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OBIUAfl XAPAKTEP~CTW{A PABOTH 

AKTyaJibHOCTb rrpoOJieMH. KoHlfx)pMHHe T00pllli IlOJJH, aKTRBH00 
HCCJl0'AOBaHHe KOTOpl:lX HaqaJIOCb C paOOTll BeJiaBRHa, IlOJJSIKOBa H 

3aMOJIO,wmKOBa 1984 ro'Aa, IIpRBJ10KaR>T Bceoomee BHRMaHHe - KaK 
T00pllli, RHTerp:HpyeMHe Ha KJJaCCR'i8CKOM ll KBaHTOBOM ypoBH.flX. · 

CBO:A:CTBa KOHit>opMHo:A: RHBapnaHTHOCTll nrpaR>T BalKHyJO p0Jlb B 
lllnpOKOM KJJacce 'ABYMBPHlDC CHCT8M. MO'A0Jlli CTaTHCTR'i8CKO:A: 
M0XaHRKH, HanpHMep, OimCHBalOI!Uie ~asoaue nepeXO'AU BTOporo PO'Aa 
(KoppeJIHLJ;HOHHaH AJIHHa. MHoro · 00Jiblli0 pasMepoB CHCT8Mll ) , 

OOJia'AaR>T KOHit>opMHo:A: CHMM0TpHe:A:. IlpHM8H0HH8 M8TO'AOB KOHit>opMHo:A: 
TeopnH IlOJIH npH HCCJI0'AOBamm BTHX CHCT0M IlOSBOJIRJIO ycTaHOBHTb 
CBH8b KpHTR'i0CKIDC HHABKCOB ·n KOHit>opMHl:lX B0COB nepB:mnmx 
IlOJie:A:. 1mT8HCHBH00 pa8BHTH8 -reopn:A: CTPYH H cynepCTPYH IIpRB8JIO 
K IlOHRMaHHR> Toro, qTo B HX OCHOB0 TaKlK8 Jl0lKaT 'ABYM8pHHe 
KOHit>opMHHe H cynepKOHit>opMHHe T00pmI IlOJIH. B p88Jm'llil:lX BapHaH
T8X KOMIIaKTH®mau;n:A: cynepcTpYH qacTb KOOp.D,lmaT npHHRMaeT 
8H8'18HHH B rpYIIlJOBl:lX MHOrooOpasHHX:H o:rmcuaaeTCH CHrMa-MO'A8-
JISIMH THila Becca:...3YMRHO-HOBRKOBa-BHTT8H8 ·. (B3HB) • Ilpn (flm(CH

po~aHHOM, OTHOmemm KOHCTaHT B88llMO'A0:A:CTBlfH 9TH · MO'A0JIR 

OOJJa'AaIDT O,ll;HOBp8M8HHO (cynep)KOHit>opMHo:A: H (cynep)Kan-MYAR 
(KM) -RHBapH8HTHOCTSIMH H 'A8IDT T80p8TllKO-IlOJI0BYID peaJIRsannro 
KOHCTPYKiom•Cyraaapu. ECTb B0CKH8 OCHOB8HHH C'IHT8Tb, 'ITO Bee 
P8UHOHaJlbHH0 KOHit>opMHHe T00pIDI IlOJlH MoryT OHTb llOJIY'l8HH HS 
B3HB MO'A8~ M8TO'AOM npoeKLJ;ll:A:; IIp0'AJIOlK0HHHM roMap'AOM,· KeHTOM 
H OJIRBOM.· , . .r · < 

.I(Jlff H8Y'l0HHH'CBO:A:CTB KOH(fX)pMHl:lX H cynepKOHit>opMHHX Teopn:A: B 
d=2 Ha KJl8CCR'i8CKOM ypoBH0 (HBHO cyneprroJieBH0. it>c>PMYJI:HJ)OBKH 
cynepKOHit>opMHHX MO'A0J10:A:, IIOJl0BO:A: COCTaB, IIOCTpo8HH0 oomer,o 
pemeHRH H T-'A-) paHee OHJJ pa8BHT M0TO'A KOB8pH8HTHO:A: PB'AYKiom 
(KP),·· OCHOBaHHH:A: Ha H0JIHH0:A:Hl:lX peaJIR88LJ;llHX COOTB0TCTBYI<lltliX 
cynepKOHII>opMHl:lX rpYIIlJ. STHM M0TO'AOM. OHJIR IIOCTpoeHH .. YP8BH0HH8 
JmyBHJIJIH n _ero N=1 ,2,4(SU(2)) cynepcHMMeTPIBilille pacnrnpeHHH. 
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Hano OTM8Tl1Th, 'l!TO B N=4(SU(2)) MOll8Jlli 3TOro Tillla B u030HHOM 

