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A.A. Ayzenberg
HSE, International Laboratory of Algebraic Topology and Its Applications

ayzenberga@gmail.com

Evasive oracles and homology of moment-angle complexes

In order to check some property of a graph, one needs to ask a number of questions
about edges of a graph. Let n be the number of vertices, so that m � npn � 1q{2 is
the maximal possible number of edges. The original Aanderaa-Rosenberg conjecture (now
proved) states that there exists a ¡ 0 such that at least a � m questions are needed to
check any monotonic invariant property. A stronger evasiveness conjecture (otherwise called
Aanderaa-Karp-Rosenberg conjecture) asserts that exactly m questions are always needed
to check a monotonic invariant property. There was much topological research around this
stronger statement, relating the subject to the study of �xed point sets of �nite group
actions on cell complexes.

Instead, I replace a boolean oracle with an oracle operating on real/complex numbers,
and, via results of Bjorner-Lovasz, relate the study of evasiveness to the theory of moment-
angle complexes known in toric topology. Toral rank conjecture, proved by Ustinovskii for
moment-angle complexes, allows to deduce a version of the original Aanderaa-Rosenberg
conjecture for non-invariant monotonic properties.

This is quite a new perspective with lots of directions of research: in toric topology,
theoretical informatics, and probably even arti�cial intelligence.

Prerequisites

It is assumed that the audience knows the de�nitions of a simplicial complex and that
of homology (e.g. simplicial homology). Other concepts needed for understanding will be
introduced in the lectures.
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V.M. Buchstaber
Steklov Mathematical Institute / HSE, International Laboratory of Algebraic Topology

and Its Applications
buchstab@mi-ras.ru

Theory and applications of n-valued groups

We will introduce the main notions and constructions of the n-valued groups theory.
We will discuss key examples and topical problems of this theory. Results of the n-valued
groups theory, which have found applications in various areas of mathematics, will be
presented.

Bibliography

V.M. Buchstaber, �n-valued groups: theory and applications�, Moscow Math. J., 6:1
(2006), 57-84;

V.M. Buchstaber, A. P. Veselov, A.A. Gaifullin, �Classi�cation of involutive commutative
two-valued groups�, Uspekhi Mat. Nauk, 77:4(466) (2022), 91-172.

N.Y. Erokhovets
Lomonosov Moscow State University

erochovetsn@hotmail.com

Combinatorics, Lobachevsky geometry, and toric topology of
families of three-dimensional polytopes

Combinatorics and hyperbolic geometry of families of three-dimensional
polytopes

It is planned to talk about families of three-dimensional polytopes de �ned by the
condition of a cyclic k-edge-connectivity. Among these families we consider �ag and Pogorelov
polytopes. Using E.M. Andreev's theorem, we will show that �ag polytopes can be realized
as bounded polytopes with equal dihedral angles, while Pogorelov polytopes can be realized
in the same manner with right dihedral angles.

Among Pogorelov polytopes there is an important subfamily of fullerenes, that is simple
3-polytopes with only pentagonal and hexagonal faces. Such polytopes are mathematical
models of carbon molecules, which are fundamental objects of quantum physics, quantum
chemistry and nanotechnology.

We also consider the family of ideal right-angled polytopes, which play a central role in
the Koebe-Andreev-Thurston theorem which states that every three-dimensional polytope
can be realized in the Euclidean three-dimensional space in such a way that all its edges
touch the sphere. For each family, we will show how to build it from several initial polytopes
using vertex and edge cut operations.

4



Toric topology of families of polytopes

To each simple polytope toric topology associates a smooth manifold with a torus action,
such that the polytope is the orbit space of this action. The topology of this manifold and
action depends only on the combinatorics of the polytope.

It is planned to discuss the problems of cohomological rigidity: when the polytope is
uniquely determined by the graded cohomology ring of the moment-angle manifold. In
particular, we will discuss why Pogorelov polytopes and ideal right-angled polytopes are
rigid.

To do this, we will describe the cohomology ring of the moment-angle manifold using the
combinatorics of the polytope. In particular, we will show which sets of cohomology classes
are rigid, that is, they are mapped into each other under any isomorphism of cohomology
rings.

A.A. Gaifullin
Steklov Mathematical Institute / MSU / Skoltech

agaif@mi-ras.ru

Minimal triangulations of manifolds which are like projective
planes

In 1987 Brehm and K�uhnel proved the following estimate: Any combinatorial triangulation
of a closed d-manifold which is not homeomorphic to the sphere has at least 3d{2 � 3
vertices. Triangulated manifolds that have exactly 3d{2�3 vertices and are not spheres are
interesting combinatorial objects. They possess a lot of nice combinatorial and topological
properties. In particular, such manifolds may exist in dimensions 2, 4, 8, and 16 only,
and are manifolds `like projective planes' in the sense of Eells and Kuiper. Until recently,
there were only 5 known examples of such triangulated manifolds, namely, the 6-vertex
triangulation of the real projective plane, the 9-vertex triangulation of the complex projective
plane, and three 15-vertex triangulations of the quaternionic projective plane. Very recently,
the speaker has succeeded to construct many (more than 10103) such triangulations in
dimension 16. The course will be devoted to constructions and properties of these combinatorial
manifolds.

G.Y. Panina
St. Petersburg Department of Steklov Mathematical Institute of Russian Academy of

Sciences / SPBU
g.y.panina@spbu.ru
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Euler class: geometry and combinatorics

Theoretically, Euler class is a topological invariant of a �ber bundle. Practically, it is a
usefull tool for solving problems where usual continuity tricks do not work.

We will discuss two subjects:
� how to use Euler class in practice. As an example, we shall prove Borsuk-Ulam theorem

via Euler class.
� Euler class in the triangulated world: a local combinatorial formula.

T.E. Panov
MSU / HSE, International Laboratory of Algebraic Topology and Its Applications

tpanov@mech.math.msu.su

Double cohomology of moment-angle complexes

There is a cochain complex structure CH�pZKq on the cohomology of a moment-angle
complex ZK , obtained by de�ning a new di�erential d' on the Hochster decomposition of
the Tor-algebra of the face ring of a simplicial complex K. Cohomology of CH�pZKq is
called the double cohomology, HH�pZKq.

It can be identi�ed with the second double cohomology of a bicomplex obtained by
adding the second di�erential d' to the Koszul di�erential graded algebra of the face ring
of K.

The motivation for de�ning HH�pZKq comes from persistent cohomology. The double
cohomology and the corresponding bigraded barcodes possess a stability property, unlike
the ordinary cohomology H�pZKq.

A.Y. Perepechko
HSE, Faculty of Computer Science

a@perep.ru

Common re�nements of simplicial complexes and Oda's strong
factorization conjecture

Tadao Oda's conjecture states that any proper toric birational map between complete
smooth toric varieties can be decomposed into a sequence of blowups with nonsingular
invariant centers followed by a sequence of inverses of such maps.

