
~ 
OE'hE.LJ;HHEHHI,JH IIHCTHTYT R)lEPHhIX HCCJIE,L{OBAHIIH 

K- J.oG 

17-2002-139 

Ha npaBax pyKOilHCH 
Y,lJ;K 530.145; 51-72: 530.145 

KOqETOB 
EBremrii AHL(peeBJfl-I 

HHTEfPAJJbI ITO TPAEKTOPHJIM HA OPEHTAX fPYilIT 

CrreuwaJihHOCTh: 01.04.02 -TeopeTwqecKa» q>lf3HKa 

AernpeqiepaT .LUtcceprnuuu Ha coHcKattue yi:1ettott CTeneHH 

.!lOKTopa qJH3HKO-MaTeM3TH<IeCKHX HayK 

,ay6Ha 2002 



Pa6oTa BhlII0JIHeHa B J1a6opaTop1rn Teopen1qecKoii: qnBIIKII 

IIM. H.H. :Soromo6oBa O6ne.UIIHeHHoro IIHCTIITJTa 2.uepHhlX IIccne
.uoBaHIIH . 

Oq>IIUIIaJibHbie orrrroHeHTbI: 

.U0KT0p q>II3IIKO-Ma TeMa T1IqecK1IX HayK, 

rrpoq>eccop 

.U0KT0p q>lI31IKO-Ma TeMa TliqecKIIX HayK, 

rrpoq>eccop 

.U0KT0p q>lI31IKO-Ma TeMa T1IqecK1IX HayK, 

rrpoq>eccop 

r.B. E<i>HMoB 

A.II. KHplIJIJIOB 

E.T. IIIaBryJIH.U3e 

Be.uymee HayqH0-lICCJie.U0Ba TeJibCK0e yqpe)K.ueHIIe: 

CaHKT-IleTep6yprcKoe oT.ueneHHe MaTeMaTHqecKoro lIHCTHTyTa 

HM. B.A. CTeKJIOBa PAH. 

3amHTa .UlICCepTaUHlI C0CT01ITC5I "----" _____________ _2002 r. Ha . 

3ace.uaH1IlI .UlICCepTaUlI0HH0ro C0BeTa ll720.001.01 B J1a6opaTopmr 

TeopeTIIqecKOli q>lI31IKlI O6'be.UHHeHHoro lIHCTlITJTa 2.uepHbIX lIC

CJie.UOBaHlili no a.upecy r. lly6Ha, MocKOBCKoii: o6nacTII. 

C .UlICCepTauHeii: M0)KHO 03HaK0MlITbC5I B 61I6JI1IOTeKe O6'be.UII

HeHH0ro lIHCTIITyTa 51.UepHbIX lICCJie.UOBaHlIH. 

ABTopeq>epaT pa3ocnaH " " ________ 2002 r. 

w ...,l,t) f!,U,.-,H 1---
YqeHblli ceKpeTapb coBeTa l 
.UOKTop q>lI31IKO-MaTeMaTHqecKIIX HayK C.B. roJIOCKOKOB 

OBIT(A51 XAP AKTEPHCTHKA P ABOThl 

AKTJaJihHOCTh reMhI. 

CraH)lapTHOe rrnaHT0BaHIIe C reoMeTpnqecKOll roqKII 3peHmI eCTh KBaH

T0BaHIIe KJiaccuqecKOll MeXaHIIKII, 3a)laHHOll Ha KJiaccIIqecK0M q>a30BOM 

npocrpaHCTBe - K0KacaTeJihH0M paccnoemm M = T*Q KOHq>IIrypaunoH

Horo MHOroo6pa3lI.SI Q. XoT.H Q M0)KeT 6h!Th B IIpHHUHIIe K0MIIaKTHhIM 

MHOroo6pa3IIeM, T*Q - BCer)la HeK0MIIaKTH0 lI lIMeeT 6eCKOHeqHhlll o6'beM. 

OKa3bIBaeTC.SI, qro JI0Ka.JlhHhie KOOp)lmiaThl Ha T*Q Bcer)la M0)KHO pa3)le

JllITh Ha qi n pi, r)le "KoOpJllIHaThI" qi eCTh MaKCIIMaJihHhlll Ha6op Beme

CTBeHHhIX K0MMJTttpyromnx nepeMeHHhIX, a pi C0IIp.SI)KeHhI K HMM OTHO

ClITeJihH0 KaHoHnqecKoii cKo6Ktt IlyaccoHa. 

I1MeHHO B03M0)KH0CTh TaKoro pa3)leJieHII.SI K00pJllIHaT II03B0mieT npe)l

CTaBlITh KOHq>urypauuoHHhlll MaTpuqHhlll :meMeHT oneparopa 3B0JIIOUlilI 

ClICTeMhl KaK <l>eiiHMaHOBCKlIH lIHTerpan II0 rpaeKT0plI.SIM Ha q>a30BOM 

(p, q) npocrpaHCTBe. JloKaJihHhIH Jlliq>q>eoMopq>H3M T*Q ➔ TQ II03BoJI.si:er 

B CTaH)lapTHhIX cnyqa.si:x nepeiiTII 3aTeM K lIHTerpany II0 rpaeKT0plI.sIM Ha 

KOHq>ttrypauuoHHOM npocrpaHCTBe Q. 
Xor.si: K0KacareJihH0e paccnoeHue Bcer)la .sIBJI.Herc.si: CHMIIJieKTHqecKHM 

MHoroo6pa3HeM ( T .e. Ha HeM cymecrByer KJiaccuqecKa.si: MexaHHKa), o6pa T

Hoe yrBep)KJleHtte He BepHo. CymecrByer nmpoKHH KJiacc CHMIIJieKTH'le

cKux MHoroo6pa3Hll - KJiaCCH'leCKlIX q>a30BhIX npocrpaHCTB Ba)KHhIX )lJl.sI 

npHJIO)KeHHll KBaHT0BhIX ClICTeM - K0T0phle He .sIBJI.sIIOTC.sI K0KacaTeJihHhIMlI 

paCCJI0eHH.sIMlI. Ba)KHhIM IIpHMepoM TaKHX MHOroo6pa3Hll .sIBJI.sIIOTC.sI op-

6UThl K0IIplIC0e)lHHeHH0ro npe)lCTaBJieHH.sI rpyIIIIhl JIII G B JlJaJihH0M npo

crpaHCTBe anre6phI. 

HanpuMep, KJiaCCH'leCKlIM q>a30BhIM npocrpaHCTBOM su(2) CIIHHa
1 

.sIBJI.sI

eTC.sI SU(2) op6ttra - cqiepa S2
• TaKoe MHoroo6pa3ue He )lonycKaIOT pa3-

)leJieHu.si: K00p)lHHaT B ueJI0M Ha "q" tt "p". 3aMeHOll rno6aJihHOro pa3)le

JieHH.sI nepeMeHHhIX Ha "KoOp)lHHaThI" tt "ttMIIJJihChI" .sIBJI.sieTc.sI, B o6meM 

cny'lae, 3a)laHue HeKoToporo HHTerpttpyeMoro narpaH)KeBa pacnpe)leJie-

1 
KnacCH'IeCKHii: "CIIHH" OIIHCbIBaeTCll Ha6mo,ZlaeMbIMH Jf1' i = 1, 2, 3 Ha q>a30BOM 

rrpocTpaHCTBe co CK06Koii: IlyaccoHa { Jf1' Jt} = fij k 1i1• 3TH COOTHOIIIeHHll MO)KHO 

peamJ3oBaTb Ha 2-cq>epe, OCHameHHOii: KaHOHH'IeCKOH CHMrrneKTH'IeCKOH CTPYKTypoii:. 

