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IIpeaucaoBue

Ounnagmaras mKosa-KoHdepennun «Aareopot Jlu, ajsredbpandeckue rpymmbl
1 Teopust HBapuaHToOBy npoxoania B Camape ¢ 19 o 24 asrycra 2024 roma. Op-
ranuzaropbl: CaMapcKuil HallMOHAJIBHBIN MCCJIEOBATCILCKUI YHUBEPCUTET MME-
nu akagemuka C.II. Koponesa, Maremarnaecknit nncruryt nMm. B.A. Crekiosa
Poccuiickoii akajiemun Hayk, . MockBa, Hayuno-yuyebnas JjiabopaTopust ajredpa-
n4eckux rpyii npeobpaszopannii, HannonaabHblil nCC1e/10BATE/IbCKUI YHUBEPCH-
TeT «Bplcmmas mkoga 3KOHOMUKHI», . MockBa, MaTemaTndeckuit meHTp MEPOBOTO
ypoBHsi «Maremarudeckuit unctutyt uMm. B.A. Creknosa Poccuiickoit akajemun
nayk> (MIIMY MUAH), r. Mocksa. Undopmanuio o mpejbiyiux IMKoax-KoH-
depennusax cMm. Ha caiire https://lie-school.ru/.

[Iporpammubiit komuTer mKoJb-kordepentwn: V1.B. Apxannes (HUY BIID),
M.X. TI'msarymmmn (TTV), C.O. Topunnckuii (Maremarndecknii HHCTUTYT WM.
B.A. Crekisioa PAH), M.B. Urnarses (HIY BIID), A.H. [Tanos (Camapckuii
yuusepcurer), B.A. Tlerpos (CII6I'Y), J.A. Tumamés (MI'Y um. M.B. Jlomono-
cosa), O.K. Hleittman (Maremarnuecknii nacruryt um. B.A. Crexknosa PAH),
K.A. Illpamor (Maremaruveckuit uncruryr um. B.A. Creknosa PAH).

Opranusaiponnbiit Komurer mkosbi-kondepennun: A A. Tpucsik (Camapckuii
yuusepcuter, conpejcenarens), C.O. Fopunnckuii (Maremarudeckuit uHCTUTYT
M. B.A. Creksosa PAH, conpencenarens), A.H. [lanor (Camapckuii yansep-
curer, 3amecruresb npejceparens), N.B. Apxanues (HIIY BIID), M.B. Urna-
theB (Camapckuit yausepcuter), JI.A. Tumamés (MI'Y um. M.B. Jlomonocosa),

A A. llesuenko (Camapckuit yausepcuter), M.A. Cypkos (Camapckuii yHUBEp-
curer), T.B. Busikun (HY BIIID).

YdyacTHUKAMU [KOJIbI ObLJIM CTYJIEHTHI, CIIUPAHTBI U MOJIOJble yuéHbie u3 Poc-
CUM W JIPYTHX CTpaH. VIM ObLIM NMPOYUTAHBI CJIEIYIONINE JEKIIMOHHbBIE KYPCHI:

o [unepzeomempuueckue GYHKUUYL 6 MEOPUU NPEICMasAeHUl NPOCTBLL GA-
eebp Jlu
(Apramonos Imurpuii Bauecnagosua, MI'Y um. M.B. Jlomonocosa, Mocksa,
Poccust);

o Memod nap Xapuw-Yandpor 6 meopuu A0KAABHO AA2E0PAUNECKUT CYNEP-

epynn
(Bybror Amexcanap Hukomaesna,Omckuit dumnan MHcTuTyTa MATEMATHKHA

umenn C.JI. Cobosea, Omck, Poccust);

o [locmpoenue 6eco6vT CUCTNEM U UNGAPUAHMOE Y3406 N0 arzebpam Jlu
(Jlarmo Cepreii Koncrantunosua, HUY BIID, Mocksa, Poccust);

3



o Ilnsapuanmmasn 2eomMempus HUALMHO2000DaA3UT
(Muutnontmukos vurpuit Baagumuposua, MI'Y um. M.B. Jlomonocosa,
Mocksa, Poccust);

o IIpousscodnvie Kamez0put 00HOPOOHDBIT NPOCPAHCME U NPEICTNAGACHUA Na-
PAbONUNECKUL NOJ2PYNN
(@onapes Auron Bsuecnaposua, MUAH, BIISD, Mocksa, Poccust).

COOpHUK COJIEPXKUT TE3UCHI JIOKJIAJIOB YIACTHUKOB HIKOJIbI-KOH(DEPEHITIH.

MeponpusgaTrue mpoBojuTCcsa npu GpUHAHCOBOI mnojjepke Munoopaayku Poc-
cun (rpanT Ha cozpanue u pazsurne MIIMY MUAH, cornamenue Ne 075-15-2022-
265).

Opexomumem



KopHeBble oArpynnsl Ha opucdepuiecKnX MHOT000pa3usax
P.C. ABneeB
HITY BIIID

suselr@yandex.ru

IIycts K — ajirebpandecku 3aMKHYTOe 110Jie HyJeBoil xapakTepuctuku u GG, =
(K, 4+) — agpurusaas rpymma nojst K. Eciaw rpynna G, HerpuBnaibHo jieficTByer
H& HENPUBOJMMOM aJiredparniyeckoMm MHOroodpasuu X, To eé obpasz H B rpyiiie
aBToMOp(hu3MoB MHOroobpasus X naswiBaercsa (,-nodepynnot na X. Ilycts Te-
nepb Ha X peryssgpHo jieiicTrByer ajrebpandeckas rpymnna F'. Eciu F' HopmaJiu-
gyer rpynny H, o H nassiBaercs F'-xopnesot nodepynnotd na X. B srom ciyuae
I neitctByer Ha omHoMmepnoii anrebpe JIu Lie H yMmHOXKeHHeM Ha XapakTep Y,
Ha3bIBaeMblil 6ecom F-KopHeBoit moarpynnnsl H.

[Tycrs T'— anrebpauveckuit Top. HopmaJsibHoe HenipuBojimMoe T-MHOr00Opasue
X Ha3bIBAETCsE MOPUYECKUM, €Cjii OHO obJiajiaeT OTKPhITON T-opbutoit. Baxk-
HYIO POJIb NPHU M3YUEHUH TPYIII aBTOMOP(MU3MOB TOPUIECKUX 1-MHOro0Opas3mii
urpatoT kopHesble T-mojrpynmbl. [losHoe onucanue Bcex T-KOPHEBBIX MOJTPYIIII
Ha TTPOU3BOJHHOM TOPUIECKOM MHOrooOpasnn X XOpOITO W3BECTHO U BOCXOJINT K
sHamenuroil pabore lemasiopa [3]. Okasbiaercs, uro Besikasi T-KOpHEBasi 10/1-
rpynmna Ha X OJJHO3HAUYHO OIPEJIENIIeTC CBOMM BECOM, a MHOXKECTBO BECOB BCEX
T-kopHeBbIX OArpyi Ha X (971 Beca HA3BIBAIOTCS KopHAMU Jlemasdiopa) JOmyc-
KaeT KOMOMHATOPHOE OIMCAHUE B TEPMUHAX Beepa, 3aJ1afoliero Muorooopasue X .

IIycts Tenepb G — npou3BoJIbHAsI CBsA3HAsSI PeAyKTHUBHAsA rpymnna. EcrecTBen-
HBIM 000DIIEeHnEM MOHATHSI TOPUIECKOr0 MHOroobpasms st (G-MHOrooOpasmnii
CIIYKWT TIOHsITHE ¢ChepuIeckoro MHOroodpasnsi. A UMEeHHO, HOPMaJILHOE HETTPUBO-
jgumoe G-muoroobpasue X Ha3bIBACTCSI chepuseckum, eCJim OHO 00J1a/1aeT OTKPbI-
TOI OpOUTON JIJIsT MHAYITMPOBAHHOIO JeiicTBusI bopeseBckoil nojarpynnsl B C G.
B pabore |1| B kagecTBe 00001meHNsT T-KOPHEBBIX MOJTPYIIT Ha TOPUIECKUX 1 -
MHOT000pa3usix OBbLIO MPEJJIOKEHO W3ydaTh B-KOpHEBbIE MOATPYIIbI Ha chepr-
yeckKux (G-MHOrooOpas3usix.

Cdepuueckoe G-mHOroodbpaszue X HaszbIBaeTCsS opuchepuveckum, ecii cradbu-
JIN3ATOP TOYKW ODITEro MOJIOXKeHUsT B X COJAEPKUT MAKCUMAJbHYIO YHUIIOTEHT-
Hyto nojrpytiy rpymibl G. Opucdepudeckne MHOrOOOpa3ust 10 HEKOTOPbIM CBO¥-
CTBaM HAIOMHUHAIOT TOPUUECKHE MHOr0OOpas3usi U MOTOMY IPEJICTABISIOT CODO
HauboJIee JIOCTYIHbIN JIJIsi U3y YeHHs KJiace chepruiecKux MHOrooopasuii. B mokiia-
JIe IIAHUPYETCst OOCYIUTh Pe3yJibraThl PAbOThI [2], B KOTOPOI MOJIy4eHO 4acTid-
HOe onucaHne B-KOpHEBBIX MOATPYI Ha opucdepuideckux G-MHOr00OOpa3usx.



Crcok urepaTyphl

[1] . Arzhantsev, R. Avdeev. Root subgroups on affine spherical varieties.
Selecta Math. (N.S.) 28 (2022), no. 3, Article 60, 37 pp.; cm. Takxke arXiv:
math.AG/2012.02088.

[2] R. Avdeev, V. Zhgoon. Root subgroups on horospherical varieties. arXiv:
math.AG/2312.03377 (2023).

[3] M. Demazure. Sous-groupes algébriques de rang maximum du groupe de
Cremona. Ann. Sci. Ec. Norm. Supér. 3 (1970), no. 4, 507-588.

OHO3HAYHOCTD CJIOXKE€HUdA B ajreopax Jlm
N.B. Ap>xaHiieB

HNY BIIID
arjantsev@hse.ru

bBynem rosoputhb, 9To KOJbIO JIn R nazpiBaerca KoabloM JIn ¢ oHO3HATHBIM
cinoxkenneM, wian UA-kosabrnoM JIn, ecim Kaxkjasi COXpaHSIONass KOMMYTATOPBI
ouekius 13 R B n1pousBoJibHOE KOJIbIO JIu coxpansier cioxkenue. Mbl npusejiem
npuMepbl Kouierl JIu, He 001 ai0Iux 3TUM CBOMCTBOM, U IIOKAXKeM, UTO eCJIU KO-
HeYHOMEpHast ajredpa JIu g comep X uT jBa 3JieMeHTa, IEeHTPAJIN3aTOPhl KOTOPHIX
UMEIOT HyJIeBOe mepecedenne, 1o g sipysiercss UA-kosibiiom JIu. DToT pesysnbrar
MIOKA3LIBAET, UTO MHOTHE KOHeTHOMEpPHbIEe aaredpnl JIn 006/1a1ai0T CBOMCTBOM O/I-
HO3HAYHOCTH cJIoKeHus. Takxke Oyaer cchopMyInpoBaH PsJi OTKPBITHIX BOIIPOCOB
110 3roit reme. Jlokia 6asupyercsi Ha pabore [1].

Crmcok aurepaTyphl

|1] Ivan Arzhantsev. Uniqueness of addition in Lie algebras revisited. arXiv:
math.RA/2401.06241, (2024).



O KOHEeYHOMEPHBIX OJHOPOIHBIX ajiredbpax JIu muddepenrmmpoBanmii
KOJIbITa MHOTOYJIEHOB
C.A. TlNaitdpynaun
MI'Y um. M.B. JlomonocoBa u HY BIIID

sgayf@yandex.ru

Hokna ocroBan Ha coBmecTtHoit pabore ¢ U.B. Apxannessim n B.E. Jlomar-
KUHDBIM.

[Iycts k — mosie nymeBoii xapaktepuctuku. Pacemorpum anrebpy B = klzq, . . .,
x,] MHOTOWIEHOB OT N mnepeMeHHbix Haj k. Ha sroit amrebpe ecth ecrecTBeH-
Hast Z''-rpajJiyupoBKa, IIPU KOTOPOil BCe HMepPEeMEHHbIe SIBJSIIOTCS OJHOPOIHBIMU 1
degz; = (0,...,0,1,0,...,0) = e; — i-it BeKTOp cTaHIAPTHOTO Gasuca Z".

Msr pacemarpuBaeMm audbepeHnnpoBanus ajaredpbl MHOTOWIEHOB k[z1, . . .,
x,]. To ecrb nuneiinbie omepartopbl §: B — B, yJIOBIETBOPSIONINE TOXKIECTBY
Jeitoruna 6(fg) = 0(f)g + fo(g). Auddepeniuposatue HazbiBaeTCst 0JHOPOI-
HBIM, €CJIU OHO IEePEBOJIUT OJIHOPOJIHBIE 3JIEMEHTHI B OJIHOpoiHbIe. HecmoxXHo mo-
Ka3aTh, ITO JJIs JIFOOOro OMHOPOAHOTO AuddepeHnnpoBaHus 0 KOPPEKTHO OIIpe-
JIeJIeHa €ro CTeleHb, TO eCTh TAKoe 1eJ0e Yucio r Takoe, uro 0(B;) C By, jjs
Beex ¢. HecjioxKHO 110Ka3aTh, 4To creienb jguddepeHimpoBatust MOXKeT ObITh Jiu-
60 —e;, b0 omna jexur B ZY,. B neppom ciyuae quddepennupopanue umeer
BI/I

0
aq Aj—1 ,Gi41 Qp .
Aryt ooy = a; > 0, )\ € k.
1

Taxue ojgHopojHble nuddepeHIupoBaHus Mbl Oy1eM Ha3bIBaTh AUddepeHupo-
BaHusiMK [ Tuna. 9To B TOYHOCTH JIOKAJbHO HUJILIIOTEHTHbLIE OJHOPOIHBIE JI(-
depentmponanus ajaredpor B. Ocrajbabie guddepeHinpoBaHist TMEOT BU/I

n
0
Zyt .l E By‘l’j%: pj = 0,5; € k.
i=1 !

Bysiem rosoputh, uro takue juddepeniuposanus umetor tun I1.

MzBectHbiit gakt, aro auddepennupopanns obpasyror ajaredpy JIn orHocH-
TEJBHO Ofepanuy KoMMyTupoBanus [0, p] = § o p — p o . Hac unrepecyer Bo-
POC TIPM KAaKWX yCJIOBUAX ajredpa JIn, mopoxkaéHHas KOHEIHBIM YHCJIOM OJIHO-
pojiibix juddepennuposanuii, kKoneunomepua. s juddepennupoBanuit Tuia
[ orBer Ha 9TOT Bompoc ObLT MosyueH B paborax [1| u [2]. OrBer dopmymupyercs
B TEPMUHAX OPUEHTHPOBAHHOTO rpada, MOCTPOEHHOTO 10 MHOXKECTBY TTOPOYK IAT0-
mux i depeHimpoBatuil. YcjioBue KOHeUHOMEpHOCTH aJirebpbl JIu paBHOCHIIb-
HO alMKJIMIHOCTU STOTO rpada.



B noxkniajnie Oyner paccka3aHO O pelleHMH JAaHHOI'O BOIIPOCa, B Cydae Habopa
nuddepennupopannit Tuna II. Kpurepuit KoneauHoMepHocTH Tak:ke Oyjer cdop-
MYJIIPOBaH B BU/JIE AllUKJIMIHOCTH HEKOTOPOrO OpueHTHPOBaHHOrO rpada. Takxke
OyIeT paccKasaHo PO CTPYKTYPY MOTYUAIOIMKUXCSI KOHETHOMEPHBIX aareop.

Crmcok urepaTyphl

[1] I. Arzhantsev, A. Liendo, T. Stasyuk. Lie algebras of vertical derivations
on semiaffine varieties with torus actions. J. Pure Appl. Algebra, 225:2
(2021), article 106499.

2] I. Arzhantsev, M. Zaidenberg. Tits-type alternative for groups acting
on toric affine varieties. Int. Math. Res. Not. IMRN, 2022:11 (2022),
8162-8195.

O BJIOKEHUSIX HEKOTOPBIX IOJIYIIPOCTHIX ajJredpamvecKkmnx
rpynn B rpynnbl aBToMoOp@du3MoB addUHHBIX MHOT00Opa3umii
M.X. I'm3aTynnuH
Camapa, Poccus
gizmarat@yandex.ru

[Ipenmnonaraio paccka3aTb O HEKOTOPBIX CPABHUTEIHLHO MaJOMEPHBIX MHOI000-
pasusix, UX JUHEHHBIX U MOJMHOMHUAJILHBIX aBTOMOpdu3Max. Kaxjjoe u3 BO3HU-
KaIOIUX MHOIOOOPa3uii MOPOXKJIAET JIBa CJIEJLYIONIUX COPTa 00'LEKTOB, BOSHUKIITUX
B CBOE BpeMsI B IIPUJIOXKEHUAX MAaTEMATUKN K €CTECTBEHHBIM HayKaM. Bo-niepBhIX,
muaddepennuanbaas 1-dbopma (HasbiBacMas KOHTAKTHON GOPMOi) U CBsI3aHHbII
¢ Heil aHasior npeobpasopanust JlexxaHpa (TouHee, KOHTAKTHOE TpeobpasoBaHue
Jlexxanpa-JIn). Bo-Bropbix, TepHapHasi TpusinHeiiHas onepals, KOTopas BMe-
CT€ ¢ HEKOTOPBIM KOCHIM CKAJISIPDHBIM TPOM3BEJICHUEM (CBSI3AHHBIM C YIIOMSIHY-
TO¥ KOHTaKTHOI hopMoit) cocrasiisier TepHapHyto cucremy Dpoiinenrass-Turca-
[Iupunrepa-Kauropa (yrounio, uro ynomsinyreiit T. A. [lnpusarep — He KHWK-
HbIi W3/1aTeTb, a MOCIe HsIs TepcoHa — 910 nokoitablii Ucait JIbpona Kanrtop).
IIpocreiinne TepHapHble CUCTEMbI HadaJl pacCMaTpPUBaTh B KBAHTOBOI MEXaHHKE
I1. Mopnan. Ilepsbie npuMepbl paccMAaTPHBAEMbIX MHON MHOrO0ODasuil i mpeob-
pazoBanuii Bo3HuKJM B paborax [.Jitzeninreitna (1844) u A.Ksuu (1845, 1850).
A. Ksonu pasBui ¥ ONpUMEHWS K BO3HHUKAIONIAM MpoOeMaM TeOPUI0 MHBAPUAH-
TOB, B YaCTHOCTH, TEOPUIO IUIIEpP/IeTePMUHAHTOB IIPOCTPAHCTBEHHbIX MaTpuil. [1o-
clie/iHsisi Teopust uzsoxkena B Kuure (1959, @usmarrus) KMEBCKONO MaTeMaTHKa



H. II. CokosoBa, s BCIOJIB3YIO ero pe3ysbTarbl. OTMeuy, 4To BCe BO3HUKAIOIINE
snech addunabie maoroobpasus rubkue (flexible) B cmbicie onpemesnenus, BBe-
néunoro V. B. ApxanuesbiM ¢ coapropamu (coasropbl — [. @uennep, 111, Kasu-
man, @. Kyrmebayx u M.I'. Baiigentepr; 2012).

O6o001ménnaa 3aga4a X0OpHAa
A. A. T'ypenkoBa
YuuBepcurer 2Kenesbi, 2KeneBa, IlIBeitnmapus
gurenkovaa@gmail .com

Hokmna ocroBan Ha coBMecTHOI pabore ¢ A. AnekceesbiM, A. Bepenrreitnom,
A. Jln.

B knaccudaeckoit 3amate XopHa CIIpamnBaeTcs: KaK CBsi3aHbl HAOOPHI cCOOCTBEH-
HBIX 3HaUeHUi 3pMUTOBLIX N X . Marpull X,Y u X + Y7 Orser Ha 3T0T BOIIpOC,
yrajanubiii A. XopHoM u BrepBble JloKazaHHbiil B paborax [3] u [4], npecrasisier
co0Oil cucreMy JIMHEHHBIX HEPABEHCTB — HepaBeHCTB XopHa. C Tex 1nop nosiBu-
JIUCh U JIPYTHE JOKA3aTeJbCTBa. Kak MUHUMYM JIBa U3 U3BECTHBIX JI0KA3aTETHCTB
MCIIOIB3YIOT UJlen u3 Tponndeckoit reomerpun ([6], [1]).

EcrecTBeHHO clipocuTh: a 4TO OYJIET, €CJIN CKJIA/IbIBATH HE JIBE, & TPU UJIu D0JIb-
e mMarpuir? OKa3bIBaeTCsA, B 9TOM CIydae OTBET HEJUHEeH y:Ke B MpocTeifrneM
ciydae 2 X 2 MaTpuIl U OmucaTh ero TpyaHo. Kyaa mnpoine, BJIOXHOBUBIINCH pa-
boramu [6] u [1], pemars Tponuueckyio Bepcuio 3ajaun. Tponuueckue aHajoru
COOCTBEHHDBIX 3HAYEHUI YOBJIETBOPSIIOT JUHEHHBIM HEPABEHCTBAM, AHAJOI M IHBIM
HepaBeHCTBAM XOpHa, U HEKOTOPBIM TPOIMIECKUM paBeHcTBaM. [Ipn ompenenén-
HBIX YCJIOBUSIX 9TH PABEHCTBA BOCIPOU3BOJAT T.H. «OKTad[PUUCCKYIO PEKYPPEH-
Ty» ([5] ¥ cepliKm), KOTOpAst CIYKUT ACCOIUATOPOM B KaTeropun gl, -KprcTaJiios.
OObsACHUTH ITO COBHAJEHUE MOXKHO C HOMOIILIO I€OMETPUUECKUX KPUCTAJLIOB [2].

Criucok aurepaTypbl

[1] A. Alekseev, M. Podkopaeva, A. Szenes. The Horn problem and planar
networks. Adv. Math. 318 (2017), 618-710.

2] A. Berenstein, D. Kazhdan. Geometric and unipotent crystals. Geom.
Funct. Anal., Special Volume, Part I (2000), 188-236.

[3] A. A. Klyachko. Stable vector bundles and Hermitian operators. Selecta
Math. (N.S.) 4 (1998), 419-445.
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[4] A. Knutson, T. Tao. The honeycomb model of GL,,(C) tensor products
I: proof of the saturation conjecture. J. Am. Math. Soc. 12 (1999), 1055~
1090.

|5] A. Knutson, T. Tao, C.Woodward. A positive proof of the Littlewood—
Richardson rule using the octahedron recurrence. Electron. J. Combin.
11 (2004), no. R61.

[6] D. Speyer. Horn’s problem, Vinnikov curves, and the hive cone. Duke
Math. J. 127 vol.3 (2005), 395-427.