It is expressed combinatorially as follows: given two nonsingular fans of polyhedral
cones with the same support, there exists a third fan that can be reached from both fans
by sequences of smooth star subdivisions.

We will study this conjecture and a possible approach by Sergio Da Silva and Kalle
Karu in dimension 3, which is reduced to studying subdivisions of a single triangle.
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F.V. Petrov
Saint Petersburg State University

f.v.petrov@spbu.ru

Algebraic and topological methods in combinatorics

Both polynomial algebra and algebraic topology are successfully used for proving combinatorial
results (usually of existence theorems type) for a while. In a joint work with Roman Karasev
(2012) we established an unexpected relation between these methods, which is still not
understood satisfactory. I want to discuss both achievements and questions in this area.

S. Terzi�c
University of Montenegro

sterzic@ucg.ac.me

The theory of p2n, kq - manifolds via Grassmann and �ag
manifolds

We present the basic facts on the theory of p2n, kq-manifolds which has been recently
developed in our joint works with Victor M. Buchstaber. Throughout the presentation we
will also demonstrate these facts in the case of the canonical compact torus action on the
complex Grassmann and �ag manifolds. Eventually, this will lead to the description of the
corresponding equivariant structures and orbit spaces of the complex Grassmann and �ag
manifolds.

Bibliography

V. M. Buchstaber and S. Terzi�c, Topology and geometry of the canonical action of

T 4 on the complex Grassmannian G4,2 and the complex projective space CP 5, Moscow
Math. Jour. Vol. 16, Issue 2, (2016), 237�273.

V. M. Buchstaber and S. Terzi�c, Toric Topology of the Complex Grassmann Manifolds,
Moscow Math. 19, no. 3, (2019) 397-463.

V. M. Buchstaber and S. Terzi�c, The foundations of p2n, kq-manifolds, Sb. Math.
210, No. 4, 508-549 (2019).

Victor M. Buchstaber and Svjetlana Terzi�c, A resolution of singularities for the orbit

spaces Gn,2{T
n, Proc. of Steklov Inst. of Math., vol. 317, in press.
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A.Y. Vesnin
Sobolev Institute of Mathematics of the Siberian Branch of the Russian Academy of

Sciences / Novosibirsk State University / Tomsk State University
vesnin@math.nsc.ru

Volumes of hyperbolic polyhedra

We will consider a class of polyhedra which can be realized with all dihedral angles π{2
in a Lobachevsky 3-space. These polyhedra are referred as right-angled hyperbolic. It is
known that right-angled hyperbolic polyhedra can be used as building blocks for a wide
class of hyperbolic 3-manifolds, including some link complements [1]. Following [2] and
[3], we will present volume computations and bounds of volumes of right-angled polyhedra
in terms of number of vertices. These volumes computations suggested the Right-angled
knots conjecture formulated in [4].

Bibliography

[1] A.Vesnin, Right-angled polyhedra and hyperbolic 3-manifolds, Russian Math. Surveys,
2017, 72(2), 335-374. http://dx.doi.org/10.1070/RM9762

[2] A. Vesnin, A. Egorov, Ideal right-angled polyhedra in Lobachevsky space, Chebyshevskii
Sbornik 2020, vol. 21, no. 2, pp. 65�83. http://doi.org/10.22405/2226-8383-2020-21-2-65-
83.

[3] S. Alexandrov, N. Bogachev, A. Egorov, A. Vesnin, On volumes of hyperbolic right-
angled polyhedra, accepted. Preprint version is available at arXiv:2111.08789.

[4] A Champanerkar, I. Kofman, J. Purcell, Right-angled polyhedra and alternating
link, Algebraic and Geometric Topology, 2022, 22, 739-784

Knots and links in spatial graph

An embedding f of a �nite graph G into the 3-sphere is called a spatial embedding of
G, and fpGq is called as spatial graphs of G. The fundamental problem in the theory of
spatial graphs is, for any given graph G, to classify up to isotopy of the embeddings of G.

Firstly, we will discuss intrinsically linked graphs. Any set of pairwise disjoint cycles
in G will give a link in fpGq. If a spatial graph fpGq contains a non-trivial link, then we
say that fpGq is linked. A graph is said to be intrinsically linked if a spatial graph fpGq
is linked for any f . In 1980's Conway � Gordon and Sachs independently proved that K6

is intrinsically linked, where Kn is the complete graph on n vertices. We will discuss this
result and its various generalizations.

Secondly, we will discuss the Yamada polynomial which is useful to determine that two
spatial graphs are not equivalent.
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R.T. �Zivaljevi�c
Mathematical Institute of the Serbian Academy of Sciences and Arts

rade@turing.mi.sanu.ac.rs

Bier spheres, generalized moment-angle complexes, and the
simplicial Steinitz problem

The problem of deciding if a given triangulation of a sphere is realizable as the boundary
sphere of a simplicial, convex polytope is known as the �Simplicial Steinitz problem�.
This is an example of a problem of geometric combinatorics which links together areas
of mathematics as distant as combinatorial optimization, toric topology, convex polytopes,
algebraic geometry, topological combinatorics, discrete and computational geometry, etc.

It is known (by indirect and non-constructive arguments) that a vast majority of
triangulated spheres are �non-polytopal�, in the sense that they are not combinatorially
isomorphic to the boundary of a convex polytope. This holds, in particular, for Bier
spheres Bier(K) (named after T. Bier), the pn � 2q-dimensional, combinatorial spheres
on 2n-vertices, constructed with the aid of simplicial complexes K on n vertices.

Emphasizing connections with toric topology (generalized moment-angle complexes),
we will review �hidden geometry� of Bier spheres by describing their natural geometric
realizations, compute their volume, describe an e�ective criterion for their polytopality,
and associate to Bier(K) a natural coarsening Fan(K) of the Braid fan. We also establish a
connection of Bier spheres of maximal volume with recent generalizations of the classical
Van Kampen-Flores theorem and clarify the role of Bier spheres in the theory of generalized
permutohedra.

Generalized Tonnetz and discrete Abel-Jacobi map

Motivated by the classical Tonnetz, a conceptual lattice diagram representing tonal
space, described originally by Leonhard Euler in 1739, we introduce and study the combinatorics
and topology of more general simplicial complexes Tonnn,kpLq of Tonnetz type. Out main
result is that for a su�ciently generic choice of parameters the generalized tonnetz Tonnn,kpLq
is a triangulation of a pk�1q-dimensional torus T k�1. In the proof we construct and use the
properties of a discrete Abel-Jacobi map, which takes values in the torus T k�1 � Rk�1{Λ
where Λ � A�

k�1 is the permutohedral lattice.

Bibliography

Euler, Leonhard (1739). Tentamen novae theoriae musicae ex certissismis harmoniae
principiis dilucide expositae. Saint Petersburg Academy. p. 147.

