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OBmA.5! XAP AKTEPHCTHKA P ABOTbl 

AKTYaJihHOCTh T€Mhl. 

C MOMeHTa 0TKphITlHI cynepCHMMeTplm, Ha'laJIHCh MHOro1:mcrreHHhle 

IlOilhITKH IlOCTpOeHH.sI cynepCHMMeTpH'IHhIX CHCTeM, 6onee np0CThIX no 

cpaBHemno C KBaHTOBOH TeOpHeii nom1, HO, B TO )Ke BpeM.sI xoporno MO,n:e

JIHPYIOI.UHX ee MHOrHe HHTepeCHhle H TPY.D:Hhle .n:n.si HenocpEmCTBeHHOro 

H3y'leHH5l oco6eHHOCTH. O,n:HOH H3 ·TaKHX MO,n:eneii .sIBJI.sieTCH CynepCHM

MeTpH'-IHM KBaHTOBM MexaHHKa (CKM), H oco6eHHO ee pacrnHpeHHhle 

BapHaHThI, HCCJIEmOBaHHIO KOTOphIX B HaCTOHI.Uee BpeM.sI IlOCB.sII.UeHO MHO

)KeCTBO pa6oT. By.n:y11H TeOpHeii C KOHe'lHhIM 'lHCnOM CTeneneii CB060,n:hl, 

CKM 3a11acTy10 no3BOJI.sieT peIIIHTh nocTaBnenny10 3a,n:a11y .n:o KOHI:i;a, 

IlO.D:CKa3hIBM TeM caMhIM B03M0)KHhle ynpomennhle no.n:xo.n:hl B peaJih

HhIX Te0pH.sIX. 

KpoMe Toro, HeTpHBHaJihHM MaTpH'IHM CTPYKTypa CKM, H oco-

6eHHO ee paCIIIHpeHHhIX BapHaHTOB npOHBn.sieTC.sI B ee qpe3Bhl'laHHO Tee

HOH CB5l3H C C TaKHMH xoporno H3BeCTHhIMH H IIIHpOKO HCnOnh3yeMhIMH B 

MaTeMaTHKe H q>H3HKe MeTO.UaMH, i~ npeo6pa3oBaHHe Ilap6y H MeTo.n: 

o6paTHoii 3a,n:a'!H pacce.sIHHH. 

Bonpoc CilOHTaHHOrO ( H, B 'laCTHOCTH, qacTH'lHOro) HapyrneHHH cy

nepCHMMeTpHH, HBnHIOI.UHHCH B HaCTOHI.Uee BpeMH O.z:J;HOH H3 qiyH,n:aMeH

Ta.JlhHhIX npo6JieM B lpH3HKe qacTHU, C ycnexoM HCCnEmyeTCH, B TOM 'lH

CJie H B HBCTO.sII.Ueii ,n:HccepTaUHH B paMKax CKM. 

IlonoJIHHTeJihHhIM CTHMynoM K aKTHBH3aUHH nccne,n:oBaHHii B 3Tou 

o6JiaCTH .sIBHJiaCh o6Hapy)KeHHM He.r:(aBHO cynepKOHq>OpMHM HHBapH

aHTHOCTh .D:HHaMHKH 'laCTHU B6JIH3H ropH30HTa p-6paHHhIX perneHHH B 

cynepcTpyHax H B M-TeopHH, 'ITO 03Ha'laeT npHMeHHMOCTh K HHM cy

nepKOHq>OpMHOH KBaHTOBOH MexaHHKHIO 

Bee BhIIIIe nepe'IHCJieHHOe HeC0MHeHHO 03Ha'!aeT aKTYaJihHOCTh nna

HOMepHoro H BceoxBaThIBa10mero H3y11eHHH CynepcHMMeTpH'IHaii KBaH

TOBoii MexaHHKH, npEmilPHHHTOro B HaCT0HI.Ueii .n:nccepTauHH. 

IlpHMeHeHHe ee MeTO.UOB B onHcaHHH 'lacTH[( co cnHHOM npHBeno K 

IlOCTpOeHHIO HenpOTHBOpe'IHBhIX peJIHTHBHCTCKHX MO.UeJien, 0ilHChIBaIO

I.UHX BhICIIIHe CilllHhl B npOCTpaHCTBax npOH3BOJihHOll pa3MepHOCTH, a 

06'hEmHHeHne 3THX MeT0.UOB C aJihTepHaTHBHhIM no.n:xo.n:oM K 0ilHCaHHIO 

peJIHTHBHCTCKHX "'IaCTHU co CilHH0M, KaKOBhIM HBJIHeTCH MO.UeJih .n:nc

KpeTHOll CTpyHhl, Il03BOJIHeT KOHCTpyKTHBHhIM o6pa30M CTpOHTh Teope

THK0 IlOJieBhle JiarpaH)KHaHhl .z:J;JI5[ pa3JIH'lHhIX 'laCTHU BhICIIIHX CilllHOB, 

YU .oc.A:..J; lu.i:-J ti~wt.i11·r a I
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.sIBJI.SIIOIIUIXC.sI HeOT'heMJieMhIMH KOMIIOHeHTaMH COBpeMeHHhIX Teopmr. 

UenhnnccepT8,UHH COCTOHT B IIOCTpOeHHH KBaHTOBOMexaHnqecKHX 

CIICTeM C pacnmpeHHOH cynepCIIMMeTpneii B npOCTpaHCTBax pa:311nqHoii 

pa3MepHOCTH, B aHaJIH3e HX CBOllCTB, o6ycJIOBJieHHhIX cynepCHMMeipneii, 

lI B onncamm Moneneii qJH3UqecKHX CHCTeM co CIIMHOM, TaK)Ke npO.sIBJI.sI

IOIUHMC.sI KaK cnencTBHe cynepCHMMeTpHH. 

HayqHM HO_l3_ll3Ha l!_IIpaKTHqecK_cUI :ueHHOCTb. 

OcHOBHOe HOBOe HanpaBJieHne, OTKpbITOe 3TOH nnccepTa:uneii, MO)KeT 

6hITb onpe,n:eJieHO cne.n:y10ru:nM o6pa30M: IIOCTpOeHne lI n3yqem1e KBaH

TOBOMexaHuqecKHX CHCTeM C pacnmpeHHOH cynepcnMMeTpneii B paMKax 

KOMIIOHeHTHOro n cynepnoneBoro nonxonoB n npnMeHeHne npenJIO)KeH

HhIX MeTonoB K onncaHHIO qJH3HqecKHX CHCTeM, n, B nepByIO oqepenh, 

qacTHII co CIIMHOM, a TaK)Ke K aHaJIH3Y B03M0)KHbIX MexaHH3MOB qa

CTnqHoro CIIOHTaHHOro HapyrneHH.sI cynepCMMMeTpHH. 

B nnccepT8,Ullll BnepBhle HeTpHBHaJibHhle HenpHBOnHMhie npencTa

BJieHH.sI N = 2 n N = 4 cynepcnMMeTpnn B onHoM H3MepeHnn 6hmn 

npnMeHeHhI K nocTpOeHHIO CKM, qTo II03BOJIHJIO npoaHaJIH3npoBaTb ee 

CTpyKTypy C Han60JibIIIeii IIOJIHOTOH lI YCTaHOBHTb ee rny6MHHhle CB.sI3ll 

c npeo6pa3oBaHneM llap6y n c o6paTHOii 3anaqeii pacce.srmrn. 

l-JacTnqHoe CIIOHTaHHOe HapyrneHne cynepCHMMeTpHH 6hIJIO TaK)Ke 

BnepBwe 06Hapy2KeHo B nnccepTa:unn B CKM n ero B03HHKHOBeHne B 
peaJihHOH cyrrepCHMMeTpnqHoii Teopnu IIOJI.sI HMeeT TY )Ke npnpony lI B 

HaCTo.srmee BpeM.sr BCeCTOpOHHe n3yqaeTC.sI. 

BnpeBhie 6wna npenJio)KeHa Monenh cyrrepqacTHIIhI B cynepnpocTpaH

CTBe c HeBhIPO:>KneHHOH MeTpllKOH, CBOn.srma.src.sr npn qacTHOM BhI6ope 

MeTpHKH K cynepqacTn:ue Kacan6yoHn-BpnHKa-lllBap:ua. 

vlccJienoBaHne nnHaMHKH N = 4 CIIHHOBOH qacTHllhI, BpepBbie npo

Be,n:eHHOe B nnccepTa:unn, II03BOJIHJIO o6Hapy)KHTb HeH3BeCTHYIO no CMX 

nop "peaJibHO" - K3nepoBy CTpyKTYPY rrpocTpaHCTB AHTH ne CnTTepa, 

nrpaIOIUHX qpe3BhlqaiiHO B~HYIO pOJib B COBpeMeHHOH Teopuu B CBeT~ 

rnnoTe3w AdS / CFT cooTBeTCTBn.sr. 

