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OBmAJ.[ XAPAKTEPHCTHKA PABOTbl 

AKmJlfl,/lbllllcmh me.Mbt. B Te':Iemi:e rrocne.nHHX .necsi:TH neT 6bm 
,llOCTHrHYT cyru:eCTBeHHbIH rrporpecc B TeOpHH cyrrepcHMMeTpl:l':IHbIX 

rrponDKeHHhIX o6'beKTOB B BhlCOKHX pa3MepHOCTSIX .. ITpoTSI)J(eHHbie 

o6'beKTbl (TaK Ha3bIBaeMble 6paHbt) Hrpa10T ueHTpaJibHYIO POJib B 

HarneM IIOHHMaHHM HerrepTyp6aTHBHbIX acrreKTOB TeOpHM cyrrepcTpyH 

H ee HH3KO::>HeprernqecKoro rrpe;:i:ena - Teopl:IH cyrreprpaBHTau1-rn. 

KpoMe Toro, pa3JIH':IHbie THIIbI 6paH MrparoT orrpe.n;ensi:romyro poJih B 

TaK Ha3bIBaeMOH 06'be,lll:IHSllOIIJ:eH M-TeOpHl:I [ 1]' KOTOpa.SI IIPH3BaHa 

OIIMCbIBaTb MaKCl:IMaJibHO pacurnpeHHYIO O,lll:IHHa,llUaTHMepHylO 

KBaHTOByIO TeOpl:llO, ':IeH Hl:l3K03HeprernqecKHi1: ::>ct>ct>eKTHBHbIH rrpe.neJI 

- O,llHHHa,llUaTHMepHaSI cyrreprpaBJ:ITaUHSI. 

M-Teopm1 oxBaTbrnaeT B crreKTpe B036y)!{)leHHM O.llHHHa.nUaTHMeptty10 

cyrrepMeM6paHy 11 o.n;HHHMUaTHMepHy10 5-6paHy [2]. Oco6eHHOCTb 

IIOCJie.n;HeH B TOM, ':ITO OHa He SIBJrn:eTCSI o6bI':IHOH rr-6paHOH, c 

.n;eMCTBHeM OIIHChIBaeMbIM CKam1paMH (KOOp,UMHaTbI 6paHbI B 

rrpocTpaHCTBe - BpeMeHH) M ct>epMl:IOHaMH (cyrreprrapTHepbI 

CKaJIHPOB), a SIBJISieTCH rrpe,llCTaBHTeJieM HOBOfO I<Jiacca IIp<>TIDKeHHblX 

o6'beKTOB, TaK Ha3bIBaeMbIX )l;-6paH (3] . .n -6paHbl co.nepx<:aT B CBOeM 

crreKTpe IIOMHMO CKaJISIPOB H cJ:>epMl:IOHOB TaIOK.e BeKTOpHoe none 

(HJIH, B cnyqae O,lll:IHHa,llUaTJ:IMepHOH IIHTH6paHbI CaMOOYaJlbllOe 

TeH3opHoe rroJie BToporo paHra ). OcHOBHasi: oco6eHHOCTb .ll;-6paH 

COCTOHT B TOM,':ITO cyrrepCTPYHbI MOfYT Ha HHX 3aKaH':IHBaTbCSI. 3To 

03Ha':IaeT, ':ITO OTKpbITbie CTIJYHbI c rpaHH':IHhIM ycnoBHeM )l;Hp11xne 

OIIl:ICbIBaeT ,llHHaMHKY COOTBeTCTByIOIIJ:YIO )l;-6paHe, CBSI3aHHyro 

rrpeo6pa30BaHHeM .llYaJibHOCTH c o6bl':IHOM 3aMKHYTOH CTpyHOH. 

B1onoqem1e )l;-6paH B cyrrepcTpyHHYIO KapTHHy IIPHBO,Ul:IT K 6onee 

rny60KOMY IIOHHMaHHIO pa3JIM':IHbIX acrreKTOB .llYaJibHOCTH 

cTpyttttoH:/M-Teop1111 ii He.naBHO rrpe.llJIO)J(eHHoro AoC/KTII 
coom«emcm«uR. fHrrOTe3a A.n;C/KTIT (AHrn.neCm-rep/Kottct>opMHa.SI 
TeopHsi: ITonsi:) cooTBeTcTBHSI [4] HBJrneTCH HCKJIIO':IHTeJibHbIM 

HHCTpyMeHTOM ,llJISI H3yqeHJ:IH Cl:IJibHO-CBSI3aHHOH ,lll:IHaMHKH 

orrpe.n;eJieHHbIX KaJIJIH6pOBO':IHbIX TeOPHH. )l;o IIOCJie,llHero BpeMeHH 3TO 

COOTBeTCTBHe HaIIIJIO CBOe HaHJiyqlllee rrpHMeHeHJ:Ie B H3yqeHHH 

mrroTeT11qec1<.oH: .n;yanbHOCTH CTIJYH THrra IIB Ha AdS5 x 8 5 
, 

orrHchrna10rn;11x .n;HHaMHKY N cosrra.na10rn;Hx )];3-6paH H N=4 

l 
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qeThipexMeptto:H TeopHH eyrrep HHra-Mwmea e KaJIH6poBot.iHOH 

rpynrro:H SU(N) B rrpeJJ:eJie 60JI1>1.1111:x N H 6oJihlllHX g 2 N [5,6] . 

3TO eooTBeTeTBHe HBJUieTeH IIPOTOTHIIOM ):{JUI Beex B03MO)l(HbIX 

JJ:YaJibHOeTeH Me)l(,L(y pa3JIHqHbIMH KOMIIaKTHcPHKaQHHMH 

eTpyHHO:H/M-TeopHH H KaJIJIH6poBO'!:HbIMI1 TeOpHHMH IlOJIH. Oco6o 

Ba)l(Hoe 3Ha'l:eHHe B H3yqeHHH AdS5 x S5 
eooTBeTeTBHH HBJIHeTeH 

H3yqeHHe aHOMaJIHH eJie;::r.a H aHOMaJIHH S0(6) R-TOKOB B N=4 Teop1u1 

Cynep Httra-Mmmea [9]. ApryMeHThI B IIOJih3Y Toro, qTO 

KaJIJIH6poBo'l:Hhie TeopHH B rrpe;::r.eJie 60Jih1.1111x N es.sl3aHhI e Teop.11:ew 

eTpytt HBJIHIOTeH .n;oeTaTOt.iHO eTaphIMH, Ho Bee yewmrn rrpe;::r.rrpMHHThie 

B 3TOM HarrpaBJieHHH B Tet.ieHHH IlOCJie.n;HHX .n;Ba,uu;aTH JieT OKa3aJIHCh 

He eTOJib IIJIO,[{OTBOpHbl. ToJibKO B eJiyqae KaJIH6poBO'l:HbIX TeopHH e 

MaCIIITa6Ho He3aBHeHMOH KOHeTaHTOH CBH3H (KOMcPOPMHaH 

HHBapJiaHTHOeTb) 3Ta H.n;eH IIOJiyqH.Jia MHoroo6emaIOIUYIO peaJIH3aU:HIO 

B rnrroTe3e Ma.n:h.n;aceHhl. KoM¢opMHa» HHBap11aHTHoeTb B 3Toi1: 

rHI10Te3e rrpMBO,[{HT K CTpyttaM HJIH rpaBJfTallHH Ha AuC, r.u.c 

KOM<i>OPMHaH rpyrrrra peaJIH30BaHa B BH,[{e rpyrrIIbI H30MeTpJrn 

aHTH..UeeHTepoBcKoH: 11eeB.n;oe¢eph1. Ba)l(HhIM MoMeHTOM 3.U.eeb 

HBJrneTcH TO, qTo rrpocTpaHcrno AHTHJJ:eC11Tepa JIBJIHeTeH 

MaKeHMaJibHO eyrrepeHMMeTpHqHbIM peIIIeHHeM ypaBHeHHH 

3ttHIUTei1Ha e OTpHu;aTeJihHOH KoeMoJiorHqecKotl: rroeTOHHHOH. Bee 

3TO Be;::r.eT K H3yqemuo .U.YaJibHOeTH Me)l(,L(y MaKeHMaJihHO 

eyrrepeHMMeTpH'l:HOH KaJIJIH6poBoqHo:H Teop11ei1: ( T. e. N =4 Cyrrep 

.Httr-MHJIJIC) H eoOTBeTeTBYIUeH A.u.C cyneprpasmau;HH, KaK HH3KO 

::ittepreTHt.ieeKoro rrpe;::r.eJia AuC eyrrepeTpyH. ,Upyro:H Ba)l(HbIH MoMeHT 

::iTo:H: .U.YaJihHOeTH - eosrra,ueHHe rno6aJihHOH R-cHMMeTpHH N=4 
TeopMH Cyrrep .Httra MH.Jiea, KOTOpa» spamaer IIIeeTb eKam1pHhIX 

IlOJie:H: H qeTbipe ¢epMHOHHbIX, e rpyrrrrotl: H30MeTpHH IlHTHMepHOH 

e¢epbI S
5

• Cne.n;oBaTeJibHO, seebMa ecTeCTBeHHO HeKaTb eooTBeTernwe 

Me)K,L(y N=4 Cyrrep Rttr MHJieoM H MaKCHMaJihHO cyrrep-

CHMMeTpHqHoM: KOMIIaKTH<i>HKau;He:H: IIB eyrrepcTpyHb1/cynepr-

paBHTau;HH. ,Upyro:H apryMeHT B 3TOM HarrpaBJieHHH CJie,ll;YJOIUHtt He 
maK JleeKo nocmpoumb K6aHmo6y10 meopu10 no1111 c KOM</JopM11oii 
UH6apuaHm11ocmb10 Ha K8aHmo80M yp08He. MaKCUMa/lblW pacwupe1111aJ1 
cynepcUMMempu11 MO;J1Cem 3arjJuKcupo8amb K8anmoeym du11aMuKy u 
coxpanumb mo11Hy10 KOMrjJopMHYI() UH8apuaHmHocm1>. 
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B rrocJie;mee speMH Ha6JIIO.n;aeTCH B03pacTaIOIUHH HHTepec K 

a3yqeHHIO AdS7 I CFY'r, coorneTCTBHH [7 ,8], KaK .upyroro npHMepa 

COOTBeTCTBHSI Me)l(,L(y CTpyttHOH/M-Teop11e:H H KaJIH6posoqHQH 

Teop1rn:H IIOJIH. ToqHee 3TO <PopMa COOTBeTCTBHH OilMChIBaeT 

.U:YaJibHOCTb Me)K,L(y AdS7 x S4 
KOMilaKTH<i>HKaQHeH M-TeOpHH H 

TeOpHe:H (2,0) TeH30pHoro MYJihTHIIJieTa B d=6. IlocJie,llHHH TeopHSI 

onHChIBaeT HH3KO ::ittepreTHqecKHH rrpe.uen N eosna;::r.aIOIUHX M5-

6paH 11 HBJIHeTCH 3ara;::r.oqtto:H, CHJihHO CBH3atttto:H IIIeCTHMeptto:H KTII 

6e3 cso6o,n:Horo rrapaMeTpa cBH3H. TeM He Mettee B IUeCTHMepHH 

CYIUeCTByeT eso6o.n;HbIH (2,0) TeH30pHblH MYJihTHIIJieT, KOTOpblH 

Mo.xrnT orrHChlBaTb cJia6ocB.sr3aHHhIH pe)KHM 3TOH cTpaHHOH TeopHH. B 

H3yqettHH AdS7 I CFY'r, CoorneTCTBHH ecrecTBeHHO c<PoKycHposaTbCH 

Ha KOM<l>opMHOH attoMaJIHH H aHOMaJIHH R-cHMMeTpHH rpam1qHo:H 

Teopmi. l13yqeHHe KOM<l>OpMHOH aHOMaJIHH IIPHBeJIO K HHTepeCHbIM 

csoH:crnaM: Bei1Jih-HHBapaaHTHM qacTh KoM<l>opMHOH aHOMaJIHH B 

CHJibHO CBH3aHHOM pe)KHMe (2,0) MYJibTHITJieTa OTJrnqaeTCH Ha 

,l].OIIOJIHHTeJihHbIH <PaKTop 4N3 
OT CJia6o CBH3aHHQH aHOMaJIHH [8]. 