F.D. Jevti, R.T. �Zivaljevi�c, Generalized Tonnetz and discrete Abel-Jacobi map, Topological
Methods in Nonlinear Analysis, Vol 57, No 2 (2021).
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Ñ.À.Àëåêñàíäðîâ
ÌÔÒÈ

cyanprism@gmail.com

Ìíîãîãðàííèêè Êîêñòåðà â ïðîñòðàíñòâàõ Ëîáà÷åâñêîãî

Ìíîãîãðàííèêàìè Êîêñòåðà íàçûâàþò ìíîãîãðàííèêè, âñå óãëû êîòîðûõ ÿâëÿþòñÿ
öåëûìè ÷àñòÿìè π. Â åâêëèäîâûõ ïðîñòðàíñòâàõ è íà ñôåðàõ âñå òàêèå ìíîãîãðàííèêè
áûëè êëàññèôèöèðîâàíû Êîêñòåðîì â 1934 ãîäó. Èçó÷åíèå ìíîãîãðàííèêîâ Êîêñòå-
ðà â ïðîñòðàíñòâàõ Ëîáà÷åâñêîãî áûëî íà÷àòî Âèíáåðãîì. Â 1984 ãîäó åìó óäàëîñü
äîêàçàòü, ÷òî, â îòëè- ÷èè îò åâêëèäîâîãî è ñôåðè÷åñêîãî ñëó÷àåâ, â ïðîñòðàíñòâàõ
Ëîáà÷åâñêîãî ðàçìåðíîñòè 30 è áîëåå òàêèõ ìíîãîãðàííèêîâ íåò. Â 1992 ãîäó Áóãàåíêî
ïîñòðîèë ïðèìåð ìíîãîãðàííèêà Êîêñòåðà ðåêîðäíîé íà òåêóùèé ìîìåíò ðàçìåðíî-
ñòè 8. Îäíîé èç öåíòðàëüíûõ çàäà÷ ýòîé îáëàñòè ÿâëÿåòñÿ íàõîæäåíèå ðàçìåðíîñòåé,
â êîòîðûõ òàêèå ìíîãîãðàííèêè ìîãóò ñóùåñòâîâàòü.

Â ñâîåì äîêëàäå ÿ ðàññêàæó îá îñíîâíûõ èäåÿõ, êîòîðûå ïðèìåíÿþòñÿ ïðè èçó÷å-
íèè ìíîãîãðàííèêîâ Êîêñòåðà, à òàêæå î ñâîèõ íåäàâíèõ ïðîäâèæåíèÿõ.

Ð.Àëåêñååâñ
ÌÃÓ èì. Ì.Â.Ëîìîíîñîâà
aleksejevs.ruslans@gmail.com

Î òåîðåìå Õèëòîíà-Ìèëíîðà è åå îáîáùåíèÿõ

Òåîðåìà Õèëòîíà-Ìèëíîðà - îäèí èç ãëàâíûõ ðåçóëüòàòîâ òåîðèè ãîìîòîïèé. Åå
ïåðâàÿ âåðñèÿ áûëà ñôîðìóëèðîâàíà è äîêàçàíà Õèëòîíîì â åãî ñòàòüå 1955 ãîäà ([1]),
ïîñâÿùåííîé îïèñàíèþ ðàçëîæåíèÿ ãðóïïû πnpS

n1 _ Sn2 _ . . . _ Snkq â áåñêîíå÷íóþ
ïðÿìóþ ñóììó ãîìîòîïè÷åñêèõ ãðóïï ñôåð. Óæå â 1956 ãîäó â íåîïóáëèêîâàííûõ
çàìåòêàõ Ìèëíîðà ([2]) ðåçóëüòàò Õèëòîíà áûë ñèëüíî îáîáùåí - áûë íàéäåí ãîìîòî-
ïè÷åñêèé òèï ïðîñòðàíñòâà ïåòåëü íàä ΣpSn1 _ Sn2 _ . . ._ Snkq.

Â ñâîåì äîêëàäå ÿ áîëåå ïîäðîáíî ðàññêàæó î ðåçóëüòàòå Ìèëíîðà è íåêîòîðûõ åãî
îáîáùåíèÿõ ([3],[4]). Òàêæå ìû íàìåòèì âîçìîæíîñòè äàëüíåéøåãî îáîáùåíèÿ òåîðå-
ìû Õèëòîíà-Ìèëíîðà, ãàðìîíè÷íî ñî÷åòàþùèåñÿ ñ îáúåêòàìè èçó÷åíèÿ òîðè÷åñêîé
òîïîëîãèè, è, âîçìîæíî, íåìíîãî îáñóäèì äàííóþ òåîðåìó â êîíòåêñòå 8-êàòåãîðèé
([5]).

Bibliography

[1] P. J. Hilton. �On the homotopy groups of the union of spheres�. Â: Jour. London
Math. Soc. 30 (1955), ñ. 154�172.
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Ï.Þ.Áàðàáàíùèêîâà
ÌÔÒÈ

barabanshchikova.piu@phystech.edu

Îïòèìèçàöèîííûé ïîäõîä â çàäà÷àõ òèïà Òâåðáåðãà

Êëàññè÷åñêàÿ òåîðåìà Òâåðáåðãà óòâåðæäàåò, ÷òî ëþáîå ìíîæåñòâî èç pr � 1qpd�
1q � 1 òî÷êè â Rd ìîæíî ðàçáèòü íà r ïîäìíîæåñòâ, âûïóêëûå îáîëî÷êè êîòîðûõ
ïåðåñåêàþòñÿ. Â ñâîèõ äîêàçàòåëüñòâàõ ýòîé òåîðåìû Òâåðáåðã è Âðå÷èöà [1], à òàê-
æå Ðóäíåâ [2] èñïîëüçîâàëè îïòèìèçàöèîííûé ïîäõîä ñ ïåðåñòðîéêîé íåîïòèìàëüíûõ
ðàçáèåíèé. ß ðàññêàæó î äâóõ çàäà÷àõ òèïà Òâåðáåðãà, êîòîðûå óäàëîñü ðåøèòü ñ
ïîìîùüþ ïîõîæåãî ïîäõîäà.

Äîêëàä îñíîâàí íà ñîâìåñòíîé ðàáîòå ñ Àëåêñàíäðîì Ïîëÿíñêèì.
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M.E.Beketov
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Reconstructing knots from point clouds with persistent
homology

The problem of reconstructing a knot from a point cloud followed by recognition
of its topological type arises in physics, biology and chemistry. In the present work we
propose several new methods to reconstruct a knot from a noisy point cloud with further
simpli�cation of the resulting closed polygonal curve. We examine the robustness of the
proposed methods with respect to normal noise. We use the data from the KnotProt 2.0
database [1] of proteins that are knotted in certain ways (forming knots of types 01; 31;
41; 51, etc.).

