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[. TamanaeB, A. YepBoB

YPABHEHUE K3, G-OIIEPHI, KBAHTOBA /I
PEAYKIIUSI JPUH®EJLIA-COKOJIOBA U
KBAHTOBOE TOXKJIECTBO 'AMUJLTOHA KDJIN

1. BBEJIEHUE

1.1. IIpocTou ¢akT U3 JuHeUHOU aarebpel. Ilycts L — HekoTopas
MATPUIA HAJ HEKOTOPHIM moseM. OHa MOXKeT ObITh IPUBEIEHA KO “BTO-
pou HopMasbHOU (opme”, T.e. cymecTByeT MaTpuna C, Takas, 9To

0 1 0 0 ... 0
0 0 1 0 ... 0

CLC ' =1|... .. R I (1)
0 0 0o ... 0 1
H, Hn,, Hn,.» ... Hy H

rae H; — ko3 PUIrueHTs XapaKTePUCTUIECKOTO TOMMHOMA:

det(L(z) — \) = (=1)"(A" — Z H, i\,

t.e. H = Tr(L), H, = (—1)" ! det (L).

[na noxa3aTerbCTBA DTOTO YTBEPXKIEHUA AOCTATOYHO PACCMOTDPETH
maTpuirly C 3aMeHBI KOOPAWHAT, TEPEBOIAILYI0 CTAHIAPTHLIN 6a3uC B 6a-
3uc, 06pa30BaHHLIN KOBeKTOpamu v, vL, ... , vL" ! rie v — KoBeKTOp 06-

Iero IMOJIOXKEHUA:
v

vL
C=| oL* |. (2)
e
IIpumep 1. Ilycts L — uucaoBas marpuma pasmepa 2 X 2:
a b
b= ()
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rae ¢ # 0. DTa MaTpUla MOXKET OLITH MPUBEIEHA KO BTOPOU HOPMAILHOU
dopMe ¢ IOMOUIBI0 MATPUIILL

(0 1Y),
o= (2 a)

TakuM 00pa3om,

CLC™ = <d£t(L) tr(lL)>'

IIpencrapum maHHOE CBOMCTBO B 60j€e OOIIEeM BUIE:

o= =((Lgatty uin)~*)C @

1.2. Cxema kBamToOBaHuUs. HanmomMuuM cxemy KBaHTOBAaHUA, d(Pdhex-
TUBHYIO [/ IIEJOT0 KJIACCA UHTETPUPYEMBIX CUCTEM C PAIUOHATBHBIM
omeparopoum Jlakca, Ha npumepe cucremsl [onena, nocrpoeruon B ([3,

13.2.2]).

OmnepaTop Jlakca. Oneparop Jlakca TaHHOU MOAENN ABAAECTCA PALUO-
HaAJILHOU (PYHKIUEHN C IPOCTLIMU IIOJIOCAMMU:

L= 3

i=1...N

®; € Mat,, ® @ gl,, C Mat,, ®U(gl,,)®" ompenerensr popmy.ton
®; = Z En ® el(fl), (4)
kil

rae Ej; obpasyior cramgapTHbin 6asuc B Mat, u 31(;1) SABJIAIOTCA CTaH-

TApPTHBIME T€HEpaToOpaMu i-1 konuu gl,,.

3ameuanue 1. Bce npemmaraeMble PaCCMOTPEHASA ABTOMATHIECKH II6-
PEHOCATCS Ha MO0y CUCTeMy, omepaTop Jlakca KOTOPOU yIOBIETBO-
psieT JUHENHBIM R-MaTPUYHBIM KOMMYTAIMOHHBIM COOTHOIIEHUAM (25),
B JaCTHOCTH, HA CIydYaill, KODQa PACCMATPUBAETCS CTAHIAPTHLINA ONepa-
rop Jlakca musa gl,[t], sazanasm popmymon (23).
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KBaHTOBBLII XapaKTepUCTHYECKHMH IIOJIXHOM. KBaHTOBOE KOMMY-
TATUBHOE CEMEUCTBO CTPOUTCA C MOMOIIBI0 KBAHTOBOI'O XAPAKTEPUCTHU-
YEeCKOr0 MOJUHOMA,

“det”(L(2) — 85) = Tr Ap (L1 (2) — 85) ... (Ln(2) — )

=Y Ch-) QL) ©)
k=0

Teopewma [1]. Kosppuumentsr QI (z) koMMyTHpYyIOT,

[QIk (2)7 QIm(u)] =0,

U OIIpeneqaAaroT KBAHTOBAHUEC KJIACCHUICeCKUX I'aMUJIbTOHUAHOB Fo,zzeHa.

