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I. OHUAfi XAPAltTEPHCThl{A PAEOTH 

AKTYaJibHOCTb-ilpOdJieMhl. B KJiaCCli4eCKOH·3Jl8KTp0,11,HHaMHKe 

C!,fJia, ,IJ;eliCTBYIOll\afI Ha 3apHiK8HHYIO '-la CT HUY, onpe,IJ;eJUieT Cfl Ha­

npHiK8HHOCT HMH 3JI8KTpH48CKOro H MarHHTHOro noneli. 3TO 03Ha"­

qaeT OTCYTCTBHe paccefIHHfI Ha oelJiaCTfIX npoc:rpaHCTBa, B KO­

TOpblX E = H = · 0 • 3newrpH48CKHil CKaJ!fipHblit noTeHUHaJI H Mar"­

HHTHblit B8KTOp-noTeHuHaJI B KJiaCCH48CKOli TeopHH '3JI8KTpOMarHe­

TH3Ma HrpaIO'l: B cnoMoraT eJihHYIO pOJib: OHH CJIYiKaT, r JiaBHb!M oel­

pasoM, ,IJ;Jlfl ynpoll(eHHH ypaBHeHHil IlOJifI. liTaK, B KJiaCCH48CKOll 

MeXaHHKe qiyH,IJ;aMeiITaJihHb!MH fIBJIHIOTCfI HanpHlK8HHOCTH E,H. CoBep.:.. 

Jll8HHO;HHafI CHTyaIJ;HfI HMeeT MeCTO B KBaHTOBOlt MexaHHKe.· IlpH-

4HHa COCTOHT B TOM, 4TO B ypaBHeHHe lllpe.rr,HHrep~ BXO,Il;.llT HM8HHO 

3JieKTpoMarHHTHb18 IlOT8HUHaJihl, a He HanpfliK8HHOCTH IlOJifI. CH,IJ;3 

H 3pendepr nepBb!MH yKa3aJIH Ha HCKJIIO'-lHT8JlbHYIO pOJib.3JI8KTpO­

MarHHTHblX noTeHUHaJIOB B KBaHTOBOli M8XaHHKe. CnycTfI ,l{eCSI.Tb 

JieT K 3TOll xe sa,IJ;a'-le odpaTHJIHCb AapOHOB H EoM. BtaCTHOCTH, 

OHH paccMoTpenn paccefIHHe sapfliKeHHblX 4aCTHU Ha MarHHTHOM 

none unnnH.n;pnqecKoro coneHoH.n;a~ OKasanoc1>, 4TO paccefIHHe 

HMeeT M8CTO, .n;axe ecJIH oelJiaCTI>, r.n;e Hanpfll!t8HHOCTH E,H'=f,0, 
He.n;oc:rynHa ,n;JifI na.n;aroll(HX ttacTnu. Cyll\eCTBOBaHHe SToro- aqiqieKTa 

npoB epfIJIO Cb 3Kcnepm.1eH TaJI.bHo: . 3JI8KTpOHbl pacceHBaJIHCb 

Ha AOCTaT04HO ,IJ;JlHHHblX MeTaJIJIH48CKHX HHTfIX. B'. cnyttae, Kor.n;a 

HlfTb dbIJia HaMarHH4eHa, Ha<lnro,n;aJICfI C,IJ;BHr ,D;HqJpaKUHOHHOll KapTH­

Hhl. T eopeTH4ElCKafI Heonpe,D;eJieHHOCTb B. HHTepnpeTaUHH. 3THX 3KC-

,nepHMeHTOB nopo.n;irna OiKHBJI8HHYIO ,IJ;HCKYCCHIO B, TetteHHe IlOCJI8,IJ;HlfX 

JieT. C nepBoro B3rJIH,IJ;a npH4HHa'B03HHKHOBeHHfI 3TOll ,IJ;HCKYCCHH 

KaiKeTCSI Y..D;HBHT81lbHOli. B caMOM .n;eire, notteMy H8Jlb3fl npn 38,IJ;aH.:,; 

HOM BeKTOp-nOT8HUHaJie (BIT) BHe UHJIHH,D;pH48CKOro COJI8HOH,IJ;a 

pelllHTb ypaBH 8HHfI lllpeinHrepa, HaitTH BOJIHOBYJ) q>yHKUHIO, aMilJIH­

TY,D;Y paccefIHHfI, ce'-leHHe paccefIHHfI H T • .n;.? IlpH4HHa COCTOHT B 

TOM, 4TO aqxpeKT AapOHOBa-lioMa (AB) CYUl8CTByeT TOJlbKO B·TOM 

CJiyttae, ecJIH odnacn npoCTpaHCTBa, ,IJ;OCTynHall ,IJ;JISI sapfll!t8HHblX 

4aCTHU, fIBJISI8TCfI MHOrOCBfI3HOlt. B .TaKoll OelJiaCTH B03MOllCHli MHoro-

3Ha4Hbl8 BOJIHOBbJ.8 qiyHKUHH (B\l) • li3B8CTH08 ,D;OKa3aTeJII>CTBO 

IIayJili O,IJ;H03Ha4HOCTH M cnpaBe,IJ;JIHBO TOJ!bKO B O,IJ;HOCBSl3HliX' -Ge~n:, . ,_,.,iti ~~;;;~n-11 \ 
-~ u•.:, ; .. r,ti1S,.r,'_"~s:;:n•i-:-l:, • 
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OCJJiaCTSIX npocTpaHCTBax. HcnoJih30BaHHe O,ll;H03Ha4HhlX J/1 MHOro-

3Ha4HhlX B~ npHBO,ll;HT K qn'f3H4eCKV! pa3m-f4Hb!M pe3yJihTaTaM. AE 

3cpql8KT nonyqaeTCSl TOJ!hKO npH HCnOJih30BaHHH O,ll;H03Ha4HhlX B~. 

B ynOMHHYUlX peaJibHblX 3KCnepHM8HTax .n;mma HHTH, Ha KOTOpoii 

pacceHBaIOTCSl 3JI8KTpOHhl C HeOCJXO,ll;HMOCTh!O SIBJ!Sl8TCSI KOHe4HOii • 

nocTynHaa .n;na pacceHBaeMl,IX 3apaJKeHHhlX 4acTHU_o6nacTh npocJ­

paHcTBa - 0,ll;HOCBSI3Ha •. B pa.n;e pa60T CJbIJIO noKa3aHo, 4TO HaCJJIIO­

.n;aeMble scpqieKTbl MOJKBO .HHTepnpeTHpOBaTh KaK pacceSIHHe 3JI8KTpo­

HOB. Ha yTe4KaX MarHHTHoro nona. 3TOT VI .n;pyrHe H8,ll;OCTaTK1f 

(rrnoXaSI aCHMilTOTHKa Bel?, HaJIU4H8 06paTHOrO MarHHTHOrO_ nOTOKa 

,n;aJKe ,ll;J!Sl H,n;eaJibHOrO 6ecKOH84Horo lU'WJIIH,ll;pH48CKOro COJieHOH,n;a). 

nprrneJIH K ~OMY, 4TO 3Kcnepm.rnHThl no npOBepKe Cyl!leCT1?0BaHHSI 

AB 3qlql8KTa C noMOl!lh!O UtrnHH,ll;pvf48CKoro COJI8HOH,n;a paccMaTpHBaIOTCSI 

. B HaCTOSllJl88 BpeMa KaK H8,ll;OCTaT 04Hhle. B !986-1990 rr •. rpynna 

SinOHCKHX yqeHblX.no.n; PYKOBO,ll;CTBOM npocp. TOHOMypbl Bh!IlOJIHHJia 

. 3KCnepHM8HTbl no npoBepKe CYl!leCTBOBaHHSl AB 3qlql8KTa C nbMOl!lh!O 

pacceaHHSI 3JieKTpOHOB Ha TOPOH,n;aJI:bHOM COJI8HOH,1{8 (TC). 3Kcnepif­

MeHTbl noKa3aJIH HaJIH4He C,l{BHra ,l{Hq>paKUHOH~Oll KapTV!Hbl B 3aBH-. 

CHMOCTH- OT BeJIH4HHbl MarHHTHOro nOTOKa Cl) · BHYTPH TC. Ilona­

MY aKTyaJibHblM npe.l{CTaBnaeTca TeopeTH48CKHii aHaJIH3 3THX 3KC~ 

nepHMeHTOB. 

TopOH,l{aJihHblii COJI8HOH,ll; CaM no cede SIBJ!Sl8TCSI YHHKaJihHbIM 

OCJ'IieKTO~, CBO_iiCTBa KOTOporo .n;o Ha,CTOSil!lero BpeMeHH CJblJIH M6.JIO. 

Jll3BeCTHhl. HanpHMep, B 3aBHCYIMOCTH OT HanpaBJieHHSl.TOKa Ha 

nonep)rnOCTH. COJieHOJ/1,D;a Ma.rHHTHOe noJie MOJKeT 'p!,!Th cocpe,l{OT048HO 

Ka.K _BHYTPH, Ta.K VI BH e era• 3_TO no 3BOJISieT C03,D;aBB.Th . aqxpeKTtrn­

Hhl e _Ha.KOnHTeJIH 3JieKTpOMa.rHHTHOii 3HeprHH. 3JieKTpOMB.rHHTHOe 

noire (3Ml1) TC co.n;eplKHT, H0Bhlli1 THn MYJlhTHIIOJ!hHb!X MOMeHTOB' -

Ta~ Ha3h!BaeMl,le T OpOH,ll;B.J!hHh!e MOMElHThl (TM)• (fl. E.3 eJib,ll;OBHt!). 

