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O cTpyKType yyebHuka

Kypc «Teopernueckue OCHOBBI 3JIEKTPOTEXHUKI» BKJIOYAET B ceOsl YETHIPE YACTH.
[lepBast, cpaBHUTENbHO KOPOTKast, uMeHyeMast «OCHOBHbIE MMOHSTHUSI U 3aKOHBI T€O-
PUM DJTEKTPOMATHUTHOTO TIOJISS M TEOPUU 3JIEKTPUUECKUX W MAarHUTHBIX Ilerels», co-
JepKuT 00600IIeHNsT IIOHATUN U 3aKOHOB U3 00JACTH 9J€KTPOMATHUTHDBIX SBJICHUI
1 pa3BuTue (GOPMYJUPOBOK U OIPeNeSeHU OCHOBHBIX MOHATUN U 3aKOHOB TEOPUU
3JIEKTPUUECKUX U MATHUTHBIX IIeTIeil. JTa YacTh, CBSI3BIBAA KyPChl (PU3UKU U TEOPETH-
YeCKUX OCHOB 9JIEKTPOTEXHUKHU, OHOBPEMEHHO (DOPMUPYET Y YNTATENST MPABUIbHbBIE
(pusngeckue mpepcTaBICHNS O TIPOIECCAX, TPOUCXOMIIINX B 3JEKTPUIECKUX U Mar-
HUTHBIX IIESAX U B 9JIEKTPOMAarHUTHBIX 110Js1X. OHa IOMOTaeT TakKe TIyOsKe MOHSTh
M3JIaraeMble B OCTIEAYIONTNX JacTIX Kypca MaTeMaTudeckre (popMyIUPOBKU U METO-
JIbI PETTeHusT 3aa4.

Bropas u nauboJbiias mo o6beMy YacTh Kypca, uMeHyeMast « Teopust TMHENHbIX
AJIEKTPUUECKUX TIeTeli», COMEP;KUT TIOCIe0BaTETbHOE U3JI0KEeHe dTOH TeOpuH, Co-
MIPOBO’KIaEMOE 3HAUYNTETHHBIM KOJUYECTBOM ITPUMEPOB. 3/IeCh M3JIaraloTCs OCHOB-
Hble CBONCTBA JIMHEWHBIX 2JEKTPUYECKUX IeTleid W Pa3JMUHbIe MOJAX0/bl K pacyeTy
YCTAaHOBUBIIHMXCS M TIEPEXOHBIX MPOIECCOB B TakuX IersiX. OCHOBHOE BHUMAaHUE
yAeJseTCs MeToJlaM aHa/i3a, TT03BOJISTIONIUM PACCUYNTHIBATh XapaKTePUCTUKU DJIeK-
TPOMATHUTHBIX IIPOIECCOB B 3JIEKTPUUECKUX IIETIsIX, CTPYKTypa U IapaMeTpbl KOTO-
PbIX U3BeCTHBI. BMecTe ¢ TeM, paccMOTPEHbBI TaKKe M OCHOBHbBIE TIO/IXO/IBI K 3a/lauaM
CHUHTE3a W [UATHOCTUKHU IIeTleld, aKTyaJbHOCTh KOTOPBIX PACTET B HACTOSIIIEEe BpeMs.
[TpuMeHeHNE METONOB ATUX Pas/esioB Y4eOHUKA MO3BOJISIET CO3/1aBaTh 3JIEKTpUYe-
CKHe TIeTN ¢ Hallepe] 3aJJaHHBIMU CBOMCTBAMH, a TaKKe OINPEEIATDh MapaMeTPhl NN
JINAaTHOCTUPOBATH COCTOSHUE PEATBbHBIX YCTPOICTB.

TpeTbs yacTh Kypca Ha3bIiBaeTCs « Teopus HeMUHEMHBIX 9JIEKTPUIECKUX M MATHUT-
HBIX TeTieti». B Hell usmaratoTcst cBolicTBa HETMHENHBIX 9JIEKTPUIECKUX M MATHUTHBIX
Terel 1 METOBI pacyeTa MPOUCXOAIIINX B HUX MpotieccoB. IlapamMeTps! HeTHHEHHBIX
Tereli 3aBUCAT OT TOKa, HATIPSKEHUST VJTH MAaTHUTHOTO TTOTOKA, ¥ 9TO IPUBONT K CY-
MIECTBEHHOMY YCJIOKHEHUIO MaTeMaTUUeCKUX Moeseill HeTUHEHHbIX 2JIEMEHTOB U
METO/IOB aHA/IN3a MTPOTIECCOB B HEJTMHENHBIX TETSIX. BMecTe ¢ TeM 9TH BOTIPOCHI MMe-
10T OOJIBINIOE 3HAYEHNE B CBSI3U C IIIMPOKUM MCIIOJIb30BAHNEM 2JIEMEHTOB IeTeil ¢ He-
JIMHEWHBIMU XapaKTePUCTUKAMU B COBPEMEHHBIX YCTPOHCTBAX.

ITocnenusis, yerBepTas, 4acTb — «Teopus 3JeKTPOMArHUTHOTO M0Jis». MHorue
HJIEKTPOTEXHUYECKHE TIPOOJIEMBI He MOTYT OBITH MTOJIHOCTHIO PACCMOTPEHDI TIPU TTOMO-
1A TEOPUH TIelleil U OJKHBI PEeNIaThesl ¢ MPUBJICUEHUEM METOJOB TEOPUM DJIEKTPO-
MarHUTHOTO 1oJ1st. IIpeskie Bcero, 9Tu MeToIbl HeOOXOAMMBI /Il pacdyeTa BasKHeHIIX
3JIEKTPOMArHUTHBIX TIAPAMETPOB 3JIEKTPOTEXHUUECKUX YCTPOMCTB, TAKUX UHIYKTUB-
HOCTb, EMKOCTb, COIIPOTUBJICHHE, YeM, OJHAKO, JAIEKO HE MCYEPIIbIBACTCS 00IaCTh UX
npuMeHenus. be3 ucnoabp30BaHms COBPEMEHHBIX METOIOB TEOPHUH 3JEKTPOMATrHUTHO-
TO TIOJIT HEBO3MOXKHO PACCMOTPEHUE BOTPOCOB U3JMYyYEeHUS W PACIPOCTPAHEHUS B
MPOCTPAHCTBE HJMEKTPOMATHUTHBIX BOJIH, TOTEPh B MOITHBIX 9HEPTETUIECKUX YCTPOIi-
CTBaX, CO3ZIAaHUA U UCITOTH30BAHUS YCTPONUCTB € BBICOKOM HATIPSKEHHOCTHIO 2JIEKTPH-
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YeCKOTO MJIM MAarHUTHOTO ToJteil u T. . Hasmane B yuebHuKe mepBoit gactu: « OCHOB-
HbIe TIOHATHUSA W 3aKOHBI TEOPUH 3TEKTPOMATHUTHOTO TIOJIST M TEOPUH ATEKTPIYECKIX
¥ MarHUTHBIX TIeTIelT», TaeT BO3MOXKXHOCTh HA4YaTh PACCMOTPEHHE TEOPUN dJIEKTPOMar-
HUTHOTO TI0JIsT ¢ OOIIUX YPaBHEHUIH, YTO MO3BOJISIET TIOAPOOHO PACCMOTPETH MOAXO/IBI
K PeNIeHnio 3a/1a4 TEOPUN 3JIEKTPOMArHUTHOTO TOJISI M IPUMEPBI UX PENeHUs B paM-
Kax OrpaHUYEHHOTO 00beMa yueOHUKA.

B yuebHuKe pUHSITA CKBO3HASI HyMepailusi TJ1aB. B nepBolii Tom yueOGHUKA BXOAUT
yacTh 1 «OCHOBHBIE TOHATHS U 3aKOHBI TEOPUH 3JIEKTPOMATHUTHOTO TIOJIST 1 TEOPUU
3JIEKTPUYECKUX U MATHUTHBIX Tiereii» (riasbl 1-3) u Havano vactu 2 «Teopust nu-
HEWHBIX dJIEKTPUYECKHX Iiereii» (raaBbl 3—8), BO BTOPOIl TOM — OKOHYaHMe YacTH 2
«Teopus MMHENHBIX JIEKTPUUECKUX Tierieity (rmaBbl 9—18), a Takxke yacTh 3 «Teopus
HEJINHEMHBIX 3JIeKTPUUYECKUX 1erneity» (ryaBbl 19—-22), B Tpetuii Tom — vactsb 4 «Teo-
puisi 9JIEKTPOMArHuTHOTO 1oJist» (raiaBbl 23—30). YeTBepThlit TOM BKOYaeT B cebst
BOITPOCHI, YIIPAKHEHHS U 33/Ia4d 110 BCEM YaCTsIM Kypca, a Takke HabOp pacueTHBIX
3a/IaHNi TT0 BCEMY KYPCY € METOIMYECKUMHU YKA3aHWAMU /IS X BBITTOTHEHNA. B Hem
MPUBEIEHBI TAKKe OTBETHI HA BOTIPOCHI, PEIIeHNs YIPA)KHEHN 1 3a/1a4.



YACTb YETBEPTA4
TEOPUA SJNIEKTPOMAITHUTHOIO NOJIA

[naBa ABaALATb TPETbA

YpaBHEHUS 3J/IeKTPOMAarHUTHOro nons

23.1. DneKTpoOMarHUTHOE NoJie U ero ypaBHeHus
B MHTerpanbHou cpopme

B . 1, 1. 1 GBI paccMOTPEHbI OCHOBHbIE CBOWCTBA 9JIEKTPOMATHUTHOTO TIOJIST U TTPH-
BeJICHBI OCHOBHBIC TMTOHATHSA U 3aKOHBI, XapaKTepPU3YIOIIIe 3IeKTPOMArHUTHOE TIOJIE.

Inexmpomaznummoe noje ABJsieTcs: 0COOBIM BUIIOM Matepuu. Bestikast asiekrpude-
CKM 3apspKeHHasg YacTUIla OKPYsKeHa 3JEKTPOMArHUTHBIM TOJIEM, COCTABIISIONINM C
Hell eanHoe 1esioe. Ho ajleKTpoMarHiTHOE MOJie MOKET CyIIeCTBOBaTh M B CBOOOJI-
HOM, OT/IEJIEHHOM OT 3apPsI’KEHHBIX YaCTUI[ COCTOSTHUU B BUJIE IBVIKYIIMXCS CO CKOPO-
cTbio, 6:113K0it k 3108 M/c, GOTOHOB MK BOOOIIIE B BUJIE U3Iy4EHHOTO ABIIKYIIETOCH
C ATOI CKOPOCTHIO DJIEKTPOMATHUTHOTO TIOJS (3JIEKTPOMATHUTHBIX BOJIH).

DJIEKTPOMATHUTHOE TI0JIe XapPaKTEePU3yeTCsl HEeNpPEPbIBHBIM pacIpejieieHueM B
MPOCTPAHCTBE, U BMECTE C TEM OHO OOHAPY’KUBAET JAUCKPETHYIO CTPYKTYPY B BHUjle
KBAHTOB U3JIyY€HHOTO 3JIEKTPOMATHUTHOTO T10JIsI, HAapuMep (hOTOHOB.

DJIEKTPOMATHUTHOE T0JI€ SIBJISIETCS HOCUTEJIEM OIIPE/IEJIEHHOTO KOJIMYEeCTBA dHEP-
I'UH, KOTOpast CIIocOOHa TIPe06PasoBbIBATHCS B IPYTHE BU/IbI 9HEPTUU — XUMUUYECKYTO,
TETIOBYIO, 9HEPTUIO0 MEXaHMYECKOTO JBVKEHUSA U T. TI.

DJIEKTPOMATHUTHOE TIOJTe, ABJSAACH HOCUTEIEM OIPe/IeIeHHOTO KOJTMYeCTBA dHeP-
ruu, obJIaziaeT TakKe U ONpeeJIeHHOW COOTBETCTBYIOINIEH 9TOI SHEPIIK MacCoii, KO-
TOpast MOeT OBITH onpeseseHa u3 obmeit casasn W= mc? Mex sy mommoit sneprueii W
1 TIOJTHOM Maccoil m, IPUYeM ¢ ecTh CKOPOCTb cBeTa B mmyctoTe. OHAKO TJIOTHOCTH
MAacChl B HCITOJIb3YEMbBIX OOBIUHO 9JIEKTPOMATHUTHBIX MOJISIX BechbMa MaJa. [ycTh mar-
HUTHAag WHAYKIMSA paBHa 1 T W HANPSKEHHOCTb AJEKTPUYECKOTO MOJIS paBHA
108 B/m = 10° B/cm. TToceanee MoxkeT GbITh JOCTUTHYTO TOJBKO IPU BEChMa BBICO-
KoM BakyyMme. [Tpu 9Tux ycIoBusix 06 beMHast TJIOTHOCTb 9HEPTUHN SJIEKTPOMArHUTHO-
TO T10Jisl, paBHasi CyMMe OOBEMHBIX IIJIOTHOCTEH HEPTUN ATIEKTPUYECKOTO U MarHWT-
HOTO TIOJIEH, IMeeT 3HAUeHue

W _eE B 106 1
v

w' = +
2 2p, 2-4m-9-10° 2-47-107

= 4,42-10° JTx/m>.
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CoOTBETCTBEHHO 00BEMHAS TWIOTHOCTH MACChI AJIEKTPOMATHUTHOTO TOJIst TPU 9TOM
paBHa

_ W' 442-10°
2

= —m:4,9110712 KF/MS,
c .

m
v
T. €. IIpeJCTaBIseT cob0il BeCchbMa MaIyi0 BEJIUYIHY.

Hanuume macchl 1oJist mMeeT NMPUHIMINAIbHOE 3HaYeHue. B yacTtHOCTH, pacrio-
Jlarasi 3HaueHUeM MacChl T10JIsI, BECbMa JIETKO TIOJCUNTATh JaBJIeHUE CBeTa Ha MOBEPX-
HOCTH TeJIa, Ha KOTOPYIO OH HajaeT. JaBjeHue cBeta GbLIO 9KCIIEPUMEHTAIBHO yCTa-
HOBJIEHO M KOJIMYECTBEHHO wu3MepeHo B Osecrsimux onbitax II. H. JleGenesa,
MOJITBEPINBIINX BbIBOJIbI TEOPUH 3JIEKTPOMArHUTHOTO TOJISL.

HuyTosxHash MJIOTHOCTh MAacChl MCITOJIb3YEMbIX Ha MPAKTUKe 2JIeKTPOMArHUTHBIX
moJiell JaeT OCHOBAHME OOBIYHO HE MHTEPECOBATHCS HTOU XaPAKTEPUCTUKON MOJS U
obpamarb BHUMaHKe B OCHOBHOM Ha HHEPreTUYeCKY0 CTOPOHY pacCMaTpPUBAEMbIX
SIBJIEHUI.

DJIEKTPOMATHUTHOE T10Ji€ HAPSI/LY C BBINIEIEPEeYNCIeHHBIMI CBOUCTBAMU XapaKTe-
PUBYETCS 0COObIMU INEKMPOMAZHUMHBIMU CBOLCMEAMU, HE PACCMATPUBAEMBIMU B Me-
XaHMKe, a MIMEHHO CIIOCOOHOCTBIO OKA3bIBaTh CUJIOBOE BO3JEICTBHE HA 3apsyKEHHbIE
YaCTHUIIBI. DTO BO3AEHCTBUE 3aBUCUT OT CKOPOCTHU 3aPsIKEHHBIX YACTHUIL.

B nepBoii yactu Kypca ObLIO YKa3aHo, 4TO 9JEKTPUYECKOe M MATHUTHOE OJIS SIB-
JISTIOTCST JIUIIb IBYMsI CTOPOHAMM BCET/Ia €IMHOTO 3JIEKTPOMArHUTHOTO T10Jisd. lenerue
O0OBEKTUBHO CYNIECTBYIOIIETO HE3aBUCUMOTO OT HAIIMX HaOJIOJCHUN dJIeKTpoMar-
HUTHOTO TIOJISI Ha JIBE €r0 COCTABJISIIONINE — TI0JIE€ 3JIEKTPUYECKOEe U I10Jie MATrHUT-
HOe — SIBJIIETCSI OTHOCUTENBHBIM, T. €. 3aBUCHT OT YCJIOBHH, TIPH KOTOPBIX ITPOU3BO-
JATCST HAOMIOIEHIE 9JIEKTPOMATHUTHOTO TIOJIsI € TIOMOTI[BIO T€X WJIM UHBIX YCTPOMCTB.
B nepBoii yactu Kypca ObLINM yCTAaHOBJIEHBI KOJNYECTBEHHbBIE COOTHOIIECHMS, ONpeIe-
JISTIONINE CBSA3b MEXKIY STUMHU JABYMSI CTOPOHAMU 9JIEKTPOMATHUTHBIX SIBJIEHUIA.

W3 Bcero paccMOTPEHHOrO B TIEPBOIT 4aCcTU KyPCa BBITEKAET, UTO BCSIKUI 9JIEKTPU-
YeCKUI TOK 00513aTeIbHO COIMPOBOKIAETCS MATHUTHBIM TI0JIEM 1, HA000POT, MATHUT-
HOE TI0JIe HeM30EKHO CBSI3aHO C HJIEKTPUYECKUM TOKOM. IIPMHATO pasinyarb Tpu
BHU/IA DJIEKTPUYECKOTO TOKA: TOK IPOBOAUMOCTH, ILIOTHOCTH KOTOPOTO IIPOIIOPIIAO-
HaJIbHA HATIPSKEHHOCTH 3JIEKTPUYECKOTO T0JIsT; TOK CMEIEHHUs], IIJIOTHOCTh KOTOPOTO
MPOIIOPIMOHAIbHA CKOPOCTH HM3MEHEHUs HaIPSKEHHOCTH 3JIEKTPUYECKOrO TIOJId,
U TOK IEPEHOCA, TIJIOTHOCTh KOTOPOTO OMPE/ENSIETCS CKOPOCTHIO JBVIKYIIMXCSI CBO-
GOJHBIX DJIEKTPUUECKH 3aPSAKEHHBIX YACTUI] MJIU TeJl, 3ABUCSIIEN OT 3I€KTPUIECKOTO
HATPSKEHUS B/IOJIb ITyTH, TPONIEHHOTO 3TUMU YacTuliaMu uiau tesamu. Opaaaxo ¢u-
3UYECKU CJIEJIyeT Pa3/juyarh JIMIIb JBA BU/IA JEKTPUUYECKOIO TOKA, XapaKTepusylio-
IUXCS MHBIMU TIipu3Hakamiu. [IepBbiil BU TOKa TpecTaBiserT coOoil IBUKeHne dJie-
MEHTaPHBIX YaCTHIl, 06JafaIoNUX dIeKTpudeckuM 3apsagoM. Ciofa OTHOCSTCS TOK
[EPEHOCA, TOK IPOBOAUMOCTH M YaCTh TOKA CMELIEHUs], 00SI3aHHAS CBOMM IOSIBJICHM-
€M M3MEHEHUIO 3JIEKTPUYECKON MOJISIPU30BaHHOCTH BelllecTBa. BTopoit Buj TOKa, KO-
TOPBII He MOKET OBITH IIPEACTABJIEH KaK ABUKEHIE M3BECTHBIX HaM 3apPsyKEHHBIX dJIe-
MEHTAPHbBIX YACTUI], €CTh TOK 3JIEKTPUYECKOTO CMEIIEHUs B IIyCTOTE.
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B mpocTparncTBe, okpysKaoneM ABISKYITUECS 3apsKeHHbIe YaCTHUITBI, CYTIECTBYET
KaK 9JIEKTPUYECKOe T10JIe, TaK U MarHUTHOE I10JIe. DTU IIOJI OIPEAEIAIoT coboil aBe
CTOPOHBI €IMHOTO 3TEKTPOMATHUTHOTO TIOJIS.

Toku 2JIEKTPUIECKOTO CMEIEHNS B ITyCTOTE BO3HUKAIOT TIPU M3MEeHEHUHN 3JIEKTPHU-
YeCKOTO TI0JIsI BO BDEMEHU M TaK)Ke OKPY:KEHbI MATHUTHBIM TioJieM. Ciie/1oBaTesbHo,
MIPU BCIKOM U3MEHEHUN JIEKTPUYECKOTO MO BO BpEMEHU BO3HUKAET B TOM JKe TTPO-
CTpaHCTBE CBSI3aHHOE ¢ HUM MaruuTHoe Toje. Oba aTH MO OIPEAETIAIOT U B 9TOM
cJyJae eJ[MHOe 2JIEKTPOMArHUTHOE TI0JIE.

CB43b MEXKIY 2JIEKTPIUIECKUM TOKOM U HATIPSKEHHOCThIO MAaTHUTHOTO TIOJIS YCTa-
HaBJIMBAETCSI 3aKOHOM ITOJIHOTO TOKa

§Hﬂ=@

TJIACSIIAM, YTO JIMHEHHBII MHTErpal HapsiKEHHOCTH MarHUTHOTO TOJIST 10 JII0OOMY
3aMKHYTOMY KOHTYPY paBeH IOJIHOMY TOKY CKBO3b IOBEPXHOCTb, OrPAHUYEHHYIO
3TUM KOHTYPOM.

YpaBHenwue, BbIpaskaoliee 3aKOH MMOJTHOTO TOKA, TIOHUMAEMOE B YKA3aHHOM BbIIIIE
0600TIIEHHOM CMBICJTE, KOT/Ia B TIPABOM €T0 YaCTH COAEPIKATCS BCE BU/IBI TOKOB, B TOM
YucJe U TOK CMeIeHus B IycToTe, 1ano Makcsesmom. [TocpegctBom atoro ypashe-
HUS YCTAaHABIMBAETCS OJTHA U3 BAXKHEHIIINX CBI3eil MEXK/Y 2JIEKTPUIECKON U MaTrHUT-
HO CTOPOHAMM AJIEKTPOMATHUTHBIX SIBJIEHUH, a UMEHHO, OHO OTIPEIeJisIeT MATHUTHOE
110J1e, BO3HUKAIOIIEE 1TPU JIBUKEHUHN 3aPSIPKEHHBIX YACTUIL U [TPU U3MEHEHUH 3JIEKTPH-
YECKOTO TIOJISI.

Bropag cB43b onpenesnseT aseKTpudecKoe 1mose, BO3HUKAIOIIee TP M3MEHEHUHN BO
BpeMeHu MarauTHOro noJisa. Oua otkpbiTa DapajgeeM u chopMyIupoBaHa UM B Bujie
3aKOHA BJIEKTPOMArHUTHON WHIAYKIMN. MaKCBeIy TPUHAIJIEKUT 3aciayra 0000-
IEHKs] 9TOTO 3aKoHa st JI0OoH cpezbl. COrsIacHO MaKCBEJIOBOW (hOPMYJIHPOBKE
3aKOHA 3JICKTPOMArHUTHON WHAYKIIMH, JEKTPOJABIDKYIIAA CHUJIA, BO3HMKAIONIASA B
KOHTYp€ TIPY U3MEHEHUU MarHUTHOTIO MOTOKA CKBO3b MOBEPXHOCTh, OTPAHUYEHHYTO
KOHTYPOM, paBHa B35TOH CO 3HAKOM MUHYC CKOPOCTH U3MEHEHUS 3TOro nmoToka. CyTir-
HOCTB 00001eHnst MaKcBeJIa 3aKJII09aeTcsl B TOM, YTO KOHTYP, B KOTOPOM BO3HMKa-
er D/IC, Moxer ObITH IIPEACTABICH PACIOJOKEHHBIM B JI000i1 cpene. B wactHocTH,
9TO MOKET OBITh JIMITh MBICJEHHBIH KOHTYD, HAXOAAIUNCS [EJTUKOM B IIyCTOTE.

Bosnuknosermne J/[C B TakoM KOHType TIPU U3MEHEHUW MATHUTHOTO TOJIS €CTh
pe3yJIbTaT MOSBJICHWST UH/IYIIUPOBAHHOTO 3JIeKTpUuecKoro 1oJst. [Ipu aTom aexTpo-
IBVKYTAS CHUJA, JAEHCTBYIOMAs BOJb KOHTYPa, PaBHA JMHEHHOMY WHTETpay
HANPSIKEHHOCTH 3JIEKTPUIECKOTO TI0JIs, B3ITOMY BJIOJIb 3TOTO KOHTYpa. Takum obpa-
30M, 06001IIeHHas MaKCBe/ToBa (DOPMYJIMPOBKA 3aKOHA JIEKTPOMArHUTHON WHIYK-
WU TIPEJICTABJISIETCS] B BUJIE

dd
§Edl=—;E.

CyH.IHOCTb ABJIEHUA SHGKTPOMaFHHTHOﬁ WHAYKIUNW 3aKJIIOYa€TCA B TOM, UTO IIpU
BCAKOM U3MEHEHNWN MAaTrHUTHOTO I10JI1 BO BDEMEHW BO3HUKAET B TOM K€ IIPOCTPAaHCTBE
CBsA3aHHOE C HUM 29JIEKTPUYECKOE II0JIE.
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[Tocnemnee ypaBHeHnue orpeziesisseT WHAYIMPOBAHHOE 3JIEKTPUYECKOE T0JIe, Ha-
HPSKEHHOCTh KOTOPOTO MbI 0003HaYamn E,y, . VICTOUHUKAMI 9I€KTPHIECKOTO OIS
SIBJISTIOTCSI TAKIKE JIEKTPUUYECKU 3apsKEHHbIE YacTUIlbl U TeJia. CBsI3b AJIEKTPUYECKO-
O T0JIsl, OKPY>KAIOIIEro 9TU YACTHIIbl U TeJIa, C UX JEKTPUUECKUM 3apsi/IOM ollpejie-
Jigercs moctyiaroM Makcsesia

§Dds =q,

KOTOprfI TJ1aCuT: IIOTOK BEKTOPA 9JIEKTPUYECKOTO CMEIIEHNA CKBO3b JHO6y10 3aMKHY-
TYIO ITOBEPXHOCTDb B 0601 cpene paBeH CBO6OI[HOMy 3apAaay, 3akKJII0YEHHOMY B 00be-
M€, OTpaHNY€HHOM ATOM ITOBEPXHOCTDBIO.

Jlvaun BEKTOPA HAIIPAKEHHOCTHU MHAYIITUPOBAHHOTO 9JIEKTPHUYECKOTIO I10JIA BCIOLY
HEIIPpEPbIBHDbI. Jlvaum BEKTOPa 9JIEKTPHUIECKOTIO CMEIIEHMA, CBA3aHHOTIO C 3apAdaMn
TEJ N YaCTUIl, HAYMHAIOTCA N KOHYAIOTCA Ha 9TUX 3aps/iaX.

JIvnnn BEKTOpa MaTHUTHOU WHAYKIUKW BCIOJY HENIPEPBIBHDBI, YTO BbIPpaKA€TCA CO-
OTHOIICHUEM

{)Bds =0.

[IpuBenentbie BbINE YETHIPE COOTHOIIEHUS U SIBJISIIOTCS OCHOBHBIMH yPaBHEHUS-
MU 3JIEKTPOMATHUTHOTO TIOJISI B UHTETPaTbHOH (hopMme.

V3ydeHue s1eKTPOMArHUTHOTO MOJISI U METOJIOB €ro pacyera uMeeT BechbMa 00Jib-
110€e 3Ha4YeHUe.

B 1. 3, T. 1, B KOTOPOIi OBLIN IaHBI OCHOBHbIE MTOHSATHSI TEOPUN DJIEKTPUIECCKUX U
MATrHUTHBIX 1lernel, Oblia OTMeYeHa CJA0KHOCTh (PU3NYECKUX SBJICHUN B 9TUX LIEIsX.
bBrio mokazano, 4To BO3MOKHOCTD IIOCTPOEHMSI TEOPUU DJIEKTPUUYECKUX U MarHUT-
HBIX IeTlell OCHOBaHa Ha psijie HayYHbIX abCTPaKIHil, Ha TIPEeHeOPEKEHUN PSATOM SIB-
JIEHU#, KOTOPbIE MPU OIpPe/eJIEHHBIX YCIOBUIX MOMKHO CUMTATh BTOPOCTENEHHBIMU.
Teopust a/1eKTPUUECKUX U MAarHUTHBIX 1IeTTell OTIEPUPYET C IapaMeTpaMu Iielei, Ha-
MpUMep € UHIYKTUBHOCTHIO, EMKOCTBHIO, DJIEKTPUYECKUM COTPOTUBJIEHNEM, MATHUT-
HBIM COTIPOTUBJIEHUEM U T. ., IPUHUMAsI 3HAYEHW ITUX MTapaMeTPOB KaK JaHHbIE.
OpHako /It pacyeTa IapaMeTpoB Iieneil HeoOX0AUMO 3HATh dJEKTPUYECKHe U Mar-
HUTHBIE T10Jisf, 00pasyoNuecsl Ha ydacTKax Ilereil TPy HaJIMYMKU B THX ydacTKaxX
TOKOB W HampsmKeHWil. V3ydenne aMeKTPOMATHUTHBIX TOJIEeH BaXKHO HE TOJBKO I
pacuera mapamerpos 1eneid. OHO HEOOXOAUMO, €CIM MBI KejaaeM 0oJee IOJIHO Pac-
CMOTPETh KapTUHY 9JeKTPOMATHUTHBIX SIBJICHUN B TOM WJIM WHOM yCTPONCTBE, HE OT-
paHnuuBasi cebs1 TeMU JIOYIMIEHUSIMHU, Ha KOTOPbIX OCHOBAHA TEOPHSI 9JIEKTPUYECKUX
1 MaTHUTHBIX I1erieil. [lo cymnecTBy, 17151 TOJHON XapaKTepPUCTUKU 3JIEKTPOMATHUT-
HBIX SIBJIEHUH B JIIOOOM yCTPOWCTBE HEOOXOAMMO 3HATH IIPOCTPAHCTBEHHOE paciipesie-
JIeHUEe OTIPEIENSIONINX NX (DU3UUECKUX BETMYMH — TIJIOTHOCTU TOKA, HATIPSIKEHHOCTH
2JIEKTPUYECKOTO TI0JIsI, MAaTHUTHONW WHAYKIUUA W T. . U UX U3MeHeHHe BO BPEMEHMU.
[TosTomy /it TIyOOKOTO M3y4YeHUs: dJIeKTPOMATHUTHBIX SABJIEHUI HeOOXOAUMO HU3Y-
YUTh XapaKTePU3YIOIINe UX MOJI.

Jlameko He Bcera MPU aHATNA3E DJIEKTPOMATHUTHBIX SIBJICHII MOTYT OBITH BBeje-
HBI ¥ KCIIOJIb30BAHBI TIOHATHS 00 9JIEKTPUYECKON ¥ MATHUTHOM IEMsIX, XOTs ObI axke
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JUIST TIOJTydeHust pubsKeHHoro pemietust. CyIiecTByeT MHOTO BasKHbBIX TIPAKTHYE-
CKUX CJIy4YaeB, KOTJIa 9TU TIOHSITUSI TEPSIIOT CBOW CMBICJI U KOT/Ia aHAJN3 AJIEKTPOMAr-
HUTHBIX SIBJEHUHA MOJKET OBITh MPOU3BEAEH TOJBKO IyTEM JETaJbHOTO WM3Y4EeHUSsI
AJIEKTPOMArHUTHOTO 110JIs1. B KauecTBe 0/{HOTO U3 BaXKHEHIIIUX TPUMEPOB MOXKHO yKa-
3aTh HAa U3JIYYEHHE U PACIIPOCTPAHEHUE HIEKTPOMATHUTHBIX BOJIH.

CTpoiHOCTh YpaBHEHWH 3JIEKTPOMArHUTHOTO TOJISI OTPaKaeT COOOI TPeebHO BbI-
COKYIO YIOPSIIOYEHHOCTh BHYTPEHHETO JIBMKEHUSI MaTE€PUU, CYNIECTBYIONEH B (popme
3JIEKTPOMArHUTHOTO 10, Jlaske TPM caMbIX CUJIBHBIX MCIIONb3YyEeMBbIX HAMU 3JIEKTPO-
MarHuTHBIX TMOJISIX B HUX He BO3HHMKaeT TYypOYJEHTHOE WJIM XaOTHYECKOE JBHKEHUE,
CBOMCTBEHHOE TEIJIOBBIM ITPOIeccaM 1 TIPoIeccaM TIPH JBVKEHUH JKUKOCTEN W Ta30B.
OtMedeHHAs BbIIIE BeCbMa MaJias TVIOTHOCTh MACcChI 3JIEKTPOMArHUTHOTO TIOJISA, CBSI3aH-
Hast C OTCYTCTBHEM MacChl TIOKOsT, 00YCIOBIIUBAET TO, YTO SHEPTHUS JIEKTPOMATHUTHOTO
TIOJIST JIETKO TIEPENAETCS CO CKOPOCTHIO CBETa BIOJIb IPOBOIOB U B CBOOOIHOM MPOCTPAH-
CTBe. DTU CBOMCTBA JIEKTPOMAaTHUTHOTO TIOJIS JIAIOT BO3MOKHOCTH € TIOMOTITBIO AJIEKT-
POMAarHUTHBIX YCTPOMCTB OCYIIECTBJIATH YIIpaBJIeHHe OOJBIIMMEI MOTOKAMK SHEPIHH,
CO3/IaBaTh CJIOKHBIE OBICTPOIEHCTBYIONINE KHOEPHETHYECKIE CUCTEMbI YIIPABJICHUS, T1e-
penaBaTh OrPOMHBIE TIOTOKYA MH(POPMAITIH, OCHIIATH CUTHAJIBI HA COTHU MUJJIMOHOB KH-
JIOMETPOB B KOCMUYECKOE MTPOCTPAHCTBO, TPOM3BONTH BHIYUCIEHUS C TIOMOIIBIO 3JIEK-
TPOHHBIX MAIINH C UCKIIOYUTETHHO GOJIBIION CKOPOCTHIO.

Vccenemyst 9J1eKTPOMArHUTHOE T10JIe, HEOOXOANMO OIPEIEISITh BCE BEJIMYMHDI, €70
XapaKTepusyIollne, B Kaxk10i Touke mpocTpanctsa. [loatomy MbI He MOXKeM yiioBJie-
TBOPUTHCSI MHTETPATHHON (POPMOIT YPaBHEHUI U JIOJIKHBI TIPE/ICTABUTH UX B mudde-
peHIuanbHOn hopme.

B nasbHeiiem GyneM paccMaTpuBaTh 3JEKTPOMATHUTHOE I0JIE B HETIOABUIKHBIX
cpeiax, M B YaCTHOCTU B HEMOJABWKHBIX TPOBOAHUKAX. COOTBETCTBEHHO BO BCEX
ypaBHEHUsIX Oy/ieM BBOJIUTH YaCTHbBIE TIPOU3BOIHBIE TI0 BPEMEHH.

23.2. 3aKOH NONHOro Toka B aud¢depeHumanbHon popme —
nepsoe ypaBHeHue MakcBenna

CoriacHO ypaBHEHUIO §>H dl = i, BeIpaskaroleMy 3aKOH IIOJIHOTO TOKa, IMHEHHBIN MH-

Terpaj HaPsKEHHOCTU MAarHUTHOTO TTOJIsT, B3SITHIH 10 3aMKHYTOMY KOHTYPY, MOKET
paccMaTpuBaThCs KakK Mepa 3JIEKTPUUYECKOTO TOKA, TPOXOJISIIIEr0 CKBO3b TOBEPXHOCTD
S, OTPaHUUYEHHYIO0 3TUM KOHTYypoM. OHAKO IO BEJIMYMHE HTOTO UHTETrpaja HEJb3sl CY-
JITH O PACIPe/Ie/IEHIH TOKA 110 TIOBEPXHOCTH S. YTOOBI PEIINTH 3TOT BOIIPOC, HEOOXO-
JIMMO BOCIIOJIb30BaThCSI ATUM K€ ypaBHeHueM B quddepeniiu-
anmpHOl (hopMme. [lomycTrM, MBI KeJlaeM BBISICHUTD, MTPOXOIUT N
JIW TOK CKBO3b MAJIyIO TOBEPXHOCTD, HA KOTOPOH PACIIONOKEHA 6
TouKka A, 1 KakoBa TIJIOTHOCTh TOKA B 3TOH Touke (puc. 23.1). B [ ---48=rot H
JIMHENHbI MHTErpaJl HAIIPSKEHHOCTU MArHUTHOTO T10JIS], B351-
TBIH BAIOJTh MAJIOTO KOHTYPA, OTPAHUYNBAIOIIETO MTOBEPXHOCTH As,
paBeH MaJIOMy TOKY Ai, TPOXO/ATIEMY CKBO3b 3Ty MTOBEPXHOCTD!
j;H dl = Ai, m MOXeT CIyKUTh Mepoil Toka Ai. Benmunna Ai 3a-

BUCHUT OT pa3MepoB MOBEPXHOCTH As. UTOObI TONyYUTh BIIOJHE Puc. 23.1
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OTIpeIesIEHHYTO BeTMYNHY, PAa3/ieJ MM MIPaBYIo 1 JIEBYTO YaCTH PaBEHCTBA Ha As 1 Hali-
JIeM TIpejies1, K KOTOPOMY CTPEMUTCS OTHOIIEHNE, KOT/la AS CTPEMUTCS K HYJTIO, CTATH-
Basch B Touke A. Byzem mmertn

Ai

§Hﬂ
lim =—— =lim —.
As—0  AS As—0 AS

Benmuuna, crosinast B IpaBoil 4aCTU PaBEHCTBA, IPEACTABIAET COOOM COCTABIISIO-
Y10 BEKTOPA TIIOTHOCTHU TOKA TI0 HATIPABJIEHUIO HOPMAJIU K TIOBEPXHOCTH § B TOUKe A:

lim 2% - dcosp=3,.
As—0 As
Bennuuna, crosimias B JIeBOH 4acTH PAaBEHCTBA, KaK M3BECTHO U3 Kypca Marema-
THUKH, TIPEJCTaBJseT COOO0N MPOEKIMIO HA HAIIPABJIEHIE HOPMAIN K TIOBEPXHOCTH §
B TOUKe A BEKTOpa, Ha3bIBAEMOTO BU X P € M, UJIK P O T O p o M, BekTopa H. Buxppb Bek-
topa H o603uauaior rot H. COOTBETCTBEHHO JIJIsT €T0 MTPOEKIINH MeeM 0003HaYeHe

ﬁHdl
rot, H =lim =~——.
As—0  AsS
Crano ObITh,
rot, H =9 ,.

Ecyi a1eMeHT MOBEPXHOCTH PACTIONOKHUTH TaK, UTOOBI MOJIOKUTETbHAS HOPMAJID K
HEMY COBIIa/Iajla C HAIPaBJEHUEM BEKTOPA MJIOTHOCTH TOKA, TO TIPEes OTHOIIEHNS
Ai/As monyunT HanboJIbIllee 3HaYEHNe, PaBHOE MIJIOTHOCTH TOKA B TOUKe A, mpuyeM
HarpaBJIeHUE TOJOKUTEIbHON HOPMAaJIu MBI CBI3BIBAEM MTPABUJIOM TIPABOTO BUHTA C
HarpasjeHreM 00xozia KOHTypa. [Ipu TakoM paciosiosKeHUu aJieMeHTa OBEPXHOCTH
B [IPABOil YaCTH PaBEHCTBA, HAIMCAHHOTO B BEKTOPHOI (hopme, OYIET CTOSITh BEKTOP
IJIOTHOCTH TOKa, a B JieBoit — BekTop rot H. Takum obpasom, B auddepernnaabHoil
¢opmMe 3aKOH TTOTHOTO TOKA TIPEJCTABUTCS B BUJIE

rot H =9.

ITO ypaBHEHHUE JEKTPOMATHUTHOTO TIOJII HOCUT Ha3BaHWe MePBOTO ypaB-
nenusd MaxcBenma. [leanocTs 3amucu ypaBHEHU TOJS B BEKTOPHON hopme
3aKJTI0YAeTCs B TOM, UTO TaKas 3aMich He 3aBUCUT OT
BbIGOpa cucteMbl KoopauHAT. OJHAKO BBIPAKEHUS
JUUIS COCTABJISIONIUX BUXPS HEKOTOPOTrO BeKTOpa A,
B YaCTHOCTH BeKkTopa H, uepes3 cocTaBigioNe camo-
ro BekTOpa A TOMyJaioTCs Pa3JUIHBIMU B Pa3HbIX
CUCTEMaX KOOP/MHAT.

Bripasum cocrassisioniue Bektopa rot A B jiekap-
TOBBIX KOOpJAMHATaX. PaccMOTpUM OECKOHEYHO Ma-
JIBI TIPSIMOYTOJIBHBIN KOHTYP abcda (puc. 23.2) B
IJIOCKOCTH, TlapaJiyiesibHou miiockoctu YOZ, u cocra-
s BUM cymmy npousBeaernii A dl 110 BceM cropoHam

Puc. 23.2 koHTypa. IMeem
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+ A, dy Bjoss cropons! ab;

+ A + o4,
%y

dyj dz Bpoan cropousl b,

0A
| A, + 5 Y dz | dy Bnonw ctoponsl cd,
' 4

— A, dz Bnoss ctoponsl da.

0A 0A

[pu atom A, | A, + —=dy |,| A, + Y dz \m A, — cpeanue B mpejenax COOTBET-
oy ' 0z

CTBYTOTIEH CTOPOHBI 3HAUEHNS COCTABIAONNX BekTopa A. CyMMUPYs 9TH BeTUINHBI

U JIeJist CyMMY Ha BEJIMYUHY TUTOMAAKY dy dz, OrpaHNYeHHON KOHTYPOM, HAXOANUM

0A
rot A= o4, 94 .
oy 0oz
Onpenenss aHAJIOTUYHBIM 06Pa3OM APYIHe COCTABJIAIONINE, OIydaeM
0A oA
rOtrA:%_ L5 rot, A= o4, 04, rot, A= _oA,

ITocnexnue aBa BBIPAKEHUS JIETKO MOJIYYAIOTCS U3 MEPBOrO MUKIMYECKON mepecTa-
HOBKOII OYKB X, ¥/, Z.
Takum 06pa3oM, B JIEKaPTOBBIX KOOPAMHATAX MepBOe ypaBHEHWe MaKcBeJia mpu-
HUMAaeT BIJ
aI{z _aH’/ =5 aI_Ix _aHz =3 : aHU _aHk =8
5 ; .
oy 0z Y0z ox Y ox oy :
[Toap3ysich MPUBEAEHHBIMU BBIIIE COOOPAaKEHUSIMU, MOKEM TOJYYUTh BbIPasKe-
HUST BEKTOPa rot A ¥ B APYTUX cUcTeMaX KoopanHaT. Hampumep, B IIUIMHAPUYECKIX

KoopaunHaTax p, O, z pavajbHasd, TaHI€HIIUAJIbHAA U OCEBAsA COCTABJIAIOIINE PaBHbBI

0A
rotpAzlaAZ —aA“, rot, A=—2" —%,
p oo Oz oz  Op
10 104,

rot, A=——(pA,)———L.
: pap(p o) > o

B cdeprueckux koopamHaTax p, 0, @ cocTaBisgioNe BeKTopa rot A paBHBI

rot A = ! [6(A(P sin0) —%}

psin6 | 00 o0
0A
rot A = 1 i P —i(rA@) ,
plsin® 0¢ Op

0A
rot ,A = 1 Q(pAe) -2
plop 09
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23.3. 3aKOH 3/IeKTPOMAarHUTHON UHAYKLUKN
B andppepeHumnanbHou popme —
BTOpOe ypaBHeHue Makcsenna

Hammmem B quddepeHimanbuoii opme ypaBHeHme ig Edl= —7(?, BBIpaskaroree 3a-

KOH 2JIEKTPOMarHuTHON WHAYKIUA. [Ipn aTom, paccMatpuBas 1moJie B HETIOABUKHBIX
cpe/ax, 3aMEeHUM TOJIHYIO TIPOU3BO/IHYIO 110 BPEMEHU YacTHOH mpon3BoaHoi. Cocra-
BUM JIMHEHHBI WHTErPaj HAMPSIKEHHOCTU 3JIEKTPH-
YEeCKOTO TIOJIsI TI0 MaJIOMy KOHTYPY, OTPaHUYUBAIOIIe-
My MaJIyio TOBepXHOCTb As (puc. 23.3); pasjesuM ero
Ha BeJIMYMHY TIOBEPXHOCTH U HAI/IEM TIPeJie], K KOTOPO-
MY CTPEMUTCS TIOJIyU€HHOE OTHOIIIEHUE, KOT/IA TIOBEPX-
HOCTb AS CTPEMUTCSI K HYJIIO, CTSITUBASICh B HEKOTOPOI
touke A mosa. IIpm aToM mMOTydYnM TPOEKINIO Ha Ha-
[paBJieHue HOPMAIU K BBIOPAHHOMY 9JIEMEHTY MTOBEPX-

Puc. 23.3
HOCTHU B Touke A BUxps BekTopa E:
§Edl
lim =rot ,E.
As—0  AS

B mpaBoii yacTu ypaBHEHUST MBI IOJKHBI TOTOK AD CKBO3b MTOBEPXHOCTH AS pas-
JICJIUTH HA MOBEPXHOCTb AS M HAWTH TIpejiesl, K KOTOPOMY CTPEMUTCS 3TO OTHOIIECHHE,
korga As — 0. [Ipu 5ToM ToJIydnM COCTaBJISIONIYIO BEKTOPA MATHUTHON UHAYKIIMY B
B TOYKE A, HOPMAJIbHYIO K BBIOPAHHOMY 3JIEMEHTY TTOBEPXHOCTH:

lim 22 - 9® _p
A0 As  ds
Takum o6pasoM, nmeem
rot, E =— 9B, .
ot

BoiGepeM moJioskeHne aJieMeHTa MOBEPXHOCTH TaK, YTOObI HOPMaJIb K HEMY COBIIa-
Jia ¢ BeKTopoM — 0B/0t. Torma B sleBoli yacTu paBeHCTBA MOJYYUM BUXPb BeKkTOpa E.
bynem nmets

rot \E = —@.
ot

ITO ypaBHEHUE W TPENCTaBsIeT cOOOIl BhIpAKEHIE 3aKOHA ITEKTPOMATHUTHOIM
nHIyKINU B nuddepertmanbioit opme. OHO HA3BIBAETCIBTOPBHIM YPABHEHU -
eM MaxkcBemma.

Hanpassienue Bekropa 0B/0t ectb HanpaBJjieHNe, K KOTOPOMY CTPEMUTCSI HAIIPaB-
Jilenue mpupaiiennsa AB BekTopa MarHMTHON WHAYKITUHU, TTPOUCXOAIIETO 32 TTpOMe-
KYTOK BpeMeHu At, korna At — 0. Ecain BekTop B m3MensgeTcs He TOJIBKO 10 BeJINYH-
He, HO U 110 HAITPaBJIEHNIO, TO TIPOU3BOIHAsA OB/0t He HarpaBJieHa 110 OHOMN MPSIMOT €
BEKTOpOM B.
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B nekapToBoii cucreme KOOpAMHAT MTOJIyYaeM

OE, ©OE, 0B, OE, OE, 0B, OE, OE, 0B,

ER ot oz ox ot oax oy ot
23.4. Teopema Naycca un nocrynat Makcsesnna
B anppepeHumanbHon popme

Teopema laycca B npuMeHEHUN K 3JIEKTPUUECKOMY ITOJIO TJACHUT: TIOTOK BEKTOPA Ha-
MPSEKEHHOCTU 3JIEKTPUUECKOTO T0JIsI CKBO3b 3aMKHYTYIO TOBEPXHOCTb B OJTHOPO/THOI
U M30TPOITHON Cpejie PABEH OTHOIIEHWIO HJIEKTPUYECKOTO 3apsi/ia, 3aKJII0OYEHHOTO B
oObeMe MPOCTPAHCTBA, OFPAHNYEHHOTO 9TON MOBEPXHOCTHIO, K aOCOIOTHO JNdIEK-
TPUIECKON TTPOHUTIAEMOCTHU CPEIBI, T. €.

_q
fEds—g.

Takum 06paszoM, MHTErpasl HAIPSKEHHOCTH 9JIEKTPH-
YECKOro 10JIs1, PACIPOCTPAHEHHBIN 110 HEKOTOPOW 3aMK-
HyTOH ToBepxHOCTH (puc. 23.4), I78 OAHOPOAHON N1
M30TPOIMHON Cpeibl MOKET PACCMATPUBATHCA KaK Mepa
AJIEKTPUUECKOTO 3apsfa, 3aKJII0UYEHHOTO BHYTPHU ITOM
noBepxHocT. ONHAKO IO BEJUYUIHE HTOTO MHTErpaia
ellle HeTb3sl CYINTh O PacIipeieIeHNH 3JIeEKTPUIECKOTO
3apsga BHYTpU oObeMa, OTPAaHMYEHHOrO 3aMKHYTOI
HOBEPXHOCTBIO. /{1 pelieHust 3Toro Bomnpoca HeoOXo-
MO TIpUMeHuTh TeopeMy laycca B apuddepenninaib-
Holt hopme. [lonycTM, UTO MBI JKeJlaeM BBISICHUTD, Ha- Puc. 23.4
XOIMUTCS JIM DJIEKTPUUYECKUN 3apsi B MasoM obobeme AV,
3akodaionieM B cebe TOUKy A, U KakoBa OObeMHast
IJIOTHOCTD 9JIEKTPUUECKOTO 3apsi/ia B 9TON TOUKE.

[Torok BekTOpa E CKBO3b Maslyio MOBEPXHOCTD, OTPaHUYUBAIONLYI0 06beM AV, pa-
BEH JIeJIeHHOMY Ha € MAJIOMY 3apsAny Ag, 3aKITI0UeHHOMY BHYTPU 9TOH MOBEPXHOCTH:

_Aq
i;Eds =

Pazzenum obe yactu ypaBHeHust Ha AV 1 HaiiieM Tipe/iesi, K KOTOPOMY CTPEMUTCST
otHotenue, korza AV — 0. Umeem

Eds
lim L = lim ﬂ
AV=0 AV AV-0 g AV

Bripaxkenue, crosiiee B JeBOI YaCcTH ypaBHEHUS, HA3bIBAETCH PACX 0K /1€ H U -
eM, LI JUB e pTreHIue il Bektopa E u kpatko obosuavaercs div E. B npasoii uac-
TH TI0JTy4aeM 00bEMHYIO TJIOTHOCTD P BJIEKTPUIECKOTO 3apsijia B JAHHOW TOYKE TIPO-
CTPAHCTBA, JeJeHHY10 Ha €. TakuM oGpasom, Teopema laycca B auddepenimanbHONR
dopme mpuHUMAET BU/T
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divE=".
€

TepMuH «pacxoKIeHIe» XOPOIIO XapaKTepU3yeT 0COOEHHOCTH MOJIS B TEX MECTaX,
rie p # 0, 1 B Tex Mectax, r7e p = 0. [TomoxuTenbHBIN 3apsag MOXKXHO paccMaTpUBaTh
KaK «MCTOYHWK» JIMHUH HATPSKEHHOCTH 3JIEKTPUIECKOTO TI0JIS, OKOJIO HETO HauynHa-
forcst a1u imHun. OTpUIATETbHBI 3apsi/l SIBJSIETCS] KaK ObI «CTOKOM» (OTPHUIIATEIh-
HBIM MCTOYHWKOM ) JIMHWH, OKOJIO HETO JUHUN KoH4aioTcs. [loatomy ecam B HEeKOTO-
pom obbeme AV 06beMHAsT TIIOTHOCTD 3JIEKTPUUYECKOTO 3apsiia He paBHA HYJIIO, TO
4epe3 MOBEPXHOCTD, OTPAHUYUBAIOILYI0 3TOT 00beM, JIUHUK HATIPSKEHHOCTH 2JIeK-
TPUYECKOTO TIOJIST PACXOOSIMCS B OKPYIKATOIIEe TIPOCTPAHCTBO WU CXOOSMCS U3 HETO
(puc. 23.5, a, 6), 4TO KPaTKO BbIPA’KAETCs CJIOBAMU: pacXoskaeHue Bekropa E He paBHO
HyJt0. B obactut 1moJist, Tie oTcyTCTBYIOT 00bheMHbIe 3apsiabl (p = 0), JUHWKA HATIPSI-
JKEHHOCTH T0JIsl He HAYMHAIOTCS M He KOHYAIOTCST; Yepes JII000I aeMeHT 0ObeMa TaKo-
TO TMTPOCTPAHCTBA JIMHUW HATIPSKEHHOCTH TIOJIST TOJIBKO TIPOXOAT (puc. 23.5, 8), HO He
pacxonATcs OT HETO U He CXOIATCA K HeMy. M bl ToBOpHM, UTO pacxoskaenne Bektopa E
BO BCeX TOUKax Takoi obsactu paBHo Hymo: div E = 0. ITose B obnactu, rae div E = 0,
HA3bIBAETCSI COMEHOM Al bHBIM (OT IPEYECKOTO CI0Ba cOANVLLSN'C — TPYOKO-
06pasHbIii).

3HaueHre PacXOXkKIeHUsI BEKTOpa He 3aBUCUT OT BbIOOpPAa CHCTEMbBI KOOPAMHAT,
Y COOTBETCTBEHHO ITOCJIeIHEee YPaBHEHE MHBAPUAHTHO B OTHOIIIEHWH CUCTEMBI KOOP-
muHaT. OIHAKO BBIPAXKEHUST PACXOXKIEHUSI HEKOTOPOTO BEKTOpa A yepes ero cocras-
JITOTINE TTOTYYaIOTCS PA3JTUYHBIMU B PA3HBIX CHCTEMaX KOOPJIMHAT.

7
8 N
A &A= _
divE=0 v sy A}.+0ﬁd
—~ / & ay
e 0A
A5 \—l—:i‘-l/ Ax+$d'\ A:
\VI 0 J/
-~ 0
p< 0 p= 0 X
Puc. 23.5 Puc. 23.6

Boipasum div A B mekapToBbix kKoopanHarax. IIpencraBum cebe GeCKOHEYHO Ma-
JIBII TIapaJiiesienuies; co cropoHamu dx, dy M dz, napajieIbHBIMI OCSIM KOOP/IMHAT
(puc. 23.6). IloTtox BekTOpa A CKBO3b MOBEPXHOCTH MapaJIJIeeTTUTIEIa CAATAETCS U3
IIOTOKOB CKBO3b €ro rpanu. Mimeem

— A, dy dz cxkBO3b JANBHIOIO TPaHb;

+ A+ 8(;4x dx |dy dz ckBO3Db GIIVKHIOIO TPaHD;
X

— A, dx dz ckBO3b JIEBYIO IDaHb;
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%y
— A, dx dy ckBO3b HIKHIOIO TPaHb;

0A
+ (Ay +— dyJ dx dz cKkBO3b TIPaBYIO Tpaib;

+ (AZ + aglz dz] dx dy cKBO3b BEPXHIOIO TPaHb.
z

0A .
[Tpu aTom A,, (Ax + 3 " dx] U T. . — CPEJIHNE B TIPE/IesIaX COOTBETCTBYIONIEH rpa-
X

HU 3HAYEHUSI HOPMAJThHBIX K MOBEPXHOCTU T'PAHM COCTaBAoNnX BekTopa A. Cym-
MUPYsI TIOTOKH 4€epe3 Bee TPaHU U JIeJisi CyMMY Ha oObeM napaJuiesenunena dx dy dz,
HaXO[IUM

0A
divA = o4, +—L+ oA )
ox oy 0z

z

PacxosieHne BeKTopa nHormaa obosnadaior VA, tie V (uuraercst «<HabJia» ) mpeji-
craBisger coboil cumBoandeckuii auddepeHIanbublii BeKTOPHbIN omnepatop la-
MWUJBTOHA. B 1eKapTOBOI cucTeMe KOOpJIMHAT OH UMeeT BU/L

V=i 9 +Jj 9 + kg,
ox oy 0z
rie i, j u k — equaUgHbIe BeKTOPHI 110 ocsiM OX, OY u OZ. Benmuutbl ai =V, ﬁi =V,
X Y

0
67 = Vz MbI JIOJIZKHBI paCCMaTpuUBaTh KaK COCTaBJIAIOIINE V 1o ocam KoopAnHaT.
Z

[uddepentmanbioe Boipaxkenne VA (popMaTbHO MOXKHO PACCMAaTPUBAThH KaK CKa-
JIIpHOE TTpoun3BesicHre BeKTOpoB V u A. JlelicTBUTENBHO,

va=[i %40 k0 |ia, +jA, +kA) =
ox oy 0z ’
oA
=£AY+£A + 24 :an+ Y +6A2 =div A4,

o "oy ! oz T ox oy oz

Tak Kak i =Jj=kk=1uij=jk=ki=0.
Takum obpaszom, Teopemy laycca B auddepeHnmanbHOi hopMe MOKHO HAIMCATh
TaKKe B BUIE

VE =P,
e

B mexapToBoii cucteMe KOOpAWHAT OHA UMEET BUJL
OF . +5Ey +6EZ _P
ox oy 0z ¢

Boipaxkenust st div A IpUHUMAIOT BU/L:
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divA=—- ( A,) + oA, aAZ — B IMJIMHAPUYECKON 1
p oo Oz
0A
div A = %i(pZAp) + 1 i(Ae sin@) + 1 ® — B cepuyeckoil cucre-
p- Op psin® 00 psin® d¢

MaX KOOPZAMHAT.

[l neoHOPOIHOM M aHU30TPOIIHON cpenbl TeopeMa [aycca ne npumenuma. Ilpu
9TOM CJIE/IYeT MOJIB30BAThCS AHAJOTHYHBIM, MMEIONINM 3HAYUTENBHO Oosiee OOt
XapakTep ypaBHEHHeM /I BeKTopa aJieKTprdeckoro eMentenust D. VimenHo, corac-
HO noctyJaty MakcBesiia, MOTOK BEKTOPA AJIEKTPUYECKOTO CMEIEHUsT CKBO3b JTI00YI0
3aMKHYTYIO MMOBEPXHOCTD B JI000II cpesie paBeH CBOOOAHOMY 3JIEKTPHIECKOMY 3apsi-
1Ty, 3aKJIFOUEHHOMY B IIPOCTPAHCTBE, OTPAHUYEHHOM 3TOH TTOBEPXHOCTBIO:

ﬁ;Dds =q

B muddepennmanbuoii popme nocrynar Makcsesia IPUHUMAET BUJL
§>Dds

lim =—— = lim Aq
AV-0 AV AV-0 AV

divD =p
WJIM B MHOU 3aINCH
VD =p.
B mexapToBBIX KOOpAMHATAX 9TO YpaBHEHUE MUTIETCS B hopme
oD, oD, oD,
+ +
ox oy 0z

3aMeTuM TIOIyTHO, Y4TO BbIpaskeHue rot A MokeT ObITh 3allMCaHO Yepe3 3HaK V
B BHJ/Ie BEKTOPHOTO MpousBeieHus [VA], B 4eM HETPYAHO yOeIUuThCSL.

23.5. Boipa)xxeHue B audpdepeHumanbHoi popme
MPUHUMNOB HENpPEepbIBHOCTU MarHUTHOrO NOTOKa
M HENPEepbIBHOCTYU J/IEKTPUHECKOr0 TOKa

Nwmetonmuit hyHmaMenTagbHOe 3HaYeHNe TIPUHITATI HETTPEPBIBHOCTH MAaTHUTHOTO TIO-
TOKA YTBEPJKIAET, YTO JIMHUN MAaTHUTHOW WHAYKIIUY HUT/Ie He UMEIOT HU Havasa, HA
KOHIIAa — OHM BCIO/LY HENPEPBIBHLL. VIHBIMU cTOBaMU, MATHUTHBIH TTOTOK CKBO3b JITO-
6y10 3aMKHYTYO OBEPXHOCTH PaBEH HYJIIO:

ﬁBds =0

B mpupone He cyiecTByeT MAaTHUTHBIX MacCC, SIBJISIONINXCS UCTOUHUKAMU JIMHUHI
MarHUTHON WH/YKIIMU, MOAOOHBIX 3JIEKTPUUYECKUM 3apsijlaM, KOTOPBIE HA0T HAYasI0
JIMHUSIM 3JIEKTPUUYECKOTO cMeleHnst. MaruuTHoe 1moJjie MopoKAaeTcs TOJIbKO AJeK-
TPUIECKUMU TOKAMW, U TUHUU MAaTHUTHOW WHAYKIIUH, OKPYIKAIOIINE dJIeKTPUIECKIe
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TOKH, BCErJIa 3aMKHYTBI, HelpepbIBHLL /[ depeHnanbHoil 3amuchio MaTeMaTHIe-
CKOI1 (POPMYJTPOBKH 9TOTO BaKHOTO MPUHIAIIA ABJISETCA BHIPAKEHIE

divB =0,
KOTOpOE CIIPaBEIIMBO JIJIA BCEX TOUEK JH0G0r0 MarHUTHOTO MOJIA.

Cronb ke (QyHIaMeHTalIbHOE 3HAYeHMe MMeeT IPHHIMI HEIPEePhIBHOCTH 3JIeK-
TPUYECKOTO TOKA, COIJIACHO KOTOPOMY JIMHUYM TOKAa HUTJE HE IIPEPBIBAIOTCS, BCETa
ABJIASACH 3aMKHYTBIMU. 110JIHBII TOK, BKIIOYAIOMUil B ceOs TOKM IPOBOAUMOCTH, TIe-
peHoca ¥ CMeIeHHs, TPOXOAAIINII CKBO3b JI0OYI0 3aMKHYTYIO HOBEPXHOCTh B Ha-
IpaB/JIeHUN BHEIIHel HOpMaJI, paBeH HYJIIO:

§8 ds =0.

Kak 6b1710 yKa3aHO B EPBOIT 4acTH, 3TO BasKHell1IIee MOI0KeHne TPHoOpeTaeT co-
BEPIIIEHHO OOIINI XapakTep JIMIIb ¢ BBEIEHHEM B PAaCCMOTPEHHUE, TIOMUMO TOKOB,
MPEICTABJISTIONINX COOOIT ABUKEHNE DJIEMEHTAPHBIX 3apPSI’KEHHBIX YaCTHIL, TAK/KE U TO-
KOB 2JIEKTPUUECKOTO cMellleHus B myctoTe. [uddepeniinaabHoil 3anmchio mocaeaHe-
IO PaBEHCTBA SIBJISIETCSI BbIPAKEHUE

divd =0,
KOTOPOE, TakK ke Kak u BbipakeHue div B = (), cripaBe/inBo BO BCeX TOUKAX MPOCTPAH-
CTBa.
C dopmasbHoii cTopoHbl BbipaxkeHue divd =0 sBIseTCS] MPSIMBIM CJIEICTBHEM
nepBoro ypasaeHnusi Makcsesuia. [leiicturenbro, divd = div rot H, HO st 11060T0

BEKTOpa A pacxoskleHHe ero BUXPsi TOKIECTBEHHO PaBHO HYJH0. TakuM 06pasom,

divrot A= irotr A+iroty A+£rotz A=
ox oy oz

_ofeA 04, o(eA, oA, ) o[04, oA,

ox\ oy oz oy\ 0z Ox oz\ ox Oy

HOBTOMy B IIOJIHOI cuUCTeMe ypaBHeHI/Iﬁ QJIEKTPOMArHUTHOI'O I1I0JIsA, B KOTOPYIO B
Ka4eCTB€ OJZHOI'0 M3 OCHOBHBIX BXO/JUT IIEPBOE ypaBHEHHE MaKCBe]IJIa, n3 /IByX
Bpra?KeHHfI, XapaKTEPUIYIOMIUX PUHIIUIIBI HEIIPEPBIBHOCTHU MAarHUTHOI'O TIOTOKA N
JIEKTPUYECKOT'O TOKa, JOJIZKHO COAEPKATHCA TOJBKO IIE€EPBOE.

23.6. Teopema OcTporpaackoro. Teopema Ctokca

Yceranosum JIBa Ba’KHbIX, UMECIOIIUX 60JIbH.[O€ 3HayeHune B Teopuun I10Jid, paBEHCTBa,
BhIpasKatonmx coboit reopemy Octporpajickoro u teopemy Crokca. DT paBeHCTBa
UMEIOT YHCTO TEOMETPUUECKUN CMBIC W CIIPABEJIUBBI JIJIs TTPOU3BOJBHOTO BEKTO-
pa A, HO MbI IOJIYYUM MX CHa4daJla Ha OCHOBaHWUW MMEIOIMINUXCA B HAIlIEM PaCIlOPAKeE-
HUW yPaBHEHU JIJIs1 BEKTOPOB HAIPSKEHHOCTEH 3JIEKTPUIECKOTO U MAarHUTHOTO TI0-
Jiell 1 3aTeM yiKe JaJM UM TeOMEeTPUUECKYI0 UHTEePIIPETAIUIO.

[TycTh 3apsi ¢ pacrpeesieH HEKOTOPbIM 00pa3oM 110 00bemy V, orpaHUYeHHOMY
MOBEPXHOCTHIO 8. Torma q = I p dV. Ucnonbays Teopemy Taycca B mHTErpasbHON hop-

\4
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Me, MOYKEM HalluCaTh: §>E ds = JB dV. 3amensist p/g uepes div E coriacHo ToOi ke Teo-
s Vv &
peme B muddepennmambHON GopMe, TOTyIaeM PABEHCTBO

§Eds :jdivEdV.
K v

IT0 PABEHCTBO MOJKET OBITH HAIIMCAHO JUJIA J1060r0 BEKTOpPa A, HEIIPEPbIBHOT'O
BMECTE CO CBOMMMU IIEPBBIMU ITPOMU3BO/IHBIMUA B obnactn V u Ha ITIOBEPXHOCTH S:

§Ads = j divAdv.
s %4

Omno gaBasercs GopMyaupoBKoil TeopeMbl OCTPOTPAZCKOTO U UMEET YUCTO Teo-
METPUYECKUI CMBICJ TIPeoOpa3oBaHusi 00bEMHOTO WHTETpajia B MOBEPXHOCTHBIN.
JleiicTBuTeIbHO, TIpeAcTaBUM cebe 06beM V pasjeleHHbIM Ha aieMeHThl oO0beMa dV.
Besurna div A B cOOTBETCTBUU € ee OIPe/le/IeHHEM eCTh OTHOIIEHHWE MOTOKA BEK-
Topa A CKBO3b MMOBEPXHOCTb, orpaHudmBaniInyio obbeM dV, k obbemy dV. Cieno-
BatesbHO, div A dV ecTh OTOK BeKTOpa A CKBO3b MOBEPXHOCTD, OIPAHUYMBAIOILY IO
o6wbem dV. TlpencraBum iBa coceqaux ooneMa dV, COMPUKACAIONUXCST IPYT € APYTOM
10 HEKOTOPOiT moBepxHOCTH dSs. OUeBUIIHO, €CJIU TIOTOK CKBO3b MOBEPXHOCTH COMPHU-
KOCHOBEHUST 17 OTHOTO 00beMa Gy/eT BBIXOSIINM U3 HETO, T. €. TTOJOKUTETHHDIM,
TO JUUIS IPYTOTO OH Oy/IeT BXOAIINM B HETO, T. €. OTpUIaTeJabHbIM. [ToaTOMY IIpH co-
CTaBJIECHUUW WHTErpaja I div AdV 110 Bcemy 06beMy V IOTOKH CKBO3b BCE MMOBEPXHOCTH

Vv
MEJK/Ly CMEKHBIMU 3JIeMeHTapHbIMEI 0ObeMamul dV B cymMme jianyT Hysib, OctaHyTest
TOJIBKO MOTOKH CKBO3b Te MOBEPXHOCTHU dS KPailHUX dJieMeHTapHbIX 00beMOB dV, KO-
TOPbIE SBJISIIOTCS IEMEHTAMU TTOBEPXHOCTH S, OrpaHrYHBaoIieil Becb o6beM V. Ta-
KUM 00pa3oM, WHTerpas J. div AdV neiicTBUTEIBHO paBeH MOTOKY BeKTOpa A CKBO3b
v
MOBEPXHOCTD S, T. €. PABEH MHTErPALY ﬁAds.
s
YceTaHOBHUM TeTepb BTOPOE BakHOE PaBeHCTBO. [IyCTh CKBO3b HEKOTOPYIO HE3aMK-
HYTYIO TIOBEPXHOCTD S, OTPAHUUYEHHYIO KOHTYPOM /, TPOXOAUT TOK i. ViMeem i = I Sds.
S
CorylacHO mepBoMy ypaBHeHMI0 MakcBesla B MHTErpaibHON (hopMe, MOKEM Har-
caTb ﬁH dl = j & ds. Victionb3yst TO ske ypaBHeHue B [ depeHIanbHoil hopme, 3a-
/ s
MeHuM & Ha rot H. [losyuum

§;Hdl = IrotH ds.
! s

ITO paBEHCTBO MOKET ObITh HAITMCAHO JIJIst JTI0O0TO BeKTOpa A, HEIIPEPBIBHOTO BMECTE
CO CBOMMM TIEPBBIMK IPOU3BOIHBIMI Ha MOBEPXHOCTH $ U HA KOHTYpe [:

i;A dl = IrotAds.
/ s
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Ono Beipakaer co6oit Teopemy CTOKCA U UMEET YUCTO TEOMETPUIYECKIN CMBICII IIpe-
06pa3oBaHus TIOBEPXHOCTHOTO MHTErpajia B MHTErPas Mo KOHTYPY. JleiicTBUTENbHO,
npezcTaBuM cebe TIOBEPXHOCTD $ Pas/IeIeHHON Ha dieMeHThI ds. Besmmunia HopMasib-
HOII cocTaBJistioleii BeKTopa rot A B COOTBETCTBUU € €€ OTIPEIEIEHIEM eCTh OTHOIIIe-
HUe CyMMbI TipousBesieHuit A dl 110 BceM cTOpOHaM KOHTYpPa, OrpaHUYHBAIOIIEro dJie-
MEHTapHYIO IIONAAKY ds, K BeindnHe moBepxHocTr ds. CiemoBatenbho, rot A ds
npejcTaBisieT coboit a1y cymmy. IIpu cocraBieHy HHTErpaia I rot A ds 1o Bceii no-
S
BEPXHOCTH s nipousBeieHnst A dl st Bcex CONPUKACAIONINXCSA CTOPOH COCEAHUX dJle-
MEHTapHBIX IIOMIAZ0K B3aUMHO KOMIIEHCHPYIOTCS, ¥ OCTAIOTCS TOJBKO TIPOU3Be/Ie-
Hust A dl o Bcem aniemenTtam dl KoHTypa [, orpaHUYMBAIOIIETO BCIO TIOBEPXHOCTD S, UTO
U TIPUBOAUT K TIOC/IEHEMY PaBEHCTBY.

23.7. MNonHas cucrteMa ypaBHEHUW 3/1IeKTPOMarHUTHOrO NoJis

PaccmarpuBas asieMeHnTapHble 3apsiKeHHbIE YACTHUIIbI, ABUXKYIIUECS B TIyCTOTE, M OK-
pysKatoliee UX 10Jie, Mbl Pa3JnyaeM /[Ba BU/IA AJIEKTPUUECKOTO TOKA: TOK IepeHoca u
TOK 9JIEKTPUUYECKOTO CMEIEeHUs B IycToTe. B yacTu mpocTpancTsa, 3aHUMAEMOIi JIBU-
JKYIUMUCST 3aPsKEHHBIMU YaCTUIIAMU, CYIIECTBYIOT TOKHU TI€PEHOCA, MJIOTHOCTh KO-
TOPbIX UMeeT Bbipaskenue Jy, = po. B octasbnoM npocTpancTBe, OKPYKalomeM JBH-
JKYIIHeCsT 3apsyKeHHbIEe YaCTUIlhI, CYIIECTBYIOT TOKHU 3JJIEKTPUYECKOTO CMEIIeHMWS,
uMerolye II0THOCTD &, = 0D/0t, rie D — anekTpudeckoe cMellieHue B IIyCTOTe.

B ob6mem Bujie MOKHO HamwcaTh: & = 0D /0t + po, npuyeM B OJHUX TOYKAX MPO-
CTpaHCTBa TEePBOE cjaraeMoe paBHO HYJIO, a B IPYTUX TOYKAX PaBHO HYJIO BTOPOE
cJlaraemoe.

Bextopst D u E 351eKTPUYECKOTO TIOJISI U COOTBETCTBEHHO BeKTOPHl B 1 H MarHuT-
HOTO TI0JIsI CBSI3aHbI Yepe3 AJEKTPUUECKYIO MOCTOSIHHYIO €y U MAarHUTHYIO TIOCTOSIH-
HYIO Ly COOTHOIIIEHUSIMU:

D=¢E u B=p,H

Takum o6pasomM, MoJHAsT CHCTEMa YPaBHEHUIT 9JIEKTPOMArHUTHOTO TIOJISI B 9TOM
cTydae UMeeT BHT
B D
rotH =6; rotE = —a—; 6 = a—+pv;
ot ot
D=¢E; B=p,H; divD=p; divB =0.

Wcnionb3yd ceasu D = gg E u B = pyH, MOXXHO 2TU ypaBHEHUS IepernucaTh Tak,
4TOOBI OHM COAEPIHKAIU TOJBKO BEKTOPDI E 11 B. ITH BEKTOPBI CJIEyeT pacCMaTPUBATh
KaK OCHOBHBIE BEKTOPBI 2JIEKTPOMAarHUTHOTO 110Jis. lelicTBUTETbHO, KaK Mbl BUIEJN
(cMm. u. I), cuna, geficTByIOIIas Ha 3aPSKEHHYI0 YaCTUILY, ABMIKYIILYIOCS B 3JIeKTpOMAr-
HUTHOM TI0JIe, OTIPE/IeNISIeTCSI UMEHHO 9TUMM BEKTOPaMU. YUUTBIBAs, UTO &y U [y — IO~
CTOSTHHBIE BEJTMUMHBI, TTOJTydaeM

oB

rot B=p,8; rot E=-—; 8280@+pv; diszﬂ; divB =0.
ot ot €
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IIp1 MUKPOCKONINYECKOM PACCMOTPEHUHN SIBJICHUI TOJIBKO UTO IIPUBECHHDBINA CJIy-
qaii sBssteTcst o6muM. [Ipu 9ToM B HEKOTOPOIT 06IaCTH TIPOCTPAHCTBA DJIeMEHTapHbIe
YaCTHUIBI, 00JIAAONINE DJIEKTPUIECCKIM 3aPSIZIOM, MOTYT OTCYTCTBOBATh, M AJIEKTPH-
4eCcK¥e TOKU MOTYT ObITh 3aMKHYTBIMHU Ha ce0s1 TOKAMU 3JIEKTPUYECKOTO CMETIeHS,
4TO, HaIlpUMEDP, UMEET MECTO B PIS]Iy‘IeHHOﬁ BHeKTpOMaFHHTHOﬁ BOJIHE.

[Ipy M3yYeHUN 2JEKTPOMATHUTHBIX TIPOIIECCOB B BEIeCTBE OOBIYHO HeT HeoOXO-
JIVMOCTH PacCMaTpPUBATL CJIOXKHYIO MUKPOCTPYKTYpY BellecTBa. [leficTBUTeIbHOE
2JIEKTPOMArHuTHOE II0JIe B BellleCTBe BeCbMa Pe3KO M3MEHsIeTCd OT TOYKU K TOYKe
B IIPOCTPAHCTBE MEXK/y dJeMEHTapPHBIMU 3apsSyKeHHBIMU YacTUIIAMM, BXOJSANUMU B
COCTaB BellecTBa, U B KaXK/[0I TOYKE BeJNYMHBI, XapaKTePU3YIOIlne 10JIe, SBIAI0TCS
6bICTpO N3MEHAIINUMUCS (byHKLU/IHMI/I BpEMEHU BCJIEICTBUE IBUKEHUS C OOJBIION
CKOPOCTBIO 9THX yacTHll. OHAKO 9TU HEOJHOPOJHOCTH NUMEIOT MUKPOCKOIIMYECKU
XapaKkTep, 1 Mbl UM€eEM BCe OCHOBAHUA UX OCPEIHUTDH B IIPOCTPAHCTBE M BO BPEMEHU
TIPU PACCMOTPEHUH MaKPOCKOITMYECKUX TpolieccoB. [Ipn aTom ocpeHennble Besnyn-
HBI, BOOOIIE TOBOPA, 6y/:[yT pyHKIMAMU KOOPAWHAT U BPpEeMEHU, HO U3MEHSIOMNMU-
Cd 3HAYUTEJIbHO MeJlJIEHHEEe, YeEM NCTUHHDbIE BEJIMYMHDI ITIPU MUKPOCKOITNMYECKOM pac-
CMOTPEHUU SIBJICHMUSL.

Ecou ¢cBoGoIHbIE 3apsiKEHHBIE YACTHUIIBI HAXOSITCS B CTOJIb Pa3PesKEHHOM Bellle-
CTBE, YTO OHU MOTYT GECIPEISITCTBEHHO YCKOPSTHCS MO/ A€HCTBUEM BJIEKTPHUYECKO-
T'O IIOJIA, HE€ HUCIIbITbIBasdA MJIN IIOYTU HE MCIIBITbIBad CTOJIKHOBEHUH C MOJIEKYJIaMU
BEIECTBA, TO B TAKOM CJydyae 0] JAeiCTBUEeM OCPeIlHEHHOIO 3JIeKTPUYECKOTrO I10JIs
BO3HMKAET YNOPAAOYEHHBIN TOK IepeHoca. [IpuMepoM MOMKET CIyKUTb TOK MeKIy
9JIEKTPOJIaMU B CUJIBHO Pa3peKeHHOM rase, KOTJa PacCTOSIHUe MeXK/ly 2JIeKTpoJiaMu
MeHbIIle CPeHell TUIHbI CBOOOAHOTO TTPOOera NOHOB U AJIEKTPOHOB.

Ecnm asnemenTapuble 3apsisKeHHble YaCTHIBI, JBUXKYIIMECS B BellleCTBe, MHOTO-
KPaTHO ITyTeM CTOJIKHOBEHUS Iepe/laloT aTOMaM BellleCTBa KNHETHYeCKYIo 9Hepruio,
IpHOGPeTaeMyio IPU YyCKOPEHUH B OCPETHEHHOM 3JIEKTPUUYECKOM TOJI€, TO MOJL IeNHCT-
BHUEM ITOCTOAHHOTO OCPEHEHHOTO 110JIAA YCTAHABJINMBAETCA ITOCTOAHHAA CPEAHASA CKO-
POCTh 3apsKeHHBIX YacTull. [Ipu aToM B M30TPOIHOI cpefie OCpelHeHHAS TIIIOTHOCTh
TOKa MOJKeT ObITh BhIpaskeHa B (hopMe TIPOU3BEEHUST OCPETHEHHO HATIPSIKEHHOCTH
3JIEKTPUYeCKOro noJig E 1 BeTMIMHBI ¥, XapaKTepPU3YIOIiel 3JIeKTPOITPOBOHOCTD Be-
MeCTBA M UMEHYeMOH Y/IeJbHOH TIPOBOIMMOCTBIO BelecTBa. Takoli TOK Ha3biBaeM TO-
KOM ITPOBO/IMUMOCTMH. HpI/IMepaMI/I MOTYT CJIIYKUTb TOKU B Me€TaJljlaX, MMOJIyIIPOBOHN-
Kax U JIEKTPOJIUTAX.

[InotHOCTH TOKA NepeHoca Jye, ¥ MJIOTHOCTh TOKA IIPOBOAUMOCTH Jy;, MOTYT OBITH
IIPE/ICTABJIEHbI B BU/E MPOU3BEIEHNS] OCPEIHEHHONW OOBEMHOM TMJIOTHOCTU 3apsijia
ABIDKYIUXCA YaCTHUIl Ha OCPEAHEHHYIO UX CKOPOCTb. IIpu aTOM eciu B ABUKEHUU
YYaCTBYIOT KaK MOJIO)KUTENBHO, TAK M OTPUILIATEIbHO 3apsKeHHbIe YaCTHILbI, TO IIJI0T-
HOCTb TOKAa MOXKeT OBITh BbIpaxkeHa B Bujie J = p,ov. + p_ov_, /1€ p. U 0, — obbeMHast
IJIOTHOCTD 3aps/ia U CPeHAsl CKOPOCTD TOJIOKUTEIbHO 3apSIKEHHBIX YacTHUIl U P
1 O0_ — TOXKE OTPpUIATC/IbHO 3apPAKEHHDbIX YaCTHII.

I[JIH TOKa IIPOBOAMMOCTH HMMEEM BO3MOKHOCTb IIPEACTAaBUTDL IIJIOTHOCTb TOKa B
M30TPOIHOI cpefie Takke B hopme

an = YE .
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VaienbHast IPOBOAMMOCTD Y 3aBUCHT OT TeMIIePaTypPbl CPeIbl ¥ B OOIIEM Cydae
MOJKET 3aBUCETh TaKyKe M OT HAMPSKEHHOCTH 2JIEKTPIYECKOTO TIOJIS.

Bo Bcex ocTambHBIX corydasdx, KOT/a CPey He TPeCTaBISIETCS BO3MOKHBIM Xapak-
TepU30BaTh OMpeIeTeHHBIM 06pPa30M 3aBUCAIIEH OT TEMIIEPATyPhl U HATTPSHKEHHOCTH
MOJIST YAENbHON 2JIEKTPUIECKON TTPOBOJIUMOCTBIO, T. €. KOT/Ia CBSI3b MEXIY TLIOTHO-
CTBIO TOKA M HAIPSIKEHHOCTHIO DJIEKTPUIECKOTO TIOJIS He MPEACTABISIETCS BO3MOJK-
HBIM BbIpas3uTh B (hopMme J = yE, ycI0BUMCS SIBJIEHNE ABUKEHUS 3aPSPKEHHBIX YaCTHII
MMeHOBaTh TOKOM TiepeHoca. IIpu TakoM ycJIOBUHM B OKPECTHOCTH JAaHHOM TOYKH ITPO-
CTpaHCTBa MOKeET ObITh JIMOO0 TOK MPOBOJUMOCTH, JUOO TOK IIepeHoca, a He 06a aTu
BH/Ia TOKA OJTHOBPEMEHHO.

Bceskoe BetiecTBO 1oz 1eHiCTBUEM 3JEKTPUYECKOTO OIS MOMTPUYETCS. DIeMeH-
TapHbIe 3apsKEHHbIE YACTUIIBI, BXOAIINE B COCTAB aTOMOB U MOJIEKYJI, CMEIIAIOTCSI:
YACTHUIIBI C ITOJIOKUTENHHBIMY 3apsIlaMi — B HAIIPABJIEHUH T0JIsI, C OTPUIATETHHBIMHI
3apsjaMyd — MPOTUB TOJISL. JTOT TMPOIECC MbI KOJMIECTBEHHO XapaKTePU30BaIn I0-
agpuszoBaHHOCThIO P BemiectBa. [losHOE ocpemHerHoe ayeKTprdeckoe cMerieHne D
B BeIleCTBE PAaBHO CYMMe OCPEIHEHHOTO 2JIEKTPUYECKOTO cMeleHus D, B IycToTe
¥ ToJispu3oBanHocTH P BetecTBa:

D=D,+ P=¢,E+P.

II]IH OCPpE€ITHEHHDBIX 3naveHuii D n EI[JIH M30TPOITHOTO BEIIECTBA MOKHO HAIIMCATb
COOTHOIIIeHnue

D =¢E,

rae € — abCOJIOTHAS AUDJIEKTPUYECKas IPOHUIIAEMOCTD BEIECTBA.
B BeIpaskennun A5 TJIOTHOCTHA TOKA CMEIIEHUS B AUAJIEKTPUKE

_aD _3GE)

“at ot

OyeM TozipasyMeBath 11oJ 8., D u E Takke ocpefiHeHHbIe 3HaUeHHsI COOTBETCTBYIO-
IIUX BEJUYUH.

IIpu BHeceHMM BelllecTBa BO BHeEllIHee MarHUTHOE I110Jie B BellleCTBE BO3HUKAIOT
COTJIACOBAHHbBIE 3JeMEeHTapHble TOKU, CO3/AI0NIe MAarHUTHBIE T10Jis, HAllpaBJIeHHbIE
MIPOTUB BHENTHETO I0JIs1, €CJIU BellleCTBa IMaMarHuTHbIE, M B CTOPOHY BHEIIIHETO T10JId,
€CJIU BelllecTBa MapaMarHuTHbIe U dbeppoMarHuTHble. OcpelHeHHOEe 3HAUeHWe Mar-
HUTHOW MHIYKI[UK MOKET OBITh TIPEICTABJIEHO TIPH 9TOM B BHJE CYMMBI

B =y H +p,M,

rae H — OCpeJlHEHHAasA HaIllPAKEHHOCTb MAarHUTHOI'O T10JIA 1 M — naMarau4yeHHOCTh
BeniecTna. CooTHolreHne MEXLY Bu H[[]IE[ MN30TPOITHOT'O BEIIECTBA ITUIIETCA B BUIE

B=nH,

rme u — abCcoMIoTHAs MarHUTHAs IIPOHUIIAEMOCTDH BENIECTBA.

PaCCManI/IBaH B I[aJIbHefIHIeM OCp€ZlHEHHDbIE B YKa3daHHOM CMBbICJIE€ 3HAYEHUA BCEX
BEJIMYNMH, 6y11€M UMETb JIA J1060r0 HU30TPOITHOTO BEHIECTBA CJIEAYIOIIYIO CUCTEMY
ypaBHeHI/Iﬁ QJIEKTPOMArHUTHOI'O I10JIA:
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rot H = 9; rotE:—@; o :yE+@+J
ot ot

aep?

D=¢E; B=uH; divD=p; divB =0.

[L10THOCTH TOKA JJIst OONTHOCTH BBIPa’KeHa B BUJIE CYMMbI TPEX COCTABJISIIOIIIX.
[Tpu 5TOM HAZIO UMETH B BULY, YTO TT0 CAMOMY CMBICJTY TTEPBOI U TPEThEH COCTABJISIO-
IMX OHU HE MOTYT UMETb M€ECTa B OILHOI'/JI U TOM Ke TOUKe IIPOCTPAaHCTBAa OAHOBPEMEH-
Ho. /[Be miepBble COCTABJIAIONINE MOTYT OBITh OIHOBPEMEHHO B MOJIYIIPOBOAIIEH cpe-
ne. OHaKO B XOPOIIO TPOBOJIAIINX BEIIECTBAX BCErJa MOKHO IpeHeOpeub BTOPOM
COCTaBJISIONIEH 110 CPABHEHUIO € TIEPBON U B MIJEKTPUKAX OOBIYHO MOKHO TIPEHEOH-
pedb MEPBOI COCTABJIIONIEN MO CPABHEHUIO CO BTOPOM.

HpI/I penennn KOHKPETHBIX 3a/ia4 K IMIPUBEJCHHBIM BbINIE YPABHEHUAM 3JIEKTPO-
MAarHuTHOTO II0JIA HeO6XOI[I/IMO Z[O6aBI/ITb TpaHWYHbIE YCJIOBUA Ha IMOBEPXHOCTAX, AB-
JIAIOIUXCA TpaHUIlaMU MEKAY PA3JIMYHBIMU CpelaMi — TPaHUIlaMU MEXAYy AUIJIEK-
TPpUKaAMU 1 MIPOBOJHUKAMU, MEX/Y ABYMA JUIJIEKTPUKAMU C PA3JIMYHBIMU €, MEXK/Y
ABYMA ITPOBOJAIINMU CpelaMU C PA3JIMYHBIMU Y, MEXKIY /IBYMA Cpe/laMU C Pa3/INYHbI-
MU Q. DTH TPaHUYHbIE yCJI0BUsE OyayT chopMyIMPOBaHbI B cJepyiolnieM maparpade.
I[Ipu ucceIoBaHUY TEPEMEHHBIX TI0JIeii B 06IIeM cJiydae J0JKHbI ObITh 3a/[aHbl TaK-
JKe HadaJIbHble YCIOBUSI.

Kpome Toro, jiJist petiieHust Borpoca o 1epeade SHEPTUU JTEKTPOMATHUTHBIM 110~
JieM HeOOXOMMO HCIIOJIb30BaTh BbIPasKEHUE [IJisi OOBEMHON IJIOTHOCTH SHEPIUU
AJIEKTPOMATHUTHOTO TOJIST:

W'=W'+W/ :QjLE.

2
23.8. N'paHn4YHbIE YCNIOBUA HA NOBEPXHOCTU pa3aena AByX cpen
C Pa3/INYHbIMM JIEKTPUHECKUMU U MAarHUTHbIMU CBOUCTBAMM

PaccmoTtpenue ypaBHeHUI 37eKTPOMATHUTHOTO TOJIS, 3alTUCAHHBIX B AuddepeHIm-
albHOIT (hopMe B BBIOPAHHOIT crcTeMe KOOPANHAT, TToKa3biBaeT, uTo Beanunnbl H, E,
B, D nosukHb OBITH HEITPEPHIBHBIMY (DYHKIIMSIMI KOOPAWHAT, TaK KaK B IPOTUBHOM
ciydae ux mpousBosmbie He cyiiectByior. Oynknuu H, E, B, D MoryT ObITH Pa3pbiB-
HBIMH B TOYKAX Ha TPAHUIAX Pa3jiesia Cpejl C Pa3InYHbIMU 3JIeKTPUYECKUMH NJIN Mar-
HUTHBIMH CBOMICTBAMHU, a TAKKE B TOYKAX TOBEPXHOCTEH ¢ BeCbMa TOHKUMHU paciipesie-
JIEHHBIMH Ha HUX CJOSAMU 3aPA/I0B WA TOKOB.

Tak Kak ypaBHEHUsI 3JIEKTPOMATHUTHOTO MOJISI HE MOTYT OBITh 3alMUCAHBI B TAKIX
TOYKaX, TO 3aj[a4a HAXOXK/ICHUS 9JIEKTPOMATHUTHOTO TIOJIsi He MOKET OBbITh PEIleHa,
€cM He JIOMOJHUTH yPAaBHEHWS COOTHOINIEHWSMH, CBSA3BIBAIONUMHU COCTABJISIONINE
Bexktopos H, E, B, D 1o 06e cTOpOHbI IOBEPXHOCTEH, ABIAIOIINXCS IPAHUIIAMU Pas/e-
JIa CPeJl C Pa3JIMYHBIMK 2JIEKTPUYECKUMU UJIM MATHUTHBIMU CBOMICTBAMU, U Ha3bIBae-
MbIMH IPAHUYHBIMU YCJIOBUSIMU.

PaccmoTpum moBezienue 1moJisi Ha TPaHUIlE pas/esa IByX OJHOPOIHBIX U U30TPOII-
HBIX CPe[l C PA3JNYHBIMU JIEKTPUUECKUMU U MATHUTHBIMU CBOKCTBAMU.

B kaxmoit us cpex mose OymeM xapakTepusoBaTh Bekropamu X, Y, cBsIBaHHBIMU
MexIy co6oii cootHomenneM Y = aX, rie @ — cKaJsipHasi BeINYNHa, U YIOBIETBO-
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psatomumMu ypasherusm rot X = 0, div ¥ = 0, wian B unTe- b | ¢
rpaJbHOH hopme: :f>X dl =0, §Yds =0 (puc. 23.7).
I s s1 X2
[TycTp BekTOp X B 1epBoii cpene y TOBEPXHOCTH pasjie-
Jia obpasyeT ¢ HopMaJIbio K Hell yroJ 0. Onpeneanm cooT- o
BeTCTBYIOIIUH yros 0, Bo BTOpoil cpeze. /s muneitHOTO I

HHTErpaia §X dl 1o koutypy abcda wmeem: SBX dl = |
I 1

X, [
yl1 a | d

=X, sin 04-ab — X, sin 0y¢d = 0, ecm be n ad 6eckoHeuHO Puc. 23.7
MaJibl 110 CpaBHEHUIO ¢ ab u cd.
BBumy toro, uto ab = cd, monydaem:

X,sin®, = X, sin0,, )

T. €. Ha MTOBEPXHOCTHU pa3/iesia PaBHbI KacaTeJbHble cocTaBsdone BekTopa X.

Boo6pa3um 3aMKHYTYIO TTOBEPXHOCTH, 0OPA30BAHHYIO MJIOCKUMHU TIOBEPXHOCTSIMU
S M Sy, CJEJIBI KOTOPBIX B IJIOCKOCTH PUCYHKA CYTh JUHUU ab U cd, u nuIuHapude-
CKOU MMOBEPXHOCTBIO, MEPECEKAIOTIENCsT ¢ TIIIOCKOCTRIO PUCYHKA 110 JTUHUSIM be 1 ad.
[ToTok BexTOpa ¥ cKBO3b 3Ty 3aMKHYTYIO TIOBEPXHOCTH PaBEH HYJIO, TaK KaK BHYTPH
MOBEPXHOCTU HeT MCTOYHUKOB 1oJist Y. TIpeHeOperast OTOKOM CKBO3b OECKOHEYHO
MaJIyio IUJIMHIPUIECKYIO IIOBEPXHOCTD, TI0JIy4aeM

ijs +|Yds=-Y cosO,s, +Y, cosB,s, =0,
s S9
OTKy/Ia, IPUHIMAst BO BHUMAHUE, YTO §; = Sy, HAXOAUM
— &k
Y, cosb, =Y, cosO,, **)

T. €. Ha TIOBEPXHOCTU pas/iesia PaBHbI HOPMAJIbHbIE COCTABJISIONINE BEKTOPa Y.
Pasnenus paBenctBo (*) Ha (**), ¢ yaerom cooTHomenus Yy = a Xy u Yy = a,Xo,
[oJIy4aeM yCJIOBUE TIPEJIOMJIEHUsT JIMHUM TIPU TIePEX0jie UX U3 OJ[HOU CPeJbl B JIPY-
Iyio:
tgb, _q
g0, a
Ecau murun Bektopa X HOpMaJIbHbI K TIOBEPXHOCTH Pas/iesia, To BeKTOpbl Y OyayT

O/IMHAKOBbBI B obenx cpenax: Y1 = YQ, HO BEKTOP X na ITOBEPXHOCTHU pa3/i€jila CKAaYKOM
N3MEHAET CBOE€ 3HAYCHHE, TaK KaK

X, =£;¢r&X2 =£.
a a,

[onumast oz pynxiueit X oxny us sesivuun E, H, a non dyukiumeit Y — D, Junn
B, MoxxeM 3amucaTth COOTHOIIIEHMs], CBSA3BIBAIONINE X KacaTeJbHble U HOPMaJbHbIe
COCTaBJIAIONINE Ha MMOBEPXHOCTU pa3fiesia IBYX Cpell ¢ Pa3JIUYHbIMU CBOMCTBAMU, Xa-
PaKTepU3yeMbIMU CKAJIPHON BEJUYMHON @, paBHOU €, Y WM L.

[Tonmyuentpie yca0oBUS HEMPEPBIBHOCTU COOTBETCTBYIONINX COCTABJIIAIONINX BEJTH-
yun E, H, D, J, B Ha TOBEPXHOCTH pa3iesia ABYX CPell COXPAHIIOTCS TaKKe U B CIydae
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AHU30TPOIHBIX CPEJl, CBOICTBA KOTOPHIX XapaKTePU3YIOTCsT TEH30PHON BETNUUHON (a).
OpHAKO YCIOBUST MPETIOMJICHUST JIMHWIT MTPU TIepexo/ie UX U3 OHO CPEebl B APYTYIO
IPUHUMAIOT OOJIee CIIOKHBII B/

B HeKOTOPBIX ciTydasix Ha PaHUIAX pasjiesia CPel ¢ Pa3InIHBIMI CBOWCTBAMHE Pa3-
MEIIAOTCST UCTOYHUKHU TOJIsl, TaKMe KaK 2JEKTPUYECKUe 3apsijibl ¢ MOBEPXHOCTHON
IJIOTHOCTBIO G U TOABOMMbIE W3BHE CTOPOHHKME TOKU C JIMHEHHOI TJIOTHOCTBHIO J.
B aTHuX yc/I0BUSIX IPaHUYHbBIE YCIOBHS BUIOM3MEHSIOTCS, TaK KaK WHTErPAJIbI §Dds,
ﬁH dl yxe Heb3s MPUPABHATH K HYJIIO. s
I

23.9. dneKTpocTaTUUYECKOe noJsie 1 noJsie NOCTOSIHHbIX TOKOB
KaK YacCTHbIe C/ly4aM 3/IeKTPOMarHUTHOro nons

VYike ObLIO OTMEUEHO, YTO MPU JABUKEHUN 3aPsDKEHHOTO TeJIa OKOJIO HETO BO3HUKAIOT
KaK 2JIEKTPUYECKOe, TAK U MATHUTHOE TIOJISI, T. €. OOHAPYKMBAETCS AIEKTPOMATHUTHOE
T0JT€, U YTO JIUIIH B YACTHOM CJTy4ae MOKOSIIIEr0CsT 3apsizKEHHOTO TeJia OKOJIO Hero 00-
HaPY’KUBAETCS TOJBKO OTHO 3JIEKTPUIECKOE ToJIe. Y3Ke U3 3TOTO TIPOCTOro (hakTa cJie-
JIY€T, 4YTO ypaBHEHUS, XapaKTepU3yTolue 3JeKTPOCTATHIeCKOe 10T, JOJKHBI BBITE-
KaTh KaK YaCTHBIH cJay4ail W3 OOMMX ypaBHEHUN 9JIEKTPOMATHUTHOTO TIOJISL.
OueBuaHO, 5TO OYAET MPOCTENINNIA YaCTHBIN CIyYail, XapaKTePHbI TeM, YTO BCIOLY
IJIOTHOCTH TOKA paBHA HYyJIH0. PAaCCMOTPEHUIO ATOTO YaCTHOTO Cjrydast OyIyT MOCBSI-
HIEHBI CJIeyOTNe /IBE TJIABbI.

Jlpyrum mpocTeiinuM cirydaeM siBJASeTCS CUCTeMa HEeTOBUKHBIX CBEPXITPOBOJIS-
HIMX KOHTYPOB, 110 KOTOPBIM TIPOTEKAIOT MOCTOSTHHBIE TOKU. OKOJIO TAKUX KOHTYPOB
0OHAPYKUBAETCST TOJIBKO CTATUYECKOEe MarHUTHOE T0JIe. [[efiCTBUTEbHO, BIeKTpude-
CKOE 110Jie B TaKOI CUCTEME TIOJHOCTbIO OTCYTCTBYET, TAK KAK MAarHUTHBIN MOTOK HE
U3MEHSETCS BO BDEMEHU U, CJIeZIOBATEIBHO, B IPOCTPAHCTBE HE MHAYIIUPYETCS HUKA-
kux I/[C u, kpome TOTO, COMPOTUBJIEHNE TIPOBOJIHUKOB, A CJI€/I0BATEIbHO, U TTa/IleHIe
HaMpsKeHUs B TPOBOTHUKAX PaBHBI HYM0. MarauTHOe mMojie HeOABUKHBIX TTOCTO-
SHHBIX MAaTHUTOB NMeET TAaKOM JKe XapaKTep, Kak ¥ 1MoJe OKOJIO0 HEeTTO/IBVKHBIX CBEPX-
MTPOBOZIATIINX KOHTYPOB € TOKaMH, TaK KaK OHO CO3/[aCTCS 3JIEMEHTAPHBIMU TOKAMU B
TeJie MarHWTa, MPOTEKAIUMK 6e3 moTepb aHepruu. Heckoabko Hosiee CI0KHBIM 1
BMECTE C TeM BEChbMa BAKHBIM YACTHBIM CJIYYaeM 3JIEKTPOMATHUTHOTO TIOJIS SBISETCS
0JIe TTOCTOSIHHBIX TOKOB, TPOTEKAIONINX B HEMOABUKHBIX MTPOBOAHUKAX, 0OJIa1a0-
MUX OTJIUYHBIM OT HYJS 3JIEKTPUYECKUM COTPOTHUBJICHUEM. B aToM ciydyae okoJio
[POBOJIHUKOB ¥ BHYTPH HUX OOHAPYKMBAIOTCS KaK IIOCTOSIHHOE MATHUTHOE T10JI€, TaK
U TIOCTOSHHOE 3JIEKTPUYECKOoe ToJie. PaccMOTpPEeHWIO 3TUX CJIydaeB TOCBSIMIAIOTCS
JIBAJIIATh IIIeCTast, IBA/IATh CeJIbMasi U JIBA/IIIATh BOChMasl TJIaBbl.

B nocennux AByxX riaBax OyaeT pacCMOTPEH OOIMU caydail — 9JIeKTPOMarHuT-
HOeE T10Jie, U3MEHSIIOIeecs: BO BpEMEHH.

[Tpobema pacuera 3J€KTPOMArHUTHOTO TIOJISI TIPU CJIOXKHOM (hopMe TeoMeTpun
00J1acTH paccMaTPUBAETCSI B pasjieie MaTeMaTHKH, Ha3bIBAEMOM MaTeMaTHYeCKOMN
busuxoil.

B nanprelimemM MbI TpuBeieM HEKOTOPbBIE 3 METOI0OB MaTeMaTHIeCKOH (hU3UKH,
ONTUMAJIBHBIE [IJIsI PACCMOTPEHHBIX paree 3a1a4. V3 G0IbIION COBOKYITHOCTH TOIX0-
JIOB MOTYT OBITh BbIJIEJIEHbI TPU: HEITOCPEACTBEHHbIE aHAIUTHYECKIE METO/IbI PacyeTa
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HEIPEPBIBHOTO paclpe/ie/ieHNs B IPOCTPAHCTBE ¥ BO BPEMEHU PACCUMTHIBAEMBIX Be-
gyl (HanpsukerHocted E, H nond, motertmanos U n IpyTHX ); YNCTCHHBIE METOIB,
IIPU KOTOPBIX UCKOMbBIE BEJIMYMHBI OTBICKUBAIOTCSI B KOHEUHEN COBOKYITHOCTH TOYEK,
Ha3bIBAE€MbIX y3JIaMHM, [TPU [TOMOIIIA KOHEYHO-PAa3HOCTHBIX YPaBHEHUI; MeTO/IbI 11pe/i-
CTaBJIEHUS] MCXO/HBIX YPABHEHUII 110OJIS1 B BUJIE MHTEIPAJIBHBIX YPABHEHUI 1 METO/Ibl
(bU3MUECKOTO ¥ MaTeMaTUYeCKOro MOJIEINPOBAHMSL.



naBa ABaALUATb YeTBepTast

JneKkTpocTtaTuyeckoe noJse

24.1. be3BMXpPEBOM XapaKTep 3J/1IEKTPOCTaTUYECKOro nons.
FpaAaMeHT 3/1eKTpUYecKoro noteHumana

OcHoBHOI 3amavuell HACTOAIIEN TJaBBI SABJSETCS PACCMOTPEHHE METOIOB pacyueTra
3JIEKTPOCTATUYECKOTO TI0JIsI, T. €. JIEKTPUIECKOTO ITOJISI CUCTEMBI HETIOJBIKHBIX OT-
HOCUTEJbHO HaOM0AaTeN s 3apsyKEHHBIX TeJI IIPU OTCYTCTBUM 2JIEKTPHUUECKUX TOKOB.
Ecau B cucTeme HeT HAMAarHMYEHHBIX TeJI, TO MArHUTHOE 110Jie OTcyTcTBYeT. ClenoBa-
TEJIbHO, BCIOLY

J =0 B =0; H =0.

Hauue B sekTpuyeckoM 1oJjie cBOOOJHBIX PaciIpeie/IeHHbIX B 00beMe 3apsiioB
IpUBEJIO 6bI K BO3HIKHOBEHUIO DJIEKTPUYECKOTO TOKA. I109TOMY MPEIIIoI0KEeHIE, YTO
J =0, BesleT K 3aKjI09eHno, 4To Beiogy p = 0. MoryT ObITh TOJBKO 3apsiibl, pacipee-
JIEHHBIE TI0 TIOBEPXHOCTIM 3aPsKEHHBIX TeJI.

N3 cucrembl ypaBHeHMIl 3JIEKTPOMArHUTHOIO IOJISI OCTAETCs CJIELYIONasi COBO-
KYITHOCTb:

rotE=0; D=¢E; divD=0.
Yenosue rot E = 0 cBUIAETENBCTBYET, YTO AICKMPOCMAMUUEcKoe noje umeem 6e3-

suxpesotl xapaxmep. Iloe, yI0oBIETBOPSIOIIEE ITOMY YCIOBHIO, HA3BIBAIOT OE3BUXPe-
BeiM. Corstacuo Teopeme CTOKCa, /7151 1I0O0TO 3aMKHYTOTO KOHTYPA UMeeM

ﬁEdl = jrotEds =0.
1 s

Takum ob6paszom, ycrosue rot E = () Boipaskaet B quddepenimanbHoii hopme panee
BBICKA3aHHOE Ba)KHOE TIOJIOJKEHUE: B 3JIEKTPOCTATUYECKOM T10JI€ JIMHEIHBIN WHTETpaJ
Bektopa E BoJIb JI060T0 3aMKHYTOTO KOHTYpa paBeH HyJif0. COOTBETCTBEHHO B AJI€K-
TPOCTATUYECKOM TI0JIe TUHEWHBIN WHTeTpas BekTopa E, B3AThIH OT Touku A 10 TOYKH
B, He 3aBucuT oT BHIGOpA IIyTH MHTETPUPOBAHMS U TOJHOCTBIO ONPENENISETCs B 3a-
JIAaHHOM TIOJTE TTOJIOKeHneM ToueK A u B. DT0 06CTOSTENBCTBO a0 HAaM BO3MOKHOCTD
BBECTH TIOHATHE O TIOTEHIMAJIE dJIeKTpocTaTndeckoro rmosrs. [loreniinan axexTpocra-
TUUYECKOTO TI0JIST B TOUKE A MBI ONPEAETUIN KaK JUHEUHBIN I/IPHTeraJI BekTopa E, B3s-

TBII OT TOUKH A /10 HEKOTOPOi#l 3ajjanHol Touku P, 1. e .U, = jE dl. Tlotenmas B Tou-
A

ke P paBeH HyJi0. JImHeNHBINT WHTETpaa BekTopa E B0 HEKOTOPOTO MYyTU OT TOYKHU

A 110 Touku B ecTb pa3HOCTh 3JTEKTPUYECKNUX MOTEHIINAMOB B TOYKax A n B:

P
jEdl:UA ~U,.
A

YcTaHOBUM CBSI3b MEK/LY HAIPSIPKEHHOCTHIO 9JIEKTPUYECKOTO MOJISI U U3BMEHEHUEM
MOTEHITHaMa B IpocTpaHcTBe. JJomycTuM, 4To mosokeHne Touku A, B KOTOPOH pac-
cMaTpuBaeM ToteHIman U, onpenessiercst ee paccTosiHueM [ oT HadagbHOH Toyku O
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BIOJIb HEKOTOPOTO TIyTH (puc. 24.1), naymero B TOYKY
P, riie morentnan IpUHAT PaBHBIM HYJI0. Boipakenmne
IS TIOTEHTINaIa TP 9TOM MOKHO HalMcaTh B BUIE

U :TEdl:]gEcosoc dl,
1 1

npudeM [p — jtuHa Beero my T oT Touku O 10 Touku P |
o — YTOJ MeXXay HampaBieHueM BekTopa E m xaca- Puc. 24.1
TeJbHON K TMYTH.

BssB yacTHYI0 IPOU3BOAHYIO OT 00EUX YacTeil paBeHCTBA 110 HUKHEMY IPEIEIy,
HaieM

% =-FEcosa,

ol

OTKy/Ia CJIeIyeT, YTO TIPUPAIeHNe MOTeHIINaMa, PACCYUTAaHHOe Ha eANHUILY TepeMe-
IeHNsT B KAKOM-JTHO0 HATTPABJIEHIH, YUCJIEHHO PABHO B3SITOI ¢ 0OPATHBIM 3HAKOM CO-
CTaBJATONIEH HATPSKEHHOCTH TTOJIST B 9TOM HaIllpaBJICHUH.
B gactHOCTH, B 1€KAPTOBBIX KOOPAMHATAX MEEM
oU oU oU
—=-F; —=-E, —=-L,
ox oy 0z
Eciu HanipaBiieHue nepeMentenust dl coctaBisieT mpsiMoii yroa (o = 11/2) ¢ BEKTO-
pom E, to cos o = 0 u 0U/dl = 0. CiiezioBaTeIbHO, MBICJIEHHO TIepeMENasiCh B HalpaB-
JIEHUH, HOPMAaJbHOM K HAIPaBJIEHUIO JMHUN HAINPSDKEHHOCTH T10Jist, OyJeM WMeThb
U = const, T. e. OyieM 0CTaBaTbhCsl HA NOBEPXHOCMU PABH020 nomenyuaia. Jlunuu na-
NPAACEHHOCMU NOJA HOPMATLHOL K NOBEPXHOCMAM PABHOZ0 NOMEHYUAAd. YPaBHEHNE
U(x, y, z) = const ompeziesisieT COBOKYITHOCTb TOYEK, JIEXKANTUX HA TIOBEPXHOCTH PaBHO-
TO TIOTEHITNAJA, T. €. IBJIIeTCS ypaBHEHUEeM 3Toil moBepxXHoCcTH. Creibl TOBEpXHOCTEH
PaBHOTO MOTEHITNAJA B TIOCKOCTU YepTeska HA3hIBAIOT TMHUSIMU PABHOTO MO -
TeHnnaga. JIunum paBHOTO MOTEHIINAIA TIEpECeKaIOTCs ¢ IMHUSAMN HATTPIKEHHO-
CTH TIOJI BCIOZY TIOM TIPSIMBIM YTJIOM.
CoBwmernasi HarpaByieHue tiepeMeniennst dl ¢ Hampasienuem Bektopa E, Oynem
UMEThb

oUu
o
ITO XapakTepHOe HAIlIPaBJIEHKE COBIIAZAET ¢ HOPMAJIbIO K IOBEPXHOCTH PABHOIO
norenimaa. [loaTomy ycaoBumcest 0003HauaTh repemeriienne dl B 9ToM HalpaBieHnn
uepes dn, B COOTBETCTBUM C YeM HAIIMIIEM:
oUu
on
OueBuaHO, dn €CTh JIEMEHT JMUHbI JIUHUU HAPSKEHHOCTU OIS, IIPHYEM KOOP-
JMHATY 7 CYMTAEM PacTylilell B HarnpasjieHun BekTopa E.
[TpousBoHast OT MOTEHI[MAA 10 KOOPAWHATE UMeeT HauboJIblliee 3HaUeHe B Ha-
[PaBJIEHNUN, HOPMAJIbHOM K TIOBEPXHOCTH PaBHOTO ITOTEHIIMAJIA U TIPOTUBOMOJIOKHOM

a=0; cosa =1 —-E.

-E.
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Harpassienio Bekropa E. 91o HanboJibiiiee 3HaYeHe MPOU3BOIHOI MOXKET OBITH H30-
OpaskeHO BEKTOPOM, HATIPABJIEHHBIM TIPOTUB BekTopa E 1 HOCSIMM Ha3BaHUe TP a -
JUEHTA DJEKTPUUYECKOro TMOTeHIUana Ero ob03HAYAIOT CUMBOJIOM
grad U.

Ipaduenm nomenyuana pasen npupawenuio NOMEHYUALA, OMHECEHHOMY K eOUHUe
OnUMbL U B3SIMOMY 68 HANPABIEHUU, 8 KOMOPOM MO NPpUpauerue umeem Hauborvuee
3nauenue:

‘grad U‘=

ou
on|

Bekropsi E u grad U paBubl Meskry co00il TI0 BeTMYnHe 1 HATIPABJIEHbI B TPOTHBO-
110JIO3KHBIE CTOPOHDL:

grad U = —E.

COCTaB]IHIOH.II/Ie TpaaureHTa 3JEKTPUYECKOIro IMOTEeHIMaa 10 OCAM B lIeKapTOBOfI

oU oU oU
cucreMe KOOpJAuHar cyTb —, —, —. CJIe/loBaTesbHO,

) )

ox oy oz
.oU .0oU ,0U
grad U=i—+j—+k—.

ox oy 0z

[pamuenT moTeHIMasa MOKET ObITH 0OO3HAYeH MPU MOMOIINA CHMBOJUIECKOTO
oneparopa V (3Hak «Habsa») B Buge VU. [Tpu atom VU hopMabHO MOKHO paccMar-
puBaTh KakK MPOU3BE/IEHNEe CUMBOJNYECKOTO BeKkTopa V Ha ckamsip U. B mexapToBbix
KOOpZMHATAX UMeeM

VU = ii+ji+k2 U:i&+j%+ %:grad U.
ox Oy oz ox oy 0z
Caenosatesbho, paBeHcTBO E = — grad U MoxkeT ObITh HammcaHo B opme
E =-VU.

3HaK MUHYC B 9TOM PaBEHCTBE YKa3bIBaeT, YTO MOTEHI[MAJA yObIBaeT B HallpaBJie-
HUW JIUHUN HATIPSKEHHOCTH TIOJISL. JTO SBJSETCS CIAEICTBUEM OIpe/leJIeHs] TIOTeH-
1Majia Kak JUHEMHOTo MHTEerpaia HalpPsKEHHOCTHU 9JIEKTPUYECKOTO T0JIsl, B3STOTO OT
paccmaTpuBaeMoii Touku A 110 3aganHoil Touku P, B kotopoil U = (). Takoe onpenese-
HUE 11eJIecO00Pa3HO, TaK KaK MMPH 9TOM ITOTEHITMAJ MOJOKUTENbHO 3aPssKEHHOTO Tela
OKa3bIBACTCS TAKIKE TIOJIOKUTETBHBIM TIPH YCJIOBUH, YTO MOTEHIIUA OECKOHEYHO yjia-
JIEHHBIX TOYEK MPUHUMAETCST PABHBIM HYJIO.

Bce ckazannoe CBUIETENBCTBYET O TOM, YTO BCSIKOE 0€36UXPesoe Noie ecmb noie
NOMEHUUATLHOE, T. €. TAKOE, KOTOPOE MOKET OBITh 0XapaKTePU30BAHO MOTEHIIHATbHON
dbyurmment U(x, y, 2).

OG6parHo, BCSAKOE TTOTEHIMAIbHOE T0JIe SABJsIeTcsl Ge3BUXPEBBIM, YTO BHITEKAET 13
toxaectsa rot grad U = 0. [leiicTBUTEIBHO,

1074

0 (GU)_é ou
oz\ oy

rot  grad U :igradz U—ggrady U=—
’ oy 0z ’ oy
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Ananormano rot, grad U= 0 u rot, grad U = 0. IToguepknem erie pas, 4To JIs 3a-
JAHHOTO TIOJIsI TIOTEHIIMAJ OIPEAENIeTCsl ¢ TOYHOCTBIO 0 MPOU3BOJBHON TOCTOSH-
HOM, 3aBUcCsIIel 0T BbIGOpa TOi ToukH, rae npuauMaercs U = 0.

24.2. Y6biBaHMe NOTEeHLUMaNa U HAaNPSYKEHHOCTU nons
Ha 60/1bLUNX PACCTOSAHUSAX OT CUCTEMbI 3apPSXKEHHbIX TeJsl

Bo MHOTHEX ciTy9asx cymecTBEHHO 3HATH, KAK N3MEHSETCS MMOTEHINAJ TP Y/IaTeHUH
Ha BecbMa OOJIBINOE PACCTOSTHIE OT CHCTEMbI 3aPSKEHHBIX TEJ.

[Tpocteiine ciaydar GbLIM PacCMOTPEHBI B MepBOI yacTu. Tak, HATPSAKEHHOCTD
MOJIsT U IOTEHIIUAJ YeIMHEHHOTO TOUEYHOTO 3apsi/ia ¢ Ha PACCTOSHUU ¥ OT HETO B OJ-
HOPOJIHOHM 1 M30TPOITHON CPejie COOTBETCTBEHHO PAaBHBI

gl 4 : Uzli,
€ 4mr

€ 4mr?
prYeM IIPUHUMAETCSI PAaBHBIM HYJIIO MOTEHI[MA] GECKOHEYHO YaJIeHHBIX TOYEK.

Jliobast cucrema 3apsKEHHBIX TEJT C OTIUYHBIM OT HYJIsI CYMMapHBIM 3apsiZIOM, pac-
[IOJIOKEHHBIX B KOHEYHOI 06J1aCTU IIPOCTPAHCTBA, MOKET PACCMAaTPUBATHCS HA pac-
CTOSIHUSIX, BeCbMa OOJIbLINX 110 CPABHEHUIO C pasMepaMy 9TOH 00JACTH, KaK TOYeY-
HbIH 3apsiz. [ToaTOMy TIpu Takux BecbMa GOJIBININX PACCTOSTHUSIX OY/IYT CIIPABEITUBBI
€ TOYHOCTBIO JI0 MaJIbIX G0JIee BBICOKOTO TIOPSIIKA TIOC/AeHIE (DOPMYJIBI, IPUYEM ¢ —
o6wmuii 3apsig cucreMbl. Ciie10BaTeIbHo, s 000 CUCTEMBI 3aPSIKEHHBIX TEJI, Pac-
HOJIOKEHHBIX B KOHEYHOH 00JIaCTH TIPOCTPAHCTBA U UMEIOIINX CyMMapPHBIN 3apsi/, OT-
JIMYHBIN OT HYJIsI, HOTEHI[UAJ CTPEMUTCS K HYJII0 B OeCKOHEeYHOCTH Kak 1/7 1 Hanpsi-
JKEHHOCTD IO/ — Kak 1/7%.

B Tom ciryuae, Kora cymMma 3apsiioB BCeX Tell, 00pasyIoliuX CUCTEMY, paBHA HYJIIO,
HoTeHIran yobiBaeT B 6ecKoHeuHOCTH enile ObicTpee. Takyio ccTeMy MOMKHO MOJpas-
JIeJIUTh Ha UIIOJHN, TaK KaK IS KasKI0r0 MOJ0KUTETbHOTO 3apsiia dg; MOKHO 110100-
paTh B cECTeMe PaBHBII eMy 110 3HAYEHUIO OTPHUIATEIbHBIN dgy. TIoTeHIma UIoIs
Ha GOJIBIINX PACCTOSHUAX 7 OT HErO BhIpaskaercs (popMyJioi

U gdcose _ pcos¢
4mer? 4mer?

/i€ p = qd — JIEKTPUYECKUIT MOMEHT JUTIOJST; (@ — YTOJ MEKIY PAIIyC-BEKTOPOM 7
1 OCBIO INTIOJS, TIOJIOKUTEThHOE HATIPaBJIeHNEe KOTO-
POl MPUHUMAEM OT OTPHUIIATETHHOTO 3aps/ia K TMOJ0-
XKuTeabHOMY (pHC. 24.2).

3aMeTuM, 4TO MTOTEHIINAJ PAaBEeH HYJIIO HE TOJIBKO
B GECKOHEYHOCTH, HO M BO BCEX TOYKAX TIOCKOCTH,
HOPMAJIbHOM K OCH JWTIOJNS W TPOXOJAIIEH uyepe3
CepeHy OCHU JTUTIOJNS, TaK KaK JIJIs 3TOH MI0CKOCTH
cos ¢ = 0.

Cocrapnatomue E, u E, HanpsKeHHOCTH IOJI
B/IOJIb PAJIMyca ¥ U TI0 KacaTeJbHOH K OKPY’KHOCTHU
pazmyca ¥ B IIJIOCKOCTH, ITPOXO/ISIIEH yepe3 OCh JIU-
T0JIsI, OKA3bIBAIOTCSI PABHBIMU
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_@ _ 2pcos @

__1@ _ psing
or  4mer® ¢

E = = — .
rop  4mer®

r

Taxkum 06paszom,

E=.E’ +Ei =L3w/3cos2 o+1

4rer

MTak, HOTEeHIMAT U0/ Ha GOMBIINX PACCTOSHUAX OT Hero yObIBaeT, kak 1/72
a HampsyKeHHOCTD 1o — Kak 1/7°. TloaToMy st 1060ii COBOKYITHOCTH 3apsiKeH-
HBIX TeJI, 3aKTI0YEHHBIX B KOHEYHOI 06J1aCTH IPOCTPAHCTBA U MMEOIIUX CyMMapPHBII
3apsJl, paBHbIIl HYJII0, HOTEHINAN yObIBaeT B 6eCKOHEYHOCTH He Mejientee, yeM 1/72,
a HaIpsKeHHOCTDh Mo — He Meaenuee, yem 1/r3. TIpu aToM Bo3aMoxHO 1 GoJee
ObicTpoe yObIBaHME MOTEHIINAA, €CJIH OCU OTAEIbHBIX [UIT0JIEH, HA KOTOPbIE MOKHO
MO/IPA3/IeJIUTh CUCTEMY 3aPSI/I0OB, ODUEHTUPOBAHBI B IPOTUBOIOJIOKHBIX HAIIPABJIEHU-
SIX U, CJIEJI0OBATEIIbHO, TIOJIs 9TUX JUITOJEil OCTabIsSIoT APYT APYTra.

Bo Bcex ykasaHHBIX 3ajia4ax ObLI IIPUHSAT PABHBIM HYJIIO TIOTEHIMAI GECKOHEYHO
YIQJIEHHBIX TOYEK. ITO HE MOXKET OBITh CEJAHO MPU PACCMOTPEHIH TOJIsI HeCKOHEeY-
HO JUTMHHBIX TIPOBOJIOB, CYMMAaPHBIN 3aps KOTOPBIX OTJINYEH OT HyJid. XOTS pPeasb-
HBIe TTPOBOJIA BCET/la MMeEI0T KOHEYHYyIO JJIMHY, OJHAKO TPU HCCJAEOBAHUN TIOJIS
OYEeHD JITMTHHBIX MTAPAJJIETbHBIX MTPAMOIUHEHHBIX TPOBOIOB YaCTO YIIPOTIAIOT 331249y,
JIOTTYCKast, 9TO MTPOBO/IA UMEIOT OeCKOHEUHYO [yTnHY. Kak yBuamnM mrasbiire, 3TUM 10C-
TUTAETCsT CYIECTBEHHOE YIIPOIIEHUE 3a1a4i. PacCMOTPUM yeIMHEHHbIH HECKOHETHO
JUTMHHBIN TTPSAMOJMHEHHBIN TTPOBOJ, PABHOMEPHO MO JIJTMHE 3apsI’KEHHBIN, ¢ JUHEH-
HOIT TJIOTHOCTBIO 3apsia T. HanpsikeHHOCTD MOJIst TAKOTO MPOBO/IA, Kak ObIJIO OJTyde-
HO B IIePBOI yacTH, paBHa

E=_"

2mer
[Tonaras, uto Touka P, B kotopoii U = 0, ynaseHa ot ocu IpoBoJia Ha PACCTOSIHUE 77,
MOJIyYUM

2ner 2ne

U:J t drzi(lnrp —In7).

B wactrocTH, MosxHO puHaTh U = 0 ipu 7p = 1. Torna Gyaem numersb

U=-—""Inr.
2ne

[IpuHATB JKe 7p = 00 HEJB3sI, TAK KAK MHTETPAJ IIPU ITOM TePSIET CMBIC — TIOTEHIH-
aJl BCIOAY TPH JIIOOOM KOHEYHOM 7 CTAHOBUTCST GECKOHETHBIM.

OpmHako ecyu CyIecTBYeT HECKOIBKO MapaJIeJIbHBIX TIPOBOIOB 1 IIPU 9TOM CYM-
MapHBII 3apsi] UX PaBeH HYJIO, T. €. T = 21, = 0, 4T0 06BIYHO U NMEET MECTO B Peaib-
HBIX 33/1a4aX, TO IIOTEHIMAJ B OECKOHEYHOCTH MOKHO TIPHHSATD PABHBIM HYJIIO JlasKe
¥ B TOM CJIyYae, eCJIil YCJIOBHO PACCMATPUBATh MPOBO/IA KaK GECKOHEYHO [IMHHBIE.
PaccmorpuM cHavasa 7iBa IIPoOBOJIA € 3apsilaMy HA eIMHUILY JUIMHBL Ty = T U Ty = — T.
Ha puc. 24.3 oTMeueHbI TOUKH [IepeceyeH sl IPOBOJIOB C IIIOCKOCTBIO pUCYHKa. IIpo-
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A
BOJa HOPMaJIbHbI K TINIOCKOCTHU PHUCYHKA. Paccrosmne

MEeXIy poBogaMu 06o3HaunM yepes d. [lyist morenima-
Jla B TOYKe A MeeM BbIpaskeHUe 9
LS
T Tp, T Tp T Tp T 7, =1 N
U=—"Ilh-+2Ih—2=—Inh~—-—1In-"t, TN
2ne 1, 2me 1, 2me 1, 2me 1, d

N

/e 74 U ry — PACCTOSIHUS TOYKU A OT NPOBOJIOB, 7p, U {Omm
7p, — PACCTOSAHMS TOYKU P OT NPOBOJIOB.

[Tpu yranenun Touku P B GECKOHEYHOCTh Tp, —>Tp, W "py p
nepBoe caaraeMoe obpaiiaercs B HyJib. Takum 06pasomM, Up=0
ecJqii TIPUHATh PaBHBIM HYJIIO MOTEHIMAA OeCKOHEYHO Puc. 24.3
yJaJeHHBIX TOUEK, TO Ha BCEX KOHEUHBIX PACCTOSTHUSX 7| U 75 IOTEHITUAJ [T0JIYYaeTCs
KOHEUYHBIM:

.
=T 3

U=-_"1n"
2ne 1,

3aMeTuM, 9TO TIPHU 3TOM MTOTEHITHAJ PaBeH HYJIIO TaKKe Ha MJIOCKOCTH, TPOXO/Is-
el mocepennune MeXIy MMPOBOIAMH, TaK KaK JIJIST BCEX TOUEK ATOH IJIOCKOCTH 7| = 7.

Onpezennm, Kak yObIBaeT MOTEHIMAT Ha OOJIBIIMX PACCTOSHHUAX OT IIPOBOIOB.
IIpu 7 >dumeem ry/ry~ 1 —d cos 0/ry~ 1 — d cos 07, rie r — paccrosiHue TOYKU A OT
CepeIUHbBI OTPE3KA, COENUHSIONIETO OCU TIPOBOIOB, a 6 — YTOJI MEXIY PalyCcoM ¥ U
aTiM otpeskom. CrenoBaTenbHo, TIpH 7 >>d

U= _nn[1
2ne

d cos0 j
pal
Paznarast torapucm B psizt 110 crenersiv d cos 0/7 1 nipenedperasi 4JieHaAMU BbIC-
MIMX TOPSITKOB MAJIOCTH, HAXOIIM
_ 1dcosH
© ner

U

CocTaBJistionine HAMPSDKEHHOCTH TI0JIST IPU 7 3> NMEIOT BBIPAsKEHIL:
oU tdcos® g - _1oU _ 1d sin®

= . E,=—- =
' or 2mer? ro0  2mer’
U, CJIe/IOBATEIbHO,
; ; td
E=\E}+E} ="
2ner

Takum 06pasoMm, /s Hapbl OECKOHEYHO JJUHHBIX TIPOBOIOB, MMEIOIIUX PaBHbIE U
[IPOTUBOIIOJIOKHBIE 110 3HAKY 3apsjibl, MOTEHIMAA B OECKOHEYHOCTH CTPEMUTCI K
HyJTI0, Kak 1/7, a HanmpskeHHOCTDh Mo — kak 1/72. JIiobyo cucteMy 6eCKOHEUHO
IUTMTHHBIX TTapaJJIeJbHBIX TIPOBOJIOB, PACIOJOKEHHBIX HAa KOHEYHBIX PACCTOSHUSX
IPYT OT IpyTa U UMEIOIUX CYMMAapPHbBIA 3apsijl £Tj, PABHBIN HYJIIO, MOXKHO Pa3/le/TUTh
Ha TIapbl TPOBOJIOB C PAaBHBIMU U ITPOTUBOIOJIOKHBIMU TI0 3HAKY 3apsaamu. CienoBa-
TEJIbHO, MOTEHIINAJ TAKOW CHUCTEMbI YObIBaeT B GECKOHEYHOCTU HE MeJJIEHHee, dyeM
1/r, a HANPSKEHHOCTD TIOJIST — He MejienHee, yeM 1/72,
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24.3. OnpepeneHuve noteHuMana
no 3afaHHOMY pacnpeaeneHu1io 3apsaaos

BolpaskeHue moTteHIMasa TOYEUHOTO 3apsifia JaeT BO3MOKHOCTb YKa3aTh JJIsI OJHO-
POZHOM cpe/ibl OOIINI METO/I BBIYMCJIEHHS TIOTEHIIMAIA TIPU 3aJlaHHOM paciipe/iesie-
HUM B KOHEYHOU 00JIaCTH TIPOCTPAHCTBA DJIEKTPUYECKUX 3aPSIIOB.

[MoxpasgenuB Bce pacmpeiesieHHbIE B IIPOCTPAHCTBE
sapsubl (puc. 24.4) Ha sneMeHTapHble YacTu dg, Gynem
paccMaTpUBaTh 9TH 2JIEMEHTBI dg KaK TOUYeYHbIe 3apsiibl.
[ToTentuan B Touke A, onpenensieMblil KaXKIbIM TaKIM
asieMeHTOM, paBeH dU = l—q CrenoBarenbHO, TIOTEH-

€ 4nr
1Ha, ompeessseMblii BCell COBOKYITHOCTBIO pacIipejie-
Puc. 24.4 JIEHHBIX B IIPOCTPAHCTBE 3apsII0B, MOKET ObITh HaljeH
u3 cpopMlem
U= J~ 1 dc]

Amsr 47:8 r

Eciu asiexTpudeckuii 3apsii pactupe/eset 1mo oobemy V, mpudeM oObeMHast MI0T-
HOCTb 3apsi/ia B HEKOTOPOH TOYKE IPOCTPAHCTBA €CTh P, TO CJeAyeT PasOUTh BeCh 00b-
em Ha asiemenTsl dV. Torma

pdV

4na I

Ecymm 3apsii pactpesiesieH JIviib B BeCbMa TOHKUX CJIOSIX Y TIOBEPXHOCTH 3apsisKeH-
HBIX TeJI, KaK 9TO UMEET MECTO Y TeJl U3 TIPOBOISIIEr0 MaTepraa, TO MOKHO CUUTATh,
4TO 3apsA/l pacipeseseH Ha MOBEPXHOCTH Tesl. PazbuBast 3apsisKeHHbIE TIOBEPXHOCTH
Ha 2JIEMEHTBI ds, MOKeM HarucaTh dg = ¢ ds, Tlie 6 — MOBEPXHOCTHAsI TJIOTHOCTD 3a-
pszna. Torna BeIpaskeHue JJist MOTEHIMAa TPUHUMAET BT

vt LdS,
dnes 1
[pUYEM WHTErpajl JOJGKEH ObITh PacIpoCTpaHeH MO BCEM 3apsKEHHBIM TTOBEPXHO-
craM. To 06CTOATENBCTBO, YTO B 0OBEMAX, 3aHATHIX CAMUMU 3aPSI’KEHHBIMU TeJIaMH,
HAXO/MTCS MPOBOJSINAS CPEla U, CJICI0BATENBHO, CPe/la BO BCEeM TIPOCTPAHCTBE HEOJI-
HOPOJIHA, B J]AHHOM CJIyyae HeCylIeCTBEHHO, TaK KaK BHYTPH TPOBOASIINX TeJl M0Jie
orcyTcTByeT. Mbl MO OBl MBICJIEHHO yOPaTh MPOBOJSAIIEE BEIECTBO TeJl, 3AMEHUB
€ro JIMBJIEKTPUKOM C TIPOHUIAEMOCTBIO € U COXPAHUB BCE TIOBEPXHOCTHBIE 3aPsi/ibl
tes1. IIpu 9TOM 1oJie ocTanoch Obl 63 M3MEHEHMsI.
B cayuae korza sapsii pacipeziesieH Ha IPOBOJIax, AUaMeTp CeYeHHs KOTOPBIX MaJl

10 CPABHEHMIO C PACCTOSHUSME OT IIPOBOJIOB 10 TOYEK I0JIs, B KOTOPHIX OIIpeAe/IseT-
Cs1 MOTEHIINAJ, MOKHO CYMTATh 3aPsi/l COCPEAI0TOYEHHBIM Ha OCSAX MPOBOAOB. Eci 1 —
JIMHEHHAs! TJIOTHOCTD 3apsiza, To dg = tdl n

gt
dme = v

)
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IIprUYeM MHTETPAJI PACIIPOCTPaHAETCA BAOJIb BCEX 3apAKEHHBIX ITPOBO/IOB.
I‘IaKOHeLIy TP KOHEYHOM 4YHCJie 77 3apAa0B, KOTOPbIE MOTYT PaCCMAaTPUBATbCA KakK
TOYeYHbIe, UMEeeM

k=n
U= LS9
dme 4o 1,
YaursiBas cootHomenne E = — grad U, MoskeM 3anucarh cJie/lyoline BbIpakeHust

JJIA HAIIPAKEHHOCTU 9JICKTPUYECKOI'O I10JIA:

E:ij&:dv, F-_ L or 4, - L7y
r

4me s, 4me | 1’ dme s r°

31ech ¥ — BEKTOP, HAIIPABJIEHHBIN OT TOYKU PACIIOJIOKEHUS 3apsijila K TOUKE OIpe-
AeJeHUA HalIPpAKEHHOCTH I10JIA 1 paBHbeI PACCTOAHUIO MEK/Y HUMU.

OtMmetruMm emie pas3, 4To (popMmysamu, NMPUBEJIEHHBIMA B HACTOsIIeM maparpade,
MOJKHO ITOJIb30BATbCA JIJIA BbIYNCJACHUA IMTOTECHIIMAIa TOJbKO B TOM CJiy4dae, €CJau 3apsi-
JIbI pacpeiesieHbl B KOHEYHOU 06acTi mpocTpancTa. B wactroctu, hopmysioit (*)
MOKHO TIOJTh30BAThCS, €CJIU IJIMHA TTPOBOIOB KOoHeUHa. /leficTBUTeNbHO, aTa hopMyTa
OCHOBAHA Ha BBIPAKEHWH [T TIOTEHIIMAMa TOYEUYHOTO 3apsijia, KOTOPOE TIOy4YeHO B
MPEITONOKEHIH, YTO TOTEHIINAT GECKOHEYHO YAATEHHBIX TOUeK paBeH Hyrio. OxHa-
KO, Kak ObLIO MOKa3aHO BBIIIE, /Ui OECKOHEYHO JIMHHBIX TPOBOAOB MOTEHIHAT B
6eCKOHe‘{HOCTI/I HE MOJKET 6bITb IIPUHAT paBHBIM HYJIIO, TaK KaK IIPAU 3TOM Ha BCEX KO-
HEYHBIX PACCTOSIHUAX MOTEHIMAN MoJydnsicst Obi 6eckoneuno 6osbinum. CooTBeTcT-

BEHHO U WHTETPA J vdl B IPYMEHEHUH K GECKOHEYHO JJIMHHBIM IIPOBOJIaM BCIOLY 00-
1
paraercst B 6eCKOHEYHOCTD.

3aMeTHM, 4TO B ciydae 0ObEMHOTO M MOBEPXHOCTHOTO PACIIPENECHUsT 3apsiioB
[IOTEHI[MAJI OCTAeTCsl KOHEUHBIM U B TeX TOUYKaX, IJle p MU G He paBHbI HyJI0. B ciry-
yae JKe JIMHEIHOTO paclipejiesieHusl 3apsiIoB MOTeHIMAl CaMUX 3apsiKeHHBbIX HUTeEN,
€CJIU TIPEIOJIOKUTh UX OECKOHEYHO TOHKUMHU, MOJYYaeTcst GECKOHETHO GOJIBIITUM.
[TosTOMY TOYKHM HUTEN MOJZKHBI OBITH MCKIIOUEHBI U3 pacCMOTpeHusi. TOUHO Tak ke
JUISE CUCTEMbI TOYEYHBIX 3aPSI/IOB TIOTEHIMAT 00paIaeTcst B 6ECKOHEYHOCTh B TOYKAX,
IJle COCPEIOTOYEHBI 3apsijibl. DT TOYKHM TaKKe MOJUKHBI ObITh MCKJIOYEHBI U3 pac-
CMOTDPEHHUSI.

DusnyecKuii CMBICT MMEET TOJBKO 0ObeMHOE pacipejiesieHue 3apsaoB. TeM He
MeHee YCJIOBHOE TIPE/CTABJIEHNE O TTOBEPXHOCTHOM, JUHEMHOM WU TOUYEYHOM pac-
npefieJIeHNH 3apsI0B BechbMa TOJIe3HO MTPU PEIleHNH MHOTUX KOHKPETHBIX MpakTuJe-
CKUX 33/1a4.

24.4. YpaBHeHus lNyaccoHa m Jlannaca

HO[[CTB.BJIF[E[ B ypaBHEHNE

+—4L+—==

OE, OE, ©OE, p
ox Oy 0z ¢
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BbIpaskaronee Teopemy laycca B muddepennmanbhoii hopme, BMecto Bemmann E,, E,
u E, ux BbIpaKeHUs yepe3 MOTeHIUaI:

go-U g Uy OU
’ ox oy oz
II0JIy4aeM ypaBHEHUE
o’U o*U o*U  p
+ + =

ox* oy’ 0z’ €
IT10 nmuddepeHInaIbHOe ypaBHEHe HOCUT Ha3BaHue ypaBHeHud Illyacco-
Ha. nrerpan

pdV

47t8 j

MPUBEIEHHBIN B IIPe/IbIyiieM naparpade, siBjisieTcst peliiennem ypasaenust [Tyaccona
B CJIyJae, KOT/a 3apsijibl pacrpe/iesieHbl B KOHEUHOH 00JIacTH POCTPAHCTBA.

Ecnu B paccmarpuBaeMoii 06/1acTH MPOCTPAHCTBA OTCYTCTBYIOT OOBEMHBIE AJIEK-
TpUUeCcKHue 3apsjibl, TO ypaBHeHue [lyaccona momydaer Buj

0°U 9°U 0°U
2 + 2 + 2
ox® Oy 0z
1 Ha3bIBAETCA B ATOM YACTHOM ciay4dae ypaBHeHHeM Jlamimaca. dmekrpocraTu-
YyecKoe TI0JIe Y/IOBJIeTBOPsieT ypaBHenwuio Jlammaca.
Jlesble yacTu ypasnenuii [Tyaccona u Jlammaca npeactaBasior coboil pacxosxkie-

HUE I'paJIUE€HTA ITIOTEHIINAJIa U MOT'YT OBITD 3alMUCalbl B (bopMe, HE SaBMCHHleﬁ OT BbI-
60pa CUCTEMbI KOOpAMHAT:

=0

divgrad U = ~P. div grad U =0.
€

Hepeako MOXXHO BCTPETHUTH 3aIlKMCh JIEBOW YacTH 3TUX YPaBHEHMIU C IIOMONIbIO
CAMBOJIMYECKOTO OIlepaTopa B BUE V2U. JleiicTBUTEIBHO,
2
s (.0 .0 0 0° o o’
Visli—+j—+k—| =—5+—5+—
ox Oy Oz ox° oy- oz

U, CJIeJJOBATEe/IbHO,

o'U 8*U o'
2 + 2 + 2"
ox° Jy 0z
OHepaTOp V2 qacTo 0603Ha‘{aIOT A 1 Ha3BIBAIOT OHepaTOpOM JIaHJIaca nJjn Jaltjaa-

cuanom. CrenosaresibHo, ypaBHenus Ilyaccona u Jlammaca MOTyT ObITh HAIMCAHBI
TaKxe B BUJE

ViU =

VU ==L wm AU=-P. VU =0 wm AU=0.
e e
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24.5. N'paHnYHbIE YCNOBUA HAa NOBEPXHOCTU NMPOBOAHUKOB

Tax xak B 97IEKTPOCTATUIECKOM TIOJIE DJIEKTPUUECKUE TOKU OTCYTCTBYIOT, TO U3 COOT-
Homrenus J = yE ciaenyer, 4To BHYyTpU NPOBOAHUKOB (y # 0) BCroay 10JKHO ObiTh E = 0.
W3 Beipaskenus E = —grad U nipu 9ToM cJIe1yer, 4To /st KasKI0ro IPOBOIHIKA IIOTEH-
IIMaJT BCEX ero TOYeK NMeeT OJIHO U TO ke 3HadeHue. [loBepXHOCTH TPOBOIHUKOB CYTh
ITOBEPXHOCTH PABHOTO JIEKTPUYECKOTO TIOTEHITNAJA, M JTUHUK HATIPSSKEHHOCTH TIOJIST
B JM2JIEKTPUKEe HOpMasibHbl K HuM. ObosHaunm yepes E, u E, HOpMaJIbHYIO U Kaca-
TEJIbHYIO K TIOBEPXHOCTH TIPOBOJIHUKA COCTABJISIONINE BeKTOpa E B IU3IEKTPUKE OKO-
JIO TIOBEPXHOCTH MPOBOJHUKA. [paHNYHOE yCI0BUE I IO B TUIJIEKTPUKE HA TI0-
BEPXHOCTH IPOBOJHUKA MOXKET ObITh 3ammcano B Buge U = const wiam, 410 TO XKe
camoe, £, =0, E=E,=—0U/on. Ilpu atom D = ¢F = — saa—U = 0, T/le 6 — IIJIOTHOCTh
n
AJIEKTPUYECKOTO 3apsijia Ha MOBEPXHOCTU TTPOBOHUKA.

24.6. N'paHnYHbIE YCNIOBUA Ha NOBEPXHOCTU pa3aena

ABYX AN3JIEKTPUKOB

Ha rpanutie pasnesna AByX OJHOPOIHBIX U U30TPOIHBIX AUITEKTPUKOB C aOCOJTIOTHBI-

MU JUSJIEKTPUYECKUMMU IIPOHUIAEMOCTAMU €1 U €9, HAXOAAMINXCA B IJEKTPUIECKOM

moJie (puc. 24.5), HAMPSZKEHHOCTh U AJEKTPUIECKOEe CMETEHe KOTOPOTO Y/IOBJIET-

BOPSIIOT YPaBHEHUSIM §>E dl=0wu §Dds =0, moxeMm (cm. § 23.8), npunumas X = E,
! s

Y =D, a, =¢,, a, = &, Ha ocHOBaHUM oTHOWIeHUH (*), (**), 3amucars ycaoBud E; sin 0, =
= FE, sin 0, u D cos 0; = D, cos 0,, BbIpakaloliiie HelpepbIBHOCTh KacaTeJbHbIX CO-
cTaBJAONMX BeKTopa E 1 HOPpMaIbHBIX COCTABJISIONMX BekTopa D. YeioBue npesom-
JIEHUST JIMHUN TIPUHUMAET BUI:

g0, _ &

€y

KK £1=1,5¢;
KK
X +H—a
> —g €r—
> -
o +
4 | =1
5 2 —
< S St
9% b
Sos0ss XK 1
) XL
RS <t —_— >
NS0 oS J >
KRR 2L ==
XX Kk E—% > E,
A S0 -
& 9% T
X X3

Puc. 24.6

Paccmotpum coyuaii, Kora TUHIN HATPSKEHHOCTHU TI0JISI HOPMAJbHBI K TIOBEPX-
HOCTH pasfena (puc. 24.6) IBYX U30TPOIHBIX CPEJl ¢ AOCOMOTHBIMHE THAJIEKTPUIECKI-
MU TIPOHUIIAEMOCTSIMU & U €. BEeKTOPBI cMeleHus: OyyT OJMHAKOBBI B 0OEUX Cpe-
nax: Dy = D,, HO HATIPSIKEHHOCTb TIOJIST HA TIOBEPXHOCTH Pa3/iesia CKAaYKOM M3MeHIeT
CBO€ 3HAUYeHWe, TAK KaK
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E = & #E, = &
€4 €y

Ilycth € > €y M COOTBETCTBEHHO JUATIEKTPUUECKAS BOCIIPUMMYUBOCTD ¥ TIEPBOI
cpezibl GOJIbINE UATIEKTPUIECKON BOCIPUUMYMBOCTH §» BTOpoil. Torma Ey < E,. Ha
puc. 24.6 uzobpakeHo /st 9TOro caydas nose Bekropa E.

¥ nosepxHoCTH pasziesna IByX JUITEKTPUKOB U3 TIEPBOI CPEIbI BHICTYIAIOT TI0JI0-
SKUTEJTbHBIE 3apsA/bl UTOJIEN M 13 BTOPOI Cpe/ibl — OTPHUIATeIbHbIE 3aPSAbl AUTIO-
Jsieit. Tak Kak yq > ¥, TO TMOJOKUTETHHbIE 3aPsIIbl TPEOOTATAIOT HA/l OTPHUIATETHHBIMU
U B TOHKOM CJIO€ Y TOBEPXHOCTU Pasjiesia 00pas3yeTcst CBSI3aHHDIN TTOJIOKUTETbHbII
3aps. BBuy upesBpIYaifHON MAJTOCTH TOJIIUHBI 3TOTO CJIOST €T0 3aps/ MOXKHO pac-
CMaTPUBATh KaK MTOBEPXHOCTHBIN € TIIOTHOCTRIO ¢'. [IpnMenss moctynat Maxcsesia
K 3aMKHYTOH MOBEPXHOCTH, CJIe/l KOTOPOI n300paskeH Ha puc. 24.6 MITPUXOBOI JIHHMU-
eit, mosmyunm Dy = D,, Tak Kak CBOOOIHBIX 3aPsI/IOB Ha TIOBEPXHOCTH Pasjieia ABYX Ju-
anexTpukoB HeT. CirezioBaTesbHo,

e L, +P =¢, £, +P, uwm ¢g,(E,-E)=P -P,

+ !
a*q VUUTBI-
€9

C npyroii cTOpoHbI, IpuMeHsisa TeopeMmy laycca B ¢popme §>E ds =
Bas, uTo ¢ = 0, GyeM umerhb
§>Eds =9 wm —Es+E,s =4,
g €o €
OTKYy/a

!

e, (E, - L)) Z%Z(S'.

Taxkum obpasom, ' = P, — P,.

WNTax, BCaeacTBHE HEOAUHAKOBON CITOCOOHOCTH
NIAJIEKTPUKOB TIOJISIPU30BATHCS HA UX TOBEPXHOCTU
BO3HUKAET CBSI3AHHBII HOBerHOCTHbIﬁ 3apA/ C 1J10T-
HOCTBIO, PABHOH Pa3HOCTU TOJISIPU30BAHHOCTEH /IH-
9JIEKTPUKA, 13 KOTOPOTO JIMHUU HAIMPSLKEHHOCTH TI0-
JIsT BBIXOJISAT, M JIUDJIEKTPUKA, B KOTOPBINT OHU BXO-
nat. B obiiem ciydae, Korga JUHANM HAIPSKEHHO-
CTU TIOJIST TIOAXOIST K IOBEPXHOCTU Pasjiesia IojI
HEKOTOPBIM YIJIOM, G’ PaBHO, KaK HETPYAHO ybe-
AUTbCA, Pa3HOCTU HOPMaAJIbHBIX COCTaBJIAIOIIMNX
BeKTOpOB Py u Ps.

IIpsamoii mpoBox  Ciou usossiuu

OGparubriit
npoBoJ

/ g \ B Bume npumepa pacCMOTPHM KOHIIEHTpHYE-

} < cKuii Kabesb ¢ HECKOIBKUMU CJIOSIMU JIMAJIEKTPUKA
L N C PasHBIMU JIMJEKTPHYECKUMU MPOHUIIAEMOCTSIMHE
LV NN (puc. 24.7). Boob ;
% P puc. 24.7). BooOpazum IUIMHAPHYECKYIO TIOBEPX

5 ~ HOCTDb Pajyca 7 1 JUIMHBIL [, 0Cb KOTOPOIi coBmele-
Puc. 24.7 Ha ¢ ocblo kabesst. [IoTok cMerenns CKBO3b 3Ty I0-
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BEPXHOCTD PaBEH 3aPsILy ¢ = T/, PACTONOKEHHOMY Ha OTpe3ke [ BHyTpeHHero TPoBojia
Kabess, T. e. JDds = ¢ = 1/, mpryeM T — JMHEHAs TIOTHOCTD 3apsijia.
S
Tak Kak Ha Bceil ITOBEePXHOCTH BBUAY cumMMeTpun D = const u Bektop D HopMaJieH
K TIOBEPXHOCTH, TO f Dds = Ds = 2mriD.
N

Nrax,

D=_".
2nr

HanpskeHHOCTD B k-M €J10€e M30JIS1Ui PaBHA
=2
€, 2mre,

B npesiesiax Kaskoro cJiost HaPsiKEHHOCTD 10JIst YObIBAET ¢ YBEJUYEHHEM 7, TIPU
repexojie ke K CIenyIoIeMy CJI0I0 OHa U3MEHSIETCSI CKAYKOM B CBI3U ¢ U3MEHEHUEM
€. DTOT CKaYOK MbI M MOKeM OObSICHUTH MOSIBICHIEM CBSI3AHHBIX 3aPsI/IOB HA TIOBEPX-
HOCTU pasjiea IBYX CJIOEB JIU3JIEKTPUKA.

B xaxzom csroe HAPSIKEHHOCTD MO MMeeT MaKCHMaIbHOe 3HaYeHNe Y BHYTPEH-
Hell ToBepXHOCTH ¢Jiod, paBHOe Ey,, = L, MpUYEM 7}, — BHYTPEHHUH PaJinyc CJIOS.

T7,€,
[IpencrabisieTcsi BOBMOKHBIM TIPH TIPOEKTUPOBaHMK Kabesist mogoO6parh BeJTUYNHbI
7€, IS BCEX CJIOEB TaK, YTOOBI BEJIMUUHBI E},, OTBEYAN JOTTYCTHMbIM 3HAUEHUSIM Ha-
IPSIKEHHOCTU, COOTBETCTBYIOIIMM 3JIEKTPUYECKOU ITPOYHOCTU cJioeB. B uacTHOCTH,
€CJIM I0NyCTUMask MaKCUMaJbHash HallPSIXKEHHOCTD 110J1s Ej,, BO BCeX CJI0SIX OJJMHAKO-
Ba, TO CJIEYET CTPEMUTHCS K COOIIOMEHUIO YCIOBUIA:

ne, =he, =...=ng, =...=const.
IIpumenenremM MHOTOCJIOIHON U30JIAINN JOCTUTAETCS 3HAYUTEIbHOE BhIPaBHUBA-
HYe HAIPSPKEHHOCTH 0JIS BJIOJIb PA/INYCa, YTO MIIIOCTPUPYETCs 3II0PON Ha puc. 24.7.

24.7. OcHOBHas 3ajaya /1eKTPOCTaTUKMH

OO6eii 3aayeil pacyera sJIEKTPUIECKOTO TOJIS SBJISIETCS OTIpeie/IeHe HaPsKeHHO-
CTH TIOJIsT BO BCEX €ro TOYKax M0 3aJaHHbIM 3apsiiaM Wiu ToTeHiuazam tes. Jljs
3JIEKTPOCTATUYECKOTO TIOJISI 3ajlada TOJHOCTHIO PEIIaeTcsl OThICKAHWEM IMOTEHIInaa
Kak (QYHKIUU KOOpAMHAT. Ec/n MoHOCThIO 3a/IaHO paciipeieieHre 3JIeKTPIHYeCKIX
3aps/I0B B OJHOPOIHOI U M30TPOIIHOI Cpejie, TO PelleHe MOKET ObITh IIOJIyYEeHO Me-
TOJIOM, U3JI03KeHHBbIM B § 24.3. ObpaTHas 3a1a4a OThICKAHKs PaCIpeAeIeHus 3apsioB
10 32/IAaHHOMY pacIipejieJIeHHIO ITOTEHI[NANa PelaeTcst ¢ MOMOIIbIo ypaBHeHus Jlar-

oU
JlaCa 1 TPaHUYHOI'O yCJIOBUA —€ 67 =0 IIOBEPXHOCTHU 3apAKEHHBIX IIPOBOAAIINX TEJI.
n

OpHako 6oJblieil 4acThio 3ajlaua OKa3bIBAETCS 3HAYUTENbHO cioskHee. OObIYHO pac-
CMaTPUBAETCS CUCTEMA 3aPSIXKEHHBIX TPOBOISIINX TeJI, OKPYKEHHBIX TUIJIEKTPIKOM,
B KOTOPOM OTCYTCTBYIOT 00beMHbI€e 3apsi/ibl. 3aJaHbl JMOO HOTeHI[Maabl Beex Ten: Uy,
U,, ..., U, ..., mub0 TOJHBIE 3apSIbl TEIL G4, Gy, ..., ;. Paclpeenenne ke 3apsamaoB 1Mo
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MOBEPXHOCTHU KAKJIOTO TeJIa HEN3BECTHO U MOJIJIEXKUT OTpe/ieleHuIo. B aToM 1 3akJIio-
4yaeTcsT OCHOBHAS TPYAHOCTD 3a/au. Takske HEM3BECTHBIM SIBJISIETCS W paciipesiesie-
HIe MoTeHnuasa B mpocrpancTse. OCOGEHHO YCIOKHSIETCS 3a1a9a U1 HeO[HOPO/I-
HOI WJIM HEU3OTPOITHON CPEJIbI.

Pemtenune takoii 3aaun aHaIUTHYECKUM IIyT€M B KOHEYHOM BH/IE BO3MOKHO TOJIb-
KO JIJIs1 OT/IeIbHBIX YACTHBIX CJIy4aeB. B HeKOTOPBIX CIIydasixX yAaeTcsl HAlTH pelleHue
IIPU TIOMOUIM UCKYCCTBEHHBIX IIPUEMOB. B ¢BsI31 ¢ 9TUM UPe3BbIYAITHO BaXKHO YCTAHO-
BUTDH T€ HEOOXOANUMBIE U [IOCTATOYHbIE TPEOOBAHWSI, IPU YIOBIETBOPEHUN KOTOPBIX
T0JIe OIPE/EJISIETCsT eINHCTBEHHBIM 00pa3oM. DTUMU TPEOOBAHUSIMU SIBJISTIOTCSI CJie-
IyIoIIne:
1. Ilone B AMaJIeKTPUKE JIOJIKHO Y/IOBJIETBOPSITD YPABHEHUSIM:

rot E=0; D=¢E; divD=0.

[Tpu sTom ypasuente rot E = (), Kak ObLT0 OKa3aHo B § 24.1, 5KBUBAJEHTHO PAaBEHCT-
By E = —grad U.

JL1s1 OIHOPOIHON cpe/ibl 3TH YPAaBHEHUSI IIPUBOATCS K OJHOMY YPaBHEHMIO LIS
rnmoreniuazna U:

div(eE) =edivE = —edivgradU = V> U =0,
T. e. K ypaBHeHunio Jlammaca
o0°U 0°U 0°U
r T T T
ox oy 0z
2. [ToBEpPXHOCTU MPOBOASIIUX TeJ JTOJZKHBI OBITH MOBEPXHOCTSMU PABHOTO MOTEH-

1uana, T. €. Ui KakK[AOH Takoil MOBEPXHOCTH JOJIKHO OBITH COOJIIONEHO YCJIOBHE
U = const; aTOT ke oTeHIIMa TeJO UMeeT, KOHEYHO, 1 BO BCeM CBOeM oObeMe.

0.

3. HOTCH]_[I/IaJIbI Ha IMOBEPXHOCTU TeJT JOJIZKHDI OBITD PpaBHbI 3a/laHHBIM 3HAYE€HUAM Uk,
€CJIN 110 yCJIOBUAM 3a/la4 U3BECTHDBI 9TU IMOTEHINAJIbI. Ecnu xe 3alaHbl IIOJTHBIC 3a-
PpAAbI TEJ, TO AJIA KaKA0TO Tejla JOJIKHO OBITD YAOBJIETBOPEHO yCJ/IOBHE

oU
q, :;[csds = —S{aands.

MO3KHO TI0Ka3aTh, 4TO BHIIOJIHEHHE ITUX TPEOOBAHUIN HE TOIBKO HEOOXOAUMO, HO
U JIOCTATOYHO, YTOOBI 3a/1a49a ObLIa perieHa eIMHCTBEHHBIM 00pa3oM. DTO BasKHOE T10-
JIOKEHUE YACTO HA3BIBAIOT TEOPEMOIl €[MHCTBEHHOCTH.

24.8. NnockonapannenbHoe none

3ajiaua pacuyera BecbMa YIIPOIIAETCS, €CJU BCe BEJUUYMHbBI, XapAKTEPUBYIOIIHe MOJIE,
3aBUCAT TOJIBKO OT ABYX KOOPpAWHAT. TaKOMy YCJI0BUIO YAOBJIETBOPAET 110JI€ CUCTEMbI
13 HECKOJbKUX 66CKOHe‘-IHO JJIMHHBIX IMapaJlI€JIbHbIX APYT APYyTY HUJIMHAPUYECKUX
MIPOBOJIOB C 3apsijlaMi, PABHOMEPHO PaCIpeieJIeHHBIMU TI0 WX JuinHe. [WaiekTpuk
OyieM TIpeosaraTh oAHOpoAHbIM. Hanpasum och OZ napasiieIbHO OCSIM IIPOBOJIOB.
Torza Bee JTMHUY HATIPSIKEHHOCTH TIOJIsT OY/IYT JIEKATh B MJIOCKOCTSIX, MAPAJLIETbHBIX
mockoct XOY. Kaptuna moJist BO BCeX 9TUX TIOCKOCTSX OJIMHAKOBA, U JIOCTATOYHO



Fnasa 24. dnekTpoctatuueckoe none 45

nccenoBath mosie Tobko B tockoctu XOY. Tlose takoro Buma OymeM Ha3biBaTh
nmJockKomapaxaenbHbIM moaeM Ha prc. 24.8 m3o0paskeHsl mormepedmble ce-
YeHUs! JIByX IIPOBOJIOB U KapTUHA I10Jis OKOJIO HUX. IloTeHnnuan miockonapasiesb-
HOTO 10JIsT eCTh (DYHKIUS TOJIBKO ABYX KoopauHat: x u y. IloBepxnoctu pasHoro 1o-
TEeHIMATa CyTh IUJIMHAPUYECKHE MOBEPXHOCTH € OOPA3yIOIMMHU, HapaJiebHbIMU
ocu OZ. JIunum paBHOro norennuana B maockoctu XOY onpenessioTcs: ypaBHEHUSIMI
BUJIA

U(x, y) = const.

YcsoBUMCSA HAHOCUTD HA YepTeske JUHUN PABHOTO MOTEHIINAJIA Yepe3 Takue TIPo-
MEXKYTKH, 4TOOBI ITPU MIepexo/ie OT JI0OO0i INHIN K COCETHEN BCeria MoJydarh OJnHa-
KoBoe npupanienue AU nmotennuasna.

YpaBHeHue JMHUU HANPSKEHHOCTH TOJIS
MOKeT OBITh MOJYYEeHO Ha OCHOBE CJIELYIONINX
coobpaskenwit. [TycTh HEKOTOpPast TNHUS HATIPSI-
JKEHHOCTH TIOJISI PACCMATPUBAETCS KaK HAYaJTh-
Hag (puc. 24.8). CoemuHUM TPOU3BOTBHYIO TOY-
Ky M(x, y) ¢ HEKOTOPOU TOUKON A HaYaTbHOU
JIMHUK KPUBOJIMHEHHBIM oTpeskom MmA. O60-
3HaunM depe3 Vg morok BekTopa E CKBO3b 110-
BEPXHOCTB, KOTOPYIO onucas Ol 0Tpe3ok MmA,
HepeMenasch mapajieJibHO caMoMy cebe B Ha-
npasiaennn ocu OZ m mpoxons nyTh [ Ycio-
BUMCS paccMaTpUBaTh MMOTOK Ha eAWHUITY JTH-
HBI IPOBOJIOB U BBeieM obo3HaueHue V="Y/L

Benwanna V, tak ke kak v BemdmHa MOTOKa Vg, 3aBUCUT OT TIOJIOKEHNS TOUKHU M,
T. €. AABJIsieTCs (DyHKIIMEN ee KOOPJMHAT, 9TO MbI 3anuiieM B Bune V(x, y). fcHo, uto
1715 Beex Touek M(x, y), iekanux Ha OIHOM M TOM Ke JIMHWU HATPSKEeHHOCTH T0JId,
dynkmusa V(x, y) nMeer oguHaKkoBble 3HaUeHus. [loaTomy ypaBHeHUE

Puc. 24.8

V(x, y) = const,

oTIpeieJIIolee COBOKYITHOCTb TAKIX TOUYEK, U SIBJISIETCS YPaBHEHUEM 9TOH JIMHUH Ha-
npstkerHoctr nosid. Oynakimio V(x, y) HaspiBaloT G YHKIIM e MOTOK a.

Oyuknus V(x, y) MHOTO3HAYHA, TaK KaK ecJau 00ONTH TI0 HEKOTOPOMY 3aMKHY-
TOMY KOHTYPY CeYeHUe KaKOTO-JTUO0 3apssKEeHHOTO MPOBOJA, TO V HOMYYHT TIpHpa-
menue, papaoe AWg/[, rie Wi — MOTOK CKBO3b IIUJIMHAPHYECKYIO TOBEPXHOCTD, OXBa-
TBHIBAIOIIYIO OTPE30K ATOTO TPOBOJA [TMHOW [ ITa MHOTO3HAYHOCTH HE WMMeeT
CYIIECTBEHHOTO 3HAYEHWS, TaK KaK HATPSKEHHOCTD IMOJIsI, KaK ceifdac Gyaer mokasa-
HO, OTIpefiesisieTcsl B BUJe TPOM3BOAHON (hyHKIMK V 110 KoopauHaTe U 3HAYeHUeE TI0-
CTOSHHOM cyaraforieil PyHKIMN He UTPaeT CyMeCTBEHHOH PoJIu.

YenoBuMCsT HAHOCHTD Ha YepTeske JIMHUN HATPSIKEHHOCTH TIOJIsE TaK, YTOObI TIPH
nepexojie ot J000il IMHUK K COCEHEN BCEr/ia MOMYYaTh OIHO W TO JKe MPUpAIIEHNEe
AV byHKIIMHT MOTOKA.

OtmetnMm, uto ypaBHenust U(x, y) = const u V(x, y) = const onpezessioT 1Ba ce-
MelCTBa KPUBBIX, TIEPECEKAIONINXCS BCIOY IO/ TIPSIMBIM YTJIOM, T. €. 00pa3yoIux B
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mockoct XOY oproroHanbHyio cetky. Ilycts dn — snemMenT AJvHbBI TMHUN HATIPSI-
JKEHHOCTH II0JIA 1 da — JJIEMEHT [JIMHBI INHUW PABHOI'O ITOTEHI[MAJIA. O‘{eBI/I]_[HO, BO
BCeX TOUYKaX 10Jist dn L da. Bynem cantath KOOPAWHATY 72 BO3pACTAIONIEl B HATIPABJIE-
mnu Bektopa E. Koopaumnary a Gynem cunrtath Bozpacraiolieii BjieBo ot Bekropa E
JLJIA Ha6JIIOZ[3.T€JIH, PaCIIOJIOKUBHIIETOCA TaK, 4YTO AJIsI HET'O BEKTOP E HallpaBJIEH CHU3Y
BBepx. [loreniman U yBesmuuBaeTcsd B HallpaBjieHuu NpoTuB BekTopa E, T. €. B cTOpO-
HY YMEHDIIECHUSI KOOPAUHATHI 7. YCJIOBUMCS CUUTATDh (DYHKIMIO II0TOKa V Bo3pacralo-
11ell B TOM K€ HallpaBJIeHUH, B KOTOPOM yBesinunBaercs a. HanpskeHHOCTD as1eKTpu-
YeCcKOTro MOJIs TIPH 9THX YCJIOBUSX MOXKeT ObITh BbipaskeHa uepe3 U u V B hopme

E = _ou = +g.
on oa

PasencrtBo E = — 0U/0n nam y:xe 3HakoMo. OHO TOBOPUT, UTO BelmunHa BeKTopa E

YUCJIEHHO paBHA YMEHBIIEHUIO MTOTEHIINAIA HA eIMHUILY JJIMHBI B HANTPABICHWH JIU-

HUW HaNpsiKeHHocTH 1moJist. CooTHotenue ke E = 0V/0a ciemyeT u3 TOro, YTo HaIpsi-

JKEHHOCTD TI0JIsl YUCJIEHHO paBHA NOTOKY BekTopa E, mpoxosiieMy depe3 eluHUIly

ITOBEPXHOCTU, HOPMAJIBHON K JIMHUSM HalpPsKEeHHOCTH ToJist. /laBasi npupaiienue

TOJIKO OTHON KOOP/IMHATE @, OJIyYUM COOTBETCTBYIOIIIEe TIprpaiiete motoka d, V.

[Torok d, ¥ npoxoaut yepes moBepxXHOCTh [ da. Tak Kak 9Ta IOBEPXHOCTh HOpMaJibHa
K JIMHUAM HAMPSKEHHOCTHU TIOJIS, TO

E:da‘PE :daV :ﬂ.
lda da Oa

Ypasuenne (*) BBIpa)KEHO B CHCTEMEe KPUBOJIUHEWHBIX OPTOTOHATBHBIX KOOPIH-
HaT 7 1 a, T7ie 7 OTCUNTHIBAETCS BIOIh JUHUN HATIPSKEHHOCTH TIOJII U @ — BIOJb JIH-
HMiT paBHOTO TToTeHnMasa. [lepexonsd Kk 1ekapTOBBIM KOOpAMHATAM, HATTUIIIEM:

)

oU oV
E =——=+—;
ox oy (**)
g = 0U_ V.
oy ox
PaBencrBa E, = — %—U nk,=- (Z—U OBLIN y3Ke TIPUBEICHbBI PaHee.
» 1
oV oV .
PagencrBa E, = —mu E, = — a— BBITEKAIOT U3 CJeAYIONMX coobpaskennit. Jammm
: X

npupaienue Toapko Koopauuare y. CKBo3b mIomanky [ dy npoxoaur moTok
d,¥Yr == E]ldy. Orciona umeem
E d,¥, _ dyv _ ﬂ.

[ dy dy oy

Y| dy>0 dv>0 Y

X

dV>0| dx>0
—— ——
3Hak 1moc (+) ceyer NpUHsTh TOTOMY, YTO
V1 y Bo3pacraior oba BieBo ot E, (puc. 24.9).
0 X 0 Y /laBag mpupaiienvie TOJBKO KOOPAUHATE X,

Puc. 24.9 Hail/ileM COOTBETCTBEHHO
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_d.¥ __ov
ldx ox
3iech HeOOXOMMO MOCTABUTD 3HAK MUHYC (—), TaK Kak V BO3pacTaer BJIEBO, a X —

BIPaBo ot E, (cMm. puc. 24.9).
O6e dyukuuu, U n V, ynosaerBopsiior ypaBHenuio Jlamraca. IIpomuddepenim-
2

d¥,=-Eldc nm E, =

poBaB mepBoe ypaBHeHue (**) elre pa3 1mo x ¥ BTOPOE e1iie pa3 o Y, TOJTYINM — o =
X

o'V M_azU__aW

= , OTKyJIa
0x 0y oy’ 0x Oy Y
o0’U o°U
—+—=0.
ox? oy’
" o0°U _0°V
[uddepentupys nepBoe ypaBHeHUE 10 i U BTOPOE TI0 X, HAWJIEM — —— =
oxoy oy’
u— 0 _ - aQ—V OTKYy/a
Ox Oy ox?’
o’V o’V
> +—5 =0.
ox® oy

Taxum o6pazom, JiioObie yHKIwr U n V, yIOBIETBOPSIONIIE COBOKYITHOCTH YPaB-
Henuit (**), yIOBIETBOPSIIOT 1 epBOMY TpeboBaHMUIO, chOpMyIHPOBAaHHOMY B § 24.7.

Jlst 3aJaHHON CHCTEMBI TPOBOAHUKOB TH (DYHKIINN JIOJKHBI OBITh TAKOTO BUJIA,
9TOOBI YIOBJIETBOPSIIIOCH BTOPOE TpeboBaHME — MOCTOSTHCTBO ToTeHIama U Ha 110-
BEPXHOCTH Ka’KJIOTO MTPOBOHUKA.

Kpome Toro, /17151 onipe/iesieHst TOCTOSIHHBIX B BhIpakeHUsIX (yHkiwit U n V Heob-
XOJIMMO HCII0JIb30BaTh TPEThE YCJIOBHE — KOJIUYECTBEHHOE 3a/laHu€e MOTEHIIUAIOB
WJIN 3aPSiZIOB TTPOBO/IHUKOB.

CootHotenus (**) BIoJIHE JOCTATOYHBI JIJIs1 BHIYUCIEHUS COCTABJISIIONINX HaIPsI-
JKEHHOCTH TIOJIsl, €CJIM TeM WJIM MHBIM criocoOoM HaiigeHa jmbo dyukims U(x, y),
mbo dyuknus V(x, y).

24.9. NMpuMeHeHue (PYHKLUI KOMMNJIEKCHOro NepeMeHHOoro

Bynem paccmaTpuBaTh TIJIOCKOCTH, B KOTOPOH PACIIONIOMKEHB! IUHUU HANPSSKEHHOCTH
MIJIOCKOTIAPAJIETLHOTO TTOJIs, KaK MJI0CKOCTh KOMILJIEKCHOTO TIEPEMEHHOTO0 Z = X + jy,
B KOTOPOH 110 0CH abCIINCC OTKJIA/[BIBAIOTCST BENECTBEHHBIE KOJIMYECTBA (X), a 10 OCH
Op/IMHAT — MHUMBbIe KonndecTBa (jy). HazoBeM aty mockocTh miockocTbio z. Kax-
JIOI TOYKE TaKOU TJIOCKOCTU COOTBETCTBYET BIIOJIHE OIIPEEJIEHHOE KOMILJIEKCHOEe
YUCJIO Z.

BBenem B paccMoTpeHre KOMILIEKCHYTO Benanny § = & + jn, rae E(x, y) un(x, y) —
pynxmmn x n y.

ToBopar, uto € ecTpb perysisapHas aHagnTr4deckas QyHKINSA KOMIJIEKCHOTO Tepe-
MEHHOTO z B HEKOTOPOIi 00JIACTH, €CJIM OHA OJJHO3HAYHA, HEMIPEPBIBHA U MMEET OIpe-
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JIeJIEHHYT0 HETPEPhIBHYIO MPOU3BOIHYI0 BO BCEX TOYKax aToi obmactu. [Ipu sTom
obosnauaior ¢ = f(2).

[laBag mepemenHO#l z mpuparnieHue Az, MOJIyInM Tpupaiienne GyHKIn AL =
= f(z + Az) — f(2). Ecin otHomenne AL/Az cTpeMHUTCS K OTIPEEIEHHOMY TPeIey

i A [GHAD =) _

Az—0 AZ Az—>0 Az dz

HE3aBUCHUMO OT TOTO, TI0 KAKOMY 3aKOHY CTPEMUTCS K HYJIIO Az, TO 9TOT NpeJes U Ha-
3BIBAETCS TPOU3BOIHON OT (DYHKIIMU KOMILJIEKCHOTO TIePEMEHHOTO.

Bri6upas npupaiienue Az ouH pa3 B HalIPaBJIEHUU OCH BEIIeCTBEHHbBIX (Az = Ax),
JIPYTOll pas — B HAIIPaBJIEHUH OCU MHUMbBIX (Az = jAy) KOJNYECTB, MOKEM HAIMCATh
ycaoBue auddepenupyeMocTu GyHKIIUU B BUE

i A&+ JA
%:hm AxE,.JrJAm:hm ya J yny
dZ Ax—0 Ax Ay—0 ]Ay

riae A u Ayn — u3MeHeHue § U M IPU U3MEHEHUU TOJIbKO X Ha BeJnuuHy Ax; A,E u
A,n — TO e IPU U3MEHEHUH TOJIBKO i Ha BEJTMYNHY Ay. ITO PABEHCTBO MOXET OBITh
[epennucalo B BUJie

d(; _ %€ .0E  On

dz ox ] ax ]@ " @,
OTKyJZla CJIELYET, 4TO

on_ ae on_o
ox oy oy ox

[Tociennue ypaBHeHust HasbiBatoT ypaBHeHusiMu Komrn—Pumana. OHu HeoOX0-
JIVIMbI 1, KaK HETPYAHO MOKa3aTbh, JOCTATOYHBI JJIsi TOTO, YTOOBI (pyHKIWMA C = f(2)
KOMIIJIEKCHOTO TIEPEMEHHOTO Z UMeJIa OTpeleIeHHYI0 TPON3BOAHYI0. 3 9TnX ypas-
HEHUH MoTyJaeM

o'n__ 0% _ o'n 0% _d'm _ 0%

ox? 0y ox oy’ ox* Oyox oy’

nJjan

2 2 2 2
o' ot _, , 0% 0%

ox* oy’ ox* oy’

T. e. pynakiuu (x, y) un(x, y), a caepoBaresbHo, U GyHKIus § =& + jn yI0BJIE€TBOPSI-
10T ypaBHenuio Jlammaca.

Cornocrasiisag ypaBaerus Kommm—Pumana, cBassiBatomue & u 1, ¢ ypaBHEHUSIMHI
(**) B mpempiayIieM maparpade, TalomuMu cBI3b Mexkay V u U, 3amedaeM UX MOTHOE
COOTBETCTBHUE. JTO O3HAUAET, UYTO MOKEM HEMOCPEACTBEHHO MPUHATh & = Vun = U
U COOTBETCTBEHHO TIOJIOKUTH

C=E+jn=V+jU=f(2).
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Oyukiust § =V + jU, BeliecTBEHHAsST 4aCTh KOTOPOU eCTh (DYHKIIUS TTOTOKA, & MHU-
Masg — TIOTEHIHAJ, Ha3bIBaeTCd KOMTJEKCHBIM NOTEHIIMAJTOM T OJI 4.
CocraBsioniye BEKTOpa HAIIPSIZKEHHOCTH M0JIsS MOTYT ObITh ITOJIy4YeHbl 13 ypaBHe-
HUI:
ou  onm. E - oU  on
— =T E =t =
ox ox oy oy
Hepenaxo nnrepecyiores Toabko MozayseM E Bextopa E, Tak Kak BEIHYXAEHHOE CO-
CTOSIHME JIU3JIEKTPUKA OIIpeIesisieTCsl UMEHHO 3HaueHUeM HaIPsIKeHHOCTH 1o, s
BblUMCIeHUs E uMeeM cooTHolleHUE

E:

X

2 2
o o
E=E*+E>=| 2| 4| 2.
B (696] oy
on _ o0&
Ho, cornacuo ypaBuenusm Komu—Pumana, a— = a— CieioBaTesibHO,
Yy Ox
2 2
ox ox dz

W3 Bcero cka3aHHOTO CJIEyeT, UTO 3ajlada pacyera IMoJis PelleHa, ecan HaleHa
aHanuTnyeckass GyHKIwsS { = f(2), yAOBIETBOPSAIONIAs TPAHNIHBIM YCIOBUSIM Ha TO-
BEPXHOCTH TPOBOJIOB, T. €. TaKas, MHUMasg 4acTh KOTOPOH NMPUHUMAET MOCTOSHHOE
3HaueHUe Ha KOHTYpe, OTPAHUYUBAIOIIEM CeYeHUe MPoBoAa. YKa3aTh OOl METO/
HAXOKIEHUsT TaKOU (GYHKINU 7151 JIF0O0H (hOPMBI CEUeHHiT TPOBOIOB HE TIPEICTABIIS-
€TCS1 BO3MOIKHBIM.

ITo 3amanHOiT KOH(MUTYpaIMK KOHTYpa cedeHus MPoBoAoB (hyHKIws C = f(z) Mo-
’KeT ObITh HalileHa TOJIBKO /I HEKOTOPBIX (hopm cedermit. OTHaKO MOKHO TONTH 06-
paTHbiM yTeM. VIMeHHO, mccienysl pa3judHble aHaJIuTUdecKue (MYHKITUU, MOKHO
HAWTU COOTBETCTBYIOIIKE UM ITOJISl ¥ OJIYYUTh TAKUM ITyTeM PENIeHUs JIJIsT Psijia KOH-
KPETHBIX CJIydyaeB. JTO OYEHb CYIIECTBEHHO, TaK KaK CO3/1aeT BO3MOKHOCTH IPHU
CJTOKHOM (hOpMe CedeHHsT MPOBOJIOB, JIsSi KOTOPOi He MOKET OBITh MOJYYeHO TOYHOE
perenwe, moao0OpaTh OJIM3KUN CIydail, paCCMOTPEHHBI TEOPETUYECKH, U BBIBOJIbI,
HOJTyYeHHbIe 13 MOCIeHEr0, MPUOIIKEHHO TPUMEHUTD K MCCJIEYEMOMY PEaTbHOMY
CITyJaro.

24.10. lNone yeauHEeHHOro NMpPoBoAa KPYyrjoro ce4yeHus

Pacemorpum anasmutnaeckyio yHkiwio (= Ajln z + C, rie A — BenecTBeHHasT BeJH-
ynna, a C = C; + jC,.
O603HauMB z = re’®, moyunm

(=E+jn=Ajlnr—A6+C, + jC,.
TTomarag & = Vu n = U, Haxonum

V=-A0+C;; U=Alnr+¢C,.
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Jy YpaBHeHMe JMHUI HalpPsKEHHOCTH 1oJist: V = const
uiam 0 = const. YpaBHeHue JUHUN PaBHOTO MMOTEHITUAJIA:

U = const unu » = const.
0\ V=const Caenosatenbho, Gyukimsa = AjIn z + C onpenens-
Y eT TmoJie, ITMHUY HATIPSKEHHOCTH KOTOPOTO SBJISAIOTCS JIy-
JaMU, UCXOANIUMH U3 Havamsa Koopaunat (puc. 24.10).
JluHn¥M paBHOTO TIOTEHIMANA SABJISIOTCS OKPY>KHOCTSIMU
C IEHTPOM B Hayajie KOOPJUHAT, U TTOBEPXHOCTU PaBHOTO
Puc. 24.10 MOTEHIMAJIA — TMOBEPXHOCTSMU KPYTOBBIX ITUJIMHIPOB.
Ecau coBMecTuM ¢ 0/1HO#T 13 3TUX TIOBEPXHOCTEH MOBEPX-
HOCTb 3apSKEHHOTO TIPOBOJIa KPYTOBOTO CEYEHMs], TO JIJIst TIOBEPXHOCTH TIPOBoOjA Oy-
JIET YIOBIETBOPEHO OCHOBHOE TpebOBaHKME — MOCTOSTHCTBO MoTeHImasa. CriemoBartesib-
HO, MOXHO yTBEPJKIaTh, YTO paccMaTpuBaemasi (DYHKIUS SIBJSETCS KOMILIEKCHBIM

MTOTEHIIMAJIOM TI0JIsI BHE TIPOBOJIA.

[TocTosiHHast A onpeessieTcsi Ha OCHOBaHUM TOTO, YTO IIPU 00XO0J1€e MO 3aMKHYTO-
MY KOHTYPY BOKPYT Ce4eHUs TIPOBO/Ia yToJI O Bo3pacTaeT Ha 27, a hyHKIMA V nosryya-
er npupaiienue, papioe Wi /I, rne Wi — notok BekTopa E CKBO3b HUIMHAPUYECKYIO
[IOBEPXHOCTH, OXBATHIBAIOILYO OTPE30K 1poBoja AmuHoii . Cormacto Teopeme laycca,
9TOT MOTOK JI0JIZKeH ObITh paBeH OTHOIIEHWIO 3apsjia ¢ OTPe3Ka MPOBoja K abCOMIOT-

\)
U;CO‘\S

HOU IU3JIEeKTPUYECKON TpoHUlaeMocTu € cpenbl. CiaemoBaTenabHO, % = -A2n
€
q T
nA=- = ——— TIpUYeM T — 3aps/ Ha eIUHUITY JJTUHBI TTPOBOIA.
2nel  2me
Nrax,

V="20+4C; U=—""Inr+C,
2me 2me

[Tocrostatibie Cy u C, 3aBUCAT OT BHIOOPA HAYAIbHON JMHUN HATIPSPKEHHOCTH TOJISI,
U1t KoTopoil npuHuMaercst V=0, 1 oT BbIOOpa JIMHUU PaBHOTO MOTEHIIMAA, HA KOTO-
poit mpuanmaetcs U = 0.

Hampsa:xenHocTsb 10J14, COTIACHO MOCJAEAHEMY BBIPAKEHUIO MPEIbITYIIETO Tmapa-
rpada, paBHa
T 101

2ne” z| 2mer

d
E=|%
dz
[Ipupamenne AU moTennmaia mpu mepexojie OT JUHUN PaBHOTO TOTEHIINAA, TT0-
MeUYeHHO HOMepPOM V, K cocemned, (v + 1)-if, TUHUH, COTIaCHO TPUHATOMY JOIYIIe-
HUIO, IOJDKHO OBITH TIOCTOSTHHBIM, He 3aBUCSIIM OT V:

’
AU=U,,-U, = - (nr,, -Inr,)=-—""In"* = const,
2ne 2ne 1

A%

v+

= B =const.
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CreoBaTeIbHO, pafiTyChl OKPY>KHOCTEN PAaBHOTO MOTEHIINAMA M3MEHSIOTCS B T€0-
METPUYECKOIT TPOTPECCHH, 3HAMEHATETb KOTOPOH MOKET OBITH BLIOPAH MTPOU3BOIHHO.

[Ipupamenue AV ¢yHKINM TTOTOKA TTPHU TIEPEX0/ie OT V- JTMHUN HATIPSSKEHHOCTH
mosis K (v + 1)-if MBI yCTOBUJIMCH TaKKe MPUHUMATDH OJTMHAKOBBIM JI7IsT BCEX ITpOMe-
JKYTKOB MEXKly JTUHUSAMH HAIPSKEHHOCTU TIOJIA:

T

AV =V , -V, =—(@®,,-0,)=const,
2ne

OTKyZIa
0,.,—-0, =A0, =const,

T. €. IMHUU HANIPSPKEHHOCTH TOJISI IOJIPKHBI OTCTOSTh JIPYT OT JIpPyra Ha PaBHbIE YTJIbL.
Ha puc. 24.10 BbIYepueHo T0Je YeAMHEHHOTO MPOBOJA, TIpUdYeM Tpuusto B = 1,5
u A0 = /4.

[ToJie BHE TIPOBO/IA TAKOE K€, KaK €CJii Obl BECH 3apsi/l TPOBOIa OBLI COCPEOTOYEH
Ha ero ocu. CiyieoBaTeIbHO, MOJTYYEeHHOE pPellleHne CIPABEINBO /ST YeAMHEHHOTO
JIMHEHHOTO MTPOBOa J11060ii (hopMbl cedeHust. JIMHEHBIMK TPOBOIAMI HA3bIBAEM Ta-
Kue, TIoTIepeYHble Pa3Mephl CeIeHNI KOTOPBIX BECbMa MAJIbI TT0 CPABHEHUIO C PACCTOS-
HUEM OT TIPOBOJIOB JI0 TOYEK, B KOTOPBIX PACCMATPUBAETCS TIOJIE.

3ameTnM, 4TO ec/ii Ol OCh MPOBO/IA TIPOXO/IIIIA He Yepe3 Hauao KOOPANHAT, a ye-
pe3 TOUKY zy = Xy + jyq, TO TI0JIe XapaKTepu30BaioCh Obl (hyHKIIMEN

L=V +jU=-—""jIn(z-2z)+C.
2ne

24.11. NMone ABYX N/IOCKOCTEN, CXOAALMXCA NopA Yr/ioM

Paccmorpum temepsb pynkimio = A In z + C. Iomaras onsars & = Vu n = U, bynem
MMETh

(=V+jU=Alnr+jA0+C, +jC,.

