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1o crneruansHocTd 1.1.2. JluddepeHnnanbHble ypaBHEHHS U MaTeMaTHdeckas Qu3mKa

B nmuccepramuu I1. B. AHTOHEHKO paccMaTpUBaIOTCS TPU MHTEIPUPYEMBIE KBAHTOBOMEXAHHYECKHUE
mozaenu: HekommaktHele SL(2,C)- m SL(2,R)-uHBapuaHTHbIE CHOHHOBBIE Ilenoukd BC-tHna u
HexommaktHas SL(N,C)-MHBapMaHTHas CHOMHOBas Iemouka A-tuma. [ NepBBIX ABYX MOJENEH
UCCIIeyEeTCS HEM3yUeHHBIH paHee CTy4ai CHCTEMBI C TPaHUYHBIM B3aMMOIEHCTBHEM, 3aJJaHHBIM IIPH
nomomu K-MaTpuIiel oTpaxkeHuss obmero Buaa. I10fxoJ K MOCTPOSHHIO TAaKHX Mojelnei Obul
paspaboran CKISHMHBIM B paMKaxX KBaHTOBOTO MeToja oOpaTHO# 3amayd B KoHie 1980-x romos.
Jliist TpeThel MOJIENH MOJTydYeHbl HOBBIE PE3yJIBTAThI, Kacaloliecss COOCTBEHHBIX (QYHKIUM yrIOBBIX
KBaHTOBBIX MUHOpPOB L-onepaTopa.

B nepsoii rnase uccnenyercs HekomnaktHas SL(2,C)-uHBapuaHTHas cruHOBas nenouka BC-tuna.
Mozens 3amaercs npu momolM KBaHTOBOM Marpuisl Jlakca (L-omepaTropa), 31€MEHTHI KOTOPOH
BBIPQXKAIOTCS 4epe3 TeHepaToOphl YHHTAPHOIO IPEJCTaBleHus OCHOBHOM cepuu rpymmsl SL(2,C) .
[Tonuei Habop HabmoOJaeMbIX NOpOXAAeTCs B-31eMEHTOM MarpHilbl MOHOIPOMMH, €ro
IMaroHaIM3alis  SBISETCS MEPBOM OCHOBHOM MLENbIO0 JAUccepTanud. Marpuia MOHOIPOMHUH
NpPEJCTaBISETCS 4Yepe3 MpoM3BeleHHe L-omepaTtopoB Bcex dYacTH M K-marpuibl, 3anarornei
rpaHdYHble ycioBus. Jlns Toro, 4yrobbl Mozaenb ObuUta HHTErpUpyeMoM, K-marpuma nomkHa
YIOBIIETBOPATh TaK Ha3bIBAEMOMY YpPaBHEHHIO OTpaXeHHMs C R-MmaTpuiei B TEH30pHOM
NPOM3BEICHAM JByX MAaTPUYHBIX MPOCTpaHCTB. K-MaTpuma, paccMarpuBaeMas B HacTOAIICH
JIMCCEPTALIUH, TIPECTABISAET co0O0M 00lIee peleHre ypaBHeHUS OTpakeHHs ¢ R-marpunei Snra.

Kak ¥ B pacCMOTPEHHBIX paHEE HEKOMIIAKTHBIX CIIMHOBBIX LENOYKaX, COOCTBEHHBIC (QYHKIMH
MOJIEIA CTPOATCS MHAYKTUBHO: (YHKIMs s N YacTHI[ IOJy4aeTcss IOCPENCTBOM [IEWUCTBHUS
MOBBIIIAONIEr0 WHTErPAILHOIO oneparopa Ha (GyHKmuIo i n-1 dacTunel. TeM He MeHee, BBHIY
IPUCYTCTBHS HETPUBHAIBbHOM K-MaTpuilbl, NpH NOCTPOEHHH IOBBINAOIIErO OlepaTopa B
HacToflIed paboTe BO3HMKAeT HOBHIM 00BeKT — omneparop otpaxeHus (K-omepatop). On




