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Tiepayumu B.H. P2 - 12225 
Tipaa1rna KBauroaauust uea6eneabIX KBmi6poBO'lllblX noneii 

11 npo6neMa KOHcpailH~1eHTB 

IloKa3aao, qro cyIUecTayeT B03M0}KH0CTb caMocornacoBaunoro onucatuu1 
KOHcpailHMeHTa B KBBHTOBOil xpoM0lll!HBMHKe, 3ra B03M0lKII0CTb CBlt3aHa C 
aaenef{HeM HOBOii l{HHaMHtJeCKOfi nepeMeHuoH, OilHCbIDa10wei:i TOTIOJlOrlP-18CKHe 

BaKYYMHbie Kone6aHHlt Kan116pOBO'IHOI'O nonst, Toq11oe KB81!T0B8lll!e ronono
I'H'IeCK0il cren1:!HH CB060llbl npI1B01ll!T K KB8HT0BBHl!IO 38P>Illa ll K CHHI'yn11p

HblM cpOHOBbIM nonstM C uyneauM 3cpij,eKTIIBHLIM 1le11crnueM, cnoco611LIM "yllep-
1f'aIB8Tb" KBBHTOBbie B036y>KJl9HH51 UBeTHbIX noneii. 

Pa6ora Bbmon11e11a B Jia6oparop1rn reoper11qecK011 cpn311Kll Oll.Hl1, 

Tipenp11ttr O6'.!,e111111eauoro uucr11ryra stllepHblX 11ccne11oaaIrnil, ily6ua 1979 

Pervushin V,N, P2 - 12225 

Quantum Topology of Gauge Fields 

A quantization scheme is proposed for non-Abelian gauge 
fileds which separates the transverse degrees of freedom and 
winding number describing the topological properties of Yang-Mills 
fields, Quantizotion of the winding number leads to quantization 
of charge and physically nontrivial background fields with zero 
effective action, In this scheme colour excitation confinement is 
a consequence ,;f dynamical realization of topologically nontrivial 
gauge group. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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1.BBE,l{EHHE 

B HaCTOHUlCC npeMJI naH6onee peaJibHblM KaH,nH,naTOM Ha Teopmo 

a,npouon HBJIHeTcH Kann6pono•maH TeopHH l(Be.THbIX non_eii, KnapKon 

H rmoonon. OcnonnaH Tpy,nnocTb TaKoii Teop1rn - npo6neMa Hena6mo

,naeMocTH uneTHbIX noneii n cno6o,nnoM cocTOHHHH. B :noii pa6oTe * 
Mbl XOTHM o6paTHTb BIIHMaJIHC Ha B03MO)l(HOCTb pewenm, npo6neMbl 

11e11a6mo,naeMOCTH C IlOMOJ1lblO H3MCHCHHl'I npaBHJI KBaHTOBaHHJI ne -

a6enenb1x KanH6pono'!11b1x noneii. 

Bonpoc o KnanTonamrn nea6enenbIX noneii OKOH'laTeJibHO ne 

pewen. B •qacT,\'OCTH, o6menpHHHTOC KBaHTOBaHHC noneii 

Rnra- Munnca c Il0M0J1lblO ,nonomrnTCJihllblX Kann6pOBO'IHblX ye -

JIOBHH / 2/ npHBO,UHT K HCO,UH03Ha'IHOMY Bbl,UCJICHHJO nonepe'!HbIX CTC" 

neneii cno6o,nbl /al. , 

B HaCTOJIUlCii pa6oTe .nm1 BhI,UeneHHH nonepe'IHblX CTeneneii CBO -

60,Ubl KaJIH6pOBO'IHblX irnneii npHMCHeH ".nnnaMH'ICCKHH MCTo,n"' .KO· 

TOPblH ne HCilOJibJyeT AOilOJIHHTCJibllblX Kann6poBO'IHblX ycnoBHH n 

Ka'leCTBe HCXO,UHblX npe,nnono:>KeHHR. ,[\HHaMH'ICCKHH MCTOA neo.n

HOKpa THO npHMCHJIJICH MHOrHMH anTopaMH H JaKJIJO'!aCTCJI B onpe -

.n;eneHHH Il0JICBb!X nepeMCHHblX C HYJICBblM KaHOHH'ICCKHM HMilYilbCOM 

n narpam1ma11e 'lepe3 ocTanbHble CTenenu cno6o,nbl nocpe,nCTBOM 

KJiaccH'!eCKHX ypannenuii 3iinepa. B peJynhTaTe narpaH)l(Han Jann

CHT OT 'IHCTO nonepe'!HblX Kann6ponO'IHbIX noneii, onpe.n;eneHHJIMH 

KOT0PblX cny:>KaT HCJIHHCRl!ble IPYHKUHH KaJIH6pOBO'IHblX noneii, HH· 

napHaHTHble OTHOCHTCJibHO KanH6pOBO'lllblX npeo6pa3ona11Hii. 

* HacTOJlJ1laH pa6oTa - pacwupeHHblH BapHaHT pa60Tbl / 1 ~ 
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B :rneKTp0,ItHHaMHKe 3T0T MeTo,n, no- BH,ItHM0MY, BnepBLie 6LIJI 

llPHMeHeH B 063ope IIony6apHHOBa14 ' ,ItJI.11 BLIB0,Ita ypaBHeHHii KBaH· 

TOBOH 3JieKTP0,ItHHaMHKH B KaJIH6poaxe H3JiyqeHHH /KYJIOHOBCKoii/, 

0,ItHaKo caM0 YCJI0BHe KaJIH6poBKH npH TaK0M BLIB0,Ite HHr,ne He HC· 
/4/ . 

ll0JIL30BaJI0CL. /Pe3yJILTaTLI pa60TLI xpaTK0 H3JI0:>KeHLI B pa3· 

,nene 2/. 
Ocuoaua.11 3a,naqa uaweii cTaTLH. • c4>opMynupoBaTL npaauna 

KBaHTonaHH.11, ycTaHaBJIHBaromue CB.113L Me:>K,ny HeTpHBHaJILHOii T0ll0" 

JIOrHeii Hea6eJieBLIX noneii H .ItHHaMuqecKHM MeT0,It0M BLI,IteJieHH.11 

nonepeqHLIX cTeneueii cao6o,nLI. C 3TOii uen1,10 B pa3,nene 3 npoao

.ItHTC.11 KBallT0BaHHe T0ll0JioruqecKH HeTpHBHaJILHOH M0,IteJIH IIIBHH· 

repa nyTeM np.11Moro peweuH.11 ypaaHeHH.11 Illpe,nuurepa H noxa3LIBa· 

eTC.11, qTo pe3yJILTaTLI Taxoro KBaHT0BaHH.11 M0:>KH0 nocnp0H3BeCTH 

,ItHHaMHqeCKHM MeT0,It0M C ll0.I\.IOinLlO BBe,neHH.11 HOBOH poTaUHOHHOH 

cTeneHH cao6o,nLI xanu6poaoquoro non.11, onuc1>rna10meii uyneaLie 

T0ll0JI0ruqecKHe KOJie6aHH.II aaxyyMa. 

B pa3,nenax 4,5 c4>opMyJIHpOBaHHL1e npaBHJia KBaHT0BaHH.11 npH· 

MeH.HlOTC.11 K TeopHH Jlura·MHJIJICa. IloKa3aHo, qTo Toquoe KBaHT0· 

BaHHe TOllOJioruqeCKHX KOJie6aHHii aaxyyMa llPHB0,ItHT x KBaHT0BaHHI0 

3ap.11,na H K 4>u3uqeCKH BLir0,ItHLIM" CHHryJI.HpHLIM <l><>HOBLIM ll0JI.IIM 

/ C HYJICBLIM 34><l>eKTBBHLIM ,neiiCTBBeM/, cnoco6HLIM y,nep:>KHBa TL 

KBaBT0BLie B036y:>K,neHH.II uneTHLIX llOJieii, KBapK0B II rJilO0H0B. 

2. KBAHTOBAJI 3JIEKTPO,nHHAMHKA /K3.n/ 

.nuHaMHqecKHH MeTo.zt BLI,IteJieHH.11 nonepeqHLIX CTeneneii CB06o-
/4/ . 