VYpaBHeHue JUHUN HanpstkeHHocTH Tosist V = A In 7 + C; = const, T. e. 7 = const.
YpaBuenue nunuil papaoro noteniuana U= A0 + C,, 1. e. O = const.

JIMHWY HAMPSIKEHHOCTH TOJIST TIPEJCTABJISAIOT COO0N OKPY/KHOCTH, JIMHUN PaBHO-
ro IMOTEHIMA/la — PajiuaJibHble TPsIMble, U [TOBEPXHOCTU PABHOIO MOTEHIIMAJIA —
IJIOCKOCTH, TIpoxojisiiie depe3 ocb OZ CoBMecTuM ¢ JIOOBIME JBYMST TIOBEPXHO-
CTSIMM PABHOTO MOTEHIIMAJIA TOBEPXHOCTHU /[BYX META/LJTUYECKUX [JIACTUH, UMEIOI1e
9JIEKTPUYECKUEe 3apsjibl, PaBHbIe TI0 3HAYEHUIO, HO MPOTUBOMOJOKHbBIE MO 3HAKY
(puc. 24.11). B mavane KoOpAMHAT TIJIACTUHBI OTAEJEHBI JPYT OT Apyra BecbMa TOH-
KM CJIOEM JIM3JIeKTpUKa. Tak Kak OCHOBHOE TpeGOBaHUE TTOCTOSHCTBA MOTEHIMATA
HA MOBEPXHOCTU KAKJOW IJIACTUHbBI OKA3bIBAETCSI YOBJIETBOPEHHBIM, TO, CJE/I0BA-
TEJTHHO, TI0JIe TAKUX TJIACTUH XapaKTepU3yeTcsl paccMOTpeHHo# dynkimeil. [locTo-
saunble A u Cy, Hatizem u3 yeqosuit: U=Co=U nipun 0 =0, U=Aa + Cy= U, ipu 6 = a..
Cuneposarenbho, Ao = U, — Uy, tie o, — yroa Mexkay mactiuaamu. Kpome toro, In 7= 0
u C; =V, pu r= 1. Takum 06paszom, (hbyHKIIMsI, XapaKTePUIYIOTIasi 0Jie, UMEET BH/
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E;:Uz;Ui Inz+V, +jU,.

HaHpH?KeHHOCTI) I10JIA paBHa

dc|_\U, =U,|_U, U,

E

)

dz oz or

T. €. TaK K€, KaK U JIJIsl yeJMHEHHOTO MTPOBO/IA, OHA U3MEHSIETCsT 0OPATHO MPOIOPIIHO-
HaJIBHO 7.

Uz + - U|
Puc. 24.11

Ob6paTtuMm BHUMaHUE Ha TO, 4T GyHKIW = A In z + C orymmyaercst oT pyHKIMH,
PaccMOTPEHHOM B TIpeABLAYIIeM maparpade, TOJbKO MHOKHUTEEM j. DTO TPUBOJINT K
nepemene Mectamu U n V 11 cOOTBETCTBEHHO K IlepeMeHe MecTaMy JIMHUIN HallpsiKeH-
HOCTH TIOJIS U JIMHUI paBHOTO ToTeHIHana (cM. puc. 24.10 u 24.11).

24.12. None ABYXNpPOBOAHOM JINHUMN Nepeaaum

PacemoTprM BasKHBIH /1715 TPAKTHKY CJIydail — 1oJie ABYXIIPOBOIHON JIMHNM TIepe/ia-
un (puc. 24.12). IIpoBoaa, pactoyioxKeHHbie IpyT OT APyra Ha paccTosnuu 2b, BHaya-
Jie Oy/ieM CUUTaTh JIMHEHHBIMHU.

ITomp3ysAch TPUHIIUIIOM HATOXKEHU, MMOJIydaeM BbIpaKeHUe [ KOMILIEKCHOTO
oTeHI[haJIa

L=V +jU=-"1jln(z—2,) - —2 jln(z—2,) +C,
2ne 2ne

- v U=const rie Ty U Ty — JIMHEHHbIe TJIOTHOCTU 3apsiioB
I M) IIPOBO/IOB; 24 M Z9 — KOMILJIEKCHBIE KOOPIUHATHI
o, TOYEK IepecedeHus IMPOBOIOB C ILJIOCKOCTHIO
“\9] .Vts‘r? \ b X0y
o ~ - < Pacrosio:xuB ocu KoopAMHAT Tak, Kak MoKa-
X 3ano Ha puc. 24.12 (zy=— b, zy =+ b), u yuuTbI-
b b\ Bast, YTO JIJisl IBYXIIPOBOJIHOM JINHUY T{ = — Ty = T,
MOTy4aeM
Prc. 2412 Q:V+jU:—len(Z+bJ+C.
2me z-b

Ob6osnavasi z + b =re’® wz—b=r,e’™, tne r, u r, — PaccTOAHNA OT TOUKH Z JI0

oceli TpoBoJIoB U 0 1 6, — cooTBeTCTBYIONNE YTIBI ¢ 0chbio OX, HaX0ANMM
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V=-r"(0,-0,)+C;
27ne

T 7.
U=—In2+C,.
2ne 1
[Honoxus Cy = 0, momyuaem U = 0 mpu 7| = 1y, T. €. TUHUEH HYJIEBOTO TOTEHIINATA
npu Cy = 0 sIBJIsIETCST OCh OpAMHAT. YpaBHEHUE J0O0i JTUHIKA PABHOTO MOTEHIHATA
nMeeT B/

T T
U=—1In-2 =const,
2ne 7,

nJjamn

7
2 =k =const.
n
[TokaskeM, 4TO JMHUKM PABHOTO TOTEHIMANA CYTh OKPYKHOCTH C IEHTPaMH Ha
ocu OX. Umeem

i:(b_x)2 +y2 :kz

i (b+x)’ +y’
nJin

(1=FHx? =20+ kHbx +(1-F*)y?* = -b*(1- k).

Paszenmm nocaeanee ypasnenne na (1 — k%) 1 106aBUM ¢ Kaxk10ii CTOPOHBI 110

1442
‘{JIeHy(1 2 J b?. Tlomyunm

2 2\? 22
EEPLLLIy LI PEI RS L
—k —k —k

A :( 2kb )2
1k 1-k*) "

4TO ABJIAETCA YPaBHEHUEM OKPYKHOCTU C KOOpAWMHATaAMU IIEHTPA

_ 1+ k2
1—k?

nJjan

b un y,=0

X
U PaInyCcoM

2k

R=
1=

b.

Yrob6bl ipUpalieHue OTEeHITHAIA TIPHU TIePexo/ie OT JI0O0N TUHINA PAaBHOTO MOTEH-
Iasa K COCEeHeN OCTABAIOCH TIOCTOSIHHBIM, OJIKHO OBITH COOIIOIEHO YCAOBIE
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T Ty vt & T k.
AU=U,,-U, =——|In=">-In=" |= —In—" =const,
2ne\ 7 . 7 27e

A%

T. €. uncJia k Ipy Bo3pacTaHUK MOPSIIKOBOTO HOMePaA V JIMHUN JI0JIKHBI U3MEHSITHCS B
reOMEeTPUYECKOM TTPOrPECCHN:

kv+1
k

v

= B = const.

[Tonoxus B Beipaxkenuu 75 dyukiuu notoka C; = 0, noayuyum V=0 npu 6, = 04,
T. €. HAUaJIbHOU JTUHUEN HampsiKeHHOCTU 1ot pu Cy = 0 IBASIOTCS YYaCTKU OCH
abCIrce, yXOASIUe OT IPOBOIOB B OECKOHEYHOCTh. YpaBHEHUE JTF000 JIMHUN HATIPSI-
JKEHHOCTH TI0JIT uMeeT (hopMy

V= —i(% -0,)=const, mwm 6,-0, =9 =const
27e

1, CJIEZIOBATENIBHO, ABJSAETCS YPABHEHUEM JIYTH OKPYXK-
HOCTH, TIepeceKalolielica ¢ MpoBOJaMy, YTO BUIHO He-
MOCPENCTBEHHO U3 puc. 24.13. JleficTBUTENBHO, YTOI
QMP, monm KOTOpbIM BueH OTpe3ok QP m3 Tovex
M(x, y), nexamnx Ha TMHUW HATTPSKEHHOCTH TTOJIS, pa-
BeH yrJiy 9 1 ocTaeTcs MOCTOSHHBIM. KoopanHaTH 11eH-
Tpa okpyskHOCTH: X, = 0 1y = — b ctg B. Tak Kak yribt
QO(F u QMP paBubl MexIy c00Oii, Kak U3MepsieMble
onHOM M To¥ ke myroit QSF, To

Puc. 24.13

Yy, =—bctg(n—9) = betg 9.

YT06bI OAPA3IENUTh [10JIe Ha TPYOKU PAaBHOTO MOTOKA, CJEAYeT CYUTATh PA3HOCTh
AV=V,, -V, 01uHaKOBOI1 /I ABYX JIOOBIX COCEAHUX JUHMIA. [[1s1 9TOr0 HEOOX0IM1-
MO TIPU TIepexo/ie OT 060 JTUHUN HATTPSAKEHHOCTH TIOJIS K COCeHEN M3MEHSTD YTOJI
9 Ha MOCTOSAHHYIO BeJUUNHY AS.

Ha puc. 24.14 mocTpoena KapTUHA MOJIST IBYX JTMHENHBIX IIPOBOIOB, IPUYEM TIPH-
HTo B =/3 1 A9 = /6.

[IpoBoma peasnbHOIT TUHUN TIepeAadnd MMe-
Jy 10T KOHeulble ceyenus. Pacmpenesenve aJek-
IB\ / _D\/ TPUIECKOTO 3apsi/ia MO MOBEPXHOCTH ITPOBOIOB
h Z L IIPU 9TOM 3aBUCHUT OT (DOPMbI UX CeUeHMIT 1 OY-
Yo/ JIeT HepaBHOMEPHBIM Jlaske JIJIsi TIPOBOJIOB
kpyrJyoro cedenus. [locnennee yTBepskieHue
V=0 0 V=0 . \ CTAaHOBHUTCS OYEBUAHBIM, €CJU IPUHATH BO

% BHUMaHUE TIPUTSKEHUE 3aps/I0B Pa3HOro 3Ha-
Ka, PacIOJIOKEHHBIX Ha MPSAMOM M 0OpaTHOM
= npoBojiax. IloBepxHOCTHAS MJIOTHOCTH 3apsijia
JIOJDKHA UMETh MAaKCUMYM B TOUKax JBYX IIPO-

L=const BOJIOB, HaXOJSIIMXCS Ha KpaTdalIieM pac-
Puc. 24.14 CTOSTHUU JPYT OT apyTa. Pacmpezaenenue 3aps-
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JIa TI0 TTIOBEPXHOCTHU MTPOBOIOB HEM3BECTHO, YTO BECbMa OCJOKHsIEeT 3aia4dy. OHaKO B
BaKHOM YaCTHOM CJIydae JJist IPOBOOB KPYIJIOTO CeYeHMs 3aa4a MOKeT ObITh pelire-
Ha TOYHO, €CJIM 3AMETHUTb, YTO B MOJIE JABYX JIMHEHHBIX IIPOBOIOB BCE TTOBEPXHOCTH
PABHOTO TOTEHIHATA SIBJISIIOTCST TIOBEPXHOCTSIMU KPYIJIBIX IUJIWHAPOB. Beeraa Mox-
HO TaK PaCIIONIOKUTh OCU JUHEHHBIX IIPOBOOB, YTOObI JBE IIOBEPXHOCTH PABHOIO I10-
TeHIIMaIa COBIAU C TIOBEPXHOCTSIMH PeATBHBIX MPOBOAOB (CcM. puc. 24.14).

[ToJie BHYTpU MeTaJLIMYECKUX IPOBOLOB OyIeT OTCYyTCTBOBATh. IoJ1e jKe B A1ajieK-
TPHKE IIPU TAKOI 3aMeHe PeaJbHbIX IIPOBOOB SKBUBAJECHTHBIMI UM JIMHEHHBIMHU OC-
TaHeTcst Oe3 U3MEHEHUs, TaK KaK MPH 9TOM YIOBJETBOPSIETCS] OCHOBHOE TPAHUYHOE
yCJIOBHE — TIOCTOSTHCTBO MOTEHI[MANA Ha TOBEPXHOCTH TIPOBo/a. Takmm 0OpasoM, 3a-
Jlada pacyeTa moJist IBYX MPOBOJIOB KPYTJIOTO CEUEHUsT CBOJUTCS K OTBICKAHUIO TIOJIO-
JKEHUSI SKBUBAJIEHTHBIX MM JIMHEHHBIX IIPOBOLOB WJIH, KaK TOBOPSIT, K HAXOKICHIIIO
PNEKTPUUYECKHUX OCEMH IIPOBOJOB.

O6o3HaunM yepe3 D paccTosIHIE MEK/Y TeOMETPHUYECKIMU OCSIMU TTPOBOJIOB U Ye-
pe3 h = D/2 paccTosiHue OT TeOMETPUIECKOil OCH 10 TIIOCKOCTH HYJIEBOTO TIOTEHIHA-
ga. [lyctb xy 1 R — KoopuHaTa IeHTpa ¥ Pajnyc OKPY;KHOCTU PABHOTO TOTEHIHATA,
COBIA/IAIONIEH ¢ OKPYKHOCTBIO CeueHus poBoa. Vimeem i = | x, | u cormacHo BbIpa-
JKEHUSIM JUUIST Xg U R miosrydaem

1+k° 2k
=—— b =——""_b
17 |17

Orcioga HETPYAHO YOEAUTHCS, UTO h* — R? = b? u, ciiefioBaTesibHo,

b=~h’-R*.

JTta GopMyJa U JaeT BO3MOXKHOCTD OTIPEIEJUTD MOJOKEHNE AJIEKTPUIECKUX Oceil
10 3a/laHHBIM PACCTOSTHUIO D = 27 MesKly reOMeTPUYECKIMU OCSIMU U pajanycy R ce-
YeHUH TTPOBOJIOB.

Ha puc. 24.14 3amTpuxoBaHbl c€UeHUST MTPOBOIOB OKOJIO KOHTYPOB ceueHuit. Tak
KakK MoJIe To/pasjieieHo Ha TPyOKU paBHOTO ToTOKa (AV = const), To TycTOTa JIUHUI
HAMPSKEHHOCTH TIOJI BCIOAY MPOMOPIIMOHATIbHA 3HAUEHUIO HATPSIKEHHOCTU TIOJIA.
KapruHa 1mosist, nso6paskeHHast Ha PUCYHKe, OTYETINBO TTOKA3bIBAET, YTO HATIPSIIKEH-
HOCTb TIOJIT UMeeT MaKCUMyM B TouKax Ay 1 Ay. OK0JI0 9TUX TOUEK AMITEKTPUK HAXO-
JMTCS B HanboJree HaIPsIZKEHHOM COCTOSTHUM, ¥ TIPU MOBbIIIEHUN HATIPSKEHUST MEKITY
MIPOBOIAMU HapPYIIeHNE dJIeKTPUUECKON TTPOYHOCTU TUIJIEKTPUKA HAaUMHAETCS UMeH-
HO B 3THUX TOYKaX.

24.13. None napannenbHbIX HECOOCHbIX LWIMHAPOB

Pemennas B mpenpiayinem maparpade 3azada AJsd IBYX JUHEHMHBIX TIPOBOIOB JaeT
BO3MOKHOCTb HAUTHU TMOJIe MEKIY ABYMS TMapalIebHBIMA HECOOCHBIMU TTUJINH/IPA-
MU, TMEIOTINMI KPYTJIbIe CEUEHUST PA3IUIHBIX PainycoB Ry 1 Ry (puc. 24.15). [leticT-
BUTEJILHO, BCEr/la MOKHO TaK PACIOJIOKUTH OCH JUHEHHBIX MPOBOIOB, YTOOBI B UX
MoJie 7IBe TIOBEPXHOCTH PAaBHOTO TOTEHITHAJa COBIAIN C IMOBEPXHOCTAMHU 3ajaH-
HBIX MPOBOAANINX MUIUHAPOB. IlycTe D — paccrosmme MeXAy TeOMeTPUIeCKUMM
OCSIMMY TIUJTMH/IPOB, iy 11 fiy — PACCTOSTHUS OT TEOMETPUYECKHX OCEH [0 TTOCKOCTH TT0-
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wy

k>1 = k<1 CTOSTHHOTO (HYJIEBOTO) TTOTeHINama, b —
\/ h paccTosgHre OT 9JIEKTPUUECKUX —Oceit
7\ b 1o atoil miockocT. CormacHo GopmyJie
\ gZeonst b =~ h* — R*, crpaBe//IuBOil 1T Kak-
JIOTO TIPOBO/IA, UMEEM
ME vl b> =h’> R} =hy — R},
Rl /U
; T SN nim

) 2 2

{ ooy (hy +h))(hy —h))=R; —R.
?b. [Tpu pacmosoKeHun MUIUHAPOB CO-
raacHo puc. 24.15 umeem by + hy = D n,

R; — R}

Puc. 24.15 clIe0BaTeNbHo, hy — hy = %

B aTom ciygae numeem
) _D’+R!-R; P _D’+R} - R}
: 2D ’ 2D
[Ipu pacmonoxeHny MUANHAPOB OMWH BHYTPH Apyroro (mosoro) (puc. 24.16)
R; — R}
hy — hy = D, cnenosarenbHo, hy + hy = —2—L.
B sTom crydae nmeem
. D +R-R, , _D’+R, -R
' 2D ’ 2D

Boipaxkenus auis Ay u by MOKHO HaImcaTh B 0OIIEM BUE, CIIPABELIUBOM JisI 060-
UX PaCIOIOKEHUH IUINHAPOB IPU JIIOOOM COOTHOIIEHUN PaanycoB Ry 1 Ry:

b | D HRI-Ry |
! 2D ’

o _|DP R R
: 2D

W3 stux opmyn onpenensercs
HOJIOKEeHUE TJIOCKOCTU HYJIEBOTO
HoTeHIuana, u u3 Gopmynl
b= \/hf ~R! = \/l122 — RS naxopr-
csl  TIOJIOKEHUS  DIEKTPHYECKUX
ocell, T. €. 9KBUBAJICHTHDBIX JIMHEN-
HBIX IIPOBOIOB, 4TO JIa€T BO3MOXK-
HOCTb TIOCTPOUTDH HOJIE TI0 METO.LY,
M3JI0’KEHHOMY B IIPEZBLIYIIEM TIa-
Puc. 24.16 parpade.
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24.14. lNone y Kpas NJIOCKOro KOHAeHcaTopa

Pacemotpum dynknmo z = A(e®> + a°), rie a u A — BellecTBeHHbIe U TOCTOSHHbIE
sesmannbl. [lonoxus ¢ =V + jU, bGymeMm umersb

x+ jy = A(e” cosaU + je” sinaU +aV + jaU),
T
x =A(e” cosaU +aV); y=A(e” sinal + al).
B uwactHoM caryuae, koraa all = + 1, BRIpakeHus IS X Uy TIPHOOPETAIoT BUJ
x=A(aV —e"); y==+An

ITH ypaBHEHUS OTIPEIEIAIOT BE TTOMYTIpAMbIe, mapasieabibie ocu OX. [leficTBu-
TeJbHO, KOOPAWHATA X TIPU U3MeHeHnH (byHKIIUU MMOTOKa V MMeeT OfMH MaKCUMYM,
oTIpeie/ITeMbIl U3 YCIOBUS

ﬂ =Aa(1-e")=0, 1.e. V=0.
dv
ITO MaKCHMaJbHOE 3HAUYEHUE PABHO Xy, = —A. W
Kpaiinum 3HaueHnsaM (GyHKIUM TTOTOKA V = —00 U —oo U
V = +oo cooTBeTCTBYeT 3HaUYeHME X = —oo. CJe/noBa- o max =74
TeJIbHO, TIPU M3MEHEHUN (PYHKIIUU TTOTOKA OT —o0 /10 S 0
+00 KOOp/IMHATA X TIPUHUMAET BCE 3HAUEHUS MEXKIY
—oo 1 —A. Koopaunara e y ocTaetcst OCTOSAHHOUW. %
Ona uMeeT 3HaYEHUS: JIJI OJTHOM TTOJYIPSIMON Yy =
= +An u nna apyrout y, = —An. Ha puc. 24.17 uso-
OpaskeHbl 3TH TOJTyTpsiMbie. OG03HAYNB PACCTOSTHUE
MeXIy HUMU depe3 d, Oynem umMeth yy — y, = 2An = d u, cieposarenbho, A = d/2x.
OO6HapysKIBAETCsT 3aMeYaTeIbHOE CBOMCTBO UCCIELyeMOil HaMu (DYHKITUH, & IMEH-
HO: IBe JIMHUH PABHOTO MOTEHITNAJIA OTIPEIeIIEMOTO €10 T0JId ABIAIOTCS Mapasiesb-
HbIMH TosynipambiMi. [lotentinan ognoit n3 Hux pasen U; = n/a, moTeHMam Apyroi
numeer 3Havenue U, = —n/a. Takum 06pasoM, MOCTOSTHHAS @ OIIPEETISIETCS Yepes pas-
HocTh notentnuanon: U; — U, = 2n/a, oTkyna

_2n
U1_U2'

Ecnm 3ameTum, 4TO 3TN MOIYTIPSIMbIE SIBJASIOTCS CI€laMU B TLIIOCKOCTH Z JIBYX OT-
PaHMYEHHBIX C OAHON CTOPOHBI GECKOHEUHBIX MAPAJLIEIbHBIX [IJIACTUH, TO HAM CTaHeT
SICHO, YTO PAaCCMOTPeHHAasi (DYHKITUST OIIPE/ICISIET TI0JIe MEXK/Y IJIACTUHAMU TIJIOCKOTO
KOHJIEHCATOPa, OTPAaHUYEHHBIMU € OHOI cTOpOHBI. [lo/cTaBisis B BhIpaskeHue JIJIsT 2
HalileHHbIe 3HAYCHUS MTOCTOSHHBIX A U @, mosydyaeM

Puc. 24.17

a

2n
2:i €U1_U2 +727[ C s
2n U, -U,
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npudem § =V + jU. Ilonaras V= const = V, u 3aiaBasich
paaom 3Havenuit U B untepasie Uy < U < U}, nosydyum
PSIL TOUEK, JIesKaluX Ha OJHON JTUHUW HATIPSKEHHOCTH
X TTOJIsT, TI0 KOTOPBIM M MOKEM TIOCTPOUTD Ty JTUHUIO. [l
3 MTOCTPOEHUs JIPYTUX JIMHUN MOCTOSHHYIO Beauduny V,
OyzeM U3MEHSTDH MPH Mepexofie OT OJHON JIMHUK K CO-

cellHell KaxK/blil pa3 Ha OJIMHAKOBYIO BesTmuuny AV.
[Tonarag U = const = U, npuuem U, < U, < Uy, u 3a-
JlaBasich psoM 3HaueHuil V, HalileM TOYKH, ITpUHajJe-
JKalle OJHOM M TOM ’Ke JIMHUM PaBHOTO TOTeHIIMAaJa.
Puc. 24.18 JIVHUW PaBHOTO TOTEHIMAJAa CTPOUM Tak, YTOOBI LIS
JIOOBIX JIBYX COCEIHUX JIMHUHA MMENO MECTO YCJIOBHE

AU = const. Ha puc. 24.18 moctpoeHo 1noJsie y Kpas IJIOCKOTO KOHAEHCATOPa.

Becbma cytiecTBeHHO BBISICHUTDB, Ha KAaKOM PACCTOSTHUHU OT Kpas KOHAEHCATOpa
MOKHO CUYMTATh TOJIe TTPAKTUUECKN OTHOPOAHBIM. C 3TOH 11eJIbI0 Hali/IeM ITOJIOKEHTE
To# Touku Ha ocu OX, B KOTOPOIi HATIPSKEHHOCTD TI0JIsT oT/indaercst Ha 1 % ot Hampsi-

1

U, -U. .
sKeHHocTH Ey = Tz OZHOPOAHOTO TOJIst. HampsukeHHOCTh B JTI000H TOYKe OISt

nmeet 3Hauenue E = Cdlc . CaiefloBaTesbHo,
z
1_|d :Aa‘e“g +1‘.
E |

Ha ocu OX noreHnmnan paBeH HyJI0, YTO HETPYAHO YCMOTPETh U3 BhIPAKEHUS I
KOOPAWHATHI Y. /[eiicTBUTEIbHO, ec/Ii IPUHSTH B 9TOM BbipaskeHuu U = (), TO mosyunm
y = 0. [Toatomy nig touek Ha ocu OX nmeem z = V. [IpunAB elile BO BHUMaHUe, 9TO

Aa=——-= i, nonydaeM g ocu OX ypaBHeHUE
U1 - U2 E()
1. i(e”v +1).
E E,
Crano ObITh,
%_£_1_;_1__i
E, E, e” +1 e +1

[Tomnaras % = —0,01, monyuum e’V =0,0101 u aV = —4,60. Beoxs stu unc-

0
JIOBble 3HAYEHWSI B BBIPAXKEHUE JIJIT KOOPAMHATHI X, KoTopoe 1pu U = 0 mMmeeT BUj
x=A(e" + aV), nonyuaem x >>—4,6 A. PaccTosHne HCKOMOIT TOUKM OT Kpas KOHZeH-
caTopa paBHO (x¥ — x;) = 3,6 A, Tak Kak paccTossHMe Kpad maactu oT ocu OY ecTh
Xg = —A. Vcronw3ys 3Hadenne MOCTOTHHON A, OKOHYATETbHO HAXOIUM

d

— =0,57d.
2n

v — x| =36
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OxpaHHoe KOJIBILO
TakuM 06pa3oM, yske Ha PACCTOSTHUU OT Kpasi KOH/IeH-

caTopa, UMEIOIIEM TIOPSIOK TOJIIMHBI JUDICKTPUKA MEKILY - { \TU
MJIACTUHAMM, MOJI€ MOKHO CYMTATh OJHOPOAHBIM C BEChMa ’Eﬁ-ﬁiﬁ%
BBICOKOI CTEMEeHBI0 TOUHOCTH. l

B aramonnbx BO3AYIMIHBIX KOHAEHCATOPAaX, PACCUUTAH-
HBIX Ha BBICOKOE HATPSTKEHWeE, U B KOTOPBIX PACCTOSHIE Me-
KAy TIACTMHAMU 3HAYUTETHHO, I MCKJIIOYEHNsT KPAeBOTro
addekTa BHIIEAIIOT B KayecTBe paboyeil 4acTH TOJNBKO CPEIHIO YaCTh IJIACTUHBI
(puc. 24.19). Kpaii miactuabl 00pasyer Ipu 3TOM TaK Ha3bIBaeMOE OXPAHHOE KOJIBIIO,
U30JIMPOBaHHOE OT pabodeil YacTy MJIACTUHBI, HO MMEIOIee IIOTEHI[UA, 10 BO3MOK-
HOCTH OJTM3KUH K TIOTeHIany paboueil vactu. [IponsBeieHHbII pacyeT 1aeT BO3MOJK-
HOCTb OTIPEIEJIUTh TPeOYEMYIo MIMPUHY OXPAHHOTO KOJIBIIA.

Puc. 24.19

24.15. N'padpmueckmini MeTop NOCTPOEHUS KapTUHbI
nJiockonapasiesibHoro nons

Bo MHOTHUX TIpakTUUYECKHX cIydasx (popMa cedyeHuid 3apsisKeHHbIX TIPOBOJHIUKOB U MX
B3aMHOE PaCIOJOKEeHNe HACTOJIBKO CJIOKHBI, YTO TOYHbI aHAJIUTUYECKUII pacdyer
H0JIs1 OKA3bIBAETCS HEBO3MOKHBIM. B ¢BSA3M ¢ 9TUM H0JIydaeT 60JIbIIoe IPAaKTHYECKOe
3HavyeHune rpaduIecKuii METO/ IOCTPOEHUS KapTUHBI IO, KOTOPbIH paspaboTaH A/
[JI0CKOTApPaJIIEIbHBIX MOJIEH U T10JIeii, OKPYIKAIOIINX 3apsiKeHHbIE Tejla BPallleHusl.

Hawuboiee pocto nmocTpoeHne ocyecTBAsIeTcst 1Jist II0CKONAPaLIeTbHOTO OIS,
JLOJKHBI OBITH COOMIOIEHBI CJIE/LYIOIINE YCTOBHSI:

1) JIMHUYW HaIIPAKEHHOCTH I10JIA 1 JIMHKUK PaBHOI'O IIOTCHI[MAaJ/Ia JOJIZKHBI IIEPpECCKATb-
Cs BCIOAY T10/1 TIPAMDBIM YTJIOM;

2) JIMHUN HATIPSLKEHHOCTH TIOJIST IOJKHBI OBITH TIEPIEHIUKYJISIPHBI K KOHTYpaM, Or-
PAaHUYMBAIONIUM CeYeHUS TTPOBOIHUKOB;

3) stueiiku ceTku, 06PA3OBAHHON JUHUSIMHU HATPSIKEHHOCTH TOJIsI U IMHUSIMU PaBHO-
'O TMoTeHInaaa, IIpnu I[OCTaTOIIHOfI TYCTOTE CETKU JOJIKHbBI 6bITb HpI/I6JII/IBI/ITeJIbHO 110~
TOOHBI IPYT IPYTY.

Tperbe ycioBue COOTBETCTBYET TpeOOBaHII0, YTOOBI IpHpalieHne noreHnuana AU
IpU nepexoze ot 00l JTMHUU PaBHOTO MOTEHIIMAJA K COCEIHEH ObLIO TTOCTOSAHHBIM
1 4T0OBI 10J1e GBIJIO MOJIPa3/Ie/IeHO Ha TPYOKK PaBHOTO TIOTOKA, T. €. 4TOObI AV = const.
[Tpu HaJMuYMK TaKOTO TPeOOBAHMUSI TPEThE YCIOBKE BBITEKAET M3 YPaBHEHHUIT

oU oV
on oOa
Eciu 0603Ha4nTh cpegHue pasMepbl SsYelKU CeTKU: A — 110 HAllPaBJE€HUIO JIK-

HUM HATIPSZKEHHOCTY MOJIsI U Aa — 110 HAINIPABJIEHUIO JIMHUU PABHOTO MOTEHIUAIA
(puc. 24.20), T0 aTH ypaBHEHUsT NPUOIUKEHHO MOIYT ObITh 3alcaHbl B GopMe

AU _av
An Aa’
[Ipu ycnoBuax AU = const u AV = const umeem

E:
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an_ k, = const,

Aa
OTKY/Ia W CJIEIYET, UTO MPHU JIOCTATOUYHO TYCTOH CeTKe ee
q ,/coﬂS’/] Y 0//5‘»“5‘ STYEHKHU JIOJKHBI TTPEACTABAATh OO0 MPUOIN3UTEb-

- HO 1T0JI0OHBIE TPSIMOYTOJILHUKH, €CJii (hopMa siYeiiKu He
CIUIITKOM UCKa)keHa KpuBu3HoU aunuil. Ho gaske u mpu
3HAUYUTEJTbHOM MCKAKEHUU siueeK, KOrja TPYJHO rOBO-
7 | putb 006 ux 1mox006uH, MOCIeAHee COOTHOIIEHNE BeChMa
MIOMOTAET MPABUJILHO MOCTPOUTDH KapTHHY 10Jist. O6bI4-
U, U, HO KapTHUHY TOJISI PUCYIOT Ha TJ1a3, CTPEMACHh yIOBJIe-
™~ TBOPHUTH TEPBOMY W BTOPOMY YCJOBHSM, a 3aTeM yKe

MOCTENEHHO BHOCSIT MCTIPABJECHUS TaK, 4TOOBI yAOBJIE-

TBOPUJIOCH ¥ TPEThe ycjoBue. PekomeHmyercst st 00-

JIETYEHUST TIOCTPOEHHsI BEIOUpaTh An = Aa. Ha puc. 24.20
B BH/Ie TIPUMEPA TIOCTPOEHO TI0JIe MEXK/LY JBYMSI TIPSIMOJIMHENHBIMU TTPOBOJIAMHY TIPSI-
MOYTOJIBHOTO CEUEeHUsT, MMEIOTUMHU OJIMHAKOBBIE 3aPs/Ibl PA3HBIX 3HAKOB.

Puc. 24.20

24.16. N'padpmueckmnini MeToa NOCTPOEHMUSA
KapTUHbI NONSA Ten BpaleHus

[ToctpoeHwue 1oJ1s1, 0OPAa30BAHHOIO 3aPSKEHHBIMU TeJIAMU BpAIlleHUs ¢ 00I1Ieil 0ChIO
BpaIlleHNs, TaKXKe MOKeT ObITh BBIMOJHEHO rpadudeckum mytem. [Tose cTposiT B 0j1-
HOW M3 MepUIMaHHbBIX MJI0CKOCTel. B Bume npumepa Ha puc. 24.21 mocTpoeHo 1moJie
OKOJIO KPYIJIOTO CTEP:KHs, IIPOXOSIIEro Yepe3 BbIPE3aHHOE B IJIACTUHE KPYyIJioe
OTBEPCTHE.
[IepBoe u BTOPOE yCm0BU, CPOPMYIUPOBAHHBIE [IJI TIIIOCKONAPAIIIIETbHOTO TTOJIST
B IpezblayIieM maparpade, octaioTcst 6e3 U3MeHEeHUH, TPeThe Ke yCJIOBUE, Kacaro-
meecst (bOpPMBI STYeeK, HECKOJIBKO ycHoxHsdeTcsa. [lpu BpaieHun KapTUHBL OIS
BOKDPYT OCH 32PSKEHHBIX TeJI Kak/1ash JIMHUSA HAIPSIKEHHOCTU 10J1s1 OIMIIET [10BepX-
HOCTD BpartieHusi. MOKHO YCJIOBUTHCS BBIOUPATH HTU TOBEPXHOCTH TaK, YTOOBI MMO-
TOK AWg, NpOXOAAIUIT MEX1Y JBYMs COCEIHUMU II0BEPX-

U
) HOCTSIMM, BClofy Obln oauHakoB. Torma, ecim Aa — cpei-
i Hee B TIpefiesiaX SUEWKU TIOJIS PACCTOSHUE MEKIY STUMU
I} (%)
i co“s‘ MTOBEPXHOCTSIMHU, OTCIYNTBIBAEMOE B MEPUAMAHHOUN TIJIOCKO-
/
{157 CTU TI0 HaINpaBJIEHWIO JUHUW PaBHOTO TOTeHNWana, u E —
: cpeqHee 3HAUEHME HAIPSKEHHOCTH B TIPEJiesiax oTpe3ka Ad,
i To AW = 2nrAaF, rie r — paccTosHUE OT CepelnHbI OTPe3Ka
+%J% : U4+ Aa 1o ocu Bpaienusi. Takum 00pasoM, MMeeM
i Eo AU _ 1 AY
i =—=——"=
i An  2nr Aa
I
i Tak kak AU = const u AW = const, To monydyaem
I
oX L An _
v Il — =k,
i Aa

Puc. 24.21 rae ky = const.
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TakoMy COOTHOIIIEHNIO TPUOIUSUTENBHO U YIOBIETBOPSIET TOJIE, TOCTPOEHHOE Ha
puc. 24.21.

24.17. N'pacpmuyeckni MeToa NOCTPOEHUS KapTUHbI NONS
AN HEOQHOPOAHOW U3onupyloLen cpeabl

Bce BrITIen3noxxeHHOE OTHOCUIOCH K OJHOPOMHOM cpejie. J[omycTuM, 4T0 U30TUPYIO-
1ast cpefla COCTOUT M3 HECKOJBKUX OJHOPOIHBIX IUJIEKTPUKOB C PA3TMIHBIMU 3HA-
YEeHUSIMU €, TPUYEM ITOBEPXHOCTH Pasjiesia MeXKIy AMITEKTPUKAMU JIJIsI TLIOCKOITapaJi-
JIEJIBHOTO TIOJIST SIBJISIOTCS IUJIWHAPUYECKUMU TIOBEPXHOCTSIMM W JJIST TIOJST TeJ
BpallleH!sl — MOBEPXHOCTAMU BpallleHusl BOKPYT o01eit ocu. IIpu sToM mydiie uso-
OpaskaTh Ha PUCYHKE He JIMHUU HATIPSKEHHOCTH TI0JIs, 2 IUHUY JI€KTPUIECKOTO CMe-
IEHMs], TAK KaK Ha MOBEPXHOCTH Pas/iesia IBYX [UJEKTPUKOB TPYOKU CMEIeHUsI He
MIpeTEPIIEBAIOT Pa3PbIBa.
Tak kak D = ¢E u A¥p = eAW, T0 Oy/ieM UMEeTb JIJIs TJIOCKONAPAJIIeTbHOTO TIOJIST
AU _ i AY,,,

E=—-—— ,
An €, Aa

rae W p = ¥Yp/l — TOTOK cMeleHns], paCCYNTAHHbI Ha €AMHUILY JJUHBI TIPOBOIHI-
koB. CirieroBaTeIbHO, /IJIsI TIJIOCKOMAPAJIIETBHOTO TIOJIS TTOJTyYaeTcsl yCIOBUeE

— =gk,

Aa r
rne ky = const u g, — abCoIOTHAS UDJIEKTPUYECKas IPOHUIAEMOCTh B TOI 00J1acTH,

rie CTpoOuTcAa sg4eifka CEeTKU I10JIs.
ﬂ]’[ﬂ I10JIA TEJI BpallleHUA

AUt AW,

E:
An 27t7‘8p Aa
u
An
Za =7’8pk2,

rae ky = const.
Kpome Toro, Heo6X0ANMO TIPUHATH BO BHUMAHUE YCJIOBHE TIPEJTOMJICHUST JTMHUN
ATIEKTPUIECKOTO CMEIEHNS Ha TIOBEPXHOCTH Pa3/iesia IBYX AMJIEeKTPUKOB (cM. § 24.6).

24.18. Teno u3 AM3/IeKTPUKa BO BHELLHEM 3JIEKTPOCTaTUYECKOM none

[IpakTrueckoe 3nadenme MMeeT 33jja4a O pacyeTe ToJid B cyydae, KOTaa TeJlo U3 JIi-
AJIEKTPUKA BHOCUTCA B 3a/laHHOe BHemTHee ToJie. [looxuTepHo 3apssKeHHbIe 4acTu-
ITbI, BXOJISATIIME B COCTaB aTOMOB M MOJIEKYJI BEIIECTBA, CMEIAIOTCS B HANIPABICHIH
0JIsI, @ OTPUTIATETLHO 3aPSIKEHHbIE YACTUTIBI — B TIPOTUBOTIONOKHOM HATPABIEHU.
Ha moBepxnocTn Tesa MOIBAAIOTCA CBSI3aHHBIE 3aPS/Ibl PA3HBIX 3HAKOB. DTH CBS3aH-
HbIe 3apsi/ibl CO3/IAI0T CBOE I0JIe KaK BHYTPH TeJa, Tak W BHe ero. Hanpsokennocts E
PE3YJIBTUPYIONIETO IO ABJASIETCS TeOMETPUYecKo cyMMol HampsikeHHOCTH Ej
BHEIITHETO T0JIg 1 HanpsykeHHOCTH E| Tosid cBI3aHHBIX 3apsAnoB. TpyAHOCTD 3a1aun
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3aKJI0YAETCSA B TOM, YTO MTOJISIPU3AIINS BEIECTBA, a CIEI0BATEIbHO, M CBA3AHHbIE 3a-
PSIBI OTIPEZIENIAIOTCS Pe3YIBTUPYIONIel HanpsskeHHocThio E, KoTopas cama 3aBUCUT
OT CBSA3aHHBIX 3aPSIOB.

Ecsn Teno u3 muanekTpuKa HaXOAUTCS B CPeJie, IMJIEKTPIUECcKast TPOHUIAEMOCTh
KOTOPOU MEHbIIIEe TU3JIEKTPUIECKOI TPOHUIIAEMOCTH BEIeCTBA TeJIa, TO BHYTPH TeJia
110JIe CBSI3aHHBIX 3aPs/I0B HATIPABJIEHO TIPOTUB BHEIITHETO MOJIsl. ITO HETPYAHO YCMOT-
peTb u3 puc. 24.22. Takoe 10J1e CBI3aHHBIX 3aPsI/I0OB BHYTPHU TeJa HA3bIBAIOT JIETI0JIS-
PUBYIOIINM 3JEKTPUIECKIM TOJIEM, U €r0 HATIPSKEHHOCTh 0603HavaoT yepe3 E__.

Ey E E

|

€0

()

[

\\

Buemnmee noue Ilone cBsasanubix  Pesyabrupyioniee
3aps/IoB noJie

Puc. 24.22

3amaua pacuera 3akiaodaercs B cieayionieM. Heo6xommMo HallTH pactpesieieHme
CBSI3aHHBIX 3aPSI/IOB, CO3/IAIONINX TAKOE TI0JIe, KOTOPoe, Oy/Iyun HAJOKEHHBIM Ha 3a-
JaHHOE BHETIHEe ToJIe, IAeT Pe3yaBTUPYIOIIee T0Je, YAOBICTBOPAIONee TPAHNIHBIM
YCJIOBUSM Ha TIOBEPXHOCTH TeJla — PABEHCTBY KacaTeJIbHBIX COCTABISIONINX BEKTOPA
E v paBeHCTBY HOPMAJIbHBIX COCTABJISIIONIMX BeKTOpa D 110 06€ CTOPOHBI MOBEPXHO-
ctu. B cieytonem naparpacde paccMOTPeH IPOCTEHITUI TPUMep 33/1a4i TAKOTO THIIA.

24.19. inaneKTpuyecKuii lap BoO BHELWWHEM OAHOPOAHOM MnoJie

[TycTtp niap u3 AnsaeKTpUKa BHECEH BO BHEIHEE OJIHOPOJHOE T0Jie HATPSI)KEHHOCTH
E,, cymectByioriee B mycToTe. [Ipeanonokum, 94To map MoJspu3yeTcsi OHOPOIHO,
T. €. 9YTO OJTHOPOJIHO PE3YJBTUPYIOIIEe MOJIe, CO3/IAI0NIee MONSIPU3AIINIO, U, CJIe0Ba-
TEJIBHO, OJHOPOJIHO U JICTIONAPUSYIOIIEe MOJIE.

O0603HaYMM HAIIPSIKEHHOCTB JIenospuayioniero moJst yepes E__. CiegoBaTesbHO,
HAMPSKEHHOCTD PE3YJIBTHPYIONIETO MOJIst BHYTPH Tmapa Oyaer

E"=E,-E_.

Hampasum ocs OZ B cTopoHy BHelHero 1oss (puc. 24.23). Benenctsue cummeT-
pun OTHOCUTEJNbHO ocu (OZ MOCTaTOYHO PACCMOTPETH TOJie B OJHOW MEpUAMAHHOMN
TIJIOCKOCTH.

[oTtentuan U" BHYTpH Iapa HAWAETCSA U3 YCIOBUS
gr=_9U"
- ’
0z

OTKyZa

U" = —E"z + const.
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[Tomaras U" = 0 mipu z = 0 u 3amedast, 9TO z = ¥ COS @, TIOJTYINM
"
U'=—(E,-E_)rcos o.

ITpu atom cocraBisiomas —Ey7 cos ¢ mpeacTaBiaseT coOoil MOTEHIMAA BHEITHEro
0JIsA, & COCTAaBJAOMmas E__ 7cos ¢ — MOTEHITHAJ TIOJIS CBI3aHHBIX 3aPSIOB BHYTPU
nrapa.

Ey

Buemmnee noae Ilose cBs3annbix PCSyJIbTprlOIU,ee
3apaa0B 1moJie

Puc. 24.23

Bo BHemniHem mnpocTpaHCTBE OJHOPOHO MOJISIPU3OBAHHBIN TAP CO3/IAeT T0JIe Ta-
KOe JKe, KaK 3JIEKTPUIECKUI JUII0JIb, TOMENEeHHBIN B IeHTpe Tmapa. /eiicTBuTeNMbHO,
HETIOJISIPU30BAHHBIN JIUAIEKTPUIECKUI T1Iap MOKHO TIPEACTaBUTH cebe Kak B HAJIO-
JKeHHBIE JIPYT Ha IPyTa PA3HOMMEHHO 3apsiKeHHble chephl ¢ 3apsaaMu, paBHOMEPHO
pacrpeeleHHbIMHU 110 UX 00beMy. DTH 3apsiibl 00Pa3yIOTCs COBOKYITHOCTHIO MOJIOKI-
TeJIbHBIX 1 COOTBETCTBEHHO OTPUTIATETHHBIX JIeMEHTAPHBIX YaCTHII, BXOAIIINX B CO-
CTaB MOJIEKYJ IuaeKTpuKa. [Ipr oqHOPOAHON MOIAPU3ATINT BCE MOJIEKYJIBI TTOJISIPH-
3yI0TCS OMHAKOBO. IIycTh d — mymHa oceil ajieMeHTapHBIX IUTIOJNEH, T. e. cpeaHee
paccTosnue, Ha KOTOPOe CMEIAIOTCS IPYT OT IpyTa B MOJIEKYIaX 3apsIibl ITPOTUBOIIO-
JIOKHBIX 3HAKOB. Bechb MOJIIPM30BAaHHBIN MIap 2KBUBAJIEHTEH /[BYM PAaBHOMEPHO U
PasHOMMEHHO 3apsi’KeHHBIM chepam, CMEIEHHBIM JIPYT OT Jpyra Ha paccrosinue d. Ho
Ka)k/iast cepa cosjiaeT BO BHEIIHEM TIPOCTPAHCTBE TaKOe JKe T0JIe, KaK ecii Obl BECh
3apsizt 6bLT cocpenioToueH B ee meHTpe. CireoBaTesibHO, B CMEIEHHBIE OTHOCUTE b=
HO JIPYT ApyTa cepbl SKBUBAJIECHTHBI JTUTTOJIIO.

Tax xak pajgnyc R mapa MHOTO OOJIbIIe ITMHBL d AUTIONS, TO BHE TIapa MOTeHI[Ha
110J1s1, BBI3BAHHOTO MTOJISIPU3AIIKE 1Iapa, ONpeleJIuTCs TPUBeIeHHO B § 24.2 hopmy-
pcos ¢

JION o
4dme,r

ronep — SJIeKTpI/I‘{eCKI/Ifl MOMEHT AUITIO0JIA, 9KBUBAJIEHTHOT'O ITOJIAPU30-

BaHHOMY IIapY.
Hamarag 9ToT moteHIman Ha IIOTEHIMAI BHEITHErO OJHOPOAHOTO MOJIs, BHE I1apa
OyeM UMeTh

U'=-E,rcos (P+&S;p'
4dme,r

O0603HAYNM PE3YIBTHPYIONLYIO HAMPSIKEHHOCTD MOJIST 1 9JIEKTPIYECKOE CMETIeHITe
BHe 1apa £’ u D'. McniosibdyeM rpaHUyYHbIe YCJIOBUS HA IIOBEPXHOCTH HIapa.
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IIpu r = R umeem

E—E' wm _1ou _(_1oU ,
) ) r 6(p R r 6(p R
T. €.
~E, sin o+ L2220 = (F ~E_)sing.
4me,R®
CiieoBaTe IbHO,
__p
~ 4mg,R®
Kpowme toro, mpu = R
D' =D; wmwm g, o =g Lour )
a(P r=R a(P r=R
T. €.
pcos o _
g,k cos (p+m =e(E,-E_)cos o.
CiietoBaTe IbHO,
P _
ek, +2nR3 =l —eE__
Wcnonbsys Beipakenune E__ = LS, rnoJiyyaem
4me, R
eoLy +2e E__ =¢E, —eL__
u
€+2¢g,

Takum 06p3.30M, MOMEHT 9KBUBaJI€EHTHOI'O JIUIIOJIA paBEH

p=4ne,R’E_ = 4nR’ 80 —%o E,.
e+2¢g

Hawm ynanoch Bbipasuth p u E depe3 HanpstkeHHOCTb Ej 3a/laHHOTO BHEIIHETO
1107151, 1Ipy 5TOM TpaHUYHBIE YCJIOBHsI HA TIOBEPXHOCTH Iapa yAOBIETBOPSIOTCS /ISt
BCEX TOYEK TOBEPXHOCTH, T. €. I JioO0ro 3HadeHus ¢ npu r = R. CienoBaresbHO,
HAlIle [IPEIION0KEHIE, YTO AP B OAHOPOIHOM TI0JI€ MOJISPUIYETCsT OHOPOIHO, Mpa-
BIJIBHO.

HeTtpyaHo HallT pacupesiesieHne CBS3aHHBIX 3apSAA0B 110 MOBEPXHOCTH Iapa.
VIMeHHO MOBEPXHOCTHAS TJIOTHOCTh G 9THUX 3aPs/I0B PaBHA HOPMAJIbHOI COCTaBJIAIO-
1eii BEKTOpa 10JIIPU30BAHHOCTH:

6 =P =Pcos o,
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rae

p=_"P _3¢, %0 F —3¢E
@RS 8+280

3

Mp1 Hatmu pacipeniesieHre CBSI3aHHBIX 3aPSI0B M3 YCIOBU, UTO IIap TMOJSIPU30-
BaH OJHOPOAHO. MOKHO BbICKa3aTh 0OpaTHOE MOJIOKEHNE, YTO paclpeie/eHne CBsi-
3aHHBIX 3aPSA0B Ha MOBEPXHOCTH IMapa ¢ MJIOTHOCTBIO, MPOTIOPIIMOHAIBHON COS @,
BBI3BIBAET OJTHOPOIHOE JETIOJIPU3YyIolee MoJie BHYTPHU Iapa.

MoJKHO /10Ka3aThb, YTO TaKUM JK€ 3aMedaTeIbHbIM Fo
CBOMCTBOM TOJIIPU30BATHCS OJTHOPOJIHO BO BHEITHEM
OJIHOPOHOM MoJie obaaxaet amuncou. Ilap aBus- L1 A
€TCS er0 YaCTHBIM CJIydaeM.

HerpyznHo coo6pasuTh, 4TO TEJIO IIPOU3BOJLHOIN f }
hopMbI OYIET MOJMSPU30BATHCSI B OJHOPOIHOM TI0JI€
HEOZHOPO/IHO. PaccMoTpuM, HaripuMep, MUJIWH/P KO-
HEYHOU IIJINHBI, HOMeH_[eHHHﬁ B OJITHOPOJIHOE IIOJIE Buemmee noJe Ilose cBsI3aHHBIX 3a-
Tak, 4TO ero oOpasylole COBIAAAOT ¢ HallpaBJie- pﬁﬁ%“ﬂ';g{’;;}i‘;‘g’;f'
HueM ross (puc. 24.24). Ecau mpeanonoxuTb, 4To PUC. 24.24
MUJIWHAP MOJSAPU3YETCsT OMHOPOJIHO, TO CBSI3AHHBIE
3apSIIbI TOSABATCS TOBKO HA €0 TopraxX. O4eBUHO, TTPU 3TOM TT0JIe CBSI3aHHBIX 3apsI-
JIOB He MOKeT ObITh BHYTPH IUJIMHPA OJHOPOIHBIM, a CJIeI0BATENbHO, HEOIHOPO/I-
HBIM OyJIeT W pe3yJIBTUPYIOIIee T0JIe, YTO TIPOTUBOPEUYUT MPEANON0KEHUIO 00 OIHO-
DPOIHOI TOJISIPUBAITUN.

24.20. 06w MeToa pacyeTa 3J/IEKTPUUYECKOro nosns
B HeogHOpoAHOM cpeae. MeToa MHTErpasibHbIX YypaBHEHUH

B npenpiaynmx maparpadax GbLIM pacCMOTPEHbI HEKOTOPbIE YaCTHBIE CTydan pacye-
Ta HJIEKTPUYECKUX T0JIell B OAHOPOAHBIX cpepax. B § 24.3 npusesen obuuii MeTo
oTIpejiesieHUs MTOTEHIINAA B OJHOPOTHOM CPe/ie 10 33/IaHHOMY pacIipe/ie/IeHUIo 3apsi-
noB. B § 24.18 nokazano, 4To B cyyae HEOJHOPOIHBIX CPeJl Ha TPAHUIIAX pas/esa O/l
HOPOJIHBIX CPeJi MOSIBJISIOTCS CBSI3aHHBIE 3apsibl. Ecyii cpefa HeoJHOPOIHA, TO TIOJ
BO3JICHCTBUEM BHEIIHETO MOJISI CBSI3aHHbIE 3aPsi/Ibl MOSIBJSIOTCS 110 BCEMY €€ 00beMY.
Pacnipesiesienne aTux 3apsijioB ONpeessieTcs He TOJbKO HAPSKEHHOCTHIO 3JIeKTPH-
YeCKOro M0JIsi CBOOOIHBIX 3aPsI/IOB, HO M CAMMMU CBSI3aHHBIMU 3apsijiaMu. HaroMHnM,
YTO TPYAHOCTH PENIEHUS] PACCMATPUBAEMON 33/1a4U 3aKJII0YAETCS B TOM, UTO TTOJISIPU-
3al1usl BEIECTBa, a CJAe0BATEJIbHO, U CBSI3AHHbBIE 3aPsI/Ibl ONPENEISIOTCS Pe3yJIbTH-
pyloreil HanpskeHHOCThIO E, KoTOopas caMa 3aBUCHUT OT pacIipenesieHns CBI3aHHBIX
3apsanoB. Takum o6pasoMm, I IpuMeHeHus MeToja § 24.3 HeoOX0AUMO TIPUBECTH He-
OTHOPOJIHYIO CPely K 9KBUBAJEHTHON el OHOPOIHO.

JlomycTuM, UTO TIOBEPXHOCTD § pasiesser oobeM V; ¢ HeOXHOPOIHON [UIIEKTPH-
YeCKOil IIPOHUIAEMOCTHIO g/(X, ¥, z), 1 00beM V, ¢ OAHOPOAHOI ANUSIEKTPUUECKOI
HPOHUIIAEMOCTHIO €, = const. B obbemax V; u V, pactpezesnenbl 3apsiibl ¢ 00beMHON
IJIOTHOCTBIO p; M P, COOTBETCTBEHHO (pHcC. 24.25).
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Z[JIH HaXOXIAeHMA BEINMYNH CBA3aHHBIX 3a-
Ve PAIOB BOCIIOJIb3YEMCA BbIPpAKEHUAMUN

divD =p, D =¢E nmi diveE =¢divE + E V.

Torma B cpese ¢ AnUaJIEKTPUUECKON TTPOHUTIAE-

. |
MocTbio g; nveeM divE, :p—l——Ei Ve,;, a B

g &
cpejie ¢ IAJIEKTPIYECKON IPOHNIIAEMOCTBIO €,
. 1
Puc. 24.25 nmeeM divE, = P _ —E, Ve,
€, €

€ €
JlotrycTim, 4To paccMaTpuBaeMylo 3ajauy pacyera IMoJis B HEOJHOPO/HOI cpeje
MBI XOTUM 3aMEHUTD 33J[auell pacyeTa MoJisi B OJHOPOHON CpeJie C ANJIEKTPUIECKOI
[IPOHUIAEMOCTDIO €. J[JIs1 3TOTO ClIeyeT onpeneuTh 0ObEMHYTO MIJIOTHOCTD 3aPsi/IOB,
COOTBETCTBYIOIIUX HOBOMY 3HAYEHUIO IUAJIEKTPUIECKON TIPOHUTIAEMOCTH.
Jlnst coxpanenust nHenamentbivu Besinunt divE; u divE, npu mepexosie K 0HO-
POJIHOM Cpejie ¢ IUDIEKTPUIECKON TIPOHUIIAEMOCTBIO € 00BEMHYTO TIOTHOCTD P; 3apsi-

€
a cjaeyeT YMHOKUTD Ha BEJIMYNHY —, a O6"beMHy10 IIJIOTHOCTD P, 3apA/ia — Ha BeJIU-
€.

1

€
YUHY —:
88
€ € *
r_ o
=—p,——E,; Ve, =p; +p )
€ €;
, €
B obmactu V; u p!, = —p, B obmactu V,.
86
[Ipu cBemeHrU Cpebl K OJHOPOAHON HEOOXOANMO aHATIO-
TUYHBIM 00Pa3oM TIPeoOPa30BaTh MOBEPXHOCTHYIO MIIOTHOCTD
© 3apsijia Ha rpaHuile pasjesa cpel. st ee HaXoXIeHus BOC-
TIOJTb3yeMCS BBIPAKEHUIEM ﬁDds = g (puc. 24.26).
S

HOpMaJIbHaH K ITOBEPXHOCTHU S COCTaBJIAIONIAA HAIIPAKEH-

. o . c
HOCTH I10JIs1 B OJHOPOJHOM Cpejie paBHA +— C OAHOW U ——
Puc. 24.26 AHOPOA peAc p %2¢ A ¢

C ZIPYTO¥ CTOPOHBI MMOBEPXHOCTH.

HanpsizkeHHOCTB 9JIEKTPUYECKOTO TT0JIsI B TOUKE Ha TPaHUIlE pas/ieia CPejl MOKHO
pasesuTh Ha J[Be YacTh: 0OPa30BaHHYIO BCEMU 3apsilaMi 3a UCKJIIOYEHIEM OBEPX-
HOCTHOTO 3apsi/ia, PACIOJI0KEHHOTO B 3TOi Touke (E,), 1 00pa3soBaHHYIO MOBEPXHOCT-
HBIM 3aps/IOM, PACIOJIOKEHHBIM B 3TOI TouKe. Torma HOpMasibHBIE COCTABJISIONTIE
HATIPSKEHHOCTH TI0JIst ¢ 0O6EMX CTOPOH MOBEPXHOCTH PABHBI COOTBETCTBEHHO

Ene’:En—i_S? Eni:En_i‘
i 2¢ 2¢
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Ecau ux nozpcraBuTh B BbIpaxaiolllee TPaHUYHOE YCJIOBUE COOTHOINIeHUue gF,; =
= g,E,,, TO MOXHO HaliTU BEJUYUHY G

o =2¢ mEn :287bEn, (**)
81’ +Se

€; —83

e A =
€; +e,

Taxum o6pa30M, MePexo/l 0T HEOJHOPOIHON CPEIbl K OTHOPOIHOI MOKHO BBITIOJ-
HUTb, €CJTM B TOYKAX HEOJHOPOJHOCTH MOMECTUTH HJEKTPUUECKHE 3aPSi/Ibl, 00DEM -
Hasl p U IIOBEPXHOCTHASI G IIOTHOCTH KOTOPBIX OIPEAEJISIOTCS Yepe3 Hen3BecTHbIe
BesnunHbl E 1 E, KOTOpble cCaMU 3aBUCAT He TOJLKO OT 3aJJaHHBbIX CTOPOHHUX, HO U OT
HCKOMBIX «BTOPUYHBIX»> 3aps/IOB.

Jluist 3amucy ypaBHEHUH, KOTOPBIM YAOBJIETBOPSIIOT OOBEMHAST P U MOBEPXHOCTHAST
6 TJIOTHOCTH BTOPUYHBIX MICTOYHUKOB, BbIpa3uM BesinunHbl E u E, yepe3 TIOTHOCTH
3a/TaHHBIX W BTOPUYHBIX UCTOYHUKOB (CM. § 24.3):

1 e r pr or
E= (oS avie L fp, & Tay + L Pray o L gory
4me ;[ Pig g 7’ 47t£ Pe e, 7 4me j 47t8 7

i e

(r — BexTOp, HANIPABJICHHBIN OT TOYKH, T/I€ PACIIONOKEH 3apsj, K TOUYKE, B KOTOPOI
HaxoauM Bennuuny E, v paBHBI paccrosinuio Mesxay Humn), E, = E-n u, noxacras-
JISIS UX B TOJTy4eHHbIe BbITie Bhipaskerus (*), (**), naxomaum:

+gradsi IL:dVi +gradsi §073r

dme; ° r
S

gradsj-prv grad §

=

c —

L P j —dV j —dV +—J‘p'eﬁdVe.
2ne re 2n V. r’

Pemaﬂ CI/ICTeMy n3 /IBYyX MHTErpaJibHbIX ypaBHeHI/Iﬁ, MOJKEM OTpeAe/TIUTDb IIJIOTHO-
CTU p U G 3aPSIIOB U PACCUUTATh HANIPSKEHHOCTh E 10

B kycouHO-0mHOPOIHON cpefie, KOT/Ia IUaIeKTPUYecKast TIPOHUIIAEMOCTh &; BETre-
CTBa TeJia, HaXOJAIIETOoCA B Cpe/ie ¢ IPOHUIAEMOCTBIO €,, UMEET OANHAKOBOE 3Ha4Ye-
HUE BO Bcex TouKax, umeeM grad g; = 0, BeJieIcTBHE Yero npu 1mepexojie K OAHOPOAHON
cpenae C I[HSJIeKTpH‘ieCKOﬁ IIPOHUITAEMOCTBIO € «BTOPUYHbIE» NCTOUYHUKN Pa3MeIl[eHbl
TOJIBKO Ha IMOBEPXHOCTU § U MTOJYNHAIOTCA YPABHEHHNIO

A rn A rn A rn
o — c—ds=—|p, —dV. +— |p. —dV..
2an1 73 1 27|:J.pe ]"3 e

3
27:8 r v v,

YuurbiBas, uTo j;ci gds = igc %;’,n) ds (eMm. puc. 24.26), u ob6o3Hayuas IpaByio

7
N S

JacTh ypaBHEHUs uepe3 2eAE,, TOJyInM OKOHYATETbHO

cs—l cwds=287f0n. (F*%)

2n r?
S
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Perrerrie MHTErpaabHbIX YPAaBHEHUH SIBJISIETCST CJIOKHON 3a1adeil 1 MOKET ObITh
HaiiZIeHo B 001IeM CJTydae YMCAEHHBIMUA METOIaMuU. B HEKOTOPBIX CiTydastx, KOTa 1mo-
BEPXHOCTH Pasfiesia sIBJSIETCS III0CKOM, IMUIMHAPUIECKON 100 chepruuecKoii, MoryT
OBITH TIPUMEHEHbI aHATUTHYECKIE METOIbI PEITeHNSL.

CBoiicTBa MOJYYEHHBIX YPaBHEHUI, OTHOCAIINXCS K WHTETPATBbHBIM ypaBHEHU-
am tura OperosibMa BTOPOro pojia, 3aBUCAT Kak 0T Koah(UIMenTa npu BXOAIIeN
10/l 3HAK MHTerpajja MCKOMOH IJIOTHOCTHU 3apsi/la, HA3bIBAEMOT0 SIIPOM, TaK U OT 3Ha-

yeHust MHOKUTENS A. [Ipu pacuete TpeXMEpHOTO 3JIEKTPUYECKOTO TOJIS SIZIPO UMEET
cos(r, n)

rz

, TOrZla KaK IIPpU paCCMOTPEHUN IIJIOCKOIIaPaJIJIe/IbHOTO II0JIA OHO, KaK

cos(r,

n .
HETPYIHO YOEAUThCS, CYTh 7) [l IByXMEpPHBIX TOJIell BXOAIINE B ypaBHe-
r

HIe HHTETPAJIBI 10 00bEMY TIEPEXO/IST B IOBEPXHOCTHBIE, & MHTErPAJIBI IO TIOBEPXHO-
CTSIM — B KOHTYPHBIE.

3HayeHre MHOKHUTEJIST A OTIPe/IesIsIeTCs COOTHOIIEHUEM J1-
2JIEKTPUYECKUX TIPOHUIIAEMOCTEN Tejla U OKpY’Kalolleil ero
cpenbl U Haxonutes B mpefenax 0 < A < 1, mpuueM KpaliHue
3HAUYEHUS MOTydatloTces Tpu €; =0 1 €, = .

B xauecTBe mpuMepa peneHns 3a[a4u pacyeTa aJeKTpude-
CKOTO TIOJIST METO/IOM MHTETPATbHBIX YPAaBHEHUN PAaCCMOTPUM
carydail, Koria 6eCKOHETHO JTMHHBIH HJIMHP PainycoM R u3
JIMBIIEKTPHIKA ¢ aOCOJTIOTHOI TIPOHUIIAEMOCTBIO €; BHECEH B Cpe-
Eo Jly C MPOHUIAEMOCTBIO €,. [IprHKUMas, 4To BHEIlIHee 3JIeKTPU-

YyecKoe I10J1e HAPSIKEeHHOCTbIO Ey HOpMaJIbHO K OCU ITUJINH/L-
pa, npuBeieM cpelly K OJHOPOJHON € IPOHUIAEMOCTBIO &,
Puc. 24.27 (puc. 24.27).

HOCKOJIbe Ha KOHTYp€ IUJ/INH/IPA BBITIOJITHAETCA YyCJIOBUE

cos(r,m) _ 1 1o 1p
r 2R

dl = R do wHTerpanbHoe ypaBHEeHHE

_&i;cwd;:zgeu%

T | r

IepexoauT B YypaBHEHHE

2n

o —AJ.G do =2¢ \E,,.
2ny

B mammowm ciydae perienyie 9TOTO ypaBHEHUs TPUBUAIBHO, TaK KaK BXOAIIAN B
Hero WHTeTpaJ PaBeH HYyJIO BCAEACTBIE CHUMMETPUYHOTO PaclpeieIeH s 3apsaI0B Ha
TTOBEPXHOCTU MUINHIpPA: 6 = 2€,AE,.

[Ipu ycmoBuM 0THOPOIHOCTH BHEIIHETO ITOJIST IMEEeT MeCTO COOTHOIeHune Ky, =
= Eycosp u, cienoBaTebHo, 6 = 2g, E; COSQ .
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Mo:xno IIOKa3aTb, 4TO ITOJIYYE€HHOE pacipeaesieHre 3apdaa CO3/1a€T BHYTPU IIH-

€. —¢
JIMHJIPA OZHOPOHOE 9JIEKTPUYECKOE T0JIe HAIPSDKEHHOCThIo £ = AEy=——*%F, B CBA-
€, +¢,
3U C YeM pe3yJIBTUPYIOIIee TT0Jie BHYTPH IIUJINHPA TAKKe SBISETCS OJHOPOIHBIM Ha-
2¢
npstkeHHoctoo E= (1 — L) Ey=——F.
€, +¢

1 e
[Ipu ;> €, nenosigpusyroiiee aJIeKTPUIECKOE 1T0JI€ HAITPABJIECHO HABCTPEUY BHEIII-
HEMY, YTO UMeeT MecTO rpu A > 0.
Pemum mMeTozoM MHTErpasbHBIX YpaBHEHUII pacCMOTPEHHYIO B § 24.19 3amauy o
mape ¢ IU2JIEKTPUUEeCKOH ITPOHUIIAeMOCTBIO €, BHECEHHOM B OJHOPOJHOE I0Jie Ha-
npskeHHocThio E ), cyIecTByIONeM B cpefie ¢ TNATIeKTPUYeCKO TPOHUIIAEMOCTDIO €.

cos(r, n) 1
YuuThiBast, 4TO HA MOBEPXHOCTH THAPA CIIPABEJTMBO COOTHOIIEHNE — 2 = ——

7 2Ry
13 WHTErpajgbHOTO ypaBHeHUA (***) momydaem
c _ O ds = 2eME,,.
4nR< 7

Tak xak Ey, = E, cos ¢, TO, ICXO/IsT U3 YCJIOBUSA OAHOPOAHOCTH TIOJIg BHYTPH 11apa,
Oy/ieM MCKaTh PelleHre B BUE G = G,, COS .

cosQ ;o _ 4nR
’

o (e
Borumcims BXOZAIINN B YPaBHEHHE MHTETrPAJI § 7 G, COS @, HaXO-

S

A €, —¢
UM MCKOMYIO ILJIOTHOCTb 3apszna ¢ = 6e E,cosp=3—"—¢F, u Haupsxeu-
- g; +2¢
G, 3e G,
HOCTb 9JIEKTPUYECKOTO IOJA BHYTpHM mapa: F, =E, —-—"=——"—F, rne — =
3e g, +2 3e

g, —¢
- €, +2

AHanuTHYeCcKoe pellleHne MHTerpaabHOro ypaBHeHHs /IS IJIOTHOCTH BTOPUYHBIX
HCTOYHMKOB IIPU HEOJHOPOLHON IOJIApU3alMK Tesla Jake IIPU ero npoctoit hopme

3aTPyAHUTEJbHO. B rakux 3a/la4aX MHTETpaJbHOE YpaBHEHNE pPENIAIOT YHMCJIEHHO.

E, =E __— HaIpssKeHHOCTD AEHOJISIPU3YIONIETO TI0JI.

24.21. NMposBopasiLiee TesNo BO BHELWHEM J1IeKTPOCTaTUYECKOM rnone.
dnekTpocTaTUYECKOE SIKPaHUpPOBaHue

Bousbinioe mpakTuyeckoe 3HaYeHWE UMEIOT TaKXKe 3a/1a4M, B KOTOPBIX paccMaTpuBa-
I0TCS 3apsPKeHHbIe WJIN He3apsKeHHbBIE MTPOBOJIAIIIE TeJsla, BHECEHHBIE B 33JlaHHOE
BHeIIHee aJieKTprueckoe modie. [losie BHyTpH TMPOBOAAIIETO Tea ucdyesaer. B mpo-
CTPAaHCTBe BHe TeJjia BHeEITHee TOJie u3MeHseTcss. Ha TOBEPXHOCTH TeJsia HABOJATCS
(MHAYIUPYIOTCST) BJIEKTPUYECKUe 3apsi/ibl. JTO HA3bIBAETCS SIBJIEeHUEM DJEK-
TpocTaTudeckoi muaykmnuun Ha puc. 24.28 B Bume mpuMepa moKa3aHo pe-
3yJBTUPYIONIEe T0JIe OKOJIO MPOBOJISIIErO TeJd, BHECEHHOTO B IOJIe 3aPSIKEHHBIX
MJIACTHH.
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NN Eciii BHECeHHOE TeJo He OBLIO 3apsi’KeH0, TO CyMMa Ha-
~ — : BEJICHHBIX Ha HEM 3aps/I0B OKa3bIBAeTCSA PABHOHM HYJIIO.
- + ITH 3aPsIIbI PACTIPEIETSIOTCS TaK, YTOOBI WX MOJI€ BHYTPU
- A [+ _ TIPOBOXAIIETO Tesa B TOYHOCTA CKOMIIEHCHPOBAJIO TOJE
B > : BCeX BHENIHUX 3aps/10B. HU4YTO He U3MEHUTCS, ecaid IIpo-
"~ "|+ Bopsiiee Tes0 OYET IOJBIM — BO BCEIl OJIOCTH TeJa M0JIe

+

N

7 Takke Oy/leT OTCYTCTBOBATh. ITUM 00CTOSATEIBCTBOM MIN-
I~ _. 1 POKO TIOJIL3YIOTCS JIJIST 3AeKMPOCMAMUYECKO20 IKPAHUPO-

Puc. 24.28 8aHUs TEKTPUYECKUX M3MEPHUTETbHBIX TPUOOPOB U dile-
MEHTOB M3MEPUTEJbHBIX CXEM OT BHENTHUX 3JeKTpudeckux noJsieii. C aToil 1eabio
pUOOPBI TIOMEIIAIOT B 3aMKHYThIE MeTalJIMYeCKie 000JI0UKH, Ha3bIBaeMble IKPAHA-
mu. Kak 110Ka3bIBa€T OTIBIT, IOCTATOYHO BBITIOJHUTD 9KPAHbI U3 MEJKOI MeTajiude-
CKOU CEeTKM.

Ecnu xenarenbHo npuiaTh cCaMOMY 9KPaHy TTOTEHITUAJ, PABHBIN HYJIIO, TO dKpaH
COENIMHSIOT ¢ 3eMJieil. ITO OBIBAET TIOJIE3HO, HATIPUMED, B CJIydae, i OT mpubopa,
3aKJIIOYEHHOTO B 9KPaH, BBIXO/ISIT IIPOBOIHUKH K BHEIITHEN CXeMe, KOTOpast HAaXOIUTCsI
[pU TIOTEHIIHAE, GJIM3KOM K MOTEHITUATY 3eMJIH.

3a3eMJIEHHBIN aKpaH CITOCOOEH B PaBHOI Mepe 3aliiaTh BHEITHEE TPOCTPAHCTBO
OT TIOJIST 3aPSI/IOB, IOMEIEHHBIX BHYTPU SKPaHa.

[Too6HY10 9KPaHUPYIOILYIO POJIb UTPAET 3alUTHAsT CBUHIIOBast 00004YKa Kabe-
neii (puc. 24.29, a). Ioue, cyiiecTByioliee MeKAy OTAEJbHBIMU IPOBOAAMK Kabeis,
He BBIXOJWT 3a TPeJIe/Ibl CBUHIIOBOIT 000JIOUKH, U 9TUM HCKJIIOYAETCS DJIEKTPOCTATH-
Jeckoe BIMsiHUE Kabesis Ha GJmsJieskaniye NpoBoja JUHUN cBsi3u. VHorna B kabese
OKPAHMPYIOT KasK/bIH TIPOBOJL B OTAEIbHOCTH (puc. 24.29, 6), uem gocturaercst bosee
pPaBHOMEPHOE pacIipe/iesieHI e T0JIsT OKOJIO KaK/0T0 U3 MTPOBOIOB KabeJisl.

CauHI0Bast 060J104Ka
Mazossble IPOBOJA IKpaHbI

= 3asemieHue

Puc. 24.29

VHTepecysich pe3yJIBTHPYIONINM TI0JIEM, KOTOPOe 00pa3yercsi BHE MPOBOISIIETO
TeJa, BHECEHHOTO BO BHEITHEE I10Jie, HATIPUMEp B CJIydae, TOKa3aHHOM Ha puc. 24.28,
MBI JTOJSKHBI PACCMATPUBATD 9TO TI0JIe KaK Pe3yJibTaT HAJIOKEHU T10JIs1 HaBeleHHBIX
Ha TeJie 3aps/I0B Ha 3a/laHHOE BHENTHee T1oJie. Ecin, KpoMe Toro, BHECEHHOE TeJI0 nMe-
eT CyMMapHBIH 3apsij, OTJIMYHBII OT HYJISI, TO HEOOXOMMO HAJIOKKTB €IIle U M0JIe 9TO-
ro 3apsa.

[Ipumep pacyeTa pe3yabTUPYIONIETO MO TPUBEAEH B caenyioneM maparpade.
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24.22. MeTasIM4YeCKUi Lap BO BHELLHEM OQHOPOAHOM none

3azmava, paccMoTpeHHad B § 24.19, mo3BoJisieT HATH 110JIe, OKpY Kafolllee MeTaJliide-
CKHUI I1ap, BHECEHHBINI BO BHEIIHee OJHOPOMHOe ToJie. BHyTpu mapa mnoje A0KHO
OTCYTCTBOBaTh, U TIOTEHIMAI B 0OBEMe IIapa J0J/KEH UMETh MMOCTOSIHHOE 3HaYeHHeE.
CrenoBarenbHO, 3apsIbl, KOTOPbIe HABOAATCS Ha TOBEPXHOCTH I11apa, T0JKHBI CO3/1a-
BaTh BHYTPH TIIapa OHOPOHOE TT0JIe, TTOJHOCTBIO KOMIIEHCUPYToTiee BHEITHEE TOJTe.
Kak BbITEKaeT U3 paccMOTpPeHust, TIPousBeeHHoro B § 24.19, Takoe 1osie o6pasyercst
3apsiaMd, TIOBEPXHOCTHAS TJIOTHOCTh KOTOPBIX TTPOMOPIMOHATBbHA cos @. Bo BHer-
HEM TIPOCTPAHCTBE ATU 3aPS/IBI CO3/IAI0T TI0JIe TaKoe JKe, KaK 9KBUBAJIEHTHBIH TUTIOJD,
MOMEIIeHHBIN B IIeHTpe Tapa. Takum o6pa3oM, HHTEPeCYIOIas HaC 3aj[a4a CBOAUTCS

K paccMOTpeHHO B § 24.19 3amade o AMaIeKTpUIecKOM Iape, ecau B Hell TPUHSITH
€—¢
E'=Ey—E__=0,1.¢. E__=E,. Cornacto ¢popmyne E_ =Y E  5T0 paBeHCTBO
€+2¢,
NOCTUTAETCS B TIpejiesie Ipu € = oo, [loatomy mosist BekTopa E 0/JMHAKOBHI JIJIT METaJI-
JIMYECKOTO Tapa U [apa u3 AUsJIeKTPpUKa IpH € = co. BHe mapa B 000MX CIydasix Ofu-
HaKOBBI U 01 BeKTopa D. OnHako BHYTpHU Mapa U3 ANJIeKTpuKa BeKTop D u mpu
€ = 00 OCTACTCS KOHEYHBIM W He PaBHBIM HyJT0. VIMenno, yantoiBast paBencTBa P = 3goF
u E__ = E,, nmeem

D" =g ,E"+P =P =3¢,E,.

ITO CBSA3AHO € TEM, YTO TPYOKM BJIEKTPUUYECKOTO CMEIIEHMsI HEITPEPhIBHBI Ha Ipa-
HUIlE JUDJIEKTPUKA ¥, CTYIIAsiCh BHYTPHU Tejia ¢ OOJIBIION AMJEKTPUUECKON MTPOHM-
I[AeMOCTBIO0, TIPOXOJIAT Yepe3 Tesio 6e3 pa3pbiBoB. CBsi3aHHbIE 3aPSI/Ibl HA TPAHUIIE IBYX
JINBIEKTPUKOB He [AI0T HaYaia HOBBIM TPyOKaM CMEIeHUSI.

BHyTpH ke MeTaJInYecKOTo Tejia ucue3aeT He TOJIbKO MoJie BekTopa E, Ho 1 noJie
BekTopa D. 3apsi/ipl, HaBe/IeHHbIE HA TOBEPXHOCTH TeJIa, SIBJISIFOTCS TETIEPh CBOOOIHbI-
MU, 06Pa30BaBIIUMICS BCIEACTBIE KOHEYHON MMPOBOAMMOCTH TeJia. TPyOKH aJIeKTpH-
YeCKOTO CMETIEH s, CYTeCTBYIONIIe BHE TeJla, 3aKaHUYUBAIOTCS Ha 9TUX 3apsiax U He
MIPOHUKAIOT BHYTPH Tesa. OTcio/la BUHO, YTO PACCMOTPEHUE TIPOBOJHUKA KaK JU-
ATEKTPUKA C € = 00, TIO CYTIECTBY, ABJsIETCS (DOPMATBHBIM.

Bousee cnosxHOI sBIISIeTCS 3a71a4a OTPe/ieIeHns MO BOKPYT 3apsKEHHOTO WJTH
He3apsKeHHOTO MeTAJIMYeCKOTo TeJia, BHECEHHOTO BO BHEIITHee HeOTHOPOTHOE TOJIe.
Ee MoxHO peruTh, UCIOIb3ysT METO/[ MHTErPAJbHBIX ypaBHEHU, (pOpMATBHO pac-
CMATPUBAsT TUHJIEKTPUK KAK TIPOBOJIHUK.

[Ipu ¢; = 0 mmeem A = 1, u ypaBuenue (***) § 24.20 nnsa ciaydas He3apsKeHHOTO
TeJIa EPEXOJUT B MHTErPaJibHOE YpaBHEHNE

c iﬂ;cswa’s =2kE,,,

27 g r?

KOTOPOE MO3BOJISIET PACCUNUTATD IVIOTHOCTH PACIIPEIeIEHHBIX HA TIOBEPXHOCTH ITPOBO-
JISITIETO Tesia CBOOOAHBIX 3apsI/IOB.
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Ecau momernientoe Bo BHeITHee TOJE IIpoBoOAIIEE TEJIO NMEET 3apA/l ¢, TO, IIPpU-

1
GaBJIsist K 0GEMM YacTsIM TIOCJIE/THETO YPaBHEHMsI COOTHOIIIEHNE — §>c ds =4 , IOJTy9a-
S s
S

eM ypaBHeHHe

1 [cos (r,m) 27 q
c-—¢o|—— 2 —""ds =" +2E,,,
2rc§) 7 GJ s o

YUYuUTbIBAaroUiee 3aps/ TeJsa.

24.23. MeTop 3epKaJibHbIX M306pa)keHui

Pacuer moJist 3apsizKeHHBIX TTPOBOJHUKOB, PACIIONOKEHHBIX BOIN3H IIJIOCKUX TIOBEPX-
HOCTeH, OTPAaHNINBAIONINX TIPOBOASIIYIO CPeNy, CBOAUTCS TIPU TOMOIINA METO/IA 3€ep-
KaJbHBIX M300paskeHU K Pacyery IoJsl HECKOJIbKUX MPOBOAHUKOB IIPU OTCYTCTBUN
TIPOBOJIAIIIEN CPeIb.

PaccmoTprm oste mpsIMOTHHERHOTO TIPOBOIA, pac-

;\ MOJIOKEHHOTO Ha PACCTOSTHUU A OT TIJIOCKOM MTOBEPXHO-

7 cTu TipoBoJsIeii cpenbl (puc. 24.30). ITo cOOTBETCT-

= Ceons,  BYET HAIIDHMED, IPOBO/LY, TIO/IBEIIEHHOMY Ha BbICOTE h
NSNS HAa/I TOBEPXHOCTBIO 3eMJIH. Bee IMHNN Hanpsi>KeHHOCTH
\\ \\ \\\\\”/r /,’ = /, 110JId, HaYMHAIOIMEeCd Ha ITOJOKUTEIHHO SapFDKeHHOI\Ul
\\_::51‘(?'\3::7,: MPOBO/IE, 3aKAHINBAIOTCA Y IOBEPXHOCTH NPOBOZAIILelt
PR CpeJibl, T7Ie TOSIBJISICTCST UHYIIMPOBAHHBIN OTPUIIATEIb-

,Pmcl ” ;O Hbilt 3apsaz. [lose onpenensiercs Kak 3apsiloM TIPOBO-

J1a, TAK ¥ BCEM 3apsI/IOM, PACIIPE/IEJIEHHBIM 110 TIOBEPX-
HOCTHU TIPOBOZAIIEH cpefbl. Pacripenenenne WHIYIIUPOBAHHOTO 3apsiia U3 yCJIOBUI
3a/la4¥ He U3BECTHO U TaKXKe MOJJIEKUT OIPeleSIeHHIO.

Ha mepBbiit B3rJisiji 3aj1a4a pacuera IOJsSI B TAKOW CUCTEME KasKeTCsl JOBOJIBHO
coxkHoi. OHAKO OHa perraeTcsi BeCbMa MPOCTO TIPU TIOMOIIH Memooa 3epKaivHbLX
usobpacenuil. YCTpaHUM MBICJIEHHO TIPOBOJAIILYIO CPELy ¥ 3aMEHUM €€ TIPOBOJIOM,
SABJISTIOIIMMCS 3€PKaJIbHBIM M300pakeHeM peaJbHOTO MPOBO/A B IOBEPXHOCTH pas/ie-
JIa ¥ UMEIOIIMM 3apsiji TOM JKe BEJIMYUHBL, YTO U 3apsi/ PeabHOTr0 IPOBOJIA, HO IIPOTH-
BOTIOJIOKHOTO 3HaKa (puc. 24.30). JlelicTBUTEIbHBII TIPOBOJ 1 €70 3epKaabHOe N300pa-
JKeHHe COCTABJISIIOT JIBYXIIPOBOIHYIO JIMHUIO, TIOJIE KOTOPOI n300paskeHo Ha puc. 24.14.
W3 puc. 24.14 BUAHO, YTO MJIOCKOCTb, PACTIOJIOXKEHHAST TIOCEPEIUHE MEKIY JeliCTBU-
TEJIbHBIM TIPOBOJIOM U €T0 3epPKaJIbHBIM M300pPaKEHUEM, SIBJISIETCS TTOBEPXHOCTHIO
PaBHOTO TIOTEHTMAIA. B eHCTBUTENBHBIX YCIOBUSIX MTOBEPXHOCTD MTPOBOJIATIEH Cpe-
JIBI KAK Pa3 COBMA/IAET C HTOH IJIOCKOCTHIO U TAKIKe SIBJISIETCS TIOBEPXHOCTHIO PABHOTO
norenimana. OTCIOAa CIIENYET, YTO eCU 3aMeHumy NPoGOOSUYI0 CPedy 3ePKATLHbIM
usobpaxcenuem nposooa ¢ USMEHEHUEM 3HAKA 3apsa, mo 6 00aacmu Haod nPosoosUei
Cpedoll nose OCMAHemcs: MAKUM Jce, Kax u 6 Oetucmeumenvvlx yciosusx. B atom u 3a-
KJIIOYAETCST METOJ 3€PKAJIBHBIX M300pakeH i,

ITOT METOJ| IPUMEHUM U TIPH JIFOOOM YK CJIe TIPOBOJIOB, TIPOTSHYTHIX HapaJeJbHO
JIPYT JIPYTY U MapajiesibHO MJIOCKOU TOBEPXHOCTH, OIPAHUYUBAIONIENH TTPOBOJISIIIIYIO
cpeny (puc. 24.31). Kaxplii mpoBojI H0OJKEH ObITh 3ePKaJbHO OTPakeH B IIOBEPXHO-
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CTU IIPOBOJSIIEH CPe/ibl C N3MEHEHMeM 3HaKa 3apsi/ia, II0CJIe Yero [IPOBOJsIIasl cpesia
MOJKET OBITh MBICIEHHO yIaJeHa U PACCMOTPEHO MOJie COBOKYITHOCTH A€iICTBUTENb-
HBIX [TPOBOJIOB M WX 3€PKATbHBIX N300paskeHnii. B TakOM 10JIe TIOCKOCTD, PacIiosio-
JKeHHasl Ha MeCTe IIOBEPXHOCTH IIPOBOASILE CPeJIbl, SIBJISIETCSI II0BEPXHOCTHIO PABHOTO
HOTEHIIMAJIA, TaK KaK 3apsi/ibl IIPOTUBOIIOJIOKHBIX 3HAKOB pa3MelleHbl CUMMeTPIYHO
OTHOCHUTEJIBHO 3TOi1 110ckocTu. CrreoBaTeIbHO, HAli/leHHOe TAKUM ITyTeM T1oJie 1 Oy-
JIeT IeCTBUTEIBHBIM TIOJIEM B O0JIACTU HaJl TIOBEPXHOCTDIO TIPOBOJSIIEN CPeIbL.

U=const
B

7

Puc. 24.31 Puc. 24.32

MeToj1 3epKaJbHbIX H300paKEHUI TaKKe MOKET OBITh UCIIOJIB30BaH, KO/ TIPOBO-
IAMIas cpefla orpaHudyeHa JByMs MIJIOCKOCTSIMH, CXOASIUMUCS O/ YIJIOM o = TU/7,
rzie n — 11eJI0e YKUCJIO, IIPUYEM YTOJI 0L OTCUUTHIBAETCS B IUAJICKTPUKE, Ile pACCMaTpH-
BaeTcs noJie. Pasziens Bce TPOCTPAaHCTBO HA OAAMHAKOBBIE YACTH TJIOCKOCTSIMU, TIepe-
CEKAIOMUMUCS MO YIIoM o (cM. puc. 24.32), 4TO BO3MOKHO, TOJIBKO €CIU 1 eCTh
I[eJI0€ YHCJI0, ¥ TTOCJIeI0BATETHHO OTPaskas MPOBOJL B 3TUX IMIJIOCKOCTSIX, TIOJTYYUM CHC-
TeMy M3 JeHCTBUTEIBHOTO TIPOBOJIA U CEPUH €r0 3ePKaNbHBIX M300paskeHnil. B moJe
Takol cuctembl miockoctt A — A’ 1 B — B’ aBig1oTCs NJIOCKOCTSMUA PABHOTO TIOTEH-
1Majia, TaK KaK 3apsi/ibl IPOTUBOIOJIOKHBIX 3HAKOB Pa3MelleHbl CUMMETPUYHO 110 OT-
HoteHuo K HUM. [loaTomy 1osie 3Toi ccTeMbI COBIAAET C ACHCTBUTEIBHBIM TTOJIEM
B TOHM 9aCTU MPOCTPAHCTBA, TIE MOCIeHee CYIIeCTBYeT.

Metoz 3epKaibHBIX M306paKeH il B TIOJHON Mepe MTPUMEHUM U JIJIst 3aPSIKEHHBIX
Test 000N GOPMBI, PACIIOTIOKEHHBIX B IUAJIEKTPUKE OKOJIO TIOCKOCTEH, OrpaHWYH-
BAIOIIUX TPOBOASAIILYIO cpely. EctecTBeHHO, moJie ipu aTOM yske He Oy/IeT TI0CKora-
PaJLIEJIbHbIM.

MeTto 3epKasbHBIX H300PaskeHUI MOKHO TIPUMEHUTH TaKKe B YCJIOBHUSAX, KOT/A
IJIOCKAST TOBEPXHOCTD PA3JIE/ISIET JIBE CPEIbl C PA3JIUYHBIMU JAUIJIEKTPUIECKUMU TTPO-
HUTIaeMOCTAMH. [[ycTh MCTOUHMKOM 3IEKTPUUECKOTO TOJIS SABISETCS TOJOKUTEID-
HBIN 3apsil ¢, TIOMENEeHHbIN B cpefie 1 ¢ AMIIEKTPUIECKON TTPOHUIIAEMOCTBIO € HA
paccTosHiy i OT TLIOCKOH MOBEPXHOCTH paszena cpef (puc. 24.33).

[Ipu cBeenny cpebl K OTHOPOIHON € AMJIEKTPUIECKOI TPOHUIIAEMOCTBIO € TI0-
MECTHM Ha TJIOCKOH TIOBEPXHOCTH 3JIEKTPUUYECKUI 3apsi/l, MJIOTHOCTh KOTOPOTO, KaK
caemxyer u3 coornomenus (**) § 24.20, moxxHo onpeniesinTh 110 hopmyde o = 2 AE,,
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TaK KaK COCTaBJSTIONas HanpspkeHHOCTH E,(c) T0sist, 00yc/IoBIeHHasT 3apsilaMi Ha
ITOCKOCTH, OOPAIAeTCs B HYJb.

®q
€1 h
L P
q €
h
€1 h /
1 o q1=-hq
2
€2 \ ® qz:(l—l)'q'SZ/ﬁl
€2 h

Puc. 24.33

IIpu &y = oo, 1. e. Ipu HOPMATBHOI 3aMeHEe UITEKTPUKA MPOBOJHUKOM, MMeEeM
A =11u o =2¢E, Tax xax HanpskerHocTs E = E(q) + E(o) 110714 B IPpOBOASIIEH cpe-
nie, 00yCJIOBJIEHHAST 3aPsI/IOM ¢ U paclipeleJIeHHbIM Ha TJIOCKOCTH 3apsi/ioM, paBHa
nyio, To E(q) = —E(o) 1, cie1oBaTesbHO, T0Jie TIOBEPXHOCTHBIX 3aPSIZI0B AKBUBAJIEHT-
HO T0JT10 3apsna —q. Iloatomy asexkTprdeckoe 1ose B cpesie 1 orpesesnsercs 3aaH-
HBIM 3aPSIZIOM ¢ U €T0 3ePKATbHO N300PaKEHHBIM 3aPSIIOM ¢ = —¢, & TI0JIe B TIPOBOJIsI-
el cpefie — 3apsaaoM ¢ U 3apsIoM —¢, KOTOPHIN 9KBUBAJEHTEH TTOBEPXHOCTHOMY U
TTOMeTIeH B Ty JKe TOYKY B cpefie 7, T. €. 3aps/ioM, PaBHBIM ¢, = ¢ — g = 0, 4To 1aeT 3Ha-
yeHre HAPSLKEHHOCTH T0Jid B TipoBosieii cpene E = 0.

[Ipu koHeyHOM 3HAUEHUN €5 U3 BBIPAKEHUS G = 2g,LE, Caemyer, 4To ajieKTpude-
CKOe TI0Jie TIOBEPXHOCTHBIX 3aps/0B dKBUBAJEHTHO TOJIO 3apsia, PpaBHOTO —g A,

B CBSI3H C YeM T0Jie B cpefie 7 MOKHO HANTH TP HAJOKEHUHN JIEKTPUIECKUX MTOJeH
€, —¢
3aIaHHOTO 3apsA/a ¢ ¥ 3epKalbHO M300pakKeHHOTo 3apsaja ¢= —g A = —————L
€, +&,
Jlsist pacuera 1oJisi B 06J1acT 2 HEOAHOPOAHYIO CPELy 3aMeHsIeM OJIHOPOJIHOI ¢ /1~
AJIEKTPUYECKOI ITPOHUIIAEMOCTBIO €y, TIPUYEM JJIsI COXpPaHEHUs] HEM3MEeHHOM COCTaB-

]IHIOIHBﬁ HaIIpAKEHHOCTH 9JIEKTPHUYECKOI'O I10JIA, CO34aBaeMOTI0 3aJaHHbIM 3apA/A0M ¢,

. €
HOC/IeAHII J0JKeH ObITh M3MEHEH U CTaTh paBHbIM g —. [lose B cpene 2 onpenens-
gy
. €, €y =€ €,
eTcsT HaJIOJKeHneM TIoJielt 3apsiia ¢ — B obsactu 1 u 3apsia — ———L g —=, MOMeIIeH-
€ €,+€, &

HOTO B Ty K€ TOUKY:
&, &,-g& &, 28,

qd, =4 =
€y €y +81 €y €y +81



Mnasa 24. dnekTpoctaTuyeckoe none 75

Nsnosxkennbie paccyskaeHNs COXPAHIIOT CUTY U B T€X CAYYasax, KOTIa UCTOYHUKOM
TTOJTST ABJISAETCS BJIEKTPUIECKIH 3apsi/l, pacTpeieIeHHbIH BOTh TIPOBO/IA C IMHEWHOM
TIOTHOCTHIO T. B mosryaeHHBIX (hopMyJiaX IOCTAaTOUHO 3aMEHUTHh BEJUYNHY ¢ Ha T.

24.24. NpuMeHeHUe MeToAa pa3aesieHUs nepeMeHHbIX
ANIA pelleHnA 3a4au dJ1IEKTPOCTaTUKH

Ecau nposoanuku o6amaioT mpocToil (popMoil MOBEPXHOCTH, HAIPUMED ILIOCKOIL,
IUJIMHAPUYECKOH, c(hepuvecKoil N Kakoii-11bo APyroii, KOTOPYIO MOKHO OTHCATh
MIPOCTBIM yPaBHEHUEM B TIOAXO/ISAIINE BHIOPAHHON CHCTEMe KOOPIMHAT, TO IIPU TOMO-
M AaHAJINTHYECKUX METO/I0B YIA€TCS PACCYUTATD TTOTEHITHAT 3JIeKTPOCTAaTHIECKOTO
10Js1. OOBIYHO Ha TOBEPXHOCTH MPOBOHUKOB 33/IAI0T 3HAUEHUE MOTEHIINATA UJTH CO-
CTaBJATONIEH HATIPSKEHHOCTH TOJIS, U 33j[a4a CBOJINTCA K HAXOXKAEHUTO TIOJS B TIPO-
CTpaHCTBEe MEXKAy aJekTposamu. llpm ycmosum, korma

ToJie y/I0BJIeTBOpsAeT ypaBHeHwnio Jlamiaca, ero MOXKHO b
MCKaTh METO/IOM, OCHOBAHHBIM Ha pa3/eJIecHUH Tiepe-

Y U= Uxx)

U=0 -U=0
MEHHDBIX ypaBHEHUI.
PaccmoTpum 3aj1auy pacueTa miocKomnapajiesbHo- 0 X
T'O T0JIS, CO3/IAaHHOTO CUCTEMOU 3apSKEHHbBIX 2JIEKTPO- U=Ui(v)
JIOB TIJIOCKOHM (DOPMBI, MOTEHITUAIBI KOTOPBIX 3aJaHbl Puc. 24.34

(puc. 24.34).
[Ipu mpumenenuu MeToIa pasaeeHns iepeMeHHbIX motertman U(x, y) B ypaBHe-

Hun Jlammaca

0°U 0°U

—+—=0

ox oy
BHYTPH MPSAMOYTOJbHON objactu npeacrasisercs B Buge U(x, y) = X Y, tne X(x) —
dbynkmms Tonbko x 1 Y(y) — dyHknms Toabko y. [1pn 3amene U(x, y) Tpou3BeneHreM
XY ypasrenue Jlamiaca npuHUMaeT BUJL

2 2
YM + Xﬂ =0,
ox? oy’
u niocJie ero genenust Ha X Y nosydaem
10°X 18% 10%°X 10%Y
———t——>=0 wm — =———.
X ax* Y oy’ X ox® Y oy®

TaK KaK JieBad 4aCTb ITOCJIeHETO ypaBHeHI/IH 3aBUCUT TOJIBKO OT X, a IIpaBasd —
TOJIBKO OT Y, TO OHO YAOBJIETBOPAETCA JIA JIIO6BIX X 1 Y TOJIBKO B TOM CJiy4ae, €CJIn 1
JieBasdA U IIpaBad €ro 4aCTUu paBHbI HeKOTOpOfI HOCTOHHHOfI BeJIMYMHE —7\/2. HpI/I 9TOM
CIIpaBe/IJINBbI /IBa YPaBHEHUI:

d*X

2

d*y
Yy

+A%2X =0, A’Y =0,

YaCTHBIE PEMIEHUs] KOTOPBIX HMEIOT BT
X =C,sinkx + C, coshx, Y =Cishiy + C,chhy.
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Bennunna A u nocrosiaubie Cy, Cy, Cs, C; BBIOMPAIOTCS TAKOBBIME, YTOOBI ObLIN
Y/IOBJIETBOPEHbI 33/IaHHbIE TPAHWUYHBIE YCJI0BUsL. Tak, ecyv ipu x = 0 u Ipu ¥ = a uMe-
et MecTo ycaosue U = 0, To, cienoBaTenpHo, Cy = 0 u C; sin Aa = 0, oTKyIa BBITEKAET,
gyto Aa=7nn,tae n =1, 2, 3, ... B cury Toro, uto C; # 0.

Takum 06pa3oM, MOCTOSIHHASA A MOKET IPUHUMATh He [POU3BOJIbHbIE 3HAUEHMS,

mn
a JINIb 3HAYCHUA, YAOBJIECTBOPAIOINE PABEHCTBY 7\,,1 =~ 1 Ha3bIBaeMble COOCTBEH-
a

aeivu grcaamu. CooTrBercTByIomre uM GyHkim X, Y, HOCAT Ha3BaHWe COOCTBEH-
HBIX (QyHKIH.
Obiiiee perenne ypaBHeHVsI 3AMUIIEM B BUJIE

U(x,y) = Y (Dysh,y +D,,chi,y)sink x,
n=0
e yepes Dy, D, obosuauensl Beauuutbl Dy, = Cy,Cs,, Dy, = Cy,Cy,. Bxopsiue B
HETo TOCTOSTHHBIE Dy, Dy, CIefyeT OMpeaeanuTh NCX0AS U3 He0OOXOIUMOCTH YI00BJIE-
tBopenust yeaosuit: U= U(x) ipu y = 0, U = Uy(x) ipu y = b, KoTOpble TIPUBOIAT
K COOTHOIIEHUSM

U (x) =Y D,,sink x,

n=0
U,(x) =Y (D,shir,b+D,,chi b)sini x.
n=0

KoadduimenTs! psaa MOKHO HAWTH ¢ TIOMOITHIO M3BECTHBIX 71T KOG PUITNEHTOB
psina Dypbe BbIPAKEHMIL:

D,, =1jU1(x) dx, *)
aO
D,, = §IU1(x)sinl"xdx ~U,,

aO a

Dmshxnb+D2nchxnb=3jU2(x)smi”mx=U2n, (**)
do a
OTKYy/la
b = Uy ~Upchi,b
" shi b

B obiem ciyaae perenne ypaBuenust Jlammaca B IpsSIMOYTOJIBHOI CHCTEME KOOP-
AUHAT METOOM pa3/ieJIEHNA IEPEMEHHBIX MOKHO 3allCaTb B BU/IE€ PAlia

Ux,y) = Z(CM sinh,x +C,, cosh,x)(C,,shi y +C,,ch), y)

n=0

b0 B BUIE Psila
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Ulx,y) = Z(Cmsh?»nx +C,,chh ,x)(Cy,sink,y + C,,cosh ,y),
n=0
K03(pDUIMEHTHI KOTOPOTO HAXOSATCS MPU PA3IOKEHUN (PYHKIIUMA, OTPEEISIONIX
IpaHUYHbIE YCJIOBHs, B PSi/l 10 COOCTBEHHBIM (QDYHKIIMSIM 3a/a4i (B PaCCMOTPEHHON
BBIIIE 3a/1aue 10 (PYHKIUAM Sin A,X).

Perrenvie ypasaenust Jlamiaca, 3aucaHHoro B IUJINHAPHYECKO# TGO MHOI CHC-
TeMe KOOPJMHAT, TaKKe MOKET OBbITh MPEACTABIEHO B BU/E Psi/ia, OJHAKO COOCTBEH-
HBIMU (QYHKIIUSIMU TAaKOTO pernerust OyayT apyrue. OHU ONPeAesIIoTCS BUIOM COOT-
BETCTBYIOIIUX YPaBHEHUIA.

Pemenne U(x, y) nMeet Bu OECKOHEYHOTO Psifia, U TIPH pacdere TTOTeHI[Haa, Ha-
MPSIKEHHOCTH M0JIsT INO0 MHTErPaIbHbIX apaMeTPOB, TAKUX KaK €MKOCTb, CHLJIA, TPH-
XOJIUTCSI OFPAaHUYUTH KOJIMYECTBO YUUTHIBAEMbIX B HEM 4jieHOB. MeTo 1 HaXOUT 1pu-
MeHeHKe JJIsl pacyera IoJs B OJHOPOAHON cpefe B 00JacTsX ¢ IPOCTOil (hopmoii
TPaHUI, TaK KaK TIPU APYTUX YCJIOBUIX OH CTAHOBUTCS BEChMa TPYAOEMKIM.

OueBUIHBIM HEAOCTATKOM METO/IA Pa3fieJieHus TepPeMEHHBIX, KPOMe TPYI0EMKO-
CTH OIpejiesieH st COOCTBEHHBIX (DYHKIIUI U COOCTBEHHBIX 3HAYCHUH, SIBJISIETCS CYyTIle-
CTBEHHAsI 3aBUCHMOCTH TOYHOCTHU PEIIEeHUs OT KOJMYECTBA y/IEPKUBAEMbBIX UJICHOB
psna. [IpakTrka mokasbIBaeT, 4To 71 MOJYyYEeHUs PENIeHUs ¢ Y/0BJI€TBOPUTEIbHOT
TOYHOCTBIO TIPUXOIUTCS YUUTHIBATh MHOTHE JIECATKU 4ieHOB psizia. Kpome Toro, me-
TOJl pasjieJieHus] MePeMEHHBIX OrpaHudYeH B 00JacTH y U=U,

CBOETO MIPUMEHEHUS B CBSI3U € HEOOXOIMMOCTBIO HAJIHU-
YU MPOCTHIX IPAHUYHBIX KOHGMUTYPAITHIL. U=0

Wcnonb3ya nomydeHHOe pelienne, HaliieM TTOTeHITHAa 0 X
B IIPSIMOYTOJILHOM o6tactu (puc. 24.35) npu yCJIOBUSX U=0
U=0npux=0,x=a,y=0 nU=U, npuy=b. Puc. 24.35

N3 yenoBus Ui(x) =0 mpu y = 0 momygaem D,, = 0 (cm. (*)), 1 u3 ycaoBus

Uy(x) = Uy= Y D,shi bsink,x npuy=>b
n=0
D, shx,b :gJ.UO sinA,x dx = 4U°, n=135,...
asy nn

Takum 06pa3zoM, NCKOMOE pellieHre IPUHUMAET B/
. MNX TN
Ay, = S sh Y
0 a a
U(x,y) = > — n=135,...
T —
=t psh——=
a

Haiinennprii moteHuan yoBaeTBOpseT ypaBHeHuio Jlamiaca u 3aflaHHBIM T'pa-
HUYHBIM ycaoBusM. [leficTBuTesbHO, ipu iy = b, x # 0 OH paBeH

U by =200 3 Lgn ™% - n=135,...

T oo n a

u obpalaercsl B HyJib Ha JAPYTUX rpaHuIiax 00JIacTH.
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24.25. YncneHHbl pacuyeT 3/1eKTPOCTaTUYeCcKoro nons
MEeTOoAOM CETOK

B kavecTBe MILTIOCTpAIUM YKUCIEHHOTO METO/A pacyeTa HIeKTPOMATHUTHOTO TIOJIs
IIPU TIOMOIIM KOHEYHO-PA3HOCTHBIX YPaBHEHUH U CI10c06a MX TOJTy4EeHUs PaCCMOT-
PHUM cJydail pacueTa TIOCKOMAPAJIIETHHOTO 9JIEKTPOCTATUIECKOTO TOJIST B HEOIHO-
POIHOI cpefie ¢ TUANIEKTPUIECKON TTPOHUIIAEMOCTBIO € = € (X, Y).

PasHocTHBIE ypaBHEHUST MOTYT OBITh 3aIMCAHbI /sl CHCTEMBI Y3JI0B, TPOU3BOJIBHO
pasMeIleHHbIX B aHHON oOsracT. OHAKO MPU 3TOM BO3ZHMKAIOT OOJIbIINE TPYIHO-

I ctu (bOPMUPOBAHUST CUCTEMbBI PA3HOCTHBIX YPaBHEHWH 1
h ux perrenust. B cBsi3u ¢ aTuM HanboibIee pacipocTpa-
HeHue TMOJYYUIN MEeTOBI, TIPU KOTOPHIX Y376l 1, 2, 3,...
R P (puc. 24.36) pacmoyaraioTcsd B BepPUINHAX CETKHU TIPS-
MOYTOJILHUKOB, KOTOPbIE 00pas3yIoTCs TIPH TIepecedeHni
ceedemmmey M BepTUKANbHBIX M FOPU3OHTANBHBIX JMHHUIA.
11 Ecnu snexrprideckuii 3apsiji paciipesiesieH B IPOCTPaH-
8 Hy |4 5 crBe ¢ 00bEMHOI TIOTHOCTBIO P (X, i), TO ypaBHEHUE JIJIsI

PuC. 24.36 yana 0 ceTkn §D ds = Ip dV MOXHO 3amucaTh B BUJIE
s Vv

[e E (ry)dl = [p(x.y)ds,

abcda N

II

oU
rne E, = o HOPMaJIbHASA K KOHTYPY COCTABJISION[As HAIPSKEHHOCTH AIeKTpHye-
n

CKOTO I10JIA.

WMuTerpasn B J1eBOM Y4acT 3TOTO BLIPAKECHUST MOKEM IPEJCTABUTHh B BUJIE CYMMBI
YeThIpeX MHTErPAJIOB BAOJb yTell ab, be, ¢d, da v BoraucanTh ux mpubINKEeHHO, HC-
MOJIb3YsT N3BECTHBIE METO/IBI TIPUOJIMKEHHOTO BBIYMCJIEHNS] MHTErpaioB. [Ipumene-
HHE METO/Ia IPAMOYTOJbHUKOB IIPUBOAUT K BbIPAKECHUAM

h hy \U, -U
jS(X, y)Ede = (Slcp ?1 +8Hcp ;j % = k2 (UO _UZ ))
ab 2

h h, \U,-U
Is(x, YE, dy = (Sllcp = +e11ep QJ ——2 =k, (U, -Uy),
be 2 2 h3

Ia(x,y)Eydxz( hy +g hlJUo_m:kd(Uo—U/l),

Ellep o IVe
p cp
o 2 2 h,

Iwmm% “whﬁkmwwwa

8Ich 7

TIep o
o 2 h,
h,h, hyh, hyh, h.h,
Ip(x,y)ds =Piep = TPuep —— Py +Prvep - =~/
g 4 4 2 4
B KOTOPBIX BETUUMHDI €1y, Eleps s Plepr -+ PIVep ABITIOTCS cpenmu QyHKImil € (%, y),

p (%, y) B COOTBETCTBYIOIIMX sTYeHKaX.
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ITosryyennoe ypaBHenue

i=4 «
RU, + kU, + Uy + kU, Uy Sk, = £, )
i=1
BbIpaKaeT UCKOMBIN ToTeHIna U yepes MoTeHIIUAIbI YeThIPEX COCETHUX y3JI0B. Yuc-
JIO BXOJAIINX B ypaBHEHUE TOTEHIMAIOB OyaeT OOJIbLUIMM, eC/ii HIPUMEHUTH GoJiee
TOYHBIE COOTHOIIEHUS JIJIT BBIYMCJIEHUS] WHTETPAJIOB, BbIpakasi UX He TOJIbKO ue-
pes noTteHImalIbl y3iao0B 1, 2, 3, 4, 0, Ho TakKe, HAIIPUMEP, Ye€pe3 TOTEHIUATIBI Y3JI0B 3,
6,7, 8.

VYpasuenus suga (*) 06pasyioT CUCTEMY Pa3HOCTHBIX YPaBHEHUN, KOTOpast MOKET
OBbITH paspellieHa OTHOCUTEIbHO UCKOMBIX IIOTEHIMAIOB Y3JI0B U3BECTHBIMU METO/1a-
MU PEIeHUs CUCTeM ajireOpanyecKux ypaBHEHUI.

3anuceiBasi cucTeMy ajireOpandeckux ypaBHeHuil B MatpuuHoil (hopme kU = F
OTMETHUM, YTO XapaKTePHOH 0COOEHHOCTHIO CUCTEMbBI PA3HOCTHBIX YPAaBHEHUH SIBJISIET-
Cs1 pefikasi 3aroJIHEHHOCTh MAaTPUIlbl KOA(MDUIIMEHTOB HeHyieBbIMU djieMenTamu. [1pu
HCTIOJTb30BAHNY ypaBHEHUH BuUAA (*) CTPOKM MATPHIIBI COMEPKAT 5 OTIUYHBIX OT
HYJIl 9JIEMEHTOB, TaK YTO IPU TIOJTHOM YHCJIe 91eMEHTOB 72 KOJIMYECTBO HEHYIeBLIX
9JIEMEHTOB He MPEBBIIIaeT 57. ITa 0COOEHHOCTh PA3HOCTHBIX YPaBHEHUI MO3BOJISIET
PUMEHUTH A(PDEKTUBHDBIE METOJIBI PEIIEHUs], YIUTHIBAIONNE PEIKYIO 3alI0JITHEHHOCTD
X MaTpuil KoaOuImenTos.

W30skeHHbBIN BBIIE TIOAXO0J IMPUMEHUM [IJIsl pacdyeTa IJIOCKOMEPUAMAHHBIX U
TPEXMEPHBIX TOJIel. B aTHX ciIydasx ajeMeHTBl MaTpuilbl KoadduimenTos k Boipa-
JKAIOTCsI € TIOMOIIBIO APYTUX COOTHOIIEHUI.

24.26. BapuauunoHHbIi NoAXoA K pacyeTy 3/IEKTPUUYECKOro nons
B HeoAHOpoAHOM cpefie. MeToA KOHEUYHbIX 3J/1IEMEeHTOB

Panee 6b110 oT™Meueno (eM. § 2.1, 1. 1), uTo 3aTpaunBaemMasi BHEITHUMU HCTOUHUKAMU
9HEprus MPH CO3[AaHUH 3JIEKTPOMArHUTHBIX 110JIeil MUHIMAJIbHA, €CJIH TIPOIIECC CO3-
JIaHVsT ITHUX M0JIeN TIPOUCXOINUT Oe3 moTeph sHeprun. Takum 06pa3oM, U pacipeesie-
HII€ 9HEPTUH B AJIEKTPOMATHUTHBIX MOJISIX TIPOMCXO/IUT TaK, YTOObI oTpebisemMast OT
HCTOYHUKA 9HEPTUsT ObLIa MUHIMAIBHOIL.

Ecam npu pemennn 3a1a4y pacueTa 3JeKTPOMArHUTHBIX TOJIEH IPUXOAUTCS ONepU-
poOBaTh TAKUMM MOHATHAMH, KaK TOTEHINAT 1 OTIpe/iesiseMble UM ITPOM3BO/IHbIE Be-
JIMYMHBI, TO MOSKHO YTBEP/KIATh, UTO ATH (DYHKIHH JOJKHBI OBITH TAKMMH, YTOObI OTI-
peesisieMast MU 9HEPTUS TOJIsT ObIJIa MIHIUMAJIBHOM.

Wexong m3 aToro MpUHINTIA, KOHEYHO-PA3HOCTHBIE YPABHEHUS 3JEKTPOMATHUT-
HOTO TIOJIST MOTYT OBITH OIPe/IeIEHbl Yepe3 TaKuM 00pas3oM 1ogo0panubie HyHKIHH,
KOTOpbIe 00€CTIeYNBAIOT TPUHITUIT MUHUMYMa SHEPIHUHU, ONMPEAEIseMOil HEKOTOPBIM
dbynximonanom J.

[TocranoBka 3aaun pacueTa OTEHIMAIA, CBSI3aHHAs ¢ MMHUMU3aIeil (hyHKIINO-
Hasa J, HOCUT Ha3BaHUe BAPUAIIMOHHOI, TaK KaK IIOTEHI[UAJ Pa3bICKUBAIOT ITyTeM Ba-
puary (hyHKIIMOHANA ¥ HAXOXK/IEHUST TAKUX er0 3HAYeHHii, KOTOpble 00eceqnBaioT
MUHUMYM (DYHKIIMOHAJIA.

OnvH 13 myTeli OTBICKaHMS TTOTEHIINAIA BAPUAIIMOHHBIM METO/IOM CBSI3aH C TIpe/i-
CTaBJICHUEM €Tr0 B BU/I€ WHTEPIOJISIIMOHHOTO TIOJTMTHOMA
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N
) ’ = ) ) ’
U, 4, 2) = 2, a,0,(x,y,2)
n=1
rae a, — 1noaJjiexalnue orpeaeJaeHnIo KOB(b(bI/IHI/IeHTbI, ¢, — TaK Ha3blBa€MbI€ 63.31/IC-
HbIe CDYHK]_[I/H/I 3a/1aHHOT'O BU/1A.
yI-II/ITI)IBaH, YTO 9HEPIrUio 3JIEKTPHUYECKOIO I10JIA 3apA10B O6’b€MHOﬁ IIJIOTHOCTBIO P

MOKHO 3arucath B (hopme W, = O,SIS(grad U)*dV mubo B popme W, = O,SIpUdV,
\%4 v

sHepreTudecKuil PyHKIMOHAT MOXKHO IIPEACTABUTD KAK

JU) = js(grad U)*dv —2_[pUdV. *)
Vv \4

31ech TepBbIil MHTETPAJ BEIPAXKAET YABOEHHYIO, 2 BTOPOI — yYe€TBEPEHHYIO SHEPTIHIO
TOJIS.
B HekoTopbIX 3aauax 00beM V orpaHnyeH MoBEePXHOCTHIO S, Ha KOTOPOH 3a/iaH 1o~

ou
TEeHIUaN JUOO €ro MPOU3BOIHAS T 110 HOpMaJu K noBepxHocTu. IIpu 3azanHOM Ha
n

MTOBEPXHOCTHU S TOTEHITUAIe MUHUMU3UPYEMbBII 9HepreTuIecKuil (GyHKITMOHAT TMEET

Bua (*), ToTAa Kak TIpU 3aaHHON Ha Hell PyHKITHN P
n
2 ou
JWU) = Ia [grad U(x, y,2)|" dV —ZIpU(x, y,2)dV —§U(x,y,z)a—ds.
n
Vv Vv s

Koaddunments a,, Bxoasime B Beipaxkenue Ay nortennuana U(x, y, z), MOXKeM

HATH U3 YCAOBUI aa—‘] =0(n=1,2, .., N), TOPOKIAIOLIEr0 CHCTEMY areOParnyeCcKIx
an
YPaBHEHUIA.

IHEPruio MAaTHUTHOTO TOJIS B 00beMe V MOJKHO TIPEACTaBUTh KaK CyMMY 9HEPTHiA,
3aKJTIOYEHHBIX B €€ OT/IeTHbHBIX KOHEYHBIX JIeMeHTaX. JTO T03BOJIAET B TIPeIesiax aJre-
MEHTOB 3arucaTh OOJiee TIPOCThIE BHIPAKEHUS [IJIsI TIOTEHITHAJIOB.

Bu u cBoiicTBa BapHaIlMOHHOTO METO/[a OMPEIEISTIOTCS Oa3uCHBIMU (hYHKITUSI-
M @. Pactipocrpanenne mosryunsn 6asucHbie GYHKIH, KaKAas U3 KOTOPIX OTJIHYa-
€TCsI OT HYJIsI TOJIBKO B IIPEJIENIaX CBOEH 10100/1aCTH, HA3bIBAEMOW KOHEYHBIM 2JIEMEH-
TOM.

[IpocTeiiniMu reoMeTpUIECKIMHU 9JIEMEHTAMH HA TIJIOCKOCTU MOTYT ObITh 3a110JI-
HAIOINE ee TPeYTOJIbHUKH, a B IIPOCTPAHCTBE — TeTPasipbl. Bo3aMoskHO UCIIOIb30Ba-
HHUE 1 NPYTUX IJIOCKUX 1 O6"b€MHbIX IJIEMEHTOB.

Xapakrtep HHTEPHOJISIIUOHHOTO MOJIMHOMA OIPeesisieT 0COOEHHOCTH paciipeieie-
HUA ITOTEHIMAJIa BHYTPU 9JIEMEHTA, O/lHAKO KOJIMYECTBO Y3JIOB 9JIEMEHTA (FGOMCTPI/I-
yeckas (popma asieMeHTa) 33/[aeT KOJNYEeCTBO YJIEHOB 9TOTO MOJMHOMA HE3aBUCUMO
OT ero cTemneHu. J[pyrumMu caoBaMu, KOJTUIECTBO UCKOMBIX KOI(D(PUIIMEHTOB WHTEP-
IIOJIAITMOHHOI'O IIOJIMHOMA JOJIZKHO 6bITb PpaBHBIM 4YUCJIY TIpUHAAJAEKAIINUX IJIEMEHTY
Y3JIOB.

Yucuio y3710B TPEYTobHOrO dJieMeHTa [IPU JIMHEHOW HHTEPIIOJISAIMY IIoTeHIaIa
U(x, y) = ay + oy x + 0y TOIKHO OBITH PAaBHBIM TPEM, TaK KakK MOJUHOM COJEPKHUT
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Tpu koadummenta. Koaddbunmentsr o, oy, 0y ceayeT BEIPA3UTD Yepe3 TOTEeHINA-
JIbI Y3JI0B (B IAaHHOM CJIy4dae BEPIITIH) 2JIeMEHTa, CBSI3aB TEM CAMBIM BEJTUYUHBI d, do,
as Beipakenud U(x, y) = Z%‘Pn ¢ K09 bUTHEHTAMU O, OLf, Olo.

n

Pemas cucremy ypaBHeHUN

<
|

=0, +0,X; +a,Y;

=
|

=0 +0,X; +0,Y;
U,=0a,+a,x, +a,y,
(311€Ch X, Yiy Xjy Yjy Xpy Y — KOOPAMHATHI BEPIINH 1, j, k 9/1eMeHTa) OTHOCHTEIbHO BeJIn-
YUH Oy, 0Ly, Oly, TTOJTYIAEM:
a,=Ub+U;b; +U,b,
a, =U.c, +chj +U,c,
a,=U,d,+U,d; +U,d,,

e KoahduiuenTsl b, ¢, d onpenensoTest Yepes3 KOOPAMHATHI BEPIIHH TPEYTOJIbHUKA.

Conocrasnenne Boipaskennii U(x, y) = og + oyx + apy = U;b; + Ui, + Upby, +
+(Uici + Uiei + Upep) x + (Ui di + Updi + Up dy ) y n U, y) = a; 9 (X, y)+ a; 0 (x, y) +
+a; ¢, (x, y) nokasbiBaet, uto @; = U, a; = U, a;, = Uy m ¢;(x, y) = b; +c;x + dyy,
0 (x, y) = b + cix + diy, ¢r(x, y) = by + crx + dyy.

Kak BuaHo, 6asuchast hbyHKiust ¢; (x, y) paBHa 1 B BepIIMHE i 3JIeMeHTa U, SIBJISISICh
JIMHENHON (DYHKIMEl KOOpAUHAT X, i, oOpaiiaeTcst B HyJib B BEPIIMHAX j, k. AHaso0-
THYHBIM CBOMCTBOM XapaKTepusyloTcs u GasucHblie GyHKINM @; (X, ), @ (X, ¥).

B obmiem ciryyae, Korja aJieMeHT UMeeT p Y3JI0B, BBEJICHUE MaTPHUIL

” a = H Ao, Oy, '-'apH’
IO =11U1, Uy, Uyl

Ix =111, %4 2 2% ¥ .. |,
ol =1lo1 P2 .0l

M03BOJIsSIET 3anucarh BoipakeHue U(x, y) = X o U 1IOCJe PellleHus] ypaBHeHU s
U=Xa,rzne

I

2
Lax,y,z,x0,...

2
Lxy, Yy, 2y, %5, .

2
Lx,,y,,2,,%,,...
MaTpPHIA Pa3MepPHOCTBIO pxp, HaiiTH Beamunny o = X ' U U BBIPa3uTh MOTEHIIHAN
U(x, y) uepes GasucHbie HYHKITH:

Ukx,y) =xX'U=9¢ U.

PaCCMOTpI/IM (1)OpMI/IpOBaHI/I€ CHCTEMDbI ypaBHeHI/Iﬁ METO/Zla KOHEUYHbIX 9JIEMEHTOB
IIpM pacyeTe IJIOCKOIIapa/IeJIbHOTO 9JIEKTPOCTATUYECKOTO TI0JIA.
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Jlst nosydenust anrebpanyeckux ypaBHenuil ynkimonan J(U)= I e(gradU)*ds —

S
-2 I pUds ciemyeT mpeacTaBuTh yepe3 CyMMBI (DYHKITMOHAOB J, aeMeHTOB. Otpese-

S

M
m aJe :O,n: 1,2,...,N,
e=1 aUn
rie M — gucsio aiemeHToB 06aacTi, N — 410 y3/10B BHYTPH 00-
" [ J1acTH s.
[Tyctb y3ea ¢ HOMEPOM i SBJSIETCST OOIIMM JIJISI HECKOJBKIX
j e TPEYTOJIBHBIX 3JIeMeHTOB (puc. 24.37).
Puc. 24.37 [TpousBoaHas 6Ue dYHKI[MOHAIA dJIeMEHTa C Y3JIaMu i, j, R
oJ, 0 oU
¢ =2|e(gradU)——(gradU)ds, -2 | p—ds
o = 2[e(grad ) (grad Uy ds, —2[p——

i Se i Se i

YuureiBas, uTo

8
grad U=i(aq)l v, +2% U, +2% Uk] j(a(pz v, +2%y, Oy, J

ox ox ox oy oy oy
U, oEmdl) 00 00
oU, oU, ox oy

1 BBOJA 0603HaYCHAS

a?:QJ'g 09; 09; _ 9¢; 09; ds
ox ox oy oy )

a?:ZJ.s a(pi%+a%% ds
P lox oy oy oy ¢

a;, =2J.8 op: a&+a(pi o0 ds,,
J\odx ox oy oy
f= _2JP(P1‘ ds,,
noJydaem
0J,
oU,;

BXOZ[HH_[I/IC B 9TO COOTHOIIEHNE KOS(l)(l)I/H_[I/IeHTbI HpI/I IIoTeHInagaax BepH_II/IH 2JIEMEH-
TOB, KaK M BeJIManiy [, 0OBIYHO PACCUMTHIBAIOT aHanTudecku. [lyist paccmarpuBae-
MOTO CJIy‘{aH, KOorza 3JIeMCHT COI[Gp)KI/IT TOJIBKO TpI/I y3JIa, HpOI/IBBOIIHbIe BU/1a
o9, 00,

l l

’

ox Oy
YUCJISIOTCS 0COOEHHO IIPOCTO.

=aU, +a;U; +a,U, + [

IIPpUHUMAIOT IMOCTOAHHbBIE 3HA4YCHUA, 1 COOTBETCTBYIONINE MHTETPAJIbI BbI-
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PaccunrbiBast IpOM3BO/IHbIE (DYHKIIMOHATIOB BCEX BJIEMEHTOB 00JIACTH TI0 MOTEHIINA-
JIy y3J1a i U CYMMUPYS COOTBETCTBYIONINE KO DUIIMEHTHI, HaxoanM (cM. puc. 24.37)

:Za;’k’ zazy’klk _Zazi\ﬂ il _Zall’ im Zalm’Fl Zf

Takum o6pa30M i-s1 CTpOKa ManI/H_[bI K cucrembr aﬂre6pauqec1<1/1x ypaBHEHU
KU = F nonyyaemas pu BBIYUCJIEHUN TTPOU3BOAHON (DYHKIIMOHATA TIO MOTEHINA-
ny U; yania i, B JaHHOM MPUMeEPE, KOT/Ia Y3eJl i IBJISIeTCST OOIIMM JINIIb JIJIS 5 9JIeMeH-
108, cyTh 0,0, ...0, Ry, Ry, Rig, Rify Ry Riy 0, ..., 0, 0, ecoit ysimt 4, j, k, [, m, n mymepoBaHbI
ONIVH 32 APYTUM.

[Too6HO pacCMOTPEHHOMY MOYKEM PacCYuTaTh KOI(MDMUIIMEHTHI JAPYTUX CTPOK
marpuiel K. Ona nmeert, kak mpasuio, e 6osee 10 % wHenyeBbix KoahdOUIINEHTOB,

e

oJ,
TaK KaK IPOU3BO/IHbIE
oU,

i

(byHKHI/IOHaJIOB JJIEMEHTOB, KOTOPbIE HE BKJIIOYalOT B cebs

y3eu i, obpaiaTcst B HyJib. B ¢Bsiau ¢ TeM, uto marpuita K sijsiercst peikosarosHeH-
HOMH, /IJIs PeleHnsl YpaBHEHUN MeTOa KOHEUHBIX 3JIEMEHTOB MPUMEHSIOT CTIelnab-
HbIe 9KOHOMUYHbIE METO/IbI, YYUTHIBAIOIINE 9TO CBOWCTBO CUCTEMBI YPAaBHEHUI.

Pemn ypasuenne KU = E mMoskeM paccanTars HanpsxKeHHOCTD TIOJIS BHYTPH 3J1€-
MEHTOB, a Take apyrue muddepeHInaabable 1 NHTETPATbHBIE XapaKTePUCTUKA.

MeTos KOHETHBIX 2JIEMEHTOB TIPUMEHSIOT MIPU YUCJIEHHBIX pacueTax Mmojeil B He-
OTHOPOJHBIX, AHU30TPOTTHBIX U HEJWHEHHBIX cpe/ax, KOT/Ia TMoJydeHre aHaTuTude-
CKUX PeNIeHnuil 3aTPyIHUTETHHO.



[(naBa ABaguaTb NATas

PacueT 3/1eKTpUYecKon eMKOCTH

25.1. EMKOCTb MeXAy KpYr/ibiMU LWIMHAPaMMU.
EMKOCTb ABYXNPOBOAHOM IMHUM NepeAavn

EmkocTb Mexxay AByMS YeAMHEHHBIMU MTPOBOASAIINME T€JIaMU PaBHA OTHOIIEHUTO 3a-
psilia ¢ = g OJTHOTO U3 TeJl K pa3HoCTH uX norenimanos Uy — U,; mpudeM 1penosiara-
€TCsT, UTO 3aPSI/IbI TeJl PABHBI 110 A0COMOTHOMY 3HAYEHUIO U TPOTUBOTIOIOKHBI 110 3Ha-
KY, T. €. gy = —q1 = —q. Bbluncienue eMKOCTH MEXK/y JBYMS TeJlaMU CBOJUTCS K
BBIYKCJIEHUIO PA3HOCTU UX TIOTEHIIUAJIOB B ATUX YCJIOBUAX. B KauecTBe BasKHOTO MpH-
Mepa HaiijieM BbIPa)KEHUe JIJIs EMKOCTH MEXKY JABYMS 1apajijieIbHBIMU KPYTJIBIMU
MPOBOASIIMMY TTHINHAPaMu. [[uauHaps! Oy/eM mpernoiaraTh 6eCKOHEYHO JITMHHBI-
MU, EMKOCTb Oy/IeM OIPEAENISITh MEKIY UX orpeskamu JHoii [ B §§ 24.12 u 24.13
OBLIO MCCJIEI0BAHO M0JIE TAKUX IIHIUH/IPOB.

[ToTentuan B HEKOTOPOU TOYKe, yIAJEHHON Ha PACCTOTHUA ¥y U 5 OT 3JeKTpude-
CKUX ocell anHApoB (cM. puc. 24.12 u 24.15), onpenensiercst hopmyJioit

T T T
U=—In2+C, =—
ne 7 2me

Ink+C,.

Hac mnTepecyer pasHoOCTb MOTEHIIMAJIOB CaMUX IUJAWHAPOB. g ompenesenns
MOTEHIIUAIOB IIIJIMHPOB BRIGEPEM Ha WX MOBEPXHOCTSIX TOUKHU, HAITPUMEpP Hanboiee
6J3KHe APYT K APYTY TOUKU Ay 1 Ay (em. puc. 24.14 u 24.15). Ilyctob ky — 3HaveHme
OTHOIIEHUS 7/7; 1T TOYKU A; I COOTBETCTBEHHO ky — 3HAYEHUE HTOTO OTHONIEHUS
IUIT TOUKU A,. ViMeem

U1—U2=L1nli’.
2ne  k,
Tak kak g = 1/, T0
c-_ 4 _2nsl'
v -0, lnﬁ
k,

OTHOTIEHUE 75/7; 1715t JTFOOOH TOYKH MOJISI MOKET OBITH BBIPDAKEHO Yepe3 pajmnyc R
OKPY>KHOCTH PAaBHOTO TIOTEHIMAJA, TPOXO/AIIE Yepe3 aTy TOuKy (cM. puc. 24.12),
1 uepes pacctosinue i = | x, | OT eHTpa 9Toii OKPYKHOCTH JI0 IJIOCKOCTH TI0CTOSIHHOTO

noreniuania (Ha puc. 24.12 — 10 IWIOCKOCTH HyJIEBOTO IOTeHIMaa). Bocnonib3oBas-
1+ k2 2k
buR-=

[1-#?] _\1—1@2\

mmch popmyaamu b = b, npuBeneHtbiMu B § 24.12, nmosryyaem

2

,OTKy,Z[ak22Zk+1=OI/I

2
P, L
R R?

L
R
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3Hak 1rioc cirexyet O6path pu k > 1, 9TO COOTBETCTBYET CIYYAIO 75 > 7y, T. €. pac-
MOJIOKEHUIO OKPYKHOCTH PAaBHOTO MOTEHINaIa cIeBa oT mrockoctu U = const (cM.
puc. 24.15). 3uak Munyc caeayer 6patb npu £ < 1, 4TO COOTBETCTBYET PACIIOJIOKE-
HIIO OKPY’KHOCTH PaBHOTO TIOTEHIIMAA CIIpaBa oT mrockoct U = const.
PaccmotpuM yacTHbBIE cydan.

1. EMKOCTb KPYyIJIOTO IWIHHAPA OTHOCHUTEJIHHO ILUIOCKOCTH ki>1
(puc. 25.1).

JIIst TIJIOCKOCTH MTOCTOSTHHOTO TIOTeHIHaIa ky = 7,/1 = 1,
TaK KaK 9Ta TJIOCKOCTh PAcIoJioXKeHa ITOocepeluHe MEKIY
aJieKTprudeckuMu ocsaMu (cM. puc. 24.12). CirenoBaTebHoO,

C= 27[81 ) 7,

/\'2:1
Puc. 25.1

3mech b — paccTostHue OT OCH IMJIWHIPA 10 TIOCKOCTH U R — paauyc muausapa. o-
JIy4eHHOH (HOPMYJION MOKHO IOJIb30BATHCS /IS BBIYUCAEHUST €MKOCTH OTHOCHUTE b=
HO 3eMJIM TIPOBO/IA, MOJBENIEHHOTO Ha BBICOTE A MapasiieIbHO TOBEPXHOCTH 3EMJIH.
Tak kak 0ObIYHO & >> R, TO TIPUOJIKEHHO

2mel
2h°

In=—

C=~

2. EMKOCTb M€Ky HECOOCHBIMHU, HE OXBATBHIBAIOIIUMHU JPYT k>
JIpyra KpyriabiMu muauaapamu (puc. 25.2).

Nmeem kg > 1 u ky < 1, u, ciaenoBaresibHO, Iepes 3HAKOM
KBaJ[paTHOTO KOPHs B (hopmy.Jie ist By Ha/l0 B3sITh 3HAK TLIIOC,
a st ky — 3Hak MuHyc. TakuM 06pasoM,

R

-

1

const

U=

2mel hy hy

Puc. 25.2

YaurtbiBast, 4To [Jist IIOOOTO YHCIA X CYIIECTBYET TOKAECTBO

! =x+vx? -1,

R e |
MOJKEM TIepenucaTh (hOPMYITy Ui EMKOCTH MEXKIY ITUIHHIPAMU B BUJIE

Co 2nel

In ﬂ+
1
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Besmuwnnt Ay u hy ONPENENSIOTCS 4e€pe3 PacCTOSTHUE MEKIY TeOMETPHYECKUMU
OCSIMU ITUJIUHIPOB U Yepe3 UX paanmychl Ry u Ry mo dhopmymam:
D* +R! - R;
2D

D* +R; - R}
2D

()

h1= =

’

BBIBEJIEHHBIM B § 24.13.
Jlist ABYX IUJIMHAPOB OJMHAKOBBIX PalycoB uMeeM Ry = Ry= Ru hy = hy,=D/2.
Mopmyia ISt eMKOCTU TIPU 9TOM ITPUHUMAET BU/L

C- nel
D D*?
In| =+ -
2R\ 4R?

3. EMKoCTh Me:KIy TOHKMMH NPoBoAaMu. EMKOCTh IBYXIIPOBO/IHOIM JIMHIY TIepe/ia-
4m.
Eciu Ry < D u Ry < D, T0, corsacto dopmyiam st by u hy, numeem

h1z£; hZzB; £z£>> u hiz£>>1
2 2 R, 2R R, 2R,
IMToaTomy hopMmy.ia 171 EMKOCTH MOKET OBITh MTPECTaBIeHa B TIPUOIIKEHHO (hopMe:
2nel nel
Cx~ = I
ln 22 lni
R, R, RR,

Eciu pasmycel mpoBOIOB OMHAKOBBL: Ry = Ry = R, Kak 9TO 00BIYHO UMEET MECTO
NI ABYXIIPOBOMHON JIMHUU TIEPelaun, TO MOTydaeM

C nel
an

4. EMKOCTb MKy HECOOCHBIMH, OXBATHIBAIOIIMMH PYT
JIpyra KpyriasiMu muaHApamMu (puc. 25.3).
B stom ciayuae umeem by > 1u ky > 1 u, ciegosarennho,

2nel

[Tpu atom hy u hy onpeensioTest TeMu ke (HOpMyJIaMu, 4TO

Puc. 25.3
1B I 2.

5. EMKOCTh MEK/Ty COOCHBIMH KPYTJIbIMU IiIHHAPaMu. [locientsisa hopmyna nepe-
XOZUT B (DOPMYJIy /IS €MKOCTH MEX/Y COOCHBIMM IWJIWHJAPAMU B Ipejieie Mpu

h1/R1 —>oou h2/R2 —> 0.
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JleficTBUTENIBHO, [JIs1 COOCHBIX TIMIUHAPOB D = 0 11, COTIACHO BBIPAKEHUSAM ISt /1y
u hy, iveeM hy = oo 1 hy = oo; ipuueM Ay /hy, = 1. YaursiBas a1o, U3 mocseanei hopmy-
JIBI TIOJTyYaeM

C- 27;,[ .
In—2
R,

25.2. NoteHuManbHbie K03 hULMEeHTbl, KO3PPULHNEHTDI
3/1eKTPOCTaTUYECKON MHAYKLMMN N HaCTUYHbIE EMKOCTH
B CUCTeMe Ten

B cucreme HeCKOTBKUX 3apPSIKEHHBIX TeJ MOTEHIIUA KaK/IOTO TeJia OTPEeIeIsIeTCs He
TOJIBKO 3aPSI/IOM JIAHHOTO TeJIa, HO TaKKe U 3apsi/laMU BCeX OCTaJbHbIX TeJi. [Ipu aTom,
€CIU € He 3aBUCUT OT HAPSIKEHHOCTU TOJSA, TO TOTEHIWAJ SBJSETCS JUHEeHHON
hyHKIEN 3apsiIoB. ITO TOJI0KEHKEe ObIIO UCTTOIb30BaHO (CM. 4. 1) 1pu BBIBOJIE BbI-
paskeHus JIJId 9HEPTUM 3aPSKEHHBIX Tesl. PaccMOTpUM 3TO TOJIOJKEHNWE 1 BBITEKAIO-
IIye U3 Hero COOTHOIIEHMs Goee moAPOOHO.

Ecam BHecTn He3aps:keHHOE TIPOBO/IATIEE Teo Ay B TTOJIe IPyToro Tesa Ay, mvmero-
IETo 3apsA/l ¢y, TO Telo A, mprobdperaeT HeKOTOPbIi moreHiman U, OTIMYHbI OT
uyJist. Ecoim BHOCHMOE Teto A, MeeT HUYTOKHO MaJible pa3Mepsl (puc. 25.4), To MOXK-
HO TIpeHeOpeYb CKAKEHUEM TI0JIsT, BOSHUKAIOIUM OT TIOSIBJIEHHsI HA BHOCUMOM TeJie
WH/YIIMPOBAHHBIX 3apsiioB. IIpu atoMm Teso A, npuobperaer MOTEHIIUAN, KOTOPBIT
ObLJI B TOYKE €r0 PaCHOJIOKEHNUs /10 ero BHeceHust. [Ipu 3HaunTeIbHBIX pa3Mepax BHO-
cuMoro Tesa (puc. 25.5) 1osie uckaxkaetcst, u morenimar Ul OyaeT onpenessiThest Kak
3apsioM ¢y Tena Ay, Tak W 3apsilaMu, MHYITUPOBAHHBIME Ha Tesie A,. CienoBaresib-
Ho, U, 3aBUCUT OT (hOPMBI TOBEPXHOCTEI 0O0UX TeJ U OT B3AUMHOTO MX PACIIOIOKe-
Hus. Eciiu quasiekTpuyeckasi IPOHUIIAEMOCTb CPEJIbl HE 3ABUCUT OT HAIPS)KEHHOCTH
noJist, To oTeHnuan Ul n3MeHseTcsl MPONOPIIMOHANBHO 3apsny ¢, TaK KaK B 9TOM
cJy4ae Ipu U3MEHEHUU 3apsijia ¢ paciipejiesieHue 3apsiJioB Ha TIOBEPXHOCTH TEJI U CO-
OTBETCTBEHHO KapTUHA TI0JId He U3MeHaoTcs. VITak, MOXKHO HammcaTh:

! —
Uy =a 4.

Puc. 25.4
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Css3b Mexxy norennuanoM U| tena A, 1 ero 3apsiioM MOXKHO BbIPA3UTDh B aHAJIO-
THYHOH (hopme:

r_
Ul =0 q,-

CrenyeT OIYepKHYTh, YTO KO GUITUEHT oy He paBeH Bernunne 1/Cy, rae Cy —
eMKOCTD TeJsia Ay, OTIpe/iesisieMast B PE/IIOI0KEeHNH, YTO BCe JAPYTHE Tesla OT Hero Oec-
KOHEUYHO y/1ajieHbl. Takoe paBeHCTBO MPUOJIMIKEHHO MMEET MECTO TOJILKO B TOM CJTyYae,
KOr/[a BHOCUMOE TeJio Ay BecbMa MaJsio (cM. puc. 25.4). B ob6iiem ciydae (cm. puc. 25.5)
norennuan Uy onpesessieTcsi Kak 3apsiioM ¢, PaclpejieJIEeHHbIM Ha TIOBEPXHOCTH
Tesa Ay, Tak ¥ 3apsiaMu, MHAYIIMPOBAaHHBIMK Ha TeJsie Ay, Takum oOpazoM, Koahdu-
IUEHT OLyy, TAK K€ KaK ¥ KOI(MDUIMEHT Olyq, 3aBUCUT OT (hOPMbI 0O00OUX TET U OT UX
B3aWMHOTO PACIIOIOKEHUS.

[Ipeanomnoxum Temeps, 4To TETO A UMeeT cymMMap-
HBIM 3aps/, paBHBIN HYJIO, B TO BPeMd Kak 3apsl ¢
Tesma A, otamder ot myast (puc. 25.6). Ilpu aTom Tema
NpUOOPETAIOT TTOTEHIIHAJIBI, 3HAYEHUST KOTOPHIX MPO-

= HOPIUOHATIBHBI 32aPALY (o
-’@
n "
Ul=a,,q, 1 Uj=0,q,.
Ecin 3apsizibl 060uX TeJT OTJIUYHBL OT HYJIsI, TO TIO-
TEHI[UAJIbI TeJI MOTYT ObITh HalIeHbl Ha OCHOBE TIPUH-
Puc. 25.6 nuna Hanoxkenus. Mmeem

Uy =Uj+U{ =0 ,q +01,q,;
Uy =U{+Uj =0 5q +0 5 q,.

B o61iiem cirydae, Kora nMeeTcst 7 3apsKeHHBIX Tel: Ay, Ay, ..., A, TTOJy4aem cuc-
TeMy YPaBHEHUII:

Uy=0q +0,q, +...ta,q, +...+04,4,;
Uy =0 5q +00 9y +... 40y q +... 40y, q,;

Up=04q +049Gy +.. .t 0 G, +.. 40,4,

U, =0, +0,,q, +...+0 .G, +...+0 ,,q,.

n

KoadbpumenTsr o HOCAT Ha3BaHWe MOTEHIMAJbHBIX KO3 D DUIIUEeHTOB.
Onu 3aBuCAT 0T (DOPMBI U Pa3MepPOB IMMOBEPXHOCTEN TeJ, OT B3AUMHOTO PACIIOJIOXKe-
HUS TeJ U OT AUAJIEKTPUUYECKON MpoHutiaeMoctu cpebl. Koaddurnmenrtsr oy, ¢ oau-
HAKOBBIMU WHJIEKCAMK Ha3bIBAIOTCSI COOCTBEHHBIMU MOTEHIIMAJbHBI MU
kKodpdunuentamu, a KOAPOUITUEHTHI O, C PAZTUIHBIMU UHJIEKCAMU — B3 a -
UMHBMU MNOTEHINUAJAbHBMU KOdbbUIIUEeHTaMH. ITU YPABHEHUS CIIy-
JKAT JIJIS1 BBIYMCJIEHUS TOTEHIIUAJIOB TEJI 110 33JIaHHBIM UX 3apsijiaM.
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Hepeznko BosHmKaer oOparHasi 3ajada: M3BECTHBI ITOTEHIMAIBI TeJ, TPeOyeTcst
HalTH WX 3apgabl. Peras mpuBeZicHHBIE BBIIE YPaBHEHWS OTHOCHUTETHHO 3apPSIOB,
TTOJTYINM

G =Bl +BpU, +... +B U, +... +BLU
Gy =BoyUy +BpU, +... +B, U, +... +B,,U,;

G =BulU; +BpUy +.. +BuU, +.. +BLU

gy =Bl +B U, + o 4B UL+ 48U,

Koaddutnments § nazpBaiorcss KosphunmentamMum a1eKTpocTaTuyde -
CKOW MHAYKIUU —CcOOCTBEHHBI MU IIPU OANHAKOBBIX HHAEKCAX U B3 a1 M -
HBIMU TIpU pa3Hbix uHgekcax. OHM UMEIOT Pa3MEPHOCTh EMKOCTH.

Cob6ceTBeHHBI KOa(DMUIMEHT 2JEKTPOCTATHYECKOW WHAYKIUU P, MOXKET OBITH
HaWJIeH, eCJIU TPUHSTD, YTO TIOTEHIIUAIIBI BCEX TeJ, KpoMe Tesa Ay, paBHBI HyJ10. [Ipn
TOM TOJYUUM G = PBiprUp.

Ha mpakTuke paBHBIM HYJIIO TPUHUMAIOT T10-
TeHIMaN roBepxHocTu 3emuin. CiieloBaTeIbHO,
JUIST TOTO YTOOBI TEJIO TPUHSJIO TIOTEHIMA, PaB-
HBII HYJITO, €r0, KaK MPUHSITO BBIPAKATHCS, HEOO-
XOJIIMO «323EMJIUTh», T. €. COEIMHUTD [TPOBOIHM-
KoM ¢ 3emJuieid. [l omnpepeneHusT OIBITHBIM
myTeM KoadduimenTa By, ClemayeT, 3a3eMINB BCe
Tesa, kpome Tena A, (puc. 25.7), coobmuTh Mo-
ciegHeMy noreniuan Uy, XoTs Obl IPUCOEITHIB
3TO TEJIO K TIOJIOCY AIEKTPUYECKOil batapen, IPYToii MoJroc KOTopoii 3a3emiieH. 13-
MEPHUB BOJIBTMETPOM HampsikeHue U, MeKIy T€JIOM U 3eMJIEH, OTKJIIOYIM BOJIBTMETP
u Garapero U paspsiiuM Tesio Ay Ha 3eMutio yepes Ga/uIMCTHYeCKui TasbBanoMeTp Gy,
ITo oTOpocy rasibBaHOMETPA OTIPEIETUM 3aPSI]L ¢, TENA, & CJIE0BATETHHO, CMOKEM BbI-
YUCJUTHh U NCKOMBIH KoadduimenT Py, Bece coepnamnTebHbIE U 3a3€MIISIONTNE TTPO-
BOJIHUKH B 3TOM OIIBITE JOJIKHBI OBITH BECbMAa TOHKUMM, YTOOBI IIPUCYTCTBHUE UX TIO
BO3MOKHOCTU MaJI0 MCKaxkayo 1oJie. KoadduineHTsl ¢ 0[MHAKOBBIMU MH/IEKCAMMU
BCe TIOJIOKUTENBHBL: By, > 0, TaK KaK B ONMMCAHHOM OITIBITE ITOTEHIINAJ U 3apsij| Tesa Ay,
UMEIOT O/[NHAKOBbBIE 3HAKU.

Ecau B TOM K€ ombiTe U3MEPUTH TIPU TTOMOIIU JIPYTOTO rajbBaHoMeTpa G, 3apsij
,, KOTOPBIiT OBLT CBsI3aH Ha MOBEPXHOCTH TeJia A, ¥ OCBOOOMIICS TIPU pas3psijie Tesa
Ap, TO TIOJYYUM BO3MOKHOCTD OTIPENICTTUTh M B3aMMHBIN KO3 GbUITNEHT 2JIeKTPOCTa-
TUYECKOU MHAYKIIUA [3,;, U3 COOTHOIIEHU G, = [3,,Up.

OueBunno, K03 bUIMEHT [, TAK K€ KaK U BCe B3auMHBIE KOI(hDDUITNEHTHI dJIeK-
TPOCTATUYECKON HWHAYKI[MU, OTPUIIATEJeH. IDTO HEMOCPEACTBEHHO SIBCTBYET U3
puc. 25.7: pu U, > 0 quHWM TOAS HAYMHATOTCS Ha Telae A, W 3aKaHImBaioTcsT Ha
Tene A, u, cieoparenbho, ¢, < 0. Takum obpasom, Boobe B, < 0 mpu k = p.
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Hepenxo monb3yioTest ypaBHEHUSAMA B HECKOTBKO MHOH (hopMe, a UMEHHO: BBIPa-
JKAIOT 3aps/T KKIOTO TeJa He 4Yepe3 MOTEeHITNAIBI TeJl, a Yepe3 Pa3HOCTH OTEHITNAIOB
JAHHOTO TeJia U APYTUX TeJI, B TOM Yncye U 3eMau. Vimeem

g =C,U -0)+C,U, -U,)+...+C,(U, -U) +... +C,, (U, -U,);
q, =CuU, -U)+C,(U, -U,)+...+Cu U, -0)+...+C,, U, -U,);

qn :Cnl(Un _U1)+Cn2(Un _U2)+"' +an(Un _Uk)+"' +Crm(Un _0)

Koaddunmentsr C B 3TUX ypaBHEHUSIX HA3bIBAIOTCS YaCTUUYHBIMU €MKO -
CTSAIMHU — CcOOCTBEHHBI MU TPU OJMHAKOBBIX MHAEKCAX U B3aUMHBI MU TIPU
pasimuHbIX WHAeKcax. Jlis onpesenennst coOCTBEHHO YyacTUUHON eMKocTi Cyy clie-
NyeT IPUHATH MOTEHIIUAIbI BeeX Tes paBHbiMU Uy, Torna g, = CyU,,.

3eMJIU U 3aTeM, OTKITIounB nctouHuk I/ C, pasps-

IUTHh crcteMy Ha 3emimio (puc. 25.8). IIpu atom
Heit 6yzer mosoxkurene. [Ipu atom xe yeaosun Uy = Uy = ... = U= ... = U, u3 ypas-
HEHUH, coziepKaIux KoaUIMEHTDI 3JIeKTPOCTATUYECKON WHYKIIUN, UMEeM

@ Il usmepenns emxoctu Cy, HEOOXOAMMO CO-
@‘f@ (e
N N ™M rampBanomerp momxen ObITH BKIIOYEH TaK, YTOOBI
G =Bre +Bra +oo FBu - BRIV,

eIMHUTDh MEXKIy COOOW Bce Tesa, 3apsaanuTh BCIO
9Ty cucreMy a0 noteHnmana U, OTHOCUTEIbHO
=
Puc. 25.8 ObLJI U3MEPEH TOJIBKO 3apsijl ¢ Teaa Ay,
slcHo, uTo Cyy, > 0, Tak Kak Mpu MOJOKUTETBHOM MMOTEHITHAIe CUCTEeMbI 1 3apsi/] Ha
CiemoBaTeabHO,

Coo =Bu B+ B+ + B

Bsanmnas yactuuHas eMKoCTb C,y;, OIPEesISieTcsl U3 TOTO JKe OIBITa, YTO U KO-
dunuenrt B, deiictsurensruo, ipu Uy =Us= ... =U,_1=Upy= ... =U,=0u U,=0us
ypaBHEHUH, copepsKaliX YaCcTUYHbIe eMKOCTH, umeeM ¢, = — C,.U,. CiieoBaTeibHo,
C,; = — B Takum obpaszom, Boobiie ipu B # p

Ckp =— ka " Ckp > 0.

[IpeumytiiecTBO ypaBHEHUI, COMEPKANINX YACTUIHBIE EMKOCTH, TI0 CPAaBHEHUIO C
YPaBHEHUSAMH, COAEPKAMUMHU KOI(PPUIINMEHTHI 3JIEKTPOCTATUIECKON WHIYKITNH, CO-
CTOWUT B TOM, YTO B HUX BCe KOI(HUITHEHTHI TTOJTOKUTETbHBI.

OTmeTHM, 4YTO MMEET MECTO PABEHCTBO O, = Oy, CHPABELIMBOCTH KOTOPOTO JIETKO
7I0Ka3aTh U3 yCJIOBUS HE3aBUCUMOCTH 3HEPTUN CUCTEMBI 3aPSKEHHBIX TEJ OT IocJie-
JI0BATEJIbHOCTH, B KOTOPOW YCTAHABJIWBAIOTCS 3apSA/Ibl CUCTEMbI, AHAJIOTUYHO TOMY,
Kak OBLIO 70Ka3aHo paBeHcTBO My, = My, (cm. 4. I). Ilonb3ysach onpespennrensamu,
JIETKO TI0Ka3aTh TaKkKe, 4To By, = B,z U us ycnosua Gy, = — By, cnenyet, uto Cy, = Cyp.
DTO COOTHOIIIEHNE BbIPAXKAaeT TPUHITUIT B3AUMHOCTH JIJISI CHCTEMBI 3aPSI)KEHHBIX TeJI.
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25.3. NMoTteHunanbHblie KO3 (PULMEHTbI B CUCTEME
napasnnenbHbiX BeCbMa J/IMHHbIX NPOBOAOB

B Bune npumepa, BechbmMa BasKHOTO JIJIs1 TPAKTUKH, PACCMOT-
PUM CHCTEMY IPOBOJIOB, MPOTSHYTHIX MAPAJJIETHHO JIPYT
JIPYTY HAJT TOBEPXHOCTRIO 3eMu (puc. 25.9). /lnny mpoBo-
JIOB OyJIeM TIPeIoaraTh CTOJb GOJIBIION, 4TO TOJI€ MOKHO
CYUTATH IJIOCKONapaieabHbIM. OOBIYHO THaMETPBI TPOBO-
JI0OB BeCbMa MaJbl 10 CPAaBHEHUIO C PACCTOSTHUEM MEKIY UX
OCAMHU M C BBICOTOHN WX To/iBeca. B TakoMm ciydae mporie
BCETO OTIPEAIENATOTCS TOTEHINAIbHBIE KOI(POUITHEHTHI O.
[lnsa onpenenenns kKoapHUTMEHTOB OLy1, Olaq, 031, ..., Oy J1O-
CTATOYHO MPUHATh ¢ #0 U gy =q3=...= q,=0. IIpu aTom 1t
OJIVH TIPOBOJI HE JOJIKEH OBITh 3a3eMJICH. YPaBHEHMsI TIPH-
obpeTtaioT BHJ

Puc. 25.9

U =auq; Uy=ay,q;...; Uy =a,q;...

[Toste 3apsI’KEHHOTO MEPBOTO POBO/IA OYET TAKIM K€, KaK ¥ TIPH OIHOM IIPOBOJIE,
MPOTAHYTOM HaJl TIOBEPXHOCTHIO 3eMJN (CM. puc. 24.27), Tak Kak MCKaKeHUEM TOJIg
BCJIE/ICTBUE CYIIECTBOBAHUS JAPYTUX TPOBOJOB MOXKHO MpeHeOpedb BBULY MaJOCTH
ux ceyenuit. [Tpu TakoM ycioBuu K0a(hHUIMEHT oy SABJISIETCS BEJIMYUHON, 0OpaTHON
€MKOCTH IIPOBOJIa 110 OTHOILIEHWIO K 3eMJIe, BbIPAKeHUE [IJIs1 KOTOPOil IIOJYyYeHO B
§ 25.1 B peAIONIOKEHNN OTCYTCTBUS OCTATIBHBIX TTPOBOJIOB. Clies10BaTesIbHO,

1 2h,
oy =—-7 In=—=t
2nel R,
u BooOIIIE
oy = i ln%
2nel R,

Koadpdunment o,y HETPYAHO ONpeAENUTh, €CAU 3aMETUTh, YTO He3apsKEeHHbIE
[IPOBOJIa BBU/Y MAJIOCTH UX CEYEHWI IIPUHUMAIOT B TI0JI€ 3aPSIKEHHOTO MPOBOIA TE
[OTEHIIUAJIbI, KOTOPBIE TIOJYUYAIOTCSI B MECTAX UX PACIIOJIOKEHUS U [IPU OTCYTCTBUU
nx. Haiinem, nosbsysacs ypasuenuem U = LI [ C,, mpuBeseHHBIM B § 24.12,

ne N
MOTEHIINAJ Ha OCH BTOPOTO TIPOBOJIA, OTIPEIEIIeMbIi 3apsAIaMu TIePBOTO TTPOBOJIA 1
€ro 3epKaJIbHOTO M306pakeH st B oBepxXHOCTH 3eMuii. [Toctostanas Cy B JAHHOM CJTy-
Yyae paBHA HYJIO, TaK KaK JIJIT TOUYEK HA TMOBEPXHOCTH 3€MJIU PACCTOSTHUS 7| U ¥y JIO
MPOBOJIa M €r0 3ePKAJbHOTO M300pakeH s PaBHBI MEKLY c000ii 1, KpOME TOTO, JJIsk
atux Touek U = 0.

3ameuass, 4TO I TOUKH, JIeKallleil Ha OCH BTOPOIo MPOBOJIA, HEOOXOAUMO MPH-
HSITD 7y = ¥ U Ty = Iy (CM. puc. 25.9), mosyuaem

U, = qi In iy

2nel 1,
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CrenoBaTe/ibHO,
1 Ti9
Oy =-—
2nel 1y
Boobiie 6ymeM nMeTh
r,
o, = 1 p'k

Tax Kax 7, = 7, (cM. puc. 25.9), TO 0, = 0y, YTO OBITIO OTMEYEHO B TIPEIBILYIIEM
naparpade st 001Iero ciryyasi.

YMeHve paccyMThIBATH MOTEHIMAIbHBIE KOADMUITUEHTDI, KOIDMUITUEHTDI dIIeK-
TPOCTATUYECKOH MHAYKIIUN U YACTUYHbIE EMKOCTU BEChbMa BaKHO BO MHOTUX MTPAKTH-
YeCcKHMX 3a/[aUaX, HATIPUMED MPHU pacyeTe MapaMeTPOB JMHUW TTepPeladud CO CJIOKHBIM
pacrosiokeHneM TIPOBOIOB, NMPHU BBISICHEHUN BOIIPOCA O BIUSHUU JUHUU Tiepelaun
BBICOKOTO HAIPSIKEHUS HA PACIOJIOKEHHbBIE PSIIOM C HEll IMHUHU CBSI3U U T. [T,

25.4. EMKOCTb ABYXNPOBOAHOM JINHWUM C YYETOM B/IUSAHUSA 3€MTN

[Toygyennsie B peapiyIieM naparpacde BbIpakKeHUs s TOTEHIIMATBHBIX K03 du-
IIMEHTOB B CHICTEME TapaJyIeJbHBIX IPOBOJIOB, MPOTSIHYTHIX HaJl TIOBEPXHOCTHIO 3€M-
JIN, 1A10T BO3MOXKHOCTb HAWTH BBIPAXKEHUE /IJIS EMKOCTH JIBYXIIPOBOHOM JTMHUU TT€e-
pefavym ¢ yueToM BIUSTHUS 3€MJTH.

[l 1ByX TIPOBO/IOB MMeeM

Ujy=0,q +0,q,; Uy =0yG +054,.
ITycThb 3apsbl IPOBOAOB PABHBI ITO aOCOMIOTHOMY 3HAYEHHIO U TIPOTUBOIIOJIOKHBI
0 3HAKY: ¢y = — . 3aMEHS ¢y Ha — (1, TIOJIy4aeM
Upy=(ay —0a)q; Uy =0y —0y)g,.
CJiezioBaTeIbHO, HCKOMAsi eMKOCTh UMEET BbIPasKeHue

c=—"2__- ! .
U -U, oy +a, 20,

OrnpenenuM, TOTB3ySICh 3TOM (HOPMYJIION, eMKOCTh JIBYX-
MTPOBOJIHON JIMHUM, MTPOBOJIA KOTOPOU TOJBENIEHbl HA OJIMHA-
KOBOW BBICOTE & OT 3eMJIM U Ha paccTossHuu D ApyT OT Apyra
(puc. 25.10). Pagmnycser mpoBooB ouHakoBbl 1 paBHbl R. Co-

PUC. 25.10 riacHo GopMyJIaM, TOJydeHHBIM B TIPEAbIAYIIeM raparpade,
nMeeM
1, 2h 1 ., y@h)?+D’
Ay =0y =——In"=; o =0, = In :
2nel R 2mel D
CieoBaresibHoO,

3 1 B el

2(0 g —0tyy) 1 2h D
n

R ap” + D’
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EC]II/I BbICOTa I10/IBECa /’l MHOTO 6OJIbLLIe paCCTOHHI/IH Me)K,Z[y HpOBOI[aMI/I D, TO
N4h* + D? ~2hu

nel
D b
In—=

C=

T. €. 1oJry4aeM (hopmy.ry, BbiBeZleHHY IO paHee (cM. § 25.1) Ge3 yuera BAUSHUST 3eMJIH.

25.5. EMKoCTb Tpexca3sHoi IMHUK Nnepeaaumn

Bce mnosiyueHHble Bbillle COOTHOINEHUS, CTPOrO TOBOPS], CIIPABEIJIUBBI TOJIBKO JIJISI
AJIEKTPOCTATHYECKOTO 110J1s1. OIHAKO ¢ OOJIBIION CTENEHBIO TOYHOCTH OHM MOTYT ObITh
KCIIOJIb30BAHBI U MIPU BHIYUCJIEHUN TTAPAMETPOB JIMHUI Tepeladyl [IPU POMBbIIILIEH-
HOW vacrore. Kpureprem I0MyCTUMOCTH TIPUOJIMZKEHHOTO PACCMOTPEHUS TIepeMeH-
HOTO 3JIEKTPUYECKOTO TI0JIsl OKOJIO ITPOBOJIOB JIMHUU B OT/IEIbHBIE MOMEHTbI BpEMEHU!
KaK 9JIEKTPOCTATUIECKOTO TMOJISI MOKET CIYXKUTHh COOTHOIIEHE MEKIY JTMHEHHBIMU
pasMepaMu 00JIaCTH, B KOTOPOIl PACCMATPUBAETCS TIOJI€, U TTUHON 3IE€KTPOMArHUT-
HOIT BosTHBL. Boripoc o JiyivHe A 971eKTPOMarHuTHOW BOJIHBI M O CKOPOCTH U ee Pacipo-
crpanenus Gyaer paccmorped B §§ 29.1 u 29.2. imeer mecTto cooTHornenue A = v/f,
e f — uwacrora kosebannii. B Bosmyxe v = 3-10° kM/c, u npn yactore 50 1y nmeem
A = 6000 km. Ha pumne Bosbl (hasa kosebaHMil HANPSIKEHHOCTH TOJIS MEHSETCs
Ha 21. B npezenax obsactu, JTUHEHHbIE Pa3MePbl KOTOPOil 3HAYUTENLHO MEHBIIE A,
MOJKHO cYnTath (hasy KosebGaHuil HANPSIKEHHOCTH 0JIs1 OIMHAKOBOI BO BCEX TOUKAX
obstacTi 1 ¢ GOJIBIION CTENEHBI0 TOYHOCTH PACCMATPUBATD MOJIE B KasKIABIEE MOMEHT
BPEMEHM KaK 3JIEKTPOCTATUYECKOE.

B ypaBHEeHUsIX, CBSI3BIBAIOIINX 3aPsI/Ibl M MOTEHITHAIBI, He0OX0auMO 1o/ ¢ u U mo-
HUMAaTbh B 9TOM CJIyuyae MTHOBEHHbIE 3aPsi/ibl TIPOBO/IOB M MTHOBEHHbIE HAIPSIKEHUS
Mexy rpoBofamu u 3emieil. [Ipu cunyconanbHOM pekuMe 9TH yPaBHEHUS] MOTYT
OBITh HAITMCAHBI B CUMBOJIMYECKOIT (hOpME /111 KOMITJIEKCHBIX JIEHCTBYIONIMX 3aPsIIOB
¢ w manpspxenuii U. J[Js TpeXpoBOHOI JTHHUN ypaBHEHUS TPUOOPETAIOT BHJL

q, = B11U1 +B12U2 +B13U3§
Gy =BoUy +BpU, +B2Us;
43 =B Uy +B3U, +B33U 5.

HPGZLHOJQIO?KI/IMz uto Hanpsikenus U, U, nU, 06pasyioT CHMMETPHYHYIO CUCTEMY,
T.e.U, =a’U, nU, =alU,, rne a — xomnaekcHeli1 MHOKNTEND (cM. 4. IT). Nmeem

e U . L
:_7+]7a a =e =——==]—
2 72 2 72

=e

B sToMm cirydae ypaBHEHMsT MOTYT ObITh 3amucaHbl B (hopme
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q, =By +42B12 +aB13)U1;
qy =By +612B23 +aBz1)U2;
4 =B +‘l2[331 +a[332)U3.

Besmuunnbl, crosiime B CKOOKaX, BENECTBEHHBI IIPU YCJIOBHH, YTO MTPOBOJIA JIUHUT
PAacCIIOJI0KEHBI CHMMETPUYHO OTHOCUTEBHO JPYT APYTA, T. €. €Cau Py = Po3 = B3y, TAK
Kak (a + a?) = — 1 ectb BemecTBenHoe yncio. [Ipu 5ToM cTosIMe B CKOOKAX BeINUM-
HBI TIPEJICTABJISIOT cOO0I eMKOCTH TIPOBOIOB OTHOCHTEIBHO 3€MJIM WJIH, YTO TO K€,
€MKOCTb JIMHUU Ha OJHY a3y Mpu COeIUHEHNU 3BE3I0M.

[Ipu oTcyTCcTBUM CUMMETPHUU B PACIIONOKEHUU TTPOBOIOB, T. €. €CJU Pig # Po3 # B3y,
CTOsIIIME B CKOOKaxX BEJMYMHBI OKA3bIBAIOTCS KOMILIEKCHBIME. VIX BelecTBEeHHbIe
YaCTHU SIBJISTIOTCST eMKOCTSIMU TIPOBOZIOB OTHOCUTEIBHO 3€MJIH, TAK KaK OHU OTIpe/iesis-
10T 9acTh 3aps/ia, U3MeHAonyocd B ¢ase ¢ HAIPSKEHUEM, 1, CIeI0BaTeIbHO, OTIpe-
NETITIOT PEAKTUBHYIO COCTABJISIONIYIO TOKA, CABUHYTYIO TI0 (pa3e HA yTOJ 71/2 OTHOCHU-
TEJBHO HANPsUKeHUs. MHUMbIe YacTW BEJMYWH, CTOSIINX B CKOOKaX, OMPENe/sioT
aKTUBHBIE COCTABJIAIONINE TOKOB B MPOBOIAX, HaXoAmnmecs B ¢ase UM B MIPOTHBO-
(haze ¢ HanpsarReHNAMN. 3aMETHM, YTO CyMMa MHUMBIX YacTeli /1711 BceX Tpex (a3 pas-
Ha HYJIIO, TaK KaK IPY CYMMUPOBAHNH MOJIyYaeM Tiepesi BceMu KoahpuineHTamMu fi,,
B3 1 Bs; BemecTBeHHbIe MHOXHUTEMH (a + a®) = — 1. DTo 3HAYMT, YTO €CIU B OIHUX
(hazax MHMMBIE YACTH OTIPEJIESAIOT TMOJOKUTENbHYIO aKTUBHYIO MOIITHOCTBD, TO B JIPY-
TUX OHU OIPEAETSIIOT TAKYIO JKe 110 aOCOMIOTHOMY 3HAYEHHIO, HO OTPHUIIATENBHYIO aK-
TUBHYTO0 MOIHOCTh. DUsnyecku 9TO O3HAYAET, YTO IPU HECUMMETPUYHOM PACIIOJIO-
JKEHUU TIPOBOJIOB HEKOTOPOE KOJUYECTBO DHEPTUU MEPeNaeTcs 3a ITepPUuoj IIyTeM
AJIEKTPOCTATHYECKOM MHIYKIIUU U3 OJHO (hasbl B APYTyI0. ITO CBOEOOPA3HOE SIBJIE-
HUe 00YCJIOBIMBAET HECUMMETPUIO TOKOB TP CUMMETPUYHBIX HalpsiKeHusix. Ecre-
CTBEHHO, YTO HECUMMETPUSI TOKOB OIPEJIEJISIETCS He TOJIbKO MOSIBJIEHUEM Pa3HbIX 110
3HAUEHUIO U TI0 3HAKY AKTUBHBIX COCTABJISIONINX, HO TAKXKE W PA3JIMUUEM PEAKTHUB-
HBIX COCTABJISIONIUX BCJAENCTBUE TOTO, YTO €eMKOCTH TTPOBOJIOB PA3JINUHBL.

[TostHast CHMMETPHSI B PACTIOIOKEHUH ITPOBOIOB MOKET OBITH IOCTUTHYTA TOJBKO
B KabeJie, B KOTOPOM 3a3eMJIeHHAs 000JI0UKA OXBATHIBAET CUMMETPUYHO BCE TPH MPO-
Boa (cM. puc. 24.29, 6). B BO3yIIHON JTUHUK Jaske IPU PACIIONOKEHUHN TPOBOIOB TI0
BEPITUHAM PAaBHOCTOPOHHETO TPeYroJabHIKa (prc. 25.11) Hammume 3eMI BHOCHUT He-
cumMmetprio. [loaBHO HECHMMMETPUYHOHN OKa3bIBAETCS JIMHUS C PACIIOJIOKEHUEM
MTPOBOJIOB COTJIACHO puc. 25.12.

3 2
X——1—A—3
3 2 1
Puc. 25.11 Puc. 25.12 Puc. 25.13

]
M
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O0BIYHO Yepe3 paBHBIE PACCTOSTHIS U3MEHSIOT PACIIOIOKEHNE TTPOBOJIOB HA OTIO-
pax Tak, YTO MOCTEIEHHO OCYIIEeCTBIISIETCSI KPYToBasl epecTaHOBKA (TPAHCIIO3UIIN )
poBooB (puc. 25.13). OcHOBHA 11€JTh KPYTOBOI TIePECTAHOBKU — YMEHBINUTD AJIE€K-
TPOCTATUYECKOE U 3IEKTPOMATHUTHOE BJIUSHUE TIPOBOIOB JIMHUU BBICOKOTO HAIIPS-
’KeHUs ¥ CUJIBHOTO TOKA Ha coce/iHue JINHIY cBs3u. [1pu Hammamm Kpyrosoii nepecra-
HOBKH Cpe/lHUe 3HaYeHUs] [1apaMeTPOB BCEH JIMHUU TIOJIy4aloTCsl OJINHAKOBBIMU JIJIS1
Bcex (a3, U BCIO JINHNIO MOXKHO PaccMaTpuBaTh Kak CHMMeTpUuHyio. B cpennem st
BCell IMHUN He Oy/IeT UMeTh MecTa Tepejiladya SHEPIun 3a HeJblil TePUO U3 OAHON
$asbl B IPYTyIO IyTeM 3JEeKTPOCTATUIECKON MHIYKIINH.

C nmocTaTouHOM IJIs1 IPAaKTUKKA TOYHOCTBIO pPellleHNe MOXKHO IOJYYUTb, BBOIS B
CUCTEMY yPaBHEHU

U1 =0y gy + 0y Gy + 03],
Uy =0y G +0gy Gy + 0y s
Uy =0ty Gy +0gy Gy +0ay
CpefHue I BCeil JIMHUK 3HAYEHUS IIOTEHI[UAIbHBIX KOd(DPUIUEHTOB O.
Ob6o3HauNM

_ Oy HOyy Oy Oy Oy T
m 3 ) 0 3 )
TZIe 0Ly, Olog, Ol3q, OLiq, Olog, Ol33 — UCTUHHBIE 3HAUCHUST KO3 MUIIMEHTOB /IJIs1 OTHOTO U3
YYaCTKOB, 1 Oy/IeM CUMTATh B JaJIbHEIIIEM, 4TO /ISl BCell JIMHUM Bee KOA(MHUITUEHTDI
O C PAa3HBIMU UH/IEKCAMU PaBHBI O, 1 Bce KOIMOUIIUEHTHI O ¢ OJMHAKOBBIMU UH/IEK-
caMU PaBHBI 0.

EcTtecTBeHHO, YTO B CUMMETPUYHON JIUHUHU TIPU CUMMETPUYIHON CHCTEMe Harps-
JKEHUH U 3aPSIbL ¢, 5, §; 00PA3yIOT TAaKKe CAMMETPHYHYIO CHCTEMY, T. €. §, = a’ q,,
qs = aq,.

VpaBHEHUsT B 9TOM cjlydae MpHoOPeTaoT BUJL

U1 =0, to, g, +a,q; =|a, +(a+a2)am]% =(0tg =0, )Gy

Uy=0a,¢ +o,q, +a,q; =, —a,)],;

Usy=0a,q +o,q, +o,q; =, —a,)];.
CuretoBaTeIbHO, MCKOMAst EMKOCTD TIPOBO/Ia OTHOCUTETHHO 3eMJIH PaBHA

C- 1

0“0 _o“m,

Cormacto ¢hopMmysiaM, TPUBEIEHHBIM B § 25.3, nmeem

o, = 1 ln%ﬂn%ﬂn% ;
2nel 3\ R, R, R,
BRI N TS

m =
2nel 3 1y Tys T3
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Takum 06pazom,
2mel

Inl 2 %/h1h2h3 %/"12”23"31
%/R1R2R3 %/7’12"’23'731'

[Ipu pacnosiokeHun NPOBOJOB COTJIACHO cXeMe puc. 25.12 nMeem

Ty =Ty =D; 1,y =2D; h =h, =hy =k
Tig =Ty =N4h* +D*; 1y, =4h* +4D°.
CietoBaresibHoO,
2mel

In 2hD
133\'/(4}12 +D*Wh* +D?

IIpeneGperast BAUSHUEM 3€MJIH, T. €. IpuHuMast D < A, morydnm
_ 2mel

_1 2D
ni

25.6. MeTop cpeAHMX NOTEHUMAJIOB ANIA pacyeTa NoTeHUnasbHbIX
k03¢ HULMEHTOB U eMKOCTEN B CUCTEME NMPOBOAOB

Jluis pacueta eMKOCTH CJIOKHBIX CHCTEM, COCTOSIIINX M3 HECKOJbKHUX ITPOBOIOB KO-
HEYHOI JIJTMHBI, HAIPUMEP eMKOCTH PaJiMOaHTEeHH, MIMPOKO MCIOJIb3YeTCst MpuOIm-
JKEHHBIN METOJI, TPeIOKeHHbIN XOY.

B asexTpoctatrueckoM 1oJjie moTeHI[ual IPOBOJIHIKA OJMHAKOB BO BCEX €0 TOY-
KaX, 3aps/ JKe pacIipenesigeTcs Mo MOBEPXHOCTU MPOBOIHUKA HEPABHOMEPHO. XOy
HPEIOKII JIISE BBIYUCICHUST €eMKOCTH MCXOUTh U3 00PaTHOTO, 10 CYIIECTBY, HE OT-
BEUAIOIIEeTO MeHCTBUTEIbHOCTH TIPEANONOKeHuA. VIMeHHO: TTpeamnoIaraeTcs, 9To 3a-
PSIIL pacTpesiesisseTcsT paBHOMEPHO O TIOBEPXHOCTU MPOBOTHUKOB W /I TUHEWHBIX
MPOBOIHUKOB — PaBHOMEPHO TIO UX JJnHe. Beraucisercs pacipenesenne mOTeHITNA-
Jia TI0 TIOBEPXHOCTU WU TI0 JTUHE MPOBOIHUKOB, U B (DOPMYJIY T €MKOCTU BBO-
JITCS cpejHee 3HaYeHNe BBIUMCACHHBIX TAKUM 00Pa3OM MOTEHIIUATIOB TPOBOAHUKOB.
B cootBercTBUU ¢ 9TUM OyieM Has3bIBaTh TAKOH METOL METOJLOM CPEAHUX T O -
TeHII M aJ 0 B. ITOT METO/, XOTS M OCHOBAH Ha MPEATIONOKEHNHN, He COOTBETCTBYIO-
IIIEM peasIbHbIM YCJIOBUSM, B Psijie CJIydaeB, HAIPUMEDP MMPU BBIYUCIEHUN €MKOCTH
cUCTEeMbI, 00pa30BaHHON TapalieIbHBIMK IIPOBOAAMHU, AA€T HOCTATOYHO TOUHBIE pPe-
3yabraThl. OObICHSAETCS 9TO TEM, YTO HEPABHOMEPHOCTh PACIPELENeHH 3apsia 3a-
METHO CKa3bIBAeTCs JIMIIb Ha KOHIIAX TaKUX IIPOBOIOB. YIIPOIIEHHNE e pacdera I0C-
TUTaeTCs BechbMa G0JIbIIOE, TaK KaK IIPU 3aJaHHOM paclipeeIeHUN 3apsiia MOTeHIa
BBIUKCJISIETCS 110 (DOPMYJIaM:
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go_Lgods oo 1 prd

_47588 r _47581 r dhy

[Tpenmonoxmm, 9TO UMEIOTCS [Ba OTPe3Ka TTPOBOJIOB,
JUTHHBL KOTOPBIX [; 1 [, (puc. 25.14). TpeGyetcst BbIumC- dh
JIUTHh TIOTEHITUATBHBIN KOI(hMUITHEHT oLyo. [Ipeamomoxmum,

uto g; = 0 u g, # 0. IIpu aTOM HMeeM Puc. 25.14

Uj=04q,.

[Tosb3ysch NMPUGINKEHHBIM METOAOM, TIPEAIIOIATAEM, YTO 3aPs/l ¢y PACIIpPeAeaeH
PaBHOMEPHO BJI0JIb BTOPOTO POBO/IA C JIMHEHHON IIIOTHOCTBIO Ty = o/, [ToTennman
B HEKOTOPOI TOYKe MEePBOro MPOBOJIA, ONPEIEIIeMbIi 3apAIOM ¢, OyIeT paBeH

1 ¢t,dl, g, dl,

r__
Ul = — [T2%
dmey 4mely 5 7
2 2

’

IIpyu4YeM HHTETPpUPOBaHUE ITPOU3BOAUTCA B/I0JIb BCETO BTOPOTO IIPOBO/A. CpeL[Hee
3Ha4Y€HUE TMOTEHIIMAJIa IIEPBOIO IPOBO/IAa IMOJIYHYa€TCA B PE3YJIbTAaTE€ MHTETPUPOBAHUA
BAOJIb IIEPBOI'O ITPOBO/IA:

U1=2!U1d11: e diydly

4mel,l, w7

Takum 06pa3oM, MCKOMBIH TTOTEHIMATBHBIN KOahduUIment onpenessiercst (hopmy-
JIoi

1 dldl,
4mell '

Oy
2 4y r
Beipakenue a5t OTEHIMATBHOTO Koa( puiimenTa ¢ oMHAKOBBIMA MHAEKCAMHU, Ha-
[PUMEP Oy JJIST TPSIMOJIMHEITHOTO OTPE3Ka MPOBOJIa KPYTIJIOTO CEYEHMsI, MOKET ObITh
HalIeHO TIyTeM CIeAYIONnX paccy:xkaennii. [IpenmoraraeM cOOTBETCTBEHHO TTPUHSI-
TOMY JOMYIIEHNIO, YTO 3apsI, HAXOAAIINICS Ha TTOBEPXHOCTH TTPOBOIA, PABHOMEPHO
pacmpenesieH o anwHe npoBojaa. Haxomum motentman U, co3maBaeMblil 9TUM 3aps-
JIOM B Pa3HBIX TOYKAX OCU TIPOBOIA, M BBIYUCJIEM cpeiHee 3HaueHne U moTeHIIMaIa
BIIOJIb OcH. [1ycTh 7 — paccTosine OT KOJBIIEBOTO dJIeMEHTA IIOBEPXHOCTH ITPOBOIHI-
Ka, UMEIOIIEro JJNHY dI' B HallpaBJIeHUN OCH TTPO-
BoxHuKa (puc. 25.15), 10 snemenTa dl ocu IpoBOI-
HUKa, [ — IJIMHa TPOBOJAHMKA U 7y — PAIUYC €ro
ceyenus. I[Torenmnman U’ B HEKOTOPOW TOUKE OCH, (

ONpe/IeNAeMbIil BCEM 3aps/I0M ¢ IIPOBOIHUKA, PaBeH Puc. 25.15
1 dr
U-_+ 4 J ar
dre 1Y r
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Cpeztee 3HaueHKe MOTEHI[MANA BIOJb Beeil ocu Oyer

” dl’dl

2
4mel” <

Lo
U:?'[Udl_

CiieroBaTesIbHO,

ldl

i 47tsl2 J;J;

IIpU4YEM HanMeEHbIIee 3Ha4€HUE 7 €ECTDb 7).

B kauecTBe npumepa OIpesesnM, TI0JIb3ysCh METO-
! JIOM CPeIHMX IOTEHIHANOB, IOTEHIIMAIbHbIIH KO-
) S 4‘1 _____ | DUIMEHT Oy AU TTAPALIEbHBIX OTPE3KOB MIPOBOIOB,
- / PaCHOIOKEHHBIX Ha paccTosHur D Apyr oT Apyra u
< Q HUMEIOIINX OJAMHAKOBbIE AJUHEL [ = [, = [, npruem Haua-
o ‘L’I JIa OTPE3KOB JIesKAT HA OJJHOM TIEPIEHIMKYJISIPE K HUM.
g ST ‘;: ST === Ocu KOOpAMHAT PACIIONOKUM TaK, KaK MOKa3aHO Ha
X2
) nuc. 25.16. imeem
Puc. 25.16 P
12 9 J._I.
2
4nsl \/D +(x2 —x)?
Ho
dx 2 A, —x [—x x
J. 2 J ¢, %) = Arsh Ly AlrshB1
2 2 2
1D +(x, —x)? /D +(x, —xy)
CiiegoBaTeIbHO,
/
oy ; I Arsh +Arsh L ldx,.
4Tt8l 0

Herpyamo ybeautnbes, 4to

IArshl Y1y, = _[ Arsh ™t dx1

3ameyas, 4TO

HaXO0/IM

Oy =

IArshydy = yArshy—Iyd(Arshy) =

=y Arshy - J‘\/i yArshy—W+const,
l+y
2
ZIArSh Ly, =——— D x1 Arsh™X — 140 | =
4mel 2mel? D D2

2 2
LD ZA hi NEl +Z—+1 ! Arshi— D—+1+2 :
T mel [ D D? 2mel D I’ [
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[Ipu BerUMCACHTN KO2(DMUIMEHTOB 0Ljf U Oy C OJUHAKOBBIMU WHAEKCAMW IS
IIPSIMOJIMHEHHOIO 1IPOBOZIHIKA, UMEIOIIEr0 KPYIJloe CcedeHue pajnyca ry, pe3yssrar
MHTEerpupoBaHus IpuBeieT K (popMysie, KOTopasl MOJIydyaeTcsl U3 TOJbKO YTO IOJIY-
yeHHON (opMyIBl TyTeM 3aMeHbl D Ha 7. CieoBaTeTbHo,

2
oy =—— Arshi— ri,+1+r—°
2mel o \I* )

Tak xkax pu BBIBOIE 3TOH (HOPMYJIBI HATMYHE IPYTOTO MTPOBO/IA HE YUYNUTHIBATIOCK,
TO €MKOCTb YEIMHEHHOIO I[IUJINH/[Pa KOHEYHOHN JIJIMHBI [TOJIy4aeTCsl U3 BbIPAXKEHUST

Co 1 _ 27t812
o
! Arshi— Hhoi1400
% [? /
3aMeTuM, 4TO UMeeT MeCTO COOTHOLIeHUe
2
Arshizln L+ l—2+1
7 7 7
ITpu [ > ry byner
2
Arshi— T +1 +r—° ~ 1n2—l— 1= lni +In2 -1 :lni -0,307.
% [? [ % % %
CireroBaTesbHoO,
C l27tsl . 2m°}l.
In=-0,307 In—
o Ty

EmkocTb MEXK/1y NUINHAPaAMU HaﬁHeTCH N3 CUCTEMBbI ypaBHeHHﬁ:

Uy=0q +0,Gy; Uy =09 +00q,.