Kpurepunii >keCTKOCT TPUHOMHUAJIBHBIX MHOT0O00pa3uii
II.I1. EBnokumoBa
MI'Y umenn M.B. JlomonocoBa, MockBa, Poccus
polina.evdokimova@math.msu.ru

Hoknax ocHoBan wa coBMmecTHOi pabore asropa ¢ C.A. Taiidymmmabivm u
A A. IlTadapesuuem [1].

IIycts K — anrebpamdecku 3aMKHYTOE I0Jie HYJE€BOI XapaKTEepPUCTUKH, X —
addbunnoe anredpandeckoe Maoroobpasue HaJ mojiem K, G, — agauruBHas rpyi-
na nosst K. Muoroobpaszue X HasbIBaeTCsi oicecmrum, €Cau OHO HE JIOIyCKaeT
HeTPUBUAJILHBIX JieficTeuii Gy, .

JloKJia1 OCBAIIEH MPUHOMULALHBM MHO2000PA3UAM, TO €CTH TaKUM apduH-
HBIM MHOT00OPa3MsiM, KOTOPBIE 3a,[aI0TCSI CHCTEMaMU YPABHEHUI CJIeIYIONIEro BH-
Jla:

lo1 long l11 ling l21 lang
COTOl“' 0n0+ClT11...T +02T21...T —O,

1ng 2ng
rie T;; BoicTynator B poju nepemennblx, ¢; € K\ {0} momkusl yjaoBierBopsTh
HEKOTODBLIM yCJIoBUsIM, Ng > 0,11,n9 > 1,1;; — noJjioxKuTesbHbIe He/ible Yucia,
upudem ecj ng = 0, TO 1ePBbI MOHOM CUMTAETCS PaBHbIM ejuuuie. B ciydae,
ecJIi TaKas CHCTEMa COCTOUT TOJIbKO W3 OJIHOIO ypPaBHEHHs, TO COOTBETCTBYIO-
1ee TPUHOMHUAJILHOE MHOI00Opasue Ha3bIBACTCS MPUHOMUAANOHOT 2UNEPNOBEPT-
HOCMBIO.

OnpeesiM MOHOM Til" = ﬁl e TZZn"Z B 3aBucuMocTu OT yCI0BHi, HAJOXKEH-
HBIX Ha C;, TPHHOMHAJIbHbIE MHOTO0Opa3usl JIeJIATCA Ha, JIBa, THUIIA. Y DABHEHUS U3
CHUCTEMBbI, 3aJa0Ieil MHOroobpasue, TPUHUMAIOT BU/I

B cay4dae muna 1:

l; liv1
T =T\ = ai — a,

rie 1 <1 < r, a; nonapHo pa3jauyHbI;
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B cilydae muna 2:

l; lit1 liyo
' T T
det | ap; apit1 @oiv2 | =0,

a1y Aari+1 Qaii+2

e 0 < ¢ < r—2 u crodIibl cJIeyoleil MaTPUILbl OIaPHO JIMHEHHO HE3aBUCH MbI

B pabore [2| 6bu1 M0Ka3aH KpUTEpHii KECTKOCTH (DAKTOPUATBHBIX TPUHOMH-
AJIbHBIX IUIeproBepxuocTeil. B pabore [3] mosyuensr gBa ob6obImeHnst mpeabiLy-
IIero pesyabrara: KPUTEPUil »KECTKOCTU MPOU3BOJLHON TPUHOMUAJILHON THUIEp-
IHOBEPXHOCTH, & TaKyKe KpUTepuil KecTkocTu (PakToOprUabHOI0 TPUHOMUAJIBHOIO
MHOT000pa3usl.

B jiokjajie Oyjier JIoKa3aH KpUTEPUl KECTKOCTU IIPOU3BOJIbHBIX TPUHOMHUAJIb-
HbIX MHOI0OOpasuit, 0O0DIIAIIIMI PeIblAyIIue Pe3yJbTAThl U 3aBEPIIAONIii
KJIACCU(DUKAIMIO 2XKECTKUX TPUHOMUAJBHBIX MHOIOOODA3UIA.

Cricok urepaTyphl

[1] P. Evdokimova, S. Gaifullin, A. Shafarevich. Rigid Trinomial Varieties.
arXiv: math.AG/2307.06672 (2023).

[2] I. Arzhantsev. On rigidity of fac torial trinomial hypersurfaces. Int.
J. Algebra Comput. 26 (2016) no. 5, 1061-1070.

[3] S. Gaifullin. On rigidity of trinomial hypersurfaces and factorial
trinomial varieties. arXiv: math.AG/1902.06136 (2019).
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O6 anrebpax JIu, 3agaBaeMbIX KacaTeJIbHBIMI HAIIPABJIECHUSIMU
K OJHOPOJIHBIM ITPOEKTUBHBIM MHOT'000pa3maM
A.O. BaBaackmii
MI'Y umenu M.B. JlomonocoBa, MockBa, Poccus
zavadskiao@gmail.com

Hoxmas ocnosan wa pabore [1].

[Iycts X C P™ — BiIOY)KEHHOE KOMILJIEKCHOE ITPOEKTHUBHOE MHOFOO6p§L\SI/Ie. Pac-
CMOTPHUM cooTBercrByolee emy adpduHHOe KoHn4Yeckoe Muoroobpasue X C C™F1
Mg nccnenyem anredopy Jlu £, Koropast IOpoXKaeTcsi BEKTOPHBIM ITPOCTPAHCTBOM

C™*! y 3ajana onpeesIAoIIMI COOTHOIICHUSIMI BYIA

€] =0 VeEe X' neTX,

rjie ‘J'g)A( — KacaTeJbHOE MPOCTPAHCTBO K X B TOUKE &. Anrebpbl TaKOTO BUjIa WH-
TEePECHbI T€M, UTO OHU BO3HHKAIOT B CBSA3M C UCCJIEIOBAHUSIMU MHOI0OOpa3uii Mu-
HAMAaJILHBIX PaIlliOHAJbHBIX KacaTeJbHbIX, onpeaenaennnix /1. Xsanom nu H. Mokowm
|2, 3]. B Hekoropbix ciyuasix rakue ajaredbpbl u30MOpdHbl ajrebpam CUMBOJIOB
GpUABTPOBAHHBIX CUCTEM PaCIIpeiesieHrit Ha MHOrooOpasuax PaHo, TOpOXK IeHHbI-
MU KOHyCaMM HaJ[ MHOTOOOPa3usIMU MUHUMAJIbHBIX PAIlMOHAJIbHBIX KacaTeJIbHbIX
B TOYKaX ODIIETO TTOJIOYKEHWST.

Mbi ucciejiyem ajrebpbt JIu, KoTopbie 3ajlal0TCs KacaTeJbHbIMU HallpaBJie-
HUSIMA K OJIHOPOJIHBIM MHOroobOpasusM. Bojee Touno, mycrb R — HenpuBo-
JIIMOe IIpeJCTaBJIeHNEe IIOJYIIPOCTO KoMILteKcHOU rpymnnbl Jlu G B mpocrpaH-
cree V¢ muagmmum Becom A, vy — Muaammil  BEKTOP NPEJCTABICHHL,
X = R(G)vy U {0} — s3ambikanue opburbl Mitajero sekropa. Torjga X — Ko-
Huueckoe adgduHHOE ajredbpantieckoe MHOTooOpasne, a ero IPoeKTUBu3aIus X —
OJIHOPOJIHOE TIPOEKTUBHOE MHOT000Opaswe, BJIOXKEeHHOe B mpocTpaHcTBo P(V).

HenpuBogumbie rnpejicraBieHust moJynpocThbix aaredp JIn ecrectBenHbiM 00pa-
30M conepkarcs BayTpu anrebp Kana-Mymu. Ilycrs g — anrebpa Kama—Mynn,
nocTpoeHHas o obodbiennoit marpure Kaprana A. Borgeaum HeKOTOpyO Bep-
MUHY guarpamMMbl JIpIHKWHA 9TO# aaredphl U MPEINOJIOKIM, 9TO ararpaMmma, bes
9TOW BEPIIMHBI UMeeT KOHeudHblit Tun. Ilycrs e;, f;, h; — cucrema KaHOHUYIECKHUX
obpazyrormux aaredpsl g, rie €, fo, hg COOTBETCTBYIOT BLIJIEICHHON BEpIINHE. 3a-

JaJiuM Z—TpajyupoBky g = € gk Ha asrebpe g, MPUCBOUB JIEMEHTY € CTereHb 1,
keZ
sJIeMenTy fo crenens —1, a ocTaabHBIM 00Pa3YIOIIMM U BCEM 3JIEMEHTaM T101a/1re6-

poi Kaprana — crenens 0. Torga ciaraemoe go — pejykTupHas ajarebpa Jlu, mo-
JIYIPOCTYIO YaCTh KOTOPO 0003HAUNM Uepes ¢, a cjaraemMoe g; B Z-TpajyupoBKe
SIBJIIETCST HEIIPUBOIUMBIM g—MojyieM. [Ipencrasienne g B gy HHTErpupyercs 0
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peCTaBJIeHNs MOJYIPocToit Tpynnbl JIu G. DToi KOHCTPYKIHEH MOYKHO TTOJTY-
YUTDH JII0OOE HEITPUBOIUMOE MPEJICTABICHUE MOJTYIIPOCTON IPyIIIbl JIu.

MorkHO 1okaszarh, 9TO HpK ITOM aJjredpa £, COOTBETCTBYIOIIAs OPOUTE MJIaI-
IIIero BeKTopa, npejcrapiaenns GG B gy, sBjageTcsa haKTopaaredpoit mogaareops
019g®...Cg

Takum obpazom, 3ajiaua onucaHus ajaredp, 3ajlaBaeMbIX KacaTeJbHbIMA Ha-
HpaBJIEHUSIMU, CBOJIUTCH K BbluucjeHusiMm B ajredpax Kana-Myju. Kpome roro,
aJareOpbl, 3ajjaBaeMble KacaTebHBIMIA HAIIPABJICHUSIMIA K TAKUM MHOTOOODPA3USIM,
yJlaeTcsd ONMMcaTh B TepMUHAX 0Opa3yomux U cooTHOIIeHuil. B Tex ciydasax, Ko-
rj1a coorBercTByolias ajredbpa Kama-Myjan koneunoro wiu adpduHHOTO THIIA,
MbI MOXKEM TOJTHOCTHIO OIUCATH CTPYKTYPY aJjredphbl, 3a/1aBaeMOil KacaTebHbIMI
HaIpPaBJICHUSIMHU.

Criucok aurepaTypbl

[1] A.O. Basajckuit. O6 asrebpax Jlu, 3a/jaBaeMbIX KacaTeJbHbIME HATIPAB-
JICHUAMY K OJHOPOJHBIM MPOCKTUBHLIM MHOTr00OpasuaM. Mat. 3aMeTkn

114 (2023), no. 5, 1037-1052.

2] J.-M. Hwang. Geometry of minimal rational curves on Fano manifolds.
School on Vanishing Theorems and Effective Results in Algebraic
Geometry (Trieste, 2000), ICTP Lect. Notes, 6, Abdus Salam Int. Cent.
Theoret. Phys., Trieste, 2001, 335-393.

[3] J-M. Hwang, N. Mok. Deformation rigidity of the rational homogeneous
space associated to a long simple root. Ann. Sci. Ecole Norm. Sup. (4),
35:2 (2002), 173-184.
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Kommnakrudukanum Moaeseii MmareMaTndeckoi (ou3nkKm
A. . Nnbpun
Cxoarex, MockBa, Poccus
alex.omsk2@gmail.com

A pacckaxy 00 obmieit mporeype pacCMOTpPEHUs] BCeX BO3MOXKHBIX Ipejie-
JIOB KJIACCUYECKOW MJIM KBAHTOBOW MHTErpupyeMoit mojiesin. B kauecTse npumepa
Oy/lyT paccMOTpPEeHbI pasHble Bepcun Mojesieil Tojena (0HOpOHAsL, HEOHOPO/I-
Hasi, TPUTOHOMETpUIecKast). 1 Omuiry cBsi3b 9TUX MOjieseil ¢ KoMmak TG UKaImed
Henunga-Mamdbop/ia 1 HOBLIM ITPOCTPAHCTBOM MOJIYJIEil 1IBETOUYHBIX KAKTYCOBBIX
KPUBBIX. DTOT JIOKJaJ OCHOBaH Ha pabore, mpoojaumoii ¢ JI. PhIOHUKOBBIM 1
J. Kamnitzer.

Crcok urepaTyphl

[1] A. Tlin, J. Kamnitzer, Y. Li, P. Przytycki, L. Rybnikov. The moduli
space of cactus flower curves and the virtual cactus group. arXiv:
math.AG/2308.06880 (2023).

[2] A. Tlin, J. Kamnitzer, L. Rybnikov. Gaudin models and moduli space of
flower curves. arXiv: math.AG/24xx . xxxxx (2024).

O cBg3HOCTU IPYHIIBI AaBTOMOP(U3MOB
adPUHHOTO TOPUYIECKOTO MHOT000pa3usd
B.B. KukreBa
HIY BIIISD, MockBa, Poccus

VVKikteva@yandex.ru

Hajiee K — ajirebpanyecku 3aMKHYyTOe 110J1€ HyJieBO# xapakrepucruku. [lycrsb
X — anrebpamueckoe MuOrooOpasue HaJ noiem K, a Aut(X) — rpynma pery-
JSPHBIX aBTOMOPGhU3MOB MHOr00Opasusi X . B obmiem ciayvae rpymma Aut(X) ne
siBsisieTcst ajrebpawrdeckoii rpymmnoit. Opuako Jyist mogrpynn B rpyine Aut(X)
MOKHO OIPEJeJIUTL MOHSATHEe CBsI3HOCTH. Jlannoiii TepMmun OLLT BBeIeH B pabo-
Te [2], cm. Takxke [1].

UzBectHbl nmpumepbl adpPUHHBIX TOPUYECKUX MHOI0OOpa3uii Kak CO CBSI3HOM,
TaK U C HECBSI3HOM rpymmoii apromopdusmos. B [3, memma 4] u [1, Teopema 6] mo-
Ka3bIBAETCsI, UTO I'PYyIIa aBTOMOPMU3MOB N-MepHOro adppUHHOIO MPOCTPAHCTBA
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1pu JitoOOM HATypaJbHOM N siBJIsseTcs cBsi3HOM. [Ipumepom addunHOro Topudie-
CKOI'0 MHOI'00Opa3usi ¢ HECBSI3HOI I'PYIIIOi aBTOMOP(MU3MOB sIBJIsIeTCs ajredbpau-
aeckuii Top T = (K*)™.

JlokJiaj CoOnep:KUT KpUTEPUil CBSI3HOCTU I'PYIIBI aBTOMOPPU3MOB ad(HUHHOIO
TOPUIECKOTO MHOr000Opasus B KOMOMHATOPHBIX TEPMHUHAX U B TEPMHUHAX I'PYIIIbI
KJIACCOB JINBU30POB MHOr0ooOpasusi. Tak»Ke aBTOPOM ONKCAaHA IPYIIa KOMIOHEHT
I'PYIIBI aBTOMOP(MU3IMOB HEBBIPOXKIEHHOIO a(M@MUHHOTO TOPUIECKOTO MHOTO00-
pasus. B gacrHOCTH, IIOKA3aHO, UTO JIJIsi TAKKUX MHOIOOOPa3uii YMCJIO KOMIIOHEHT
CBSIBHOCTH T'PYIIBI aBTOMOP(MU3MOB KOHETHO.

Crmcok aurepaTyphbl

[1] V. Popov. On infinite dimensional algebraic transformation groups.
Transform. Groups 19 (2014), no. 2, 549-568.

2] C. Ramanujam. A note on automorphism group of algebraic varieties.
Math. Ann. 156 (1964), 25-33.

[3] L. Shafarevich. On some infinite-dimensional groups. II. Izv. Akad. Nauk
SSSR Ser. Mat. 45 (1981), no. 1, 214-226.

I'umoresza Jl2koHca ayg y3J10B HA 4 HUTAX
J.B. Kop3yn , E.H. Jlanuna, A.B. CaemniioB

HNY M®PTU, MockBa, Poccus
Korzun.DV@phystech.edu

Hoxiia ocnoBan Ha pabore apropos [1].

[Tosumom Ikomca J(g) ofuH U3 cAMBIX U3BECTHBIX U CUIBHBIX MOJUHOMHUAJ b
HbIX MHBApUAHTORB y3/10B. OTKpbIT oH 661 B 1984 rosy [2], HO 510 cux nop Hewus-
BECTHO, Pa3J/iMdyaeT Jii OH TPpUBHAJIbHBINA y3esi. ['nmnoresa J[koHca 3akj04vaercs B
PETIOJIOXKEHUH, YTO PA3TUIAET, HO TTPOBEPEHa OHA TOJBKO JIJI OTACTBHBIX KJTac-
coB y3J10B. Hammpumep, jijist Tex, 4TO MOJNYUIAIOTC 3aMbIKAaHUEM KOC Ha 2 U 3 HUTSIX
[3]. Mb1 ke B cBoeii pabore cocpejoToUrInCh Ha y3iax Ha 4 uursax. Bo-nepsbix,
9TO HPOCTEHIINI U3 HEUCCIEJIOBAHHDIX CJIYHa€B C TOYKHU 3PEHUS [PEJICTABICHUS
y3JI0B B BUjie Koc. Bo-BTophix, nmpobiema [[xkoHca Ha 4 HUTIX CBA3aHA C KJac-
CHYECKUM BOTIPOCOM O TOYHOCTHU MpejicTaBieHns Bypay rpymibsl Koc Ha 4 HUTSX
[4]. C. Buresioy yjaioch nokasarb, 4To ecjiu npejcrapiedue Bypay Ha 4 HUTSX
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HETOYHOE, TO CYIEeCTBYeT HeTPUBUAJILHBIN y3€/ ¢ TPUBUAJILHBIM HE TOJBKO MOJIHU-
rmomom Jlxonca, Ho u nonuromamu Asekcangiepa 1 XOMDJIU-TIT (obobiernem
JlkoHca Ha 2 TepeMeHHbIe).

Mg ke mojoIn K mpobseme JI»KoHca ¢ Ipyroit CTOPOHBI U PACCMOTPEIIN CJIY-
Yail rUIOTeTHYECKUX y3JI0B Ha 4 HUTSAX C TPUBHAJBHBLIM IIOJUHOMOM J[»KOHCa 1
nerpusraabibiM XOMODJIU-TIT. B pamkax manHOro Mojxoma MbI PacCMOTDEN
YCJIOBHUsI, KOTOPbIE HAKJa/IbIBAIOTCA Ha JuddepeHinajibHoe Pa3/IoKeHne 1 pas-
noxkenne 1o xapakrepaM i XOM®JIN-IIT u3 TpedboBanus Ha yI0BIETBOPEHUS
mmpunbl nojuaoMa XOMOJIU-IIT no Bropoit nepemennoit span 4 H* (q, A) u un-
nekca kockl b% nepasencrsy Moprona-®panka-Yuibsmca [5]:

1 % %
5 (spanyH™*(q, A)) <b* —1. (1)
113 91010 HAMU OBLIN MOIYHIEHBI CIIEYIONAE YTBEPXK ICHNUSI.

Teopema. He cywecmeyem mempusuasvhozo Ysaa na 4 HUMAT C MPUBU-
aAOHOLMU NoAUHOMaMU orconca u Aaekcandepa u HEMPUBUAALHOIM TNOAUHOMOM
XOM®JIU-IIT. Ecau ne mpebosamv mpusuasvhocmu Aaexcandepa, mo y 2uno-
MEMUYECKE20 CEMETUCMBA Y3A068 C MPUBUAALHLLMU NOAUHOMAMY [Totcorca nosu-
nomvt XOMDJIU-IIT 6ydym umems onpedesérnoie 3naueHu.

H*(q,A) =14 (A = @) (A =) (A =)A= ") - FXq. 4), (2)

2de yursomomuneckue ynkyuu 6 JduddepenuuarvHom pasrorcenue npuHU-
Matom caedyrowut 6ud npu HEOMPUUGMENLHOM UEAOM M, KOMOPAA GOIPAACI-

EMCA YEPE3 AN2eOPAUNECKYIO CYMMY 3aUENAEHUT Y340 6 NPEICMABAEHUL KOCDL
W-5

m = D)

%o _ N 120+ 4l 4 3l Uy o
ey, A

=5 125+ 4],[7 + 3]l + 1], 2j
=2 ERC P

Ecin nosmuom F*m coorsercrByer nekoropomy peasibhoMmy y3iy K10 1o-

(3)

nurom FXm 6yJIeT COOTBETCTBOBATD Y31y K, KOTOPBIH 3epKaieH K Ky,
JlaHHBIN TIOJIXOJ, Mbl HECJOXKHBIM 00pa3oM 0000INMIM Ha y3JIbl Ha, 60.HbIHeM
YUCIe HUTEH, OJJHAKO B 3TOM CJlydae HaM MIPHUIILIOCH TPebOBaTh TPHUBUAJIHLHOCTD
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oT penynupoBaHHbIX nojanHoMoB XOM®JIN-IIT, To ecth nHBAPUAHTOB IIPHU (PUK-
CHPOBAHHBIX BTOPBIX IepeMeHublx A = ¢~ . Jlj1st HeuérHoro uncsa Hureil Heobxo-
JINMO Tak»Ke JI00aBUTH yCJIOBUE Ha TPUBUAJBHOCTH MOJUHOMa AJIeKcaH iepa.

Cpasy BO3HHUKAET BOIPOC, KaK yOeIUThCsI, UTO JAHHBIM IOJUHOMAM COOTBET-
CTBYIOT KaKue-TO peaJibHble y3jbl? JIjis 9Toro Mbl paszpaboTajum HECKOJBbKO IpPO-
BEpPOK, CPABHWJIM PA3JIOYKEHUs 110 XapakKTepaM M WHBapuaHTam BacuiibeBa ¢ 1o-
JIyduBIIUMCS JiudPepeHnnaibHbIM Pa3/ioKeHueM, paccMOTpe/in jlodaBjieHue To-
IIOJIOTUYIECKOI HAKPYTKU B IIPOU3BOJILHOM uéTHON crenenn. OKazajoch, 9TO Bce
XapakKTepucTuieckue KoapPUuIueHThbl, KOTOPhIE SBJISIOTCS CJIEIOM R-MaTPpUIHOIO
HpeJICTaBJIeHNs y3J/ia, apaMeTpu3yioTcs JIBYyXKOMIIOHEHTHbBIM 3allell/IeHueM Ha 3
HuTsX. [TockosibKy SR-MaTpuIbl SIBJASIIOTCS YHUTAPHBIMU HA, HEKOTOPBLIX KOPHSIX U3
eJIMHUIIBI, TO U COOCTBEHHBIC 3HAYCHUS SR-MATPUIHOIO IIPECTaBJICHUsS Ha STHUX
KOPDHSX JIOJIPKHBI JIeXKaTh Ha €JIUHUYHON OKpy»KHOCTHU. [Ipoepkoii aToro ycJio-
BUS HAM YJIAJI0Ch OTOPOCUTH OOJIBIIIOE YUCJIO JIBYXKOMIIOHEHTHbBIX 3allellJIeHui
JUIS TIEPBBIX HECKOJBKHX YPOBHEH HAIUX MOJUHOMOB. [Ipm sTOM, 9acTh Takmx
3allellJIeHnil YKa3aHHble ITPOBEPKU ITPOXO/THT.