Ilocne;::r.HIOIO MO)l(HO rrocqHTaTb HCl10Jlh3YH rrpe;::r.cTaBJieHHe CB060,llHhIX 

rroneH:. TeopeTHKa-rroJieBa» HHTeprrpeTawrn ;::r.orroJIHHTeJibHOro 4N3 

<PaKTopa BeCbMa ,[{aJieKa OT TO'l:HOro IIOHHMaHHH H CBH3aHa c 

HeH3BeCTHOH peaJIH3aUHe:H KaJIH6posoqHOH HHBapHaHTHOCTH B 

crapmHX pa3MepHOCTHX. 

AuC/KT,ll; COOTBeTCTBHe Tpe6yeT npoBepKH. HaH60Jiee 

rroJie3Hoe coBna;::r.eHHe KJiaccHqecKoro .n;e:HcTBHH cyrrepeTpytth1/cyrrep­

rpasarau;HH Ha MaCCOBOH rrosepXHOCTH H rrpoH3BO,llHIUero 

<l>YHKu;HaHaJia KOM<l>OPMHOH TeOpHH IlOJIH B rrpe.uene 60Jibl.IIHX N H 

60JiblIIOH KOHCTaHTbI CBH3H c ,llpyro:H CTOpOHbl [4], T. e. 

\

fddx<P(x)O(x)) -Z [</J(xz)J =~(x)] e - string I sugra AdSd+I ' z=O 0 
CFTd 

3TO eoOTHOIIIeHHe MO)l(eT 6bITb rrpoBepeHO, eCJIH Mbl CMO)l(eM H3BJieqb 

HH<l>opMaumo 0 CHJibHO CBH3aHHOM pe)l(HMe K,[(T . HarrpHMYJO. 3To 

MO)l(eT 6bITb C,lleJiaHO B cnyqae cyrrepKOMcPOPMHOH HHBapHaHTHOH 

l 
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K,11.T, r.n:e Mb! Ha,ueeMCH OTCyrcTByeT rrepeHOpMHpOBKa KOHCTaHTbl 

CBH3H OT CJia6o- K CHJibHO- CBH3aHHOMY pe:xrn:My, HJIM eCJIH 3Ta 

rrepeHOpMHPOBKa MOXeT 6bITb pacCMOTpeHa, HCIIOJib3YH H3BeCTHbie 

MeTO,l(bI. lfraK, B rrepByro oqepe,llb MbI MOXeM TeCTHpoBaTb 3TO 

COOTBeTCTBHe B o6JiaCTH o6'beKTOB c YHHBepCaJibHbIM IIOBe,lleHHeM B 

OTHOllieHHH rpyrrrrhI rrepeHopMHpoBoK. TaKHMH o6'beKTaMH B 

KOMcpopMHOH TeOpMH IIOJIH HBJIHIOTCH .n;Byx H Tpex ToqeqHbie 

KOppeJIHUHOHHhle cpyHKI.UUi, o6rn;aH CTpyrcrypa KOTOphIX cp11KcHpOBaHa 

KOMcpOpMHOH HHBapHaHTHOCTbIO .LtIDKe B pa3MepHOCTH 60JihI.Ue, qeM 

.LtBa. Cne.uyiomHMM YHHBepcaJihHhIMM o6'beKTaMH MH rrpoBepKH, 

HBJIHIOTCH KOM¢opMHaH H KHPaJihHaH aHOMaJIHH, yHHBepcaJihHoe 

IIOBe,n;eHHe KOTOpbIX cpHKCHpOBaHo KaK M11HHMYM ,LtJIH KHPaJihHOM 

aHOMaJIHH TeopeMoi1 Ami:epa-Bap.n:11Ha B pa3MepttocT11 qeThipe. B 3TOM 

CJiyqae Mb! MOXeM CKa3aTb TOXe caMoe l1 HacqeT KOMcpOpMHOH 

aHOMaJIHH, IIOTOMY qTo, xopoI.Uo l13BeCTHO, qTo o6e aHOMaJIHJ.1 BXO,llHT 

B O.UMH cyrrepMyJibTHIIJieT, Iii cne.n;oBaTeJihHO Mhl MO)J(eM CKa3aTb, qTo 

TeopeMa Ami:epa-Bap,llHHa BepHa H B cnyqae KOMcpOpMHOH aHOMaJIHH. 

B pa3MepttoCTH 6 Bee BbII.UeYJ<a3aHHhle CBOHCTBa H TeopeMbI 

HeoqeBM.n;HbI H Tpe6yroT rrpOBepKH H .u.oKa3aTeJI&CTB. B c.uyqae (2,0) 

MYJihTHIIJieTa B D=6 6bIJIO o6ttapyxeHo, qTo qacT& aHOMaJIHH cne.ua 

TCH30pa 3HeprnH-HMIIYJibCa (qacTb rrporropu;HOHaJihHaH llieCTHMepHOH 

3:HnepoBCKOH xaparcrepHCTHKe) rrepeHOPMHpyeTCH OT peXHMa cna6oti: 

.llO pe:xrn:Ma CHJibHOH [8]. B CBeTe 3TOro pe3yJibTaTa Tpe6yeTCH nyqrnee 

IIOHHMaHHe CBOHCTB rrepeHOpMHPOBKH MH (2,0) MYJihTHITJieTa B 0=6. 
3TO MOXeT 6hITh ocymecTBnetto c IIOMOI.UhIO H3yqeHHH aHOMa.JIHH R­

TOKOB (IIOCJIC,LtHHe pe3yJibTaThI CM. B [14]), HCTIOJih3YH TaIOKe IIO,llXO,ll 

pa3BHTbIH 3,n:ech. lfayqeHHe R-TOKOB B K,11.T, rronyqeHHaH B 

cBeTe AdS4 I CFJ; TaKXe otfeHh HHTepectta, HO oTcyrcTBHe aHOMa.JIHH 

cne.n:a 3,n:ec& MO)J(eT npHBeCTH K Mettee npo3palfHbIM pe3yJibTaTaM. 

KoMcpopMHaH HJIH Beti:neBcKaH HJIH attoMamrn cne.ua, 

o6ttapyxeHHaH 6onee .llB!l,UUaTH JieT Ha3a,u, HrpaeT BIDKHyIO pOJib B 

IIOHHMaHHH MHOf11X HBJieHHH. 0Ha IIOJie3Ha B BhJqHcJieHHH 

3cpcpeKTHBHOro ,lleHCTBHH B .llBYMepHo:H rpaBHTaUHH, B IIOHHMaHHH 

CBOHCTB Ka.JIH6poBoqHhIX 11. cyrrepCHMMeTp11.qHhIX KaJIJIH6pOBOqHhIX 

TeOpHHX 11 BO MHOrHX .upyrnx CJiyqaHx. B qacTHOCTH, Tpy.n:Ho 

rrepeoueHHTh POJib KOMcpopHOH aHOMa.JIHH B H3yqeHHH A.n:C/K,LJ;T 

cooTBeTCTBHH. 06rn;aH CTPYJ<TYPa Bei1JieBcKoi1: aHOMa.JIHH B cTapnmx 
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pa3Mepax o6cyx.n:a.nach B [IO, 11], a 3cpcpeKTHBHOe rpaB11TaUHOHHOe 

.n:ei1cTBHe B CTaplllHX pa3MepHOCTHX paccMaTpHBa.JIOCh B [12] 

lfayqeHHe AdS7 I CF~ cooTBeTCTBHH KaK OTMelfaJIOCh Bhillie, 

oqeHh Ba)J(HO, IIOTOMY lfTO rpam1qHoe Kn.T .n:aneKa OT rny6oKOro 

rroHHMaHm1. OcHOBHaH Tpy.n:HOCTh 3,llech oTcyrcTBHe y.n:oBJie-

TBopHTeJihHOH JlarpaH)J(eBOH cpopMymipOBKH B cnyqae 

B3aHMO,lleHCTByIOrn;ero aHTHCHMMeTpHlfHOfO caMO.llYaJibHOro 

TeH30pHoro ITOJIH B 6030HHOM ceKTOpe (2,0) cynepKOMcpopMHOro 

TeH30pHoro MYJihTHITJieTa B d=6. ;:J:axe JlarpaHXeBa cpopMyJIHpOBKa Ha 

ypoBHe CB060.llHbIX rroneM: MH caMOAYaJihHhIX 6030HOB 3aTpy.n:HeHa B 

crapllI11X pa3MepHocrnx. Onpe,11;eneHHhie Tpy.[(HOCTH B03H11KaIOT 11 B 

cnyqae AdS 
4 
I CFI; cooTBeTCTBHH. B OTJI11q1rn OT apymx cnyqaeB, 

3.n:ech Kn.T rromna ropa3,11;0 rny6xe H HMeeTcH nyqrnee rroHHMaHHe 

A,n;C-OBCKOH qacTH Ha ypOBHe CTpYHHOH( He TOJihKO rpaBHTaU110HHOM) 

Teop1111 B cpopMe WZWN MO.[(emf. Ho TOlfHaH CBH3b Me)J(.[(y CTPYHHOM 

H IlOJieBOM TeOpHHMH, aaxe B 3TOM cnyqae, ,llaJieKa OT 

Y.UOBJieTBOp11TeJihHOro COCTOHHHH. 

l(e.abw iJucc.epmau,uonnou pafiombl RB.!lRemca 
a) TeopeTHlfeCKOe HCCJie)loBaHHe CTPYKTYPhI H CBOHCTB KOHcpopMHOH 

aHOMa.JIHH BO BHeurneM rpaBHTaUHOHHOM H BeKTOpHhIX IlOJIHX B 

crapllIHX pa3MepHOCTHX, HCXO.U.H H3 061.UHX KOfOMOJIOfHqecKHX 

cBolicTB, a TaKXe H3yqeHHe KoppeJIHUHOHHhIX cpyHKUHH R-TOKOB, H 

KompopMHOM aHOMaJIHH B MaKCHMa.JihHO cynepcHMMeTpHqHoiii Teop1rn 

(2,0) caMO.U.YaJibHOro TeH30pHoro MYJITHITJieTa B d=6 Iii npoBepKa Ha 

BbIIlleyKa3aHHhIX npHMepax rHilOTe3hI A.n:C/KTII COOTBeTCTBHH. 