[Ipunumast gy = — ¢y 1 YIUTBIBASI, UTO Olog = OLjg U Olgg = Oy, TTOJIyUAEM
U= —0ay,)g; Uy=—(o —o,)q;
q 1

c= - ,
U -U, 20y -ay,)

TJIE Oy U Oly; HAXOJSTCS IO TOJIBKO UTO TIOJyYEHHBIM (hOPMYJIaM.
pu [l > ryul > D umeem

Oy — Oy ~ ln2—l—1 —(ln2l—1j :ilng
D

2nel 7,

U, CJIel0BaTebHO,
nel

Cr———,
InD/r,
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YTO COBIIA/IAET C BBHIBEJECHHOI paHee (HhOPMYIION ISt EMKOCTH [BYXIIPOBOIHON JTHHIN
nepenayun (cm. § 25.1).

25.7. BbluncnieHne eMKOCTH Mo KapTUHE nons

EMKOCTD MeXIy ABYMS IIJIUHAPUYECKUME TeJaMU OOJBIION JITMHBI W MEXKIY
JIByMsI TeJIAaMU BPAIeHus: ¢ 00IIell 0ChI0 MOKHO BBIYMCIHUTD, TOIb3YSICh KAPTHHON
MOJIsI, TIOCTPOEHHOU XOTsT ObI MPUOJIKEHHBIM rPahUUeCKUM METOIOM, M3JI0KEHHBIM
B §§ 24.15-24.17.

OrHomrenre MoTOKa BekTopa cMeniennss A¥Yp CKBO3b cedeHne OfHOI TPyOKH K
npupatienuio norennyana AU Mesxxy cocefHIMU JTMHUSIMU PaBHOTO HOTEHITNAJIA, CO-
TJIACHO ypaBHEHUAM, TPUBeIeHHBIM B § 24.17, paBHo:

AY, Aa 1
JU7IST TIZIOCKOTIAPAJLIIETBHOTO TIOJIST =g pl =1
AU An  k
Y, Aa 1
JUIS TI0JIST TeJl BpallleHus =2nre ) — = 2n—.
An k,

Bap;u[ TeJaa paBeH, corJjiaCHO HOCTy.HaTy MaKCBeJUIa, HO]IHOMy HOTOKy CMeleHUA
CKBO3b C€YeHU BCEX pr6OK, HAaUUMHAIOINUXCA Ha TeJie. EC.JII/I YUCJIO 3TUX pr6OK paB-
HO my, TO ¢ = my AYp. Pa3HOCTD TTOTEHIIMAIOB MEXKY ABYMs Tesamu paBHa Uy — Uy =
= My AU, rae mo — YMCJI0 I/IHTepBaIIOB Me)K,L[y COCeITHUMU JINMHUAMUN paBHOFO IIOTEH-
nuasa. Takum obpasoM,

@ _|a¥p|m _, om

C= = =k, ,
U,-U, AU‘mz m,

npuYeM s TJIOCKOMApPaJIelbHOTO ToJst ky = [/ky, a muist mosst Ten BpaleHust
ks = 21/ky. Yucso ks 3amaior, npuctymnas K rpadudeckoMy mocTpoeHuio mosi. OHo
orpeziesigeT opMy SUeeK TOoJs, T. €. OTHoIenne Aa/An. Yucaa my; u m, HaXoAAT U3
MTOCTPOEHHON KapTUHBI MOJIS.
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23.1. YpaBHeHM1SA 2/1IEKTPOMarHMTHOro nons
B ancdppepeHumanbHou popme

BOMPOCHI

1. (O) Kakumu xapakTepHbIMU CBOUCTBAMU JIOJKHBI OTJINYATLCS 3a/[a4l, KOTOPBIE
MOJKHO PENTUTh Ha OCHOBE YPaBHEHUH JIEKTPOMATHUTHOTO TTOJIS, 3aTMCAHHBIX B MH-
TeTpaibHON (hopme?

2. [IpaBUJIbHO JI TOHUMATB IO/ DJIEKTPUYECKUM TOKOM TOJIBKO JIBUKEHIE 3aPSKEeH-
HBIX YACTHI[ UJIA TeJ?

3. Coznaercst 11 MarHUTHOE TI0JI€ JIEKTPUYECKUM TI0JIEM, @) He U3MEHSIONIMMCS BO
BPEMeHH, ) N3MEHSIIOINMCST BO BDEMEHH 110 JIMHEITHOMY 3aKOHY, 8) M3MEHSTIONIMCST
BO BPEMEHU 110 CHUHYCOM/IAIBHOMY 3aKOHY?

. do .
4. (O) 3aBucut i BXOISIIINI B TIPaBYIO YacTh YPaBHEHUS §;E dl = o MarHUTHBIT
’ t
[OTOK OT 3JIEKTPUYECKOTO TOKA, MHAYIIUPYEMOTO 3TUM TTOTOKOM?

3. (O) TIpu KaKOM YCJIOBUM B TIPOBOJISITIIEM TeJie, HAXOATIEMCST B He M3MEHSIOMIEMCST
BO BpPeMeHU MarHUTHOM II0Jie, MOKeT mHaynupoBatbesa I/ C?

6. KakoBo 3HaueHne BetmuuHbl rot H B OITHOPOJZTHOM MarHMTHOM roJie?

7. MokHO Jin, 3Hasi HAITPaBJieHUe U 3HAYeHNe HANPSKEHHOCTU MATHUTHOTO TOJIST B
TOYKe, yKasaTh B 9TOIl TOYKe @) HarpasjeHue Bektopa rot H, 6) sHadeHue MOIYJIst
BekTopa rot H?

8. Bo Bcex Toukax HEKOTOPOiT 061acTy BhIOIHEeHO ypasHenue rot H = 0. MosxkeT Jii B
9TO¥ 06JIACTHU CYIIECTBOBATH MArHUTHOE TIOJIE?

9. (O) MoxkHO 7T MOHUMATH MO/ MATHUTHOW MHIyKIHWell B, Bxoadiieir B mpaByio
JacTh BTOPOTO ypaBHeHUS MakcBesTa, WHAYKITUIO CTOPOHHETO T0JIsI, He 3aBUCSIIYIO
OT WHYIIUPYEMOTO MM 3JIEKTPUYECKOTO TI0JIs?

10. (O) SBasiercst 11 GE3BUXPEBBIM DJIEKTPUIECKOE T0JIE, €AMHCTBEHHASI COCTABJISTIO-
as HapsoKeHHOCTH E,, TPSMOYTOJIBHON CHCTEMBI KOOPAMHAT KOTOPOTO eCTh (hyHK-
IUST TOJTBKO KOOPJMHATHI X?

11. dsngerca mu dpyuxiusa div D BekTopHOI?

12. 3aBucur iu sHavenue Gyakiur div A B Touke 0T BbIGOpa CUCTEMbI KOOP/MHAT,
B KOTOPOIi ee PACCUYNUTHIBAIOT?

13. MoseT /i COJIEHOUIAIBHOE T10J1€ OBITh BUXPEBBIM?

14. Yem paznuygarorcst n300pasKeHUST CUITOBBIX JIMHUET 9JIEKTPHIECKOTO TI0JIsT B 00J1ac-
TSIX, IJle UMEIOTCSI COCPe/JOTOYEeHHDIE 3JIeKTPUYEeCKHe 3apsi/ibl U I/le UX HeT?

. 1
15. TII0THOCTH KAKOTO M3 3apsifioB BXOAUT B TPaByio yacTh ypasHenus div E = = p:
€

CBOOOJIHOTO WJIN CBI3aHHOTO?
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16. (O) Mosxet i TIoJile OMHOTO U3 BEKTOPOB, CBSI3AHHBIX cooTHOMIeHUeM D = ¢F,
OBITH COJIEHOUIATBHBIM, & [PYTOTO BEKTOPA HET?

17. CBobo/1HbIe 3apsi/ibl B HEKOTOPOM 06BbeMe oTcyTcTBYOT, Tak uto div D = (0. Cripa-
BeIUBO 1 paBeHcTBO div E = 0 B Toukax 06beMa, ec/iu Cpeia @) OQHOPOAHA, 6) HEeO -
HOpOJHA?

18. (O) IIpu kakux ycaoBUSX CIpaBeiinBo Boipaxkenue div H = 0?

19. (O) Bekrop H HanpsizKeHHOCTH MarHUTHOTO TI0JIsT B 00JIaCTH, CBOOOIHOI OT TOKa,
HAPaBJIEH BJIOJIb OCU X. SIBJISIETCST JIM HATIPSIKEHHOCTD 1MOJIst (hYHKITUEH KOOPAUHAT?
Byner jin oTBeT TeM ke, ecaiu MJIOTHOCTh TOKA He paBHA HyJI0? (UL = const.)

20. (O) Nwmetor u cmbica Boipaskenus div div A, rot grad V, grad rot A, rot rot A,
grad div A, grad grad V, div rot A, rot div A? Kakue u3 HUX TOXAECTBEHHO PaBHBI
HYJTIO?

21. (O) Ilpu kakoM XapakTepe pacipejiesieHrs B TPOCTPAHCTBE AJIEKTPUIECKOTO TOKA
u 3apsga seanunisl rot H, div D tepstior cMbic?

YNPAXHEHNA

1. (P) Omnpenenure maotHocTh J(X, ¢, Z) Toka Kak QYHKIIMIO KOOPAUHAT B 0OJIACTH,
r/le HANPSZKEHHOCTh MarHUTHOTO 10JIsT Xapakrepusyercs dbyukiusavu a) H = iby +
+ jax, 6) H = ja, 6) H = jcz*, 2) H = jHye ™, 0) H = iby\|x* +y* + jax\x* +y?,

e) H=iby(x> + y*) " + jax (* + y*) ", oc) H, = a 3)H,=Hye “, tne a, b, c — mocro-
r

AHHBIE, 7" = \U(Z +y2.

2. (P) Ormpenenure 3aKkoH U3MeHeHUs B IpocTpancTBe Hanpsikennoctu H = jH,, mar-
HUTHOTO TIOJISI, CO3/IaBAEMOTO 3JIEKTPUUECKUM TOKOM C 3a/IaHHBIM 3aKOHOM €ro pac-

npezpenenus: J,=J, =0 u a) J,=J, = const, 6) J, = Jyar, 8) J, = J, i, 2) J,=Jy(ar)",
ar
0) J, = J,/(ar)?, e) J, = J, exp (ar).

3. (P) 3anmmmire Boipaskenue rot wWH B IPSIMOYTOJIBHOI crcTEMe KOOPAMHAT U TPe00-
pasyiite ero k Buxay rot uH = f| rot H + f,. Haiinqure byHkimy fiu f;, yauThiBasy, 4To
u=ux, y, 2).

4. Nnrerpupys ypasaenue rot H = J 1 npuHUMAast MAaTHUTHYIO TIPOHUIIAEMOCTh PaB-
HOW W BCIO/LY, pacCUUTaiiTe HATPSKEHHOCTh MArHUTHOTO TI0JIst BHYTPH U BHE a) Gec-
KOHEYHO JIMHHOTO ITPOBOJIA KPYTJIOTO ceveHus pajauycom R =1 mm ¢ Tokom i = 10 A,
6) 6GeCKOHEYHO JJIMHHOI TPyObl ¢ BHYTPEHHWM U BHENTHUM pajnycaMu R; = 5 MM,
R, =8 MM ¢ Tokom i = 20 A 1ipu ycioBuu J = const B IIpoBoJie U B TPyOe.

5. (P) Marnutusie noJist ¢ nanpstkennoctsamu Hy (x, y, z) w H, (x, y, z) yZ0BIETBOPSI-
10T paBeHcTBY rot H; = rot H,. Haiinute cBa3b Mexay Beauuunamu Hy u H,.

6. MaruuTHast MHAYKIMS B OECKOHEYHO JJIMHHOM (DEPPOMArHUTHOM CTEPKHE KPYT-
JIOTO cedeHusl PajiniycoM R HarpaBjieHa BIOJb €ro OCH, IOCTOSTHHA M0 CEYEHHT0 U 13-
MeHsieTcs 110 3akony B, = By sin ot = 0,1 sin 314 ¢ Ta. Onpenenvre HanpsikeHHOCTH E
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JJIEKTPUIECKOTO ITOJIA Ha PACCTOAHUU 7" = 2cm < Rot ocu CTEPIKHA, HpeHe6peraﬂ nH-
AYIUPDYEMbBIM B CTEPKHE TOKOM.

7. (P) ABngercs mu BUXPEBBIM 9JIEKTPUIECKOE TT0JIe, HANlPsKeHHoCTh E KoToporo 3a-
nana BoipaxkenueMm a) E = iby + jax + kcz, 6) E = je¥, ¢) E = iE; + jE, + RkEs,
2) E = (iax + jby + kcz)-2, 0) E = (iax + jby + kcz), e) E = kE,, sh ax, xc) E =jE,, sin cz,
3) E = (iax + jby + kez)r™? tne a, b, ¢, Ey, Ey, E5 — mocrosiumsie, r = Jx% +y* +2°.

8. (P) BeckoneuHo [yMHHAsT CTaTbHAs TUIACTHHA, MUPHHA d KOTOPOIl 3HAYNTETHHO
IIPEBBIIIAET €€ TOJIINHY A, pacioiokKeHa B MJI0CKOCTH i = (), HOPMAJIbHON K JIMHUSIM
UHAYKIMU B = B, sin ® ¢ 0IHOPOIHOTO MarHUTHOTO 1ot OnpenesnTe MIOTHOCTD
J,(x) TOKa 1o IMUpUHe MJIACTUHbI IPU JOMYIIEHIH, YTO MarHUTHAs UHAYKIUS, 00Y-
CJIOBJIEHHAS MH/IYITUPOBAHHBIM B IJIACTHHE TOKOM, 3HAUUTEJIbHO MeHblle B, Yieib-
Has dAeKTpHYecKas MpoBoauMocTh ctamy pasHa 10° Cm/m. PaccunTaiite Tok B ma-
crune ipu d = 5 em, h =2 mm, B,, = 0,001 T, 0 = 314 ¢ .,

9. (P) Paccuwmraiite miotHocTts J(#) TOKa, MHAYITUPOBAHHOTO B TOHKOM CTaJIbHOM JIVICKE,
TOJIIUHA /i KOTOPOTO 3HAYUTETLHO MEHBIIE paanyca R = 2,5 CM 1 MI0CKOCTh KOTOPO-
TO TepIeHuKYAsIpHa JUHUAM MaraHuTHOU mHAykinn B = 0,001 sin 314 ¢ T BHem-
HETO OJIHOPOJIHOTO TIOJS TIPU JIOTYIIEHWH, YTO MarHUTHAas WHIYKIWS, CO3/aHHas
WHIYIIUPOBAHHBIM B JWCKE TOKOM, 3HAUUTETHHO MeHbIe MHAYKIINA BHEITHETO Mar-
HUTHOTO MOJIS. YIeAbHAs dIeKTPIUYecKas IPOBOAMMOCTE crayiu pasua 108 Cy/m.

10. (P) Hamps:keHHOCTD 2JIEKTPUYECKOTO OIS 3a/jaHa OTHUM U3 BBIPAKEHUI, TPU-
BelleHHBIM B ymp. 7. Haiimute maoTHOCTD p (X, Y, ) 2JIEKTPUYECKOTO 3apsa, CO3/al0-
IIETO MTOTEHIUATBHOE TT0JIe U PACTIPE/IETIEHHOTO B OJTHOPOHO Ccpejie ¢ TPOHUTIAeMO-
CTBIO €.

11. 3anumure Teopemy laycca div E = p/e B TakoM Bujie, KOT/Ia B IPABYIO 4acTh BXO-

!

JIAT HE TOJIbKO CBOOOIHDII, HO U CBSIBAHHBIN 3apsi/l TNIOTHOCTBIO Peyas = P’

12. (P) 3amnummte Boipakenue div D B auddepenimaabioil popme B IPAMOYTOJIb-
HOI cucTeMe KOOPAWHAT TIPU YCIOBUHU, YTO CPe/la aHU30TPOITHA M OCH KOOPIUHAT
@) COBITAJIAIOT C TJIABHBIMK OCSIMU aHU30TPOTINH, 6) HE COBITAJIAIOT C TIABHBIMU OCSIMU
AHUBO0TPOTIHH.

13. Vcnoab3ys cumMBosImueckuii orepatop V, 3anuiniure BhipaskeHue rot A B mpsiMo-
YTOJIBHON CcHCTeMe KOOpAMHAT.

14. (P) B Bo3ayIrHoM IpoOCTPaHCTBE MEXK/Y ITPOBOISNIUMU TIIACTUHAMU HAITPSIKEH-
HOCTB 3JIEKTPUYECKOTO TI0JIs u3MeHseTcs 1o 3akony E(x) = iEy, (1 + ax), tne x — xo-
Op/IMHATA, OTCUYUTHIBAEMAS OT OIHOM U3 1acTuH (I — opt ocu x). OtnpepesnTe mIOT-
HOCTB p () 0OBEMHOTO JIEKTPUUECKOTO 3apsi/ia, TIOMEIEHHOTO MEXK/LY TLIACTHHAMIL
15. (P) OGbeMHast TIOTHOCTD BJIEKTPUYECKOTO 3apsi/ia, HAXOJSIIErOCsT B BO3/yXe
MEXIY ABYMS BechbMa IJIUHHBIMUA COOCHBIMU TTPOBOAIINME MTUTUHAPUIECKUMHI T10-
BEPXHOCTSIMU pajaunycamMu Ry u R,, uaMeHnseTcs 1o 3akony p (r). Haligure Hanpsken-
Hoctb E (7) anektpuyeckoro mosst mpu Ry <7 < Ry,

16. (P) 3anmummTe B pIMOYTOJbHONI crcTeMe KOOpAUHAT nuddepeHnnaabHble ore-
paropsl a) rot rot H, 6) div rot A, ) VU, 2) V(VU), d) VXE, e) Vx(VU).
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17. (P) Ompenennte, MOXET M MarHUTHAs WHAYKIINAS BBIPA’KaThcsa (hOpMyTamMu
a) B=1iBye ™, 6) B = (iax + jby), ) B = (iax — kcz), 2) B=jBye ", 0) B =kB,, sh ax,
e) B=j((ax)’ + (by)*) **, o) B = By(jox +jy — k2), 3) B= (i + y*) " +j(* + y*) ",
u) B =1B,, sin kx, k) B =jB,, sin kx.

18. (P) YuursiBas ypasuenue div & = 0, moayunte Boipaxenue div E B @) ogHOpoI-
HOW cpejie ¢ yIeJbHON 9JIEKTPUYECKON TPOBOANMOCTBIO ¥, ) HEOJIHOPOIHOM B OTHO-
MIEHUU 3JIEKTPUYECKOIN MPOBOJAMMOCTH CPEJIbl, B KOTOPOIl TeYeT TOK TPOBOJUMOCTH
10THOCTBIO J = YE.

23.2. CucteMa ypaBHEHUMN 3/IEKTPOMarHUTHOro nonsi
BOMPOCbI U YMPAXXHEHUS

1. (O) Ilouemy B cucTeMy ypaBHEHWI 9JIEKTPOMATHUTHOTO TIOJIST BXOJUT YpaBHeHUE
div B = 0, torga kak ypastenue div § = 0 #e Bxoaut?

2. MoeT Ju CyIecTBOBaTh BEKTOPHOE I0Jie A, yIOBJIETBOPSIOIlee YpaBHEHUSM
rot A=f=0,divA=C#0, . e. n0se, coO31aHHOE KaK BEKTOPHBIMH, TAK U CKaJIAPHBIMU
MCTOUHUKAMMI?

3. (O) MoxHo 1m oJie TJIOTHOCTH TOKA MpeicTaBuTh B Buje & = rot F, roe F — Hexo-
Topas BeKTOpHad (GyHKITNA, He paBHAg HanpskeHHOCTH H momsa?

4. (P) lloxcuuTatiTe TIOJTHOE YHMCJIO TIEPEMEHHBIX, BXOAANIUX B CUCTEMY ypaBHEHWI
9JIEKTPOMArHUTHOTO TIOJIsI, YYUTBIBast, YTO BEKTOPHBIE MMEPEMEHHbBIE COLEPKAT B 00-
IeM cjiydae Tpu cocTaBJstiionux. CornocraBbre MOJyYeHHOEe YKUCJI0 € KOJUIECTBOM
ypaBHEHUH.

5. (P) Ucmonb3yst ypaBHEHUsT 2JIEKTPOMATHUTHOTO TIOJISI, BHIBEIUTE COOTHOTIEHE

0 .
— 6—2 = div (YE + J,p), BRIPAKaIoIIee IPHHITHIT COXPAHEHIS 9JIEKTPHIECKOT0 3aps/ia.

6. (P) Ilomnas cucrema ypaBHEHUI 9JIEKTPOMATHUTHOTO ITOJIST YIIPOIIAETCS B Psijie
YaCTHBIX CJIydaeB. 3alUIINTe YPaBHEHNS I He U3MEHSIOMIXCS BO BPEMEHU TTOJIe.
Paznenure ux Ha ABe HECBSI3aHHBIE TPYIIIBI, OMMMCHIBAIOIINE SJIEKTPUICCKUAE U Mar-
HUTHBIE TIOJIS.

oB
7. (P) OcnosoiBasich Ha ypaBHeHusx rot E = 5 rot H = 8, mosyunte ypaBHEHUS
t
OTHOCHUTEJIBHO @) HANPSIZKEHHOCTH JIEKTPUYECKOTO T0JIsI, 0) HANPSIKEHHOCTH Mar-
HUTHOTO 110J151, paccMaTpusas nodie B 1) nposoasieii cpene, npunumas J=vE n mpe-

OFE
HeOperast TOKOM 3JIEKTPUYECKOTO CMETeHNs, 2) AUJIEKTPUKe, puHuMast J = & —

ot
23.3. N'paHnYHbIE YC/IOBUS HA NOBEPXHOCTAX pa3fena cpen
C pa3/In4yHbIMMU CBOMCTBAMM
BOMPOChI 1 YNPAXXHEHNS

1. (O) Ilouemy rpanuunbie ycaoBus B, = B, Ey = Ey», Kax u ycaoBus Hy = Hy,
D, = D, He sIBJISIIOTCSI HE3ABUCUMBIMU B CJIydae MepeMEeHHOr0 3JIEKTPOMArHUTHOTO
moJisa?
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2. (O) B uem mpuumHa BO3HUKHOBEHUS CKayKa HOPMAJbHON K TIOBEPXHOCTH Pa3ziesa
Cpez COCTaB/ISAIONIEH HAIPSIKEHHOCTU @) JIEKTPUYECKOrO, 6) MAarHUTHOTO IIOJIS?

3. Kaxne u3 cocraBagiomux BektopoB D, E, B, H MoryT nipeTeprieBaTh Pa3pbiB B TOU-
KaXx IMOBEePXHOCTEeN pasziesia ABYX Cpell ¢ PA3JIMYHbIMU 3JIEKTPUUECKUMU U MAarHUTHBI-
MU CBOWCTBAMM?

4. (O) CoxpaHsIioT U HEIPEPbIBHOCTh KacaTeJIbHble I HOPMAJIbHBIE COCTABJISIONTIE
BexTopoB D, E, B, H Ha TIOBEPXHOCTH pa3/ieJia IByX aHU30TPOITHBIX CPe/] C PA3JINUHbI-
MU 2JIEKTPUYECKUMU ¥ MAaTHUTHBIMHU CBOMCTBAMU?

5. Kakoe us ycnosuii: D,y = D,» uin E, = E;5 COXpaHUT CBOI BUJ[ IIPH HAJIMYUL CBO-
6OIHOTO 3apsijia ¢ TTOBEPXHOCTHOM MIOTHOCTHIO G Ha TIOBEPXHOCTH Pas/iesia IBYX CPes
C Pa3JINYHBIMU INITEKTPUIECKUMU TTPOHUIIAEMOCTSIMU ?

6. (P) 3anummnre ycioBue, CBA3bIBaloIllee HOpMaJibHbIE K IIOBEPXHOCTHU pa3/iejia AByX
cpen € pa3JIMYHbIMU JUIJICKTPUYECCKUMU IIPOHUIAEMOCTAMM COCTABJIAIOIINE BEKTOPA
JIEKTPHUIECKOI'O CMEIEHMA, €CIN paSMeHleHHbeI Ha Hell CBO60]1HI)II7[ SJIGKTpI/I‘{eCKI/Iﬁ
3apA/l UMeeT IMOBEPXHOCTHYIO IVIOTHOCTD G.

7. (P) 3anummuTe ycaoBue, CBsI3bIBalOIIee KacaTeJlbHble K TOBEPXHOCTU Pasjiesia IByX
Cpell ¢ Pa3IMYHBIMU MAarHUTHBIMU TPOHUIIAEMOCTSIMH COCTaBJIAIONINE BEKTOpA Ha-
TIPSPKEHHOCTA MAarHUTHOTO TI0JIS, €CJIN Pa3MeleHHbIN Ha Hell cJI0i ToKa MMeeT TIJI0T-
HOCTb J.

8. (P) [lokaxkuTe, 9TO B TOYKAX TOBEPXHOCTH pazziena GeppoOMarHUTHOTO TeJsla U BO3-
JlyXa BBITIOJIHSAETCS paBeHCTBO ny(H; — Hy) = nyM, tiie n, — BeKTOp HOPMaJIU K TI0-
BEPXHOCTH, HAIIPABJIEHHBIN BHYTPb (peppoOMarHuTHON cpesibl, M — HaMarHM4eHHOCTb,
1, 2 — uHAEKCH BO3AYITHON U (DepPOMATHUTHON CPEIBI.

9. IloBepxHocTbio paszena cpex 1 u 2 aBisteTcst maockocThb z = (. VI3BeCTHBI BEKTOPBI
D, (B cpene 1) u H, (8 cpese 2) pu z = 0: D, = (i2x + j3y* + k5)-10° Ku/m?,
H, = (i +j5y° + k4)-10° A/m.

Paccuuraiite Besinunnnl Dy, E,, E, By, H,, B, na noBepxHocTu pasena cpel. Mx mpo-
HULIAEMOCTH & = 2&j, & = 4gg, Uy = 50ug, 1y = 100p,,.

10. TToBepXHOCTHBII TOK ¢ JMHEHHOI mIoTHOCTHIO j = 10° A /M MMeeT HampaBienye,
rapaJiieJibHOEe OCU X ¥ pa3MelleH Ha IIocKocTH z = (), sIBJSIONIENCs TOBEPXHOCTHIO
pasjiesia cpejl C MArHUTHBIMU ITPOHUIIAEMOCTSIME Ly = Mo TpU 2 < 0 11 py = 100p, ipu
z > (. HampsoxkeHHOCTP MAarHMTHOTO TOJIS B Cpefie C MPOHUIAEMOCTBIO Ly PaBHA
H, = (i-10° +j2-10° + k-10%) A/m. Paccunraiite HalpsKeHHOCTh MATHUTHOTO TIOJIS 1
MarHUTHYIO WHAYKITUIO B CPEJie C TIPOHUIIAEMOCTBIO Ly.

11. (P) BHyTpy HaXOAIIETOCs: B BO3/LyXe MapalJIeIbHO OCH z GECKOHEYHO [TIMHHOTO
KPYTIJIOTO MUJIUHAPA, TUAJIEKTPIYeCKast TPOHUIIAEMOCTh KOTOPOTO € = 2&, 9JIeKTpHUYe-
CKOE I10JIe OJIHOPO/IHO 1 ero HanpsikenHocTsb E =jE, =100 B/m. PaccunTaiite snaue-
HMS COCTABJIAIONINX BEKTOPOB HamnpsizkenHocTu E, u cmenenusi D, Ha ero TOBEPXHO-
ctu B Bozzayxe. CoxpaHsieT Jin OMHOPOIHOCTD IOJie B BO3AyXe?

12. (P) Ha mtockoit ToBepXHOCTH X = cONSt pasjiesia BO3/yXa U MarHUTHON CPeJbl C
TEH30POM MAarHUTHOI MPOHHUIIAEMOCTH ([1) HANPSPKEHHOCTb MATHUTHOTO T10JIST B BO3-
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nyxe Hy =il + jH,,. Onpenenure Hanps:xeHHOCTh Hy MarHUTHOTO MOJISE B MarHuT-
HOW cpefie, a TaKyKe MarHUTHYIO WHAYKIMIO By B Heil 1 By B BO3/yXe, IPUHUMAsI, 4TO
rJIaBHbIE OCH aHU30TPOIINH @) COBIIAZAIOT C OCSIMHU X, ¥, 0) HE COBITA/IAIOT C OCSIMU X, Y.

24.1. NMNoTeHUMan 3/1eKTPOCTaTUYECKOro nons

BOMPOCHI
1. (O) Iloyemy TOTEHIMAT CBSA3BIBAIOT C HANPSKEHHOCTBIO TOJS COOTHONIECHUEM
E = — grad U, a ue coornomenvem E = grad U?

2. [ToueMy HaNPsIZKEHHOCTD 3JIEKTPOCTATUYECKOTO MOJIS HE U3MEHSETCS MIPU YBeJIH-
YeHUH 6O YMEHbIIEeHIH TIOTeHI[ala BO BCeX TOUYKaxX 00JIaCTH Ha OHO ¥ TO JKe YhC-
J10? VI3MEHUTCST JIN HATIPSZKEHHOCTD TIOJIsI, €CJIM U3MEHUTD TIOTEHIIMAJ BO BCEX TOUKAX
B k pas?

3. Yemy paBHa HAMPSIKEHHOCTD 3JEKTPOCTATHYECKOTO TOJIST B 0OJIACTH, T/I€ MOTEHIH-
aJl UMeeT MOCTOSTHHOE, He 3aBHCsIee OT KOOPAMHAT TOUKU 3HaueHue?

4. B HampaByieHUUW BEKTOpPa M MOTEHIMAT M3MEHSETCS] ¢ HAMOOJbIIEl CKOPOCTHIO.
B xaxom HarpaBieHUN MOTEHIIUAT He U3MEHSIEeTCs?

3. [Tox kakuM yTJI0M K TIOBEPXHOCTHU TIPOBOJISITIETO TEJIA TTOIXOSAT TMHUN HATIPSKEH-
HOCTU 2JIEKTPUUECKOTO TOJIS?

6. Yemy pasna ¢yukiws grad U BHYTPU TPOBOJISIIIETO Tesa?

7. ToJHbIi 3apsii CUCTEMBI TeJl paBeH HYJ0. MOoKeT i Ha OOJIBIIIOM PACCTOSTHUU 7
OT HUX IMOTEeHI[Ua/ yObIBaTh KaK R N L

8. Kak ciieyer pasMecTuThb iBa PACIONIOKEHHBIX PSIIOM IUTIOJISL, 4TOOBI Ha GOJIBIITOM
PACCTOSHHUHI OT HUX MOTEeHINA YOBIBAI KakK 7 2, 7 1?2

9. (O) B simHuu nepesaun MpoBoja paccMaTPUBAIOT Kak OeCKOHEYHO JinHHbIe. [Tpu
KaKOM YCJIOBUM TOTEHIIHAJ MOJIst B OECKOHEYHO YAaJleHHBIX TOYKaX MOKHO [IPUHSITDH
pPaBHBIM HYJIO?

10. (O) Ilouemy g pacueTa MOTEHIIUANA 3aAPSIZKEHHOTO TeJla MOYKHO TT0JTb30BaThCS

c .

BbIpakennem U = —— ﬁ—, CIIPaBE/JINBBIM TOJILKO B OZHOPOAHOMN Cpejie C AU3JIeK-
4me T

TPUUYECKON TTPOHUIIAEMOCTRIO €7 Belb caMo TPOBOJisINee TeI0 HAPYIIAET OJHOPO/I-

HOCTB CPEJIbI?

1 rods
11. (O) Moo 1 mpuMeHnuThb Beipakenne U = —— ¢ —— 1 pacdera MoTeHIraia

4TESQ r

TIOJIST 3aPSIPKEHHOTO TTPOBOJIAIIETO TeJa, €CJIU B €T0 TI0JIe PACTIONOXKEHO TTPOBO/IAIIEe
He3apsi’KeHHOE TeJo?

12. (O) MosHo Jin JIst pacyera MOTeHI[HasIa MoJist 3apsi/IoB, PACIIPEIeTIeHHbIX ¢ 00b-
€MHOI1 IIJIOTHOCTBIO p B 0ObeMe V IM3JIEKTPUKA ¢ TPOHUIAEMOCTDBIO €;, BOCIIOJIbB30-

1 dv
BaThCsl BhIpakenunem U = n jp , €CJIU TIPOHUIAEMOCTH OKPY’KAIONIETO PO-
e r
eV

CTpamHCTBa &,?



Bonpocekl, ynpaxxHeHus, 3agayu k rnasam 23, 24 n 25 107

YMPAXXHEHNSA N 3AOAYN

1. Haiiqure cocrapasiomue E,, E,, E, HAIPAKEHHOCTH 3J1EKTPOCTATUYECKOTO MOJIs,
MTOTEHITUAJ KOTOPOTO

a) U=Uy=const, 6) U=ax, 8) U=ax + by + kz,2) U= axy, 0) U= Ua (x> + y* + 22) 7,
e) U= e ™ sh ky cos mz.

2. Haiingute cocrasisioniue E, E,, E, HANPSKEHHOCTH 3JIEKTPOCTATUIECKOTO TOJI,
noreniman koroporo a) U = Uya™™, 6) U = Uye “sin ka, 6) U = Uye * cos ka,
2) U= ar™"sin ka, ) U= (ar" + br™) cos ko sin mz.

3. (P) dBaisercst v MOTEHITMATBHBIM T10JI€, HAPSKEHHOCTh KOTOPOTO 33/1aHA BbIPA-
xerneM a) E=i 5103 6) E=i7-10°+j5-10°,6) E=iax,2) E=k by,0) E=i ax’ +j bz,
e)E=iaxy +jax+ k ax*?

4. (P) Haiizure moTeHimas moJsi, HanpsikeHHocTh kotoporo a) E = iE;, 6) E = jby,
8)E=kcz’, ) E=iE e ™ 0)E=jE,+ kEy, e) E=iax+ kcz, ) E=jcy + ka.

3. (P) Kakuwm yci0BUsIM IOJUKHBI YIOBIETBOPSTH (byHKINu Ey, Ey, E3, 9TOOBI 10JTE Ha-
npsikeHHoctbio a) E=1E, +jE,, 6) E=jE, + kE;, 6) E=1iFE, + k E3 6b1710 NOTEHIIU-
AJTBHBIM?

6. TTorentan moJist 3agan BeipakernieM: a) U= ax, 6) U= ax + by, ¢) U= ar, 2) U = axy.
Omnpeesure cocTaBJstiole HanpsizKeHHoCTH noJist. Mizo6pasute jmuaun U = const
U JINHUW HATIPSKEHHOCTH TIOJIS.

7. (P) IosryunTe BbIpakeHus [ pacueTa MOTEHIIMAIA W COCTABJISIONNX HATIPSKEH-

HOCTH 110JI4 Ha OOJBITNAX pacCcTOAHMAX OT PACHOJIOKEHHDBIX B YIJIaX KBa/[paTa 3apsAaa0B
+q, +Q7 -4, —q (pHC B241) Cl) n +Q7 —-q, +Q7 —-q (pHC B2417 6)

a A 6 A ‘

Puc. B24.1

8. (P) Hafigure moTeHIIMaM 1 HAMPSKEHHOCTH MO HA OCH TOHKOTO KOJIBITA PaIIy-
CcOM R, 3apsKEHHOTO € TMTOCTOSTHHOW JIMHEWHOU MJIOTHOCTBIO T.

9. (P) Haiiure moTeHIna OIS, CO3/[aHHOTO GECKOHEYHO JVIMHHON PaBHOMEPHO 3a-
PSIKEHHON TIACTHHON MUpHHON 2a ¢ BecbMa Masoit tosmunoi d (d <« 2a). TloBepx-
HOCTHAsI TJIOTHOCTH 3apsijia TIJIACTUHBI PaBHA G.
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10. (P) HaiiguTe moTennnas u Hamps:KeHHOCTH TIOJIS, CO3ZITAHHOTO COBOKYIMTHOCTHIO N
3apsIKEHHBIX MAPAJIIIETbHBIX IPYT APYTY OECKOHEUHO UTHHHBIX HUTEH, Pa3MEIEHHBIX
PaBHOMEPHO Ha IMJIMHAPIYECKOHN TIOBEPXHOCTH PAITYCOM R TTPH JIMHEWHOW TIJIOTHOCTH
UX 3aPSTIOB @) Ty =Ty = ... =T,0) Tj= —Ty = t13=—T14 = +15= ... =1. Onpeaenure 3aKoH
yOBIBAHUS MOTEHIMATIA U HATIPSIKEHHOCTH OIS Ha OOTBITNX PACCTOSTHUSIX OT HUTEIH.
11. (P) Ilonyunre BbIpaskeHUSs /IS pacdeTa MOTEHIMAIa M HAIPSSKEHHOCTH I10JIS
PAaBHOMEPHO 3apsiPKEHHOMN € TIOTHOCTBIO 3apsiia T MPSMOJIUHENHON HUTH JJUHON [
B IVIOCKOCTH, HEPIEHIUKYISIPHON HUTU U IIPOXOJSIIIEH yepe3 ee CepesinHy.

24.2. YpaBHeHus Jlannaca m lNyaccoHa
BOMPOChI

1. Kaxkoii mo/kHa ObITh (hopMa MPOBOJSIIETO TeJia, 0OECIIeYNBAOIIEr0 YCIOBUE TI0-
CTOSIHCTBa IIOTeHI[Mana B 00beMe V?

2. (O) Kaxue us oipaxenuii grad div E, grad E, grad rot A, div grad U, rot grad U,
grad div grad U umeior cmbici?

3. YnosaetBopsier u ypaBHeHusM Jlammaca u [lyaccona moTeHIuam smexkTpocTaTu-
YeCKOTO I0JIs1 B @) HEO[HOPOAHOM Cpejie, 6) KyCOUYHO-OHOPOIHOM Cpeie, 8) OJHOPO/I-
HOW cpejie, 2) aHU30TPOITHON OHOPOJIHON cpeje?

4. (O) IlpaBas yacth ypaBHenus Jlammaca paBHa HyJII0, TO9TOMY €r0 PelleHrueM sB-
JisteTcst, B yactHocTH, pyHknmsa U = const, Tak Kak TOT/Ia KayKI0e U3 CIaraeMbIX JeBOH
yacTy ypaBHeHUs oOpamiaercs B HyJib. [Touemy ypasHenue Jlamiaca MOKeT UMETh U
UHbBIE PENIeHNs, OTANIHbIe OoT penteHus U = const?

3. (O) Tose cos3mano 3apssKeHHBIMU TTPOBOJANIIIME TesaMu. KakuM ypaBHeHeM —
[Iyaccona nnu Jlanmaca oHO OMCBHIBAETCS?

6. (O) MoryT 71 IOTEHIINAJ UJIX €TO TIPOU3BOIHBIE NMETDH PA3PBIBBI?

7. (O) Ha 3amknyTOIf TOBEpPXHOCTH, BHYTPU KOTOPOH 3aps OTCYTCTBYET, TTOTEHIHAT
mocTosHeH. UeMy paBeH MOTEHITUAJ BHYTpPHU MoBepxHOCTU? V3MeHseTcda mu OH BHE
MTOBEPXHOCTU?

8. Kakue 3nayenust npunnmaet dbyukius div D a) BHYTpU 3apsizKeHHOTO MTPOBOJIHMU-
Ka, ) B OKPY’KAIOIIEeM €T0 IUJIEKTPUKE, 8) HA TIOBEPXHOCTH 3aPSIKEHHOTO TPOBOJIHMU-
Ka, 2) Ha TIOBEPXHOCTU HE3aPSKEHHOTO TTPOBOIHUKA?

9. IlloaxomAaT i MO TIPSAMBIM YIJIOM K TIOBEPXHOCTH TTPOBOHUKA JUHUHN HATIPSKEH-
HOCTH 3JIEKTPUYECKOTO TI0JIS, €CJIN OKPYXKAIOIAsd ero ANdJIeKTpUYecKas cpejia Xapakx-
TEPU3YeTCSI aHU30TPOITHBIMU CBOMICTBAMMU ?

10. (O) Iouemy 1ipu pernernn o0IIEl 3a1a4N IEKTPOCTATUKH YA0OHO BHAYAE OII-
peienaTh MOTEHINAN, a He cPa3y HaNPSKEHHOCTh 3JIEKTPUYECKOTO TOJIS?

11. (O) Hesapsxernoe mpoBoiAIiee Teso, TOTEHITAT KOTOPOTO HEM3BECTEH, HAXOAUTCS

oU
B 9JIEKTPOCTATUYECKOM IIOJIE. KaKOMy YCJIOBUIO Y/IOBJIETBOPAET (I)yHKLH/IH 67 Ha €ero
n

HOBerHOCTI/I? Kaxk usmenurcs ato YCJIOBHE, €CJIN TEJIO 3aPAKEHO U €T0 3aps/l paBEH q?



Bonpocekl, ynpaxkHeHus, 3agayn k rnasam 23, 24 n 25 109

12. (O) Kakag u3 3a1a4 2J1eKTPOCTaTUKN MMeeT OoJiee IIPOCToe PelleHre: a) Ipu 3a-
JTAaHHOM pacIipe/ieJIeHnH 3apsi/I0B Ha TIOBEPXHOCTSIX TIPOBOIHIKOB WJIH 0) TIPH 3a/[aH-
HBIX MTOTEHITHANAX TTPOBOAHUKOB? /[M3IEKTPUK, OKPYKAIONUI TPOBOJHUK, OJIHOPO-
TIeH.

13. Ha 3aMKHYTO# MOBEPXHOCTH, OXBATHIBAIOIIEN OJHOPOAHYIO CPEy, 3a7aH TTOTeH-
1man U= const. CBoGOAHBIE 3apsiIbl BHYTPH MOBEPXHOCTH OTCYTCTBYIOT. CylecTByer
JIV TIOJIe BHYTPH TTOBEPXHOCTU? VI3MEHUTCS JIN OTBET, €CJIU @) TTOTEHINAJ Ha TIOBEPX-
HOCTH He ITOCTOSIHEH, 6) cpefia KyCOUHO-OJHOPOHA, 8) BHYTPHU MMOBEPXHOCTU MMEETCS
CBOOOIHBII 9JIEKTPUYECKUI 3apsi?

14. MoseT 1 Ha TTOBEPXHOCTH BHECEHHOTO B 3JIEKTPOCTATHYECKOE TT0JIEe Tesa Ipe-
TepIieBaTh Pa3pbiB a) MOTEHIMAJ, 6) HOPMaJbHAasl K MOBEPXHOCTHU TeJia COCTABJISIIO-
Iasi HANIPSKEHHOCTH TI0JIST, 8) KacaTeJbHast K TIOBEPXHOCTH TeJla COCTABJISIONIAs Ha-
MIPSKEHHOCTHU TI0JIST?

YMNPAXHEHNA U 3AAAYN

1. (P) ITorennumasbl 00KIaI0K OAHOCIOINHOTO KoHAeH caTopa paBubl —Uy u Uy. Cun-
Tast, YTO TMOTEHIIMA B TIPOCTPAHCTBE MEKIY OOKJIAIKAMKM U3MEHSIETCS TOJBKO B Ha-
[IPaBJIEHNH, HOPMAJbHOM K OOKJIa[KaM, OIpe/IeJIUTe 3aKOH ero U3MEHEHUsI B cilydae
@) TJIOCKOTO, 0) MUJIMHIPUIECKOTO KOHAeHcaTopa. PaccTosiHie MexLy OOKIajKaMu
paBHO d. Pajuyc BHyTpeHHell 0OKIaJKK IUJIMHAPUYECKOr0 KOHIeHcaTopa paBeH R.

2. (P) B npocTpancTBe MexKLy MIOCKUMHU DJIEKTPOIAMHE, TOTEHITHAIBI KOTOPhIX PaB-
Hel 0 u Uy, pactipeiesied 3apsiji ¢ 06beMOM TIOTHOCTBIO p. Haiiure moreHman u Ha-
NPSKEHHOCTh TOJISI B TOYKAX MEXK/Y DJIEKTPOJAMU, TPUHUMAST JIUIJIEKTPUUECKYIO
ITPOHUIIAEMOCTD PABHON € = €y U JIOMYCKasd, YTO 110JI€ UI3MEHSIETCS TOJIbKO BJIOJb KOOP-
JIMHATBI, OTCYUTHIBAEMOI 110 HOPMAJIH K AJIEKTPoIaM. PaccTosinre Mex 1y 2JeKTpo/ia-
MU PaBHO d.

3. (P) IloTtennmarsl MUTUHAPUUIECKUX COOCHBIX KaTo/ia M aHozia (Ux paamycel R, R,
(R« <R,), anmna [ 3HaunTEJbHO IIpeBbITIaeT paanycol) pasubl U, =0, U, = U,. YacTb
MEKAJIEKTPOHOTO pocTpancTsa (0T 7= R 10 7= Ry = 0,5(R, + R,)) 3aro/iHeHa 3J1eK-
TPOHAMH C IIOCTOSHHOI 06beMHOI 110THOCTEIO p. Haligure 3asucumoctu U(r), E(7),
CUMTAS TIOJIE TEKTPOCTATIYECKUM U He U3MEHSIOMINMCS TI0 KOOPJUHATAM O U Z; € = §
BCIOTY.

4. Tlokaxwure, uto cocraBnsgomue E,, E, E, HANPAKEHHOCTH 3JEKTPOCTaTHIECKOTO
M0JIS yIOBJIETBOPSIIOT B OJTHOPO/IHON cpejie ypaBHeHuIo Jlariaca.

5. (P) B mpoctpaHcTBE MEKIY 3a3eMJIEHHBIMU OOKJIaJIKaMU TIJIOCKOTO BO3LYITHOTO
KOH/IeHCAaTOpa pacipeesieH 2JIEKTPUUIeCKUN 3apsf MJIOTHOCTBIO a) p = pg = const,
6) p=ax, 6) p=py+ax,2) p=ax’+bx+ py, ) p=pee™, e) p=poe ™, %) p = p,, sin kx.
KoopauHaTy x oTcunThIBAEM BIOJIb HOPMAIU K OOKJIaJKaM.

Haiizinte moreHIMan U HaIPsKEHHOCTD T10Jist. PaccTosiHue Mexay OOKIajKaMu
paBHO 2d. ITpumure p = 0 ipu 0 < x < du p =0 npu d < x < 2d; € = g, Bcroxy.

6. (P) B cpene ¢ nmanekTpudaecKoii TPOHUIIAEMOCTBIO € = 2€( MTOTEHITUAJ TEKTPOCTa-
TUYECKOTO TI0JIsl BBIpaskaeTcs ofHoil us dopmyrr a) U = ax, 6) U = ax’+ bx + U,
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6) U= U, + ax’, 2) U= Uye™, ) U= U, sin kx, e) U= U, % ) U= U, sh kx, 3) U= ar*
r

wyU=ar > +br?+c '+ U.
OmnpeziesinTe, CymecTBYeT JIi B 001aCTH 3JIEKTPUYECKNUIT 3apsi/l 1 PacCYUTaiiTe €ro
TJIOTHOCTb.

7. Moxer u B 06JIaCTI/I, rae o0beMHas TIIOTHOCTh 3aps/ia paBHa HYJIIO, IIOTEHIIUAJI
QJIEKTPOCTATUYIECKOTO I10JIS OBITD IpeacTaBJ/IeH BbIpa)k€HHUEM:

a) U=ax’+ by* + cz,6) U= axy + byz + cxz, 8) U=ax® + bxy + cz*, 2) U=arcos a,
) U=2+br?
r

8. Ompenennte 06HEMHYIO TIOTHOCTD AIEKTPUYECKOTO 3aPsijia, TOTEHIIHAT KOTOPOTO
pasen a) U= axyz, 6) U= axy’z. JlusnexTpideckas IPOHUIIAEMOCTD CPeJIbl PABHA &).
9. (P) Ha mununapudeckoii moBepXHOCTH PAINYyCOM R TIOTEHITA U3MEHSIETCST TI0 3a-
kony U = U, sin ka, rie k — HexoTopoe 1ie1oe moJoxkuTebHoe yncao, 0 < o < 2.
Cuurasd, 9To ToJie ABSETCS TMI0CKOMapaAJIeTbHBIM, HatimuTe otennuan U(r, 0) u Ha-
MpssKeHHOCTD E(7, o) TIOJIs B IPEATIONOKEHNH, UTO € = &) BCIO/Y. YOeaAUTeCh B TOM, UTO
npu k = 1 BHYTPH TIOBEPXHOCTH TI0JIE€ OJIHOPOHOE.

10. (P) Chopmynupyiite coobpaskeHwMsi, ONpeIesiolie BBIOOpP CUCTEMBI KOOP/IH-
HaT, B KOTOPOH 11eJ1ec000pasHo 3aluchiBaTh U peraTth ypaBHenus Jlarmraca u Ilyac-
COHa.

11. Tlinockuit KOHAEHCATOP COAEPKUT k CTIOEB AUATEKTPHUKA, TPOHUIIAEMOCTH KOTO-
PBIX PABHBI €1, €9, €3, ..., & [lOBepXHOCTHN paszesa AN3JEKTPUKOB — IJIOCKOCTH, TapaJ-
JieJIbHbIE OOKJIAIKAM KOHIEHCATOPA. 3aMUIIUTe TPAHIYHbIE YCIOBHS /IS OTEHITNATA
1 eTo TTPOM3BOIHON Ha TOBEPXHOCTH Mexkay i 1 i + 1 cioamu. [loxcunraiite unco mo-
CTOSIHHBIX IIPM MHTEIPUPOBAHUM ypaBHeHUN Jlanmaca n yncsio ycjaoBuil sl OTeH-
1Majia ¥ ero Mpon3BOIHOM.

12. (P) IlpoBozsiee Teo ¢ MOJOCTHIO, TIOMEIEHHOE B JIEKTPOCTATUYECKOE TTOJIE,
npuHuMaet norennuan U. Haliute noTreHnunan B mMoJOCTH.

13. (P) beckoneuno AMMHHBIN MPOBOAAIINN MTUANHIAP PAAXYCOM R TTOMeIeH B HOP-
MaJbHOE K €ro OCH OJHOPOJHOE B3JIEKTPOCTATUYECKOe TI0Jie HANPSIKEeHHOCTHIO
Ey=100 B/m. Ucnionb3ys pellieHue ympaskHeHUs 9, HaliinTe MI0THOCTh HABEIEHHOTO
Ha TTOBEPXHOCTH NUJIMHAPA 3apsia, TPUHNMAS BHE TIUJINHIPA € = €.

14. (P) B npocTpancTBO MeXIy 0OKIAIKAMU TJIOCKOTO BO3AYIIHOTO KOHIEHCATOPA,
paccrosinue Mex 1y KotopeiMu d = 2 cMm u Hanpstkenue Uy = 10 B, BcraBiiena Hesapsi-
JKeHHast MPOBOJISIIAs TJIACTUHA TOIMHOM dq = 0,2 ¢M, TOBEPXHOCTH KOTOPOH MapaJ-
JIeJIbHBI OOKJIaIKaM. PaccTosinme OT TIaCTHHBI 10 OOKJIAJIKK, HOTEHIIUAT KOTOPO pa-
BeH Hy0, dy = 0,5 cMm. Paccunraiite norennuan U(y) u HanpsikeHHocTh E(y) mouist B
Tpex 00JacTsIX: B IJIACTHHE M B JIBYX BOZIYIIHBIX CJIOsIX (OCh Yy MEPHEeHANKYJIsIPHA
IJIACTUHAM ).

15. (P) Pemnre npeabiaymyio 3ajavqy mpy yCJIOBUH, YTO KOHEHCATOP TIMJINHAPUYE-
CKUI, pauychl 00KIa0K KOTOPOro Ry = 2 MM, Ry = 5 MmM. ToJriuHa mpoBoIsIIero mu-
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JIMHJIPA, COOCHOTO ¢ 0OKJIaKaMu KOHAeHcaTopa, dy = 0,2 MM, PacCTOsIHIE OT HEro 0
BHYTpeHHel 0OKIanku dy = 1 MM.

16. (P) BoiBeuTe ypaBHeHue, KOTOPOMY yIOBIETBOPSIET TIoTeHIMAN U B HEOJHOPO/I-
HOM JIUBJIEKTPHUKE € MMPOHUIIAEMOCTBIO € = f(X, ¥, 2).

17. Ha 3aMKHYTOI TOBEPXHOCTH S 3a/1aH moTeHual. B obiacti, orpaHndeHHoil 9Toii
MIOBEPXHOCTHIO, UMEIOTCST CBOOOTHBIE 3apsiibl. [IpeyiokuTe MOAX0A K OTPeIeIeHUI0
0JIs1 B 06J1aCTH, OCHOBAHHBII Ha METOJIE HAJIOKEHUSI.

24.3. NnockonapannenbHoOe 3/IEKTPOCTaTUYecKoe nose
BOMNPOCHI

1. ITouemy npu M306paKEHUN KaPTUHBI [IJIOCKOIIAPAJLIEIBHOTO OIS JIMHUKA TOCTO-
STHHBIX 3HAYEHUH MMOTEHIIHAJIA TPOBOIST TaK, YTOOBI IPUPAIlEHIE TOTEHIINAIA MEKITY
COCETHUMMU JIMHUSIMU COXPAHSIOCh OTHUM W TEM Ke?

2. TTouemy simauu V = const HAHOCAT Tak, YTOOBI IpUpalieHne GYHKIUKI TOTOKA IPU
mepexojie OT HEKOTOPOI JTUHUK HATIPSIKEHHOCTH ITOJISI K COCEIHEH COXPaHsIOCh T10-
CTOSIHHBIM?

3. KakoBa cBs3b MexkIy (hyHKITHEN TTOTOKA U 3aPSI0M MMPOBOAHUKA HA eIUHUILY JTH-
HBI?

4. MOXHO /i TIPU UBYYEHUU TI0JIsT, XaDAKTEPUCTUKU KOTOPOTO SIBISIOTCS (DYHKITNSI-
MU KOOPJMHAT X, ¥, Z, BBECTH TIOHATHS @) TOTEeHIMaa, 0) (GyHKIIMK MOTOKa?

5. Coxpamnser au QYHKINSA MOTOKA MTOCTOSHHOE 3HAUEHIE Ha TIOBEPXHOCTH MPOBO/I-
HUKa?

6. (O) Ilouemy notennuas u GyHKINA MOTOKA, Y/OBIETBOPSASA OJHOMY U TOMY XKe
YPaBHEHWIO, HE COBMA/IAIOT, T. €. ABJIAIOTCA PA3TUIYHBIMU (PYHKITNAME ?

7. (O) llouemy B 3a1auax 2JIeKTPOCTATHKH Yallle PelIaioT ypaBHeHnue Jlammaca oTHO-
CUTEJIbHO MOTEHINAJa, a He QYHKIIUU MTOTOKA?

24.4. MeToa KOMIJIEKCHOIO NOTEHUWana

BOMPOCHI

1. KakoBa pasaMepHOCTb KOMIIJIEKCHOTO TTOTEHITAAA?

2. (O) 3aman KOMILIEKCHBIN TToTeHnan {(z) mod. Kak onpeneants hopMy TTIPOBOI-
HUKOB, [10JIe KOTOPBIX OH OIUCHIBAET?

3. (O) MoxHo s1, 3HasT KOMIIJIEKCHBIN TIOTEHIINAJ TI0JIsI, ONIPEAESUTH TIJIOTHOCTD 3a-
pSa Ha TIOBEPXHOCTH 3aPSIKEHHOTO MTPOBOIHUKA?

4. KoMILTeKCHBIE TIOTEHITUATBI IBYX TTOJIel Pa3andaroTces Ha mocTosHHOoe yucao Cy + jC,.
OnuHAKOBHI TN HAPSKEHHOCTH E(X, y) 1 cocTaBisgoniue HanpsokeHHOCTH E (X, YY),
E,(x, y) atux monei?

5. (O) MoxHO JI CTTONB30BATh TTOHATHE KOMILIEKCHOTO TIOTEHIIHAJA [IJIsT pacyeTa
TTOJIT B HEOJHOPOIHOU cpeme?
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6. Ha xakoM OCHOBaHUHU MOKHO 3aKJTIOYNTh, 4T0 GyHKIwMs { = Aj In z + C aBisiercst
TP COOTBETCTBYIOIIEM BbI60pe ITOCTOAHHDBIX KOMIIJIEKCHBIM TTOTEHIINAJIOM JJIEKTPU-
YeCKOTO MOJIS 3apPSKEHHOTO TIPOBOJIA KPYTIJIOTO CeUeHUS ?

7. 3aBUCUT JIM KOMILJIEKCHBIN IIOoTeHIIMaJ 3aPAKEHHOTO YEANMHEHHOTO IIPOBO/JIA KPYT-
JIOTO ceyeHuA OT €ero pazmyca?

8. MoskHo s u3o6pasuth aunuu U = const u V = const BHYTPH 3apsizKEHHOTO TIPO-
BOA?

. T T .
9. Bue 3apstkeHHOro IIPOBO/Ia KOMILIEKCHDBIH IIOTEHIIUAT PaBeH G = 0 - P jlnr+
ne ne

+ C; + jC,. KakoB KOMILIEKCHBIH MOTEHIIUAT BHYTPHU MPOBOIA?

10. VaMeHHUTCS JTM KOMILTEKCHBII IOoTEeHIHAJI T10JIA 3aPpAKEHHOTO GECKOHEYHO JIJINH-
HOTO HpHMOJIHHefIHOI‘O IIpOBO/Ia, €CJIN IIPOBO/L IOMECTUTDL B OJJHOPOJIHOE 9JIEKTpUYE-
CKO€ I10J1€, HAIIPAYKEHHOCTH KOTOPOTO HallpaBJI€Ha IIOIIEPEK OCH HpOBOlIa?

11. V3meHsieTcs M KOMIIEKCHBIN MTOTEHIIMAJ B TOYKE, MEpeMeNiaiieiicss B/oJIb
@) JIMHUU HATIPSKEHHOCTH TI0JIst, 0) JIUHUK TIOCTOSIHHOTO MOTEHIInaa?

12. (O) ITouemy npu KOHGOPMHOM 0TOOPAKEHUH 00JIACTH COXPAHIETCS HEU3MEHHOM
€MKOCTb MEXy TeJIaMU, Bellb PACCTOSTHUE MEXKIY HUMU U3MEHIEeTCS?

13. B kakoMm cirydae mpoBOJL PalyCoM cedeHust R ipu KOH(MOPMHOM OTpaskeHuH 00-
JIACTH ¢ TIOMOIITbI0 (PYHKIMK = 22 COXpaHuT cBoio GopMy B maockocts (? MosxeT m
COXPaHUTHCS (hopMa MTPOBOIOB ABYXIIPOBOAHON JIMHUN [IPU TAKOM OTOOPaKEeHUM?

14. Paccrosnane Mexny AUHEHHBIMUA TTPOBOAAMU € KOOPAUHATAMU Xy + jyi, X9 + jys
paBHo 7. Kakum oo Gyner mpu KOH(MOPMHOM OTOOpaxkeHHUH obgacTu (DyHKIMend

a)C:ez,6)Czshz,e)@zaz-irb,e)C:erl?
z

15. (O) CoxpaHsieTcst M HeM3MEHHBIM IPU KOHPOPMHOM 0TOOpaskeHUU 00JIaCTH 0~
TOK BEKTOPA HANPSI?KEHHOCTU CKBO3b 3aMKHYTYIO TIOBEPXHOCTH, OXBATHIBAIONIYIO 3a-
PSPKEHHBIH TTPOBOJL?

16. (O) MoxHO 711 ONIpeIeTUTh CUITY B3aUMOJICHCTBUS JABYX 3aPSIZKEHHBIX JTNHENHBIX
IIPOBOJIOB, PACCYUTBIBASI €€ 110 3HAUYEHUSIM JIMHEHHOU TJIOTHOCTU 3apsijla U Hampsi-
JKEHHOCTH TIOJIsT B 00JIaCTH  TIPU KOH(OPMHOM 0TOOpaskeHIH 00JIACTH Z € TIOMOTI[HIO

dbynrumu &(z)?
YMPAXKEHUSA 1N 3AOAYN

1. (P) 3ammmure KOMIJIEKCHBIN MTOTEHIIMAN OHOPOIHOTO TTOJI.

2. 3anummuTe ypaBHEHUS JUHUH QYHKINN TOTOKa V(Xx, y) W JTUHUN 3JeKTPUIECKOTO
norentmana U(x, i) o BBIPAKEHNUIO KOMIIJIEKCHOTO TTOTeHInama moss a) §(z) = Az + B,
6) {(2) = A2, 6) ((z) =AInz+ B,2) {(2) =Aj In z + B, 0) {(2) = Az®°. Haiiante nanps-
&KeHHocTb E(x, y) mona u ee cocrapasiomue E(x, y), E,(x, y).

3. O6wsichute cmbica pasaoctu AV = V(xy, y1) — V(xs, ys).
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4. (O) Ob6bsicHMTEe TPUYMHY TPYAHOCTEN pacyera MoJist METOOM KOMILIEKCHOTO TI0-
TEHIMAJIA B KYCOYHO-OJHOPOHON CPe/Ie.

5. 3anuimTe KOMILIEKCHBIN TTOTEHITUAT MOJIST 3aPSIKEHHOTO MTPOBOIa KPYTJIOTO cede-
HUSI B IPSIMOYTOJIbHOM CHCTEME KOOPJMHAT.

6. (P) 3amumuTe KOMIJIEKCHBIN MOTEHIINAJ TOJIA 3aPSPKEHHOTO MTPOBOA KPYTJIOTO
CeyeHUs], IIOMEI[EHHOIO B OJJHOPOIHOE 110J1€, HAIIPSDKEHHOCTD KOTOPOTO IIE€PIIEHANKY-
JISIPHA OCU IIPOBO/IA.

7. (P) 3ammmure KOMIJIEKCHBIN TTOTEHITNA TIOJIS ABYX TOHKHX MTPOBOIOB KPYTJIOTO
CevyeHus1, paccTosiHme d MesKLy OCSIMU KOTOPBIX PaBHO 1 M. 3apsi/ibl Ha eIMHUILY IJI1-
HBI [TPOBOJIOB @) Ty = Ty, 0) Ty = —Ty.

8. (P) 3ammmmuTe KOMIIEKCHBIN TOTEHITNA 1 HATPSKEHHOCTD T0Ji1 N TTPOBOIOB, 3a-
PSKEHHBIX € IMHEWHOU TIJIOTHOCTBIO 3apsiia T KayKAbIN, pacpeeIeHHBIX PaBHOMEP-
HO TI0 OKPY’KHOCTH PaguycoM R 1 06pasylonmx «pacuierieHHyo»> (Gasy JUHUU Te-
penaun.

9. (P) 2N nuHENHBIX TPOBOMIOB € 3apsi/laMU IVIOTHOCTBIO +T U —T PACIIOJIOKEHBI PaB-
HOMEPHO TI0 OKPY>KHOCTU PamuycoM R Tak, 4TO cocefHUE MPOBOAA UMEIOT 3apsIIbl
Pa3HbIX 3HAKOB. HaliinTe KOMIIJIEKCHBIN TTOTEHITHAT TTOJIsI.

10. (P) 3amuimmTe KOMILJIEKCHBIH TIOTEHIIMAT M BbIpaKEHUE IS HAIPSIKEHHOCTH
OJIs IBYX JIMHEWHBIX PA3HOMMEHHO 3apPsi’KEHHBIX TTPOBOJIOB, PACIIOJIOKEHHbBIX @) Ha
OCH Yy Ha PacCTOSTHUU 2 /i APYT OT JpyTa, 6) Ha OCH X Ha paccTosiHuK 2d IPYT OT Apyra
CUMMETPUYHO OTHOCUTEJIHHO HAauala KOOPIUHAT.

11. (P) IIpoBox paanycoM cedeHrs R pacoosxkeH BHYTPHU ABYTPAHHOTO yIJIa o, 06paso-

do

BaHHOI'O IIPOBOAAIIMMU TIJIOCKUMU ITOBEPXHOCTAMMU. Paccunrarite pagunyc R(u = R|l—
=20
6 6 o _ _mja

IIPpOBO/ia B IIJIOCKOCTU ® TIPU KOH(bOpMHOM OTOOpaKEeHUUN 00IaCTH (byHKLH/IeI/I 0=z
B HPEAIIOJIOKEHUN, YTO IIPOBO/L JIHHeﬁHBII;,I, IIPpUHUMaA KOOP/AHWHaATy OCH IIpOBO/ia
B IIJIOCKOCTHU Z paBHOﬁ Zy = 1y e’". OI_[eHI/ITe BeJIMUNHY AR OTKJIOHEHU KOHTYpa

IIpOBO/a OT KPYroBOI'O B IIJIOCKOCTU .

12. B ycnoBusx npeapiyIieii 3ajia4u mpoBo/] uMeet oTeniuan Uy OTHOCUTENLHO TIPo-

BOJAIINX TTOBepxHOCTel ¢ moTeHnnaaom U = 0. Paccun- N "
o St -0t

TaiiTe KOOPAMHATHI HECKOMbKUX (6 + 8) Touek JuHMH, (/00”% A

MOTEHIMAT KOTOpoi Toctosited u pasen U = 0,50, u

MIOCTPOMTE 3Ty JIMHUIO.

13. Ilpunumasi AM2JIEKTPUYECKYTO IIPOHUIIAEMOCTH Cpe-
JIbI, OKpY:Katoleit nsobpaxkernHbie Ha puc. B24.2 mposo- v
7la, PAaBHOU €,, pacCUMTAlTe @) 3apsj IPOBoa Ha elu- + -
HUILy €ero JUIMHBI, 0) HalpssKeHHe MEXKIY MTPOBOAAMME
8) €eMKOCTb ITPOBOJIOB Ha €/IMHUILY JITUHBI TTPH YCJIOBUH,
410 OTOK TpyOKU AV = 50 B 1 Hampsikerme MexIy co-
CeTHUMM JIMHUSIMU paBHOTO ToTeH mansa AU = 50 B.

Puc. B24.2
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24.5. dnekTpocTaTMyecKoe rnose npoBoAoB KPYrjioro ce4yeHus

BOMPOChHI

1. B kakux TOYKax ABYX NapaJlJIeIbHBIX TTPOBOIOB KPYTJIOTO CEYEHUS IJIOTHOCTH 32a-
psizia, a TaKsKe HAIPsKEHHOCTD 0JIsT IPUHUMAIOT HanboJIbliie (HauMeHbIIe ) 3Haue-
HUSI, €CJIM TPOBOJIA MMEIOT 3apsijibl @) OJHOTO 3HaKa, 0) PAa3HBIX 3HAKOB?

2. COBHaIIaIOT JIN TEOMETPHUYECKUE U IJIEKTPUIECKUE OCHU Cl) YEANMHEHHOI'O 3apsAKEH-
HOI'O IIPOBO/Ia KPYIJIOI'O CeY€eHNsd, 6) ABYX KPYIJIbIX TIPOBO/IOB C 3apsAJlaMM Pa3HbIX
3HAKOB, 6) ABYX KPYIJVIbIX ITPOBOJIOB C 3apsdA/laMi O/THOT'O 3HaKa?

3. Moxer nu JIEKTPUYECKasA OCb ITPOBO/Ia pacliojlaraTbCAa BHE €0 ceueHus?

4. N3amensercs i PaCCTOAHNE MEKIY FeOMeTpI/I‘IeCKOfI n SJIGKTPH‘IECKOP’I OCAMMU 1IPO-
BO/la ITPU M3MEHEHWHW BBICOTBI €I0 IM0ABECA Hal TLJTOCKOM ITOBEPXHOCTbIO 3eMJIn?

5. Y Kakoro u3 JByX PasHOMMEHHO 3apsDKEHHBIX IPOBOJOB PA3JINYHBIX PAJUYCOB
IUIOTHOCTD 3apsijia MeeT HanboJIbIlee Mo MOAYJTIO 3Hadenre? Ha moBepxHocT Kako-
TO U3 TIPOBO/IOB HATIPSIKEHHOCTD MOJISI TOCTUTAET HAMOOJIbIIEro 3HAYeHus ?

6. MokHO JIH, OTIpe/IeUB MOJIOKEHNE TEKTPUYECKUX OCeil ITPOBOJIOB, PACCYUTATH

HaIPAKEHHOCTD I10JId, 1I0JIb3YACH BbIPpa’K€HUEM E= B TOYKax d) BHE ITPOBO/IOB,

2ner
6) BHYTPH IIPOBOIOB, 8) Ha WX ITOBEPXHOCTHU ?
7. KaxoBo moJioskenne MmI0CKOCTH HYJIeBOTO MOTEHITHAA IBYX MPOBOIOB PainycoM R
KaxIpIil 1 notenimantamu —Uy u Uy ?

8. B HekoTopoii obactu TycToTa uHuil V = const 6oJblie, 4eM B APyTUX 001acTsIX
Takoi ke 1omaan. Kakoe 3akiodeHne MOKHO CeaTh O TYCTOTE JIMHUIT PaBHOTO
MOTEHI[HANa B 9THX 00JaCTsX?

YNPAXHEHNA U 3AAAYN

1. PaccuuraiiTe HaNpsKeHHOCTH TOJS W TIJIOTHOCTD 3JIEKTPUUYECKOTO 3apsijia Ha T0-
BEPXHOCTH ITPOBOJIOB KPYTJIOTO ceueHus: Ipu 3afiaHHoM a) Hanpstbkenun U = 1000 B
MesKLy POBOaMH, 6) muneiinoii mnotnoctn t = 1,5-107Y Kin/m ux sapsanos. Paccros-
Hue D MeX/Iy reOMeTPUYECKIMU OCSIMU TTPOBOJIOB U UX PaJINyChl IPUBEIEHBI B Ta0-
JIutE:

Ry, cm 3 4 5 6 7 8 9 10 11 12 13 14

Ry, cm 1,0 | 1,51 20 | 25| 30| 35| 40 | 45| 50| 55| 60 | 65

D, cm 5 7 9 11 13 15 17 19 21 23 25 27

2. (P) Paccuuraiite HanGoJbInne 3HAYEHUS HANPSKEHHOCTH 9JIEKTPUYECKOrO MOJIs
Ha KOHTYPax CeYeHu IUIMH/POB MIPU X PACIIONIOKEHNN coTacHo puc. B24.3 (R =1 cm,
Ry=2cm, AjAy=d=3 cm) u puc. B244 (Ry=1cm, Ry=5cm, AjAy =d =1 cm).
Jluneiinbie MIOTHOCTH 3apsA0B Ty = —Ty = T = 107 Ki1/M, 1usnexTpiyeckas IpoHu-
1[AeMOCTb CPe/Ibl €.
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Puc. B24.3 Puc. B24.4

3. (P) [Ipu ycmoBusAx mpeapayiel 3aiaun ompeiesinTe HATPSKCHIE MEKITY TTHITUH-
paMI, IPU KOTOPOM HAIPSUKEHHOCTD 1oJist £, - octuraer sHadenus E,, = 30 kB/cm.

24.6. KapTMHa 3/1eKTPOCTaTU4Y€eCKOoro nons
BOMPOCHI 1 YNPAXHEHUA

1. (O) IIpaBusbHO JiK TIOCTPOEHA KapPTHUHA TTOJIST, €CJIN STYEHKH CETKH, 0Opa3oBaHHbIE
muausiMu V= const u U = const, IpecTaBastioT co60ii mogo0HbIe @) YeTBIPEXYTOJIb-
HUKH, 0) TPEYTOJbHUKH, 6) NIECTUYTOTbHUKI?

2. B noJie 3apsKeHHOTO MTPOBOJIA HAXOIUTCS He3apsLKEeHHbIN mpoBo. KakoBo cooT-
HOHMIEHWE MEKAY YUCJIOM BXOAANIUX U BBIXOAANIUX U3 HE3aAPAKEHHOI'O IIPOBO/JiA JIN-
HUN HATIPSIKEHHOCTH TOJIST?

3. B ogHOpOIHOM TI0JIE HAXOMUTCS 3aPSIKEHHBIN TTPOBO. PaBHO JI YMCIIO BXOAATINX
B TIPOBOJI CUJIOBBIX JIMHUUN YHCJY BBIXOASIINX 3 HETO JIMHUH?

4. (O) MoskHo i 1306pa3uTh KapTUHY T0JIs, cOO/0Aast TpedyeMble paBuJa ee mo-
CTPO€HHUsA, €C/IN B 9JIEKTPUYCCKOM II0JI€ 3apsAKEHHDIX ITPOBOJOB MMECTCA TEJO0, AM-
9JIEKTPUYECKAst TPOHUIIAEMOCTb KOTOPOTO OTJIHYAETCS OT TPOHUIIAEMOCTH OKPYIKATIO-
el cpepr?

5. B 1ienTpe Kakoii u3 ABYX siueek KapTUHBI [0JIs HAIPSIKEHHOCTD OOJIbINe: B siueiike
GOJIBIIETO WMJIF MEHBIIETO pasMepa?

6. 3apsKeHHBIN TPOBOJI OXBaYeH METAJLIMYECKOI 000I0UKOIT, KOTOPast @) CoelnHeHa
¢ 3emuieit, 0) N30JMpOBaHa 1 He 3apsikeHa. M300pasure Jist 9THX CJIydaeB JIUHUK Ha-
HPSDKEHHOCTH 9JIEKTPUYECKOTO TOJISl B 00J1aCTH, OXBaY€HHON 000JI0YKOM, 1 BHE €€.

24.7. MeToa MHTEerpanbHbiX ypaBHEeHUM

BOMPOCHI

1. (O) [louemy pu 3amMenHe HEOTHOPOIHOH CPEABI C TUATIEKTPUUECKON MTPOHNIIAEMO-
cThio B 00beMe Vj, paBHOII g; = (X, ¥, Z), Ha OHOPOAHYIO C AUITEKTPUUECKOI TPOHMU-
I[AEMOCTBIO €, KpOMe 0OBEMHBIX 3aPSIIOB TPUXO/UTCS BBOIHTD €IIle U TIOBEPXHOCTHBIE?
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2. (O) IIpu cBemenum cpebl K OJHOPOTHON W BBEIEHNN HA MMOBEPXHOCTH S TIPOCTOTO
CJIOA 3aps/I0B TIIIOTHOCTBIO G BeJIMUMHA CKAYKa COCTABJIAIONIEN HaNpssKeHHOCTH E,
T0JIsI COXPAHSIETCS TOH JKe, YTO M B KYCOYHO-0/THOPOIHOM cpeze. CoXpaHsieTcs Jid TIpH
3TOM HEM3MEHHOU BeJIMYMHA CKauka KacaTeJbHOI cocTaBiisgionieii D, BeKTopa aJeK-
TPUYECKOTO CMEIEeHUs ?

3. (O) MoxHO 1 TP CBEIEHUN CPEBl K OJIHOPOHON HA TIOBEPXHOCTH § TeJa Pas-
MECTHTb BMECTO IIPOCTOTO ABOMHON CJIOH 3apsgoB, obecrednBaiomuii TpedyemMblit
CKaYOK KacaTeJbHOI COCTABJISIONIEH BEKTOPA AJIEKTPUUECKOTO CMETEHUS ?

4. (O) Teso u3 BemecTBa ¢ AUBJIEKTPUUECKON ITPOHUIIAEMOCTBIO € # €, HAXOJIUTCS B

BO3/1yX€ BO BHEIITHEM II0JIE. Kakum NHTETrpaJIbHbIM CBOWICTBOM XapaKTEpU3yeTCA I1J10T-
HOCTb BTOPHUYHBIX UCTOYHUKOB?

24.8. MeTtoa 3epKaJibHbIX U306parkeHn#
BOMPOCbI

1. Kak onpemennTh TIIOTHOCTD 3apsiioB, MHAYIIMPOBAHHBIX HA TTOBEPXHOCTU TIPOBO-
JUSITIE CPeIbl, TOJIB3YsICh METOIOM 3€PKAIbHBIX M300paskeHMii?

2. CoxpansieTcst JIM HEU3MEHHBIM TIPU BBEIECHUHN 3€PKAJIbHO M300PaKeHHbIX B POBO-
IISTIIEN Cpelie 3apsIIOB TI0JIE @) B UDJIEKTPUKE, TJIE PACTIONIOXKEH 3apsKEHHBIH TPOBO/I,
6) Ha TpaHuIe TIPOBOAAIIEH CPEIbl CO CTOPOHBI AUIIEKTPUKA, ) Ha TPAHUIIE TPOBO-
ISAIIEH Cpefibl CO CTOPOHBI MTPOBOJISIIIE CPEJIbl, 2) BHYTPY MPOBOJISAIIEH Cpejibl?

3. MoKHO /1M BOCIIOJIB30BATHCS METONOM 3epPKAJIbHBIX U300pakeHWil 1Jisi pacuera

I1OJIA 3apAKEHHOI'O T€jla KOHEYHBIX Pa3MEPOB, HAIIpDUMEDP ITPOBOJAIIETO IIapa, pacllio-
JIOJKEHHOT'O Ha/l ILIOCKOM ITOBEPXHOCTbIO HpOBO,Z[HHIef/'I Cpe,ZII)I?

4. Ciemyer Jivi TPy IPUMEHEHUU METOJIa 3ePKaIbHBIX N300PaskeHU c/1e/1aTh OTOBOP-
Ky O TOM, 4TO 3apsiKEHHbIEe TPOBO/IA OJKHbI OBITh JIMHEHBIMI?

3. (O) TloueMy TOJMBKO TIPHU LEJOM 7, OTIpe- Ao
\ &
nestionieM yroa o = n/n (puc. B24.5), Bos- N ea \
- —_— - —
MOKHO TPUMEHEHNE METO/IAa 3€PKATBbHBIX M30- IS
o ) \ v

Opaskennii? Kakoii mmyTh pacuera 1moJist BO3MOKeH tal A

7 \ e
Ipu oL # TE/ n? e \‘ ' v U=const

B------ R e

6. CKOJIbKO 3epKaibHO N300PaKeHHBIX TIPOBO- \ TR

\\ /’ ’ \ ,-r-—’?—’
JIOB JIOJIZKHO OBITh YUTEHO MPU pacyere TI0JIs 3a- AN E

- 1
PSZKEHHOTO TIPOBO/IA, PACTIONIOKEHHOTO BHYTPU i}/\ Y N A

N I

npssmoro (o = ©/2) yriia, o6pasoBaHHOIO IIPO- I/“‘ > ‘\
BOJIATIIMMU TIOBepXHOCTsIMU? KakoBo umciio 3ep- / \

L
KaJIbHO M300paKeHHbIX TIPOBOJIOB TIPH OL = TT/1

b b b /n Puc. B24.5

ecam n — 1esoe uncao? (cMm. puc. B24.5)
7. (O) 3apseKeHHBINH MPSIMOJTUHENHBIN TPOBOJ PACIIOIOXKEH B IUAJIEKTPUKE MapaJ-

JIEJIBHO TIJIOCKOCTH, HA KOTOPOU 33JIJaHO yCJIOBHE o = 0. MoxHO 71 TPUMEHUTDH Me-
n

TOJI 3ePKaJIbHBIX M300PaKEHWIT IS pacyeTa MoJisi B IUDJIEKTPUKE?



Bonpockl, ynpaXkHeHWs, 3afaum K rnasam 23,241 25 117

8. (O) Ha ogmoii cropone (x = () mpsaMoro AByrpanHoro yria 3agano ycaosue U = 0,

a Ha apyroit (y =0) — o = 0. MosKHO /11 IPUMEHUTD METOJ 3€PKAJIbHBIX H300pazke-
n

HUH IS pacyeTa I0JisI B AMDJIEeKTPUKe?
YMNPAXHEHUA

1. (P) IIpoBoz paguycom R = 0,5 cM IIPOTSIHYT HaJl IIJIOCKOM ITOBEPXHOCTHIO 3€MJIU Ha
Bbicote = 13 M. Onpesiesiure MIOTHOCTD 3apsijia Ha IIOBEPXHOCTH 3€MJIN TIPU HATIPSI-
JKeHUU Mesky npoBojioM u 3emieit U = 110 kB. Haiizgute otHomenue A/ R, npu KOTO-
POM MOTPENIHOCTD PacyeTa Mo Ha TIOBEPXHOCTH 3eMJIH He mpesbiinaet 1,0 % npu jo-
MyIIeHnH, 9TO paaumyc mposoaa R = 0.

2. (P) Paccuwnraiite, moJab3ysiCh METOIOM 3€PKAJIbHBIX M300paKeHU, CIIY, IeHCT-
BYIOTIYIO Ha TTOABENIEHHBIN B BO3yXe Ha BicoTe A = 0,5 M HaJ TIOCKOH TTOBEPXHO-
CTBIO 3eMJIN TIPOBOJI, JIMHEIHAs TI0THOCTH 3apsja Kotoporo pasua 107 Ku/m. Jlu-
3JIEKTPUYECKYIO TIPOHUIIAEMOCTH 3€MJIN TIPUMUTE PABHOM &, = g, v, = 0.

3. B npocrpancTse (€ = &) MKy ABYMS MIPOBOIANIMMHE TTAPALIeTbHBIMU IIOCKIMU
HOBerHOCTHMI/I, ITOTEHIIaJIbl KOTOPBIX paBHbI HyJHO, paCHOJIO}KeH TOqe‘{HbIﬁ 3a-
pan q. Ionb3yssch METOAOM 3€PKaIbHBIX M300paKeHHi, YKaKUTe 3HAKU U PACIIOJIO-
JKeHue M300pakeHHbIX 3JIeKTPUYECKNX 3apsA10B. PaccunTaiiTe IoTeHIMaN U Haps-
AKEHHOCTD TI0JISI [TPU PACCTOSHUM MEXKIY IIOBEPXHOCTAMM, PABHOM d, U MEXK/IY 3apsi-
ZIOM U OJHOW M3 IOBEPXHOCTEH, paBHOM /.

4. YxkakuTe 3HaKM W PACIOJOKEHHUE 3ePKAJTbHO M300PaKEHHBIX 3aPs/IOB B YCIOBH-
X TIpeABIAYIIeN 3aaun, TpUHUMad A ofHou u3 mosepxHocteir U = 0, a a7 apy-

ron — —=0.
on

24.9. MeTop pa3saeneHus nepeMeHHbIX
BOMPOCbI U YMPAXXHEHUS

1. (O) 3azaua pacuera 1oJist B PSIMOYTOJbHON 00JIaCTH PellieHa METOIOM pas/elie-
HUS niepeMeHHBbIX Tpu yeaoBusax U = 0 Ha ctopoHax x=0ux=a, U=0npuy =0
u U= Uyupu y = b (cMm. puc. 24.35). Vamensrcs mm coOCTBEHHbIE YNCIa 1 COOCTBEH-
Hble GYHKITUH 3aa4un pu 3agannn yeiaosuit U= 0 #Ha ctoponax y =0,y =b, U= 0 ipn
x=0,U=U,npu x =a?

2. (P) Ha croponax mpsMoyroJibHOI obsactu 3agaHo yeaosue suga 0U/on= [, rae
(byHKIMS [ pasinyHa Ha Kask10il U3 cTopoH. EAMHCTBEHHOE JIM pellieHne uMeeT 3a-
Jlavya pacyeTa MOTEHIMaga BHYTPU 0OJACTH B TAKO MOCTAHOBKE? 3aluIluTe WHTE-
rpasibHOE YCJIOBHE, KOTOPOMY JOJIKHA YIOBJIETBOPSTH (DYHKIHS f.

3. (P) Ha xak/10ii 13 CTOPOH MPSIMOYTOJIBHON 00JIaCTH 3a/laHO HEKOTOPOE paciipe/ie-
Jenne norennuazia. [Ipemanoxkure cnocobd pacuera MmoJsi BHYTPU 0OJACTH HA OCHOBE
METO/IOB HAJIOXKEHUS M Pa3/ieIeHNs TTePeMeHHbIX.

4. (P) Ilpamosmneiinbiii BecbMa JUIMHHBIN IPOBOJI C IMHEIHON TIIIOTHOCTBIO 3apsijia T
pacIioyIosKeH BHYTPU IPSAMOYTOJIbHOIO IIPOBOJSIIEIO KaHasa, II0TeHIUal CTEHOK KO-
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Toporo paBeH HyJs0. [Iperyioxkure ocCHOBaHHBIN HA METO/IAX HAJIOKEHUS U pasjiesie-
HUSI TIEPEMEHHBIX CIIOCO0 pacyera 1MoJisi B KaHale.

5. (P) Ha mmmmHapudeckoii moBepxHOCTH paanycoM R morentman pased U(R, o) =

= U, sin ka.. [Torb3ysich METOZIOM pasfieieHst IepeMeHHbIX, penTe ypaBHenue Jlar-

o aUu) 10U .

naca ——| r— |+— — = 0 u Haifjure nOTEHIMAN U HANIPSKEHHOCTD TOJIS B 06-
ror\ or ) r° oa

nactsix a) 0 <r<R,6)r>R.

24.10. MeToabl CETOK U KOHEYHbIX 3J/IEMEHTOB
BOMPOCHI

1. IIpu pacuere ABYMEPHOTO MOJISI METOJOM CETOK 06pasyroliye cucreMy aarebpanye-
CKMe YpaBHEHUs COIEP:KAT B POCTEMIIEM CJrydae TIo TIsITh caaraeMbix. MoxeT i B Ka-
JKII0€ YpaBHEHIEe BXOIUTD OOJIbIIEe YNCIIO craraeMbix? deM OIpeiesisieTcst 3T Ynucai0?

2. Kakux sieMeHTOB MaTpuIilbl KO3(h(MUIIMEHTOB CUCTEMbBl CETOYHBIX YPaBHEHUI
GoJIbIIe: PABHBIX HYJIIO WU OTJIUYHBIX OT HYJIsA?

3. UeMmy paBHO OTHOIIIEHUE YNCTA HEHYJIEBBIX 2JIEMEHTOB MaTPUIBl KOADPUITMEHTOB
CUCTEMBI CETOYHBIX YPABHEHUI K TIOJTHOMY YHCJTY 3JIEMEHTOB TIPU TIPOCTENIEH pasHoCT-
HOIA aIpOKCUMAITNY YpaBHeH M Jlariaca, ecin opsi/Iok CUCTEMbI YPAaBHEHUIA PaBeH n?

4. 13 mosiHoro wrcaa N y3/0B pacyeTHOW 00JIaCTH 7 Y3JI0B JIE)KUT HA €€ TPaHMIIE,
MpUYEM B 72/2 TPAHUYHBIX Y3J1aX 33J[aH TIOTEHITUAT, a B 71/2 y3J1aX — ero HopMaJibHas
pou3BojiHast. KakoB MOPSIOK crCcTeMbl anrebpanyecKux ypaBHEHMIT, KOTOPBIMU Ha
3TOH ceTKe alllpoKCUMUpyeTcsd ypaBHeHue Jlanmaca?

. . oU

3. (O) Kakoii cMbIcs mMeeT BXOASIINI B QYHKIIMOHA SHEPIHH HHTETPAJT j;U . ds?
n

S

6. (O) CkosbKO y3JI0B JIOJKEH UMETh TPEYTOTBHBIN JIeMEHT TP KBAJAPATUIHON UH-
TEPIIOJSAINY TTOTEHI[NAIA BHYTPH €ro?

7. (O) CKOJIbKO Y3JI0B JOJIKEH UMETh TeTPasAp MPH a) JUHEIHHOM, 6) KBagpaTHIHONR
WHTEPIIOJSAIUN TIOTEHIIUANA BHYTPH €T0?

8. (O) Ob6nactb pasbura Ha IJIOCKKE TPeyroJibHblie aseMenTbl. CoxpaHser Ju B 00-
JIACTW HETIPEPBIBHOCTH MOTEHITNAT U COCTABJISIONINE BEKTOpPA HAIMPSIKEHHOCTU TIOJIS
IpU @) JUHENHOMH, 6) KBaApaTHUHON MHTEPIIOIIINH OTEHI[HAaIa?

9. (O) Y3es ¢ HOMEPOM j ABJISIETCST OOIIUM JIJIST M TPEYTOIbHBIX 371eMeHTOB. CKOJIBKO
MTOTEHIINAJIOB BXO/IUT B ypaBHEHWE, COCTABJIEHHOE I 9TOTO y3Jia, TPU JTUHEHHO UH-
TEPIIOJSAINY TTOTEHI[NAIA BHYTPHU 3JI€MEHTOB?

25.1. EMKOCTb MeXAyY KpYyrjibIMU LUWIMHAPaMK
BOMPOCHI N YMPAXXHEHMSA

1. (O) UamenuTcs 11 eMKOCTb MEXKAY TPOBOIANIUMI TUIUHAPAMA, €CJIV BHYTPU OJT-
HOT'O U3 HUX 00pa3oBaTh MOJOCTb ¥ 3alIOJTHUTH €€ CPEION ¢ IUDJIEKTPUYECKON TPOHM-
11aeMOCTBIO €7
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2. (O) Vmeer i1 CMBICJ €MKOCTD YEAMHEHHOTO TIPSMOJIMHEHHOTO GECKOHEUHO [IJTHH-
HOTO TIPOBOJIa paamycoMm R?

3. (O) Nmeer it CMBICT eMKOCTDh MEK/LY JABYMsT GECKOHEYHO TOHKUMHU MTPSIMOJIHET -
HBIMH OECKOHEYHO JUTHHHBIMU TIPOBOJAMMU ?

4. (O) MoxHo 1 BBeCTH TTIOHATHE €MKOCTH YEIMHEHHOTO TeJa ¢ AUATEKTPIIECKOi
MPOHUIAEMOCTBIO €, PACIIOTIOKEHHOTO B BO3yXe JHOO B IPYTOM ANJIEKTPUKE C JN-
9JIEKTPUYECKON IIPOHUIIAEMOCTDBIO & # €7

5. (O) OGbsicHuTe, MOYEMY €MKOCTb KPYIJIOTO IMJIUHIPA
mnHON [ otHOcuTebHO TIockocT (puc. B25.1) B aBa pasa
IIpEBbINIAET EMKOCTDb MEXAY ABYMA HUJIMHAPaMU TOTO K€ pa-
JMyca, pacCTOsSTHIE MEKIY OCSIMU KOTOPBIX paBHO 2A. Kakyio
IEMTHYIO0 aHAJIOTUIO MOKHO HMCIIOJIb30BaTh /17t OOhSICHEHUS ?

6. ITocTpoiiTe KPUBYIO 3aBUCMOCTH €MKOCTH MEKIY HECOOC-

HBIMU OXBaTBIBAIOIIUMU JPYT Apyra KPYILJIbIMU ITUIUHAPAMUI

IIHOM [, oT paccrostiust D Meskay nx ocsmu. OTpenesnTe Be- Puc. B25.1
JnyuHy D, IpyM KOTOPOH €MKOCTb MEX/1y HUJINHAPAMU IIPU-

HUMaeT HauMeHblllee 3HaYeHue.

7. (O) Pagmycet Ry, R, cedenuii mMpoBOAOB ABYXIIPOBOAHON JUHUU 3HAYUTETBHO
MeHblie paccTostnusg D Mexxay ux ocsimu. [losyanre BoIpaskeHue /it pacyeTa eMKO-
CTH MEXJy TIPOBOJIAaMU Ha OCHOBE MeTOJIa HAJIOJKEHUS MIPY pacueTe Pa3HOCTHU TOTeH-
IUAJIOB MTPOBOJIOB.

8. IlomyuynTe BBIpaskeHUe A €MKOCTH KPYTJIOTO IUJIWHIPUYECKOTO MPOBOAA JIJTH-
HoW [/ m pagrycom R, TIPOTSHYTOTO MapajieibHO TIJIOCKON MOBEPXHOCTH 3€MJIA Ha
pacctostHum i >> R, NCTIOIb3Ysl METO/BI 3€PKAJIbHBIX U300PaKEHUN U HAJIOKEHMUSL.

9. (O) MOXHO /I OIPeIeIUTh EMKOCTh Ha eUHUILY JAJUHBI OECKOHEYHO JTMHHOTO
MPSIMOJIMHEITHOTO TTPOBOJIA, TIOJBENIEHHOTO HAJ[ TIIOCKOW MOBEPXHOCTBIO Tesa, -
AJIEKTPUYECKast TPOHUIIAEMOCTh KOTOPOTO TIPUHSITA PABHON HYJIIO?

25.2. NoreHuymnanbHblie KO3(PhULMEeHTbl, KO3 DULNEHTDI
3/1IeKTPOCTAaTUUYECKON MHAYKLMUMN N YaCTUUYHbIE EMKOCTH
B CUCTEMe Tesl

BOMPOChHI

1. Bospacraer i1 oTeHIMA 3apPssKEHHOTO TIPOBOJISAIIETO TeJia ¢ 3apsjioM g > 0 npu
BHECEHWW B €r0 I0Jie [PYTOro MPOBOJSIIETO Tesa ¢ 3apsaom a) qq > 0, 6) g, < 0,
6) q1 =07

2. (O) 3aBucut g1 cOOCTBEHHDII MOTEHIUATIBHBIA KOIMOUIMEHT oy, OT a) 3apsija
k-ro Tena, 6) 3apsia n-To TejIa, ) B3AUMHOIO PACIIOJIOKEHUsT B-TO U n-TO TeJa, 2) B3a-
HUMHOTO PACIOJIOKEHIS M-TO U k-TO TeJia, 0) ANITEKTPUIECKOH MTPOHUIIAEMOCTH Cpe-
JIbI, €) pa3Mepa k-To Tesa, J) pasMepa n-ro Teja?

3. (O) /lna ompenenenns MOTEHIIUATBHOTO KO PUIIMEHTA 1y B CUCTEME IBYX TeJ
clenyeT, MIpUHAIB g, = 0, gy # 0, Haittu motertman U; mepsoro Tema. CiaenyeT Jau mpu
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9TOM YIAJUTh BTOPOE TEJIO OO0 MOKHO OCTABHUTH €T0 He3aPSIKEHHBIM B TOJIE 3apsia
TIepBOTO Tesa?

4. (O) Nmeetcs HECKOTBKO MPOBOAIIINX Tes. VI3MeHUTCS i MOTEHITNATbHBIN KOa(h-
burmenT oy, k-ro Teaa npy JONOJTHEHUH CUCTEMBI elle OJHUM ITPOBOISAIINAM TEJIOM?
W3amensarcs su mpu 9TOM B3anMHBIE TTOTEHITHATbHbBIE KOIMMUIIMEHTHI Oy T Oy, ?

5. (O) /IBa poBOASIIMX Tejla MEAJIEHHO MPUOIMKAIOTCS APYT K ApyTy. Kak nsmens-
I0TCST TIOTEHIIHATbHbIE KOA(PMUITUEHTHI OLyq, Olyg, Oloo?

6. Pasen i1 coOCTBeHHBIN KOA(MMUINEHT IeKTPOCTATHYECKON MHAYKIUU By, €MKO-
ctu Cp, k-ro Tena?

7. (O) Kakos 3Hak cOOCTBEHHOTO MOTEHIIMATBHOTO KOadduImenTa ay,? Baanmuoro
MOTEHITNAIBHOTO KO3 dUITHEHTA Oy, ?

8. CripaBeZITMBO T HEPABEHCTBO Py, > ZB 4ily 1 # k, T. €. UMeeT i MecTo MaroHab-

1

Hoe TIpeobJIaianne MaTpuilbl KoahOUINEHTOB 2JIEKTPOCTATUYECKON MH/LYKITHN?

9. IIpu kakoii (hopMe M KaKOM PACIIOJIOKEHUN TPEX TeJl UX B3aUMHBIE TOTEHI[UATb-
Hble K09(hMUIIMEHTHI PaBHBI MEKIY COO0I?

10. Vmeer 1 cMbICA COOCTBEHHBIN TOTEHIMAIBHbII KOI(MOUIMEHT YeIuHEHHOIO
BechbMa JITMTHHOTO TPOBoO/A?

11. BecbMa JJIMHHBIN TTPOBOJI PACIIONIOKEH MEXK/Y JABYMS MaPAJIIeNbHbIMU TLIOCKO-
CTSIMM, TIOTEHIA/IBI KOTOPHIX PaBHBI HYJIIO. VIMeeT 1 ¢cMbIC/ COOCTBEHHBIN MOTEHIIN-
JIbHBIN KO3 dUImenT mpoBoga?

12. MosHO Jin 7151 HAaXOXKIEHUST eMKOCTU MKy IByMsI TeJlaMU, He SIBJISIOIIMMUCS
JIUTMTHHBIMA TTAPaJIIeTbHBIMU TTPOBOZIAMHT, TTPUMEHUTDL (POPMYJIBI, BBIpaKafoNne eM-
KOCTb ZIBYX ITPOBOIOB Yepe3 MOTeHINATbHbIe KOa(DhUITMEHTHI?

YMPAXKHEHWSA

1. OKcnepuMeHTaNbHAS YCTAHOBKA ITO3BOJIIET U3MEPUTH BCE 3aPSiIbl U TIOTEHI[UATIBI
CHCTEMBI TIPOBOAAIMX Test. OnpenennTe HeOOXOAUMOE YHUCI0 U3MEPEHUTT [JIst HaXo-
JKIICHUST TIOTEHITMATBHBIX KO9(D(MUIIMEHTOB CUCTEMbI @) TPEX TeJ, 6) 1 TeJL.

2. (P) Berpazute k0o PUIIMEHTH 2/IEKTPOCTATUUECKON UHAYKIIUY Yepe3 TMOTeHITH-
abHble KOA(DDUIMEHTHI B CHCTEME @) JABYX TeJ, 6) TPEX Tel.

3. (P) Bripazute eMKOCTb MeXKIy ABYMS TeJJaMH Yepe3 UX a) MOTeHITuaIblble Koad-
bureHTsr, 6) K03hGUIMEHTDI 2JIEKTPOCTATHYECKOI WHIYKIMN, 8) YaCTUYHBIE eMKO-
CTH.

4. (P) Beipasute yacTuyHbBIE EMKOCTH B CHCTEME JIBYX TeJT 4epe3 MOTEeHITNaIbHbIe KO-
apuiireHTsI.

5. (P) Tlomyuwnre BBIpasKEHUS AJIsT pacueTa TMOTEHIHATBHBIX KOd(hMUITMEHTOB ABYX
BechbMa JTUHHBIX JTUHEHHBIX TTPOBOJIOB panycaMu R, pacmosI0KeHHBIX BHYTPH TIPSI-
MOTO JIBYTPAHHOTO YIJIa, HA CTOPOHAX KOTOPOTO IMOTEHINABI PABHbI HYJIIO.

6. 306pasute cxeMy 9JIEKTPUYECKON TIEIH JIJIsS PacueTa eMKOCTH MESKLY ABYMSI TIPO-
BOJIAMH MHOTOIIPOBOJIHON JIMHUHU, TPOTSHYTHIX HAJl TOBEPXHOCTHIO 3eMJIH, TIPU YNCTIe
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ee MPOBOJIOB, PABHOM TPEM, YEThIPEM, 7. DJIEMEHTAMU IENN SIBJISIFOTCSI COOCTBEHHBIE
¥ B3aMMHBIC YaCTUYHbIE €eMKOCTH IIPOBOIOB.

7. IlocTpoiiTe KpHBYIO 3aBUCUMOCTH eMKOCTH C ABYXITPOBOAHON JUHNUN OT PACCTOS-
nus D mexzay ocsimu 11posozoB. K kakum 3nHadeHusiM crpemutcst eMkocTb C 1pu
@) cOMVKEeHNT TIPOBOIOB, 6) D — o0?

25.3. EMKOCTb IMHUIA nepefayun
BOMPOCHI

1. B03paCTaeT JIN EMKOCTb IIByXHpOBOZIHOﬁ JIMHWUW 1IPU YBEJIMYEHW N BbICOTBI 11O/IBECA
IIPOBOAOB Ha/l ITOBEPXHOCTbHIO 3eMJIN?

2. Boicora 1ojiBeca 0{HOTO U3 IPOBOJIOB JABYXIIPOBOIHON JMHUN HAJl TOBEPXHOCTHIO
ey paBHa fy. Paccrosnue mexay nposogamu D < Ay, IIpu KaKoM IIOJIOKEHUN
BTOPOTO IIPOBOJA EMKOCTh MEK/LY IIPOBOJAMU UMeeT @) HauboJibliee, 6) HauMeHbIlee
3HadeHue?

3. TIpoBozma ABYXTIPOBOAHON JIMHWM, TMPOTAHYTHIE Ha BBICOTE /i Hajl TIOBEPXHOCTHIO
3eMJIH, TIPOXOIAT Jlajiee B yIIeTbe, PACCTOSHUE OT CTEH KOTOPOTO JI0 TIPOBO/IOB TaKKe
pasHo h. Kak nsmeHsieTcst eMKOCTh JIMHUN Ha eIWHUILY ee ITHHBI? (Y, = Yoren # 0).

4. MoryT Jin ObITh KOMILJIEKCHBIMU @) KO3 (MUIUEHTHI 3JIEKTPOCTATHYECKON MHIYK-
e, 6) TOTEeHIHAIbHbIE KOA(DMUIINEHTBI, 8) YaCTUYHBIE EMKOCTH?

3. HOquy TOHATHE EMKOCTU MEX/Y ITPOBO/JaMU, BBEACHHOE B YCJIOBUAX IJEKTPOCTA~
TUKU, MOKHO UCIIOJIb30BAaTh IIPU aHaJaMU3€ TIPOIECCOB B JIMHUU, KOT/[a B ITPOBOJaX Te-
qeT 3JIeKTpH‘IeCKl/Iﬁ TOK M UX ITOBEPXHOCTU HE 3KBI/IHOTBHHI/IaJIbeI?

6. KoapdurmenT, cBsA3bIBalONInil KOMIIJIEKCHBIE 3aPsi/l TPOBOJIA U HATIPSIKEHNE MEsK-
Iy TIPOBOJIOM U 3eMJIEH, SIBJISIETCST TakKyke KOMILIEKCHBIM: ¢ = (a + jb)U. KakoBa em-
KOCTb [POBO/IA OTHOCUTEJIBHO 3EMJIN?

7. Byzner mu nepemaBaThCsa aKTUBHAS MOIIHOCTD M3 ONHON (ha3bl B APYTYIO TIPU pac-
MTOJIO’KEHWH TTPOBOJIOB JIMHUU B BEPIIMHAX PAaBHOCTOPOHHETO TPEYTOJbHUKA, KOTAA
CpenmHsd BBICOTA TOJBECA TTPOBOOB 3HAUUTENHHO TPEBBIIACT PACCTOTHUE MEXKIY
HUMU?

8. K TpancmonnpoBanHoii Tpex(azHoil TUHUY TPUIOKEHA HECUMMETPUYHAS CUCTeMa
HanpsoKeHuu. byzer im B Takoil IMHUYT TlepelaBaThCsl aKTUBHAS MOIITHOCTD U3 OJTHOM
asnr B 1pyryio?

YMPAXHEHUS

1. (P) Ilpu kakoii BeICOTE A MmMoBECA TIPOBOIOB ABYXITPOBOHOI JMHUK HaJl TOBEPX-
HOCTbIO 3eMJIU TIOTPENTHOCTD PACUyeTa eMKOCTH, BO3HUKAIOIIAS
py TIpeHeOpesKeHNN BIMSIHUEM 3€MJIN, He MTPEBBICUT 3Have-
nust 1,0 %? Paccrostnue mexty mpoBogamu paBio D = 1 M, pa-
JYCHI TPOBOIOB Ry = Ry = 1 cm (puc. B25.2).

2. V306pas3ure 4acTUYHbIE EMKOCTH B CHCTEME JBYX BeCbMa

JUTMHHBIX TTPOBOJIOB, MOKA3aHHBIX Ha prc. B25.2, 1 BhipasuTte
€MKOCTb JTUHUU Yepe3 YaCTUUHBIE eMKOCTH. Puc. B25.2
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3. (P) PaccuuraiiTe eMKOCTb BO3AYIIHON ABYXITPOBOHON JUHUH, TTPOBOIA KOTOPOH
TOJIBEIIEHBI HAJl TOBEPXHOCTDIO 36MJIN Ha BbICOTE fy = 4 M, hy = 4,5 M 1IpU PaCCTOSTHUN
D = 0,5 M mexxay aumu. Pagnycs mpoBoioB R = 0,6 cm.

4. (P) Paccunraiite eMKOCTD BO3/IyNTHBIX IBYXITPOBOAHBIX unuit (puc. B25.3). Tlo-
TEHI[MATT OTMEYEHHBIX ITPUXOBOI JTMHUEH MOBEPXHOCTEH paBeH HyJo. OtnpezgennTe
MOrPENIHOCTh pacyeTa eMKOCTH TIPU TpeHeOPeKeHUN BJIUSHUEM MPOBOIAIIEH 1M0-
BePXHOCTH. VICXO/HbIE YNCIIEHHbIE JAHHBIE CBEJIEHBI B TaOJIHILY.

a 6 8 d .
¥y 2R y 2R -
hZR IR _ sz s % » 2R
4 ) DA> ha 2
1! d i !
12 P " Iy Kl |
R _ R X
0 0 777, 0

2R 2R

Puc. B25.3
Bapuant | Ay, M | ho,m | hg,m | hym | dom | Domo | rym | 1y, eM | Roem | Ry, em
4 4 5 6 - - - - 2 -
6 0,2 0,3 - - 1 0,3 - - 1 -
é 0,2 0,4 0,1 0,3 0,5 - - - 0,2 -
. - - - - - - 4 5 2 2
0 - - - - - - 0,2 0,4 1 0,5

5. (P). Onun 13 IPOBOIOB BO3YIITHON JBYXIIPOBOHOM JIMHUH, TPOTAHYTOMN HAJT T10-
BEPXHOCTHIO 3eMJIN, N30JIMPOBAH U He 3apsiKeH. HaiinnTe ero moreniiuast, a Takske Ha-
npsskerne Uy MeXXIy TPOBOJAMU, €CTW MOTEHIMAJ IPYroro TMPOBOAA PaBeH
U = 10 kB, paguycsl npoBosioB Ry = Ry = 1 cm, pacctosaue mexxay Humu D = 20 cw,
BbIcoTa mozBeca i = 3 M. (IToreHIMaN 3eMIN paBeH HYJIIO.)

6. (P) Haumenbimmas BeicoTa moziBeca HaJl 3eMJieli IIPOBOJIOB OJMHAKOBBIX PAINyCcOB R
TpexdasHoil TpaHCIOHUPOBaHHOW JuHUK paBHa A (puc. B25.4), paccrosHue MexIy
cocemHnMu TTpoBoaaMu paBHO D. IIpu kakoM pacmososKeHnH MPOBOIOB EMKOCTH JIH-
HUW MMeET a) HauMeHbliiee, 6) HanboJbliiee 3HaUeHe?
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a 8 2

3 3Ly ?

” Ay g

| p=—>o<—>03 K 2 |
2 D
h h h
T77TTI7I7777T TT7TITTI7I777T
Puc. B25.4

7. (P) Paccunraiite 3apsiibl n306paskeHHbIX Ha puc. B25.4 poBoaoB TpexdasHbIx
suanit guHoi [ Tlotennmanst mposomos U, = —40 kB, U, = —40 kB, U; = 80 kB, ux
paxuychl R = 10 mm, paccrosguue Mexay HuMu D =5 M, b = 10 M (Uyyyy = 0).

8. (P) Paccuuraiite mMoTEeHIMAIBI U 3apsI/ibl TIPOBOIOB (cM. puc. B25.4) mumuit mepe-
Jad¥ TIpy ToTeHnaze mepsoro mposozaa U; = 110 kB, ecmn @) BTOpoit u TpeTuii mpo-
BOJIa N30JIUPOBAHbI U He 3apsiKEHbI, 6) BTOPOiT TIPOBOJL 3a3eMJIEH, a TPETH H30IMPOBAH
U He 3apsKEH, 8) BTOPOU U TPeTUil MpoBoia 3a3eMJeHbl. Bee pa3mepsl yKa3aHbl B yc-
goBuax ynpaxkuennd 7. (Ilorennman seman pasen HyJio.)

9. BemosiHUTE TIpeAbIAyIee yIIpakKHeHWe TIPU YCIOBULX, YTO HANPsKEHUE MEXKITY
nposogamu 1, 2 paBao Ujy = 110 kB 1 uTo moTeHInaabl MIPOBOOB HEM3BECTHDI.

10. (P) IlpoBoma TpaHCITIOHUPOBAHHONU (BapUaHThI a—2) TpexX(ha3HOU JUHUU MPOTSI-
HyTbI BOJU3U TIPOBOASIIEN IOBEPXHOCTH CJIOKHOI (POPMBI U PABHOYAAIEHBI IPYT OT
apyra (puc. B25.5). Paccunraiite eMKOCTh MTPOBOJIA, TIPUHUMAS JTUIJIEKTPUUECKYTO
MIPOHUIIAEMOCTH CPE/Ibl PABHOM €, PAINYCHI TPOBOIOB R, paccTogHMe MeKTy HUMU D.
Heob6xoaumbie pasmeps npuBeieHbl B Tabsmie. OueHuTe HOrpenHocTh pacyera eM-
KOCTH [POBOJIA TIPY JIOIYIIEHNH, YTO CPe/la OJIHOPOIHA.

a 6 8 d
)
2R
2R 22l
3 - = - 3/ d2
R Kb 2R 2R AR 2R
AN EUAVES B
A D2 d 1 DK2 52
h dr2 h
X
0 - 777 -

Puc. B25.5
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R, cMm D, m d, M h, M Ry, m
a 1,5 2 - 10 -
0 0,5 0,2 1 - _
6 0,5 0,2 1 1 -
2 1,5 2 - - 4
%) 0,15 - - - 0,05

25.4. MeToa cpeaHUX NOTeHLUManos
BOMPOCHI U YMPAXXHEHUS

1. (O) Iloyemy TpyaHOCTH pacueTa eMKOCTH TeJia 3HAYNTETHbHO YMEHBINAIOTCS, eCJn
U3BECTHO paclipejiesienne IIJI0THOCTY 3apsiia Ha ero 0BepXHOCTU?

2. (O) 3aBuUCHT 1 TIOTPENTHOCTH PacyeTa eMKOCTU MEXKIY ABYMS IPSIMOJTUHEHBIMU
Hapajie/IbHbIMA OTPE3KaMK MPOBOLOB METOIOM CPEIHUX MOTEHIIUATOB OT JJIUHBI [
OTPE3KOB U PACCTOSTHUST I MEKLYy HUMU?

3. Ilpu xakoMm ycJOBUM METOJl CPETHUX MOTEHITUAIOB MO3BOJISET TOJIYIUTh TOUHOE
perrerne?

4. KaKYIO (I)OpMy HUMEET YEAMHEHHOE IIPOBOALANIIEE TEJIO, EMKOCTb KOTOPOTO, paCCYU-
TaHHasaA METOAOM CPEAHUX ITOTEHIMAJIOB, UMEET TOYHOE 3HaueHue?

3. (O) 3aBucHT JI1 TIOTPENTHOCTD PacyeTa eMKOCTU MeXKY ByMsI chepaMu METOIOM
CPeIHUX MOTEHIIUAJIOB OT @) UX PAJNYCOB MPU 3aJJaHHOM PACCTOSTHUU MEXK/TY UX I1€H-
TpaMH, 6) PacCTOSTHUST MEK/LY TIEHTPaMU TIPU 3ajlaHHbIX paauycax chep?



[(naBa ABaaUaThb WecTas

3HEKTPVI'-IECKOE noJsieé NOCToOsAHHbIX TOKOB

26.1. YpaBHEHUA /1IEKTPOMarHUTHOrO NOJISi MOCTOSAHHbIX TOKOB

B Hacrosimeii riiaBe 6yeM paccMaTpUBATh TI0JI€ TIOCTOSTHHBIX TOKOB B HETIO/IBUIKHBIX
MIPOBOJHUKAX U TPOBOASIIUX cpesiaX. [[oCTOSTHHBII TOK MOXKET MPOTEKATh TOJbKO B
3aMKHYTOU TTpoBoJsIell 1ienu. Eciu aekTpudeckoe COMPOTUBIEHHE MU OTJIUYHO
OT HYJs, TO MPOXOXKIEHNe TOKAa B Hell BBI3BIBAeT majieHue HampstkeHus. Ciemosa-
TeJIbHO, KaK B ANITEKTPUKE, OKPYKAIOIIEM TTPOBOTHUKHU € TTOCTOSHHBIM TOKOM, TaK 1
BHYTPH CaMMX IIPOBOIHMKOB OYET CYIIeCTBOBATh HE TOJBKO MATHUTHOE, HO U DJIEK-
TpUYecKoe moje. ITU TMOCTOTHHbIE OIS HA3bIBAIOT CTATI MO HA P H Bl M 1.

IIepBoe ypaBnenune Makcesia rot H = J B 9TOM ciiydae ykasbiBaet, yto H, a cie-
noBaresbHO, M B, Tak jke Kak u J, He 3aBUCAT oT Bpemenn. [loatomy u3 BToporo ypas-
nenus Makcsenna rot E = —0B/ot cinenyer, uto BHe uctounukoB J/[C rot E = 0.

Takum 06pa3oM, ypaBHEHUsT 9JIEKTPOMATHUTHOTO TOJISA [IJIsl TIOCTOSIHHBIX TOKOB B
HETIO/[BMKHOI TTPOBOJIsIEil cpee BHe ncTounnkoB J/[C nmpuobperaioT BuL

rot H =J; rotE =0; J =vyE;
D =c¢E; B=uH,; divD =p; divB =0.

Ycnosue rot E = 0 cBumereabcTByeT, uTo BHe nctounuka IJ/[C anmexTpuyeckoe
110JI€ TIOCTOSIHHBIX TOKOB SIBJISIETCS, TaK JKe KaK U 9JIEKTPOCTATUYeCKOe T10J1e, 6e36UX-
pesvim. Takoe TI0JIe SIBISIETCST NOMEHUUATDHBIM, T. €. JIJIST €T0 XapaKTEPUCTUKN MOKET
ObITh BBeteHa (hyHKIMs KoopauHat U (x, y, z), Ha3biBaeMast JIEKTPUIECKUM TOTEH-
imasioM, ipuueM E = —grad U.

26.2. DneKTpuyeckKoe noJsie B AN3JIEKTPUKe,
OKpYy>XaroLeM NpoBOAHMUKMN C NOCTOSAHHbIMU TOKaMM

PaccMoTprM cHayasia aJIeKTPUYECKOe T0JIe B AUDJIEKTPHUKE, OKPYIKAIOIIEM TPOBOIHMU-

KM C TIOCTOSIHHBIMK TOKaMU. Tak Kak Ipu OTCYTCTBUK TOKOB B JAUDJIEKTPUKE CJIEAYET

IPUHATH B HeM p = 0, TO 1101 B AMDJIEKTPUKE XapaKTePU3yeTcsl ypaBHEHUSIMU:
rotE =0, 1.e. E=-gradU; D =¢E; divD =0.

Jluist oHOPOAHOM cpefibl, Korja &€ = const, atu ypasHenus: gaior div E = 0 wim
div grad U = 0, 1. e. norenimasn yaosaerBopsier ypasuenuio Jlamiaca.

Takum 06pa3oM, B caMOM JIUDJIEKTPUKE TaKOe T10JI€ HUYeM He OTINYAeTCs OT DJIeK-
Tpoctarndyeckoro. OnHAKO IPaHUYHbIE YCJOBHS Ha MOBEPXHOCTH IIPOBOJHUKOB yiKe
He COOTBETCTBYIOT T€M, KOTOPbIe MMEIOT MECTO B dJIEKTpOCTaTHKe. B amexTpocraru-
4ecKoil 3aj1aue TIOBEPXHOCTh KaxK/[0r0 IPOBOJAHUKA SIBJISETCS IOBEPXHOCTHIO PABHOTO
norenuana. IIpyu MpoXoKIeHNU M0 MPOBOAHUKY 3JIEKTPUYECKOTO TOKA B IPOBOJ-
HUKE BO3HUKAET I1ajleHue IMOTeHIINAa, 1, CJIeJ0BATEeNbHO, IOBEPXHOCTh IPOBOAHUKA
ysKe He Oy/eT paBHOIOTEHIINANbHOI. JIMHIUKM HANIPSIKEHHOCTH 3JIEKTPUYECKOTO TI0JIst
B JIMDJIEKTPUKE TIOAXOAAT K TOBEPXHOCTH IIPOBOJHUKA HE 110/ IIPSMbBIM YIJIOM, TaK
KaK Ha IOBEPXHOCTH IIPOBOAHUKA MOSBJISETCS KacaTeJbHas COCTABJIAIONIAs HAIIPSI-
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JKEHHOCTH TIOJI B Hampasjennn Juaui Toka. Ha puc. 26.1 mo-
Ka3aH XapakTep JUHWI HATPSIKEHHOCTH 2JIEKTPUIECKOTO TOJIST
OKOJIO TIPOBOJIOB JTMHWUY Tiepegiaur. C MPUHIUITHATBHON TOUKH
3PEHUsT yKa3aHHOE OOCTOSITEbCTBO CYHMIECTBEHHO OCJIOKHSIET
ey . Pacyer 1oJid, OHAKO MPAKTUYECKM BO MHOTMX CJIy4YasX €ro
i \Eﬁ\ \ MOKHO HE YYHUTBIBAaTh, TaK KaK OOBIYHO IMa/leHIe HANPSIKEHUs
Ey BJI0JIb TIPOBO/THUKOB Ha JITTHHE, CPABHUMOI C PACCTOSTHUEM MEK-

Puc. 26.1 ZIy IPOBOTHUKAMU, HUYTOKHO MaJIO TI0 CPABHEHUIO C PA3HOCTHIO

MOTEHIIUAJIOB TTPOBOJHUKOB.

B kauecTBe mpuMepa cpaBHUM MeKIy coO0l KacaTeabHyto E; 1 HopMasbhyio E, —
cocrapJsione Bekropa E B UaIeKTprKe y MOBEPXHOCTH MTPOBOIOB JIMHUY TI€PEAAUN
(em. puc. 26.1). KacatesnbHast coCTaBISTIONast MPEACTaBIIseT cOOO0il MajieHne HarpsiKe-
HIIsI, OTHECEHHOE K e[MHUIIE ITTMHBI TPOBOJIA, U MOKET OBITH OTIpe/ieieHa U3 BhIpaske-
1 E, = J/y. Ec/m npuHaTb 1718 MeIHBIX TPoBooB ¥ = 5,8-107 Cm/M n J = 510 A /v,
noryanm E, = 0,086 B/M. HopmanbpHas cocTaBsionias 3aBUCAT OT HAMTPSSKEHNS U Me-
KLy TIPOBOJIAMU U paccTosuust D Meskay Humu. Tak Kak 1mojie Mesk/y TpOBOJIAMU He-
OZIHOPOJTHO U HanboJiee CUIIbHOE TI0JIE COCPEOTOYEHO OKOJIO TPOBOAOB, TO E, > u/D.
Jlaxxe 171 IPOBOJIOB JTMHUYM HU3KOTO HATIPSIKEHS, TIPOJIOKEHHBIX Ha 3HAYUTETHBHOM
PaCCTOSTHUM JPYT OT JAPYTa, Kak 3TO ObIBAET B CHIPHIX MOMEIIEHUSIX, BesandnHa E, oka-
3pIBaeTcs MHOTO OoJbine E,. Ilycrs, nanpumep, # = 100 B u D = 10 cm. ITpu atom
E, > 1000 B/m u, cirenosatensho, E,/E, > 10%. J[ns munuit BBICOKOr0 HaNpspKeHNs
BesmurHa E, GJM3Ka K KPUTHUYECKOMY TPaJMEHTy TOTEHIMaIa JJisi BO3/LyXa, T. €.
nmeet topsaaok E, = 30 kB/cm = 3.106 B/m. CaenoBartesibHO, /IS TaKUX JIMHUAKN
E,/E, ~ 3,510’

[Tomygennpie TMPBI MOKA3BIBAIOT, YTO COCTABJITIONIASA E; HIUTOKHO MaJa Mo CpaB-
Henuio ¢ E,, u ipr paccCMOTPEHUH TI0JIsT OKOJIO ITPOBOJIOB €10 MOKHO TIpeHeOpedb 6e3
OTACEHUsT BHECTU HTUM CKOJIb-HUOYAb 3aMeTHYIO OmubKy. B TakoMm cirydae rpannd-
HbIe YCJIOBUS Ha MOBEPXHOCTHU TIPOBOJHUKOB OKA3bIBAIOTCS TOKIECTBEHHBIMU YCJIO-
BHSM B aJieKTpocTaThke. [[oaTOMY NPy pacCMOTPEHUN 3JIEKTPUIECKOTO TOJIST B -
AIEKTPHKE, OKPY>KAIOIIEM ITPOBOHUKH € TIOCTOSTHHBIMI TOKAMH, MOXKHO UCTIOJIb30BATh
pellleHus, TTOJyYeHHbIe TIPU PACCMOTPEHUH COOTBETCTBYIONIUX AJIEKTPOCTATHYECKUX
3a/1a4.

E

26.3. dnekTpUyecKoe noJsie M rnoJsie BEKTopa NJIOTHOCTU TOKa
B NpoBoAsLlel cpeae

BuyTpu mpoBOIHUKOB, TIO KOTOPBIM TIPOXO/IAT 3JIEKTPUUECKUN TOK, TAKIKE CYIIECTBY-
eT aJIeKTpuuecKoe 1ose. HanpskeHHOCTh 3TOTO MOt B UB0TPOITHOM TI0 OTHOIIEHWTO
K TIPOBOJIMMOCTH Cpejie CBA3aHa C MJI0THOCTBIO TOKa cooTHotenrneM J = y E, kotopoe
npezcTaBisieT coboit BoipaskeHre 3akoHa Oma B anddepenimanbHoi hopme.

B usoTporHoii cpejie HaTIpaBJIeHNe JINHU JI€KTPUYECKOTO TOKA BCIOLY COBIIAJIAeT
C HalpaBJIeHUEM JIMHUI HATPSKEHHOCTH 2JIEKTPpUYecKoro noJis. Ecau, kpome Toro,
cpena ogHOponaHA (Y = const), TO W T'yCTOTa JUHUM TOKA BCIOAY MPONOPIIMOHAIbHA
TYCTOTE JIMHUH HAIPSKEHHOCTU 3JIEKTPUUECKOTO TOJIs, T. €. KaPTUHBbI JUHUH TOKa
W JIMHWNA HATPSKEHHOCTH TIOJIST IOZAOOHBI JAPYT APYTY.



Fnasa 26. DneKTpUyeckoe rnose NocTosHHbIX Tokos 127

Ecnu cpepa HeomHOpPOHA B OTHOIIIEHUH TTPOBOJMMOCTH, TO IMHUHU TOKA OCTAIOTCS
B HEll HEIPEPBIBHBIMHE, UTO CJIE/yeT U3 MIPUHITUIIA HEIIPEPHIBHOCTU TOKA, BBIPAXKAEMO-
ro yCJIOBUEM {)J ds = 0 win div J = 0, koTopoe npeacTas/sier coboil 0600IEHHY IO

S
dopmy mepBoro 3akona Kupxroda cooTBETCTBEHHO B MHTETPAJIbHON U B muddepen-
uabHoit hopmax. Ho B Takoil HEOHOPOAHOM cpejie TUHUHN HATPSIKEHHOCTH HJTEeK-
TPUYECKOTO 10JIst OyAyT HpepbiBHbIMUA. Ha moBepxXHOCTH pas/esia IBYX CPeil ¢ pas-
JINYHBIMYA  yIEbHBIMUA  TIPOBOAMMOCTSIMA  HOPMAJIbHAST  COCTABJISIIONIAST  BEKTOPA
HAIPSIPKEHHOCTH 3JIEKTPUYECKOTO T10JIsI MI3BMEHSIETCSI CKauKOOOPas3HOo.

[ToBepxHOCTH TIPOBOJHUKOB, SIBJISTIONIMECST TPAHUIIAMU MEKIY TPOBOSINEN Cpe-
JIOI U JIMBJIEKTPUKOM, OUEBH/IHO, 0OPA3yIOTCs COBOKYITHOCTBIO JIMHUIT TOKA, TaK Kak
HOPMAaJIbHAsI K HUM COCTABJISIIONIAST BEKTOPA TJIOTHOCTH TOKA paBHA HYJIIO.

B macrostineit riaBe Gy/eM MCCaIe0BaTh TPOCTPAHCTBEHHOE PACTIPE/IEIEHIE TOKA
B MACCUBHBIX MTPOBOAIINX cpenax. [losie BeKTOpa TIIOTHOCTH TOKA B TAKUX Cpelax,
BOOOIIIEe TOBOPS, OYIET HEOMHOPOIHBIM, ¥ IS BBIYUCJICHUST TOKA i, MTPOXOJSAIIETO
CKBO3b HEKOTOPYIO TIOBEPXHOCTH S, B3SITYIO B TPOBOJAIIIEI Cpejie, HEOOXOANMO POU3-
BOJIUTH MHTETPUPOBAHUE | = §J ds.

S

BuyTpu npoBosiieii cpesbl BHe ncToUHUKOB J/IC BCroy cobroaeTcst yeaoBue

ﬁE dl =0 nnu rot E = 0, uto BhIpaskaeT BTopoil 3akoH Kupxroda cooTBeTCTBEHHO B

UHTEerpaibHOil 1 anddepernnansHoil popmax B obmacth, rae Het netouHukos J/C
[Tosie okasbiBaeTcst HOTEHIUAMLHBIM. [l0BEpXHOCTH PaBHOIO 2JIEKTPUYECKOIO IIOTEH-
uasa, onpezesnsiemble ypapaenuem U(x, y, z) = const, IepecekaioTcsl TMHUSIMU Ha-
HPSIKEHHOCTHU 3JIEKTPUYECKOTO MOJIS 110]] IIPSIMBIM YIJIOM, a CJIe0BATEeJIbHO, B M30-
TPOIIHOI Cpejie OHM IIepeceKaloTcsl Mo/ MPSIMBIM YIJIOM 1 JIMHUSIMU TOKA.

Taxum 06pa3oM, HIeKTPUUECKOE TTOJIE U T0JI€ BEKTOPA IIIIOTHOCTH TOKA B IPOBO/IS-
nieit cpeze BHe MCTOYHUKOB J/]C XapakTepusyoTcst cCTeMON ypaBHEHUIL:

rotE =0; J=vE; divJ =0.

OTU ypaBHEHWS BHITEKAIOT U3 NTPUBeeHHON B § 26.1 crcTeMbl ypaBHEHUIT, TPUYEM
ypastenue divJ = 0, kak ObL7I0 yKazaHo B § 23.5, SIBJISETCS CJIEICTBUEM ypaBHEHUST
rot H = J, tax kak div rot H = 0.

Borpoc o pocTpancTBEHHOM pacrpeieleHuN TOKA YPe3BbIYATHO BasKEH NP pac-

CMOTPEHHNH MHOT'UX IIPAKTUYECKUX 3a/ia4, HAIIpUMED IIPpN UCCJIE€AOBaHNN TOKOB B 3€M-
Jie, TOKOB B MACCHUBHBIX ITPOBOJHNKaAX, TOKOB IIPOBOJMUMOCTH B U3OJIALINN 1 T. .

26.4. N'paHny4HbIE YC/IOBUA HA NOBEPXHOCTH \\\w\\b \ // /

paspaena AByX NpoBoAsALMX cpea

YcTaHOBUM  COOTHONIEHUE MEXKIY KacaTeJbHbIMU U H Sz X057
HOPMAJIbHBIMU COCTABJISIIONUME BEKTOPOB HAIPSIXKEH- \\\‘ /

HOCTHU 9JIEKTPUUYECKOTO TIOJISI W TIJIOTHOCTH JJIEKTPU-

YeCKOTrO TOKA Ha TOBEPXHOCTU Pasjiesia JABYX MPOBO/I-
HUKOB C Pa3JUYHBIMU YETbHBIMU DHIEKTPUUECKUMU \ \
MIPOBOIMMOCTSIMU Y4 U Y5 (pucC. 26.2) S

/

Z

Puc. 26.2
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BenencrBue  BBINOJIHEHNST ypaBHEHUIT §>E dl =0, §>J wds =0, J =vE Moxem
! s
(cm. § 23.8) mpunare X = E, Y =J, a; =74, ay =y, 1 Ha ocHoBanuu ycaosuii (*), (**)
u3 § 23.8 3ammcaTh COOTHONTEHNS:

tgo, _ ﬁ,

tg6, v,

BBIPAKAIONIIE HETPEPHIBHOCTH COOTBETCTBYIONIMX COCTABJISIONINX HAMPSIKEHHOCTH
AIEKTPUIECKOTO TIOJIS ¥ TIIOTHOCTH TOKA B TPOBOJISTIEH Cpejie, a TAKXKe YCIOBUE Mpe-
JIOMJIEHVST IMHUH TOKA TIPOBOJANMOCTH.

Bo MHOTHX TIPAaKTUYECKUX CAYUYASX MBI BCTPEYAEMCS C TTEPEXOIOM TOKA M3 METaJ-
JIMYECKUX TeJT B OKPYXKAIOIIYIO CPey, YAeTbHas MPOBOAUMOCTh KOTOPOIl BO MHOTO
pa3 MeHblIIle yAeTbHOU TTPOBOIUMOCTU MaTepuasa 9TUX Tes. Takue ycJaoBHs UMEIOT
MEeCTO, HAlIPUMep, B CJyYae HAINYUST TOKOB YTEUKHU Ye€Pe3 U30JISAIUI0 MEKLY TPOBOJIA-
MU, HaXOSIIIMMUCS TIPU PA3HBIX MOTEHIMATaX. TOK yTedKr BO3HMKAET BCJIEICTBHE
HECOBEPIIEHCTBA M30JIAINH. YIeTbHAS TIPOBOIUMOCTD U30JISIIIMKA BO MHOTO Pa3 MEHb-
Ie yAeTbHON MPOBOAMMOCTH MaTepuasia mpoBoaoB. Hampumep, 1iist kabenbHOit Oy-
Maru uMeeM TIpuGIMsuTensHo ¥ ~ 10713 Cv/M, Toraa kak s meam ¥ = 58-10° Cum/wm,
T. €. OTHOIIIEHUE Y/IeJTBHON TPOBOJUMOCTU MeJIN K YIEeJIbHON TIPOBOAUMOCTH H30JIsI-
nmm nmeet opsok 6-10%°. B kayecTse pyroro npuMepa MOKHO yKas3aTh cirydail Tie-
pexojia TOKa B 3eMJII0 Yepe3 3apbIThie B 3eMJTI0 META/INYecKUe aJeKTPobl. OOBIYHO
MPUMEHSTIOT CTAIbHBIE 3JIEKTPOIbL. YeIbHAs IPOBOAUMOCTD CTAIN TPUOIUZUTENHHO
paBHa vy = 5-10° Cm/m.

YnenbHast TPOBOUMOCTD TOYBBI 3aBUCUT OT BJIAKHOCTHU TIOYBBI U OT €€ COCTaBa.
B cpeanem ee MOxHO cuntath paBHoil y & 1072 Cv/M. Takum o6pasom, oTHONIEHIE
YIeTTHHOM TIPOBOAMMOCTH MAaTE€PHUAa HIEKTPOOB K YAETHHON TTPOBOAMMOCTH TTOYBBI
HMeeT TIOPSIIOK 5-108,

Bo Bcex aTHX citydasix Ipu PACCMOTPEHUH TIOJISI B CPeJie ¢ MAJIOH Y/IebHOI TIPOBO-
JUMOCTBIO MOKHO TTpeHeOpedDb MaleHneM HATPSKEHMST BHYTPU METAJLTMYECKUX TeJl
U CYUTATh OBEPXHOCTH TEJI TTOBEPXHOCTSIMI PABHOTO TTOTEHITHAIA.

E,sin®, = E,sin6,, J,cos0, =J,cos0,,

26.5. AHanorus 3/1eKTpMYECcKoro noss B NpoBoasaLyel cpeae
C 3/IEKTPOCTAaTUUYECKMM NOJIEM

Mesxty COOTHOIIEHUSIMU, XapaKTEPUIYIOIUMU CTAIIMOHAPHOE 2JIEKTPUYECKOE TT0JIe
MMOCTOSTHHBIX TOKOB B TIPOBOJISAIIEN CPeJie, U COOTHOLIEHUSIMU, XapaKTEPUIYIONINMU
AJIEKTPOCTATUYECKOE TI0JIE B JUAJIEKTPUKE, MOKHO MPOBECTH (POPMATbHYIO aHAJO-
THIO.

[t 351eKTpUYecKoro 1oJisi TOKOB B IPOBOJISIIEN cpe/le UMEI0T MeCTO COOTHO-
ITEHUS:

B
rotE =0; [Edl=U,~Uy; J=vE; divJ =0; [Jds=Ai.
A s

Onn (bOpMaJII)HO COBIIAZyT C COOTHOHMIEHUAMU [JIA 3JIEKTPOCTATUYECKOI'O I10JI5A
B IUDJIEKTPUKE!:
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B
rot E =0; IEdleA—UB; D =¢E; divD =0; IDds=Aq,
A s

€CJTM B TIOCJIETHNX 3aMEHUTH BEKTOP 3JIeKTPUYECKOro cMelienns D BeKTopoM TIoT-
HOCTH TOKa J, BIIeKTPUYEeCKUil 3apsii A — TOKOM Ai U abCOOTHYIO AMIJIEKTPIYe-
CKYIO TIPOHUTIAEMOCTH € — YAEJbHON MTPOBOAMMOCTBIO .

B BoIpaskenun IJ ds = Ai Bemunta Al eCTh TOK CKBO3b CeueHHUe s TPYOKM TOKa.

S
ITOT TOK TPOTEKAET CKBO3b Jt060e ceyeHre TPYyOKH, B YaCTHOCTH B Hadajie TPYOKH,
TJIe TOK BBOJIUTCS B PACCMATPUBAEMYIO TIPOBOJIATILYIO CPE/LY U3 JIEKTPOJIA, TOTPY>KEH-
HOTO B 3Ty cpejy. B Bbipaxkenuu I D ds = Aq BesmunHa Ag ecTb 3apsiji Ha TIOBEPXHO-
S

CTH 3apsiZKEHHOTO TeJia B Hadajle pacCMaTpUBaeMOil TPYOKH DJIEKTPUUECKOTO CMe-
menust, a s — Joboe cedenne 1ol TpyOKn. OTCIO/IA SICHO, YTO €CJIU YCJIOBUST ISt
BexTopa J = yE Ha rpaHuIle JaHHON MTPOBOAAIIEH CPeNbl C YAEThHON TTPOBOANMOCTHIO
Y COBIIAMAIOT C YCAOBUAMU /1id BekTopa D = ¢E Ha Tpanuiie Takol ke hOpMbI AMITEK-
TpUKA ¢ aOCOIOTHOI ANAIEKTPIUUECKON TIPOHUITAEMOCTBIO €, TO AJIEKTPUIECKIE TIOJIST
B MIPOBOJIAIIEI cpejie U B AUDJIEKTPUKE TOJKHBI ObITh aHATOTHYHBI APYT APYTY.

B anextpocraTndeckoil 3asade TpaHWIEH AWAJIEKTPUKA SBJSAETCS MOBEPXHOCTD
TTPOBOJIATIIETO Tesla. JTa MOBEPXHOCTD €CTh TIOBEPXHOCTH PAaBHOTO TIOTEHIMATA, 1 BEK-
Top D k Hell HopMasieH. B mpumepax, pacCMOTPEHHBIX B TIPEbIAyIeM maparpade,
rpaHuUIlell TIJI0X0 MPOBOIsIIEN cpebl (ITOYBBI UM HECOBEPIIEHHOUW U30JISIINN ) SBJIS-
€TCst TIOBEPXHOCTH TPOBOAHUKOB. C GOJIBINON CTEEHBI0 TOYHOCTH ITY MOBEPXHOCTD
MOKHO CUUTATh TIOBEPXHOCTHIO PABHOTO MOTEHIIMAJA M BEKTOP IJIOTHOCTU TOKa J
B TIJTOXO TPOBOJISAIIEH cpe/le CYMTATh HAIIPABJIEHHBIM 110 HOpMasin K Heil. Ha ocHoBa-
HUW W3J0KEHHOTO MOXHO YTBep KIaTh, YTO KapTWHA 3JEKTPUIECKOTO TIOJII TOKOB
(B MOUBe MJIN B M30JIAIMN) B 9THX 33j[a4ax JOJKHA COBIAAATH C KAPTUHOH TIOJS B
COOTBETCTBYIONUX 9JIEKTPOCTATUYECKIX 3a/[auaXx.

Ha atom ocnoBaH Tak Ha3bIBaeMBIf ME€TO/T 2JT€KTPOCTATUYECKON aHa-
JOT U W, TIO3BOJIAIONINN B Psfie cJydaeB TP pacyeTe TOKOB B TPOBOALIIEH cpejie
BOCITOJTb30BAThCS TOTOBBIMU PENIEHUSIMU COOTBETCTBYIONTUX 3a/1a4 9JIEKTPOCTATUK.
MerToz a5eKTpoCcTaTHIeCKO aHATIOTUY /IaeT BO3MOKHOCTD TaKKe 3aMEHUTH UCCIIe/I0-
BaHMeE 3JIEKTPOCTATUYECKOTO TI0JIT 9KCIIEPUMEHTAIBLHBIM NCCIIe/JOBAaHUEM TT0J1S TOKA B
poBOIAIIeil cpee, 0 ueM OyaeT ckasano B § 30.13.

B wactrocTH, hopMyIB 1151 9s1eKTprudYecKoit ipoBoaumMocTu G =i/U cpen, B KOTO-
PBIX MPOTEKAET TOK, MOTYT OBbITH MOJIYYEHbI M3 COOTBETCTBYIOIUX (DOPMYJI IS €M-
koctu C = gq/U Ten, Tak KaK B aHAJOTUYHBIX 33/1a4aX TOK i 3aMEHSIETCST 3apsijioM (.
DJIEKTPUYECKast EMKOCTD TeJla WU eMKOCTbh MEXK/Y TeJlaMU OTIPEIEIIeTCS TeOMETPH-
YEeCKUMHU MapaMeTpaMu TeJl 1 aOCOMIOTHBIMU JIUAJIEKTPUIECKUMEU TIPOHUIIAEMOCTSIMU
cpejt, OKpysKarommx tesa. [loatomy, 4ToObl mosyuuts dhopmyay it G, 10CTaTOYHO
3aMEHUTH B COOTBETCTBYIOMIEH hopmyJie 17st C abCOMOTHBIE AMITEKTPHUYECKIE TIPO-
HUTIAEMOCTU € AUIJIEKTPUKOB yAEJbHBIMU TTPOBOAUMOCTSIMU Y TTPOBOISAIINAX CPEl.
Ecnm mpoBossas cpeia 1 COOTBETCTBEHHO IMAJIEKTPUK OHOPOHEBI, TO B (hOPMYJITY
1T TIpoBOAUMOCTHU G yIeTbHas TTPOBOJUMOCTD Y BXOJUT MHOKUTEIEM W COOTBETCT-



130 Yactb 4. Teopus 3NeKTPOMarHUTHOrO Mofs

BeHHO B opmyary aist eMkocTi C abCosoTHas AUDJIEKTPIYEcKast IPOHUIAEMOCTD &
TaKKe BXOAUT MHOXUTECJIEM. B takom CJIydae JIJIAA aHAJIOTUYHbBIX 3a/la4 UMEEM

G _v

C ¢

26.6. Tok yTeuku B Kabene n conpoTusneHme nsonauum kabens

J IlioTHoCTH TOKA OmnpezesMM TOK yTedku i B Kabesie, BO3HUKAMOIINN
yreurH BCJICICTBHE HecoBepiencTa nzossanun. Cedenne Ka-
6esist u3oOpakeHo Ha puc. 26.3. JIMHIUKM HAPSIKEHHO-
CTH TIOJIST ¥ IMHUU TOKA YTEYKH B M3OJIAIMN MOKHO
CYUTATb HallpaBJE€HHbBIMU 110 paiiyCaM.

O6parubiit [IpoBenemM BHYTPU H3OANNN ITUJINHIPUIECKYIO

Nzonsauusa

IIPpoOBOJ HOBerHOCTb, NMEIOIYIO pa,zII/ch rn aJJInHy Z B Ha-
npasienun ocu Kabesst. Mimeem i = 2rnrlJ u, cienosa-
3amurHbie J i

HOKpOBBl  TeJbHO, F = — = .
v 2mrly

Hampsaxenne u,p MexIy TPOBOIaMI Ha/IEM, CO-
AB

Puc. 26.3 CTaBJAS JTUHEUHDBIN MHTErpas HANPSIKEHHOCTH 3JIeK-

TPUYECKOTIO I10JIs1 BJIOJIb Pajinyca:

B 9y .
uAB:JEdl:JEdr: L’
2nly 7
A n 1

OTCIOZ[a HaXO0AM COIIPOTUBJIEHWE Rmn IIPpOBO/INMOCTb G N30JIAITNN KabeJst:

Rotan _ Lo Ta
i 2mly r’
G:i:2nly.
R In’2
n

DopmyJty [ist TIPOBOAUMOCTH G MOKHO OBIJIO HAMKCATH CPa3y, MOJIb3YSICh METO-
JIOM 2JIEKTPOCTATUYECKON aHAMOTUU. J[JIs1 5TOTO JOCTATOUYHO B (DOPMYJIE 1T EMKOCTH
kabesrs

C:2nls’

7.
i

MpuUBeeHHON B § 25.1, 1. 5, 3aMeHUTD € Ha Y.

26.7. ConpoTtuBsieHUe 3a3eMJIeHUA

ﬂJIH OCyHIECTBJIEHWA COEANHEHUA KaKO-11O0 TOUKHI BHGKTpI/I‘IeCKOf/,I e C 3emient
3apbIBalOT B 3€MJIIO METAJIJIMYECKHE ITPOBOJAHUKH, K KOTOPBIM U IIPUCOCANHAIOT COOT-
BETCTBYIOHLYIO TOYKY IIETIN. CI/ICTeMy TaKWX 3apPbITbIX B 3€EMJIIO ITPOBO/IHMKOB HAa3bIBAlOT
3a3eMJINTEJEM. TaK, HallpuMep, MIpu COeIMHEHNN B 3BE3/1Y 0OMOTOK BBICOKOTO
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HanmpsKeHus TpexdasHoro TpancdopmaTopa, muTaroIie-
O JINHUIO TIepeiaui, 0OBIYHO 3a3€MJISTIOT HETIOCPEICTBEH-
HO W Yepe3 HEKOTOPOe CONPOTHBIIEHIE HEUTPATIbHYIO \"»\
Touky TpaHcdopmaropa (puc. 26.4). ITUM TOCTUTAETCS

TO, YTO HAIPSIKEHMST IIPOBOIOB JIMHUU 110 OTHOIIEHUIO K } = f+
3emiie IIpU HOPMAJBHOM PeKMMe He MOTYT ObITh 6OJIb-
ure (pasHbIX HANPsKEHWiA. TIpU OBPEKACHUN U30IAIMI N N

OJIHOrO 13 (Pa3HBIX IIPOBOLOB BO3HUKAET TOK KOPOTKOTO Puc. 26.4

3aMbIKaHUS, TIPOXO/SIINI OT MecTa IOBPeXACHUS Yyepes

3eMJIIO U 3a3eMJINTENh K HEUTPaJTbHON TOUKe TpaHc(opMaTopa. DIeKTPUIECKUH TOK,
MPOXO/IS Yepe3 3eMJTI0, BCTpedaeT HEKOTOPOe COTTPOTUBIEHNE, HA3bIBAEMOe C O TI P O -
TUBJeHUEeM 3a3eMeHus. [lo cymectBy, 3T0 — CONPOTUBJIEHNUE 3eMJIN, KOTOPOE
BCTpEYaeT TOK MPU PACTEKAHNN OT 3a3eMJINTEISA. BIOTh TOBEPXHOCTH 3€MJIH CO3/1a€eT-
sl TIaJIeHVe HANpPsKeHUsT, KOTOpoe BOJIM3U OT MECT 3a3eMJIEHHs] MOJKET [OCTUTATh
OTIACHBIX [IJIS1 JKU3HU uejioBeKa 3HAUeHWH y:Ke Ha JJIMHe Iara 4yesjoBeka. [loatomy
BeCbMa CYUIECTBEHHO YMeThb BBIUMCJHUTDH COIPOTUBJIEHUE PACTEKaHUIO TOKA B 3eMJle
MIPY PA3INIHBIX KOHCTPYKIUAX 3a3eMINTEEeH.

C 3azemiieHuEeM OTAECJbHBIX TOYEK IEIIN BCTpeYaceMCiA B LEIAX KaK IIEPEMEHHO-
ro, TaK U IOCTOSIHHOTO TOKA. B NpuBe/ieHHOM IIpuMepe B 3eMJie IIPOTeKaeT IepeMeH-
HBIH TOK. Pacmpenenenue mepeMeHHOTO TOKa B MPOBOJAINEH cpeie, B TPUHITATIE,
JOJIKHO OTJINYAThCS OT pacipe/ie/ieHus MOCTOSTHHOTO TOKa, TaK KaK IIPH IepeMeH-
HOM TOKE B KOHTYPax, KOTOPbIe MOKHO cebe MPe/ICTaBUTh B IIPOBOISAIIEN Cpe/ie, BO3-
HUKAIOT UHAYLIUPOBAHHbBIE 3JIEKTPOJBIIKYIIME CUJIbI, OKAa3bIBAIOIIME BIAUSHIE HA pac-
npesesenre Toka. OMHAKO BBULY GOJIBIIOTO YAETHHOTO COTPOTUBIEHIS 3€MIU TIPU
BbIYNCJIECHUN TOKOB B6.HI/ISI/I IJEKTPOJOB MOKHO HpeHe6peqb, BO BCAKOM CJjiydae
IIPU [IPOMBIIIIIEHHON YacTOTe, MHYIIUPOBAHHBIMU 3JIEKTPOABUKY UMY CUJIAMU 110
CpaBHEHHWIO C aKTUBHBIM ITa/[CHUEM HAIIPAKEHUA U BECTU paCyeT, KaK P IMOCTOAH-
HOM TOKe.

Dopmy.isl st ipoBoauMocti G = i/U 3a3eMyieHnst MOTYT ObITh HAIMCAHbI HA OC-
HOBaHUU METO/Ia 3JIEKTPOCTATUYECKON aHAJIOTUH TI0 MMeToTuMCcs (popMyJiaM /I eM-
koctu C = g/U cOOTBETCTBEHHO PACIIOTIOKEHHBIX TEJ.

B JJIEKTPOCTATUYECKUX 3a/ladaXx O6bI‘-IHO PaBHbBIM HYJIIO IIPUHUMAIOT TOTEHIINAT
GeCKOHEYHO y/IaIeHHbIX TOYeK. B MHTepecyommux HaC 3ajiayax, OTHOCSIIUXCS K TO-
KaM B 3eMJie, TaKKe TIPUHUMAIOT PaBHBIM HYJIIO TOTEHIIHAT OECKOHETHO yIaJIeHHBIX
TOYEK WJU MPAKTUYECKU JOCTATOYHO YAAJEHHBIX OT 3JIEKTPOJAa TOYEK. HpI/I 9TOM B
Boipakennu G = i/U Benmunna U ecTb TIOTEHIIUAJ 3JIEKTPOJIA, TAK XKe KaK B BbIpaKe-
nnn C = q/U Bemmunna U ecTh OTEHIINAI 3aPSKEHHOTO Tea.

Heobxomnmo elie 3aMeTuTh, 9TO B 3eMJie IMHUN TOKA He YXOISIT B GECKOHEYHOCTD,
a coOMpaIOTCst Y IPYroro aJeKTPojia Wi, Kak B IIPUMepe, TIOKa3aHHOM Ha puc. 26.4,
y MecTa MOBpesKaeHusT u30Jsiin Juaun. OHAKO 3TO 00CTOSITETHCTBO MAJIO CKA3bI-
BaeTcs Ha PacIpesieIeHH TOKa OKOJIO IAHHOTO 3JIEKTPO/Ia M Ha 3HAYEHUU COOTBETCT-
BYIOIIIETO €My COITPOTUBJIEHU 3a3eMJIEHNU, TAaK KaK OCHOBHOE COIIPOTUBJIEHNE pacTe-
KaHUIO TOKA COCPENIOTOYEHO BOJIM3U 3JIEKTPO/IA, T/IE IOTHOCTH TOKA B 3€MJI€ UMEET
HanGOJIBIINE 3HAYCHUS.
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”;i PaccmoTpum HeKkoTOpbIe puMepbl. Tak Kak eMKOCTD yelnHeH-
HOTO IlIapa pajauyca » paBHa
C = 4mer,
J
\ § § TO MPOBOJIMMOCTD 3a3eMJIEHUS JIJIsI APOBOTO 3JIEKTPO/IA, MOTPY-
\\\\\\ JKEHHOTO B 3€MJIIO CTOJIb TIIyOOKO, 4TO MOKHO TIpeHeOpedb BN -

N !
\¢% ~A\\ Hrem mosepxnocTr semtu (puc. 26.5), 10/KHa OBITH paBHA

N\ c=L_y
& R Tcyrv

npudeM R — COTIPOTUBJIEHIE 3a3€MIIEHMUS.

Ecomi a1ekTpo/1 pactioiokeH 6IM3K0 OT MOBEPXHOCTH 3EMJIH, TO JIMHUK TOKA MCKa-
JKATOTCST, KAK 9TO BUIHO U3 puc. 26.6. B aToM cirydae MOXKHO BOCIIOJIb30BATHCS METO-
IOM 3€pPKaJIbHbBIX I/1306pa>KeHI/H/I. JInauu Toka Y MOBEPXHOCTU 3€EMJIN /IOJIZKHbBI 6bITb K
Hell KacaTeJbHbL. DTO YCJIOBHE OCTAHETCS YAOBIETBOPEHHBIM, €CJIU MBICJIEHHO 3a110JI-
HUTH BO3/LYIITHOE ITPOCTPAHCTBO HAJl TOBEPXHOCTDIO 3€MJIU MTPOBO/ISIIEN CPEIOi ¢ Ta-
KO JKe, KaK y 3eMJIU, Y/IeJIbHOI ITPOBOIUMOCTHIO U TIOMECTUTH B TY CPENLY ATEKTPO/I,
SIBJISTIOIIIMIACST 3€PKAJIbHBIM M300PasKEHUEM JIEHCTBUTENHLHOTO 3JIEKTPO/Ia OTHOCUTE -
HO TIOBEPXHOCTH 3eMJIU. TOK, BBIXOJSIINIA U3 MHUMOTO 3JIEKTPO/IA, JOJIKeH ObITh pa-
B€H 110 3HAYE€HUIO 1 110 3HAKY TOKY, BbIXOJAIIEMY N3 [[efICTBI/ITeJIbHOFO JIEKTPOda
B 3emufo. [IpoBoAMMOCTD 3a3eMJeHusT AJs JeUCTBUTEILHOTO 3JIEKTPO/a, OYEBU/I-
HO, PaBHA TIOJIOBMHE TIPOBOJAUMOCTH CHCTEMbI, 0GPa30BaHHOI 3JIEKTPOIOM U €r0 3€ep-
KaJbHBIM M300paskeHreM. Tak, HarmpuMep, IPOBOAUMOCTD JIJIs 9JIEKTPoia B (hopme
MOTYIIIAPHs, PACTIONOKEHHOTO Yy TIOBEPXHOCTH 3€MJIN TaK, KakK MMOKa3aHo Ha puc. 26.7,
paBHa

1
G=—=2myr.
R Y

YacTo NPUMEHSIOT 3a3eMJIUTEIN B BUjae TPYO, 3a06UTHIX BEPTUKAIBHO B 3EMIIIO
(puc. 26.8).

\\\\\\\\\%\‘ NN

NN
N

N
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[Tyctb [ — pmana TpyOBI 1 7 — ee pamguyc. IIpeanosoKuM, 94To OuH KOHeIl TPyOb
HAXOUTCS Y CaMOH TTOBEPXHOCTH 3eMJIH. [[siiHa TpyObI BMECTE C ee 3ePKAbHBIM U30-
OpakeHreM paBHa 2/.

EMKOCTD IMIHHAPA, UMEIOTIEeTo AIUHY 2/ 1 pagnyc 7, ipu 2/ > r coracHo ¢hopMmy-
Jie, TIpuBeJeHHol B § 25.6, IpubIMKeHHO paBHA

2ne2l

lnz—l

C=

r

CiieioBaTeIbHO, IPOBOAUMOCTD JIJIsi CUCTEMbBI U3 9JIEKTPOJIa U €ro 3epKaibHOrO
n300pakeHusl paBHa
4yl
Coal
In="
,

G

TakuM 06pasoM, IPOBOAUMOCTD 3a3eMJICHHUSI IS DJIEKTPoa B (hopMe BEPTUKAIb-
HOW TpyOBI BbIpaskaeTcst GopMyIoit

21yl

G =2
21

In=—

,

Jlnst yMeHbIIEHW COIPOTHBJIEHNUS 3a3eMJIEHH 3a3€MIISIONIEE YCTPOHCTBO YacToO
BBINIOJIHAIOT B BUJIE PAJIOB 3a0UTHIX B 3eMJII0 TPyO, COEIMHEHHBIX MEXKIY OO0 Me-
TaLJIMYECKMMU 10J10caMU. Pacuer nmpoBOAMMOCTH 3a3€MJIEHUS IIPU TAKOM CJIOKHOM
3a3eMJINTE]Ie MOKET OBbITh BBIIOJIHEH M0 aHAJIOTUU C PACYETOM €MKOCTU CUCTEMBI CO-
eJIMHEHHBIX MEKLY COOON MPAMOJIMHENHBIX OTPE3KOB IPOBOAHUKOB. C 9TOil 11€71bI0
C YCIIEXOM MOKET OBbITh MCIIOJAb30BaH METOJ CPEAHMX IOTEHIINANOB, U3JI0KEHHbII
B §25.6.



[(MaBa ABaguaTb ceabMas

MarHuMTHoe nosie NOCTOSAHHbIX TOKOB

27.1. BuxpeBoi xapaKTep MarHUTHOro noss TokoB. CKansipHbIn
NoTeHUuMan MarHUTHOro nosis B 06,1acTn BHe TOKOB

YpaBHEHUSI MATHUTHOTO I0JIsI TOCTOSTHHBIX TOKOB, KaK 3TO CJIEAYET U3 CUCTEMbI YPaB-
HEHU, MpuBeeHHbIX B § 26.1, nMeroT BUI

rotH =J; B=pH; divB=0.

[TepBoe ypaBHenme CBUAETETBCTBYET O TOM, YTO MATHUTHOE TIOJIE TOKOB SIBJISIETCS
suxpesvim. CrenosarenbHo, Tam, rie J # 0, Heb3s yKa3aTh TaKyio CKaIsApHYIO (PyHK-
uuto koopauHat U, (x, y, z), TpalieHT KOTOPOH IporopiinoHaieH Bektopy H, Tak Kak
n3-3a toxaectsa rot grad U, = 0 npu aTom okaszasioch 661 Betoy rot H = 0.

WMupiMu cioBaMu, BUXpEBOE TI0JIE HE SIBISETCS MOTEHIIUATbHBIM.

OnHako B TOW YacTU MPOCTPAHCTBA, TJe TJIOTHOCTh TOKA PaBHA HYJIO, MMeeM
rot H = 0 u, ciemoBaTebHO, B 9TON YAaCTH MPOCTPAHCTBA MOXKHO mpenctaButh H
B BUE

H =-gradU,,.
BeJII/I'-II/IHy UM Ha3bIBalOT CKAJAPHBIM IMOTEHIOMWAJOM MAarHuMTHOTO

110 11 1. IHjeKe «M» cTaBUM, YTOObI OTJIMYUTh MATHUTHBIA IOTEHIUAI OT 9JEKTPUYe-
ckoro. meem

oU oU oU
H:{ = — M ; H]/ = — M ; HZ = — M y
ox oy 0z
nu B006Hle COCTaBJIAIONIadA BEKTOPa H 1o JIIO6OMy HallpaBJEHHIO paBHA YMEHbIIICHUIO
MarHMTHOIO IIOTeHIMa/ia, OTHECEHHOMY K €WHUIE JJINHbI B 3TOM HallpaBJICHUN:

H, =Hcoso = _9U, ,
ol
T7ie o — YTOJI MeXy HampaBieHneM BekTopa H 1 HampaBieHneM, B KOTOPOM OTIpeie-
JgeTcs coctaBsoniag H,.

[ToTentuan ogMHAKOB BO BCEX TOYKAX MMOBEPXHOCTHU, TIEPeCeKaeMOl TUHUSIMI Ha-
TIPSKEHHOCTH TIOJIS MO/ TIPSIMBIM YTJIOM, TaK Kak, TePeMeIasich 0 9TOH MOBEPXHO-
ctr, umeeMm cos o = 0 m oU,, /0l = 0, 1. e. U, = const. Takyto TOBEPXHOCTH HA3BIBATOT
MOBEPXHOCTHIO PAaBHOTO MArHUTHOTO MOTeHNuama. Ee ypaBuenue
UMeeT BU/L

U, (x,y,z) =const.

Ecin 0603HaunTh uepes dn nepemenienne B cTopoHy Bekropa H 1o HopMaJu K 1mo-
BEPXHOCTH PaBHOTO TOTEHIMAIAa WU, YTO TO K€, 0 KacaTeJTbHOU K JIMHUU HAIps-

JKEHHOCTH T10JIsI, TO, OYEBHUIHO, OyeM MMETh
= H = —aUM
on

‘grad U,
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W3 ckazaHHOTO $ICHO, YTO I[10JIb30BATLCS IOHATUEM CKAJISIPHOTO MarHUTHOIO 110-
TeHIMaIa MOXKHO TOJBKO B TOH obactu mpoctpanctsa, e J = 0. OxHako u B 9T0M
gacty npoctpancTsa U, sBIsieTcss MHOTO3HAYHON (yHKInelr. YToOBI MOKa3aTh 3T,
paccMOTPUM MarHUTHOE TI0JIe OKOJIO KOHTYpa ¢ TokoM (puc. 27.1). JInaeitHsiii nnre-
rpajl HAMpPSKEHHOCTH MArHUTHOTO MOJIs, B3STHI 10 JIFOOOMY 3aMKHYTOMY KOHTY-
PY, He 0X8amubl8auemMy KOHMyYpa ¢ MokoM, PaBeH HyJIO: if)H dl = 0. B wactnoctu, pa-

BEH HYJIIO HHTeTpas 1o mytn AnBmA, uzobpakennomy Ha puc. 27.1. CiegoBaresnbHo,
IH dl = IH dl, T. e. wHTETPAJ, B3ATHII MEXKIY ABYMS 3a- === Y

AnB AmB == - r
At

JaHHbIMU TOYKaMM A n B, OIIpENCJIAETCA TOJIBKO ITIOJIOKE- / N l/’
! \\ 1 ’ i
i
!

HUEM OTUX TOYEeK ¥ He 3aBUCUT OT BbIOOpa IyTH
MHTETPUPOBAHNSE MEXK/LY TOUKAMH [IPU YCJIOBUH, YTO 3aMK- X\ Seelft
HyTbIe KOHTYPBbI, 00pa3oBaHHbIe [BYMST PA3JIUYHBIMHU Ty TSI-
MU UHTETPUPOBAHUS, HE OXBATBIBAIOT KOHTYPOB C TOKAMH.
[Ipu TakoM ycoBUM UHTETpAJ

Puc. 27.1

fHdlz [Hdl=U, -U,
A m

AmB

MO’KHO paccMaTpuBaTh KaK Pa3HOCTb MArHUTHBIX moTeHnuanoB U,, m Uyp mond B
Toukax A u B. Ecii ycJIoBHO IPUHATH PaBHBIM HYJIIO TIOTEHITMAT B HEKOTOPOIT 3a/1aH-
Hoii touke P (U,p=0), To pa3HOCTb IIOTEHIMAIOB B ToUKax A u P Oyzer paBHa OTeH-
1Uasy B TOuke A:

P
IHdl:UmA.
A

OpHako ecii BHIOPATh TAKOW 3aMKHYTBI 1TyTh MHTErPUPOBAHMUs, KOTOPBIN OXBa-
TBIBA€T KOHTYD TOKa i, Harpumep 1myTh AIBmA wua puc. 27.1, To JIMHEWHBIA WHTErpas
HaMPSKEHHOCTU MAarHUTHOTO TIOJIA M0 TAaKOMY IIYTU Y>Ke He PaBeH HYJIO:

§Hdl= [Hdl- [Hdl=i=0,
AIBmA AlB AmB
OTKy/a
[Hdl= [Hdl+i=U, ~U,; +i
AIB AmB
[Iyts ArBmA oxBaTpIiBaeT iBa pa3a KOHTYP C TOKOM i. [/[Jig Takoro myTu mmeem
§H dl = 2i u, cienoBaTesbHO,
ArBmA

[Hdl= [Hdl+2i=U, -U, +2i

ArB AmB
1 BoOOIIEe MHTETPaJ 10 HEKOTOPOMY MyTH AXxB MOXKeT OTINYaThCs OT MHTErpajia 1o
nytu AmB na ki, Tiie k — 11eJ10e 4ncsio, ecyau Bee MyTH MPOXOJISAT BHE 00J1acTh TIpo-
CTPAHCTBA, 3aHATON CAMUMU IIPOBOAHUKAMU C TOKOM:
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[HAl=U,, -U,; +Fki
AxB
CoBMecTUB TOUKY B ¢ TOuKoil P, B KOTOPOI TOTEHITUAJ PUHSAT PaBHBIM HYJIIO, ITO-
JIyqaem
del =U_, +ki
AxP
TakuM 06pa3oM, CKaaSPHBIH MAarHUTHBIM TOTEHIMAT OKA3hIBACTCS BEIMUNHON
MHO203HAUHOL.

27.2. BeKTOpHbIA NOTEHLUMaN MarHMTHOIO NOJisi TOKOB

BekTop MarHuTHOM MHAYKIIMY MOXKHO TIPEJCTABUTH B BUJIE BUXPSI HEKOTOPOIO BCIIO-
MOTaTeJbHOTO BeKTopa A:

B =10t A,

[puyeM BeKTOp A 1pu 3a[aHHOM paciipeieJIEHUH B IIPOCTPAHCTBE dJIEKTPUUYECKUX TO-
KOB gBJIsIeTCS (DYHKIIMEH KOOPAMHAT.

Bextop A HOCUT Ha3BaHWEe BEKTOPHOTO MOTeHIIMajla MATHUTHOTO
mo 11 . OTpeseanm ero Tak, 4ToObl YpaBHEHUS MAarHUTHOTO TTOJISI

rotH =J; B=pH; divB=0
OBbLIN yIOBJIETBOPEHDBI BO BCEM MIPOCTPAHCTBE — U TaM, T/I€ OTCYTCTBYIOT TOKH, U TaM,
rae J # 0.
Yenosue div B = 0, Beipaskaioriee IPUHIUI HEIIPEPHIBHOCTH MAIHUTHOTO MOTOKA,
VZIOBJIETBOPSETCS TOXKAECTBEHHO, ecii B mipesicTaBuTh yepe3 A B Buze B = rot A, Tak
kak Bcerma div rot A =0 (em. § 23.5).

Haiinem BbIpaskenuie BEKTOPHOTO TOTEHITUANA, OTIPEAEJISIONIEE ero 0 3alaHHOMY
pacIpeie/IeHI0 TOKOB Tak, 4TOObI OBLIH YAOBIE€TBOPEHBI OCTAIbHbBIE IBA YPABHEHUSI:

rotH =J u B=uH.
OrpannmynmMcst paccMOTPEHNEM OIHOPOHON Cpefbl. YMHOKUM TIPABYIO U JIEBYIO Yac-
TH IIEPBOTO YPaBHEHMsI Ha aOCOTIOTHYIO MATHUTHYIO TIPOHUIIAEMOCTH W cpesbl. [Tosryurm
prot H =rotpH =rot B = pnJ,

u Tak Kak B = rot A, To umeem
rotrot A =pJ.

B yactnocty, s npoexiyun Ha ocb OX MOkeM Halmcathb
rot , (rotA) =pJ,.

PasBepnem JieBy1o yacTb aT0or0 ypaBHeHus. Vmeem

dA
rott(rotA)zithA_ﬁmtyAzﬁ y OA, | 0(0A, 04, _
V % oz ' oylex oy ) o2\ ez ox

004, 9°A, 0°A, L 004,
ox oy oy’  o2* ox oz




Inasa 27. MarHuTHOe rose nocTosiHHbIX Tokos 137

[IpubaBuM K 3TOMY BBIPAsKEHUIO BEJTNYNH

ox ox
2

rOtx (rotA): — r 4 7+ z x4 X ”
ox\ ox oy 0z ox? ayZ 022

_ O divA-v?A..
ox

IMogunnnm BexkTop A yeaosuio div A = 0, T. e. 6yieM cYnTaTh, 4TO MoJie BeKTopa A
He uMeeT UCTOYHUKOB. /leiictBuTenbro, mpu yeiaosun div A = 0 Bcerga MOKHO MPH-
Harb A=A'+ A", npuuem div A’ = 0 m div A” = 0. IToste cocrasstionieil A” Kak co3gaH-
HOEe UCTOYHUKAMU SIBJISIETCS MTOTEHITUAIBHBIM, U, cJefoBaTebHo, rot A” = 0. I[loatomy
B =rot A=rot A, T. e. HATMYKeE coCcTaBJIsIIONIE A” He U3MeHsIeT BeTMIMHY B 11 MOXK-
Ho nipuHATh A” = 0. OKOHYATENbHO TIOJIyYaeM

rot  (rot A) = -V>A_.
Ypasuenue rot, (rot A) = nJ, IepenuchIBaeTCS B BUE
_0°A, 2°A, 9%A
VZ2A, Sttt =,
ox oy 0z
It1o ecTh ypaBHenue [lyaccona, oHo mosiHOCTBIO coBIazaer ¢ ypaBuenueM Ilyac-
COHa JIJIsT BJeKTpudeckoro noteHimana (cm. § 24.4), ecnu 3amennts A, Ha U n pJ,
Ha p/e. [loaTOMy €ero pelieHre MOXKHO HAIUCATh MO0 AHAJIOTMY C PENIEHUEM ypaBHe-

HUA HyaCCOHa JJIA 9JIEKTPUYECKOT'O IIO0TEeHIMaIa. I[JIH JIEKTPHUYIECKOTO IMOTEHIIMaJIa
MbI UMeJIn

IpdV
4na .
3amensist U Ha A, v p/e Ha pJ,, osydaem
A - deV.
4y,

VHTerpupoBaHue A0CTaTOYHO PacIpoOCTPaHUTh 110 BceMy o0bemy, e J, # 0. Be-
JINYKMHA ¥ — 9TO PacCTOSHUE OT IIeHTpa dj1eMeHTa oobemMa dV, B KOTOPOM IIPOEKIUs
BEKTOpA IJIOTHOCTH TOKA €CThb J,, 10 TOUKH, B KOTOPOU ompeesnsieTcs A,.

AHAJIOTUYHBIM TTyTeM HETPYIHO MOJIYYUTb BBIPAKEHUS [JII APYTUX COCTABJIIO-
IIUX BEKTOPHOTO ToTeHIrana. OKoHYaTeIbHO OYy/IeM HUMETh

J.dV 4ok J, v A JdV
) Y - ) z
475V r 47 A 47t r

i J.(in +jJ, +kJ)dV
TCV '

A

y =

4

A=iA +jA, + kA, =
,
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YTO MOKHO 3aIUCaTh KPaTKO:
B J' Jdl
4ry, 7 ’
HMOHKMMAs 31eCh MHTEIrPUPOBAHNE KAK TEOMETPHIECKOE CyMMHUPOBAHNE.

[TosrydenHble BBIPAKEHNS, CAY KAIINE I ONPEAETEHNsT COCTABISIONIMX BEKTOP-
HOTO MOTEHIMAIA 110 3aJaHHOMY PaCIIPeIeIEHNIO TOKA B IIPOCTPAHCTBE, CIIPABE/INBbI
BCIO/LY, B 4aCTHOCTH U TaM, Tjie J # 0. OH¥ IPUTOAHBI IPU YCJIOBUH, YTO TOKH CYIIECT-
BYIOT B OrpaHMYEHHOM 0OheMe MPOCTPAHCTBA, a 9TO (PU3NUYECKU BCEra U UMeeT Me-
cro. [Ipu aTOM 3HaUYeHKME BEKTOPHOTO MOTEHIIMAa YObIBAET 110 Mepe yaajieHus B Gec-
KOHEYHOCTh OT O0JIACTH, 3aHATOW TOKAMH, He MejjieHHee, yeM 1/7, 4TO HeTpyAHO
YCMOTPETh M3 TIOCIEAHEr0 BhIpakeHus. Tak Kak cocraBisione BekTopa B Bbipaska-
I0TCS Yepe3 IPOCTPAHCTBEHHBIE TPOM3BOAHBIE OT COCTABJISIONMX BEKTOpa A, TO 3Ha-
yeHre MAaTHUTHON WHAYKITUU B, a cieoBaTeIbHO, U 3HAYeHNE HATIPSYKEHHOCTH TIOJIS
H y6biBaloT B 6ECKOHEYHOCTH He MejjieHHee, yeM 1 /72.

Boipaskerue 171t A MOKeT ObITh YIIPOIIEHO, €CJIM TOKU POTEKAIOT 110 KOHTYPaM U3
JIMHEMHBIX TTPOBOJHUKOB, TIOIIEpeYHbIe Pa3Mephbl CeYeHNII KOTOPhIX BECbMa MaJIbl 110
CPaBHEHUIO C JJIMHON KOHTYPOB U 10 CPABHEHUIO C PACCTOSHUSIMU OT TIPOBOIHUKOB
10 TOYEK, B KOTOphIX onpexensiercss A. IlpeacraBum smeMenT oObeMa NPOBOJHNKA B
sune dV = dl ds, tie ds — s71eMeHT TIOBEPXHOCTH $ TIOIIEPEYHOTO cedeHus u dl — ane-
MEHT JIJIMHBI [ TIPOBOHUKA.

Boibepem nanpasienust dl Bciogy Tak, 4ToObl OHM COBIIQIaIA C HANPABICHUSAMU
BEKTOpa IJIOTHOCTH TOKA J, T. €. pa300beM MPOBOAHKK Ha OTpe3ku TpyOok Toka. [Tpu

aroMm J (ds dl) = (J ds) dl n
u (dsdl) dl
EP(sXE%) B P (rds)s
4n£JS‘ r 4TE£‘[( %) r

HO HpI/I CO6JIIO]_[€‘HI/II/I BbIH_[eyKaBaHHbIX YCJIOBI/IP)I MOJKHO CUUTaTb, 4YTO paCCTOHHI/IH
7 10 TOYKHU, B KOTOpOfI OIIpEeaeIAEeTCA A, O/IMHAKOBBI /1JId BCEX 2JIEMEHTOB dS JAaHHOTI'O
ceyeHusdg S. TO‘{HO TaK K€ MOJKHO CYHUTATb OAMHAKOBbIMU BCE OTPE3KU dl MEX/Y IBYyMA
IIOIIEPEYHbIMU CEYECHUAMMU. C]IeZ[OBaTeJII)HO, MOJXHO Hall1caThb

dl zdl
§3 j Jds =
47: r
S

rne i = I J ds — TOK B IPOBOHUKE.

S

27.3. MeTopa npuBeAeHUs BUXPEBOIro0 MarHUTHOro nons
K 6e3BuXpeBoMy

Mertoz nipuBeeHrsT BUXPEBOTO MATHUTHOTO TMOJIsI K Oe3BUXPEBOMY OCHOBAaH Ha pa3-
JIOJKEHWY BeKTopa HanpsikeHHocTr H MarHuTHOro moJist Ha Buxpenyio Hy u 6e3Bux-
pesyito H,, cocTaBisgioniye, T. €. Ha Mpe/ICTaBJIeHIN HAMPSKEHHOCTH MarHUTHOTO HOJIst
B Buzie cymMmmbl H = Hp + H,. 1Ipu aTOM M0TyCKaeTcs, YTO BEKTOP IJIOTHOCTU TOKa J
TTOPOKIAET TOJBKO HEM3BECTHYIO HANIPsLKeHHOCTh H, KOTOpas u oTpesiesisieT BUXpe-
BYIO YaCTh MAarHUTHOTO TI0JIs T. €. rot H = J. OcHOBOI MeTo/1a TPUBEIEHNS BUXPEBOTO
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MarHUTHOTO TOJIT K OE3BUXPEBOMY SIBJISIETCSI BO3BMOXKHOCTH Pa3eJbHOTO pacyeTa
BUXPEBON COCTABJISIIONIEH, KOTOPBIN MOXKET OBITH BBITIOJHEH O0JIee TPOCTHIMHU CIIOCO-
6amu. Tak kak Besmmumna div H,, ne 3agana, To ypaBienue rot H, = J iMeeT MHOKeCT-
BO HE 3aBUCAIINX OT MarHUTHBIX CBOWCTB BemiecTBa pemenuii. [lo atoit mpuunne
ypasuenue rot H, = J MoeT ObITh PEIeHO /IS CJIydast OJHOPOAHON CPeIbL.

[Tockoabky div J = 0 u J = rot H,, T0 171 BbIieJIeHHON G€3BUXPEBOI COCTABJIAIO-
ueii, papuoit H, = H — H,, cipaBeJlIMBO ypaBHEHUE

rot (H — H,) = rot H, = 0, H, = —grad U,,

T. €. Hp MOJKHO IIPEACTaBUTDH B BU/IE€ I'Pa/IME€HTa CKAJAPHOIO MarHMTHOTO ITOTEHIINAJIA
UM W HalIpAKEHHOCTb MAarHUTHOI'O I10JI 3allMCaTb B BUAE

H=H, - grad U,,.

B arom cayuae ypasuenue div B = 0 moskHo 3amucath Kak div u (H, — grad U,)) =0,
OTKy/a

div p grad U, = div p H,, ™)

B KOTOPOM HeusBecTHbIMU siBJistiorcest Uy, u H,. B HanboJsiee o01eM ciiydae Tpexmep-
HOIO MarHMTHOTO TIOJISI JOJIKHBI ObITh OTIPE/Ie/IeHbl YeThIPe CKaISPHbIe (DYHKIHH —
Tpu cocrapistiomue Hy v ckanspubIii MarauTHbIN notentuan U,. B ypasuenum (*)
samatorum st pacuera Uy, sisisiercst Hy,. TloaToMy npesk/ie BCero I0JIKHO ObITh Haii-
JieHo peliieHue ypaBHeHus rot H, = J.

BosmoskHOCTH BhIGOpaA TPON3BosIbHOTO pactpenenerus div Hy, SBisieTcst cymect-
BEHHBIM TIPEHMYIIECTBOM MeTo/la MpeodpasoBaHus BUXPEBOTO MArHUTHOTO TOJIS B
GesBuxpesoe. [TogBsieTcss BOBMOKHOCTb BHIOMPATh M3 MHOKECTBA pelieHnil Hanbo-
Jee onrtuMasibHoe. OTHUM 13 cIT0cOO0B pacueta BendHbl H,, SIBJISIETCS UCTIOB30Ba-
Hue 3akoHa buo—Casappa:

H, - ["av,
47 v
rie oobeM V sBJisieTcs OAHOCBA3HON 06/1acThIO0 ¢ TOKaMi. [Ipy MOMOIIM 5TOTO BbIpa-
skerns Bennunna H, MoskeT GBITH paccyMTaHa BO BCEX TOYKAX IIPOBOAHUKOB € TOKA-
Mu. OroBopka OTHOCUTEIBHO OJHOCBSI3HOCTU 0ObeMa UHTErPUPOBAHUS [IPU BHIUUC-
JIEHUU BUXPEBOI coctapJsionieil Hy MCKOMOTO 10JIst CBsI3aHa ¢ TeM 00CTOSITEIbCTBOM,
4TO 06BEM MOJKET 3aHUMATh He TOJBKO YaCTh MPOCTPAHCTBA, TJIe POTEKAET dJIeKTpuIe-
CKMH TOK, HO ¥ 4aCTh, TJie TOK OTcyTcTBYyeT. HTerpasn §>H dl 110 KOHTYPY, OXBATBIBAIO-
I
meMy TOK, PaBEH 3TOMY TOKY, TOT/Ia KaK WHTETPaJ —§VU . dl paBen nyJo Beerma. ITo
I

MPOTUBOPEUNE YCTPAHIETCS, eCJI 061aCTh MHTETPUPOBAHUS SIBJISIETCS OJHOCBSIZHOM.

Jlnst obecriedeHnst OJHOCBAZHOCTH O0JIACTH WHTErPUPOBAHUST PUXOAUTCS BBO-
IIVTh HETIPOHUIIaeMBble /it 00X0/a TOKa MOBepXHOCTH. TaKOBOI B caydae N306paskeH-
HOro Ha puc. 27.1 KOHTYpa ¢ TOKOM MOKeT ObITh JiI00ast IIOBEPXHOCTh, HATSAHYTask Ha
IPOM3BOJIBHBIN KOHTYP, 0Opa3s0oBaHHbIN JIMHMEH TOKa, JeKallell Ha [TOBEPXHOCTU
MIPOBOJTHUKA.
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3 ananorum ypaBHeHuUi st ckansiproro norerimana div e grad U= — p asiekTpo-
CTATUYECKOTO MOJIS U LIS CKAJIIPHOTO MarHuTHOTO noteriasia div u grad U, = div u H,
cienyer, 4yTo Beanunny — div p H, MOKHO paccMaTpuBaTh Kak 0ObEMHYIO TJIOTHOCTD
py = —div u H, (GMKTUBHOIO MarHMTHOIO 3apsijia m, sSBJsioerocs (hopMagbHO BBe-
JIEHHON pacyeTHOil BesnunHOW. VI3 3TOH aHANIOrMU BBITEKAET, YTO COOTHOIICHUIO
—:#; ggradU ds = q cOOTBETCTBYET aHATIOTUYHOE COOTHOIIEHIE —ﬁ ugradU, ds = m.

S S

B onmHoponHoil cpejie ¢ MarHuTHOM MPOHUIIAEMOCTBIO [ CKAJSPHBIH MarHUTHbBIN
MOTEHIMA YAO0BJIeTBOpsieT ypasHenuio Ilyaccona div grad U,= div H= - p,,/n, pe-
IIIeHe KOTOPOTO B CUJTY CKAa3aHHOTO BbIIIE MOKHO 3aITUCATh KaK

H-H, :ij‘pnilrdv,
4drpd p?

" TTOJIYYUTDb BbIpask€HUE [JI MCKOMOT HaIIPpAKEHHOCTU MAalrHUTHOTO II0JId B BUAE

1 ¢p,r
H=—["

dmpsy, v

dV +H .

B kauectBe mpumepa paccMOTpUM CJIy4ail MPUBENEHWS BUXPEBOTO MAarHUTHOTO
M0JIS TOPOUIATBHOTO C BHYTPEHHUM PAycoM R; W HAPYXKHBIM pajimycoM R, mpo-
BOJIHMKA BBICOTHI / ¢ IOCTOSTHHBIM TOKOM ILIOTHOCTBIO J (puc. 27.2, a).

a 6
Hy

=~

Puc. 27.2

IIpruMeM MarHMTHYIO IPOHUIIAEMOCTD L TIOCTOSIHHOM BCIOLY.

OrpaHryrM OJTHOCBSI3HY0 00J1aCTh ¢ TOKOM HUKHEH (¢ KoopauHaToii z = (), Bepx-
Heil (¢ KoopArHaToit z = k) 1 6OKOBOI MOBEPXHOCTAMY IIUJINHAPA PAZHyCcOM Ry. ITO
osnauaet, uto H, = 0 Bciogy BHe 00pa30BaHHOIO TUMH MOBEPXHOCTSIMHU 00beMa.
B mununapuyeckoil cucteMe KOOpAMHAT BeKTOop J MMeeT cocTaBisionyio J,. Ilo-
ckoabky rot Hy = J, To ipu J = j J, MOJKHO OI€PUPOBATH €IMHCTBEHHON COCTABJISIO-
met H, = H,,. Torna nis H, nmeem

dH

-—2L =J, , nm HB(r)=—IJadr=(R2 -nJ,,
dr R

tak 9t0 Hy(r) = (Ry — 1) J, ipu Ry <r< Ryu H,(r)=(Ry — Ry) J, mpu 0 <r<Ry.
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3asucumocthb Hp () usobpaxena ua puc. 27.2, 6.

I[Tycthb TOK HampaBJeH TaKuM 00Pa30M, 4TO MOJIOKUTETLHOE HATIPaBJIeHNE BEKTOPA
H, coniasiaer ¢ TakoBbIM /It ocH z. [Tpu atom H cKauKoOOpasHO MEHsIETCsI Ha BeJu-
uynny H, Ha oBepxHocTH z = 0 v Ha BesmunHy —H,, Ha moBepXHOCTH z = h. B cooTBeT-
OoH ,

0z

Hble 3apsi/Ibl: —M HA HUKHEN TTOBEPXHOCTM U +m Ha BepPXHEii, TOTJa KaK BO BCEX
OCTAJIbHBIX TOYKaX OOJACTH MAarHUTHBIX 3apsifioB He Oymer. XoTss 0ObeMHAsT MI0T-
HOCTh MATHUTHBIX 3aps/IOB HAa YKA3aHHBIX MOBEPXHOCTSX oOpariaercsi B GeCKOHed-
HOCTb, UX TIOBEPXHOCTHAS IJIOTHOCTh KOHEUHA U paBHA G, (7) = —puHy(7) < 0 Ha HIDK-
Helt 1 o, (r) == +uH, () > 0 Ha BepxHEl MOBEPXHOCTH.
Haiinennbie MarauTHBIE 3apA/bl TIOJHOCTHIO OTIPEAENIIOT MATHUTHOE TTOJIe BO BCEX
toukax obmactu, riae H, =0, T. e. TaM, T/ie €ro0 MOKHO OTUCATH C TTOMOIIBIO CKAJISIPHOTO
MarHATHOTO TIOTeHIMaNa. B Toil ske 4acTu mMpocTpaHCTBa, B KOTOPOH TPUCYTCTBYET

BUXPEBasA COCTABJIAIOIITAA HB, COCTaBJIAIOIME€ HAIIPAKEHHOCTU MarHUTHOTO I10JIA paB-

HBI H,=—%, H, = _%’ H,=H, - aUM.
or roo 0z

crBun ¢ yeaosueM div u Hy= p

=—pPy Ha 9TUX ITOBEPXHOCTAX IMOABATCA MarouT-

27.4. BbipakeHue MarHMTHOro noToka v SHeprum MarHMTHOro nons
yepe3 BEKTOPHbIN NOTeHLuan

YcranoBum €BA3b MEXKIYy MATHUTHBIM TTOTOKOM ® CKBO3b HEKOTOPYIO TIOBEPXHOCTD S
¥ BEKTOPHBIM TOTEHITMaIoM A MarHuTHOTO ToJid. VMeem

o= _[B ds = jrotAds.
Cornacuo Teopeme Croxca, jrot Ads = ﬁAdl. CuepoBaTebHo,
s !

@:fAdl.

Takum 06pa3oM, MAZHUMHBLIL NOMOK CKB03b NOBEPXHOCTL S PABEH JUHEUHOMY UHMEe-
2pany 8eKMopHO20 NOMEHUUALA NO 3AMKHYMOMY KOHMYPY, 0ZPAHUUUSAIOWEMY IMY NO-
8EPXHOCMY.

