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Obmas xapaKTepucTuka padboThl

uccepraliust MOCBsIIIeHa BOIIPOCY, JiexKallleMy Ha CTbIKE TEOPUU HHTEIPUPYEMbIX
cucTeM, Teopww Tpymnn n aaredp JIlm m Teopmm medopMalmOHHOIO KBaHTOBAHUS —
BOIIPOCY O BO3MOXKHOCTH MEPEHOCA HA YHUBEPCAJIbHBIC 0OEPTHIBAIONIIE AJrebphl (HO0-
Jlee 001110, Ha JI0ObIe ajreOpbl, HoJydaromnecs: aedopMalnoHHbBIM KBAaHTOBaAaHUEM U3
asreOp (DYHKINIT Ha yacCOHOBBIX MHOrOOOPasmsix) METOJa CJIBUTa apryMeHTa, M03-
BOJISTIOINIET0 CTPOUTHL MHTErPUPYEMbIE CUCTEMbI HA TTPOCTPAHCTBAX KOIMPUCOEINHEHHBIX
npejcTaBaenuit aaredp Jlum. Bojee Touno, BOIPOCOM, M3yUaeMbIM B JINCCEPTAINN, B~
JITETCsT «KBAHTOBaHUe» (MOJHSATHE B YHUBEPCAJIbHYIO 0OEpTHIBaIONLyio aarebpy Ug)
oreparopa CJBUra apryMenTa Ha S¢ B dacTHOM ciaydae g = gl(d, C) u uccienopanne
CBOICTB IIOCTPOEHHOI'O OllepaTopa.

[Iycts M - myaccoHOBO MHOroobpasue, TO €CTb MHOTrooOpasue ¢ (PUKCUPOBAHHOI
cTpyKTypoii ckookn [lyaccona na riiagknx gyskiusax. HamoMamm, 410 raMuIbTOHOBOIT
UHTErpupyemoii cucremoii Ha M Ha3BaeTCs ypaBHEHHUE BHJA

t={H, z},

rie H - dyskius lamunbrona (sHeprusi cucremsl). VIHTErpupyeMocTh TaKUX CHCTEM
IIOHIMAIOT B CMbICJIe TeOpeMbl JIMyBUILIA, TO €CTh KaK CYIIeCTBOBaHIe DOJIBINON CuCTe-
MBI [IEPBBIX NHTETIPAJIOB B MHBOJIIOIUN, TO eCTh TaknX pyuknuit 1 = H, ..., Hy, uTo
{H;, H;} = 0. OHuM U3 IJIaBHBIX BOIIPOCOB T€OPUU I'AMUIBTOHOBBIX HHTEIPUPYEMbBIX
CHCTEM SIBJISIETCS 3a/1a4a [MOCTPOEHUsI CUCTEM TIEPBbIX MHTEI'PAJIOB B MHBOJIIONNN. Bask-
HBIM 1 9P DEKTUBHBIM METOJIOM ITOCTPOCHUST KOMMYTATUBHBIX 110/1aJIre0p B UHTEIPUPY-
EMbIX CUCTEMaX SIBJIA€TCS Memod cieu2a apymernma, 3aKTI0YaIONINNCT B TOM, UTO IPH
OIPEJIEIEHHBIX YCJIOBUSIX UTEPUPOBAHHBIE TPOM3BOJIHBIE («CJIBUTTY ) MEHTPATBHBIX 110
OTHOIIIEHNIO K cKOOKe Ilyaccona ¢pyHKIUI BIOJIL HEKOTOPOIO BEKTOPHOI'O IOJISI KOM-
MYTHPYIOT MeK, 1y coboit. Mbr OyjeM Ha3bIBATH TaKoe BEKTOPHOE I0JIe «OIepaToOpOM
CJIBUTA.

C Apyroit CTOPOHBI, ¢ KarKJbIM I1yaCCOHOBBIM MHOI00Opa3neM CBSI3bIBAIOT aCCo-
[UATHBHOE HEKOMMYTATUBHOE YMHOXKEHUE Ha IIPOCTPAHCTBE (pOPMaJIbHBIX CTEIIEHHBIX
psiioB C'°(M)|[h]], koTopoe HazbIBAIOT JeDOPMAIMOHHBIM KBAHTOBAHUEM MHOI000Opa-
3ust M; ecin M = ¢g* — npocTpaHCTBO KOIPUCOETMHEHHOTO TIpe/IcTaB/IeHus ajaredps! JIn
g, 10 nedopMaloHHOe KBaHTOBaHHe M TeCHO CBSI3aHO C YHUBEPCAJIBHON OOEPTHI-
Barorreit anrebpoit Ug. Ecin C' € C°(M) - 1myaccoHOBO-KOMMYTATHBHAST MOa/redpa
(aﬂre6pa MHTErPaJIoB HEKOTOPOIl MHTETPUPYEMOil raMIJILTOHOBOM CMCTeMbl), TO BBIOOD
KOMMYTATUBHOM HOAaIreOpbl C B C>*(M) [Lh]], «upojosKalomieity aiaredbpy C, Ha3biBa-
10T K8AHMOBOU UNME2PUPYEMOT, CUCMEMOT COOTBETCTBYIOIIECH KJIACCHYECKON CHCTEME
C'. CBsI3u M€Ky KBAHTOBBIMU U KJIACCUYECKUMHU UHTEIPUPYEMbIMU CUCTEMaMU SIBJIS-
I0TCSI BayKHBIM O0O'bEKTOM U3YUEHUS.



AKTyaJbHOCTb T€MbI NCCJIEJOBaHIs N CTEIIeHb e€ pa3-
paboTaHHOCTU

Kax cka3aHO Bblllle, METOJI CJBHIa apryMeHTa BJISETCs OJHUM U3 3P DEKTUBHBIX
METOJIOB MTOCTPOEHNUST COXPAHSTIONINXCST BEJIMINH B HHTETPUPYEMbIX crncremax. [locTpo-
eHHbIE [IPU TIOMOIIU HEr0 KOMMYTATHBHbIE IIyaCCOHOBBI MOJareOpbl B S¢ HA3BIBAIOT
«asirebpaMu cBUra aprymentay. AjireOpbl ¢BUra apryMeHTa i UX KBaHTOBaHUe (UX
«TIOJIHATHUST» B YHUBEPCAJIBHYIO 00EPTHIBAIOILYIO aareGpy) sIBJISTIOTCS TIPEMETOM U3Y-
deHUsT MHOIUX COBPEMeHHbIX paboT. Borpoc o cyIecTBoBaHnm ornepaTopos, Mo [HIMA-
FOIINX B YHUBEPCAJIbHbIE 00EPTHIBAIOIIIE AJIreOPBI OIEPATOP CIBHUIA, PaHee, HACKOIbKO
HAM H3BECTHO, B JIATEpaType He 06cyx mascst. Hamuame Takoro oreparopa B epCreK-
THBE JIOJIZKHO MOCIIOCOOCTBOBATE PEIeHIIO 3a/1a1ll KBAaHTOBaHHsI ([OIbEMA B YHUBED-
caJibHble 00EPTHIBAIOIIIE AJIreOPhI) JIPYIHX KOMMYTATHBHBIX ITYaCCOHOBBIX MOJIAITe0D
B S¢ U B IPYIUX BAXKHBIX IPUMEpax, B HJIeaJie OHO JIOJZKHO [IOMOYb OTBETHTD HA BOITPOC
O KBAHTOBAHUU MeTO/Ia GUraMUJIBTOHOBOH WHIYKIMH (JPYyroro MupoKo PacipocTpa-
HEHHOIO METOJIa TTOCTPOEHUsT KOMMYTATHBHBIX CeMeiCTB (DYHKIUH HA MyacCOHOBBIX
MHOT00OPa3UsIX ).