ompezienseTcs 4epe3 000OIEHHOE YypaBHEHHE OTpPAXEHHS, B KOTOPOM OIHO M3 MAaTPHYHBIX
IIPOCTPAHCTB 3aMEHsETCs Ha GECKOHEYHOMEPHOE MPOCTPAaHCTBO IIPEICTABICHHS OCHOBHOHM CEpHH
(cooTBeTcTBEHHO, R-Martpuma 3amensiercs Ha L-omeparop, a ogHa w3 konmi K-marpumsl — Ha
OIlepaTop OTPaXEHHUs). DTO ONpPEAEISIONIee COOTHOIEHHE PENIEHO NPH MOMOIIM HETPUBHATBHBIX
BBIYMCIICHHH C MCIOJIb30BaHMEM Teopud mnpenctaBnenuit rpymmel SL(2,C). Eme oxauMm
CTPOMTENLHBIM OIIOKOM, Yepe3 KOTOPbIH BBIPAXKAETCS IIOBHIMIAIONIAN OIEPaTop, SIBISETCH
UHTETpIbHBIA R-omeparop, moctpoeHHbl B paborax J[lepkadeBa W ManamoBa. OH naeicTByeT
HETPUBHAIBHO B IIPOCTPAHCTBAX, COOTBETCTBYIOMIMX JBYM Pa3JIMYHBIM YaCTHIIAM, M yJOBJIETBOPSET
RLL-cootHomenuto Sura-bakcrepa ¢ L-omeparopamu 3THX yacTuil. Bmno6aBok, B KOHIlE TEPBOM
IJIaBbl TaKXe J0Ka3aH OEeCKOHEYHOMEpHBIH aHaJOl YpaBHEHHS OTpPaXE€HHs Ul IpEICTaBIICHUH
OCHOBHOM cepuH, B KOTOopoM K- u R-Matpuner 3amenstorcs Ha K- u R-onepatopsr.

[ToMMMO MOBBHITIAIOIIETO OIEpaTopa, MPU IIOMOLIM OIEparopa OTpaXKeHHs B paboTe IIOCTPOEHBI
OJJHOYAaCTHYHbIE COOCTBeHHBIE (YHKIMH. OHH MONYYaloTCs MPU NEWCTBHH 3TOrO OIeparopa Ha
(GyHKIHMIO, TOXKIECTBEHHO paBHYIO exuHMIe. [Ipu momommu (opmyisl ais K-omeparopa HaiineHo
UHTETpallbHOE IpeAcTaBleHHe THUna [aycca-I'mBeHTans mans OJHOYACTUYHBIX COOCTBEHHBIX
Gynxumit. Jlng Hero maBHO paspaboraHa (eHHMaHOBCKas JUarpaMMHas TEXHHMKA, [1O3BOJSIOIIAS
IPOU3BOAUTE OOBEMHBIE BHIYMCIICHUS IIPU IOMOIIM NPOCTHIX NMpeobpa3oBanuii quarpamm. [Jlanee B
NepBOM rjaBe NOApoOHO pa3obpaH OJHOYACTHYHBIN ciiydai. C HCHOJIB30BaHMEM IHArpaMMHOM
TEXHHKH II0JydyeHa (opMyna CHMMETPHH COOCTBEHHBIX (QYHKIHH OTHOCHUTENBHO OTpPaKCHHUS
CNEKTPAIbHOM  IIEPEMEHHOM, COOTHOIIEHHE OPTOTOHAIBHOCTH M HHX, HHTErpallbHOE
npeacraBiende Tuna Memmna-bapaca s 9TMX  QYHKUMH @ M BBIp@KEHHE  4epes
THIIEPreOMETPUYECKYIO (PYHKIHMIO HaJ MOJIeM KOMIUIEKCHBIX YHCel, BBeleHHyIo ['enbdanmoM u
I'paeseM. IlpencraBnenne Mennuna-bapHca mpuMeHEHO IS IOKa3aTeNbCTBA MOJHOTHI CHCTEMBI
OJIHOYaCTHYHBIX COOCTBEHHBIX ()YHKIIHH.

