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tcaHAMAST cp113.-MaT. HayK (...,) ~ A.MaprapAH 

06uta~ xapa1<rep111cr111Ka pa6oTbl 

AKlYaflbHOC!b TeMb!: 
TepMlllH «Teop111si 6paH» e HB3BaH111111 .q111ccepTal.\llllll 03HaYaeT npo1113eonbHb1e 

Teop111M, B cneKTpe KOTOpblX np11cyrcreytoT npoTR>KeHHble o6beKTbl - CTpyHbl, 
MeM6paHbl, p-6paHbl, Dp-6paHbl. B l.f11c110 raK11x reop1111it exo.qsir Teop111111 
cyneprpaei.tra411111 e pa3nMl.fHblX pa3MepHOCTRX, (cynep)CTPYHbl, M-reop11si. 
XapaKTepl1CTl14eCKMM CBOlitCTBOM T8Kl1X Teop111it RBnReTCR 113MeHeHMe anre6pbl 
npocTpaHcreeHHo-epeMeHHblX c11MMel'p111it - anre6pbl nyaHKape, ecn111 pe4b 111.qeT o 
nnocKoM npocrpaHCTBe-epeMeH111. HoeaSI anre6pa ( «TeH30pHaSI anre6pa nyaHKape») 
CO.Qep>KlllT H8PRAY c reHeparopaMM npocrpaHCTBeHHO-epeMeHHblX rpaHCflRl.\lllH HOBble 
reHeparopbl, 111cropw.~ecKoe Ha3eaHMe Ko'ropblx - «TeH3opHble u,eHTpanbHble 3apS1.Qbl», 
Ill KOTOpble BXOART B anre6py TaK >Ke, KaK reHepaTOpbl TpaHcns:i41111it, T.e. anre6pa eCTb 
nonynpRMOe npoM3BeAeH111e anre6pbl epaL11eHMlil (flopeHu,a) M 111 a6eneeolil 
no.qanre6pbl T HeCKOnbKl1X aHT111c111MMeTpM4HblX TeH3opoe, BKnto4aR eeKTop, T.e. 
o6bl4Hbllit eeKTop 3HeprMM-111Mny11bca. 

M®
1

T (1) 

T = {Pµ,Zµv,. .. } 

npocTpaHCTBeHHO-BpeMeHHble Cl1MMeTpM11 TeOplllM, H8PRAY C 3TMMlll 
reHepaTopaMM, Moryr BKnto4aTb .qononHMTenbHble: cynepc11MMeTpM111 (cynep3apRAbl) -
B cynepClllMMeTp1114HblX TeOplllRX, a TalOKe AOnonH11TenbHble 6030HHble reHepaTOPbl, 

pacw111pS1toL11Me rpynny c111MMerp1111i1 AO OSp, En Ill T.A. Mbl orpaHl14111MCR 

paccMOTpeHlileM YKa3aHHoro Bblwe nonynps:iMoro npo113eeAeH111R rpynnbl JlopeHu,a c 
a6eneeolit no.Qanre6polit ijeHTpanbHblX 3apsi.qoe (a TalOKe cooreercrey10ll.lelil anre6pb1 
cynepClllMMeTpMlit), T.K. 60llbWlllHCTBO Teop1111i1 B RBHOM e111.qe lllHBap111aHTHbl HM0HHO no 
OTHOWeHMIO K T8KlllM (cynep)anre6paM. BnepBble nosieneH111e T0H30pHblX 
u,eHrpanbHblX 3apsi.qoe 6blno OTMe4eHo e pa6ore (1], rAe 6bin BbNlllcneH KOMMyrarop 
4eHrpanbHblX 38PRAOB B npMcyrCTBllllll 6paH, "" OH oKa3ancR paBHblM cyMMe YneHOB c 
BeKTOpOM lllMny11bCa Ill HOBblX, nponopl.\IAOHanbHblX TeH30PHblM 38PRAaM, 

Teop11111 6paH RBflSllOTCR OCHOBHblM o6'beKTOM Hawero MccneAOBaHHSI, 
OCHOBSHHOM Ha noAXO.Qe c TOYKH 3p9HlllR anre6pbl Cl1MMerp11111, T.e. Hae 11HTepecyer 
KaKl/le BblBOAbl MOryT 6b1Tb CAenaHbl Henocpe,QCTBeHHO 1113 1113Y4eHHR anre6pbl 
npoCTpaHCTBeHHO·BpeMeHHblX Cl1MMeTpllllil reop11111. 3ro, B nepeyio 04epeAb, 
BblRBJleH11e (cynep)MYflbTMnneTOB, 1113 KOTOpblX COCTOlllT cneKTp COOTBeTCTBYIOL1!11X 
Teop111it, ecm1 c111MMeTp11111 He HapyweHbl cnoHTaHHO. nocTpoeH111e 
cynepMYflbTMnneTOB Teop1111 c TeH30PHblMH 3apRAaM111 (1) OCHOBbtBaercR Ha 
ocHoeononaraioll.lelil pa6oTe B11rHepa [2], r.Qe enepeb1e 6bln pa3e11r MeTOA 
HHAYLIHPOBSHHblX npe.qcTaeneHHH nonynpRMblX npo113ee.QeH1111it rpynn. MeroA 
npeAnonaraeT Bb16op (11, no B03MO>KHOCTlll, Knacc111cp111Kal.\lllM) op6111rb1 rpynnb1 nopeHua 
Ha npocrpaHcree 3apRAOB, Bbl4Hc11eH1ite rpynnbl cra6MnbHOCTM (Manolit rpynnb1) 
AaHHolil op6111Tbl, ebl6op npeAcTaeneHlllR Manolil rpynnbl, Bbt4111cneH111e npe,qcraeneHlllR 
HeHyneBblX cynep3apRAOB AflR ABHHOtil op6HTbl, Ill, B pe3ynbTaTe, nonyYeHHe ecex 
YneHOB cynepMynbrnnnera 11 HX npeACTaeneHHlil no orHoweHHto K Manolil rpynne (r.e. 
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cn111Hoe, e cny1.1ae o6blYHoi1 rpynnbl nyaHKape). 3Ta nporpaMMa npoee,qeHa e 
,q111ccepTa1.1111111 ,qm1 3Ha1.1111TenbHoro 1.111cna Teop11iil 11 11x op611T. Cpe,q11 H11x: npeoHHble 
[3] op611Tbl N=1 cynepc11MMeTp111.1HblX Teop11iil, op611Tbl cTapwero paHra N=1 100 
Teop1111 11 ,qpy1111e. 

