Cankr-IlerepOyprckmii rocy1apcTBeHHbIH MOJUTEXHUYECKUA YHUBEPCUTET
NHcTUTYT (PU3MKH, HAHOTEXHOJIOTMHA U TeJIEKOMMYHUKAIUM

kadenapa IKCepUMEHTAIbHONH PU3NKHU

J.B. CBucTyHOB

MeTtoauyeckne peKOMEeHIAUUM K PeIIeHUI0 32124
1o pu3uke 1JI51 CTYACHTOB BEYEPHUX OTACJICHUM:

AIICEKTPUYECCTBO U MAIrHETU3M

YuebHoe nocobue

Cankr-IletepOypr
2014



BBenenne

JlanHOE TOCOOME MPOJIOIKACT M3JI0KEHHE OCHOBHBIX OOIIMX MOIXOJ0B, IPUMEHSIEMbIX IS
pemieHus 3aaa4 mo Kypcy ¢usuku. B HeM paccMOTpeHBI TeMbI, H3ydaeMble BO BTOPOM CEMECTpe
oOydeHuss oOmelt ¢uszuke. DTO TOCOOHWE  SIBISCTCS  JOMOJHUTEIBHBIM  MaTEPHUATIOM,
MpeaHa3sHAuYEHHBIM ISl MCTIOJIh30BAHUSI COBMECTHO C 33/IaYHMKAMM, MTOSTOMY CBOJTHBIN NEpEYCHb
3aKOHOB M ()OPMYII, CBSI3aHHBIX C PEIICHHEM 3a/ad, 37eCh HE MPUBOAMTCS, T.K. TaKHE MEPEUHH
OOBIYHO coziepXKaTcsi B 3aJauHUKax. TeMaTH4ecKkoe COAEp)KaHUE pPas[esioB OrPaHUYEHO B 3TOM
MocoOuu BOIMPOCAMH, BXOISIIUMH B 00s3aTENbHYI0 YacTh MNPOrpamMMbl Kypca (U3MKHM JJis
CTYZCHTOB BEUEPHUX OT/CIICHUI.

[Tepen n3noxeHNEM peKOMEHJANNI K PEIICHNIO OCHOBHBIX THITOB 3a/1a4 10 pasfesiaM Kypca,
MPUBE/IEM HEKOTOPBIE JOTIOTHUTEIBHBIE COOOPaKEHUS.

[TonyuyuB B pe3ynbTaTe pelIeHus 3a1a4l pacueTHyIo (hopMyiy, OUeHb MOJIE3HO JJIS IPOBEPKU
€e MPaBUIBHOCTH OIICHUTHh 3HAYCHHWE PACCUMTHIBAEMOW BEIMYMHBI NPU TOACTAHOBKE B (OPMYITY
TaKUX 3HAYCHUH ee MEepeMEHHBIX IapaMeTpoB, NMPH KOTOPBIX 13Ta BEIMYMHA MMEET OYECBHIHOE
3HaueHne. YacTo g 3TOro HaJ0 paccMOTPETh MpEeAebHBIE CIydad, KOTOPBIEC MOyYaroTCs MPH
MIPUCBOCHUHU TTapaMeTpaM HYJIEBBIX MM OECKOHEYHO OONbIINX 3HaueHuil. Hanpumep, NOHATHO, 4TO
BEJIMYMHA HANPSDKEHHOCTH 3JIEKTPUYECKOTO TIONS JTOJDKHA CTPEMUTHCS K HYJIO TPH YJAJICHUH Ha
OECKOHEYHO OOJIBIIOE PACCTOSHHUE OT CO3/IABIIET0 TO TOJIE 3apsSHKEHHOTO Tea.

JlpyruM KpuTepHeM NpaBHIBHOCTH BBIBEICHHOW (DOPMYIBI SBISAETCS YCIOBHE OJMHAKOBOMN
Pa3sMEpHOCTH JICBOW ¥ MPABOH YacTel MOTy4eHHOTo paBeHCTBa. OTMETHM, YTO MPOBEPKY (HOPMYIIBI
[0 €€ pa3MEpPHOCTU JOIMYCTUMO IPOBOAWUTH, MOJCTABISAS B HEE HE pPa3MEPHOCTh YJICHOB B
KJIACCHYECKOM TIOHMMAaHUHU 3TOT0 TepMHUHA (KOT/a Kaxknas (pu3mueckas BeTMUMHA MPEICTABIICHA B
suze npomssenernst M” LP TV I° ©° J" | rue 6yksamu M,L,T,[©,] 0603HAYEHBI COOTBETCTBEHHO
Macca, JUInHa, BpeMsl, CHJIa SJIEKTPUIECKOro TOKa, TEPMOTMHAMHUYECKAsi TEMIIEpaTypa U CUJla CBETa,
a,f3,v,0,€,] — HEKOTOpBIE YHCIIA), @ SAUHUIBI U3MEPEHUS ITUX BEJIMYMH (KOHEYHO, B OJTHOW CUCTEME
— CH). [Ipu 3TOM HaJ 0 MOMHUTH CBA3b MEXKAY ATUMH eauHuLaMu. Hanpumep, eciu B 1€BOM YacTH
(bopMyIIBI IPH TIOACTAHOBKE B HEE €AMHUI M3MepeHus BennanH nmeeM JDx ([xoyins), a B mpaBoi
nonyuunu npousBeaenue B*A*c (BompT*AMmep*cek), TO paccmaTpuBaeMas —¢dopmylia
COTI'JIACOBAHA 110 PAa3MEPHOCTH.

Marepuan mocoOusi pa30WT Ha pa3felnbl, KK W3 KOTOPBIX 3aTParkBacT TEMY OJTHOTO
MPAaKTHYECKOTO 3aHATHSA IO MPOTpaMMe TPEXCEMECTPOBOTO Kypca oOmieil (GM3MKH Ui BEYCPHHX
otaenenuii. OgHAKO, JUIA JBYXCEMECTPOBOTO Kypca pa30MeHHE MOKET OBITh MHBIM, W BapHaHT

TAKOI'0 IiepepacnpeesIeHUs COAEPKaHUS 3aHATUIN PUBEJEH B 3aKIIOUEHUH.



1. B3anMopgeiicTBHE 3JIEKTPHYECKUX 3aPSAA0B

CwioBoe B3aMMOJICHCTBUE 3apsKEHHBIX TeJI OCYIIECTBISAECTCS 4epe3 MOCPEIHHKa —
3JEKTPUYECKOE MO0JI€, UCTOYHUKOM KOTOPOTO SIBJISIFOTCS AJIEKTPUUECKHUE 3apsibl 3TUX Tel. ITO
B3aUMOJICICTBUE  MOXKHO  paccuuTaTh JABYMS  MYTSIMH:  HENOCPEIACTBEHHO, IPUMEHSS
SKCTIIEPUMEHTAILHO YCTAaHOBJICHHBIN 3akoH KyJiOHa, UK KUCIIONB3Yysl BEJIMUMHBI, XapaKTePU3YIOIINE
AJIEKTPUYECKOE TMoJie (ITOT CIMmocod paccMOTpUM B cleAyromieM paszaene). [lpu 3Ttom crnemyer
IIOMHUTb, YTO XOpOILO M3BECTHas 3amuch 3akoHa KynoHa crnpaBemnvBa JJIsi TOUEYHBIX 3apsiIOB.
Ecnu B 3amade GurypupyroT NpoTsHKEHHBIC 3apsDKCHHBIE Telna, UX pa3OMBAarOT Ha dJIEMEHTApHBIC
YYaCTKH, ToJIarast 3T Y4aCTKHU KBa3UTOUYCYHBIMU 3apsiIaMH.

Haunnate pemienue 3agay, B KOTOPBIX 3aJaHa CHCTEMa TOYEYHBIX 3apsloB, CIEAYET C
COCTaBJICHUS] BEKTOPHOW AMarpaMMbl CHUJI B3auMOJEHCTBUS 3apsaAnoB. Ha sToil amarpamme Hano
MOKa3aTh BCE CUJIbI, JEHCTBYIOIINE HA KaXKIbIM 3apsiJi CO CTOPOHBI OCTAJIbHBIX 3apSI0B CUCTEMBI.
OcHOBOUM pemieHus] TakKuX 3a7ad SBJSETCS NPUMEHEHHE NPUHIMIA CYNEPIO3UINH, COTJIAcHO
KOTOPOMY JIFO0O0M 3apsiji B3aMMOJICUCTBYET C KaKIIBIM 3apsIOM CHCTEMbI HE3aBUCUMO OT BIIASHHS
OCTAJIbHBIX 3aps/IOB, a pe3yJbTUPYIOIIas CHJIa, KOTOpas AEHCTBYET HA pacCMaTpUBAEMBbIN 3apsij,
SIBJISIETCSI BEKTOPHOM CYMMOM BCEX CHJI OTHX OTHEIbHBIX B3auMOAECHCTBHM. Moaynb
PE3YNBTHPYIOMIETO BEKTOpAa MOXKHO HAWTH IByMsi criocoOamu. [lepBelii — C HCIONTB30BAHHEM
CBOMCTB BEKTOPHOW CyMMBI HECKOJBKHX BEKTOPOB: BHIOpATh OCH KOOPJIWHAT M COBMECTUTH MX
HayaJi0 C paccMaTPUBAEMBIM 3apsIOM, 3aT€M HAWTH MPOCKIHUH Ka)XJOTO CJIaraéMoro BEKTOpa Ha
9TH OCH, TIOCTIE Yero IS KaKI0M OCH CYMMMPOBATh MPOEKIIMU HA HEe BCEX BEKTOPOB (KOHEYHO, C
y4eTOM 3HAKOB ITHX IMpoeknwii). HanpaBneHnue oceii myurie BHIOMpPATh TakK, YTOOBI Kakas-HUOYIb
0Ch ObLTa TUOO COHAMpABJICHA C OJIHUM W3 CIAaraéMbIX BEKTOPOB, JUOO MEpHEHANKYIsIpHa eMy. B
pe3yabTaTe 3TOW MpoUexyphl OYIyT OINPEACNICHbl NPOSKIMH Pe3yJbTUPYIOIIETO BEKTOopa Ha
BbIOpaHHBIC OCH, U JIJbIlIe MOXXHO HAWUTH €ro MOAYJb MO OOBIYHOMY MPaBUITY: AP = A2+ Ay2 +
A%, Tak MOXXHO HaiiTH MOJIyJIb CYMMBI cpa3y HECKOJIBKHX BEKTOpOB. BTOpoii cmocob — npoBoauTh
CJIO’K€HHE BEKTOPOB MOMAPHO, PACCYUTHIBASI MOJIYJIb CYMMBI IByX BEKTOPOB KaK A=A+ A%+
2A1A; cos o, rae A —MOAYJIb CyMMBI, A| U Ay — MOJYJIM ClaraéMbIX BEKTOPOB, 0O — YTOJI MEXIY
3TUMHU BeKTOpamu. lloydeHHbI BEKTOP MOYKHO CKJIAJIbIBaTh CO CIEAYIOIIMM BEKTOPOM CHUCTEMBI
CHWJI WM C BEKTOPHBIM PE3yJIbTaTOM MOJOOHOTO CYMMHUPOBAHUS JPYTON Haphl CHIL.

B 3agavax, oTHOCAIIMXCS K JAHHOMY pa3/ielly Kypca, OOBIYHO pacCMaTpPUBAIOTCS CHCTEMBI
3aps0B B CTaTUYECKOM cocTosiHUU. [loaTomy, kak crneactBue 2-ro 3akoHa HbprOTOHA, B Takux
3a/1a4ax coOJII0/IaeTCsl paBEHCTBO HYJIIO PE3YNbTUPYIOLIEH CUJIbI, IEHCTBYIOMICH Ha KaXKIblid 3apsij
CUCTEMBI. DTO yCIIOBUE KaK Pa3 U MOXKET CIYKUTh 0a30i s pemieHus 3a1a4u.

NHorma mo ycrnoBUIO 3afaydl MPOUCXOJUT KOHTAKT 3apsDKCHHBIX TeN, MPUBOMSIIMA K

nepepacnpeieliCHUI0 JIEKTPUYECKOTO 3apsiia MeXIy HUMU. B 3ToM ciydae mpu pelieHuu Hajao



JIOTIOJIHUTEIBHO TMPHUBJIEYb 3aKOH COXpPAHEHHs 3apsija, COIJacHO KOTOpoMy oOOwuil 3apsia
M30JIMPOBAHHOM CUCTEMBI OCTaeTcss HeM3MeHHbIM. IlockosibKy OOBIUHO B 3ajjauyax JaHHOTIO Kypca
3apsiibl HaXOAATCS B BaKyyMe WM B HENpOBOASAIIEH cpele, TO ypaBHEHHE 3aKOHA MOXKET OBbITh
3alMCaHo Kak JJs BCEM 3alaHHOM CHUCTEMBI 3apsiioB, TaK U AJIs €€ 4acTH ( B TOM YHCJIE JJIs Maphl
KOHTaKTUPYIOLIUX TE€T), MBICICHHO BbIIEJUB 3Ty YaCTh B BUJE U30JIUPOBAHHON MUHU-CUCTEMBI.

