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OEIUAH XAPAKTEPHCTHKA PAEOThl 

AKlny,(L!JbHJlCl1lb.JIHMbl., c caMoro MOMeHTa nmrnJieHIDI KBaHTOBOH 

TeOplrn TIO.JUI npo6JieMa CHJlbHOH CB$13H $1BJrneTC$1 Bbl30BOM Jl)UI 

<i>HJHKOB-TeopeTHKOB. 

flpw6moKeHHbie cnoco6b1 npeo.uoneHIDI npo6neMbI CHJibHoH: CB$13H -

annpoKCHMaU,IDI HenpepbIBHOro npocTpaHCTBa-BpeMeHH npH TIOMOll.l,H 

pernenrn [ 1], qwcneHHoro Mo.uenwposamrn no MeTo.zzy MoHTe-Kapno 

[2] H onTHMU3aU,UH nyreM BapbHpOBaHIDI napaMeTpOB B 

nony3MnHpHqecKUx BbrpIDKemrnx nepe.u 'UleHaMH THna rmooHttoro H 

KBapKonoro KOH,UeHcarn B npaBHJiax CYMM KX,D, HMeIOT PM cepbeJHhIX 

He,UOCTaTKOB. 

Bne.ueHHe perneTKH MO)J(eT npHBHecTH B TeopHro PM oco6eH­

HOCTeH:, He npHCYll.l,HX eH: H3Ha'IaJibHO, 3To jlBJieHHe HOCHT Ha3BaHHe 

perneTOqHhIH apTe<Paicr. 

qHCJieHHbie MeTO,Ubl nOMHMO oqeBH,UHbIX TeXHH'IeCKHX 

orpaHH'IeHHH HMeIOT TaJOKe H PM npHHUHnHaJibHbIX TpY.UHOCTe:H. 

HaKoueu,, sapHau,HoHHbIH: MeTo.u Boo6me He MO)J(eT npeTeH,UOBaTb 

Ha OnHCaHHe <PyH,UaMeHTaJlbHbIX JaKOHOMepHOCTeH TeopHH no caMOH 

CBOeH cyrn. 

TaKHM o6pa30M, HH O.UHH HJ nepeqHcJieHHbIX MeTO.UOB H .uIDKe HX 

KOM611uau,ID1 He .uaIOT nOJIHOCTblO .UOCTOBepHOH HH¢>opMaU,HH 0 

noBe,UeHHH TeOpHH B o6naCTH CHJlbHOH CB$13H, 003BOJIIDI CTpOHTb 

TOJlbKO 6onee HJIH Mettee Bep0$1THble npe.unoJIO)J(eHIDI Ha OCHOBe 

KOCBeHHbIX <PaKTOB. 

YKaJaHHbIX He.uocTaTKOB y.uaeTC$1 HJ6e)J(aTb TOJibKO B cnyqae 

HaJIH'IH$1 CHMMeTpHH, KOTOprul <i>HKCHpyeT perneHHe noJIHOCTbIO HJIH 

qacTH'IHO. B nepBOM cnyqae MbI HMeeM .ueno c TaK HaJhlBaeMhIMH 

TOqHopernaeMbIMH HJIH HHTerpHpyeMhIMH TeOpIDIMH [3]. 
IlpuMepoB TaKHX TeOpHH CTaHOBHTC$1 Bee 60Jibllle " He TOJibKO B 

HHJKHX pa3MepHocnrx, HO H B qeTbipexMepHH [ 4]. 06mei1 

oco6eHHOCTbIO TaKUX TeOpHH jlBJUieTC$1 TO, 'ITO KOH<i>HrypaU,HOHHOe 

npocTpaHCTBO KJiaCCH'IeCKOH TeOpHH nocne pa3perneHIDI CB$13eH:, T.e. 

,UJI$1 He3aBHCHMbIX nepeMeHHbIX KOHe'IHOMepHO, a <i>aJOBOe 

npocTpaHCTBO KBaHTOBOH - HMeeT KOHeqHbIH o6neM, T.e. CHCTeMa 

MO)J(eT HaXO.UHTbC$1 B O,UHOM H3 KOHequoro 'IHCJia COCT0$1HHH. TaKoe 

CBe,UeHHe noneBbIX nepeMeHHbIX 6eCKOHeqHoMepHOH TeopHH K 
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KOHeqHOMY Ha6opy He3aBHCHMbIX KOOPAHHaT, HMelOI.l(HX Mepy HYJib no 

OTHOWeHHIO K HCXOAHOMY Ha6opy noJieH, npOHCXOAHT KaK B 

AB)'MepHbIX TeOpIDIX no.JUI, TaK H B TOnOJIOfHl.JeCKHX Teopm1x nom1 B 

6onee BbICOKHX pa3MepHOCT.HX: npH d=3 AJI.H Teop1rn KaJIH6posoqHbIX 

IIOJieH c .neHCTBHeM qepHa-CaitMOHCa (5) H rrpH d=4 B 

cyrrepcHMMeTpuqttoil TeopHH 51Hra-MHJIJica, rrpeAJIO)l(eHHOil BurreHOM 

H 3ai16eproM [4]. TaKHM o6pa3oM, 3a.uaqa KBaHTOBaHH.H TaKHX TeopuH: 

CBOAHTCSI K HCCJieAOBaHHIO KOHeqHoMepttoro MHOroo6pa3HSI 

He3aBHCHMbIX CTerreHeH CB060Abl, HOCSJI.l(eMY Ha3BaHHe npOCTpaHCTBa 

Mo,z:i:yneii. Tio,z:i:o6HaSJ: 3a.uaqa B03HHKaeT npu KBaHTOBaHHH TaK 

Ha3bIBaeMbIX HHTerpHpyeMbIX MO.UeJieH (6) AByMepHOH TeOpHH IIOJISI H 

OAHOMepHbIX CTaTHCTHqecKHX CHCTeM. 

He3aBHCHMOCTb TOIIOJIOfHqecKHX TeopHH OT KOHKpeTHbIX .neTaneii 

BbI6opa JIOKaJibHbIX KOOPAHHaT Ha MHOroo6pa3HH (npocTpaHCTBeHHOM 

H rpyrrnoBOM), Bblpa:JKeHHaSJ rpaqmqecKH, Ol.JeHb HaIIOMHHaeT 

ypaBHeHHe TpeYTOJibHHKOB 51Hra-EaKCTepa, Bblpa:JKaiow.ee ycJIOBHe 

accou:HaTJIBHOCTH KBaHTOBOH rpyrrrrbl CHMMeTpHH, Jie)l(al.l(eH B OCHOBe 

HHTerpHpyeMOH peweToqHOH MOAeJIH, HJIH He3aBHCHMOCTb OT nyru 

o6xo,z:i:a COOTBeTCTByiomero CTaTHCTHl.JeCKOfO rpacl>a, lJTO no3BOJISJeT 

rrpe,z:i:nOJIO)l(JfTb HaJIHqHe rny60KOH CBSl3H Me)l(Ay TOnOJIOrH'leCKHMH 

TeOpHSIMH noJISJ H TOl.JHOpewaeMbIMH MOAeJISJMH CTaTHCTHl.JeCKOH 

$H3HKH. 

Httaqe roBop.H, HHTerpupyeMOCTb TononorH'IeCKHX Teopwil AOJI)l(Ha 

Bblpa:JKaTbCSI ypaBHeHHeM 51ttra-EaKCTepa AJISI nOAXOASJl.l(HM o6pa30M 

onpe,z:i:eneHHOH R-MaTpHU:bI TaK )((e, KaK u B CJIYlJae HHTerpupyeMbIX 

Mo.neneil. YpaBHettwe 51ttra-EaKcTepa o6ecrre'JHBaeT KOMMYTaTHBHOCTb 

MaTpHU: nepettoca, orrpe,z:i:eneHHbIX B BHAe npocTpaHCTBeHHO 

yrropMoqettttoro npoH3Be,z:i:eHH.H R-MaTpHU: [7]. MaTpuu;a nepettoca 

3aBHCHT OT AOnOJIHHTeJibHOfO HenpepbIBHOfO rrapaMeTpa H CJI~HT 

npOH3BOASJl.l(eH cl>YHKL(HeH KOMMYTaTHBHbIX HHTerpanoB JJ.BH)l(eHH.H 

CHCTeMbI, KOTOpbie coxpaHSJJOTCSI BO BpeMeHH, T.K. raMHJibTOHHaH 

CHCTeMbl TaK)((e co,z:i:ep)l(HTC.H cpe,z:i:u HHX. 3HaHHe IIOJIHOro Ha6opa 

(1.JaCTO 6eCKOHe'IHOro) Il03BOJISJeT B npHHl(HIIe nOJIY'JHTb IIOJIHYIO 

HHcl>opMaL(HIO 0 cneKTpe 3HepmH H co6cTBeHHblX cl>YHKUHHX 

raMHJibTOHHaHa, T.e. 06 OCHOBHOM COCTOSIHHH H 3JieMeHTapHblX 

B036~eHIDIX (npH ycnoBHH npeo,z:i:oneHHSJ cooTBeTCTByiomux 

TeXHHl.JeCKHX TpYAHOCTeii). ' 
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CnytiaH, Kor,z:i:a CHMMeTpHSJ cl>HKCHpyeT He BCIO HHcl>opMal(HIO 0 

AHH3MHKe CHCTeMbI He Mettee Ba:JKeH. IlOMHMO TOl.JHOH He 

HapyweHHOH peaJIH33U:HH CHMMeTpHH, BCJieACTBHe cl>JIYKTY3U:HH 

IIOJieBbIX nepeMeHHbIX, B KBaHTOBOH TeOpHH IIpOHCXOAHT TaIOKe 

aHOMaJibH351., npoeKTHBHaSJ peaJIH33U.HSJ CHMMeTpHH. 

Eonee TOl.JHO 3TO YTBep)((AeHHe cl>OPMYJIHpyeTcSJ cne.z:i:yiomHM 

o6pa30M: HeaHOMaJibHbie, TOl.JHble CHMMeTpHH peaJIH3YJOTCSI Ha 

KBaHTOBOM ypoBHe TOl.JHO TaK )((e, KaK H Ha KJiaCCHl.JeCKOM: 

CTaTHCTHl.JeCKM cyMMa Z(x) HJIH BOJIHOBM cl>YHKL(HSJ cucTeMbI \JI no,z:i: 

,z:i:eHCTBHeM npeo6pa30BaHHH H3 rpyrrIIbl CHMMeTpHH OCTaeTC51. 

HeHJMeHHoii: T 81T 82\J'(x)=T812\J'(x), r,z:i:e g 12=g1g2, a cooTBeTCTBYfOI.l(ee 

npe,z:i:CTaBJieHHe rpynnbl CHMMeTpHH SJBJUleTC.H TOl.JHblM. IlpH 

aHOMaJibHOH peaJIH33I..J.HH CHMMeTpHH, BOJIHOBaSI cl>YHKU:HSJ TeOpHH 

\J'(x)=Z(x)IO>=fDcp(x)eiS[q>JjO>, BCJieACTBHe KBaHTOBbIX cl>nyKTyau.u:H, 

npwo6peTaeT ,z:i:onOJIHHTeJibHblH cl>a30BbIH MHO)l(JfTeJib: 

T T \J'(x)=T efia(gl,gl,glll\J'(x) KOTOpbIH B03HHKaeT HJ gl g2 gl2 , 

cl>YHKL(HOHaJibHOH MepbI HHTerpupoBaHHSJ Dcp(x), TaK KaK 

KJiaccH1.JecKoe ,z:i:eiicTBHe S[cp] HHBapHaHTHO, T.e. peanH3yeT 

npoe1<mu6noe 11pe,z:i:cTaBJieHHe rpynnbI CHMMeTpHH: T 81T 82=T812 elia<s1.s2.s121, 

r,z:i:e cl>a3a a.[g,,g2,g12J SJBJUleTCSI 1-KOU:HKJIOM rpynrrbI CHMMeTpHH. 