B dopmyrax, mpearoKeHHbIX Bhime, L;(z) — aTo srement u3 Mat, ®" @
Ul(gl,)®N, noryuenneni ¢ momontsio Broxenus Mat,, < Mat, " xak i-it
KOMITOHEHTHI. DJIeMEeHT A, — HOPMAIU30BAHHBLIA ONEPATODP AHTUCAMME-
rpusamuu B C"®".

3ameuanue 2. AHamOrmYHAs KOHCTPYKIWA OBLIA HCIOIB30BaHA B [2]
11 mocTpoenns KomvyTaTtusaon moxamre6psr B U (gl )[t]/tY, U(gl,)[t]
U LEHTPa YHUBEPCAILHOU 06epThIBaomen apGuHHON alreOpsl Ha KPUTH-
YECKOM YPOBHE.

1.3. YpaBuenue K3, G-onepsl u ypaBHenue Bakcrepa.
e CoorBercrsue Jlenrmenaca. G-onepsr.
Cxamsapubin gudpepeHnragIbHbII ONepaTop, 3aIaHHbBIU (HOPMYIOn

X(“det”(L(z) = 8)) = ) Ch(=1)"*x(QIx(2))02 ", (6)
k=0

B TEOPUEM MEOMETPUIECKOrO COOTBETCTBUA JIeHrmeHaca HaswBaerca G-
OTIEPOM, OH ONPEIENACT CBA3HOCTH HA MPOKOJIOTOM IUCKE (TaK HA3LIBA-
emasn Damya-cocTaBasionas COOTBETCTBUA). 30ECh X — XapaKTep KOMMY-
TATUBHOU MOAAITe0pbI, TOPOXK AeHHOU QI (2), OH CBA3aH C XapakTepoM
ma nerTpe Ueit (g/[;) ¢ moMomipio orobpaxenus A mepa—Kocranta—Cuma
[4] n, Takum o6pa3oM, ¢ mpeacTaBieHreM anreOpsr Uerit (g/[;) (Tak HA3BI-
BaeMasg aBTOMODP(QHAA CTOPOHA COOTBETCTBUA).
e Ypasuenne Bakcrepa. (Q-oneparop Bakcrepa.
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Ypasuenue Bakcrepa u ero pemenune (Q-omeparop Bakcrepa) 3ana-
10TCs POpPMyYION

m(“det”(L(z) — 8.))Q(z) = 0. (7)

3nece (7, H) — npexcrasrenne amre6psr U(gl,)®N B rums6epToom mpo-
crpauctee H, U(gl,)®"N — amre6pa KBaHTOBBIX HAGMIOJAEMBIX MO I
Togena, H =V; ® ... ® Vi — ruas6epToBO IpoCTPancTBO, (Q)(2) — QpyHK-
uus co 3uadenusvu B End(H).

e Ypasuenue KHMKHUKOBA—3aMOJOIINKOBA.

CrangaprHoe ypasaenne K3 [5] mpu crenuanbHOM BEIGOpe YPOBHS 3a-
naeTcsa popMyIon

7(L(2) — 0)8(2) =0, ®)

rae (m,V) ® ... ® Vy) — npeacrasrenne amre6per U(gl,)®N, a ¥(z) —
dyskuus co 3HavenuaMu B C" @ V3 ® ... ® V. B [6] 6bu10 mokasaHo,
YTO MO pemieHuo yHuBepcanbuoro ypasuerua K3 (L(z) — 0,)¥(z) = 0
MOYKHO TIOJIYYUTh PEIICHNE YHUBEPCATLHOr0 (G-0mepa, paccMaTpUBasg BEK-
ropHble KoMoHeHTHl U (2); pemenus ¥(z), koTopoe aBaserca QpyHKIuEn
co 3HadeHuaMu B V] ®...QVy. [leramm gaHHLIX HAOJIIO IEHUI MOy T OLITH
HaIeHHL B pabore [2].