C .n;pyroii CTOpOHhl, Cyl!leCTByeT CTaH.n;apTHOe MyJih­

THilOJl1?HOe pasJioJKemrn ripon~DoJiLHoro THna. 3MII. BBHAY non_HOThl · 

3Toro pa3JIOJKeHHJl ,ll;OJIJKHa CYlll8CTBOBa.Tb CBSI3h TM C Tpa.,D;HUHOH­

HhlMJ/1 MOMeHTaMJii. Hi-iT epecHhlM SIBJia eTca cJieAYIOlllHii Bonp o c: Ka.K 

TC B3a.nMo.n;eiicTBYIOT c BHewHHM 3MII? nJia 6ecKoHe4Ho Ma.Jioro TC 
(::: TM) HJIH ,nisi AOCTa.T04HO Oo~wHx paccToSIHHll TC OT HCT04HH­

Ka MarHHTHoro· nomI no B3aHMo,n;encTBHe CJhlJIO noJiy4eHo H.E.3eJih­

,n;oBHqeM. IlpH MB.JlhlX paCCTOHmrnx 3TO B3aHMO,l{eiiCTBHe CYlll8CTBeHHO 
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MO,ll;HqJHQRpyeTca, llTO npl<fBO;J;t-lT K HOBblM _qiH3Ull8CKJIIM 311)(!)8KTa.M. 

Oco6blii YlHTepec npe,ll.CTaBJiae-;r B38.HMO,ll.eli1cTBne TC (H~vf TM) c 
BHeWHHM 3JieKTpHlleCKlfM noJieM. OHO l:l03HMKB.8T 38. -ClleT Toro, 

qTo npH )J.BHJKeH,,rn TC TOK, npoTeKa.10111~11 B era o6_MOTKe, trn.ll.YUH­

pyeT 38.pSI,ll.OBYIO nJIOTHOCTh, KOTopaa B3alfMO,ll.eAcTBYeT C BH~lliHWM 

3JieKTpOCTa.T11qecKT1M IlOJieM. JTO npHBO)J.l,fT K noaBJI8H!IIIO sqxpeKTa 

AapoHOBa-i{a.111epa l,_Ai{) ,,n;ya.JihHOro 3cpql0KTY Aa.pOHOBB. ·_ EoMa. 3TOT 

3(!4JeKT - llvfCTO KBaHTOBb111, J,fCqe3a,l()lJlliH (Ka.K JI! _AE 3cp<peKT) B 

KJiaccnqecKOM CJiytme. )J.JISI MarIIMTllhlX ,ll.t-rnOJihHhlX, MOM8HTOB CYl!l0CT­

BOBaHMe AI{ 3cpqleKTa CJhlJIO 3KCnepHMeHTaJihHO ,ll;OKa38.HO B !989 r. 

c noMOl!lh!O pacceSIHna HeilTpoHOB Ha sapsil!CeHHoii HiirTn. HHTepec 

npe,ll.CTaBJISieT BOnpoc. 0. CYllleCTBOBaHIUi ·sToro 3qlql8KTa ,D;JISI TM. 

TC C nepeMeHHhlM TOKOM, TeKyl!lMM B era OCJMOTKe, npe,ll.CTa.BJISieT 

co6oii HOBbll-1 Ttm pa,1ufoa.HTeHHhl. l103TOMY a.KTyaJihHbIM npe.n;cTaB­

JISieT~Sl paclleT. xapa.KTepl1CTtm TB.KOH UHTeHHhl •. 

HycTh Terieph nepHO,ll,TH8CKvf M0HSllOII{l10CSl BO BpeMeHM IlJIOT­

HOCTW 38.pSI,ll.OB, vf TOKOB 38.KJII04eHh! B KoHe4HOii OCJJiaCTvf npocT­

pa.HCTBa 
1
S o 3TH nnoTHOCTYI MoJKHo Bhldpa.Th TaKHM o6pa3oM, 4To-

6h! BHe S CJblJIH pa.BHbl HYJIIO Ha.npalKeHHOCTH 3JieKTpoMarHHTHoro 

IlOJ!Sl E,H; HO OTJivf4HH OT HyJia 3JieKTpoMarHllTHHe noTeHUMB.Jibl 

A,cl?. Tor.n;a BHe ,~ B03HHKa!OT BOJIHbl 3JI0KTpoMarHHTHblX IlOTeH-

UHaJIOB, KOTOphle pacnpocTpaHSIIOTCSI co CKOpOCTh!O CBeTa.; HO He 

nepeHOCSlT 3HeprHvr. AKTyanhHblM SlBJISieTCSl OTB8T Ha. Bonpoc: 

MOlKHO JIM C IlOMOlllh!O TB.KllX BOJIH nepe,ll.a.Ba.Th llHqJOpMaunro? 

lipH a.Ha.JIH3e AE sqxpeKTa. CYlJl8CTBeHHO npe,n;nOJIOlKBH!rn O He­

npoHHU8.8MOCTH (He,D;OCTYilHOCTM) OCJJiaCTH npocTp6.HCTBa, r,ll.e OT­

JIM4Hhl OT HyJia HailpSll!C8HHOCTlf 3Ml1 E,H • 0Ka3hlBB.8TCSI, 3TOMY 

YCJIOBHIO MOl!CHO Y,ll,OBJieTBOpllTh 6ecKOH8llHblM 4T,fCJ!OM cnoco6oB. 

Il03TOMY aKTyaneH aHa.JIM3 ,yCJIOBHii nenpoHvruaeMOCTH, peam-13yeMh!X 

Ha 3KCII8pHMeHTe. AKTYa.JihHblM SIBJISI8TCSI TaKl!Ce BOilpoc O B38.vfMO-. 

)J.8ilCTBl'[vf TC Mej!C,ll;y cooon. 3TOT Bonpoc H80,ll;HOKpaTHO IlO,ll;HMMaJI-:­

ca B qll13H4eCKOl1 ~TepaType. MarnnTHblii TC MOlKHO peaJIM30BaTb 

KB.K C IlOMOII{h!O IlOJIOM,ll;aJibHblX TOKOB, TeKYlllMX no ero IlOBepXHOC­

Tvf' Ta.K M C IlOMOuihIO uenoqeK MarHMTHblX ,ll;HilO neii. Ha.ni,rque Bil 

BHe MaI'HHTHOro TC npoBepsinoch pacceaHneM sapalKeHHblX 48.CTtfU · 

Ha TB.KOM Bil. 3aM8HvfB B 'coJieHOll,ll.8 MarnMTHble ,ll,Tll'IlOJ!vf 3JI8KTpTl­

qecKm.rn, Mhl IlpMXO,ll;vfM K 3JieKTpti48CKOMY coneHovr.n;y • 
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::JJieKTpt1qecKa/l l1'H.IlYKUTl[/l ~ OTJl!f4Ha OT HYJIH TOJibKO BHYTPlf 

TC. BHe COJ!eHOH,Ila OTJilfqeH OT HYJIH TOJ!bKO 3JieKTpl/J4eCKl/JH 

BeKTOpHl:lll noTeHUHan, COBna,IlaID!llHM no cpopMe c MarHl/JTHUM. 3TOT 

3JI0KTpHlleCKl/JH noTeHUtfaJI HeJ!b3H ycTpaHT'1'Tb KaJil/JdpOB04llhlM npe­

odpa.30BamrnM. AKTyaJihHhlM aBnneTca oTBeT ua CJIC.IlYKJ!llT'1'9 ,IlDa 

Bonpoca: l/JMeeT Jltf cpr1J3l/J4ecKl/Ji1 CMUCJI aneKTpttqeciti1l1 BU BHe 

TC? MOlKHO Jll/J noCTaBHTI, 3KCnepil'MeHThl, ilO,IlTBepiii,ll;aIO,llll/Je CY!lleCT­

BOBamre aJieKTpitqecKoro BeKTopiioro noTeHul/Jana? 

OCHOBHaa geJII, padOThl •. 

UeJib padOTU COCTOHT: B nocTpoeHl/Jl/J BeKTOp-noTeHUl/JUJIOB, 

Hanpal!CeHHOCTel1 3JI9KTpOMarHIIITHOro nona TOpOH;J;aJibHhlX COJieHol/J­

,IlOB C IIOCT OHHHblM l/J nepeMeHHUM TOKaMn, B H3yqeHHH CBOMCTB 

3Tl/JX IIOJien, B H3Y4eHHH B3aWMO,Il9HCTBM/l TOpOH,IlaJibHUX COJI9HOl/J-

,IlOB C BH9lllHMM. 3JI9KTp0?.1arHTIITHblM noJieM 1/J ,Ilpyr C ,IlpyroM, B 

l/JCCJl9,IlOBamrn H eJIOKaJibHhlX 3yxp9KT OB, CBH3aHHHX C TopoM,n;aJibHh!M 

COJI9HOJ,f,ll;OM (acpcpeKTU AapoHoBa-EoMa M AapoHoBa-Ka!llepa l/J T.i.); 

B peaJIHCTl/fqecKOM onHcaHl/JH 3Kcnepl/JM9HTOB ToHOMYP~, npoBepHIO­

lllWX OCHOBH KBaHTOBOH 'MexaHT/JKl/J; B l/J3yqeHIH1' peJIHTl/JB!fCTCKl/JX l/J 

uepeJIHTl/JBl/JCTCKHX KBaHTOBUX ycJIOBttl1 HenpOHl/Jl..\a9MOCTH; wsyqe~ 

Hl/Jt-1' B03MOl!CHOCTH nepe,Ilaqt-1' rrnqiopMaUl/Jlf C ilOMO!llbKl BOJIH 3JieKTpO­

MarHttTHHX IlOT9Hl..\l/JaJioB; B HaXOiii,ll;9HHH YCJIOBI/Jli H9l/J3JiyqeHt/JH ilJIOT­