Han111.111e 6paH e Teop111six cynepcTpyH no3eon111no o6ocHoeaTb BIDKHelilwee 
CBOMCTBO 3n1X Teop11i1 - T.H. ,qyanbHOCTb. B 80-x ro,qax 6bl110 Halil,qeHo, LITO eCTb nRTb 
Henporneope1.111eblx (anomaly-free) Teop11iil cynepcTPyH, 111 e 90-x oi<a3anocb, L!To 0H111 
CBR3aHbl ,qpyr c ,qpyroM AlllCKpeTHblMlil npeo6pa30B8H11RMl1 ,qyanbHOCTl1. 6onee Toro, 
OHl1, no ecelil B11A11MOCTl1, CBR38Hbl c T.H. M-Teop11elil - rnnoTeT11L1eCKOH 11-MepHoi'I 
Teop11elil, ,qnsi KoTopolil aHanor npe,qena Hyneeoro HaK110Ha cynepCTpyH ,qaeT 11-
MepHyio cyneprpae111au,1110 - Teop1110, KOTOpasi RBllReTCR MBKCl/IManbHO pacw11peHHOlil 
cyneprpae111Tau,11elil, KOMna1m1cp111Kau,11si KOTopolil np111eo,q11T K 10-MepHolil Ila 
cyneprpae11Tau,111111. CeoiilCTea M-Teop11111 ocTalOTCR eo MHoroM He1113eecTHblMlll (a M 
'-IBCTO lllHTepnper11pyeTcR KBK Magic - eonwe6Hbliil, ra111HcraeHHbliil), ennoTb ,qo caMoiil 
cf>opMynlllpoBKlll Teop11111. Eonee ecero 1113B8CTHbl ee CBOHCTBa np111 KOMnaKTlilcplllKal.\lllRX 
Ha pa31111L!Hble MHOroo6pa3111R Ill pa3MepHOCTlll. 0,qHo 1113 TaKlllX CBOiilCTB, 1113B0CTHOe 
Y>fCe HeCKOllbKO ,qecRTlllJ10TlllM (T.K. OHO CBR3aHO 11111Wb c ee cyneprpae111TaU,lllOHHblM 
npe,qenoM) - 3TO lllHBap111aHTHOCTb KOMnaKT111cf>111.1111poeaHHblX cyneprpaBlllT8U,11H no 

OTHoweHllllO K HenpepblBHblM rpynnaM En , enepeble Halil,qeHHoe e [3] KaK E7 

11Heap11aHTHOCTb ypaeHeH111i1 .QBlll>KeHHR 40 N=8 cyneprpae1111au,11111. 3Ta 
l1HBap111aHTHOCTb BKlll04aeT npeo6pa30BaHlllR, KOTOpble, YLllllTblBaR CTpyHHOe 
npo11CXO)l(,q8Hl18 COOTBeTCTBYIO~lllX nonelil, CBR3b1Ba11111 6bl npe,qenbl ClllJ'lbHOH 11 
cna6oi1 CBR3111 llA cynepcTpyHbl. 3Ta rnno1en11.1ec1<asi ,qnsi CTPYHbl ClllMMeTp1m 
nony1.1111na H8388Hllle S-,qyanbHOCTlll 11 cei11.1ac Y>fCe CLllllTSeTCR AOCTBTOLIHO 
o6ocHoeaHHoi1. nonHbllil Ha6op ecex ,qyanbHOCTei1 1113BeCTeH KaK U-,qyanbHOCTb. U­
,qyanbHOCTb - OAHO 1113 Ba>KHeMWlllX CBOMCTB KOMnaKT111cp11u,111poeaHHblX Teop111£1 
cynepcTpyH/M-Teop111111, OAHBKO ,qO He,qaeHero BpeMeHl1 CLllllT8110Cb, LITO OHa 
nosiensieTCR e RBHOM e111,qe TOJ'lbKO noc.ne KOMnaKT111qm1<au,111111. B pa601e BeCTa [4] 
6blna npe.QnO>KeHa rnnoTe3a 0 TOM, LITO U-.QyanbHOCTb RBllReTCR ClllMMeTpHelil 
HeK0MnaKT111cf>1111.1111poeaHHoi1 M-1eop111111, 1111160, TO'-!Hee CKa3aTb, cy~ecTeyeT 
cf>opMyn111poeKa M-Teop111111, r,qe U-,qyanbHOCTb np111cyrc1eyeT RBHO Ill ABMeTCSI 

anre6polil Ka1.1a-My,q111 E11 , ,q111arpaMMa Ab1HK111Ha KOTopolil npe,qcTaeneHa Ha p11c.1. 

