120¢ | -6-=T Taquano\
SOTJ03eutTquo) pue Asorodo] I9TIO] :S9Q0

IriUS

Mathematics Center

S






Hayuno-rexnosorndecknii yausepcurer «Cupuycs
Maremaruieckuit eHTp
Briciras 1mKoJia SKOHOMUKI

Mex iynapoHast sabopaTopusi ajaredpanteckoit TOMOJOIMN U ee PUI0XKEHM

MexxayHapoaHad HaydYHad MIKOJIa
Topuueckasl TOIIOJIOTUSI 1 KOMOMHATOPUKA

1-5 nosabpa 2021 1.

[Ipoepamma v arromauuYy Aekyul

Cupnyc
2021



IMTPOTPAMMA TIITKOJIBI
ITOHEJAEJIBHVK 1 HOABPA

3ABTPAK
0930 — 10%°  Byxmrabep B.M. @yasepens U K0MOUHAMOPUKG MHOZ02PAHHUKOS.
10% — 11%  Masuda M. Introduction to Hessenberg varieties.

IIEPEPLIB
121% — 13  Afizentepr A.A. Beedenue 6 anzebpw Cmenau—Paticnepa.

OBE/]

14% — 15%  Jlango C.K. Lie algebras weight systems and graph invariants — 1.

16%0 — 17%°  Xosamckwuit A.TI. Generalized virtual polyhedra and cohomology of torus man-
ifold.

IIEPEPLEIB
1730 — 1830 IMpaxmumeckue sanamua. «Toacroits +Ileperoopubie
1830 — 199 Camocmosmenvraa paboma. «Tomnctoit»+1leperopopable

YXXKNH

BTOPHIK 2 HOABPA
BABTPAK

0930 —10%°  Kymnascknit A.B. VC-pasmeprocms d-mepros mrozoepannuros ¢ k eepuiuna-
mu — I

10¥ — 11%  Tloasmexwit A.A. Kombunamopuka ewnyxaocmu — I.
ITEPEPEIB

121 — 131  TMabanos J1.A. ITopozoevie 6eposamnocmu 6 cAy4alinsx OUCKPEMHILT CMPYKMYPALT.

OBE]]

14 — 15%  Mycun O.P. Hszbpannvie 3adaqu monoaozuveckoti xomburnamopury — 1.



16% — 17%°  Honoumun H.IT. Muozozpannuku u matisuneu.
IIEPEPEIB

1730 — 183 [Ipaxmuueckue sanamua. «Tonctoit» +1leperoBopHbie

1830 — 19%  Camocmoamenvnasn paboma. «Tomcroit» +IleperoopHbre

Y2KNH

CPEIA 3 HOABPA
3ABTPAK
09%° — 10%°  Byxmrabep B.M. I'eomempusa Jlobaresckozo u npobaema wemupéxr kpacosr.

10% —11*  Masuda M. GKM graph and S, -actions on the cohomology of reqular semisim-
ple Hessenberg varieties.

[TEPEPBLIB

1215 —13%  Ilanos T.E. Caoenua, npouczodauwue us xonduaypayuti 6exmopos, deoticmeennocms
Leting u momerm-yzon-mmoz2000pasus — 1.

OBEJ
14* — 15 Aifizenbepr A.A. Beedenue 6 anzebpv. Cmenau—Paticnepa.
155 — 17% [Mpaxmuueckue sanamus. «ToucToit» +Ileperosopubie
ITEPEPEIB
1730 — 18 Ipaxmumeckue sanamua. «Toacroity +Ileperosopubie
181 — 199 Camocmoamenvras paboma. «Tomcroit»+IleperoBopusle

Y2KNH

YETBEPT 4 HOABPA
3ABTPAK

0930 —10%°  Kymnascknit A.B. VC-pasmeprocms d-mepros mrozoepannuros ¢ k eepuiuna-
mu — I1.

10 — 11%  TMonamckumit A.A. Kombunamopuxa swnykaiocmu — II.



[TEPEPBIB

121° — 13 IMlabanos I.A. Ascopummuneckue 6apbepst 6 Meoput, cayuatinsx 2pados u
eunepepados.