1.4. OcHoBHBIE pE3yJALTATHI.

IlpuBegenue xkBaHTOBOro omepatopa Jlakca x ¢opwme
HOpundensaa—Coxomnosa. [ycts L(z) € Mat,, ®U(gl,,)*" @ Fun(z) —
KBaHTOBBIN onepaTop Jlakca mogesn o gena; 3gece Fun(z) osnagaer nmoa-
XO[AIIee MPOCTPAHCTBO QPYHKIUU OT (popMaabHOro mapamerpa z. O60-
suaumm vepes LI(z) xeanmosvie cmenewnu omeparopa Jlakca, ompegens-
€MBIe CJAeIYIOMUMY (POPMYIAMU:

Lo = 14,
ACIE ALty A Al

Teopema 1. Brpaxenme C(z), npunmMmarmomee 3HAYCHUA B
Mat,, U (gl,)®N @ Fun(z) u onpegerenroe gpopmy.ror
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rae v — BekTop obmero mouoxenus B C", maeT cregyroree kaainbpoOBOIHOE
npeobpa3oBaHHE:

0 1 0 ... 0
0 0 1 ... 0
L) -a)=|]| ... ... .. .. . |-alcw,
0 o ... o0 1
QH, QH,, ... QH» QH

(10)
rge

“det "(L(z) — 0,) =Tr Ap(L1(2) — 8.) ... (Ln(2) — 8.)
=(-1)"(0r — Z QH, _;0}). (11)

3necy meroapaytoresa obozratenns QHy, = CF(-1)kFQI.

CBABHOCTDL B MPABOU YACTU PABEHCTBA OOBIMHO 0OO3HAYAELTCS CBA3ZHO-
creio Tuna [pundensra—Cokoaosa.

CaexncrBue 1. KpanroBrie crenmenu omepartopa Jlakca yaoBIeTBOPAIOT
KBaHTOBOMY TOXxaecTBy I avmumiasrona—Komam

n

LM(z) = > QHi(z)LI"(2). (12)

i=1

MokazaTeabcTBo. PaccMaTpuBas NOCAEIHION CTPOKY ypasHenus (10),
HOIY <M

oL In—1] (2)(L(z) — 8.) = ZUQHi(z)L[n*i] (2) — BZ’UL[nfl] (2).

W13 »Toro paBeHcTBa BLIBOIUTCA UCKOMOE yTBEPKAeHNE. B KagecTse eme
OMHOIrO CJAEICTBUAA MBI MOy IaeM IIPOCTOR CIIOCOO MPOM3BOMUTE PEIIeHUs
yHUBEpCATLHOT0 (-omepa 1o pemenno ypasuenus K3 munennon saMmeHon
KOOPAWHAT. DTOT METO] TIOTHOCTHIO CONIACOBAH C METOIOM, PACCMOTPEH-
HBIM B [6]. a

HUcTopuieckoe 3amedanue. Toxpectso avmisrona—Konu, npeacra-
BJIEHHOE BHIIIIE, ABIAETCA €IUHCTBEHHBIM COOTHOIIEHNEM TAKOro Tuna (B
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Mepy OCBEJOMJIEHHOCTH aBTOPOB) s KBAHTOBBLIX OmepaTopos Jlakca co
CIEeKTPATLHBIM mapaMeTpoM. [losBiIeHrne KBAHTOBBIX MOOPABOK B CTEIe-
uax L(z) oramgaet ero oT TpaaunuoHHOro. [o106HOro poga TOX IeCTBa
o omepaTopos Jlakca 6e3 CHeKTPaThbHOrO mapamMeTpa 00CYXKIaJnuch B
[9], a Takxke B pazgene 4.2 paors [10]. B padore [11] (pazger 2.4) 6uL10
npenaokeHo Toxaectso avmunbrona—Koau musa gl, (sra pabora cyue-
CTBEHHO BOOJYIIEBWIA ¥ HAC). 3aMETUM Takxke, 4ro B [12] (paszen 8.6,
cTp. 96) 6bLIO IpeaIoKeHo 0600mmenue Tox gecTBa ['amunsrona—Komm nus
MaTpuIl ¢ KO3hUIIMEHTaMHT B MTPOU3BOILHON HEKOMMYTATUBHON aarebpe
HECKOMBKO WHOU MPUPOIHL.

BaarogapuocTu. Pa6ora 0601X aBTOPOB BHITIOIHATACH TIPU YACTUTHON
mognepxke rpaara PODU 04-01-00702 u rpanTa HOLAEPKKU HAYIHBIX
mkoa 8004.2006.2. O6mas uges TeopeMbl 1 Gblia cHOPMYIUPOBAHA BO
Bpems npebnBanusa oguoro u3 apropos (T./1.) 8 LPTHE ocensio 2005 r.
T./I. xoTen 661 mobraronapuTh PPaHIY3CKOE TPABAILTEILCTBO, & TaAKKe
FRIP (®enepanuio uccienoBanuil (pyHIAMEHTAIBHEIX B3AUMOICHCTBUN)
3a OPraHM3aIMIo JAHHOIO Bu3uTa u ocobenno 0. BabenoHa 3a BaKHBIN
BKJIAJ B IOHUMaHue npobaemel. Pabora oguoro u3 asropos (1.A.) 6buia
BBITIOJHEHA TaKke Mpu dacTuaHou nonaepxkke rpauta INTAS YSF-04-
83-3396, JacTh pabOTHl ObLLTA BEIIOJHEHA BO BpeMmsa busuTa B SISSA B
pamkax mpoekTa INTAS; asTop rmy6oko mpusuarteres . Darbku 3a uc-
KIIOYUTENbHBIE YCAOBUA PAOOTH U CTUMYJIUPYIOIINE TUCKYCCUU.

