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1 BBe,neHHe 

Hal.J:IIHaJI C 1984 r. TeopeTHKH H3 lllKOJIbI B.J1. rHH36ypra J1.B. KeJI

llhIllla B cepHH pa60T CTaJIH BHe.llPSlTh IlOHSlTHe TOpOH1lHOrO 1lHIlOJISI B paMKH 

KBaHTOBOH MHKPOCKOIlHl.J:eCKOH TeopHH MarHHTHbIX cpe1l. A B 1986 r. 

B.M. lly60BHK C COTpY1lHHKaMH [1] BBeJIH IlOHSlTHe TOpOH1lHOrO 1lHnOJISI 3JIeK

TpHl.J:eCKOrO npOHCXOJK1leHHSI KaK 3aMKHYToH KpyroBoH ueIlOl.J:KH 3JIeKTpHl.J:e

CKHX 1lHnOJIeH. TaKoH TOPOH1lHbIH 1lHIlOJIh MOJKeT B03HHKaTh, HanpHMep, KaK 

CJIe1lCTBHe opHeHTaUHOHHoro <pa30Boro IlepeX01la B cpe1le 3JIeKTpHl.J:eCKHX 1lH

IlOJIeH, HO He KaK 6a3HCHbIH 1lHIlOJIh B 3JIeKTp01lHHaMHKe TOl.J:el.J:HbIX 3ap5l1l0B 

MaKcBeJIJIa - J1opeHua. HeCKOJIhKO JIeT CIlYCTSI 3<p<peKTbI, KOTopbIe 6bIJIH 

06'hSlCHeHhI BIlOCJIe1lCTBHH M.A. MapueHIOKoM H H.M. MapueHIOKoM [2] KaK 

BhI3hIBaeMbIe 3JIeKTpHl.J:eCKHMH TOPOH1lHbIMH nOJISlpH3aUHSlMH, 6bIJIH HaH1leHbI 

3KCIlepHMeHTaJIhHO H.A. TOJICTbIM H A.A. CIlapTaKoBbIM [3]. 
TaKHM 06pa30M, B paMKax 3JIeKTp01lHHaMHKH CIlJIOIIIHbIX Cpe1l6bIJIH OIlpe

lleJIeHbI YJKe l.J:eTbIpe <pYH1laMeHTaJIhHbIe nOJISlpH3aUHH, HCl.J:epnbIBaIOlUHX Bce 

BapHaHTbI nOBe1leHHSI npH npOCTpaHCTBeHHO-BpeMeHHbIX OTpaJKeHHSlX, pac

llIHPHJIOCh nOHSlTHe MarHHTHbIX KPHCTaJIJIHl.J:eCKHX cHMMeTpHH, 6bIJIH HaH

lleHhI KOHKpeTHbIe BelUeCTBa, 06JIa1lalOlUHe TOPOH,UHbIMH IlOJISlPH3aUHSlMH [4]
[6]. 

Pa3BHTHe 3JIeKTp01lHHaMHKH TOPOH1lHhIX MOMeHTOB npHBeJIO K TOMY, l.J:TO 

3JIeKTpOMarHeTH3M, KaK TeopHSI, onHCbIBalOlUaJI Cpe1lbI, npeBpaTHJIaCh no 

CyTH B 3JIeKTpo-TOpOH1lo-MarHeTH3M, a pSl.ll MarHHTHbIX KPHCTaJIJIOB, HanpH

Mep, 06JIa1lalOlUHX MarHHT03JIeKTpHl.J:eCKHMH CBoHcTBaMH, KPHCTaJIJIOrpa<pbI 

Teneph Ha3bIBaIOT TopOHKaMH (CM., Hanp., [7] H CCbIJIKH TaM). ECJIH roBo

pHTh TOl.J:Hee, TO TOPOH1lHaSl nOJIllpH3aUHll H B KPHCTaJIJIHl.J:eCKHX TeJIaX, H B 

MarHHTHbIX JKH1lKOCTllX 06bIl.J:HO conYTCTByeT HaMarHHl.J:eHHOCTH [8, 9]. Ta

KHe COl.J:eTaHHll xapaKTepHbI, HaIlpHMep, 1lJIll KJIaCCa MarHHTHbIX KPHCTaJIJIOB, 

Ha3bIBaeMbIX CJIa6bIMH <pepPoMarHeTHKaMH [10]. 
HeCKOJIhKO CBOHCTB TOPOH1lHbIX 1lHnOJIeH BHOCllT 1l0Boe Kal.J:eCTBO B OIlHca

HHe <pH3HKH 3JIeKTpOMarHHTHbIX llBJIeHHH. IIpeJK1le Bcero 3TO 06eCnel.J:HBaeTCSI 

B03MOJKHOCTllMH HX M01leJIHpOBaHHSI. MbI MOJKeM, HanpHMep, npe1lCTaBHTh 

TOPOH1lHbIH 1lHnOJIh MarHHTHoro npOHCXOJK1leHHll B BH,Ue TOKOBOH KOH<pHry

paUHH H onpe.lleJIHTh BeJIHl.J:HHY ero MOMeHTa l.J:epe3 nOJIHbIH TOK I, TeKYlUHH 

no nOBepXHOCTH Topa T = IV, r1le V 06'heM Topa. HJIH, 3TOT MOMeHT 

MOJKHO BbIpa3HTh Qepe3 HaIlpSlJKeHHOCTh MarHHTHoro nOJISI, 3aKJIIOl.J:eHHOrO 

B Tope, KaK T = BsS, r1le s - nJIOlUa,Uh MepH,UHOHaJIhHOro Cel.J:eHHll Topa, 

a S - nJIOlUa.llh CeQeHHll Topa no 3KBaTOpy H, B KOHel.J:HOM HTOI'e, paCCMa

TpHBaTh TOPOH.llHbIH 1lHnOJIh KaK 3JIeMeHTapHbIH 3aMKHYTbIH BHXPh IlOTOKa 

MarHHTHoro nOJIll C MOMeHTOM T = ~S. IIo1lQepKHeM, H 3TO 6Y.lleT Ol.J:eHh 

BaJKHO B 1laJIhHeHllleM, l.J:TO H H1leaJIhHbIH TOPOH1l, H CTaTH'tIeCKHH BHXPh He co
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3.1lalOT BO BHCIlIHCM npOCTpaHCTBC HM :::mCKTpM~CCKOrO, HM MarHMTHOrO nomI, 

a TOJIbKO, BBC.1lCHHbIH B. <:PpaHUCM cmc B 1939 r., cBo6o.1lHOnOJICBOH (frcc-ficld) 

MJIM npO.1l0JIbHo-:noncpc~HbIH BCKTOPHbIH nOTCHUMaJI (TITIBTI) [11]. Ha6JlIO.1la

CMhIM cro CJIC.1lCTBMCM HBJIHCTCH 3HaMcHMTbIH 3q>q>CKT AapOHOBa-:SoMa. 

BCCbMa MHTCPCCHhI npCBpamCHMH BHCIlIHMX nOJICH TOPOM.1lHbIX .1lMnoJIeii 

npM M3MCHCHMM MX BCJIM~MH. HanpMMCp, CCJ1Jf TOK B 06MOTKC TOPOM.1lHOrO 

COJIeHOM.1la paCTCT JIMHCHHO, TO JIMHMM "nYCToro" q>paHUCBCKoro nOTCHUM

aJIa npCBpamalOTCH B .1lMnOJIbHoe CTaTM~CCKOC 3JICKTPM~CCKOC nOJIc. TaKMM 

06pa30M, TOPOM.1lHbIH .1lMnOJIb B 3TOM PC'lKMMC MMMTMPyCT TO~C~HbIH 3JICK

TPMqCCKMH .1lMnOJIb M MO'IKCT onMCbIBaTbCR .1lBYMR 3q>q>CKTMBHbIMM 3apH.1laMM. 

BCJIC.1lCTBMC 3Toro, nO.1lMCqCHHOC litC. )KCJIY.1lCBbIM cmc B 1969 r. [12] TOPOM

.1laJIbHOC (KPyroBoc) ynopH.1l0q CHMC MarHMTHbIX MOMCHTOB aTOMa KMCJIOpO.1la B 

3JICMCHTapHOH KPMCTaJIJIMqCCKOH RqCHKC Ky6MQCCKOrO ncpOBCKMTa, npMBO.1lMT 

K ncpcpacnpC.1lCJICHMIO 3HcprMM MC'IK.llY 3q>q>CKTMBHbIMM 3apH.1l0BbIM M TOpO

M.1lHbIM .1lMnOJIHMM Ha MC'lKaTOMHOM ypOBHC, M, B KOHC~HOM MTore, n03BOJIHCT 

06'bHCHMTb ncpcxo.1l KpMCTaJIJIa ncpOBCKMTa B aHOMaJIbHYIO .1lM3JICKTPMQCCKYIO 

q>a3Y· 

BCPHCMCH K pa3JIMQMIO MC'IK.llY MYJIbTMnOJIbHbIMM pa3JIO'IKCHMHMM B 3JICK

TpO.1lMHaMMKC MaKCBCJIJIa JIopcHua M B TCOpMM CPC.1l. B nOCJIC.1lHCH 3JICMCH

TapHOH 6a3MCHOH C.1lMHMUCH CJIY'lKMT HC 3apH.1l, a KaKOH-JIM60 .1lMnOJIb: 3JICK

TPMQCCKMH, MarHMTHbIH MJIM TOPOM.llHbIH. C q>OPMaJIbHOH TOQKM 3PCHMH 3TO 

npMBO.1lMT K TOMY, QTO MYJIbTMnOJIbHOMY pa3JIO'IKCHMIO nO.1lBcpraCTCR y'lKC HC 

3JICKTPM~CCKMH TOK, a nJIOTHOCTb pacnpC.1lCJICHMH COOTBCTCTBYlOmCH nOJIH

pM3aUMM CPC.1lbI M MaTCPMaJIbHbIC ypaBHcHMH .1lJIH HMX HC HBJIHIOTCH .1lMHa

MMQCCKMMM, KaK YCJIOBMH coxpaHCHMR TOKa B 3JICKTpO.1lMHaMMKC MaKCBCJIJIa

JIopcHua. TaKMM 06pa30M, CTpYKTypa 3TMX pa3JIO'IKeHMH MO'IKCT 6bITb 60JICC 

npOCTOH, CCJIM cpC.1la JIMHCHHa. O.1lHaKO, CCJIM cpc.1la HCJIMHCHHa M o6JIa

.1laCT HC TOJIbKO O.1lHOH nOJIRpM3aUMCH (TOMY MMCCTCH MHO'IKCCTBO npMMcpOB: 