BhJqHcJieHHe a.JibTepHaTHBHhIM MeTO.llOM ceqeHHH rrornorn;eHHH 

,[(HJiaTOHa B none .ll:3-6paHHOf0 rpaBHTaUHOHHOfO IIOJIH KaK eme 

6onee o6rn;ero npHMepa COOTBeTCTBHH CTPYHhI/M-TeopHH H Teopm:r 

cynepKanH6poBOlfHbIX IIOJieH. 
6) 113yqeH11e pa3JIHqHhlX CBOMCTB CHMMeTpHH H ,[(yanhHOCTH LJ.JIH pH.u.a 

noJieBbIX H .ll:-6{\aHHhIX KOH$HrypaUHH, KaK COCTaBJIHIOl.l.[HX 

06'be,[(HHHIOrn;eM: M-TeopHH 11 nocTpoeHHe HOBOM S0(2,10) 

CHMMeTpHqHoM: cpopMyJIHpOBKH M-TeopHH Hee cHMMeTpHM:. 

Bonee KpaTKO uenb .n:HccepTaUHH OTpIDKeHa B ee tta3BaHHH. 

I 
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IlayquOJl llOBU3HO. 

1. KJiacc11qmKau:~rn: KOH<POPMHOM aHOMa.J]]il]{ B d=6 HCIIOJib3Y51 
o6nme KOfOMOJIOrHqecKHe CBOMCTBa. 

2. IlocTpoeHHe KBa,upaTMqHoro 1-KOUHKJia rpyrrrrhI (cynep)Be:i1:mc B 

(d=4), d=6 H COOTBeTCTBHe 3THX KOUHKJIOB c (cynep)KOH<pOpMHO 

HHBapMaHTHbIMH .n:11<t><t>epeHUHaJibHbIMH orrepaTopaMH BbICOKoro 
rrop.si:.n:Ka. 

3. IlpoBepKa rHIIOTe3bI A.n:C/KTIT COOTBeTCTBHH B CJiyqae 

KoppeJisTopoB R-TOKOB ,n:Jisi: Teop1rn (2,0), d=6 TeH3opHoro 

MYJibTHIIJieTa . 

4. IlpoBepKa rHIIOTe3bI A.n:C/KTIT COOTBeTCTBHSl ,UJISI KOHQ:>OpMHOH 

aHOMaJIHH (2,0), d=6 TeH30pHoro MYJibTMIIJieTa BO BHenrneM 

BeKTOpHOM H rpaBHTaUMOHHOM IIOJI.sIX, 3aHyJieHHe O,UHoro H3 

K03<l:><l>HuMeHTOB KOHQ:>OpMHOH aHOMaJIHH BO BHernHeM BeKTOpHOM 

IlOJie B CHJibHO- H CJia6o-CBH3aHHOM pe:xrn.Me . 

5. IlpoaepKa fHIIOTe3bI A.n:C/KTIT COOTBeTCTBHSl B CJiyqae 1-KOllMKJia 

rpyrrnhI BeM:JI.si: MSI d=4, N=4 TeopMM Cyrrep-JIHra-MHJIJica. 

6. IlOCTpOeHHe reoMeTpMqecKoro .n:eti:CTBHSI ,UJIH rpynnhI 

.UH<l:><t>eoMop<l:>H3MOB, coxpaHSIIOWJIX IlJIOJ..Ua,r(b H CBSl3b 

IlOCTpOeHHOro .n:eti:CTBHH c .n:eti:CTBHeM TpeXMepHoro 
CHMIIJieKTHqecKoro qepHa-CaM:HMOHCa. 

7. KaHOHHqecKM <t>opMyJIHPOBKa .n:e:HCTBHSI ,UByMepHoti: 

HH.D:YUHPOBaHHOH rpamuau;HH H f aMHJibTOHOBO IlpOHCXO)KJ.leHHe 
CKpbITo:H SL(2,R) CHMMeTpHH. 

8. ITocTpoett11e KBa,upaTHqHoro 3<l><l>eKTHBHoro .n:e:HcTBHSI .D:JISI ( cyrrep) 

)l;2-6paHbl B KaJIH6poaKe CBeTOBoro KOHyca, HCIIOJib3YSl 

<t>opMaJIH3M CHCTeM co CBSl3SIMH H CBSl3b IIOCTpoeHHOro .n:e:HcTBHH c 

.n:e:HCTBHeM TpeXMepHOH ( cyrrep )rpaBHTal.lMM c onpe,n:eJieHI-IbIM 
BbI6opoM ( cyrrep )rpaBHTaUMOHHOH MeTpHKH. 

9. )l;OKa3aTeJibCTBO 3KBHBaJieHTHOCTH .D:Byx pa3JIHqHbIX <t>opMyJIHpo­

BOK TeopHH caMO.D:YaJlbHOro aHTMCHMMeTpHqHoro TeH30pHoro 
IIOJISI B pa3MepHOCTH d=6. 

10. lfayqeHbI CBOHCTBa .D:YaJibHOCTH H caMOJJ:YaJibHOCTH psi:.n:a .D:By­

MepHbIX TeopeTHKOIIOJieBbIX MO,UeJieti: c B3aHMO,UeHCTBHeM. 

11. S0(2, 10) CHMMeTpHqHa.si: <t>opMyJIHpoaKa M-Teop1n-1 c 
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HCIIOJib30BaHHeM aHTHCHMMeTpMqHbIX TeH30pHbIX KOOP.IlHHaT H 

KJiacc11<t>11KaUM.sI EITC cocTOSIHHM. 
12. TeopeTHKO noneBa.si: MYJibTMJiarpamKeaa <t>opMyJIHpOBKa 80(2,10) 

CHMMeTpHqHoH: M-TeopHH Ha ypoBHe cao60.UHbIX' noJieM: , 

IlOCTpOeHHe HepapXHH ypaBHeHMH ,U:BH)l(emrn. .n:m1 . noJieH c 

pa3JI~HbIMH CIIHHaMH, HCI10Jlb3Y51 TeH30pHbie KOOp,U:HHaTbl. 

13. PeaJIH3au1rn KaJIH6poBoqHbIX H .upymx CHMMeTpHH B S0(2,10) 

CHMMeTpHqHoil <t>opMyJIHpOBKe M-Teop1111, B qacTHOCTH 

rrocTpOeHHe CHMMeTpHH 061..UeKoOp,UMHaTHbIX rrpeo6pa30BaHMH Ha 

ypOBHe JIHHeapH30BaHHOH Teopmi rpaBHTaUMH. 
14. AJibTepHaTHBHOe BblqHCJiemie ceqeHHSl IlOrJIOJ..UeHHH ,!lHJiaTOHa B 

IIOJie rpaBHTaUMOHHOfO IlOTeHUMa.Jia )l;3-6paHbl c HCIIOJib30BaHHeM 

cTaH,ZJ;apTHhIX Ko3<l><l>HUHeHTOB M3ThIO, H3yqeHHe cBH3M nocJie,n:­

HHX c K03cpcpMu;HeHTaMH )l;yroJia, HCITOJih3yeMbIMH .n:pyrHMH 

aBTOpaMH. 

Jla~aa u npaKmu11.eCKO.B u,eHHocmb pafinBJbJ,,. 

MccJie.uoaattHe KOHcpopMHOH aHoMa.JIHH a BbICOKHX pa3MepHocrnx, 

KaK HaH60Jiee ymrnepCaJibHOro, c TOqKH 3peHHSl rpyrrnbI nepe­

HOpMHpOBOK, o6'heKTa HMeeT 60JiblliyIO ueHHOCTb B IlOCTpOeHHH 

o6be.UHHSIIOJ..Ue:H Cmpynnoii/M-meopuu, KaK e,n:HHCTBeHHoro Ha ceM: 

.ueHb KaH,U:H,UaTa TeOpHH ICBOHmOBOii zpaBumau,uu. l13yqeHHe xe H 

rrpoaepKa A.n:C/KTIT cooTBeTCTBHSl, SlBJISleTCSl yHHKaJibHOH 

B03MOJKHOCTbIO BblXO,U:a 3a paMKH TeOpHH B03MyJ..UeHHH B IIOCTpoemrn 

BhirneyrroM.sIHyTOH M-Teop1111. C 3TOH ToqKH 3peHHSI pe3yJibTaTbI, 

IIOJiyqeHHbie B .n:11ccepTaUlfH MOfyT 6bITb HCIIOJib30BaHbl B 

,!laJibHeihrni:x cl>yH.D:aMeHTaJibHblX HCCJie.n:oaaHHSIX B HeB03MY-

J..UeHqeCKOH TeopHH cynepcTpyH 11 .IJ:-6paH, KaK COCTaBJISIIOlll;HX 

mnOTeT11qecKoli KBaHTOBOH o6'he,n:HHSIIOJ..Ueli 11 MepHoli M-Teopm1. 

H~lJblJLJIJJjJJ}:J#CeHUB JJblllflCll.Mbte na 3llW.UltlJI. 

1. l1ccJie,n:oaaH11e CTPYKTYPhl H 06rn11x KOroMoJior11qecKHX caoH:cTB 

KOHcl>OPMHOH aHOMaJIHH B CTapillHX pa3MepHOCTSIX. 
2. ,IJ:oKa3aTeJibCTBO KBa,r(paTHqHQCTH 1-KOUHKJia ( cynep )rpyrrrrbl 

BeHJIH B (d=4) d=6 H IIOCTpOeHHe COOTBeTCTByIOw;ero 

l 
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( cynep )KOHc)>OpMHO MHBapMaHTHOro .n:11c)>c)>epeH1.(Ha.JlbHOro onepa­
TOpa 6 oro rropH.U;Ka. 

3. 1-fayqeHMe M nposepKa AuC/KTII COOTBeTCTBMH B CJiyqae 
KoppemITopos R-TOKOB MH reopHH (2,0), d=6 caMo.n:yarrbHoro 
TeH3opttoro MYJibTHnJieTa. 

4. 3aHyJieHHe O,U:HOro M3 K03c)>c)>HUHeHTOB KOHc)>OpMHOH aHOMaJIHM 
(2,0), d=6 caMO.llYaJibHOro TeH3opHoro MYJibTHilJieTa BO BHeIIIHeM 
BeKTOPHOM H rpaBHTaI.l;HOHHOM none B pe)l(MMe KaK CJia6oH: 
(CB06o.rr;Hbie llOJIH), TaK H CHJibHOH (AuC/KTII) CBH3H HBJIHIO­
meecH BIDKHOH rrposepKOH rMllOTe3bI AuC/KTIT B pa3MepHOCTM 6. 

5. BMso.n: c)>opMbI 1-KOUHKJia rpyrrrrhr Be:i1JIH MH d=4, N=4 Teopmi: 
Cyrrep-5Ittra-MHJIJICa H3 AuC/KTIT COOTBeTCTBHH H cornacoBaHHe 
BM,n:a KOHetIHOH aHOMaJIMM c 06ll(HM KOfOMOJIOflfqecKMM 
pe3yJibTaTOM (TeCT AuC/KTIT). 

6. Bbmo.n; reoMeTpHqecKoro rpyrrrrosoro .n:e:i1CTBHH MH rpynrrhr 
.n;Mc)>c)>eoMopc)>M3MOB, coxpaHHIOJllHX IlJIO!lla.n;b M 3KBHBaJieHTHOCTb 
IIOJTyqeHHoro .n:eiicTBMH TpexMepHoMy .n:eMCTBHIO qepHa-CaH:MOHCa 
c KaJIH6posoqHo:H rpynno:i{ CMMilJieKTWieCKHX .rr;11c)>c)>eoMopc)>113MoB. 