TaK KaK cq>epa, 6y.!ly'IH KOMIIaKTHbIM MHOroo6pa3HeM, He llBnlleTCll KOKacaTenhHbIM 

paccnoeHHeM K KaKoMy-nn6o KOHq>HrypaUHOHHOMY MHoroo6pa3HK>, ,Zlnll CIIHHa He cy

mecTByeT ecTeCTBeHHoro rrepexo,Zla K KOHq>HrypaUHOHHOMY rrpe,ZlCTaBneHHK>, H TeM ca

MhIM, CIIIIHOBbIH rrporraraTOp Henh3X rrpe,ZlCTaBHTb KaK CTaH,ZlapTHblii: <l>eii:HMaHOBCKHii: 

HHTerpan no TpaeKTOPHllM Ha KOHq>HrypauHOHHOM rrpocTpaHCTBe. 
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Hlla: (nOJrnplI3aunn) Ha M. Ha ccpepe S2 y,no6Ho Bbr6paTb roJioMop<pHyIO 

(K:mepoBy) IlOJIHpll3aUHIO, npn 3TOM su(2) KOrepeHTHbie COCTOHHilH o6pa-

3JIOT 6a3IlC KBaHTOBoro rllJib6epTOBa npocTpaHCTBa, a IlHTerpaJI no Tpa

eKTOpllHM .UJIH CilllHOBoro nponaraTopa B03HHKaeT KaK BapHaHT reoMe

TpnqeCKoro KBaHTOBaHna: SU(2) op6HTbI B TepMilHax su(2) rwrepeHTHhIX 
COCTOHHilll. 

C 6oJiee o6ru:eii ToqKil 3peHna:, IlHTerpaJibI no TpaeKTopna:M Ha op-

6nTax rpynn MoryT paccMaTprrnaThca: KaK BapnaHT reoMeTpnqecKoro (B 

TepMilHax 3JieMeHTOB CllMnJieKTilqecKoii reoMeTpllll op6IlTbI) KBaHTOBaHilH 

KJiaccnqecKoii ,nnHaMilKil, peann3yeMoii Ha KJiaccnqecKoM <1Ja3oBoM MHoro

o6pa3Illl - op6nTe rpynnbI Jln G B KOnpncoe,nnHeHHOM npe,ncTaBJieHilll. 

EcTeCTBeHHbIM o6pa30M TaKaa: KOHCTPYKUilH B03HllKaeT' eCJIIl raMilJibTO

HllaH CllCTeMbI Bbipa)KaeTCH qepe3 renepaTOpbI rpyIIIIbI G, o6pa3yIOru:Ile 

anre6py Lie( G). B qacTHOCTil, onepaTopbI cmrna J; 3aMbIKaIOTca: B aJire-

6py su(2) :=Lie(SU(2)) OTHocnTeJibHO onepaunn KOMMyTnpoBanna:. 

C npaKTnqecKoii TOqKil 3penna:, Ba)KHOCTb IIHTerpaJIOB no TpaeKTO

pllHM Ha op6nTax rpynn COCTOilT B TOM, qTo OHil CBH3bIBaIOT KOHeqHo

MepHbie KOITpncoe.nnHeHHbie npe.ncTaBJieHilH G C YHilTapHbIMH HenpllBO

,UllMbIMH npe,ncTaBJieHHHMII U1 ( G) Toii )Ke caMoii rpynnbr B KBaHTOBOM 

I'IlJib6epTOBOM npocTpaHCTBe n, TeM CaMbIM, OKa3bIBaIOTCH y.no6HbIM IlH

CTpyMeHTOM ,UJIH BbiqllcJieHilH KBa3IlKJiaccnqecKoii ( [ ---r 00) acnMnTOTilKil 

COOTBeTCTBJIOru:nx nponaraTopoB. IloJIHOe .neiiCTBile B 3KCITOHeHTe OKa-

3bIBaeTca: nponopunoHaJibHhlM IlH.UeKcy npe,ncTaBJieHna: l, qTo onpaB,nbr

BaeT npllMeHemre MeTo,na CTaucpa3bI. Oco6eHHO Ba)KHO, qTo 3Ta TeXHilKil; 

.naeT B03MO)KHOCTb npOCTO Il Ha,Ue)KHO BbJqllCJIHTb KBa3HKJiaccnqecKyIO 

acnMnTOTilKY cnnHOBbIX nponaraTopoB, qTo HBJIHeTca: B HaCToa:ru:ee BpeMa: 

aKTJaJibHOII 3a,naqeii B CBH3Il C Heo6xo,nllMOCTbIO KoppeKTHOro onncanna: 

ne,naBHo (1999 r.) 3KcnepnMeHTaJihHo o6napy)KeHHoro HBJieHna: TYHHeJin

poBanna: CilllHOB B MarHilTHbIX MOJieKyJia:pHbIX KJiacTepax. l1MeHHO su(2) 
IlHTerpaJI no TpaeKTOpllHM CTaJI OTnpaBHOII TOqKoII ,UJIH nocTpoenna: IlH

CTaHTOHHOH TeXHilKII ,UJIH onncauuna: TYHHeJinpoBauna: cnllHOB B MOJieKy-. 

JIHpHbIX MarHilTax Fes Il onpe,neJieuna: ToqHbIX ycJIOBilH, npn KOTOpbIX B03-

HllKaeT 3<p<peKT TonoJiornqecKoro no.naBJieHilH TJHHeJibHOH aMnJIIITJ,UbI 

- HBJieHne, OTCJTCTBJIOru:ee npn TJHHeJIIlpOBaHilll III pe.nnnrepoBCKOII qa
CTilUbI B noTeHUilaJie. 

CJie,nyeT TaK)Ke no,nqepKHJTh, qTo B KBa3IlKJiaccnqecKoii o6JiaCTil ecTe

CTBeHHo IlCnOJib30BaTb IlHTerpaJI no uenpepb161lbl.M, TpaeKTOplla:M. O.n

HaKo, .no CaMoro nocJie,nuero BpeMeHil cqnTaJIOCb, qTo cnllHOBbIII IlHTerpaJI 
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no nenpepbIBHLil\l Tpa1aop11a:M .naeT neBepHLie pe3JJibTaTLI ,nJia: nponara

TopoB n IIO)TOMY Heo6xo,nm.m pa6oTaTb c su(2) HHTerpaJIOM B ,UIICI,peT

HOM (no BpeMeHI!) npe.ncTaBJieHIIH. C .npyror1 CTOpOHbI, KaK11e-m160 KOH

KpeTHLie BLJqllcJiemrn, HanpnMep, pacqeT T)'HHeJibHoro nepexo.na B .nnc

KpeTHOM npe.ncTaBJieHirn OKa3LIBaIOTOI HeonpaB,naHHO CJIO)KHbIMH. Ilo-

3TOMY Kpa11He aKT)'aJibHOll HBJIHeTOI Ja,naqa O BOCCTaHOBJieHJ!H CTaTyca 

cnnuoBoro IIHTerpaJia no uenpepbIBHhIM TpaeKTopna:M KaK xoporno onpe

,neJieHHoro ofrLeI..:Ta II 3cpcpeKTHBHOro cpe.ncTBa IICCJie,noBaHirn cnHHOBbIX 

CIICTeM B 1'6ll3Ul'.JIUCCU'lecx:oii o6JiaCTII. 

llpyroII Ba,KI1011, c npaKTnqecKoii ToqKn 3pemrn, oco6euuocTLIO nuTe

rpaJioB no TpaeKTOpllHM ua op6HTax rpynn HBJIHeTCH TO o6cTOHTeJILCTBO, 

qTo Ollll 3a,naIOT npe,ncTaBJieHHe KBaHTOBbIX nponaraTopoB B 6a3HCe <pHK

cnpoBaIIHoro npe.ncTaBJiemrn U1( G). lIH.neKc npe.ncTaBJieHna: l BXO.UHT B 

,neIICTBlle npoCTO KaK napaM_eTp. IloToMy HeT Heo6xo,nHMOCTil BBO,UHTL B 

TeopIIIO .nonomrnTeJibHLie KOHCTp3IIHTLI, q>IIKCHpyIOru:ne npe,ncTaBJieHIIe. 

