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OEI.l(Afl XAP AKTEPY.ICTMKA P AEOThI 

AKTya.l\.LHOCTI> TeM1>1 

Co BpeMeH OTKpbITH.sI BbICOKOTeMnepaT}'PHOH 

cBepxnpoBOAHMOCTH OAHOMepua.si: cpH3HKa CHJ\.bHO CBH3aHHbIX 

3.1\.eKTpOHOB aaxOAHTC.sI B n;eHTpe BHHMaHH.sI MHorux ny6AHKart;HH [1). 
VIHTepec K OAHOMepHbIM MOAC./\..sIM 3Ha'!HTe./\.bHO B03poc IIOC./\.e 

yrnep)l{AeHH.sI AHAepcoaa o TOM, 'ITO AB}'Mepuble cHcTeMbl AOAJKHbl 

HMeTb MHOrHe o6w;He c OAffOMepHbIMH CHCTeMaMH CBOHCTBa. c APyrOH 

CTOpOHbl, BeCbMa BaJKHbIM cpaKTOM HB./\..sieTC.sI TaIOKe TO, 111'0 MHOrHe 

OAHOMepHbie MOAe./\.H MOryT 6b1Tb TO'IHO pemeabl. 0AHHMH H3 

uaH60.11.ee H3BeCTHbIX IIOA06HbIX MOAe/\.eH .sIB/\.IDOTC.sI cpepMHOHHble 

MOAeAH Xa66apAa H t-J. MoAeJl.b Xa66apAa OIIHCbIBaeT n;eno'IKY c 

31\.eKTpOHaMH KOTOpbie MOryT rrepecKaKHBaTb Ha COCeAHHe Y3Abl H 

KOTOpbie llOABepJKeHbl KyAoHOBCKOMY B3aHAeHCTBRIO. CorAacuo 

UpRHit;Hny Ilay.11.H B KaJKAOM Y3/\.e MOryT 6bITb 4 COCTO.sIHHH H 

CAeAOBaTeJ\.bHO pa3MepHOCTb MOAe.11.H 4L, t-J MOAe./\.b 6bl/\.a npeAJ\.O>Keaa 

AJKaar H PaRCOM H OUHCbIBaeT CH/\.bHO CBH3aHHble 3.1\.eKTpOHbI c 

aHTHcpeppoMarHHTHbIM B3dHMOAeHCTBHeM. 

Cym;ecTByeT MHoro HCTOpR'leCKHX UYTeil rrpHBOA.sIIIl;HX K 

llOH.sITHIO TO'IHO pemaeMbIX MOAe/\.eH. CpeAH HHX pa6oTbI 0 CllHHOBbIX 

n;eno'!Kax Ha'laThle EeTe, pa6oTbl Oucarepa, J\.H6a, Ca3epAeHAa, 

EaKCTepa nocs.si:m;eauble KAaCCH'leCKHM cTaTHCTH'leCKHM MOAe.11..sIM, 

pa6oTbI .SiuroB, 3aMO/\.OA'IRKOBbIX H ApyrHx B TeopHH pacce.si:umi:. 

06bl'IHO MOAe.11.b MOJKeT 6bITh Ha3BaHa TO'IHO pemaeMOH (H/\.H 

HHTerpRpyeMOH) eCAH IIO/\.Y'leHO YA06uoe BbipaJKeHHe AJ\.,SI CB060AHOH 

3HeprHH H./\.H ec.11.H 3Ta 3~a-qa CBeAeHa K rrpo6AeMe K/\.aCCH'leCKoro 

MaTeMaTH'lecKoro aHd.ll.H3a. Hau6oAee H3BecTHoH MOAeAbIO 

K./\.aCCH'leCKOH CTaTHCTH'leCKOH cpH3HKH .sIB./\..sICTCH MOAe./\.b l13HHra, 

KOTopa.si: onpeAeMieTC.si: KaK d-Mepaas pemeTKa, 'l:E.H 11epmHHbI 

06./\.~aIOT OAHHM H3 AByx B03MOJKHbIX 3Ha'IeHHH nepeMeHHOH a= 1,-1 a 

cTaTHCTH'leCKa.sI C}'MMa 3aITHCbIBaeTC.sI KaK 

ZN= L:exp{KLCT;CTj +hLo-;} 
(J <i,j> i 
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MoAeAb 6hIAa npeAAOJKeHa vfaHHrOM H pemeHa B OAHOMepHOM CA~ae. 