2. OCHOBHO# PA3IEJ

2.1. Conocrasienue ¢ o6mmMm coorBercrBueM KZ—G-omep. B
pabore [6] 6bLIO OOHAPYKEHO, YTO CYLIECTBYET MIPOCTAS CBA3bL MEXIY
petenusMu ypapaenus K3

rae S(z) — ¢pyukuua co suadenuamu B C" @ V', rae B cBowo ouepens V
€CTBb IpeACTaBIEHNE anreOphl U(g[n)®N, U pelIeHueM ypPaBHEHU, MOJIY-
Ta€MOI'0 U3 KBAHTOBOI'O XaPaKTE€PUCTUIECKOI'O IIOJIMHOMA

“det” (L(z) — 8,)¥(z) = 0, (13)

Ha U(2) — dpyuxkumio co sHadenuamu B V. [octarodno B kadectse ¥(2)
B3ATH MPOEKIINIO Ha AHTUCAMMETPUIHYIO JaCTh Bepaxkenus U(z) = v; ®
... QU1 ®S5(2), rge v; — npousBoabHLIM BekTOp B C". [[1a cnenuaisHOro
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BLIOOPA BEKTOPOB ¥; MOXKHO MOKA3aTh, ITO BCE BEKTOPHBLIE KOMIIOHEHTEI
¢yuxuuu S(z) mag C™ pewaror ypasuenue (13).

3ameuanue 3. Posb ypaBuenus (13) oxa3bIBAETCA UCKIIOYUTEILHON B
3aJade PelIeHUs KBAHTOBOM MOJIENM, & TaKkKe B MeOMETPUYECKOM COOT-
BercrBuu JleHrenaca. A UMEHHO, OrPAHUYIMBAS JAHHOE yDABHEHUE Ha 00-
NI COGCTBEHHBIN BEKTOP TaMUILTOHMAHOB [0eHa, MBI MOMydIaeM Tak
Ha3bIBaeMbn (G-0Tep; yCIoBue, YTO NaHHOe NuddepeHIranbHOe YpaBHe-
HUE MEeT TPUBHAILHYIO MOHOIDOMUIO, SKBUBAJCHTHO ypaBHeHUAM Bere
Ha COOCTBEHHBIE 3HAYECHUA KBAHTOBLIX MAMUIbTOHUAHOB.

@opwmyaa (10) OCHOBHOUM TEOPEMBI TakXkKe MPEJOCTABIAET TAKOE OTHO-
menue, a uMeHHo: ecau S(z) pemaer ypasuenue K3

(L(z) = 8:)5(2) = 0,

TO mepBas BeKTOpHas komnonenTa ¢yukuuu C(2)S(z) pemaer ypasue-
uue tuna Baxcrepa (mim G-omep) (13). Pacemarpusas C(z) B Buge (9)
¢ sektopoMm v = (0,...,1,...,0), morydaem, 4TO mepBas KOMIIOHEHTA
dyuxmuu C(z)S(z) comamaer ¢ S(z);.

CaexpcrBue 2. Bce pemenus ypaBuerus K3
(m(9: — L(2)))S(2) = 0 (14)

ABIAIOTCA PAIUOHATBLHBIME (QYHKIUAME (34€Ch T — KOHETHOMEDHOE IPEeJ-
crasrerme arte6per U(gl,)®N).

[MoxkaszarenbcTBo. B padore [6] ObLIO cresaHo mpexnonoxenue (OCHO-
BaHHOe Ha [7], a Takxe Ha ugesx Baxcrepa, I'ogena n CkiaHuHA), 9TO
ypasrenue tuna Baxcrepa 7w(“det” (0, — L(2)))¥(z) = 0 umeeT TOIBKO
palMOHAIBHEIE DEIIeHns. DTa PUNoTe3a OBlIa T0Ka3aHa B padore [8] (Te-
opema 4.1 a ctp. 12). C gpyrou cTOpOHBL, U3 yTBepK AeHUsI paboThL [6],
00CyX 1aeMOro BHIIIE, CleAyeT, 9TO Jiobasd KoMmmoHeHTa S(2); BeKTOpa
S(z) pemaer ypasuenue Bakcrepa, ABIAACH TakuM 0OPa3OM BEKTOPHO-
3HAYHOU PAIMOHATLHOU (DYHKITEN.

