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Awnsorarua B crarbe mokazaHo, 9TO BEKTOPHBIN MOTEHIMAT B 3JIEKTPO-
JVHAMUKE $BJISETCsI BCIOMOTATENbHON (yHKIMEl, a B HEKOTOPBIX CIIydasx
MOXKET BKJIIOYATHh B ce0si OHOBPEMEHHO HE CUJIOBOE MAarHUTHOE Tojie. B cBa3m
¢ otuM B 3¢ dekre Aaponosa-Boma obsiagatonias 3apsajoM KBAHTOBAas 4aCTHULA
B3aMMOJIEHICTBYET HE C MOTEHIIUAJIOM, a C He CHJIOBBIM MArHUTHBIM mojeM. [Ipu
srom Teopema CTOKca, MpUMEHEHHAs K BEKTOPHOMY TOTEHIIMAJY, OCTAETCs
BEpHO U MpuUMeHuMO#t 1151 oObsicHenust adpderTa Aaponosa-bBoma 3a cuer mpu-
CYyTCTBUsI B BEKTOPHOM IIOTEHIMAJE HE CHUJIOBONO TOPOUJIAJIBHOIO MAIHHUTHOIO
oJis. DJEKTPOJIUHAMUKA B TOKAMAKE HAXOIUT OObSICHEHHE TAKYKE B TEPMHUHAX

CUJIOBBIX W HE CHUJIOBBIX MArHUTHBIX IOJIEH.

KuaroueBble cjioBa JJIEKTPOIMHAMHUKA, BEKTOPHBIN MOTeHIHAI, 3pdeKrT

AaponoBa-Boma, 3/1IeKTPOJMHAMUKA B TOKAMAKE
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1. BBenenue

B snekTponuHaMuKe BEKTOPHBIN U CKAJISPHBIN TOTEHIIHAJIBI, OMUCHIBAIOIINE
MarHUTHOE TOJIe, UTPAIOT BAYKHYIO POJIb, ABJISAICH OObEKTAMU TTPUCTAIHHOTO U3Y-
genus [1]. JyumresnbHoe BpeMsi B KBAHTOBOII T€OPUU U HE TOJILKO B HEll JUCKYC-
cupyercs BOIPOC O (DU3MUECKOl NPUPOJEe BEKTOPHOrO morenimasa [1-4].

Hawnbonee unrepecubiiit 3pPeKT, CBIA3AHHBIN ¢ BEKTOPHBIM IOTEHIINATIOM, 3a-
dbukcuposan B [2], mosToMy B dbusndeckoit aureparype 3ot 3dderT nprodbpes
naspanve sbdexra Aaporora-Boma. Otnasasi momKHOEe TOCTHTHYTHIM B [1-4]
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pesynbraTaMm, obbscusammM 3ddekT Aaporosa-Boma, obparuM BHUMaHUE Ha,
TOoT (PaKT, ITO MPH JOKAZATETHCTBE (PU3UIECKOH OOBEKTUBHOCTH BEKTOPHOIO
noreHnuana B pabore [3] monyiien orka3 or uzBecTHo Teopembl CTOKCA O TUP-
KyJISIAA BEKTOPA BIOJb 3aMKHYTOIO0 KOHTYPA, Ha OCHOBAHWU HUCIIOJIH30BAHUS
noTeHnuasoB Hyneporo nonst TuxoHora-Yeraera [11]. M3BecTHOE Onpeenenne
BEeKTOPHOro noreHrmana A nozsonsier 3anucars: V-H =0, H=Vx A, rne H
— maruauTHoe noje. Korna H = V X A = 0, To BEKTOPHBIHA IOTEHIHAJ COXPAHAET-
ca m3-3a A = Vo, 171e ¢ — pon3BosibHas CKaJspHas BbyHKIUs, Ha3BaHHas B [11]
LHOTEHLMAJIOM HYJIEBOIO 110Jisd. DTO 00CTOATENbCTBO 103BOJIMIO B [1-4] cunrars,
49T0 B 3kcmepumenTe AaporHoBa-Boma KBaHTOBasi 4acTuila B3aMMOJAEHCTBYeT ¢
BEKTOPHBIM TIOTEHIHAJIOM, IOCKOJbKY OH coxpaHsercs mpu V X A = 0.
Ognako, Ha ocHoBaHuM Teopembl (CTOKCA, TMPUMEHEHHOW K BEKTOPHOMY
norennuany A MOXKHO MOKa3arb, 4To B 3Kcnepumenre AaponoBa-Boma Bhe
OECKOHEYHO-JIMHHOTO COJIEHOU/IA HET HE TOJBKO MAarHUTHOrO moJist H | HO B cran-
JIapTHOM OTPEIEJIEHNN U BEKTOPHOTO ToTeHIma a A. leficTBurensHo, Mo Teope-