7. vfayqeHMe KaHOHHqecKOH CTpYKTypbI 11HJJ:YU11POBaHHOfO aHOMaJIMeH 
.n:eHCTBHH ,n:ByMepHOH rpaBMTau;HM H f aMMJlbTOHOBO 
npo11cxox.n;eHMe CKpbITOM rpynnhr SL(2,R) CMMMeTpMM. 

8. IIocTpoeHMe Karr116posoqHoro 3c)>c)>eKTHBHOro .rr;elicTBmI .UJTH 
( cyrrep) .LJ:2-6paHbI c HCilOJib30BaHHeM MeTO.n;OB KBaHTOBaHMH 
CHCTeM co CBH3HMM B KaJIM6pOBKe CBeTOBoro KOHyca M CBH3b 
ITOJiyqeHHOro .n:eMCTBMH c .n:eH:CTBHeM TpeXMepHOH ( cyrrep) 
rpaBHTaUMM, c orrpe.n:eneHHhlM BbI6opoM rpaBMTaUMOHHOH 
MeTpHKM. 

9. .LJ:oKa3aTeJibCTBO 3KBl1BaJTeHTHOCTH pa3JIMqHbIX c)>opMyJI11poBOK 
JTarpaH)KeBOH Teop1111 d=6 CaMo.rr;yaJibHOfO TeH30pHoro llOJIH. c 
ITOMOII(bIO rrpHMOro aH3aua, BbIBe,n:eHa CBH3b c)>opMyJIMpOBKM 
I1acT11-CopoKMHa-Tomma c c)>opMyn11posKo:H Kasarrosa­
MKpTqHHa. 

10. Ifayqemrn csolicTB .n:yarrbHOCTH 11 caMo.n;yaJibHocrn pH.n:a .n:ByMepHbrx 
TeopeTHKOITOJJeBbIX MO.UeJTeM c B3aMMO,UeHCTBMeM. 

11. S0(2,10) HHBapMaHTHaH c)>opMyn11poBKa M-Teop1111 Ha 
anre6paMqecKoM ypoBHe M KJTaccmpHKaUMH EIIC cocTOHHMH B 
3TOH c)>opMyJJMPOBKe. 

t 
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12. IIocTpoeHHe MYJibTHJTarpamKesoro TeopeTMKorronesoro 
c)>opMaJIM3Ma S0(2, 10) HHBapHaHTHOH c)>opMyn11poBKH M-TeopMM c 
BBe.ueHHeM CB060.UHbIX IIOJieH, 3aBHCHlllHX OT aHTMCHMMeTpMqHblX 

TeH30pHblX KOOp,UHHaT. 
13. PeaJIH3aU11H KaJIM6posoqHoM 11 )lpyrnx CHMMerpHH B paMKax 

ITOCTpOeHHOM S0(2,10) HHBap11aHTHOM c)>opMyJrn:poBKM M-TeopHH 
Ha ypoBHe CB060)J.HbIX IlOJieH, 3aBHCHlllMX OT TeH30pHbIX 

KOOp)J.MHaT. 
14. A.1IbTepHaTHBHbIH pacqeT ceqemrn nornomeHHH rrpw pacceHHHM 

CKaJIHpHoro )J.11.JlaTOHa B IlOJTe .LJ:3-6paHHOro perneHMH JIB 
cyrreprpaBMTaUHH' c HCITOJlb30BaHMeM CTaH)J.apTHbIX K03c)>c)>mi;H­
eHTOB M3TbIO, H3yqeHHe cBH3H nocJTe)J.HHX c K03c)>c)>11u11eHTaMM 
,I(yrona, MCITOJib3YeMbIMM .upyrMMH aBTOpaMH. 

~6.0111bl~ 
0CHOBHbie pe3yJTbTaTbI )J.HCCeprau;HOHHOH pa60Tbl )J.OKJia.n;bIBaJIHCb l1 
o6Cy)K.llaJTHCb Ha Mex.n;yHapO.UHbIX KOHc)>epeHUHHX H pa6oqHx COBeIIJ;a-

HHHX 
• Workshop "Duality, Strings and M-Theory" in E.S.I., Vienna, 

April 2000 
• Conference "Quantization, Gauge Theory, and Strings" 

dedicated to the memory of Efim Fradkin, Moscow, June 5-
10, 2000. 

• ISPM Workshop in Tbilisi, Georgia , October 2000, 
a raK)Ke Ha ceMHHapax B cne.n.yiom11x HayqHbIX ueHTpax 11 c)>HJMqecKMX 

c)>aKYJibTeTax: 
Ep<l>I1, EpfY, JIT<l> OI15II1 (,II,y6Ha), <l>I1AH HM. Jle6e.rr;esa, 
Ma,n;pH)J.CKMM ABTOHOMHbIH YHHBepcMTeT (I1crramrn), ,I(y6n11HCKHH 
11HCTHTYT IIepcneKTHBHbIX I1ccne.llOBaHMH (I1pnaH)J.HH), JloH.UOHCKMH 
Kone.u)K KoponeBhl MepH (BeJTHK06p1naHHH), YmrnepcineTbI 
Kaii:3epcnayrepHa, EoHHa M faHHOBepa (fepMaHMH), MMJiaHCKHM 
YHHBepcHTeT (11TarrHH). 

l 
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lly6.aUICllll,llU. 

Ilo TeMe )J;HCCepTaI.J;HOHHOH pa60TbI ony6JIHKOBaHo 24 HayqHhIX pa6oT, 

CilHCOK KOTOpbIX npHBO.LJ;HTCH B KOHD;e aBTOpe<l>epaTa. 

Cm~11yKmyflll Ouccepmau,uu. 

,U11ccepTall;HH COCTOHT H3 BBe.n;eHHSI ' qeTbipex rJiaB, 3a10noqeHHH, 

.n;syx npHJIO)KeHHH H CilHCKa mnepaTypbI H3 193 HaHMeHoBaHHH. 

06mHH 06'beM pa60ThI COCTaBJIHeT 242 C1'paHHUbI neqaTHOro TeKcTa. 

13 

Co,n;~plKauue pa6oThI 

Bg_ 66edeuuu o6ocHoBaHa aKTyaJihHOCTh TeMhI H c.n;enaH KpaTKHM 

o63op no npo6JieMaM 3aTpOHYThIM B JI.HCCepTal.1;1-IH. l13JIO)l(eHO KpaTKOe 

co.n;ep)Kam1e pa6oThI. 
B __ nep_goii z.aaRe paccMaTpJornaeTcH CTJ>YKTypa H KoroMonor11qecKHe 

CBOMCTBa KOH<l>OPMHOH aHOMaJIHH B CTapumx pa3MepHOCTHX H 

AnC/KTII COOTBeTCTBHe . 
B §1.1 paccMOTJ>eHa o6w.rui CTJ>yKTypa KOH<l>OpMHOH aHOMaJIHH, 

KaK cJieJI.CTBHe ycJIOBHH HenpoTHBOpeq11socTH Becca-3yMHHO, KOTopoe 

HBJIHCTCH cJie.n;cTBHeM KOMMYTaTHBHOCTH JIOKaJihHOM rpynnhI Bei1m1, 

ttapyrneHHe KOTOPOH Ha KBaHTOBOM ypOBHC H npHBO.LJ;HT K 

KoH<l>opMHOM aHOMaJIHH. Ha npHMepe qeTbipexMepttoti 11 

lllCCTHMCPHOM KOH<l>OPMHOH aHOMaJIHH .n;eJiaeTCH BbIBO.LJ; 0 cne.n;yiomeil 

o6me:H C1'pyKpype aHOMaJIHH B CTaplllHX pa3MepHOCT5l:X: 

(r/)=aEa + °LbJ/ + ..... ., 
i 

r.n;e Ed d-MepHaH 3i1:JiepoBCKM xapaKTepHCTHKa, I; Bei1:Jih 

HHBapHaHTHbie KOM6HHau1rn TeH30pa KPHBH3Hhl CTeneHH d/2 no 

KPHBH3HaM, K034><l>HUHCHTbl a H bi 3aBHCHT OT KOHKPCTHOfO Ha6opa 

TIOJieH TeopHH, a MHOfOTQqHe 03HaqaeT TJ>liBHaJibHhIC BKJia.LJ;hI B 

aHOMaJIHIO, 3aBHCHJ.UHe OT cxeMbl peryJIHpH3aUHH. 

B §1.2. paccMaTpHsaeTcH 1-KOUHKJI rpynnhI Be:HJIH (KoHewasi: 

aHOMaJIHSI 3<P<l>eKTHBttoro .n;e:HcTBmr), y.n;oBJieTBOpHIOJ.UHH ycnoBHIO 

KOI.l,HKJia 

S(a
1 
+a

2
, g) = S(ap eu2 g)+S(a2 , g) 

Pelllett11e 3Toro <l>YHKUHOHaJihHoro ypasHeHHH si:snsi:eTcsi: H3MeHeHHeM 

aHoMaJihHoro 3<P<PeKTHBoro .ueticTBJorn KTII no OTHorneHHIO K 

KOHeqHhIM BeilJieBCKHM npeo6pa3oBaHHSIM. ,Uanee B naparpa<Pe 

,UOKa3aHO, qTo o6mee perueHHe ycJIOBHSI KOI.l,HKJia B d=4 H 6 c 

TOqHQCThIO .11.0 TJ>HBHaJibHhIX KOIJ,HKJIOB (TpHBHaJibHbIX BKJla.LJ;OB B 

aHOMaJIHIO) MO)KeT 6bITb npHBe,UeHO K KBa.n;paTHqHoMy no rrapaMeTpy 

Bei1:JIH BMY, 



14 

8(0", g)= Jddx[m\dO" +O"(aEd + LbJ/ + ...... )] 
j 

f,JJ.e !ld - KOHcpopMHO-HHBap1rnHTHblH .iurcpcpepeHUMaJihHhIH orrepaTOp 

rropJI,n:Ka d. Ilp1rne.ueHhI J1BHh1e BH.JJ.hl 3Toro orrepaTOpa B d=4 H 6. 
B §1.3 YCTaHOBJieHa CBJl3h M cpopMynhI rrepexo,JJ.a Me)K,lly 1-KO­

UHKJIOM rpymihI Bei1m1 H 1-KOUHKJIOM rpynrrhI .u:11cpcp:110MopcpH3MOB. 
3cpcpeKTHBHO 3TO 03HaqaeT CMeHy cxeMbI perynJ1p1nauHH OT 

.UHcpcpHOMOpcpH3M MHBap1rnHTHhIH K Belin MHBapHaHTHhIH HnH, 'ITO 

TO)l(e caMoe, rrepeXO)J. OT KOHcpopMHOH aHOMamm K rpaBHTaUMOHHOH. 

B §1.4 110CTpoeHO cyrrepcHMMeTpHqHoe o6o6meHHe KOHCTPYKUHM 

1-KOUHKJia rpyrrrrbI Bei1m1 B pa3MepHOCTH 4, rrpHBe.JJ.etta HBHaH cpopMa 

cyrrepaeH:neBCKOro KOUHKJia B cyrreprronJIX H cyrrepKOHcpOpMHO­

HHBapHaHTHOro orrepaTopa B cyrreprrpocTpaHcTBe. 