ITpu paccMoTpeHUM B3aMMOJEHCTBHSA TOYEUHOIO 3apsifa C paclpelleIeHHbIM, MPOTSHKEHHOE
3apsDKEHHOE TeJIO pa30MBAIOT HA 3JI€MEHTapHbIE YUYAaCTKH OYeHb Majoro pa3Mepa M MOKa3bIBaloT Ha
pucynke Bektop cuibl dF, neiictByromeld Ha TOYEUHBIM 3apsii CO CTOpPOHBI 3apsma dq
IIPOM3BOJILHOTO B3ATOTO 3JIEMEHTAPHOI'O ydacTKa. Majble pa3Mephl TaKOro ydacTKa IO3BOJISIOT
CUNTAaTh €ro TOXE TOYEUHBIM 3apsAAoM. JTO JaeT BO3MOXHOCTh 3amucarb MoAyib BekTopa dF
coryiacHo 3akoHy Kyinona. IIpu 3TOM moJb3yroTcs MOHATHSAMU JIUMHEHHOM, MOBEPXHOCTHON WM
00BEMHOM IIIOTHOCTH 3apsijia, ¥ BeIpaxaroT 3apsa dq kak nmpousBeneHue umHbel dl (mmomanu dS,
o0béma dV) aToro yyactka Ha COOTBETCTBYIOIIYIO IJIOTHOCTH 3apsina. PesynpTupytomas cuia F
HaXOJUTCSl IMMyTeM BEKTOpPHOro cymmuposaHus cui dF , oOycnoBieHHbIx Bcemu yudacTkamu. C
YU4ETOM MaJIOCTH Y4YacTKOB, CIJI€ZIOBaJO Obl CYMMHpPOBaHHE MpPOBOIUTH B (opMme onepaunuu
uHTerpupoBanus. OnHako, TpeOyeTcs MPOBECTH BEKTOPHOE CJIOXKEHHE, a  olepauus
UHTETPUPOBAHUS HMMEET 10 CBOEH CyTH CKaJspHBIA Xapakrep. YToObl NpeoponeTs 3To
3atpynHenue, Bektop dF packnansiBator Ha koMmnoHeHTsl dFy , dFy , dF, Bnons ocei koopauHar,
HalpaBJICHUs KOTOPBIX BHIOMPAIOT M3 YyCIOBMM ynoOcTBa pemieHus 3azauu. [locie 3rtoro
MIPOBOJIUTCSI MHTETPUPOBAHUE Ul MOJYJS KaKIOH KOMIIOHEHTHI MO OTAEIBHOCTH, B pe3yJibTaTe
yero nomnyyarorcs komnonenTsl Fy , Fy , F, pesynerupyromen cunsl B3aumoaenctaus F.

Yro kacaercs B3aMMOACUCTBUS JBYX MPOTSDKEHHBIX 3apsHKEHHBIX TEJ, TO MOCie pa3OneHHs
TEJI Ha JIEMEHTAPHBIE 3apsi/ibl ONPEAEIAIOT CHITy B3aUMOJEHCTBUS OJTHOTO KBA3UTOYEUHOIO 3apsiaa
MIEPBOTO Tejla C KaXJIbIM y4acTKOM Jpyroro teia. [locime 3Toro BEKTOPHBIM CIIOKEHHEM HAXOMAST
CWIIy B3aMMOJEWCTBHS ydacTKa IIEPBOrO TejJa CO BCEM BTOPBIM TEJIOM. 3aTeéM 3Ta Mpoleaypa
MOBTOPSIETCS JIsl APYTrOTr0 KBAa3UTOYEUHOTO 3apsiia MEPBOro Tela. DTU MPOMEKYTOUHBIE CYMMBI
HaxXoJAAT IO OINMCAHHOM BBIIIE METOJIUKE ONpEAETICHHUS B3aHMMOAEHCTBUS TOYEUHOIO 3apsaa c
MPOTSDKEHHBIM  3apsDKeHHBIM TesoM. OOrmiel cuinoit B3auMOJEHCTBHS JIByX 3apsiKEHHBIX Tell
SBIISICTCSI BEKTOPHASI CyMMa pe3yJIbTaTOB 3TUX MPOMEKYTOUHBIX BEKTOPHBIX CIOXeHui. B obmiem
cllydae TeJl TPOU3BOJBHON (OPMBI M pacrpelesieHus] 3apsgoB B HUX OTa 3a/Jadya pemaercs
YHUCICHHBIMU MeToAaMu. i Ten mpocToil (opMbl IPU PAaBHOMEPHOM pacHpeesICHUH 3apsaaa OHa
4acTO MOYKET UMETh JIOCTaTOYHO MPOCTOE AHATUTHYECKOE PELICHHUE.

OTmMeTMM, 4YTO BO MHOTHMX CIy4yasX OKa3bIBa€TCsl MPOLIE IPOBOAUTH pELIEHHE C

MPHUBJICYCHUECM ITOHATUSA HAIPSKCHHOCTH I10JIA, KaK 6y,[[€T IMOKa3aHO B CJICAYIOIIEM pa3aciic.



2. HanpszKeHHOCTD 3J1eKTPUYECKOro MOJs

HanpspkeHHOCTh  DJEKTPUYECKOTO TMOJIS MOXHO HCKAaTh JBYMsl IYTSAMH: C IIOMOILUBIO
IIPUHLIMIIA CYTIEPIIO3ULUH U C UCIIOJIB30BaHUEM TeopeMsl [ aycca.

[TepBbIif My Th IPUTOACH AJIS JII0OOOH KOH(PUTYpaIIMK CHCTEMBI 3apsiIOB U 3apsKEHHBIX TEIL.

Eciu B 3ajmade 3amaHa cucTeMa TOYEUHBIX 3apsiioB, TO HAYMHATh PEIICHHUE CIEOYET C
COCTaBJICHUSI BEKTOPHOM IUarpaMMbl HAIPSDKEHHOCTEH IOJIEH, CO3/1aBa€MBIX KaXABIM 3apsaaoM
CHUCTEMBI B paccMaTpuBacMoi Touke. [Ipu 3TOM ciieyeT NOMHHTB, 4TO BEKTOp HaNpsSKEHHOCTU
JJIEKTPUYECKOTO IIOJIsI HAIPaBICH II0 HAIPaBICHUIO KYyJIOHOBCKOW CHIIbI, JEUCTBYIOLICH Ha
MPOOHBIA TOJIOKUTENBHBINA 3apsl, KOTOPBIA MBICICHHO IOMEMIAeTCs B ATy TOYKY. [10CKONBKY
HaIPsDKEHHOCTh  DJIEKTPUYECKOTO  TOJSA  IMOAYMHACTCS  NPUHLMILY  CyNEpHO3ULUH,  TO
pPE3yNbTUPYIOIINN BEKTOP HAXOAMWTCS IIyTEM BEKTOPHOIO CYMMHPOBAaHHS BCEX BEKTOPOB
JyarpamMMbl, IOKa3aHHBIX B IaHHOM TOYKE.

YacTo B 3amadax pacCMATpHUBAKOTCS 3apsi/ibl, HAXOASUIMECS B KaKOW-TO IUAJIEKTPUYECKON
cpene. Torma Hamo BBecTH B (OpMydy [Uld MOIYJS HANpsDKEHHOCTH TMOJIA B BaKyyMme
JIOTIOJIHATENIBHOE JCJICHUE Ha BEIMYMHY IUIIEKTPUYECKOM INPOHHMLAEMOCTH cpeabl € . Jlyumie
BOOOIIE B3Th ceOe 3a MPaBUJIO BCET/la BBOAUTH TAKOE JIEIEHUE B KOXPPHUIHUEHT GopMysl. ITO HE
MO3BOJIUT 3a0bITh Y4YECTh BIIMSHUE CpEAbl NMPHU DPELIEHUH, a B Cllydae BaKyyMa IpPOCTO HaJo
OJICTaBUThL € =1.

Ecnn 3apsapl CUCTEMBI SBISIFOTCS PacHpeNeia€HHBIMH, TO I NPUMEHEHUs IpHUHLUIA
CYNEPIO3ULMH KaXKJ0€ 3apsHKEHHOE TeNo CleAyeT pa3OuTh Ha 3JIEMEHTapHbIE YYacTKH, KOTOphIE
MOXXHO CYMTaTh TOYEUHbIMHM 3apsaamu. llociae 3Toro Ha paMarpaMMe IHOKas3bIBalOT BEKTOP
HanpspkeHHoctr monst dE |, co3maHHBI B 3alaHHOM TOYKE MPOCTpaHCTBA 3apsaoM dq Takoro
yudacTka. Torga mosiBisieTcss BO3MOXHOCTb 3alKcaTh BbIpakeHue A Monyis Bektopa dE
COIJIACHO U3BECTHOM (popMyIie oISl TOUeYHOro 3apsja. [Ipu 3ToM, Kak U MpH MOUCKE KYJIOHOBCKOH
CHJIBI, BBIP@KAIOT TOYCUHBIM 3apsin dq Kak TNPOW3BENCHHE JIMHEHHON, MOBEPXHOCTHOM WM
00BeMHOM MIOTHOCTH 3apsina Ha umHY dl (Twromans dS, 066éMm dV) anmeMeHTapHOTrO ydacTka.
CornacHO NpHHIUIY CYNEPHO3ULMH, PE3yIbTHPYIOIIMKA BEKTOpP HANpsDKECHHOCTH nosil E paseH
BeKTOpHOH cymmMme BekTopoB dE moneil, co3gaHHBIX B paccMaTpUBAaeMOW TOUYKe 3apsgaMH BCex
9JIEMEHTAPHBIX YYacTKOB Tena. YToObl mpu ompeneneHuun Moayis BekTopa E MoxHO ObLIO
HCIIOJIb30BaTh ONEpALMI0 WHTEIPUPOBAaHUS, NPUMEHSIOT ONUCAHHBIH B MPEABLAYIIEM pasJiene
MOAXOM: HMCXOAs M3 COOOpakeHHi yaoOcTBa pelieHUs 3aJadd BbIOMpAIOT HaINpaBlIEHUS OCEH
KOOpAMHAT (HallpuMep, €CiaH MO 33JaHO OCECHMMETPUYHOE TEeJIO0, TO OJHY W3 OCel KOOpIuHAT
JTydlle HallpaBUTh BJIOJIb OCH CUMMETpUH) U packiaabiBatoT BekTop dE Ha komnonents! dEy , dE, ,

dE, . Ilocne 3Toro, mpoBOJSAT UHTETPUPOBAHUE JIJISI MOJYJIS KaXA0W KOMIIOHEHTHI IO OT/IEITbHOCTH,



B PE3yJbTaTe Y€ro noiay4varorcs KoMnoHenTsl Ey , Ey , E, pesynastupyromero sexropa E , Monyin
KOTOPOTO HAXOJAT IO 00bIaHOMY mpaBmiy: E = (B + Ey2 + Ezz)l/ 2,

Hano oTrmeTuTh, UTO mpU ONpENENCHUM HANPSHKEHHOCTH MOJISE B TOUYKAaX OCH CUMMETPUHU
PaBHOMEPHO 3apsHKEHHOTO OCECMMMETPHUYHOTO Tella OKa3bIBACTCS, YTO 3TO Moje OyaeT HUMETh
TOJILKO OJIHY BEKTOpPHYIO KOMIIOHEHTY, HAlpaBJICHHYIO BJIOJIb 3TOW OCH. JTO BBI3BAHO TEM, YTO
CUMMETPUYHO PACITOJIOKEHHBIE JIEMEHTAPHBIE YYACTKH CO3/Ial0T B TOUKAX OCH PABHBIE 10 MOAYJIO
Y MPOTHUBOIOJIOKHO HAaIPaBJIEHHBIE MONEPEYHbIE KOMIIOHEHTH BEKTOPOB HANPSKEHHOCTH MOJs, U
IIPY CJI0’KEHUU 3TH KOMIIOHEHThI KOMIIEHCUPYIOT JpYyT Ipyra.

Jnst snexkTpuueckux Mosied, o0JafarolMX 3aBeAOMO CHUMMETPUYHBIM pacHpeleseHUeM
HaMpsKEHHOCTH OIS B IPOCTPAHCTBE, Y00HO MPUMEHSTH MPH pelIeHUH 3a7auu TeopeMy ["aycca.
[Ipu sToM Hago BHIOpaTh 3aMKHYTYIO MOBEPXHOCTH, OXBATHIBAIOLIYIO 3apsiibl, PYKOBOJICTBYSCH
CIICAYIOUIMMU COOOpakeHUsIMU. [IOBEpXHOCTH JOJDKHA TPOBOAMUTHCS TakK, 4YTOOBI B TOYKax
3HAYUTENIbHON €€ YacTu (IPEeINOUYTUTENIbHO — BO BCEX TOUYKAaX) HANPSKEHHOCTH MOJisl Obuia Obl
OJIMHAKOBAa MO MOJYJII0. DTO MOXKHO CHeNaTh, YUYTS CUMMETPHIO MOJid U (OopMy 3aJaHHOTO Tela
(HampuMep, OXBaTHTh 3apsDKCHHBIM mIap cdepudeckol TMOBEPXHOCThIO WM BBIOpaTh AJs
MPOTSHKEHHOW 3apsPKEHHOM HUTH COOCHYIO € HEM LMJIMHIPUYECKYIO0 MOBEpXHOCTh). Kpome Toro,
HA/I0 CTPEMHTHCS IPOBECTH MTOBEPXHOCTD TaK, YTOOBI BEKTOP HAIMPSKEHHOCTH TTOJISI OBLT HOpMaJIeH
K MIOBEPXHOCTHU XOTsI OBl B OJHOM €€ 4acTu (a JIydllle — BO BCEX TOYKaxX MOBEPXHOCTH), B TO BPEeMs
KaKk B OCTaJbHBIX TOYKaxX ObT Obl HampaBlieH IO KacaTeIbHOW K BBIOPAHHON IMOBEPXHOCTH
(oTMedeHHbIE TPUMEPBI CEepbl BOKPYT IMapa U IMUIUHAPUIECKONW MOBEPXHOCTH, OXBAThIBAIOIIEH
JUITMHHBIN 3apsDKEHHBIN CTepXKEeHb, HUTh WK TpyOy). Ilpu Takux ycnoBusx motok Bektopa E uepes
YaCTU TOBEPXHOCTH, 10 OTHOILIEHHIO K KOTOpbIM BeKTOp E mMeer kacarenpHOE HampasiIeHHE,
paBeH Hymo. OOl MOTOK oOmpenenseTcss Kak CyMMa IIOTOKOB dYepe3 OCTajbHbIE 4YacTH
MOBEPXHOCTH, MPHUYEM ATH TMOTOKM PABHBI MPOCTO MNPOU3BEACHUIO IUIOLIAAM 3THUX YacTeld Ha
MOAYJb HanpsbkeHHocTH noist E (moka emnie HEeM3BECTHBIM). OTO NMPOU3BEACHHE OTPHULATEIBHO,
ecnu BekTop E HampaBieH IMPOTHBOIOJIOKHO HOPMAIM K IOBEPXHOCTH, T.€. €CIIM CHIIOBAs JINHUSA
BXOJUT B ATy YacThb MOBEPXHOCTH. Torga, omnpenenMB CyMMapHBIM 3apsili, OXBAa4€HHBIN BcCel
MIPOBEACHHON MOBEPXHOCTHIO, JIETKO HAWTH NCKOMYIO HaNpsKeHHOCTh noiist E.

