiinuk. Urobsl 1weficorrle BRIIOUEHHS, MOKA3aHHBEE HA
puc. 52 u 53, ctany TPoAHHKAaMH, HeOGXOAHMO B OTBETBJEHHE
BMECTO 34KOPAUYHBAIOLIEr0 TOPIIHS BKJOYHTb Harpysky Z
(puc. 60). '

O KOHCTPYKUHMH TPOMBILLTEHHOTO o6pasia TPOLHUKOBOIO
pa3BeTBJIEHHS JaeT npeacrassenue puc. 61..

[1pyu conpoTHB/IEHHH HarpysKH, PaBHOM BOJHOBOMY COIpPO-
THUBJeHno, B MJjeue 5 (puc. 60) Oyzer pacnmpocTpaHATbCA
ToNbKO Geryumias BoJiHa, 61aronaps 4eMy MexXAy TOUKaMH 8 H
2 HanpsiKEeHHOCTb 3JEeKTPUYeCKoro noJs 6yneT paBHa HYJIO H B
njeyo B Boana He npofier. JeTaqbHoe paccMoTpeHue yOe
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WOAeT, UTO B CEUEHHH ab MOJHOrO COTJACOBAHMA MOXeT He
ObiTb, B pe3yJbTaTe 4Hero 0O0pa3yeTCi OTPaXKEHHAs BOJHA.
Iis  ycTpaHeHUs 3TOro fIBJEHWs HCNOJb3YIOT AHAa(parmul,
KaK [mokasaHo Ha puc. 57. [lpm Harpyske, He paBHOH
BOJIHOBOMY CONPOTWBJIEHHIO BoJsHOoBoaa (puc. 60), B maeve b
Hapaay ¢ Oeryiiefi BO3HHKHET cTos4as BoJHA. DTO MpHUBEAET

Puc. 61. Oana w3 KOHCTpyKu#il OAMHAPHOIO TPOWHMKA

K TOMY, 4TO B NJedye B HawHeT paclpoCTPaHATLCHA BOJIHA,
aMnauTyAa H ¢gasa Koropoil 6yAyT 3aBHCETb OT HArpysku Z.

Koraa B nseue A pacnpocTpaHseTcs BOJHA B OLHOM Ha-
npaBJeHdH, a B njede B — B aApyrom, To B mjeuo b npoxoaut
SHeprus NPy YCJOBHH, €CId MeXJy TOuYKaMu a—O6 U 8—e eCcThb
3JIEKTpUYECKOe MoJie pasHblX 3HaKOB (puc. 62, a). 1o siBaseTCH
ycjoBueM B036yXAeHHs BOJIHB B mjevye b noseMm Mexay TOd-
KaMi a H e.

B npyrom caysae (puc. 62,6), korna B ceueHusnx a6 W 82
roJle OJIHOTO 3HaKa, B nuedo 5 3Heprua npoxoauth He Gyner.

IlepBuiit cayuail (puc. 62, @) COOTBETCTBYeT CTOAUEH BOJIHE
B OCHOBHOM BoJiHOBOZe (Naeun A u B) C y3/10M 3JIeXTPHUYECKOro
TioJs B MecTe OTBeTBJeHHA (mpocTpaHcTBO abse); BTOpOi e
cayuafi (puc. 62, 6) — crosiuefi BOJIH® B OCHOBHOM ROJIHOBOJE
€ MYyYHOCTbIO 3JEKTPHUECKOro MOJis B MeCTe OTBeTBJIEHHA.

Ecnu passeTBjicHHe BOJHOBOAOB TNPOUCXOAHT B ILIOCKOCTH
MACHHTHBIX CHJIOBBIX JIMHME, T. €. MO0 Y3KOH CTeHKe BOJIHOBOAA
(puc. 63), ycnoBus pacrnpocTpaHeHHs BOJHBI B mJiede b (oTBet-
BJEeHHH) OYAYT OTJMYATbCA OT COOTBETCTBYIOLIHX YCJOBHH MpH
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Prc. 62. Xon a1eRTpHYECKHX CHAOBHIX JHHEH
ABYX BGJOH B TpofiHUKe
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Puc. 63. TpofiHekoBoe passersieHre B [1-IIOCKOCTH

93



passerBjenust B E-miockoctn. [Be BOJHBI, pacnpocTpaHsio-
muecst B nieuax A ¥ B B NPOTHBONOJOMKHBIE CTOPOHb! H IPHXO-
JsIlHe B MECTo pa3BeTBieHHsi B npoTuBodase (puc. 63,a u 6),
B CeYeHHH @2 3JIeKTPHUYECKOTo IMOJst He CO34aloT H B Ileve b
BoJiHA He Boz0ynaertcsa. Ecau e nBe ykasatHble BOJHB PH-
XOAST B MECTO pasBeTBJeHHdA B (pase (puc. 63, 8 v &), 2/NeKTpH-
gecKHe MOJIA CKJAAAbIBAIOTCA H B CEUEHHH @e co3jaiotcs 6./aro-
MpUATHBIE YCJIOBMSA AJs1 BO3OYXKIeHHs B Ijede b BOJHBI TOro
e TUna.

Ha puc. 63,6 u 2 uzobpakeH NpHMEpPHBIH XO[ CHJOBLIX JIH-
HUH 2JeKTpUYECKOro moJjs, NepneHIuKY/IspPHBIX MJIOCKOCTH pH-

Puc, 64. CgeMa KO/MBLEBOrO paCHPEAENHTENS

CYHKA KaXKJ(0#ff u3 BoOJH. JlnamMeTpoM Kpy:kKa 0603HAaueHa BeJiH-
YyHA HAMPSIXKEHHOCTH 3JeKTpHuecKoro noasa E.

YkasaHuble THUNLI pasBeTBieHul o6JamaloT oBpaTHMBIMH
CBOHCTBAMH: €CJIM HCTOYHHK BOJIHBI BKJIOUEH B Ijiedo 5, To mpu
pasBeTBJeHHH B E-mockoctd (puc. 62) B mieyax A u B BOJHB
6yLyT pacnpocTPaHATLCH B pasHbie CTOPOHBI H C MPOTHBOIO-
JIOXKHBIMH  (pasaMH, a NOpH pasBeTBJeHUH B H-MJ0CKOCTH
(puc. 63) — ¢ onuHaKkoBLIMU (hazamu. ‘

Passeresennss B E- n H-NJIOCKOCTSIX HCTIONB3YIOTCS KaK B
M3MepHUTeJbHOM, TaK M palHoJoXalguoHHOH amnaparype. Ilpume-
poM NpHMeHeHHs pa3BeTBJeHHs B E-NJOCKOCTH B pagHosioKa-
HHOHHOM annapaType $BJSeTCH KOJbLUEBOH pachpeiesureb
3/1eKTPOMarHuTHOH 3Heprun (puc. 64).

HMcTounuK BLICOKOYACTOTHO! SHEPrHH, BRJIIOUEHHHIH B pas-
peTBeHHe A, nocwiiaer BoiHel I m II B pasHele cTopoHBl OT
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MeCTa pas3BeTBJECHUA H C NMPOTHBOMNOJOXHLIMHU (I)aBaMH. Or )a3-

. i A
BeTBJeHus A A0 pazBeTBJCHHA I’ o6e BOJHEI [IpOUAYT HYTb—:.

Tak kak MX NYTH paBHbI, BOJHBI TPUAYT K pasBerBaeHuio I
OnATb C MPOTHBOMOJOXKHKMHM ¢asamu. Takum obpa3oM, co3-
JaeTcsl ycJOBHe MPOXOXKJAEHUs BOJHLI B passeTBiaenue [

A
Ilyte mo paseerBaenust B mns Bosaubl Il Gymer Ha —5'-’

6osblle, yeM AJs BOJHB I, H03TOMy BOJIHE B TOUKy B OpuayT

1

Puc, 65, IMpoMuimnennkil ofpasell KOMLIEBOro pacnpes
AeiuTenss B Pa3oGpaHHOM BHAE

C ONMHAKOBEIMHM ha3aMU ¥ BOJIHA B pasBeTBieHHe B MPOXOAHTH
He OyJner.