HanpnMep, ,UJIH t - J MO,UeJIII CIIJILHOKOppem1poBaHHLIX 3JieKTpOHOB, 

raMHJibTOHllaH KOTopoII HBJIHeTCH 6nmrnefrnoii KOMfarnauIIell renepaTO

poB su(2ll) cynepanre6pL1, IIIIIpoKo ncnoJib3JeMoe CJI3IIB-603onnoe/¢ep

MHonnoe npe,ncTaBJieHne npe.nnoJiaraeT c · neo6xo.nnMocTLIO, qTo qncJio 

KBaHTOB B036J)K,UeHHII Ha Ka)K,UOM J3Jie ,UOJI)KHO 6LITL q>HKCHpoBaHO. 2 113 
4>n3nqecKnx coo6pa)KeHHlI a:cno, qTo Toqnhlii yqeT TaKoro KOHCTp3IIHTa 

nMeeT npnnunnnanLnoe 3naqenne. KaK oKa3aJIOCh, pa3pernenne 3Toro 

KOHCTp3HHTa B npn6JIH)KeHIIH cpe,nHero noJia: Be,neT K neKOHTpOJIHpyeMbIM 

OIIIIl6KaM, B TO BpeMa: KaK ero ToqnLIII yqeT npe.ncTaBJIHeT co6oii CJIO)K

HYIO Tex1rnqecKyIO npo6JieMy. C .npyroii cTopoHbI, su ( 2 I 1) nHTerpan ,nJia: 

t - J Mo,neJIH CB06o,nen OT KaKHX-JIH6o KOHCTp3HHTOB, co,nep:>KHT MHHH

MaJILHOe qnc_JIO ,UI!HaMnqecKHX nepe.MeHHbIX H HBHO yqnTblBaeT HeTpn

BHaJILHYIO reoMeTpn10 npocTpancTBa TpaeKTopnii - reoMeTpHIO SU(2ll) 

op6HThr. lIMeHHo IT03TOMY cJie,nyeT npe.nnoJIO)KHTL, 'ITO 3TOT HOBhlI1, reo

MeTpnqecKnii, no.nxo.n K HCCJie,noBaHHIO Kpaiiue CJIO)KHOH npo6JieMLI KBaH

TOBOro onncanlla: CHCTeMLI CHJILHO KOppeJIHpoBaHHLIX 3JieKTpOHOB Il03BO

JIIlT noJiyqHTb npHHUHilllaJILHO HOBble pe3JJibTaTbl HJIH, no KpaiiHeii Mepe, 

KpHTnqecrm ouemITL cTapL1e. 

UeJIL .nnccepTaunn cocTOHT B nccJie,noBamrn KBa3HKJiaccHKH KBanTo

BLIX nponaraTopoB, ncxo.na: II3 IIX npe,ncTaBJieuna: KaK HHTerpanoB no He

npepLIBHLIM TpaeKTOpHHM na op6HTax rpynn Jln. 

23To ycnoBJie COOTBeTCTByeT cpnKc1tpoBaHIIIO npe.ncTaBJieHnll su(2ll). 
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Hay<rnaa HOBH3Ha II npaKTl1'Iec1rna ueHHOCTh. 

IIonyqeHo npe.ucTaBJieHne .una su(2) nponaraTopa KaK HHTerpana no 

HenpepbIBHhIM TpaeKTOpHHM Ha KJiaCCH'IeCKOM q>a30BOM npocTpaHCTBe cnn

Ha - opfoITe C P 1 - npn 3TOM BHeirnTerpaJihHhie qJieHhl Bhipa:ro:eHhI qe

pe3 su(2) K3JiepoB noTeHunan. IIo.uo6Hoe npe.ucTaBJiemre nony'IeHo n 

.UJIH nponaraTopa o6mero BII.Ua KaK HHTerpana Ha G-o.uHopo.uHoM Ifane

poBoM MHoroo6pa3IIII. BnepBhie nonyqeHa KBaJIIKJiacn1qecKaa acIIMnTo

TIIKa (BKJIIO'Iaa npe.U3KcnoHeHTy) .una su(2) nponaraTopa, II nponaraTopa 

o6mero BII,Ua, IICXO.UH II3_ 1tenpepbl61W20 npe.ucTaBJieHirn .UJIH ( cnHHOBOro) 
IIHTerpana no TpaeKTopnaM Ha op6IITe rpynnhI. 

IloKaJaHo, 'ITO xapaKTepHaa .una cnnHoBoro q>JIJKTyauIIom10ro .ueTep

MHHaHTa U(l) KaJIII6pOBO'IHaH aHOMaJIIIH npIIBO.UIIT K nOHBJieHIIJO B npo

naraTope .uonoJIHHTeJihHoii: CK cpa3hI (cpa3hI Conapn-Ko'IeToBa), KOTopaa 

IIMeeT peIIIa10mee JHa'IeHHe .una onpe.ueneHIIH caMocornacoBaHHhIM o6pa-

30M cnHHOBoro IIHTerpana no HenpepbIBHhIM TpaeKTOpHHM, KoppeKTHoro 

BhI'IIICJieHHH ero KBa3HKJiaCCH'IeCKOH aCIIMnTOTIIKII II nocTpoeHIIH IIHCTaH

TOHHOH TeXHIIKH .UJIH su(2) cnHHOBoro nponaraTopa. B 'IaCTHOCTII, OKa3hI

BaeTca, 'ITO CK cpa1a o6bHCHHeT npoIIcXO,K.UeHeII Beii:JieBcKoro c.uBnra .una 

cnnHa j ➔ j + 1/2 II q>HKCHpyeT 3Ha'IeHIIH BHeIIIHero MarHHTHoro IIOJIH, 

npn KOTOphIX IIpOIICXO.UIIT T .H. TOnOJIOI'H'IeCKOe no.uaBJieHHe cnHHOBoro 

TJHHeJinpoBaHIIH B MarHHTHhIX MOJieKyJiax Fes, 

BnepBhie nocTpoeHa HHCTaHTOHHM TeXHIIKa .UJIH su(2) cnIIHOB, KO

Topaa npIIMeHHeTCH .UJIH onIIcaHHH 3q>q>eKTa TJHHeJIIIpOBaHHH cnp:HoB B 
MarHHTHhIX KJiacTepax Fe8. 

BnepBhle noJiy'IeHhI KoppeKTHhie ( C y'IeTOM BHeIIHTerpaJihHhlX qJieHOB) 

Bhipa)KeHirn .UJIH IIHTerpanoB no HenpepbIBHhIM TpaeKTOpIIHM .UJIH npo

nara TopoB Ha cynepMHoroo6pa3IIHX - op6HTax npocTeHIIIIIX cyneprpyrrn 

U(ljl) II SU(2jl). KBaHTOBhIH rrponaraTOp n cTaTcyMMa .una t - J Mo

.uenII 1anIIcaHhI B cpopMe su(2jl) IIHTerpana no TpaeKTOpIIHM Ha SU(2jl) 
BhlpO,K,UeHHoii: op6nTe. 

Ha ocHoBe 3Toro npe.ucTaBJieHIIH noKaJaHo, 'ITO B o6meM cnyqae ra-

MIIJihTOHHaH t - J Mo.uenn: He CBO.UHTCH K q>yHKUHH H(S, f), r.ue onepa

TOphI § n f 0601Haqa10T He3aBHCIIMhle ([S, /] = 0) SU(2) reHepaTop1,1 n 
6eccnHHOBhie q>epMHOHHhie nona, COOTBeTCTBeHHO. 

Ha 1amn:Ty Bhl.UBHraIOTCH cne.uy10mHe pe1yJihTaThl. 

1. KBa3HKJiaccn:qecKnii: rrporraraTop B 6aJIIce KorepeHTHhlX cocTOHHHii: 

npe.ucTaBJieH HHTerpanoM ITO HenpepbIBHhIM TpaeKTOpHHM Ha op-
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6nTe rpynnhI c .ueii:CTBHeM, co.uep)KaIUIIM .uonoJIHIITeJihHJIO 1-cpopMy, 

KoTopaa Bhlpa,KaeTca qepe1 K3nepoB noTeHUHaJI op6HThl. IloKa

JaHo, 'ITO 3Ta cpopMa onpe.uenaeT BHeHHTerpaJihHhle qneHhl, corna

coBaHHhie C rpaHH'IHhIMH YCJIOBHHMH. 

2. Haii:.ueHhI JaMeHhI nepeMeHHhIX, no3BOJIHIOIUHe B 3aMKHJTOM BH.Ue 

BhI'IHCJIHTh HHTerpaJihI no TpaeKTOpHHM .UJIH su(2) n su(l, 1) npo

naraTopoB B cnyqae, Kor.ua KBaHTOBhie raMHJihTOHHaHhl HBJIHJOTCH 

mrneHHhIMH KOM6IIHaUHHMH 3JieMeHTOB COOTBeTCTBYJOIUHX anre6p, 

C npoH3BOJihHhIMH, 3aBHCHIUHMH OT BpeMeHH K03q>q>HIJ:HeHTaMH. 