me Crokca:

/L<A~cm=/S<V><A-ds>=[5<H~ds>|H:o=o,

B TOYKAX BHE COJIEHOMIa MAarHuTHOE 1oJie papHo Hyto H = 0. OHo cocpemoroue-
HO BHYTPH coJieHOuIa. B Tex ke Toukax, rime H = (0, BEKTOP-TIOTEHITNAJ TaKKe
pPaBeH HYJIO, TaK KaK WHTEMPUPOBAHNE B TIEPBOM WHTETPAJIE BBITIE TPUBEICH-
HOit pOpPMYJIbI, 110 KOHTYPY L, HE OXBATHIBAIOIIEMY COJIEHOHU, IIPH CTATUBAHUAN
B TOYKY JaeT Hyab u3-3a H = 0 B Kaxkmo0ii Touke. KoHTypa, OXBaTHIBAIOIIHE CO-
JIGHOW ]I, TAIOT HYJIb B TIEPBOM HHTErpaJie TOi (hOPMYJIbl W3-33 PABEHCTBA HYJIIO
BekTOpa A (J1eBbIii HHTErpas B BbIlEe MPUBEIEHHON dhopMyie). DTO 00CTOATE b
CTBO 3aMeruiu B [3], HO9TOMY HpeIIoKuIU OTKa3aThcs or Teopembl Crokca,
[yTeM BBeJeHUs IoTeHualna Hysesoro noss Tuxonosa-Yeraesa [11], koropbiii,
KaK TOKA3aHO BBIMIE, MPUCYTCTBYET, HO HE JTAeT MArHUTHOTO TIOJIS.

C Hamell TOYKM 3peHusi, orkas or TeopeMbl CTOKCA B 3TOM 3KCIEPUMEHTE
SABJISIETCST HE OIPABIAHHBIM, IOITOMY €ro HeOOXOZMMO IPEOI0IeTh, MPE/IT0KNAB
MIPX 3TOM TTPOCTOM CITOCOD IKCIEPUMEHTAIBHON TPOBEPKH TOJIYI€HHOTO B CTATHE

pe3yabTaTa.

2. OgHopoaHasi IpoBoOAMAINIas MarHUTHas cpeja
Bekropublii norennuan A i 6€31uBepreHTHBIX MArHUTHBIX IIOJIEH B OHO-

POIHOM MIPOBOISAINEHl 1 MATHUTHOI Cpee BBOAUTCS CTAHIAPTHBIM OOPA30OM:

H=V x A. (1)
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Janee Bocmomb3yeMcst CAEAYIONINM HECTAHIAPTHLIM ONpeaeeHueM BEKTOD-
HOTO ITOTEHIHAJIA, & UMEHHO OPTOrOHATBHBIM PA3JIOXKEHNEM BEKTOPHOI'O TTOTEH-

nuana A OTHOCUTEIHLHO NPOU3BOJILHOIO BeKTopa r u3 [12]:
A= (Qr)+V x(Qr). (2)

3nech () MaremaTudecKasi CKajsipHas (DyHKIHs TPeX MEePEeMEHHBIX KJIacca
C*°. OpTOroHaIbHOCTH TAKOTO PA3JIOXKEHUsT OUeBUIHA. JleliCTBUTEIHbHO, HATIPH-
Mep, B cdepudeckoii cucreme KoopauHar (1,6, ), KOTOpasi WCIOJIB3YeTCs W B