q>cppMMarHCTMKM, ccrHCTOMarHCTMKM M T • .1l.), TO CTpYKTypa MYJIbTMnOJIbHbIX 

pa3JIO'IKCHMH CTaHOBMTCH CJIO'IKHOH [13]. 
TcncPb KOCHCMCH CBOHCTB 3JICMCHTapHhIX TOPOM.1lHbIX .1lMnOJICH. Bo BHCIlI

HCM nOJIC .1lMnOJIb MarHMTHoro npOMCXO'IK.1lCHMH 0PMCHTMPYCTCR no TOKY CMC

mCHMH MJIM KOHBCKTMBHOMY TOKY, npOTCKalOmCMY B MCCTC cro pacnOJIO'IKCHMH, 

a .1lMnOJIb 3JICKTPMQCCKOrO npOMCXO'IK.1lCHMH 0PMCHTMPYCTCH no HanpaBJICHMIO 

npOM3BO.1lHOH no BPCMCHM BHCIlIHcro MarHMTHoro nOJIH. TaKMM o6pa30M, o6c 

3TM CMCTCMhI no cOBoKynHocTM MX BHYTPCHHMX M BHCIlIHMX CBOHCTB MO'IKHO 

Ha3BaTb MarHMT03JICKTPMQCCKMMM. MO.1lCJIMpOBaHMc 3TMX CMCTCM MO'IKCT no

MOQb KOHCTPYMpoBaHMIO HOBbIX npM6opoB, pa3BMTMIO HOBbIX npMHUMnoB 3Kpa

HMpOBaHMR M TCXHMKM 06HapY'lKcHMH B cpc.llax BMXPCBbIX CTPYKTYp. 

MbI BBC.1lCM 3.1lCCb nOJIHbIH Ha60p 6a3MCHbIX .1lMnOJICH .1lJIH q>M3MQCCKM HaM

60JICC 3HaQMMbIX .1lMnOJIbHbIX cpc.1l [4]. naJICC, MCXO.1lR M3 MaTCMaTMQCCKOrO 
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<paKTa IiX CYIUCCTBOBaHIiB:, YKa)l(eM pB:,U B03MO)l(HhIX He06hI"tIHhIX <PYHKUIiH OT

KJIIiKa BeIUeCTBa, HaXO,UB:IUerOCB: B KOH,UeHClipOBaHHOM COCTOB:HIiIi, Ha HeO,UHO

pO,UHhle 1i/IiJIIi ,UIiHaMIi"tIeCKlie 3JIeKTpli"tIeCKlie Ii MarHIiTHhle nOJIB:. 06CY,UIiM 

MYJIhTlinOJIhHhIe pa3JIO)l(eHIiB: BhICIIIIiX nOJIB:pIi3aUIiH. B 3TOM OTHOllieHli1i ,UaH

HaB: CTaThB: B:BJIB:eTCB: pa3BliTlieM TeOpeTIi"tIeCKIiX pa60T [1] Ii [8]. B ,UBYX no

'./ 	 CJIe,UYIOIUIiX "tIaCTB:X ,UaHHoH pa60ThI YKa3aHhI npliHUlinliaJIhHhIe cxeMhI 3Kpa

HlipOBaHIiB: I1I1BI1, MexaHli3MhI ero np0B:BJIeHIiB: KaK 3<p<peKTIiBHoH CTaTIi"tIe

CKOH 3JIeKTpli"tIeCKOH CIiJIhI B BeIUeCTBe Ii nOCJIe,UOBaTeJIhHOCTh "pacnaKoBKIi" 

cB060,UHonOJIeBhIX nOTeHUliaJIOB B CIiCTeMax 06beMJIIOIUliX TOpOB. 

2 MYJIbTHllOJIbHbIe pa3JIO}l{eHHJI llOJIJlpH3a

UHH ,nHllOJIbHbIX cpe,n H B3aHMo,neHcTBHJI 

(llceB,no) BeKTopHbIX ,nHllOJIeH C BHeIIIHHMH 

llOJIJlMH 

I1pe,UCTaBIiM, "tITO IiMeeTCB: HeKaB: "cpe,Ua" (clicTeMa) HenpephIBHO pacnpe,Ue

JIeHHhIX 3JIeMeHTapHhIX 3JIeKTpli"tIeCKIiX ,UlinOJIeH, KOTOPaB: onliChIBaeTCB: orpa

HIi"tIeHHOH B npOCTpaHCTBe <PYHKUlieH d : rEV, B 06IUeM cJIY"tIae 3aBIiCB:IUeH 

OT BpeMeHIi. 1]0nycTIiM, "tITO B TaKoH cpe,Ue no pa3JIIi"tIHhIM npli"tIIiHaM - BCJIe,U

CTBlie BHYTpeHHlix B3aIiMo,UeHcTBIiH IiJIIi no,U BJIIiB:HlieM BHeIIIHIiX nOJIeH - MO

rYT B03HliKaTh Ii BhIcTpaliBaThCB: arperaThI pa3JIIi"tIHhIX KOHqmrypaUIiH, co

CTOB:IUlie 1i3 KOHe"tIHoro "tIIiCJIa 3JIeMeHTapHhIx ,UlinOJIeH. PaccMoTpliM KapTIiHY 

B03MO)l(HhIX B3aIiMo,UeHcTBIiH MYJIhTlinOJIhHhIX MOMeHTOB, onliChIBaIOIUIiX Ta

KYIO clicTeMY, C BHeIIIHIiM Heo,UHopo,UHhIM 3JIeKTpli"tIeCKIiM nOJIeM. 06IUaB: <pop

MYJIa MYJIhTlinOJIhHOrO pa3JIO)l(eHIiB: 3Heprlili B3aIiMo,UeHcTBIiB: pacnpe,UeJIeHIiB: 

BeKTopHoH nJIOTHOCTIi C BHeIIIHIiM nOJIeM npliBe,UeHa B [5], App.E. MCnOJIh3YB: 

ee, BhInlillieM 3,UeCh B B:BHOM BIi,Ue ,UJIB: Halliero CJIY"tIaB: TOJIhKO nepBhIe "tIJIeHhI 

pa3JIO)l(eHIiB:: 

w = - ( 	d(r)E(r)d3r = ~ro2divE - QE - T(d)rotE-Jv 6 

-p(d)rotrotE - ~Q ..('\j'E' + '\j·E·) - (d)'\j·(rotE)· + rp..2 1) 1) ) 1 .L 1) 1 ) 

1 
+_(r~2). V)divE + ... ===> -QE - T(d)rotE + p(d)(Vp - ~E) + 

10 
(d) • 	 (d)·· ..+... ===> -QE +T H + p (J - E) + .... , (1) 

r,Ue Q = Jd(r )d3 r - 06hI"tIHhIH nOJIHhIH 3JIeKTpli"tIeCKIiH .lllinOJIhHhIH MOMeHT 

CIiCTeMhI, T(d) = ! J r x d(r )d3r - aKCliaJIhHhIH TOPOH.llHhIH .lllinOJIhHhIH Mo

MeHT CIiCTeMhI, p(d) = -to J[r( rd) - 2r2d]~r - nomIpHhIH nOJIOIi,UaJIhHhIH 
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.zumOJIbHhIH MOMeHT. BMeCTe OHH COCTaBmlIOT 6a3HCHYlO TPOHKY BeKTOpOB, 

Ka)K.llhIH H3 KOTOPhIX reHepHpyeT BCe BbICIIlHe MYJIbTHnOJIbHble MOMeHTbI CO

OTBeTCTBYlOmerO ceMeHCTBa no 06blqHbIM peuenTaM. KpoMe HHX B (1) HMe

lOTOI: ro2 = Jr Ed3 r - cKamlpHbIH MOMeHT, KOTOPbIH B pa3JIO)KeHHH TOKa 

COOTBeTcTByeT BpeMeHHoH npOH3BO.llHOH OT Cpe.llHeKBa.llpaTHqHOrO pa.llHyca 

3ap.H.lla, T .e. .llBOHHOMY cq,epHqeCKoMY CJIOlO: r i2) = J[2r (r E) + r2E]d31' 

- Cpe.llHeKBa.llpaTHqHbIH pa.llHyc npO.llOJIbHOH qaCTH .llHnOJIbHoro MOMeHTa Q, 
KOTOPhIH o6pa3yeTC.H .llBOHHbIM UHJIHH.llpHqeCKHM CJIoeM .llHnOJIeH; Qij H Ti~d) 

3JIeKTpHqeCKHH H TOPOH.llHbIH KBa.llpynOJIbHhIH MOMeHTbI, onpe.lleJI.HeMble no 

06blqHbIM npaBHJIaM. l'b q,OpMyJIhI (1) BH.llHM, qTO C nOCTO.HHHbIM HeO.ll 

HopOnHhIM 3JIeKTpHqeCKHM nOJIeM MOMeHT p(d) MO)KeT B3aHMO.lleHCTBOBaTb, 

KaK Cpe.llileKBanpaTHqHhIH panHyC MOMeHTa Q. OTMeTHM, qTO nepBbIH H 

nOCJIe.llHHH napaMeTphI CB.H3aHbI C pa3JIO)KeHHeM MaKCBeJIJIOBCKOH CKaJI.HPHOH 

nJIOTHOCTH pacnpe.lleJIeHH.H 3ap.H.llOB pCBlJ3( r) = divd == divdll(r), B TO BpeM.H 