[l BBRIYMCTIEHNS MATHUTHOTO TIOTOKA Yepe3 BEeKTOP MAarHUTHOU WHIYKIIUU MPU
MTOMOITIA WHTeTpaJia I B ds 1eo6x0aMo OIpeie/IuTh BeKTOp B BO BCex TOUKax T0-

s
BepxHOCTH S. [IpW BBIUMCIEHUM MarHUTHOTO MMOTOKA Yepe3 BEKTOPHBIN ToTeHIInal A
JIOCTATOYHO 3HATDH TIOCJEHUN TOJbKO HAa KOHTYDE, OrPAHUYUBAIONIEM 3Ty ITOBEPX-
HOCTh. VIHTerpupoBanue Mo MOBEPXHOCTU 3aMEHSIETCSI MHTETPUPOBAHUEM TI0 KOHTY-
PY, 9TO BO MHOTHX CJIy4asX OKa3bIBAETCS BeCbMa TTOJIE3HDIM.
Bblunciienne sHEpruM MarHUTHOTO TOJisE B 0ObeMe Ha OCHOBE BbIPasKEHIS

W, = lj HB dV conpsikeHo ¢ GOJBIIMMU 3aTPYAHEHUSIMU, TaK Kak HEOOXOIMMO
2 Vv

paccuuTaTh HANPsLKeHHOCTh H v MHAYKINIO B MarHUTHOTO TI0JIs BO BCEX TOYKax Gec-

KOHEYHOTO TTPOCTPAHCTBA. Brruncienne sHeprun MarHuTHOTo 1oJist W, MOXKHO yIipo-
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CTUTD, €CJI TIPe0OPA30BaTh MHTETPAJ IO HEOTPAaHUUEHHOMY 00beMy V B MHTErpaJ mo
o6neMy V), B KOTOPOM CYIIECTBYeT CO3AIONIII MArHUTHOE TI0JIe 9JIEKTPIIECKHIT TOK
TJIOTHOCTBIO J.

Jluist Takoro mpeoOpa3oBaHist BOCTIONb3yeMCst COOTHOIIeHeM B = rot A 1 u3BecTHBIM
u3 BekTopHOii anre6pbl BoipakereM div [AH] = H rot A — A rot H, win Hrot A =
= A rot H + div [AH|. TTocjie mofcTaHOBKU B (GOPMYJIY [JIsi SHEPIHH MarHUTHOTO
noJist Beipaskerust A rot H + div [AH | Bmecto H rot A nmeem

W, =1jArotHdv +1jdiv [AH|dV. ™)
2 Vv 2 14
Mo:xHO TIOKa3aTh, 4TO BTOpOe ciaaraeMoe B (*) cTpeMUTCS K HYJIIO, TTO3TOMY
W, = 1 [arav,
w75 !

4YTO ITO3BOJIAET OTPAaHUYNTD BbIYMCJIEHNE MHTE'PDaJa JINIIb B TOH YacTn 06’[)6Ma, B KO-
TOpOI>,I IIJIOTHOCTD 9JIEKTPUYECKOI'O TOKa HE paBHaA HYJIIO.

OHepI/IPOBaHI/Ie BEKTOPHBIM IMOTEHIINAJIOM obJjeryaer pacCMOTPEHUE PA/la BasKHBIX
IIOJIOJKEHUI TEOPUUN MAarHUTHOTIO I10JIA, TaK K€ KaK I10JIb30BaHWE€ CKaJIAPHBIM IIOTEH-
IaJIOM YIIPpOHIA€T PaCCMOTPEHNE MHOTHX BOIIPOCOB 9JIEKTPOCTATUKH.

27.5. O6was 3apaya pacyeta MarHUTHOIO NOJISi NOCTOSIHHbIX TOKOB

OO0rmeit 3a1aueii pacyeTa MATHUTHOTO TIOJISI TIOCTOSIHHBIX TOKOB SIBJISIETCS] HAXOXK/[Ie-
HHE BEKTOPa MarHUTHOM WHAYKIIMKW WJIN BEKTOPA HAIIPAKEHHOCTU MarHUTHOT'O 1TOJIA
BO BCeX TOYKaxX ITPOCTPAHCTBA 10 33JJaHHOMY paclipefieJIeHUIO TOKa B ITPOCTPaHCTBe.
Jra 3ajada II0JHOCTHIO pelllaeTcsi HaXOKAEHUEM BEKTOpHOro Iorennuana A xax
ynkuuu koopaunar. Ilpn asTom MarHuTHasT HHAYKLINS OLIPEeJIsieTcsl U3 COOTHOLIe-
uust B = rot A. B o61em cirydae aHaTnTHYIECKUMU METOAMHU ITY 33/1a9y YAAETCS pe-
IOUTb B OTPaHNUYE€HHOM HUCJIE CJIydaEB.

Pemenne 3agaum pacyera TpeXMepHOTO MarHUTHOTO IOJISI B HEOAHOPOJHBIX Cpe-
JlaxX IIPU MCIIOJIb30BAHUN BEKTOPHOTO MAarHUTHOTO MOTEHINAJIA, KaK [IPABUJIO, CBI3aHO
¢ 6ospmumu TpyaHOCTSIMI. OHM ONPEIENSTIOTCSI, BO-TIEPBBIX, TEM, UTO JIJIsSI TPEXMEp-
HOTO MarHUTHOTO TI0JIS1 B HEOZAHOPOHBIX cpe/laX 32 Pe/IKUM UCKJII0YeHHeM HeBO3MOK-
HO HANTH aHATNTUYIECKOE PEIIeHNe U TI0ITOMY MTPUXOIUTCS TIPUOEraTh K PA3TMIHBIM
YUCJIEHHBIM MeTo/laM. Bo-BTOPBIX, IIPU UCIIOIb30BAaHUN YHUCJIEHHBIX METOJI0B HAJIHU-
qKe TpexX CKaJAPHBIX COCTABJIAIOMINX BEKTOPHOI'O MariHMTHOTO ITOTEHIIMAJIa 1 H606XO-
AUMOCTDb YIOBJIETBOPUTDH T'PaHUYHbIC YCJIOBUA IPUBOJAUT K TOMY, YTO CUCTEMbI KOHEY -
HO-Pa3HOCTHDBIX ypaBHeHI/Iﬁ OKa3bIBalOTCA I'POMO3AKHUMU 1 HJIOXOO6yCJIOBJIGHHbIMI/I.

I/IHTepeCYHCI) MaroMTHBIM II0JIEM BHE IIPOBOJIHUKOB C TOKOM, T. €. TOJIbKO B O6JIaC-
TU IPOCTPAHCTBA, TA€ IIJIOTHOCTh TOKA paBHA HYJIIO, IMEETCA BO3MOKHOCTD BOCIIOJIb-
30BaThCST TAKKE JAPYTHM METOZOM. B 3Toit 06sacTi MPOCTPAHCTBA MATHUTHOE TOJIE
MOKHO 0XapaKTepU30BaTh CKAJISIPHBIM MarHUTHBIM IToTeHuasom U, Bekrop nHamnps-
KEHHOCTH TIOJISI TIPU TOM oTipeziesisiercs n3 coornomrennst H = —grad U,

MeTOZ[bI pacueTa MaroHuTHOTO ITIOJIA Ha OCHOBE CKAJIAPHOIO MAarHMTHOT'O IMOTEHIIMA-
Jla aHAJIOTUYHbBI IPUMEHEHHDBIM IIPU PaCUeTe JIEKTPOCTATUYECKUX HO]Ief/,I, 1 B 9TOM X



Inasa 27. MarHuTHOe rose nocTosiHHbIX Tokos 143

6oJIbIIoe JTOCTOMHCTBO. Takas anamorus JaeT BOSMOKHOCTD PEIIUTD PAJl 3a/a4, OTHO-
CAMMUXCA K PACUETy MAarHMTHBIX HOJIeIK/,Iy IIyTEM COIIOCTaBJIEHUA MX C COOTBETCTBYIO-
IMVUMHU pEeIIeHUAMU 3a/a4 3JIEKTPOCTATUKU. OZ[HaKO CymieCTBEHHbIM HE/IOCTATKOM MeE-
TOJa ABJAETCA HEBO3SMOKHOCTD pacdyeTa MarHUTHOTO TI0JIA B 06J1aCTAX ¢ TOKaAMMU.

Pacyer MarHuTHOIO 1oJsig B 00JIACTAX C TOKAMU Ha OCHOBE MCIIOJb30BaHUSA CKa-
JIAPHOTO MArHrMTHOIO IMOTEHIMAJIA MOJKET ObBITH peain30oBaH IIpU yCJIOBUU IIpUBE-
JIEHA BUXPEBOIO MArHUTHOIO IIOJIA K 663BI/IXpeBOMy. HpI/I TaKOM IIOZXO/I€ MOJKHO
HCITIOJIb30BaTh BCE€ YMCJIEHHbIE METO/Ibl, M3JIOJKEHHbIE B I'JIaBE 24 [JIA pacdyeTa 9JIEK-
TPOCTAaTUYECKUX I1OJIEH.

27.6. NnockonapannesnbHoOe nose

PaccMOTprM MarHuTHOE MOJIe CHCTEMbI OECKOHEYHO [IMHHBIX TTapalieJbHbIX I1-
JIMHJIPIYECKUX MTPOBOAHUKOB C TOKaMU B ofHOpoaHOM cpesie. Och OZ HarpaBuM Ta-
PaJIIeIbHO OCSIM IIPOBOJHUKOB. B TakoM ciryyae JIMHUM HAIIPSIKEHHOCTHU T10JIS 11eJTH -
KOM JIe’KaT B MJIOCKOCTSX, TMapasiiebHbIX TmockocTu XOY, 1 KapTrHA MoJis BO BCEX
3TUX IJIOCKOCTSIX OJJMHAKOBA, T. €. T10JIe TAKOW CUCTeMbI TOKOB ILJIOCKOIAPaJIelbHOe.
[ToBepxHOCTH PAaBHOrO MarHUTHOTO MoTeHIUana U, cyTb IMUINHIPUYECKHEe TTOBEPX-
HOCTH ¢ 00pasyoIuMu, mapaiieabibivu oct OZ. JIMHUW paBHOTO TIOTEHIMAIA B
mrockoctu XOY onpenessiioTcst ypaBHEHUEM

U, (x,y) = const.

WNurepBajibl MEXIY COCEIHUMU JIMHUSIMUA PABHOTO
noreHnuasa 6yeM BEIGHPATH TaK, 4TOOBI IPU MEPEXO- ¥
Jie OT OJIHOM JIMHUK K APYTOH COOIIONAIOCH YCAOBUE
AU, = const.

YpaBHeHUe JTUHUYM HATIPSSKEHHOCTH TIOJIST MOKHO
MOJIYYUTh HA OCHOBE COOOPaKEHUH, aHATOTHYHBIX
TEeM, KOTOpPbIe OBLIN MCIOIb30BAHBI st OJTyYEHUS
YPaBHEHUS JIMHUN HATPSKEHHOCTH 3JIEKTPUIECKOTO
MOJIsI. YCTIOBUMCST CUMTATDH MOJOXKUTETHHBIMU TOKH,
HarpaBJ/ieHHbIe K HaOsoaTes 0. BoibepeM ogHy -
HUIO HATIPSKEHHOCTH T0JISI B KAUeCTBE HAYATHHOM.
Ha puc. 27.3 ona orMedeHa KUPHOI JIMHUET.

CoenuHuM TIPOU3BOJIBHYIO TOUKY M (X, i) ¢ HEKOTOPOI TOUKOM A HAUaIbHON JTMHUT
otpeskoM MmA. Ilyctb Wy ecTb oTok BekTopa H CKBO3b MTOBEPXHOCTD, KOTOPYIO OTIHCAT
ObI 0Tpe3ok MmA, niepemeniasich mapaieibHo caMoMy cebe B HarpaiieHuu ocr OZ u
MPOXO/IST TIYTh /. YCJOBUMCST PACCMATPUBATH MOTOK HA €IMHUILY JTHHLI TPOBOIOB. BBe-
nem obostauene V,, = W/l Besmuanna V,,, HasbiBaeMast )y HKI[ M € i 110 T O K &, 3aBU-
CUT OT TIOJIOXKEeHUS ToYKu M U, ceoBaTesbHO, ABgeTca (DyHKIMEH KOOPAMHAT 3TON
Touku. /[yig Bcex TOYEK, JIexKalluX Ha OJHOM M TOU ’Ke JIMHUM HAIPSKEHHOCTU T10JId,
ynrima V, (x, y) nmeet ogrHakoBoe 3Hadenne. CaemoBaTerbHO, ypaBHEHME

0

Puc. 27.3

V. (x,y) =const,

orpenesdroniee COBOKYITHOCTb TaKUX TOYEK, U ABJACTCA YPaBHECHUEM JIMHUN HaIlPA-
JKEHHOCTH IIO0JIA.
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YesoBUMCsT pacrosiarath Ha YepTeske JUHUU HANPSKEHHOCTH TOJIST TaK, YTOOBI
IIPH TIEPEXO0/Ie OT JIF0OO0M JIMHUK K COCETHEN BCET/a TOYYaTh OJIHO 1 TO JKe Ipuparie-
nue A V,, GyHKIINN MOTOKA.

O6o3HauuB yepe3 dn sJeMeHT JUIMHBI JIUHUK HAIIPSDKEHHOCTH TI0JIsT U uepe3 da
9JIEMEHT JITMHBI JIMHUK PABHOTO HOTeHInasia, OyaemM umets Beioly dn L da. Koopau-
HaTy 7 yCJIOBUMCS CUMTATh BO3pacTaroleil B HanpasyeHnn Bektopa H. Koopannary a
OyzieM cunTaTh BO3pACTAIOINIE BJIeBO OT BekTopa H ju1st HabIogaTesst, paciioI0KnB-
1Ierocst Tak, 4To BeKTop H KaxeTcs: eMy HallpaBJIeHHBIM CHU3Y BBepX (cM. puc. 27.3).
@DyHKIUIO TTOTOKA Oy/IEM CYMTATh BO3PACTAIONIEI B TOM JKe HAIIPABJIEHUHU, B KOTOPOM
YBEJINUUBAETCS .

HarmpsizkeHHOCTb MAarHUTHOTO 110JIsT BbIpaskaeTcs yepe3 U, n V,; B Buze

oU, ov, *)
=+ .
on da

[TepBoe paBeHCTBO y:ke ObLIO MpUBEIEHO paree. Bropoe Bbipakenue caeayer u3
TOTO, YTO HAMIPSKEHHOCTD TOJIS YNCAIEHHO paBHA TTOTOKY BekTopa H CKBO3b emnHUIly
MOBEPXHOCTH, HOPMAJIBHOW K JIMHUSM HarnpsikenHoctr nosist. [ycers d,Wy — npupa-
meHue otoka Bekropa H, cooTBeTCTBYyIOIIee IPUPAICHUIO TOJIbKO OJHON KOOP/IMHA-
bl a. [Totok d, ¥ IPOXOANT Yepes TTIOBEPXHOCTD [ da, HOPMATIbHYIO K JIMHUSIM HAIIPsI-
skeHHoctH 1osist. CiieoBaresbHO,

— da\IJH — daVM — 8‘/M
lda lda  éa

Borpaskenusa (*) coBepiieHHO aHAJOTHYHBI COOTBETCTBYIONUM BBIPAKEHUSM B
§ 24.8, onpenenaiomnM HaPSKEHHOCTh 9JEKTPUIECKOTO TTOJIA.

Cocrabistionyie Bektopa H B 1eKapTOBBIX KOOPJAMHATAX BbIPASKAIOTCS B BHJIE

_ou, :+6VM_ I _au, :_aVM (**)

H=—

; = .
ox oy Y oy ox

ITU paBeHCTBA MUIIYTCS HA OCHOBAHWK TeX jKe COOOPasKeHUH, YTO U COOTBETCT-
Bytomntre paBeHcTBa (**) B § 24.8. V3 Hux myrteM moBTopHoro AuddepeHInpoBaHus
MOJIy4aeM yPaBHEHUSI:

H:

¥

o*U, 0°U, o*V, 0%V,
2 + 2 = O; 2 + 2 = O’
ox oy ox oy

T. e. 00e dyukiyn, U, u V,, yrosiaersopsior ypasaenuio Jlammaca. Heo6xomimo, oxHa-
KO, TOJ{YEPKHYTh, YTO ITO UMEET MECTO TOJIBKO B 06JIACTH POCTPAHCTBA, HE 3aHITON
AIIEKTPUUYECKUM TOKOM. TOJIBKO B 9TOI 00/1aCTH BOBMOKHO BBIPA3UTh HAMIPSIKEHHOCTD
TI0JIs B BUJIE TPajineHTa cKajasipHoro noreniana U, Takasg oroBopka He OTHOCUTCS K
BBIPAKEHUSAM HAIPSKEHHOCTU TI0JI yepe3 (PyHKITUIO TTOTOKA:

_ aVM . H _ aVM . H _ _a‘/m
- ) x ’ Y - ’
oa oy ox
KOTOPBIE 10 CAMOMY MX CMBICJTY JOJIKHBI OBITh CNpasediusvl maxice u GHympu npo-
B00HUKOB C MOKOM.

H
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Haxower, ormeruMm, uto (yHKIUs 1MOTOKa V), BBeIEHHAs IS XapaKTEPUCTUKU
ILJIOCKOTIAPAJIJIEJIBHOTO OIS, BECbMa ITPOCTO CBSI3aHa ¢ BEKTOPHBIM MOTEHIAIoOM. B pac-
CMaTPUBAEMOM CJIy4ae BEKTOPHBIN MOTEHIINA HATIPABJIEH BCIOAY TapaiieabHo ocu OZ,
T.e. A, =A,=0; A, # 0, Tak KaKk BEKTOD IJIOTHOCTH TOKa BCIOJIy IapaJlJieJIeH 3TOI OCH.
[ToaTromy umeem

_0A, 04, oA, _0A, 0A, _ 0A, , 04, oA, _,
- - ) - - ) - - .
oy 0z Oy Yoz ox ox °  ox oy

YMHOKas paBeHcTBa (**) Ha W 1 COMMOCTABJISISI MX C ITOCJAEHUMI PaBEHCTBAMH, T10-
JIydaem

z

X

A, =uV, +C

IIpu4eM IOCTOAHHAaA C MoxeT ObITh OT6pOH_IeHa KaK H€ MMeElolada CymeCTBEHHOIO
3HaYeHuAd.

27.7. NpuMeHeHue (PyHKLUI KOMMNJIEKCHOro NepeMeHHOoro

MaruuTHbiil oteniman U,, u GyHKIUS 10ToKa V,, B 00JacTH, He 3aHATON TOKa-
MU, CBSI3aHBbI MeKIY cOO0I coOTHOMEHUsIMU (**), COBIAJAIONIMMHU C YPAaBHEHUSIMU
Kormmm—Pumana, KoTOpbIM I0JDKHBL YI0BIETBOPSTh DyHKINHN E(X, ) 1 n(x, ¥), orpe-
JIEJISIONINE BEMIECTBEHHYIO U MHUMYIO YaCTH aHAJIUTUYeCcKoi dhyHKmu ¢ = & + jn =
= f(z) KOMILTIEKCHOTO TTepeMeHHOr0 z = X + jy. [loaTOMY /I7IsT OTIMCAHUST TIJIOCKOTIApa-
JIEJIbHBIX MAarHUTHBIX I0JIell BHE TOKOB, TaK K€ KaK U IPU OMUCAHUU TIJIOCKOMAPAJI-
JIEJIBHBIX 9IEKTPUUECKUX TMOJIeH, MOXKEM BOCIIOTh30BATHCS AHATUTUIECKUMU (DYHK-
IIMAMHU KOMIIJIEKCHOTO TIePeMEeHHOTO, oJIoKNUB & = V,, u n = U,, T. e. npuaNMas
C=E+m=V, +jU, = /(2.
CocrasJstioriue Bektopa H MOTYT OBITH TIOTy4eHbI U3 YPABHEHUIL:

o ~ou, _ Om, o ~ou, _ om

x - ~ y - - .

ox ox oy oy

Moaynab Bektopa H paBen

=T |
z

27.8. Mone nuHenHbIX NpoBoAoB. MpuHLUMN COOTBETCTBUSA
N1I0CKoNapasusiesibHbIX 3/IEKTPUUECKUX U MarHUTHbIX nosen

Pacemorpum dyukmmio § = K In z + C, tne K — BemmectBennast Besqmunna u C =
= C; +j C,. Bepaxkast HepeMeHHYIO 2 B TIOJISPHBIX KOOP/IMHATAX, Oy/ieM IMeTh 2 = e 1
=V, +jU, =Klnr+jKo+C, +jC,.
YpaBHeHWe JTUHUIN HAPSIKEHHOCTHU TTOJIS MOXKHO HAlucaTh B BUJE
V,=Klnr+C, =const, T.e. r=const.
YpaBHeHue JUHUN PaBHOTO MOTEHIIMAA UMEET BU/JL
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U,=K6+C, =const, T.e. 0 =const.

JIMHUY HANPSZKEHHOCTH TI0JISE CYTh OKPYsKHOCTH ¢ OOTIMM IIEHTPOM B Haydajie Ko-
opawHat. JInHUM paBHOTO MOTEHIIMANA — pajinaJbHble JTy4yn. Takoil XapakTtep uMeer
MarHUTHOE TI0JIe JINHEHHOTO TIPOBO/IA C TOKOM, TTPOXOJSINETO MEPIEHIUKYIIPHO K
mockoctu XOY yepes navano koopaunart. [locrosganas K ornpezienstercs u3 yCaoBus,
4TO TIPU 00XOJie BOKPYT TOKA i B MOJOKUTETLHOM HAIPABIEHUH YTOJ 0 U3MEHSIETCST
Ha 27, 2 MarHUTHBIN MTOTEHIMAJ TIoJydaeT npupaiienue, pasuoe AU, = —i. Crano
ObITh, i = —K 27, u K = —i/(2n). OKoHYaTeJbHO ToJIydaeM BbipaxkeHus st Vi, u U,

i i
V,=——Inr+C; U, =——6+0C,.
21 21

I‘ITO6I)I HWHTEPpBaJ MEXAY ABYMA JIMHUAMU PABHOTO IOTEHIMAJIa COOTBETCTBOBAJI
oripezieJieHHOMY TipupaiieHuio AU, oTeHInana, 3TH JUHUK JOJKHBI OTCTOSITD JIPYT
OT JIpyra Ha paBHBIE YIJIBI AD.

Jluist TOro 4ToOb! IMHUN HATIPSAKEHHOCTH TI0JIST IeJIIU TI0JI€ Ha TPYOKHM PaBHOTO
MOTOKa, HEOOXOANMO COOJIIOCTH JIJIST IBYX COCEAHMX, v-il 1 (v + 1)-ii, InHuil ycioBue

1 i, T
V,=——(nr,, —Inr,) = ——In=* = const,
2n 2n 7,
T. e
,
1 — N =const.
,

v

CJieioBaTesIbHO, PAINYCHI IMHUI HAITPSZKEHHOCTH TTOJIST JIOJIKHBI BO3PACTaTh B Te0-
METPUYECKOIi ITPOrPeccru, 3HaMeHaTelb KOTOPOil MOKHO BBIOPATh MTPOU3BOJILHO.

Ha puc. 27.4 n306paskeHO MarHuTHOE M0Jie YeIUHEHHOTO TPOBO/IA, TPUYEM MPH-
Hato N = 1,5 u A0 = /4.

B ToM ciyuae, Koria UMeeTCst 71 IMHEHHBIX TPOBOIOB
C TOKaM#, MOKHO BOCITOJIb30BAThCST IIPUHITUIIOM HAJIOKE-
HUSI M HAXOJUTh KOMILJIEKCHBIN MOTEHI[UA U3 BbIpasKe-
HUST

//Const

k=n
C=V, +jU, = —iz i,In(z—-z,) +C,
2n5

TJIe zj, OTIPeiesigeT TOUKY, Yepe3 KOTOPYIO TPOXO/INT MPO-
BOJI C TOKOM iy,

CpaBHuuBas nosiydeHHble BHIPAKEHUS I TIOTEHIINA-
Ja W (QYHKINW TTOTOKA MarHUTHOTO TIOJIS JIMHEHHBIX
TTPOBOJIOB C TOKAMU C COOTBETCTBYIONUMHU BBIPAKCHUAMU I/ TIOTEeHITNAA U (DyHK-
MW TTOTOKA 3JIEKTPUYECKOTO OIS INHEHHBIX 3apsAKeHHBIX TPOBOJIOB (cM. § 24.10)
U COTIOCTABJISAI KAPTUHY MarHUTHOTO TOJIS HA PUC. 27.4 ¢ KapTUHON 3JIeKTPUYECKO-
ro moJst Ha puc. 24.10, 3amMedaeM UX COOTBETCTBUE C TOM JIUIIb pazuutieit, uto Un V
noMeHsch Mectamu. OTcioia cienyeT 3aMedaTesbHbII BBIBOJL:

Puc. 27.4
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Kapmuna maznummnozo nons aunetinwix mokog coenadaem ¢ KapmuHou 31eKmpuueckozo
NOJSL IUHETIHIX 3aps1008, eClil MOKU U 3apsiovl pacnpedenetvl 8 npocmpancmee 00UHa-
K080. Pasnuuue mexncoy smumu Kapmunamy 3aKi0uaemcst Iums 6 Mmom, umo Ha mecme
JUNHUTL HANPSANCEHHOCMU ITEKMPUUECKOZ0 N0 PACNOIAAI0OMCS JUHUU PABHO20 MAz-
HUMN020 NOMENHYUAILA U HA MeCe JUHUL PABHOZ0 ITNEKMPUYECKO20 NOMEHUUANA PACNO-
JAzAIOMCs TUHUU HANPSAHCEHHOCTU MAZHUMHOZ0 NOJLS.

HOZ—)TOMy AOCTATOYHO IOCTPOUTH TOJIBKO KapPpTUHY OAHOTO T10JIA, 3JEKTPUIECKOTO
NJIN MAarHUTHOTO, BTOPOE K€ ITOJIyYaeTCA Ha OCHOBE TOJIBKO YTO BbICKA3aHHOT'O I10JI0-
JKEeHUA, KOTOPOE€ MOJKHO Ha3BAaTb TPUHIIUIIOM COOTBETCTBMUA IIJIOCKOIIapaJI-
JIEJTbHBIX 9JIEKTPUYECKOTO U MarHUTHOTO ToJIei.

27.9. MpsAsMoOnnHeiHbI NPOBOA C TOKOM
BO BHELWHEM OAHOPOAHOM MnoJie

Oyuxknus ¢ = Dz + C onpesensier co6oii 0HOPOAHOE MarHUTHOE MoJe. [eficTBuTeb-
HO, UM€eeM

C=V, +jU,=Dx+jDy+C, +jC,.

JInHnm HanpsKEHHOCTH OIS CYTh IpaMble, mapasienabusie ocn OY. OHu BbIpa-
KAIOTCS ypaBHEHIIEM
V, = Dx +C, =const
nim

X = const.

BeKTOp HAIIPAKEHHOCTHU T10JIA HallpaBJIEH IapaJijeibHO OCHU 0)8 HaHpH)KEHHOCTI)
110JIA paBHa

H =~V p__p,

Y ax

Ha ocroBanun IIPUHIAIIA HAJIOKEHUA MOJKEM YTBEPIK/ATh, YTO (bYHKL[I/IH

Q=—ilnz+H02+C
2n

a
onpenensger coboil moje MPSIMOJUHEHHOr0 IPOBOAA C \\\
TOKOM i BO BHEIITHEM OJTHOPOHOM TI0JIe, HATIPSIXKEHHOCTh 12345

koroporo H, = —H,. Tak kak

Inz=Inr+ ;6 =§11n(x2 +yl)+j arctgg,
x

TO ypaBHEHUE JIMHUI HaIlIPAKEHHOCTH I10JIAA MOJKET ObBITH
HallMCaHO B BH/E

vV = _2iln(xz+y2)+H0x+C1 = const,
b

M

a ypaBHeHHe JIMHNI PABHOTO MOTEHINAIA MOXKET OBITh ;
IIpeJCTaBIeHO B BU/E Puc. 27.5
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U, = —iarctgg+Hoy + C, =const.
2n X

Takoe 1osie n3o6paxkeno Ha puc. 27.5. B Touke b HaNpsiKEHHOCTH TOJIST paBHA
HyJ110. JINHUIO HATIPSIKEHHOCTH TI0JIS, TPOXO/ISIIYI0 Yepes3 3Ty TOUKY U ITIOMEYEeHHYTO
1dpoit 2, MOKHO paccMaTpuBaTth Kak oy Junuio abfdbc. B stom ciydae ona mo-
nobHa uHUSIM 3, 4 1 5, PaCIONIoKEeHHBIM BIIPABO OT TIPOBOJIA € TOKOM. Ee MOKHO pac-
CMaTpUBaTh M KaK JIBe JIMHUW: JIMHUIO abc n 3aMKHyTYyt0 uHuio bfdb. B Takom ciydae
oHa TOZ00HA IBYM JIMHKSIM, OTMEYeHHBIM Iu(poii 1, ofHa U3 KOTOPBIX MPOXOIAUT
cJIeBa OT TIPOBOJIA, a JIPYTras OXBATBIBAET TPOBOJI.

27.10. None npoBOAOB, UMEKOLUNX KOHEYHOE CeYeHue
Npou3BoJIbHOK (hOpPMbI

[Tpu wcce0BaHUM MATHUTHOTO T0JIsT BOJIM3W MACCUBHBIX MTPOBOJIOB, MMEIOIINX Ce-
YeHne CI0KHON (hOPMBI, 3TU TTPOBOIA YKe HeJIb3sI pacCMaTPUBATh Kak JuHeliHble. Pa-
300b€eM TIPOBOJ] Ha GECKOHEYHO TOHKHE MapaJiie/bHblie HuTH. KoopanHaThl IieHTpa ce-
yeHus1 HUTH B 1iockocT XOY obosnaunm uepes x' u y' (puc. 27.6). TloBepxHocTh
ceyeHust HUTHU paBHa ds = dx’ dy'. Kaxpas Takast HUTh SIBJISIETCS JIMHEHHBIM TIPOBOIOM
¢ TokoM di = J ds, rjie J — IJIOTHOCTh TOKA, U 110 OTHOIIEHUIO K Heil CripaBe/IuBhI 110-
JydeHHbBI€ BbIIlle BbIPpaKeHUsI 1Jist GYHKIIMH TOTOKA U roTeHiinasa. MyHKIHs 0TOKa
Y] X M(x,y) W TIOTEHIIUAJ, OTIpeliesisieMble B Touke M(Xx, ) TOKOM i,
m p MTPOTEKATONTUM BO BCEM TIPOBO/IE, TIOJTYUAIOTCS CYMMUPO-
0 BaHMeM (PYHKIIMI MOTOKA W MOTEHIIUAJIOB, OTIPeiesiste-
N ‘ MBIX B 3TOI TOYKE TOKAMH, TIPOTEKAIONIUMHU B OTEIbHbBIX
Hutax. CiesoBaTesIbHO, BBIPAKEHUS /U BeJIMUuH V, 1
NN Y U, B Touke M(x, i) TOJKHBI OBITD TTOJyYeHbI HHTETPUPO-
BaHUEM II0 CEUEHUIO S TTPOBOJIA BBIPAKEHUN 17151 (DyHK-
UM T[OTOKA W TIOTEHIUAJA, OIpe/lesieMbIX B TOUYKe
; M(x, y) Tokamu B HUTsIX. Takum 00pa3oM, MOKHO HATIH-
Puc. 27.6 caThb

5
oY .7
S
B

V :—Jilnrds+C1; U =—Ii6ds+C2,
" . 2T ! . 21

rJle ¥ — paccTOsIHME OT IIeHTPa CeYeHust HUTH TOKa /10 Touku M(x, y) u 6 — yrou, co-
cTaBysieMblit ocbio OX ¢ pagnyc-BeKTOPOM 7.

®opmyoii g Uy, MOKHO TIOJTB30BATHCS JIUIIb TPH PACCMOTPEHUH TI0JII BHE TTPO-
BO/Ia C TOKOM, TaK KaK MOHATHE CKAJISPHOTO MOTEHIINAJIA TOJIBKO 37IeCh UMEET CMBICIT.
Dopmyna ke s V,, TPUTOIHA TTPU PACCMOTPEHUH T0JIsT KaK BHE TIPOBOJIA C TOKOM,
TaK U BHYTPHU HETO.

[ToyuenHoe obiiee BoIpaskerne (HyHKIMU MOTOKA B caydae J = const MOKeT ObITh
HaICaHoO B BUJIE

V, =—£1J‘lnrds+C1 __ il Inrds+C,,
2ns 2ns
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1
r7ie s — MOBEPXHOCTh CEUYEeHMS MPoBoa. Benmmuuny —Ilnrds, BXOJIAMIYIO B 9TO BBIpa-
JKeHre, 0003HAYAIOT CIIEAYIONIM 00Pa3oM: S5

1J.lnrais:lng.
S

31ech ¥ — paccTostHue OT ToUKK M /10 syieMeHTa ds TIoBepXHOCTH. Bemunny g Ha-
3bIBAIOT CPEJNHUM TEOMETPUUYECKUM PACCTOSHMU- M
eM or Toukn M 10 moBepxHoctH S. [losicHUM 3TOT TepMUH.
Pazobbem 1utommab § Ha 7 paBHBIX YacTeill As (puc. 27.7) Tax,
gTo § = 1 As. CpeiHee TeOMETPUIECKOE BCEX 7 PACCTOSTHUI OT
TouKu M 10 LEHTPOB BCEX ILIOLIALOK AS PaBHO g = 4[N 7, ... 7,

niam

1 k=n 1 k=n
Ing=- Zln r,=— Zln 1 As. Puc. 27.7
npoy S k=t

YBennuuBass 4ncCI0 IIOMIAL0K, TTI0JydYaeM B TIpefesie Ipu 1 — o

Ing= 1J'lnrds.
SS

Takum o6pasom, umeeM

M

V,=—"lng+ C,.
27

SAcno, uTo cpeanee reoMeTpUYECKOE PACCTOSIHUE OT TOUKH 10 IIJIOCKOH 110BEpXHO-
CTH 3aBUCUT TOJBKO OT (GOPMBI KOHTYPA, OTPAHUYNBAIONIETO Ty MOBEPXHOCTD, M OT
MIOJIOYKEHHS TOYKU IO OTHOIIEHUIO K 9TOW IOBEPXHOCTH.

27.11. None npoBOAOB KPYrJjioro ce4YeHus

[ToJie BHE TIPOBO/IA KPYTJIOTO CEYEHUSI TAKOE JKe, KaK €CJin OBl BECh TOK i IIPOXO/IHII 110
ocu nipoBoja. [loaToMy BHe TPOBOIA, COTJIACHO U3JIOKEHHOMY B § 27.8, uMeem

V, = —2—lﬂlnr0 +C,,

TZie 7y — paccTosiHve oT Touku M, B KOTOpOU ompenengercs V,, 10 IeHTpa CeUeHUsI.
Haiinem BwIpakeHue s QYHKINM MOTOKA BHYTPU TpoBoga. HampskeHHOCTH

0JIST HAa PACCTOSHUN 7y OT OCH ITPOBOJIA OTIPeIeIAeTCs Ha OCHOBAHUH 3aKOHA MOJHOTO

TOKa ¥ COOOPaKEHUI CUMMETPHH:
2

R/
§H Al = H2mry = g =0,
R2
rae R — paanyc ceuenus nmpoBogaa (1p < R). Umeem
o

2nR?

ITotox BexTOpa H CKBO3H MJIOIMAIKY, UMEIOIIYIO JJUHY B HAIPAaBIEHUU OCHU TIPO-
BOJIa, PaBHYIO eUHWIle, U MUPUHY dry, paBed H dry. CienoBaTesbHO,

H =i




150 Yactb 4. Teopus 3neKTPOMarHUTHOrO Mofs

i,
dV =-Hdr, =——2_dr,.
" " ogRr?

3HaK MUHYC HEOOXOMMO TIOCTaBUTh, TaK Kak V,, U 7y Bo3pacTaioT mpu i > 0 B 1Ipo-
THUBOTIOJIOKHBIX HATPABJIECHUSAX.
WnTerpupys, naxoanm

o
4nR?
[Toxpaszesist moJsie Ha TPyOKKM paBHOTO moToka AV, mojydaem

=i

M

+C,.

i 2 2
AVM = _W(ro,vﬂ - rO,v) = const

nJjimn

L
Tovu =15, + K.

Tak Kak BHYTPEHHUI Pajinyc BHYTPEHHEN TPyOKM paBeH HYJIIO, TO
UMeeM CBSI3b MKy PaiuycaMy JIMHUN MAarHUTHONW WH/LYKIIUH:

2 _ . 2 _ .2 _ . . 2
oy =K; 15, =1, +K =2K;...; Ty, = VK.

Ha puc. 27.8 uszobpaskeHo 1mojie BHYTPU MPOBOJIA, IPUYEM MTOTOK
Puc. 27.8 Hoipas/iesieH Ha MsATh TPYOOK PaBHOTO TTOTOKA.

27.12. NMone AByXNpoOBOAHON IMHUM Nepepaumn

MaraurHoe 1oJjie HeCKOJIbKUX IIOCTOSHHBIX TOKOB, IPOTEKAOIINX B IIPSIMOJIMHEITHBIX
MIPOBOJIAX, UMEIOIINX KPYTJIble CeUeHUsI JIOOBIX PasMEPOB, BHE TIPOBOJIOB TAKOE JKE,
KaK ec/in 6bI 9TH TOKH IIPOTEKaJIN 110 JIMHETHBbIM IIpOBOJaM, COBMECIIEHHbBIM C OCAMU
JIEVCTBUTETbHBIX TIPOBOJIOB. B camMoM ziesie, TOCTOSHHOE MarHUTHOE TI0JIe COCETHUX
MIPOBOMIOB HE UHAYIIUPYET B TeJe JaHHOTO MPOBO/IA dJIEKTPOABIKYIUX cuil. [loaTomy
pacripejiejieHue TOKa B TeJie KaKI0ro MPOBOJIa OCTAETCs TAKUM K€, KaK U B TOM CJIy-
4ae, KOT/la 9TOT MPOBOJL yeauHeH. Tak Kak MarHUTHOE 110Ji€ TOKA, IPOTEKAIOIIETO B ye-
JMHEHHOM IIPOBOJIE KPYTJIOTO CeYeHHsI, BHE ITPOBOJIA TaKoe Ke, KaK ecJin Obl BECh TOK
ObLII COCPENOTOYEH Ha OCH TIPOBO/IA, TO U TIPH JIFOOOM YHCJIe TPOBOLOB KPYIJIOrO ceve-
HUA IIPU PACCMOTPEHUNHN I10JIA BHE ITPOBOJIOB MOKHO X 3aMEHUTDH JINHEeNHBIMU IIPpOBO-
JaMM, COBMEUIEHHbIMU C TEOMETPUYECKUMU OCAMU I[eﬁCTBHTeJIbeIX IIPOBOOB. He-
00XOAUMO TIOAYEPKHYTh, YTO 9TO IPABUJIO CIIPABEAJIMBO TOJHKO [0 OTHOIIEHHIO
K IIPOCTPAHCTBY BHE IIPOBO/IOB, TOJIBKO IIPU IIOCTOSTHHOM TOKE M TOJIBKO B TOM CJIyYae,
€cJT MarHUTHAsT IPOHUIIAEMOCTD MaTepraJia IIPOBOIOB PaBHA MarHUTHOMW ITPOHUIIAE-
MOCTH OKDY’Kafomleil cpeibl, HAIIPUMEp JJis MEIHbBIX WM aJlOMUHHUEBBIX IIPOBOJOB
B BO3/yX€.

Takoe TpaBUJIO HEBEPHO TI0 OTHOMIEHUIO K JJEKTPUUECKOMY OO0 HECKOTBKUX
MaCCHBHBIX TIPOBOJIOB KPYTJIOTO CEYEHMsI, TaK KaK OJU30CTh COCETHHUX TIPOBOJIOB BbI-
3bIBACT IIepepacipeie/icHie 3apsia Ha IIOBEPXHOCTH JaHHOTO IIPOBOJA.

[[JIH TOCTPOEHUA KapTUHBI MAaTrHUTHOTO T10JII TOKOB, IIPOTEKAIOINX B /IBYX JINHel-
HbBIX IIPOBOJIAX, 06pa3y10m1/1X JBYXITPOBOJHYIO JIMHUIO TIEPeadu, BOCIIOIb3YEMCS pa-
Hee PACCUYNTAHHOUW KAPTUHOU 9JEKTPUIECKOTO TIOJISI IBYX 3apPSKEHHBIX JTUHEWHBIX
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poBOZIOB (cM. puc. 24.14), 3aMeHUB B 9TOI KapTHHE HA OCHOBAHWUW TIPUHITATIA COOT-
BeTcTBUS (CM. § 27.8) MMHUM HAIIPSIKEHHOCTU 3JIEKTPUYECKOTO H0JIST JIMHUAME PaB-
HOTO MarHUTHOTO TIOTEHIMAJA W IMHAW PABHOTO 3JIEKTPUYECKOTO MOTEHIINAMA — JIU-
HUSMHU HANPSKEHHOCTH MAarHUTHOTO TOJIA. Boipaskenud nia GyHKIUY TOTOKA U /11
HOTEHIMA/Ia UMEIOT BUJL

V, =—i(i1lnr1 +i,Inr,)+C, =ilnr—2+C1;
21 2t n

M

U :—i(i161 +1,0,) +C, :i(92 -0,)+0C,,
27 27

TaK KaK
i, =—1i, =1L

JIMHUYM HATPSLKEHHOCTU TOJIST CYTh OKPY’KHO- Y
CTU C TICHTPaMU Ha TPSIMOH, IepeceKaroleiics ¢
oCcsAMU TPOBO/IOB. KOOp/ANHATHI TIEHTPOB M PAINy-
CBI 3TUX OKPYKHOCTEH OTIpeiesIAIoTCS U3 BhIpaske-
HUM, TToJTydeHHBIX B § 24.12 npwm pacuete aseKTpu-
Yeckoro ImoJjs. JIMHuAMH paBHOrO MarHUTHOTO i R X
MOTEHIINAJA ABISAIOTCS [yTH OKPYKHOCTEH, TPOXO0-
JSIIUX 4epe3 ocu oboux mpoBozpoB. Ha puc. 27.9
n300paskeHa KapTHHA MarHUTHOTO TMOJIS JIBYXITPO- o
BO/IHON JINHUW TIepeiavynl. i

B peanbHBIX yCIOBUSAX TPOBO/IA UMEIOT CEUEHUS
KOHEUHBIX pa3mepoB. IIpm aTom BHE TPOBOIOB
oJIe TaKoe JKe, KaK ecyiu Obl TOKKM ObLIN COCPEJOTOYEHbI Ha T€OMETPUYECKUX OCSAX
MPOBOIOB. B 3TOM OTHOIIEHUN MATHUTHOE TT0JI€ OTJIMYACTCS OT 3JIEKTPUUECKOTO, TaK
KaK 9JIEKTPUYECKOE T10JIe OKOJIO IIPOBOJIOB KPYTJIOTO CEYEHUST OKA3bIBAETCSI TAKUM JKe,
Kak ecJi Obl 3apsijibl ObLIM COCPENOTOYEHBI HAa DJEKTPUYECKUX OCSIX TPOBOJIOB, HE
COBIAAIONINX C UX TeOMETPUYECKUMU OCIMU. BHYTpU TPOBOZIOB MAarHUTHbIE JTUHUN
MPEICTABJISIOT COOO0M CII0KHbIE KpUBbIe., Tak, (GyHKIIUS TOTOKA BHYTPU MPSIMOTO TIPO-
BOJIa MeeT BBhIpasKeHue

-

onst

Puc. 27.9

.9 .
in i

=— +—Inr, +C
4nR> 2m 0

n quann V,, = const UMEIOT CIOXHYTIO0 (hOPMY.

M

27.13. N'paHnyHbIE YC/IOBUA Ha NOBEPXHOCTU pa3aena ABYyX cpen
C Pa3J/IM4HbLIMU MarHUTHbIMU NPOHULIAEMOCTAMMU

Ecau iuHUM MarHUTHOM MHAYKIWU [lepeceKaloT II0BePXHOCTh pasjiesia JABYX ydacT-
KOB MarHuTHOM [[eN1, UMEIOIUX pa3JIMyHble MarHUTHBIE ITPOHUI[AeMOCTH, 11O/l HEKO-
TOPBIM YIJIOM K HOPMaJIX K 9TOI ITOBEPXHOCTH, TO HA MOBEPXHOCTHU pasjiesia JUHUN
MarHUTHON MH/YKIIMN U3MEHSIOT CBOE HallpaBJieHue.

Haiinem obiiue ycioBusi, KOTOPBIM HOAYNHSIIOTCSI COCTABIISIION[IE BEKTOPOB Mar-
HUTHOHM MHYKIINY U HAIPSPKEHHOCTH MarHUTHOTO 1107151 Ha TPaHulIle IBYX Cpell C pas-
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JIMYHBIMU aOCOTIOTHBIMU MATHUTHBIMU TIPOHUIIAEMOCTSIMU
W ¥ py. Obe cpest OyaeM mpeanoiaratb OAHOPOIHBIMU 1
usotponHbiMu. Ilycts 04 1 65 — yryibl Meskay HalpasJe-
HUSIMU JIMHUN MarHUTHOW WHIYKIMW W HalpaBJeHUEM
HOPMAaJIM K TIOBEPXHOCTH pa3/iesia B TIePBOI U BTOPOII cpe-
ne (puc. 27.10).

CormocTaBierne  ypaBHEHUH j;H dl =0, §B ds =

\HI \

B¢

%

Puc. 27.10 B =uH c¢ ypaBHEHUSIMU §Xdl O §Yds =0, Y = aX

(cm. § 23.8) nmosBossier mpunath X = H, Y = B, a; = |, ay = |1y ¥ 3a1IUCaTh UCKOMbBIE

coorHoutenusa H,sin®, = H,sinb,, B,cos8, = B, cosH,, Eg? = ﬂ, BbIpaskalomie
g9, My

YCJIOBUS HETIPEPBIBHOCTH COOTBETCTBYIONINX COCTaBAAIONNX BekTopoB H n B, a Tax-
Ke YCJIOBHS TTPEJIOMJIEHUS TMHUH MarHUTHOHM WH/YKITMH HA TTIOBEPXHOCTH CPeEJl C Pas-
JINYHBIMU MaTHUTHBIMU TTPOHUTIAEMOCTSIMH.

Bombioe mpakTuyeckoe 3HaYeHNE UMEET BOIIPOC O XapaKTepe MAarHUTHOTO TTOJIst
B BO3/IyXe OKOJIO TIOBEPXHOCTEH CTAJIbHBIX YacTell MaIliH, TPaHCHOPMATOPOB, AJIEK-
TPOMArHUTOB U JIPYTUX 2JIEKTPOTEXHUYECKUX YCTPONUCTB. MarHuTHbIe TIPOHUIIAEMO-
cti eppOMarHUTHOI CPe/Ibl M BO3/yXa CUJIbHO Pa3HSATCS MesKLy coboit. J{uist Bo3ayxa
MPaKTUIECKU Wy = Wo. IIyceTh n71sa deppomarauthoit cpenst py = 1000 p,y. B takom cary-

Z //// yae nMeem tg 0, = 1000 tg 6,. Ecam smnum MaruuTHON
Ha=po WHIYKITUN BHYTpU heppoMarHuTHol cpensl (puc. 27.11) co-

é/me“ea" Boanyx CTaBJISIOT C HOPMAJbIO yroJ 6; = 89°, To COOTBETCTBYIONIMI
/ y » YTOJ B BO3yXe OKa3blBaeTCs paBHbIM 0, ~ 3°20". IloaTomy BO
6, Bcex cayuasx, korga MarHuTHOE MOJIE CO3MAETCSA TOKAMH,

0 MIPOTEKAIONUMHE TI0 MTPOBOJIHUKAM, PACTIOJIOKEHHBIM B BO3-
/ JIyXe, TPAKTHYECKU MOKHO MIPUHATH 05 = 0, T. €. cauTarh, 4To
JIMHUYM MAaTrHUTHOM WHAYKIIMU B BO3/yXe HOPMAJbHBI K I0-

PVIC 27.11 BEPXHOCTHU TEJI U3 Cl)eppOMaI‘HI/ITHbIX MaTepuaJioB.

27.14. None ToKOB B6/1M3M1 MNJIOCKMX NOBEPXHOCTEN
¢dpeppomMarHuTHbIX Ten. MetTop 3epkasibHbiX M306pakeHun

ITyctb OKOJIO GECKOHEYHON IJIOCKOCTH, OIPaHUYUBAIONIE (hePPOMArHUTHYIO CPELY,
JIJIST KOTOPOUA TIPUMEM L = 00, PACTIOJIOKEH B BO3JLyXe€ MapasijiesibHO IIJIOCKOCTHU TTPOBOJL
¢ ToxoM i (puc. 27.12). [loBepxHOCTD (heppOMATHUTHON CPEBI SABISETCI TTOBEPXHO-
CTbIO PABHOTO MarHUTHOTO MOTEHIIAAJIA, TAK KAK JUHUN HAIIPSKEHHOCTHU T0JIsI B BO3-
AyXe K Hell TepIeH/ UKy JIAPHBI.

Yianum MbIcJIeHHO (hePPOMATHUTHYIO CPE/LY, 3aMEHUB €€ TOKOM ', SIBJISTIOLUMCST
3epKaJIbHbIM U300pakeHreM B IIOBEPXHOCTH pasjiesia IeHCTBUTeIbHOro ToKa i. ToK 7'
[IPUMEM PABHBIM TOKY i M UMEIOIINM TO K€ HallPaBJIEHHE.

CpeaHsis MI0CKOCTh MEKIY AeHCTBUTENIbHBIM TOKOM U €r0 3epKaJbHbIM M300pa-
JKEHHEM, COBIIQJIAIOINast ¢ TIOBEPXHOCTDIO Pa3jielia B AeiCTBUTENbHON 3a1aue, siBJIsIeT-
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sl TUIOCKOCTHIO PABHOTO MArHUTHOTO MOTEHIUAA. JTO
BBITEKAET XOTsI ObI U3 TOTO, YTO JMHUW MATHUTHOMN WH-
JYKIMK, OXBaTbiBaiome 006a TOKa, JOJGKHBI PACIOJIO-
JKUTHCSI CUMMETPUYHO OTHOCUTENBHO ITOM TJIOCKOCTH,
YTO BO3MOJKHO, TOJBKO €CJIM OHH €€ IepeceKaroT Mo/l
TIPSIMBIM YTJIOM.

WNrax, mocne 3amMenbl heppOMarHUTHON Cpeslbl TOKOM

i’ ycJOBUS HAa TPAHWYHOW TIIIOCKOCTH HE W3MEHWJIHCh.
OcraJicst 6e3 U3MeHEHWsI 1 TOK i B 00J1aCTH I€fiCTBUTEb-
Horo 1osst. [loatomMy mpUXoauM K CJIEmyIoleMy BecbMa
CYIIIECTBEHHOMY BBIBOLY: 10J€ NPSAMOAUHELIH020 MOKA 1, PuC. 27.12
npoxoosuezo0 6 6030yxe NAPALIENLHO NIOCKOU NOBEPX-
HOCMU MACCUBHO20 MeLA U3 (DPePPOMAZHUMNHO020 MAMEPUALA, COBnRAdaem 6 030yxe ¢
noiem, Komopoe 00pasyemcs 08YMs MOKAMU — OelUCMEUMENLHLIM MOKOM i U €20 3ep-
KanoHblM u3obpaxcenuem i’ = i 6 NOBEPXHOCMU MeLa, 8 NPEONOLOACEHUU, UMO Peppo-
Maznummnast cpeda yoaiena.

OCHOBaHHBIN HA 9TOM TIOJIOKEHUU METOJ| pacyera
MOJIsT HAa3bIBAIOT METOJOM 3€PKAaJbHBIX H30-
O6pasxkenunil. CaHAJOTUIHBIM METOZIOM MbI O3HAKOMH-
JIUCh B TJIaBe O pacyeTe 3JeKTPOCTaTUUecKoro moJist. Oj1-
HAKO 3JIEKTPUYECKIE 3aPSi/bl JIOJIKHBI OBITh OTPasKEeHbI
B TIOBEPXHOCTH TIPOBOJAIIEN CPe/lbl ¢ MI3MEHEHNEM 3Ha-
Ka 3apsjia, TOK JKe OTpa)kaeTcs B MOBEPXHOCTH deppo-
MarHUTHOHN cpejibl Oe3 M3MeHEeHMs HallPaBJIeHMsI.

MeToj1 3epKaJIbHbIX H300pakKeHUH, OUEBHUIHO, MOKET
OBITH PacIpocTpaHeH Ha JII0OOE YUCJIO0 MPOBOIAHUKOB C Puc. 27.13
TOKaMU, TIPUYEM TPOBOJHUKU MOTYT MMETh CEYEHUSI
J0001 GOPMBL. ITOT METOJ, TaK JKe KaK U JJIS 9JIEKTPOCTATUYECKOTO MOJIST, MOKET
OBITh WCITOJIb30BaH, KOTJa JBE IOBEPXHOCTH, OrpaHUYMBAIONe (HePPOMArHUTHYIO
cpezy, CXOIATCS TIOJI YIJIOM 0L = TT/7, T]Ie 71 — 11eJI0e YNCJII0, TIPUYEM yYTOJI 0L OTCUNThIBA-
etcs B Bosayxe. [lone mpu a = n/2 mokazano Ha puc. 27.13.

Iy
\\\311111 / ,’
l

27.15. N'pacpmueckni MeToa NOCTPOEHUA KapTUHbI Nons

B croxHBIX coyuasgx aHATMTUYECKWH pacyeT TOJig OKa3bIBaeTCs HEBO3MOXKHBIM M
NPUXOAUTCS TIPHOEraTh K MPUOINKEHHBIM TPaUIeCKIM METOaM MOCTPOEHUST Kap-
TUHBI Tosid. Takoil MeToJ1 BecbMa TOJIe3€H TPU TTOCTPOEHUH KAPTUHBI MOJIS OKOJIO
CTAJILHBIX MOJIIOCOB 3JIEKTPUUECKUX MAIIIUH U anmapaToB. Ha moMotb HamM TIpu 9TOM
HMPUXOAUT TO 0OCTOATETBCTBO, YTO JIMHUU MATHUTHON MHAYKIIUK B BO3/LyXe OKOJIO 110-
JIIOCOB HOPMAJBHBI K WX MOBEPXHOCTSM, U, CJIEI0BATEIHHO, TTOBEPXHOCTH TMOJIOCOB
MOJKHO CUMUTATh TMOBEPXHOCTSIMHU PAaBHOTO MAarHUTHOTO MOTeHIMaa. Takoe ycIoBue
BEPHO B TOM CJIyuyae, KOr/a T0Jie CO3/[AETCsl TOKAMU, TTPOXOISIIIIMMHE 110 TIPOBOIHUKAM
1 0OMOTKaM, PacIoJIOKEHHBIM B BO3/YX€, YTO OOBIYHO M UMEET MECTO. YCTaHOBHM
CHavajia MeTO/l OCTPOEHMsI KaPTUHBI 10JIs1 B 00JIaCTH, He 3aHSITOM TIPOBOIHUKAMU C
TOKaMU, CO3/IAIOIUMHK MCCJIEYEMOE TI0JIe, T. €. OKOJIO TeX YaCTel MOJI0COB, KOTOPHIE
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BBICTYMAIOT 3a TPEIETbl 0OMOTOK € TOKOM, HAJTOKEHHBIX HA CEPAEYHUKU MOJIOCOB.
Ecii, momuMo Toro, B aHHOW 00J1aCTH MPOCTPAHCTBA MOJIe MPUOINKEHHO MOKHO
CYUTATH IJIOCKOTIApaJlJIeJIbHbIM, TO, OYEBU/IHO, CJeJyeT PYKOBOJCTBOBATLCS IIPaBU-
JIAMU, QaHAJIOTHYHBIMU TEM, KOTOPbIe ObLIN yCTAaHOBJIEHBb B § 24.15 711 mocTpoeHust
9JIEKTPUYECKOTO T10JIS1, & UMEHHO:

1) JINMHUW HaIIPpAKEHHOCTH I10JIA 1M JIMHUKW PAaBHOTI'O MAarHUTHOI'O ITOTEHIIMaJIa JOJIZKHBI
TrepeceKkaTbCda BCIOAY IO IPAMBIM YTIJIOM;

2) moBepxHOCTH (HEePPOMATHUTHBIX CPell CJAEAYET CYUTATh MOBEPXHOCTSIMU PABHOTO
MarHUTHOTO MOTEHIMAJIA W JTUHUU HAIPSKEHHOCTH TI0JISI B BO3JIyXe CJIEIYET MPOBO-
JIUTH TIEPIIEH/IUKYJISIPHO K HUM;

3) stueiiku ceTku, 06Pa3OBAHHON JMHUSIMU HATIPSKEHHOCTH TIOJIST U IMHUSIMU PaBHO-
o nmoTeHInasla, mpn Z[OCTaTO‘IHOﬁ TyCTOTE CETKU JOJIKHbDI 6bITb HpI/I6.HI/ISI/ITeJH)HO I10-
JOOHBI JIPYT JPYTY.

O0603HaYMM CpeHIe PasMepPbl TYCHKN CETKU B HAIIPABJCHUM JIMHUU HAIPSIKEH-
HOCTH TI0JIS 4epe3 An U B HAIIPaBJIEHUU JUHUU PAaBHOTO MAarHUTHOTO MOTEHITHANA —
yepe3 Aa. Torna nocseiee MpaBUio MOSKHO BbIPa3uThb B (hopme

A
A% _ k= const.

Aa

I[TyTeM psiia TIOCJIE0BATENBHDBIX TIPUOTMKEHUH YIA€TCs TOCTPOUTH KAPTUHY TIOJIs,
YIIOBJIETBOPSIIOINLYIO BCEM YKa3aHHBIM TPEOOBAHUSIM.

Ha puc. 27.14 usobpaskena mocTpoeHHast
TaKMM CIIOCOOOM KapTHHA TOJsi OKOJIO IO-
JIIOCOB AJIEKTPUIECKON MAIHHBL

Ecnu moctpoena kapTuHa 1oJis, To U3 Hee
MOKeT OBITh Hail/[CHO MAarHUTHOE COMPOTHB-

\ K Jenne R, WM MarHUTHasi MPOBOJUMOCTD

Puc. 27.14 A = 1/R,, = ®/F BO3IyIIHOTO TTPOMEKYTKA

MEKIY TOJIOCOM W SKOpeM, TpudeM O® —

MATHUTHBIN TIOTOK B PACCMATPUBAEMOM TIPOMEKYTKE U F — M. JI. C. HA JITTHE TTPOMe-
KyTKa. Ecim my — dncio TpyOOK MarHUTHOW WHIYKITUH, TO

;

O =mAD=mln,HAaq,

riae AD — TOTOK B 0/1HOI TpyOKe U [ — nymHa B Hanpasienun ocu OZ (TeprneHnKy-
JISPHOM TIIOCKOCTH PUCYHKaA). Ecau my — 4mcio nHTEpBaIoB MEXAY COCETHUMMU JTH-
HUSIMU PaBHOTO TIOTeHNNama, To0 F = my AU, = my HAn, tne AU, — n3MeHeHme TTOTEH-
naiza Ha MPOTSKEHUU OJHOTO MHTEPBAJIA.
Takum obpaszom,
Aam,; /

A= —— =1\
Ho Anm,
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Besurna A mpesictaBisier co60i MAaTHUTHYIO MTPOBOANMOCTD HA €IMHUILY JJTHHBI
B Hampasaeanu ocu OZ. OHa 3aBUCUT MCKIIOUYATEIBLHO OT KOH(MUTYpaInl paccMart-
PUBAEMOTO YYaCTKA MATHUTHOU IETH.

[IpuBeeHHbBIE TIPaBUJIA MTOCTPOEHUST KAPTHHBI TOJIsI CIPABEIJIUBBI TOJBKO B 00-
JIACTH, HE 3aHSATON 2JIEKTPUIECKUM TOKOM. B 06JacTu, riie pactoyoKeHbl TPOBOIHI-
KU WU KaTyIIKU C TOKOM, 3TU TTpaBUJia HEITPUMEHUMBI, TaK KaK 37IeCh T€PSIET CMBICT
HOHSITHE CKAJIIPHOTO MATHUTHOTO TIOTeHInaa. /[Jist mocTpoeHus pubInKeHHO Kap-
TUHBI TIOJISE U B T€X MECTaX, TJIe OKOJIO CePeUYHNKA TI0JTI0CA PACTIONOKEHBI KATYIIKU C
TOKOM, MOCTYTIAIOT cJeAytomum oopazoM. CRUMAIOT cedyeHre KaTylKu B HallpaBJie-
HUU K TIOBEPXHOCTH CEPACYHUKA /10 HYJIEBBIX pa3MepoB. VIHaue roBopst, peIoIaraor,
4TO TOK TeYeT 110 OECKOHEYHO TOHKOMY CJIOK0, MIPUJIETaloIeMy K MOBEPXHOCTH Cep-
neunuka. [Ipu TakoM mpeanosiokeHn BO BCEM MPOCTPAHCTBE OKOJIO TIOJIIOCA TOKOB
HET, W TIOHSITHE CKAJSPHOTO MarHUTHOTO MOTEHIIMAa MOKET OBITh HCIIOJIb30BAHO.
[Tpu aTOM TOJIE BCIOY IOJKHO YIIOBJIETBOPSITH TIEPBOMY M TpeTbeMy ycjoBusiM. Of-
HaKO BTOPOE YCJOBHWE — MePIeHANKYIAPHOCTD JUHNN HANPSIKEHHOCTH IO K T10-
BEPXHOCTH (PePPOMATHUTHON CPEIBl — COXPAHSIETCS TOJIBKO TaM, T/le Ha TIOBEPXHOCTU
(heppoMarauTHOI cpesbl HET TOKOB. B MecTax, rie mMeioTcs pacrpesiesieHHbIe T10-
BEPXHOCTHBIE TOKW, COOTBETCTBYIONHE TOKAM B KaTyIi-
Kax, 9T0 yCJIOBHe He coboaeTcs. PaccMOTPUM IMLTOCKYT0
MOBEPXHOCTh (DEPPOMATHUTHOM CPeIbl, IO KOTOPOU IMPO-
TEKAeT B TOHKOM cJioe TOK (puc. 27.15). [lycTtb Tok mipore-
KaeT B HANPaBJIEHUN, HOPMAJIBHOM K TIJIOCKOCTH PUCYHKA.
CocrtaBuM JUHENHBIN UHTerpan BekTopa H 110 KOHTYpY
abcda. Ecov juist (heppoOMarHuTHOM Cpeibl TPUHSITD L = o0,
TO OyIeM uMeTh BHYTpH (heppomarauTHoil cpeasl H = 0.
[Iyctsb ad w bc Bechma Masibl 110 cpaBHenuio ¢ ab. Torma

§Hdl=H, ab,

abeda

i

Puc. 27.15

rie H, — xacatesbHast cocTaBIsiionias Bekropa H B BO3ryxe 0KOJIO TIOBEPXHOCTH ep-
poMarHuTHON cpesbl. Ho aToT mHTErpas paBeH TOKy i, TPOXOASIIEMY CKBO3b KOHTYP
abcda. Tloaromy
H, =L,
ab
T. €. KACAMENbHAS COCMABLIIOUAS. HANPAICEHHOCU NOLSL 8 B030YXe OMAUUHA OM HYLSL
u pasna auneiinou naomuocmu moxa. CaeoBaTeJbHO, JUHUHU HANPSISKEHHOCTH TOJIS
OKOJIO TAaKUX TIOBEPXHOCTeH He TepleH UKy IsApHbI K HuM. Hampasienue aunuii ocra-
eTCs HeM3BECTHBIM, TaK KaK HEM3BECTHA HOPMaJIbHAS cocTaBJdgiomas Bextopa H.
[Ipu mOCTPOEHUH TOJIST TIOCTYHAIOT caeayomuM oopazom. CTposT cHavasa moJe
OKOJIO TeX YacTel TOJIIOCOB, TZe HeT TOKOB, MOJB3YSCh BBIMIEN3TOKEHHBIMU TIpa-
BustamMu. [loBepXHOCTH TIOJIOCOB B 3TUX MECTaX CYMTAIOT PABHOTOTEHITMATHHBIMU.
OcranpHble IMHUY PABHOTO MOTEHIINAJA 3TOTO MOJIS MOABOAAT K COOTBETCTBYIONINM
TOYKaM KOHTYpa ITOJIf0ca B MECTaX, T/ie TIPOTEKAIOT TOBEPXHOCTHBIE TOKU. [lonoxenne
ATUX TOUYEK 3aBUCHUT OT PacCIpe/ie/IcHUsT TOKa B TTIOBEPXHOCTHOM cJjioe. Pa3HocTh 110-
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TEHIINAJIOB ABYX COCEIHUX JUHWHN paBHA TOKY, ITPO-
TeKAIOMIeMY MeXIY COOTBETCTBYIONUMI IBYMS TOU-
KaMM, K KOTOPBIM HEOOXOANMO TIOABECTH STH JIMHU.
JIMHUM paBHOTO TOTEHIINANA, TaK JKe KaK U JUHUU
HATIPSEKEHHOCTH TI0JIST, B MECTaX, T7Ie TTPOTEKAIOT TOKH,
HaKJIOHHBI K KOHTYpPY moJifoca (cM. puc. 27.15). 3a-
TEM CTPOSIT BCE TI0JI€, CTPEMSICh K TOMY, 4TOOBI BCIO-
Iy YIOBJIETBOPSIUCH TIEPBOE U TPeThe TPeOOBaHUS.
Korpna ato ynaercs, moJjie moctpoeno mpasuibHo. Ha

Puc. 27.16 puc. 27.16 nmpuBeseH IPUMEP TTOCTPOEHHOIO TaKUM

IyTEM I0JISI OKOJIO TTOJIF0Ca, 0O0TEKAEMOTO TOKOM.

Eciu mosie cosmaercst HECKOJIbKMMU TOKAMK U TIPH 3TOM JIETKO MOJKET OBITh 1M0-
CTPOEHO TI0JIe KAK/JI0TO TOKA B OTAEJbHOCTH, TO JIJIsl IIOCTPOEHUS PE3YJIBTUPYIONIETO
TIOJIST MOXKHO TIPUMEHUTDh TpapuyecKuii MeTOJl HATOKEHUS TMOoJel, mpeaioKeHHbII
MaxkcBesiom.

[TycTh nMeroTcs ABA TApaIeTbHBIX TTPOBOIA KPYTJIOTO CEUEHU C TOKAMU iy U iy B
OIHOPOIHON cpeme. KapTUHBI OIS KaKAOTO TOKA B OTAETBHOCTH CTPOSITCS BeChbMa
mpocto (cM. § 27.8).

[TocTpouMm Ha OFHOM PHUCYHKE KapTUHY JUHUN HAPSKEHHOCTU TOJISI TOKA i U
KapTUHY JIMHUN HAIIPSKEHHOCTH OJISE TOKA iy ¢ TAKOU TYCTOTOM, YTOOBI IMEJIO MECTO
paBeHCTBO | A Vi | =| A Vi |. IIpu cobmioiennn 5Toro ycaoB1s IOAyYaolascs B UTO-
re HAJIOKeHUS IBYX TTOJIEH CeTKa IMMO3BOJIIET JIETKO MTOCTPOUTD KapTUHY JIMHWH HATIPSI-
JKEHHOCTH PEe3YJIBTUPYIONIEro MoJisi 000MX TOKOB, iy U iy. J[€fiCTBUTENBHO, YpaBHEHE
JIMHUU HATIPSKEHHOCTU Pe3yJIBTUPYIONIEro 1mosst nuMeeT Bua V, + V.0 = const u, cie-
JIOBATENBHO, JIJIsI JTIOOBIX JBYX TOYEK, JIEXKAIIUX Ha 3TOi JTuHNH, nMeeM A Vy; + AV, =0,
T. €. AVM1 = —AVMQ.

Ec/ii 11pu ocTpoeHun OTAe/IbHbIX T10J1eit cobmoaeno yeaosue | AV, | =| AV, To
PSIZL TOYEK TIepeceyeHrst IMHII HATIPSIKEHHOCTH OT/EIbHBIX 1ToJIeil OyieT mprHajie-
JKaTh OJHON W TOW ’Ke JWHUU HANPSLKEeHHOCTH pe3yabTupyioniero mossd. [lag toro
4TOOBI TIEPEHTH OT OJHON TaKOH TOYKM K JAPYToOii, HEOOXOAMMO, MEPEXO/s B OJIHOM
moJie Ha COCEAHIOI0 JTUHUIO, TIEPEXOIUTh W B IPYTOM TI0JIe TaKKe Ha COCETHIOI0 JIH-
auio. [Ipu aToMm, ecoiu TOKM iy U iy OAMHAKOBO HAIIPABJIEHBI, TO, YAAIAICh OT OIHOTO
TOKa, CJIelyeT IPUOINKAThCS K IPYTOMY; €CJIM K€ TOKY i1 ¥ iy MIMEIOT pas3Hble HarpaB-
JIEHUsI, TO CJIeLyeT OJHOBPEMEHHO YAANAThCS OT 0OOUX TOKOB WM OJHOBPEMEHHO
MPUOIMKATECS K HIUM. TIpaKTHYECKU 9TO O3HAYAET, YTO JUHUS HATIPSKEHHOCTH pe-
3yJIBTUPYIOIIETO OIS TMEPEXOIUT Yepe3 sSTUeHKy CeTKH, TOoJydaionelics OT HaloxXe-
HUS OTJICTBHBIX MOJIEH, TI0 KPUBOJUHEMHOU AMaroHaan 3Tol d4eiiku, mpudyeM cjaeayeT
nu3bparh Ty WM WHYIO JUArOHaIb B 3aBUCKMOCTH OT 3HaKOB ToKoB. Ha puc. 27.17, a
(BepxHsig 4YacThb PHUCYHKa) MOCTPOEHA KapTUHA JIMHWI HANPSKEHHOCTH TOJS TIPH
iy = —2iy, a Ha puc. 27.18, a — npu iy = 2i;. AHAIOTMYHBIN TIPUEM MOKET OBITH UCIIOJIb-
30BaH JIJIsl IOCTPOEHUS KaPTUHBI JIMHUH PABHOTO MAarHUTHOTO TIOTEHIUATIA PE3YIbTH-
PYIOIIETO TI0JIsI, KOTOPbIe OnuchiBatoTest ypasaenueMm U,y + U,y = const. Ha puc. 27.17, 6
(HMKHSST 4acTh PUCYHKA) OCYIIECTBJIEHO TaKoe TIOCTPOEHNE [T Caydad iy = —2iy, a Ha
puc. 27.18, 6 — nust caydast i, = 2i;.
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Puc. 2717 Puc. 27.18

Ecav manokuM KapTWHBI JUHWH HANPSKEHHOCTH HA KapTUHBI JMHUN PaBHOTO
MarHMTHOTO MOTEHIMAJIA PE3YJIBTUPYIOIIEro TOJIs JIJisi COOTBETCTBYIONIUX CJIYYaEeB,
TO TIOJIyUUM OPTOTOHAJIBHYIO CETKY.

[Tonp3ysch MPUHITMIIOM COOTBETCTBUS TIJIOCKOTIAPAJIIENBHBIX 3JIeKTPUYECKOT0 1
MarHuTHOTO Toseit (cM. § 27.8), MoskeM yTBep KIaTh, UTO /I ABYX 3aPSKEHHBIX JTH-
HEWHBIX MPOBOIOB puc. 27.17, a n 27.18, a natoT KapTUHBI IUHWI PAaBHOTO dJIEKTpUUe-
CKOTO IMOTEHIHaNa MPH Ty = —2T; U IPU Ty = 2T U COOTBETCTBEHHO puc. 27.17, 6
u 27.18, 6 1atoT KapTUHBI JIMHUI HAPSDKEHHOCTH 3JIEKTPUYECKOTO TI0JIsT. ITOT METOJL
MOKET OBITh WCIIOJIb30BaH M B GoJiee CIOKHBIX caydasx. Hampumep, ecau mose B
3JIEKTPOMArHnTe CO3/[aeTCsl TOKAMU B JIBYX KATYIIKaX M ITOCTPOEHBI OJIs, CO3/laBae-
MbI€ OT/IETBHO TOKOM B OJTHOI M TOKOM B JIDYTOi KaTyIIKe, TO YKa3aHHBIM METOIOM
JIETKO TIOCTPOUTH PEIYJIBTUPYIOIIEe TI0JIe KaK NP ip/i; > 0, Tak 1 1IpH i5/1 < 0.

27.16. NMpocTtpaHcTBEeHHaA 3agava. lMone KpyroBoro KOHTypa C TOKOM

Pacuer MarHMTHBIX T10JIEil TOKOB, NMPOTEKAIONIUX MO KOHTYPaM, UMEIOIIUM BO BCEX
HAIPaBJIEHUSIX KOHEYHbIE pa3Mepbl, MPeACcTaBsieT cob0il BecbMa CIOKHYIO 3aady.
[Tpu sTOM BCe BeJTMUMHBI, XapAKTEPUIYIOIIUE T10JI€, SBISIOTCS (DYHKIIMSMU TPEX KO-
opaunar. OOBIIKIT METO PelleHs 3aKII04aeTCsI sl OJHOPOAHO Cpebl B HAX0MK e~
HUU 110 33/[AHHOMY PacIIPe/ieJIEHUI0 TOKOB BEKTOPHOTO TOTEHI[HaIa 110 hopMyJiaM,
YKa3aHHBIM B § 27.2. BeKTOp MarHuTHON WHAYKIIUU OTIPEACTAETCSI U3 COOTHOIICHUS
B =rot A.

[IpocTeiimmii mpuMep MPOCTPAHCTBEHHON 3a/[a4ll — TI0JI€ TOKOB, MPOTEKAIOITIUX
IO KPYTOBBIM KOHTYPaM, JIeKAITUM B TIAPaJIeJbHBIX TIOCKOCTIX U MMEIONTUM TIeH-
TPbI Ha 0611eil ocu. J[0cTaTOuHO PACCMOTPETh KaPTUHY TaKOTO TI0JIst B OJHOMN TJIOCKO-
CTHU, TIPOXOATIEH Yepe3 3Ty 0Ch, TaK KaK BCe TI0JIe TIOJyJdaeTcs BpalleHeM HaleH-
HON KapTUHBI BOKPYT ocu. Ciola OTHOCHUTCS BA)KHBIN CIydall — MarHUTHOE TIOJie
KaTyIIIeK ¢ TOKOM, COCTOSIINX M3 KPYTOBBIX BUTKOB.

OmpeneuM 110JIe OTHOTO KPYroBOTO KOHTYpa ¢ TokoM i (puc. 27.19). EctectBentio
paccMaTpuBaTh IoJie B IIMJINHAPUYECKUX KOOPAWHATaX z, p, o.. Havamo xoopauHaT
ITOMECTUM B TIeHTpe KOHTYpa ¢ TOKOM. Och OZ HarlpaBuM TePIEeHANKYISPHO TIII0CKO-
CTU KOHTYDA.
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[IycTs momepeynnie pasMepsl ceyeHus S TPOBOTHUKA
BECbMa MaJIbl 110 CPAaBHEHUIO ¢ paguycoM R kosbua. Pac-
cMaTpuBas I0JIe Ha PACCTOSIHUSX OT IIPOBOJHMKA, 3HA-
YUTEJTBHO TIPEBBINAIONINX TTOMEePeYHbIe Pa3Mephl ero ce-

A

(77

U, o
7 exmaopa A YeHUs, MOKEM BBIYHMCJSTH BEKTOPHBIM TTOTEHIIUAT TI0
dbopmye (cm. § 27.2)
Aok gid
s 7

WurerpupoBanue MPOU3BOAUTCS BJIOJIb BCETO KOHTY-
pa ¢ TokoM. BeiencrBue cuMMeTpun OTHOCUTEIBHO OCH
OZ nvHMKM BEKTOPHOIrO IIOTEHLUAIA AOJKHBI ObITh OK-
PY’KHOCTSIMU, JIEXKAITUMU B TIJIOCKOCTSX, TapaJIeJbHBIX TIOCKOCTA KOHTYpa TOKA,
1 UMelonuMuy 1eHTpsl Ha ocu OZ. CienoBatenbHo, A MMeeT eTMHCTBEHHYIO COCTaB-
sgiontyio A,. Ona paBHa

Puc. 27.19

B icosa dl dl

A (1
47‘C

Tax xax

r=\/22 +R? +p* —2Rpcosa, dl =Rda,

J- cosa da
\/ 2>+ R’ —2Rpcosa
[IpuBeeM 9TOT MHTErPAJ K 3JUIMIITHYECKUM MHTErpaiaM, sl KOTOPhIX UMEIOTCsT
tabunsl. [Ipumem o =t — 2B, do = 2dp,
4Rp — kZ
2> +(R+p)*
Yucno k nesxut B npeaenax 0 <k < 1. 3nauyenue k=1 nonyvaercss npuz=0u p =R,
T. €. Ha OCH KOHTYPa ¢ TOKOM, KOTOPBII Ipe/iroJiaraeM BechMa TOHKUM. 37iech A o6pa-
maeTcst B 6eCKOHEYHOCTh, HO, KaK ObLIO OTMEYEHO, IPUHSTas yIpolleHHas (hopmy.ia

111 A MOKeT GBITh MCIOIb30BaHa TOJBKO Ha I0CTATOYHOM PACCTOSTHIUN OT TIPOBOIHI-
ka. Vimeem cos o= —cos B = 2sin’p —1,

r=yz>+R’ +p> —4Rpsin> B +2Rp :2\'kRpw/1—kQSin2 B.

e wR

CienoBaTenbHO,
s I 2(251n B-1)dp
875 P 72 J1-Fk%sin’ B
nian

2sin’ B - _ui\/ﬁ
k = |= f(h).
p '[1/1 k? sin? » 27 Pf( )
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ITosb3ysch ToXAECTBOM

.9 2
2sin” B -1 :% 2-Fk _Zm ,
J1-k*sin®B k7| \J1—k%sin®B

MOJKEM HallMCaTb

(2_\x_ 2
f(k)—(k ij ’F,

rue
K _ nj.Z dB
o 1—k%sin’ B
141

/2

E= J.w/l—kzsiHQﬁ dp

HPEICTABISIOT OO0 TTOJHbIE JUTUIITHYECKUE WH-
TeTpaJibl TIepBOTO U BTOPOro poja. OHU ABAFAIOTCA 2,4
dynkipsiv Moyt k. Ha puc. 27.20 nmpuseeHbr Kpu- 2,2
BbI€, BBIpaskatorue aTh (PyHKINN, U KPUBBIE, AA10- 2,0
tie Besmaniy f(k), BXOISIIYIO B BBIPAKEHHUE ST | 8
BEKTOPHOTO TTOTEHTINAJIA. 1.6 K]
JIvHUY MarHUTHON WH/LYKITMU UCCJIEZLyEMOTO T10- | 4

K E f

JIS1 JIeKaT B TIOCKOCTSIX, MPOXOAsANX yepes och OZ. | , £
BexkTop MarHUTHOH MHIYKIIME UMeeT TOJNBKO JIBE |
cocrasisione, B, u B, KOTOpbIe HAaXOIATCS W3 0;8
BbIPAsKEHUIA: 06
B, =rot,A; B, =rot A. 0’4551‘x1 OHAE /<10 /

JIyi BBIUMCJIEHHUS STUX COCTABJIAIOLNIUX HEO0O- 0.2 wf "
XOJIIMO HCIIOJIb30BATh BBIPAKEHHSI COCTABISIONINX 0 0,1 0,2 0.3 0.4 0.5 0.6 0,7 0,8 0.9 1,0
BEKTOpa rot A yepes cocTapisiolire BeKTopa A B Puc. 27.20

MWJIMHIpUYECKUX KOOpJANHaTaXx.

27.17. Bbipa)kxeHue CKaIipHOro noTteHuuana yepes Te/leCHbIA yroJi,
noa KOTOpbiM BUAEH KOHTYP TOKa

ITokaskem, 4TO CKaJIAPHBIM MArHUTHBIN 1ToTeHIman U, B
HEKOTOPOU Touke M 10JisI 3aMKHYTOTO TOKa i MPOIOp-
IMOHAJIEH TEJIECHOMY YTJIY ®, IO/l KOTOPBIM BUIHA U3
3TOI TOUYKU TIOBEPXHOCTH, OTPAHWYEHHAS KOHTYPOM
toka (puc. 27.21). Ilpu nepemernienun u3 Touku M B
TouKy M’ Ha paccrostHue dl' oTeHIna ToJydaeT pH-
parenue

dU, =-Hcosa dl'=—-H dlI'. Puc. 27.21
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M gy TouHO Takoe jKe MpupalieHue MOJIyYnI Obl TOTEHIIUAT B
TouyKe M, eciiii BeCh KOHTYD TIEPEMECTHUTD MapaJiiebHO ca-
MoMy cebe Ha pacctosiivie —dl' B POTUBOIOJOKHOM Ha-
[paBJIEHUH.

Boiiesiim aieMeHT unHbBI dl KOHTYpa TOKa U pacCMOT-
puM nipupaiienue norenipana dU’, B Touke M, BbI3BaHHOE
nepeMelieHreM aToro ajieMenTa 1o mytu —dl' (puc. 27.22).
Nmeem

ds=[-dl' dl] dU' = —dH dl'

Puc. 27.22 e dH — HanpsuKeHHOCTD M0JIst B Touke M OT TOKa i B 9J1e-
mente dl. CormacHo 3akony buo—Casapa—Jlamiaca,
11 r
dH = ——|dl-|.
4y r
CieoBaTesbHO,

11 r i r

dU), =-——dl'\dl—|=—[-dl dl]-.
4dry rl dnr r

Ho [-dl’ dl | = ds ectb BekTOpP, HOPMAJIBHBII K IIJIONIAKE, OMUCHIBAEMON OTpe3-

KOM dl Tipu iepeMeIeH iy ero Ha myTH —dl', u paBHbII 110 BeJIMYMHE ITOM TIOMIAJIKE.

r .
CuieioBaTesIbHO, ds — = cos B ds ecTb MPOEKITHST ATOH MIIONMAAKN Ha chepy pajnyca 7 ¢
r

1 r .
LEHTPOM B TOUKe M 1 —- ds — |=do' ecTb TeJIeCHBII YTOJI, TI0OX KOTOPHIM BH/IHA ILJIO-
r r

maaka u3 touku M. Vrtax,
i
dU! = —do'.
4n
Yrobbl TOTyduTh H3MeHeHue dU,, IoTeHIaa, BBI3BAHHOTO B TOYKe M TOKOM BO-
BCEM 3aMKHYTOM KOHTYpe (cM. prc. 27.20), He0OX0ANMO TPOCYMMUPOBATH BEJTUYHUHBI
dU! 1o BceM anementam dl koutypa. [Ipu aTOM, CyMMUPYsT B TIPABOii YaCTH BEJTHYM-
HbI d®', TIOJIyYUM TEJIECHBII YroJl dm, ol KOTOPHIM BHU/IHA U3 TOYKH MOBEPXHOCTD,
OIMChIBaeMasi BCEM KOHTYPOM TP TiepeMelieHun ero Ha mytu —dl’. OueBuano, do
ecTb IpUpalleHe TeJeCHOTO YIJia o, MO/l KOTOPbIM BU/HA M3 TOYKU M TOBEPXHOCTH,
orpaHUYeHHast KOHTYPOM TOKa. TakuMm 06pa3om,
i i
dU, =—do n U, =—o+C.
T 4n
Ecou npunsts Uy, = 0 B 6eCKOHEYHO yaJIeHHBIX OT KOHTYPa TOKa TOYKaX, /s KO-
Topeix ® = 0, To 6yaem nmetb C =0 u
i
U, =—o.
4

TesecHplit yron  mosokuTeseH, eciv U3 TOUKM M TOK B KOHTYpe KasKeTcs Ha-
MTpaBJIEHHBIM TIPOTUB YacOBOM cTpenku (cM. puc. 27.20).
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27.18. MarHuTHoe noJie KOHTypa Npou3BoJibHOW (POpMblI
Ha 60/1bLIOM pPacCTOSIHUM OT KOHTYypa

O603Ha4YNM Yepes 7 paccTostHre TOYKM M, B KOTOPOil OTBICKUBAETCSI
notennuan Uy, oT HekoTopoll Touku O BHYTpU KOHTYypa (puc. 27.23).
I[Tyctp r MHOTO GOJIBIIE TMHEHHBIX pa3MepoB KonTypa. Ilycts ON —
Harpasierre oT O kK M, Tpu KOTOPOM TIPU 3a[aHHOM 7° TEJIECHBIN
YTOJI ® TOJIyYaeTCst HanOOMBIINM, PABHBIM Oy, . 1IPU BCSIKOM JIpY-
TOM HAIIPaBJIEHNN, COCTABJIAIONIEM C 3TUM HaIlpaBJeHUEM YTOJ @,
TIPH TOM e 7 GY/IeM HMEeTh ® = My, €0S @. HO @,y = 5/77, TIE 5 —
YacTh TTOBEPXHOCTH cephl pasnyca 7, BhIpe3aeMas MeHTPATbHBIM
KOHYCOM C TEJIECHBIM YTJIOM ®p,ay. TAKUM 00PA30M, COTJIACHO BbIPa-

i
xenuio U, = = ®, IMeeM
T

Puc. 27.23

_ IS Cos@
Y 4 gt

U

JlJist II0CKOTO KOHTYPA TIPH 7, HAMHOTO GOJIBIIIEM Pa3MepPOB KOHTYPA, $ €CTh ILI0-
a/ib, OTpaHuueHHasd KOHTYpoM, 1 ON — HampaBjieHne HOpMaIu K Hell.

Tax Kak nmpousBe/ieHUE is = M €CTh MAarHUTHBII MOMEHT TOKA i B 3aMKHYTOM KOHTY-
pe, To hopmyay aag U, MOKHO TIpeICTaBUTh B BHUJE

_ mcos @
=——.

U

M

4nr

COCTaBJIHIOH_H/Ie HAIIPpSAJKEHHOCTHU TI0JISI Ha 6OJIBIINX PacCTOAHUAX OT KOHTYpa
NMEIOT BbIpa’K€HUA:

I =_8UM =2mcoscp‘
' or 4ur®

I __1tou, :msin(p.
' r oo 4’

113 13/10;K€HHOTO BBITEKAET ClIe/IyIolee BaskHOe mosioskeHre. Ha 6osbiimx paccros-
HUSIX OT KOHTYPa TOKa HAPSIKEHHOCTh MATHUTHOTO T0JIs1 YOBIBAET 0GPATHO MPOIIOP-
[IMOHAJIBHO KyOy PacCTOSIHUSI, ¥ XapaKTep MOJIsi COBEPIIEHHO He 3aBUCUT OT (hOPMBI
KOHTYPa TOKa. HarpsiskeHHOCTD M0JIs OJTHOCTBIO OIPEJIESISIETCS MATHUTHBIM MOMEHTOM.

Becbma MHTEPECHO OTMETHTH, YTO XapaKTep MAarHUTHOTO T10JIsi Ha OOJIBIINX pac-
CTOSTHUSIX OT KOHTYPa TOKA TaKOM Ke, KAaK U XapaKTep 3JeKTPUIECKOTO TOJIsT TUTIOJST
Ha GOJIBIINX OT HETO PACCTOSTHUSIX. TO CTAHOBUTCSI SICHBIM, €CJTIF COMIOCTABUTH MOJIY-
YeHHbIE B HacTosIIeM naparpade gopmyibl ¢ hopmyaamMu B § 24.2 1ys moss aJex-
TPUYECKOTO JIUTIOJIS.

27.19. Teno BO BHELWWHEM MarHUTHOM Mnone.
AHanorms c 3J1IeKTPoCTaTUYECcCKon 3agauen

3az[aqa O pacdyeTe MaronuTHOTO I10JIA IIPU HaJINYMH BO BHEIITHEM MAarHUTHOM I10JI€ TeJia
n3 BelecTBa C abCOJIIOTHOM MarHUTHOM IIPOHUITAEMOCTBIO I aHa/JOT'M4YHa PaCCMOT-
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pernoit B §§ 24.18 u 24.19 3amave o pacueTe 37IeKTPUYECKOTO TIOJSA TIPU HATNYUHU BO
BHEIITHEM 9JIEKTPHYECKOM TT0JIe TeJla M3 IUIJIEKTPUKa ¢ aOCOMOTHOM AMAIeKTpUYe-
CKO¥ TIPOHUIIAEMOCTHIO €.

ﬂeﬁCTBHTe]IbHO, KaK ypaBHEHHA I10Jid, TaK U I'PaHUYHbI€ YC/JIOBHA aHAJIOTUYHbI B
060MX Cciydasx.

Jl1st MAarHUTHOTO TI0JISI IMeeM BO BCell mHTepecyioliell Hac 06J1acTH IPOCTPAHCTBA
rot H = 0, Tak Kak B 9T0i1 00/1aCTH OTCYTCTBYIOT Makpockomyeckue Toku. CieoBa-
TEJIbHO, YPAaBHEHUSI MAarHUTHOTO I10JISI UMEIOT BUJT

rotH =0; B=pH =p,H +p,M; divB =0.

B cootBeTcTByIOIIEH 9/IEKTPOCTATUYECKON 3a/ade B paccMaTpuBaeMoil obsactu
npoctpancrsa div D = 0, Tak Kak B 9Toil 061acT HeT ¢cBOOOAHBIX 3apsiioB. [ToaTomy
YPaBHEHUS 3JIEKTPUYECKOTO TTOJIST UMEIOT BUJL

rotE =0; D=¢E =¢,E+P; divD=0.
3amerum, uto ypasHenus rot H =0 u rot E = 0 9KBUBaJ€HTHbI yPaBHEHUSIM

H =-gradU, n E =-gradU.

rpaHI/I‘IHbIMI/I YCJIOBUAMMU Ha ITOBEPXHOCTU T€JId, BHECEHHOTO BO BHENITHEEC MATHUT-
HOe€ 110J1€, ABJAIOTCA PaBEHCTBO B 06omnx cpe/laX HOPMaJbHBIX COCTaBJIAIONINX BEKTO-
pa MaTHUTHOU WHAYKIUN 1 KacaTeJbHbBIX COCTABJAIOMINX BEKTOPA HAIPAKEHHOCTU
I10JIA:

Bn1 :BnZ u HM :HtZ'

H.TIH TeJa U3 IN9JIEKTPUKA, BHECEHHOI'O BO BHEIITHEE JIEKTPUYECKOE I10J1€, TPaHNY -
HbI€ YyCJIOBUS UMEKOT AHAJIOTMYHbBIN BU/I:

D,=D, w E,=E,.

TaxkuM 06pa30M, TP MCCIEOBAHUH TIOJIST TeJl BO BHEITHEM MArHUTHOM I0JI€ MO-
JK€M BOCTIOJIb30BAThCA AHAJOTMYHBIMH 3a/[adaMU, PEeNeHHBIMUA B 2JIEKTPOCTATHKE,
c 3amenoii E na H, D na B, P na pgMu ¢ Ha . Tak Kak MOJIpU30BAaHHOCTD BEIIECTBA
P =dp/dV, a namarauaernocts M = dm/dV, To B aHAJIOTHYHBIX 3a/[a4aX JEKTpUIe-
CKWI MOMEHT COOTBETCTBYET YMHOKEHHOMY Ha [y MATHUTHOMY MOMEHTY.

27.20. Wap v anauncomp BpalleHus
BO BHELWWHEM OAQHOPOAHOM MarHUTHOM noJse

B § 24.19 Gbi1 paccMOTpeH miap M3 AUAJIEKTPUKA, HAXOASIIUICS BO BHEIITHEM 9JIEK-
TpudecKoM 1oJie. Beio HalizieHo, 4To 1map moasapusyeTcs: OJJHOPOIHO.

TouHO TaK ’Ke Iap U3 BelecTBa ¢ aOCOMIOTHOW MarHUTHON MPOHUIIAEMOCTBIO L,
TTOMETIeHHBIN BO BHEIITHEe O/{HOPO/IHOE MAarHUTHOE T10JIe, TIOJISTPU3YETCs OJTHOPOJTHO.
[Tycts mrap momenien B mycTote u | > Wo. Torma BekTop HampskenHoctn H_ mod,
OTIpe/Ie/IIEMOTO HaMarHMYEeHHOCTRIO TITapa, OKa3blBaeTCd BHYTPH ITapa HaIpaBJeH-
HBIM TIPOTUB BEKTOPa HanpsiKeHHocTn Hjy BHENTHeTo 1mosis. B aToM cirydae 1ose Bek-
Topa H__ Ha3bpiBaeTcsg pa3MaTrHUYUBAWI UM 10 JaeM. Vcrnonbays dopmyb,
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noydennsie B § 24.19, m mpomsBens B HUX COOTBETCTBYIOIIYIO 3aMEHY, TTOTYIUM
opmysnl g mHTEpecyiomero Hac caydad. HanpsskeHHOCTh pa3sMarHMYnBaroNiero
noJid ompeziesigercs (popmystoi
_ B=Hy H
> T 2

H+2ap,

Bue mrapa mosie, BbI3BaHHOE HAMarHUYEHHOCTHIO TTapa, TaKoe JKe, KaK 1MoJe TOKa B
BeCbMa MaJIOM 3aMKHYTOM KOHTYPe, HaXO/ANIeMCd B IEHTpPe ITapa, NMeIOMIero Mar-
HUTHBII MOMEHT 711, PABHBII FeOMETPUYECKON CYMMe MarHUTHbIX MOMEHTOB BCEX dJie-
MEeHTapHBIX TOKOB B 0ObeMe Tapa.

[Tonw3ysch hopmymamu, TOJyIeHHBIME B § 24.19, Haxoamm

3 3 H—Hy
wom=4np R°H _ =4nRp, ————H,,
Ho +21,

rme R — paguyc mapa.
Hamaramuennocts M BelllecTBa mapa paBHa MarHUTHOMY MOMEHTY, OTHECEHHOMY
K exunuIle oObema mapa. CieoBaTesbHoO,

Hom m—p
noM = 4 C— =3y, H,=3u,H_.
AT ps o +2p,
3
Pesynbrupyionas HalpsKeHHOCTh M PE3yJBTHPYIONIas MAarHUTHAs MHIYKIIUS
BHYTPHU 11apa PaBHbI:

B=—""—pH,=—"—
Ho +2p, Ho +2p,

Yem GoJIbIIE 1, TEM CHJIbHEE PA3MarHUYH-

Baioliee 1oJse u TeM caabee mose H, HO Tem -—_—
.

cuJibHee 11oJie B. B nipesiesie mpu L — o0 nuMeeM
H_=H, H=0; B=3B,. = ==
—D—-/\
—— T ———

Takum 3aMedaTeIbHBIM CBOMCTBOM HaMar- Buemmee onHoposHoe  PesyibTupylomee

HUYUBATHCA OJTHOPO/IHO BO BHEITHEM OJIHOPO/I- noJe nose sexropa H
HOM I10J1e 00JIa/IaeT JUTAIICOML, YACTHBIM CJTy- I —
JaeM KOTOpoTo sBJgercsd map. Ha puc. 27.24 \ / =
LU 3JIIIATICOM 1A H306pa>KeHbI BHeIlIHee O/ HO- " = H_ +m %g
poaHoe 1oJie, osie BekTopa H, onpezensemoe yﬁ%
HaMarHM4YeHHOCTBIO JIUIICOM/IA U CBA3AHHOE ﬁ
C YCJIOBHBIM IIPEACTABJIEHUEM O HaBCEACHHBIX ITose HaBegeHHBIX Pesyabrupylomee
MarHuTHBIX MaccaX, pe3yJIbTUpylollee I[0Je MariuTHBIX Mace nozie Bexropa B

BekTopa H u pe3ysbrupyioliiee moJie Bekropa B. Puc. 27.24
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27.21. MarHuTHoe noJsie B HEOAHOPOAHOM cpeae.
MpuMmeHeHne MeToAA MHTErpasibHbIX ypaBHEHUMN

Pemenne 3azjaun pacueTa MarHuTHOTO T10JISI B HEOJJHOPOIHOM cpefie CTAHOBUTCS T10JI-
HOCTBIO QHAJIOTUYHBIM COOTBETCTBYIOIIEH 3a/lade 3JeKTPOCTATUKU IIPU BBENECHUU
B PacCMOTPeHHe MarHUTHBIX 3apsi/IoB 00BEMHOI M MOBEPXHOCTHON IIOTHOCTBIO Py,
U G, 9KBUBAJIEHTHBIX CO3/IAIONINM II0JIe TOKAM.

Jl1a pacyeta MarHUTHOTO TI0JISL TTOCTOSIHHOTO TOKA,
nporekaiomniero B obaactu V co cpenoi, uMeronieit
MarHUTHYIO TIPOHUIIAEMOCTD |i,, TIPUMEHUM PaCCMOT-
perHbIi B § 24.20 MeTOZl UHTETPATBHBIX YPAaBHEHUI.
/ B wactu nmpocTtpaHcTBa, OrpaHMYeHHON 3aMKHYTON

He n

MTOBEPXHOCTHIO S, MATHUTHAS TTPOHUIIAEMOCTH OTIpe-

nenserca pyukumen p;(x, y, z). IlloBTOpssa paccy:x-

NleHus, BbITIoJTHeHHbIE B § 24.2(0) TIpu BBeZIeHUN BTO-
/ * PUYHBIX HMCTOYHMKOB 3JIEKTPOCTATHUECKOTO TIOJ,

U TIPUBOJISL CPELy K OJHOPOJHON ¢ MAarHUTHOMN TIPO-

HUI[AEMOCTBIO [, TIOJIYYaeM COOTHOIIEHUS JIJIST TII0T-
HOCTH BTOPUYHBIX UCTOYHUKOB B Buje (puc. 27.25)

Puc. 27.25

pM = u() H grad ”’l’ GM :2l”l(’?\'H"’ (*)

i

riae H, — HopMasibHasl K MOBEPXHOCTH § COCTABJISION[AsT HAIPSIKEHHOCTH MAarHUTHOTO
p=Hi THe

Hi + “’e

[Ipu pacuere 1051 B KyCOUHO-OHOPOIHOU cpejie TI0 aHATIOTUU ¢ UHTEeTPaTbHBIM
ypaBHeHueM (***), momydeHHbIM B § 24.20, HaX0IUM UHTETPaIbHOE ypaBHEHUE OTHO-
CUTEJIbHO pa3MeIeHHBIX HAa TTOBEPXHOCTH § MATHUTHBIX 3aPSI/IOB IIOTHOCTBIO Gy

110JI44,

P LN L PNy o (**)
2TCS r?

c

CBolicTBa 3TOrO MHTETPAJIBHOTO YPaBHEHUS TaKWe Ke, 4TO W ypaBHeHus (***)
§ 24.20. IIpu ncnosib30BaHUM CKAJISIPHOTO MATHUTHOTO TIOTEHI[MANA U BBEJCHUU JK-
BUBAJIEHTHBIX 2JIEKTPUYECKUM TOKAM MarHUTHBIX 3aPS/IOB pacueT BXOJSIIEH B TIpa-
BYIO 4acTb ypaBHeHus (**) BenuuuHbl H, CTAHOBUTCSI MOJHOCTBIO aHAJOTUYHBIM
pacuety BeauduHbI Ej, B COOTBETCTBYIOIIEH 3a/1aUe 3JeKTPOCTATUK.

[TpaBast yacTb ypaBHeHust (**) MOKeT OBITh BBIPa’KeHa TAKKe U Yepe3 CO3/Ar0NIIe
BHeIITHee MarHUTHOE I0JIe 3JIeKTPUYecKre TOKH, eCJn JIJid pacueTa HalpsSKeHHOCTH
MaTrHUTHOTO TIOJIsI TpUMeHUTH 3akoH brno—Casappa. PaccuntsiBas BeJII/I‘H/IHy H,,, nene-

0 p,dV
c000pa3HO COMOCTABUTH 3aTpaThl Ha BbIUKCIEHNE uHTerpada Hy, = I
on 47tp r
1 ¢[J,7],
MpU 3aMeHe TOKOB MarHUTHBIMU 3apsAnaMu U uHTerpana Hy, = 4—J‘idv, ecqn
r

14
TaKasd 3aMe€Ha He€ BbITTOJJIHACTCA.
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N3n0xeH bl TOAX0 MOKHO MPUMEHUTH JIJISI PacdyeTa Kak TPEXMEPHbIX, TaK U
ZBYXMEPHBIX MarHUTHBIX TOJIeH. B ciydyae mirockonmapasiesbHOTO TOJIS BXOSIIAS
1ol 3HaK uHTerpasa GyHkius B ypaBuenun (**) Oyzer MHOMH, TaKk KaK COCTABJISIO-
11231 HAITPSPKEHHOCTH MarHUTHOTO T10J1sT, HOPMAJIbHAs K KOHTYPY / ceueHus TTOBEPXHO-
cTy pasjiesa cpejt miaockocTbio X0Y, BbIpaxkaercs HopMyioit

I 1 J- y cos(r, n) s + 1 §;GM cos(r, n) dl

" 2mp, g r 2np, r

rje s — cedeHue MIOCKOCTbI0 X0Y 06JacTi ¢ MCTOYHUKAMU BHEIIHETO TIOJISL, Py, —
00beMHasT TJIOTHOCTh MAarHUTHBIX 3aPsI/IOB, OIPEIESIONINX BHEITHEE MOJIE.
Ypasuenwue (**) MOKHO Telepb 3anucaTh B BHE

Lo, cos(r,m) . A cos(r, n)
ffdl - —ijdes.

T

Kax oTmeuasioch, npuMeHeHre BEKTOPHOTO MAaTHUTHOTO TIOTEHIMAJA JIJIT PacyeTa
JIBYXMEPHBIX MATHUTHBIX TI0JIeN Tak ke a(p(PeKTUBHO, KaK U CKAJIPHOTO MATHUTHOTO
MOTEHIIHANA TIPU PeodPasOBaHUN BUXPEBBIX MMOJIEH K MOTeHIHaIbHbIM. [ToaToMy
NI pacyeTa TIOCKOMAPaIIeTbHOTO MAaTHUTHOTO TIOJISI TIOCTOSIHHOTO TOKAa B KyCOY-
HO-OHOPOAHOU cpefie B KAUeCTBE BTOPUIHBIX MCTOUHUKOB UCIIOJb3yeM pa3MelleH-
Hble Ha TIOBEPXHOCTH pasfiesia CPell dTeKTPUIecKre TOKU TIJIOTHOCTHIO J.

ITycts xoutyp [ pasmenseT cpeabl ¢ MarHUTHBIMKA TIPOHUIAEMOCTAMU W; W W,
(puc. 27.26).

[I1oTHOCTH j TOKOB, PACIOIOKEHHBIX Ha KOHTYPE
CEeYeHWsT Tesla C MArHUTHOW TPOHUIIAEMOCTHIO L,
J0oJIKHA ObITh BhIOpaHa Tak, 4ToObI 0GECIeuynuTh MpU
nepexojie K O[THOPOTHOM Cpejie ¢ TPOHUIIAEMOCTHIO
CKAuOK KacaTeJIbHOU coCTaBJsAoNeld MAarHUTHOM MH-
B, _n.

N
POMHON cpejie ¢ HEKOTOPOW MAarHUTHON ITPOHUIIAEMO-
CTBIO |l CJIOST TOKA TIIIOTHOCTHIO j (CM. puc. 27.26) BbI3bI-
BaeT CKAUOK KaCaTeJbHBIX COCTABJISIIONINX HATIPSIKEH-
HOCTH MarHutHOro nosist Hy; — Hy, =j u MarauTHON nHaykimu B,; — B, = nj. O603HaunB
yepe3 B, kKacateapHYIO0 K KOHTYPY COCTaBISIONIYI0 MATHUTHON WHAYKIIUN B OJHOPO/I-
HOI1 cpejie, 00YCIOBJIEHHYIO BCEMU HCTOUHMKAMU 32 UCKJIIOUYEHIEM PACIIOIOKEHHOTO B

LY KIUA . Paamerienue Ha KoHTYpe [ B O/IHO-

Puc. 27.26

paccMaTpuBaeMoll TOUKe, MOXKeM 3arucarb: B, = B, — %], B,;=B,+ %] IloxcraBnss

B ,
9TH BBIPAKEHUS B COOTHOIIEHME —% = He HOJIydaeM MOcJIe TPOCThIX Ipeodpa3oBa-
i My
. 2 pp, 2
HUH ypaBHenne j = — ——*< B, = = A B;, KOTOpOe MOCJe TMOACTAHOBKN BETUINHbI
l’l' “’i + “’ e

t

:%:—ijJ’COS(r’n)ds—ij;jcos(r’n)dl
on 2n r 2, r
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IIPUBOAUT K MHTETPAJIbHOMY YPaBHEHUIO

j+&§)jcos(r,n) dl:_&J'J,cos(r,n) ds.
T r T r

31ech s— cedeHne TMPOBOJIOB € TOKOM TIJIOTHOCTHIO J', 3a1af0TM BHEITHee MarauT-
HOe TIoJIe.

Ecim anexTpuyecknii TOK, CO3/MAlOMMII BHEINTHEE MAarHUTHOE TIOJie, TIPOTEKAET B
cpejie ¢ MArHUTHOM MPOHUIIAEMOCTBIO LL;, TO TTOJT BXOAAIIEH 1T0/1 3HAK WHTETpasa MiaoT-
HOCTBIO TOKA CJIe/lyeT IOHUMATh BEJTMUNHY, PaBHYio J' = B CIIyJasix, KOT/Ia aJeK-

u

TPUYECKUI TOK IIPOTEKAET B CPejie ¢ MATHUTHOM ITPOHUIIAEMOCTBIO [, UMeeM J ' = Be
i)

Kax u nony4yennoe Boiiiie ypaBHeHue (**), 1aHHOe ypaBHEHUE SIBJSETCS UHTErPasib-
HbIM YPaBHEHUEM OTHOCUTEJIHBHO TJIOTHOCTH BTOPUYHBIX UCTOYHUKOB M XapaKTepu3y-
eTcsT aHAJIOTHYHBIMU CBOlcTBaMU. Ero periieHre MoKeT ObITh B HEKOTOPBIX CJIyYasix 110-
JIYYE€HO aHATMTHYECKH, OHAKO B 00IIEM cJiydae OHO TpeOyeT YUCJICHHOTO PEIleHMUsL.

Haiizentoe Bbiie cootHotenue j = (2/w)AB; MokeM HCIIOIb30BaTh JJIs pacyeTa
TIJIOCKOTIAPAJIETTHBHOTO MAaTHUTHOTO IO TIOCTOSTHHOTO TOKA i, TPOTEKAIOIETo Mo M-
MOJIMHEITHOMY TIPOBOJLY, PACTIOJIOKEHHOMY B cpejie ¢ MarHUTHOHN TIPOHUTIAEMOCTBIO Ly
TapAJIIETBHO TVIOCKON TTOBEPXHOCTH pasfiesia Cpefi ¢ MArHUTHBIMA TIPOHUTIAEMOCTSIMHU
Wy 1 Wwo. IoBTOpss paccyxnenns, mpuBenennbie B § 24.23, HaiieM 3HAUeHNS TOKOB

TN el TR LV

Ky +1y My 1y
[Toso6HO 3epKaTIbHOMY U300PAKEHUIO B AJIEKTPUUYECKOM TIOJI€, JIJIsI pacdyeTa Mar-
HUTHOTO TIOJISI B CPeJie C MarHUTHOM TTPOHUIIAEMOCTBIO Ly CJIEIYET BBECTU 3ePKAIBHO
M300paKeHHBIN TOK i1 ¥ TIOCJIE 3aMEHBI [y Ha 4 Y4eCTh TOKH i 1 iy (puc. 27.27, a). Jlns

pacdera ToJIsl B cpefie ¢ MaTHUTHOW TTPOHUITAEMOCTBIO Ly TOK I 3aMEHsIeM Ha iy, a Mar-
HUTHYIO TIPOHUIIAEMOCTD IPUHIMAEM PaBHOM Ly BO BceM rpoctpancTse (puc. 27.27, 6).

Hi h

K2 \ 6 e 12

S}

Puc. 27.27
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27.22. KoapchuumeHTbl pasMarHuumMBaHms

s snmmnconnoB kak H_, Tak 1 M mpomopironaabHbl HanpskeHHocTn Hy BHe-
Hero mosist. Ctaso GbITh, MOKHO HAIKCATH

H_ =NM.

Koaddutnment mpomoprimonaabaocTi N Ha3bBaloT KO3 G PUIMUEHTOM pas-
MarHu4YuBaHus OT HEro 3aBUCUT TIPU JJAHHOW HAMAarHWYEHHOCTH 3HaY€HUe Ha-
MPSUKEHHOCTH pa3MarHuumBaoiiero mojisd. Koadduiiuent pasmarHnyuBaHus 3aBU-
CUT TOJIBKO OT (POPMBI HaMarHUYMBaeMoro Tesa. /[yg mapa mosrydaem

Pacuer mnaer st assuniconsa Bparienust GopMyry

‘L In(x +VA* —1) -1 1—L‘arccosl
N YA -1 Vi-27

A -1 1-22

TIpUYeM A €CTh OTHOIIIEHNE OCH BPAIEeHN JITTUIICON/IA, KOTOPAs MPe/IoJIaraeTcs Ha-
TIpaBJICHHON BJOJb JIMHUW BHEITHETO TOJId, K OCH, eli TlepreHAnKyasapHoii. [lepBoim
BhIpaskeHreM it N y00HO T0JIb30BaThest Ipu A > 1, BropsiM — 1ipu A < 1.

Jliist GeCKOHEYHOM, PACTIONIOKEHHON TIOTEPeK MOJIsI TIACTHHBI, KOTOPYIO MOKHO
paccMaTpuBaTh Kak CILIIONEHHBIH amuticona, HaxoquM N = 1, mpunsas A = 0. 1o —
HauBBICIIee BO3MOKHOE 3HaueHue N. /Ly mapa, monarast A = 1 1 packpbiBast HeotIpe-
NETEHHOCTD, Tosydaem N = 1/3. [ 6eCKOHEYHO JITMHHOTO CTEPKHSL, PACIIONOKEHHO-
O BJIOJIb TIOJIST, TIOJIArash A = 00 M PACKPbIBas HEONPeIeJeHHOCTD, TToyyaeM N = 0.

CBOIICTBO AJUIMIICOMIOB OJIHOPOJHO HAMATHUYUBATLCS B OJIHOPOJHOM BHEIITHEM
TI0JIe UCTIOJIb3YeTCs B MarHuTOMeTpun. /7151 mcereioBanmsl MarHUTHBIX CBONCTB (ep-
POMATrHUTHBIX MATEPUATOB MOKHO MU3TOTOBHUTD U3 ATUX MATEPUAIOB 00PA3IIbl, UMEI0-
mue (hopMy SIIUIICOUA BpalieHust uin Ou3Kyo kK Heill dhopmy. OIHOPOIHOCTD
HAMATrHUYUBAHMS OCOOEHHO BasKHA MMEHHO MPU UCIBITAHIK (hepPOMArHUTHBIX MaTe-
pHUAJIOB, TaK KaKk NX MAarHUTHAS IPOHUIIAEMOCTD | 3aBUCUT OT HATIPSZKEHHOCTH TIOJIS 1
TOJIBKO TIPU OJIHOPOJHOM HAaMarHUYMBAHWK 3HaY€HHe W BO BceM oObeMe obpasiia Gy-
JIeT OJTMHAKOBDIM.

Bgectn B paccmorpenme KoapOUIMEHT pa3MarHuauBaHus, 3A6UCAUWUL MOJILKO OM
@opmovL mena, cTporo TOBOPSs, BOBMOKHO TOJBKO JIJIsl JITUTICOU/IOB U X YACTHBIX CJTY-
YaeB: IMapa, MIACTHHBI, GECKOHEYHO JJIMHHOTO MUJINHAPA C HJUTUITUYCCKUM WJIH
KpyrabiM cedenneM. OHAKO Uit MPUOJIMKEHHBIX MTPAKTHYECKUX PACYETOB MarHUT-
HOTO T0JIsI, KOTOpoe 00pasyercsi MPU BHECEHWM B OJHOPOIHOE BHEIIHEe TI0Jie Tell
MHOH (HOPMBI, HATIPUMEP KOPOTKUX ITUIMH/IPOB, BCE Ke BBOAAT B pacyeT Koa(duru-
€HTH Pa3MaTHUYMBAHNS TaKUX TeJl. Takoil pacyer ABISETCS TOJIBLKO OPUEHTHPOBOY-
HBIM, TaK KaK TeJa, OTJIUYHbIE 110 (DOPME OT JJITUTICOU/IOB, HAMArHUYUBAIOTCS HEOI-
HOPOZIHO B OJTHOPOJTHOM BHETITHEM MarHUTHOM ITOJIE.



168 Yactb 4. Teopus 3neKTPOMarHUTHOrO Mofs

27.23. MarHMTHOe 3KpaHupoBaHue

Jlist 3alIUTHI BJIEKTPOM3MEPUTENBHBIX IIPUOOPOB OT BJIMSHUS
M(r,¢) TIOCTOPOHHUX MarHUTHBIX TIOJIEld MX CUCTEMbI TIOMEIaloT B
MacCUBHBIE 3aMKHYTBIE WJIU MOYTH 3aMKHYTbIE OOOJIOUKH U3
(dheppoMarHUTHOTO Marepuasia. Takue 0OOJOYKH Ha3bIBAIOT
MAarHuTHBIMU 3KpaHaMu. [lose BHyTpu skpaHa oka-
3bIBAETCST OCJAOJIEHHBIM 110 CPABHEHUIO ¢ BHEIITHUM TIOJIEM.

[lns axpana B dhopme 1mosioro mapa ¢ paguycamu Ry u Ry
(puc. 27.28) u ¢ abCOMIOTHOI MAaTrHUTHON IIPOHUIIAEMOCTHIO
CTEHOK L, TOMEIEHHOTO BO BHENTHEEe OJTHOPOIHOE TI0JIe C UH-
nykuuei By, MarHUTHAs MHAYKINUSA B B TOJIOCTH 3KpaHa MO-
PuC. 27.28 JKeT ObITh pacCYnTaHa U OKa3bIBACTCSI PaBHOI

N

N

.“
RN
o= -:{

SSSA'AN

RN

SRS
0‘3‘{:“
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Hampumep, ecain Ry = 0,9Ry 1 p= 500y, To B=0,031B,, T. €. HAIPSIKEHHOCTD [TOJIsT
BHYTPH 9KPaHa COCTABJISIET 3 % OT HANPSIKEHHOCTU BHelHero 1moJist. /st heppomar-
HUTHOTO BEIIECTBA [l >> Ly, U SKPAHUPYIOIIee JIefiCTBIE OIPEIESIeTCS TeM, UTO JIH-
HUM MAarHUTHOU WHYKIIMM BHEITHETO I0Jisl, CTPEMSICh IIPOUTH [0 IyTU C HAUMEHb-
[IMM MATHUTHBIM COTIPOTUBJICHHEM, CTYIAIOTCS BHYTPU CTEHOK 9KPAHa, IOYTH HE ITPO-
HUKas B €ro MOJIOCTb.

Hepenko npuMeHsIIOT MHOTOCTYIIEHYATbIE 3KPAaHbl B BHUJE HECKOJBKUX ITOJIBIX
(beppoMarHUTHBIX TeJI, PACIIOJIOKEHHBIX OJJHO BHYTPHU J[PYTOTO.

27.24. PacueT MarHMTHOIoO NoJssi B HEOAHOPOAHOM cpeae
MEeTOAOM KOHEUYHbIX Pa3HOCTEN

YwucsieHHbIi pacyeT MarHUTHOTO TIOJIST TOCTOSIHHBIX TOKOB B HEOTHOPOJIHON Cpejie MOJK-
HO BBITIOJIHUTH METOIOM KOHEUHBIX PA3HOCTEH aHAJOTUYHO PacyeTy 3JeKTpocTaThye-
cKoOro ToJIsi. AHasmorust perenust ypapuenuii Jlammaca u Ilyaccona Oymer MoJHOI,
€CJIV BBITIOJTHUTD 9KBUBAJICHTHYTO 3aMEHY HJIEKTPUYECKUX TOKOB MAarHUTHBIMU 3apsijia-
MU TJIOTHOCTBIO p,,. YHMCIEHHBIN pacyeT TPEXMEPHOTO MarHUTHOTO IMOJIST 1Eeco00-

Pa3HO BBITIOJHSTD, 3aMEHSIS AJIEKTPUYECKIEe TOKH MArHUT-

2

® HbIMU 3apA/aMi, TaK KaK B 9TOM CJIy4a€ BMECTO BEKTOD-

1 (%]

L > HOTO YPaBHEHUSI MOJKHO TIEPEUTU K PENIEHUIO CKAJISIPHOTO

h X x5 YPaBHEHUS [I7IsT CKAJISIPHOTO MAarHUTHOTO TOTeHImamna. /s

! (5]

53 — (opMUPOBAHNS KOHEYHO-PA3HOCTHBIX yPAaBHEHWII BOC-
3 @~ - -forsr--1--61 1]0/1b3yeMCsl COOTHOLICHUEM
St

671 /

\
AV

{)u gradUds = §p aa—U ds = —m (m — MarHUTHBIII 3apsiy).
n

N

o~ @ - -

Pazo6bem paccmarpuBaeMblii 00beM V Ha COBOKYII-
PUC. 27.29 HOCTB OJINHAKOBBIX KyOOB ¢ JuiHON pebpa i (puc. 27.29).
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PasmecTM MarHuTHBIN 3apsigi m B meHtpe 0 Kyba M IpeACTaBUM HHTErpas

oU
ﬁuaids 110 ITOBEPXHOCTHU S Ky63. B BU/Jl€ CYMMbI MIECTU WHTETPAJIOB 110 ITOBEPXHO-
n

S

CTAM S¢, S9, ..., S¢ 1 BbIYHMCJIUM HX HpI/I6JII/I>KeHHOI

J‘H(xryrz)grade dS = (Hicphz +u05ph2)% = ki(Ui _UO)r
2 2 U2 _Uo

Iu(x,y,z)gradyUds = (Hogph™ + R h ) ——— =k, (U, -U,),
2 2 Us _Uo

J‘M(xv Y, Z) gradzU dS = (uchh +M00ph )7 = kG(UG _UO)'

S6
371eCh BETMIMHDL Wi cpy Macps -er Hoep ABISIOTCA CPEAHUMEU DYHKIMI W(X, ¥, Z) B COOT-
BETCTBYIONUX KyOax.
Koneuno-pasnoctHoe ypaBHeHUE

i=6 *
k1U1 + k2U2 + ..t kGUG - U()Zki: - pMcphS, ( )
i=1
B KOTOPOM Py = m/h®, Buipaxaet motentuan Uy ysma 0 uepes MOTEHIHATBI COCETHIX
mectr y3710B. COBOKYIMHOCTh TaKUX ypaBHEHUiT 00pa3yeT CUCTEMY, KOTOPAs MOKET
OBITH pa3perieHa OTHOCUTETbHO HCKOMBIX TIOTEHITHAJIOB Y3JI0B.

[Tpu uncenHOM pacyere MIOCKOMAPAJJIETBHOTO MATHUTHOTO TIOJISI B HEOTHOPOJI-
HOW cpejie MoJIydyuM Pa3HOCTHOE ypaBHEHHWE OTHOCUTENbHO BEKTOPHOIO MAarHUTHOTO
MOTEHITNAIIA, TPUHUMAST 32 UCXOJTHOE COOTHOIEHNE §>H dl=1i. IIpu aToM ucKIIOYaeT-

i

cs1 HeOOXOAMMOCTD MIEPEX0A OT TOKOB K 9KBUBAJIEHTHBIM UM A
MarHUTHBIM 3aPsIIaM. 2
. o J2 | J1opy
Pazo6bem 00J1acTh Ha COBOKYITHOCTD KBPATOB C JJIMHON
C
CTOPOHBI A. b /2
3
Ha puc. 27.30 uszobpaskeHbl 4eThIpe CMEKHBIX KBaJIparTa, a0 a |t 12
B KQ)KJIOM M3 KOTOPBIX MAarHUTHBIE TPOHUI[AEMOCTH iy, ..., Ly ws |73 | 7e|
U IJIOTHOCTH J, ..., J; TOKa UMEIOT B OOIIEeM CJIydae pasJjind- 7
HbIE 3HAYEHUI. h/2 h/2
BoramcimM uHTErpas § B/udl Bnonb xonrypa abed, nius Puc. 27.30

!
yero pasoObeM ero Ha YeThipe MHTerpaa 1o croponam ab, be, cd, da konrypa:
Edl = h + h 140 A,
o M 2u, 2p, ) h
[ Bzt b |A—4
e M 2p 2py )k

= k1(A0 _A1),

I

: :k2(Ao _Az)r
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IBdl;( h + h ]A"_A3 =k (A, —Ay),

M 2, 2p, h
IBdl;( h o, h ]AO 4 =k, (Ay —A)).
g B 2p, 2py h

Bxoasmuii B pasnoctHoe ypaBHenue (Ag — A ky + (Ag — Ag) ky + (Ag — A3) ks +
+ (Ay —Ay) k4 = i TOK i CKBO3b IUIOMIA/IKY, OTPAHUYEHHYIO KOHTYPOM abcda, Bbipazum
yepes IJIOTHOCTH Jj, ..., J; TOKa B KBajparax i =.J,, B =025 (Jy+Jy+ Jy + Jy) h*uio-
JIY9UM OKOHYATEJHHO:

4 4 s
S kA - Ay k=, B )
i=1 i=1
ITo ananoruu ¢ pazHocTHBIMU ypaBHeHuaMU (*) ypaBuennd (**), sanmucanusie 171
COBOKYITHOCTH $T9€€K CETKH, 00pa3yioT CHCTEMY airedpanvecKux ypaBHEHHIl, pere-
HUE KOTOPOI MO3BOJISET ONMPEeJNTh BEKTOPHBIN TTOTEHITUAT B COBOKYITHOCTH TOYEK
obacTm.



[(naBa ABaaLUaTb BOCbMas

PacueTr MHAYKTUBHOCTEN

28.1. O6wme BbipaXkeHUA AN B3aMMHOM U CO6CTBEHHOMN
MHAYKTUBHOCTEN

B Hacrosieit riiaBe OyemM paccMaTpuBaTh CTaTiHdeckue WHayKTuBHOCTH. COOTBETCT-
BEHHO MarHUTHBIE TOTOKH, OTPEAEISIONNEe 9TH WHAYKTUBHOCTH, OYIeM HAXOIUTh
MpU TTOCTOSTHHOM ToKe. CTaTtndeckne WHIYKTUBHOCTH 3aBUCAT OT TEOMETPUYECKUX
apaMeTpoB, OMpe/eAoNX (hopMy, pa3Mepbl M B3aMMHOE PACTIOI0KEHNE KOHTYPOB,
1 OT MarHUTHO¥ MTPOHUIIAEMOCTH CPE/IbI, OKPY>KAIOIIeil KOHTYPBI, @ TAaKyKe OT MarHUT-
HO MTPOHUTIAEMOCTH BEIEeCTBA CAMUX ITPOBOAIINX KOHTYPOB. Ecsint p = const, To uH-
JNYKTUBHOCTHM KOHTYPOB HE 3aBUCAT OT TOKOB B HUX.

Ob6paTtM 0cob6oe BHUMaHHE Ha TO, YTO
WHYKTUBHOCTH OIPEJEISIOTCS TIOTOKOCIIe-
[JICHUEM, T. €. JIIST BBIYUCICHUS UHIYKTUB-
HOCTH 9JIEKTPUYECKOTO KOHTYpa HeOOXOIH-
MO OIPEEJUTh [MOJTHOE YUCJO CIETICHUI
€JIMHUYHBIX JIUHUI MAarHUTHON WHYKI[UU C
KOHTYPOM.

[Toyunm o61iiee BbIpaKeHUE JIJIsT B3AUM-
HOI WHAYKTUBHOCTH IBYX KOHTYPOB TTPOU3- p
BOJIBHO 33j1aHHO# (hopMbr (prc. 28.1). Puc. 28.1

[Ipeamosoxum, 4TO KOHTYPBI HAXO/AT-
cs B BO3/IyXe U MaTepuas MPOBOJHNKOB HedeppoMarunTHbIH. [Ipumem Beiomy 1 = .
YenoBumest 0603Ha4aTh TIOTOKOCIENIEHIE B3aMMHOI HHYKINK OYKBOIT ¢ ABYMST MH-
JIEKCaMU: TIePBbIil WHAEKC Oy/AeT YKa3blBaTh, C KAKMM KOHTYPOM CIEILISIETCS TIOTOK,
BTOPOii — KakuM TOKOM OOYCJIOBJIMBAETCS TOTOK. ByjeM McKaTh MOTOKOCIENIeH e
Wy; CO BTOPBIM KOHTYPOM, O0YCJIOBJIEHHOE TOKOM i1 B TIEPBOM KOHTYPE.

ITpenctaBuM cebe BeCh MPOBOJAHUK BTOPOTO KOHTYpa IMOJPa3/eeHHBIM Ha dJie-
MeHTapHble TPYOKHU TOKa iy (puc. 28.1). TIOTOK, CHENISAIONNICS ¢ OMHON U3 TaKUX
TpyOOK, paBeH JIMHEIHOMY WHTerpajly BEKTOPHOTO TOTEHIMaJa BAOJb OCH 3TOMN
TpyOKH

D, = §>A2 dl,.
b

Ha puc. 28.1 3amTpuxoBaHa MOBEPXHOCTb, CKBO3b KOTOPYIO TIPOXOIUT MOTOK Dy;.

ITOT MOTOK CLEIISAETCS ¢ TOKOM diy, TIPOTEKAIONIMM B pacCcMaTpruBaeMoil TpyOKe
TOKa M COCTaBJISAIONUM J0JI0 diy/iy BCETO TOKA iy BO BTOPOM KoHType. CiemoBareib-
HO, OH BHOCHUT B Besinunny Wy 0110, paBHYIO

A, = ‘?2 fa,d,.
2,
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Tak Kak TOK di, UMeET MOCTOSTHHOE 3HAYeHWe BIOJb BCell TPYOKHM TOKA, TO €ro
MOJKHO BHECTH TI0JT 3HaK nHTerpana. O6o3nayast uepes ds, cedenne TpyOKM TOKa 1 ye-
pe3 J IJIOTHOCTb TOKA B 9TOM CeYeHHN, MOKeM Harucath diy = Jods,. [locnentee pa-
BEHCTBO HpI/IO6peTaeT BU/L

1
d¥, =— f’ (J,ds,)(A,dl,).
i,
Tak kak BeKTOPbI J5 11 dl, UMEIOT OIHO ¥ TO JKe Hanpasyetue, 1o (J, ds,) (A, dly) =
= (dl, ds,) (A5 J,) 1, ceoBaTebHO,

1
¥, = 7§(J2A2)(d82 dl,).

2 A

WuTerpupys 1o BceMy CEUEHUIO Sy BTOPOTO MTPOBOMHUKA, MTOTYUUM

1
Wy =— J §(J2A2 )(ds,dl,).
by so 1y
[Tpoussenenue ds,dl, ectb anement obbema dV, Broporo npoBojaHuka. [Toatomy
notokocterierre Wy MoKeT ObITh MPEJCTABIEHO B BU/IE

1
Wy =— [J,4,dV,.
Iy},
Tak Kak MbI JKeslaeM OonpeiesiuTh Beanuuny Wy Kak IOTOKOCIEeIJIeH e B3aMHO
MHLYKIH, 00YCITOBIEHHOE TOKOM iy, TO COOTBETCTBEHHO M BEKTOPHBIII MOTEHIIHAT A,y

HEOOXOIMMO BBIPa3uTh Yepe3 TOK iy. COracHo nsmoxkeHHomy B § 27.2, umeem

_ Mo dv,
v ks

rae V1 — 06beM IPOCTPAHCTBA, 3aHNMAEMOT'O IIEPBBIM KOHTYPOM; 77 — PACCTOAHUE OT
sJeMeHTa oObeMa dV1 /10 TOYKH, B KOTOpOI7I OIIpeAe/IAeTCA BeKTOpHI)IIL/'I IoTeHInaJI,
n J1 — BEKTOP IJIOTHOCTHU TOKa B TOYKaX 9JIEMEHTa obbeMa dV1 HO[[CTaB]IE[H BbIpaKke-
HUE [JId BEKTOPHOT'O IIOTEHI[MaJa B IIOCJI€/JHEE BbIpaKEeHUE /1JId ‘P21, Iosrydyaem

\1121:“(;J‘J‘Jit]2dvidv2'

2V r

Orcioza HaxoauM o01Iee BhIpaskeHue /i B3BAUMHOM MHIYKTUBHOCTH:

Py Ho dv,dv,

M”_il_4M@I Jila =

VuTerpuposaiine 0KHO ObITH IPOU3BEIEHO OIUH Pa3 10 BceMy 00beMy 11epBOro
[IPOBOJIHUKA U JIPYTOil pa3 — 110 BceMy 00beMy BTOPOTO MPOBOJIHUKA, IPUYEM 7 €CTb
paccrositine Mexay anementamu oobemoB dVy u dV,. Ilonyuennas popmyria Bepra
TOJIBKO JIJI OJTHOPOJIHOW B MarHUTHOM OTHOIIEHUN CPeJibl, TaK KaK MCIO0Jb30BaHHOE
TIPU ee BBIBOJIE BBIpaXkKeHue J1JIsl BEKTOPHOTO TOTEHI[HAa CIIPABE/ITINBO TOJIBKO B 3TOM
cayyae. B yacTHOCTH, 1 MarHuTHas MPOHUIIAEMOCTh MaTeprasa CaMUX ITPOBOTHUKOB
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NoJKHA OBITH TAKOI JKe, KaK U MPOHUIIAEMOCTh OKpysKatoriei cpezbr. Kak 6b110 panee
OTMEYEHO, IIpU WL = const B3auMHagd UHYKTUBHOCTD HE 3aBUCUT OT TOKOB B KOHTYPaXx.
Hanuune TOKOB iy U iy B TIOCJEIHEM BBIPAKEHUN HE ITPOTUBOPEUYUT ITOMY I0JIOKE-
HU10. /leficTBUTENIbHO, BHECS TOKU T10J] 3HAKU UHTETPAJIOB, TIOJYUYUM B ITOJILIHTErPATh-
HOM BBbIPpaK€HUM OTHOIIeHUs J1 /iy u Jy/1y, KOTOPble XapaKTepU3yIOT paclipejiesieHue
TOKOB B ITpoBoiHKUKaX. Ho 1pu HocTOSITHHOM TOKe paciipe/iesieHre TOKa 3aBUCUT TOJIb-
KO OT (hOpPMBI TPOBOJHUKA U HE U3MEHsIeTCs Ipu u3Menenun toka. [loatomy ornorrre-
HUe IJIOTHOCTU TOKA B KaXK/J0M TOUKe IMIPOBOHUKA KO BCEMY TOKY IIOJHOCTBIO OIIpe-
nessiercst popMOil TPOBOIHUKA.

Ecam 6bI MBI CcTanu ONpeNessiTh MOTOKOCIEIIeHe B3auMHOM MHAyKImu Wiy ¢
HEPBBIM KOHTYPOM, 00YCJIOBJIEHHOE TOKOM BO BTOPOM KOHTYPE, TO, OYEBH/HO, MTOJIY-
i Obl

CuieioBaTeIbHO, Uik B3AMMHON WHAYKTUBHOCTH My = Wy /iy MBI IMEJIU OBI TO JKe
caMoe BhIpasKeHUe, YTO U st Moy, TeM caMbIM TIOATBEPIKAAETCS BaKHBIH BBIBOJI, T10-
JIYIeHHBI B TIEPBOI YaCTH M3 YCJOBUS HE3aBUCUMOCTU DHEPIMU MArHUTHOTO TIOJISI
TOKOB OT MOPsI/IKa YCTAHOBJIECHUS TOKOB, 2 UMEHHO: TIPH L = CONSt UMEEeT MeCTO paBeH-
CTBO

M, =M,,.

[Tosryunm obriee BbipaskeHue Jjist COOCTBEHHOM MHIYKTUBHOCTH L KOHTYPa, MOJIb-
3ysICh HailICHHBIM OOIINM BbIPpasKEHHEM [IJIsI B3aMMHON WHAYKTUBHOCTH Moy JBYX
KOHTYpOB. IIpeacraBum cebe Ba COBEPIIEHHO OJANHAKOBBIX KOHTYPa, COMMKAIOIINX-
Cs1 JI0 TTOJTHOTO CJIMSTHUS TaK, YTO OJMH U3 HUX 3aHUMaeT oObeM apyroro. [Tocie Tako-
TO CITUSHUSA, TIO CYIIECTBY, YK€ OCTAETCS TOTbKO OIUH KOHTYP. V3 BBIpasKeHUS IS
My, HEeTPY/IHO IOJYYUThb BbIpAKEHUE JUIsT L TaKOro KOHTYpPA, IPUHAB iy = Iy =1 U
Vi=V,=V. NUmeem

L= HO-Z J‘J‘JJ,dVdV"
Lyy

4m r
npuyeM J — IMJIOTHOCTH TOKa B asieMeHTe oobema dV; J' — 7
IJIOTHOCTh TOKA B 3jieMeHTe dV' 1 7 — PacCcTOsIHIE MEXIY
anemerTamu obbema dV u dV. MIHTerpupoBatue mponusBo- dn .

IATCS IBaXkAbl 110 06beMy Bcero mpoBojuka (puc. 28.2).
[TpuBesieHHOEe BbIlle BHIPAsKEHIE /IS PACUETa MH/YKTHB-
HOCTHU L MOXHO TIOJTy9UTD, UCTIOJIb3YsT TAKIKE COOTHOIIEHUE 5

W = 51 J AJ dV, (cm. § 27.4), cBsasbiBaionee Beuauibr W, Puc. 28.2
V,

J

dv,

r

Jun A. YuurniBad, 4to A = Z—O jJ , U1 UHAYKTUBHOCTU L = 2W /i2 HaXoUM
i
4]

BBIPAJKEHHE, COBIIaaonee ¢ HaliienubIM Boltte ipu V,=VuV; =V,.
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Bripaxxenne g My BecbMa yIIPOIIAeTCs JI7Is1 KOHTYPOB
13 JIMHEHHBIX TTPOBOJHITKOB, TTIONIePEeYHbIe Pa3Mephl CeUeHni
KOTOPBIX BECbMa MAJIbl 110 CPABHEHUIO C JJTMHOW KOHTYPOB U
IO CPaBHEHWIO € paccTosgHIeM Mexky HuMu (puc. 28.3). B Ta-
KOM cjly4ae HeT HeOOXOIMMOCTH JEJUTh TPOBOJAHUKN Ha
TpyOKH TOKa. BeKTOpHBIIT MTOTEHIMA B IIeHTPe aJeMenTa dly
IIPOBO/IHUKA BTOPOTO KOHTYPA MOKHO BBIYNCJIUTD 110 (hOPMY-
ge (eM. § 27.2)

A _“Jj;ﬂ

, =
471, r
1

Puc. 28.3

[Torokocrerietue Wy IPU 3TOM MOKET OBITH MTPUHSITO PABHBIM MOTOKY @9y CKBO3b
ITOBEPXHOCTD, OTPAHNYEHHYIO OCbIO IIPOBOJHMUKA BTOPOrO KOHTYPA, T. €.

o ¢ridhdl,
W, = ®, = §A,dl, =0 fat®s
;f 47:%?3 r

Paznenus ¥, Ha iy, mosydyaem

M, = o fp il

4 w7

[TpecTaBisieTcst BOSMOXKHBIM YIIPOCTUTH U BbIpaskeHue st L KOHTypa, 00paso-
BaHHOTO W3 TOHKOTO MpoBoAHNKA. OIHAKO YIPOUIEHHYIO (DOPMYITY HETb3sI IPU 3TOM
[PUBECTH B TOYHOCTH K TOMY BHIY, K KOTOPOMY OBLIO IPUBEIEHO BbIpaskeHMe /st
M,,, 1. e. Hetb3s1 cBeCTH B (hopMyJie [t L IByKpaTHOEe MHTETPUPOBAHIE TI0 00BEMY
[POBOJIHUKA K JIBYKPaTHOMY WHTETPUPOBAHUIO 110 OCU ITPOBOAHUKA, TaK KaK TaKOU
uHTerpan obpaiaercs B 6ECKOHEYHOCTb.

Yrpoienvie GopMyJIbI IS L KOHTYpa U3 TOHKOTO ITPOBOAHUKA KPYTJIOTO CeYeHUsT
MOZKHO BBITIOJTHUTH CJIEIYIONUM TTyTeM. Pa3iesim motoxociienienne W Ha /iBe 4acTu:
W =Youew T Wanyrp ipuuem Wy, ONpeessgercst IMHUAMU MarHUTHOM MH/LYKITUH, OX-
BaTBIBAIONIUMHU BECh TTPOBOJIHUK, CJIEIOBATEIBHO, PACIIOJIOKEHHBI-
MU IIeJIMKOM BO BHEITHEH 110 OTHONIEHUIO K IIPOBOJHUKY Cpejie,
u Wy, ONIPENETIAETCs TMHASAMI MATHUTHOW MHJYKIIMH, TIPOXO0-
IAIMUMU BHYTPHU TeJia TPOBOAHUKA. JIMHUHU, ompezessaonue Be-
JnauHY Wy em, TPOXOIAT CKBO3b 3aNITPUXOBAHHYIO Ha puc. 28.4
MOBEPXHOCTD, OTPAHMYEHHYIO KOHTYPOM Ly, JIESKAIIMM Ha BHYTPEH-
Heil MOBEPXHOCTH MPOBOAHMKA. B ciryyae ecim mpoBogHUK 0Opa-
3yeT OJIMH BUTOK, TO KayK/asl TaKas JUHUS CLEIISIeTCs OJIMH Pa3 ¢
MPOBOJIHUKOM U, CJIE/IOBATEJIbHO,

Wy = P = Ay dlly,

BHeUI BHeUI

Iy

rie A, — 3HaYeHne BEKTOPHOTO TIOTEHIIHAA Ha KOHTYpe [y, Besmuniy Ay MoKeM TIpu-
OJIVDKEHHO BBIYUCIIUTD 10 (hopmyJie
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A, _“Jﬁliidli

41tl r
1

[TpeanosoxKuM, 4TO BECh TOK i T€YET 10 OCH MPOBOAHKKA. [Ipy aTOM MHTErpupoBa-
HI€e TPOU3BBOIUTCS 10 Beedt ocu [ poBoituka. VHTerpas nMmeeT KOHEYHOE 3HAUECHNE,
Tak Kak BCe TOYKM KOHTYPa [y, B KOTOPBIX onpezensiercst Ay, JiekaT Ha KOHEYHOM pac-
CTOSIHUU 7 OT TOYEK KOHTYpa [;.

Takum o6pasom,

» :Loiﬁdlldg

Bemmunny Wy, TPHOIMKEHHO MOKHO IPUHATH PaBHOI BHYTPEHHEMY HOTOKO-
CIIETJIEHUIO B OTPE3Ke JUIMHON /{ GECKOHEYHO JUIMHHOTO MPSIMOJINHENHOTO TIPOBO/A
KPYIJIOTO CeueHHs, MOCKOJbKY PaJlyC KPUBU3HBI KOHTYpPa IMPOBOJHUKA BEJIUK IO
CPAaBHEHUIO C IIOTIEPEYHBIMU pasMepaMu ceueHusl. COorylacHO BBIPAKEHHIO, MTOJIYYeH-
HOMY B 4. I, umeem

Ho -
v =1l
BHYT] 1’
yTp 87'C
rie p — abcoJoTHAsST MarHUTHAST TPOHUIIAEMOCTh MaTepuasia 1poBoja. VIHIyKTHB-
HOCTb L MOKHO IIPE/ICTaBUTDL B BUJIE

L — \PBHGHI + \PBH_VT].) — L + L

i Z BHEII BHYTp ?
IpUYeM Ly, HA3BIBAIOT BHE M H € i, 8 Ly, — BHYTPEHH e MHIYKTUBHOCTBIO.
Wtak, MokeM Hamucath ceaylioliee YIPOIleHHOe BhIpaKeHNe AT WHAYKTUBHOCTU
KOHTYpPa M3 TOHKOTO MPOBOIHUKA KPYTJIOTO CEUEHI:

L=L +L =L°§§M+Llﬂ
4 r

BHeII BHYTP
W 8n

28.2. B3anMHass MTHAYKTUBHOCTb ABYX KPYroBbIX KOHTYpPOB

Haiinem BbIpaskenue i B3aMMHON MHIYKTUBHOCTU KPYTOBBIX KOHTYPOB, PACIIOJIO-
JKEHHBIX B TIAPAJIJIETTBHBIX TLIOCKOCTSIX TaK, YTO UX IEHTPHI JIe)KAT HA OJTHOM TIPSIMOIA,
HOPMAJIbHOM K 9THM ILIOCKOCTSIM (puc. 28.5).

Uckomyio ¢dopMyty IMOJIYyYUM, BBIMOJTHUB JIBYKPATHOE WHTETPUPOBAHUE BJOJIb
0060MX KOHTYPOB COTJIACHO BBIPAKEHUIO

M ="

bl

OjiHaKo MHTErpupoBaHue yKe ObLIO BBITOJHEHO B § 27.16 (h

IPY OTBICKAHMU BEKTOPHOIO IHOTEHIMaJa B I10Jie KPyTOBOIO =R,
TOKa. VIMEHHO /1714 BEKTOPHOIo noTeHIana A, Ha 0Cu BTOPO- Q%

ro IPOBOJIHUKA, ONPEJEIAeMOro TOKOM iy, IIPOTEKAIONIUM B
IIEPBOM KOHTYpE, UMEEM BbIpaKEHIE Puc. 28.5
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Mo Z.1 121
A, = — k .
’ 2n R2 f( )

ITpu 5TOM B COOTBETCTBUY C MPUHATHIM B § 27.15 0603HAUEHMEM TIOTyYaeM
k2 — 4R1R2
h* +(R, +R,)*

3mech Ry u Ry — pajinychl KOHTYPOB U I — PaccTOsTHUE MEXKIY UX TeHTpamit. [1pumsi-
TO W = g, TAK KaK MPeJII0IaraeTcst, YTo KOHTYPbl HAXOAATCSI B BO3yXe.

Oynkius f(k) nsobpaxkena B Bujie KpuBoil Ha puc. 27.20. OHa MOKeT OBITH TIPe/I-
CTaBJIeHA Yepes TOJTHbIE AJTUTITHYEeCKIe MHTETPAJIbI IEPBOTO U BTOPOTO POJIA COTJIAC-
HO BBIpaKeHUsIM, TIpUBeeHHbIM B § 27.16. Bextop A, KacaTejeH K OCU ITPOBOJIHUKA
BTOPOTO KOHTYpPA W BCJIEJCTBUE CUMMETPUU WMeEET OJMHAKOBYIO BEJUYUHY BJOJIb
BCero BTOporo koutypa. CieoBaTebHo, TTOTOKOCIENJIEHe B3AUMHON HHAYKIIUU CO
BTOPBIM KOHTYPOM, 00YCJIOBJIEHHOE TOKOM i1 B TIEPBOM KOHTYPE, TI0JTy4aeTcsi PABHBIM

Wy, = §Aydly = §A,dly = Ay dl, = A,27R, =i RR, [ (k).
Iy by Iy

Takum 06pa3oM, UCKOMast B3aMMHasl MHIYKTUBHOCTb BbIpakaeTcst (hopMyJIoit

M :& =Hoy R R, f (k).

1

28.3. NHAYKTUBHOCTb KPYroBoro KOHTypa

Haiinem dbopmysy 17151 MHAYKTUBHOCTH KPYIJIOTO KOJIbIIA M3 TOHKOTO ITPOBOJIHUKA
Kpyrsaoro cedernsi (puc. 28.6). BHeNHAsS NHAYKTUBHOCTD Ly, ONIPeeisseMast oTo-
KOM @y;\o, IMHUM KOTOPOTO OXBATBIBAIOT BCE CEUEHUE MPOBOIHNKA, PABHA B3aUMHO
UHIYKTUBHOCTH MEXKIY OEeCKOHEYHO TOHKUMH KPYTOBBIMU
KOHTYPaMMU, OINH U3 KOTOPBIX, /j, COBIAIAeT € OCBIO MPOBOJI-
HUKA U JPYTOH, [, SIBJIsIETCSI BHYTPEHHEH, T. €. HAaNMeHbIIei,
OKPY>KHOCTBIO Ha TIOBEPXHOCTH MPOBOAHNKA. Cre1oBaTesbHO,
mosarad B mocyienHeM Boipakeruu § 28.2 Ry=Ru Ry=R — a,
MO>KeM HaImcaTh

LBHeIH :MO \IR(R_a) f(k) zHOR][(k)7

Ijie @ — paguyc cedeHus: MPOBOAHMKA U R — pamamyc KOJblia,
npudeM a < R. Tak kak KOHTYpbI [; 1 [, 1e)kat B OHOM T110C-

i
i

Puc. 28.6 KOCTH, TO B BRIpaskeHu 17151 k> ciemyet mpunsath i = 0. Mveem
o AR-0R _ & ~1_(aj2
(R-a+R)? 4R* — 4Ra+ a 2R )’

CaenoBate/ibHO,
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aY a’
k= [1-| — | =1- >
2R 8R
Beawuuna f(k), BXoasias B BoIpakeHue st Lyq,, MOKET OBITH OMpeaeseHa U3

kpuBoii Ha puc. 27.20. OxHako 1 paccCMaTPUBAEMOTO CIydast a << R MOXKHO TIOJTy-
YUTh TPUOIMKEHHOE BhIpaskenue ast f(k). Tak xak & ~ 1, To IpUOIMIKEHHO NMeeM

(2 _plk-2F~kK-
f(k)_(k k)K LE~K-2F

MosKkHO MOKasath, uTo npu k ~ 1 smnrudeckue unrerpansl K(k) u E(k) umeror
caeyoriye mpubIMKeHHbIe 3HAYeHUST:
8R

4 ~xIn— u E=~1.
1—k? a

CuienioBatesbHo,
LBHem = MORf(k) ~ MOR[IHSIQ _Zj
a

Tak kak /; = 2R, TO BHYTPEHHSISI MHYKTUBHOCTD BbIpakaeTcst (hopMyJioit

ply _pR
L =tt-Br
P 8n 4

CietoBaTesibHO,

L =MOR(1n8R—2J+“R.
a 4

Ecsm npoBoy; 13 HeeppOMarHuTHOrO MaTepHasa, TO [ ~ [y U
L= pOR(1n8R - L75J.
a

Bripaxenne mg BHyTpeHHel WHIYKTUBHOCTH TIOJYYeHO B MPEATIONOKEHUN PaB-
HOMEPHOTO PacIpe/ieJIeHUst TOKa 10 CEYEHUIO TIPOBOAHIUKA, YTO COOJIIOIAETCS P 110-
CTOSHHOM TOKe. [Ipy lepemMeHHOM TOKe BBICOKOI 4acTOTHI B CIy4ae Pe3KOTO MPOsB-
JIEHUS TOBEPXHOCTHOTO a(hheKTa BHYTPEHHUI MOTOK MPH W = Wy OyAeT MaJl, U TOYHee
BBIYHCJIATH UHAYKTUBHOCTD 110 hopMyJie

L= MOR(IH&BR—Z}
a

npenebperas BeIMINHOMN Ly,

28.4. MeTop y4acTKOB

[Tomygyennsie B § 28.1 BbIpaskeHUd 718 MHAYKTUBHOCTEH KOHTYPOB U3 TOHKHUX TIPO-
BOJIHMKOB JIAI0OT OCHOBAHWE BBECTH METO/I pacuyeTa, OCHOBAHHBIN Ha yYCJIOBHBIX MOHSI-
THSIX O B3aUMHOW MHIYKTUBHOCTH MEJK/Y Y4aCTKaMU [POBOIHUKOB U 00 MHIYKTHB-
HOCTSIX YYaCTKOB TIPOBOJIHUKOB.
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[Iycts mmeioTcst Ba KOHTypa. Pa3obbeM mepBbIit
KOHTYD Ha 7 Y9aCTKOB U BTOPOI KOHTYDP — Ha 7 y4acT-
koB (puc. 28.7). lnuny k-ro y4acTka mepBoro KOHTypa
0603HaYMM Yepes [y, ¥ UTUHY p-TO y9acTKa BTOPOTO KOH-
Typa — uepes Iy, Pasousasg B Beipaxkenun ans My, un-
Terpajibl M0 3aMKHYTBIM KOHTypaMm [; u [, Ha cymMMbI
WHTErPAJIOB, B3STHIX BIOJb YY4aCTKOB KOHTYPOB, OyneM
UMETh

M21=1§ .”-dldl

k1p147'5

hily

Boipaskenue, cTosiee 1oj 3HAKOM JIBOHHOI CyMMBI, MOKeM pacCMaTpUBaTh Kak
B3aUMHYIO HHIYKTUBHOCTD M5, MEKIY k-M y4acTKOM IIePBOTO KOHTYPa U p-M yda-
CTKOM BTOPOTO KOHTypa. Takum o6pasom,

k=m p=n
M21 = z iMik,Zp'
k=t p=t

== AHJIOrIYHO MOYKHO TOCTYIIUTD IIPU BbIYUCJICHUN UH/YKTHB-
\ HOCTH KOHTYpa. PasoObeM Bech KOHTYD Ha m yuacTKoB (puc. 28.8).
[Ipu aTOM TIYCTH [1), €CTH OTPE30K k-TO yUacTKa 1Mo OCH MPOBOJI-
HUKa, a [y, — OTPE30K p-TO yJacTKa 110 BHyTPEHHeMY KOHTYDY,
="/, JlekalieMy Ha MOBEPXHOCTH MPOBOAHKMKA. XOTs JJIsI TOHKOTO
Puc. 28.8 npoBoaHuKa Iy, = [y, HO HEOOXOMMO PA3IMYATh 9T /[BA yYaCT-
Ka, TaK Kak B popMyJie iid L WHTErpUpOBaHME MTPOU3BOIUTCS
OJIMH Pa3 1o OCU MTPOBOJHUKA, IPYTOil pa3 — M0 YKa3aHHOMY BHYTPEHHEMY KOHTYDY.

Dopmya 1 L mpuHUMAaeT BU

SES dl,dl,
ol

k=t p=1 4n

llp

L +L

BHYTP *

hrlyy

Borpaskenue 1o 3HAKOM IBOWHONW CYMMBI MOKHO YCJIOBHO paccMaTpUBaTh MPHU
k = p Kak BHENIHIOIO WHAYKTUBHOCTD Ly R-TO ydacTKa KOHTYpa U IPU k # p — Kak
B3aNMHYI0 HHIYKTUBHOCTD M}, MEKy k-M 11 p-M ydacTKaMu KOoHTypa. IIpu Beraucire-
Hun My, MOXXHO HHTErPHPOBAHNUE IO OTPE3KY BHYTPEHHETO KOHTYPA [y, 3aMeHNTD HH-
TErpupoBaHKEM 10 OTPE3Ky OCH [y, TOTo Xe p-To ydactka. Torma Oynem umers

Mlk,?p leka :Mkp u M1p,2k lep,lk :Mpk

YuurbiBast, ut0 My, = M, no1y4aem
k=

k=m
L= ZLBHcmk +2 EM]@[J —'_LB”}’TPy

k=1 k=1
rue

BHemk

M,,

Hklzk 1116[111

deldl jjdldl

npuveM dl; — smeMeHT Ha ocu k-To ydacTka, dl{ — sIeMeHT Ha OCU p-TO y4acTKa.
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B BoIpaskenu iiuist L BO BTOPOM UJieHe p # k 1 ONpe/ie;IeHHOe CoueTanne NHIEKCOB
k ¥ p BcTpedaeTcst TOJIBKO OJWH Pa3 HE3aBUCHMO OT MOPSIIKA, B KOTOPOM OHH CTOSIT.

PaccMoTpeHHbIiT MeTo/T 06JIerdaeT pacuer WHAYKTHBHOCTEN B T€X CIydastx, KOr/a
KOHTYPBI MOKHO pa3OUTh Ha YUaCTKH, UMETOIIIe TIPOCTYIO0 (hopMy, HampuMep Ha TIps-
MOJIMHEeHbIe OTPe3KN WM Ha JYT'M OKPYKHOCTEH.

28.5. MIHAYKTUBHOCTU KOHTYPOB, COCTaBJIEHHbIX
M3 NPAMOJIMHEWHbIX OTPE3KOB

DopMyJIBI IS B3AUMHOM MHIYKTUBHOCTH M, 9, ¥ MHIYKTUBHOCTH Lyyey j YIACTKOB
IIPOBOJIOB CXOHBI ¢ (HOPMYJIaMU I TIOTEHIUAIbHBIX KOI(MDMUIIMEHTOB OTPE3KOB
IIPOBOJOB, MOJYYEeHHBIMU B § 25.6 110 METOAY cpeJHKX MOTeHI[ManoB. Pasimune 3a-
KJIIOYAETC B MHOKUTEIAX, CTOSIUX [ePel 3HaKaMU UHTErPasioB, U B TOM, 4TO B (hop-
MYJIBI JIJIst MHIYKTUBHOCTEH BXOAUT CKAJISIPHOE MTpou3BeieHre BeKTopoB dly u dl,, 1. e.
sesmunna dly dly = cos 0 dlidl,, tiie © — yros Mesxy HallpaBJIEHUSIMU DJIEMEHTaPHBIX
otpe3koB dl; v dly, a B GOpMYJIbI IS MOTEHIIUATIBHBIX KOA(MOUITMEHTOB BXOAUT TIPO-
usBenenue dldl, niH OTPE3KOB.

B ciywae korga orpesku [ u [, npsaAMoIMHeRHbI, BeIMYnHa cos O OaMHAKOBa IS
Bcex aneMenTos dl; u dly u MokeT OBITh BRIHECEHA 32 3HAK MHTerpasa. [Ipu atom dop-
MyJIa I B3aMMHOM MHIYKTUBHOCTY MEKIY STUMHU OTPe3KaMM IpuodperaeTr B

_Ho dl,dl,
M, =i cosG{}[r.

B dopmyse mist coOCTBEHHON UHIAYKTUBHOCTU Lyyc, MPSIMOJIMHEITHOTO OTpE3Ka
HEOOXOMMO TIPUHATH cos O = 1, 1, cie10BaTeIbHO,

ng g pdld
b =S5

Itu (POPMYJIBI OTIAMYAIOTCS OT (DOPMYJI JIJISE MOTEHITUATBHBIX KOI(MMUITNEHTOB 0Ly
U 0 TOJBKO MHOXUTeaaMu. Mmeem

M
2 =gl 1, cosb;
SFP) &gy

BHeEI

=g,

Ha s10 06cTOsTEIbCTBO 06paThI BHUMAHKE B OAHON 13 cBoux pabor JI. A. Ileiir-
guH. OHO nMeeT Ba)KHOE 3HAUEHUe, TaK KaK /IaeT BO3MOXKXHOCTh UMEIOIUecs B JUTe-
patype (OpMyJbl JJisT MHAYKTUBHOCTEH MCIOJIB30BATh /IS BBIYUCJICHUS TOTEHITH-
AJIbHBIX KOA(DPHUIIMEHTOB U 0OPATHO.

B § 25.6 6bua BeiBesieHa hopmyJia st KOd(DMUIIMEHTOB Oy ABYX HapaslJieJbHbIX
OTPE3KOB MPSIMBIX TIPOBOJIOB OJIMHAKOBOW JIJTMHBI [, PACTIONIOKEHHBIX TAK, 4TO HAYAJA
OTPE3KOB HAXOATCA Ha OJHOM K HUM MEPIEeHIUKYJApe. PaccTodgnme Mexay ocsaMu
TTPOBOIOB paBHO D.

Ecom nampasiienust 06Xo/a, KOTOPbIe CYUTAEM MOJIOKUTETbHBIMHU, [I7ist 0O0OUX OT-
peskoB coBmazaoT, To 0 = 0 u cos 6 = 1. Ecain mostoxkuTeIbHbIe HATPABICHIST 000UX
OTPE3KOB ITPOTUBOIIOIOKHBI, TO O =Tt 1 cos 0 = —1. Vcriob3y st BeIpakeHus 11 OTHO-
meHust Mys/0Ly9, TOJIy4aeM
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M =+pg,l*

e/

YuuTeBasg paBeHCTBO

MOJKEM HallnCaTb

:+Lol 11ql+\/12 +D? _\/12 +D*-D

M=+
2n D /

B wactHoM coryyae mipu [ > D nosydaem

M = i“ol(lny - 1).
21 D

U3 noceaneii popMyJibl HEOCPEJCTBEHHO BhITEKaeT BhIpaskeHue /s BHelHeil
MHAYKTUBHOCTH MPSAMOJIMHEIIHOTO oTpe3ka IIPOBOAHMKA JTNHON [, IMeIoIero Kpyr-
JI0e cedeHue pajuyca ry, IpudeM 7, < L. B a1oit hopmyie Heo6xoamumo sameHuTs D Ha
7y ¥ B3STH 3HAK ILTIOC. VMeem

[, 21
i [ PN

BHem
2\ 7,

O6parum ocoboe BHUMaHKE Ha TO, YTO KOI(DMUIMEHTDI Oy OBLIN BBIYUCIEHBI B
§ 25.6 mpubIMKEHHBIM METOZOM CPEIHUX MOTEHIMATI0B, OCHOBAHHBIM Ha JOIMYIIe-
HUW, 4TO 3apsi/l paclpesie;ieH PaBHOMEPHO 110 JIJINHE TPOBOJA, T. €. UTO JINHeHas
IJIOTHOCTD 3apsijia OJJMHAKOBA 10 Bcell aynHe mpoBojaa. Oxnako dhopmysibl aast M u L
B 9TOM OTHOIIIEHNUH BIIOJIHE TOYHBI, TAK KaK IIOCTOSIHHBIN TOK UMEEeT OJHO U TO JKe 3Ha-
YyeHue Ha BCell JJIMHE TPOBO/IA.

28.6. NIHAYKTUBHOCTb NPSAMOYIOJIbHOW PaMKH

Bocriobayemcst METOIOM yYaCTKOB JIJIsT BBIYUCIEHUST MHAYKTUBHOCTH TIPSIMOYTOJTh-
HOW paMK¥ U3 TIPOBojIa Kpyroro cedenus (puc. 28.9). JIMHbI cTOPOH paMKK 0603Ha-
9M Yepe3 a u b, paauyc ceuenus — depes ry. Llyctb a >y u b > .
BsauMnasi MHAYKTUBHOCTH MEK/Yy B3aUMHO TepPHEeHUKYSIPHBIMI CTOPOHAMU
paMKHU paBHA HYJIO, Tak Kak 37ech cos O = 0. CienoBatesibHO, OCTaTOYHO yUECTh
= TOJIBKO B3aUMHbBIE WHAYKTUBHOCTU MEXK/Y TTapaMH MPOTHBOIOJIOK-
HBIX TTAPAJIETBbHBIX CTOPOH paMku. /[y aTux cropon cos 0 = —1, Tax
Kak, TepeMelasiCh BI0Jb KOHTYpa PaMKH, MbI 00OXOIMM TIPOTHBOJIE-
JKATe CTOPOHBI B MPOTHBOTIONIOKHBIX HATIPABIECHUSX.
JIJist CTOPOH paMKH, UMEIONIUX JUINHY [ = a ¥ paccTosiHue MeXKLy

o

OCSMHU TIPOBOAHNKOB D = b, 0603nauns yepes d =~ a’ + b*> nuaronab
-a=———=
PyC. 28.9 paMKH, T10JIydaeM
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M :_uoa(lnaer_d—bj:an(ln b +d—b].

“ 2n b a 2n a+d a

CoO0TBETCTBEHHO Jid CTOPOH, MMEIONNX AJINHY bn paccTodgHmne Mexay OCAMU
IIPOBO/IOB d, MOKEM HallCAaTb:

Mb:”—ob m—?_,4-a)
27 b+d b

Buemnue WHAYKTUBHOCTU CTOPOH, UMEIOMUX JIJIUHbL d 1 b PaBHbI

LBlleLle =l'l20a[1n2a - 1j; LBI[ELle =l'l20b(l % 1]

T 7y s "y
BHYTpeHHIOIO MHAYKTUBHOCTbH BCel PaMKM HaXO/IuM, 3aMeyasi, 4TO JJInHa KOHTYpPa

paBHa 2(a + b). CieoBaTesbHO,

M asrb
4n(a+ ),

BHYTD
rae pu — a6COJIIOTHa$I MaronTHasA IIPOHUIIAEMOCTb MaTepHaJjia IIpoBO/ia. Taxum 06pa-
30M, II0JIyd4a€M OKOHYATEJTbHO

L=2L +2L +2M +2M, +L =

BHEI a BHeI b a b BHYTp

:“o{alnw’mln 2ab —2(a+b- d)} (;bj
T

T ry(a+d) r,(b+d)

28.7. BsaMMHas MHAYKTUBHOCTb MeXAay ABYMS
OABYXMNPOBOAHbLIMU JINHUAAMU

Haiizem Boipakenue /i1 B3aMMHON WHAYKTUBHOCTH MEXKJY JIBYMSI JIBYXITPOBO/IHbI-
MU JIMHUASIMU, 0OPa3oBaHHBIMK TIPOBOAMHU KPyTiIoro cedenust. Ha puc. 28.10 rudpoit
1 momeueHo cedeHue mpsIMOrO MPOBOAA MEPBOM aunuy u nudpoit 1’ — ceuenue 06-
paTHOTO TIpoBOIa 3TON JWHWHU. COOTBETCTBEHHO IH(paMu
2 1 2' moMedyeHbl CeYeHUsT TIPSIMOTO U 0OPATHOTO TIPOBOIOB
BTOpOiil smaun. Ilycrh anuna JuHun [ MHOTO GOJbIE BCeX
paccTOSHWI MeXAYy MpoBoAaMU. B TakoM ciydae mpu mMoj-
cueTe BeJIMUUHBI M MOKHO TIpeHeOpedb OTpe3KaMu, COEMIN-
HSIOIUME TTPOBOJIa B Havyasle W B KOHIlE JIMHUU U M300pa-
sKeHubiMu Ha puc. 28.10 mrpuxamu. [losab3ysch MeTomoM
YYaCTKOB, HAXOJNM

M=M,+M, +M,, +M,, 22751(1 n2l - 1]-“01(1 n2t 1}

Puc. 28.10

"2 T\ Ty
+LOI 1112*[—1 oy ln2—l—1 :L‘)Zlnm_
2m Try 2n Ue 2n 1l

B uncaurene oz 3nakoM siorapudma CTOAT PACCTOSHUSA MEKIY TTPAMBIM TIPOBO-
JIOM OJTHOU JIMHUU U OOPATHBIM MPOBOIOM JPYTON JIMHWU, a B 3HAMEHATEIE — Pac-
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CTOSTHUSI MEK/TY TIPSAMBIME U 0OpaTHBIMK TIPOBOAAMK 0Oenx anHuii. Bemmunra M mo-
JKET OKA3aThCsl MOJOKUTETBHON UM OTPUIATENHHOM B 3aBUCUMOCTH OT TOTO, OyaeT
JIV BEJTMYIHA, CTOSIIIAS TT0/1 3HAKOM Jiorapudma, 6oJIbIe niv MeHbiie eauuibl. /s
pacIooKeHus POBOIOB, TToKazaHHoro Ha puc. 28.10, M > 0. ITo 3HAUUT, UTO TIPU
000MX TTOJIOKUTETBHBIX TOKAX B JIMHUSX MOTOKM CAMOMHIYKIMU 1 B3aUMHON MHIYK-
MU HATIPABJIEHBI COTJIACHO.

Ecsin 66 MbI TIOMEHSIJIM MECTaM¥ NIPSIMON M OOPaTHBIN TPOBOJIA B OAHON U3 JN-
HUI, T. €. UBMEHUJIU YCJIOBHOE TIOJIOXKUTEbHOE HATIPABJIEHIE TOKA B OJTHON U3 JINHUII,
TO TOJIYYHJIN OBl JIJIsT TAKOTO K€ PACIoJIOKeHHs MPoBogoB M < 0. ITO 3HAYMT, 4TO
pu 000UX MOJIOKHUTETBHBIX TOKAX MOTOKU OBLIK OBl HATIPABJIEHBI BCTPEUHO.

28.8. MIHAYKTUBHOCTb ABYXNPOBOAHOW JINHUM

« OnpesiesuM, TOJB3YSICh METOJIOM YYACTKOB, WHIYKTUB-
HOCTb MEeTJIN, 00PA30BAHHON ABYMS MapalJieIbHBIMK TTPO-
BozamMu KpyrJioro cedenus (puc. 28.11). Paccrognue mex-
Iy OCSIMU TIPOBOZIOB — D), paanychl ux cedyeHnit — R u R/,

Puc. 28.11 mumHa netan — [ MoskeM Hammmcatb
L= Lsuemi + Lsueml’ +2M11’ + LBuyTp’
rue
LBHcml = HOl(lny - 1)? LBHCLLIi’ = LOZ (1112[ - 1Ja
2n R 2n R
M, = Bl 2y o Ly = w2l :“l,
2n D 8t 4m

npuyeM L — abCcoJIOTHAsE MAaTHUTHAST TIPOHUIIAEMOCTDh MaTeprasia mpoBoaos. [Torydaem

2
L=M—°llnD +“—Z=£ uolni+E
21 RR 4n =n JRR 4

B BaskHOM YacTHOM cJydae st IBYXITPOBOIHOM JUHUN 00bI9HO R’ = R,

IIpu aTtom
[ D pn
L=- In—=+~=|.
n(uo R )

4

[Ipu p > g, HATIPEIMED [IJIsT CTATBHBIX TIPOBOIOB, 3Ta (hopMyJIa sSIBJIsIETCs TIPHOIN-
’KEHHOI, TaKk Kak Hasnuue (peppoOMarHUTHOH Cpelbl MCKaKaeT 10Jie OKOJIO TIPOBOJIOB.
OpHako 9TUM HCKaKEHHEM MOKHO TpeHedpedb, eCii PajinyChl CEY€HUN MPOBOJIOB
MaJIbl TI0 CPAaBHEHUIO C PACCTOSHUEM MeXKIy rpoBoaamu. [Ipu p = py ata dpopmyia,
KaK MOJKHO TTOKa3aTh, f1aeT rmpu / >> D ToyHOoe 3HaYeHUe CTATHYECKOM HHAYKTUBHOCTH
ISt IIOOBIX COOTHOIEHUH Mexay D u R.

28.9. UHAYKTUBHOCTb Tpexd(a3HOW IMHUKN

B kaxknom nipoBojie TpexdasHol JIMHWM Tepeiadu MHAYKTHpyeTcs He Toibko J/C
CAMOMH/IYKITUH, 00YCJIOBJIEHHASI TEPEMEHHBIM TOKOM B 3TOM IIPOBOJIE, HO TaKKe U
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I/1C B3auMHOI MHAYKIMK, 00YCIOBIEHHAst TOKAMU B JAPYTHUX MPOBoAax JuHun. Pac-
CMOTPHUM TPEXITPOBOJIHYIO JIMHUIO, T. €. IUHUIO, B KOTOPOIX OTCYTCTBYET HEUTPATbHbIN
poBoz. OOBIYHO aKTUBHbBIE CONPOTUBJIEHUS 7 U MHAYKTUBHOCTH L OJUHAKOBBI /ISt
BcexX TpexX MpoBoaoB. OMHAKO B3aUMHbIe HHAYKTUBHOCTH M9, Moz 1 M3 MEXKITY TIPO-
BOJIaM¥ [TPU HECUMMETPUYHOM PACIOJIOKEHUH TIPOBOAOB OYAYT OTJIUYATHCS IPYT OT
apyra. Eciay TOKM B JIMHUM M3MEHSIOTCS 110 CUHYCOUJATbHOMY 3aKOHY, TO MOXKHO
BOCIIOJIb30BAThCSI CUMBOJIMYECKUM METOOM U JIJISI [TaJIleHNs HAIIPSIKeHUH B TPoBOIax
HanucaTb BbIPaKeHUS:

U =@+jol)], +joM, I, +joMl,;
U,=0+jol)l, +joMyl, +joM,l;
U, =(+jol), +joMI, +joM,I,.

[IpearosokuM, 4TO TOKHM B JIMHUN 0OPa3ylOT CHMMETPUUYHYIO CHCTEMY, T. €. I,

3o, 1 43

e . 1 .
=a’l; I,=al,tnea=——+ji"ua>=———j>",
v 43 1 9 ]2 9 ]2

y‘{I/ITI)IBaH, qTo a3 = 1, MOJKEM IIepenuncarb ypaBHeHI/IH B BU/IE
U =[r+jo(L+a’M,, +aM)]1;
U2:[r+j03(L+a2M23+aM21)]j2; )
U, =|r+jo(L+a*M, +aM )i,

Boipaskenust, cTosiiue B KPYTJIbIX CKOOKaX, BCE BEHIECTBEHHBI TOJBKO B CJIydae
CHMMETPHUYHOTO PACIIOJIOKEHUS TPOBOJIOB, KOT/IA

M12 =M23 =M31 =M.

[eiicTBUTENBbHO, IPUHUMASA BO BHUMaHUE, YTO a’>+ a=—1, B aTOM cJyJae ToJry-
yaeM
Uy =[r+jo(L-M)]I;
Uy =[r+jo(L-M)]I,;
U, =[r+jo(L-M)]I,.

Pasnocts L — M = L' B nocjieiHNX ypaBHEHUSAX MOKHO pPacCMaTpUBaTh KaK 9KBU-
BJIEHTHYIO WHAYKTUBHOCTH OJHOTO MPOBOja. VIHAYKTUBHOCTH L yelMHEHHOTO TIPO-
BOJIA JUTMHOI [ 1 ¢ pajimycoM cedenust R BoipaskaeTcsi (hopMyJIoit

L=L,. +L ='L;01[1n2l—1)+“l

BHeII BHYT )
P T R 8n

rie p — abCcoIOTHASE MAaTHUTHAS TIPOHKUIIAEMOCTh MaTeprasia mpoBo/a.
Bsaumnast WHIYKTUBHOCTD M MeKLy TapaieIbHBIMU TPOBOIAME JIMHO# [ ¢ pac-
cTosiHueM Meskiy ocsimu D 1ipu [ >> D BoipakaeTcst (hopMyIoit

21 D



184 Yactb 4. Teopnst aneKTPOMarHUTHOrO Mons

[Tpu sTom nepen dopmyJioil cienyer B3sTb 3HAK ILJIIOC, TAK KaK II0JIOKUTEIbHbIE
HaIpaBJIeHUS TOKOB BO BCEX TTPOBO/IaX MBI IPUHUMAEM B O/IHY CTOPOHY BIOJb JMHIHT
nepepayn. Takum 06paszom,

r=L-M=L{p,m2 8]
2n R 4

[Ipu HECUMMETPUYHOM PACIIONIOKEHUH TIPOBOJIOB PACCTOSTHUS MEK/LY OCSIMU TTPO-
BOJIOB HE PaBHBI APYT APYTY: Dy # Doy # D3y.

OnHako ecu yepe3 paBHbIE UHTEPBAJIBI BAOJIb JUHUU OCYIIECTBIEHA TPAHCIIO3H-
WS TIPOBOJIOB, TO BBIpakeHWe A L' coOXpaHWT CBOUM BUI, ecjau 1ox M ToHUMAaTh
cpelHee 3HAYEHUE B3AaMMHON MHAYKTUBHOCTHU [IJIA TPEX YIACTKOB JIMHUM:

1 / 2/
M =§(M12 +M +M31)=2nllo(lnD,_1jr

rae

D= \/3 D12D23D31~

B secummeTpuunOll TpexhasHON IUHUHN TTPU MPOXOKAEHUN TT0 HEW TepeMeHHOTO
TOKa UMEIOT MECTO CBOe0Opa3Hble dHepreTHYeCKue mpoiecchl. B ypaBHenusax (*) mpu
M,y # Mys # M3y BbIpasKeHUsI, CTOSIIIE B KPYIJIBIX CKOOKAX, SABJISIOTCS KOMILIEKCHbI-
Mu. IX MHUMbBIE 9acTH MOCJTe YMHOKEHUSI Ha j® JaAyT BeIecTBEHHbIE BeJIMYNHBI,
MMeTOTIe CMBICJT AaKTUBHBIX COMTPOTUBJIEHUI.

CkuazibiBast BBIPasKeHUsl, CTOSIINE B ypaBHeHHSX (*) B KPYIJIbIX CKOOKaX ISl BCEX
Tpex a3, MoaydyuM Mpu KKA0N B3aUMHON WHAYKTUBHOCTH BEIECTBEHHBIM MHOXKH-
Tenb a’ + a = —1. ClenoBaTebHo, CyMMa JOMOTHUTEIBHBIX aKTHBHBIX COTIPOTHBJIE-
HUI BO BceX Tpex a3ax paBHA HYJIIO, T. €. €CJIU B OT/IETHHBIX (Da3aX OHU TIOJIOKUTEIb-
HBI, TO B JIPYTUX OHW OTPUIATENbHBI. VIHBIMU CJIOBaMU, €CU U3 OJHUX (a3 dHEPTUs
OT/IaeTCs, TO B JIPYTHE OHA MTOCTYIAET B TOM K€ KOJIMUYECTBE, T. €. COBEPIIAeTcs Tepe-
HOC 9HEPIUH MyTeM 2JIEKTPOMArHUTHOW WHAYKIIMY U3 OJ{HO (ha3bl B JIPYTYIO.

B 3akioueHue riaBbl OTMETHM, YTO pa3paboTKe METONOB pacyera WHIYKTHB-
HoCTel TocBsieH psiii pabot coperckux astopos: I. H. Ilerposa, JI. A. IleiitimHa,
B. A. ®oxka u apyrux.



Bornpochbl, ynpaxHeHus, 3afaum K rnasam 26, 27 mn 28

26.1. DnekTpuyeckoe nosie NoCToSsHHbIX TOKOB B AUDJIEKTPUKeE
M B NpoBoasilien cpene

BOMPOCHI

1. Yem Pa3jinvaroTCA IJIEKTPHUYECKUE I10JIA, OIIpeAe/isdeMble ITOHATUAMUN «CTaTHU4de-
CKue» n «CTaHI/IOHapHLIG»?

2. Hoquy IIpU NIPOTEKAHWN IJIEKTPUIECKOTO TOKa I10 IIPOBOJAaM, BbIIIOJTHEHHBIM N3
BelIeCTBa C KOHEUYHO SHCKTpH‘{eCKOIL/,I IIPOBO/IMMOCTDBIO, B OKPYKaAIOMIEM UX IUIJIEK-
TPHUKE BO3HUKACT 9JICKTPUIECKOE mnoJie?

3. (O) Ilo npoBojam, HAXOJAANUMCS B UAJEKTPUKE, TPOTEKAET ITOCTOSHHBIN TOK.
B kakux Toukax BeanunHa div D He paBHa HYJIIO?

4. (O) TIpoBogsinee TesIo pacioIoKeHO B AUIJIEKTPUKe BOIU3Y [IPOBOJA, 110 KOTOPO-
My IpoTeKaeT TOCTOSHHBIM ajeKTpuueckuil Tok. CylecTByeT JIM 3JeKTpUYecKkoe
1oJie BHYTPH ITPoBoJisAIiero tesa? KakoBo 3HaueHMe MJIOTHOCTH 9JIEKTPUYECKOTO 3a-
psiia @) BHYTpH TeJia, ) Ha €ro MOBEPXHOCTH, 8) B IUIJIEKTPHKE, 2) HA MOBEPXHOCTU
MPOBOJIA C TOKOM, ) BHYTPH TIPOBOJIA C TOKOM?

5. TTocTOSTHHBIN TOK TedeT 110 MPOBO/LY, B 00bEMe KOTOPOTO nMeeTcst TorocTh. Cyie-
CTBYET JIN 3JIEKTPUYECKOE TI0Jie BHYTPH MOJOCTH?

6. B AUDJIEKTPUKE BbI/IEJIEH HeKOTOprfI o6beM. MoskHO JI, HE BBIXO 3a TIpeeJibl
9TOrO O6T)€‘Ma, OIIpene/INTb, ABJAETCA JIN 110JIE B obneme JIEKTPOCTATUYIECKUM MJIN
CTallTMOHaPHBIM 3JIEKTPUYECKUM I10JIEM ITOCTOAHHOI'O TOKa?

7. Hoquy B HEKOTOPBIX CJIydYadX CTallMOHAPHOE 3JIEKTPUYECKOE I10JI€ B /IUIJIEKTPUKE
MOJKHO paCcCMaTpuBaTb KaK SJIeKTpOCTElTI/I‘-IeCKOG‘.>

8. Kakoe u3 1osieii B auasieKTprKe ¢ GOJBIIMM OCHOBAaHUEM MOYKHO paccMaTpuBaTh
KaK 3JIeKTPOCTATUYECKOE: TOJIe MPOBOJIOB BBICOKOBOJIBTHON JIMHUU T€pelauyl WK
10JIe TMTUH HU3KOBOJIBTHOM CUJIbHOTOUHOM JIMHUU, HATIPUMED, IIMH 3JIEKTPOCBAPOYHO-
ro ycTpoiicta?

9. (O) Ha rpanutie 1ByX cpell ¢ Pa3JIMuHBIMU yI€JIbHBIMU 3J€KTPUIECKUMU IIPOBOIM-
MOCTSIMU BbITIOJTHsIeTcst HepaBeHCTBO div E # 0. CBUIeTeIbCTBYET JIM OHO O CYIIECTBO-
BaHUM HJIEKTPUUECKUX 3aPsiIOB HA TIOBEPXHOCTH pasjiesia cpej?

10. Bo ckosbKo pa3 uaMeHsieTcs TyCTOTa JTMHUN HANPSIKEHHOCTU KapTUHBI 9JIEKTPU-
YECKOTO T10JIS1 ITOCTOSTHHOTO TOKQ, HAIPABJEHHBIX 110 HOPMAJIM K IpaHuUIle pasjesa
JIBYX CPe[l C YIeJIbHBIMU 2JIEKTPUUECKUMU ITPOBOJAUMOCTIMU Yy U Yo?

11. (O) B ipoBozsIyIio cpey ¢ yaeabHOH 9JIeKTPUIECKOl TTPOBOAUMOCTBHIO Y BBEJIEH
9JIEKTPO/I TPOBOJIUMOCTBIO Y1 >y, B KOTOPBIN BXOAUT TOK. KakuM ciieyer puHsITH
rpaHUYHOE YCJIOBHE JIJIs TIOTEHINAIA HA TIOBEPXHOCTU AJIEKTPOJIA TIPU pacyeTe HieK-
TPUYECKOTO TIOJIST B TIPOBOJISAIIEN cpefie?

12. B ajieKTpocTaTnyeckoM moJie TpYOKH BEKTOPa SIEKTPUYECKOTO CMEIIEHUST OTIHpPa-
IOTCSI Ha PaBHBIE 3apPsbl TPOTUBOIIOJIOKHBIX 3HAKOB. KakoBO aHAJOTHYHOE yTBEp-
JKIeHne U1 TPYOOK BEKTOPA MJIOTHOCTH 3JIEKTPUYECKOTO TOKA B TIPOBOJISIIIEN cpejie?
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13. IloyemMy B HEKOTOPBIX CJIydasiX I1eJeCO00Pa3HO MePeTH OT UCCJIeJOBAHUS JTIEK-
TPOCTATUYECKOTO IIOJISI K 3KCIEPUMEHTAJILHOMY H3YYEHHUIO 3JIEKTPUYECKOTO II0JIS
TOKa B IIPOBOJIAIIEH cpere?

14. (O) IIpu BBITOTHEHUN KAKOTO YCJIOBUS MOBEPXHOCTD 3a3€MJISIONIETO AIEKTPO/IA
MO’KHO CUMTATh SKBUIIOTEHIINAIbHON? BBINOIHSACTCS JIN 3TO yCJI0BHE HA IIPAKTHKE?

YMPAXXHEHWSA

1. (P) 3anummre ypaBHeHns, KOTOPBIM yAOBJIETBOPSAET 3JIEKTPUUCCKUH TTOTEHITHA
CTAIMOHAPHOTO TOJIST B @) OJHOPOHOM, ) HEOAHOPOAHOM JM3JIEKTPHUKE.

2. (P) Jnunnas ABYXIpPOBO/HAA JMHUS MTOCTOSHHOTO TOKA C ITPOBOJAMM KPYTJIOTO
cedyeHus ¢ paguycoM R 11porsinyTta B OJHOPOJHOM HeU/ealbHOM AUIIECKTPUKE C Y/Ie/Ib-
HOH 3JIEKTPUYECKON MPOBOANMOCTHIO y. COMpOTHBIEHNE BYX TTPOBOJIOB JMHUU Ha
eIMHUITY ee JUIMHBI paBHO 7. Ha BXOAHBIX 3aKnMax JWHWW efCTBYyeT HampsKe-
nne U,,. HafinnTe 3aBUCHMOCTD HaNpssKeHUs Ha BBIXOAHBIX 35KUMax JUHUHU OT ee
JUTVHBI [ IPU yCJIOBUH, YTO JIMHUS @) PA3OMKHYTA, 6) 3aMKHYyTa Ha Pe3UCTOp 7. Pac-
crostHre D MeXy OCSIMU IIPOBOJIOB 3HAYMTEIHHO MIPEBBIIAET X PA/UYCHL.

3. (P) Ha aByX MpOTUBOIIOJIOKHBIX CTOPOHAX KBAAPATHON MPOBOASIIEH TIIACTUHbI
[IOCTOSTHHOM TOIIMHON d 3aganbl notennuansl Uy u Us. TlokaxuTe, 4TO TOK i ILJIACTH-
HBI He 3aBUCUT OT Pa3MePOB €€ CTOPOH.

4. (P) /IBe mpoTHBOTIOJIOKHBIE CTOPOHBI 1, 2 IPSIMOYTOIBHON MJIACTUHBI TIOCTOSTHHOM
TosmuHON (puc. B26.1) MOKPHITHI CJI0EM BEIECTBA, y/IebHAS 9JIEKTPUUECKAsT TIPOBO-
JIMMOCTb Y, KOTOPOTO 3HAYMTEIbHO GOJIBIIE YIETbHO 3IEKTPUYECKOiT TPOBOIUMOCTH
Y. BellecTBa miaacTuabl. OHU MPUCOEUHEHBI K UCTOYHUKY TOKA. B nactune umeercst
BBIpe3 A, a Takke TpelnHa AB, MpensaTcTBYIOMAs MTPOXOXKIEHUIO ToKa. Jpyroii BbI-
pe3 B B myiacTrHe 3a110JIHEH BEIEeCTBOM C YAETbHOU 2JIEKTPUUECKON TTPOBOAUMOCTHIO
Y # Yy SAMAIMINTE YpaBHEHNE, KOTOPOE OMUCHIBAET MOTEHITUAJ 3JIEKTPUUECKOTO TOJIs,
a TakyKe KpaeBble U TPAHUYHBIE YCJIOBUSI Ha CTOpoHax 1, 2, 3, 4 mracTUHBI, BbIpe3ax
U TPeTIuHe.

