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OElllAfI XAPAKTEP11CT11KA PAEOThl 

AxmyaJJ.bllocmb meM.bJ.. 

B CB51311 c TeM, 'ITO B nocJieJJ.Hee speM>I CTaJJO B03MO)l(HhIM 

¢a6pliKOBam1e CHCTeM, B KOTOpbIX 3¢cpeKTHBHa51 

npocrpattcTBeHHa51 pa3MepHOCTb paBHa 0 (KBaHTOBhie Karnrn), I 
( OJlHOMepHbie fiOJIHMepbI), 2 (BbICOKOTeMnepa1)1pHa51 

cBepx11poson11MocTb, 3cpcpeKT XoJIJia), cpH3HKa rnepJJ.oro Tena 

H113Kl1X pa3MepHOCTei1 CTaJJa 01.JeHb aK1)'aJlbHOH. 0Ka3hIBaeTC51, 

lfTO B BbIUJeyKa3aHHbIX npo6JieMax KOHCTaHTbl B3aHMOlleikTBl151, 

B OCHOBHOM, nopMKa emrnm~bI, 11 I103TOMY CTaH.UapTHbIC 

MCTOllbI Teop1111 B03MYIUeHHH He npHMeHHMbl nOJIHOCThlO. 

11MeHHO no 3TOH rrpHl.Jl1He Ba)l(HOCTb TO'IHO pernaeMhIX KBa3H­

OLI:HOMepHbIX MO.QeJieH B paMKax KOTOpbIX MO)l(HO TOl.fHO 

onpeneJTHTb cpH3111.J:eCKHe BeJIHl.JHHhI, BeJIHKa. 

B Ha'!a!Je 90-x fOJJ.OB IlOHBHJICH 60JihllIOH HHTepec K MO)J,CJHIM 

na..u.rrep T11na. CTpe.nnonaraeTC>I, '!TO KBa3H-01lHOMepHbie MyJihTH­

nan.nep uem1 CHJibHO Koppe;rnpoBaHHbIX 3JieKTpOHOB OTpa)l{alOT 

caMbie Ba)!(Hble acneICTbI BblCOKOTCMnepa1)'pHOM 

CBepxnpOBO.ll.11MOCTH .QByMepHhIX CHCTeM H TaIOKe Moryr 

o6Hap)')K!1BaTb HCKOTOpbie CBOMCTBa cna6oro B3aMMO.llCHCTBl151 

Me)l(Jly IlpOBO.IDiil.l.HMH IDIOCKOCTHMH. 

B CBH3H c BhrwecKa3aHHbIM, noCTpoem1e 11ttrerp11pyeMhIX 

"CTyneH'-!aTbIX" (mumep) MO.QeJieH MOTHB11pyercsi: )l(CJiaHHeM 

11PHMCHCHH5! MOW:HOH TeXHHKH Anre6pa11'IeCKOro oeTe AH3aua 

(ABA) B TO'-!Hb!X paccne.n:oBaHHSIX pa3JIHl.JHbIX cp11311qecKHX cpa3 

MOJieJleM. 

B n11cceprau110HHOH pa6oTe pa.3Bl1Ta TexH11Ka noc-rpoett11si: 

TOYHO pewaeMbIX mur.u.ep MO.neneM:. HaHO OTMeTMTh, l.JTO 

fl0;1Y'feHHbie HOBbie TO'-!Ho-peIIIaeM.bie MO.ll:CJil1, TIO-BV.J(HMOMy, 
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06na.ua10T MaCCOBOH IUeJiblO, qTo CHJibHO pacwHp51eT o6nacTh MX 
np11MeHeHJUI. 

Jie11i,_pa6JJlllbl. 

ll,eJibIO Jll1CCepTaUHOHHOi1 pa60Tbl HRJI.HeTCH pa3pa6orKa, 
pa3BHTHe 11 ynorpe6neH11e rexmnrn rroc-rpoemrn 
KBa3HOJJ:HOPOJ1HbIX l1HTerp11pyeMbIX MOn:eneH: CyYileH'laTOfO nma, 
Haxo)[(JJ:ettHe HX perneHHH c rroMOIUbID TeXHHKM ABA c 
JIOJihHeiiwel1 uenhIO np11MeHemu1 .naHHhIX Mo.neneii B rrpo6neMax 
HH3Kopa3MepHOM cPH311KH TBep.n:oro TeJia. 

Hay_11.HPJ1 .1Jflf1IDlla. 

I. 

2. 

3. 

4. 

5. 

Tipen:JIO)[(eH HOBbIH MexaHH3M IIOCTpoemrn KBa3HOJJ:HOPOllHblX 
l1HTerp11pyeMbIX MO,UeJieH Ha perneTKe CyYneH'llaTOfO THna. 
BnepBhie 6hIJIH c<t>opMyJIHposaHhI yc110Bm1 11 rroc-rpoeHbI 
T04HO pewaeMhie MO.lleJI11 c qepeuyrornHMC5l pacrroJIO)Kett11eM 
R-MaTPHU c pa3HhIMH 3HaKaM11 rrapaMe-rpa aHH3orporrHH 
Ha 6a3e aHH30'fPOITHoi1 Mon:enH t-J. HafiueHbI 
f aMHJibTOHHaHbI MOlleJieH, ero co6CTBeHHhie COCTOHHHH H 
crreKTp ::meprni1 BbI'llHCJieHhI. 
BnepBhie noc-rpoeHa ToqHo pernaeMaH Mon:eJih nma Xa66ap.n:a 
c qepen:y10IUHMC.H pacrronoxeHHeM R-MaTpHU. BO speMeHHOM 
11 rrpocTpaHCTBeHHOM HarrpaBJieHHHX. HaH.ueHhI peweHHll 
CHCTeMbl qepeny!OIUHXCH ypaBHeHHH 51Hra-fiaxcrepa. 
BnepBbie 6bIJia onpe.neneHa c11cTeMa ypasHeHHH 51ttra­
fiaKcTepa JJ:JIH Mo.nenel1 c qepeny10IUHMHCH R-Ma-rp11uaM11 H 
HafiueHbI 11x pernemrn JlJIH o6wero CJIYtJM rpyrrrrhI gl(n). 
TipoaHanm11posaHa c-rpyKzypa arrre6pb1 Xon<Pa (KBaHrosoti 
rpynnbl) 3a tJepen:yiollIHMHCH ypaBHeHMHMH 5Ittra-BaKcTepa. 
BnepBbie ccj)opMyJIHposaHa KBaHTOBaH rpynna c MarpH'IHbIM 
rrapaMe-rpoM ne<t>opMaUMH. 
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Hay"lHaR_UJJPflK.Il1.U'J£.CKaJLIJ,eHJJJ1CmllpaOOll1bt. 

