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PaC!ota BYOOJIHeBa B HBC?Hl'Yl'8' Jl,ltepHOII: ll>H3HKH AH Y3CCP (TamKeHl') 
H naoopal'OPHH l'80P8l'HQ8CKOR 4lH3HK_H 0Cl'Ii8,ltHH8HHOro HHCl'Hl'Yl'a Jl,1t8pH1i1x · 

HCCJI8,ltOBaHHII~ 

04lHUHaJibHH8 onnoHeHl'Y: 
,ltOKl'OP ll>H3HKO-Mal'eMal'H'18CKHX HayK 

axa,1teMHK AH YCCP 

,ltOKl'Op 4lH3HKO-Mal'8Mal'HQ8CKHX HayK 
QJl8H-KOppecnoH,Jt8Hl' AH CCCP • 

,ltOKl'OP ~H3HKO-M~l'8Mal'HQ8CKHX Hayx 

np~eccop 

,n.B.BOJIKOB 

A.A.CnaBHOB 

C .M .EHJI8HbKHl! 

Be,Jtyll!all opraHH3aUHJI - ~H3HQ8CKHl! HHCl'Hl'Yl' HM.·n.H.IleC!e,JteBa 
AH CCCP, MocKBa. 

3a~Hl'a COCl'OHl'CJI" " --- 1990 ro,Jta Ha 3aC8,JtaHHH cneuHaJIH-
3HpOBaHHOro COB8l'a .ll 047.01.01 IlaC!opatOpHH teopel'HQ8CKOII ~H3HKH 
OCl'I>8.ll,HHeHHOro HHCl'Hl'yl'a R.lt8PHYX HCCJ18,ltOBaHHII, r.RyC!Ha MocKOBCKOII 

oO~aCl'H. 

C .11,HCC8pl'aUH8II MOXHO 03HaKOMHl'bCJI B C!HC!JIHOl'8K8 0Cl'Ii8,ltHH8HHOrO 

HHCl'Hl'Yl'a Jl,ll8pHlilX HCCJI8,llOBaHHR,. 

:ABtope4lepat pa30CJiaH" " 1990 r. 

YqeHYII cexpempb 
cn.euHaJIH3HposaHHoro cos eta n 047 .ol .01 
KaH.11,H,Jtal' ~H3HK0-Mal'8Mal'HQ8CKHX HayK 6-~ 

•~ .H .JKypaBJI8B 

Ob1I!AH XAPARTEPHCTHKA PAEOTH . 

~:uruJ_!uiQCI.h.J.a.MILCBJl3aHa C l'eM, Ql'O B coBp8M.8HHOR ll>H3HKe 3Jie­
M8Hl'apHHX qacTHU H KBaHl'OBOII l'80pHH OOJIH cynepcm.wetpHH JIBJIJl8l'CJI OA­
Holl H3 B8,11Yll!HX KOHU80UHII. IlpHHUHO cmweTpHH M8X,lty C!030HaMH H ~epMHO­
uaMH 003BOJIHJI ocymecl'BHl'b H8TpHBHaJibH08 OC!'I>8,ltHH8HH8 BHYTP8HHHX H 
npoctpaHCl'B8HHO-BP8M8HHYX CHMM8TpHII. B paMKax pac111Hp8HHHX cyneprpaBH­
TaUHII - l'eopHII J!OKaJILHOII cynepCID.IM8TPHH - anepBYe y,1taJIOCb npe,ltCTaBHTL 
rpaBHTauHOHHOe H MaKCB8JIJ!OBCKH8 (HJIH HHr-MHJIJICOBCKHe) OOJ!JI KaK pa3HY8 
KOMIToHeHTY. 8AHHoro cynepM.yJibTHITJieTa. ITpocteRmas H3 HHX- N = 2 cynep­
rpaBHl'aUHH - npe,ltCKa3YBaet, QTO YHH:lJHKaUHJI CITHHOB 2 H l TpeOyeT cy­
Il!8CTBOBaHHH napu QaCTHU co CITHHOM 3/2. CynepCHMM8TpHQHY8 M0,lt8JIH KBaH­
TOBOII TeopHH ITOJIJI oOuapyxHJIH nopa3HT8J!LH08 CBOIICTBO - COKpameuHe 
MHOrHX YJILTpa~HOJ!8TOBYX paCX0.11,HMOCTell. 0TKpYTH8' uenoro KJiacca KOH8Q­
HYX cynepcHMM8TpHQHlilX MO,lt8JI811 CHJIJ!O ,JtaBH88 "npOKJ!JITHe" C KBaHTOBOII 
l'eOpHH ITOJ!JI, IT03BOJ!HB paOoTaTl> co B3aHMo.n;ellCTBYJ)Il!HMH H B TO xe l!p8MJI 
CBOC!OAHHMH OT pacX0.11,HM.OCT811 MO,lt8J!JiMH. HaHOOJiee npHBJ!8KaT8JlbHH8 qeptY 
rnoOaJILHOII H J!OKaJILHOII cynepcHMMeTpHH BomJIH B TeopHD cynepCTPYHH, 
paCCMaTpHBaeMyD ceiqac KaK HaH00JI88 B8pOHTHYII KaH,ltH,JtaT Ha pOJib Bce­
oO'I>eM.JID!ll811 CaMOCOfJiaCOBaHHoll T80pHH BC8X B3aHMO,JtellCTBHII, BKJIDQaJI rpa­
BHTaUHD. 

B HCCJI8,ltOBaHHH CBOIICTB KOH8QHOCl'H, ,ltOKa3ateJILCTB8 teopeM O H8-
nepeuopMHpOBKe, nocTpOeHHH HaHOOJiee o0Il!HX, COBM.8CTHYX C cynepcHMM.eT­
pHell B8aHMo,1tellctBHII H BYRBJI8HHH ueoOuqumc BHytpeHHHx reoMeTpHII cynep­
cmwetpH'IHYX TeOpHI! OCHOBOITOJiaranmyn· poJIL HfpaeT paspaOoTKa HBHO KOBa­
pHaHTHYX ~OPMYJIHpOBOK3THX T80pHI! BH8 MaCCOBOII oOOJIOQKH C ITOMOil!LD 
cynepnonen, CBoOo.n;HYX OT KaKHX-JIHOO CTOpOHHHX orpaHHQ8HHR. 