JlaibHelileM, CKaJsPHOE IIPOU3BEAeHHe ciaraeMbix u3 (2) ecrb:

((07 0’ (QT)) ' (VQ(QT)’ VAP(QT)’ O)) =0. (3)

Oproronanbuoe paszoxkenue (2) pa3duBaeT BEKTOP MATHUTHOTO MOJIS HA BA

ciaraembix [12]:

H=Vx(@Qr)+VxVx(Qr) , (4)

KaXKJI0€ M3 KOTOPBIX MNPEICTABJISET WM3BECTHbIE W3 |5| MArHUTHBIE WOJIS:
Hr = V x (Qr) [—, A, A/ < ] — ropounaibhoe maruuruoe noie, Hp =
V xVx(Qr) [-, A, A/ <] — nosonganbHoe MarHuTHOe mose. PasmepHocTH

BBE€IECHHBIX MAarHUTHBIX noJjieit OIIPEACIAIOTCA PA3MEPHOCTHIO HCXOAHOT'O MarHUT-
HOro noJis B Jesoii yactu ¢opmyant (4). Cupasa B (4) pacuosaraiorcs qudde-
PEHIEABHBIE OIEPATOPhI M MaTeMaTudecKne (PYHKIINA M3HAYATHLHO Pa3MEPHO-
cThio He obsagaromue. KoucTanTsr, Bxomsanme B ¢GbyHKIUO () 1 0b1agamoomme
Pa3MepHOCTHIO MATHUTHOTO TOJIsT TP AU OEPEHITNPOBAHNN PA3MEPHOCTH HE Te-
PAIOT.

Bazkueiimum cBORCTBOM pa3JjioKeHust MArHUTHOrO 1osist (4) sBjsiercs 10 06-
CTOSATEILCTBO, YTO KaxKJ0e U3 ONpEAETeHHbIX B (4) MArHUTHBIX TOJEH umeeT
CBOW CYIIIECTBEHHBIE W OCOOEHHBIE CBOICTBA. BUXpH TOPpOMIaTHHOTO MATHUTHOTO
IOJIsT TIOPOZK/TAIOT OJIONIAIbHOE MAarHUTHOE moJie B /1i000it cpeme. leficrBuTesnb-

HO:

VXHT:VXVX(Q’F):HP (5)

A BUXPH ITOJTOUJTAJIBHOTO MArHUTHOT'O IIOJIA IIOPOXKIAI0T TOPOUTAJIBHOE TOIb-

KO B TIPOBOJIAINEH W MArHUTHON CpEIe CJIEAYIONUM 00pa30M:
VxHp=VxVxVx(Qr)=-Vx(AQ -r) = xHr. (6)

31ech: X — KOHCTAHTA B OIHOPOIHON ITPOBOIAINEH Cpejie, OnpeerseMas u3

COOTHOIIIEHHA:
_ t=0

AQ=—xQ= —(niw,ua)l/QQ t>0. @)
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e Q = Q(r,0,¢) nna t =0, Q = Q(r,0,p)e™t nuat >0 Qe C® n=

L [<? /A] - marauTHas BasKoCcTb, w [1/c] — kpyrosas uacrora, o [(><<)7!] -

op
yZelabHas MPOBOAUMOCTD, ft [3 = / <] — MarHUTHAs NPOHULIAEMOCTD, v [< /A] —

ckopocTh quddy3nn mMarauTHOro mossi. Pasmeprocrs koadbdununenra x [1/ <]
— B obenx caydasx B (7).

U3 (4-6) 0MHO3HAYHO BBITEKAIOT JBA PAHIUNHAATIBHBIX CBONCTBA BBEIEHHBIX
BBIIIEe MATHATHBIX MOJIEH.