Takum obpazom, HamMu ObLIKM TOJyYEHbI HOBbIE OI'DAHUYEHUS Ha T'UIOTETH-
yeckKuil BujI y3J10B Ha 4 HuUTsAX, pematonux pobsemy [lxKoHca, M 110JIMHOMOB

XOMODJIN-IIT nna nux.

Criucok aurepaTyphbl

[1] D. Korzun, E. Lanina, A. Sleptsov. Closed 4-braids and the Jones unknot
conjecture. arXiv: math.GT/2402.02553 (2024).

[2] V. F.R. Jones. Hecke Algebra Representations of Braid Groups and Link
Polynomials Annals of Mathematics 126 (1987), no. 2, 335-388.

[3] A. Stoimenow. Properties of closed 3-braids and braid representations of
links. Springer, 2017.

[4] S. Bigelow. Does the Jones polynomial detect the unknot? Journal of
Knot Theory and Its Ramifications 11 (2002), no. 4, 493-505.

[5] H. R. Morton. Mutant knots. New ideas in low dimensional topology,
2015, 379 412,

17



Aredbpbl BeTBJIeHNS OCOOBIX MPOCTHIX rpymi Jln
A.. KydyepeHKO
MIY um. M.B. JlomonocoBa, MockBa, Poccus
kuchkiper@gmail.com

[Tycrs G — cBsiznasi noJiynpocrast Komiiekcnast rpymma JIn, H C G — ee cBs3-
Has MOJIYIPOCTas MOJArpyIna. PaccMoTpuM KOMILIEKCHOE KOHEUHOMEpPHOEe Helpu-
BOJIUMOE palonajbHoe npejcrasienne R @ G — GL(V). Ero orpanndenue Ha
H yxe, Boob1iie roBopsi, He OyJieT HEIPUBOJMMbBIM, & PA3JI0KUTCS B CyMMY HEIpPU-
BOJIUMBIX H-1pejcraBieHnii:

R|H:R1@R2@"'@Rk,

rie R; — HempuBojuMble IpejcTaBienus rpynnbl H. Habop ciaraeMbix B 93TOM
Pa3JIOXKEHUU OIPEJIeJIeH OJIHO3HAUYHO C TOUYHOCTHIO JIO U30MOpdu3Ma.

Onpenenenne. 3acdukcupyem napy rpynn H C G. Torma sadauetd semes-
AeHUA HA3BIBACTCA 3aJlavda MOJIYUEeHUs] TAKOTO PAa3JIOKEHUs I TTPOU3BOJILHOTO
HENPpUBOAMMOro npejcrapienust R rpynnsl G. OTBer K 3T0i 3aja1ue Ha3hIBACTCS
NPABUAOM GEMBAECHUA.

Beuy KaaccuguKaIl MoJTyIpOCThIX I'PYII, B TEPBYIO 0Uepe/ib 3a/1a9y BETB-
JIEHUS CTOUT PACCMATPUBATDL JJI MPOCTBIX TPymil. J[Jisi KJIacCHIeCcKUX MPOCTIX
I'PYIINT TPABWUJIa BETBJIEHUsT U3BECTHBI YrKe JOCTATOTHO JIABHO: CJIydail YHUMOLY-
JsipHOit rpyiibl 66wt peten [ Beiiiem [2], oproronasibhoit rpyuibst U.M. Tesib-
dbangom u M.JL. Hernunabiv [4], mas cummiektuaeckoit rpymmst JI.I1T. 2Kemobernko
[3]. Opnako juist GosibiHETBa 0c00bIX NpocThix rpynn G, Fy, Eg, Er, Eg npasuiio
BETBJICHUST HE ObLJIO MOJIYIEHO JIO CUX TTOP.

B cBoem JiokJaJie I paccKaxXXy O FeOMeTPUIECKOM MOJIX0JIe K MOJYUIeHUIO Tpa-
BIJT BETBJICHUsI, KOTOPBIil MOJIXOIUT JIJIsi JTFOOBIX Map mosynpoctsix rpymn H C G.
Metoj1 ocHOBaH Ha ONUCAHWK TaK HA3bIBAEMON a.12€0DbL GEMBACHUA.

Ilycrs Ty C T — makcumadgbubie Topbl B H u G coorercrsenno, Uy C U
— MaKCUMaJIbHbIE YHUIIOTEHTHBIE MOJATPYIILI, HOpMaJU3yeMble STUMHA TOPAMU B
H n G. 3a U™ oboznaunmM mpoTHBOMOIOKHYIO K U MakKCHMaJbHYIO YHUTTOTEHT-
Hyto noarpymnmy. Paccmorpum seficreue rpynmnbl G X G Ha, ajredbpe peryssipHbix
dbynaknuii C[G] capuramu aprymenta

((g,h) - f)(x) = f(g~"xh), Vg,heq, feC[q].

Toryia anrebpoit BeTBIeHus OyjeT HazbBaThCa anrebpa nasapuantos C[G]Y <V
OTHOCUTEJILHO ITOTO JICHCTBUSA.
C nomornipio aeiictust 1" X Ty MbI BBeJIeM Ha ajredpe BETBJIEHHST €CTECTBEHHYIO

I'paAyupoOBKY K IIOKazK€M, IIOYEMY OIIMCaHue a.HFe6pr BeTBJIEHHUsI B OAHOPOJHBIX
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00Pa3yIoOINUX ¥ COOTHOIIECHUSIX (OTHOCHTEILHO TON I'PAIyUPOBKY) SKBUBAJICHTHO
BBIBOJIy IIpaBuJja BeTByieHusA. Jlajiee Mbl 0OCYy/IMM FeOMETPUIYECKHUIl METOJI, C I0-
MOII[BIO KOTOPOT'O MOXKHO YJIOOHO TOJIy4aTh MOA00HOIO POJIa ONUCAHUS AJIreOphI
BeTBJIeHN. B 3aBepinennn g chopMyIupyIo MOJIyIeHHbIe ¢ TPUMEHEHHEeM JaHHOTO
MeTOJ1a pe3y/IbTaThl JJIs BeTBJIeHUs ¢ 0coboii rpymmbl GGy Ha Ao u ¢ Fy na By.

Teopema (Asrebpa Bersienust ¢ Gy Ha Ag). B kKiacce KOMMyTaTHBHBIX acCO-
[MATUBHBIX ajredp ¢ eauuuieil aaredpa sBersiaenus ¢ Go Ha Ay 3aj1aercst TakuMn
00OpPa3YIOIMMHI ¥ COOTHOIIECHASIMA

C[G)Y "V ~ C[f1, far f3, fa fou fo| fifo + fafa+ f5fo = 0].

Teopema (Anrebpa BerBienus ¢ Fy va By). B kiacce KOMMyTATHBHBIX acCcoO-
NUATHBHBIX AareOp ¢ eauuueil anredpa Bersienns ¢ F) na By 3a/aeTcsa TaKnMH
00pa3yIoIINMU U COOTHOIIEHUSIMI

CIG)Y "YU ~ C[f1, fa, .- -, fa0| 27 coorHOmEHMii).

B obenx Teopemax mopokpaiomnine moay iHBapuaHTHbl OTHOCHTEILHO JIeHCTBIsT
T X Ty n ux Beca U3BECTHBHI.

CTouT OTMETUTH, YTO IpaBuyIo BerBiaeHus ¢ (Go Ha A OLLIO MOTYyYEHO paHee
. HantomesbiM u 1. Axuesepom B |1]. ABTOPBI HONYYUIIN OTBETHI JJIsE 9TOH 1
Apyrux nap rpyii ciaoxkuoct ¢q(G/By) < 1, uciosib3ysi OleHKY J1jisi Pa3MEPHO-
creil OJIHOPOJHBIX IIPOCTPAHCTB aareOpbl BeTBjeHus. Pesyjibrar »Ke Jjijist IPYIIIb
F) aBngercsa HOBBIM.

Criucok aurepaTyphbl

[1] D.N. Akhiezer, D.I. Panyushev. Multiplicities in the branching rules and
the complexity of homogeneous spaces. Mosc. Math. J 2 (2002), 17-34.

[2] T. Beitsib. Teopust rpyiin u kBanToBasi Mexanuka. Bubsuoreka Teoperu-
yeckoit ®uzukn. Mockpa: Hayka. 496 ctp., 1986.

3] A.I1. 2Kesnobenko. Knaccuueckue rpyiiibi. CrekTpaibHblil aHAN3 KO-
HeTHOMEpHBIX mpejctanennii. YMH, 17 (1962), 27-120.

[4] .M. Tenndany, M.JI. Hersun. Koneunomeptbie npejicrasietust rpyii-
bt oproronanbubix Marpuil. Joki. AH CCCP, Hosas Cepust, 71 (1950),
1017-1020.
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«Mcunciaenune T HIJIAMU» OJid IIOJINHOMOB XOBaHOBa
E.H. Jlaauna

HIY M®TU, HUII Kypuarosckuii maHcTUTYT, MOCckBa, Poccusa
lanina.en@phystech.edu

JHokuas ocoBan Ha pabore aBropa |1|. B pamkax manuo# paboThl Mbl H3yda-
JIA, paboTaeT JIn TeXHUKA «UCUUCJICHHUS TIHIJIAMUY JJIsi TOJMHOMOB XOBAHOBA W
KakuM obpazom. Onuiem cHadaja caMy TEXHUKY, & TaKyKe ee NMPUMEHEHUe Jijist
KBAHTOBBIX MHBAPUAHTOB y3JI0B cepur Sly — nperHbix mosgumHomMoB XOM®JIN,
IIpeJIBAPUTEIbHO BBE/sI HEKOTOPbIE 00bEKThI.

Paccmorpum npocrpatcTsa npejcrasienuit anredpot Uy (sly) Vg, i =1,... m.

Omnpenenenne 1 R-marpunbl — 3T0 0OpaTUMbIE JTHHEHHBIE OIEPATOPDI, OIIPe-
JieJisieMble

Ri =1y, @ Ly, ® ... ®PRiip1®...01ly, €End(Vg ®...,®Vg,), (1)

rie P(x @ y) =y ® v uw R — yauBepcaibias R-marpuria.
Xopomo uzBectHo, 9ro R;, ¢ = 1,...,m 3aJa10T [IPEJCTABICHUE I'PYIIIIbI KOC
B,, Ha M HATAX:

m: By = End (Vg ®...0Vg,), m(oi)=Ri. (2)

[Tycrs L — zanensenne ¢ L kommnonentamu Xy, ..., Ky, a B € B, — #Heko-
TOpas Koca U3 m HuTeil, 3ambikanue Koropoil jaer L. C Kax 10l KOMIIOHEHTO
3allelJIeHnsd acCoOUupyeM MPOCTPAHCTBA HEIPUBOJMMBIX KOHEUYHOMEPHDLIX IIPeJI-

crasiiennit Vg, ..., Vg, anredpor U,(sly).
Omnpenesierne 2 Lpernoit mosmrom XOM®JIN («packparieHHbIii» mpeicTan-
aernsimu Ry, ..., Rp) — 910 KBaHTOBbI MHBapuaHT 3arenienus L, onpejesisie-

MBIl CJIeYIOITUM 00Pa30M:
Hiy. ry = a TV, @ave, (T(B)), (3)

rje  tr — KBaHTOBBIHA CJIe].

B «ucuucsienun TIHMIAMUY 3allelJIeHUe [10JIy4aeTcs [yTeM CKJIEeMBaHUus U3
TOHIJIOB. KaXX10My TOHTJIY MOYXKHO COMIOCTABUTH HEKOTOPYIO PAITMOHATBHYIO (DY HK-
IIMIO WJIM MATPUILY, KOTOpasi BXOAWT B pesyabrupyiommii mognaom XOMODJIN B
kagectBe (pakTopa. CKylenBaHUE TIHIJIOB MPUBOJAUT K CYMMUPOBAHUIO 110 HEITPH-
BOJMMDBIM TIPEJICTABIECHUAM MPOMEKYTOUHBIX COCTOTHUN B TOJIUHOME 3alleTIJIEHTS.
Onucannbplii BoIe mojaxo); Pemernxuna—TypaeBa o0bscHAET, KaK CTPOUTH I10-
quaoMbl XOM®JIN n3 THTIOB, CBSBAHHBIX C DJEMEHTAPHBIMU BEPITUHAMA —
R-marpunamu. OHAKO BBIYKCICHUE KBAHTOBBIX WHBAPUAHTOB Y3JI0B METOIOM
Pemernxuna—TypaeBa cTaHOBUTCA UPE3BLIYAHO TPYAHLIM MIPHU YCIOXKHEHUN Y3-
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X _
Storn - Stwn T J/
n crossmgs (n odd) n crossmgs n even)
I 7 )

Puc. 1: JIsa cemeiicra carennuros Yaiitxena. Tourm T Ha3bIBaeTCH «3aMKOBBIM>. BO3MOXKHBIH BUJT, K moka-
3aH Ha pHC. 2. 3aMeTHM, 9TO ONpeJe/eHne STUX CATe/JIATOB BKIIYaeT He mpocTo ysemn K, a ero KOHKpeTHyio
muarpamme K. OHako 3aBucHMOCTb OT guarpaMMbl npocrasg. Ona MoxKer ObITh yCTpaHEeHa CIBUIOM 7 Ha 2w,
e Wi — anarebpandeckoe UHCI0 MepecedeHuii TuarpaMMbl (Da3HHUIA MEXK/y YUCTIOM MOJOKUTETBHBIX U OTPH-

He 3aBUCUT OT IWarpaMmMbl y3ja, rae 1 = tor wau T = tw

s oo ) — gk
marenbHbIX nepecetennii B K): 8p, (K) = STnfzwi

Jla u npejcraBiennsi. K cgacrbio, 00JibIas 9acTh W3BECTHBIX Y3JI0B U3 TaOJIN-
bl Posibdpcena BKIaIbIBAIOTCS B ceMelicTBa, y3J10B, KOTOPbIE MOXXHO Pa30dUTh Ha
THIJIBI YHUBEPCAJIBLHOTO BHa, COCTOAIINE N3 HECKOJBLKUX Tepeceuennii. BKiaabl
9TUX TOHIVIOB MOYXKHO BBIYUC/IUTL M3 KBAHTOBLIX MHBAPUAHTOB IIPOCTEHIINX y3-
JIOB CeMeiCcTBa ¥ MOTOM HMCIIOJb30BAThH JIJIsi BbIUKCICHUN 00J1ee CJIOXKHBIX Y3JI0B.
B kadecTBe mpumepa pacCMOTPHUM y3JbI-CATEJIUTHI YalTxeaa, ¢cM. puc. 1, mid
KOTOpbIX HoJHHOMBI XOM®JIV MOXKHO HOCUUTATH IO CJEAYIOMUM (DOpMyJiaM:

/\;d”jl qdimadj
x AgH{A -
j_c‘étwn T@ + ( A) { Q{}{}Q/Q} adJ . (_A)wiK gfjj 7
qdim) qdimyy (4)
s A{AHAg —2wg {AH{A/q} L\ 7R
Mo = <A> {aHe?r <Z) iy + ( qA) e ( qA) Hitys
rie HY = qd?{sz) — pepynuposanubiii mouaoM XOM®JIN, qdim(R) — kBan-

TOBasi PA3MEPHOCTH. 3AMETHUM, UTO 3/1eCh BHIPAXKEHUST J p, COOTBETCTBYIOIINE «3aM-
KOBBIM» OJIOKAM, MOI'YT ObITh BBIYUC/ICHBI U3 CAMBIX IIPOCTBIX Y3JI0B CeMeRCTBa —
TBHUCTOBAHHBIX Y3JIOB.

M carequmuro Yaiitxena 8. (K) ¢ puc. 1 ays yzmos K w3 Tabmunbt 1 Mol
MOCYUTAIN TTOJMHOMbI X0oBaHOBa — t-1edopmanuio noarnHoMoB J>koHca (momHo-
vMoB XOM®DJIN st sly) B dynpamenraibiom npejcraiennn. OKasanoch, 4To
METOJI, « ICUKCJICHIST TIHTJIAMIY, [0 KpaiiHeil Mepe, JJis IepedrcaeHHbIX B TabJIm-
e y3JI0B paboTaer, u JIJIsi TIOJJMHOMOB XOBaHOBA MbI UMeeM t-1eOpMUPOBAHHBIE

bopmyabt () npu A = ¢*:
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Puc. 2: 2-kabauposanmbril y3eq-TpUIMCTHIK KaK OPIMep BO3MOXKHOM muarpaMmbl K ma puc. 1

X 31 4 | & 52 61 | 62 | 63 71 T2 T3 | Ta | 75 | T6 | 77 | 81 819 820 | 821 91
tors = tw_o | tws | tors | tw_4 | twy tory |tw_g twe || T[3,4] torg

Shyc 3 0 6 3 0 3 0 9 3 6 3 6 3 0 0 8 0 3 12

RSIx 2 0 4 2 0 2 0 6 2 4 2 4 2 0 0 6 0 2 8

TS Tadj

Tz A
. e — adj
K 442 643  —N—
Khfn2eg — (—t)0(n+28hec) _ 2 l+q't 1l (¢%t)™" - Kh¥,.
e T % 1—q¢2t — 5)
£ M —20
ng,r 7 — q4t2 _ th +1 ~=~
Kh 2w — (—t)0(n+2She) 2 (o34)n 1> 22T T KeK
K (—b) T @0 Ty Ky,

rJle MOJIUEePKHYTHI BEJUUMHBI, UCIBITHIBAIOINE CKAUYKK 110 IIapaMeTpaM y3Ja.
3mech Shy — HOBBIN BBEJIEHHBI HAMKM MHBAPHAHT y3J1a, KOTOPBI MOMXKHO IIOJIY-
YUTH U3 PEJIYIMPOBAHHOIO 1OJMHOMa XOBaHOBa, y3ja K, Kak Mbl 1I0Ka3bIBaEM B
narreit pabore [1].

HerpuBnaibHbIM IPUI0KEHUEM METOJA «UCINUCICHUS TIHIJIAMU Y ABJISIETCS BO3-
MOXKHOCTH MOJTyYeHHsI [[BETHBIX MOJMHOMOB y37108. Hanpuwmep, us dopmyi (4), (5)
MO>KHO BbIPa3UTh COOTBETCTBYIOIIME KBAHTOBbIE HHBAPUAHTHI Y3JI0B B IIPUCOE]IM-
HeHHOM mpejicTaBiennn. s nBeTHbIX nosrnHOMOB XOM®JIV n3BecTHO MHOXKE-
CTBO OTBETOB JIjIsi Pa3HBIX y3JI0B U3 Ta0Juibl PoJibdceHa u Jjlaxke Jijis Hepsi-
MOYTOJIbHBIX IPEJCTABJICHUN, a TakKyKe HECKOJILKO HelnepTypOaTUBHBIX METOJI0B
ux Bbruncjenust. OHAKO Jijisi uX t-1e(POPMUPOBAHHBIX AHAJIOIMOB — IIBETHBIX 110~
JINHOMOB XOBaHOBa—PoXXaHCKOro, MpakTUIecKOro MeTO/1a BbIUKUCJICHISI aBTOPY He
Ob1710 M3BecTHO. Jlaske HCXOIHOE ONpejieJieHI e «HepaCcKPAITIeHHOr0» ( «pacKpariieH-
HOrO» (DYHJIAMEHTAJIbHBIM [IPEJICTaBICHIEM ) TTOJMHOMa XoBaHOBa—PoxaHCKOro
OCHOBBIBAETCSl HA BBIYHCJICHUU KOTOMOJIOTHI KOMILIEKCA, MOCTPOCHHOIO IO y3-
JIy, 9TO JIeJIaeT ero BbIUKCJICHHE KpailHe TPYJIOeMKHM JlaXKe IIPU HCIOJIb30Ba-
HUKM COBPEMEHHBIX KOMIIBIOTEPHBIX MoIHOCTeil. [Ipu «okpammuBaHums MOJIMHO-
Ma XoBaHOBa—P0oXKaHCKOIO pasMepHOCTH OTOOPaXKaeMbIX ITPOCTPAHCTB U CJIOXK-
HOCTDb JiuppepeHnunajoB B COOTBETCTBYIONINX KOMILIEKCAaX CUJbHO BO3PACTAET,
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X 92 942 | 943 101 10124 10128 10132 10136 10139 10145 10152 | 10153 14n21881
tw_g tws T3, 5] T[3,7]

Shyc 3 0 6 0 11 8 3 0 11 6 11 0 16

RSIx 2 0 4 0 8 6 2 0 8 4 8 0 12

Tabanma 1: Yaaer, nx wmasapmantsr Pacmyccena RSIx n mmBapmanTst Shy. Topuueckne y3iabl 0603HAMEHLI
kak T'[l,m]. Jas kparkoctu y3nsl T[2, k] B TekcTe 0603HAYAIOTCS KaK tory

4YTO JleJIaeT MPAKTUIECKOEe BBIYUCIEHUE JlaXKe JIJid IEPBOr0 HETPUBUAJIBHOTO y3JIa-
TPUJUCTHUKA KpaliHe CJI0KHBIM. Halr »xe MeToj1 Mo3BoJIsieT BhIYUCIATH [[BETHBIC
1OJIMHOMBI XOBAHOBa U3 «HEpACKpAIIEeHHbIX» OJIMHOMOB XOBaHOBA, 4TO 3HAUYU-
TEeJIbHO YIIPOIIAET BbIUYUCICHUS.

Bosee Toro, okazbiBaeTcst, 9o u3 hopmysibt (5) MOXKHO BBIJCIUTD [IBETHBIE TIO-
JIMHOMbI XOBaHOBA, HE UCIBITHIBAIOIINE CKAYKOB 110 MapaMeTpy 1, a TaK>Ke sBJis-
IOIIUECS TOJMHOMAMHI C TOJIOXKUTEILHBIMEI KOY(MMUIIMEHTaMH, ITO COOTBETCTBYET
KOT'OMOJIOTUIE€CKOMY OIIPEJIe/IEHIIO TTOJTUHOMOB XOBAHOBA:

Kho ) = Koo op - ALy« Rbgg, 010 Clor = oy 1 € = Taa- (6)

Criucok aurepaTyphbl

[1] A. Anokhina, E. Lanina, A. Morozov. Towards tangle calculus for
Khovanov polynomials. Nuclear Physics B 998 (2023), 116403.

