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AJIre6pbI .HHra-BaKCTepa, anrefipa KOHBOJIIOIJ;HH
 

H MHOroo6pa3HH I'paccsraaa
 

B. r. rOp6yHOB, K. Kopdxp K. Orponnens 

CTaTI,H nocsameaa HOBOMy, aKTHBHO p83BHBaIOm;eMYcSl HarrpaBJIeHHIO co­

BpeMeHHoH MaTeMaTHKH - H3yqeHHIO CBH3H KBaHTOBI,IX arrrerpapyesasrx Mo,n;e­

JIeH H HCqHCJIeHHSl Hlyfiepra ,n;JISl KOJIqaHHbIX MHoroo6p83HH. B CTaTI,e npen­

JIaraeTCH reoxre'rpa-recxaa KOHcTpyKrr;HSl pemeaaa ypasneaaa 5IHra-BaKcTe­

pa H anreop, CBH3aHHI,IX C HHMH, xoropsre H83I,IBaIOTCH anreopasra 5IHra­

Baxcrepa. 8TH anretipsr HrpaIOT rr;eHTpaJII,HYIO POJII, B KBaHTOBI,IX HHTerpH­

pyesrsrx cncreraax H TOqHO pemaevsrx (aarerpapyesrsrx) pemeTOqHI,IX MO,n;e­

JIHX cTaTHCTHqeCKOH <pH3HKH. MI,I rroxaxcexr na npaxrepe KJIaCCH'IeCKOH reo­

MeTpHH MHoroo6p83HH T'paccssaaa, KaK rrOSlBJISleTCSl YK83aHHaH BI,Ime CB5I3I,. 

KOHKpeTHO, MbI oTO)K,ll;eCTBJI5IeM aJIre6py KOHBOJIIOrr;HH, B03HHKaIOIII;YIO B 3KBH­

BapHaHTHoM HCqHCJIeHHH Hlyfiepra, C aJIre6pOH 5IHra-BaKCTepa BbIp0)K,ll;eHH5I 

aCHMMeTpHqHOH meCTHBep=HHOH Mo,n;eJIH, TaK H83I,IBaeMoH rr5lTHBepmHHHOH 

Mo,n;eJIH. MI,I rrOK8.)KeM TaJOKe, KaK, HCrrOJII,3yH nanra MeTo,n;I,I, MO:lKHO nocrpo­

HTI, ,n;eHcTBHe <paKTOpOB yHHBepCaJII,HOH 06epTI,IBaIOm;eH aJIre6pI,I ,n;JI5I anreo­

pI,I TOKOB sb[t] (TaK H83bIBaeMbIe aJIre6pI,I THrra lIIypa) na TeH30pHI,IX rrpo­

H3Be,n;eHH5IX ee rrpe,n;CTaBJIeHHH BI,IqHCJIeHH5I «:::2 [t]. Haxoneu, MbI CB5I3bIBaeM 

nanry KOHCTPYKII;HIO C KOrOMOJIOrHqeCKOH aJIre6pOH XOJIJIa ,n;JISl KOJIqaHa A l . 
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DOl: https://doLorg/1O.4213/rm9959 

CO,ll;EP>KAHI1E 

1. Bnenenae. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
 
2. .H3hIK ,n;HarpaMM B TeopHH HHTerpHpyeMhIx CHCTeM . . . • • . • . . . . . . . • . . . . • • . . 8
 

2.1. MaTpHIIhI Jlaxca H MaTpHIIhI MOHO,n;pOMHH. . . • • . . . • • . . . • • . . . • • . . . . . 8 
2.2. BhI'IHCJIeHHe MaTpH'IHhIX K03<P<PHIIHeHToB. . • . . . • . . . . . • • . . . • . . . • . . . 12 
2.3. KBaHToBoe ypaBHeHHe .HHra-BaKCTepa . • . . • . . . . . . . • . . . • . . . . . . . . . . . 12
 
2.4. IIlecTH- H rrHTHBeprrIHHHhIe Mo,n;eJIH. . • . • . • . . • • . . . . . . . . . • . . • . • . • . . . . 14
 

Pa60Ta rrepsoro aaropa BI,IllOJIHeHa rrpa rrozuiepacxe PH<I> (rparrr N. 20-61-46005) H nporpasrxna 
noasnneaaa KOHKypeHTOcnoco6HoCTH Be,l\Y!IJHX yHHBepcHTeToB P<I> (npoexr «5-100"). 