Present solution of this problem comes in 3 steps:

1. Reconstructing a polygonal closed curve from the given point cloud.

2. Simplifying the obtained curve, that is minimising the number of segments forming
it.

3. Computing the topological invariants of the curve that distinguish its topological
type.

The �rst step starts with constructing the Euclidean minimum spanning tree (EMST)
of the point cloud. Next, there are at least two options for adding an edge to form a cycle
that represents the knot (Fig. 1).

One is to connect the two points that are most distant with respect to the tree (path)
metric. The other option is to connect the two points forming an edge that corresponds
to the birth of the most long-living one-dimensional persistent homology (PH). PH is a
central concept in topological data analysis (TDA), and applying it in knot reconstruction
problem makes one of the contributions of the present paper.

For the second step, we use the KTM algorithm [2] that reduces the number of segments
in the polygonal closed curve making the knot by removing certain vertices, in a way that
preserves its topological type. There seems to be room for improvement of this method,
since it only operates on the original points, while perturbing them in some way may
improve the �nal result.

To distinguish the topological types of knots presented in the KnotProt 2.0. database
on the third step, we use calculate knot invariants (e.g. Alexander and Jones polynomials)
by means of Topoly software [3].

Another contribution of the present paper is the study this method's performance in
presence of noise that models uncertainty in point positions points are considered to be
uniformly distributed along the polygonal curve of the knot plus some Gaussian noise in the
planes orthogonal to the segments the points are chosen from. By controlling the variance
scale of this normal component and the number of points the knot is reconstructed from,
we examine the robustness of such invariant-based knot classi�cation.

We thank Anton Ayzenberg and Konstantin Sorokin for fruitful discussions.
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Ðèñ. 1: Noisy trefoil knot reconstructed. The edge shown in blue gives birth to the longest-
living one-dimensional persistent homology (red+blue).
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E.Y.Bunkova
Steklov Mathematical Institute

eybunkova@gmail.com

Parametric Korteweg�de Vries hierarchy and
hyperelliptic sigma functions

In the talk we will present the de�nition of the parametric Korteweg�de Vries hierarchy.
This hierarchy depends on an in�nite set of graded parameters. For any genus the Klein
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hyperelliptic function, de�ned on the basis of the multidimensional sigma function, gives a
solution of this hierarchy. We will describe the relation of the parameters of the hierarchy
and the multidimensional sigma functions.

We will give the de�nition of the family of Buchstaber�Shorina di�erential operators.
This family consists of g third-order di�erential operators of g variables. The operators in
the family commute in pairs and also commute with the Shr�odinger operator. We will show
the connection of such families with the parametric Korteweg�de Vries hierarchy.

The talk is based on the results of the work E. Yu. Bunkova, V. M. Buchstaber,
�Parametric Korteweg�de Vries hierarchy and hyperelliptic sigma functions�, Functional
Analysis and Its Applications, 56:3 (2022), 16-38.

Y.A.Verevkin
HSE, International Laboratory of Algebraic Topology and Its Applications

verevkin_j.a@mail.ru

The Lie algebra associated with the lower central series of a
right-angled Coxeter group

We study the lower central series of a right-angled Coxeter groupRCK and the associated
Lie algebra LpRCKq. The latter is related to the graph Lie algebra LK . We give an explicit
combinatorial description of the �rst three consecutive factors of the lower central series
of the group RCK .

Ô.Å.Âûëåãæàíèí
ÍÈÓ ÂØÝ, ÌÃÓ èì. Ì.Â.Ëîìîíîñîâà

vylegf@gmail.com

Î êîôîðìàëüíîñòè ìîìåíò-óãîë êîìïëåêñîâ

Ôîðìàëüíîñòü è êîôîðìàëüíîñòü - âàæíûå ñâîéñòâà ãîìîòîïè÷åñêîãî òèïà, èç-
íà÷àëüíî îïðåäåë¼ííûå â ðàöèîíàëüíîé òåîðèè ãîìîòîïèé (õîòÿ ìîæíî ãîâîðèòü î
(êî)ôîðìàëüíîñòè òîïîëîãè÷åñêîãî ïðîñòðàíñòâà íàä ëþáûì êîëüöîì).

Ôîðìàëüíîñòè ïðåïÿòñòâóþò âûñøèå ïðîèçâåäåíèÿ Ìàññè, à êîôîðìàëüíîñòè -
âûñøèå ïðîèçâåäåíèÿ Óàéòõåäà. Ìîìåíò-óãîë êîìïëåêñû - âàæíîå â òîðè÷åñêîé òîïî-
ëîãèè ñåìåéñòâî òîïîëîãè÷åñêèõ ïðîñòðàíñòâ, ïàðàìåòðèçîâàííûõ ñèìïëèöèàëüíûìè
êîìïëåêñàìè. Îíè ìîãóò èìåòü êàê ïðîñòóþ, òàê è âåñüìà ñëîæíóþ òîïîëîãèþ (îò
áóêåòîâ ñôåð äî íåôîðìàëüíûõ êîìïëåêñíûõ ìíîãîîáðàçèé).
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Èññëåäóÿ ñïåêòðàëüíóþ ïîñëåäîâàòåëüíîñòü Ìèëíîðà-Ìóðà, ìû äîêàçûâàåì, ÷òî
øèðîêèé êëàññ ìîìåíò-óãîë êîìïëåêñîâ íå êîôîðìàëåí. Ñ äðóãîé ñòîðîíû, èç íåäàâ-
íèõ ðåçóëüòàòîâ Ð.Õóàíãà ñëåäóåò ðàöèîíàëüíàÿ êîôîðìàëüíîñòü ìîìåíò-óãîë êîì-
ïëåêñîâ, ñîîòâåòñòâóþùèõ ôëàãîâûì ñèìïëèöèàëüíûì êîìïëåêñàì.

Â.À. Ãðàóìàí
ÌÃÓ èì. Ì.Â.Ëîìîíîñîâà
grauman80@gmail.com

Âûñøèå àëãåáðàè÷åñêèå ñòðóêòóðû è îïèñàíèå
ãîìîòîïè÷åñêèõ èíâàðèàíòîâ ïðîñòðàíñòâ

Äîêëàä ïîñâÿùåí èçëîæåíèþ òåîðèè âûñøèõ àëãåáðàè÷åñêèõ ñòðóêòóð è èõ ïðè-
ìåíåíèÿì ê àëãåáðàè÷åñêîé òîïîëîãèè. Ìû ðàññìîòðèì ãëàâíûì îáðàçîì ïîíÿòèÿ
A8 è L8-ñòðóêòóð, ÿâëÿþùèåñÿ âûñøèìè ãîìîòîïè÷åñêèìè àíàëîãàìè DG-àëãåáð è
DG-àëãåáð Ëè ñîîòâåòñòâåííî.