HOCT9H sapSI,n;a H TOKa, nepHO,Ilt-fqecKH M9HRKJ!llHXCSI BO BpeMeHl/J; 

B noJiyqeHHH npaKTTl[qecKl/JX peQenTOB nocTpoeHHSI CTaTHqecKHX 

TOKOBhlX KOH<pHrypaQl/JH, ,I(Jl/l KOTOpbiX MarHl/JTHOe none cocpe,n;oToqe­

HO B KOHeqHon OdJiaCTH npocTpaHCTBa; B 113yqeHHl/J Bonpoca 0 

1303MOlKHOCTl/J 3KCII9pHM9HTaJibHOrO HadJIIO,Il9Hl/J/l O,IlHOH H3 · TOilOJIOrI/J­

qecKHX xapaKTepHCTT/JK MarHHTHoro ilOJI/l - cnHpaJibHOCTH - des 

npOHl/JKHOB9HHSI BHyTpb odJiaCTH, r,Ile cocpe,IloToqeHO MarHHTHOe 

noJie; B IIOCTpoeHlfH Y.IlOdHoro ,I(Jl/l npaKTHqecKHX npHM9H9HT/Jll BeK­

TOpHoro da3MCa pe!lleHHH ypaBH9HM/l IlanJiaca;·B IIOCTpOeHHH 

3JI9KTpMqecKHX COJl9HOH,IlOB - TOnOJIOrHqecKHX od~eKTOB, odJia,IlaKJ­

l!lMX HeTpHBHaJibHhlMH 3JI9KTpHqecKMMH B9KTOpHHMH noT 8HI..\HaJiru.1H, 

B M~yqeHHH CBORCTB 3THX noTeHQHaJioB. 

Hayirnaa HOBT/J3Ha, B ;t(HCCepTaUHH noKa3aHo, CKOJib: MHO-

roodpa3HOlt H aKTyaJibHOll HBJl/l9TCH pOJII, TopoM,n;aJibHhlX co~eHOH­

,ll;OB B COBpeMeHHOli (pTl[3HKe. HayqHa/l HOBH3Ha ,n;HccepTaQHH COCTORT 

B TOM, qr O BnepB~e: Hall,n;eHH ::;;;ill TC C nocTO/lHHHM W nepeMeHHhlM 
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4) ,llJI/l nepe.n,aql'! '~llqJOpMar.um Ha paCCTOHHHe c IIOMO!llbIO 

HOB Oro KaHaJia - MO.IlY ;1HUHH qia3bl BOJIHOBOll <pyHKI.Urn: sapal!CeHHl,IX 

qaCTID.\. 

5) ,UJISI aHaJI H3a TOilOJIOr me CKt-fX 3cpcpeKTOB KBaH TOBOll MeXa"'." 

HT,TKT,f ( 3cp¢9KTU AapoHOBa-:OOMa, AapoHOBa-Ka!llepa T,f T • .n;.) . 
6) ,ll;JIH nocTpoemu1 CTarnqecKt-fX TOKOBblX KOHqmrypaUl/JH 

. . . 
TaKHX, qTo reHepnpyeMoe m.m MarHRTHOe none 

cocpe,IloToqeHo B KOHeqHoH odJiacTw npocTpaHCTBa; 

7) ,ll;JIH 3KCnep.rM9HTaJibHOro H3yqeHH/l TononornqecKHX 

xapaKTep!'1CTl1K. Marnwrnoro IIOJIH des npoHl'!KHOBeHl'!H BHYTPb 

noro noJ1a• ., . , . . . 

8) )lJIH IlOCTaHOBKH KpMTnqecK~X 3KCnepHMeHTOB no npoBep-

Ke CY!ll0CT BOBaHirn acpcpeKTa AapOHOBa-EoMa; . . ., 

9) _.n;na ripoBe)teHH/l npaKTHqecKHx· pacqeToB 3JI9KTpo '.- w 
MarHBTOCT_aTWJeCKHX nonen Ha OCHOBe npe,n;naraeMOI'O B9KTOpHoro 

da3nca pe!llemin ypaBHeHHH Ilannaca; 

10) ,ll;JIH. _3anncn l/J cqHTUBaHH/l t,mcpopMaQHlI c noMO!llbKl 

3JI9KTpmecKoro B9KTOpHoro noTeHQHaJia. 

AnpodaQH/l padOThl. Pe3yJibTaTbl, BO!lle,ll;lllH9 B ,IlJICCepTaQElO. ~... ' 

,IlOKJia,IU,IBaJIHCb Ha Me~)lyHapo,n;HUX ceMHHapax no TeopeTHKO-rpyn-

noBUM MeTo,IlaM B qHt3l/JKe' ( PpMaJitf , 191?5, OOHT,THCK, 1991), 

Ha CHMil03HyMe 11'PH3HKa w T9XHHKa MM ·U cydMM pa,IlBOBOJIH 11 

(XapbKOB, 1991), Ha M9K,IcyHapo,n;HHX C9MRHapax '"rpa.BUal..\1-fOHHasi 

3Heprli/l t1 rpaBmaUHOHHHe BOJIHH 11 (.UydHa, 1991,1992 ,199'3) ,' ., 

Ha C eMHHapax no B3a~o,n;ellcTBHIO a.n;pOHOB B pe3oHaHCHOll oCiJiac­

Tt-f 3Heprnn (XapbKOB, 1986,1988), Ha Meiii,ll;yHapo,D;HOM ceMt1Hape 

"Cnadhle W 3J19KTPOMarHBTHH9 B3aHMo,n;ellCTBt/JSh B SI,n;paxl' (.U~;:dHa, 

1992), Ha MeJK,n;yHapO,IlHOM, COB9l!lWilm "MeTO,ll;H CHMM9TPlill B (pl-!3T/JK6 11 

(.UydHa, 1993), Ha MelK,IJ,yHapo,IlHOll IIIKOJie "HOBble HanpaBJieHl/JSI B_ 

TeopeTl/Jqec:Kon·,1:r aKcnepRMeuTaJ11,Hon H.n;epHon q>H3t1"Ke" (Ilpe.n;eaJI, 

PyMhlHMH,1991), Ha ceccHSIX 0T)l9Jl0HHR,,SI,I1;9pHOn !pH3HKH .AlJ CCCP, 

Ha Hayi.iHHX ·ceMEHapax OHJM, XUl1, MI'Y. . 

IlydJil'IKaUlmo OCHOBHoe co.n;epmHBe ,IlliCCepTaUHH OTpal!CeHO 'B 

32 nydJIHKaIUIHX, KOTOpble riplIB9,ll;9HU'. B cnHCKe· JIBTepaTypH. 

Q.lnyKTypa T,f od~eM pad~Tbl,_ .UnccepTaUHH COCTOHT W3 

BBe.n;eHHH (rJiaBa I); ceMH rJiaB, 3aKJIKlqeHHH H qeTHpex npHJIO­

X9HHl1. OHa co.n;epXHT 231 CTpaHHI..\Y, B TOM qMcJie 60 pt,fCYHKOB 

j,f dHdJIHOrpaqinqecKHn CilHCOK H3 ID HaHMeHOBaHlin. 
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ToKaMn;' IihlnoJIHeHo' MYJ1bT1mo11bHoe 'pa3JIO)KEiurrn 3;,m-Tc, ycru'uoB­

JieHa 'CBSI3b cTaH.n;apTHhlX My JJbTrmo JlbHh!X qio.pMqiartT opoii 11 MOM.ell ToB' 

C TOpoM,n;aJibHhlMHj paCCMOTpeHo B3atfMO,ll;8ll'CTBHe TC C BH8111Hv!M' 

3Mil H .n;pyr C ,n;pyroM; .n;oKa3a.Ho·cyll\eCTBOBaHJ/18 3qxlieKTa 

AapoHoBa - l{amepa ,n;Jia Tc;·· npoaHa1msv1poBaHa ponh 11epeiisiTT,TB~fCT­

CKMX tf: peJJSITJ/IBJ/ICTCKnx' ycJIOBMll Henpomn~aeMOCTW B ''KBaHTOBOi1 

M.examme; ;i;aHo a~eKBaTHO e TeopeTr1q ecKo e onr1camrn yHMKaJibHh!X 

3KCnepMM8HTOB TOHOMyphi no npoBepite 3qxp8KTa AapoHOBa~EoMa; 

.n;aHa peamrnauHa 3JI8KTpv!q ec1<0ro TC, nocTa.BJieH nonpoc O qm3Tf­

tI8CKOi1 3HaqMMOCTJ,f 3JJeKrpwrncKoro BIT TaKoro coJieHofr.n;a; .n;a11 

npaKTHtiecKv1ii peuenT nocTpoeH1.ui MarmrTHhlX TC; cqiopMyJ111Pom:i:~hl 

ycJ1om1iI, npH Ko Toph!X He 1rn11yqa10T ·cHCT eMh! sapa,n;oB tf TOKoB, 

. nepv10,JJ;HtI8CKH MeHSIIOil\trnca ·Bo BpeMeHH; paccMoTpenci Ab pacceH­

HMe mi TC C H8TpttBJ.1aJibHOi1 cniipaJibHOCTbIO; ·.n;am,1 npaKTtf4eCK.llfe 

peuemhl no noifrpoemrn · cTanrtiecKnx TOKOBhIX K0Hqmrypau11it, ,n;nR 

KOTOph\X MarHHTHOe noJie 3aKJIIOqeHo B KOH8tIHOll oc5JiaCTH. npocT­

paHCTBa; nocrpoeH' y,n;o6m,1Il ,n;JJSI npaKTMqecKMX npMM8H8Hlfi1 BeK­

TOPHhlll 6a3MC pell!8HHi1 ypaBH8HlfSI. JianJiaca; npoaHaJil1'3ttpoBaHlil 

aJibT8pHaTI'fBHhl8 omrcaHJ/ISI 3KQnepMM8HTOB no. 11pOB~pKe 3(pcp8KTa 

AapoH9Ba - EoMa H 110Ka3aHa HX H8COCTOSIT~JlbHOCTb; 11pe,ll;JJQ)K8-

Hhl 11KpI1THtI8CKH8 11 3KC118pHM8HThl 110 11poBepKe· CYil\8CTBOBaHTlfSl 

A£ 3(pcp8KTa; Ha· cpaBH8HHSI BhlpalK8HtfiL ,JJ;J!Sl Bil, 110JIY48HHh!X pa3-

JltftIHh!Mll[ cnoco6aMM 110JiyqeHbI HOBhle, OTCYTCTBYIO!J\1118 B MaTeMa­

T!-ftI8CKOll JIHTepaType, · cyMMhl H HHTerpanhl, co.n;ep)Kail\tlfe cpyHKifl1H 

TieliCaH,n;pa. 