Hay<!Ha51 11 npaKTHqecKaH ueHHOCTb pa6oTbl COCTOMT B 
w11poKoM cneKTpe np11Mettemrn TO'!HO peruaeMbIX Monenefl, OT 
cPH3HKM TBepn:oro TeJla .!IO MaTeMaTWieCKOH cPH3HKI1. 

DOJiee KOHKpeTHO rronyqeHHbie pe3yJibTaTbl MOryT 6bITb 
np11MeHeHhI: 
1. B reop1111 <P113HK11 TBepnoro reJla ttMe10TcH 'lttcneHHbie 

npHJIO)[(emrn KBa311-0D:HOMepHbIX MO.lleJieH B TaKHX 
npo6JieMaX, KaKMMH HBJIHIOTCS! KBaHTOBbie KaflJIH, KBaHTOBbie 
HHT11, Il0Jl11Mepbl, BblCOKOTeMnepa'fYpHaH 
csepxnpoBOJlHMOCTb, 3cj)cj)eKT Xo11na. )],JUI omi:caHHH pa3HhlX 
cj)H3H'lJeCKHX BeJIWIHH B HeKOTOpbIX npo6JieMaX TaIOKe 
paccMa'TpJ-!BalOTC51 COOTBeTCTBYIOIUHe TO'lHO pewaeMbJe 
CyYITeH'l!aTbie MOJleJIH. 

2. B TeopHH cTpyH MHpOBaH nosepXHOCTb .usyMepHa, 11 
<t>opMaJII13M JlByMepHhIX HHTerp11pyeMblX MOD:eJiei1 TaM MO)KeT 
6hITb ycneurno yr10Tpe611eH. B qacTHOCTM, cso6ontthre no1151 
Ha cPJIYKTYHPYJOIUeii nosepXHOCTH COCTaBJI5llOT 6a3HC rorn 
Teop1111 CTPYH B d ~ 1. HeKOTOpbie H3 HHTerpHpyeMbIX 
Mon:eneti HMeIOT rrpe.uenoM KompopMHYJO Teopmo rron.H. 

3. TioHHTHe "KsaHTOBa.H reopm1 rpynn" TI05!Bl1JIOCb B 
pe3YJlbTaTe pacCMOTpeHH.H CJi!MMe'TpHM B TOlJHO pewaeMbIX 
Mo.n:eJI.HX. PaccMoTpeHHe rpynnhI c11MMerpm1 3a HOBblMl1, 
nocrpoeHHbIM11 mumep MO.lleJIHMH n03BOJI.HeT noJiyqHTb 
0606mett11e HeKOTOpblX KBaHTOBblX rpynrr. 

Hczy_'JJJbl.f! J1f1iHlJJC£1J11~_fJ.blffilCJJMbIJU1£L 3a.w.umY~ 

1. HaH:neHo 06061UeH11e ypasHeH11H 5IHra-EaKcrepa MH 
Mo;:i:enei1: c qepenyiornHMCH pacnoJIO)[(eHHeM R-MaTpHU so 
BpeMeHHOM 11 on:HOMepHO npocrpaHCTBeHHOM HanpaBJieHMHX 

1 
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c ueJihlO Yll.OBJieTBopemrn yc110BIDI KOMMyranrnttocT11 
Tpattc<Pep MaTpHU c Pa3HbIMH cneKTpanbHbIMH rrapaMeTpaMH. 

2. IlOCTpOeHa HHTerp11pyeMaSI MO.QeJib t-J nma c 
qepe.uyJOUU1MCH C.llBHfOM cneKTpaJibHOro napaMeTpa BllOJib 
ue1rn. faMHJibTOHHaH l\.10JleJIH BbllJHCJieH B <t>epMHOHHOM 
<t>opMyJIHpoaKe. Ott BKJUotJaeT B ce6si B30HMo.nelkTBMH Tpex 
coce,llHJ1X <t>epMHOHOB H I10-3TOMy MOXeT 6bITb npeJlCTaBJleH 
B <t>opMe 311:r3aroo6paJHoii czynetttiaTOM MOlleJitt. C 
rroMOlllhIO Texmuor A1lre6paHtJecKoro EeTe AHJaua Hai11IeHhI 
co6cTBeHHhle 3HalJeHHSI H co6cTBeHHbie COCTOHHH.R Tpattc<Pep 
MaTpHUbl .uaHHOH MO.uemf. 3aMetJeHo, l.fTO B 
TepMO.llHHaMW·leCKOM npeneJie MHHHMaJibHa.R" 3Hepnrn Mon.em1 
ITOJIYl.faeTcH rrpH qernepTh-3arro1rnem1 y3JloB cpepM11ottaM11, 
BMecTo o6wrnoro rroJiy-3arronHeH11si. 