,ItLI B K3,n 6LIJI llPBMeHeH n pa6oTe ,ItJI.11 HJIJilOCTPaUHH K3,n a xa • 

nu6poaxe H3Jiyqenuii. H3JIO:>KHM 3,necL xpaTK0 pe3yJILTaTLI 3Toii pa· 

60TLI, c,neJiaB JIHWL 0,ItH0 necymecTBeHH0e H3Meueuue, a HMeHH0: 

6y,neM onepupoaaTL TepMHHaMH narpamirnauon, . a ue ypanueuHii 
,ItBH)KeHH.11. -

PaCCMOTpHM llJI0TH0CTL narpaH)KHaHa K3,n. 

i\1. (A;{)= - I Fµ~ + jµ Aµ - ifJ /) ifr 

/1/ 
Fµv =aµ Av - a VAµ ; j µ = i e ifJ y µ ifr ; :1 = a r -a r . w O O i i 

4 

KauouuqecxHii HMnynLc non.11 A O paneH Hyn10 

Bf 
"o-= -----= o. s a

0
A 0 

Jiy,neM cqHTaTL Ao He,ItHHaMHqecxoii nepeMeHHOH H BLipa3HM B na

rpamKHaHe /1/ AO qepe3 ,nuuaMeqecxue nepeMeHHLie c n0Mom1>10 

ypanueHeii 3iinepa 

of _ -a 2A ~ a a .A . + j 
O 

= o . 
-

00 
• Q Q 1 I 

BAo i 

/2/ 

Ilo,ncTaBJI.R.11 pewemie 3Toro ypanueue.11 

A O =..!_ (a
0
a .A.-+ j 0) a2 1 I . 

k 

/3/ 

IJ /1/, nonyquM narpaH)KHaH 

·f .. f 
1 

(A0 (A. ,j); Ai ;j} = 
qu. e. . 1 

1 (r) 2 1 2 - 3 • A . 1 . 1 · · ( 1 a a A ) 
=2Ei. -4Fij -ifry,if,-Ji i·+ 2lo2Jo+Jo a¥ 0 k k .<\ 1 

E(r)=(B .. -• ai aj )a A. 
i IJ a 2* 0 J 

k 

/4/ 

C,nenaeM B /4/ xane6ponoqHoe npeo6pa3oBaHHe 

it,<r>=expf·- ie ~a A l,t,. . . . , a- k k .. i 
/5/ 

B pe3yJILTaTe BMeeM llJIOTH0CTL narpaH::KHaHa f • BLipa)KeHHYIO qu. 
B !epMeHax qucTo nonepe11HLIX nonei 

f =!_(E(r) 
qu. 2 i 

f """'. !...(a A(r) f -"iµ(r>j,t,(r) +j(r) ..!_ .(r) _.(r)A(r) 
2 .1 · o a.2 Jo 11 i • 

I /6/ 
r.ne 

A(r) e:(8 -~)Ak .• 
l ik · cJ 2 /7/ 

j 
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l3Lipa)KCHHJI /4/, /5/- /7_/ JIBJI.IIIOTC.11 HHBapHaHTllhlMH ·oTJIOCJITCJihHO 

xanu6poBoqHhlX npeo6pa3oBaHHH, 3aBHCJIIIUIX OT BpeMeJIH. Kan116-
a A(r) 0 

ponoq11oe ycnoBHe i · i = B xnacce 4Jyuxuuii K3~ ecn, cne.n-

CTBHe onpe.neneHH.11 /7/ H unr.ne He IICIIOJlh30BaJIOCh. 

3. KJIACCHlJECKAJI H KBAHTOBAJI TOIIOJIOI'HJI 
MOJ(EJIH IIIBHHI'EPA 

)J;n.11 Toro qT061>1 llOHJITh, KaK npaBHJihHO np11MeHHTh .JJ.IIHaMH" 

qeCKHH 111eTo.u; Bhl,neneHH.11 nonepe'!HhlX CTeneueii CB060,nhl B TCOPHH 

Jlura - MHnm~a. paCCMOTPHM Toquo pewaeMylO MO.l{CJih Kann6pOBO'-I" 

uoro non.II C HeTpHBHaJihHOH TOllOJiornqeCKOH CTpyKTypoii KOH$Hry

paUBOIIHOro npocTpaHCTBa - MOJl,CJlh lliBHHrepa 

L = f tlx 1 £ 

f = l.F2 . 
2 01 ' Fo1=aoA 1- a1 Ao· 

. I~/ 

/9/ 

CoaepWHM BHaqane. TO'llHOe KBaHTOBaHHC Mo.nenH B Kan1:16pOBKe 

A0 =-0 , KOTopa.11 B1>16npaeTc.11 ncxnroqnrenhno H3 coo6pa)KCHHH 11a -

rJI.11.IlHOCTH H npOCTOThl Tononorn11ecxoii HHTepnpeTaUHH JiCIIO_nhJye

MhlX Bennqnn. 

B :noii KaJIH6poBKe onepaTop raMHnhTOHHana HMeeT BR.II;: 

_ R/2 l - 2 - -
H= f dx 2 E 1 ; .. iE1(x),A 1(y)]~io(x-y) 

-R/2 
. _/10/ 

/6y,11;eM KBaHTOBaTb none B KOHequoM npocTpaHCTBe ·BpeMCHH, 

R u T /. OcHOBHoii nennqnuoii TeopHH .11an.11eTc.11 Bonuoaa.11 4Jyux

un.11_ 'I' , y,11;onneTBOp.1110ma.11 ypaBHCHHIO illpe.nm.irepa: 

ii 'P (A) = C 'P (A) C C _ /11/ 

C .nononHHTeJibHhlM YCJIOBHeM: 

al El'Pc (A) =O, /12/ 

r.ne c -co6cTBCHHOe 3Ha'!CHHC :rneprHH. YcJIOBHe /12/ eCTh cne.n

CTBHe HHBapnaHTHOCTH KJiaccnqecxoro raMHJibTOHBaHa OTHOCBTenh" 

6 

HO 11ecm1ryn.11pJ1hlX xan116pOBQqffhlX npeo6pa30BaHHH, IIC'IC3alOUUIX 

na "6ecxouequocTH" /T .e. B TO'IKax ± R/2 / 

A 1(x,t)=A
1 

{x,t)+1-a 1A(x). 
e /13/ 

OnepaTop a1 E B /12/ .11an.11eTc.11 reuepaTopoM 6ecxo11e'!no ManhIx 

npeo6pa3oBaHHH /13/ / e - "KOHCTaHTa CBJl3H", urparoma» ponh 

06e3paJMepHJJaromero (paKTOpa/. 1-hBeCTHO, 'ITo'.nnnaMHKa CIICTeMbl 

onpe.nenaeTca nonnoii rpynrroii Bcex BOJM0•11wx ~ecn11ryn.11p11Lix 

npeo6pa3oaan11fi, OTHOCIITenhHO KOTOPLIX raM11nbTOH11a11 HHBapnau

TCH. rpynrra ncex necm1ryn.11pnLix rrpeo6pa3onaunii /10/ 

A ,(r•) ·A(1•> 
1 (x,t)~e I (x) ( 

. · l'•) 
A 1 i _l__ a ) ··1 (x) 

e 1 e /13/' 

.., _ 
8

i\1x) 
Ja,naeTC.11 C IlOMOIUhlO q,yHKUHH co 3HaqeHHJIMH na "OKPY*" 

ii\(± R 12) 
HOCTH" U(l) II ycnOBIICM "11ec1111rynap11ocT11" e - 1 • 

Bee Ta_KIIC npeo6pa30Ba1U1J1 pa3611BaJOTCJI na HeCBJl3Hhie KOMllOHeH -

Thi exp Ii A'' (x) ! , xapaKTep113yeMLIe nn,nexcoM r: , KOTOPhIH yxa-

3hIBaeT, CKOnhKO pa3 rrp.11MaJ1 R<l) /T.e. IIHTepBaJI .(- : , ~-) 

co "cKnCCllllhlMH" KOHUaMH/o6epHynach BOKpyr "oxpy)KUOCTII" U (1} 

npH OT06pa)KeHHH R(I) B U(l) . Haxna.nhrnaa ycnoaue /12/, Mhl 

Tpe6yeM HHBapHaHTUOCTH TOnhKO OTIIOCHTenhHO "Manoii" rpyllllhl 

KanH6poeoqHhlX npeo6pa3ona1111ii C 1111.neKCOM I' ~ 0 . 