Ins passerBieHusi b onsiTh MMeeM Takue YCJIOBHA, NPU KO-
TOpPLIX BOJIHA NPOXOAHT B pa3persieHe 5. Ecau e oaxo u3
passerBnenuii b uau I’ mpeBpaTuTe B lIelioBoe BKJ/OUEHHE
(3aMKHYTb OTBeTBJAeHHe B E-MJIOCKOCTH), TO NpPU €ro COOTBET-
CTByIOLLEH NJHHE MOTYT GbITb CO3JAaHBI YCJOBHA MPOXOXKAEHHA
BOJIHB! W3 paspeTBJeHus1 A B B n obparHo. Ilpu exjiovenun
UCTOYHHKA B pa3BeTBJeHde B no ykasaHHbIM Bbllle NPUYHHAM
sHeprus OyJeT MPOXOAUTb TaKXe TO/MbKO B pasBeTBJe-
uua b n I.

[MpombliusieHHblil 06pa3ell KOMbLUEBOTO pacnpejiesuTe]s B
pa3o0paHHOM BUAE MOXXHO YBMAeTb Ha puc. 65. Taxoit pacnpe-
nenuTeb Halleq TMpPHMeHeHME B AaHTEHHOM MepekJiouartese
MocTuKoBoro tuma (puc. 66).
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HBoitnoli Tpoituuk., B TexHMKRe CAHTUMETDOBHIX BOJH IJIs1
acnpee/eHns BbICOKOUACTOTHOM ~ SHEPrHH IIMPOKO MpHMe-
-seTcs ABOHHOMA TpoiinuK. [IBofiHol TpoiiHUK (puc. 67) COCTOHMT
i3 UEThIPeX MJieY, COBMEIEHHBIX B G/HOM MeCTe. ITneyn 1, 2 u
"-nyiedo 06pasyloT TPOHHUK C pa3BeTB/IeNHHEM B E-NJIOCKOCTH;

Puc, 66. Cxema aHTEHHOTO MEPEKNOUATSS C HCHOJL30BAHUEM KOJb-
LEBOTO PpaclpeleNuTe/s

aieun I, 2 u H-nieyo oGpasyioT TPOMHUK C DA3BETBJICHHEM B
H-nockoery. TIpumep KOHCTPYKIUMHE TAKOrO ABOIHOTO TPOMHHKA
1aH Ha pHuc. 68.

Ecal B m/ieud BKJIOUYEHBl COTVIACOBAHHLIE HATPY3KH H B Me-
CTe CTHIKA BCeX IlMeu [POBeAeHO HeoOXOZUMOe COrJacoBaHMue,
TO BOJIHA OT HMCTOYHHKA, BKAOUeHHOro B [H-miewo (puc. 67),
pacnpene/sercs Mexay miedamu / M 2, He monajas B E-miedo.
IT0 OGBSACHSETCsi TeM, YTO MeXkAy pe6paMu a ¥ & pasHoCThb 10-
TEHIIHAJOB PaBHa HYJIO, H [OITOMY [OJsi, KOTOpPOe MOrjio Obl
8030yHUTb BOJIHY B E-nJeue, HET.

Puc. 67. Cxema apoifiHoro TpoiiHuka
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Eciu MCTOYHHK BKJIOYEH B E-1/1edo, BOJMHA paclpeiesnercs
vexay maesamu I uw 2. Tak Kak 3sJekTpuyeckoe noje no obe
CTOPOHBI MJIOCKOCTH CHMMETDHM MMeeT pa3Hble 3HaKH, TO B Me-
cTe nogcoearHeHHs H-mueua Bo3GYKAaloulero MoJa TakMe HeT
(cM. puc. 63,6) u Bosna B H-nnewo He npoxonur. Takum
o6pasom, E-naedo u H-nseuo oka3biBalTCA 3JEKTPUYECKH pas-
RA32HHBIMH.

ATo CcBOWCTBO ABONHOTO Tpoiinnka obpaTumoe. Korna B nne-
wax I U 2 uMeeTca crosiuas BoOJIHA (Boakbl B nuaeyax I u 2 pac-

Puc. 68. Ilpumep KOHCTPYyKuMH HBOAKOrO
TPOHHHK2 :

MPOCTPAHSIOTCS HABCTPedy Apyr Apyry), To B E-nsiedo mpoxo-
AKT HEPrus, ecJi y3ed 3JeKTPHYEeCKOro MoJifi HaXOAMTCH B Me-
cre paspetsienus. [Ipu atom B [{-naeve Boauel HeT. Ecan B
MecTe pasBeTBJIEHHS UMeeTCa MyUYHOCTb 3JeKTPUYeCKOro Mo,
TO BOJIHA OYAeT NPOXOAUTb ToJbKO B H-nijedo, He nonapas
3" E-naeuo.

AnasiornusbiMu cpoiicTBamu obaagatot nseun I » 2. Boaua
OT HCTOYHHKA, BKJ/IOYEHHOrO B fnjeyo I, pacnpocTpaHserca Mo
E-njeuy n H-nneuy, He npoxoan B naeuo 2 u HaoGOPOT.

Takune cBoiicTBa ABOHHOrQ TpO#iHHKA MO3BOJAIOT HCINOJAb30-
BATb €0 B MOCTOBLIX COeAHHEHHfIX, HaNpuMep MpH MIMepeHHAX
TNOJIHBIX COMPOTHBJIEHHH BOJIHOBOAHBIX 3/]eMeHTOB. B atom cay-
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Yae 3TAJIOHHOE CONPOTUBJEHHE BKJIOUAeTCsl B IJ1e4o /, HaMepse-
MOe CONpoTHBJcHHE —# B nyieyo 2. B H-njeuo BKIOYAIOT HCTOYs
HuK, a B E-nnevo — unpukarop. Tak Kak B3aUMHOH CBA3H
Mexay E-niedom u H-nneduoM HeT M OT HArpy3Ku STaJIOHHOTO
nJjieya BOJHA He OTpAaXKaercsl, TO HAa MHAUKATOP [ONANET TOMbKO
9HEPrHus, OTPaXKeHHAS OT U3MepsieMoro ajemeHTa. Korjga usme-
psAeMbll 3JIeMEHT OKaxKeTCsl COI/J1acOBAHHLIM C TPOHHHKOM, TO

Prc. 69. Hcnombsosaume gBofinoro Tpoifmnuka
B AHTEHHOM IepeKJioYarese

MocT Gyner c6aJlaHCHPOBAH U HAa HHIMKATOpe OTMeYaercs HyJe-
BOe IoKa3aHue.

Ipyroe npuMeHeHHe HBOHHON TPONHWK HalleJ B aHTEHHBIX
nepex/iouaTesaX W CAHTHMETPOBBIX CMeCHTeNsX 6aJaHCHOro
THna.

B anrtennom mnepekmouarene (puc. 69) OTpesKH BOJHOBO-
J0B, COeNMHsIONHUX ofa ABOHHBIX TPOHHHKA, [0 AJIHHE PaBHBI
Mexny coboi. Bo Bpems mnpuema, T. e. Korja paspaaHUKH He
ropAT, BOJIHA, NOCTyNawmollass H3 aHTeHHbl B E-[/€40 HHXKHEro
JIBOHHOIO TPOHHHKA, BO30YKAAeT ABe BOJHBI (B IJeuax | U 2),
pacrnpocTpaHsIoUIuecs: B IPOTHBOINOJOKHbBIE CTOPOHEI H C TPO-
THBOMOJOXHBIMH (hasami.