B N=-I cynepcHMMetpHH taKoll ~opMaJIH3M O&JI B ocHOBHOM paspaOo­
TaH K uaqaJiy BOCLMH,lt8CJITYX fO,ltOB. KJIDQ8BYM MOM8HTOM B ·nocTp08HHH H no­
HHMaHHH N = I teopHII MatepHH, Hura - MHJIJICa H cyneprpaBHTauH.11 OKa3a­
J!OCb OC03HaHH8 POJIH KHpaJibHOfO .ITO,ltnpoctpaHCTBa B8Il!8CTB8HHOf0 cynep­
npoctpaHCTBa H coxpaH8HH8 ITOHHTHH KHpaJibHOCTH BO B3aHM.o.n;eRCTBYDill8M 
cnyqae • O.IUiaKO ,ll;JIJI pacmKp8HHYX cynepcHMMetpHII ( N ~ 2) pa3BHTY8 B 
N= I cnyqae Meto,ll;Y oKasaJIHCL uea.n;exaatHYMH. HanpHM.ep, JIHHeapHsoaaHHYe 
ITOT8HUHaJIY /J = 2 cyneprpaBHTaUH.11 OKa3aJIHCb cyuepnOJIHMH BYCOKHX pa3Mep­
HOCTell C KaJIHOpoBOQH~H HHBapHaHTHOCT.fWH HereoMetpHqec~oro BH.n;a; taKyD 

KapTHHY npaKTHQ8CKH H8B03M.OXHO oOoC!Il!HTb Ha B3aHMO,Jt8IICTBYDil!HR CJiyqaR. 
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AHaJiorwrnue Tpy .l(HOCTH B03HHKaKJT B N = 2 teopm1x .ffHra-MHJIJICa H M!Ue­
PHH. ITpeo,noJieHHe 3THX TPY.IIHOCTel! CTaJio B03MOY.Hl,IM C IlORBJieHHeM B 1984 r. 
TeopHH rapMOHH4ecKoro cynepnpoctpaHCTBa, oTKpNBruel! .n:opory .nnn noctpoe­
HHR H HCCJ18,l(OBaH HR ti = 2 cyneprpaBHTaUHH H ee oClmHx B3aHMO,nettCTBHJ! 
C MaTepHel!. 

AKTyaJibHOJ! npoClJieMol! R~MeTCR TaKF.e aHaJIH3 H perueHHe .l(H¢q)epeH­
UHaJibHHX CBR3el! rHnepK3JiepoBol! H KBaTepHHOHHOJ! reoMeTpHJ!. ITocne.n:HHe, 
cornacHo Teop·eMaM AnbBapeua-roMe H PPH.IUAaHa,a TaK.'ite Earrepa :a Tol.TTeHa, 
npHMo CBR3aHH c reoMeTpHel! H narpaHY.HaHaMH N= 2 cynepcHMMeTpH4HHX 
CHrMa-Mo,nenel! B IlJIOCKOM H HCKPHBJl8HHOM cynepnpocTpaHCTBax. 3HaHHe oel­
mel! CTPYKTypu TaKHX CHrMa-Mo,nenel! Ba,rno' Harrpm.1ep' npH KOMnaKTH4)HKa­
UHH cynepCTPYH THna rr. 

W!i~J!!.Q~1g cocTOHT a nocTpoeHHH H Hccne,noBaHHH reopHH N = 2 
cyneprpaBHTaUHH Hee oClmHx B3aHMO,neficTBHJ! C cynepCHMMeTpH4HOJ! MaTepHel! 
Ha ocHoBe MeTo.i(a ·rapMoHwiecKoro c;vnepnpocTpaHcrna. 

Ha~HaR_HOBH3Ha. B .llHCCepTaUHH peruaeTCR rrpoClJieMa OilHCaHHR pacmu­
peHHOJ! cyneprpaBHTauiu Hee oClmHx B3aUMo,nel!cTBHJ! c MaTepHel1 Ha a,neKBaT­
HOM cynepnoJieBoM R3HK~ rapMOHH4eCKOro cynepnpocTpaHCTBa. B OCHOBe pe­
meHHR JieXHT BBe,neHHaR B .n:aHHOJ! ,l(lfCCepTaUUH H,nen O 4JYH.n:aMeHTaJibH_ol1 po­
JIH rapMOHH48CKoro cynepnpocTpaHc TBa c cyneprpynnol! npeoClpaaoaaHHJ! Ko­
op.nHHaT, COXpaHRDIJIHX aHam!TH48CKOe no,nnpoctpaHCTBO. BnepBNe Hal!,neHa 
IlOJIHaR HeJIHHel!HaR rpynrra H reoMeTpHqecKue npenoTeHUHaJIH KOH4JOPMHOJ! 
N = 2 cyneprpaB11TaUHH. YCTaHOBJieHo, 4To reoMeTp11n KOH4JOPMHol! N = 2 

cyneprpaBHTaI.11111 ecn, reoM.eTpHR penepoB rapMOHH4eCKol! npoHaao.n:Hol! ~•~ 
naHO HC4epnuaaomee OilHCaHHe KOH~OpMHO-HHBapHaHTHHX ,nel1CTBHJ! OCHOBHHX 
MaTepHaJibHHX N= 2 MYJibTHnJieTOB, noKa3aHa KOH~OpMHaR HHBapHaHTHOCTb 
CBOClO.nHOro ,nel!CTBHR ,nJIR rHnepMyJibTHITJieTa 'Pal!e-CoH11yca C CleCKOH84HHM 
4HCJIOM BCnOMorateJibHHX none!!. 