A,ByMepHCUI MOAeAb 6hIM pemaHa AapcoM OHcarepoM, OAHaKo 

TJ>eXMepHM MOAeAb He pemeHa H ITO ce:H AeHb. Co BpeMeH pemeHHH 

OHcarepoM 3TOH MOAeAH cTaTHCTH'lecKM cpH3HKa ABYMepHhIX MOAeAe:H 

o6aroTHAaCb TaKHMH HOBhIMH TO'IHO pemaeMhIMH MOAeAHMH KaK 

ccpepH'leCKaH MOAeAb, MOAeAH THITa AbAa, BOCbMHBepillHHHaH MOAeAb, 

MOAeAb JKecTKoro reKcaroHa H APyTHe. To'lHOe pemeHHe 3THX MOAeAeH 

CTaAO BaJKHhIM HCTOlJHHKOM HHcpOpMaIJ,HH 0 CBOACTBax cpa30BblX 

ITepexoAOB. HeKoTophie rAo6aAbHhie ITpeAITO.AoJKeHmi:, TaKHe KaK 

rHITOTe3a ITOA06HH H npHHIJ,HlI )'HHBepCaAbHOCTH ITOAY'IHAH HX 

ITOATBepJKAeHHH H YTO'IHeHHH. 

K coJKMeHHIO, MhI AOAJKHhI npH3HaTb, 'ITO 3TH MOAeAH pemenhI 

TOAbKO B OAHOMepHhIX H ABYMepHhIX C.AY'IMX. TeM He Meuce 

HeKOTOpble KpHCTaAAbl HMeIOT CH.AbHbie ropH30HTaAbHhie H C.l\dlSLIC 

BepTHKaAbHble B3aHMOAeHCTBHH H C.l\eAOBaTe.AbHO BbIIlleOITHCdHHblC 

MOAe.l\H M:oryr HX xopomo OITHChIBaTb. 

CAeAyroIIJ;HM K.l\aCCOM TO'IHO pemaeMhIX MOAe.l\.eH HB.l\HIOTCH 'l"aK 

Ha3hIBaeMbie KBaHTOBhie pemeTO'IHhie MOAe.AH. OcHoBy pememrnM 

3THX MOAe.Ae:H noAOJKHA EeTe co3AaB cBo:H 3HaMeHHTbIH EeTe aH3aIJ, 

(IlOACTaHOBKy) H pemHB HM H30TJ>OITHyro MOAeJ\.b fe:H3eH6epra. 

tiacTHlJHO aHH30TJ>OilHasi: MOAeAb feibeHrepra 6hIAa pemeHa .SIHraMH 

(2] - [4], a ITOAHOCTbIO aHH30TponHaH P. EaKcTepoM c noMOIIJ;bIO BeCbMa 

HeTJ>HBHaAbHoro o6o6w;eHHH aH3an;a EeTe (5) - [8]. faMHJ\.bTOHHaH 

aHH30TJ>OlIHOH MOAeAH fe:H3eH6apra HMeeT CAeAyIOIIJ,HH BHA: 

H - 1 ~(J x x J y y J z z ) ---L..,, x(Yn(Yn+I+ y(Yn(j'n+I+ z(j'n(j'n+I 

2 n=I 

B 3THX >Ke pa6oTax EaKcTep HameA CBH3b MeJKAy BepmHHHbIMH 

MOAeAHMH K.l\aCCH'leCKOH CTaTHCTH'leCKOH cpH3HKH H KBaHTOBbIMH 

pemeTOlJHhIMH MOAeAHMH. c Apyro:H CTOpOHhI, KBdHTOBbIC pemeTO'lHhIC 

MOAeAH Moryr 6bITb CB513aHbl c ITOMOIIJ;blO ITpeol5pa30BaHH51 11opAaHa­

BHrHepa c TaK Ha3bIBaeMbIMH cpepMHOHHhIMH MOAeMIMH. <DaKm'leCKH 

pemeHHe HOBOH MOAeAH B ITpHHn;une B.l\C•IeT 3a co6o:H pemeHHP 

COOTBeTCTBYUIHX 3aAa'I B CMeJKHhIX 015.l\ftC"THX. 

MoAeAH Xa66apAa H t-J si:n.1U110Tcsi: HaH6oAee H3BecTHI:.IMH 

cpepMHOHHbIMH MOAeAHMH KOTOpLIC" MOrYT 6bITb TO'IHO peilleHhl (' 

• I 

j' 
11 

I 
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ITOMOIIJ;bIO BeTe aH3an;a. Pa3.AH'lHble pac_mHpeHHH, o6o6m;eHH51 H 

TiaCTHble CAY'laH 3THX MOAeAeH paccMaTJ>HBaIOTC51 BO MHOrHX 

COBpeMeHHhIX CTaTb51X, OAHaKo C'lHTaHHOe HX 'IHCAO IlOAY'lHAO TO'lHOe 

pemeHHe. B OCHOBHOM pe3y.AbTa'I'bl OilHpaIOTC51 Ha 'lHCAeHHhie MeTOAhI 

H OlJeHb BaJKHO HaxOJKAeHHe HOBhIX, 60./\ee rrpH6AHJKeHHhIX K 

peaAbHOH JKH3HH MOAeAeH. PemeHHe HOBbIX MOAe.l\eH, KpOMe qacmoro 

HHTepeca, II03BOAHeT TaKJKe YTO'IHHTb H AOITOAH.IITb HeKoTopble 

rA06aAbHhie rrpeAITOAOJKeHH51, TaKHe KaK, HanpHMep, rnrroTe3a IlOA06H51 

H.AH CKeHAHHr. 

