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OBIUAR XAPAKTEPRCTRKA PABOThl 

AKTyaJibHOCTh TeMbl. Ilocne,nm1e ro,!l;bl B qnrnIIKe BMCOKIIX ,rneprII:ii OT

MeqeHM 3HaqIITeJibHOtt aKTlIBHOCTbIO B npoBe,neHIIll 3KCilepIIMeHTOB no 

CT0JIKHOBeHHHM peJIHTIIBHCTCKHX THmenMx noHOB (CERN, Brookhaven, 

Berkeley). O6meTeopeTnqecKott n;enhIO 3THX aKcnepnMeHT0B HBJIHeTCH 

n3yqeHne TepMO,!l;HHaMIIKll ClIJlbHbIX B3alIMO,!l;ettcTBH:ii. B HaCT0Hm;ee 

BpeMH KBaHT0BaJI xpoMO.ZlHHaMHKa (KX,LI), 6y,nyqn ocH0BHMM npeTeH

.neHTOM Ha ponb Teopnn CHJlbHblX B3aHMO,!l;ettcTBntt, ,nonycKaeT o6pa30Ba

Hlle 1rnapK-rJIIOOHH0tt IlJia3Mbl B pe3yJibTaTe COOTBeTCTByromero(Rx) cpa-

30Boro( MX) nepexo,na( OB). Perrraromne TeopeTnqernne ycnexn B n3yqe

mrn 3TOro HBJieHHH II on;eHKe xapaKTepII3YIOID;HX ero napaMeTpOB (Kpll

THqecKaJI TeMnepaTypa ll 6apllOHHaH IIJIOTHOCTh, .ZlJlHHa 3KpaHUpOBKll) 

CBH3aHbl, B OCHOBHOM, C llCilOJlb30BaHneM perrrfaoqHott Bepcnn RX.II:, IIO

CKOJlbKY 3TOT IIO,!l;XO.Zl, BO-IlepBbIX, ,naeT YHllKaJibHYIO B03MO}l{HOCTb Cll

CTeMaTnqecKoro aHaJill3a HenepTyp6aTllBHbIX BKJia,!l;OB B TeOpllll IlOJIH, 

a, BO-BTOpbIX, II03BOJIHH nepefiTH OT 6eCKOHeqHoKpaTHbIX cpyHKD;llOHaJib

HbIX HHTerpaJIOB IlOJieBbIX Teopntt I{ KOHeqHOKpaTHbIM, OTKpbIBaeT rrrnpo

KYIO B03MO}l{HOCTb HCIIOJib30BaHHH KOMIIbIOTepHbIX MeTO.ZlOB nccne,noBaHHH 

KX.LJ:-TepMO.ZlHHaMnKn. 

Pe3yJibTaTbl KOMilbIOTepHbIX BblqncneHntt ,naIOT xoporrree IIOHHMaHne 

KpllTUqecKoro· IIOBe,neHHH CllJlbHOB3allMO.ZleiicTBy10mett MaTepnn. O,!l;HaKO 

KOJIHqecTBeHHcVI Ha,!l;e}l{HOCTb nonyqeHHbIX pe3yJibTaTOB orpaHnqeHa Te

XHnqecKUMll B03MO}l{HOCTHMH COBpeMeHHbIX KOMilbIOTepoB, ,D;a1Ke co cne

n;namrnnpOBaHHbIMll ,n;nH perrreTOqHhIX pacqeToB npon;eccopaMn. KpoMe 

Toro, IlOHHTb npnpo,n;y cpa30BbIX nepexo,n;oB, BbIHCHllTh, co CIIOHTaHHbIM 

HapyrrreHHeM KaKott Il3 CHMMeTpntt OHH CBH3aHbI, TPY.ZlHO Ha H3bIKe Ha6opa 

qncen. B TaKott CHTyan;un qacTO OKa3bIBaIOTCH IIJIO,D;OTBOpHbIMH aHaJill

THqecKHe MeTO.ZlhI nccne,nOBaHHH KX.LJ:. li XOTH aHaJIHTnqecKIItt no,n;xo,n; 

HBJIHeTCH orpaHnqeHHhIM, IIOCKOJlbKY He II03BOJIHeT H36emaTb HCII0Jlb30Ba

HHH pa3JIIlqHbIX npn6JIH}l{eHHtt, B KaqecTBe ero onpaB,n;aHllH MO}l{HO npn

BeCTH cne,nyrom;He apryMeHTbI: 3TH npn6nHmeHHH, KaK npaBnno, xoporrro 

KOHTpOJIHPYIOTCH, a caMn MeTO,D;bI BO MHoroM OIIHpaIOTCH Ha ,D;OCTH}l{eHHH 

B TeopHH CilllHOBbIX CllCTeM. 

.LJ:eTaJibHaJI KapTHHa, IIOCTpoeHHaH . B TeqeHne nocne,n;HHX JieT Ha 

OCHOBe MoHTe-KapJIOBCKHX CHMYJIHD;lltt ll aHaJIHTHqecKllX BbI~IlCJieHntt 

B Teopnn cpe,n;Hero noJIH, yKa3bIBaeT Ha cymecTBOBaHHe KaK cpa3oBoro 

nepexo,n;a ,n;eKoHcpaitHMeHTa, TaK n nepexo,n;a, CBH3aHHoro c napyrrre

HlleM KllpaJlbHOtt CllMMeTpllll. O,!l;HaKO Bonpoc O B03MO}l{HOH CBH3ll Mem.zcy 
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3THMH nepexo,uaMn, a TaIOKe <pMoBofi CTPYRType B nJIOCROCTH m 9-T ( m 9 