€2 g1<g<eg
™~ @/
Yo

4 A 2
Puc. B26.1 Puc. B26.2

y:() 3
. A Vn m\ .
— (> S e T
B

Vs

3. (P) Mexty iByMsI TJIOCKUMU 3aPSKEHHBIMU TIIacTUHAME 1, 2 KOHEYHbBIX pa3MepoB
(puc. B26.2) mmeercs Ba cJI0S AMAJIEKTPUKA C TMPOBOSIINM U TUIIEKTPUUECKUM
BKparieHusiMu. [1oJb3ysiCh METOIOM 3JIEKTPOCTATHYECKOM aHAJIOTUH, M300pasuTe
YCTPOMCTBO, T0JIe TIOCTOSTHHOTO TOKAa B KOTOPOM aHAJIOTUYHO 3JIEKTPOCTATUYECKOMY
TOJII0 MEK/Y TLIACTUHAMMU.

6. (P) Ilomyunre hopmyry 1 mocTpoliTe KPUBYIO 3aBUCUMOCTH TTPOBOUMOCTH G 130-
JISIIAY TIAJTMHIPAYECKOTO KOHIEHCATOPA OT PACCTOSTHUST D MeX/Iy OCSIMU OOKJIAJIOK.
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Paccuuraiite G npu paguycax oOKIanok Ry =5 M, Ry = 10 em, D = 2 cM; yaeiabHast
9JIEKTPIYECKas POBOANMOCTD Hemea bHoro auasekTpuka y = 1079 Cy/m. Jmma 06-
KJIQJIOK KoHJleHcaTopa 1 M.

7. (P) YnenpHble anekTpudecKkre MPOBOIUMOCTU AUJIEKTPUKOB CJI0€B IBYXCJIONHO-
IO IUIMHPHYECKOT0 KOAKCHAMBHOTO Kabess pasHbl ¥ = 1078 Cuv/m, 5 = 1079 Cv/m.
Pammychbl 00KIAI0K U TPAHUYHOI MOBEPXHOCTH ¢JloeB Ry =3 ¢M, R3 =5 cM, Ry = 4 cMm.
Oripesiesinre TMOABEIEHHOE K KOHJIEHCATOPY HAIPSIKEHUE, TIPU KOTOPOM TOK yTEYKH
coctanster 2-107° A. Jlymna kaGesst 1 kM.

8. (P) /luasextpuueckasi IPOHUIIAEMOCTH CPEJIbI, OKPY>KAIOIIEH /IBYXITPOBOIHYIO
JIMHIIO, PaBHA € = 2g), ee yjedbHas dJeKTprdeckas IpoBoanMocts ¥ = 1078 Cv/m.
[Ipu kakoit yacToTe 1MOJBEJEHHOTO K JUHUU CUHYCOWIAJIHHOTO HAIIPSIXKEHUS aM-
IUINTY/Ia TOKA MPOBOJAMUMOCTU B CpPejleé PaBHA aMILTUTYJ/€e TOKA 3JIEKTPUUECKOTO
CMeIeHnI?

27.1. CKansipHbiii NOTEHLUMaN MarHUTHOrO Nons
BOMPOCbI

1. Kakoii xapakTep nMeeT MaTHUTHOE TI0JIe, CKAJISIPHBIN MOTEHITUAT KOTOPOTO U3Me-
HSETCS 10 IMHEHHOMY 3aKOHY BIOJTb OHOU U3 KOOPAMHAT U He 3aBUCUT OT ABYX JIPY-
TUX KOOPIUHAT?

2. Kakomy ypaBHEHUIO y/OBJETBOPSIET CKAJISAPHBIN MarHUTHBIN MOTEHIMAJ 110 B
@) OJIHOPOJIHOI B MarHUTHOM OTHOIIEHUHU Cpejie, ) HeOAHOPOIHOIT cpee?

3. (O) Kakue orpanudeHust cJeyeT HaJ0KUTh Ha BEIOOD ITyTH WHTETPUPOBAHKS BEK-
TOpa HATPSKEHHOCTH MAarHUTHOTO T0JIsT, YTOOBI €r0 CKAJISPHBII TIOTEHIMA ObLI OJ1-
HO3HAYHBIM ?

4. Hoquy, HECMOTpPA Ha HEOTHOSHAYHOCTD CKAJAPHOIO MAarHMTHOT'O ITOTEHI[HUAJIA, OII-
penessieMada C €ro MoMoIibio HaIIPpAKEHHOCTD I10JIA OI[HOSHa‘IHa?

3. (O) MoskeT s CKaISIpHBIN MarHUTHBIN TIOTEHITMAT UMETHh Pa3PbIBbI B HEKOTOPHIX
TOYKAX TTPOCTPAHCTBA? MOTYT Jii UMETH Pa3pBIBBI €T0 TIePBHIe TIPOU3BOAHBIE TIO TIPO-
CTPAHCTBEHHBIM KOOPIAMHATAM?

6. (O) B yem 3axiiouaeTcst yrpouieHue pacueTa NCXOAHOTO BUxpeBoro mosus H npu
passioskeHnn ero Ha BuxpeByo H, u mnorenimanphyio —grad U, cocraBisiolime:

H=H, — grad U,?

7. (O) Ilpasyio yactb ypasuenus div p grad U, = div uH,, B34Tyio ¢ 06paTHbIM 3Ha-
KOM, 10 aHAJIOTUU C YPaBHEHMEM OTHOCUTEIHHO TOTEHIHATA 3JIEKTPUIECKOTO TIOJIS
MOKHO paccMaTpuBaTh KaK OOBEMHYIO MJIOTHOCTh «MarHUTHBIX» 3apsiioB. Kakosa
PasMEPHOCTh «MAarHUTHBIX» 3apsi/OB, UX OOBEMHOI, TTOBEPXHOCTHOM W JIMHEWHON
TIOTHOCTH ?

8. ITouemy BuxpeByto cocTapisionryto Hy, oss paccunTaTh 3HAUUTENBHO TIPOIIE, YeM
ncKomoe Buxpenoe nose H?

9. Iorennuman U, BUXPEBOTO T0JIsI B 00JIACTH, T/Ie TPOTEKAET DJIEKTPUUECKHIA TOK, HE
MOKeT OBbITh BBEIEH B paccMoTpeHue. [loueMy Bce jKe MOJKHO BBECTH M PacCUYUTATh
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CKaJISIPHYIO (DYHKIIMIO BO BCEM [IPOCTPAHCTBE, BKJIIOYAs U TY €0 YaCTb, IJle IIPOTeKaeT
JJIEKTPUYECKUI TOK?

10. Buxpesyto cocrapisonryio noys Hy, ynoBieTBopsioliyo ypasHenuio rot Hy = J,
MOKHO 33/1aTh He eIMHCTBEHHBIM c11ocoOoM. Kakumu coobpakeHIsIMU MOKHO PYKO-
BOJICTBOBATLCSI TIPH BBIOOPE TOTO WM WHOTO 110751 H?

11. (O) Buxpesyio coctassiontyio H, 10 MOXHO pacCYUTATh, TOJIb3YCh 3aKOHOM

buo—-Casappa H, = 4i J.[J xr|r>dV. Ilpu atom div H, = 0. I[ie pacmonaraiorcs B
T
Vv

9TOM cJIydae UCTOYHUKH TIOTeHIINAIbHON cocrasiomnieil —grad U, moJis, ecin cpefa
@) OIHOPOIHA, 6) HEOAHOPOIHA?

YMPAXKHEHWSA

1. (P) Yb6enurech B TOM, YTO CKAJISPHBI MATHUTHBIN TIOTEHIIHAT MOKHO OIUCATh B
oHOpOHOI cpenie BhipaxkenueM: a) U, = (ax’> + by?), 6) U, = (ax + by — c2),
8) Uy=a(x —y),2) U,=a(x +y — 22),0) U, =ax? e) U, = Use  “, ac) U, = U, sin kz,
3) U, = a(x® + y* + 22 %, u) U, = (ax’y + by’z).

2. (P) OceBas u yrioBas COCTaBJSIONNE MATHUTHOW WHIYKIIUA PAaBHBI COOTBETCT-
Bernno B, = 0,5 By(1 — cos az), B, = 0. Onpenenute ee pauaibHyIO COCTABIISIO-
uyimo B,

3. (P) Ilokaxure, 4TO 9KBUBAJIEHTHBII TOKY ITOJTHBIH (DUKTUBHBIN MAarHUTHBIN 3aps
JIOJIKEH OBITh PaBEH HYJIIO.

4. (P) lTomyunTe BeIpakeHme 1y pacyeTa BUXPEBOH COCTABIIAIONIEN HATTPSIKEHHOCTH
H,,, MarnuTHOTO 1OJIsA, CBA3BIBAIOIIEE €€ C ILJIOTHOCTBIO TOKA .J, IIPH PacCMOTPEHUU
TIJIOCKOTIAPAJIeIbBHOTO MATHUTHOTO TI0JIS U JIoNyTiieHun, uto H,, = 0.

5. (O) DnexTtpuveckne TOKU +i W —i TPOTEKAIOT IO JITTHHBIM TIPSIMOJTMHEHHBIM
IITHAM TIpsAMoyToabHOTO cedenns (puc. B27.1). PacemarpuBas marnutnoe mose Kak

mIockonapanenbioe n npunumas H, = j H,,, paccunTaii- D
. oH , . .
Te dynxunn Hy, = Hyy(x, y), div po Hy, = po ayy =/ y) Hf| o x!
u usobpasute Ha rpapuxe xpusyo H,, = H, (x) npu 0_a T
0<x<D,0<y<h. Puc. B27.1

27.2. BeKTOpHbIA NOTEHUMaN MarHUTHOIO Nons
BOMPOChI

1. Bausier i Bbibop dyHknun div A Ha MArHUTHYIO WHIYKIIAIO?

2. (O) dnexkTpuyecKnii TOK Te4YeT 110 BeCbMa JTMHHOMY TPSIMOJUHEHHOMY TIPOBO/LY,
PACIHOIOKEHHOMY B OZTHOPOJIHOI cpejie ¢ MarHUTHOH MPOHHUIIAeMOCTRIO [ = L. Otpe-
JIEJTTE YICJIO0 COCTABJISIONIMX BEKTOPHOTO MAarHUTHOTO TIOTEHIIMAJIA B TIPSIMOYTOJIb-
HOIT cucreme koopauHat npu J = k J,. VIsMeHnTcst vt 0TBeT, ec/in BOJIM3H TPOBOJIA 110~
MECTUTDb T€JIO KOHEUYHBIX PasMeEPOB C MarHUTHON IIPOHUITAEMOCTDBIO U # MO?
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3. (O) DyeKkTpuuecKuii TOK TeYeT 10 KOJIHIIEBOMY TTPOBOIHIKY, TTOMENEHHOMY B O/I-
HOPOZHYTO cpeny (L. = const), ¥ MeeT B MUTUHAPUIECKON CHCTeMe KOOPJNHAT el1H-
CTBEHHYIO cocTaBJsiomyio J,. KakoBo HampasieHne Bektopa A?

4. Hoquy Ha OCH IIpOBO/Ja OECKOHEYHO MAJIOTO CEYEHUS C TOKOM i BeKTOprIfI Mar-
HUTHBIN TTOTEHIINAT HEe UMeeT CcMbICIa?

9. Kaxkoit n3 METOZOB pacyeTa TPEXMEPHOI'O MAarHUTHOI'O T10JIA — Ha OCHOBE CKaJIAPHOI'O
WJIM BEKTOPHOI'O MarHuTHOTO IIOTEHIIMa/Ia — Tpe6yeT 60JIbIIET0 0ObeMa BHIYUCIEHIIT?

6. MarnuTHast WHIYKIIMST OJHOPOIHOTO ToJis paBHa B = iB,. V3aMeHseTcst in BEKTOP-
HBIIl MATHUTHBIN TOTEHITAJ BIOJIb KOOPAWHAT X, ¥, 27

7. (O) Bexropnblii MmaruuTHblii notenunan A = iC|y| He 3aBUCUT OT KOOPAMHAT X, Z.
Kaxoe mose onmchkiBaeT aToT moTeHIuan? [1e pacmnosokeH 1 Kak HAlpaBJIeH TOK, CO3-
MO TaKoe 1moJie?

8. MarauTHbBIll MOTOK CKBO3b MOBEPXHOCTH paBeH HyJ0. O3HavaeT Ju 3TO, YTO Ha
KOHTYPE, OTPaHUYUBAOIIEM TOBEPXHOCTD, BEKTOPHBII MArHUTHBIN TTIOTEHIMA @) 00-
paraercst B HyJib, 0) ¥MeeT paBHOE HYJIIO Cpe/lHee 3HaYeHIe?

9. Bo Bcex Toukax KOHTypa HarpaBjeHUEe BEKTOPHOTO MAarHUTHOTO TIOTEHINATA TIep-
HEeHIUKYJISIPHO BeKTOPY dl, KacatesbHOMY K KOHTYPY. UeMy paBeH MarHUTHBII OTOK
CKBO3b MTOBEPXHOCTD, OTPAHNYEHHYIO KOHTYPOM ?

10. MosxHo 71, TOTB3ysACh BhIpaskenneM @ = §Adl, BBIYNCINUTD MATHUTHBIA TTOTOK
1

CKBO3b [TOBEPXHOCTD, TIPOXO/IAIILYIO @) TIOJHOCTBIO B TPOBOISIIEL Cpejie, 6) YacTHIHO

B TIPOBOJIATIEH Cpejie M YaCTUYHO B IUATIEKTPUKE?

YMPAXKHEHWSA

1. dmexTpudecKuii TOK Te9eT MO KPYTJIOMY KOJIBITY, PACTIONIOKEHHOMY B HEOIHOPO/I-
Holi cpene. [Ipu kakoit hopme pa3MelieHHBIX B MTOJIE TOKA HAMAaTHUIUBAIOTINXCS TEJ
BEKTOPHBI MarHUTHBIN MOTEHIINAT UMEET BO BCEX TOYKAX ITPOCTPAHCTBA TOJBKO
OJIHY OTJWYHYIO OT HyJs coctasisiontyio A,? Iloyemy mpu mpousBosbHO# (hopme
(heppoMarauTHOTO TEa UMEIOTCA U JIPYTHE COCTABJISIONINE?

2. O6GbsicHuTE, TTOYEMY BBe/IeHHAsi COOTHOIIeHeM B = rot A dyukims A Hocut Ha-
3BaHNe BEKTOPHOTO MOTEHI[NAIa MAarHUTHOTO TIOJIS?

3. (P) Ucmompays ananoruio ypaBaenuit [Iyaccona a1 ckaasapHOTO 91€KTPUIECKOTO
TTOTeHNINANIA M IS COCTABJISTIONUX BEKTOPHOTO MarHUTHOTO TIOTEHINAJA, BLISICHUTE
Xapakrtep uaMeHenus pynknun A(r) mpu r — oo B cirydae IIIOCKONAPaIJIeTbHOTO TTOJIA.

4. (P) dnexrpuueckuii Tok i = 100 A Tedyer 1o 6eCKOHEUHO JJTMHHOMY MTPSIMOJIMHET-
HOMY MPOBOJIY KPYIJIOTO CEYEHUS PAJUycOM R = 2 cM, PaCIOJIOKEHHOMY B OJJHOPO/I-
HOU cpejie ¢ MAarHUTHOM TTPOHUIIAEMOCTBIO L. PaccumTalite u MocTpoliTe KpUBbIE 3a-
BucumocTeit A(r), B(r) BHyTpHu 1 BHe TIPOBOJIA.

3. (P) Mcmonb3yst MeTOT HATTOKEHWST, PACCUNTANTE 3aBUCUMOCTD A(X) BIOJIb JTUHUH,
coeIuHsIoNIel GaMKaiime Apyr K APYTy TOYKU ABYX GECKOHEYHO JTMHHBIX TIPSMO-
JIMHEHHBIX TTPOBOIOB KPYTJIOTO CEUEHUs C TOKAMHW BCTPEYHBIX HAIIPaBJIEHUI, PacIio-
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JIOKEHHBIX B OJIHOPOJTHON Cpejie ¢ MaTHUTHON MTPOHUIIAEMOCTBIO . PaccTostHme me-
Ky ocssmu poBooB d = 10 em. Tok kaskmoro mposoga i = 80 A.

6. (P) B nasy npsiMoyrosibHOii opMbl, n3obpaskennoM Ha puc. B27.2, pasmeriersl

JIBa IIPOBOJIa MPSAMOYTOJBHOIO CeYeHUsI C TOKaMU BCTPEU- d=2cm

HBIX HalpaBjeHui. [lomyckas, 4To UMEIONIMN eUHCTBEH- = o

HYIO COCTaBJIAIONTYTO A, BEKTOPHBINT MATHUTHBIHN TTOTEHITHA f/
H:OO

3aBUCUT TOJBKO OT KOOPAWHATHI Y, HAMIUTE 3aBUCUMOCTU
A,(y), B(y) nnst 0 <y < h u nocTpoiite KpUBbIe UX U3MEHE-
nust. Tok oxnoro mpoBoja i = 50 A, MarHuTHAsT TIPOHUIIAE- =10 e

o=
X

MOCTb BEIIeCTBa MTPOBOJIA L. h ;
- *
7. (P) /IBa 0/iluHAKOBBIX MIPSMOJUHENHBIX BeCbMa JJIMHHBIX 2 y * .
MIPOBOJIA C TOKAMH Iy U iy APAJIJIETTHHBI OCH Z I CUMMETPHUY-
HbI OTHOCUTEJIHHO TIJIOCKOCTH Yz, KakuM ycoBUsIM y/10BJIe- PO 8272
uc. B27.

TBOPsIET BEKTOPHBII MAarHUTHBIH ITOTEHIIUA B TOYKAX ILJI10C-
KOCTH Yz TIPY @) iy = —iy, 0) iy = iy?

8. (P) PaccuuraiiTe BeKTOPHBII MAarHUTHBIN TTOTeHITAN A(7) 1075, co31aBaeMOro To-
KaMU KOaKCHaJIbHOTo Kabesist. Pagnyc skuibl Ry = 2 cM, paauycbl 0007I04KK Ry = 4 cM,
R3 =5 cm. Tok kabenst i = 100 A, MarHuTHast IPOHUIIAEMOCTD PaBHA Ll BCIOJLY.

9. IIpsamosHeRHBIN OECKOHEYHO JVIMHHBII TPOBOJ ¢ TOKOM i = 10 A u pagnycom ce-
yeHus R = 2 c¢M mnoziBellieH B BO3/IyXe HaJl TJIOCKOH ITOBEPXHOCTBIO Tesia Ha BBICOTE
h =4 m. Onpezieite BEKTOPHBIH MarHUTHBIN TOTEHIIMAT U €0 HOPMAJIbHYIO TIPOU3-
BOJIHYIO B TOUKAaX IIOBEPXHOCTH, €CJIM OHA SIBJISIETCS] TOBEPXHOCTBIO @) UJICAIbHO Ha-
MaTrHUYEHHOrO, ) UeaabHO IPOBOJSIIETO TEJIa.

10. (P) B mnockoct mpsIMOTMHEHOTO BeChMa JITTNH-

HOTO IIPOBOZA ¢ TOKOM i = 20 A pacIiosoxennr u306pa- { }a s la ¥,
KeHHble Ha puc. B27.3 KoHTypbl npsaMoyroabHoit (a)

u TpeyrosibHoit () hopmbr. PaccuunTaiite crierieHHbIi 7 1 3

C KOHTYPAMI MATHUTHBIH MOTOK, IPHHUMAS @ = 2 CM, © Py 5,627 3

b =4 cm, [ =4 cm. MarHuTHast TPOHUIIAEMOCTD PaBHA
Ho BCTOMY.
11. (P) Oxwn m3 KpyTroBBIX KOHTYPOB PACIONOKeH B MockocTu z = 0, a Apyroit —

B I10cKocTH o = 0 HUIMHAPUYECKOR cucTeMbl kKoopauHart. Olpeesnnure OTOKOCLEI-
JICHUE B3aUMHON MHIYKIWU.

12. (P) Pacmonoskenme MPOBOAOB ABYXIPOBOMHBIX JHUHUMA

|
ykazaHo Ha puc. B27 4.

Paccuntaiite B3amMHYI0 WHAYKTUBHOCTb MEXKAY JTHUHUSIMU.
[TpumuTe p = .
13. VameHeHMEe BEKTOPHOTO MAarHUTHOTO TIOTEHIINATA BO BCEM

IPOCTPAHCTBE HA IOCTOSHHOE YMCJIO He BjedeT 3a coboil
U3MEHEHUsI MarHUTHOU nuaykuuu. OLHaKo pacyeT SHEPIUn Puc. B27.4
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MarauTHOTrO 1oJs1 1o hopmyaam W, = 51 J BH dV, W, = 51 I JAdV npuoaut K pas-
Vv Vv

JIMYHBIM pesynbraTaM. Kak 5T0 0ObsCHUTD?

14. (P) Omnpenennte cKaASAPHBIN U BEKTOPHBIM MAaTHUTHBIE TIOTEHITUAJIBI U UX TTPOU3-
BOJIHBIE TI0O HOPMaJIM HA KOHTYpe CEYeHUs Tesa, HAXO/SMIerocs B MAarHUTHOM TIOJIie
(TIpu yCIOBUM TIJIOCKOIIAPAJIIIETbHOCTY TI0JI) ¥ BBITTOJIHEHHOTO U3 BEIeCTBA C uje-
aJIbHBIMU CBOMCTBAME: a) p =00,y =0, 6) un=0, y = oo.

27.3. KoMnnekcHblii MarHMTHbIA NOTeHUMan
BOMPOCHI

1. Kakwne u3 munnii cemeticts U,, = const, V,, = const (V,, — GyHKINS TTOTOKA) MOKHO
1306pa3uTh B 00J1aCTH @) cBOOOAHON OT TOKA, 6) 3aHATOIT TOKOM?

2. [IpaBunbHO i1 yTBEp:KAeHNE, uTO JuHUN U, = const TOAXOAT MO/ MPSMBIM yTJIOM
K TTOBEPXHOCTU TIPOBOJIOB C TOKAMU?

3. UsmenuTtcs nu nosoxenue guauii U,, = const n
V., = const, n3o6paskeHHbIX Ha puc. B27.5, ecomm u3- y
MEHUTDb HallpaBJeHUE TOKA Ha IPOTUBOIOJOKHOE
@) B OJTHOM W3 IIPOBOJIOB, 6) B 060MX TIPOBOAX?

4. KakoBa pasMepHOCTh (DYHKIINU ITOTOKA?

5. fBasercst 11 KOHTYD CedeHus] TPOBOJA C TOKOM
JIUHUEHN, Ha KOTOPOH (DYHKIMS MOTOKA TPUHUMAET
MOCTOSHHOE 3HaYeHue?

6. MeeT i BEKTOPHBINT MAarHUTHBIN MTOTEHITHAT T10-
CTOSIHHOE 3HAUYeHMe Ha KOHTYpPe cedeHus MPOBOja C
TOKOM?

0 X
Puc. B27.5

7. Ha kaxux us auHuii, n3o6pakeHHbIX Ha puc. B27.5, BEKTOPHbII MATHUTHBII [IOTEH-
M TPUHUMAET TIOCTOSTHHBIE 3HAUEHM ?

8. dABasoTcst Jin IMHUN TTOCTOSTHHBIX 3HAYE€HUI BEKTOPHOTO MAarHUTHOTO ITOTEHI[AJIa
TeMU JTUHUSIMU, HA KOTOPBIX MAarHUTHAS MHIYKIWS COXPAHSET TOCTOSIHHBIE 3HAUe-
HUS?

9. MOXXHO /i1 TOCTPOUTH KAaPTUHY MAarHUTHOTO TOJISI BHYTPU MPOBOA C TOKOM, U30-
OpasuB ceMeiicTBa B3aMMHO OPTOrOHAAbHBIX JuHuil U, = const u V,, = const?

10. NsmennTcs u BhIpasKeHNE KOMIITIEKCHOTO TIOTEHIINAIA TUHEWHOTO TTPOBOIA C TO-
KOM, PACTIOJIOKEHHOTO B TOYKE ¢ KOOPAUHATOU Z = X + jiy TIPU TIepeHOoce Havyaia Koop-
aHAT 13 Toukn z = 0 B TOUKy z = a + jb?

11. BeimosiHsieTcst M MPUHIMIT COOTBETCTBUSI MArHUTHOTO U AJIEKTPUYECKOTO TTOJIEH
BHYTPU JTUHEWHBIX TTPOBOIOB?

12. MO3KHO JIM BBECTU KOMILJIEKCHBII MATHUTHBIN IOTEHIUA B 00JIACTH C JIEKTpUYe-
CKUM TOKOM?
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13. Kaxoe mosre onuceiBaet ¢hyukimsg ¢ = Dz + C KOMILUIEKCHOH TTepeMeHHOH 2, ecTi
D — MumMas moctogHHag ?

a

14. KapTuHa MarHUTHOTO TIOJI TOKA %, TOMEIEHHOTO BO \

BHeEIIHee OTHOPOAHOE ToJe, ToKa3aHa Ha puc. B27.6.

HpI/IBGZ[eT JIN K USMEHEHUIO KapTUHBI T1I0JII U3SMEHEHUNE

HallpaBJIeHUsT TOKA POBOJIA Ha IIPOTUBOTIOJI0KHOE? 13-

MEHUTCA JIN TIPU 9TOM KOMTIJIEKCHBIT HOTeHHI/IaJI? 7

15. KakoBo 3Hauyenue HANPSIKEHHOCTH MarHUTHOTO Y @

moJsist B Touke b Ha puc. B27.6? Coxpanser s Hamps- d

JKEHHOCTb TI0JIsI B TOUKaxX JuHuu bfdb oxHo 1 TO Ke 3Ha-

yeHue?

16. CmpaBennuBo U yTBEPXKAEHNE O TTOCTOSTHCTBE Ha-

MPSIKEHHOCTH MarHUTHOTO 110Jis1 HA JinHusix V = const /
C

[OJIST  YeJAMHEHHOTO TPOBOJA @) KPYIJIOTO CEYeHWs],
6) IPOU3BOJILHO (GOPMBI CeueHUs? Puc. B27.6

17. smenutcsa au GYHKIINUI TOTOKA B TOUKAX TTOBEPXHOCTH YEMHEHHOTO MPOBOIA C
TOKOM, €CJTH HEMarHUTHOE BEIeCTBO MPOBO/Ia 3aMEHUTh Ha MAaTHUTHOE?

18. CooTBeTCTBYIOT Ji APYT APYTY 2JEKTPUUECKUe W MarHUTHBIE TIOJIS TTPOBOJIOB
KPYTJIOTO CeueHUsI, KOTOPhIe He SBJSIOTCS TUHEHHBIMU?

19. (O) IToyemy 61M30CTh HECKOJIBKUX TIPOBOJIOB € TIOCTOSTHHBIM TOKOM HE BbI3bIBAET
nepepacipe/ieJieHus B HUX TOKOB: Bellb HA JBIIKYIINECS 3apsKEHHbIE YACTHUIIBI CO
CTOPOHBI MAarHUTHOTO TIOJISI JEeUCTBYeT CUJIA, B Pe3yJbTaTe 4eTO YaCTHUIIBI TOJIKHBI
CMeTIaThCS M PAaBHOMEPHBIH 3aKOH pacipe/ie/IeHNs TJIOTHOCTH TOKA HapyTIaThCs ?

20. CyIiecTBYIOT JIM aHAJOTUYHbBIE «JEKTPUUECKUM> TIEHTPAM <«MarHUTHbIE» I€H-
TPBI IPOBOJIOB?

21. (O). B yacTu ipocTpancTBa, CBOOOAHON OT TOKA, IMHUK HAMTPSIKEHHOCTH MAaTHUT-
HOTO TI0JISE TTAPAJLJIEIbHBI OCH 3. MOTYT JIM OHU CTYIIAThCS B HANPABJIECHUU OCH X7

YNPAXHEHNA

1. (P) PaccuuraiiTe MAarHuTHbBIN MOTOK CKBO3b PACIIOJIOKEHHYIO B BO3/IYX€e B IJIOCKO-
NapaJjiieJIbHOM T10JIe TIPSIMOYTOJIbHYTO TIJIONA/IKY, HAa /IBYX TapaJlJIeIbHBIX CTOPOHAX
KOTOPOIH JTTHOM [ = 2 M hyHKIS TOTOKA IpHHUMaeT 3HadeHust Vi =20 A, Vo =25 A.

2. (P) BeipaszuTte ycioBus HETPEPHIBHOCTH KACATEJIbHBIX U HOPMATBHBIX COCTABIISIO-
MUX BEKTOPOB HAIPSIKEHHOCTH MAarHWUTHOTO TIOJIE M MarHUTHOW WHIYKIIUU 4epe3
@) BEeKTOPHBIA MArHUTHBIN ITOTEHI[UAJ U €0 IPOU3BOAHBIE, 6) CKAISPHbII MarHUT-
HBII TIOTEHIINAT U eT0 TTPOU3BOHBIE B TIPSIMOYTOJIBHON CUCTEME KOOPAMHAT.

3. (P) KakuM 10/15KHO OBITH COOTHOLIEHNE MEXKIY PajiycaMu JUHUL A = const Kap-
TUHBI MAarHUTHOTO TIOJIsI TIPOBOJIA KPYTJIOTO CEYEHMsl, TIPU KOTOPOM IMOTOK JI06OM
TPpyOKM MarHUTHOM MHAYKIIMK IPUHUMAET OJIHO U TO JKe 3HayeHune. Haiiure cooTHO-
IeHne MeXKIy painycaMy JUHUN KaK BHYTPH, TaK U BHE MTPOBOJA.

4. (P) 3anummnre KOMILUIEKCHBIN MOTEHIIMAT JABYX OECKOHEYHO JITMHHBIX JIMHEHHBIX
MTPOBOJIOB € TOKAMU TIPOTUBOTIONIOKHBIX HATIPABJIEHUN ¢ KOOpAWHATaMu zq = b + j0,
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2y = —b + j0. Paccunraiite HarpsyKEeHHOCTh MATHUTHOTO 110711 B Toukax oceit Ox, Oy.
Tox mposoga i = 100 A, b =15 cm.

5. (P) Boipasurte mpousBOAHYIO KOMILIEKCHOTO TIOTEHITHATIA Yepe3 cocTaBstiontue H,,
Hy HaNPpAKEHHOCTU MAarHUTHOI'O II0JIA. Kaxkne orepanun CJjaeayeT BbIIIOJTHUTDb Hall
KOMIIJIEKCHBIM TIOTEHIMAJIOM JIJTs TIOJTydeHus Bbipaxkenus H, + jH,?

o i
6. (P) KomnsexkcHblil OTeHIIMAM MarHUTHOTO 11071 paBeH ((2) = —2—ln z + C. Pac-
n

cuymTaiiTe MAarHUTHBIN TIOTOK CKBO3b TLIOMIA/IKY JJIHOM [, IB€ CTOPOHBI KOTOPOU TIep-
TIEHANKYISPHBI TIIIOCKOCTH KOMIIJIEKCHOTO TTepeMeHHoro z. VIX KoopauHaThl paBHBI
a)z;=1+j0,z20=0+j1,6)z,=1+j0,20=2+j0,8) 2, =2 +j0,2z,=2 + 2j. Tox
i =200 A, MarHUTHAS TTPOHUIIAEMOCTD PaBHA |l BCIOY.

7. (P) Ilo nmpsaMosnHeitHOMY aJlOMUHUEBOMY TTPOBOJLY PAJINyCOM 7, = 2 CM CO CTaJlb-
HOU cep/IieBUHOM pagnycoM 7, = 1 cm TedeT Tok i = 20 A. OnpenienTe TOK KaxKA01 U3
gacTell MPOBO/ia U, TOJIb3YICh METOIOM HAJMOKEHUS, PACCINTANTe KOMILJIEKCHBIN Mar-
HUTHBIN TOTEHITUAJ TTPOBOIA U DYHKIIUIO MTOTOKA BHYTPU HETO. YIelabHas dJeKTpude-
CcKas IPOBOAMMOCTD amoMutns — 3,5-107 Cm/M, ctamu — 107 Cm/M, MarHUTHAS TIPO-
HNTIAeMOCTh PaBHA W = Ly BCIOY.

8. (P) PaccuuraiiTe MarHUTHBIN MOTOK BHYTPU IPSIMOJTUHEHHOTO ITPOBO/IA KPYTJIOTO
CeUYeHMsT Ha eUHUITY [IJINHBI U COMOCTAaBbTE €r0 ¢ BHYTPEHHUM TOTOKOCIIEIJIEHUEeM
TTPOBOJIA.

9. (P) PaccmarpuBas mpoBofia ABYXIPOBOAHON BO3MYITHOW JUHWHU TMEpefadd Kak
JIMHEIHBIE KPYTJIOTO CeYeHUsT, PACCUNTANTE BHEITHUN MAarHUTHBII TIOTOK, 0Opa3oBaH-
HBI JTUHUSIMA MarHUTHON WHAYKIINH, TIEPECeKaIoNUMU KpaTuyallinii OTpe3okK, COo-
eIMHSATOMWH KOHTYPBI cedeHnit mpoBoioB. Tok mpoBozioB i = 20 A (KoopanHATHI NX
IIEHTPOB paBHBI 25 =9 + 70 cm, z; = =9 + j 0 c™m), pamuycel cevennii R = 1 cm.

27.4. MeTtoA 3epKaJibHbIX U306parkeHnM
BOMPOCHI
1. TToueMy MeTO/ 3epKAJIbHBIX M300PasKEeHMIA YIIPOIAeT pacyeT MarHUTHOTO TIOJIst?

2. IIpsMoOJIMHENHBIN TTPOBOJI C TIOCTOSTHHBIM TOKOM PAaCIIOJIOJKEH B BO3/yXe Tapa-
JIEJTHHO TIJIOCKOU MOBEPXHOCTH TeJia, OTPAaHUYMBAIOIIEN CPE/Ty, MAarHUTHAs TPOHUIIAe-
MOCTb KOTOPOTO TIPUHSITA PABHON HyJ0. MOXKHO Jin JIJIsi pacueTa IoJjist IPUMEHUTh
METO/[ 3€PKAJIbHBIX N300pasKeHN?

3. TTouemy MeTO/ 3€pPKAJIbHBIX M300PAKEHMIT MOKHO PUMEHUTD JIJIST PacyeTa Mar-
HUTHOTO TI0JISI TPOBOJIA C TOKOM, PACIIOJIOKEHHBIM BHYTPU ,Z[ByI‘paHHOI‘O yria o, o6pa—
30BAaHHOTO ITOBEPXHOCTIMU (hepPOMATHUTHOIO TeJa, TOJIHKO TOTI/a,
KOT/la 3HaUYeHue /o — 1eoe?

4. TTouemy uncsio n306pakeHHBIX TOKOB, TIOKa3aHHbBIX Ha puc. B27.7,
JIOJKHO OBITH PaBHBIM TPEM, a He JByM?

5. (O) Hax miockoil moBepXHOCTHIO (DEPPOMAarHUTHOIO TeJa, Mar-
HUTHAs! TIPOHKUIIAEMOCTh KOTOPOTO MPUHATA OECKOHEYHO OOJIBIION,

Puc. B27.7
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pacIioyioykeH U30rHyThIi 1o/ yrioMm 90° poBoji ¢ TOKOM, CTOPOHBI KOTOPOTO TapaJi-
JieJIbHBI oBepxHOCTH. KakoBa KOH(MUIypaIis W HallpaBJeHHe 3epPKaJbHO M300pa-
JKEHHOTo Toka? MOKHO JIi IPUMEHUTH METO/[ 3ePKaJIbHbIX M300pasKeHMii, €CJIi OjIHA
13 TIPSIMOJIMHENHBIX YacTell IPOBO/a TapaJjijiesibHa TOBEPXHOCTH, a JIPyrasi HepIieH-
IUKYJISIpHA eii?

6. (O) JluneiiHblil KPYroBOi KOHTYP C TOKOM OXBaTbIBaeT JJIMHHBIN COOCHBIN ¢ HUM
IAJIMH/IP KPYTJIOTO CEYeHNs], MArHUTHAS TIPOHUIAEMOCTD BEIECTBA KOTOPOTO OECKO-
Heuro Besuka. Kakoit Bus nmeer nzobpaskenubiii TOk? B kakoii yactu mpocTpamnct-
Ba — BHYTPH JinGO BHE IUJIMHAPA — OH IOJIKEH OBITh PACIOTIOKEH?

YMPAXKHEHWSA

1. (P) IIpamosmHeidHbiii 6eCKOHEUHO AJUHHBIA TOHKUH PoBoz ¢ TOKoM i = 200 A
MO/IBETIEH Ha BBICOTE 4,5 M HaJl TIOCKOH MOBEPXHOCTHIO UICATHHO HAMATHIYEHHOTO
tesa. Paccunraiite HApsKEHHOCTh H MarHUTHOTO T10JIsT HA IOBEPXHOCTHU TeJia U 110~
cTpoiiTe KpUBYIO uaMeHenust H BoJib mosepxuoctu. Qrpesiesinte CUIy B3aUMO/IENCT-
BUSI TIPOBOJIA C TEJIOM HA €JIMHUILY €TO JJIUHBIL.

2. (P) Pemnte mpeapiymiyio 3aady Py YCJIOBUH, YTO TTPOBOJ TIOABEINEH HAJ TLIO-
CKOIl MMOBEPXHOCTBHIO WJIEATHHOTO IUAMATHUTHOTO TeJia, Y KOoToporo p =0, y = oo.

3. (P) IlpsamonuHelHbIH GECKOHEYHO JIUHHBIA TOHKHI PoBoJ ¢ TokoM i = 100 A
MPOTSIHYT BHYTPH TPSIMOTO [BYTPAHHOTO yTJIa TTapalieJIbHO €ro CTOpoHaM, 00paso-
BAHHBIM BEIIECTBOM, MArHUTHAsI TIPOHUI[AEMOCTH KOTOPOro p = oo, Paccuunraiite cuiry
MPUTSKEHUS TPOBO/IA K CTOPOHAM YTJIa, €CJIM PACCTOSTHUS OT TIPOBO/IA JI0 HUX PaBHBI
d;=3Mudy,=4 m. Kak nusmenurcs cuia B3anMOAENCTBH, €CIU BEIIECTBO ABJISAETC
UJICATBHBIM JTMaMarHeTHKOM ?

4. (P) IlpamomHeiHbIi 6€CKOHEYHO JIMHHBII TOHKII IPOBOJ] C TOKOM PACIIOJIOMKEH
MEXKIY IBYMS TapajieJbHBIMU TLIOCKUMU MTOBEPXHOCTIMU (DEPPOMATHUTHBIX TeJ
MapaJijie;IbHO UM Ha OJIMHAKOBOM OT HUX PACCTOSTHNU, paBHOM d/2. CKOJIbKO n300pa-
JKEHHBIX TOKOB CJIe/lyeT IPUHSTH BO BHUMAHUE TIPU OTIPEIeJIEHUN TI0JIS MEKIY TIII0C-
KOCTSIMH METOJIOM 3€PKasIbHbIX U300pakeHuii? OIleHUTe TOrPEIHOCTh pacyeTa Ha-
IPSKEHHOCTH TIOJIsI Ha TIOBEPXHOCTU TeJT MPH yueTe k n300pa’keHHBIX TOKOB.

3. (P) IlpsamomHeiHbIi 6€CKOHEYHO IJIMHHBII IPOBOJI ¢ TOKOM i = 50 A pacrosioxen
B BO3/yXe€ TapaLIeJbHO GECKOHEYHON MJIOCKON TTOBEPXHOCTH TeJia ¢ MATHUTHOM TIPO-
HUIAEMOCTBIO L Ha paccTosiiuu i = 5 cm ot Hee. Paccunraiite u mocTpoiiTe KpUBYIo
3aBUCHMOCTHU CHJIbI B3AMMO/IEHCTBHST TOKA TIPOBOJIA ¥ (DePPOMATHUTHOTO TeJia TTPH pas-
JIMYHBIX W OT 2ug 110 oo, [Tpy KaKuxX BeJIMUYMHAX W JOMYIIEeHIE 0 ee GECKOHEYHO O0JTh-
IIOM 3HAYEeHUN TTPUBOUT K TOTPENTHOCTA B PAcUeTe CHJIbI, He TPEBhITaronei 5 %?

28.1. NHAYKTUBHOCTU KOHTYPOB, KaTyLleK U TOKONpoOBOAOB
BOMPOCHI

1. (O) 3aBucuT M WHAYKTUBHOCTb KOHTYpa OT XapaKTepa pacipeneseHnus ToKa 10
CEYeHMIO TTPOBOIA KOHTYpa?
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2. (O) MImeroT 1 CMBICI TIOHATHS WHIYKTUBHOCTH KOHTYPA U B3aUMHOM MHIYKTHB-
HOCTH KOHTYPOB MPH JOTIYIIEHUH, YTO KOHTYPBI SBJSAIOTCS OECKOHEYHO TOHKUMU ?

3. MoryT Jit IMeTh 0COGEHHOCTD MOANHTETPAbHBIE (DYHKIMH BbIPAsKEHUIT

L= Ko J‘J‘JJ,dVdV'y M= Ho J‘J‘dV1dV2,

-2 ..
4mi” 7, r 4mi,i, wn, T

HCITIOJIb3YEMDBIX ITPU pacyeTe MHAYKTUBHOCTU U B3anMHOMN I/IHIIyKTI/IBHOCTI/I?

4. (O) Mosxno i paccunTaTh B3aUMHYTIO WHIYKTUBHOCTD JIBYX KOHTYPOB, €CJIHN Pac-
nipesiesieHre TOKa B OZIHOM W3 HUX HEU3BECTHO?

5. (O) KoHTyp ¢ TOKOM i pacmosioskeH BO BHEITHEM MarHUTHOM Toje. HIyKTHB-

HOCTb KOHTYPa MOKHO OTIPe/IeJIuTh 1o (hopmyste L = %IJA dV, tne J — TIOTHOCTD
Ly

Toka. Cremyer JU O/ BeJNYNHON A TOHMMATh BEKTOPHBIM MAarHUTHBIN TOTEHITAAT

@) BHEIIHETO TOJIs, B KOTOPOM HAXOAUTCSI KOHTYP, 0) TOJIsl TOKA KOHTYPA, 6) Pe3yJib-

TUPYIOIINI MTOTEHINA, 00YCIOBACHHBIN Kak BHEITHNM, TaK 1 MOJIEM TOKa KOHTypa?

6. IloyeMy WHIYKTUBHOCTb YEJMHEHHOTO KOHTYPa YMEHBIIAETCA MPHU YBEIUYEHUN
YaCTOTBI TMIPOTEKATOTIETO TT0 HEMY TOKa?

7. (O) KpyroBoii BUTOK U3rubaeTcst o JuaMeTpy Tak, 4TO YroJl MEKAY TIIOCKOCTSIMU
roykoser uamensercst ot 180° mo 0°, koraa mosrykoJibiia cauBaioTcs. Kak namenser-
Cs1 TIPU TOM UHYKTUBHOCTb BUTKA?

8. (O) MHOTOBUTKOBYIO KPYTOBYIO KAaTYIITKy MOXKHO PacCMaTPUBAaTh KaK COBOKYTI-
HOCTh KPYTOBBIX BUTKOB. PaBHa I MHIYKTUBHOCTH KAaTYIIKU CyMMe UHIYKTUBHO-
cTell ee BUTKOB?

9. (O) Ilpu kaKoM pacTmoJOKEHUN IBYX KPYTOBBIX KOHTYPOB C TOKAMU CHUJIa B3aMO-

IeACTBUS MEKIY HUMU oOpalaeTcs B Hy/Ib? PaBHa JIM HYJIIO TIPU 9TOM B3alMHAast NH-
NYKTUBHOCTb?

YMNPAXHEHNA
1. (P) Ilosyunte BBIpaskenue A pacyeTa BHYTPEHHEH WHAYKTUBHOCTH TIPSIMOJIN-

HENHOro IIPpOBO/Ia KPYIJIOTO C€4Y€HUA Ha €/IMHUILY €TI0 JIJIMHbI Ha OCHOBE COOTHOIIEHW A

2W
Lyyyrp =—"" [PU JOMYIIEHUH, YTO TOK PAaCIPe/ie/IeH 10 CEYEHHIO IIPOBO/A PaBHOMEP-
i

HO.

2. ComocTaBbTe BHYTpeHHUE WHAYKTUBHOCTUA TPOBOJA KPYTJIOTO ceueHus, HaleH-
Heie ipu paBHoMmeproM (k = 0) u HepasrHoMmepHoM [J(7) = Jo(1 + kr), k= 0] pactpene-
JIEHUW TOKA TIO eTo ceueHnio. KoopanHary » OTCIUTRIBANiTE OT OCU TTPOBOJIA.

3. (P) CpaBaute BHYTPEHHIOO W BHEIIHIO WHIYKTUBHOCTH TTPOBOJIOB JIBYXITPOBO/I-
HOW BO3/YITHOI JIMHUW TIepe/iaddl, PaJINyChl R KOTOPBIX CBSA3aHBI C PACCTOSTHUEM Me-
KAy ocamu cooTHoueHueM D = 10R. PacueT BBINIOTHUTE TIPU YCJIOBUH, YTO MAarHUT-
Hasl MPOHMIIAEMOCTH BEIECTBA MPOBOJIOB PaBHA @) W, 6) 100u,.
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4. B koakcuabHOM Kabesie TOMIIMHA 000JI0UYKH, BSOS 0OPaTHBIM IIPOBOIOM,
3HAYMUTENILHO MEHBIIE ee CPEeIHEro pajanuyca Ry, B CBSI3U ¢ 4eM 000J0YKY MOKHO pac-
CMaTpUBaTh Kak OECKOHEUHO TOHKYyI0. Halijjute oOTHOIIEHWEe WHAYKTUBHOCTEN
Lysyrp/ Lisien kabesist, ec/in KA BBIIOJIHEHA U3 d) aJIOMUHMUS, 6) CTaJIl ¢ MATHUTHOMN
nporutiaeMoctsio 100y, Paguyc xumbl paBeH R;.

5. (P) TokompoBoj mnpezcTaBisier coO0il jBe BechbMa JJIMHHBIE MPSIMOJIMHEITHbIE
IIUHBI TIPAMOYTOJBHOTO CEYEHUST ¢ PABHBIMU TOKAMU MTPOTUBOIIOJOKHbBIX HaIpaBJIe-
HUM, BbICOTA /i KOTOPBIX 3HAUUTENHLHO OOJIbIIe IUPUHBI d KA [0i U3 IINH U PACCTOsI-
Hust D Meskay OJVKHUMU JUIMHHBIME CTOPOHaMU InuH. [IpeHebperast uckaxkeHueMm
MOJIsT y KPaeB IIUH, pacCYrTaiiTe MHAYKTUBHOCTh TOKOIIPOBOIA HA CIMHUILY €T0 JIJIH-
HBI [IPU YCJOBUH, YTO MJIOTHOCTH TOKa IO TOJIIMHE KaXIOH W3 MuH a) J = const,

X
6) J(x) = J, 7 rie KoopanHaTa x JexkuT B mpeaenax 0 < x < d u OTCUNTBIBAETCS OT

BHEITHUX CTOPOH IWH. MarauTHast TPOHUIIAEMOCTD IITUH U OKPYIKAIOIIEH X CpPeibl
paBHA .

6. (P) /lna ynydmennss yeJIOBUH OXTKIAEHUS TOKOTIPOBOAA KK U3 €TO TMPSIMO-
YTOJIBHBIX [IWH TOJMMHON 2d 3aMeHeHa AByMsI mMHaMu ToJiunoi d. Tloaydure
BbIpaskeHHne Jisd pacde€Ta MHAYKTUBHOCTHU TOKOIIPOBO/Q, 11O ABYM COCE/IHUM IIIHNHaM
KOTOPOIro Te4eT TOK OAHOTO HallpaBJIEHUA, a 11O JIBYM JIpDYyTUM COCEAHUM HIMHaM —
MIPOTUBOINONOKHOTO. CpaBHUTE UHIYKTUBHOCTH TAKOTO TOKOIPOBO/IA C UHIYKTUBHO-
CTBIO TOKOIIPOBO/IA U3 JIBYX IIWH TOJIIMHON 2d xaxxaaga u pacrtogaHuemM d MEXK/Y HUMMU.
Paccrogaunue d MEXKY COCEHUMU IMHAMU 3HAYUTEJIHbHO MEHBIIIE UX BbICOTHI h. Mar-
HUTHAS TTPOHUIIAEMOCTH IIIMH U OKPYIKAIOIIEN MX cpeibl paBHA L. [[710THOCTD TOKA
IITUH [OCTOSIHHA. TOKM THUH KAK0TO0 TOKOIIPOBOIA OJIUHAKOBBI,

7. (P) [lonyuuTe BoIpaskeHME 1715 pacueTa MHAYKTUBHOCTH TOKOIIPOBO/IA HA eTUHUITY
€0 JUINHBI, COJIEPIKAIIETO YeThIPE TPSMOYTOIbHBIE IIMHBI TOJMINHON d Kaxaasi, oopa-
MIeHHBIE IPYT K APYTY JUTHHHBIMHU CTOPOHAME. PaccTostHie MeK1y COCeTHUMU TIHNHA-
mu d. [To niepBoil 1MHe, cunTast cjieBa HalpaBo, ¥ 10 TPEThel TedeT TOK MPSIMOTO Ha-
[IpaBJICHUs], 10 BTOPOH ¥ 4eTBepTOil — obpaTHOro. CpaBHUTE HHAYKTUBHOCTH TAKOTO
TOKOIIPOBO/JIA ¢ WHAYKTUBHOCTHIO TOKOTIPOBO/IA, PACCMOTPEHHOTO B MPEIBIIYIINX
ABYX 3ajlayax. BelcoTa A MIMH OAMHAKOBA M 3HAYMTENbHO MPEBBIIIAET UX TOJIIUHY
U paccTosiHue Mexkay HUMU. MarnuTHast TPOHUIIAEMOCTh IMUH U OKPY’KAIoNel nx
cpezibl paBHa L. [110THOCTD TOKA MIMH MTOCcTOSTHHA. TOKY MTIMH KasKJI0TO TOKOTTPOBO/IA
OJTMTHAKOBBI.

8. (P) MunykTuBHOCTH KOHTYPOB paBHbI Ly 1 Ly. HaiinnTe MakcUMaIbHO BO3MOKHOE
3HAUYEHNE UX B3aMMHON WHIYKTUBHOCTH.

9. /IBa OAMHAKOBBIX COOCHBIX MEIHBIX KOJIBIIA HAXOMATCS HA PACCTOSHUU APYT OT
IpyTa, paBHOM X paanycy R. Paguycsl npoBozios kouer a = 0,1 R. [TomyuunTe BoIpaske-
Hue st K03 hUITMeHTa CBS3N.

10. (P) Kpyrosoit koutyp paauycom R = 10 cM BBITIOJTHEH M3 TIPOBOJA PaJNyCOM
a=0,5 cM, MAarHUTHAS TIPOHUTIAEMOCTH MaTepruaia Kotoporo pasua p = 100u,. MosxHo



Bornpocekl, ynpaxHeHus, 3aaaym K rnasam 26, 27 n 28 197

JIVL TIPU BBIYUCJIEHUN WHIYKTUBHOCTH TIpeHeOPeUb ero BHYTPEHHEN UHIYKTHBHOCTBIO,
€CJIM TIOrPEIIHOCTh Pacyera He JOJIKHA IIPEBBIIATh 5 %? VI3MEHUTCS JI OTBET, €CJIH
KOHTYD BBITIOTHEH 13 HeMarHUTHOTO ([ = L) BemecTBa? (Tok B KOHTYpe TOCTOSH-
HBITL. )

11. (P) KpyroBoii KOHTYp M3 MeIHOTrO MPOBO/IA PAAUyCcOM R, 3HAUMTETHHO IPEBBI-
MIAIOIIAM PAJINYC @ €TO CeYeHUs, TOMEIEH BO BHEITHee OJTHOPOTHOE MAarHUTHOE TI0JTe
¢ nnpyknueit B = 10 3.cos 314¢ Tu, nanpas/ennoe o HOPMaIH K IJIOCKOCTH KOJIbIIA.
Paccuuraiite MOIIHOCTH TIOTEPH B KOHTYPE MIPU JIOMYIEHUH, YTO MArHUTHBIH TTOTOK,
00y CJIOBJIEHHBIN MHYIIMPOBAHHBIM B KOHTYPE TOKOM, 3HAYNTEJIbHO MEHBIIE BHEIITHE-
o MarHUTHOTO MOTOKAa. MarHuTHasi NMPOHUIAEMOCTh paBHA L, Bcioxy, R = 3 cmM,
a =1 MM. YienbHas 3JeKTprYecKast TPOBOJUMOCTb MeTN 5,7107 Cm/Mm.

12. (P) Papuyc pacmosioskeHHOTO B BO3/yXe KPYroBOro BUTKa paseH 4 cM. [locTpoiite
KPUBYIO 3aBUCUMOCTH OTHOIIEHUS €T0 WHAYKTUBHOCTUA K COIPOTUBJEHUIO TIPU TIO-
CTOSTHHOM TOKe OT Pajiiyca POBO/Ia, €CJIU MaTepUaj BUTKA a) Mejib, ) CTab ¢ Mar-
HUTHON mnponutiaeMoctbio 200, YaenbHast sieKTpUdYecKas MPOBOIAMMOCTDL CTATU
510% Cm/m.

28.2. MeTop y4yacTKkoB
BOMPOCbI U YMPAXXHEHUS

1. MoXHO I TPUMEHUTDH METO]] YIaCTKOB JIJId pacyeTa WHAYKTUBHOCTH KOHTYPOB
B @) HEONHOPOHOI JNHENHOI cpe/ie, 6) KyCOYHO-O0HOPOIHO JUHEHHOW Ccpejle,
8) HEeJWMHEWHON cpejie, MAaTHUTHAS TPOHUIIAEMOCTH KOTOPOU 3aBUCUT OT TOKA KOH-
TypoB?

2. CremyeT nu Ipy IPUMEHEHNH MeTO/Ia YUYaCTKOB ITPEACTaBUTh BHYTPEHHIOIO HHIYK-
TUBHOCTH TaKyKe B BUMIE CYMMbI BHYTPEHHUX WHAYKTUBHOCTEN YIACTKOB?

3. (O) [louemy mOHATHSI UHAYKTUBHOCTH yUacTKa MTPOBO/IA M B3AMMHOM WHIYKTUBHO-
CTH MEXK/Iy YYaCTKAMU TTPOBOJIOB SIBJISIIOTCST YCIOBHBIMU?

4. DJIEKTpUYECKUI TOK He MOXKET ITPOTEKaTh B OTPe3Ke TPOBO/IA, TaK KaK MOCIETHUI
He3aMKHYT. OHAKO BBIPAYKEHUS /I WHAYKTUBHOCTU U B3aMMHON WHIYKTUBHOCTH
OTPE3KOB TO3BOJIAIOT HAWTHU WHAYKTUBHOCTH 3aMKHYTBIX KOHTYPOB. [louemy aT0 BO3-
MO>KHO?

3. [louemy opmyJibl iJist pacdeTa MOTEHIUATBHBIX KOIDMHUIIMEHTOB METOOM CPEJI-
HUX IOTEHI[MAJOB UCIIOJIb3YIOT [IJIs1 ONpe/leJieHNs] B3aUMHOM MHAYKTUBHOCTU U MH-
NYKTUBHOCTH 3TUX OTPE3KOB TOJBKO B CJIYYAsIX TPSIMOJIUHEHHBIX OTPE3KOB IIPO-
BOJIOB?

6. (P) Bremmasg nuayKTUBHOCTH KBaIpAaTHOTO KOHTYpa pa3MepoM axa pasHa L. Pas-
Ha s 2L, BHENTHSAS WHAYKTUBHOCTH TIPSIMOYTOJIBHOTO KOHTYPa pa3MepoM ax2a?

7. (P) KakoB cpennuit paanyc KpyroBoro BUTKa, MMEIOIIEro TaKyIo JKe BHENTHIO MH-

NYKTUBHOCTH, UTO W KBaJPATHBIN BUTOK CO CTOPOHOH a? Pammyc mpoBoja BUTKOB
7, << a.
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28.3. UIHAYKTUBHOCTb ABYXNPOBOAHOW JINHUM
BOMPOCHI 1 YNPAXXHEHWSI

1. (O) Mosxer Jin B3auMHasi WHAYKTUBHOCTH JABYX JABYXIIPOBOAHBIX JUHWUN 0Gpa-
maThest B Hy1b? MOJKHO JIM 9TOTO JOCTHYD TTyTeM BBIOOPA TTOJMOKUTETBHBIX HATIPAB-
JIEHUTI TOKOB JIMHWH ?

2. (O) [Touemy MHAYKTUBHOCTD MTPOBOJIOB, HalifieHHAd TIPU TTOCTOSTHHOM TOKE, OTJIU-
YyaeTcsd OT MHAYKTUBHOCTH TIPU TiepeMeHHOM Toke? OT Kakux (DaKTOPOB 3aBUCUT Pa3-
anane?

3. IIpaBuibHO /in OyzIeT paccyuTaHa MHAYKTUBHOCTD ABYXIIPOBOAHON JIMHUM HA €/I1-

g
HUILY JIJTUHBI C TIPOBOJIaMU pajgmycaMu R 1o popmyiie L = —, ecm onpeesnTh MoTo-
i

Kocrerieare W Kak pasHOCTh MaKCHMaJbHOTO U MUHHUMAJIHbHOIO 3HAYEHMI BEKTOP-
HOT'O MAarHUTHOIO IIOTeHI[raIa?

4. (P) Vcnonp3ysa BeIpaskeHUe 751 BBIYUCIECHUS WHAYKTUBHOCTH TIPSIMOYTOJBHOU
paMKWH, HaliIuTe ee Tpe/eibHOe 3HAUeHUe, KOT/A JJINHA JIBYX €€ TTPOTUBOTIOJIOKHbIX
CTOPOH HEOTPAHWYEHHO BO3PACTaeT, a PacCTOsiHue d MEeXKIy HWMHU, PaBHOE JJIMHE
JIBYX IPYTUX CTOPOH, KaK U PainyC 7, TMPOBOA, COXPAHIIOT MOCTOSHHOE 3HAUYEHUE.
CpaBHute HalileHHOE BBIpasKeHMe ¢ (DOPMYIION 71T WHAYKTUBHOCTU ABYXITPOBOIHOMN
JIMHUH, PAZNYC CEUEeHNUs TIPOBOIOB KOTOPOH 7, a PACCTOSHIE MEKIY TIPOBOAAMU d.

3. (P) Omnpenenure nHAYKTUBHOCTD TPSIMOJUHENHOTO HEMArHUTHOTO MTPOBO/IA KPYT-
JIOTO CEeUeHUst PafinycoM R ¥ IInHOi [, TToBereHHoro Ha Bbicote i (I >> h) Has mio-
CKOH TIOBEPXHOCTHIO MJICATBHO TPOBOJIATIETO TeJa, BBITTOJTHSIONIETO POJb TTPOBOJA
C TOKOM 0OPATHOTO HATIPABJICHUSI.

6. (P) Bosgyurnag aAByXmpoBOAHAS JTUHUS PACIONIOKeHA TapasieJbHO TIOCKOH To-
BepxHOCTH 3eMyu. Pagmycsl mpoBozioB R = 1 cM, pacctosane Mexay HumMu D = 1 M,
BBICOTA TIO/IBECA TIPOBOJIOB Ay = 5 M, hy = 6 M, MAaTHUTHASI TIPOHUIIAEMOCTD BEIECTBA
poBoaoB W = 100p,. 3emis obagaer uaeaabHbBIMU IIPOBOAAIIUME cBolicTBaMu. Ori-
pellesiuTe MOTPENTHOCTh pacyeTa WHAYKTUBHOCTUA NPH TPpeHeOPEKEeHNN BIUSHUEM
3eMJIN.

7. (P) Haiinure MHAYKTUBHOCTH BO3/IyIIHBIX JIBYXIIPOBOJHBIX JUHUH, MPOTIHYTHIX
BOJIN3Y MTOBEPXHOCTEH ¢ M/IeaTbHBIMU MTPOBOASIIIUMU CBOMCTBAMU. MaruuTHast mpo-
HUIAEMOCTbD BelriecTBa 1poBo1oB pasua 100w, paauycst nx ceuernii — R (puc. B28.1).

Bapuant | Ay, M | ho, M | hg, M | Ay M dwvm | D,m M | r9,eM | Ryem | Ry, M

a 4 4 5 6 - - - - 2 -
0 0,2 0,3 - - 1 0,3 - - 1 -
8 0,2 0,4 0,1 0,3 0,5 - - - 0,2 -
2 - - - - - - 4 5 2 2
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a 6 8 '

2R IR N /o / 2R IR

D
1 d ’f/ {1
3 hl h2 hl h2 3 hl h2
X _ X X
hy
2 2R 2R
| 2
72
o =60°
Ro
o = 45°
Puc. B28.1

8. (P) Ucnonpsysa dhopmymy mad pacuyeTa WHAYKTUBHOCTU ABYXITPOBOIHON JIMHWH,
paccuMTaiTe CUJIy B3aUMOJIEHCTBUSI TOKOB TIPOBOJIOB U CPABHUTE €€ C CHUJIOH, MoJTy-
4aeMO¥l B MPeIONIOKEHN N, YTO TOKU MTPOBOJIOB COCPENOTOUEHBI HA UX OCSIX.

28.4. NHAYKTUBHOCTb Tpex(a3HOW IMHUN
BOIMPOCHI

1. CoxpaHuTcsi Jii HEU3MEHHOW WHIYKTUBHOCTH TPeX(a3HOU JIMHUU IIPU 3aMeHe
MPOTEKAIONIEH B HEll CUCTEMbI TOKOB TIPSIMO¥ TIOCTIE/IOBATEIBHOCTH HA CUCTEMY TOKOB
a) obpaTHOII OC/Ie0BaTEIbHOCTU? 6) HYJIEBON MOCIEA0BATEIbHOCTI?

2. IlpoBoza munuii epegaun paciooKeHbl Hapasle/bHo oBepxuocTu semn. Ka-
KOe BJIMSIHME Ha MH/LyKTUBHOCTD Tpex(as3HOM JIMHUM MOXKET OKa3aTb 3eMJIs1?

3. 3aBUCHUT JM WHAYKTUBHOCTDH TPex(ha3Hol JUHUA OT TTOPSAKA TAPMOHWKN TTPOTe-
Kalollero 1o Heil Toka?

4. Pacctognus mexxmy mpoBomaMu TpexdasHoil suanu nepemadnt Diy = D3 # Das.
B xaxoii u3 ¢da3 1omosHuTebHOE AKTUBHOE COTMIPOTUBJIEHNE OTIMYAETCS OT HYJII?

YMPAXKHEHWSA

1. (P) Ilosyunre BbIpaskeHue /iy pacyeTa SKBUBAJIEHTHOM WH/YKTUBHOCTHU TTPOBO/IA
TPAHCTIOHUPOBAHHON TpexX(ha3HOU JUHWUH, PACIIONOKEHHON HaJl TJIOCKON TTOBEPXHO-
CTBIO 3€MJIV MIPH YCJIOBHM, YTO y/e/IbHAs 3JIEKTPHUYeCKast TIPOBOIMMOCTD 3eMJIH Oec-
KOHEYHO BeJiMKa. BbicoTa moaBeca mpoBOOB — Ay, hy, h3, paccTosiHre MeXILy HIUMU
Dy, Dy3, Dy3, pamuycsl cedeHnii MpoBoi0B — Ry, Ry, Rs.

2. (P) Paccuuraiite skBUBAJIEHTHYIO MHAYKTUBHOCTD ITPOBOJA TpeX(a3HOil TpaHCIIOo-
HUPOBaHHOU JimHUM J7IMHOU 10 KM, TPOBOJIa KOTOPOM Pacoio;KeHbl B OJTHON TLJIOC-
KOCTH. Pajitychl cedeHuit MpoBOIOB R = 5 MM, PACCTOSTHUS MEKIY COCETHUMU MTPOBO-
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JTaMHn D=2wm. CpaBHI/ITe TnosrydyeHHoe 3HayeHne ¢ MHAYKTUBHOCTBIO KaiK/IbIX /IBYX
IIPOBOAOB JIMHWU, TIPUHUMAaA U = Ly BCIOAY.

3. (P) VY kakoii u3 1ByX BO3AYITHBIX TPeX(a3HBIX TPAHCIIOHNPOBAHHBIX JTUHUM C TTPO-
BOJIaMH OJIMHAKOBOTO pPajinyca 9KBUBAJIEHTHAS WHAYKTUBHOCTH MPOBOAA OOJIbIIeE:
MTPOBOJIA KOTOPOI PACIOJIOKEHBI B @) BepIIMHAX MPABUIBHOTO TPEYTOJIbHUKA C JIJTU-
HOU cTOpoHbI D Wint 6) B OJHOI TIJIOCKOCTH TaK, YTO PACCTOSTHUE MEKIY COCETHUMMU
mpoBoziamMu paBHo D? [Ipu Kakoil JJiMHe CTOPOHDBI TPEYTOJbHUKA UHYKTUBHOCTH JIN-
HUI paBHbBI?

4. (P) B anextpuueckoii meun TpexhasHblil TOK TOIBOIAT IO TPEM KPYTJIBIM MeTHBIM
MmuHaM pagnycamu 1,2 cM, 0cl KOTOPBIX HAXO/ATCS B OJ{HOM TIJIOCKOCTH. PaccTosHus
Mesxkay cocexaumu muHamu D = 0,2 M. JyimHa mus 8 M, yactora Toka f = 50 Tir, Tok
muHbl [ = 3000 A. PaccunTaiiTe MOITHOCTB, TEPEHOCUMYIO M3 OJHON (ha3bl B IPYTYIO.
Orpeziesure, KaKyio 4acTh COCTABJISIET 3TA MOITHOCTD OT aKTUBHOU MOIIIHOCTH, BbIJIe-
JigeMoOi B MIMHAX.

5. (P) IIpoBosa TpexdasHoil JMHUN TPOTSHYTHI BOJIM3KM MMOBEPXHOCTEN € Mi€aIbHbI-
MU IIPOBOJAIIMMU CBOMCTBAMU U PaBHOYAATIEHBI IPYT OT Apyra (puc. B28.2). Paccun-
TaliTe SKBUBAJIEHTHYIO WHIYKTUBHOCTb OJIHOTO TIPOBOJIA, YUUTHIBASI TPAHCIIO3UIUIO
MIPOBOMIOB (BApUAHTHI a—2). MarHuTHas MPOHUIIAEMOCTh BEIleCTBa MPOBOOB PaBHA
100 py. OteHUTE MOrPENIHOCTD PacyeTa Mpu MpeHeOPeKEeHIH BIAUSHUEM HEOIHOPOII-
HOCTH cpejibl. Yucsientbie JaHnHble MpUBeleHbl B Tabsmile K yup. 10, § 25.3.

a 6 8 d '
y
2R
2R L2LL.
3 - < - 3/di2
R p&p 21 L s 2R
AN EUAVER R
AL D2 d 1" D A2 <52
h dr h
X
0 - 777 -

Puc. B28.2
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NepeMeHHOEe 3/1IeKTPOMArHUTHoOE noJie B AN3JIEKTPUKe

29.1. Mnockas 3neKTpoMarHuTHas BOJIHA B ANIJIEKTPUKE.
CKOpOCTb pacnpocTpaHeHUs /IEKTPOMarHMTHON BOJHbI

B npeapiaymmx riaBax ObLIM UCCIIEA0BAHBI YACTHbIE TIPOSIBJICHUS DJIEKTPOMArHUT-
HOTO IIOJISI: 3JIeKTPUYECKHe TI10Jis, OKDPY’Kalollhe CHUCTEeMbl HEINOJBUKHBIX 3aps-
JKEHHBIX TeJl, U 3JeKTPUYeCKUe U MarHUTHBIE I10JIsI, OKPY’KAoI[Me CUCTEMbl HEIo-
JBU>KHBIX KOHTYPOB C TIOCTOSTHHBIMU TOKaMHU.

B o6iiem ciydae [Jis1 MI3MEHSTIOIINXCST BO BPEMEHH 3apsiIOB, U3MEHSIIONMXCST BO
BPEMEHU TOKOB, JABUKYNIUXCS 3apPS/KEHHBIX WJIM HAMArHUYEHHBIX Tesl WU JIBUXKY-
ITUXCST KOHTYPOB C TOKAMU B OKPY>KaollleM UX ITPOCTPAHCTBE CYIIECTBYET IepeMeH-
HOE 3JIeKTPOMAarHUTHOE TI0JIE.

OrparnymMcsa pacCMOTPEHUEM TIEPEeMEHHOTO 3JIeKTPOMATHUTHOTO TIOJII B HETO-
JIBVDKHBIX OJTHOPOJIHBIX ¥ U30TPOITHBIX cpejax. [list uccyieoBaHust 9TOTO TOJIsl He00-
XOIIMMO 00PATUTHCS K TIOJHOM CUCTEME YPaBHEHUI 9JIEKTPOMATHUTHOTO TTOJIST:

rot H =9; rotE:—@; 8=yE+@+J
ot ot

ncp;
D=¢E; B=uH; divD =p; divB =0.
B zekapToBoil cucreMe KOOpPAMHAT IepBble JBa YPaBHEHMsI 3alMIIYTCA B BHUJE

IIECTH YPaBHEHUN COOTBETCTBEHHO TPEM MPOEKIUSAM Ha ocu KoopauHat. Vcmomb3ys
elie BBIpaKeHUs 711 BeKTOpoB 8, D u B, moydaeM aTH ypaBHEHUS B BHUjE

oH
M Ty, oy Sepa’ @
oy 0z ot
OoH,6 oH oE @)
Lot =yE, +e—L+J,..;
0z ox [t ot ey
oH
v _OH, =vE, +¢ oF, + S epzs ()
ox oy ot
oF, _5Ey =—H6Hx' (2)
dy oz ot
aEx _ aEZ = aH’/ . (a)
9z ox ot
aEV _ aEx =—u aHz . (6)
ox oy ot

[Ipenronoxum, 4TO TPOBOANMOCTH AMAJIEKTPUKA paBHa HYyJ0 (y = 0) 1 uTO CBO-
GoJIHbIE 3apsI/Ibl B AMAJIEKTpUKe oTcyTeTBYIOT (p = 0). B Takoii cpee MoryT cymiect-
BOBAaTh TOJIBKO TOKHU 3JIEKTPUUYECKOTO CMEIIEHNUS.
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Jlsist TOro 4TOGBI JIydllle BBISBUTH OCHOBHbBIE COOTHOIIEHUST B JIEKTPOMArHUTHOM
1oJie, PAaCCMOTPUM CHavasa TPOCTENITHH caydail — TJIOCKYIO 3JIeKTPOMarHUTHYIO
BOJTHY, PacTIPOCTPAHSIONTYIOCS B OJTHOPOTHOM U M30TPOTTHOM /TN3JIEKTPUKE. DIEKTPO-
MarHnTHas BOJHA HA3bIBaeTCd TIIIOCKOH, KOT/la BCE BEJWYMHBI, XapaKTepU3yomnne
WHTEHCUBHOCTH 3JIEKTPOMATHUTHOTO IMPOIECCa, 3aBUCAT TOJBKO OT OJHON M3 /leKap-
TOBBIX KOOPJMHAT, HAIIPUMEP OT KOOPAWHATHI z. [IpHOIM3UTENBHO TaKOH XapakTep
MMeeT 3JIeKTPOMArHUTHAs BOJIHA, N3JydeHHAs aHTEHHO, eCJIM 3TY BOJIHY pacCMaTpH-
BaTh B HEOOJIBIION 00JIACTH IPOCTPAHCTBA HA OOJIBIIIOM PACCTOSTHUM OT M3JTy4YaioIero
1EHTPA.

Wraxk, npeanonoxuM, uto BekTopel E 1 H He 3aBUCAT OT KOOPAUHAT X U Y, T. €.

@:0; %:O; @:O; @=0
ox oy ox oy
Crenosatenbro, E n H aagioTcss GyHKIIUAMA TOTBKO Z U . YIUTBIBas e1lle yCJio-
BusA y = 0 u p = 0, momy4yaem ypaBHEHNS TOJIS B BUE

oH, £
_ Y =88Ex; (a/) Y =_H8H1; (2/)
0z ot 0 ot
OH _ oF OoE oH
T ¢ y; (6!) X = !/; (a/)
0z ot 0z ot
oF oH
=g z: (8 0= z e
5% @) h—=- (@)

[Ipeamoso:xuM, 4TO TTOJTe BBI3BAHO MCTOYHUKAMU, HE COMEPIKAIIIMU TTOCTOSTHHBIX
TOKOB M TIOCTOSTHHBIX 3aPSA/IOB, KaK 3TO M NMEET MECTO B CJIydae M3JydyeHns BOJH aH-
TeHHoN. ToK 1 HaMpsKeHNe B aHTeHHe He MMEIOT TTOCTOSHHBIX COCTABIIOMUX. B Ta-
KoM cirydae BekTopel E v H He MOTYT UMETh COCTABJISIONINX, He 3aBUCSIINX OT BpeMe-
HU, ¥ ypaBHeHus (B') u (e') naior

E, =const =0; H, =const =0.

Beibepem Hanpasienue oceit OX u OY Tax, uto6b1 BekTop E ObL1 HarpaBJieH 1o ocu
OX. 910 Bcerma MOKHO CliesiaTh, ecau BeKTOp E Bce BpeMs ocTaeTcs mapajijieTbHbIM
HEKOTOPOMY HAIlpaBJIEHUIO, T. €. KOT/Ia BOJIHA ABJSETCS MOJIpU30BaHHON. Takue yc-
JIOBSI, B YaCTHOCTHU, 0OECTIEUNBAIOTCST ITPU U3JIYYEHUHN DJIEKTPOMATHUTHBIX BOJIH He-

O/IBIKHOIT anTenHoil. B takom cimydae umeem E, = 0. IIpn atom ypasnenus (6') u
oH
X

(2") maror Gglx =0m =0, T. e H,=const =0.
z

Cunenosarenbho, Bektop H nHamnpassien 1o ocu OY. Mbl 1ioryyaeM nepBblii CyIecT-
BEHHBIIT BBIBOJL: 8 SNEKMPOMAZHUMHOLU 60J1HE, CB0O00OHO PACNPOCMPAHIIOUELCSL 8 00HO-
POOHOM u usomponnom dusnexkmpuxe, éexmopot E u H 3aummo nepnenoukyispmor:

E_lH.
Wrak, ocratorcst aBa ypasuenust (a') u (0'):
o,  oF OE oH

=g r, a X
0z ot @) 0z H ot

@)
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[uddepentpys Bropoe ypaBHeHue 1Mo z 1 TIepBoe 1O ¢, TTOIydaeM

62Ex:_M82Hy. _62Hy :862Ex
022 otoz 0z0t o’
OTKyZa UMeeM
0°E, _ aQEx, *)
ot? 0z°

[pUYeM v = i
Jue

VYpasuenust (a'), (0") u (*) mo ¢popme cCOBEpPIIEHHO aHAJIOTHYHbI YPAaBHEHUSIM

O _pdu, _ow a0

ox o’ ox o’ ot ox?

1
(puaem v = f), IIOJIy4yeHHBIM B 4. I mpy paccMOTpeHnu 1epexoiHbIX IIPOoLecCoB
LC

B HEHCKasKaIoIIel OJHOPOIHON JIMHIK. PellieHne mocieHuX ypaBHEHNUN ObLIO Haii-
JIeHO B BUJIE

u, = e(x —ot) +y(x +ot);

i = \E [o(x —0vt) —y(x +01)].

[Tonb3ysich 9TUM PENIEHNEM, MOKEM HaIMcaTh BbIpakenus a1 £, n H,, 3aMmenus B
HOC/IEeHUX BbIpasKeHuAX uy Ha E,, iy na H,, x na z, C na € n L na u. Ilpoussens sty 3a-
MeHy 1 obozHavyas GyHKIUU OT (z — vt) u oT (z + ot) uepes Fi(z — vt) u Fy(z + ot), 6y-
JIeM UMETh UCKOMbIE BBIPDAKEHUS B BUJIE

E . =F (z-vt)+F,(z+0t);
H, :\F[Fi(z—vt)—Fz(ZHJt)].
u

Tak kak 1o YCJIOBHIO Ex n H,/ HE UMEIOT COCTABJIAIONINX, HE 3aBUCAIINX OT BpEME-
HH, TO 1 (byHK]_[I/II/I F1 n F2 HE NMMEIOT 9TUX COCTaBJIAIOIINX.
Borssicnum CMBICJI, KOTOprﬁ MMEIOT YaCTHbIEC PEHICHHWA:

Exl :Fi(z_vt); Hyi = EF1(Z_UZ-).
o8

B 1106011 TouKe, ABUAKYIIEHCS B TOJOKUTEIBHYIO CTOPOHY ocu OZ €O CKOPOCTHIO
dz/dt = v, snauenus E4 u H,; ocratorcst nocrosiHHbIMY. [eHCTBUTENBHO, NONOKEHNE
TaKO¥ TOUKU OTIPeEesIeTCs] KOOPAUHATON z = 0t + 2y U, CJIeZI0BATENbHO, BETUIMHBI E, 4
u Hy1 B 9TOU ABMXKYIIENCS TOUKe UMEIOT 3HAUEHUS:

Eﬂ = F1(Z)t+20 —Ut) = F1(20) = const;

H

= £ F,(z,) = const.
n
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Orciona caemyert, 9To Kaxk/10e ompeieleHHoe 3HaueHne BeTMYNHbI E, TN BeTUIUHBI
H,; pacnpoctpanseTcss B CTOPOHY MOJIOKHUTENBHON ocu OZ co ckopocThio v. [TosaTomy
MOKEM YTBEP/KIATh, YTO ITH YACTHBIE PEIIEHUsI OTPEAESIOT COO0il AIEeKTPOMArHUT-
HYIO BOJIHY, PACTIPOCTPAHSIONIYIOCS CO CKOPOCTHIO ¥ B TIOJIOKUTETLHOM HAIIPaBICHIHT
ocu OZ (npsamyro eomny). Tak kak ¢ Benmunaamu E n H cBg3ana onpeziesieHHas mioT-
HOCTH SHEPTHH 3JIEKTPOMATHUTHOTO TTOJIS, TO IBVKYIIASCS IEKTPOMArHUTHAS BOJTHA
HeceT ¢ coboii ONpeIeIeHHOE KOJMYECTBO 9JIEKTPOMATHUTHOI 9HEPTHH.

[Ipu momoIy aHAJOTUYHBIX PACCYKAEHUN MPUXOANM K 3aKJIIOYEHUIO, YTO YacT-
HbI€ PEIIeHUs

E,, =F,(z+ot); H, =-|>F,(z+0t)
‘ i

ONPE/IEISAIOT COOOM BIEKTPOMATHUTHYIO BOJIHY, ABUKYIIYIOCS CO CKOPOCTBIO 0 B OTPHU-
raresibHOM Harpasiernn ocu OZ (o6pamiyto 6omny).

WNTtax, MBI OJIyYnIIn, 9TO ANEKMPOMAZHUMHAS BOJIHA PACNPOCMPAHAEMCS. 8 NPO-
cmpaucmese co CKOpoCcmuio

1
0=—.
Jue

ITa CKOPOCTH 3aBUCUT TOJIBKO OT MArHUTHBIX U 3JIEKTPUUYECKUX CBOMCTB CPEJIbI.
B mycrore ona paBHa

c= L Z9998-10% m/c ~ 3-10° /.

VH o€

AbcomoTHbIE 3HAYEHNS HAMIPSIKEHHOCTEH MATHUTHOTO U AJIEKTPUYECKOTO MOJIei
CBSI3aHBI KaK B TPSIMOM, TaK 1 B 0OGPATHOI BOJIHE COOTHOTIIEHIEM

€

H= |-E,
u
OTKy/Jla TI0JTyYyaeM
wH?® eE?
2 2

CJie10BaTeIbHO, e CYuecmayem moavko nPImMas Uil moivko 00pamuas 60aHa,
MO SHEPZUU MAZHUMHOZ0 U INEKMPUUECKOZ0 NOJeU PaBHbL Mewncdy COOOIL.

OG6paTiM BHUMaHUE Ha aHAJOTHIO, KOTOPYIO MOKHO TPOBECTH MEKIY PACCMOT-
PCHHBIM SABJICHUEM PACTIPOCTPAHEHUS TIOCKOH 2JIEKTPOMATHUTHOW BOJIHBI B /TUAJICK-
TPMKe, XapaKTepusytouencsa nanpskennoctamu E, u H,, n aBjieHneM pacipocTpaHe-
HUS BOJIH HANIPSKEHUS ¢ W TOKA i B OHOPOIHON JUHUW TIPU OTCYTCTBUU TOTEPH B
JIMHUU. Y:Ke OBbLIIO OTMEYEHO, YTO BhIpaskeHue [jist E, COBEPIIEHHO aHAJIOTUYHO BbIpa-
JKEHUIO Il U ¥ COOTBETCTBEHHO BbIpaskeHue s H, aHaJoruyHo BbIPaKEHUIO JJIA 1.
ITO 0OCTOSITENBCTBO HE SIBJISIETCST CJIYIallHBIM. L[eHCTBI/ITeJIbHo MOJKHO paccMarpu-
Barh BeaMUMHY E Kak TajieHue HarpsbKeHUs, OTHECEHHOE K eIMHUIIE JIIMHBI JIMHIU
HAIPSIKEHHOCTU AJIEKTPUYECKOTO TI0JIsI, 1 COOTBETCTBEHHO BesinuuHy H — Kak TOK,
OTHECEHHBI K eJIMHUIIE JITTUHBI TUHUU HATIPSIKEHHOCTH MarHuTHOTo 110J1st. [Ipu atom



rnasa 29. lMepeMeHHOe aneKTpoMarHuTHoe none B avanektpuke 205

otHotenue E,/H, W/€ =z UMeeT PasMEePHOCTh AJIEKTPUIECKOTO COIPOTUBIICHUST

y1 =
1 MOJKET pacCMaTpUBaTbCA KaK BOJITHOBOE CONPOTUBJIEHUE CPeLbl aHAIO-

I'MYHO BOJTHOBOMY CONPOTHUBIEHNIO Z = +/L/C ogHopoanoi muaun. B caydae pacrpo-

CTpaHEHUA BOJIHBI B ITyCTOTE NMEEM

41077

m =120m =377 Om.
Tc. .

Broipaskenue asg ckopoctn v = 1 /\/E pacmpocTpaHeHus 3JIeKTPOMAarHUTHOH BOJI-

HBI B INAJIEKTPUKE aHATIOTMYHO BBIPAYKEHNIO /I CKOPOCTH ¥ = 1 /\/R pacipocTpaHe-
HUS BOJTH B JIUHUM.

MoskHO GbIJIO OBl BBECTH BMECTO 9JIEKTPOMATHUTHBIX KOHCTAHT € ¥ L J[BE JAPYTHE,
BBIpasKAIONTIeCs Yepe3 HUX, (puandeckne KOHCTAHTDI, & UMEHHO:

s

4TO Jryuiie Obl BbIPaKasio BOJHOBbIE CBOICTBA MOJIS.

Y106bl YAACHUTH BO3MOKHOCTH CYIIIECTBOBAHKS OJHOBPEMEHHO U IIPSIMOI 1 0Opar-
HOI BOJIH, PACCMOTPHM TIEPEXO/l BOJIHbBI U3 CPEbl ¢ abCOTIOTHON MHAJIEKTPUIECKOI
1 abGCOJTFOTHON MAarHUTHO# TIPOHUIIAEMOCTSIME €1 U |1y B CPE/LY C TPOHUIIAEMOCTSIMHE &,
u po. [lpearnonoxum, 4to cpesibl pasiesieHbl TIIOCKOCTHIO U UTO BOJIHA PACITPOCTPAHSI-
eTcst B HallpaBJIeHUH, HOPMaJIbHOM K ILJIOCKOCTH pasjesa. [ladarwowas B IepBoii cpeje
Ha [OBEPXHOCTD paszesia BosiHa (Eyy, Hyy) (TIpsiMast BOJIHA) YaCTUYHO IPOXOAUT CKBO3b
HOBerHOCTb pasjenia, o6pasyst BO BTOPOii cpesie npenomiennyto (IPSMY0) BOJHY
(Ey2, Hy) 1 4acTHYHO OTpasKaeTcs OT NOBEPXHOCTH pasjiea, obpasysi B TIepBOIi cpejie
ompadcennyto (0bpatyio) Bosmy (E,, H,). CooTHOImEHNA MeXK/Ty HAIPAKEHHOCTS-
MU TIOJI JIJISI TUX BOJTH HA MMOBEPXHOCTHU pasiesia MOKHO HAITHCATh, UCTIOJb30BaB HA
OCHOBAHUU BBINTEOTMEUEHHON aHAJOTUH COOTHOTIEHWS MEXKy HATPSLKEHUSIMHA U TO-
KaMU B TMAAIONTNX, TIPEJTOMIEHHBIX U OTPAKEHHBIX BOJHAX TOKA M HATIPSIKEHUS.

Nmeem Ha TOBEPXHOCTHU pasesia:

2z Z, — 2
Eq>2 = : E(pl; E\y1 == 1E<p1;
Z, +Z1 Z, +Z1
2z, -z
Hy,=-—"2H,; H,=2"22H_,
2 +22 Z4 +22

TJle 2y = /M, /€, ¥ 25 = \|L, /€, — COOTBETCTBYIOIUINE BOJHOBbBIE COMPOTUBJIECHUS TIEP-
BOU U BTOPOW Cpejibl.

Ecau zy = z;, TO oTpakeHHbIE BOJHBI OTCYTCTBYIOT.

Ecim zy > z4, T0 Egy 1 E\jy ©MEIOT OIMHAKOBbIE 3HAaKU, a Hyy 1 H,,y — pasHble 3HaKH.
B niepBoii cpesie B pe3yJibTaTe 4aCTUYHOTO OTPAKEHUS BOJHbBI HAIPSIKEHHOCTD 2JIeK-
Tpuyeckoro noss Ey = Ey + E,q BO3pacTaet, a HalPsSKEHHOCTb MarHUTHOTO TI0JISt
Hy=H, + H,, yowiBaer. Ilpu z, < z; nmeeM 0OpaTHyIo KapTHHY.
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Bce ocranpubie BEIBOABI, TOTYUYEHHbBIE TIPU UCCAEI0OBAHNN PACTIPOCTPAHEHUS BOTH
B OZIHOPOJIHBIX JIMHUSAX 6€3 T0TePb, MOTYT ObITh COOTBETCTBYIONMIMM 0OPa3oM MepeHe-
CEHBbI Ha MCCEAYEeMBIN CIydail pacIpOCTPAHEHWS TIJIOCKON 2JIEKTPOMAarHUTHON BOJI-
HBI B TUITEKTPUKE.

B obmeM ciydae, Korja HampaBJIeHHe paclpoCTpaHeHMs Maaiolieil BOJHBI CO-
CTaBJISIET HEKOTOPBIHM YTOJI ¢ HOPMAJIbIO K TIOBEPXHOCTH Pasfiesia Cpe/l, IJIsI HaXoxKIe-
HUS OTPaKEHHOI U MPEJIOMIEHHON BOJH HEOOXOANMO HCII0JIb30BaTh BCe IPAaHUYHbIE
ycnosug a7 BektopoB E, D, H u B.

29.2. Bektop MNoAHTHUHIra

OHpeZLEJII/IM MOIITHOCTD TIOTOKa 9HEPIUH, OTHECEHHYIO K €ANHUIE ITIOBEPXHOCTHU, HOP-
MaJIbHOH K HaITpaBJIEHWIO PAaCIIPOCTPaHEHMA BOJIHbI. BleeM InpearoJiaraTb, 4To Cyumie-
CTBYET TOJIbKO BOJIHA, JIBUKYIIAasACA B OJJHOM HallpaBJ€HHWH. B takom CcJjiydae 00beM-
HasA IJIOTHOCTb 9HEPTHUUN SJIEKTPOMAlrHUMTHOTO I10JI PaBHa

2 2
£+£:§ EHJFﬂ EE:@EHZEEH
€ 2 \p v

2 2 2
. |- ds u, cieposaresnbHo, B oobeme dV = dl ds (puc. 29.1) zaximodeHa
idV ——a—a OHCPIUA
s /BRI |
- —EH dl ds.
dl 4
Puc. 29.1 Otpesok 1yTH dl BoJHa IPOXOINT 32 POMEKYTOK BpeMeHH df,

KOTOPBIN cBst3aH ¢ dl cooTHOmenueM dl = v dt.

MOIITHOCTD TIOTOKA HEPTUH, OTHECEHHAs K e[IHUIIE TOBEPXHOCTH, HOPMaTbHON K
BEKTOPY CKOPOCTH ¥, YUCIEHHO PaBHA KOJMYECTBY IHEPIHU, KOTOPAS TPOXOIUT Yepes
eIMHIILY MOBEPXHOCTH, HOPMAJIbHOI K BEKTOPY ¥, B eAnHuIly Bpemenun. OHa moJyya-
eTcs paBHOM

EH 11 45
0

ds dt

ITpurMasg Bo BHUMaHMe, uTo dl/dt = v, HaxoIuM
S =EH.

ITa BeJIMYNHA MOXKET PACCMATPUBATHCA KaK BEKTOP S, HAIPABJIEHHBIH B CTOPOHY
JIBIKEHUS BOJHBI, T. €. B HAIIPABICHUH BEKTOPA CKOPOCTH 0.

[IpescraBienus o TOTOKE 9HEPTUN U O MOIIHOCTH TTOTOKA 9HEPTUU, OTHECEHHON K
e[IHUIIE TIOBEPXHOCTH, ObLIM pa3BuThl B 1874 1. B pabote H. A. YMoBa, B KOTOPOii OH
MPUMEHWJ 3TU TIPECTABIEHUS K CIydaio Mepeaun sSHepruu B ynpyrux cpegax. Ha
OIMHHAIATH JeT TIo3:ke [[oMHTUHT TPUMEHWIT 9T TIPEJICTABICHUS K CJIydalo repe/ia-
YU 2JIEKTPOMArHUTHON 9HEPTUU U TTOJIYYNJI BRIpaKeHre BekTopa § uepe3 BekTopbl E
u H. CooTBeTCTBEHHO, BEKTOP S TIOJMYUNJI HauMeHoBaHne BeKTopa [lofiHTUHT a.

Hatinem cBs3b Mesk Ty HammpaBieHneM BekTopa [loitHTHHTa 1 HATTpaBJIeHUSIMA BEK-
topoB E u H. B npsimoii BoJiHe, KaK 9TO cJe/lyeT U3 BbIpaKeHUH, TTOJyUYeHHBIX B IIpe-
abiyuiem naparpade, Eyq u H,y Bceraa oiHOTo 3HaKa, T. €. B TOT MOMEHT, KOT/la BEKTOP
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E namnpaBiien B cTOpoHY ToJioskutenbHoit ocu OX, Bektop H HarpaBjieH B CTOPOHY TI0-
soxkutenbHoit ocu OY. BeKTOp ke CKOPOCTH © B TIPSIMOIA BOJTHE HATIPABJIEH B CTOPOHY
nosiouTenbHol ocn OZ. Baammuoe pacniosnoxkenune BektopoB E, H u § s mpsimoit
BOJIHBI TTIOKa3aHo Ha puc. 29.2.

B o6parnoii Bosiie E,y n H,y Beeria UMeIoT Pa3/inyHble 3HAKN U BEKTOP ¥ HAIPaB-
JIeH B OTpUIIaTesabHyto ctopony ocu OZ. Bzaumuoe pacrnosiokennie Bektopos E, Hu S
B 06paTHOI BosHE U306pakeHo Ha puc. 29.3.

X
E
H
S
2 /0 Z
Y
Puc. 29.2 Puc. 29.3

Mb1 Buzsnm, 4t0 Hanpasienue sekmopa Iloiinmumnea cosnadaem c nanpasienuem
NOCMYNAamenvHozo 08UNCEHUsL OCU NPABOz0 BUHMA, 20]I08KA KOMOPO20 8PAUACTCS 6
naockocmu, cooepacaueis sekmopot E u H, 6 nanpasienuu om E x H no kpamuaiiwemy
paccmosinuio.

CrenoBaresbHO, BEKTOP S MOKHO TTPE/ICTABUTDH KaK BEKTOPHOE ITPON3BEICHIE BEK-
Topos E u H:

S =[E H].

On omnpenesisier coOOI MOUHOCTD NOMOKA NEKMPOMAZHUMHOU SHEPZULL, OTMHECEH -
HY10 K eOUHULe NOBEPXHOCIIU, HOPMATILHOU K HANPABIECHUIO PACIPOCMPAHEHUS BOTIHDL.
Boipaskenue st Bektopa [ToiHTHHTa OBLIO TIOTyY4eHO B TPEIIIOTIOKEHIH, YTO CPela
OJIHOPOJIHA U M30TPOITHA U YTO CYIIECTBYET TOJIBKO TPsIMasi UM TOJBKO OOpaTHast
BosiHA. B caemytonem maparpade Gyaer mokasaHo, 4TO 9TO BbIPasKEHUE CIIPABEAINBO
B 00IIEM CJIydae.

OcranoBuMcs Ha Ba)KHOM NPAKTHYECKOM ciy4dae, Koraa E, n H, nsamenaiorcs Bo
BpeMeHM 10 3akoHy cuHyca. [IpeamosoxuM, 4To CyImecTByeT TOMTBKO OMHA MPIMas
BosHa. VMeem

E.,=F(z-v)=E, sin(ot+y);
H, = §F1(2—()t) = \/EEW sin(ot +y),

pUYeM @ — yIJI0oBas 4acToTa KoJieOaHuid.

[Tocaeanue ypaBHEHUS yIOBIECTBOPSIOTCS TIPH YCJAOBUH, YTO CYIIECTBYET PaBeH-
CTBO ® ¢ + y =k (z — 0t), T1e k — mocrostHHast BesmunHa. Tak Kak 9TO PaBEHCTBO JI0JIK-
HO YJIOBJIETBOPSITHCSI JIJIs1 JIIOOOTO MOMEHTA BPeMEeHH &, To, IpuHsIB ¢ = 0, HaiigeM y = kz.
CrenoBatenbho, of = —kot u k = —®/v. Takum ob6pazom, HadanbHast (haza Yy MOKET

o)
OBITH TIpeficTaBIeHa B BUaE \y = — z. CTasmo 6BITh, IMeeM
v
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E,=E, sin[cot—wz); Hyl = EEm sin(mt—wzj.
0 n v

Ha puc. 29.4 uzobpaskennl Bektopbl E u H B pasubix Toukax ocu OZ Jijisi MOMEHTa
Bpement ¢ = (. Benumuunsl E u H pacripefieieHbl B IPOCTPAHCTBE 10 3aKOHY CHHYCA,

X —=v U BCE 9TO paclipejieIeHre IIepeEMEIIAETC B I10JI0-
H NN JKATENbHYI0 cTOpoHy ocu OZ co CKOPOCTHIO 2.
-~ s N [T} (%)
N - / AN [lelicTBuTebHO, TOUKA, B KOoTOpoi E, = 0, onpee-
27 / -

9 \ \ N7 . ()]
N , Lo JgeTcs yeaopueM: ot —— z =0, unu z = ot, T. e. 1BU-

Y, N " 4
E  y=or JKETCs CO CKOPOCTBIO U B MOJIOKUTEJIbHOM HallpaB-
Puc. 29.4 geaun ocu OZ. Ha puc. 294 mTpuXOBBIMU

JIMHUSIMU 1300paskeHO pacIpesiesieHue oIS B He-
KOTOPBIF MOMEHT BpeMeHu ¢y > 0.
Paccrosume, Ha KOTOpoe PacIIpoCTpaHAeTCs HTEKTPOMATHUTHAS BOJHA B TeUeHUE
O/THOTO TIeproa KoJeOAHNi, Ha3biBaeTCss AJAMH O BOJHBL. O6o3HaYast IHHY
BOJIHBI Yepe3 A, Oy/ieM nMeTh

rae / — JacToTa KoJgeOaHuil.
Pasnocth (a3 kosebaHuil B IBYX TOYKAX, yAAJIE€HHBIX JAPYT OT APyra B HaIllpaBJie-
HUW PAacTPOCTPAHEHUS BOJHBI HA PACCTOSTHUE A, IMeeT 3HaYeHne 9 =T =2n. Cre-
v

JIOBATEJIBHO, ONUHA BOJIHbL €CTb PACCMOSHUE MeNHCOY 08YMs OIUNCATUUMU TMOUKAMU,

8 KOMOPbIX HANPSIICEHHOCTN NONSL UMEET MAKCUMATLHOE NOLONCUMENDHOE 3HAYEHUe.
Yro0bl HATJISIHO MIPEACTaBUTh cebe Bee MoJie IMIIOCKON BOJIHbI, HEOOX0ANMO BOOO-
PasUTh J[Ba B3AUMHO IEPIEHINKYJISIPHBIX CeMENCTBA JTUHUN HATIPSIKEHHOCTH 3JIeK-
TPUYECKOTO U MAaTHUTHOTO TI0JIEH, 3aTIOJIHSIIOIINX
v H co60ii Bce TIPOCTPAHCTBO, B KOTOPOM PacIpocTpa-
/ ,/%// A %///// HsteTcst BosiHa (puc. 29.5). B kakmoii 1I0CKOCTH,
napajienbHoil miockoctrn XOY, JuHUM Harps-
JKEHHOCTHU TIOJIST PACTIPE/ieSIeHbl PABHOMEDPHO, HO B
Harnpasiaenn ocu OZ TyCTOTa JUHUN MEHSIETCS
E Mo 3aKOHY cuHyca. Bce 310 pacnpenenenue 1Bu-
Puc. 29.5 JKETCST CO CKOPOCTBIO © B TIOJOXKUTEJNHLHOM Ha-

npasyienun ocu OZ.

X

Z

29.3. MOTOK 3/1eKTPOMAarHMTHON SHEpPrumn

Bexrop [lofinTunra, onpeensaoniuil 3HaUeHe U HallpaBJIeHNe TIOTOKA 3JeKTpoMar-
HUTHON 9HEPTHH, MepejaBaeMoil B eJMHNILY BPEMEHN CKBO3b €IMHUILY TTOBEPXHOCTH,
HOPMAJIbHOHM K HAIPABJIEHUIO PACITPOCTPAHEHUS BOJHBI, paBeH

S=[EH].
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[TokaskeM CIIPaBeTTMBOCTD ATOTO YTBEPIKAEHNUST ISt JTIOOOM Cpeibl, KOTopasi B 00-
IeM CJIy9ae MOKeT ObITh ¥ HEOTHOPOAHON W aHU30TPOITHOM, U 175 JTI0OOTO XapaKTe-
pa mosist. CBoe paccMOTpeHNEe OTPAaHUYIM TOJIBKO OTHIM TPE/ITOJI0KEHUEM, UTO dJIeK-
Tpudeckue (€ M y) U MAaTHUTHBIE (1) CBONCTBA CPEIBI He 3aBUCAT OT HATIPSIKEHHOCTEH
3JIEKTPUYECKOTO I MATHUTHOTO TIOJIeH U He ABASIOTCS (DYHKIIUSAMHU BPEMEHH.

PaccMoTprM HEKOTOPBIIT TIPOM3BOJIBHO BBIOPaHHBI 06beM V IPOCTPAHCTBa, Orpa-
HUYEHHBIN 3aMKHYTOI TIOBEPXHOCTBIO S.

[Ipenmnonoxum, uro sneprust (W, + W,,) ajieKTpruecKkoro 1 MarHuTHOTO T10JIel, 3a-
KJIIOYeHHas B oO0beMe V, mamensieTcst Bo BpeMeHn. CKOPOCTD €€ YMeHbIIeH!s paBHa

2w +w —f (ED HB]dV
ot 2

B o6rmem coryyae jiuist aHU30TPOITHON CPEJb MMEEM

8 (ED] B [ExDx +E,D, +EzDzj:

o\ 2 ot 2
¢ F?+¢ E? +¢ E? oD
_ O Bl T8 2y TEE =Eanx+Ey y+EzaDz=E@
ot 2 ot Yoot ot ot

¥ TOYHO TaK e
0 [HBJ= HaB

ol 2 ot
Takum obpaszom,
-Q(Wa +W,) = j( EaD—HaBjdV.
ot W e T a

Bpra)KaH IIJIOTHOCTb TOKa CMeNeHNsA B BU/I€ PA3HOCTHU pesyJIbTprIomeﬁ IIJIOTHO-
CTH TOKA U IIJIOTHOCTEI TOKOB ITPOBOJIMUMOCTH U IIEPEHOCA U MCIIOJIb3Y: IIEPBOE ypaB-
HEHHe MaKCBeJI]Ia, HaXO/IuM

oD
g = 8 _'YE _Jr[ep =I‘OtH _YE _Jr[ep
Kpome toro, Bropoe ypaBHenne MakcBeJuia faet
9B =-1ot E.
ot

Taxum 06paszom,

—%(Wa +W,)=[(-ErotH +YE” +J,,E + Hrot E)dV.
\4

38.M(3TI/IM7 4TO MMeEeT MECTO TOKIECTBO

HrotE — Erot H =div[E H].
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JleiicTBuTebHO, BeKTOpHOE TpousBesietne |E H| Bbipaxkaercst B BUe
[EH|=i(E,H,-E H)+j(E.H, —ExHZ)+k(ExHy -E,H).
CiietoBaTe IbHO,

div|[EH]| = E(EyHZ —EZHy)+£(EZHx -E.H,))+
ox ’ oy

OF
L9 (E.H,-E,H)=H, OFE, ©OF, +Hy(aEx _aEZ)+
0z 3

dy oz 0z Ox

OF, OFE. | p(oH, ©OH,) .(0H, oH,)_
\ox oy oy oz "oz ox
OH
~-E, Y —aH" =H rot E+H, rot E+H, rot E -
ox oy ) ' )

—E rot H-E rot H-FE rot, H=HrotE—-ErotH.

CorylacHO 9TOMY TOK/JIECTBY U HAa OCHOBaHUM TeopeMbl OCTPOrpajickoro MoskeM
HAINCATh

j(HrotE —ErotH)dV = Idiv[EH]dV = §[EH]ds.
Vv \% s
Takum 06pa3oM, MoJayyaem

—%(Wa +W,) = [vE*dV + [ J,,EdV +§[E H]ds. )
\4 Vv s

[TepBbiii MHTETpAJI B IIPABOil YaCTH TIOJYYEHHOTO YPpaBHEHMUsI MTPEICTaBIIsieT cOO0I
9HEPTHIO, MOTJIoIaeMyto B 00beMe V B eIMHUILY BPEMEHHU BCJIEICTBAE KOHEYHO MTPO-
BOJIMMOCTHU CPEJIBI, T. €. SHEPTHUIO, TIEPEXOMSIILYIO B TEILIOTY B TeX YacTsax obbema V,
r7ie cpesia 00IaIaeT yeabHOI TPOBOIMMOCTDIO Y U T/Ie, CI€0BATETBHO, CYIIECTBYIOT
TOKHU ITPOBOAMMOCTH. BTOpOI nHTETpas npeicTasIisiet cob6oil paboTy, 3aTpauyrnBaeMyio
B €JIMHUILY BPEMEHHU Ha YCKOPeHUe CBOOOIHBIX 3apsKEHHBIX YacTHIl B 0Obeme V, T. e.
Ha yBeJMYeHe KHHETHYECKOW SHEPTUH ITHX YaCTHI[ B TeX YacTsax ooneMa V, e cy-
IECTBYIOT TOKHM IMEPEHOCa CBOOOIHBIX 3apsiKEeHHBIX YacTHIl. Ecau mMeeT MecTo
CTOJIKHOBEHHUE ITUX YACTHIL C MOJIEKYJIAMU BEIECTBA, TO YaCTh COOOIEHHON UM KH-
HETUYECKON 2HEPTUU TaKKe TEePEXOANT B TEIJIOTY.

Hasmune Tperbero MHTErpasa moKasblBaeT, 4To He BCsT YOBLIb 9HEPTHH 3JIeKTpUde-
CKOTO M MATHUTHOTO M0JIell B 00beme V 1ipeBpaliaercst BHyTPH 9TOro o6bemMa B TEILIo-
TY U B KHHETHUYECKYIO 9HEPTUIO CBOOOIHBIX 3apsiKEHHBIX YacTUIl. BeawmduHa 3TOro
TPETHErO MHTETPaJIa IPECTABIISIET COOON MOIIHOCTD, YNCTIEHHO PaBHYIO TOW SHEPTUH,
KOTOpasi MepelaeTcsi B eANHUIYY BpeMeHr 13 oObemMa V CKBO3b TIOBEPXHOCTD S.

Takum 06pa3oM, MOIIHOCTb TTIOTOKA 3JIEKTPOMAarHUTHOI SHEPTUH CKBO3b MOBEPX-
HOCTb S BBIPAXKAETCS B BUJIE

p:SE[EH]ds =§>Sds.
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Orcioma caemyert, 4TO yieAbHAS MOTITHOCTD TTOTOKA 3JIEKTPOMArHUTHON 9HEPTNH, YHC-
JIEHHO paBHAasgd KOJIMYECTBY 9HEPTUH, TlepelaBaeMOl B eZIMHUITY BPeMEHHU CKBO3b €/~
HUILy TIOBEPXHOCTH, TIEPIEHANKYISAPHON K HATIPABIEHUIO PACTIPOCTPAHEHUS BOJIHB,
MOJKET OBITH MPe/ICTaBIeHa BEKTOPOM

S=[EH].

VYpasuenne (*) MOJIydyeHO B MPEANIONOKEHUN, YTO B oOsacTi V He coBepIiaercs
MeXaHMYeCKON paboThI TI0 TIEPEMEIIEHHIO B TIPOCTPAHCTBE 3aPSKEHHBIX MPOBOISAIINX
TeJT ¥ TIPOBOJATINX KOHTYPOB € TOKAMH, a TaKKe TI0 TTepeMeneHrIo OT/IeTbHBIX Jac-
Tell cpeibl, HEOHOPOAHBIX B 9JIEKTPUYECKOM U MATHUTHOM OTHOIIEHUN. DTO TIPEITIO-
JIOKEHUE 3aKJII0YaI0Ch B TOM, YTO BEJIMYUHBI Y, WL U & ObLJIH TIPUHSTHI TIOCTOSHHBIMU B
KaK/10i1 TouKe mpocTpaHcTBa. CiiezioBaTebHO, BCE YaCTH HEOTHOPOHOW CPEIbI, U B
YaCTHOCTU TIPOBOIHUKH, IMPEAIOJATalNCh HEMOABMKHbIMU. Kpome Toro, He ObLIO
MPEJIOJI0KEHO CYIeCTBOBaHKe B 001acTt V KaKuxX-a1u00 MCTOYHUKOB 3JIEKTPO/IBU-
JKyleit cuibl. YpaBHenue (*) mpezcrabisier coO0il BhIpaskeHre 3aKOHA COXPAHEHWST
9HEPruu B IPUMEHEHUU K TAKOMY CJIydalo.

B 6oJiee obiem cirydae BHYTpu 06sacTi V MOTYT CyIIeCTBOBATh HCTOUYHMKH DJI€K-
TPOMArHUTHOI 9HEPIMU, B KOTOPBIX COBEPIIAETCs MpeoOpazoBaHie dHEPIUU KakKo-
ro-160 Br/a (TEMJIOBOM, XUMIUYECKOH U T. JI.) MJIM MEXaHUYeCKON paboThI B 9JIEKTPO-
MaruuTHyio suepruio. O603HAUYNB Yepe3 p, MOIIHOCTh HTUX UCTOYHUKOB, MOKEM
HaIMCcaTh HA OCHOBAHWM 3aKOHA COXpaHEHUS 9HEPTUM CJe/ylolee PaBeHCTBO:

_ a 2 k%
pe—a(Wa+WM)+J‘:yE dV+‘J/JncpEdV+{>[EH]ds. (*%)

YMHOXHUB 2TO YpaBHEHUE Ha dt, MOJIy4UM, 9TO pa60Ta, coBeplraeMasd BCeEMU NCTOY-
HUKaMH 3a BpeMA dt, NAET Ha U3SMEHEHNE 3allaCa SQHEPIUU B MATHUTHOM U JJIEKTpUYE-
CKOM TIOJIAX B 00beMe V, Ha BbI/Jl€JIeHHE TEILJIOTbI B 9TOM 0613eMe, Ha yBE€JIMYEHNE KN~
HETUYeCKOM IHEPIUHN HaXOAAIINXCA B obbeme V CBO6OIIHBIX 3apsAKEHHBIX YaCTUIL 1
4TO, KpOMe€ TOro, 4aCTb aTOM pa6OTbI COOTBETCTBYET 9HEPTHUH, Hepez[aBaeMofx’I 3a IIpe-
J1€J1bI 00J1aCTH CKBO3b ITOBEPXHOCTD S.

29.4. UanyuyeHne 3/1eKTPOMArHMTHbIX BOJIH aHTEHHOM.
Onbitol I'. Fepua. Pa6otni M. H. Jlebenesa.
N3o06peTteHune paauo A. C. NMonosbiM

Bceskaga nienb mepeMeHHOTO TOKA, CTPOTO TOBOPS, M3JIy4aeT 3JIeKTPOMAarHUTHBIE BOJI-
HBL. JTO TPUHINTIHAIBHOE TOJOXKEHUE CIeIyeT M3 PelleHns CUCTEMBl yPaBHEHUH
9JIEKTPOMATHUTHOTO TOJIsI, KOTOPOE MOKET OBITh MOJIYYeHO /TSI KOHTYPOB TOW WJIN
uHoit hopmbl. B caeayromux maparpacdax Gyaet IpUBEIeHO PeeHne st dIeKTpIde-
CKOTO JIUTIOJIA C TTePEMEHHBIMU 3apsiiaMy. 371eCh OCTAHOBUMCS JIMIIb Ha HEKOTOPBIX
001mMX cOOOPAKEHUAX, CBA3AHHBIX C BOMPOCOM 00 M3JIYYEHUHU JIEKTPOMATHUTHBIX
BOJTH.

[Ipenmonoxum, 4TO TOK B HEKOTOPOM KOHTYPE YBEJINYUBACTCS OT HYJISI IO KOHEY-
HOTO 3HAYEHNS M 3aTeM BHOBDb yMeHbINaeTcs 10 HyJs. Ecan yBesnyuBaTh TOK B KOH-
Type 6ECKOHEYHO MEIJIEHHO, TO TIOTOKOCIEIITIEHIe CAMOUHAYKINU W TIpH TOKe i mpu-
HUMaeT TO 3HaYeHUe, KOTOPOe OHO UMeeT IIPX TOM JKe 3HaYeHUN yCTAaHOBUBIIETOCS U
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BeCchbMa JITUTETHHO CYIIECTBYIONIETO TOCTOSHHOTO TOKA. JHEPTHs, N3PAaCXO0BaHHAS
X ar=[idy,
ot
peobpasyeTcst P 9TOM B 9HEPTHIO MAarHUTHOTO T10Jist. IIpn 6eCKOHEYHO MeIJIEHHOM
YMEHBIIIEHUN TOKA B KOHTYPe BCsI dHEPTHs, 3araceHHas B MarHUTHOM TI0JIe, BO3Bpa-
maetrcst obparto ucrouHuky DJ[C. OHaKO MOMHBIN BO3BPAT 9HEPIUHN TIOJIsI HCTOUHM-
ky D/IC umeeT MeCTO TOJIBKO TIPU HECKOHEYHO MeIJIEeHHOM n3MeHeHun Toka. [1pu ko-
HEeYHOU K& CKOPOCTU YCTAHOBJIEHUS U YMEHbIIEHUS TOKA YaCThb SHEPTUM YHOCUTCS
U3JIyYeHHON 3JeKTPOMArHUTHON BOJHOI.

Campiil (hakT U3TyUYeHUs CBSI3aH C TeM, 9YTO CKOPOCTh ¥ PACIIPOCTPAHEHUS dJIeK-
TPOMATHUTHOTO TTOJIST UMeeT KoHeuHoe 3Hadenue. [IycTs B MomMeHT BpeMenn ¢ = () TOK
B KOHTYpe HauMHaeT yBeJnunBaThes. [lo MomenTa ¢ = 0 TOK B KOHTYPE OTCYTCTBOBAJI.
K MomeHnTy BpeMeHU ¢, KOT/Ia TOK B KOHTYpPE JIOCTUTAET MAKCUMATIHHOTO 3HAUEHUS,
2JIEKTPOMArHUTHOE TI0JIe YCTIEBAET PACIIPOCTPAHUTHCS TOTHKO HA KOHEYHOE PACCTOS-
HUe OT KOHTYpa, paBHOe vt. Eciin Bestes 3a TeM TOK B KOHTYPe YMEHBIAETCS, TO dHEp-
THST TI0JISI YACTUYHO BO3BpalaeTcss UCTOUHUKY. OIHAKO TPAHUIIA 3JIEKTPOMATHUTHOTO
TIOJIST TIPOJIOJIKAET PACTIPOCTPAHATHCS B IPEKHEM HATIPABJIEHUN C TOU K€ CKOPOCTHIO
U, 1 K MOMEHTY BPEMEHM f5, KOTZIa TOK B KOHTYPe BHOBB CTAHET PaBeH HYJIIO, TTOJIe pac-
MPOCTPAHUTCS HAa PACCTOSHME OT KOHTYpa, PaBHOe vfy. IloaTomy sHeprust moJis He
BO3BparaeTcst HoMHOCThio ncTounnky I/ C. HacTh aHeprUn 0Ka3bIBAeTCs CBI3aHHOU
C 3JIEKTPOMATHUTHOI BOJTHOM, CBOGOIHO PACTIPOCTPAHSIONIEHCS B TIPOCTPAHCTBE.

W3 ckazamHOTO SICHO, YTO KOJTUIECTBO SHEPTUH U3IYIEHHON BOJTHBI 32 HEKOTOPBII
IIPOMEXKYTOK BPEMEHU 3aBUCUT OT CKOPOCTH U3MEHEeHUsT ToKa B KoHTYype. [Ipu nocto-
SHHOM TOKe U TOCTOSHHBIX 3apsaxX M3IydeHue He MMeeT MecTa. Beakuit KOHTYP,
B KOTOPOM TIPOTEKAET MTepeMEHHBIN TOK, TPUHITUTTHAIBLHO TOBOPS, U3JIyIaeT 3JeKTPO-
MarHuTHbIE BOJIHbBL OMHAKO IPH MpoMbILIeHHO] YacTore /= 50 T'1 B cucremax, ¢ Ko-
TOPBIMHU MbI UMEEM JIEJIO B TEXHUYECKUX YCTPOUCTBAX, KOJUYECTBO IHEPTUU U3JTyU€eH-
HOM BOJTHBI TPAKTUYECKU HUYITOXKHO, U TIPU PacuyeTax MbI 9Ty 9HEPTHUIO He TPUHUMAaeM
BO BHUMaHue. V3yyenne He3HaYNTENbHO U B IMATIa30He 3BYKOBBIX YacToT. [loaTomy
B PaMOTEXHUKE HCIIOIb3YIOTCSI BBICOKUE YaCTOTHI — MPUOIU3UTETBHO OT [ = 10° Tig
1 BBIIIIE.

Croco6HOCTh KOHTYPa K M3JIYYEHUIO CHUJIbHO 3aBUCUT OT €r0 reOMeTPUYeCKOi
koHburypanuu. st yBeJudeHus 3TOi CmocoOHOCTH HEOOXOANMO CO3/IaTh TaKUe yC-
JIOBUST, YTOOBI MATHUTHOE U 9JIEKTPUYECKOE TIOJIsI, CBSI3aHHbIE C TIEPEMEHHBIM TOKOM U
[epeMeHHbIM HallPsiZKeHEeM B KOHTYPe, ObLIN pacipesesieHbl B OAHON U TOM ke 00-
JIACTU TIPOCTPAHCTBA, OKPY’KAIOUIEro KOHTYp. Tak, Hampumep, KOHTYD, U306paskeH-
HBIN Ha puc. 29.6, comepskaiuil KaTylKy CAMOUHIYKIINY C TJIOTHO HABUTBIMU BUTKA-
MU OOMOTKM ¥ KOHJEHCATOp ¢ HeOOJBIIMM PACCTOSTHUEM MEKIY IJIaCTHHAMHU,
obsazaer BecbMa €1aboii CrIoCOGHOCTHIO K M3JIYYEHHIO, TAK KaK OCHOBHOE MarHUTHOE
I10JI€ ¥ OCHOBHOE 3JIEKTPUYECKOE TI0JIe COCPENOTOUEHBI B PA3HBIX 06JIaCTSIX IPOCTPAH-
crBa. V3irydenne He3HAYMTEIBHO TaKKe Uy KOHTYPa, n300pakeHHOro Ha puc. 29.7.
MarauTHoe 1moJie pactpeieIeHo BI0Ib TAKOTO KOHTYPa, HO OCHOBHOE 3JIEKTPUUECKOe
I0JIE OCTAETCS COCPEAOTOUEHHBIM B HEeOOJIBIIOM MPOCTPAHCTBE MEKIY OOKIaLKaMU
KoHeHcaTopa. Ho ecin pasaBuHyTh 0OKJIQKH Ha BO3MOKHO OOJIbINEE PACCTOSIHIE

BHemHUM ucTouyHukoM J/[C npu yBennmuyeHnn Toka U paBHas A = Ji
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IIPYT OT JIPYTa, BLITIPSAMUB COEAMHSIONINI UX MTPOBOJL TaK, KaK MOKa3aHo Ha puc. 29.8,
TO BJIEKTPUYECKOE U MArHUTHOE MOJIsI OKa3bIBAIOTCS PACIPENICTCHHBIMU B OIHOMN
U Toi ke obsactu mpoctpaHcTBa. Takast cucteMa 06JaaeT BHICOKOH CIOCOOHOCTHIO
K M3JIyIEHHIO.

PuC. 29.6 PuC. 29.7 Puc. 29.8

[TepBbie 3amMeyaTesbHBIE OIMBITHI, HKCIEPUMEHTAILHO MOATBEPAUBIINE TEOPUIO
Makcsesa, Ob1i ocTaBsieHbl Tepiiem. OCHOBHOI KoJiebaTeIbHbIN KOHTYP, TaK Ha-
3bIBAEMBIIl BUOPATOP, KOTOPBIM TI0JIb30BAJICS [epll, 1o cyiiecTBy, ObLT TOJ00EH KOH-
Typy, u3o6pakernomy Ha puc. 29.8. OOKIaKi KOHIEHCATOPA, BBITTOJHEHHbIE 160 B
BUJIe TJTACTHH, JNO0 B BUJE IIAPOB, MOTJIM MEPEABUTATHCS BAOJIb CTEPKHEN [ u [
(puc. 29.9), 4em HOCTUTATOCH M3MEHEHIE eMKOCTH CUCTEeMbL. UTOOBI HMETh BO3MOJK-
HOCTh 3apPSINTh KOHAEHCATOP, B MIPOBOJIE, COEAMHSIONEM ero 00KIaaKu, Obl1 oOpa-
30BaH MEK/Iy JBYMSI MAJICHbKUMU MIAPUKAMU MCKPOBOI mpomeskyTok K. OOKIanku
KOHJIeHcaTopa [epir mpucoe sl KO BTOPUYHBIM 3KUMaM WHIYKITMOHHOM KaTyITKN
R. Kasyioe mipepbiBaHie TOKa B MEPBUYHOIT 0OMOTKE KAaTYIIKK BBI3BIBAJIO UMITYJIbC
I/IC Bo BrOopuuHOii oOMoTKe. Konmencarop saps- R
JKAJICST IO HATIPSIKEHUs, TIPU KOTOPOM TIPOCKAKUBAJIA [o\ /o]
HCKPa MEKY MIapUKaMu. 3apsuKeHHbIN KOHIEHCATOD
OKA3bIBAJICSI KOPOTKO3AMKHYTBIM 4epe3 UCKDPY, U B
cucteMe BuOparopa BO3HUKAIU KOJieOaHWsI BeCbMa
BBICOKOH 4yacToThl. HacToTa KoJebaHuil 3aBUCeIa OT

€MKOCTH U MHAYKTUBHOCTH BUOpaTopa. ITu Koseba- I L
HUSI BeCbMa OBICTPO 3aTyXaslM, TaK KaK WX SHEPrHsi O °C } Q_
pacxojioBajiach Ha M3JIy4eHHe W Ha BBIJEJICHUE TEll- PUC. 29.9

JIOTBI B KOHTYPpe.

[l oOGHApyKeHUs 3IEKTPOMArHUTHBIX BOJIH, W3JIydeHHBIX BuOpatopom, lepir
NPUMEHSJT TaK HA3bIBAEMBIIT PE30HATOP, COCTOSIBIIMN U3 KOIeOATETHHOTO KOHTYPA,
cHA0KEHHOTO MCKPOBBIM MPOMEKYTKOM. [Ipu HacTpoiike pe3oHaTOpa B PE30HAHC €
YacTOTON 9JIEKTPOMATHUTHBIX KoJieOaHuil B BUGpAaTOpe B KOHTYpe Pe30HATOpa BO3-
HUKAJIU JIOCTATOYHO CUJIbHBIE KOJIeOaHNst, BBI3bIBABIINE ITPOCKAKUBAHNE UCKPBI B €T0
HCKPOBOM mpoMeskyTKe. T10 jiumiHe 9Toi KCKPBI MOKHO OBLIO CYAUTh 00 HHTEHCUBHO-
CTH 3JIEKTPOMATHUTHOTO TIOJIS B MECTEe PACIoNOXKeHUs pe3oHatopa. lepiry yaanoch
OOHAPYKUTH BJIEKTPOMAarHUTHOE W3JIydyeHHe Ha pacctossHuu 12 M or BUOpaTOpa,
MMEBIIIETO TeOMETPUYECKHe pa3Mepbl mopsaka 1 M.
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OmubiTe [epiia mokasasu, 4To 3JeKTPOMArHUTHBIE BOJHBI PACIIPOCTPAHSIIOTCS B CO-
OTBETCTBUY C 3aKOHAMU, KOTOPbIE BBITEKAIOT U3 TeOPUHU MaKcBesia. TU ObIThI MO/
TBEPANIN Takke TUTOTe3y MakcBesa 00 9JIeKTPOMarHUTHOM mpupoje cBera. Ha-
HPaBJIsist U3JIydenne Bubparopa Ha GOJBITYI0 METATINIECKYIO TIACTUHY HOPMAJIBHO
K ee oBepxHocTH, [epi HabJIo1a cTostune BOJIHbI, 00pas3yolecs B peayJibrare Ha-
JIOKEHUST Ha MIPSIMYIO BOJIHY BOJIHBI, OTPaKeHHOH OT rracTiHbl. OGHApYKUBas Pe3o-
HATOPOM Y3JIbl U IMyYHOCTH KOJIeOaHUI B CTOSTYEH BOJIHE, OH TOJIyYasl BO3MOKHOCTD
U3MEPSITh JUIMHY BOJIHBI ¥, 3HAs1 4aCTOTY JIEKTPOMArHUTHBIX KOJieOaHUil B BUOPATO-
pe, MOT BBIYHUCIUTH CKOPOCTh PACIIPOCTPAHEHNS 3JEKTPOMArHUTHBIX BOJH. JTa CKO-
pOCTb OKa3ajach PaBHON CKOPOCTU CBETA.

Tepir 0OGHAPYIKUII, YTO BJIEKTPOMAIHUTHBIE BOJIHBI, U3JIy4aeMble BUOPATOPOM, OT-
PaKAlOTCA OT METAJTUIECKUX 3€PKAT TI0 TEM K€ 3aKOHAM, 110 KOTOPBIM TTPOUCXOIUT
OTpakeHHUe OT 3epKajia ¥ CBETOBOTO Jiyda, U HaOJII0IaJl TaKKe MPETOMIIEHIE 2JIEKTPO-
MarHUTHON BOJIHBI ITPH TIPOXOSKAEHUH €€ CKBO3b OOJIBIIIYTO TIPU3MY, CIeJaHHYI0 U3 ac-
dampra.

baectsamne ombITH 1O MCCI€OBAHNUIO PACTIPOCTPAHEHUS U TTPEJTOMIICHUS B Pas3-
JIMYHBIX CPelaX dJeKTPOMATHUTHBIX BOJH U 10 9KCTIEPUMEHTATHLHOMY /T0KAa3aTETbCT-
BY HJIEKTPOMArHUTHON TIPUPO/IBI CBeTa OBLIK MPOU3BEACHbBI BHIAAIOIIMMCST (DHU3UKOM-
akcniepumMentatopom I1. H. JleGenesbim. I1. H. Jlebenes BriepBbie OCYIIECTBII B CO3-
JIaHHOU MM Jabopatopuy BUOPATOP BeCbMa MaJIbIX Pa3MepPOB, KOTOPBIA M3Jrydalt
BeCcbMa KOPOTKWE BOJIHBI, MMetotue JinHy Menbiie 1 cm. OH ocyTecTBUI Takxke pe-
30HATOP C TEPMOTIPEOOPA30BATETIEM, TO3BOJISAIONINI TPUHUMATD CTOJIb KOPOTKHE BOJI-
ubl. [epil, onepupoBaBIIUil BOJIHAMU, UMEBITUMU JIJIMHY MOPSIIKA METPA, BHIHYK/IEH
ObLII CO3/1aBaTh MPU3MbI 1 3epKasia 6obinux pasmepos. I1. H. JleGenes B cBoeil ycra-
HOBKE TIOJIYUUJI BO3MOKHOCTb TOJIb30BATHCS MPEJOMJISTIONUMU U OTPAKAIOIIUMU
BOJTHBI YCTPONCTBAMU BeCbMa MaJIbIX Pa3MePOB. JTO HE TOJBKO CJEJAJo BCIO KCIIe-
PUMEHTAIBHYIO YCTAHOBKY HETPOMO3/IKOI, HO M OTKPBLIO HOBBIE BO3MOXKHOCTU JIJISI
MCCIEIOBAHMS, 2 UMEHHO: 0Ka3aJI0Ch BO3MOKHBIM UCCJIE0OBAThH MPOXOKAEHIE JJIEK-
TPOMATHUTHBIX BOJIH Yepe3 KPUCTAJINIecKre Tela. Pe3yIbraTel 9TOro 3aMevaTeTbHo-
ro 9KcIepuMenTaabHoro uceaenosanus I1. H. Jlebeaes omybmukosan B 1895 1. B pabore
ozl HazBaHueM «O MBOMHOM TIPEJIOMJICHUU JTydel 2JIeKTPUUYEeCKOU CUJIBI».

Muposyto caaBy nputecsu I1. H. JlebeneBy ero GsecTsiiiie OmbIThl, B KOTOPBIX OH
BIIEPBbIE HKCIIEPUMEHTAIBLHO JI0KA3aJl /JaBJIeHNEe CBEeTa. B MepBBIX ONBITAX, YCIEITHO
saBepuienubix B 1900 r., I1. H. JlebeneB oOHapy:Kua 1 U3MEPUJI JaBJeHNe CBeTa Ha
TBepzble Teda. B mocmepyiomux, eme 6osee TPYAHBIX OIBITAX, 3aBEPIIMBIINXCA K
1910 r, I1. H. JleGeneB sKCIiepuMEHTAIbHO 0Ka3al CYIIeCTBOBAHUE CBETOBOTO J1aB-
JIeHUsT Ha Ta3bl. Pesyssrarer akcnepuMenTanbHbix pador I1. H. JlebGeneBa okazanuch B
COTJIACUU C BBIBOJIAMU MAKCBEJLIIOBOHM TEOPUU 3JIEKTPOMATHUTHOTO ITOJISI.

VMeroriiee MUPOBOE 3HaYeHUE M300peTeHne MepBoro paaroTeserpada ObLIO ce-
JIAHO BBIJAIONIUMCS pycckuM ¢usukom u ajektporexHukoM A. C. Ilomoswim.
A. C. IlonioBy mpuHAJIEKUT 3aCTAyTa CO3/IaHNS TIEPBOTO paguoTesaerpada u npuMeHe-
HUS paioCcBsI3n i mpakTudeckux 1eseit. A. C. [lomoB co3man mepBbiii TpUEeMHUK
pagmoteserpacdHBIX CUTHATIOB. B 9TOM preMHIKe OH UCTIOJIB30BAJI /1T PETUCTPATTAHT
MPOXOIAIINX 3JIEKTPOMArHUTHBIX BOJIH TaK HA3BIBAEMBII KOTEPEP, TIPEICTABIIIONTAN
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cO0O0M CTEKITHHYIO TPYOKY ¢ METAJIMYECKUM MOPOIIKOM. Takas TpyOKa MMeeT BeCh-
Ma GOJIBITIOE HIIEKTPIUYECKOE COTIPOTUBIIEHHUE, HO TIPH TIPOXOKIECHII B MECTE €€ pac-
MOJIOKEH IS AJIEKTPOMArHUTHBIX BOJIH COMPOTUBJIEHNE TPYOKU Pe3Ko mnajaet. Briro-
4uB Takyio TpyOKy B 1enb uctournka IJ[C, MOKHO 0 PE3KOMY YBEIUYECHHIO TOKA
CYJIUTD O TIOSIBJIEHUN 3JIEKTPOMAarHUTHBIX BoJIH. OHAKO TTOCTe MpeKpaIienus J1eicT-
BUST 3JIEKTPOMArHUTHBIX BOJIH COMIPOTHBJIEHNE TPYOKI BHOBb He BOCCTaHABJIMBAETCS],
U JJIs €T0 BOCCTAHOBJIEHUsT TpebyeTcst BCTpsixHyTh TpyOKy. A. C. TTomos BBeJI B CBOM
[PUEMHHK YCTPOICTBO JIJIsS aBTOMAaTHYECKOTO BCTPSIXMBAHUSA TPYOKH, JeHCTBYOIEe
[0/l BJUSHUEM TOKA, BO3HUKAIONIErO B IEMM TPYOKHM B pe3yJIbraTe MPOXOKIEHISI
9JIEKTPOMArHUTHON BOJIHBL. TakuM 00pa3oM, TpyOKa aBTOMATHUYECKH TPUBOANIACH B
COCTOSTHVE TOTOBHOCTHU 3aPETrUCTPUPOBATH HOBBIN CUTHAJ. ITO U300peTEHNE Cpasy ke
JIaJI0 BO3MOKHOCTD PETUCTPUPOBATH CUTHAJBI a30yku Mopase.

[na yBenuuenus uyBctBuTenbHOCTH TipueMa A. C. IlomoB mepBwIil MpeaIoKuI
UCTIOJb30BATh AHTEHHY — BEPTUKATBHBIN MTPOBO, OJHUM KOHIIOM TTPUCOeTMHEHHBII
K npuemMHOMY ycTpoicTBy. [lepBonavanpio A. C. Ilonos npumenss cBoe mpueMHoe
YCTPONCTBO JIJIsI PETUCTPAIIH TIPUOIMKAIONIIXCST TPO30BBIX Pa3PsIIOB, B CBSI3H C UeM
U Ha3BaJl U300PETEHHOE MM YCTPOICTBO TPO30OTMETYMKOM. 3aTe€M OH TIPUMEHUI 3TO
YCTPOMCTBO 711 OCYTIECTBICHNS PAANOCBI3W B BOEHHO-MOPCKOM JIeJTe.

OdunmanbHOl 1aTON M300peTeHUs PaaKo IPUHATO cunTaTh 7 Mas 1895 r., korna
A. C. TTomoB BBICTYTIHJI ¢ yOJMYHBIM JJOKJIQJI0OM Ha 3aceJaHuu (DU3MIECKOTO OT/IeIe-
Hust Pycckoro dusuko-xumudeckoro obmectsa Ha teMy «O6 OTHOIMIEHUH MeTaJliu-
YeCKUX TOPOIIKOB K 3JIEKTPOMATHUTHBIM KoJiebaHusiM». Bo BpeMst 3TOTO JIOKJIaza
A. C. IlomioB reMmoHCTpUPOBAJ JIEHCTBUE CBOETO TIPUEMHOTO YCTPOICTBA.

CoBpemeHHBIE aHTEHHBI TIEPEAAIONTUX U TPUEMHBIX PAJMOCTAHITUN OCYTIECTBIIS-
I0TCST TI0 TOMY K€ TIPUHITAITY, KOTOPbIi ObLI TI0JI0KEH B OCHOBY KOHCTPYKIIMU TIEPBOI
anternbl A. C. [Tornosa. [Ipu KoHCTPpYMPOBAaHUU AaHTEHHBI CTABUTCS 33/1a4a CO3/[aHUS
Pa3BEPHYTOr0 Ko0JIeOATETbHOTO KOHTYpa. AHTEHHBI, PACIOJIOKEHHBbIE HAJ[ MOBEPX-
HOCTBIO 3€MJIH, OOBIYHO COCTOSIT U3 BEPTUKAJIBHBIX IIPOBOIOB, COEMHEHHBIX ¢ OoJiee
W MeHee Pa3BUTON TOPU3OHTAJIBHON ceThio MPoBOMOB. [l mepenatoiieil paauo-
CTAHIIMU HUKHUN KOHEI aHTEHHbI TTPUCOEUHSIOT K OJJHOMY U3 3aKUMOB KaTYIIKK
reHeparopa 2JeKTPOMarHUTHBIX KoJieOaHWil BBICOKOW 4acTOThl. JIpyroil 3akmm Ka-
TYIIKYA COEAMHSIOT ¢ 3eMJell uepe3 crenunaabHyIio cuctemMy 3azemautens. I/ C Boico-
KOW 9acTOTBI, BO30YsK/IEHHAsT B KaTYIIIKe TEHEPATOpa, CO3MAeT MOIIHBIE KOJeOaHWs
TOKa B aHTEHHEe, KOHTYP KOTOPOIl OOBIYHO HACTPAUBAIOT B PE30HAHC C YACTOTOH KOJIe-
GaHWiT B TeHeparope.

MouHOCTD M3/TyYeHUsT AaHTEHHBI MOKET ObITh BBIUNC-
JIEHA CJIeIYIONUM TIyTeM. Eciin aHTeHHa paciioyioskeHa Hajl
MOBEPXHOCTBIO XOPOTIIO TTPOBOAIIEH 3€MIH, TO MOKHO
IPECTaBUTH cebe 3eMITI0 3aMEHEHHOIT 3ePKaIbHBIM H30-
6paskennem aHTeHHbl (puc. 29.10). OKpy:KUB aHTEHHY
U ee 3epKajibHOe M300pakeHHe 3aMKHYTOW MOBEPXHO-
CTBIO S, IPUMEHNM K 00beMy V, OrpaHUYE€HHOMY ITOil
MOBEPXHOCTHIO, ypaBHenue (**) mpezabiayriero mapa-
rpaca. IlogpasymeBast 1o/] BeTUUYUHOM p, TOJTBKO MOIIl-
HOCTb, PAaBHYIO CKOPOCTH I1€PEX0/Ia SHEPTUN M3 AHTEHHbI
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B OKpY’Kalolllee ee ToJie, T. €. NCKJII0Yas U3 PACCMOTPEHUSI IOTEPU SHEPTUU B OKPY-
JKarolleM anTeHHy npocrpancTse: vy =0 u p = 0, J,e, = 0, momyyaem

. —%(Wa +W,) :j}[EH]ds = des :fSnds,

rze S, — HopMaJbHas K MOBEPXHOCTH § cocTaBJsionias Bektopa [loitHTHHTA.

N3menenue 3anaca anepruu nosieit (W, + W,)) B o6beme V 3a 11e1blil IEpUOJL KOJIe-
GaHUiT TOKa B aHTEHHE PAaBHO HYJIO. [109TOMY CpeiHsIsl MOIIIHOCTD BOJIHbI, U3JIyYeH-
HOII aHTEHHOH U ee 3epPKaJIbHbIM U300paKeHueM, PaBHA

170 170
P, :?J;pedt:§ ?J;Sndt ds :fS“pds,

S

npuyem S, ., €CTh cpejHee apudMeTHyeckoe 3a Iepuoj Kojaebannii 3HaueHne HOp-
MaJIbHOI cocTaBisiomieil Bektopa IloliHTuHra. TakuMm 006pasoM, s BbIYUCJIECHUS
MOIIHOCTH U3JIy4eHUsT HeOOXOMMO OTIPEIEJIUTh B KaK/I0H TOYKE TTOBEPXHOCTH § JIJISI
Kakloro MoMeHTa BpeMeHn BeKTop lloiintunra § = [E H| u, cienoBaTeabHO, HAUTH
BesmuuHabl E 1 H ryTeMm peliennst CUCTEMBI YPaBHEHUN 97€KTPOMATHUTHOTO TIOJIS.

29.5. dnekTpoaMHaMMYyeckue BEKTOPHbIN
M CKaNsIPHbIX NOTEHLMasbl 3/IEKTPOMarHUTHOro Nons

[TpezcTaBisieTcsi BOSMOKHBIM aHAJOTHYHO TOMY, KakK 9TO OBLIO CETaHO TPU pac-
CMOTPEHUHU CTaTHYECKUX U CTAIIMOHAPHBIX TOJIEH, BBIPa3UTh U B OOIIEM CJIydae JJist
MePEeMEHHOTO 3JeKTPOMATHUTHOTO T0Jid BekTophl E 1 B uepe3 BcrioMoraTenbHbIE Be-
JIMYUHBI — BEKTOPHBIN moTeHInan A w ckaxapubiii mortennuan U monsa. Brexenme
9TUX BCIIOMOTATETbHBIX BEJTUYUH IEHHO T€M, YTO OHU JIJISI OAHOPOIHON M M30TPOTI-
HOH Cpefbl JOBOJIBHO MPOCTO BBIYHMCIAIOTCS TI0 33JJaHHBIM pacIpeieIeHHIo B MPo-
CTpaHCTBE M M3MEHEHUIO BO BPEMEHM CBOOOAHBIX 3aPSAI0B U TOKOB IIPOBOAMMOCTU U
nepeHoca. EctectBeHHO, uTO 11pu 3TOM A 1 U ABAAI0TCS DYHKIIUSAMU HE TOJIBKO KOOP-
JIUHAT, HO U BPEMEHH.
Byznem ncxoauTth m3 COBOKYITHOCTH YPaBHEHUH 3JI€KTPOMATHUTHOTO TOJIS:

rot H = §; rotE =—@;
ot

oD

) =J, tdo +J =(JHp +Jnep)+5;

ep

D=¢E; B=uH; divD =p; divB =0.

3nech 0603HaueHbI: Jy;, — IJIOTHOCTh TOKA IPOBOAUMOCTH; &y = 0D /0t — mI0THOCTH
TOKa cMemenust u Jy,, — MIOTHOCTh TOKa MepeHoca.

YMHOXas TIepBOe YpaBHEHNUE HA [ U UCTOJb3YS TPEThe, 9eTBEPTOE U TATOE yPaB-
HEeHMs, MOYKEM IIPU W = const u € = const IIPUBECTU ITY COBOKYIIHOCTb K YEThIPEM

YpaBHEHUSIM:
OE OB
rotB=uw(lJ +J +eu—; T1otE =-—"7;
u( mnp nep) l’l' 6t at
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divE =2. divB =o.
e

HOCJICI[Hee YpaBHEHUE Ja€T BOSMOKHOCTD IIPE/ICTaBUTh BEKTOP B yepe3 eexmop-
HOLLL nomexnuuan A JIEKTPOMArHUTHOTIO I10JIsI B BU/IE

B =rot A, *)

tak Kak Bcerna div rot A = 0. VI3 Broporo ypaBHeHUsI UMeeM
rot E = —grot A=rot —% ,
ot ot

YTO yAOBJETBOPAETCA, €CJIN TMOJOKNUTDH

E:—%—gradU, )
ot

tak kak rot grad U= 0. Bemunna U ecTb cKaisphvlil nOMeHuual 31eKTpoOMarHiTHOTO
TTOJIA.

[oncrasus Boipaskenud (*) u (**) B mepBoe ypaBHEHME 37T€KTPOMATHUTHOTO TIOJIH,
ToJry9aeM
2

0°A oU
rotrotA=w(J  +J )—¢ — _gugrad —.
n(/,y, +J ) —ER o wgrad —

Kak 6b110 niokaszano B § 27.2, UMeeT MeCTO TOXKIECTBO

rot (rot A) = aidivA ~V?A, =grad (divA)-V°A..
x

Cocrapnas Takue e BbIPaKEHUSA IJI TIPOEKIMid A, n A, yMHOXast 9TH BbIpaKe-
HUWA Ha OPThI U CRJIQ/[bIBadA UX, IMOJyYaeM

rotrot A =graddivA-V?*A.
CieoBaTesbHO,

2
graddivA—V?A = u(J,, +Jnep)—8uaa§1 —egp grad %
t

Bekrop A moka BbiOpaH Tak, 4TO onpezesieH ero Buxpb (rot A = B). Mbl Moskem
ellle TeM UJIA HUHBIM CTTOCOOOM OTIPE/IESTTh PACX0KIeHre 3TOro BekTopa. CrieaeM aTo
TaK, YTOOBI YIPOCTUJIOCH TIOC/Ie/Hee ypaBHeHne, a UMEHHO, YTOOBI B HEM COKPATH-
JINCH IIePBLIH YJieH B JIEBOW 4acTH C IIOCJIEAHMM WieHOM B npasoil yactu. C artoit
1eJIBI0 TIPIMEM

[Tocne coxparienns yKa3aHHBIX YJIEHOB B MPABOW U JIEBOU YaCTSIX yPAaBHEHUS MO~
JaydaeM ypaBHenue /lamambGepa st BekTopa A:

2

02A
VZA-en - U ).
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ITo ypaBHEHUE pacllafiaeTcsl Ha TPU COOTBETCTBYIOUINX YPABHEHUSI JJIsI IIPOEKIUI
Ay, A, 1 A, IpIYEM B TIPABBIX YaCTAX OYAyT COAEPAKATHCA COOTBETCTBEHHO IPOEKITNH
BEKTOPOB ILJIOTHOCTH TOKA.

[MToncrasasts Beipaskenne (**) nust E B ocTaBIieecst TpeTbe ypaBHEHNE 3JIEKTPOMar-
HUTHOTO TOJIS, TOJIyYaeM

divE = —gdiVA—divgradU =P
ot €

3amenss div A ero BeipaskerueM uepes U cormacHo paBeHcTBY (¥**) u 3ameuas,

uto div grad U = V2U, Haxommum
V2U —ep 82—U = B,
ot* €

T. €. CKaJISIPHBII MOTEHIIMA TIPU 9TOM TaKsKe YAOBIETBOPsIET ypaBHeHuo Jlamambepa.

3aMeTuM, 4TO IIPU MTOCTOSHHBIX MOJSX, Korjna 0A/ot = 0 u oU/ot = 0, ypaBHeHUs
Jlamambepa mepexoisAT B yKe u3BecTHbie HaMm ypaBHenus [Iyaccona ms U u A.

Vccaemyst mosie B 06J1acTH, re HeT ¢cBOOOAHBIX 3apsiaoB (p = 0) 1 HET TOKOB TIPO-
BouMOCTH 1 Tieperoca (Jy, = 0, Jye, = 0), Gyzem umerb ypaBHeHUs:

2 2

v, VZA =¢gu a—?,

ViU = e —0;
o’ ot

KOTOPbIE HOCAT HA3BAaHUE BOJTHOBBIX YPaBHEHH .

[Tosty4nm, TOJIb3YsICh HEKOTOPBIMU OOIIUMK COOOPAKEHUSIMHE, BbIpaKkeHust st U,
Ay, Ay A, onipenesIAroNe 9T BEJTMYUHBI 110 3a/JaHHOMY PACIIPEe/ICHUIO 3apsi/IoB 1
TOKOB U UX U3MEHEHUIO BO BPEMEHU U SIBJISIONINECS YaCTHBIMY MHTErpaJlaMu IpuBe-
JIEHHBIX BbIllie ypaBHeHuil [lamambepa.

[TpearonoKuM, 4TO B HEKOTOPOM MaJIOM 3JIEMEHTe 0ObeMa MPOCTPAHCTBA COEP-
JKATCST U3MEHSIONTUICS BO BpeMeHU 3apsf . EcTecTBeHHO, 3TO OCyIIecTBUMO (HU3H-
YeCKM TOJIBKO ITyTeM MPHUTEKAHKs CBOOOIHBIX 3apSI’KEHHBIX YaCTHI[ B IaHHBIN dJie-
MEHT 00beMa U3 CMEKHBIX ¢ HUM 9JIEMEHTOB 00beMa WM YyTeKaHWs UX U3 JaHHOTO
asieMeHTa 0ObeMa B CMesKHBIE C HUM 2JieMeHThbl 0O0beMa. OIHAKO CHaYala pacCMOTPUM
oJie, CO3/IaBaeMoe TOJIbKO 3apsiOM, HAXOIAIIMMCS B JaHHOM 3JieMeHTe oObeMa.
ITycth aeMeHT oObeMa CTOIb MaJjl, U4To 3apsij] ¢ MOKHO pacCMaTpUBaTh KakK TOUeu-
HBIH.

Bue 3apsna g morentman U yoBieTBOpseT BOTHOBOMY YPaBHEHUIO

10°U
v* o’
npuueM v = 1/,/ue. Halimem pelieHre 3TOro ypaBHEHU IJI51 pACCMaTPUBAEMOTO CJTY-

ViU =

vast. [Tosarast, 4To 3apsi/i HAXOAUTCS B Hayasie KOOPAMHAT U 0O03HAYast 4epes 7 pac-
CTOSIHME OT 3apsijia /10 TOYKH, B KOTOPOii onpeaesiercs: U, GyieM UMeTh

or
P =x vy’ +2% 2r— =2x;

or _x
ox ox r

1 aHAJIOTUYHO
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o_y , or_z

oy r oz 1

[Toste 3apsina g obmazaer chepryeckoil CUMMeTpueit, 1, cieoBaresibHo, U aBJisier-
cs1 yHknumeit Toabko 7 u t. [Ipu aTom Bektop grad U HamnpaBJieH 110 paguycy 1 UMeeT
Besmunny, pasuyio grad, U = oU/or. TIpu TakoM yCJIOBUU NMeeM

8U 6U6r ﬁiUf.
ax ﬁrax or r’

0°'U _ 0 (oU \x 0 plol, 813 oU
ox? “ox\ar )r 6x ror oOx\r ar
O°Ux* 10U 1x oU

ort ¥ ror rrr 8r

CocTaBJssl Takue ke BhIpakeHus s 0°U/0y? w 6°U/0z° v cKaabIBast WX, TOJTy-
Jaem

U L 20U 162(rU)
or? ré’r roort

BosiHoBOE ypaBHeHMe 1TprodpeTaeT BU/I

2 2 2
19°(PU) 10U o 0U) _ 1 0°(rU)
roort o oar or’ v or
[ocnemnee ypaBuenue ayg *U coBepiieHHO aHAJIOTHYHO ypaBHeHUIO (¥) nas E,,
KOTOPOE MBI IMeJIN TP MCCJIeZIOBAHNH TIJIOCKO BOAHEI B § 29.1. CieioBatenbHoO, 1O
AQHAJIOTUU MOJKEM HAIIMCATh €ro pellleHre B Buje

rU = F,(r—ot) + F,(r +ot).

NHuTepecydch TOJIBKO NPAMON BOJTHOU, pacipocTpaHsionieiicd oT 3apsiia, orpaHu-
YUMCS PaCCMOTPEHUEM JacTHOTO pemieHus Fi(r — vt), mpuyeM 3amuIlieM ero B BUJIE

o

ITpu sTOM © = |/4/uEe €cThb CKOPOCTH pacrpocTpaHeHus BOJIHbI VTak, nMeem

U:f(t_r/v).

r

VU =

Tak KaKk B 4aCTHOM CJIydae /IJIsl He U3MEHSIONIErocst BO BpeMeHU 3apsizia ¢ 9ta Gop-

q , TO, CJIeIOBATEJNbHO, | (t - r} = 9t =1/0) r/v).
4rer v 4me
3nech g (t — r/v) — snauenue sapsoa q 6 momenm spemenu (t — r/0), npeduecmeyio-
wutl momenmy epemeni t, 8 komopwiii onpedensiemcs U. [Ipu amom r/v ecmv npomedrcy-
MOK 6pemeniL, 6 meuenue Komopozo 60aHd, OBUNCYUASC CO CKOPOCMBIO U, NPOXOOUM
nymo 7.

MyJia JoJKHa puobpectn Bua U =
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Eciu 3apsimpl paciipenesieHbl B HEKOTOpoM oObeMe V mpocTpaHcTBa ¢ 06BEMHOI
TIOTHOCTBIO p(X, Y, 2, t), ABJsdioNIelica HyHKIIMell KOOpANHAT 1 BpeMEHH, TO, TIPUMe-
HSIST TIOJTyYE€HHOE PElIeHre K dJIeMEeHTapHOMY 3apsiy dg = pdV, 3aKJII04€HHOMY B 9Jie-
MeHTe o0bema dV, u CyMMUPYsI TIOTEHIIHAIbI B HEKOTOPON TOYKE TOJIST OT BCEX dJie-
MEHTAPHBIX 3aPS/I0B, MTOJyYAEM

J- p(t- r/v)dV

4Tt8 r

TJle ¥ — PacCTOSIHUE OT dJIeMeHTa o6beMa dV no touku, B Kotopoil onpexessercs U.
[Tocentee BbIpaKeHUE SBJSETCS YaCTHBIM pelieHreM ypaBHenust [lamambGepa
s U.
AHaJOTMYHBIM TIyTEM MOJyYaeM YacTHbIe peleHus ypaBHenwit [lamambepa st
MTPOEKIINH BeKkTOopa A:

A r/v)dV IJ (t- r/v)dV A J. (t=rfo)dV.

* 4ms, r 47: ‘ 47: r

3necw J, (t — r/v), J, (t — r/v) u J,(t — r/v) — 3HaYEHNS NPOEKIUIT BEKTOPA ILJIOT-
HOCTH TOKa IIPOBOAMMOCTH WJIH TIepeHoca B aieMeHTe o0bema dV B MoMeHT (¢ — 7/v),
npedwiecmsyiowuii MOMEHTY t, B KOTOPbIii onpenensiores A,, A, n A,.

[Tomydennblie BbIpakeHUS TIEPEXOSAT TIPU MMOCTOSHHBIX TOKAX B HAl/IEHHBIE paHee
BbIpaskeHust (cm. § 27.2).

[TosrydeHHbIIT pe3y IbTaT UMeeT TIyOOKOoe MPUHITUITHATbHOE 3HAYeHe — OH BbIpa-
JKAeT TO CYIIECTBEHHOE OOCTOSITENBCTBO, YTO JIEKTPOMATHUTHBIE BO3MYIIIEHUS Pac-
MIPOCTPAHSIIOTCS OT IEHTPOB BO3MYIIEHUSI C KOHEUHOM CKOPOCTBIO ¥, U YeM JIAJIbIIE OT
IIEHTPa BO3MYIIIEHUSsI, TeM OOJIbIie 3anas/ibiBaer ux jaeiicrsue. COOTBETCTBEHHO CKa-
aapnovii U n eexmopibiii A TOTEHIINAIDI, BRIpakaeMble TIOCAeHNMA (GopMyTaMH, Ha-
3BIBAIOT 9JMEKTPOAMHAMMUUYECKUMHU 3aMa3/lbIBAIOINUMHU NOTEHI[UA-
JTaMHU.

B zaksouenne o6patiM BHUMaHWE HA TO, YTO BBIPAKEHUE [IJIsl HATIPSIKEHHOCTH
aekTprudeckoro mojs (¥*), momumo wiena (—grad U), comepskur emie uner (—0A/0t).
CocraBnsis TUHEWHBIH MHTETPAJ HAPSKEHHOCTH 3JIEKTPUYECKOTO TI0JIS BJI0JIb HEKO-
TOPOTO MPOU3BOJLHOTO 3AMKHYTOTO KOHTYPa, OyeM NMETh

fEdI= §>( —grdedl— —§Adl _oP

o’
TaK KaKk i; grad U dl = 0 u Tak KaKk nHTETpa § Adl paBen MmarauTHOMY TTIOTOKY ® CKBO3b

[MOBEPXHOCTb, OFPAHUYEHHYIO KOHTYPOM MHTErPUPOBAHMUSI.

Takum 06pasom, coctasistiomast (—0A/0t) HaNPSIKEHHOCTH 9JIEKTPUYECKOTO OISt
nmeeT cMbica I/ C, mHAYIIMPYEMOiT TTepeMeHHBIM MATHUTHBIM TTOTOKOM, OTHECEHHO
K eINHUTIC IVIUHDBI B HAITPABJICHUHN 3TOW COCTABIAIONICH.

B asmexTpocTtatnyeckoM ToJie M JIEKTPUYECKOM CTAIMOHAPHOM IOJIe OKOJIO He-
TTO/IBYKHBIX TTPOBOTHUKOB € TTOCTOSTHHBIMHU TOKAMU 3JIEKTPOABMKYIITNE CUJIBI WHIYK-
1MW OTCYTCTBYIOT, I HATIPSKEHHOCTH AJIEKTPIUYECKOTO OIS B ATOM CJIydae Onpesieis-
etcst Tobko umenoM (—grad U), mpudem U He 3aBUCUT OT BPEMEHH.
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29.6. dneKTpUUECKUii AMNOJb C NepeMeHHbIMU 3apsaaMu

PaccMOTpUM 9/1eKTPUYECKYIo KoJiebaTeIbHYI0 cucTeMy, 00pa3soBaHHYIO IBYMST MaJlbi-
MU METATMIECKUMU chepaMi, COeIMHEHHBIMI MTPOBOAHNUKOM JauHoi [, TIpeamoro-

JKUM, 4TO BCSI €MKOCTh TaKOTO BHOpaTopa ecTh z
e€MKOCTh MEXIy cdepaMu U UTO COEAMHUTENb- A
HBII TIPOBOIHUK 06JIaaeT TOJBKO WHIYKTHBHO- rsin
cTbio. IIpy BOBHMKHOBEHUHN KOJIeOaHUI B TaKOM £ B
cUCTeMe TIePEMEHHBII TOK I B TIPOBO/IHUKE B KaJK- 0 )y
JIbIii MOMEHT BPEMEHU UMEET OJ[HO U TO Ke 3Haue- &
HUE BJIOJIb BCETO TIPOBO/IHUKA. tq r
Takoll BUOpaTOp Ha PACCTOSIHUSIX # OT HETO, ~ g Y

HAMHOTO HPEBBINANIX [, MOKHO paccMaTpu- -

BaTh KaK JIMIIOJIb C TIEPEMEHHBIM JIEKTPHYECKUM X

MoMeHTOM gl. [TomecTnM uMosb B HaYaIe Koop-

JIMHAT U HAIIPaBUM ero och 1o ocu OZ (puc. 29.11). Puc. 29.11
3anas/plBaloNnii BEKTOPHBII TIOTeHIMaN A B TOUKe, y/aleHHOii Ha PacCTOsSTHUE 7

oT BUGpaTOpa, paBeH

4B i(t—rfoydl _p i(t-r/v)l

_47r[ r 4rt r

IMocentee BbIpaskeHKE MOMYYAETCS, €CIM YYeCTh, YTO Ipu 7 >> [ Bennuuny 1/7,
a Tak)Ke, B COOTBETCTBUU C BBIIIEOTMEUYEHHBIM T10JIOKEHUEM 00 OJMHAKOBOCTH TOKA
BJIOJIb TIPOBOJIHUKA, U BEJIMUUHY (¢ — ¥/0) MOKHO BbIHECTU 32 3HAK WHTETpaJa.

3anaspIBAONINI CKATSAPHDIN IMOTEHIIMAN B TOW JKe TOUKe paBeH

vo L {q(t—r’/v)_ q(t—r"/v)}

4me r r’
[Tpu r > [ nmeem

!

) " )
r'=r——cos@; r"=r+-cosq.
2 2

. [
Pasmaras atu BbIpasK€HUA B PAJL 110 CTEIIEHAM MaJION BEJIMYWHDI 5 COS @ 1 OrpaHun-

YMBasAChb ABYM:A IIEPBbIMU YJIEHAMUW PA3JIOKEHUA, ITIOJYyHaEM

a(t=rf) _ qle=r) 1 0 [qa—r/v)}

—CcoSp—| —— "2
r r 2 (par r
a=ro) _ qle=rie) 1 o0 { a(t- r/v)]
7" r 2 or r

CremoBaTenbHO,

U :_lcosma[q(t—r/v)}

4re Or r
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YenoBuMest B JasibHEIIEM OIycKaTh 0603HaueHne aprymenTa (¢ — 7/v) u KpaTtko
caTh
qt—rlvy=q i(t—r/v)=i
3aMeTuB, 4To
oq_ _1oq 0 _ 10
or v ot or vor
OyzeM, TIOJIb3YICh OSTUMU COOTHOIIEHUSIMHU, TPOU3BOAHbIE O¢/Or i 0i/Or 3aMeHSITh YM-
HOKeHHBIMU Ha (—1/0) mpousBogHbIMEU Og/0t W 0i/0t. Kpome Toro, 3ameTuM, 4TO
0q/ot =in &*q/ot> = 6i/ot.
CocraBstone BEKTOpa MarHUTHON WH/IYKITUN OMPEJIEISIOTCS U3 COOTHOIIEHUIA

B, =rot A; B, =rot,A; B, =rot A

il
3amerus, uto A, = A, =0n A, = z—, HaXOJIUM
s

g 0A oA or _plf i 1diy,
Yoy or oy 4m\ #* rodt)r

Byz_ﬁAZ _ oA or _ plf i 1ol X B. =0.
: ox or ox 4u\ 2 rodt)r

Tak xax B,/B, = —y/x, T0 BekTOp B KacaTesieH K OKPY/KHOCTH, JIeKallei B II0CKO-
CTHU, IEPIEHANKYIIpHON K ocu OZ n nuMeronelt meHTp Ha aToit ocu (cM. puc. 29.11).
Itn OKPYKHOCTU ABJAIOTCA MarHUTHBIMU JIMHUAMU. CJIe]_[OBaTeJIbHO, B C(l)epl/llle-
CKOIl cricTeMe KOODJAMHAT 7, ¢, 0. BEKTOP B MMeeT eJIMHCTBEHHYIO COCTABIISIONIYIO By,

paBHyIo 110 3HaueHnio | By [ =B} + B} . Tak kak yJx* +y* =rsin ¢ u 3uak B, 1o/ken
coBnajarh co 3HakoM B, pu y = 0 u x > 0 (cm. puc. 29.11), To
Ba=“—l i+i@ sin(p=ulsm(p @+9i . )
4n\r* oot 4o \ Ot 1

Ompenennm coctapraomue E,, E. n E, B chepudecKnx KOOpANHATAX, MOJIb3YACh
BBIpaKCHUIEM

E = oA —grad U,
ot

npudem 3ameTnm, 9to A, =0, A, = A, cos o m A, = —A, sin ¢ n 4t0 U MOKHO IpecTa-
BUTH B BUJIE

U - _lcowamz _lcosw[_iaq_q:m(iﬂ].

4dme Or\ 7 4me root r? 4me 2

o or
Tax xax A, u U He 3aBucar ot a, to E, = 0. /lanee mmeem
__6A,_6U__ulcoscp6i_lcoscp(_ 1o i

ta _ 1 og 2q
' ot or 4drne Ot  4me '

ot rn root P
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1 .
Tak xak — = W, TO IIepBOE CjaraeMoe 1 IepBbiv YJI€H B CKOOKax COKpalllaloTCda n

€0
oJrygaeM
- 2 k%
Er:lcoscp ﬁ+Q :2ulcosq) v, 7l (**)
4drne \ v * dnr v ?
Hakoner,
E :—aAQD _1@2M151D®ﬂ+151n(p i@.}.i
¢ ot 1 oo 4rr ot 4mne \r*vot P
WIN
. . 2 kcksk
E, _plsing @+9i+%q . )

4oy \ot r r

[Hockombky E, =0, T0 E L B.

B nasnbheiiniem GyemM paccMaTpuBaTh BasKHBIN TPAKTUYECKHIA CIyYail CHHYCOU-
ATBHOTO M3MEHEeHUs TOKa B aumode: I, sin ot. C ydeToM KOHEUHOI CKOpPOCTH pac-
TTPOCTPAHEHNS JIEKTPOMArHUTHBIX BOJH B BBIPAKEHUN I HATIPSKEHHOCTH 3JIEK-
TPUYECKOTO MO U [IJIT MATHUTHOM WHAYKIIMW MBI TOJLKHBI TTOACTABUTDh BEJTUIUHY
i=1,sin o (t — r/v). 3ameuas, uro wr/v = 2nr/(To) = 2rnr/A, rae T — nepuos Kojeba-
HUK 1 A = 0T — [yIHA BOJIHBI, TIOJIy4YaeM

9 ol, Cosw(t—r); gi= (k)oﬂm sinw(t—rj;
ot v) r 2nr v

9 2
v—q = —(xj ol, cosm(t—r).
r? 2nr v

Crenosarenbho, B Bolpaxkenusx ans By, E, u E, aMInumTyna Kax/10ro 1mocienyo-

IIIETO YJi€Ha OTJIMYAa€TCSA OT aMIIJIMTY/Ibl IPEbIAYIIETO MHOXUTEJIEM —.
nr

29.7. dsieKTpoMarHUTHOE NnoJie Ha PacCTOSAHUAX OT AUNONS,
MaJibiX MO CPaBHEHUIO C AJINHOW BOJIHbI

[Tyctp < A. B aTOM Cciryyae MOKHO OCTaBUTH TOJIBKO TOCJEHUE YJIeHbl B BhIPAsKe-
Huax jia By, E. u E,. Vimeem

B - plising E - 2lg cos . E - lgsing
* 4t T 4rer® drer®

[Ipu sToM mpubamKeHHas dopmya st B, comagaer ¢ hopmynoil Bruo—Casapa—

Jlarumaca, cripaBeiIMBOI JIJIS TOCTOSTHHOTO TOKA. [Ipubmkentbie hopmyJibt aist E, u

E, coBnanaior ¢ ¢opmynamu, BbIBEIEHHBIMU paHee Ui CTaTUYECKOTO AUIOJA (CM.
§ 24.2).

PaccMmoTpenHbie 31eCh 4IeHbl OOIIUX BIPAXKEHUI /I COCTABJISAIONINX BEKTOPOB B

n E onpenieiIioT TOIbKO PEaKTUBHYTIO MOIIHOCTD B CBSI3M C TEM, YTO MTHOBEHHBIE Ha-

TIPSKEHHOCTH MAaTrHUTHOTO U AJIEKTPUYECKOTO TOJIeH CABUHYTHI OTHOCUTETBHO APYT
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Ipyra 1o ¢aze Ha yroJ /2, Tak Kak Ha 9TOT YTOJ CABUHYTHI TI0 (haze i U ¢. 3aMeTnM,
YTO COCTABJISAIONIIE, KOTOPBIMHU MBI 3/1€Ch MTPEHEOPETJIH, HO KOTOPbIE CYIIECTBYIOT 1 B
paccMarpuBaeMoil 06actu (r<< L), OMpPEAeSIOT aKTUBHYIO MOIHOCTb, 4TO Oyzer

MIOKa3aHo B cJeyiolieM naparpade.

29.8. DneKTpOMarHUTHOE NnoJie Ha PacCTOSAHUSAIX OT AUNONS,
3HAQ4YUTEJIbHO NMpeBbillaloWMX AJIMHY BOJIHbI
Ipu 7 > A B BeIpakeHUAX 114 B, u 1 E, MOKHO nperebpedb BCeMH YIeHaMU, KPO-

M€ IIEPBbIX. Bennunnoii E, MOJKHO HpeHe6peI{b ITOJTHOCTbIO, TaK KaK oba ee ujeHa
B€CbMa MaJibl 110 CPaBHEHUIO C IEPBBIM YJIEHOM COCTaBJIHIOHlefI E(p. Nnmeem

B, =moﬂm cos| ot =2 | = wir, sin @cos mt—@ ;
4nro v 21 A

E¢:”“m@w%cmﬁw—wj:d%:1lg:Jun
4y v \/u: €

Bomna, nmetoras takoit xapakTep, Ha3biBaeTcsi chepuvec Ko ii.
MpbI IPUXOUM K 3aMeuYaTeTbHOMY COOTHOIIEHUIO, TIOJTYYeHHOMY paHee TIPU HC-
CJIEJIOBAaHWH TIJIOCKOW BOJIHBIL:

eE* uH?

2 2
Takum 06pasoM, U 111 CHEPUUECKOil DJIEK-
g _ TPOMATHUTHOUN BOJIHBI SHEPTUST DJIEKTPUIECKOTO
/’C Sing A Ho 1011 paBHA 9HEPTUU MArHUTHOTO TIOJISI.

/ . \ OtMetuMm 0co6o, uto E n H umeloT oxnHa-
! » \ KOBYIO (basdy KoJieOaHU W, CJIe0BATEIbHO, OII-
| o\ penensior coboil aKTUBHYIO MOIIHOCTh. BekTop

i [TofinTtuaTa, KaK 9T0 BUAHO U3 puc. 29.12, B io-
\ o ; 60if MOMEHT BPeMeHH 1 B JII000ii TOUKe HaIpaB-
) / JIEH TI0 PAJINYCY 7 B CTOPOHY OT JIUTIOJIS U, CIIeJI0-
N , BaTeJIbHO, SHEPTHST TIEPEIAETCST B HATIPABIEHUH Pa-
N e JIUYCOB OT JIUTIOJIS. DTa SHEPrus yKe He BO3BPa-
———————— - maercst 00paTHO K UCTOYHUKY U SIBJISIETCS dHEp-

Puc. 29.12 rveil U3Jy4eHHOTrO 3JIEKTPOMATHUTHOTO TOJIS.

29.9. MOWHOCTDb U CONPOTUBJ/IEHUE U3NTYHYEHUSA AUMNOJIA U AHTEHHbI

OKpyKuUM UTIONHh chpepudecKoil MOBEPXHOCTHIO, UMEIONIEH MEHTP B MecTe PacIio-
Joxkenus punoss (puc. 29.12), u BBIYUCIUM MOITHOCTb TIOTOKA 3JIEKTPOMArHUTHOM
DHEPIUuH, MPOXOIIell CKBO3b 9Ty MOBEPXHOCTh. HopMmabHasa K moBepXHOCTHU chepbl
cocrapJstionas Bekropa IloiitnTunra pasua S, = E,H,. OtanuHoe oT HyJId cpeanee
apudmMeTHUecKoe 3a TMepuoJi 3HaYeHWe ITOoM cocraBJisioniell BekTopa IloliHTuHTA

T
1
Spep = T I E H ,dt MOKeT MOJIy4uThCS TOJNBKO OT TeX COCTABJAIONMX NPOU3BEICHIs

0
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E,H, = E,B,/|, KOTOpPbIE ABISIOTCA POM3BEAECHUAMM YIEHOB BhIpaskenmii (*) m (***)
B § 29.6 n1a B, n E,, naxopamuxcsa B ofuHakoBoi dase. K num otHOCATCS TpOm3Be-
JleHue NepBbIX uleHoB B, u E,, Ipousse/ienue nepporo 4iena B, u tperbero unena E,
U TIPOM3BeieHne BTOPBIX uieHOB By, u E,. Jlerko ybemuThes, 4To J[Ba MOCIEHIX MPO-
U3BEJIEHNS B CYyMMe He JIAI0T OTJINYHOW OT HYJIS CPe/IHell MOMTHOCTH.

Taxum 06pa3oM, 0CTAETCsI TOJIBKO TPOU3BeIeHNE TIePBBIX 4ieHOB B, i E,, KoTopbie
ObLIN PacCMOTPEHBI B HpelIbIlIyHIeM naparpade. Vimeem

]2 2 2nr
,/ sin® @ cos?| ot — == |dt.
J.4rz7f ? ( A j

T
YuurteiBas, 4To 1 I cos? (o)t - ? j dt = 51 , TIOJIy4aeM

1212 N ) 1212 1
S . =’”7,/—sin = 1/—sm ,
gyl \e ?= 472K2 ?

rae [ = Im/\/i — JIeHiCTBYIOIINI TOK.

JjieMeHT moBepxHocTH cepsr (eMm. puc. 29.12) pasen ds = r do r sin ¢ do.. Cpennsist
MOIIHOCTb BCETO IOTOKA 3JIEKTPOMAarHUTHOW SHEPIMU CKBO3b MOBEPXHOCTH cepbl
OKa3bIBACTCSI PABHOM

n2n

IdE \/E 1212\/?‘ .
Esin? o [r?sine dodo = 2 fsin® odo.
H 4772 ¢ 0 222 a{ P

Ho
T -1 —1 4
Jsin%p do = J—sinQ ¢ dcos @ = J.(cosz @—1Ddcosop= 3
0 1 1
CiietoBaTeIbHO,
_2m |p Lﬂ
3 Ve a2

WNtax, cpepnsas MOIIHOCTb MOTOKA 2JE€KTPOMArHUTHOW 3HEPTHH, NepemaBaeMoi
CKBO3b TIOBEPXHOCTD C(hHepBhl, 0Ka3aTach OTIUYHON OT HYJIA. ITa MOIHOCTD YMCJIECHHO
paBHa 9HEPTUN 3JEKTPOMATHUTHOTO TIOJIS, UBAYUAEeMO20 TATIONEM, OTHECEHHOH K e/n-
HUIIe BPEMEHHU.

Muosxutens npu I? mpecTaBisger coboii akTUBHOE COTPOTHBIEHHE KoJebaTeh-
HOTO KOHTYPa, XapaKTepu3yIolliee ero coco6HOCTh K M3irydennto. Ero HasbBaoT ¢ o -
NPOTUBJIEHUEM M3JydeHUS [ 2/IeKTPUIECKOTO UTIONS COTPOTUBIICHUE
uaaydenus: R’ Beipaskaercs hopmyJioit

21 | [?

3 Ve n?
PeasibHast aHTeHHA NpeAcTaBaseT coboil 6osee CI0KHYIO, YeM JUIO0Jb, H3JTydaio-
1gyto crcremy. OObIUHO aHTEHHA COCTOUT U3 MTPOBOJIOB, PACIIOJIOKEHHBIX HaJl TOBEPX-

R=
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HOCTBIO 3eMJIH. YYaCTKU aHTEHHDI 06JIaIal0T EMKOCTBIO TI0 OTHOIIEHHUTO K 3eMJIE U OT-
HOCUTETBHO APYT Apyra. BciencTBue 3TOTO MTHOBEHHBIN TOK HEOAWHAKOB BIOJb
MTPOBOJIOB AHTEHHBI, TaK KaK TOK OTBETBJSETCS OT MPOBOJIOB B IN3JIEKTPUK B BUJIE
ToKa cMmenieHusA. OHaKo BCeT/ia MOXKHO Pa3/ieTMTh TIPOBOJ] Ha dJIeMEeHTapHbBIE OTpe3-
KV JIUTMHOI dl, B TIpejieiax KOTOPBIX TOK MOKHO CUMTATh OJMHAKOBBIM B KasKIBII JaH-
HBIIl MOMEHT BPEeMEHH. DTH OTPE3KH C TIePEMEHHBIM TOKOM i MIPEICTABJISIOT co00ii He
YTO MHOE, KaK dJIeMEHTapHbIE UTIOJN. DJIEKTPOMAarHUTHOE 1T0JIe BCEl aHTEHHBI OTIpe-
JIETTUTCS Ty TEM HAJIOKEHUS TI0JIell BCeX IUTIOJNE, T. €. TyTeM WHTETPUPOBAHNS BIOJIb
MIPOBOJIOB AHTEHHBI.

Hau6osee mpocTo MOXKHO HMCIOJIb30BAaTh PE3YJIBTATBI, MOJyYeHHbIE JIJIsT TUTIOJS,
LISt aHTEHHBI, PACIIOJIOKEHHON HaJl TOBEPXHOCTBIO BECbMa XOPOIIIO MTPOBO/ISIIIEl 3eM-
i 1 00pa3soBaHHON BEPTUKAIBHBIM [IPOBOAOM, 3aKaHUMBAIOLIMMCS B BEPXHE CBOei
YACTHU CUJIBHO PA3BUTOHN CUCTEMON TOPU30OHTAIBHBIX TPOBOIOB (puc. 29.13). IIpu atux
YCJIOBHUSX 3EMJIF0 MOKHO 3aMEHUTh 3ePKaJbHBIM M300pakeHEeM aHTEHHBI, a TaKKe
MOJKHO TIpeHeOpedbh eMKOCTHIO BEPTUKAIBLHOTO TPOBO/IA. 3AMETUM €II[e, YTO TOPU30H-
TaJbHBIE TPOBOJIA M WX 3€PKAJIbHbIE M300PAKEHUS MPAKTUIECKH MAJI0 U3JIYYaioT
9HEPTUIO, TAK KaK TOKU B MENCTBUTEIHHBIX TOPU3OHTATBHBIX TTPOBOJAX U B UX 3€P-
KaJbHBIX M300paKeHUSAX HallpaBJIeHbl B IPOTHBONOJJOKHbBIE

ctoponsl (puc. 29.13). AT TOPU3OHTATBHBIE YIACTKH TIPEHA-

k< 3HAYEHBI [T YBEJUICHUST €eMKOCTH CHCTEMBI, YTO TIPUBOJINT K
YBEJIMYEHIIO TOKA B BEPTUKAIHLHOM ITPOBOJIE, A CJIE0BATEIbHO,

%% 7 K YBEJIMYEHHUIO MOITHOCTH M3aydeHus. TakmM obpasom, pac-
cMaTpuBaeMasl aHTeHHA MPHUBOAMUTCS K MEPEMEHHOMY DJIEK-

= TPUYECKOMY AMIIONIO, UMeolieMy anny [ = 2k, rae h — BbI-

! coTa JIefiCTBUTEIbHOM aHTEHHbI. DJIEKTPOMArHUTHOE TI0JIe Ha
Pm_c_lZ_S; ‘1 3 PaCCTOSTHUSIX 77 >> h XapaKTepU3yeTcsi TEMH JKe COOTHOIIEHMUsI-

MU, 4TO U JIJIST TUTIOJIS.

CormnpoTuBiieHre U3JIy4YeHus1 R’ TaKoit aHTEHHBI BMECTE C ee 3epKaJbHbIM n3006pa-
JKEHUEeM HaiiJieTcst 13 1oc/ieiHell (hopMyJibl, eciii B Hell mosioxkuTh [ = 2h. B neiicTBu-
TeJbHOCTH U3JIyJdaeT TOJIbKO caMa aHTeHHa. [[oaToMy conmpoTuBeHMe U3TydeHUS aH-
TEHHBI OTIpeneanuTcs GopMyIoi

R:R’J%JE(?W:M\PW
2 23\e A 3 Ve a?

OOGBIYHO aHTEHHA PACIIOJIOKEHA B BO3AYXE U W = L, € = &). 110/ICTABUB YKCIOBbIE
h* h*

3HAYCHUS &) U |1y, oaydaeM R = (4m)%10 el = 1580 vl Owm.

29.10. NMepenaya 3/1eKTPOMAarHUTHON SHEPIrun
BAONb NPOBOAOB JINHUMN

Hepe;:[aqa 9HEPI1u B/IOJIb ITPOBOJIOB JIMHUM OCYHIECTBJAECTCA JIEKTPOMATHUTHBIM T10-
JIEM, PACIIPOCTPAaHAIOMINMCA B AUIJIEKTPUKE B/IOJIb TIPOBOJAOB JINMHUU. HpOBO]_[a JIMHUN
CJIYKAT HallPaBJJAAdIOIUMHN 3JIEKTPOMArHnuTHOTO T1OJIA.
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OKpPY’KUM YaCTh JIMHUU BMECTE C IPUEMHUKOM 3aMK- T .
HyTOl moBepxHOCThIO s (puc. 29.14). Ha ocnoBamum , —=i a/ N\
/7 \

ypaBHenus (*), mosyderHoro B § 29.3, MokeM HammcaTh: N —= F S \
e r 1
0 ) R !
——(W9+WM)=ij dv +§§[EH]ds, | i

ot b\ /

4 s . s/

ecjii B TIPOCTPAHCTBE, OKPYIKAIOIIEM IIPOBOJA JIMHUH, Prc 29\{4————”

HeT cBOGOAHBIX 3apsaIoB (p = 0; Jye, = 0).

Ecim V — obbem 06s1acTH, 3aKJII0YEHHONW BHYTPU TIOBEPXHOCTH S, TO BEKTOP ds
JIOJKEH OBbITH HATIpaBJieH 1Mo HopMasu N, BHeIIHel K 9Toii obsactu. Eciii Mbl skestaeM
CYUTATH MOJIOKUTENLHON SHEPTHIO, TIEPEaBaeMyto BHYTPb 00J1acTh V CKBO3b TIOBEPX-
HOCTb S, TO HEOOXOIMMO U3MEHUTD HATIPABJIEHIE MTOJOKUTETHHOI HOPMaIN Ha 00paT-
HOe, T. €. IPUHATH TOJOKUTEIbHON BHYTPeHHIO HopMasib Ny (puc. 29.14). Bektop
ds, HaTIpaBJIeHHBII 110 HOpMasu Ny, paBeH ds; = —ds. 3aMeHsIs1 B TIOCJIeTHEM PaBEHCT-
Be ds Ha dsy, TOJydnM

§LE H]ds, :%(Wa W)+ [vE*dV.
14

N

Mp1 BUZMM, YTO TIpHpAIeHne dHEPTUN 3JEKTPUIECKOTO W MAarHUTHOTO TIOJeH B
o6beme V 1 TorsIolenre sHepTUH B TPUEMHUKE ¥ B TIPOBOJIAX JIMHUH, PACIIOTIOKEH-
HBIX B 3TOM 00bEMe, TIPOMCXO/INT 3a CUET Tepeadr 3JIeKTPOMArHUTHOI SHEPTUH B 00-
JacTh V CKBO3b OTPAHMYNBAIONIYTO €€ TIOBEPXHOCTD .

B yacTHOM cirydae, Kor/ia TOK B TIETTH TOCTOSTHHBIHN, 9HEPTHS TI0JIeH He NU3MEHSIETCS
BO BpeMenu. Cief1oBaTebHO, IEPBBII WIEeH B MPABOIl YaCTH TTOCJTETHETO YPAaBHEHUS
paBeH HYJI0, U IMeeM

§>[EH]ds1 = ijde,

s \4
T. €. DHEPTU:, TOTJI0NaeMad B 1IeMN B BUIE TETJIOTHI, paBHA 9HEPTHH, TIepe/iaBacMoil B
ob6sacTh V uepes TOBEPXHOCTD S.

Takum 00pa3oMm, aHeprust, BbijiesisieMasi B TIPOBOJIHUKE B BUJIE TEILTIOTHI, TIEPEIaeT-
Cs B TIPOBOJIHUK CKBO3b ITOBEPXHOCTH MPOBOIHUKA U3 UATEKTPUKA, OKPYKATONIETO
MTPOBOJIHUK.

B mpocreiiniem ciaydae st oTpe3ka [ MpsIMOJIMHEITHOTO TIPOBOAA KPYIJIOTO Ce-
yenust paamyca R (puc. 29.15) 310 TONOXKEHWE TOATBEPKIAETCS HETOCPE/ICTBEH-
HBbIM BBIYHMCJIEHUEM HAIMPSKEHHOCTEN ToJiell Ha TOBEPXHOCTU TMPOBOJA. Bbramcianm
MTOTOK 2JIEKTPOMAarHUTHON 9HEPTUU CKBO3b MMOBEPXHOCTD S OTPe3Ka 1poBoja. Mmeem
H=—'_u E = K, npudeM E, — coCTaBIAIONAS HATIPS-

2nR [
JKEHHOCTH 9JIEKTPUYECKOTO TOJIS TT0 KacaTeJbHOH K TT0-
BEPXHOCTH TIPOBOJIA M 7 — CONPOTUBJIEHUE OTpe3Ka
nposoza. CireoBarebHO, HOPMAJIbHAS COCTABIAIONTAS
BekTopa [loliHTHHra paBHA

Puc. 29.15

i’r
2nRI

S =EH =
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Benunna 2nRl = s ecTb 1JI0NA/1b IINIMHAPUIECKON TOBEPXHOCTH OTPE3Ka IIPOBO-
na. MomHocTb, nepejiaBaemMasi B IIPOBOJI CKBO3b €TI0 IIOBEPXHOCTb U3 OKpy:Katoleil
Cpe/ibl, OKa3blBACTCSI PABHOM

— 52
S,s=1ir.

Ha puc. 29.16 noxazanbl HanpaBJIeHWs] JUHUI HANPSIKEHHOCTH MarHUTHOTO U
3JIEKTPUYECKOTO TI0JIel OKOJIO MTPOBOMOB JUHUH Tiepenadyn. JIMHUN HaNpsKeHHOCTH
AJIEKTPUYECKOTO TTOJIST HECKOJBKO M30THYTHI, TaK

KaK BCJIeJICTBUE HAJUYUSI aKTUBHOI'O COIIPOTUB-

s
d? I_; JIEHWST CAaMUX TTPOBOJIOB BeKTOP E y TIOBEPXHOCTH
IIPOBO/IAa UMEET KacaTeJbHYIO K 3TOH 110BEPXHO-

s s
s CTH COCTABJISIIONILYIO TI0 HATIPABJIEHUIO TOKA B ITPO-
Or reneparopa K npuemnnky Boze. Ompesesisag HampaBiaeHue BexkTopa [loiin-
S
s

_>

TUHTA B Pa3HbIX TOYKAX I10JIA, OJIy4acM KapTHUHY,
n300paKeHHYI0 Ha PUCYHKe. Mbl BUIUM, YTO 1O~

TN

TOK 3JICKTPOMArHUTHON SHEPIUY HAIIPABJICH B JIU-

s
9JIEKTPUKE OT TeHepaTopa K IMPUEMHUKY U 4Yac-
Puc. 29.16 TUYHO — BHYTPb IIPOBO/IA BCJIEJCTBUAE HAINYUA

AKTUBHOTO CONIPOTUBJIEHUS TTPOBOJIOB.
Heo6x01nMo OTMETHUTD, YTO U3THO JTUHUI HATIPSZKEHHOCTH 3JIEKTPHYECKOTO TIOJIST
Ha puc. 29.16 cunpHO nipeyBennyeH. B mosie nelicTBUTEIbHON JUHUYU TIepejaund 3TOT
n3rnb HUYTOKEH, TaK KakK KacareJbHas cocTaBJjsionias Bekropa E y moBepxHoCTH
MPOBO/Ia BEChMA MaJia 110 CPAaBHEHUIO C HOPMaJIbHO# cocTtasisonieit (em. § 26.2).
[Tpu viccreoBaHUU OHOPOIHBIX JIMHIIA OBLJIO MOKA3aHO, YTO CKOPOCTD JBVKEHISI
BOJIH 2JIEKTPUIECKOTO TOKA M HApPsKeHusa BAoJb quuaun (cMm. 4. I1) paBaa v = \/ﬁ,
rae L u C — UHAYKTUBHOCTb U €eMKOCTh JIMHUU HA €IUHUITY ee AJTUHBL Tak Kak aHep-
TUs TIePeIaeTcs 3JIEKTPOMAarHUTHBIM TI0JIEM B IN3JIEKTPUKE, OKPY KafoIeM MTPOBOJIa
JINHUU, TO CKOPOCTb ¥ JIOJIDKHA PaBHATHCS CKOPOCTH JIBUYKEHUS HJIEKTPOMArHUTHOMN
BOJIHBI B AuasekTpuke. CiemoBaTeabHo, OKHO UMETh MECTO PABEHCTBO

1 1
N e )
NLC  \Jpe
rie € U p — abCOMOTHBIE JUAJIEKTPUYEcKas U MaTHUTHAS TPOHUIIAEMOCTH JUJIEK-
Tpuka. B aTom Beipaxkenuu L ecTb BHENIHSSI MHIYKTUBHOCTD, OTIPejieisieMasi MarHuT-
HBIM TIOTOKOM B JuajekTpuke. Hamnpumep, miust kabenst umeem (cm. u. T)
7. 2ne
L=FMmh2 4 c= )

2n 7

"
In-2%
n

CJiretoBaTesbHO,
LC = pe.
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29.11. NMepenaya 3/1eKTPOMAarHUTHON 3HEprumn
Nno BHYTPEHHEW NOJIOCTU MeTa/I/In4ecKnx Tpyb

B npeapinyniem naparpade Mbl BUZeJH, YTO TIPOBO/IA JTMHUM TIE€PEadyl CJIysKaT Ha-
MPABJISIONMME 9JIEKTPOMArHUTHOTO TIOJIST, IBUXKYIIETOCS B IUAJIEKTPUKE, OKPYIKAIO-
neM 3T poBoaa. OHAKO TaKy HAIPABJISIONIYIO POJIb IIPOBO/IA IUHUU MOTYT BbI-
MOJIHATD TOJBKO MTPH YCJIOBUH, UTO JUVINHA 2JIEKTPOMATHUTHON BOJTHBI B IUAJIEKTPUKE
BO MHOTO Pa3 MPEBOCXOUT PACCTOSTHUE MEKIY ITPOBOJIAMH, T. €. TOJIBKO TIPU YCIOBUH,
YTO YaCTOTa HAIIPSIKEHUS U TOKA He CJIUIIKOM BeJiMKa. B TpOTUBHOM cirydae IpOBO/IA
muHuN OyayT BechMa a(h(HEeKTUBHO M3IydaTh HIEKTPOMATHUTHOE TI0JIE B OKPYIKAIO-
1iee MPOCTPAHCTBO, T. €. OYAYT AeiiCTBOBATh TOJ0OHO aHTEHHE.