TakumM 06pa3zoM OCHOBHbBIE IEJTH JAHHO PabOTHI MOXKHO C(HOPMYJINPOBATH B BH/JIE
JIBYX HEPA3PbIBHO CBSI3AHHBIX MEXK/y COOOM ITyHKTOB:

1. npeIozKUThL OlpeJie/ieHe «KBAaHTOBOTO» OllepaTopa CABUra apryMeHTa, Jefi-
CTBHE KOTOPOT'O Ha MEHTPAJIBHBIX 9JIEMEHTAX YHIBEPCATbHON 00EPTHIBAIOIIEH aJl-
reOpbl OPOYK 110 ObI KBAHTOBYIO aJIreOPy CJBHUTa apryMeHTa;

2. onucarb KBaHTOBYIO aﬂre6py CABHUI'a apr'yMEHTa U1 €€ 3JIeMEHTbI IIpu 1moMomiu
KBaHTOBOI'O OllepaTopa CABUI'a apl'yMeHTa.

B auccepramum JIaHO peleHye 3TUX 3a/a4d Jjis KAaHOHIMYIeCcKoi cTpyKTyphl [lyaccona
Ha CUMMETPUYIECKON aJiredpe TOoJIHO JinHeliHo# aareopsr JIu.

Meto1 ciBura aprymeHTa JJjisi IOCTPOEHUsT KOMMYTATHBHBIX OTHOCUTEIHLHO CKOO-
kn Ilyaccona mojaaredp B IyacCOHOBBIX aJjireOpax ObLI BIIEpBble IPEIJIOYKEH B pa-
6ore A.C.Mumenko n A.T.®omenxo! (obobmatomeit pesynbrarnr C.B.Manaxosa?),
KaK MeTOJI IIOCTPOEHHST CeMeNCTB (PYHKINNI KOMMYTUPYIOIIIX OTHOCHUTEILHO KaHOHMU-
qecknx ckoOOK llyaccona Ha nBoiicrBennoMm asrebpe Jlu ¢ mpocrpancTBe (110 TpH-
HATON TepMuHosIOTHE, cKOOOK JIn-Ilyaccona); B 9acTHOCTH, €C/IM ONPaHUINBATHCS
pPacCMOTpPEHNEM MOJTMHOMUAIBHBIX (DYHKIMA Ha ¢*, TO MBI MOJIYYNM IIyacCOHOBO-
KOMMYTATHBHYIO Tofa/aredpy B cuMMeTpudeckoil ajredope aiaredpol JIu ¢g. OcHOBHBIM
UHI'PEJIMEHTOM 9TOM KOHCTPYKIIUU sABJISIETCS BEKTOPHOE 1oJie £ Ha JIBOWCTBEHHOM IIPO-
cTpaHCTBe ¢, MOCTOSTHHOE OTHOCUTEJIBHO CTaHIAPTHBIX aDPUHHBIX KOOPAUHAT Ha ¢*.

'A.C. Mumenko, A.T. ®omenxo. YpasHennus Diiepa Ha KOHSUHOMEPHBIX rpymnax Jlu, N3secTus AxameMun Hayk
CCCP. Cepust maremarndeckasi, 42(2), 396-415 (1978).

2C.B. Manakos. 3amedanne 06 HHTErpUPOBAHUN ypaBHeHnil Diilepa IMHAMEKI 1-MEPHOTO TBepAoro Teja, OyHK-
[MOHAJIbHBI aHaau3 u ero npusoxkenus:, 10(4), 93-94 (1976).
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[TozaHee 9.5.Bunbeprom Ob1710 00HAPYKEHO, ITO 9T, KOHCTPYKIUS MOZKET ObITh JIEI'KO
nepeHecera Ha MPOU3BOJIbLHOE ITYacCOHOBO MHOI0OOpasne, Ha KOTOPOM 3aJlaHO <«HMUii-
CHXEMCOBO» BEKTOpHOE TIOJIe, U JlaKe Ha, MPOM3BOJILHOE BEKTOPHOE ITPOCTPAHCTBO C
OMIMHEeTHOM onepaleil 1 «HUEeHXENCOBBIMY JINHEITHBIM OIIEPATOPOM.

C JpyTroit CTOPOHBI, ¢ CUMILIEKTHIECKUM UJIN IIYaCcCOHOBBIM MHOTOOOpasueM M cBsi-
3BIBAIOT HEKOMMYTATUBHYIO aaredpy, «KBAHTOBaHUe» (TeOMeTpUIecKoe Wik j1ehopMa-
[IUOHHOE) 9TOro MHOroobpasusi. Hanpumep, mpu pasrosope o jgedopMaIiOHHOM KBaH-
TOBaHWN MOYKHO HCIIOJIB30BaTh KoHCTpyKImio B.B.Menocosa®, mpuMeHnMyIo 171 CIM-
IIJIEKTHUECKIX MHOr0o06pasuil min 6ostee obmiyio konerpykimio M.JI. Konnesnuat. Kak
xopotio u3BectHO (cM. pabory M.JI.Konresuyua), st siio6oii anredbper Jln g kBaHTOBA-
HUE TIPOCTPAHCTBa ¢ TECHO CBA3aHO C yHUBEpPcaJbHOI obeprhiBatolieil ajiredpoii U g:
MOKHO CKa3aTh, YTO €CJIM OIPAHIUIHUTD 9Ty KOHCTPYKIMIO HA MOJMHOMUAILHBIC (DYHK-
i Ha ¢*, T.e. Ha S ¢, TO B pe3y/bTaTe KBaHTOBaHUS Toryudaercsd aiaredopa Ug. B sroit
ceasn D.B.Bunbepr® cchopMynposasl 3aady ITPOI0IKEeHN TToJaIrebp «CIBUTa apry-
MeHTa» (JacTo Ha3blBaeMbIX «ajredpamn MureHko-PoMeHKO» ) 10 KOMMYTATHBHBIX
1o1aredbp B yHUBEPCAJBHBIX 00€PTHIBAIONINX aJiredpax.