KaK TOPOH.llHa.H H nOJIOH.llaJIbHa.H xapaKTepHCTHKH B CTaH.llapTHhIe ypaBHeHH.H 

MaKCBeJIJIa Bo06me He BXO.ll.HT (CM. [1] H [5]). PHCYHKH, HJIJIlOCTpHpYlOmHe 

napaMeTpbI naHHoro pa3JIO)KeHH.H npHBe.lleHbI B [13, 14]. 
HanoMHHM, qTO B nOJIHOM pa3JIO)KeHHH ([15], §4) BbI.lleJIeHHe TOpOHnHbIX 

MOMeHTOB (H HX pa.llHYCOB) npOHCxonHT He 3a CqeT coxpaHeHH.H 3JIeKTpHqe

CKOro TOKa (CM. [5] App.E), a B pe3YJIbTaTe BbI.lleJIeHH.H KYJIOHOBCKHX xapaKTe

PHCTHK B nOnepeqHOH qaCTH TOKa. IIo3ToMY noyqHTeJIbHO npOCJIe.llHTb, KaK B 

o6meH q,opMyJIe MYJIbTHnOJIbHoro pa3JIO)KeHH.H 3HeprHH B3aHMoneHCTBH.H BOC

CTaHaBJIHBaeTC.H npocTeHIIlHH B q,0pMYJIe (1) BKJIa.ll QE. 3TO .llOCTHraeTC.H 

CJIenYlOmHMH q,OpMaJIbHhIMH .lleHcTBH.HMH: 

_[l-lQ1m 6 -lYlm(V)(rD) - QlmYlm(V)6-ldivA]l=l,n=O 

===} -QD,.-l(D - VdivA) -Q6 -1 [rotrotA graddivA] (2) 
-QD,. -1 D,.A QAt = -QE, 

B pe3YJIbTaTe KOTOPhIX, KaK MbI BH.llHM, nOnepeqHbIH H npO.llOJIbHbIH BKJIa.llbI 

CKJIa.llbIBalOTC.H B QE 1. ECTecTBeHHo, Bblpa)KeHHe (1) JIerKO nOJIyqHTb H 

HenOCpe.llCTBeHHO, OTbICKHBa.H HenpHBO.llHMble npenCTaBJIeHH.H B onepaTopax 

THna (ri .... . rk)(V'i ...... V' k) TaK, KaK 3TO .lleJIaeTC.H B §3 [8]. 

1IIona.llaHHe np0.llOJIhHhIX KYJIOHOBhIX xapaKTepHCTHK B pa3JIOJKeHHe nonepe~lHoH qaCTH 

TOKa 06'h.!lCH.!IeTC.!I BhIpO)KJleHHeM nOH.!ITHH npO.llOJIhHOCTH H nOnepeqHOCTH, KOr.lla MhI co

XpaH.!IeM HYJIeBhIe rpaHHqHhIe YCJIOBH.!I Ha nOBepXHOCTH o6pa3I1,a B npOI1,ecce (npe.lleJIhHoro) 

nepeXO.lla K MYJIhTHnpJIhHoMY onHcaHHIO 3JIeKTpOMarHHTHhIX CBOHCTB o6pa3I1,a. A HMeHHO, 

npH H30MeTpHqeCKOM CT.!IrHBaHHH 06'heMa 06pa3I1,a B TOqKY, npHBO.ll.!llI1,eM K 6eCKOHeqHoMY 

. 	B03paCTaHHIO onHChIBaIOlI1,HX ero nJIOTHOCTeH, e.llHHCTBeHHa.!I B03MO)l{HOCTh coxpaHHTh HY

JIeBhIe rpaHHqHhIe YCJIOBHl1 Ha ero nOBepXHOCTH - 3TO CqHTaTh, qTO i 10 v == (i II + i.l) -+ 0 
npH V -+ 0, T.e. ill = 00 = -i.l npH V -+ 0 (CM. [15] H MaTeMaTHqeCKOe 06ocHoBaHHe B 

TepMHHax 0606lI1,eHHhIX <PYHKI1,HH B [16]). 
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ECJIH )Ke B3aHMOJleliicTBHe dE 3aMeHHTb Ha JtB, TO B03MO)KHa HJleHTH<tm:

KaUHJI BCeX qJIeHOB MYJIbTHlIOJIbHOf'O pa3JIO)KeHHJI lIJIOTHOCTU HaMaf'HHqeH

HOCTH C TOKOBhlMH MYJIbTHlIOJIbHbIMH MOMeHTaMH Ha OCHOBe f'HlIOTe3b1 AM

lIepa. lleliicTBHTeJIbHO, COf'JIaCHO lIOCJIeJlHelii Q lIpeBpamaeTCJI B Maf'HHTHbllii 

)J.HlIOJIbHbIlii MOMeHT M (PHc.la), XapaKTepH3YIOmHlii 3KBHBaJIeHTHYIO paMKY 

C TOKOM (PHc.lb); T(d) - B lIOJIJlPHblH TOPOH)J.HblH )J.HlIOJIb T/J. (PHc.lc), 3KBH

BaJIeHTHbIH TOPOH)J.HOMY COJIeHOH)J.Y; p(d) B aKCHaJIbHbIH lIOJIOH)J.aJIbHblH )J.H

lIOJIb, CBJl3aHHblH CO Cpe)J.HeqeTBepTHqHbIM pa)J.HyCOM TOKOBOf'O Maf'HHTHOf'O 

)J.HlIOJIbHOf'O MOMeHTa r~4), qTO pa3f'JIJI)J.eTb TpY)J.Hee (PHc.ld H PHc.le) 2. 3a

MeTHM, qTO B 3TOM pa3JIO)KeHHH pa)J.HYCbI Boo6me He MOf'YT )J.aBaTb BKJIa)J.a B 

3Hepf'HIO B3aHMO)J.eHCTBHJI C BHeIDHHM MarHHTHblM lIOJIeM, TaK KaK divH = O. 
B pe3YJIbTaTe <popMYJIa pa3JIO)KeHHJI 3HeprHH B3aHMO)J.eHCTBHJI paClIpe)J.eJIe

HHJI lIJIOTHOCTH MarHHTHblX )J.HlIOJIeH C BHeIDHHM HeO)J.HopO)J.HblM Maf'HHTHblM 

lIOJIeM HMeeT 60JIee lIPOCTOH BHJJ., qeM (1): 

w = - JJt(r)H(r)d3 r = -MH - T(/J.)rotH 

P(/1-)rotrotH - -~Mij(ViHj +VjHi) - T/j>Vi(rotH)j + ... ===> 

===> -MH T(/J.) E - P(/J.)(rotj - H) 
===> -MH - T(/1-)rotH + p(/J.) 6.H CB06 +... (3) 

TaKHM clIoco6oM MO)KHO H)J.eHTH<pHUHpoBaTb H Bce BbICIDHe MYJIbTHlIOJIbHbIe 

MOMeHTbI pa3JIO)KeHHJI lIJIOTHOCTH HaMaf'HHqeHHOCTH lIO TOKOBbIM MOMeHTaM. 

TI03TOMY, C O)J.HOH CTOPOHbI, pa3JIO)KeHHe (3) Ka)KeTCJI MeHee HHTepecHbIM, 

qeM pa3JIO)KeHHe paClIpe)J.eJIeHHJI 3JIeKTpHqeCKHX )J.HlIOJIeH. O)J.HaKo, C )J.py

rOH CTOPOHbI, eCJIH HOCHTeJIJlMH MarHHTHbIX MOMeHTOB JlBJIJlIOTCJI ClIHHOBbIe 

qaCTHUbI, HalIpHMep, HeHTpOHbI, TO MYJIbTHlIOJIbHOe palJ10)KeHHe paClIpe)J.eJIe

HHJI HX MarHHTHbIX MOMeHTOB (HalIpHMep, B JI)J.pe HJIH B HeHTpOHHOH 3Be3)J.e) 

lIOJIyqaeT lIepBHqHbIH CMbICJI (eCJIH He lIepeXO)J.HTb K KapTHHe paClIpe)J.eJIeHHJI 

3apJl)KeHHbIX KBapKOBbIX TOKOB BHYTPH, HalIpHMep, caMoro HeHTpOHa). 

Pa3JIO)KeHHJI, lIo)J.06HbIe (1) H (3), OqeBH)J.HO MO)KHO BbIlIOJIHHTb )J.JIJI 

)J.BYX OCTaBIDHXCJI <PYH)J.aMeHTaJIbHbIX (TOPOH)J.HbIX) )J.HlIOJIbHbIX paClIpe)J.eJIe

HHH r(r) H g(r). 
BbIpa)KeHHe )J.JIJI 3HeprHH B3aHMo)J.eHcTBHJI C lIepeMeHHbIM 3JIeKTpHqe

CKHM lIOJIeM (HanpHMep, C TOKOM cMemeHHJI) CHCTeMbI, xapaKTepH3YlOmeHCJI 

2Mo:lKeT B03HHKHYTb Bonpoc, nOqeMY B p3.3JIO:lKeHHH (3) B03HHK Cp3.3Y qeTBepTHqHbIH 

pa..ZlHYC, a He KBa.llpaTHqHbIH. OTBeT TaKOB: npH npe.llCTaBJIeHHH MOMeHTOB p3.3JIO:lKeHbI 

,.,.(r) no MOMeHTaM j (r) Ha Mecro HH3IIlHX MOMeHTOB CTaHOBBTCB BbICIIlHe, a qHCJIO :me

MeHTapHbIX COCTaBJIBIOIIlHX B HHX paCTeT KaK 2', I = 1,2,3, ... , TaK 'liTO 2' = 2,4,8,16, ... , 
B TO BpeMB KaK .llJIB pa.ZIHyca POCT qHCJIa COCTaBJIBIOIIlHX onpe.lleJIBeTCB 3aBHCHMOCTblO 

2n=2,4,6,8, ... , n=1,2,3, .... 
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pacnpe,lleJIemleM TOPOM,llHOH nJIOTHOCTM r(r) (TOPOM)lHhIM ynOp.sIJlOl:J:eHMeM), 