ToporIaIbHOE MATHATHOE MOJIE BCIOMY HE CHJIOBOE B TOM CMBICJIE, 9TO CHJIA

Jlopenna B ero ucrounuke pasua Hyso. /leficrBuresibHO:
F=[xHr x pHr] = 0. (8)

PasencTBo Hys10 BEKTOPHOro 1ipou3ssejieHus B (8) obecneyuBaer napajiiesib-
HOCTh BekTOpa Hp camomy cebe. B menposoasmieit cpene cusa JlopennaF B (8)
TaKyKe papHa Hymo m3-3a x = 0. I[ToaToMy GyneM Ha3BIBATHL TOPOUIATIHLHOE MAar-
HUTHOE I10J1€e HT HE€ CUJIOBBIM MAI'HUTHBIM IIOJIEM.

[TosonaabHOE MOJIE UMEeT CUIIOBOI xapakTep. [1o onpenenenunio u3 [5] cua

JlopeHna B NCTOYHWKE HE paBHA HYJIIIO.
F=[ocF x uH] #0. (9)

B nenpososieit cpese F=0 B (9) u3-3a paBeHCTBa HyJIO IPOBOAUMOCTHU O.
Tem we Menee, OyaeM HA3bIBATH MOJOUIANBHOE TONEe Hp CHIOBBIM MATHUTHBIM
mosieM. JIpyroe BazKHOE CBOWCTBO COCTOWUT B TOM, YTO BHXPH TOPOHIATIHHOTO
MATrHATHOTO TIOJIsI IOPOZKIAIOT MOJIOUIAIBHOE B JII000i1 cpesie (5), B TO BpeMs Kak
BHUXPH [OJIOUIAJIBHOIO MATHUTHOTO TOJs TIOPOXKIAIOT TOPOUIATBHOE TOJBKO B
npoBoasieit cpese (6). Tak 4To Ux B3auMHasi CAaMOreHepalysi BO3MOXKHA, TOJIbKO
B MIPOBOJAIIEH cpeje.

DTH HOCIeHAE CBOMCTBA CYIIECTBEHHBI JJisd ToHuMaHus 3¢ dexra Aaponosa-
Boma u 3mekTpouHAMUKA B TOKAMaKe, C OJHON CTOPOHBI, U BECbMa BarKHbI
Ut coxpanenus TeopeMbl CTOKCA Mpu 00bsICHEHUH BBIIE HA3BAHHOTO 3 deKTa
Aaponosa-Bowma.

Dopmyaibt (2) 1 (4) yKa3blBaIOT HA HEKOTODDII J1lyaJiu3M B OLPEJICJICHUN BEK-
TOPHOTO TOTEHIHAIa B TOM cMbIcye, 94to ecid B (2) V x (Qr) = Hy # 0, 10
BEKTODHBII MMOTEHINAJ CONEPKHUT B cebe HECHIIOBOE MArHUTHOE I10JIe W TIO9TOMY
SIBJISIETCS sIBHBIM (bu3mdeckuMm o0bekToM. Eciim Hy = 0, TO BEKTOPHBIN TTOTEH-
nyaJl IpeACcTaBJIeH IPOU3BOJIbHON CKaIApHON (dyHKuueld (Q u siBjagercs cyryoo
MaTeMaTHIeCKON BeroMorarenbuoit ¢pyukiueiit. DopManbHbIil Iyaan3M B Ompe-
JIeJIEHNH BEKTOPHOTO TOTEHINAJA COMEPXKUT B cebe NMPUHITUIHAILHOE (Du3nte-

CKOE HAYAJI0, CBA3AHHOE C M3BECTHBIM KBAHTOBLIM 3pdekrom Aaponora-Boma
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[2] ¢ omHO# CTOPOHBI, M € CYIIECTBOBAHWEM TaK HA3BIBAEMBIX «T€ODEM» AHTHIN-
HaMmo [7-9], B KOTOPbIX yTBEPAKIAETCH OTCYTCTBUE TOPOUAAJIBLHOIO MATHUTHOIO
noJig Hp npu niaHajabHON U IMUJIMHIPUYIECKONR CUMMETPUSX TOJIel U MOTOKOB, —
C IpYTOH.