BnpeBhle nn.sr OIIHCaHH.sI COCTaBHbIX peJI.srTHBHCTCKHX CllCTeM 6hIJia 

npe.n:no2KeHa Monenh nncKpeTHoii CTpyHw, 06nana10ma.sr no cpaBHeHnIO 

co CTPYHOH 3HaquTeJihHO 6onee rrpOCThIM crreKTpOM lI npnBon.srma.sr K 

HenpOTHBOpeqnBOMY onucaHHIO rroneii BhICIIIHX CIIHHOB. 

BnepBwe BPCT nonxon rrpuMeHeH K orrncaHHIO qacTHII c BhICIIIHMM 
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CIIHHaMH B npOCTpaHCTBe 4 H3MepeHHH lI B 6onee o6meii CHTyaunn He

npHBOnllMbIX npencTaBJieHHH rpyIIIIbl IlyaHKape B npocTpaHCTBe-BpeMe

HH npOH3BOJibHOH pa3MepHOCTH. Pa3pa6oTaHHhIH B nuccepTaIIHH MeTon 

yqeTa cml3eii BTOporo pona II03BOJI51eT KOHCTpyKTHBHO CTpOMTb Teope

THKO IIOJieBhle JiarpaH)KllaHhl, B KOTOphIX OCHOBHhle qJH3HqecKHe lI BCIIO

MOraTeJihHhle IIOJIH a TaK2Ke rrapaMeTphl KaJIH6ponoqHOH rpyIIIIhl c ca

MOro HaqaJia He nonqnHeHhl HHKaK~M orpaHuqeHH.sIM. 3TOT cpaKT .sIBJI.sI

eTC.sI qpe3BwqaiiHO B~HhlM B rrpoBe,n:eHHH nocne.n:onaTeJibHOro KBaHTO

BaHH.sI MHOrux COBpeMeHHbIX Kann6pOBOqHhIX Teopnii. 

Ha 3aIUHTY BhlnBHraIOTc.sr cne,n:y10mue pe3yJihTaTw: 

1. Pa3BHT cynepnoJieBoii nonxon K pacrnupeHHoii cyrrepcnMMeTpnq

Hoii, B TOM qncne II cyrrepKOHqJOpMHOH, KBaHTOBOH MexaHHKe B Tep

MHHax N = 2 u N ·= 4 HenpnBonnMhIX cyneprroneii. 

2. B KOMIIOHeHTHOM nonxone IIOCTpOeHa cynepCHMMeTpuqHM KBaH

TOBM MexaHHKa C npOH3BOJibHhIM pacrnnpeHHeM N, n3yqeHa CTPYK

Typa ee raMHJihTOHnaHa n cyrrep3ap.srnon. 

3. O6Hapy)KeH 3cpcpeKT qacTnqHoro CIIOHTaHHOro HapymeHH.sI N = 4 
cyrrepcnMMeTpnn no N = 2 n onHoMepHoii n no N = 3, N = l n 

MHOrOMepHOH cyrrepCHMMeTpnqHoii KBaHTOBOH MexaHnKe. 

4. Y CTaHOBJieHa CB.sI3h rrpeo6pa3onamrii Ilap6y c rrpeo6pa30BaHn.srMn 

cynepCHMMeTpHH n N = 2 cyrrepCHMMeTpnqHoii KBaHTOBOH Mexa

HHKe H 06Hapy2KeHa H HCCJie,n:OBaHa TeCHM CB.sI3b N = 4 cynepCHM

MeTpnqHOH KBaHTOBOH MexaHHKH C o6paTHOH 3anaqeii pacce.srHH.sI. 

5. B cyrrepnoJieBOM rronxone IIOCTpOeHa N = 4 CIIHHOBM qaCTHIIa, 

OIIHChIBaIOIUM B qeThlpexMepnu 'laCTHIIhl CIIHHa 2 H 0. I1011y1IeHO 

0606meHne Ha cny-qaii HCKpHBJieHHOro npOCTpaHCTBa, Il03BOJIHB

mee 06Hapy2KnTh Hen3necTHYIO no 3Toro "peanbHO" - K3nepony 

CTPYKTypy npocTpaHCTB ne CnTTepa. 

6. Bnepnwe no11y1IeHa TBHCToponono6Ha.sr cpopMynnponKa 6030HHOii 

CTPYHhl n cynepcTpyHhl THna II c reTepOTH'leCKOH (1,0), (2,0) n 

( 4,0) cynepcnMMeTpneii. 
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7. Ilpe.n:110:>KeHa Mo,nem, .nncKpeTHoii: CTpJHhl .nmr onncanmr pen.srTH-

BHCTCKnx, COCTaBHhlX CHCTeM, H3J'leH ee cneKTP B cnyqae ,UBJXTO

'le'IHOH H TpexTO'le'lHOii: CHCTeM. 
.-'· 

8. B npOCTpaHCTBe npOH3B01IhHOii: pa3MepHOCTH C llCil01Ih30BaHHeM 

BPCT no,nxo){a nocTpoeHa noKanhHa.sr CBo6o,nHa.sr TeopJI.sr .nn.sr 6e3-

MaccOBhlX 'laCTHU, OilHChlBaeMhIX HenpHBO,UHMhlM npencTaBneHneM 

rpynnhl IlyanKape, a. TaK:>Ke nn.sr TpaeKTopnn Pe,n;)Ke c nJIHe:iiHOH 

3aBHCHMOCThIO Macchl .OT CilHHa. · 

Anpo6aumr pa6oThl. 

Pe3y1IhTaThl, npe.n;CTaB1IeHHhle B .nnccepTaunn, ,UOK1IallhlBa1IHCh Ha 

ceMJIHapax B Jia6opaTopnn .T.eopeTH'lecKoii: cpn3HKH HM H.H. Boro111060Ba 

O6'he,n;nnennoro. HHCTnTyTa MepHhlX :µ:ccne.n;OBaHJIH (Ily6Ha), B Xaph

KOBCKOM !pH3HKO-TeXHJI'leCKOM HHCTHTyTe, B MaTeMaTH'leCKOM HHCTH

TyTe AKaneMnn HayK (MocKBa), B <PnJnqecKOM HHCTHTyTe AKaneMnn 

HayK (MoCKBa), B llHCTHTyTe '<pH3HKH'BhlCOKHX 3Heprnn (IlpOTBHHO), B 

llHCTHTyTe TeopeTntiecKon cpn3HKH , (BpounaB), B llHcTnTyTe cpn3HKH 

(Ilpara), B HauHOHMhHOll <PH3H'leCKOH Jia6opaTOpHH (<PpacKaTI1), B 

XaphKOBCKOM YHHBepCIITeTe, B IlHenponeTpOBCK0M YHHBepCHTeTe, B 

BOHHCKOM YHnBepCIITeTe, B fyM6om,,UTCKOM YHHBepcnTeni (BepJIHH), 

B YHnBepciITere r. Ilany.sr, B TexHH'leCKOM YHnBepcnTeTe r. Ilpara, B 

YHnBepcnTeTe_ II r. PnM, B YHnBepcnTeTe r. CaH Ilayno, B Me)I(Ay

naponHOM ueHTpe TeopeTH'leCKoii: cpn3HKH (TpnecT), a TaK)Ke Ha Me)K

,nyHapo,nHoM COBelllaHHH no TeopeTHKO-rpynnOBhlM MeTO,UaM B !pH3HKe, 

3Bennropo.n, 1982 r.; Ha VII Me)I(AyHaponHoM .coBe1UaHnn no HenoKanh

HhlM TeopmrM nonH, AnyllITa, 1984 r.; Ha Me)I(AyHapo,nHo:ii KOH<pepeHunn 

"CynepcnMMeTpnH 85", XaphKOB, 1985; Ha Me)I(AyHapOllHhlX ceMnHapax 

"CynepcHMMeTpHH n KBaHTOBhle cnMMeTpnn", Ily6Ha, 1993, 1994, 1995, 
1996, 1997, 1998, 1999 rr.; Ha VI JieTHeii: KKone: naM.srTn M.A. CBnKa, 

Bpa3HJIHH, 1990; Ha X Me)I(AyHapo,nHoii: KOHcpepeHUHH "Il po6neMhl KBaH

TOBoii: TeopnH nonH", AnyllITa, 1996 r.; Ha Me)I(AyHapo,nHoii: KOHcpepeH

UHH "CynepCHMMeTpHH II KBaHTOBa.sr TeOpH.sr non.sr", XaphKOB, 1997 r.; 
Ha Me)I(AyHapo.ii:HOM COBelllaHHH "KBaHTOBa.sr Teopn.sr Il0115£ H !pH3HKa Bhl

COKHX 3Heprnii:", MocKBa, 1999 r.; Ha XIV CnMTI03HyMe "HoBhle cnMMe

Tpnn n HHTerpnpyeMhie cncTeMhl", Kapnaq, Ilonbllla, 1999 r. 