3. 0606meHHh1e, Z2 rpa.n:YHposaHHhie ypastteHH.R Jlttra-
BaKcTepa pellleHbl mm attH30Tponw1ecKoM t-J Mo.ae1111. 
IlocTpOetta MOD.eJih c l.fepe.n:YIOI.UHMC.SI pacrrono)l(em1eM 
rrapaMeTpa aHH30Tpomm B.D:OJib uenn. Bhflrn:cJieH 
COOTBeTCTBYIOIUHH faMHJibTOHHaH H, flOCKOJibKy OH 
co.uep)l(HT rrocJiell}'IOume K 6JIIDKaH:rneMy coce.uy 
B30HMOJlCHCTBHH, MO)l(eT 6bITb npe.u:cTaBJieH B <PopMe 3Hf3ara 
Ha perneTKe. IlpHJIO)l(eHa TeXHHKa A.n:re6pa11qecKoro Elere 
AH3aua, H HaH.lleHbl co6cTBeHHbie COCTOHHH.R BMeCTe c 
co6crneHHhIMH 3Hal.feHH.SIMH TpaHc$ep MaTpHI.J:hI. 

4. IlOCTpOeHa TO'IHO pelUaeMru:i MO.ll,HcpHKau1rn MOlleJIH 
Xa66ap.na c Z2 rpa.n:YJ1poBaHHOH .U:Hcno3HUHeH: oneparnpoa 
JlaKca BD.OJih uen11. "tJepeJJ.YIOIUHec»" ypaattemrn >lttra­
ElaKcrepa peweHbI H Hai11IeHbI JlaKc oneparnpb1 .uaHHOH 
Mo.uem:1 B cpepMHOHHOH cpopMyJIHPOBKe. 

5. HattneHhI pewemrn "qepe.uyioI.UHXC.SI" 51 Hr- EaKcTep 
ypastteHHH A.JUI o6ruero cJiyqM rpyrrrrh1 gl(n). B neTaJI.SIX 
rrpoamUIH3MpoBaH CJiyqaii N=2 H 3a 3TMM perueHHeM 
Hati.u:eHa COOTBeTCTBYJOIUa.H l<BaHTOBaH rpynna Uqe(g/(2)) c 
MaTpHqHbIM rrapaMeTpOM .ne<PopMaUHM qB, r.ne (qB)2=q2. 
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C11MMerp11H 3a 3THMH MOJleJUIMM TaJOKe MO)l(eT 6hITh 
HHTeprrpentposatta, KaK TeH30pHoe npo113ae,u:ett11e anre6phI 
Betl:m1 11 rpyrrnow Uq,;( gl(N) ) c .nsyM.SI napaMe-rpaM11 

ne<PopMaumi: q 11 i. 
6. Pa3BHTa TeOpH.S! B03MYIUemrn:, OCHOBaHHa.SI Ha paIIHaJibHOM 

KBaHTOBaHHH MaccHBHOH Mo.neJIM T11pp11Hra. H)')KHO 
OTMeTHTh, qro otieBMHaSI TPY.UHOCTh paIIHMhHOro 
KBaHTOBaHHSI. MaCCHBHbIX TeopHH, roqHee Sl.BHa51 3aBHC11MOCTh 
faMHJibTOHHatta OT BpeMeHH, 6bIJia yna•rno npeononeHa. B 
3TOH cpopMyJIHPOBKe, B nepBOH CTenem1 KOHCTaHThl 
s3a11Mo.uei1:CTBWS1. MaccHBHOH Mo.nenw THpp11ttra, ttaH.u:eHa 
BaKYYM-BaKYYM aMrumry.na c npOH3BOJibHO CllBHH)'ThIMH 
rpaHWl{HhIMH ycnomu1M11 <l>epMH noneii. B TepMHHax Sine­
Gordon TeopHH 3TH aMruIHTYJJ.bI He qro 1rnoe, KaK BaKyyMHOe 
0)1<!1,U:ami:e 3KCITOHeHUHaJibHOfO ITOJUI <exp iacp(O)>. 
DonyqeHHbIH HaMW pe3yJlbTaT !10lITBep)i(JlaeT nmoTe3y 
JlyKhSl.HOBa H 3aMOJIOll'IHKOBa 0 Bbipa)l(eHl1l1 BaKyyMHOfO 
m1rn,u:aHH.R 3KcnoHeHUMa.JihHOro onepaTopa B .\iOlleJIM Sine­

Gordon. 

Anp.a.~.a!ifJm.bL. 

MarepHMbI 11 pe3yJihTaThI ,u:HcceprnmrnHHOH pa6oThI 6b1m1 
rrpencrnsJieHbI Ha HayqHhIX ceMHHapax B EpesaHcKOM 
<l>H3W.J.ecKOM MHcTHTY"fe, Ha Kacpe.npe reopeTH'l.eCKOH $H3MKH 
EpeBaHcKoro f ocy.u:apcTBeHHOro Ymrnepc:inern, B ¢11311qecKHx 
HHCTHzyTax LAPTH-Alrnec11, SPhT-CaKJieif, NBI-KonettrareH, B 
yHHBepcwTerax EoHHa (Bonn University) H BepJIMHa (Freie 

University). 
TaIOKe OCHOBHbie pe3yJihTaThl n11cceprnu110HHOH pa60Tbi 

,U:OKJIMb!BaJIHCb H o6cyx<.UaJIMCh Ha Me)l(.ll:yttapO.U:HbIX 
KOH¢epeHUHHX M nopKlllOnax B IlapIDKe-2000, T6mrnc11-2000, 
AttttecH-2001, Hop-AM6epTe-2001, KoMo-2001. 
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.ll:;JfiJnJKalJ,MlJ. 