OBE]I
14% — 15%  Mycun O.P. Hsbpannwie 3adavu monoaozuveckoti xomburnamopuru — I1.
16" — 17%°  Jlampo C.K. Lie algebras weight systems and graph invariants — I1.
ITEPEPEIB
1730 — 183 IIpaxmuueckue sanamusa. «Toacroit» +Ileperosopabie
1830 — 199 Camocmoamenvras paboma. «Tomcroit»+IleperoBopusle

Y2KNH

IHATHUITIA 5 HOABPA
3ABTPAK
0930 — 10%°  Byxmrabep B.M. Topuueckas monoso2us u e€ npuiorceru.

10 — 11*  Masuda M. Chromatic symmetric functions and the Stanley-Stembridge
conjecture.

ITEPEPEIB
121% —13%  Mycun O.P. Hszbpannvie 3adaqu monoaozudeckoti xombunamopury — I11.
OBE]I

14% — 15%  Ilanos T.E. Croenus, npoucrodausue us xongduaypayuti 6exmopos, d6oticmeennocms
Leting u momernm-yzon-mmoz000pasus — 11,

16% — 179 ITpaxmuuecxue sansmusa. «Toacroit»+Ileperosopubie

ITEPEPHEIB
1730 — 183 IIpaxmuueckue sanamusa. «Tomnctoit» +Ileperopopublie
1830 — 19%  [Todsedenue umozo6 wiwonwvt. «Toscroiiy +Ileperosopubie

Y2XKNH



BBenenne B anreopnsr Crennn-PaiicHepa

Anron Angpeesnu Ailizendepr
HITY BUID (Mocksa, Poccus)
ayzenberga@gmail.com

Abstract: Anreopsr Ctenan—Paiicaepa — MOITHBIA HHCTPYMEHT aJredpandecKoii KoMOnHa-
TOPHUKHU. I/ICTOpI/I"IGCKI/I OHM BO3HHUKJIM KaK CPEACTBO IIepeBOJa 3a/ia41 O TPpHAHTYJIANMAX
cep U KOMOMHATOPUKN MHOTOIPDAHHUKOB Ha $A3bIK KOMMYTATUBHOW W T'OMOJIOTHYECKOIT
anreopol. C momotkio anredbp Crennn—PaiicHepa ObLIN TOKA3aHBI ABa BayKHBIX PE3Y/IbTATa,
0 TPHAHTYJIALMAX N-MEePHBIX cdep: TeopeMa O HHKHeH T'DAHUIEe H TeopeMa O BepxHeil
rpanuie. Asredbpsr Crenm—PaiicHepa cTaan BaykKHBIM HHCTPYMEHTOM TOPHIECKOH TeOMeT-
puu u rorojiorun. Ha jieknuu g pacckazKy camoe 0b1iiee BBeJICHUE B 9Ty TEMY, & TEXHUYECKHe
HOAPOOHOCTH CJIYIIATE/ N CMOTYT JAOMOJHUTD, Pab0Tasi CAMOCTOSITETBHO.

MHuororpaHHUKN U TaAJIMHTA

Hukounaii [IerpoBuu donbuaun
MUAH um.B.A.CreknoBa (Mocksa, Poccust)
dolbilin@mi-ras.ru

Abstract: Taiiuur (Apyrue TepMuHbL: pa3OueHne MPOCTPAHCTBA HA MHOTOIPAHHUKHY, TIap-
KeT, 3aMOITIeHHE IIPOCTPAHCTBA) — 3TO COBOKYITHOCTb MHOIOTDAHHHKOB, KOTOPBI® 3aIIOJIHSIOT
IPOCTPAHCTBO 0€3 TMPOMYCKOB U MONAPHBIX NepeKpbITHil. TailInHrn HAXOAAT IPUMEHEHNE B
BBIYNCIUTETbHON TeOMETPHH U KOMIIBIOTEPHOI IpaduKe, B reOMETPUH U KPUCTAIOrpadun
1 T.11. OIWH U3 MeHTPAJIbHBIX BOPOCOB TEOPHH TAMJIMHTOB — KaKiue MHOTOTPDAHHUKH SIBJISTIOT-
¢ MOHOTAMJIAMU, TO €CTh 3aIOJIHSIOT MTPOCTPAHCTBO KOHI'PYIHTHBIMU KOMMUSAME — HUHTEPECO-
Bas1 eme ApHUCTOTEssI, KOTOPBIH TPU ITOM OIMMOOYHO IIOJIATAJ, NPABUIBHBIA TETPadap
ABJIAeTCA MOHOTAJIOM.