Ily6nnKaunn. Ilo MaTepnanaM nnccepTaunn ony6nnKoBaHo 27 pa6oT. 
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CTpJKTypa n o6'heM .nnccepTaunn. lbi:ccepTaun.sr cocTOJIT JI3 BBe.n;e

HH.sr, 5 rnaB, 3aKmo'leHJI.S£, H CTIHCKa 1IHTepaTyphI. OHa co,nep)KHT 186 
CTpaHJIU MallIHHOilllCHOrO TeKCTa. CnnCOK 1IllTepaTyphl BKmoqaeT 140 
HaHMeHOBaHHH. 

CO,llEP)KAHHE P ABOTbl 

Bo BBe,D;eHHll ,naH o63op COBpeMeHHOro COCT0.SlHH.Sl II ccpopMynllpO

BaHhI OCHOBHhie npo6JieMhI B03HHKaI01UHe B CHCTeMax C paCllIIIpeHHOH 

cynepcHMMeTpJieii:. O6ocHOBaHa HaCylllHa.sr He06XOllHMOCTh TI0HCKa 6onee 

np0CThlX CllCTeM C paCllIHpeHHOH cynepCIIMMeTpneii, npencTaBJI.SllOIIllIX 

B03MO)KHOCTh neTMhHOrO nccne,n;oBaHH.Sl 3THX npo6neM H Il03B011.SllOIIlHX 

Bhlpa6aThlBaTh Il0,UXO,Uhl K HJIM B peanbHOll !pH3HKe. 

r naBa 1 noCB5lllleHcJ: nocTpoeHHIO paclllnpeHHO:ii CKM KaK B npo

CTpaHCTBe O,UHOro H3MepeHH5£, TaK H B npOCTpaHCTBax llBJX, Tpex H 

6onee H3MepeHnii:. OcHOBHOii: aKueHT cnenaH Ha ncnonh30BaHJIIIH HeTpH

BnanhHhIX HenpHBO,UHMhlX npe,n;cTaBneHHH anre6phl paclllnpeHHOH cy

nepCIIMMeTpHII 

{ Qa, Q/1} = 280 /JH, [Q0 , H] = 0, a, /3 = 1, 2, ... , N, (1) 

'ITO Il03B011.S£eT npOBO,UHTh cynepCHMMeTpH3aUHIO COOTBeTCTBYIOIIlHX KBaH

TOBOMexaHH'leCKHX 3a,naq Han6onee KOMTiaKTHhlM o6pa30M. 

B Pa3,nene l. 1 paccMoTpeHHe HatiaTo c npocTenlllero cnyqa.sr N = 2 
CKM B K0TopoM, Hap.srny c Be1UeCTBeHHhlMH cynepnon.srMn, BBe,neHhI, 

KaK npOCTeiillIHe HenpHBO,UHMhle npe.n:cTaBneHH.Sl KnpaJihHhle cynepnon.sr 

Ha cynepnpocTpaHCTBe (1, 2) n cTpOHTCH Han6onee 061Un:ii narpaH)KHaH, 

OTIHChlBaIOIIlHH ,UBH)KeHHe cynepCHMMeTpH'IHOH CHCTeMhl B rpaBHTaun-

0HHOM, :meKTpoMarHHTHOM H ,UOTI01IHHTe1IhHOM IlOTeHUJIMhH0M IlOJI.SlX. 

PaJBHTa.sr TexHHKa npHMeHeHa K onncaHHIO cynepCHMMeTpH'lHhlX KBaH

TOBOMexaHH'leCKHX MO,nene:ii c rpynnaMH CHMMeTpHH 0(3), 0(2, 1) (B 

npOCTpaHCTBe pa3MepHOCTH 3), a TaK)Ke SU(n + 1) (B npOCTpaHCTBe 

CPn). 3,neCh )Ke OTMe'leHa B03M0)KHOCTh HHBapHaHTHOrO TI0,UKJIIO'leHH.Sl 

31leKTpOMarHHTHOro Il0115£ B paMKax 3THX rpynn CHMMeTpHH. IlpoBe.n;eHO 

KBaHT0BaHne 0(3) n 0(1, 2) cynepCHMMeTpH'IHhlX MO,nene:ii. Ilpe.n:no)KeH 

peuenT ycTpaHeHIU[ Tpy,nHOCTe:ii npn KBaHTOBaHHH, CBH3aHHhlX C ynop.sr

,noqenneM HeKOMMYTHpyIOIIlHX onepaTOpOB. O6Hapy)KeH 3cpcpeKT CTIOH

TaHHOro HapyllleHII.Sl cynepCHMMeTpHH Ha KBaHTOBOM ypOBHe 3a c~1eT 

HMerome:iic.sr neonpe.n:enennocTn B ynop.sr,noqeHHH onepaTopoB. 
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11cnonh30Bam1e KnpanhHhIX cynepnoneii: no3BOJIHJIO B paJ.nene 1.2 

BnepBhle nocTpOHTh pacurnpeHHYIO CKM c npOH3BOJihHhIM N B Tep

MHHax N = 2 cynepnoneii:. 
"' 1Im1 3Toro B paMKax N = 2 cynepnoneBoro no.nxo.na nocTpoeHhI HaH-

6onee o6mnii: narpam1maH H, COOTBeTCTBeHHO, raMHJihTOHHaH C Tpe6y

eMhIM qncnoM 6030HHhIX H <lJepMHOHHhIX CTeneHeii: CB060,nhl. J13yqaJOTCH 

Tpe6oBaHHH, npH KOTOphIX B03HHKaeT pacurnpeHHM N = 2 cynepCHM

MeTpmi. Bo3HHKaIO:I.UM npH 3TOM npo3paqHM CBH3h C N = 2 CKM 

noJBOJIHer npoBeci'n o6o6meHne o.nHoMepHoii: CKM Ha npOH3BOJihHhie 

N. 
TaKHM o6pa30M raMHJihTOHHaH N - pacurnpeHHoiI o.nHoMepHoii CKM 

nonyqeH B paMKax N = 2 cynepnoneBoro no.nxo.na H noKa3aHo, qTo 

HHBapHaHTHOCTh TeOpHH 0THOCHTeJihHO pacrnnpeHHhIX npeo6pa30Ba.irnii: 

cynepCHMMeTpHH HMeeT MeCTO TOJihK0 npH HeKOTOJ)hIX COOTHOilleHHHX 

Me~y pa3JIHqHhIMH cynepnoTeHI:i:HanaMH, BXO.D:HlllHMH B 3TOT raMHJih

TOHHaH. 

Eonee no.npo6HoMy n3yqeHHIO KOHKpeTHoro 3HaqeHMH N = 4 pac

urnpeHHOH CKM nocBHllleHhI nocne.ny10mne pa3,nenhI rnaBhI 1. B Pa3-

.nene 1.3 C HCilOJih30BaHHeM cynepnpOCTpaHCTBeHHOrO no.nxo.na BBe.IJ;eHhl 

OCHOBHhle cynepnoneBhle KOHCTPYKUHH H OilHCaHhl <PYH.naMeHTaJihHhle 

HenpHBO.IJ;HMhle cynepnOJIH H CBH3H, BhI,neJIHIOlllHe HX H3 o6mero cynep

IlOJIH. Ha 3TOM H3h!Ke nonyqeHhl o6mne Bhlpa)KeHHH .IJ;JIH narpaH)KHaHa H 

raMHJihTOHHaHa, COBna.naIOlllHe no qJOpMe C aHanornqHhIMH Bhlpa)KeHH

HMH, nonyqeHHhIMH B PaJ,nene 2.3 B KOMilOHeHTHOM no.nxo.ne .IJ;JIH cnyqM: 

N = 4 cynepcHMMeTpHH. 

