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

PabGora npu nBukeHHe HA MPOBOJAHMK C TOK B MATHUTHO 10Jie. MarHuTeH MoToOK

Kakro xazaxme (2 BbIIPOC), aKO IPOBOJHUKBT C TOK, IIOCTABEH BHB BHHIIIHO MArHUTHO TI0JIE HE € 3aKpeTeH
HETIOJIBIDKHO, TOW IIe 3amovHe Ja ce npemecTBa. CrieloBaTeTHO HaJ MPOBOJHUKA Ce HM3BBpIIBa padoTa
(meiictBa cmina u umame mnpemectBane). llle mpecmerHem Ta3u paboTa B HAaW-TPOCTUS CIIydall — KOrarto
MIPABOJIMHEECH MTPOBOJIHUK, TI0 KOMTO T€Ye MOCTOSIHEH TOK, C€ TIPEMECTBA B €JHOPOJHO MarHUTHO moJie. Heka na
pasriieziaMe IMpaBOBI'bIIHA paMKa, MO KOSATO TeYe MOCTOSHEH TOK |, a exHara u cTpaHa, ¢ abokuHa |, e
MOJABMKHO CBBp3aHa KbM JAPYTHTE U MOXKe CBOOOAHO (0Oe3 TpueHe) nma ce xub3ra mo Tax (¢ur. 1). Ako

MIOCTaBUM paMKaTa B MarHUTHO TOJIe C MHIyKuus B, Ha Bcska cTpaHa OT Hes Ie AeHCTBa cuia Ha Amrep u
CTpaHara, KOSATO HE € 3aKpereHa, I1e 3all0YHe J1a Ce JIBMKU IMOJI ACWCTBUE HA Ta3u CHJIA. 3a MaJTbK HHTEPBAJ OT
Bpeme dt T 1mie ce mpUABMKU Ha pascrosHue OX. B mokasanus ciydail Ha ¢ur. 1 mocokaTta Ha cuiara Ha
Amrep, KoATO JIeiicTBa Ha MMOJIBMKHATA CTPaHa Ha paMKara, € HaJsACHO, a ToJIeMHHATa U € (2 BBIIPOC):

F =IBlsina, ) ) Ag \ hou \
KBJIETO O € BI'BIBT, KOWTO CKIIF0YBA [I0COKATA HA TOKA, KOWTO Teye 1o ! ~ >
crpaHata |, ¢ mocokara Ha MarHWTHaTa MHAYKIHMS Ha BBHIIHOTO IOJIE

B. AKO 0#T/2, HAa MOJBWXKHATA CTPaHA LUE AEIiCTBA KOMIIOHEHTA Ha
cuijiaTa, KOSITO IIE Ce OIMTBA Jia sl 3aBbPTH M TS HsAMA Jia MOXE Ja ce
XJIp3ra 0€3 TpUeHe MO IPYrUuTe JIBE CTpaHU. 3aToBa HUE 1€ pas3rieaame
MO-TIPOCTHS CITy4aid, KOraTo MOJBHKHATA CTpaHa € MEPIEHAUKYIIpHA
Ha rocokara Ha nojero(a=n/2 u Sina=1) u noj neiicTBUe Ha cujaTa Ha
AMnep 1ie U3BBpIIBA CaMO IMOCTBIIATEIIHO JBIKEHHWE. Torasa
nevictBamara cuiaa me Opae F=IBl u wu3Bbpiienata egemeHTapHa
pabota dA 3a mpeMecTBaHETO Ha IPOBOAHKMKA Ha pa3cTosHue dX me ob1e (7 Beupoc, Pusuka 1):

dA = F.dx = Fdxcosf3 = IBldx cosf3,
KBJETO B € BIbIBT MEKIY MOCOKATE Ha BeKTopuTe F 1 OX (aKo paBHMHATA HA PAMKATA © NEPICHIMKYISPHA
Ha nocokata Ha nojero, f=0, u cosp=1,). [Ipoussenenuero ldx e rosemunara Ha miomra dS (3ampuxoBaHaTa

oy Ha ¢ur. 1), KOATO ONKCBa MOBMKHATA CTPaHA MPH JBIKCHUETO cu. Taka, 3a padotara dA, moiay4aBame:
(1) dA=1BdS cosf3 .