[IpobseMa onmcaHusl CTPOEHHST MOHOTAMIOB peIlaeTcs JUIIb B PEIKUX CAydadx IpH
HAJIMYHUN CePhe3HBIX JTOMOJHUTETbHBIX orpanndenuit. HanbGonpmuit mporpece Ob11 JOCTHT-
HYT B cJIy4ae, KOTJIa KOTUU MOHOTAIA TapaslIebHBI IPYT APYTY, B paborax MuUHKOBCKOTO,
Boponoro, leqone, Bernkosa u ap. VcciaenoBanue Takux MOHOTANIOB (T.H. MAPAJIETI03IPOB
TECHO CBS3aHO ¢ O0IIel Teopreil BHITYKJIBIX MHOTOIDAHHUKOB (B 9acTHOCTH, Teopema MuH-
KOBCKOT'O O CYIIECTBOBAHWHM W €JIMHCTBEHHOCTH BBITYKJ/JIOIO MHOTOTPAHHUKA C 3a/IaHHBIMU
HANPABJICHUSIMA U 00beMaMU €ro TUIeprpaneii) u reomerpueii duces (Teopueil pemeTox).

OHako 0 MOHOTaMIAX TPOU3BOJIBHOTO BU/Ia U3BECTHO HEMHOTO. HanmpuMep, He n3BecTHO,
CYIIECTBYET JIM OLEHKA JIst Yucjia rpaneil y rpexmepubix Monoroaiiios (‘killer problem’).

Bce neobxomumbie cBeienus OyIyT NPUBEIEHBI B JIEKIIHH.




dOynnepenbl, TeoMeTpus JlobadeBcKOro m Topmaeckas
TOIIOJIOT S

Bukrop Marseesuu Byxinrabep
MUAH um.B.A.Creknosa u HUY BIID (Mocksa, Poccns)
buchstab@mi-ras.ru

Ha mkoste 6yayT mpodnTaHbl TPH JIEKIHH.

Jlexiuga I: Fullerenes and combinatorics of polytopes

Abstract: This lecture is devoted to mathematical problems concerning the following
carbon molecular structures:

e fullerenes (buckminsterfullerene Cgy, was prepared in 1985),

e nanotubes (the first macroscopic production was made in 1992),

e grafenes (first measurably produced and isolated in the lab in 2003,
e nonobuds (a material discovered and synthesized in 2006).

At that moment the problem of mathematical classification of such carbon molecular struc-
tures is well-known and is vital due to applications in chemistry, physics, biology and
nanotechnology.

Jlexiusa II: Lobachevsky’s geometry and the four color problem

Abstract: In this lecture, we will discuss the amazing and fundamental connections of
the mathematical theory of fullerenes and the combinatorics of three-dimensional polytopes
with:

the special theory of relativity,

the Lobachevsky’s geometry,

the four color problem,

the theory of Coxeter groups,
e classical and modern problems of graph theory.

Jlextua III: Toric topology and its applications

Abstract: The study of torus actions on topological spaces has been considered as a
classical field of algebraic topology. Specific problems connected with torus actions arise
in different areas of mathematics and mathematical physics, which results in permanent
interest in the theory, new applications and penetration of new ideas into topology.

This lecture is an introduction to a new direction of research (see “Toric Topology”, N
57512 in AMS Mathematics Subject Classification, 2020). This direction has been formed
over the past 25 years thanks to new connections of toric actions with:



e algebraic geometry,
e combinatorics of polyhedra,

e homological algebra.