ITonsiTHO O MOJIL3€e cXeMm /JIJIsd aJire0OpanvYecKux rpymnmn
P.A. JIy6kos

ClIoI'y, Caunkr-Ilerepoypr, Poccusa
RomanLubkov@yandex.ru

B pasButum aJjirebOpanveckoil reoMeTpuu TPaJUIMOHHO BBIJCISIOT JIBa OOJIb-
X rama. IlepBolit — Kiraccuueckasi reoMeTpusi, paspaborantast B KoHie 19 Beka
PumanoM, HCIIOJIB3YIONIEr0 TEOPEeTHKO-(DYHKIMOHAJILHBIN 361K, Bbpuiiem u Hé-
TEpOM, HCIIOJIb3YIolue DoJiee reoMeTpuieckuii si3blk 1 Kponekepowm, enekun oM
u Bebepowm ¢ uncTo ajaredbpandecKkuM moaxogaoM. B naigbHediemM, OCHOBbIBasICh Ha,
y2Ke HapabOTaHHBIX HMJIESIX, MTAJIbsIHCKas MIKOJIa KacTejabHyoBO, DHEPUKBECA U
CeBepu cMOTJIa BBIIOJHUTH OJHY U3 TVIABHBIX 3aJia4 TEOPUHM — OHU KJIACCH(DUIIH-
POBAJIM aJiredpandecKie MOBEPXHOCTH, UTO CTAJIO TJIABHBIM UTAJILAHCKAM JOCTH-
>KEHUEeM B 9TOH 0bJiacTi.

CoBpeMeHHBII MOAXOJ K aJredpandecKoil reoMeTpun HadaJcs ¢ pabor UKoy,
Beiinsg nu 3apuckoro B Haudaje 20 Beka. W yxke coBcem ckopo 1ocie aroro Cepp

23



1 ['pOTeHIUK OCHOBAJIM 3HAMEHUTYIO (DPAHILY3CKYIO HIKOJY, KOTOpas IepecMOT-
peJia OCHOBaHM:A ajreOpamdeckKoil reoMeTpUurd B TEePMUHAX CXeM M KOT'OMOJIOTHIA.
Mcnosb3yst HOBBIi SI3bIK, UM y1aJ0Ch B KOPOTKHUI MPOMEXKYTOK BPEMEHU PENNTh
OFPOMHOE KOJIMYECTBO OTKPBITHIX CTAPBIX MPOOJEM. DTOT TOIXO]T TPEICTABIISAET
coDOil crCTeMAaTHIeCKOe OMMCAHKE BCEX IIPOIECCOB, MPOXOJSIINX P U3YIEeHUN
MHOT00Dpa3uit, TPU ITOM pa3padaThiBAETCsI TEXHNUKA, KOTOpast paboTaeT Hal Mpo-
U3BOJIbHBIM KOMMYTATHBHBIM KOJIBIOM M HE 3aBUCUT OT OCODEHHOCTEH KOHKPET-
HBIX II0JIeil, (PYHKIHMI Ha MHOroOOpas3usiX, TOUeK U Jp.

OJiHaKO, Yy TaKOro I10JIX0Jla €CTh CBOW OIPOMHBIN HEJOCTATOK — OH, I0JI0OHO
SI3BIKY TEOPUU KATEropuil, JaéTcsi ¢ TPYJAOM HadWHAONMM Maremarnkam. HeoO-
XOJIMMO HE TOJIBKO MOHATH U BBIYUYUTh OIPOMHOE KOJMYIECTBO HOBBIX OIPE/ICICHIH
1 (hakToB, a BbIPAOOTATh MHTYHUIUIO, KOTOpas 9acTo OblBaeT OYeHb OOMaHUMBA
JlaxKe JIJIsi KOMMYTaTUBHOIO CJIydast, He TOBOPs yKe 1po bojiee obOIIMe CUTyaINH.

B nokiajie Mbl 00cyjiuM 6e3 popMasibHbIX OlpejieieHUil HEKOTOPbIE TTPO0JIEMbI
KJIACCUIECKOI'0 TI0JIX0/1a K aJaredpaniecKoil TeOMEeTPUH, a TaKKe IIOKaXKeM, KakK CO-
BPEMEHHBIH sI3bIK MOXKET JIEMKO PELIUTDb BCE STU CJIOXKHOCTH, €CJIM PACCMaTPUBATD
MHOT000pa3usT ¢ COBPEMEHHOW TOUKN 3PEHMUSI.

Kpurndeckue pagmycbl opoOuUT ImpeJicTaB/IeHU N30TPOIIUA PUMAaHOBBIX
CUMMETPUYECKUX IMMPOCTPAHCTB
M.B. MeniepsakoB

HIY BIIID, MocksBa, Poccus
1953mmv@mail . ru

[esib JIOKJIaJ1a COCTOUT B PACCMOTPEHMM METOJ/a BBIYUC/ICHUS OIIPEJIeIEHHOIO
METPUYECKOI'0 MHBApUAHTa OPOUT TPECTABICHUN U30TPOIUH MOJIYTPOCTHIX PU-
MAHOBBIX CUMMETPUYECKUX HPOCTPAHCTB, HA3bIBAEMOI'0 KPUTUUYECKUM Pa/IUyCOM,
B TEPMHUHAX CHUCTEMbl OIPAHUYEHHBIX KOpHEN U rpymibl Beitas cuMMeTpruiecKoro
MPOCTPAHCTBA. DTOT METPUIECKIH MHBAPUAHT, XapaKTEPUIYIOIIHi PACTTOIOKEeHIE
110JIMHOYKECTB B 00'beMJIIOIIEM METPUIECKOM IIPOCTPAHCTBE, ObLJI BIIEPBbIE BBEJICH
JJIsT TIOJIMHOXKECTB eBKJnioBa mpocrpanctse [ @emepepom B pabore [1]. I'pydo
roBopsi, kputudeckuii paguyc R(F) mogMuOKecTBa F 00BEMITIONET0 METpUIe-
CKOI'0 MPOCTPAHCTBA 3TO MaKCUMaJIbHBIN pa3Mep OKpecTHOCTH F| KaxKjasi TOUKa
KOTOPOI UMeEeT €JIMHCTBEHHYIO OJIMKaiyIo TOUKY B F.

[Tycts & = R &P — pasnoxkenne Kaprana mosrynpocToii BelecTBEHHON aJI-
re6pbl JIn & rpymmet JIn G cummerpuaeckoii mapet (G, K), onpejesisiionieit ciM-
MeTpudeckoe npocrpaHcTBo. [Ipejcrapienue u30Tponum CUMMETPUIECKOTO TTPO-
CTPAHCTBA SKBUBAJEHTHO IPUCOSTUHEHHOMY MPEJICTAaBICHIIO Ad IPyIIIbl H30TPO-
mun K napsel (G, K) #a npocrpanctse  C &. [log opburamu mpejcraBieHus
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M30TPOINNN OYIyT MOHUMATHCST OPOUTHI JieficTBust Tpymnbl K B mpocTpancTse J.
Kaxkjiast opbura opTOroHaibHO IIepeceKaeT MaKCuMaJibHbIe abesieBbl 110/1aare0pbl
2 npocrpancrsa B. [Tapa (B, A) onpegensier cucremy S(B,2A) C P orpanuyen-
HBIX KOpPHEIl CUMMETPHUYIECKOTO IIPOCTPAHCTBA U OTBEUAIONIYIO eil Tpynny Beiirsa
W = W(,2), nopokJIeHHYI0 OTPaXKeHUsIMA OTHOCUTEJILHO THIEPIIOCKOCTEI,
OpTOroHaAJILHBIX KOpHsM v € L(, ). ['pynna Beitsst BMecte ¢ cucremoit orpasu-
YEHHBIX KOPHEH CyTh OCHOBHBbIE KOMOWHATOPHbBIE JIAHHBIE, CBI3AHHDBIE ¢ CHMMET-
pPUIECKUM TTPOCTpaHcTBOM. OTpaskalolye TUIepIiockoctu H,, opToronaabHbIe
KOPHSIM (v, JICJIAT KapTaHOBCKOE TOJNPOCTPAHCTBO 2 HA MHOrOIpaHHbIE KOHYCHI
C, naspiBaemble Kamepamu. V3 Teopuu CHMMETPUYECKUX TTPOCTPAHCTB XOPOIITO
u3BecTHO [2], 4ro Jiobast opbura O(N) HpejcraBieHns U30TPOIUU TepeceKaeT
3aMbIKaHme J000i Kamepbl B equHcTBenHON Touke A. [lepecewenne O(A) N A
copriaiaeT ¢ opouroit W (A) 91oit TOYKH OTHOCHTENLHO €CTECTBEHHOTO JIeHCTBUS
rpytibst W.

OcHOBHBIE HAINK PE3YIbTATHI O KPUTUIECKUX PAIUYCax s OpOUT MpeacTan-
JICHWS U30TPOINN COCTABJISIIOT CJICJIYIOIINE JIBE TEOPEMBI.

Teopema A. I[Iycrs O(\) opbura mpecTaBieHust ©30TPOINHA PUMAHOBA TOJTY-
IIPOCTOTO CUMMETPUUIECKOTO ITPOCTPAHCTBA, OTBEYAIOIasi BHYTPEHHEH TOUKe \ Ka-
mepnwt C. [Tycrs Ha kKapTanoBckoM mognpocTpancTse 2 Boiopano W naBapuanTHOE
eBKJIUI0BO CKAJIIPHOE MPOM3BEIeHUE, TTPOIOIKEHHOE 10 HHBAPUAHTHOTO CKAJISIP-
roro npoussesienus Ha P. Torga kpurndeckuit paguyc opoursl O(A) C P pasen
eBKJIMJIOBY PACCTOSTHUIO OT A JI0 OJim»kaiiiieil K Heil rpann KopasmepHocTu 1 Ka-
mepbr C.

B orsmume ot opbuT 00IIero mooKeHus, B ciaydae CHHryIspabx opoutr O(N)
TOYKA A JIEXKUT B IIEPEceUeHNN HEKOTOPBIX rpaHeit kopazmepHoctu 1 kamepsr C.
Borauncienune kpurndeckoro pajguyca R(O(N)) yxke Tpebyer paccMOTpEHUsT pas3-
OMeHMsT KAPTAHOBCKOI'O 1pocTpaHcTBa A, KOTOPOE peajin3yercss HOPpMaJIbHbIM Be-
epoM BbITyKJsioro Muororpanuuka P(A) = convW (), apasiomerocs BbITyKJION
obosoukoit opourer W (A). Touka A B 910it curyaium Oyjer BHYTPEHHEH TOUKOIl
HOPMaJILHOTO KOoHyca N) HOpMaJIbHOIO Beepa MHOrorpanuuka (A).

Teopema B. Ilycrs O(A\) — cunryssiprasi opouTa mpejicTaBIeHusi H30TPOITIH
PUMAHOBA [IOJIYIIPOCTOIO CUMMETPUYECKOIO pocTpancTBa u Ny HOpMaJibHbIH KO-
HyC B BepimHe A BbIMyKJoro muororpananka convW (A). Torma kpurudeckuii
pagnyc R(O(N)) opburer O(A) paBeH eBKJIMJIOBY PACCTOSHUIO OT TOYKH A JIO
Osivakaitineit K Helt rpanu kKopasmepHoctu 1 konyca V).

CwmexkHoi 3a1a9€e 0 BRIIUCICHIH (POKAJTHHBIX PAIIYCOB OPOUT JTUHEHHBIX HEIIPH-
BOJIMMBIX MPEJICTABICHUI TPOCTHIX KOMIAKTHBIX TPy Jlu mocssiena pabora [3].
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Pazpemumbie cynepajaredopsr JleitOuuiia ¢ HMiIbpauKaIoM
C XapaKTePUCTUIECKO I0C/IeI0BATEILHOCTBIO (n | m — 1, 1)
HUWIBUHAEKCA N + M
X.A. MyparoBa
MexxnyHapoaHblii yHuBepcuter Kume B TarmmkeHTe,
Tamkent, Y30ekucran
muratovakhosiyat12@gmail.com

B sroii pabore npejcraiiena KiaaccuduKkaliys pa3peinMbix cyepaJireop Jleio-
HUIA, HAJIbPAJUKaJ KOTOPDIX SIBJISETCS Cynepajiredpoii ¢ HUIbUHIEKCOM 7 -+ 1M U
XapaKTepUCTHIecKoii nocienoparenbiocteio (n | m — 1,1). Cuemyer ormeTnts,
YTO HUJIbIIOTEHTHas cyliepaJirebpa JleitbHuma ¢ HUJIBUHJIEKCOM 1 + M MOXKET
MMETh XapaKTePUCTHICCKYIO TocjaeoBaTeabuoctn Buga (n | m), (n — 1,1 | m)
win (n | m — 1, 1). [lockosbky pasperumbie cynepasreOpsr Jleiibnuna, xapakre-
PUCTUIECKUE TTOCTIE0BATETHHOCTH KOTOPBIX (n | m) u (n — 1,1 | m) yxe Oblian
kiaccudunmposatbl [3, 4], ara pabora 3aBepiiaer KiaccuUKaIUO pasperniuMbix
cyneparedp Jleilbuuna, HuIbLpauKaIoM KOTOPBIX sIBJISETCS Cylepaarebpoii ¢ Hu-
JHBUHJIEKCOM N1 + M.

Onpenesenne. Zs-rpajiyupoBaHHOE BEKTOPHOE npocrpanctso L = Ly @ Ly
Ha3bIBAETCS CyTiepasreOpoit Jleitbuura, ecin 0HO cHAOXKEHO TPOU3BeIeHneM [—, —|,
KOTOPOE YJIOBJIETBOPSIET CJIEJIYIONIEMY YCIOBUIO:

[a:, [y, z]] = [[a:, ], z] —(=1)*8 [[az, z], y] — CynepToxaecTBo Jleibanma

Jgie obbIX « € L,y € Ly, z € Lg.

Hunbnorenrabie cynepaJjrebpnl Jleiibnuna ¢ XapaKTepUCTUUECKOHR IIOCTIe]I0-
BaTeJIbHOCTLIO (N | m — 1,1) u HUJIBUHJIEKCOM T + 1M BO3MOXKHbI TOJBKO MPH
m=n-+1wmm=n+2.

Teopema 1. 1] Ilycts L — cymepasredpa Jleibuua ¢ xapakTepucTHIECKOi
nocyesoBarebHocThio (1 | m—1, 1) u aunbungexcom n+m. Torma B cirydae m =
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n + 1 cymectsyer 6azuc {e1,es, ..., €n,Y1,Y2,- -, Y1} AITEOPHI L, B KOTOPOM
IIPOU3BE/ICHUA UMEIOT CJICYIONMIA BUJL;:

[ei,e1] = eit1, 1<i<n—-1,
[111761}—y]+17 1<5<n—-1,
lei, 1] = gyi+17 1<i<n—1,
v, ] = ej, 1<j<n,
[Ynt+1> Ynt1] = Yen,
L(Binsay, Bingay gy -y But1,7) ntl—i . B
( R w+1,7) eisynt1] = D0 Br¥r—1+4 1<i< 25,
—[nt4
k=["3=]
n
W1, yn41] = =2 3 Brew—1+ Butren,
k=["44]
n+2—j L
[Yjsyns1]l = =2 3 Brer—2+y, 2 <j <[z
k=["44]

Teopema 2. [1] Ilycrs L — cyuepasredpa Jleiibuuia ¢ xapakTepucTuieckoi
nocjegoBarebHocTbio (n | m — 1,1) u nusibungekcom n + m. Torua B ciyvae

m = n+ 2 cyumecryer 6asuc {e1,ea, ..., €n, Y1, Y2,y - - -, Ynio} Cynepasredbpol L, B
KOTOpPOM OHa m30oMopdHa cJejytoleil cynepaJsredpe:
L(Bnys ooy Brs Bn1)-

MakcumaJsibhbiit HuJIbIoTeHTHBIH njteas N cynepasiredpsl Jleitbuuiia L Takoit,
aro [L, L] C N, HasbIBaeTcst HUIbPAIUKAJIOM. AHAJOrHIHO caydaro aaredp Jlu,
pazpermmble cynepaaredps! JIefOnumna MoryT ObITh OMUCAHBI ¢ TIOMOITHIO HUJIb-

HE3aBUCUMbBIX YeTHBIX jinddeperHnnpobannii Huabpajnkaia (em. [2]).
Ecnn L — He HUJIBIOTEHTHAas paspelnuMmas cyrepaJjredpa JIeiibuuia ¢ HUIb-

PaJKaJIOM U3 KJIacca L(B[nTH], Bty - - - Bnt,s ), Torma:
(07"'7070)7
(6["7“]aﬂ[”7+4]+17"'76n+1a7): (Oa'”aﬁtv"wovo)v Bt#oa [nTH]StSn+17

(5”7”707"'7077% 7#0

Teopema 3. Ilycts L = Ly ® L1 — paspemmumas cynepajredpa Jleitbnuia,
HUJTbPaMKaJ KoTopoit uzomopden cymnepanaredpe L(0,0,...,0,0). Torma L uzo-
MopHa OJIHOM U3 CJIEJIYIONUX T10IIaPHO HEe U30MOP(HBIX cyliepaJreop:

. ei,e1] = eit1, 1<i<n—-1,
ei,e1] = eit1, lsisn-l, Y e1] = yis1, 1<j<n-1,
yj,€1]231/j+1» 1§J.§"_1’ e y1] = 2yit1, 1<i<n-1,
ciom] =gvir,  I=isn—l, i) = e, 1<j<n,
viryil = ej, l<jsm ei, 1] = 2iey, 1<i<n,

| = 2ie,, 1<i<n, MS, :
]

[
[
[
[
MS : [e;, 1
[
[
[
[

[
[
[
[
[
[yi,1) = (20 — 1)y;, 1 <i<n,
[
[
[
[

vl = (22 a 1)‘% l=izm, yn+1,9€2] = Yn+1,
Ynt1,T2] = Yni1, 21, e1] = —2e1,
el = =21, r1,y1] = —y1,
131 =~y T2, Yn+1] = —Ynt1,
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[ei, e1] = eit1, 1<i<n-1, [ei, e1] = €it1, 1<i<n—-1,
[ywel]:ijrlv 1<j<n-—-1, [yJ761]_yJ+1’ 1<j<n—1,
leis 1] = 3Yit1, 1<i<n-—1, leis 1] = 3Yit1, 1<i<n-—1,
[ys, 1] = ej, 1<j<n, Y5, y1] = €5, 1<j<n,
[ei, 2] = 2e;, 1<i<n, [e:, 2] = 2e;, 1<i<n,
ST [y1,2] = v, Sy W1, 2] = Y1 + Yn+t1,
i,z = (2i — Vy;, 2<i<n, [yi,x] = (2i — 1y, 2<i<n,
[Yn+1, 2] = aYni1, [Yn+1, 2] = Ynt1,
[x,e1] = —2eq, [, e1] = —2eq,
[z, 1] = —y1, [z, y1] = —y1 — Ynt1,
[T, Yn+1] = —Yni1, [T, Ynt1] = —Ynt1,
[ei, e1] = €it1, 1<i<n-1,
ireal =yjer, 1<j<n-1, [eis e1] = est, lsisn-l,
[ei,yl]:%ylﬂ, 1<i<n—1, [Y;,e1] = yj+1, 1<j<n—1,
[yj,yl]_ej, 1<53<n, [eihyl]:%yi-‘rh 1<i<n—1,
[e:, 2] = 2e;, 1<i<n, o ;1] = €5, I<j<n,
S5 Syzran n—it1
[y1, 2] =y, e, 2] = > areiyrp—1, 1<i<n-—1,
[yi, 2] = (2i — D)y, 2<i<m, =2
[Yn+1,7] = ayn41, [yi, ] = ];2 apYivk—-1, 1<i<n—1,
[, e1] = =21, [Yn+1:2] = Y1, [, 2] = vea,
[z, y1] = =1,
lei, e1] = eit1, 1<i<n—-1,
[vj e1] = yj+1, 1<j<n-1,
lei, y1] = 341, 1<i<n-—1,
[yj, y1] = ej, 1<j<n,
St [ei, 2] = ni+l areirk—1, 1<i<n-—1,
S
[y, ] = ];2 arYitk-1, 1<i<n—1,
[Yn+1,T] = Yn1, [T, Ynt1] = —Ynt1,
[, 2] = ven.

Teopema 4. Ilycts L = Ly & L1 — pazpemumas cynepaJjrebpa Jleitbnu-
12, HAJIbPAJIMKAJ KOTOPOW n30MOpPGEH He Pa3IoKUMOil cynepajiredpe n3 Kacca
L(ﬁ[nT—&-él], 5[%4;]“, ooy By, B). Torma L wsomopdHa 07iHOI U3 CJIeIyONuX momnap-
HO He n30MOpP(HBIX cylepaJreop:
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[es, e1] = eiq1, 1<i<n—1,
[y, e1] = Yjt1, 1<j<n-—1,
lei, y1] = %yi+1, 1<i<n—1,
s, y1] = €5, 1<j<n,
iy Ynt+1] = Yi—it1, 1<i< [z,
Y1, Ynt1] = —2€4-1,
SO, ("3 <t <nt 1)} Bovn] = 2eau, 2< <[5
les, x] = 2ie;, 1<i<n,
[yi, 2] = (20 — 1)y, 1<i<
[Yn+1, 2] = (20 — 3)Yn+1,
[z, y1] = —y1,
[, e1] = —2ey,
[T, Yn+1] = —2yi-1 — (2t = 3)yn+1
lei, e1] = eit1, 1<i<n—1,
[yj,e1]—yg+1, 1<j<n-1,
leis 1] = $Yit1, 1<i<n-1,
[yjayl]*ej; 1<j<n,
[Yn+1,Yn+1] = ven,
(€6 yn41] = Bugayyynp, 1<i<[24],
S() [Yi, Yn+1] = 26“+3€ i+n=l 1<i< [HTH],
le:, 2] = 2ie, 1<i<n,
[yi, @] = (20 — D)y, 1<i<n,
[Yn+1, 2] = nYpi1,
[z,e1] = —2ey,
[z,91] = —v1,
[T, Ynt1] = 5n+3yn+1 NYn+1-
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Amnanorn naBapmuanTa Makap-JIumanoBa n naBapuanTa /lepkceHa
A.B. Hukuruna
HIY BIIISD, MocksBa, Poccus

avnikitina@hse.ru

B kauecTBe OCHOBHOTO T10JIsT OyJIeM paccMaTpuBaTh ajredpanieck 3aMKHYTOE
noJie k xapakrepuctuku HOJib. Ilycrs B D k — obnacts nenocruoctu. ugpdge-
pernyuposanuem Ha B maspiBaerca ¢ynknuma 0: B — B rtakas, uro Va,b € B:
d(a+b) =0d(a)+0(b), 6(ab) = 6(a)b+ ad(b). Auddepenuposanue § a0ka.ibH10-
nuavnomenmnoe, ecii Yo € B dn € N : D™(§) = 0. O6o3naqdnm 1qepe3 LND (X))
MHO>KECTBO BCEX JIOKAJbHO-HUJILIIOTEHTHBIX juddeperiimpoBannii Ha X .