Tipe.ncTaBHM nee KaJIH6poBO'lllhlC rrpeo6pa30BaHHJI B BH.!lC np·o

H3BC.!lCHH» "Manofi" xanH6pOBO'IHOH rpynrrhl Ha 6eCKOHC'IHYIO UHK· 

nH'ICCKYJO rpyrrny z /rpynny uenhIX 'IHCen OTHOCHTen&HO oncpaUHH 

HX cno)Kel!HJI, KOTopaa, (paKTll'ICCKH, JIBn.lleTC.11 d>yn.naMCHTanhHOH 

rpynnoii KOH(pHrypaUHOHHoro npocTpaHcTna xann6poBO'IHoro non.11/. 

Tor.na .nononHHTenbllhlM YCJIOBHCM Ha BCKTOP COCTOJIHHJI annaeTC.11 

Tpe6onaune KonapnaHTHOCTH 'I' OTHOCHTenhHO rrpeo6pa3oBaHHH 

rpynnLI Z 

'P { A' (pl) :e il'U 'I-' (A). 
( ( /14/ 

HanoMHHM, '!TO Knaccnqecxoe KanH6poBO'IHOe none B MO,Ilenn lliBHH· 

repa xapaKTepu3yeTC.II HH,!leKCOM TioHTp.llrHHa: 

T/2 

I'=- L ( Fo1 dxdt = N[Al \ 
1 

-N[Al I T/2 = f N dt /15/ 
2rr · t=+T 2 t =- -T/2 
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R/2 
N[A]= - _e_ f A dx 

2 1 11 
-R/2 

/16/ 

3,necb N[A 1 ] -4>ym<uH0Han OT A 1 , HHBapHaHTHbJH OTHOCHTenb· 

HO "Manblx" xana6poBO'IHbJX npeo6pa3oBaHHii H MeHJIIOIUHHCJI Ha 

uenoe 'IHCilO npH TononorH'leCKH HeTpHBHanbHblX xanH6pOBO'IHbIX 

I 
, 151 . 

npeo6pa3oBaHHJIX 13/ ·•' 

N [A ' (r, ) ] ,,. N [A ] + V . • 

YpaBHeHHJI /11/, /12/, /14/ - OCHOBHble ypaBHeHHJI KBaHTOBOH 

MO,nenH ffiBHHrepa - HMeJOT HeTpHBHailbHOe peweHHe: 

1P (A) = 1 expl-i(211k+0)N[A] I 
E ..j211 

/17/ 

(= 1 ( :TT )2
(211k +0>2R. 

/18/ 

3,necb k -:uenoe 'IHCilO /HOMep 30Hbl BpHililJO:rna/, 0 -xmi.3H· 

HMnyilbC. 

4>yHK:UH.JI rpHHa CTPOHTCJI CTaH,napTHblM o6pa30M no 4>opMyne 

if(t~t") 
G(t',A'jt'',A")=~e 'PE (A")'P: (A'_)Jt'-t"=T /19/ 

00 2 
= _l_ }: exp I i _e _ ( 0+2 k11) 2RT - i( 0+211 k)[N(A ')-N(A" )]I /20/ 
_ 2 IT k=O (211 )2 

H coBna.naeT ci 4>yHK:UHeii rpHHa cBo6o,nHoro poTaTopa16
/ • Bblpa:>Ke· 

HHe /20/ MO:>KHO npe,ncTaBHTb B BH,ne 4>eiiHMaHOBCKoro HHTerpana 

no nyTJIM 

8 

G(t',A'lt",A")= 1 
00 

}: e in0 

..J 211.i TR e 2 n~ 00 

exp{ i (N'-N" +n/ (2; f _1_ I 
RT 

oo • O N '+n t' 
~ I e 1n J dN(t)exp Ii f L (N)dt I, 
n=-oo N" _.,, Rotator 

;20 I' 

r.ne 

L = .L N2 (E.1L)2 !._. 
Ro La tor 2 e R /21 I 

CyiueCTByeT npocTOH nyn. nony'leHHJI pe3yilbTaTOB /19/-/21/ 

B paMKaX ,nHHaMH'leCKoro MeTo,n·a, 6e3 HCDOilb30BaHHJI KanH6poB011-

HblX YCilOBHB. 

By,neM HCXO,nHTb H3 narpamICHaHa /9/ H 6y,neM C'IHTaTb, 'ITO 

Ao He .JIBil.JleTC.JI ,IJ;HHaMH'leCKOB nepeMeHHOH, TaK KaK ee xaHOHH· 

qecKHB HMDYilbC paBeH HYillO. 

Bb1pa3HM Ao 11epe3 ,nHHaMH'leCKYJO nepeMeHHYJO C IlOMOIUblO 

KilaCCH'leCKHX ypaBHeHHB 3iinepa 

of 2 
--- ,::, al Ao- aOal Al= 0. oA

0 

O6mee peweHHe :Horo ypaBHeHH.JI HMeeT BH,n 

FOl =-al x·(x). A0 =x(x) + !
2 

a0 A 1 : 

1 

3,necb x(x) y,n0BileTB0p.JieT ypaBHeHHJO 

a;x = o. 
. 

Ilo,ncTaBn.JIJI /23/ e 1/9 /, nony11HM 

R/2 1 2 R/2 1 2 1 x=R/2 
L= J dx 2 F01 = J dx 2 (a1x) = 2 x(x)a

1
x(x)I 

- -R/2 -R/2 x=-R/2 

/22/ 

/23/ 

/24/ 

/25/ 

4>H3H'leCKH·HeTpHBHailbHOe peweHHe /24/ CHHryn.JipHo H 3aBHCHT 

oT o.nHoro napaMeTpa. O6o3Ha'IHM ero qepe3 c = a0 c 

X (x) =ex. /26/ 

EcnH no,ncTaBHTb /23/, /26/ e onpe,neneHHe HH,nexcailoHTpJirHHa 

/15/, nony'IHM ypaBHeHHe, CB.Jl3blBaJOIUee "HMnyilbC" :rononorH

qecxoro HH,neKca N , (v .. J dtN) H cTeneHb ceo6o,nbl c /Ha3oeeM 

3TY CTeneHb ceo6o,nbl poTa:UHOHHoii/: 

R/2 • • • e 
N= f dxc-~ c -R. 

-R/2 211 
/27/ 
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OxoH'laTem,Ho, no,ncTaBnllll /27 / H /26/ B /25/, ,nnll narpam1rnaua 

/9/ nony'IHM BLipa>KeHHe /21/ 

L ~ L = .!_ N 2 ( J ,7 ) 2 . .!.. 
Rotator 2 e R · 

TaxHM o6pa30M, ,nHHaMH'leCKHH MeTo,n ycTpaHeHHll IlHWHHX CTe

neHeii: CB06o.nLI xanu6poBO'IHOro IlOilll BOCilpOH3BO,nHT Ha xnaccu

qecKOM ypoBHe pe3ynbTaTLI npllMOro KBaHTOBaHHll - /19/-/21/ ny

TeM Bee.nem111 B peweHue xnaccuqecxoro ypanHeHHll /22/ cuuryn11p

Horo peweuu11 o.nuopo,nHoro ypaeuenHll. <l>axTop nepe.n 3THM pewe

uHeM /HyneBall MO,na/ HrpaeT ponb ,nuHaMH'leCKOH nepeMeHHOH, Ka· 

HOHH'leCKH conpll>KeHHOH HH,nexcy Ilo11TpllrHHa, C TO'IHOCTLIO .no KO· 

J<Ixlim(HenTa, onpe,nenlleMoro ypaeueuueM IloHTpllrHHa /15/. 
CqiopMynupyeM ua pacCMOTpeHHLIX npHMepax npaBHila KBaHTO· 

BaHHll xanu6pOBO'IHblX noneii:. 