Áóäóò èçëîæåíû èõ îñíîâíûå ñâîéñòâà è êëàññè÷åñêèå ðåçóëüòàòû î èõ ñâÿçè ñ
âûñøèìè (êî-)ãîìîëîãè÷åñêèìè è ãîìîòîïè÷åñêèìè îïåðàöèÿìè, ñ ôîðìàëüíîñòüþ è
êîôîðìàëüíîñòüþ àëãåáð è ïðîñòðàíñòâ, èõ ñâÿçè ñ èíôîðìàöèåé, ñîäåðæàùèõñÿ â
äèôôåðåíöèàëàõ ñïåêòðàëüíûõ ïîñëåäîâàòåëüíîñòåé.

Áóäóò äàíû òàêæå íåêîòîðûå îáîáùåíèÿ ýòèõ ñòðóêòóð, èõ ïðèëîæåíèÿ ê îïè-
ñàíèÿì ãîìîòîïè÷åñêèõ òèïîâ ïðîñòðàíñòâ, è êàê ìîæíî ïðèìåíèòü èõ äëÿ äîêàçà-
òåëüñòâà îòñóòñòâèÿ/íàëè÷èÿ ñîîòíîøåíèé â ðàöèîíàëüíûõ ãîìîòîïè÷åñêèõ àëãåá-
ðàõ ïðîñòðàíñòâ (èëè æå â ðàöèîíàëüíûõ àëãåáðàõ Ïîíòðÿãèíà), ôèãóðèðóþùèõ â
êîïðåäñòàâëåíèè, ïðîèñõîäÿùåãî èç ìîäåëè Êâèëëåíà.

Ïîñëåäíåå áûëî èñïîëüçîâàíî äëÿ äîêàçàòåëüñòâà îòñóòñòâèÿ ñîîòíîøåíèé â àë-
ãåáðàõ Ïîíòðÿãèíà ìîìåíò-óãîë êîìïëåêñîâ. Ïî âîçìîæíîñòè ìû óïîìÿíåì äàëüíåé-
øèå îòêðûòûå âîïðîñû â ýòîì íàïðàâëåíèè.

N.Y.Erokhovets
Lomonosov Moscow State University

erochovetsn@hotmail.com

Cohomological rigidity of manifolds associated to ideal
right-angled hyperbolic 3-polytopes

Toric topology assigns to each n-dimensional combinatorial simple convex polytope P
with m facets an pm � nq-dimensional moment-angle manifold ZP with an action of a
compact torus Tm such that ZP/T

m is a convex polytope of combinatorial type P .
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A simple n-polytope is called B-rigid, if any isomorphism of graded rings H�pZP ,Zq �
H�pZQ,Zq for a simple n-polytope Q implies that P and Q are combinatorially equivalent.

An ideal almost Pogorelov polytope is a combinatorial 3-polytope obtained by cutting o�
all the ideal vertices of an ideal right-angled 3-polytope in the Lobachevsky (hyperbolic)
space L3. These polytopes are exactly the polytopes obtained from any, not necessarily
simple, convex 3-polytopes by cutting o� all the vertices followed by cutting o� all the �old�
edges. The boundary of the dual polytope is the barycentric subdivision of the boundary
of the old polytope (and also of its dual polytope). We will discuss the following

Theorem. [1,2] Any ideal almost Pogorelov polytope is B-rigid.

A family of manifolds is called cohomologically rigid over the ring R, if for any two
manifoldsM andN from the family any isomorphism of graded ringsH�pM,Rq � H�pN,Rq
implies that M and N are di�eomorphic.

Any ideal almost Pogorelov polytope P has a canonical colouring of facets in 3 colours
corresponding to vertices, edges and facets of the polytope that gives P via cutting o�
vertices and �old� edges. This colouring produces the 6-dimensional quasitoric manifold
MpP q and the 3-dimensional small cover NpP q, which are known as "pullbacks from the
linear model".

Corollary. The families tZP u, tMpP qu, and tNpP qu indexed by ideal right-angled

hyperbolic 3-polytopes are cohomologically rigid over Z, Z and Z2 respectively.

We will also �nd the Thurston's geometric decomposition of the 3-manifold NpP q:
each quadrangle arising from a vertex of the ideal polytope gives an incompressible torus
in NpP q, and NpP q is divided by these tori into two equal parts homeomorphic to a
hyperbolic manifold of �nite volume glued of 4 copies of the ideal polytope.
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R.T. �Zivaljevi�c
Mathematical Institute of the Serbian Academy of Sciences and Arts
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Application of algebraic topology in combinatorics and discrete
geometry: the method of con�guration spaces and equivariant

test maps
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The method of con�guration spaces, known also as the �con�guration space/test map
scheme�, has been for decades one of the central paradigms for applying topological methods
to problems of combinatorics and discrete and computational geometry. In recent years the
method has found new applications to mathematical welfare economics (fair allocation of
resources, envy-free division, etc.). We illustrate the method by proving several relatives
(extensions) of the classical envy-free division theorem of David Gale in the presence of a
non-cooperative player, where the emphasis is on preferences allowing the players to choose
degenerate pieces of the �cake�.
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znikzk@gmail.com

Ýêâèâàðèàíòíûå êîãîìîëîãèè ìîìåíò-óãîë-êîìïëåêñîâ

Â äîêëàäå áóäåò ïîêàçàíî âû÷èñëåíèå ýêâèâàðèàíòíûõ êîãîìîëîãèé ìîìåíò-óãîë-
êîìïëåêñîâ ZK îòíîñèòåëüíî äåéñòâèÿ êîîðäèíàòíûõ ïîäòîðîâ. Òàêæå áóäóò ïðåä-
ëîæåíû êðèòåðèé äëÿ ýêâèâàðèàíòíîé ôîðìàëüíîñòè ZK è óòî÷íåíèå êðèòåðèÿ äëÿ
ñëó÷àåâ ôëàãîâûõ êîìïëåêñîâ è ãðàôîâ.

Ì.È.Êîðíåâ
ÌÖÌÓ ÌÈÀÍ, ÌÃÓ èì. Ì.Â.Ëîìîíîñîâà

michaelkorne�@gmail.com

Ãîìîòîïè÷åñêèå êàòåãîðèè, àññîöèèðîâàííûå ñ ìîäåëüíûìè
êàòåãîðèÿìè, êàê ïðàâèëî, íåêîíêðåòíû