. ilffiKTtttieCKEi!L!!fillli.QQll.1. Pe3jJ!bTaThl·, 110JIY48HHhl8 B·: ,n;vrccep­

TaUlfll~ MOryT ClhlTb HCl10Jib30tlaHhl! 

I) Bo B cex OClJiaCT SIX T 8XHlfKlf ,- B KOTOphlX HCl1 OJ!b 3yeT ca 

TOpOll,ll;8.,'lbHhlli · COJieHOH,ll;;, Tlfl1lftIHhlll 11pHM8p! 'ynpaBJISI8Mhlll T8pMO­

Sl,I1;8pHhlH CHHT83o 

. 2) J.\JIR nocTpoeHIIISl' 3qq>eKTHBHh!X HaKOl1HTirnei1 3JieKTpOMar..:. 

Hi'l'THoi1 3H epnrn. TH11vr4Hhli1' 11p111Mep: sJieKTpciMarHttTHhle nyll!Kvr B 

nporp5:MMe COM •. 

3} ilp~ 110CTp08HlfH HOBOro nma l13JIYtiaJ,8J!Sl pa,n;HOBOJ.l/1 -

Topor,r,n;aJibHOi1 aHT e,HHhl; 
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ABT OP samv1maeT: 

I) OTKphlTHe TOl10JIOfH4eCKHX KOH(!)Urypautti1 3Jl8KTp!f48CKUX 

,ll;Hl10JlbHhlX MOM8HTOB, OOJJa,n.aIOll{l!X ll8Tp'1B!/fUJ!bHhlM!,f (T.e., KOTOplrn 

H8Jlb3Sl ycTpamfTb KaJmOpOB04Hhll,rn 11peodpasonaH J-TSIMvr) 3Jl8KTpvr-

48CKT,fMT,f illKTOpHh!Mif 110T8H UJ/laJIUM!1 j 

2) OTKphlrne rpeXMepHoro amin~ra 3tP<Iierna AapoHoBa-:r{awepa::' 

Teop1rn 11pe,n;CKa3h!BaeT ~BaHTOBoe pacceHHlfe TOpott,n;~JibllhlX, MO-

' M8HTOB Ha KYJIOHOBCKOM 1101re; 

3) a,n;eK~aTHcie omrcaHlfe 3KC118pMM8HTOB ToHOMYPhl (pacceSI-: 

Hlfe 3Jl8KT IJOHOB Ha MarmnHO.M 110Jl8, OKpylKa.IO!l\8M TC), 11pOB epmo­

!J\T,fX OCHOBll KBUHTOBOi1 11exa111,r1rn; 

4) 11paKTWl8CltTfe peuenThl flOCTpoemrn TO!tOBhlX KOHqlllfrypa- • 

u11n, odJiaAUIOlltlfX TeM cnolicTno111, 4TO reuepHpyeMoe .,n.m Marmn-. 

Hoe IIOJ!e He Bh!XO,ll;l1T 3a npe,n;eJihl KOHe4HOi1 OOJiaCTH 11pocTpaHCTBa; 

5) YCJIOB J,fSI HeTrnJIJ48H i'!Sl 3apH,ll.OBhlX If T OKODhIX pacnpe,n;eJJe-

Httli 1 11epHO,ll;IfqecKlf M8HSIIO[UlfXCSI BO BpeMeHJi; , 

6) pactieTh! ::!Mil TC c nocToa11111111 i1 11epeMeHHhlM TOKaMT,r B 

ero o6MoiKi; · · 

7) aHaJIH3 aJibTepHaT1rna11x 06'haCHeHi1i1 3Kc11ep1,rMeH'.roB. 110 

npoBepKe CJ:lltElCTBOBamm 3q;xpeKT~ AapoH'oBa~EoMa If· ,ll;oKasarenhcT;-.. 

BO T,fX H8COCTOSIT8JlbHOCTH; 

. 8) npe.n;naraeMhlll "KpT1Tl/f4 8CKtfii 11 3KCnepnM8HT 110 riponepKe 

cymecTBoBamrn AE 3qxileKTa; 

9) ~ai1,n;eHHYIO 3aBTACMMOCTb 11JIOTIIOCT!1 qy,yc;1a BlfTKOB ,Ha 

110BepXHOCT M TOpa, 11p11 KO Top oil Mar HlfTHO e flOJie cocp 8,ll.OT~ 48HO 

BHe Topa; 

IO) 11poBe,n;eHHllll aHaJ!H3 peJJSITTfBHCTCKllfX M HepeJISITT.fBl1CTCi~v!X 

ycJIOBMli ue11poHHUa8MOCTM; 

II)· B.hlnonHeHHhlll pac4eT puccemma 3apmi(eHHhlX 4UCT1H~ Ha 

TC c HeTpHBHaJibuon c11upaJihHOCTh10; 

12) Hali,n;eHHllll BH,ll; B3aHMo,n;eliCTBl{Sl TC C DH8lllHlfM 3r.ill 11 TC 
,n;pyr c .n;pyroM; 

IJ) Hall,JJ;eHHYJO IIOCJI8,ll;OBaT8JlbHOCTb KaJrn6poBoqHo-HevrHBaprmHT­

HhlX Bil' reHepttpyeMyIO IlOCTOHHHllMH TOKaMllr, 11poTeKaIO!l\HMlf BHyTpvr 

TOpa. 3TH Bil OClJia,n;aIOT CY11t8CTB8HHO pa3JJlf4HhlM acin.mTOTlf48CKlfM 

noBe,n;eHvreM, HO npHDO,ll;HT, T8M He .MeHee, K O,ll.HOMY !{ TOMY )1{8 

KBaHTOBOMY ce4eHHIO puccemrnH; 
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14) nony4eHHhl6 HOBYe, OTCYTCTBYIOlllH6 B MaTeMaTH46CKOU 
nlil'Teparype, CYMMhl H 1mrerpunhl, CO,l\6pj!(8,lllH6 qiyHKU',ff,f Jleiial!'l.l\pu. 

II. CO,UEP i,Mll!E )lkiUCEPT.AU,rn 

Bo BBe,l\einrn K ,l\MCCepTalUlH ( COBIIU,l\U!Olll6M C I'JiaBOll I) 
AUH odsop coilpeMeHHoro cocroSIHHII :reop11vr AapoHoBa -. Eoi,m, · 
np!lf4VfH B03HHKHOBeHvrH ,l\Vl'CKyccvrrr no OCHOBaM noro 3(!lql6KTa, 

3KcnepvrMeHrairi;H~t·cvrryauim. l{parKo ynoMsiHyThl vrmie ronononr-:-
qecKvre scpcpeKThl. ,Uaercsi oIIBcaHne nonyl!~HHYX pe.3ynh:ra-
TOB~--

JaHO onvrcaHBe CTpyKTyphl ,l\qccepTaUHH H. e~ om..rcamrn 
no rnaBaM. 

· B rnaBe IT paccMaTpHBarorcn cBolicrBa 3MIT TC c no_cToSIHHYM 
TOK6M~ B· §I 3TOil rnam,r paccMaTpvrBaIOTCSI TC C noc;OIIHHYM nOJIO~ 
HAaJJb,Hh!M ho'BepxHbCTJiIDA TOKOM. l\larHHTHoe none H paBHO ~yino 

0

BHe 
TC. BIT TaKoro co.neHovr;i;a y:dhJB~eT Ha doiihllIMX paCCTOSlHHSIX KUK 
'l-;, . BIT HaXO,ll;SITCSI HeCKCJJlhKHMli pa3Jivr4HhlMH cnocodaMvr •· Hs l1X 
cpaBHBHvrSI y,n;aeTCSI no.ey4l,l'Th (IlpvrnoJKeHirn I) HOBhle° CYMMhi' vr . 

HHTerpanbl,_CO,ll;6plKa.ll!vre cpyHKUHH IleJKa.H;i;pa M OTCYTCTBYDmMe B 
MaT6MaTHlleciwtt nvrTeparype •. B ~2 Hali;i;eHhl Od'IieMHhle pac~pe)\eJie'."" 