Tax Kak nyTb 06eHux BOJH 4O BEepXHero TPOHHHKA ONMHAKOB,
TO K MeCTy COeAHHeHHs MJled ITOro TpoiHHKa 06e BOMHBI NpH-
AyT ¢ TOH e pasHocTbio (a3. Taxkoe cooTHoumleHMe 3HAKOB
IBYX [OJiel CO3LaeT YCJOBHA MPOXOXKAeHHIO 0GerX BOJH B
E-nneyo BepXHero ABOHHOrO TPOMHHKA, K KOTOPOMY MOACOEAH~
HeH IPHEMHBI# TPAKT. :
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[Tpu xopouwiem cornacopanun E-mieuo u H-muedo He
B3aUMOCBS3aHLl, NO3TOMY SHEpIUs U3 aHTEHHHI HU B Nepefalo-
UIHH TpaKT, HH B HArpysKky He Tonajaer.

Korna paGoraeT nepenaTydK, 3a)KUraloTCsi paspsAHUKH.
[Ipsimaa BosiHa B E-mJyieuo HIKHErO TPOHHHKA He MONAAaeT, HO
BOJIHA, OTPA3UBILIASCA OT MeCTa KOPOTKOr'O 3aMblKaHHs JIEBOFO
nJe4a HHXKHEro TPOHHHUKA, MPUXOAUT K MECTY NDACOeNHHEHHS
E-nneua c ¢asofi, otanunos Ha 180° or da3bl BoJHBEL, OTpaKeH-
HOH OT MecTa KOPOTKOIO 3aMblKaHHA MpaBoro mjieda. Takoe
cooTHOWeHHe a3 JABYX BOJIH, pPAaCHPOCTPAHAIOUIKXCA Ha-
BCTpeuy JApYr ApYry, cosfaer GJaronpHsATHbIE YCJAOBHS AJIs
pacrnpocTpaHeHHst BOJIHBI B E-MJleue HUKHETO TPOHHHMKA, K KO-
TOPOMY INOJCOefMHeHAa aHTeHHA. UacTb 3HePruH, mpolieauas
yepe3s paspaAHUKH, B NPHEMHHK He MOMajaer, a NPOXOJHT B
H-nneyo BepxHero TPolHHKA, T. €. B MOIJIOWAIONLYK) HATPY3KY.
I10 0ob6hscHseTcs cHHGpA3HOCTHIO ABYX BOJH, PacljOCTpaHSIO-
LAXCS B IIPOTHBOIIOJOXKHBIE CTOPOHBL OT MecTa IIOACOeAHHEHHS
H-nneya HHMXHero TpoHHHKA.

B GanancHoM cmecutene (puc. 70) mABOHHOH TPOHHHK HC-
MOJMb3YyeTcsl AJA CO3AAHHA IBYX HANPSKEHUH TPOMEKYTOUHOH
Y4CTOTHl, B KOTOPBIX HaMpsI:KEHHs [IOJIE3HOIQ CHMrHaja Haxo-
Isitcss B npotuBodase, a HaNpsXKeHHs WIYMOB OT MeTepoHHAa —
B (haze mMexAay cobofi.

B coBpeMeHHHIX pPaAMONOKAUMOHHHIX CTAHUHUAX HCHOJb-
3YIOTCSl CyNepreTepoAHHHEbIE CXEMbl MPUEMA OTPAXKEHHBIX CHTHA-
JIoB. B aTOM csiyyae Hecywmiasg 4acroTa IOJIE3HOMO CHPHAJA NpH
BO3JEHCTBHM HANPSKEHUs TreTepoinHa mnpeofpasyercs B CMe-
cuTese B NpoMexxyTouHyw uacrory. [losiesubiit curHan satem
YyCUJIIBAeTCH B YCHJIHTeJe MPOMENKYTOYHOH YacCTOTHI.

[Monyunts HanpsikeHue reTepofHHa B YHCTOM BHJIE OUYeHb
TpyAHo. Ha mnpaxkTuxe HamnpsikeHde TreTepOfHHA BCEraa MOAY-
JUPOBAHO HaUpsKeHHeM HIYMOB, CO3[ABaeMbIX camoH JaMmoH
(zpo6oeof ahdext u 1. A.). Ilockonsky wyMbl o6Jamator MiH-
POKHM CIIEKTPOM, TO ONHHM H3 MOIYJHDPYIOUIMX HaNpsKeHHH
OyleT W HanpsxKeHHe NPOMerKYTOUHOH 4YacTOTH. JTo TeM GoJjee
BEPOSATHO, YTO HANpSKEHHE NPOMEXKYTOUHOH YACTOTHI MOXKET B
BHAE HABOAKH TOMNAajAaTb U U3 YCUJIUTENS NPOMEKYTOUHOH ua-
CTOTHI.

Taxkum o6pasom, B cMecuTese nocje AETEKTHPOBAHUS, KpOMe
HanNpsKeHHs TPOMEeXKYTOUHOH 4YacTOThl [OJIe3HOr0 CHUrHasja,
6yaeT HanpsixKeHde NMPOMEKYTOUHOH HACTOTHl LIYMOB, HpOLIEA-
Iee Mo Kanaay reTepoauHa.

IlpuMenenne GajaHCHOrO cMeCHTess MO3BOJISIET B 3HAYH-
TeJbHOH Mepe H30aBUTbCA OT INPOHHKHOBeHHs wwymMoB. Iloses-
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Puc. 70. Hcnosib3opatine ABOMHOTO TpOHHHKA B GasaHCHOM OMeCHTese



HBIl CHrHAJ BBICOKOM HYacTOTHl MOCTymaer B Ieyo ! u pas-
BeTBJIfieTCA 10 JIByM Kanajam. O6e uacTu curHaja HOCTHTaOT
nerekropos [/l cmecHTess, PACIOJOKEHHBIX HA OAMHAKOBOM
pacCTofHMH OT pasBeTB/AeHUH, B MPOTHBO(A3E OTHOCHTENLHO
Apyr npyra. KoJebaHusi rerepoauHa, MOAY/JHPOBAHHBIE LIYy-
MaMH, NOCTYNalT B IL1e4o 2, pacopoCTPAHAIOTCA O mjaedam
3 u 4 u pocruraior jgerekropos /[I/] B dase.

INocne perexTupoBaHHs 00a HaNpsiKeHHs I10JIE3HOLO CHI-
HaJa MNPOMEXYTOUHOH HacCTOTHl, MOJaBaeMble Ha OGaJaHCHBIH

[/ 227 2z zzzz,mzzzzzzzm
Noenowamwad 0., _ n e. Boixad
Ha
Hazpy3 T 5k ——»P’f = rorrrrrrrrrrrn ombemBumens
- - - (Oemexmap)
mo ro rz.]
Ocroenot
80/MH0808

Puc, 71. CxeMa HAanpaB/ieHHOrO OTBETBUTENS C ABYMS OTBEPCTHAMU

rpancthopMarTop, CKAaAblBAIOTCH, 4 HANPSAKEHHUs IIFYMOB, MOCTY-
naromue 8 (ase, BLIYATAIOTCT KW TeM CaMbIM pe3ko yMeHb-
IAOTCH.

Ciooxenyle IBYX HanpsiXKeHUH MNOJE3HOTO CHTHAMA M BbIYH-
TAdHHe HalpsKeHHss WWIYMOB B OajadcHOM TpaHchopmarope
OCYIECTBJSIIOTCA 32 CUET AOTOMUMTENbHOrO caBura ¢as ua 180°,

[Ipumenenne GanaHCHOrO CMecHTesas NOBBILAET OOGILYIO
YYBCTBUTENBHOCTh DPaAHOJOKALKOHHEIX MPHEMHUKOB.

Hanpasiennbie OTBEeTBHTENM TAKXKE OTHOCATCS K pAasBer-,
BJCHUSM BOJHOBOAHBIX cucTeM. OGBIYHO OHH HCIIOJIB3VIOTCH B
H3MEPUTEeNLHON TeXHHKe CAHTHMETPOBBIX BOJH M/ KOHTPOJS
MOLIHOCTH B IIHPOKOH M0JIOCE YacToT.