© B. r. rOPBYHOB, K. KOP<I><I> , K. CTPOnnEJII" 2020 

3 

http:rrHTHBeprrIHHHhIeMo,n;eJIH..�.�.�..��.........�..�.�.�
http:�..�.......�...�
http:MOHO,n;pOMHH...��...��...��...��
http:2..H3hIK,n;HarpaMMBTeopHHHHTerpHpyeMhIxCHCTeM...��.�.......�....��


'

I 

4 B. r. rOPBYHOB, K. KOP<P<P, K. CTPOnnEJIh 

3. Ame6pbI 5IHra-BaKCTepa H sexropsr BeTe................................ 15
 
3.1. Anrefipsr 5IHra-BaKcTepa......................................... 15
 
3.2. ,l];eiicTBHe cHMMeTpH'leCKOH rpYUUbI H aJII'e6PbI H . . . . . . . . . . . . . . . . . 18
 
3.3. Bexropsr Bere . . . . . . . . . . . . . .. . . . . . . . . . . . . .. .. . .. . . . . . . . . . . . . . . . . . . 19
 

4. R-MaTpHIJ;a, CBH3aHHaH C reoxrerpaea MHoro06paaHH rpaccMaHa.......... 23
 
4.1. Basacsr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
 
4.2. TBHcToBaHHbIe KJIacCbI Illy6epTa.. .. .. . . . .. .. . . . .. .. .. . .. .. .. . .. .. 24 
4.3. 9KBHBapHaHTHbIe TBHCTOBaHHbIe KJIaCCbI Illytiepra , . .. .. . .. .... . .. 25 
4.4. Ilepexozi 'lepe3 cTeHKy KaMepbI BeiiJIH. . . . • . . . . . . . . . . . . . . . . . . . . . . . . 28
 
4.5. Teoxrerpa-recxaa 6aaHc Bere 29 

5. reOMeTpH'leCKHe anreopsr 5IHra-BaKcTepa H KOHBOJIIOIJ;HH B KOrOMOJIOrHHX 30 
5.1. KOM6HHaTopHKa Herr0,lJ,BH)KHbIX TO'leK ,n,eHcTBHH Topa B 'laCTH'lHbIX 

MHoroo6paaHHx <pJIaroB. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
5.2. Teoxerpa-recxae anreopsr 5IHra-BaKcTepa......................... 31
 
5.3. BaJKHbIe COOTHorueHHH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 33
 
5.4. CpaBHeHHe reOMeTpH'leCKOrO H anretipaaxecxoro ,n,eiicTBHH . . . . . . . . 36 
5.5. 5IBHbIe <pOpMyJlbI. . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
 

6. 9KBHBapHaHTHbIe KBaHTOBbIe KOrOMOJIOrHH. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
 
6.1. Orreparop D . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
 
6.2. KBaHTOBaH ,n;e<popMaIJ;ID! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
 
6.3. 9KBHBapHaHTHbIe KBaHTOBbIe KOrOMOJIOrHH. . . . . . . . . . . . . . . . . . . . . . . . 41
 

7. CBH3b C aJIre6pOH TOKOB g[2[t] 42 
7.1. VN KaK npencraaneaae H......................................... 42
 
7.2. VN KaK rrpeACTaBJIeHHe g[2 [t] . . . . . .. . .. .. . . . .. . . .. . . . . . .. . . . . . . .. .. 44
 
7.3. JIoKaJIH3aIJ;HH anreopsr Illypa H anretipsr 5IHra-BaKcTepa ... , .. .. . 46 

8. CBH3b C KOrOMOJIOrH'leCKHMK anretipasra XOJIJla . . . . . . . . . . . . . . . . . . . . . . . . . . 47
 
8.1. IIpHMep: CoHa(A1) 47 
8.2. ,l];eiicTBHe Ha H:r .................................................. 48
 
8.3. KOrOMOJIOrK'leCKaH anreopa XOJIJIa H reonerpaxecxoe ,n;eHcTBHe aJI­

re6p 5IHra-BaKcTepa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
9. 3aKJIIO'lHTeJIbHble 38.Me'laHH5I H HanpaBJIeHHH AaJIbHeHmHx HCcJIeAoBaHHH. 50 

9.1. KBaHToBbIe a<p<PHHHbIe anrefips; .. .. . . . .. .. .. . . . .. .. . .. .. .. . . ... . . 50 
9.2. Oneparopsi ,l];eMaaypa, KOJI'laHHbIe anrefipsr Texxe, KOJI'laHHbIe aJI­

re6pbI Illypa H KOrOMOJIOrH'leCKHe aJIre6pbI XOJlJIa . . . . .. .. .. . .. .. 51 
9.3. Co6cTBeHHbIe <pyHKIJ;HH q-paaHocTHbIX oneparopoa .........•.... " 51
 