' : . . ' ':·,. ' , ' ' . 
HHS! nono vr;i;aJihHblX TOKOB, Y,JJ;OBJieTBOpsuo111vre YCJIOBIDO,, HC4e3HOBeHHSI 
MarHHTHoro no JI.fl BHe TC. 3rvr pacnpe;i;eneHHSI saBvrciir or npovrs­
BOnhHoii' cpyHKUH~, KOT~pon MO)KHO pacnopSI,ll;HTbCSI :~~KlfM odpa30M 
(§J), 4TOdhl H3MeHHTb acvrMnTOTllfKY BIT. B qacTHOCTH, ·3.T,Oit 
cpyHKUHeli MO)KHO pacnopH,ll;HThCJI TaKHM odpa30M, 4TOdhl BIT Ha 
d OJ!blllVfX p~ C~T JSIHHHX ydb1B8.Jl odpaTH O nponopu1-rnHanhHO JIIOd on. 
Hanepe;i; sa;i;aHHOil HelleTHoil. CTeneHvr paCCTOSIHvrH '1. _OT,, TC (T. e. 
KaK 11_-'l..1,,-\ . ) • OKpyJKvrM Ta Koe pac~pe;i;enemrn IIOJIOH,ll;QJibHhlX 

TOKOB O,JJ;HvrM H TeM JKe HenpOHHUaeMh!M TOpOM T. MO)KHO ,ll;od
0

T1TbCSI 
Toro, 4T Odbl MarHvrTHblit' n6TOK dh!JI paBeH <P 1,ll;JIH Kalli;ll;oro . 
H3 TaKvrx pacnpe;i;eJieHvrit. Ey;i;eM Ha raKvrx. odpasoBaHHHX · (Top c 
nonolf,ll;anbHblMH TOKaMvr BHYTPH Hero) paccevrBaTh sapaJKeHHble 4ac­
Tvr_uH •. 8TvrM pacnpe;i;eneHvrHM OTBel!aeT o;i;Ho vr ro JKe KBaHTOBoMe-. ', ' 

XaHvrlJeCKOe ce4eHHe pacceIIHHSI. noCKOJ!pKy, nocJie,JJ;Hee .3aBHCHT. 
TOnbKO OT reoMeTpHl!eCKHl{ pasMepoB HenpoH~ae11.,oro Iopa T 
H MarHHTHOro nOTOKa <p BHYTPH Hero. IlocKOJihKY pa3Jll1\IHl,!M 
pacnpe;i;e neHHHM TOKOB OTBelJaIOT pa3JJJflJHble. MarHHTHHe nona\:·J 
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BHYTPlf T, .TO OHH He MoryT dhlTh' CBH3aHH. KaJIHdpOB04HI,IM npe-, , 
odpa30BaHVf6M;, : Ham-rllne TUKlfX 1w.mH5poB04HO H63KBVl'BaneHTHhlX',:., 
TOKOBhlX. pacnpe,ll;eJieHHi1 SIBnSieTCH, irnJIIOCTpautten HeO,JJ;H03Ha4HOc:.. 
Tvr odpaTHOi1 KBUHTOBOli 3U,JJ;a4M pacceamrn (pa3JIJ,f4HhlM pacrrpe-, 
,1\eneHvrHM T.OKOB COOTBeTCTByeT O,ll;HO !LTO JKe KBaHTOBoe ce4eHtfe). 
IIocKon1,Ky., BHe. TC }-\::."lo( St -.:. Q · , TO BII R . · MO)KHO. npe;i;cTaBvrn· 
B BI-1',ll;e, rp~,ll;HeHTa HeKoropon 'PYHKUHJ.f ;:.. -~ 3Ta cpyHKUvrSI noHa- · · 
;i;odvrTCSI ,HaM ,ll;Jlfl IlOCTpoeHHSI aMnJitfTY,ll;bl pacceSIHvri:! sapJilKettHblX 
l!aCTHU: Hl:l. Ml:l.rHVfTHOM IIOJie, OKpylKa.DllleM Henpom-ruaeMblli' TC; ·rrp.-r < 
nony.qemrn. cpyHKurrn }( (§4) Hai1;i;eHH HOBhle cyMMbl H- vrHrerpanh!,. 
co;i;eplKa.11\He .qiyHKUvrH neima;i;pa (ITpvrnoJKeHt-te 2). HsBeCTHO ,·. 4TO , 
3neKTpH4eCKHit TOK MOlKHO npe;i;craBI-fTI,. KaK. ,JJ;BvrJKeHHe or.pvro,aTeJII,.:.. · 
HHX: sapH,l\OB (3neKTpOHOB) OTHOCvrTeJihHO IlOJ!OJKIUeJibHHX (HOHOB­
pellleTKvr). HeJib3Sl nH IlOCTpOt{TI, TaKoe sapH,l\OBOe pacnpe;i;eJieHHe: . 
ua noBepxaocTH ropa, l!Tod1,1 npH. ero ,ll;BvrJKemn-'I Bocnpovrsao;i;i:iJicH­
noBepxaocTHhlit •IIOJIOH,JJ;aJibHblli ·TOK?. Ta1we pacnpe;i;eJieHvre CTPOllfTCH · 
B. §5; B pesyJII,TaTe TaKoro ,ll;Bl-fJKeHHSI 3apH,ll;OB. Ha '.IlOBepXHOCTvr 
TOpa •HH,JJ;y:UvrpyIOTCH. BIT, nony4eHHhle B §I. \{TO CJIY4HTCH, eCJIJ'f 
TC c TaKHM'pacnpe;i;eJieHHeM TOKa npHBeCTH B paBHOMepHoe Bpa111e.;.. 
HJ,'fe BOKpyr-ocH CvrMMeTpHH TC?'OKa3hlBaeTCH (§6) npH TaKOM paB-· 
HOMepHOM,Bpall\eHvrl/f BHe TC-.,B03HHKaeT MarHllfTHOe uone. IlpH He-· 

' - , 

paBHOMepHOM BpameHHvr BHe'TC IlOHBJIHeTcH H 3JieKTpvrqecKoe none , 
E_. B §7 paccMaTpHBaeTCH TOpOH,IJ;aJibHblil TOK, TeKy111vrn Ha ·IlOBepx­
HOCTH TC. -BirnCHHeTCH,·" KaKHM,,lJ;OnJKHO di,JTb pacnpe;i;enemrn 3Toro­
TOKa Ha noBepXHOCTvr: TC·,· lJTOdI,I H_anpHJKeHHOCTH IlOJISI HC4e3aJIH 
BHYTpvr TC.· 3TO BaJKHO ··;i;na nocrpoeHvrSI' 3qxpeKTHBHbIX' HaKonnreneii 
3Jl6KTpoMarHHTHOtl 3Hepnnf, KOTOpHe HCilOJll,3YIOTCH, HanpHMep, 
)\nH C03,ll;UHHH 3~eKTPOHHYX nyllleK B nporpaMMe COH. 

B r'iiaBe ill' paccMaTpvrBaeTCH 3MII TC· 'c pa3JIM4HhlMH BpeMeH­
HhlMI'f (a'enepvro;i;vr4eCKHMvr) 38BI1CHMOCTSIMI-f IlOJIOH,ll;8Jl.bllOro ToKa·. B 
odmeM 'cnyqae BHe TC IlOHBJIHDTCSI KaK· 3JieKTpllfqec1toe,· TaK H .· · 
MarHvrTHoe nonH. B cnyqae JIHHeilHO 3aBHCHlllero OT BpeMeHH TOKa 
BHe TC oTJIH4HO or· Hyna' foJi1,ko sJieKTpHqecKoe noJie, nonoMy ·· 
IlOTOK 3HeprHvr B o'KpyimDnfee npocrpaHCTBO ,OTCYTCTByer.- Bo3HH;.. 
Kaer Bonpoc,· Ky;i;a pacxo;i;yerc'SI sneKrpoMarHHTHaH sHeprHH ToKa, 
npoTeKaD111er'o B OdMOTKe 'TC? 0Ka3blBaeTCH, OHa KOHUeHTpHpyeTCSI 
BHYTPH TC. IlyCTb renepb qepe3 OTBepcTHe TC "npoXO,ll;HT 3aMKHY­
THtl npoBo;iHvrK c. I!OCKOJibey BMTOK C OXBaTblBaeT MeHHIOIIIHliCH BO 
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BpeMemr MarHMTHhlli nOTOI<, B HeM t!H).(YUlfpyeTCSl' TOK. i(aK B Hero 

nepe.n;aeTCH :mepr1rn (npM 0TcyTcwm1 BeKTopa IloiAnrnra BHe· TC)? 

Ha ::noT Bonpoc .n;aeTCSl OTBeT B KOHUe rJiaBhl Ill.- HHTepec K pac­

CMOTpeHH!O TOPOM,ll;aJibHOli KUTYlllKM C MeHSIIO~MMCSI·BO BpeMeHM TO-

KOM CB_srnaH co cne.n;yJOil(MM 3ru,1e4.aHMeM, c.n;eJiaHHhlM ,Ullt.l,iaKCD8JIJIOM 

B TpartTaTe 110 qJM3HtieCKT1X C~JlOBhlX J1MHMSIX 11 (JJ.;1t.l\.1ilaKCB8JIJI, 

l136paHHiile COtII1Hemrn no Teopim 3JieKTpOMarHMTHoro no1rn, r1'1TTJI' 