Tpe6osattue CHMMeTpHH ct>uKcupyeT BHA cl>a3oBoro MHO)((HTemi:, 

paBHO KaK H lJ3CTb CTaTHCTHl.JeCKOH cyMMbl TeopHH, OTBeTCTBeHttyio 3a 

aHOMaJibHbIH cl>a30BbIH MHO)((JfTeJib, nocne HHTerpupOBaHHSI 

aHOMaJibHOro KOU.HKJia no rpyrrnoBbIM napaMeTpaM. TaKHM o6pa30M, 

CHMMeTpHHHbie coo6pa:JKeHHH cl>HKCHPYIOT JaBHCHMOCTb OT Tex 

KOOPAHHaT, KOTOpbie MO)((HO OTO)((AeCTBHTb c rpyrrnOBblMH 

napaMeTpaMH, 33BHCHMOCTb :JKe OT OCTaJibHblX npH 3TOM 3aKJIIOl.JeHa B 
11
KOHCTaHTe HHTerpupoBaHHS1

11
• 

XoTH HMeHHO 3Ta 1.JaCTb 3cl>cl>eKTHBHoro ,z:i:encTBH» Haw6onee 

HHTepecHa c TOqKH 3peHHSI HCCJieAOBaHHSJ AHHaMHl.JeCKOfO noBe,11,eHHSI 

TeopHH, HO "rpyrrnoBaSJ
11 

1.JaCTb TaIOKe HeceT Ba:JKHYIO HHcl>OpMaU.HIO, 

aKTYaJibHYIO ,B qacTHOCTH, npw npoBepKe runore3bI AYaJibHOCTH, 

npeo6pa30B3HHSJ, KOTOPOH CB51.3blB3IOT pe)l(JfMbI CHJibHOH H cna6oii 

CBSl3H B COBpeMeHHOH TeOpHH CTpytt H 6paH [8], IlOCKOJibKY Il03BOJISJeT 

IIOJIY'IaTb TOl.JHbIH pe3yJibTaT, BepHbIH B o6oHX cpaBHHBaeMbIX 

npe,z:i:eJibHbIX CJIY'l3.HX. 



6 

,Upyroti BIDKHbIH npHMep, Kor.u.a HHTerpHpyeMbie MOJI.eJIH B03HHKaIOT 

B peanbHOM cPH3H'leCKOM KOHTeKCTe .u.aeT npe.nen BblCOKHX 3Hepmti B 

KBaHTOBOH xpoMOJI.HttaMHKe. B peJyJihTaTe MttoroneTHHX ycHJIHH 

rpynnh1 JI. H. JIHnaTOBa [9], Hccne.u.osaBlllHX pe,IOKeBCKHH npe.nen 

TeOpHH CHJibHblX B3aHMOJI.eHCTBHH YJI.aJIOCb ycTaHOBHTb ero CBSl3b c 

TO'lttopernaeMbIMH MOJI.eJI.llMH. Ilpe.u.en Pe.IOKe xapaJ<Tepu3yeTcSJ 

ycnoBHeM s> >t-M, r.u.e M -- xapaKTepttbIH Macrnrn6 Mace a.u.pottoB, 

s=(p,+p2)2 -- 3HeprHSI pacceuBaIOIIIHXCSI qacTHU. B CHCTeMe u.ettTPa 

Mace, t= s=(p1-p')2 
-- KBa.u.paT nepe.u.attttoro HMfiYJibca, p 1, p 2 -- 4-

HMfiYJihChI tta'laJihHhIX, a p' 1, p' 2 -- KOHe'ltthIX tJaCTHU.. IlpH yKaJaHHhlx 

YCJIOBHSIX KOHCTaHTa CBSl3H CHJlbHOro B3aHMOJI.eHCTBHSI Mana H B 

TeopHH B03MYIIIeHHH OCHOBHOH BKJiaJI. .u.aeT npu6JIH)J(:eHHe rnaBH.bIX 

norapHcPMOB a 0 µ(log s)", T.e . .u.11arpaMMhI necTHH'IHOro Tuna. B 
npe.u.ene 60JiblllOro 'IHCJia U.BeTOB B KX.U npOHCXOJl.HT 3Ha'IHTeJibHOe 

ynpo1IIeHHe - rpynnOBhie MHO)J(:HTeJIH ct>aKTopH3YJOTCSI H Tor.na, KaK H B 

Teopuu $3 
PM TeopuH BOJMYIIIeimti n rnaBHOM norapHcPMH'leCKOM 

npH6JIH)J(:eHHH MO)J(:HO nepecyMMHpOBaTb, 'ITO 3KBHBaJieHTHO nepexo.u.y 

k HOBbIM KOJlJleKTHBHbIM B036~eHIDIM -- pe,IOKeottaM, o6MeH 

KOTOpblMH COOTBeTCTByeT cyMMe o6MeHHblX JieCTHffllHblX JI.HarpaMM no 

qucny nepeKJia.u.HH. YcnoBHe Pe.IOKe npHBOJI.HT K ecTeCTBeHHOMY 

pac1IIeITJieHHIO aMTIJIHTYJI.bl pacceSJHHSI Ha npOJI.OJibHYJO (B KOTOpOH 

Jie)J(:aT 4-HMfiYJihChI ttatJanhtthIX qacTHU.) H nonepetJHyIO K tteH: 

TIJIOCKOCTH. IlpOJI.OJibHaSJ qacTb aMITJIHTYJI.bl TPHBHaJlbHa H nOJIHOCTbIO 

<l>HKCHpyeTCSI KHHeMaTHKOH npou.ecca, a BCSI JI.HHaMH'leCKaSI 

HHcPOpMaU.HSI co.u.ep)J(:HTCSI B KOHcPOPMHO-HHBapuaHTHOH nonepe'IHOH 

KOMnOHeHTe, KOTOpas:r npe.u.crnBJISieTCH B BHJI.e psi.na no 'IHCJIY 

o6MettuBaeMbIX pe,IOKeOHOB. Ka)J(:Jl.hIH 'IJleH 3Toro pSJJI.a no nu.u.y 

COBna.u.aeT c raMHJibTOHHaHOM OJI.HOMepttoro MartteTHKa feH:3eH6epra, 

onHCb1BaI01IIero B3aHMOJI.eHCTBHe 6JIH)J(:aHlllHX COCeJI.HHX cnHHOB B,ll,OJlh 

OJI.HOMepHOH u.enO'IKH ( o6MeH pe,IOKeOHOM Me)J(:JI.y 6onee JI.aJihHHMH 

coceJI.SIMH no.u.aBJieH JIHlllHHMH CTeneHSIMH 1/Nc). Or raMHJibTOHHa Ha 

CTaTHCTH'leCKOH MOJI.eJIH 3TH aMITJIHTYJI.hI OTJIH'laIOTCSI 3HatJeHHeM 

"cnHtta" - napaMeTPa, xapaKTepHJYIOIIIero npe.u.crnBJiettHe: s=n/2+iv, (n 

- u.enoe, a v - Be1IIeCTBeHHOe 'IHCJIO), KOTOphIH B .u.aHHOM cnyqae HMeeT 

CMhICJI attOMaJlhHOH pa3MepHOCTH COOTBeTCTBYJOIIIero BeplllHHHOrO 

onepaTopa. 
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,UpyroH: npe.neJlbHblH cnyqaH: KBaHTOBOH xpOMO,llHHa.MHKH 

COOTBeTCTByeT DbepKeHOBCKOMY npe.neny [IO], T.e. paccMorpeHHIO 

rny6oKOHeynpyrHX npoueccoB npH BhICOKOH 3Hepnm H 60JihlllOli 

nepe.na11e HMnyJlhca s~oo, t=-q2=xs, x=O(l), THIIH'IHhIM rrpou;eccoM 

SIBJISleTCH my6oKo BHPTYaJibttoe KoMIITOHOBCKoe pacceHHHe 3JieKTJ)otta 

Ha rrporotte: 

eP~ex: y*(ql)+p(pl)~ y*(q2)+p(p2) 

r.u.e Q1,2=CI' , q•2:::()= p'2' 

BJaJfMOJI.eikrnue 

<P1 IJµ(x,)Jv(X2) lp:z> 

P'"'Pi. 

c 

S=2p'·q' , -Q1 ,2
2
=Q1}=sx1.2 

3IleKTPOMarHHTHblM TOKOM 

JIOKaJIH30BaHO B OKpeCTHOCTH CBeTOBOro KOHyCa x.i :::(), JL=O, 

X+=XE9l1. 3JieMeHTapHblit npouecc, IIPH KOTOpOM JI.Be Ha,IIeTalOIIlHe 

'laCTHUhI rrpespamaIOTCSI B JI.Be KOHe'IHJ>l'.e, COOTBeTCTByeT 6JIOlJHOH 

JI.HarpaMMe c 'leTblpbMSI BHeIIIHHMH JIHHIDIMH H Mo:>KeT 6b1Tb JaTIHCaHa 

B BHJI.e: H=Bdx;dx;;+1dx';dX';;+1H11+1> r.ne SJJI.PO II;,tt cooTBeTCTBYeT cyMMe 

Bcex O.D.HOTieTJieBblX AHarpaMM, c Ta.KOR TOTIOJIOrHeH:. 3TO MPO 

OKaJblBaeTcSJ paBHhlM MPY ymmepcaJlbttoro R-oneparnpa HJOTPQnHoli 

MOJI.eJIH f eihett6epra, npe,n.CTaBJICHHoro B BHJI.e HHTerpaJlhttoro 

orreparnpa. IlapaMeTPhl npe.n;CTaBJieHIDI, KOTOphle cIIJieraeT 3TOT R­

orreparnp, COOTBeTCTBYfOT HecPH3H'leCKHM OTpHI.J.aTeJibHblM 3Ha'leHIDIM 

CTIHHa: f=- 3/2 MH fJIIOOHOB H f=-1 JI.JIH KBapKOB. 

HaKotteu;, e1IIe o.nttoit 06JiaCTh10, r:n:e rrpnMeHHMOCTh 

TO'IHopemeMbIX TeopHH He Bbl~hlBaeT HHKRKHX COMHCHHH, SIBJUieTCH 

CTilTHCTH'leCKaH <l>HJHKa H TeopWI rnep.noro Tena. CoBpeMeHHble 

TeXHOJIOmH c,neJiaJIH JI.OcryIIHblMH o6pa3I.J.bl H MaTepHaJibI, KOTOpble c 

O'leHb 6oJihIIIOii: TO'IHOCTbIO MOXCHO C'IHTaTb HH3Kopa3MepHblMH (.n.uyx-, 

o.uHo- H .naxe ttyJib-MeptthlMH). Heym1BHTeJI1>tto, 'ITO MHome 

CTaTHCTH'leCKHe MOJI.eJIH, KOT0p1>1e paHbllle npe,n.CTaBJUIJIH 'IHCTO 

YM03pHTeJibHblH HJIH ne.n.aromqecKHii: HHTepec, ceii:qac BOCnf~HHH­

MRIOTCH ITO'ITH KRK npHKJiaJI.Hble. c 3TOH TO'IKH 3peHID1 BKJIIO'leHHhle B 

.D.HCCePTRUHIO pa6ora, CBSJ3aHHbie c HCCJie.ZJ;OBaHHeM HOBblX 

HHTerpHpeMblX CHCTeM, TaKHX K8K 'lepe.n.yIOIIIHeC.R CilHHOBhie ueno'IKH 

[ 11]' KOTOpbie COOTBeTCTBytOT KOMTI03HTHblM MaTepHanaM, COCTOHIIIHM 

H3 aTOMOB )l;Byx COpTOB, He MOIYf He Bbl3blBaTb HHrepec. 3To )J(:e 
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OTHOCHTC.SI H K nepecpopMyJJHPOBKe }')Ke H3BeCTHblX HHTerpHpyeMbIX 

MO)leJieH, Kai( B CJIY'lae c o6o6m;eHHeM KBaHTOBOfO MeTO,a;a o6paTHOH 

JMaqH paccemHR Ha c.rryqatf rpMYffPOBaHHbIX npocrpaHCTB 

npe)lcraBJieHuii [12) H npuMetteHHe ero K Mo.n.enu YiiMHHa-Jiaa­

CaJepneH.ZJ.a, peamnomurnoii B npocrnattcrne <l>oKa 3JieMeHTapHhlX 

<f>epMHOHHbIX B036}')K.ZJ.eHHH, 6naro)lap.a qeMY H3BeCTHble qnem>1 

BJaJfMO)leHCTBH.ff B raMHJibTOHHaHe npuo6peTaIOT HOBOe HCTOJIKOBaHHe. 