DTa 3aja49a aKTUBHO WCCJIEIOBAIACH PA3TUIHBIMI aBTOPAMU; CEPbE3HOE TPOJIBU-
sKenne 6b1710 oaydeno A.A. Tapacoseim®: ocnosbiBasick na nannom M.JI.Hasaposbim 1
I.1.Onbmanckum’ onncannu GyHxuuil Ha glj, MHBAPUAHTHLIX OTHOCHTEILHO HEKO-
Toporo kjacca noarpynn B GL(n), A.A.TapacoB mokasaja, 9ro jijis moJieil Buja
E=>, £ia%ii (rae x;; — cranapTHbIE KOOPAUHATHL Ha gl;, COOTBETCTBYIONINE MATPU Y-
HbIM 3sieMentam) nojusatust o(EF(1,)) snementos (1) (3nech u nanee I, — xoaddu-
[UEHTHI YHUBEPCATHLHOTO XapaKTepUCTUIeCKOro MHOrodwIeHa) B Ugl; KOMMYTHPYIOT
MEKJTy COOOIA.

[TozaHee ayibTepHaTHBHAS KOHCTPYKIU 1ojaareop Mumenko-PoMeHKO B YHUBED-

caJIbHOIT obepThiBatoleil ajirebpe 6bL1a mpeiozkena JI.I PeioHnkoBbM®: B 9T0i pabo-

Te paccMaTpUBaeTCs yHUBepcasibHas obepThiBaiomias ajaredpa Uggl, Ha KpuTuieckom
yposue k anredopsl Kama-Mymau gl, — 1neHTpajbHOM pacuimpennn 6eCKOHeTHOMEPHOIT

anreOpnl JIm TokoB. ¥ anredpwr Uygl, nmMeercs OosbIas IeHTpagbHas HoJaaredpa,
asiredbpa Deiirnna—Ppenkers; B padore JI.I.PriOHNKOBA MOCTPOEHO MapaMeTpr30BaH-

HOe 3jieMeHTOM § € g cemeiictBo roMmomopdusmon fg: Upg — Ug unokazano, 4ro fe
nepeBoiuT obpasyiomiue aaredpol Peiirnna—PpeHKeist B 9JIEMEHTDI, «HaKpbIBaiowme

3B. Fedosov. A simple geometrical construction of deformation quantization, Journal of Differential Geometry,
40(2), 213-238 (1994).

4M. Kontsevich. Deformation quantization of Poisson manifolds, Letters in Mathematical Physics, 66(3), 157-216
(2003).

3.B. Bunbepr. O HEKOTOPLIX KOMMYTATHBHBIX TI0Jaarebpax yHHBEPCAIbHOM obepThiBatomeil airebpsl, MspecTus
Axanemun Hayk CCCP. Cepus maremarndeckast, 54(1), 3-25 (1990).

6A.A. Tapacos. O HEKOTOPLIX KOMMYTATHBHBIX HOJaIrebpax B yHHBEPCAIBbHON obepThIBatommeil airebpe agreGphr
Ju gl(n,C), Maremarnueckuii cbopuuk, 191(9), 115-122 (2000).

"M. Nazarov, G. Olshanski. Bethe subalgebras in twisted Yangians, Communications in Mathematical Physics,
178(2), 483-506 (1996).

8JI.T. Pribrukos. MeTon cOBHTa WHBAPHAHTOB U MoAeNb lomena, OyHKINOHANLHLIN aHAIN3 H €r0 IPHUIOKEHN,

40(3), 30-43 (2006). 5



UTEePUPOBAHHBIE IPOM3BOJHBIE BIOJbL & OT obpasyionmux ImeaTpa Sgl,. BaxkubiMm
JIOCTOMHCTBOM 9TO# KOHCTPYKIIUK SIBJISIETCST TO, 9YTO OHA IIPAKTUIECKN O€3 n3MeHeHuit
IpUMEeHIMa K JII000ii 1oJIyIpocToii ajaredpe JIu g.

[Hoy4atomiasicss 9TUM METOJIOM KOHCTPYKITUS JOCTATOYHO CJIOYKHA U CBdA3aHA CO
cBoficTBaMm OeckoneunomepHbIx ajredbp Jlm. Hecmorpsa nma sTo momxos Poidonukosa
JI0 CHUX TIOP OCTAaeTCs OCHOBHBIM METOJIOM TOCTPOEHUS KBAHTOBAHWS aJareOpbl CIBU-
ra aprymMeHTa. 3a mocJejHee Bpemsi obopasyiomue 1eaTpa Peiirnna—DPpeHkesst ObLIN
JIOCTATOYHO XOPOIIO U3ydeHbl n Oiarogaps ycmmmam AV Momesa®, A.J.Monesa n
O.C.AAxmvonoit!® n npyrux MareMaTHKOB OBUIN MOJYYEHBI SBHBIC (POPMYJIBI JIIs 00-
pazytonux aJjredp Mutenko-PoMeHKO He TOJIBKO JiId ciaydas ajaredp JIu marpuir
gl,, (mwmm sl,), Ho u st anrebp JIn W3 JAPYyrux OCHOBHBIX CEPHil MOJIYIPOCTHIX aji-
reop Jlu (cepuit B, C' u D). OTmeTnm, 9T0 METO/bI BBIYUCICHUH 3a9aCTYI0 CBA3AHDI
C HUCIOJIb30BAHUEM <«SHTHAHOB» — CIENUAIbHBIX OeCKOHEUYHOMEPHBIX aaredp Xorda,
IIOCTPOEHHBIX 110 ajredpam JIu, B KOTOPBIX YIAeTCsl BBIJIECJUTH OOJIBIINE CeMeicTBa
KOMMYTATUBHBIX mozaiaredp (amrebp Bere).

Ienn u 3aga4ym auccepraiumn

Lenbio auccepTanyuy ABIIETCS TMOCTPOEHNE KBAHTOBOW BEPCUH METOJa CJBUTA ap-
IryMeHTa Ha YHUBEPCAJIbHBIX 00EpThIBaIONuX ajredpax Ugl; m n3ydenune ero CBONCTB.
B KadecTBe OCHOBHOTO MHCTPYMEHTa WCCJIEIOBAHUS BBICTYHAIOT KBAHTOBBLIE Audde-
penrupoBanusi, Beejenubie JLU.I'ypesuuem, I1.H.ITaroseim n I1.A.CanonosbiM. st
TOCTYKEHIS TOCTaBJICHHBIX TeJIeil B paboTe N3yJaloTcs CeIyIonine OCHOBHBIE 33,/ 1aN:

1. Ilyctp e - nopoxkgatomas Marpuiia ajaredpsr JIu gl,;. llentp ynusepcasbHOit
obepThIBatomeit anredpnt U gl, mopoxiaeTcs saeMenTaMu tre, . . ., tred. Criemo-
BaTEJIbHO, TpeOyeTcsl HafiTn KBaHTOBbIE JU(dEPEHIIMPOBAHIS MATPUIHBIX /1€~

MenToB (e")j.

2. V3yuurh cBoiicTBa orepaTopa KBAHTOBOI'O CJBUIa apryMeHTa, OIPEeIeJIEHHOIO C
IIOMOIIBIO KBAHTOBBIX AU dEePeHIInPOBAHMII.