Ecan Hp mpucyTCTByeT B BEKTOPHOM TIOTEHITHAJIE, TO KBAHTOBAS YACTHUIIA B
adpperre Aaponopa-Boma uCHBITLIBAET B3aMMOAEHCTBHE HE C MaTEMaTHYeCKOM
dyHKI@EH, & C HE CUIOBBIM TOPOUIAJBHBIM MArHUTHBIM mosieM. [Ipu 3Tom Teo-

pema CTOKCa OCTaeTCsl CrpaBeainBoii. JeficTBUTeIbHO:

f(A.dz) :f(vXA.ds) :f(HT-dsH?f(HP-ds) :%(HT-ds)—k]{(VxHT-ds).

Coorromenz (10) noysens ¢ yaerom dopyr (4-5). "
Mycrs reneps V x A =0, toraa V x [(Qr) + V x (Qr)] = 0. Orciona:
Vi =[(Qr) + V x (Qr)].
970 10 K€ camoe, YTo:
Hy =V x(Qr) = [VY — (Qr)]. (11)

3nech Y u (Q — IPOM3BOJIbHBIE CKaJIsIpHBIE (DyHKIMU Kiacca C.
ITycrs reneps V x Hpy = Hp = 0. B arom cayuae dopmyay (10) moxkuO
MEPETCATh CJIEAYIOMUM 00pPA30M:

flacan = v xa-ds) = ftir-a = f(vo - @n)-ds) 0. (12)

N3 ckazanHoro BhIIe cieayer, 9o paBencTBo V X A = 0, Besreacrsue hopmy-
Jibl (2), IPUBOAUT K PABEHCTBY HYJIIO TOJIBKO CUJIOBON YaCcTU MarHUTHOIO MOJis
Hp. B 10 Bpemsa Kak uHTErpaj oT Hecuaosoro nojis Hr B (10) ocraercs He pas-
HBIM HYJIIO B CBS3M C U3HAYAJIBHO OTJIMIHBIMU OT HYJIs CKAJISPHBIMUA QDyHKIMAMU
Y 1 Q. D10 06CTOATENHCTBO cOXpaHseT jeiictBue TeopeMbl CTOKCA € OTHON CTO-
POHBI, U ITOJITBEPKIAET /IyaJu3M B OIPE/IEJIeHNN BEKTOPHOI'O MOTEeHInaJIa, — C

JPYTOil.

3. BeCKOHEYHO JIMHHBIA IMJINHAPUYECKUNA COJIEHOU L, C JIeKTpUUe-
ckuM TokoM (3¢ dekr AapoHoBa-Boma)

IIycts B TpocTpancTBe N> BIOIH KOOPAMHATH 2 MPSIMOYTOILHON CHCTEMEI
KOODJHMHAT I, Y, 2 PACIOJOKEHa OECKOHEIHO JJIMHHAA MUJIUHIPHYECKASA KATYII-
Ka (CosleHOM ) € MJIOTHONW HAMOTKOI, B NEHTPE IUIMHAPA KOTOPOI 3aKpeIlIeHa,
KpOMe MpsiIMOYTOJIbHOM, e1mie u cpepuueckas cucrema koopauuar (1,6, ¢). B mpo-

BOAE KATYIKU IMUPKYJINUPYET TTOCTOSTHHBIHN SﬂeKTpI/I‘IeCKI/Iﬁ TOK C IJIOTHOCTBIO J
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WM TepeMeHHbIii ¢ maoTHocThio J - !, Cormacro ompenenennio (1) m cran-
JMAPTHBIM ypaBHeHUsM MaKCBeTa 9TH TOKH CBS3aHBI ¢ BEKTOPHBIM MOTEHIIHA~
qoM ypasaeruaMI VV - A—V x Vx A= J umu VV - A—V x V x A + x?A =
J, 345 x= (iwpo)'/2. Muoxurens ¢! B nocieanem ypasnenun omymien. Sc-
HO, 9TO B KATYIIKe IUPKYJIAPYET TOJBKO (0-TOBAsS KOMIIOHEHTA TJIOTHOCTH TOKA,