Taxkum 06pa3oM, IPU BeChMa BBICOKHX YaCTOTAaX, COOTBETCTBYIOIINX TaK Ha3bIBae-
MBIM YJIBTPAKOPOTKIM BOJTHAM C JUTMHOW BOJIHBI TIOPSI/IKA HECKOJIBKUX CAHTUMETPOB,
KOTOPBIMU MTOJIb3YETCSI COBPEMEHHAS PAIMOTEXHUKA, YK€ CTAHOBUTCS 3aTPYAHUTEITh-
HBIM Tepe/IaBaTh SHEPIUIO 110 JUHUSM 00BIYHOTO BU/AA. 3aTPYAHEHUS IPU HTOM BO3-
pacTaioT erre TOTOMY, YTO IIPU CTOJIb OOJIBIINX YACTOTAX B M30JISIMN [IPOBOIOB BO3-
HUKAIOT 3HAUNTesbHbIe 1ToTepu 3Hepruu. IIpu kpernsieHnn npoBOJOB Ha OT/AEIbHBIX
M30JI5ITOPaX UMEEM B MECTaX PacCIIOJIOKEHUST U30JIITOPOB CPelly C IOBBIIIEHHOH M-
AJIEKTPUYECKOH IIPOHUIIAEMOCTBIO, YTO IIPEeBpallaeT JUHNIO B CBOErO pojia (Huibsrp,
CPEe3aoNINii BBICOKHE YaCTOTHI.

B cBs131 co BceM cKa3aHHBIM OTHOCHTEJIBHO CBOWMCTB JIMHUN TIepe/laui IIPY BecbMa
BBICOKUX YACTOTAX MPECTABJIsIET OOJIBIION UHTEPEC BO3MOKHOCTD TIE€Peadl JJIeK-
TPOMArHUTHBIM TIOJIEM JHEPTHH BHYTPU METALTUIECKUX TPYO.

Crenku TpyObl, €CJI OHU BBITIOJHEHBI M3 MATEPUAJIA ¢ BECbMa BBICOKOH y/IeTbHOMN
IPOBOINMOCTBIO, He TIPOIYCKAIOT CKBO3b Ce0sT IeKTPOMATHUTHbIE BOJHbBL B mpe-
JeJTBHOM CJlydae, Korma Tpyba MMeeT CTEHKHM U3 CBEPXIPOBOJSIIETO MaTephasa,
HIIEKTPUIECKUE TOKH, BO3HUKAIOIINE B CTEHKAX TPYObI, HE CO3MAIOT MaIeHUsI HATIPSI-
JKEHUS U, CJIEZIOBATEIBHO, KacaTeIbHasd COCTABIATIONAS HAPSIKECHHOCTH JIEKTPHUYe-
CKOTO T0JIsT Ha BHYTPEHHEN TIOBEPXHOCTH CTEHOK BCIO/LY [OJKHA OBITH PaBHA HYJIIO.
CurenoBarenbio, Bektop [loiiHTHHTA He UMeeT COCTaBIIAIONIENH, HOPMAJIBHON K TIO-
BEPXHOCTH CTEHKH. DJIEKTPOMATHUTHOE T0JIe He MMPOHUKAET BHYTPb CTEHOK U MO-
KeT IIPU Ha/UIesKalluX YCJIOBHSX IlepefiaBaTh 9HEPrulo TOJbKO B HAIIPABICHUM OCH
TPyOBI.

[Ipu neraspbHOM aHaaM3e YCJIOBUIT PACIIPOCTPAHEHUS 3JIEKTPOMATHUTHBIX BOJIH
B/10JIb TPYObI, KOTOPBIII IPOU3BE/IEM B CiIe/lyiolieM mnaparpade, BbIsICHSIETCS O[HA HH-
TepecHass M BaKHas OCOOEHHOCTb, & MMEHHO: BJIOJb TPYObI BO3MOXKHO PACIPOCT-
paHeHue TOJBKO KOPOTKUX BOJIH, JIJISI KOTOPBIX [IINHA BOJIHBI B CBOOOIHOM TIPOCTPAH-
CTBE OJIHOTO TIOPSIZIKA C TIOTIEPEYHBIMU Pa3MePaMi MOJOCTH TPYObI UM MEHBIIE HX.
B cBsi3u ¢ aTuM Takue TpyObI MOMYUNIN TPUMEHEHNE B PAANOTEXHUYECKUX YCTPOUCT-
Bax yJIBTPAKOPOTKUX BOJIH /I MT€Peady 2JeKTPOMArHUTHOM SHEPTUM OT TeHEepaTopa
9JIEKTPOMATHUTHBIX KOJIEOAHUIN K U3JIYYAIONIEMY YCTPOICTBY U TOTYYIIN Ha3BaHIe
BOJHOBOIO0B. [lJInHa BOIHOBOIOB OOBIYHO HEBEJNKA, U, CJEA0BATEIBHO, TIOTEPU
9HEPTrUU B UX CTEHKAX, BbI3BAHHBIE KOHEUHOU y/I€JbHON TTPOBOIMMOCTBIO MaTepraia
CTEHOK, He3HAUNTEJNbHBL. [109TOMY TTpH MCCIeIOBAaHIH BOTIPOCA O PACTIPOCTPAHEHUN
9JIEKTPOMATHUTHBIX BOJIH B BOJTHOBOJIAX MTPETIOTIOKIM, UTO Y/IeJbHAS TIPOBOJAMMOCTD
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MaTeprasa CTeHOK GEeCKOHEYHO BeJHKa, He JOIYCKash TP 9TOM CYIIECTBEHHBIX OT-
KJIOHEHUH OT IIPAKTUYECKUX yCJIOBUIL

29.12. BonHoBOAbI

Jlist ysicHeHust 0COOEHHOCTEN pacipocTpaHeHHs! SJIEKTPOMArHUTHBIX BOJIH B MeTaJl-
JIMYECKUX Tpybax pacCMOTPUM HauboJiee TIPOCTOI U BMECTE ¢ TeM UMEIIINN 60JIb-
1roe MpakTUIecKoe 3HaUYeHUe BOJHOBOJ MPSIMOYTombHOTO cedeHus. Ocp OZ Hampa-
BuM Bz10Jsib TpyObl. Oct OX u OY pacriosiokuM Tak, Kak moKasaHo Ha puc. 29.17.
PaccmoTpum ciyvait, Korja JIMHUKM HATIPSIKEHHOCTH AJIEK-
TPUIECKOTO OIS PACTIONOKEHBI B TIIOCKOCTSIX, TTEPIIEHNKY -
napueix ocu 0Z, 1. e. korma E, = 0.
[Tpenronarasi, 9To Bce BEJIMYMHBI MI3MEHSIIOTCSI BO BpEMEHHU
10 CUHYCOUJATHHOMY 3aKOHY, BOCIIOJIb3yeMCsS CHUMBOJITUE-
CKUM MeTo/ioM. Kpome TOTO, TIPEATIONOKUM, 4TO BOJHOBOJ
Puc. 29.17 umeet OeckoHeunyio arHy 1o ocu OZ. Tlo anaioruu co ciy-
YyaeM JIBIDKEHUS BOJIH TOKA W HANPSDKEHWS BIOJb JJTMHHBIX
OJIHOPOJIHBIX TUHUH (cM. 4. IT) TIpeInosoKumM, 4To n3MeHEeHe HATIPSKeHHOCTEe TTosTeit
B10/b oct OZ Bhipazkaercs: (hyHKIMel Bua e %, uTo COOTBETCTBYeT HAJMYUIO OHOM
npsiMoii Oeryiieil BostHbI. (31ech Yepes y' 06003HaueHa BEJMYMHA, IMEFOIIast CMBICT KO-
aduIerTa pacpocTpaHeHust, B OTIUYHE OT Y, KOTOpasi 0003HAYAET Y/eTbHYIO JIEeK-
TPUYECKYIO ITPOBOIMMOCTH BEIECTBA. )
[Ipu aTUX yCI0BUSX KOMILIEKCHBIE BHIPAKEHUSI MTHOBEHHBIX COCTABJISIONINX Ha-
NPSIKEHHOCTEH 9JIEKTPUYECKOT0 ¥ MAaTHUTHOTO T0JIei OYyT UMEeTh BH/L

V2227777277777

ANUAARARRRNNRNNY,Y
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\

fe)
e

P _F et E —F et Fo—;
E =E, e"e E, =E, e”e’; E =0

y

H.=H,¢"e"; H =H, e H =H, e,

r/ie KOMIIEKCHbIe aMITUTY/b! E,  E H H n H,, aBiagiorcs QyHKIUSIMHA X

uy.
[ToncraBass atu Boipaskenus B ypasHennd (a)—(e) B § 29.1 u yuuTsiBas, uto B i1-
anextpuke y =0 u p = 0 1 uyTo, KpoMme TOTO, 110 ycaoBuio £, = (), mocse cokpaiieHns Ha

my’

obIuIiT MHOKUTEND €/'e V% momydaem

aymz + Y,Hmy = ](DSme; (a) Y Emy = —](,OHH,M; (2)
_'Y’HW - = ]mSEmy; (6) = me‘ = _]O)MHWW; (a)
oH j oF ' -
m M 0 T jout,, (@)
ox oy ox oy
Hoxcrasnss E,, us (2) B (6) n E,, u3 () B (a), Haxoanm
g A OH. oy oH, )
mx k2 ox ’ my k2 ay ’

e B2 =y? + o pe.
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YpasHenue (6), €CM B HETO MOACTABUTD BhIPAKEHUs (*), yAOBIETBOPSIETCS aBTO-
matuyecku. Ocraercs ypastenue (e). [loxcrasnsis s nero £, u E,, , 13 (0) 1 (2) n 3a-
Tem BMecto H, 1 H UX BeIpakeHus (*), mosydaem ypaBHeHI/Ie ,Z[JIH H,,:

o°H,, 0°°H ; o
2mz + 2mz +k2HmZ — O ( )
ox oy

Bynem uckars H,, B dopme H,,, = XY, rie X — GyHKIms Toabko X 1 Y — GyHKIus
TosibKO ¥. IlocieiHee ypaBHeHne IPUHUMAET BUJT

o°X o’y

y—— + X— kXY =0.
ox? dy*
Pasnenus ero na XY, Haxoaum
2 2 2
16X+16Y k2=0ymniax+k2——1ay.

X o’ Y oy® X ox® - ?ayi2

JleBas yacTh mocJsieIHETO ypaBHEHUS ABJsSeTCS (DYHKIMEH TOJBKO X, MpaBas —
dbynkimeit Tonbko y. Crie0BaTeIbHO, ypaBHEHUE YIOBIETBOPSIETCS [IJIsT IIOOBIX X U Y
TOJIBKO B TOM CJIy4ae, ecJiv M JieBasi U TpaBasi ero YacTh PaBHBI HEKOTOPOH TIOCTOSTH-
noit sesmunne M. [Ipu aToM ypaBHeHMe paciazaercs Ha Ba:

aX LEX = 0; ﬂﬂ]y:o,
oy’

e & =k — 2

VnTerpupys sT1 ypaBHEHU, T10TydaeM

X =Acos(Ex +9); Y =Bcos(ny +v);
H,, =H,cos(Ex +@) cos(ny +v),

rne H o =AB.

[ocrosauubie &, 1, ¢ U ¥ ONPeAe/IAI0TCS U3 TPAHUYHBIX YCI0-

BUII Ha II0BEPXHOCTAX CTEHOK BoJiHOBozA. Ilpu csepxmposons- <L>|
IUX CTEHKAX I1aJ/leH1e HAIPSKEeHUs B HUX PaBHO HYJIIO U, C/IEN0- 1%

BaTeJIbHO, BHYTPHU cTeHOK Bciony E,, = 0. IloaTomy rpanndHbIM
YCJIOBHEM IS TIOJISI B JINAJIEKTPUKE BHYTPU BOJIHOBO/A siBJisieT- O
Cs1 PAaBEHCTBO HYJIIO y OBEPXHOCTU CTEHKU KacaTeJIbHON K 9TOH 0T —====== X
MOBEPXHOCTU cocTaBidionieil Bektopa E. Vcronb3ys aTo ycio-

BUe, nMeeM (puc. 29.18)

- il g
E”’y =0 Impu X = Ou x= a; i'\\\\:_,/l I
we =0 mpn y=0mn y=>h \rrzzziay
U3 ypasnenwii (2), (0) u (*) mpu 5ToM TOTydaem I
aH :'{l,—\\“l:
=0 mpu x=0u =g AUMAEEIL
ox >
oH Puc. 29.18

=0 mpu y=0wu y=>b
oy
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Iro maet ¢ = 0; &E=mn/a; y =0; n =nn/b, e m u n — 1eabie yncaa. VimeeM oKoH-

qaTesbHO
. mnx nmw
H, —H COS ——C0S —= y
a

[Tozxcrasisist 5TO BhIpakeHue B ypaBHenwue (*) u vcosb3yst ypasuerus (2) u (d),
HAXO/IUM KOMILJIEKCHBIE BBIPA’KEHUSI MTHOBEHHBIX COCTABJISIONINX HATIPSKEHHOCTEH
AJIEKTPUYECKOTO U MATHUTHOTO TIOJIEH:

_y'mn

; . MUY ATY ey
H, =+—-H,sin cos Y grorvz,
ak a b
: MAX . NRY  jory
H,="— H cos sin 7Y ot Tz,
‘ bk a b
mnx __ nm
H. =H,cos——cos—2 Y gz,
a
- ounn mnx . nmn y
E, = J “2 H, cos—=sin—2 Y piorrz,
bk a
- oumn mnx __ nm vz 2
E, = LH sin " cos Y iz B~
ak® a b

Kpowme toro, ypasuenue (**) 1ociie 1oACTaHOBKY B Hero Bblpaxenus [, u ero
BTOPBIX MMPOMU3BOAHBIX Ja€T

_(mﬂf _("WT Rl o,
a b
2 2
]
a b

Haiinennoe perienue 1mMOKa3bIBaeT, YTO B BOJHOBOJE MOXKET CYIIECTBOBATH Psijl
BOJIH, IPAYEM Kak/[ast BOJIHA COOTBETCTBYET Tape TIeJIbIX YUCes m U 1. 3aJaH1e OJIHO-
BPEMEHHO /M 1 72 PABHBIMU HYJITIO TIPUBOJIAT K PABEHCTBY HYJIIO BCEX COCTABIIAIONINX E.
CremoBaTebHO, TPOCTEUTITNN Cydail MOTYIAETCS, €CIU OHO W3 3TUX YUCET PAaBHO
HYJII0, a IpyToe paBHO exunntie. [Iycts, nanpumep, m = 1 u n = 0. CorsacHo mocien-
HEMY COOTHOIIEHUIO, IPU 9TOM k = 11/a U ypaBHEHUS [IJIsl COCTABJISIIONIUX HATIPSIIKEH-
HOCTEIl MOJIsT TPUOOPETAIOT BU/L

OTKYy/Ia

’
. a . . Tcx c . . . M TSR
H, =21 sinT= e 0, =0; H, =H,cos e,
T a a

: L OUA ;o T jerys.

E =0, E, =—j——H,sin—e ; E,=0.
T a

[TocTosinHas y' ¥MeeT TaKOIl Jke CMBIC], KaK Koagguuuenm pacnpocmpanenus B

Teopun OAHOPOAHBIX JuHuK (cM. 4. IT). B obuiem cirydae MOXHO ee TIPeICTABUTD B

Buje Y = o + jB, r/ie BeJIMYMHA 0L XapaKTepU3yeT 3aTyXaHne BOJHbI BJIoJb oc OZ
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MOKET ObITh Ha3BaHa KOIPPUUUEHMOM 3AMyXanus, a BeTNYNHA 3 XapaKTepu3yeT u3-
Mmenenue (asbl BIoJIb ocu OZ U MOKeT ObITh HazBaHa K0Ipuuuenmom pasol.

2 2
. mmn nn
Us cootnomennii k> = y? + o’ue u (j +(bj = k* momyuaem s TIpSIMO-
a
YTOJIbHOTO BOJIHOBOJIA CO CBEPXITPOBOJSIINMU CTEHKAMU
2 2 ok
’2 2 2 mmn nm 2 (**%)
Y =k -o0o'pe=| — | +| — | —ope.
a b
me) (nn)
T iy
ITpn [) + (b) > w’pue nmeeM y'2 > 0 1y’ — BelleCTBEHHOE YHCIIO, T. €. 7' = o
a
u 3 = 0. B aToM caydae nosydqaem 3amyxarouiyro 80aHy.
2 2
mn nn .
Hpn() J{bj < ©? e umeem ¢’ < 0 My’ — MHUMOE YHCIO, T. €. 7' =j P u o = 0.
a

B sTOM Ciiyudae mosrygaem BOJIHY, PacIipOCTPaHSIONLYOCS BIOJIb BOJHOBOIA He3 3amy-
Xaus.

MpbI IPUXOAUM K UHTEPECHOMY 3aKJIOYEHUIO, YTO JIJIT BOJIHOBOJA C 33JaHHBIMU
pasMepaMu a 1 b CyIecTByeT KPUTHUYeCKas 4aCTOoTa, olpe/esieMast U3 yCJIo-
Bust ' = 0 BeIpakeHUEM

[Tpu yacToTax HUKE M) HEBO3MOJNICHO PACTIPOCTPAHEHE B/IOJb BOJHOBO/IA BOJTH G€3
3aryxanust. [Ipu gacToTax BBIIIE ) BOJHBI PACIPOCTPAHSIOTCS (€3 3aTyXaHusl.

O6o3Hauasi, Kak ¥ paHee, Yepe3 A UTMHY 5JI€KTPOMAarHUTHOM BOJIHBI IIPH €€ pac-
MIPOCTPaHEHWN B CBOOOIHOM TPOCTPAHCTBE (BHE CTEHOK BOJIHOBOJA), Oy/leM MMETh

(cm. § 29.2)
11 21

o=~ - ~°"
TS o

CJIeI[OBaTeJII)HO, KpHTMHGCKOfI 4acToTe @) COOTBETCTBYET KPpHUTHYE€CKasd
JJaMnHa BOJHDI 7\.0 B CBO6OHHOM IIPOCTPAHCTBE:

Ay = 2n _ 2

Jueo,  Jmia) +@/b)’

Benmannsr oy 1 Ay 3aBUCAT OT YWCeN M W 1, ONPEAEAIONNX XapakTep BOJHBIL.
Ecau a > b, To camas masast Kputudeckas yactora rnosydaercst ipu m=1un=0. Ona

A

. T
OKa3bIBAETCS PABHOI ) = —— — U, CJIeJI0BATEIbHO, HAMOOJIbITAast KpUTHIECKasT ITTHA
Jue @
BOJIHBI UMeeT 3HayeHne Ay = 2a. Ecim a =10 cm, 10 Ay =20 cMm 1 fy = ©y/(2n) = 0v/A =
=3-10'/20 = 1,5-10° T'1. M3 aTOTO NIpMIMepa BUHO, YTO BOJTHOBOJL CIIOCOOEH MPOITyC-
KaTh HJIEKTPOMArHUTHBIE BOJIHBI TOJBKO BECHMA BBICOKON YACTOTHI.
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Tak Kak mpH © > ©) uMeeM Y’ = jp u e/“7? = /(P 1o nra momydyenusa Bupaxke-
HUIT JIJIL IEHCTBUTEIbHBIX MTHOBEeHHbBIX Besinuud H,, H,, H,, E. n E, HEOOXOMMO B MX
KOMIIJIEKCHBIX BBIPQKEHMSAX 3aMEHHTh MHOKUTEND e/* 7 Ha sin (wt — Pz). Bemmunna
®/p =" ecTb ¢hasosas cxopocmv BOTHBI

JlnmHa BoHBI A B BOTHOBO/IE TIOJTy4YaeTcs U3 COOTHOMIEHUSA BA = 21, 3aMeHAs B
coornomenun (***) y'? yepes (—p?) u o’ e yepes (21/1)% HaxomUM

() -() (3
S ORCRCEEES

OTcrofa BUHO, YTO JJIMHA BOJHBI A B BOJIHOBO/IE GOJIBIIIE JIJTMHBI BOJIHBI A B CBO-
GOTHOM MTPOCTPAHCTBE TP TOM JK€ YacToTe. ITa PasHUIA TeM 00JIbIIe, YeM OOJIbIIE A

PUOJIMKAETCST K KDUTUIECKOI JITTMHE BOJHBI Ag, U TIPH A = A MOJy4aeM A = oo,

O o 1 A A
MDazoBast CKOPOCTb MOKET OBITD IIPeJICTaBIeHa B BUIE 0/ = — = A=——=0v—.

2n Jue b A
CieioBaTesibHO, (ha3oBasi CKOPOCTH ¥’ 3JIEKTPOMATHUTHBIX BOJTH B BOJTHOBO/IE OOJIBIITE
CKOPOCTH JIBVKEHUSI 9JIEKTPOMATHUTHBIX BOJIH B CBOOOHOM ITPOCTPAHCTBE. DTO, KO-
HEYHO, He 03HAYAET, YTO JIEKTPOMArHUTHOE TIOJIE IBUIKETCSI CO CKOPOCTBIO, OOJIBIIIEH,
YyeM 7, TaK KaK v’ eCTh TOJbKO CKOPOCTh, C KOTOPOI B YCTAHOBUBIIIEMCS PEKUME JIBU-
JKeTcs (pazoBoe pactpezesnenue Bosab ocu OZ.

B BoimencceseoBannom ciaydae Baoab oc OZ BOJHOBOJA UMEET OTJIWYHYIO OT
HYJIS COCTABJIAIONIYIO TOJIBKO HANPSKEHHOCTh MAarHuTHOTO 1oJis. COOTBETCTBEHHO
BOJIHBI TAKOTO THUIIA MTOJYYNIN HANMEHOBAHUE «MAarHUTHBIX BOJIH». VIX IPUHSITO 060-
3Hayarh OykBoit H. Tak Kak JMHUU HATPSKEHHOCTH 3IEKTPUYECKOTO MOJIS TIPH ATOM
JIeKAT TEJTMKOM B TIOTIEPEYHBIX CEUEeHNAX BOJHOBO/IA, TO BOJTHBI 3TOTO THTA HA3BIBAIOT
TaKKe «IIOTEPEYHBIMU DJIEKTPHUECKUMU BOJHaMI» 1 0obo3HayaoT OykBamu TE. [list
[PSIMOYTOJIBHBIX BOJTHOBOIOB BBOJAT 0bo3Hauenue H,,, (niau coorBerctBenHo TE,,,),
TIPUYEM MH/IEKCHI COOTBETCTBYIOT BhINIEYKa3aHHBIM unciaaM m u n. Ha puc. 29.18 uzo-
OpaskeHa B MOIEPEYHOM U ITPOIOJIBHOM CEYEHUSIX MPSIMOYTOILHOTO BOJHOBO/IA KapTHHA
noJist 7uist Bosabl Hyy (wmu TEjy). CIUIONHBIMU JTUHUAMU M300paskeHbl JTUHINA HaIpsi-
JKEHHOCTH JIEKTPUYECKOTO TI0JIs, ITPUXOBBIMU — JIMHUY HANPSIKEHHOCTH MAarHUTHOTO
nosist. TIpu GOMBIIMX 3HAYEHUSIX YUCET M W 1 KApTHUHA TOJIyYaeTcst OoJiee CJ0KHOI.

MoryT cylecTBoBaTh TakKe Tak Ha3blBaeMble 2JIEKTPUYECKHE BOJHBI, 0003HAYaAe-
Mble OYKBOiT E ¢ COOTBETCTBYIONMMH HHIeKcaMU. BOJHBI 9TOTO THIA XapaKTepusy-
I0TCSI TEM, YTO B HUX BJIOJIb OCU BOJIHOBO/IA OTJIMUHYIO OT HYJISI COCTABJISIIONLYIO UMEET

Torma

Yz 1 OJIbKO HAIIPAKEHHOCTD 9JICKTPHUYECKOT'O I10JIA.

N

ITH BOJIHBI Ha3bIBAIOT TAKKE <«IOMEPEYHBIMI
MarHUTHBIMU BOJIHaMHU», 00O3HaYasi WX MpU
aTom OykBamu TM.

e ™ Ha puc. 29.19 usobpaskeHbl JTUHUN HAIPsI-
Puc. 29.19 JKEHHOCTH MarHUTHOTO TOJs (IITPUXOBbIE JIK-
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HAW) W 3JEeKTPUYECKOTO TIOJA (CIJIOIMIHbBIE JUHWUW) [ MPOCTEHINero ciaydas —
«3JIEKTPUIECKOIT» BOJTHBI B IUJIWHIPIYECKOM BOJHOBOZE. JTOT CJydall MHTepeceH
TEM, YTO KapTHHA IMOJIsI B HEM UMEET MHOTO OOIIEro ¢ KapTHUHOI TIOJIst TIPH PACIIPO-
CTPaHEHWH 3JIEKTPOMArHUTHBIX BOJIH BIOJIb KOHIEHTPHUYECKOTO Kabesst. B otnnune
oT KabeJist B BOJIHOBOJIE OTCYTCTBYET BHYTPEHHWUIA TIPOBOJL U POJIb TOKOB ITPOBO/IIMO-
CTH BO BHYTPEHHEM METAJLINYECKOM TIPOBOjie Kabesst B BOJHOBOJE UTPAET TOK CMe-
MIeHUs.

BosnukHoBeHME TOTO UM MHOTO TUTIA BOJIH B OJTHOPOTHOM BOJTHOBO/IE 3aBUCHT OT
CBOMCTB KOHIIEBBIX YCTPOWCTB, B YACTHOCTH OT YCTPOWCTBA, TeHEPUPYIOIIETO BOJIHEI B
HavaJsie BOJHOBOJIA.

Jlist BO3OYKIEHVSI 5KEJIAeMOTO THIIA BOJH MOKHO BBECTH B BOJIHOBOJ[ METaJLITITUe-
CKUIT CTEpPIKEHEK, PACIIONIOKIB €r0 OChb B MECTe, TJie JTOJUKHO BO3HMKATH HanboJiee
CUJTbHOE 3JIEKTPUYECKOoe TI0JIe JKeJaeMOoll BOJIHBI, U HAIIPABUB OCh CTEP)KeHbKa B Ha-
TIpaBJIeHUN JUHUN HAPsKeHHOCTH 3Toro noJid. [logBoas HanpsikeHre BHICOKOIT yac-
TOTBI MEK/Y CTEPKEHBKOM M BOJHOBOIOM XOTsI ObI TI0 KOHIIEHTPUYECKOMY Kabesto,
MOKHO BO30YIUTh KoJiebaHusi B BOJHOBO/IE. MOKHO TaksKe BBECTH B BOJIHOBOJ He-
GOJIBINYIO TIETJII0 U3 MPOBOJOKH, OOTEKAEMYIO TOKOM, PACIOJIOKUB TIETII0 B MECTe
OXKHMIAEMOTO MaKCUMyMa HaINpsiKEHHOCTH MarHUTHOTO TOJIST TaK, YTOOBI TLIOCKOCTh
et/ Oblyla TIePIEeH/IMKYISIPHA K HAIIPaBJIEHUIO MarHUTHBIX JIHHUI TPeGyeMOro moJis.

Ha npuemMnom KoHIle BOJTHOBOZA MOXKXHO TTPUMEHUTHh aHAJIOTUYHBIE YCTPOMCTBA.
MoOJKHO TakKe OCTaBUTh 3TOT KOHEIl OTKPHITHIM WU CHAOAUTH €0 PYMOPOM JIJIsT U3-
JIy4eHUs BOJH B TPOCTPAHCTBO.

[Ipu cpaBHennn xapakTepa 3JIeKTPOMATHUTHBIX BOJH B BOJHOBOJC U B OJHOPO/I-
HOIT JIWHIKM 0OHAPYKUBAIOTCS HAPSILY € OOMIUME MX YepTaMi ¥ CYIeCTBEHHbIE Pa3-
JIMYUsST B HUX. B Teopuu OHOPOAHBIX JTMHUN OBLI PACCMOTPEH TOJBKO MPOCTEHIIHIA
THUIT BOJTH, XaPaKTEPUIYIOIIUXCS TEM, UTO TIPU OTCYTCTBUU COIPOTUBJIEHUS TIPOBOIOB
JINHUU HATIPSIKEHHOCTH KAK MAarHUTHOTO, TaK U 3JIEKTPUUECKOTO TI0JISI PACTIOJIATaoT-
Cs1 IIEJTUKOM B TIJIOCKOCTSIX, HOPMAJIbHBIX K HAIIPABJIEHUIO TTPOBOIOB. Eciu HarpasJie-
HUe TIPOBOJIOB Tapasiesbio ocu OZ, To 175t Takux BoJiH Bewony H, = E, = 0. 9Tu BoJ-
HbI HA3bIBAIOT IO € PEYHBI MU WMJIM TAKKE O CH O BH bl M U JIJIsI TUHUU TIEPE/IAYH.
Kax mb1 Buniesn, paszoBast CKOPOCTh paclipoCTPaHeHUsT TUX BOJH v = 1 /\/ﬁ =1 /\/},TS
HE3aBUCUMO OT (JOPMBI KPUBOI TOKA U HAMIPSSKEHUS WJIA OT X YaCTOTBI PaBHA CKOPO-
CTH PacIpOCTPaHEHUs HIEKTPOMATHUTHBIX BOJIH B CBOOOZHOM TpocTpaHcTBe (IIpU
OTCYTCTBUU TTPOBO/IOB). COOTBETCTBEHHO MPHU NEPUOAMIECKOM TIpoIiecce JJIMHA BOJI-
ubl A = 0T paBHA JUTHHE 9JIEKTPOMATHUTHON BOJIHBI B CBOOOTHOM MTPOCTPAHCTBE.

Bommsl Takoro THIa He MOTYT CyTIECTBOBATH B BOJIHOBO/IE. /leficTBUTEIbHO, ecin B
BOTHOBOJIE Bcioy E, = 0, T. e. ecaint IMHNN HATIPSXKEHHOCTH 9JIEKTPUYECKOTO TOJIS Jie-
JKaT TOJIBKO B TOMIEPEYHBIX TIJIOCKOCTSX, TO TOJIBKO B 9TUX IJIOCKOCTSAX PACIOJIaraior-
Cs1 M JIMHUM TOKA CMEIIEHsI, KOTOPBIE MOTYT ObITh 3aMKHYThI Ha ce0sT W KOHYAThCSI
y CTEHOK BOJIHOBOJIA M TIPOJIOJIKATHCS B CTEHKAX B BUJIE JIMHWE TOKA TIPOBOJIMMOCTH.
fAcHo, 4TO TaKkWe JMHUM TOKA CMENIEHUS JIOJIKHBI OXBAaTbIBATLCS 3aMKHYTBIMU Ha
cebst IMHUSIMU HAITPSKEHHOCTH MarHUTHOTO TIOJIs], & CJIefioBaTesbHo, BekTop H, Bo06-
e TOBOPS, JOJDKEH MMETh OTJIUYHYIO OT HYJIS COCTaBJSONYI0 BAOJb ocu OZ

(H, # 0).
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Ecnu B BotHOBOME Betony H, = 0, T. e. TUHUM HANPSKEHHOCTH MAarHUTHOTO TIOJIS
JIesKaT [EJIUKOM B TIONEPEYHBIX TIOCKOCTSX, TO HeM30esKHO JOJKEH CYyNIecTBOBATh
MPOJIOJIBHBIN TOK CMellleHUs, OXBaTbIBAEMbI 3TUMU JIMHUAMU, a CJIEJ0BATEJIbHO,
E, # 0. Takum 06pa3oM, BOJTHBI, KOTOPBIE SIBJISIOTCS OCHOBHBIMU B JIMHUH TIepeIaul,
He MOT'YT CyIIECTBOBAaTb B BOJIHOBO/IE. B BOJTHOBO/IE MOT'YT PaCIPOCTPAHATHCS TOJBKO
BOJIHBI, B KOTOPBIX Jin60 BekTop H, mu6o BekTop E mMMeeT MPoJoJIbHbIE COCTABIISAIO-
mue. [Ipu aToM BecbMa CyIieCTBEHHO, YTO PACIIPOCTPAHEHUE 3TUX BOJIH BIOTb BOJHO-
BOJIa BO3MOJKHO, TOJIBKO €CJIM 4acToTa J BbIlle KPUTHYECKOH 4acToThl f;. Kpuru-
JecKasi JUIMHA BOJIHBI Ay = 0/f) MMeeT MOPSIZIOK JMHEHHBIX PasMepPOB MONEPEYHOTO
ceyeHus BOJIHOBOJIA.

WNHTepecHO OTMETUTD, UTO W B JIMHUHU TIePeadil BO3MOKHO BO3HUKHOBEHNE BOJIH
ATOTO THIIA, €CJIH JJIMHA BOJHBI A OYIeT CpaBHUMA C PACCTOSTHUEM MEK/Y TIPOBOIAMU
JIMHUM, HO TIPU HTOM JIMHUS OYIeT MPEACTaBAsATh COO0i aHTEHHY W 9JIEKTPOMATHUT-
Hoe ToJie OyieT BeCbMa MHTEHCUBHO M3Jy4aThCsl B OKPYysKalolee MPOCTPAHCTBO, YTO
MpUBeIeT K OBICTPOMY 3aTyXaHIIO BOJH BAOJb JUHUN. Ecan TUHUS UMeeT BU/ KOH-
HEHTPUYECKOTO KabeJis, U3JIydeHre 9TUX BOJH He OyeT IMPOUCXOANUTh, TaK Kak 00-
JIaCTh, B KOTOPOU PacIpoCTPaHAIOTCS BOJIHBI, 9KPAaHUPOBAaHA OT BHEIIIHETO TTPOCTPaH-
CTBa HAPY KHBIM TPYOUAThIM IIPOBOAOM Kabess. OaHako kabeib UCIIOIb3YIOT 0OBIYHO
npu 6oJjiee HU3KMX YaCTOTaX, TAK KaK OH IPOBOAMUT YIOMSHYTBIE BBIIIE TOMEPEeYHbIe
BOJIHBI, & TIPX YaCcTOTaX BbINIE KPUTUUYECKONH MOKHO BOCIIOJIB30BATHCS BOJTHOBOJIOM.

[luist BOJTH, pactipoCcTpaHSIONINXCS B/IOJIb BOJTHOBOA, MOKHO TaKKe BBECTH ITOHS-
THe BOJIHOBOTO conmpoTuBiienus. [lepeaya sHepruu BJ0Ib BOJHOBO/IA OIIPE/EISIETCS
B3aNMHO MEPHEHANKYIIPHBIMI cOCTaBIIIOMIMI BeKTopoB E u H, mepnieHAuKyIsp-
HBIMU OCH BOJTHOBO/IA. B pacCMOTPEHHOM BBITIIE TIPUMeEPE TPSIMOYTOJTBHOTO BOJIHOBO-
1a 310 ObLIN cocTaBsomue E, n H, n cocrasysomue E, u H,. [TonoxurenbHoe 3Ha-
yenne Bexktopa lloftnTunra (B momoxuTebHOM HampaBaennu ocu (0F) moydaercs
ot ymHO)eHus E, u H, ojgHoro suaka u ot ymHoxenus E, u H, pasubix 3Hakos. [To-
3TOMY BOJIHOBOE COIPOTUBJIEHUE CJIEYET ONpPeAeasaTh U3 COOTHOIIEHU:

x E’/
A nm z=-———.
H

Yy X
W3 BoimenpuBeieHHBIX ypaBHEHUI TIorydaeM i BoiH tuna H (tuna TE)

Y B A € A

Ho M/S =Z' eCTb BOJIHOBOE COIIPOTUBJICHUE B CJIydae, KOrla Cpe/la, 3allOJTHAIOITaA

z=

BOJIHOBO/, HE OTrpaHN4Y€Ha CTEHKAaM1 BOJIHOBO/IA. KpOMe TOTO,

2 2
Mo o[ 2 i Le)
A xs 7

CieroBaTe IbHO,

!

z

NG

zZ =
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Taxum 06pa3oM, BOJHOBOE COMTPOTUBIIEHIE Z HE OTIPEIETSIETCs KaK 2’ TOIbKO Trapa-
METPaMU CPe/Ibl, @ 3aBUCUT OT YaCTOThI U XapaKTepa BOJIHBI, T. €. OT YHCEN M U N, OT
KOTOPBIX 3aBUCUT KpUTHUYeCKast 9acToTa fy. OHO 3aBUCUT TaKKe OT TUIIA BOJTHBL Tak,
nis Bosi tuna E (tuna TM) nmeeM BbIpakeHe

2=2\1=(/, /)"

CToJIb CJIOKHAST 3aBUCUMOCTD Z OT MHOTHX BEJINYNH, XaPpaKTEPUIYIOIINUX HE TOJIb-
KO 1niepezaroliee yCTpOﬁCTBO, HO 1 IPOIECChbl B HEM, €CTb pe3yJibTaT TOI'O, YTO BOJIHO-
BO/I HE MOJKET OBITh PacCMOTPEH KaK 9JIEKTpUYECKasA LEIIb C OIIPpEAEJIEHHbIMU I1apa-
METpaMM. HJIH HCcJjae0BaHusAd 1IIPOoIecCOB B BOJTHOBO/IE HeO6XOHI/IMO, Kak 3TO 1 ObLIO
C/leJIaHoO, 06p3.TI/ITI)CH K cucreme ypaBHeHI/Iﬁ QJIEKTPOMArHUTHOI'O IT10JIA.



[(naBa TpuauaTtad

NepeMeHHOE 31eKTPOMarHuTHoe noJse
B NpoBoAsLyein cpeae

30.1. NMnockas anekTpoMarHMTHas BOJIHa B NpoBoAALLEN cpeae

PacemoTpum coryydaii, Korzia 1iockast 3J1eKTPOMAarHUTHAsT BOJIHA, PACIIPOCTPAHSIONIAs -
s B IMDJIEKTPUKE, TTOIXOUT HOPMAJIbHO K IIJIOCKOI TTOBEPXHOCTH, OTPAHUYUBAIOIIEi
C OTHOM cTOPOHBI TTpoBoAIILyIo cpeny (puc. 30.1). Bynem mpearmosarats, 9T0 MPOBO-
JISATIAs cpefia TPOCTUPAETCS BO BCEX OCTAMbHBIX HATIPAB-

X // // JeHusx 10 Geckoneynocty. [lazaromiast BoJHA YacThIO

% o 7 /// OTPa’KAETCs OT MOBEPXHOCTU MPOBOAAIILEH CPEJIbI, YaCTHIO
720 MPOHUKAET B ATy CPeAY U ToTJomaeTcs B Heil. Pacemort-

/ PUM BOJIHY, TIPOTIEIIYI0 CKBO3bh TIOBEPXHOCTH pasiesia
U pacIpoCTPaHIoNIyiocs B MpoBoAsAIelt cpeme. Hampa-

BUM och OZ B TiyOb MPOBOAAIIEH Cpeabl HOPMaIbHO

y=0

—
S 0 , Kk ee nosepxHocTu. [lnockocts XOY coBmecTnm ¢ 5TOM
H [IOBEPXHOCTBHIO.
Y// B mpoBozsieii cpene MpakTUYeCKW BCeryia MOKHO

HpeHe6peqb TOKaMM CMeNeHusA 10 CpaBHEHUIO C TOKa-
MU IIPOBOJAMNMOCTHU. B takom CJIy4a€ ypaBHEHUA Mak-
CBeJJIa IIPUHUMAaIOT BU

0B oH
o “a

Hpe[[HOJIO?KI/IM, qTo HaHpﬂ)KeHHOCTI/I HOJIeI‘/JI HE UMEIOT COCTaBJIAIONIUX, ITOCTOAH-
HBbIX BO BpeMeHI/I.

Hampasus oce OX 1o BekTopy E 1 yunteiBasd, uTo B miockoii BosHe E n H He 3aBu-
CAT OT X U Y, u3 ypaBHeHUd (2) u3 § 29.1 mosyaaem

0 :—p%, T.e. H_ =const =0.
ot

Puc. 30.1

rot H =J =yE; totE =—

N3 ypasuenwii (a) u (0) Haxomum

oH E %=_H6H
0z 0z ot

Hpe[[HOJIOH(I/IM, YTO HAIIPAKEHHOCTH JICKTPUIECKOTO 1 MaroHuTHOTO oJIel u3Me-
HSIOTCS BO BPEMEHHU I10 3aKOHY
E =E, sin(ot+vy;); H, =H, sin(ol+yy).

Boipajkasi MTHOBEHHBIE HAMPSIKEHHOCTH MOJIEH B CUMBOJIMIECKON (hopme, Oyiem
UMETh

= j(othyg) _ NE iot _ fr o piot .
E =E,e =E, e"e™” =E, e

X

T jlottyg) _ N piot _ g7 ot
H,6=H,e =H, e"e™ =H,e™.
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Awmmumutyast E, n H,, n Hadambabie (Dasbl Y 1 Y, a CIeI0BATETbHO, U KOMILIEKC-
Hble aMmntyasl £, u H , siBsiores (byHKIIAMI TOTBKO OAHOI KOOpAMHATSI 2. [1oj1-
CTaBJIsAs BhIpaskeHus peiudun £ u H B CUMBOJINYECKOH (hopMe B YpaBHEHUS, CBA-
spiBarome E, u H,, nomy4aem 1mocie COKpaHleHI/IH Ha obumit MHOKHUTETb €/ HTH
YPaBHEHUS B Bujie _ _

*
dH , dE — jouf, *)

dz ¥m dz

[luddepentupys mepBoe ypaBHeHNE 10 Z M UCTIOJIb3YSI BTOPOE, HAXOANM

-
—" = jowH ,
dz*

Pemtenne sToro mHeitHOToO ypaBHEHNUS € TIOCTOSTHHBIM K02((DUITEHTOM MeeT BUJL
_ -0z +oLz
n =Ae " +Ae™,
e

Jouy.

Tak kax \/> (1 + j), 4TO JIETKO TIPOBEPSIETCS BO3BEAEHNEM 3TOTO PABEHCTBA B

N

KBa/Jpart, TO, BBO/IA €lIe obo3Havenne

Oy _p
2 i

= jowy =1+ )| % = A+

Bropoii unen B Boipaxkenuu 1jst H , 1pu A, # 0 yBeuuuBaetcs 10 6eCKOHEUHOCTH
TIPU BO3PACTAHNM Z, TAaK KaK BEIECTBEHHA YacCTh o TToJokuTeabHa. HampsakerHocTh
MOJIST He MOKET PACTH 0 OECKOHEYHOCTH, U, CJEIOBATENBHO, MBI OJDKHBI TPUHSITH
Ay = 0. Takum 06pasom,

Iosryd4aemM

_ —az

m A1e
[Mocrosnnas Ay momyyaetcs u3 ycaoBus, 9To npu z = 0 Besmunna H ,, nmeer 3a-
nanHoe 3Hauenue H,, = H, e’ mHa moBepxHOCTH cpeibl. Bce BeqMYMHBI, OTHOCH-

muecs K MOBEPXHOCTH cpejbl, OyaeM oTMeuarh uHiaekcoM e. Crasno Obith, Ay = H

me?
U pelleHue uMeeT BU/
¥ _ I —kz —jkz
H, 6 =H,6,e" e
Ui
_ —kz :
H,=H,.e" sin(ot +y , —k2).

Boipaskenue 171 HalpsKEHHOCTH 3JIEKTPUYECKOTO IOJSI HAXOAUM M3 IIEePBOTO

ypaBuenus (*). meem

—<1+]>ka) el
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nJan

E = m—HHmee’stin o)t+\|/He—kz+E ,
. y n
TaK Kak

L

V2

[TnoTHOCTH TOKA M3MEHSIETCS IO TAKOMY K€ 3aKOHY, KaK HAIIPSIKEHHOCTD JIEKTPH-
YeCKOTo T0Jid, TakK Kak J = yE.
BoustHOBOE cotmpoTuBIIeHWE [ TIPOBOJISAIIEN CPe/ibl OKa3bIBAETCS KOMILJIEKCHBIM

I/IpaBHbIM )
z=Eu Dk _ (g o8
H, Y 2y

Pacrionarast aTum BbIpakeHUEM, MOKHO HANTU COOTHOIIEHUS MEXKIY HaIPSKEeH-
HOCTSIMH BOJIH: rajiafolnen u3 JuaJIeKTpruKa Ha [TOBEPXHOCTD MPOBOJIATIEH Cpe/ibl (E o
H ), orpaxennoii ot nosepxuoctu cpeast (£, H ) n npenomnennoit (E ,, H,),
T. €. TIPOIIEAIIEH B TIPOBOJAIILYIO cpey. JIist aTOl 11eim MOTyT ObITh MCIIOJIB30BaHbI
(hopmyel, BeiBesieHHBIE B 4. [ 1Tpu mccaemoBanny paciipocTpaHeHNS TEPUOTUIECKIX
BOJIH B OZTHOPOJTHON JTMHWUW, 3aMKHYTOI B KOHIIE Ha conpoTuBieHue Z. imeem Ha 110-

BEKPXHOCTU pasziesia

A+jy=et u Lt jyh= (9K 1
Y Y

: 27 - Z—-z .

Eqﬁ = Eﬂﬂ; yt = Eqﬂ;
Z+2z Z+2z

. 2z, . . z,—7Z -

Hy=——-H, H,="—"H,,

0 ¢ v 0
2 +Z 2 +Z
TJIe z{ = \|lL, /€, — BOJIHOBOE COMPOTUBJIEHNE /TSI TTA/IAI0NIEN U OTPasKEHHON BOJIH B

JMDJIEKTPUKE, IPUYEM Ly U &1 — aOCOMIOTHbIE MATHUTHAS U IUDJIEKTPUYECKAst TPOHM-
11aeMOCTH JTUIJIEKTPUKA.

B npezenbHoM cirydae, Korja yeabHast IPOBOAUMOCTD IIPOBOIAIIEI cpe/bl HecKo-
HevHa, mosrydaeM Z = 0,

E,=-Ey,w H, =H
1, CJIeZIOBATENbHO, Ha TIOBEPXHOCTH pasesia
E,=E,+E,=0wu H, =2H ,

T. €. BOJIHA TTOJTHOCTHIO OTPAKAETCS OT TIOBEPXHOCTH CBEPXITPOBOATIEH cpebl. B u-
9JIEKTPUKE TIPU 9TOM B pe3yJbrare WHTephepeHIny mafaoeil 1 0TpaskeHHONW BOJTH
YCTaHABJWBAIOTCS CTOSYHME BOJTHBL. DTOT CJIydail aHAJOTHIeH PeKUMY KOPOTKOTO 3a-
MBIKaHUS OJHOPOIHON JUHUU TIepeadm.

ol

30.2. invHa BOJIHbI U 3aTyXaHUE BOJIHbI

[Tomydennbie BoIpasKeHUS IS HATIPSSKEHHOCTEN 9JIEKTPUYECKOTO M MArHUTHOTO T10-
Jiefl TIpexjie BCETO CBUJIETEJbCTBYIOT O TOM, YTO aMILTUTY/bl HATPSIZKEHHOCTEH T10
Mepe TIPOHUKHOBEHUS BOJIHBI B TJIyOb TIPOBOASAIICH CPEIbl IPU TIOCKON BOJIHE YObI-
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BAIOT TI0 MIOKa3aTeIbHOMY 3akoHy. Kpome Toro, HauaibHast (asa KosebaHuit n3Mens -
eTCst MPOTIOPIUOHAIBHO Z, IPHYEM TI0 Mepe TIPOHUKHOBEHWS BOJHBI B TJIyOb CPeJbl
Kosiebanus Bee OoJiee 3ammas/biBalOT Mo (ase M0 OTHONIEHUIO K KOJeOAHMsIM Ha T10-
BEPXHOCTH cpeflbl. Bo Bcex TOUKax cpebl, B TOM YHCJe U Ha ee TIOBEPXHOCTH, HaIps-
JKEHHOCTD 2JIEKTPUYECKOTO TIOJIS OflepeskaeT 1Mo ¢aze HAMPSKEHHOCTh MAarHUTHOTO
1oJIs Ha yroJi T/4.

Jnuna eonnol A, T. €. paccTosHUE, HA KOTOPOM ha3a M3MeHseTcs Ha 27, onpeeis-

eTCs U3 YCIOBUS AJouy/2 A = 27, OTKY/a HAXO[1UM

A =2n i=2\/EL,

o fwy

Tak Kak o = 2nf, rae / — vacrora xosebanuii. OTHOIIEHIE AMILTUTY/ HATPSIKEHHO-
cTel ToJiell Ha pacCTOSHMM z = A OT TIOBEPXHOCTH CpeJibl K UX 3HAUEeHNAM Ha ITOBEPX-
HOCTH paBHO € ¥ = ¢ 2" = 0,00187, T. €. HA HTOM PACCTOSHIN BOJIHA IPAKTHICCKH [OJI-
HOCTBIO 3aTyXaer.

B mmwkecmexyiomnieil Tabsnite TpUBEIEHb 3HAYEHUS JUIMHBI BOJHBI TIPU YaCTOTE
kosteGanmii /= 50 Tiy u 500 k11 B Meu, B heppoMarHiUTHOM BellecTBe (€U CYUTaTh
[ = const), B MOPCKOI BOJ/ie U B CyXOH mouBe. MBI BUINM, 94TO TIPU TTPOMBITIIJIEHHOM
gactote f = 50 Ti1 asiekTpoOMarHuTHasT BOJHA TPOHUKAET B Me/[b HA HECKOJBKO CAHTH-
METPOB, a B (heppOMarHuTHOE BEIECTBO — BCETO JIMIIb HA HECKOJIBKO MUJIJINMETPOB.
[Ipu pagmouactoTax rayOUHA MPOHUKHOBEHNUST U3MEPSIETCST B MEJIN JIECSTHIMU JIOJISI-
MU MWJIJINMETPA, a B )epPOMArHUTHOM BeIeCTBE — COTBIMH JIOJISIMU MUJLIMMETPA.
[Ipu BBICOKMX YacTOTaX TIyOMHA TPOHUKHOBEHUSI BOJHBI B MOPCKOW BOJIE 1 [IasKe B
CYXOH 1T0YBe HE3HAUNTeJbHA.

JliuHa BOJIHBL A [IJIs1 Pa3JIMYHBIX BEIECTB
Menb Deppomarautaoe | Mopckast Boa Cyxas 1mouBa
Yacrota [ BElECTBO
y=58107Cm/m, v = 107Cm/™, vy~ 1Cm/M, v~ 1072Cm/m,
1=Hy p~ 1000 po = U 1=Hy
50 I 59 cm 0,45 cm 450 m 4500 m
500 kIt 0,059 cm 0451072 cm 4,5 M 45 M

Bexrop IlolinTuHra nmeeT 3HaYeHue
_ _ |OR 2 ok . . L
S=EH, = |—H,, e ""sin(wt+y,, —k2) sin| ot +y ,, —kz+=|.
Y 4
Cpennee snavyenue S, Bekropa IloiinTunra 3a nepnos kosebanuii paBHo

2 g |OW
op A, e 12 cost

1T
SCP:—J.Sdt:
T Yy 2 4
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Takum 06pa3oM, Ha pacCTOSHUE OT IIOBEPXHOCTH, PABHOE Z = A/2, IPOHUKAET TOJIb-
ko e 2100 =0,187% 3HEPruH, MorJIolaeMoii B mpoBosieit cpese. [ToaTomy mpak-
TUYECKU MOKHO CUUTATh, YTO BOJIHA 3aTyXaeT y:Ke Ha PAaCCTOSHUH, B J[Ba-TPU pa3a
MEHBIIIEM TI0 CPaBHEHUIO C TIPUBEICHHBIMU B TabJIHIIE.

30.3. siBneHne noBepxHOCTHOro 3¢ dekTa

[TepemeHHBIIT 5IEKTPUYECKUIT TOK PACTIPEIESIETCS HEPABHOMEPHO TI0 CEUEHHIO TTPO-
BOJIOB, ITPUY€EM IJIOTHOCTH TOKA MMeeT HanOOJIbIIIe 3HAYeHsI Ha TOBEPXHOCTH TIPO-
BOJIa ¥ yObIBAaeT 10 Mepe yAaJeHus: OT MOBEPXHOCTH B TJIyOb MPOBOA. ITO SIBJICHIE
Ha3bIBAETCSI TOBEPXHOCTHBIM 3P DeKTOM.

[TepeMeHHBIIT MArHUTHBIN TIOTOK B TeJiaX, 00/IaafonX KOHEYHON TPOBOIUMOCTDIO,
BBI3BIBAET B 9TUX TEJIAX BUXPEEbLE MOKIL, KOTOPbIE OCAAOJISIFOT MATHUTHBII OTOK BHYT-
pu TTPOBOAATIETO Tema. DTOT ahheKT MHOT/Ia HA3BIBAIOT Pa3MarHMYNBAIONTUM JIEHCT-
BUEM BUXPEBBIX TOKOB. [10 CyIecTBy, U B 9TOM ciiydae MMeeM JIeJIO C SIBJEHUEM T10-
BEPXHOCTHOTO 3(ppekTa.

sIBjieHue oBepXHOCTHOTO hheKTa MOKHO 0ObICHUTH, PACCMATPUBAs TPOHUKHO-
BEHME 3JIEKTPOMArHUTHOTO TOJIsT B TJIyOb TIPOBO/A M3 TPOCTPAHCTBA, OKPY/KAIOIIETO
nposog. B § 29.10 6b110 10Ka3aHO, 4TO OTEPU SHEPTUU HA HATPEBAHUE IIPOBOAA TO-
KOM CJIeJIyeT paccMaTpUBaTh KakK IMOIJIONEHHEe BHYTPH IIPOBO/A 3JIEKTPOMATHUTHOM
9HEPruH, TepelaBaeMoil B TeJIO TPOBO/IA YePe3 ero MOBEPXHOCTh U3 OKPYIKAIOIIETO
npoctpancTBa. B npepiiyiem nmaparpade Mbl yOEANIICh, 4TO TIEPEMEHHAs 9JIEKTPO-
MarHMTHas BOJIHA 3aTyXaeT 110 Mepe IPOHUKHOBEHUS B IIyOb MPOBOMISIIIE CPeIbL.
[ToaTomy BIOJIHE €CTECTBEHHO, YTO AMILIUTY/IbI TUIOTHOCTY TOKA W HATIPSKEHHOCTEN
9JIEKTPUYECKOTrO ¥ MArHUTHOTO TI0JIEN TIPU [TEPEMEHHOM TOKE U IIPU [IEPEMEHHOM T10-
TOKe UMeIOT HanboJIblilee 3HaueHKe y IIOBEPXHOCTH TeJI 13 IIPOBOASIIEr0 MaTepuaia.

30.4. AKTUBHOE U BHYTpEeHHee UHAYKTUBHOE
COMpOTUBJIEHUA NPOBOAOB

OO11y10 MHAYKTUBHOCTD L KOHTYpa TOKa MOKHO IIPOCTO Pa3AeuTh Ha BHYTPEHHIO
" BHENIHIOKO TOJIBKO B Cjiy4dae, Korja JIMHUN MaFHI/ITHOf/}I WHAYKIIMKU PaCIioiaratoTcsa
00 TEMKOM BHYTPHU TeJia MPOBOIOB KOHTYPa, 00pa3ysi BHYTPEHHUIT MarHUTHBII
N0TOK @y, OO HENNKOM BHE MPOBOOB, 06pasyst BHEMHUN MOTOK Py IIpu
9TOM KOHTYPbI C€Y€HUA ITPOBO/IOB COBIIA/IAIOT C JIMHUAMMN MaI‘HI/ITHOI'\/}I WHAYKIINN. STI/I
YCIIOBUSA COOJTIOAAIOTCS TOUYHO B €IMHCTBEHHOM CJIydae — JIJist IIPSIMOJMHERHOTO KOH-
neHTpuyeckoro Kabeus (puc. 30.2), B KOTOPOM IIPSIMBIM IIPOBOIOM SIBJISIETCS TPOBOJL
KPYIJIOrO ceYeHust, a 0OpaTHIM — COOCHBIN ¢ HUM TPyOUYaThIil IPOBOJI, CEYE€HIE KOTO-
POro orpanmnyeHo AByMA KOHHEHTPUYECKUMUN OKPYKHOCTAMMU.

Cocrap/igs TMHERHbI MHTErpa) HAIPSKEHHOCTU 3JIEKTPUYECKOTO MOJIS 110 KOH-
Typy agdmcfbna, 6ynem nmernb

fEdI=[Edi+ [Edl+ [Edl+ jEdt:-dq’ﬂ.
agd dm

c cfb bna dt
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3
-S4
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(DBHyTp Dpper

Puc. 30.2

Benunuumna

[Edl- [Edl=u,, ~u4,

anb dme
paBHas PasHOCTU HATIPSUKEHMH MEKAY MPOBOJAMU KOHTYpa 1o mytsiMm anb u dmc,
IpeICTaBIIsIeT cOO0I MajileHIe HAlPSKEH s Ha y9acTKe JTUHUY AnHO# Al Otpe3ok Al
6epeM CTOJIb MaJIbIM, YTOObI MOKHO OBLIO CUUTATh TOK i OAMHAKOBLIM Ha €ro JJINHE,
T. €. YTOOBI MOJKHO OBLIIO HE CUUTATHCSI ¢ TOKAMK CMEIeHUsT MEsK/Ly TIpoBoiamMu. B aTom
cilydyae paccMaTpuUBaeMoe IajleHre HATIPSIKEHUsT MOSKHO MIPEACTaBUTh B BUJIE
di
dt’
rae r v L — conpoTuBIeHNE ¥ MHAYKTUBHOCTh PacCMaTPUBAEMON Mapbl IPOBOIOB Ha

yJacTke IIHHON Al
Ncnonb3ys nammcantoe BbIllle BbIpakeHNe /I BeTMUYUHbBI §E dl, nonyuaem

Uy —Ugpe =+ L

an

[Edl+ [Edl= [Edl- J'Edl—dq)ﬂ S L
’ : dt dt dt
ag cfb anb dmc
do di
1, HAKOHEII, OCYIIECTBJISAIS 3aMeHy % =Luem 7 1 L= Loy + Lyyyrp Oyniem umetsb
Edl+ [Edl=ir+L,
'[ + I =1+ BiyTP %

agd cfb

ITO COOTHOIIEHUE MOKHO PacCcMaTpUBaTh KaK OIpejessioniee BeTUINHBl 7 1
LBHyTp'

Jl7ist yIpoIieHusi pacCMOTPEHMsT CHaYasa PeNoI0KUM, 4T0 00paTHbIA TpyOua-
TBII TIPOBOJI 0OPA30BaH U3 CBEPXITPOBOASIIETO MaTephala, T. €. UMeeT OECKOHEYHO
GOJIBINYIO Y/IEJBHYIO TIPOBOIMMOCTD. [Ipr 9TOM €ro akTHBHOE CONPOTUBJIEHUE OY/IeT
paBHO HyJIt0. PaBHa HyJIt0 Gy/IeT ¥ €r0 BHYTPEHHSISI HHIYKTUBHOCTD, TaK KaK, COTJIac-
HO ckazaHHOMY B § 30.2, 1y1HA 37IeKTPOMArHUTHOM BOJTHBI B METAJIJIe TIPH ¥ = 00 paBHA
HYJIIO, T. €. 9JIEKTPOMarHUTHOE TI0JIe He TPOHUKAeT BHYTPb TpoBoaa. Ha moBepxaOCTH
06paTHOTO TPyOUYAaTOro MPOBOJIA KacaTeJabHAas COCTaBJsionas E! HAMPSIKEHHOCTH
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QJIEKTPUYECKOTO TI0JIA IPU 9TOM paBHa HYJIIO, 1 COOTBETCTBEHHO ITaJICHUE HAIIPAKE-
HUWA BAOJIb 9TOT'O IIPOBO/JA TAKKE PABHO HYJIIO, T. €.

jEd:&
ofb

Bennunna E; Ha TOBEPXHOCTU BHYTPEHHETO MTPOBO/IA TOCTOSTHHA BIOJIb OTpe3Ka Al,
TaK KakK TOK I He U3MEHsIeTCs B/LOJIb 9Toro orpeska. CiezoBaTesbHO,

[Edl=E,AlL

agd

HpI/I CUHYCONIaJIbHOM M3MEHEHNUN TOKaA C yrHOBOI;,I JacTOTOH  MOKEM HalncaTh:

E,ANl=rl +joL fm:(r+jxmm)fm

BHYTP

Tak Kak, corsiacHo 3akoHy ToJiHOrO ToKa, I, = H,, u, Tie u = 2nR — nepumerp ce-

YeHUs MPsSIMOTO MPOBOAA, a H,,, — HAPSIKEHHOCTh MAarHUTHOTO TOJIST Ha €T0 TIOBEepX-
HOCTH, TO

_NE,

BHYTD u H .

Taxum 06pasoMm, 1715 BEIYUCTCHUSA Zyy,y,, TPSMOTO TIPOBOJIA B TAHHOM CITydae J10C-
TaTOYHO HAUTH KOMILIEKCHbBIE aMILIUTY/IbI KacaTeJIbHbIX K IIOBEPXHOCTH MIPOBOJA CO-
CTaBJISIONINX HAMPSKEHHOCTEH 3JIEKTPUYECKOTO U MarHUTHOTO TOJICH Ha TIOBEPXHO-
CTHU TIPOBOJIA.

Ecom 6b1 yienabpHas MpoBOAMMOCTD MaTepuasia 0OpaTHOro TpybuaToro MmpoBoO/Ia,
TaK jKe KaKk ¥ Marepuasa IpsMOTo MPOBO/IA, MMeJla KOHEUHOe 3HaYeHMe, TO MaleHue
HATPSKEHUST BAOJIDb yTH ¢fb Takke ObLIO ObI OTINYHO OT HYJIS:

fEﬂ:EM:VHI@mé,
dt
cfb

ZnHyTp =r+jx

tm

rae r' m L), . — aKTHBHOE CONPOTHBJICHNE U BHYTPEHHsIsT MHKTUBHOCTh OGPaTHOTO
poBoJa, a E] — kacaresibHasl COCTaBJISAONIAsI BeKTOPa £ Ha BHYTPEHHEl ero 1oBepx-
Hoctu. IIpu aToM TOK i B obpatHOM mipoBojie paBen H | u', rie H| — KacaTenbHas co-

craisioniast Bekropa H Ha BHyTpeHHeil MTOBEPXHOCTH OOPAaTHOTO MPOBOJA, a u' —
JUTMHA BHYTPEHHEN OKPYXKHOCTU, OFPAaHUYMBAIONIEN ceueHre
aToro npoBoja. [Ipu cuHyconzaabHOM TIpoIiecce UMeeM

AL E),

BHYTD oy
u Hi,

N

7

r'+jol’

N

.
N\

MO

NN
D

NN

g crnoxuoit (opMbI ceueHUsT MPOBOMA, HATTPUMED IS
caydast, m3o6paskeHHoro Ha puc. 30.3, yiKe He TpeAcTaB/IseT-
€S BOBMOKHBIM CTOJTb OTIPE/IEJIEHHO PasfeJIuTh MAarHUTHBIH
MOTOK Ha BHeNTHUN u BHyTpennuit. Ha puc. 30.3 nzobpaske-
Ha KapTHUHA TIOJIST TIPU TIOCTOSTHHOM TOKe JIJISI TIPOBO/IA TIPSIMO-
Puc. 30.3 YTOJIBHOTO ceueHust U3 HeeppoMarHuTHOro Marepuasia. Kak

N
N

K
ND

l./// /
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NN
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BUIHO U3 9TOU KapTUHBI, KPOME JIMHUI MAaTHUTHON WHIYKITNH, 3aMBIKAIOTTIUXCS TIeJH-
KoM Jinb60 BHYTpH, OO BHE MPOBOJA, UMEIOTCS JIMHUM, MTPOXOIAIINE YACTUIHO B
TeJie MPOBO/Ia U YaCTUYHO BHe eTo. [Ipu mepeMeHHOM TOKe KapTHHA TIOJIS eTlle YCI0K-
HsIeTCsI, TaK KaK MTepeMeHHbIN TOK pacipe/essieTcsl HepaBHOMEPHO IO CEYeHUIO H,
KpPOMe TOTO, BCS KapTUHA MeHseTCs B TeUeHHe Teproa, Tak Kak MJIOTHOCTh TOKA B
Pa3HBIX TOYKAX CEYeHUs MPOBOIA MMEET Pa3NyuHble (Pasbl.

BceiencrBrie 9TOro Heb3sl MPEJIOKUTD B 06IIIEeM CIydae CTOJIb JKe IIPOCTON ¥ MPH-
TOM TOYHBIH CIIOCOO BHIUMCIEHUsI aKTUBHOTO U BHYTPEHHETO WHAYKTUBHOTO COIIPO-
TUBJICHMIT, KaK JJII PACCMOTPEHHOI'O BBIIle KOHIEHTPUIECKOTO KabeJis.

OnHako /1 IPOBOJITHUKOB (PUTYPHOTO ceueHust u3 (DeppOMarHUTHOTO BEIeCTBa
(puc. 30.4) npu pe3koM MPOSIBIEHUU MOBEPXHOCTHOrO 3 deKrTa MOXKeT ObITh IIPU-
MEHEH ¢ BechbMa OOJIBINON TOYHOCTHIO aHAJOTHUYHBIN M3JI0)KEHHOMY BBIIIIE MTPOCTOM
Meton pacueta (cM. § 30.6), Tak KaKk BcaenCcTBUE BBICOKOW MAarHUTHOUM ITPOHUIIAEMO-
CTH BeleCcTBa JUHUKA MarHUTHON MH-
JYKITUU J171st GOJIBINON YaCTH BHYTPEH-
HEro MarHUTHOIO IIOTOKA 3aMbIKAIOTCS
BHYTPU Tela TMPOBOMHUKA W WMEIOT
dbopmy, BecbMa OHM3KyI0 K (opme
KOHTypa CeYeHUs MPOBOAHUKA. TOJb-
KO /I He3HAYUTEeJbHON YacTu Mar-
HUTHOTO IIOTOKAa JWHUM MArHUTHON
WHIYKITAU TTPOXOAAT YaCTUYHO BHYT-
PY TIPOBOJITHUKA M YACTUYHO B BO3/IyXe
BHE €rO0.

Takoil mpubANKEHHbII METO pacyeTa uMeeT OOJIbIIoe 3HAYEHNE TAKKe B CBSI3U C
TEM, YTO BHYTPEHHEE PEAKTHBHOE CONPOTUBJIEHUE Xy, TAKMX TIPOBOJIOB OOBIYHO CO-
cTaBJIsieT OOJIBIIYIO, & YaCTO M OCHOBHYIO YaCTh BCETO MHIYKTUBHOTO COMPOTHBIICHHSI.

TouHoe 3HaUeHWE aKTUBHOTO COTPOTHUBJIEHUS 7 IPOBOJIA CJIOXKHON (hOPMBI cede-
HUSI, OYEBUIHO, BCET/Ia OTIPEIeNISIeTCsT M3 COOTHOIIeHus ¥ = P/ 2 MpUYeM MOIITHOCTD P,
Horyou@aeMast B IIPOBOZE, MOKET ObIThb BBHIYMC/IEHA KaK MHTErpPal 110 [OBEPXHOCTU
MPOBO/IA OT CPEHETO 3HAYEHUS 32 TTePUO HOPMATBHON K 3TOI TTOBEPXHOCTHU COCTAB-
ssiotmeit Bektopa [lofintnnra. OnnHako 1718 TPOBOIOB CAOKHOM (DOPMBI CEYeHUS Ta-
KOi1 00111ii MeTo | pacyera GOJIbIIEH YacThio MAJIO YTO JaeT MPaKTHYECKH, TaK KakK He
M3BECTHO TOYHOE paciipefiesieHre MO BO BCe MOMEHTHI BpeMEHH TI0 BCel TTOBEPXHO-
ctu poBoja. [1oaToMy GOJIBIIYIO TIEHHOCTD TIPEACTABJIAIOT TaKKe BO3MOKHBIE ITPHU-
OJIMKEHHbBIE METO/bl pacyera.
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Puc. 30.4

30.5. ConpoTuBsieHue NnpoBoAa Npu pe3KoM NposiBJIEHUN
noBepXHOCTHOro 3cdekra

Pacemorpum mpsiMoJiMHERHDBIN TIPOBOA Kpyryoro cedenus: (puc. 30.5) u mnpeamnosio-
JKMIM, 4TO OOpaTHBII TIPOBOJ YAAAEH OT HEr0 Ha CTOJb OOJIBIIOE PACCTOSHIE, YTO €T0
BJIUSTHHEM Ha paclipejiejieHie ToKa B pacCMaTPUBaeMOM TIPOBOJIE MOJKHO IIpeHebpeyb.
[IycTh mmmHa 971€KTPOMATHUTHOM BOJTHBI A B BEIIECTBE MTPOBO/IA 3HAYNTETBHO MEHb-
e paauyca R cedenus, T. e. A << R. Ha pucyHke BeInymHa A MOKa3aHa TOJIIMHOM
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JOTIOJTHUTEJIBHO 3AITPUXOBAHHOTO ¢JI0sl. B Takom cirydae, To-
CKOJIBKY Ha JUIMHE A BOJHA B TIPOBOJIE TIPAKTUYECKH TOJHO-
CTBIO 3aTyXaeT, MOKHO MpeHeOpedb KPUBU3HOI ITOBEPXHOCTU
MPOBOJIA, CYMTATh BOJIHY, TPOHUKIIYIO B TeJIO TIPOBOJIA, IJIO-
CKOH W BOCIOJIb30BATHCS 3aBUCUMOCTAMM, IOJTYYEHHBIMU B
§ 30.1 mpm mccaegoBaHUN TIOCKOW BOJHBL Ha moBepxHOCTH
npoBoza (npu z = 0) umeeM

Hrm :Hme; Erm :(1+]) %Hme‘

CrenoBatesbHO, coriacHo dhopMmyJie Tpeabiayiero maparpada

. L Jou
ZBHyTp :r+]xBHyTp :(1+]); Za
OTKYyZla
r= anyTp = 1 %
u\ 2y

OrTHollleHle aKTUBHOTO COIIPOTUBJICHMA IIPOBOJA IIPU IIEPEMEHHOM TOKE K €I'0 CO-
IIPOTUBJIEHUIO TP MTOCTOAHHOM TOKE TIOJIy4a€TCsA PaBHbIM

v (L op | (1) _s |ouy

7, ;Z;uZ

)

T7ie s — cedeHve MpoBoIa.

slBienue moBepxXHOCTHOTO addeKTa, Kak ObLIO YKa3aHO BbIIIE, CIEAyeT paccMar-
pPUBaTh KaK Pe3yJabTaT 3aTyXaHus B TIPOBOJIE TEKTPOMATHUTHON BOJHBI, TPOHUKAIO-
el yepe3 TMOBEPXHOCTH MPOBOJIA U3 OKPY’KAIONIETO ero AUIJIEKTpUKa. HTepecto
IIOJIyYUTD BBIPAKEHUA I 7" U Xy, MCXOJIAA M3 DTOTO (DUBUYECKOTO MPE/ICTABIEHUS.

Cpennsist MOIITHOCTD ITOTOKA 3JIEKTPOMArHUTHOM 9HEPruu, rmepeaBaeMoil BHYTPh
MIPOBO/Ia CKBO3b €T0 TIOBEPXHOCTH M BBIJIEJISIONIENCS B TPOBOJIE B BUJIE TETLJIOTHI, PaB-
na P = S.ul, tne S, — cpeanee 3a nepuosi 3nadenne sexropa IloitnTunra na nosepx-
HOCTH [IPOBOJA; 4 = 2TR — NmepuMeTp cedeHus IPoBoja U ul — MOBEPXHOCTH IPOBOJA,
CKBO3b KOTOPYIO IPOHUKAET 3JEKTPOMarHuTHast BosiHa. [Ipunumas z = 0 B BeIpaske-
HUU IS Scp B KoHIie § 30.2, monygaem

me

op H,

@ 2y 2

u, cjaeaoBaTe/IbHO,

2
op Hy,
2y

AMHJII/ITyI[a HaIIPAKEHHOCTU MaroHMTHOTO I10JI Ha ITIOBEPXHOCTH CBA3aHa C [IeflCT-
BYIOIITUM TOKOM [ B TIPOBO/IE 3aKOHOM TTOJTHOTO ToKa H,,,u = V21, Crano Gbith,

P:
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[

p=" 2817 =2,
u\ 2y
Takum obpasoM, umeeM
= l % .
u\ 2y

Kax 6b1710 mosryuero B § 30.1, HApsKEHHOCTh MarHUT-

HOTO TIOJIST OTCTaeT 1Mo (ase OT HANPSKEHHOCTU 3JIEKTPH-
YeCKOTO TI0JISI Ha YTOJI 7T/4, 4TO COOTBETCTBYET OTHOI BOCH-
Mol mepuoma konebanus. Ha puc. 30.6 umsobpaskerbt
KpuBble n3MeHenus BenmwunH E, H u S Ha MOBepXHOCTH
poBojia B GYHKIMU BpeMeHu. B TedeHune 6oJblieil yacTu
nepuoja KoJjebaHuii, paBHOI TpeM BOCHMBIM IIEpHOJIA 13- Puc. 30.6
MmeHenus: E n H, Bennunna Bektopa [lofiHTHHTA TTOJI0KMI-
TeJbHA U, CJIEJI0BATENBHO, SHEPTHS ITOCTYIIAET B TIPOBO/J] U3 BHEITHETO TIPOCTPAHCTBA
U UZIeT Ha U3MEHEeHKe SHEPIUU MAarHUTHOIO [0 B 0ObeMe IIPOBO/ia U Ha BbIIEICHIE
TEeILIOTHI B IPOBoje. B Teyenue MeHblnell yacTu mepuoga KoaebaHUil, paBHOI of-
HOI BocbMOI mtepuosia nusmenenust E u H, Bexktop [loiinTrHTa MeeT OTPHUIIATETbHYIO
BeJIMYUHY U, CJIeIOBATEIbHO, TOTOK 9HEPTUHU HAIPaBJIeH OT IPOBOJA B OKPY KatoIee
€T0 TIPOCTPAHCTBO. B TeueHme 3TOTO MPOMEXKYTKA BPEMEHU HEPIHsd, 3alaceHHas B
MarHuTHOM TI0Jie B 00beMe MPOBOJIA, YACTUYHO BO3BPAIIAETCS B OKPYsKatolee Mmpo-
BOJI TIPOCTPAHCTBO U YACTUYHO MPeoOpasyeTcs B TEIIOTY. ITH KoJieOaHUsT SHEPTUH C
JaCTUYHBIM BO3BPATOM €€ B TIPOCTPAHCTBO, OKPYsKatoIee TTPOBOJI, MOKHO pacCMaTpu-
BaTh KaK Pe3yJIbTaT HAJIMYNs BHYTPEHHETO PEAKTUBHOTO CONPOTUBJIEHMUS Xpyyrp HPO-
Boma. Kak m3BecTHo, MEXTYy PEaKTUBHBIM X M aKTUBHBIM 7 COITPOTUBJIEHUSIMHU TIETTH
¥ pasHOCThIO ¢ (a3 HANPsKEHUS W TOKA B ITOH IIE€NMU CYIIECTBYET COOTHOIIEHUE
x/r=1tg o.

B cryuae, KoTOpPBIIT MBI paccCMaTPUBaeM, HAIPSIKEHHOCTh MATHUTHOTO TIOJIST Ha IT0-
BEPXHOCTH ITPOBOJIA COBIAIAET 10 ha3e ¢ TOKOM B TpoBojie. HampsikeHHOCTD 3J1eK-
TPUYECKOIO II0JI Ha MOBEPXHOCTU IIPOBOJA IPeACTaB/seT cob0il HANpPsKeHUe Ha
e/IMHUILY JIJTUHBI TTPOBOJIA, KOTOPOE MOKET PACCMATPUBATHCS KaK HAIPsKEHUe, TIpe-
010J1eBaloIee AKTUBHOE 7' 1 BHYTPEHHEE PEAKTUBHOE Xyyyyy;, COIIPOTUBJIEHMST TIPOBOJIA.
Tak kak pasHOCTb ¢ (ha3 HAMPSZKEHHOCTEN JIEKTPUIECKOTO U MATHUTHOTO TI0JIei paB-
Ha /4, TO UMeeM

xBH T]
r
CJieioBaTesbHO,
[ o
xBHyTp =r=-— 7“
u\ 2y

Takum 06pa3oM, uccieLyst POIECe Mepeladi SIeKTPOMArHUTHBIM TT0JIEM 9HEPTUN
CKBO3b ITIOBEPXHOCTD ITPOBO/IA, IPUXOJUM K TEM K€ BbIPAKECHUSM LI 7 U X, KOTO-
pble OBLIH TTOYYEHBI BBIIIE WHBIM ITYTEM.

BHYTp?
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[TosmyuerHoe B HacTOsIIEM Maparpade BeIpasKeHIE
2
_ |ou H,,
° 2y 2

JUIS cpellHeil MOIITHOCTH, BbIJIEISIeMOI B TIPOBOJIe M OTHECEHHOW K e/IMHUIle TTOBEPX-
HOCTHU TIPOBO/IA, II03BOJISIET OYEHDb ITPOCTO TTPU PE3KOM ITPOSIBJIEHUHN TOBEPXHOCTHOTO
acdexTa BHIYMCTUTD TIOTEPU B TIPOBOJIE, €CJIM NU3BECTHO PacIipejiesieHHe 110 MTOBepX-
HOCTH aMILIUTY/Ibl KacaTesJbHOU coctasistionieit Hy, = H,,, Hanps>KeHHOCTU MarHuT-
HOTO TIOJISI Ha TOBEPXHOCTU. B BBINIENIPUBEIEHHOM IIPOCTENIIIEM TIPUMepPe TTPOBOa
KpyrJioro cedyenusi Besnuuna H,, = H,, BO Bcex TOYKaX MOBEPXHOCTU OMHAKOBA,
Y MOIIHOCTD MOACYUTHIBAIACH IIPOCTHIM YMHOKEHUEM S\, Ha BETMUMHY TIOBEPXHOCTH
npoBojia. B GoJiee CIOKHBIX CIydasix ee HeOOXOIMMO BBIYHCISTh ITyTeM HHTEIPUPO-
BaHU 110 TIOBEPXHOCTU S MIPOBOJIA:

p-1 Ry, ds.
2\ 2y +

OO6bIYHO pe3Koe MPOABJICHNE TOBEPXHOCTHOTO 3 deKTa UMEET MECTO IIPU BHICOKUX
YacTOTaX, HAI[PUMEP IIPU PACIIPOCTPAHEHUHN 3JIEKTPOMATHUTHBIX BOJH B BOJTHOBOJAX.
3Has pacripenesnerue H,, o BHyTpeHHEH MOBEPXHOCTU BOJTHOBO/IA, HETPY/HO, MOJb3Y-
SChb TIocyIeHe (POPMYJIOH, BBIYUCTIUTD MOIITHOCTD, TEPSIEMYIO B CTEHKAX BOJTHOBOJIA.

30.6. NMoBepxHOCTHbIN 3(pPeKT B MACCUBHbIX NPOBOAAX
13 peppoMarHMTHOro MaTepmana

Bce coornotenust B npeapiyiux mnaparpadax MmojiydeHbl B MPEANOIOKEHUH, YTO
MarHUTHAsd MTPOHUIIAEMOCTD CPejibl TOCTOsAHHA. /{711 TpoBO/I0B U3 (heppOMarHuTHOTO
Martepraga 9To yCJIOBHe He cobiofaercs. MarautHast POHUIIAEMOCTDh (heppomar-
HUTHBIX BEIECTB CUJIBHO 3aBUCHUT OT HAMPSKEHHOCTH MarHUTHOTO ToJid. [loaTtomy
BeJMYMHA W B KK/OW TOYKE CPEIbl M3MEHSAETCS B TeUeHUe IMepuojia M3MEHEHUS
HAIPSKEHHOCTH T10Jis. [IycTh u ecTh HEKOTOPOE CpejHee 3a Mepuo/l 3HaueHme abeo-
JIIOTHOWM MarHUTHON TIPOHUIAEMOCTU. JTO CpejiHee 3HAUYeHWe sSABIseTcs (PYHKIMe
aMIIUTy/bl H,, HAPSKEHHOCTH T0JIsl, TAK KaK TUCTEPEe3UCHAsl TeTJsT U3MEHSeTCs
¢ uamenenuem H,,.

Bennunna H,, yObiBaeT 1Mo Mepe yaaJeHHUsi OT MOBEPXHOCTH TPOBOAA B TJIyOb
ero. [Toatomy, ecm amIuiuTyla HAIPSIKEHHOCTU 110J1s1 H,, HA TIOBEPXHOCTU UMEET
goctaTouHo Oostbioe 3Havenue (puc. 30.7), To | CHavYama pacTeT Mo Mepe yAaJIeHUs
OT MOBEPXHOCTHU B IIyOb MPOBOJIA, & 3aTeM, OCTUTHYB MaKCHMYyMa, BHOBb YOBIBAeT.

Bospacranue p npuBoauT K 6oJiee pe3KOMY MPOSIBICHUIO TI0-
BEPXHOCTHOTO 3deKTa 1Mo CPaBHEHUIO C TeM CIydaeM, KO-
r7la BO BCEM TTPOBOJIe MMEETC TaKoe Ke 3HaUYeHue [l,, Kak
Ha TTOBEPXHOCTH TPOBo/A. Tako#l XapaKkTep BAUSHUS HETIO-
CTOSTHCTBA L MOKHO TIPEJBU/IETh HA OCHOBAHWUY BBITIECTIPH-
BeJIEHHBIX (DOPMYJI, MTOJMYIEHHBIX MTPU YCIOBUM W = CONSt;
L, W3 HUX CIEAYET, 4TO 4eM GOIIbIIE 1, TeM OBICTpee 3aTyXaer

0 Hne BOJIHA
Puc. 30.7 :

n
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Ha puc. 30.8 mpuBenensr KpuBbIe 3aBUCUMOCTH aMIIUTYABI TIJIOTHOCTHA TOKA J,,
OT KOOPAWHATHI Z JIJIF TIJIOCKOW BOJTHBI B CIyYasx | = W, = const u | # const. [Ipu atom
Z €CTh PACCTOSIHIE OT TIOBEPXHOCTH (hepPPOMArHUTHO CPe/Ibl, OTCIMTHIBAEMOE B IJIyOb
ee. Kpussie, uzobpazxenubie Ha puc. 30.8, HOCTPOEHbI IPK OJMHAKOBBIX B 000X CJIy-
yasx 3HaueHnax Toka. Ha puc. 30.9 nmpuBezieHs! KpuBbIe N3MEHEHWS aMTITTUTYIBI Mar-
HUTHOU wHIAyKIWK. [Ipu p # const BemunHa B,, cHauasma yObIBaeT MeIJICHHO BCJIE-
CTBUE sIBJIEHWSI HACBHINEHNs, a HA HEKOTOPOIl TIyOHHe Pe3KO MaaaeT MPaKTUYeCKu
710 HYJIS.
I

Puc. 30.8 Puc. 30.9

HernocrosHeTBO 1 M cBsI3aHHOE ¢ HUM OBICTPOE 3aTyXaHKe BOJHBI IIPUBOJAAT K yBe-
JIMYEHUIO aKTHBHOTO COMPOTUBJIEHUSI TIPOBOIA. ITOMY CIIOCOOCTBYIOT TaKkKe MOTEPU
Ha ructepesuc. Moo nokasats (JI. P H e it m a 1. [loBepxHocTHBIN 9 deKT B heppo-
MarHUTHBIX TeJIaxX ), YTO aKTUBHOE ¥ BHYTPEHHEE PEAKTUBHOE COTTPOTUBIIECHUS MTPOBO-
NI0B 13 (peppOMarHUTHOTO MaTepuasa Ipu Pe3KOM TIPOSIBIEHUN TIOBEPXHOCTHOTO (-
(dbekTta ¢ GOJBIION TOYHOCTHIO BBIPAXKAIOTCS (HOPMYJTaMH, aHAIOTHYHBIMU 110 CBOEM
CTPYKType hopMysiaM TpH | = CONst, a IMEHHO:

n x =0,67,

BHYTP

r7ie W, — 3HaYeHue abCOMOTHO MArHUTHOW TIPOHUITAEMOCTH Ha TOBEPXHOCTH ITPOBO-
J1a, olIpejiesisieMoe 110 OCHOBHO KPUBOM HaMarHUYMBAHUS [IPU JIeCTBYIOIIE Halps-
JKEHHOCTU MarHUTHOTO 110J1s1 H 5., Ha ITOBepXHOCTH 1IPoBoAA. Beanunna H ., Haxo-
IUTCS U3 COOTHOMIEHUS H . = I/u, BbITEKAIOINETo N3 3aKOHA II0JIHOTO TOKA, IIpUYeM
I — neficTBYIOMUIA TOK B TIPOBOJIE M ¥ — TIEPUMETP CEYeHUS MTPOBOAA. DTH (HOPMYIBI
BecbMa TOYHBI, ecin H,,, GoJbiiie Toro 3uaverusi H,, pu KOTOPOM W UMEET MaKCH-
MYM, HO ¥ [IPU MEHBINNX 3Ha4YeHUsIX H,,, OHU MOTYT OBITH UCIIOJIb30BAHbI JIJIsI OPUEH-
TUPOBOYHBIX MO/ICYCTOB.

3 tabsmiie, mpuBegeHHON B § 30.2, BUIHO, YTO 3JIEKTPOMAarHUTHAs BOJIHA B (hep-
POMArHUTHON cpefie fake B TPENONOKEHNN 1 = const yxke mpu actore f = 50 I
MPAKTHYECKHU MOJTHOCTDIO 3aTyXaeT Ha rIyOuHe HECKOTbKUX MUJLTUMETPOB. HemocTo-
SIHCTBO [ CIIOCOOCTBYET elie 6oJiee GBICTPOMY 3aTyXaHUIO BOJHBL [10aToMy moce-
Hre GopMyJIBI, TOMyUYeHHBIE U3 YPaBHEHUS TIITOCKON BOJIHBI, OKa3bIBAIOTCA CIIPABE/I-
JINBBIMU TIPAKTHUYECKU BO BCEX CJydYadx, KOTZa B Ka4eCTBE TOKOBEAYIINX YacTel Tex
WJIM MHBIX YCTPOMCTB MCIIOJB3YIOT PEJbChl WK IPYyTHe CTajJbHble MAaCCUBHBIE IIPO-
BOJHUKHU (PaCOHHOTO TIPOQUIIS.
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30.7. O KOMNIEKCHbIX MarHUTHOM U AN3JIEKTPUUYECKOMU
MPOHULIAEMOCTAX

[Ipu nccieoBaHNN IEPUOIUYECKUX DJIEKTPOMATHUTHBIX TTPOIECCOB B (hepPOMArHUT-
HBIX CPe/laX MMOTEPU SHEPIHH, CBSI3aHHbBIE C ITePEMarHNYUBaHUEM CPEJIbl, MOTYT OBbITh
YUYTEHbI BBEJICHUEM B yPaBHEHUST 9JIEKTPOMATHUTHOTO TOJISI KOMTIJIEKCHOU a0 -
COJNIOTHON MAariMTHOW MPOHUIIAEMOCTHU:

i=—"=pe” =ucosy — jusiny,

PaBHOIT OTHOIIEHNIO KOMILJIEKCHBIX aMIIJIUTY/l MAarHUTHOW WHYKIIMU U HATIPS?KEHHO-
CTU MarHUTHOIO IIOJIS.

IMoHaTHE O KOMILIEKCHONW MarHUTHOM IMPOHUIIAEMOCTHU BIIEPBbIE OBLIO BBELEHO B
1913 1. B. K. ApkasibeBbIM 1 0Ka3a710Ch BeCbMa MOJIE3HBIM ITPU MHOTHX MCCJIEIOBAaHU-
gIX U pacyeTaxX. B wactHOCTH, (hopMYyJIBI, IPUBEIEHHBIE B MpeABIAyIIeM Taparpade,
MOJIYYEHbI C UCIIOJb30BAHUEM MTOHSTUSI O KOMILJIEKCHOW MarHUTHOW IIPOHUIIAEMOCTH
U C JOTIOJHUTEJBHBIM YIETOM 3aBUCUMOCTH W OoT H,,, XapakTepHOll A1 (heppomar-
HUTHBIX BEIECTB.

BBenenne xoMIieKCHON MarHUTHOHM TMPOHUIIAEMOCTH /aeT BO3MOKHOCTh YUECTh
MOTEPU Ha TUCTEPE3NC, a TaKKe, KOT/Ia 9TO CYIIEeCTBEHHO, U MTOTEPH, BO3HUKAIOIINE B
(eppoMarHUTHOI cpejie BCAEACTBUE SIBJIEHUS MAaTHUTHOHM BSA3KOCTU. BBenenme KoM-
MJIEKCHOW MAarHUTHOM TPOHUIIAEMOCTU C TIeJIbI0 y4eTa TOTeph Ha TUCTEPE3NC COOT-
BETCTBYeT 3aMeHe TUCTEePE3UCHOU IMeTJU PaBHBIM €l 1O TIIOIMAAN SKBUBAJTEHTHBIM
3JITUTICOM, UTO IaeT BO3MOKHOCTH TT0Jb30BAThCS ITPU UCCJIEI0BAHUN TTEPUOTNIECKUX
MPoIIeccOB B (hepPOMATHUTHON Cpejie CUMBOJIMYECKUM METOIOM.

ApPryMeHT y KOMILIEKCHOW MarHUTHOM IIPOHUIIAEMOCTH IIPEACTaB/IsIeT COO0M yroJ
3arasibiBaHus 10 (paze SKBUBAJTEHTHOW CUHYCOM/IbI MATHUTHON MHAYKIIUKA OT 9KBU-
BJIEHTHOW CUHYCOU/IbI HAIIPSIKEHHOCTH MarHUTHOTO ToJis. Moaysb | paBeH OTHO-
HIEHUI0 aMITuTy 1 B,,/H,, 3TUX 3KBUBAJIEHTHBIX CUHYCOUI.

Beenenne KoMIJIeKCHON MarHUTHOM TTPOHUTIAEMOCTH JIaeT BO3MOXKHOCTD TIPH Tie-
PHOJIMYECKUX TTPOIeccaxX HANUCATh BTOpoe ypaBHeHue Makcsesuia jijist (heppoMartur-
HOW Cpeibl, B KOTOPOII UMEIOT MECTO ITOTEPH Ha TepeMarHndnuBanue, B ToH ke hopMe,
YTO W [IJI CPEbI, B KOTOPOU 9TU MOTEPU OTCYTCTBYIOT. B wacTHOCTH, M TIIIOCKOM
BOJIHBI BTOpOE ypaBHeHre MakcBesia st heppoMarHiuTHOM cpeibl IPUOOpPETaeT BHL

dE :
me o _ il
? - _]wHHmy’
TOT/la KaK [JId Cpe/ibl, B KOTOpOﬁ OTCYTCTBYIOT IIOTEPU Ha I€peMarHnmymBaHue, 3TO
YpaBHEHUE UMEET BU/L

dE

mx

dz

HpI/I HCCIeJOBaAaHUN JJIEKTPOMAriHuMTHBIX IIPOIECCOB B HECOBEPIICHHOM /[JUIJIEK-
TpUKE, B KOTOPOM HMEIOT MECTO IIOTEPU ISHEPIrUM MIpU HN3MEHEHUUN IOJIAPU3allnun,
B Cay4dae CUHYCOUJIAJIbHOTO M3MEHEHUA HANPAKEHHOCTU 3JIEKTPHUYECKOTO II0JIA BO

=—jmuHmy.
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BPEMEHH BEChMa TOJIE3HBIM SIBJISIETCS BBEIEHNE KOMTIIEKCHONW abCOMI0OTHO I
AUBNEKTPUUIECKON NIPOHUIIAEMOCTH:
m —ge ™V =gcosy — jesiny.

ITpu 3TOM W €cTh yroJi, Ha KOTOPBI 3ama3/biBaeT 10 (haze CHHYCOUIATBHO U3Me-
HSIOIIEECsT DJIEKTPUYECKOe CMeleHre D OT CHHYCOMIAIbHO M3MEHSTIOIECsT Hatpsi-
JKEHHOCTH 9JIEKTPUYECKOTO 101 E. DTOT yroJi npezcrasiisier coOOM Tak Ha3bIBAEMbIi
YTOJI TIOTEPh B IUAJIEKTPUKE.

B atom ciydae niepBoe ypaBHeHMe MakcBeia Uist IOCKON 3JIeKTPOMArHUuTHOM
BOJIHBI IIPUOOPETAET BUJL .

_dH,, = joekE, .
dz

BBeenneM KOMILIEKCHON IUAJIEKTPUYECKON MPOHUIIAEMOCTH MOYKHO Y4eCTb U
MOTEPH B CPeJie OT TOKOB MIPOBOJANMOCTH, 4TO BECbMa BaKHO, KOT/IA PACCMATPUBAETCSI
AJIEKTPOMArHUTHOE 110JIE B HECOBEPIIEHHOM JUAJIEKTPUKE, MMEIOIEM OTIUYHYIO OT
HYJIsI YAETbHYIO TIPOBOAUMOCTD Y, W KOT/Ia IJIOTHOCTH TOKOB CMEMIEHMsS U TIPOBO/IH-
MOCTH COM3MEPHUMBI IPYT ¢ aApyrom. [Ipu aToMm nepBoe ypaBHenne MakcBe/La puHM-
MaeT BUJL

- - Z'Yme‘l'](DSE”m:]CO €—J]— Erm"
()

dz

O6o3Hauag
€ —jl =gcosy — (ssin\u +yj =¢'=¢e?,
® ®

MOJKEM 3TO ypaBHEHNE HalncaTh B hopme

d,, o
g Jog' E, ,
z
COBEPIIEHHO aHAJIOTUYHOH (hopMe 3TOTO JKe yPaBHEHUS
i, .
- = joek
dz

JUIA TUDJIEKTPUKA, B KOTOPOM OTCYTCTBYIOT ITOTEPHU.

Taxum 06pa30M, UCIOJb30BaHUE TTOHATUN O KOMILJIEKCHOW MarHUTHON ITpOHUTIae-
MOCTU U O KOMIIJIEKCHOU JIM3JIEKTPUYECKON TTPOHUIIAEMOCTH JlIaeT BO3MOKHOCTH Ha-
M1caTh OCHOBHbIE YPABHEHUS 3JIEKTPOMArHUTHOTO TOJIS TIPU TIEPUOJANYECKUX TTPO-
Heccax B IPOCTOI M CUMMETPUYHOI opMe 1 B 00IIeM ciIydae, KOrja B Cpejie MMeloT
MEeCTO TIOTePU dHEPTUU TOTO WJIU WHOTO BUJIA.

30.8. HepaBHOMepHOe pacnpeaeneHne nepeMeHHoOro MarHUTHoro
MOTOKa B NMJIOCKOM JIUCTE

I/IccneﬂyeM Cﬂy‘{aﬁ, Korga TJIOCKUI HpOBOlISIHIHfI JINCT ITIPOHU3bIBAETCA ITEPEMEHHDBIM
CUHYCONAAJIbHBIM ITOTOKOM @, nMHUKn MarHUTHOI WMHAYKIIUHW KOTOPOT'O HallpaBJIEHbI
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BJIOJTb JTMICTA TIEPIIEHANKYISAPHO 3amTpruxoBannomy Ha puc. 30.10 cevenuio. Pacemor-
peHIe 9TOTO CJIydast TPEACTaB/sieT GOJBINOI UHTEPEC, TaK KaK CEPAEYHUKU TPAHC-
(hopmMaTopoB 1 ATEKTPOMATHNUTOB, a TaKKe YIACTKA MAaTHUTHBIX IeTIel ATeKTPUIeCKUX
MAIIVH, TPOHNU3bIBAEMbIE MIEPEMEHHBIM MarHUTHBIM TTOTOKOM, OOBIYHO COOMPAIOT U3
JINCTOBOM 3JIEKTPOTEXHUYECKON cTann. [lepeMeHHbIl i MAaTHUTHBIN TTOTOK WHAYIIUPYET
3JIEKTPOJBIIKYIIIE CUJIBI B KOHTYPAX, PACIOJOKEHHBIX B IJIOCKOCTSIX, HOPMAJIbHBIX
K JIMHUSIM MarHUTHON WHAYKITMU. B 3TUX KOHTYpax MoJ JeiiCTBUEM WH/YIIMPOBaH-
HbIX J/[C BO3HMKAIOT BUXpeBbie TOKM. Kak MarHUTHBIN TTOTOK, TaK ¥ BUXPEBOI TOK
pacIpeesisiloTesl HepaBHOMEPHO 110 cedernto Jiucta. OObIYHO JMHa [ JiucTa U ero
Boicota A (puc. 30.10) 3HAYMTETHHO MTPEBOCXOAT €r0 TOMIMHY d. IIpu 5TOM MOKHO
npeHeOpeyb HCKPUBJIEHUEM JIMHUI TOKA Y KPAeB JINCTA 1
CUMTATH JUHUU TOKA TPSIMBIMU, HATIPABJIEHHBIMU TIapaJI-

] é%ﬂ JIEJTBHO TTOBEPXHOCTH JINCTA U MEPITEHANKYISIPHO JTUHU-
%é/ sIM MAarHUTHON UHIYKIUU. PacnoyiokuM ocu KOOPIUHAT
Tme 77’ Tak, Kak nokasano na puc. 30.10, 1. e. Tak, uTOODI, KaK U
< é 4 panbiie, Bektop E Ob11 mapanienen ocu OX u Bekrop H
By, | %? 6b11 apasiesied ocu OY. Hayaso KoopAnHAT TIOMECTHM
| / 7 B cepeanne cedenust aucta. Ipu h > d u [ > d sanexrpo-
%% MATHUTHYIO BOJIHY MOXHO CUHTATh IIOCKO#. Crenaem
A é.,,: nomnyienue, yto p = const. [Ipu atom ocraiorcst B cu-
Jie ypaBHenwus, osyyeHnsie B § 30.1. CinegoBaresibHo,

Puc. 30.10 IMeeM

H, =Ae™ +Ae”;, E, = _1dH, ,
y dz
/e

a = jouy =(1+j>,/% =1+ )k

O/HAaKO TPAaHWYHbBIE YCJIOBHS TeNePb OKAa3bIBAIOTCS WHBIMU, HEXKENIU JIJIs CIydas,
nccaenoBamHoro B § 30.1. DaeKTpoMarHUTHBIE BOJHBI TPOHUKATIOT B JIMCT C BYX €TO
CTOPOH, U Ha 0OeNX MOBEPXHOCTSIX JINCTA BEKTOPBI B 1 cooTBercTBeHHO BeKTOphI H
JIOJIKHBI OBITH OJIMHAKOBBI 10 BeJIMYIHE U HAIIPABJIEHIO. ITO TpeboBamme codmona-
ercst ripu ycaosun A; = Ay = A. CieloBaTtesibHo,

H, =A(e™ +e*)=2Achaz
B, =2Auchaz= B, chaz

J, =vE, =-2Aashoz= —Mshaz,
1

rne B,, = 2Ap npeacrasaser coboii snauenne B, B cepennne aucta (npu z = 0).

O6bIyHO HaAC MHTEPECYET CpeaHee 3Ha4veHe Bcp WHAYKIIUUA 110 CEYEHUIO JINCTA. Kowm-
IVIEKCHaA aMIVIUTyla 3TOIr0 Cpe/IHETO 3HAYEHUA I10JIydaeTCA KaK Cpe/lHEE 3Ha4YeHNE
KOMILJIEKCHOMN BEJIMINHbI Bm Ha TOJIIIMHE JIMCTAa:
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od
2 ==

S
hazdz=B ,— 2.
Ic azdz o ﬂ

2

,Z[JIH HaXOXKAeHnA CaMuXx IIeIL/,ICTBI/ITe]H)HI)IX AMIVINTY WHAYKOUWX W IIJIOTHOCTHU
TOKa HeO6XOHI/IMO B3ATb MOAYJIN HafIZ[eHHbIX Bpra?I{eHI/If/'I. Nnmeem

dJ/.ZBm dz = %

. 1
BmCp = _
Yod
—dJ2 —dJ2

ad = ﬁké

2 9’
‘shag‘z = sh (kz + jkz)sh(kz — jkz) :Chsz—20052k2;
chaz[* = ch(kz + jkz)ch(kz - jkz) = d12k2+26052kz

CiiefoBaTesbHO,

B, =B, dlzkz“;COSQkZ; g :‘Q‘Bmo Ch2k2—2(:os2k2_
n

Ha pwuc. 30.11 mpuBenena xpusag B,,/B,,, B GyHKIuu 8 P
2kz. Ha nosepxnocty sucta z = d/2 v 2kz = kd. Jlns anex- ;|5 /
TPOTEXHUYECKON JUCTOBON cTanu nmeeM p ~ 1000 po,
y=107 Cm/m, n iput f = 50 I't, d = 0,5 MM mapamerp kd = 6 /
= Jouy/2d nmeer 3nauenue kd = 0,7. 5 /
W3 xpusoit na puc. 30.11 BuaHO, YTO TIPU STOM 3HaUe- 4 4
HUY kd HepaBHOMEPHOCTD paclpe/ieleHis MarHUTHOTO 0= 5 ’
TOKA ellle TIPAKTUYECKH He 3aMeTHA. /
Opnaxo mpu Toii ke TosmumHe gucta u f = 2000 Iy mo- 2 B
aydaem kd = 4,4, 1 COOTBETCTBEHHO OTHOINEHWE aMILIN- | =
TYJIbI MHIYKITUH HA TTOBEPXHOCTHU B,,, K aMILINTY/Ie UHIYK- 2z
min B,y B cepeiuHe JHUCTa OKasbiBaeTcsa pasHpiv 0 1 2 3 4 5 6
Puc. 30.11

B, /By = 4,5. OTciofa BUIHO, YTO JIJIST 3BYKOBBIX 9aCTOT
tosmuna jucta 0,5 MM HeOmyCcTUMO Besnka. [Ipr 3ByKOBBIX 4acTOTaX OHA JOJIKHA
obrth opsizika 0,05—0,10 mm. ITpu pagnodacToTax yske U IPU TAKUX MaJbIX TOJIIIN-
HaX JINCTA MOTOK pacipesiesiseTcss BeCbMa HePaBHOMEPHO IO TOJIIUHE JTUCTa — BUX-
peBbie TOKK CUJIBHO OCIA0JISIIOT ToJIe B ceperHe JcTta. [Ipyu BBICOKMX YacToTax Ha-
XOIAT TIPUMEHEHNe CePAeTHNKN, CIIPECCOBAHHBIE M3 TOHUANTIIETO (hepPPOMAarHUTHOTO
MTOPOIITKA U U30JUPYIOIIETo MaTepraa.

OmnpenenuM motepu P, Ha BUXPeBbIe TOKU B JIUCTE C yI€TOM HEPAaBHOMEPHOCTH
pacripesieJieHsT MArHUTHOTO TIOTOKA. AKTUBHAs MOITHOCTH, PACXOAyeMasi B TPOBOIS-
1iei cpezie U OTHeCeHHas K eMHuIle 00beMa, paBHA KBaAPaTy AeiiCTBYIOIIEi ILII0THO-
CTHU TOKa, JIeJIEHHOMY Ha YeJbHYI0 TTPOBOJIUMOCTD cpeiibl. ClesoBaTesbHO,

2 22
B
dp, _ 1(ij = 2] Bno (ch2kz —cos 2kz).

v y\\2 dp’y
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Tak kak | a | = Jouy, TO
dP,
dv 4p

Bripasum B, uepe3 aMIinTyry CpeiHel 10 CeYeHUIO JINCTa MHIYKIINYA U3 yPaB-
HEHUSA

S ad chkd —cos kd
B -B 2|_p \ 2 _3 wlchkd—coskd.

@ p2 -0 (ch2kz —cos 2kz).

mep mo ﬂ =Dy \E ﬁ mo kd
2
CaenoBaTe/ibHO,
dP, , ch2kz —cos2kz

=B’ A TR Ans
m ¢ *
dv ’ 4 chkd —cos kd
[Torepu P, B 00beMe BCero JiucTa MoJIydnM, yMHOKasA yaeabHble motepu dP,/dV na
JUIIHY [, Ha BBICOTY A M Ha BJI€MEHT TOJIIMHDI dz JTNCTa U WHTETPUPYST TI0 TOJIIITHE
JIicTa:

42

P —Ih J- h2 g sh kd —sin kd
i BT chkd —coskd”

Takum 06pas3oM, TIOTEPH, OTHECEHHbIE K eINHUIIE 0OBeMa BCETO JINCTA, BhIPAKAIOT-
cs B BUIE

P - P, _B 9 shkd —sin kd

* " lhd """ 4p chkd —coskd

Herpynuo ybeautnest, uto ipu kd < 1 970 BbIpaKkeHue MEePEXOIUT B (hOpMyTy

—kf vd*B>

mep?

nosydernyto B 4. I11, ecoim niperebpeddb siBJIeHHEM TIOBEPXHOCTHOTO adderta. B mo-

. T
cenneii popmye ky, = —— — koadurmenT HGOPMBI CHHYCOUIEL.

22

30.9. HepaBHOMepHOe pacnpeaeneHne ToKa B LWIMHAPUYECKOM
npoBoAe Kpyrsioro ceyeHus

PaccmoTpuM siBjieHME TIOBEPXHOCTHOTO adipeKTa Mpu MPOXOXKAEHUN TTEPEMEHHOTO
TOKa 110 IUJIMHIPUIECKOMY MTPOBOY KPYIJIOro cedenus. IIpeanooxum, 4to obpar-
HBIH POBOJT HAXOAUTCS HACTOJIBKO JIAJIEKO, YTO BIAUSHUEM [IEPEMEHHOTO MAaTHUTHOTO
MIOTOKA, BHI3BAHHOTO TOKOM B HEM, Ha paciipejieJieHue TOKa B MUCCJIEyeMOM TIPOBOJIE
MOKHO TpeHebpedb. EcTecTBEHHO BBIOpATh MUIMHAPUYECKUE KOOPAUHATHI 7, z 1 0,
coBMecTuB och OZ ¢ ockio mposoza (puc. 30.12). JImHuU 2/M€KTPUYECKOTO TOKA Ha-
npaBJeHbl MapajirenabHo ocu OZ. BeencTBue oceBOl CMMMETPUH JIMHUYA MarHUTHOM
WHLYKITK TIPEACTABISIOT OO0 OKPYKHOCTH, JIEJKAIIUE B TIOCKOCTSIX, HOPMAJIbHBIX
K OCH TIPOBO/IA, C IIEHTPaMU Ha 9T0ii ocr. Takum 0Opa3oM, BEKTOP J UMeeT eIMHCTBEH-
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HYIO COCTaBJIAIONYIO J, 1 BeKTop H — equHCTBeHHYI0 f 0H
coctapiisiionyto Hy. IToatomy B pajbHeifleM oryc- or
TUM HUHIEKCHI Y J, U Hy. OHako OyeM MOMHHTD, 4TO
Ju H cyTh NPOEKITUU BEKTOPOB, a HE UX MOJAYJIH H,

CJIeJIOBATEJNbHO, OHU MOTYT UMETh KaK MOJIOKUTENb- -H= /
Hble, TAK U OTPUIATE/IbHbBIE 3HaUeHus. B cuiry oceBoii Y, e
cumMerpun J u H 3aBUCAT TOJILKO OT 7. A
g naxoxaenus cBsasu Mmexxay J u H BoConib3y-
eMCsl ypaBHEHUSAMMU: Puc. 30.12
rot H = J, rotE:—uﬁ; E:EJ.
ot Y

MaruutoaBIsKyIast cujia BAOJIb KOHTYypa abcda, OrpaHMYUBAIONIETO 3AIITPUXO-
Bannyio Ha puc. 30.12 mromnaaky, paBHa

—Hr do +(H +86Her(r+dr)d9 = aaﬂrdrde +H drdo,
r r

IpuYeM B IPaBOM 4acTU OTOPOIIEH YJIeH TPETHETO MOPsIKA MAJTOCTH.

Besmunna ruromaaku, orpaHndeHHON KoHTYpoM abceda, pasua ds = r do dr. Ciepo-
BaTEJIbHO, B JJAHHOM CJIydae, Koraa BekTtop H uMeeT TOJBKO OHY COCTABJISIONLYO
Hy = H, nonyyum

rot, H = on + E,
or r

U TIepBoe ypaBHenue MakcBeJsiia pe/CTaBsieTcsl B BU/E
oH . H_; *)
or r
DJIEKTPOBILKYIIAS CHJIA BIOJb KOHTYpa gkmng,
OTPaHUYMBAIOIIETO 3aMTPUXOBaHHY0 Ha puc. 30.1

TIOTIAIKY, UMeeT 3HaUeHue

Edz—(E +8Edr]d2 = —%drdzz
or or

PaszesinB Ha BeJIMUUHY MJIOMAAKY ds = dr dz, no-
JlydaeM B JIaHHOM cJy4ae, Korja BekTop E mmeer

TOJIBKO OJIHY cocTaBJsiioniyio E, = E, Puc. 30.13
rot E = —%.
or
CiiefioBaTesibHO, BTOpoe ypaBHeHrne MakcBe/ia MoKeT ObITh HallicaHo B opMe
oFE oH
—_ = _ui
or ot
adizi
os _ . OH (**)

o e
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[uddepentnupys ypasaerue (*) mo ¢, a ypauenne (**) 1o 7, uMmeeM
1oH OH _a) 0 _ OH
rot orét ot o' oror
W3 aTux cooTHOIIEHNU! ¢ yuyeToM ypaBHeHus (**) mosydyaeM ypaBHeHUE [JIS ILIOT-
HOCTH TOKA:

0*J 1aJ _ _aJ
St =y
or* ror ot
[udbdepentupys ypaBaenue (*) mo » u ucmoib3ys ypaBHenue (**), momydaem
ypaBHEHUE JIJIsI HAIIPSIKEHHOCTH MarHUTHOTO TTOJIS:

0°H 106H H _oH
T T TH
or ror r ot
Ecom Tok, a cienoBaTesnbo, Takxke J v H SIBJASIOTCS CUHYCOUATBHBIMU (DYHKITHUSI-
MU BPEMEHH, TO, BBOSI KOMILJIEKCHBIE BbIPAsKEHNsT MTHOBEHHBIX IJIOTHOCTH TOKA U

HaIIpAKEHHOCTU MAarHUTHOTI'O I10JIA
T 7 Jot T _ I Jot
J=J,e u H=H,4e

B ypasHenus (*) u (**) 1 cokpammas Ha OO MHOKUTEIb €, oTyuaeM UX B BUjie

di, H, ;. *)
dr r "
o (**)
= jouyH .
dr Jouyrt,

CoOTBETCTBEHHO BMECTO YPAaBHEHUH ¢ YACTHBIMU MPOU3BOAHBIMU 7151 J 1 H Toaty-
yaeM OOBIKHOBEHHbIE JInHelHbIe AnddepeHnnaibHble YPaBHEHIS A1 UX KOMILJIEKC-
HBIX aMTITUTY/I:

d*J, 1dJ d°H, 1ddH, H, . .
s b —— - = jouyH .
dr rodr

dr* r dr r’
BBesienuem HOBOM 1epeMeHHON

X =14/—jopuy
TIoCTIe/IHIe 1B YPaBHeHH s IPHBOAATCA K 60Jiee IPOCTOMY BUILY:
) ! : ) :
dJ, +1d‘]’"+]m:0; i, +1dH’" +(1—1)Hm:0.
dx*  x dx dx* x 2

X
ITH ypaBHEHNS ABIAIOTCA YaCTHBIMU CIydasiMu ypaBHeHus beccens

m.

= jowyJ,;

ODyuknun, ya0BIETBOPSIONIHE ypaBHEHWIO beccens, Ha3bIBAIOTCS (DYHKITMSAMU
Beccenst. O6mmii nHTErpas ypaBHEHUsT MOKET ObITh HAITUCAH B BU/IE

y=AJ,(x)+BN ,(x),
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rne A 1 B — mpou3BoJIbHBIE TIOCTOSTHHBIE; J, (x) — dhynkiusa beccens mepBoro poxa
nopsinka n; N,(x) — ¢dyaknusa beccens BToporo poma mopsaka .

YpaBHenue [Jis1 TIOTHOCTH TOKa TIoJiydaercst u3 o0Iero ypaBHenusi beccelis,
ecJii B HeM NOJIOXKUTh 7 = (). YpaBHeHUe JIJIsT HAPSIKEHHOCTH MAarHUTHOTO TIOJIS T0-
JIydaeTcst, eciv osoxkuth 7 = 1. CirejoBaTesibHO, 001I1e MHTErPaJIbl 9TUX YPaBHEHUI
MOTYT OBITH MPEICTABJIECHBI B BUJIE

Ju =A0Jy(X)+ByN((x); H, =A,J,(x)+ BN (x),
e Jo(x) u Ny(x) — GecceneBbl (yHKIUU IEPBOTO U BTOPOTO POjia HYJI€BOTO MOPAIKA,
a Jy(x) u N;(x) — GecceneBbl (DyHKIUU TIEPBOIO ¥ BTOPOTO POJA TEPBOTO TOPSIIKA.

O6o3HaunM pagnyc cedenus mposoa yepes R. [locrosinubie Ay u By 1 cOOTBETCT-
BEHHO Ay 1 B oTIpefiesiFioTCs U3 TPaHUYHBIX yeaoBuli ipur=0ur=R, 1.e. ipux =0
nx=R,—-jouy.

M3 nogpobHoro pacemorpenus OecceseBbix GyHkumii caenyer, uro Jo(0) = 1 u
J1(0) =0, B To Bpems kak Ny(0) = u N;(0) = oo. Tak kak nu J,,, uu H,, Ha ocu npoBoa
He MOTYT UMeTh GECKOHEYHO GOJIbINNX 3HaveHuit, To By =0 u By = 0.

Wrak, piis NJI0THOCTA TOKA UMeEeM

J, = Ay, ().

Dyukimo Jo(x) MOKHO IIPEACTABUTh B BUIE Psi/a:
2 4 6
X X X
Jo()=1-"—+ o 7+
2° (2-4)° (2-4-6)
4TO JIETKO ITPOBEPUTH HOZICTaHOBKOfI TMocCJaeIHETO BbIpaKeHNA B YypaBHEHUE JJIA Jm
IIocTtostHHAS AO paBHa KOMILIEKCHOM AMIVINTY € TIJIOTHOCTU TOKa JmO Ha oCH IIpo-
Boza. CieoBaresbHO,

_%—'_ 5 2 y 7 T :J'moJo(x):J'moboe]ﬁ”. )
2° (24" (2:4:-6)

J, =J,0l1

Dyukmmst Jy(x) ecTh KOMILTEKCHOE YHCII0, TAK KaK X SIBJISETCS YUCTIOM KOMILTEKC-
HbiM. Yepes by 0603HaUEH MOJIYJIb, @ Yepes By — apryMeHT KOMILIEKCHOTO yrcia Jy (x).
HanpskeHHOCTh MarHUTHOTO T10JIst MOKET OBITh TIOJTydeHa U3 ypaBHeHus (¥¥):

: 1 dJ, +-jouydJ, 1 dJ,
Hm= N = - = —
Jjowy dr jopy dx J—jouy dx
o= 450)
Vjouy - dx

luddepennupys psan J, (x), Haxoaum
7 3 5 7 EEE T
Hm = Jm() f— 3; + X 3 — x 2 + ... | = ( )
J-jouy |2 274 (2-4°-6 (2-4-6)"-8

_ Jm 0
N —Jjopy

Ji(x) = be™.

JmO
N —jouy
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[TosryueHHbBIIT HOBBIN PSiZl TIPEICTABISAET COOOI He UTO MHOE, Kak GecceneBy (hyHK-
miio J; () epBoro pojia mepBoro nopsizika. Yepes by o603naden MOLYITb, a Yepes By —
apryMeHT KOMIIJIEKCHOTO yucia Ji(x).

rjouy by B; by i
0 1 0 0 —45
1 1,015 14,22 0,501 -37,84
2 1,229 52,28 1,041 -16,73
3 1,950 96,52 1,800 +15,71
4 3,439 138,19 3,173 53,90
5 6,231 178,93 5,812 93,55
6 11,501 219,62 10,850 133,45
7 21,548 260,29 20,500 173,51
8 40,817 300,92 39,070 213,69
9 77,957 341,52 74,971 253,95

10 149,831 382,10 144,586 294,27

B Tabuuiie panbl 3Hauenus MoayJeit by u by u apryMeHnToB By U By KOMILIEKCHBIX
BesuuH J, (ry/—jouy) u J,(r\/—jouy) 1pu HECKOJIbKUX 3HAUEHUSIX BEJIMYUHBI 7.
Tak Kak by ¢ yBeTUYEHUEM 7',/@y MOHOTOHHO BO3PACTAET, TO aMILIUTY/IA IIJIOTHO-

CTU TOKa MMeeT HauMeHblllee 3HaueHWe Ha OCH IIPOBOJIA, U OTHOIIEHUE aMILIUTY/]L
TOKa Ha TIOBEPXHOCTH MTPOBOJIA M HA €T0 OcH OyAeT TeM 00JIbliie, 4eM OOJIbIIE YII0Bast
YacTOTa, y/IeJIbHAasI IPOBOUMOCTb, MATHUTHAS ITPOHUIIAEMOCTDb U pajuyc mpoBoja R.
Yo ke kacaeTcs yria By, TO OH TakKe MOHOTOHHO BO3PAacCTaeT ¢ YBeJIMUYeHUEeM r\/m ,

U B TEX CJyYastX, KOT/IA /Wy AOCTUTAeT OOJIBIINX 3HaYeHUH, (ha3a MI0THOCTH TOKa

Ha HEKOTOPOM PACCTOSIHUM OT OCH MOJKET OKa3aThCs IPSMO ITPOTUBOIOJIOKHON (haze
IJIOTHOCTH TOKA HA OCH, & MPU JIaJbHEHIeM YBEJIMUEHUN ¥ MOXKET CHOBA COBIIACTH C
(hazoit MIOTHOCTH TOKA HA OCH U T. J. 3aBUCUMOCTU BeJUIWH J,,/J,0 = by 1 By oT
r\/oaTw manbl Ha prc. 30.14. Ha puc. 30.15 mokazanbl Ha BpeMeHHO [rarpaMMe BEKTO-
PBI, XapaKTepHU3yIolne pacipeiesieHne MI0THOCTA TOKA 110 BeJn4YrHe 1 (hase BIOJIb
paznyca TIpOBOJia, TPUYEM B KOHIIE KaK/I0TO BEKTOPA TTOMEYEHO COOTBETCTBYIOIEE
3HAUCHUE 74/ ®OUY.

Pacemorpenue puc. 30.14 u 30.15 npuBoauT Hac K TeM ke 0OmMUM (HU3HIECKUM
MOJIOKEHUSIM, KOTOPBIE OBLIN YCTAHOBJIEHBI BBIIIE M KOTOPbIE XapaKTePHU3YIOT sBJIe-
HHUE TIOBEPXHOCTHOTO a(hderTa BO Bcex 6e3 MCKIOUeHUsl Cydasx. DJIeKTPOMArHuT-
Hast BOJIHA TIPOHUKAET BHYTPb MIPOBO/IA CKBO3b €0 TIOBEPXHOCTH U3 JIUIJIEKTPUKA, OK-
pysatorero nposoj. I[To Mepe MpOHUKHOBEHUsE B TJ1yOb POBOJIA BOJIHA TOCTENEHHO
3aTyXaeT, ¥ aMIIUTY/[bl HANPSLKEHHOCTH 3JIEKTPUUECKOTO TOJIsl U COOTBETCTBEHHO
IJIOTHOCTH TOKa yObIBatoT. [Ipu aTOM KoJe6aHUs 10 Mepe NPOHUKHOBEHUS B IIyOb
POBO/Ia Bce GoJiee 3aIasibBaOT 110 (ha3e M0 OTHOIIEHUO K KOJTeOaHUSIM Ha MOBEPX-
HOCTH TTPOBOJIA.
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18 5 270°
16 240°
14 AHH210°
12 By 10 [ 8
10 H V4 150°  |—4
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4 / 60° in P
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2 300 | 8PS

ropy 6
0 1 2 3 4 5 6 7 -12
Puc. 30.14 Puc. 30.15

30.10. AKTUBHOE M BHYTpEeHHEee MHAYKTUBHOE CONpPOTUBJIEHUS
HWINHAPUYECKUX NMPOBOAOB KPYr/10ro ce4eHms

CoruracHo cooTHOIIIEHUIO, ycTanoBaeHHOMY B § 30.4 /1151 mpoBojia KPYIJIOTO ceyeHus,
nmMeeM

IE
— H _ me
ZBHyTp =r+ ]xRH}'Tp - H ’
utt,,
rae E e U H — 3Ha4YCHUA E n H Ha MMOBEPXHOCTU IIPOBO/IA, T. €. IIpU ¥ = R Z -

JUTAHA HpOBO,Z[a 1 U — nepuMeTp ero cedenust. cnombsyst Beipaskenust (**%) u (****)
13 TIpesibliyero maparpada u cesasb J, =v E, , noaydaem

. B J(Rw/—]cou)
e R o

ConpoTusJeHre TPOBOJIA MPU TIOCTOSTHHOM TOKE PABHO 7, = ;2 CrezioBaTesIbHO,
YT
ZBHyTp _ L n ijHyTp _ R\/ _](DMY JO (RV _]OJM’Y)

o o To 2 Ji(Ry—jouy) .

Tak Kak /—j = e?™*, To nmeem

. T
ZBHyTp _ R\ ouy &el[ﬁorﬁw*ﬂ _ Zymp o

b
7, 2 b, 7,
ro_ ZBHyTp COs @ . xBHyTp _ ZBHyTp sSin @
= : = .
o o To o

3nech by, v by, — 3HaueHUsT MOMLYJIeit by U by, a Bg, U PB1, — 3HAYEHUST APTYMEHTOB 3
" B; KOMILIEKCHBIX BesnunH Jo(x) u Ji(x) ipu 7 = R, T. e. Ha TOBEPXHOCTHU TIPOBOJIA
(pu x = Ry/—jouy).

YroJ1, Ha KOTOPBI 3amas3abiBaet 1o (dhase HANPSKeHHOCTh MATHUTHOTO TI0JIST OTHO-
CUTEJIBHO HAIPSIKEHHOCTU 9JIEKTPUYECKOTO TI0JII Ha MOBEPXHOCTHU MIPOBOJIA, PaBEH
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T
(p:BOe _B1e _Z'

OtHourenyie BHYTPEHHEH MHIYKTHBHOCTH Ly, IPU IEPEMEHHOM TOKe K ee 3Ha-
YEHUIO Lyyyry o TIPH IIOCTOSHHOM TOKE HETPY/IHO HATH, eC/Ii IPUHATH BO BHUMAHNE,
UTO Lygyyry = Xgpyrp/® 1 9TO Ly o = ul/(8m). Vimeem

LRHyTp _ xBHyTp 7/'() _ xBHyTp l 87[ X

8
BHYTP 0 7’0 YTER : O)ul 7’0 (RV O)HY ) 2

B tabanie 1anbl OTHONIEHUS Zauyrp/ 100 7/70» Liyrp/ Lsuyrp 0 ¥ YTOJL @ B 32aBUCUMOCTH
oT R \Jouy.

BHYTpP

BHYTpP 0 7’0 oL

R1 JOLLY ZBHyTp (PO L X BHYTP L BHYTp
7’0 7'0 ?’0 LBIIyTpO
0 1 0 1 0 1
1 1,013 7,06 1,0001 0,1247 0,9976
2 1,180 24,01 1,080 0,481 0,961
3 1,625 35,81 1,318 0,951 0,846
4 2,168 39,29 1,678 1,373 0,686
) 2,680 40,39 2,043 1,737 0,556
6 3,180 41,17 2,394 2,093 0,465
7 3,679 41,78 2,744 2,450 0,400
8 4,179 42,23 3,096 2,814 0,352
9 4,679 42,57 3,446 3,165 0,313
10 5,179 42,83 3,796 3,522 0,275
1o Lom r Xpwyrp 50 Ha puc. 30.16 npusenenbl KpUBBIE 7/7), Xyuyrp/T0
08 Lonyrpo \, 7070 40 B Lyiyrp/ Liyrp 0, XapakTepU3yloline Bo3pacTaHue aK-
N\ Louyw »’ TUBHOTO U BHYTPEHHETO UHYKTUBHOIO COIPOTUBJIE-
0.6 \i""ym 0 /// 3,0 HWUII IIPOBO/IA 1 YMEHbIIIEHNE €r0 BHYTPEHHElN HH/YK-
> .74 TUBHOCTU TIPU yBeJAWdeHUN rnapamerpa Ryouy. [Ipn
0.4 BPZZ2EREN 20 pospacrannu mapamerpa Ryopy orHomenwue by,/by,
I e
0.2 : (/’ 1,0 CTPEMHTCS K €IMHUIIE U PA3HOCTD Py, — P1, CTPEMUT-
// e o cd K /2, a caefioBaTesbHO, YTOJI (¢ CTPEMUTCA K 7T/4.
0 EE— R 8“)” i 0 [TosToMy 1Tp1 GOJIBITMX 3HAYEHUSAX TOTO MTapaMeTpa
Puc. 30.16 1MeeM
Z sy ~ Ryopy ej%_
7, 2 ’
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YTO COBIAAET C PE3YIBTATOM, TTONyUeHHBIM B § 30.5 Ipr paccMOTpeHnN cirydast pes-
KOTO MPOSIBIIEHUS MIOBEPXHOCTHOTO 3h(heKTa, ec/Iu yIecTh, YTO JJIsT TPOBOJIA KPYTJIO-
TO Ccedenys HeOOXOIMMO TIPUHATD S/u = nR?/(2nR) = R/2.

R |opy
Bsens ob6osnauenue 9\ g - Y, MOKHO JIaTh TIPUBEEHHBIE B TaOIMIaX MprOIIm-

JKEHHDIE BbIPAKEHM I OTHOMIEHWIA 7/70, Xuyyrp/T0 U Lyyyrp/Luyyrp 0:

X r<1 x> 1 x> 30
r x L1, 3
7 1+ LT by, 0,265 =y
x <1 x >1
Lonyrp s 1 _3 .
" Y% T
Ly a 13 1
LBHyTpO 6 X 64XU X

Econ bé > 30, TO IIPpU pacyeTe aKTUBHOTO COIIPOTUBJIEHUA ITPOBO/Ja €ro yC/JI0OBHO
MOJKHO 3aMEHUTDb 9KBUBAJICHTHbBIM pr6anbIM IIPOBO/IOM C TEM K€ BHEHIHUM pPany-
COM 1 paBHOMEPHBIM pacIipe/ieJiEeHneM TOKa 110 CEYEHUIO. Z[JIH orpeaegaeHnsA TOJIIN-
HbI b CTEHKH 5KBUBAJEHTHOIO pr6an0ro IIpOBO/iq, Ha3bIBAEMOM MHOI'/Ia 9 KB B A -
JeHTHON I‘JIy6I/IHOI'/JI IIPOHUKHOBEHMUA TOKa, UMEEM BbIpaKEHUE

[ [
—_— =7 =
2nRby o TR’y

x-

CrenoBaTe/ibHO,

poR_ |2 _ 1

2y opy VJrfuy '

30.11. 3ddekT 6am3ocTu. MoBepxHOCTHAA 3aKasKa
WHAYKLUMOHHbIM METOAOM

Ecsin B HemocpecTBEHHOM GJM30CTH IPYT OT APYra PAcIioioKEeHO HECKOJIBKO TPO-
BOAHUKOB C ITI€EpEMEHHBIMU TOKaMW 1 Ka?K[[I)IIL/,I N3 HUX HAaXOANTCA HE TOJIBKO B CO6CT-
BEHHOM II€PEMEHHOM MAarHuMTHOM I10JI€, HO 1 B MAIrHUTHOM I10JI€ APYTUX ITPOBOJHU-
KOB, TO paciipejieJieHue TIePEMEHHOTO TOKa B KasKJIOM TIPOBOJIHUKE OY/IeT HECKOJIBKO
OTJIMYATHCS OT TOTO, KOTOPOE MMEJIO ObI MECTO, €CJIU Obl TOT TPOBOAHUK ObLI yeu-
HeH. IToT addekT HocuT HaumeHoBaHue 9 hdexTa 6130 cTr. OH IPUBOAUT K
JOIIOJIHUTEJIbHOMY YBEJIMYEHUIO aKTUBHOTO COIIPOTUBJIEHUA ITPOBOIHUKOB.

B aByxmpoBoHOM IMHUM TIepejaui, B TIPOBOJIAX KOTOPOW TOKU TTPOTEKAIOT B ITPO-
THUBOIIOJIOKHDBIX HallpaBJIEHUAX, B(I)(beKT 6JII/I3OCTI/I TIPUBOAUT K TOMY, YTO IIJIOTHOCTb
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TOKA Ha CTOPOHAX TPOBOJIOB, OOPAIIEHHBIX JPYT K APYTY, OKa3bIBAETCS OOJIBIIET, YeM
Ha ITPOTHBOIIOIOKHBIX CTOPOHAX. DTO MOKHO OOBSICHUTD CTPEMJIEHIEM TOKA N30paTh
MyTh, TP KOTOPOM TTOJIHOE COMTPOTUBJIEHNE TIOYYAeTCs] HAMMEHbITUM. XOTSI JI0TIOJT-
HUTEeJIbHAS HePAaBHOMEPHOCTD Paclipe/ieJIeHNsT TOKA Be/leT K BO3PACTAHNIO aKTUBHOTO
COITPOTUBJIEHUS ITPOBO/IA, MHIYKTHBHOE CONPOTUBJIEHNE TIPU TOM YMEHbIIAETCST, TAK
KaK BCJIE/ICTBIE COMKEHNST TIPSIMOTO 1 0OPATHOTO TOKOB YMEHBIIAETCST SKBIBAIEHT-
Hasl MHIYKTUBHOCTb KOHTYPA.

[ToBepxuoctHblii ahdext u acddekt 6AM30CTH MUPOKO UCIOIB3YIOTCS MPU O-
BEPXHOCTHOI 3aKaJIKe CTaJbHBIX M3/IeJUI MHYKIIMOHHBIM MeTojioM. B Bujie mpume-
pa paccMOTPUM IJIOCKHMI KOHTYP, 110 KOTOPOMY ITPOTEKAET TOK BBICOKOW YaCTOTHI.
Ecau nognectt KOHTYP GJU3KO K TIOCKON MOBEPXHOCTH CTAIBHOTO TeJa, TO B 9TOM
Tesie BOJIM3U €r0 MOBEPXHOCTU BO3HUKHYT WH/IYITUPOBAHHDIE TOKU. DTU TOKH, COTJIAC-
HO MPUHIIUAIY 3I€KTPOMATHUTHOW MHEPIMU, OYIyT HATPABJIEHDI TIPOTUBOIOJIOKHO
TOKY B YKa3aHHOM BBIIIIe KOHTYPE, HA3bIBAEMOM B JIAHHOM CJIy4ae MHAYKTOPOM. -
(exT GJIMB0CTH TIPU HTOM TIPOSIBIISIETCST B TOM, YTO TOK B TeJie CTPEMUTCSI CJI€I0BATH 34
MPOBOZIHUKAMU MHAYKTOPA. [IprmaBast mpoBoiHUKAM WHIYKTOPA Ty WM UHYIO (opMYy,
MOJKHO COOTBETCTBYIOIINM 00Pa30M HAMPABJISITH TOKH B TEJIE M TIOJIyYaTh HATPEBAHIE
MOBEPXHOCTHOTO CJIOSI TeJIa J7IsT 1eJIell TIOCTeYIONIei 3aKalKi TOJIBKO B TPeOyeMbIX
Mecrax. Eciu ToBepxXHOCTD Tesia He MI0CKast, TO U WHAYKTOPY HEOOXOAMMO HMPHU/IATH
cooTBeTCTBYIONYI0 (hopMy. MeToji MOBEPXHOCTHOI 3akaaku ObUT pa3paboTaH B
CCCP B. I1. BoorauubimM 1 IpyTUMH.

30.12. dnekTpoOMarHUTHOE SKpaHUpoOBaHUe

[l 3a1muTHL 371IeMEHTOB 3JIEKTPUUECKUX TIeTiei], HallpuMep KaTyIIeK CAMOMHAYKITUHT,
BJIEKTPOHHBIX JIAMII, 9JIEKTPOU3MEPUTENbHBIX TIPUOOPOB U T. /., OT BIUSHKUS Ha HUX
MepeMEeHHBIX 9JIEKTPOMATHUTHBIX TIOJIel TTPUMEHSIIOT MeTaJIInIecKre aKpanbl. Ecan
3alUIAeMbII 9JIeMEHT eI OKPYKHUTh CILUIONIHON MeTaInYecKoil 060J0YKOM, TO
MIPU TOCTATOYHON ee TOJIIITUHE BHEITHEe 3JeKTPOMAarHUTHOE TOJe TMPAaKTHIYeCKu He
IPOHUKAET BHYTPb 0OOJOYKHM, YTO SICHO U3 IPOM3BEIEHHOIO BbIIE PACCMOTPEHUS
mpoiiecca IMPOHUKHOBEHST 9JIEKTPOMATHUTHOW BOJIHBI B IPOBOJSAIILYIO cpeny. [1om06-
Hble 0OOJIOUKH HOCAT Ha3BaHWe 2JT€KTPOMATHUTHBIX 9KpaHOoB. ScHo, 4To
TAKOH 9KPaH OKa3bIBAETCS TAKKe MPAKTUYECKU HEITPOHUIIAEMBIM U JIJIT TEPEMEHHOTO
3JIEKTPOMArHUTHOTO TI0JIsA, CO3/IAHHOTO HJIEMEHTOM 2JIEKTPUYECKOI TIeTIH, 3aKII0U€eH-
HBIM B €T'0 MOJIOCTH, T. €. IKPaH 3alHIIAeT TaKkKe BCe MPUOOPDI, PACIIOJNOKEHHBIE BHE
€T0, OT BJIUSTHUS TI0JIs, CYIIECTBYIOIIETO BHYTPH €TO.

Dusnyeckn sKpaHUPYyIoIee IeiicTBIHE MOKET ObITh 00bSICHEHO BO3HUKHOBEHIEM
TOKOB B CTEHKaX 9KPaHa, CO3/IAI0NIUX [T0Jie, KOTOPOE KOMIIEHCUPYET UX BBI3bIBAIOIIEE
BHeIIIHee T10Jie. ITU TOKU MOTYT PACCMATPUBATHCS KaK BUXPEBBIE TOKU.

g nonydenus acbdeKTUBHOTO 9KPAHUPYIONIETO AeUCTBUS TOJIIIUHY CTEHOK 9K-
pana HeoOX0AUMO B3STh IIOPSAKA AJUHBI BOJIHBL A B BEIIECTBE 9KpaHa. [leificTBuTeb-
HO, B § 30.2 MbI yOEMINCh, YTO HA PACCTOSTHUN, PABHOM JIIMHE BOJIHBI B TIPOBO/SIIIEIN
cperne, 2JIeKTPOMAarHUTHAS BOJTHA TPAKTUUECKH TTOJHOCTRIO 3aTyxaeT. Kak BUAHO U3
Tabsmiel, ipuseaentoi B § 30.2, mpu yacrore f= 500 kIt 1uHa BOJHBI B MEIU MTOJTY-
yaeTcs npuMepHo pasHoii 0,6 MM. IToaTomy npu pagrodactoTax HeT HEOOXOAUMOCTH
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MIPUMEHATh A7 9KPaHOB (heppOMATHUTHBIE MaTepPUAJbl, KOTOPbIE HeXeTaTeTbHbI
BCJIEJICTBYE 3aBUCUMOCTH X MATHUTHOM MPOHUIIAEMOCTHU OT HATIPSKEHHOCTH TIOJIS 1
stByteHust tucrepesnca. OObBIYHO TIPUMEHSTIOT KPAHbBI M3 XOPOIIO MTPOBOSIIETO MaTe-
puasa, HapuMep U3 Mean Wan amioMuaus. [Ipu mpombiiiennoit gactore f = 50 T
MeHBIN 9KpaH OKa3biBaeTcsa 9P MEKTUBHBIM JIUIIb TP 3HAYNTENBHON TOJIIITHE CTe-
HOK, TaK KaK /[JIMHA BOJHBI B Me/IN TIPU 9TOH yacToTe paBHa 6 cM. [Ipn Takmx HU3KNUX
YacTOTaX MOKHO BOCIOJIb30BATHhCS AKPAHOM U3 (hepPOMArHUTHOTO MaTepuasa, B KO-
TOPOM 3JIEKTPOMArHUTHAST BOJIHA 3aTyXaeT 3HAUYUTETbHO OBICTPEE, YeM B MEIH, €CJIH,
KOHEYHO, TIOTePH B (DEPPOMArHUTHOM 2KpaHe He MPEeIsiTCTBYIOT €ro MPUMEHEHUIO.
DeppoMarHUTHBIN HKPaH OKa3bIBAET IKPAHUPYIOIIee JAeHCTBUE W TIPU MOCTOSTHHOM
1oJie, Kak 9To ObLIO ToKazaHo B § 27.23. TIpu niepeMeHHOM I10JIe €r0 dKPaHUPYIoIee
JIefiCTBUE 3HAYUTEHHO BO3PACTAET BCJENCTBUE JIOMOJHUTEIBHOTO 9KPAHUPYIOIIErO
adexrTa TOKOB, BOSHUKAIOIINUX B CTEHKAX 9KPaHA.

30.13. dkcnepuMeHTaNbHOE UccrefoBaHue U MoaenmpoBaHue
3/IeKTPUUYECKNX U MarHUTHbIX NOJIEN

Hapsiny ¢ pacueToM 3/IeKTPUYECKUX, MATHUTHBIX U 9JIEKTPOMATHUTHBIX TI0JIEN UMeeT
GOJIBIIIOE TIPAKTUYECKOE 3HAYEHIE UX HEMIOCPEICTBEHHOE IKCIIEPUMEHTAIBHOE UCCIe-
JIOBaHUe B PEAThbHBIX YCTPONCTBAX, a TAKKe WX IKCIEPUMEHTATbHOE HCCIeOBAHIE
METO/IOM MOJIEJTUPOBAHMUS.

J17151 9KCTIepUMEHTATTBHOTO UCCIIE0OBAHUST DIEKTPUYECKOTO TIOJIST, HATPUMED dJIeK-
TPUYECKOTO TOJISI B BO3/yX€e OKOJIO M30JISITOPA BBICOKOTO HAPSIKEHUST, MOKHO BOC-
MOJIb30BAThCS T€M OOCTOSITEILCTBOM, UTO YAJMHEHHOE TEJIO W3 MeTajljia MW W3
JIUDJIEKTPUKA C € > &), BHECEHHOE BO BHEIITHee dJIeKTPUUYECKOe T10JIe, CTPEMUTCS Pac-
MOJIOKUTHCS BAOJb JIMHUN HANPSIKEHHOCTH 3TOTO T0Jisl. [IpuKpenum MasieHbKyio
CTPENIKY U3 TOHKOW U Y3KOU allOMUHUEBON JIEHThI MU M3 COJIOMUHKU B €€ CepejiiHe
K BOJIOCY, HATSTHYTOMY M€Ky KOHITaMU HeGOJIBINON CTEKISAHHON BUJIKUA. Buiky mpu-
KPEIUM K KOHILY JJIMHHOTO CTEP;KHS U3 U30JUPYIOIIETO0 MATEPUATIA, CIIYSKAIIEro JIJIsT
BBOJIa CTPEJIKHU B Hcceayemoe noJie. CTpesika oJsKHA CBOOOHO BPAIAThCs Ha BOJIO-
ce. [Ipu BHECEHWY CTPETKU B UCCJIEyEMOE TI0JIe OHA PACTIONATAETCS BAOIb IMHUH Ha-
MPSEKEHHOCTHU TIOJIS.

[ToMecTHM M30JISITOP U CTPEJIKY MEXKLY HCTOYHUKOM CBeTa 1 GeJIbIM JINCTOM OyMa-
I'l ¥ YCTPOUM OCBEIlleHHe TaK, YTOObI Ha JiucTe OyMard MmoJyvanach peskast TeHb OT
M30JISITOPA U OT CTPENKH. [Ipr 9TOM MmoJrydaeM BO3MOKHOCTH OOPHUCOBATH HA JIMCTE
GyMaru TeHb U30JIATOPA U TeHb CTPesiku. [lepemerniast CTpesiKy B pa3indHbie OT0Ke-
HISI B TIOJTE M30JIATOPA, KaK/IbIil pa3 Gy/ieM MPOBOAUTH YePTOUKY Ha Gymare BIOJIb ee
tern. [Tpu 60sIbIIOM Yncie 4epToyek Ha Gymare OTUETINBO HAMEYAETCS HAITPABJICHIE
JIMHUM HATPSIZKEHHOCTU UCCJIELyEMOTO MOJisl. DT JIMHUU HAJJIEKUT TPOBOJUTH TaK,
4TOOBI YEPTOYKK ObLIM K HUM KacaTeJIbHbl. VIMes KapTUHY JUHWUI HAPSAKEHHOCTH
0JIsI, JIETKO TIPOBECTU TIE€PIIEHINKYJIIPHbIe UM JIMHUM PAaBHOTO noTeHimamna. Eciu
1o00paTh PACCTOSTHUS MEXKIY JTUHUSIMU HAIPSKEHHOCTH TIOJIST U MEKIY JIMHUSIMU
PaBHOIO MOTEHIIMAJA TaK, YTOObI YI0BJIETBOPUINCH TpebGoBaHMs K (JOPME siueeK ceT-
KH 1107151, chopmyinpoBannbie B §§ 24.15, 24.16, To kapTHHa 10/ ACT BO3MOKHOCTH
CYUTh ¥ O 3HAYEHUN HATPSLKEHHOCTH TIOJIST B PA3HBIX TOYKAX.
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3HavyeHne HAIPSIKEHHOCTH TI0JIS1 MOKHO M3MEPUTDb U HETIOCPEe/ICTBEHHO, TI0Jb3Y-
SICh MAJIEHBKOW 0€39JIEKTPOIHO HEOHOBOM JIaMITol. Pacmosiarast TaMiry B HEKOTOPOIA
TOYKE TI0JIs1 B HAIIPABJICHUH JIMHWN HANPSSKEHHOCTH, YBEJIMUNBAEM HaAIpsUKeHNEe Ha
UB0JISITOPE JIO TeX TIOP, TI0KA JIaMIla He BCIIbIXHET. JlaMTia BCIIBIXWBAET TIPU OIpeie-
JIEHHO# HAIPSIKEHHOCTH T10JIsI, KOTOPasi MOKeT ObITh HalijieHa MpeiBapUTETbHO IIy-
TeM MTOMEIIEHUS JIAMITbI B HapacTaoliee U3BeCTHOe TioJie. [[pon3Bo/ist OTBIT B Pa3HBIX
TOYKAX MCCJIELYeMOTO I10JIs, OIpeiesisieM HAPsKeHNs Ha M30JI51Tope, IPU KOTOPBIX
BCIIBIXMBAET JIAMIIA B 3TUX TOUKAX TOJs1. Pe3ybTaThl H3MepeHwii 1al0T BO3MOKHOCTD
IIyTeM IPONOPIIMOHAIBLHOTO TIepecyeTa MOJIyUYUTh HAIPSKEHHOCTb B Pa3HBIX TOYKAX
MOJIS TIPU OJTHOM HATIPSIKEHWHW Ha U30JIATOpe.

Jl1st mcesieoBaHus ITOCTOSIHHOTO MAarHUTHOTO 110JIsI MJIM MAarHUTHOTO 110J151, M3Me-
HSIIOIIETOCS € HeGOJIBIINOI 4aCTOTOI, HO He MEHSIIONEr0 CBOEH KOH(MUTYPAITHIT, MOKHO
BOCITI0JIb30BATHCST AHAJIOTMYHBIM METO/IOM, IIOMeIlasl B Pa3jIMyHble TOUKH IOJISI CBO-
GOJIHO BPAIAIONIYIOCS CTPENKY U3 (DEPPOMATHUTHOTO MaTeprasa u HabIo1ast TOJI0-
JKEHMsI, KOTOpPbIe 3aHMMaeT CTpeJIKa B 3TUX TOYKax 1o [lys uccnenoBanns mar-
HUTHOTO TIOJISI MOKHO MCITOJIb30BaTh TAKXKe SIBJICHNE JIEKTPOMArHUTHOM MHILYKITHH.
[Tomeriasi B pasible TOUKH 110JIs1 HeOOJIBIIOM BUTOK UK KATYIIKY 1 U3MePsisi ¢ TIOMO-
1bI0 GATICTIYECKOTO TaTbBAHOMETPA AJIEKTPUUECKUN 3apsifl, TEPEHOCHMBIN CKBO3b
TOTIEPeYHOe ceyerne MPoBOJia KATYIIKHU TIPH YObIBAHUK MOTOKA 0 HYJIsI, MJIU U3Me-
psas peficTByIolee 3HaueHne uan amiutyny D C, namgynupyemMoli B KaTyIike pu
HEePUONYECKN U3MEHSIONIEMCs IOTOKE, MOKHO BBIYMCIUTD 3HAUEHUE MOTOKA, CIell-
JIATONIETOCS ¢ BUTKAMU KaTymki. OTBICKUBAs MOJOXKEHUE KAaTYIIKH OKOJIO JIAHHOM
TOYKHU TI0JIsI, IPU KOTOPOM MOTOK MMeeT HauOoJIbliiee 3HAUYEHWE, TT0JyIaeM HaIpaB-
JleHue BeKkTopa B, meprneHauKyagpHOe TI0OCKOCTH KaTymku. [lo 3Havenuio moToka
[IPU 3TOM HaXO/IUM 3HAYeHWe MAarHUTHOH WHIYKIMHU B cepefinHe Katymiku. Karymrka
JIOJIKHA OBITH CTOJIb MAJIBIX Pa3MepPOB, YTOOBI B €€ TPe/ie/iax moJie Majlo OTJIHYAIOCh
OT OTHOPOTHOTO.

WccnenoBanne aIeKTPUYECKOTO TIOJS TTOCTOSHHOTO TOKA B TTPOBOIAIIEH cpeje
POM3BOINTCS BechMa mpocTo. Ecim cpeia TBep/asi, MOJKHO UCCJIEI0BATD 110JI€ TOJb-
KO Ha ee TTOBEPXHOCTH. EcJn jke cpesia sKuKas WJIn PBIXJias, TO MoJie MOKHO MCCJIeI0-
BaTh U BHYTpH ee. C 3TOM 1EeJIbI0 BBOAST B CPE/LY 30H/ I, IPEACTABIISIONNI cOOOI TOH-
KU MeTaJIMYECKUI CTepsKeHb, M30JIMPOBAHHBIN 10 BCEH [/IHHE, KpOMe HEGOJIBIIOTO
OTpe3Ka Ha KOHIIE.

30H/I TPUHUMAET MTOTEHITUAN TOW TOYKHU CPEJbl, B KOTOPOIT HAXOIUTCS €0 OTKPbI-
TBII KOHell. PasHOCTh TOTEHIMaMa 30HAa U TIOTEHIMAMa KaKoH-1ub0 IPyroi Hens-
MEHHOIT TOYKU CPEbl MOKET OBITh M3MEPEHa BOJIBLTMETPOM WJIH TIPH MAJIBIX Pas3HO-
CTSIX TIOTEHIIMATIOB — BBICOKOYYBCTBUTEJIBHBIM TalbBaHOMeTpOM. COINpOTHBIICHIE
BOJIBTMETPA MJIU TaJIbBaHOMETPA J0JIKHO OBITH TOCTATOYHO BEJIMKO, YTOOBI TOK Yepe3
HUX, BBIXO/SIINI U3 KOHIIA 30H/A B CPE/LY, HE BBI3BIBAJ 3aMETHOTO N3MEHEHUST TIOTCH-
I[ajla B MecTe PacIoJoKeHusT KOoHIla 30H1a. Harbosree ToUHBIE pe3ysibraTbl MOTYT
OBITH MOJTYYEHBI TIPH UCTIOJIB30BAHUN [IJIsI U3MEPEHUsT PA3HOCTH MOTEHIMATIOB KOM-
neHcanmonnoro Metoza. [lomemnas koHerl 30072 B pa3ndHble TOYKUA NCCITEyEMOTO
10JIST, MOKHO HAalTH B HUX TIOTEHIIMATBI, YTO Ja€T BO3MOKHOCTD TIOCTPOUTD MTOBEPX-
HOCTH PABHOTO MOTEHIUAJIA UK JUHUU PABHOTO MOTEHINAA HA TOBEPXHOCTH CPeJIbl
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WM B KAKOM-HHUOY/Ib cedeHnn cpe/ibl. JIMHUM HANPSIKeHHOCTH BJIEKTPUYECKOTO TIOJIs,
aB OI_IHOpOI[HOf/)I B OTHOIIEHUU TPOBOAMMOCTU Cpe/ie N TMHUUN TOKA IPOBOJAT IEPIIEH-
JVKYJISIPHO TIOBEPXHOCTSM PABHOTO MMOTeHIMana. Ha MoBepXHOCTU cpelbl JTUHUN
TOKA JIeXKAT B 9TOU NOBEPXHOCTH, U, CJIEI0BATEJIBHO, OHU [TEPIEHIUKYJISIPHBI K JTUHU-
SIM PABHOTO MOTEHIUAJIA HA ITOW MOBEPXHOCTH.

3Hasl pa3HOCTb MMOTEHIIUATIOB ABYX OJU3JIEKANMX OBEPXHOCTEH PAaBHOTO MOTEH-
Iajia ¥ PacCTOSTHUE MeXK/y HUMHU B JIAaHHOM MeCTe I10JIs1, MOSKHO Oe3 Tpyjia orpejie-
JINTh 3HAYEHUE HANIPSIKEHHOCTU AJIEKTPUYECKOTO TI0JIs1 B 9TOM MecTe. MOKHO Hatpsi-
JKEHHOCTD TIOJIS U3MEPUTh U HENOCPE/CTBEHHO, €CIU BOCIOJb30BATHCS JIBOWHBIM
30H/IOM, COCTOAIINM M3 JIBYX BbIIEOINNCAHHbIX OJAUHOYHBIX 30H/I0OB, OTKPbITbIE KOH-
1Bl KOTOPBIX PACIIOJIOKEHBI Ha HEOOJIBIIIOM OTIPEIEIEHHOM PACCTOSIHUU JAPYT OT JPY-
ra. VIamepsist pa3HOCTD MOTEHITMAJIOB 30HI0B U JIEJISI €€ Ha PACCTOSTHUE MEK/Y KOHI[AME
30HJIOB, TIOJIy4aeM 3HAUeHUe COCTABJSIONIEN BEKTOPA HAMPSIKEHHOCTH JJIEKTpHYe-
CKOTO T0JIsI B HATIPABJIEHUU JIMHUU, COEIUHSIONIEN KOHITbI 30H/I0B.

IKCIIEpUMEHTATBHOE UCCIIE/IOBAHIE 2JIEKTPUUECKUX U MATHUTHBIX MOJIEH B T€X WJIN
MHBIX TEXHUYECKUX YCTPOHUCTBAX — M30JATOpaX, MPrOOpax, MalliHaX, armaparax —
umeeT OOJIbIIOe 3HAYEHHE JIJIsT TPABUIBHOTO MTPOEKTHPOBAHUS ITUX YCTPOUCTB. JKC-
HepruMeHTAIbHOE NCCIeJOBaHIe PAaCTeKaHUsI TOKA B IPOBOSIIEI cpejie uMeeT GOJIb-
I1I0e 3HAYEHUeE JIJIST TIPABUILHOTO TIPOEKTUPOBAHMS 3a3€MJISIONIUX YCTPOUCTB, a TAKKe
JUISE OTIPe/IeJIEHNsI TaK Ha3blBaeMbIX OJIY/KIAIOIINX MOCTOSTHHBIX TOKOB B 3€MJIE, OT-
BETBJIAIONINXCS B 36MJIIO OT PeJIbCOBBIX IMyTell TOPOJICKOTO AJIEKTPUYECKOTO TPAHC-
[OPTa ¥ BBI3BIBAIOIINX PasbeJaHKe POJOKEHHBIX B 3eMJI€ METALIMYECKUX TPYO U
obojouex Kabeseil.

[TocTosIHHOE 2JIEKTPUYECKOE TT0JIe B TUDJIEKTPUKE TIPU OTCYTCTBUU OOBEMHBIX 3a-
PSIZIOB, TIOCTOSTHHOE MarHUTHOE 110Jie B 00JIaCTH BHE TOKOB M ITOCTOSIHHOE 3JIEKTPIYe-
CKOe 110JIe B IPOBOJIAIIEN cpefie B obacTu BHe ucTouHnKOB D/[C onuchiBaioTcest aHa-
JIOTUYHBIMU YPABHEHUSIMU, UMEIOIIUMU COOTBETCTBEHHO BU/L

rotE =0(E = -gradU); D =¢E, divD =0; (a)
rot H =0(H =-gradU); B=uH, divB =0; ()
rot E =0(E = —gradU); J =vE, divJ =0. (8)

[ToaTOMYy eciii OMHAKOBBI TeOMeTpUdecKre KoOH(Urypaiuu obaacteii pocTpaH-
CTBa, B KOTOPBIX CYIIECTBYIOT 9TH I0JIsl, €CJIM aHAJOTUYHbI TPAHUYHbIE YCIOBHS Ha
rpaHuI@ax objaacteil u ecim mMog06HBI OTHOCUTEIbHbIE PACIIPE/IE/ICHIsI 3HAUEHMIT €, |
Uy BHYTpH 006JIacTeil, To KapTUHBI 9TUX T10JIel OyAyT HOZO0OHBI APYT APYTY.

ITO 00CTOSATETBCTBO MOKET OBITH UCIIOJIB30BAHO JIJISI MOJIETIMPOBAHUS OTHOTO MOJIST
apyrum. V3 BBIMIEU3IO0KEHHOTO CIIEAYET, YTO TPOIIE BCETO W ¢ HAMOOJIbIIEeil TOUHO-
CTBIO Y/IAeTCsl HKCIIEPUMEHTATbHO MCCIE0BATh 2JIEKTPUUECKOE TI0JIE€ B TIPOBOJISIIIEI
cpene. Tloatomy ecTecTBEHHO HCCJEIOBAaHUE TTOCTOSTHHBIX JIEKTPUYECKUX TMOJIEH B
JIMAJIEKTPUKE U TIOCTOSIHHBIX MATHUTHBIX 110JIEil BHE TOKOB 3aMEHSITh MCCJIeIOBaHUEM
AJIEKTPUYECKOTO TOJISI B MPOBOJISIIE cpele Ha COOTBETCTBYIONIMX MOJENsIX. BaskHo
IPU HTOM, YTOOBI IIPY MOJAEIUPOBAHUN OBLIO COBIIOLEHO TeOMETPUIECKOe M0001e
ob6J1acTel, B KOTOPBIX CYIIECTBYET TIOJIE, @ TaKKe COOJIOEHBI TpeGyeMble TPaHIMYHbIE
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yeaosust. Ecau cpena ogHopoita, To TpeboBaHue PaBUIbHOTO paciipe/iesieHnsT 3Ha-
YeHW Y BHYTPU 00JIACTH OTIAAET.

Jlist viccsieIoBaHUs MIOCKOTIAPAJIEBHBIX TI0JIell MCIOIb3YI0T METALINYECKIe
JIICTBI VJTH JINCTHI W3 TIPOBOJISIIIEN GyMaru, BBIpe3aHHbIe TI0 OIpeeseHHoi hurype,
n3obpaskaoIeil 06JacTh paccMaTpUBaeMOro moJisi. K HEKOTOPHIM 4YacTsIM TPaHWMIL
JICTA TOBOIAT, & OT HEKOTOPBIX YacTeil OTBOJIST TOK, OTPEAETIEHHBIM 06pa3soM pac-
[pe/Iesisist €ro BIoJIb 9TUX yacTell rpanuil. OcrajbHble 4acTh TpaHuIl OY/IyT, OYeBU/I-
HO, JIMHUSIMU TOKa. Ec/u MojiesupyeTcsi, HarpuMep, MI0CKOomapaiieJbHOe MarHuT-
HOE TI0JIe OKOJIO KaKMX-HUOY/b YacTell MalllMH WJIM alapaToB, TO TPaHMIIbI JIUCTa,
BJIOJIb KOTOPBIX MOABOAUTCS TOK, COOTBETCTBYIOT IPAHUIIAM, BIOJIb KOTOPBIX paciipe-
JleJieHa MarHUTO/BHIKYIIAsi CUJIA, BBI3BIBAIOIIAst MArHUTHOE I10JI€; TPAHUIIbI, BIOJb
KOTOPBIX B JIUCTE TOK He MOABOAUTCS M KOTOPbIE SIBJISTIOTCS IMHUSIMU TOKA, COOTBET-
CTBYIOT rPaHMIIaM, BJIOJIb KOTOPBIX HE PACIIPEesIeHa M. /I. C. ¥ KOTOPBIE, CII€0BATEb-
HO, SIBJISIFOTCST JINHUSIMA PABHOTO MarHUTHOTO MOTEHIIHAJIA.

Ha puc. 30.17 uzobpasxkena obmacts abcdefga B seKTpuveckoil MalinHe, B KOTO-
poil CyIlecTByeT MarHUTHOE IMOJie B BO3/yXe MEXKIY MOJIOCOM U SIKOPEM U B MPO-
cTpaHcTBe Mexay momocamu. Ha puc. 30.18 mokasan ¢burypHsiil JUCT, HA KOTOPOM
MOKET OBITh MCCIEA0BAHO TIOJI€ TOKA, aHATOTUYHOE MATHUTHOMY TIOJIIO B MAIIHHE.
Y100bl MCKJIIOYUTH B MAIIUHE 00JIaCTh, Te IPOTEKAIOT TOKU, 0OMOTKA Ha CEePAEeYHUKE
MOJTIOCA YCJIOBHO TIPE/IIONOKEHA CKATON K inHnu ab. BIomib 910l TuHIM ompeieieH-
HBIM 00pa30M pactipeziesieHa M. JI. ¢. Tak ke cJe/lyeT pacipeiesIuThb TOK, BXOISIINA B
sacT 110 iuaun ab. Jluauu bed v efga B MativiHe CyTh IMHUW PABHOTO MarHUTHOTO T10-
rentnana. Jlunuu bed v efga B mucre — nunuu Toka. [loaTomMy BceM JIMHUSM PaBHOTO
MarHuTHOTO TIOTEHIINAJIA B [T0JIe MAIIMHbI OY/yT COOTBETCTBOBATH JIMHUK TOKA B JIC-
Te, U BCEM MarHUTHBIM JIMHUSIM B T10JI€ MAIIUHBI OY/yT COOTBETCTBOBATH JIMHUU PaB-
HOTO 3JIEKTPUYECKOTO MOTEHIMaa B ucte. IlocjeHie Jerko MOryT ObITh 9KCIIEpH-
MeHTaJIbHO Haii/leHbl Tipyu Tomoriu 1yna K u rasbeanomerpa G.

Puc. 30.17 Puc. 30.18

JLJist viccieIOBaHuUsT TPOCTPAHCTBEHHBIX TOJIE MOKHO TPUMEHHUTH BAHHY CO CJIa00
TTPOBOZATIIEH JKUKOCTHIO, B KOTOPYIO MOTPYKEHBI METAJINYeCKue Tesia (3JIeKTPOIBI)
1 TeJia U3 M30JIMPYIOIIETO BelecTBa onpeiesieHHo hopMbl. K MeTammmyeckuM Tesam
JINHAW TOKA TOAXOAT TMEPTIEHINKYIIPHO UX TTOBEPXHOCTSM, TeJIa U3 U30JIMPYIOIIEro
BelecTBa o6TeKalTes TuHUAME ToKa. Haexarmum obpazom moabupast hopMy Test
Y caMOll BaHHBI, MO’KHO MOJIEJTNPOBATH B TAKOI BaHHE MAarHUTHOE TT0JI€ UJTH JIEKTPU-
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YecKoe ToJie B TUDJEKTPUKE OKOJIO TOW WJIN WHOU WHTepEeCyIollell Hac CUCTeMBbl Ha-
MarH4YeHHBIX WK 3aPsKeHHbBIX Tesl. Bo nabexanue MosBIEHNS 3. 1. C. MOJISPU3aIin
OKOJIO 2JIEKTPOIOB TIOJIB3YIOTCS TIEPEMEHHBIM TOKOM HU3KOH 9acTOTHI, KOTOPBIH pac-
MpesiesisIeTcsT B BaHHe MPAaKTUIECKN TaK JKe, KaK U MMOCTOSTHHBINA TOK MTPU OTCYTCTBUN
ITUX 3. JI. C.

B anextponrnTryeckoil BaHHE MOKHO MOJIETMPOBATH HE TOJTHKO TIOCTOSTHHBIE U 13-
MEHSIONINECST C MAJION YaCTOTON MAarHUTHBIE U 2JIEKTPUYECKHUE TT0JIs, HO U ITOJIST BEK-
TOpa CKOPOCTH B ra30BOM MJIM KUIKON CPeie IPU OTCYTCTBUK TYPOYIE€HTHOTO JABUIKE-
HUs, a TaKKe TOJS PYrUX (PU3UYECKUX BEJUYUH, €CJAU ITU TOJISI OIHUCHIBAIOTCS
YPaBHEHUSIMU, aHATIOTUYHBIMU 110 (pOpMe YPAaBHEHUSM 3JIEKTPUUECKOTO TI0JIST TIOCTO-
SIHHOTO TOKA B IPOBOJIsAIIEH cpefe (M1 OJHOPOTHOM cpefibl — ypaBHeHueM Jlaraca).

CnyontHyio cpemy aJ1eKTPUIecKOl MO/Ien MOXKHO 3aMe-
HUTb, JOIYCKasi M3BECTHYIO CTelleHb NPUOJMKEHUs, 0OJIb-
[TAM 9UCJIOM 2JIEMEHTOB, COCTABIEHHBIX U3 CONMPOTHUBIIECHUH,
T. €. 3aMEHNUTD, KaK TOBOPST, AJIEKTPUUECKON PEeNIeTKON Wn
cerkoit. Ha puc. 30.19 uzobpaskeH ajieMEeHT U3 MIECTH COPO-
TUBJICHUH, 3aMEHSIONIUMN NapaJljiesieliniie]l, BbIpe3aHHblil 13
CILJIOMIHON cpenbl. [IpuMeHenne 31eKTPUYECKUX CETOK IS Puc. 30.19
pUOIMKEHHOTO pellieHnst ypaBHeHuii Jlamiaca mpeaioKeHo
C. A. Tepuropunsim B 1929 T

ITOT METO/ MOKET OBbITh PACIIPOCTPAHEH M HA UCCJIEL0BAHUS ObICTPOIIEPEMEHHBIX
MoJIeil, y»kKe He ONHUCHIBaeMbIX ypaBHeHnueM Jlammaca. IlepemMennble 971€KTPOMATHUT-
HBIE TTOJISI OTJINYAIOTCST OT TIOCTOSTHHBIX 9JIEKTPUYECKUX U MATHUTHBIX TI0JIei TeM, YTO
B HUX IOSIBJISTIOTCST TOKHU 3JIEKTPUYECKOTO CMENIEHUST M UHAYITUPYeMble TIepeMeHHbIM
MarHuTHbIM 1otokoM D/[C. B asexkTpuyeckoii Mo 3T0O MOKHO Y4eCTb BBe/ICHUEM
B KXKIBII 9JIEMEHT MOJIEJTU TIOMUMO COIPOTUBJIEHUI TaKyKe eMKOCTEH W WHIYKTHB-
Hocreil. Ha arom npuniuie JI. V. TyrenmaxepoMm pas3paboTaHbl Tak Ha3bIBaeMbie
AJIEKTPOUHTErPATOPBL. BBO/IS B 9TH 9J1eMEHTBI KPOME BBINIEYKA3aHHBIX JleTasell elle
YCUJTATEJIH ¥ IOTIOJHUTEIbHBIE TPOBOAMMOCTH OIPEAEIISIONIIE OTOOP MU FeHEPUPO-
BaHWe SHEPTUU B dJIEMEHTE, TTPEJICTABISETCS BOSMOKHBIM PENIaTh ITPU MOMOIIN dJIEK-
TPOMHTErPATOPOB BECbMa PA3HOOOPA3HbIE 3a1aUM.

OTMeTnM, HAKOHEII, 9TO [ HETTOCPEACTBEHHOTO U3YyYeHUST TIePEMEHHOTO JJIeK-
TPOMATHUTHOTO TIOJIST B IPOBOIATIEN CPefie, T. €. /IS M3yIeHUs SIBJIeHIS TOBEPXHOCT-
Horo addekra, MOKHO MCCIe0BaHNEe BECTH B YCTPOMCTBAX, TEOMETPUYECKU TT0100-
HBIX JIEHCTBUTENBLHBIM YCTPOHCTBAM, HO JTUMHEHHBIE pa3Mephl [ KOTOPHIX YMEHBITEHB!
WJIA yBeJTUIEeHBl B HEKOTOPOe UmcyIo pa3. [Ipu aToM, Kak cienyeT U3 BBIIEU3I0KEH-
HOI TeOPUHU TOBEPXHOCTHOTO 3 PeKTa, HeoOXOAMMO, YTOOBI B MOJEJIN ¥ B OPUTHHAJIE
ocTaBajiach HeM3MEHHOH OespasMmepHasi BeauunHa [/ouy, HasbiBaeMas KPUTEPHEM

o00us.

JlJ1sl HeIIOCPeICTBEHHOTO MCCIEA0BAHNS IEPEMEHHOTO 3JIEKTPOMATHUTHOTO TI0JISI
B IUJIEKTPUKE B TEOMETPUYECKU MOZOOHBIX MOAEIAX KPUTEPUEM MOL00US ABISIETCS
[IPU IIEPUOAMYECKUX MIPOIECCAX BeJUYMHA [ \/u: U [pH JI00BIX IIPOLEccax — BEJIu-

) .
YrHa —4/UE, T1E t— IIPOMEKYTOK BpEMEHU, OTCYHUTHIBACMbIN OT HA4Ya/IbHOTO MOMECHTA
t
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Bpemenu. JleiicturenbHo, otHomenue 1/t B monenu (1 /t,) n B opurunaine (ly/ty) m0omK-
HO OBITh PABHO OTHOIIEHUIO CKOPOCTEH pacIpOCTPAHEHNST 9JIEKTPOMATHUTHBIX BOJIH B

[ [
MoziesIn v1=1/ W€, ¥ B OpPUTHHAJIE ()221/1/}1282,OTKyZ[a—11/M181 =t—2,/u282 =const.
ti 2

B obsacti TeopuM ¥ IPAKTUKK MOJIECTMPOBAHUS TIPUOPUTET ¥ GOJIBIINE 3aCTyTH
npunaexar coperckuM ydernbiM H. H. ITaBmosckomy, A. H. Kpoiiosy, M. B. Kup-
nuyeBy, a Takke C. A. [epmropuny, JI. 1. Iyrenmaxepy, H. B. Kopoabkosy, /1. 1O. I1a-
HOBY H JIP.

30.14. O kpuTEepusiX pasrpaHMyYeHuUs 3aa4 TEOPUM DNTEKTPUUYECKUX
M MarHUTHbIX Lenei U 3ajay TeOpuMn 3/1IeKTPOMarHUTHOro nons

3 Bcero BBITIIEN3I0KEHHOTO CIEAYET, UTO, TT0 CYIIIECTBY, BCE DJIEKTPOMATHUTHBIE SIB-
JIEHUS TIPU TIOJTHOM U JIETaIbHOM UX PACCMOTPEHHH TPEOYIOT UCCIIeI0BAHUS DIEKTPO-
MarHUTHBIX TTOJIE M COOTBETCTBEHHO B TOH WM WHON Mepe OTHOCITCS K TEOPUM
9JIEKTPOMArHUTHOTO 1MoJist. BMecTe ¢ TeM, pecTaBisieT GOIbIIYIO IEHHOCTh BO3MOJK-
HOCTb CBeJIeHUS 3a7a4 U3 06JACTH DJIEKTPOMAIHUTHBIX SABJIEHWIT K 3a7a4aM TeOpUU
AJIEKTPUYECKNX W MArHUTHBIX I[eTleid, KOTOpasi OolepupyeT TOJbKO WHTErPaJbHBIMU
BEJIMYMHAMU — 3JIEKTPUYECKUM TOKOM, HAIPSKEHHEM, MAarHUTHBIM IIOTOKOM U T. [I.
Becbma BaKHBIM SIBJISIETCS YCTAHOBJIEHUE KPUTEPUEB, B KAKUX CJYUYastX JIOIYCTUMO
paccMoTpenue 3a1ad KaK OTHOCSIIUXCS K TEOPUU LIeell U KOTa He0OX0LUMO UX Pac-
CMaTpUBATh KaK 3a[a4i TEOPUU TIOJIA.

Teopust sJIeKTPUYECKUX Tielell 6a3upyercs Ha BBEJAECHUH MapaMeTPOB OTAETbHBIX
YYIaCTKOB €N, U3 KOTOPHIX OCHOBHBIMU SIBJIAIOTCS WHAYKTUBHOCTH, EMKOCTU U CO-
npotusyenud. [ToMuMo 9TUX MapaMeTpoB BBOAAT B PACCMOTPEHUE ellle MHOKECTBO
NIPYTUX, HAXOAANINXCS B U3BECTHOM CBSA3U C HUMW WJIM UMEIONUX CAMOCTOSTETbHOE
3HavyeHune. Tak, MaTHUTHBIE T[ENTN TMPUHITO XapaKTePU30BaTh UX MATHUTHBIM COTIPO-
tuBaenueM. [Ipyu cuHycongaabHOM M3MEHEHUH MarHUTHOTO MOTOKA MOKHO BBECTH
6oJtee OOIIMIT TTapaMeTp — KOMILJIEKCHOE MAaTHUTHOE COMPOTHBIIEHIE, XapaKTePU3YTO-
Iee TakyKe 1 TOTepU SHEPTUH HA THCTePe3NC M Ha BUXPEBbIE TOKM B MATHUTHOM TIETIN.
[Ipu uccseoBanuy 3JIEKTPUUECKUX TIETIel TTPU CUHYCOUIAJIbHBIX TIePEMEHHBIX TOKAX
BBOZAT HOHATUA 00 AKTUBHBIX M PEAKTUBHBIX CONPOTUBJIEHUSIX M IPOBOAMMOCTSIX
YYIaCTKOB I€ITH, KOTOPbIE B MPOCTEUTITNX TETISIX HAXOAATCI B QYHKITMOHATHHON 3aBU-
CUMOCTHU OT MHIYKTUBHOCTEH, eMKOCTell U COMPOTUBIEHWI OTHETHHBIX 9TEMEHTOB
nenu. I[Ipu cuHycongaIbHOM U3MEHEHNN TOKOB BBOJAT TaksKe OoJiee 001I1e mapamMer-
DBl — KOMTIJIEKCHOE 9TEKTPUIECKOE COMMPOTUBJIEHTE N KOMILJIEKCHYIO TIPOBOIMMOCTb.
Mmuorue a7eMeHTHI TeTiell XapaKTePU3YIOTC NX CHenIIecKIMH TTapaMeTpamMu. Tak,
HaIrpuMep, OCHOBHBIE CBOICTBA TPEXITIEKTPOIHON 9JIEKTPOHHON JTAMITBI OTIPEIETISTIOT-
CsI He TOJIbKO ee BHYTPEHHUM COMPOTHUBJIEHNEM, HO ¥ KO3 (PUIIMEHTOM YCUIEeHWSI.

W3 Bcero paccMOTPEHHOTO BBIIIIE CJAEAYET, YTO TOJMBKO /JISI CTATUYECKUX WU CTa-
IIHOHAPHBIX PEKMUMOB BCEM THM ITapaMeTpaM MOKeT OBITh IIPUIAHO BIIOJTHE ONpee-
JIEHHO€e 3Hau€HNe U YTO TIPU MTePEeMEHHBIX MTPOIleccaX UCI0Ib30BAHNE UX CYIIECTBEHHO
ocnoxHsieTcs. Tak, HalpuMep, pacipeaesieHne MarHUTHOTO TI0JIsT OKOJIO KaKOTO-JT160
AJIEKTPUUECKOTO KOHTYPA MPU 33J[aHHOM JIEKTPUIECKOM TOKE B KOHTYPE 3aBUCHUT He
TOJIBKO OT (hOPMBI KOHTYpa, HO ¥ OT pacipeeseHis TOKa BHYTPH MPOBOAHNKA, 06pa-
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3ytoiero KOHTyp. TobKo pu TOCTOSTHHOM TOKe paciipe/ie/ieHre TOKa TPU 3alaHHbIX
3JIEKTPUYECKIX CBOMCTBAX MPOBOHUKA OHO3HAYHO OIPEESeTCS TeOMETPIIECKOI
copmoii poBosHrKa. COOTBETCTBEHHO TOJIBKO TPU TIOCTOSSHHOM TOKE TaKO# BaK-
HEHNH mapaMeTp aJIeKTPUYECKOH 1enH, Kak ee MHAYKTUBHOCTD, BITOJIHE OTIPEIeIs-
eTcs TIPU 33JJaHHBIX MAarHUTHBIX CBONCTBAX CPe/lbl TEOMETPUYECKIMU Pa3MepaMu 1
opmoit xorTypa nernu. [Ipn nsmMmeHeHnn ToKa BO BpeMeHU U3MEHSIETCS pacipesee-
HIe TOKa 110 CEYEHUIO MTPOBOAHUKOB, 0OPA3YIOIINX KOHTYP TOKA, U COOTBETCTBEHHO
M3MEHsEeTCS pacupesieiene B TMPOCTPAHCTBE MAarHUTHOTO IOTOKA, CIETIEHHOTO C
KOHTYPOM, a CJIeZIOBATeIbHO, M3MEHSeTCS U UHAYKTUBHOCTh KOHTYypa. Tak, mpu me-
PUOIMYECKUX TIPOIECCaX, KaK MBI MMEJU BO3MOXKHOCTb yOEAUTHCS B ATOW TJIaBe,
AJIEKTPUYECKUI TOK PaCIpelesieTCst TPEUMYIIIECTBEHHO B TIOBEPXHOCTHOM CJIOE TIPO-
BOJIHUKA, YTO BEJIET K OCTAGIEHII0 MATHUTHOTO TIOJIsI BHYTPH TIPOBOJHUKA U K YMEHb-
MIEHUT0 MHAYKTUBHOCTHY Tietu. [Ipu cuHyconatbHOM TOKE MHAYKTUBHOCTD SBJISETCS
(ynknmeit yrioBoit yactotsl Toka. [Ipn HecunyconsaabHOM MTEPUOANYECKOM TOKE OHA,
OYEBUIHO, OYIET SIBIATHCS (DyHKIHE Takke (hopMbl KpUBOit Toka. [Ipu Henepuoan-
YECKMX M3MEHEHUSIX TOKA MHAYKTUBHOCTD, CTPOTO TOBOPST, OY/IET SIBISATHCSI, XOTS ObI
MO0 OJTHOM TOJIBKO yKa3aHHOW MPUYMHE — HEPABHOMEPHOCTHU PacCIpe/leIeHHs] TOKA B
MPOBOTHUKE — CJIOXKHON (DyHKITMEN BpeMeH!.

OT CKOpPOCTH U3MEHEHHS TOKA 3aBUCHUT B elile OOJIbIIell Mepe aKTUBHOE COTTPOTHB-
seHue mpoBoaHnKa. CTPOTo TOBOPS, 3TO YTBEP:K/AEHNE OTHOCUTCS M K eMKOCTH KOH-
JIeHcaTopa, Tak KaKk HepaBHOMEPHOe paclipejiesieHue TIepeMEHHOr0 TOKa 110 IUPUHE
0OKJIAIOK KOHJIEHCATOPA [IOJIKHO BBI3BIBATD TIEPEPACTIPE/Ie/IeHIe TIOTOKA DJIEKTPIUe-
CKOTO CMeNeHUs B AMJIEKTPUKE, a CJeI0BATEIBHO, TIPUBOAUTH K HEKOTOPOMY M3Me-
HEHUIO eMKOCTH KOHJICHCATOPA.

Kpurepuem toro, cie/lyer Ju CUNTATLCS C PACCMOTPEHHBIMY SIBJIEHUSIMU, CITY>KUAT
COOTHOIIIEHNE MEKAY MPOMEKYTKOM BPEMEHH, HEOOXOAUMBIM IS TTPOXOKIEHS
3JICKTPOMArHUTHON BOJIHBI BHYTPB ITPOBOJHUKA OT €T0 TIOBEPXHOCTH /IO T[EHTPAJID-
HBIX YacTell TOMEepPeyHoro CeYeHns, U MPOMEXYTKOM BPEeMEHH, B TeYeHHE KOTOPOTO
TOK B ITPOBOJIHUKE YCIIEBAET U3MEHUTHLCS HA 3aMETHYIO BEJIMYMHY TI0 CPABHEHUIO CO
CBOMIM MaKCUMAaJIBHBIM 3HadeHueM. [Ipy meproamuecknx mporeccax aToT KPUTEpUil
CBOJIUTCA K COOTHONIEHUIO MEXKIY JUITMHOUM 3JIEKTPOMATHUTHOM BOJIHBI BHYTPHU TPO-
BO/IHMKA W JTMHEHHBIMUA pa3MepaMu MOTePeyHoro ceYeHns MpoBoAHNKa. Ecan ammHa
BOJTHBI B IIPOBO/ISATIEH Cpejie UMeeT TIOPSI/IOK MU MEHbIIe JIMTHEHBIX Pa3MepPOB TIolie-
PEYHOTO ceyeHus MPOBOIHNKA, TO ABJIECHNE MTOBEPXHOCTHOTO 3dh(peKrTa CTaHOBUTCS 3a-
MeTHBIM. MBI BUIE/IN, UTO JIMHA 3JIEKTPOMArHUTHOW BOJIHBI B TPOBOJIAIIEH Cpeie
Jla’ke TIPY CPAaBHUTEIBHO HU3KMX YaCTOTAX BeCbMa HEBEJMKA.

MpbI Hauay 3/1eCh PACCMOTPEHHE BOTIPOCA O TTapaMeTpax IeTeil TPy mepeMeHHbIX
TOKAaX C aHaJIN3a BANIHUA HA 3HAYCHUS 9TUX ITapaMeTPOB TIPOTIECCOB, TTPOUCXOIATINX
BHYTPH TTPOBOJHUKOB, TOTOMY UTO 3TU TPOIECCHI TIPUXOAUTCS YIYUTBIBATH YK€ TIPH
CPaBHUTETHHO MEITIEHHBIX U3MEHEHUSIX TOKa. Bompoc o mapamerpax 1em ete 60J1b-
11Ie OCJIOKHSIETCs], KOT/Ia TOKU ¥ HAIIPSIKEHUST B 1IENTN U3MEHSIIOTCSI CTOJIb OBICTPO, 4TO
3a BpeMs 3aMETHOTO UX N3MEHEHUS 3JIeKTPOMArHUTHbIE BOJTHBI HE YCIEBAIOT PAacpo-
CTPAHUTHCS B JMIJIEKTPUKE B0 BCeH 1ienu. Tak Kak CKOPOCTb pacipoCTpaHEHUS
3JICKTPOMArHUTHBIX BOJH B IN2JIEKTPUKE BEJIMKA, HAIIPIMEP B BO3/yXe OHA paBHA
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npubmsuTensHo 3-10% M/c, To yUNTBIBATDL ee KOHeuHoe 3HaueHne Py He OueHb Mpo-
TAXKEHHBIX HENAX IMPUXOJUTCA JUIb IIPU BECbMa 6bICprIX N3MECHCHUAX TOKAa 1 Ha-
[PSIKEHWS.

B Tex ciyuasx, Korja MOKHO HE CUYMTATHCS ¢ KOHEYHOI CKOPOCTBIO PacIpoCTpa-
HEHWs BOJIH B JIMIJIEKTPUKE, BJIEKTPUUYECKYIO Iellb Ha3bIBAIOT IENbI0 C COCPENOTO-
YEeHHBIMK MapamMeTpaMu. [Ipy mepuoanyeckux mporeccax KpuTepueM J0IyCTUMOCTH
PacCMOTPEHUs TIElH KaK IEIH € COCPEIOTOUEHHBIMU TTapaMeTpaMi SIBJISIETCS MaJIOCTh
JIMTHEHHBIX PA3MEPOB IENU 1 ee 9JIEMEHTOB 110 CPABHEHUIO € JITTMHON 9JIEKTPOMATrHUT-
HOIT BOJIHBI B masiekTpuke. [Tpu yactore f= 50 Tif qyinHa 9/1eKTPOMAarHUTHON BOJIHBI
B Boajtyxe paBHa A = 3-108/50 = 6-10° M = 6000 kM. IToaToMy mpn 5T0i1 YacTOTE OOBIY-
HbIE 9JIEKTPOMATHUTHBIE YCTPOICTBA M AJIEKTPUUYECKHUE TIEITH, 32 MCKIIOYEHIEM JIJIH-
HBIX JINHWIT, PACCMATPUBAIOTCS KaK 00JIA/IAI0NINE COCPEOTOUCHHBIMU MTaPAMETPAMIL.
[Teprognyeckne TPOIECChl B HUX YaCTO HA3bIBAIOT KBa3UCTAI[MOHAPHBIMK TIPOIEC-
cami.