· BnepBile · Hl'tff,neim ~YH.naMeiitaJibHaR N= 2 cyneprpynna an~mTel1HoBcKol! 
cyneprpaa11Tau1111. nnR Tpex paHee H3BecTHHX B KOMnoHeHTax BepcHl! no­
CTpoeHu cynepnoJieBHe ,nel!CTBHR. Hal!,neaa cymeCTB8HHO HOBaR BepcHR 
N = 2 cyneprpaBHTaUHH c ClecKoHe4HHM 4HCJIOM BcnoMoraT eJibHHX nonel!, 

B Tpex paHee H3BeCTHHX BepCHRX H = 2 cyneprpaBHTaUHH HMeDTCR 
cymecTBeHHNe TJlY.l(HOCTH npH BKJIDqeHHH 0Clm11x B3aHMo,nel!cTBHJ! C MaTepHel!. 
Pa3BHTHJ! B ,J.UfCceptanHH 4JOpMaJIH3M M~epeHUHaJibHOil reoMeTpHH B rapMo­
HH4eCKOM cynepnpocTpaHCTBe BHRBJIReT npH4HHY 3Toro RBJieHHR, COCTORIIIYD 
B OTCYTCTBHH aaaJIHTH4eCKOJ! IlJIOTHOCTH .l(JIR aHaJIHTH4eCKoro no.n:npocTpaHCT­
Ba. no:itaaaao, qTo TaKaR IlJIOTHOCTb HMeeTCR TOJlbKO B HOBOJ! BepCHH 
,I = 2 cyneprpaBHTaUHH, 
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BnepBHe HailHCaHO .n:el!CTBHe ,l(JIR ,J = 2 CHrMa-Mo,neJieR B HCKPHBJieH­
HOM cynepnpoctpaHCTBe_. YcTaHOBJieHo, 4TO ,l(JIR paHee H3BeCTHliX BepcHlt 
cyneprpaBHTaUHH c11n1a-Mo,neJIH OClR3aTeJibHO HMellT H30MeTpHH, B TO BpeM.11 
Kalt B HOBOH Bepc:a:a .n:onyCTHMH CHrMa-Mo,neJIH Clea H30MeTpHJ!. Iloxaaaao, 
4TO .narpaHXHaH tJ = 2 CHrMa-Mo,neJIH B HCKpHBJieHHOM cynepnpoctpaHCTBe 
onpe,neJieH C TOqHQCTbD ,D:O "KBaTepHHOH}!Oro" npeo<lpa30BaHH.fl, KOTOpoe 
oCloClmaeT K3JiepoB O npeoClpa30BaHHe B N = I CHrMa-MO,D:eJIRX. 

Bnepaue noctpoeHH LUIHHMaJibHHe aaaHMo,n:eltctBHR ,J = 2 nonel! .ffHra­
- MHJIJica C cynepcmiMeTpH4HOR MarepHelt B lIJIOCKOM H HCKpHBJieHHOM cynep­
npocrpaHCTBax. BHRCHeHo, 4TO B lIJIOCKOM .cnyqae ae ace H30MeTpHH 
cHrMa-Mo,ne11elt no,n,n:aDTCR JIOKaJIH3aUHH. Bae,n:eao noHRTHe N = 2 noteHnHa­
Jia KHJIJIHHra. 

YcTaHOBJieHo, qro rapMOHH4eCKHe Mero.nu, pa3BHTHe B cynepcmwetpHH, 
B paBHOJ! Mepe npHMeHHMH ,ni.11 HHTepnpetaUHH H pemeHHR ,l(H~epeHUHaJibHHX 
CBR3el! rHnepK3Jiepoaol! H KBaTepHHOHHOR reoMeTpHlt. Ha 3TOlt OCHOBe HaR­
.n:eHH npenoreHUHaJIH yKa.3aHHHX reoMeTpHR H COOTBeTCTBYDIJIH8 HM KaJIH<lpo­
B04HHe rpynnu. 

BnepaHe ycraHOBJieao ·aa_am'4HO-O.l(H03Haqaoe COOTBeTCTBHe Me:m:,n:y Jiar­
paHxHaHaMH N = 2 CHrMa-Mo,n:eneR B lIJIOCKOM H HCKpHBJIBHHOM rapMOBH4e­
CKOM cynepnpocrpaHCTBe C O.l(HOR CTOpOHJ,I H nponoTBHUHaJiaMH nnepK3Jl8-
poBol! H KBarepHHOHHOJ! reoMBTPHH C .n:pyrol!. 

HoBHM BKJ!a.l(OM .IIBJIReTC.11 peaJIH3a!.1HH "'= 3 cynepKOH4JOPMHOR rpynnH 
B rapMOHmeCKOM cynepnpocrpaBCTBe H .l(OKa3aTeJILCTBO KOH~OPMHOJ! HH­
BapHaHTHOCTH t./ = 3 reopl!H HBra-MHJIJICa BHe MaCCOBOR o<lOJI04KH. 

