PaboTa npu nBUKeHHe HA POBOJHUK C TOK B MATHUTHO oJie. MarHuTeH moTokK. 3akoH
Ha ['ayc 3a MarHuTHuA NoTOK. L{UpKy/1anus HA BEeKTOPAa HA MATHUTHATA WHAYKLIMA

Pab6ora P IBUKCHHE HA TPOBOAHUK ¢ TOK B MAIrHUTHO IT0JI€. MarHuTeH MoToK

Kakto ka3zaxme, ako NPOBOJAHHUKBT C TOK, MOCTAaBEH BHB BBHIIHO MAarHUTHO TOJE€ HE € 3aKpercH
HETOJBIKHO, TOW mIe 3amovHe Ja ce mpemecTtBa. CriefoBaTeTHO HaJA TMPOBOJHMKA C€ HM3BBpLIBA padoTa
(meiictBa cwia u umame mnpemectBaHe). llle mpecmerHeM Ta3u paboTa B HAW-TPOCTUS CIIydalk — KOraro
MIPABOJIMHECH MPOBOIHUK, IO KOWTO TeUe NMOCTOSHEH TOK, C€ IPEMECTBA B €THOPOJHO MarHuTHO moye. Heka na
pasriiefiaMe MpaBOBI'bIHA paMKa, MO KOSTO Tede MOCTOsSHEH TOK |, a eaHara ¥ cTpaHa, ¢ abokuHa |, €
MOJABMKHO CBBp3aHa KbM JAPYTHTE U MOXe CBOOOAHO (0e3 TpueHe) na ce xib3ra mo 1iax (¢dwur. 1). Ako

TOCTABAM PAMKaTa B MATHUTHO TOJIE ¢ MHAYKIKS B, Ha BCAKA CTpaHa OT Hesl lie JelicTBa CHila Ha AMIep
CTpaHara, KOSTO HE € 3aKpereHa, [e 3all04He Ja Ce JBIIKH MO JCHCTBUE Ha Ta3H CHiia. 3a MaIbK HHTEPBAI OT
Bpeme dt T e ce mpuaBMKK Ha pascrosiHue OX. B mokaszanus cimydaid Ha ¢ur. 1 mocokara Ha cujara Ha
Awmriep, KosTO JieiicTBa Ha MOIBU)KHATA CTPAHA HA paMKaTa, € Ha/IICHO, a TOJIEMUHATA 1 €:

F =IBlsina, ) ) g \ Ao
KBJIETO O € BI'BIBT, KOHTO CKIIIOYBA [TOCOKATa HA TOKA, KOWTO Teye Mo !
crpanara |, ¢ mocokara Ha MarHWTHaTa MHAYKLIUS HA BBHIIHOTO IOJE

B. lle pasriieiaMme Hal-TIPOCTHUs ClTydail, KOraTto MoJIBUXKHATA CTpaHa
¢ HepreHANKYIIpHA Ha Mocokata Ha moseTo(a=m/2 u Sina=1) u mox
JICHCTBME Ha CWJIaTa Ha AMIEp 1€ M3BBPIIBA CAMO IOCTBIIATEIIHO
nemkenne. ToraBa neiicTBamara cuia e 0s1e F=IBl u uzBspmicnara
eleMeHTapHa pabota OA 3a mpeMecTBaHETO Ha TMPOBOJHHMKA Ha
pascrosinue dX 1e Obe: ¢wur. 1

dA = F.dx = Fdxcos3 = IBldxcosf,
KBACTO B € BI'bJIBT MCIKAY ITOCOKUTEC HA BEKTOPUTC E u dT( (aKO PpaBHHHATA HAa paMKaTa € ICPIICHAUKYJIIpHA
Ha nocokata Ha nosero, B=0, u cosp=1,). [Ipoussenenuero ldX e romemunara Ha riomra dS (3ampuxoBaHara

wiony Ha ¢ur. 1), KOATO OMKCBa MOABUKHATA CTPaHa MPH JABIKCHUETO cu. Taka, 3a padotarta dA, mojy4aBame:
(1) dA=1BdS cosp .