Ecmi npoTsiskeHHOCTD 9IEKTPUYECKOil 1IeTn CTOJIb BEJIMKA, YTO TPOMEKYTOK Bpe-
MEHU, HeO6XOI[HMbeI JUIA TTPOXOK/IEHUA 3JIeKTpOMaI‘HHTHOfI BOJIHBI BJIOJIb IT€IIN, CTa-
HOBUTCSI CPABHUMBIM € TIPOMEKYTKOM BPEMEHM, B T€UYeHHe KOTOPOTro TOKW WJIM Ha-
NPSUKEHKUsT B OTAEJbHBIX Y4acTKaX IEMd YCIIeBAIOT 3aMETHO U3MEHHUTHCS, TO TaKylo
Iellb yKe HeJIb3sl XapaKTepU30BaTh COCPENOTOYEHHBIMU MapaMeTpamu. B mpocreii-
IeM CJIydae, KOT/a Telb UMeeT GOJIBIIYT0 TPOTSKEHHOCTD JIMIIb B OTHOM HallpaBJie-
HUM, BBOJAT MOHATHE O TlapaMeTpax, paciipe/le/IeHHbIX 110 JinHe Tenu. [Ipuvepom
TaKUX Iereil iBIISII0TCS OJHOPOIHbIE JIMHUU. [[PyriuM IPUMEPOM MOTYT CJIYKHUTh 00-
MOTKH TPaHC(hOPMATOPOB ¥ AJIEKTPUUECKUX MAIIUH, KOTOPBIE IIPU PaCIPOCTPAHEHUN
B/IOJIb HUX BOJTH TOKA W HATIPSTKEHS C JUTUTETLHOCTBIO, H3MEPSIeMOI MUKPOCEKYH/Ia-
MM, JIOJUKHBI PACCMATPUBAThCS KaK IENU ¢ paclipeieIeHHbIMU apamerpami. [{is xa-
PaAKTEPUCTUKHI HO[[O6H]:>IX L[eneﬁ BBOJIAT MMapaMeTpbl, OTHECEHHbIE K €/IMHUIIEC NJINHBI
TEITH.

OHAKO U 9TOT METOJ CTAHOBUTCST YK€ HEBO3MOKHBIM B T€X CJIYJasix, KOT/IA [INHA
AJIEKTPOMArHUTHON BOJIHBI B INDJIEKTPHUKE CPaBHUMA C Pa3MePaMK YCTPOUCTB BO BCEX
HallpaBJIEHUIX. C TaKMMU yCJIOBUAMU MbI BCTPEYAEMCA B TEXHUKE YJIBTPAKOPOTKUX
BOJIH, JUIMHBI KOTOPBIX M3MEPSIOTCS CAHTUMETPAMK M KOTOPble HAXOASAT IIMPOKOE
[pUMEHEHe B COBPEMEHHOU pajnoTexHuKe. IIpu cTOJIb GBICTPBIX Tpoleccax yiKe
HEBO3MOKHO XapaKTepU30BaTh YCTPOHUCTBO ONpPEAETEeHHBIMI MapaMeTpaMu: WHIYK-
TUBHOCTHIO, EMKOCTBIO U COTPOTHBIIeHHeM. HeBO3MOKHO TOBOPUTH TaKKe U O Mapa-
MeTpax, pachpeejeHHbIX BI0JIb KaKOro-TO OJHOTO HalpaBJeHUs. JJIEKTPUYECKIe
KoJsiebaTeIbHbIe CHCTEMBI TIPU CTOJIb KOPOTKKMX BOJIHAX TIPHOOPETAIOT BEChMa CBOEOO-
Pas3HBIN BHJ — DTO MOJIbIe METAJINYECKKE Tejla, BHYTPH MOJIOCTEH KOTOPHIX BO30Y K-
JAIOTCST 9JIEKTPOMATHUTHBIE BOJIHBI B IUAJIEKTPUKE, MHOTOKPATHO OTPAXKAIOTIIECS OT
CTEHOK TeJl. B Takux cucreMax BO3MOKHA HACTPOWKA B PE30HAHC, IPUYEM Pe30HAHC-
HBIE YaCTOThI OTIPE/IE/SIOTCS pasmepaMu 1 (popmoii Tesr. Becbma cBoeobpastyio (op-
My HPUHUMAIOT IIPU CTOJb KOPOTKUX BOJHAX U YCTPOUCTBA, CIIysKalIie s TIepeladn
9JIEKTPOMArHUTHON HSHEPTUH, MOJYYHMBIINE Ha3BaHUE BOJHOBOAOB. DTO — METAJLJIN-
geckue TpyObl, BHYTPU KOTOPBIX PACIIPOCTPAHAIOTCS DIEKTPOMArHUTHbIE BOJHbI B Ha-
npasseHun oceit Tpy6. ITo OTHOIIEHUIO K TIOA00HBIM YCTPOUCTBAM 3aTPYAHUTEIBHO
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[pUMeHeHVe MOHITHS 9JIeKTPUYECKOil 11enn B ero oObiyHOM cMbicie. st pacuera
9IEKTPOMArHUTHBIX MPOTIECCOB B MOAOOHBIX CHCTEMAX HEOOXOAUMO TpHOeraTh K pe-
IIEHUIO YPABHEHUIT 9JIEKTPOMATHUTHOTO TIOJISI ¢ YY€TOM COOTBETCTBYIOIINX IPAHNY-
HBIX YCJIOBUI.
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29.1. Nnockasn 3/1eKTpoMarHUTHasi BOJIHa B AAN3JIEKTPUKe

BOMPOCHI N YNPAXHEHWA

1. Ha 60JIbIIOM paccTOSTHMKM OT MCTOYHUKA 3JEKTPOMATHUTHOTO IOJIST HaIlpsiKeH-
HOCTb MAarHUTHOTO TIOJIS B JINAJIEKTPUKE TIpoTiopiimonanbra gyukiuu 1/7. Kakos xa-
pakrep 3aBucumocTi E(7) B 3T0I 06sacTn?

2. 3aTyxaeT JM 2JIEKTPOMATHUTHAS BOJIHA, PACIIPOCTPAHSISICh B UIEATBHOM JIUIJIEK-
Tpuke?
3. (O) IIpu xakux ycJOBUSX B IUIJEKTPUKE HAPSIY C MPSIMOI BOJHOW CYIIECTBYET
u obpatHas’?
o*E, ,0E,

&4 =0 " YIOBJIETBOPSET, KaK HETPY/HO MTPOBEPUTD, (DYHK-

4. (O) YpaBHEHHIO

st E(z, t) = E,sin kz sin kot, koTopast, 0JlHaKO, He MMeET apryMEHTOM HU z — i,
Hu z + ot. O3HAUaeT Ju 3TO, YTO PElIeHUEe YPaBHEHUSs, NPEACTABJIECHHOE B BHJE
E(z, t) = F;(z — ovt) + Fy(z + ot), e asusgercs obumm?

5. (P) HanpsiskeHHOCTD 3JIEKTPUYECKOrO II0JISI TLIOCKOM 3JIEKTPOMArHUTHOI BOJIHBI
eyt E(z, ) = j10 cos (10% + 30z). B xakoM HampaBIeHHM OCH Z PACIIPOCTPAHSAETCH
BosiHA? Paccuuraiite HanpsiKeHHOCTh H(z, ) MarHuTHOTO TOJISE U CKOPOCTh PacIipo-
CTpPaHEHUS BOJIHBIL.

6. (P) Haiiaute HAIPSKEHHOCTb MArHUTHOTO TOJSI IIJIOCKON 3JIEKTPOMATHUTHOU
BOJIHBI, HATIPSKEHHOCTD 9JIEKTPUIECKOTO IO KOTOPOH BhIpaskeHa dopmymoin E =
= (iE, + jE,)e’® ~ "),

7. Ilmockast a/ieKTPOMAarHUTHAST BOJIHA, U3MEHSISICh 110 CUHYCOUZATbHOMY 3aKOHY C
gacroroit 50 [, MpoXoaNT Yepes TpaHuIly pas/iesa IByX CPel ¢ TPOHUTIAEMOCTSIMU L,
€y 1 Lo, 80gg. YeMy paBHa AT1HA BOTHBI B TIepBOH cpezie? Bo CKOJMBKO pa3 u3MeHseTcs
JITUHA BOJITHBI Ha TPAHUIlE Pasjiesia Cpen?

8. (P) KakoBo MakcuMaIbHO BO3MOKHOE 3HAYCHIE HATIPSKEHHOCTH MAarHUTHOTO TIOJIST
1 MarHUTHOM MHJIyKIMU B IJIOCKOH NPAMOI BOJIHE B BO3/lyXe, €CJU HAIPSIKEHHOCTb
9JIEKTPHYECKOTO TI0JIS He MOsKeT npeBbimath snauerns 3-10% B /m? PaccunTaiite 06b-
eMHYIO TIJIOTHOCTb dHEPTUN 3JIEKTPOMATHUTHOTO TIOJS B BO3/yXe TP TIPEETbHOM
3HaYEHUU HaNpsKeHHocTH 1oJis E.

9. (P) Iltockas cunyconzaabHast 3JeKTPOMArHUTHAS BOJTHA PACIIPOCTPAHSIETCS B IN-
AJIEKTPHKE C TPOHUIIAEMOCTSIMU €, |1 B TPOCTPAHCTBE MEXK/Y COOCHBIMU MJICAJTBHO T1PO-
BOJISITIIIMU JKIJION U 060JI09KO#T Kabesist B HAIIPABIEHUN OT reHepaTopa K Harpyske,
corpoTuBiIeHne KoTopoit R,. Haiiinre aHepruio aIeKTpPOMarHUTHOTO TOJI, 3aKJIIO-
4eHHYI0 B 0ObeMe [MaIeKTpUKa KabeJsst VINHOI, PABHON JUIIHE 3IeKTPOMArHUTHON
BoJsiHbl. CpaBHUTE ee ¢ 3HEPTUeid, MOryioInaeMoll B Harpy3Ke 3a IMepuoji M3MEHEHUs
noJist. Paguyc sxunbst Ry, BHyTpeHtuii paguyc 0600uku Ry. [Ipumure nomyierie 06
OTCYTCTBUU OTPA’KEHHBIX OT HATPY3KU BOJIH.



Bonpochl, ynpaxHeHus, 3agaym Kk rnasam 29 un 30 273

10. (P) Cuoii koakcrasbHOTO Kabesist XapaKTepu3yeTcsl BeIMIUHAMK € = 4gj, L = W.
Omnpezere CKOPOCTh PACIIPOCTPAHEHUS IEKTPOMArHUTHOM BOJIHBI B Kabese U Bbl-
pasute ee 4epe3 MHAYKTUBHOCTb 1 €MKOCTb Ka6eJIH Ha €IMHUIly €ro [AJINHbI, CHUTaA
yIeJIbHOE COTIPOTUBIIEHIE MaTeprasa KUJbl 1 060104ku p = 0.

29.2. Bektop MOWHTHUHIra
BOMPOCH

1. Umeet nu cmbics ousitue Bektopa lloiiHTHHTA BHYTPU TPOBOJAHMKOB U Ha WX TO-
BEPXHOCTSX?

2. Hanpassienne Bextopa IlofinTrHra B HEKOTOPOIT TOUKE 3371aH0. KakoBo HarpasJie-
HUEe BEKTOpPa CKOPOCTHU 3JIEKTPOMArHUTHON BOJIHBI B 3TOW TOYKe?

3. Kakosa pazmepHocth BekTopa IlofinTunra?

4. KakoBa yactota nusmMmenenns Bexkropa [loliHTUHTA TpU CUHYCOMATHHOM 3aKOHE 13-
MEHEHUSI BO BpEMEHU HAIPSIKEHHOCTHU 3JIEKTPUUECKOTO U MATHUTHOTO TOJISI C YaCTO-
TON ®?

3. Bekrop IloiinTunra nMeer KacaTeJbHYIO U HOPMAJIbHYIO COCTABJISIONIME HA T0-
BEPXHOCTH HEKOTOPOro obbemMa. Kakast 13 COCTaBIISIIONINX ONPEAEsieT JIeKTpoMar-
HUTHYIO 9HEPTHUIO, TIOCTYTAIONIYIO B 00beM WJIN UCXOJSIYI0 U3 06beMa?

6. [IpoBomsamiee Tes0 MOMENEHO B TIEPEMEHHOE 3JIeKTPOMarHuTHOE TTosie. B anepruio
KaKOTO BU/[a TIPe0OPasyeTcst 3JIEKTPOMArHUTHAST 9HEPTHUS, TTOCTYTIAIONIast BHYTPb TeJia
CKBO3b €TO MOBEPXHOCTH?

T T

. : ,
7. Kaxoii cMBICTT UMETOT BEJTHYHMHEI JIyE 2dvdt, _”J wp E AVt n I i; [EH]ds dt?
oV ov 0s

YMPAXHEHUA

1. (P) DiiekTpoMarHuTHasi SHEPTHUS TIEPENAETCS TI0 KOAKCHaJIbHOMY Kabestio. Boipa-
sure BekTop [TolHTHHTA Yepe3 TOK i Kabesst U HATIPSDKEHUE U MEXKIY JKUJI0i 1 060-
JIOUKOIA, TpeHebperast morepsiMu B Kabelre.

2. (P) IIpstMOyTOJIbHBIN KOHTYP PACIOJIOKEH B TOJIE TIJIOCKOH GeryIieii B HalpaBIeHIN
OCH Z CUHYCOUJAIBHON 9JIEKTPOMArHUTHON BoJIHBL. [Ipy kKakoM pactonokeHun KOHTY-
pa CKBO3b OIPaHUYEHHYIO UM TOBEPXHOCTH MPOXOAUT HAMOOJBIINN TOK CMEIIEHHS,

T OTIPEIESTUTE €T0, BBIYNCIISIS BETMUNHBI () %ID ds, 6) §H dl.
s i

3. Tlockuil BO3AYIIHBINA KOHIECHCATOP 3apsiKAETCsl OT BHEITHETO UCTOUHUKA. YKaKH-
Te HanpabjeHue BekTopa IloiiHTHHTA B TOYKAaX @) MexAy OOKaagkamu, 6) BOIU3N
KpaeB 0OKJIAJIOK, 6) B Bo3ayxe BO/M3u 0Okaanok. Onpegennre HanpapieHe BEKTOPa
[ToitnTHHTa B TEX e TOYKaX MPU paspsIKe KOHAEHCATOpa Ha PE3HUCTOP.

4. (P) CpaBuuTe 3amaceHHyIo 3a BpeMs ¢ 3apsja MI0CKOTO KOHIEHCATOPA IHEPTHIO
HOJIsI ¢ 9HEPTUE, MOCTY MBI CKBO3b GOKOBYIO MMOBEPXHOCTD, OXBATBIBAIOIILYIO €T0
aaJiekTpuK. Hanpsokenne Meskay oOKIajKaMu U3MEHSIETCsT 110 3aKoHY U(t).
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3. (P) dekrpoMarHuTHAsI SHEPTHS MIEPEIAETCS 110 KOAKCHATLHOMY KabesIio ¢ IBYX-
cyoliHol m3onsanueit. Haliiure pajnyc MoBepXHOCTU pasjiesia CJI0EeB, TTPU KOTOPOM
AHEPTHs, Mepe/laBaeMasi B CJI0SX, OAMHAKOBA. Painychl JKUJTbI, TTOBEPXHOCTH Pa3jiesia
CJI0EB ¥ BHYTPEHHUI pagnyc 060JOUKKM paBHBI COOTBETCTBEHHO Ry, R, Ry. [uamek-
TPUYECKHE U MAarHUTHBIE TPOHUIIAEMOCTU M3OJISIIUU CJIOEB: €, L1y U €9, L.

6. (P) Haiigure pacnpenenenne sektopa Iloiintunra S(r) B o0beMe MEKIY KPYIJIbl-
ME OOKJIaJIKaMU TIIIOCKOTO KOH/IEHCATOPA MPU MPUJIOKEHHOM K HEMY HalpsiKeHUn
u(t) = U, sin ot. Onpesesiute cpennee 3a epuoj 3Havenue S(7, t). Koopaunary 7 ot-
CUMTBIBATE OT OCU CUMMeTpuu KoHzaeHcaropa. [Ipumure nonyienue, yro E(¢) He 3a-
BUCHT OT 7.

7. OteHuTe 9acToTy IPUJIOKEHHOTO K BO3/YIIHON JBYXIIPOBOIHOM JIMHUW HATIPSTKe-
HUS, TIPA KOTOPOIT IepeiaBaeMast o Hell MOIIHOCTh UMEET TOT JKe MOPS/I0K, YTO U 13-
JIydaemast.

8. (P) IIpsamoyrobHbIil KOHTYP co cTropoHamu a = 10 cm, b = 20 cM pacro/ioxkeH B
1oJie GeryIieil B HalpaBIeHUK OCH Z CHHYCOUIAJIBbHOI BOJHBI TaK, YTO €T0 TIOCKOCTh
HepIeHINKYIApHA BeKTOPY HaIPsKeHHOCTH MarHuTHoro noss H = j H,, a KopoTkue

CTOPOHBI TTAPAJJIETbHBI BEKTOPY HATIPS KEHHOCTH 3ieKTpudeckoro nosst. Haitmure nHmy-

upyemyio B Koutype I/1C aByms criocobaMu, BEIYUCIISIS a) € = §E dlunob)e=— ao

npu H,, =500 A/m, f=10° Ty, v = 3-10% M/c, p = o, € = &

29.3. BuxpeBasi ¥ noTeHUuMasibHasi cocTaBnsowme
3J/1IEKTPOMArHUTHOro nons

BOMPOCHI 1 YNPAXHEHUA

1. (O) B kakux ciy4yasx B 971€KTPOMATHUTHOM TIOJIE MOXKET OTCYTCTBOBATD @) BUXpe-
Bast 0) MOTEHI[MATbHAS COCTABJISAIONAs ?

2. (O) Mosxno nu BMecTo noTeHInanoB A, U, ncrnomb3oBaTh 7151 OMUCAHUS 3JIEKTPO-
MAarHUTHOTO TIOJISI CKaJIPHBIN MarHUTHBIN U, U CKaJISIPHBIN 2JIEKTPUUYECKUN TTOTEH-
TIHaTBI?

3. JIBe cpenbl XapaKTepU3YIOTCS Pa3TUYHbIMU 3HAUYEHUSIMU ITPOHUIIAEMOCTEH | 1 €.
B kakoit u3 cpeyn Bpems 3amas/iblBAaHUS 3JIEKTPOMAarHUTHON BOJHBI HA OJTHOM U TOM
JKe PacCTOSTHUU 7 OKa3bIBaeTCsl OOJIBIINM?

4. Tlo AByXMPOBOAHON JUHUH TIepeaull TPOTeKaeT mepeMeHHbIN TOK. CyIecTBYIOT
JIW BUXPEBas W MOTEHIMAJIbHAS COCTABJIAIONINE HanpsiKeHHOCTH E T0sd B @) OKpy-
JKaIoIIEM ee JINDJIEKTPHKe, 0) BHYTPH POBOIOB?

5. JIMHUM 2JIEKTPUYECKOTO TOKA JAOJXKHbBI ObITh 3aMKHYThIMU. 110 KaKUM Iy TSIM 3aMbi-

KaeTcs JIMHUA TOKA IIPOBOJAMMOCTH, IIPOTEKAIONIEr0 110 IIPOBOAHUKY IIPU COeIUHEHUN
UM TeJ ¢ 2JIEKTPUUYECKUMHU 3apsafiaMu +q u —q?

6. (P) beckoneuno mmuubbIl cosneHoun (puc. B29.1), mepeMeHHBII MaTHUTHBIN
MOTOK CKBO3b CeYeHHe KOTOPOTO HAIPaBJIEH TEPIEHIUKYISIPHO MIOCKOCTH PUCYH-
Ka, OXBauyeH MPOBOAAIINM (y = const) KoJbiloM. OObsicHUTE (HUBUUECKHIT CMBICIT



Bonpochl, ynpaxHeHus, 3agaym Kk rnasam 29 un 30 275

UHTErpajioB §>E dl, j;%:dl, ff’(E + (Z:jdl, B34TBIX BJIOJIb OCe-
] ] [

BOI JIMHUM TIPOBOJIA KOJIbIIA, ¥ BHIPA3UTE UX Yepe3 COIPO-
TUBJICHUE 7 KOJIbI[A 1 €r0 TOK 1.

7. (P) OxBatpiBaloliee COJIEHOU KOJBIIO B YCJIOBUU IIpe-
JBIIYIIETO YTIPAXKHEHUST COCTOUT M3 JIBYX IOJYKOJEI, BbI-
MOJIHEHHBIX M3 MaTeprajioB C YAEJbHBIMU 2JIEKTPUYECKUMU Puc. B29.1
MPOBOJIMMOCTSIMU V4 U Yo. Haiiure Besmmunny grad U B moury-

KOJIBI[AX TIPU TOKE KOJIBIIA, PABHOM i.

29.4. Nepepaua 3/1eKTPOMarHUTHOW SHEprum BAOJIb NPOBOAOB JIMHUM
BOIMPOCHI N YINPAXXHEHWUS

1. (O) OxunakoBo n HanpasjeHue BekTopa [[ofiHTUHIA Ha TIOBEPXHOCTAX HKUJIbI 1
000JI04KU KOAKCUAIBHOTO Kabesa?

2. (O) /[IByxmpoBoiHAas JUHUSI MEPEMEHHOTO TOKA MPOTSIHYTA TapajjieibHO TOBEepPX-
HOCTH 3eMJIH, KOTOPYIO cunTaeM mpoBozsaiieii. KakoBo Hanpasienne BekTopa [loiin-
THUHTA Ha TTOBEPXHOCTHU 3EMJIN?

3. (O) Konnencatop ¢ nieasbHbIM JAUIJIEKTPUKOM TIOAKIIOUEH K NCTOUHUKY CHHY-
COMIATTBHOTO HAaNpspKeHMs. Vsmensercs u HarpasieHne Bekropa [lofintiara Mesx-
fy OOKJIajiKaMy KOHJEHCATOPA B T€YeHHUe TePHO/Id M3MEHEHUsT HATPSKEHST NCTOY-
HuKa? KakoBo cpeznnee 3HaueHne Bextopa llofinTnHra 3a nepnox?

4. Tlo AByXTTpOBOMHOI JTUHWH TeUeT TePpeMeHHBIH TOK. VI3MeHdeTcs i B TU2JIEKTPH-
Ke HampaBJeHnre BekTopa [lofinTuHTa B Teuenne mepmoia U3MeHeHnsI Toka? 3aBUCUT
JIM OTBET OT XapaKTepa Harpy3KH JIUHWH?

3. llouemy svHMsI, TpeaHA3HAYEHHAsT IS Iepeladn 3JIEKTPOMArHUTHONW SHEPrhu
MIPOMBITIIJIEHHON YacTOTHI, Heah(heKTUBHA /IJI TIepe/layl SHEPTUN B PAIMOYACTOTHOM
auanazone?

6. (P) dmexTpomarHuTHasd 2HEPTUsd TepefaeTcd 10 JUHUN H
MOCTOSTHHOTO TOKa 6e3 morepb mpu Hanpskenun U= 110 kB. A S
Panuycer cedenust mpoBoioB R = 6 M, paccrostne Mexkay uxX o' o e ®
ocamu D = 2 M, Tox suann I = 100 A. Haiigure 35auenue u i E 4 i
HanpasJenre BekTopa [[oiiHTHHTA B HECKOJBKUX TOYKAX OT- Puc. B29.2

pesKa IpsMOIi, coeuHsonell ocu mpoBoaos (puc. B29.2).

7. (P) [IByxnpoBoaHas JiuHust Oe3 moTepb UMeeT pa-

JINyC cedyeHus POBOIOB R, pacCTOSHUE MEXIY OCd- 2R A 4D U4,

MU MPOBOJIOB D >> R U JINHY, PaBHYIO YeTBEPTOi yac- = :

TU JITAHBI 9JIEKTPOMATHUTHOU BOJIHBI B TUAJIEKTPUKE, |

okpyKatoiieM JuHutoo. Halinure BeIpaskeHue Jis BeK- i

Topa I0HTHHTa B Pa3/IMYHBIX TOUKAX HPAMBIX @ — @' T F=======
|

b

1

1

)

1

i

]

i

i
-

T T
v ’ I
u b — b', uzobpaskentbix Ha puc. B29.3 u nmpoxous- 1_1/4 b :
X 49epe3 ocu 1MpoBO/0B, IpU yCJIOBUU, YTO JIMHUA
Puc. B29.3

HarpysK€Ha Ha COIIPOTUBJICHUE, paBHOE BOJIHOBOMY.
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8. (P) Paccmorpennas B nipesibiiyIneM yrpaskHEeHUH JUHUS HArpyKeHa Ha COTIPOTHUB-

T .
Jgenue Z,=Zexp j i rzie Z — BOJIHOBOE CONIPOTUBJeHUE JuHuu. Hailjiure Boipaxkenue

st BekTopa IToitHTHHTa HAa TIPSIMBIX @ — @' 1 b — b', canTast 3alaHHbIMU HAIIPsIKEHe
Uy ¥ TOK iy Harpy3ku. OGbsicHrTe GU3NIECKUI CMBICT U3MEHEHUS HAITPABJIEHUsI BEK-
topa IlofinTrHTAa B HEKOTOPhIE MOMEHTHI BpeMeHW. PemtuTe aTy 3aiady TakyKe TPHU
aHe auHud, pasHoi [ = 0,024,

30.1. Mnockan aneKTpoMarHMTHas BOJIHA B NPOBoOAsALLEN cpeae
BOMPOCHI

1. Yem pasanyaioTcst MPOIeCChl pacIPOCTPAHEHMST JIEKTPOMATHUTHOTO TIOJIS B Hjle-
QJIbHOM JTU2JIEKTPUKE U B MIPOBOIAIIEN cpee?

2. IIpm kakuX ycloBUAX /1A HAXOKAeHUS HanmpstbkeHHocTn H = Aje ™ + A.e™ mo-
CKOM BOJIHBI @) MOKHO HIPUHSTH OJ{HY U3 OCTOSIHHBIX PABHOI HYJItO, 0) CJIe/LyeT Mpu-
anmath Ay # 0, Ay # 07

3. IloueMy aneKTpoMarHUTHAS BOJTHA B TIPOBOIAIIEN cpefie 3aTyXaeT, a B UA€aTbHOM
JINDJIEKTPUKE HET?

4. (O) Ilouemy BOTHOBOE COIPOTHUBJIEHUE ITPOBOJHIUKA KOMILJIEKCHOE, a UI€ATbHOTO
ITMAJIEKTPUKA BellleCTBEHHOE ?

5. (O) Ilnockast a/leKTPOMATHUTHAS BOJIHA PACIIPOCTPAHSIETCS B HEUJIEATbHOM [IH-
AJIEKTPUKE, XaPAKTEPUIYIOIIEMCS YAEIbHOM 2JIEKTPUUYECKOI IIPOBOJIMMOCTBIO Y U JIU-
AJIEKTPUYECKOH MTPOHUITAEMOCTBIO €. 3aTyXaeT JIU BOJTHA B TaKoli cpene? B kakux mpe-
JleIax MOJKeT JIeKaTh YroJl ¢IBUTA 110 (hase Meskay BeKTopamu Hanpsikennoct E, H
CUHYCOUIATBHON BOJTHBI?

6. (O) I[lnockas ameKTpoMarHUTHAS BOJTHA PACIIPOCTPAHIETCS B HANIPABJIEHWH, TIEP-
HEeHANKYJISIPHOM TOBEPXHOCTH OECKOHEYHOI MTPOBOSIIEN MJIACTHHBI KOHEYHOH TOJI-

munbt. Cripaseaymso m cootnomenne E/H = (1 + ) /% BHYTPH IIJIACTHHBI?
¥

7. (O) Coxpangercs J1 TIOCTOSTHHBIM YTOJI C/IBUTA 1O (ha3e MEKIY HAMPSKEHHOCTS-
MU 2JIEKTPUYECKOTO U MArHUTHOTO TI0JIe TIJIOCKON CMHYCOUIAIbHON BOJIHBI, PACIIPO-
cTpaHsionieiics B riy0b Ge3arpaHudHO MIPOBOIAIINEI Cpe/ibl?

8. (O) ITouemy ¢ pocTOM YaCTOTBI HJEKTPOMATHUTHOTO T0JISI TTyOUHA €T0 TIPOHUKHO-
BEHMS B MPOBOJIANIYIO CPe/ly YMEHbIaeTcs?

9. (O) [lna ompeneseHnsT CKOPOCTU PACTIPOCTPAHEHUS 3JIEKTPOMATHUTHOW BOJHBI
B IIPOBOJAIIEH cpejie MOKHO pacCy:KAaTh Tak ke, KaK U IPU PaCCMOTPEHUU I10JI
B INBJIEKTPUKe: (pasa BOJHBI HEM3MEHHA TIPH Z = Uf, TaK YTO M0JyYaeM of = kot, OTKY-

0} 2m
Ja o= % = _|=—. CupaBeJIMBO JIi TaKoe Olpe/ieJieHre CKOPOCTH PacIiPOCTPAHEHUST

Ly
BOJIHBI B TIPOBOJISIIIEN cpefie?
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YMPAXXHEHWSA

1. (P) M3o6pasure 3IeKTPUYECKYTO 11€ITh, COMPOTUBIEHNE KOTOPOI PaBHO BOJIHOBO-
MY COTIPOTHUBJIEHUIO TIPOBOJIATIEH Cpe/bl. BrIpasnTe mapamMeTpsl ee 2JIeMEHTOB uepe3
BEJIMYMHBI ®, L, y. EAMHCTBEHHA JTM TaKas 1eMb?

2. Jluanextpudeckasi MPOHUIIAEMOCTH CPEJIBI PaBHA € = 4g, ee yeJabHas aJeKTpuye-
ckast posoanMoctb y = 10° Cm/m. TIpn Kakoii yacToTe M3MEHeHHs MOJIs IIJI0THOCTH
TOKOB TIPOBOJIUMOCTHU W CMEIIEHUST COM3MEPUMBI ?

3. (P) Tox i = I, sin ot TpoTeKaeT o MPAMOTMHEHHON ITMHHONW METHON ITUHE TPs-
MOYTOJIHOTO CedeHVs], BBICOTA /I KOTOPOii 3HAYMTENbHO GoJibine Tosmuubl 2d. [Tpu-
HUMast JIOIYIIEHKe, YTO MTPOHUKAIONIAS B IIIMHY 3JIEKTPOMATHUTHASI BOJIHA TLIOCKas,
MOJTyYUTe BBIPAKEHUS [IJIsI HATPSKEHHOCTH MAarHUTHOTO TOJISI U TJIOTHOCTH TOKA B
urHe. PaccunTaiite U OCTPOiiTE KPUBYIO 3aBUCUMOCTH OTHOIIEHWS COIIPOTUBIIEHNUST
7 UIUHBI IPU TIEPEMEHHOM TOKE K COIPOTUBJIEHUIO 7)) IIPH MOCTOSIHHOM TOKe B (hYHK-
K yactothl . IlpuvuTe sHauenns 2d = 2 cM, h = 20 cm, p = pg, ¥ = 5,7-107 Cm/m,
mmHa mHbl [ = 2 M, 0 < o < 400x%, 1/c (0 < f <200 I'n).

4. Bo cxompKO pa3 pa3amdaroTcss aKTUBHBIE COMMPOTUBJIEHUS MeTHON MUHBI (CM. yC-
JIOBYE TIPEJIBIYIIero yIpaxkHeHns ) 1 craabuoit mmHbl (u = 1000 po, ¥ = 10 Om/m)
TaKUX JKe pa3MepoB MPH @) MOCTOSIHHOM, 0) TlepeMeHHOM Toke YacToThl [ = 50 T1i?

5. (P) Ompenenure 9acToTy f, IpH KOTOPOM MPH YCIOBUSAX YIIp. 3 (hasza MIOTHOCTH
TOKa B IIIMHE B MOMEHT BpeMEeHU ¢ U3MeHsIeTCsl Ha a) 27, 0) 4.

30.2. AKTUBHOE U MHAYKTUBHOE CONPOTUBJIEHUSI NPOBOAOB
BOMPOCHI

1. IIpaBuibHO Jin cyrTaTh 00MIEH (DPUBUIECKYIO TIPUPOY SIBJIEHUI MMOBEPXHOCTHOTO
adexra 1 HEpaBHOMEPHOCTH pacIpeesieHns] MAaTHUTHOTO TOJIST BHYTPHU TTPOBOIS-
MUAX Tem?

2. Ilo mpsaMosHetHOMY TIPOBOLY KPYTJIOTO ceueHus TedyeT epeMeHHbIl ToK. Kakue
13 TOYeK TPoBojA (PaCcHoIOKeHHbIe OJIKe K TOBEPXHOCTH WM K IIEHTPY) OXBade-
HbI OOJIBIITMM MarHUTHBIM MOTOKOM? B KakuMxX TOYKax IJIOTHOCTH BUXPEBOTO TOKA
6outbIie?

3. 3Havyenue MJIOTHOCTA MEPEMEHHOTO TOKA B TOYKAX CCUEHUS MTPOBOJA B MOMEHT
BpeMeHU ¢ u3BecTHO. MOKHO JIM CUMTATh, YTO B MOMEHT BpeMeHu ¢ = ¢; + At 1ipo-
U30HIeT TTPOMOPIINOHATBHOE U3MEHEHNE TIJIOTHOCTU TOKA BO BCEX TOUYKAX CEUEHMH,
T. €. 9YTO OHA BO BCEX TOUKAX M3MEHSETCS CUHXPOHHO BO BPEMEHU?

4. ITpu KakoM ycJI0BUM KOHTYP IIPOBO/IA HEKPYTJIOTO CeUeHUST MOXKET COBIAJATD C JIH-
HUell MarHUTHON WHAYKITAN?

5. TIpousoiizer jm mepepacipeiesienne BHYTPEHHETO ¥ BHENTHETO TIOTOKOB B Kabee,
nzobpaskeHHoM Ha puc. B30.1, npu @) yBeaudeHUM 4acTOTHI TOKA, 6) yBEJIUYEHUU
YIETBHON 3IeKTPUUECKON MPOBOIUMOCTH MATEPUAIA JKUJIBI U 000J0UKY Kabesi?



278 Bonpockl, ynpaxHeHns, 3aaa4m K rnasam 29 u 30

(DEHyTp Dpyem

Puc. B30.1

6. (O) K roukam ad nzobpaskernoro ua puc. B30.1 kabesst, mocoemHeH BOJIBTMETP,
[PUYEM CaM BOJIBTMETP U €T0 COeMHUTETbHBIE TPOBO/IA PACIIOIOKEHDI TOJTHOCTHIO B
MIPOCTPAHCTBE MEXKIY KUJIOI 1 060JOUKOM Kabest. 3aBUCHT JIH TTOKAa3aHue BOJIBTMET-
pa OT PacCIIOJIOKEHHSI €T0 COeMHUTENHHBIX TIPOBOMOB? B KakoMm cirydae ero mokasa-
Hust OyayT: a) HaubOMbITMHU, 0) HamMeHbIUMU? Kakue HampsoKeHUs u3Mepsier
BOJIETMETP B 9THX JIBYX caydasx? Kak u3MeHsITCS OTBETHI Ha 9TH BOIIPOCHI, €CJIU MPO-
BOJIa BOJIBTMETPA TIOJICOEUHEHBI K TOYKaM bHc?

7. IIpoBoisitiiee T€JI0 HAXOAUTCSI BO BHENTHEM TIEPEMEHHOM 3JIEKTPOMATHUTHOM I10JI€.
Kaxoii cMmpIca nMeeT wHTETpA ﬁSS ds? 3nmecy § — Bexrop IloitaTnra, ds — ameMenT
MTOBEPXHOCTHU TeJIa. s

8. (O) Deppomarauthoe TeI0 uMeeT pebpa 1 yribl. [Ipu KaKuX yCJIOBUSAX TPOHU-
KaIoIIyI0 CKBO3b €r0 MOBEPXHOCTD 9JIEKTPOMATHUTHYIO BOJHY MOKHO PAaCCMaTPUBATh
KaK TIJIOCKYIO?

9. Kakue ajieMeHTBI COAEPIKUT DIEKTPUUECKAst IIellb, ITapaMeTPhl KOTOPOIl TaKhe Ke,
KaK 1 3JIEKTPUYECKUE TTapaMeTPhl OTPE3Ka IIPOBOJIA TIPU PE3KOM ITPOSIBJICHUH TOBEPX-
HocTHOTO 3pdekTa? EquncTBenHa u Takas Ienb?

10. Moxno pacCcuruTaTb aKTUBHOE COIIPOTUBJIEHUE ITPOBOJA IPAMOYTOJIBHOTO Ce-

[ |op .
JeHusd mo Qopmyie r = — 2y €CIU TIOBePXHOCTHBIN 3(hGhEKT MPOsSBIEH PE3KO?
u\y 2y

(3nech [ — mumHA IPOBOJIA, U — TIEPUMETP CeYeHUsT MPOBOJIA.)

11. IToBepxHOCTHBIN 2DPEKT MPOSABISIETCS pPe3de MPU YBEJUUEHUN ITapaMeTpa Ly,

212
TaK Kak JJIMHA BOJIHBI CBSI3aHA C HUM COOTHOIIeHHeM A = ———. [louemy npu aToM

oLy
COIIPOTUBJIEHHME IIPOBOJAa MOJKET KaK yBeJII/I‘-H/IBaTbCH, TaK "N yMeHbH_[aTbCH?

YMPAXKHEHWA

1. (P) Paccrosinue ¢ Mexmy cOCEIHUMHU JIIMHHBIMU CTOPOHAMU JIBYX ITUH TPSIMO-
YTOJIbHOTO CEYEeHUsI € OJMHAKOBBIMM TOKAMH IPOTUBOIOJOKHBIX HallPpaBJEeHUH 1 =
=+1, sin ¢ 3HAYNTEJTHLHO MEHbIIIe MX BbICOTHI /. Tosmuua 2d 1muH UMeeT TOT JKe 1M0-
PSIZIOK, YTO M PACCTOSTHIE MEKILY HUMM, & JUIFHA TiH [ >> . 3aruiimTe BoIPaKeHUS IS
HampsuKeHHOCTU H 1oJsist Ha JJTMHHBIX CTOPOHAX IIWH U PACCUUTANTe pacipeneeHus
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2d 2d 2d

HATIPSKEHHOCTH TI0JIsI ¥ TIOTHOCTH TOKA O TOJIIIUHE TITHH, Bt R et
npunnmas 2d = 20 mm, £ = 200 MM, p = po, ¥ = 107 Cv/m, —1 [
/=50 T, 250 Tix, 400 Tr, 800 Tir. Paccunraiite akTUBHbBIE T 1 A 3

peaxTuBHBIE conpoTuBaeHus muH, [ = 10 KA.

2. (P) Ilo meamnoii mmne 1 (puc. B30.2) TeueT cunyconmaib-
HBII TOK B TIPSIMOM, a TI0 TAaKUM JKe IHHam 2, 3 — B oOpar-
HOM HAINpaBJIeHNUH, TPUYeM CYMMa TOKOB IITMH PABHA HYJO. x . .
CunTas TOKM MUH 3a[aHHBIMU, HAWINTE 3HAYEHUS HATIPS- i i is
’KEHHOCTH MarHUTHOTO IOJIS Ha JUIMHHBIX CTOPOHAX IINH
U paccuuTaiTe HANPS’)KEHHOCTb MArHUTHOTO TIOJIS M TLJIOT-

HOCTb TOKa B IMHax. Beimommute pacuets ipu [, = 1000 A, ¢ b ¢
I, =-200 A, I, =800 A, c =6 mm, d = 6 mw, h = 100 mv, y “%”_
=g, v =05,7-10" Cm/m, f = 50 T, 2

Puc. B30.2

3. (P) Iunst 1, 2 (em. puc. B30.2) coennnens! mapasiesb-
o, ux ok [ = I, + I, pasen Toky Tperbeii munbt (I, = 1000 A), TekyiieMy B IPOTH-
BOTIOJIOXKHOM HAIIPABJIEHIH, TPUYEM 3HaYeHus TOKOB [y, [, HensBecTHbl. PaccuunTaiite
HATPSIKEHHOCTh H 1Mo Ha ITMHHBIX CTOPOHAX IIHH, & TaKXKe TOKHU [y, I, NCrob3yst
YUCJIEHHbIE JAHHBIE U PE3YJILTAThl PENEHMs TPe/IbIAYINEN 3a/1aun.

4. (P) Toxonposos (puc. B30.3) cocrout ns yerbrpex 24 24 2d 2
. TosuHa 2d KaKI0H U3 MMH 3HAYUTENbHO MEHb- — 1
IlIe MX BBICOTBI. Paccrosinme ¢ MeXy IIMHAMU UMEET TOT ¢ ¢ ¢
JKe TTOPSIZIOK, YTO M UX TOJIIUHA. /[Be JieBble TMHBI C TO-
KOM 1 =1y T iy IPSIMOTO HAIIPpaBJIECHUS COeIMHEHbI TTapaJ-
sepHO. [lo ABYM AAPYTUM TIUHAM, TAKKe COeTUHEHHBIM
MapajiesbHO, TeYeT TOK i = i3 + i; IPOTUBOTIOJIOKHOTO
HarpaBJieHusl. 3alUIIUTe YCJIOBUS, TO3BOJISIONINE Pac-
CUMUTATh TOKU KAXKJOW M3 IUH U pacipejiesieHue miaoT-
HOCTH TOKa U HAPsLKeHHOCTU H 071 110 UX TOJIIUHE.

i i i3 iy

5. (P) Pemure npeabiayIyio 3ajady mpu yCJIOBHUH, 4TO
rapaJiieJIbHO COeJJUHEHbI ITepBasl NHA C TPEThel U 110
HUM TeueT TOK i = i; + i3 MPSIMOTO HaIlpaBJIeHUs, a BTO- T JV JV Jv
pasi ¢ 4eTBEPTOU C TOKOM i = iy + i; IPOTUBOTIOJOKHOTO 1 2 3 4
HalpaBJIeHUS. Puc. B30.3

6. 113 geTpIpex MIMH TOKOTPOBO/IA PA3JINYHBIE TIAPBI IITMH MOXKHO COeTMHUTD TapaJi-
JICJIBHO, HAIIPUMeD, IIEPBYIO CO BTOPOU, IIEPBYIO € TPEThbel WK IIEPBYIO C 4YeTBEPTOI.
I[Tpu kakoM crrocobe coeIMHEHNsT OTHOIIEHNE COMPOTUBIIEHNS 7 TOKOIIPOBO/IA TIPH Tie-
PEMEHHOM TOKe K €T0 COIPOTHBJIEHUIO 7y IPU MOCTOSTHHOM TOKe Oy/1eT HAUMEHbIITIM ?
[Tpumute yncieHHbIE ITaHHBIE TAKUMU e, KaK 1 B YIIp. 2.

7. (P) Toxku cumMMeTpu4HOI Tpexha3Holl CUCTEMBI MPOTEKAIOT IO IMWHAM TIPSIMO-
yrosbHOTO ceuenns (cm. puc. B30.2). Paccunraiite akTHBHBIE COTIPOTUBIECHUS TIHH,
MPUHUMAS TeOMEeTPUYECKUEe Pa3MepPbl, MATEPHUAJT IITMH W YaCTOTY M3MEHEHUS TOKa Ta-
KUMHU 3Ke, KaKk U B y1p. 2.



280 Bonpockl, ynpaxHeHns, 3aaaum K rnasam 29 n 30

8. (P) Toxu I, I, I, xaxnoii us pas cummerpuuHoii TpexdasHoii cucTemMbl IIpoTeKa-
10T 10 JIByM, Ha3bIBaeMbIM paciierieHHbiMe, mmunaM (puc. B30.4) npsamoyrosibHoTO
cevenns. [Tomyunte Buipasenus as tokos I, I, I,, I,, I, I; xaxoit us mmH, cuu-
Tast BBICOTY A IIUH 3HAYUTENHHO OOJIbIlle WX MIMPUHBI 2d W PACCTOSIHUS ¢ MEXKIY
HUMU. (XapaKTepuUCTUKNA MaTepuasa muH ¥, [ = L.)

2d 2d 2d 2d 2d 2d

¢ c c ¢ ¢ - M= Ho _
1p 3b 4
p=o
h X X ° ° X X
i it iy i3 i i3 h
2a 4a i/ﬁfx
3 h
- - z
1 2 3 0
Puc. B30.4 Puc. B30.5

9. (P) B riry6okoM U y3KOM Ta3y poTOpa 9JIeKTPUIecKoil MamuHbl (mpuHa d nasa
3HAYNTETHHO MEHBINE €T0 BBICOTHI /;) HaXOANTCS HEMATHUTHBIN TTPOBOIHUK TIPSIMO-
YTOILHOTO CEUYEHMsT BHICOTOM /i << Ay, TT0 KOTOpOMY TedeT ToK i = I, sin ot (puc. B30.5).
Paccuuraiite HanpsikeHHOCTh H(Y) MATHUTHOTO TIOJIS U IJIOTHOCTD J(Y) TOKA B TOY-
KaX CeYeHMs MMPOBOJHUKA, IPUHUMAs JOIYIIEHUE, YTO MAarHUTHAs TTPOHUIAEMOCTh
BelecTBa poropa 6eckoHeuHo Besnka. [Toctpoiite kpusbie 3aBucumocteit H(y), J(y)
mpu I =100 A, f=50 Iy, y = 3,6-10’ Cm/M, d = 1 em, h = 5 cM 1 oTIpeieInTe aKTHBHOE
CONPOTHUBJIEHUE TIPOBOHUKA JUTHHOM [ = 1 M.

10. (P) B ruiyboKOM 1 y3KOM T1a3y pOTOpa 9JIEKTPUIECKON Malllu- H=Ho
Hbl (d < h, h < hy ) HaxoAsATCS [BA HEMAarHUTHBIX MPOBOAHMKA 1, 2 d

e
MPSIMOYTOJIBHOTO CEYEHUsT ¢ TOKOM OJHOTO HAIPABJIECHMUs, COE/N- W=

HeHHbIe TTocaenoBaTesnbHo (puc. B30.6). Paccumnraiite n moctpoiite

kpuBbie 3aBucumocteiit H(y), J(y) npu 0 <y < 2h u HaiiauTe akTHB-

HOE COIPOTHBJIEHNE KaXK/0T0 U3 MPOBOAHUKOB JnHON [ = 0,5 M .\
nmpud=05cm, h=2cm, I, =1, =100 A, f=50 I, y = 5,7-10" Cm/m, A I 2
c=0. {
11. (P) B npsmoyronbuom nasy (puc. B30.6) naxoxsrcs nsa He-
MarHUTHBIX IPOBO/IHUKA, COeIMHEHHBIE MTapasuiebHo. PaccunTaii- h
Te TOK U aKTUBHOE COITPOTUBJIEHNE KasKA0TO U3 IPOBOJHUKOB, IIPU
I, +1,=1=100 A uc=1mm. OcrajbHbie YUCICHHbIE TaHHbIE Ta-

= X

0

Puc. B30.6
KHe JKe, KaK U B IPEAbIAYIIEM YIIPAKHCHUH.
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12. (P) B npsiMoyrosibHOM Ma3y MUupUHOI d 1 BBICOTON / HAXOASTCS 72 TIPOBOTHIKOB,
pazmepoM d x d Kaskjblii, COeIMHEHHBIX @) MOCJIE0BATENbHO, 0) MapaieabHo. Pac-
CTOSTHUE MEXK/Y COCEHUMHU TTPOBOHUKAMU paBHO ¢. CumuTast TOK I KaX10TO MPOBO/Ia
(BO BTOPOM cJjiyyae TOK BCEX MPOBOJHWKOB) 3a/[aHHBIM, HAMUTE BEJTMUYUHBI HATIPS-
’KEHHOCTU MarHUTHOTO T0JISI Ha CTOPOHAX k-TO TIPOBOIHUKA, & TAKIKE YCJIOBUSI, TO3BO-
JISIONTHE OTPENeUTh TOK KaXKJAO0TO U3 TapasieJbHO COeIMHEHHBIX TTPOBOTHUKOB.

13. (P) PaccuutaiiTe BHYTPEHHIO U BHENIHIOK WHIYKTUBHOCTU CUCTEMBI U3 ABYX
HPSIMOYTOJIBHBIX IIHH pasMepoM 2d x h (d < h) (em. ymip. 1) ¢ Tokamu +i U TOCTPOA-
Te KPUBYIO 3aBUCHMOCTH OTHOIIEHUSI BHYTPEHHEH MHyKTUBHOCTH IIPU IIepEMEHHOM
TOKE K BHYTPEHHe# MHIYKTUBHOCTH IIPU IIOCTOSIHHOM TOKE OT [1apaMeTpa MLy.

14. (P) BoipasuTe morpentHocTh pacueTa COMPOTUBICHUS IMUHBI TPSMOYTOJBHOTO Ce-
vyenust pasmepom 2d x h (d < h) nipu pomynieHnn pe3ko BhIPAKEHHOTO TTOBEPXHOCT-
HOTO ahdexTa, MpUHUMAs MOTydYeHHOe TIpu perteHun yip. 3, § 30.1 BeipaxkeHue 1
pacueTa Z Kak TOUHOE.

15. (P) Ha moBepXHOCTH AJTUHHOTO MPSAMOJUHEHHOTO TPOBO/IA 3aaHa KacaTeTbHast
COCTABJISIONIAST HATIPSPKEHHOCTH E; 9JIEKTPUUYECKOTO TIOJIsI. 3amuIiuTe BbIPAaKeHUe,
CBSI3BIBAIOITIEE MOTITHOCTH MTOTEPH B TIPOBOJIE C BETUUNHOI E; B YCTOBUSIX PE3KO BhIpa-
’KEHHOTO ITOBEPXHOCTHOTO 3deKTa.

16. (P) Haiinure morpentHocTh pacdyeta aKTUBHOTO COMTPOTUBJIEHUS CTATBHOTO TTPO-
[ |ou .

Boza paguycom R = 0,5 cM 1o hopmyite 7 = — 2y CIIpaBeITNBON TIPU PE3KO BBIpa-
uy 2y

JKEHHOM TTOBEPXHOCTHOM 3(hheKTe, eciu BEIeCTBO MPOBOJIA XapaKTepu3yeTcst 3Haue-

nuamu p = 40 po, v = 6:10% Cm/m. Yacrora Toka nposoga f = 50 Ty (u = 2nR).

17. (P) Paguyc memroro mpoBoza pasen 0,5 cM. KakoBbI pajinychl amiOMUHHEBOTO
(y = 3,5-10” Cm/m) u crambroro (p = 50, ¥ = 107 CM/M) IIPOBOJOB TOIl 5Ke J/IMHEL,
uMeroIux mpu yacrore Toka f = 50 [1[ Takoe ke aKTHBHOE CONPOTUBJICHUE, YTO 1 MEJI-
HBIT TIPOBO?

18. (P) Kakum gomkeH 6bITh pajnyc cTaabHoro mposoa (Y. = 107 Cm/m, p, = 50 py),
4yTo0BI Tipu yactore Toka /= 50 Tiy oTHONIEHNE 7_/7_ OBLIO TAKNM K€, KaK U JIJIST Me/l-
HOTO TIPoBOAA paauycoM R = 4 e (y, = 5,7-107 Cm/m).

19. (P) Crampnas muanHApUYECKast CEPAIIEBIHA TTPOBOA PAIIYCOM 5 MM TIOKPBITA
AJIOMUHUEBOI 060104K0i TOMmUHON A = 2 MM, IIpu KakuX 4acToTax aKTUBHOE CO-

IPOTHBJICHNE TAKOTO IIPOBO/Ia IPAKTUYECKH HE 3aBUCUT OT CBOICTB BellecTBa Cepii-
1eBUHBL (Y,, = 3,5-107 Cm/M)?

30.3. HepaBHOMepHOe pacnpeaeneHue
nepeMeHHOro MarHUTHOroO NMOTOKAa U 3JIEKTPUYECKOro TOKa
BOMPOChI

1. Yeunutesa s HepaBHOMEPHOCTD pacipesiesieHns MarHWTHOTO TI0TOKA B TIJIOCKOM
JIFICTE, €CJIM BO3PACTET @) MATHUTHAS TPOHUIIAEMOCTH MaTepHasIa JIUCTa, ) yIeTbHAST
MTPOBOZIMMOCTDH MaTepHasia JINCTA, 8) 4YacTOTa M3MEHEHUS MAarHUTHOTO TIOTOKA?
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2. OpmnakoBa ju (haza MATHUTHOW MH/YKITUH B TOYKAX IIJIOCKOTO JINCTA, UMEIOTINX
paszmmunble KoopauHaThl z (puc. B30.7)?

3. Ilouemy TIp¥ BBICOKUX YacTOTaX N3MEHEHWST MAaTHUTHOTO MTOTOKA
TOJIIUHY JIMCTOB CJIE/yeT BHIOMpPATh MEHBIICH?

4. TTouemy 11pu cOOPKE CEPAEYHUKOB U3 JIMCTOBOIT DIEKTPOTEXHUYE-
CKOI1 cTaiv B 06pasyIoUXCs MaKeTax OTeNbHbIE JIMCThI U30UPY-
10T OJIUH OT [IPYTOTO, HAITPUMeP TIOKPBIBAIOT HETIPOBOIAIINUM JIAKOM? |-
Byner i gocrturarbest Tpebyemblii ahdEKT, ecan MeKIy JUCTaMK 0
MIAKETOB IIPOJIOKHUTh 9JIEKTPOIIPOBOIHbIE, HO HEMATHUTHBIE CJIOU
BelecTna?

IR \

NI

3. Kak ciiesryet pacnosioskuTh TIOCKUI TIPOBOASIININ JIMCT OTHOCH-
TEJIbHO JIMHWH HATIPSI)KEHHOCTHU BHEITHETO OJIHOPOTHOTO MATHUTHOTO Pyvic. B30.7
10J1s1, 4TOOBI HATPETh €ro [0 3aJaHHOI TeMIIepaTyphl 3a HaMEHb-

mee Bpems?

6. (O) IlyTh uHTErpUPOBAHUS TIPU BLIYNCIEHUN WHTErpasa §>H dl = i BeIOpaH Tax,
1

4TO OH OXBAThIBAET JIMHUKM KaK CTOPOHHETO TOKa, Paclpe/esieHre B MPOCTPAHCTBE

KOTOPOTO M3BECTHO, TaK U BUXPEBOTO TOKa. Kakoil TOK cjieayeT mpuHUMAaTh BO BHU-

MaHwue, 3aliChiBas MPaByi0 4acTh WHTErpaja: CTOPOHHUN, BUXPEBOil MO0 U TOT U

IPYTOii?

7. (O) Ha topousaibHblil peppOMArHUTHBIN CEPACYHUK KPYTJIOTO CeUeHUsI HaMO-
TaHo @ BUTKOB. MOXXHO I HAWTH HATIPSAKEHHOCTb MAaTHUTHOTO TOJS Ha OCEBOM
JITHUY BHYTPU CEPAEYHUKA, TTOTb3YsICh hopmynolt H = iw/2nr, Tie r — paauyc oce-
BOI JIMHUU, €CJIA TOK i @) epeMeHHbIi i = I, sin o, 6) mocTossHHbI i = [? B kakux
MJIOCKOCTSX PACTIOJOKEHBI KOHTYPBHI, IO KOTOPBIM 3aMBIKAIOTCS TUHUN BUXPEBOTO
ToKa?

8. Mosker Jin IJIOTHOCTH TIEPEMEHHOIO TOKA, TPOTEKAIOIIEr0 M0 MPSIMOJMHEITHOMY
MUITHAPUIECKOMY TTPOBOJy KPYTJIOTO CEYEHUS @) UMETh B OJUH U TOT K€ MOMEHT
BPEMEHM B Pa3JMUYHBIX TOUKAX CEYEHWS Pa3JMyYHble HATPaBJIEHUs, 6) oOpamarbes B
HYyJIb OTHOBPEMEHHO BO BCEX TOYKAX CEYEHUs], 8) 0OpaIaThCst B HYJIb OJHOBPEMEHHO
B HECKOJIbKUX TOUKAX CEYCHUS?

9. Kakue yc/oBust TOJKHBI OBITH BBITIOJHEHDBI, YTOOBI 3JIEKTPOMArHUTHYIO BOJIHY,
MPOHUKAIOILYIO B IIJIMHPUYECKUN TTPOBOJL KPYTJIOTO CEYEHIST MOKHO ObLIO OBl pac-
CMaTPUBATh KaK MJIOCKYIO?

10. B HexoTOpBIIT MOMEHT BpeMeHHU (pa3a MIOTHOCTH TOKA B TOUYKE HA TTOBEPXHOCTHU
IPOBOJIa PaBHA \;, a B OJIM3KON K TOBEPXHOCTH TOYKE BHYTPH MPOBOMAA — \; + Ay,
KaxkoB 3nak Ay,? B kakoif 3 aTUX TOYeK TOK OTCTaeT 1o ¢asze?

11. Havanpnaga ¢dasza HAMPSKEHHOCTH MAarHUTHOTO TOJIS HA TMMOBEPXHOCTH ITPOBOJA
paBHa y,. Yemy paBHa HavasbHasA (asa TOKa MPoBoOIA?
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YMPAXKHEHWSA

1. (P) Bo ckosibKo pa3 u3MEHUTCS MOIITHOCTH MTOTEPD B cep/ieuHrKe TpanchopMaTopa,
€CJIU JINCTHI TOMIUHON dy = 0,2 MM, 13 KOTOPBIX OH COOPaH, 3aMEHUTD JIMCTAMU TOJI-
MUHO# dy = 0,5 MM TIPH YCIOBUU COXPAHEHSI TOI JKe CPeIHEl MArHUTHON WH/LYKITUH.
MarauTtHas mpoHuIaeMocTb BemiecTBa JUCTOB W = 1000 iy, yaesbHas sIeKTpudecKas
nposoanMocTh y = 107 Cm/M, yacToTa MarHuTHOTO otoka a) f = 50 Ty, 6) f = 400 I,
SBmenme rucrepesnca He yYUTHIBANTE.

2. MarnuTHast MHYKIMS Ha CTOPOHax Jmcta (eM. puc. B30.7) npu z = —d/2 n zy = +d/2
pasHa B, = B, u B, = B, coorBercrBento. Haiiure mI0THOCTH TOKa J(2), & Takke
cpelHee 3HaYEHIEe MArHUTHOW WHIAYKIUK 110 cedennto yucta (h > d, [ > d).

3. (P) IIpu kaxoii Tomune d IUCTOB CEpACYHHUKA U3 IIEPMAJLIOSL, MATHUTHAS TPOHK-
1Ia€MOCTD ¥ y/leJIbHAS JeKTPIYecKas MPOBOUMOCTb KOTOPOTO PABHBI COOTBETCTBEH-
10 1 = 2000y, v = 0,62:107 CM/M, pa3HOCTb HAaMOOJIBIIET0 ¥ HAUMEHBIIEr0 3HAYCHITI
WHIYKITMK B JINCTE OTJIndaercst He Gosiee yeM Ha 10 % ot cpexnnero. Ilpumure gactory
usMenenust noJst B jmcre a) 50 T, 6) 2000 Ty,

4. (P) Papnyc ceyenust npoBoga R = 0,5 ¢cM, MaruuTHasi MpOHUIIAEMOCTh MaTepuaa
nposoza p = 2000, ero yaeabHas aneKTpudeckas mpoBoanMocts ¥ = 3-10° Cum/m.
Kakoit Tok yactotsr 50 11 MOJKHO TIPOITYCTUTD IO TTPOBOLY MPH JOMYCTUMON MaKCH-
MaJIbHOM TIOTHOCTH TOKA Jyo; = 107 A/m*?

3. (P) IIpssmosiHeiiHbII 6ECKOHEYHO JJIMHHBII MEAHBIN MPOBOJ pagnycoM R = 0,5 cm
MIOMEIIEH B OZIHOPOIHOE 3JIEKTPOMArHUTHOE 110JIe, BEKTOP HanpsizkeHHocTn H KoTopo-
IO HaIpaBJIeH BOJIb IPoBoja. HanpskeHHoCTh Mm0/Is Ha ero mosepxuocty H, = 3-10%x
xsin 100m¢ A/m. PaccunraiiTe BUXpEeBOH TOK B TIPOBOJIEC HA €UHUILY €TO JITUHDI.

30.4. 3¢ ekt 6,IM30CTU. DNEKTPOMarHMTHOE SKpaHUpPOBaHUe
BOMPOCHI

1. Ilo mpoBozy TedeT mepeMeHHBIH TOK. VIaMeHuTcd im pacmnpesiesienre MIOTHOCTH
TOKa 110 CEYEHUIO TIPOBOJIA, €CJIM MAPAJJIETHHO €My PACIOJIOKUTh JPYTOil MPOBO/I,
CTOPOHHETO TOKa B KOTOPOM HET?

2. TIposBistercst i ahdeKT 6JM30CTH B TIPOBOJIAX, IO KOTOPHIM T€YET TTOCTOSHHBII TOK?

3. 3aBucHT 1 paclpesie/leHne TOKa 10 CEeYeHHIO J[BYX IIPOBOJIOB OT HAIPaBJICHHS
MTPOTEKATONTUX TI0 HUM TOKOB?

4. (O) Ob6mazaer i1 SKPaHUPYIOMIMM JeiicTBHEM IIPOBOASIIAs TPyOa KOHEUHOM JJIH-
HbI, OXBaTbhIBaoIas a) 0b6a MpoBoja ABYXIPOBOAHON JIMHUM, O) OAWH U3 MPOBOJIOB
NIBYXITPOBOJHOM JIMHWUH, @) TPU IIPOBOA TpeX(a3HOU JUHUM, CYMMA TOKOB KOTOPBIX
paBHA HYJIO?

5. (O) [lng sKkpaHUPOBAHUS JEKTPOCTATUUECKUX MOJIEN HAXOMAT TIPUMEHEHUEe CeT-
YyaThle MPOBOMSIININE 9KPaHbl. [Ipy KakuxX yCJIOBUSIX OHU IKPAHUPYIOT IepeMeHHOe
3JIEKTPOMarHuTHOE ToJe?
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6. (O) DJieKTpOMarHUTHOE I10JI€ MJIOCKOTO TOKOBOTO KOJIbIIA 3KPAHUPYIOT OXBATbI-
BaIOIMM €0 MEJHBIM 3KPaHOM chepruueckoii (OPMbI, COCTaBJIEHHBIM U3 JIBYX ITOJIY-
cdep Tax, 4To MEKIY HUMU oOpasyercst HeboJIbIlast BO3AYIIHAS Iejb. B kaKkoii mioc-
KOCTH 11€J1eCO00Pa3HO OPUEHTUPOBATh INEeJib U JAOCTUMKEHUS HaUOOJIBbIIEro
sKpaHupyiomniero adgdexTa: B MIOCKOCTH KOJbIA WA B TEPHEHIUKYISIPHON eMy
IJIOCKOCTH ?
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23.1. YpaBHeHM1SA 2/1IEKTPOMarHMTHOro nons
B audppepeHumanbHon popme

€

BOMPOCHI
1. Crioco0 mostydeHyst HAIIPSIKEHHOCTHU JIEKTPHYECKOTO TOJISE € HOMOIIIBIO WHTErPAIb-
HOTO COOTHOIIEHUSA §>E ds =4 saxmouaercs B HaXO0X/IEHNN TaKOH MOBEPXHOCTHU S,

A
B 1100011 TOYKe KOTOpOfI BEKTOP ECOXpaHHeT IIOCTOAHHOE 110 MO/1YJIIO 3HaAa4Y€HUE U Ha-
IIpaBJIEH K Hel 1moa OJ/IHUM 1 TEM K€ YIJIOM . Ecim Takas IOBEPXHOCTDb CYyHIECTBYET U
OHa HaﬁaeHa, TO BeJmInHbI E 1 CcOS oL MOKHO BBIHECTHU N3-110/1 3HaKa MHTETrpaJsJa 1
q

HalTH HNCKOMYIO HAIIPAKEHHOCTD ITOJIA KaK E=—-+"—.
£SCoOsa

Takyio TTOBEPXHOCTh MOYKEM OIPEIETUTD, €CJH T10Jie 00IaIaeT OHUM U3 TUIIOB CHM-
MeTpun: chepudecKoi, IMINHAPUIECKoil 1160 maockoil. IIpu chepudeckoii cumMmmer-
P TIOJIS TIOBEPXHOCTD § CyTh chepa, U B 3TOM ciydae UMeeM s = 417, cos o, = 1.

DJIEKTPUUECKOE T10JI€ BEChMa JIIMHHOTO MTPOBOJIA KPYIJIOTO CEYEHUsT XapaKTepPU3yeTcst
HHJII/IHI[I)I/I‘-IGCKOﬁ CI/IMMGTpI/ICI?I, TaK 4TO IIOBEPXHOCTDBIO § ABJIAECTCA TaKasd 3aMKHYTast
[UJIMHAPUYECKast TOBEPXHOCTD, Ha 4acTh KOTOpoii (60KoBOIT) nMeeM E = const # 0,
a Ha Apyron ee yactu (TopIeBoit) — cos o = 0.

Crioco6 pacuera HanpsizkeHHOCTH H MarHUTHOTO TIOJIsI HAa OCHOBE BBIPAsKEHUSI
ﬁH dl = i aHajIOTMYEH PACCMOTPEHHOMY BBIIIE: TIPH HAJIUYMKU KPYTOBOH CUMMETPUHN
I

TIOJIST BBIOMPAEM TaKO# KPYTOBOW KOHTYP WHTEIPUPOBAHIISI, Ha KOTOPOM nMeeM H = const
U B TOYKaX KOTOPOTO yros Meskiy Bekropamu H u dl iMeer 1ocTosIHHOE 3HAYEHME.

4. Bxomgmuii B mpaByIo YacTh ypaBHEHU 3aKOHA 9JIEKTPOMATHUTHON WHIYKITNU Mar-
HUTHBIN MMOTOK CJIe/lyeT IIOHUMATh KaK pe3yJJIbTUPYIONIUH, olpeesiieMblii Kak cyMMa
BHEITHETo (CTOPOHHET0) TIOTOKA W MAarHUTHOTO TIOTOKA, CO3/[aBA€MOTO WHAYIHpPYe-
MBIM 3JIEKTPUYECKUM TOKOM.

5. IIpu ABMKEHUHN TIPOBOIAIIETO TeTa B MATHUTHOM TIoJie B HeM BosuukaeT JJ[C wH-
nyknwu. Ecaum, HanpuMep, B HEM3MEHSTOEMCSI MATHUTHOM TT0JI€ TTOCTOSIHHBIX Marau-
TOB BpaIiaTh paMKy U3 IPOBO/Ia, TO B Heil Bo3HukaeT I/[C.

9. Ilox unayknmeii B, BXomsAmell B IpaByio YacTh BTOPOTO ypaBHeHUs MakcBesa,
cJIeyeT TOHUMATDh Pe3yJBTHPYIONIYI0 WHAYKIINIO, 0OYCIOBIEHHYIO TEHCTBHEM CTO-
POHHETO M WH/YIMPOBaHHOTO Toneii: B = B, + B,,,. VIMenHo usameHsiomneecst BO
BPEMEHHU pe3yJIbTUPYIolee 1oje ¢ MHAYKINeil B IpuBoIUT B COOTBETCTBUU CO BTO-
PbIM ypaBHeHNeM MakcBesia K MOSIBICHUIO 9JIEKTPUIECKOTO OIS U 9JIeKTPUIECKOTO
toka. Cocrassstiomas B, 110/ BO3HUKaeT BCIeACTBUE IIPOTEKAHUs HHAYLIPOBAaH-
Horo Toka. IHynupoBaHHoOe aJeKTPUYecKoe MmoJjie TPUBO/IUT K TOSBJIECHUIO 3JIEKTPU-
YECKUX TOKOB. B niealbHOM IU3JIEKTPUKE MPOTEKAIOT TOKU 3JIEKTPUYECKOTO CMellleH N
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U TIEPEeHOCa, MATHUTHOE TM0Jie KOTOPBIX COBMECTHO CO CTOPOHHUM MOJIEM 00pa3yioT
pesyasTupyIoliee 1moje, NHAYKIUS KOTOPOTO BXOANT B TPABYIO 9acTh BTOPOTO ypaB-
Henng MakcBesia. B mpoBoHIKAX NCTOYHUKAMH WHAYIIMPOBAHHOTO TIOJIS SBISAIOT-
CSI TOKH CMeTeHUs U TTPOBOIMMOCTH.

B psine cirydaeB MHAYIMPOBAHHBIM MOJIEM MOKHO IpeHeOpedb ¥ He MPUHUMATh BO

MH]

BHUMaHHE COCTABJIAIONIYIO —

, BXOZANLYIO B IPaBYIO 4aCTb BTOPOTO YpaBHEHUA

Maxkcgesna. Takoe momymieHre CyIeCTBEHHO YIIPOIIAET pellenye 3a7adl aHaImn3a
3J1eKTPOMarHuTHOro noust. OHo onpapaanHo, ecau By, < B,

10. B cuny cootnorenuii 0E, /0y = OE,/0z = 0 umeem rot E = 0 u, ciieioBarenbHo, Ta-
Koe 1oJjie — 0e3BUXPEBOE.

16. ITose Bekropa D coreronmanbroe mpu div D = 0, T. €. TIpr OTCYTCTBUN B 00J1aCTH

cBoGOMHBIX 3apanoB. Ecim cpena ogHopoana, 1o € div E = 0 u, ciiefoBaTesbHo, 1101

BekTopa E Takke coneHonmanpuoe. B HeogHopoatoit cpene umeem div D = div ¢E =

=gdivE+ Egrade=0udiv E= A E grad ¢, otkyna caenyer, 94To B 00IIEM Cydae
€

div E # 0, 1. e. mose Bexropa E He gBJIS€TCS CONECHONAAIBHBIM.

18. Boipaxkas sesmunny div H us coornommenus div B = div uH = p div H + (grad p)
H = 0: divH = — (1/p) (grad p) H, mpuxoanM K 3aK/JIIOYEHNIO, YTO B OJHOPOAHOI B
MarHuTHOM OoTHoIeHnn cpese Boipaskernne div H = () cripaBeisinBo, TOT/Ia Kak B HEO/I-
HOPOJHOM cpefe, korma grad p # 0, OHO HEBEPHO.

19. HanpsiskeHHOCTh MAarHUTHOTO TIOJIST He SIBJIsieTcsl (DYHKITHeH KOOPJIMHAT, TaK Kak
npu 3amanueix yeaousix (J = 0, H = H,) u3 ypasuenus rot H = (0 momydaem:
0H,/0y=0,0H,/0z=0. YunrsiBas ycaosue div H= 0H,/0x = 0, IpUXOANM K 3aKJII0Ue-
HUIO, UTO TIOJIE SABJSETCS OJJHOPOJIHBIM U H = const.

Ipu J # 0 umeem: 0H, /0y = —J,, OH,/0z = J, n Tak KaKk div H = 0H,/0x = 0, T0o nMeeM
H=H(y, 2).

20. Boipaskenust div div A, grad rot A, grad grad V, rot div A cmbicia He UMeIOT, Tak
kak ¢pyuxnus div A ckansgphas, onepaiuu div u rot Hag KOTOPOIi BBIIOJIHEHBI ObITH
He MOTyT, a pyHKImu rot A, grad V — BeKTOpHBI€, Hajl KOTOPIMHU HEJIb3sT BBIIOJIHUTD
olepaluio rpauenTa.

ToxmecTBEHHO paBHBI HYJIT0 BbipaxkeHus rot grad V u div rot A.

21. DT MOHATHUSA TEPSIOT CMBIC B TOYKAX, Te 00beMHas TIOTHOCTh TOKa JINOO0 3apsi-
na obpaiiaercs B 6eCKOHEYHOCTh. MIHOIIa IPUHUMAIOT JOIYIIEHIE O TOM, YTO TOK Te-
4eT 10 MPOBOAY OECKOHEYHO MAJIOro cedeHus JInbo 1Mo 6ECKOHEYHO TOHKOMY JIUCTY.
B psaze ciryuaes 11e1ecoo0pasHo pacCMaTpPUBATh 9JIEKTPUUECKIE 3aPsI/Ibl KAK COCPEIO-
TOYeHHbIe B OECKOHEUHO MaJibIX 00beMax, pacipeieeHHble BA0Ab OeCKOHEYHO TOH-
KX [IPOBOJAOB OO0 pacipeieeHHble Ha 6eCKOHEYHO TOHKMX JIMCTaX. Bo Beex aTux
CJIy4yasiX UCTOYHUK pasMellieH B OeCKOHEYHO MaJioM 0ObeMe, MOITOMY €ro 0ObeMHast
IJIOTHOCTH CTAHOBUTCS GECKOHEYHOI U OHATHUS rot 1 div B TaKX TOYKax He olpeje-
JICHBI.
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YMPAXXHEHWSA

1. Vickomas IOTHOCTD TOKa ompenesisgeTcs BoipaxkeHueM J = rot H, B KOTOpoMm 1
BBIYMCJICHNS BeJIMYUHEI rot H cieyeT ncrnomp30BaTh MOAXOATIYIO CHCTEMY KOOP/IH-
HAT: B BapUAHTE 2 UMEEM B NPSMOYTOJIbHON cucteme Koopaunat J = k (—aHye™);

. 10
B BapuaHTe Jic MeeM B IIMJINHPUYECKON cructeMe KoopawHat J = k—a— (rH,) = 0.
¥ or

2. nTerpupys ypaBHeHHE lag(rHa) = J,, saxonum H, = 1'[ rJ, dr. Hatipumep, 1ipu
ror r
0

J, J
J. = Jy e (Bapuant e) umeem Hy, = > e + =L (1 —e).
a a’r

3. 3ammceiBas BeipakeHue rot WH B MPIMOYTOJBHON cUCTeMe KOOPAUHAT:
o d [ o d
rotpH =i|—WH), ——@H), |+j|—WuH), ——WH), |+
H _ay(“ ). az(” )y} J{az(u ). ax(“ )z}

I d [ op on
+k| —(H), ——WH), |=purotH +i| —H, ——H, |+

_ax(“ )y ay(u )x} H L}y 73, y}
+J a—MHJC—a—MHZ +k a—}’LH_,/—a—“Hl =urot H +(grad p)H,
| 0z ox ox oy

nosydaeM: fi = w(x, y, 2), f> = (grad p)H.
5. [IpuauMmast Bo BHUMaHIe TOXIecTBO rot grad V=0, MoskeM 3amicaTb COOTHOTIEHIE
H, = H, + grad V, rae V= V(x, y, z) — HekoTOpast cKaasipHast (DyHKIIMSL.

7. Beruncnus ¢ynkimio rot E, onpezensieM ycaoBus, mpu Kotopsix rot E # 0 u, cienosa-
TEJILHO, 3JIEKTPUYECKOE TI0JIE SIBJISIeTCS] BUXPEBbIM. /1151 BApraHTa s, B YaCTHOCTHU, UMEEM
rot E= i(—@E P / 62) = —1iE,, c cos cz # 0, 1, cIeoBaTeIbHO, T10J1e BeKTopa E — BuxpeBoe.

8. ITomecTuM Hauaso MPSMOYTOJBHOW CHUCTEMbI KOODAMHAT B CEPeUHE ILIACTH-
upl. Ilpu ponymenuu B, < B, Bropoe ypaBuenue Maxcsesa IpuHUMaeT BUJL
OE, OF,

X

. OF .
5 P —B,, ® cos o t. C y4eToM ycJI0BHil 3371a41 TMeeM e 0 (mmactuna Gec-
z z z

KOHEYHO JUIMHHAS, [oJie He 3aBUCHT OT KOOpAMHAThl z n J, < J, (t < d), Tak uTO
IUIOTHOCTH TOKA J, = B,, ® Y X COS ® ¢ U3MEHSIETCS B HAIIPABJIEHUH TOMEPEK TIACTUHbI

0,5d
. : ‘ oyhd?
10 TMHEHHOMY 3aKOHY. AMIUTUTY/IHOE 3HaYeHre ToKa i = A I J(x)dx = .

0

B,, cosot

TIpU 33JJaHHBIX YNCJIEHHBIX 3HaUeHusx paBHo 0,39 A.

9. [IpyHNMas B MUJINHAPUYECKON crcTeMe KoopAnHatT B = B,, 13 BTOPOTO ypaBHEHUS
10 10E, 0B, .
Maxcsenia — a—(rEq) T =- = C YYETOM HE3aBUCUMOCTH TI0JIS OT YIJI0BOM KO-
ror r oo ¢

OPIVHATHI TTOJTydaeM 182 (rE,) =— %, OTKY/Ia HAXOJIMM IIJIOTHOCTH ToKa J(7) = YE(r) =
ror

= —0,50yrB,,cosot = — 1,57-10°7 cos 314 t A /M.
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10. /{711 HaXOKIEHUS IIIOTHOCTH 3apsijia UCIOJIb3yeM cooTHotreHwe p = ¢ div E, 3anu-
coiBas Boipaskene div E B oaxosiieii cucreMe koopanHar. Harnpumep, Jist Bapua-
Ta 6 nostydaeM p = ¢ div je* = 0.

12. IIpu coBnasieHnn oceil IPSIMOYTOJIbHONM CUCTEMBI KOOPAWHAT C IJIABHBIMU OCSIMU
AHU30TPOIUU UMEEM

e, 0 O
=0 ¢, 0
0 0 e,
u D =ig E, + je, E, + ke, E, tax uyto div D = (8 E) + 0 (syy )+ %(SzzEz) .

HpI/I HECOBIIaJICHNHN ocent KOOpAUHAT C TJTaBHbBIMU OCAMU aHU3OTPOIINUN UMEEM

€ € €

xx Xy Xz
(& =l, &, &,bD=i(eE,+e,E, +e.E)+jeE, +e¢,FE, +e¢.E)+
827{ Szy 822

oD
+ k(enE, + ,E, + €,E,) =iD, + jD, + kD,, div D = oD, Py, aDZ.
o ‘ ox oy 0z

14. p =div eE = ¢, O, _ goakE.
ox

15. 3amnuceiBas Beipakenue div E = p/gy B IMUINHAPUUYECKOH CUCTEME KOOPAUHAT

U UHTETPUPYS €ro, HaXO/IUM 12(rE,) = ip, E(r)= LJ‘ rp(rdr + C.
ror € €07

2 62H 2
16. —rotrotH—t[aH o H, v 0 HZJ+

+
oy’ oz oxoy Oxoz

0°H, 0°H, 0*°H, 0°H 0*H, o°H., o&*H, 0°H,
+J +— - L — z 1+ k Lz - z— .
ox? 0z* oyox Oyoz ox? dy* 0z0x  0zoy

Gx ay oz’ T ay : 622 ,

oE
VxE = ii+jg+ka x(iE, + jE, + kE,) =i F, %y +
ox oy 0z oy 0z

.(OE. OF oE, OF
+Jj L2 |+ k -——= .
0z Ox ox Oy
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17. MarnutHasd WHAYKOUS MOKET BBIpakaTbesa dopmymnoir B = B(x, y, z), ecau

div B = 0. I BapuanTa 6, HanpumMep, umeem div B = a—” + 5 2 =@ — ¢, TaK 4TO Mar-
x z

HUTHAS WHIYKIMS MOKET BbIpaskatbest (hopmylioii B = iax — kcz npu a = c.
18. U3 Boipaxkenuii divd =0, § = yE caenyer: div yE=ydiv E + E grad y = 0, otkya
. E grady .
noiydaem div E = =21 B 0onHOPOAHOI Cpejle BBIMOJHSIETCS COOTHOIIEHIE
Y
div E=0.

23.2. CucteMa ypaBHEHMWI 3/1eKTPOMArHUTHOIo Nnoss

BOMPOCHI U YIPAXXHEHWS

1. YpasHenue div 8 = 0 BbITekaer u3 nepBoro ypaBuenusi Makcsesia rot H = 8 B
cuy Toxkzaectsa div rot H = 0. IToaToMy 0HO He BXOAUT B CHCTEMY YPaBHEHUI JJI€K-
TPOMArHUTHOTO TOJIA.

oB
B cumy aToro ke ToxzaecTBa U3 BToporo ypasHenus Maxkcsesuia rot E = s cuenyer
t

. 0B 0 ,.
paBeHcTBO div oo div B = 0, o3Havaloliee HEM3MEHHOCTh BO BPEMEHU BEJTUYNHBI
t t

div B. Xorst ypasuenue div B =0 u ciesyer us BTOporo ypaBHeHus MakcBeJiia, 0/{Ha-
KO €r0 HEeJIb3s HCKJIIOUHUTD U3 CHCTEMBI YPAaBHEHWH HIEKTPOMATHUTHOTO TOJIsI, TaK KaK

IIpr paCCMOTPEHUN HE NSMEHAIOIINXCA BO BpEMEHN HOJIeI‘/,Iy Koraa 67 = 0, n3 BTOPOTO
t

YpaBHEHUA 1\/13.KCB€JIJIa7 IIPUHUMAIOMIETO B 9TOM CJIyda€ BU/ rot E= O, YK€ HE BbITEKa-
€T ypaBHEHUA div B = 0, ITOKa3bIBAlOMIETO, YTO MAarHUTHBIX 3apsA/10B HE CYIIECTBYET.

3. Tak Kak BEKTOp MJIOTHOCTH TOKA yaoBJaeTBOpsieT ypaBhenuio div § = 0, To B cuy
toxaectsa div rot F= 0 ero MoxHO npe/cTaBuTh B Buse & = rot F u paccmaTpuBaTh
KaK MCTOYHIK HEKOTOPOTO BEKTOPHOTO 110Jist F, He 00s13aTeIbHO COBMAIAIOINIETO C T0-
JIEM BEKTOPA HAIIPAKEHHOCTU MAarHUTHOTO 110JI, TaKKeE YIOBJIETBOPAIOIIETO YPpaBHE-
Huto & = rot H.

4. B cuctemy ypaBHEHUI 9IeKTPOMArHUTHOTO MOJIS BXOAUT 16 CKaNIpPHBIX TIepeMeH-
HBIX: 5 BEKTOPHBIX, a nMmento D, E, B, H, §, n ckajspHas — TJIOTHOCTH 3apsaaa. B o
JKe BPEMs UMCJIO0 CKaJISIPDHBIX ypaBHeHMIT cocrapisieT 17, Tak Kak K 5 BEKTOPHBLIM
ypaBHEHUsIM, 00pasytonmmM 15 ckansapHbIx, g00aBisaiores 2 ckaasapabix: div B =0 u
div D = p.

HesaBucumbiMu u3 HUX siBistioTest 16 ypaBHenmii, Tak kak ypasuenue div B =0 B 06-
HieM cJydae 1epeMeHHOr0 3JIEKTPOMAarHUTHOTO TI0JIsl BbITEKAEeT U3 BTOPOrO ypaBHe-
Husg Makcsesia.
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5. U3 ypasuenus rot H =38 cuenyer Boipaxkenue div 8 = 0, KoTopoe B CHIYy COOTHO-

nienus & =yE + % + Jyyep MOKHO 3ammucathb B Bujie —div % =div (YE + Jyp) 1, yun-
ThiBast ypaBHenue div D = p, MOJy4uTh BhIpasKeHUE —2—‘: = div (YE + Jyep).

Ecuu, BoiOpaB 06beM V, IPOMHTErpUpPOBaTh M0 HeMy (DyHKIMN 00enX yacTeil HaiieH-

HOTO COOTHOTIIEHVS, TO, TPUHUMAs BO BHUMAHHE, 4TO J pdV =qn Idiv(yE +J ) dV =
14 Vv
d
j;(yE +J ) ds, MOKHO 3aITicaTh BbIpasKEHUE —jq = §(yE +J ) ds, mokasbIBaroIIee,
. o

S S
qTO 3aPsizl B 00beMe MOKET yMEHBIITAThCS TOJIBKO 32 CYET TPOTEKAHSI TOKA N3 00beMa
V cKBO3b OrpaHUYUBAIOLLYIO €I0 II0BEPXHOCTb.

6. Hpﬂ%—?=0ﬂ%—f=0n0ﬂyqaeMro‘cH= S, rot E=0,divB=0, div D= p, B=pH,

D=¢cE 56=yE+ po.

Ecmm dynkus 8(x, y, z) 3a1ana, To 3TH ypaBHEHUS MOXKHO Pa3/leJIUTh HA JIBE IPYTI-
IbI, TIEPEMEHHBIE B KOTOPhIX He B3aumocBsizadbl: ot H = 8, div B=0, B=pH u
rot E=0, div D = p, D = ¢E. IlepBas rpyIia ypaBHeHHUIl ONUCHIBAET HE U3MEHSIOIIHE-
CsI BO BpeMEHM MAaTHUTHBIE TOJIsI, BTOpas — He U3MEHSIONECs BO BpEMEHU 3JIeKTPU-
YecKue IMoJis.

7. 115 UCKII0YeHNs OHOU U3 TIePEeMEeHHBIX U3 CUCTEMbl YPAaBHEHUN 3JI€KTPOMArHuT-
HOTO T10JIS1 CJIE/LyeT IPUMEHUTD OTIEPAIUIO Tot K 0GEMM Y4acTsIM OJTHOTO M3 YPaBHEHUI
MakcBesuia, OJACTABJSIS lajiee B MOJIyYeHHOE BbIpaskeHue Jpyroe ypaBuenve Mak-
cBessa. PaccmoTpum pemrenne BapuanTta 1) ympaskHeHU:.

Taxk xak rot 1 rot E=— g d, To moJstydaem: rot 1 rot E=—vy %—E AHaJIOTMYHO HAXOIUM
t t

n
1r0t1 rot H=rot Eu rotlrot Hzfug.
Y Y ot

Hcnonbays cootromenue rot; rot E = grad; div E — div grad Ej, nosyyaem mpu p = const,
v = const B MPSAMOYTOJIbHOH CHUCTEMe KOOPAUHAT

0°E, +82Ei o°E, OF

+ =Ky )
ax? oy o2’ ot
0°H, 0°H, 0°H, _waHi i=xyz
aw? oyt a2t ot R

Kax Buano u3 ypaBHeHU, B MPSIMOYTOJBHON CUCTEME KOOPAMHAT YPaBHEHUST OTHO-
cuTeNbHO coctaBagtomux E,, E, E,, xax u juis cocrapisomux H,, H,, H,, B 01HOPO/I-
HOU cpejie 00pa3yroT CUCTEMY HECBsI3aHHbBIX ypaBHeHN . OIHAKO MOKHO yOEIUTHCS B
TOM, YTO B IIUJIUHIPUYECKOI CUCTEME KOOPIAMHAT yPABHEHUS] OTHOCUTEJNbHO BEJNYUH
E, E, (xak u ang Bequund H,, H,) B3auMOCBSI3aHBI.
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23.3. N'paHnYHbIe YC/I0BUSI HA NOBEPXHOCTAX pasaerna cpea
C pa3/I4uHbIMU CBOMCTBaMM

BOMPOCHI 1 YNPAXHEHUA

1. B cuny yenosust E, = E;y MOKeM 3amicaTh paBeHCTBO §>E dl = §E dl, Tiie KOHTYpPBI
h b

l;, [, nHTErpUpOBaHUS, UMEOIINE OAUHAKOBYIO (hOPMY, B3IThI Ha 0OEUX CTOPOHAX T10-

BEPXHOCTHU pasjiesia B PasJUYHBIX CpelaX. YUUThiBas, 4To (opMa KOHTYPOB MOKET

OBITH TIPUHSITA TPOU3BOJIBHOI (B 4ACTHOCTH, OHU MOTYT OBITH CTSIHYTBI B TOUKY ), MO-

. D
JKEM, MCIIOJTh3YsT 3aKOH 3JIEKTPOMArHUTHOW WHJLYKITUH §E dl = m 3ammcarb ycJo-
t
/
Bue B, = B,;». Takum o6pasom, rpanudnbie yciaoBust E; = Ejp u B, = B,y He SIBJISIIOTCS
HE3aBUCUMBIMU.

AHajornyHoe paccysKleHue TO03BOJIIeT MPUITH K 3aKJII0YEHUIO, YTO M3 YCJIOBUS
H,; = H,, ny1s IepeMeHHOT0 3JIeKTPOMATHUTHOTO TIOJIST BBITEKAET paBeHCTBO D, = D,,
TaK 4TO 3TU COOTHOIIEHUSI TaK)Ke He SIBJISIOTCS He3aBUCHUMBIMHU.

2.B cJrydae Cl) OHa 3aKJ/II04aeTCA B BOSHMKHOBEHMHN TOHKOI'O CJIOA CBA3aHHBIX 3JICK-
TPUYECKUX 3apAA0B Ha ITOBEPXHOCTU pa3eiia CPE BCIEACTBUE NX paS]IPI‘iHOﬁ IIoJIA-
PU30BaHHOCTHU.

B ciyuae 6)pasanunas HaMarHu4eHHOCTh M Tesl BeleT BCJeACTBHE HellPEPbIBHOCTH
HOpMaJIbHOf/’I K TIOBEPXHOCTHU pa3/iejia Cpen COCTaBJIHIOU_[ef/,I MAarHuUTHOU WMHAYKIUN
K CKa4dKy HOpMaJIbHOP'I COCTaBJIHIOHIef/,I HalIpAKEHHOCTU MAarHUTHOTIO I1I0JId, TaK KaK
1

Hn = (Bn - Mn)

Ho
4. rpaHH'{HbIe YCJIOBHUA HEIIPEPBIBHOCTHU COCTABJIAIONINX BEKTOPOB I10JISA Ha ITOBEPX-
HOCTH pa3s/ieJjia C pa3/IndYHbIMI CBOMCTBAMU COXPaHAI0T CBOU BUA U IIPU aHU30TPOII-
HbIX Cpe/iax. OHHaKO yCJi0BUs, BbIpaKatolne CKa4YK1 COCTAaBIAIONINX BEKTOPOB 11014,
N3MEHAKTCA.

Ecisn tensopul (g,), (¢,) 3anucarb B Buje
8m2

€ € €
(81) — nnl ntl , (82) — nn2 ,

€ €

€ tnl € tl tn2 t2

TO U3 ycsoBus D, = D, cnenyert BoIpasKeHue €,,1 £, = €0 vy — (€11 — €n0) Er1, KOTO-
€

E
PO€ B YACTHOM CJIy4ae, KOTMIA €1 = £y, IIEPEXOIUT B COOTHONIEHNE —1b = ~m2

n2 8nnl
6. I[Ipy HaIMYMK HA TIOBEPXHOCTH Pasjiesia CPeJl AJEKTPUYECKOT0 3apsijia BhIPAsKeHHe
=D, Asy + D,5Asy =0 (cMm. § 24.6) npunumaer Bug —D,,; As; + D,y Asy = Agq, tie Ag —
3apsijl, OXBAaTbIBAEMbIII 3aMKHYTOH MMOBEPXHOCTHIO ITUJINH/PA. YUUTBIBAsd, UTO AS; =
A
=Asy=Asu A—q ~ G, U3 TIOCJIEJIHETO BbIpaKeHUs 1oydyaeMm ycaoBue —D,y + D,y = o,
S
CBsI3bIBalOIlee HOPMaJibHbIE K TIOBEPXHOCTH pazjiesia CPell COCTABJISAIONINE BEKTOPA

cMenieHysd 1mprn HaJIMdruy Ha Hell ITOBEPXHOCTHOTI'O 3api/ia IJIOTHOCTBIO G.
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7. llpubmskentoe Boipaxkenue Hyab — Hycd ~ §>H dl (puc. P23.1) cienyer npupas-
abed
HATH TIOJTHOMY TOKY i, OXBAY€HHOMY KOHTYPOM HHTEIPH- N

POBaHMS U ITPOTEKAOINIEMY B HAIIPABJICHUH, TIEPIEHINKY - Hyf---------" Hy

i
JIIPHOM IIocKOCTH pucynka. Torma Hy — Hypy = — =,

ab

", cJeloBaTeNbHO, KacaredbHasl cocraBisionias H, Ha- a_ ! |\~ __. b M g,
2,

7 //*/ T
NPSUKEHHOCTH MarHATHOTO TOJISL TPETEPIIEBAET Paspbin %j/” / ///’/c 7
Ha MOBEPXHOCTU C Pa3MEIEeHHBIM HA HEH CJI0eM TOKa. Puc. P23.1

[Ipu py = o umeem Hyy = 0.

8. B Toukax Ha rpaHuIle ABYX CPell C MAarHUTHBIMU TIPOHUIIAEMOCTSIMU Ly U Ly YCJIO-

Bue B, = B,, MoxkHO 3anucatb B Bune Wy (H, + M) = wy(H, + M), OTKyl1a BbITeE-

kaeT cooTHouienue (H, — H,») = (-M,; + M,;»). HamaranueHHOCTh BO3/lyXa paBHA

myao (M, = 0), Tak uro nonyyaem: (H,1 — H,») = M5, umu ny (H; — Hy) = n, M.

11. TTosoxeHue TOUYEK TOBEPXHOCTH IUIMHAPA OYIeM OII-

penensitb 3HaueHueM yriaa o (puc. P23.2). B touke A ume-

em E,; = E;sin o= 100 sin o, E; = E cos oo = 100 cos a.. B cury

IPAHUYHBIX YCJIOBUIA HA TIOBEPXHOCTHU IIUJIMHPA B BO3/LyXe
€, .

nonyyaeMm E,, = —E,; = 200 sina, E, = E; = 100 cos a,
86

D,, =200 g, sin a, D, = 100 g, cos a.

B Toukax mMoBepXHOCTH IUJMHIPA B BO3JyXe HANPSKEH-

Hoctb nonst E, = (E2, + EZ = 10?/4sin” o +cos” o He oc- Puc. P23.2

TAeTCsT MOCTOSTHHOM, ¥, CJIEZI0BATEIHHO, OHO He SIBJISIETCSI OJHOPOIHBIM BOJIM3M I[H-
JITH/IPA.

12. Tax kax Hy = Hyy, H, = Hy, 10 Hyp = Hy4, B,y = By = noH,y. Ilpn copnagennn
IJIABHBIX OCEH aHU30TPOIIUU C OCSIMU X, i UMeeM

_ My O Bx2 _ “’r O HxZ

) 1 :
1 .
OTKyZla B,y = w,H,y, By2 = HyHer Hy=—By= ﬁiOHxh By2 = HyHyb By =inH,y +

+ oy, raxc o By = i poHy + ju,Hyy, Hy =i 50 H,y + jH,,.

X
HpI/I HECOBIIaJ€HHNN T'JIaBHbIX ocen AHU30TPOIINU CPeAbl C OCAMU X, iy UMEEM
Mo “xy Bx2 _ Mo l’l;\y Hx2

(W = u
ny l"luy By2 Myx “yy ‘Hy2

’

otryaa By = W Hyo + oy Hyp, By = Wy Hey + Wy, Hyp. OTciona naxoaum
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1 H ”’.
Hy=—B8By»— ﬂHJﬂ = Hyy — yb BJ/2 = Hyr MiOH"ﬂ T M _Mﬂuw Hyl’

My

. . . . il M,
By =iy Hy +juoH,y, By = ingHy +jlu, —~H  +|n,, ———u, [H

xx xx

yl

. o, .
Hy=i| " H - H, |+jH,
Hxx uﬂ

24.1. MNoTeHUMan 3/1eKTPOCTaTUYECKOro nonsa
BOMPOCHI

1. YcI0BHO MPUHSTO, YTO HANPSIKEHHOCTD T0JIsT HATIPaBJIeHA B CTOPOHY OT MOJIOKH-
TEJIHO 3apPSKEHHBIX TeJ, U YTO MOTEHIHal yObIBaeT B HAIIPABIEHUM JIMHUN HATIPsI-
JKEHHOCTH T10JIst. DTUM YCJIOBUSAM cOoTBeTCTBYeT cootHomrenue E = —grad U.

9. Ecyii nmoJHbIi 3apsiji TPOBOIOB JIMHUN PaBEH HYJIIO, TO MOTEHIMAT B GECKOHEYHO
yIQJIEeHHOI TOYKe MOKHO ITPUHSATH PABHBIM HYJIIO, TAK KaK B 9TOM CJIydae Ha OOJIbIIIOM
yAJIEHUN OT MIPOBOJIOB OH MPOITOPIIMOHATIEH (DYHKITUU # ", T/Ie ¥ — PACCTOSTHUE OT TIPO-
BOJZIOB ZI0 TOYKU OIPeJIeIeHNsT TOTeHITNAJA, 77 — MOJOKUTeNbHOe yncao. Eciu xe moJ-
HBII 3apsi/l IPOBOJ/IOB OTJIMYEH OT HYJId, TO PAaBHBIM HYJIIO MOKHO TIPUHATH TOTEHITUAT
TOJIbKO HAa KOHEYHOM PACCTOSIHUU OT IIPOBOJIOB, TaK KaK B 3TOM CJlydae MOTEHIUAJ I1PO-
moprroHaieH GyHKIMU In 7, KoTopast HeorpaHMYEHHO BO3PACTAET TIPU 7 —> o0,

10. Ecsiz MbIC/IEHHO YT IIPOBOJISAIIEE TEJIO, COXPAHUB yKe B OJIHOPOIHON cpejie
C TIPOHUIAEMOCTbHIO € HA IIOBEPXHOCTHU § TeJia 3apsiJl, PACIIPE/IeJIEHHBIN TaK JKe, KaK OH
ObLI pacipesieieH Ha MOBEPXHOCTU IIPOBOASILETO TeJa, TO MoJie KaK BHYTPU S, TaK U
BHE ee COXPaHUTCS TeM jke. BHyTpH $ 110151 He Oy/IeT, a BHE ee OHO TIOJIHOCTBIO OTIpe/ie-
JIUTCS 3aPsIIOM TIJIOTHOCTHIO ©. [loaToMy 1Ipu pacuere MmoTeHIIMaa 10 IPUBEIEHHOM
bopmyJie cpeiy MOKHO pacCMaTPUBATh KaK OJHOPOHYIO.

11. Ecimm WHTETPUPOBAHUE BBIIIOJIHATD TOJIBKO IO ITOBEPXHOCTU 3aPAKEHHOI'O TeEJIa,
TO pe3yJbTaT 6y}1€T HEBEPHDbIM. I/IHTGFpHpOBaHI/Ie CJIEIYET BbIIIOJIHUTD TaKK€ U 110 110~
BEPXHOCTHU HE3apAKEHHOIO TeJia, JIJIAA 4YE€ro HeO6XOlII/IMO 3HaTb IIJIOTHOCTb © HaB€-
AE€HHOI'O Ha €ro IIOBEPXHOCTHU 3apAada.

12. Ec moHMMATD [0/ BEJIMYUHON p IIOTHOCTH CBOOOAHOTO 3apsi/ia, TO HEJIb3s, TaK
Kak cpejia HeogHopoaHa. [IJIs moiydeHuns moTeHIMaia HeoOXoauMo KpoMe CBOOOIHO-
TO 3HATh paclpejiesieHie U CBSI3aHHOTO 3JIEKTPUIECKOTO 3apsi/ia.

YMPAXXHEHNSA N 3AOAYN

3. Ilone BEKTOpPa E aBnsercs IMOTEHIIUAJIbHBIM, €CJI1 OH YAOBJIETBOPAET YPAaBHEHUIO

E E
rot E=0. Hanipumep, 711 BapuanTa d nmeeM rot, E = OF, 9B __ b # 0, u, crenona-

oy 0z
TEJTbHO, TI0JIE B 9TOM CJIy4ae He SBJSETCS TOTEHITNATHHBIM.
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4. TloTeHIMa CBsI3aH C HAIPSKEHHOCTBIO JIEKTPUYECKOTO MOJISI COOTHOUIEHUSIMU
U= —I E dx+ fi(y,z) + C= —I E,dy+ fo(x,2) + C= —I E.dz+ f5(x,y) + C. Ilpumensis
WX JIJIS pelieHus BapuanTa 0 ycaioBust, HaxouuM U= —Eyy + [o(2) + C=—Esz + f3(y) + C,
orkyaa U(x, y, z) = —Ery — Esz + C.

5. Cocrasmsionue Ey, Ey, E3 HAPSIKEHHOCTH TIOJIST JTOJUKHBI YAOBIETBOPSITH YCIIO-
OFE, OF, OFE, OE, _ OFE, OF

BusiMmrot, E=—"2 - —2 =(, rot, E=—L 0,rot, E=—"%2 - —L = (. /lia Bapu-
* oy 0z Y 0z Ox : ox oy P
aHTa 6, B YaCTHOCTU, UMEeeM % =0, % - % =0, % =0.
oy 0z ox oy

1 pcoso
7. Ucnosbzyem opmyay U= e OTTPEIETISIIONITYIO TOTEHITUAI TIOJIST IUTIOJIS

ne r
upu r > d. Tlose 3apsi0B, n3o06paskenubix Ha puc. P24.1, a, skBuBaseHTHO Ha GOJIH-

. 2pcos @
LIMX PACCTOSHUSX MOJI0 ABYX Aunoseit Uy = ———=.
4mer
a A 6 A

Puc. P24.1

[ToTeHnumas 1moJis 3apsa0B, n300paskeHHbIX Ha puc. P24.1, 6 u obpasyiommx KBaapy-
110JTb, paBEH

COS @, COSQ, | _ pcos
UA:p[ 9 2 — 9 1j:p ;p(rls_r;)’
4re 7, n 4rer

d . d . .
YuureiBas, 4To 7y X ¥ — — Sin @, 1y = ¥ + — Sin @, HAXOUM r> —r) =317 dsin o,
2 2 1 2

3psin2¢ o 9psin2¢ E

) r )

U, = B _3pcos2(p.

8mer® Smer’ 4rer’

Takum o6pasoM, xapakrep M3MeHEHHUs! TOTEHIMANA Ha OOJBIINX PACCTOSIHUSIX OT
JBYX IOl (IIPOMOPIMOHANBHO 7 2 WM 77 °) ONpe/ie/iseTcs UX B3auMHbIM PacIio-
JIOJKCHUEM.
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2n

tRdo TR
8. IloTenmuan Ha ocu z (puc. P24.2) pasen U = = , a Ha-
0 4neNz® + R* 2ez” + R?
oU TRz

npsKeHHOCTh 1ot E, = 0, E,= 0, E,=- E = m

Puc. P24.2 Puc. P24.3

9. HJIB.CTI/IHy paccMaTprBaeM KaK COBOKYIIHOCTb OEeCKOHEUHO JUIMHHBIX IIOJIOCOK

odx,
X
2me

><1n1/(ac—xo)2 +y2. WNHuTterpupysd 5TO BbIpa)keHue B Ipejiesiax U3MEHEHUs X, OT
—a 10 + a, HaXOuM

MIUPUHON dx, KaskIast, MOTeHIra moJst KoTopeix (puc. P24.3) pasen dU = —

Ulx,y) = -2 xlnMJraln{[(x—af Ly [+ a)? + ) -
4ne (x-a) +y’

—4da+2y arctg22azyz}
Yy +x" —a

10. O6o3HaYMB B TIOJSIPHON CHCTEME KOOPAMHAT KOOP-
IIMTHATHI TOUKW A, B KOTOPOII oripe/iesisieM MOTEeHIINa, KakK
7, ¢, a KOOPAWHATHI n-H HUTU Kak ¥, = R, o, = (1n/N)x

x(2n — 1) (puc. P24.4), MmoxxeM HamucaTb MTOTEHITAAJ
1oJId n-1 3apsKeHHOW HUTU B BUJIE

U, = —T—”ln[r2 +R* —2rRcos(p—a. ).
4me

HOJII)SYHCI) METOAOM HaJIOKEHW, ITIOJIydaeM B CJIydae O/1-
HOMMEHHDBIX 3apA10B HUTEN

Puc. P24.4

N
U =4ilnl_[[r2 +R* —2rRcos(p—a. )]
e

1 1PN PaSHOMMEHHDBIX 3apAaax HUTEN
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N
U= %Z(—l)" In[#* + R* —2rRcos(¢—a. )]
ne

n=1

nim

l_I[r2 +R* —2rRcos(p—a )]
T

U — 7111 n=24,.. .
4re 1_[[72 +R? —2rRcos(p—a )]

n=1,3,..

Boipaskenus a5 pacueta HapsKEHHOCTH TTOJIST UMEIOT BUJL IPU OJTHOMMEHHBIX 3a-
psaax

_ou, =, r—Rcos(p—a )
" or  2me r*+R*-2rRcos(p—a,)
_ou, 1, rRsin(p—-a )
o rdp  2me r’ +R® —2rRcos(p—a.,)
N _ _ N : _
£ T, r—Rcos(p—a ,) £ o=t rRsin(p—a )

r ¢

2me S r” + R? —2rRcos(p—-a. ) 2me S + R —2rRcos(p—a,)

U 1IpY Pa3HOMMEHHBIX 3apsijlaX HUTEH.
N
T " r—Rcos(p-a,
E, =) —— (p-a,)
2ne o r*+R* —2rRcos(p—a ,)

E :_LN(_D" rRsin(p—o )

© e r* + R* =2rRcos(p—o. )

dq
11. Ucnonb3ys dpopmyry U= 4— JUIS TIOTEHITUAJIA TTO0JIs TOYeTHOTO 3apsjia, HaX0IUM
Eer

U *?2 vde v NP2 412 E,
pdmeNzt 4t Ame (r? 4 (1)2)? —1/2,

Ijie ¥ — PacCTOSIHUE OT CePeMHbI HUTH JI0 TOUKU PAacueTa Mo- 72 4 2
TEHIMAa, 2 — KOOPJAWHATA, OTCYUTHIBAEMasi OT CEPEeIUHbI 7-0
HUTH 10 oTpeska dz (puc. P24.5).

CocrapJsmonye HaIPs>KEHHOCTH 110 PaBHbBI Puc. P24.5

T/
E = E,=0.

hmerr? +(1/2)?
24.2. YpaBHeHus Jlannaca m lNyaccoHa

BOMPOCHI
2. Nwmeror embica Beipaskenust: div grad U, grad div grad U.

4. JInsa monydeHusl eIWHCTBEHHOTO pellieHUs ypaBHeHud Jlamnaca cienyer 3aiath
KpaeBble YCJIOBUS JUJIsI IMOTEHIMAIa HA TIOBEPXHOCTSIX MPOBOJHUKOB U Ha IOBEPX-
HOCTSIX, OTPaHUYMBAIONIMX pacueTHyo obmactb. Ecim onn oanopoansie (Ulg = 0),



OTBEeTLI Ha BOMPOCHI, PeLleHNs ynpaXxkHeHuii n 3agad 297

TO pentenneM ypashenus Jlamnaca sisisiercst pynknust U= 0. B o6iiem ciydae nmeem
Ulx, y, 2) # 0.

3. Takoe moste onmceiBaetcst ypaBaenneM Jlammaca, Tak Kak 00beMHasT TIJIOTHOCTD 3a-
psia Ha TIOBEPXHOCTH TeJia oOpariaercsi B 6eCKOHeYHOCTh U ypaBHenue Ilyaccona B
ATUX TOYKAX 3aMUCAHO OBITH HE MOJKET.

6. ITorentan — HenpepbiBHAS (DYHKIUS, TAK KaK B TPOTUBHOM CJIY94ae UMEJHIChH OBl

TOYKHM C HEOTpe/ieJIeHHON HANPSKEeHHOCTBIO aJeKTprudeckoro mouid. [IponsBosamnbie

TTOTEHIINAJIa MOTYT UMETh Pa3pPbIBbI, TAK KaK HOPMaTbHAS COCTABJISAION[AS HAIPSKEH-

Hoctu nosis E, = o, N3MEHSIeTCSI CKAUKOM KaK Ha [IOBEPXHOCTHU pas/iedia cpell ¢ pas-
n

JIMYHBIMU IN3JIEKTPUYECKUMU CBONCTBAMM, TaK U Ha 3aPsIKEHHO II0OBEPXHOCTH B O/I-

HOPOJIHOM cpejie.

7. HOTeHLII/Ia]I ITOCTOAHEH BHYTPH ITOBEPXHOCTU U B 06H.I€M CJIyda€ M3MEHAETCA BHE €€.

10. Pacuer »/eKTpOCTATUYECKOTO TOJIS YIIPOIMAETCs, €CIU TMOJIeXKaIlee PereHnio
middepeHnantbHoe ypaBHEHNE 3aTMCAHO OTHOCUTENBHO CKATAPHON (hyHKINH (T10-
TEHTINAJIA), 2 He BEKTOPHOU. B mocsieineM carydae ero ciejiyer pelaTh JJist Kaxk10i u3
MTPOEKITNI BEKTOPA HAMPSIKEHHOCTHU TOJISI HA OCU KOOP/MHAT.

HpI/I pemeHnn 3aga4 9JIEKTPOCTATUKN YaCTO 3a/laHbl ITIOTEHIIMAJIbI TE€JI, YTO Ja€T BO3-

MOKHOCTb 3allCaTh KPaeBble YCJOBUS Ha MOBEPXHOCTsX Tes B ¢opme U = const,
yIOOHOI MpK pellieHnn ypaBHeHust Jlariaca OTHOCHTENBHO TOTEHI[HAA.

ou o
11. Oyuknus S CBfI3aHa C NOBEPXHOCTHOM TJIOTHOCTBIO 3apsjla Ha IIOBEPXHOCTU
n

oU
IIPpOBOAANIETO TE€Ja COOTHOMIEHUEM G = — € 87 HOSTOMy, €CJIN TEJIO HE 3apsAKEeHO, TO
n

oU
MOJKHO 3alluCaTb yCJIOBUE € §67 ds= O, allpu g # 0, KOT/ia TeJio 3apAXKeHO, — yCJIOBUe
n

—si?aagds=q.

12. IIpu 3aanHOM pactpeieIeHUN 3apsijia Ha TOBEPXHOCTSIX MTPOBOHUKOB ITOTEHITN-

ods

1
aJ1 MOKHO PacCUnTaTh, UCIIOMB3Ys penieHue ypasuenus Ilyaccona U=—¢—, rme
nee r
N

S — IOBEPXHOCTD 3apAKEHHbBIX IIPOBOIHNUKOB. HpI/I 3a/laHHbIX TMMOTEHIINa/IaX IIPOBOI-
HHNKOB HeO6XOlII/IMO pemaTb ypaBHEHUE .HaHJIaCS., IIO9TOMY B II€EPBOM CJiydae€ I10J1y-
YUTDb penieHune 1mpole.

YNPAXHEHNA U 3AAAYN

1. IIpumem ykazannoe Ha puc. P24.6 nanpassienne oceil Ko- T U= U
i
opmuHat. [loreniuan uamMmensieTcst TOJbKO B/I0OJIb KOOPMHA-
d2U d y '
TBI Y, TaK 4TO ypaBHeHue Jlarmaca mpuHIMaeT BUJI 0 =0. 0| v =
Y l U=-U

[Tocsie unrerpupoBanust naxoaum U(y) = Ciy + C,. Ilocro- Puc. P24.6



298 Otsethl Ha BOMPOChI, PELLEHMS YNPaXHEHNN 1 3aaau

aunbie Cy, C, onpenensiem us yeaopuii: U= —-Uynpuy =0, U= Uynpuy =d: —Uy = C,,
UQ = C1d - Uo.
Taxum obpasom, U(y) =d ' 2Uyy — U,

B IIPOCTPAHCTBE MEKIY O6K]18.ZIK8_MI/I MUJIMHIPUYECKOTI0 KOHAEHCATOPpa IMOTEHIINAJI

rdr\ dr
= C; Inr+ C,. Ucnionwsys yceaosust U= —Uynpur=Ru U= Uyupu r= R + d, 3anicei-
BaeMm ypastenusi —Uy = C; In R+ Cy, Uy= Cy In (R + d) + C,, pemias KoTopble, HaXo0-
quMm roctostHHbie Cy, Co:

1d( dU
VZIOBJIETBOPSET YPaBHEHUIO ——| 7 = 0, pemenue xoToporo umeeT Buza U(r) =

o In(R+d)+InR

G =20, G Ry d) iR

Hckomblit moreHIan

20, Iny— In(R+d)+InR

Ury=——"0 .
) In(R+d)-InR “In(R+d)-InR

2
2. TloTentuan MeXXIy aJIeKTPoJaMy YAOBIeTBOPsieT ypaBHeHuio [lyaccona o =——

WHTETPUPOBaHUE KOTOPOTO MPUBOJAUT K BhIpaskenuio U(y) = —23 y?+ Cy + Cy. Uc-
€

I10JIb3Ysl KpaeBble yCJA0BUs, IIOJIy4aeM
1 p p o 1 p

Cy=0,Ci==(Uy+-——d) Uy)=———y" + = (Uy + —d)y.

) 1 d( 0 %, ), U(y) 280y d( 0 %, )Y.

3. IIpocTpaHCcTBO MEKIY KaTOAOM M aHOOM pa3buBaeM Ha JBe 0OJACTH: B TEPBOM U3
HUX, rje R, <7< Ry, umeeM p = 0, Bo Bropoii, rie Ry <7< R,, umeem p = 0. B aTux 06-
JIACTSX TIOTEHIINAJ yIOBJIETBOPSIET YPABHEHUSIM

1d( dU, i 1d( dU,
-7 =—g,p, ——|7 =0,
rdr\ dr rdr dr

MHTETPUPOBAHNE KOTOPBIX IPUBOAUT K BbIPpAKEHUAM

Ui(r) = —(4gg) 'p? + CyInr+ Cy, Us(r) =Dy In 7+ Dy,

g onpenenenus noctoauubix Cy, Cy, Dy, D, ucmonb3yem kpaeBble yeaoBus Uy = 0
oUu, oU

npu r = R, Uy = Uy ipu r = R,, a Takke rpannunbie yeaosus Uy = Uy 1 —L = 2
K 2 0 a 1 2 P P

r s

npu r = Ry:
~(4gp)'p + CiIn Ry + Cy =0, Dy In R, + Dy = U,
~(4g9)'p + CyIn Ry + Cy =Dy In Ry + Dy, —(289) 'pRy + Cy = Dy.
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2
3. B obmacru 1, tie 0 < x < d, noreHmmal yaosaerBopsier ypasaenuio [Tyaccona T =

2
_ U
=-¢,'p, a B obnactu 2, rae d < x < 2d, — ypasnenuto Jlanaca s = 0. IIpu ux uH-
TErPUPOBAHUY PElIeHNe B KaXKION 13 06J1acTeil COMEPIKUT O J[BE MOCTOSHHBIE:
Ui(x) = f(x) + Cix + Cy, Uy(x) = Czx + Gy

Yunresag, uto ipu x = 0 morerrman U;(0) = 0, nomygaem C, = 0. Uy =0 T

[Ipu onpenenennu noctogauubix Cy, Cs, C; HAUaI0 KOOPAUHAT _

st 061acTy 2 11esiec000pa3Ho MPUHATH Ha TpanHuIie obiacreil 4| , t»\‘z p=0
(puc. P24.7), 1. e. B Touke 0,, a 1151 obmactu 1 — B Touxe 0, Yo _%2l_________.
VpaBHeHUs, CBA3BIBAIOIIME IIOCTOSHHbIE, 3AIIMCBIBAEM, UCIIOAL- 4| 1 oltxl p#0
3ysl YCJIOBUE HEIPEPLIBHOCTHU TIOTEHIUAA U €T0 TPOU3BOIHOM

B TOYKAX TPaHUIIbI obacTeil mpu xy = d, xy = 0, a TakKe Kpae- Ui=0 l

Boe yeaosue Uy = 0 ipu xy = d: C3d + C, =0, f(d) + Cyd = C,, Puc. P24.7

ff:d+ C1 = Cg.

X

Pertag ux, Haxoaum:

Cy=-05d'[f(d) +df'(d)], C3=05d"[df'(d) — f(d)], Cy=—Csd.

g 3anucu Boipaskernit Uy(x) u Us(x) caenyer paccyutath ByHKIUN

S'@)==¢' [p()dx, fx) = ~[[pa) d dx,
UX 3HaUeHUs pu X = d, mocrosHuble Cy, Cs, C;. Hanipumep, mpu p(x) = poax mojrydaem

J'(x) = ~(2e0) ' poax?, f(x) = —(6gy) ' poax?,

J'(d) = —(2&0) ' poad?, f(d) = —(6g,) 'poad®.
6. TIioTHOCTH 3apsijia MOKHO PACCYUTATH C TOMOIIBIO BhIpaskeHust p = — 2g, div grad U.
[Tomyuaem, nanrpumep, 719 BapuaHTa 6 p = —4as,.

9. Tak Kak HA NMUJIUHAPUYECKON TTOBEPXHOCTH TTOTEHITUAT U3MEHSIETCS TI0 3aKOHY
U= U, sin ko, TO MOKHO TIPE/IIOJIOKNUTD, 4TO BO BCEM TPOCTPAHCTBE OH MOXKET OBITH
npezncrasiaer B Buge U(r, a) = U(r) sin ka, T. e. oH meproanyer mo yriay o. [logcras-

1o oU) 1(d°U
ngsa U(r, o) B ypaBHenue Jlammaca — —| r— |+ — = (), morygaem ypaBHEHUE
ror or ) r*loa’

1d (rdU(r)j_ k’

OTHOCUTEJIbHO Besmuunbl U(r): — — —
r dr r

dr
rieM dyukumo U(r) = C;r* + Cor 7 B 4eM MOXKHO yOeINTBCS €ro HeloCpeACTBEHHON
MOJICTAHOBKOM B ypaBHEHUE.

U(r) = 0, koTopoe nMeeT peliie-

Ha ocu z (r = 0) moTentnanm nMeeT KOHEUHOE 3HAYEHNE, paBHOE HYJIIO, OTHAKO pellre-
aue U(r) pu Jir060M He paBHOM HYJIIO 3HaYeHuu moctostaoil C,y oGpaimaercst B Gec-
KOHEYHOCTB, 4TO 03HadaeT, uTo C, = 0, 1, TakuM 00pa3oM, BHYTPHU IHJIHHIPUYECKOM
noBepxHOCTH paziycoM R nonydaem U(r, o) = Cyr* sin ko. Hocrosianyio C; onpee-
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ssieM ¢ omontpio yeaosust U(R, o) = U, sin ko C; = U,,R™*. Tloatomy nckomoe perire-

k
r Y.
nue mipu + < R 3anuceiBaeM B Buze U; (7, o) = U, (Rj sin ka.

[Tpu r — oo mosryuaem U — 0, Tak Kak TOTEHIIMA HA TOBEPXHOCTHU 7= R B CUJIY 3a/1aH-
noit 3asucumoctt U(R, o) = U, sin ko siBasieTcs 3HakomepeMenHoi dpyukimeit. TTo-
aTOMY BO BHemrHel obGiactu (7 > R) peuenue ciaenayer sanucath B Buge Uy(r, o) =
= Cyr ¥ sin ko, Tax kax Tosmpko mpu C; = 0 umeem U(r, o) — 0 mpu 7 — . ITocTo-
sunyio Cy onpenessiem u3 yeaosust U(R, o) = U, sin ka = CoR * sin ka: Cy = U,,R*.

k
Takum obpasom, ipu + > R nonyuaem U, (7, o) = U, (Rj sin k.
r

Jlnst onipenienienyst xapakTepa moJis BHYTPY MIUJINHPUYECKOH MOBEpXHOCTH ¥ < R pac-

ou_ U - U -
cuntaeM E=E? + E2: E,=—=—— = —’”k(r sinka, E,=——2F rj cos ka,
or R \R R \R

(= k-1
E:U’”(rj /e\/sin2 ko +cos? ko =U’"(rj k
R R \ R

U
[Ipu k =1 monyuaem E = ?’” U, CJIeJI0OBATEJIBHO, IPUXOJAUM K BBIBOJLY, YTO II0JIE IIPU
r < R omnoponro (E, /E, =tga).

10. B kakoii Gbl crCTeMe KOOPAMHAT HY ObLIM 3alicanbl ypaBHenus Jlanmaca uiu
Ilyaccona, mpu MX MHTErPUPOBAHUM TOSIBJISIOTCS JBE TOJJIEKAIIHE OIPEIeseHIIO
ITIOCTOSJAHHBIE. HJIH HaXOXAE€HUA IIOCTOAHHDIX W BbIpaKE€HUA AJIA IIOTEHIIMAJIa €TI0 CJe-
ﬂyeT NpUPaBHATD K 3alaHHbIM 3HA4YCHUAM Ha IMOBEPXHOCTAX, OTpaHUYNBAIOIINX 06‘
JIacTh pacdera. YeM IIpole yAaeTcs 3anucaTh ypaBHEHUS MOBEPXHOCTEH, TeM Jierde
HaiiTh nocrosHHbIe. [109TOMY crCTEMY KOOPAMHAT BHIOMPAIOT TaK, YTOOBI IPAHUYHbIE
ITIOBEPXHOCTH 61)1.711/1 KOOpAMHATHBIMU B BbI6paHHOI71 CUCTEME KOOpAWHAT. B IMUJINH/-
PIYECKOM KOHJIEHCATOpe, HAIPUMep, YPaBHeHns 0OKIa[0K NMEIOT B MOJISPHOI CHC-
TeMe KOOpAMHAT BUJ R, = const, Ry = const, Tor/a Kak B IPSMOYTOIBHOI CCTeMe OHI
croxnee: 2 + y> = R, x° + y? = R?. Iloatomy ypasHenue Jlammaca B 9TOM cIydae JTyd-

I1e 3amnmncaTb B HOJIHPHOf/,I CUCTEME KOOP/IMHAT.

12. YpaBuenue Jlammaca B osocTh Tesia cIeAyeT PeniaTh MpU TPAHUYHOM YCJIOBUN
U = U, = const Ha BHyTpeHHEl MTOBEPXHOCTHU Tesia. PellleHueM ypaBHEHUS SBJILIETCA
byukius U= U, HaPsSKEHHOCTH TI0JIsT B MOJOCTH 0OpaIaeTcsi B HyJIb.

13. HaBezennble Ha MOBEPXHOCTH IUJIMH/PA 3apPsi/Ibl AOJKHBI ObITh TAKMMU, 4TOObI
co3/IaBaeMoe MU T0Jie BHYTPH IIMJINHAPA OBLIO OXHOPOAHBIM U HAIIPaBJIECHHBIM Ha-
BCTPeUy TOJI0 HAPSLKeHHOCThIo . B aToM ciyyae HAIPSKEHHOCTh Pe3yIbTUPYIO-
I1IET0 MOJIst BHYTPHU IIMJINH/Pa oOpaiaercs B HyJib. JIJ1s1 TOro 4ToObI BHYTPY IIUJIMH/L-
PUYECKOIl TTOBEPXHOCTH T0JIe ObLIO OJHOPOAHBIM, HEOOXOAUMO, YTOOBI MOTEHI[UAI
Ha Hell namensics mo 3akony (cm. ynp. 9) U(R, o) = U, sin a. Tak Kak mpu 3TOM
E;=R'U,, tous ycnosus E, — E;= E, — R"'U,, = 0 naxoxum U, = —E, R. HopmanbHas
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K TTOBEPXHOCTH COCTABJIAIONIAS HAMPSKEHHOCTH ToJd BHe TUaMHApa paBHa E, (R) =
= Ey, — R''U,, sin o. Yuntssag, uto Ey, = E; sin o, noaygaem E,(R) = E, sin o +
+ Ey sin o = 2E; sin o u 6 = gyE, = 2g¢ E sin o = 1,77-107° sin o Kn/m%

14. Tak kak aJleKTPOCTAaTUYECKOE TI0JIe B TIPOBOISAIIEN cpeje
OTCYTCTBYET, TO B IPoBo/stiei mactune E = 0, a ee moreHIu-

aJl COXpaHAET HEKOTOPOE IMOCTOAHHOE 3Ha4Y€HNE UQ. Pemenue
2

ypaBHenwus Jlamraca flU 0 B obmacrax 1, 3 (puc. P24.8)
Y
MoxxHO 3anucath B Buzie Uy (y) = Ciy+Cy, Us(y) = C3y + Cy.

Puc. P24.8

Wcnonb3ys 3agannbie 3Hauenust norernuaioB U= 0, U= Uy, a TakKe yCIOBHE TOCTOSTH-
cTBa orennuasa U, maactuel, moaydaeM ypasuenust:: 0 = Cy, Uy = Cydy + Cy, Uy = Cy,
Uy=C3(d—d, — dy) + C;. Yucno vensBecTHbIX (Cy, Cy, Cs, Cy, Uy) TIPEBBIIIAET YUCIO
ypaBHEHUI, B CBSI3U ¢ 4eM TPeOyeTcs UCII0Ib30BATh €I OHO YCAOBUE, KOTOPHIM SIB-
JISIETCSI YCJIOBME PAaBEHCTBA HYJIIO 3apsifia IJIACTHHBI, 03HAYAOIIEe B COOTBETCTBUM C
TeopeMoii [aycca paBeHCTBO HYJIIO TIOTOKA BEKTOPA HANPSIKEHHOCTU HJIEKTPUIECKOTO
MOJIsT CKBO3b OXBATBHIBAIOIIYIO IJIACTUHY MOBEPXHOCTh. BeiencTBre HEM3MEHHOCTH
OJIS TI0 OCSIM, TIapaJlJIeJIbHBIM OOKJIaJKaM U MOBEPXHOCTSIM ILJIACTHHBI, 9TO YCIOBHE

O3HaYaeT PaBEHCTBO HATIPSIKEHHOCTH TIOJIsI ¢ 00enX cTOpoH 1iactubl: —Cy = —Cs. Pe-
U U,d, U, U
mrag ypaBHeHus, HaxoanM: C; = C3=—2— C, = LU (y) = Ej=—0
yp 1=03= d—d, 4= e d 1(y) = d1y 1= d—d,
U, U,d, U, U, d
U — 7 E = - = E = 0
3(y) = d—d, Y+ P d 3T 4T d Uy (y) = d—d d 2

TakuM 06pasoM, HAIIPSIKEHHOCTD IOJI B 00J1acTAX 1, 3 UMeeT 0HO U TO JKe 3HaYEeHIe
HE3aBUCUMO OT MeCTa PACIOJOXKEHUS TLIACTUHBL

15. B orsnimume ot npeabiayIeil 3aaun cienyeT peniath ypashenue Jlamiaca B 1o-
JIIPHOM CHUCTeMe KOOPAUHAT:

L

j 0: Uy(r) = Cy Inr+ Cy, Uy =const, Us(r) = C3In 7+ Cy.
rdr\ dr

YpaBHeHuUs, MO3BOJIAONINE HAUTH TTOCTOSTHHBIE U TToTeHInal Uy, UMEIOT BUJI:
O=C11HR1+ C2, U2=C11I1(R1+d2)+C2,
U2=C31n (R1+d1 +d2)+ C4, U():CBIHRQ"' C4.

YcoBue paBeHCTBA BXOAIIETO B MPOBOAAIINN IUJIMHAP W BHIXOAAIIETO U3 HETO T10-
TOKA BEKTOPA HAIPSIKEHHOCTU 3JIEKTPUYECKOTO I0JIsl TTO3BOJISIET 3alUcaTh ypaBHe-

C C,
nue 2n (R + dy) xR +1d2 =2n (R, +d; + dy) W

vomenne Cy; = C3. PemuB ypaBHEHUST OTHOCUTETHbHO HEN3BECTHHIX C...Cy, TTOTyIaeM
BETMYUHBI

13 KOTOPOro CaeayeT COOT-
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U, () = U,Inr -
1D{(R1 + d2 )R2 [R1 (R1 + dl + d2 )]_1}
B InR,
In{R, (R, +d,)[R,(R, +d, +d,)]""}
E\(r) = Yo

rIn{(R, +d,)R,[R/(R, +d, +d,)]""}

16. YuutsiBag coornommenne D = ¢ E, cipaBe/iTMBOE B INAIEKTPUKE, TPOHUTIAEMOCTD
KOTOPOTO sIBJIsieTCsT (DYHKIME KOOpAMHAT, 3anncbiBaeM Boipaxkenne div ¢ E = p, win
div & grad U= —p. B psAMOyYTo/ibHOIT ccTeMe KOOP/MHAT 9TO YPaBHEHIE MTPUHIMAET

BH/I
8(8U] o oU 6[6UJ
—le— |+—|e— |+—| e— |=—p.
ox\ ox ) oy\ oy oz\ 0z
Vpasuenue dive grad U = —p umeer cmbic He 1ipu ai060it pyHkimn e(x, v, z). Ecan
Ot Ot Oe

OHa pa3pbiBHA, TO B TOYKAX pa3pbiBa IPOU3BO/HbIE o 57 72 He CyIIeCTBYIOT U Aud-
x Oy Oz

(epenrmanboe ypaBHeHre B 9THX TOYKAX PACCMaTPUBATHLCS He MoKeT. K TakuM Tod-
KaM OTHOCSATCSI TOYKU TIOBEPXHOCTENl pasjiesia OJHOPOIHBIX CPel C Pa3THIHBIMU
CBOIICTBAMM.

24.3. MNnockonapasienbHOE /IeKTpocTaTuyecKoe nosne

BOMPOCHI

6. YnosierBopsitone ypagHenuto Jlanmaca gyHKIIMM COBIA/IAIOT, €CJAU OHU UMEIOT
O/IMHAKOBBIE 3HaYeHUsT Ha rpaHuile obiactu. OQHAKO rpaHUYHbIE YCIOBUS JJIST T10-
TeHIIMana U (GPyHKIIMU TTOTOKA Pa3JuyHbl. JeificTBUTENbHO, ecii Ha TIOBEPXHOCTH 3a-
nato ycaosue U= const, To B 061eM ciydae Ha Hell V # const, 1 HA06OPOT, €CJIn JIv-
HUS TPAHUIIBI 0OJIACTH SIBJISIETCST IMHUEN HAIIPsIKEHHOCTH TI0JIst, Tie V = const, TO Ha
Heli U # const.

7. Ha 11oBepXHOCTSIX TPOBOAHUKOB OOBIYHO 3a/IaH TTOTEHIHA JTUO0 ero HopMasbHast
K HUM MPOU3BOJHASA, a He (PYHKIMS TIOTOKA, KOTOpas caMa MoJJIesKuT pacuery. Ha
rpanui@ax obaactu (GyHKIMs TTOTOKA, KaK MPaBuJIo, HemaBecTHa. Kpome Toro, moreH-
[Ual, B OTJANYNEe OT (DYHKIINHU MOTOKA, MOKHO MPUMEHUTH JJIS aHAIN3a He TOJbKO
JIBYXMEPHBIX, HO U TPEXMEPHBIX TOJIEH.

24.4. MeToa KOMMJIEKCHOIO NoTeHyMana
BOMPOCHI

2. OyHKINIO cJelyeT 3amucaTh B Bujie ( = & + jn, BbIIEJUB ee TeHCTBUTENbHYIO U
MHUMYIO YacTH. YpaBHeHUe 1 = 1(X, y) onpenesseT JUHUIO, HA KOTOPOW TOTEeHITNAT
9JIEKTPOCTATUYECKOTO TI0JISI COXPAHSIET TOCTOsIHHOE 3HaueHue. [loaToMy ypaBHeHue
JITHUH, OTIPEIeTIIoNIell KOHTYP ceueHus TPOBOAHNMKA, M (X, ) = const.
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oU
3. II1oTHOCTD 3apsi/ia HA TIOBEPXHOCTH ITPOBO/IHNKA PaBHA G = g)F, = —¢,, e Tax xax
n

dg
dz |

Ha nosepxHocTu nposognuka £, = E(E, =0), oo =g =¢,

3. TTosie B HeomHOPOIHOIT cpene He YAOBIETBOPsieT ypaBHeHuio Jlammaca, Toraa Kak
NefiCTBUTEIbHAS M MHUMAs YaCTU aHATUTUIECKUX PETYJISPHBIX (DYHKIUN KOMILIEKC-
HOTO TIEPEMEHHOTO VAOBIETBOPSIOT €My, W, CJIel0BaTeJbHO, He MOTYT OINUCHIBATh
110Jie B HEOJTHOPOJTHOM cpejie.

12. TIpu xkoH(MOPMHOM (T. €. COXPAHSIOIIEM YTJIbIl MEKIY KPUBBIMHU) OTOOPAsKEHIH
006JIaCTH TIOCKOCTH Z B 00JIaCTh II0OCKOCTH ( hyHKImMei § = f(2) MOTYT U3MEHSThCS
reoMeTpUYecKre XapakKTePUCTUKU TeJl, HO He X 3aps/bl U oTeHInambl. [loaTomy em-
KOCTB T€JI COXPaHSIETCs HEN3MEHHOM.

15. IToTok COXPaHAETCA HEM3MEHHDBIM, TaK KaK 3aps/ IIPOBO/ia HE MEHAECTCA.

16. Tak Kak HANPSIZKEHHOCTD TI0JIsT IPU KOH(MOPMHOM OTOOPasKeHUN 061aCTH U3MEHSI-
eTcsl, TO U CUJIa B3aNMO/IEHCTBIUST TPOBOJIOB, HalileHHast B o6sacTu £, Gy/1eT oTindaTh-
csl OT JIEMCTBUTEIBHOM CUJIBI BO CTOJIBKO K€ pa3, BO CKOJIBKO Pa3jnyaioTcsl HaIps-
KeHHoctu E, u E moJisa B TOYKaxX pacrosioKeH sl TPOBOJIOB.

YNPAXHEHNA U 3AAAYN

1. B omnoponnom anekTpudeckoM noJie Benunnsl E,, E, Te 3aBUCAT OT KOOPMHAT X,

UV

ou oV
y. lloaTomy, 1osb3ysich BbIpaskenusamu £y, = —— = —  E, = 5 ™ MOKEM 3a-
: ” »

ox oy

mucare: U=—E,x — E, y + Uy, V=—E, x + E, y + V{, TaK 4TO KOMILIIEKCHbIi1 IOTEHIIU-
annona (=V+jU=(-E,x+ E.y) +j(—E.x — E,;y) + Vy + jUp,.

4. 3ammcarb efnHoOe BhIpakeHUe /I KOMILIEKCHOTO TOTEeHIIMala BO Beeil obacTu,
cojiepsKalieil HeCKOJIbKO OJHOPOAHBIX CPeJl, CJOKHO BBUIY HEOOXOAUMOCTH HAXOK-
neHus Takoil pyHkImu {(z), KoTopas nMesia 65 HEePePhIBHYIO0 MHUMYIO YacTh 1 Pa3-
PBIBHYIO €€ MPOM3BOAHYIO 110 HOPMaJId K TOBEPXHOCTH pasiena cped. [loabop He-
ckoabKuX (yHKIMN {(2), Kaxkaas 13 KOTOPHIX OIKChIBajia Obl HOJIe B MOA00/IACTSIX,

collepKaInX OMHOPOJHBIE CPEIBI, CIOKEH, TaK KaK 9T (DYHKIWHU JOJKHBI YIOBJIE-

oU oU
TBOPATH TPAHUYHBIM ycaoBuaM Buna U; = Uy, €; T =&+ ) a He YCJIOBUAM
n) 1 Jin

Buna U = fi(x, y) mu6o V= fox, y), rie fi(x, y) v fo(x, y) — 3amantbie QyHKIHN.
6. VIcKOMBIN KOMILIEKCHBINA MOTEHI[MA 3alliiieM, UCIOJIb3ysl METOJ HAJIOKEeHUs,

T . .

BBune C=Cy + &y, e & = “9me jInz+ C — KOMILJIEKCHBIN TIOTEHIAI YeIMHEHHOTO
e

3apsKEHHOTO TTPOBO/IA KPYTJI0Tro ceueHus, a Cy = Az + B — KOMIIEKCHBIN TTOTEHITAT

OIHOPOJTHOTO AIEKTPUYECKOTO MOJIsI. BEIOOD BXOASAIINX B BBIPAKEHIE 11T KOMILIEKC-

T .
HOTro ToTeHImana § = —2— jInz+ Az + C nocrosinubix A, C onpejiesisieT moIoKeHne
e

it V=0u U= 0.
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7. PacrioniosKum mpoBojia Ha 0CU X Ha ofnHakoBoM paccrosauu 0,5d 1o o6e cTopoHbl
OT Hayasia KoopauHart. [101b3ysach METOLOM HAJIOKEHMS, HAXOIMM
T z-05d

In ’ +

d2
a)l(z)=—— In|2? =" |+ Cuéb6)f(z)=——InZ "= +C.
) @) 2me [ 4 j ) @) 2ne  z+0,5d
21
8. IlycTb nMpoBO/a UMEIOT KOOPAUHATHI Z,, = RejN ,n=0,1,2,..,N—-1, N — gucio

IIPOBOJOB. TOFI[B. B TOYKE C KOOpﬂI/IHaTOﬁ Z KOMILJIEKCHBIN IIOTEHIIMAJI MOJKHO pacCiun-
2n

N-1
T . I~
TaTb C ITIOMOIIbIO BbIPpaKEHUA C(Z) = —7]Zh1 z—Re N + C.
n=0

9. Byznem cuuTaTh, YTO OWH U3 MIPOBOIOB C 3aPSAIOM, TUHEIHAS TJIOTHOCTh KOTOPOTO
1 > 0, umeet kKoopauHaty X = R. KoMiutekcHbIll moTeHinan N MPoOBOIOB € TTOJOXKH-

N-1 2n
T ="
TeJIbHBIMU 3apsilaMu paBeH ((2) = e J Zln z—Re N J+ Cy, a c OTpHUIIATEIbHbI-
ne n=0

= J [%*2?\?")
MU 3apgaamu — Cy(2) = —]Zln z—Re
n=0

+ C,. B urtore nosryuyaem

i z—Re N

() =-—3i¥m-2" 4+
2ne

n=0 j[ﬂ‘*'ﬁnj
_R N N

10. [Ipu pacmosokeHNH MPOBOJIOB COTIACHO BAPUAHTY @ KOMIIJIEKCHBIN TTOTEHITHAT
paBeH

C=——"lIn(z—jh) +——jln (z +jh) + C,
2 2ne

E ="y 1 _ 1
Yoone x4y -h)’ xP+y+h)’|
gt y—nh B y+h

Y oone|xt+(y-h)? 2 +y+h)? |

[Ipu pacroioKeHnn MPOBOJIOB COTIACHO BaPUAHTY 6 HAXOAUM

(=——jln@z-d)++——jln(@z+d)+C,
2ne 2ne

o T x—d B x+d
Y o2ne|(r—d) +y? (x+d)?+yt |

E ="y 1 _ 1
Y one [(e—d) +y? (x+d)’ +y? |
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11. [TpubmkeHHOE 3HAUEHUE PaJryca IPOBOJAA B IJIOCKOCTH () PABHO

R - g4
dz

T _
_ R o,
o

z=2)
IIpu o = /2 OH, B YACTHOCTH, BO3PACTAET B 27, Pas.

Bimskaiinmast K Hayay KOOPAMHAT TOYKA [TPOBOJIa UMEET B IJIOCKOCTH () KOOPAWHATY
(r, = R)"" e’ ™" a naubosee yramnemmas (7, + R)” /¥, tak uTo paccTosmus oT HIX
JI0 OCH TPOBOJIA COCTABJISIOT 77 = 17 — (1, — R)™*, 1y = (r, + R)™* — 7",

Takum 06pa3oM, MOrPENTHOCTh PaBHA

AR1 — Rm —1 = Riro(n/ot)—l _ron/a +(7_0 _R)rt/my
(03

AR, =R, -1, = er()(“/“)’1 + rO“/“ —(r, +R)“/°‘ .
a
B uwactHOCTH, TIpK 00 = /2 oHa paBHa |AR,| = |AR,| = R%.

24.5. dneKTpocTaTUYECKoe NnoJsie NPOBOAOB KPYrjioro ceueHus

YMPAXKHEHWNSA N 3AOAYN

2. HaubGoJblilee 3HaUeHNE HAMPSDKEHHOCTU TI0JIST HA TIOBEPXHOCTH THJIMHIPA MEHb-
mero paaunyca Ry 6ymer B Touke A;. HaubGoJibiiiee 3HaueHne HAMPSKEHHOCTH TIOJIST HA
MOBEPXHOCTH IUJINH/APA OOMBINETo paanyca — B Touke A, HanMmenbinme 3HaYeHUsT
HATPSPKEHHOCTH TI0JIST — B TOYKAX HA MPOTHBOIOJIOKHBIX CTOPOHAX TIMJIMHIPOB. 3a-
MEHWUM IUJTTH/IPBI JIMHEHHBIMU TIPOBOIAMH, COBIAIAIONIUMU C AJIEKTPUIECKUMU OCSI-
MU IIUJINHIPOB, U I yeaoBuil puc. B24.3 ncmonb3yeM Boipaskenus (cMm. § 24.12)

E. - T 1 N 1
M one | R —(hy—b) Ry —(h,—b)+d |

E.o_ T 1 N 1
2 ome, | Ry —(hy —b) R, —(h,-by+d |

D*+R}-R;
[Mozcrasisist 3a/1anble YrC/IeH ble 3HaderHns, Haxoanm (puc. B24.3): i, = T =
2 2 p2
—9.75 cw, hy = % 325w, b= [k — R” = 2,56 e, Ey; = 2640 B /s, Egy =
= 1846 B/m.

T

1H (kmax /kmin )

3. Vckomoe Hanpsokenre Mexxay nuauHapamu (eMm. § 24.12) U =
e,

MO’KeM HaiiTh u3 ycaoBus (cm. puc. B24.3):

U 1 1
EA1 = ann = + ’
ln(kmax/kmin) |:R1 _(h1 - b) R2 _(hZ - b) + d:|
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-1

1 1
+
R, —(h,-b) R,-(h,-b)+d

U — E;wu ln kmax
k

min

[TozicTaBsAs YMCAEHHbIe 3HAYEHUS, TTOTYIaeM: Ry = 5,3, knin = 0,3, U= 5,6-10% B.

24.6. KapTuHa 3n1eKTpocTaTUu4yecKoro nons
BOMPOCHI

1. KapTtuHa 1moJist mocTpoeHa mpaBuIbHO TOJBKO B CJIydae @, KOr/a siueiiku ceTKu 00-
PasyIoT Mo0OHbIE YETHIPEXYTOTbHUKH.

4. B cuity ckaukooOpasHOTO M3MEHEHUsT HAIIPSKEHHOCTH MOJIsT HA TOBEPXHOCTH TeJa
TP TIepexo/ie Yepe3 Hee TIOTHOCTD JTMHUH TI0Jig M3MEHAeTCS CKauKoM. B kaxkoit n3
obJacTell, Kak BHyTPeHHEN 00J1acTh TeJjla, Tak U BHEIIHEH, KapTUHY MOJIsT MOKHO 110~
CTPOUTD TIPABUIBLHO, OJTHAKO B ATUX OOJACTSAX STYEHKU CETKU He OYIyT MOM00HBIMU.

24.7. MeTtoa nHeTerpasnbHbIX ypaBHEHUH
BOMPOCHI

1. O6bemMHas IIOTHOCTh BTOPUYHBIX UCTOYHMKOB OOpaIiaercss B OECKOHEYHOCTh B
TOYKAX TIOBEPXHOCTEH pasjiesia cpell ¢ Pa3jnYHbIMU JUITEKTPUIECKUMU TTPOHUIAE-
Moctsamu. [lns coxpanenust yeaosus €; E,; = €, E,, Ipu 11epexo/ie K 0JTHOPOJIHOI cpejie
Ha TIOBEPXHOCTH CJIE/LYET PA3MECTUTD IIPOCTON CJION 2JIEKTPUYECKUX 3aPsi/IOB TIJIOT-
HOCTBIO Gy

2. He coxpansieTcst, Tak KaK BCJIEJICTBHE HENTPEPBIBHOCTU BeJIMUUHBI E; B OJIHOPOIHO
cpene (E; = E,) nenpepoiBHoii Oyzet v Besmauna Dy Dy = €E; = D,, = €E,,.

3. Mo:xHO, Tak Kak IpH TIepexo/ie Yepe3 ABOMHOI CJIOH SIEKTPUIECKUX 3apsZIoB TMeeT
MECTO CKAYOK BEJTMYUHBI E, 1, cIeoBaTebHo, D, AHAJIOTUYHO YPaBHEHHIO /IS BEJTUYH-
HBI G, MOKHO TIOJIYYUTh MHTErpabHOe YpaBHEHUeE JI7I1 MOMEHTA JABOMHOTO CJIOST AJIeK-
TPUYECKUX 3aPS/IOB, €CJIU 32 UCXO[HOE IPUHSATDL ypaBHeHue E,; = E,, BMeCTO ypaBHEHUS
D,; = D,,. Cinemxyer uMeTb B BUILY, UTO B OTJIMYKE OT IJIOTHOCTH IIPOCTOTO CJIOS 3apsiZIOB
MOMEHT JIBOMHOTO CJIOST SIBJISIETCSI BEKTOPHOM BEJTMUMHOM.

4, HpI/I PaBHOM HYJIIO IIOJTHOM 3aps/i€ ¢ Tejla YUCJI0 BXOAAIINX CUJIOBBIX JIMHUH T10JIST
PaBHO YHCJIY BbIXOJAANIUX HHHHﬁ, B CBA3U C YEM II0CJI€ 3aMEHbI CpEeAbl Ha OAHOPO/-
HYIO JIOJI?KHO BbIIIOJIHATBCA yCJIOBUE §> Oy ds = O, rjge § — IIOBEPXHOCTD TeJia.

S

24.8. MeTtoa 3epKaJibHbIX U306parkeHni
BOMPOCHI

5. [Ipu Heres10M 7 He yIaeTcst pa3MeCTUTD ITPOBOJIA B OZHOPOIHOI cpejie TakuM oOpa-
30M, 4TOOBI HA CTOPOHAX yTJIa O MOTEHI[HAJ COXPAHSI MOCTOSTHHOE 3HavYeHue. [1pu
oL # T/N MOXKHO MPUMEHHTh MeTOJ KOH(GOPMHBIX oTobpaxkenuit. Dynknus o = z7/¢
oTOGpakaeT BHYTPEHHIOK YacTh JBYTPAHHOTO YIJIa MIOCKOCTH Z B BEPXHIOW TTOJIY-
IJIOCKOCTh 00JTacTH .



OTBeTLI Ha BOMPOCHI, pelleHns ynpaxxHeHuii n sagad 307

. oU
7. Ilpu mepexone K 0JJHOPOTHON cpeie yCIOBHE W = (0 Ha TJIOCKOCTU COXPAHUTCH,
n

€CJIN 3HaK 3€PKaJIbHO I/ISO6pa}KeHHOFO 3apsia 6y,Z[€T TEM K€, 4TO M 3HaK MCXOJHOI'0
3aps/ia MpoBoJa.

8. BalIaHHbIe T'paHHUYHbIE YCJIOBUA MOTYT OBITDH BBLITIOJTHEHBI B OZIHOpOlIHOfI cpeze nmpu
pasMenieHnmn 3apA/a IlJa10THOCTbIO —T BO 2-M 1 3-M KBa/ZIpaHTaX, a TaKKe 3apA/Aa 1J10T-
HOCTBIO +T B 4-M KBa/I[paHTE IJIOCKOCTH.

YMPAXKHEHWSA

1. Ecam mpuHATH TOTEHIIHAT TOYEK MOBEPXHOCTU 3€MJN PABHBIM HYJIO, TO TOJIE
3apsIKEHHOTO MPOBOJA B BO3AyXe OyIeT TaKuM sKe, KaK U T0Jie JBYX Pa3HOMMEHHO
3apSKEHHBIX TTPOBOIOB, PACTIONOKEHHBIX CHMMETPUYHO OTHOCUTETBHO TIOBEPXHOCTH
3CMJIN.

Tak kak MoTeHIIUAI MPOBOZA MOKHO paccuuTarh o popmyne

U=—"1n"2 rnery=b+h— R ry=b— h+ R (puc. P249), 10
ne

~

b—h+R
MPpAKEHHOCTD I10JIA Ha ITOBEPXHOCTH 3€EMJIN k.

b+h—R}1 o
_— " Ha-

JIUHeIHas TJIOTHOCTD 3apsaa paBHa t = 2nelU [ln

2b th
E,(x)=-— ‘ - _ Puc. P24.9
! 27t8\/b2 + \/b2 +x? ne(b? +x%)

l[onymeHHe 0 0GECKOHEYHO MaJIOM CEYeHHUU IIPpOBO/Ia O3HAYA€T, YTO JJIEKTpHUYECKasd

th

OCb IPOBOJIa COBIA/IAET C FEOMETPUYECKOM, Tak uTo Eyq(x) = —?.
ne(h” +x7)

[TorpemnrHocTh pacueTa HAUOOJIBINETO 3HAYEHUST HATPSIKEHHOCTH 110151 (Tipu X = 0) co-

CcTaBJIdeT
E —F 2
5:-’”’1100%{1— 1—(R/h }100%,
- (1-(R/)

Yy
OTKy/a TostydaeM, 4to 1pu i/R > 7 norpentsocts & < 1 %.

[LnorHOCTH 3apda Ha IMOBEPXHOCTU 3€EMJI MOJKHO PACCYUTATDH C ITOMOIIBIO BhIPDAYKEHUA

b 2ebU
— i o(x) = —— , )
n(b® +x%) (0> +x>)In[(b+h—R)(b—h+R)™]

c=c¢E,(x)=-

VHayMpoBaHHbII Ha TIOBEPXHOCTH 3€MJIU 3aPsijl PABEH B3ATOMY ¢ 0OPaTHBIM 3HAKOM
3apsy TPOBOA, NN

¢ bt dv
:[Cs(x)dx:lj.wzt.

—00
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2. Cuuna, feficTByIOIast HA OTPE30K MMPOBOJIA ITTMHOM 1 M ¢ 3apsiioM JIMHEWHON TIJI0T-

€, —¢€
HOCTBIO T CO CTOPOHBI 3¢PKATBHO N300PaKEHHOTO 3apsijia MIOTHOCTBIO Ty = — ——— %1
€, +¢&,
2 i —&g _ T
paBua [ = tF = -1 - — — _ Ee aKkcTpeMasbHble 3HAUYEHUS] PaBHBI T
e, +&, 4mneyh 4me  h

IIpN & = 0O U g; = 0 cooTBETCTBEHHO. HOI[CT&BJIHH YUCJEHHbIEC 3HAYCHU, TT0JIy4aeEM
f=71,810"% H.

24.9. MeTop pasaeneHus nepeMeHHbIX
YNPAXXHEHMSA

1. [Tpu n3MeHeHUN TPAaHUYHBIX YCIOBUI M3MEHSIIOTCS KaK COOCTBEHHBIE YKC/Ia, TIPH-
HUMaromue sHadeHus /b, n=1, 2 ..., Tak 1 cobcTBeHHbIE (DYHKINH, KOTOPbIE CTAHO-
Bsitcst paBHbiMu sh (nx/b), sin (nny/b).

2. Pemenune U(x, y) He aBisercd eMHCTBEHHBIM, Tak Kak mnoreHnuman U(x, y) =
= U(x, y) + C, tne C — mpou3BOIbHAS MIOCTOSTHHAS, TaKKe SIBJIETCS PEIeHreM 3a/a-
yn. B coorBercTBUM € Teopemoii [aycca MOTOK BEKTOpa HAPSKEHHOCTU 3JIEKTPU-
YeCKOTo M0JIs, IPOXOAAIIMI CKBO3b TPaHKILy 00JIaCTH, PaBeH BEJINYUHE ¢/g, Tae ¢ —

3apsif, HaxozsImiicss BHyTpr obsactu. [lostomy dyHKIms . = [ nmoskHa ynoBie-
n

oU T
TBOPSITH HHTETPATTHHOMY COOTHOTITEHUTO i.)a— dl = = TIpu oTCyTCTBUY 3apsijia BHYTPU
n €
[

06J1aCTH OHO TIEPEXOUT B COOTHOIIEHNE § fdl=0.
I

3. IIpescTaBUM MCKOMBIN MOTEHIIMAN BHYTpH obsactu B Buje U(x, y) = U; + U,, T1e
U, — moTeHIMaJI, pacCIYMTHIBAEMBINT METOJIOM pasfie/IeHNsT TIepEMEHHBIX ITPU TPaHnyd-
HBIX yeaoBusx Uy = 0 Ha ABYX cropoHax objacti, Harmpumep, mpu x = 0 1 x = a u 3a-
JTaHHBIX TPAHUYHBIX YCIOBUAX Ha cTOpoHax ¥ = 0 v y = b, a Uy — TOTEHIHAJ, PacCym-
TBIBAEMBbIii 1IpU rpaHnyHoM ycaosuu U, = 0 Ha cropoHax obmactu y =0 uy =b u
3aJIaHHBIX TPAHUIHBIX YCIOBUAX Ha ABYX JAPYTUX CTOPOHAX.

4. Tlorennman U(x, y) BuyTpu obaactu npeactaBuM B Buje cymmbl Uy + Uy, Tie GyHK-

nuio U; paccuynThiBaeM B TIPEIMOJOXKEHUN, YTO MPOBOJ PACTIONOKECH B OJHOPOIHOM
. T 1

6esrpannunoii cpene: Uy = —— In —. Oyukimio Uy HAXOAUM METOIOM pa3jiesieHus Te-
2ne 1

PEMEHHBIX IIPU HEOHOPOIHBIX IPAaHIMYHBIX YCJIOBUSIX HA CTOPOHAX 00JIACTH, 3a/laBae-
MbIX B Buzne U; = —U; (eMm. ymp. 3).

3. PaspickmBas pemrenne B Buge U(r, o) = U(r)Uy(a) = Uy (¥) sin ko 1 moacTaBisist

ero B ypaBHeHue Jlariaca, mocjie HeCJIOKHBIX TPeoOpa3oBaHUil HAXOUM YpaBHEHME

d( dU,
r

ar\" dr

2
j - k—U , =0, perenue koroporo 610 HalieHo paree (cm. § 23.2, yip. 9).
’
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24.10. MeToabl CETOK U KOHEYHbIX 3/IEMEHTOB
BOMPOCHI

oU
5. Besmmunna §U8 ~——ds IIPpOoINopIuroHa/ibHa SHEPTIUU IJEKTPUYECKOTO T1I0JIA 3apA/10B,
n
s

. oU
pacipenesaeHHbIX ¢ TIOBEPXHOCTHOM IIJIOTHOCTDBIO G = —¢€ 67 Ha ITOBEPXHOCTH S. IIoaTo-
n

My [IpH 3aJ@aHHOI Ha rpaHuIile 06aacTu GyHKIWK [ = aa—U UHTErpas §U %—U ds MOKHO
n n

s
TPAKTOBATb KaK BEJIMYUHY, IIPOIMMOPIUOHATIbBHYIO SHEPIUN I10JIA CO3/1AI0INX €TI0 MC-
TOYHHKOB.

6. B mpsAMOyToJIbHBIX KOOPAMHATAX MOJWHOM BTOporo nopsaka U(x, y) = oy + oqx +
+aLy+ asx® + ay Xy + as y2 UMeeT 1ecTh Koa(hPUITMEHTOB 0y + 05, JJIST OTIPeeTeH s
KOTOPBIX HEOOXOANMO, YTOOBI TPEYTOTBHBII 9JIEMEHT COIEPIKAT TIECTh Y3JI0B, KOTO-
pBIe pacrosiaraioT 1o TP y3Jia Ha KaK/IYIo U3 CTOpoH asemenTa. [Ipu atom Tpm ysma
JIekaT B BepIIMHAX 2JIeMEeHTa.

7. Tak KaK 4uCII0 y3JIOB dJIeMEHTA JOJKHO ObITh PABHBIM KOJUYECTBY KOa(hdUIINeH-
TOB TOJTMHOMA, MIPUHSIATOTO /I ONMUCAHUSA ToTeHnnama, To npu a) U(x, y, z) = oy +
t+ oqx + oy + 032z YUCI0 Y3JI0B COCTABJSAET YEThIpe, IIPUYEM UX Pa3MEIIaloT B BEP-
IMHAX TeTpaszpa, a npu 6) U(x, y) = ag + 04X + aaly + 052 + oy x> + asy> + ag2” +
+ a;xy + 0gxz + Oy Yz Y3ITBI, YNCI0 KOTOPBIX COCTABJISET JE€CATH, PACTIONATAIOT B Ye-
THIPEX BEPIIMHAX M Ha IIecTu pedpax TeTpasipa.

8. Ilpu smHEHOW MHTEPHOJIAIMK TTOTEHIMala Ha CTOPOHe, 00mIell /I ABYX Tpe-
YTOJIBHBIX 3JIEMEHTOB, TOTEHITNAJ M3MEHAETCS 110 OTHOMY 1 TOMY K€ 3aKOHY, TaK KaK
TTOTEHTINAJIBI BEPITIH 2JIEMEHTOB NMEIOT OJAMHAKOBBIC 3HAUYEHUS JIJIsT COCETHUX dJie-
MenToB. OIHAKO BCJIEJCTBIE CKauKa HOPMAJIbHBIX K OOIIEil CTOPOHE IIEMEHTOB CO-
CTABJSAIONINX HATPSKEHHOCTH IO MOAYJIh HAIPSKEHHOCTU TIOJIA TpeTeprieBaeT
pas3pbiB Ha CTOPOHAX 3JIeMEHTOB. JIJIst TOTO YTOOBI TIPU KBAAPATUIHONW HHTEPIIOJIs-
[[UK TTOTEHIA] OB HETPEepPbIBHBIM, HEOOXOAUMO, YTOObI Ha OOIIeil CTOPOHE ABYX
TPEYTOJIbHUKOB PACIIOJIarajioch Mo TPU y3J1a, OOIINX /I 9TUX 3JIeMeHTOB. [Ipu Bbi-
MOJTHEHWH 3TUX YCJIOBUI KacaTeJbHast K UX OOIIENl CTOPOHE COCTABJISIIONIAsT HATIPSI-
JKEHHOCTHU 2JIEKTPUYECKOTO TI0JIST TaKKe HellpepbIBHA.
oJ.,,,

ou,

9JIEMEHTOB, KOTOPbIE UMEIOT O0IUM y3eJl ¢ HoMepoM j. IIpousBopHas GpyHKIMOHAIA
oJ 0J,,, oU

A P

p-TO 2JIeMEHTA C y3JIaMu i, j, k = [py JIMHEHHOW WHTEPTOJISAIUHN T10-
ou; ou  oU,

Tennmana Buytpu anementa umeet sux: C,; U + G, U; + Cp Uy, (3nech Gy,

oJ
9. B ypasuenne — =
P U

7 n

= 0 BXOIAT TPOU3BOHBIE (pyHKIIMOHATOB TexX

J

ijy Cpk -

noctostHHbIe). [ToaToMy ypaBHEeHME —J = () COAEPIKUT CTOJIBKO CJIAraeMbIX, CKOJbKO
oU i

Pa3IMYHBIX Y3JI0B TIPUHAJIEKUAT dJIEMEHTaM, HMEIOIMM o0IuM y3e j, T. e. m + 1.
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25.1. EMKOCTb MeXAy KpyribiMyU LLUWIMHAPaMU

BOMPOCHI U YIPAXXHEHWSA

1. Hammume omocTeii B o6beme TIPOBOAAIIETO TE€JIa HE USMEHAET HU €EMKOCTD TeJla, HU
E€MKOCTb MEXK/y TE/IaMU.

2. EMKOCTb yeTMHEHHOTO TIPSIMOJIMHEHHOTO GECKOHEYHO JVTMHHOTO TIPOBO/ISIIETO TIH-
JIMHJIPA He MOKET OBITh OIpe/ie/ieHa, TaK Kak IPU 3a[aHHOM JIMHEWHOW MJIOTHOCTH €ro
3apsizia oteHmas U TOYeK ero MoBEPXHOCTH MOKET ObITh MPHUHST PaBHBIM MPOM3-
BOJIbHOMY 4wmcJy. [ToaroMmy u otHoreHue /U He ONpe/esieHo eMHCTBEHHBIM 00pa-
30M.

3. I[Ipu yMeHBIIEHNN PayCOB TIPOBOIOB MOTEHITHAIBI TOUEK UX TIOBEPXHOCTEH, Kak
" HanpsoreHue Mexkay nposogamu Uy — Uy = (1/2ne) In (D/R) 1ipu 3aganHoil TUHE-
HOM TJIOTHOCTH WX 3aPsi/IOB, BO3PACTAIOT U CTPEMSITCST K GecKoHedHocTH pu R — 0.
[Toaromy momyiieHre 0 GECKOHEYHON MaJOCTH PAAUYCOB TPOBOAOB MPH pacyere
€MKOCTHU TIPUHSITH HEJIb3sI U eMKOCTD TAKOW JIMHUU MePe/Iadyi He MOKET ObITh OTIpe/ie-
JieHa.

4. TIoHATHSI €MKOCTH TeJI JTMOO eMKOCTH MESK/LY TeJTaMI MMEET CMBICJT JIUIIIh TTPH Pac-
CMOTPEHUU TIPOBOJSAIINX TeJI, TOTEHINAIbI KOTOPBIX UMEIOT TIOCTOSTHHBIE 3HAUEHUS
BO BCEX TOUYKAX MOBEPXHOCTEH KaXK/0r0 U3 TeJ.

3. Ilpu ommHAKOBOW TMHENHON TIOTHOCTH JEKTPUYECKOTO 3apsijia THUIMH/PA, TIOI-
BEIIEHHOTO HAJl TOBEPXHOCTBIO 3eMJIU, U JIBYX MUIUMHIAPOB (puc. P25.1) pazHocTs mo-
TeHIIUaNoB, paBHasd U; — 0 B mepBoM ciyvae, B IBa Pa3a MeHbIIe Pa3HOCTH IOTEHIINA-
goB U; — U, = 2U;. IloaToMy eMKOCTU Pa3andyaioTcs B IBA pasa.

AnanornyHas MOABEIIEHHOMY HaJl 3eMJIel MIUHAPY 9JIeKTPUIecKas Melb COAEePKUT
OJIMH KOHJIEHCAaTOPp eMKOCThIo C, TOoT/la Kak JABYM IIMJIMH/IPAM COOTBETCTBYET IEMb U3
JIBYX TIOCJIEZIOBATEIbHO COEMHEHHBIX KOHAEHCATOPOB eMKOCThIO C KaKABIN, TaK YTO
BO BTOPOM CJIy4ae MmoJiydaeM 9KBUBAJEHTHYIO eMKOCTh, paBHyI0 0,5C.

a U1 U1

v

Puc. P25.1
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7. OrnpeiesiuM TIOTEHIIMANBI B TOUKAX OCEHl MPOBOJIOB METO/IOM HayoxkeHus. [lpu
1, #0, 19 =0 umeem q1s1 r= Ry: Uy = (v/2ne) In (1/Ry) + A wt st r = D:.
U, = (t/2ne) In (1/D) + A, tak uro U; — Uy = (1/2ne) In (D/Ry). llpu 15 # 0, 1y =0

nmeem U; — Us = (t/2m¢e) In (D/R,) u uckomast emocts C = — 0
In(D/\[R,R,)

9. EMKOCTD B 3TOM CJIydae OIIpeAeJINTb HEJIb3, TaK KaK ITOTEHINaJ ITIOBEPXHOCTU HE

nMeeT IOCTOAHHOTO 3HaYCHM A, a ITIOJYMHEH Ha Hell ycaoBuO 87 = O, rae n — HoOpMaJib
n
K IIOBEPXHOCTH TeJia.

25.2, NoteHumnanbHblie KO3(PhULMeHTbl, K03hDULMEHTDI
3JIEKTPOCTAaTUHECKON MHAYKLMU N YaCTUUYHbIE EMKOCTH
B CUCTEMe Tesl

BOMPOCHI

2. Cob6CTBEHHBII MOTEHIMATBHBIN KOa(DMUIMEHT k-TO Tesla 3aBUCHT OT PAasMEpPOB U
B3aMMHOI'0 PACIIOJIOKEHUS BCEX TeJl CUCTEMBI, a TaKXKe OT JAU3JIeKTPUUeCKON IIPOHU-
1[AEMOCTHU CPEJIbl.

3. [Torenmuan U1 IIEpPBOTO TeJia CJAeAYET NCKATh ITpU YCJIOBUU, YTO BTOPOE TEJIO HE 3a-
PAXKEHO UM HaXO/JIUTCA B II0JIE 3apd/ia MepBOro TeJa.

4. BBenenne B cucTeMy TTPOBOIAIINX TeJ AOTOJTHUTENBHO OAHOTO WJIA HECKOJTBKUX
MIPOBOJIATINX TeJT MPUBOAUT K M3MEHEHHIO BCEX COOCTBEHHBIX M B3AUMHBIX MOTEHITH-
aJIbHBIX K02 duIeHToB. /leiicTBUTEIbHO, BHECEHNE B MOJIE k-TO 3apsI’KEHHOTO TeJsa
IPYTOro He3apsiKEHHOTO IIPOBOSIETO Tesla IPUBOAUT K U3MEHEHUIO II0TeHIINATIOB
BO BCEM IIPOCTPAHCTBE, B TOM YHCJIe M B TOUKAX OBEPXHOCTH k-r0 3apsIKEHHOTO TeJla,
a cJIe10BaTeIbHO, K U3MEHEHUIO COOCTBEHHOTO MOTEHIIUATBbHOTO KoadduIenTa k-ro
TeJa.

5. Ecin k 3apsikeHHOMY € 3apsiioM ¢4 > 0 Testry pubImKaTh He3apsKeHHOe MTPOBO-
JIsIIIee TeJlo, TO moTeHuan Uy Tejla YMEHBIIUTCS BCIEICTBUE BIAVSHUS WHYITUPOBAH-
HBIX HA TOBEPXHOCTH HE3apsIZKEHHOTO TeJia 3apsiioB. [1oatomy OyeT yMeHbIIAaThCsT U
cOOCTBEHHBIN MOTEHIINATBHBIA KOIMMUIIMEHT Ol1. AHAJOTUYHBIM 06Pa30M U3MEHSI-
€TCsl ¥ TIOTEHITUATbHBIN KOA(hPUITUEHT OLyy.

Tak Kak npu cOMMKEHUI TeJI BO3PACTAeT MOTEHIIMA He3apsizKeHHOTO TeJla, TO U B3a-
VMHbBIE TIOTEHITNATbHbIE KOA(PMUITUEHTHI 015 = Oy TAKJKe BO3PACTAIOT.

7. Bce norentnuanpabie KOd(MOUIIMEHTH MOTOKUTENbHBI, TAK KaK 3HAK TOTEHIINATA
3apsKEHHOTO TeJa, Kak W MOTeHIINaJa BHOCHUMOTO B €TO TT0JIe He3apssKeHHOTOo Tela,
COBTIQJIaeT CO 3HAKOM 3apsa TeJa.

YMPAXHEHUS
2. Jlsist Toro 4ToOBI BHIPA3UTh KOA(DMUIMEHTDI 3I€KTPOCTATUYECKOM HHIYKIINN Yepes3
MOTEeHIHATbHBIE KOA((DUITMEHTHI, HeOOXOAMMO PEITUTH crcTeMy ypaBHeHuit o q = U

OTHOCHTEJIbHO 3apsifioB: ¢ =a U 1 U3 ycaosus o '= B HaiiTh nckomble koahdu-
IIMEHTHI 3JIEKTPOCTATUYECKON MHIYKITUH.
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B cucreme aByX Tes U3 ypaBHEHUI
oy Gy +0yyq, =U,
oy g+ g, =U,
1 1oy —oyp

_ a
HaXoouM o = — uBy=—2 By=—
Al=oy oy A

T TR 1)
A A A
B cucreme Tpex Tes u3 ypaBHEeHUM
Oy Gy +0 Gy +0y3q5 =U,
O oGy +0gyqy 05345 =U,
Qgqy +0gqy +0 5395 =Uy

oJrygaeM
QggQlgg = g3y Olygllgy =090l gy OLypQpg — Ol y3Q 5
a%:Z Qg0 gy =0 pQgg O ggOlgy —O 303y OlypQ g = O 140l yg s
QgOlgy =0 gpOlgy  Olpllgy —OyOlgy OO gy — O 0oy
TaK uro Py = 2% goc 2% g, = %1% ;(xua B w1, 1. (3n€ch A — onpesenu-

TeJb CUCTEMBI YPaBHEHUH).

3. Boipaskast pagHocTh noTeHImanoB U; — U, Ten dyepes 3apsy ¢ OJHOTO U3 HUX, Ha-

xoquM u3 ypasHenuit Uy = oy1q; T oyaqy, Uy = ayiqy + ange Uy — Uy =
U -U, oy =20, +0,,

= (g — 20, + 0p0) g4, C

1 1 1
Tax xax oyq = Zﬁmy Oy = —XB@ Oy = ZBMy rne A =By By — [3122: TO MoJayqaem

_ BuBn =B
Bii +2B, +522.

I/ICHOJH:)SyH COOTHOIICHM A Bll = C“ + C12, [312 =— C12, ﬁ22 = 021 + C22, Ha- |

Chi
xomum C = Cpy + —122_ 910 BhIpaskeHne MO3BOJSET NPeACTaBUTh Ci2 T
C11 + C22 Cx
2
EMKOCTD MEKLY JBYMs Te/laMit B BHIE eMKOCTH dIIeKTPHYECKoii uemn, "o =~ oo

cojiepKaiieil Tpu KOHIEHCATOPA, COEAMHEHHBIX TOCJe0BATENbHO-TIa-
pastensto (puc. P25.2).

4. Bocnosib3ayemcs perienreM MpeAbIAYIero yipakaeHus: Ciy = — B, Ciy =By + P1o,

. O 9y Ay A 4
Cyy = Bay + Bio, @ Takoke ynpaxkuenus 2: By = —= Byp = ——= By =— e A =
A A A
= 0ly10l9g — OL 122. B nrore naxomum:
Ay Ogy =0y Oy =0y

Cip = 7 Cii = 7 O =

—
OOl gy — Oy OOl gy = Qg OOl gy =0y
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5. [TomecTrM HAYAIO MIPSIMOYTOJIBHOM CUCTEMbI KOOPJMHAT B BePINUHE JIBYTPAHHOTO
yriia 1 0603HaYNM KOOPAMHATBI IPOBOJIOB X1, Y1 U Xy, Yo. VICTIONB3Yst METOT 3€PKaJIb-
HBIX M300paskeHHil, 3aMnIeM MoTeHnaibl mposoaa 1 mpu g, = 0 u nmpoBoaa 2 1pu

q1=0:
q 1 a4 1 q 1 a9 1
U, = In| = |- In| — |- In| — |+ 1 =
' 2mel H(RJ 2mel n[2y1j 2mel H(ZXJ 2mel 1{2 Ix? +y? J

i ln{ 2%y, } U, = 9> IHL 2x,Y,

2mel | R\x? +y? 2mel | R\x? +y? ’

OTKYy/la T10JIydyaeM

a11 = ﬂ 1 ln{ R 2X1y1 \J, (04 929 = & 1 ln 2x2y2 J.

q, 2mel Jal +yl q, 2mel R\x5 +y;

Jlyist HaXOKIEHWsT TTOTEHITMATBHOTO KOA(M(MUIIMEHTA Olyy PACCUMTAEM TOTEHIIMAT B
TOYKe pacmoyoxkeHus mpoBoaa 2 mpu g, # 0, g, = 0:

U, = % 1 ! ST P !
2mel _\/(xz _x1)2 +(Y, _.7/1)2 ] 2mel _\/(xz +x1)2 +(, _.7/1)2 |

4 1 1 +- gy 1

) 2mel _\/(xz _x1)2 +(Y, +y1)2 ] 2mel _\/(x2 +x1)2 +(, +y1)2 ]
o, =21 ln{[(x2+x1)2+<y2_y1>21[(x2_x1)2+<y2+y1>21}_
g, Amel | [(x, _351)2 +(¥, _y1)2][(x2 "'351)2 +(¥, +Z/1)2]

25.3. EMKOCTb NIMHMIA Nepeaaun

YMPAXKHEHWA

1. TlorpemrHocTh pacdyera €MKOCTH ABYXIPOBOAHOW JIMHUU TIPH IpeHeOpeKeH I
BJINSTHUEM 3eMJIM MOXKHO HAUTH 1o hopmyJie

(Cy, Cy — eMKOCTH IIPH y4eTe BJUSHUST 3eMJIA U TIPH ITPEHEOPEKEHIN €€ BJIUSHUEM ).
[Ipu 3aaHHBIX YUCTEHHBIX 3HAYEHUSIX TI0JyYaeM, YTO MOTPEHTHOCTh He MPEBBINIAECT

oAHOro mpoienra upu i > 1,6 M.

3. llorenimanbibie KO3MMUIMEHTHI PACCUUTHIBAEM 10 (DOPMYJIaM:

onzlln%ocz11n%oc=ot=11nh1+h2
U one R ) Z 2ne,l R ) 2ng,l D )
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Mckomas eMKOCTb paBHA

C= 1 o 2meyl y ~ 628102/ 2.
o, +a, =20, | 4h,h,D M
RZ(}H +h2)2

4. Jlns pacueTa eMKOCTH JIBYXITPOBOJHON JIMHUN BOCIIOJIb3yeMCcd KOH(DOPMHBIM OTO-
OpakeHreM 00JIACTH CYIIECTBOBAHMUS TOJIsI HA BEPXHIOIO MOJIYILIOCKOCTD ¢ TOMOTITHIO
dyuknnm ¢ = f(z) KOMIIEKCHOTO TiepeMeHHoro z. IIposoxa 1, 2 auHUM, MMeoIIe
B TJIOCKOCTH Z KOOPAUHATBI 21 = Xy + iy = 7y, Z9 = Xy + jiyy = 7y, OYIYT UMETh B ILIIOCKO-
ctu € koopauHathel §; = & + jny, § = &y + jno, UX pasiyChl IPUMYT 3HaYeHus Ry = R
‘ 1 (2) e Ry = }q f ’(Z)L:ZQ. Tax Kak 3apsabl U MOTEHIIUATBI TIPOBOIOB TIPU KOH(MOPM-

HOM IpeoOpa3oBaHiy 00JaCTH He U3MEHSIIOTCS, TO eMKOCTh TaKyKe He U3MEeHSeTCs U
. 1
MOsKeT ObITh HaiiieHa 110 opmyie C = , TILE OLy{, Olgg, Olg — ITOTEHIIH-
Oy +0gy =20,

asbHble K09 (MUITMEHTHI TIPOBOJIOB B TLIIOCKOCTH TIePeMEHHOTO £:

e )2 2
(210 gL pf 20 g, 1 V&, -8 +(n, £ 1)

2ne,l | R, 2ne,l \ R, 2, \/(ﬁz —£)2+(m, -1,

[Ipu pacroyioKeHnn HaYaaa MpsIMOYTOJIbHON CHCTEMbBI KOOPAMHAT B BepIiiHe 06pa-
30BAaHHOTO TIOBEPXHOCTSIMU HYJIEBOTO MOTEHITHAA IPSMOTO yTJa (BapuanT a) (pyHK-
g § = z* orobpakaeT BHYTPEHHIOO YacTh yIJIa B BEPXHIOWO IOJYIIOCKOCTh KOM-
IJIeKCHOU nepeMenHol = & + jn.

IIpoBozia IMHIM UMEIOT B IIOCKOCTH § KoopauHaTh §; = 12e’*% =&, + jmy, Ly =17 e’** =

= &, + jNy, UX pammychl paBubl Ry = 2R | rie™ | = 2Rr(, Ry = 2R | r, €’®| = 2Rr.
B 3ajauax BapuaHTOB 0, 6, 2 (DYHKIIUU, OCYIIECTBISIONINE OTOOpaskeHne 00IacT B

T

—Z
BEPXHIOIO TIOJIYIJIOCKOCTD MEPEMEHHO#T {, IMEIOT COOTBETCTBEHHO Bua = e? |
1( z R,
_ — + R

i
=sin—z (=
d 2(R, =z

OtrobGpaskeHne BHyTpeHHel yacTh Kpyra (BapraHT 0) B BEPXHIOIO MOJIYIIJIOCKOCTD BbI-
az +

+d
TOPOI MOKHO OIIPEIETUTD U3 YCJIOBUA COOTBETCTBHS KOOPJAMHAT TPEX TOYEK B ILJIOC-
KOCTH Z TPEM TOYKaM B IJIOCKOCTH (.

MOJIHSETCS € TIOMOIIBIO APOOHO-TUHERHON (hyHKIMN § = , K09 PUITHEHTHI KO-

Ecom npunHATH, HanIpuMep, 9TO HEHTP OKPYKHOCTH TIEPEXO/IUT B TOUKY C KOOPMHA-

Tolt + j mmockoctu , a Touku 2= Rynuz=— Ry — B Touku { =+ 1 u { = — 1 cooTBeTCT-
z+ jR,

BEHHO, TO MOJKHO TIOJIYYUTb C ="

Jjz+ R,

JLJist 9uCTeHHBIX TAHHBIX BapUaHTa a ToayJdaeM: 7y = 6,4 M, 1, = 7,2 M, R; = 0,256 ™,

Ry=0,288 M, & = 9, 0y = 40, &y = 20, 1y = 48, auyy = 1,03-101 /7, 099 =1,04-101 /1, c1yp =
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=3,4-10'%/1, C=0,714-10"""/ ®. IIpu npenebpeskeHIH BANAHIEM 3eMIM eMKOCTD JIH-
mm pasna C; = nel(In D/R) 1 =0,71-10 1/ @, Tak 4T0 MOrpentHOCTh pacyeTa eMKOCTH
He nipeBbrnaer 1 %.

o
5. llpunmumas g, = 0, Haxogum Uy = 0ly1qy = —2- Uy 1 ¢ y4ETOM BeJUYIH

e 71y =N D? + 4h*, nomyyaem

ln(r”]
v, Py <538
| (2hj
n .
R

Hanpszxenne mexay mpoBogamu paBuo Uy = Uy — Uy = 4,7 xB.

6. ComocTaBuM eMKOCTH TPeX(ha3HBIX JUHUH TPU PA3TUIHOM PACTIONIOKEHUN TPOBO-
JIOB U TIPeHEOPEKEHUI BIUSTHIEM 3eMJIH. ECIIi IPOBO/Ia PactioIosKeHbl B OJIHON TJT0C-

KocTh (BapuaHThl d, 6 ), TO
3
C = 2ns%ln(\/5 J
R

[Tpu pacronoxxeHun MPoBOJIOB B BEPIIMHAX PABHOCTOPOHHETO TPEYTOJbHUKA (BapH-

AHTHI 8, Z) I1oJjrydaem:
C2 = ZWSI/IH(DJ > C1.
R

CorocTaBUM eMKOCTHU JUHUU TIPU yUeTe MPOBOAIIeH 3eMyn. BoipakeHue Ay eMKO-
ctu C] nunun (Bapuant a) u3BectHo (cM. § 25.5). IIpu pacnosioxkeHun MpoBOIOB B
BEPTUKAIBHON TIIOCKOCTH (BAPUAHT 0) TOTydaeM:

2mel
2D, [ h(i+2D) '
R \(2h + D)(2h + 3D)

Cpasnenue 3Hauennii C] u C, nokaspiaet, uto C; > C.

Cy =

[Ipu pacmosokeHUN TIPOBOIOB B BEPITHHAX PAaBHOCTOPOHHETO TPEYTOTBHUKA (BAPUAHT 8)
nMeeM

2mel

" (20] 3 h*(h +~3/2 D)
?{/[(D/z)Q +(2h +/3/2D)*WD? + 4h?

Cy =

R
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CpaBrenue Bblpa’keHUI Ul pacyeTa eMKOCTH IokasbiBaeT, uto Cy< C; < C} < (],
T. €. HAUMEHBIIYI0 eMKOCTb UMeeT JIMHUS ¢ PACTIONOKEHUEM TIPOBOJIOB B BEPTHUKATIb-
HO¥T TWIOCKOCTH (BapyaHT 6 ), a HANOOJBIITYIO0 — IPH PACIIOTIOKEHUN TPOBOJIOB B BEP-
NIMHAX TPABUJIBHOTO TPEYTOJIBHIKA COTJIACHO BAPUAHTY 8.

7. 3apsi/ibl TIPOBOJIOB HAXO/UM, Pelliasi CUCTEMY YPaBHEHU
oGy +0 Gy +03q; =Uy,
Oy Gy + gy +0yqy =U,y,
Oy + 050Gy +033q; =Us,

JI7IS1 4eTo TTPeIBAPUTEIbHO PACCUNTHIBAEM MOTEHIIUAIbHbIE KO(MDMUITNEHTHI:

@) Oy = Olyy = Olg3 :1111(2]?)— 1,37-10" = 11

2me,l [ @
/ 2 2
Ol1g = Qg3 = L In 4" +D 255 101 1 i
2me,l D [ @
/ 2 2
o3 = L || Y4h_+4D =1,45-101011,
2me,l 2D [ @

q;=— 29710 "1 Kn, gy = — 3,64-107- [ K, g5 = 6,83-10 -] Ku;
1

6) a11=1n(%j=1,37-10“1 i, Olgy = ! 1n(2(h+D)j=1,44-101 i1 i
e, [ @ 2me,l R [ @
gz [ 2AE2D)) g gt L
2me,l [ @
by 1n£2’”Dj 291001 1
2me,l D [ @
S ln[2h+2Dj—1,98-101 o1 1
2me,l 2D [ ®
Olyg = 1 ln(2h+3Dj 3510101 1
2me,l

q;=— 309107 [ Kn/m, gy = — 3,78107"- [ K, g5 = 6,67-1077- [ K;

8) Oy = Olyy = ! 1n[2hj_13710“1 !
2neyl R [ @

O3z = ! In|2 h+£D R|= 1,43-10111 i,
2me,l 2 [ @
/ 2 2
Qg = ! In h”+D =2,55-10"° ol i
2me,l D [ @
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2
O3 = Oly3 = L 0,5D)* + 2h+ﬁD D :2,85-10101 i,
2me,l 2 [ @®
gi=-3710"71Kn, g, =—3,7107- [ K, g5 =7,07-10 -] K;
2) oy = 1ln(2hj= 1,37-10111 i,
2ne,l R [ @
Olyy = Olgg = ! ln2h+ﬁD _14310111
2meol | 2 [ @
i 2
Oy = OLyg = U 0,5D)* + 2h+ﬁD L285 pot0 1 i
2me, [ 2 J [ @

Qo3 =

! Zln[\/DZ +(2h+x/§D)2/D}:3,17-101 % é
0

g1 =— 3,610 -1 K, gy = — 3,6:10 -/ Ku, g5 = 7,13-10 7/ K.