Ìíîãèå èçâåñòíûå êàòåãîðèè ÿâëÿþòñÿ êîíêðåòíûìè. Èõ ìîæíî ðàññìàòðèâàòü,
êàê ¾êàòåãîðèè ìíîæåñòâ ñ äîïîëíèòåëüíîé ñòðóêòóðîé¿. Êîíêðåòíûìè, íàïðèìåð,
ÿâëÿåòñÿ êàòåãîðèÿ òîïîëîãè÷åñêèõ ïðîñòðàíñòâ, êàòåãîðèÿR-ìîäóëåé, êàòåãîðèÿ ãðóïï
è äð. Äëÿ àáåëåâûõ êàòåãîðèé ñóùåñòâóåò ñòðîãèé ïîëíûé òî÷íûé ôóíêòîð â êàòå-
ãîðèþ R-ìîäóëåé (Freyd's�Mitchell's embedding theorem, 1964), ò. å. ëþáóþ àáåëåâó
êàòåãîðèþ ìîæíî ðàññìàòðèâàòü, êàê ïîäêàòåãîðèþ êàòåãîðèè ëåâûõ R-ìîäóëåé.
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Èìååòñÿ êîíñòðóêöèÿ, êîòîðàÿ ñîïîñòàâëÿåò ìîäåëüíîé êàòåãîðèè ñîîòâåòñòâóþ-
ùóþ åé ãîìîòîïè÷åñêóþ êàòåãîðèþ. Êàê ïðàâèëî, ïîëó÷åííàÿ ãîìîòîïè÷åñêàÿ êàòå-
ãîðèÿ íå ÿâëÿåòñÿ êîíêðåòíîé. Íàïðèìåð, ãîìîòîïè÷åñêàÿ êàòåãîðèÿ hTop, ñîîòâåò-
ñòâóþùàÿ êàòåãîðèè Top òîïîëîãè÷åñêèõ ïðîñòðàíñòâ, ÿâëÿåòñÿ èñòîðè÷åñêè ïåðâûì
ïðèìåðîì íåêîíêðåòíîé êàòåãîðèè. Ýòîò ðåçóëüòàò áûë ïîëó÷åí â ðàáîòå (Freyd, 1969)
ïðè ïîìîùè ïîñëåäîâàòåëüíîñòè Ïóïïå ïàð ïðîñòðàíñòâ Ìóðà ñïåöèàëüíîãî òèïà. Â
íåäàâíåé ðàáîòå (Liberi, Loregian, 2018) áûëî ïîëó÷åíî îáîáùåíèå ðåçóëüòàòà íà øèðî-
êèé êëàññ ãîìîòîïè÷åñêèõ êàòåãîðèé ìîäåëüíûõ êàòåãîðèé. Â äîêëàäå áóäåò ðàçîáðàí
äàííûé ðåçóëüòàò è åãî ñëåäñòâèÿ.

Ã.Â. Êîðþêèí
ÌÃÓ èì. Ì.Â.Ëîìîíîñîâà

gregory20018@mail.ru

Àëãåáðû Ïîíòðÿãèíà è ìîìåíò-óãîë êîìïëåêñû

Êîíñòðóêöèÿ ïîëèýäðàëüíûõ ïðîèçâåäåíèé äàåò øèðîêèé è èíòåðåñíûé êëàññ ïðî-
ñòðàíñòâ. Îäíèì èç âàæíåéøèõ åãî ïîäêëàññîâ ÿâëÿåòñÿ êëàññ ìîìåíò-óãîë êîìïëåê-
ñîâ, ïîëó÷àþùèéñÿ ïîëèýäðàëüíûìè ïðîèçâåäåíèÿìè äèñêà è îêðóæíîñòè.

Âñåâîçìîæíûå àëãåáðàè÷åñêèå ñòðóêòóðû, ïîñòðîåííûå ïî ïðîñòðàíñòâàì ðàññìàò-
ðèâàþòñÿ ïî ìíîãèì ïðè÷èíàì, âåäü ñ ïîìîùüþ íèõ ìîæíî ïîëó÷èòü ðàçëè÷íûå èíâà-
ðèàíòû è ïîëó÷èòü ìíîãî âàæíûõ ñâÿçåé ìåæäó òîïîëîãèåé è àëãåáðîé ïðîñòðàíñòâà.

Àëãåáðû Ïîíòðÿãèíà ïîëó÷àþòñÿ èç ðàññëîåíèÿ ïðîñòðàíñòâà Äýâèñà-ßíóøêåâè÷à,
è â ñëó÷àå, êîãäà ñîîòâåòñâóþùèé êîìïëåêñ ÿâëÿåòñÿ ôëàãîâûì, ïîëíîñòüþ îïèñàíû.

Íà äîêëàäå áóäóò ðàññìîòðåíû áàçîâûå ïîíÿòèÿ, à òàêæå ðàçîáðàíû íåñêîëüêî
èíòåðåñíûõ ïðèìåðîâ, â òîì ÷èñëå ïîäñ÷åò ìîìåíò-óãîë êîìïëåêñà, ïîñòðîåííîãî ïî-
ñëåäîâàòåëüíûì ïðèêëåèâàíèåì ïóñòûõ ñèìïëåêñîâ ê äàííîìó, è ðàññìîòðåíèå àë-
ãåáðû Ïîíòðÿãèíà äëÿ äîñòàòî÷íî ïðîñòîãî íåôëàãîâîãî êîìïëåêñà, õîòÿ ïîëó÷åííàÿ
àëãåáðà áóäåò íå ñàìîé òðèâèàëüíîé.

Â.À.Îãàíèñÿí
ÌÃÓ èì. Ì.Â.Ëîìîíîñîâà
potchtovy_jashik@mail.ru

Ìîìåíò-óãîë-êîìïëåêñû, ñîîòâåòñòâóþùèå ïðîñòûì
ìíîãîãðàííèêàì, è ñâÿçíûå ñóììû ïðîèçâåäåíèé ñôåð
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Ìîìåíò-óãîë-êîìïëåêñû � èíòåðåñíûé è âàæíûé êëàññ ïðîñòðàíñòâ, îòäåëüíûé
èíòåðåñ ñðåäè êîòîðûõ ïðåäñòàâëÿþò òå, êîòîðûå ñîîòâåòñòâóþò ïðîñòûì ìíîãîãðàí-
íèêàì P . Òàêèå ìîìåíò-óãîë-êîìïëåêñû ZP ÿâëÿþòñÿ ãëàäêèìè ìíîãîîáðàçèÿìè ñ
êîìïëåêñíîé ñòðóêòóðîé; áîëåå òîãî, îíè ìîãóò áûòü çàäàíû êàê ïåðåñå÷åíèå ýðìè-
òîâûõ êâàäðèê.