10 

IlpaaU/10 1. /,l(UHQMU'leCl<UU Memoo BblOe/leHUJI nonepe'I· 

HblX cmeneHeii cao6oobl/. 

,[(nll KBaHTOBaHHll 6epeTCll narpaH>KHaH, B KOTOpoM 

IlOilll C nyneBLIM KaHOHH'leCKHM HMilYilLCOM BLipa>KalOTCll 

qepe3 OCTanbHLie nepeMeHHbie C IlOMOII(LIOKilaCCH'leCKHX 

ypaBHeuuii: 3ii:nepa. 

Ilpaau/lo 2. /BaeoeHue poma11uoHHoil cmeneHu cao6oobl/. 

HyneBall Mo,na ,nuqiqiepeuuuanbuoro one pa Topa Knac -

CH'lecxoro ypaB11euu11 3ii:nepa B Ilpaeune 1 OTO>K,necT· 

BillleTCll C ,nHHaMH'leCKOH nepeMeHHOH, KaHOHH'leCKH 

conpll>KeHHOH TononorH'leCKOMY HH,nexcy C TO'IHOCTLIO 

.no K03qlq>HUHeHTa, onpe,nen11eMoro ypaBHeHHeM IloHTpH· 

ruHa. 

Ilpaau/lo 3. KoaapuaHmHocmb ae1<111opa cocmoJ1Hui1 '11 
0111Hocu111eAbHO npeo6pa3oaaHui1 ijJyHOdMeH111a/lbHOi1 zpyn· 

nb1 1<0HijJu2ypa11uonno20 npoc111paHc111aa 1</laccu11ec1<ux 

noAeii 

11' (N 1 1 ) ,_ e i e IJ:1 (N). 

4. KJIACCHqECKAJI H KBAHTOBAJI TOIIOJIOI'HJI 

TEOPHH JIHI'A·MHJIJICA 

PaccMOTpHM Teopuro Jlura • Munnca c xanu6poBO'IHOH rpynnoii 

f __ l_ ( F F )- :;, 2 , 1, . a· A a 
c I. - 2g 2 tr µr, µ v 'f' v 'f' + l µ µ • 

/28/ 

r.ne 

A A 

Fiw = a,l Al' - allA/l + r A,, ,A,, /29/ 

"' . r 3 a .a . - r 3 
1 Aµ=-1g2 Aµ; lµ= 1gijJy/l 2 1/1. 

KnaccH'leCKHe xann6pOBO'IHLie IlOilll xapaxTepH3YIOTCJI HH,nCKCOM 

Ilo11TpJ1ru11a i 
7 1 

1 3 A -A 

,, [A ] -· - ---- j d x dt Tr (F . F ) - f ds X 2 /LI /If/ · /l /l 
16 n S(3) 

r.ne S (3) • rpauuua npocTpaucTea • BpeMeHH 

- 1 F =-( , , 

fl" 2 l!,"fl " 
F, , µ ,, • 

A 
A A 2 A A A __ 1_ 

X/L =2f µFpa Tr(AvapAa + 3 AvAp A 0 ) 1611 2 

/30/ 

/31/ 

A -1 
)].ml 'IHCTO xanu6poBO'IHLIX ua SU(3) noneii: A/l ~va,l v HH,nCKC ,, 

yxa3bIBaeT, CKOilLKO pa3 rpaHHUa s (3) o6epuynacb BOKpyr cq>epbl 

SU(2) npH OTo6pa>KeHHH S(3) B SU(2) , 3a,naBaeMOM MaTpHueii: v(x.t) 

)],HIIaMH'leCKaH pOilL TononorH'leCKOrO HH.neKca /30/ cTaHOBHT" 

ell q>H3H'leCKH ,ic11oii B Kanu6poBKe A0 =O , r,n;e narpau>Kuau noneii: 

Jlura • Munnca H uu,neKc IloHTPJ!rHHa HMeIOT BH.n;: 

f' - .!_ (E 2 - B2 ) 
- 2 

a a a a g abc b c 
Ei =ibAi; Bi =<ijk(ajAk +2c AjAk) 

v[ A]= f N dt ; 
3 

N [A] = f d x X0 • 

/32/ 

/33/ 
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,I:{HHaMH'leCKOe onucaHHe mo6oii CBCTeMhl - 3TO q,aKTB'leCKH 

IlOCTpOeHBe HenpHBO'AHMhIX npe'ACTaBneHHH nonHOH rpynnhl HHBa· 

pHaHTHOCTH narpamKBaua CBCTeMhl. Ilo3TOMY 'AnH onpe'AeneHHJI 'AB" 

HaMBKB noiteii JIHra-Munnca Mhl 'AOIDKHhl BhIJIBBTh Bee HeCHHry

nxpHhle /T.e. He HMeromue !pH3H'leCKBX cne'ACTBBii/ KanH6pOBO'IHhle. 

npeo6pa30BaHHJI, OTHOCHTenhHO KOTOphIX narpaH)KHaH /32/ IIHBapH· 

aHTeH. rpynna TaKHX npeo6pa30BaHHH COCTOHT H3 ecex HeCHHry

nHpHhIX MaTpHQ v(x) co 3Ha'leHHJIMH Ha rpynne SU(2) 
-1 A,(v) __ v(z,) (A a) (i-) 

i -- i + i V /34/ 

IlpocTpaHCTBO MaTpHU V (v) TOnonorH'leCKH HeCBJ13HO H pa36Hea

eTCJI Ha KOMilOHeHThl, xapaKTepH3yeMhle uenhIM HH'AeKCOM V , KO· 

TOPhIH yKa3hIBaeT, CKOnhKO pa3 npocTpaHCTBO R(3) / o6naCTh onpe • 

'AeneHHH x / o6epHynoch BOKpyr TpexMepHOH cq,ephl SU (2 ) 
/ o6naCTh onpe'ACneHHJI V / npH OT06pa)KeHHH R (3) ➔ SU (2 ) , 

38.'AaeaeMOM v(x) /ecnH HH'AeKc i- - Heuenhlii, To oTo6pa)KeHHe 

CHHrynHpHo/. 

rpynny ecex KanH6pOBO'IHhIX npeo6pa30BaHHH /KaK H B MO'AenH 

IIIBHHrepa/ MO)KHO npe'ACTaBHTh B BH'Ae npoH3Be'AeHHJI Manoii rpynnhl 

KanH6pOBO'IHhIX npeo6pa30BaHHH C V ~ 0 Ha UHKnH'leCKYIO rpynny 

z . TaKHM o6pa30M, KOH~HrypaUHOHHhle npocTpaHCTBa KanH6po

BO'IHhIX nonea MO'AenH IIIBHHrepa H TeopnH JIHra-MHnnca Tonono -

rHlfeCKH 3KBHBaneHTHhl. 

MaTpHUhl V (i,)(x) OilHChIBaIOT TaK)Ke KnaCCH'ICCKHe eaxyyMhl, 

'AnJI KOTOphIX f=_O; N[A] • uenoe 'IHcno._B CBJl3H C 3THM npH· 

HJITO roeopHTh O nepHO'AHlfeCKOH CTpyKType KnaCCHlfeCKoro BaKyyMa 
/7/ . 