- RBapROBM Macca), Bce eme }K.1:(eT cBoero penreHHJI, RoTopoe ycJiom.HeHo 

eme n TeM <paRTOM, 'ITO BpeMeHHM ROMnOHeHTa RaJIH6poBO'IHOro noJIJI Ao 
MOlli.eT npoJIBJIJITI, ce6JI RaR xnrrcOBCROe rioJie B peayJil>TaTe ROMnaRTII<pII

Ran;IIH npocTpaHCTBa B HanpaBJieHIIII eBRJIII.1:(0BOro BpeM_emi:. BoJiee Toro, 

reHepaD;IIJI XIJrrCOBCROrO ROH,UeHCaTa B <pa3e BhlCORIIX TeMnepaTyp, no 

BCefi BepoJITHOCTH, MOlli.eT npHB0.1:(lJTI, R pe.uyRD;IIII RaJIII6poBO'IHOfi CIJM

MeTpIIH SU(3) ----t U(l) x U(l) , a TaRm.e conpoBom.,uaTl>CJI HapynreHIJeM 

aapJI.UOBOfi CIIMMeTpIIII. 

1(eJI1, pa6oThl: 

e aHaJIIITII'IeCROe HCCJie,UOBaHHe HeROTOphlX acneRTOB <pa30BOfi 

CTPYRTYPM penreTO'IH0:11: ROHe'IHOTeMnepaTypHofi RX.LI:; 

• pa3BHTHe MeTO~OB nocTpoeHIIJI 3<p<peRTIIBHoro .ue:ttCTBHJI .UJIJI CIJ

CTeM, .uonycRaIOIUIIX cnOHTaHHOe HapynreHIJe rno6aJil>HhlX CIJ~Me

Tpn:tt; 

• HenepTyp6aTHBHhlll aHaJIH3 B3aHMOCBJI3H pa3iIH'IHhlX <pa30BhlX ne

pexo.n;oB B RX.LI: Ha penreTRe npn RoHe'IHhlX TeMnepaTypax; 

• nOHCR opIIrHHaJII,HhlX CHrHaJIOB o6pa30BaHHJI nJia3Mhl ,UeROH<patt

HHpOBaHH.hlX RBapROB H rJIIOOHOB. 

Hay'IHM HOBII3Ha n npaRTII'IeCRM n;eHHOCTl>. Bam.HefiIIIHMH <pII3H'Iec

RIIMH peayJII,TaTaMH .unccepTaI(HH JIBJIJIIOTCJI: 

- npe,ucRa3aHHe B03MOlli.HOro .1:(HHaMH'IeCROro HapynreHHJI 3apJI,UOBOH 

CIJMMeTpIIH B <pa3e .ueROH<pattHMeHTa 

- cymecTBOBaHIJe B Hett xIIrrcoBcRoro ROH,UeHcaTa RaJin6poBocmoro noJIJI 

Ao. 
8TH pe3yJil>TaThl noJiytJeHhl Ha OCHOBe aHaJIIJTH'IeCRoro HCCJie.1:(0BaHHJI 

RX.LI: Ha penrfaRe B paMRax opnrnHaJil>HhlX MO.UH<pHRan;nfi pH,ua MeTO

.UOB CTaTHCTIJ'IeCROH <pH3HRH H TeOpHH RpIITII'IeCRHX JIBJieHHH. 

Ilo COBpeMeHHhlM npe,ucTaBJieHHJIM HeROTOphle JIBJieHIJJI, npoJIBJIJIIO

mnecJI npH O'IeHI, BhlCORHX nJIOTHOCTJIX 3HeprIIH, MoryT 6MTI, o6Hapy

m.eHhl B Jia6opaTOpHhlX 3RcnepHMeHTaX no CTOJIRHOBeHIIJIM YJil>TpapeJIJI

THBHCTCRHX TJIJKeJihlX HOHOB. Ha npe,ucRa3amre HapynreHHJI C-'IeTHOCTH, 

C.1:(eJiaHHOe B .1:(HCCe!_:nan;HII, MoryT onIIpaTl>CJI 3RCnepIIMeHTaJil>Hhle npo

rpaMMhl Ha nJiaHIIpyeMMX LHC H RHIC. 
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<lla30Bhltt nepexo.u OT a.upoHHOtt MaTepIIII R RBapR-rJIIOOHHOH IIJia3Me, 

no Bcett BII.1:(HMOCTII, HMeJI MeCTO Ha paHHett cTa,UIIII o6paaoBaHIIJI BceJieH

HOil B nepBhle 10-5 c nocJie BoJI1,nroro B3pMBa. CtJIITaeTCJI, 'ITO B HacTo

JIIUee BpeMJI OH MO}I{eT nrpaTI, 3aMeTHYIO pOJII, B cep.un;eBIIHe ROJIJiancnpy

IOIUIIX HettTpOHHhlX 3Be3.1:(. MomHO Ha.1:(eJITl>CJI, 'ITO 3<p<peRThl, CBJI3aHHhle 