J13yqeHHIO ycJIOBHH, npH KOTOphIX N = 4 cynepCHMMeTpHH MO)KeT 

6hITh CilOHTaHHO HapyrneHHOH, KaK ueJIHKOM, TaK H qaCTHqHo, IlOCBHllleH 

PaJ.nen 1.4, n K0TOpOM npo.neMOHCTpHpOBaH TOT qJaKT, qTo ,!{BJieHHe qa

CTHqHoro CilOHTaHHOro HapyrneHHH cynepCHMMeTpHH cymeCTByeT y)Ke 

B npocTeiirneii Mo,nenn N = 4 CKM c o.nHoii qJH3HqecKOii: 6o30HHOii: H • 

qeThlphMH <lJepMHOHHhIMH CTeneHHMH CB06o,nhl (d = 1, r = 4). linH . 
3Toii MO.nenn nocTpoeHo caMoe o6mee N = 4 cynepnoneBoe .neiicTBHe, 

B omeM cnyqae BKJIJ0qa10mee HBHOe HapyrneHHe o6enx SU(2) rpynn, 

COCTaBJIHIOlllHX IlOJIHYIO S0(4) rpynny aBTOMOpqJH3MOB N = 4 cynep

anre6phl. 11HTepecHOH oco6eHHOCThIO nonyqeHHOro .neii:CTBHH HBJIHeTCH 

TO, qTO OHO npe.ncTaBHMO B .nnyx 3KBHBMeHTHhIX qJOpMax, CBH3aHHhIX 

.nyanhHhIM npeo6pa30BaHHeM. KHHeMaTHtieCKHe BHeMaCCOBhle CBH3H Ha 

OCHOBHOe cynepnone H ero ypaBHeHHH .IJ;BH)KeHHH OKa3hIBaIOTCH .nyanh-
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HhIMH .npyr .npyry. OcYllleCTBJieH nepexo.n K KOMnOHeHTaM H npHBe,neHhI 

HBHhle Bhipa)KeHHH .IJ;JIH cynep3apH.D:OB H raMHJihTOHHaHa qepe3 qJH3Hqe

CKHe IlOJIH. IlpoBe,neHO KBaHTOBaHHe H OilHCaHhI pa3JIHtIHhle qJa3hI. C Ha

pyrneHHOH H HeHapyrneHHOH cynepcHMMeTpHen, npncyTcTny10mne B MO

.nemr. IlonyqeHhI o6mHe ycJIOBHH Ha IlOTeHUHan CKanHpHoro IlOJIH, npH 

KOTOphIX cymeCTByeT IlOJIHOe HJIH qacTHqHoe CilOHTaHHOe HapyrneHHe 

cynepCHMMeTpHH. Cnyqaii: qaCTHqHOro CilOHTaHHOrO HapyrneHHH cynep

CHMMeTplnl (N = 4 ➔ N = 2) paccMOTpeH 6onee no.npo6Ho. IleTaJihHO 

OilHCaH KOHKpeTHhIH npHMep IlOTeHUHana, npHBO.D:Hlllero K TaKOMy Ha

pyrneHHIO. 

B pB3,nene 1.5 npe.nno)KeHo onncaHne 3-MepHoii: N = 4 pacrnnpeH

HOH CynepcHMMeTpnqHoii: KBaHTOBOH MexaHHKH, ocHoBaHHoe Ha cynep

nonenoM IlOCTpO.eHHH .ne:fl:CTBHH. rnaBHM oco6eHHOCTh no.nxo.na - 061,

e,nHHeHHe 3-MepHOH BeKTOpHOH 6030HHOH K00p,nHHaThI H <lJepMHOHHOrO 

CilHHOpa 0(3) B 0.IJ;HOM HenpHBO.IJ;HMOM npe.ncTaBJieHHH N = 4 anre6phl 

cynepCHMMeTpHH. 

B 3T0M pa3.nene noKa3aHo, KaK MO)KHO npeo.nonenaTh TPY.D:H0CTH c 

3KCilOHeHUHaJihHhIM yBeJIHtieHHeM qHCJI8. qJepMHOHHhIX CTeneHeH CB060.IJ;hl 

C pOCTOM pa3MepHOCTH qJH3HqecKoro ( 6o30HHOro) npocTpaHCTBa B cny
qae N = 4 npH IlOMOlllH HCil0Jih30BaHHH HeTpHBHaJihH0ro npe.ncTaBJie

HHH N = 4 pacrnnpeHHOii: cynepcHMMeTpHH. Mhl onHChrnaeM TaK0e npe.n

CTaBJieHHe n CTpOHM .IJ;JIH Hero HaH6onee o6mee .neHCTBHe. E,nHHCTBeH

Hhle .IJ;HHaMHtieCKHe nepeMeHHhle B 3TOM .neiiCTBHH - TPH 6030HHhle H qe

Thlpe <lJepMHOHHhIX K00p.IJ;HHaThI, npeo6paJy10mHeCH KaK BeKT0p H KOM

nneKCHhIH CilHHOp rpymihI BpameHHH 0(3), npHHa.IJ;Jie)KaT 0.IJ;HOMY He

npHBO.IJ;HMOMY npe.ncTaBJieHHIO N = 4 pacrnnpeHHOH cynepCHMMeTpHH. 

BhIIlOJIHeHO KBaHTOBaHHe Mo.neJIH H o6cy~eHhI B03M0)KHhle qJH3HtiecKHe 

npHJI0)KeHHH. 

B Pa3,nene 1.6 aHanorHtiHhIH no.nxo.n c ncnonh30BaHHeM HenpHBO.D:H

MhIX npe,ncTanneHHii: N = 4 pacrnnpeHHoii: cynepcHMMeTpHH npnMeHeH K 

onucaHHIO ,nByMepHoii: N = 4 CKM. IloKaJaHo, tiTo cooTBeTCTBYIOlllHH 

KJiaccuqeCKHH JiarpaH)KHaH 0ilHCh!BaeT ,nBH)KeHHe B K0HqJOpMHO IlJIOC

KOH MeTpHKe C .nonoJIHHTeJihHhIM noTeHUHaJihHhIM qJieH0M. IlpoaHaJIH3H

poBaHhl Eo3e H <l>epMH ceKTopa ,nByMepHoii: H TpexMepHoii: N = 4 CKM. 

CTpyKTypa KBaHT0BhIX raMHJihTOHHaHOB 0Ka3h!BaeTCH TaK0ii:, qTQ no

cne HeKOT0poro YHHTapH0ro npeo6pa30BaHHH B03HHKaeT o6hltiHOe ypaB

HeHHe lllpe,nHHrepa B IlJI0CK0M npocTpaHCTBe, ,neM0HCTpHpy10mee 3qJ

qJeKT TpaHcMyTaUHH KOHCTaHThl CBH3H H 3HeprHH HCX0.IJ;HOH MO.IJ;eJIH B 
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HeK0TOphIX cneu1rnJihHhIX cnyqasrx. 

Bo BTopo:ii rnaBe .n:nccepTau1rn 06cy)K,l];aIOTC}l o6mne.cBoiicTBa npe

o6pa3oBaHn:ii pacrrrnp~HHOH cynepCHMMeTpHH B 0.D:HOMepHOH KBaHTOBOH 

MexaHHKe. B pe3yJlhTaTe aHanlI3a CTpyKTyphl anre6phl cynepCHMMe

TpHH. npe.n:no)KeH MexaHH3M . nepecTpOHKH raMHJihTOHHaHOB C. H3MeHe

HHeM HX .D:HCKpeTHOro cneKTpa. O6cy)K,l];aeTC}l CB}l3h npe.n:110:>KeHHOro Me

xaHH3Ma. H B03HHKaIOIUHX npn 3T0M. np0H3B01IhHhIX K0HCTaHT B. IlOTeH

UHllJI;:tX, C npe()6pa30BaHIIeM llap6y H C o6paTHOH 3a,n:aqe:ii pacce}IHH}l. 

lfayqeHa rpynna npeo6pa3oBaHn:ii noTeHunanoB, ,n:n}l KOTOphIX perneHH}l 

ypaBHeHmI III pe,n:HHrepa MOryT 6hlTh CB}l3aHhl .n:pyr C .n:pyroM npeo6pa-

30B?JIH}l¥H pacrnnpeHHOH cynepcHMMeTpHH. 