HanpapnaeHHbH OTBeTBUTE/Nb, BK/IWOYEHHBLIH B BOJHOBOLHYIO
CUCTeMy, ofeClieudBaeT OTBOIL K3 OCHOBHOIO BOJIHOBOA2 MOLI-
HOCTH, YMEHBIIEHHOH B ONpelejJeHHOe YHCJIO Pas.

B TexHHKe HCHONB3YIOTCS B OCHOBHOM JBa BHJAa HAIpaB-
JIEHHBIX OTBETBUTENEH: ¢ ABYMsi OTBEPCTHSAMH H OJHHMM OTBep-
CTHEM.

[Tpuanun peficTBHS HAMpaBJAeHHOIO OTBETBUTENS C NBYMS
OTBEepCTHAMH noscuser puc. 71. JIBa BOJHOBONHEIX OTpe3Ka
MMelOT OOLLyI0 CTeHKY, B KOTOpo# caesaHbl orBepctus A u b,
cBsA3biBaolune 3TH orpe3kn. OTBepcTus pacrofoxedsl Ha pac-

A
CTOSIHUU —:— JIpYT OT Apyra.

Dueprus BOJHBI e, paclpoCTPAHAOUICHCA OO OCHOBHOMY
BOJIHOBOAY CJeBa Hanpaso, YaCTHYHO OTBETBJAETCA uYepe3 OT-
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pepcruss A u b B BOMHOBOA OTReTBUTENA. B cedenun b otBets-
JieHHas W 1NpsiMas BOJIHBL HaxogsaTcs B ¢ase, TaK Kak MPOXO-
AAT OAMHaKosOe paccrosinve. OHM CKIaApiBalOTCA M 006pasyior
BBIXOJALIYIO BCJHY €.

Boana O, orpakeHHast B OCHOBHOM BOJIHOBOJe, o6pasyeT B
BOJIHOBOME OTBeTBUTeNsn BoJHy O, KOoTOpas norJoilaerca cre-
LHaJbHOH MOorJollamiell Harpy3Koll M Ha BBIXOJ OTBETBHUTEJA
He nonagaer. Ha Buixone orsersuredss 6yAeT MOLIEOCTH TOJbKO
IpsiMOIl BOJIHBY, B PaCCYMTAHHOE YHCJ/IO Pas yMeHblIeHHas.

Ha Buixoze oTeeTBHTENs] OOGLIYHO CTABAT HWHAUKATOP MOLIL-.

loznowarowas
Hagpysxa

OcroBroil
Boanobod

Boixod
ombembumens

Puc. 72. TlpuMep KOHCTPYKUHH HAMpPABIEHHOIQ OT+
BeTBHTe/NA C JABYMS OTBEpPCTHSIMH

HocTu. [Ipumep KOHCTPYKIIMH HanpaBJeHHOTO OTBETBUTENS C
JBYMSl OTBepPCTHAMH HpeACTaB/cH Ha pHC. 72.

Tunnuao#i NS OTBETBHTEIA C OJHUM OTBEPCTHEM SIBJISETCH
KOHCTPVYKIIMS, TToKa3aHaasi Ha puc. 73. OTBeTBUTENb COCTOUT H3
IBYX BOJHOBOIOB, MNPHMBIKAIOUWINX APYT K APYry IIUPOKHUMH
CleHKaMH, B KOTOpPBIX HMeeTcs ofliee OTBepCTHe, CO3fAalollee
CBAI3b MeXIY BOJHOBOAaMU. HIDKHHE OTpe3oK BOJHOBOXA fIB-
JIAETCST YaCThIO OCHOBHOTO BOJHOBONA, BEPXHHH — BOJIHOBOAOM
OTBETBUTeJIs, B OAUH KOHell KOTOPOrO [OMElieHa COIJIacOBaH-
Hasi TorJoulamllas Harpyska, a K APYrOMY MOJCOeXUHSIETCS
JIeTEKTOpHAs ToJioBKa HHAHKATOpa MOLIHOCTH. '

[Ipunupn neficTBAst TaKOro HaNpPaBJEHHOTO OTBETBHTE/A
OCHOBBLIBAETCA Ha CJelylolleM.

Ilpn npoxoxieHHH BOJHBI N0 OCHOBHOMY BOJHOBOAY 3JeK-
TPHYeCKOe H MarHuTHOE MO0Js BOJIHEl NPOHHKAIOT B OTBEPCTHE.
KapTuna 3/1eKTpHYECKOro 10/ OKOJIO OTBEPCTHS B BOJHOBOJE
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Puc. 73. Hanpasnesnbifi OTBeTBUTENbL C ONHHM OTBep-
cTueM (a) u ero cxema (6)

T ) Irbubanenmnsid anexmpuyeckul
dunons -

IxBubanenmueri maznumusid
dunonsy

6

Puc. 74. DnexTpuueckoe (a) W MarmuTHoe (6) mnoas B
OTBEDCTHH OTBETBMTENs [PH pAacnpoCTPAHEHHH B OCHOB-
HOM BOJHOBOAe BoJHE [TEj
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OTBETBHTE/JI1 AHAJOTHYHA TMOJI0  JIGKTPHUECKOTO  JHMNOJS.
(puc. 74, a), OpHEHTHPOBAHHOTO MapaJ/Jie/ibHO 3JIeKTPUUECKOMY
noaio TE o-BOJHBE OCHOBHOIO BOJHOBOLA. JJIEKTPHUUECKOE MOJe
OKOJIO OTBEPCTHR ABJAAETCS HCTOYHHKOM  3JIEKTPOMArHHTHOH
BOJINBEI B BOJIHOBONE OTBeTBUTeNd. HanpasnaeHne cocrasJasio-
niefi MarHUTHOrO MOJs 3TOH BOJNHB MOXKET OblTh ONpeAe/eHO 110
npaBuJly NPaBOro BHHTA.

MaruuTHoe noJie, npoHHUKaUlee Yepe3 OTBePCTHe B BOJIHO-
DOJ OTBETBUTE/Isl, COOTBETCTBYeT MOJK0 MAaTHHUTHOTO AMIONSA,
OpHEHTHPOBAHHOTO NapaJj/ieJbHO [ONepedHoll cocTaBasiollel
MmarnuTHoro mnoas TEc-BOJiHBI  OCHOBHOrO BOJIHOROAA (pHC.
74, 6). Beanunua HanpsKeHHCCTH MarHUTHOTO NOJIA MeHseTcs
B 3aBHCHMOCTH OT yrja MexJiy OCAMH OCHOBHOrO BOJHOBOLA H
otBeTuTe . [lpoHnKalollee Mar{utHoe mnoJie TaKXKe sBJSETCA
HCTOYHHKOM CBOel 3JIeKTPOMAaTrHMTHON BOJIHBI B BOJIHOBOJE OT-
BETBUTENA. DJEKTPHYECKass ¥ MarHUTHAs COCTaBJISIOWHe CO3-
Daunoid BOJIHBI OPHEHTHPOBAHHEI TakUM oGpasoM, YTO B Hampas-
JIeHHH pacnpocTpaHeHns BoJHb TEp OCHOBHOTO BOJHOBOAA
OHH KOMTIEHCHPYIOT COOTBETCTBYHOUIHE HOJS BOJHB OT 3JieK-
TPHYECKOro MOJisf, a B [POTHBONOJIOXKHOM HanpaBJieHWH YCH-
JIMBAIOT 3TH MNOJA.

MeHsis yroJg MeXIy OCsAMH BOJHOBOJOB, MOXHO MOJ0GpaTh
TAKYI0 BEJUYHUHY HANPTKEHHOCTH MAarHHTHOTO 0044, NMPH KOTO-
pofl TIPOMCXOAMT MOYTH TOJHAS KOMIEHCALWS BOJH B BOJIHO-
BOJe OTBETBHTEe/st B OJHOM HampaBJeHUu (HampaBJjeHuu pac-
ripoctpaterusi TE o-BOJHB OCHOBHOTO BOJHOBOJA) H yCHJeHHe
B APYroM HanpasJeHHH.