C HapynreHIIeM 3apJI,UOBOtt CIIMMeTpHII, MoryT ORa3aTl>CJI BeCI,Ma BamHhlMH 

II B penreHHII MHOrIIX 3a,uaq COBpeMeHHO:ii ROCMOJIOrIIII. 
HoBhlMII TeopeTH'IeCRIIMII pe3yJII,TaTaMII .1:(IICCepTan;IIH JIBJIJIIOTCJI TaR

m.e Haxom,ueHHe napaMeTpa nopJI,uRa ,uJIJI <pMOBoro nepexo,ua, CBJI3aH

Horo C HapynreHIIeM 3apJI.UOBOil CIIMMeTpIIII, BhlJICHeHIIe poJIII napaMeTpa 

aCIIMMeTpIIII penreTRII B onncaHHH qia30BOtt CTPYRTYPhl RaJIII6poBO'IHhlX 

TeopIIH C .1:(IICRpeTHhlMII rpynnaMH. 
RpoMe Toro, pa3BIITHe yme II3BeCTHhlX M0.1:(eJiett H MeTO.UOB - Bhl-

COROTeMnepaTypHoro pa.3JIOJKeHIIJI, MeTO.n;a RBa3Hcpe.n;HHX BoroJII06oBa, 

MeTo.n;a cpe.n;Hero noJIJI H .n;pyrIIX, a TaRm.e nocTpoeHIIe 3<p<peRTIIBHhlX 

.n;ettcTBIItt .n;JIJI RoHetJHOTeMnepaTypHott RX.LI: Ha penreTRe II penreTo'IHhlX 

z ( N) RaJIII6poBO'IHhlX TeOpIItt, MO}I{eT oRa3aTI,CJI n;eHHhlM .1:(JIJI .n;aJII,Hefi

nrero IICCJie.n;oBaHIIJI CBOilCTB a.upoHHOfi II RBapR-rJIIOOHHOtt MaTepHH npII 

BhlCORIIX TeMnepaTypax II 6apIIOHHhlX IlJIOTHOCTJIX. 

Anpo6an;HJI pa6oTM: Pe3yJil>TaThl .n;IIccepTan;HII Heo.n;HoRpaTHO o6cym..n;a

JIIICl> Ha ceMHHapax 0:HCTHTyTa TeopeTII'IeCRott <pH3HRII HAH YRpanm,1, 

.n;oRJia.ZJ;I,IBaJIHCl> Ha Mem.uyHapo.n;nhlx ROH<pepeHD;HJIX: "Hadron Struc

ture" (CTapa JiecHa, lIC<DP - 1991 r.), "Quark Matter-91" (raTJIHH-

6epr, CIIIA - 1991 r.) "Physics of High Energy Heavy-Ion Colli

sions" (Byoccapn, <llIIHJIJIH.UHJI - 1994 r.), nrRoJie "Development in Nu

clear Theory and Particle Physics" (.LJ:y6Ha, PoccIIJI - 1995 r. ), cnMno-

3IIyMe "Critical Phenomena in Strongly Interacting Matter" (Rapnaq, 

IloJII,Illa - 1995 r.), a TaIOKe Ha Hay'IHhlX ceMHHapax B pa3JIH'IHhlX yHH-

BepcHTeTaX CIIIA, <DPr II JinoHHII. 

Ily6JIHRan;HII. Ilo MaTepIIaJiaM .unccepTaD;HII ony6JIHROBaHO 6 pa6oT. 

CTpyRTypa II 061,eM .n;nccepTaD;HII . .LJ:IIccepTan;IIJI COCTOIIT II3 BBe.n;eHIIJI, 

Tpex rJiaB, 3aRJIIO'IeHHJI H cnIIcRa I(HTHpyeMofi JIHTepaTyphl. 06mntt 

061,eM .unccepTaO:HH -129 CTpaHHO: MaIIIHHOilHCHOrO TeRCTa, 14 piicyHROB 

II 1 Ta6JIHn;a. Bn6JIHOrpa<pHJI co.n;epmHT 87 HaHMeHOBaHHtt. 
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CO,[J;EPiKAHME ,[J;MCCEPTAL(MM 

Bo BBe.n;emrn o6ocHOBLIBaeTCH ainyaJILHOCTL TeMlil, cpopMyJIIIPYIOTCH 

3a,n;aqI1 .n;nccepTal{IIII, nem, II RpaTRo Il3JiaraeTcJI ee co.n;epmaHile. 

B rrepBott rnaBe ,n;I1ccepTal{I1I1 npoBO.D;IITCJI aaaJII1TI1qecRoe I1ccne.n;o

BaHI1e cpa3oBott cTpyRTYPlil acpcpeRTIIBHoro .n;ettcTBIIJI pemeTOqaoi1 KX.U 
rrpI1 ROHeqm,rx TeMrrepaTypax B paMRax MeTo,n;a RBa3I1cpe.n;HIIX Boron10-

60Ba. 

HaI16onee rronao cpa3oBI.rtt rrepexo.n; ,n;eRoHcpattHMeHTa I13yqeH B qII

CTOtt rn100.n;I1HaMI1Re. OT ROHeqaoTeMnepaTypaott SU(N) RBaHTOBott 

xpoMO,Zl;IIHaMIIRII .Ha pemeTRe C pa3MepaMII N,,. X NJ MOffiHO rrepettTII R 

acpcpeRTIIBHOtt TpexMepHott TeopIIII B3aIIMO,n;ettcTBIIJI IIOJIJIROBCRIIX rreTeJIL 

ni' = Tr rr:::1 Uo( x, T ), 06na.n;a10me:tt JIBH0:!1 Z( N) IIHBapI1aHTHOCTLIO. 