Â ñâîåì äîêëàäå ÿ ñîñðåäîòî÷ó âíèìàíèå íà ìíîãîãðàííèêàõ P , êîòîðûì ñîîòâåò-
ñòâóþò ZP , äèôôåîìîðôíûå èëè ãîìîòîïè÷åñêè ýêâèâàëåíòíûå ñâÿçíûì ñóììàì ïðî-
èçâåäåíèé ñôåð. Èçâåñòíû øèðîêèå êëàññû ìíîãîãðàííèêîâ (íàïðèìåð, äâîéñòâåííûå
ñòåêîâûì, öèêëè÷åñêèå), êîòîðûì ñîîòâåòñòâóþò ìîìåíò- óãîë-êîìïëåêñû, äèôôåî-
ìîðôíûå ñâÿçíîé ñóììå ïðîèçâåäåíèé ïàð ñôåð (ñì. [1], [2]), îäíàêî ïðèìåð P òàêîãî,
÷òî ZP � M1#M2# . . .#Mk, ãäå âñå Mi ýòî ïðîèçâåäåíèÿ ñôåð è õîòÿ áû îäíî Mi

ñîäåðæèò áîëåå äâóõ ñëàãàåìûõ, ïîÿâèëñÿ îòíîñèòåëüíî íåäàâíî (ñì. [3], [4]).
Îñíîâíûì ðåçóëüòàòîì, êîòîðûé áóäåò èçëîæåí â äîêëàäå, ÿâëÿåòñÿ ñëåäóþùàÿ

òåîðåìà:
Òåîðåìà 1.1. Ïóñòü P � òðåõìåðíûé ïðîñòîé ìíîãîãðàííèê, íå ÿâëÿþùèéñÿ êó-

áîì; òîãäà ñëåäóþùèå óòâåðæäåíèÿ ýêâèâàëåíòíû:
(a) P ïîëó÷àåòñÿ èç ñèìïëåêñà ∆3 ïîñëåäîâàòåëüíîé ñðåçêîé âåðøèí, òî åñòü P �

� ñòåêîâûé ìíîãîãðàííèê;
(b) ZP ãîìîòîïè÷åñêè ýêâèâàëåíòåí ñâÿçíîé ñóììå ïðîèçâåäåíèé ñôåð.
(c) H�pZP q èçîìîðôíî êîëüöó êîãîìîëîãèé ñâÿçíîé ñóììû ïðîèçâåäåíèé ñôåð.
(d) 1-îñòîâ KP � õîðäîâûé ãðàô.
(e) KP ìèíèìàëüíî íåãîëîäîâ.
Èíòåðåñíû òàêæå âîïðîñû, âîçíèêàþùèå ïðè ïîïûòêå ðàññìîòðåòü àíàëîãè÷íûå

ñâÿçè äëÿ ìíîãîãðàííèêîâ ðàçìåðíîñòè áîëüøå òðåõ, à òàêæå âîçíèêàþùèå ïðè ýòîì
ïðåïÿòñòâèÿ.

Ëèòåðàòóðà, èñïîëüçîâàííàÿ â àííîòàöèè:
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Äèñêðèìèíàíòû è äâîéñòâåííàÿ âûðîæäåííîñòü

Òîðè÷åñêîå ìíîãîîáðàçèå ÿâëÿåòñÿ äâîéñòâåííî âûðîæäåííûì, åñëè äâîéñòâåííîå
ìíîãîîáðàçèå ê íåìó � äèñêðèìèíàíò � íå ÿâëÿåòñÿ ãèïåðïîâåðõíîñòüþ. Áóäåò ðàñ-
ñêàçàíî î êîìáèíàòîðíîå îïèñàíèè äâîéñòâåííîãî äåôåêòà, ïîëó÷åííîãî Ôóðóêàâîé è
Èòî.

Îäíîé èç âåòîê îáîáùåíèé ÿâëÿåòñÿ ðàññìîòðåíèå ïîëèíîìèàëüíûõ ñèñòåì ñ ôèê-
ñèðîâàííûìè íîñèòåëÿìè. Â ýòîì ñëó÷àå äèñêðèìèíàíò � ìíîæåñòâî êîýôôèöèåíòîâ
ñèñòåìû ñ îñîáîé òî÷êîé � ìîæåò èìåòü áîëüøå îäíîé êîìïîíåíòû è êîìïîíåíòû ìî-
ãóò èìåòü ðàçíóþ êîðàçìåðíîñòü. Ìû îáñóäèì ñóùåñòâóþùèå ðåçóëüòàòû îá îïèñàíèè
ñòðóêòóðû äèñêðèìèíàíòà â ýòîì ñëó÷àå.

Ò.À.Ðàõìàòóëëàåâ
ÌÃÓ èì. Ì.Â.Ëîìîíîñîâà

raxtemur@gmail.com

Ïðèñîåäèíåííûå àëãåáðû Ëè è èõ ïðèëîæåíèÿ

Ïðåäñòàâëåíèå äèñêðåòíûõ ãðóïï â àëãåáðàõ Ëè - ïîëåçíûé èíñòðóìåíò, äëÿ èçó-
÷åíèÿ ñòðóêòóðû äèñêðåòíûõ ãðóïï. Ïóñòü G - ãðóïïà, òîãäà ìîæíî èçó÷àòü ïðè-
ñîåäèíåííóþ àëãåáðó Ëè, ïîëó÷åííóþ êàê ïðÿìàÿ ñóììà `γipGq{γi�1pGq, ãäå γpGq
- íèæíèé öåíòðàëüíûé ðÿä ãðóïïû G. Ñêîáêà â òàêîé àëãåáðå ñîîòâåòñòâóåò ãðóï-
ïîâîìó êîììóòàòîðó. Ìû ðàññìîòðèì ãðóïïû äëÿ êîòîðûõ èçâåñòíî èñ÷åðïûâàþùåå
îïèñàíèå ïðèñîåäèíåííûõ àëãåáð Ëè, à òàêæå èõ ïðèëîæåíèÿ â òîðè÷åñêîé òîïîëîãèè.

Äëÿ ñâîáîäíûõ ãðóïï ïðèñîåäèíåííûå àëãåáðû õîðîøî èçó÷åíû â ðàáîòàõ Ìàãíóñà
[1], äîêàçàíà èç èçîìîðôíîñòü ñâîáîäíûì àëãåáðàì Ëè. Ïîçæå âî ìíîæåñòâå ðàáîò
ïîäõîä Ìàãíóñà ïðîäîëæàëñÿ è îáîáùàëñÿ íà ñëó÷àé ÷àñòè÷íî êîììóòàòèâíûõ ãðóïï
(îíè æå - ïðÿìîóãîëüíûå ãðóïïû Àðòèíà), íàïðèìåð â [2], [3] è [4].

Â ðàáîòàõ Ïðåíåðà [5] è Âîëäèíãåðà [6] ïðè ïîìîùè �ïðîöåññà ñáîðêè� êîììóòàòî-
ðîâ Õîëëà àâòîðàì óäàëîñü ïîñòðîèòü áàçèñ ïðèñîåäèíåííîé àëãåáðû Ëè äëÿ ãðóïï
G ñëåäóþùåãî âèäà:

G � Q1 � . . . �Qn, Qi � Z2 ` ...` Z2

Íàñ æå èíòåðåñóåò ïðÿìîóãîëüíàÿ ãðóïïà Êîêñòåðà RCK - ãðóïïà ñ m îáðàçóþùè-
ìè v1, ..., vm è ñîîòíîøåíèÿìè v2i � 1 äëÿ âñåõ i P rms è vivj � vjvi äëÿ ti, ju P K. Ýòà
çàäà÷à óæå áûëà ÷àñòè÷íî èçó÷åíà â ñòàòüå Âåðåâêèíà [7]. Îñîáûé èíòåðåñ ê ãðóïïàì
Êîêñòåðà îáúÿñíÿåòñÿ èõ òåñíîé ñâÿçüþ ñ ãèïåðáîëè÷åñêîé ãåîìåòðèé è ïîÿâëåíèåì
ïðè èçó÷åíèè ãðóïï ãîìîòîïèé ïîëèýäðàëüíûõ ïðîèçâåäåíèé [8].
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Universal space of parameters Fn for canonical T
n-action on