3. IlpoBeputTh rumoTesbl, 9YTO KBAHTOBBIE CABUIHM apryMeHTa JIIOOBIX IBYX IEH-
TpaJbHLIX 3JIEMEHTOB YHUBEPCAJIbHOI obepThiBatotieit aaredpsr U gl; KOMMYTH-

PYIOT.

4. Haiitu KBaHTOBBIE CJBHUIM apryMEHTa BBICIIErO IMOPSIKA JJIsI TPOU3BOJIHLHOIO
IEHTPAJIBLHOTO 3/IEMEHTa YHUBepcaabHOI obepThiBaolieil aareopnr U gl ;.

9A. Molev. Feigin-Frenkel center in types B, C and D, Inventiones Mathematicae, 191(1), 1-34 (2013).

10A. Molev, O. Yakimova. Quantisation and nilpotent limits of Mishchenko-Fomenko subalgebras, Representation
Theory, 23, 350-378 (2019).



5.

[IpoBepuTH rUMOTE3bI, YTO KBAHTOBLIE CABUTH apryMeHTa JTIOOBIX MOPSIKOB JIIO-
ObIX JIBYX IEHTPAJbHBIX 3JIEMEHTOB YHUBEPCAJIBLHON 00epThIBaIOINIEl aaredpbl
U gl ; kommyTupyior (kBantosast Bepcust TeopeMbl A.C. Murenko u A.T.@omeHKo

ast g = glg).

[IpoBepuTh runoTE3bI, YTO KBAHTOBBIE aIre0pbl CIBUrA apIyMEHTa IIOPOXK IAF0TCSI
obpazaMi MUTEPUPOBAHHBIX OIEPATOPOB KBa3uInM@epeHITNpOBAHIS Ha IEHTPe
YHUBEPCAIbHONI 00epThIBAIOINIEH aaredphi.

HOJIO}KGHI/IH, BbIHOCHMBbIE€ Ha 3allIUTy

B auccepralimoOnHOM HUCCJIEI0BAHNET N3YYaInuCh 3aJa49l, TepeuncaeHHble B IPeIbl-
JyIIeM IyHKTe. B pe3yibrare n3ydeHns MoJIydeHbl CIe/IyIONe OCHOBHBIC PE3Y/IbTATHI,
BbIHOCUMBbIE Ha 3allATY:

JIAHO OIMCAaHNe KBAHTOBBIX AuddepeHnnpoBaHnii MATPUUIHbBIX 9JIEMEHTOB CTelle-
Hell MaTPUIThl TOPOKIAIONIIX JIEMEHTOB anreops! JIn gl ;;

chopMmympoBaHa 1 JloKa3aHa KBaHToBast Bepcust TeopeMbl A.C.Muiienko u
A T.®omenko jjig anrebpor JIu g = gl;, Kak jyisi CJIBUTOB 1IEPBOTO MOPSIKA,
TaK 1 B 00OIIEM C/Iydae;

JIAHO OIMCAaHNe KBAHTOBBIX ajredp CJBUTa apryMeHTa B yHUBEPCAIbHONU 00epThI-
Batorreit airedope U gl,;, B TepMIHAX KBAHTOBBIX OIEPATOPOB CJ/IBUTA apryMeHTa;

JIAHO OIIMCaHNe KBAHTOBBIX C/IBUTOB apr'yMeHTa [I€PBOr0 I BTOPOIO HMOPSIIKA, J1J1sT
IIPOM3BOJILHOIO IIEHTPAJILHOIO dJIEMEHTa YHIBEPCAJIbHOI obepThiBatoIeil aared-
pet Ugly;

sIBHO OIIIICAHO paHee He BCTPeYaBIIeecs B JInTeparype KOMMYTaTUBHOE CeMeiicTBO
9JIEMEHTOB B YHUBEpCAJbHOI o0epThIBatoleil ajnredpe U gl ;.

Hayuynasa HOBU3HA

HOqueHHbIG B JuccCepTallull pPeE3yJIbTaThbl ABJIAIOTCA HOBBIMM, ITOJIYYEHBI aBTOPOM
CaMOCTOATEJIbHO N COCTOAT B CJICAYIOIIEM.

1.

2.

[Tonydena saBuas dopmysia /i KBAHTOBLIX U depenmpoBanmii A1 d1eMeH-
ToB (€")} — MaTPUUHbLIX 3JEMEHTOB CTeleHeil MaTpullbl 00pPa3yonuX yHUBeD-
casibHOIT obeprbiBatonieil anreopst Ugl,.

ZBHO onmcanbl KBAHTOBBIE C/IBUTH apTyMeHTa MOpsi/IKa OJWH JIJIA TPOM3BOJILHOTO
IEeHTPAJIbHOTO 3JIeMeHTa YHUBepCaJIbHOI o0epThIBatoleil aaredpsl U gl ;.
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3. OupejesieHbl reHepaToOpbl HOJAAITeOPbI, MOPOXKICHHON KBAHTOBBIMU CJBUTAMUI
apryMeHTa, IeHTPaJIbHBIX 3JIEMEHTOB YHUBEPCAJIbHON 00epThIBAIONIE airedpbl

Ugld

4. Tlokazano, 9T0 KBaHTOBbIE CJBUI'M apryMeHTa IIEPBOIO MOPSIKa JIIOOLIX JIBYX
IEeHTPAJIbHBIX 3JIEMEHTOB YHUBEPCAJIbHOI obepThiBatotieit aaredpor U gl ; Kommy-
TUPYIOT MKy cODOil.

5. Haiijienbl KBAHTOBBIE CABUIM apryMEHTa BTOPOT'O IHOPSIKA, I IPOU3BOJIHLHOIO
IEeHTPAJbHOTO dJIeMeHTa YHUBEPcaabHOIT obepThiBatoleil anredper U gl,.

6. OupejeeHbl reHepaToOpbl HOJAAJITeOPbI, MOPOXKICHHON KBAHTOBBIMU CJBUTAMUI
apryMeHTa BTOPOI'O MOPsJIKA.

7. Jlokazana kBaHTOBas Bepcusi Teopembl A.C.Murmenko n A.T.domenko 151 g =
9lg-

8. /lokazaHo, 4TO KBaHTOBbIE a/redpPhI CJABHUIa apryMeHTa IOPOXKIAIOTCS obpas3a-
MU UTEPUPOBAHHBIX OIIEPATOPOB KBazuanddepeHnpoBaHns Ha IIeHTPe YHIBEp-
caJIbHOIT 0OepThIBaOIIEil aIredphI.

MeToab! ncceI0BaHUA

B nmccepraiiun ncnoib3yoTcs MeTo bl JTUHEHOM 1 00111l a/iredphbl, KOMOMHATOPH-
KI, METOJIbI JInbhepeHIna bHON FeOMeTPIH, TEOPUN IPyI 1 ajredp JIu u mx yHuBep-
CAJIbHBIX 00EPTBIBAIONINX aJre0p, MeTObI J1ePOPMAIIMOHHOTO KBAHTOBAHWISA U METO/IbI
CUMBOJILHBIX BBIYUCIEHUI.