B pa3,n:e11e 2.1 113yqeHhl CJie.D:CTBll}l .Toro <paKTa, qTo raMHJihTOHHaH 

o,n:HoMepH<Jii N = 2.CKM, 3anH_CaHHhlii B BH,n:e. 

H = 1/2p
2+ 1/2((W'(x))2 + a-3W"(x)), (2) 

r.n:e 0"3 - MaTpnua Ilaynn, OilHChlBaeT O.D:HOBpeMeHHO ,n:Be 3a,n:a'llH C no-
TeHUHMaMH U+(x) H U_(x), 'a 

. U_(x) 

U+(x) 

l/2((W'(x))2 
- W"(x)), 

= 1/2((W'(x))2 + W'i(x)), 
(3) 
(4) 

Bhlpa:>KeHHhIMH qepe3 o,n:Hy cpyHKUHIO - cynepnoTeHunan W(x). lkcne

.n:yeTC}l Han6onee o6mn:ii IlOTeHunan u + ( X)' CB}l3aHHhlH COOTHOllleHH}IMH 

N = 2 cynepcnMMeTpHH c 3a,n:aHHhIM noTeHuHanoM U_(x). B pe3y11h

TaTe B03HHKaeT uenhlH KJiacc 3KBHBaneHTHhIX raMHJihTOHHaHOB, HMeIO

mnx ,n:ByxnapaMeTp11qecKy10 .cBo6o,n:y. Yc-ra.HoBneHa CB}l3h npe.n:110:>KeH

Horo MexaHH3Ma nepecTpo:iiKn raMHJihTOHHaHOB c npeo6pa30BaHneM llap-

6y. IloKa3aHO, qTO 3T0 npeo6pa30BaHHe }IBJI}leTC}l HnqeM HHhIM, KaK npe

o6pa30BaHHeM cynepcHMMeTpHHH. B KaqecTBe qacTHoro c:iyqaJI nonyqeH 

raMHJlhT0HHaH C OCUH111I}IT0pHhlM cneKTpOM, co,n:ep:>Kamn:ii ,n:Be npOH3-

B01IhHhie K0HCTaHThl. y CTaHOBJieHa rpynnOBM CTPYKTypa npeo6pa30Ba

HHH noTeHUHMOB, perneHH}l ypaBHeHH}l Illpe,n:HHrepa ,n:11}1 KOTOphIX CB}l-

3aHhl ,n:pyr c .n:pyroM npeo6pa3oBaHH}IMH llap6y. IloKa3aHo, qTo 3TH npe

o6pa3oBaHH}l o6pa3yIOT 6ecKoHeqHonapaMeTpHqecKyIO rpynny c anre-

6po:ii, }IBJI}IIOIUe:iicH no,n:anre6po:ii anre6phl Kaua - My.n:n rpynnhl SU(2). 
B Pa3,n:ene 2.2 ycTaHOBneHa CB}l3h N = 4 cynepcHMMeTpHqHo:fi KBaH

TOBO:ii MexaHHKH C o6paTHOH 3a,n:aqe:ii pacceHHH}l,. qTo npOHBJIHeTCH B 

IIOJIHOH H,n:eHTJiqHOCTH cpopMyn, CB}l3hIBaIOIUHX Me)K,l];y co6o:ii raMHJihTO

HHaHhl H BOJIHOBhie cpyHKUHH B o60HX no.n:xo.n:ax. B OTJIHqn:e OT N = 2 
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cynepCHMMeTpHqHo:ii KBaHTOBOH MexaHHKH B paccMaTpHBaeMOM no.n:xo.n:e 

npH IlOCTpOeHHH H30CileKTpanhHhIX raMHJihTOHHaHOB B03M0:>KHa nepe

CTpo:iiKa cneKTpa, 3aTparHBaIOIUM KaK 0CHOBH0e, TaK H B036y)K,l];eHHhle 

COCT0}IHHH, T.e. Bee .D:HCKpeTHhle COCTOHHHH TeOpHH OKa3hlBaIOTCH paB

HOnpaBHhlMH. 

lkcne.n:oBaHa rpynna TaKHX npeo6pa3oBaHn::fi cynepnoTeHUHMOB, npn 

KOT0phIX BOJIHOBhie cpyHKUHH H raMirnhT0HHaHhl MOryT 6hITh CBH3aHhl C 

n:cxo,n:HhlMH npH noMOIUH npeo6pa3oBaHHH llap6y. Anre6pa reHepaTopoB 

3THX npeo6pa30BaHHH cynepnoTeHUHMa }IBJIHeTC}l IlOJIO)KHTeJihHOH qa

CThIO anre6phl Kaua-My.n:n rpynnhl SU(2). Ilonyqetta TaK:>Ke KOHKpeT

HM peanH3aUH}l .n:e:ficTBH}l rettepaTopoB anre6phl Kaua-My,n:H Ha cynep

noTettunan. 

llanhHeiirnH:ii aHa11n3 pacrnnpeHHoii CKM B o.n:ttoM H3MepeHHH npo

Be,n:eHHhlii B pa3,n:e11e 4.3 HCil01Ih3yeT cymeCTBeHHhlM o6pa30M cne.n:y10-

mee coo6pa:>KeHHe: TaK :>Ke, KaK O.D:HOMepHM N = 2 cynepCHMMeTpn:qHaJI 

KBaHTOBM MexaHHKa 06'he,n:HHHe .n:Ba raMHJihTOHHaHa C TeM :>Ke caMhlM 

HJIH noqTn: C TeM :>Ke caMhlM cneKTpOM, TaK H N - pacrnn:peHHM 0.D:HOMep

HM CKM o6'he,n:HH}leT BMecTe HeCKOJihKO, a nMeHHO, N + 1, KBaHTOBo

Mexatt11qecKHX f aMHJihTOHHaHOB TaKHM cnoco6oM, qTo Hx co6cTBeHHhie 

BOJIHOBhle cpyHKUHH OKa3hIBaIOTC}l CBH3aHHhlMH .n:pyr C ,n:pyroM MHO>Ke

CTBeHHhlMH npeo6pa30BaHHHMH 6onee npOCTOH N = 2 cynepcm,1MeTpHH. 

Ilpe.n:no>KeH KOHCTPYKTHBHhl:ii MeTo,n: nocTpoeHHH o.n:ttoMepHoI1 pac

mnpeHHOI1 cynepCHMMeTpHqHOll KBaHTOBOll MexaHHKH C npOH3B01IhHhlMH 

N. IlonyqeHhl }IBHhle Bhlpa:>KeHH}l .n:mr raMHJihTOHHaHa H cynep3apH,n:0B 

a TaK)Ke .ll:11}1 co6CTBeHHhIX BOJIHOBhIX cpyHKUHll CTapTy}l C KaKoro-nn:60 

o,n:ttoro raMHJihT0HHaHa, npnHa,n:ne>Kamero pacrnnpeHHO:ii CKM c npo

H3B01IhHhlM N. 113110:>KeHHhle IlOCTpOeHHH npOH111IIOCTpHpOBaHhl Ha npH

Mepe 6e30Tpa>KaTeJihHhIX IlOTeHUHMOB. 

B TpeTheI1 rnaBe .n:nccepTB.UHH npoBe,n:eHo paccMoTpeHn:e Mo,n:ene11 

ToqeqHOll qacTHUhl co CIIHHOM Ha OCHOBe pa3BHTOrO B npe.n:hl.D:yIUHX 

rnaBax cpopMMH3Ma pacrnnpeHHOI1 CKM KaK B KnaccnqecKOM, TaK n 

B KBaHTOBOM ee BapnaHTax. 