C8KTOpe BrrepBble B03IDIBJia CllrMa-Mo,n:eJih B3HB Ha rpyrme BHYTP8H

IDIX aBTOMOP!}ll3MOB cmmopHhlX sapmi;oB N=4 (SU (2) ) cyrrepK_OHlpOpM

H0:0: aJiredp1-1. 

IIpencTaBJI.H8TC.fl BalKlillM ITOCTpoemrn HOBblX cyrrepKOHqJOpMHUX 

Mo,n:eJie:0: .UBYM8pH0:0: T80pl111 ITOJI.H, conepmam11x B K8'l!8CTB8 

rronceKTopa B3HB c11rMa-Mo,ne.Jlli. 

MHor11e xapaKT8pHI18 qepThl T80pllit .B BHC!UllX ll3Mepemrnx 

rrpo.HBJI.HIOTC.H yme Ha YPOBH8 d=1. TaK, HarrpHMep, B I10CJI8,n:HH8 

I'O,n:!-1 llHT8HCllBHO ll3Y'll8JlliCh T80pl111 TO'l!8'l!HOH 1.!8CTllllH ll 

cyrrep'l!aCTllUbl BBll.Il:Y llX cxo,n:CTB8 co· CTPYHHHMll H cyrrepcTpyHHhlMll 

T80pll.HMH. "BOJihlli08 BHHMairne y,n:eJI.HJIOCh T8KJK8 ll cyrrepCllMM8Tpll'l!

H0:0: RB8HTOB0:0: ·Mexamrn:e, ROTOp8.fl caMa ITO ce6e .flBJI.H8TC.fl 

llHT8p8CH!-1M Ou'h8RTOM llCCJI8,ll;OB8Hllfi. IAMeHHo B paMRax RBaHTOBOit 

Mexamrn:11 BHTT8HOM ublJI cqiopMYJillPOBaH p.Hn B8JKHI1X T80p8M ·O 

CI10HT8HHOM HapymeHI111 cyrrepCllMM8Tpl111. CTOllT T8KJK8 CKasaTh, 'l!TO 

pa3Jllil.!Hhl8 Bepcmi: cyrrepcllMMeTpll'l!HblX KB8HTOBblX Mexamrn: 

OITHCblBa!OT H8TpllBllaJibHhl8 pe,n:yKI..l,IDi H8KOTOpb1X 'l!8THp8XM8pHI1X 

TeopH:0:, T8KllX, H8rrpHMep, K8K cyrrepCHMM8Tpll1.!Ha.H T80pll.H 

HHra-MH~Jica 11 cyrreprpaBI.J:TaI.J,H.fl. 

· HBJI.HHCh rrpOTOTllITOM .IJ:BYM8pHI1X cynepKOHqJOpMH!:lX TeopH:0:, 

cyrrepKOHqJOpMH!-18 .Mexamrn:11 rrpe,n:cTaBJI.HIOT co6o:£t ITO,ll;XO,ll;fllllYIO 

"Jia6opaTopMIO" ,llJI.H H3Y'll8Hllfl. OCimI.J:X CB0:0:CTB, xapaKT8pHb1X ,ll;JI.H 

KOHqJOpMHO-llHBap:naHTHUX MO.ll;8JI8fi. 

ll8Jih paCiOTbl - ITOCTp08Hll8 li llCCJI8.ll,OBaHM8_ N-paCllilip8HH!:lX 

cyrrepKOHtf,opMHhlX MO.II8JI8fi B rrpocTpaHCTB8X. M8Jlh!X pa3M8pHOCT8:£t 

(d=1 ,2) Ha ocHoBe cyrreprroJieBoro rro.ll;Xona. 

Hayl.!Ha.H HOBU3Ha paOOTbl. I1pOHCH8H reoMeTpH1.!8CRHit CMhlCJI 

M8TO.n,a KP Ha I1pHM8p8 KOHqJOpMHOit Mexamrn:M. B paMRax 8TOro 

M8TO,na BOCITpOll3B8,U8Hll cyrreprrOJI8Bhl8 ypaBH8Hll.H N=2 cyrrep

KOHqJOpMHo:A: M8X8Hl1Kll ll ITOJIY'l!8HO H8 R3B8CTH08 paHee Oulll,88 

cyrreprroJI8B08 p8lli8Hll8 8THX ypaBH8~. 