Hnsapuarnm Maxap-/lumarosa muoroobpasust X — 3T0 epecedeHue sijiep Beex

JIH]I na X.

Hneapuanm Jeprcena — nogasnrebpa B k[X], 1H0poxiéHHAas sijipaMu Beex
nenysessrx JIH/L ma X.

HD (X) = k[Kerd | § € LND (X) \ {0}].

Oyuknus s € k[X] nasoiBaercst caaticom JIHJ §, ecain §(s) = 1. Hasee npej-
jaraercst paccmarpusarh mojudukanun ML* 1 HD ™ unsapuanros ML u HD
mnst JIH/L co cnaitcamu. O6osnaunm LND *(X) muoxectBo Beex JIHL co coaii-
camu Ha X.

B pabore [1] 66110 jlokazano, 4o jist adPUHHBIX HENPUBOJAUMbBIX MHOIOOOPa-
suit X ¢ menyneBbiM MuOKecTBoM LND * muBapuantsr ML (X) n ML *(X) cos-
nafaror. Takke B pabore |2] mosydenst pesynprarst jaas HD ™.

B noksajie OyjieT paccMaTpuBaThCs HEKOTOpoe 00odIeHne nuBapuanTa Makap-
JIumanosa:

ML(X)= () (Kerd nKerd),
51,0,€LND

KOTOPOE CTPOUTCS JIJISI BCEBO3MOXKHBIX TIap KOMMYTHPYIONIUX 01 U O9.

Byser nokazan kpurepuil cyiiecrBoBanusi Takux kommyrtupytomux JIHL B
TePMUHAX KOHYCOB JIJI TOPUUECKUX MHOroobpasmit X, a Takke JOKa3aH aHaJOoT
TeopeMbl |1]| B 9TOM cayae.
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JIokasibHBIE TEPEKJIETKN CeMECTB KPUBBIX W PACCJIOEHMI
1 OTHOcuTeJibHasa TeopeMa Pumana-Poxa
.B. Ocunos
MIIMY MUAH, HIY BIIID, HUTY MUCUC, Mocksa, Poccus
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ITyctb A — npousBosibHOE KoMMyTaTuBHOE Kouibllo. Ilycrs A((t)) = A[[t]][t™}]
— koutb11o psgios Jlopana nag xkosbiiom A. Kosbio A((t)) cranoBurcest TOmoJorn-
YeCKUM KOJIBIIOM, ecJin 3a 6a3y OKpecTHOCTel HyJist B3siTh A-nogmoyiu t" A[[t]].

[Iycts A((t))* — rpynma obparuMbix siemenToB Kogbia A((f)), n mycrsb
Aut"(L)(A) — rpynma HenpepbiBabix A-aBromMopduzmos A-amrebpor A((t)). fc-
HO, 4TO BTOpas I'PYyIIa ecrecTBeHHO JeiicrByer Ha kosibie A((t)), u, ciegosa-
TesbHO, Ha rpymme A((t))*. [losromy BO3HEKAET ecTeCTBEeHHAS HEKOMMYTATHBHAS
TpyTIa,

G(A) = A((t))" x Aut“™8(L) .

HazoéMm KBUHTETOM HAJ[ KOMMYTATHBHBIM KOJIbIOM A HAOOP reoMeTpruecKux
JIAHHBIX, COCTOAIINN U3 ceMeiicTBa IMPOEeKTUBHBLIX KPUBBIX HaJ 0a30it Spec A, ce-
YEHUs ITOTO CEMENCTBaA, TAKOTO, YTO CEMENCTBO TJIAJIKO B OKPECTHOCTU ITOTO Ce-
YeHusi, 00PaATUMOIO MyUKa Ha CeMENCTBE, OTHOCUTE/ILHOTO (DOPMaJILHOT'O JIOKAJI b
HOTO TIapaMeTpa JiJisd cedeHust, (popMabHOM TPUBUAJIUIAINYN MMyIKa B CEUCHUN.

B [1] 6bu1o mokazano, 1To smeMenTsl Tpynnel G(A) «mepekienBaioT» B KBHH-
TeTe (Ha,zg KOJILIIOM A) ceMeificTBO KPUBBIX U OOPATUMBbI IyYOK B ITPOKOJIOTOMN
dopMasibHON OKPECTHOCTU CeueHUst ceMelcTBa KPUBbIX.

Bosee touno, dyukrop A — G(A) mpesgcraBuM rpynmnoBoit wHI-cxemoi .
I'pynnosas unj-cxema G peiicryer Ha creke Mojyiteit My, Bcex KBuHTETOB (I€
CTEK BO3HUKAET, €M BaphUpoBaTh KOJIbIO A).

Ha crexe mopyiseit ksunreros My, eCTb eCTeCTBEHHOE JeTePMUHATHOE JIMHei-
Hoe paccioenne. JIjisg KaXk0ro KBUHTETa ¢ ceMeiicTBoM KpuBbix 7 : C' — Spec A
n ooparumbim nydkoM F Ha C' 9T0 JeTepMUHAHTHOE PACCIOEHUE eCTh 00PaTHMbIi
nydok det Rm,F na Spec A.
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['pynmnosast nuj-cxema G He efiCTByeT Ha JIETEPMUHAHTHOM JTMHEHHOM PacCso-
enny Ha My, HO JIeHCTBYeT eCTeCTBEHHBIM 00Pa30M €€ KAHOHHUIECKOe IIeHTPAJIbHOe
pacipeHue py MOMOIIM MyJIbTHINIUKATUBHON rpyibl Gy,

B paborax aBropa |1]-|2] 6611 BEITHCIEH KTace BO BTOPOil TPYIITe KOTOMOJIOT i
9TOTO KAHOHUIECKOTO IMEHTPATLHOTO PACIIHPEHHsI TTOCJEe PACIINPEHNS CKAIIPOB
710 110151 Q. DTOT KIIace BHIMUCHIBAETCS Yepes3 JINHEHHY 0 KOMOMHAIMIO BhIPAsKeH Ui
o1 U-1TpOU3BeJIeHIH HEKOTOPBIX sIBHBIX 1-KOIMKJIOB Ha §. BosHukaer JiokasibHas
teopeMa lemmusa-Pumana-Poxa pig muHeiiHbIX paccloeHnit Ha ceMeiicTBax Mpo-
eKTUBHDBIX KPUBDIX.

O6 Tnx pesysnbraTax si pacCKaxKy B CBOEM JIOKJIA/IC.
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apanov@list.ru

[Iycts Q = (V, A) — xomuan, rje V' MHOXKeCTBO BepiiiH U A MHOXKECTBO pe-
6ep. Kaxoe pebpo a € A numeer nauaso (source) s(«) u Bepruny (target) ().
[Tycrs K mnoste. Ilpeacrapienne Kordana () — 910 HADOP JIMHEHHBIX TPOCTPAHCTB
{W,, v €V}, onpenenennnix Haj mosieM K| U COOTBETCTBHE, KOTOPOE KAXKJIOMY
pebpy « conocrapider jauneiinoe orobpaxenne W) — Wy Kaxnoe npen-
CTaBJICHUE OIPEJIENISIET BEKTOP PAa3MEPHOCTH N = (ny), e n, = dim W,

OroxKaecTBUM Kaxkjloe JiHeiinoe npocrpancrso W, ¢ KOOPJMHATHBIM IPO-
crpancTsom K. Ilpoctpancrso muneiinbix orobpaxennit Hy 13 Wy B Wy
OTOXKJICCTBIM C MPOCTPAHCTBO MATPHI, Mat (1), 1s(a), K) pazMepa myq) X ng(q)-
st kaxk10it Bepimubl v € V' oonpejesiena rpynna GL, = GL(n,) ¢ ssemenramu
B nosie K u ee yuurpeyroibhas noarpymnmna U, = UT(n,), cocrosimas u3 Beex
BEPXHETPEYTOBHBIX (1, X M, )-MATPHI] C eJMHAIIAME Ha, Auaronasu. Paccmorpum

32



npamoe npoussejienne G = GLg = [ [, GLy, ee moarpynny U = Ug = [ [, Us
1 JIMHEIHOe IIPOCTPAHCTBO

H = J{Q = @aeAJ{a-
I'pynma G geiicrByer B npoctpancTse H 1o dopmyie

90 = (g0) XaGyay)acas 9= (g,) € G, h=(Xa)€IH.

Heiticreue G na H omnpegenser npejcrapienne p, rpynnsl G B IPOCTpaHCTBE
peryssipubix Gynkiuii K[H] no dopmyde

pof (h) = f(g~'h).

CraBuTcs 3aja4a IOCTPOEHUST CUCTEMbI CBOOOIHBIX OOPA3YIOMINX JIEMEHTOB
B nosie U-unpapuantos K (H)Y. Passupas Merojpl nocrpoenns U-MHBAPUAHTOB
[1, 2, 3|, B jloksiajie OyjerT NpejIIoKeHO JiBa T0X0/1a K PEIIeHUIO 9TOH 3a/1a4H.
[Tojxoy 1. Yacrubiit ciyvaii paBHopasMepHoro npejicrasienus 4], korjga n, = n,
Jis1 Jiroboro v € V. B 3ToM ciiydae KOHCTPYKIINS CeYeHUs U CUCTEeMbl CBOOOTHBIX
00pas3yoIX 3aBUCAT OT BbIOOpa orobparkenus 1 : V — A, cOmoCTaBIsgmOIIEro
KaK 10l Bepiiuue B v € V unnujentHoe emy pebpo ¥ (v) € A.
[Tonxon 2. O6muit cayuait. B sToM ciiydae KOHCTPYKIUsT CEU€HUS W CUCTEMbBI CBO-
OOTHBIX 00PA3YIOIIKUX 3aBUCUT OT BbIOOPa, OTOOPaXKEHUsI, COIIOCTABJISIONIEIO KarK-
Joii Bepruae v € V' mHeiHbIi opsiIoK Ha MHOXKeCTBe Bce pebep A, WHIMIEHT-
HBIX 0.

Criucok aurepaTyphbl
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IToarpynmsl aBTOMOP(U3IMOB, COCTOAININE U3 YHUIIOTEHTHBIX
3JIEMEHTOB
A .1O. Ilepeneuko

HIY BIIISD, MocksBa, Poccusa
aperepechko®@hse.ru

ITycts X — addunnoe anredpanyveckoe MHOrooOpasue Hajl ajredpanydecku 3a-
MrHyTbIM 1osieM K aysiesoit xapakrepucruku. [oprpynna U C Aut(X) nasbisa-
eTcs yHunomenmmot, eciu Jroboi e€ 3JIeMEeHT MOYKHO BBIPA3UTh KaK IKCIOHEHTY
HEKOTOPOTO JIOKAJIbHO HIIIbIOTeHTHOTO juddepentuposanus Ha K[ X]. [loarpy-
ma G C Aut(X) naszwiBaercst ucuwepnaemoti, wim mampéwrot, eCii OHa SBJIIeT-
cs1 0ObeIMHEHNEM BO3PACTAIONIEH TEMOUKY ajrebpandeckux moarpymni. B 2] mo-
CTaBJIEH BOIIPOC O 3aMKHYTOCTH CBS3HBIX UCUYEPIAEMbIX TTOATPYIIT OTHOCUTETHHO
wH-rornojorud B Aut(X). Onupasich Ha olucaHne MAaKCHMAJIbHBIX UCIEPITaeMbIX
YHUIOTEHTHBIX 110rpy1il B Aut(X), Mbl OTBETU/IM HA ITOT BOIPOC MOJIOKUTETHHO
3]

Mpb1 pazdbepém OoJiee 0BTy IO CUTYAIUIO TPOU3BOIBLHOM YHUTIOTEHTHO TTOATPYII-
el U C Aut(X), meobsizaresibHo ucaepnaemoii. Mbl ykaXkeMm HEKOTOPbIE YCJIOBHS,
pu KOTopbix U COJEPKUTCS B UCIEPIACMOT YHUIIOTEHTHOW MOJIPYIIIIE.

JlaHHbIe pe3yIbTaThl UMEIOT 3HAUEHUe JIJId BOpoca 00 ajbTepHaTuBe Turca B
Aut(X) [1], aust onucanns ajnrebpandeckn mopoxAEHHBIX moarpynn B Aut(X) u
JUIsl U3yYeHusi TPYII aBTOMOP(MU3MOB I'MOKUX MHOIOOOpa3uii.

Hoxnas ocuoBan Ha pabore aBTopa [3]. Pabora momgep:kana rpantom PHO
Ne22-41-02019.

Criucok aurepaTyphbl
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Kondurypamum noapemniéTok
B.11. Iloxnakuu

HIMY BIIID, Mocksa, Poccusa
pokidkin.vladislavOgmail.com

[TpousBo/ibHBIT HAOOP MOJPEIIETOK HAJEJEH PSIJIOM JIMCKPETHBIX CTPYKTYP.
BaxkHoit uncjioBoit xapakTepucTukoil Habopa sipJjsercs jedpexrt. Habop siBiisier-
Csl JINHEHO HEe3aBUCHMBIME (HEPUBOJMMBIM ), €CJIH HE COJEPKUT COOCTBEHHOTO
Mo THAbOpa € OTPUIATETHHBIM (HEMONOKNTEILHBIM) sledekToM. JInHelHo He3aBn-
cuMblii Habop HyJieBoro jiepekrta HazbiBaeTcss BK-nabopom. Mbl nokaxkem, 4To
MHOYKECTBO JINHEHHO HE3aBUCHMBIX HADOPOB 00Opa3yeT reoMeTPpUIECKYIO PEréTKy
U SBJISIETCS MATPOUJIOM. Takrke MbI JIOKaXKeM, UTo MHOxKecTBO BK-1ojgHabopos
BK-nabopa obpasyer 1npousBOJIbHYIO JUCTPUOYTUBHYIO PEHIETKY W SBJISIETCS aH-
TuMaTpounioMm. MoruBaliust K u3ydeHuio KoHdurypamuit moJ[penéTok UCXOUT 13
PEJIII0JIaraeMoro OMUCAHUS JIMCKPUMUHAHTOB TIOJIMHOMUAJIBHBIX cucTeM. [JoKa
OCHOBAH Ha He3aBepIIEéHHol padoTe.

Anreopa JIu KoH(OPMHBIX BEKTOPHBIX MOJIEi
9.0. Paxabos
Hamumonanpubiit Y HUBepcuTeT Y30ekucrana nmenu Mup3o Yiayroeka
TamkeHnT, Y30ekKucran
rajabov_2019@bk.ru

[Tycrs (M, g) pumanosa muoroobpasue ¢ Merpukoii g u X 1iajikoe BEKTOpHOe
noJsie na M.

Omnpenesierne 1 |2, 4| Bekropuoe mose X koudopmuo, eciu Lxg = og, re
o- ¢yukuus Ha (M, g), Lxg = og obosnadaer npuojnyio Jlu or mMerpuku ¢
orHocuTeIbHa X, 1Jie 0 ectb pyukius na M.

[Iycts D- cemeiicTBO riaJKuX BEKTOPHBIX IOJIEH, ONpEJIEJCHHbIX Ha MHOI'O-
obpazuu M. CemeiictBo D MOXKeT copep>KaTh KOHETHOE MM DECKOHETHOE UNCIIO
IJIaJIKUX BEKTOPHBIX TTOJIEH.

Omnpenesierne 2 [3, 1| Hdnst kaxjoit Toukn © € M MHOXKECTBO BEKTOPOB
D(z) = {X(z) : X € D} nopoxmaer HEKOTOpoe MOAIpocTpancTBo P(x) Kaca-
TesibHOTrO npocrpancrsa 1, M. Pasymeercs, pasmepHoctu nojanpocrpascts P(z)
MOYKET MEHSIThCSI OT TOYKHM K TOYKE. DTO pacipejiesienne obosnadum depe3 Pp.

Omnpenesierne 3 |3, 1| Pacrnpenenenwe P Ha3blBaeTCS BIOJHE HHTETPHPYeE-
MBIM, €CJIN JIJIsi KaxkJio# Touku x € M cyiiecTByoT nojmMuorooopasue N, MHO-
roobpasust M raxoe, aro Ty,N, = P(y) mus Bcex y € N,. Iogmuoroobpasue
N, Ha3zbIBaeTCsl MHTErPaJbHBIM IOJIMHOrOOOpasueM pacupenenenns P. [{nsg Bex-
Topuoro nosisg X Oymem mmcars X € P, ecom X(x) € P(x) msa Beex © € M.
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Pacnpenenenne P HasbiBaeTcsd WHBOJIOTUBHBIM, ecau u3 X,Y € P BwuITeKaer
[X,Y] € P, rie [X, Y] ckobka Jlu BekTOpHbIX TOJIEH X, Y.

Teopema(®Ppobenuyc) st roro urobbi pactpejesnenne P Ha MHOroobpasnu
M ObLIO BIOJHE MHTETPUPYEMBIM, HEOOXOIMMO U JIOCTATOYHO, UTOOBI OHO OBLIO
MHBOJIIOTUBHBIM.

Teopema(R.Hermann) D = { X, X5, ..., X} }- cemeiicrBo BeKTOPHBIX m0JI€f
Ha MHOrooOpasuu M. CemeiicTBo D 1MOPOXKAaeT BIOJIHE KHTEIPUPYEMOE pacIpe-
JIeJIeHe TOIJIa U TOJILKO TOT/Ia, KOrJa OHO MHBOJIIOTUBHO.

[Iycts A(D)- naumenbinas aarebpa Jlu, conepxkarmas muoxkecrsa D. [lojaras

A (D) = {X(x) : X € A(D)},

HOJLy MM MHBOJIIOTUBHOE pacupejenenue Pp oz — Ay (D).

Eciu pasmeprocts dimA, (D) MOCTOSHHO HE3aBUCHMA OT X, TO, [0 TEOPEME
dpobennyca, pacupesenenune Pp : x — A, (D) BrojiHe HHTErPUPYEMO.

Eciu pasmeprocrs dimA, (D) saBucur ot z, T0, pacupejenerne Pp @ x —
A (D) He 00s13aTeIBHO JTOIKHO OBITH BIOJHE HHTETPHPYEMbIM.

Ecin Muoxkectso D cocTouT n3 KOH(DOPMHBLIX BEKTOPHBLIX I0JICH, TO pacipe-
JeJIeHne

Pp:x— Ay(D)

BITOJTHE WHTETPUPYEMO.

Teueps yepes A(D) 0603nauumM Haumenbiiyio nojaaredpy Ju 8 Conf(M) muo-
JKeCTBO BCeX KOH(MOPMHBIX BEKTOPHBIX ToJieil Ha M, comepKaliyio MHOXKEeCTBO
D. Tlockosbky anrebpa Conf(M) konedHoMepHa, TO CJEyeT, 4TO CYIIECTBYeT
KOHEYHOE 9ncsio BeKTOpHbIX nosieit X1, Xo, ..., X, B A(D) Tmakux, 9T0 BEKTOPHI
Xi(x), Xo(x), ..., X;n(x) obpasyior 6asuc mopmpocrpancTsa A, (D) mst Kaxk10r0
x € M.

[Tosromy jist ciaydasi cemeiicTBa [) KOH(OPMHBIX BEKTOPHBIX T0JICil U3 Teope-
Mbl XepMaHHa BbITEKAET CJIEJLYIONIee YTBEPKIeHKe.

Teopema 1. Ilycts n > 3, D—ceMeiicTBO KOH(MOPMHBIX BEKTOPHBIX IIOJIEI.
Torma kaxkag opouta D sBiisieTcss HHTErpajbHbIM MHOI0OOpa3ueM BIIOJIHE WHTe-
rpupyemoro pacupejesenust Pp 1 x — Ay (D).

Cresyrorasi TeopeMa MOKA3bIBAET, UTO KaxKjas TOuKa Ha opbute L(x() Mo-
JKeT OBITH JIOCTUTHYTa U3 T( C MOMOIIBIO KOHEYHOTO UMC/IA <«IEPEKJTIOUEHUil» ¢
MCIOJIL30BaHUEM BEKTOPHBIX moJieit X1, Xo, ..., X,,, B OlpeieIeHHOM TOPSIJIKE.

Teopema 2. MuoxkecTBO TOYEK BH/IA

y = X (X (X (o))
vie (t1,to, ..., t,) € V coBmajgaer ¢ opburtoit L(xy).
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Teopema 3. [Iycts M = R"”, mHOXKecTBO D cOCTOUT U3 KOH(DOPMHBIX BEKTOD-
ubix nosieit 1 dimA, (D) = k ayst iroboro x € M, tiae 0 < k < n. Torma kaxas
opbuta cemeiictBa [ sIBJISIeTCsI 3aMKHYTBIM TOJMHOXKECTBOM.

IIpumep 1. PaccmoTpuM MHOXKECTBO MoJieil D, coiepKaliux CJIeIyIoIe BeK-
TOPHBIE TIOJIS

0

X = —

8.%’1
! B )
Y = —p59— _
x28x1+$18x2

Ha eBKJIIJIOBOI TJIOCKOCTH R? ¢ /IeKapTOBBIME KOODAMHATAMHA T, L. DTH BEK-
TOPHBIE TIOJIST MOPOXKIAIOT TJIajKoe pachpesenenue: (r1,x2) — P(z1,x2), T1e
P(xq,x9) — nopmpocrpancTio, HaTsnyToe Ha Habop Bekropo { X (xy,z2) : X €
D}. Mot umeem dimP(x,y) = 2 jist Kaxkj0il Touku (2, y), OTIMIHON 0T TOUeK
(0, x9), tne dimP(x,y) = 1. 910 TIajKOe pacHpesesieHne KOHEIHO TTOPOXKIEHO,
Ho D we maxomurcs B wHBOJIIOIMK. B 3TOM ciydae HamMmeHbIas mogaJreopa JIu
A(D) anrebpst JIn Conf(M), cosepxkaliast MHOXKeCTBO D, sIBJISIETCsI TPEXMEPHOIA.
Bexkropubie monsa X, Y n Z = 8%2 SBJISTIOTCsT OasucHbIME ToJisiME anrebpbl A(D).
Mu1 MoxkeM mposeputh, urto dimA,(D) = 2 nns xaxgoit Toukn x € R2 Pac-
upejesienne © — A, (D) BuosHe MHTErPUPYEMO 110 TeopeMe XepMaHHa, Kaxjasi

opbura [ coBHaJaeT ¢ IJI0CKOCTDHIO.
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MNuaBapuaHThl HA TPOEKTUBHO-IIEPECTAHOBOYHBIX KJIacCaX
3KBUBaJIeHTHOCTU (ppeiimoB IlapceBans
B.B. CeBocThsHOBA!
Camapckuii yHUBEPCUTET
berlua@mail.ru

ycrs HY — epkanioso (yHUTapHOe) TPOCTPAHCTRO pasMepHocTH d HaJl Bellle-

crBeHHbIM (cooTB. KoMIuekcHbIM) 1tosiem F. Koneunbim dpeiimom B H? nasbisa-
n n  _ Tad

ercst Habop BekTopoB {;}ily, n > d, jns koroporo span{p;}t_; = H?, npyrumu
CJIOBaM#, KOHEUHBII (bpeiim — 310 060011eHre ToHATUs Oa3uca 6e3 cBoiicTBa MU-
HUMaJbHOCTH. ajuM apyroe onpejeseHue.