0CHOBHh!e TIOJIO)Kemrn llMCcepTilUHOHHOH pa60Thl. 
npe.ncraBJieHHhl B WCCTH ony6JIHKOBaHHhlX HayqHhIX pa6orax, 

CIIHCOK KOTOpbIX IIPHBO.llHTC.SI B KOHU:e aBTOpe<l>epaTa. 

CnzPJlKl1JJ'PO_ iJ.ua:.epmf11J,U1J.. 

,UHccepramrn cocTOHT 113 BBe.uemrn, rnrrn rnaB 11 JaKmoqemu:1. 

B Kottue pa6oTbI np1rne.neH cnHCOK JIHTeparypbI, BKJIIO'la10m11ti 

125 CCblJIOK Ha OpHntHaJibHbie pa6oTbI, 0630pbl 11 .llOKJI3.llbl Ha 

KOH¢epeHUHHX. 06'heM pa60TbI COCTaBJI.SieT 123 CTpaHl1Ubl 
MauI!iHOIIHCHOro TCKCTa, BKJIIO'Ia.SI CeMb PHCYHKOB. 

KPATKOE CO,[(EP.>KAHHE PAEOTbI 

Bo BBe.neH1111 o60CHOBatta aKTyaJibHOCTb Te Mb!' 
c¢opMyJI11poBaHa ueJib 11CCJie)lOB3HHSI H npaK.TMlfeCKa.SI ueHHOCTb 

pa60Tb!. Ilp11Be.neHbl TaK)Ke OCHOBHbie MOMCHTbl MCTOpW-!CCKOro 
pa3BHTJ1.SI 06JiaCTH TO'l:HO pernaeMblX MO)leJie:H. 

Bo BTQ)lllii_JJiaB.e IIPHBe.u;ena TeXHMKa nocrpoemrn HOBhIX 
HHTerpMpyeMbIX Mo.neneti: "cryneH'!aToro" BHJla Ha 6a3e 

CYIUeCTBYJOmHx HHTerp11pyeMbIX MO,lleJieH. ilo11yqeHHbie MO.UCJ111 

11Me10r "qepenyiomeec.SI", TO<fttee, Z2 rpa.uyHpoBaHttoe 

pacnonm1<eH11e R-MaTpHU B.UOJib uenH H Bo BpeMeH11. 

Oco6eHHOCThJO CKOHCTpYJ1poBaHHbIX Mo.uenei1 HBJI.SleTc.H 

cymecTBOBaHHe pa3HhlX Bi11{0B Me:>K,UyuerrOl!Hb!X 

B3al1MO.lleti"cTBHH, KOTOpbie HMelOT TOilOJIOfM'IeCKHH xapaKrep. 

c ueJibIO npe,UCTaBJieHH.SI TeXHHKH, KOTopaH BTIOCJie)lCTBHl1 

HCIIOJlb3yeTC.H B c,r1eti:nYIOm11x rnaBax, B 3TOH rnaBe pacCMOTpeHa 
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HeO.[(HOPO.llH3.SI amt30TpOTIH'leCKa5! uenb feV13CM6epra (XXZ) C 

qepeny10IUHMCJI napaMerpoM amnOTpomrn ±!.. OnHchrnaercH 

nocrpoem1e HHTerp11pyeMbIX MO.[(eJieM c KOMMYTHPYlOlUHMH 

rpaHc¢ep Marpm.~aMH, r.ne R-MaTpMUbI pacnoJio:>KeHhI 

qepe.nyioIUHMC.SI o6pa30M BllOJib uernt H BO BpeMeHH. 

B ceKUHH 2.1 np1rne.neHo 11 perueHo llJI.H cJiyl!a.H XXZ Mo.nen11 

ycnoawe KOMMyraTHBHocrn Tpattc¢ep Marpwu, 3aBHC.SIIUHX OT 

paJHbIX cneKTpaJibHbIX napaMeTpOB, '!TO HBJI5!eTC.SI o6o6rueHHeM 

o6bI'IHbIX ypaBHeHHM 51Hra- EaKcrepa. HaM.nettbI ':leTbipe pa3Hbie 

R-MaTpHUhI H rrpencraBJieHhI B cpepMHOHHhIX nom1x. 

B CCKUHH 2.2 HaH.llCH f aMHJlbTOHJ1aH MOllCJUI, KOTOpbIH 

JIOKaJieH, T. e. COCTOHT M.3 B33l1MO.[(eHCTBHM KOHC':lHO YllaJieHHbIX 

Y3JIOB uenM. ilo npM~IHHC TOfO, ':lTO pelllCTKa HHBapMaHTHa 

OTHOCHTCJihHO rpaHCJI.SIUMH Ha ,llBa y311a, B faMM.JlbTOHMaHe 

HMelOTC.SI l!JieHbl B3al1MO)lei1:cBJUl Me)!()l.y TpeM.SI coceJJ,HHMH 

y3.rraMn (BMeCTO cocenmix l.{JleHOB B3aHMOllCHCTBHH B 06bll!HOH 

MOJJ.eJIH XXZ). faMHJibTOHHaH npellCTaBJieH 311f3aroM Ha 

pernerKe. 3rn faMHJihTOHHaH CT)'Ilett•rnrnro nma (Ladder 

Hamiltonian). OH cocrowr 113 .UByx 'UleHOB, coornercayiom11x 

s u (1, 1) MOllCJl.SIM f eM3C\16epra llJI.SI KIDK.llOH 113 llByx uenetf 11 

TOIIOJIOfHl!CCKOfO B33HMO.llCHCTBlrn Me)l(Jly uen.HMH, KOTOpbie 

m1ruyrcsr Ha TpeyroJibHHKax B BHlle: 
abc a b c 

E O'i O'i+l O'i+2 

r.ne cabc aH1130Tporrw1ec1<11J1 aHTHCHMMeTpH'IHhIM reHJop. 