ITocTp08HI1 ,n:Be (flopMyJIRpOBKH N=4 cyrrepKOH(f)opMHOit M8X8HHRR B 

T8pMllHaX B81U8CTB8HHOI'O cyrreprroJI.H li KOMITJI8KCHOI'O KHp8JlhHOro 

cyrreprrOJI.fl, Ilpll'l!8M rrepBa.H 113 IDIX ITOJIY'l!8H8 BIT8pBhl8. Ha:0:,neHH 

rrpeoopa30B8HllH ~yaJihHOCTH, CB.H3HB8IDill,H0 &TH ,1l;B0 qJOpMYJIRPOBKH H 
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o6HapymeH sqxpeKT .1UIB8MH'l!ecKo:0: retteparum ueHTpaJihHoro 3apHna B 

d=1 N=4 cyrrepKoH(flopMHo:0: aJireOpe. 

l{aHa . paHee H0 li3B8CTH8.H HBHO RHB8p1rl:8HTH8.H cyrreprrOJI8B8H 

(flopMYJIRPOBKa N-pacWHpeHHblX (N~) cyrrepROH(f)opMHhlx Mexamm. 

ITOCTpoeH HOBW KJI8CC B3HB Cirl:rMa-MoneJie:0:, xapaKT0pH3Y~CH 

H8Jlli'l!H8M N paCWHp0HHOit cyrrepKOH(f)opMHo:0: CllMM9TpHH; M0TO,D;OM KP 

ITOJIYl.!8Hbl ;znmaMHqecKH0 ypaBH8Hll.H ·:r,r YCJIOBH.H H8IlplIBO,IU™OCTirl: ,D;JIH 
I 

rrp0113BOJlbHOro N. B OosOHHOM , C8KTOpe 8TllX MO,D;eJie:0: C 

H800XO,n;HMOCTbIO rrpHCYTCTBY0T d=2 ,lzy!Jl8TOH, KOTOphl:0: MOJK0T 

110.ll;'l!llH.HTbCH JllilJQiCB000)UIOMy·ypaBH8HllIO, JIHOO ypaBH9HHIO·.lrnyBRJI

JI.H. Bo BTOpoM CJIY'l!88 110CTp00HHhl0 MO,D;9Jlll MOrYT paccMaTpRBaThCH 

li K8K N-cyrrepp8Cllilip8Hllfl yp8BH8Hll.H .lrnYBHJIJI.H. 

ITpHBeneHH ' pemeHHH ycJioBd HerrpRBo,D;l-!MocTH rrpH N=3, 4 H 

H8ITHC8Hhl ROMIIOH8HTHbl8 ne:ttCTBirl:fl N=3,4 cyrrepKOH(f)opMHHX B3HB 

CHI'M8-MO.ll;8Jie:0'BH9 M8CCOB0:0: OOOJIO'l!RR. 

B CJIY'l!88 N=4 Ha:0:,li:eHa 8JlbT0pH8TlIBH8H qJOpMYJillPOBRa MO,D;0Jlli 

'l!epes ,D;Ba KB8T8pHllOHHhlX cyrrepiiOJIH •. YCT8HOBJI8H8 CBH3b ,D;BYX 

OITRCa~ •. 

B paMRax ITOCTp08HHhlX · N=3, 4 cyrrepROH(f)opMHHX B3HB Clll'Ma

MO,D;eJie:0: HSY'l!0Hhl RB8HTOBhl0 peaJIRsarnm N=3, 4 cyrrepKOHq)OpMHhlX 

aJir'eCip. PaCCMOTpeHH MHHHM8JlbHhl8 .. MYJihTKIIJI0Thl ((fllmCHpOB8HHhl:0: 

U8HTpaJibHhtlt sap.Hn) , ROTOphle COOTB0TCTBYKlT pasJIWlllh!M Tilll8M 

qiepMHOHll381..1,IDi HCXO,n;Hh!X CHrMa-MO,D;eJie:0:. 

l{ElHO . .HBHO . RHB8p1rl:8HTH00 cyrreprrOJI0B00 OITHC8Hll0 N=3, 4 

cynepROHqJOpMHhlX B3HB CI.J:rM8-MO,D;8JI9:0: B KB8HTOB0:1t · 00JI8C'l'H. 