2.2. Comnpsaxenmne. PaccMOTpuM CHAYAIA HECKOJBKO MPUMEPOB KBAH-
TOBBIX cTeneHen omneparopa Jlakca (9):

LM (z) = L(2),

LPl(2) = L*(2) + L' (2).
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Taxum o6paszom, mia caydas n = 2 marpuna C' MOXeT OBITH BLIOpAHA B
TPATUIMOHHOM BUIE

e KBAHTOBKIU OmepaTop Jlakca onpemenseTcs BHIpaKeHueM

_ (a(z) b(z)
wo= (58 i) 1o
MokazaTeabcTBO TeopeMsl 1. B o6mewm crydae paccMoTpuM perneHue
U(z) ypaBrenus K3
L(2)¥(z) = 0,%(z).
IMycrs ®(2) = C(2)¥(z), rae C(z) sagano popmymaon (9). Toraa
B1(2) = <0, ¥(2) >,

<
Dy(2) = < vL(2),¥(2) >=<v,0,%(2) >,

ST

B (2) = < v(LFUL(z) + 0. L) ®(2) >
= < oL 0,9(2) > + < vd. LF Y ¥(2) >= 0.8, (2).

Taxum o6pasom, C(z) mpeobpasyet ypasuenue K3 k suny lpundersna—
CokomoBa,

0 1 0 0o ... 0

0 0 1 0o ... 0

0 0 0 0 1
In(2) Pno1(2) Una(z) ... a(z) Yi(2)

[l1a moxasaTeabCTBA TOrO, YTO TAHHAA CBA3HOCTH COBIATAET CO CBA3HO-
cThIO B ipaBou vacTu pasercTsa (10), Heo6X04MMO IPUMEHUTH PE3yJIbTaT
u3 [6], cocTosimmu B TOM, 9TO MI00as KOMIIOHEHTa pemteHus ypasHenus K3
¥ ynosierBopser ypaBuenuio bakcrepa. C 1pyrou CTOPOHBI, O MOCTPO-
eHuIo MBI BUAuM, uT0 < v, U(z) > ymosrerBopsaeT nuddepeHnnaibHOMy
YPABHEHUIO

@or — zn:ﬁi(z)ag*i) <0, T(2) >= 0. (17)

B cuny o6muocTu BEIGOpa pemenus ypasuenusa K3 U(z) u BexTopa
v € C", a Takxe B CWIy YHUMOZIY/IIPHOCTU 060uX nuddepeHIrnaTbHBIX
OTIEPATOPOB, MHEI 3aKI0UaeM, 9TO ruddepeHnuaibubii oneparop (17) u
G-onep comagaioT. [
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3. @AKTOPU3AIINA KBAHTOBOI'O
XAPAKTEPUCTUYECKOI'O ITIOJIMHOMA

3.1. ®opma Muypsl.

CaencrBue 3. Ilpenmonoxmum, 9TO CYIIECTBYeT Pa3JJ0XKEHHE KBAHTO-
BOI'O XapaKTEePUCTHIECKOT'O MTOJUHOMA B (bopMe

“det (9, — L(2)) = Tr Ap (9, — Ly (2)) ... (9 — Ln(2))
=(0: — xn(2)) --- (0: — x1(2))- (18)

Torga cymectsyer matpuna C%(z) co 3HaveHmAME B HekOTOpOM anre-
Opam4eCcKoM PaCIIUPEHUN KBAHTOBOHU aJreOpel, Takad, 9TO

xi(z) 1 ... 0
CUz)(0:—L(z)) = | 9 — 0 X?_(_Z> oy Cd(2). (19)
0 0 16

0O603HaYNM CBA3HOCTH B TIPABOH 9aCTH PABEHCTBA depe3 0, — L.

B OPWIOXKEHUN IIPUBOAUTCA JOKa3aTEIbCTBO 3TOr'O CJIE€ACTBUA.