3aMe1.1a1enbHO, '-!TO HecMoTpR Ha CKYAHYIO 111HcpopMau,111io 06 M-1eop111111, oKa3anocb 
B03MOX<HblM ycraHOBlllTb ceolilCTea U-,qyanbHOCTlll KaK rpynnbl c111MMeTp11M, e 
'-!acTHOCTlll, BblBeCTM Henocpe,qc1eeHHO Ha111111.1111e 111 CTPYKTYPY ,q1o1arpaMMbl AblHKlllHa 

En rpynn c11MMeTp11111. 0606~eH11e 3Toro Bbleo,qa cornacyeTCR c rr.moTe3oi1 06 E11 

c111MMeTp111111 M-1eop111111. PaccM0TpeH11e 3TOH r111n0Te3bl no3eonReT 0606~11Tb ee ,qo 
r111n0Te3bl o cy~ec1eoeaH1o1111 HeKoero KJ'lacca Teop11iit, He ecer,qa ,qa>Ke 
cynepCMMM8TPlllLIHblX, CBR3aHHblX c T.H. 0Lf8Hb pacw111peHHblMlll nopeHL1eBCKlllMlll 

anre6paMl/I Kau,a-My,q111, a+H r,qe G - OAHa 113 KJ18CCl/ll.feCKl/IX anre6p J11o1. 
YCT8HOBJ10Hbl MHOroo6pa3Hble CBR3111 Me)l(,qy CBOHCTB8Mlll 3THX anre6p Ill 
onpe,qeneHHblMl1 Teop11siM111 (cynep)rpae111au,111111. B ,qeyx «KpalilHlllX» cnyYasix 3To 

cBR3b Me)l(,qy E8 +++ = E11 11 11 D cyneprpae1111a1.1111elil 111 M-1eop1o1ei1, 111 ces:i3b Me)l(Ay 
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A +++ v v 11 0 +++ v 
n-J 11 n-MepHOlll rpae111Ta1.1111e111. arpaH>KHaHbl Teop11111 npeAnonaraioTcsi e 

e1o1,qe CllffMa-MO.Qe11eiil, m160 O.QHOMepHblX, n11160 6eCKOHe4HOMepHb1X, YTO CBR38HO c 
TeM, LITO o6blYHOe npocTpaHCTBO·BpeMR SIB11ReTCSI 111/!Wb Lf8CTblO npocTpaHCTBa ecex 
L\8HTpa11bHblX 38PRAOB, KaK 3TO 11MeeT MeCTO BO ecex TeOp11RX 6paH. 
6eCKOH8LfHOMepHOCTb B AaHHOM cny1.1ae CBR3aHa c Tpe6oeaHl/leM 11HBapH8HTHOCTlll no 
oTHoweHHIO K anre6pe Kau,a-MyAlll, Lfblll npe,qcTaeneHlllSI 6ecKoHe4HOMepHbl. B 

G+++ ,q111ccepTaU,l1H paCCMOTpeHbl HeCKOJ'lbKO npo611eM, B03H"1Kal0l1.111X B MOA9!1RX. 
PaccMoTpeHa op6111a, coo1eeTc1eyio~aA 1.1ac11111.1e (T.e. BKI110L1a10l1.IY10 TOYKY, r,qe 
OTJ11140H OT HynR TOnbKO BeKTop 3Hepr11111-HMny11bca) Ill HalilAeHa COOTB8TCTBYIO~as:i 
Ma11aS1 rpynna, LITO B .QBJ'lbHeflweM, nocne H8XO)l(,q0Hl1R cynepCHMM8TPlllLIHOro 
pacw111peHlllA pacMaTp11eaeMblX Teop1111i1, no3B011111T nocTpOHTb COOTB8TCTBYIO~llllil 
cynepMyJ'lbTHn11eT. npo611eMa cynepCl1MM0TPl1LIHOrO pacw11peHl/IR paCCMOTpeHa B 
AlllccepTa1.111M ,qnsi pa3no>KeH11R no nepeblM ypoeHRM oTHoc111enbHO o,qHoro 113 KopHelil 
anre6pbl 11 nOK838HO, LITO B 3TOM np1116n111>KeHl/l"1 OHa ltlMeeT peweH111e. 

Uenb M 38A8LIM pa6orbl: 

~enblO SIBJ'ISleTCR H3YL48Hllle CBOHCTB TeOplllH 6paH, Henocpe.QCTBeHHO cne,qylO~lllX 1-13 
anre6pbl npoCTpaHCTB8HHO-BpeMeHHblX, 1111160 06be,q111HeHHblX npocTpaHCTBeHHO­
epeMeHHblX Ill BHyrpeHHlllX, Cl1MMeTp111iil: 

• C111c1eMaT1111.1ecKoe noCTPoeH1t1e yH111TapHb1X Henp11eo,q111MblX npeAcTaeneHMH 
T8H30pHOM rpynnbl nyaHKape .QJ'IR Mlo1Hl1Ma11bHOH anre6pbl cynepC11MMeTpllllll 
e npocrpaHcTBeHHo-epeMeHHblX pa3MepHOCTRX OT (1+1) AO (10+2) ,QJ'ISI 
c11y1.1asi npeoHHblX op61n. 

• nocTpoeHllle cynepMyJlbTHnneTOB AJ'IR 0=9+1 N=1 cynepanre6pbl c 
TeH3opHb1Mlll 3apsi,qaM1o1 ,qnsi npo113eonbHOH op61t1Tbl paHra 2, AflR Knacca 
6e3M8CCOBblX op6111T o6~ero e11,qa, a TaK>Ke .QJ'IR HBKOTOpblX M8CCl1BHblX 
op611T. 