/).;\.II IIOAaBASIIOIIJ,ero 60.AbillHHCTBa TO'IHO pemeHHhIX MOAeAeH 

aH3an; EeTe npeACTaBJ\.HeT co6o:H ocHoBy AM ycrremHoro pemeHIDI H B 

npoIJ,ecce pa3BHTH51 TeopHH C03AaBaAHCb pa3.AH'lHble MOAHcpHKaIJ,HH 

3Toro aH3an;a: BAOJKeHHhIH, <l>YHKIJ,HOH8AbHhIH, aHaAHTH'leCKHH, 

a.Are6pauriecKHH H APyrHe. CpeAH H:HX BhIAeMeTc.11 aAre6paHtJecKHH 

EeTe aH3aIJ,, OCHOBaHHhIH Ha KBaHTOBOM MeTOAe o6paTHOH 38Aa'IH 

pacceHHHH H pa3BHTbIH AeHHHrpaACKOH rpyrrno:H TaxTdA)K.IIH H AP· [9] 
- [ 12). AAre6paH'lecKH:H BeTe aH3an; Il03BOA51eT npHAaTb CYMMe EeTe 

onepaTOpHyro cpopMy, HeCOMHeHHO HaH6o.Aee KOMITaKTHyro H 

noAe3uyro. Pa6o'I'bl B 3TOM HaITpasAeHHH TaKJKe cnoco6cTBoBaAH 

IIOHBAeHHIO IIOHHTHH KBaHTOBhIX rpyITrr. 

Teop1rn KBaHTOBhIX rpyrrn, pa3BHBaeMaH c cepeAffHhI 80-blx, 

HrpaeT ce:Hqac <l>YHAaMeHTaAbHbIJO pOAb B TeOpHH HHTerpHpyeMbIX 

MOAe.l\eH H KOHcpopMHOH TeopHH ITO.AH. CymecTByeT ABa 

3KBHBaAeHTHhIX OlipeAeAeHHH KBaHTOBhIX rpynn. OepBoe HCIIOAb3yeT 

q-AecpopMHpoBaHHble reHepaTopbl IIleBaAbe. BTopoe B03HHKAO B 

KBaHTopo:H 38Aa'le o6paTHoro pacceHHHH. BaJKHoe cso:HcTBo 

KBaHTOBbIX rpyrrIT COCTOHT B TOM 'ITO OHH HMeJOT ABa KO-YMHOJKeHH.11, 

KdJKAOe H3 KOTOpbIX MOJKeT 6hITb lIO.AY'leHo H3 APyroro c IlOMOIIJ;blO 

TaK Ha3hIBaeMo:H yHHBepca.AbHOH R-MapTHIJ,hI, KOTOPM cD.AeTaeT 3TH 

ABa KO-YMHOJKeHHH. 

HeKoTophie HHTerpHpyeMble faMH.AbTOHHaHbl o6.l\8AdroT 

CHMMeTJ>HeH KBaHTOBOH rpyrrrrhI. HanpHMep, KOHe'lHa.11 lJ8CTH'lHO 

H30TJ>OITHaH MOAeAb fe:H3eH6epra (XXZ) 06.AdAaeT CHMMeTpHe:H Uqsl
2

• 

BaJKHhIM ITpHAOJKeHHeM KB8HTOBhIX rpyrrIT HBAHBeTCH B03MOJKHOCTb 

C03AaHH51 HOBOro IlOAXOAa, IlOCTaHOBKH H TO'IHoro pemeHHH HOBhIX 

MOAe.AeH 06./\aAaJOIIJ,HX CHMMeTJ>HeH KBaHTOBOH rpyITIThI. 