Bu.HBJieHa HoBaH U(1 )-pacWHpeHHaH N=4 cyri:epRoH(flopMHaH aJireOpa, 

B paMRax ROTOpo:0: BB8,D;0HO orrpeneJI0HH9 rrepBll'l!Hh!X N=4 cyrrep

ITOJie:it, OoJI~e oOill,ee, 'l!eM rrplllIHToe paHee. Hati:.z:,;eHH BHpameHH.H ,1J;JIH 

cyrrepTOKOB qepes rrepBR'l!Hhle cyrreprroJI.H, corJiacoBaHHble c · aTo:0: 

U(1 )-paCIDHp0HH0:0: N=4 cyrrepROHqJC>pMH0:0: aJireOpo:0: •. 'IIpRBe,D;eHhl 

cyneporrepaTopHHe pasJiomeHHH rrpo:r,rsBene~ cynepTOKOB :r,r rrpo:r,rs

BeneHHit cynepTOKOB H rrepBll'l!Hh!X cyrreprroJie1L' C!lDPMYJillPOB8Hhl 

cyrreprroJieBue rrpaBHJia qiepMHoHllsarnm. 

IlpaRTll'l!8CR8.H ueHHOCTb paOOTH. Pa3BHBaeMH:0: B .zuirccepTarum 

M0T0,1l; IIOCTp00HH.H cynepITOJI0BhlX lf)opMY.lillpOBOK cyrrepROH(p()pMHHX 

Mo,neJie:0: B d=1,2 MOJKeT OHTh rrpHMeHeH HK .npyrHM cHcTeMaM rrpH 
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rro,nxo,n;mneM BHOope COOTBeTCTBYIOIIUiX rpymr HHBapHaHTHOCTH. 
Ms oomero cyrreprroJieBoro pemeHM.H N=2 cyrrepKoH(lx)pMHott 

M8X8Hmrn BH.IU!O, qTQ HCXO~aH N=2 cyrrepCMMM8TpHfl HaprmeHa .n;o 
N=1. IIOCTpOeHHHe N-pacnrnpeHHHe cyrrepKOHqx:>pMHHe MexaHMKH 
HBJI.HIOTCH xopome:A: OCHOBO:A: AJI.H :0:syqeHM.H CilOHT8HHOro HapyweHMH 
cynepcMMMeTpM:A: IIpH KBaHTOBamm 3THX CHCT0M. 

OITHCaHHHit B ,nHccepTaI..J,HH KJiacc cynepKOHqx:>pMHHX B3HB CHrMa
MO,Il;6JI0:A: HHTepeceH no MHOrnM IIpHqHHaM .- llpe~e Beere, KpoMe 
B3HB CHrM8-MO,IJ;eJiett B 0030HHOM ceKTope, OHM co,n;epJKaT ypaBHeHMe 
J!HYBHJIJIH, qTo .HBJI.H0TC.H YK838HM0M Ha CB.H3b C ~yMepHOit 
rpaBHTaUHe:0:. KaK yme roBOp:0:JIOCb BHW9, KOMITaKTH~aUHH 
cynepCTPYHHHX TeopM:A: npHBO,Il;.HT K no.n;oOHorq po.n;a. MO,Il;8JI.HM, 
IT03TOMY OTB9T Ha BOIIpOC, - KaKHe cyITepcTpyHHHe MO,I1;0JIH IIpH 
KOMil8KTH~81..J,HH COOTB9TCTBYIOT ITOCTp08HHHM B ,IOiCC0pTaI..J,HH?,~ 
oqeHb BaJKeH. B03MOmHO, qTo paccMOTpeHHHe B ,nHccepTal..J,HH 
MO,Il;8JIH HBJIHIOTC.H pesyJibT8TOM 38Kp~IIJI9HMH KaJIHOpOBKH B onpe
,n;eJieHHHX cynepcTpyHHHX TeOpHHX. 