• 8bll.fl/IC119Hl1e ,qeHCTBlllR Manolil rpynnbl Ha HeHyneeble 38PRAbl H 
HA9HTlllcplllK81.1111R npe.QCTaBJ18Hl1R TeH30pHOM rpynnbl nyaHKape Ha 6030HHblX 
111 cf>epMlllOHHblX 4neHax cynepMy11bT111nneTa. 

• j..fayYeH111e HeKOTOpblX ceolilcTB En Teop1111i1, KaK-To: 113y1.1eH111e npe,qc1aeneHHR 

E11 , cooTBeTcrayio~ero op6111Te YaCT111.\bl, nocTpoeH111e Z2 op6111cf>onAOB 

anre6bl Kau,a-My,q111 En, npoeepKa Henpo1111eope41-1eoc111 npe,QnonaraeMoro 

coo1HoweH111S1 cynepc111MMeTp1111 e E11 Teop11111 no oTHoweH1110 K no,Qrpynne 

S0(10, 10) Ha nepBblX H0CKOJ'lbKHX ypoBHRX. 
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06beKT lllCCJleAOeaHMSI: 

3ro reop11111 6paH e w111poKOM CMblcne - ace Teop111111, 111MetoU111e 1.1eHTpanbHble 3apS1Abl 
e 6o30HHolil 1.1acrn anre6pbl npocrpaHCTBeHHo-epeMeHHblX c11MMeTp111iil. CtoAa BXOAS'IT 
reop111111 cyneprpae111ra1..1111lil e pa31llll"IHblX pa3MepHocrsix, cynepcTpyHb1/M-reopHS1, a 
ra10Ke coepeMeHHble reop1111t1 OCHOBaHHble Ha n·mep6on1t11.1ecK11x H nopeHu,eeblx 
(cooreercreeHHO pacwHpeHHblX H 01.1eHb pacwHpeHHblX) anre6pax Kau,a-MyAM. 

MeTOllbl MccnenoeaHMs:i: 

MeTOAbl Teop111111 nollff, Teop11111(cynep)rpynn11anre6p11111. 

Ha)"'IH8SI HOBlll3Ha: 

Bee BblHOClllMble Ha 3SlLll1Ty pe3yllbTaTbl nolly4eHbl enepeble. 
• Bnepeble npoeeAeH CHCTeMaT111.1ecK1111i1 pac"leT MSllblX rpynn npeoHHblX op611T 

B npocrpaHCTB9HHo-epeMeHHblX pa3M9pHOCTffX OT (1+1) AO (10+2) 11 
nocrpoeHbl COOTBeTCTBYIOll.11119 YHMTapHble npe,QcTaBll9Hl1SI T9H30pHoiil 
rpynnbl nyaHKape. 

• Bnepeble Bbl"IHcneHbl Manble rpynnbl AJISI npo113eonbHOlil op611Tbl paHra 2 
AJlS'I 0=9+1 N=1 cynepallre6pbl c reH30pHb1Mlll 3apsiAaMH. Ans:i Toiil )l(e 
cynepanre6bl onpeAeneHa 6e3Maccoeas:i op6111ra 06LL1ero BMAa 111 Alls:! Hee 
Bbl"llllClleHbl ece B03MO>KHble Manble rpynnbl, a TaK)l(e Bbl1.11o1cneHbl Mallble 
rpynnbl Aliff HeKOTOPblX M8CCOBblX op611T. 

• Bnepeble, Aliff YKa3aHHblX BblWe cny"laee, nocrpoeHbl cynepMynbTHnlleTbl 
COOTBeTCTBYIOlLIHX allre6p cynepClllMMeTpllllll, Bbll.ll1Cll9HO .QelilcTBHe Mallolil 
rpynnbl Ha HeHyneeble cynepaapSIAbl, 111 noKaaaHo, 'ffO eo MHornx clly"lasix, e 
"18CTHOCTl1, B npocTelilweM npeOHHOM cny"lae, cpepMlllOHHble Ill 6030HHble 
1.1neHbl cynepMyllbTMnlleTa HaXO,QSITCSI B OAHOM 1.1 TOM >Ke npeACTaBll9HlllH 
T9H30pHolif rpynnbl nyaHKape. 

• Bnepeble Bbl1.1111cneHa Ma11asi rpynna op6111Tbl 1.1acr1114bl e E11 reop11111. 

• PaccMoTpeHbl Z2 op6111cpon,Qb1 En reop1111i1 111 enepeble noKa3aHo, 1.1To OHM 

coena,QatoT c a11re6polil D8 en {n=9), "ITO ee KOPHlll coen8fJ,atoT c KOPHSIMlll 

rpynnbl DE10 {n=10) 11 EE11 {n=11), e nocne,QHeM cny"lae nollHoe 

fJ.OKa3aTenbCTBO OTCyTCTByeT, rnnoTe3a npoeepeHa Ha KOMnbtoTepe AO 
ypOBHSI 148. 