HeTpIIBilaJILHOCTL rrpeo6pa30BaHIIJI IIOJIJIROBCRHX rreTeJIL Ha rro.n;rpyrrrre 

n:eaTpa RaJII16pOBoqaott rpyrrrrlil SU(N) nerna B ocaoBy Il3y'IeHIIJI cpa3o

Boro rrepexo.n;a .n;eRoHcpattHMeHTa B 'IIICTO RaJII16poBO'IHOM ceRTOpe. Cpe

.n;Hee rreTJIII IloJIJIRoBa MOJKeT cnymIITI, rrapaMeTpoM _rropJI.n;Ra cpa3oimro 

rrepexo.n;a Il3 Z(N) HHBapI1aHTHoro cocTOJIHIIJI B cpaay, r.n;e Z(N) CIIMMe

TPIIJI CIIOHTaHHO HapymeHa. 9TO cpe.n;Hee CBJI3aHO co CB06o,n;Hoi1 3Hep

rI1ett Il30JII1pOBaHHoro cTaTI1qernoro RBapRa Fq = · -/n(O). B oTcyT

CTBile ,Zl;IIHaMil'IeCRIIX RBapROB HeHyJieBoe 3gaqeHI1e 3Toro cpe.n;Hero CBil

.n;eTeJILCTByeT O HapymeHIIII CIIMMeTpIIH n:eHTpa II HaJIIl'IIIH ,n;eRoHcpattmr

poBaHHliIX O:BeTOBliIX 3apJI.D;OB, IIOCROJILRY IIpII 3TOM CB06o,n;HaJI 3HeprHJI 

ROHe'!Ha. B cny'!ae BoccTaHOBJieHIIJI Z(N) CHMMeTpIIH (0) = 0. B 

IIpHcyTCTBHII ,n;HHaMil'IeCRHX cpepMIIOHOB Z ( N) CHMMeTpIIJI ORa3liIBaeTCJI 

HapymeHHott JIBHo H (n) yme He JIBJIJieTCH xopomo orrpe.n;eneHHliIM rrapa

MeTpoM rropJI,n;Ra. 

B .n;aHHOtt rnaBe rrpe.n;cTaBJieHO O,ll;HO Il3 B03MOJKHliIX pemeHiltt rrpo-

6JieMlil I1ccne.n;oBaHI1JI cpa30Boro rrepexo.n;a .n;eRoHcpattHMeHTa B rronHott Te

opI1H c IIOJIJIMII MaTepnn. 9TO pemeHile OCHOBliIBaeTCJI Ha rrpe.n;rrono

meHIIH, qTo rrpI1 cpa30BOM rrepexo.n;e RpoMe Z(N) CHMMeTpnn B03MOmHo 

CIIOHTaHHOe HapymeHile .n;pyrIIX rno6aJILHliIX CIIMMeTpiltt, ROTOplile 61i1 He 

HapymaJIIICL JIBHliIM o6pa30M C BBe.n;eHileM RBapROB. B 3TOM cnyqae Ta

RaJI ,Zl;OIIOJIHHTeJILHaJI ClIMMeTpIIJI MOrJia 6lil paccMaTpIIBaTLCJI B Ra'!eCTBe 

ClIMMeTpIIH, CIIOHTaHHOe HapymeHile ROTopott B IIOJIHOtt TeopIIII Be.n;eT 

R .n;eRoHcpattHMeHTY. IloRa3aHo, 'ITO 3TOtt ,ll;OIIOJIHIITeJILHOtt CHMMeTpilett 

Teopnn MomeT 61i1Tb 3apJI.n;oBaJI C CHMMeTpHJI. 

B §1 .n;aHHOtt rnaBlil aHaJIH3I1pyeTCJI IIOCTpOeHHe acpcpeRTIIBHoro .n;ei1-

CTBIIJI pemeTOqHott ROHeqHoTeMrrepaTypHott KX.U n Hccne.n;yIOTCJI ero 
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CIIMMeTpIIH. 
B §2 rnaBLI rrpe.n;n0meHa Mo.n;I1cp1rnan:nJI MeTO.n;a RBa3I1cpe.nm1x Boro-

mo6oBa Ha cny'Iatt rrpoI13BOJILHOi1 RaJII16poBO'!Hott rpyrrrrhl. Ilp1rne.n;eHo 

,neTaJILHoe omrcamre noro Mo.n;ncpnn:npoBaHHOro MeTo.na H rrpe,nCTaBJieHa 

ero arrpo6an:nJI Ha rrpnMepe rrpOCThlX MO,neJILHhlX pemeTO'IHhlX CIICTeM: 

Z(3) RaJII16poBO'IHOi1 Teopmr II Mo.n;eJIH fei13eH6epra. 

B §3 Ha ocHoBe rrpe.nnomeHHoro ~m.n;ncpirn:npoBaHHOro MeTo.na RBa-. 

3llcpe.nmrx IIOCTpoeHO BhlCOROTeMrrepaTypHoe pa3JIO}ReHlle ,Zl;JIJI acpcpeR

THBHoro .nettcTBIIJI KXL( B TepMnHax cpe.n;Hero crrnHa. Mccne.noBaHo 

IIOBe.n;eHtte CBo6o,n;Hott 3HeprHH CllCTeMhl RaR B 'IllCTOi1 rmoo,nttHaMHKe, 

TaK ll rrptt BKJIIO'IeHHll B pacCMOTpeHHe KBapKOB. CBo6o.n;HaJI 3HeprHJI 

rJIIOO.D:llHaMH'!eCROl1 CHCTeMhl llMeeT cne,ny!Oll.\llll Bll.n: 

<I>( R, <P) == L hk( R, /3')R3k cos 3krp (1) 
k . 

r.ne R = ✓xi+ x~; rp = artg~, Xi, X2 RBa3Hcpe.n;Hee OT .n;el1cTBHTeJIL-
Xl 

Hott H MHllMOtt qacTel1 rreTJill IloJIJIROBa, cooTBeTcTBeHHO, ll hk ( R, /3') 
-HeKoToplile cpyHRO:HH R ll /3'. AHaJill3 .rroBe.n;eHllJI rno6o.n;Hol1 aHeprnll 