MMeeT BM)l, aHaJIOrMl:J:HhIH (1), C 3aMeHoH E -+ E: 

w = / r(r)E(r)d3r = -TE - T(T)rotE - P(T)rotrotE

1 (T)' • (T) •-2Qik ("ViEj + "VjEd - Tij "Vi(rotE)j + .... ==> (4) 

==> -T(j + rotB) - T(T)rot(3 + rotH + P(T)(E - 6E -1) ==> 
==> _TrotHCB06 

_ T(T) 6rotECB06 + p(T)6rotHCB06 + .... = 

3)leCb Yl:J:TeHO TO, l:J:TO divE = div rotH == 0 )lmr cBo6o)lHhIX nOJIeH. 3HaK 

nepeXO)la ( CTpeJIKa) B ( 4) M (5) B nOCJIe)lHeH CTpOKe YKalhIBaeT Ha 3aMeHY npo

M3BOJIbHOrO BHellIHero nomr BOJIHOBhIM. HaJIMl:J:Me JIanJIaCMaHa B KaKoM-JIM60 

M3 KOHKpeTHhIX BKJIa)lOB 03Hal:J:aeT OTCYTCTBMe co6cTBeHHoro BHellIHero nOJIR 

(noTeHUMaJIa) Y COOTBeTCTBYIOmero )lMnOJIbHoro MOMeHTa (CM. BBe)leHMR B 

pa60Tax [15] M [17] M B [8] App.F). 

npM aKCMaJIbHOM TOPOH)lHOM ynopR)lOl:J:eHMM nepBhIe l:J:JIeHhI palJIOJKeHMR 

::meprMM B3aMMO,lleHCTBMR nJIOTHOCTH g(r) C nepeMeHHhIM MarHHTHhIM nOJIeM 

MMeIOT BM,ll, aHaJIOrMl:J:HhIH (3), C 3aMeHOH H Ha il: 

w = - ! g(r)H(r)d3 r = -Gil - T(g)rotH - p(g)rotrotH 

1 (g)' • (g) •
-'2Gij ("ViHj + \1jHi) - Gij \1j(rotH)j + ... ==> (5) 

==> GrotE +T(g)(]- E) + p(g)(j - rotE) + .... ==> 
==> -GrotE - T(g)6rotH - p(g)6rotE +... 

CpaBHMBaR BhIpaJKeHHR (4) C (3), a (5) C (1), HaXO)lHM B HHX aHaJIOrM 

no TMny B3aMMO,lleHCTBHR. npeJK,lle Bcero, B pa3JIOJKeHHRX BH)lHa nOCJIe)lO

BaTeJIbHaR 3CKaJIaUHR onepaUHH B3RTHR npOCTpaHCTBeHHhIX M BpeMeHHhIX 

npOM3BO)lHhIX OT nOJIeH, KOTophIe CTORT nO)l HHTerpaJIOM B IIepBOHal:J:aJIbHOM 

JIOKaJIbHOM B3aMMO)leHCTBMH nJIOTHOCTeH pacnpe)leJIeHHH. llPH 3TOM nep

BhIH l:J:JIeH pa3JIOJKeHHR, eCTeCTBeHHO, MMeeT <P0PMY nO)lhIHTerpa.JlbHOrO BhI

paJKeHHR, B KOTOPOM <PYHKUMR pacnpe)leJIeHHR 3JIeKTpOMarHHTHhIX CBOHCTB 

o6pa3ua BemeCTBa 3aMeHeHa ee MOMeHTOM HYJIeBOrO nopx.ZJ;Ka - nonpocTY, 

nOJIHhIM 06'beMHhIM OT Hee HHTerpaJIOM. liaJIee, )lJIR pacnpe)leJIeHHH 1£(r) 
M d(r) - MOMeHThI nepBoro nOpR)lKa no r HMHTHPYIOT (B CMhICJIe rHIIOTe3hI 

AMnepa) TOKOBhIe TOpOH)lHhIe MOMeHThI OT nJIOTHOCTeH TOKOB 3JIeKTpHl:J:eCKHX 

H MarHHTHhIX 3apR)lOB COOTBeTCTBeHHO (5) 3. CJIe,llOBaTeJIbHO, 3TH MOMeHThI 

TO'lKH 3peHH.lI reOMeTpHH 3TH TOpOH.lJ;HhIe MOMeHThI B TOKOBOH KapTHHe ny'lwe 6hIno 

6hI Ha3hIBaTb nOnOH.lJ;anbHhIMH, HO MhI 6Y.lJ;eM npH.nepXHBaTbCSl YCTOSlBweHCSl TepMHHOno

rHH, BnepBhIe BBe.neHHoH B pa60Tax [15]. 
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3 

T(d), T(/J) , T H G C03,UaIOT ,UHrrOJIbHbIe pacrrpe,UeJIeHH.R :meKTpIPleCKoro [18] H 

(3KcrrepHMeHTaJIbHO Ha6JIIO,UaeMoro t.tepe3 3cpcpeKT bOMa-AapoHoBa) MarHHT

Boro rrpO,UOJIbHO-rrOrrepe~lHoro BeKTop-rrOTeHUHaJIOB [11]. CooTBeTcTBeHHo, 

t.tJIeHbI rrepBoro rrOp.R,UKa B pa3JIOiKeHH.RX (4) H (5) COBrra,UaIOT C t.tJIeHaMH 

BToporo rrOp.R,UKa B pa3JIOiKeHH.RX (3) M (1): _T(T) '" p(J.I.) , -T(g) '" p(d). 

IIepBa.R rrapa M3 3TMX ,UMrrOJIbHbIX MOMeHTOB co,UepiKMT cTaTMt.tecKMll MarHMT

HbI"H: BeKTop-rrOTeHIJ,MaJI BHYTPM TopoM,Ua, nOTOK KOToporo HarrpaBJIeH KOJIJIM

HeapHo lliMpoTaM Ha rroBepxHocTM TopoM,Ua, BTOpa.R - ,UYaJIbHbIll 3JIeKTpMt.te

CKMll BeKTop-nOTeHIJ,HaJI [19]. BHe (M,UeaJIbHblx) TOPOM,UOB 3TM rrOTemU1aJIbI 

CTporo paBHbI HYJIIO. TaKMM o6pa30M, Ha COOTBeTCTBYIOIIJ,MX 3TMM MOMeHTaM 

(TonOJIOrMl:J:eCKH HeTpMBMaJIbHbIX) TopOM,Uax MHTepcpepeHUHoHHbIX 3<pcpeKToB 

TMrra bOMa-AapoHoBa B03HMKaTb YiKe He 6y,UeT. 

1,'13 CPOPMYJI (4) M (5) BM,UHO, l:J:TO MOMeHT peT) SlBJISleTCSI rJI06aJIbHOll xa

paKTepMCTMKOll .llBYCJIOHHbIX TOKOBbIX TOPOB, Ha,UeThIX Ha TOp 60JIbllierO pa3
3

Mepa [19J (CM. TaKiKe CHOCKy ). rJI06aJIhHO TaKa.R KOHCTPYKUMSI 3KBMBa

JIeHTHa Cpe.llBel:J:eTBepTMl:J:HOMY pa.llMYCY TOKOBoro MOMeHTa T. BCJIe.llCTBMe 

3Toro pacrrpe,UeJIeHMe rrOTeHUMaJIa A (m) CO.llepiKMTC.R B TaKOll CMCTeMe TOJIhKO 

B "3a30pe" MeiK,UY,UBYM.R (KoHrPY3HTHbIMM) .llBYXCJIOllHbIMM TopaMM [5]. 
IIpMHUMn .llaJIbHellllnIX rrepepa3JIOiKeHMH CTaHOBMTC.R .RCHbIM. OH 1\.lOiKeT 

6bITb rrpMMeHeH ,UJI.R nocTpOeHM.R 6a3McoB B cpe.llax, COCTO.RIIJ,HX M3 .lllmOJIeH 

T(T) MJIM T(g). O.llHaKO C TOl:J:KM 3peHM.R BHelliHero Ha6JIIO.llaTeJI.R rrOJIyt.teH

Hble KOHqmrypaIJ,MM Bp.R.ll JIM 6Y.llYT MHTepeCHhI, T.K • .llaiKe BHYTPM HMX 6y

'uYT OTCYTCTBOBaTb HanpaBJIeHM.R rJI06aJIbHOH opMeHTaUMM nOTOKOB BeKTOp

nOTeHUMaJIOB A (m) MJIM A (e). C TeXHMl:J:eCKOH iKe TOtIKM 3peHM.R TaKMe KOHqm

rypaUMI1 MorYT OKa3aTbC.R BeCbMa nOJIe3HbIMM. He MCKJIlOtIeHO, tITO nO.llo6

Hble CTPYKTYPbI MorYT MMMTMpOBaTh :meKTpOMarHMTHoe CTpoeHMe 6MOMOJIe

KYJI [17]. 

Cnoco6hI 3KpaHHpOBaHHJI cBo6o.n;HonOJIe

BbIX nOTeHI(HaJIOB. TIpOJIBJIeHHe TITIBTI KaK 

3<p<peKTHBHOH 3JIeKTpH'IeCKOH CHJIbI 

I1CXO.ll.R M3 KOHCTPYKUMH, paCCMOTpeHHbIX paHee, C.lleJTaeM HeCKOJIbKO .llO

BOJIbHO OtIeBM.llHbIX YTBepiK.lleHMll 0 B03MOiKHOCTM KOMrreHCaUI1M (MJIM 3Kpa

HMpOBKM) MarHMTHbIX nOJIell M IIIIBII. B HaYl:J:HO-TeXHMtIeCKOll JIMTepaType 

rrO.l106HOe YTBepiK.lleHMe rrpMMeHMTeJIbHO K IIIIBII HaM He BCTpel:J:aJIOCb. 