• PaccMorpeHo pa3no>KeH111e npeTJ.nollaraeMoro cooTHoweH111si 

cynepc11MMeTp111111 e E11 Teop1111 no OTHoweH11110 K noArpynne 80(10, 10) 111 

Il0Ka38HO, 4TO npeACT8BlleHl.1SI, nostBllSllOll.1119CSI B pa3no>KeHllll.1 npaeolil "laCTlll 
paccMarp1<1eaeMoro COOTHOWeHHSI, no3B011SllOT npeACT8BMTb lllX B MCKOMOM 
BlllAe ClllMMeTpllll.IHOrO KB8ApaTa onpeAeneHHOro npeACTaBlleHHR 
MaKClllM81lbHOlil KOMnaKTHoiil IIOArpynnbl S0(10)xS0(10) 
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npaKTllll.l9cteaSI 3H81.1111MOCTb nOIIV'19HHblX pe3yllb TSTOB: 

Pe3yllbT8Tbl ABHHOlil AHCCepT8U,HOHHOlil pa6oTbl MOryT 6b1Tb lllCnOllb30B8Hbl B 
HecKonbKlllX o61lacrsix reopeT1111.1ecKolil cp1113HKH. OH111 Heo6xo.QHMbl AllR pa3no>KeH11st 
npeACT8BlleHHH no OTHOWeHllllO K noAanre6paM ([6]), B 1.18CTHOCTlll no OTHOWeHl1IO K 
1.1111CTblM nyaHKape noAanre6paM, "ITO no3Bolls:ieT 111Hrepnper111poeaTb nony"leHHble 
MYllbTlllnlleTbl e repM111Hax o6bl"IHblX noneiil, KaK 3To 111Meer Mecro .Qns:i reH3opHoiil 
"laCTMU,bl. Apyroe B03MO>KHoe np111MeHeH111e pe3ynbTaToe AaHHoiil AHCcepTau,110HHOlil 
pa6oTbl e reopeT111Ko-noneeoM nOAXOAe K TeH30pHoiil anre6pe nyaHKape, KOTOpb1lil 
Ha"IHHaeTCSI c nocrpoeHlllS'I YHl1TapHblX Henpl1BOAl1MblX npeACTaeneHllliil rpynnbl 
nyaHKape, A11SI 11X A8IlbHeiilwero npeACT8Bll9HlllS'I B BIAA9 AlllcpcpepeHU,lllallbHblX 
ypaBHeHlllM Ha pellS'ITIABHCTCKHe nonst. npHMeHeHllle pe3yilbTaTOB HaCTORll.lelif pa60Tbl 
B03MO>KHO Anst BblReneHlllSI CBR3H Me)l(Ay npe.QcraeneHHSIMH cynepanre6pb1 Osp(1 In), 
B 1.18CTHOCTlll, ClllHrllTOHHOro npeACTaeneHlllS'I, c npeACT8Bll9HlllRMlll TeH30pHoro 
nyaHKape. 3Ta CBff3b, BlllAlllMO, A89T B03MO)l(HOCTb pa3Jllll"laTb "lll9Hbl npeOHHOro 
cynepMyllbTMnneTa, T.K. ABa pa3Illlll.IHblX C11HrnTOHHblX npe,D,CTaeneHlllff, 
COCTaBllfflOll.llllX cynepMynbTlllnlleT Osp(11n), 6yfJ,yT COOTB9TCTBOBaTb cpepMlllOHHOMY Ill 
6030HHOMY "IJleHaM npeOHHOro cynepMyllbTlllnlleTa, BOCCTaHaBlllllB8SI CBS13b cn111H­
CT8TIACT111Ka. npeACTaBllff9T 11HTepec TalOKe 0606ll.19H119 npeOHHOM KOHcplllrypaU,111A Ha 

nollHbliil £ 11 Koeap111aHTHblM Ha6op TeH30pHblX 3aps:tAOB 11 cooreeTCTBY10LL1ee 

0606lL1eH111e npeACTaBll9HHblX B H8CTOSILL1eiil pa6oTe pe3yllbT8TOB. 

Ha 3awm .BblHOCRTCSI C11el1yt0W111e nono>KeH111si: 

1. Bb11.11<1cneHbl Manble rpynnbl npeoHHblX op6MT e npocTpaHCTBeHHO-
epeMeHHblX pa3MepHOCTSIX OT (1+1) AO {10+2) Ill nocrpoeHbl 
COOTBeTCTBYIOll.1119 YHlff8pHbl8 npeACTaeneHMSI TeH30pHolil rpynnbl 
nyaHKape. 

2. ,Qnsi 0=9+1 N=1 cynepanre6pbl c TeH30pHblMH 3apS1AaM1o1 paccMoTpeHbl 
op6111rbl paHra > 1, Bbll.IHClleHbl Mallble rpynnbl AllSI npoH3BOilbHoiil op61.1Tb1 
paHra 2. 

3. ,Qnsi 0=9+1 N=1 cynepanre6pbl c TeH30pHblMlll 3apS1.QaM11 onpeTJ.eneHa 
6e3Maccoeasi op611Ta 06LL1ero BIAAa Ill Alls:! Hee Bbl"llllClleHbl MaJlble rpynnbl, 
AflSI 3TOro >Ke Clly"laSI Bbll.llAClleHbl Mallble rpynnbl H9KOTOpblX MaCClllBHblX 
op611T. 

4. Ansi ecex yKa3aHHblX BblWe cnyYaee nocrpoeHbl cynepMynbT11nneTbl 
COOTBeTCTBYIOLLIHX anre6p cynepc1AMMeTp1111, Bbll.IHCJleHO A8HCTBllle Manoiil 
rpynnbl Ha HeHyneeb1e cynep3apS1AbJ, 1.1 noKa3aHo, I.ITC so MHornx clly4aSlx, e 
1.18CTHOCTH B npocTelilweM npeOHHOM Clly1.1ae, cpepMMOHHble Ill 6030HHble 
41l9Hbl cynepMyflbTlllnlleTa HaXOASITCSI B OAHOM Ill TOM >Ke npeACTaeneHMIA 
TeH30pHOH rpynnbl nyaHKape. 