Cnenyer, olHaKo, cKa3aTh, YTO JAJEKO HE JJIsl BCEX CHMMETPUYHBIX TEJl yJaeTcs BhIOpaTh
MOAXOJAIIYI0 ITOBEPXHOCTh OXBarTa. M3BECTHBIM NPUMEPOM TAKOTO Cilydasl SBJIAETCS 3ajaada
OmpelIeNIeHUs NOJIs 3apsHDKEHHOr0 HUcKa. B To ke Bpems, 3Ta 3a1a4a 1aeT BO3MOYKHOCTh IOKAa3aTh
enle OJMH IPHEM MPUMEHEHHUs NPHUHIMNA CYNEePHO3ULUU IS MPOTSHKEHHBIX TEJ : IPHU PELICHUU
3a/1a4, B KOTOPBIX pacCMaTpUBAIOTCA Tejla, CUMMETPUYHBIE OTHOCUTENIBHO KaKOW-TO TOYKH WM
OCH, MO’XHO pa30HMBaTh ATH TeJla HE HA KBA3UTOUYCUHBIC 3apsi/ibl, @ HA CHMMETPHYHBIE OTHOCUTEIHFHO

TOI'0 K€ HECHTPA UM OCH IMPOTAKCHHBIC YUACTKH. HpI/I O9TOM, 3TH YYAaCTKHU OOJIKHBI UMETH TaKYIO



dbopmy, A1t KOTOPO MOXKHO CUMTATh U3BECTHOM HIIH JIETKO BBIBOJUMOM (POPMYITY, OMTUCHIBAIOIIYIO
1oJjie 3Toro y4actka. Hampumep, npu HaxoXICHWU MO Ha OCH JHCKAa MOKHO pa3OMTh TUCK Ha
COBOKYIHOCTh TOHKHX 3apsDKEHHBIX KOJIEL, paJuyC KOTOPBIX HM3MEHSETCS OT MHUHHMAIBHOTO
(HyJeBOro) 10 BHEIIHEro pajuyca aucka. [locime 3Toro, monb3ysach OMMCAHHBIM BbIIIE OOBIYHBIM
MyTEeM peIICHUs, HAI0 HaWTH (QOpMyINy UIsl TOJISi Ha OCH TPOHM3BOJIBHO B3ATOTO KOJBLA, YTO
JOBOJIBHO TPOCTO C Y4eTOM OOHYJIEHHs NONEepeYyHOH KOMIIOHEHTHI 3Toro mois. IlomydeHHoe
BBIpOKCHUE OylIeT cojaepaTh MapamMeTp CHUMMETPUH ydacTka (B JQHHOM TIpHMEpe — paanyc
TOHKOTO KOJIbLIA I, a TaKke ero mnpupameHue dr, oOo3Havaromiee MUPUHY Koibla). [Jus
HAaxO0KJICHUs MOJYJIS PE3YIbTUPYIOIIEH HANPSDKEHHOCTH MOJIS BCErO IUCKa B 3aJaHHOM TOYKE OCH,
MPOBOAAT CYMMHPOBAHHE TIOJICH STHX YCJIOBHO 3JIEMEHTapHBIX yYacTKOB, JUIS Y€ro MHTETPUPYIOT
MOJTY4YEHHYIO (POPMYJTy IO IEPEMEHHON — PaHyCy KOJbLA T.

3aMeTI/IM, 4YTO Ha MpUMEpEC 9TOM 3aa4U IMMOKAa3bIBAIOT U TO, YTO HANPAKCHHOCTD IIOJII MOXHO
HCKATh Yepe3 €€ CBA3b C MOTCHINAIOM TI0JIA, O YeM OYJET CKa3aHO B CISAYIONIEM pas/ere.

B 3amawax pgaHHOro Kypca OOBIYHO OTPAaHMYHMBAIOTCS CIy4asMH HEOTPaHWYEHHOH
OJTHOPOJTHOM HM30TPOIHOW Cpeabl JMOO cpelbl, TPAaHUYHBIE TTOBEPXHOCTH KOTOPOI COBHATarOT C
OKBUIIOTCHIOUAJIBHBIMU TOBCPXHOCTAMU pacCMATpUBACMOIO B 3a4auc IOJA (HaHpI/IMep, clioit
JURJIEKTPUKA, HAHECEHHBIN Ha MOBEPXHOCTh 3apsKEHHOrO 11apa). B aTux ciydasx yao0HO pemarhb
3a7ady, WCIOJNB3Ys 3alich TeopeMbl ['aycca A MHAYKIMH 3JIEKTPUYecKoro mois. Jta ¢dopma
TEOpeMBbl OCOOEHHO TIIOJIe3HAa, KOT/a BHIOpaHHAs 3aMKHyTas MOBEPXHOCTh OTCEKAeT YacTH
JMAJIEKTPUYECKUE TEJ WK CJI0EB, MOMEICHHBIX B AJIEKTpUYecKoe nosie. Ha moBepXxHOCTH 3THX Ten
BO3HHUKAIOT CBSI3aHHBIEC 3apsibl, KOTOPBIE TPYIHO MOJAAIOTCSA YUYETy B OOIEH cCyMMe OXBayeHHBIX
MOBEPXHOCTHIO 3apsAoB. OnHako, Teopema ["aycca asis s5eKTpuyecKord MHIYKIIMH TI0JIS YUYUTHIBAET
TOJBKO CBOOOJHBIC 3apsabl, CO3AABIIME II0JIe, a CBS3aHHBIC 3apsIbl YYHUTHIBAIOTCSA 3]1€Ch
aBTOMATHUYECKU B CaMOM MOHATHU MHIYKIMM HOJs. 3aMeTHM, KCTaTH, YTO B pa3HbIX yUYeOHHKAX U
3aJauHUKaX 3Ta BEJIIMYMHA HA3bIBACTCSA I0-pa3HOMY: B OJHHMX OHa Ha3BaHa AIIEKTPUYECKOU
HHHYKHHGﬁ, B JPpYyTrux — DJCKTPUYCCKUM CMCIHICHUCM. HaILO 3alIOMHUTB, YTO 3TH JBa TCPMHHA
TOXJICCTBEHHBI, 0003HA4asi OHY U Ty )K€ BEIUUHHY.

Kak oTmedeHO BbIlIe, MOXKHO HCIIOJNB30BAaTh MOHATHE HANPSDKCHHOCTH MOJS, YTOOBI HAWTH
CUI1y 3JICKTPHUYCCKOIO B3aHMOHeﬁCTBHH 3apSAKCHHBIX TCJIL. OcobeHHO MMPUBJICKATCIICH 3TOT IMOAXOI
TOrJa, Korga IoJ€ OJHOIro M3 TCJI MOXHO OTHECTU K YIIOMHMHABIIMMCA BBIIIC CTAHAAPTHBIM
ciydasM (mojie Imiapa, HHTH, IUIOCKOCTH WM T.A.). Torma apyroe B3aWMOJCHCTBYIOIIEE TeEO
paccMaTpuBaeTCs KaK paclpeleNeHHbIH 3apsil, HaXOIMIIUIiCS B TI0JIe M3BECTHOM KOHQUryparuu.
3T0 BTOpOE TEJNO pa3OMBAIOT HA AJIEMEHTAPHBIE YUACTKH ¢ 3apaaoM dQ v HaXoIAT AEHCTBYIOIIYIO
Ha Kaxnaplii ydactok cwiy dF, wucnome3ys cootHomenune dF = dQ*E(x,y,z) . Ilocme storo

OOBIYHBIM 00pa30M HAXOIAT PE3yJIbTHPYIOIIYIO CUIY BEKTOPHBIM CIOXKEHHEM 3THUX YAaCTHBIX CHII,



MPUMEHSSI TIPU HEOOXOIMMOCTH pPa3lIOKCHHE MX Ha HEKOTOpPbIE BHIOpPAHHBIC HANPABICHUS U
pa3ienbHOe HMHTETPUPOBAHME ATUX IPOCKUUH YaCTHBIX CWI. Takod MOAXOJ MO3BOJISIET BIBOE
COKpAaTUThH OOIIYI0 MPOIEeAypY pelIeHus, TOCKOJIbKY 3[eCh He TpedyeTcs pa30uBaTh MEPBOE TEIO
Ha yYaCTKM M PAcCMaTpUBaTh CHUJIbI B3aHUMOJECHCTBHS Ka)XIOrO0 TAaKOI0 y4yacTKa C y4acTKaMHu
Broporo Ttena. Eciam ke temo ¢ 3apsgom Q Haxomutcss B ogHopoaHoM moiie E , To maxe Her
He0o0X0IMMOCTH pa30oMBaTh 3TO TEJIO HA y4acTKH. [/leiicTByromas Ha HETO CHiia POCTO MOXKET OBITh
3amucana kak F=QE .

B aToM ke paznene OOBIYHO MMEIOTCS 3aladM, JJIsl PEIICHHUS KOTOPBIX MPHUMEHSETCS TaK
Ha3bIBaEMBIM METOJl M300pakeHuil. B maHHOM Kypce 3aJar0T camblii MPOCTOW BapHaHT, KOrja
3a/laHa CHCTEeMa 3apsoB, OINPEICNIEHHBIM 00pa3oM pAacCIOJIOKEHHass OTHOCUTENIBHO IIOCKOM
METAJUIMYECKON MoBepXxHOCTU. Ha 3TOil MOBEPXHOCTH BO3HUKAIOT WHAYLHMPOBAHHBIE 3apsiibl,
HCKXKAIONIUEe CBOMM TIOJIEM pachlpeselieHne MOl 3aJaHHBIX CBOOOJHBIX 3apsioB. Meron
M300paKeHUH 3aKII0YaeTCs B TOM, YTO CTPOUTCS SKBUBAJCHTHAs 3aJaHHON YCJIOBHas CHCTEMa
3apsaoB. B 310l cucteme cMMMETpUYHO (OTHOCHTEIBHO METATIMYECKON IIOCKOCTH) 3a/laHHOMY
CBOOOHOMY 3apsily BBOAMTCSA PaBHBIM €My IO BEIWYHHE 3aps]l MPOTHUBOMOJIOKHOTO 3HAKa U
paccmaTpuBaeTcs oblee moje 3Tux 3apsaoB. Eciu jke 1o yclioBuIo 3a1a4uu 3apsi TOMEIICH MEKITY
JBYMs MEPECEKAOIUMUCST METAJUIMYECKHUMU TUIOCKOCTSMH, TO JJI TOCTPOCHHUS 3KBHBAJIECHTHOU
CXEMBbl HAJ0 OTPA3UTh 3aJAHHBIA 3apsii OTHOCUTEIBHO Ka)KJOW IUIOCKOCTH, a 3aTEM IMPOBOJIUTH
OTpa)KEHUE MOIYYaEMbIX YCIOBHBIX 3apsAJI0B OTHOCUTENIBHO ITUX IIOCKOCTEHN, AEHUCTBYS TaK J10 TEX
1op, MOKa MPU OYEPETHOM I1are HOBBIE YCIOBHBIE 3apsAJIbl HE OKAXYTCsl OTPAKEHHBIMU B OJIHY U Ty
*e Touky. [1ory4rB SKBUBAIEHTHYIO CXEMY, IPOBOASAT AalbHEHIIIEEe pelieHe OOBIYHBIM METOIOM,

YK€ HC YYUTLIBAd HAJIMIUC MCTAJNIMYCCKOTr O TCJIa.

3. IoTeHuMAaJ 3JIEKTPUIECKOrO MOJIs

[Ipexne Bcero, MOCKOJIbKY camMo MOHATHE MOTEHIIMala TIPUMEHUMO TOJIBKO K MOTEHIUATbHBIM
MOJISIM, CJIeTyeT YOSAUThCS, YTO YCIOBHUS 33Ja4yHl MMOAPa3yMeBalOT HAJIMUYME MMEHHO TaKOTO ITOJIS:
JOJKHO OBITh MOHATHO, YTO B 3aJlaye PacCMaTpPUBAETCS AJIEKTPOCTATUYECKOE MOJie, T.€. YTO OHO
CTaIlIOHAPHO BO BPEMEHU WU €ro MapaMeTpbl U3MEHSIOTCS OY€Hb MEJJICHHO.

OCHOBOM METOJIOB HAaXOXKJICHMS MOTEHI[MaNa MOJII B 3aJaHHOM TOYKE CIYKUT HPUHIIUI
CYNEPIIO3UINH, KOTOPBIM CHpaBeMJIUB M Jis MOTeHIMana. [Ipu 3TOM, BaKHBIM MPEUMYIIECTBOM
METOJIMK OTpeeNIEHUs] XapaKTePUCTHK MO C HCIOIb30BAaHUEM €ro MOTEHIMAaa SBISIETCSA TO, YTO
B XOJI€ pEIICHHUs 3aJaud HE MPUXOAUTCS MpHOeratb K BEKTOPHOMY CYMMHPOBAaHHIO BETUYHMH. B
OTJIMYME OT HANPSHKEHHOCTU TIOJIs, MOTEHLUAN SBIAETCS CKalIsipHOW BenuuunHou. I[loatomy,
MOTEHIMAl OOIIEeTo MO, CO3/JaHHOTO CHCTEMOW 3apsOB, HAXOJUTCA IyTEM aireOpamdecKoro

CYMMHPOBAHHS MOTEHLMAJIOB MOJEH, CO3MaHHBIX KaXIbIM 3apsIOoM B paccMaTpUBAaeMON TOUKeE.