3a.llatIa 3KpaHMpOBaHM.R MJIM KOMrreHcaUMM 3JIeKTpMl:J:eCKOrO, B t.taCTHOCTM 

KYJIOHOBa, nOJI.R pelliaeTC.R Ha OCHOBaHMM pa3JIMtIHbIX <pM3MtIeCKMX rrO,UXO,UOB C 

rrOMOIIJ,blO MHOiKeCTBa 3JleKTpOTeXHMtIeCKI1X YCTPOllCTB. IIp06JIeMa 3KpaHMpo
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BaHMSl, TOqHee MeCTHOH KOMneHCaUMM, MarHMTHOrO nOJISl HeM3MepMMO CJIO)J(

Hee, nOCKOJIbKY B npMpO.Ile OTCYTCTBYIOT CB060.IlHble MarHMTHble 3apSl.IlbI. 

OqeBM.IlHO, qTO B HeKOTOpOM OrpaHMqeHHOM 06beMe O.IlHOpO.IlHOe MarHMT

HOe nOJIe MO)J(HO KOMneHCMpOBaTb, HanpMMep, C nOMOmblO 06bIqHOrO npSlMD

JIMHeHHOro COJIeHOM.Ila, a KpyroBoe C nOMOmblO TOPOM.IlaJIbHoro. B caMOM .IleJIe, 

nYTeM BbI60pa TOKa COOTBeTCTBYlOmero HanpaBJIeHMSl M perYJIMpOBaHMSl ero 

CMJIbI MO)J(HO .Il06MTbCSl Toro, qT06bI, HanpMMep, BHYTPM TOPOM.IlaJIbHOrO COJIe

HOM.Ila KOMneHCUpOBaJIOCb MarHUTHoe nOJIe, C03.IlaBaeMoe nOCTOSlHHbIM TOKOM, 

TeKymMM B npSlMOJIUHeHHOM npOBO.IlHMKe, KOTOPblH pacnOJIO)J{eH B.IlOJIb OCU 

aKCMaJIbHOH CMMMeTpMM ::Horo COJIeHOM.Ila. 

Bo MHorux pa60Tax .IleJIaeTCSl CTpaHHoe YTBep)J(.IleHMe 0 HeB03MO)J(HOCTM 

3KpaHMpOBKM nnBn. nOCKOJIbKY TaKOH nOTeHUMaJI He .IlaeT BKJIa.Ila B CMJIY 

JIopeHua, TO aBTOMaTMqeCKOrO (eCTeCTBeHHoro) 3KpaHMpOBaHUSl nnBn 3a 

CqeT CBOHCTB nOJISlpM3aUMM KaKOH-JIM60 q,M3MqeCKOH Cpe.IlbI, TO eCTb qepe3 

q,YHKUMIO OTKJIMKa nOCJIe.IlHeH Ha 3TOT nOTeHUMaJI, .IleHCTBMTeJIbHO TPY.IlHO 

O)J(M.IlaTb (CM. BTOpylO qaCTb .IlaHHOro naparpacpa). O.IlHaKO ero KOMneHcaUMSl 

B OrpaHMqeHHOM 06beMe ocymeCTBJISleTCSl TOqHO TaK )J{e, KaK M KOMneHcaUMSl 

MarHMTHoro nOJISl. 

OlJeBM.IlHO, lJTO UMJUIH.IlP, Ha KOTOPbIH Ha.IleTbI TOPOM.IlaJIbHble COJIeHOH.Ilbl, 

6Y.IleT cO.Ilep)J{aTb BHYTPM ce6Sl npM6JIM3UTeJIbHO O.IlHOpO.IlHble pacnpe.IleJIeHMSl 

nnBn. TaKuM 06pa30M, C nOMOmblO TaKoH KOHCTPYKUMM MO)J(HO .Il06UTbCSl 

3KpaHMpOBaHuSl 06beKToB "B nOJIe" O.IlHOpO.IlHOrO BHellIHero nnBn. CTOJIb 

)J(e OqeBM.IlHo, qTO a3MMYTaJIM oceCMMMeTpMqHOrO pacnpe.IleJIeHMSl nnBn BO

Kpyr npSlMOJIMHeHHOro (OqeHb .IlJIMHHoro) COJIeHOM.Ila MO)J(HO KOMneHcMpoBaTb 

B OrpaHMqeHHOM 06beMe, pacnOJIaraSl BOKpyr COJIeHOM.Ila KOJIbUO, Ha KOTopoe 

nJIOTHO Ha.IleTbl TOPOM.IlaJIbHble COJICHOM.IlbI (CM. PMC. Ie). 

Bce 3TO 6bIJIO 61>1 nycToH MrpoM Boo6pa)J(eHMSl, eCJIM 6b1 He cymecTBOBaJIO 

3a.IlaqM .IleTaJIhHOrO u3yqeHMSl npMpO.Ilbl 3q,cpeKTa AapOHOBa-EOMa, Y)J{e nep·· 

cneKTMBHoro .Ila)J(e .IlJISl TeXHOJIOrMqeCKMX npMMeHeHMH. lleHCTBMTeJIhHO, eCJIM 

MhI nOCTpOMM 3KcnepMMeHTaJIbHYIO YCTaHOBKY, B KOTOPOH CMO)J(eM perYJIU

pOBaTb BeJIMqMHY KOMneHcaUIUi nnBn, C03.IlaBaeMOro, HanpMMep, .IlJIMHHblM 

npSlMOJIMHeHHhlM COJIeHOM.IlOM M, TaKMM 06pa30M, HaYlJMMCSl nJIaBHO C.IlBHraTb 

HHTep$epeHUUOHHYIO KapTHHY B .IlByxmeJIeBOM BapHaHTe onblTa AapOHOBa

BOMa, 3TO 6Y.IleT oqeBH.IlHbIM nO.IlTBep)J(.IleHHeM onocpe.IlOBaHHSl B3aMMO.IleH

CTBHSl Me)J(.IlY 3JIeKTpOHaMM nyqKa H COJIeHOM.IlOM lJepe3 I1I1BIL 
Eme 60JIee HarJISl.IlHhIM MO)J{HO C.IleJIaTb 3TO SlBJIeHMe B onblTe C B03HliKHD

BCHMeM CBepXnpOBO.IlSlmerO TOKa B MeTaJIJIMqeCKOM KOJIbue (HJIM UMJIUH.Ilpe), 

Ha.IleTOM Ha npSlMOJIMHeHHbIH OqeHh .IlJIMHHblH (JIyqllIe KpyroBoH C 60JIbllIMM 

pa.IlMYCOM) COJIeHOM.Il - npe.IlJIO)J(eHMe JIMaHra M llHHra [20]. OXJIa)J(.IleHMe Ta

Koro KOJIbua.IlO TeMnepaTypbl CBepXnpOBO.IlSlmerO nepeXO.Ila Bbl30BeT nOSlBJIe

HMe B HeM TOKa, KOMneHCMpYlOmero HeueJIOqMCJIeHHOCTh B e.IlMHMuax q,JIYKCD
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HOB MarHllTHOrO nOTOKa B COneHOll.u.e. 3a CqeT :noro TOKa no.u.06uoe Me30CKO

nllqeCKOe YCTPOHCTBO KaK 6bI "nO.u.rOHgeT ce6g" no.u. MO.u.enh ~neMeHTapHOrO 

BllXpg A6pllKOCOBa, B KOTOPOM cpnYKCOH KOHcpaHHMllpyeTCg KpyroBhIMH MH

KpOCKOnllqeCKllMll TOKaMH CBepXnpOBO.u.llMOCTll BHyTpll 06pa3ua. B .u.aHHOM 

cnyqae, nOCKOnhKY ~KCnepllMeHTanhHOe YCTPOHCTBO llMeeT Me30CKOnHqeCKUe 

pa3MepbI, MbI BnpaBe 3a.u.aTbCg BOnpOCOM: KaKHe 3neKTpOMarHllTHbie "CllJlhI" 

3aCTaBnglOT 3neKTpOHhI HaqaTh .u.BIDKeHlle B KOnhUe? 5ICHO, qTO HlI 3Heprllg, 

Hll MOMeHT lIMnynhca OT ueHTpanhHOrO COneHOll.u.a B KOnhUO B 3TOM onblTe He 

nepe.u.aIOTCg, HO B TO JKe BpeMg ynopg.u.OqeHlle TennOBbIX .u.BHJKeHlIH 3neKTpo

HOB .u.onJKHO npOllcxo.u.HTb no.u. .u.eHCTBlIeM KaKorO-TO 3cpcpeKTllBHoro ~meKTplI

qeCKOrO nong. 

PaCCMOTpllM Ha npOCTeHIIIeM npHMepe, KaKllM npe.u.CTaBngeTCg nnBn 

::meKTpOHY, COBepIIIalOmeMY XaOTllqeCKlle .u.BHJKeHllg B MaTepllane Konhua, 

T.e. ~neKTpoHy, Haxo.u.gmeMYCg B c06CTBeHHOH CllCTeMe OTCqeTa, KOTOpag 

gBngeTCg HelIHepUllanbHOH OTHOClITenhHO llCTOqHllKa nOTeHUllana - coneHO

ll.u.a. ileHCTBllTenbHO, nOMllMO KynoHoBcKlIX nOTeHUllanOB llOHOB peIIIeTKll 

II coce.u.HllX 3neKTpOHOB, 3neKTpOHbI npOBO.u.llMOCTll B KaJK.u.bIH .u.aHHbIH Mo

MeHT BpeMeHll llcnbITbIBalOT B03.u.eHCTBlle MarHllTHbIX noneH, C03.u.aBaeMhIX 

cmmaMll II KOHBeKTHBHbIMll TOKaMll. 3aMeHllM KycOqeK KpllBonllHeHHOH Tpa

eKTopllll .u.aHHoro ~neKTpOHa npOBo.u.llMOCTll npll6nllJKeHHO Ha KpyrOBYIO. To

r.u.a, 6naro.u.apg .u.aBHeH pa60Te II. IIlllcpcpa [21} (CM. TaK.JKe [22]), MhI MOJKeM 

c.u.enaTh nOKanhHoe npe06pa30BaHlle BeKTopHoro II CKangpHOrO nOTeHUllanOB 

All</>, .u.eHcTBYlOmllx Ha 3neKTpOH, ll3 CllCTeMbI nOKOg BO BpamalOmYlOcg 

CllCTeMY Koop.u.llHaT: 

A'=A, </>' = </>- V· A, (6) 

r.u.e V = w x r, a w - yrnOBag CKOPOCTh BpamalOmeHCg CllCTeMhI KOOp.u.ll

HaT. B paCCMaTpllBaeMOM HaMll KOHKpeTHOM cnYT.Jae A llMeeT e.u.llHCTBeHHYIO 

HeHYJIeBYIO KOMnOHeHTY A = n'P/~ npll rotA = B == 0 BHe ueHTpanhHoro 

coneHOll.u.a, a cnyqaHHag no BenllqllHe yrnOBag CKOPOCTh w = -1/2rotv, r.u.e 

v - npll6nll.JKeHHO paBHOMepHag CKOPOCTh BhI.u.eneHHoro 3neKTpOHa Ha KpUBO

nllHeHHOM yqaCTKe nYTll. 