IillfilITH~H!QKaR.llfill.!!fill.ll• Pa3BHTHlt B .n:11ccepranHH no.n:xo.n: K pacm11peH­
HoR cyneprpaBHTaUHH HMeet .n:11.11 nocJie~Hel! TaKoe xe 3Ha48HHe, Ka.K o<l~e­
KOBapHaHTHHJ! no,nxo.n: B teopHH rpaaHranHH 31tHmrel!Ha HJIH N = I cynep­
noJieaoa no.n:xo~ B npocrol! cyneprpaBHTaUHH. Ilpex.n:e acero, OH oTKPHBaer 
,nopory MR .IIBHO cynepcmwetpwrnoro KBaHToaaHHR II= 2 cyneprpaBHran1111. 
3TOT no.n:xo.n: yxe HameJI npHMeH9HHe B HCcne,noBaHHRX no Il.llTH- H meCTHMepHW 
cyneprpaBHTal.1HlW H HX B3al!Mo,nelCTBHIW C uarep:ael!. DOJibmHe Ha,nex.n:w 
B03JiaraDTCff Ha Hero B aa,na.qe O<l 3~8KTHBHHX JiarpaHJ:HaHax, B03HHKaD-
llll!X npH KOMDaKTff4ll!KanHH cynepCTPYH THna IT K qetwpeXMepHOMY npocrpaHcr­
By. HaH<lOJl.88 BaXHHX npHMeHeHHR CJIB.Dyer O!:H,D:aTb B pacmHpBHHWX cynep­
rpaBHTaUHffX C tJ> 2, a raKxe B cynepcrpyaHHX Teop11.11x. CoOTBeTCTBYD~aff. 
HM 4JYH.n:aMBHTaJibHaR reouerpH.11 (noKa H8H3B9CTHaR) ~OJIZHa co~epxaTL oel­
pa3H H noBRTHR rJ = 2 cyneprpaaHrauH11 B Kaqecrae qactHoro HJIH npe~e11b­
noro cnyqa.11. 

Paapa<lotaHaaR B .n:11cceptaUHH npone,n:ypa pemeHHR ~~epeBnHaJILHHX 
ca.11aea rHnep1t311epoBol! H KBarepHHOHHoa reouetp:al! HamJia np11noxeH:ae B 
OOCTpoeHHH 11 HCCJie~OBaHHH ,l(BJMBPHHX rerepot:aqecKHX (4,o) CHrMa-uo­
.n:exeR, COOTBBTCTBY~llll!X reouerpHH C KpyqeaHeM. IlpenoteHnHaJILBHR no~xo~ 
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OKa3HBaeTCH 3A8vb H83aMeHKMID.l npH AOKa3aT8JlbCTBe CBOltCTB ynbTpa­
~HoneTOBOlt KOHeqaoCTH H ycTaHoBn8HHH CTPYKTYPW aHOMaJIHR •. 

,llnH santHTW BHABHraDTCH CJl8~UIH8 pesynhTaTH, nonyqeHHHe B AHCCep~ 
TaUHH: 

I. HaiA8Ha peanH3aUHH cynepKOH~OPMHOi rpynnH C KOHCTaHTHHMH na­
pru.ie:rpaMH B rapMOHffq8CKOM ti= 2 cynepnpocTpaac:rBe, coxpaaanmaa noaa­
THe aHanH:rHqHOCTH. IloKasaao, qTo saKOH npeoC!pasoBaHHH KOOPAHHaT COB­
Mec:reH nHmb C KOMC!HHHPOBaHHHM conpHl!C8HH8M. HallAeHH KOH~OPMHO-HHBa­
pHaHTHH8,Aeic:rBHH OCHOBHHX N = 2 cynepMynbTHnne:roB. 

2. BHHCH8HO, qTo rapMOHHqecKoe cynepnpoc:rpaHCTBO no SB onHeT AaTb 
HOBYD :rpaKTOBKY saKoaa:u coxpaaeHHH ynyqmeaaoro Al = 2 cynep:roKa. Ha 
s:roa OCHOB8 HaiA8HH nHHeapH30BaHHH8 npeno:reHUHaJIH KOH$OpMHOi N = 2 
cfneprpaBHTatlHH reOMeTpffq8CKOi pasMepHOCTH. 

3. IlOJIHaH H8JIHHe8HaH rpynna KOH$OpMHoa ti= 2 cyneprpaBHTallHH 
OTOJ!CA8CTBJleHa C cyneprpynnoa oOnteKOOPAHHaTHHX npeoOpasoBaHHi B rap­
MOHmeCKOM cynepnpOCTpaHCTBe, oc:raBJIHDmHx HHBapHaHTHHM aaanH:rHqecKoe 
cynepnpocTpaHCTBO, a npeno:reauHaJIW KOHq>OpMHOi cyneprpaBHTallHH - C 
aaaJIHTHqecKHMH penepaMH rapMOHHqecKoa npOH3BO,JUI08 ~++ • 

4. PasBHT qiopwmi:sM AH<pqJepeHUHMhHoa reoMeTpHH IH 4+'2.IS B Tep:u.H­
aax npenoTeHUHanoB. IloAqepKHyTa H KOHCTPYKTHBHO'HCnOJlbSOBaHa HA8H 0 
11 CTpOHTenbHWX KyC!HKax" - oC!MKTax C npocTWMH TpaHC$OpMallHOHHHMH 
CB off cTBaMH. 

5. IlocTpoeaw cynepnOJl8BH8 A8ffCTBHH OCHOBHWX MaTepHanbHHX H MaKC­
BeJlnOBCKoro MYJlbTHnneTOB Ha $OH8 KOH~OpMHOff tJ = 2 cyneprpaBHTanHH. 
BocnpoHSBeAeHW B cynepnpoc:rpaHCTBe TpH paHee HSB8CTHWe B KOMnOH8HTax 
BepCHH SffHmTeffHOBCKOI fl/ = 2 rpaBHTanHH. 

6. O:rKpw:ra HoBaH B epcHH sltHmTeltaoBcKoff IV = 2 cyneprpaBHTaum1 
C q; -rHnepMyJlbTHnJleTOM B KaqeCTBe KOMneacaTopa. ,lloKaSaHo, qTO 
TOnbKO B HOBOI BepCHH cymeCTByeT aaanHTHqecKaH nnoTHOCTb AJIH aaaJIHTH­
qecKoro cynepnpocTp=iHCTBa. 