KOHG‘IHO, IIPpU 3TOM YUHUTBIBAIOTCS 3HAKH BCIWYMH OTUX IMMOTCHIUAJIOB. ITO CBOMCTBO IIoTCHIKajJIa
OKa3bIBaeTCsl 0COOEHHO IMOJIE3HBIM IIPU HAXO0XACHUN MOTEHIIMANA MOJISl paclpeeIeHHOro 3aps/ia.

[Tpu paccMoTpeHHH paclpeAeNeHHOTo 3apsifa NEHCTBYIOT MO YK€ W3BECTHOMY alIrOpUTMY:
TEI0 pa36HBaIOT Ha 3JICMCHTAPHLBIC YYAaCTKU. Onpez[ensm IIOTCHIHUAJI I10JI1 BCETO TEJIa B 3aﬂaHHOI>'I
TOYKE TPOCTPAHCTBA, MPOBOAAT anreOpandeckoe CYMMHPOBAHHME IMOTEHIIMAIOB IIOJEH ATUX
JJIEeMEHTapHBIX 3apsijioB B 3aJaHHOM Touke. Ecnum mo ycinoBHsIM 3ajaud MOJE€ Tejla 3aBEeIOMO
o0JamaeT oceBOi CUMMETPHEi, HAapUMep, MOJIe 3apSHKEHHOTO AKMCKA, TO MPH MOUCKE MOTEHIaNa
noJi1 Ha OCU CHUMMCTPUH, KAaK W IPU OMNPCACICHUN HAIPS)KCHHOCTU IIOJIA, MOKHO BI:IGpaTI: B
Ka4yeCTBE 3JIEMEHTApPHOTO 3aps/a HEKOTOPBIM yYaCTOK Te€Jla, CAMMETPUYHBI OTHOCHTEIBHO 3TOU
ocu (uIsi IpUMepa JMCKa — TOHKOE 3apsOKeHHOE KOJIbIO). Pa3OWMB ATOT ydacTOK Ha TOUYCUYHBIC
3apsaael dq W 3amMcaB IS TAKOTO 3apsifia M3BECTHYIO (OpMyIy MOTEHIIMajla, HHTETPUPOBAHUEM
OTOr0 BBIPAXCHUA IIPAMO 11O HepeMeHHOﬁ q JICTKO HaxXOoIdAT NOTCHIHAJ IIOJIA BCCTO BBI6paHHOFO
ydacTka Tena. Jlanee 1elCTBYIOT KaK OMMCAaHO B MPEAbIAYIIEM pa3Jiesie: HHTETPUPYIOT OJyUEeHHOE
BBIpAYKEHHE TI0 COZIEpKAILEMyCsl B HEM IapaMeTpy CUMMETPUH yJacTKa B Mpe/iesax ero N3MEeHEeHUs
COTJIACHO YCIIOBUSIM 33/1aud (B BBIOPAaHHOM MpUMEpE — M0 PaJANyCy KOJblla I' B Mpeaenax oT HyJs
A0 BHCHIHCTO pajuyca I[I/ICKa). B PE3YJIbTATC IMOJTYy4YaroT HCKOMBIN IIOTCHIHUAJI I10JIA BCETO TCJla B
3aJaHHOM TOYKE OCH CUMMETPHUH TEJIA.

HekoTopeie 3amaun MMeeT CMBICT pellaTh, MCHOJB3Ys CBA3b MEXIY HAIpPSHDKEHHOCTHIO U
MOTEHIIMAJIOM 3JIEKTPOCTATUUYECKOTrO TOJIs, KOTopas mpezcTasiieHa BoipakenneM E = —grad ¢ . B
YaCTHOCTH, 3TO KacaeTcs YIMOMSHYTOM 3a7jaud HaXOXKICHHs HANpPSHXKEHHOCTHU IOl HAa OCH JIHCKA.
Ota ¢dopMmyra CBSI3U UCIONb3yeTcsl B 000MX HampaBieHusx. Ecin 3amaHo wiM 1mo Xoay peuieHus
HalJEeHO paclpeleieHle IMOTEeHlMaga, Mo A3Tod (opMmysne MOXHO JIETKO HaWTH 3HA4YEHUS
HampsDKEHHOCTH TOJIE B MHTEpecyrommx Toukax. OTCyTcTBHE HEOOXOAMMOCTH BEKTOPHOIO
CYMMHPOBAHHSI 3HAYUTENHHO O0JEer4aeT B TAaKUX CIIydasxX Mpouenypy peueHus 3anadu. Haobopor,
npu HU3BECTHOU 3aBUCHUMOCTH HAMpsKCHHOCTHU IMOJIA OT KOOPAWHAT HAXOAAT 3HAYCHHA MMOTCHIIMAJIA
IIOJIA WJIKM Pa3HOCTU MOTCHIHAJIIOB B 3aJJaHHBIX TOYKAX IIYTCM HHTCIPUPOBAHUA MOLYJISI BEKTOpa
HaMpsHKEHHOCTH IO HAapaBlIEHUIO BAOJIb CUIIOBOM JTUHHUM MoJisd. B pamkax naHHoOro Kypca GuU3uKu
OOBIYHO OTPAHUYMBAIOTCS CIy4aeM 3aBHCHUMOCTH OT OJHON JeKapTOBON KOOPAWHATHI WU
panuanbHBIM pacnpeesieHHeM 3TUX Beln4MH. [Ipy peleHnn Takux 3ajjad 4yacTo JeNaloT OIIHOKH,
BbIOMpAs MyTh (M, COOTBETCTBEHHO, MpEAEIbl) HHTErpupoBaHus. Hajo BCIOMHUTB, 4TO MO OJTHOMY
U3 JIByX CBOUX OIpEAENCHUI MOTEHIMal MOl (@ YHCIEHHO paBeH paboTe MO MepeMelleHHUI0
€AMHUYHOTO MOJIOKHUTEIHFHOTO 3apsi/ia U3 3aIaHHOM TOYKH B Ty TOYKY, B KOTOPOW MOTEHIIMAT UMEET
HyJIeBOW ypoBeHb. IIpu 3ToM B GONBIIMHCTBE 3a7a4 nojaralor ¢ = 0 Ha OECKOHEYHOM yAaJIeHUU
OT CHUCTEMBI 3aps0B, CO3JaBIIEH Mojie. YUTEeM U TO, YTO YUCICHHOE 3HAUYCHHUE MOTCHIANA, KaK U

ar000i Apyroil BeMUYUHBI, (AKTUYECKU SBJSETCS €r0 OTCUETOM OT HyJeBoro ypoBHA. [loaromy



UHTETPUPOBAHUE BEJIETCS OT TOYKM HYJIEBOIO YpOBHA (T.e. OT OECKOHEYHO YAaJECHHOIO
MOJIOXKEHUA) 0 paccMaTpUBaeMOW TOYKM, a HE OT Hayala KOOPAMHATHI 10 TOYKU HAOIIOICHHUS.
Hampumep, mycte pacnpeneneHue HampspKeHHOCTH Tolisi umeeT Bua E(x) u Tpebyercs HailTu
MIOTEHLIMAJ I0JI B TOYKE X, IIPU TOM, YTO B 3a/aye 3aJaHO U IOJIO)KEHHE Hayaja KOOpPAHMHAT X

(HarmpuMep, MO yCIOBHIO 3TO HA4ajo CBA3aHO C LEHTPOM 3apsuKEHHOro Tena). Torzaa omnpenenseM
xa (3 (3

MOTEHIMAN KaK @ = —'[ E(x)dx , moxcraBinsis B BEpXHUN IPENEN X, , @ B HIDKHUN — OECKOHEUHO
o0

YAQICHHYIO TOYKY, T.e. ®©, a He Xy . Eciam TpeOyercs HaWTH pa3HOCTh TMOTCHIHMAIOB A@ Ha
OTIpEAICIEHHOM OTpEe3Ke, TO HCIONB3YIOT 3Ty ke (opMmyidy, TOJIBKO B TMpeAenbl WHTerpaa
NOACTABJISIIOT KOOPAWHATBHI 3aJaHHBIX TOYCK. Bcnomuaum 3J€Ch, 4YTO MOXHO H3MCHHUTH 3HAK
HHTCrpaja, moMCHAB MECTaMU NIPCACJIbI MHTCTPHUPOBAHMA.

B stom ke paszzmene paccMaTpHBAIOTCS 3a/laydl MO OMpPENEIeHHUI0 padOThI MO MepeMEeNIeHHIO
3apsHKEHHOTO TeJla B 3JIEKTPUUECKOM Molie. Eciu B aeKTpocTaTudeckoM Mojie ABHKETCS TOUEUHOE
3apsHKEHHOE TEeJNO, TO MCKoMas paboTa ompefelseTcss Kak MPOU3BENEHHUE 3apsiia 3TOTO Teila Ha
Pa3sHOCTb IMOTCHLIMAJIOB BHCHIHCTO IIOJIA B KpaﬁHI/IX TOYKAaX TPACKTOPHUU JIBUKCHUA. To xe
OTHOCHTCSI K CIIy4ar0 JBH)KEHUS 00BEMHOIO 3apsyKEHHOTo Teja B OJHOPOJHOM BHEIIHEM moie. B
3a/la4axX JaHHOTO Kypca OrpaHUYMBAIOTCS STUMHU JIBYMS MPOCTBHIMU CIy4asMH. B Ipyrux ciydasx
peHICHUC 3aa4YU 3HAYUTCIIbHO YCIIOXKHACTCA U3-3a H€06XOI[I/IMOCTI/I pa36HCHI/I$I OGT:GMHOFO TCJIa Ha
KBa3UTOUYCYHBIE 3aps/Ibl U MIOUCKA 00IIeH paboThl Kak CyMMBI pa0OT MEPEMEIICHHUS dTUX 3apsIOB B
HEOJIHOPOJHOM BHEIIHEM 1oJje. B 1enom e, B ciayyae 11000T0 3JIeKTPOCTaTUYECKOTO MO Coco0
pacuera pabOTHI Yepe3 pPa3HOCTh MOTEHIIMAJIOB SBISETCS MPOCTEHINNM, T.K. 37€Ch HE Tpelyercs
YUYUTBIBATH TPACKTOPHUIO ABIKEHUS.

Crnemgyer oTMETHTh OCOOCHHOCTH PEIICHUs 3a7a4, B KOTOPBIX MO YCJIOBHUIO 3apsij JTBUKETCS
OTHOCHUTEJIbHO METAJIIMYECKON IMJIOCKOCTH U IO XOJy PELICHHs HAJ0 ONpeNeNsTh paboTy IO €ro
nepemenienuto. Kaxercs, yto 3Ty paboTy TOXK€ MOXKHO HAWTH C HUCHOIB30BAHHUEM Pa3HOCTH
NOTCHIUAJIOB IMOJISI MHAYHUPOBAHHBIX Ha IIJIOCKOCTU 3apsai0B B HavaJIbHOM M KOHEYHOM TOYKaX
JBIDKEHUS, OMPENENsis 3Ty Pa3sHOCTh C MPHUBICYEHHEM METOa 3€pPKaJbHOTO M300pakeHHs (BEIb
MMEHHO B 3TOM TIOJie JBMXKETCs 3aJaHHbIi 3apsan). OmHako, 3To mpuBeneT K omuoOke. [ToHstuem
MOTEHIIMaaa 37eCh TOJb30BaThCS HENb3s. J[eWCTBUTENbHO, NPU JBIKEHUH 3apsiia U3MEHsETCS
pacnpe/eeHrne HalpsHKeHHOCTH €T0 TOJIs B 00J1aCTH METAJUTMUECKON TJIOCKOCTH, CIIEI0OBATENBHO,
MEHSIETCSl paclpeie]ieHUe WHIYIIMPOBAHHOTO 3apsia B MeTaule, a 3TO MPUBOAUT K HU3MEHEHHUIO
pacnpeneneHus yKe 3JIEKTPUYECKOro IMOoJsl MIOCKOCTH BO BCEM MPOCTpaHCTBE. TakuM 00pazom,
JNEKTPUYECKOE TOJI€ TUIOCKOCTU SBIISETCS 3/1€Ch MEPEMEHHBIM BO BPEMEHM, U MO3TOMY OHO HE
YAOBJIETBOPSIET KPUTEPHIO MOTEHIIMAILHOCTH TOJIA. B Takux 3amayax paboTy cieayeT OmpenesTh

110 W3BECTHOMY M3 MEXaHHMKH CIoco0y uepe3 KyJOHOBCKYIO CHIIy Kak A = [ F(x) dx . Dra cuna



OIpeIeTISIeT 37IeCh B3aUMO/ICHCTBUE 3aJaHHOTO CBOOOHOTO U PACTIPEICIICHHOTO WH Iy IMPOBAHHOTO
3apsijia, 3aMEHsIEeMOr0 COTJIACHO MPaBHJIaM METO/Ia 3ePKAIBHOTO H300pa)KeHUsI Ha YCIIOBHBIN 3apsi,
MPUYEM STOT YCIOBHBIN 3apsiJl TOXKE JBUKETCS OTHOCUTEIBHO TNIOCKOCTH CUMMETPUYHO JTBUKCHUIO

CBOOOIHOTO 3apsija.

4. JDHeprus J1eKTPUYECKOr0 NMoJisl. JJIEKTPOEMKOCTh

DnekTpuyecKkas 3Heprus cucreMbl N TOUEUHBIX 3aps10B MPEICTaBICHA CYMMapHOM dHepruei
v o N
B3aUMOJIEHCTBH ATUX 3apsanoB. [Ipu pacdere 3toil 3Hepruu no gopmyne W = %ZH q.¢, (roe

1 - HOMCD 3apsla B 3aJaHHOM CI/ICTCMG) CICAyCT MMOMHHUTL, YTO 3ACCH (P PACCUUTBHIBACTCA KakK

MOTEHIINAJI TTOJI B TOYKE I PACHOJIOXKEHHUS 3apsijia qi , CO3JaHHbIM BCEMHU OCTAIbHBIMU | 3apsAaMu

N-1

CHCTEMBI, KpOME CaMoT0 3apsija i . ITO YCIOBHE MOKHO 3alUCaTh TaK: @, = Z ®,(1) .