3.1\eKTJ>OHHhie COCTO.IIHH51 B CAy'laHHhIX CHCTeMax CT8HOB.IITCH 

TeMOH aKTHBHhIX HCCAeAOBaHHH B CB.ll3H c 06IIJ,HOCTblO cpeHoMeHa 
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AOKaAH3a:a;uu B OA1m- H ABYMepHhIX npocTpaHCTBax. XoTH AOBOAbHO 

xopOIIIO ycTaHOBAeHo, 'ITO 6ecnop.llAOK npHBOAHT K 3KCIIOH€HD;HaAhHOH 

AOKaAH3aD;HH Bcex COCTOHHHH B OAHOMepHhIX H ABYMepHhIX CHCTeMax 

BHe 3aBHCHMOCTH OT 3HeprHH COCTOHHH.11, cyrn;ecTBytoT HeKOTOphle 

HCK.l\.IOtJ:eHHH. Koppeu:a;HH B 6ecnopHAK€ MOryT BhI3BaTh IIOHB.l\eHHe 

A€.l\OKaAH30BaHHhlX COCTOHHHH H, HarrpHMep, 06bHCHHTb aHOMa.11.bHO 

60.1\hllIYIO rrpoBOAHMOCTh HeKOTOphlX Bern;ecTB, KOTOphle ero o6AaAaTh 

He AO.l\JKHbI 6hl.l\H. 

TaKHM o6pa30M, HaCTO.!lrn;ee COCTOHHHe TaKOBO, 'ITO HeCMOTpH Ha 

OTMetteHHble ycneXH, KOAHtJ:eCTBO H o6rn;HOCTb HHTerp:e:pyeMbIX 

MOAeAeil: BeCbMa orpaHHtteHHO H Kpail:He JKeAaTe.l\hHO HaXOJKAeHHe 

HOBbIX, 6oAee o6rn;Hx TO'IHO peIIIaeMbIX MOAeAeil: a TaKJKe C03AaHHe 

HOBbIX TeXHOAOrHH AJ\..11 3THX peIIIeHHH. 

lleALIOAffCCepTanuoHHOH pa60TLIBB.IUleTCB 

Co3AaHHe HOBOH TeXHOAOrHH aaxoJKAeHHH HHTerpirpyeMhIX 

MOAeAeH OCHOBaHHOH Ha KBaHTOBOH acpqrnHOH CHMMeTpHH; c IIOMOiqblO 

3TOH TeXHOAOrHH IIOCTpoeHHe HOBbIX, DO B03MOJKHOCTH 6oAee o6IIIHX, 

TO'IHO pemaeMbIX KBaHTOBhIX MOAeAeH; HaXOJKAeHHe KoppeAHD;HH 

6ecrrop.!lAKa npHBOAHID;HX K IIOHBAeHHIO AeAOKa.l\H30BaHHbIX COCTOaHHH 

B OAHOMepxbIX MOAeA.llX. 

HaY'IHaB HOBH3Ha 

1. Pa3BHT MeTOA IIOCTpOeHHH CIIHHOBbIX MOAeAeH, KOTOpbie 

OCHOBbIBaIOTCH Ha H3BeCTHble HHTerpHpyeMble MOAeAH H HMelOT 

CHMMeTpHIO KBaHTOBOH acpHHHOH rpyIIIlbI. 

2. Pa3pa60TaHa TeXHHKa cpepMHOHH3aD;HH HHTerp11pyeMbIX 

MOAeAeH, KOTOpa.!1 HBAHeTCH a.l\hTepHaTHBOH H3BeCTHOMY 

npeo6pa30BaHHIO HopAaHa-Birraepa. Pa3pa6oTaHHa.!l TeXHHKa 

IIpHMeHeHa K MOAeMIM c KBaHTOBOH acpHHHOH CHMMeTpHeli:. 

3. CTo.l\ytteHbI HOBble MOAeAH H HX cpepMHOHHble npeACTaB.l\.eHH.!l, 

TaKHe KaK: 

a. PacIIIHpeHHa.!l MOAe.l\.h Xa66apAa c AOIIHHroM, XOIIIIHHrOM 

nap H B3aHMOAeHCTBHeM AbIPOtJ:HbIX II.l\.OTHOCTeH 

• 

I 
""' 
f 

( 
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b. PacmHpeeaa.!l MOAeAb Xa66apAa c 

rpaHH'IHhIM 3ap.!IAOM, B3aHMOA€HCTBHeM Il.l\.OTHOCTei H 

6030HOB 

c. MeoroKOMIIOHeHTHa.!l t-J MOAe.l\b c 06Hy.1U110rn;eil:cH 

KOHCTaHTOH CIIHH-cmm B3aHMOAeHCTBH.!l 

d. MHoroKoMnoHeHTHoe pacm:e:peaHe t-J MOAe.l\H 

4. /:l,ll5I. pacm:e:peHHo:li MOAeAH Xa66apAa c rpaHH'IHbIM 3apHAOM, 

B3aHMOAeHCTBHeM II.l\.OTHOCTeH H 6030HOB npeACTaBAeHo 

OCHOBHOe COCTOHHHe' KOTOpoe 06HapyJKHBaeT 

CBeTXnpOBOAHMOCTb nocpeACTBOM MeXaHH3Ma Tj-cnapHBaHHH. 