9.4. TeopeTHKD-MHO)KeCTBeHHble pemeaas ypaaaeaaa 5IHra-BaKCTepa... 52 

CUHCOK'rrarepa'rypta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 52 

1. BBe,D,eHUe 

KBaHTOBoe ypasaeaae 5IHra-BaKcTepa, OAHO H3 OCHOBHbIX ypaBHeHHH MaTeMa­

TH'leCKOH <pH3HKH, nO£BJI£eTCH eCTeCTBeHHbIM ofipaacor B paaJIH'lHbIX paaztenax Ma­

TeMaTHKK. M,n,eH, BeAYIIJ;He K 3TOMy ypaBHeHHIO, MO)KHO o6HapY)KHTb ysce B paHHHX 

pafiorax 0 <paKTopH3aIJ;HH BOJIHOBOH <PYHKIJ;HH B O,n;HOMepHoi!: KBaHTOBOH CHCTeMe 

MHorHX TeJI C 6-B3aHMoAeiicTBHeM (123]. Ero HCKJIIO'lHTeJlbHaH B8,)KHOCTb CTaJIa 

AJIrE£ 

O'leBH,D;HOH B ceMH,n;eC5ITblX ronax 

crepa 0 TO'lHO pemaeMbIX pemerc 

B 'laCTHOCTH ero pemenaa BOCbM 

IOIIJ;HX TpaHc<pepHbIX MaTpHIJ;, TIp] 

M3HHra [98]. IIo3)Ke 3TO ypaanen 

pIDlX rrOJl5I B paaMepHOCTK 1 + 1 I 
HHTeprrpeTHpyeTC5I KaK yCJIOBHe 

'laCTKIJ; B rrOCJleAOBaTeJlbHbIe pace 
IDeHHH KBaHTOBoro ypaBHeHID! 5II 

THIO JleHHHrpa,n;cKoH mKOJIOH non 

moJa o6pam'li01'1, 3aJa'{u (79], (18], I 
BeJI K C03,n;aHHIO reopaa KBaHTOBI: 

R:H2Ua'H, srrepnsre 6bIJI K3Y'1eH B. r 

nenea B TepMHHax RTT, HJlH mpo'l, 

6Y1O R-Mampuu,y, 5IBJIHIOJIlYlOC5I pe 

H MaTpH'lHble K03<P<PHIJ;HeHTbI Ma: 

MUU, HBJIHIOTCH o6paayrolIJ;HMH ill 

TaKHM RTT-COOTHOmeRHeM, MbI 6, 

B 1986 r. B. r. )]JlliH<PeJIbA (32 
'ITO 3TH anrefipsr HBJIHIOTCH aJIre6] 

anreopsr B HeKOTopbIX CJlY'Ia£X sn 

TbIBaIOIIJ;liX arrretip Am! anre6p .IT 
MHorHe <pYHAaMeHTaJIbHbIe pa60TI 

HHTerpHpyeMblx cacresr, ,n,JIH H3Y'1 

napa'r TeopHli TOUOJIorn'leCKliX H a 

3aAa'la H3Y'1eHHH KBaHTOBblX r 

upe,n,cTaBJleHliH H TeopHH rrpeAcTa 

HeCKOJIbKHMH rpyrmaaa HCCJIe,n,OBa 

rens [104], A. BeUJIHHCOH, r. JIK 

Pe3YJIbTaTbI ,lJ,pHH<PenbAa H ~m 
B TepMHHax CBOil:CTB KorOMOJIOrHH 

roo6paaHH HJIH arrretip <pymcIJ;llli I 

HbIX HaA KOHe'lHbIMH rrOAAMH. B 

refipsr orrpeAeJIHeTC5I npa rrOMOIII,H 

CJlOBaMH, yxasaaasre KBaHTOBbIe r 

B Te'leHHe rrOCJIeAHHX JIeT HeCKC 

KpaCOB H C. A. IllaTamBHJIK (961, 
(91], [97], O. IllH<pMaHH H 9. Bao 

MeTpH3aIJ;HH reopaa KBaHTOBbIX 1 
reoererpaxecxyio KOHCTpyKIJ;HIO '1::. 

pOM MOAYJIe. reOMeTpH'leCKlie K( 

eCTeCTBeHHO li3 3THX pemeHHH y 

BHyTpH reOMeTpH'leCKKX KOHCTP) 

Msr 3aBepIDHM 0630P H,D;eH B 

nee KOM6HHaTOpRbIe rro.n;x:OAbI K 
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