3. IIocTpoeH HOBhIH (He onepaTopHhrii:) Bapn:aHT .UHarpaMMHOH Tex

HHKH B cpe.uHeM none .UJIH su(2) cpeppoMarHeTHKa I'eii:3eH6epra, He 

HCIIOJih3JIOIUHH 0606meHHy10 TeopeMy BnKa .UJIH crrnHOBhlX orrpepa

TopoB. 

4. IIony'IeHa KBa3HKJiaCCII'IeCKaH aCHMIITOTHKa, BKJIIO'IM npe,U3KCIIO

HeHTY, .UJIH su(2) crrnHoBoro rrporraraTopa. IloKaJaHo, 'ITO npe.u-

3KcrroHeHUHaJihHhIH q>aKTOp co.uep)KHT .UOIIOJIHIITeJibHJIO q>aJy ( cpa1y 

Conapn:-KoqeToBa), KOTopaa He IIOHBJIHeTca: rrpn Bhl'IHCJieHHH cTaH

.uapTHoro cJ:>eii:HMaHOBCKOro HHTerpana .UJIH 'IaCTHUhl B IIOTemi:nane. 

IloKaJaHo, 'ITO rrpn yqeTe CK cpa11,1 su(2) HHTerpan _.uaeT KoppeKT

Hoe Bhrpa)KeHn:e .UJIH rrporraraTopa c TO'IHOCThJO O(j0
). 

5. KBa3HKJiaCCH'IeCKM aCHMIITOTHKa IIOJIJ'IeHa .UJIH KBaHTOBhlX npo

rraraTOpOB C raMHJihTOHIIaHaMH o6mero BH.Ua, IIOCTpOeHHhIMH H3 

reHepaTopoB rrpocToii: KOMnaKTHOH rpynnhl G, .UJIH npe.ucTaBJieHnii:, 

onpe.uenaeMhlX MaKCIIMaJihHO BhlpO)K,UeHHhlMH G-op6HTaMH paHra 1. 

6. CcpopMJJIHpOBaHa HHCTaHTOHHM TeXHHKa,UJIH su(2) cnHHOB. B paM

Kax nocTpoeHHOH HHCTaHTOHHOH TeXHHKH onncaHO HBJieHHe TJHHe

JIHpoBaHHH cnHHOB B MarHHTHhlX MOJieKyJiax F eg. Haii:.ueHhl TO'I

Hhie ycJIOBHH Ha 3Ha'IeHHH BHeIIIHero MarHHTHoro nona:, npn: KO

TOphlX npoHCXO.UHT TononornqecKoe no,UaBJieHHe TJHHeJIHpOBaHHH -

3q><peKT' He Ha6JIJO,UaIOIUHHCH B o6hl'IHOM TJHHeJIHpoBaHHH qaCTHUhl 

B IIOTeHUHaJie. 

7. KBaHTOBhle rrporraraTOphl B 6a1uce u(ljl) n su(2jl) cyrrepKorepeHT

HhlX COCTOHHHH rrpe.ucTaBJieHhl HHTerpanaMU no HenpephlBHhlM Tpa

eKTOpHHM Ha cynepMHoroo6pa1ua:x - op6nTax cyneprpynn U(ljl) H 
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SU(2ll). IloKa3aHo, qTo BHeI:IHTerpaJihHhie qJieHhI orrpe.n.emIIOTOI 

COOTBeTCTBYIOIUIIMII K:mepOBhIMII cyrreprroTeHUIIaJiaMII. 5IBHO BhI

qIIcJieH u(lll) HHTerpan .n.m1 cTaTcyMMhI Mo.n.eJIII Il)KeMHca-KaM

MIIHrca. 

8. TexHHKa su(2 I 1) HHTerpana no TpaeKTopH51M rrpIIMeHeHa .D.JI51 uccJie

.n.oBaHIIJI t - J MO.D.eJIII CHJlhHOKOppeJIHpOBaHHhIX 3JieKTpOHOB. IloKa-

3aHo, qTo t - J raMIIJlhTOHIIaH He CBO.D.IITC51 B o6meM CJiy<Iae K no

JIIIHOMIIaJihHOM q>JHKUHII He3aBIICIIMhIX CTIIIHOBhIX H rOJIOHHhlX orre

pa TopoB. 

Anpo6aIJH51 pa6oThI. Pe3JJihTaThI, npe.n.cTaBJieHHhie B .D.IIccepTaunn, 

.D.OKJia.D.hIBaJIIICh Ha CeMIIHapax Jia6opaTOpHH TeopeTIIqeCKOM q>II3IIKII 

OM5IM, q>II3q>aKa MI'Y, Ha ceMIIHapax B YHIIBepcIITeTax rr. Ila.n.ya: H He

anoJih (MTanna:), 8pnaHreH II <Ppaii:6ypr (I'epMamrn), KaToBIIUe H KpaKoB 

(IloJihIIIa), 6hIJIH npe.n.cTaBJieHhIHhI Ha V Me)K.n.yHapo.n.Hoii: KOHq>epeHUHII 

"Path Integrals from meV to MeV" (Ily6Ha, 1996), Ha VI Me)K.n.yHapo.n.Hoii: 

KOHq>epeHUIIH "Path Integrals from peV to TeV" (<I>nopeHuna:, MTaJIHJI, 

1998), Ha XXIII Me)K.n.yHapo.n.HoM ceMHHape "Group Theoretical Methods 

in Physics" (Ily6Ha, 2000), Ha VII Me)K.n.yHapo.n.Hoii: KOHq>epeHUIIII "Path 

Integrals from Quarks to Galaxies" (AHTBepneH, EeJihrIIH, 2002) . 

Ily6JIIIKaIJIIII. Ilo MaTepIIanaM .n.IIccepTaUIIH ony6JIIIKOBaHo 18 pa6oT. 

CTpyKTypa II o6beM .D.IICcepTaUIIII. I{IIccepTau1rn COCTOIIT II3 BBe.n.e

HII51, 6 rJiaB II 3aKJIIOqeHII51. 0Ha co.n.ep)KIIT 200 CTpaHIIU MaIIIIIHOTIHCHoro· 

TeKCTa. CnIIcOK JIIITepaTyphI BKJIIOqaeT 137 HaIIMeHoBaHIIii:. 

CO.UEP)KAHME P ABOThl 
Bo BBe.n.emrn o6ocHoBaHa aKTJaJihHOCTh npoBe.n.eHHOro B .D.IICcepTaUHII 

IIccne.n.oBaHIIJI. Ilpe.n.cTaBJieH coBpeMeHHhiii: cTaTyc IIccne.n.oBaHIIii: II ofoop 

JIIITepaTyphI no TeMaTIIKe .D.IICcepTaIJIIH. Cq>opMJJIIIpoBaHa ueJih pa6oThI. 

II II3JlO)KeHO ee KpaTKOe co.n.ep)KaHIIe. 

B nepBoii: rnaBe KBaHTOBhiii: nponaraTop B 6aJnce o6o6meHHhIX Kore

peHTHhIX cocToa:Hnii:, accoum1poBaHHhIX c anre6poii: Lie( G), npe.n.cTaBJieH 

IIHTerpanoM no HenpephIBHhIM TpaeKTOpII51M Ha KJiaccnqecKOM q>a30BOM 

MHoroo6pa3IIH M - Ko-op6IITe G. 
B ( § 1) pac_cMa TpIIBaIOTC51 reoMeTpIIqeCKIIe CBOIICTBa o6o6meHHhIX KO

repeHTHhIX COCTOJIHIIM, H, B qacTHOCTH, KorepeHTHhIX COCT051HIIM, acCOIJII-
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npoBaHHhix c su(2) 11 su( l, l) anre6paMn II anre6poi1 fe1':beH6epra-Befma:. 