5. Bb11.111cneHa Mallaff rpynna op61ATb1 "lacTlllUbl e E11 reopr.1111. 
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6. PaccMoTpeHbl Z2 opfaupollAbl En Teop11t:i 11 noKa3aHo, 4TO OHM cosnaAatoT 

c aJ1fe6poA D8 (I) (n""9), 4TO ee KOPHlll coenSAatoT c KOPHSIMlll rpynnb1 DEIO 

(n,,,,10} 111 EE11 (n,,,,11 ), e nocneAHeM cnyl.fae nonHoe AOKa3aTenbCTBo 

OTCyTCTByeT, nmoTe3a npoeepeHa Ha KOMnblOTepe AO ypoBHSI 148. 
7. PaccMoTpeHo pa3no>1<eH111e npe,[\nonaraeMoro cooTHoweHlllfl 

cynepc111MMeTp111111 e E11 Teop11111 no OTHOWeH111to K no,[\rpynne 50(10, 10) 111 

noKa3aHO, l.fTO npeACTSBneHlllSI, nOSIBIISllOl1.\MeCSI B pa3nO>KeHMM npasot:i 48CTM 
paccMaTpMeaeMoro COOTHOWeHlilfl, no3BOIISllOT npe,[\CTaBMTb MX B MCKOMOM 
BM,[\e CMMMeTpMl.fHOro KBaApaTa onpeAelleHHoro npeACT8BileHMSI 
M8KCMM8IlbHOM KOMnaKTHolli noArpynm,i S0(10}xS0(10). 

Anpo6aUMSI nOnY'fflHHblX P83Vllb T&Tos: 

Pe3yllbTaTbl pa6oT AOIIO>KeHbl Ha ceM111Hapax s Ep<t>~. YH111eepc111TeTe «Top BepraTa» 
(PMM), KOH<t>epeHL\MM MOllOAblX yl.feHblX (EpeBaH, 2003), KOH<t>epeHl..\11111 no 
Teopenil.fecKoiil <t>M3HKe nocBstl1.\eHHaSI ceM111AecRTMneTM10 TeopeTMl.fecKoro oTAena, , 
IAHCTMTyT MMeHM Ile6eAeBa 'MoCKBa, Anpenb 11-16, 2005 

nV6nMKaYMM: 

no TeMe AMCcepT81..\MM ony6IllllKOB8Hbl 4 CT8TbM 11 O,[\lllH a6cTpaKT B TPYAaX 
KOH<t>epeHL\MM no TeOpeTlll49CKOH <t>11311Ke. 

CTpyiqypa M OObeM pa6oTbl: 

.QMccepTaL.tHOHHaSI pa6oTa COCTOl1T J.13 BBeAeHl1SI, Tpex mae, 38KlllOl.feHl1SI 11 ClllllCKa 
11Cl10Ilb3088HHOH IIMTepaTYpbl, ecero 103-111 CTp8Hl1Lt nel.faTHoro TeKCTa, 83-M CCblIIOK 
11 18-M pl1cyHKOB. 

Co,qep>KaHMe pa6oTbl 

Bo seeAeHMM o6ocHoeaHa &KTYallbHOCTb TeMbl, c<t>opMynMpoeaHbl 1..tenb pa6oTbl 111 
H8Yl.fH8SI HOBM3H8 nonyl.feHHblX pecyllbT8TOB. "13IIO>KeHbl npaKTMl.feCKaSI 1..teHHOCTb 
pa6oTbl, KpaTKOe COAep>KaHMB A11CCepTaL.tMM Ill OCHOBHble noIIO)l(eHMSI, BblHOCMMble Ha 
3al1.\111Ty. 

B rnase 1 paccMoTpeHbl yHHTapHble npeAcTasneHMSI rpynn nonynpSIMblX 
npo1113eeAeHMH B Teop11s:ix cyneprpae1r1Ta41r1111. rnaea cocToHT H3 Tpex naparpac:poe. 

B naparoad>e 1.1 on1r1caH MeTOA MHAYLtHpoeaHHblX npeACTaeneH11ili, co3,1:\aHHb1t4 
B11rHepOM AIISI nocTpoeHHSI npecTaeneHHH rpynnbl nyaHKape [2]. Om1caHbl 
11cnOilb30BaHHble 0603Ha4eHl1R AIIR raMMa MaTp1114, MeTOLl peKYPClllBHOfO noAC4eTa 
raMMa M8Tp1114 B pa3Illlll.fHblX p83MepHOCTRX Ill c pa3nllll.fHblM KOillll4eCTBOM speMeHHblX 
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KOMnoHeHT. TaK>Ke on111caH MeTOA npaKTl11.f9CKOfO paCl.feTa M8IlblX rpynn AIIR 
TeH30pHblX rpynn nyaHKape B p83Il1114HblX pa3MepHOCTSIX. 
B naparpad>e 1.2 Bbl4McneHbl Manble rpynnb1 npeOHHblX op611T e pa3nMl.fHblX 
pa3MepHOCTSIX, no,qc4MTSHO KOllllll.leCTBO MHBapHSHTOB, KOTOpble pa3IIM48IOT op611Tbl, 
s HeKoTopblX cny4aRx ABHbl SIBHble Bblpa>KeH11S1 AIISI 11Heap11aHTOB. AnR Ka>K,qolli 
Manolli rpynnbl On111C8Hbl BIIO)l(eHMSI B rpynny ClllMMeTp1111, KOTOpasi RBIIReTCSI 
npOM3BBAeHMeM rpynnbl JlopeH1..1a Ha R CMMMeTpl1to (ecnM OHa Cyl1\eCTByeT). 

B naparnad>e 1.3 nepe4111cneHbl MlllHMMallbHble anre6pbl cynepc111MMeTpH11 e 
pa3MepHOCTSIX 2-12 c OAHOH M ABYMSI epeMeH111noA06HblM111 KoopA111HaTaM111, a TaK>Ke 
nocTpoeHbl Manble rpynnbl npeoHOB Af1SI scex 3TMX cnyl.faee M noAC4MTaHo 
K011111.f9CTBO 11HB8plilaHTOB, pa3Il1114SIOL1.\MX op6MTbl. 