Grassmannians Gn,2

In the focus of our talk is the canonical action of the compact torus T n on the complex
Grassmann manifolds Gn,2 of two-dimensional complex subspaces in Cn and the orbit
spaces of this action. The main stratum Wn � Gn,2 given by those points from Gn,2

whose all Pl�ucker coordinates are non-zero, plays a crucial role in describing the orbit
space Gn,2{T

n, as it is an open dense set in Gn,2 and it belongs to any Pl�ucker chart for

Gn,2. In addition, we earlier proved that Wn �
�

∆n,2 �Fn, where ∆n,2 is the hypersimplex
and Fn � Wn{pC�qn � CPN , N �

�
n�2
2

�
is an open algebraic manifold. Thus, there is a

compacti�cation
�

∆n,2 �Fn � Gn,2{T
n.

In order to construct a model for this compacti�cation one needs to �nd an appropriate
compacti�cation for Fn. It turns out that such a one will be the compacti�cation Fn for Fn

determined by the condition that any automorphism of Fn induced by the transition maps
between the Pl�ucker charts extends to the automorphism of Fn. Such compacti�cation Fn

we call the universal space of parameters.
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We obtain the space Fn by resolving singularities arising in the context of required
extensions and by making use of the construction from algebraic geometry known as the
wonderful compacti�cation. Finally, we show that the space Fn coincides with moduli
space Mp0, nq of stable n-pointed genus zero curves, which is is the Deligne-Mumford-
Grothendieck-Knudsen compacti�cation of the moduli space Mp0, nq of n-pointed genus
zero curves. In addition, the space Mp0, nq is proved by Kapranov to coincide with the
Chow quotient Gn,2{{pC�qn.

The talk is based on the results jointly obtained with Victor M. Buchstaber.

Í.Â.Õîðîøàâêèíà
ÍÈÓ ÂØÝ, Ìåæäóíàðîäíàÿ ëàáîðàòîðèÿ àëãåáðàè÷åñêîé òîïîëîãèè

è åå ïðèëîæåíèé
NadiaKho@yandex.ru

Òåîðèÿ ãðàôîâ äëÿ èçó÷åíèÿ ïîòîêîâ Òîäû

Ñèñòåìà Òîäû � ýòî äèíàìè÷åñêàÿ ñèñòåìà âçàèìîäåéñòâèÿ n òî÷åê, íàïðèìåð,
íà ïðÿìîé èëè îêðóæíîñòè. Òàêóþ ñèñòåìó ìîæíî ïåðåïèñàòü â ìàòðè÷íîì âèäå êàê
LP � PL � L1, ãäå L � ñèììåòðè÷íàÿ ìàòðèöà êîýôôèöèåíòîâ óðàâíåíèé ñèñòåìû,
à P � êîñîñèììåòðè÷íàÿ ìàòðèöà, ïîñòðîåííàÿ ïî L. Â èçâåñòíûõ äèíàìè÷åñêèõ
ñèñòåìàõ, ìàòðèöà L1 ïîâòîðÿåò ôîðìó ìàòðèöû L, ÷òî ìîæíî èíòåðïðåòèðîâàòü êàê
ñóùåñòâîâàíèå çàìêíóòîãî ïîòîêà íà ïðîñòðàíñòâå ðåøåíèé � ïîòîêà Òîäû.

Â äîêëàäå ÿ ðàññêàæó î òîì, ÷òî òàêîå èíòåðâàëüíûå ãðàôû, ãðàôû äóã îêðóæíî-
ñòè; ïðè êàêèõ óñëîâèÿõ ïðî ìàòðèöó ãîâîðÿò, ÷òî îíà îáëàäàåò ñâîéñòâîì êðóãîâîé
ñîâìåñòèìîñòè åäèíèö è î òîì, êàê âñå ýòè êîìáèíàòîðíûå è ìàòðè÷íûå ñþæåòû ïî-
ìîãàþò îáîáùèòü îïðåäåëåíèå ïîòîêà Òîäû.

Ð.À.Õðóëåâ
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Êîëüöà êîãîìîëîãèé ìîìåíò-óãîë êîìïëåêñîâ,
ñîîòâåòñòâóþùèõ ñðåçàííûì êóáàì

Â ñîîáùåíèè áóäóò ðàññìîòðåíû ðàçíûå ïðèìåðû ìíîãîãðàííèêîâ, ïîëó÷åííûå
îòñå÷åíèåì ÷àñòè òðåõìåðíîãî êóáà ïëîñêîñòüþ. Áóäåò èññëåäîâàíà òîïîëîãèÿ èõ
ìîìåíò-óãîë ìíîãîîáðàçèé ñ ïîìîùüþ âû÷èñëåíèÿ èõ êîëåö êîãîìîëîãèé. Òàêæå áó-
äåò ïîêàçàíà ðàçíèöà â ñâîéñòâàõ äëÿ îïåðàöèé ñðåçêè âåðøèíû è ñðåçêè ðåáðà ìíî-
ãîãðàííèêà îòíîñèòåëüíî òîïîëîãèè ìîìåíò-óãîë ìíîãîîáðàçèÿ.
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SU -ëèíåéíûå îïåðàöèè â êîìïëåêñíûõ êîáîðäèçìàõ è òåîðèÿ
c1-ñôåðè÷åñêèõ áîðäèçìîâ

Â äîêëàäå áóäåò ðàññêàçàíî îá îïèñàíèè SU -ëèíåéíûõ îïåðàöèé â êîì- ïëåêñíûõ
êîáîðäèçìàõ, à èìåííî, ÷òî âñå îíè âûðàæàþòñÿ â âèäå êîìáèíàöèé ãåîìåòðè÷åñêèõ
îïåðàöèé Bi âçÿòèÿ ïîäìíîãîîáðàçèÿ, äâîéñòâåííîãî ê ñòåïåíè ïåðâîãî êëàññà ×æåíÿ
pc1q

i. Êðîìå òîãî, áóäåò ðàññêàçàíî î íåêîòîðûõ ðåçóëüòàòàõ, êàñàþùèõñÿ òåîðèè c1-
ñôåðè÷åñêèõ áîðäèçìîâ W�, â ÷àñòíîñòè, SU -ëèíåéíûõ óìíîæåíèé è ïðîåêòîðîâ, à
òàêæå êîìïëåêñíûõ îðèåíòàöèé íà W� è ñîîòâåòñòâóþùèõ ôîðìàëüíûõ ãðóïï.
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