113 cpopMynbI (6) cne.u.yeT 06mee BhlpaJKeHlle .u.ng onpe.u.eneHllg noneH BO 

BpamalOmeHCg CllCTeMe Koop.u.llHaT: 

E'=- (atOA)'B'=B, -V</>+V(V·A). (7) 

nepBbIH T.JneH .u.ng E' B (7), KOTOPbIH MOJKeT B03HllKaTb ll3-3a HeCTaUllOHapHO

CTll HCTOT.JHHKa, OTCYTCTByeT y Hac no ycnoBlllO nOCTaHOBKll 3KcnepllMeHTa, 

paBHO KaK II B' = B = rotA == 0 B COOTBeTCTBllll C onpe.u.eneHlleM IIIIBII. 
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TpeTMH IKe qneH B BhIpaIKeHHM ,llml E' npe,llCTaBHM cne,llYlOruHM 06pa30M: 

v (V . A) = (V . V) A + (A . V)V +V x rotA + A x rotV. (8) 

B :nOH cpopMyne TpeTHH qneH BhIna,llaeT, T.K. rotA = 0, a OCTanbHhIe HC

qe3HYT B npouecce ycpe,llHeHHjI cnYG:aHHblx BenHqHH V H rotV , Kor,lla MhI 

nOIIblTaeMCjI HaHTH rn06anbHblH 3<p<peKT. 

COBceM MHaji KapTHHa B03HHKaeT, ecnH paCCMaTpHBaTb ,llaHHYIO KHHeMa

TMKy B npouecce OX.TIalK,lleHHSI Konbua. HanoMHHM, qTO HMeHHO B nepeXO,llHbIX 

npoueccax YCTauaBnHBalOTCjI IIOnjl, KOTophIe nOTOM nHilib nO.ll.llepIKHBalOTCjI 

CTaUHOHapHblMM TOKaMH. I1pM BceCTopOHHeM OXnalK,lleHHU Konbua B03HUKalOT 

rpa,llMeHThI CKOPOCTM 3neKTpOHOB, HanpaBneHHhIe K BHYTpeHHeH a3HMYTanb

HOH OCM Konbua OT ero nOBepXHOCTM. O,llHaKO, ecnH TennOTa YXO,llHT BO BHeIII

HIOIO cpe,llY H3 CHCTeMbl KonbUO - COneHOU,ll, TO nOTOK TennOTbl B KOHeqHOM 

HTore B OCHOBHOM HanpaBneH K OXna,llUTenlO no pa,llHycaM, npOBe,lleHHbIM OT 

TOqKM nepeCeqeHHjI COneHOH,lla nnOCKOCTblO, B KOTOPOH pacnonOlKeHO KonbUO. 

llnjl ynporueHMjI KapTHHbI 6Y,lleM CqHTaTb, qTO BeCb Tenno06MeH npOHCXO

,llHT TonbKO B ynoMjlHYTOH nnOCKOCTH, T .e. rpa,llHeHT CKOPOCTH V HanpaBneH 

CTporo no r. Tor,lla 3Ta Heycpe,llHjllOruajlCjI, HeH30TponHa,j{ ,ll06aBKa K CKOpO

CTjlM JV ,llaCT cne,llYlOruylO 3<p<peKTHBHYIO cHny, ,lleHCTBYlOruylO Ha 3neKTpOHhI 

npOBO,llHMOCTH: 

(9) 


C ,llUHaMHqeCKOH TOqKH 3peHMjI, MhI ,llonlKHhI paCCMaTpHBaTb He CKOPOCTH, 

a TOKH. Tor,lla Ha,110 yqeCTb, qTO B npouecce nepexo,lla B cBepXnpOBO,lljlruee co

CTOjlHHe YMeHbiliaeTCjI nnOTHOCTb HopManbHhIX 3neKTpOHOB M YBenHqHBaeTCjI 

nnOTHOCTb CBepXnpOBO,lljlIIlHX 3neKTpOHOB. B CBepXnpOBO,lljlrueM COCTOjlHHH 

3neKTpOHhI B COCTaBe KynepoBcKHX nap nepeXO,lljlT B pelKHM KorepeHTHoro 

naMUHapHoro TeqeHUjI B,llonb Konbua [23], a nOTOMY 60nee He nO,llBepralOTCjI 

YCKopeHHIO. Eonee IKe 06ruee BhIpalKeHue CHnhI (9) ,llonIKHO npUHjlTb BH,ll: 

eEefJ = eAdiv{p(r,t)8V} npH rot {p(r,t)JV} --t 0, (10) 

r,lle p(r, t) - nnOTHOCTb pacnpe,lleneHHjI 3neKTpoHoB npoBO,llHMOCTH B KOJIbue, 

HCqe3alOruajl nocne HX 06'be,lluHeHHjI B KynepoBcKHe napbI. B KOHeqHOM UTore, 

B pe3ynbTaTe cBepxnpOBO,zUIIIlero nepexo,lla uMnynbc, KOMneHCHpYlOruHH UM

nYJIbC, nOJIyqeHHbIH napaMH, qaCTHqHO ,llHCCHnHpyeTcjI B OXJIa,llHTeJIe, qa

CTHqHO peJIaKcHpyeTCjl HOHaMH peIIIeTKU B KOJIbue C onocpe,lloBaHHeM I1I1BI1. 
Ii.MeeTCjI erue O,llHa TOHKOCTb MHKpOCKOnUqeCKoro onHCaHHjI 3Toro jlBJIe

HHjI. KaK MbI YlKe ynoMHHanH, nOCJIe nepeXO,lla Me30CKOnHqeCKa,j{ CHCTeMa 

npeBparuaeTCjI B nO,llo6ue BUXPjl A6pUKOCOBa B csepxnpOBO,llHHKe. OTnUqUe 
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COCTOHT B TOM, qTO B "TennOM" COneHOH,lle MarHHTHoe none OCTaeTC5I HeKBaH

TOBaHHbIM H nHIIIb nocne nepeXO,lla OXBaTbIBalOlllero ero Konbua B CBepxnpo

BO,ll5l1I1ee COCT05lHHe B HeM ycnoBHo (CM. 3aMeqaHHe HH)Ke) qHCnO <PnYKCOHOB 

CTaHOBHTC5I uenOqHCneHHbIM npH yqeTe MarHHTHoro non5l, C03,llaBaeMOro TO

KOM B Konbue. O,llHaKO HanpaBneHHe TOKa B Konbue YCTaHaBnHBaeTC5I HeO,llHO

3HaqHO no cpaBHeHHIO C KapTHHOH TOKOB CBepXnpOBO,llHMOCTH, 06)KHMaIOIIlHX 

<PnYKCOH B MeTaJIne. lleno B TOM, qTO npH nnOTHOCTH MaruHTHoro non51 B 

COneHOH,lle, npeBblIIIalOllleH uenoe qHCnO <PnYKCOHOB N Ha BenHqHHY, MeHb

IIIYIO nonOBHHbI O,llHOrO <PnYKCOHa, 3TOT H36bITOK BblqHTaeTC5I, T .e. KOMneH

cHpyeTC5I MarHHTHbIM noneM, B03HHKalOillero B Konbue TOKa [24) 4. EcnH JKe 

3TOT H36bITOK 60nbIIIe nonOBHHbI <PnYKCOHa, TO TOK CBepxnpOBO,llHMOCTH no

6aBn5leT He,llOCTaIOIIlYIO qaCTb no 061I1ero qHCna <PnYKCOHOB, paBHoro N + 1. 
3TO .sIBHO npoTHBOpeqHT HallieMY rpy60MY npe,llnOnO)KeHHIO 06 0,llH03HaqHOH 

HanpaBneHHocTH rpanHeHTa CKopocTeH H3 CHCTeMbI BO BHe, Ha OCHOBaHHH KO

Toporo 6bIno nonyqeHO BbIpa)KeHHe (9). 
Bep05lTHO, B CHCTeMax, HMelOlIlHX MHKpOHHbIe pa3MepbI, KOTopbIe HCcne,llY

IOTC.sI 3KcnepMMeHTaJIbHO, npouecc Tenno06MeHa nO,llBep)KeH CHnbHbIM <PnYK
TyaUH5IM, H, B03HHKalOillHe 3a CqeT HHX TOKH, He CTonb 0,llH03HaqHbI no Hanpa

BneHH.sIM. B npouecce nepeXO,lla B CBepXnpOBO,ll.sIlIlee (KBaHToBoe) COCT05lHHe, 

TOKH "np06YIOT" YCTaHOBHTbC5I B 060HX HanpaBneHH5IX Ha OCH Konbua, a H pe

aJIH3yeTC5I HaH60nee 3KOHOMHbIH BapHaHT. T.e. H3,llBYX TOqeK N HnH N + 1 
paBHOBeCHe HacTynaeT B TOH, ,lln51 KOTOPOH Tpe6yeTc5I MeHbIIIa51 BenHqHHa 

<pJ1jKTyaUHH. 11, Ha,110 ,llYMaTb, qTO 3TOT MHHHMyM ycnoBHbIH, a a6conlOT

HbIH HacTynaeT nHIIIb TOr,lla, KOr,lla Bce 3neKTpOHbI npOBO,llHMOCTH nepeH,llYT 

B CBepXnpOBO,ll5l1I1ee COCTO.sIHHe. 