B §1.5 lfayqaIOTCJI 2x M 3x ToqeqHhie KOppenJIUHOHHbie cl>YHKUHH 

BeKTopHhIX R-TOKOB B KTII, B pa3MepHOCTH d, B caeTe A,JJ.C/KTII 

COOTBeTCTBMH. CMhICn 3T0f0 paCCMOTpeHmI B TOM, qTo BH.U: 3THX 

KOppemIUHOHHhIX cl>YHKUHH rronHOCThIO cpHKCHPOBaH KOHcpOpMHOH 

HHBapHaHTHOCTbIO .ua)l(e B pa3MepHOCTHX 6onhwe .usyx H 

cne,JJ.OBaTenbHO TaKOe paCCMOTpeHHe HBJISJeTCH xopoweii npoBepKOM 

A,JJ.C/KTII cooTBeTCTBHH. Mo.n;enhHO 3aBHCHMaJI qacTb KoppenHTopos-

3TO TpH CTPYKTYPHhie KOHCTaHThI Cv d, Av d, Bv d H3yqeHHIO KOTO­

PhIX H nocBJi:IUeH 3TOT pa3.n;en. Octtosttoii BhIBO.JJ. 3Toro rraparpacpa 
, cne.JJ.YIOIUHH: 

a) COBrra.n;emre OTBeTOB .n;mr CTPYKTypHbIX KOHCTaHT H3 A,JJ.C/KTII 
COOTBeTCTBlrn ( CHnhHOCBH3aHHbIM pe)l(HM) H paCCMOTpeHHJI B 

cso6o,n:HhIX rromi:x (pe)f(HM cna6oi1 CBH3H) npoHcXo.JJ.HT rrpH ycnoBHH 

C¢ = Clff(Trl"'), 

r.n:e Cl) H CV' KBa.n;paTMqHhie Ka3HMHpbI npe.n:CTaBJieHMH 6030HHhIX 

M cpepMHOHHhIX noneii, a Tr!"' 03HaqaeT qHcJio cpepMHOHOB tta 

MaCCOBOH IlOBepXHOCTH. 3To ceneKUMOHHOe rrpaBMJIO BhI,UeJISieT MaK­

CHMaJibHO cynepCHMMeTpHqHbie KaJIH6pOBO'IHhie TeopHH B pa3Mep­

HOCTHX 3, 4 H 6 H COOTBeTCTByeT B ~IaCTHOCTM TeopHM cyrrep 5IHra­

Mmmca c N=4 B d=4 M TeopHH (2,0) caMo.n:yanhHoro TeH3opttoro 
MynhTHITJieTa s d=6. 

1 
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6) CTpyKTYPHbie KOHCTaHTbl, rronyqeHHbie H3 AllC/KTII M 
paccMoTpemre cso6o.UHhIX noneii B TeopMH (2,0) caMo.n;yanhHOro 

TeH30pttoro MynhTHITJieTa B d=6 COOTHOCHTCH .n;pyr c .n;pyrOM c 

ToqHoCThIO .uo .n;orroJIHHTenhHOro cpaKTopa 4 N
3 

C 6 A 6 B 6 
V,AdC = V,AdC = V,AdC = 4N3 

Cv ,free 
6 

Av ,free 
6 

Bv ,free 
6 

qTO cornacyeTCH c .n:pyrMMM TeCTaMH A,JJ.C/KTII [7] . 
B §§1.6-1.9 HCCJie.uyeTCJI A,JJ.C/KTII COOTBeTCTBHe B cnyqae 

KOHcpOpMHOH aHOMaJIHH BO BHeWHeM BeKTopHOM none B TeOpHH (2,0) 

caMo.n:yanbttoro TeH30pttoro MYJihTHITJieTa B d=6; 

(T µ)=a TrF v F "F µ + a Tr'\/µ F 'V" F v 
µ v µ v A Pv µv A 

c IlOMOIUblO ypantteHHH peHOPMaJIH3aUHOHHOH rpyrrnhI ycTaHaB­

nHBaeTCH cBH3h o.i1Horo H3 Ko3cpcpHuHeHTOB aHOMaJIHH ( Pv ) c 

BhJqHcneHHOH paHee CTPYKTYPHOH KOHCTaHTOH Cv 
6 

C 6;r3 N3 

Pv = ;60 = 192;r3 ' 

qTQ aBTOMaTH'IeCKH 03HaqaeT npoBepKy A,JJ.C/KTII B 3TOM cnyqae. 

,UlIH npoaepKH A,JJ.C/KTII COOTBeTCTBHH B cnyqae BToporo 

B03MO)KH0f0 BKJia.n;a B aHOMaJIHIO ( av ) HCITOJib3YeTCH npHMOM 

paccqeT K03cpcpHUHeHTa B CB060,UHbIX nmrnx (pe)KHM cna6oti: CBH3H) 

MeTO.UOM Ko3cpq:rnuHeHTOB CHJIM H MeTO.ll XeHHHrcotta-CKeH,UepHca 

[9] A.n:C/KTII (pe)KHM CHnbHOH CBH3H) COOTBeTCTBHH .n;JIH aHOMaJIHM 

BO BHeWHeM rpaBHTaUHOHHOM none. IlonyqeH HHTPHryIOIUHH 

pe3ynhTaT 3aHyJieHHH 3TOro K03cpcpHUHeHTa av = 0 B o60MX pe)l(HMaX, 

qTO MO)l(eT OKa3aTbCH O'IeHb rrone3HbIM B pa3perneHHH npo6neMhI 

nepeHOpMHpOBKH aHOMaJibHbIX K03cpcpMUHeHTOB KHpaJibHOH 

aHOMaJIHH H K03<l><l>HUHeHTa nepe.n: 3iinepoBCKOM xapaKTepHCTHKOM B 

KOH<l>OPMHOH aHOMaJIHH BO BHeUIHeM rpaBHTaUHOHHOM none B cnyqae 

(2,0) TeH30pHOfO MynhTHnnera B d=6 He ITOHHTOH ,llO KOHUa no ceii 

,JJ.eHb CM. (8,14). 
B §1.10 MeTo.n;aMH, paspa6oTaHHhIMH B npe,n:bI,UYIUHX naparpacpax 

npOBO)J,MTCJI TeCT A.n:C/K)J.T COOTBeTCTBHH B cnyqae (2,0), d=6 

j 
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TeH30pHoro MYJibTHTIJieTa .llJUI aHOMaJIHH BO BHeIIIHeM rpaBH -

TaUHOHHOM H BeKTOpHOM rromi:x. IlocJie JlJIHTeJibHbIX H CJIOX<HblX 

paccqeTOB rroJiyqeH pe3YJibTaT OTCYTCTBIUI rpaBHTaUHOHHOfO 

;:i:peCCHHra (HeH3MeHHOCTb) K03<l><l>11u11eHTOB flv H av = 0 B 3TOM 

CJIO:>KHOM CJiyqae, a TaIOKe npaBHJibHbIH, c CHMMeTpHHHOH TOqKJ1 

3peHHSI, rrepexo.n: MacuITa6Horo HHBap11aHTa TrVµ Fµv 'V;,. F/ B 

Be:HneBcKHH HHBapwaHT 

TrVµFµv'V;,.F/ +RµvTrF/Fv;,. _}:_RTrFµvFµv, 
5 

qTo 6hmo COBeprneHHO HeoqeBH.UHO JlO 3THX BbJqHCJieHHH H SIBJIHeTCSI 

e11Ie O.UHOH npoBepKOH A.nC/KT,D; COOTBeTCTBHH. 

B §§1.11-1.12 npOBO.UHTCH e11Ie O.UHH TeCT A.nC/KTil COOTBeTC­

TBHH ' Ha 3TOT pa3 c HCilOJlb30BaHHeM pe3yJibTaTOB nepBblX rrapa­

rpa<l:>oB 0 KOfOMOJIOrHqecKHX CBOHCTBax 3<l><l>eKTHBHOfO .n:e:HCTBHH 

HapyrneHHe Ha KBaHTOBOM ypOBHe BeHJib HHBapHaHTHOCTH KOToporo 

H eCTb KOH<l:>opMHa}l aHOMaJIHH. TecT npoBO.UHTbCH B paMKax N=4,d=4 
Teopirn Cyrrep 51Hra-MHJIJica. ,lJ;oKa3aHo, npHMbIM Bb1q11cJieHHeM, qTo 

1-KouHKJI rpynnbI BeHJI}l MH Teop1111 Cynep 51Hra-MHJIJica (KoHeqHM 

aHOMaJIHSI 3<l><l>eKTHBHOfO .n:eHCTBHH), IlOJiyqeHHblM H3 0611IHX KOrOMO­

JIOfHqecKHX paccMOTpemrli §§1.1-1.2 B ToqHOCTH COBrra,n:aeT c 1-KOUH­

KJIOM, IlOCTpOeHHOM MeTO.UOM A.nC/KTil COOTBeTCTBHH, HCITOJib3YIO­

meM <l>aKT CY11IeCTBOBaHHSI OJlHOrrapaMeTpwqecKOH IlO,ll;rpyrrnbI 5-Mep­

HbIX .n:w<I:><I:>eoMop<l>H3MOB aCHMITTOTHqecKH A.nC-OBCKOro npocTpaHC­

TBa, HH,!J;YUHPYIOllIHX Ha rpattttue BeliJieBcKoe npeo6pa3oBaHwe rpa-

1111ir:H:oii N-ieTpHKH KTIT. 

Bo smopoii 211.QJle paCCMOTpeHbI HeKOTOphle CHMMeTpHH H 

,ll;yruibHOCTM onpe,ll;eJieHHbIX IlOJieBbIX H ,D;-6paHHbIX MO.UeJieH, 

wrpaIOllIHX Ba:X<HYJO poJib npw <I:>opMyJIHPOBKe CTpyHHo:H/M-TeopHH. 

B §2.1 yfayqaeTCH KOHCTpyKUMSI reoMeTpMqecKoro .n:eHCTBlrn Ha 

op6ttTe KOilpHCOe)J;H:H,eHHOfO npe,ll;CTaBJieHHSI rpynnbI .n:11<I:><I:>eo-

MOp<l:>H3MOB, coxpaIDIIOIUHX IlJIOllIMb. 3rn rpynna SIBJIHeTCH 

TpexMepttbIM 060611Ien11eM rpym1b1 B11paccopo H 11rpaeT BaX<HYIO 

poJib B paccMoTpeHHH TeopHH CTPYH H MeM6paH. C noMOllibIO MeTo,ll;a 

KHpHJIOBa nocTpoena CHMITJieKTHqecKM <I:>opMa Ha op61ne 
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KOilpHcoe,n:HHeHHOfO rrpe.n:cTaBJieHHH rpynrrbI ,ll;H<l><I:>eoMop<l>H3MOB, 

coxpaHHIOllIHX IlJIOllIMb H HaH.n:eHO COOTBeTCTBYJOIUee 

reoMeTpwqecKoe .n:eHCTBHe (noTeHUHaJI CHMITJieKrn:qecKOH <l>opMbI) KaK 

B CJiyqae o6biqHOH rpynnbl ;::i:mp<I:>eoMop<l>H3MOB TaK H B CJiyqae 

ueHTpaJibHO pacurn:peHHOH: 

A= JBi8F; I 8t + (c; /8rc 2 )F1 (x)Fi (8F1 I8t)+ l({F1 ,F2}-1) 

r,ll;e ci -ueHTpaJibHbIH 3apM, Fi -rpynnoBoil rrapaMeTep, a A; 
onpe,[J.eJIHeTCSI CHMITJieKTHl:IeCKOH <I:>opMOH 

J I 2 i' n = fVo(F)dF dF , w0 = suaiB1 . 