✓ Hea6eneBhIX KanH6poeoqnhlx nonea • Ilo-BH'AHMOMY, 6onee npa -

BHnhHO yKa3hIBaTh Ha nepHO'AHlfeCKYIO CTpyKTYPY ecero KOH!pHrypa

UHOHHoro npocTpaHCTBa noneii JIHra·MHnnca, KOTopoe HMeeT Tono· 
'5/ 

norHIO UHnHH'Apa • KpoMe nonepelfHhIX cTeneHeii ceo6o'Ahl, co· 

OTBeTCTBYIOlllHX KOOP'AHHa TaM B'AOnh "uunHH'Apa", HMeeTCJI po Ta -

UHOHHaJI CTeneHh CB060'Ahl, OilHChIBaIOmax o6opOThl BOKpyr "UH" 

nHll'APa". TaKOH poTaUHOHHOH 'AHHaMHlfeCKOH nepeMeHHOH HBnHeTCJI 

cl,yHXUHOHan N [A J , MeHS:IOlllHHCJI Ha uenoe qucno npu TononoruqecKH 

HeTpueuanhHhIX npeo6pa3oeaHHJ1X /34/, T .e. N [Al peanu3yeT npe'A· 

CTaBneHHe UHKnH'leCKOH rpynnhl z. TaKHM o6pa30M,cne'ACTBHeM ' 

o6mero Tpe6oBa_HHJI OilHCaHHJI 'AHHaMHKH KaK IlOCTpOeHHJI HenpHBO" 

'AHMhlx npe'AcTaene1rnii nonHoii rpynnhl uHeapuaHTHOCTH narpaH)KHa· 

Ha .IIBnJleTCJI TpaKTOBKa N KaK 'AHHaMH'leCK_oii nepeMeHHOH. Ilocne'A" 

12 

:( 

It, 
I J. 

Hee eCTh OCHOBHOe OTnH'IHe Hawero IlO'AXO'Aa OT HHCTaHTOHHOH 

!pH3HKHI 7/, B KOTOpoii HCX0'AHhIM IlYHKTOM JIBnJleTCJI Tpe6oeaHHe KO" 

He'IHOCTH 'AeHCTBHJI. 3TO Tpe6oBaHHe, e CBOIO Olfepe'Ah, npHBO'AHT 

TOnhKO K KnacCH!pHKaUHH aCHMilTOTHlfeCKHX BaKYYMHhIX COCTOJIHHH 

Knaccu'lecKHx. nonea u noneehlx KOHIPHrypauHa, HHTepnonHpy10mHx 

Me)K'AY 3THMH COCTORHHJIMH. YKa3hIBaJI Ha nepHO'AHlfeCKYIO CTPYK" 
~ . /5/ 

Typy ecero KOH~nrypaUHOHHOro npoCTpaHCTBa , Mhl OpHeHTHpy-

eMCJI Ha IlOCTpoe1rne KBaHTOBOro BaKyyMHOro COCTOJIHHJI KaK IPYHK" 

UHOHana OT 'AHHaMHlfeCKHX nepeMeHHhIX; 3a'AaHHhIX Ha ecea o6naCTH 

3Ha'leHHH, a He TOnhKO B TO'IKax KnacCHlfeCKOro BaxyyMa. 

B MO'AenH IIIBHHrepa TOT q,aKT. 'ITO N - 'AHHaMHlfeCKaJI nepeMeH· 

HaJI, 'AOKa3hIBaeTCJI TO'IHhIM peweHHeM ypaBHeHHJI IIIpe'AHHrepa / 17 /. 
AHanorH'IHoe TO'IHOe peweHHe ypaeHeHHH IIIpe'AHHrepa cymecT· 

/8/ 
eyeT B TeopHH JIHra - Munnca 

Aw =f'P 
A 3 1 2 2 

(H = f ct x 2 (E + B )) 

A 

\\E'P=O <\\ii = ai E i + [ Ai . E i l) 

·0 
'l'(N+l) =e 1 'l'(N). 

I 

/ll/a 

/12/1 

/14/a 

3To peweHHe npe'ACTaBnseT co6oa nnocxyro eonHy /17/ no poTa· 

UHOHHOH nepeMeHHOH N[A] /31/, /33/ H JIBnJleTCJI He!pH3H'leCKHM, 

TaK xaK HMeeT MHHMhIH HMnynLc (277k+0)= ±i81T
2
/ gl: IIocTpoeHHe 

TO'IHhIX !pHSHlfeCKHX peweHHH /ll/, /12/ ,/14/ · 3a'Aalfa, no·BH'AH" 

MOMY, HeBhIIlOnHHMaJI B HaCTOHmee BpeMH. O'AHaKO, KaK Mhl noKa· 

3anu BhlWe, TO'IHOe KBaHTOBaHue pOTaUHOHHOH CTeneHH CB060'Ahl 

MO)KHO npoBeCTH KaK 6hl Ha KnaccH'leCKOM ypoBHe c IlOMOmhro 

cq,opMynupoBaHHhIX BhIWe Tpex npaeun KBaHTOBaHHJI. IlpHMeHHM 

yKa3aHHhle npaauna K TeopHH Jlnra-Munnca. 

Ilpaeuno I. 
a 

B1,1pa3HM He'AHHaMHlfeCKYIO nepeMeHHYIO Ao qepe3 'APYrHe CTe· 

neHH CB060'Ahl A'~ ' if, . ifr C IlOMOmhIO ypaBHeHHH 3anepa: 

o .£ . ab . . br. c . · b . a 
--- " - V 1· (A . )[ V . (A I) A O - ao A . 1 + I ~ 0 . 
0 Aa 1 1 1 · o 
- 0 

/35/ 
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2 
Ilpe.nnonmKBM, 'ITO cymecTByeT ipyHKURJI rpnHa 1 /\ lA i ). 

Tor.na pemeHne /35/ 3annmeM ipopManbHO B Bn.ne 

a • a 1 a 
AO= C <I> + [ \72 (Vi a OA i + jo)], /36/ 

r.ne c ·HyneeaJI Mo.na onepaTopa v2 lA) , a <t>" y,noBneTBOpHeT 

ypaBHeHHIO 

(V 2)ah1t, h"_ O. 

CTporo ronopll, MLI .nomKHhl TaK)l(e Hano)l(HTb ycnoBne opToronanb· 

11ocTn Me)l(.ny <t>" n I V1 iloA i + j o 1" ,. 9_' /KaK 6y,neT Bn,nHo H3 cTpyK· 

Typhl nonyqe1111oro B .nanbHeiimeM B3aHMO,neiiCTBHll, 3TO ycnoBHe 

6y,neT BbIIlOilHeHO aBTOMaTB'leCKH/. 
Ba)l(HO OTMeTHTb, 'ITO ,nnJI uenn Bbl.neneHBll nonepe'IHblX cTe • 

neneii cno6o,nhl e,nHHCTBel!HOe, 'ITO HY)l(HO JHaTh O BeilH'IHHaX 

ypannennil /35/, /34/, - 3TO _BX TpaHC!pOpMaUHOl!Hble CBOHCTBa 

OTHOCBTeilbHO Kann6poBO'IHhlX npeo6pa3oBannii 

A' (x.t) = V - 1cx,t)(Ai +ai)v(x ,t). /37/ 

O6oJHa'IHM V k(A'):, v;; lfa /37/ HMeeM 

A -1 A 1 
V~O = V [vk (vOv - ))v 

[v.'_i_ V' )O=v- 1 lvl . ..!...vk(vov-
1 

))v 
1 v' 2 k v2 . 

/38/ 

-1 . -1 
a0 A'k=v 1a0 Ak+ vk[(a 0v)v 1lv, 

r.ne O - nponJBOilbHaH MaTpnua. 

Tio,ncTaBilllll /36/ B /28/ B .nenall npeo6paJoBaHHll, ananorH'IHhle 

/5/, /7 /, nony'IHM ,nnH narpaH)l(Hana i'qu cne.nyromnii nu.n * 

f -fl 1.fl+f qu · Y .• M; Q Rot. ' 
/39/ 

r.ne 

fl =1..(E(r)2 B(r)2 
Y.-M. 2 - ) 

/40/ 

* )].nH npocToThl 6y,neM npeue6peraTh B .nanLneiimeM noBepx
H0CTHhlMH qneHaMB, 3aBBCBmBMB OT TOKOB j • 

14 

(:11 
,1\ 

\ 

. fl Q =-°ifr (r) iJ o/ (r) - j _(r)a A (_r)a + ...!. j (r) a (--1- . (r) t 
I I 2 0 V2 (r) J 0 

/41/ 

• 2 
fRot =y[ V/r)<I>(r) 12-ci Vi(r)<l>(r) ]a Eta /42/ 

(rla (rJ" ( ) 
/ E i .!l i - Bblpa)l(eHHJI /32/ OT 'IHCTO nonepe'IHbIX noneii A 1 / 

A (r) A . -1 
A k = u (A ) ( A k + a k ) u (A ) 

t/I (r) = u -l(A)t,& 

t , 1 • . A 

u {A) = T exp I f dt -2 V k ao A k l 
-Ti2 V 

( T exp I f dt ' i) 
0 

ct, ! = /N t) e <I>( to) ) 

to 

V (r) = V (A (r) ) ; vt>[vi(r)<I> (r)1=0. 