KakTo ce Bmkaa ot ¢ur. 1, reapT Mexay Hopmanara N kbM miomra dS (mocokara Ha Bektopa dS) u

________;____)

marautHata wHAyKIMsS B cemo e B (F L B,dx L n). Taka npousBenenuero BAScosP mpuimya Ha enHa
BCJIMYMHA, KOATO BbBBCAOXME 3a CICKTPOCTATUYHOTO IIOJIC (HOTOK Ha BCKTOpa Ha HWHTCH3UTCTA

dd, = E.dS = EdS cosf, 26 mempoc, ®usuka 1) u anamornuHo nepuHupa NoToKbT O®p Ha BekTOpa Ha

MarduMTHaTa HHAYKIOUWS [IPE3 IIOMITa dS, KaTO CKAJIapHOTO MPOU3BCACHUC Ha BEKTOPUTC g u @ = F\dS .
(2) d®, = B.dS = BdS cosp..

Axo0 uckKame J1a MpecMeTHEM T0TOKa Ha MarHWTHaTa MHIyknus ®p mpe3 mpo3BoiHa miony S, TpsaOBa aa
UHTerpupame (2) mo usara miomr;:

D, :deB :chosBdS.
S S

OT ompeneneHneTo ce BUXJAA, Y€ MEepHaTa €AMHMIIA 32 MarHUTEH MOTOK (ITOTOK Ha BEKTOpa Ha MarHUTHATa
UHIYKINS) € [T.m?] u ce Hapuya BeOep [Wb] Ha umeTo Ha Hemckus ¢usuk B. Bebep. MaruutHust notox ®g
(ananornyHo Ha @ 3a €IEKTPOCTATUYHOTO TOJIE) € MPOMOPIMOHATIEH HA Oposl HAa MArHUTHUTE CUJIOBH JINHUM,
KOHUTO TpecHyaT MepreHANKYISIPHO JaieHaTa TUIonl S (¢ MPOTHBOMOJIOKHH 3HAIM 32 BIIM3AIINTE M M3ITU3AIINATE
JIMHUN).

Karo umame nipenBun (2), (1) Moxke aa ce 3anuiine BbB BUAA:

(3) dA=1dD,,

Kkb7eT0 d®p ¢ MATHUTHUAT MOTOK Tpe3 TuromTa dS, KOATO OMuUcBa MPOBOAHUKBT HPU CBOETO JBHIKCHHE.
®opmyna (3) e BaMaHA 32 MPOW3BOJICH TOK (HE caMO 3a MOCTOSIHEH) M 3a MPHU3BOJIHO MArHUTHO TOJE.
[IenHATA pabora A 3a mpemMecTBaHE Ha MPOBOJHHUK, MO KOWTO Tede TOK |, Ha KpailHO pa3CcTOSTHUE MEXKITY

MOJIOKEeHUs 1 ¥ 2 B MArHUTHO T0JIe ¢ MHAYKIUs B 11e Ob1e:



(4) AzjdAz_Z[Id(DB = [1Bcospds,,
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KBJIETO S € TUIONITa, KOSITO OMKUCBA MMPOBOJHUKBT MPHU CBOETO JBUKCHUE.
AKO TOKBT, KOUTO Teue MO MPOBOJHUKA, € IMOCTOSHEH U PaBHMHATA HAa KOHTYpa € MEpPIEeHIUKYJsIpHA Ha
1oJieTo, (4) ce onpocTsiBa 3HAYUTEITHO U MOKEM Ja 3alHILIeM:

A:ldes,
S

a aKo | TOJIETO € XOMOTEHHO (§ = const ) u3pas3swT (4) npumgodouBa BUIA!
A=1B[ds =1BS.
S

3akoH Ha Fayc 3a MAIrHUTHHUA IOTOK. I_II/IpKyJIaIII/Iﬂ Ha BEKTOpPAa HA MAarHUTHATaA HHAYKIUSA