Takum ofpa3oM, HanpaBJeHHBII OTBeTBUTE/b C OAHWM OT-
BEPCTHEM XapaKTepu3yercsl TeM, YTO B BOJIHOBOZe OTBEeTBHTeJA
HampasJeHie pAcnpOCTPaHeHHsl BOJIHB TPOTHBOIOJOXKHO Ha-
NpaBJeHHIo pacnpocTpaHernsa Geryileli BOJHB OCHOBHOIO BOJI-
HOBOZA.

Hanpsixennoctu nosieft, co3naBaeMbiXx B BOJHOBOAE OTBET-
BHTe/isl, NPONOPHHOHAJNLHE HAMPSKEHHOCTH [0JA najaiwoled
BOJIHBl H TAK HAa3biBAeMOP «TOJAPHU3YEMOCTH» OTBEPCTHSL.
ITonsipusayeMocTs B CBOIO Ouepelb 3aBHUCHT OT (POPMH OTBep-
CTUS ¥-HanpapJieHus mapaiolleli BoJHB (0Cb OCHOBHOTO BOJIHO-
BOAA) OTHOCUTEJbHO OCH BOJHOBOLA OTBETBUTE/S.



V. CB13b BOJJHOBOAHbBIX CHCTEM C HCTOYHUKAMH
U NPUEMHHKAMHU BbICOKOYACTOTHOHM DHEPIUH

Jnsi nepenaud -BHICOKOYACTOTHOH 3HEPTHH OT HCTOYHHKA B
BOJIHOBOA HJIM U3 BOJIHOBOJA K NPUEMHHKaM 3TOH 3Hepruu cay-
WAT Cleluatbuble 3JMeMeHTh CBA3H.

Mo npunuuny meficTBHA JIEMEHTH CB3M OIHMHAKOBEI KakK
Opy Mepelaye SHEPruH, TaK H Npu ee rnpueme. KOHCTPYKTHBHbIE
0cOGEHHOCTH H pas/iuuds B DJAEMEHTaX CBSA3H OODBACHAIOTCA
JULIbL PasjuyHeM B YPOBHAX 3HEPruH, paccenBaeMofi WIH 10-
rJolaeMoff 3TUMH 3JeMeHTaMH.

B 3aBucumocTH OT TOro, Kakoe moJjie CTpPeMATCs BO3OYMHTH
OKOJIO JeMEeHTa CBSI3H, MOXKHO pasandaTe (YCJOBHO) CBA3b
BNIEKTPHUECKYIO H CBf13b MarHHTHy!o. [Ipumepom sJaexTpuue-
CKOH CBfSI3M SIBASIETCSl IITBHIPEK BHYTPEHHEro MPOBOXHHKA KO@K-
cuanbHOM auHuH (puc. 75, @), BBeleHHBIH Yepe3 CTeHKY BHYTPb
BoHOBOAA. (COOTBETCTBYIOUIMM pPAaclloiOXKeHHeM MIThIPbKa OT-
HOCHTEJbHO CTEHOK BOJHOBOAA MOXHO [dOCTHYb BO30YXKIeHUS
TOTO WJIM HHOTO THNA BOJHBL. B NpHAOXKEHHH, NOMEUIeHHOM B
KOHIle GpOIIIOPH], CXeMaTHYeCKH H300paKeHbl 3JeMeHTHl JeK-
TPUYECKOH CBs3Y, PACIOJOXKEHHbIE COOTBETCTBYIOIAM 08pasoM
OTHOCHTEJBHO CTEHOK BOJHOBOAA M IHPaeMble OT HCTOYHHMKA B
Hy:KHOH (ha3se.

Cps3b BOJIHOBOZA C HCTOYHHKOM C NOMOIIBIO MArHHTHBIX
nosell MOXeT GbITh OCYLleCTBJIEHA neT/el, ONHH KOHEL KOTo-
poli, Hanpumep, COEAMHEH < UEHTPaJbHbHIM MPOBOJAHHKOM
KOaKCHaJbHOW JIMHHH, a NpYyrofl — cO CTeHKOH BOJHOBOJA
(puc. 75, 6). Hna Bo30yxAeHUS HYXKHOIMO THMNA BOJHBI [LJIO-
CKOCTb TI€TJIH ACJKHA OBITb NEpneHAUKYNAPDHA MarHUTHLIM CH-
JIOBBIM JIHHHSIM BOJIHBI 3TOTO THINA.

Jlenenye CBSI3M Ha DJEKTPHUYECKYIO H MAarHHTHYIO YCJOBHO,
k60 U B TOM W ApPyroM cjydae HECOMHEHHO HMEETCs 3JIEKTPO-
MarHuTHas CBH3b.

Hecko/MbKo B 0COG0OM MOJIOXKEHUN (C TOUYKH 3peHUs Halleh
KnacCH(HKalLM¥) HAaXOAMTCA CBA3b Yepes OTBEepPCTHE B OJHOM
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U2 CTEHOK BOJHOBOJAA, HANpUMep COEJHHEHMEe OTpe3Ka OXHOro
BOJIHOBOAA C JApyrdM. B 3TOM cayuae HeJb3d TOBOPHUTb OT-
JieJIbHO 06 3JIeKTpUYecKOll HJA MarHuTHOH cBA3H, HOO OTBep-
CTHE SIBJISIETCSl HMCTOYHHKOM KaK 3JeKTPHYECKOro, TaK H Mar-
HUTHOTO noJefi (puc. 75, 8).
HauGonbliee pacnpocTpateHude B PajHOJOKAIHOHHBIX CTaH-
UMSIX HallJy [epBole ABa crnocoba CBA3H.
DJIeKTPOMATHHTHBIE [POLECCH, [POUCXOAsLINE B 3JeMeH-
Tax CBA3M, H METOAB HX pacuera GJU3KH K COOTBETCTBYIOLIUM

Puc. 75. HauGosee pacmpocrpaHeHHBle COcOGbl CBSI3M HCTOUHHKA (IpHEM-
HUKa) C BOJHOBOIOM:
a — 3JIEKTPHUECKAafa CBsA3b; 6 — MarHuTHas CBfi3h; 8 — CBSI3b uepe3 OTBEpPCTHE

MeTOJaM, HPUMEHseMBIM B pacueTax aHTEHHBIX cHcTeM. B aToM
MOXKHO yOeAHTbCA Ha HpoOCTeHileM TpHMepe IMThIPbKa, IOMe-
LI€HHOTO B OTKPLITHIY € O0OMX KOHILOB MPAMOYTOJIbHBIH BOJIHO-
BOJ MepneHJUKYJSPHO ero WHPOKOH CTeHKEe # HAaXOJSALErocs
Ha DaBHOM pacCTOSHUHW OT Y3KuX creHoK (puc. 75, a). OnHo-
BpeMeHHO yb6ennmcs B oOpa30BaHUM JABYX MJOCKHX BOJIH, pac-
NPOCTPaHSOUIUXCA B BOJHOBORE I[OA YIMJIOM JPYr K APYrY #
006pasViollluX OJHH H3 NpPOCTeiIMX THHOB BOJH — T Ejo-BOJHY.