VC-pa3zMepHOCTh d-MEPHBIX MHOTOTPAHHUKOB C k
BepIIUHAMU

Annpeit Bopucosuu Kynascknii
M®TU (Mocksa, Poccust)
kupavskii@ya.ru

Abstract:

VC-pa3mMepHOCTh — 9TO KJII0YeBasi MePa CJIOZKHOCTHU KJIACCA O0BEKTOB, KOTOPast CBS3bIBACT
HEeJTBIT PsiJI IUCITUILINH. B 9THX JIeKIIAX s1 pacCKazKy pelnieHue 0JHON KaacCcu4iecKoii 3a,/1a4n,
BO3HUKIIEH B TEOPETHUECKOM MAITHHHOM 00y YeHnn, Kacamorrieiics VC-pa3MepHOCTH MHOTOTPaH-
HuKOB. Pernrenue ucnoabsyer Teopemy Oeitnnka—IlerpoBckoro-Munnopa—Toma o KosimdecTBe
3HAKOBBIX TTOCJIEI0BATEIBLHOCTEI, ONpeIeIaeMbIX HabopoM MHOT04IeH0B B RY.

Lie algebras weight systems and graph invariants

Cepreit Koncranrunosuu Jlan 1o
HITY BII (Mocksa, Poccus)
lando@hse.ru

Abstract: Knot invariants are functions on isotopy classes of knots. They are intended to
distinguish knots. Vassiliev’s theory of nite order knot invariants allows one to associate to
each knot invariant a function on chord diagrams simple combinatorial objects consisting
of a circle and several chords in it. Such functions are called weight systems. Due to a
theorem by Kontsevich, this correspondence is essentially one-to-one: each weight system
determines a knot invariant. In particular, a weight system can be associated to any semi-
simple Lie algebra. It happens, however, that already for the most simple nontrivial case,
namely, for the Lie algebra sl(2), the computations of the corresponding weight system are
very complicated. This case is one of the most important ones because it corresponds to
the famous knot invariant known under the name of colored Jones polynomial.

The two lectures are aimed at explaining necessary definitions as well as theorems
relating weight systems to invariants of graphs. Certain problems, both solved and unsolved,
will be formulated.



Study of Hopf algebra structures on spaces spanned by graphs was initiated by S.
Joni and G.-C. Rota in 1979 and was later unified with umbral calculus. Since then,
a lot of combinatorial objects similar to graphs were shown to generate natural Hopf
algebras. Embedded graphs are not among them, but this is true for closely related to
them binary delta-matroids as dened by A. Bouchet in 1987. These general Hopf algebras
have interesting Hopf subalgebras the study of which is sometimes easier and leads to
eective explicit computations.

Many polynomial invariants of graphs, embedded graphs, and binary delta-matroids
demonstrate a nice behavior with respect not only to the multiplicative structure, but
to comultiplication as well. Examples include chromatic polynomial, characteristic poly-
nomial, matching polynomial, Stanley’s symmetrized chromatic polynomial, and many
others.

Invariants of abstract graphs are closely related to those of chord diagrams (which
are embedded graphs with a single vertex). In the framework of Vassiliev’ theory of nite
order knot invariants, chord diagrams serve as a tool to describe the latter. Similarly,
certain invariants of binary delta-matroids and embedded graphs produce nite invariants
of links. The Hopf algebra point of view leads to unexpected approaches to extending graph
invariants to embedded graphs and binary delta-matroids. The talk will be based on recent
results of my students, colleagues, and myself.

Hessenberg varieties, GKM theory and chromatic
symmetric functions

Mikiya Masuda
Osaka City University (Osaka, Japan) and NRU HSE (Moscow, Russia)
mikiyamsd@gmail.com

Abstract: A Hessenberg variety Hess(A, h) is a subvariety of the flag variety F1(C") de-
termined by two parameters: one is a matrix A of size n and the other is a function h
from {1,...,n} to itself satisfying certain conditions. Among Hessenberg varieties, regular
semisimple ones, where the matrix A has distinct eigenvalues, are invariant under the nat-
ural torus action on the flag variety F1(C™) and their cohomology rings become S,,-modules
through GKM theory. Recently, the affirmative solution of the Sharesian-Wachs conjecture
by Brosnan-Chow opened a way to prove the Stanley-Stembridge conjecture in graph the-
ory by analyzing the S,-modules. I will discuss this topic. Here are the titles of my three
lectures:

1. Introduction to Hessenberg varieties.

2. GKM graph and S,-actions on the cohomology of regular semisimple Hessenberg
varieties.

3. Chromatic symmetric functions and the Stanley-Stembridge conjecture.
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N36parabIe 3aaa4UM TONOJIOTMYIECKO KOMOMHATOPUKNI