Omnpenenenne 1 Habop BekTopoB {;}I | B MpOCTpaHcTBE H¢ 6ynem Ha3bl-
BaTh peitMoM, eciii cynecTByoT KoHCTaHThl 0 < a < b < 00, Takue, 4TO JJIsd
Bcex x € F?,

n
allx|* < Y 1(x, 05[> < blIx 1
j=1

JlauHbie JBa OmpejiesieHnst SKBUBAJEHTHBI, [1].

OpeiiMbl HAXOIAT LIKPOKOE IIPUMEHEHHE B aHAJIM3€e CUIHAJIOB, 00paboTKe 1300-
paykKeHwnii, KOJMPOBAHUNA U BOCCTAHOBJIEHNN JAHHBIX, KBAHTOBOW Teopuu wHQOP-
MAllUA U TEOPUU CXKATBIX U3MEPEHUI.

B anayimse TpauIinoHHO BBIIEISIIOT PSAJI CBSI3AHHLIX ¢ (DpeiiMaMu OmmepaTopoB.

Oneparopom cunmesa bpeitva {p;}7_; u3 H? naspiBaerca ® : F* — HY, $x :=
n

> x(j)¢j, rne x(j) — j-a koopaunara x € F". Marpuia oneparopa CHHTE3a
j=1

® — d X n-marpuria, cTojbaMU KOTOPOil sIBJISIOTCS BeKTOpbI (ppeitma. Omnepa-
TOPOM anasusa nasbsaercs oneparop @ : HY — F", nus koroporo (®*y)(j) =
(0;,¥), j=1,...,n. Ilogpobuee o dpeiimax cm. |2].

Eciu a = b B onpenenennu 1, To umeer mecto paBencrso PP* = al, u Ta-
Kue (peiiMbl Ha3bIBAIOTCA a-orcecmrumu. 1-kectkue ppeiimbl OyeM Ha3bIBATb
dpetimamu Ilapcesans.

Beenem na muoxkecTBe (GpeiiMOB pas/IMIHbIE KJIACCHI SKBHBAJECHTHOCTH. Ha-
IpUMEp, B BEIIECTBEHHOM CJIydae eCTECTBEHHO OTOXKJIECTBUTDL Te (DpeiiMbl, KOTO-
phle COBMEIAITCS APYT C IPYTOM B PE3yJIbTaTe MOBOPOTA.

Omnpenenenne 2 Opeiivbr {@;}7 u {1} HaspiBaloTCH Yynumapro sK6u-
BANEHMHbLMU, €CIIA CYIIEeCTBYeT yHUTapHOe npeobpasoBanue U, Takoe, 4To 1); =

IPaboTa BbIIOIHEHA B PaMKax peasm3aiuu [IporpaMmmsl paszsuTug HaydHo-06pa3oBaTebHOrO MaTeMaTnde-
ckoro nenrpa IIpusoskckoro denepanbHoro okpyra (cornamenue Ne 075-02-2024-1456).
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Xoporo u3BeCTHO, 9TO MATpuibl ['pama JByX cucrem BEeKTOpoB {@;}l | u
{1}, coBmamaloT TOrJa ¥ TOJBKO TOIJA, KOIJIA 9TH CHCTEMbl YHUTAPHO IKBH-
BAJICHTHBL. TOr/Ia yHUTAPHO SKBUBAJICHTHBIC (DPEAMbI OIHOZHATHO ONPEICIAIOTCS
3HAYMEHNSIME CKAJISIPHLIX TTponsseiennii (@;, ¢;), i < j.

3aMeTuM, 9To KJIacC YHUTAPHO SKBUBAJEHTHBIX (DPEHMOB 3aBUCUT OT HOPSIJIKA,
B KOTOPOM PAaCIOJIOKEHBI BEKTOPHI (ppeiiMa.

Omnpenenenne 3 Byjem rosopurs, uro jsa dpeitva [lapcesass {p;}, u
{1i}1 nepecmanosouno ynumapno sK6uUGAAEHMNUDI, €CTU CYIIECTBYET MEPECTa-
HOBKa 0 € Sy, 1u1 Kotopoit dpeiimbl {@; }i 1 {y(;) }io; YHHTAPHO SKBUBAJICHT-
HbL.

B pabore [3| usydenbl nHBapuMaHTbl HA EPECTAHOBOYHO YHUTAPHBIX KJIACCAX
skBuBaJjenTHocTu ¢gppeiimos [lapcesass, B yacTHOCTH, HAiIeHbI MHBAPUAHTDL, Pa3-
JCJISIONINE TaKNEe KJIACChI SKBUBAJICHTHOCTH B O0IIEM MOJIOXKCHUN.

Omnpenenenne 4 Opeiivbt & = {@;}7, u U = {¢;}I', nazsiBarorcs npoek-
MUGHO YHUMAPHO IKGUCALACHINHLMAU, €CJIA CYIIeCTBYeT YHUTAPHOE MPpeobpa3oBa-
e U n ancna o; € F, |o;| = 1, mia koropeix ¥; = a; Uy;.

3aMeTuM, UTO M3 YHUTAPHOH 3KBUBAJEHTHOCTH HE CJICJyeT NPOCKTUBHO yHHU-
TapHas dKBUBAJICHTHOCTH. VHBapuaHTaMu Ha HPOEKTHBHO YHUTAPHBIX KJIACCAX
SKBUBAJCHTHOCTH ABJISIIOTCA TAK HA3bIBAGMbIE 1M-IIPOU3BEICHUSI, T.e. IPOU3BeIe-
HUASA BUJIA

A(Qiy, Pigy -+ s D1 ) = {Piys Pin) Pins Pig) - - - (i s i)

B pat6ore [4] nokaszano, aro dpeiimpr 8 H? — 1poeKTHBHO YHUTAPHO 9KBUBAJICHT-
HbI TOTJIa U TOJBKO TOTJIA, KOTJA COBIAIAIOT BCE WX M-TPOU3BEJICHUS.

Omnpenenenne 5 Opeiivmbl [apcesass © = {p;}7; u ¥ = {¢; }I" | nHaspiBaior-
Csl NPOEKMUBHO-TNEPECTNAHOBOUHO YHUTMAPHO IKEUBLACHIMHBILMU, €CJIH CYIIECTBY-
o1 yrutaproe U, o € S, u uncna a; € F, |ag| = 1, nis koropuix ¢ = a; Upg(y).

B nokitazie noitier pedb 00 mHBapraHTaxX Ha ITPOEKTUBHO-IEPECTAHOBOTHO Y HI-
TApHBIX KJIACCaX 9KBUBAJEHTHOCTH Ha (dpeitmax [lapcesans. B wacranocru, OymayT
MOKA3aHbI PEryssgpHbie (DYHKIUE, OCTOSHHBIE HA TAKKX KJIACCax, KOTOpbIe B 00-
ITIEM TTOJIOKEHUN PA3JIEISIOT TPOEKTHBHO-TEPECTAHOBOTHO YHUTAPHBIE KJIACCHI IK-
BuBaJsieHTHOCTU (ppeiimon [Tapcenadis.
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O xapakTepax HEIIPUBOANMBIX MPEICTABJICHUI
cynepaJjreopst Jlu gl(m,n)
A.H. Ceprees
CaparoBcknii rocyapcTBeHHblll yHUBepcuretr, Caparos, Poccus
sergeevan@info.sgu.ru

Hoxua ocroBan Ha pabore apropa [1].

B Jjiokjajie npuBojinTcs HOBast popMyJia JIJisl XapaKTepoB KOHEUHOMEPHbIX He-
IPUBOJIMMBIX TIPEJICTaBIeHui /711 cynepasreOpst Jlu gl(m, n). MsI ciegyem cxeme
nokazarenberBa Cy u 2Kanra [2] co cnenyomumu HoBoBBeieHusiMU. Bo mepBbix
JIAeTCsT HOBOE JIOKA3aTeIhCTBO M HOBast (popmyanposka runoressl Ban ep FOr-
Ta, Xomkeca, Kunra n Teppu-Mer. Jlajee ucio/ib3yrorcsi BECOBbIE JiHaIDaMMbI
u K31 jguarpaMMbl BBejieHHble JIxk. Bpanjgonom u K. Crpormrmen. 3arem ompejie-
JISIeTCs TIOJIM3JIP CBA3AHHBIN ¢ BecoBOil jimarpammMoii. XapakTep HElNpUBOIMMOTO
1PEJICTABJICHNUS UHTEPIPETUPYETCS KaK MPOU3BOJIsAIIas (PYHKIUS IEJbIX TOYEK
COJIePKAINUXCA B ToJndape. s Beraucienust 3Toi GpyHKINN UCTIOJIb3YETCA TEeO-
pema Bpuona.

Criucok aurepaTypbl
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Koporkue SLo-CTpyKTYypbl HA JUEBCKUX MOIYJIAX
P.O. Cracenko

HIMY BIIID, Mocksa, Poccua
theromestasenko@yandex.ru

IIyctb S — mnpousBoJibHasl peayKTHBHasdA aJireOpandeckas rpyimmna. HazoBém
S-cTpykTypoii Ha anrebpe Jlu g romomopduzm ®: S — Aut(g). S-crpykTyph
paHee M3ydaJiCh Pa3JMIHBIMU aBTOpaMu, B ToM 4ncjie 9.B. Bunbeprowm.

B noknane paccmarpuBaiorcs S Lo-cTpYKTYPBI. S Lo-CTPYKTYpPy HA30BEM KO-
POTKOIi, ecyiu pecrasiaenne  rpynnn S Ly pasiaraercs Ha HEIPUBOINMbIE IIPE/I-
craBjienusi pasmepnocreit 1, 2 u 3. Ecim paccmaTrpuBaTh HENpUBOJUMBIE TTPE/I-
CTaBJIEHUsT PA3MEpPHOCTE TOJBKO 1 1 3, TO MOJYUUTCS M3BECTHAsST KOHCTPYKIINS
Turca-KanTopa-Kexepa, ycranapimBalonias B3aXMHO-0JHO3HATHOE COOTBETCTBHE
MEXK/Iy MMPOCTHIMU HOPAaHOBBIMY ajiredOpamMu 1 pocThiMu ajiredpamvu JIu orpejie-
JIEHHOT'O BU/JIA.

Amnanornano reopeme Turca-Kantopa-Kexepa B ciayuae Koporkux S Lo-CTpPyK-
TYDP MOXKHO YCTAHOBHUTDL B3aMMHO-OJIHOBHAYHOE COOTBETCTBUE MEKJIy HPOCTBIMU
asiredpavu JIu ¢ Takoil cTpyKTYpOil M TaK Ha3bIBAEMbIMU MPOCTHIMU CUMIIJIEKTH-
geckumu crpykrypamu Jlu-Vopupana.

[Iycrs Ha anrebpe Jlu g 3amana S Lo-ctpykrypa u orobpaxenue p: g — gl(U)
— Jimreitnoe npejcrasienne. Tomomopdusm V: S — GL(U) nazwiBaercst S Lo-
CTPYKTYPOI Ha JineBCKOM g-mojtysie U, eciu

U(s)p(&u=p(¥(s)E)¥(s)u, Vse S, eg, uel.

[TojiobHast KOHCTPYKIMST UMEET MHTEPECHBIE TPUJIOKEHUS K TEOPUU 11PEJICTaB-
JIEHUI HOPIAHOBBIX aJredp, O KOTOPHIX OYJEeT paccka3aHO B JIOKJaje. Takxke B
JIOKJTaJie OyIeT MpeJicTaB/IeHa TMoJHas KIACCU(DUKAIIS HETPUBOIMMBIX KOPOTKUX
g-MojtyJiedt Jiist pocThix ajredp Jln.

I'pynnousn Beitnga n ero aeiicrBue Ha addUHHOM CyliepaHTUAHE
B.A. CrykonuH
HINY M®THU, MockBa, OMUM BHII PAH, BananukaBka3, Poccus

stukopin@mail.ru

Jlokas ocHOBaH Ha COBMECTHBIX paborax apropa ¢ B.[l. Boskosbiv [1], [2] u
nojaepkan rpanrom PHO 23-21-00282.

Mui onpenensiem jeiicTBue rpynnonga Beitssi Ha adduHHOM CcynepsHruaHe
Yi(sl(m|n, IT)) cuenuanbuoii juneiinoii cyuepanredps Kana-Myuu sl(m|n, IT),
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3aTAHHON IIPOU3BOJILHOM crucTeMoii mpocThix KopHeit I1. Addunnnie cynepsarua-
HBbI TAKOT'O BHJa 00pa3yioT Kareropuio. Mopdu3Mbl B 3TOW KaTeropuu 3aJ1atoTcs
JleficTBUEM 3JIeMEHTOB rpyiinounjia Beityisi. Bee cynepsinruanbl u3 3moii KaTeropun
M30MOP(MHBI KaK acCOIUATUBHBIC CYIepaJredpbl, HO MOP(MUIMBI ONpeJieseMble
JeficTBUEM 3JIEMEHTOB Tpynnouja Beitnsg #e coxpansior kompoussejgeHue. Mbr
OIUCHhIBAEM KOIIPOM3BEJICHUS Ha CylepsaHrnaHax M WX OTHOIIEeHWE C JieficTBueM
rpyunonjia Beitis.

Criucok aurepaTypbl

[1] B.J. Bosnkos, B.A. Crykonun. I'pynmons Beiins u ero neiictsue Ha ad-
dunnom cynepauruane. 3anucku [IOMU, «KBanToBas Teopusi moJjist u
craTucTudeckas Qusrkay, . 30 (2024), npuHATO B MeYaTh.

|2] Boakos B.Jl., Crykorma B.A. Adbdunnbiii cynepsurnan u KBaHTOBbI
rpymmnon; Beitist. TM®, 1. 216 (2023), Boin. 3, 476-489, cM. Takxke
arXiv: math.QA/2306.14598v2.

Koabiia koromostoruit runepbogmyiecKnx MHOT000Opa3umit,
CKJIEEHHBIX TI0 packKpackKaM ITPAMOYTOJIbHBIX MHOOTPAHHUKOB
JI.A. IIpirankoB
MIY um. M. B. JlomonocoBa, MockBa, Poccus
Dimamadrid@yandex.ru

[Tycts P upsiMOyrosibHbI MHOIOI'DAHHUK KOHEYHOI'0 00'bEMa B IPOCTPAHCTBE
JIobagesckoro L". Ilycrs P umeer m runeprpaneit Fi, ..., F,. Ilo mHororpanuu-
Ky P MOXHO MOCTPOUTH MPSAAMOYTOIbHYIO Tpyniy Kokcerepa:

G(P) = (g1, gml9} = 1, 9195 = g;9: npn F; N F; # @)

O6pasytoiue rpyiibl G(P) cOOTBETCTBYIOT OTPasKEHUsIM OTHOCUTEJbHO I'-
neprpasneii. ['pynna G(P) geiictByer orpaxenusimu Ha L". @akTopmpocTpaHCTBO
L"/G(P) npencrapisier cobOit NCXOIHBIA MHOTOrPAHHUK P.

Ojrako rakoe JeiictBre He siBisieTcst cBobojHbiM. Vmeercst ciocob (u3 [1])
HaitTu noarpymibl unjekca 28 5 G(P) takue, 4o oHM JEHCTBYIOT CBOOOAHO Ha
L.

[ycrs ¢®) : G(P) — Z stumopdusm, stipo KOTOPOro HE MMEET 3IEMEHTOR
koueuanoro nopsyika. Toraa Ker¢®™ neicrsyer csoboguo na L, a L” /Kerp®)
npejicTaBsieT coboii THIepboIntecKoe MHOroobpasue, ckieennoe u3z 2F kormii
MHOrorpanauka P.
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¢ pacckaxy 0 MeTosax BBIUUCICHUS (MCIOJB30BAHBI pe3ynbraTsl u3 [2], [3])
KoromoJjioruit ¢ koadgdunuenramu B Zso, KOTOPbIE NPUMEHHMbBI IS HEKOTOPBIX
MHOIOTPAHHUKOB P Jijisi MUHUMAJILHO BO3MOXKHOIO k. B ciiydae KOMIAKTHBIX MHO-
TOrPAHHUKOB P 3TO COOTBETCTBYET BLITHCJIEHNIO KOTOMOJIOTHNA MAJIBIX HAKPLITHAN
naJ P.

(k) . Ab mm A ke

Duumopdusm @) packnajpiBaercs B komnosunuto: G(P) — Z5 — 75 | vie
N Zo—nuneitnoe orobpaxenne, Ab romomopdusm abemenuzanuu. To ecTn, Bee
mHoroobpasust Buga L"/K erd®) crposiTest 0 KOMOHHATOPHBIM JIAHHBIM: MHO-
rorpanauk P u marpuia A. Beeném oboznauenue \; = A\jjv1 + -« - + A\jpUp, TJI€
Aij € Zg saemenTbl MaTpPUIbl A\, a v; cranjaprible obpasyoliue ajaredpbl CreHsiu-
Paiicuepa Zs[Xp], Kp — HEpB-KOMILJIEKC MHOTOTpaHHUKA P.

Teopema. Ilyctb P npsiMOyroJibHbIE MHOTOI'DAHHUK KOHEYHOro obbéMa B IL".
Torma:
1)Ecsn Bee Beprmmubt P yexxat wa abeosore OL", 1o

H*(L"/Ker¢" ™V Zy) = Zo[Xp]/ (A1, .., An1)
2)Ecim rosbko ojpa Bepuina P oiexur na abcomore JL", To
HY (L Kerd™; Zo) = Zo[Xp]/ (M, - M)

Crout 3aMeTUTh, 9TO JIJIsi JAPYTUX MHOTOI'PAHHUKOB P TAaKoro mpocToro Oru-
CaHUsi KOJIbI[A, KOTOMOJIOTHIl HET, XOTsI U CYIIECTBYeT Jira MOJesb (3.

Crincok urepaTypbl

[1] A.FO. Becuun. Tpéxmeptbie runiepbosinieckue MHOroobpasust tumna, JIé-
Oesutst. Cub. marem. xxypu. 28:5 (1987), 50-53.

[2] M.W. Davis and T. Januszkiewicz, Convex polytopes, Coxeter orbifolds
and torus actions. Duke Math. J. 62:2 (1991), 417-451.

[3] M. Franz, The cohomology rings of real toric spaces and smooth real
toric varieties. Proc. Roy. Soc. Edinburgh Sect. A 152 (2022), 720-737.
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MHoroobpa3ug c AeiicTBUEM TOPa CJOXKHOCTH 1, mMerIue KOHEYHOe
9HCJIO OPOUT IPyIIIbl aBTOMOP(U3MOB
J.A. Uynaen

MI'Y um. M.B. JlomonocoBa, HNIY BIIID, MockBa, Poccus
dchunaev@hse.ru

JHoxkuiaj; ocHoBal Ha coBMecTHO# pabore asropa ¢ C. Taiidymmubmv [1].

[Tycrs K — asrebpanyecku 3aMKHYTOE 110Ji€ HYJIEBOI XapakTepucTuku. Torja
MPUHOMUAAOHOT, 2UNEPNOBEPTHOCMBI0 MBI Ha3biBaeM ad@OUHHYIO TUIEPIOBEPX-
HOCTH B A", 3aJaHHYI0 ypaBHEHUEM

Ty + T + Ty = 0,

rue ll = (l,’l, . lml), BCE lij >0mn T;li = Z-Zfl .. ﬂl;l?, no > 0 (GC.HI/I ng = 0, TO
epPBbIii MOHOM CYHATaEM PaBHLIM e,zLHHI/IL[e), ni,ne >0, ng+ny+ ng =n.

TpuHoMMaIbHBIE TUIIEPIIOBEPXHOCTH SIBJISIIOTCS 9aCTHBIM CJIydaeM 0oJiee obIre-
r'o KJIACCA MPUHOMUAALHOLT MHO02000pa3ul — TakKuX ad@UHHBIX MHOIOOOpa3uii,
KOTOpbIe MOXKHO 3aj1aTh cucremamu ypasuenuii {g; = 0}, rie g; numeror cieyto-
U BUJL:

Tun 1.

9i=T' =T +ai—ay, 1<i<r—1,

r7e a; — TONMapHO pa3/IMIHbIe JUCIA.

Tun 2. l l l
i 1+1 142
i T T
gi=det | ag; apir1 apiyo |, O0<e<r—2,

ayi Aari+1 a1i42
rjie a;; — TaKue 4UCIa, YTO y cleyloleil MaTpHIbl CTOJIOIbI HOIapPHO He3aBUCH-
MBI
A — apo aor --. Qor
aypp aip ... Qir
TpuHOMHUATbHBIE MHOTO00Pa3usl ABJIAIOTCA TPUMEPaMi MHOT0OOpa3uil, JOIMmyc-
KaOIIUX JieficTBHEe TOpa CJIOKHOCTH 1, TO ecTh 3hdeKkTuBHOE JeiicTBIE TOpa pa3-
MepHocTU Ha 1 MeHnbliieit, yeM y MHOroo0Opasusi. Kpome Toro, kak JIOKa3aHO B
2], y Tpou3BONILHOTO HOPMAJBHOTO PANMOHAJBLHOTO HEIMPUBOJAUMOTO MHOTOOODa-
3Usi OE3 HEMOCTOSTHHBIX 00PATUMBIX (DYHKIINI, KOTOPOE JIOMYCKAET JIeiCTBIE TOPa
CJIO’KHOCTU 1, TOTaJIbHOE KOOPJMHATHOE ITPOCTPAHCTBO, MOJYUYEHHOE C TOMOIILIO
KOHCTpYKInu Kokca, OymeT TpUuHOMHAIBHBIM MHOTOOOPA3UEM.
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Bynem nasbiBarh addunHoe MHOrooOpasue X otcecmrum, eCad OHO He JIOMyC-
KaeT HeTpuBHaJbHBIX (5, - neificTBuii. Kpurepuii 2KecTKOCTH 1711 TPUHOMHUAJIHHBIX
MHOrooOpasuit ObL1 nosyuen B [3|. B pabore [4] 6bui0 jokazano, 4o y Hexkect-
KOl TPHHOMUAILHOM THIIEPIIOBEPXHOCTH X THCJIO OPOUT IPYIILI ABTOMOP(MU3MOB
Aut(X) xoneuno. Ilpu srom u3 [5| n3BecTHO, UTO y KECTKUX TPUHOMHUAJILHBIX
I'UTIEPIIOBEPXHOCTEH YKMCIO OPOUT I'PYIIIBI aBTOMOP(MU3MOB OECKOHEUHO.