7. BnepBwe HanHCaHO A8ICTBH8 MH ,J = 2 CHrMa-MOA8J18ll B HCKpHBneH­
HOM 'cynepnpoc:rpaHCTBe. IlOKaSaHo, qTO.AnH Tpex paaee HSB8CTHWX BepcHff 

N= 2 cyneprp=iBHTallHH CHrMa-M0~8JIH oC!asa:reJlbHO ID48DT HSOM8TPHH, B TO 
BpeMH Kalt AJIH q,+ -BepCHH ~onyCTID4W CHrMa-MOA8nl'I des HSOM8TpHlt. 

8. IloKaSaHo, q!O narpaHl!CHaH "= 2 CHrMa-Mo~eJIH B HCKpHBJl8HHOM 
cynepnpocTpaHCTBe onpeienea c ToqaocTbD AO "KBa:repHHOHHoro" npeoC!paso­
BaHirn, o6oC!maDntero · KsnepoBo npeo6pasoBaHHe B N = I cHrMa-MoAenax. 

9. IlocTpoeHW MHHHl4aJlhHWe BSaHMOA8ltCTBHH ti= 2 nonea HHra-MHJIJICa 
c f/ = 2 MaTepHeff B IlJIOCKOM H HCKpHBJl8HHOM cynepnpocTpaHCTBaX. BWHCHe­
Hi:i', noqeMy B IlJIOCKOM cnyqae no~~aDTCH JIOK8JIHSanHH He BC8 H30M8TPHH. 
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IO. C nouontbD rapMOHHK$V(2)/U(~) AaHa HHTepnpeTaUHH ~H<pq1epea­
UHaJ1bHWX CBHSelt rHnepK3118pOBOll li RBaT8pHHOHHOtt reOMeTplili laUC yCJiomnt 
HHTerpHpyeMOCTH ~JIH CJUl8CTBOBaHHH COOTB8TCTBYDmHx aHanH:rHqecKHX npo­
CTp8HCTB. 

II. Ha STOit OCHOB8 Halt~eHw npeno:reauHaJIW YKaS8HHWX reoue:rpHlt H HX 
KanHC!poBoqawe rpynnw. 

12. YCTaHOBJl8HO BSaHMHO-OAHOSHaqHoe COOTB8TCTBH8 M8J!C)zy' narpaH~Ha­
H8MH ii= 2 CHrMa-MOAeJlelt B n11ocKOM H HCKpHBJl8HHOM cynepnpocTpaHCTBe, 
C OAHO!t CTOpOHH, H npenoTeHUH8Jl8MH rHnepKSJlepoBolt H KBa:repHHOHHOI 
reoMeTpHlt - c Apyrolt. 

I3. IloKasaao, qro noAXOA rapuoaHqecKOro cynepnpocrpaHCTBa nosBo­
naeT c:rpoHTb HaHC!o11ee oC!mHe BS8HMO~eacrBHH N = 2 MaTepHaJlbHHX 
MynbTHnJleTOB. 

I4. Haff~eaa pea,'!HS8llHH tJ = 3 cynepKoH4JopMHolt rpynnw B rapMOHH­
qecKoM cynepnpocTpaHCTBe H AOKasaHa KOHqJOpMHaH ~BapHaHTHOCTb tJ = 3 
T80PHH Hara- MHnJlca BHe MaCCOBOlt 06011oqKH. C$OpMJ11HpOBaHW SaKOHH coxpa­
H8HHH y11yqmeHHOfO /v = 3 cynepTOKa B aH8JIHTffq8CKOM Cynepnpoc:rpaHCTBe. 

A!!I!o6@~HCCfill.Ifill!!!L 

0CHOBHWe :u.a:repH8JIW ~ccepT8llHH ~OKJlaASBaJIHCb Ha CeMHHapax JITp 
OHHH, HHP AH YsCCP, PHAH, MHAH, H'r3<I>, HPTI, XMR; HTTP TamrY, Ha ceccH­
HX O.H<P AH CCCP, BcecoDSHOlt KoJJPepeHUHH "CynepcHMMeTpHH-85" (XapbKOB), 
a TaKJ!Ce Ha MHOrHX MeJ!C.eyHapoAHHX KOHqiepeHUHHX H CHMnOSHyMax, B TOM 
qHcne KOH$epeHUHHX no T80pHH nOJIH B AnymTe B 1984 r. H 1987 r., C8MH­
Hapax no TeopeTHKO-rpynnoBWM M8TO~aM B qJHSHKe B 3B8HHropoAe B 1982 r. 
H B DpMane B 1985 r., C8MHHapax no KBaHTOBOlt rpaBHTaUHH B MOCKBe B 
1984 r. H B 1987 r., KOH$epeHUHH no qJH3HKe BWCOKHX 3HeprHlt B EepKJIH 
B I986 r., mKonax no TeopeTHqecKol q>HSHKe B TpHecTe (H:ranHH) B I984 r. 
H B 1986 r. 

~JIHKar(H!! 
no ·MarepHaJlaM AHCCep:raUHH ony6JIHKOBaHO 20 paC!oT. 

OC!MM paOOTJ! 

,llHccepTaUHH COCTOHT HS ceMH rnaB OCHOBHoro T8KCTa C nHTbD npHJIO­
J!C8HHHMH H 3aKJIDQ8HHH. 0Ha co~ep~HT 2IO CTpaHHU MamHHOnHCHoro T8KCta, 
O~HY Ta0JIHuY H 0H0JIHOrpa$HqecKHR CnHCOK JIHTepaTypw HS I27 HaSBaHHR. 