B npe.n:eJie CB060.llHhIX <PepMHOHOB (A.=n/2) MO.UeJib .ueJIHTC.SI Ha 

.UBe HC3aBHCl1Mbie rpynnbI CB060JlHhIX <l>epMHOHOB, 

rrepeMemalOIUHXCSI TOJibKO Ha lfCTHbIX MJUI HetJeTHbIX y3Jlax 

ueneil:. 
B ceKUHH 2.3 c rroMOlllblO rexHHKH Al!re6paHl!ec1<oro Eere 

A1naua Hati:neHbI co6crneHHhie cocroHHHH faMHJibTOHttaHa 11 ero 

co6CTBeHHbie 3HalfeHH.H. 
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B 'I)leTeii ___ -.fllaB.e paccMoTpeHbI HJOTponHtfecKa.11 H 
aHH30Tp0IlH'IeCKa.sI t-J MOlleJrn H c IlOMOlllblO TeXHHKH, 

om1caHHOM BO BTOpOM rnaBe, nOCTpOeHbl COOTBeTCTBYIOIUHe 
CTyI1eH1IaTble TO'IHO pernaeMbie MOJieJIJif c qepe,UYJOll.(JifMCH 3HaKOM 
rrapaMeTpa aHH30Tpomrn. 

B ceKUHH 3.1 paccMoTpeHa H30TpOI1HtfecKrui Mo.nenb t-J. 
PaccMOTpetta TpaHc<f>ep MaTpwua c l!epenyIOll.(HMCH c.nswroM 

cneKTpaJibHoro rrapaMeTpa. ITp11se11eHbI JlBa ypaBHeHH.11 5Ittra­
EaKCTepa JI.JUI KIDK.Uoro rrepexona R-MaTpHUhI BllOJib uerm H 
HaM1leHo pewem1e. BhilfHcnett f aMHJibTOHJifaH MO.lleJIH, KOTOpbIM 
MO)!{eT 6bITb Hami:caH Ha peweTKe THna cryneHtfaToro 3Hr3ara. 
OH cocTOHT H3 nsyx ueneri c t-J f aMHJibTOHHaHaMH Ha KIDK.UOH 
H3 HMX, npbDKKOBbIX tVJeHOB 3JieKTpOHOB c OllHOH uenH Ha 
.upyryIO H .nsyx BHJIOB B3aHMO.neHCTBJUI Me)l(Jly uen.sIMH. IlepBhIH 
lfJieH HMeeT <f>opMy cmrn-cmrn B3aHMOlleHCTBirn, r.n.e OllHH M3 
CilHHOB <f>opMHpyeTCH H3 llByx <f>epMMOHOB Ha OllHHaKOBOH 
Bepunrne uenH, B TO BpeMH KaK, JJ.pyroi1 CITHH COCTOHT H3 .UBYX 
<f>epMHOHOB Ha COCe.lI.HHX BeprnMHax npyroH uenH JieCTHHUbl. 
BTOpoii lfJieH B3aHMon.eti:CTBH.sI HMeeT rononont:tieCKYIO <f>opMy 
B3aHMO.l{eHCTBYIOlllHX CI1HHOB H npencTaBJieH Ha TpeyroJibHHKax, 
COCTO.lllllHX 113 3Hr3aroo6pa3Hb!X pyHroB (Me:>I<UyuenotrnhIX 
lfJieHoB BJaHMoneHCTBH.11). TaK )Ke KaK H o6hI'IHa.sI MoneJib t-J, 
npe.UCTaBJieHHaH MOJJ.eJih TO)!(e o6JiaJiaeT fJI06aJibHOH gl(I 11) 
cyrrepcHMMeTpHeH. 

B ceKUHH 3.2 npHJJO)l(etta TeXHHKa A.rrre6patttfecKoro EeTe 
AHJaua H Hati.ueHbI co6crneHHhie cocro.11HH.R: H co6cTBeHHhie 
3HalfeHH.11 f aMHJlbTOHHaHa, npe.UCTaBJieHHOfO B CeKUHH 3.1. 
0Ka3aJIOCh, l!TO B 3TOM cJiy•.rne Allre6paM'!ecKHH BeTe AttJau 
"rne3.ueHHhIH" (nested) KaK H B 06hi'IHOH MOD:eJIH t-J. 3To 
3HalfHT, '!TO Mbl .ll.OJI)((Hbl pernaTb JI.Be npo611eMhl 
,n:11arottaJI113au11H, OAHY B npyrotl:. B Kottue ceKuHH 3.2 
npe.ucrnBJieHbI :meprM.sI noKOH Mo.uemi: M cneKTp B036}')1(Ll:emi:u B 
TepMO.ll.MHaMHl!eCKOM npe.n:eJie. 