Iii., 1954,· c.144-145). 11Ecm1.KaTymKa c.n;enaHa xopomo, TO HeJib3SI 

o6HapylKMTb HMKaKoro .n;eilCTBMH Ha noM.ell(eHHhli.1 CHapym,f MarHMT 

He3aBMCMMO OT Toro, RBJlfleT en JIM TOK· nOCTOHHHhlM IfJIH' MeHSieTCH 

BO BpeMeHH 11 
• Co.n;eplKaHI1e rJIUBhl ill Ill• cne.n;y10meH noKa3h!BaeT, l!TO 

::JTO 3aMetiaHHe cnpaBe,JJ;mrno TOJibKO ,ll;JIR TOKa, JIIl!Hei1Ho 3aBl1CRil(e­

ro oT,BpeMeHM. B rnane·IYpaccMaTpMBaeTCII ::JMII TC c nonon~an1-

Hh!M nepMO,ll;MtI8CKYIM TOKOM. B §I Hai1,JJ;eHh1 npMClJIMllteHHhle, Y,JJ;OClHble 

,ll;JIIi npHJIOliC8HMli, BhlpaliCeHHSl · ,ll;JISI, HanpmiCeHHOCTeil 8MI1. OrpaHMl!8Hllf R, 

npH KOTOpblX 3TH Bb1paJKe1rnn cnpaBe,JJ;Jil1Bhl, He HBJIHIOTCSL CJIMlllKOM 

cypoBblMM, OHM .Bhlno JIHRIOTCR D ClOJlblllllHCTBe npaKTilf4.8CKMX c11yqaeB • 

B §2 ,JJ;aHO TOl!HOe MYJibTMnOJibHOe pa3JIOlit8HHe 3liill TC c nepvro,JJ;Tl!­

qecKMM no_JlOil!,JJ;aJibHblM TOKOM •• 0TJII1l!Hh!MM .OT HYJIIi OKa3I,1BaIOTCii 

TOJlbKO 3JleKTpl1t!8CKHe qiopM<paKTOphl !if MOM8HTh1. C ,JJ;pyrolii CTOpOHbl,, 

B clJM3!1tieCKOi1 Jill!TepaType BCTpetiaIOTC Ii TaK Ha3b1BaeMb1e, TOpoM,n;aJlb­

Hhl e cliopM.paKTOpb! MJIM MOMeHTbl •. CpaBm!Baii 3JieKTpMt!eCKMe qiopM­

~aKTOpb! MJIM MOMeHTbl C TOpOH,ll;aJlbHblMM ydelK,ll;aeMCii•B §J B MX 

conna,JJ;eHMM (,JJ;JIII pacc1v1aTpMBae1v1oro tI'aCTHoro, cnyqan .nepMo,JJ;MtiecKo­

ro nOJIOM,JJ;aJibHOro TOKa). HaKoHeu, BhlnOJIHI1B B §4 nepexo,JJ; K 

cTaTllltiecKoMy npe.n;eny B ypanHemm re1111v1ron1ua, Mhl Haxo,JJ;MM 

y,JJ;odHulii ,JJ;JIII npaKTMtieCKYIX npn1v1eHem1l1 BeKTOpHb!l1 da3YIC _ypanHe­

Hlllii Jlannaca. 

B rnaBe Y paccMaTpMBaeTCR noBe,JJ;eHYie TC BO BHemHeM 3MII. 
. B §I paccMaTpMBaeTcII B3aYIMo.n;el1cTBMe TC c BHemH_YIM MarHriTHhlM 

noneM. Ha dOJlblllYIX paCCTOHH}fRX OT Y1pT04.HMKa MarHilfTHOro nOJIIi 

(YIJl!/1 np~ MaJlhlX pa3Mepax TC) 3TO B3_allf:MO,JJ;8i1CTBMe CBO,ll;'1TCii _K 

aHanon1HoMy, npe,JJ;nollteHHOMY H.E.3enb,JJ;O~MtieM. _IlpYI MaJiblX_ pac-:­

CTORHMHX B3aMMO,JJ;ei1CTBMe cymecTBeHHO ,OTJIYitiaeT,Cii OT aHan,oJlbHO­

ro O ,lla;iee' BhliiCHSleT CR qrn3Yil!eCKYili1 CMblCJI TOKOBhlX pacnpe,n;ene-. 

Hlllli, nonytieHHblX B §J rnaBhl n. O_HYI COOTBeTCTBYIOT TOpOM,JJ;aJlb­

Hb!M MOMeHTaM BblCllll/lX nopii,ll,KOB (lllJIIlf MYJlbTilfnOJ!bHOCTeli). B §2 
pa CCMaTpMBaeT CH 3(llql8KT AapOHOBa-:-ltamepa npYIMeHMT eJlbHO K TC• 
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0Ka3h!BaeTcII, cymecTByeT KBuHTonoe· pacceHH11e Tdpot1)1,a111,Hux 

MOM0HTOB (~ 6eCKOH84.HO MUJ!h!M '.W) ·Ha KJJIOHOBCIWi-1 'no~·e. 

il K11accr,,.qecK01.1 cny4.ae TaKoro pacceHmrn HeT. llp.ei:11ara10Tcri 

3KCnep:t1MeHTbl no npoBepKe 3Toro :>lWJeKTa. B· §J paccMaTpHBaeTcH 

B3UI,YMO,JJ;eiicTBM0 iBYX ·ru. oim3hlBaeTCII, HenepeKpb!DaJOil(!}jecSI TC' C 
nocTOIIHHhlMH no110vr.n;an1Hh!MM ToKar,m ue B3aHMo,JJ;ei1cTBYIOT ~ TC • ' 

B3UUMO,JJ;ei1CTDYIOT, ecmr 'n OUMOTKe, no KpallHeil Mepe,' o.rmoro Ilf3 

HMX Te4.eT nepe1v1eHHhlii TOK. :a· r;rane YI I!3JlaraeTcII coBpeMeHHoe· 

COCTOiiHIJe 3qxpeKTa AapoHOBa ;.. Eo1-ia • .llo CllX nop (3a HCK.JIIOtie-/ 

HMeM IiaJKHoll pa6oThl CMopo.n;irncKoro n h10Clomnua, 1978 · r:) -r~ope-: 

, TMtieci<ne pacfoi.10Tpemrn AB 3:p(ileKTa np0Bo.n;nnw~1' Ha npmtepa 

J.\l1J1HH.n;pw4. ecKoro · coneH.Ollf.l(a. 11 e.n;ocTaTKT.J Ta Kora coireH 01{.n;i{ 
(yTe4.KI1 MarHlllTHOro• noJIH ir3.:..3a KOH04.HOCTH era ,JJ;mrnbi, HaJ1It4.ne 

o6paiHoro noT OKa uarllllfTH oro noJIH, nnoxan acm,inT onrna BOJIH o:.. 

Boil <l.JYHKUllltt) He n03BOJIHIOT O)(ll03Hi14.HO llfHTepnpeTHpOB,f!,Tb pe-

3yJlbTaTbl An 3Kcnep1,11v1eBTOB HU Taimx COJ18HO!f,ll;aX H npidi'o,JJ;IiT K 
. . . • 0 . ,. . ' .. ( 

MHOfOl!UCJleHHhlM napa,ll,OJ:CCaM. il '$I paccMaTpirnaeTCH pacceJIHllfe 

sapHliCeHHhlX 4.acnru Ha .n;nyx l.\li1JIUH,11;pMt! eCKHX COJleHOJ!!,JJ;aX ·c pu.BHbl;.. 
• ,:1 ', , 

MM no B eJIUtIYIHe, HO npOTHBOnOJIOlKHLIMYI no HanpaBJieHMIO MarHHT-' 

Hb11v1111 rro-roKaMii~ Bhltiwc1remrn BhlnoiIHeHLI KaK B <ppay:rnr'oqiepoBcKoM, 

TaK··w qipeHeJleBCIWM npHOJ!rJ:-KeHHHX (B 3aBHCltUOCTI1. 'oT ,ll;Jltrnhl. 
DOJ!Hbl na,JJ;a!Oll(Il!X 4.aCTHU, pa3MepoB pacceYIBaTeJIII, ero p'a(CTOIIHHii 

OT .n;eTeKTopa qacTMU). OClcyic.n;a10TcH napa,JJ;oKchl; B03HitKaIOli\He npn 
• ,I , ,. /''. (' ,< 

HenpaBHJibHOii UHTepnpeTaUHU 3KCnepHMeHTaJ!bHhlX ,ll;aHHblX~ B·:' "i,C:. 

paCCMOTpeHo pacceHHiie 3JieKTpOHOD Ha• TOpon.n;aJ1bHO·i1 con'eHon.n.e. 

OdcyliC,l(aIOTCH Yl3BeCTHble 3ItcnepYIMeHThl TOHOMyphl no npirnepKe Ali 

;)(Ii<IHmTa, Tll(aTeJibHO aHaJIU3HpyIOTCRJCJIOBHii npilfM0HTlfMOCTH ieo.2. 

pMYI:. Ilpe.n;JIOJK8Hhl ," KpMTH4.0CKffe" 3KcnepnMeHTbl no npoBepKe ,: 

AJ3 3qJqJeK'ra. B §J noKa3h!BaeTCH, l!TO 3apHJKeHHhl0 4.aCTUUhl ,ll;OJlil(-. 

Hhl no-pa3HOMY paccenBaTbCH Ha ,JJ;BYX'TOpOM,ll;aJlbHhlX oc:lpa3UUX 

C O,ll;HMM It TeM, l!Ce MarHMTHhlM nOTOKOM~ HO pa3Jllll!Hb!MH cmtpUJib­

HOCT HMn. 