Kakto ce Bmkzaa ot ¢ur. 1, sreabT Mexay HopMmaiata N keM miomra dS (mocokata Ha BekTopa 0S) u

________'.‘?____)

marHuTHata uHAyKIus B cemo e B (F L B,dx L n). Taka npoussencuuero BAScosp mpunnya Ha eqna
BEJIMYMHA, KOSATO BBBEAOXME 3a EJIEKTPOCTaTHYHOTO TMojie (TMOTOK Ha BEKTOpa Ha HMHTCH3MUTETa
dd. = E.dS =EdS cosfB) u ananornuno naedpuuupa nmorokbt dPp Ha BEKTOpa Ha MarHUTHATA MHAYKIHS TIpe3

wiomra dS, KaTo CKaJlapHOTO MPOU3BEICHHE HA BEKTOPUTE B u dS =ndS:
(2) d®, = B.dS = BdS cosp .
Axo0 ucKaMme J1a MPecMeTHEM I0TOKa Ha MarHuTHaTa WHAyKIus ®p mpe3 mpo3BosHa o S, TpsOBa aa
uHTerpupame (2) mo msara mionml;
D, :Id®B :JBcosBdS .
S S

Ot ompeneneHneTo ce BUXAA, Y€ MEpHaTa €AMHMIIA 32 MAarHUTEH MOTOK (IIOTOK Ha BEKTOpa HAa MarHUTHATa
uaayknus) e [T.m?] u ce napuua BeGep [Wb] Ha uMeTo Ha Hemckus ¢usux B. Bebep. Marautuust notox @g
(ananornyno Ha Ok 3a €IEKTPOCTATUYHOTO TOJI€) € MPONOPIIMOHAIEH HAa OpOsi HA MATHUTHUTE CHJIOBH JINHUM,
KOUTO TIpecHyaT MepreHANKYISIPHO JaieHaTa TUIonl S (C IPOTHBOMOIOKHH 3HAIM 32 BIM3AIIUTE ¥ U3ITU3AIINTE
JIMHUN).

Karo umame nipensun (2), (1) Moxke aa ce 3anuiie BbB BUAA:

(3) dA=1dD,,
kb1eT0 P € MAarHUTHUAT NOTOK Ipe3 TioniTa dS, KOsSTO ONMKMCBa MPOBOTHUKET IPH CBOETO JIBUYKECHHE.

@®opmyna (3) e BanmIHA 32 MPOU3BOJIEH TOK (HE camMoO 3a IMOCTOSHEH) M 3a MPU3BOJIHO MarHUTHO TIOJIE.
[IbnHaTa pabora A 3a mpeMecTBaHe Ha HMPOBOJHHK, MO KOHTO Teue Tok |, Ha kpalfHO pa3CTOsSHHE MEXIY

MOJIOKeHUs 1 ¥ 2 B MarHUTHO ToJie ¢ MHAYKIus B 1m1e Obe:

4) A:_Z[dA:_Z[IdCDB = [1Bcospds,,
1 1 S



KBbACTO Se mionaira, KosTo OIMKMCBa IMMPOBOJHUKBT IIPU CBOCTO IBHIKCHUC.
AKO TOKBT, KOWTO Te€dYe IO MPOBOJHHUKA, € MOCTOSTHEH M PaBHUHATA HA KOHTYpa € MEPICHIUKYISIpHA Ha
MOJIETO, (4) ce ONMpOCTSIBa 3HAUUTEITHO M MOKEM J1a 3aITHUIIIEM:

A:IIBdS,
S

a aKo M I0JIETO € XOMOI€HHO (§ = const) u3passT (4) mpuaoOuBa BUIA!
A=1B[ds =1BS.
S

3akoH Ha Fayc 3a MArHUTHHUA IMOTOK. I_II/IpKyJIaIII/Iﬂ Ha BEKTOpPAa HA MAarHUTHATaA HHAYKIUSA

Koraro ropopuxme 3a OTOK Ha HHTEH3UTETAa Ha €JIEKTPOCTATUYHOTO 110JIe, HUE (POopMyJIupaxmMe 3aKOHa Ha