Qe.abHJ iJuccepmau,uoHNoii .aa6omw 116JU11!11lCB 
a) Hccne.a;orumue cne)lCTBHH, BblTeKaIOm;Hx HJ cBoiicrn CHMMeTpHH 

.ll)IH CIDlbHOCBH:3aHHblX TeOpHH IIOJIH, TaIGIX KaK rpaBHTaI(H.ff H TeOpH.H 

CHJJbHblX B3aHMo.n.eiicrBHH. B CJIY'lae reopuu KBaHToBOj{ rpaBHTaUHH B 

qeTHOM quCJie H3MepeHHH rryreM HHTerpHpOBaHH.ff KOHcpopMHOH 

aHOMaJJHH MO)l(}{O BOCCTaHOBHTb qacrb CTaTHCTHqecKoit CYMMbl HJIH 

BOJIHOBOH <l>~HH CHCTeMbl, OTBeTCTBeHHOH 3a aHOMaJJbHOe 

noBe.nettHe TeopHH npH KottcpopMHhlX npeo6pa30BaHIDIX. To xe caMoe 

BepHO JI .ZlJIH KBaHTOBOH reopHH KaJJH6poBOqHblX TIOJieH, 

B3aHMO)leHCTBYIOI.l\HX c .KHpaJibHOH MarepHeii - qaCTb 3<f><l>eKTHBHOI'O 

.n.eiicrBHH, reHepHpyioIIzylO aHOMaJibttyIO <f>a3Y' B03HHKaIOI.l\YID npH 

KaJIH6poooqHblX npeo6pa30BaHIDIX, MOXeT 6b1Tb BblqucneHa TO'IHO. 

b) B reopuu CHJibHblX roaHMo.n.eilCTBHii, B npoueccax paccesrnnR 

npu BblCOKOii 3Hepnrn CHMMeTpH.ff TIOBbllllaeTC.SI - B ue:H IlO.SIBJI.SleTC.SI 

6eCKOHe'IHblH Ha6op HHTel'paJIOB ABIDKeHHSI, COOTBeTCTByIOJ..l\HH 

3BOJIIOUHH nonepe'IHOH KOMilOHeHThl a.MlIJIHTYJlbl pacceRHIDI, 8 

3<txl>eKTHBHOH ABYMepuoH: Kott<f>opMHOH Teop1rn nrurn:. B 3TOM 

KOHTeKcre B03HHKaeT JMaqa 06 HCCJie)lOBaHHH rronpaBOK, CBSl3aHHblX c 

tta6JIIO}laeMblM Ha OilblTe HapYlllett:HeM MacmTa6HOH llHBapHaHTliOCTH, 

T.e. HCCJie)lOBaHHe COOTBeTCTBYIOI.l\eH npeneny BhlCOKHX 3Hepmii B 

KX,lI; HHTerpupyeMOH MO)J.eJIH c HapYllleHHOH KOHcpopMHOH 

CHMMeTpHeH. 

Eonee KPaTKO uenb nuccepraum1 oTpaxetta Bee tta3BaHHH. 

llay'IHO.B H06113111l. 

I 

I' 

I 
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1. J1ccJie}lOBam1e .nnyMepHOH rpaBHTaUHH B KaJIH6pOBKe, 

coxpaH.SIJOI.l\e:H BeHJleBcKyio H 11acTb penapaMeTpH3aUHOHHoJ1: 

CHMMeTpHH. 

2. AHanH3 OCTaTO'lHOH CHMMeTpHH, TO)l()J.eCTB Yop.na H 

ITOCTpOeHHe 3cp<J>eKTHBHOro .a;eHCTBHSI }J)l.SI ABYMepHOH 

rpaBHTal.(HH, cyneprpamnal.(HH H w-rpaBHTal.(HH. 

3. Mccne.n.onaHHe cynep-BeHJlencKoH: attoMaJIHH H 

IIOCTpOeHHe HeJIOKaJibHOro 3cPcl>eKTHBHOfO .n.eiiCTBIDI 

ABYMeptto:H cyneprpanHTal.(HH. 

4. Ilpone.n.eH attaJIH3 pellleHHH ycnoBH.SI Becca-3yMHHO 

}J)l.SI KOHcPOPMHOH aHOMaJIHH H IlOCTpOeHa 'laCTb 3<J><J>eKTHBHOro 

.neiiCTBIDl, OTBeTCTBettttaSI 3a aHOMaJibHOe none.neHHe TeopHH 

IIPH KOHcPoPMHbIX npeo6pa30BaHHHX, HCCJie,noBaHbl ee 

KOfOMOJIOfH'leCKHe CBOHCTBa. 

5. IlYTeM HHTerpMponaumi: auoManbtthlx TO)l()J.ecrn Yop.na 

IlOCTpOeHo 3cPcl>eKTHBHOro ,LJ,eUCTBH.SI w-rpaBHTal.(HH. 

6. BKJI1011euHe <J>epMHOHOB B KapTHHY o CBSIJH npe.nena 

BbICOKHX 3HeprHM B 'IHCTOH rJIIOO.ZJ.HHaMHKe, npe}J)lOXeHttyio 

JI.H.JIHrraTOBbIM. 

7. IlpHMeHeHHe rpa.nyHpOBaHHOro <J>opMaJIHJMa Mem.na 

o6paTHOH 3a,naq11 pacce.SIHHSI K rrpoCTeHIDHM H30TpOTIHblM 

perneHHSIM ypantteHHSI Hura-EaKCTepa. BbrnBJieHHe 

TO:lK,lJ.ecTneuuocTH MO,ZJ.eJIH YiiMHHa-Jiasi-CaJepneH,LJ,a, 

CcPOPMYJIHpOBaHHOH Ha .Sl3bIKe <J>epMHOHHblX onepaTopoB 

po:lK,l1.eHHS1 H YHH'ITO)l(:eHH.H cynepcHMMeTpH'lttou Mo.n.enH t-J. 
8. .[{OKaJaTeJibCTBO HHTerpHpyeMOCTH H HCCne.nonaHHe 

'lepe.a;yiom;e:Hcsi XYZ Mo.n.enH feii3ett6epra. 

9. IlocrpoeHHe npe.ncraBJieHHH anre6pbI sl(2) H 

cynepanre6pbl sl(2ll) B npocTpaHCTBe TIOJIHHOMOB, KOTOpbie 

HMeJOT yttHBepcanbHbIH BHA .ZlJIH JIJ06bIX 3Ha'leHHH rrapaMeTpOB, 

xapaKTCpH3YIOI.l\HX rrpe)J.CTaBJieHHe H, CJietJ,OBaTeJlbHO, HaH6onee 

IIOAXOMI.l\HX MSI rrocrpoeuHSI yHHBepcanhttoro R-orrepaTopa, 

cnnera10m;ero ,ZJ.Ba rrpoH3BOJibHbIX npe.ncTilMeHH.SI. 

10. DocrpoeHHe C06CTBeHHbIX JHa'leHHH H C06CTBeHHblX 

neKTopon YHHBepcanbttoro R-onepaTopa, cooTneTcrny10m;ero 

MPY aMTIJIHTYJlbI pacce.S1HHS1 a.npouon B obepKeuoncKoM 
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npe.n.ene 06b1qttoH " cynepCHMMe·qmqHOH Kffi\HTOBOH 

xpOMO,ll,HHaMHKH. 

11. BbrqucnettHe H,ll,pa yttuBepcanbHOH R-MaTpHUbI, 

npe.n.crnBJiettttoi1 B BH.n.e HttTerpanbttoro onepaTopa. 

12. Ilpe.n.cTaBJiettue q-.n.ecpopMHpOBaHHOH yttHBepcanhttoif 

R-MaTpHUbI B BH,ll,e HHTerpanbttoro orrepaTopa H BbJqHcnettHe 

ero H,ll,pa rryTeM pernemrn CHCTeMbf pa3HOCTHbIX ypaBHeHHH. 

13. Mccne.n.osattHe " rrocTpoettHe npe.n.crnBJieHHH 

HeCTaH,ll,apTHO-.n.ecpopMMpOBaHHOH rrpll IlOMOUJ:ll pa3Mepttoro 

rrapaMeTpa anre6pb1 s1~(2) B npocTpaHCTBe noJIMHOMOB. 

14. Bb1qMcnettMe H,ll,pa HHTerpanbttoro R-onepaTOpa 

HeCTaH,ll,apTHO-.n.ecpopMMpOBaHHOH anre6pbl s1~(2) " cpaBHeHMe 

ero c pe3yJibTaTOM O,ll,HOITeTJieBbIX BbfqlfcJieHMH .n.m1 BbUIBJiemrn 

qneHOB, OITHCblBalOUJ:HX Hapyruem:re MaCruTa6HOH 

HHBapMaHTHOCTH .n.mi 6onee HH3KHX :meprnH. 

llay!tll.QJjJLnJlQKIWl.!J£CK0.11 u,ewwcmb pa6omw. 

Mccne.n.osattMe orpaHH'leHMH, ttanaraeMbIX aHOMaJibHbIMH 

CHMMeTpIDIMH, oqeHb BIDKHO c TO'JKH 3peHMH nposepKM 

rHITOTenl'leCKHX COOTHOllleHMH ,ll,yaJibHOCTH Me)l()'.(y Pa3llll'JHblMH 

MHoroMepttbIMM TeopIDIMH cyneprpaBHTaUHH, CTpYH " D-6patt, 

IlOCKOJlbKy, HBJIHHCb TO'JHbIMH, 3TH orpaHH'JeHIDI pa60TalOT B pe)KlfMax 

KaK cna6oif, TaK " CHJlbHOH CBR3H. fMnOTe3a 0 TOM, 'ITO B o6naCTH 

BbICOKHX 3Heprni1 KBaHTOBaH xpoMO,ll,MHaMMKa CBO,ll,HTCH K 

TO'JHOperneMOH MO,ll,eJIM BIDKHa He TOJlbKO CaMa no ce6e, TaK KaK 

no3BOJIReT Bbl'JHCJIRTb aMITJIHTY.ll.bl pacceHHHH B 3TOM rrpe.n.ene, He 

npH6enuI Ka)l()'.(blH pa3 K ,ll,HarpaMMHbIM pac'JeTaM, HO " c TO'JKH 

3peHID1 B03MO)!(HOH CBH3H COOTBeTCTByiorn:eu tteCTaH,ll,apTHO-

.n.ecpopMMPOBaHHOH HHTerpMpyeMOH MO,ll,eJIM c ,ll,ByxnerneBbIMH 

rronpaBKaMH B KX)l EcnM TaKaH CBHJb no.n.TBep.n.MTCH, TO pa3Mepttbrif 

napaMeTp !;, .n.ecpopMHPYIOI.U:MH yKa3aHHyIO HHTerpMpyeMYIO MO,ll,eJib, 

,ll,OJDKeH 6bITb nponopl(HOHaJieH Macrurn6y ttapyruemu1 CKeHJIHHfOBOH 

CMMMeTpHH AQCo· Mtta'le rosopH, aMnJIMTY.ll.hr a,u,pottoB B 

obepKeHODCKOM npe.n.ene KX,ll,, onHCbrnaeMbie MHTerpanbHbIMH H,ll,paMH 

,, 

' 

11 

COOTBeTCTBYIOUJ:HX R-onepaTOpOB, OKIDKeTCH B03MO)J(HblM npo.n.omKHTb 

3a o6nacTb npMMeHMMOCTM nbepKettoBcKoro cKeHJIHHra. 

Jlay!mbll!_llJUIJJJK£.Hll.IL6blHJlCUMbll! Ha JaW,umy. 

1. )J:OKa3aHO, 'ITO ,ll,ByMepHaH KBaHTOBaH rpaBHTal(HH He HBJIReTCH 

,ll,ByMepHOH KOHcpopMHOH TeOpMeH noJIR: ee HeB03MO)l(H0 

npHBeCTH )( cpaKTOpll30BaHHOMY BH.n.y, T.e. npe)J.CTaBHTb B BH)J.e 

npOH3Be,ll,eHHH fOJIOMopq>HOH (3aBMCHrn;eif TOJlbKO OT 

KOOp,ll,HHaTbl z) " aHTHffiJIOMOpcpHOH (3aBHCHrn;eif TOJlbKO OT 

KOOp,ll,MHaTbl z) 'JaCTeH. 

2. 3cpcpeKTHBHOe )1.eHCTBHe ,ll,ByMepHOH rpaBMTal(HH BbfqHcJieHo B 

peryJIRpM3aUHOHHOH cxeMe, KOTOpaH coxpaHHeT BeiiJieBCKylO 

HHBapMaHTHOCTb, a TaJOKe CHMMeTpMIO 

)1.McpcpeoMopcpH3MOB, coxpaHHJOlUHX UJIOUJ:a)J.b. 

3. Ha npHMepe ,ll,ByMepttoif rpaBMTaU.HH 

3cpcpeKTMBHbie )1.eHCTBIDI, BbI'JHCJieHHbie 

peryJIRpM3aUHOHHblX cxeMax, OTJIH'Ja10TC51 

.n.o6aBJieHMeM JIOKaJibHblX KOHTpqJieHOB, 

nepettopMHpOBKOH. 