TeopeTnvueckad n nmpakTudeckasi IIeHHOCTb PabOThI

Pabora nmeer Teopermuecknii xapakrep. IlosyueHHbIe pe3yabTaTbI MOTYT OBIThH
IPUMEHEHbI B TEOPUU HHTEIPUPYEMBIX CHUCTEM, KaK KJACCHYECKUX TIaMIJIbLTOHOBBIX
cucreM Ha ajrebpax JIn, Tak W B TeOpUM KBAHTOBBIX WHTETPUPYEMBIX CHCTEM (MpH
N3y4d€eHuUr IIPpUMEPOB TaKMX CUCTEM M YCTaHOBJICHNA CBs3en MEKIY HI/H\/[I/I>7 B TeOpuun
asrebp u rpymnn JIn (71 TocTpoeHnst KOMMYTATHBHBIX MOaredp B YHUBEPCATBHBIX
obepThIBarONX ajredpax). Teopust mpeacraBisier u3 cebsi OTKPBITYIO TPOBJIeMy, Mo-
TEHITNAJIHLHO CBA3BIBAIONIYIO MEYK]Iy cO00I0 Teopwio ajuredp JIu, Teopnio SHTHMAHOB U
KBaHTOBBIX I'PYIII ¢ reoMeTpueii rpyii JIu u Teopueit nHTErpupyemMbIx cucrem. Kpome
TOI'0, PE3yJIbTAThl MOI'YT OBITH UCIIOJIL30BAHbI B 3a/la4ax JUHEHONH 1 obieil aaredpbl
1 KOMOMHATOPUKI.



CreneHb JOCTOBEPHOCTHA

Bce pe3ybraTh! JUccepTaIi SABJISIOTCS OpUTMHAJILHBIMU, 0O0OCHOBaHBI C TTIOMOIIBIO
CTPOTUX MaTeMAaTUIeCKNX JOKA3aTEeTbCTB U OMyOJTMKOBAHLI B OTKPLITON MEeYaTH.

Pesynbrarsr Apyrux aBTOpPOB, UCIOJIb3yEMbIE B JINCCEPTAIINN, OTMEYEHBI COOTBET-
CTBYIOUIMMU CCHLIIKAMU.

Ilybaukarum mo TeMe AuccepTannmn

[To Teme muccepraruu aBropom omybsmkoBano 5 pabor |1, 2, 3, 4, 5|, u3 ko-
TopbIX 4 JimuHbIX paborbl u 1 pabora B COABTOPCTBE (C HAaydHBIM PYKOBOJUTEIEM
[ N.1lapbiruabiv). OCHOBHBIE PE3YJIBTATHI JUCCEPTAINN U3JI0KEHBI B 3 CTATHAX JIHC-
cepranTa [1, 2, 3| B pelieH3UpyeMbIX U3JaHUAX, PEKOMEHIOBAHHBIX JIJIsl 3AIIUTHI B JIAC-

ceprarmonroM copere MI'Y u Bxogsiiux B MeK IyHapoiHble 6a3bl nuTupoBanust (Web
of Science / Scopus), RSCI.

Anpobariiss padboThI

OcHoBHBIE Pe3Y/IbTaThl JUCCEPTAIIMI ObLIN IIPEeICTABIEeHbI JIUCCEPTAHTOM B JIOKJIa-
JlaxX 110 TeMe JUCCePTAIMN Ha CJIeIYIONINX MEXKyHapOIHbIX KOH(MEPEHINIX.

e T'perbsa MexkayHapoiHasl KOH(MEPEHIUs 10 UHTEIPUPYEMbBIM CHCTEMaM U HeJIN-
HeitHoil puHaMuKe, I. Apociasib, Poccus, 7 okTsaops 2021;

e Mexxaynapoatnass HaydHas KOHQEPEHINs CTYIEHTOB, ACIUPAHTOB U MOJIOIBIX
yuénnrx «J/lomonocos-2023», . Mocksa, Poccus, 19 anpensa 2023;

e XL Workshop on Geometric Methods in Physics, r. Benosex, Iosbma, 6 mroJst
2023;

e XII International Symposium on Quantum Theory and Symmetries, r. IIpara,
Yexus, 28 ntong 2023;

e UYersépTasg MeXKJyHApOHAA KOHMEPEHIW 10 WHTEIPUPYEMbIM CHCTEMaM U
HeJIMHENHHOM jguHamuke, 1. dpociasib, Poccus, 28 centsadpst 2023;

e 20th Mathematics Conference for Young Researchers, r. Camnmnopo, fAnonus, 4
mapra 2024;

e Noncommutative Integrable Systems, r. Harosi, fAnonus, 13 mapra 2024;

Takke PE3YJILTATBI U3JlaraJiCb Ha M3BECTHLIX HayYHbBIX CEMHUHapPaX:



e “CoBpeMeHHbIE TIeoMeTPpHYECKHe MeTOJIbl II0J, PYKOBOJICTBOM IIpodeccopa
A.C.Mumenko u akajiemuka A.T.@omenko B MI'V (HeomHOKpaTHO),

e “HekommyTaTuBHasi reoMeTpHs U TOIOJOIUsA  I10J] PYKOBOJCTBOM IIpodeccopa
A.C.Mumienko B MI'Y (HeogHOKpaTHO),

o “JledpopmalinonHoe KBAHTOBAHNE U KBAHTOBBIE I'PYIIIILI 10l PYKOBOJICTBOM ITPO-
deccopa A.B.ZKerosa u ponenra M. [apeiruna B HMY (HeoHOKpaTHO).

CtpyKTypa 1 00bEM PadOTHI

JlmccepTaliist COCTOUT W3 BBEJIEHNS 1 UETBHIPEX TJIaB, pa3/e/IEHHBIX Ha MOJICEKITNN,
3aKJIIOUEHNs 1 ciucKa jgureparypbl. Oommit oobem jauccepranun 90 crpanunir. Crmcok
JINTEPATYPhl COCTOUT U3 21 HAMMEHOBAHUSI.

Conepzkanne padoThI

BBejienne cojep:kuT oblue cBeJieHns 00 UCTOPUU BOIIPOCa, aKTyaJbHOCTH TEMbI
UCCJIC/IOBAHMIL, 1IEJIsIX, METOJIaX U OCHOBHBIX Pe3yJbTaTax.

Ilepsas 2nasa mocBsleHa 0oJjiee MOJTHOMY M3JI0YKEHUI0 UCTOPUM BOIIPOCA, KJIACCHU-
YECKNM pe3yJibTaTaM U COJECPYKUT CBEJIeHUsI, HEOOXOMUMbIE JIJIsI MTOCJIC/IYIONINX TIJIaB.
OHu BKJIIOYAIOT B cebsi TEOPHUIO IIYaCCOHOBBLIX ajaredp M MHOTOOOpasuii, TEOPUIOo ra-
MIJIBTOHOBBIX CHCTeM, Teopuio ckobok Jlu-Ilyaccona na amredpe C*°(g*) (rme g ectb
asnrebpa Jln), ommcanme Merofa ciBura aprymenta (Kak Jjisi OOIIEro cjydasi, Tak u
ist eaydast ckobok Jlu-Ilyaccona), Teopuio yHUBEpCATbHBIX 00EPTHIBAIOIINX AJIredp,
n30keHa reopeMa Ilyankape-bupkroda-Burra u ee ciaencrsusd.