CllCTeMhl II03BOJIJieT IIORa3aTL, 'ITO rrpll /3' < ;3; CllCTeMa Haxo,nllTCJI B 

COCTOJIHHH, OTBe'!aIOm:eM n:eHTpaJILHOMY MllHllMYMY CB06o.n;Hoi1 3Heprnll 

CllCTeMlil, IIJ)H /3' 2: /3~ CllCTeMa rrepeXO,Zl;llT B O,ll;HO ll3 TpexRpaTHOBlilpO

m.n;eHHliIX COCTOJIHlltt, CBJI3aHHliIX Mem.n;y co6ott Z(3) rrpeo6pa30BaHllJIMll. 

Bo BTOpott rnaBe )];llCCepTaO:Hll paCCMOTpeH MexaHll3M AllHaMll'IeCRo

ro HapymeHllJI rno6aJILHOtt SU(N) n:BeToBol1 HHBapnaHTHOCTll .no ee a6e

neBLIX rro.n;rpyrrrr. CoBpeMeHHlile rrepTyp6aTllBHhle Bhl'IllCJieHllJI B KOH

TllHJaJihHliIX SU(2), SU(3) KaJill6poBO'IHhlX reop1rnx o6HapymllBaIOT 

HeTpllBllaJihHlill1 MllHllMYM "xllrrCOBCKOfO acpcpeRTllBHoro IIOTeHU:llaJia"' 

'ITO roBopHT O B03MO}RHOCTll IIOJIBJieHllJI HeHyJieBoro BaKyyMHOfO cpe

,n;Hero ,n;JIJI RaJill6poBO'IHOro rroJIJI Ag. B cpa3e ,n;eKoHcpattHMeHTa 3TO 

cpe.n;Hee (~) CTaHOBHTCJI cpyHRU:llett TeMrrepaTypLI, Ag = (Ag) + oAg 
( c = 3, 8) ll BaRyyM ocTaeTCJI CHMMeTpll'IHliIM JIHIIIh OTHOCHTeJILHO O.IJ:HO

rrapaMeTpllqecRllX u ( 1) rrpeo6pa30BaHHi1' 'ITO JIBJIJieTCJI CBll,neTeJILCTBOM 

pe.n;yRO:Hll RaJill6poBO'IHOtt CIIMMeTpHll SU(3) -+ U( 1) x U( 1 ). Ilpo-

6neMa llCCJie,n;oBaHllJI MeXaHll3Ma HapymeHllJI rno6aJILHOi1 HaJill6poBO'I

HOtt llHBapllaHTHOCTll pemaeTCJI C IIOMOm:hIO IIOCTpOeHHJI acpcpeRTllBHOro 

IIOTeHI{llaJia B3allMO.n;ettCTBllJI KaJill6poBO'IHOf0 IIOJIJI Un C "xllrrcOBCKllMll 

IIOJIJIMll" Ag_ ll, cpaKTil'!eCKll, CBO,Zl;llTCH R ll3yqeHll!O cpe.n;Hero ,n;JIJI rronett 
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<P1 , r.ue 

¢1 = Ag+ Ag/v'3 
¢2 = -Ag+ Ag/v'3 

3 

I:¢1 = o 
l=l 

:hoT 3cpq>eKTHBHhltt IIOTeHI{HaJI, IIOCTpoeHHhltt B raMHJihTOHOBOtt cpopMy

JIHpOBKe perneToqHott KX)l c cpepMHOHaMH CacrnnH.ua B npn6JinmeHHH 

ClfJihHOtt CBJ13ll If cpe.uHero IIOJIJI, 3aIIJIChJBaeTCJI B BH.Ue 

d 3 /32 ( "°'3 . ,1.. ) 2 
-/3VSU(3) - I -~- + I (1 + ~ ,I.. ) - !!__ ~o,=l sm 'f'o, 

eff - n d-1 n ~COS'f'o, 16 3 2 
µ1 o,=l ( 1 + Lo,=1 cos <Pa,) 

TiepBOe CJiaraeMoe IIpOlfCXO.l(HT OT
0 

qlfCTO rmoOHHOtt TeOplfH, BTOpoe If 

TpeThe rrpe,uCTaBJIJIIOT BKJia.U KBapKOB 

µ1 ( ¢) . 2(¢1 - ¢2) . 2(2¢1 + ¢2) . 2(2¢2 + ¢1) sm 
2 

sm 
2 

sm 
2 

~(¢) 3 [ l , 2 , 
e'Y L -303( 3 I 0)03(1 j 2<I>"') - 303( 3 I <l>a,)03(1 I <I>"') 

o,=l 

l I ~ I l 'Y ' -03(- I <l>o,) ~ 03(-3 I <I>13 - <I>a) + e 03( 3 I 0)03(, I 0) 
3 3 

13 >a 
+ 

+ { 03 --t 02} 

r.ue 0;(, I ¢) - cpym<nnn JlKo6n, a <I>"' = <P/3 - <Pa; La, <I>"' = 0. d -
rrpoCTpaHcTBeHHaJI pa3MepHOCTh. AHaJIH3 IIOBe,UeHJIJI .l(aHHOro rroTeHI{H

aJia B KpHTlfqecKott o6JiaCTlf IIO3BOJilfJI rroKa3aTh, qTO xpOMO3JieKTpHqe

CKlffi ceKTOp TeOplfH ( KaK 6e3 IIOJie:ll MaTepHH, TaK H IIpH HX BKJIIQqeHHH 

) rropom.uaeT xHrrcOBCKlf:ll KOH.UeHcaT (Ag), IIOJIBJIJIIOII{H:llCJI B cpa3e .ue

KOHcpa:llHMeHTa, qTO yKa3hJBaeT Ha BO3MOffiHOe HapyrneHIIe rJio6aJihHOtt 

KaJIH6poBoqHo:ll CHMMeTpHII SU(N), a TaKme BhIJICHlfTh, qTo Hapyrne

Hlfe IIOCJie.UHe:ll npoHCXO.UIIT IIpII TeMnepaType, 6Jilf3KO:ll K TeMnepaType 

OCB06om.ueHIIJI KBapKOB. 