B pa3,n:e11e 3.1 B KaqecTBe ,n:e:iicTBHH ,n:n}l TaKoI1 qacTHUhl npe.n:no>KeH 

31IeMeHT .D:1IHHhl ee TpaeKTOpHH 

S=-m/Jciii (5) 

B 06'heMJIIOIUeM cynepnp0CTpaHCTBe C HeBhlpO)K,l];eHHOll MeTpHKOll, K0-

op,n:HHaTaMH K0T0poro HapH,n:y C Xµ }IBJI}llOTC}l aHTHKOMMYTHpy10mn:e 
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CIJHHOphI 00: .H lJa. IlpH qacTHOM Bhl6ope napaMeTpOB MeTpHKH npe.n

JIO)KeHH8JI MO.n;eJih CBO.D:HTC.ll K C<pOpMyJIHpOBaHHOH He3aBHCHMO Kacan-

6yOHH H. BpnHKOM n ll!BapueM Mo.n:enn cynepqacTHUhr..B o6meM cnyqae 

cynepnpOCTpaHCTBa C HeBhlpO)K.D:eHHOH MeTpHKOH . npoBe,neHO .no KOHUa 

KBaHTOBaHHe H BhI.lICHeH cneKTp <pH3HlleCKHX COCTO.lIHHH, co.n;ep)KaIUHH 

TpH HenpHBO.D:HMhIX cynepMJJihTHnJieTa, pacmenneHHhIX no Macce. IlBa 

H3 3THX cynepMJJihTHIJJieTOB .lIBJI.lIIOTC.lI CKaJI.llpHhIMH, a TpeTHH - BeK

TOpHhIM. 

B PaJ.n:ene 3.2 npe.nJIO)KeHO OIJHCaHHe CHCTeMhI CB060.n;HhIX qacTHU 

CIJHHa 2 H D ' OCHOBaHHOe Ha cynepnoneBOM llOCTpOeHHH .n:eHCTBlI.SI 06na

.n:a10mero N = 4 noKaJihHOH cynepKOH<popMHOH · CHMMeTpnett MHpOBOH 

JIHHHH c SU(2)noKanbHaJI x SU(2)rnoCianbHM BHyTpeHHeH no.n:rpynnott, BOT

JIHtIHe OT S0(4) JIOKaJihHOH CHMMeTpHH npe,nJIO)KeHHOH paHee Teopnn 

tiaCTHUhI CIJHHa 2, cynepnoneBaJI <pOpMJJIHpOBKa KOTOpOH .n:o CHX nop 

HeH3BeCTHa. rno6aJihHhllI aHanor · 3TOH cynepCHMMeTpHH, KaK H ee He

npHBO.D:HMhle npe.ncTaBJieHH.lI, 6hIJI OIJHCaH B FnaBe 1. IlpOBe,L{eHO KBaH

TOBaHHe MO,neJIH H H3ytieH ee cneKTP, COCTO.lIIUHH H3 O.D:HOH qacTHUhI 

CIJHHa 2 n Tpex qacTHU CllHHa 0. 

B PaJ,nene 3.3 B .n;eHCTBHe npe.nhl.D:ymero PM.nena HHBapnaHTHhIM 

o6pa30M BBe,neH HeTpHBHaJihHhIH rpaBHTaUHOHHhIH <pOH H IJOKa3aHO, qTo 

SU(2)1ocal X SU(2)91obal N = 4 cynepKOH<pOpMH8JI CHMMeTpH.lI .n;ettCTBH.lI 

Tpe6yeT, l!T06hl 3TOT <pOH o6na,nan CBOHCTBOM, aHaJiorHqHhIM "Beme

CTBeHHOH" K3JiepOBOCTH, T.e. l!T06hl MeTpHKa <pH3HtieCKOro npocTpaH

CTBa , 6hIJia npe,ncTaBHMa B BH.n;e 

82 A(x) 
gMN(x) = 8xM8xN' (6) 

B KOTOpOM BC.ll <pyHKUHOHaJihH8JI JaBHCHMOCTh OT KOOp.D:HHaT 3aKJIJOqeHa 

B. O.D:HOH npOH3BOJihHOH <pyHKUHH - cynepnoTeHunane A( X)., IlonyqeHhI 

KOMllOHeHTHhle Bhlpa)KeHH.lI .D:JI.ll raMHJlhTOHHaHa H cynep3ap.ll.D:OB. Y CTa

HOBJieHO, qTo B qacTHOM cnyqae cynepnoTeHunana 

µ ,, l 
A( ) = X X T/µv _ -} 

x 2r 4 nr, µ, v = l, 2, · · · D, (7) 

OIJHChIBaeMoe llpOCTpaHCTBO .lIBJI.lleTC.lI D + l MepHhIM npocTpaHCTBOM 

AHTH .ne CHTTepa, aKTHBHO HCCJie.nyeMhIM B HaCTO.lIIUee BpeM.SI B CB.ll3H 

c AdS/CFT rnnoTeJoI1. 

B pa3.n;ene 3.4 IJOKa3aHo, qTo Bee H3BeCTHhle <pOpMJJIHpOBKH .D:HHa

MHKH n = l cynepqacTHUhI B npOCTpaHCTBe - BpeMeHH pa3MepHOCTH 
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D = 2, 3, 4 n 6 KaK .n;Ba)K.D:hl cynepcnMMeTpHqHhle Teopnn c N = D ""7"· 2 
JIOKaJihHOH cynepKOH<pOpMHOH CHMMeTpHeH Ha. MHpOBOH JIHHHH,· .SIBJI.ll

IOTC.ll qacTHhIMH cnyqaJIMH 6onee o6mero n = D ~ 2 cynepnoneBoro ,neI1-

CTBH.lI , KOTopoe .lIBJI.lleTC.lI HHBapnaHTHhIM OTHOCHTeJihHO· o6o6meHHOH 

( cynepnoneBOH) ~-CHMMeTpHH H IJJIOCKOH n = l cynepCHMMeTpHH B 061,

eMJIIOIUeM cynepnpOCTpaHCTBe H COBIJa,n:aeT (Ha MaCCOBOH llOBepXHOCTH) 

c .n:ettcTBHeM,cynepqacTHUhI BpnHKa-!llBapua .. IleiicTBHe D = 2, N = I. 
MaCClIBHOH cyneptiaCTHUhI B03HHKaeT B pe3JJihTaTe pa3MepHOH · pe,nyK

UHH .n:eiicTBH.lI 6eJMaccoBoI1 cynepqacTHUhI •. B pe3JJihTaTe pa3MepHoI1 

pe,nyKUHH D = 6, n = 4 .n;eHCTBH.lI K D = 4 npOCTpaHCTBY - BpeMeHH 

BOJHHKaeT n = 4 cynepnoneBaJI qiopMynnpOBK D = 4, N = 2 MaCCHBHOH 

cynepqaCTHUhI C ueHTpaJihHhIMH 3ap.ll.n;aMH . 

B pa3,nene 3,5 IJOKa3aHo, qTo Tpe60BaHHe peJI.lITHBHCTCKOH HHBapn

aHTHOCTH pacurnpeHHoii CKM aBTOMaTnqecKH Be,neT K TBHCTopono.n:06-

HOMY OIJHCaHHIO "IaCTHU CO CIJHHOM. Il pH 3TOM pOJih TBHCTOpOB HrpaIOT 

cynepnapTHephI rpaccMaHOBhIX Koop.n:nHaT o6'heMJIIOIUero cynepnpocT

paHCTBa. PacCMOTpeH B ,neTaJI.lIX 6onee, llpOCTOH cnyqatt cynepqacTHUhI 

B qiopMynnpoBKe CopoKHHa, TKaqa n BonKoBa n ranhnepnHa n CoKa

qeBa · H nocTpOeHa cynepnoneBaJI cpopMynnpoBKa cynepcTpJHhI rpnHa 

- ll!Bapua THila II C n = (l, D) cynepCHMMeTpHeii MHpOBOro JIHCTa. 