J,. CupoexkrupyeM 1epBoe ypaBHEHUE HA (-TOBYIO OCb CEPUYECKON CUCTEMBI

KOODIMHAT:
1 9 0A 1 9%A 10%rA cos OAy
- sinf b P - P _
rsing o0 Op + r2sin? @ Op? + r Or? + r2sin® 6 Op
cos A, 10 1 0 10%A, 2 04,

sinfA, — J, (13)

" r2sinf Oy +ﬁ@sin0% rd00p ' r2sinf dp ¥

Ecsu cupoexkrupoBars Bropoe ypashenue, 10 K (13) nobasurcs erue ciara-
emoe x2A,. HeTpyaHo 3aMeTHTh, 9TO, COMIACHO ONpeJeNeHuio (2), mocaenmaee

ciaraemoe B (13) ecTh Kak pas JejeHHAsd Ha KOODAMHATY 7 YABOCHHAS HAMDSI-

KEeHHOCTH Hpg — KOMITOHEHTBI HECHIIOBOTO MArHUTHOTO nonst Hy (—2— ‘981?; =
2 0Q _ 2
s 00 = 7 Hre). llosromy BbIpazkenne (13) ecrb npsMoe JOKa3aTeIbCTBO re-

HEPHPOBAHUA TOKOM IpoBogumocTu (J, — KOMIOHEHTO!) He CHJIOBOI KOMIIO-
HEHTbI MarHuTHOro nojst Hrg, KoTopas, cormacuo dopmyne (12), ocraercs B
upocrpancrse R3 naxe upu V x A = 0.

OKCIMIEPUMEHTAHHYIO TTPOBEPKY M3JIOKEHHOTO 3/1eCh MOYKHO CIENIaTh, N3Me-
PUB MArHUTOMETPOM, UCHOJIB3YIONIUM ITPOOHBIN 1yBCTBUTEIbHBIA MAHUTUK, 3a-
KPEIIEHHBIN Ha YKECTKOI TOHKOI KBapIEBO# HUTH (AHAJIOI MATHUTHON CTPEJIKU
KOMIIACa), HEMOCPEICTBEHHO HAIPIYKEHHOCTb TOPOUJAIHHONO MATHUTHOTO TIOJIst

BOJIM3M TIJIOTHO HAMOTAHHOM JITUHHON KATYITKA C TOKOM.

4. DJIeKTPOANHAMUKA B TOKaMaKe

BrersaBsennniit Boire 3¢ dEKT CyIecTBEHEH B COBCEM Ka3aJI0Ch ObI JAPyrom
9KCIIEPUMEHTE, & UMEHHO B MATHUTHOM TIOJI€ TOKAMaKa. KCIu KATYIIKy C TOKOM
u3 sKcnepumenTa [2| coequuurb B «ByOsiuK», T0 06pasyercs TOpOUJaJbHAS Ka-
TYLIKA, KOTOPas MPUCYTCTBYET B YCTAHOBKE Ul T€PMOsiJIEPHOrO cuHTe3a [13].
BzaumozeiicTBre OIpee/IeHHbIX 3/1ECh € MOMOIIbIO (4-6) MArHUTHBIX MOJIEH: TPO-
JIOJIBHOTO TOPOUIAJIBHOIO B TOKAMAaKe U 00PA30BAHHOTO BHYTPU TOKAMAKA TOKOM
KOJIBLIEBOI'O IIPOBOJHUKA I10siougasibHoro [13], moxer cnocoberBoBaTh mosiBJie-
HHUIO HEYCTONYUBOCTH ILJIA3MEHHOTO IIHYPA BHYTPU TOPOUIANBHON KATYIIKH 3a
CYeT TaK HA3bIBAEMOrO JMHAMO-BO30YKIEHUs MarHuTHOro mois [5]. Ipyrumu

cnoBamu 3a cuer bdexra camoBo3byKaenHus, cornacHo (5) u (6), Toponmah-
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HBIM TTIOJIEM TTOJIONJAJIBHOTO U HaO60pOT TpU TOABJIEHWUU BHYTPU TOKaMaKa MTPO-
BOAAIIErO IJIa3MEHHOI'O IIHYDPaA.