,D;eHCTBHe IIOCTpOeHO, KaK JlJISI TOIIOJIOfHH Topa, TaK H .UJISI 

MHOroo6pa3HSI rrpOM3BOJibHOH TOIIOJIOnrn. 
B §2.2. ycTaHoBJieHa CBSI3b reoMeTpwqecKoro ;:i:e:H:cTBmI, 

rronyqettttoro B rrpeJlhI,!J;YIUeM naparpa<I:>e c ,!J;eilcTBHeM TeopHM 

CHMIIJieKTHqecKoro qepHa-Ca:HMOHCa. ,lJ;OKa3aHO, l:ITO crreUHaJibHbIH 

Bb16op op6HTbI Bi (F) = siJF1 H crreuHaJibHasi: rrapaMeTpH3auwsi: 

u Fi ; iJ ~ dxµ 0 . noJieM = x + s a
1

, A= a0 , a= aµ , µ = ,z, rrpHBO,ll;HT reo-

MeTp11qecKoe ,ll;eHCTBHe K qepH-CaH:MOHOBCKOMY BH,!J;Y 

S(a) = J[ada + (1/3)a{a,a} ], 8a = da + { a,s}. 

KOTOpbIH MO)[(eT 6bITb rronyqeH H3 06biqHoro ,[J.eHCTBHH qepHa­

Ca:HMOHCa c CHMIIJieKTHqecKOH KaJIH6poBoqno:H rpyrrrro:H c IIOMOllibIO 

crreuwanbHOH npoue;:i:ypbI pe.uyKUHH. PaccMoTpeHbI TaIOKe 

BHJibCOHOBCKHe neTJIH B 3TOH <I:>opMyJmpoBKe. 

B §2.3 HCCJie.uyeTCSI ,[J.eHCTBHe HH.UYUHPOBaHHOH .UByMepHOM 

rpaBHTaI~HH B Bei.fJib HHBapwaHTHoif KaJitt6poBKe, 06na.n:a10me:H 

CHMMeTpMeM JlH<l><I:>eoMop<l>H3MOB, coxpaHHIOllIHX IlJIOIUMb. 

PaccMoTpeHbI KOUHKJIHqecKHe cooil:cBa cooTBeTCTBy10mero 

HeJIOKaJibHOro 3<l><l>eKTHBHOfO ,ll;eHCTBHH B CBeTe pacCMOTpeHHSI B 

rrepBOH maBe. 
B §2.4 nocTpoena KaHoH11qecKaH <}JopMynwpoBKa Teop1m 2d 

HH,ll;yuMpOBaHHOH rpaBMTawrn c llOMOI.IJ;bIO TeopHH CHCTeM co CBSI-

3SIMH ( OIIHCamrn MeTO,ll;a KBaHTOBaHHH CHCTeM co CBSI3SIMH MO:>KHO 

Ha:HTH B npUAOJICeHUli Ji ,ll;HCCepTaUHH, OCHOBaHHOM TaIOKe Ha· pa6oTax 

aBTopa). HccJie,n:yeTCH CTPYKTYPa CBSI3eif nepBoro po,ll;a, OTBeTcTBeH-
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HbIX sa CMMMCTpHIO ,llByMepHbIX .umpcl>eOMOPcPM3MOB. c nOMOJllbIO 

M3MCHCHMSI MHTepnpernu1rn BpeMeHHOH KOOp,lllfHaTbI ( x+ BMCCTO t) M 

qacT11qHoro pa3peIIIeHMJI cBJI3eM: y.uanocb npe.ucrnBMTh f aMMJibTOHMaH 

B KMpaJibHOM BM,lle 

H = Jdx+ [rep-+ 2J0 ep0 +rep+ J, 
r.ue KHpaJibHbie CBH3M epa (x + ), a = ±, 0 o6pa3yIOT no OTHOIIICHMIO K 

cKo6Ke IlyaccoHa anre6py cKpbITOH SL(2,R) CMMMeTpMM. TaKMM 

o6pa30M, BbIBCHCHO KaHOHHqecKoe npOMCXO)l(,lleHMe CKphITOH 

SL(2,R) CHMMeTPMH. 
B §2.4 :11cc11e,uyeTCH .uei11:cTBMe .JJ:2-6pattbI (,ueM:cTBMe .JJ:MpaKa-

BopHa-HmpeJI,lla) 

SDai =-fd?:d2a~-det{aµxMavxM +Fµv} 

B KaJIM6pOBKe CBCTOBOfO KOHyca X+(7:,CJ')=X+(Q)+i-. .JJ:OKa3aHHO, 

qTQ pa3BHTMe faMHJibTOHOBa cl>opMaJIM3Ma B 3TOM KaJIM6poBKe nocne 

qaCTMqHoro paspeIIIeHMJI CBJI3CH npMBO,llMT K 3cPcPCKTMBHOMY nomrno­

MMaJibHOMY ,ueif:CTBMIO c rpyrrrroM:, coxpaHHIOillMX nJIOJlla,llh .u:11cl><Peo­

MOPcPM3MOB, pearrM30BaHHOH B BM)l;e O,llHOIIapaMCTPMqecKOM KaJIM6po­

BOqHOM rpyrrnbl c KaJIH6poBoqHbIM IIOJICM {J) . .n:anee IIOKa3aHO, qTo 

IIOCJie BBe,lleHHH c11e.uy10meM: TPCXMepHOM MCTPHKH 

- =(-detg-;i(m)gu;i(w) i;k(m)gkjJ 
Gµv J:.k( ) ' 

~ aJ gki gij 
gij = aixM a1xM, ;i (ro) = sij a jw 

IIOJiyqeHHOe 3cPcPCKTHBHOe ,llCMCTBHe MO)KHO npe,llCTaBHTb B BH,lle 

o6blqHoro .ueM:cTBHH a6e11eBa KaJIM6poBoqHoro nOJIH M BOCbMM 

CKaJIJipHbIX IIOJICM B rpaBMTaUliOHHOM none MH,llyuHpoBaHHOH 

MCTPMKM Gµv 

L =-!_.J-GfJPa xMa xM +1-.fG _!_.J-GfJµvfJuA.p F 2 µ v 2 4 µu vA. 
MCCJIC,UOBaHbI TaK)Ke CBOHCTBa .llYaJibHOCTH 3TOro .LlCHCTBMH. 
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B §2. 6 MCTO,ll 3cPcPeKTHBHOrO ,llCMCTBlrn KaJIH6poBKH CBCTOBOro 

KOHyca, pa3pa60TaHHbIH B rrpe,llbI,llYJllCM naparpactJe npHMeHeH K 

,uelicTBHIO Cyrrep .D:2-6paHbl. B pe3yJihTaTe .n;oKa3aHo, qTO cyrrepcMM­

MeTpwrnoe ,llCMCTBHe .D:BH B KaJIH6pOBKe CBCTOBOro KOHyca MOXCT 

6hITb npe.ucrnBJieHo B BM.Ue .uelicTBMH TPeXMepttoro a6e11eBoro KaJIH-

6poBoqttoro IIOJISI, CKaJIHpbIX M ctJepMHOHHbIX IIOJieM MaTepHH B 

HH.UYUMpoBaHHOM cyrreprpaBMTaUMOHHOM none. Hccne;::i;oBaHbI 

CBOMCTBa .llYaJibHOCTM 3TOro .llCHCTBHH. 

B §§2. 7-2.10 HCCJie,noBaHa CBJl3b Me)l(,lly pasmfqHbIMH cPOPMYJIHpOB­

KaMM JiarpaH)KCBOH TeopHH CaMO.UYaJibHOfO aHTHCHMMCTPMqHoro TCH-

30pHoro noJIH B pa3MepHOCTH 6. Pe3yJihTar 3Toro paccMOTPCHHH 3a­

KJI10qaeTcsi: B TOM, qTo ,neHCTBHe KaBaJIOBa-MKpTqJIHa 

S = Jd 6x{-!F FµvA. +1-o++ p-µvA.p-uf'O} 
KM 6 µvA. } µvA.,up8 

)J)IH 6-MCpHoro KMpaJibHOfO 6030Ha, 06na.ua10mee 0.llHOnapaMeTpM­

qecKOH JIOKaJibHOH a -CHMMCTpMe:ti:, nocne npHMeHeHHH cneumUih­

HOro aH3aua 

( J
++ 

o++ upo = 6 a µafJP a o_u 08 
µvA. a aK v A. f(a a 

B TOqHOCTH nepexo,nHT B HenOJIHHOMHaJibHOe )J.CHCTBHe MR KHpaJib­

HOro 6030Ha B cPOPMYJIHpOBKe IlaCTM-CopOKHHa-ToHMHa (ITCT) 

SKM = fd 6x{-!pµvA.FµvA. + 
2 

aµaF;VAp-uvA.a<Ta} 
6 Opa8Pa 

A a -CHMMCTPMSI nocne aHaJiorn:qttoro aH3au;a JJ.JIJI rrapaMeTPa 

nepexo.nMT B cneu;HarrbHYJO CMMMeTpmo ITCT ¢opMyJn1poBKH. 

B §§2.11-2.13 HCCJIC.llYIOTCSI CBOMCTBa caMO.llYaJibHOCTH pH,n:a 

.llBYMCPHbIX MO,neneM: co,nep)KaJllHX KHpaJibHbie 6030Hbl M ,npyrne 

B3HMo,nei1cTBy10ru;He nons:i. OcHOBHoe BHHMaHHe y,neJIHeTCH MO.lleJIH 

<1>11opeaHMHH-.JJ:)KeKMBa, co,nep)Kame:ti: KMpaJibHbIH 6030H H 

KaJIH6pOBOqHoe none, o6o6meHHOH MO.lleJIM IlIBMHrepa (OKMill) B 

06b1qttoM: M KaJIM6poBoqtto HHBapMaHTHOM clJopMynMpoBKe. YcTaHOB-

11etto, qTO caMO.llYaJibHOCTb B MO,neJIM OKMill cooTBeTCTByeT 
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.UYaJihHOCTH BeKTOpHoro H aKCHaJibHO-BeK.TopHoro TOKOB H 3¢¢eKTHB­

HO BblpIDKaeTCH B o6MeHe BeKTOPHOfO H aKCHaJibHOfO 3apH,UOB 

gv 4 ±gA, gA 4 ±gv 
B mpembeii u.aBe. 113yqaeTCH S0(2,10) <PopMy;mpOBKa M-Teop1111. 