IloKa3aHO, qTO BKJIJOqeHHe BTOpoii CilHHOpHOH KOOp,nHHaThI B 06'heM

JIIOIUeM cynepnpOCTpaHCTBe Be,L{eT K B03M0)KH0CTH OilHCaHHIO cynep

CTPYHhI B OTCYTCTBHH noneI1 ,n:ByMepHoro MJJihTHilJieTa cyneprpaBHTa

UHH. TBHCTOpono.no6Hoe .neI1CTBHe Tnna l.JepHa-CaiiMOHCa .nn.a 6oJOHHOii 

CTpyHhI BhIBe,neHo H3 .neiiCTBH.lI cynepcTpJHhI. PenapaMeTpH3auHOHH8JI 

HHBapnaHTHOCTh .neI1CTBH.lI 6030HHOH CTPYHhI HMeeT MeCTQ TOJlhKO B 

D = 3, 4, 6, 10 C 6030HHhIMH cynepnapTHepaMH CilHHOpHhIX KOOp.D:HHaT, 

nrpaIOIUHMH pOJih MeTpHKH Ha MHpOBOM JIHCTe CTPYHhI. IlocTpOeHhI .neii

CTBHe ,nnH cynepcTpJHhI n JaKOHhI npeo6pa3oBaHH.SI .D:JI.ll Bcex cynepnoneii 

npH o6mnx penapaMeTpH3auH.SIX cynepMHpOBOH IlOBepxHOCTH. 8cpcpeK

THBHO 3TH 3aKOHhI npeo6pa30BaHH.SI 3aBHC.SIT TOJlhKO OT .n;Byx H3 Tpex 

nponJBOJihHhIX cpyHKUHii, KOTOphle .lIBJI.lIIOTC.lI BapnaunHMH Koop,nnHaT 

TpexMepHOH cynepMHpOBOH IlOBepXHOCTH. KpaTKO o6cy)K.D:eHO TBHCTO

pono.no6Hoe ,neHCTBHe ){JI.SI 6030HHOH CTPYHhI, KOTOpoe .SIBJI.lleTC.lI qacThIO 

KOMnoHeHTHOro .n:eiicTBH.lI ,nn.ll cynepcTpyHhI THna II. OHo HMeeT oqeHh 

npocTyIO cpopMy, BKJIJOqaJI TOJlhKO 6HJIHHeHHhle n TpHJIHHeiiHhle qneHhI 

H He co.nep)KHT MeTpnqecKHX noneii. TeM He MeHee, B. D = 3,4,6, 10 
3TO ,neiiCTBHe HHBapHaHTHO npH npeo6pa30BaHH.SIX .D:ByMepHOH rpynnhl 
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.nmpcpeOMOpcpH3M0B MHp0B0ro JIHCTa CTPYHhl. 

B PaJ,neJie 3.5 nony1-i:eH narpamrrnaH .nm1 cynepcTpyHhl Tnna II B 

IlJI0CK0M cynepnp0CTpaHCTBe c reTepoTnqecKOll (2,0) n (4,0) cynep

CHMMeTpHeH Ha Mllp0B0M JIHCTe. 3To Il03B0JI5IeT 0ilHCaTh Il0JI0BHHY K, 

npeo6pa3oBaHnn reoMeTpnqecKH KaK npeo6pa30BaHH.sI pacurnpeHHOH cy

nepKOHcpopMHOH CHMMeTpHH MHp0B0r0 JIHCTa. Pe3yJihTHpyIOlllHe K0M

Il0HeHTHhle JiarpamrrnaHhl 0Ka3hlBaIOTCH KJiaccnqecKII 3KBHBaJieHTHhIMII 

narpamrrnaHy rpnHa - IIIBapua c n = 2 rno6aJihHOH cynepcnMMeTpIIen 

B COOTBeTCTBYIOllleH pa3MepH0CTH. 

B qeTBepT0ll rnaBe pacCM0TpeH aJihTepHaTHBHhlll MexaHH3M 0ilIICa

HHSI qacTnu co cnnH0M. B Pa3,nene 4.1 .nn.s1 onIICaHII.sI N - qacTHqHhIX 

peJI.sITHBHCTCKHX KBaHT0BhlX CHCTeM npe,n;JI0)Kf)Ha M0,UeJih ,UHCKpeTHOll 

CTPYHhl, T. e. CTPYHhl, y KOTopon HenpephlBHhIH napaMeTp a (napaMeTp, 

xapaKTepn3y10m:nn ToqKn Ha cTpyHe) 3aMeHeH napaMeTp0M n, npo6e

ra10m:nM uenoqncneHHhie 3HaqeHH.sI OT e,nnHHUhl .no N. TaKnM o6pa-

30M, ,UHCKpeTHM CTpyHa 0ilHChlBaeTC.sI K0op.n1rnaTaMH xµ(-r, n) = x~(-r), 
T.e. cpaKTHqecKn npe,ncTaBJI.sieT co6on Ha6op N ToqeK, ,n;Bn}l{ym:nxc.s1 

B np0CTpaHCTBe-BpeMeHH no CB0HM TpaeKT0pH.sIM, napaMeTpH3yeMhlM 

e,nHHhlM co6CTBeHHhlM BpeMeHeM 7. Ilpe,nJIO)KeH KOHKpeTHhlll Bll.U .nen

CTBHSI .nn.s1 .nncKpeTHOH CTPYHhI 

1 N 
Sd = --f d-r I: ✓-gn(-r)g~b(-r)8ax~(-r)8bx~(-r), (8) 

27ra' n=l 

r.ne a n b npo6era10T 3HaqeHH.sI (-r, n, n = 1, 2 • • · N). 3To .nencT~IIe 

rronyqeHo H3 ,nencTBH.sI Ilon.s1K0Ba .UJISI CTPYHhl 3aMeHon HerrpephlBHoro 

rrpapaMeTpa B,U0Jih CTPYHhl a Ha ,UHCKpeTHhlll rrapaMeTp n, H C00TBeT

CTBeHHOll 3aMeHOH qaCTHOll rrpOH3BO,UHOll 110 a Ha pa3H0CTHYIO rrp0H3-

B0.UHYIO- J,fayqeHa a.nre6pa B03HHKa10m:nx B M0,UeJIH CBSI3e:n:, rrpoBe,neH0 

KBaHT0BaHne B rrpocTpaHCTBe <l>oKa H II0JiyqeH crreKTp !pH3IIqecKHX co

CTO.sIHIIll ,UJISI ,UByxqaCTHqHQH (N = 2) n TpexqacTHqHQll (N = 3) CH

CTeM, rrpe,ncTaBJI.sIIOm:nn co6o:n: B o6onx cnyqMX rrp.s1MoJinHe:n:Hy10 Tpa

eKT0pn10 Pe.n}l{e Ho c pa3HhlMH HaKJI0HaMn. B cnyqae N = 3 B Mo.nenn 

HMeeT MeCT0 BHyTpeHH.sI.sI rpyrrrra CHMMeTpHH SU(2), 0TH0CHTeJihH0 K0-

TOpOH BCe !pll3HqecKIIe C0CT0SIHHSI SIBJISIIOTCSI CHHrJieTaMH . 

Pa3,neJI 4.2 II0CBSIID:eH KaJIH6poBoqHQ-HHBapnaHTH0MY onncaHHIO He

npHB0,UIIMhlX MaCCHBHhIX rrpe,ncTaBJieHHll rpyrrrrhl JiopeHua C IICil0Jih30-

BaHHeM MeTo.na pa3MepHOll pe,nyKUHH. B KaqecTBe HCX0,UH0r0 B3SIT Jia

rpaH}l{HaH <l>poHC,UaJia ,UJISI 6e3MaCC0BhIX qacTHU C BhlCIIIHMH CIIHHaMH 
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B rrpocTpaHCTBe - BpeMeHn pa3MepH0CTH D + 1 a· pe3yJihTnpy10mnn 

TeopeTHK0 Il0JieBOll JiarpaH}l{HaH B D H3MepeHII.sIX 0ilHChlBaeT npHMO

JIIIHeHHYIO TpaeKT0pIIIO Pe,n}l{e, II0JiyqeHHyIO B rrpe,nhl,UyllleM pa3,nene B 

M0,UeJIII ,UIICKpeTHOll CTpyHhl. IloKa3aHO TaK}l{e, qTo IICil0Jih30BaHIIe BBe

.neHH0ro Ta.M rrp0CTpaHCTBa <l>oKa .cymecTBeHHhIM o6pa30M ynpomaeT 

3anIICh TeopeTIIK0. Il0JieBhIX JiarpaH}l{IIaH0B ,UJISI · non en C BhICIIIIIMII CilII

HaMH. B KaqecTBe llJIJIIOCTpaUIIII Il0Ka3aH0, qTQ Il0JiyqeHHhie pe3yJih

TaThl B qacTHhIX cnyqMX CilIIHOB,. paBHhIX .UBYM H TpeM, Il0JIH0CThlO 

C0Bila,UaIOT .C H3BeCTHhlMII paHee pe3yJihTaTaMII. B npIIJI0)KeHIIH nyTeM 

qJIIKCauHn KaJIH6pOBKII II0Ka3aH0, qTQ noJiyqeHHhlll narpaH}l{IIaH 0IIHChl

BaeT .HenpIIB0.UIIMhle rrpe,ncTaBJieHIIH rpyrrrrhl JiopeHua. 