B · rnaBe YI! odcyi.:',JJ;aIOTCH qJU31~4.eCKne · 3(pqleKTb1 B 'MHOfOCBii3-

Hb!X npocTpaHCTBax. B ,§I ,JJ;allhl KOHKpeTHble npYIMephl, noKa3hlDUIO;_ 

mne, tITO HaJIMtIMe B O,ll,HOM M TOM l!Ce MHOfOCBii3HOM npoCTpaHCTDe 

HeTpYIDMciJibHblX BII eme He rapaHTMpyeT HaJrn4.MH UJIJ/1 OTCJTCTDT(H 

An 3qi<peKTa. ,llaH KPMTepnii · OTCYTCTBtrn AE 3qxpel<Ta; oOJiaCTb 

11 



pa3phlBHOCTH npOH3B0,1J,Silijeil qiyllKL\H'I TG ( Cl,!. §4, r JI.II) )tOJIJKHa 

0hJTI, He,n.ociTynHa )V!Sl na,I1,a!OlijMX lJUCTlll.\. 13 §c ,i.\liH npnuep KUJiv!Cl­

pOBOlJHOro npeoelpasoBaHrrn., KoTopoe ,11,;rn •re np1rno,I1,MT K BH, co­

cpe,n.oTotJeHHOMY B OKpeCTHOCTlf TC. B ~J pUCC1.laTptrnaeTCSI BCTpe­

tJa10maSICSI B qJIT311lJeCKOii mnepaType UJII>TepHaTHBHaH MHTepnpeTa­

L\l1SI Al> ·ocpqieKTa. 0Ha cocTOMT B TOM, tJTo B peaJJI>HhlX yc110B1rnx 

Clapb ephl, · IT30J1ttpy10mrre paccetpiaeMylO lJaCTML\Y OT OOJJacrn_ C H:I= 0, 
Beer ,ll,a KOHell:Hhl. Ilo3TOMY !fMeeTCSI HeHClJe3aIOmasi B epoSITHOCTb 

npOHHKHOB eHMSI ll:aCTML\ ·B oel'.liacTI,' r.ite nt. o. Cor JJaCHO oOcylK,ll.ae­

MOii aJII>TepHaTHBHOll MHTepnpeTal.\ITH 3TOT waKT IlpHBO,ll,HT K HUClJIIO­

,ll,aeJ,lOMY 3qJ(!leKTY (CKQJII, Clu HH Ma;za OhlJia BepOSITHOCTI, npoHHKHOBe­

mrn) • fipSIMb!e BhllIHCJieHHSI ,ll,OKa3hlBUlOT H0COCTOSITeJ!bHOCT I, 3Toro 

yTBeplK,ll.el;IHSI • .B, §4 ,IJ;aH aJJUJll,f3 I~BaHTOBOii HenpOHHL\li0MOCTH~ Uo­

Ka3aHO ,, lJTO B KBaHTOBOH MexaHHKe • .n;aHHYKl noBepXHOCTb MOlKHO 

c,n.eJiaTI> HenpoHHL\aeMoii decKoHetJHhlM tJHCJioM cnocooon. llooome 

roBopµ, .oH'ir OKa3b1BaKJTCII qJH3HlJ0CKH H03KBHBaJieHTHhlMH (To eCTb 

npnBo.I{SIT K pa3JIHlJHhlM Ha6JIKJ.n;aeMh!M sqxpeKTa) • .B §5 paccMorpeHo 
: . . ' ' ~ 

peJISITHBllCT CKoe KBaH TOBO e YCJIOBlie H enpoHlfl.\aeMOCTH np~1M,eHllT eJib-

HO K .A£ 34KPeKTy. 

, B • rJJa.Be Ylll paCCMOTpeHhl 3~eKTpHlJeCKtrn COJ!eHOH,n;hl,. npe.I{-
, ' } ... ·, . . . . .. 

CTaBJISil01ijl1e coOott KOHqrnrypal.\llll TOKOB If sapSI,Il;OB' ,ll;JISI KOT,OPhlX . 

Hanpsll!ceHHOCTI, .. 3JieK~·pHlJ0CKOro IlOJISI E OTJIHlJHa OT HyJia B KO­

HelJHOii. oOJiacTH np?CTpaHCTBa S (a MarHllTHoe noJie H =. 0 

Bes.n;e). BHe s OKa3b!BaeT_CSI OTJIHlJHh!M OT HYJIII 3JieKTPHtJeCKHH 

BeKTOpHblli IlOT0HL\HaJI;. · PaCCMOTpeHhl CJiytJmf, Kor.n.a era H0_Jlb3Il 
• ' 'C J' 

yOpaTb KaJIHClpoBOlJHhlM np~_oClpaso_BaHlleM. B 3TOM CJiytJae 3TOT 

IIOTeHL\HaJI_ MO](e_T HMeTI,_ !pllQlllJeCKtfii CMhlCJI. fiyCTI, Terrepb IIJIOT-

HOCTH sapSI,ll,a j) . M TOKa J , saKJIIOlJeHHh!e B KOH0lJHOii OOJiac-

TH ,S .- , n~p110,n;vrqecK_H MGHIIIOTC.fl BO BpeMeHM. Mo;KHO JIH TaK Bhl­

CipaTb .P, J . ' ll:TOClhl HaIIpSI;KeHHOCTH E,H CihJJIH paBHhl. HYJIIO BHe .s ? 0TBeT OKa3h!BaeTC.fl yTBep.n;HTeJlbHhlM. Ilpll 3TOM BHe s 
B03HHKalOT BOJ!Hhl 3JieKTpoMarHllTHh!X IlOT0HUllaJIOB (B811), KOTOph!e 

pacnpocTpaHSIKJTCSI co CKOpOCTbIO CBeTa. OHH He nepeHOCSIT 

3JieKTpoMarHHTHOit 3Heprm11,, IlOCKOJlbKY E=H=O B HHX. AHaJIH3H­

PYKJTCII YCJIOBHSI, npH .KOTOphlX B03MOJKHa rrepe,n;atJa HHqJOpMaumf 3a 

ClJeT H3MeHeHHSI ¢a3hl BOJIHOBOii 4JYHKL\HH. CqiopMYJIIlJ?OBaHhl ycJIOBHSI, 

KOTOpm,1 ,ll,OJIJKHhl YAOBJieTBOpSITI, CTaUHOHapHhle TOKH' lJTOOhl Mar~ 

HHTHaa HanpSIE8HHOCTI, ClhlJia cocpe,ll,OTOlJ8Ha B KoHelJHOll OClJiaCT~ 
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rrpocTpaHCTBa. 3TO ,n.aeT rrpaKTUlJeCKllH peuent ,I{JISI IlOCTp08HHSI 

coJieHovr,n;oB. Haii.n;eHhl ycJIOBHR HevrsnyqeHHSI pacnpeAeJieHnit sapSI­

AOB H TOKOB, nepHO,IJ;HlJ8CKH M8HSIIOmHXCSI BO BpeMeHH. 

B 3aKJilOlJ8HHH. ccpopMyJIHpOBaHhl OCHOBHhle pesyJ11>TaThl, IIOJl~­

lJ8HHhl8.B ,IJ;HccepTaUHH. 

ill. OCHOBHHE PE3Yn1TATH H Bl:IBO,lll:l 

B ,I{HCCepTaUllH: 

I) BnepBh!e IlOCTpoeHhl TOnOJIOrHlJ8CKlle KOHcpHrypaUHH_ ,ll,H­

noJibHhlX 3JI8KTplllJ8CKHX MOM8HTOB, oClJia,ll,aIOlijHX HeTpHBHMI,HhlMH 

(To-ecTb, KOTOphle H8Jlb3SI ycTpaHifTI, KaJIHClpoBOlJHhlMH npeoOpaso­

BaHHSIMH) 3JI8KTPHlJ8CKHMH BeKTOpHhlMH noTeHunaJiaMJII; 

2) Hait,I{eH Tp8XM8pHhlil aHanor aqxpeKTa AapOHOBa - Karuepa: 

Topo114aJ1bHhle MOM8HThl ,I{OJIXHhl HCnh!TblBaTI, KBaHTOBDe pacceSIHHe 

Ha KYJIOHOBCKOM none; 

- 3) no·JiytJeHo a,I{eKBaTHOe OIIHCamrn 3KCriepHM8HTOB ToHoMypu,. 

npoBepSI!OlijHX OCHOBhl KBaHTOBOll MeXaHHKH; 

4) Hait,I{eHhl npa'KTHlJ8CKHe, YAOC>Hli!e ,ll,JISI 3KcnepHMeHTaTopOB, 

pel.\eilThl IlOCTpOeHHSI TOKOBhlX KOH~HrypauHii, oClnaiaIOmnx T8M 

cBoticTBoM, .lJTO reH~pHpyeMoe HMM MarHHTHoe none He BhlXOAHT 

3a npe,I{eJ!hl KOH8lJHOti OOJiaCTH npocTpaHCTBa; 

5) Hai1,1{8HO 3JI8KTpoMarHHTH08 none TC C IlOCTORHHh!M H rre­

peMeHHhlM TOKaMH B ero OClMOTKe; / 

6) ,I{aH aHaJIH3 aJibTepHaTHBHh!X OCl'I>SICHeHHll 3KcrrepHM8HTOB 

no rrpoBepKe cymecTBOBaHHSI .A£ 3qxp8KTa H IlOKa3aHa HX H8COCTOR­

T8JlbHOCTb; 

7) Haii.n;eHhl ycJIOBHSI H8H3JIYlJ8HHSI 3apSI)J;OBhlX H TOKOBhlX 

pacnpe,1{8Jl8HHit, nepno.n;HlJ0CKH M8HSIDmHXCSI BO BpeMeHH; 

8) npe,I{JIOllCeH ''KpHTnqecKHil 11 3KcnepHM8HT no npoBepKe 

cymeCTBOBaHHR 3(!J(P8KTa AapOHOBa - EoMa; 

. 9) Hait.I{eHa. saBHCHMOCTb 'pacnpe,1{81I8HHR BHTKOB Ha noBepx-

HOCTH Topa, npH KOTopon Ma.rHMTHOe none ncqesaeT BHYTPH Topa; 

IO) ,I{aH aHaJIMS p8JISITHBMCTCKHX H HepeJISITMBHCTCKHX 

YCJIOBHi1 HenpoHnuaeMOCTH; 

II) npoMsBe.n;eH pactJeT HHT8HCHBHOCTH pacceSIHHR sapSillC8HHhlX 

lJaCTHU Ha TOpon.n.am,Hh!X COJ!eHOH,I{aX C HeTpHBHM,bHOit cnnpan1,-

HOCT1>IO; 
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12) llOKa3aHO' KaK TOpOTT,IJ.a,'ILHl,Ie COJieHOTT,llbl KOHe 1rnblx 
pa3MepoB B3aTTMO,llei1cTBYIOT C BHeUlmfM :rneKTpoMarHTTTHh!M llOJleM TT 
,IJ.pyr c ApyroM; 

13) Hail,D;eHa llOCJie)I.OBaTeJILHOCTI, KaJrn6poBOllHO-HeTTHBa­
p1rnHTHb!X BeKTOpHb!X llOTeHuTTaJIOB, reHepnpyeMaSI IlOCTOSIHHb!J,rn 
TOKaMI{' npoTeKaIOlll!rnH BHYTPlf TOpa. ;:lTTT BeKTOpH!iie IlOTem:.u,mnbl 
o6Jia,D;aIOT CYllleCTB0HHO OTJIVll!HblM aCIJMilTOTTTll0CKTTM llOBe,D;eHtteu, 
HO ,llaIOT O,IIHO H TO Y.-.:e KBaHTOBOe ·CelleHne pacceSIHTTSI; 

14) Hali,ll0Hbl HOBbie' OTCYTCTBYIOlllTT0 B MaTeMaTl1ll0CKOH 
JIY!TepaType, .CyMMhl Iii VIHTerpam,1 1 CO,ll0plKall1TT0 qiyHKUTTTT IleJKaH,D;pD.. 