Oger Pycramosua Mycun
University of Texas Rio Grande
omusin@gmail.com

Abstract: Tonosornueckass KOMOMHATOPHUKA 3aHUMAETCS PellleHrneM KOMOMHATOPHBIX 33,189
¢ IPUMEHEHHEM TOIOJOIHYEeCKAX HHCTPYMEHTOB. B OOJIBIIMHCTBE CIyYaeB 3TH PEIIeHUs
OYeHb 3JIETAHTHBI, U CBSI3b MEXKIYy KOMOMHATOPHKOH W TOMOJOTHEH YacTO OKAa3BIBAETCS
HEOXKHIAHHBIM cloprpn3oM. Ha mepBoii jgekimn st pa3bepy KJIacCHudecKue TeOPEMbI O HETO/I-
BH2KHBIX TOUKAX, UX JHUCKPETHbIE aHAJIOIH, & TaKzKe ux 006obmenus. Ha Bropoit Jekiun Mul
PacCMOTPHUM IPUMEHEHHS 9THX TeopeM K 3aJadaM CIIPpaBeInBOro Jeiexka. B 3akmoanreb-
HOU JieKImu OyjieT PacCKa3aHO O COBCEM HEJABHUX PEe3y/IbTarax M0 <«KOJUIECTBEHHOI»
aevmmve IllnmepHepa, e NPUMEHSIIOTCA METOIbl aaredpamvdecKoil TOMOOTHH, a TaK:Ke O
coBMecTHRIX paborax ¢ A.B. MasroTnabiM.

Foliations arising from configurations of vectors, Gale
duality, and moment-angle manifolds

Tapac Esrennesuu Ilanos
MI'Y, HIY BUID u UIIIIN (Mocksa, Poccus)

tpanov@mech.math.msu.su

Abstract: Let V = R”* be a k-dimensional real vector space, and let I' = {y,..., 7} be
a sequence (a configuration) of m vectors in the dual space V*. We consider the action of
V on the complex space C™ given by

VxC"—C"

(v,2) — (zle<71’”>, e ,zme<7m’”>). M)
This is a very classical dynamical system taking its origin in the works of Poincaré. There
is a well-known relationship between linear properties of the vector configuration I' and the
topology of the foliation of C™ by the orbits of . We systematise the existing knowledge
on this relationship and proceed by analysing the topology of the nondegenerate leaf space
using recent constructions of toric topology.



KombnHaTOpuKa BBITYKJIOCTHU

Anekcanap Anapeesud Ilonsgncknii
M®TU (Mocksa, Poccus)
alexander.polyanskii@yandex.ru

Abstract: Mbl 06cy M KIaccuyecKne TeopeMbl BHIMYKIOH reoMeTpun (TeopeMa XeJuin u
Teepbepra) u nBeTHBIE BEPCUH ([IPH BO3MOZKHOCTH TAKZKE U HEJOYUCICHHBIE H TOIIOJOIHYeC-
KHe BapuaHThl 9THX TeopeM ). C HEKOTOPBIME U3 JJOKA3aTeIbCTB JIEKTOD PAHbIIe He BCTPedall
B JUTEpAType W MO3HAKOMWJICA B TOTOBAIIECHCA K NEYaTH (Ho eme He I/IS,ZLaHHOfI) HOBOW
kuure Mmpe Bapans ‘Combinatorial Convexty’.

Generalized virtual polyhedra and cohomology of torus
manifold

Ackonpy [eopruesnu Xopanckuii
University of Toronto (Toronto, Canada)
askold@math.toronto.edu

Abstract: About 30 years ago, thinking about the Riemann-Roch theorem for smooth
toric varieties, Aleksandr Pukhlikov and I introduced virtual polyhedra and developed
the theory of finite additive polynomial measures on such objects. One of our results is a
description of the cohomology ring of smooth toric varieties in terms of volumes of virtual
polyhedra.

Recently, thinking about torus manifolds, together with Leonid Monin and Ivan Limon-
chenko, we introduced generalized virtual polyhedra as well as smooth polynomial measures
on them. Repeating Khovanskii-Pukhlikov construction we described the cohomology ring
of torus manifolds in terms of volumes of such polyhedra.