B §1 rnaBhl cTpOIITCJI raMIIJihTOHIIaH .UJIJI SU(3) UBeToBo:ll rpymm, 

lfCXO.llJI lf3 JiarpaHmeBott cpopMyJIIIpOBKII Kamr6poBoqHo:ll Teopm1 Ha pe

IIICTKe. 

6 

Ill 

I, 

;\ 
l~ 

B §2 lICCJie.uyerCJI MexaHJI3M o6pa3oBaHJIJI XIIrrCOBCKOI'O KOH,UeHCaTa 

KaJIII6poBoqHoro IIOJIJI Ag. 8TOT MexaHJI3M OTJIJiqaeTCJI OT XIIrrcOBCKOro, 

TaK KaK B TeopIIII lI3HaqaJihHO OTCYTCTBYIOT XllrrCOBCKIIe IIOJIJI. Tiepexo.u 

K KOHeqHOTeMnepaTypHOMY paCCMOTpeHIIIO, IIpIIBO.llJIII{eMy K KOMIIaKTII

q>Imaumr npoCTpaHCTBa B HanpaBJieHIIII MHIIMoro BpeMeHII, IIJIII, lIHhJMII 

CJIOBaMlf, K TOIIOJIOrJIJI I{IIJIIIH.Upa 6Jia:ro.uapJI nepIIO.UJiqecKJIM rpaHJiqHhJM 

YCJIOBIIJIM Ha KaJIII6poBOqHhJe IIOJIJI 

Uµ(x, r) = Uµ(x, T + /3) 

c nepIIO.l(OM /3 = 1/T, IIMeeT CBOIIM BaffiHhJM CJie.l(CTBJieM TOT cpaKT, qTo 

rrpII T = 0 rroJie Ao MomeT 6h!Th y.n;aJieHo cooTBeTCTBYIOIIlHMH KaJin6po

BoqHhJMH npeo6pa3oBaHHRMH, B TO BpeMJI KaK rrpn KoHeqHhJX TeMrrepa

Typax OHO He ycTpaHJieTCJI HHKaKHMH IIOBOpOTaMH B rpyIIIIOBOM rrpo

CTpaHCTBe 6e3 HapyrneHHJI rpannqHhJX ycn:OBHfi. 8TO roBopHT O TOM, qTQ 

rpaHHqHhJe ycJIOBHJI reHepnpyIOT HOBhle CTeneHH CB060.l(hl, JIBJIJIIOII{HeCJI 

co6cTBeHHhJMH 3HaqeHHJIMH IlOJIJIKOBCKHX rreTeJih, KOTOphle H BhICTynaIOT 

B poJIH xnrrcoBCKIIX noJiefi. KpoMe Toro, B rraparpacpe .uaeTCJI o6'hJICHe

Hlfe MexaHH3Ma .n;eKOHq>afiHMeHTa c Toqmr 3peHIIJI o6pa3oBaHHJI xnrrco

BCKoro KOH.UeHCaTa B cpa3e BhJCOKIIX TeMrrepaTyp. 

B §3 BhJqJicJIJieTCJI BaKyyMHhlfi KOH.UeHcaT KaJin6poBoqHoro rroJIJI Ag 
II HCCJie.uyeTCJI CBJl3h Mem.uy HapyrneHHeM 3apJI.l(OBOfi C - CHMMeTpHH H 

BO3HHKHOBeHHeM XHrrCOBCKoro KOH.UeHCaTa (Ag). 
B §4 rJiaBhl rrpoBe.n;eHO cpaBHeHne H H3JIOffieHhl npnqHHhl pa3JIHqHJI 

B OllHCaHHH Z ( N) cpa3 B paMKax TeOpHH B03Myrn;eHHfi H perneToqHofi 

arrrrpOKCHMaI{JIH. IlpHBOMTCJI apryMeHThl B IlOJlh3Y Toro, qTQ cpa30Bhlfi 

rrepexo.u, CBJI3aHHhlfi C HapyrneHHeM C - CHMMeTpHH, no Bcett BH,UHMOCTH, 

JIBJieHHe cyrn;ecrneHHo HerrepTyp6aTHBHoe. 

B TpeThefi rJiaBe .unccepTaI{HH aHaJIHTnqeCKH n3yqaeTCJI cpa30BaJI 

cTpyKTypa, SU(2) rJIIOO.n;HHaMHKH Ha arnMMeTpnqHofi perneTKe B rrpn-

6JinmeHHH SU(2) c::: Z(2). Ilo o6rn;errpHHJITOMy MHeHnIO, 3TO npn6Jinme

HHe IlO3BOJIJieT noJiyqnTh .UOCTaToqHo xopornee OllHCaHHe KpHTnqecKHX 

JIBJieHHfi B perneToqHofi KX)l npn KOHeqHhlX TeMnepaTypax n, 6oJiee 

Toro, npHHJITo cqnTaTh, qTo HMeHHO Z(N) cTerreHH cBo6o.n;hl onpe.n;eJIJIIOT 

MHorne acrreKThl cpa30BOfi CTPYKTYPhl SU ( N) KaJin6poBoqHhlX reopntt. 