5. Pacrn;:e:TaH H npoaHaAH3HpoBaH TepMOAHHaMH'leCKHH rrpeAeA 

ypaBHeH:e::H BeTe AJ\..11 t-J MOAeAH c KBaHToBoil: acpHHHoil: 

CHMMeTpHe:H. 

6. CTpeACTaBAeHa OAHOMepHa.!l MOAe.l\b AJl..!l CMeCH IIOAynpOBOAHHKOB 

B KOTOpoli, c IIOMOID;blO COOTBeTcByrorn;ero BbI6opa KOppeMI:a;HH 

6ecnop.!1AKa, IIO.!IBA.lllOTC.!l AeAOKaAH30BaHHbie COCTO.!IHHH. 

IlpaKTH"leCKaB neHHOCTL pa6oTLI 

HecMoTpH Ha cyrn;ecTBoBaHHe onpeAeAeHHoro ttHCAa pa3BHThIX 

MeTOAOB pemeHHH CIIHHOBbIX, pemeTO'IHbIX H cpepMHOHHhlX MOAeAeli:, 

C'IHTaHHOe HX 'IHC.1\0 IIOAY'IH.1\0 TO'IHOe pemeHHe. B OCHOBHOM 

pe3yAhTaTIJ OIIHparoTCH Ha 'IHCAeHHbie MeTOAbI, Il03TOMY otteHb BIDKHO 

HaXOJKAeHHe HOBhIX, 6011.ee npH6.l\.HJKeHHbIX K peaAbHOH JKH3HH 

MOAeAeH H ern;e 60.1\.ee BaJKHO HaXOJKAeHHe HOBhIX MeTOAOB 

He06XOAHMhIX AJ\..11 3Toro. MeTOA IIOCTpoeHH.!l HOBLIX CIIHHOBLIX 

MOAeAeH pa3BHTbIH B AHCCepTaD;HH H OCHOBhIBaHHhIH Ha H3BeCTHhlX 

HHTerp11pyeMhIX MOAe.l\.!lx c HOBOH acpHHHOH KBaHTOBorpynnoso:H 

CHMMeTpHeH .!lBA.!leTC.!l ottepeAifhIM ycnellIHhIM 3TaIIOM pa3BHTHH 

TeopHH. Pa3BHThIH MeTOA, BHe BC.!lKOro COMHeHHH, MOJKeT 6b1Tb 

npHMeHeH aHaAorHttHhIM o6pa3oM H K APyrHM KAaccaM MOAeAeH. 

Pa3pa6oTaHHaH TeXHHKa cpepMHOHH3aD;HH HHTerp11pyeMbIX 

MOAeAeH MOJKeT 6IJTb ecTeCTBeHHbIM o6pa30M npHMeHeHa A.l\.!l 
cpepMHOHH3aD;HH AI06o:H APyro:H CIIHHOB OH MOAeAH. 

CTpeACTaBAeHHa.!l MOAeAb AJl..!l CMecu rroAynpoBOAHHKOB cAyJKHT 

XOpOIIIHM IIpHMepoM OAHOMepHOH MOAeAH c 6ecrrop.!IAKOM, rAe c 

I 
i 

.11 
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llOMOIQbIO cooTBeTcByro~ero Bhl6opa KoppeMIJJ;xm: 6ec11op.llAKa, 

110.llB./UllOTC.ll AeAOKaJl.H30BaHHble COCTO.llHH.ll. 