) 

) 

) 

) 
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B ceKUHH 3.3 pacMoTpeHa aHHJOTporrHlfecKasi Mo.uenb t-J 11 
llOCTpoeHa COOTBeTCBYJOll.(a.11 CTyneH'!aTa.11 MO.lleJih. c IlOMOIUhIO 
pewettm1 ypaBHeHHH 51Hra- EaKcTepa MH Mo11eJI11 c 
qepeJJ.YJOlllHMC.11 JHaKoM napaMeTpa aHH30TPomnt MH o6mero 
c11yqa.11 Slq(n) KBaHTOBOH rpynnhI, npeJJ.cTaBJiettoro B m1:roiLrmme, 
3.UeCb Mhl rrepeXO)lHM OT CTIHHa 1/2 (XXZ MO)leJlb) K CHCTeMe c 
TpeMH coCTO.HHM.llMH. KoHKpeTHO Bhm11catto Bb!pa)((eHHe llJI.11 R 11 
R' MaTpHU, y.n:oBJiernop.1110mee 'Iepeny10mnecsi ypaatteHHH 51.Hra­
EaKcTepa llJI.R: cnyqa.R: rpyrrnhI Sl/112), 
c IlOMOlllblO KOTOPhIX Bhl'IHCJieH faMHJibTOHHaH MOlleJm B 

cryneHl!aTOM Bime. PaccMoTpeH TaK)l(e rrpe.ue11 q-+ l, rJle q­
napaMeTp Jie<f>opMaUHH, CB.R:3aHHhIM c napaMeTpOM aHH30TpOnHH. 
faMHJibTOHHaH B 3TOM npeJJ.eJie npe.n:cTaBJU!eTCSl KaK JIBa 
cynepCHMMeTpHl!eCKHX t-J f aMID!hTOHHaHa llJIH Ka:>Kll.OH H3 
uenetl:, r.ne 3HaK KOHCTaHThI B3aHMO.UeHCTBHSl J OllHOH uemf 
3al3l1CHT OT lfHCJia 3anoJIHeHH.ll 3JieKTPOHOM COOTBeTCTBYIOWero 
y31rn npyroii uemt, T. e., lfHCJia 3arro11HeH11H onuow uem1 
onpe.ueJI.sIIOT, .R:BJIHeTC.11 JIH MO.UeJih <f>eppoMarHMTHOH HJIH 
attrn<f>eppoMarttHTHOH Ha coce.n:He:ti uenH. 

B 'leT.BflllOil __r,rume BbillleyrroM.11HyraH TeXHHKa nocTpoemrn 
HOBhlX TO'IHO-pernaeMbIX MO)leJieH CTyileH•iaTOro BH.Ua 
11p11MeHHeTCH K MO.lI.eJm Xa66apJ:(a llJISI rrocTpoeHH.11 HOBOH 
MOD.eJIH c Z2 rpaJiyHpOBaHHhIM pacnoJIO)l(eHHeM JJaKc onepaTopos 
BllOJih uerrH. PerneHbI ypaBHeHHSI flttra-BaKcrepa 11 Hati.ueHhI 
onepaTOpbI JiaKca MO.UeJIH B <f>epMHOHHOM rrpe.ucrnBJieHHM. 

B nm:oiLJlla.Be paccMOTPeHa CTpyKTypa KBaHTOBotl: rpynnhI, 
B03HHKaJOlllM 3a "qepe.n:yIOlllHMHC.R:" MOJ:(eJI.R:MH. 

B ceKUHH 5.1 JJ.aeTCSI onpeJJ.e11ett11e aJire6pb1 Xon<t>a H 
npe.uc:raBJieHhI ee rnaBHhie cocraBHhie qacTH, onpe11e11eH TaJOKe 
'-!acTHhIH cJiyqait aJire6ph1 Xompa, KOTOPbIH HaJhmaeTc.11 
KRaHTOBOH rpyrrno:ti H o6b.R:CH.R:eTCH 1<aK ypaBHemrn 5IHra­
EaKcrepa CBH3aHhl c HHM. 

B ceKu1111 5.2 Hccne.n:osaHhI 11 HaH.ueHhI perneHHH ypastteHMH 
51ttra-BaKCTepa llJI51 CJIYlfa.11 rpynnhI gl(N). 
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B ce1<m1s:ix 5.3-5.5 npoamUIM3HpoBatto nonyqeHHoe peweHHe H 
HCJienosatta cTpyKTypa KBattTOBOH rpynnbI 3a 3TMM peweHHeM. 
f1oKa3aHo, 4TO coorneTcrny10mrui KsaHTOBas:i rpynna-3To npsIMoe 
npoM3BeneHHe o6wmoti rpynnhI BetiJis:i 11 Uq,.(gl(n)), KOTopasi 
HBJHieTCS! .UByx rrapaMeTpOBOH (q 11 i) .11.e<1><1>opMau11eH: o6WIHOM 
g/(n). fiOCTpOeH aH<UIOf onepaUHM KOnpo.naKTa B HaWeM CJiyqae, 
KOTopaH onpe.n.eJieHa B a.rrre6pax Xon<t>a. iloKa3aHo, ':!TO 
o6bll!HblH Korrpo.n.aKT He SrBJISieTCS! roMOMOP<l>113MOM, Il03TOMY 
npHXOJllffCS! BBeCTH H onpeneJIMTb IlOHHTHe TpH-rrpo.naKTa, 
HBJIHJOIUerocH roMOMOP<l>H3MOM. 

llle.CTIUI . fJiaBa ITOCBHU(eHa HCCJie,ll,oBaHIUO HHTerp11pyeMOM 
IlByxMepHOH KBaHTOBOH Teopmi: IIOJIS!. 0.n:HHM 113 nocJienm1x 
.UOCTH)l{eHHH B 3TOH o6JiaCTH HBJIHeTCH TOl!HaSI <t>opMyJia lUUI 
BaKyyMHoro oxrnnamur 3KcnoHeHU:HaJibHhIX onepaTopoB B 
Mo.11.en11 Sine-Gordon, rrperom)!(eHHaH JlyKhHHOBhIM H 
3aM011011l!HKOBhIM. McnenoBaHa 3Ta <t>opMyna no TeopHH 
B03MyIUeHHH Macc11BHOl1 MO,n:eJIH T11pp1rnra (MTM) B 
pam1.aJihHOM KBaHTOBaHHM. 