OTHOCHTeJlbHO 

IlOKa3aHO, qTo 

B paJJIH'IHblX 

.n.pyr OT )1.pyra 

T.e. KOHe~rnoH 

4. MttTerpMpyH ypasttettHH KOttcpopMHOH attoMaJIMM B .Ll.BYMepMM, 

MO)l(}{O nonyqMTb aHOMaJibHYIO cpa3y - .n.eHCTBMe JllfYBHJIJIH, 

KOTopoe KBa,u,paTH'JHO no rpynnosoii: nepeMettttoH:. MttTerpHpyH 

no KBaHTOBblM cpJIYKTYaUIDIM 3TOH nepeMeHHOH, MO)l(JIO 

nonyqHTb HeJIOKaJibHOe 3cpcpeKTHBHOe )1.eHCTBHe )1.ByMepHOH 

rpasuTaUHH - .n.eiiCTBHe IloJIRKOBa. TaKHM )Ke o6pa3oM nonyqeuo 

HeJIOKaJibHOe 3cpcpeKTHBHOe .u;eifCTBHe KBaHTOBOH d=2 
cyneprpaBHTal(HH. 

5. B cnyqae BbIClllHX pa3Mepttocreii cooTBeTcrsyiorn:aH aHOMaJibHaH 

cpa3a (1-KOUHKJI) 3cpcpeKTHBHOf0 .u;eHCTBIDI OKa3bIBaeTCH B o6meM 

cnyqae nopH,ll,Ka d no rpynnoBoH nepeMeHHOH. IloKaJatto, 'ITO 

)1.06aBJieHHeM JIOKaJibHbIX KOHTp'IJieHOB K 3cpcpeKTHBHOMY 

)1.eHCTBHIO MO)l(}{O rrpuBeCTH 3TOT KOUHKJI K KBa,u,paTH'IHOMY no 

rpynnOBOH nepeMeHHOH BH,ll,y, T.e. nOJiyqHTb rayccoB HHTerpaJI 

no Heif B BblpIDKeHHH .n.mi 3cpcpeKTHBHOf0 )1.eHCTBIDI H, 

HHTerpHpyH, nOJiyqHTb TY ero 'laCTb, KOTOpaH OTBeTCTBeHHa 3a 

aHOMaJibHOe IlOBe)J.eHHe. 
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6. I1oKa.3aHO, 'ITO 3<l><l>eKTHBHOe JJ;eHCTBHe w-rpanHTaU.HH TaIOKe 
MO)l(eT 6h!Tb nonyqeHo HHTerpHponaHHeM COOTBeTCTBYIOIIJ.HX 
aHOMaJibHblX ypanHeHHH, a TaIOKe, 'ITO npH IlOMOIIJ.H nne.11:emrn: 

BCUOMOraTeJibHblX noneif OHO MO)l(eT 6bITb 3anHCaHO B 
KOBapHaHTOM BHJJ;e. 

7. )1.nSI crnrnonoif u.eno'IKH feii3ett6epra, HHnapHaHTHoii 

OTHOCHTeJibHO cyneprpynnhl SL(2J l) ,UOCTpOeH IlOJIHbIH Ha6op 
co6CTBeHHbIX cocro.mrnii }{ BbI'IHCJieHbl COOTBeTCTByJOll(He HM 

co6cTneHHhle 3Ha'IeHHSI yttHnepcanbHoro R-onepaTopa H 

raMHJibTOHHaHa. 

8. YmrnepcanbHaSI R-MaTpHU.a, cnnern10rn;asi npoH3BOJihHbie 

npe.11:cTaBJieHHS1 anre6pbI sl(2Jl) ,npe.11:crnBJieHa n BHJJ;e 

HHrerpanbHoro onepaTopa, BhI'IHCJieHo ero MPO H onpe.11:e11eHbI 

KOHTypb1 HHTerpHponaHHSI. IloKa3atto, 'ITO MPO 3Toii R­
MaTpHU.hl COBilaJJ;aeT c SIJJ;pOM OJJ;HOUeTnenoH: aMnJIHTyJJ;bI 

pacceS1HHS1 2~2 B nhepKettoBCKOM npe.11:ene cynepcHMMeTpH'IHOH 
KX,U. 

9. YHHnepcanbHaSI R-MaTpHU.a, cnnern10masi npoH3BOJihHhie 

npe.11:crnBJieHHS1 anre6pb1 slq(2) ,npeJJ;CTaBJieHa n nHJJ;e 

HHTerpanbttoro onepaTopa, Bhl'IncneHo ero MPO, onpe.11:enett 

IlOJIHbIH Ha6op co6cTBeHHbIX BeKTOpOB }{ Haif,JJ;eHbl 

COOTBeTCTBYIOIIJ.He UM co6CTBeHHbie 3Ha'IeHHSI. 
10.)1,.nSI HCKJIIO'IHTeJibHhIX 3Ha'IeHHH napaMeTpa .11:e<t>opMaU.HH q 

paBHbIM KOpHSIM H3 eJJ;HHHU.bl IlOSIBJISleTCSI HOBbIH THil 

npeJJ;CTaBJieHHH - U.HKJIH'IeCKHe, JJ:JISI KOTOpbIX Haif,JJ;etta 

peanH3alJ,ml B BHJJ;e Ha6opa T3Ta-<t>yHKIJ,HH c xapaKTepHCTHKaMH, 

}{ Ha 3TOH OCHOBe IlOCTpOeHbl co6CTBeHHbie BeKTopbl " Haif,JJ;eHbl 

co6cTBeHHhie 3Ha'IeHHSI cooTBeTCTnyJOmeH: R-MaTpHU.hl. 

11.)1,JISI cnyqaS1 ttecraHJJ;aPTHOH .11:e<t>opMaU.HH anre6pb1 sl(2) npH 
noMOIIJ.H pa.3MepHoro napaMeTpa, peanHJonatthI npe.11:crnBJiettuS1 B 

npocTpaHCTBe UOJIHHOMOB H Haif,JJ;eHbl IlOJIHbIH Ha6op 

co6crneHHhIX neKTopon yttHBepcanbttoro R-onepaTopa H ero 

co6CTBeHHhie 3Ha'IeHHSI. 

12.HaifJJ;eH IlOJIHblH tta6op coxpaHS1101IJ.HXCS1 TOKOB 

TpexpeJJ:)l(eOHHOfO B3aHMOJJ;eHCTBU51 MPOHOB npH yqeTe 

I<BapKOBblX CTeneHeH CB060JJ;bl. 

~ 
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13.B paMKax rpaJJ;YlfpOBaHHoro MeTOJJ;a o6paTHOH 3aJJ;a'IH pacceJIHHSI 

paCCMOTpeHbI CTaTUCTH'IeCKHe MOJJ;eJIH c Bb!COKHMH CilHHaMu, 

.11:orrycKa10llJ,He TO'IHOe perneHHe. IlOKa.3aHo, 'ITO B <t>epMHOHHOH 
peanH3aU.HH MOJJ;eJib YH:MHHa-JlaJI-Ca.3epneHJJ;a cnHHa 1 
COBilaJJ;aeT c cynepCHMMeTpH'IHOH MOJJ;eJiblO t-J. 

14.PacCMOTpeHbl qepeJJ;yJOIIJ.HeCSI OJJ;HOMepHhie u.enO'IKH, Haif,JJ;eHo 

YCJIOBHe, npH KOTOpOM OHH COOTBeTCTByJOT HHTerp»pyeMbIM 
MOJJ;eJISIM. )1.0Ka.3aHa HHTerpHpyeMOCTb qepeJJ;y10meH:cS1 u.eno'IKH 
XYZ feibeH6epra. 

Anpn_all1QlB _pafiJn11bl.. 

0CHOBHbie pe3yJihTaTbl JJ;HCCepTaIJ.HOHHOH pa60Thl JJ;OJIO)l(eHbl Ha 

ceMHHapax n Ep<l>M; JIT<I> OIUIM; B l.J,eHTpe TeopeTH'IecKoif 

<l>H3HKH, TpHecT, 11TanHSI; n )1.y6nHHCKOM HttCTHTyTe 

IIepcneKTHBHhIX Mccne.11:onattH:H; Ha OTJJ;eneHHH TeopeTH'IecKo:H 

<l>H3HKH u.eHTpa ATOMHhIX Mccne.11:onattHit:, CaKJie, <l>pattu.HS1; n 
yttHBepcHTeTax JieH:nu;ura u Botttta, f epMaHHSI, a TaIOKe Ha 

Me)l()zyHapoJJ;HhIX KoH<t>epeHu.mi:x u pa6o'IHX conemattmi:x "Landau­

Volta network" Como, Italy 1998, "From Integrable models to QCD" 
Nor-Amberd, 2001. 

~-

Ilo TeMe JJ;HCCepTaIJ.HU ony6JIHKOBaHbl 24' HayqHhie pa60Tbl, CilUCOK 
KOTOpbIX npUBOJJ;HTCSI B KOHU.e anTope<t>epaTa. 

CmpyKlllJ'P1LiJJLc~qmQl(UI1. 

)1.ucceprnu;nJI COCTOHT H3 BBeJJ;eHHSI, IlJITH man, 3aKJIJO'IeHHSI, IIJITH 

npUJIO)l(eHHH H CilHCKa JlHTepaTypbl H3 235 HaHMeHOBaHUH. 06lll,HH 
o6oeM pa60Tbl COCTaBJISleT 248 CTpaHHIJ. rreqaTHOfO TeKCTa. 

Co.11:eplK3uee pa60TbI 

&JJJ1eiJ.£HJIJl (fnana 1) o60CHOBaHa aKTyaJibHOCTb TeMbl H CJJ;eJiaH 
KpaTKHH o63op no npo6neMaM, 3aTpOttyTbIM B JJ;Hcceprau.m1. 

I 
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B.a__JJDJ.opoii l.IJJ1.!re paccMaT}>I1BaIOTCSl aHOMaJlbHbie TeOpHH 

rpaBHTaU:HH H ee o6o6meHHH B .nByx H3Mepemrnx, a TaJOKe 

KOH$OpMHa51 aHOMaJIHSl B npOCTOH rpaBHTal.(HJf B qeTbipex H meCTH 

H3MepeHH51X. 
B § 2.1 3$$eKTHBHoe .neucrnHe .nByMepHOH rpamnauHH Bhl­

qHc.JUieTCSl B pery.JUipH3au1rn, coxpaH51IOW:eH BeuneBCKYJO H 
COBMecnry10 c Hett qacTb penapaMeTPH3aUHOHHOH HHBapHaHTHOCTH 

(CHMMeTPHJO no OTHOllleHHJO K .D.H$$eoMop$H3MaM, coxpamIW:HM 
nJIOW:a.D.b). Pe3ynhTaT HMeeT BH.ll. cyMMhI .nnyx .neH:cTBHH IloAAKOBa 

onpe.neneHHblX .ll.AA penapaMeTPH3aUHOHHbIX <l>YHKI.(HH ~ lf r-. 
B § 2.2 paccMaTPHBaJOTCSl ypaBHeHIDI KOH$opMHOH aHOMaJIHH, 

nonyqeHHbie npH Hcnonb30BaHHH paJJIHqHbIX peryAApH3aUHOHHbIX 

cxeM, KOTOpbie OTnHqaJOTCSl qneHaMH, COOTBeTCTBYIOIUHMH KOHeqHOH 

nepeHopMHpOBKe. B qacTHOCTH, 3$$eKTHBHoe .nettCTBHe .lJ.BYMepHOH 

rpaBHTal.(HH, BbiqHcneHHOe B perylI51pH3aUH51X, coxpaHSlJOW:HX 

o6meKOOP.ll.HHaTHYJO CHMMeTPHJO H qaCTb o6rn:eKOOPAHHaTHOH lf 

BeiiJieBCKYJO HHBapHaHTHOCTh oTnffqaeTCSl Ha noKanbHhie KOHTPqneHhI: 

W[g]-W[g/~g]= Ng(2·log~g+ log~g~log~g). 
B §§ 2.3-2.5 paccMOTPeHhI $yttKUHOHaJihHa51 Mepa HHTerpHponaHM 

0
8
cp(x) 11 npoaHan11311ponaHbI ee KOUHKJIHqecKHe cnottcTna. BeiiJieBcKaSl 

H cne.nonaSl aHOMaJIHH paccMOTPeHhl B npOCTPaHCTBe npOH3BOnbHOH 

('IeTHOH) pa3MepHOCTH. IlpoaHaJIH3HpoBaHO ycnoBHe caMocornacoBaH­

HOCTH Becca-3YMHHO .ll:JISl KOH$OpMHOH aHOMaJIHH, KOTopoe B .naHHOM 
cnyqae BbipaxaeT ycnon11e CHMMeTPH'IHOCTH BTOpoH: npOH380.lJ.HOH 