I'ayc 3a noroka Ha uHTeH3uTeTa ®E Mpe3 MPOM3BOJIHA 3aTBOPEHA MOBBPXHOCT M BUASXME, Y€ TO3U MOTOK €
IIPOIOPLIMOHAJIEH Ha rojeMHHATa Ha 3apsijia, 3arpajeH OT Ta3u MOBBPXHOCT. TyK ChIIO MOXEM Ja 3alulIeM
nonobeH 3akoH. Kazaxme, yue marHuTHuAT notok ®p € mponopuuoHaIeH Ha Oposi HA MarHUTHUTE CUJIOBU
JIMHUM (B3€TH ChC CHOTBETHUS 3HAK), KOMTO Mpecuyar gajeHara miom. Heka na npecMeTHEM MarHUTHUS IOTOK
Ipe3 HAKaKBa 3aTBOPEHA MMOBBPXHOCT, HAMp. cepa, pa3noaokKeHa OKOJIO IPABOIMHEEH MPOBOAHUK C TOK ((ur.
2). 3HaeM, ye MarHUTHUTE CHJIOBU JIMHUU Ca 3aTBOPEHU KPUBH, T€ HAMAT Hadayo U Kpail. CienoBarenHo, ako
€/lHa CUJIOBAa JIMHUS Ipecuya MOBBPXHOCTTA, HAlp. BIM3a B Hes, TS HE MOXKE Jla 3aBbpIIM HIKBJIE BHTPE B
obema, KOWTO ce 3arpaxiaa OT Ta3M IOBBPXHOCT, T.e. TpsAOBa M Ja H3Ie3e OT
HNOBBPXHOCTTA. T'hi KaTO CUIIOBUTE JIMHUHU, KOUTO BIM3AT IIPE3 MOBBPXHOCTTA U TE3H,
KOUTO M3JIM3at, TpsiOBa Jja c€ OTYMUTAT C MPOTHUBOIOJKHYU 3HAIM, CyMaTa OT BCUYKH I
JIMHUM, KOUTO IIpECHYaT MOBBPXHOCTTA € Hyna. CleaoBaTelHO MarHUTHUAT IOTOK
pe3 Ta3| MOBBPXHOCT CHIIO ILIE € HyJa. ToBa € ChIIHOCTTA Ha 3aKOHA Ha l'ayc 3a
MarHuTHHUS MOTOK (KOHTO MOXKE M Ja ce JOKake MaTeMaTU4eCKH) — MarHUTHMAT
IIOTOK IIpe3 IPOU3BOJIHA 3aTBOPEHA IOBBPXHOCT € PABEH Ha HyJa:

®, =$B.dS =0.
S

¢wur. 2

AKO HampaBHM CpaBHEHHME CbC 3aKOHA Ha ['ayc 3a 1OTOKa Ha MHTEH3UTETA Ha
€JIEKTPOCTATUYHOTO I10JIE, L€ BUUM, Y€ 3aKOHBT Ha ['ayc 3a MarHUTHUS MOTOK MU3pa3siBa TOUYHO (akTa, uye HE
CBILECTBYBAaT MarHUTHU 3apsiau. AKO TaKMBa CHLIECTBYBAXa, MATHUTHUAT MOTOK IIPE3 3aTBOPEHA IMOBBPXHOCT
Hiele 1a € IPONOPLIUOHAIICH HAa FOJIEMUHATA UM.

Ille BBbBeneM olle €aHAa BEIMYMHA 3a MArHUTHOTO II0JI€ IIO AHAJIOIMSA CbC CHOTBETHATA BEJIMYMHA 34
eJIEKTPOCTATUYHO ToJie — nupKynanusata C Ha BeKTOpa Ha MarHUTHATa WHAYKIIHS 110 3aTBOpEH KOHTYp. ToBa e

MHTErpaIbT M0 3aTBOPEHUSI KOHTYp L Ha BeKTOpa Ha MarHUTHAaTa UHAYKUUA B :

C=¢§H.
L

Hue usnomsBaxMe 3akoHa Ha ['ayc B elEeKTpoCcTaTHKaTa 3a IMO-JIECHO INPECMATAHE Ha WHTEH3HUTETa Ha
€JIEKTPOCTATUYHOTO MoJie. Tyk He MOXkKeM Jla U3I0JI3BaMe 3aKOHa Ha ['ayc 3a MarHMTHUS IOTOK 3a IPECMATaHE
Ha MarHUTHaTa MHIyKIMs. MoxkeM obaue na u3Mosi3BaMe T.Hap. TeopeMa Ha AMIep 3a LUpKyJaluara Ha
BEKTOpa Ha MarHMTHaTa MHAYKUUsA — [MpKyrnamusara C Ha BEKTOpa Ha MarHUTHaTa HWHITYKIHS B 1o
IIPOM3BOJIEH 3aTBOPEH KOHTYp L e paBHa Ha cymara OT TOKOBETe, IpeCHYally IUIOITa S, 3arpajeHa oT
KOHTYpa, YMHO)KE€Ha C MArHUTHATa KOHCTaHTa Mo (aKO cpeaTa He € BaKyyM TpsiOBa Ja yMHOXKHM C Hor):

(5) C :gSE&:uoili .