BttenpeH11e CJlBlrnyrnro (twisted) ceKTopa B 3TOH Teop1m 
rI03BOm1eT paCCl!"WTaTb BaKyyMHOe Q)!CMJlaHHe 3KCITOHeHUl1aJlhHb!X 
nonei1 <exp iarp(O)> Teop1111 Sine-Gordon B nepsoM nopMKe 
KOHCTaHTbl B3aHMO)le:ikTBl1S! MaCCl1BHOH MO)leJIM T11pp11Hra. 
0Ka3bIBaeTCS!, lfTO rrpo6neMa S!BHOM 3aBl1CHMOCTH 
f aMl1JlbTOHHaHa OT BpeMeHH B pa,!lJHIJibHOM KBaHTOBamrn 
MaCCHBHb!X TeOpHH MO)KeT 6bITb y.[(a'IHO o6otineHa. 
ilOJIY'"!eHHhlH HaMH pe3yJibTaT cornacyeTCH c TOl!HOM <t>opMynoi1, 
npellJlO)KeHHOH JlyKMIHOBbIM H 3aMOJIO.!l411KOBbIM 11 COBrranaeT c 
aHMOn14HbIMl1 paccl!eTaMH, c.ueJiaHHbIMH B no.n:xone yrnoBoro 
KBaHTOBaHl1H, rrpellJlO)!(eHHOro B pa60TC ilOfOCSIHa. 

B ceKUHH 6.1 on11catt MeTO.U pa.nHaJibHoro KBaHTOBamrn MTM. 
B ceKUHH 6.2 pacC'IHTaHo BaKyyMHoe O)!(H.UaHHe 

3KcnoHeHUHaJihHOro onepaTOpa B TOl!Ke cno6o.uHhIX <t>epM11ottoB. 
Paccl!eThI B rrepBOM nopS!.LI.Ke Teop11H B03MYIUeHHH np"rneneHhI B 
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ceKu1111 6.3. 3necb 6brno o6paiuetto oco6oe BHMMaHHe Ha 
npoue.nypy peryJI.HpH3auHH npOH3BeneHHH JIOKailbHb!X nOJieH B 
conna.na10mHx TOl!Kax, KOTOpM o6nanaeT HOBbIMH 
oco6eHHOCTRMH no OTHOIUeH1110 K 06bll!HOMy KBaHTOBaHHIO B 
,lleKapTOBhIX KOOP.UHHaTax. 

Ilpeo6pa30BaHHe faHKeJIS! 6bIJIO 04eHb none3HO B 3TOM CeKU:HH. 
CoorneTCTBYIOmHe MaTeMaTH'lecK11e nonpo6ttocr11 npe.ncraaneHbI 
B KOHl.(e. 

B 3aKJIJO'IeHHH H3JiaraIOTCH OCHOBHbie pe3yJihTaTbl, nonyqeHHb!e 
B JlHCCeprau110HHOH pa6oTe H BbIHOCl1Mble Ha 1aurnTy. 
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U 1.hfm i.f1 n u.l 

UuibuwtunumpjnLU[! Gl[j1p!.[w6' t pl[WUU1Wjf1G l'J.W2U1'1 UlbumpjWU, 
Ull1Wlllflumti4w4wli :fi'1q'14wJti 6zqpj1m tnu:'n.t.nri Cinp wumj16wCiwat.. 
linf'J.bL GbptJG: 
UmbGwtunumpJwG lit2 quiGL[w6 t 3wCiq-PwLtumbp 

hwl[wuwpnulGbpfl [!G11hwupwgmlio WJCi1.4fluf1 linri.btCil:ipfl hwliwp, 
npnu2 mGbG R-t.lwm11tigwut11ti mwmwut.tnri f'J.Wuwl[n11tlw6mp1mu 
litJwctwt.lwliwlj d"wuwuwljw;tiCi u t.lJlwiwt.fl uiwrwow4wu 
mririmp1muutpnul: U111 hwl[wuwpmuubpjl G1.4wuiw4Ci t uiwpµbn 
UUjbf.tU1f1Wt L4W[lWUbU1[1bpntl wCigmUWJtiG liwmrflgwCibpti 
Ltnliliml.11wmjltlmpJwCi w1.4whntlmtlo: 

'l-jltnwflljtlbt t 6zqpjlm tm6'tlnri t -J linl'J.hLD u Gpw ht11lpf1 tlrw 
LtwrrnLgtlbt t jlGmbq[llJ.nrt lln11bt 21'J.PWJf1 bpltwJGpnl{ uuiblttnflWL 
UfWflWtlbmpJl UlWll1UJCitlnri tnbrtwzwctnt.t: Unri.btfl 1wllf1ttnnCiJWG[! 
hwzt{l{w6 t .'Pt11liflnuw1f1G oliwljbflUJUWCi z112wGw4Gbpmll: UJG 
i.qwrmuwtimo t tpbp hwpuwCi .<pbplipnCiCibrfl t.flntuwqf'J.bgmp1mG Li 
hbtnL.wpwp CibpltwJwgl{mll t qpqqwq wuuif16wfiwJtifi (laddel) 
llnrJ.bt'1 mtuenl[: 
1wfi[lwhwzt{wljwCi Pbuib UCiqwgfl uibfulipf.tw1f1 oqCimp1wup 

