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K BBIBOAY 3ABUCUMOCTHU MEXKAY IOTOKOM
N BEKTOPHBIM ITOTEHIHUAJIOM MAT'HUTHOTI'O I1OJIA

B cmammi nagedeno mamemamuuno KopeKmHuuii ma Qizuuno smMicmoeHuil 00Ka3 QyHOamMeHmanbHol 3a1eHCHOCHI Midc nOmo-

KOM ma 6eKmopHum nomeHuia.noM MAZHIMHO20 NOA.

B cmampve npugedeno mamemamuuecku Koppekmuoe u usuuecku cooeprucamenbHoe 0OKA3AMENLCME0 QyHOAMEHMANbHOlL
3a6UCUMOCIU MeMHCOY NOMOKOM U 6EKIMOPHBIM NOMEHUUATIOM MAZHUMHO20 NONA.

BBEJIEHUE

B [1] Hamu moka3zaHa HECOCTOSATENBHOCTh TPUMEHE-
Husg opmynbl CTokca Ui I0Ka3aTelbCTBa 3aKOHA MOJ-
Horo Toka (3IIT) BcnencTBUe HapylIeHHs YCIOBHMH, MpU
COOJIIO/IEHUN KOTOPBIX JIOITYCKAETCs €€ IIPUMEHEHHE.

B cBs3u ¢ Tem, 4TO HaydyHO-TEXHHYECKas OOLIeCT-
BEHHOCTh C YKOPEHHUBIINXCSI YUCTO SMIMPHIECKUX TTO3H-
IUNA CKENTUYECKA OTHOCHUTCA K HEOOXOIMMOCTH COOJIFO-
JICHUS] YIIOMSHYTHIX YCJIOBHH, BOCIIPUHHMMAsl WX KakK He-
KOTOpPOTO poma '"meperuObl" YHUCTO MATEeMaTHIECKOTO
XapakTepa, CUNTaeM HEOOXOJUMBIM BEPHYTHCS K Pa3bsic-
HEHHIO CYIIECTBA MPOOIEMEI.

Cornacho [2] popmymna CTokca

frotF(r)dS = §F(r)dr (1)
S C

CIpaBe/JINBa, €CIINU:

e BekTopHast QyHkuus F(r) omHo3HaYHa W HUMeeT

HEMpPEpPBIBHBIE YaCTHBIE MPOU3BOJAHBIE Bciogy B (2.1)
KOHEYHOI TIOBEPXHOCTHO-0THOCBS3HOI o0nactu V;
e Jjieariasi B 00JacTi V moBepXHOCTH S OIIHO-
CBsI3HA, pEryjsipHAa M OrpaHWYeHa peryisipHoi (2.2)

3aMKHYTOH kpuBoi C.
Harnsnaoi mimmrocTpanueil ommO0YHOTO MpUMEHe-
HUs popmyner CTOKca TPU HECOONIOCHUN YCIIOBHH (2)
MOJKET CIYXKHUTH MPUMEp €€ MPHIOKEHHS K CIy4ar Bpa-
MIEHUS TI0JI0T0 MWIMHIPHIECKoTo Tena (puc. 1), korma
F(r) = wre, rotF' =2we,,

HO (opmyna (1) maer ommOOYHBIC PE3yNbTaThl Kak IO
koHTypy C) BeiencTBue HecoOsromeHus ycioBus (2.1),
TaK ¥ 10 KOoHTypy C,, T.K. He cobroaercst yciosue (2.2).
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B [1] moka3zano, uro 31T B popme
§ Bdl = ol , @)

cxonHoM ¢ (1) cipaBeIMB HE BONPEKH HAPYUICHUSM OT-

parnyeHnit (2), a MOTOMY, YTO OH SIBJIIETCS CIICACTBUEM
06’])6KTI/IBH])IX 3aKOHOMepHOCTeﬁ HU3MCHCHUS I10JIs1 BEKTO-
pa B kak BHYTpH, TaK 1 BHE IIPOBOJAHUKOB C TOKOM JIF000-
ro monepeyYHoOro CEYCHus 1npu yCjaoBuu, 4To
divj=0. 3)

1. K BoiBOAY (hopMyJIBI CBSI3N NMapaMeTPOB MAar-
HUTHOTO moJjs. BoT kilaccuueckuil BapuaHT pelIeHUs
paccmaTpuBaeMoit 3agauu [3]:

"[Tonp3ysick BEKTOPHBIM IOTEHI[MAIOM YacTO OKa-
3bIBACTCs y[lO6Hl>lM BbIpaXXaTb MarHUTHBIN IIOTOK

® = §>Bds. 4)

JeiicTBUTENBHO, PEACTABIAA HHAYKIHIO KaK BUXPh
BEKTOPHOTO MOTeHINaa A 1 nmpuMenss teopemy CTokca,
HaXO/WM:

®= j rotAds:jSAdl, 5)

T... YTO MArHUTHBIA TOTOK, CIEIUICHHBIH C KOHTYPOM
WHTETPUPOBAHUS, PABEH JIMHEHHOMY HHTETPAlTy OT BEK-
TOPHOTO TIOTEHIIAANA BIOJIb 3TOT0 KOHTYypa'".

3nech, kak u B cmydae qokasarensera 3IIT [1] dop-
Mmyna Crokca (1) ¢ cobmonennem ycnosuii (2) mpuMeHnMa
TOJBKO JJIsI BHYTpPEeHHEH o0yacT OECKOHEYHO JITMHHOTO
COJICHOW/A, He UMeIomIel (eppOMAarHUTHOTO CEpACYHHUKA.
Bo Bcex oCTanbHBIX Cilydasix, UCIOIb3YEMBIX B IPOMBILII-
JICHHOH 3JIEKTPOTEXHUKE, BHYTPH COJICHOMAA HAXOIUTCS
MAKETUPOBAHHBIN (DeppoMarHeTHK (MHOTOCBS3HOCTH 00-
JIACTH), & KOHTYP MHTCTPUPOBAHUS A HAXOAUTCS CHAPYKU
COJICHOM/IA, B TOKOBEIYIINX CJIOSX KOTOPOTO IPOMCXOHUT
Ppa3pbIB NEPBO IPOU3BOTHOM OA/Or.

Takum 00pa3oMm, U JTOKa3aTeIbCTBA BEChMa BaXK-
HOTO COOTHOMIeHHUs (5), KOTOpoe MBI B NanbHeimeM Oy-
JIeM Ha3bIBaTh 3aKOHOM MarHUTHOTo motoka (3MII), uc-
MOJIB3yEeM TOT K€ ITOIXOJ, YTO W MPUMEHeH B [1] mis mo-
KazaTenbcTBa aHatormaHoro mo ¢opme 3I1T, a umeHHO

® YCTaHOBJIICHHE (DM3MUYECKON CYITHOCTH, CBSI3BIBAO-
et mapametpsl B 3MII 17151 a1eMeHTapHOTO KOHTYPa;

e 0000MIeHNe ero A MPOM3BOIBHON KOHQHTYpa-
IIUH TI0JI1 Ha OCHOBE NMPHUHIINIIA CYHNEPHO3ULIUN U MOTEH-
UATFHOCTH BHEUTHETO IMOJIS BEKTOPHOTO MOTEHIHANIA A,
rJie COOJII0AAETCS €ro CONEHOUIAIBHOCTb, T.€.

divA =0, rot4=0. ©)

3aecy mo ananoruu ¢ "Huthto Toka" B 3IIT pac-

CMOTpPHUM 3JIEMEHTapHYI0 TPYOKY MarHMTHOTO IOTOKa B
BHJIE JJIMHHOTO COJICHOU 1A, JJIsSi KOTOPOTO corjiacHo [4]

dd = §>dAdL, (7
L

rac — L KOHTYP UHTCIpHUpOBaHUsA, B 4aCTHOCTHU — IJIA I10-
JIs1 BHC COJICHOHA.
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C y4eToM MOTEHIHAIBHOCTH 3TOTO "BHEUIHEro" mo-
151 dA nocneHee COOTHOIIECHHE OKA3bIBaeTCs CIIPAaBELIU-
BBIM JUJISl 3aMKHYTO#H TpyOKH moiisi 1t000i (opMbl (KpH-
BOW L) 1 jaxke ¢ epeMEHHBIM MONIEPEYHBIM CEYCHUEM dS
NP YCIIOBUU
d® = B(L)dS(L)= const . (8)
Ha ocHOBe mnpuHIMIA CyNEpHO3ULIUH, CyMMHPYS
BKJIabI TPyOOK TMOTOKa d® MmO mMmomepeyHOMY CEYCHHUIO
coJieHona (WJIN OJHOBHUTKOBOTO KOHTYpa TOKa) IpH He-
U3MEHHOM KOHTYpe 00x0/1a / moaydaeM

> dd = (S aau. ©)

YTO SKBUBAJICHTHO HCKOMOMY 3aKOHY
©=§adl,
!