B rnaee 2 paccMoTpeHbl 100, N=1 BPS cynepMynbrnnneTbl. CynepMynbrnnneTbl AIIR 
6e3Maccoeoro cnyl.fasi nonyl.feHbl nonHOCTblO, Af1R Macc111eHoro cny1.1af1 BblAeneH 
Knacc KOH<t>111rypal..\MH KOTOpble xapaKTep113YIOTCSI MHHlllM81lbHblM KOfl11149CTBOM 
HeHyneBblX MHBap111aHTOB 11 Bbll.flilCileHbl COOTBeTCTBYIOl1\llle MBilble rpynnbl. 

B naoaroad>e 2.1 AaHo onpeAeneH111e Knacca «6e3Maccoeblx» BPS 

cynepMyllbTMnneTOs KOTopoe xapaKTep1113yeTCS1 npMCyTCTBl1eM noArpynnbl Ta (rpynna 

8-MepHblX TpaHCilflU,MH) B COOTBeTCTBYIOl1.\9H MSJlOH rpynne. Ansi pac"!eTa ManoH 
rpynnbl nepeoHal.fanbHafl MSTpMu,a z OTB91.f810l1\aSI 3a ASHHYIO KOH<t>11rypa1..1111io 
npeo6pa30BaHa c nOMOl1\IO npeo6pa30BaHl1SI TplllallbHOCTJ.1 M 38A84a CBeAeHa K 
H8XO>IC,Q9Hl1IO Manoi1 rpynnbl ClllMM9TpM4HOro TeH30pa BTOporo paHra MHAeKCbl 
KOToporo HSXOASITCSI B seKTOpHOM npeACT8BI19HMM rpynnbl 80(8). noKa38HO l.fTO 

M8Il8R rpynna MMeeT BMA: Ta xSO( kl )xSO( k2 ) ... xSO( kn ). rAe kn 3TO KOllllll.leCTBO 

coenaABIOl1\MX co6CTeeHHblX 3Ha4eHHH MaTp11t4bl. Ansi on111caH11S1 eno)l(eH11S1 Manot1 
rpynnbl B 06l1\YIO rpynny CMMMeTpMl1 npoBeASHO o6paTHOe npeo6pa30B8Hl1SI 
TpM8IlbHOCTl1 M nOKa38Hbl eno)l(eHMR Af1SI HeKOTOPblX OCHOBHblX cny1.1aee. 

B napamad>e 2.2 noCTpoeHbl cynepMynbTMnneTbl AIIR ocHOBHblX cnyl.faee 
paCCMOTpeHHblX B npe,Qb1AY~9M naparpac:pe. noKa3aHO, l.fTO MOryT CYl1\eCTBOBaTb 
cynepMynbTMnneTbl, B KOTOpblX <t>epMMOHbl M 6030Hbl npeHaAf1e)l(aT OAHOMY 11 TOMY 
)1(0 npeACTaeneHllllO T0H30pHOM rpynnbl nyaHKape. 

B napamact>e 2.3 npeACTaeneHa nonHaR KI1acc111cp11Ka4111si M&IlblX rpynn Af1SI c11y4as:i 
rank Z=2, l.fTO cooTBeTCTsyeT Ko3<P<t>111..1111eHTy 14/16 «Bbl)l(MBWMX» cynepc11MMeTp11t1. 
(,QnR Cilyl.faSI npeoHOB 3TOT K03<t><t>114111eHT paseH 15/16.) 

B naparpad>e 2.4 paccMoTpeHbl HeK0Topb1e AononHHTenbHble Macc11BHble 
KOHcp11rypa411M, He np11HaAJ19>K8l1\11e Knaccy KOHQ>Hrypa41111i, Bbl.QeneHHblX B 
naparpacpe 2.2 11 nocTpoeHbl cooTeeTcTey10~11e Manb1e rpynnbl. 

B rnase 3 npeACTasneHbl HeKOTOpble pe3ynbTaTbl ceS1aaHHb1e c rnnoTe3o£'.i E11 . 

rnaea cocTOMT M3 5-111 naparpa<t>oe. 
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B naparnadle 3.1 on1o1caH 061J.1Miil Mern,q nocTpoeHMSI KOpHeiil ,qm1 anre6p Ka4a-My,q11 
OCHOB8HHblM Ha (7). Ansi 3TOro OblJla pa3pa6oTaHa nporpaMMa Ha C++, KOTOpasi 
noaeonsieT Bbl4MCnSITb KOpHM anre6pb1 Ka4a-My,q1o1 c AaHHolil ,q1o1arpaMMoiil AblHKMHa 

p,o 38A8HHoro ypoBHSI, reHep1o1pyeT AMarpaMMY AblHKMHa AflSI Z2 rpaAyMpoeaHHoiil 

noAanre6pbl 11 Aflfl mo6oi'.1 anre6pbl Ka4a-Myp,11 11 n0Aanre6pb1, 3aAaHHOiil B 6a311ce 
11cxo,qHoiil anre6pbl, npoeepsieT coenaAeHHe KOpHeiil Ha ypoBHRX, rAe o6e anre6pb1 
l'IMelOT KOpH11. 