IloKa3aHO, qTO I-.:BaHTOBa51 reoMeTplrn KorepeHTHhIX COCT051HHM onpe.n.e

JI51eT CTPYKTYPY COOTBeTCTBJIOIIJHX HHTerpaJIOB no TpaeKTOpH51M Ha op-

6.1nax rpynn. B JTOM naparpacpe, no-cymecTBY, BBO.D.HTCJI Heo6xo.n.IIMhre 

.n.na: .D.aJihHeiiwero o60Juaqemrn n onpe.n.enemrn. 

C rem,teTpHqeo.:oi'.i TO'IKH 3peuua:, KorepeHTHhre cocTo51HH51 lz), r.n.e z 
napaMeTpmy10T ToqKH op6HThI A1, 51BJI51IOTC51 ceqeHHHMH rnaBHOro U(l) 
paccJioeHH51 P( M; u ( 1)), npn 3TOM u ( l) 1-<popMa CB513HOCTII Ha p, H3-

seCTHa51 KaK CB513HOCTh Beppu, npHHHMaeT BIIJJ, 

0 = i(zldlz), d0 = W, 

r.D.e COOTBeTCTBYIOW:a51 KpHBH3Ha vV COBIIa.n.aeT C CHMIIJieKTHqecKOfI 2-
q>OpMOH KnpIIJIJioBa-KocTaHTa Ha op6nTe. 

EcTeCTBeHHaa: (K3nep0Ba) nona:pII3auna: 'P onpe.n.ena:eTca: BeI(TOpHhIM 

noJieM Oz := 8 / 8:::, TaK qTo 1<0repeHTHhie cocT051HH51 lz) KOBapnaHTHO 

IIOCT051HHhI B.D.OJlh P: 

Vz lz) = 0, Vz :=Oz+ i0z. 

TeM caMhIM, 1<0repeHTHhie COCT051HH51 MO)KHO paccMaTpIIBaTh KaK HeKO

Topy10 cneu114>nqecKy10 peam13aUHIO KBaHToBamrn MeTO.D.OM op6nT KJiac

cnqecKoro ipa3oBoro rrpocTpancTBa (.11,J; W). 
B (§2) rroKa3ano, qTo KBaHTOBhIM nporraraTop B z-npe.n.cTaBJiemrn 

(zplT exp { _; l H(t)dt} lz1) = K{Ep, z1,; r), (1) 

c raMHJihTOHIIaH H(t) - noJIHHOMHaJihHoii q>YHKUHeii: renepaTopos rrpocToii 

rpynm,I Jln Q C 3aBHC51IUHMH OT BpeMeHH K03q>q>HUHeHTaMH - MO)KeT 6hITh 

npe.n.cTaBJieH C TIOMOIUhIO pa3JIO)KeHH51 e.n.IIHHUhI B 6a311ce KorepeHTHh!X 

coc'l'oa:nnn nnTerpanoM no TpaeKTopHHM na G-op611Te: 

r.n.e 

z(-r)=zp 

JC= f Dµ exp <I>, 
z(0)=z1 

N 

Dµ(z, z) = Jim II dµ(zn, Zn), 
N-+co n=I 
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H dµ( z, z) ecTh G-nHBap:uaHTHa}l Mepa Ha 1\1. 
lleiicTBHe <I> cocTOHT H3 KirneTH<IecKoro 'IJieHa 

·/ l!T(·aF .aF) z 0 = -- ~- - ;;;_ dt 
2 .., az ~ az ' 

0 

H3BecTHoro KaK ¢a3a BeppH HJIH ID 'IJieH Becca - 3yMHHO ( c reoMeTpn

qecKoii TO'IKH 3peHH}l - 3TO roJIOHOMH}l, accouuupoBaHHa}l co CB}l3HOCThIO 

0 ), a TaK:.-Ke KJiaccuqecr,:oii <PYHKUHH I'aMHJihTOHa u BHeHHTerpaJihHOro 

'IJieHa f: <l> = S + f, r.ne 

T 

S =if 0- if Hcl(z,z)dt, 
0 

1 r = 2 [F(zF,z(T)) + F(z(0),z1)- F(zF,zF)- F(z1,z1)], 

npH 3TOM K3JiepoB noTeHI(HaJI F CB}l3aH C KOrepeHTHhIMH COCTO}IHH}IMH 

COOTHOIIIeHHeM 

(z1lz2) 
F(z1, z2) = log (z1 j0)(0lz2)' (3) 

H KJiaccH'IecKHii raMHJihTOHHaH Hcl ( z, z) }IBJIHeTC}l KOBapnaHTHhIM (Bu

KOBCKHM) CHMBOJIOM KBaHTOBoro onepaTopa H: 

Hcl(z, z) = (zlHlz), (zlz) = l. 

IloKa3aHo, 'ITO HMeHHO BHeHHTerpaJihHhIM 'IJieH f KOppeKTHhIM o6pa30M 

onpe.neJIHeT rpaHH'IHhle ycJIOBHH B KJiaCCH'IeCKHX ypaBHeHH}IX ,D;BH)KeHHH. 

B (§3) paccMoTpeHhI qacTHhie cJiyqau cooTHOIIIeHH}l (2). llJIH cHcTeMhI 

su(2) KOrepeHTHhIX COCTO}IHHM B npe.ncTaBJieHHH j, ,l{JI}l KOTOporo 

Fsu(2)(z, z) = 2j log(l + zz), l = 2j EN, 

cnHHOBhIM nponaraTop npe.ncTaBJieH KaK HHTerpaJI no TpaeKTOpH}IM Ha 

SU(2) op6uTe - KOMnJieKCHOM npoeKTHBHOM npHMOH C P 1 ~ S2: 

. - . -1z(r)=zF (1 + ZFZ(T))i(I + z(0)z1)i 
K,(zF, z1, T) - Dµ(z) (l I !2) ·(l I j2) · X 

z(O)=z1 + ZF J + ZJ J 

exp (j r i(t)z(t)_- z(t)i(t) dt - i r Hc1(z(t),z(t))dt), (4) 
lo l + z(t)z(t) lo 
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' "J 

r.ne 

dµ _ = 2j + 1 dzdz _ 
1 21Ti (l + jzj2 )2 

AHaJIOrH'IHOe COOTHOIIIeHHe noJiy'IeHO .l{JIH npe,n;cTaBJieHHH .l{HCKpeT

HOH cepnn HeKoMnaKTHoii rpynnhl SU(l, 1). Ilpu 3TOM su(l, 1) npona

raTop BO3HHKaeT KaK HHTerpan no TpaeKTOpl:rnM Ha SU(l, 1) op6nTe -

oTKphITOM .nncKe D1 = I z I < l - cTep~orpa¢uqecKoH npoeKu:nu Ha nnoc

KOCTh BepxHeii: noJIOCTH rnnep60JIOH,D;a. 

Hafr.neHhI }IBHhie 3aMeHhI nepeMeHHhIX, no3BOJIHIOUIHe BhI'IHCJIHTh HH

TerpaJibI no TpaeKTOpHHM L\JIH su(2) u su(I, 1) nponaraTopoB, npn ycJio

Bnn, 'ITO COOTBeTCTBJIOUIHe raMHJihTOHHaHbI HBJIHIOTC}l 3JieMeHTaMH su(2) 
H su(l, 1) anre6p C npOH3BOJihHhIMH 3aBHCHUIHMH OT BpeMeHH K03q)q)H

uueHTaMH. TaKne 3aMeHhI HH.n;y:uupyIOTCH .nencTBHeM onepaTopa Ad9 , 

npHBO,l{}lllIHM COOTBeTCTBJIOIIIHe raMHJihTOHHaHhI K KapTaHOBCKOH cpopMe. 

IloKa3aHo, 'ITO pe3JJihTaThI BhltJHCJieHHH COBna,n;aIOT C pe3JJihTaTaMH He

nocpe.ncTBeHHhIX pactJeTOB Ha BpeMeHHOH "peIIIeTKe". 

Bo BTopon rJiaBe paccMoTpeHo npnMeHeHne su(2) HHTerpana no Tpa

eKTOpH}IM L(JIH HCCJie,D;oBaHH}l KBaHTOBOH HeJIHHeHHOH cnHHOBOH CHCTeMbI 

- MarHeTHKa I'eH3eH6epra. 