B §1 o6ocHOBhlBaeTcJI Bhl6paHHoe npII6JinmeHne .UJIJI SU(2) rJIIOO

.UHHaMHKH Ha perneTKe, BBO.UHTCJI napaMeTp acHMMeTpHH perneTKH. H ' 

npe.ucTaBJIJieTcJI cnoco6 ero o6o6rn;eHHJI. MccJie.uyeTCJI cpa30BaJI cTpyK-
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Typa Z(2) RaJTII6pOB01IHOit CIICTeMhl B IIJIOCROCTII np1rne,n:eHHhlX ROH

CTaHT B3aIIMo,n:eitCTBIIH Kr ,n:JIH BpeMeHII-no,n:o6HhlX IIJiaReT II Ku ,n:JIH 

npocTpaHCTBeHHo-no,n:o6HLIX. B npe,n:eJibHhlX cJiy-.:i:aHx Kr --+ 0( oo ), 

Ku - 0( 00) RpIITII'leCRIIe 3Ha-.:i:eHIIH 3TIIX npIIBe,n:eHHhlX ROHCTaHT MoryT 

6LITb Hait,n:eHhl C mo6oit TO'IHOCTbIO, IIOCROJibRY CIICTeMa B Ram,n:oM II3 HIIX 

pe.n:yn;IIpyeTCH R MO,n:em1 H3IIHra. ,LJ:JIH Haxom,n:eHIIH 3TIIX RpIITlPieCRIIX 

3Ha1IeHIIit npIIMeHHJIIICb ,n:Ba MeTo,n:a: MeTo,n: .n:yaJibHhlX npeo6pa30BaHJiii II 

aJibTepHaTIIBHhlfi eMy MeTO,n: - IIOCTpoeHIIe 3cpq>eRTIIBHOro ,n:eiiCTBIIH ,n:JIH 

Ram,n:oro npe,n:eJibHOro CJIY'laH C IICIIOJib30BaHIIeM opIInrnaJibHhlX, npe.n:

JIO}KeHHhlX HaMII RaJIII6poBOR. 

B §2 rJiaBhl C IIOMOru;bIO pa3pa6cnaHHOro HaMII MeTO,n:a TeOpIIII B03MJ

ru;eHIIit CTpOIITCJI 3cpcpeRTIIBHOe ,n:eitCTBIIe IIOJIHROBCRIIX neTeJib ,n:JIH Z(2) 
iaJIII6poBO'!Hoit TeopIIII Ha pemeTRe npII ROHe'IHLIX TeMnepaTypax, ytJ:II- · 

ThlBaIOru;ee IIOMIIMO xpoM03JieRTpII1IeCROit .tJ:aCTII xpOMOMarHIITHYIO RaR 

B03Myru;eHIIe. BLIJI BhltJ:IICJieH nepBhlfi HeTpIIBIIaJibHhlit no Ku BRJia,n: B 

CTaTIICTIItJ:eCRYIO cyMMY 

r.n:e 

(thKu )
2 

"°'( /' W' I' W" ) 
J2 = 2 L..t (o + ',l x,n + <,2 x,n 

X,n 

w;,n =. n.,,n:i+n + f2x+nn;+n+m + f2x+n+mn;+m + f2x+mn; 
w;,n = n.,,n;+n+m + nxn;+nnx+n+mn;+m + nx+nn;+m 

II (o, (1, (2 - HeROTOpLie cpyHRn;IIII thKr, PMpa6oTaHHaH npone,n:ypa 

Il03BOJIHeT BhltJ:IICJIHTb II IIOCJie,n:yIOru;IIe 'IJieHhl pa3JIOffieHIIH. Hatt,n:eHHOe 

3cpcpeRTIIBHoe ,n:ettcTBHe II03BOJIHeT on;eHIITb cpa3oByIO cTpyRTYPY II3y-.:i:a

eMoit TeopHII BO BCeit IIJIOCROCTII napaMeTpOB. 

B §3 BhltJ:IICJIHeTCH IIOTeHn;IIaJI B3aHMo,n:ettCTBIIH ,n:Byx npo6HLIX IIC

TOtJ:HIIROB B TeOpIIII C pa3JIIItJ:HhlMII npIIBe,n:eHHhlMII ROHCTaHTaMII B3aIIMO

,n:eitCTBIIH B pa3HhlX HanpaBJieHIIHXj II3ytJ:aeTCH IIOBe,n:eHIIe cpe,n:Hero rre

TeJib BIIJibCOHa (W) II T'XycpTa (t' H) B pa3JIIItJ:HLIX o6JiacTJIX rrpIIBe,n:eH

HhlX ROHCTaHT II aHaJIII3I!pyeTCH pOJib rrapaMeTpa aCHMMeTpHII pemeTRII 

B orrIIcaHHH cpa3oBott cTpyRTYPLI II3y-.:i:aeMoit TeopIIII. 