Tokogere | ce B3emar cbc 3HaK "+" KOrato mpecuyar IIomTa S Mo Mocoka Ha HopMmangaTa N, KOSITO cMe
n30paiy 3a MOJIOKUTENIHA U ChC 3HAK "—" — ako ca B oOpaTHa mocoka. OOMKHOBEHO MOJIOKUTENIHATa HOpMasia

ce I/I36I/Ipa B Taka, Y€ MOTJICAHATO OT BbpXa HAa BEKTOpA N MOCOKaTa Ha oOuKalIsIHE Ha KOHTYpa Ia € B IIOCOKa
o6paTHa Ha 4aCOBHHKOBATAa CTPCJIKA.
Koraro TFOBOPHUXMCE 3a CIICKTPOCTATUYHOTO I10JIC€ Ka3axXM€, Y€ MUPKYyJIalusaATa Ha BEKTOpAa HAa HHTCH3UTETA 110

3aTBOpEH KOHTYp BHMHAru € paBHa Ha HyJa ((j)E.dI =0), xoero Oeme yCIOBHETO 3a KOHCEPBATHBHOCT
L

(HOTCHI_II/IEUIHOCT) Ha MOoJICTO, ThI KaTO HU JaBa Bb3MOXKHOCT Jia BbBEAEM €IHO3HAYHO BEJIMYMHATA IIOTEHIIKAII.
Kazaxme ChII0, Y€ aKO NUPKYJIaluATa Ha BEKTOpa HE € HyJIa, HC MOXKEM Jla BBBECACM €IHO3HAYHO MMOTCHI XA 3a



TOBa BEKTOPHO II0JI€, T.e. OT TeopeMara Ha AMIep CJeABa, Y€ MArHUTHOTO TIOJIe HE € IOTEHIIUATHO
(KOHCEpBAaTUBHO) KAKTO €JIEKTPOCTATUUHOTO, & € BUXPOBO.

Teopemara Ha Ammep (5) ChIIIO MOXeE J1a ce JOKa)xe MareMathudecku. Hue 1ie mokakem BaauaHOCTTA M 3a
ciydas Ha Oe3KpaeH MpaBOJIMHEEH IMPOBOJHUK C TOK, ThH KAaTo 3a TaKbB IMPOBOJHUK CME MPECMATAIH
MarHuTHaTa UHAYKIUS Ha TOJIETO.

Heka npecMmeTHeM nupkynanuara Ha MarHUTHAaTa MHAYKOUS (BEKTOpa Ha MarHUTHATa WHIYKIUS §) Ha
MOJIETO, CH3/IaJICHO OT OE3KpacH MPaBOJMHEEH MPOBOIHUK, MO KoiTo Teue ToK | (¢ur. 3). Twii kaTo Teopemara
Ha AMImep e BajuJHa 3a MPOU3BOJIEH KOHTYp, MOKEM Ja CH U30epeM TakbB, € Ja CH YIECHUM MaKCHMAaJHO
MPECMATAHETO. 3aTOBa U30MpaMe OKPBKHOCT B PaBHUHA MEPICHIUKY/ISIpPHA HA TIPOBOJHUKA, C IIEHTBD BBPXY
MIPOBOJHMKA U PAJIMYC PaBEH Ha Pa3CTOSIHHETO &, Ha KOETO MCKame Ja MPeCMETHEM MarHuTHaTa MHAyKuus B
(T03H KOHTYp B Cliydad € CUJIOBATa JIMHUA HAa MArHUTHOTO IIOJIC, KOATO MHMHAaBa IPE3 TOYKATA, B KOATO LIC

omnpezaeasiMe HHAYKIusITa). [locokaTa Ha oOuKalIsHe Ha KOHTypa (T.e. mocokara Ha eaemeHTa dl oT koHTYpa)
11e u30epeM 10 MOoCcoKa Ha CHI0BaTa JIMHUS — Taka BekTopute B u dl 1mie ca eqHONOCOYHM BBB BCSAKA TOYKA OT

koHTypa L. ['onemunata B Ha marHuTHaTa MHAYKOUS me ObJie €HA M ChINA 32 BCHYKU |
TOYKH OT U30paHaTa OKpHKHOCT (0T 3akoHa Ha buo — Casap, |, I, U o ca eqHU U ChIIH). B
Torasa nupkynanusaTa Ha B mo u3bpanusat koutyp (5) e Ob1e: e a‘\a
S n >
¢Bdi =Bcospdl =Bdl =BL=B.2ma=p, > I, =y, e
e L T
L L L i=1
= ﬁl ¢wur. 3
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Toii karo B u dl ca exnomocounu, COSB=1, a abokMHATa Ha OKpBXKHOCTTa L=2ma. Cturuaxme 10 chiara
dbopMyIia, KOSITO IOydUXMe U OT 3aKoHa Ha bruo — Casap.