It turned out that a similar result was obtained earlier by Mikiya Masuda and Anton
Ayzenberg. I decided to present our results at this school, since our viewpoint on generalized
virtual polyhedra is different (maybe more natural and general).
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IToporoBbie BepodTHOCTU 1 aJropuTMuUYeckne dapbepnl B
TEOPUM CJayUaiiHbIX rpadoB u runeprpadoB

Hvmrpnit Anexcaraposua [1labaros
MOTU, MI'Y, HIY BIIY (Mocksa, Poccus)
dashabanov@hse.ru

Ha mkose Oymer aBe jexnuu.

Jlekmua 1: [Toporosbie BepOITHOCTH B CAYUYANHBIX TUCKPETHLIX CTPYKTYPaX.

B pamkax jieknuu Mbl TOTOBOPUM O (DEHOMEHE ITOPOTOBBIX BEPOATHOCTEH B CJyYaiHBIX
JIUCKPETHBIX CTPYKTYPaX, TaK UX Kak rpadsl, runeprpadst u T.i. Cam addexT 3akmoaaercs
B TOM, YTO JJI MHOTHUX CBOMCTB CYIIECTBYeT HEKOTODOe MOPOrOBOe 3HAYEHUEe CPeTHEro
JUCJIA JIEMEHTOB CJIyIallHOTO MOAMHOYKECTBA, 10 KOTOPOTO 9TO CBOUCTBO HE BBIMIOTHSIETCS C
DOJTBITION BEPOSITHOCTDIO, & IPU MPEBBIIIIEHUHA KOTOPOT0, HA0OOPOT, CBOMCTBO BHITIOTHSIETCS C
60JIbIIOIN BepOITHOCTBIO. Mbl 00Cy/ M, HOYeMy TAKOi (DeHOMEH UMeeT MeCTO, PACCMOTPUM
IpUMEPHI U3 CJIyIaiiHbIX TpadoB u rumeprpadoB, TOrOBOPUM O TOM, YTO MOXKET ITPOUCXOIUTH
«BHYTpH (a30BOTO IMepexoiay. TakzxKe oOCYIUM IPUMEpPbl TEPKOJTANHUOHHBIX 3(DPEKTOB B
CAYYANHBIX T€OMETPUIECKHAX CTPYKTYPax Ha IJIOCKOCTH.

Jlektma 2: Anropurmuueckue 6apbepbl B TEOPHH CAYYARHBIX TpacdoB u rutmeprpadon

XOpOIII0 U3BECTHO, YTO P/l KJIACCUUIECKHUX 33/1a4 B T€OPUU I'PADOB ABJILIOTCS C BBIYUC/IH-
TesibHON TouKY 3penus NP-tomasivu. Hampumep, coiictBo ramuasronoBoctu rpada. Oana-
KO, €CJIM MBI PACCMOTPUM CJIy4aitHbIil Tpad 1 pa3penuM MaJIeHbKYI0 BEPOSATHOCTH OMTUOKH,
TO OKayKeTcs, 4TO C IOYTH BceMu rpadamu Oyjaer Jierko pasobparbes. Hampumep, s
raMUJIBTOHOBOCTH KPUTEPHEM OKayKeTcs OompejieleHHas TpaHUIa KoaudecTBa pebep. ITo
denomMen noporosbix BeposTHocTeil. Ho Bo3HuKaeT ecrecTBeHHbBIH BOIPOC: MOYKHO Jil ObICTPO
OTBICKATh MCKOMYI CTPYKTYDY (TOT »Ke TaMUJBTOHOB IHKJI), €CJU Mbl 3HAEM, 9TO OHA
ecTb C OYeHb OOJIBIIOH BepOITHOCTHIO! (OKa3bIiBaeTcs, B psje 3a7ad 9TO BO3MOYKHO, HO
He BCerjia IPaHMIa HAJWYHS CBOWCTBA COBIAJAeT C T.H. aJropuTMudeckoil rpanureii. Ha
JIEKITUA MBI ITOroBOpuM 00 3ddekTe aJIropuTMUUecKUX O0apbepoB Ha IpUMepe 3aJa9d O
pacKpacke, KOrja «IeOMEeTpHUsi» MHOMXKECTBA MCKOMBIX O0bEKTOB CTAHOBUTCS KJACTEPHOII,
YTO HE MO3BO/IAeT X IPOEKTUBHO HAXOIUTD.
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