HeficTBuTesnbHO, coriacHo [13], MarHuTHOE MoJie B TOKaMaKe CO3/aeTcsi JABY-
Md TUTTAMHW UCTOYHUKOB: TOPONJAJIBHOE MAarHUTHOE TI0JIEe CO3OaeTCA O6MOTK&MI/I
TOPOU/1A, HOJIOUJAJIbHOE — BHYTPEHHUM IPOBOJHUKOM C TOKOM.

Cormacuo onpenenenusiv (4-6) w pesyabraram u3 [12], smeKrpomxuHaMuKa
MAarHUTHOI'O II0JI BHYTPU TOKaMakKa, CKOpee BCero, IOAYUHACTCH CJIe/LyIOMUM

YPABHEHHSIM:
HTZVX(QT), HPZVXVX(QT), VXHT:HP, V)(f[pZXI?T7 (14)

r7e v — cKopocTh auddy3un 1o B I1a3Me TOPa, (i — MArHUTHAS TPOHUIIA-
€MOCTb B IJIa3Me, 0 — MPOBOAMMOCTD IIJIa3MbI B pocTpaHcTBe Topa. CoracHo
(14), BUXpH HECUJIOBOTO TOPOUIAIHLHOIO MATHUTHOTO TIOJISA CO3JAIOT CUIIOBOE TIO-
JIOUIAJIbHOE MATHUTHOE TI0JIe U HA00OPOT. DTO €CTh OJMH U3 BAPUAHTOB, TAK
HA3bIBAEMOIO, AMHAMO-BO30YKI€HUs MarHuTHOro nossd [5]. Yem nampsikenHee
TOPOWIAJIbHOE MATHUTHOE TIOJIe, CO3/IaBaeMOe OOMOTKAMU TOPOUIA, a OHO B TO-
KaMake wHorma gocturaer 3-5 Ta [13], Tem wHTeHCHBHEE GyaeT CO3MaHHOE WM
JIOMIOJTHATEIbHOE TOJONIATbHOEe MaruuTHOe moje Hp. ®aKTudecKu MPOUCXOIUT
caMOBO30y XK AeHNE U DECKOHTPOJILHOE HAPACTAHNE MATHUTHOTO TIOJIsT PA3IMIHON
TOTIOJIOTUU 34 CYET CaMOr'0 MarHMTHOTO TIOJIA, HaXOAAIIEroCcd BHYTPU TOKaMa-
K& U DU [OsIBJIEHUU BHYTPH TOKAMAKA IIPOBOJSAIIEH [JIa3Mbl. DTO IPUBEIET K
MOSIBJIEHUIO HEKOHTPOJUPYEMON HEYCTOWYHUBOCTH ILTa3MeHHOro mHypa. OueHka
caMoBO30y kK JeHust B Goabinoii Momenn MTP wu3 [13], corsacHo omnpemeneHusm
u3 (4-6), BeIIAAUT caeayomuMm obpasom. Eciau npuaars VX ~ %, roe L —

JIMHEIHBINA pa3Mep IIA3MEHHOrO IIHYPa BHYTPH TOKAMAKA, TO:
1 ol 1
—Hp =—-H —Hr = Hp. 15
7P ) T, pHT P (15)

IIycTs Mambrit paguyc miaazmenHoro mmuypa R = 2 M, torma L = 2R = 47w
M, a HanpsikerHocts |Hr| = 5 Ta. Torma Bo30yxKaaemas TOPOUJATBHBIM MAr-
HUTHBIM [TOJIEM HANPS?KEHHOCTH JIOTIOJTHUTEHHOTO MOJOMIATBHONO MATHUTHOTO

oIt OyeT mopsaKa:

|Hp| = 5/4m ~ 0, 4. (16)

IIpu arom orenka ckopoctu auddy3un MO TEPBOHAYATIHHBIM MATHUTHBIM TTOJISIM

CIIeYTOTIA:

N= (17)
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B cBoI0 0uepens T0MoIHUTETHEHOE TOPOUIATHHOE MATHUTHOE T10JIe OYIeT TpH-

pacrarb Ha BEJIUYHUHY:

Y, Hr ., 2
H.=-1H,="H)=—.