Bo emopoti enase nuccepralinyi n3ydaroTCs KBaHTOBbIE guddepeHInpoBaHust
Ha yHHUBepcajbHOIl obeprhiBatomieil asredbpe Ugl,, BBenénnnie J[.J.I'ypeBuuewm,
IT.H.IlgroBoim n II.A.CamoHoBbIM. DTH OIepaTopbl OJHO3HAYHO XapaKTEPU3YIOTCSI
CJICJIYIOINIECI TeOPEeMOIL:

Teopema (2.2.1). 1 Keanmosvie duddepenyuposarua na yrnueepcasvnoti obepmuica-
roweti aneebpe Ugly; — amo mampuunsie anemermot eQUHCMBEHH020 AUHETH020 0MOO-
PAdACEHUA

Ugly — M(d,Ugl,), x> Oz
makozo 4mo

1. Ov = 0 dasa a106020 wucia V.

1D, Gurevich, P. Pyatov, and P. Saponov. Braided Weyl algebras and differential calculus on U(u(2)), Journal of
Geometry and Physics, 62(5), 1175-1188 (2012).

10



2. 0tr(€e) = & daa 10600 wucro060l mampuyst €.

3. O(zy) = (0x)y+x(0y)+ (0x)(y) das 41006z 2aeMENMOB T U Y YHUBEPCANLHOT
obepmuisarowets areedbpu Ugl,.

3J1eCh € — 3TO Mampuya noporcIAOWUT 2semenmos anredpst Jlu gl, u yciosue
3 Ha3bIBAETCA KBAHMOBHIM NPAGUAOM JIeOHUYaG. DTU OTIePaATOPbI ABJISIOTCS KBaHTO-
BBIMHI aHAJIOTAMU OIIEPATOPOB YACTHBIX IIPOM3BOJIHBIX HA CUMMETPUUECKOI ajredpe

Sgldz(C[eé- ci,5=1,...,d:
o ... 0} 3
..t | €hom(Sgly, M(d,Sgly)), 0 = — € hom Sgl,,

- CC J j
gl ... o de,

TOTOMY 4TO OlepaTop O OJHO3HAYHO XapaKTePH3YIOTCs CJIe/YIONIMHI YCIOBHSIMIL
1. v = 0 iz moboro uncna v. (& 5}1/ =0)
2. dtr(ée) = € nas moboit unciosoit Marpuimt £. (< 5}6’5 = (5@5;?)

3. O(zy) = (0z)y + z(dy) JUIst JHOOBIX 3JIEMEHTOB T 1 Y YHUBEPCAJIbHOH 06epThl-
satoeit anredpul Ugly. (< 0i(ry) = (0;2)y + 2(0jy))

B pabore npejacraieHo Ba MeTOJla IMOCTPOEHMS KBAHTOBBLIX JuddepeHnupoBa-
HUI:

1. Ha rensopnoit anredpe T'gly; = Cle} 14,5 = 1,...,d) UHIYKTUBHO ONPEE/IAIOT
OlIepaTOpbl TAKUM 00pPa30M, 9TOOLI OHM YIOBJIETBOPSIN KBAHTOBOMY IPABILILY
Jleitbuuna, 1mocse 9ero JoKa3biBaloT, YTO OHU COXPAHAET MJeall, COOTBETCTBYIO-

muii yHuBepcasabHoit obeproiBatotieit anredpe U gl,;. DToT MeTO/] onucan B mapa-
rpace 2.2.

2. MpbI ucnosibzyem ToT haxT, 9To cymMmMa ¢ + 0 KBaAaHTOBOTO JindpepeHInpoBaHust
0 u Bioxkenusi § anarebpol Ugl, B amredpy M (d,Ugl,) sBiasercs romoMopdus-
MOM YHHUTAJIbLHBIX KOMILIEKCHBIX ajareop. Vcmob3ys yHuBepcaabHOCTh TEH30D-
Hoit asredpur 1'gl;, MOXKHO ITOCTPOUTH FTOMOMOPMU3M YHUTAJIBHBIX KOMILIEKCHBIX
aJireOp, MPOJOJIXKIB 10 FTOMOMOPMU3Ma, JINHEITHOE 0TOOParKeHHe

gld — M(d7 Ugld)7 tr(fe) = g
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Makum obpazoM mojydaeM oToOparkeHune

glyg—— M(d,Ugly) , tr(&e) — &.

| 7

Tylq 640

l

Ugly

DTOT MeTo/ olncaH B ab3ale 2.3.

BareM B naparpade 2.4 jjokazanbl OCHOBHbIE (POPMYJIBI /ISt KBAHTOBBIX Jud depen-
IIUPOBaHMIT, KOTOPbIE OKA3BIBAIOTCS MMOJIE3HBIME MOBCIO/Y B 9TOi nncceprarmu. Chop-
MYJIEDYEM 9TOT Pe3yJibTat, OlyOIMKOBAHHbII 1 JIOKA3aHHbIN JuccepTanToM B [1]:

Teopema (2.4.1). Keanmosvie dudepenuuposanus, MampusHbe 9AEMEHMOS (e")é
aadaromes caedyroweti Gopmyroti:

o = 3 (£ V@ ey + £ e
_ - ((em)jfin—m—l)(e)i + (em)jfin—m—l) (6)),
m=0
ede n _
fj(;n)(x) _ (z+1) :;: (z —1) _ Z 1+ (_21) (;:L)xm € Z[z].

m=0

O6o3naunm vepes C' 11eHTp yHUBEpcaabHON obepThiBatomieit aaredpwr U gl ;. On mo-
pOJK/laeTcs SIeMeHTaMu tr e, tr e2, . . . . [lycrs O¢ obosnauaer omeparop tr(£0) na Ugly,
rjae & — MOCTOSTHHAA MaTpulla KoM UINEHTOB, Mbl OyJ/ileM Ha3bIBATbh 3TOT OIEPATOP
orepaTopoM “KBaHTOBOrO cjiBura aprymenTa’. IIpumensiss K sjgemMeHnTaM 1eHTpa hop-
MyJIy Teopembl 2.4.1, aBTOp MOJIydnII CIeyIolue pe3yabrarhl (eM. maparpad 2.5):

® CDOpM}UIbI JJI KBAHTOBBIX CABUI'OB apI'yMEHTa B CJy4dae HEeHTPaJIbHBIX 3JICMEH-
TOB:

T
CnencrBue (2.5.1). [Jaa konewnozo npoussedenus [[,, tre umerom mecmo
PAGEHCMEE

(tr& 4+ 0) Htr e = Zl tre™ i tre™ - -tr(ﬁH fﬁnk_mk_l)(e)).
m k

mlifl mgifl

e OcHoBHasi TeopeMa Jjist m =n = 1:
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Teopema (2.5.2). Jlasa m006lT YEHMPANOHYIT INEMEHTMOE T U Y YHUBEPCANLHOTU
obepmuearowets anzebpor U gl,; cnpasedausa ghopmyaa

[(95:1;‘, 8§y] = 0.