3ameuanue 4. Cxoxee pasnoxkenue ypaBHeHus Tuna bakcrepa 9acTo
BCTPEYAETCA B PUUKO-MATEMATHIECKON auTeparype. s obumx cucrem
logena wiu nenouku XXX ABHOE PA3NOXKeHUE A CKAIAPHBIX (G-OMepos,
UMEIOIINX OTHOIIEHUE K HAIEH KOHCTPYKINU, OBLIO HEIABHO MPEII0XKEHO
A. Bapuenko, E. Myxunnim, B. TapacoseiM u O. Ppenxenem.

3ameuanume 5. B wacTtHOCTH, muddepeHmumarbELIl omepaTtop D =
> H;(2)0. MoxeT GBITH IMpEICTaBIeH B Buie npoussenenus D = (9, —
i

Xn(2)) ... (05 — x1(z)) He enuucTBeHHBIM OOpasoM. lycts ¥q,..., U, —
6a3uC B TPOCTPAHCTRE perennn ypasuerusa DV = 0; Bui6epeM X1, --- , Xn
[IOC/IEI0BATENIBHO, UCXOAS U3 YCIOBUS

(82 — Xl) ‘e (Bz — Xl)\pz = 0

Hanpuwmep, x1 = ¥ /¥;. Takum o6pa3oM, pasHble PA3IOKEHUs ITapaMe-
TPU3YIOTCA N-MEPHBIM IIPOCTPAHCTBOM (PIArOB.

3ameganume 6. Marpuna C(z) ofpaTuMa TOIBKO B TOME YACTHBIX
U(gl,)®N. D10 osmamaer, aro (9, —L(z)) m 7(0.— Lps(z)) He Bnomme xa-
JGPOBOYHO SKBUBAJICHTHEL, Tae T — TpeacTasrenne aare6per U(gl,)®N.
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HencreurensHo, no pemmenuto m(0, — L(z)) MOXeT GBITH HOCTPOEHO De-
menne 7(“det” (0, — L(z))), 0AHAKO DTO COOTBETCTBUE HE 00A3aTEILHO
ABIACTCA OMEKIINEH.

3ameuanue 7. Bce pesyabTaThl JaHHOW PAOOTHI MOTYT OGOOIMIATHCA
HA CIy9all MOJYIPOCTHIX aire0p ¥ KBAHTOBBLIX PYIMN, CIeAysA KOHIIEM-
uuy, wsnokenuou B [2]. Hampumep, Te ke TeopeMbl JOTKHBL BBIIOJ-
HATBCA A1 oneparopa Jlakca mus gl,[t] (kpome Toro, oneparop Jlakca
MOXKET PaCCMATPUBATBLCA, BOOOIIE TOBOPSA, B JIOOOM IIPEICTABJICHUN, HE
TOMBKO byHIAMEHTATBHOM ), A1a auruana e — T'(z) MoxKeT 6bITH Comps-
xeHo kK ¢popme dpundensra—Coxkonosa ¢ KO3 PUINEHTAMY, 33, TaHHEIMI
“det” (€% — T(z)), mua arre6psr U, (§) TO e TOTKHO BEIIOTHATBCA 1A
BrIpakenna q0 — L1 (g?).

3.2. Oro6paxenune Xapum-Yauaper. Popmyra pasmoxenus (18)
[T 9ACTHOTO CIyYas KBAHTOBOTO XapPAKTEPUCTUIECKOTO MOJTUHOMA, 3a-
JaeT SBHYIO Peann3aInio 0ToOpakeHusa Xapuil- JaHapor.

Paccmorpum mpexpcrasaenue (7, V)) amre6per Jlu gl, co crapmum
BecoM A = (Aq,...,A,) (cymecrByer Bextop |0 >€ V), Takom, 4ro
71'(6”)|0 >= )‘z|0 >nu w(eij)|0 >=0 mai < ])

T'umoresa 1. Paccmorpum 1-cimuoBwin onepaTop Jlakca L(z) = ®/z rae
® € Mat,, ®U(gl,,), ® = > Eu ® er;. Torga BEIIOIHAIOTCS CIeqyOLme
paBeHCTBA:

n(“det” (0. — L(2)))|0 >= (0. — A1 /2)...(0: — An/2)[0 >, (20)
m(“det” (0. + L(2)))|0 >= (0: + An/2) ... (0 + M1 /2)[0 >. (21)

3amedanme 8. MoxwHo m0Ka3aTh, ITO KOIPPUIMUEHTHI 1-CIMHOBOIO
KBAHTOBOT'O XapPaKTEPUCTUICCKOTO MOIUHOMA, TIPUHAIJICKAT IEHTPY YHU-
BepcambHOU obepThiBafomen atre6per U(gl,), a cregoBaTensHO, UMeeT
MECTO PABEHCTBO

7(“det” (8, — L(2))) = (8 — A1 /2)(D: — Ao /2) ... (0: — \n/2) 1d

u aHajormaHoe pasnoxenue pua w(“det” (9, + L(z))). dTu Gpopmy.sl mo-

3BOJIAIOT IBHO CTPOUTL OTOOparkeHue Xapuii- 1aH pl.