[lle u3noa3BamMe Teopemara 3a MUPKYJAlMATa 3a JIa MPECMETHEM MarHUTHATa WHAYKIUS B €IUH MHOTO
BXCH B MPAKTUYCCKO OTHOIICHUE CITydall — MArHUTHOTO TT0JIC HA COJICHOUI.

ConleHOUIBT MPEICTABIsIBA HAMOTKA, IO KOSATO TE€Ye TOK. AKO JbDKMHATA HA COJCHOWJA € MHOTO II0
rojsmMa OT HANPEYHOTO My CEUYCHHE, MOXEeM Ja TOo cyuTame 3a Oe3kpaeH. ToBa jocrta ompoctsBa
MPEeCMSITaHUATA, 3aTOBA IIIe U3BelleM (popMyliaTa 3a MarHMTHATA UHAYKIUS Ha Oe3KpaeH cosieHou 1. Moxe z1a ce
MOKaXKe, Y€ B TO3WM Cllydaili MarHUTHOTO TIOJIE€ € CBhCPEIOTOYCHO BBHB BHTPEIIHOCTTA HAa COJCHOHWIA W €
XOMOT€HHO, a M3BbH HET0 MarHWTHaTa MHAYKIUS € paBHAa Ha Hyja (CpaBHEHHE C JIBe OE3KpailHu 3apeleHH
paBHUHU, O€3KpaeH TUIOCHK KOHJeH3aTop). Heka ma mpecMeTHeM rojieMrHAaTa Ha MarHUTHaTa WHAyKnus B Ha
0e3kpaeH cojeHou, Mo kouTo Teue Tok | (dur. 4), karo uznomBame Teopemara Ha Ammep (5). B ciydas e
ynoOHO na cu wm3bepem KoHTypa L BBB (GopMa Ha TPaBOBI'BIHWK, JBE OT CTPAaHUTE Ha KOWUTO ce
MEPIEeHIUKYIIPHU Ha COJICHOWJAA, a JPYruTe JABE ca MO AbDKMHATA My, KaTo €lHaTta € BBTPE B HErO.
LIHpKynaum[Ta Ha BeKTopa Ha MarHWTHATa WHIYKIUS 10 TO3W KOHTYp TIe OBJIe:

@EE:[ +de|+j j =BidI+O+O+O:BI=HOZN:Ii=HONI
1 i=1

N —
(6)B:u0|—|:u0nl. B
Bropusrt u HCTBHPTHAT WHTCTPAT Ca PABHH HA HYIA, 3aIIOTO MO
|
Tesu crpann Bektopute B u dl ca mepneHIMKYISpHH (CKAIapHOTO M&s&w
NPOU3BE/ICHUE € HYJa), a TPETUAT € HYJa, 3al[0TO M3BBH COJICHOM/IA N
marauTHata wHAyKnus B=0. TokoBere, KOWUTO TpPEeMHHABAT TIpe3 / N
N
IUTONITA HA KOHTYpa ca eJJHOMOCOYHU U efaHaksu mo ronemuna (li=l), a 3 0 7 4 4
Wr.

OposiT UM € paBeH Ha Oposi HaBMBKM N, KOMTO ce oOxBamar OT
koHTypa. C N cMe o3HaumiIM Opost HaBUBKM Ha eauHuna nbokuHa N=N/I. Taka, ot ¢popmyna (6) cnensa, ue
MarHUTHaTa WHAYKIUS Ha TI0JIeTO B OE3KpaeH COJICHOU]] € TIPOTIOPIIMOHATHA Ha TOKa, KOWTO Tede B HaMOTKAaTa
1 Ha Oposi HABMBKY Ha €IMHUIIA IBDKUHA. AKO B COJIEHOMJIA TOCTAaBUM HSIKAaKBO BEIIECTBO, KOS(UIIUEHTHT Ha
MPONOPIIMOHAIHOCT B (6) 1€ CTaHe Mo U aKO BEIIECTBOTO € (PePOMArHETHK C TOJIIMO r, I11€ MOJYYUM CHIIEH
€IIEKTPOMArHuT.