I ope CY C Ugl i

e Teneparoper noganrebpot Cy ' C Ugly, NOPOKIEHHOM OJHOKPATHBIMI KBAHTO-
BBIMU CJIBUTAMU apryMeHTa IeHTPAJbHBIX 3JIEMEHTOB B YHUBEpPCAJIbHON 00epbI-
BaloIIeil ajiredpe OMMChIBAIOTCS CJIELYIONTIM 00pa30M:

Teopema (2.5.3). 05(1) = C[tr(fe”) n=12.. ] :

B mpemweti enase jjoKazaHa OCHOBHasi Teopema 3Toii juccepraiuu. Ona dopmy-
JINPYETCsl CJICIYIONUM 00Pa30M:

Teopema (3.1.1, cm. [2]). s 4100601 HEOMPUUAMENLHOIT YEAVLT “UCEA M U T U
A0ODIT YEHMPAADLHLT INEMENMOE T U Y YHUBEPCAALHOT 0bepmuisarowet anzebpu U gl,
CNPasediuso CACOYIOWEE PAGEHCNEO:

[82":6, agy] = 0.

B naparpade 3.2 uzydaercs, KaKk KBaHTOBBIIl CJIBUT' apryMeHTa TpaHChOPMUPYeET-
csd 1oJ1 JieficTBreM comnpsizkerust aareopol Ugly semenTaMu o0Ieii JIMHEHHOM IPyIIIbI
G Ly. B pesymnbrare, ocHoBHasi TeopeMa 3.1.1 cBojauTCst K Ciiydato, Korja & sIBJIsIeTCsI
IuaroHajJbHONl MATpuIleil ¢ pa3audHbIMI COOCTBEHHLIMU 3HAYeHUsAMU. B 3ToM ciry-
Jae MOYKHO HCIIOJTb30BATEH XapaKTePU3aIlnio aareOpbl KBAHTOBOTO CABUTA apT'yMEHTOB,
npenoxennyio D.5.Bunbeprom u JI.I". PeiOHIKOBBIM, JIOKa3aBIINMU, YTO IIPU YCJIOBUH
¢ = diag(z1, ..., 24), 2i # 2;, i # j, KBaHTOBas ajarebpa CJABUra apryMeHTa OKa3bIBa-
eTcs MeHTPAIN3aTOPOM MHOXKECTBA

d

B naparpade 3.3 joka3sbiBaeTcst OCHOBHasi TeopeMa 3.1.1, Jijist 4ero 1mo WHIYKIUN
JIOKA3bIBAETCS, UTO JIEMEHTEI 62”1: JUTsl JIIOOOTO TIEHTPAJILHOTO 3JIEMEHTa T YHUBEp-
caJIbHOI obepThiBatoleil ajredpbl U gly 1eKUT B IEHTpaIN3aTOPE 9JEMEHTOB, YKa3aH-
HBIX BBITIIE.

B nmaparpade 3.4 B KadecTBe CJIeJICTBUSI OCHOBHOI TeOpeMbI MTOKa3aHO, YTO aJred-
pa C¢, HOpOXKJeHHasd dJIeMeHTaMi IeHTPa yHUBEPCabHOll obepThiBalolieil ajiredpbl
Ugl,; m mX BBICHINMU KBAHTOBBIMU CJBUTAMU apryMeHTa, SIBJIseTCS KBAHTOBON ajreod-
poil cjBUIa aprymMeHTa B HallpaBJIeHHH &:

Teopema (3.4.1, cm. [2]). Aneebpa Ce asasemes keanmosoti anzebpoti cosuza apey-
MEHMA 6 nanpasieruu &.
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Jluneitnoe orobpazkerue § + 0 (rje § — eUHUTHAST MATPUIIA) COXPAHSET TPOU3Be-
JIeHne B CHJIy KBaHTOBOIo Ipasuia JleitOuura. lasee gepe3 0 Mbl Oyaem 0003HAYATH
romomopdusm § + 0.

Ksanrosas asrebpa C¢ ciBura apryMenTa IpejicTaBidercd Kak cyMMa (bubTpa-

it C’én) :

ce=Jc, o =c o = e Voray.
n=0

rie C’én_l) [8?0} 0003HAYaEeT KOMILIEKCHYIO ajIredpy, MOPOXKIEHHYI0 KOMILIEKCHO aJi-

i n—1 o
re0Opoit C’é ) 11 MHOKeCTBOM 6?6’ . B aTux obo3HavueHNsAX pe3yIbTaThl BTOPOil TOJIOBH-
HBI [JIABBI 2 JJUCCEPTAINN MOI'YT OBITH KPATKO CPOPMYINPOBAHDI CJIEIYIONINM 00PA30M:

e Ciencrue 2.5.1:

¢ Htr el'm = i tre™ i tre™ - -tr(fH fﬁnk*mk*l)(e)).

mp=—1 mo=—1 k

e Teopema 2.5.3:
Cf(l) = C[tr(ge”) n = 1,2,...]

B vemeépmoti enase Mbl TOKa3bIBAEM CJIETYIOIIE PE3YIBTATHI:

e KBaAHTOBBIIl CIIBUT apryMeHTa BTOPOTO TOPsJIKa MPOU3BOJBHOIO IMEHTPAJIHLHOTO
9JIEMEHTa YHUBEPCaIbHON 0obepThiBatoleil ajgredpol U gl,; onuchiBaeTcs Cleyio-

et opmyJioit:

nl—ml—l n2—m2—1

agntre”m: i tre™ f: tre ... Z Z
m

m1:—1 m2:—1 /ﬁ:—l kQZ—l
tr (§ H fﬁk‘{)(e)a tr (f H fﬁm_m‘}_k‘}_z)(e)))
Y4 /
n+1

tr (§6m8 tr(ge”)) = T¢ (Pr(bm)) + Z tr(é“emfﬁn*j)(e)) tr(fej_l).

2
o Asrebpa C’é ) Mower 6uiTh oricara IIPU TIOMOIIHU CJIEIYIONIEro Habopa, MOPOoK-
JIAIOTITUX 9JIEMEHTOB:

S
N2
[
S
N
1
A
VRS
9k

”)>,T£ (Rﬁ%) + Tg(Rﬁ"H)) n=1,2,.. ]
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Beeném ciemyroriue 0003HATEHMS:

Onpenenenne (4.2.1). [lycrs pm MaTpuna pasmepa (m + n) X n, 3J1eMeHTHI
KOTOPOIl paBHbI KO3 dUIneHTaM moJnHOMA

1I0JIOXKUM Torna P, = Pr(lo).