JUTsL KOHTYpa [, pactioJIOKEHHOTO B COJICHOMIATBHOM I10JIE
A. o ananmoruu ¢ 3I1T, moxHO OBIIO OBI PacCMOTPETH B
Kakoi Mepe cootHorreHue (10) 3aKOHOMEpHO I BUXpe-
BOW 00J1acTu moisi A, HO PEIleHus ITOH 3a/1auu He Mpe-
CTaBJISIET MHTEpECa [UIs IPUKIIATHOM 3JIEKTPOTEXHUKH.

2. IIpuMep NPaKTUYECKOI0 NPHUJI0KEHUS.

Ha ocHoBe cootHorienust (7) st TpyOKH TOTOKa
d® u nonyuenHoro B [1] cooTHOMIEHNS

§Hdz=jds, (11)

JUIsl BHEILTHETO MOJIsL TPYOKHM TOKa MOXKHO HAalTH OTBET Ha
BOIIPOC — IMOYEMY SKBHBAJICHTHBI IIOJIEBas M JIOKAJIbHAS
(OPMyIBI AT SHEPTMM MarHUTHOTO IIOJIs, 3allaCeHHOU B
KOHTYype ToKa [5]

(10)

HB 1
Wy=|—dV==[A4-jav, (12)
2 2

14 Vv
rJie coriacHo [5] du3ndyeckuil CMBICT UMEET TOIBKO BTO-
past 4acTh MOCJIEHETO COOTHOIICHHS.

PaccMoTpum KOHTYp TOKa

I=jds, (13)

JUITMHOM /, BHYTPH KOTOPOTO MPOXOaUT MOoTOK @ (puc. 2).

n
dd,
Puc. 2

[Ipencrapmnsis ero B BUIE CyMMBI TPyOOK IIOTOKA
D= chbn : d® = B(L)dS(L)= const,
n
JUISL KaKI0M TPYOKH MOTOKa coritacHo (7) HaXoIuM, 4To

d,, = B,(L)ds,(L)=§da,dl .
C npyroii ctopoHsl, coriacHo (11)
§H(L),dL= jds,

OTKYyZa CIEIyeT, UTO JUIA JF000H TpyOKH MOTOKa

(14)

§8(0), H(L),dS(L), dL(L), = §B,H,a, -

= §dd,di - jds = [ dA, - jdv, ,
! v

rae V, — o0beM TpyOKH MOTOKa, L, — 00beM TPYOKH TOKA.
CymMupys HOCIEIHHE BBIPQKCHHUS 1O BCEM TpyO-
KaM, HaXOJHUM, 4TO

J'BHdV:jA-jdo,
V v
yTO U Tpe60BaHOCB J0Ka3aTh.

BBIBO/IbI

1. Tlpu nokasareiabCTBE 3aKOHa MAarHUTHOTO MOTO-
ka popmyna CTokca cCripaBeIMBa TOJILKO BHYTPH JUTHH-
HOTO COJICHOU 1A 0e3 CepIcuHHKA.

2. Bo Bcex MpaKTUYECKH BAKHBIX MPHIOKCHUIX
CIPaBENTUBOCTh 3TOTO 3aKOHA U COJCHOHWIAIEHOTO
XapakTepa IO BEKTOPHOTO MOTEHIHaNa 4 OCHOBEIBACT-
sl HA OOBEKTUBHBIX (PH3MYECKUX CBOHCTBAX 3TOrO MOJIS.
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V.V. Kuzmin, V.S. Shpatenko

On derivation of relation between flux and vector

potential of magnetic field.

In the article, the authors present a mathematically correct and
physically meaningful proof of a fundamental relation between
flux and vector potential of magnetic field.

Key words — magnetic field, flux, vector potential, relation.

54 ISSN 2074-272X. Enexmpomexuika i Enekmpomexanika. 2010. No5