B (§1) CTaTCJMMa CHCTeMhI npe.ncTaBJieHa B BHL(e su(2) HHTerpana no 

TpaeKTOpHHM. 

B (§2) 3TO npe.ncTaBJieHne ncnoJih3OBaHO ,l{JIH BhIBO,D;a Bbipa)KeHHH ,l{JIH 

CTaTCJMMhI Zo['l,b] CHCTeMhI HeB3aHMOL(eHCTBYIOIIIHX cnHHOB B npoH3BOJih

HOM 3aBHCHUieM OT BpeMeHn BHeUIHeM none 1,b. A HMeHHO, C nOMOUihIO 

3aMeHhI nepeMeHHhIX B su(2) HHTerpane, paCCMOTpeHHOH B npe,n;hl.l{ymen 

rnaBe, ,D;JI}l cTaTCJMMhI nonytJeHo npe.ncTaBJieHne 

log Zo [ 'l,b] = L log sinh(j + ½) J; dtn; ( t) 
i sinh ½ J; dtn;(t) , 

(5) 

r.ne 

(0) 1 - 1 
O;(t) = 1P; (t) + 2f;(t)z;(t) + 2f;(t)z;(t) 

H <PYHK:UHH Z H .Z 3aBHCHT OT 1,b KaK peIIIeHH}l ypaBHeHnii PnKaTTH 

d . 
(dt - 'lp(o))z - (¢/2)z2 + f/2 = 0, z(0) = z(r), 

(! + f(0>)z + (f/2).z2 
- ;/;/2 = o, z(0) = z(r). (6) 
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Ilpe;::i:cTaBJieHIIe (5-6) OKa3hIBaeTCH y;::i:o6HhIM OTnpaBHhIM nyHKTOM npn no

CTpOeHHH cnHHOBOH (ne onepaTopno:i1:) ;::i:narpaMMHOH TeXHHI(H B cpe;::i:HeM 

IlOJie. 

B KaqecTBe ;::i:pyroro npnMepa npnMeneHHH TexmIKH su(2) nnTerpana 

B (§3) cq>opMynnpoBaH reoMeTpnqeCKn:i1: BhIBOJJ: HeJinHe:i1:no:i1: a-Mo;::i:enn KaK 

3q>q>eKTHBHoro HH3K03HepreTnqecKoro ;::i:e:i1:cTBHH JJ:JIH KBaHTOBoro 1 D an

THq>eppoMarHeTHKa re:i1:3eH6epra. Oco6eHHOCTh 3TOro no;::i:xo;::i:a COCTOHT 

B TOM, qTo OH MO)KeT 6bITh nenocpe;::i:cTBeHHO npnMenen JJ:JIH HCCJie;::i:oBa

HHH KBa3HKJiaccnqecKOro noBeJ];eHHH KBaHTOBhIX perneToqHhIX CHCTeM C ra

MIIJihTOHIIaHaMH, nocTpoeHHhIMII H3 reHepaTopoB ( cynep )anre6p Jln 6onee 

o6mnx, qeM onepaTophI su(2) cmrna. B qacTnocTn, noKa3ano, qTo 3q>q>eK

THBHoe JJ:JIIIHHOBOJIHOBOe ;::i:e:i1:cTBIIe JJ:JIH t - J MOJJ:eJin B cynepCIIMMeTpliq

HOH ( t = 2J) TOqKe onpe;::i:eJixeTCH CBOHCTBaMH TOJihKO OJJ:HOH q>yHKUIIH -

SU ( 211) KOBap1IanTnoro K3JiepoBa cynepnoTeHUIIaJia. 

B TpeTbe:i1: rnaBe paccMoTpena KBa3HKJiacnqecKax acnMnTOTHKa su(2) 
IIHTerpana no TpaeKTOplIHM (4), IIHTerpanoB o6mero BIIJJ:a (2), II o6cy

)KJJ:eH cMhICJI n 3HaqeHIIe ;::i:onoJIHHTeJihHOH CK nonpaBKII B cooTBeTCTBY

IOIUIIX nponaraTopax. 

Mcxo;::i:x II3 KOHTIIHYaJihHOro npe;::i:cTaBJieHIIH su(2) HHTerpaJia (4), B 

(§1) nonyqeno Bhipa)KeH1Ie ;::i:nx cnnHoBoro ananora ;::i:eTepMIIHaHTa Ban 

<l>neKa n Bh1qncnena (j ➔ oo) acnMnTOTIIKa su(2) nponaraTopa, BKJIIOqax 

npeJJ:3KcnoHeHUIIaJihHhIH q>aKTOp. Pe3yJihTaT IIMeeT BIIJJ: 

Ksc(ZF, z1; T) 

X 

i 17 exp( <I> c + - Acdt) 
2 0 

[
(1 + lzc(r)l2)(1 + lzc(O)l2

) 

2j 
a2<I>c ]1/2 

8zF8ZJ 
(7) 

r;::i:e nn;::i:eKC "c" 03HaqaeT, qTo 3HaqeHne COOTBeTCTByIOme:i1: BeJinqlIHhI BhI

qncJIHeTCH Ha 3KCTpeMaJIHX noJIHoro ;::i:e:i1:CTBIIH. <l>yHKUIIH A(z, z) onpe

;::i:enxeTCH KJiacc1IqecKHM raM1IJihTOH1IaHoM II reoMeTp1Ie:i1: Ha C P1. Ilo

Ka3ano, qTo q>opMyJia (7) KoppeTHhIM o6pa30M BocnpOH3BOJJ:lIT II3BeCT

Hhle ToqHble·pe3yJihTaThI, cornacyeTCH C o6o6meHHeM TeopeMhI flhIOCTep

MaaTa-XeKMaHa JI no3BOJIHeT 3q>q>eKTHBHhIM o6pa30M HaXOJJ:IITh aCIIMnTo

TIIKII B HeTplIBIIaJihHhIX cnyqaxx. 

B (§2) IICCJieJJ:OBaHa aclIMnTOTIIKa 

K, = e1(--·) [(· · ·) + o(l)], l ➔ oo, 

JO 

IIIITerpaJ1a no Tpa.PKTopHHM o6mero Bn;::i:a. (2), r;::i:e ( • · ·) 0603na<IaeT l
He3aBncnMy10 <pyHI,UIIIO Ha <pa30BOM npocTpaHCTBe. KBa3HKJiaCCII'leCKHI1 

nponara.rop onpe;::i:em1eTCH Tor;::i:a KaK 

Ksc = e1 (,..) ( • • ·) 

H npHHHMa.eT BIIJJ: 

K,c [ 
1 a2<I>c ]1/2 

[g( zc( T ), Zc( T)) g( Zc(O), Zc(O) )]112 8zF8z I 

X exp ( <I>c + { for Acdt), (8) 

r;::i:e 

Ac:= ~oz [g- 18zH] le +~az [g- 18zH] le, 

H MeTplI'IeCKIIH TeH3op g = a;ZF. CooTnornem1e (7) HBJIHeTCH 'laCTHhIM 
CJiy<IaeM ( 8). 

IlpeJJ:3KCOOHeHUIIaJihHhIII qiai..:Top (T.e. qJieH, oTJIH'IHhIH OT exp(<I>c)) 

B nponaraTope (8) B03HHKaeT KaK pe3yJihTaT BhI'IHCJiemrn cpnyKTyaun

OHHoro JJ:eTepMIIHaHTa. OKa3hIBaeTCH, qTo 3TOT ;::i:eTepMIIHaHT o6na;::i:aeT 

xapaKTepno:i1: U(l) KaJIH6poBO'lnoi1 aHOMaJIHe:rr, KoTopax ;::i:enaeT ero 3Ha

'leHIIe neonpe;::i:eJieHHhIM. 3ra Heonpe;::i:eJieHHOCTh MO.)KeT 6bITh ycTpaHeHa 

06pameH1IeM K COOTBeTCTBYIOIUeii JJ:HCKpeTHOH <pOpMe IIHTerpana no Tpa

eKTOplIHM, qTo <pHKCHpyeT neo6xo;::i:HMYIO JJ:JIH BhI'IIICJieHHH HHTerpana Ka

JIH6poBKY II nplIBOJJ:HT K noxaJieHIIIO B nponaraTope ;::i:ononnnTeJihHOI1 CK 

<pa3hI ( i/2) f Adt, OTCYTCTBy10meii B KBa3HKJiacc1IqecKoM <l>e1mMaH0BcKoM 

nponaraTope. 