B §§3.1-3.3. l•fayqaIOTCH llpe.ucTaBJieHHH H ETIC cocTOHHHH 10+2 

MepHOH BepcHH cynepanre6phI M-TeopHH c S0(2,10) CHMMeTPHeM: 

{ Q, Q} = ['µv pµv + ['µv..tpao z;vA.paiP µ, V = 0, Q 
1
, 1, ..... 1 Q, 

KoropaH llepexo,UHT llOCJie pe.nyKUHJII 110 BTopoM: BpeMeHHOH 

KOOp,llHHaTe, P;
0

, => P;, pij => Zij, ZijklmO' => Zijklm, B. 06biqHyIO 11-

MepHyIO anre6py cy11epCJ1IMMeTPHH, CO,llep)l(aw:y10 TeH30pHbie 

ueHTpaJibHbie 3apH,UhI, cooTBeTcTByIOW:He MeM6paHe H 5-6paHe M-
TeopJ1IJ1I 

{Q- Q}-ri D fYZ lijklmz • • - 0 1 10 
, - r; + ij + ijklm' z, J' · · - ' '"" · · 

B cJiyqae HaJIJ1Iqm1 TOJihKO MeM6paHHoro ueHTPaJihHoro 3apH.ua Z MN 

(qTO 03HaqaeT BKJIIOqem'Ie S0(2,10) J1IHBap11aHTHhIM o6pa30M 

qaCTHqHblX H MeM6paHHblX COCTOHHHH O,UHOBpeMeHHO) MeTO.UOM 

llpJIIBe)leHmI, COOTBeTCTBYIOW:eH MaTpJIIUbl K KaHOHJIIqecKOMY BM.UY 

y.uanoch llpOKJiaccJ1Icl>HUJ1IPOBaTh BIIC cocToHHJIISI, coxpaHSIIOIUHe 

1/16, 1/8,3/16, 1/4 M 5/16 qaCTb cy11epCJ1IMMeTpHJ1I. 06cy)l(.lleHO 
BKJIIOqeHHe B paCCMOTPeHJIIe 011pe,lleJieHHblX 5-6paHHblX 3apSI,UOB. 

B §§3.4-3.5 rrpe,UJIO)J(eH J1I pa3pa6ornH HOBbIH MYJihTHJiarpaH)l(eBblH 

110.uxo.u K llOCTpoeHMIO TeopHH llOJISI ,UJISI S0(2, 10) HHBapJ1IaHTHOH M­

cyrrepanre6ph1 c TeH30pHblM HMllYJibCOM B llpaBOH qaCTM, pacCMOT­

peHHOH ·B llpe.nhi.uymeM rraparpa¢e. 11cxo.nH H3 Toro, qTQ ecJIH B 

OTJIMqHe OT CTaHAapTHOH CHTyaUHH, Kor.ua MMIIYJibC (H 

COOTBeTCTBeHHO KOOp.UHHaTa) BeKTOp, HMeIOTCH aHTHCMMMeTpJIIqHbie 

TeH30pHbie HMIIYJibC M KOOp.UHHaTbI, TO COOTBeTCTBeHHO BMeCTO 

e.nHHCTBeHHOfO He3aBHCHMOf0 HHBapliaHTa B 1 ld, P
2 = P;Pi , 

IIOS:!BJIS:!eTCS:! uenaSI CTerreHHaH 11epapXJ1IH HHBapHaHTOB B d= 12 
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TrP2 =P pvµ µv 

TrP4 = P pv..t P Ppµ 
µv ..tp 

'T1rP12 = p pµ11J2 pµ1,µ12 
1< µµI """ ' 

J1I ecTecTBeHHo,qTO JIIX 3HaqeHHH (011epaTOph1 Ka3J1IM11pa) 6y.uYT 

cPHKCHpOBaTb H KJiaCCHcPHUHPOBaTb rrpe.UCTaBJieHHSI 3TOH cynep­

anre6pbI. Ilpw 3TOM cpe.n;w MHO)l(ecTBa EIIC cocroSIHHH (B .uaHHOM 

cnyqae 3TO Te COCTOS:!HHH, Ha KOTOpbIX q\CTb HHBapHaHTOB . paimo 

HYJIIO) cymecTByeT O.UHO, Bbl,UeJieHHOe TeM, ~o COOTBeTCTByeT o6bN­

HOMY EITC-y 1 ld cyneprpaBMTau1rn 6e3MaccoBOMY cyrrepMyJihTMIIJiery, 

orrpe.uenSieMOMY cne.uyrow:eM: op6mo:H 

~v = (Po.Jt = 0), 

p2 = Po•;pO'i = 0, 

pO'i = (1, 1, 0, .... 0), 
co CTaHAapTHOH KOMllaKTHOH MaJIOH rpyrrrroM: S0(9), HO ~e c TOqKH 

3peH11.si: 6oJihIIIOH rpyrrrrhI S0(2, 10). 0Tc10.ua cnenyeT, qro cooTBer­

cTByrolUaH S0(2, 10) HHBapHaHTHaH reopJIIH llOJIH MO)KeT 6bITb 

peaJIH30BaHHa Ha IIOJIS:!X co CTaH.uapTHbIMH (KaK B 1 ld) CIIHHaMH, HO 

3aBHCHIUHMJII OT 12 MepHbIX aHTI1CI1MMerp11qHbIX TeH30pHbIX (66 KOM-

IIOHeHTHblX) KOOp.UMHaT Xµv .n;yaJihHblX K aHaJIOrH':lHblM reHepaTopaM 

C.UBHron Pµv . YcnoBJIIe JKe Bhmenemrn op6HThI (aHaJIOr ycnoBHH 6e3-

MaccoBocTH P 2 =O B l ld) 6y.uer BbirJIH,UeTb KaK ycJIOBHS:! 3aHyJieHHH 

BCeH 11epapXJ1IJII HHBapJIIaHTOB, qro 03HaqaeT MHO)J(eCTBeHHOCTb ypaB­

HeHJIIH .UBH)J(eHHH JII COOTBeTCTBeHHO MYJihTHJiarpaH)KeBOCTb COOTBeT­

CByIOIUeH S0(2, 10) HHBap11aHTHOH reopMH llOJISI~ PaccMOTpeHa TaIOKe 

rro.n;po6HaSI KJiaCCHcPHKaUHSI op611T Ha llpHMepe TeOpHH B 2+2 MepHOM 

rrpocTPaHCTBe c S0(2,2) rpyn11o:H CHMMeTp1m. 

B §§3.6-3.10 IIOCTPOeHa KOHKpema.si: peaJII13aUHH. MYJibTH-

JiarpamKeBa 110.UXO.Ua reopMH llOJISI c TeH30pHbIMH KOOp.n;HHaTaMH Ha 

rrp11Mepe CBo6o.n;Horo CKG/IJlpH020, cnuHopH020, 6eKmopH020 u cnull­
eeKmopH020 rroneH:. B c1rny rpoM03JJ;KOCTI1 ¢opMyJI, rrp11ne.ueM 3,lleCh 
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TOJibKO BH.LI: ypaBHemdi: MH CKaJiapHoro IIOJIH <l>(Xµv)' C)lHKCH-PYJOIUHX 

3HaqeHHe CTerreHHbIX ITO TeH3opHOMY HMIIYJibCY HHBapHaHTOB. 

(TrP2 
- 2mt )<I>( Pµv) = 0, 

(TrP4 -2m:)<l>(~v) = 0, 

(TrP12 - 2m:2 )<l>(Pµv) = 0. 

JierKo BH.n;eTb, qro Ha op61-ne ~ = 0, o6cyx,n:aeMo:H Bb111Ie, 3TOT 

Ha6op ypaBHeHHH )lBH:>KeHlrn M COOTBeTCTBeHHO JiarpaIDKl1aHOB, 

CBO)lMTCH K 06b1qH0My ypaBHeHHIO KneH:Ha-fop..uoHa 

(Pcl'ipO'i - mt)<l>(Po,;) = 0, 

m2 =m3 =m4 =ms =m6 = m1. 
B cJiyqae BeKTopHoro noJIH o6cyx,n:aeTcH TaK:>Ke H.n;eH pea.rrH3a11;im 

Ka.1m6poBoqHoH: CHMMeTpHM B MYJibTHJiarpaH:>KeBOM no,n;xo.n;e. B 
pe3yJibTaTe npe,WIO:>KeHa an:eoJIOrHH IIOCTpOeHHH ceni: JiarpaH:>KHaHOB 

H ,n;eH:cTBMH (Si' i = 1, 2,..6 ), Bhl)leJIHIOIUMX op6HTy, 

COOTBeTCTBYIOIUYJO 6e3MaCCOBOMY a6eneBOMY BeKTOpHOMY IIOJIIO H 

rrepexo.n;HlliHx IIOCJie pe.n;yi<UHH B ypaBHeHHH MaKCBeJIJia c Ha6opoM M3 

llieCTH pa3JIHqHbIX BapHaIJ;MH KaJIH6ponoqHOH CHMMeTpMH, 

y,n;oBJieTBOpHIOIUMX CJie)lYJOIUeMy ypaBHeHMIO CMMMeTpMH 

8181 +8282 + ....... + 8686 = 0' 

rrepexo.n.si:meM Ha IIOBepXHOCTM ~ = 0 B o6wqHYJO l ld KaJIH6poBoq­

HYJO HHBapHaHTHOCTb. 

Ha rrpHMepe 2+2 MepHoro npocrpaHCTBa c reH30pHbIMM Koop.n;HHara­

MH, o6cyx,n:aeTCH TaIOKe B03MO:>KHOCTb peami3aIJ;HH cynepCHMMeTpHH. 

B §§3.11-3.15 rrpe;::i;rrpHHHTa nonbITKa rrocrpoeHMH S0(2,10) MHBa­

pHaHTHOH reopMH JIHHeapM30BaHHOH rpaBHTaIJ;HH. ITocrpoeHo 12d ,n;e:H-

CTBHe rrepBoro ypoBHH )lJIH CHMMerpHqHoro TeH30pHoro IIOJIH hµv (XA.p) 
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L = _ _!_h (8 apA.)hµv _];_h (8µ,1,avp)h 
I 

4 
µv ).p 

2 
µv A.p 

+hµv(aµA.aA.p)hpv -h;(aµA.aA.v)h+ ~ h(Bµvavµ)h, 

nepeXO)lHIUee IIOCJie pe,n;yKIJ;HH (He3aBHCHMOCTb TIOJieH OT Xi} ) B 

06bilfHOe mmeapM30BaHHOe .n;eHCTBHe fIDib6epTa-3HHI1ITeHHa, rrpH 

3TOM JIHlllHMe KOMIIOHeHTbl rpaBHTOHa hO'O', hO'i Bhlm1,n;aIOT aBTO­

MaTMlfeCKH 6e3 )lOTIOJIHHTeJibHbIX rrpe..urroJio:>KeHHH. ,[(a.rree 

o6cyx,n:aeTC51 B03MO:>KHOCTb IIOCTpoeHH51 JiarpaH:>KHaHOB BbIClIIMX 

YPOBHe:H M O)lHOBpeMeHHO npo6JieMa IIOCTpOeHHH B3aMMO.n;e:HcTBMH 

Herrocpe.n;cTBeHHO CB.H3aHaH c rrpo6JieMOH peaJIM3aIJ;MH KaJIH6poBoqHo:H 

rpyrrnbI )lM<i><i>eoMopqm3MOB M IIOCTpOeHHH CJie)lYJOIUMX, KY6HqHbIX ITO 

IIOJIHM, lfJ!eHOB JiarpaH:>KHaHa. Ha IIpMMepax CB060)lHOH 2+2 M 2+4 

MepHbJX rpaBMTall;MH peaJIM30BaHbI narpaH:>KHaHbI BToporo (d=2+2) H 

rpeThero (d=2+4) YPOBHeH, 06m1,n;a10m11x JIMHeapH30BaHHOH 

KaJIM6pOBOlfHOH MHBapMaHTHOCTbIO peaJIH30BaHHOM cnoco6oM, 

IIO)l06HbIM cJiyqaIO BeKTOpHoro TIOJIH, paCCMOTpeHHOro Bhlllle. 