Bo BTOpOM riaBe auccepranum Hccieayercs HekommakTHas SL(2,R)-WHBapHaHTHas CHHHOBAs
nenouyka BC-tuna. KoHCTpyKuus HMHTErpajoB ABHXKEHHS MOJIETH IOBTOPSET PacCMOTPEHHBIH B
npeabiaymed riase caydaid SL(2,C). K-maTpuna u L-onepatop UMEIOT TOT ke B, C TEM OTIHYHEM,
9yro napamerpsl K-matpunel u npencrasinenus SL(2,R) mpuHHMAalOT Ipyrue 3Ha4€HHUs, U CaMo
IPE/ICTAaBIIEHUE ONPEETICHO B IMPOCTPAHCTBE TOJIOMOP(GHBIX (QYHKIUH B BEpXHEH MOJYIIOCKOCTH,
KBaJpaTUYHO-UHTETPUPYEMBIX 110 CTeNEeHHOM Mepe. OCHOBHOM IENBIO CHOBa  SBIETCH
JuaroHanusauus B-sneMeHnTa MaTpuibl MOHOAPOMMH. J[Is HAXOXAECHHS MHOIOYaCTHYHBIX
COOCTBEHHBIX (QYHKIMH MOXET OBITh HCIOJb30BaHa WHAYKTHBHAs IpoLEAypa, INOCTPOCHHas B
npeapayen riase. LleHTpanbHyio posib BHOBb UTPaeT ONeparop OTpaXkeHHs. B yacTHOCTH, yepes
HETO BBIPAXKAlOTCS OJHOYACTHYHBIE coOCTBeHHBbIe (pyHKIMH. Onepatop orpaxenus mis SL(2,R)-
WHBAapMaHTHOM MOJIeld MpEJACTaBIeH B BHIE HHTETPAIBHOIO OIepaTopa JBYMs CIIOCOOaMH:
HHTETPUPOBaHKe BefieTcs 1o oTpe3ky [0,1], mu6o mo BepxHeit nomymiockoctd. U3 nmepoit hopMyibl
CIEIyeT MHTErpajbHOE TMpeICTaBlI€HHE Ul OJHOYAaCTHYHBIX COOCTBEHHBIX  (DyHKIMH,
5KBHBaJICHTHOE GopMyJie Diiepa ais runepreoMeTpudeckoi Gpynkuun. Marerpan Memmna-bapuca
JUIsl THIIEPreOMETPUYECKOH (QYHKIIMM HCHOJB30BaH B KOHIIE BTOPOM IIaBbl JJIs JIOKa3aTENIbCTBA
IIOJIHOTBI Habopa OJHOYACTHYHBIX GyHKIUH. OPTOrOHATBHOCTH 3TOro Habopa J0Ka3zaHa ¢ MOMOIIBIO
BTOpO#H GopMyitel 1ist K-omeparopa i BIIEYIOMSIHY TOW AHarpaMMHON TEXHUKH.

B Tperpeit rnaBe wuccnemyercs cucreMa OOIUX COOCTBEHHBIX (QYHKLIMH YTIJIOBBIX KBaHTOBBIX
MUHOPOB L-omeparopa SL(N,C)-uHBapHaHTHOM CIMHOBOM Ienouyku. L-omeparop ompenensercs
Yyepe3 reHepaTopbl YHUTAPHOIO MpeacTaBieHus ocHOBHOM cepun rpynnsl SL(N,C), npuauMaromue
BUJ IuddepeHIHaTbHbIX OIEPaTOPOB B IMPOCTPAHCTBE KBAAPATHYHO-UHTEIPUPYEMBIX (YHKIHH
N(N-1)/2 xommuekcHbIX nepeMeHHbIX. B mpemsimymmx paborax Obuia MoOJydeHa pEKyppEHTHas
dopmyna, mpu momomu KoTtopod coOcrtBeHHas Gynkuusa maa SL(N,C) Belpaxkaercs dYepes
cobcrBennyIo QyHkmo s SL(N-1,C) B pe3ynbraTe NpUMEHEHHUS MOBBIIIAIOMET0 HHTETPAIbHOIO
omeparopa. B poiM nmepeMEHHBIX WHTETPHPOBAHHS BBICTYNATH NPOCTPAHCTBEHHBIE IEPEMEHHBIE
GyHKIMM M3 ONpeleNeHHs IpeICTaBlIeHHs OCHOBHOM cepudH. B Hacrosmed pabGore s
HHIYKIHOHHBIX maroB oT N=2 k N=3 u or N=3 k N=4 nocTpo€H MHTErpajibHbI} IOBBIIIAIOIIUA
omeparop apyroro Buma. OH neiictByer He Ha apryMeHT ¢ynkuumu ans SL(N-1,C), a Ha ee



CIIEKTpaJIbHBIE IIEpEMEHHBIE, 3a/arolnue coOCTBeHHbIe 4Hcia. CIIEICTBHEM HOBOM PEKYPpPEHTHOM
KOHCTPYKIIMH SIBJIETCS HMHTErpajlbHOE NpeACTaBieHHe THMa MemuHa-bapHca s COOCTBEHHBIX
GYHKIHA.