3$$eKTHBHOro .neH:cTBHSl no napaMeTPY rpynn&I BeiiJISl 
&2W /&cr(x)8cr(y)=c52W /qcr(y)&cr(x) ,11 HaH,n:eHO ero o6mee pemettHe. ,UJm 
KOH$opMHOH aHOMaJIHH A(x)=&W /&cr(x) OHO .n:aeTCSl nHHeHHOH 
KOM6HHau;Heli cne.n:y10rn:11x qneHoB: a) 3H:nepona xapaKTepHCTHKa 

npocTPaHCTBa, 6) BeH:n&-HHBap11aHTHhre BhipIDKeHHSl, nocTPoeHHbie 113 

TeH30pa KpHBH3Hbl, B) nOKaJihHbie KOHTPqneHhl, KOTOpbie SlBJISlJOTCSl 

napHal.(HOHHblMH npOH3BO.ll.HhlMH noKaJibHbIX 6e3pa3MepHbIX 

n&1pa)l(eH11H, cocraBJieHHhIX 113 TeH3opa P1rnatta: 8/&cr(x) NgL(x)ddx, 

KOTOpbie TPHBHaJibHbl B TOM CMbICne, qTo HX BapHaU:HOHHa51 

npOH3BO.ll:Ha51 no cr(y) aBTOMaTHqecKH Cl1MMeTPHqHa npH 3aMeHe x~y. 
B § 2. 6 tta npHMepe npocTPaHCTBa mecT11 113MepeHHH nocTPOeHhI 

Bee B03M0)1(HbJe KOUHKJihl H COCTaBJieHa HX mrnettHaSl KOM6Jrnau1rn, 

KOTOpM 6Y.ll.Y'-IH np116aBJieHa K OCHOBHOMY 3Haq11MOMY KOU:11KJIY, 

" 

" 

I 
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COOTBeTCTBYJOIUeMY 3ttnepOBOH xapaKTep11CTHKe npOCTPaHCTBa, 
npHBOMT ero K KBa.npaTffqHOMY Bl1.n:y. 3ToT KBa.npaT11qHblM KOU11KJI 11 

onpe.n:ensi:eT KOH$OpMHO-HHBapHaHTHblH AH$$epeHUHaJibHhIH 

onepaTop, nopsi:.noK KOToporo paneH paJMepHOCTH npoCTPattcrna, a 
o6paTHbIH K HeMY onepaTop onpe.nem1eT HenoKaJibHOCTb 'laCTH 

3<l><l>eKTHBHOro .neH:CTBIDI, OTBeTCTBeHHOH 3a KOH<l>oPMHYJO aHOMaJil1JO. 
B § 2. 7 113 KOU.HKJIOB rpynnhI BeiiJIH nonyqeHbI KOU.11KJihI rpynnhl 

.n:11<1><1>e0Mop$113MOB rryTeM 3aMeHbI napaMeTPa Beiin» cr(x) Ha HK0611att 
COOTBeTCTBYJOIUero 06rn:eKoop.n1rnaTHOro npeo6pa30BaHl1H. 

B §§ 2.8-2.9 paccMOTpetto 0606meH11e Ha cnyqaii .nnyMepHoH: 

cyneprpaBHTaUHH, B KOTOpOH npeo6pa30BaHHe Beil.JUI HMeeT BH,n:: 

\j/-4e--a/4\j/, eaa~e012eaa• Xa~e012Xa+YaTJ, r.ne eaa - none penepa MeTPHKH, 'I' 
- $epMHOHHOe none cn11Ha 1/2, Xa - none PapHTht-lllmrnrepa cnHHa 

3/2, a non» cr H ri - napaMeTPhI cyneprpynnhI npeo6pa30BaHHH BeiiAA. 
IlOCTPOeH cynepCHMMeTPHqHbIH aHanor H3BeCTHOro .neifCTBM 

Jl11yBHJinH, KOTOpoe 11MeeT BH.ll. .neH:CTBM Henhe-lllnapua M51 
<t>epMHOHHOH CTPYHbI nn10c TononorHqecKa51 'laCTb: 

fd2xi;"P[coa(e)+l/2 XYJYµXµ](8p+ XvYpYN). 
B § 2.10 .naHa KPaTKaH cno.nKa H3BeCTHhIX pe3ynhTaTOB, OTHO­

CHIUHXC51 K cnyqaJO KaJIH6ponoqHbIX TeOpHH. 

B §§ 2.11-2.14 paccMOTPeHbI o6o6meHM ,n:ByMepHoH: rpas11rnu1111 

Ha cnyqaff: HaJIHqJUI 6onee BbICOKHX u:enoqHcneHHblX cnHHOB. 
Ilpe.n:no)l(eH cnoco6 nonyqeHM 3$$eKTHBHOro .n:eiiCTBM npH noMOIUH 

HHTerpHpOBaHIDI KOH$OpMHOM aHOMaJIHH. 3TOT cnoco6 

npoHJinJOCTPHPOBaH Ha npHMepe .nnyMepHOH rpaBHTaUHH npoCTOH 

.nnyMepHOH cyneprpaBHTaUHH H npHMeHeH K W3-rpaBHTaUHH. 

B § 2.15 nonyqeHo tteJIOKaJihHOe .n:eiicrn11e HH.ll:Yl.(HpoBaHHOH cynep­

rpaBHTaU:HH. Be.nyrn:11n nopMOK HenoKaJihHOCTH -2 (KaK 11 n cnyqae 

06bfqHOH rpaBHTaU11H) 3.D.eCb MOAH$11UHpyeTCH qneHaMH c 

HenOKaJlhHOCTbJO -1. 
B._mpembeii z.tiaBe paccMOTPeHhI HHTerpHpyeMbie CTPYKTYPhI, 

B03HHKaIOIUHe B Pe.lJ.)l(eBcKOM npe.nene KBaHTOBOH xpoMOAHHaMHKH. 
B § 3.1 c.n:enaH KpaTKHH o63op pe3ynhTaTOB, .nocTHrHYThIX B 

OCHOBHOM ycHnHHMlf Jl.H. JIHnaTOBa H coanTOpOB. 3$$eKTl1BHa51 

TeOpM, B03HHKaJOW.a51 npH cyMMHpOBaHHH .D.HarpaMM B rnaBHOM 

norapH$MlfqecKOM np116J1H)l(eHHH aMnnHTY.ll. pacceHM B KX,U 
.n:eMOHCTPHpyeT 3aMe'laTeJlbHhlH <t>aKT pacmenJieHIDI qeThipexMepHOro 
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rrpocrpaHCTBa Ha npotJ,OJibttylO " nonepeqtty10 IIJIOCKOCTH. Ilpu 3TOM 

noBetJ,ettue npOAOJibHbIX qacTei-1: aMnJIHTYA pacceSIHIDI TpHBHaJihHO " 

noJIHOCTbIO onpetJ,eJmeTCSI KHHeMaTUKOH npou;ecca, TOrtJ,a KaK BCSI 

AHHaMHqecKaSI umpopMau;IDI COJ:J:epXHTCSI B nonepeqHbIX qaCTSIX, 

KOTOpbie K TOMy )Ke o6JiaAaIOT KOH<J>opMHOH CHMMeTpuei1: no 

OTHOWeHUJO K AByMepHOH KOOPAHHaTe nonepeqHOH TIJIOCKOCTH. BoJiee 

TOl'O, 3aBUCHMOCTb OT 3TOH KOOPJl:HHaTbl pacmellJISleTCSI Ha 

He3aBUCHMy10 fOJIOMop<J>ttyro " aHTH-l'OJIOMOP<l>HYIO qacru. 

B § 3.2 paccMoTpeH npocTei1:nrni1:, CJieJ:J:YIOlllHH no CJIO)l(HOCTH Ja 

3JiaCTJiqHbIM pacceSIHUeM Tpex-pe,lOKeOHHbIH o6MeH, COOTBeTCTBYJOlllHH 

o6MeHy, TaK HaJbIBaeMOMy 0Mepotty, KOrAa Bee TpH o6MeHUBaeMhle 

qacTHll;hI - rn10oub1. TaKoMy npou;eccy cooTBeTCTByeT coxpaHSIIOlllHHCSI 

TOK, npeJ:J:CTaBJISllOruHH co6oi1: onepaTOp Ka3HMHpa Kou<J>opMHOH 

rpynnhl - AH<l><J>epeuu;uanbHhIH onepaTOp BTOporo nopMKa, 

KBaApaTH'IHbIH no roJIOMop<J>ttbIM KOOPAHHaTaM x" Xi. x 3• Ero HaJIHque 

CBHJl:eTeJibCTByeT 0 KOH<l>OpMHOH HHBapuaHTHOCTH. 0AHaKO HMeeTCSI H 

ApyroH: coxpaHSllOlllHHCSI TOK, COOTBeTCTBYJOlllldt KY6HqecKOMY no 

KOOPAHHaTaM x 1,x2,x3• AH<l><J>epeHu;HaJibHOMy onepaTopy TpeTbero 

IlOPMKa. 

B §§ 3.3-3.4 noJiyqeubl JaKOHhI coxpatteHIDI pe)l)KeOHHoro B3aHMO­

t1.ei1:cTBHSI, COOTBeTCTBYIOlllero CJiy<!alO OTKpbITOH u;enO'IKH " 

HJJiaraIOTCSI apryMeHTbl, CBOJl:SllllHe MPOHHbie aMIIJIHT}'Jl:bl pacceSIHHSI B 

Pe,lOKeBCKOM npeJ:J:eJie K HHTerpHpyeMOH craT<l>H3H'tecKoi1: MOAeJiu. 

B § 3.5 CJ:J:eJiaH o63op OCHOBHblX pe3yJibTaTOB Teopuu HHTerpu­

pyeMbIX u;eno'leK c<t>OPMYJIHpOBaHbl OCHOBHbie IlOJIO)l(eHHSI KBaHTOBOro 

MeTOAa o6paTHOH 3Ma'IH pacceSIHHSI. OrJ:J:eJibHO paccMOTpeHbl CJly<IaH 

3aMKHYfblX " OTKpblTbIX u;eno'leK, COOTBeTCTBYIOlllHX nepHOAH'leCKHM " 

OTpa)l(aTeJlbHblM rpattuqHbIM ycJIOBHSIM. 

B § 3. 6 paccMoTpeH CJiy'laH JaMKHyTbIX u;eno'leK f ei1:3eH6epra, 

IlOKaJaHo, 'ITO HHTerpaJibl Jl:BH)l(eHUSI 3THX u;enoqeK COOTBeTCTBYIOT 

coxpaHSIIOlllHMCSI B npou;ecce pacceSIHHSI TOKaM npu JI1060M 

COAep)l(aHUH yqaCTBYIOlllHX B pacceSIHHH qacTuu;, He TOJibKO AJ1SI 

rJIIOOHOB, HO " npu yqaCTBYJOlllHX B o6Mette KBapKax. f aMHJibTOHUaHbl 

u;eno'leK, COOTBeTCTBy10mue SJApaM aMIIJIHTYA pacceSIHHSI, H3BeCTHble 

H3 KX,LJ. KOMMYTHPYJOT c HaHJl:eHHbIMH TOKaMH. 

B § 3. 7 paccMaTpuBaeTCSI CJiy'laH OTKpbIThIX u;eno'leK B03HHKa10mHi1: 

B CJlyqae paccMOTpeHHSI aMIIJIHTYA pacceSIHHSI rrpu HaJIH'IHH 
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<J>epMHOHHblX (KBapKOBbIX) CTeneHeH CB060AbI, KOTOpbIH OTCYTCTByeT B 

'IHCTOH rJIIOOJl:UHaMHKe, paccMaTpUBaBllleHCSI JI.H. JiunaTOBbIM. 

B 11enurepmoii z.aa«e uccJiet1,0BaHbI HHTerpyeMbie CTPYKTYPhI, 

B03HUKa10mue AJ1SI MPOHHblX aMIIJIHTYA pacceSIHHSI B npetJ,eJie 

BbepKettoBcKoro cKei1:Jiuttra. B 3TOH 3<J><J>eKTHBHO-OAHOMepttoi1: 

KapTUHe HHTerpaJibHOe MPO aMIIJIH'fYJl:bl pacceSIHHSI 2~2 UMeeT O'leHb 

npOCTOH BlfA: R(u)=(x1-X2)u+l-a-b.(x' .-x' 2)u-1+a+b.(x.-x· 2)-u-l-a+b.(x' .-x2)·u-l+a-b, 

rAe xi - KOOPAHHaTbI ttanernromnx, a x'1 - paccennaeMbIX qacTuu;. 