C O.!l~l!@W1.Ll!M.QI!L 

.JL!:Ha~L (BBeieHHe) ~aHa CJ!Ca:raH xapaK:repHCTHKa COBpeMeHHoro 
COCTOHHHH cynepcnMMeTpHH H cyijeprpaBHTaUHH, ~OCTHrHy:rwx B 3TOI 
oOnacTH pesyJlbTaTOB H X)zy'DIHX pemeHHH npoOneM, C noAqepKHBaHHeM T8X 
BOnpocoB; KOTopwe oOycnaBJIHBaDT aKTJaJlbHOCTb AHCcepTaUHH. Kpoue Toro, 
BBeAeHHe CJIY~HT nyTeBO~HT8Jl8M no AHCC8pTaUHH. Ilocne aHaJIHSa npe~-
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meCTBYDI!1HX no,ll;XO,ll;OB K noCTpOeHHD u·uccne,ll;OBaHHD pacwupeHHOll ,J = 2 

Cj'lleprpaBHTaUHH Hee B3aHMO,ll;encTBHll C MaTepuell ¢opMyJ1upyeTCff nporpaMMa 
H3 meCTH nyHKTOB ,ll;Jlff pemeHHff 3TOll 38..llat.lH: 

I) BHOop npocTpaHCTBa; 
2) peMH3ailHff KOlijlOpMHOll rpynnH C KOHCTaHTHHMH napaMeTpal.UI; 
3) BHOop MaTepHaJlhHOro MYJlhTHnJleTa (KouneHCaTopj) C KOH¢opMHO-HH-

BapuaHTHID.I. ,ll;ellCTBHeM; , 
4) nepexo,ll; K JIOKaJlhHon Ko~opuHon rpynne H ycTaHOBJleHHe cooT­

BeTCTBYDI11ero en reoMeTpHt.1ecKoro npenoTeHUHana; 
5) nocTpoeHHe KO~OpMHO-HHBapHaHTHOro ,ll;ellCTBHff KOMneHCaTopa Ha 

HCKpHBJl8HHOM ¢oHe; 
6) nocTpOeHHe oOmHX B3aHMO,ll;ellCTBHn MaTepHH. 

IlporpaMMa npoHJIJIDCTpHpoBaHa Ha npHMepax TeopHH 3llHruTenHa H N = I 
cyneprpaBHTaui-n'l. IlucJ1e TaKoro BCTynneHHH c;tenaH oOaop co;tepir.aHHH 
~ccepTauuu - noJIHOll peaJIH3aUHH HaMet.1eHHon nporpaMMH ;tJIH N = 2 
cyneprpaBHTaUHH H HeK0Top1,1x peaynhTaTOB no N = J. 

Bo BT opon rn~,!! ;tenaDTCH nepBHe maru no HaMet.1eHHon BO BBe,ll;emm 
• nporpau1.1e nocrpoeHHH tJ = 2 cyneprpaBHTailHH. Ilocne KpaTKoro 3HaKoMcT­

Ba C 3JleMeHTaMH rapMOHHt.leCKoro cynepnpocTpaHCTBa BBO~TCff OCHOBHHe 
MaTepHaJlhHHe H KanHOpoBot.1HHe _N = 2 1.1ynhTHnner1,1: rHnepMyJlhTHnner 
~anc-CoHHyca' JIHHellHHn H "Hemm ellHHll" MY JlhTHnneTH I rHnepMy JlhTHnneT 
C ueHTPaJihHHM sapa;tOM H HHr-MHJIJICOBCKHll MYJlhTHilJleT, BCe OilHCHBaeMH8. 
aHaJ1HTH11eCKHMH cynepnonaMH. IloKasaHo, t.1To N = 2 cynepKoH¢opMHYD rpynny 
~V(2,2 l2) Moir.Ho peanHsoBaTh· B rapMoHHt.1ecKOM cynepnpocTpaHcTBe 
G,\4+2.li = 1 x: 

1 
(lei.+,~~+ J LI\ , 9al-

1 
9<{- J TaKHM oOpasoM, .t.lT00H 

OHa OCTdBJIHJla HHBapHaHTHblM aHaJIHTH4eCKoe cynepnpOCTpaHCTBO 
fA'1t?.J4 = f x: 

1 
e~+ 

1 
e~+ 1 U \ \ , ffBJIHXll!1ee CH a,ll;eKBaTHblM ,D;Jlff 

IJ = 2 cynepcHMMeTpHH. YcraHoBneHo, t.1To cooTBeTCTBYD!llHe npeoOpaso­
BaHHH COBM8CTH!,i TOJlhKO C onepauHen KOM0Hmfp0BaHHoro conpaJKeHHff 
(u1)-= uti ) (u±t) = - ti~- • Hall;teHH KOH¢op1,rno-HHBapHaHTHHe 
cynepnoneBHe ,ll;ellCTBHff OCHOBHl,IX A/ = 2 MYJlhTHnJleTOB. 

fl...1perhen rnaBe BBO;taTca npenoTeHUHan1,1 H KaJ1HOpoBot.1Haa rpynna 
KOH¢op1,rnoll ti= 2 cyneprpaBHTaUHH. BHat.1ane npHBO,D;ffTCff npocrne 3BpHCTH­
t.1eCKH8 cooOpaJKeHHH oO ynyt.1weHHOM II =2 cynepToKe KaK HCTOt.lHHKe 
MYJlbTHnJleTa KOH¢0pMHOll N = 2 cyneprpaBHTaUl,rn. OO'be,D;HHeHHe 3THX 
cooOpair.eHHR H 3HaHHR o cyI11ecTB0BaHHH aHaJ1HTHt.1ecKoro II = 2 cynep­
npocTpaHcTBa nosBonaeT HallTH JIHHeapH30BaHHHe npenoTeHUHan1,1 N = 2 
KOH¢OpMHOll cyneprpaBHTaUHH, HMeDmHe reoMeTpHt.leCKHe pas1.1epHOCTH, a 
TaKJKe JIHHeapH30BdHHYD KaJIHOpOBOt.lHYD rpynny. 