Ba)KHhIH pe3yJihTaT COCTOHT B TOM, qTo IIMeHHO 3Ta <pa3a, no-cyTn 

;::i:ena, BOCCTaHaBJIIIBaeT CTaTyc HHTerpana no HenpepbIBHhIM TpaeKTO

PIIHM B KBa3HKJiaccw-1ecKo:i1: o6nacTH. A IIMenno, KBa3HKJiaccn<IecKHH npo

nara Top (8) HMeeT npaBIIJihHYIO aCIIMnTOTHKy npn r ➔ 0 JJ:O nopx;::i:Ka 

0( r 2
) BKJIIO'IIITeJihHO II YJJ:OBJieTBopxeT ycJIOBHIO "CllIHBannx". 1'13 3THX 

;::i:ayx caoiicTB cne;::i:yeT, qTo qiopMyna (8) KoppeKTHa c ToqHoCThIO 0(1°) 
paBHOMepHo no BpeMeHn. llpyrHMII CJIOBaMII, cpopMaJihHOe KOHTIIHyaJih

HOe npe;::i:cTaBJieHne (2) KoppeKTHo nplI ycnoBHH, qTo paccMoTpenHe orpa

HHqHaaeTcx Bhl'IHCJieHlieM JIIIJJ:Hpy10mero II CJie;::i:y10mero 3a JIHJJ:HpyIOIUHM 

BKJiaJJ:OB B KBa3HKJiaccnqecKyIO acnMnTOTIIKY. 

B (§3) q>OpMyJia (8) o6o6mena JJ:JIH HCCJie;::i:oaamrn I..:Ba3HKJiaCCHKH KBaH

TOBhIX nporraraTopoB Ha MaKCHMaJihHO BhlpO.)KJJ:eHHh!X op6HTa.X ( op6nTax 
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paHra 1) rrpoCThIX KOMIIaKTHhIX_ rpyrrrr Jln. Tar,ne opfoIThl MoryT HMeTb 

KOMIIJieKCHYIO pa3MepHOCTh > 1, HO no-npe;,1rneMy' BblpOiK.UeHHOe npe.u

CTaBJiem1e rpynnhI G, nocTpoeHHoe no TaKOII op61ne, onpe.uemreTCH e.uuH

CTBeHHhlM lIH,IleKCOM. 

Co.uep:a<aHUeM '-leTBepTOH rJiaBhI HBJIHeTCH cpopMym1p0B1<a lIHCTaHTOH

Horo npu6JIII)KeHIIH K BhI'-IHCJieHIIIO HenpepbIBHoro no BpeMeHII HHTerpana 

no TpaeKTOpHHM (2) B KBa3HKJiaCCH'-leCKOM (l -+ 00) rrpe.uene. IloJiy<IeHa 

npocTaH II y.uo6HaH B npIIJIO)KeHHHX HHCTaHTOHHaH cpopMyJia .UJIH C,IlBHra 

KJiaCCH'-leCKH BblpO)K,IleHH_oro OCHOBHoro ypoBHH :rnepnrn KBaHTOBOH ( cnn

HOBOH) CHCTeMbl BCJie.UCTBHe TYHHeJibHhIX ::icpcpeKTOB. Ilpn 3TOM cyme

CTBeHHO, '-ITO rrpe.u::iKcnoHeHIJHaJihHhIH MHO)KIITeJib noJiy'-laeTCH C TOH )Ke 

CTeneHhIO nerKOCTH, '-ITO H .UJIH Illpe.unHrepoBCKOH '-laCTlIIJhl B noTeHIJlI

aJihHOM none. 

Ba)KHO IIO,Il'-IepKHYTh, '-ITO CTaH.uapTHaH HHCTaHTOHHaH TeXHJIKa .IlJIH 

OIIHCaHlIH TYHHeJinpoBaHHH Illpe.unHrepOBCKOH '-laCTHIJhl B noTeHIJHaJie He 

MO)KeT 6bITh Henocpe.UCTBeHHO rrpHMeHeHa K OIJeHKe HHTerpana no Tpa

eKTOpHHM (2) B KBa3HKJiaCCH'-leCKOM npe.uene, '-ITO CBH3aHO co cne11H<pll

KOH nocJie,IlHero KaK HHTerpana Ha cpa30BOM MHOroo6pa3HH C .ueii:CTBHeM, 

BKJIIO'-laIOmeM TOnOJIOrH'-leCKHH '-IJieH Becca-3yMJIHO, a TaK)Ke HaJIH'-IHeM 

KaJIH6poBO'-IHOH aHOMaJIHlI cpnyKTya11noHHoro orrepaTopa 51Ko6H. Y'-leT 

3TMX oco6eHHOCTeii: Tpe6yIOT onpe.ueJieHHOH MO.UH<pnKaIJHH CTaH.uapTHOro 

no.uxo.ua. 

B ( § 1) rrony'-leHa cpopMyna .UJIH TYHHeJihHoro pacmenJieHHH ypoBHe:ii 

.UJIH KBaHTOBOH CHCTeMhl C rrponaraTopoM o6mero BIi.Ila (2). IloKa3alfo, '-ITO 

y'-leT CK cpa3hI Heo6xo.unM .UJIH rrpaBJIJihHOro onpe.ueJieHHH acttMnToTHK . 

HHCTaHTOHHhIX perneHH:ii. KpoMe Toro, CK rronpaBKa HBHhIM o6pa3oM 

BXO.UHT B Bhlpa:lKeHHe .UJIH 3HeprHH OCHOBHoro COCTOHHJIH CHCTeMbl. 

B (§2) rrpHBe.n;eH rro.upo6HhIH BhIBO./l cpopMyJihI .UJIH pac'-leTa 3Heprnn 

OCHOBHoro COCTOHHHH c y'-leTOM TYHHeJIHJ)OBaHJIH .UJIH KBaHTOBhIX su(2) 
CIIHHOBhlX CHCTeM - Hau6onee Ba)KHOrO C TO'-IKJI 3peHHH rrpaKTJI'-leCKlIX 

rrpuno)Kettuii cny'-laH. Ilpu 3TOM pH.U yTBep:lK.UeHnii JI3 npe.Uhl.IlYlllero rra- .. 

parpacpa cpopMyJIHpyeTCH B pa3BepHyTOM BB.Ile B npnJIO)KeHHH K CIIHHOBhIM 

CHCTeMaM, a TaK)Ke HCIIOJih3YeTCH HeCKOJihKO HOBhIX TeXHH'-leCKHX npue

MOB, '-ITO B KOHe'-IHOM lITOre II03BOJIHeT IIOJIY'-IHTh npocTyIO II y.uo6HyIO 

cpopMyJiy .UJIH pac'-leTa ::icpcpeKTOB TYHHeJIHJ)OBaHHH .UJIH CIIHHOBhIX ClICTeM. 

B qacTHOCTH, oKa3bIBaeTcH, '-ITO y'-leT CK <pa3hl HBHhIM o6pa30M rrpHBO

.UHT K Beii:JieBCKOMY C./lBHry KBa3HKJiaCCH'-leCKOro napaMeTpa j-+ j + 1/2, 
Heo6XO.UHMOMY .UJIH IIOJiy'-leHHH rrpaBHJihHOH acHMIITOTHKlI. O6hI'-IHO, Ta-
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!WI! C./lBiff paccMaTpHBaeTCH KaK Heo6XO,IlHMaH MO.Ull<pHKaIJHH, He cne.uy10-

maH, o.unaKo, 113 caMo:ii Teopu11. B Ka'-leCTBe HJIJIIOCTpa11nu ::icpcpeKTHBHo

cTH MeTo.ua BhI'-IHCJIHeTCH TYHHeJihHhlH C,IlBHr OCHOBHoro ypoBHH B MO,IleJIJI 

JI nmrnna-MernKOBa-r mma. 