[Hreipek cBsI3W MO CYUIECTBY SIBJSIETCS H3JyUalOIUHM BUOpa-
Tcpom. Tak kax 1o BudpaTopy TNpOTeKaeT NepeMeHHBI# TOK,
OyneM rpadinyeckd H306pa);aTbh €ro B Bule CTPe/KH, Hanmpab-
JieHHe KOTOpO# IokasbiBaeT a3y koJseGaHuii Toka (C TOUHO-
cTblo Ao 180°),
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U3sBecTHOo, YTO 3/JeKTpPOMArHuTHOe moJsie BUOGpatopa mnepen
Hlea/]bHO TPOBOAfLLEH IVIOCKOCTbIO DKBHBAJIEHTHO 3J/1eKTPO-
MarHdTHOMY [OJIIO JABYX BHOPATOpPOB, U3 KOTOPLIX OJIUH fB-
JIeTCsl peaJjibHbIM, a ApPYyrofl ero 3epkaJjbHbIM H300paKeHHEM.
MoryT GbiTh ABa KpafiHHX cJy€as: KOraa ocb BuOparopa co-
CTaBJIsIeT C TMPOBOASALIEH MJIOCKOCTbIO (3epKaJioM) MpPSIMOH yrod
(puc. 76, @) u xoraa ocb Bubparopa mnapaJsiiesbHa MJOCKOCTH
(puc. 76, 6).

B nepsoM cnyyae, urobu! 3aMeHUTb JAefiCTBHe HAeabHO
NPOBOASIIEH IJIOCKOCTH, TOK B 3epKajbHO H300paKeHHOM
pubparope poJxkeH ObiTh B ¢hase C TOKOM peasbHOrO BHOpa-
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Pue. 76. 3epkanpueie wusobpakenus wubpa-
TOPOB:

a — Bu6GpaTop  NepneHAHKyAsAPeH RAOCKocTH; 6 —
BHOpaTop napasieledH MJIOCKOCTH

topa. Bo BTOpOM ke CJydae TOK peaJbHOro Bufipatopa M TOK
3epKaJbHO M306pa’KeHHOTO MAOJKHBl HAXOMHMTLCA B NPOTUBO-
¢aze. ITH TpeHOBAHUA SIBASOTCH CACACTBHEM IPAHHUHBIX YCJO-
BHU HA WIeaJbHO MPOBOASIUIEl IJIOCKOCTH.

[Tpy naxoxkaeHuu BUOpaTopa MeXAy ABYMS Napannefb-
HBIMH KA€a/bHO TPOBOASLIMMH MJOCKOCTSIMH YHCJO ero H3o-
O6pax<ennii Oyzer HeorpaHudeHHnIM. Kaxkpoe mnocsenymoiee
n3o6paxeHne BUOPATOPA, PACHON0OKEHHOTO NMepleHAUKYAaPHO K
nJjockocTsaM, Oyner coBnanats no ¢ase ¢ npeasaywum Hsobpa-
XeHHeM, a CJel0BaTeJbHO, # C peajibHLIM BHOPATOPOM; KaxX-
Joe nocnenytoiiee H3o6pakeHue BUOpaTopa, PacloONEHHOTO
UapajJielbHo TJIOCKOCTAM, OyIeT HAaxOAHTbCs B MpOTHBOQase
¢ npeiblIyUIUM K300parKeHHEeM.

Taxum o6pasom, neficTBHe CTeHOK BOJHOBOIA, MEXIY KO-
TCOpPBIMHK [10OMellleH BUOpPATOp, IKBHBAJICHTHO [AeHCTBUIO CHCTEMb
BU6paTOPOB, PACnoJOXKEeHHBX B [JIOCKOCTH (puc. 77). Ira
cucremMa BUOPATOPOB MpencTar/seT co60i MHOrOBUGPATOPHYHO
aHTEHHY C NpOTUBOMA3HbIM NUTAHHEM BHOPATOPOB [0 FOPH30H-
TadsiM. ¥4 CHH(QA3HbBIM NMUTAHHEM HX [0 BEPTHKAJSIM.
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Jlna Taxoro THNAa AaHTEHHL! YCJOBHEM MAaKCHMYMOB H3Jy-
YeHMs B TOPU3OHTANbHOH NAOCKOCTH (IJIOCKOCTH, MapaJiedb-
KO INHPOKOH CTeHKe BOJHOBOAA) OydeT

A
asinf=-+n —.
2
Bruny Toro uyro paccrosHue 8 Mexnay cuH(pasHbIMH BuOpa-
“TOpaMH, PACHOJIOKEHHBIMH B  BEPTHKA/JbHOH  IJIOCKOCTH,

MeHblue Ay, H3JaydeHHe OyJeT NPOHUCXOLUTb TOJbKO B MOPH30H-
e O~

HIE

e | o | |
- | e | et | e |
e I S B I
i | e | i | = |
— | e | | - | —

o ]

Puc. 77. Cucrema Bu6paTopoB, SKBUBAJIGHTHAS OLHOMY
subparopy, NOMeLIEHHOMY MeXAy CTeHKaMH NOpsSMOYroJb-
HOTO BOJHOBOZA C Pa3MepaMH @ H &8

TaJbHOH MIOCKOCTH. B unpocrefiem cayuvae, Korga pasmep -
POKO¥ CTeHKHM BOJHOBOAA @ TOJbKO HeMHOro GoJee —2’3 ans

JeHCTBUTE/bHBIX yriioB 0 OydeT TOJBKO eIMHCTBEHHOE 3Haue-
. . A .
sre n=1. Torga asinf= 4 EB , UTO COBMAajaer C YCJOBHEM

pacrpocTpaHeHus MEPBHYHBIX BOJH, obpasywomux 7L o-BosHy.

Wrak, BubpaTop, noMeuieHHBI B BOJHOBOA C pa3Mepami,
obecrneynBaiCIMMHA nipoxoxaenue TEp-BOJHL, H3/JyuaeT Takue
[VIOCKHE BOJIHB, KOTOpble fIBJSIOTCS NepPBUUHBIMU 115 o6paso-
Baung TE o-BOJHBL.

B paccmatpuBaemMoM ciyyae BOJHA B BOJIHOBOLE MOXKeT
pacrnpocTpaHaThCs BAOGAb BOJHOBOIAA B 06e CTOPOHHI OT BUGpa-
TOpa, TaK KaK 3KBHBAJeHTHasi MHOrOBHOpaTOpHas aHTeHHa
JaeT MakCHMYM H3JyueHHs He TOJbKO B HampasJjeHud fl, HO #
B HamnpaeJeHHH =— 0, T. e. 3TO HaOpaBJIeHHE YAOBJETBOPAET

ycaoBuio @ sin (r — 6) = + ?" .
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Ha npakruke gacto Tpe6Gyercs, YTOGH BOJHA B BOJHOBOIE
NPOXOAMJA TOJMBKO B OHHY CTOPOHY, HalpHMep, OT HCTOYHHKA
K aHTeHHe WM OT aHTeHHB K MNpHeMHUKY. [a1s 3TOrOo OZMH
KOHell BoJiHOBOAA BGJIM3M BHOpaTOpa 3aKOpauMBaiOT NPOBOAA-
wefl credko#i (mopuiHem). Bansinue 3axopauuBaioiefl cTeHKH
C uleanbHOll NPOBOAMMOCTBIO 3IKBHBAJIEHTHO 3IKpaHy, MOCTAaB-
JEHHOMY 3a MHorouGpartopHoii auTteHHofl. [loab3ysacs Tem xe
MeTOJOM 3epKaJ/bHblX H300paxkeHUl, TAKOH 2KPAH MOXHO 3a-

Puc. 78. Aurennas cucreMa, sKBMBaJeHTHas BHGpaTopy, mo-
MelIeHHOMY B BOJHOBOX BO/JH3M 3aKopawuBaloliefl CTEHKH

MEHHTb BTOPOH aHTeHHOM, ydaJeHHOU OT NepBOH Ha paccTos-
HHe, PABHOE YABOEHHOMY PAaCCTOSIHHIO OT CTeHKH A0 BHOGparopa
(puc. 78).

dasa xonefanuil TOKOB B BHGpATOpax BTOPOH aHTeHHH Oy-
JeT TawncH JKe, KaK B 3epKaJbHO H306paKeHHOM BUOpaTope Ha
puc. 76, 6.