HOHBOII}I WTOTH, BBIIEITUM HauOoiee BaXKHBIE PE3YyIbTATHI:

1. Hatinen K-omeparop otpaxenms mis SL(2,C) u SL(2,R) cnuuoBEIX nenodek BC Tuma ¢
TPaHHYHBIM B3aMMOJEHCTBUEM, 3a0aHHBIM K-MaTpuie#t obiero Buaa.

2 Jlna BBINEYNOMSHYTHIX LEMOYEeK HAaMJeHbl IIOBHIIIAIOIIKE OINEPATOPhl OTOOpAXKAOIINE
coOCTBeHHBIE (QYHKIMH IS N-1 YacTHUIIBI B COOCTBEHHBIE (D)YHKIIMH JUIs N YACTHIL.

3 Jlna omHowacTHuHBIX cobcTBeHHBbIX QyHKuui SL(2,C) u SL(2,R) cnuHOBBIX memoyek BC
THIIa JJOKa3aHa OPTOrOHATBHOCTD H MOJIHOTA.

4 Tlomy4yeHo MHTErpajbHOE MpejcTaBieHre Tuna Memna-banca Ui coGCTBEHHBIX (YHKIIUMA
YTJIOBBIX KBaHTOBBIX MHHOpOB L-omepatopa SL(3,C)- u SL(4,C)-uHBapHaHTHBIX CIIHHOBBIX
LIETIOYEK B YHUTAPHBIX NPEICTABIICHUSX OCHOBHOM CEPHH.

BriHOCHMBIE Ha 3aIUTY pe3yJIbTaThl ABJISIOTCA HOBBIMH U aKTyalbHBIMH.
Pe3ynbTaThl auccepTaliyd MMEIOT GONBLIOE 3HAYEHHE IS PasHBIX O6IACTel MaTeMaTHYecKOW H
TeopeTH4eckoi Qusuku. K mpumepy, pe3ynbTaThl NEpBHIX IABYX IJIaB MOTYT HAWTH NPHMEHEHHE B
KOHTEKCTE IEPEHOPMUPOBKM COCTaBHBIX OINEPATOPOB M BHIYMCIECHHS AaMIUTMTYJ paccesHHs B
PemxeBckom mnpeznene B Teopu: (cymep) SHr-Mmiica. PesynsTaTel TpeThed TIJIaBBI HMEIOT
HEMOCPEICTBEHHOE 3HaYEHHE /IS YeThIpeXMEPHBIX KOHGOpMHBIX fishnet Teopuit mos.
Juccepranus 6bUTa pacCMOTpeHa Ha ceMHHape J1aboparopu# TeopeTudeckoi ¢usuku mmenu H.H.
boromo6osa OUSN 5 ¢epans 2026 roma. Y4aCTHHKH CEeMHHAapa OTMETHIIH OOJNBIION 00BEM H
BBICOKH#H ypOBEHb HccleoBaHus. CylecTBEHHBIX 3aMEYaHUH 110 TUCCEPTALUU HE UMEETCS.
PesynbraTel paboThl GBUTH NpeCTaBICHBl HA POCCHUCKMX U MEXIYHAPOIHBIX KOH(MEPEHIHUIX U
CEeMHHapax, U OIyOIMKOBAaHBI B YETHIPEX PELEH3UPYEMBIX HAYYHBIX JXypHaltax omobpeHHbIX BAK.
ABTopedepar BEpHO OTpakaeT COfiep)KaHue AUCCepTaliu. Bee pe3ynbTaThl qUCCEpTAIMH MOy YEHbI
MaTeMaTH4YE€CKH CTPOIMMH BBIYHCIICHUSMHU M CIIEJIOBATENIbHO SBJISAIOTCS JOCTOBEPHBIMH Hay4YHBIMH
¢dakramu. [lucceprammss AHTOHeHKO IL.B. cooTBeTCTBYyeT TpeGOBaHMSAM, IPEIBABIAEMBIM K
KaHIUIATCKUM auccepranusM «IlonoxenueM o mopsigke NpUCYXKIEHUS ydeHBIX creneHei» BAK.
ABTop namcceprauuH, AHTOHeHKO [laBen BiaguMupoBHMY, 3acily’)KUBaeT NPUCYKACHHUS YUECHOH
CTENEHH KaHauaaTa (pU3MKO-MaTeMaTHYeCKUX Hayk no crnenuanbHocTH 1.1.2. [luddepennuansubie
YPaBHEHHUs] M MaTeMaTudeckas (pusuka.
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