Koraro ropopuxme 3a MOTOK Ha UHTEH3UTETA HA €IEKTPOCTATUYHOTO MoJe, HUe hopMyIupaxMe 3aKOHa Ha
lNayc 3a nmotoka Ha uHTeH3uTera O Npe3 NMPOM3BOJIHA 3aTBOPEHA MOBBPXHOCT U BUJIAXME, Y€ TO3H MOTOK €
MIPOITOPIIMOHANICH HA TOJICMHHATA Ha 3apsja, 3arpaJicH OT Ta3H MOBLPXHOCT (26 Bbmpoc, Gusmka 1). Tyk chio
MOXKEeM Ja 3amuiieM mnojo0eH 3akoH. Kazaxme, ye mMarHUTHUAT noTok ®p € mpomopiuoHaieH Ha Opos Ha
MarHUTHUTE CUJIOBH JIMHUHU (B3€TH CbC CHOTBETHHUS 3HAK), KOUTO Npecuyar naaaeHara mwiom. Heka ma
MpecMETHEM MAarHUTHUS TOTOK Ipe3 HAKAKBa 3aTBOPEHA MOBBPXHOCT, Hamp. cdepa, pasoyiokKeHa OKOJIO
MIPABOJIMHECH MPOBOIHUK ¢ TOK (¢ur. 2). 3HaeM, 4e MarHUTHATE CUJIOBH JIMHUM Ca 3aTBOPEHU KPUBH, TC HIMAT
Hayano W kpail. CieqoBaTenHo, ako €/1Ha CUJIOBA JIMHUS Mpecuva MOBBPXHOCTTA, HANp. BIU3a B Hes, TS HE
MOJKE JIa 3aBBPIIU HIKBAEC BHTPE B 00eMa, KOWTO ce 3arpakaa OT Ta3u MOBBPXHOCT
T.€. TpSIOBA U J1a U3JIe3€ OT MOBBPXHOCTTA. T'hil KATO CUJIOBUTE JIMHUU, KOUTO BJIM3AT
Ipe3 MOBBbPXHOCTTA U T€3HU, KOUTO U3JIN3aT, TPsiOBa J]a C€ OTYUTAT C MPOTUBOMOIIKHH I
3HAIlM, CyMara OT BCHYKM JIMHUU, KOUTO IIpeCHYaT IOBBPXHOCTTa € HyJa.
CrnenoBaTeIHO MarHUTHUAT MOTOK IMPE3 Ta3u MOBBPXHOCT ChIIO I1I€ € Hyna. Tosa e
CBIIIHOCTTA HA 3aKOHA Ha ['ayc 3a MarHUTHUS MOTOK (KOMTO MOXE U JIa CE JIOKaXKe
MaTEeMaTHYeCKH) — MarHUTHUAT MOTOK Mpe3 MPOHM3BOJIHA 3aTBOPEHA MOBBLPXHOCT €
paBeH Ha HyJa:

D, = §BAS =0, ur. 2
S

AKO HanpaBUM CpaBHEHHE ChC 3aKOHa Ha ['ayc 3a MOTOKa Ha MHTEH3UTETA Ha €JIEKTPOCTATUYHOTO ToJe (26
BbIIpoc, Pusnka 1), me BUAMM, Y€ 3aKOHBT Ha ['ayc 3a MarHUTHUS NMOTOK M3pa3siBa TOYHO (hakTa, ye He
CBILECTBYBAaT MarHUTHU 3apsii. AKO TaKMBa CHLIECTBYBAXa, MArHUTHUAT MTOTOK IIPE3 3aTBOPEHA IMOBBPXHOCT
Hielle 13 € IPONOPLIUOHAIICH HAa FOJIEMUHATA UM.

Ille BBbBeeM ollle €1HA BEIMYMHA 3a MArHUTHOTO II0JI€ IO AHAJIOIMSA CbC CBHOTBETHATa BEIUYMHA 32
€JIEKTPOCTATUYHO ToJie — nupKyinanusata C Ha BEKTOpa Ha MarHUTHATa WHAYKIMS 110 3aTBOPEH KOHTYp. ToBa e

HHTETpaIbT IO 3aTBOPCHUSA KOHTYP L ma BCKTOPA HA MAarHUTHATa HHAYKIHA B:

C=§§a.
L

Hue wm3nomsBaxme 3akoHa Ha ['ayc B eleKTpocTaTHKara 3a IIO-JECHO IPeCMATaHE Ha WHTEH3UTETa Ha
€JIEKTPOCTaTUYHOTO ToJe. Tyk He MOXEM Aa U3MoJI3BaMe 3aKOHa Ha ['ayc 3a MarHWTHUSA MOTOK 3a IIPECMATAHE
Ha MarHUTHaTa MHAyKIMA. MoxkeM obaue s1a M3MoJi3BaMe T.Hap. TeopemMa Ha AmIep 3a LMpKyJalusra Ha
BEKTOpa Ha MarHUTHaTa MHAYKIUS — [upKynauusta C Ha BeKTopa Ha MarHMTHaTa WMHIYKIUS B mo
MIPOM3BOJIEH 3aTBOPEH KOHTYp L € paBHa Ha cymaTa OT TOKOBETE, MPeCHYally IJIoUITa S, 3arpajieHa OT KOHTYpa,
YMHOYKCHA C MarHUTHATa KOHCTAaHTa o (aKO cpejata He € BaKyyM TpsIOBa J1a YMHOXHM C Holr):

(5) &g%éﬁ:uoili .