J#

[Tpumenenue 3Toi GopMyIIbI K CAyHar0 YEIUHEHHOTO 3apsKEHHOT0 MPOBOJHUKA IPUBOIUT K
cxoxert dopmyie st ero sHeprun: W = Q ¢ /2 , tme Q — oOmuit 3aps MPOBOJHUKA, O — €0
MOTEHIIMAJ. DTO CTAaHOBUTCS TMOHSATHBIM, €CIM BCIIOMHUTb, YTO BO BCEX TOYKaX MPOBOJHUKA
MOTEeHIIMad OJMWHAaKoB. B 3amayax uacto 3amatorcs (opma NPOBOAHHMKA W TOBEPXHOCTHAS
IUIOTHOCTL 3apdla o . TOI‘,Ha 3apsaa onpeAcidCTCA MPOU3BCACHUCM IIOMIA MOBCPXHOCTH Ha
BEJIMYMHY G , a MOTEHIMA] MPOBOJAHMKA HAaXOAMUTCS KakK B 3a7avax MpeAbIayIIero pasjaena.
Haiinennyto TakuMm 00pa30oM SHEPTHIO HA3bIBAIOT COOCTBEHHOM »HEpruei mpoBojaHuka. Js
MIPOBEPKU MPABUIIBHOCTH MOJYYEHHOTO pe3ybTaTa HaJ0 3HaTh, YTO COOCTBEHHAsI SHEPTUs BCEraa
HMMEeT MOJIOXKHUTEIbHOE 3HAUCHHE.

3Hepr U CUCTCMbI 3apsKCHHBIX ITPOBOJHUKOB CKIAABIBACTCA W3 CYMMBI HUX COGCTBGHHLIX
3H€pFI/Iﬁ (OHpeILCJUICMI)IX AT KQKAO0TO MPOBOAHUKA CUCTEMBI B OTACIIBHOCTH KaK IJid YCAUHCHHOI'O
MPOBOJHHMKA) U SHEPTrUU UX B3aUMOJIEHCTBUS (KKl MPOBOJIHUK SIBISETCS 3/1€Ch 3apsKEHHBIM
TEJIOM, HAXOISAIIMMCA B TOJ€ JAPYTUX 3apsDKeHHBIX MpoBOAHHMKOB). I[Ipu pacuere sHEprum
B3aPIMO,Z[€I>'ICTBI/I$I HCIIOJIB3YIOT TaKoM ke noaAXxod, Kak B CJIy4a€ CUCTCMbI TOYCUHBIX 3aps10B. HpI/I
MPOBEPKE PE3YJIHTATOB pacyeTa HAJAO0 yYeCTh, UYTO DHEPrUs B3aUMOJCUCTBUS MOXKET OBITh Kak
MOJIOKUTEILHOU, TaK U OTPULATENIbHOM, OJHAKO IOJIHAS 3JEKTPUYECKas SHEPTUsl CUCTEMBI, KaK U
COOCTBEHHBIE YHEPTUH MPOBOJHUKOB, BCETIA MOJIOKUTEIbHBI.

3ajaun MO HAXOXKIEHHUIO SHEPIHH 3JIEKTPUUECKOTO MOJIsl, COCPEIOTOUEHHOIO B HEKOTOPOM
o0beMe, pemalTcss € MPUBJICYCHUEM TMOHATUS OOBEMHOW IUIOTHOCTH DHEPrHM, KOTOpas
OTIpeIeTIIeTCsl KaK SHEPTHs B €IMHUIIE 00beMa M paBHA W = € & E*/2 . Torma 3amaHHBIN B 3a7a4e
0o0BeM pa3buBaeTcs Ha Majble AIeMeHTapHble 00beMbl dV , SJHEPTUs B KaXkI0M U3 KOTOPHIX MOXKET

OBITE 3amucana kKak w dV , a 06H_IaSI OHEPTHUA HAXOAUTCA MHTCTPUPOBAHUCM B IIPCACIaX 3aJaHHOT'O

obbema: W = '[de V' . Ecnu paccMaTpuBaeTcsi HEOAHOPOIHOE TOJIE€, TO HAJI0 IPOBEPUTD, HEJIb34 JIU
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O00BETUHHUTD B OJIHY (DPUTYPY COBOKYITHOCTH TOYEUHBIX OOBEMOB, B KOTOPHIX MOIYJbh E omuHaKOB.
Tak, B yCIOBUSIX LEHTPO- WJIM OCECHMMETPHYHOTO IOJII UMEET CMBICI OOBEIUHATH B TPYMIbI
TOUYCYHBIE 00BEMBI, HAXOIAIINECS HA OJUHAKOBOM PACCTOSIHUU OT OCH MITU LIEHTpa cuMMeTpun. Bo
BCEX TOYKaX IMOJIy4eHHOH MpH 00beIUHEHNU (PUTYpBI BeTHMUMHA W OYJeT OJJMHAKOBOM BCIIEICTBHE
paBerctBa moxynst E B atmx Toukax. Torma B kadecTBe siemeHTapHoro oobema dV Oyner
BBICTYyNaTh 3Ta ¢urypa (Hampumep, MApOBOM CIOM MayoW TOMIUHBI dr , B IIEHTpE KOTOPOTro —
CO3/IaBIIKI MOJIe TOYEHHBIH 3apsia). 3anucaB dV Takoil Gpurypsl uepe3 reoMmeTpuyecKrue mapaMmeTphbl
CTPYKTYPBbI, IpU HaxoXkAeHUH W HMHTErpUpOBaHHUE IMPOBOAUTCS 110 ITUM IIapaMeTpaMm (Harpumep,
10 paANyCy CJO0s T ) B 3aJJaHHBIX B YCJIOBUH Ipeerax.

Wuorga B 3aadax CTaBUTCS BOIMPOC OO0 OMNpENENIEHWH CHUJIbl B3aWMOJACWUCTBHUS Tapbl
3apsHKEHHBIX TPOBOAHUKOB. YacTo ynoOHO AenaTh 3TO, WCIHONB3Yys H3BECTHYIO CBSI3b CHUJIBI U
noreHuuanbHoil sHeprun F = — grad W, . Onpenenus sHepruo B3aUMOJECHCTBUS KaK yKa3aHO
BBIIIIE, 3aT€M HaXOT IPaIMEHT MOIYYECHHON BEJIMUMHBI 110 HAPABICHUIO CUJIOBBIX JIMHUMN noJist. B
KauecTBe IMpUMEpPA, MOXKHO OTMETUTh 3a/Jayd IO OMNPEICICHUIO CHJIbI B3aUMOJICHCTBHUS MAaphl
3apsKEHHBIX TIACTHH.

B sToM ke pazaene 0ObIYHO cOOpaHbl 3a/1a4M MO HAXOXKACHUIO AIIEKTPOEMKOCTH OTAEIBHBIX
KOHJIEHCATOPOB U UX cOOpok. DopMysbl s pacueTa eMKOCTH YEIUHEHHOM c(epbl U OCHOBHBIX
TUIIOB KOHJIEHCATOPOB OOBIYHO BBIBOASTCA B KypcCe JIEKIHMA. 3/1€Ch CTOUT JIUIIb OTMETHTD, YTO €CIIH
B 3ajlaue BCIIEACTBHE YIYIICHUs THUII KOHJIEHCATOpa HE yKa3aH, TO MOXKHO HCIIOJIb30BaTh TOT (DaKT,
YTO TpU MalIOM 3a30p€ MEXIy IUIACTUHAMU EMKOCTh KOHAEHCAaTopa JI000ro THUIla MOYKHO
NPUOJIM3UTENBHO OIICHUTH 10 (POPMYJIe EMKOCTH IJIOCKOTO KOHEHCATOPA.

beiBaeT 3amaHo, 4YTO TNPOMEXYTOK MEXAY JJIEKTpPOAaMHM KOHAEHCATOpa 3alojHEH
HECKOJIbKUMH CJIOSIMU Pa3HBIX AUAIEKTPUKOB. JIJI HaXOXKIEHHS] €MKOCTH TaKOro KOHAEHcaTopa
MOXXHO MPUMEHHUTH Clenyromuii nmpueM. [I0CKONIbKY TpaHUIbl CIIOEB OKa3bIBAIOTCS MapalieNbHBI
oOKJIaIkaM, TO OHH COBIAJAIOT C HKBUIOTEHIIMAJIBHBIMH MOBEPXHOCTSAMH IOJII B KOHJEHCATOPE.
Toraa MOYXHO MBICJIEHHO HAaHECTH Ha TH TPaHUIIbl TOHKHME METANINYECKUE TUIEHKU. JTO IEeHCTBHE
HUKAaK HE HApyIIMT HU pacHpelesieHue IOJisl, HU pacHpelesieHrue MOTeHIMajda B KOHJEHcaTope,
MOCKOJIbKY BHECEHHBI BO BHEIIHEE TMOJ€ METAJUTMYECKUN MPOBOAHHK HUMEET OJUH M TOT XKe
MOTEHIIMaJl BO BCEM CBOEM o00beMe, T.€. 3TH IUIEHKM NpPOCTO Kak Obl BHU3YAIHU3HUPYIOT
SKBUIIOTEHIMAJIbHbIE TOBEPXHOCTH M0 B KoHAeHcaTope. C Ipyroil CTOPOHBI, 3TH IJIEHKU MOYKHO
paccMmaTpuBaTh Kak 0OKJIaJKU KOHAEHCATOPOB, KOTOPbIE BCTPOEHBI B 3a/IaHHBIM U UMEIOT KaXK]IbIi
BHYTpU ce0s TONBKO OJMH IuAJIeKTpuueckuil cioil. Takum oOpa3om, 3aJaHHBIN KOHAEHCATOP
paccMaTpuBaeM Kak psj TOCJIEJOBATEIbHO COEAMHEHHBIX KOHIECHCATOPOB M HAXOAMM OOIIYIO

C€MKOCTB 3TOI'0 COCAVMHCHUA 110 U3BECCTHOMY ITpaBUITY.
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Uro KacaeTcsi HaX0XJIEHUSI EMKOCTH COOpKHM KOHJEHCATOPOB, TO HAJ0 YIPOCTUTH 3aJaHHYIO
CXeMYy MX COEAUHEHUS, BBIACIHB B CXEME€ YYaCTKH NapaJUIeIbHOTO WIM MOCIEA0BATEIBHOTO
COEIMHEHUS] KOHAECHCATOPOB M MPEICTAaBUB MX B BUJIE PKBUBAJIEHTHBIX €MKOocTel. B xome 3Toro
npeoOpa3oBaHusl CXEMBbl HAJIO0 3HATh, YTO TOYKH CXEMbI C PaBHBIMU MOTEHIMATAMU MOTYT OBITh
COEJIMHEHB! WIN Pa3beIUHEHBl. ITO MOKHO HCIOJIb30BaTh ISl MOJy4eHUs 00Jee MPOCTOM CXEMBI.
[Ipouenypy mpocmoTpa cxembl Ha MpeAMET OObEeIWHEHUS €€ BEeTBEl B BHUAE SKBHUBAJCHTHBIX
€MKOCTEW HaJ0 MOBTOPSATH 0 TEX MOP, MMOKA JaJdbHEHIIEe YIPOILIEHHUE yKe He nmpoBecTu. Toraa B
pe3yJbTaTe MOJYUYHUTCS MPOCTast CXeMa, JIETKO MOAIAI0MIAsACS pacyeTy ¢ MPUMEHEHUEM (pOpMyIT JUIs

IMOCJICA0BATCIIBHOTO UJIHU MAapalJICJIbBHOTO COCAMHCHU A KOHACHCATOPOB.

5. 3aKoHBI OCTOSIHHOTO TOKA

B srom pazgene copepkarcsa 3aJaud Ha pacueT AIEKTPUYECKUX LIeTell U Ha MpeBpalieHue
SHEPTUH JIEKTPUUECKOI0 TOKA B TEIIOBYIO (DOPMY IHEPIHH.

[Tpu paccMoTpeHUH 3aJaHHON AJIECKTPUUYCCKON IS YacTO ObIBAET MOJIE3HO MEPEUEPTUTH €¢,
9TOOBl TMONYYUTh HOBYIO, OOJiee HAINSIHYI0 M TMPOCTYI0 HSKBHUBAJIEHTHYIO CXEMY, B KOTOPOM
CTAHOBUTCA OYUYCBUIHBIM THUII COCIUHCHUSA (HOCJIGIIOBaTeJIBHOG 1501058 HapaJI.HGJIBHOG) COCTaBHBIX
gacTed CXEMBI (KaK BETBEN e, TaKk U OTACJIBHBIX 3JICMCHTOB — PE3UCTOPOB, HICTOUYHHUKOB TOKa,
KOHJIEHCAaTOpOB). B X0z 3T0i# mporeaypsl CTOUT UCIIONIB30BATh TO, YTO B 3aJJaHHOM CXEME MOYKHO
COEIUHATh WIH Pa3beIUHATh TOYKHM, UMEIOUINE paBHbIE MOTeHIMaNbl. HaunHaoT cocTaBieHue
SKBHUBAJIEHTHOM CXEMBI C pACCMOTPEHUS KaXJI0H BETBU 3aJaHHOMN IIEMH. Y TPOCTUB BUJ COCAMHEHUS
QJICMCHTOB BHYTpPH Ka)I(,HOfI BCTBH, INOBTOPAIOT ITY NPOUCAYPY B OTHOIICHHWU COCAMHCHHA LCIIbIX
BETBEW. DTU MpOIeypbl MPOBOJAT A0 TEX IOpP, MMOKAa AAJBHEHIIETr0 YHPOIIEHUS CXEMbl YK€ He
ylaercs MOJIy4YuTh. Temepb MOXKHO HCIOJB30BaTh (OPMYJNBI ISl pacueTa CONPOTUBICHUS
napayjieNbHO WM MOCIE0BATeIbHO COCTUHEHHBIX PE3UCTOPOB, a TAKKe MPUMEHUTH 3aKoH Oma
JUIsL YYacTKOB LIETINM W I Bced 3aMKHyTOM nenu. Omnpexpenss cymMMapHyto O/IC BKIIOYEHHBIX B
Y4aCcTOK HETIM HCTOYHHUKOB TOKA, HYXXHO CJICIHUTH 3a TCM, YTOOBI SI[C BCTPCYHO BKJIHOYCHHBIX
HMCTOYHUKOB BOIIJIM B CYMMY C pa3HbIMH 3HaKaMu. Hazo Taxke yuuThIBaTh TO, UTO KOHJEHCATOP HE
MPOIMYCKaeT TMOCTOSIHHBIM TOK, MO3TOMY CHJa TOKa Ha YYacTKe IelH, TJe KOHACHCATOp
oCJICA0BATCIIbHO COCIUHCH C IPYTUMU 3JICMCHTAaMU, paBHAa HYJIIO.