IlapaMeTpbl a " b npHHUMaIOT 3Ha'leHUSI 1 " 3/2 AJ1SI rJIIOOHOB " 

KBapKOB coorneTcTBeHtto. YuuBepcanbHaSI R-MaTpuu;a SL(2)­
UHBap.HaHTHOH u;eno'IKH fei1:3ett6epra, CIIJieTaIOlllaSI npeJ:J:CTaBJieHHSI co 

cnuHaMU 11=-a " 12=-b, JaBUCSllllaSI OT cneKTpaJibHOro napaMeTpa u, 

npeJ:J:CTaBJieHHaSI B BHAe UHTerpaJibHOrO onepaTopa UMeeT TO'IHO TaKOH 

)l(e BHA, c ToqHOCTblO AO IlOCTOSIHHOro MHO)l(UTeJISI. 

B § 4.1 paccMaTpUBaeTCSI CTIHHOBaSI u;enO'IKa fei1:3ett6epra, HHBa-

pHaHTHaSI OTHocureJibHO rpynnhI SL(2jl), coorneTCTBYJOlllaSI 

BbepKeHOBCKOMY npet1,eny cynepcuMMeTpH'IHOH KX,ll 
B §§ 4.2 - 4.3 npeACTaBJieHa cynepcuMMeTpmHaSI anre6pa sl(2jl), 

ee KOMMYTau;HOHHbie COOTHOllleHIDI, reHepaTOpbl peaJIH30BaHbl B BHAe 

MaTpuu; H AH<l><J>epeHu;HaJibHbIX onepaTOpOB nepBoro IlOPMKa. 

IlpeJ:J:CTaBJleHa KOHe'IHaSI <J>opMa cynepKott<J>opMHbIX npeo6pa30BaHHH, 

YA06ttaSI MSI nocrpoettHSI npeJ:J:cTaBJiettHH B npocrpaHCTBe noJIHHOMOB, 

KOTOpbie HMeIOT etJ,HHOo6pa3HbIH BUA AJ1SI JII06bIX 3Ha'IeHHH 

napaMeTpOB, xapaKTepH3YIOlllHX npeACTaBJieHHe. 

B § 4.4 np.11 noMOlllH peanuJau;uu rettepaTOpoB anre6pb1 sl(2ll) B 

BUAe AH<l><J>epeHll;HaJibHbIX onepaTOpOB, B Ka'leCTBe perneHHH 

COOTBeTCTBYIOlllHX AH<l><l>epettu;HaJibHblX ypaBHeHUH, IlOCTpOeHbI 

npetJ,CTaBJieHIDI HaHHH3Uiero Beca 3TOH anre6pbl, KOTOpbie cnJieTaeT 

ymrnepcanbttaSI R-MaTpuu;a. 

B § 4.5 nocTpoetthl TettJopHbie npouJBeAeHIDI npoHJBOJibHhIX npet1,­

CTaBJiettui1: HaUHH3Wero Beca, KOTOpbie HMeIOT BUA MOHOMOB zl=(x;­

x_;+ 1/2 S;Sj+ 1/2 0i8i)\ ( ei- 0)z/, (8i-8i)zl H ejSjZu\ fAe Xi - 06bl'IHbie 

6030HHbie KOOPAHHaTbI, a S; H 8j - HX rpaCCMaHOBbl cynepnapTHepbI. 

B §§ 4.6-4.9 COOTHOUieHHe 51Hra-BaKCTepa AJISI OAHOfO <J>yHJ:J:a­

MeHTaJibHOl'O J{ AByx npOH3BOJibHbIX npe,UCTaBJieHUH HHTepnpe­

TUpOBaHO B Ka'leCTBe onpet1,eJIS110mero COOTHOIIIeHHSI AJ1SI Haxo)l(tl,eHHSI 

yunBepcanhttoro R-onepaTopa, cnJieTaIOII~ero npoHJBOJihHble 
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npe.u.craBJiemrn. BHa'lane paccMaTp1rnaeTc.s1 <l>YHJJ.aMeHTallbHoe perneHHe 

ypaBHemrn JIHra-EaKCTepa, 3aTeM HCCJie.a.yeTCH perneHHe, COOTBeT­

CTBylOll(ee CJie.a.yIOll(eMy no CJIO)l(HOCTH CJiyqa10, Kor.a.a OJI.HO H 

npeJJ.CTaBJieHHH <l>YHJJ.aMeHTallhHO, a .a.pyroe - npOH3BOJihHO. 

B § 4.9 ttaH.u.eHo H 11ccne.u.yeTc.s1 o6mee pernett11e ypaBHeHHH Jlttra­

EaKcTepa, B BHJJ.e nceBJJ.o-.u.11<1><J>epettu.11anhHoro onepaTopa, nonyqeHhI 

ero co6CTBeHHhie 3Ha'leHHH, KOTOphie KaK H B 'IHCTO 6030HHOM cnyqae 

HMelOT BHJJ. OTHOlUeHHH faMMa-<l>YHKlJ.HH, 3aBHCHll(HX OT 

cneKTpaJihHoro napaMeTpa, CilHHOB H BeCOB npe.u.cTaBJieHHH H Haii.a.eHbI 
co6CTBeHHhie BeKTOphI. 

B § 4.10 paccMaTpHBaeTCH cJiyqa:H o.u.ttopo.u.ttoii JaMKHyTOH u:eno'IKH 

c nepHOJJ.HlfeCKHMH rpaHHqHhIMH YCJIOBHHMH, B Ka)l(JJ.OM y3Jle KOTopo:H 

IlOMern;aIOTCH TO)l(JJ.eCTBeHHhie npe.u.crnBJieHHH. 

B § 4.11 nocTpoeHhI JIOKaJihHhie (onHChIBalOll(He BJaHMo.a.eiicTBHe 

coce.a.HHX Y3JIOB) raMHJihTOHHaHhI, COOTBeTCTBYfOll(He CJiyqaIO 

o.u.ttopo.u.tto.H u:eno'IKH. TaKHe u:eno'IKI1 npe.a.CTaBJIHIOT HHTepec B­

OCHOBHOM B CTaTHCTl1lfeCKOH <l>H3HKe, r.u.e HCCJie.u.yeTCH noae.a.eH11e 

CHCTeM COCTOHIJ.J,HX H3 OOJihlIIOfO 'IHCJia TO'leK. 

B § 4.12 paccMoTpeH cJiyqaii Heo.a.Hopo.u.ttou u:eno'IKH, JaMKHYTOH c 

nepHOJJ;HqecKHMH rpaHH'IHhIMH ycJIOBHHMH, a TaK)l(e u.eno'IKH co 

CB060.l1.HhIMH KOHU:aMH, COOTBeTCTBYIOll(eH OTKpbIThIM rpaHH'IHbIM 

ycJIOBHHM, Y.l1.0BJiernop.s110m11M rpaHH'IHOMY ycnoBHIO OTpa)l(eHHH. 

B § 4.13 nocTpoetthI raMHJihTOHHaHhI, cooTBeTCTBYfOll(He HeoJJ;opoJJ;­

HhIM uenOlfKaM, KOTOPhie npeJJ;CTaBJIHIOT HCTepec B 33,lJ,a'lax MHOrHX 

TeJI, ecJIH HX lfHCJio HeBeJIHKO. HanpHMep, B paccMaTpHBaeMoM cJiyqae, 

rJJ;e OHH npe.nCTaBJIHIOT co6o:H HJJ.pa aMnJIHTY.l1. pacceHHHH aJJ.POHOB B 

cyrrepcHMMeTpHlftto:H KBaHTOBOH xpoMO.l1.HHaMHKH B obepKeHOBCKOM 
npe.nene. 

B_m,,l1lf1iLz.aaD_e pacCMOTpeHhl HHTerp11pyeMbie OTKJIOHeHHH OT sl(2)­

CHMMeTplf'IHOH KaPTHHhI, B03HHKa10mew a npeJJ;ene BbepKeHoBcKoro 

CKe:Hmmra .ll,JIH O.ll,HOIIeTJieBhIX a,u;pOHHhIX aMUJIHTY.l1. pacceHHHH. 

HccJieJJ;OBaHHe MO.ll,eJieH, HapyrnalOID;HX HCXO.ll,HOe rrpH6Jil.f)l(eHHe, HO 

OCTaIOll(HXCH npH 3TOM HHTerpupyeMbIMH, aKryallbHO .ll,JIH nOHHMaHHH 

rny6HHhl CBH3H KX,l1, c ToqHopernaeMbIMH MOJJ;eJIHMH H CTaBHT ueJibIO 

omtcaHHe rrpou:eccoB rny6oKoHeyrrpyroro pacce.sittHH a,u;poHOB B 

paMKax HHTerp11pyeMOH KapTHHbl BHe DbpKeHOBCKOfO CKeMJIHHra. 
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B § 5.1 .naH o63op sl(2)-CHMMeTpWIHOH KapTHHhI, B KOTopo:H 

.U.ByxqacTH'IHafl aMUJIHTYJJ.a pacceHHHH a,u;pOHOB B npe.u.ene 

nhepKeHoBcKoro cKeHJIHHra, rrpe.a.cTaBJieHtta.si B BHJJ.e HHTerpanhHOro 

onepaTopa OT KOOp,ll,HHaT x, xapaKTepH3YfOll(HX HMnyJihChl HalleTaIOll(HX 

H paccewaaeMbIX 'lacni:u. coBrra,u;aeT c MPOM ymrnepcanhHOH R-

MaTpHU.hI npe.ll,CTaBJieHHOH B BH.ll,e HHTerpaJihHOfO onepaTopa, 

cJTJiern10me:H npe.u.crnBJieHHH, xapaKTep113yeMb1e He<j>HJHlfeCKHMH 

3HaqeHHJlMH "crrHHa" --1 .ll,JIH KBapKOBhIX H --3/2 .ll,JIH rJIIOOHHbIX 

JIHHHM. 

B § 5.2 paccMaTpHBaeTcJI KBaHTOBM anre6pa, B03HHKaIOUI.aJI np11 

HHTerp11pyeMOH .u.e<J>opMaU.HH H30TpOJTHOH MOJJ.eJIH f e:H3eH6epra H 

IlOCTpOeHbl ee rrpe.u.cTaBJieHHH B npoCTpaHCTBe IlOJIHHOMOB OT 

rrepeMeHHhIX x. 

B § 5.3 cooTHornett11e Rttra-BaKCTepa .l1.Jlfl KBaHTOBOH anre6pb1 

11cnoJib3yeTcSI .l1.JIR orrpe.u.eneHHH ymrnepcanhHOH R-MaTpHUhl. HaH.u.etthI 

ee co6CTBeHHhie 3Haqemrn R,,(u)=(-1)0 Ro(u)0\=1(
1u+k-l-a-bJ/1_u+k-l-a-bJ), r.ne 

a=-1" b=-12, a KBa,u,paTHhie CK06KH HCilOJih3YIO'fCH .l1.JIJl o603HaqeHHH 

KBaHTOBbIX q11ceJI ([x]q=(q•-q-•)/(q-q-1), r.u.e x - 06b1qHoe qJfCJIO). 

TaKHM o6pa3oM, co6cTBeHHhre lfHCJia R-MaTpHUhI B q­

.u.e<J>opMHPOBaHHOM CJiyqae OTJIHlfaIOTCH OT He.a.e<J>opMHpOBaHHhIX 

JaMeTHO o6hilfHhIX q11ceJI Ha KBaHTOBhre. A TaK)l(e rroCTpoeHbI 

co6cTBeHHhre BeKTopa yttHBepcanhtto:H R-MaTp«Uhl, Bhipa)l(ettttoH: B 

BHJJ.e nceBJJ.o.n11<1><J>epettu11anhttoro orrepaTOpa .ne:HCTBYIQll(ero B 

npocTpaHCTBe UOJIHHOMOB .nayx nepeMeHHhix: R(u)cp
0
(x.,x2jq,u) 

=Rn(u) <P< x.,x2lq,u), r.u.e co6cTBeHHa51 <l>YHKUHH <P OTJIHlfaeTCH OT <p 
3aMeHOH q~q-' H <?n(x1>x2lq,u)=0\=1(qu+1+a-kx,-qk-1-bx2). 

B § 5.4 YHHBepcanbttasi R-MaTpHU.a npe.u.crnBJieHa B BH.ne HHTe­

rpanbttoro onepaTopa, COOTHOlUeHHH Jlura-BaKCTepa IIPHBO,ll,HT K 

CHCTeMe pa3HOCTHhIX ypaBHemt:H Ha ero HHTerpallhHOe HJJ.po. 3Ta 

CHCTeMa perneua H uau.u.etto JaMKHyToe Bhlpa)l(ett11e .l1.JIH HJJ.pa. 