Hay•mwe DOAO:>KeHHJI BLIHOCHMl>le Ha 3amHTY 

1. Pa3BHTbIH MeTOA llOCTpOeHH.ll CllHHOBbIX MOAeAeH o6AaAaIOIDHX 

KBaHTOBOH aq>HHHOrpy11110BOH CHMMeTpHeH 

2. Pa3BHThlH MeTOA <t>epMHOHH3aJJ;IDI HHTerpHpyeMbIX MOAe.11.eH, 

.llBASIIO~HHC.ll a.11.:1>TepHaTHBOH 11peo6pa3oBaHHIO HopAaHa-

BHrHepa 

3. HoBruI HHTerp:e:pyeMa.ll MOAeAb Xa66apAa c AOllHHroM, 

XOllnHHrOM 11ap H B3aHMOAeHCTBHeM AhlPO'IHhIX II.11.0THOCTeH 

4. HosaH HHTerpHpyeMaH MOAeAb Xa66apAa c rpa.HH'IHhlM 3ap5fAOM, 

B3aHMOAeHCTBHeM 11.11.0THOCTeH H 6o30HOB 

5. HoBruI HHTerpHpyeMaH MHOrOKOMllOHeHTHaH t-J MOAe.11.b c 

o6eyASIIO~e:Hc.ll KOHCTaHTOH CllHH-CllHH B3aHMOAeHCTBHH 

6. HoBaH HHTerpHpyeMOe MHOrOKOMllOHeHTHOe pacnmpeHHe t-J 

MOAeJl.H 

1. HoBa.ll OAffOMepHruI MOAeAb M.ll CMeCH llOAynpOBOAHHKOB B 

KOTOpo:H, c llOMO~bIO COOTBeTCBYIO~ero Bhl6opa Koppe.11.HD;HH 

6ec11op5[AKa, noHB.11.HlOTC.ll AeAOKaAH30BaHHbie COCTOHHH.ll 

Annpo6anog pa6oTLI 

OcHOBHbie pe3yAbTaTbl AHCCepTaD;HOHHOH pa6oThl AOK.11.dAbIBaAHCb H 

o6CYJKAaAHCb Ha Me)KAYffapOAHOH KOH<t>epeHD;HH "Duality and Non­

Perturbative aspects of QCD", KeM6pJINK 1991 H Ha HayqHbIX ceMHHapax 

l1HCTHryTa HHAbca Bopa, KoneHrareH 1998-2000; CaK.11.e, napmK 1991; 
BoHHCKoro YHHBepcHTeTa, 1999. 

Ily6AHKallHH 

Ilo TeMe AHCCepTaD;HOHHOH pa60Th1 ony6AHKOBaHO 5 HayqHblX pa60T, 

CllHCOK KOTOpbIX npHBOAHTCH B KOHrt;e aBTOpe<t>epaTa. 

1 

' 

)' , 
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CTpyKTypa AHCCepTaUHH 

AHccepTan;HH cocTOHT H3 BBeAeHHH (r.11.aBa 1), nHTH rAaB, 3aKAIO'leHlrn 

H CllHCKa .11.HTepaTYPbI H3 131 HaHMeHOBaHHH. 06~HH 06'beM pa6oTbl 

COCTaB.11.HeT 102 CTpaHHD;bI 11eqarnoro TeKCTa. 

CoAepJKaHMe Pa6oThI 

Bo BBeAeHHH (r.11.aBa 1) o6ocHOBaHa aKTYa.11.:bHOCTb TeMbl H CAeAaH 

KpaTKHH o63op no rrpo6AeMaM 3aTpOHYThlM B AHCcepTart;HH. lfaAOJKeHbl 

llpaKTH'leCKa.ll n;eHHOCTb H KpaTKOe COAepJKaHHe pa6oTbI. 

Bo BTopoli rAase AHCCepTan;HH AaeTcH onpeAeAeHHe rpy11bI Kan;-MyAH, 

AAre6phl Xo11¢a, 11peAcTaBAeHa q-Ae<t>opMan;HH fayca, q-

Ae<t>opMHpoBaHHble COOTHOIIIeHHH CHeppe, KOJMHOJKeHHe H 

YffHBepcaAbHa.ll R-MaTpH.o;a. 

B TpeTLeH: rAase rrpeACTaBAeHa KOHCTpYKD;HH ceMeHCTBa 

faMHJ\bTOHHaHOB CIIHHOBbIX n;erro'leK KOTOpble o6AaAaIOT a<t>HHHOH 

KBaHTOBOrpyrrllOBOH CHMMeTpHeH Uq g C IIOMO~bIO CII.11.eTaIO~HX 

onepaTopoB rpyrrrrbl [13]. 3TH CIIAeTaIO~e 011epaTOpb1 KOMMYTffPYIOT c 
A 

UCJ g 110 011peAeAeHHIO, B To BpeMH KaK 1aMHAbTOHHaH KOMMYTffpyeT no 

llOCTpOeHHIO. npocTpaHCTBO COCTOHHHH 3THX CIIHHOBbIX pemeTOK 

cpopMHpyeTCH TeH30pHbIM npOH3BeAeHHeM IIOAHOCTbIO IIpHBOAHMhIX 

11peACTaBAeHHH. A<t>IrnHruI KBaHTOBOrpynnoBaH CHMMeTpHH IIpHBOAHT K 

6ecKoHe'IHOMY BbipoJKAeHHIO ypoBHeli 3HeprHH. YpoBHH ::1Hepm11 3THX 

CIIHHOBbIX n;eno'leK <t>opMHPYIOTCH Ha COCTOHHHHX, CKOHCTPYHPOB a.HHbIX 

Ha CTaplIIHX BeKTOpax npeACTaBAeHHH KBaHTOBOH rpyrrnbl. B 'laCTHbIX 

cAyqruIX orpaHH'leHHH paCCMaTpHBaeMbIX CIIHHOBbIX n;eno'leK Ha 3TH 

COCTOHHH.ll nopo)KAaIOT cnHHOBhle n;eIIO'IKH feli3eH6epra, t-J H.11.H 

XaAAeliHa-IllacTpH. CAeAOBaTeAbHO, MbI HMeeM o6o6~eHirn 3THX 

laMHJ\bTOHHaHOB' KOTOpble o6AaAaIOT a<t>HHHOH KBaHTOBOrpynrroBOH 

CHMMepTHeH. 
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lleTBepTaJI r.11.asa nocB.si:w;eHa nocTpoeHHIO H <j:lepMHOHH3filJ;HH 