Pacuer ci10KXHEBIX PA3BCTBJICHHBLIX 3JICKTPUYCCKHUX ueneﬁ MMPOU3BOAAT C MOMOIIBIO IPaBUJI
Kupxroda. [Ipu 3TOM BBIMOTHSIOT CIIETYIONTUE ACHCTBUS:

a) OMPEENAIOT 10 cXeMe o0I1ee KOoJIMuecTBO BeTBeil nenu M u y3moB N

0) COBEpIICHHO IPOU3BOJIHLHO 0003HAYAIOT HA CXEME HAIMPABJICHUS TOKOB BO BCEX BETBSIX
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B) BBIIEISIOT B CXEME HE3aBHCHMbIE KOHTYpPBI, CJIE€AsS 3a TEM, 4YTOObI KaXblil HOBBII
HallIeHHBIN KOHTYP BKJIIOYaN B c€0s XOTs Obl OJIHY BETBb, HE COJEPIKALLYIOCS B BBIJICIIEHHBIX paHee
KOHTYPax, [IOCJI€ YETo OMSATh e MIPOU3BOJILHO BEIOMPAIOT HANpaBIeHUs 00X0/1a KOHTYpPOB

) coCcTaBiSIOT Uit JIOOBIX (N-1) y3JI0B crcTeMy ypaBHEHHH JUIsl TOKOB COTJIACHO NEPBOMY
npaBwity Kupxroga, moMHs 0 TOM, YTO BXOSIINI B Y3€J1 TOK IPUHITO CUUTATH MOJIOKUTEIHHBIM, a
BBITCKAIOLINI U3 y3JIa — OTPULIATEIIBHBIM

) K 3TOil cucteme ypaBHeHuil no0aBisitoT M-(N-1) ypaBHeHU#, COCTaBIECHHBIX COTJIACHO
BTOpoMy mpaBuiy Kupxroda s HE3aBHCHMBIX KOHTYpOB. IIpH 3TOM COBEpIIEHHO HE HYKHO
COIIacOBBIBaTh MEXJIy co00il HampaBieHUs 00XoJa BBIOpPAHHBIX KOHTYpoB. TOK B BETBH,
BXOJAILIEH B pa3HBIC KOHTYPBI, MOXKET paCCMaTPHUBATHCA B OHOM YPABHEHHH KaK IOJIOKHUTEIbHBIN
(coBmazas MO HANpaBJICHUIO C BBIOPAaHHBIM HAaIpaBlieHMEM 00XOJa 3TOT0 KOHTypa), a B JAPYroM
YPaBHEHHUHU — KaK OTPULATENIbHBIN. 37€Ch HaJ0 BHUMATEIbHO CIEANTDH 3a NMPAaBUIBHOCTBHIO 3alMCH
3HakoB DJIC MCTOYHMKOB TOKA, BKJIIOUEHHBIX B BETBU KOHTYpA : €CJIHM MPU 00XOJEe KOHTYpa UIYT
BHYTPH OOO3HAYEHHOIO Ha CXEME HCTOYHMKA OT €ro «MHUHyCa» (OTPHLATENBHOrO IOJII0ca) K
«umocy», To /]C 3TOro NCTOUYHMKA BXOIUT B YPAaBHEHUE KaK MOJIOKUTEIbHAS

ITocne 3TOro pemaror MOoIy4YeHHYI0 CUCTeMy M ypaBHEHUI OTHOCHUTENIBHO TOM BXOIALLEH B
HUX BEJIMYMHBI, KOTOPYIO HAJI0 ONPEJCIINUTD M0 YCIOBUIO 3a/1a4Hl (HallpUMeEp, 3TO MOKET ObITh TOK B
OJTHOW W3 BETBEW IIEMHU, WJIW CONPOTHBICHHE KaKOTO-HUOYynIb pe3uctopa, wim BenuwduHa D]J[C).
Ecim B pesyinpTare NonMy4arOT OTPHULATEIBHBIE 3HAYEHHA TOKOB, 3TO IPOCTO 3HAYUT, YTO HX
JeCTBUTENbHBIC HAIIPABIICHHS B CXEME IPOTHUBOMOJIOKHbI BBIOpaHHBIM. JT0 Xke kacaetcs u DJIC.

IIpu pemeHuu 3afad Ha NPEBPAILLEHUE IEKTPUUYECKOW SHEPIUU B TEIUIOBYIO HCHOJIB3YIOT
3akoH JDxoyns-Jlenna. OTMeTHM, 9TO B XOpOIIO W3BeCTHOH (opme Q = I> Rt 9TOT 3aKoH
CIPaBEIJIMB B CIIy4ae MOCTOSHHOrO Toka. OHAKO, B yCIIOBUM MHOTHX 3a/ay yKa3blBAE€TCA, 4TO
CWJIa TOKa B LeNM Hu3MeHsAeTcsa. Torma Hamo BOCHONB30BATHCS TEM, YTO 3TOT 3aKOH MOXKET
CUNTAThCA CIIPABEUIMBBIM JIIsI OECKOHEYHO MAJIOTO MPOMEXYTKa BPEMEHU. JTO TaeT BO3ZMOKHOCTh
OTpPEACIUTh BBIJEIMBILEECS B TEUEHUE 3TOT0 MaJIOTO BPEMEHU KOJIMYECTBO TEIUIOTHI, 3alUcaB
3akoH B aubdepenmmansiom Buge dQ = I*(t) R dt . OGb4HO B 3ajaue yKa3bIBACTCSI XapaKTep
M3MEHEHMs TOKAa CO BPEMEHEM (HampuMep, paBHOMEpPHOE Bo3pacTaHue WM yoObiBaHue). C yuyeTtoM
3TOTO YCJIOBHUS CIEYeT 3anucath (opMyIy 3aBUCUMOCTH CHIIBI TOKa OT BpeMeHH I(t) u moacTaBuTh
ee B BeIpakeHue it dQ . Ilocie 3TOro MOXKHO HAWTH BBIJCIMBINEECS 3a BCE BpeMs oOIee

KOJHMYECTBO TEIJIOTH Q IMyTeM MHTErpUpPOBAHUS MO BPEMEHH MOIYYeHHOT 0 BhipaxeHus dQ .

6. MaruuTHoe 1oJie NIOCTOSTHHOI'0 TOKAa
PCIHGHI/IG 3a4a4 I10 onpez[eneHmo I/IHIIYKIII/II/I HNIn Hal'IprKeHHOCTI/I MAarduTHOT O ITOJIA cnez[yeT

HAa4YMHATHh C COCTaBJeHUS rpaduueckol cxembl 3afaud. Ha 3ToM pucyHke HyX HO 0003HAYHThH
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HaIlpaBJICHUsI TOKOB BO BCEX IPOBOJHUKAX CXEMbl M HAHECTH B TOYKE, pacCMaTpPUBAEMOM IIO
YCIIOBUIO 3aJa4M, BEKTOPbl MHIYKIMM MAarHUTHBIX IOJIEH, CO3JaHHBIX BCEMM IPOBOIAHHMKAMH C
TokoM. IIpu 3TOM Hazmo ydects, 4TO cornacHo 3akoHy buo-Casapa-Jlamiaca BEKTOp MarHUTHOM
MHIYKIHAHA NEPHEHAMKYJSIPEH IUIOCKOCTH, IIPOBEICHHOW 4Yepe3 3JIEMEHT TOKA U PaJnyC-BEKTOp,
HaTpaBJICHHBIA OT ATOTO 3JIEMEHTa K TO4YKe HaOmroneHus. HampaBieHue ke BEKTOpa WHIYKIHA
oIpeieNnseTcs Mo MpaBwily OypaBuuka (MHaue Ha3bIBAEMOMY IPABHJIOM MPaBOW PYKH WU IIPABOIO
BUHTA). [lOCKONBKY MarHuUTHas WHAYKUUS M HANPSDKEHHOCTh MAarHUTHOTO TOJIS MOJYMHSIOTCS
NPUHIUITY CYNEPIO3UIUK, TOJIHAS BEIMYMHA MAarHUTHOTO TIIOJII B 3a/JlaHHOW TOouyke Oyzer
OTPEAEATHCS BEKTOPHOM CYyMMONW MArHUTHBIX WHAYKIUHM (WM HANpsyKEHHOCTEH MarHUTHOIO
0J151), OOYCIIOBJIEHHBIX Ka)KJbIM IPOBOJHUKOM. OTMETUM 3/1€Ch OOCTOSTENBCTBO, KOTOPOE YaCTO
3HAYUTENbHO 00JIeryaeT pelieHue 3alauu: €clii 10 YCIOBHIO 3aJlaul BCEe MPOBOJHUKHU M 3aJjaHHas
TOYKa HaOJIONEHUS JIeXkKaT B OJHOM IJIOCKOCTH, TO BCE BEKTOPHl MAarHUTHOM MHIYKIMH B 3TOU
TOUKe OyJyT HampaBj€Hb! BAOJIb OJHON MPSAMOM, U OOIIYI0 MAarHUTHYO MHAYKIIMIO MOKHO HCKATh
IIPOCTO AIreOpauyecKUM CIOXKEHHEM MOJYJIeH BEKTOPOB C Y4ETOM MX 3HaKoB. Eciu xke XoTs Obl
OJMH TIPOBOJHUK (WM JaXe OTPe30K NPOBOJHHMKA) BBIXOJUT M3 3TOW IUIOCKOCTH, TO HaJ0
IIPOBOJUTH BEKTOPHOE CJII0’KEHUE MarHUTHBIX MHYyKIIHN.

Eciu B 3amaye 3amaHbl TOHKHE HPSAMOJIMHEMHBIE NPOBOJHUKH, TO MOIYJIM WHIYKIHHA H
HaNpsOKEHHOCTH HX MAarHUTHBIX TIOJEH ONPEAENSIOTCS COIJacHO H3BECTHBIM (QopMysaM Jis
OECKOHEUHBIX MM OTPAHMYEHHBIX 0 JUIMHE MpPSMBIX TOKOB. B ciyuwasx, xoraa ¢opma TOHKOTO
MIPOBOJIHUKA OTJIMYAETCS] OT MPSAMOJIMHEHHOM, Ha/l0 BBIIEIATh HA HEM 3JIEMEHTapHble ydyacTku dl,
KOTOpBIC YCJIIOBHO CYUMTAIOTCS MPSIMOJIMHEHHBIMH, W OOO3HAUYUTh HA CXEME 3aJa4ll BEKTOp
MarHuTHOM mHayKimu dB , co3manubIil 3TEM 3memenToM Toka I dl B paccmarpuBaemoii Touke.
Monyne 3TOro 3JI€MEHTApHOTO BEKTOPAa MArHUTHOW MHAYKLWU 3aIlMCBIBAETCS COIIACHO 3aKOHY
buo-Casapa-Jlaruiaca. MarauTHasi MHIOYKIUS BCEro IpoBOAHMKAa B paBHa BEKTOPHOM CyMMe
uaaykuuii  dB Bcex asneMeHTOB Toka. [Ipy HaXoXAEHWH STOH CYMMBI, YTOOBI MOXHO OBLIO
IIPUMEHUTH OIEpPALMI0 HHTEIPUPOBAHUSA, HCIIOIB3YIOT TOT JK€ NPHUEM, YTO M B 33Jadax IIo
UIEKTPOCTATHUKE: BBIOMPAIOT HAa CXEME HAIPaBJICHHUS OCEH, OMNpEAEISAIOT IMPOEKLUUH BEKTOpa
MarHMTHOM MHIYKIUHU NPOU3BOJBHOIO JIEMEHTA TOKAa Ha 3TH OCH, IIOCIE YEro s KaKIOW OCH
MPUMEHSIOT OIEPALUI0 HWHTETPUPOBAHUS, OIpENeNss NPOEKUUU OOIIero BEKTOpa MAarHUTHOU
WHAYKIUU BCETO MpOBOJHMKA. HampaBieHnus oceil BeIOMparoT Hambosiee yZOOHBIM 00pa3zoM Juist
yCIIOBHS KOHKPETHOM 3anaud. Tak, eciau MpOBOJHUK MMEET CUMMETPHUHYIO (OpMy, TO OIHY U3
OCEH JIy4llle HAallpaBUTh BJOJb OCH CUMMETPHUH NPOBOAHHUKA. [107€3HO 3HATH, YTO €CJIM MAarHUTHOE
nojie o0NazaeT OYEBHIHOW OCEBOW CHMMETpHEH (Hampumep, IoJie KOJBIEBOIO TOKa WIH
COJICHOMJIA) U ONIpeleNsieTcss BEIMYMHA MAarHUTHOW MHIYKUIMU B TOYKAX OCH CHUMMETPHH, TO