B jiokiiajie Mbl pacecMoTpuM pesyJibrarbl paboTbl [1], 0bobiatoniue pesyibrarbl
paboThl [4]: Gyer pacckazaHO PO TO, 9TO § HEXKECTKOrO TPHHOMHUATLHOTO MHO-
roobpasus KOHEUHOE YKUCJIO OPOUT I'PYIIbI aBTOMOP(MU3MOB, a TaKKe Ipo 0000-
IIEHWsT TOTO Pe3ysbTaTa, MOJyIeHHbIE ¢ MCIOJb30BaHneM KoHCTpyKimn Kokca,
Ha HEKOTOPbIE MHOT000Opa3us ¢ JeHCTBUEM TOPa CJIOKHOCTH 1.

Crmncok urepaTyphl

|1| C.A. Taitdymmun, JI.A. Uynaes, Muoroobpasust ¢ jieiicTBuem Topa CJI0xK-
HOCTHM 1, UMeIoIne KOHEYHOe YUCJIO OPOUT IPYIIbl aBTOMOPQU3MOB.
arXiv: math.AG/2311.02481 (2023).

[2] J. Hausen and M. Wrobel. Non-complete rational T-varieties of
complexity one. Math. Nachr. 290 (2017), no. 5-6, 815-826.

[3] P. Evdokimova, S. Gaifullin, A. Shafarevich. Rigid trinomial varieties.
arXiv: math.AG/2307.06672 (2023).

[4] S. Gaifullin, G. Shirinkin. Orbits of automorphism group of trinomial
hypersurfaces. arXiv: math.AG/arXiv:2205.02513 (2022).

[5] I. Arzhantsev, S. Gaifullin. The automorphism group of a rigid affine
variety. Math. Nachr. 290 (2017), no. 5-6, 662-671.
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Muoroobpa3sus, JOITyCKAKIINe JeNCTBUS YHUIOTEHTHBIX TPy
C KOHEYHBIM YHMCJIOM OpPOUT
A.A. ITadapeBuy

MI'Y um. M.B. JlomonocoBa, HNIY BIIID, MockBa, Poccus
shafarevich.a®gmail.com

B cBoem jiokjiajie si pacckayky Ipo IMOJIHbIe MHOI0OOpa3usi, Ha KOTOPHIX €CTh
JleficTBUE YHUIIOTEHTHOW I'PYIIIbl ¢ KOHEUHbIM YucjoM opouT. Takue Muoroobpa-
3Usl [IPEJICTABJISIOT UHTEPEC, TaK KaK SABJSIIOTCA KOHEUHBIME O0beuHEeHUsIME ad-
¢unaHBIX npocTpaHcTB. Cpe/id MOJHBIX CUMILIUIMAAIBHBIX TOPUIECKUX MHOI000-
pasuii yjaJioch OUcaTh BCE Te, Ha, KOTOPBIX €CTh JIECTBUE YHUIIOTEHTHOMN IPYIIIIhI
¢ KOHEYHBIM UUCJIOM OpPOUT.

IIycts X moJsinoe Topmueckoe MHOTrooOpasue, Ha KOTOpOM 3(PEKTUBHO Jieii-
crByer TOp T’ ¢ OTKPHITOI OPOUTOIL, a Y2 — COOTBETCTBYIOIIWI eMy Beep B perer-
Ke ojiHonapaMerpudeckux nogarpyii 1'. Beep Y HasbiBaeTcst pajiiaJibHbIM, €CJiu
B pellleTKe MOYKHO BBIOpaTh 0a31MC TaKUM 00Pa30M, 4TOOBLI Ha KarKJIOM U3 Oas3mc-
HBIX BEKTOPOB JIexKaJl JIyd U3 Beepa X, a Bce OCTaJbHBbIE JyYd U3 X JIeXKaJd B
OTpHUIATE/ILHOM OKTaHTE.

Jisi KaxKJI0ro KoHyca o € 3 MOKHO oupejiesintb Monous I' (o), copepkanuiicst
B I'PYIIIE KJIACCOB JIUBU30POB Ha X, KOTOPLIit HopoxaeH Kiaccamu [D,)], rie D, —
npocToil T-UHBAPUAHTHBIN JUBU30p Ha X, COOTBETCTBYIONMIWI YTy p, KOTOPBIi
HE JIEXKUT B KOHYCE 0.

Teopema. Ilycrs X — nosHoe cUMILIAIEAJIBHOE TOPUUIECKOE MHOTOOOpa3ue 1
> — coorBeTcTByIOMMii Beep. Torya Ha X ecTh jieficTBre YHUIIOTEHTHOW I'PYIIIIbI
C KOHEYHbIM YKMCJIOM OPOUT TOIJIa U TOJILKO TOIJIA, KOI'JIa Beep X pajiuaJjibHblil 1
monouiel (o) cBobOIHBIE 17151 BCeX o € .

Criucok urepaTyphbl

[1] A. Shafarevich. Toric varieties admitting an action of a unipotent group
with a finite number of orbits. arXiv: math.AG/2405.08108.
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O6 ob6pamernn orobpakeHusa Abens—IIpuma
O.K. Illeitaman
Maremarunydeckuii uactTutyt um. B.A.CreknoBa PAH
sheinman@mi-ras.ru

[IpeobpazoBanne Abesist oroOparkaeT CHMMETPUUIECKYIO CTEleHbh pPUMAHOBOMN
MOBEPXHOCTH C TIOKa3aTeJeM, PaBHLIM €€ Pojy, B abeeBo MHOTOODpa3ne — STKO-
OvaH 3TOW PUMAHOBOW MOBEPXHOCTH. DTO OTOOPAXKEHUE SIBJISICTCS OMPaInOHAJ b
HOI 3KBUBaJeHTHOCTLIO. Obparenune mpeobpazopanns AGess sIBISETCS KIaCCH-
yecKoit 1pobJieMoii, u3BecTHO# Kak IpobJieMa obpatnenus fkodbu. Eciu pumano-
Ba MIOBEPXHOCTH CHaOXKeHa roJIOMOP(HON MHBOJIIOIUEN, TO C HEll CBA3aHO JIpyTroe
abesieBo MHOroobpasue — MmHorooopasue Ilpuma, mian npumuan. Hanpumep, nn-
BAPUAHTHBIE TOPBI CUCTEM XHUTUUHA CO CTPYKTYPHOU rpymmoit GL(n) saBisiorcs
SIKOOMAHAMM CIEKTPAJIHLHBIX KPUBBIX, & JJIsI CUCTEM CO CTPYKTYPHBIMU TPYIITTAMA
SO(2n) u Sp(2n) — upumuanamu.

JL71st IpuM#BaHOB, BOODIIIE TOBOPSI, MMEETCsI IIPEIISITCTBHUE JaXKe JIJI TOTO UTOOBI
IIOCTaBUTDH IIPOOJIEMy OOpallleHusi, He TOBOPs yxKe 0 eé perneHun. Kak ciejicrsue,
HE M3BECTHO ¥ IIPEJICTABICHUI TPUMUAHOB B BU/IE CUMMETPUICCKUX CTeIeHeH Kpu-
BbIX. Mbl yTBEp:K1aeM, 4TO IIPU HAJUINN HA, PUMAHOBOM [TOBEPXHOCTU BTOPOIA IO~
JIOMOP(HOI MHBOJIONNKA, KOMMYTUPYIOIIEH ¢ 1mepBoii, npudéM auddepeHIiuaibl
[Iprma oTHOCHTEIHLHO MEPBOI WHBOJIIOIUN WHBAPUAHTHBI OTHOCUTEIHLHO BTOPOI,
pobsieMy oOpalleHnsi MOXKHO TTOCTABUTH M PEIINTh, & TAKXKE MOJIYINTh MPEJICTaB-
JleHre nIpuMuata B BUJE CUMMETPUYCCKON CTeneHn HEKOTOPO KPUBOWA.

OTOT pe3y/bTaT UMeeT IPUJI0XKEHUs B TEOPUM MUHTEI'PUPYEMbIX CUCTEM, B TOM
YUCJIE TTO3BOJINJI BIIEPBBIE PEIUTH B TATA (DYHKIMAX CUCTEMY XUTUYMHA CO CTPYK-
TypHOit rpynnoit SO(4).

Hoxkunas ocnoBan Ha paborax |1, 2].

Criucok aurepaTyphbl

[1] O.K. eiinman. Obpaienue npeobpazosanust Abessi—IIpuma npu Hajiu-
IUH JTOTMOJHATETHLHON UHBOJIONNE (TOTOBUTCS K TI€TATH ).

[2] O.K. Hleitnman. Pasjesienue nepeMeHHbIX Jijisi CUCTEMbl XUTUMHA
co crpykrypHoii rpynmoit SO(4), na kpusoit poma 2. Tpymer MU-
AH, tom 325 (2024), N2 (mpumsaro K medaTH), CM. Takke arXiv:
math-ph/2404 . 13453.
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Koneunble mpocThlie TPyNOnbl JueBa TUMNa paHra 1,
YIOBJIETBOPAIONINE CUJIbHOI T-TeopeMe CuiioBa
B./1. IllentesneB
HoBocubupckunii rocy/1apCcTBEeHHBII YHUBEPCUTET,
HoBocubupck, Poccus
v.shepelev@g.nsu.ru

[Tycts 3acduKcpoBaHO HEKOTOPOE MHOXKECTBO T MPOCTBHIX unces. KoHednast
I'PYIITa HA3bIBAETCS T-I'PYIIIION, €CJTU BCe MTPOCThIE JEJUTETN ee TOPS KA MPUHaI-
gexkar . B coorBercTBum ¢ onpejienenrem X. Buianga Koneunast rpyrmima yjioBJie-
TBOpsieT CuJibHON m-Teopeme CUJIOBaA, €C/iM MAaKCUMAaJIbHbIE T HOJI'PYIIIbI JIFOO0M
ee moarpynnbl H comnpsekennl B H.

Busiang [1] mocrasui Bonpoc o kjaccudukanum KOHEUHBIX TPOCTHIX TPYIIIL,
VJIOBJIETBOPSAIONIMX CUibHOU T-reopeme Cusioa. Manzaesa 2] onucasia npocrbie
CTIOpaJIMIeCcKre ¥ 3HAKOTIEPEMEHHBIE TPYIIIIbI, YIOBJIETBOPAIONINE CUJILHON TT-Teo-
peme CuyioBa. Panee poxsajgaukom [3| ObLy HaliJIeHbI YCJIOBHUS, XapaKTepU3yio-
I1re BBINOJHEHNE CUIbHOM T-TeopeMbl CustoBa Jijist rpyin u3 cepurt Lo(q).

B jokiiajie B TepMUHAX €CTECTBEHHbIX apudMeTudyecKux apaMerpoB OyiyT
IPUBEJIEHB HEOOXOIUMBIE W JIOCTATOUHbBIE YCIOBUS JJIS TOTO, YTOOBI KOHEUHBIE
pOCThIe TPYIIHI JHeBa ThTa, NpuHajiexKamnme cepuaM 2By (q), 2Ga(q) n Us(q),
YJIOBJIETBOPSLIN CHJibHOMN 7T-Teopeme CuitoBa. Takum odbpasom, npobsema Burania
perrieHa Jijisd BceX Py JIneBa TUIA paHra 1.

Onpenenenne. [lycrs 7 € Pa € N, (a,r) = 1.
ord*a=min{d e N|a’=1 (modr-(r,2))}.
Teopema. Ilyctb p € P, q = kam JIUISI HEKOTOPbLIX HEUYETHOTO M U HeOT-

puraresproro k. Ilomoxum takxke qo = p™ n 7 := w N 7(PSLa(q)). Torna
PSLs(q) € W ecsin 1 TOJIBKO €CJii BBIIOJHEHO OJIHO U3 CJIEJYIONMX YCJIOBUIA:

e 7(PSLy(q)) C m;

e p=21=1{2};

e2¢mpem, {3,5tN7|<1u7tC{ptUmn(q —1);

e p¢m |{2,3,5}N7| <1wuord) q, = ord; q, Juist 100bIX T, 5 € T.
Teopema. Ilycrs g = 2% njpa nexoroporo m € N U {0}. TTonoxum Takxke

7 := m N 7w(Sz(q)). Torma Sz(q) € W, ecin u Toabko ecaun Sz(q) € Dy, TO ecTh
€CJIU BBITIOJIHEHO OJTHO W3 CJIEJIYIOMINX YCIOBHIA:
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7(Sz(q)) C ;
T ={2}

T Cm(g—1);

T C (22t —2mtl e 4 1) e & = +1.

3*.m .
Teopema. I[Iycrb ¢ = 3 JIJIsl HEKOTOPOI'O HEOTPUIATEIbHOIO k 1 HEYETHOIO
m takoro, aro (m, 3) = 1. [logoxnwm taxxke qp := 3" u 7 := mNw(Ree(q)). Torna
Ree(q) € W, eciiu 1 TOJILKO €CJIM BBITIOJHEHO OJIHO U3 CJIEJYIONIUX YCJIOBUIA:

e m(Ree(q)) C m wn |7| < 1;
e2¢mutC{3}Um(q—1);
e2¢muTt Cr(3¥mtl — 3" e 4 1), e e = +1;
e2cqmut Cm(q+1).
B wactnocru, ecim k = 0, 1o Ree(q) € W, eciim u rosbko ecim Ree(q) € D

38

Omnpenenenne. [lycrs p € P, ¢ = p* 3 ™ jy1s HEKOTOPBIX HEYETHOTO M Ta-

koro, uro (m,3) = 1 u a,f > 0. [onoxum Takxke qp := P g = M
7 :=7m1N7m(PSUs(q)).

Bynem rosoputs, uro g PSUs(q) cipaBeyinBo ycaosue (), eciam umeer Me-
CTO OJINH U3 CJIEJAYIOIUX MTyHKTOB:

e 7(PSU;3(¢q)) C 7 wmm |7| < 1;

epem2¢m [{3,5pN7[<1lurC{ptUn(g—1);

e 2 pé¢mTC{3}Um(¢?—q+1), npuuém eciu 3 € 7, T0 (¢ — 1)3 = 3;

ep ¢ |TN{2,3,5} <1, 7¢rNm(¢®>+1), 7 C m(q—€) 1A HEKOTOPOTO
e==1,uord; i = ord; (1== 17151 IOOBIX T, S € T.

Teopema. I'pynna PSU3(q) € W, ecau u rosibko ecan st PSUs(q) cipa-

BEJIJTUBO YCJIOBUE (%) M UMEET MECTO OJIMH U3 CJIEIYIONNX MyHKTOB:

® p# 5 U q# qo;
ep=5qg=qul|rN{2,3,5 7} <1
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I'pynnobsr aBTOMOP(pU3MOB KOMIIJIEKCHBIX MHOTO00pa3uii
K.A. IlIpamos
Maremarudeckuiit mHCTUTYT M. B.A. CrekimoBa PAH, HIY BIIID
MockBa, Poccus
costya.shramov@gmail.com

['pyiiiibl aBTOMOPGU3MOB KOMITAKTHBIX KOMILJIEKCHBIX MHOI'00Opa3uil MOryT
OBITH YCTPOEHBI JOBOJLHO CJIOXKHO, OJHAKO BO MHOIUX CIydasxX WX KOHEYHBIE
MOJITPYTIIBI JIEMOHCTPUPYIOT XOPOIKe cBoiicTBa. 4 cienao 0030p pe3yabTaToB U
OXKMJIaHUH 0O OI'paHMYEHHOCTU KOHEUHBIX MOJIPYIIT B IPyIax aBTOMOPMU3IMOB
KOMITAKTHBIX KOMIIJIEKCHBIX MHOr00Opasuii 1 B HEKOTOPBIX UX (haKTOP-TPYIIIAX.
B gacTHOCTH, MBI OOCY/IUM YCJIOBU, IPH KOTOPBIX I'PYIIa CBA3ZHBIX KOMIOHEHT
I'PYIIBI aBTOMOP(MU3MOB KOMITAKTHOI'O KOMIIJIEKCHOIO MHOTO0O0Pa3ust UMeeT orpa-
HUYEHHbIE KOHEIHDIE MTOJIIPYIIIIbI.

l'anepeu anga nmoacucreM KOpHeit
B.B. IIIurosen
®unraHcoBbIlT yHUBepcutetT nmpu lIpaBuresbcrBe PD
shchigolev_vladimir@yahoo.com

Hoxmas ocnosan ma pabore asropa |3]. Ilycts ® — (komeunast) cucrema Kop-
neit. ITogmuoxkecrso W C P naswiBaercs nodcucmemots xopuet cucrembl ©, ec-
JIX OHO HE IIyCTO M YCTONYMBO OTHOCUTEJIBHO OTPaKEHUIl OTHOCUTEJIHLHO KOpHEH
a € U (nmpyrumu ciaoBamu, ecin W cama sIBJIsIeTCsl KOpHEBO#i cucremoii). Tloscu-
cTeMbl KOPHEH M3ydauch pasaudHbiMu apropamu, nanpumep [4] u [2]. Ocoben-
HO HIMPOKYIO M3BECTHOCTH MOJLy4u/ia Teopusi Bopessi-Bubenrasst [1], yeranoBus-
I1as1 CBSI3b MEXKJIy 3aMKHYTBHIMU CBSI3HBIMU MOATPYIIIAMI KOMIAKTHBIX MOATPYIIII
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JIn MaKCHMaJbHOIO paHra U MaKCHUMAJbHBIME 3aMKHYTBIMU KOPHEBBIMU IIOJCHU-
CTEeMaMU.

Yi00HO 1pejnoaraTb, 9To cucreMa KopHeit @ u eé nojcucrema WosiBIASIIOTCS
OJIMHOYKECTBAMK OJITHOTO U TOT'O Ke eBKJINJIOBa, pocTpaHcTBa F. XoTsa 3To mpej-
IIOJIOXKEHHE U 3aCTaBJIAeT OTKA3aThCs OT TPpeOOBaHUA O TOM, YTO CUCTEMa KOpHei
JIOJDKHA TTOPOXKIaTh 00bEeMJIIOIIee eBKJIMJIOBO TPOCTPAHCTBO (MHOT/A paccMaT-
puBaeMoe Kak 00si3aTeJbHYI0 AKCHOMY ), OHO T103BOJISIET CYIECTBEHHO YIPOCTHTh
passuBaemyto Teoputo. Kamepoti Betina cucrempr O (cucrembr W) Ha3bIBACTCS JTHO-

wew La (pasnoctu E — |, oy La), rie
L, — runepruiockocth B E| neprieHinkysisipHasi KOpHIO v, HasbiBaeMasi cmenkod.

Oasi cBsI3HAs KoMmIoneHTa paznocru F — J

Takum obpazom, stobasi kamepa Beityisi cucrembr @ siBjisiercst 10AMHOXKECTBOM
eJIMHCTBeHHO# KaMephbl Beitsisa cucrembl W, KoTopas Ha3bIiBaeTca e€ npoexyued. B
JIOKJIaJIE 51 PACCKayky, KaK yCTpoeHa oOpaTHas oneparust nodHAmuL KaMmep.

Onepaliuy NPOEKINKA W HOJHATHSI MOTYT HPUMEHSITHCS K PA3MEYCHHbIM 2006~
peam Kamep Beiisiss, To ecTh K MOCE0BATEIBHOCTIM

I' = (Co,Ll,Cl,LQ, sy Cn—th;Cn)a

e Co,Ch,...,C, — xamepbl u Lq,..., L, — creaku Takue, 9T0O JJisi JIIOOOTO
1 =1,...,n kamepnr C;_1 u C; cBsI3aHbI Uepe3 CTeHKY L;, TO eCcThb IepeceueHne
3aMbIKaHUII 1 CTEHKU 62’—1 N 62- N L; nmeeT Kopa3sMepHOCTD 1.

[Tnarmpyercst 00CyIMTh, KaK BBHIIEONTUCAHHBIE OMEPAINH TTPUBOJST K KOCOIK-
BUBApPUAHTHBIM BJIOXKEHUAM MojiyJieil Borra-CamMesibcoHa 1 BbIYUCUTD WH/LY T~
pPOBAHHbIE TAKUMU BJIOYKEHUAMEU MODPMU3MBI TPy SKBUBAPUAHTHBIX KOTOMOJIO-
ruit. Tounas popmysia nojydeHa B ciaydae KoJiell KoapOUIMEHTORB, I8 KOTOPhIX
BBITOJIHAETCS TEOPEMa O JIOKAJIU3AIUH.
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Local super-derivations of the n-th super Schrédinger algebras
A.K. Alauadinov, B.B. Yusupov

V.I.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
amir_t85@mail.ru, baxtiyor_yusupov_930@mail.ru

Local derivations and automorphisms have been objects of many research works
in recent years. Even many results have been addressed in this direction, there are
still lots of related unsolved problems. R.V.Kadison, D.R.Larson and A.R.Sourour
first introduced the notion of local derivations on algebras in their remarkable
paper [8, 10]. After that many research papers have been published regarding
local derivations of non-associative algebras (e.g. see 6, 5, 9, 1]). For instance, it
is proved that every local derivation on a finite-dimensional semisimple Lie algebra
L over an algebraically closed field of characteristic zero is a derivation (see [6]).
Moreover, local derivations of solvable Lie algebras are investigated in [5], and it is
shown that there exist solvable Lie algebras which admit local derivations which
are not ordinary derivation. However, it is also proved that there are solvable
Lie algebras for which every local derivation is a derivation (see [5]). Recently, in
9], the authors proved that every local derivation on solvable Lie algebras whose
nilradical has maximal rank is a derivation. Further, it also is proved that every
local derivation on the conformal Galilei algebra is a derivation (see [1]). Recently,
in |2, 3|, the authors proved that every local derivation on the Schrodinger algebra
s, in (n 4 1)-dimensional space-time is a derivation when n € N. A.Alauadinov
and B.Yusupov proved similar results concerning local super-derivations on the
super Schrodinger algebras in their recent paper [4].

In this paper, we will study local super-derivations on the n-th super Schrodinger
algebras.

We begin by providing some conventions in this paper. Denote the degree for
Zs-graded vector spaces g = gz @ g1 by

0, ifxegy
x| = . :
1, itxegr

Elements in gg or g7 are called homogeneous. We regard x as a Zs-homogeneous
element when |z| occurs in some expression. A linear map ¢ : g — g is a
homogeneous linear map of degree o € Zo, i.e. || = a, provided that

¢ (98) C Gatp, V0 € Zs.