MOAeAeH c noMOID;bIO pe3y.ll.hTaTOB no.11.y'!eHHblX B npeAbJ:Ayw;e:H r.11.aBe. B 

'!aCTHOCTH, KOrAa B03MOJKHhl '!eThlpe COCTO.SIHH.SI B y3.11.ax H HeT 

3aBHCHMOCTH OT napaMeTpa Ae<j:>opMan;irn KBaHTOBOH rpynnhl, Mhl 

HaXOAHM HeKoTophle HHTerp11pyeMhle pacurnpeHH.SI MOAeAH Xa66apAa. B 

CAyqae, KOrAa npocTpaHCTBO COCTO.SIHHH KaJKAOro y3.11.a eCTb np.srMa.sr CYMMa 

npeACTaBAeHHH co cnHHOM 1 H TpHBHa.11.bHhIX MJAhTHn.i\eTOB, Mhl HaXOAHM 

MOAe.11.h Xa66apAa c AOnmrnroM, xonnHHI'OM nap H AhlPO'!HhlM 

B3aHMOAeHCTBHeM 6AHJKaHIDHX COCeAeH [14]. B c.11.yqae, KOrAa 

npocTpaHcTBo cocTo.SIHHH KaJKAOro y3.l\.a ecTb np.srMa.sr CYMMa ABYX 

ABYMepHhlx npeACTaBAeHH:H, MLI HaxOAHM MOAe.11.h Xa66apAa c 

B3aHMOAeHCTBHeM rpaHH'!HblX 3apHAOB, nAOTHOCTeH a TaKJKe c 6030H-

6030H B3aHMOAe:HcTBHeM coceAHHX AhlpoK H nap. Ha:HAeHo, 'ITO OCHOBHhle 

COCTO.SIHH.SI B ceKTope <j:>HKCHpOBaHHOro '!HCAa qacTHn; H <j:la3, MOAe.11.b 

npo.SIB.l\.HeT CBepxrrpoBOAHID;He CBOHCTBa nocpeACTBOM T)-cnapHBaHHH [13] -
[14] . .A1m.11.orH'!HLIM o6pa3oM paccMoTpeHhl TaKJKe c.11.y'!aH npHBOA.SIIIJ;He K 

MHOro'!aCTH'!HhIM paclIIHpeHHHM t-J MOAeAH [15]. 

IIJITaJI r.11.asa nocs.srw;eHa TO'!HOMY pemeHHIO OAHOH H3 pa3BHThIX B 

npeAhlAyw;HX naparpa<j:lax MOAeAe:H, a TO'!Hee K pacurnpeHHIO t-J MOAeAH 

[16]. AMI Hcc.11.eAOBaHHH MOAeAH Hcno.ll.h3yeTc.sr KoopAHHaTHhIH EeTe aH3an;. 

PaccMoTpeH TepMoAHffaMH'!ecKHH npeAeA MOAeAH H .SIBHO BhIIIHCaHhI 

ypaBHeHH.SI AAH pa3AH'!HhIX cpyHKD;HH IIAOTHOCTeH. 3TH ypaBHeHH.SI 

AeMOHCTpHpyroT TO, '!TO AOIIOAHHTe.11.bHhle D;BeTOBhle CTeneHH CB060Ahl 

BeAYT ce6.sr KaK B KaAH6pOBO'!HblX TeOpH.srx, a TO'!Hee npOH3BOAhllOe 

pacnpocTpaHeHHe n;BeTOBhIX HHAeKCOB HaA '!aCTHD;aMH OCTaB.l\.HeT 

HHBapHaHTHOH 3Heprnro OCHOBHoro COCTOHHHH H B036yJKAeHHH. 

CToKa3aHo, 'ITO S-MaTpHn;a MoAeAH .SIBAHeTc.sr npoH3BeAeHHeM S-MaTpHn;hI 

o6hl'!HOH t-J MOAeAH H eAHHH'IHOH MaTpHD;hl B D;BeTOBOM npocTpaHCTBe. 

IIJiTaJI r.11.asa c IIOMOID;blO OAffOMepHOH 6HHapHOH CAY'IaHHOH CHCTeMhl 

npeACTdBAHeT MOAeAb COCTaBHOH CMeCH IIOAynpoBOAHHKOB. BBeAeHHeM 

KoppeAHn;HH B 6ecnop.SIAOK AOCTHraeTC.SI IIO.SIB.l\.eHHe AeAOKaAH30BdHHhIX 

COCTOHHHH, '!TO nposepeHHO aHaAHTH'IeCKH H c nOMOID;blO '!HCAOBhIX 

pac'IeToB [17]. 