B 3aRJIIOtJ:emm rrpIIBe,n:eHhl OCHOBHhle pe3yJibTaThl ,n:IIccepTaD;HII, BhlHO

cm,lhle Ha 3aru;11Ty. 
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OCHOBHhIE PE3YJihTAThI 
,[J;MCCEPTAQMM, BhIHOCMMhIE HA 

3AII(MTY 

• n pe,n:JiomeHa MO.Ullq>IIHaUJIH MeTO,Ua HBa3Hcpe.UHIIX BoroJII06oBa 

.UJIH rrpOII3BOJibHOit Ham16poBOtJ:HOit rpyrrrrhl, tJ:TO ,n:aJio B03MO}K

HOCTb IIOCTpOIITb BhlCOHOTeMrrepaiypHoe pa3JIOllieHIIe .UJIH rrpe.u

JIO}KeHHOro 3cpcpeHTIIBHoro .ueikTBHH KX.LJ: B TepMirnax cpe.uHero 

CIIIIHa. 8n1M MO.Ullq>IIUIIpOBaHHhlM I\IeTO,UOM IIO.UTBepm,n:eH BhlBO.U 0 

TOM, tJ:TO cpa30Bhlit rrepexo.u ,UeHOHcpaitHMeHTa CBH3aH co CIIOHTaH

HhlM HapyrneHIIeM CIIMMeTplm ueHTpa COOTBeTCTByIOru;eit HaJIII6po

BOtJ:HOfi rpyrrrrhl II ,n:eiiCTBHTeJibHaH '!aCTb rreTJill IloJIHHOBa 11rpaeT 

pOJib COOTBeTCTByIOru;er,o rrapaMeTpa IIOpH,UHa. 

• BrrepBLie rroHa3aHo, tJ:To B SU(i3) HaJin6poBotJ:Hofi TeopIIH B03MOffiHO 

crroHTaHHoe HapyrneHJie C-cHMMeTpm1. IloHa3aHo, tJ:To cpe,n:Hee 

OT MHIIMOit <J:aCTll rreTJill IloJIHHOBa MomeT cJiymJITb rrapaMeTpOM 

rropH,n:Ha COOTBeTCTByIOru;ero cpa30BOro rrepexo,n:a ll3 3apH,n:OBOCllM

MeTplltJ:HOit cpa3hl B cpa3y C HapyrneHHOit C-CHMMeTpIIeit. 

• ,LJ:JIH HOHetJ:HOTeMrrepaTypnoit perneTOtJ:HOit SU ( 3) HaJIH6poBO'IHOit 

Teopllll llCCJie,n:oBaH BaHyyMHhlit HOH,UeHCaT Han116poBOtJ:Horo IIOJIH 

(Ag) (c = 3,8- JIH,n:eHc .n:naroHaJibHOit MaTplIUhl ,\c). Ilpn BhlCOHIIX 

TeMrrepaTypax 3TO cpe.uHee CTaHOBIITCH cpyHHUJieit g II T , tJ:TO y1rn-

3hlBaeT Ha B03MO}KHOCTb Ha pyrneHIIH rno6aJibHOit UBeTOBOit s u ( 3) 
CllMMeTpllll. 

• IloHa3aHo, tJ:TO xpoM03JieHTplltJ:eCHllit CeHTOp Teop1m ( HaH 6e3 IIO

Jiett MaTepIIII, TaH H rrp11 Hx BHJIIOtJ:emrn) reHepnpyeT xnrrcoBCRIIit 

HOH,n:eHcaT (Ag) B ,n:eHoHcpaitHHpoBaHHOit cpa3e. <Pa3a ,n:eHoHcpait

HMeHTa MomeT 6LITb OIIHCaHa B TepMIIHax HOBhlX HOJIJieHTilBHhlX 

rrepeMeHHhlX - XIIrrCOBCHHX IIOJiett, rrepeHOCHru;IIX 3apH,n:hl ueHTpa 

HaJin6pOBOtJ:HOit rpyrrrrhl. 

• IloHa3aHo, tJ:TO o6pa3oBaHHe HOH,n:eHcaTa (Ag) corrpoBom.n:aeTcH Ha

pyrneHHeM 3apH,n:OBOfi CIIMMeTplIII. 

• BrrepBhle IlOCTpOeHO 3q>q>eHTIIBHOe .uettcTBHe HOHetJ:HOTeMrrepaTyp

HOit Z(2) pernfaotJ:HOit I<aJin6poBotJ:Hott Teop1111, JtJ:IIThlBaIOru;ee, no

MIIMO xpoM03JieRTpntJ:eCROit tJ:aCTII, rrepBhlit HeTpHBllaJibHhlit BHJia,n: 

ITO HOHCTaHTe B3aIIMO,UeitCTBIIH rrpocTpaHCTBeHHO-IIO,U06HbIX IIJiaHeT 

Ku, 
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• Hccne.uoBaHa 3aBHCHMOCTb TepMO.UHHaMHqecHHX BenHqHH OT rrapa
MeTpa perneToqnofi acHMMeTpHH (. YHa3ano, •no penopMrpyrrrro
Bhle COOTHOilleHHJI, II03BOJIHI0ll(lie HCHnIOqliTb 3aBIICHMOCTb TepMO
.UIIHaMIIqecHIIX BenIIqliH OT rrapaMerpa acIIMMeTpIIII perneTHII ( B 
"HaHBHOM'' rrpe.uene, He .uaIOT. B03MO>RHOCTb ycrpaHHTb ee B rrpII-
6nH>ReHHH SU(N) ~ Z(N), He pa3pyruaJI rrpII noM pe3ymTaThl 
"HaIIBHoro" rrpe.uena. l1onoMy HOHeqHoTeMrreparypHhle HanII6po
BO'IHhle TeOpH11 Ha aC11MMeTp11'IHOti: perneT!{e Hym,naIOTCJI B .UOIIOJ!
Hl1TeJibHOM ycn0B1111, qnmc11py10meM (. 
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