/43/ 

/44/ 

/45/ 

cl>opMynb1 /43/, /44/, aHanorB'IHO 4JopMynaM /4,5/, onpe.nenJ110T 

'IHCTO nonepe'IHble nonB, HHBapnaHTHble OTHOCBTenbHO Kanu6pOBO'l· 

HhIX npeo6pa3oeannii /37 / u t/I '=•Vt/I • Cne,ncTBBeM onpe.nenennii 

/ 43/, /32/ JIBilHIOTC~ TO,K,necTBa 

[Vi(r)E:r> ]\dV.(r)B~r) laaaO. 
I I I 

/46/ 

B. cuny ycnoBHii nonepe'IHOCTB /45/, /46/, BJaBMO,neiiCTBBe B 

/42/ IlOKailHJOBaHo TOilhKO Ha rpanuue npocTpaHCTBa R(3) u B 

TO'IKax cunrynHpBocTeii nonepe'IHhlx noneii. 

IlpaBuno I I. 

Cornacno npaBuny 2, onpe.nenenne TononoruqecKoro nn,neKca 

cny)l(BT ypaBHeHHeM, CBJl3b1Ba10mBM nyneBylO MO,ny onepaTopa v2 

/poTaUHOHHYIO CTeneHb CBo6o,nhl xann6pOBO'IHOro IlOilJI/ c HH,neK· 

COM IlOHTpJlrHHa 

T/2 • 
d Al= f rlt N 

-T/2 

g 2 Tt2 3 
.-.------ I f d X F a 
2{16rr 2 ) -T/2 (R) flV 

F" 
fll-' /47/ 
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a 
IloAcTaBnJIJI B /47 / onpeAeneuue A O /36/, nony'IHM * 

2 
N = c _g_ f d 3x [ V ( r )<I> (r) ] a B (r) a 

8112 i i • 
/48/ 

rAe 

N =N + N·(r) /49/ 

N (r) = f d 3x X
O 

(A (r) ). /50/ 

cl>yHKUHOHan /50/ 3aBHCHT OT nonepe'IHhlX CTeneueii CB060Ahl 

u JIBilJICTCJI HHBapnaHTHLIM OTHOCHTCilLHO Kanu6poBO'IHLIX npeo6pa-

30BaHHH, Il03TOMY TononorH'ICCKHC CBOHCTBa KOH~Hrypauuouuoro 

npocTpaHCTBa OilHCLIBaJOTCJI poTaUHOHHOH CTCDCHLJO CB060ALI C • 
IlOACTaBilJIJI /48/ B _\_) Rot (42) , OKOH'laTCilLHO naHACM 

a Q N2 • L = f d x .i.. = -- I -NJ 
Rot Rot 2 

f d ax ( V <fl ) 2 8" 2 2 -------, (-) ; 
[ f d 3x ( V <I> • B)] 

2 
g 2 

. 8112 f d 3x (V<l>•E) 
J=-------

g2 fd 3 x(V<l>•B) 

/51/ 

/52/ 

TaKHM o6pa30M, MLI BLIACilHilH AHHaMH'ICCKYJO nepeMCHHYJO 

N , KOTOpaJI peanu3yeT npCACTaBneuue rpynnLI z / B COOTBeT

CTBHH C onpeACilCHHCM nonuoii Kanu6pOBO'IHOH rpynnLI npeo6pa30-

BaHHH KaK npOH3BCACHHJI "Manoii" Kanu6poBO'IHOH rpynnLI ua UHK

IlH'ICCKYJO rpynny Z: G a,G o x Z /. 

JlarpaH)KHaH AilJI N, L Rot_ . 3aBHCHT TOilLKO OT "cKopOCTH" 

N • H HHBapuanTeH OTHOCHTCilLHO UHKilH'ICCKHX npeo6pa3oBaHHH 

N • = N + v , rAe i, -uenoe 'IHcno. 

BLipa)KaJI narpaH)KHan 'lepe3 KaHOHH'ICCKHii uMnynLc p=oL /oN, 
. Rot 

nony'IHM raMHil~TOHHaH: 

H (p):- L () p2 .. J2 
Rot Rot P ~ ------21 

/53/ 

* CM. DPHMC'lau11e Ha CTp. 14. 

16' 

IlpaBnno 11 l. 
PacCMOTPHM KBaHTOBanue poTaUHOHHOH nepeMCHHOH N. Hawa 

uenL - BLl'IHCilHTL aMDilHTYAY nepexoAa MC)KAY COCTOJIHHJIMH C on

PCACilCHHOH :rneprueii, KOTOpLie JIBilJIIOTCJI _OAHOBpCMCHHO COCTOJI

HHJI.MH C o~peACilCHHLIM HMDYilLCOM: 

oo if dtL (p) 

<PIP'> =<pjexpl if dtH (p)dtllp'>=o ,e Rot 
t=-oo t=+,,,. _,., Rot p,p 

B cony' ycnoBHJI nepHOAH'IHOCTH ua BCKTOPLI COCTOJIHHH 

'I' (N 1 1) =· 11' (N) e i O 
p p 

rAe 

I 
1 ipN 

IJ-' (N) ·<p N>==-..::::.e 
p y211 

HMCCM AHCKPCTHLIH cneKTP _HMDYilLCOB: 

p ==(21Tk 10),' 

rAe k -uoMep 30HLI 6pHililJ03Ha, (J -KBa3HHMDYilLC. 

/54/ 

B pe3yilLTaTe nony'laeM cneAyJOIUCC 3~CKTHBHOe ACHCTBHC B 

Teopuu .Hora-Munnca 

S3cpcp =f dt(LY.,-M +LQ +LRot(p))a;:SY,-M+SQ+SRot /55/ 

1 g2 2 2 2 2 
S = - f dt[(--) (2rrk +0) <B> -<E> ] 

Rot 2 811 2 

<0>2 =[fd3xO.a(V.(r)<l>(r) )a]2
/ Jd3x[V.(r)<l>(r)]

2
. /56/ 

l l l . 

CTOHT eiue pa3 o6paTHTL BHHManue ua OTilH'IHC pa3BHBae

MOrO- 3ACCL MCTOAa KBaHTOBaHHJI OT TOnonorH'ICCKOrO DOAXOAa 

K TCOPHH Jlura-MHnnca, onHCLIBaeMoro B pa6oTaX 
171

• C 3TOH 

uenLJO 3anHWCM S - Ma TPHUY B ApyroM npeACTaBneuuu: 

-too 

oo . 0 if dtH 
~ e i n < N, I e -oo IN +n > . /54/ 

n=z-oo 

)];nJI Toro 'IT06LI nepeHTH K 3uepreTH'ICCKOMY npeACTaBneHHIO 

/54/, ueo6XOAHM0 npoHHT~rpupoBaTL /54/ He3aBHCHMO no N H 
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N' no aceM ¢uJHqecKHM JHaqeHHHM, TaK qTo aHanor Knaccuqec