pe3yapTupyromui Bektop B OyaeT HampaBlieH BIOIb 3TOW OCH.
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Korga B 3amade 3agaH IIMPOKMH NIPOBOJHUK, TO NPHUMEHSIOT CIEAYIOIIHA IOAXOA K
pELIEHHIO: YCJIOBHO pa30MBalOT MPOBOJHUK IO LIMPUHE Ha HA0Op MapaiesbHbIX TOHKUX
MIPOBOJIHUKOB, B KAXXJAOM M3 KOTOPBIX TE€UYET 4acTh OOLIEro TOKa, W OINpPENeNsi0oT MarHuTHYIO
MHAYKIWIO, CO3JAaHHYI0 KaXKJbIM M3 3TUX IPOBOJHUKOB B PACCMAaTPUBAEMON TOUKE, IOCIE YEro
HaXoAAT OOIIYI0 MarHWTHYIO MHIYKIHIO KaK CyMMYy HHIYKIMHA 3THX MPOBOIHUKOB. OOBIYHO B
3aJa4yax JaHHOIO Kypca OrPaHMYMBAIOTCS CIy4acM INHPOKUX MPSIMOJUHEHHBIX IPOBOJHUKOB
IIOCTOSIHHOTO ceueHus. B Takux 3amadax TOK B KaKIOM YCIOBHOM TOHKOM IPOBOJHUKE MOXKET
ObITh 3anmcad Kak | (da /a) , rne 1 — oOmuit TOK B IKUPOKOM MPOBOAHMKE, da M a — mupuHA
YCJIOBHOTO M 33JaHHOTO HIMPOKOr0 IMPOBOJHUKOB COOTBETCTBEHHO. EcCiu 3a1aHO, 4TO MPOBOJHUK
IUIOCKUI M TOYKa HAOMIONEHMs JIXKHUT B OTOW € IUIOCKOCTH, TO OOIas MarHuTHas MHIYKLHS
oTpesieNsIeTcsl MyTeM anre0panvyeckoro CyMMHPOBAHUS MAarHUTHBIX MHAYKLUUH TOJEH yCIOBHBIX
MIPOBOJIHUKOB, TMPOBOAMMOTO B (OpME HHTETPUPOBAHHMS IO TMEPEMEHHOW — PpACCTOSHHIO OT
YCIIOBHOIO TPOBOJHUKA A0 TOYKM HaOmoneHus. Ilpu 3ToM, B KauecTBe NpHUpaIlEHUs ATOrO
paccTosiHUSA BBICTYIAET 3JE€MEHTapHas HMpUHE da YCIOBHOIO TOHKOIO IPOBOAHHUKA, KOTOpPAs
BXOAMT B (hopMyJly IIpU MOACTAHOBKE B HEE BBIPAKEHUS Ul TOKA B YCIIOBHOM INpoBojaHuKe. Eciu
e B 3a/1a4€ 3a/1aHbl APYTHe YCIOBUS, Kacarommecs GopMbl CeUeHHUs TPOBOIHUKA MM TOJI0KESHUS
TOUYKH HaOJIOIEHUS, TO HAJ0 MPOBOAUTH BEKTOPHOE CYMMHPOBAHME MATHUTHBIX MHIYKIUN TOKOB
YCIJIOBHBIX TOHKHMX IPOBOIHHMKOB, W JUIsl IPUMEHEHUSI UHTETPUPOBAHUS JAEUCTBOBATH KAK ONHCAHO
BBIIIE, & MMEHHO — pa3JOoXHUTh BEKTOP HHAYKLIUH YCIOBHOTO TOKAa IO BBIOPAaHHBIM OCSM U
IIPOBOJIUTH pa3/ielbHOE WHTETPUPOBAHUE MPOCKIUM Ha 3TH OCH, HAxXoAs TakuM oOpa3oM
KOMIIOHEHTBI 00IIIer0 BEKTOpa MArHUTHOM WHIYKIUH.

B HekoTopbIX 3a1a4ax, 0COOEHHO TaMm, Ii€ 3aJaHHbII MPOBOIHUK UMEET OCEBYIO CUMMETPHIO,
U pelieHHus yIO0OHO MCIOJb30BAaTh 3aKOH IOJHOTO TOKAa WM, MHAYE, TEOPEMY O LUPKYJSLHUU
MarHuTHoM uHAykuuu. [Ipy 3TOM Haxo BbIOMpaTh KOHTYp 00X0Ja, y4YWThIBas CIlEAYyIOIINE
coobpakenust. KOHTyp J0JKeH NOTHOCTBIO COBMAAATh C JIMHUEW MarHUTHOM MHAYKIUH, B TOUYKaX
KOTOpOM BeIMYMHA UHAYKIIUK UMEET OJIMHAKOBOE 3HaYEHHE, TMOO0 YacTh KOHTypa IMPOBOJUTCS TakK,
YTOOBI OBITh MEPIEHAUKYJISIPHOW BEKTOPY MHIYKLHHU HAa 3TOM ydYacTKe. DTO MO3BOJISIET OOHYJIHUTH
ckamsipHoe mpomsBeneHue Hedl Ha omHMX dacTsAX KOHTypa M 3amUcarh €ro IMPOCTO Kak
npou3BeZicHne Moaysel 3tux BektopoB H d/ mpu mpoxone BIONB IpYyrux yacTed KOHTYpa.
[IpumepaMu MOTYT CIIy HUTb KOHTYP-OKPY>KHOCTb BOKPYT IPSIMOJIMHEMHOTO MPOBOJHUKA KPYTJIOTO
ceueHMs (WIM BHYTPU HETO, €CIIM IO YCIOBHIO HAJ0 PACCMOTPETh TOUKM B 3TOM MECTE), a TAKXKe
IPSIMOYTOJIbHBIA  KOHTYp, I€PECEKAIOIIMA 10 HOPMajaM IIONEPEYHOE CEYEHHUE IIJIOCKOIrOo
npoBonHUKa. HampaBneHne o0xoga KOHTypa BBIOMpAeTCS IPOU3BOJIIBHO, a OXBaThIBaeMbIe
KOHTYPOM TOKH CUMTAIOTCS MOJOXKUTEIbHBIMH, €CJIM UX HAIPABJIEHUE COOTHOCUTCS C BBHIOPAHHBIM

HampaBlieHHeM 00xo0/a KOHTypa COIVIaCHO TpaBwiy OypaBuuka (mpaBoro BuHTA). Ecim B
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pe3yabpTaTe pEelIeHHs 3a/auyd BEJIMYMHA MATHUTHOW MHIYKUIUU (MJIM HAMPSHKEHHOCTH MarHUTHOTO
T0JIs1) OKa3bIBAETCS OTPHUIATEIBHOM, 3TO MPOCTO 3HAUUT, YTO JACUCTBUTEIHHOE HAMPABICHHE ATOTO

BCKTOpaA SABJISICTCS IPOTUBOIIOJIOKHBIM BBI6paHHOMy HaITpaBJICHUIO O6XOI[a KOHTYpa.

7. BiausiHHMe JIEKTPUYEeCKMX H MATHUTHBIX MOJIeH Ha ABUKYILIHECsH 3apsiaibl U
NMPOBOJHNKH C TOKOM

BnusiHue cTalMoHapHBIX BO BPEMEHM JIEKTPUUECKUX IOJIEN HA IBUYKEHUE 3apsifioB CBOJUTCS
K JCUCTBUIO Ha 3apAlabl KYJOHOBCKOM CHIIBIL, OIpPEACIIAEMOM uepe3 3aJaHHyl B 3aJaye
HaIpsDKEHHOCTh AnekTpudeckoro moyst kak F = Q E . OOblyHO B pamMKax JaHHOTO Kypca
OTPAaHUYMBAIOTCA CIlydaeM [BIJKEHUS TOYEYHOTO 3apsia B CTAllMOHAPHOM OJHOPOIHOM
JIEKTPUUYECKOM TI0JIe, TpeHeOperas MpH 3TOM BO3JEHCTBHEM TI'pPAaBUTAL[MOHHOIO OIS 3€MIIH.
KynoHoBcKkyt0 cuily, HampaBlIeHHYIO 1O OJHOW JHHHMU ¢ BekTopoMm E, cienyer o0o3HauuTh Ha
CXEMaTUYECKOM UYepTexe 3a1aud (He 3a0bIB 00paTuTh BHHMaHUE Ha 3HAK 3apsana ), mocie yero
peleHe 3a1a4 O JBMXKEHUM 3apsKEHHON YacTHIbI IPOBOJUTH COIJIACHO OOBIYHBIM METOAMKAM
pelIeHns 3a1a4 110 JMHAMUKE MEXaHUYECKOIO JBUKCHHUS.

ITockONbKY 3IEKTPUUYECKUN TOK €CTh HAIIPABJIECHHOE MABM)KEHUE 3apsyKEHHBIX YacTHII, TO
BJIMSIHUE MAarHUTHOTO MOJIS HA IBUXKYILKECS 3apsAabl U IPOBOJHUKH C TOKOM OJMHAKOBOE IO CBOEH
cytn. OHO mposBIIAETCA B MOSBICHUM CHIBL, ACUCTBYIOIIEH Ha 3aps] WIM INPOBOJHUK U
BBI3BIBAIONIECH, COrJacHO 2-My 3akoHy HpIOTOHa, BO3HUKHOBEHHME COHAINpPAaBICHHOIO C HEW
yckopenus. Hanpasnenue kak cuibl Amrnepa (IeicTByomel Ha IpOBOJHMK), TaK U cuiibl JIopeHna
(melicTByromel Ha JBUXKYILIUICS 3apsl) ONpEAeNseTcs OJHUM U TEM JKE€ IPaBWIOM — Tak
Ha3bIBAEMBIM IPABUJIOM JIEBON pyKHu. COrjlacHO 3TOMY IPaBUITy, €CJIM IOCTABUTh JIEBYIO PYKY TakK,
YTOOBI BEKTOP MAarHUTHOW MHAYKLMHU KaK Obl BOH3AJICS B JIAJOHb M HAIPaBUTh HAJbLbl PYKH IO
HaNpaBJICHUIO TOKa (JBUKEHUS 3apsHKEHHOM 4acTUIlbl), TO OTCTaBJICHHBbIH BOOK OOJIBIION mManer
nokaxkerT HampasieHue cuiabl Awmmepa (Jlopenma). CremyeT NOMHUTB, 4YTO Takoil cmoco0
olpezesieHus] HarpaBiieHusl cuiibl JIopeHna cripaBeasiuB AJisl MOJOKUTENbHBIX 3apsi/ioB, a B cllydae
OTpULIATENIbHBIX 3aps0B HalpaBieHue cuibl JlopeHna 6yaeT npoTHBOIOI0KHBIM.

[Ipuctynas x pelIeHuIo 3alauy, CIEAyeT COCTaBUTh BEKTOPHYIO JHMarpaMMy, yKa3aB Ha Hel
HalpaBJICHUE TOKAa B IPOBOJHUKE (WJIM BEKTOpP CKOPOCTH MABMXKYLIETOCS 3apsja), BEKTOP
MarHWTHOH WHAYKIMU W 00O3HAYMB BEKTOpP CHJIBI, ACHUCTBYIOIICH HAa TPOBOJHHWK I 3apsi.
HampaBiieHne BeKTOpa CHIIBI ONpPENEISAETCS 10 MPAaBUIY JEBOW PYKH B YCIOBUAX KOHKPETHOM
3agaun. Eciu opma nmpoBogHMKA OTIMYAETCS OT JUHEWHOMW, TO ClieyeT pa30oUTh €ro Ha IpsMble
OTpE3KU U 0003HAUUTH BEKTOPHI CHIIBI AMIiepa, NeHCTBYIOIIEeH Ha KaxIbli ero ydactok. OOmas
CWJIa HaxXOJUTCsl BEKTOPHON CyMMOH 3Tux cwi. Eciu B MpOBOJHUKE HENb3s BBLACIUTH IPSIMbIE

y4acTKH (Hampumep, OH uMeeT (HopMy IyTrH), TO €ro HajJao pa3OuTh HA YYACTKH DJIEMEHTApHOM
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JuHbL d/ , KOTOpbIE MOKHO CUMTATh MPSIMOJIMHENHBIMU, U 0003HaYUTh BeKTOp cuibl Ammepa dF,
JICUCTBYIOIIEH HA MPOU3BOJIBHO B3AThIA Y4acTOK. Toraa 3aKkoH AmIiepa 3aluchbiBalOT JJIsSl SJIEMEHTA
toka (I dl) : dF =1 [dl xB]. O6mas cuna F sBisieTcsi BEKTOPHOH CYMMO# 3THX 3JI€MEHTAPHBIX CHIT
dF 1 HaxoauTCsl COTrJIaCHO ONMMCAHHOW BBINIE MPOLEAYpEe, KOTAa BhIOMpatoTcss Hanbosee y1o0HbIM
00pa3oM OCH KOOPIUHAT, 3aIMCHIBAIOTCS NMpoeKuuu criibl dF Ha 3TH OCH M TPOBOAUTCS pa3esibHOE
MHTETPUPOBAHUE TOJYUEHHBIX BBIPAXKECHHUH ISl HAXOKICHUS MpPOeKIuil olmiero Bekropa cuibl F,
JICUCTBYIOILEH HAa BECh IPOBOIHHUK.

B HekoTophIX 3aauax KOHTYp MPOBOJHMKA MMEET BHUJl PAMKH, 3aKPEIUICHHON B KaKHX-TO
CBOMX TOYKax Ha HEKOTOPOH ocu BpaieHus. B 3Tom citydae, 0003HauMB Ha YepTekKe BEKTOPHI CUIIbI
AmMrmepa, penieHue 3aJadd HaAo0 MPOBOJUTH B TEPMHUHAX MOMEHTOB CHJI, KaK U IOJIOKEHO IpHU
pPacCMOTPEHUH TUHAMUKY BpalaTeIbHOTO IBUKEHHUS Tea.