B 38KAI01JeHBH rrpeACTaBAeHbl OCHOBHble pe3yAhTaTbl pa60Tbl: 

1. 

2. 

3. 

4. 

5. 

6. 
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Pa3BHT MeTOA IIOCTpoeHHH CnHHOBblX MOAeAe:H 

OCHOBaHHhIX Ha H3BeCTHhIX HHTerpHpyeMhIX MOAeAHX H 

HMeIDw;Hx CHMMeTpmo KBdHTOBOH acpHHHOH rpynnhl. HMeeTC.SI 

CH.l\.bHOe BhlpOJKAeHHe COCTO.SIHHH B COOTBeTCTBHH c '!HC.l\.OM 

CTeneHeH CB06 OAhl COCTOHHHX B Y3Aax pemeTKH 

Pa3pa6oTaHa TeXHHKa cpepMHOHH3an;HH HHTerpHpyeMhIX 

MOAeAeH, KOTOpa.sr HB.l\..SieTC.SI a.AhTepHaTHBOH H3BeCTHOMY 

npeo6pa3oBaHHJO VIopAaHa-BHrHepa. Pa3pa6oTaHHa.sr TeXHHKa 

npHMeHeHa K MOAeAHM c KBaHTOBOH acpHHHOH CHMMeTpHe:H. 

Ha:HAeHo cpepMHOHHoe npeACTaBAeHHe MOAeAH c KBaHTOBOH 

a<j:>HHHOH u q s/2 CHMMeTpHeH AAH '!aCTHOro npeACTaBAeHHH 

V = V0 EB v; 12 , KOTopoe HBAHeTc.sr pacmHpeHHeM MOAeAH 

Xa66apAa c AOIIIIHHrOM, XOIIIIHHrOM nap H B3dHMOAeHCTBHeM 

AhlpO'!HbIX IIAOTHOCTeH 

Ha:HAeHo cpepMHOHHoe rrpeACTaB.11.eHHe MOAeAH c KBaHTOBOH 

a<j:>HHHOH u q s/2 CHMMeTpHeH AAH '!aCTHoro rrpeACTaBAeHH.SI 

v = vl/2 EB vl/2' KOTOpoe .SIB.l\.HeTC.SI pacmHpeHHeM MOAeAH 

Xa66apAa c rpaHH'!HhlM 3ap.SIAOM, B3aHMOAe:HcTBHeM IIAOTHOcTeli 

H 6030HOB. CTpeACTdBAeHo OCHOBHOe COCTOHHHe MOAeAH, 

KOTOpoe o6HapYJKHBaeT CBepxnpOBOAHMOCTb rrocpeACTBOM 

MexaHH3Ma T)-crrapHBaHH.SI. 

HaliAeHo cpepMHOHHoe rrpeACTaBAeHHe MOAeAH c KBaHTOBo:H 

acpHHHOH u q s/2 CHMMeTpHe:tl: AAH '!aCTHOro rrpeACTaBAeHHH 

V = V0 EB V., KOTopoe HBA.SieTc.sr MHOroKoMnoaeHTHoii t-J 
.I 

MOAe.11.bro c o6HyAHrow;e:ik.sr KOHCTaHTOH CIIHH-CIIHH 

B3a:HMOAe:ikTBHH 

Ha:HAeHo cpepMHOHHoe npeACTas.11.eHHe MOAeAH c KBaHToso:H 

a<j:>HHHOH u q s/2 CHMMeTpHe:ll: AAH '!acTHoro npeACTaBAeHHll 

v =Vo EB v; EB vi' KOTOpoe llBAlleTCH MHOrOKOMIIOHeHTHhIM 

pacurnpeHHeM t-J MOAeAH 



7. 

8. 
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KoopAHHaTHhIH Eere aH3an; npHMeHeH K a<l>HHHOH t­
J MOAe./\.H AAfI. aHaAH3a COOTBeTCTBYIOU\HX ypaBHeHHH EeTe Ha 

B036~emur. TepMOAHHaMH'leCKHH npeAeA fl/Hf. 3THX 

ypaBHeHHH ycTaHOBAeH H npoaHaA.H3HpOBaH 

DpeACTaBAeHa oAIIoMepHasi: MOAeAh AJUI CMeCH 

IIOAynpoBOAIIHKOB B KOTOpo:H, c IlOMOfi\hlO COOTBeTcByro~ero 

Bbl6opa KOppeJ\.SID;HH 6ecnop.!fAKd, IIOSIBJ\.SllOTCSI 

AeAOKaAH30BaHHhle COCTOHHHSI. 
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