Onpenenenune (4.2.2). s nm060il 9UCIOBON MATPHUIIBI & pasMepa 1m X N TOJOKIM
m n

Te(z) = Z Z x; tr(ge' ¢’ ).

i=1 j=1

[Ipr oMot pOpMYJIBI JIjI BTOPOTO MOPSIIKA KBAHTOBBIX JAuddepeHnnpoBannii
(cMm. Teopemy 2.4.1) MbI JIOKA3bIBAEM PABEHCTBO

T
C§(2)C§(1)[(TEOU) (Pg)m P(?) :man071727"']7

. . . . 2
rie o(z) = >, x§5max{i,j}5mm{”}. Terepb MOPOXKIAIONINE JIEMEHThI aareOphl Cé )
MOZKHO OINCATDL IPH HOMOIIM CJIeLyIOIeil TeopeMbl, IOJYYeHHO JUCCepTaHTOM:

Teopema (4.3.1, cm. [3]). Jlas 4100010 ueabix HEOMPUYAMEALHBIT YUCEA T, U T GbI-
NOAHAIOMCSA PABEHCINGA

0 P\ ~~((2n—k 2n —k — 1\\ (k)
(o, 5) =2 () () e
0 PL “ (2n —k (m+k) (m+k+1)
0( O>:Z< L )(Pm+k+1+Pm+k )

Poon+1
m-+2n-+ —0
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Teopema 4.3.1 sKBUBaJIEHTHA CJIEIYIONIUM YeTHIPEM KOMOMHATOPHBIM PaBEHCTBaM:

2n1 +no+ 2ng + 1 N9 + 2ng
+
2713 2713

_i ny+ng+ng+ng+1 N ny + ng + ng + ny ny+ns —ny
- 2ny 2ny 2(n3 —n4) )’

Tl4:O

2n1 + no + 2n3 + 2 ng + 2ng
+
27%3 2713

e <n1+n2+n3+n4+1)<<n1+n3—n4+1> <n1+n3—n4>>
-5 . |
2714 2(713 — n4) 2(?’&3 — 7’L4)

TL4:O

fim+2n)(x) n fim)(x)xzn _ zn:<<2nk— k) N <2nk—_k;1— 1)) _(irm+k)(gj)gjk7

k=0

m-+2n m n a 2n_k m m
PO gt =30 () (7 et et

k=0

KOTOpble ObLIM JIOKa3aHbl IIPH IIOMOIIM CHUMBOJIBHBIX BBIYUCAEHUI B IIaKeTe
Mathematica.

SaKJII0UeHne

Huccepraliisg OTKpbLIA IYyTh K KOHCTPYKTUBHOMY OITMCAHUIO KBAaHTOBO a/redpbl
CJIBUTA apI'yMEHTOB, paHee olpeae/geMoil aKCHOMATHIeCKH VI ITPU TOMOIIHN TIepevrc-
JleHnsi obpazytonux. st 9Toro ObLIN NCIIOJB30BaHbI OEPATOPbl KBAHTOBOTO CJIBUTA
apryMeHTa, COOTBETCTBIE KOTOPBIX KJIACCHIECKUM OllepaTopaM CJBHUTa apryMeHTa J0-
CTATOYHO OYEBUJIHO U3 OlIpejieieHnii. B quccepranum jjoka3aHo, 9To onepaTopbl KBaH-
TOBOI'O CJIBUTA apTyMEHTA, YJI0BJIETBOPIOT TeopeMe (OCHOBHOIT Teopeme JUCCepTaIun ),
anasiornanoit Teopeme A.C.Mumenko n A.'T.Qomenko B Kiraccudeckom ciydae. Kaxk
CJIEJICTBUE, B JINCCEPTAINN YCTAHOBJIEHO, YTO KBAHTOBas ajiredpa cJBUra apryMeHTa 1
MOPOXK TaeTCst 00pa3zaMu YIeHTPAJIbHBIX 9JIEMEHTOB OTHOCUTETLHO ONIEPATOPOB KBAHTO-
BOTO ciBura aprymenTa. CyliecTBoBaHIe OIEPATOPOB KBAHTOBOI'O CJBUTA apryMeHTa,
MOPOXKJIAIONTNX KBAHTOBbIE ajreOp CJBUTa apryMeHTa JIJIsd [IPOU3BOILHBIX ajareop JIu,
1OKa He ycTaHoBJeHO. [luccepraliust dBjIsIeTCs MEPBBIM IIArOM B 9TOM HAIPABJICHUN.
Jltst TpaKTHYIecKoit KOHCTPYKIIMN KBAHTOBOM ajiredpbl ¢JBUTA apr'yMeHTa HeOOXO/ MO
BLIUNCJICHUE CJIBUTOB apr'yMeHTa BBICOKOTO MOPSIKa MEeHTPAIbHBIX 9JIEMEHTOB. 3/eCh
BayKHYIO POJIb UI'PaeT OCHOBHast (popMyJia JIJIsi KBAHTOBBIX JnddepeHImpoBaHuii, J10-
KazaHHas BO BTOPOIT TiaBe aucceprarnuu. [Ipu momormu 3Toit popMysIbl B TUCCEPTAIIH
JI0OKa3aHa KOMMYTATHBHOCTD 3JIEMEHTOB, IIOJIYYAIOIMINXCsT OJHOKPATHBIM KBAHTOBBIM
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C/IBUTOM M3 IEHTPAJbHBIX 3JEMEHTOB YHUBEPCAIBLHON O0OEPTHIBAIOIIEH aareObl; Kpo-
Me TOro, IpU MOMOIIH 3Toi dopmy/ibl 1 pedyiabrata D.5.Bundepra n JI.I'.Priorukosa
JIOKa3aHa OCHOBHAs TeopeMa JUCCepTaIii, KOMMYTATHBHOCTDb 3JIEMEHTOB, TOJIyYalo-
IIIXCS U3 MEHTPAJbHBIX CABUTAMI BBICIIEro rmopsjaka. OCHOBHasl TeopeMa IT03BOJISET
BBeCTH (PUIBTPAINIO Ha, KBAHTOBOI ajreOphl ¢ABUTa apr'yMeHTa 110 ITOPSJIKY OllepaTo-
POB KBAHTOBOI'O ¢/IBUTa aprymenTa. [loHoe onncanme Beex ypoBHeit 3Toit (pUIbTpaIIH
SIBJIsIETCS 3a/1adeil JI/Ist Oy Iy X UCCJIeIOBAHI, OJHAKO B JUCCEPTAIUN Y/IAJIOCH MOy~
YUTH MOJIHBIE (DOPMYITBI J/IT KBAHTOBBIX CJIBUTOB apryMeHTa IEeHTPAJTLHBIX 9JIEMEHTOB
1 FeHepaTOpOB KBAHTOBOM ajredphl CJIBUIa apryMeHTa HOPsijiKa BILIOTH JIO BTOPOIO.
[t 5TOTO OTPEOOBAINCH CIOYKHBIE KOMOMHATOPHBIE PABEHCTBaA, IPU padoTe ¢ KOTO-
pbIMH ObljIa, UCIIOJIb30BaHa CUCTeMa KOMIIbIoTepHoit ajredpnl Mathematica.
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