Koro HH,QeKca IlOHTpHruHa 

I· -0 N-- N 'r I~ 

"rrpo6eraeT" BCIO .n_eiiCTBHTenLHYIO OCh, .. a He TOilhKO uenLie qucna • 

TaKHM o6paJoM. orrpe.n_eneHHe KBaHTOBoro COCTOHHH,I c ¢HK

CHPOBaHHhJM HMIIYilhCOM POTaTopa HeCOBMeCTHMO C Tpe60BaHI1eM 

.n_ncKpeT11ocT11 ,. , KOTopoe cne.n_yeT HJ KouequocTu KnaccuqecKoro 

.n_eiicTBHH H peryn,ipnoCTH KanH6poaoq111,1x rroneii. C .n_pyroii CT0-

po111,1, rrpHMep Mo.n_enH IIIBHHrepa 'rroKaJLIBaeT, -qTo Mhl MO)KeM 

BOCIIpOHJBeCTH JlHHaMuqecKHM MeTOJlOM peJyilhTaThl IIpHMoro KBaH

TOBaHHH TorronorHqecKoii rrepeMemrnii, ecnH e1,1ii.n,eM Ja paMKU 

Knacca perynHpHLIX <l>YHKUHH. IlpH JTOM Mhl HMeeM .n.eno C 3dxfieK

THBHhlM .n_eiiCTBIIeM, T .e. TaKUM, Ky.n_a BXOJlllT .n_orromrnTeni.uoe BJaHMO

.n_eiiCTBHe Kann6poaoqHhIX rroneii, IlOKanHJOBaHHOe B TOqKax HX- CHH

rynspHOCTeii. 3To JlOIIOilHUTem .. noe DJaHMo.n_eiiCTBHe HMeeT o6paT

HhlH JHaK u KaK 61,1 Bl,IquTaeT CHHrynHpHhIH BKna.n_ OT HeTpHBHani.
HhlX norrep_!!q111,1x rroneii 

S +S . =-~fdt![ f d 3xE 2 - <E>2 J 
Y,-M Rot 2 

2 
I 3 2 2 g 2 0)211 - f d X B - <B> (--) (2krr-t , 

811 2 

/56/' 

u TeM caMLIM Tpe6oeanue Ko11eq11ocTu S-i(jiqi .n_orrycKaeT cu11rym1p-

111,1e Kanu6poaoq111,1e IIOilH. 3.n.eci. Mhl HMeeM )lOBOilhHO 6nuJKyIOana

noruro c Ja.n_aqeii paccellllliH, r.n.e rrepexo.n. ua Maccoayro rroeepx

uocTL D <l>YHKUHH rpuua OJHaqaeT, B TepMHHax ¢YHKUHOHan1,11oro 

HHTerpana, BLiqHTanHe HJ KnaccuqecKoro .n_eiicTBHll .n.encTBIIe .n.ns 

aCHMIITOTHqecKHX ¢HJHqeCKH HeTpHBHailhHhlX COCTOllHHH. 

Bhlpa)KeHHe /56/' Y.llOBileTBOpHeT ¢opMailhHOMY Tpe6oBaHHIO 

nopenu-uusapHaHTHocTH /T.e. rrpHHHMaei ¢opMy paJuocTH KBa.n.

paTon JneKTpuqecKoro H Marnu,noro noneii/. ecnH Bh!rronHeHQ 
ycnonue: 

I l' 2 , 2 

8~2 (2nktO)l = 1 
157

/ 

KOTopoe oJnaqaeT KnanToBanue Japs.n_a n TeopHH JIHra- MHnnca 

,2 a•i;-" 1 
k + 0/2rr /51'1 
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B 3Toii ¢opMyne k --uenoe ~ecno, 0 -.napaMeT_p, HapymeHHJI CP -

CHMMeTpHH. Ilpe.n.nonarag YHHBepCaJihHYJO KOHCTaHTy. JtJJJI iiCex 

·BJaHMO.n,eiicTBHH 

l (1 . . .(} ' ) . -1 . a = = a_o - -<1<i - + .•. ; . -ao ·= -- ~ 
137 ,0359 • .• 2 rr . 13'7 

nonyqaeM rpy6yro -OUeHKY Teope-r-HqecKoro 3HaqeHHll ,ltilH KOHCTaHTbl 

-eaepxcna6or-0 BJaHMO,lteHCTBHJI, KOTopoe .HaXO,ltHTCJI B corJiaCHH 

C Ollb1TOM 
.-, -------,-- 0 . -3 
\/ W /W - a0 ·-- - 1IJ • 

·KL·~2o K.S -, 2rr 2rr 

w-K -sepoHTHOCTH- pacna'AOB HeiiTpaJJLHLlX KaOHOB. 3.n_ecL npe,1tno

JIO)KeHO TaK)Ke, 'ITO no -r-eopHH BaiiH6epra- CanaMa y'W K - a-·· 
s 

5. llPOEJJEMA KOH4>AHHMEHTA 

B Hacrosmee npeMH, no-BHJlHMOMY, cymecTByeT e,J:tHHCTBeHHhIH 

pa6oqHu MeTo.n, n1,1qHcneHHH 4>u3eqecKux aenuqHH a peanLHhIX xa

nu6ponoqHhIX TeopHHX, - :no MeTo,n TeOpHH BOJMymeHHH no MaJioii 

KOHCTaHTe CBHJH. ff TeOpHH B03MymeHHB 06LNHO npe.n_nonaraIOT • 

qTo KBaHTOBaJWLie nonH 3a..naHJ,I Ha xnacce OCHOBHLlX <l>YHKUHH, He -

clrnrynHpHhIX H HC<i~JaIOIUHX Ha 6ecKOHeqHOCTH110( B JTOM cnyqae 

SR-ot · -0 -H Tononoreqecxue aaxyyMHbie xone6aHHH He .n_aroT ueqero· 

HOBOro no cpaBH~H~IO co CTau.n_apTHOH Teopueii BOJMymeHHH'B Ka-

A O / 11, '" / -nu6ponKe. 0 ~- . • ~eno n TOM, qTo nonyqeHHaH HaMH Knac-

ceqecKaH TeopHll Ha ypaBHeHHHX )lBH:iteeHHH· 3KBHBaJieHTHa HCXO,ltHOH 

TeopHH JIHra-MHnnca. TaK KaK npH BLJ.n,eneHHH nonepeqnhIX noneu 

MLI HCilOJib30BanH TOilLKO CaMH ypanHeHHJI ,ltBH:iteeHHJI. YpaBHeHHH, 

onpe,nenHIOIUHe nonepeqHLJe nons qepeJ ·BCX-O,llHLJe, n1,1po)K)leHLI, 

qTo Bhipa)KaeTCJI B nonepeqHOCTH 3IleKTpuqecxoro IlOilH. Mhl JHaeM 

IlOKa O,ltHH cnoco6 KBaHTOBaHHH Bhlpo:ite.n_eHHLlX IlOJie:ii - 3TO ypaBHe -

HRH /11/a, /12/a , ·Ha cTp. 13 /cM. TaK:itee 3KBHnaneHTHbIH JTHM 

ypaBHeHHHM MeTO.ll, onecaHHLIH B pa6oTe 1111 /. . 

* MLI He paccMaTpHnaeM cneueanLHO cn_xqa:ii paJno)KeHHH noKpyr 
HHCTaHTOHOB, TaK KaK TaKoe paJno:iteeHHe, 7/ .ltilH MaJILIX KOHCTaHT 

··cn.11JH .itii.eT oKcnoHeHuuanhHO MaJihlH BKna.n_ exp!- 8172 v I. v= i,2,3 ... , 
._ - . , ,, . . ... ' . . g2 

no cpaBHeHHIO C TeOpHeii BOJMyll{eHHH. / s ,ltilH HHCTaHTOHOB 

/ 
Rot TaK)Ke paBHO uynro • 
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: 

lfa BLl'IHCneHHJI 34>cl>eKTliBHOro narpaH)KJlaHa noneii: JIHra- MHJinca 

H3BeCTHO~ 'ITO 06L1'1HaJ1 TeOpHJI B03M~eHHii HeCTa6HnLml 12~ C ,npy

roii: CTOPOHLI, TaKaJI TeopHJI B03M~eHHB He 6y,neT BOCDpOH3BO,llHTL 

TO'IHOe peweHHe· ypaBHeHHJI llipe,nHHrepa /11/a, /12/a, /14/•1, TaK 

KaK 3aBHCHMOCTL OT N DOTepJIHR ~ /14/ a He HMeeT l)H3H'leCKOrO 

CMLICna. 

KaK MLI BH,nenH, a MO,llenH·mBHHrepa, ,nnJI Toro 'IT06LI BOCnpo

H3BeCTH pe3ynLTaTLI KBaHTOBaHRJI poTaUROHHOB nepeMeHHoii, He

o6xo,nHMO npH npuMeHeneu~paeen I ;11 ,II I HCnonL3OBaTL CBHrynJip• 

HLie peweHHJI xnacce11ecKHX ypaeueueii:. 