06cyx,n:a10Tc5I nym peaJIM3aIJ;MH HeTepoBcKoii: rrpo11;e,.uypb1 

rrocrpoeHH51 B3aHMO)leHCTBH51 B cnyqae d=2+ 10, CTapryrome:H OT 

JIHHeHHbIX ypaBHeHHH )lBM:>KeHH.H H KaJIH6poBoqHbIX npeo6pa30BaHHH 

H TIOCTpOeHHeM qJieHOB CJie.n;ylOIUHX nopH)lKOB B ypaBHeHM.HX H 

rrpeo6pa30BaHH.HX O)lHOBpeMeHHO H3 YCJIOBHH HX HHBapMaHTHOCTH. 

B 11em8£pmoii,__l,//,QJJ£ HCCJie,.uyeTCH ceqeHHe TIOfJIOIUeHMH CKaJIHpHoro 

.D:HJiaTOHa B rroJie ,[(3-6paHHoro pellleHHH IIB, d=lO cyrreprpaBHTaIJ;HM. 

lfayqeHMe 3Toro ceqeHHH HMeeT orrpe..uenHIOIUee 3HaqeHHe B 

ycTaHOBJieHHH COOTBeTCTBHH Me)l{)ly KaJIH6pOBOlfHblMH H CTPYHHO­

rpaBHTaIJ;HOHHblMH TeOpHHMH 3a rrpe,n:eJiaMM A.u;C/KTIT COOTBeTCTBHH. 

B §§4.1-4.2 o6cyx,n:aercH aKTYa.JibHOCTb rrpo6neMbI rro,z:i;cqera 

ceqemrn riOrJIOIUeHHH CKaJIHpHoro )lHJiaTOHa B ,[(p-6paHHOM 
cyrreprpaBHTall;MOHHOM IIOJie BH.LI:a 
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ds 2 --
1-(-dt2 +dx2 )+.fiidx2 eill -H<3

-P>
14 (r) - ,fij II J.' -

p R<7-pl 

dx1~ = 'Ldxi, dx1 = dr
2 +r2dO.~s-p)' H = 1 +f.7-Pl. 

i=l r 
IIocKOJihKY ,naH.Hoe perneHHe rrpH p=3 ()J,3-6patta) .uaeT rrocTOSIHHhIH 

.UH)IaTOH (<I?:=, canst), ¢JIYKTyau;1rn CKaJISipHOfO ,[(HJiaTOHa B 3TOM 

rpa~HTall.HOHHOM IlOJie OllHCbIBaeTCSI rrpOCTO ypaBHeHHeM 

Jg aµJigµv8v<fJ(x) = 0, 

KOTopoe IlOCJie COO'I'BeTCTByIOmero aH3au;a .nm1 BOJIHOBOH ¢YHKIJ;HH 

rrepexoii:HT B Illpe.n;11ttrepoBcKoro THrra ypaBHeHHe MeThlO [13] 
. dz </J 

-
2 

+ [ 2h2 cosh2z-2/t ]<P = 0, h2 = oi R2
, It= (l + 2)2, 

dz 
r.ne m- 3HeprHSI I -TOH rrapUHaJihHOH BOJIHhI. Pernem1e 3Toro MO.UH­

qmmi:poBaHHoro ypaBHeHHSI MeThIO MO)l(eT 6hITh rrpe.n;cTaBJieHo B BH.n;e 

pa3JIO)l(eHHSI ITO 3KCITOHeHIJ;HaJibHbIM, UHJIHH,npHqecKHM H r11rrep60JIH-

qecKHM. cl>)'HKll.HSIM c TeMH )Ke K03¢¢Hu;HeHTaMH c;, (h)' r.n;e v -TaK 

Ha3bIBaeMaSI 3KcrroHeHTa <l>JioKe a r e Z . Pernett11e Bbipa)l{aeTcJI qepe3 

¢yHKIJ;HH M~;>(z,h2 ), r.ne i=l,2,3,4 o3HaqaeT coorneTCTBeHHO 

pa3JIO)l{emie B TepMHHax ¢YHKUHH Eeccensi, HeifMaHa 11 XaHKeJrn ( 1 11 

2). Bhipa)l{eHHe ,nnsi S- MaTpHll.hI BhirJISI.llHT KaK 

S = R
2 

-1 e-i1rv R = M~~(O,h2 ) 
Rz -e-2itrv ' M~l)(O,h2), 

a ce_qem1e rrornomeHHJI MH /- TOH rrapu;mUihHOH BOJIHhI (HJIH TaK 

Ha3bIBaeMhIH ¢aKTOp ceporo Tena) MO)l{eT 6bITb 3allHCaH KaK 

I 81l'
2 

2 ( I 12 ) O"abs = 
3
m5 (/+l)(/+2) 1- S . 

3TO )Ke ceqeHHe rrornomeHHJI MO)l{eT 6bITh rrocqHTaHO c IlOMOIIJ;bIO 

.UYaJibHOfO OllHCaHHJI Ha H3hIKe KaJIH6posoqHoro ITOJIH c HeMHHH­

MaJibHbIM B3aHMO;:J;eHCTBHeM c ;:J;HnaTOHOM, HO TOnbKO B paMKax 
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Teop1111 B03MymeHHH. 3.n;ech )Ke ypaBHeHHe MeTbIO MO)l(HO peIIIHTb B 

n1060M rropJI.n;Ke pa3nO)l{emrn. Ilo3TOMY pacqeT 3TOro ceqeHHH rrorno­

meHHH Ba)l{eH B ycTaHOBJieHHH .n;yaJibHOCTH Me)l()];y rpaBHTaUHOHHOH H 

KaJIH6poBO'IHOH KapTHHOH. OcTaJibHaH qacTb rnaBhl rrocBSIIIJ;eHa pa3-

pa6oTKe KOHKpeTHbIX MeTO;:J;OB paccqeTa Bem1qHH, orrpe.n;eJISIIOIIJ;HX BhI­

rneorrncaHHOe ceqeHHe rrornomeHHJI (qacTh pacc'IeTOB BbrneceHa B 

npU!lOJ1Ceuue A) 
B §4.4 IIpe,ncTaBJieHbI paccqeTbI 3KCITOHeHThI <l>noKe (BenHqHHa v ), 

orrpe.nen10meH CBOHCTBa MO.UH¢Hll.HPOBaHHhIX ¢YHK11,HH MeTblO: 

Mev(z +ill')= eivtr Mev(z,h). 

PaccqeThI rrp11Be,neHbI B BH.n;e pa3no)l{eHHSI no rropH,nKaM h B CHHry­

JIHpHOM H HeCHHrynsipHOM cnyqae. 
B §§4.5-4. 6 11ccne.n;oBaHa CBJl3b Me)l()];y CTaH.n;apTHbIMH 

K03¢¢Hu,HeHTaMH MeTblO H K03cPcPHll.HeHTaMH ,[(yrona, HCIIOnb3y­

eMbIMH ;:i;pyrHMH aBTopaMH [13]. IIpe.n;crnBJieH paccqeT cTaH.n;apTHbIX 

Ko3¢¢Hu,HeHTOB MeTbIO B BH.n;e pa3JIO)l{eHHH no rropH,n;KaM h . 
B §§ 4. 7-4.8 npoH3BO;:J;HTCJI Bb1q11cneHHe orrpe;:i;ensi10meH ceqeHHe 

BeJIHqHHbI 

R =av I a_v, av(h) = Mev(O,h)/ M~1>(0,h) 
B CHHryJISipHOM H o6meM cnyqaHX, HCIIOJib3YH rrpe,UbI;:J;ym11e paccqeTbl 

Ko3<P¢11u,11eHTOB MeTbIO. 
B §§ 4.9-4.10 BbJq11cnHeTCH H o6cy)l()];aeTCJI HaKOHell, BepOHTHOCTb 

rrornomeHHH CKaJISipHOfO ,UHJiaTOHa B cyrreprpaBHTaIJ;HOHHOM none 

)J,3-6paHbl 

A= 1-ss·, 
HCIIOJib3YJI rrpe,II;bI.UYIIJ;He paccqeThl <l>JIOKe 3KCilOHeHTbl CTaH.u;apTHbIX 

cPYHKll.HH MeThIO 11 ¢aKTopa R . 
BJQK.!IJ{}~HJ/JI, nepeq11cneHhI ocHOBHbie pe3ynhTaTbl, rronyqeHHbie B 

;:J;HCCepTall,HH H c¢opMynHpOBaHbl HeKOTOpbie 3a,n;aqH, BbITeKaIOIIJ;He 113 

HHX. 
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Uu1]m1l1mqJ1p 

Umbfiw:tunumpJm!in fit.\]lptlwb t l1nu!}>npu wfinuwllttuJP nmnuHiw-
uppmpJwfig pmpop lmt.)lm1wqwCim}}JntCiCihpmu, UJ1U!411-S 
hWUW\lllUUlWU:tuwfint}}JWUJ! lt Upwt.l_npnIJ. U--t.nbump.]Wfi 
upuhmppwfibpp hhmwqmnmpJwfin: 

Uz]uwmwfipmu umwgt.l_wO- hpufiwqwCi wpq1mCipfihpn hbmLJwtG 

bCi. 
1. ..!.bmwqnmt.l_w() t pwp6p lwt.)lnqwqwfimpJmfifibpmu qnfi:Pn11u 

wfinuwlltwJP. {!lirpiwCim{l mbupn h qmnm.gLlmbpJ! 
qnhnuntn(lpwCihpp mbuwfi4.JmCipg: 

2. Umwgqwo t d=6 nu\ (Unuqhp}4.bJllt :tuup}l 1-qngplJ.m h fipwfi 
hwilwlllwmwu]uwllnq (Unuqb11)lplfi!}>npu pfit.l_wppwfim 

O\llhpwmnpn: 
3. d=-~6, (2,0) pbfiqnpmJpCi umllnP.ui1tmp hmulllp hwzt.ltlht bG fl-­

hnuwfipfihpp qnnbuwg}mCi !pmCiqgpwfibpg wqmm q.wzmhprn.l h 
Uq.U/"411-S hwiltuUlWUlWU]uwfimpJWUp, htuJt.nfiwpbptlbt t 
qnnhuwgpnCi :Pmfilj_gpw!ibpp lJ.t.Ullli! wCim.lwt qnpO-wllltg fihpp 
hbm: 

4. Umwgt.l_wo bu d=6, (2,0) JlhGqnpwJpCi um1t.n]l.Ultht.np hwuwp 
wpmwp]lu q11wt.\]lmwgpnu L qbqumpwJ}1fi 11wzmb.1m1u 
qnfi!pnpu wfinuw1tiwJ}l qnpawlj_pgfihpn oqmtl_htnt.l Uq.U!4'1-S 
utpnq.}lg: 

5. Uq.Uf4'l-S hwuum1unnwu}uwfim.l)JWU uwhUwuubpm.11 rµnpu t 
phptlht tj_bJl.P )u11pl1 l-lJ.ngl1lJ.m d=2 L d=4 (N=4 SYM) hmuwp: 

6. UiuqhphuP. tqwhuiwum1 q.p:p:ptm1n11:PpquGbpp :tu1'ipf1 hwuwp 
qwnmgtlht t bpqpwi_wt.)lwqwu qnpbnqm}lJillU L hmumt.mm.J.ht t 
WJil (lnpan:qmp.Jwfi wfiu}l2wlJwG. qumm QhnG.-Uw.iunliup 
mnuin1nqpwqwu mhumJlJWU hhm: 
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