B § 5.5 Ha OCHOBe <J>11311qecKHX CHMMeTpHHHhIX coo6p<l)l(eHHH 

orrpe.neJieHbl KOHTYPhI HHTerpHpOBaHJUI B KOMnJieKCHOH JTJIOCKOCTH 

rrepeMeHHbIX x, KOTOPhie OKa3bIBaIOTCH KBaHTOBOH .u.e<J>opMau.11ew 

KOHTYPa HHTerpHpOBaHHH EeTa-<l>YHKlJ.HH 3H:nepa - ".U.BOHHOH 

BOChMepKH", 06XO.l1.51ll(eH JI.Be BhIJJ.eJieHHbie Ha IIJIOCKOCTH TO'IKH. 

B § 5.6 HCCJie.u.yeTCSI CJiy'laH HCKJIIOqHTeJihHhIX 3HaqeHHH napaMeTpa 

.u.e<J>opMaU.HH q=exp(2nik/N), orrpe.neAAeMhlX KOMJTJieKCHhIMH KOPH51MH 
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uenoti: CTeneHH H3 e.nHHHUbI, npu KOTOpbIX IlO.HBJUieTC.H HOBblH THn 
npe,ll.CTaBJieHHH (1.4UIC.llU'leCJCUe) He HMeJOIUHX KJiaCCH<JeCKOro 
(He.necl>opMHPOBaHHOro) aHaJIOra. Ilo.HBJieHHe HOBblX npe,ll.CTaBJieHHH 

o6ycnoBJieHo pacnrnpeHHeM ueHTpa anre6pb1 slq(2), noMHMO o6bI'IHOro 
onepaTOpa KaJHMupa C=s+s-+[S'-1 ][S'], no.HBJUIJOTC.H .nna .npyrnx: 
(S±)N_ Co6crneHHhie tJHcna 3THX .nnyx HOBhIX onepaTOpoB KaJHMHpa " 
xapaKTepu3y10T DJiKJIHtJecKHe npe.ncTaBJieHH.H. 

B § 5. 7 UHKJIH<JecKue npe.ncTaBJieHH.H peannJoBaHbI B npocTpaHCTBe 

cPYHKI.J;HH B BH,ll.e Ha6opa T3Ta-cl>yHKI.J;HH c xapaKTepHCTHKaMH {8k(xjt)}. 
IlOCTpOeHO HX TeH30pHoe npOH3Be.neHHe, 3JieMeHTbl KOToporo 

.HBJI.HJOTC.H co6cTBeHHhIMH BeKTopaMH <pm=~N-\=oakem-k.b (r.ne ak -
IlOCTO.HHHbie, 3aBHC.HIU:He OT napaMeTpOB, xapaKTepH3YJOmHx 

npe.ncTaBJieHHe) yHHBepcanbttoro R-onepaTOpa R(u)cpm=Rm q,m H 
BhI'IHCJieHbI ero co6crneHHbie 3HatJeHH.H Rm. 

B § 5.8 uccne.nyeTc.H HHTerpupyeMM .necl>opMaU:H.H paccMaTpunae­

MOH Mo.nenu rrpu noMomu paJMepttoro rrapaMeTpa, KOTOpa.H 
HecpaBHeHHO HHTepecHee c cPH3HlJeCKOH TO'IKH 3peHH.H, TaK KaK 

OilHChIBaeT HapyrneHHe MacnJTa6HOH, HO He TpaHCJl.HUHOHHOH 

CHMMeTpHH, KaK B cnyqae c o6bNHOH "CTaH.ZJ.apTHOH" q-.necl>opMaUHH. 

TaKHM o6paJoM, TaKM .necl>opMaUH.H Mo:it<:eT onnchrnaTh Ha6n10.naeMoe 
Ha onhJTe HapyrneHue BhepKeHoBcKoro CKeHJlnHra, a ee pa3MepHhIH 

napaMeTp s MO)KeT 6bITb CB.H3aH c cl>eHOMeHOJIOrH'IeCKHM MaCI11Ta60M 
a,ll.pOHHOH cPH3HKH AQCD· 

B § 5.9 JJ.JIH .necl>opMuponaHHoti: anre6pb1 sl~(2): [S+,s-]=2SZ, 
[S', s-]=-1 /s ·Sh(sS-), [S' ,S+]= l/2ch( sS-)S+ + 1 /2S+ ch(sS-), peaJIH30BaHo 

npe,n;CTaBJieHHe rettepaTOpOB Sa B KatJeCTBe KOHe•rno-paJHOCTHbIX 

onepaTOpon npoCTpattcrne nonnHoMoB S'=x/ssh(sa)-I+l/2(ch(sa)-1), 
s-=a, S+=-X

2
/ssh(s8)+2lx-x(ch(s8)-l), a TaK)Ke IlOCTpOeHa IlpOH3BOM­

ma.H cPYHKUH.H, nopo)K.ZJ;aJOma.H COOTBeTCTBYJOmue IlOJIHHOMbl cpn(x). 

B § 5.10 aHaJIH3HPYJOTC.H orpaHH'IeHH.H, HanaraeMb1e Ha yHunep­

CaJihffYJO R-MaTpney ycJIOBH.HMH KBaHTOBo:ff CHMMeTpHH " CTpOHTC.H 
KBaHTOBhIH onepaTOp JlaKca L(u)= L +ul, coorneTcrny10mH:ff 3TOMY 

cnyqa10, KOTOpbIH TaK)Ke KaK " B He.n;ecl>opMHpOBaHHOM cnyqae HMeeT 

npocry10 pauHOHaJibHYJO 3aBHCHMOCTb OT crreKTpaJibHOro napaMeTpa. 

0.n.HaKo, B OTJIITTHe OT cnyqa.H o6bI'IHOH .n.ecl>opMaUHH, R-orrepaTop He 
CHMMeTpl1'.JeH npH nepecTaHOBKe cnJieTaeMbIX rrpOCTpaHCTB B 

21 

Tett3opHoM npoHJne.n.eHHH n rrpn JaMeHe 3HaKa napaMeTpa s, HMeeT 

MeCTO JIHUlb COOTHOlllettue: Rn(u,s)=R21(u,-s). 
B § 5.11 TeH30pttoe npo113se.n:em1e .nsyx npoH3BOJihHhIX npe,n;CTaB­

JieHHH peaJIH30BaHO B BH,ll.e IlOJIHHOMOB OT .ZJ;Byx nepeMeHHhlX, HaH.neHbl 
co6cTBeHHbie 3HatJemrn n co6cTBeHHhie BeKTopa yHHBepcanbttoro R-

onepaTopa. IloKaJatto, 'ITO npn ncnonb30BaHHH YKaJaHHOH 

HeCTaH,ll.apTHOH cxeMbl KBaHTOBamrn .necl>opMHpyeTC.H caMO 

rrpocTpaHCTBO rrpe.ncTaBJieHH.H, T.e. co6cTBeHHbie BeKTopa R-onepaTopa, 
HO He ero co6cTBeHHbie 3Ha'IeHH.H, KOTOpbie OCTaJOTC.H TaKHMH )Ke KaK 

" B He.n:ecl>opMHpOBaHHOM cnyqae . 
JL~aD.J! HCCJie.n.yJOTC.H HeKOTOpbie o6o6meHH.H H3BeCTHbIX 

TO'IHOpewaeMblX MO,ll.eJieH CTaTHCTHlJeCKOH cPH3HKH. 

B § 6.1 H3BeCTHhIH KBaHTOBbIH MeTO,n; o6paTHOH 3a,ll.a'IH pacce.HHH.H 

rrepecl>OPMYJIHpOBaH )J.Jl.H rpa.nyHpOBaHHOfO CJIY<Ja.H B TepMHHax 
orrepaTopoB po)K.ZJ;eHH.H H yHH'ITO)KeHH.H 3JieMeHTapHbIX cl>epMHOHOB. 

TaKa.H HHTeprrpeTauH.H rroJBOJI.HeT ,n;aTb 6onee rrpo3pa<JHYJO TpaKTOBKy 

'IJieHOB B3aHMOJJ.eHCTBH.H raMHJibTOHHaHa 

B § 6.2 ypaBHeHHe 5IHra-BaKcTepa JarrHcatto B rpa.nyuponaHHOM 

BHJJ.e, yqHTbIBaJOIIIeM HeTpHBHaJibttyJO rpa.nyHpOBKy rrpocTpaHCTBa 

rrpe,n;cTaBJieHH.H. TeHJopttoe rrpoH3Be.nettHe npe.ncTaBJieHHH, HMe10m11x 

HeTpHBHaJibttyJO rpa.nyMpOBKy, co.n.ep)KHT .ZJ;OllOJIHHTeJibHbie 3HaKOBbie 

MHO)KHTeJIH, KOTOpbie JJ:OJI)l(Hbl 6bITb yqTeHbl rrpH 3anHCH 

COOTHOllieHHH 5Ittra-BaKCTepa. 

B § 6.3 Mo.nenh, He3aBHCHMO .11:pyr OT .11:pyra npeJJ.JIO)KeHHa.H 

Y:ffMHHhIM, J1aeM H CaJepneH.noM, ccl>OPMYJIHponaHa B repMHHax 
onepaTopoB po)K.ZJ;eHH.H H yHHqTO)KeHH.H 3JieMeHTapHbIX cl>epMHOHOB, 

)J.Jl.H qero npocTpaHCTBO COCTO.HHHH HCXOJJ.HOH MO.ZJ;eJIH peaJIH30BaHO B 

KatJeCTBe JIOJJ:llpOCTpaHCTBa <l>oKa 3JieMeHTaPHbIX cl>epMHOHOB. 
"JlHlllHHe" COCTO.HHH.H rrpocTpaHCTBa <l>oKa HCKJIJOlfaJOTC.H rrpH 

llOMOmH BKJIJO<JeHH.H COOTBeTCTByIOmHx npoeKI.J;HOHHbIX onepaTOpOB. 

Mo.nenh Y:ffMHHa-Jla.H-Ca3epneH.na - rrpocTeti:rna.H H3 HHTerpHpyeMhIX 

TeOpHH, BKJIJOlfaJOmHX BbIClllHe CilHHbl H COOTBeTCTByeT BbI6opy R-

MaTpHUbl JJ.JI.H o.n.ttopo.11:Hoi1 peweTKH: Ru=u·lii+Pij, r.ne I 
TO)K.ZJ;eCTBeHHhIH orrepaTop, a P - orrepaTop, nepecTaBJI.H10muH: 

rrpocTpaHCTBa, KOTOpbie c11JieTaeT R-MaTpHua. B ttoso:H cPOPMYJIHpOBKe 
Otta B lfaCTHOCTH, OKa3hIBaeTC.H HHBapHaHTHOH ITO OTHOllleHHJO . K 
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rno6am,Hoif cyrrepcHMMeTp1rn: [H,Q\]=O, H=I:Q;\, r.n;e Q;\ 
rpa.zzyHpOBaHHaSI Ma'rpHIJ,a. 

B § 6.4 rrocTpoeHbI rrpe.n;cTaWieHHSI rpyrrrrh1 SU(2), cooTBeT­

CTBYIOIUHe crrHHy S B <J>epMHOHHOM npocTpaHcTBe <l>oKa. Bee 

COOTHOUlemrn B .n.aHHOM <J>opMaJIH3Me YMHO:)f(:aIOTCSI Ha rrpoeKIJ,HOHHble 

orrepaTOpbI, KOTOpbie Ha "<l>H311qecKHx" COCTOSIHHSIX paBHbl e)J.HHl1IJ,e, a 

Ha "He<l>H3H'IeCKHX", JJHlllHHX COCTOSIHHSIX npocTpaHCTBa <l>oKa paBHbl 

HyJJIO. 3To rrpe.n;cTaW1eH11e o6na.n.aeT CHMMeTpHeH no OTHOUleHHH K 

rrpeo6pa30BaHl1IO <J>epMHOH-)l;blpKa: Cntt(-l)"c/. 

B § 6.5 JJ.JISI <l>epMHOHHOH pean113au:uu npe.n;cTaWieH11if SU(2) 

noCTpoeHbI R-MaTpH1.1,a H raMHJJbTOHHaH Mo.n.en11 YifMHHa-JlaSI­

Ca3epneHAa JJ.JISI npoH3BOJJbHbIX 3HaqeH11if crrHHa S, KOTOpbIH npH S= 1, 
0Ka3blBaeTCSI H,UeHTHqHblM raMHJlbTOHl1aHy cynepC11M-MeTpHqHoH 

MO,ll;eJJH t-J. Tio3TOMY rronyqeHHaSI MO)J.eJib MO)l(eT CJIY)l(HTb 

o6o6meHHeM cyrrepCHMMeTpHqHoH MO)J.eJJH t-J Ha cnyqaif BbIClllHX 

CIIHHOB. 