B 11.sITOH rnaBe ,UIICcepTaUIIH MeT0,Uhl pa60Thl C aHTIIK0MMYTIIpy10-

ID:llMII rrepeMeHHhlMH pa3BllThle B rrepBOll rJiaBe .UIICCepTaUHH rrpII 110-

CTp0eHIIH pacIIIIIpeHHon. CKM rrpIIMeHeHhl K EPCT orrncaHnIO CIICTeM 

qacTIIU C BhlCIIIHMII CilIIHaMII, B03HHKaIOm:IIx B MQI(eJIH ,UIICKpeTHOll CTpy

Hhl, rrpe,nJIO)KeHHOH B qeTBepTOH rJiaBe. 

,B Pa3,nene 5.1 0IIIICaHhl .BCII0M0raTeJihH0e rrp0CTpaHCTB0 <l>oKa 

H CHCTeMa CB.sI3eH B HeM, K0T0pM CJie.I;{YeT H3 paCCM0TpeHIIH ,UIICKpeT

HOH CTPYHhl II rrpHB0,UIIT. K ypaBHeHH.sIM .UBII}l{eHII.sI ,UJISI CIIMMeTpIIqHoro 

TeH30pHoro non.s1 <I>th
2
,.,µJx), paHra n: 

(8~ - ~n)<I>t~2 ... µJx) = 0, 

8µ<I>~2 ... µJx) = 0, 

<I>i~µ3--•µ,, (x) = 0. 

(9) 

(10) 

(11) 

K0T0phle CC0TBeTCTBYIOT ycJI0BHSIM MaCCOBOH II0BepXH0CTII, rrorrepeqHo

CTII II 6eCCJie,UOBOCTH Il0JISI n 0IIIIChIBaIOT HenpIIBO,UIIMhllI BhlCIIIIIH CIIIIH 

n. 
OTrrpaBHhIM nyHKT0M SIBJISieTCH 6e3MaCCOBhlH cnyqan: B D + 1 II3-

MepeHII.sIX C IICII0Jih30BaHIIeM rrpocTpaHCTBa <l>oKa, BKJI10qa10m:ero Ha

PMY C 6030HHhlMII orrepaT0paMII po}l{,UeHIISI II cpepMII0HHhle onepaTOphl, 

OIIHChlBaiom:IIe .nyxn. Ilocne 3T0ro rrpoBe,neHa pa3MepHM pe,nyKUIISI OT 

D + 1 MepHoro npocTpaHcTBa - BpeMeHn K D MepHoMy. <l>opMaJihHO 

3T0 C00TBeTCTByeT HeK0My YHHTapH0MY rrpeo6pa30BaHHIO. KaK pe3yJih~ 

TaT, II0CTpoeH JiarpaH}l{IIaH, KOTOphlH rrpaBIIJihH0 0IIHChlBaeT JI0KaJih

HYIO CB060.UHYIO TeopHIO II0JISI ,UJISI TpaeKT0pHH Pe,n}l{e H ,UJI.sI ,noqepHIIX 

TpaeKT0pHH. B KaqecTBe rrpnMepa IlpIIBe,UeHhl JiarpaH}l{lfaHhl ,UJISI qa

CTHU C HH31IIIIMH CIIIIHa.MH S = 0, 1, 2. 
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B Pa3,n:ene 5.2 npoHJIJIIOCTpHpoBaH MeTo.n: KOHCTpyHpOBaHHH BPCT 

3apH.II:a .II:JIH ynpomeHHo:ii, no cpaBHeHHIO c ,n:HcKpeTHO:ii CTpyHo:ii, CH

CTeMhl, COCTOHme:ii TOJihKO H3 0.ll:HOH CBH3H nepBOro po.n:a (??) Jycno

BHe MaCCOBOll noBepXHOCTH) H .ll:BYX CBH3e:ii BTOporo po.n:a (??), KOTOphre 

03Ha'laIOT 6eccJie,n:OBOCTh none:ii. AHHaJIOrH'IHM npoue.n:ypa 3aTeM npH

MeHeHa .n:mI CJIY'IM nOJIHOll CHCTeMhI CBH3e:ii, KOTOpM onHChIBaeT 6e3-

MaCCOBhre HenpHBO.D:HMhle npe,n:cTaBJieHHH (n, 0, ... , 0) rpynnhl IlyaHKape 

B npOCTpaHCTBe- BpeMeHH npOH3BOJihHOll pa3MepHOCTH D. IloJiy'leHHhlll 

B pe3yJihTaTe HHJihnOTeHTHhltt BPCT 3apH.n: co.n:ep:>KHT tJJieHw otJeHh cne

UHaJihHoro BH,n:a BnJIOTh .n:o ce,n:hMOll CTeneHH no .n:yxaM. JiarpaH:>KHaH 

<l>poHc.n:ana nonytJeH H3 BPCT HHBapHaHTHoro narpaH:>KHaHa nocne qa

CTH'IHO:ii !pHKCarum KaJIH6pOBKH. 

B Pa3,n:ene 5.3 B KatJeCTBe o6o6meHHH npe.n:hl.ll:ymero paccMoTpeHHH 

onncaHhl HeKOTOphle anre6paH'IeCKHe no.n:xo,n:hl, Be.n:ynrne K onHca

HHIO 6e3MaCCOBhIX (HJIH MaCCHBHhIX) HenpHBO.D:HMhIX npe.n:cTaBJieHHll 

rpynnhr IlyaHKape, KOTOphle xapaKTepH3YIOTCH CTapIIIHM BeCOM 

(n1, n2, ... , nk), B npocTpaHCTBe - BpeMeHH npOH3BOJihHOH pa3MepHOCTH. 

B KatJeCTBe npocToro npHMepa noKa3aHo, 'ITO o.n:Ha H Ta :>Ke anre6pa 

onepaTopoB Be,n:eT JIH6o K MaccHBHOMY, JIH6o K 6e3MaccoBoMy cneKTPY B 

Tex CJIY'laHX, KOr,n:a MeHHeTCH !pH3H'leCKOe 3HatJeHHe HeKOTOphIX onepa

TOpOB. Ilpe.n:no:>KeH MeTo,n: nocTpoeHHH BPCT 3apH,n:oB, KoTopwii Be.n:eT 

K :>KeJiaeMOMy pa36HeHHIO reHepaTopoB 3a,n:aHHOll anre6phI JIH CBH3e:ii, 

HMeIOIUHX MeCTO B TeOpHH, Ha CBH3H nepBOro H BTOporo po.n:a. CTa'.pTyH 

c anre6phl CBH3e:ii Hi, (i = 1, ... , k) H Ea B 6a3Hce KapTaHa - Be:iiJIH · 

[Hi,Ea] = a(i)Ea, 

[Ea E-aJ - ai Hi ' - ' 
[Ea' EP] = Nap Ea+/J. 

(12) 

(13) 

(14) 

nocTpoeH HHJihnoTeHTHhltt BPCT 3apH.n:, KOTOphlii nocne KBaHTOBaHH~ 

Be.n:eT K CJie,n:yIOIUHM ycJIOBHHM: Bee nOJIO)IrnTeJibHhle KOpHeBhle BeKTOphl 

Ea (a> 0) ,n:aHHOH anre6phl aHHHrHJIHpyIOT !pH3H'leCKHe COCTOHHHH. B 

CBOIO oqepe.n:h, onepaTophl Hi, KOTOphle o6pa3yIOT no.n:anre6py KapTaHa, 

MOryT 6h!Tb HJIH He 6h1Th CBH3HMH, B 3aBHCHMHOCTH OT !pH3H'leCKOH 

npHpO.D:hl 3THX onepaTopoB. QqeHh Ba:>KHhIH 'laCTHhIH CJiy'laH anre6phl 

CBH3eH (??), Kor.n:a 'laCTh H3 reHepaTOpOB KapTaHa HBJIHeTCH 'IHCJiaMH, 

COOTBeTCTByeT CHCTeMaM co CBH3HMH BTOporo po.n:a, KOTOphIMH HBJIHeTCH 
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orpoMHOe KOJIH'leCTBO !pH3H'leCKHX CHCTeM. OnHcaHo nocTpOeHHe BCno

Mora TeJihHhIX npe,n:cTaBJieHIIll anre6phl (??) c nOMOIUhIO MeTo.n:a reJih
cpaH,n:a - UeTJIHHa H npHBe,n:eH npocTo:ii npHMep. 

B 3aKJIIO'leHHH cyMMHpOBaHhl OCHOBHhle pe3yJihTaThl .II:HccepTanHH 
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