Similarly, a bilinear map ¢ : g X g — g is a homogeneous bilinear map of
degree a € Zs, i.e. || = a if it satisfies that
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© (88, 87) € Batp+r, V0,7 € Lo,
Moreover, if |¢| or |¢| occurs in some expression, we regard it as a homogeneous
map.
Definition 1. The n-th super Schrodinger algebra 8,, = (8,,)5@®(8,)71s a (3n+
6)-dimensional Lie superalgebra with the even part (8,)5 = spanc{e, f,h, 2, p1,
s Dns Qs - - -, @} and the odd part (8,,)7 = spang {E, F, Gy, - -+ , G, } satisfying
the following non-vanishing Lie super brackets:

[ha 6] - 267 [ha f] - _2f7 [h’7pz] = Di, [h7 QZ] = —4i;

[evf] = hv [pzacIj] - 6ijz7 [67%] = Di, [puf] = —(q;,
[h7E] :Eu[h7F] :_F7[€7F] :_Ea[qu] :_Fu[ iaF] :Gi7[Qqu] = Gij;
[E,E] = 26, [F, F] = —Qf, [GZ,G]] = 51’]'27 [E, F] = h, [E,Gz] = —Ps, [F, Gz] = q;

Definition 2. Let g be a Lie superalgebra. A homogeneous linear map D :
g — g is called a super-derivation of g if

D([z,y]) = [D(2),y] + (~1) Pz, D(y)], Vo, y € g.

Write Der, (g) for the set of all homogeneous super-derivations of degree a € Zo
of g. Then Der(g) = Derg(g) ® Dery(g). For arbitrary x € g, it is easy to see that
the map adxz : g — g defined by ad x(y) = [z,y] for all y € g is a super-
derivation of g, which is termed an inner super-derivation. The set of all inner
super-derivations is denoted by IDer(g). Clearly, IDer(g) = IDerg(g) @ IDer1(g).

In the rest of this section, we will determine all super-derivations of the n-th
super Schrodinger algebra 8,,. Assume that n > 2. For any 1 <17 < j < n, we
define an even linear map p;; : 8, — 8,, as follows:

Pijhspiz) = 0s£ij(2) = 0, pij (Pr) = dirpj — Ojupi; (2.1)
pii (qr) = 0irqj — 6ixqi, pij (Gr) = 0iGj; — d Gy, V1 < k < n. (2.2)

One can easily verify that p;;(1 <i < j < n) is an even outer super-derivation
of §,,. We define another outer super-derivation ¢ of §,, by

Olosp(ije) = 0,0 (pi) = pi, 0 (@) = ¢;,0(2) = 22,6 (G;) =G, V1 < i <. (2.3)
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In particular, we note that pij|(s7,,)5 (1 <i<j<nandd|g, areouter deriva-
tions of the n-th Schrodinger algebra (8,,)5. Next, we recall the derivation algebra
of the n-th Schrédinger algebra given in [11], which is also obtained in [7] by a
different approach.

We use the following Theorem given in |7],|11].

Theorem 1. Der (§,,) = [Der (S,,) & < & Cpij) ® Co, where p;;j(1 <1<

1<i<j<n
j <n)and J are defined by Eqgs. (2.1)-(2.3).

Now we give the main theorem concerning local super-derivations on the n-th
super Schrodinger algebras §,,.

Theorem 2. Every local super-derivation on §,, is a super-derivation.
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On the description of Leibniz dialgebras
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In this work we investigate Leibniz dialgebras and give the complete classifica-
tion of two dimensional Leibniz dialgebras.

Leibniz algebras are non-commutative analogues of Lie algebras. The identity
of the variety of right Leibniz algebras is the condition stating that each operator
of right multiplication is a derivation, i.e. [1]:

(zy)z = 2(yz) + (z2)y.
Firstly, J.—L. Loday gives definition of associative dialgebras in [2]|, which is

the vector space A with two bilinear operations “—”,”F", which satisfies following
identities:

x4y kFz=@@kFykFzzdykz)=x-d(y-z2)
(FykFz=2zF(ykFz),(xdy)dz=a2-4(y2)
(xbFy)dz=xF (y-2). (3)

The notion of dialgebras can be defined for any class of algebras. In [3] Kolesnikov
gave the method of construction of dialgebra for any variety of algebras. In [3]
assumed that (1) identity must hold for any kind of dialgebras.

Definition 1 A vector spaces A with two “—”, ”I-” bilinear operations is said
to be a “O—dialgebra” if A satisfies the identities (1). By using the method of
Kolesnikov, we find identities of Leibniz dialgebras and it given by following
definition.

Definition 2 A 0-dialgebra A is said to be a Leibniz dialgebra if A satisfies
the identities

(1)
(2)

Y
Y

(xdy)dz—(rH2)dy—ax-4(y12)=0, (4

(xFy)dz—(zkF2)Fy—azF(yd2z)=0, (5
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(eFyYkFz—(zkF2)dy—xzF(yF2z)=0. (6)

From (4) it implies that (A, ) is the (right) Leibniz algebra. From this assertion
it can be concluded that any Leibniz dialgebra corresponds to certain Leibniz
algebra. In this work we consider the description of 2-dimensional Leibniz dialge-
bras by using the classification of 2-dimensional Leibniz algebras [4].

Theorem 1 [4]. Up to isomorphism, there exist four families of two dimensional
Leibniz algebras over any field:

L(1): abelian algebra

L(2) €1 = €y — —€9 = €y = €1,

L(S) €9 — €9 = €1,

L(4) €1 — €y = €1.

(Omitted products are zero.)

Theorem 2 Up to isomorphism, there exist one parametric and five non

parametric families of two dimensional Leibniz dialgebras over any field F:
(L1(1),4,F) rer b e = e;

(L1(2), _i, |_) €1 = €y = €1,€61 = €y = —€1,€61 + €y = €1,

(L2(2),‘|,|‘) . e1 — €y = €1,€61 — €y = —€1,€61 H €9 = €1, €9 - €1 = —€1;
(L1(3),—|,|—) teg ey = €1, €2 Fey = 561,V5 ~ F;

(L1(4), _‘, |_) e = €y = €1,€61 H €y = €1,

(L2(4), _|, |_) .6 = €y = €1, €9 + €1 — —¢€1

(Omitted products are zero).
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Classification of symmetric Leibniz algebras
associated to quasi-filiform Lie algebras
I.B. Choriyeva
Institute of Mathematics Uzbekistan Academy of Sciences
Tashkent, Uzbekistan.
irodachoriyeval@gmail.com

In recent years, the theory of Leibniz algebras has been intensively studied
and many results on Lie algebras have been extended to Leibniz algebras. A
left (right) Leibniz algebra is a non-associative algebra where the left (right)
multiplications are derivations. Symmetric Leibniz algebra is an algebra which
is simultaneously left and right Leibniz algebra. The initial property and theory
of symmetric Leibniz algebras are given in the works of Benayadi and Hidri [2].
They gave a method for the classification of symmetric Leibniz algebras, which is
based on the property that a symmetric Leibniz algebra forms a Poisson algebra
with respect to the commutator and anticommutator [1].

Using this method, the classification of symmetric Leibniz algebras underlying
Lie algebra is a naturally-graded filiform Lie algebras n, ; and Qg, is obtained
in [3]. Moreover, the classification of 5-dimensional symmetric Leibniz algebras
is given in [4]. In this work, we focus on the classification of symmetric Leibniz
algebras associated with Lie naturally-graded quasi-filiform Lie algebras.

Definition 1 An algebra (£, [—, —]) over a field F' is called Lie algebra if for
any x,y, 2 € £ the following identities hold:

[xuy] - _[y7$]7 [.Z', [y,ZH + [ya [Z,ZEH + [Z7 [xay” =0.
Definition 2 An algebra (£,-) is said to be a symmetric Leibniz algebra, if
for any x,y, z € £ it satisfies the following identities:
r-(y-2)=(@-y)-z+y-(v-2), (v-y)-z=z-(y-2)+(v-2)y

Let £ be a vector space equipped with a bilinear map - : £ x £ — L. For all
z,y € L, we define [--| and o as follows

1

1
[x,y]=§(x~y—y-x), xoy=§(9€'y+y-w)-

Proposition 1 [1|. Let (£, ) be an algebra. The following assertions are
equivalent:

1. (£,) is a symmetric Leibniz algebra.
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2. The following conditions hold:

(a) (£,][—,—]) is a Lie algebra.
(b) For any u,v € £, uo v belongs to the center of (£, [—, —]).
(c) For any u,v € £, ([u,v]) ow =0 and (uowv)ow = 0.

According to this Proposition, we derive that any symmetric Leibniz algebra
is given by a Lie algebra (£, [—, —]) and a symmetric bilinear form w : £ x £ —
Z(L), where Z (L) is the center of the Lie algebra, such that for any x,y,2z € £

w(lz,y], z) = ww(z,y),z) = 0.
Then the product u - v = [u,v] + w(u,v) gives a symmetric Leibniz algebra
structure.
In the following Proposition the criteria of isomorphism of two symmetric
Leibniz algebras with the symmetric bilinear forms w and p is given.
Proposition 21| Let (G, [—, —]) be a Lie algebra and w and p two solutions of
(). Then (9, -,) is isomorphic to (9, -,) if and only if there exists an automorphism

A of (G, [—, —]) such that
(u, v) = ATYw(Au, Av).
For an arbitrary symmetric Leibniz algebra (£, -), we define the series:
Lt=g, cHt=gr. o k>1.

Definition 3 A n-dimensional symmetric Leibniz algebra £ is called nilpotent
if there exists & € N such that £¥ = 0. Such minimal number is called index of
nilpotency.

A n-dimensional symmetric Leibniz algebra with index of nilpotency n and
n — 1 is called filiform and quasi-filiform, respectively.

Definition 4 Given a nilpotent Lie algebra £, with index of nilpotency s. Put
L;=L/LH 1 <i<s—1,and denote Gr(L) =L, ® LoD -+ D L, 1. Define
the product in Gr(L) as follows:

[I'—l—,ai—’—l,y—f—ﬁj—i_l] = [x,y] _'_Li-i-j-l-l,

where z € L'/L"™ y € L7/LIT1. Then [£;, £;] C £;1; and we obtain the graded
algebra Gr(£L).If Gr(L) and £ are isomorphic, then we say that the algebra £ is
naturally-graded.

The complete algebraic classification of naturally-graded quasi-filiform Lie al-
gebras was given in [5]. In this work, we give the description of all symmetric
Leibniz algebras whose underlying Lie algebra is a naturally-graded quasi-filiform
Lie algebra.
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About geometry of completely integrable Hamiltonian systems
Sh.R. Ergashova
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We are interested in geometry of Liouville foliation generated by completely
integrable Hamiltonian systems.

Definition 1 [2] Let M*" be a symplectic manifold and sgradH Hamiltonian
vector field with a smooth Hamiltonian function H.

Hamiltonian system sgradH is called completely integrable in the sense of
Liouville or completely integrable, if exists set of smooth functions fi, ..., f, as:

1) fi,..., fn are first integrals of sgradH Hamiltonian vector field,

2) they are functionally independent on M, that is, almost everywhere on M
their gradients are linearly independent,

3) {fi, fj} =0 for any 7 and 7,

4) the vector fields sgradf; are complete, that is natural parameter on their
integral trajectories is defined on the whole number line.

Definition 2 [1| Partition of the manifold M™ into connected components
of joint level surfaces of the integrals fi,..., f,, is called The Liouwille foliation
corresponding to the completely integrated system.
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Level surfaces of these first integrals generates Liouville foliation. If the dimen-
sion of the leaf L is maximal, it is called regular, otherwise L is called singular.

Definition 3 [3] A partition F’ of the manifold M by path-connected immersed
submanifolds L,, is called a singular foliation of M if it verifies condition:

for each leat L, and each vector v € T),L, at the point p there is X € XF
such that X (p) = v, where T}, L, is the tangent space of the leaf L, at the point
p, XF' is the module of smooth vector fields on M tangent to leaves (X F' acts
transitively on each leaf).

If the dimension of L is maximal, it is called regular, otherwise L is called
singular. Tt is known that orbits of vector fields generate singular foliation.

Definition 4 [4]. The orbit L(z) of a system D of vector fields through a point
x is the set of points y in M such that there exist t1,to,...,tx € R and vector
fields X1, Xo, ..., X € D such that

y =X (X5 (X)),

where k is an arbitrary positive integer.
The fundamental result in study of orbits is Sussman theorem.

Definition 5 [3| A distribution P on M is a map which assigns to every point
x € M an vector subspace P(x) of T, M.

Every set of smooth vector fields D generates distribution, where for every
point & € M matches subspace P(x) C T,M, that generated by set of vectors
D(z) ={X(x): X € D}.

The distribution P is called completely integrable, if for every x € M there is
a submanifold L, of the manifold M such, that T,L, = P(y) for all y € L,. The
submanifold L, of M is called an integral submanifold (or integral manifold) of
the distribution P. A mazimal integral manifold of P is a connected submanifold
L of M such that

(a) L is an integral manifold of P,

(b) every connected integral manifold of P which intersects L is an open
submanifold of P.

We say that P is completely integrable if through every point z € M there
passes a maximal integral manifold of P.

Sussman Theorem [4]. Let M be a smooth manifold, and let D be a set of
vector fields. Then

(a) L is an orbit of D, then L admits a unique differentiable structure such
that L is a submanifold of M. The dimension of L is equal to its rank.
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(b) With the topology and differentiable structure of (a), every orbit of D is a
maximal integral submanifold of distribution P.

(c) P has the maximal integral manifolds property,

(d) P is involutive.

Let sgradH completely integrable Hamiltonian vector field and with Hamil-
tonian function H: R* — R on the four dimensional Euclidean space with the
Cartesian coordinates (p1, p2, g1, g2) with equation:

H = H(p1,p2, 1, q2)-

We assume that Hamiltonian system is completely integrable and following
functions

Fl — Fl(pbc_h); F2 = F2(p27C_I2)

are first integrals of Hamiltonian system (1).
Let us denote by P the distribution generated by vector fields

gradf’ = {p;(u); 0 ¢;(u); 0}
gradf® = {0,p5(v), 0, ¢5(v)}.

Theorem. The distribution P generates foliation f -, which is orthogonal to
Liouville foliation F .
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Universal enveloping algebra of a set of compatible Lie brackets
V.Yu. Gubarev
Novosibirsk State University, Novosibirsk, Russia
v.gubarev8@g.nsu.ru

Hamiltonian pairs (or bihamiltonian structures) play an important role in
the theory of integrable systems from mathematical physics. Such structures
correspond to pairs of compatible Poisson brackets defined on the same manifold.
Two Poisson brackets {-,-}; and {-,-}» are said to be compatible if af-,-}; +
B{-,-}2 is a Poisson bracket for all o, 8 € k, where k denotes the ground field.
In terms of operads, algebras with compatible Poisson brackets form a so called
bi-Hamiltonian operad [1, 2.

In the case of linear Poisson brackets, all such structures arise from a pair of
compatible Lie brackets. An algebra (L, [-, ‘|1, [, -]2, +) belongs to a variety Liey of
pairs of compatible Lie brackets if -, |1 + B[, -]2 is a Lie bracket for all «, 5 € k.

In [5], the operadic (multiplicative) universal enveloping associative algebra
ULie, (g) of a given algebra g € Lies in the sense of V. Ginzburg and M. Kapranov [3|
was considered, and the Poincaré—Birkhoff—Witt (PBW) property for it was
proved. By the definition, the associative algebra Upe,(g) satisfies the following
property: the category of modules over g and the category of left modules over
UlLie, () are equivalent.

In [4], we find the Grébner—Shirshov basis of the universal enveloping algebra
ULie,(g0) of an algebra gy, where gog denotes the vector space g with both zero
Lie brackets. It allows us, applying the PBW property, to get the linear basis of
the algebra Ure,(g). We state that the (exponential) growth rate of this universal
enveloping over m-dimensional compatible Lie algebra equals m + 1.

In a joint work with Zhan Zhen, we extend these results to the case of a Lie
algebra of n compatible brackets. Denote dim g = m. When m,n > 1, we prove
that the growth rate of Upse (g) equals amn, where o = % ~ 0,69166, and ¢y is
a minimal root of Bessel function of the first kind.

The study was supported by a grant from the Russian Science Foundation Ne
23-71-10005, https:/ /rscf.ru/project /23-71-10005/
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Nagata and Keller Automorphisms
R.K. Kerimbayev
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The article is dedicated to study the algebraic automorphisms. Author prove
that Nagata polynomial automorphism is algebraic and A Keller algebraic endo-
morphism is an automorphism.

In paper [1] van der Kulk proved that automorphisms of polynomial ring
K[z, y] on two variables are tame.

The group of automorphisms of the algebra K[z, y] admits the structure of
an amalgamated free products of the subgroup of affine automorphisms and the
subgroup of triangular automorphisms. For the first time, the exact formulation
was given by I. R. Shafarevich [2]. D. Wright in his [3] proved an analogue of
this result for tame automorphisms R|x,y| over an arbitrary integrity domain
R. L. Makar-Limanov showed that automorphisms free associative algebras of
rank two over arbitrary fields are tame. L. Makar-Limanov, U. Turusbekova and
U.U. Umirbaev proved that automorphisms of free Poisson algebras of rank two
over fields of characteristic zero are tame [4] Nagata proved in the article [5]
that the automorphism o = (z + 2y(zz — v?) + 2(zz — ¥?),y + 2(z2 — 9?), 2)
is wild automorphism of the algebra K|[z][z,y] over K|z]. In our work we study
algebraicity of automorphisms.

Theorem 1. Nagata automorphism is algebraic

Theorem 2. A Keller algebraic endomorphism is an automorphism
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The notion of w-Lie algebras was introduced by P. Nurowski in [2], as a
generalization of Lie algebras. P. Zusmanovich developed fundamental results
about finite-dimensional Lie algebras in [3]. Tree-dimensional non-Lie real w-Lie
algebras were classified in [2| and the classification of complex w-Lie algebras was
obtained in [1]. In this work, we introduce the notion of w-Leibniz algebras and give
some elementary properties of w-Leibniz algebras. In particular, we investigate
some ideals and annihilators of w-Leibniz algebras.

An w-Lie algebra is a vector space L over the field F', equipped with a skew-
symmetric bracket [—, —| : L x L — L and a bilinear form w : L x L — F such
that
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[z, y], 2] + [[y, 2], 2] + [z, 2], y] = w(z,y)z + w(y, 2)z + w(z,z)y (1)

forall Vo,y,z € L.
Definition 1 The triple (L, [—, =], w) is called an w-Leibniz algebra if the
following condition is hold

[z, y], 2] = [[z, 2], 4] — [z, [y, 2]] = w(z,y)z — w(z, 2)y +w(y,2)x (2)

forall Va,y,z € L.
Any Leibniz algebra is an w-Leibniz algebra with w = 0.
Let us denote the right (respectively left) kernel of w as follows

Kerpw={z € L |w(x,y) =0,Vy € L},
Kerw={z € L|w(y,z) =0,y € L}.

For an w-Leibniz algebra L, we define right and left annihilators as follows
Ann.(L)={x € L | [L,x] =0} and Anny(L) ={x € L | [x,L] = 0}.

Theorem 1 Let I be a two-sided ideal of the w-Leibniz algebra L. Then
w(l,I) = 0. In additionally, if I is a right ideal of codimension>1, then I C
Ker,w.

Corollary 1 A right (respectively left) ideal of an w-Leibniz algebra is a Leibniz
algebra.

Theorem 2 Let I be a right ideal of the w-Leibniz algebra L and codimI > 1.
Then

i. w(z,y) =0 for any Vz,y € L, i.e., L is a Leibniz algebra.

ii. [h,h] = 0 for any Vh € I.

Theorem 3 The following are true:

i. Anny(L) is the right ideal of the w-Leibniz algebra L.

ii. If dimAnn;L > 1, then w(x,y) = 0 for any Va,y € L, i.e., L is a Leibniz
algebra.

iti. If dimAnny L = 1, then w(z,y) = —w(y, x), [y, y], a] = [y, al,y], [y, [y, a]] =
0, and [y, [z, z]] = 0 for any Va,y € L and a € Ann;L.

References

[1] Y. Chen., C. Liu., R. Zhang. Classification of tree dimensional complex
w-Lie algebras. Port Math. (EMS) 71 (2014), 97-108.

65



|2] P. Nurovskiy. Deforming a Lie algebra by means of a 2-form. J. Geom.
Phys. 57 (2007), 1081-1098.

[3] Zusmanovich P. w-Lie algebras. J. Geom. Phys. 60 (2010), 1028-1044.

Algebraic Automorphisms
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The article is dedicated to study the algebraic automorphisms. Author prove
that elementary and triangular polynomial automorphisms are algebraic.

In paper [1] van der Kulk proved that automorphisms of polynomial ring K[x,y|
on two variables are tame.

The group of automorphisms of the algebra K[x,y] admits the structure of
an amalgamated free products of the subgroup of affine automorphisms and the
subgroup of triangular automorphisms. For the first time, the exact formulation
was given by I. R. Shafarevich |2]|. D. Wright in his [3] proved an analogue of
this result for tame automorphisms R|[x,y| over an arbitrary integrity domain
R. L. Makar-Limanov showed that automorphisms free associative algebras of
rank two over arbitrary fields are tame. L. Makar-Limanov, U. Turusbekova and
U.U. Umirbaev proved that automorphisms of free Poisson algebras of rank two
over fields of characteristic zero are tame [4] Nagata proved in the article [5]
that the automorphism o = (x + 2y(zx — y?) + 2(zz — ¥?),y + z(zx — 3?), 2)
is wild automorphism of the algebra K|[z][z,y] over K|z]. In our work we study
algebraicity of automorphisms.

Theorem 1. Elementary polynomial automorphisms are algebraic

Theorem 2. Triangular polynomial automorphisms are algebraic

This research was supported by grant BR20281002 SC MSEH RK.
Keywords: Algebraic Automorphisms, Keller polynomial maps, Polynomial au-
tomorphisms
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Lifting of elements in a Weyl group to the normalizer of the torus
A.M. Staroletov
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staroletov@math.nsc.ru

The splitting problem for the normalizer of a maximal torus was first formulated
by J. Tits [1]. Let G be a simple connected linear algebraic group over an alge-
braically closed field F. Consider a maximal torus 71" in G. This is well-known
that the quotient group Ng(T')/T is isomorphic to the Weyl group W of G. The
natural question is for which groups G the normalizer Ng(T') splits over T. The
answer was obtained independently by J. Adams, X. He in [2] and in a series of
papers by A. Galt.

J. Adams and X. He in [2| considered a related question: what is the minimal
order of a lift for an element w € W to Ng(T)? It is easy to see that if the order
of w is d, then the minimal order of a lift for w is either d or 2d. Clearly, if Ng(T')
splits over T', then the minimal order is d.

In |2, 3, 4], the minimal orders of lifts are found for the elements belonging to
the so-called regular or elliptic conjugacy classes of W. It is known that elliptic
classes correspond exactly to those elements whose all lifts are of finite order [4].

We find the minimal orders for all elements in the case of exceptional groups
of Lie type [5]. This allows us to describe all orders of lifts in these cases.

The work is supported by the Program of Fundamental Research RAS, project
FWNF-2022-0002.
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