BeccnopHo, .,lleTaJIbHOe ,llHHaMHqeCKOe onHcaHHe TOro, KaK <p0pMHpyeTc5I 

npO,llOnbHOe ,llBH)KeHHe KynepoBcKHX nap BHyTpH Konbua, 6Y,lleT CYlIleCTBeHHO 

onpe,lleJI5ITbC5I rpaHHqHbIMH ycnoBH5IMH H npoC'rpaHCTBeHHbIMH pa3MepaMH 

Konbua. IIocne,llHee XOPOlliO H3BeCTHO 3KcnepHMeHTaTopaM. IIo-BH,llHMoMY, 

BaJKHO, qT06bI nOnepeqHbIH ,llHaMeTp Konbua 6bIJI cpaBHHM C pa,llHycoM KOp

pen5lUHH 3neKTpoHoB, COCTaBn.sIIOIIlHX KynepOBCKYIO napy. 3aMeTHM, qTO 

npH <P0PMaJIbHbIX pac't.!eTax TOKa cBepXnpOBO,llHMOCTH, KOTOPbIH ,llon)KeH B03

HHKaTb B 3TOM onbITe, Hcnonb3yeTc5I (KBaHToBoe!) ypaBHeHHe rHH36ypra

JIaH,llay (CM., Hanp., [11, 20]). IIpH 3TOM 5IBHOro OrpaHHqeHH5I Ha pa3MepbI 

Konbua He HaKna)lbIBaIOT. 3TO H HeY,llHBHTeJIbHO, nOCKOJIbKY Me30CKOnHqe

CKoe ypaBHeHHe rHH36ypra-JIaH,llay He onHCbIBaeT MHKpOCKOnHqeCKOrO 3neK
TpOMarHeTH3Ma B CBepXnpOBO,llHHKe, TaKiKe KaK ypaBHeHHe IIIpe,llHHrepa MaJIO 

4KOHe'lHo, Bce 3TH paCCY)K.neHH${ - KnaccH'IeCKHe, a B .nei1:cTBHTenbHOCTH MHKpOCKonH

'IeCKa${ 3neKTpo.nHHaMHKa CBepxnpOBo.nHMOCTH CKopee Bcero He TOnbKO HenHHeHHa, HO H 

HenOKaJIbHa. Tor.na MO)KHO npe.nCTaBHTb, 'ITO, HanpHMep, H36bITOK MarHHTHoro non${ 6y

.neT YHH'ITO)KaTbC${ He npocTO B KOHType Konbua, a HMeHHO BHyTpH coneHOH.na. 
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'ITO' rO'BO'PHT 0'6 3neKTPO'lumaMHKe aTO'Ma. 

B 3aKnIO'IeI-IHe 3aMeTHM, qTO' )laHHbIH aHanH3 npe)lCTaBnaeT CO'6O'H nHlIlb 

rpy6bIH clieHapHH cBepXnpO'BO')laIIl;erO' nepexO')la B paCCMO'TpeHHO'H CHCTeMe H 

erO' )leTanbHO'e II3yqeHHe Tpe6yeT npHMeHeH11a TeO'PHH CTO'XaCTHqCCKHX npO'

neCCO'B [25, 26] Ha KBaHTO'BO'M YPO'BHe H yrny6neHHO'rO' nO'HHMaHHa MHKPO'CKO'

1lI1qeCKO'M 3neKTPO')lHHaMHKH CBepXnpO'BO')lHHKO'B (CM., Hanp., (27J). 

4 	 KBa3HcTallHoHapHhIe JIBJIeHHJI B CHCTeMax 

OO'beMJIIOIUHX TOPOB 

3<l>q,eKT CO'3naHHa 3neKTpHtIeCKO'H CTPYHbI nnO'THO' HaCa)KeHHbIMH Ha TO'HKHH: 

nnHHHhIH llHnHHnp ManbIMH TO'PO'HnaJ1bHbIMH CO'neHO'HnaMH C nHHeHHO' pacTy

lllHMH B HHX TO'KaMH BIIepBble paCCMO'Tpen M.A. MHJIJ1ep [18]. B naHHO'H: pa-

6O'Te MbI paCCMaTpHsaeM CHCTeMbI, O'6pa3yeMble ManbIMH CO'O'CHbIMH nnO'THO' 

npl1I'HaHHbIMH TO'paMH, H3 KO'TO'PbIX O'6pa3YIOTca TO'PhI 6O'nbillUX pa3MepO'B. 

llBYKpaTHO'c nO'BTO'peHHe TaKO'M O'nepaUHH npHBenO' Hac K CHCTeMC, II3O'6pa

)f(eHlIOH Ha PHc.l f. B npHHUlme, 3Ty O'nepaliHIO MO')KHO' nO'BTO'paTb npOl13

BO'nbHO'e tIHCnO' pa3, Bce ycnO')f(Haa CHCTeMY. EY)leM Ha3bIBaTb O'6bItIHYIO' TO'

PO'H)laJIbHYIO KaTYlllKY TO'PO'HnO'M nepBO'rO' nO'pa)lKa. ECJIH TO'K B ee O'6MO'TKf' 

nO'CTO'5IHCH, TO' BHYTPH TaKO'M KaTYIIIIHI BO'3HHKaeT nO'CTO'aHHO'e KpyrO'BO'e !>.1ar

HHTHO'C nO'JIe, a CHapY)f(H npO'nO'nbHo-nO'nepetIHbIM MarHHTHbIH BeKTO'PHbIH 

IIO'TeHIlHaJI [28]. EYneM Ha3bIBaTb 3TO'T nO'TeHIlHaJI MarHHTHblM "nycTbIMn 

nO'TCHIlHanO'M nepBO'rO' nO'pa)lKa. 3aMeTHM, tITO' ManbIM TO'P nepBO'rO' nO'panKa 

aBJI5IeTCa MO'neJlbIO' TO'PO'H)lHO'rO' nHnO'n51 T (15], CO'3)laIOlllerO' )lHnO'nbHO'C pac

npeneneHHe BeKTO'PHO'rO' nO'TCHIlHana nCpBO'rO' nO'P}lnKa BHna 

T (lm)) 2T(lm)3 (
A (lm)( ) _ < r r - T T(lm),( )r - 5 + 47T 0 r . (11) 

T 

3)leCh r = 0 - TO'tIKa pacnO'nO')f(eHHH TOpOHnHO'rO .LI.HnO'nH, a panHYC-BeKTO'P 

r 3anaeT npO'H3BO'JIbHYIO TOtIKY B npO'CTpaHCTBe. TOt.IKO'H Ha6nIOneHHa nO'TCH

UHana A (1m) B )laHHO'M cnyqae MbI ee Ha3BaTb He MO')I{eM, T.K. B O'TnHtIHe O'T 

Hanp5l)f(eHHO'CTeM nOJIeH: nO'KanbHO'e 3HatIeHHe nO'TeHIlHana MbI H3MepaTb He 

YMeeM. HaM )lO'CTynHO' JIHlllb Ha6nIO)leHHe H3MeHeHHa erO' pacnpeneneHlIa B 

l\BaHTOBO'M HHTep<pepeHIIHO'HHO'M 3KcnepHMeHTe [29]. 
B )laHHO'M cnytIa,e Hac 6Y)lYT HHTepeCO'BaTb npyrHe 3<p<peKTbI. EcnlI TO'K B 

O'6MO'TKe TopOlI.Ila nepBO'rO' nO'pa)lKa 6yneT paCTH mmeHHO', TO' O'tIeBH)lHO', tITO' 

TaKO'M TO'pmI.Il6Y)leT CO'3)laBaTb B O'KpY)f(aIOIIl;eM npO'CTpaHCTBe pacnpeneneHHe 

3neKTpHtIeCl<orO' nO'na, nO')lO'6HO'e TO'MY, KO'TO'PO'e CO'3)laBaJ] 6bI B ::nO'M TO'tIKe 
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· (1m) 2 . (1m) 

E(r) = _~A(lm)(t, r) = _ 3r(rT ) - r T _ 411" T(lm)<5(r). (12) 
C C~ C 

lIJI.sI T(lm) = T~lm) f MhI MOJKeM 3arrHcaTh CJIe.nYlOlllee COOTHOlIIeHHe 3KBHBa

JIeHTHOCTH: 

_~T~lm) = ~ff. (13) 
CT 

OlIeBH.nHO, liTO B TOpOH.ne BTOpOrO rrOp.sI.nKa T(2m) JIHHeHHO paCTYlllHe TOKH 

B 06MOTKaX MaJIhIX KaTYllieK .na.nYT KpyroBoe 3JIeKTpHlieCKOe rrOJIe BHYTPH 

60JIhlIIOrO Topa. TaKHM 06pa30M, rrOJIeBa.sI CTpYKTypa T(2m) OKaIKeTC.sI COCTaB

HOH: Ha 60JIhlIIOM TOpe Harrp.sIJKeHHOCTh (rrOJIOH.naJIhHoro) MarHHTHoro rrOJI.sI 

6y.neT JIHHeHHO paCTH COrJIaCHO 3a.naHHOMY YCJIOBHIO, a BHYTPH 60JIhIllOrO 

Topa 6y.neT 3arrepTO rrOCTO.sIHHOe 3JIeKTpHlieCKoe rrOJIe, KOTopoe, B CBOIO OlIe

pe.nh, C03.naCT B rrpOCTpaHCTBe, OKpYJKalOllleM 3TY CHCTeMY, "rrYCTOH" 3JIeK

TpHlieCKHH BeKTOp - rrOTeHUHaJI rrepBoro rrOp.sI.nKa: 

3 ( P (le») 2p(le)
A (le)(r) = r r 5- r + 411" p(le)<5(r). (14) 

r 

3.neCh p(le) - rrOJIOH.naJIhHhIH 3JIeKTpHliecKHH .nHrrOJIhHhIH MOMeHT, paBHhIH 

P (le) ___1 ~ [ T(lm)]
- 2 L-t rn x On ,

CT n 

r.ne T~~m) - TOPOH.nHble .nHrrOJIH, orrHCblBalOlllHe KaTYlIIKH, pacrrpe.neJIeHHhIe Ha 

60JIhIllOM Tope. OlIeBH.llHO, liTO B TOM CJIYlIae, Kor.na TOK B MaJIblX KaTYIll

Kax 6y.neT HMeTh KBa.npaTHliHYIO 3aBHCHMOCTh pOCTa BO BpeMeHH, BHYTPH 

6oJIhIDoro TopOH.na 06pa3yeTC.sI 3<p<peKTHBHblH TOK 

jeff = -E = ~A(le), 
CT 

KOTOPhIH C03.naCT B OKpYJKalOllleM rrpOCTpaHCTBe MarHHTHoe rrOJIe, pacrrpe.ne

JIeHHOe TaK, KaK eCJIH 6b1 B TOlIKe, B KOTOPOH Haxo.nHTC.sI TOPOH.n, pacrrOJIaraJIC.sI 

6b1 TOlielIHblH MarHHTHblH .nHrrOJIh: 

r.ne V - 06'beM TOPOH.na. 