Toxogsete lj ce B3emar cbe 3HaK "+" KoraTto mpecuyar TuionTa S 1Mo mocoka Ha HopMajaTa N, KOATO cMe
n30paiy 3a MOJIOKUTENIHA U ChC 3HAK "—" — ako ca B oOpaTHa nmocoka. OOMKHOBEHO MOJIOKUTEIIHATa HOpMalia

ce u30upa B Taka, 4e MOTJICJHATO OT BbpXa Ha BEKTOpa N MOCOKaTa Ha OOMKAJISHE Ha KOHTYpa Jia € B MMOCOKa
oOpaTHa Ha YaCOBHUKOBATA CTPEJIKA.



Koraro FOBOPHUXMC 3a CIICKTPOCTATHUYIHOTO I10JIC Ka3axMC, Y€ MUPKYyJlalludATa Ha BEKTOpAa HAa HHTCH3UTCTA 10

3aTBOPEH KOHTYp BHUHArm € paBHa Ha Hyna ( @Ea =0 ), koeTo Oemie yCIOBHETO 3a KOHCEPBATUBHOCT
L

(MOTEeHIIMAIHOCT) Ha IOJIETO, Thi KAaTO HU J]aBa Bb3MOXKHOCT Jia BbBEIEM €ITHO3HAYHO BEJIMYMHATA [TOTSHIIUAI.

Kazaxme cbIo, ye ako UpKyJalusITa Ha BEKTOpa HE € HyJla, HE MOXEM Jla BbBEJEM €IHO3HAYHO MOTEHINAN 32

TOBa BEKTOPHO IIOJIe¢ T.e. OT Teopemara Ha AMIIEp Clie[]Ba, Y€ MAarHUTHOTO IOje€ HE € MOTEHIHAJIHO

(KOHCEpPBAaTUBHO) KAKTO €JIEKTPOCTATUYHOTO, & € BUXPOBO.

Teopemara Ha Amrmep (5) cbIO MOXE Ja ce JoKake MaTemMarnyecku. Hue e mokakeM BaluJHOCTTA M 3a
ciydass Ha Oe3KpaeH MPaBOJIMHEEH IPOBOJHUK C TOK, ThH KAaTo 3a TaKbB INPOBOAHHUK CME MPECMSITAIH
MarHuTHaTa UHAYKIUS Ha 11oJieTo (1 BhIpoc).

Heka mpecMmeTHeM IUpKynamusaTa Ha MarHWTHaTa WHAYKIHS (BEKTOpa Ha MarHUTHATa WHITYKITUS §) Ha
MOJIETO, CH3/IaJICHO OT OE€3KpacH MPaBOJIMHEEH MPOBOIHUK, MO KoiTo Teue ToK | (¢dur. 3). Trii kaTo Teopemara
Ha AMIep e BaJuJHa 3a MPOM3BOJIEH KOHTYP, MOXKEM Ja cU U30epeM TakbB, 4e Jla CH YJICCHHUM MaKCHMAJIHO
npecMsTaHeTo. 3aToBa M30MpaMe OKPBHKHOCT B PaBHHHA MEPHEHIUKYISIPHA Ha MIPOBOJHUKA, C LIEHTHP BBPXY
MIPOBOAHMKA U PAJIMYC pPaBEH Ha Pa3CTOSHHETO &, HAa KOETO MCKaMme Ja MPeCMETHeM MarHUTHaTa uHAyKuus B
(TO3M KOHTYp B ciy4asl € CWJIOBaTa JMHHS Ha MarHUTHOTO II0JIe, KOSTO MHUHABa Ipe3 TOYKaTa, B KOATO IIIE

ornpenensMe UHAYKIuITa). [locokara Ha oOMKaIsHE Ha KOHTYpa (T e. mocokara Ha enementa dl ot KOHTYpa)

e u36epeM Mo MOCOKa Ha CUIIOBATa JIMHUS — TaKa BEKTOPHUTE B u dl we ca efHONOCOYHH BbB BCSKA TOUKA OT
koHTypa L. l'omemunara B Ha marHuTHaTa WHIYKOWS e ObJE €IHA M ChIIA 32 BCUYKHU
TOYKH OT u30paHaTa OKpBHKHOCT (0T 3akoHa Ha buo — Casap, 1 Bwmpoc, |, I, 1 a ca ennu u

cobirn). Torasa nupkynanusaTa Ha B mo uzbpanusat koutyp (5) e Obe:

qLSB.dI =gLSBcosBd| = B@Bdl =BL= B.Znazuoéli = | e
B-Ho ! ¢wur. 3
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Thii kato B u dl ca exsonocounm, cosp=1, a nemKUHATA Ha OKpbKHOCTTa L=2ma. CturHaxme a0 chluarta
(dbopMyIa, KOSITO oJyduxme U oT 3akoHa Ha buo—Casap (1 BbIpoC).