3amedanue 9. JTa rumoTesa CBA3aHA ¢ 6oJee OOMUMU PE3yIbTaATAMU

A. Bapuenko, E. Myxuna, B. Tapacosa u J. ®penkens.
HenocpencTBeHHBIM BBIUUCACHUEM MOMIYYAEM CJAeAyIollee yTBEPKIe-

HUE.
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IIpepnoxenne 1. I'mmoresa BepHA 411 gls.

O6paTuM BHUMAHUE HA TO, KAK OMUCHLIBACTCA JEUCTBUE TPYIILl Bems,
XOPOIIIO M3BECTHOE B TEOPUH OTOOPaKEHUsa Xapuil-laHapbl, B TePMU-
HAX PA3IXIHBIX (PAKTOPU3AMUYA KBAHTOBOT'O XaPAKTEPUCTUIECKOT'O MOJIM-
moma. O6passr anemenToB Kazumupa npu orobpaxenun Xapuii-Jasapst
ABIAIOTCA CUMMETPUIECKUMU (DYHKIUAMUA MO OTHOIICHUIO K IEUCTBUIO
rpynme Beitna. [eitcTere 3agaerca He HausHOM Gopmytont (A;) — (Ay(s))-
B cayuae gl, rpynma Benns coctout m3 aByx »aeMeHTOB, So =< 1,p >,
KOTODEIE JEUCTBYIOT clegyomuM o6pazom: p(Ar, A2) = (A2 — 1, A\ +1).

Ha6arogerne. Takoe ke IeUCTBUE TPYTNBI MEPECTAHOBOK Sy BO3HU-
KAeT MPU PACCMOTPEHUN PABIUIHBIX (DAKTOPUIAIN:

(0.~ 21)0. - °2) = .

A —1 A 1
A2 )@, — 1+
z z

). (22)

4. IIPNJIOYKEHUA

4.1. CrangapTabin onepatop Jlakca ams gl,[t]. Hamomuum Heko-

TOPEIE OLPEAEICHUA.

Omnpepenenne 1. Cramgapraent omepatop Jlaxca gna U(gl,[t]) /(N =
0) (N moxer OBITH KOHEYHBIM HJIM OCCKOHEYHBIM), 4 TaKXkKe CTAHIPAT-
meri onmepatop Jlaxca ga U(gl,[t])/(tY = 0) co cBo6ogmens wrerom K

3a4ar0TCA popMyTaMa
N-1 ' N-1 '
Lz) =) ®z ), Lr(z) =K+ ) &z (F1. (23)
i=0 i=0

3necs K — mpou3BOIBEHAA TOCTOAHHAA MATPUILA, 2 — (DOPMATLHEIN Tapa-
metp (He To ke camoe, 910 t !),

@i € (Mat, ©U (gL, [1)/(t¥ = 0)) = (Mat,[U(al,[)/ (" = 0)])

3aqaHbl CAeTYIOIIIM 00pa3oM:

(I>i = ZEH (%9 eklti R ((I)z)kl = eklti, (24)
kl

rae Ey € Mat,, egt’ € U(gl,[t]). 3zecs Ey u ey — MaTpunsr ¢ equs-
CTBEHHBIM HEeTPHUBUAJBHBIM daeMeHToM paBHeiM 1 Ha (k,1)-m mecTe. Mpr
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PACCMATPHUBAEM UX KAK SJIEMEHTHI DA3HBIX AIre0p: aCCONUATUBHOU AJITe-
Ooper MaTpun Mat,, B mepBoM CIy4ae W yHHUBEPCAILHOH 00epTHIBAIOLIEH
anre6per U(gl,[t]) Bo BTOpom.

Xoporro uzsectHO, 9TO omepatop Jlaxca cucrembl I'0qeHa, 34, aHHLIN
dopmyon (4), takxe kak L(z),Lk(z), yA0BIeTBOPACT KOMMYTAIIMOH-
HOMY COOTHOIIICHHIO

1

L(2), Lw)] = [

)
Z—U

L(2) + L(w)]. (25)

3ameuanme 10. Onepatop Jlakca L(z) = K + ®/z onpenenser unre-
IPUPYEMYIO CUCTEeMY Ha KOIPHCOEIWHHBLIX opbuTax anredpsr gl,. JTa cu-
crema HasblBaeTca cucremon Mumenko—DoMeHko, a MeTO I ee oLy YeHIs
— MEeTOOOM COABHUI'a apr'yMEHTa.