8. Ilpu ycnoBuu a 3amaum ciaexyeT IPUHATH ¢y = g3 = 0, Tak Kak BTOPOU U TPETUU
TTPOBOIA HE 3apsyKEeHBbI, UTO MO3BOJSAET 3anucaTh ypasuenus U, = oy qq, Uy = a qy,

Us = a3y g1, 13 KOTOPbIX HaxoanM ¢y = U, fouyy, Uy =0ty foy Uy, Us =0ty fouy, U

Haxomum (puc. P25.3): ¢, =8,03-10 7./ Knu a) U, = 20,5 kB, Us; = 11,6 xB; 6) U, =
=23,2 kB, U3=15,9 kB; ¢) U, = 20,52 kB, U; = 23,0 kB; 2) U, = 23,0 kB, U3 = 23,0 kB.

a 8 2
3 3ely2

2,2 YAy v

| e<=—>0<>03 K 2 1
2 D

h h h

TITI7TI7777777 TIT7777777777
Puc. P25.3

[Ipu ycnoBum 6 yrnpaxkuenust caeayer npunstb Uy = 0, g3 = 0, Tak 4TO ypaBHEHMUS,

CBA3bIBalOIIWE 3apsA/ibl U ITIOTEHIIMAJIbI ITPOBOJAOB, IIPUHUMAIOT BU/:

Up =0 y,q +0 4,9,

0 =0 yq +a g,

Us =0 3G +005,4,.
Pemas nx, nonyyaem

o, o o U
q1 = = Upqy=——-q1=— .  Us=

A 50l 59 — Ol 99O 4
31V 22 32 21
U,

Ol 0Ly = OO o4

) Ol 10l gg = Ol 10l o4 Ol 0L 99 = QL pQ 54
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[ToncraBnsas naiimeHHbie TPU PENIEHUH YTIP. 7 3HAYEHUSA TTOTEHITNATBHBIX Koa(duim-
€HTOB, HAXO/UM:

a) q; =8,32-10 " Kx, g, = — 1,55-10 71 K, U; = 8,11 kB;
6) gy = 38,3810 Kn, gy = — 1,710 " Kn, Uy = 10,71 xB;
8) q1 =8,32-10 " Kn, gy = — 1,55-10 7] K, Uy = 19,29 kB;
2) qy =83810"71 Kn, gy = — 1,710 7] Kn, Us = 18,59 kB.

[Ipu ycnoBuu BapuanTa 6 ¢ yaetroM cootHomerus U, = Uy = 0 Haxomum 3apsiabl Tpo-
BO/IOB, pellas CUCTEMY YPaBHEHUI

QG +0 Gy +0y3q; =U,
O oGy +0gy(y +0ysqy =0

O 3G + 0 3Gy +033q; =0.

[ozacTaBss ync/eHnble 3uadenys, noaydaeM (cM. puc. P25.3): a) g, = 8,36-10 7] Ku,
qs = —1,44-10 "1 K1, g3=-0,62-10"I Knu . 1.

10. Vcmomb3yst COOTBETCTBYIONIYIO (DYHKIIMIO KOMILIEKCHOTO TiepeMeHHoro ¢ = f(2)
(cM. pemrenue yip. 4), oTo6paskaeM 3aJaHHyI0 001aCTh Ha BEPXHIOIO MOIYILJIOCKOCTb.
Boruncnus paanycol Ry, Ry, R 1poBOsioB, pacctoduust Dy, Dy3, Dy3 MEXIYy HUMU U
BEJIMYUHBI 1}, My, N3 B IJIOCKOCTH ITepeMeHHOT {, TIepexXo/ UM K pacueTy eMKOCTH ITPO-
BOZIa TPAHCIIOHUPOBAHHON TpexdasHoil juHuK. Tak Kak npu KOHGOPMHOM 0TOOpa-
JKeHUHU 06JIaCTH eMKOCTh HE M3MEHSIETCsI, TO [IJIsl pacyeTa eMKOCTH ITPOBOIa C yU4ETOM
BJIUSTHUST TIPOBOJIATIEN TIOBEPXHOCTH MCTIOIb3YeM (DOPMYITy, TONyU4eHHYIO B § 25.5.

EMKOCTb IIpOBOZIa IMHUY TIPU IPEHEOPEKEHNN BIMAHUEM IIPOBOASAIIEN TOBEPXHOCTH
2mel

In(D/R)

nosry4daeM 1o gopmyiie C =

25.4. Metop cpeaHUX NOTEHLMANOB

BOMPOCHI

1. HpI/I 3a/laHHOM pacIipe/ieJIEeHNN IIJIOTHOCTU 3JIEKTPUYECKOI'O 3apdda Ha ITIOBEPXHO-
CTHn HpOBO,ZIHIL[eFO Te€Jla €ro IMoTeHIraJI MOKHO paCCUnUTaTh, IIOJIb3YyACh BbIPpA)KEHHUEM

U= 4— §> ——, TocJie 4ero HaTu eMKocTh C = g/ U, yauTbIBas, 4TO 3apsj TeJia g = {)cds
ne

S

Pemrenue 3a/la4i HaXOKAEHUA 3apsA/da Tejla 110 €ero nmoTeHuuam sy ('{TO 3a4aCTyIo IIpu-
XOoUTCA AeJsaTb Ha HpaKTI/IKe) 3HAYUTEJbHO CJOKHEE, TaK KaK IIPU 3TOM IIPUXOAUTCA
IpeABapuTeJbHO OTbICKMBATb HEM3BECTHOE pacCIipe/iejieHrEe IIJIOTHOCTU 3aps/a.

2. [TorpenrHocTb MeTO/Ia CPETHUX MTOTEHIINAIOB YMEHbBIIAETCS C YBEJTMYEeHNEM JTHHBI
poBoIoB (IIpu /i = const), Tak Kak B 9TOM CJIydae pacipeze/eHe 3apsiia BA0Jb HUX B
1esioM OJinKe K PaBHOMEPHOMY, XOTsI BOJIM3M KOHIIOB ITPOBOIOB TIOTHOCTD 3apsI/IOB
OCTaeTCsI CYIIECTBEHHO OOJIbIIel, YeM B MX CPEIHEN JacTH.

3. HOI‘peHIHOCTI) METOJa CpeAHUX TTOTEHIIMAJIOB 3aBUCHUT OT pacCIIipe/ieJieHNA 3apsA/ia
Ha ITOBEPXHOCTU TEJI. 4EM OHO OsmKe K PaBHOMEPHOMY, TEM MEHbIIE IMOTPEHIHOCTD
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Metoza. [Ipu 3amanHoM paccTostHum Mexy chepaMu TIOTPENTHOCTh BO3PACTAET C yBe-
JIMYEHUEM UX PAJINYCOB, TOT/Ia KaK IIPY 3a[aHHBIX pajinycax cep OHA YBEJNIUBAETCS
C YMEHbBIIEHUEM PACCTOSTHUSI MEK/Y HUMU.

26.1. dnekTpuyeckoe noJsie NoCToSAHHbIX TOKOB B AAN3JIEKTPUKE
M B NpoBoAsiLLEeN cpeae

BOIMPOCHI

3. Tlonnbiii 3apsia B 00beme AV, BbIIEIEHHOM BHYTPHU TIPOBO/IA € TOCTOSTHHBIM TOKOM,
paBeH HYyJI0, TaK KaK OTPHUIATEJbHBIN 3apsiji MMEMMXCss B 00beMe 3JIeKTPOHOB
paBeH TOJOKUTEILHOMY 3PSy HEMOABIKHBIX MOHOB. [109TOMY BHYTpPH TIPOBOA C
tokoMm umeeM p = 0 u div D = 0. Ha nmoBepXHOCTH ITPOBO/Ia ¢ TOKOM Hapsily ¢ Kaca-
TEJIHON COCTaBJISIONIEN HAMPSKEHHOCTH DJIEKTPUYECKOTO TI0JIst, 00YCIOBIEHHON
MTPOTEKATONTIM TOKOM, UMEETCsT TaKKe W HOpMasbHas cocTasisiomnas E,, mperepie-
BaloIast Pa3phiB BCJIEACTBHE TOTO, UTO C BHYTPEHHEH CTOPOHBI MOBEPXHOCTH TIPOBOJIA
J, =vE, = 0. [ToaToMy Ha MOBEPXHOCTH MPOBOJIA C TOKOM BO3HUKAET DJIEKTPUUCCKUN
3apsjl IJIOTHOCTBIO G = gy E, U, cienoBareibHo, oObeMHas MJI0THOCTD 3apsjia Ha Heil
obpaiaercs B 6ECKOHEYHOCTD.

[l XapaKkTepuCTUKN pacpeiefieHns IeKTPUIECKOT0 3apsaa NCMOTb3YIOT MTOHATHE
€T0 TIOBEPXHOCTHOM TJIOTHOCTH U TTOBEPXHOCTHOM MUBEPTEHITNN BEKTOPA dJIeKTpUde-
CKOTO cMelenust, o6o3HadaeMoii kak Div D 1 onpe/esisieMoil Kak pasHOCTh HOPMaJib-
HBIX K TIOBEPXHOCTU COCTABJISIONINX BEKTOPA DJIEKTPUIECKOTO CMEIIEHMS, B3ATHIX 110
o6e ee croponsr: Div D = D,, — D,;. CBs3b Mexay Bennunaamu Div D u ¢ umeeT B
DivD =o.

4. B mpoBoJisIIeM Teste 3JIeKTPUYECKOTO TOKA U 9JIEKTPUUECKOTO TI0JIS HET, TI09TOMY 1
ILJIOTHOCTD 9JIEKTPUUECKOTO 3apsijia BO BceM oObeMe Tejia paBHa Hyro. OHaKo Ha ero
MMOBEPXHOCTH PaCIIpeiesieH WHYITUPOBAHHBIN 2JIEKTPUIECKUIA 3aPsi/l, TTOBEPXHOCTHAS
IJIoTHOCTH KoToporo DivD =D,, — D,;=D,, = G.

B nuanexTprike cBOOOMHBIE 3aps/IbI OTCYTCTBYIOT U B JII0OOIT TOUKe ero oObeMa Bbi-
nosHsieTcst cootHomnienne div D = 0, Torga Kak Ha MOBEPXHOCTH TIPOBOJA C TOKOM
nmeeM ycioBre Div D = 6 (cM. oTBeT Ha Bompoc 3).

9. Ha rpaHuiie AByX Cpejl ¢ PasiuYHbIMU YAEJbHBIMU JIEKTPUUECKUMHU ITPOBOANMO-
CTSIMU Y U ¥, B cuuty ypaBaeruii div J = 0, J = yE nosyuaem

divyE=ydiv E+ E grad y=0, orkyna caenyert, uto div E=—(grad yE)/y #0. Tak xak
Besmunnbl grad y u div E o6pamaoTcst B 6eCKOHEYHOCTD, 9TO O3HAYAeT CYIIECTBO-
BaHMe Ha rPaHMIE JABYX CPEJl dJEKTPUYECKOTO 3apsia B OECKOHEYHO MAJIOM OOBbEME.
B T0 ke BpeMst IJIOTHOCTD IIOBEPXHOCTHOTO 3JIEKTPUYECKOTO 3apsi/ia Ha TPAHUIIE IBYX
cpen KoHewHa. [110THOCTD 3apsiga MOKHO OTpeNeuTh 1Mo hopMmyJie

G = Dn2 - Dn1 =gy Jp.

11. Ha nmoBepXHOCTHU 3JIEKTPO/IA MOKHO TIPUHSTH ycaoBue U = const, T. €. cYuTaTh ee
HKBUIIOTEHIUATBHOM.

14. HOBerHOCTb 3a3EMJIAIONIETO SJIEKTPO/Ia MOJKHO CUUTATh BKBI/IHOTGHHHaJIbHOfI,
€CJIN yaeJsibHadA 9JIEKTpUYECKad MMPOBOJMMOCTD BEIIECTBA 3a3€MJINTEIA 3HAYUTEJIbHO
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[IPEBBIIAECT YAEJbHYIO 3JIEKTPUYECKYIO IIPOBOJUMMOCTDL 3eMJn. Ecim 3azemimnTesb
BBITIOJTHEH U3 MEJIH, TO TPH Yoy = 1072 CM/M OTHOIITeHNE STHX BEIHMIHH COCTABIACT

5,7-107/107% = 5,7-10Y > 1.

YMPAXKHEHWSA

1. DyIeKTPUYECKUIT TIOTEHIINAI B OHOPOAHON Cpefie YAOBIEeTBOPsIeT ypaBHeHuto Jlar-
naca div grad U = 0, a B HeoHOpOAHOIT cpege — ypasHenuio div € grad U = 0.

ITU yPaBHEHUST COBNA/IAIOT C YPABHEHUSIMHU, KOTOPBIE OMUCBIBAIOT MOTEHITHA JJIEK-
TPOCTATUYECKOTO TIOJISI B COOTBETCTBYIOIIEH cpefe.

2. IlapamMeTpbl TUHUH, PAaCCMATPUBAEMON KaK 2JEKTpUUecKas Ielb ¢ pacipe/esicH-
HBIMM BZIOJIb Hee TapaMeTpaMu 7 U g, CyTh BOJHOBOE COIPOTUBJIEHUE JINHUM Z = A7/ &

1 Koa(hDUIUEHT pacnpoCTpaHeHUT ¥ = \/Tg W3 ypaBuennii (cMm. T. 2, § 16.3)

Upx = Upx chyl = Iz shyl I, = I, chyl =U__/z shyl pnuunoit nuanum sHaxomnm ¢
U.r

BX " H

r,chyl + zshyl’

UBX
ch(yrgl)
Jlnst HaxoK/IeHUsT TTPOBOIMMOCTH g HA €IMHUILY JITUHBI JIMHUU BOCIIOJIb3yeMCsl aHa-
JIOTUEN 2JIEKTPUYECKOTO TI0JISI B HEUJICATBHOM JIUAJIEKTPUKE C 3JIEKTPOCTATUIECKUM
TTOJIEM, JIJIST YeT0O UCITONb3YeM (hOPMYJTy JIJIs pacyeTa eMKOCTH, TPUBeeHHy0 B § 25.1,
vC_ my

m3,g=""=_—"-r
& gl InDR!

3. yLII/ITI)IBaH, YTO JJIEKTPHUYECKOE I10JI€ B IJIACTHUHE OJHOPOJHOE, €€ COIIPOTHUBJICHME

[

1 .
r=—=—. Tak Kak 0HO He 3aBUCUT OT Pa3MePOB CTOPOH KBAIPATHO IIACTIHBI, TO U
vs  vd
U1 2
—L "2 Takyke He 3aBUCUT OT Pa3MEPOB CTOPOH ILIACTUHBL. Takum o6pasoM,
’
Jr0bast KBapaTHast MJIACTUHA OHOM U TOM Ke TOJIIIMHBL U YAETbHON 9JIEKTPUIECKON
MIPOBOIMMOCTU €€ MaTepuajia UMeeT OJHO U TO Ke COMPOTUBJIEHUE MOCTOSHHOMY

TOKY.

yuetoMm cootHotnerust Uy, = I, 7, Boipakenue Uy, (1) =

Ecou muHus pasoMKHYTa, TO, TPUHIMAas 7, = oo, mosrydaem Uy, () =

TOK 1 =

4. Bo Bcex Toukax IIJIaCTHUHDI, 3a MCKJIIOYEHMEM TOYEK, JIEKAIIUX Ha IIOBEPXHOCTU
pasjiesia cpell € pa3djiMdHbIMU Y/I€JbHBIMU JJIEKTPUYECCKUMU ITPOBOJIUMOCTAMMU, TTOTEH-
IMaJI OMUChIBACTCA ypaBHEHUEM Jlartaca.

oU oU
B Toukax moBepxHoctu Bbipe3a A umeem J, = — y — = 0 u, caeposarenbHo, — = 0.

on on

oU
C o6enx cTOpoH TpenHbl AB TakKe UMeeM yCJI0BUe P = 0, TaK KaK CKBO3b TPEITU-
n

HY TOK IIPOTEKAaTb HE MOJKET. B Toukax TIOBEPXHOCTHU BbIpE3a B IoTeHIuaJa yaIoBJe-
oU )
TBOPAET YCJIOBUAM 'Yai =Yn 87, Uz = Ue, r/iIe THAEKCHI 1, € HOpMaJIn 77 O3HA4YalOT, 4TO
n, n

e
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oU
IIPOU3BO/IHY IO a— TMoTeHIaM a CAeAYET BbIYUC/IATH CO CTOPOHBI MaTepurajia C y/eab-
n

HO TIPOBOIMMOCTBIO Y M Y,, COOTBETCTBEHHO.
Ha ctoponax 3, 4 macTUHBI BBITIOTHEHO YCIOBUE 66—U = (), Tak KaK TTPOBOAMMOCTbH OK-
n

pysKatolero miacTuny auaaektpuka y = 0. [IpoBoamMocTh BeliecTBa, IPUJIETAIONIETO
K cTopoHaMm 1, 2 mIacTwHsbI y, >> ¥, B CBSI3U C 4eM ToTeHITHa U 37IeKTPOIOB He U3Me-
HSIETCSA U eT0 MOKHO TPUHATH MTOCTOSHHBIM.

Tak Kak Ha TPaHUIIE «XOPOIIO MTPOBOJISIIEE BEIIECTBO — TJIACTUHA» TIOTEHITNAT CKay-
KOM He U3MEHSIETCS, TO TIOTEHITNAT B TOUYKaX CTOPOH 1, 2 MIACTUHBI, TPUMBIKAIOTIINX
K ajekTpozaam, rnoctosinen: U = Uy na cropore 1 u U = U, # Uy Ha ctopone 2.

9. B coorBeTcTBUM ¢ METOJIOM 3JIEKTPOCTATUYECKON aHAJIOTUN JIUAJIEKTPUKAM C IIPO-

HUIIAEMOCTSIMU €4, €, € CJIEYET MIOCTABUTh B COOTBETCTBHE TIPOBOJIHUKHU C YIETbHBI-

MU TTPOBOJTUMOCTSIMHU Yy, Yo = 8—2y1, Y= i}q. [Tnactunam 1, 2, Kak ¥ BKpaIIEHUIO C
€y €y

YIIEIbHOM TPOBOIMMOCTBIO Yy, COOTBETCTBYET BEIECTBO, y/I€JbHAsT TPOBOJUMOCTD KO-

TOPOTO Y, >> V1, Yo, V-

YerpoiicTBo, aHamornyHoe n3obpaskeHHomy Ha puc. P26.1, nokasatno Ha puc. P26.2.
Y8 >71, 712 1

- ‘——————————————————<——;—A
) @/sl<s<sz T2 @/ Y1<y<712
2 Y8 >> Y1, 12 2
Puc. P26.1 Puc. P26.2

6. IIpoBOAMMOCTD YTEYKH MOKHO HAWTH C TIOMOIIBIO GopMyJibl G = Te 3nech C —
g

eMKOCTb MesK/Ly HECOOCHBIMHM OXBATBIBAIOIIMMHE APYT APYyTa HUIUHAPAMHU, OIIPEeIeIsi-
emas 110 ipuBeieHHoMY B § 25.1, 11. 4 Beipaskeruto. IIpu D — 0 umeem by — oo, hy — oo,

R
1 IpoBoAMMOCTh G = 21yl In —% npunuMaeT HamMenbliee sHavenue. lpu D — Ry — R,
1

nomydaeM G — oo, [1pu 3amannbix sHavennax napamerpos G = 9,9-107% Cu.

~ o Ey=o—
2mry,l 2mry,l

i
7. HaupsiskeHHOCTD 9JIEKTPUYECKOTO MOJIS B CI0AX Kabens E; =

Hanpsikerne My KUIoi u 000JI04KOi
Ry .
U= jEdr=i iln&+iln&
R 2nlly; R v, R,

Tox yreuxn He mpespimaet 3Hadenus 2-10° mpu manpsoxenuu U < 80,2 B.
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8. AMIIIUTY/IbI TOKA IIPOBOAMMOCTH M CMEMIEHUS PaBHBI [ oy = GUpay = C IUInax
€

" ICM max — © CUmaw

[Ipu wactore ® = y/&€ TOK CMEIIEHUSI PaBEeH TOKY MPOBOAMMOCTH. TakuMm 06pasom
nostydaeM o = 570 1/c.

27.1. CkanspHbIA NOTEHUMAN MarHUTHOIoO Nons
BOMPOCHI

3. CkassipHblii MATHUTHBIN MOTEHIIUAJ CTAHOBUTCS HEOJHO3HAYHBIM, €CJIM MyTh UH-
TEerPUPOBAHUST HAIPSIKEHHOCTU MAarHUTHOTO TMOJISI OXBATBIBAET 3JEKTPUUYECKUI TOK.
OH Oy/1eT OJIHO3HAYHBIM, €CJIM UCKJIIOUUTH TAKUE IyTH, T. €. €CJIU BBECTU <HEIPOHU-
1aemMble», MW 3allpeTHbIe /IS [epecedyeHus eperopojKu, KOTopble KOHTYP UHTErpH-
poBaHu4 repecekarb He MOXKeT.

5. Kax u moTeHInas 3JIeKTPUIecKOTo MOJIsT, CKAJISIPHBI MATHUTHBIN MTOTEHITHAT BCIO-
Jly HEIIPEPbIBEH, TaK KaK HAIPSKEHHOCTh MATHUTHOTO T0JIsI KOHEYHA BO BCEX TOYKAX
npocTpancTsa. B To jke BpeMst COCTABJISIONINE BEKTOPA HANIPSIKEHHOCTU MATHUTHOTO
10JIsT MOTYT U3MEHSIThCSI CKAYKOM, T. €. TIPETEPIIEBATH PA3PbIB, HAIPUMED TIPU TIEPEXO-
Ile 4yepe3 CJIOH TOKa.

6. Yrpolenue 3akarodaeTcss B TOM, 4TO pacyeT BUXPeBOU coctaistioniei H,, moJis,
YIIOBJIETBOPSIIONIEH eIMHCTBEHHOMY ypaBHeHUIo rot H,, = J, 3HaunTeJbHO IPOoIIIE, YeM
pacueT ickomoro 1o H, Tak Kak TPy 9TOM MOKHO He pernaTh AnddepeHinaabHbIX
ypaBHeHni. OCHOBHBIE BBIYHMCJIECHNS TTPY HAXOKIEHUH MCKOMOTO TIOJIS HAITPSIKEHHO-
crbio H cBsizanbl ¢ penienneM ckansipHoro ypasaenus div p grad U, = div uH,, Torna
KaK B JIPYTUX CJIy4asdx MPUXOIUTCS PeniaTh He CKAJIsSpHOEe, a BEKTOPHOE ypaBHEHME,
YTO 3HAUMTEJNBHO CIOKHEE.

7. MarnuTHblii 3apsil m MOKEM BBECTHU 110 aHAJIOTUU C DJIEKTPUYECKUM 3apsi/iOM ¢,
OTIPEAEIAIONINM TIOTOK BEKTOPA 3JIEKTPUYECKOTO CMEIeHUs: M = §pHn ds. Maruut-
S

HBII 3apsi/l MMeeT, Kak BUIHO, pasMepHOCTh BO, U, ciiesoBaTe/ibHO, pa3MEPHOCTD €ro
06beMHOIT, TOBEPXHOCTHOI 1 JIMHeiiHOi ToTHOCTei B6/M, B6,/M?, B6 /M.

11. B ciryuae oiHOpPOIHO# Ge3rpaHIYHON CPe/Ibl IMEEM BO BCEM TPOCTPAHCTBE yCJIO-
Bue div H, = 0, o3Havaiotiiee, 4T0 MarHUTHBIE 3aPSiJIbl OTCYTCTBYIOT U, CJIEIOBATEHHO,
H, = H. OgHako B HEOAHOPOIHON cpejie BenmunHa p,, = — div wH, oTimdyHa oT HyJs,
Tak Kak p,, = —p div H, — grad p H, # 0 B Toukax, rae grad u = 0.

YMPAXXHEHWSA

1. OmnuchiBaeMoe CKaJSIPHBIM MOTEHIMAIOM 110JIe Beeria Ge3BUXPEBOe, YAOBJIETBO-
pstoriiee ToxkaectBy rot grad Uy, = 0. Ecau rot grad U, # 0, To 1071€ He SIBJIsieTCs 110-
TeHIMATbHBIM U He MOJKeT onuchiBaThes pynkimeit U, (x, y, z). Hanpumep s Bapu-
anta a umeem: grad U, = f= 2aUxi + 2bUyj, rot = 0, 1, cieoBaTeIbHO, CKAJISIPHBIN
MarHUTHBI MOTEHINAT MOKeT ONUchIBaThes dynkumneit Uy, = ax® + by,
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2. Ucnonbays ycnosue div B = 1o (rB,) + 9B, = 0, HaxoIUM: 1o (rB,) =- Bya sin az,
ror 0z ror 2

B,a .
OTKy/ia ToJjiydaem B, = — —Z 7 sin az. MOKHO TI0Ka3aTh, YTO 9TO pellleHne He eIMHCT-

BEHHOE.

3. JlomycTtuM, 4TO CyMMa 3KBUBAJIEHTHBIX TOKY (DUKTUBHBIX MAarHUTHBIX 3apPSIOB,

PacIioyIo;KeHHbBIX B KOHeYHOM 00beme V, He paBHa Hy1i0. Toraa nHTerpas ﬁ pgrad U ds
S

[0 TOBEPXHOCTH, OXBaThiBaiolleld 06beM V, OTJIMYEH OT HyJisl, YTO HPOTHBOPEUYHT

TIPUHITUITY HETIPEPBIBHOCTU MarHUTHOTO MTOTOKA §‘>B ds = i‘;uHBds =0.

S S

oH

4. Cootnorienue rot H, = J 3anuiiem B IPSIMOYTOJIbHOI CUCTEME KOOPIUHAT P Y

x
—afa{“’f =J,, oTkyza ¢ yderom jponymenus Hy, = 0 naxonum H,, = I J,dx + f(y, 2).
Y

5. [lonbsysce pemennem ynp. 4, sanmmiem H,, B Busie

0 mpu x < 0,
L mpu 0<x<a 0<y<h,
. ah
HBy(x,y):J‘szx= }Zz mpu a<x<D-a 0<y<h,
0

ih(D—x) nmpu D—a<x<D, 0<y<h,
a

0 mpu x> D.
3 Om = HOHBy >0
Tak kak —— = () BCIO/Y, 3a UCKJIIOYeHueM JuHnuid y = 0, o)
%Y , . .
H I * I
0<x<Duy=h0<x<D,rne pynkuus H, usmensercst p| J | D | J |
. 1
ckaukom, To div py H, = —p, = 0. Ha ykazanHbIx TuHIAX a i i a .
nMeeM p,, = * 00, OTHAKO TTOBEPXHOCTHASA TIJIOTHOCTH Mar- 0 ©

HUTHBIX 3apA/0B Gy = * M, # o (puc. P27.1). G = —ttoHyy <0

27.2. BeKTOpHbIii NOTEHLUMaNA MarHMTHOro Nons Puc. P27.1

BOMPOCHI

2. Pemenue ypanenus Ilyaccona ans cocrapisiomux A,, A,, A, BEKTOPHOIO MaruuT-
HOTO MOTEHIIMAJIa IOKasbiBaeT, uTo 1pu J, = 0, J, = 0 nosmyyaem A, =0, A, =0, tax uTo
npu J = kJ, OH IMeeT eIMHCTBEHHYIO COCTaBJISIONYI0 A = RA,. MaruHuTHoe moJie siBJisi-

eTCsI TIIOCKOIapalieJIbHbIM U 00€ COCTaBJISIONINE MAarHUTHONW MH/YKIINHU B, B, mox-
. 0A 0A ‘
HO HAWTH, TOJb3YSACh BeIpakeHneMm B =rot A: B, = a—z, B, = P =
Y x
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[Tpu Hammuuy BOJIM3K TIPOBO/A TeJla KOHEYHbBIX Pa3MEePOB ¢ MATHUTHOI IIPOHUI[AEMO-
CTBIO U # Uy MAarHUTHOE I10JI€ CTAHOBUTCA TPEXMEPHBIM, TaK KaK BO3SHHUKAET COCTaB-
JIAIOMaAa Bz MaI‘HHTHOﬁ VMHAYKINU. ECJII/I 6bI B 9TUX YCJIOBUAX BeKTOprIfI MardurT-
HBIN TOTEHIIMAT COXPAHWI €IUHCTBEHHYIO COCTaBJIAIONTYIO A, TO MOIyIWIN OBl
oA, _0A,
ox Oy
munx BeKTOpHOI‘O MardmTHOTI'O ITIOTEHI[MaJIa HE MOJKET 6bITb ME€HEE /IBYX.

BHOBb COOTHOIIIeHUE B, = = 0, yto HeBepHO. [ToaTOoMy uunCIO COCTaBISIO-

3. BekTOpHBII MAaTHUTHBIN MTOTEHIINAT UMEeT eIUHCTBEHHYIO cocTaBJsonyio A, # 0,
ecyu moJie mnockoMepuauannoe. [pu atom B, # 0, B, = 0, B, # 0. MarauTtHoe 1moJe oc-
Taercsl TaksKe TJIOCKOMEPUAMAHHBIM, KOT/Ia TeJIO ¢ MAaTHUTHOW TTPOHUIIAEMOCTHIO |,
BHOCHUMOE B TIOJIe, SIBJSETCS TeJIOM BpallleHus BOKPYT och z. Eciau MarauTHOE moje
CTAHOBUTCS TPEXMEPHBIM, T€PSIST CBOMCTBO TIIOCKOMEPUINAHHOCTH, YTO TTPOUCXOTUT,
HammpuMep, KOT/Ia TeJ0 ¢ MPOHUIIAEMOCTHIO L He SIBJIETCS TeJIOM BpaIleHus, TO BO3-
HUKaeT COCTABJIAIONIas MAarHUTHON WHAYKIWHU B, W TOJie He MOXKET OMUCHIBATHCSI
eIMHCTBEHHOM COCTaBJISTIONIEN A, TToTeHIIHaa.

B obiem ciydae moTeHIMAan UMeeT Bce TPU HEeHyJeBble cocTapsionie A, A, A,

XOT4 IIJIOTHOCTb TOKAa MOJKET UMETDH TIPU 9TOM €/IUHCTBEHHYIO OTINYHYIO OT HYJIA CO-
CTABJIAIONTYIO J,,.

7. 3anuceiBast Beipaxkenue B =rot A B IpgMOyTOJBHON cUCTEMe KOOPAMHAT U paccuu-
ThIBas cocTapigomue B,, B, B, MarHuTHO# MHAYKIMHU, HaxoauM B, = 0, B, = 0,
B,=const <0 npuy>0wu B,=const >0 npu y <0, T. . MATHUTHOE TI0JI€ OHOPOTHO
npu y > 0 u ipu y < 0. Takoe 1ojie MOKET CO3ABATHCS AJIEKTPUUECKUM TOKOM, Pac-
NpeleJIeHHbIM Ha TIOCKOCTH iy = ( ¢ MOCTOSIHHON IIJIOTHOCTBIO j = —ij, = const.

YNPAXHEHNA

3. HOTeHLII/IaJI TIJIOCKOITIapaJ/uIeJIbHOTO 9JIEKTPOCTATUYECKOTO IT0JIA ITPOIOPpIMOHAJIEH
(l)yHKHI/II/I In 7, TA€ ¥ — PpaCCTOAHME OT TOYKU PACIIOJIOKEHUA NCTOYHHKA ITO0JIA 10 TOY-
KU Oollpe/ieJieHrA IMoTeHIasaa. YuuteiBas aHaJIOTHIO ypaBHeHI/Iﬁ HyaCCOHa

10 8U+182U_p 10 6A+162A

) =_J
rorl or ) 7% oo’ € ror\ or ) r? oo’ H

(ypaBHEHU 3aMCaHbl B MOJISPHON CHCTEMe KOOPAWHAT ), OMUCHIBAIONINX MTOTEHITHA-
abl U A, MOKHO OTIpeiesInTh, uto A = In 7.

4. BeKTOpHBITT MATHUTHBIN HOTeHI_II/IaJI VJIOBJIETBOPSET BHYTPU U BHE MIPOBOJIA yPaB-

1d dA 1d dA
HEHUSM — — =—u ——| r— |=0,r> R, uMeIouM penieHuns:
rdr dr rdr r
dA Wi C
A(r) = - Inr+Cy,Br)=——— =" y— L npu0<r<Ru
(r e 2 B(7) ol 1P

A(ry=CsInr+ Cy, B(r) = G mpu 7> R.
r
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Jl1g HaxoKIeHUs BXOIAMINX B pelneHns mocToIHHbIX Cy, Cy, C3, C; NCTIONB3YEM CJIe-

aytomue ycxaosus. Tak kak mpu 7 = 0 umeeMm B = 0, ro €y = 0. IIpu r = R maruut-

Ol = _g’ oT-
27R R

Mol J

i
2—°. [orenmman A ipu r = R Takke HenpepbIBEH: —Z—O +Cy=
T o

KyJa mosgydyaem Cz = —

i
= —;—O In R + C4. Ona us nocrostaubix (Cy uiu C;) MOKET MMETh TIPOU3BOJIBHOE KO-
T

HeYHOe 3Ha4YeHHe, TaKk Kak M3MeHeHNe BEKTOPHOTO MarHMTHOTO MOTeHIIMala Ha T10-
CTOSTHHYIO He OKa3bIBAaeT BIWSHUA Ha MAaTHUTHYIO MHAYKIWO. [Ipmanmasg C, = 0, mmo-

aydaem Cy = — Ho? (In R — 0,5) 1 oKOHYATEIbHO MOKEM HamucaTh A(r) = — Hol 2
27 4nR?
l“0(1 R-05),B0) =" mpuo<r<R AW =-2lInrB=2" npur>Rr
TcR 2n 2nr
5. IlomecTnM Havaao TPSMOYTOJBHON CHCTEMBbI KOOPAWHAT B i y i
Touke Ha paccrosuuu 0,5d ot oceit mpoBonos (puc. P27.2). ‘_x
[MoTrennuan BHe HpOBO,Z[OB B TOUYKAX OCU X PaBeH d
A, _—“0 ln‘x+05d‘+ ln\x 0,5d|+C. Puc. P27.2
[Mocrosinnyio C nmpunrMaeM paBHOI HYJIO, Tak Kak 1pu x = 0 umeem A = 0.
2
6. BexTOpHBIIT MAaTHUTHBIN MOTEHIINAI YIOBJACTBOPSAET YPaBHEHUIO =— U J(y),
%, 0< y<0,5h,
rae J(y) = 0
——1, 05h<y< h.
dh
WnTerpupys ypaBHenue, noaydaeMm B, (y) = daA = Mo
dy dh

Bu(y) = Zg}j%y 05k + Cy pu 05k < gy < I

[MocTogunsie C;, C, MHTETPUPOBAHUSA OmnpeneigeM u3 ycaosud B, =0 npu y =0 u yc-

JIOBUST HENPepbIBHOCTH Besmuutibl B, ipu y = 0,54: C; =0, Cy = — Hol

d

WNarerpuposanue ¢pyuknnn B,(y) = Z,A MIPUBOJINT K BhIPaKeHUAM A(Y) = — M—"Zy2 +C
Y

dh
mpu 0 <y < 0,58 1 A(y) = L:Z—;;(y —0,5h)% - %y + C3ipu 0,5 <y < h.
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YesioBue HEpepbIBHOCTU BEKTOPHOTO MarHUTHO- 71| B
-3
ro noteHiuata npu y = 0,54 mossousier mosyunth: 10
ih y
Cy=C+ Hoi. 0 \ 5 10 cm
4d -1 N #
Kpussie zaBucumocreit B(y), A(y) (mpunsaro C=0) 2 \\ P 4
mokasanbl Ha puc. P27.3. B
7. TIpy CUMMETPUYHOM PaCIIONIOKEHIM TOKOB +i m —i %
OTHOCHUTENBHO TIockocTu x¥ = () MarHuTHOE Toe O
TaKKe CUMMETPUYHO OTHOCUTEHHO 3TOU IJIOCKO- lfgfy 4
CTH, TaK YTO OCb ¥ COBIAJIA€T C OJIHOU W3 JIMHUI
MarHUTHON WMHAYKIMHU. Tak Kak Ha IJIOCKOCTHU 0 gt 4
A ~ 5 10 cm
x =0 umeem B, = = = (0, TO BEKTOPHBIIl MarHuT- - \\
8y —10 \\
HBIN TMOTEHIINAT Ha Hell TPUHUMAEeT MOCTOTHHOe,  —|5 S
paBHOE HYJIIO 3HAYEHUE, 220
[Ipu oxHOHATIPABIEHHBIX TOKAX ITPOBOJIOB ITOJY- Puc. P27.3

0A
vaeM B, = 0 ipu x = 0 u, crepoBaresnbHo, a— =0,
59

T. €. BeKTOprIﬁ MarHUTHBIN IOTEeHIIMAJ IIPUHUMAET Ha OCU Y 9KCTPEMAJIbHOE 3Ha4Ye-

nure. Tak kak Ha miockoctn x = 0 mmeeM B, = Z—A # 0, T0 A =A(y) # const.
Y

8. BexTOpHBI MArHUTHBII IOTEHIMAJ YAOBJIETBOPseT ypaBHeHmio [lyaccona B Toukax

1d( dA
xuiel u 06omoukny ipu 0 < 7 < Ry, Ry <7 < Ry u ypaBuenwuio Jlammaca ——| r— |=0
rdr\ dr
B TOUYKaX BHe TOKOB 1IpU Ry <7< Ry, ¥ > Ry. [Ipu nHTErprpoBaHUM ypaBHEHUN B KaK-
J10ii U3 06JIacTel CIIeyeT ONpeAeaUuTb M0 2 MOCTOSHHBIX, TaK YTO JJIs HAXOKAeHUs 8
MOCTOSTHHBIX (BCero nMeeM 4 006siacTit) HEOOXOIMMO HCIIOIb30BaTh 8 ycaoBuil. VH-
TErPUPOBAHNE YPABHEHUN TIPUBOUT K BBIPAKECHUSIM:
obmacth 1: 0 < r< R, Ay =— 025 py Jir? + C; Inr + C,,
obmactb 2: Ry <r< Ry, Ay=CyInr+ C,,
06macTh 3: Ry <7< Ry, Ay = — 0,25y Jor? + Cs Inr + Cg,
obsactb 4: 7> R3, Ay = C; Inr + Cg.

B cuity paBeHcTBa TOKOB JKUJIBI 1 0OOJOYKH ¥ MTPOTUBOMOTIOKHOTO UX HAITPABICHUSI

umeeM B = 0 ipu 7 > R3 u, cnenoBarenpno, C; = 0. [loctrogunyio C; HaxoquMm U3 ycJio-

BUA B, = oA # oo ipu 7 = 0: o4, =—0,5uJ+ Cp !, C; = 0. Hocrosunsie Cy, Cs, Cy,
or or

Cs, Cg, Cg mony4aeM, UCTIOJIb3Ys YCJIOBUS HETPEPBIBHOCTH TOTEHIMANA (TP YCJI0-

BUsI) U €r0 HOPMAJIbHOI MPOU3BOIHON (TPU YCJIOBHUS) B TOYKAX Ha rpaHUIlAX 00Jac-

ret lu2,2u3,3u4:

=4,

A A
1 r=R r:R1’ 2 r=Ry 3 r:Rz7 3 r:R3’

r=Ry
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6A
ar

6A
6r

oA,
67’ r=Ry

oA,
or

04,
or

— aA4
or

r=Ry r=R3 r=Rs3

Tax xax B Kaxx0€e u3 Bblpa>1<eH1/H>’1 Ai(r), Ax(r), A3(r), A4(r) BXOIAT HE BCe TTOCTOSH-
HbIE, ToJIydaeMasi Py HaXOKICHUU MMOCTOSTHHBIX CHCTEMa aareOpandecKux ypaBHe-
HUIT IMEET PEIKO 3aMOTHEHHYIO MaTPUILy KOA(hMUIIHEHTOB, YTO 00JIeTYaeT PelieHwe.
[Tocne momcTaHOBKY 3a7ITaHHBIX B YCJIOBUU 3a7[aUl YNCTEHHBIX 3HAUEHUN W PelleHns
ypaBHEHWI MOKeM HaWTH 3HaUYeHUs BEKTOPHOTO MAarHUTHOTO MOTEHITHAJa BO BCEX

0A
06acTax u MaromTHYIO MHAYKIHWIO C TTIOMOIIbIO COOTHOIIEHUW A B= —87.
r

10. /Ins pacuyeTa MAarHUTHOTO TMOTOKA BOCIOJb3yeMcs BbIpaskeHmeM O = i;Adl =
= ﬁAcosa dl. B Toukax m3obpaskeHHbIX Ha puc. B27.3 KoHTYpoB BekTOp A Tapasiie-

JieH BEKTOPY MJIOTHOCTH TOKa J, TOT/Ia Kak BeKTop dl onpezessieTcst reoMeTpreii KoH-
Typa ¥ HampaBJjeHueM ero o6xoma. B obomx BapmaHTax a, 6 3a/lauvl COCTOSIIIHIT U3
MPSIMOJIMHEHBIX OTPE3KOB KOHTYDP CJIeAyeT pasOUTh Ha YYaCTKH, 3allUChIBAs WH-
Terpat {>A dl kak cymmy mHTerpasioB mo ydactkam. /[yst Bapuanta a nmeem: @ =

2 3 4 1
= IAQ cosa, dl, + IAzs cosa.,dl, +IA34 cosa ,dl, + IA41 cosa , dl, =1(Ag — Asy).
1 2 3 4

OTMeTI/IM yto oy = 0, OL4 =7, oy = —0g = — 0,57 [Ipurumas Bo BHUMamHMe, 9T0 Ay =

= Bt ln—+ C, Az = ln1+ C, o qaeM(D:Mlné: 1,1-107 B6.
Y
2n  a 2n b 2n  a

B ycioBusix Bapuanta 6 MOKeM 3aIliCaTh:
=l

b
- b—a
CD_AHHEAB(T)JZM(Z)—@Z S +(b-a) .

2 N2
_71?0'325,COSOL3=0, dZQZMdK
I'+(b-a)’ b-a

VuureiBas, uto Ay = Ll Y 1y C, Ay(r) = — ol 1y r + €, maxoauu
2 a 2n

Tak Kak oy =0, cos oy =1,cosa , =

li b -

=M% pIn? - bray=0,62107 B6.
27(b - a) a

11. Tax Kak KOHTYPBI PACTIOI0KEHBI BO B3AUMHO TIEPIIEHANKYIAPHBIX IIJIOCKOCTAX, TO

B TOYKaX KOHTYpPa HANPaBJIeHUsT BEKTOPOB dl 11 BEKTOPHOTO MOTEHIINAIA, CO3/1aBAEMO-

TO TOKOM JIPYTOTO IIPOBOJIA, OPTOrOHAMBHBL [loatomy W, = 0.

2
12. Tax kax M="Y21 = f#;A dl, nomyuaem: M = 7(A2 Ay) = Mol h(d, +h)" +d;

i Ay 2n (dy +h)d} +h2
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14. JIuHuy MaTHUTHON MHIYKITUN B BO3LyXe TIOAXOAT TIO/ TIPSIMBIM YTJIOM K TTOBEPXHO-
cTH Tesia ¢ GeCKOHEUHO OOJIbIIOI MArHUTHON IPOHUIAeMOCThIO. [[09TOMY CKaISpHBII
MarHUTHBIN TTOTEHITNA] UMeeT Ha TIOBEPXHOCTH TIOCTOSTHHOE 3HAYEHUeE, YTO CJIEeNyeT

oU 0.
U3 yCJIOBUA p =0. N3 ycnoBusi B, = 0 Ha TOBEPXHOCTH TeJIa BHITEKAET, UTO a— =0.
t n

Ha moBepxmtocTn Tesa, BEIECTBO KOTOPOTO XapaKTepu3yeTcs 3HaueHusaMu = 0, y = oo,
nmeeM B, = 0, B, = 0, uTo 103BoJIsIET, NCIOJB3Ys cooTHOmeHnst H=—grad U,,, B=rot A,

oU,,
3aI1caTh BhIPAKEHUSI 5 =0, A = const.
n

rpaHH‘IHbIe 3Ha4Y€HUA MMOTEHIINAJIOB 1 MX HOPMAJIbHBIX IMPOU3BOAHBIX Ha IMOBEPXHO-
CTH TeJl C nJicaJIbHbIMU CBOMCTBAMU CBEleHbI B Ta6JII/ILIyI

oU, 0A
CpoiicTBa BelecTBa Uy A it '3 o
on on
p=o0,y=0 const J(xy) J(xy) 0
p=0y=0 J(xy) const 0 J(xy)

27.3. KoMnJjieKCHbI MarHUTHbIW NMOTEeHLMuan
BOIMPOChHI

19. [leficTBUTENBHO, HA ABWSKYIINECS B MPOBOAHUKE 3JEKTPOHBI EHCTBYET CUIA CO
CTOPOHBI MAarHUTHOTO TIOJISI COCEIHUX TOKOB, TaK YTO TOK JIOJIKEH IO/ JIeiCTBUEM
9TO¥1 CUJIBI B 0OIIEM CJIydae rmepepactpeneasitbest. IsMeHeHUIO MJIOTHOCTH TOKa Ipe-
MATCTBYIOT CUJIBI B3aUMOJIEMCTBUS MEKIY JIEKTPOHAMU, B CBSI3U C YeM B ITPOBOIHU-
KaxX 9TOT 2 PeKT MPOSIBIAETCI HE3HATUTETHHO.

21. Tak Kaxk JUHUU HATPSDKEHHOCTU MAarHUTHOTO TIOJIA TapajieJibHBl OCH ¥, TO MO-
sxkeM Hamicath H = jH,, npuyeM Npy CryieHun JMHUI B HalpaBIeHuU OCH X TIOJTyYa-
em H =jH,(x). Beraucass npoekiun sekropa rot H na ocu x, ¥, z, Haxoaum rot, H =0,

rot, H=0, rot, H= P Y # (0, Ha OCHOBAHUM Y€TO JIEIaeM 3aKJIIOUEHHUE, YTO CTYIEHUE
‘ o

JINHUI HATIPSPKEHHOCTU MAarHUTHOTO TIOJISE B HATIPABJIEHUU OCU X BO3MOXKHO JIWIIb B

00J1aCTH € TOKOM, TJIOTHOCTH KOTOpOTO J = J, # 0.

YMPAXHEHUSA

1. U3 Berpaxkenusg ® = ﬁA dl cemyer, 94TO B IJIOCKOTIAPAJIEBHOM MarHUTHOM TI0JIE
[

MaTHUTHBIN TTOTOK MOKHO paccyuTath 1o dopmyse ® = (A, — A))l, tne Ay, Ay — Bek-

TOPHBII MAarHUTHBIN TTOTEHITNAT HA CTOPOHaX KOHTYpa. Tak kak A = uV,, + C, To nomy-

gaeM @ = pl(V,y — Vi) = 41-10°° B6.

2. CoBMecTHM TIOCKOCTD X = () ¢ TOBEepPXHOCTBIO pazjiesa Cpejl ¢ Pa3InIHbIMI Mar-

HUTHBIMH TIPOHUTIAEMOCTAMU: 1L = Wy Ipu X < 0 1 p = py ipu & > 0. [panuuanbie ycio-
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BUS HENPEPBIBHOCTU KacCaTEJIbHBIX COCTABJSAIONINX HANPAKEHHOCTU MarHUTHOTO
nons Hy = Hyy satmmem B use jH, + kH,, = JH,, + kH,, v, y9uTHIBast COOTHOIIIEHUST

1(0A, 0A, 1(0A, oA,
" =( N 1}’ H,y=—| 2% -=—2

y1

p,\ oz ox pn o ox oy
TTOJTYINM
i 0A, _aAzi =i 0A,, _aAzz i 6Ay1 _aAn =i aAﬁ _anZ
p,\ 0z ox p, 0z ox ’u1 ox oy p, | ox oy

Ipannunoe ycnosue B, = B, 3aniucbiBaeM B Bujie B,y = B, Uin

aAzi aA,lA aAzQ aA.w

oy 0z oy 0z

It Toro, uToObI BRIpasuTh rpatndnbie yeiaosus Hyy = Hyy, B,; = B, 4epe3 CKaasspHbIi
MarHUTHBIN moTeHIast, yareM coornomenne H = —grad U, u monyunm:

oU

Ml

aUMQ aUMi aUMZ aUM1 aU
=% = ) My =U,

oy oy 0z 0z ox ox

M2

N3 mepBBIX BYX COOTHOIIEHUH, CBSA3BIBAIONIUX ITPOU3BOHBIE CKAISPHOTO MarHUT-
HOTO TIOTEHIMAJA M0 KacaTeJTbHBIM HAIIPABJIEHUSM K TOBEPXHOCTH pas/iesia cpe/l, cJie-
nyet, uto Uy = Uy, T. €. CKaJAPHBII MATHUTHBIN MTOTEHIIMAJ HETIPEPBHIBEH Ha ITOBEPX-
HOCTHU pasjiesia cpejl ¢ Pa3JInYHbIMA MAaTHUTHBIMY CBOMCTBAMHU.

CransgapHbIi MATHUTHBIM TTOTEHITHAT, KaK U eTo KacaTesabHad K MOBEPXHOCTH pasfiesa
cpell TPOU3BO/IHAA, HEIIPEPBIBEH He TOJIBKO B CJIydae INIOCKUX, HO W HEIJIOCKUX I10-
BEPXHOCTEH.

3. MarauTHbIT TOTOK CKBO3b CeveHre TPYOKHU, JiesKaIIell BHE TIPOBOJIA M OTPAHUYEH-

. il | 7
HOM TUHUSAMY PATUYCOB 741, 73, PaBEH AD, = (Apy — Ap) [= M0 D Bemauma AD,
2n 1,
Gom k it M i
UMeeT OJIHO M TO JKe 3Ha4YeHue Mpu JoboM k, ecm —* = const. MarHUTHBIN MTOTOK
7,
k

CKBO3b cedene ool TpyOku BHYyTpH npoBoja ADy, = (A — Ay)l = —4”22 (12 —11)
n

COXPaHSIET MMOCTOSHHOE 3HAYEHWE, eCJIU €€ PAJUYChI YIOBJIETBOPSIIOT COOTHOIIEHWIO
2 2
Ty — 1, = const.
4. Vcnionb3yst MeTONl HAJIOKEHU S, HAXOIUM
1 1 1 z-b
(=—In@E-b)+—In@E+b)+C==——1n
2n 2n 2 z+b

+ C.
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Hna pacuera cocrapnsomux H,, H, HanpsKeHHOCTH MarHMTHOTO HOJS HaXOJAUM

BEJIMYUHY Cdf = % +jag—M =-H, —jH, n nony4aem B Toukax ocu x: H, =0, H, =
z X X '

_i_b 48 éI/IBTOHKaXOCI/Iy'
nx?-b> x*-002m™m ’

Hvz_i 2b 7= 2478 é,Hx=0-
‘ Ty +b y~ +0,02 m
5. IIpousBoHAsT KOMILIEKCHOTO ITOTEHIIMAIA PaBHA
ﬂzﬁzavm +]’8UM :_Hy_]'H
dz dx ox ox ;
s naxoxaenus sennuunbl H, + jH, 006€ YacTy MOCJe[HEr0 PAaBEHCTBA CJEIYeT YM-
- *

X

. . . d .
HOXXUTD HA j U HAUTU CONPSIKEHHYIO KOMILJICKCHYIO BEJIUYKHY: [ j 7€ =H,+jH,
z

6. B mrockonapasielbHOM MarHUTHOM I10JIe MArHUTHBINA TTOTOK CKBO3b ILJIOMIAJIKY
JUTMHOM [ MOKHO OTIpeeJIUTh 110 3Ha4eHUI0 (DYHKIMU TT0TOKa Kak @ = py AV, /[ =
= w(Voy — Vil te Vo, Vi, — dyHKIMS 10TOKA Ha cTopoHax 2 u 1 mromaaku. Pac-
cunTaB (DyHKIMIO [I0TOKA U3 Bolpaxkenus V,, = —2iln r+ C, Haxonum @ =—1 211 n’2,
T A

HosyaaeM pu yeaoBusix: a) 1, =1, u®=0,6)ry=1,,=2u®=-277-10"/B6, 6) r, = 2,
=22 u ® =-1,39-10"°/ BG.

7. O603HaunM yepes R,, R. CONPOTUBJICHNST Ha eIUHUILY JJTMHbBI aIFOMUHUEBOI 060-
JIOUKH ¥ CTAJIbHOI CEP/IIEBUHBI MTPOBOIA. Tak Kak TOK MPOBOIA PACIIPEAETISAETCST MEK-
1y 000JIOUKO# U CepAIeBUHOI 00paTHO TPOMOPIIMOHAIBHO UX COMPOTHBICHUIM, TO
iR . iR

— a

C
.= .
R +R,

U3 COOTHOIEeHU! i R, = i,R,, i, + i, = i HAXOAUM I, = ,
R +R,

JLnst qrcsieHHbIX yeoBUH 3aaun moaydaem: R/R, = 10,5, i, = 18,26 A, i, = 1,74 A.
MarauTHoe 1ToJie BHe ITPOBO/Ia TAKOe JKe, KaK U TI0Jie JIMTHEHHOTO TOKa, TPOTEKAIONIETO

. i
B/IOJIb OcH TIpoBoJia. [ToaToMy KOMIIJIEKCHBIN TIoTeHInan paBeH ((z) = “on Inz+ C.
T

.
BuyTpu nposoaa dbyukmmio V,, = — J. H(7) dr naxomuM, 3anuchiBasi HAIPSZKEHHOCTh Mar-
0

ir i, J, (-1
nutHoro nonsag H(r) = ——nmpu 0<r<r.u H(r) = —*—+ Jon(r” —1)
)’ 2nr 2nr

C

e J, =i, /(n(r} —1)):

npu 7, ST,

ir?

Vi=-———+tCupu0<r<r,
4mr,
. . 2 2
1 1 r J (r -1 r
Vy=—-S——<In—-22) ¢ 2In— |+Cupur, <r<r,

_%_ﬂ T 2 2 r

C C
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2
o

R2

8. U3 Beipaxkenus V,, = —i + C (em. § 27.11) cnenyert, uto Vi = Cyipu 1y =0 1

i .
Vio = o + C; ipu 1y = R, T. e. Ha KOHType cedyeHUs TMPOBoZa. MarHUTHBIN TTOTOK
T

L
BHYTPH MPOBOJIA HA eIUHUILY JIIUHBI cocTaBisieT O = . B6.
T

BHyTpeHHee ITOTOKOCI eIlieHmue HpOBO]_[a Ha eI[I/IHI/II_[y JJINHDBI, B TO K€ BpeMH, paBHO
1
e =M em 1 1, § 3.5).
8n

Benvunner @ u WY ne COBIIa/1alOT, TaK KaK ITPHU BbIYHUCJIEHNHN TTOTOKA HE YYUTDBIBAECTCA
TO O6CTO5IT€JII)CTBO7 YTO JIMHUM MarHUTHOMN WMHAYKIUW BHYTPHU IIPOBO/JAa OXBATbIBAIOT
Ppa3jindHbI€ TOKHU. Taxkum o6pa30M, TIOHATHA IIOTOKA U ITOTOKOCHEIJIEHUA PA3/JINYHDI,
XOTs B HEKOTOPbBIX CJIydasdX OHU COBIIAJatOT.

;5

9. Nzo6pasum Ha puc. P27.4 ceueHus IPOBOIOB U OT- ¥ - B
pesok AB. O603HaUMB PACCTOSIHUS OT IIEHTPOB ceve- r@ r _ﬁgm
HUI IIPOBOJIOB 10 TOueK A, B uepes ry, 1y, 17, 15, MOXKEM D
3armcarb Puc. P27.4
Pup _ Holy 2 Holp o _ Boby i
[ 2 1, 2n 1 2m nr,

YuuteBag, uto ry = R, 7y =D — R, 1/ = D — R, 1, = R, Haxoqum
) i, D-R
w _ Mol D-R

=227 107 B6/m.
l T

27.4. MeTtog 3epKaJibHbIX U306parkeHni
BOMPOCHI

5. Ilpu onpenenennn Koudurypamnnun n306pakeHHBIX POBOJIOB ¢ TOKAMHU, a TaKkKe
HaANPaBJIEHUI TOKOB CJIe/lyeT NCXOJAUTDb U3 TOTO, YTO B OJHOPOJIHON Cpejie Ha TTOBEPX-
HOCTSIX, KOTOPbI€ SIBJISJINCH TOBEPXHOCTSIMU HaMarHMYEHHBIX TeJl, JOJDKHA COXpa-
HuThCs Toi ke pyukumsa Uy (x, y, z).

[Toatomy st coxparenust yciosusi Uy, = const Ha MOBEPXHOCTH H300PAKEHHBIH TOK
JOJIKEH IIPOTeKaTh TakKe 110 U30THyToMy 110z yrioM 90 rpasycoB 1IpoBoOLy, IpUyeM
HaIpaBJieHie TOKA B HEM JIOJDKHO OBITh TAKNM JKe, KaK U JeHCTBUTEILHOTO TOKA.
Ecsn oxna U3 CTOPOH M30THYTOrO IIPOBOJA IIEPIEHIUKYJISAPHA K [I0BEPXHOCTU TeJa,
TO O/IHA M3 CTOPOH M300PasKEHHOTO TPOBOMA TAKKE MOJKHA OBITH TEPIEHINKY-
JIIPHOM K 9TOI IMOBEPXHOCTH.

Eciu B 06111€M cJTydae KOHTYP ¢ TOKOM, PACIOJIOKEHHBIN Ha/l IJIOCKON TOBEPXHOCTHIO
HAMarHUYE€HHOTO TeJjla, MMEET MPOM3BOJBHYIO (hOPMY, TO KOHTYP H300pakeHHOTO
TOKA JIOJUKEH OBITh 3€PKaTbHBIM M300paKEeHIEM 3a[aHHOTO KOHTYPA.

6. MaruutHoe 1oJie KpyroBoro KOHTypa ¢ TOKOM, OXBATBIBAIOIIUM COOCHBIN ¢ HUM
MArHUTHBIN 1TUJIWHIP, SABJISAETCS TIOCKOMEPUIMAHHBIM, TPUYEM JIMHUNA MarHUTHON
WHYKIIUW TTOAXO/AT K MTOBEPXHOCTH IIMJINH/IPA IO IPSAMBIM YIJIOM. YUNTbIBas, 4YTO
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TocJie yCTpaHeHus IMNJANHAPA TT0Je 0KHO COXPAHUTHCS TJIOCKOMEPUANAHHBIM, N30-
OpasKeHHBIN TOK TaK)Ke 0/KEeH UMETh (hOPMY KOJIbIIA, COOCHOTO € TIMJIUHIPOM. Mar-
HUTHAS WHAYKIUS TMEPHEHANKYAIpHA K TTOBEPXHOCTH MWJIMHAPA TOJBKO B CIyUae,
KOT/Ia KPYTOBOI KOHTYP M300pPasKeHHOTO TOKA UMEET PAIUYC, MEHBINNI pajnyca Iu-
sHpa. VIcKoMble BETMYNHBI — Panyc U300PaKEHHOTO TOKA U €r0 3HAUYeHHe — CJie-
IYET OTPEENATh U3 YCIOBUS MTOCTOSHCTBA CKAISPHOTO MAaTHUTHOTO TIOTEHI[MAA Ha
MOBEPXHOCTHU ITUJINH/IPA.

YMPAXHEHUSA

1. Hawyaso KoopMHAT IPUHUMAEM B TOUKE MOBEPXHOCTH TeJia, OMKalIieil K mpoBo-
Iy, 1 OTCYNTBIBAEM KOOPAMHATY X BITPABO OT HaYasIa KOOPAWHAT BIOJIb TOBEPXHOCTH.
KoMruiekcHbIN TOTEHIIUA TTOJIsT TOKA BMECTE C €T0 3€PKATbHBIM H300pasKeHUEM pa-

[In (z — jh) + 1In (z + jh)] + C.

i
BeH ¢ =3, )
a4
dz

. DKerpemasbhble 3HaYenust H=7,1 A/m pocturatores ipu x = +h v x = —Ah.

Tax kaxk nHa mosepxnoctu Ttena mmeem H, = 0, H = H,, to nonxyyaem H =

i
nx? +h?

)
CuJia B3auMO/IEHCTBUST TPOBOJIA € TEJIOM paBHa f' = ]; = iolh =8,9-10 1 H/m.
T

2. B aTOM cirydae KOMILIEKCHBIN MOTEHIMAT PaBeH § = —L[ln (z—jh) —In(z+jh)] + C,
do|_i__h
dz

T x’ +h?
i
Ee naunbosbiiee sHauernue H = — = 14,1 A/M nocTuraeTcs Ha TTIOBEPXHOCTH Teja MPH
T

HaIlIpAKEHHOCTb MAarHMUTHOTI'O I10JIAA Ha IIOBEPXHOCTU TeJia H= Hx =

-2
. . i
x = (. Cnura B3amMOZICHCTBUSA TTPOBOJIA C TEJIOM PaBHA TOH JKe BEJTNIIHE Ho

, OJTHAKO

T

B OTJIMYME OT TPEAbIAYIIEil 3a/aui OHa SIBJSIETCS CUJIOW OTTaJKMBAHUSL.
3. Ha pasmernienssiii BHyTPU ABYTPAHHOTO YTJIa TTPOBOJ C TOKOM
(puc. P27.5) neiictByer cuia fi = —if, CO CTOPOHBI TOKA i1, CUJIa f =
= —jf,2 CO CTOPOHBI TOKA iy U CUIA f3 = —if 5 — jf,3 CO CTOPOHEI i5. VX
3HAYEHUS MOKHO PACCYUTATh 110 (hOPMYJIaM:

-9 ]
T A T L
S 4nd, oo 4nd, 7
fin= Hod1i21 fin= “odziQZ . Puc. P27.5
Tonl@d)? +@2d)'TT 7l@2d)? +2d,)?

Cuna IPUTAKREHUA ITPOBOJa K CTOPOHAM yTJla COCTABJIAECT:

-2
K BEPTUKAJIBHON CTOpPOHE [ = fi + [z = Hot / 1 +% = 4,510 H,
4n |d, di +d,
K TO o _ _ HoiZl i d, — 41104
PU30HTATIbHOI cTOpOHe f, = f,1 + fy3 = + =4,1-10" [ H.

dn |d, d} +d:
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Ecsn BemecTBO XapakTepusyeTcs WIeAJbHBIMU [UAMATHUTHBIME CBOWCTBAMU, TO
3HAKN M300pPaKEHHBIX TOKOB M3MEHSIOTCS HAa MPOTHUBOIOJIOKHbBIE, YTO MPUBOINUT K
M3MEHEHWTO 3HaKa JeHCTBYIONIeH Ha TTPOBOJL CHJIBI.

4. Tak Kak 3epKaJbHO M300PAKEHHBIN B OMHOI M3 TIOCKUX MOBEPXHOCTEH TOK 10T
JKeH ObITh N300paskeH, B CBOIO OUePe/lb, U B IPYTOil TIOCKON MOBEPXHOCTH, TO TTOJHOE
YHCJIO TOKOB, ITPU KOTOPOM TIOTEHITHAIBI Ha 00EUX OBEPXHOCTSAX OYIYT MOCTOSTHHBI-
MM, OKa3bIBAETCsI GECKOHEYHO GOJIBIITIM.

Hopmasibaasi K IOBEPXHOCTU COCTABJISIONIAS HATIPSKEHHOCTH MAarHUTHOTO TIOJIST B
TOYKE ¢ KOOPAMHATOI z =x + j 0 paBHa (ITPOBOJI ¢ TOKOM UMeeT KoopauHaty z =7 0,5 d)

N N 1

H()—f Z

27| ¥ +(05d) “x (n 0,5)d]? Z‘x2+[(n+0,5)d]2

[Tpu N = 1 yuurbsiBatoTCcs Ba U300pasKeHHBIX TOKA, Ipu N = 2 — deTbIpe TOKa, IpH
N =3 — 1mecTb TOKOB U T. [I.
il—e i
IIpu y4ere Bcex n306paKeHHBIX TOKOB UMeeM H,(x) = — ————— = —th—.
2d 112 2d d
IIpu yyere yeTbIpex M300PAKEHHbBIX TOKOB IIOIPEITHOCTD Pacyera BeJimyutbl H, (ipu
x = d) cocrasisier 15,4 %, a ipu ydere 1ectu TOKOB — 7,7 %.

5. Cua BSaI/IMOZIEfICTBHH TOKa IIPOBO/la U HAMarHM4€HHOT'O T€JIa paBHa CUJIE€ B3aMO-
Z[ef/,ICTBI/IH JIBYX TOKOB: 3a/laHHOT'O 1 3€PKaJIbHO I/ISO6pa>K€HHOFO, paBHOTO

1 1,
Htp,  p/pg+1 dnh p/p, +1

pa— p— .2 —
A el (VPR V] Tt F=Bli=™! W -1,

Kpusas sasucumocru f /I = F(u/p,) npuseznena Ha puc. P27.6.

Cua B3anMOIeCTBUS I/IMeeT HanboJIbllIee 3HAUCHUE 1pu H/w S
1073

JOMYIEHUH [ = 00: [y, = Mot 3 -
4mh pd
/,
ITorperHoCTh pacyeTa CHIIbl IPH AOMYIIEHNN [ = 00 MOXK- ; 1Ou/uo

HO HafiTh ¢ momonsio hopmyssl & = 2222 100 %. ITo- [

IPENIHOCTh HE TPEBBINIAET BEJIUYUHBI € [PU JONYIIEHUH  —5
[ = o0, eCJIM MAaTHUTHASI MIPOHUIAEMOCTb BEIECTBA TeJia Puc. P27.6
6oubiie BesmunHbl 1 = (1+200/¢) uy. B wactHocTn, npu

= 5% numeem p =41,
Takum 06paszoM, yske MpU OTHOCUTENHbHO HEGOJBIIOM 3HAYEHUH MAarHUTHOM MPOHU-
[[AEMOCTH MOKHO 0€3 3HAYMTETbHOI MOrPENTHOCTH TIPUHSTH [IPU PacueTe dJIEKTPO-

MarHUTHOW CUJIBI JIOTYIIleHne W = oo. Takoe pomyineHne yipomaeT pacueT, MO3BOJIISI
OIIEHUTD 3HAYECHUE CUJIbI Oe3 BBIIOJHEHUS CJOKHBIX BLIYMCICHUH.
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28.1. MHAYKTUBHOCTN KOHTYPOB, KaTyLlUueK 1 TOKONpPoOBOAOB

BOMPOChHI

1. VIameHeHue pacrpesie/ieHusi MJIOTHOCTH TOKA 110 CEYEHUI0 TTPOBOJIA KOHTYPA TIPH-
BOJIUT B O0IIEM CJTydae K M3MEHEHHMI0 MAarHUTHOTO T10JIsl HE TOJIbKO BHYTPHU MPOBOJIA,
HO U B OKPY»KarolieM KOHTYp IpocTpaHcTBe. [loaToMy Kak BHYTpPEeHHSS, TaK U BHEIII-
HSS9 MHAYKTUBHOCTU KOHTYPa 3aBUCAT OT 3aKOHA paclipe/ie/IeHUs IIJIOTHOCTU TOKa 110
CEUYEeHUIO TPOBO/IA. B yacTHOCTH, TIPU YBEIMUYEHUH YAaCTOTHI IIPOTEKAIOTIETO IO KOHTY-
Py TOKa U BBITECHEHUN TOKA HA MMOBEPXHOCTD IIPOBOJIA €T0 BHYTPEHHUI MTOTOK yMEeHb-
1IAeTCH, BCACACTBHE YeTO YMEHbBIIIACTCS U BHYTPEHHAS WHAYKTUBHOCTb KOHTYPA.

2. [lonsiTre MHAYKTHBHOCTH KOHTYPA M3 GECKOHEYHO TOHKOTO MPOBO/IA TEPSIET CMBICT,
TaK KaK BCJIEACTBUE HEOTPAHMYEHHOTO BO3PACTAHUSI MATHUTHON WHAYKIIUU BOJIM3U
MIPOBO/IA CIIETVIEHHBII ¢ KOHTYPOM MAarHUTHBII MOTOK CTAHOBUTCS OECKOHETHO GOJTh-
M, XOTSI TOK TIPOBOJIa M OCTaeTcd KOHeYHBIM. [loaToMy WMHIYKTHBHOCTH TaKOTO
KOHTYpa He MOKeT ObITh OTpe/esieHa.

B TO ke Bpemsi B3aMMHasl MHIYKTMBHOCTH JBYX KOHTYPOB M3 OECKOHEYHO TOHKHMX
MIPOBOIOB KOHEYHA, €CJIM KOHTYPhI He MMEIOT 00IuX Touek. IToToKocIenienue B3a-
VMHOW WHAYKIIUU B 3TOM CJIydae KOHEUHO, TaK KaKk MAaTHUTHAS WHAYKITNI, CO3aHHAST
KOHTypoM | Ha HaTsSHYTOIl Ha KOHTYP 2 IOBEPXHOCTH, He oOpalnaercss B 6eCKOHeY-
HOCTb HU B OJHOW TOYKE.

4. Tak KaKk OTOKOCTIETIJIEHNE B3aMMHOW WHIYKIIUW 3aBUCUT HE TOJIBKO OT paciipesie-
JIEHWST MAaTHUTHON WHIYKIINH, HO TaKXKe U OT pacipeneeHus II0THOCTH TOKA, TO TI0-
TOKOCIIETIJIEHUE, KaK W B3aUMHYIO WHYKTUBHOCTH, MOKHO PACCUNTATh, TOJIBKO €CITN
dbyukuust J(x, y, z) 3asana B 00beMax MPOBOIOB 060UX KOHTYPOB.

5. B IMpUBEEHHOM JIsd pacde€Ta MHAYKTHUBHOCTH KOHTYPaA BbIDAaKE€EHWUUN 110/ BEJIN-
yuHOM A CJIeIyET IIOHUMAaTb BeKTOprIfI IOoTEHIINAJ T1I0JId TOKa KOHTYPA, TaK KaK MH-

1

Terpan —IJA dV onpeziesisier B 9TOM CJIydae SHEPrii0 MarHUTHOTO TIOJISl TOKA, MpoTe-
2y

Kalollero B KOHType.

7. Haubosbiliee 3HaYeHNE WHAYKTUBHOCTH BUTKA MMEET, KOT/A YTOJ MEXKIY MOJy-
kosbIamMu coctaBisger 180 rpamycoB (TTOCKUIT KOHTYD), a HaMMeHbIIlee — TIPU CO-
BMEIIEHUH TTOJIYKOJIeT (YTOJI MEK/Y MJIOCKOCTSIMU TIOJyKoJel paBeH () TpasycoB).

8. UHIyKTUBHOCTD ABYX COEMUHEHHBIX WHAYKTUBHO CBI3aHHBIX BUTKOB paBHa L, =
=L+ Ly, +2M, Tax ‘{TO npu III/ICJIe BUTKOB KaTyITKW, paBHOM N, ee 9KBUBaTeHTHAS

MHIYKTUBHOCTD Ly, = ZL + ZZM (B mocaeiHeM ciaraeMoM k # p). IloaTomy

k=1 p=1 k=1
N N

WHAYKTUBHOCTDb MHOTOBUTKOBO KaTYIIKH! IIPEBBIIIAET Ha BEJIUYNHY ZZMkﬁ CyM-
p=1 k=1

MY MH/YKTUBHOCTEN ee BUTKOB.

9. IIpu mporekaomuX MO KOHTYPaM TOKax iy, iy 9JIEKTPOMArHUTHYIO CUJIY f, CTpe-
MSIIYIOCSI UBMEHUTD B3aUMHOE PACIIOJIOKEHIE KOHTYPOB, MOSKHO PACCUUTATD, 110J1b-
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.. oM oM

3ysICh BbIpakeHueM [ = i,i, — (g — o0bobiienHas koopaunara). [TpousBoaHas —

g og

obparaercsi B HyJb, €CJIM B3aUMHasi WHAYKTUBHOCTh M JOCTUTAET CBOETO 9KCTpe-

MaJIbHOTO 3HAYEHUSI, YTO UMEET MECTO, KOT/Ia KOHTYPBI PACTIOJNIOKEHBI COOCHO B OJTHOM
TJIOCKOCTH.

YMPAXKHEHWSA

1. BHepI‘I/IIO MAarHmuTHOTIO T10JIA B IIPOBO/I€ PalyCOM CEYEHU A R paccuuTaeM 110 (bOpMy'
2nR

ae W, JW dV =0,5ul IIH rdr do. YaurbiBast, uto 1pu J = const umeem H(r) = 7

wli’ 2W ul
HaxoauM: W, ="—u L,y = —2 = .
167 TP
3. Tak xax L., = —Z, Lo = luo lnB, TO Lo _ AHo m2 = 92 o
’ 47[ TC R LBllyT]J H R u

5. YuurbiBast cooTHouenue i >> d, D, MOKHO OIpeeJnuTh BUJ JIMHUI HAIPSKEHHO-
CTW MAaTHUTHOTO TIOJIsI BHYTPH U BHE IMUHBL. B TpocTpancTBe MEXIy MIMTHAMY MaTHUT-
HOe TT0JIe pacCMaTPUBaeM KaK OJHOPOHOE, U €T0 JTUHUH MTapaJijieTbHbI JTUHHBIM CTO-
pPOHaM IIHUH, TOT/A KaK B 00JACTU BHE IUH MarHUTHOE 110jie oTcyTcTByeT u H = 0.
Besvunna HANPSIKEHHOCTH MAaTHUTHOTO TIOJISI MEXKY IMMHAMHU B COOTBETCTBUU C 3a-
KOHOM IIOJIHOTO TOKa paBHa H = i/h 1 He 3aBUCHUT OT PacipeieieHns IJIOTHOCTH TOKa
10 TOJIL[AHE IINH.

NHanykTHBHOCTD MOJKHO paccuuTaTh 1o dopmyie L =

wohJid?
0

“. B ciyuae a nosmyuaem

woDl

2
W, nohJ d’ [. Tak xak Wenn = TS i*, To:

ayTp = TZ a B carydae 60 Wy, =
oL Jo(”u;)z, 6)L="004+D)l
A h

6. VHAyKTUBHOCTH TOKOIIPOBO/IA U3 JIBYX INUH TOJIINHON 2d KaxK/1ash pacCIMTaeM TI0
opmye

oW, 417

=241 quhH 0y di = - Mo?
1

h

L.

1-2

oo\\l

[Ipu pacyere MHAYKTUBHOCTU TOKOIPOBOIA C <«PACIIETIEHHBIMU ITUHAMU> YUTEM,
YTO BHYTPH ITHH HAMPSIKEHHOCTD TIOJISI U3MEHSIETCST 110 JIMHEHHOMY 3aKOHY, a BHE UX
COXPAHSET TIOCTOSTHHOE 3HAYEHUE:
7d/2

2W 41 17 nod

=y [ lhH () dx = Ll

i i ) 6 h
Takum o6pa3oM, TIPU pacIeTIeHUH MIMHBI TOKOMPOBO/a Ha B €r0 WHAYKTUBHOCTD
Bo3pacTaet B L/L = 1,2 pasa.

L =
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7. IHayKTUBHOCTD TOKOTPOBOA HAX0AuM 10 opmyse L = — t1e
d N 2, . N2 3dr- . .9
=u,lh j(lj xzdx+j(lj dx+j[l (% 2d)} drt = Mot 4L
I 2dn ' 2n 2h 2hd 12h

S5 dl
[Tomyyaem nHIYKTUBHOCTH L = 6“07' [Tpu TakoM criocobe coepnHeH sl IIMTUH TOKO-

MPOBOJIa €T0 MHIYKTUBHOCTH YMEHbBIIAaeTcs B 2,8 pa3a B CpaBHEHUU C WHYKTUBHO-
cTbio Ly (cM. yrp. 6) «HepaciienieHHoro» TOKONPoBoaa U B 3,4 pa3a B CpaBHEHUU
C MHLYKTUBHOCTBIO «PaCIIEIJIEHHOTO» TOKOIIPOBO/IA C TOKAMU OJIMHAKOBOTO HaIPaB-
JIEHUST B COCETHUX IMTUHAX.

8. MakcumasibHO BO3MOKHOE 3HAYEHIEe B3AUMHOI HH/IYKTHBHOCTH KOHTYPOB HaiizeM
M3 YCJIOBUSI, YTO HauboJibliiee 3Hauenre KoadduinenTa cBsisu k, orpeessieMoe Bbl-
paxenuem k = M/,/Lil,z, pasHo 1. [Toatomy M. =+/L,L,.

10. TTorpenrHocTh BBHIYMCICHUST WHAYKTUBHOCTH TPU MPEHEOPEKEHNN BHYTPEHHENT
WHIYKTUBHOCTBIO Ly, PaBHA

€= 100u, R 100% = 89 %,

4{MOR[1nM—2j+1OO“OR}
a 4

T. €. BHYTPEeHHEH MHIAYKTUBHOCTBIO TIpeHeOpeub Heb3st. [Ipu p = pg mosydaem

6= Mo R 100% = 7.5%,

4{% (lnSR 2)+ MOR}
a 4

YTO TAKJKeE IIPEBLIIIACT 3aJaHHOC 3HAYECHUE.

11. Unxynnpyemas B kourype D/1C pasna e = 8,9-10 % sin 314 ¢ B. AkTiBHOE compo-
TUBJIEHUE ¥ = L ~1,05-10 2 Owm, unaykTUBHOCTD L = pOR(ln8R - L75] ~1,4-10"" In,
a

S
MHIYKTUBHOE conpoTusienne oL = 4,4-107> OM.
2
MormmnOoCcTh TIOTEPD P = % ~ 3,810 Br.
r° +(ol)

YuuTbiBas, 4To MHAYKTHBHOE conporusienne (oL = 4,4-10° Om) KoHTypa 3HAYM-
TeJIbHO MeHbBIIe aKTUBHOTO (7 = 1,05-1073 Owm), sonytieHue 0 MajJoCTH MarHUTHOTO
MOTOKa, 00YCJIOBIEHHOTO WH/LYIIUPOBAHHBIM TOKOM KOHTYPa, MOKHO CUYMTATh OIPaB-
JIAHHBIM.

12. YuuTbiBasi, 4YTO UHAYKTUBHOCTb BUTKA W €TO COIPOTUBJIEHUE TOCTOSHHOMY TOKY

8R 2nR 2R

onpenensiores Boipaxkenusamu L = uyR| In— —175 |, r = ;- = — NCKOMOE COOT-
a yra®-  vya

HolleHue, ompejesdroniee MOoCTOAHHYI0 BpeEMEHN BUTKa, UMEET BU/L:
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2
L =W(1H8R_1,75j.
r 2 a

Ecin MaTepHaJIOM IIPOBO/Ia BUTKa ABJIAETCA CTaJlb, TO IOJIydYaeM

2
e b_woral [y 8R 5w
r 2 a 4p,

Kpusas t = f(a) s Butka cramu n3obpaxkena na puc. P28.1.

A

107%¢
3,0

2,5
2,0 1

~

1,5

2a

-

10 CTaJbHOM
’ y NPOBOJ

0,5 / “ ! 2

/|
P

a
0 01 02 03 04 mm

Puc. P28.1 Puc. P28.2

28.2. MeTopq y4acTKOB
BOMPOCHI

3. B MeTo/ie yuaCTKOB MHTETPaJIbl 110 3aMKHYTBIM KOHTYPaM IIPEJCTaBJIeHbl B BUJIE
CYMMbI MHTETPAJIOB 110 YYaCTKaM ITyTH HHTETPUPOBAHUS. YCJIOBHBIM SIBJISIECTCS TOJKO-
BaHUe MHTErPAJIOB M0 YIaCTKaM KaK WHAYKTUBHOCTEH 9TUX y4acTKOB JHOO KakK B3a-
MMHBIX THIYKTUBHOCTEH MEXKIYy HUMHU, TaK KaK 3JI€KTPUYECKNI TOK BCET/a 3aMKHYT
U He MOJKET MPephIBaThCs Ha KOHIAX y4acTKoB. (Du3nueckuii CMbICT MMeeT MarHuT-
HBIM MOTOK, CIETJIEHHBIH ¢ KOHTYPOM, HO He C Y4aCTKOM KOHTYpA.

YMPAXHEHUA

6. [IpsAMOYTOTBHBIN KOHTYD Pa3MEPOM ax2d MOKHO MPEJCTABUTD B BUJIE IBYX PSIIOM
PacToI0KeHHBIX KBaJIPATHBIX KOHTYPOB 1 1 2 padmepamu axa (puc. P28.2). Unnyx-
THBHOCTD ITPSIMOYTOJIBHOTO KOHTYPA OTJIMYAETCST OT BEeIMUNHBI 2L, Tak Kak My # 0.

7. Buemnue MHAYKTUBHOCTHU KBa/[paTHOTO M KPYIJIOTO BUTKOB PaBHbI COOTBETCT-
BEHHO:

L= 910 155 |, 1, =, R n3F 2

T 7, 7,
Wckowmerit paguyc R aBasercs pererneM ypaBHenns L, = L :

A91n 2 455 |= gl 188 _

T 7y 7y

2
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28.3. NHAYKTUBHOCTb ABYXNPOBOAHOW JINHUMU
BOMPOChI

1. B3anmuast MHAYKTUBHOCTD MEK/LY IBYMSI IMHUSIME 0OPAIAETCS B HYJIb IPU TAKOM
WX PACIOJIOXKEHUH, KOT/Ia TOTOK B3AUMHON WHYKIIMH PaBeH HYJIO: €CJIU TIPOBOIA OJT-
HOW M3 JIMHUI pagMeleHbl B TNIOCKOCTH i = ) Ha OJIMHAKOBOM PACCTOSTHUU OT TIIIOCKO-
cti x = 0 (MX KoopAMHATHI CyTh z =a + j0 m z = — a + j0), To MpoBoAa BTOPOIT JIUHUN
JIOJKHBI pacrosiaraTbes B Iurockoctn x = 0 (HarnpuMep, KOOPAWHATHI TIPOBOJIOB BTO-
poit smHun pasHbl z = 0 + jb u z =0 — jb).

2. IIpu MOCTOSTHHOM TOKE TJIOTHOCTH TOKa B JIIOOOI TOYKE CEeYeHUsT MPOBOJA NMEeT
OJTHO ¥ TO ’Ke 3HAYeHHe, TOTr/[a KaK NP MePeEMEHHOM TOKe OHA SBJseTcs (PyHKIMenl
KOODAMHAT TOYKU. JTO MPUBOJNT K PA3JNUUIO HE TOJIBKO BHYTPEHHUX MH/YKTHBHO-
cTeil IPOBOJIOB, HO TaK)Ke U BHEITHHX.

YMPAXXHEHWSA

4. Tlpunumas aumHy b paMKi HEOTPAaHMYEHHO BO3PACTAIIEN TIPU @ = CONst, 7, = const,
HAXOUM BeTMYNHY L/b 13 BRIPAKEHUS ST MHAYKTUBHOCTH TIPSIMOYTOTBHON paMKN

(cm. § 28. 6)'
lim — ln =0,limln —M———— 2 lim 2 (a+b Ja*+b*) =0.

e b ry(a++a +b2) b rO(me/a +b2) ro b= b

TaknMm O6p3.30M, VMHAYKTUBHOCTDb Ha €AWHUILY AJINHbI 6ECKOHEYHO lIJII/IHHOﬁ paMKn

1 a
paBHa L' = —| p,In—+ % , 4TO COBITQ/IAET C BBIPAKCHUEM JIJISI pacuyeTa MHAYKTUBHO-
T

T
CTHU JIBYXTPOBOAHON jinanu ipu a = D, 1y = R (cMm. § 28.8).

5. Ilpumensisi MeTO/ 3epKATbHBIX OTPAKEHUI, 3aMUIIeM WHIYKTUBHOCTD JBYXITPO-
BOJIHOM JIMHUH, 00pa30BaHHOMN 3a/[aHHBIM TIPOBOJIOM U €T0 3ePKaIbHBIM H300paKeH!-

)

2h
em: L = ( poIn= N Z . YuuTbiBad, 4To MOTOKOCIIEIIEHHE JABYXITPOBOIHOM JINHUU B
e

ABa pa3da MPEBBIIIAET ITOTOKOCIHEIIJIEHNE TTOABEIIEHHOI'O Ha/l TIOBEPXHOCTDBIO TEJIa ITPO-

2h uj

/
BO/IA, TTOJIy9aeM MCKOMYIO HHAYKTUBHOCTD L = —| pyIn=— +
2n R
Kaxk BUIHO, MHAYKTUBHOCTH TIPOBOJIA, MOABEIIEHHOTO Ha BBICOTE A HaJ| MJIOCKOH To-
BEPXHOCTDHIO HEAILHO ITPOBOJISIIIETO TEJA, B /[Ba Pa3a MEHbIIE WHAYKTUBHOCTH JIBYX-
POBOJHON JIMHUH, PACCTOSTHUE MEKIY IIPOBOJAMK KOTOPOil paBHO 2A.

6. Vcriosib3yst METOBI YYACTKOB U 3epKasbHbIX n3oOpaskenuit (puc. P28.3), Mmoskem
3anucath Boipaskenue: L = Ly + My + My + Myy + My, Tiie Ly — WHAYKTUBHOCTH
JABYXITPOBOAHOM JTMHUN Ge3 ydyeTa BAUSHUS 3eMJId, Mo, My, My, My — B3auMHbIe
MHIYKTUBHOCTH MEK/Y IIPOBOIAMU JIMHUK 1 UX 3€PKAJIbHBIMI M300PaKeHISAMI, PaBHbIC

M, = ol lni
2n\ A

~1|, M, :Lolrln 2 —11,
Oy +hy)? +D* = (hy —h,)?
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I(, 1
My =My, My, = _P;(;E(lnh - 1}.
2

YuurtpiBag, uto L, _* Oll 2+“—l rnoJriygaem
n R 41
2
L:L LT I AD i, =
21 | 2 R*[(h, +h,)* +D* —(h, —h))*]

2
_ L E—i—uoln—z AD "y, e
2n | 2 R*|4h,h, + D7)
[Ipu 3a1aHHBIX PACCTOSIHUSAX U PAJIIYCaX IIPOBOJIOB HAXOMM:

Ly = 1,18-107] Tu. TIorpemtocTs pacyera HHAYKTHBHOCTH IIPH 2!
npeHeOpesKeHNN BJIUSTHUEM 3eMJIU He rpeBbimiaer 1 %. Puc. P28.3

7. Jlns pacyera MHIYKTUBHOCTH JIBYXITPOBOAHON JIMHUK OTOOPA3UM C TIOMOMIBIO (DyHK-
1mn § = f(z) KOMILIEKCHOTO IIEPEMEHHOTO 3alaHHYI0 00JIaCTh Ha BEPXHIOIO MOMYILIOC-
KoCTb. BbiGop orobGpaskaionieil GyHKIMH, HAXOKAEHNE KOOPAMHAT OCeH MPOBOIOB
B IIJIOCKOCTH TIEPEMEHHOTO { BBINOJIHSIETCS aHAJOTHYHO PacCMOTpeHHoOMy B § 25.3,
yIp. 4. Y4uThIBas, 4TO IIpH KOHGOPMHOM 0TOOPAsKEHIN TOKU U MOTOKOCIEILICHUS He
IIpeTepIieBaroT U3MEHEHUN U NUMEIOT Te JKe 3Ha4Y€HUsA, UYTO U B IIJIOCKOCTHU II€EPEMEHHO-
TO 2z, MOJKEM PaCCYUTATh WHAYKTUBHOCTD 1O (popMyJie, TIOJYUYEHHOU TIPU PelieHIn
MIPEBIIYIIEro YIPaKHEHSI, TIOJICTABJISAST 3HAUeHUsI napameTpoB Ry, Dy, f1g, hag, T1OMTY-
qaeMble B IJIOCKOCTH TiepeMeHHoit (. Paamychl poBOMOB MPUMYT TPUOIIIKEHHbIE
snayenus R |/'(2)| npu pacuere dyuxuuu | /(z)| Ha ocu npoogos. O603HAUNB KOOP-
JIMHATHI OCEU TMPOBOIOB B TIOcKOCTH ( depe3 ; = vy + juy, Ly = 0y + juy, TOTYINM:
D, = \/(01 —0,)? +(u; —uy)?, hyg=uy hy = u,. Harrpumep, 1pu pereHun 3ajadu, 1o-

T
—z
KazaHHOIT Ha puc. B28.1, 6, u ucrosbaoBannu otobpaskatoriein yHKImmn § = e? nmeeMm

Ry, = Rn/d, Ry, = R(W/d)en/d’” y 21 = jhy, 23 = hy + jhy, &y = cos nhy/d + j sin nhy/d, £y =

Zh
e! 4(cos nthy/d + j sin nthy/d), Tak 4To

2 2
D, = cosn—h1 — et COS% + sinn—h1 — et sin% .
d d d d

Orob6paskaroriue GyHKIUH AJIsT IPYTUX KOH(BUTYpatuii obJ1acTeil puBeIeHbI TIPU pe-
menun ymp. 4, § 25.3.

8. Tak Kak 1pU HEMATHUTHOM MaTepuase TTPOBOJIOB JUHIK BbIpaxkenue L = p//nx
D 1 .
X (lnR + 2 7aeT TOYHOe 3HaUYeHNe WHYKTUBHOCTH, TO HaliJICHHBIE C TIOMOTIBIO op-

mya f = Bli, f2—§z ZnglpewKeHm{f Mol fz—5 ddD {uol(lng+iﬂ COBIIA-

aioT.
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Ecnau mpoBozxa BeImosiHeHB! 13 (hepPOMATHUTHOTO BEIIECTBA, TO AOIMYIIEHUE O TOM,
YTO TOKU COCPEJOTOUYEHBI Ha OCSAX, ABIAETCS TPUOIIMKEHHBIM, CIIPABEITMBBIM JIIIIb
MPU BBLITIOJIHEHUU COOTHOTIeHud D > R.

28.4. NHAYKTUBHOCTb Tpex(a3HOW IMHUN
YNPAXHEHNSA

1. Hasmawme B6JIM3M POBOJIOB JIMHUIA TI€peadil HEMArHUTHBIX POBOISIIIINAX TEJT TIPH-
BOJIUT K U3MEHEHUIO WHAYKTUBHOCTEH MPOBOMOB. J{JIsT MX HaXOKIEHUS 11eJ1eco00pas-
HO BOCII0JIb30BAThCsl, TPUHUMAsSI BO BHUMAHUE [JIOCKYIO MTOBEPXHOCTDb 3€MJIU, METO-
JIOM 3epPKaJIbHbIX M300pasKeHMI U PacCUMTaTh BEJUYNHBI L 1 M ¢ y4eToM 3epKajibHO
PACIIOIOKEHHBIX OTHOCUTEJNBHO TOBEPXHOCTH 3eMJu TOKOB. CiiefyeT y4ecThb, U4TO
ke TTPU CUMMETPUIHOM PACIIONIOKEHUN MMPOBOIOB, Koraa Dy = Dys = D34, paccTos-
HUST MEKIY TPOBOAAMU U MX 3€PKAJbHBIMU U300PasKEHUSIMU 719, T1:3, Fy3 HE MOTYT
OBITH PaBHBIMU.

Tak Kak MHAYKTUBHOCTU NPOBOJOB 1, 2, 3 ¢ y4eTOM BJMAHUS 3€MJU PaBHBI L, =

= 21 w,In 2}? +% ,k=1,2,3 (cm. § 28.3, pemrerie ymp. 5), To cpejHee 3HAYEHUE
T ®

UHIYKTUBHOCTH TIPOBOJia L :%(L +Ly+ L3)cyrs L= ;Oll 21? Hl rne h=3/hh,h,,
T

R=%R.R,R,.
BsauMHble MHAYKTUBHOCTU MEXK/IY IIPOBOJAAMK PACCUMTBIBAEM I10 q)opMyJIaM
/ /
M12—M120+M1'2—u0 In M13—M130+M13—u0 In
b D12 b D13
[, r
Moz = M3y + My3 = Bolip
n Dy

Cpennee 3nHauenne koadduiMenTa B3aNMHON WHAYKIINN MEXIY TTPOBOIaMU PaBHO
r
M=2%1n"" e nox senuunamu 7, D cJefyeT MOHUMATh UX CPeJHME 3HAYCHUS,
2 D
=3 -
PaBHBIE ¥ = 3/71y V5T, D = /Dy D 3D,y

Takum 06pa3oM, 9KBUBaJ€HTHASI WHAYKTUBHOCTD TPOBOJA TPex(hazHON JIMHUHU TIPU

ydeTe BIAUAHUA HpOBOILHIHeIL/,I 3EMJIN U HAJIMYWA TPAHCIIO3UIIMU ITPOBO/IOB paBHA L' =

=L—M=L polnLhD+E
21 4

2. JKBUBAJIEHTHAS WHAYKTUBHOCTDH HpOBOI[a TpexdaszHoil JUHUU TIPU YKA3aHHOM

pacIoI0KeHNN TTPOBOJIOB paBHa L' = L; 0 D\F % ~1,310 %/ Tu=1,310"2TIn,
T

TOrJa KakK MHAYKTUBHOCTb JlByxnpOBOI{HOfI JIMHWMH, O6paSOB3.HHOI>i IIpoBOJIaM1

a)1u2: Liy~25105]Tu=2510° I'n.
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6) 2 3: Lys =Ly~ 2,510 %/ Tu =2,510"2 ',
8) 113 Lis~27710 5/ Tu=2,77-10"2 I'n.

3. DKBUBaJEHTHbIE NMHAYKTUBHOCTHU IIPOBO/IOB JIMHUAT OIIPEAEJIAIOTCA BbIPDAKEHUAMMU:

, i D 1) ., i D¥2 1 , ,
(@ = huo(lnR+4j’ 5 = %Ho In 2 +Z . Tak kax 3/2 > 1, 10 Lisy > Liy-
3navenne paccroauus D,), npu xKoTopom L

D32

’

(= L{s), onpenensieM u3 ypaBHEHVsI

D
In }(;) =In , 13 KOTOPOTO cIefyeT, uTo D, = D32 = 1,26 D.
4. MomHocTb, TTepeHOCHMYIO B Kpaiinue haspl, HaXoAdIuecs Ha paccTossHumn 2D
JIPYT OT JIpyTa, MOKHO PAacCUUTaTh 1Mo dopmyae Py, = Py = o I2Im (a*My, + aM,3),
TOT/Ia KaK MOTI[HOCTb, IEPEHOCUMYIO BO BTOPYIO (hasy, — 1o opmyre
Py, = o 12 Im (a’Mys + aMyy).
[MogcTaBisist B 3T BhIpakeHuss KO3 PUITMEHTH B3AUMHON WHIYKIIUH
M12 :M23 :LOZ ln2—l -1 , M13 :L()l hli -1 , IOJIy4aemM PlBII =2700 BT, PQBH =0.
2n D 2n D

Eciin npunsrs golylenye o paBHOMEPHOM paciipe/ie/leHUI TOKa 110 Ce4eHUIo IIPOBO-

OB, 4YTO CIIPABEAJIMBO TP OTHOCUTEJIbHO He6OJIbHII/IX paanycax mpoBOJIOB 1 HU3KUX

P, P,
YacTOTax TOHA, TO 7= [/ys u —2 = _ 1~ () 39
P 371?

5. Ha iepBom ararre pacueta mpuMeHeHNEM COOTBETCTBYIOMIEN (DYHKITMN KOMILIEKCHOTO
nepeMeHHOTo () 06J1aCTh PACIIONIOKEHHs JIMHUU 0TOOPAsKAETCsT HAa BEPXHIOKO TTOJTY-
mockoctb. Koopaunatel oceil mpoBOJIOB, UX PAIUYChI, & TAKKE PACCTOSTHUS MEXIY
HUMU CJeyeT PACCUUTATh TaK K€, KaK 9TO BBIITOJTHEHO TIPU PACCMOTPEHUN ABYXITPO-
BomHOI HUN (cM. pertenue yip. 7, § 28.3). Ha BTopoM atarie sKBUBATEHTHYIO UHIYK-

[
TUBHOCTH TIPOBO/IA BBIUUCISAEM 10 (hopmyste L' = 7n B ln=—+ 2 YUYUTBIBas, 4YTO

ompesesieMble Kak cpeinue Beanaunst i, D, R, r (cMm. perenue yp. 1) caemxyer pac-
CYMTATh B TJIOCKOCTH TiepeMeHHOTO C = f(z). /st pacuera sKBUBaJIEHTHON MHILYKTUBHO-
CTHU IIPOBOJA IpU AOIIYHIEHUN OJJHOPOJHOCTU CPe/ibl MOKHO MCIOJb30BATh BhIpakKEeHUE

)

' 1 D p .
L'=—|p,In—=+= |, ne D, R — cpeanue 3HaueHUs PACCTOSHUI MEK/Ly ITPOBO/IaMU
2 R 4
U WX PaInyChl, PACCYMTAHHBIE B MCXOHOM TIJIOCKOCTHU MIEPEMEHHOTO Z = X + j.

29.1. MNnockas JJ/iIeKTPOMarHuTHasa BOJIHa B ANDJIEKTpUuKe

BOMPOChHI

3. O6paTHa51 BOJIHA BOSHUKAET IIPU OTPa)KEHUUN HpHMOfI BOJIHBI 3JIEKTPOMaruuTHOT'O
I10JIA OT Cpebl, 3JIEKTPOMAarHuTHbIE CBOICTBa KOTOpOIL/,I OTJINYHBI OT CBOMCTB JINDJIEK-
TPpHKa, B KOTOPOM PacCIIpOCTPaHAETCA BOJIHA.
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4. PerieHrie BOJIHOBOTO ypaBHEHMs, MMEIOIEe CBOMM apryMeHTOM (DYHKIUHW z — ot
U z + 0f, MOJKET B YACTHBIX CJIYYasiX COJAEPKATh IPOU3BeIeHUsT (QYHKIMIA ¢ apryMeHTa-
mu kz, kot. [lefictButenbHo, dyukuuio E,, sin kz sin kot MoxkHO 11peo6pa3oBaTh K BULY
12 E, [cos k(z —vt) —cos k(z +vt)]. B mimnHoit suHun Ge3 moteps (em. 1. 2, § 17.8),
IPOIECCHI B KOTOPOH TaKsKe ONMUCHIBAIOTCS BOJHOBBIM YPaBHEHUEM, IPU HAIOKEHIN
He3aTyXxaromux Oeryimmx BOJH BO3HUKAIOT CTOSYME BOJHbBI, KOTOPbIE ONUCHIBAIOT
(GYHKIUAME ¢ apryMeHTaMu B, of. AHAJOTMYHBIE SIBJIEHUSA MOTYT UMETh MECTO U IIPU
pactpocTpaHeHNUH HJIEKTPOMAarHUTHBIX BOJIH B JIMAJIEKTPHKE.

YNPAXHEHNSA

0 2
5. [Tpu aBrskennn HAGTIOAATEIST BIOJb OCH Z CO CKOPOCTHIO 0 = %t =~ —3,3t, Korma
KOOPAMHATA Z U3MEHAETCS TI0 3aKOHY Z = 2z — 3,3, byHKIus E(z, t) mpuHUMaeT TIOCTO-
auHoe 3Hauenne, paBHoe 10 cos 30z, [loaTomMy BosiHA pacpoOCTpaHIETCS CO CKOPO-
cThio v = 3,3t B HaNpaBJeHH, 0OPATHOM HATIPABIEHHIO OCHU Z.

U3 yenosus H = \Je/uE nonyuaem H =i 10/e/p cos (100z + 30z).

6. IIpu & > 0 ajekTpoMarHUTHAsE BOJIHA PACIPOCTPAHSIETCS B HAIPABIECHUH OCH Z

1 COCTABJISIONINE HANPSIKEHHOCTH MarHUTHOTO 1101st paBubl H, = —E, \Je/p G

H,=E, g/u PCEEON ; g (_iEi/ +jE,) mej(mz— kz).

E*? pHZ

€ Sop
8. VckoMble 3HaYeHUS HAXOUM U3 yCJIOBUS o

Hmax
2 Ko

~ -2 6 o
Bax = 1077 Tn. O6beMHas IIOTHOCTD 3JIEKTPOMArHUTHOM 9HEPTUU IIPU TaKUX 3HayUe-

HUAX Hanpskennocty nons W =g E? = 80 [ /m>.

/:LOn ~8: 103A/M

wH?* eE*
2
= uH? B IIPe/IONOKEHHH, YTO CYIIECTBYeT BOJIHA JIUIIb OJHOrO Hampassienus. Tak

9. O6bpeMHast IVIOTHOCTD YHEPTUH HJEKTPOMATHUTHOTO ToJist paBua W/ =

i I, . 0]
KaK B COOTBETCTBHUH € 3aKOHOM TOJTHOTO ToKa H = —— = —"sin (ot — — z), TO B 00b-
v

2nr  2mr
eMe JIN3JIEKTPUKA Kabestst JIMHOM A MEKIY KIJIOH U 000JI09KOI
Ry k. 2m 9
I3 I°L. R
W II I B gin 2(- —z)drd(pdz TR P
200 4’y 4r R,

JHeprus 3JeKTPOMATHUTHOTO TOJIs, TorolaemMas B Harpyske, pasaa W,, = Ul T =

WA R, o
= """ |n—2, 9TO COBIAJIAET C HANJEHHBIM BBIPAKEHIEM

4 R,
T =uiye/u, E = \f N sln—
i 2mzr 2nf Y

10. I/IH,Z[yKTI/IBHOCTb U eMKOCTb KabesIsl eJMHUYHON JJIMHBI OIIPEAEISIOTCS. BHIPAsKEHUSI-

i L =2 ln , C= 2me ——= e Ry, Ry — paagmychl xkusibl 1 0600ukH (M. § 3.4, T. 1).

2n R1 InR,/R,
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Tax Kak CKOPOCTb pacipoCTpaHeHU JEeKTPOMATrHUTHOW BOJIHBI PaBHA U = 1/ \/;Ts , TO,
2L £ = ClnR, /R, MOJIYYaeM: U = ———
InR,/R,’ 2 - JIc

[Ipu 3a1aHHBIX BENYNHAX €, |L UMEEM 0 = 1/,/4 We, =¢/2.

NCITIOJIb3Y s BbIPAKEHUA L =

29.2. Bektop MNonHTHUHIra

YMNPAXXHEHWSA
1. IIpu orcyTcTBUM TOTEPh B Kabese BEKTOP HAMPSKEHHOCTH 3JIEKTPHYECKOTO T10-
T
JIsl He UMeeT COCTaBJISIONINX, HapaJieIbHbIX OcH z KabeJs, Tak uto E = E, =
2mer
u 1
=——— H=H,=—, Ry, Ry — paamycbl )Kujbl u 000JI0YKU.
rInR, /R, 2nr
Bexrop IloiiHTHHTA, UMEIONIUN eIMHCTBEHHYIO COCTABJISAIONIYIO, TTapaJlJIeJIbHYI0 OCU
ui
kabeuns, pasen § = E, H, = ————.
2nr*InR, /R,

2. Bynem canTath, 4TO 2JIEKTPOMArHUTHAS BOJIHA MMEET COCTABJISAIONINE HATIPSIKEH-
Hocreil £, u H, 97€KTPUYECKOTO ¥ MarHUTHOTO ToJed. ToK CKBO3b OrpaHMYeHHYIO
KOHTYPOM TIOBEPXHOCTh NMeeT HanboJIbliiee 3HaYCHUE, €CIIU BEKTOP dS, HOPMAJIbHbII
K TIOBEPXHOCTH, COBIIAJIAET C OPTOM & OCH X, T. €. €CJIU KOHTYP pacrojiaraeTcs B m0c-
koctu x = const. [IpuHnMast paamep KOHTYpPa B/OJIb OCU i PABHBIM @ U BJIOJIb OCHU Z
PaBHbBIM b, MCKOMBIN TOK MOKEM 3allicaTh B BUaE:

1= SQJ.EdeZ aHt,,, sin @ cos (cot—szrkb), 371ech k = @
Gts : 2 2 v

Takoe >xe BeIpaskeHNe MOTyYaeM, PACCYUTHIBAS TOK C TIOMOTIBIO YPABHEHUS I = § H dl.

i =-aH,, sin|ot — k(z + b)] + aH,, [sin (ot — kz)] = aH,, sin];b cos [m_ kﬁﬂ’)
2

4. BoiziesiiM BHYTPU KOHZIEHCATOPA MEXK/LY €ro OOKJIa[KaMy IIUJIUH/P PAInycoM R u
BBICOTOM d, paBHOI pacCTOSIHUIO MeKAy oOKIaakaMu. Ha 60KOBOI IOBEPXHOCTH BbI-
JIEJIEHHOTO IUJINHPA HAIPSKEHHOCTH E 9JIeKTPUYECKOTO TI0JIT UMEET eIMHCTBEHHYIO
cocrasisonLyo, pasuyio E = u(t)/d. IIpumem, 4to BeKTOP HaHpH)KeHHOCTI/I MarHuT-
HOTO TOJISI IMEET Ha Hell TakKe eIMHCTBEHHYIO COCTABJISIIONLYIO, paBuyio H = i [21r=
Cc

du
T j (SZIer C — eMKOCTb BbIlIe]IeHHOI/I qacTu KOHlIeH(IaTOpa) HepeﬂaBaeMaﬂ CKBO3b
mr

6OKOByIO IMOBEPXHOCTDb IUJIMH/IPpA 9JIEKTPOMAarnuTHasd SHepFI/IH

(_M

_z _z C du
W.,, —J(;J;EH dtds = [ (t) dtds— cju(t)

[Tocne nnrerpupoBanus naxoaum: W, =

C[uz(t)—u O _ (t) — W,(0)
2 M M *
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Takum oOpasoM, e GOKOBast MOBEPXHOCTh BHIIEJEHHOTO HUJIMHIPA sBJsieTcss 60-
KOBOH MOBEPXHOCTBIO CJI0S IMAJIEKTPUKA KOHIEHCATOPa, TO TIepeiaBaeMast CKBO3b 110~
BEPXHOCTD AUAJIEKTPUKA 3JIEKTPOMArHUTHAS SHEPIUsl PaBHA MPUPAIIEHNIO dHEPIHU
9JIEKTPOMATHUTHOTO TIOJIsI KOH/IEHCATOPA.

3. YcoBue paBeHCTBA TlepelaBaeMOo B CJIOSIX TEKTPOMATHUTHOM SHEPT N I E\H,ds, =
Bl
= '[E ,H ,ds, 3amumiem, yanrsiBas cootnommenust E = \Ju/eH, H = i/2xr, ds = 2nr dr,

)

R Ry
B BUJIE 1, /€, I Vrdr=\u,/e, I 1/7 dr, KoTOpPOE TOC/IE MHTErPUPOBAHKS TTO3BOJISAET
R

HOJIyYUTh YPABHEHUE m In R/ R, =u,/e,InR,/R.

€,
ITpu =L Hi_ B2 pveem R = JR,R,. B obiem ciryuae, 0603HAYMB oL = HiE2  raxomm
€ &y Ho€y

In(R/R))*=1nR,/R, otkyna R = “\/R’R,.

6. Tax KaK HAIPsKEHHOCTH SJIEKTPUYECKOTO N MATHUTHOTO 1oJIeil pasubl E(f) =
@ =—"sin wt, H(r, t)——— ! e dE _eU,0
d d 2nr  2mr dr - 2d
snauenne Bektopa [loitnrunra S(r,t) = E(t)H (r,t) obpammaercst B Hysib (31ech d —

paccTosiHre MKy OOKJIaKaMu).

7 COS WL, TO cpeaHee 3a Iepuo/i

8. [lonmycTtM, 4TO HAMPSKEHHOCTH dIEKTpUUecKoro moud E, = E,,, sin(cot —coz/v) .

[Tpu Beranciennun DJIC criocoboMm a 1o dhopmyie e = f{’E dl nop Benmuunoi E cie-

JlyeT MOHUMATh HAIPSKEHHOCTb UH/YIIMPOBAHHOTO 3JIEKTPUUYECKOTO I10JI51, PABHYIO
E.iy = OB, Tak 4To

€:§E}1Hﬂdl:a(EMHﬂ1 — Epn) :avu\f (Ei — Ey) = 2aEmsinc;—b cos{mt—w(z+§ﬂ .
l H ‘ ‘

[Tpu Boruucaennu DJIC crocobom 6 1o hopmyJie e = —% TaKKe MoJIy4aeM

z+b
ﬁa Wy g/LE sm(wt—z]dz_ 2aE,, smw—bcos wt—(z+bj .
ot v 20 v 2

z

[Ipu nojcTaHoBKe YKCJIeHHBIX 3HaYyeHni Haxoaum E,, = 7,9 B.

29.3. BuxpeBas 1 noTteHuuasnbHas COCTaBnsiloLne
3JIEeKTPOMarHUTHOro nons

BOMPOChHI

1. BI/IXpeBaH COCTaBJAOIIad HAIIPAKEHHOCTU IJIEKTPUYECKOTO 110JIA 06pamaeTc51
B HYJIb, KOTla BeKTOpHLIﬁ MarHUTHBIN IMOTEHIIMAJI HE U3MEHAETCA BO BPEMCHU. Ha-
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[IpUMeEP, 1IPH IePeMeleHUU C IIOCTOSIHHOM CKOPOCTDIO IIPOBOJSIIIETO Teslad B OHOPO/-
HOM MAaTHUTHOM TI0Jie BEKTOPHBIM MarHUTHBII TOTEHIIMAT B J000 TOUKe 0Obema
Tesla COXPaHseT OJHO U TO ke 3HaueHue. OHAKO IIPU 9TOM [IOTEHI[UAIbHASI COCTAB-
JISTIONIAsT HAIIPSIKEHHOCTH 3JIEKTPUYECKOTrO 1I0JIs1 OTJIMYHA OT HYJISI B OKPY’KaloleMm
Tes0 quasekTpuke. Ee cyliecTBoBanue 00yCJOBIEHO TTOSIBIEHUEM Ha MOBEPXHOCTH
[IPOBOJIHUKA MH/YIIPOBAHHBIX 3JIEKTPUUYECKHUX 3aps/loB. 3apsiibl He CO3/AI0T 3JIEK-
TPUYECKOTO TI0JIS1 BHYTPHU IIPOBOJIHUKA, €CJIH TEJIO0 N30JMPOBAHO U K HEMY He IIPUCO-

e/lMHeHa 2JIeKTpUYecKas 1enb. TakuM 00pa3oM, BBITIOJIHEHO YCIOBHE a— = 0 BO BceM
t

npocrpanctse, yciosue grad U= 0 — Baytpu npoBozsiiiero tesia u grad U# 0 — B ok-
PYJKAIOIIEM TeJIO TUJIEKTPHKE.

Ecmm x mpoBozsitiieMy Tey TpucoeuHeHa 3JeKTpUYecKas 11erb, TO TOJ JAeiCTBH-
eM WHIYIUPOBaHHOI B poBojHuKe J/[C B 11emn MOXKET MPOTEKaTh 3JIEKTPUUECKUIT
TOK, 1 ToT/a TostydaeM ycyosue grad U # 0 He TOJIBKO B IU9JIEKTPUKE, HO 1 B 00beMe
TeJa.

[ToTeHIaIbHAsT COCTABIISIONAST HAPSKEHHOCTH IEKTPUIECKOTO MOJIsT 00PaIaeTcst
B HyJIb, KOT/Ia JIe}ICTBUE 2JIEKTPUUECKUX 3aPSIZI0B, PACIPEAEICHHBIX B IIPOCTPAHCTBE
(HampyMep, B TIPOBOJIAIIEM TeJI€), KOMITEHCHPYETCsI, 3apsi/ibl OJHOTO 3HAKA He 00Ha-
JKAIOTCST M UX HJIEKTPUYECKUM MOJIEM MOKHO MpeHedpedb.

Harpumep, B 11J10CKOM [IPOBOZSILEM TOHKOCTEHHOM JIUCKE, IIOMELeHHOM B HOpMaJlb-
HOE K €ro IJIOCKOCTU OJHOPOJAHOE IIePeMEeHHOe MarHUTHOE II0Jle, HallPsIKEeHHOCTDb
9JIEKTPUYECKOTO II0JIS1 HE COAEPKUT HMOTEHIMAIbHON COCTABJISIONICH, eCId JUCK OfI-
HOPOJICH B OTHOILIECHUH 3JIEKTPUYECKOH IIPOBOIUMOCTH BEIIECTBA, U3 KOTOPOIO OH U3-
TOTOBJICH.

2. TlepemMeHHOE 3JIEKTPOMArHUTHOE T0JIE HEJIb3st B 00IIEM CJIydae OIucaTh ¢ MOMO-
ITHI0 TOJBKO 3JTEKTPUYECKOTO M MAaTHUTHOTO CKAJIIPHBIX MOTEHIINANIOB, TaK KaK TIPH
arom umeeM E = —grad U,, H = —grad U,, u, cnegosarenbho, rot E=rot H =0, uto He-
BEPHO.

YMPAXHEHUA

6. HampsskeHHOCTD MHIYITMPOBAHHOTO B KOJIBIIE 9JIEKTPUIECKOTO TIOJISI COAEPKUT B

CHJIY TIOCTOSTHCTBA Y/IE€TbHOMN AIEKTPUYECKOIT TIPOBOUMOCTH BEIECTBA KOJIBIA TOJb-

KO BUXPeBYI0 cocTaBisgiomyio E = — 0A/0t, HanpaBJIeHHYIO IO OCH MTPOBOA KOJBIIA.

[Toatomy mHTErpaIbI §E dl, §(6A/ 0t) dl = 6® /0t UMEI0T CMBICTT HHLYITUPYEMON B KOJTb-
! 1

e DJIC. Tak kax E + 0A /0t = —grad U = 0, 10 mosrydaem §(E +0A/ot) dl = 0, Torna kak
I

§E dl = - §(awat)dl= ir.
1 !

7. B cuny aseKTpUYecKoil HEOJHOPOAHOCTH MaTepuaja KOJbIla HAIPSKEHHOCTb
3JIEKTPUYECKOTO TI0JISI COJEPKUT JIBE COCTABJISIONIME: BUXPEBYIO, paBHYI0 —O0A/0t,
u noteniuaabiyio —grad U. Bosuukatormue Ha 00X TPAHUIAX TTOJYKOJIEI] DJIeK-
TPUYECKUe 3apsiIbl CO3MAI0T dJeKTpuueckoe mose. Ha ogHO# M3 rpaHull 3HaK 3J€K-
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TPUYECKUX 3aPs/I0B IIOJOXKUTEJEH, a2 Ha JAPYroil — OTpUIlaTeJIeH, B CBSI3U € YeM
BekTopbl grad U B TIOJIYKOJIBIIAX UMEIOT Pas3/INuHble HAIPaBIeHNs. YUUThIBAs, YTO Ha-
MPSKEHHOCTHU T0JISI B MOJIYKOJIbIIaX PaBHbI COOTBETCTBEHHO Ey = i/sy, Ey = i/sy,, U3
BeIpaxkenuii £y = —0A,/0t— oU/r oo, E5 = —0A,/0t— 0U/r da, momydaeMm: oU/r Oaly =
= —0A,/0t — i/sy,, OU/r oy = —0A, /0t — i/sY,.

29.4. Nepepnaya 3/1€KTPOMArHMTHOW 3HEpPrumn BAOJIb NPOBOAOB JINHUM
BOMPOCHI 1 YNPAXKHEHMS

1. Bextop H Hanmps:KeHHOCTH MarHUTHOTO TIOJII UMeeT eIMHCTBEHHYIO YITIOBYIO CO-
cTaBJIAIONYI0 H, Kak Ha TTOBEPXHOCTH JKUJIbI KabeJIsl, TaK ¥ Ha BHYTPEHHEH TI0BEpXHO-
cTU ero 060JIOYKH, TOT/Ia KaK HarpaBJieHe BeKTopa HanpspkeHHoCTH E asiekTprde-
CKOTO TOJIsI Ha 3THX IMOBEPXHOCTSIX MOKET ObITh pasiuunbiM. [Ipu pomyrieHun
GecKOHEYHO GOJIBINON yAeNbHON IEKTPUYECKOi TIPOBOMMOCTH BelecTBa Kabessi u
060s104KN Ha 06erX MOBEPXHOCTSIX umMeeM E = E, Tak 4TO B BTOM CJIy4ae BEKTOP
[TofiHTHHTA MMeeT eIMHCTBEHHYIO COCTABJISIONIYIO S, DHEPrUsl 3JIEKTPOMATHUTHOTO
T0JIS TIEPEIAeTCS B IUDJIEKTPUKE MEKLY JKUJIOH U 000I04KOIT Kabesst.

Ecan IIPUHATH BO BHUMAaHNE KOHEYHYIO ITPOBOAMMOCTD BEIIECTBA JKWUJIbI U O6OJIO‘IKI/I,
TO Ha X ITOBEPXHOCTAX Haps/ly C palII/IaJIbHOﬁ COCTaBJIIONIEN HaIIPpAKEHHOCTH 9JIEK-
TPUYECKOTIO IT0JIA TTOABJIAETCA TAKIKE U KacaTe/IbHasA COCTaBJIAIOITAA Ez, KOTOpasa Ha-
IIpaBJIEHA Ha ITOBEPXHOCTAX JKHJIbI 1 060JI04KH B pa3Hbi€ CTOPOHDBI B CBA3U C TEM, YTO
TOK B HUX T€YET B IIPOTUBOIIOJIOKHBIX HaAIlPAaBJICHUAX.

Beaencrsue atoro Bekrop IloitHTiHra OyeT MMETh He TOJIBKO OCEBYIO, HO TaKKe W
pasnasbHyIo S, cocTaBIAONIyIo. B aToM cirydae cymiecTBYIOT TIOTOKU 3JE€KTpoOMar-
HUTHOU 9HEPriu, HAITPABJIECHHbIE BHYTPb JKUJIbI M 0000YKH Kabeist. DTa 4acThb aJIeK-
TPOMArHUTHOI SHEPIUU PACCEMBAETCS B JKHUJIE M 000JI0UKe Kabesist B BUIE TEILIa.

2. Ilpn momymieHnn ueaTbHONW TTPOBOIMMOCTH 3€MJIN KacaTeslbHasd K Hel COCTaB-
JISTIONIAST BEKTOPA HANIPSDKEHHOCTH AJIEKTPUYECKOTO TOJIst 00paIaeTcst B HyJIb, TAK 4TO
BekTOp IlofiHTHUHTA He COePKUT HOPMAJIBHOH K II0BEPXHOCTU 3eMJIN COCTABJISIONIEH
1, CJIeZI0BATEJbHO, 9HEPIUsl 3JIEKTPOMArHUTHOTO I10JIs1 1IePEAACTCs BJIOJIb II0BEPXHO-
CTU 3€EMJIN, HE TPDOHHKAA BHYTPb HEE.

Ecau cuurath YA€AbHYIO 9JIEKTPUYECKYIO TPOBOAUMOCTD 3€EMJIN KOHG‘-IHOfI, TO Ha ee
TTOBEPXHOCTHU TToTy4daeM Beaudunsl E; # 0 u S, # 0. B aTom cayuae anmekTpoMarauTHas
BOJIHA ITPOHUKAET B 3€MJITO, UTO IIPUBOJIUT K JaCTUIHON TIoTEpE dHEPTUN IJIEKTPOMAr-
HHUTHOTO IIOJIA.

3. CunycoumarbHble HATPSKEHNE W TOK KOHIEHCATOPA C UIE€ATbHBIM JUITECKTPUKOM
caBuHYTH Ha yroJ1 90°. Tak kak HAPKEHHOCTH 3JIEKTPUIECKOTO T MATHUTHOTO TTOJIS
MeXIy 00KTajKaMi KOHEHCATOPA CABUHYTHI HA TAKOW JKe YTOJI, TO UX MPOU3BEICHITE
S = EH saBasercsa 3HakomepeMeHHON (DYHKIINeH, cpefHee 3a Mepuoj 3HaAYeHe KOTO-
POl paBHO HYJIIO.

B oany derBepTh nepuopa umeeM S > 0 U 2JIeKTPOMArHUTHAS dHEPIHs MOCTYIIAeT

BHYTPb KOHJIEHCATOPA, TOT/Ia KaK B CJEAYIONIYIO YeTBepPTh Iepuroja noaydaem S < 0
¥ 3JIEKTPOMArHUTHASI SHEPIHUs MepelaeTcs U3 AUAJIEKTPUKA KOHIeHCATOPa.
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6. YuursiBas, uto R < D, OyzeM cuuTarh, 4TO dJEKTPIUe- H

CKHe OCH ITPOBOJIOB COBITA/IAIOT € UX TEOMETPUIECKUMHU OCSI- r s

Mu. HanmpsskeHHOCTH 37IeKTPUYecKoro 1 MarHUTHOTO mosreit € “E_/T_“* ----- ®
l l

B TOUKe A 3amuiieM B BHIE: Puc. P29.1

T T T (1 1
E(r) = + =—| -+ ,
2ner 2ne(D —r) 2me\r D-vr

H(r)=Z+Z=Z[1+ 1 ],
2nr  21(D -7v) 2m\r D -—r

re r — pacCToAHUE OT T€OMETPUYECKOIO IMEHTPAa OJJHOTO M3 IPOBOJAOB /10 TOYKH A

(puc. P29.1).

. Cu , meu
YauTbiBast, 4TO JIMHEHHAS IUIOTHOCTD 3apsijia T = —— = , HAXO/[IM
[ InD/R
. 2
E(r)=—~ [1+ ! J S(r)=—2=2 b
2InD/R\r D-r 4r[r(D -r)]> InD/R

Ha puc. P29.1 noxazano nanpassnenne Bektopa S [lolinTHTa B 0/{HOI M3 TOYEK T1I0OC-
KOCTH, TIPOXOJISIIEHl Yepe3 0cu MPOBOOB. VIX 3HaueHusT TIPUBE/EHbl B TAOINIIE.

A M 0,06 0,1 0,2 0,4 0,6 0,8 1,0

$10°% |Br/m® |44,5 16,7 4,65 1,47 0,85 0,65 0,6

7. [lna HAlPSKEHHOCTH JIEKTPHIECKOTO 1 MArHUT- . R A_l4 D14 :

Horo nogyeii (puc. P29.2) moxeMm sanmucath BbIpake- —=—E== = == .
HUS (CM. pelienre TpeabIAyInel 3a1aun): l I D t} ! ! ' 2,

P 2 Y LI L i

1 H | 1

D 1 ! ! i

(o) = —— 250 , e e

2(D*/4-y?)InD/R | a b

) I 1=2/4 i

i(x,) D — .

H(x, ) = _xHD Puc. P29.2

2m(D[4-y")
Hampsixenue Mesk /1y TPOBOAMU 1 TOK B HUX PACTIPe/Ie/IeHbI BIIOb JIMHIM 110 3aKOHY
(em.T.2,§17.3)U=Uchyx — I,Zshyx, I =1 chyx - % shyx, tneU,, I, — xommiexc-

Hble HANPSIZKEHUE ¥ TOK B Hayaje JIMHWUM.
Tak Kak JMHUST HATPY’KEHA HAa BOJHOBOE CONPOTUBJIEHKE, TO MOCJIEHEE BhIPAKEHIE
moskeM 3anucathb B Busie U = U, (ch yx — sh yx), I = I,(ch yx — sh yx), win, yunrsiBas

27 . 27 . .. 2@
]x:cosfx, shjx =3 sme,

2m .
COOTHOIIEHUS ¥ = — j, ch ==
A A
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2 2
“x

U :U(cosinx—jsininxj:me]Kx, I :I'leijx :

.31

Ha munnsix a — a’' u b — b’ umeem x, = 1./8, x;, = 31./16, tax 4o UazUie_]Z,Uh=U1e_J 8 u

UID* . 2( nj
S, = sin“| ot —— |,
2n(D*/4—y*)’ InD/R 4
2
S, = - UID2 - sinz(wt—an.
2n(D*/4-y*)’InD/R 8

Kak Bugno, umeeM S > 0 u, cienoBaTesibHO, B TI000H MOMEHT BPEMEHH DHEPIH dJICK-
TPOMArHUTHOTO TOJISI TIEPe/IaeTCsl OT UCTOYHUKA K HArPy3Ke.

8. loacrasnss B ypasHenus aaunHoi munnn (em. T. 2, § 17.7) U =U ,ch yx +1,Z sh yx,
[=1,chyx+ % sh yx BesmunHbI & =Z¢'™ chyx = cos %x, sh yx =7 sin %x, 1o-

2
JLy4VIM:

U=U, cosﬁx+e'j“/6jsin2—nx , I=1, cos@x+e-f“/6jsin@x .
A A A A

TTpn :% iveem U, =12250,6™, [ 0707 [,/ wm u, = 1,225 72 Uysin (01 +30°),

i,=0,707 \/512 sin (o ¢ +30°). Ipu x, = /16 naxoqum U, =U, (1,11 +j 0,33), 1, =

=1,(0,73 +j0,33), uy = 1,16 52 U, sin (ot + 16°), iy = 0,8+/2 I, sin (ot — 6°),

__ 0138U,I,D*
(D?*/4-y*)*InD/R

_ 0,148U,1,D*
(D*/4-y*)*InD/R

sin? (ot + 30°),

a

sin (ot + 16°) sin (o — 6°).

b

[Ipu [=0,02 A numeem x, = 0,014, x, =0,0051, cos %xa ~1,sin %xa =0, cos %xb ~1,

2

sin 2—nxb50, S, =5,= i U212P i sin ((ot—n)sinmt.

A 2n(D*/4-y*)* InD/R 6
[Tocrpous dyHkIiwmio Sy, (1) pu [ = 0,25), a Takske dyHKIwo S, () = S, (¢) mpu [= 0,022,
BUANM, YTO B HEKOTOPbIE TTPOMEKYTKI BPEMEHU OHU OTPUIIATENbHBI, T. €. B 3TU TIPO-
MEXYTKHU BPEeMEeHU TTOTOK 3JeKTPOMATHUTHON 9HEPTUHU HaIpaBJieH He K MTPUeMHUKY,
a OT Hero K reHepaTopy. [Ipn peakTHBHOM M/ CMeTIaHHOM XapaKTepe Harpy3Ku Mpo-
UCXOAUT 0OMEH 2JIEKTPOMATHUTHOM SHEPTrUeil MeKAy IPUEeMHUKOM W JIMHIEH, ITpejl-
CTaBJISIONIEH 060U HAKOMMTENb SHEPTUH, PACITIPEAETECHHBIN BIOJIb JUHIH.
OTMmeTHuM elrie pas, 4YTO €CJId JUHUS HArpy’KeHa Ha BOJHOBOE COIPOTUBJIEHHE (CM.
y1p. 7), To nipu J060M x umeeM S > (), Tak Kak HaIpsiKeHUe M TOK COBITAIAIOT 110 (hase.
B atom ciydae He ipoucxoauT oOMeHa 3JIeKTPOMArHUTHOIN 9HEprueil MeK/Iy TeHepa-
TOPOM U TTPUEMHUKOM, a OCYIIECTBJISETCS TOJBKO ee Mepeayva.



OTBEeTLI Ha BOMPOCHI, PellieHns ynpaxkHeHuii u 3agad 349

30.1. NMnockas 3N1eKTPOMarHUTHasl BOJIHA B NpoBoAsLLEN cpeae

BOMPOChHI

4, COCTB.BJIHIO]_[II/IG HaHpH)KeHHOCTefI JIEKTPUYIECKOTO M MaroHMTHOTIO I10JIA ILJIOCKOM
SJICKTPOMB.FHI/ITHOIL/'I CHHYCOHI[aJIbHOﬁ BOJIHBI B MJ€aJIbHOM [AUIJIEKTPUKE COBIIA/IaIOT
110 (1)8.36, B CBA3U C YEM OTHOIIEHNE NX KOMIIJIEKCHDBIX 3H3.'-I€HI/II‘/JI, oIlpezeJsidaonee BoJI-
HOBO€ COIIPOTUBJIEHUE, ABJIAECTCA BEIIECTBECHHDBIM.

Kax BuHO 13 perienns: ypaBHEHW OTHOCUTEIHHO COCTABJSIONINX HATIPSKEHHOCTEH
3JIEKTPOMArHUTHOTO TI0JI CHHYCOW/IAJIbHOM BOJIHBI B TTPOBOJIATIEH cpejie, BeTMYNHBI
E(t), H(t) caBumyThl 110 (ase Ha yroji 45°. [1oaTOMy BOIHOBOE COIIPOTUBJIEHHUE TIPOBO/ISI-
TIEH CPeJbl SIBJSETCS KOMILIEKCHBIM U HOCUT aKTUBHO-UHIYKTUBHBIN XapaKTep.

5.B Hen/eajqibHOM /IU3JIEKTPUKE ITPOTEKAIOT BUXPEBbIE TOKU, ITPEIIATCTBYIOIINE ITPO-
HUKHOBEHHUIO SJIGKTpOMaFHI/ITHOfl BOJIHBI B FJIY6B Cpeabl, B CBA3U C 4YEM BOJIHA 3aTyXa-
€T I10 MEpe €€ yaaJeHnA OT ITOBEPXHOCTU JINIJIEKTPUKA. BI/IXpeBI)Ie TOKHW IIPUBOJAT K
BbI/ICJIEHUIO TEIlJIa U HAI'PEBY /INIJICKTPUKA.

6. [IpuBenmenHoe COOTHOIIEHWE, OIPEIENISIONIee BOJHOBOE COTPOTUBJIECHUE CPEIBI,
CIIpaBe/I/INBO, KOTZla BXOAAIMe B Hero Bemununl E, H — HalpsKeHHOCTH COCTaB-
JIATOTIUX TTOJIS TA/IA0Ieil BOJMHBL. B niacTiHe KOHEYHON TOJIIIMHBI HAPSITY € Ta/laio-
IIeii CyIecTBYeT TakKe U OTPasKeHHas OT ee TpaHUI] BoJsiHA. [loaTOMy oTHOIIEHME Be-
mmunn E n H we onpesienser B 9TOM cIyuae BOJHOBOTO COIPOTHBJICHUS CPEIbl.

7. B 11060ii TouKe Ge3arpaHuYHOI IIPOBOASIIEN CPeIbl YTOJI CABUIA MEXK/IY BeJTUUNHA-
mu E(t), H(t) coxpaHsieTcst HeU3MEHHBIM 1 PaBHBIM 45°,

8. C pocToM 4acTOTHl yCUINBAETCS BAWSHIE MHAYIIMPOBAHHBIX B MIPOBOIAIIEN cpejie
BUXPEBBIX TOKOB, OCJIA0JISAIONIMX CTOPOHHEE 3JIEKTPOMArHuTHOE 1oJie. I1oatomy cko-
POCTD 3aTyXaHUS TOJIS BAOJIb KOOPAUHATEI €T0 PACIPOCTPAHEHUS BO3PACTAET U TITy-
61HA TPOHUKHOBEHUST TTOJISI B CPENY YMEHBIITAETCS.

9. ITosmyyaemas mpu TakoM crocobe OIpeieeHrsl CKOPOCTh HOCUT HazBaHue (aszo-
BOIi. BBenennas npu n3y4eHnun aJIeKTPOMATHUTHOTO TI0JI B IUaJIeKTpuKe (cM. § 29.1)
CKOPOCTH PacIpPOCTPAaHEHUs BOJH TaKke SBJsgeTcd (a3oBOil, HO OHA OJJHOBPEMEHHO
SBJIIETCS U CKOPOCTBIO PACTIPOCTPAHEHUS 3JIEKTPOMATHUTHON BOJIHBIL

MaszoBast CKOPOCTDb PACIIPOCTPAHEHUS BOJIHBI B IPOBOJISIIIEN CPEJle 3aBUCUT OT 4acTO-
ThI n3MeHeHus mossd. OHa XapaKTepu3yeT 9JTeKTPOMaTHUTHBIE TIPOIIECCH B TTPOBOIS-
et cpefie TOJMBKO MPU TAPMOHMYECKOM 3aKOHE M3MEHEHWST TI0JISI BO BPEMEHM.

YNPAXHEHNA

1. DulekTpuyecKue 1enu ¢ MUHUMAJIbHBIM YUCJIOM JIEMEHTOB, UMEIOIIE COITPOTUB-
nenne Z= (1 + j)Jou/2y =r+ jx, comepkaT pesucTop U KaTyIlKy WHIYKTUBHOCTH, CO-
e/IMHEHHbIE TIOCJIEI0OBATEIbHO WU TTAPAJITIEIbHO.

[Mostyyaem r = x = \Jop/2y 0pu HOCJAEIOBATENLHOM, & = b = \/y/20W TpK Mapaiiesb-
HOM COeJTUHEHUH.

3. PacriosioskuM Hayasmo MPSIMOYTOJTBHON CHCTEMBI KOOPAUHAT B CEPe/lHe CeueHUs
IIMHbI U HAIIPABMM OCH, Kak ykazano Ha puc. P30.1. Umeem E = F ,H =H, .
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. i . 2d
Onpesennm u3 rpanndnbix yeaosuit H = I[/2h npu z = —d, H = —1/2h —

1pu z = d MOCTOSTHHBIE, BXOAsAIHe B pelierne H = Aje”* + A,e™ ypaBHe-

d*H S J g I
;- =JougyH, a” = jop,y. U3 ypasuenuii A1 + A,e ™" = o

HUA

Aief(xd + A2e(xd: _[/Zh HAXOUM A1 :#y A2 = —# 1 ICKOMOE

4hshod 4hshod

: 1
penieHune 3aluniieM B Bu/e H=-——_shazC IIOMOIIIBIO YpaBHEHUA

2hshod x

dH
'YE = —7 ornpenesideM HallPpAKEHHOCTD 9JIEKTPUYECKOTO 1014 U T1JI0T-
74

HOCTB TOKa E = R chaz J = o ch az.
2yhshad 2hshod Puc. P30.1

[Tpu TOCTOSTHHOM TOKE COTIPOTUBJIEHUE 7y IMHBI JTTMHOM [ MOKHO HalTH 110 (hopMmy.ie

)

7p = — = = ——. |Ipu mepeMeHHOM TOKe HEPruio, MPOHUKAIOIIYI0 CKBO3b TTOBEPX-

s 2vhd’
HOCTD IIIUHBI, MOKHO PACCUUTATH € TIOMONIBIO BhIPAKEHUS § = §(E H) ds, a BHyTpeH-

S
HEe peaKTHUBHOE U aKTUBHOE COIIPOTHUBJICHMA HIMHbBI COOTBETCTBEHHO I10 (bOpMyJIaM

2hl 2hl

Koy = §>(E H)ds = —Im(E H) ,r="+ e Re(E H),_,.

[Toxcrasisist B nocseuee BblpaskeHue Haii-

BbIP: /
JE€HHDbIE BbIIIIC BEJIMYMHDBI Eun H, IoJiyqyaeM 2,2 "
2,0
= L Re [(X Cth (X,d] 1.84
2vh L6d
u r/ry=kd Re [(1 +j) cth (1 + /) kd], 1,44
1,21
e k = Jouy/2. [Ipu BBIYMCIEHNSAX UCTIONb- | 0]
3yEM COOTHOIIEHWE 0,81
h(1+ j)kd o
cth(1+ j)kd = S FDRE 0.41
Sh(1 + ])kd 0,24 f
_ sh2kd — jsin2kd 0" 20 40 60 80 100 120 140 160 180200 It
ch2kd —cos2kd Puc. P30.2

Kpusast 3aBucumoctu 7/7y = ¢ (f) nokasana ua puc. P30.2.
5. Yuursisas, uto J(2) = ch(1+ j) kz = ch kzcos kz + j sh kzsin kz (cM. pernenue yrip. 3),
HAXOIMM, YTO Ha paccTossHuu 2d ¢aza MIOTHOCTH TOKA M3MEHSIETCS Ha BEJIUYUHY

Ay, = arctg (thkz tgkz). 3 cootnomenus AY, =2nn nonyyaem nn = kd, k= %n

wr-2(5)
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[ToxcraBiss yncieHHble 3HadeHus, noiaydaeM f = 440 I'm ipu n = 1, f = 1750 I'n
pu 1 = 2.

30.2. AKTUBHOE U MHAYKTUBHOE CONPOTUBJIEHUS NPOBOAOB
BOMPOCHI

6. Tak kax IIepeMeHHOe 9JIEKTPOMAIrHUTHOE I10JI€ ABJIAETCA BUXPEBBIM, TO HAIIPAKE-
d

HUE Uyy = I Edl 3aBucut ot BbIOOpa MyTH MEXKIY TOYKAMU d, d. JIpyruMu cioBamu,
a

MTOKa3aHUe BOJBTMETPA 3aBUCUT OT PACIIOJIOKEHUS] €T0 COETMHUTETHHBIX MTPOBOJIOB,
MOAXOAAIINX K TOUYKaM a, d. Yem OOsbIIMiA BHEHTHUI MAaTHUTHBIN TIOTOK, CO3/IaHHbII
TOKOM JKUJIBI KabeJist, OXBaueH COeANHUTENbHBIMU TIPOBOIAMHU, TeM OOJIBIINM OyAeT U
MoKazaHue BOJbTMeTpa. [109TOMY TIpH PaciosioKEeHUH MPOBOAOB BAOJb JMHUU ad
(em. puc. B30.1) nokasanue BosibrMeTpa Oy/IeT HAaMMEHbBIIMM, B 9TOM CJlydae MPOBO-
JaM¥ OXBaueH JINIIb BHYTPEHHUN MarHWTHBIN TOTOK TpoBoja. [Ipn pacrnomoxennn
IIPOBOJIOB BIOJIb IMHUK abed oKazaHue BoJsT™MeTpa Oy1eT HaubOoJIbIINM, TaK Kak Ha-
PSILy ¢ BHYTPEHHUM TIOTOKOM M3MEPHUTEJbHbBIE TPOBOJA OXBATHIBAIOT TAKKe MTOJTHO-
CTHIO ¥ BHENTHWI MarHUTHBIN TOTOK, MPUXOAATIIICS Ha AIUHY [ JKUJIBI.

8. PeGpa 1 yriibl TeJ1 B ICHCTBUTEIBHOCTH BCEr/[a UMEIOT KOHEUHBIH PajinyC 3aKpyTJie-
HUS, TaK 9TO WX MOKHO alTIPOKCUMUPOBATH COOTBETCTBEHHO MUITUHAPOM U chepoit
pagumycoM R. CoOTHOIEeHWe pagnyca 3aKPYTJE€HUS U JIUHBI A 3JeKTPOMAaTrHUTHOMN
BOJHBI B (DePPOMArHUTHOM TeJsle OTMpesesisieT BO3MOKHOCTh PACCMOTPEHUS TTOCTeT-
Hel Kak IJIOCKOM: npu R >> A ee MOKHO CYUTATD TJIOCKOM.

B nnockoii BostHe xapakTepusytoliue ee BeKTopbl E, H 3aBUCAT TOJBKO OT OJHOU KO-
OPIMHATBL. ITO YCJIOBHE B PACCMAaTPUBAEMOM CJIydae BBITIOJHSIETCS TPUOJIKEHHO,
€CJIU JIJINHA 9JIEKTPOMATrHUTHOMN BOJIHBI B (DEPPOMArHUTHOM TeJie 3HAUUTETHHO MEeHb-
1l PACCTOSTHUS, OTCUUTHIBAEMOTO BJIOJIb €T0 TIOBEPXHOCTH, HA KOTOPOM aMILIUTY/A
BexTopoB E, H mpeteprieBaeT 3HaUNTENbHOE N3MEHEHNE.

YNPAXHEHNA
2d 2d
1. O6osHaunm mmHbl 1dpamu 1, 2, a UX AJIUHHBIE CTOPOHBI OYK- ]
Bamu a, b (puc. P30.3). [lsist pacuera moJist BHYTpH J1t000# U3 MIWH ]
MPUHMMAEM TIPSIMOYTOIBHYIO CUCTEMY KOOPAMHAT, CBSI3aHHYIO C I ¢ 2
TOIl IMUHOM, TT0JIe B KOTOPOU PAacCYUThIBAEM, U paciojiaraeM Ha- , ,
4aJI0 KOOP/IUHAT B I[EHTPE CEUEHUSI IITUHBL
HarnpskeHHOCTh MArHUTHOTO TI0JIsI B JIFDOOH 13 TITHH 3aIMChIBaeM
B Busie H = Aje * + A,e* u onpezieisieM TIOCTOSTHHBbIE Ay, Ay U3 & 4 I
yenosuil H=H, npuz=—duH =H, npuz=d. i i
: - sha(z-d) , sha(z+d)
H=-H, +H, . b b
sh2ad sh2ad
. . . . . a a

Vcnomnbays rpannynbie yeaosus H,, =0, H,, =—I/h, H,, =—1/h,

] Puc. P30.3

H,, =0, noryyaem:
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I sha(z+d) J _ocif cha(z+d)

TR sh2ad ' TR shad
:isha(z—d) J :_(Lj cha(z-d)
> h sh2ad = 77 h  sh2ad

Kpusbie 3aBucumocteii | H,(z) | 11st 3a1aHHbIX YMCIEHHBIX 3HAYE€HUI N300paKeHbl Ha
puc. P30.4.

COHpOTI/IBJIeHI/Ie TOKOIIPOBO/Ia COAEPKUT aKTUBHYIO U PEAKTUBHYIO COCTaBJIAIONINE, TIPU-
YeM IOCTIeHIOI0 MOJKHO Pa3Je/inTh Ha /IBE: X; U X, O6yCJIOBJI€HHbIe COOTBETCTBEHHO

BHYTPEHHUM U BHENTHUM MarHUTHBIMU MOTOKaMU: Z = Zy + Ziy + jx, = Z; + jx,. BHyT-
peHHee CONPOTHUBJIEHNE Z; OMHOM IIMHbBI TOKOIIPOBO/IA PACCUUTAEM TI0 (popMyJie

Zi=— ! § [E, H]|ds =% Icth 20d,
g vh

c
a BHelHee — 110 hopmyie X, = ® L, = o po/ X rJle ¢ — PacCTOSTHUE MEXKY IMHAMM, [ —

JJINHa ITWUHDBI.

10%]1H1
sP = sory 4 100]
4 AUMIM
4 Vv
3 >‘/ 7 ]
X f /\ 6 /l
/fz/ﬁf//// . Z )
P%5% = 2000y ; 7
> =800y 1
=1 """ . YTt
108 6450 2 4 6 810 wm 077200 T 400 600 800 Iy
Puc. P30.4 Puc. P30.5

[TozcTaBstst YMCAEHHbIE 3HAYEHWS, HAXOAUM 3aBUCUMOCTD 7' = 7'(f), n300pakeHHYIO
Ha puc. P30.5.
2. Bocriosib3yemcst IOJIy9eHHBIM B TIPEbIAYIIEH 3aaue perteHneM

sha(z-d) I sha(z+d)
* sh2ad " sh2ad

OTIPEIEISTIONINAM T0JT€e B 100071 U3 MINH, 3aIICHIBASI IPEIBAPUTETHHO BeTNInHbl H |,

Hlb’ HZa’ sz’ st H3b3

H=—H

’

OH:I L I _ L oy _g o L
v o % N
1 I. I . . .
H, =—--L4+-2_73 l,-1,), H,,=H,,, H, =0.
2b 2/’l 2/1 2h 2l’l( 3) 3a 2b 3b

[Tonyuaem:
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I sha(z+d) j - ol, cha(z+d) 105 | 1]
[ Y 2 e T ’ 141 A/r?
h  sh2ad h  sh2ad ]
12
o LshaG=d) 1 o, shaGrd) WL
h  sh2ad 2h sh2ad <
2:Lhcha(z—d)_&(_l1+12_Ig)choc(2+d)’ 61
2h  sh2od 2h sh2ad 41
: 1 sha(z - d) 2]
Hy=——-1,+1,-1,))———=, z
’ 2]1( 1752 3) sh2ad %6 3 0 3 6 mm
cha(z— d) Puc. P30.6

- o
Jy= L, T
3 =9 Chr b=l —=30

3asucumocts | J,(2) | uzobpaxkena na puc. P30.6.
3. [IpuMeHss 3aKOH MOJHOTO TOKA, MOKEM IIOJyYUTh BEJMYNHbL:

. . ) . I ) .
Hla :HSb =0, Hlb :Hza :_;1» sz :H3a :7‘

s vaxoxkaenus: Benmund H,, = H,, BOCIIOJIb3yeMCsl BBIPAsKEHIEM, OJYYeHHBIM
npu pereHun ynp. 1:

I,

- _f sha(z-d) o sha(z+d)

“ sh2ad " sh2ad
a TakKe BbIPasKeHHeM
potdil _p o chaz=d) p o cha@z+d)
v dz vy sh2ad vy sh2ad

Boi6upast KoHTYp [THHO [, 00pa3oBaHHbIN JIMHUSMM, JIEKAMNMA Ha cTopoHax 1b u 2a
IIMH, 3aITUIIEM ypaBHeHUe iﬁE dl = - jo® B Bune E, [ -E,l =—jop,clH, n, yan-
1

Iyo ol cth20d, E,, = a—f; cth 2ad, nocne mecaoxHbIX

yhsh2ad  yh

ThIBad, uTo E,, =
I

(2cth2ad +oc) sh2ad

sHavenus, nomydaem: I, =12 —j 215 A, I, = 988 +j 215 A.

HpeO6paBOBaHI/Iﬁ HaXO/IM: [1 = HOILCTaBJIE[H YHCJIEHHbIE

4. Y4uTBIBad yCIOBUS CUMMETPUHN, MOJKEM Ha OCHOBE 3aKOHA MOJIHOTO TOKA 3AMNCaTh
COOTHOIIEHUSI:

H,=H, =0, H),, =H,, :_2(11 +1,), H, =H,,=H,, =H,,.
Benmuuny H |, HaiizieM, HCTIOMB3YS 3aKOH 3JIeKTPOMATHUTHOM WH/YKITHHI ﬁE dl = —jo py®
[

1 BbIOMpask TaKOW KOHTYP MHTEIPUPOBAHUS, JIMHA KOTOPOTO paBHa [ U JiBe CTOPOHBI
KOTOPOTO TIPOXO/AT B0 iunnii 1bu2a E,,l - E,,l = —jou,cl H,,. 3amicsiBasi BbI-
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paxenus ana E,, E,,, H,, 1 IOBTOPsis pellieHye MPe/blLyIIero ynpaxHeH s, Toy-
YaeM BBIpakeHue /IS TOKa 1.

5. Kak u nipu perteninu yup. 3 u 4, BeIpakaeM BHavajie HAPSLKEHHOCTh MATHUTHOTO
T0JIS1 HAa CTOPOHAX @ ¥ b 1IMH Yepe3 X TOKU. J{Jist HaxOosKIeHUsT TOKOB TITUH 3alTUChIBA-
eM ypaBHEHUE §;E dl = — jo® juist KOHTYpa ATNHON [, 00pa30BaHHOTO JIMHUSIMH, JIEsKa-
[
MUMA Ha CTOPOHaxX 1H u 3a nmmH. AHATIOTHYHOE ypaBHEHNE MOYKEM 3alucaTh U IS
KOHTYpa ¢ JUHUSIMH, JIeKaIUMI Ha CTOPOHaX 2b U 4a TITIH,
7. Bynem cunrtatn, 9TO TOK [, 1epBO (pasbl mpoTekaeT 1Mo JIEBOH MMHE, TOK BTOPOI
dazwr 1, =1,(—-0,5 fj\/§/2) — 1o cpexHeit, a Tok I, = 1,(-0,5 +j\/§/2) Tperbeit da-
3bl — M0 MpaBoi nirHe. HanpsykeHHOCTh MArHUTHOTO MOJISI HA JUIMHHBIX CTOPOHAX
TITHTH:
. . . i . . |

_ _ _ _ 1 _ _ _ " :
=H,; =0, H), =H,, T H,, =Hs, T _ﬂ(_1+]\/§).
AKTHUBHBIE COTTPOTUBJIEHUS TITUH PACCIUTHIBAEM, TIOJB3YSICh BHIPAKEHUSIMU

Ih L Ih L L . .o
=13 =I—2 Re (=E,, H,), 1 =I—2 Re (£, ,H,, -FE,, H,,), tne E,, =—H, — cth 2ad,

; Y

1 2

. o o 1 - -oa 1 -a
E, =H, =cth20d-H,, ———— E,, =H, ———— — H, — cth 2ad.
2a 2a v 2b v Sh2(ld 2b 2a v Shzad 2b y

Boionnas necaoxubie npeobpasosanust, Haxonaum: 71 = I/yh Re (a cth 2ad),

i I

la

1 o
ry=1/vh Re a (2 cth 20d — m), U TIOCJIe TTOJICTAHOBKM YHUCJIEHHBIX 3HAYEHMI 10~
sh2a

aydaem: 7 = 1,8:107%-1 Om, 7, = 2,34-107°-/ Om.
8. CooTHomenue, ceasbBatomniee Toku I, I7 mn nepsoii dasw 1] + 1] = I,, nononanm

ypaBHEHUEM §E dl = —jo®, 3anucaHHBIM JIJIsT KOHTYPa, JJUHHbIE CTOPOHBI KOTOPOTO
[
(mmuHOI [ Kaxaas ) IPOXOAAT BAOJIb IIUH 10 CTOPOHAM 15 1iepBoOil IMHBL 1 2a BTOPOIi

wner: E,, — E,, = —jou,cH,, = jou,cI]/h. Yaurssas, uto E, = —-H, & cth 20d,

E, =H,, % = ¢th 20d - H,, g$, H, =H,, H,, =—I/h naxonum mocre
Y v sh2ad
IIPOCTHIX TIPe0GPA3OBAHMIT BRIPAKEHIE, AHATOTHYHOE T0JyYEHHOMY HPU PEHIeHHH
. i . . .
up. 3: 1] = ! . ITpu pacuete Toxos I/, I ypasuenue ¢ E dl = — jod
VP2 = Cthoad +acysh2ad T ¥ »i2 P f /
npunumaer sun E,, — E,, = —jou,cH,, Tae
E/m:HdagCth2ad_H/1bL’ H/la:HBb’ H/lb:]i’
Y ysh2ad h
. . . i i
Ey=H,, —% —H, %cth2ad, H,, =--L.
‘ " ysh2ad Ty h

Ncnonb3ys st cCOOTHOIIEHN, HaX0UM Beanyuny H ., u nanee toxu [, .



OTBETLI Ha BOMPOCHI, PellieHns ynpaxkHeHuii n 3agad 355

9. IlpuHKrMast JOIyIEeHNE, YTO JMHUN HATPSKEHHOCTH MarHUTHOTO TI0JIsI B 11a3y Tia-

paJIJIesIbHbI JIHY 11a3a, B IPSIMOYTOJIBHON cucteMe koopanuat umeeM H = k H . Tlpu

h <y <h; umeem H = [/d = const B cumy ycioBus 1 = oo BemecTsa 3yOII0B 1 TeJa Po-
) -

5~ =Jo pgy H caiejlyet pemath npu rpaHAYHbIX YCIOBUSX

Topa. [loatomy ypaBHenune

suga: H =0npuy =0, H = I/d upu y = h. Onpete- |1
7uB BXoxsAme B pemenne H(y) = Aje ™ + Ay,e™ 10°]10°
noctosHubie Ay, A,, IOJTydaeMm: A%_ /11(/)“"2 /
. 949 /
H(y) = I shay Jy )_d7H o chay ol ///
d shah' dy 'd shoh g: Z /
DJIEeKTPOMATHUTHOE TI0Jie TMTPOHUKAET B MPOBOJ Z: i |j|\/ A i
CKBO3b €T0 BEPXHIOIO IOBEPXHOCTDb, OTPAHNYCHHYIO g: g B>
JH/IHI/IeI‘/’I y = h, Tak 4TO Hl_L==* y
0 1 2 3 4 5 cm
—Re § Sds = y—dRe (acthah) = 2,3-107% Om. Puc. P30.7

Kpusbie H(y), J(y) 1pu 3ajaHHbIX YUCIEHHBIX 3HAYEHUSX M300paxeHsl Ha puc. P30.7.
)
;- = Jou,yH, onuceiBaio-

10. 3amurreM pentenue auddepeHImaIbHOTO YpaBHEHW

11ero 1noJie B I06OM U3 TIPOBOIHMKOB PU IPaHUYHOM ycJoBun obutero Buga H = H ,
npuy =0u H = H, npu y = h Ha CTOPOHAX IPOBOIHMUKA:
sha(h —y) o, shay.

sho/ shoh

Ha croponax nposopnuka 1 nmeem H,, =0, H,, =1 /d, Torma Kak Ha CTOPOHAX MPO-

Hy)=H,

Bonka 2 — H,, = I/d, H,, =2 1/d. Tlosromy MoKeM 3amicaTh COOTHOTICHHUS:

: Ishoy I
H =— , H = sho(h —y) +2shay],
@ =— o 2 (%) h[ (h-y) yl
Ji) =L ehe Gy T cha(h-g) +2chay]
d shah ds h ah
103 1H]

AKTWBHOE COTPOTUBJIEHUE MPOBOAHUKA 1 MOXKHO  40] A/m
paccuutath 10 (HopmyJie, TOJYIEHHON TIPHU pele- 367 /
HUM ynp. 9, cONpOTUBJIEHUE TIPOBOJHUKA 2 — IIO ;é /
hopmyie 24 /

¥ A
— Re § Sds = 'é' /
41 /

Y
de [E,(h) H,(h) - E,(0) H,(0)]. 0 051,01,52025303540 cu

Puc. P30.8
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Kpusas zaBucumoctu H(y) nzobpaxena Ha puc. P30.8. I[Ipu 3aaHHbIX YHCIEHHBIX
3HAYeHUsAX TosTydaeM 7q = 3,58-104 Om, 7, = 1,67-10° Om.

11. 3anuimem HaNpsKEHHOCTH 3JIEKTPUYECKOTO T0Jist Ha cTopoHax 1b (tipu yq = h)
u 2a (pu Y, = 0) TPOBOTHUKOB, TOJb3YSICh PellleHueM TTPeIbIAyIIel 3a1aun:

. I,a .

E,=—"—chah E,, = (I I, ch ah).

yd shoh vd sha
JL1st HaxosKieHUsT TOKa TIPOBOAHMKA 1 3amuiieM ypaBHEHHE 3aKOHA 3JIEKTPOMAarHuT-
HOU MHIYKIIUKU j;E dl = — jo®, BoIOMpast KOHTYP WHTETPUPOBAHUS CO CTOPOHAMM, COB-
!

TajlafonMe co croponamu 15, 2a nposomuukos: E,, — E,, = —jou,cI,/d. 3nech ¢ —
paccrositine Mexxy cropoHamu 1b u 2a nposoanukos. [locTaBiisist B 9T0 BbIpaskeHue
Besnunisl E,,, E,,, ToJgydaeM mocJie mpocThiX MpeodpasoBaHmii

{ =-6,6 fj9,3A,I.2=I'fl'1=106,6+j9,3A.
2chah +acshah

AKTWBHBIE CONPOTUBJIEHUS MTPOBOJIOB PACCUUTHIBAEM TaK K€, KAK U TP PelleHnn
yup. 9 u 10.

1 =

12. TlpuBeaem pelieHne Mpy MapajieJIbHOM COeNHEHNN MPOBOAHNKOB. Obo3Havast
TIPOBOJIHIKM, HaUWHasE OT JHa Tasa, ndpamu 1, 2, ..., n, a uX cTOpoHsI Kak 1a, 15, 2a,
2b v T. 1., MOKeM 3amucaTh Ha OCHOBE 3aKOHA TIOJTHOTO TOKA BEJTMYMHBI HATTPSIKEHHO-
CcTell MAarHUTHOTO II0JIS:

) i . . I . I +1
Hm:O’ Hlb :j» H2a:H1b:j7 H2b = 1d 2r-~-’
a0 IR IR PR i L+ 0y,
na d ’ nb d

B cootBercTBUN € 3aKOHOM :—meKTpOMarHI/ITHOH WH/IYKI[UH JIJISE KOHTYPA CO CTOPOHA-
mu kb, (k+ 1)aumeem E, — E,, , = —jop,cH . 3nech ¢ — pacCTOSIHIE MEKLY CTOPO-
Hamu kb u (k + 1)a mpOBOIHUKOB.

KosimuecTBO TakuX COOTHOIIEHM, MoaydaemMbix mpu k=1, 2, ... n — 1, paBHo n — 1.
Bxonsume B Hux Bemunnbt £, [, BhIpakaioTcs uepes TOKH I why,..., I tpoBoHY-

KOB, Tak Kak (cM. pemerue ymp. 10)

sha(d —y) H shay

H,(y)=H ,
(o) * shad * shad
' ; o cha(d-y) ,; ochoy
E =-H,, ———+H, —,
() ka y shod " . shod
i I CIRs 1) - +(f1+j2+...+jk)(x cthod
! vd shad vd ’
Ek+1,a =—Mcthad+([1 +IZ+"'+Ik+1)0~ 1

vd vd shod
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st naxoxkaenus n TokoB Iy, I,,..., I, caepyer (n — 1) coorHolIeHUe JOIOTHUTD
ypasuenueMm [,+ [,+...+ [, =1

13. Ilpu 3agaHHOIl TeOMETPUU IMWH BO3MOKHO, YUUTHIBAS COOTHOIIEHUE Pa3MepPOB
(d < h), pasmenenne MarHUTHOTO TTOTOKA Ha BHYTPEHHHUIT, IMHUU KOTOPOTO Mapas-

JIeJIbHBI JIVIMHHBIM CTOPOHAM HIMH W IMPOXOJAT B TeJi€ IIWH, 1 BHeH.IHHﬁ, JIMHUHN KOTO-
POro MpoXoJAT MapaJijieJIbHO 9TUM CTOPOHAM IINH B IIPOCTPAHCTBE MEXK/Y HIMHAMU.

BHyTpeHHIOIO WHAYKTUBHOCTD HINH IIPU IEPEMEHHOM TOKE HaXOAMM C ITOMOIIbIO BbIPpa-

x; 2lh R
)keuust Ly=—-=—"——Im (12 E H |. YuursiBag, 4T0 Ha BHYTPEHHUX (0OPAIEHHBIX JAPYT
o o
. ol . x 21
K pyry) croponax mmH E == cth 2ad, H = I/h, nonyyaem L;=——Im(a cth 20d).
vh wyh
Hanps:xkeHHoCTb MarHUTHOTO TOJIST BHYTPH JIeBOM LilLo
iz
ITUHBI TIPA TIOCTOSTHHOM TOKe paBHa H; = —— (mipu (1)’8_
2dh 0.8
oTCYeTe KOOPJMHATHI Z OT JIEBOW CTOPOHBI IITUHBI). 8%' \
IHepPrusi MarHUTHOTO TOJISA, 3aKJTIOYeHHast BHYTPU 0,51 \\
2 i’ 4y, 231
mwH, papaa W, = o duLy= d. Buemnsaa 3 —
0,14 opy
MHIYKTUBHOCTD MMH paBHa L, = ulc/h. KpuBag 3a- 0 3 4 ¢ & 012 141618 107
sucumoctu L;/Ly = f(opy) nzobpaxkena ua puc. P30.9. Puc. P30.9

14. Ilpu pacueTe cONpOTUBJIEHUS TIPSIMOYTOJIBHON ITUHBI B YCJIOBUSX PE3KO BbIPa-
JKEHHOT'O TIOBEPXHOCTHOrO addekTa 1Mo BeJTUYNHON U, BXOISIIEH B BbIpaskeHUe

Z=(1+j)) i % , CJIelyeT MOHUMATh ITePUMET], PaBHbIH # ~ 2h. Vcob3ys HaligeH-
uy 2y

Hoe 1ipu perrennu ynup. 3, § 30.1 BwIpakenue Z; = 21}1 o cth od u BbIgEIAS BelecT-
¥

BEHHYIO I MHUMYIO YaCTH BeJINYUH Z 1 Z;, HAXOIUM TIOTPEITHOCTh PacyeTa aKTHBHOTO
U BHYTPEHHEIO PEAKTUBHOIO CONPOTUBJICHUI IUHBIL.
15. YuutsiBas cootHoutenne E = \Jou/yH, 1 UCHONb3Ys BHIPAKEHUE

me

o, H,
2y 2

P:

’

E2
HaxoauMm: P = 2L lu% (3mech u — ceyeHus MpoBoja, [ — ero InHa).
| 20u

16. BoipakeHue /711 BBIYMCIEHUS TOYHOTO COITPOTUBJICHUS TIPOBOJIA
[ . :
Lyrp = ﬁ,/ —jopy Jy(x)/J (%), rae x = R\|—jouy, MOXeM 3amucath B BUJe
) o

_L [ Jo(x): S
ZBnyTp_2TcR\/;(1 ]) Ji(X) rpn3(1 ]) Jl(x)’
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[ o
Tak Kak —— |2H = Tyws — AKTHBHOE COTIPOTHBJICHUE TIPOBOJIA ITPH PE3KOM IIPOSIBJIC-
2nR\ 2y
HUM II0BEPXHOCTHOTO addeKTa. YUUThIBasl, YTO aKTUBHOE COIPOTHUBJICHIE IIPOBOJA

onpezensiercsa Bbipakenuem Re [7,,, (1 — j)J0 ()
Jy(x)

], MOXeM 3amucaTth UCKOMYIO I10-

T'PEeIIHOCTb B BUE:

. -1
7., =7 -
e = " 100% = || Re TZ2@ 1499,
r Ji(x)

Jlst 3aiaHHbIX TapaMeTpPoOB UMeeM X = Ry/—jouy = 1,54\/? , €= —13,8%.

[ Rex.]o(x) 7
2myR? Ji(x)
e X = R+/—jouy, OKasbiBaeTcsl paBHBIM 7y, = 2,2-1074 [ Om.

17. AxTuBHOE COIIPOTUBJIEHME ME/ITHOTO ITPOBOJA 7y =

Takoe ke COMPOTUBJIEHNE MUMEIOT AJTIOMUHUEBBIM TPoBoJ paaumycoM R = 0,64 cm
U CTAJBHOU MPOBOA paanycoM R = 2,4 cMm.

18. ComnporuBiieHre MeIHOTO MTPOBOA AJINHOM [ TIPU TIEPEMEHHOM TOKE

! Re ¥ o (x), TaK 4To 1,,/79 = 2 (31ech x = R \/—jou,y,, ). Paauyc R crais-

) 2TE'Y MR)Zl J1 (x)
Jy(Re=jopr) | _ .
Jl(Rc \Y _]COHL,Y()J

rM

HOTO TIPOBO/IA HAXO/JMM, pelad ypaBHeHue Re [R —JjOR.Y.

R. =22 cwm.

19. MoxHO cunTaTh, YTO aKTUBHOE COMPOTUBJIECHUE TPOBOJA TPAKTUUECKU HE 3a-
BUCHUT OT CBOWCTB BEIECTBA CEP/IIEBUHBI, €CJIN HIEKTPOMATHUTHOE TOJIe TPOHUKA-
€T CKBO3b TIOBEPXHOCTH TPOBOJIA B ATIOMUHUI Ha TIyOMHY, PAaBHYIO 9KBUBAJIECHTHON
ry6une niponukHoBenust b = (nfuy,,) *°. U3 ypasnenus b = A naxoaum

f> % = 1810 Tt
TA WY,

30.3. HepaBHOMepHOe pacnpeaeneHne nepeMeHHoOro MarHUTHOro
NMOTOKA M 3JIEKTPUUYECKOro TOKa

BOMPOChHI

6. HpI/I BbIYMCJICHUU MHTETPpaJsla B 3aKOHE ITIOJTHOTI'O TOKa CJA€AYET IIPUHUMaThb BO BHU-
MaHue Kak CTOpOHHI/IfI, TaK 1 BI/IXpeBOfI TOK, OXBAaTbIBAa€MbI€ KOHTYPOM MHTETrPUPOBa-
HU.

7. IIpu TOCTOSTHHOM TOKE 3TO BBIPAsKEHWE TIPUTOIHO JJIsT HAXOKIeHUsT HATIPSIKeHHO-
CTM MarHUTHOTO TI0JISE BHYTPU cepiednnka. Eciu B 0OMOTKe IIpoTeKaeT mepeMeHHbI
TOK, TO CJIELYET yUYeCTh BUXPEBOU TOK B CEPJIEUHUKE, TUHUU KOTOPOTO 3aMBIKAIOTCS B
IJIOCKOCTAX, HOPMAJIbHBIX K OCEBOM JIMHUN CePAEYHUKA: 210 H = leyp @ + Ty,
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YNPAXHEHNA

1. Vickomoe oTHOIIIEHNE MOKHO HAWTH, NCTIOJIb3YS BhIPAKEHNE
_P/(d,) d,(shkd,—sinkd,)(chkd, —coskd,)
" P/(d,) d(shkd, —sinkd,)(chkd, —coskd,)

JIist 3aIaHHbIX YUCAEHHBIX 3HAYeHMiT moaydaeM: a) n = 6,25, 6) n = 6,1.

3. y‘-II/ITbIBaH, 4qTo HB.I/I6OJII)IHEL$I, HauMeHbllasa 1 CpeAHAA BEJINMYMHbI MarHUTHON MH-
AYKOUU OTIPEAC/IAI0OTCA BbIpAKECHUAMN

BmuG = BmO wy BmuM = BmOr B BmO M»
2 kd

chkd +coskd _~ chkd —cos kd
2 10 kd

=1,5 mozBossier nosyunts: d = 0,96 mm iput f =50 Tty u d = 0,15 mm ripu = 2000 I

= 1, peeHue KOTOporo kd =

MoJTy4yaeM ypaBHEHUE \/

4. HanpsiskeHHOCTh MAaTHUTHOTO TI0JIS HAa TIOBEPXHOCTH TIPOBOJIA

H :Ji J,(Ry/— joLry ) 3ammitiem ¢ yueToM cooTHommeHus J,

3/1€Cb J J — KOMIIJIEKCHbIE€ aMITJIMTY /bl IIJTIOTHOCTU TOKa Ha OCH IIPpOBOJa M Ha
me . y p
Jme Ji(RV_](Dl”UY)

) J=jowy Jy(Ry=jour)

4TO HanbOJIbIIAs VIOTHOCTh TOKA MMEET MECTO Ha ITIOBEPXHOCTH IIPOBOJIA U YYHTHI-
y Im o LT JﬂonanJ1(RV_]®“Y)
Bad, yro H, =—"-, HAXOAUM UCKOMBII TOK: [ =

2nR J=jouy J,(RY=jouy)

JISIST YUCJIeHHble 3HaYeHus, TToydaeM [ = ‘I ‘ = 200 A.

m0?

ero moBepxHocTn) B Buse H . [IpuHuMas Bo BHUMaHMUE,

IToxncras-

5. 3ammchbiBas MpoeKIio ypasHenns rot y ' rot H = — jopg H 1a och z HMJIMHpIYe-
CKOI CHCTeMbI KOOP/IMHAT, SIBJISIONLYIOCS OCBIO IPOBO/IA, M YUUTBIBAS, YTO H =H (r),

d*’H 1dH
+-—=jo uoyH , COBII/Iarollee ¢ ypaBHEHUEM OTHOCU-

dr* v dr

TEJIBHO TJIOTHOCTU TOKA B IUJIMHPUYECKOM IPOBOJIE KPYTJIOrO ceyenus. Petenne
ypaBuenus H = Ay Jo(x) + ByNy(x), e x = r,/—jouy, cleayer 3amcaTh B Buge H =

MoJTy4aeM ypaBHEHUE

= Ay Jy (x) (Tak xak Ha ocu poBoza mpu x = 0 mveem Ny(0) = o0) 1 HATH UCKOMYIO TIO-
CTOSIHHYIO A U3 rpaHNYHOrO ycaoBus 1IpH ¥ = R, kotopoe umeer sug H(R) = H :

Ag = .
0= ——F———r.
Jo(Ry—jouy)

TaxkuM 06pa3om, UMeeM

H(r)=

Jo (ry—jopy).
J (R\/—](DH )
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Jlnst pacuera Toka [ = §>H dl B 1poBoJIe BIOEPEM KOHTYDP HHTETPUPOBAHHUSI, PACIIOJIO-

JKCHHBIH B TIOCKOCTH 0. = const, 0jiHa U3 CTOPOH KOTOPOTO COBIIAJIAET C OCHIO TIPOBO-
J1a, a ipyTast MPOXOAUT MAPAJJIETHHO OCU B/IOJIb IOBEPXHOCTHU TIPOBojA. J[Be apyrue
CTOPOHBI KOHTYpa JiesKaT Ha PACCTOSTHUN [ OJ[HA OT JIPYTOil U TIEPIEHINKYISIPHBI OCH.
Wcnonp3ys HalimeHHOE pelienne, HaX0IUM

.
e [Ty (Ry~jouy) 1]
Jo(Ry=jony)

[=1,=[H(R)-H(0)]I=

ul,=4210> Anpul=1wm.

30.4. 3¢ ekt 61M30CcTU. INEKTPOMarHMTHOE SKpaHMpoOBaHUe
BOMPOChI

4. TIpoBoasuas Tpyba, 0OXBaThIBAIONIAS ABYXIIPOBOAHYIO JIMHUIO JUGO TPH MPOBOJIA
TpexhaszHoil IMHUH, CyMMa TOKOB TIPOBOJIOB KOTOPBIX PaBHA HYJIIO, 00J1a/IaeT KPaHU-
PYIOIMMHU CBOWCTBAMHU U OCJIA0JISIET TI0JIe INHUI B TOYKaX BHE TPYObI.

Ecmm xaxxnpiit 13 mpoBoioB unnn (ofH0(Ma3HOM nn Tpex(has3Hoii) 0XBATUTH TPOBO-
JSIIIeit U30JIMPOBAHHOI TPYOOI, TO 9KpaHupyomero ahdexTa He HabIIOAAETCSI.

JleficTBUTEIbHO, MArHUTHOE TI0JIe KasKA0T0 U3 MPOBOJOB B TOYKAX BHE TPYyObI COXpa-
HUTCA TeM e (410 1 6e3 TPyObl), TaK Kak BCIEACTBHE PABEHCTBA HYJIIO BCETO BUXPe-
BOTO TOKa B CTEHKaX KasKI0il TpyObl MHTerpas §>H dl B1OJIb TIyTH, OXBATHIBAOIIETO

/
TpyOy, COXpaHSIeTCsT PAaBHBIM TOKY TPOBOJIAa. DKPAHUPYIOIIUIT 3(HEKT MPOBOAAIINX
TPYO MPOSIBIISETCS, €CJIU OHU BJIEKTPUUYECKU COEANHEHBI MEKILY c000ii, KOT/la BUXpe-
BOH TOK KaXK/I0M M3 HUX OTJINYEH OT HYJIS.

3. DKpaHUpyIoliee TeliCTBUE CETYATHIX TPOBOJSIINX 9KPAHOB (KAK W CILIONTHBIX TIPO-
BOZIATINX 9KPAHOB) B TIEPEMEHHOM 3JIEKTPOMAarHUTHOM TI0Jie OCHOBAHO Ha addexTe
ocrabyieHusI TI0JIst 32 CYET JAEHCTBUSI MHAYIIMPYEMbIX B TeJie 9KpaHa BUXPEBBIX TOKOB.
ObPeKTUBHOCTD SKPAHUPOBAHUS CETYATOTO HKPAHA OIPENENSeTCs COOTHONIIEHUEM
Pa3MepoB sTYe€eK CETKY U JIJTMHBI 3JIEKTPOMATHUTHON BOJIHBI, a TAK)KE y/I€TbHOM AJIeK-
TPUYECKON IIPOBOIMMOCTbIO MaTepuaja dKpaHa. JKpaHUPYIOIiee efiCTBUE CETYATOTO
9KpaHa ocsabJIsieTcs, KOor/a IJIMHa BOJHbI CTAHOBUTCSI MEHbIIIE Pa3Mepa STYeiKu CeT-
KU 9KpaHa.

6. DKpaH cleyer pacioJoKUTh TaK, YTOOBI 1ieJIb, 0OpasyeMast TIPU COeANHEHNHN Yac-
Tell 9KpaHa, He MPEMsTCTBOBAIA MPOTEKAHWIO MHIYITUPYEMbIX B CTEHKAX 9KpaHa BUX-
peBbIX TOKOB. Tak Kak BUXpeBbIe TOKU B CTEHKaX 9KpaHa 3aMbIKAIOTCS B ILJIOCKOCTSIX,
HapasIebHbIX [IJIOCKOCTU KOJIbIIa ¢ TOKOM, TO /ISl JOCTHKEHUS HauOOJIbIIEro SKpa-
Hupyioiero ahdeKra mesib CleyeT PacoJ0KUTh B IJIOCKOCTU KOJIbIIA.
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B

BUXPEBbIE TOKHU, 242
BOJTHA
MarHuTHasg romnepeunasd, 234
cepmaeckas, 224
aneKkTpuueckas, 234
nonepeunas, 234
aJIeKTpOMarHuTHas, 234
orpaskerHas, 205
nazgatomas, 205
npesnomiennas, 205
9JIEKTPOMATHUTHAS TIJIOCKAs
B amanexTpuke, 201
B IIPOBOJIATIEH cpere, 238
obparHas, 204
npsmas, 204
BOJIHOBOIBI, 230

r

ryOrHa TTPOHNKHOBEHUS
9KBUBasieHTHas1, 261
MIPOHUKHOBEHUST BOJIHBI, 241
IPaMeHT 9JIEKTPUIECKOTO
noreHIaia, 34
rpaHUYHbBIE yCIOBUH, 28
B MarHuTHOM 1oJie, 151
Ha TIOBEPXHOCTHU
MIPOBOJIHUKOB, 41
pasjiesia IByX IPOBOJISIIIUX
cpem, 127
paszesia [u3JIeKTPUKOB, 41

a

JTATIONTH 9JIEKTPUYECKUT, 35
¢ TIepeMeHHBIMU 3apsigamu, 221
JUTMHA 3JIEKTPOMArHUTHON BOJTHBI
B AMaekTpuke, 208
B TIPOBOJIATIEN cpene, 241
KpuTHudeckas, 233

EMKOCTb

JIBYXTIPOBOJHOU JUHUM Tiepeiayn, 84

C yYETOM BJIUSTHUS 3eMJH, 92

e€MKOCTD (IPOJI0JIKEHNE)
MEKTy KPYTJIBIMU
IUIMHAPaMHY, 84
TpexdasHoil TMHUYN mepenadn, 93
yactuyHas, 90
B3anMuast, 90
cobcrennas, 90

3

3aj1a4ya 3JIeKTPOCTATUKN OCHOBHasI, 43
3aKajKa MHAyKInonHasd, 261
3aKOH
buo—Casappa, 139
IIOJIHOTO TOKa, 13
B nuddepeniuaabHoil hopme, 15
9JIEKTPOMArHUTHON UHIyKIuU, 13
B nuddepennnanbHoil popme, 18
3apsan
BTOPUYHBIH
MarHuTtHbii, 164
aJIeKTpUUecKuit, 67
MarHuTHBIN GUKTUBHLIHN, 140
00BbEMHAS IIOTHOCTD, 140
IMOBEPXHOCTHAS TJIOTHOCTD, 140

M3JIydeHre 9JeKTPOMATHUTHBIX BOJIH
anTennoi, 210-211
UHJYKTUBHOCTD
B3anMHas1, 172
JIBYX KPYrOBBIX KOHTYPOB, 175
MEKLY JABYMsI JIBYXITPOBOAHBIMU
muausgmu, 181
JIBYXIIPOBOAHOU junun, 182
KOHTYPOB M3 TIPSIMOJTMHENHBIX
oTpe3kos, 179
KPYTOBOTO KOHTYypPa, 176
MPAMOYTOJIbHON pamku, 180
cobcTBennad, 173
Tpexdasnoit suHNN, 182

K

KapTUHa OIS
MaruuTHoro, 154
9JIEKTPOCTATUYECKOr0, 59
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K03 puIreHTs
3aTyXaHUsl BOJTHOBOJA, 233
HoTeHIHaJIbHbIe, 87
B cUCTeMe JIJTUHHBIX TTPOBOJIOB, 91
B3anMHbIe, 88
cobcTBeHHbIE, 88
pasmaranmunBanud, 167
pacmpocTpaHeHns BOJTHOBOAA, 232
azsr BotHOBOA, 233
9JIEKTPOCTATUIECKON WHAYKINU, 87
B3anMHbIe, 89
cobcTBennble, 89
KPUTEPUH pasrpaHuyeHus 3aad TeOPUU
1ereii U TeOpHUu 1oJst, 268

n
JIMHUU PAaBHOTO TIOTeHIIMana, 33

M

MarHUTHBIN ITOTOK
CBsI3b C BEKTOPHBIM MarHUTHBIM
rnoreniaiom, 141
METOT
rpauyuecKoro moCTPOEHUsI KapTUHbI
moJis, 59
JUUIsl HEOJTHOPOJIHOM cpejbl, 61
MaruuTHoro, 153
TeJ1 Bpaienus, 60
3JIEKTPOCTATHYECKOTO, 59
3epKaJbHBIX M300PasKeHMIT
B MarHUTHOM TioJie, 153
B 9JIEKTPOCTATUYECKOM TI0JIE, 72
WHTErPaIbHBIX YPABHEHU I
B MarHuTHOM 1oJe, 164
B 9JIEKTPOCTATUYECKOM TI0JIe, 63
KOHEYHBIX JIEMEHTOB, 79
MOZIETMPOBAHUST DJIEKTPUUECKIX
1 MarHUTHBIX TToJIel, 263
MIPUBEIEHNST BUXPEBOTO
MarHUTHOTO ITOJIA
K 6esBuxpeBomy, 138
pas/esIeHNsI IePEMEHHBIX, 75
CETOK
B MarHUTHOM Tmoje, 168
B 9JIEKTPOCTATHYECKOM I10JI€e, 78
CPeIHNX TTOTEHIINANIOB, 96

MeToz (npodoacenue)

YUaCTKOB

IUUTs1 pacueTta UHYKTUBHOCTe, 177

aJIeKTpOoCcTaTu4YecKoi anansoruu, 129
MO/IeJINPOBAHIE

2JIEKTPUYECKUX U MAaTHUTHBIX

mmosen, 263

MOTITHOCTD U3IydeHusd, 224

(o)

omeparop, 21
lamuisrona, 21
Jlammaca, 40
ombITe! lepra, 211
0Ch AJIEKTPUYECKasi, TPOBO/A, 55

n

mepenavya SHepruu
BJIOJTb TIPOBOIOB JTUHUM, 226
110 BHYTPEHHEN MTOJIOCTH
MeTaJInyeckux Tpyo, 229
[TOBEPXHOCTH PABHOTO ITOTEHI[HAJIA
MarHuTtHoro, 134
2JIEKTPUYECKOTO, 33
[ToitnTuaTa Bektop, 206
mnoJjie
MarHUTHOE
B HEOJTHOPOHOM cpene, 164
BO/IM3U (PeppPOMATHUTHBIX
Macc, 152
BuxpeBoe, 134
JIBYXITPOBOIHON JINHUU
nepegayun, 150
KOHTYpa Ha OOJIBIIIOM PaCCTOSTHUN
or Hero, 161
KPYTOBOTO KOHTYpa ¢ TOKOM, 157
JINHEHHBIX ITPOBOJIOB, 145
TJIOCKOTIapasienbHoe, 143
IIOCTOSIHHBIX TOKOB, 134
MIPOBO/Ia KOHEYHOTO CEYeHMUsI
pon3BOIbHON hopmbl, 148
IIPOBO/Ia C TOKOM BO BHEIITHEM
MarHuTHoM toJie, 147
MPOBOJIOB KPYTJioro ceuenus, 149
MOTeHINaNbHOE, 34
coJsieHoniasibaoe, 20
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noJie (npodonscenue)
cramoHapHoe, 125
BJIEKTPUUECKOE TIOCTOSTHHBIX TOKOB, 125
B MuaseKTpuKe, 125
B IIpOBOJIsIel cpene, 126
9JIEKTPOMArHUTHOE, 11
B amasekTpuke, 201
aNeKTpoCcTaTHIeCcKoe, 32
JIBYX IJIOCKOCTEM, CXOJSIIUXCS
oz yryiom, 51
JIBYXIIPOBOIHON JINHUK
nepegavn, 52
MapaIeIbHbIX HECOOCHBIX
LIMJINHIPOB, 55
MJIOCKOTIapasienbHoe, 44
MIPOBO/Ia KPYTJIOTO cevennsd, 49
y Kpast TWIOCKOTO KOHJIeHCaTopa, 57
nmoctysat MakcBenna, 14
MOTEHIHAJ
BEKTOPHbII
MarHuTHbIN, 136
9JIEKTPOMATHUTHOTO T0JIst, 217
KOMILJIEKCHBI
JIUHEHTHBIX TPOBOIOB
¢ Tokamu, 146
MaTHUTHOTO T0Js1, 145
9JIEKTPOCTATUIECKOTO O, 49
CKJIAPHBIN
MarHuTHbIN, 134
9JIEKTPOMATHUTHOTO T0JIst, 217
9NEKTPUUECKUT, 32
JIUHEHHOTO pacipeneeHus
3apsioB, 38
00BEMHOTO pacIpeiesIeH st
3apsamoB, 38
MOBEPXHOCTHOTO PACIIPe/IeIeHUST
3apsioB, 38
TOYEUYHBIX 3apsIioB, 38
3JIEKTPOJAMHAMUYECCKU T
BEKTOPHBIN, 216
CKaJISIpHBIN, 216
MMOTOK 3JIEKTPOMaruuTHoi anepruu, 208
MPUHITUIT
HEIPEPBIBHOCTU
MarHUTHOTO IOTOKa, 22
9JIEKTPUYECKOTO TOKa, 23

OpUHIKIL (npodoacerue)
COOTBETCTBUS IIJIOCKOIAPAJLIEIHHBIX
DJIEKTPUYECKUX U MATHUTHBIX
noJieit, 147
[IPOHUIIAEMOCTh KOMILIEKCHAS
IusjiekTprueckas, 251
marautHag, 250

P

pacmpenesieHue

MarHuTHOTO MTOTOKA B ILIOCKOM

gucre, 251

TOKa B TIPOBOJIE KPYTJIOTO cedenusi, 254
pacuer

WHAYKTUBHOCTH, 171

2JIEKTPUYECKOI eMKOCTH, 84

o kaptuHe 1o, 100

C

CBSI3b BEKTOPHOTO MarHUTHOTO
[OTEHIhAJIA
C MarHUTHBIM TTOTOKOM, 141
C DHeprueil MarHuTHOTO 1MoJst, 142
CKOPOCTb BOJTHBI
(azosas B BoHOBOIE, 234
CKOPOCTD PACIIPOCTPAHEHST
2JIEKTPOMArauTHON BoJiHbl, 204
COIIPOTUBJIEHUE
BOJIHOBOE JHMAJIEKTpUKa, 205
3azemitenusd, 131
u3JIydeHus:, 225
nzossnmu kabdesst, 130
[IPOBOJIOB
aKkTusHOe, 242
BHyTpeHHee WHAYKTUBHOE, 242
KpyrJioro ceyenusi, 259
[IPU PA3HOM MOBEPXHOCTHOM
adexre, 246
COCTABJISION[AS HAIIPSIKEHHOCTU
MarHUTHOTO TOJIst
6e3suxpesas, 138
Buxpesas, 138

T

Teopema
laycca, 19
Croxkca, 25
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TOK yTeuku B Kabese, 130
TPAHCIO3UIHST TPOBOIOB, 95

y

ypaBHEHHE

Janambepa, 218

Komm—Pumana, 48

Jlamaca, 40

Makcsesia, BTopoe, 18

[Tyaccona, 40

9JIEKTPOMArHUTHOIO 1o, 14, 25, 27
ypaBHEHUST BOJHOBBIE, 218

(]

dbyHKIMSA TIOTOKA
B MarHuTHOM 1oJe, 143
B 9JIEKTPOCTATUYECKOM II0JIe, 45

U

LMUJIAHAD IU3JICKTPUICCKII
BO BHENTHEM OJHOPOJHOM ToJe, 68

y
JacTOTa, KPUTUUYECKAsT BOJIHOBOZA, 233

L

map
JIUDJIEKTPUYECKUI BO BHEITHEM
AJIEKTPUUECKOM TIoJTe, 62
METaJINYECKNI BO BHEITHEM
AJIEKTPUUECKOM TIoJie TioJie, 71

c}

AKpaHUPOBAHUE
MaruurtHoe, 168
2JIEKTPOMarHuTHoe, 262
aJieKTpocTaTudeckoe, 70
3JUIUTICOUJ] BO BHENTHEM OJHOPOIHOM
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