IlOJ!Haa H8JIHHellHaff rpynna KOH¢op1rnoll // = 2 cyneprpaBHTailHH OTO!t­
;teCTBJlffeTCff co cne;tyDI11ell oOmeKoOp,D;HHaTHOll rpynnoll 
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fJM = ~M(~,IA) 

ru; = :>,+r(~,u)-t( 

be;-= ~ fi- { J, ", B ") 

) 

(JM" (~~()/'-\°Qf-+)) 

~ u7 == o 

(f =f)f) 
) 

(I) 

coxpaHHDI11ell IlOHffTHe aHaJIHTHt.lHOCTH (t.e. He3aBHCHMOCTH OT 0~ o- ). 
IlpenOT8HUHan1,1 3TOR TeopHH OTOlK,D;eCTBJIRDTCR C penepaMH rapMOHHt.18CKOll 
npOH3BO,D;HOll ~++: 

a++ +t'd , ,~tii -i tJ H++~ ~ + 
70 : f,l iorrt + M (d,u)-U rau+i + c1,u)'ilX,:1 

~ A 

H++f+ ? HHf',- -\ 9 
+ (j,u)raof+ + (j,u, 01ra0~- ' 

(2) 

npeoOpaayDmellca cornacHo 3aKoHy 

a q)++-= - ;t .... 'D 0 

.])

0

: u+1 -u-'l_ + tl - e<I 
l)u+ oo rae+ ~-

~D
0 

= 0 
(J) 

ITepexo;t B KanHOpOBKY TH!la Becca-3yMHHO no3BOJlffeT H,D;8H?H~HUHPOBaTb 
KOMnOH8HTH!,i8 nona BH8KaCCOBOlt KOH~opKHoll ,/: 2. cyneprpaBHrdUHH H 
noHHTh, t.lTO ,D;JIR nocTp08HHR 31tHmTellHOBCKolt cyneprpaBHta~HH HeoOXO,D;HM!l 
ABa KOMneHCHPYDI!1HX MYJlbTHnJleTa, O,D;HH MaTepHaJlbHHll H O,D;HH KaKCB8JlnOB­
CKHll. rnaBa 3aBepruaeTCR noctpoeHH8M cynepnoneBHX ,ll;81lCTBHll OCHOBHHX 
MaTepHanLHHx uym,TunneToB Ha ¢QHe KOH~opMsoll N= 2 cyneprpaBHtaUHH. 

B t.18TB8pToll rnaBe ¢OPMYJllfPOBKa 3llHmTellHOBCKOll N = 2 cynep­
rpaBHTaUHH 38.BepmaeTCR llOCTp08HH8M HHBapHaHTHoro O?HOCHT8JlbHO (I)­
(3) A81tCTBHR ,MaKCB8JIJIOBCKOrO Mynuunnera w+p" • C 3TOlt ~eJlbD 3,ll;8Cl> 
pa3BHT!,i 3JleMeHT!,i )U{4x:)epeH~HaJ11>Hon reoMeTpHH B rapMOHHt.18CKOM cynep­
npOCTpaHCTBe. Heo0XO,ll;HWil8 B8J!Ht.lHHH (penepu, .CBR3HOCTH, nnoTHOCTH) 
KOHCTPYHPYDTCff H3 "KyOHKOB" - oO~eKTOB, nocTpOeHHHX H3 npenoT8HIUfa­
noB H HMeD~HX npoCTHe TpaHc¢opua~HOHHH8 3aKoHH. KaJIHOpoBOt.lHaff HHBa­
pHaHTHOCTb ,ll;ellCTBHR MaKCBenna AOKa3UBaeTCR nyxeu nepexo;ta B cne~HaJ11>­
H1,ilt "rHOpH,ll;HHll" OasHc, B KOTOPOM coqeTaDTCR CBOltCTBa aHaJIHTHqHOCTH H 
KHpMbHOCTH. 7 



OO~e,lUfHeH111e AeffCTBl/10 Matep111aJibHHX Ill MaKCBennoBCKoro KOMneHca­
TOpOB Ha cynepKoHif>OpMROM if>oHe nplllBO,lUfT K cynepnoneBHM AeRCTBHaM 
lleTHpex Bepc111a 31\HmTeffHOBCKIIIX cyrieprpaB111Tan111a. O~a lll3 HHX, OTBellall- · 
maa ~t -rHnepMynbTHnneTy, aBnaeTca cymeCTBeHHO HOBOR, OHa COAepXlllT 
OecKoae11uoe 11111cno BcnouoraTen&HHX nonea. 

rxaBa 3aBepmaetca A0Ka3aTenhCTBOM YTBepxAeHllla O TOM, 4TO TOXbKO B 
HOB00 BepCllllll cymecTByeT aaanHTHlleCKaa nnoTHOCTh Ana aHanlllTl/llleCKOro 
llOAllPOCTpaHCIBa Ill TOnhKO B aeJ;J AOllYCTlllMH 00m111e CaMOAellcTBl/la f./ = 2 
Matep111111, ~a KOTOpHX aBHO BHTTI/ICHBaeTca narpaHl!:HaH. 

B Ilp111noxeHHIII npHBeAeHH AOKa3atenhCTBa pa;ra BaXHHX TOXA8CTB, 
ycTaHOBneHHHX B OCHOBHOM TeXcTe C TTOMOmhll T8H30PHHX apryMeHTOB. 

lli!!M..rfil!l!~llOCBameHa 1/130MeTplllaM "= 2 ClllrMB.-MOAenea Ill I/IX noKa­
nHsan111111. CHa11ana HccneAYIJTCa c111weTpHH oOmero narpaHxHaHa ti= 2 
ClllI'Ma-MOAenea B nnocKOM cynepnpOCTpaHCTBe 

~ = ½ ~ it'Ju • [ ~~ (Q,u),l)+tQ+Q + t_c+4>(0,u)l (4) 