qmCitlw6 bu tntl.JWL llnfJ.bL'1 wCigmllwJflG uwuinf1gw1f1 ubt.flwltwCi 
tlfl6wl.jlil:if1[! t.. U[lWUg hWUWUjl.UUlWUtuwGnri utnflwljwCi W(1Ubj?!ibp[!: 
uzl[w6 t, np pb11un11tiuwllf1lt uwhuwunul llnflbl[! quiul[mu t uf1Cijltiwt 
tub11qbmf1lj tl.tieiwl.jnul .'Pbnufln!i!ibpp .12w11n111J.-L9t.l.w6mpJwCi 
fJ.bt.q.i;?nul, hw4wnwlj unl{npwljwu fll:iL4.f2f1' f.tbu-rnt{w6mpJWG[!: 
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CGl)hw!inwgttwo, Z2 wumti6wCiwl[npl[w6 3wuq-Pwf.tmnbp 
hwl[wuw11mu!ibp[! tm6tlw6 bCi !iwt.. wCipqnmpnuifllt t-Jun11btfl 
hwowp: 4wnmgqw6 t tlnfJ.bt. nrti wuf1qmn11nui)lw1f1 uiwpwllbUlp[! 
2'1.PWJJl bpljUJJ!i.Rntl lI11Hl,Wl].f1l[UJO t lllWUlWCil[n'l. aunt{: 1wzl{t.[WO t 
hwllwtqwuiwutuwCi 1wllf1tlilnGJWCi[!, L. ,QWGp n11 WJU 1.4wpmCiwL1nul 
t hwrit..w!iflG hw2np1].nl'J. ttbtlbCirnGbpp u)12t.. t.flntuwql)bgnLpjmCi, 
ljwpnfJ. t lil:ipl.jw1wgtlbL qflq.qwqp C'.llinq: 4flpwntj_wo t 
1wfipwhwzt{wl.jwCi Pblill:i UCiqwgp mbtuupl.jwljwCi, Li wligliwCi 
llwlllppgwJfl ubt.flwljwG tltitSwl.jCibp[! hwllWUfWlllwutuwG ubt.flwllwCi 
W(1db,Qfibpf1 hblll ul:ilttnbf'J. hwzt{4_w6 b(i: 

UlllbCiwtunumpJndjmu f.twomgt.J.wo t uwl.i 1wppWf11'J.!'l lI1JlUf'1 
6zq11tiui tm6tlnri llnlJ.l:iL. npf1 Lwlju OUfb(lwLnnpCibp[! 211.PWJfl 
bpljWJCipm.[ l'].Wuwt{npl[w6 l:iG Z2 wul.llp6wuwqnp dt..m.[: 

Swt.ilwCil{nrJ. 3wCiq-PwLtuuibp hwt.[wuw11m0Gbp[! tm6tlw6 bCi Li 
qm!it.[wo bu tntlJWL un11l:it'1 Lwlju OUjbpwLnn(lCibp[! :flbpotmCiwjflCi 
11w2uil:irintl UJ('ltnwhwJml[wo: 

UmbuwtunumpJnLlimu uwhowCit[wo u q.muqwo b!i uiwuiwuttnl'J. 
3wuq-PwLtumbp hwtJ.wuw11muCibpp tm6mtl[! [!Gl'].hwCimp gl(N) 
llhL4.f2'1 hwow11: Uw!ipwuwuCi 11-fluiwpf.tt.J.w6 t N=2 f1.bL4.f2£! L. qmlit.[wo 
t hwowi.qwmwufuw!i .R4.Wlill1WJf1Ci tumup[!, np[! hwuqtiuwCimtl t 
hwllwiwlflmpJwCi tumup WJl'J. tm6UwG hwt1w11: 'lw t.iwrttti t 
Cib11t.iw1wgCibt npUJl:iU Uqs (g/(2)) etlwGLnwJhCi tunulp qB -
1'].b.'.f>npUWgpWJ!'l UjWpWObtnpntl, Of1Ulbf'J. (qB/ ;q2 : uzlJ.w6 
lln11btCibpJ1 buiL.mo ljwCiq!iwo utiullbrn11jlwG GwL. l.jwpbtfl t 
Cibpl.jwjwglibt nptqbu 4bJL hw!ipwhw24.f1 u bpl.jm uiw11wubtn(1WCif1 (q 
L. i) 1].b:Jlnpllwgpwjnt{ Uq,;(gl(N)) tuupj'l Olf'J.flll. WpU1Wl'].f1JWL: 

UtnbGwtunum.pJwCi tlb112'1G qlnLf"u[! litlflpl[w6 t llwuutil.[ SJlppflCiqp 
linl].btti nwri.tiwt ptlwfimwgllwG hflliwG t.l.riw qw11q.wgl.[w6 
tunlilnpmtlCibflj'l ml:iumpJWliff ltwpunp t !izbt. nn uwuutitl 
rnbuntpjmCiGl:ip!'l llW'l'1WL ,Ql{wCimwguw(i 2112Wliw4Cib[lnul 
WllW2WQOl'J. hJlll!iwl.jw!i ri.ctl{wpntpjnLU[!, 0[1Ci t 1wllptU1nCijwCiti 
dwuwCiwljtig pwgwhLUJLn l.jwfutl.w6mpjnLCi[!, hw2nriri.wpwp 
hw11.pwhwpl{w6 t : UJU ~L.wljbf1UjUWCi ub2 uwuutitJ. Sti1111J1Ciqf1 
tlnf1.bL'1 lflntuwq11bgmp1wu hwumwumtCi'1 wnw2J1G wumf16wCimtl 
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