CrnemyeT OTMETHTh, YTO B Pa3HBIX y4YeOHHKAX W 3aJayHWKaxX B MOHATHE cuibl JlopeHna
BKJIaJIBIBAIOT pa3HoOe cojepkaHue. B OonpmmMHCcTBE M3 HUX cuiioil JIopeHIa Ha3bIBalOT CUILY
BO3JIEUCTBUS CO CTOPOHBI MATHUTHOTO IMOJISI HA ABWXKYyIIUKcA 3apsa. OIHAaKO, HEKOTOPBIE aBTOPHI
MPUMEHSIIOT 3TOT TEPMHH Ui 0003Ha4YeHHs OOIel CHIIbI, KOTopas ACMCTBYeT Ha 3apsig U CO
CTOPOHBI 3IEKTPUUYECKOTO MOJIsA, U cO CTOpOoHBI MarHuTHOTO ToJ1A : F = Q E + Q[VXB] , rne V —
BEKTOP CKOPOCTHU ABMXEHUS 3apsiaa. OOBIYHO e 3TO paBEHCTBO Ha3bIBaIOT (hopmyiioit Jlopenia, a
noJ, cuioit JIopeHiia HIOHUMAaKOT TOJIBKO BTOPOE CllaraéMoe.

Ecim mo ycrmoBuio 3agauM Ha JBMKEHUE 3apsa OJHOBPEMEHHO OKAa3bIBAIOT BIIMSHHE
3aJlaHHBIe JJIEKTPUYECKUE KM MAarHUTHBIE TOJS, TO HAa CXeMe Haao O0003HAYUTh BEKTOPHI
KYJIOHOBCKOHM U JIOPEHLIEBOM CHUJI, ONPEJEINB WX HANpPaBJICHUS MO OTMEUEHHBIM BBIIIE IIpaBUiaM,
mocjie 4ero oOBIYHBIM 00pa3oM pemiath 3aaady 10 JWHAMUKE IABMOKEHHS 3apsna. [Ipu sTom Hamo
IIOMHUTh, YTO HW3MEHEHUE KHWHETUYECKOM OSHEPruM 3apsyKCHHOW YaCTHULBl IMPOUCXOIUT TMOJ
JEUCTBUEM TOJIBKO 3JIEKTPUUYECKOIO TMOJISI, TOT/Ia KAK MarHUTHOE IOJIE U3MEHSET HAlpaBICHHUE, HO
HE MOJYJIb CKOPOCTH YaCTHULIBI.

Ha 3ToM ke 3aHATHM MOXXHO PacCMOTPETh U 334 10 HAXO0XKIECHUIO PaOOTHI 10 H3MEHEHUIO
MOJIOKEHHS KOHTYpa ¢ TOKOM B MAarHMTHOM MoOJje. 3aMEeTHM, YTO TaKHe 3a/Jayu IeJIeco000pa3Ho
pelaTh Ha OCHOBE HamboJee 00Iero MoaAxo/a, onpeaenss 3ty padory kak A =1 Ad,, , rane AD, —
W3MEHEHHE MPOHU3BIBAIONIETO KOHTYP MAarHUTHOTO MOTOKa, | — cuja Toka B KOHType. JTa olras
(dopMysa MO3BOISET ONPENEIUTh PadOTy ¥ MPH BPALICHUH KOHTYpA, ¥ TPU €Tr0 MOCTYMATeIbHOM

MepeMeNIeHrH, U B CTydae KOMOWHAIIUN ATUX JIBHKCHHM.

8. DuekTpomaruuTHas UHAYKIUA. CaAMOMHIYKIMS
33)13.‘-11/1, B KOTOPBIX IIO YCJIOBHIO BO3HHUKACT SABJICHUC BHGKTpOMaFHHTHOﬁ HUHAYKIOWUUA,

peliaTes ¢ mpuBiiedeHreM 3akoHa Papajesi, corjacHO KOTOPOMY IpPU M3MEHEHWU MarHUTHOTO
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noroka @, ckBo3b KOHTYp B HeM Bo3Hukaer OJIC €, . HampaBieHue BbI3bIBAEMOIO €O
MHAYKIIMOHHOTO TOKa HA/l0 OMpPENeNsTh C MOMOIIbI0 npaBuwia JIeHua: co3gaBaeMoe 3TUM TOKOM
MarHuTHOE TOJIe, CKJIQJbIBAsCh C MPOHHU3BIBAIOIIUM KOHTYpP TOJEM, MPENSATCTBYET 3aJaHHOMY
W3MEHEHUI0O MAarHUTHOTO IMOTOKA. 3HAYMUT, €CJIM 3a/1aHO YBEJIMYEHHWE MArHUTHOTO TOTOKA 4Yepe3
KOHTYP, TO T0JI€ UHIYKIIMOHHOTO TOKa HAMPABIIEHO BCTPEUHO K MAarHUTHOW UHAYKIIUU UCXOTHOTO
nosig. HaoGopot, mpu 3alaHHOM yMEHbBIIEHUHM MarHUTHOTO MOTOKAa HAIpaBJIEHHS HCXOJHOTO U
WHIYKIMOHHOTO MAarHUTHBIX MOJed coBnagaroT. OnpenenuB Mo YCIOBUSAM 33Jaud HalpaBJICHHE
WHAYKIIMOHHOTO MAarHUTHOTO TIOJS, HAaxoJsIT IO TMpaBuWiIy OypaBuMka (TIpaBOro BHUHTA)
HarpaBJieHWE WHIYKIIMOHHOTO TOKAa B KOHTYpe M O003HAUYAIOT €r0 Ha CXEMAaTHYECKOM YEpPTEXKeE.
MoXHO yCJIOBHO OOO3HAYWTh TaM JK€ W JOIMOJTHHUTEIBHBIA HCTOYHHUK Toka, uMmerommii DJIC,
paBuyto €, . Takoe oOo3HaYeHHE HE MO3BOJIUT 3a0bITh ydyecTh DJIC MHAYKIMH, €CIU MO XOIy
pemieHus 3amauM moTpedyeTrcs 3ammcarh 3akoH Oma Uisi paccMaTpuBaeMOro KOHTypa (Takas
MOTPEOHOCTH MOYKET BOSHUKHYTh JUISl HAXOXKICHHS CHUJIBI MHIYKIIHOHHOTO TOKA).

3n1ech HaJ0 OTMETUTh, YTO B T€X 3ajayax JAaHHOTO Kypca, Tlie 3aJaHO pa3MelleHne KOHTypa
BO BHEIITHEM MAarHUTHOM TI0JIE€, MATHUTHOE I0JIe MHAYKIIMOHHOTO TOKa OOBIYHO HE YYUTHIBAETCS B
KAaueCTBE COCTABISIONIEH OOIIEero MarHUTHOTO TOJISL MIPH 3aliCH U3MEHEHHS] MAarHUTHOTO MOTOKA,
MMPOHU3BIBAIOIIETO KOHTYP. DTO KacaeTcs, HapUMeEDp, 3a/1a4d, B KOTOPBIX MO YCIOBUIO MPOUCXOIUT
MCYE3HOBEHHE BHEITHETO MAarHUTHOTO TIOJISI UM TIOBOPOT KOHTYPA.

Ecnu 3amaHo nBH)XKEeHHE HE3aMKHYTOTO NMPOBOJHMKA B MAarHUTHOM TOJ€ W Haa0 HaWTH
Pa3HOCTh TMOTEHIMAIOB Ha €ro KOHIIAX, TO TOT/Ia MBICIEHHO IOTOJHSIOT 3TOT MPOBOJHHUK [0
3aMKHYTOTO KOHTYpa HETOJBUKHBIMU 3JIEKTPOIAMH, IO KOTOPBIM CKOJIB3ST KOHI[bI IPOBOJHUKA, U
MIPUPABHUBAIOT UCKOMYIO Pa3HOCTh MOTEHIMAIOB K Bo3HUKawomeh DJIC uHAyKIuU, onpeness ee
1o 3akony dapanes.

M3MeHeHre MPOHU3BIBAIOIET0 KOHTYP MarHUTHOTO MOTOKA MOXET ObITh 00YCIIOBICHO TaKkKe
W3MEHEHHEM COOCTBEHHOTO MArHMTHOTO TOJS KOHTypa, KOTJa MO YCJIOBHIO B KOHTYpE TE4YeT
CO3JJaHHBIN HEKOTOPHIM MCTOYHUKOM TOK I, M 3a/IaHO U3MEHEHHE CHJIBI ATOTO TOKAa. DTOT CIydai
W3MEHEHUS COOCTBEHHOTO MAarHUTHOTO IIOTOKa KOHTypa MPHUHSATO BBIIEIATH B OTICJIBHYIO
KaTeropuio 3JIEKTPOMAarHUTHOW MHIYKIMU U Ha3bIBaTh SBIEHHEM caMOMHAYKIMH. [Ipu perneHun
TAKUX 3a/1a4 HCIOJIb3yeTcsl crenuanbHas (opma 3ammcu 3akoHa Dapanes, cBs3wiBaromas J/C
CAaMOMHIYKIIUM TPSIMO CO CKOPOCTHIO HM3MeHeHWs Toka B memm: €, = — d(L i) / dt , rme
MHAYKTUBHOCTH KOHTYpa L siBnsieTcss KoapuueHToM MponopuuoHaIbHOCTH MEXTy CHIION TOKa U
COOCTBEHHBIM MarHUTHBIM MOTOKOM KoHTypa: @y, = L i . B 3amagax manHoro xypca 3HadeHue L
0o 3a7aeTcs B yCIOBUH, TMOO, JJIsi COJICHOM A, PACCUUTHIBAETCS 1O M3BecTHOU (opmyne. Hamo
31ech O0paTWTh BHUMAaHWE HA TO, YTO WHIYKTUBHOCTH COJIeHOHWJA C (heppOMarHUTHBIM

CECPACUHNKOM 6yz[eT 3aBUCCTh OT CHJIbBI TOKAa B KaTyIIKE H3-3a 3aBUCHMMOCTU BCJIMYHMHBI |[L OT
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MAaromuTHOro 1moJjid B CEPpACYHUKC. HOE)TOMy npu pCelmiCHUM 3aJa4yu C TaKUM YCJIIOBUCM HAIo
MOKMCKaTh rpauK ITON 3aBUCHUMOCTH B CIIPABOYHOM pa3Jiesie 3aJauyHHKa.

OT™MeTUM TakXke M TO, 4YTO €CIM KOHTYp COAEPKUT HEKOTOPOE KOJIMYECTBO BUTKOB
npoBogHUKA, TO U D, u @D, 3amensorcs B Qopmynax Ha BenuuuHy ¥, Ha3pIBaemylo
MOTOKOCIHCIUVICHUEM U PAaBHYIO CyMMC MArHUTHBIX ITOTOKOB Y€pPC3 BCC BHUTKHM KOHTYpPA. Eciu B
3a7a4e paccMaTpHuBaeTcs KaTymika ¢ N BUTKaMU OJMHAKOBOro pasmepa, To torma ¥ = N @,,.
Kpome Ttoro, umcno ButkoB N Hamo He 3a0bITh y4ecTh U TIPU HEOOXOAMMOCTH pacydera
COIIPOTHBIICHUS] KATyIIKA 3aJaHHBIX rabapuTOB, KOTJa IO XOJY pEIICHUS Haa0 HaWTH CUITY

WHAYKIOIUOHHOI'O TOKA.

3akiiioueHune

[IpencraBieHHbIE PEKOMEHIAIMU MO PEIICHWIO 3a]a4 OXBAaTBHIBAIOT KPYT 00s3aTeIbHBIX
BOIIPOCOB, TIOJIJICIKANTUX U3YUYCHUIO CTYJCHTAMH BEUCPHUX OTMICICHHA Ha MPAKTUICCKUX 3aHATHUSIX
B 0o0beMe 16 4HacoB B paMKax TPEXCEMECTPOBOTO Kypca oOydeHusi ooOmieit ¢usuke. Marepuan
pa3zOuT Ha pa3felnbl, KaXAbli U3 KOTOPBIX MPEANoiaraeTcs pacCMOTPETh Ha OTIEIHHOM 3aHSITHH.
OpHako, TpU TMPOBEACHUU 3aHATHH MO JABYXCEMECTPOBOMY KYypCy YCKOPEHHOTO OOydYeHUs
MPETIOKEHHBIC TEMBI, KOHEYHO, OyAyT KOMOMHHpOBATHCS. Tak, IeIeco0Opa3HbIM SBISICTCS
obbenuuenue TeM 1 u 2, 3 u 4 (C oTHeCeHHWeM 3ajad Mo KoHAeHcaTopaM K Teme 5). K Teme 6
no0aBysieTCsl OMpeesieHne B3aUMOACUCTBUS MPOBOJAHUKOB C TOKOM (M3 TE€MbI 7), a IPUMEHEHHE
¢dopmynbr JlopeHmia paccMaTpuBaeTcs BO BpeMsl 3aHATUSA 1Mo TeMe 8. boiee TOro, BO3MOXHO
MpOBeJIeHUE 00BbETMHEHHOTO TIEPBOTO 3aHATHS (TeMbl 1 U 2) B KOHIIE TIEPBOTO CEMeCTpa U3YUCHHS
(DM3HUKY TIPU COOTBETCTBYIOIIEM MIEPECMOTpPE OOIIET0 paclpeesiCHUs] TeM MPAKTHUSCKUX 3aHITHHA.
[Ipu TakoM ckaTuu Marepuana OCBOOOXKIAIOIIMECS Yachl 3aHATHI HCIONB3YIOTCS IS W3YYEHUS
OCTaBIIUXCS 00S3aTENBHBIX PA3JEeioB YCKOPEHHOTO Kypca obmied gusuku. B sTom ciydae Tembl
JAHHOTO MOCOOMS OYyAyT OXBaThIBATh YaCTh MAaTE€pHUaIa, MOJJICKAIIETO PACCMOTPEHUIO BO BTOPOM
CEeMECTpe, W CTYJICHTaM CIIAyeT OOpaTUThCS K JOTOJHUTEIHLHBIM METOJMYECKAM MaTephaiaM,

3aTparuBaroIIiM OCTABIIHECS BOIPOCH YCKOPEHHOTO Kypca.
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