B ceJI3e c 3THM npe.nnonoJKHM, 'ITO nonepe11eoe none npe,ncTae

JJJieT co6oii CYMM}' CHHrynJipHoro l)ouoeoro nonJI b H ... nonJI ii, 
onHCLiearomero 'KBRHTOBLie B036yJK,neHHJI.' Ilpe,nnonOJKHM .nanee, 'ITO 

none a HMeeT uyneeLie rpaHH'IHLie ycnoeeJI Ha CHHrynJipHOCTJIX, 

T .e. BLinonHeHo ycnOBHe "HeBLineTaHHJI" 

SRot (h ; 3 ) "' 8 Rot (b). /58/ 

B pe3ynLTaTe HMeeM 
·i-••· 

~qiqi (b+a) =- Sv • ..:M (b+a) + S Rot (b} +· SQ (a+b, if, ,if,) = 

,,. ( Sy .-M (b) +S Rot (b)) + Sy __ ib) a + i s;._·Ma 2. + ••• /59/ 

Pa3JJOJKeHHe BOKpyr l)oROBLIX CHHrynxpHLIX noneii· HMeeT CMLICn H 

.neiiCTBHTenLHO COCTaBJJJleT KOHKypeHUHIO c uecTa6HJJLHOB o6LI'IHOB 

Teopueii B03M~eHHB, ecne BLinoJIHeHLI ycnOBHJI ",nOMHHRHTHOCTH" 

Sy. M. (b)+ SR (h)=O .- ot 

H ycnoBH• "cTa6enLHOCTH" 

asY.-M 

8b 
= 0; 

2 
8 SY.-M < 0, 

8h 2 

/60/ 

/61/ 

TRJC 'ITO S ·MaTpHua B 3BKJJH,llOBOM npoCTpaHCTBe nponopUHOHanLHa 

e,nHHH]le, OTC)'.TCTBYJOT BRKYYMHLie nepexo,nLI H 34>cl>eKTHBHLIB noTeH • 

UHan nonoJKHTenLHo · onpe.neneu. 
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YpaeHCHHJI ·/58/, /6,0/, /61/ COBMCCTHO c /57 / ,llOBOJiLHO 

)KCCTKO l)HKCHPYIOT l)OHOBLle nonJI, KOTOpLie y,noeneTBOPJIIOT CHCTeMe 
ypaeueHeii 

V(b)<l> = B(b) 

B(b) = ±E(b). 

,,.·-. .... 

/62/ 

B KaJIH6poexe a /l A /L"' 0 3TH ypaeHeHHJI coena,nalOT co CTaUHOHap

HLIMH ypaBHCHHJIMH ,nyaJILHOCTH H CBO,llJITCJI B cl)epe11eCKH CHMMeT-·. 

PH'IHOM cny11ae K ypaeHeHHIO lleyeennJI i 131 C e,neHCTBCHHLIM CHH· 

rynHpHLIM peweHeeM 

b /.= ( <I> a , bf. ) ; a/lb: =0; a0b;= o 

a m xa 
<I> =---[ctgmr-1/mrl, r=!x! 

g r 

a X f 
b. =!!!.. f .o - [cosecmr-1/mr] 

1 g a1L r • 

CnOHTaHHOe HapyweHHe M8:CWTa6Hoii HHBapeaHTHOCTH (m) -BO3HHKa

eT 83 • 3a HCHYJICBLIX rpaHH'IHLIX ycnoeeii. CTaUHOH
0

apHL1e peweHHJI 

ypaeHeHHJI .nyaJILHOCTH /cTaUHOHapHLle HHCTaHTOHLI Ha3OBeM "cTaH

TOHaMe"/ npHBO,llJIT ,llJIJI pa,neaJJLHLIX B036yJK,neHHH K TO'IHO pewae

MLIM e nonoJKHTCJILHO onpe,neneHHLIM nOTCHUHaJiaM IleWJIJI•Tenne-
/131 • · 

pa • 3TH noTeHuJiaJILI HMCIOT 11enpoHeuaeML1e 6apLepLI,. e ,llJIJI 

co6cTeeHHLIX l)yHKueii, .nearOHane3epyiomex raMHJILTO1111a11, BLinon

HJieTCJI ycnoeee "HeBLIJieTaHHJI" /58/. Ilpe 3TOM MOJKIIO orpaue

'IHTLCJI paccMOTpeHHeM 0,llllOH noTeHueaJILHOH JIMLI pa3MepaMe 

~rr/m TaxeM o6pa30M, pa,nHaJILHLie "ueeTHLie" eo36yJK,11;e11eJ1 

3axmo11eHLI e "noeywxe" pa3MepaMe nopJI,D;Ka 11,'m *. 
ManLie paccTOJIHHJI /"aCHMnTOTH'ICCKaJI ceo6o.na"/ COOTBCTCT· 

BYIOT npe,neny m = 0 • B 3TOM npe,nene MLI HMeeM 06L1'1HYIO Teopeio 

BO3MYlllCHHii: co ceo60,n11L1MH KeapKaMe H rJIIOOHaMH 1141 • 

TaKHM o6pa30M, MLI llOKa3aJie, 'ITO cymecTeyeT BO3MOJKIIOCTL 

caMocornacoeaHHoro oneca11eJ1 KOHl)aiiHMeHTa ueeTHLIX eo36yJK,ne· 

IIHH B KBaHTOBOH xpOMO,llHHaMeKe. B noJIL3Y e,nHHCTBCHHOCTH TeopHH 

BO3M~eHHJI .eoxpyr "cTaHTOHa" CBH,lleTeJILCTByeT 11ecTa6HJILHOCTL 

OOLl'IHOH TeopeH B03MYlllCIIHH H TO'IHO pewaeMaJI MO,llCJIL lliBHHrepa; 

* Ilo,npo6HoMy eccne.noeaueio 3Toro eonpoca 6y,neT noceJimeHa 
oT,nenLHaJI pa6oTa. ., 
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3a,na11u cne,nyromux paoor - uccJre,noBaTh npo6neMy "e,nHHCTBe.H· 

HOCTil", npoBeCTH pa3no,teeHHe· BOKpyr "cTaHTOHa" ltr,I, IlOCTPOHTI, 

6ecnBeTHLIH ceicrop CB.!f3aJIHLIX COCTOJIHHH n ,!l;OKa3aTL HX "Ha6nro

,naeMOCTL .... 

B 3aKmoq'eHHe OTMeTHM, 'ITO npe,ncTaBnJieT IUITepec npoBeCTH 

auanorn•rny10 nporpaMMY KBaHToBaHH.11 KOHcl>opMno - mrnapuaHTIIOH 

TeopHH rpaBHTal{HII Beil:JIJI. KBaIITOBaHHe poTaD;HOHHLIX nepeMeIIHLIX 

/'lncno KOTOPLIX, no·BH,!l;HMOMY, COBna,naeT C 'IHCilOM Tononorn

qecxnx HH,neKCOB/ MO,KeT npnBCCTH K cnuryJIJIPIILIM KOCMOJiornqec -

KIIM peweHH.IIM H B03HHKHOBeHHIO MaCWTa6a rpaBHTan;HOHHLIX B3aHMO -

,neiicTBIIH,- KOHCTaHTLI 
0

HLIOTOI1a. 

ABTOp HCilLITLIBaeT 'IYBCTBO rny60KOH npH3HaTeJILHOCTH K 

~MHTPHIO _ lfBauoBH'IY linoxHHuelryJ Ja nocTo,i1111oe mmMauHe K pa6oTe, 

CTHMYJIIIPYIOll.lHe o6cy,te,neHHH u PJI.D: D;CHIILIX COBCTOB. ABTOp 6Jiaro

,napcu TaK,tec li.M.liap6awoay, M.K.Bonxoay, B.H.rpH6oay, A.B.Ecl>

peMoay, r .B.Ecl>nMoay, A.A.Jleouom1'ly, B.B.HccTcpeuxo, 11.B.Tio

Jiy6apmrnny, M.B.TcpeHTLeny, ~.B.Illnpxony Ja ,nncxyccHn. 
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