B naparnad>e 3.2 paccMoTpeHbl Z2 -111Heap111aHTHble no,qanre6pbl anre6pbl Ka4a­

MyA111 (op611cpon,qbl). Ami KOHe4HOMepHb1X nonynpoCTblX anre6p flH, e cny4asix, KOrAa 
paHr 111Heap1o1aHTHOiil noAanre6pbl paeeH paHry 061.1..1eiil anre6pbt, 3Ta nop,anre6pa 
OK83blB80TCR paBHOiil M8KClllM8JlbHOiil KOMnaKTHoiil noAanre6pe, T.e. noAanre6pe, 

HHBap111aHTHoiil OTHoc111TenbHO 111Heoniou111111 Weeanne. Ami anre6pbl E11 6bina 

nocTpoeHa no,qanre6pa Kau.a-My,q111 r,qe e K84ecree npoCTblX B3RTbl nepeble 11 

40THblX KOpHe~ anre6pbl, Mbl o6oaHa4aeM 3TY noAanre6py EE11 • Xon1 HaM111 He 

p,oKaaaHo anre6pa1o14ecKM, 4TO anre6pa EE11 coena,qaer c Z2 ( E11 ), HaM y,qanocb 

npoeep111Tb 3TY r111noreay AO ypoBHSI 148. T.K. Kon1o14ecTeo KopHeM AO 3Toro ypoBHSI 
paetto 19661788, ro coena,qeH111e cy1.1..1ecreeHHoe. A1i1arpaMMa AblHKHHa 

anre6pbl EE11 np111eeAeHa Ha p111c 2. r1r1nore3a o coena,qeH111111 KOpHeiil Z2 
11Heap111aHTHOM no,qanre6pbl c KOPHSIMl1 onpe,qeneHHO~ anre6pbl Kau.a-My,q11 6b1na 

p,oKaaaHa anre6pa114ecKH ,qns:i anre6p Eio 11 E9 , co0Teercreyio1.1..1111e anre6pbl 

oKa3aill'ICb paBHbl DE10 11 D8 (I) , cooreercreeHHO. lr1x ,q111arpaMMbl np11ee,qeHbl Ha 

p11c.3 M p11c.4. 
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B napamad>e 3.3 cAenaHa nonblTKa npoeecrn npoeepKY npeAnonaraeMoro 
ypaeHeHlllSl cynepclllMMeTpMlll, l/IMeHHO, CTaBMTCst eonpoc cyll,\eCTBOB8HMst 
"KBa,t\paTHoro KOpHst" nepeoro <PYHAaMeHranbHOfO npeACTaeneHMSl E 11 • npoeepKa 

ocHoBaHa Ha pa3no>KeHMM 11 (nepeoro <PYHAaMeHTanbHOro npeACTaeneH111S1 E11 ) no 

creneHSIM KOPHSI el I (pMC1 .). noKa3aHO "ITO "ISCTb npe,t\CTaaneHMH Ha nepBblX Tpex 

ypoBHSIX MO>KeT 6b1Tb nony"leHa KaK CMMMeTpM"IHblM KBSAPST onpeAeneHHOro 
npeACTaeneHMSI cooTBeTCTBYIOll.\eM KOMnaKTHOM noArpynnbl S0(10)xS0(10). 

naparoad! 3.4 nocesill,\eH nmore3e o TOM, lfTO rpynna cMMMeTpMlll E11 AOn>KHa 6btTb 

pacwMpeHa AO nonynpsiMoro npoM3BeAeH111S1 /1 111 E11 , "ITO ecreCTBeHHblM o6pa30M 

o6o6U,\aeT rpynny nyaHKape. PaccMOTpeHa Manasi rpynna AIISI op6111Tbl "laCntU.bl, "ITO 
03Ha'"laeT HanM"ll/le Ha op6MTe TO"IKlll, rAe ece 38PSIAbl paBHbl HY11IO, KpOMe 
eeKTOpHoro. CoOTBeTCTBYIO~lllM cTa6111nM3STOP (Manast rpynna) lllMeeT SIBHoe 

on111caHMe Ha st3b1Ke KOpHelil anre6pbl E11 • AaHHble pe3y11bTSTbl no3eonst10T 

paCCMOTpeHl/18 ecex npeACTaeneHlllM ""lacrnu.· yKa3aHHOM o6o6U,\eHHOtil nyaHKape. 

B naparoame 3.5 paccMoTpeHbl <PYHAaMeHTanbHble npeACTaeneH111S1 anre6p E11 111 

EE
11 

• noKB3aHO, "!TO OAlllH M3 cf>YHAaMeHranbHblX eecoa EE11 coenaAaeT c 

<PYHAaMeHranbHblM eecoM 11 anre6pbl E11 , KOTOpbllil COAeP>KlitT ece 6paHHbte 

3apS1Abl 110 anre6pbl cynepc11tMMeTp11tlll. 3TOT pe3yllbTaT MO>KeT lltMeTb CBSl3b c 

npeAnonaraeMblM cooTHoweH111eM cynepcMMMeTp11111t e E11 noAXOAe. 

B 3a1CJ1IO"leHM11t o6cy>K,t\alOTCst nony"leHHble pe3ynbTaTbl 111111x eo3MO>KHoe pa3e111rne. 

BblBOllbl 

noAXOA, OCHOBaHHbltit Ha M3y"leHMlll anre6p CMMMeTpMlll, no3eonsteT nony"IMTb 
Henepryp6aT111eHy10 MH<PopMau.11110 o reop11tstx 6paH, e "laCTHOCTlll, M3Y4MTb CTPYKTYPY 
(cynep)MYilbTMnneTOB ,Q11Sl pa3111it"IHblX TeopMM, a TalOKe B03MO>KHblH BMA 
COOTHOWeHMSl cynepCMMMeTplllM A11Sl MOAenetil c SlBHOM AYallbHOH litHBapMaHTHOCTblO. 
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