[Ile u3noa3BamMe Teopemara 3a LUPKyJalMATa 3a Jla MPECMETHEM MAarHWTHaTa MHAYKIUS B €IUH MHOTO
Ba)XCH B MPAKTUYECKO OTHOIICHUE CIIy4ail — MAarHUTHOTO IT0JIE HAa COJICHOM/I.

ConeHouIbT MpPEACTABISBA HAMOTKA, MO KOSATO Tede TOK. AKO JBIDKMHATA HA COJEHOUAA € MHOrOo IO
rojiiMa OT HAIpeYHOTO My CEYeHHe, MOXKEeM Ja To cuurame 3a Oe3kpaeH. ToBa 1octa ompocTsiBa
IpecMATaHUATA, 3aTOBA 1€ U3BesleM (popMyliaTa 3a MarHUTHATa MHAYKIUS Ha Oe3KpaeH cosieHoua. Moxe aa ce
MOKaXke, Y€ B TO3M ClIyyall MarHUTHOTO IIOJIE € CBhCPEIOTOYCHO BHB BBTPEIIHOCTTa HAa COJICHOMJIA U €
XOMOTEHHO, @ M3BbH HEr0 MarHUTHaTa MHAYKIUS € paBHA Ha HyJa (CpaBHEHHE C JBe Oe3KpailHM 3apeleHu
paBHHMHHU, O€3KpaeH IJIOCHK KOHAeH3artop, 26 Bempoc, Pusmka 1). Heka na mpecMeTHeM rojeMuHaTa Ha
MarHuTHaTa MHAyKuus B Ha Ge3kpaeH coneHoup, mo Koifro tede Tok | (¢ur. 4), kaTo U3noiI3BamMe TeopeMara
Ha Amnep (5). B ciyudas e ynoOHo na cu u3depem koHTypa L BB (hopma Ha IpaBOBI'BIHUK, IBE OT CTPAHUTE HA
KOITO ce NmepreHAUKYIIpHH Ha COJICHOM/IA, a APYTUTe JIBE ca M0 AbDKMHATA MY, KaTO €JHaTa € BbTPE B HETO.
HHpKynaumTa Ha BGKTOpa Ha MarHUTHAaTa I/IH}IyKHI/ISI 10 TO3H KOHTYp Iiie Ob1e:
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(6)B=uoTl=uon|- B
BTOpHST ¥ Y4eTBBPTHAT WHTETpal Ca PaBHU HA HYyJa, 3aI0TO TI0 |
te3u crpanu Bektopute B u dl ca mepmeHmukymsapHE (CKamapHOTO M&S&W
NPOU3BE/ICHNE € HyJa), a TPETUAT € HyJa, 3al[0TO U3BBH COJICHOM/IA N
maruuTHata wuHAyKnus B=0. TokoBere, KOMUTO MNpeMHUHABAT TIpe3 g N
S
IUTOINTA Ha KOHTYpa ca €IHOMOCOYHH U eaHakBu 1o rojemuna (li=1), a 3 b Ve p 4
Wr.

OpoAaT UM e paBeH Ha Opost HaBUBKH N, KOUTO ce 00XBalIaT OT KOHTYypa.
C n cme o3Haumu Opost HaBUBKU Ha eaunanna abukuHa N=N/I. Taka, ot ¢popmyna (6) cieasa, e MarHMTHATA
MHAYKIUS Ha TI0JE€TO B OE3KpaeH COJICHOWJ € MPOIMOPIMOHAIHA Ha TOKA, KOMTO Teye B HAaMOTKaTa U Ha Opost
HAaBUBKM Ha €IWHUIA IBDKMHA. AKO B COJICHOMJA TIOCTAaBHUM HSKAaKBO BEIIECTBO, KOCPHUIIMEHTHT Ha



MPOMOPIIMOHAITHOCT B (6) IIe CTaHe Mol U aKO BEIIECTBOTO € (PePOMArHETHK C TOJIIMO iy, I1I€ MOJIYYUM CHIICH
€JIEKTPOMArHuT.