Ecnu ati nBe antenuwl (puc. 78) pacrmosIOXHTL Apyr OT

[pyra Ha pacCTOsSIHUH —23 (COOTBETCTBEHHO PACCTOSHHIO MeXKAY
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saKopaumsalolieli cTeHko#l ¥ BuGpaToOpoM B - To u3 YeThi-

pex mnanpasiedudt (0,—0, m—6 w—m 1), B KOTOpBIX H3-
Jyyana OflHAa aHTeHHa, OCTAHYTCs TOJbKO ABa (Wanpumep, § H
—f). B 3THX HanpaBJeHUAX U3JIyueHHe 3/eKTPOMAarHuTHOH
SHEPrHH COOTRETCTBEHHO YBEJIHUHUTCS.

Ilna ynyuwenns ycjoBu#l neperadyn 3HEPruM B BOJHOBOL
TMPUXOAUTCH HECKOJbKO M3MEHSITb MOJOXKEHHe 3aKOpauMBaioLlel
CTeHKH (MOpLUHA).

Y
|
4

Puc. 79. MarueTpoH C BHIXOZHLIM yCTpOHCTBOM:

] — MarseTpoH; 2 — KoaKCHalbHbI RBbLIBOA BbICOKOYACTOT-

HOM sHepruw (subparop); 3 — cornacylomu#t OTPe3ok nps-

MOVYTOJbHOro BOJHOBORA C 3aNafHHbLIM NOPLIHeM, 4 — corgaa-

cywownli LUHNHHAPHYECKHA cTaxkaH, § — duaHeyw BBIXOAHOrO
ycTpoicrea

Bu6parop, mnomeniendblii B BOJIHOBON, HACTOJNLKO GJH3KO
pacnojo)eH K CTEHKaM BOJIHOBOAA, YTO MOCJELHHE BJHUAIOT
Ha pachpefe/ieHde TOKA W HaMpsKeHUd B HeM. JTO BJHAHHE
CKa3blBaeTcsl B TOM, YTO BHOpATOp HArpyMeH He Ha YHCTO akK-
THBHYIO HATrpPy3Ky, a Ha CONPOTHBJIEHUE, UMeIOollee PeakKTUBHYI)
coctaBJsioulyio. Beanunna atoél cocraBasiollefl 3aBHeLT Kak
OT pa3Mepa g, TaK H OT CMelLleHHA BHOPAaTOPa OTHOCHTEJbHO
OCH BOJIHOBOJA

Uto6bl CKOMIIEHCHPOBATb PeaKTHUBHOCTb HArPY3KH, 06YCJI0B-
JIEHHYIO BJHsiHMeM OOKOBBIX CTEHOK  BOJIHOBOAA, [OJOXKEHHE
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3aKOPAYMBAIOLIEr0 NOPIUHA HECKOJBKO H3MeHsIoT. Daaromaps
3TOMY CTOfluasi BOJIHA, HMelodlasfcs MexXAy BubpaTtopoM H
TOpHIHeM, CO3AA€T YCJIOBUSA, NPH KOTOPBIX HArpys3ka CTaHo-
BUTCSl UYUCTO aKTUBHOH. Takoe corjacoBaHue HCHOAB3YIOT B
BLIXOAHBIX ycTpoficTBax MarHeTpoHoB (puc. 79). B stHX ycT-
poiicTBax, KpoMme COIJ1acOBaHUS BHOpPATopa € BOJHOBOAOM, He-
06X0MMO TaKxe COrJacoBaHHE BXOAHOTO CONPOTHR/AEHHS BH-
6paTtopa C BLIXOJHOH KOAaKcuaJbHOW JUHUEH MarHeTpoHa, AJs
4yero CJYXKUT CTakaH 4, ABJSIONIMACA KOPOTKO3aMKHYThIM OT-
PE3KOM KOaKCHaJbHOH JIMHHH.

PaccmorpeB  (usuueckve NpHHUHNE 00pa30oBaHHs BOJH B
BOJIHOBOJAX U OCOGEHHOCTH KOHCTPYKIME OCHOBHBIX 3JeMeH-
TOB BOJIHOBOJHBIX CHCTEM, HEOOXOAHMO OTMETHTb PR BOIPO-
COB, HMEIOLUIMX YUCTO NMPaKTHUECKOe 3HaveHue. K TakuM BONpPO-
C&M OTHOCATCA: pa3Mepbl, HOMNYCKH HA pasMephl H MOKPKITHA
NOBEPXHOCTH BOJHOBOZOB.

Pasmepnl nornepeyHoro ceueHust BOJTHOBONA BLIGHpAIOTCH C
YUETOM CJeJYIOLINX OCHOBHBIX XapaKTeDUCTHK: pabodeli BOJIHHI,
pabouero Tuna KoseGaHUl, UpefeNbHOH JJIHHB BOJHbLI padouero.
H 6Juxallero U3 BBICIIHX THOOB KoJebGanul, HANPSKEHHA
npo6os M 3aTyXaHHsl B MOREPXHOCTH CTeHOK BOJIHOBOAA.

Pasmepsl BOJHOBOZA BbIGHPAIOTCS TAKHUMH, NPH  KOTOPBIX
mor Obl pacrnpocTpaHsATbCS TOAbKO HH3MHHA (OCHGBHOMH) THI
Konebanuit. B 3ToM c/ayuyae BbiCIIMe THIBl KoJeOaHHH, BO3-
HUKIIMe BOJIN3H KaKOH-1160 HEOJHOPORHOCTH (Iepexod OT Ol-
HOTO 3JleMeHTa BOJIHOBOAHON CHCTEMbI K APYroMy), He CMOTYT
pacnpocTpaHATbCs O BOJHOBOAY # BOJH3H HEOAHOPOLHOCTH
6uicTpo 3atyxHyT. Takoit BhiGop pasmepoB BOJHOBOAA O6Jer-
yaeT KOHCTPYHPOBAHHE H IKCIJIVATALHIO BOJHOBOAHBIX CHCTEM.

UTo6bl B BOJHOBOAE He BO3HHMKAJX BOJHBI BBHICUIMX THIIOB,
pasMmep HIMPOKOH CTEHKH fAenaloT OJMU3KMM K NOJOBHHE KPHTH-
YeCKOl NJIMHBE BOJIHBL. 3aBHCHMOCTb MEXAY NpeResibHbIME 3HA-
YeHUAMU pa3Mepa IIHPOKO[l CTeHKH MPSAMOYTOJbHOTO BOJIHO-
BOJ@ M JAJHHON BOJHBI B BOJHOBOZE MOXHO M300pasuTb rpa-
¢uueckn (puc. 80). )

Hertouynoctb B usroroBsenus TpyG /s BOJNHOBOLOB UJU He-
pOBHAs BHYTPEHHSS MOBEPXHOCTb NMPHBOAAT K HeXKesaTe/bHbIM
siBfeHussM. Ecin fBa oTpe3ka BOJNHOBOZA OTJAUYAIOTCHA MO pas-
mepaM, TO B MeCTe HX CThlKa ofpasyeTcst CTyneHYaTHid mepe-
x0J, (HeOZHOPGAHOCTL), KOTOPBIH BBHI3BIBACT OTPAXKEHHbIE BOJIHEL

Ilpu rpy6o o6paboTaHHbLIX BHYTPEHHHX MOBEPXHOCTAX CTe-
HOK BOJIHOBOJA BO3HMKAIOT Te K& sIBJeHUS H, KpoMe TOro, yase-
JHYHBAeTCs aKTUBHOE CONpOTHBJeHHe BOJHOBOAA. Ilostomy
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3aTyXaHue Ha eQVHKUY IJI4MHBE BOJHOBOJA BO3pacTaer. ¥YBesy-
YYBaeTCs OHO TaKyKe B TOM cCJjyudae, ec/]y NOBEPXHOCTb CTEHOK
ucuapanaHa HJAM MMeeT BOJHHUCTHIH BHJ, KaK M[OKAa3aHO Ha
puc. 81. .
BospacTanue 3aTyxaHHs B 3TOM CJydae BBI3bIBaeTCS IABYMS
SIBIGHUSIMH: YBeJHYeHHeM JelCTBYIOUled IJIMHB BOJHOBOAA H
yBenuyeHdeM  AeHCTBYIOUIero  AKTUBHOrO  CONPOTHBJIEHHS
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Puc. 80. Tpadux npenesbHbIX 3HaUeHHH pasMepa WIHPOKOH CTEHKH MpAMO-
YTOJIbHOTO BOJIHOBOAA /Sl Das/iuyHbIX AJHH BOJH

crnost (5), B KOTODOM TMPOTEKAlOT TOKH, 3a CUET KOHUEHTPAIHH
TOKOB HA Kpasix KaxJAOH HepPOBHOCTH.