QcHOBHble pe3yJILTaTbl 'ATTCcepTagttH 011y~J1TTKO~~li~ 
·B 12a60Tax: 

1. AqiaHaCbeB r. H., CTapble l1 HOBble 11po6J1eMbl B Teop1111 sqiqie'KTa AapoHOBa 
-EoMa, 3YAH, 1990, T.21, c.172-250. 
2. Afanasiev G.N., Closed analytical expressions for some useful-; 
sums and integrals.involving Legendre functions, J;Comput.Phys.,1987, 
vol.69,p.196-208. 
3. Afanasiev G.N., The electromagnetic field of solenoids with 
time-dependent currents, J. Phys~ A, 1990, vol. 23, p. 5755-5764. 
4. Afanasiev G.N., Toroidal solenoids in an electromagnetic field 
and toroidal Aharonov-Casher effect, Physica Scripta, 1993~ 
vol.48, p.385-392. 
5. Aqia11acbeB° f; H., ,lly60Bl1K KM;, 3JJeKTPOMarHl1THOe l13JIY48Hl1e 
TOPOl1,IJ.aJJbHOro COJJeHOl1,IJ.a,B Tpy,IJ.ax I YKpa11HCKOro Cl1Mll03l1YMa no 
qll13l1Ke MM l1 cy6MM pa,IJ.l10BOJIH, XapbKOB, 16-18 OKT.1991 r., . 

c. 71, MP3 AH YCCP, XapbKOB , 1991. 
6. Afanasiev G.N.,Dubovik V.M., Electromagnetic properties of a 
toroidal solenoid, J.Phys.A, 1992, vol. 25, p.4869-4886. 
7. AlpaHaCbeB r. H., 3qiqieK'l' AapOHOBa-Kalllepa ,IJ..nSI TOPOl1,IJ.aJJbHblX 
COJleHOl1,IJ.OB, B c6. "rpaBHTaUl10HHaH 3Heprml l1 ,rpaB11T'au110HHU_e 

BOJIHU", ,lly611a, 1992, c.100-105. 
8. AqiattacbeB r. H., PacceHHHe 3apHJ1(eHHNX 1.1acTHU Ha ABYX 6ec1<011etrnux 
u11.nttH,IJ.p111.1eCKl1X COJJeHOH,IJ.ax, Borrpocu aTOMHOtt 11ayK11 l1 TeXHHKH, 
1988, Bblrt.1, c.49-56. 

14 

9. Afanasiev G.N., on tile alternative interpretation of the 
Aharonov-Bohm effect, Nuovo Cimento A, _1988, vol.99, p.647-660. 
10. Afanasiev G.N., on tl1e crucial experiments testing the 
exintence of the Ah:u·onuv-Bohm effect, Nuovo Cimento A, 1988, 
vol.100,p.967-972. 
11. Afanasiev G.N., Shilov V.M., Practical Calculations ~f the 
Aharonov-Bohm effect , J.Phys.A, vql.22,p.5195-5215. . 
12. Afanasiev G.N., The scattering of charged particles on the 
toroidal solenoid, J.Phys.A, 1988,vol.21,p.2095-2110. 
13. Afanasiev G.N., Theoretical description of Ton<?mura-like 
experiments, Phys.Lett.A, 1989, vol.142, p.222-226. 
14. Afanasiev G.N., Shilov V.M., Numerical investigation of 
Tonomura experiments, J.Phys.A, vol.26, p.743-750. 
15. A!llaHacbeB r.H., PacceHHl1e 3apHJKeHHUX l!aCTHU B MHOrOCBH3HUX 
npocTpaHCTBax, Bonpocu aTOMHOtt HaYKH 11 TeXHHKl-1,1986, BU!l.1,c. 7-10. 
16. MiattacbeB r.11. ~ 0,IJ.H031la 111JOCTh BOJIIIOBNX ilJYHKUtttt l1 pacceHHtte B 

MHOrOCBH3llNX npocTpaHCTBax, B TPYAaX 3-ro MelK,IJ.. ceMttHapa 
"TeopeTHKO- rpynnomie MeTO.Il.LI B qll13l1Ke "; HayKa, M., 1986, T.2. 
c.391-399. 
17. AqiaHaCbeB r.H., 06 O,IJ.H03Hal!HOCTl1 BOJIHOBNX !lJYHKUHtt B MHoro­
CBH3HNX llPOCTpaHCTBax, l(pa•r1rne Coo6uieHHH mrni-i. 1985 ,.Ii 6,c.17-26. 
18. Afanasiev G.N., Closed expressions for some useful integrals 
involving Legendre functions and sum rules for zeroes of Bessel 
functions, J.Comput:Phys., 1989, vol. 85, p.245-252. 
19. Afanasiev G.N., Shilov V:M., How does quan'tum impenetrability 
affect Aharonov-Bohm scattering, J.Phys.A, 1990, vol.23, p.5185 
-5204. 
20. Afanasiev G.N., Quantum mechanics of toroidal anyons, 
J.Phys.A, 1991, vol.24,p.2517-2528. 
21. A!llaHacbeB r. II., 3.neKTPOMarHttTHUe CBOttCTBa Topoiua.nu1ux 
COJJeHOH,IJ.OB, 3YAH, 1992, T.23. c.1264-1321. 
22. AqiaHacbeB f. H., <lll13l1l!eCKl1e IIPHJIOJKeHHH COJJeHOl1,llOB, 
3~AH, 1993, T.24, c.512-593. 
23. Afanasiev G.N.,,Dubovik V.M. , Electromagnetic properties of 
a toroidal solenoid, in: "New Trends in Theoretical and 
Experimental Nuclear Physics" (Eds.: A.A.Raduta, D.S.Delion, 
I. I. Ursu), World Scientific, Singapore, 1992, p. 521-543. 

15 



24. Afanasiev G.N., Vector solutions of the Laplace equation_ 
and the influence of t1elic1ty on the Al1aronov-Bohm ·scattering, 
J.Phys.A, 1994, vol. 27, p.2143-2160. . 
25. AIIJattacbeB r. H., BeKTopttue pernemrn. ypaa_ttemrn ·Jian.iJaca 11 BJH1H­
tt11e cn11p~JlbHOCTl1 MarHl1THoronoJJH Ha AE pacceHH11e, B TPYJJ.aX 
V ceM11ttapa "rpaa11TaUl10HHaH 8Hepr11H 11 rpaa11TaUl10HHble BOJIHN", Jy6Ha, 
1992, c.207-214. 
26. AqiattacbeB r. H., 3JJeKTpw1ecK11e BeKTOPHNe noTettu~aJJN 11 BOJJHN 
sJJeKTPOMartt11THblX no°Tettu11aJJOB, B TPY JJ.ax V. ceM11Hapa 'TpaB11Tau11ottttaH 
sttepr11H 11 rpaB11TaQ110HHble BOJl/'lbl", Jy6Ha, 1993, c.1.24-132. 
27. Afanasiev G.N., Dubovik V.M., Misicu s., Explicit reali­
zations of static and nonstatic solenoids and conditions for 
their existence', J.Phys.A, 1993, ~ol. 26, p. · 3279-3284. 
28. AqiauacbeB r.H., AttaJJl1Tl14eCKl1e BblpallCeHl1H ~JI.fl HeKOTOPNX CYMM 11 
11HTerpaJJOB, COJJ.epllCall\11X qiyHKµ1111 JlellCaHJJ.Pa,B TPYJJ.ax 3-ro MelJCJJ.. 
ceM11ttapa "Teo·peT11Ko-rpynnoBue MeTOJJ.N B qi11311Ke ",HayKa, M., 1986, 
T.2, C.198-205. 

29.Afanasiev G.N., Static and nonstatic electdcal solenoids, 
J.Phys.A, 1993, vol.26, p.731-742. 
30.Afanasiev G.N., Quantum mechanics of toroidal anyon/:!, in: 
Pree.of the fifth workshop "Symmetry methods in physics" 
(Obninsk, July 1991), p.137-139. . 
31.Afanasiev G.N.,Dubovik V.M.,Topological and toroidal effects 
in nuclear and particle physics, in: Intern. Symposium on weak 
and electromagnetic interactions in nuclei (WEIN-92), 

( Dubna,1992), p.128. 
32.Afanasiev G.N., The ·electrical vector potentials, electro­
magnetic potential waves and the toroidal Aharonov-Casher effect, 
In: Symmetry methods in physics ( Dubna,1993 ), p.1Q. 

PyKOilltCb nocrynHJia B H3)1aTCJlbCKHii OTACJI 

12 anpCJill 1994 ro11a. 

16 