B (§3) nocTpoenHaH HHCTaHTOHHaH TeXHHKa IIplIMeHeHa .UJIH onncaHJIH 

He,IlaBHO ( 1999 r) 3KcnepHMeHTaJihHO o6Hapy:lKeHHOro ::icpcpeKTa TYHHeJiu

poBaHHH cnHHOB B MarHHTHhlX MOJieKyJiaX Feg. faMJIJihTOHHaH ClICTeMhl 

HMeeT Bll.Il 
•2 A2 A 

H = kilz + k2Jy - hJz, 

r.ue k1 ~ 0.33[( > k2 ~ 0.22[( > 0, J ecTh orrepaTOphI su(2) cnnHa B 

npe.ncTaBJieHun j, u h - BHernHeee MarHHTHoe none. Ha:ii.n;etto TYHHeJih

noe pacmenJieHHe OCHOBHOro ypoBHH ClICTeMhl KaK cpyHKIJHH BHernHero 

noJIH. AHaJIHTlI'-leCKHe pacqeTbl corrracyIOTCH C 3KCnepHMeHTaJihHhlMH. 

.IJ;aHHhIMH. 

IloKa3aHo, '-ITO 3Ha'-leHJIH BHelliHero MarHHTHoro IIOJIH, .IlJI.H KOTOJ)hIX 

IIpOHCXO./llIT IIOJIHOe no.n;aBJieHue TYHHeJibHhlX nepexo.uoB ( ::icpcpeKT' He Ha-

6rr10.na10mu:iicH IIpH TYHHerrnpoBaHHJI '-laCTlIIJhl B IIOTeHIJJiaJie)' onpe.n;eJI.H

IOTC.H BKrra.n;oM Tononoru'-lecKoro '-IJieHa Becca-3yMHHO n CK <pa3hl. Ponh 

CK <pa3hI cocTonT B TOM, '-ITO OHa KOMIIeHcnpyeT 0(1/ j) nonpaBKH, B03-

HHKa10mne OT BKJia.n;a TononornqecKoro '-IJieHa, H TeM caMblM IIOJIHOCThIO 

cpuKcnpyeT ycJIOBHH, npu KOTOJ)bIX TyHHerrnpoBaHne HC'-le3aeT. 

B IIHTo:ii rnaBe .n;aHo onpe.uerreHne cynepKorepeHTHhIX cocTO.HHHH n HH

TerpanoB no TpaeKTOpHHM .UJIH npocTe:iirnnx cyneprpynn - U(ljl) n 

SU(2jl), HBJIHIOlllHXC.H rpynnaMn cnMMeTpnn .UJIH KBaHTOBOOIITH'-lecKo:ii 

Mo.nerrn lI)Ke:iittca-KaMMHHrca (lIK) n t-J Mo,nenn CHJihHOKoppennpoBaH

HhIX 3JieKTJ)OHOB, COOTBeTCTBeHHO. 

(§1) IIocTpoeH n BhI'-IHCJieH u(ljl) HHTerpan no TpaeKTOpHHM .UJI.H 

cTaTcyMMhl lIK Mo,nenn. 

(§2) PaccMoTpeHo o6o6meHne reoMeTpnqecKoro no,nxo,na K nocTpoe

HHIO KOHTHHJaJihHhIX HHTerpaJIOB IIO TpaeKTOpHHM Ha op6HTax cynep

rpynn. B qacTHOCTH IIOKa3aHo, '-ITO HenpehIBHOe no BpeMeHH .ueiiCTBHe, 

BXO.UHmee B HHTerpaJihHoe npe,ncTaBJieHne nponaraTopa Ha cynepop6n

Tax, co.uep)KHT BHenHTerpaJihHhle '-IJieHhl, Bhlpa)Ka10mnec.H qepe3 K::ine

poB cynepnoTeH11nan, KOTOphle o6ecne'-lnBaIOT cornacoBaHHOCTh KJiaccn

qecKnx ypaBHeHHH .UBH)KeHH.H JI rpaHH'-IHhIX ycJIOBJIH. 

(§3) BbI'-IHCJieH nn,nnpy10mnii (B KBa3HKJiaccnqecKoM pa3JIO:lKeHnn) 

BKrra.u B su(2jl) nponaraTop B npH6JIJI)KeHnn cTaU<pa3hl .UJIH su(2jl) HHTe-
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rpa.Jia. IloKa3aHo, 'ITO B cJiy'lae, KOr.ua raMHJibTOHIIaH CIICTeMbl HBJI5!eTOI 

JIHHeiiHoii KOM6nHau:neii SU(2ll) reHepaTopoB c npoH3BOJihHbIMH K03<pqm

u:neHTaMn, 3TOT pe3yJibTaT HBJIHeTCH TO'IHbIM H MO:lKeT 6bITb noJiyqen C 

noMOIUhIO 3aMeHbl nepeMeHHhIX - .UBH:lKeHHH SU(2II) MeTpIIKH. B·cJiy

qae, Kor.na K03<pqmu:neHTbl npOH3BOJibHbIM o6pa30M 3aBHCHT OT BpeMeHII, 

3a,Ua'la CBO.UIITCH K perneHHIO ypaBHeHIIH PnKaTTII Ha cynepMHOroo6pa3HII 
cp111. 

B rnecToii rJiaBe TeXHHKa su(2ll) IIHTerpa.JioB no TpaeKTopHHM npnMe

HeHa ,UJIH HCCJie,UOBaHirn t - J MO,UeJIH, OTIHCbIBaIOmeii KBaHTOBYIO CHCTeMy 

CIIJibHO KoppeJIIIpOBaHHbIX 3JieKTpOHOB Ha npocTpaHCTBeHHOH perneTKe. 

C cpopMa.JibHoii ToqKH 3peHIIH raMHJihTOHHan t - J MO.UeJIH HBJIHeTcH 6n

JIIIneiiHoii <popMoii oT su(2ll) renepaTopoB, n TeM caMbIM op6nTa cy

neprpynnhI SU ( 211) BhicTynaeT KaK ecTeCTBeHHOe KJiaccnqecKoe cpa3oBoe 

npocTpaHCTBO .UJIH .uanHoii MO.UeJIH. KBaHTOBbIH nponaraTop HJIH CTaT

cyMMa .UJIH t-J MO,UeJIH 3aTIHCbIBaeTCH B <pop Me SU ( 211) HHTerpa.Jia no Tpa

eKTOpHHM Ha Bblp02K.UeHHOH op6nTe CP1l1 = SU(211)/U(lll). Ba:lKHblll 

MOMeHT COCTOHT npn 3TOM B TOM, 'ITO xapaKTepHblH .UJIH .uaHHOH MO,UeJIH H 

KpaiiHe qyBCTBHTeJibHbIH K annpoKCHMau:IrnM JIOKa.JibHblH KOHCTp3ttHT, 3a

rrpema10mHii .UByKpaTHOe 3aTIOJIHeHIIe Y3JIOB 3JieKTponaMH, Y'IHTbIBaeTCH 
B TeXHHKe su(2ll) HHTerpa.Jia aBToMaTHqecKII. · 

Ha OCHOBe HCilOJib30BaHHH 3TOH TeXHHKH B (§1) IlOKa3ano, qTo, B 06-

meM cJiyqae, He cymecTByeT npeo6pa3oBaHHH Ht-J ➔ H(S, J), r.ne orre

paTOpbI S n f 0603na'laIOT He3aBHCHMbie ([S,J] = 0) SU(2) (cnHHo

Bble) reHepaTopbl H 6eccnHHOBbie <pepMHOHHbie (roJIOHHbie) nom1, COOT-. 

BeTCTBeHHO. B (§2), .UJIH MO.UeJIH Xa66ap.ua c U = oo, qTo cooTBeTCTByeT 

t - J Mo.UeJIH c J = 0, su(2ll) HHTerpa.JI .nm1 cTaTcyMMhI Bb1qncJieH B KBa-

3HKJiaccn'leCKOM (.UJIH 6oJibIIIHX HH.UeKcoB su(2ll) npe.ucTaBJiennH) npH-

6JIH2KeHHII. IloJiyqeHo xopornee corJiacHe c qHcJieHHhlMH pac'l:eTaMH. 

B 3aKJIIOqeHHH .uaHa CBO,UKa OCHOBHbIX pe3yJibTaTOB, noJiyqeHHbIX B 

.UHCcepTaU:HH. 
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