4.2. IlpuBegenune xk popme Muypsbl.
IIpemmoxenune 2. PaccMorpum qughepeHnnagIbHbI OIEPATOD

n

0r =Y Hi(2)2 7" = (0: = xu(2) -+ (9: — x1(2)).

i=1

Toraa ceasaocts /[pundensia—CokomroBa

0 1 0 0
0 0 1 0
0. —Lps=0.— | ... (26)
0 0 0 1
H,(2) Hp-1(z) ... Hx(z) Hi(2)

KaanOPOBOYIHO SKBUBAJIEHTHA CBA3HOCTH Muyphr

x1(z) 1 0 0
0 x22) 1 0
(0: —Ly(z)=0,—1| ... . (27)
0 0 cee Xn-1(2) 1
0 0o ... 0 Xn(2)

Bomee Toro, ecmu Bektop V¥(z) yAOBIETBOpAET YDPABHEHUIO
(0, — Lam(2))¥(z) = 0, To ero mepBas KOMIIOHEHTA ABIACTCA PEIICHAEM
ypaBrerus (0, — xn(2))...(0; — x1(2))¥1(2) = 0.
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HokazaTeanbcTBo. [lokaxem, 9To cymecTByeT aaemeHT B, npeobpasy-
IOIH CBA3HOCTE O, — Lpg B cBasuocTs Tuna Muypet 0, — L. Ilycts S
— peleHue ypaBHEHUs

x1 1 0 0 0
0 X2 1 0 0
0.8=1... ... ... ... ... ..|s (28)
0 0 0 Yno1 1
0 0 0 0 Xn

(MET OmyCKaeMm 3aBUCAMOCTL OT MAPAMETPa Z, ITOOHI HE 3arPOMOKIATH
dopmyasr). [lomxyaum

0.51 =x151 + Se,

9281 =(0:x1 + x1)S1 + (1 + x2)S2 + S5 mT.a.

Taxum 00pa3OM, JUHENHOUN 3aMEHOU 0a31MCa C HUKHETPEYTOILHON Ma-
Tpunen B Buga

1 0 0 0O ... 0

Y1 1 0 0 ... 0
B=|dxi+xX xi+x2 1 ... ... ... (29)

e 1 0

1

CBA3HOCTDL Tuna Muypst 0, — L mpeodpa3yeTcsa K HEKOTOPOU CBA3ZHOCTHI
tuna [puadersia—Cokonosa. EauHCTBEHHOE, ITO OCTAIOCH TOKA3ATH,
YTO 3Ta CBA3HOCTH COBMagaeT ¢ O, — Lpg. [l aToro mocTaTovHo ymo-
CTOBEPUTHCS B SKBUBAJIEHTHOCTH ycaoBut (0, — LDs)g =0u “det” (9. —
L)S; = 0. Mokaxewm, uro S; pemaer ypasuenme “det”(d, — L)S; = 0.
[lencTBUTENBHO,

SQ :(az - Xl)Sla
S5 =(0: — x2)(0: — x1)51,

OZ(BZan)...(BZ—Xl)Sl. O
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Talalaev D., Chervov A. KZ equation, G-opers, quantum Drinfeld—
Sokolov reduction, and quantum Cayley—Hamilton identity.

The Lax operator of the Gaudin-type models is a 1-form at the classi-
cal level. In virtue of the quantization scheme proposed by D. Talalaev,
it is natural to treat the quantum Lax operator as a connection; this con-
nection is a particular case of the Knizhnik—Zamolodchikov connection.
In this paper we find a gauge transformation that produces the “second
normal form” or the “Drinfeld—Sokolov” form. Moreover, the differential
operator naturally corresponding to this form is given precisely by the
quantum characteristic polynomial of the Lax operator (this operator is
called the G-oper or Baxter operator). This observation allows us to re-
late solutions of the KZ and Baxter equations in an obvious way and
to prove that the immanent KZ-equation has only meromorphic solu-
tions. As a corollary, we obtain the quantum Cayley—Hamilton identity
for the Gaudin-type Lax operators (including the general gl [t] case).
The presented construction sheds a new light on the geometric Langlands
correspondence. We also discuss the relation with the Harish-Chandra
homomorphism.
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