,IlYOJIHKaI..J,HH. llo MaTepHaJiaM ,IOiCC9pTaI..J,HH orryOrnoBaHO 5 

pBOOT. 
, _AIIpoOall,HH paOoTH. PesyJibT8TH,, ITOJiyqeHHHe B ,IOiccepTaUHH, 

.n;oKJIB,IUlBaJIHcb. Ha ceMHHapax JiaOopaTopHH TeopeTHqeCKo:0: ®fsHKH 
owrn:, Ha Me~apo~oM ceMHHape ITO TeopeTHKo-rpyrrnoBHM 
M0TO,Il;8M B @i3HK9 B r.IOpMaJia, 1986r., Ha ,CeMHHape JiaOopaTOPHH 
T90p9Tll!q0CK0:0: @i3HKH Xcl'tl'M, na PaOoqeM COBemamm ITO @i3HK8 BH
COKHX aHeprM:A: B napaMe (BernoOpHTaHM.H, 1989). 

CO,DEPlKAIDIB PABOTl:l 
J{HccepTaUHH COCTOHT HS BB0,ll;9HMH, qeTHpex rJiaB. OCHOBHOro 

co.n;epJKaHMH, 38KJIIOqeHMH, ~yx IIp:0:JIOJKeHM:A: H CITHCKa JIHTepaTypH, 
co.n;epJKamero 83~ HaHMeHoBaHMH. Ra~aH rJiaBa cHaOJKeHa 
aHHOTaUHett. OOmM:A: oO~eM ,nHCcepTaUHH - 121 CTpa~a. 

Bo BBe,n;emm oOcy~aIOTCH MOTHBHpOBKH IIpOBO,IJ;ID,ilX B ,nHCcep
TaI..J,HH HCCJI8,Il;OBaHM:A:, Kp8TKO HSJiaraIOTCH co.n;eplKaHMe paOOTH H 
OCHOBHH8 pesyJibT8TJ:l. 

llepBaH rJiaBa HOCHT :0:JIJIIOCTpaTHBHO-M9T0~9CKH:0: xapaKT8p. 
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KoHeqHOMepHOCTb rpyrrnoBoro IIpOCTpaHCTBa KOHqx:>pMHott rpYIIl!H 
S0(1,2) B · d=1 Il03BOJIH8T IIpOHCHMTb (§1) 3KBHBaJieHTHOCTb 
ycJIOBli:A: RP 

-1 KP -1 2 g d g = 1wn1n= gR d gR = 1w_ 1RO (RO = L_1 + m 1+1 ) 

g(x!x~x3 ) E S0(1,2) 

ypaBH8HM.HM reo.n;esH'IeCKHHX B npocTpaHCTBe ITapaMeTpOB rpYIIl!H 
so (1 ,2). 

ct.s2 = - tr((g-1d g)(g-1d g)] = 2 w_ 1w+ 1- ~ w0w0 = 

= 2dx1dx2 - ~ (dx~) 2 + x2 ctx1dx3 = g . . (x)dxidxj 
t:.. lJ 

{

~· 1 + r1 ijxk=□; x1= x1 (s) 
jk . 
1 .. 

i 1= dx • ·I g x1ij I =1 as , 1j 

naJiee (§2),MeTo.n;oM KP BOCIIpOH3Be.n;eHH cynepnoJieBHe ypaBH8HMH 
N=2 cynepKOHqx:>pMHott Mexamnrn 

{

rn,DlY = 2mY-1 

1/2U 
Y = e 

H (§3) Ha:A:,n;eHo HX oomee cynepnoJieBoe pemeHMe 

. u ( t , 0 , 0 ) . + (1 1b t ) (1 + 1 h t ) 
e = aa - ; L . a+ R 

N _ - N N + 
t = t + 100 - 210µ ;. tR = (tL) L . 

. - . :!..c3 - :!..cs -!.c3 
b(a + a+) - 2b2µµ. = 2m; a= e2 + 1m(c1- 1µµ.)e 2 ; b = me 2 

Bo BTopoa rJiaBe Texmrn:a KP . , IIpHM9H9Ha K N-pacnrnpeHHHM 
cynepKOHqx:>pMHHM aJireOpaM B d=1 • IIOCTpOeHH ~e cynepITOJI8BH8 
qiopMYJIHPOBKH N=4 cynepKOHqx:>pMHott Mexamnrn: B T0P¥:HH8X 
BemecTBeHHoro orpaHHqeHHoro N=4 cyITepIIOJIH (§1) (paHee He 
H3B8CTH8fl ). 
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Ii 

(~)2
8

U = 4m~} 

(D) 2eu = 4mf 

rn,Dle11= 8mc 

rn(a ,Db) Ju = 0 

H KOMIIJI8KCHOro KHpaJibHOro cyrreprrOJIH (§2) 