(18)

ITpomecc camMoBO30Y ) AeHMsT OyIeT HAPACTATH 33 CYeT B3ANMHON TeHepaInn
YIOMSIHY ThIX MArHUTHBIX 1oJieil. [Ipu 5ToM ¢ pocToM TeMieparypbl BHYTPHA TO-
KaMakKa CKOpOCTh aupPy3un Takke OyIeT HApacTaTh 3a CUYeT MMAJEHHUS IPOBO-
JVMOCTH B TLJIA3MEHHOM IITHYPE W POCTY OO IAJIBHOTO MOJIS BHYTPH TOKAMAKA.

EcrectBenno, 4to chopMyInpOBAHHBIN 371€CHh TOIXOI K OMUCAHUIO 3JIEKTPO-
JUHAMHUKA B TOKAMaKe HyKIAeTcs B Dojee TIIATEIHLHOM aHAIU3E C IPUBJeYe-
HHEM ypaBHEHWS BOMbIMAaHA, OMUCHIBAIOIIErO MOBEJIEHUE YACTHUIL MJIA3MBI DU
BO3PACTAHUK TEMIEPATYPHI B TAKOM CJIOXKHOM MAaTHUTHOM IOJI€, BO3HUKAIOIIEM
BHYTDHU TOKaMaKa. B HacTosiee BpeMs JIeKTPOJMHAMUKA B TOKAMAKE OIIMChIBA~

€TCAd U3BECTHBIMU KJIaCCUIE€CKUMHU YPDABHEHUAMM MaKCBeJIJIa, KOTOPbIE HECKOJIb-

KO OTJIMYAIOTCS O CBOEil cyTn oT ypaBHeHwHit (4-6).

5. 3akJfoyeHue

C mammeit Touku 3penus, KBaHTOBBIH 3dderT AaponoBa-Boma BbIZBaH BCe
TeM K€ MArHUTHBIM TOJIEM, TOJBKO €ro HEeCHUJIOBOI cocrasisiomniei. [Ipu sTom
teopema CTOKCA OCTAeTCsT BEPHON W B 3TOM cjaydae. [lyasm3m BEKTOPHOrO MO-
reruuana A B ero HecraHAapTHOM onpejesenud u3 [12] ¢ nomorpio dopmya (2)
IIOJTHOCTBIO moaTBepzKaaercs 3¢gpdekrom Aaponosa-Boma.

Yro Kacaercs 3JEKTPOJUHAMHUKU B TOKAMAKE, TO 33 CYET CAMOTEHEPAIUH
3IECH ONPEIEIEHHBIX TOPOUIATBHBIX U TIOJOUIAJBHBIX MATHUTHBIX MOJIEH B TPO-
BOJSAIIEH Cpejie BHYTPH TOKAMAaKa MOYXKET BO3HUKHYTH HEYIIPABJIAEMasi HEYCTOM-
YUBOCTH B IJIA3MEHHOM IITHYype, KOTOPYIO CIeyeT mpeaoTBpammarsk. Kak aro je-
JIaTh €CTh Apyras Oojee dyHIAMEHTAIbHASA 33/1a9a, MOXKET OBITh BHE TEXHOJIO-

' TOKaMaKa.
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Vector Potential, Aharonov-Bohm Effect and Electrodynamics
of Tokamac

This paper proves that a vector potential in Electrodynamics is both an auxiliary
function and a non-force magnetic field. In this connection in the Aharonov-
Bohm effect, a quantum particle interacts with a non-force magnetic field. The
Stokes theorem remains valid and applicable to explanation of the Aharonov-
Bohm effect and to the electrodynamics of tokamac. Electrodynamics in a

tokamac can be explained in terms of power and magnetic force fields.
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