B § 6.6 .n.aeTCSI KpaTKHH: o63op XYZ Mo.n;eJJH feM.3eH6epra, a TaIOKe 

o6oCHOBaHHe HHTepeca K HHTerpHpyeMbIM uenoqKaM c qepe.n;yIOIUHMCSI 

pacrroJJO)l(eHl1eM aTOMOB .n;oyx Tl1I10B. 

B § 6. 7 npe.n.CTaWieHo orrpe.n;eneH11e HHTerp11pyeMoM. uenoqKH c 

qepe.n;yIOIUHMCSI pacrroJJO)l(ett11eM R-MaTp11U H nonyqeHo ycnooue ux 

l1HTerp11pyeMOCTH, KOTOpoe COCTOHT 113 CHCTeMbl JJ.Byx ypaBHeHHH 

51Hra-EaKCTepa. MaTpuu:a rrepeHoca TaKOH u:enoqKH .n;aeTcSI 

rrpOH3BeJJ.eHHeM JJ.Byx MaTpl11.I, nepeHoca, COOTBeTCTBYIOIU11X 

yrropSl)J.oqeHHbIM npOH3Be)J.eHHSIM B,ll;OJlb qeTHOH H ueqeTHOH CTpOK 

-r(u)=-r0(u)-r1(u). Tor.n;a H3 yrroMSIHYThIX ypaBHBHHH 51Hra-EaKcTepa 

CJJe.n;yeT KOMMYTaTHBHOCTb 3THX MaTpHU nepeHoca JI,Jrn npOH3BOJlbHblX 

3Haqett11i1 cneKTpaJibHoro rrapaMeTpa: [-r(u),-r(v)]=O. 

B § 6.8 Hai1.n;etto perueHHe cHcTeMbI qepe.n;y10mHxcsi ypaBtteu11M. 

51Hra-EaKcrepa JJ.JJSI XYZ crrHHOBOH 1.1,erroqKH feif3eu6epra. 

0Ka3blBaeTcSI, qTo oce qeTbipe BH,Ua "MaTep11anbHbIX" R-MaTpHU: H .n;oyx 

"cllJleTa10mHx" OTJJ11qaIOTcS1 .n.pyr OT .n.pyra H OT MaTp11u: 06h1qHoif R­

MaTp11U:hI XYZ Mo.n;en11 f ei13eH6epra TOJJbKO 3HaKaMH ueKoTopbIX 

MaTp11qHbIX 3JieMeHTOB, a HX HeHyJieBbie MaTpHqHbie 3JieMeHTbl .n.aIOTCSI 

HeKOTOpblMH KOM6HHaUHSIMH 3JJJIHOTHqecKHX <l>YHKU:11H 51Ko6H. 

B § 6.9 Bb1qucneHbl Ma'f\'Hl.l,a nepeHoca 11 raMHJibTOHHaH 3TOH 

MO)J.eJJH. faMHJlbTOHl1aH MO,ll;eJJH OllHCbIBaeT B3aHMO)l;eHCTBHe He TOJlbKO 
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c 6JJH)l(aHlllHM coce.n.oM (cneoa H crrpaBa), HO H co cneJJ.YIOIUHM 3a HHM, 

qTo rrpH,UaeT pemeTKe "tteilJiaHapHbie" CBOHCTBa. faMHJlbTOHHaH HMeeT 

,ll;OBOJlbHO CJJO)l(Hb!H BH,U H OllHCbIBaeT 6oraTYIQ JJ.HHaMHKY 

B3aHMO,ll;eHCTBHSI, COOTBeTCTBYIOmero B uenpepbIBHOM rrpe.n;ene 

KHpaJibHOH MO)J.eJJl1 TOKOB. 
B ceiJb.MJlii z.aaBe _(rrpHJJO)l(emre) rrpe.n.cTaWieHhI HeKOTOpb1e 

Bbl'IHCJJeHHSI 11 rrpoaHaJIH311pOBaHbl Ba)l(Hble qacTHbie cnyqaH. 

B § 7.1 rrpe.n;cTaBJJeHo perueuue 3a.n.aq11 Ha co6cTBeHHb1e 3uaqeuHSI 

MSI yu11nepcanhHOH sl(2jl)-c11MMeTpwrnoH: R-MaTpHU:hI, npe.n.cmBJieu­

uoH: B BHJJ.e nceo.n.o-.n.u<l><PepeHUHaJibHOro oneparnpa. 
B § 7.2 npoauanu311poBaHbI nee yrrpomeuHSI, B03H11Ka10mue B 

cnyqae, ecJJH XOTSI 6hI O)l;HO H3 npe.n.cTaBJJeHHH, CilJieTaeMbIX 3TOH R­

MaTpHl.l,eH SIBJISieTCSI <l>YHJJ.aMeHTaJlbHbIM (KlfPaJibHbIM HJJH 

aHT11KHpaJibHbIM). 
B § 7.3 o6c~aIOTCSI HaH:.n.eHHbie KOHequoMepub1e npe.n;cTaBJJeHHSI 

11 113 nonyqeHHOfO o6mero Bbipa)l(eHHSI, BbIBOMTCSI pe3yJJbTaTbI, 

rronyqeHHble pauee JJ.PYrHMl1 aBTOpaMH. 

B § 7.4 npo.n.eM0HcTp11pooaHo, KaK o6mue <l>OPMYJJbI nonyqeHHhre 

MSI co6cTBeHHbIX 3HaqeHl1H H co6cTBeHHbIX BeKTOpOB YHHBepCaJibHOfO 

R-onepaTopa MO)l(HO rrpHMeHHTb JJ.JIS1 OTbICKaHH.H MaTpwrnoro 

Bbipa)l(eHHSI JJ.JISI caMoro R-orrepaTopa, B cnyqae, ecJIH o6a 

rrpe.n;cTaWJeHHSI KOHeqHoMepHbl, T.e. CllHHbl o60HX .n.aIOTCSI 

IlOJIO)KJ(TeJJbHbIM u;eJTbIM HJIH rronyu;eJJblM qlfCJJOM. Tipirne.n;eHHbie 

rrpHMepbl OTHOCSITCSI K rrpocTeHllIHM 113BeCTHbIM cnyqaSIM, o.n;HaKO 6e3 

Tpy.n;a MOfYT 6hITb npO)l;OJT)l(eHbI H Ha 6onee BblCOKl1e 3HaqeHHSI 

Clll1HOB. 
B § 7.5 npuBe.n.euhr MaTpuquble npe.n;cTaBJJeHHSI anre6phr sl~(2) H 

BeKTOpbl COCTOSIHl1SI JJ.JISI 3HaqeHHH CllHHa 1, 3/2 H 2. ,Urr.H 3THX )f(e 

3HaqeHHH crr11Ha Hai1.n;eHhI orrepaTopbr TBl1CTa F 12 H F 21> KOTOpb1e 

co6CTBeHHO H BblllOJTHSllOT .n;ecpopMau;1110, nepeBOM 

ue.n.e<l>opMHpOBaHHblH onepaTOp JlaKca B .n;e<J>opMHPOBaHHbIH: 

L(u)=F21 V0>(u)(F12t 1
• A6CTpaKTuoe Bbipa)l(eHHe MH oneparnpoB 

TBHCTa, 113BeCTHOe H3 JJHTepaTypbl, HCilOJib3yeT .n.pyryIO 

napaMeTpH3aUHIO H He MO)l(eT 6hITb HenocpeJJ.CTBeHHO HCil0Jlb30BaHO 

MSI uaxo)f()l;eHHSI MaTpHqHhIX npe.n.crnWiettH:H 3THX orrepaTopoo. TaK)f(e 

npeJJ.CTaWieHO npM6JTH)l(eHHOe <l>YHKIJ,HOHaJibHOe rrpeJJ.CTaBJJeHHe JJ.JISI 

onepaTOpOB TBHCTa, B cnyqae, eCJJH O)l;HO npe.n.cTaBJTeHJfe 
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cpYJI,U;aMeHTaJibHO, a ,l.1,pyroe - npoHJBOJihHO. HaKoueu;, npnse).1,euo 
BblpIDKeHHe MH ,l.1,ecpopMHposauuon R-Marpnu;&1, cnnernmrn;en )],Ba 
rrpe,l.1,CTaBJ1emrn cnnua l B BH,l.1,e MaTPHU:hl 9x9. 

B-3JlKllHJ'l.enuu npeOcmll8/leHbl ocuoBHble peJyJihTaThI, noJl)"leHHble B 
).1,HCCepTaIJ;HH. 
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Ulllfmlflwqflp 

UlilbGwtunumpjnLG[! Gllflrillw6 t PllWGlilWJflG ppntlnqflGwufl4WJnU:i L. 
ptlwGlilWJflG q11wllfllilwgflw1mu nrinz flGlilbqptlnri 4wnm19Gbpfl L. !izqflfllil 
w1111JmGpGbpfl mumtlGwuflptlwGn: 

U2tuwlilwGpmtl ulilwgtlw6 hfluGw4wG Wfl'lJntGpGbp[! hblilL.JWLG bG. 
1. U1.1.1wgmgttwo t, nri b4ri!wlfl ptlwGwlilJflG qpwtlfllilwgflwG 

b4riiwlfl 4nG:jlnpu lilbumpJmG !fl hwGqfluwGmtl pwGqfl WJG 
hGwpwtlnri it hwGqbgGbL hnLnllnp:jl (4wtuttwo tlflwJG z 
4nn1111flGwlilflg} L. WGlilfl-hnLnllnp:jl (4wtuttwo uflwjG z} tlwubpfl 
W[llilW'll"IJWLfl: 

2. 4.bJLfl L. llw4bpbu[! 1.1.1wh1.1.1wGnri qfl:jlbntlnp:jlflqtlGbpfl 
G4wliluwtlp hwtlwiwlflmpJnLG[! 1.1.1wh1.1.1wGnri nbqnqwpflqwgflwJfl 
oqlilwqnpouwtlp hwzllttwo t bri4!wlfl qpwtlfllilwgflwJfl t:jlb4lilflll 
qnponrimpJmGn: 

3. t:i4fl!WlP qpwtlfllilwgflwJfl opflGw4nll gnLJg t lilf1tlw6, np 
lilWflpbfl nbqnqwpflqwgflwGbp oqlilwqnp6bLnt qb1.1.1pmtl t:jlb4uiflll 
qnponrimpJmGGbp[! tlflllJwGgflg lilWppbptlmu bG pwgwnw1.1.1bu 
Ln4WL wGqwuGbpnll: 

4. bf14iwlflmtl 4nG:jlnptl wGnllwLflWJfl hwttwuwpmtlGbpG 
flGlilbqpbLnll 4wribLfl t llbflWl1lilW'll1bL ufl wGnUWL lflntL, np[! 
lilfltlmu t LflmtlflLfl qnponrimpJwllp: 4.bp2flGu pwnw4muwJflG t 
tutlpwJflG 1.1.1w11wtlblilflfl G4wliluwtlp, mulilfl [!Ulil WJ'l 
lflnlflntuw4wGfl flGlilbq[lbLnll 4wribLfl t llbflWfllilW'lflbL bf14iwlfl 
qpwtlfllilwgflwJfl 'Tlnuw4nllJwG "! Ln4WL qnponrimpJmGn: UJ'l 
GnLjG Ubpnqntl UlilWQtlWO t b!14!Wlf\ UnLUJbpqpwtlfllilwgflwjfl ni 
Ln4WL qnponrimpJmGn: 

5. Pwri~ri !Wlf\nriw4wGmpJntGGbpfl qb1.1.1pmtl 
hWUWUJWlilWUtuwG wGnllWL lf\ntl[! [!GqhwGmp 11b1.1.1pnttl 
G4wpwqptlmll t ufl qnp6nrtntPJWUp, np[! tutlpwJflG lflnlflntuw4wGfl 
G4WlilUWUp mGfl d-1111 4wpqfl pwqtlwG11wtlfl Ulbup: 8ntjg t 
lilfltlWO, np Ln4WL wG11wtlGbp wtlbLWQGbLnll t:jlb4lilflll 
qnponrimpJmGn 4WflbLfl t pbflbL tutlpwJflG lflnlflntuw4wGfl 
G4wlilllwup pwnw4muwJflG lilbupfl: =1wzllbLnll ulilwgttwo 
ClWntUjWG flGlilbqpWL[! 4WflbLfl t llbf1WfllilW'll1bL t:jlb4lilflll 
qnponrimpJwG wGnuwL ttw11pfl hwuwp UJWlilwutuwGwlilm tlwun: 