Dav= 0 = V = V(tL,8) 

Dav= 0 = V = V(tR,8) 
D2Y = 4mf(Y)-1 , D2Y = 4mf(Y)-1 

V-1/2 - V-1/2 
Y=e ,Y=e 

H Ha:tt,11,eHH rrpeo6pa3OB8HHH ,nyaJibHOCTH, CBH31IB8IOIUH8 3TH 

lPJPMYJIHpOBKH. 
B §3 ,11,8HO HBHO HHB8pH8HTHO8 cyrreprroJieBoe OIIHCaHHe N-pacrnH-

; . . 
peHHUX cyrrepKOHl!)OpMHHX M8X8HHK (N>4) Ha ~aKTOp-rrpocTpaHCTB8X 
SU(1,1 IN/2)/SU(N/2)xU(1 ). YpaBH8HHH ,11,BHmeHHH ,11,JIH 3THX M8X8HHK 
38IIHC8HH B KOMII8KTHOM 8nHHOM BH,11,8 qepes BemecTB8HHO8 orpaHH-

qeHHoe cyrreprroJie u(t,8,8! 

DaDbeu= 0, DaDbeu= 0 

rn Dbleu- 2e-uD P.uDbeu + a be-u D euDceu= 4ma b 
a' a- a c a 

ll:JIH Bcex MO,11,8JI8.tl:, ITOCTpoeHHUX B 3TO:tt r JI8B8, HsyqeH 
KOMIIOH8HTHU:tt COCT8B H H8IIHC8HH COOTB8TCTBYIDIUH8 ,11,8.tl:CTBHH. 

Tp8Thfl rJiaBa ITOCB.Hlll8H8 cynepcHMMeTpHq_HHM, · KOHl!)OpMHO-HH
BapHaHTHHM CHrMa-MO,11,8JI.HM B3HB T:r.ma (§§ 1-3) H KB8HTOBO:0: pea
JIHsar.um N=3,4 cyrrepKOHq)OpMHUX aJireOp Ha .H31IK8 KOMIIOH8HT (§4). 

IlepBH:tt rraparpa~ co,11,epmHT Kp8TKO9 BB8,11,8HH9 B M8TO,11, 
H8JIHHe:ttlillx pea.irn:saumt cyrrepKOHl!)OpMHHX rpynrr CN H T8XHHKY KP B 
d=2, c ITOMOlllhID KOTOpo:tt ,11,JIH N-paClliHp8HHUX cyrrepKOHl!)OpMHUX B3HB 
CHrMa MOJJ;8JI8:0:, 38IIHC8HHUX 11epes M8TpH1IHO8 cyrreprroJie 

q1 j(Z)= {exp(-u(Z)I - 21~k1 (Z)~k1
)}

1 j, 
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}, 

] 

·1 

·l 
~· 

r,n;e (~kl)ij_ reHepaTOphI rpyrrrrbI O(N) B B9KTOpHOM npe,n;
CT8BJiemm, Ha:tl:,11,eHH cyrreprroJI0BH0 ypaBH8HHH ,11,BIDK0HHSI 

D:(q-1DJq)kl= im(ajlqik + aklqij _ ajkqil) 

H YCJIOBHH H8IIpHBO,11,HMOCTH 

Diqmj + Djqmi= g aijDkqmk 
+ + .. N + 

D:qjm + D~qim= ~ aij~~qkm 

B KaqeCTBe npHMepoB (§2) pac9MOTpeHH M0,11,8.JIH c N=1,2. 
CJiy11a:0: N=3 paso6paH ocodo, T8K K8K ,11,JISI N=3 BrrepBH8 cpe,11,H 
6o3OHHUX IIOJie:0: BO3HHK80!l.' · rJiaBHO8 KHp8JibHO0 IlOJie, . KOTopoe 
OIDlChIB88TCH B3HB CHrMa~MO,11,0JlbID. 3,n;ecb Ha:tl:,11,eHO perneHHe YCJIOBH:tl: 
H0IIpliBO,11,HMOCTH H ITOCTpO8HO ,11,8:0:CTBH8, HHB8pli8HTHO8 OTHOCHT8Jlb
HO cyrrepKOHlPJPMHHX npeodpasoBalili.tl: ~He M8CCOBO:0: OdOJIO1IKH. 