OcTpele 3ayceHuibl # Kpast Ha MOBEPXHOCTHAX CTEHOK BOJIHO-
BO/AA 3HAUUTE/bHO CHAXAIOT MAKCHUMAaJbHYIO MOUIHOCTb, KOTO-
PyIO MOXHO nepejath no JHHUM 6e3 onacHocTH npobos.

B npouecce 3KCIJIyaTaLUMH BOJHOBOJHbBIE CHCTEMBI MOTYT
HaXOJQHTbCA B PA3HBIX MeTeopoJjorudeckux ycnopusx. [lpu pes-
KHX H3MEeHeHHAX TeMNnepaTypbl BO3AyXa Ha BHYTPEHHHX CTeH-
Kax BOJIHOBOJOB MNOSMIBJSCTCH BJjara, KOTOpas HapyilaeT HOp-
MaJibHble YCJOBHA paboThl BOJHOBOAHOH cucremnol. B aTtom
clyyae BO3MOXHA KOPPO3USA IPOBOASUINX CTeHOK BOJHOBOAA,
a -BCJIEACTBHE STOrO 3HAYMTE/IbHblE NOTepH 3HEPruH, OCOOeHHG
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B CTBIKaX OTPE3KOB BOJIHOBOROB. Bo M36exanue KOppO3HH IpH-
MEHSIOT AHTHKOPPO3UHHbIE MOKPLITHA.

Yauie BCero B KauecTBe AHTHKOPPO3UHHBIX MOKPHITHH HC-
[OJIL3YIOT DJEKTPOJUTHUECKHE MOKPHITHS MeTajlaMH, HeaKTHB-
KLIME C BJarofl, WM MOKPLITHA JaKOM. :

B BBICOKOYAcTOTHOH TeXHUKE CTEHKH BOJHOBONOB HauboJjee
4aCTO TOKPLIBAIOT CcepeGpOM HJIH Melbio, KOTOpble 00JajaioT

L

Puc. 81. HeposmocTd BHyTpeHHUX
MOBEPXHOCTEH CTEHOK BOJIHOBOJAA:
8 — riyfuHa UDOHUKHOBEHHS TOKa

BLICOKOH 2JeKTPONPOBOAHOCThIO. OfHAKO 3TH MeTas bl Ha OT-
KPBITOM BO3AYyXe KOPPO3HPYIOT WM TyckHeioT. B 3ToM cayuae
NCBEPXHOCTH CTEHOK BOJIHOBOAA II0JIE3HO 3aUIUTUTb TOHKHM
cJioeM Jaka uau obpadoraTb B 360HAJE.

Ilo BuelHuMm npu3HakaMm (BHellHre pasMepsl, o6paboTka
BHEITHHUX MOBepPXHOCTeH) 3JeMEeHThl BOJHOBOAHLIX CHCTEM Kax
OyATO He HBJAGIOTCS TaKUMU YaCTAMU annaparypse!, KOTOphle
Tpe6yloT 0co6Oro BHUMAaHHS H aKKypaTHOro ofpalleHHd.
Opunako HOpMaJbHasd paGoTa BCero BHICOKOHACTOTHOrO TPAaKTa
pagHONOKANHOHHOH CTAHIUH B 3HAUUTEJNBHOH -CTENeHH 3aBUCHT
0T COCTOfIHHSl BHYTPEHHUX MNOBEePXHOCTEH BOJHOBOAOB M XOpO-
LIEr0 COoeNMHEHMS OTHeabHBHIX 3JeMmedTon. Ha 3t0 moJxkuo
ob6pamaTtbcsi 0coboe BHOMaHHe OOCAYKHBAIOLIEroO flepcoHaJa.
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1. BOJIHbBI B MPSIMOYTOJIbHBIX BOJHOBOJAX

NPHJIOKERHE

THI BoMHA DJeKTPHUECKHE H MarHATHHE NOJS B CEUEHHAX OTPE3Ka BOAHOBOAA. CocTaBaAOUWNAE| Kpyryyeckas
Croco6 Bo3OGyxaeuHsi BOMHK r;o.rxeﬂ, OTMHY- | rappa BOJHM
Hhle OT Hyad
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Snempuqecxﬂe H MArddTHHE 10JAd B CeYEeHHIX OTPE3Ka BOJAHOBOAA.

CocTapaswplue

Kpuruyeckas

Tun soann Cnoco6 Bo3GyxAeHHs BOJHH 10AeH, OTARY- | npyya poaum
HEle OT HyJs
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L e
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Tea BoaAsn

DaexTPHUECKUE B MAarHHTHHE NIOAA B CEUCHHAX OTPE3KA BOAHOBOAZ.
Cnocod Bo36yxkIEHHA BOJHH

CocTaBasiomue
noaef, oTARY-
HhRie OT HYasd

Kparugeckasn
AAHHa BOJHBH
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AnexTpHYECKHE H MATHHTHHIC NOJR B CEYEHHAX OTpe3xa BOAHOBOAA.

CocTaBaswmue

Kpurtugecxan

THI BOAHH Cnoco6 BO3SYXAEHHS BOJAHH noxel, OTINY- | ronua goxan

HHE 0T HYAs
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SJICKTPHI{CCKHE ¥ MAarauTHHIE NOJA B CeYeHHUAX OTpeska BOJHOBOIA.

CocTasasiomue

Kpurnueckas

Tan poans Cnoco6 Bo30y)AeHUS BOJAHH i‘g’:ﬂé,‘.‘)xﬁ:' AAuHE BOJAHH
CCETT T
VT T
-8 cevenuu 2
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DaeKTPUUECKHE H MATHMTHHE [OMR B CEYeHWAX OTPE3Ka BONHOBOAA. CocTapasiomue
Tun Boaum Crocob BO3OYMAEHUS BOJHI A noaes, oTAUY- Eg:;:q;&?::l
HHE OT Hyas
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2. 80JIHbl B KPYTJIbiX BOJIHOBOAAX

TaBASIOMAE
BNeXTPHUSCKHE K MATHHTHHE NOJR B CEUEHHEX OTpe3Ka' BOAHOBOAA, Cocrasagiomue| gpurpweckas
Tan soann Ciloco6 BOaGyXEHHS BOTHH HOXEH, OTANN- | nAuEa BOmME
y Al Hble OT HYJAR
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CocraBasiomue

DAexTpHUECKHE U MArHHTHLIC MOAR B CEHEHHSX OTPE3KA BOAHOBOAA. Kpuruueckas
Tun soanu Cnoco6 BO3GYMHIEHHS BOJHL BOACH, OTAMY- | payya oaun
HbHE OT HyAs
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SJCKTPH‘ICCKKC H MAarHUTHHE NOJA B CEYCHHAX OTPE3Ka BOMAHOBOZA.

CocTasagiomue

KpuTuueckasn

THE BOAEH Cnoco6 BO3GYMACHHS BOIHH ‘;‘;":ﬂ&‘r":;ﬁ:‘ AAKHA BOJHH
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SJIEKTPH‘!CCKPIC H MarHuTHHE NOoAs B CCUEHHAX OTPE3Ka BOJHOBOJAZ.

Cocrasasomue

KpnruHueckas

THO BOARH nodaef, OTINY- JHHE BOJAHM
Cnoco6 BO3GYXASHHA BOJHBI BHE OT Hyam e
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