Hcxo.n.sI H3 H3JIOJKeHHOrO, MOJKHO rrpe.nCTaBHTh ce6e KapTHHY "pacrraKOBKH" 

(6y.neM rro.npa3YMeBaTh rro.n 3THM TepMHHOM BhIXO.n rrOJIlI H3 CHCTeMbI 06'beM

JIlOlllHX TOpOB) TOPOH.na n-ro rropll.nKa. ECJIH n - lIeTHoe lIHCJIO, TO rrOCTOllH

Hoe MarHHTHoe rrOJIe, HMelOlllee .nHrrOJIhHblH xapaKTep Ha 60JIhlIIHX paCCTO.sI

HHlIX, 6y.neT rrO.sIBJIlIThC.sI rrpH H3MeHeHHH TOKa B 06MOTKax MaJIhIX KaTYlIIeK, 
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5 

rrporropUMOHaJIbHOMY tn. TIPM n - HeqeTHOM rro.n06HaJI CMCTeMa 6y.neT C03.na

BaTb aHaJIOrMqHOe pacrrpe.neJIeHMe 3JIeKTpMqeCKOrO rrOJIjJ. TIpe.nCTaBMM ce6e, 

qTO B HaIIIeR KOHCTPYKUMM 3HaqeHMe n BeCbMa BeJIMKO, a TOK B MaJIbIX Ka

TYIIIKax M3MeHjJeTCjJ CMHYCOM.naJIbHO BO BpeMeHM. OqeBM,llHO, qTO B COOTBeT

CTBMM C pa3JIOIKeHMeM cMHyca B CTerreHHOR PjJ.n CHapYIKM TOPOM.nHOro .nMrrOJIjJ 

rrOjJBjJTCjJ M ::1JIeKTpMqeCKOe, M MarHMTHoe rrOJIjJ, BeJIMqMHbI KOTOPbIX 6y.nYT 

3HaqMTeJIbHO rro.naBJIeHbI 60JIbIIIMMM 3HaqeHMjJMM lin!. TaKMM 06pa30M, pac

CMaTpMBaeMbIe CMCTeMbI OKa3bIBaIOTCjJ BeCbMa KOHcepBaTMBHbIMM, KaK OTHO

CMTeJIbHO MX rrOBe.neHMjJ BO BHeIlIHMX rrOJIjJx, TaK M rro CBoHcTBaM MX M3JIyqeHMjJ 

BO BHeiliHee rrpocTpaHcTBo. TIo-BM.nMMOMY, rrpMpo.na Bocrrpolf3Bo.nIfT CBoHcTBa 

TaKIfX CIfCTeM B rrJIOTHbIX YKJIa.nKax rrOJIIfMepHbIX uerreH. B [24] 1f3yqaJIlfCb 

CIfCTeMbI Bo06me He 06JIa.naIOmee CBOHCTBOM 1f3JIyqeHlfjJ, KOTopbIe MOrJIIf 6bI 

6bITb rrOJIe3HbI B KaqeCTBe Mo.neJIeH KaK MIfKpOCKOrrlfqeCKIfX 06pa30BaHlfH Tlfrra 

IlIapOBbIX MOJIHIfH, TaK If 3JIeMeHTapHbIx qaCTMu. 

3aKJIIOQeHHe 

Half60JIee 3ara.nOqHbIMIf If Tpy.nHorrpe.nCTaBIfMbIMIf .nJIjJ Hac .no CIfX rrop OCTa

IOTCjJ rrpoueCCbI, rrpolfcxo.njJmlfe B BaKYYMe rrplf pacrrpOCTpaHeHMIf 3JIeKTpo

MarHMTHbIX B036YIK.neHIfH. Blf3YaJIlf3aIJ;lfeH 3TlfX rrpoueCCOB 3aHlfMaJICjJ eme 

caM C03.naTeJIb Teoplflf 3JIeKTpOMarHeTM3Ma, 111K. MaKCBeJIJI, rrbITaBIlIIfHCjJ rro

CTPOIfTb aHaJIoroBbIe MeXaHlfqeCKlfe Mo.neJIIf. 8TO HarrpaBJIeHlfe MbICJIIf coxpa

HIfJIOCb .no CIfX rrop .nalKe B TepMIfHOJIOrlflf. HarrplfMep, yrroTpe6JIjJeTCjJ Tep

MIfH HarrpjJlKeHHHOCTb 3JIeKTplfqeCKOrO rrOJIg, XOTjJ "HanpjJraeTCjJ" OTHIO.nb He 

caMO rrOJIe If 6bIJIO 6bI rrpaBIfJIbHee roBOPIfTb, CKalKeM, 0 rrOJIe HanpjJlKeHHOCTIf 

3JIeKTplfqeCKOrO Tlfrra. 

3aMeTIfM, qTO rrplf paCCMOTpeHIfM rrOJIjJ KOH.neHcaTopa, B KOTOPOM JIMHeHHO 

paCTeT TOK CMemeHMjJ, MbI, COrJIaCHO ypaBHeHlfjJM MaKCBeJIJIa, .nOJIIKHbI rOBO

pMTb 0 TOM, qTO TOK CMemeHlfjJ rropOIK.na~T rrOCTOjJHHoe KpyroBoe MarHIfTHoe 

rrOJIe. ECJIIf IKe TOK paCTeT KBa.npaTlfqHO, TO 3TO MarHIfTHoe nOJIe, B CBOIO 

oqepe.nb, 6y.neT C03.naBaTb Topoo6pa3HbIe nosepxHoCTM rrOCTOjJHHOro 3JIeKTplf

qeCKoro nOJIjJ. TaKIfM 06pa30M, reOMeTpMjJ 3TOro CJIOeHlfjJ 6y.neT HarrOMIfHaTb 

TY, qTO MbI MOlKeM C03.naBaTl. IfCKYCCTBeHHO B CIfCTeMax 06'heMJIIOmIfX TOpOB. 

TaKIfM 06pa30M, IfCCJIe.nOBaHlfjJ CBOHCTB nOCJIe.nHIfX .nOJIIKHbI IfMeTb 60JIbIIIOe 

q,YH.naMeHTaJIbHOe M rrpMKJIa.nHoe 3HaqeHlfe. 

ABTOPbI 6JIaro.napHbI MHTn "<I>YH.naMeHTaJIbHaJI MeTpOJIOrlfjJ" 3a rro.n

.nepJKKy 3TOH TeMaTIfKIf rro COrJIaIIIeHMIO 2.51. 
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D)'KHHa E.H., )ly60BHK B.M. P17-99-27S 
o BbICUUIX BeKTOpHbIX nOJHlpH3auIDIX H KBaJHCTauHOHapHbIX 
5IMeHH5IX B CHCTeMaX 06'beMJIIOlUHX TOPOB 

PaJBHBaeTC5I MeTOLl.HKa MYJIbTHnOJIbHbIX napaMeTpH3aUHH Ll.HnOJIbHblX Cpe.u: 
3JIeKTpHQeCKOH, MarnHTHOH, nOJI5IpHOH H aKCHaJIbHOH TOPOlUlHbIX. Hafu::l:eHbI cpop
MbI B3aHMOLl.eHCTBIDI Bcex 6a3HCHbIX Ll.HnOJIeH C HeOLl.HOpOLl.HbIMH WHJIH nepeMeH
HbIMH BHelllHHMH nOJI5IMH. llpHBeLl.eH BH.lJ. co6CTBeHHbIX nOJIeH HJIH nOTeHUHaJIOB 
Ll.Jl5I Ka)l(J],OrO 6a3HCHoro Ll.HnOJI5I. YKaJaHbI cnoco6b1 KOMneHcaUHH (3KpaHHpOBa
HIDI) npOLl.OJIbHO-nOnepeQHOrO BeKTopHoro nOTeHUHaJIa (llllBll) B orpaHHQeHHbIX 
06'beMax. 06cY)l(J],aeTC5I nOCJIeLl.OBaTeJIbHOCTb 3JIeKTpOMarnHTHOH «pacnaKOBKH» 
CHCTeM o6'beMJIlOlUHX TOPOB (cynepTopOB). 

Pa60Ta BbITIOJIHeHa B JIa6opaTopHH TeOpeTHQeCKOH CPH3HKH HM.H.H.boro
JII060Ba OHHI1. 

npenpHHT 061>e.uHHeHHoro HHCTHTYTa 5IlIepHbiX Hccne.uOBaHHH. lly6Ha, 1999 

Bukina E.N., Dubovik V.M. P17-99-27S 
On Highest Vector Polarizations and Quasistationary Phenomena 
in the Systems of Enveloping Tori 

The procedure of multipole parametrizations of dipole media: electric, mag
netic, polar, and axial toroidal, is developed. The forms of interactions of all basic 
dipoles with ununiform and/or alternative external fields are found. The proper 
fields or potentials for each basic dipole are given. The method of compensation 
(shielding) of a longitudinal-transverse vector potential (LTVP) in limited vol
umes is pointed out. The succession of electromagnetic «unpacking» of the sys
tems of enveloping tori is discussed. 

The investigation has been performed at the Bogoliubov Laboratory of Theo
retical Physics, lINR. 
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