§3 co.n;epmT ,11,8T8Jlblill:tl: 8H8JIH3 N=4. cyrrepKOHl!)OpMHO:0: B3HB 
CHrMa-MO,11,8.JlH, OIIHC8HH8 KOTOpo:0: BOSMOJKHO: 
a) B TepMHHax M8TpH1IHOro cyrrepIIOJIH, 8H8JIOrH1IHO oomeMy CJiyqaro 
(B8KTOpHO9 Ilp8,11,CT8BJI0HH8), 
b) qepes ,11,Ba KB8T8pHHOHHUX cyrreprrOJIH, IIO,1),qlili8HHUX YCJIOBHHM 
H8IlpHBO,11,HMOCTH 

Daaq ~ + D~aq a=O D ~ q a + D ~ q a=O· 
1 g. . 1 g. ' -g. 1 ~ -~ 1 g. ' 

Daaq b + Dabq a=O D g. q a + D g. q a=O· 
2~ 2t! ' -t! 2Q -12 2t! ' 

H ypaBH8HHHM ,11,BIDK0HHH 

rt.~(q;1naaq1) ~r = -1m(1+2a) (s~aqrr - s~'Yq~)q:a 

D:.~(q~1Daaq
2
)bo = -1m(1~2a)(sbaq?c _ 8bcq?a)q~-. 

B odoHX CJiyqaHX Ha:0:,n;eH KOMIIOH8HTHH:tl: COCT8B H ,n;e:0:CTBH8 BH8 
M8CCOBO:0: OdOJIO1JKH. naHa CBH8~ BTHX lPJPMYJIHpOBOK 'K8K Ha 
KOMIIOH8HT8X, T8K H B cyrreprroJIHX. MCCJ10,11,OB8H8 pe,n;yKD,HH K N=4 
SU(2) cyrreppacnmpeHHID ypaBH9HHH Jrn:yBHJIJIH. 

B §4 Ha:tl:,11,eHH KB8HTOBH0 peaJm88ll,HH N=3,4 cyrrepKOHl!)OpMHHX 
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a.nreop. PaccMOTpeHH qacTHHe CJiyqall ((f)llliCllpOBa~ UBHTp8JibHHt1 
sapH,n), COOTB8TCTBYlOllJ.H8 (flepMllOHR381..J,lrn IlOCTpOeHllliX MO,UeJJet1. 

B qeTB8PTOt1 rJJaBe co,nep:amTCH omcaHRe KB8HTOBO11 CTPYKTYPH 
N=3,4 cyrrepKOHql()pMHllX B3HB CllrMa-MO,UeJiet1 B cyrreprrpocTpaHCTBe. 

B § 1 ll3JIOlK8H oommt rro~o.n K KB8HTOB8HRIO N-pacm.11pemmx 
cyrrepKOHqJOpMHllX Teopd B d=2 •. OcoOoe. BHRM8HR8 oC5pameHO Ha 
CJJY'I8H N=3, 4, IlOCKOJlbKY COOTB8TCTBYIOIIWI8 cyrrepKOHql()pMHlle 
a.nreopu BK~qa10T B ceOH HeaOeJieBu a.nreopu Kaua-My~ (so(3} H , 
so ( 4 n H eme ,norrycKaIOT HeHyJJeBue ueHTpaJJhHHe sapH.InI (.UJIH N~5 
TaKHe sapH,IUI OCTCYTCTBYIOT). OOHapylKeHa HOB8H U(1 )-pacm.11peHHaH 
N=4 cyrrepKoHqiopMHaH a.nreOpa H ,naHo orrpe,neJieHRe rrepBH'IHUX 
cyrreprroJJet1, HBJIHIOIIl,HXCH rrpe,ncTaBJieHRHMR aTott a.nreopu. 

Bo BTdpoM H TpeTbeM rraparpa~ax rro.npoOHo paccMoTpeHH cJ1yqa:0: 
N=3 H ·N=4. . 

B §4 ,naHo cyrreprroJieBoe omcalfue (flepMHoHRsal..J,lrn :0:ccJJe,nyeMHx 
N=3,4 cyrrepKOHql()pMHllX B3HB CHrM8-MO,UeJiet1. 

3a~'IeHRe co,nep:amT rrepe'IeHb pesyJibTaToB, rroilyqemrux B 
~ccepTaium. 