Ycta.HaBnHBaetca, IITO noMHMo cynepc111MMetpllllll III penapaMetp111san111a, (4) · 
IIIHBaplllaHTHO OTHOCHten&ao cAB111ra narpaHDaHa Ha J>++A++(Q,Ll) , 
KOTopun l!Bnaetca r111nepK3nepoBHM auanoroM xopomo · 111sBeCTHoro xanepoBa 
npeoOpa30BaHllla. BHnlllCHBalltCa ypaBHeHHa K111nnlllHra Ill A0Ka3HBaeTca, IITO 
BeKTOp K111nnlllHra BHpa~aeTca 11epes Oonee if>YHAaM8HTanhHHR oO~eKT - no­
TeHn111an KHnnlllHra ::r++ • IlocneAHlllR 111Meet CMHCn HeTepOBCKoro TOKa 11130-
MeTpllllll. IloKanlll3B.Ullla 11130Metp111a ocymeCTBnaeTC/1 A00aBneHlll8M K (I) cnarae­
Moro, n111HeRHoro no tJ = 2 nonIJ .HHra-MHnnca 

!JS= j dt)'°1 tr ( v++J++) (5) 

3aTeM lll3YllaeTca oOoOmeHHe 3TOR KapTIIIHH Ha 1/lCKplllBneHHHR cny11aa. 
CymecTB8HHOe OTnlllllllle OT nnocKOro cny11aa COCTOIIIT B. TOM, IITO narpaH­
lltlllaH MaTepllllll Ill KoMneHCaTopa IIIHBapHaHTeH OTHOCI/ITenhHO "KBaTepHIIIOHHoro" 
'npeoOpa30BaH111a. PacCMOTpeHH np.i11,!epH CI/IMMeTp11111eCKHX KBaTepHIIIOHHHX 
c111rMa-MOAenea: ~r(n,1) /~r(n)>'Sp(i) , SV(h,2) / V{n)~ Sp(i) , 
S0lnM/SO(h)ll0{4), G2 (t2) /SV(2J><S,(~) H_Apyr111e np111Mepu. B 3aKnD-
11eHH111 oOcyxAaetca YAIIIBIIITenhHOe aBneH111e, IITO He BCe 1/130M8Tpllllll ClllrMa­
MOAenea MoryT OHTh nOKMlll30BB.HH B nnoCKOM cynepnpocTpaHCTBe. 

B...~I.Q!t@B~ oOcyxAaeTca pemeH111e M~epeHn111an&HHX cBasea 
r111nepK3nepoBo'1 Ill KBaTepHIIIOHHOll reoMeTpllllll. 3AeCb OKa3HBaIJTCa nplllMeHIII­
MlilWI MeIOAH, pal3BIIITHe B KOHTeKcTe N = 2 cynepc111MMetp111111. Il0Hat111e 
rapMOHllllleCKOR aHMIIITIIIIIHOCTIII TT03BOXR8T IIIHTepnpeTlllpOBaTh 3TH CBa3111 KaK 
ycnOBl/la IIIHTerp111pyeMOCTH Ana c·oxpaHeHHa aHanlllTHlleCKHX npeACTaBneH111R. 
PemeHd CBasea nplllBOAHT K ABYM aHanHTHlleCKI/IM npenoteHnHanaM,_ CBOOO~HM 
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OT CTOpOHHIIIX CBasea. nna np111AaH111a npenoTeHn111anau reoueTplll48CKOro CMHCna 
paCCMaTp111Baetca pacm111peHHaa cxeMa, BKnDllaIJmaa KOOPAlllHaTH neHipanhHHX 
sap~OB. YcTaHaBnHBaeTCa B3al/lMH0-0AH03HallHOe COOTB8TCTBHe Me~ npe­
noTeHnlllanaMIII r111nepK3nepoBoR re0Metp111111 111 ~ar_pamuumow N = 2 C.lll'MB-KO­

Aen111 B nnocKOM cynepnpoctpaHCTBe, a taKxe M8XAY npenoteHUlllanaM111 KBa­
IepMHOHHoR re0Metp111111 111 narpaHm1aHOM N= 2 c111rMa-MoAen111 Ha if>oHe HOBoll 
BepCllllll N = 2 cyneprpaBHT8Ullllll. PaccMaTplllBaIJTCa np111.1,epH HaxoxAeHllla 
r111nepKsnepoBHX Metp111K·no 111x npenoteHUHanau. 

B ce,n&MoJ;l rm.Be MeTOAH, paspaeloTaHHHe ~a /J= 2 cyneprpaB111Ta-
UHH, nepeHocatca Ha N= J cnyqaJ;J. HaJ;JAeHa pean1113au111a cynepKoHif>opMHoa 

rpynnH 5U(2,2I~) B BemecTBe»HoM aHan111t111qecKOM tJ = J cynepnpoctpaHCTBe; 
ycTaHOB118HO,~To 6epesmmaHee npeoelpasoBaH111R paBeH eAlllHHUe. noKasaHa 
KOHif>OpMHaa IIIHBapHaHTHOCT h cynepnoneBoro AeJ;lCTBl/la ti = J non ea HHra -
M111nnca, coAepimmero ClecKOHe4Hoe q111cno BcnoMoraten&HHX nonea. PaccMoT­
peHH KO~OpMHHe CBORCTBa KOMnneKCHoro aHanlllTlllll8CKOro cynepnpocTpaHCT­
Ba M8Hhmea rpaccMaHOBOJ;l pa3MepHOCTIII. Cif>opMyJrnpoBaHH 3aKOHH coxpaHeHl/la 
KOHtl>opMHOro JJ = J cynepTOKa B rapMOHlll4eCKOM cynepnpoctpaHCTBe-

B np111noxeH11la!_ nplllBOAaTca aBHHR BlllA Ill anreelpa N = J rapMOHlll­
lleCKIIIX npOlll3BOAHHX Ill H8KOTOpHe AeTan111 cynepKOHif>opMHHX npeoOpasoBaHHll 
B KOMnneKCHOM aHanHTl/lll8CKOM cynepnpoctpaHCTBe. 

B 3aKnll48Hllllll TTOABDAaTca IIITOrlll Ill if>opMynlllpyDTCa OCHOBHHe pe3ynh­
TaTH, TTOJW48HHHe B ,lUfCCepiaUllllll. 
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