B lipHJIOJKeHHH l IIOK838HO, 'ITO ypaBH8HHH KOHql()pMHOt1 Mexamnrn: 

H N=2 cyriepKOHql()pMHO~ MexaHHKH MoryT C5HTb IIOJIY'I8Iill K8K 

pesyJJbT8T qacTH'IHOro HHTerp.11poBaHRH CBOC5O,nHHX ypaBHe~ ,UJIH 

d=1 KO~8KCHOro IIOJJH (KOHql()pMHaH MexaHHKa} H ,UJIH d=1 
KOMilJl8KCHOro Kllp8JlbHOrO cyrreprroJIH (cyrrepKOHql()pMHaH MexaHHKa). 

B lipHJIOlK8Hlm II_ rrpHBe,UeHa oe5maH CTPYKTypa N- cyrrepKOH
qiopMHHX a.nreOp H BllIIHC8Iill 'I8CTiill0 CJJy'IaH N=3 H U ( 1 )-p8ClllH
peHHOt1 N=4 cyrrepKoHqiopMHHX a.nreop. 

OCHOBiill8 pesyJJbT8Tll, IlOJIY'I0HHll0 B AHCCepTal..J,lrn: 
1. PaspaOoTaHa d=1 B8pCHH M0TO,Ua KOBapHaHTHOt1 pe.D:YKIJ,lrn 

(KP) H C ee IIOMOmhIO IIOCTpOeHH· He H3B8CTHH0 paHee HBHO 
HHBapHaHTHHe cyrrepIIOJJ8Bll0 qiopMYJIHJ)OBKH pacmHpemmx cyrrep
KOHql()pMHllX M8X8HHK C N~ .• 

2. OOHapyJKe_H arpl)eKT ~aMH'!e CKOt1. reHepal..J,lrn lJ,0HTpaJibHOro 
sapH,na · B N=4 . d=.1 pyrrepKOHqJOpMHOt1 MexaHHKe .rrocpe.ncl'BOM 
,nyaJJhHoro rrpeoOpasoBaHRH. 

3. · Mcxo,n;H HS. He~ettlillx peaJ!Hsa~ . C5eCKOH8'IH?M8pHHX 
N-p8Clllllp8HHllX cyrrepKOHqJOpMHHX CHMMeTpd B d=2, Hat1,neH HOBHt1 
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KJJacc cynep KOHqJOpMHHX CllrM a -MO,ll8JI8kl THITa Becca-3yMRHO
HOBlUCOB8-BllT'r8H8 <BSHB). ITOK838HO, qTO 3TH MO,Ue.Jill O,llHOBp8M8HHO 
HBJ!HIDTCH ll N-cyrrepCHMM8Tpll38lill8t1 ypaBH8HHH ./IHyBHJIJIH. naHO HX 
cyrreprrOJI8BO8 OITHC3Hll8. 

4 • .llJIH MO,UeJiet1 c N=3 ll N=4 cyrrepcHMMeTpHet1 Hat1,neH 
H8IlpllBO.uHMHt1 ITOJ18BOt1 COCT8B ll ITOJJyqeHH KOMITOH8HTHH8 .nencTBllH 
BH8 M8CCOBOt1 O6OJIO'mn. 

5. L1CCJ18.llOB8H8 KB8HTOB8H CTpYKTypa N=3 ll N=4 MO,UeJJet1, 
Hat1,neHH KB8HTOBH8 peaJ1Hsamrn: N=3 ll N=4 cyrrepKOHqJOpMHHX aJJreOp 
B 3TUX MO1l:8J!HX, K3K B KOMilOH8HTHOM, T8K H B cyrrepIIOJl8BOM 
rronxonax, BH'IllCJJ8Hll COOTB8TCTBYlOIII.H8 U8HTpaJibHH8 sapH,nu. 

6. OTKpbIT8 HOB8H U ( 1 ) pacmHpeHHaH N=4 cyrrepKOHql()pMHaH 
8JJI'8Cipa, KOTopaH HBJ!H8TC.fI 8J!I'eCipot1 IIOJJHOt1 CHMM8TpHH rrpe,nJIO
~8HHHX N=3 ll N=4 B3HB cnrMa-Mo,neJiet1. 

7. Cq)opMYJJHpOB8HH cyrreprroJJeBHe rrpaBHJJa (flepMllOIDI381..J,lrn ,nJJH 
cyrrepTOKOB N=3 ll N=4 B3HB CllI'M3-Md,neJJet1. 
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