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Bbudypkanmonabie cBoiicTBa MHOXKecTBa MaHaeap0poTa
Abunpaxumosa K.P.
Vumcrutl yrusepcumem Hayku u MerHono2ull
PaCCM&TpI/IBa.eTCH KOMIIJIEKCHasd JUHaMNYeCKad JTUCKPETHasd CucTeMa
zn+1:zfl+u, n=0,1,2,..., zp,ueC (1)

9Ta CHUCTEMa BO3HHUKaeT BO MHOI'HX 3aJa4daXx HeJInHeHOM JAUHAMUKN, B YaCTHOCTHU IIPpU
ommcannu MuokectBa 2Kiomma n Mangeas6pora (cm. [1]).

Cucrema (1) umeer 6oraroe 6udypkanuontoe nosejerne. OHa UMeeT TOYKU PABHOBE-
CHsl, TUKJIBI PA3/IMIHBIX IIEPUOIOB, aTTPAKTOPHI U Ap. B HacrosimeMm mokiae n3ydaioTcs
6udypkanuu cucremsl (1) B OKPECTHOCTSIX €€ TOYEK PABHOBECHUS U IUKJIOB.

Cucrema (1) mmeer 2 TOUKH paBHOBeCHS

1—1—-4pu 1++/1—4p

*
9 ) R = 5

*
Z =
! 2
a TaKKe IUKJIbl Pa3JINYHbIX [IEPUOJIOB.
[Tpu uzmenenun mapameTpa (4 TU TOYKU PABHOBECUS U ITUKJIbI MOTYT U3MEHUTDH XapaK-
Tep YCTOMYMBOCTH, UTO MOXKET IPUBECTH K pa3jndHbIM Oudypkanusam. B moxiage usy-
. * 1—/1—4pn
JaioTcs O6ndypKaAIMOHHBIE CBOWCTBA B OKPECTHOCTU TOYKU PABHOBECHUST 2] = —H5—, a
TaK»Ke B OKPECTHOCTH IUKJa Iepuoga 2. B KadecTBe NPUIOXKEHUsI U3YUAIOTCsI CBOMCTBA

MHOXKecTBa MaHmean0pora.
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Basis-Free Formulas for Characteristic Polynomial
Coefficients in Clifford Algebras

Abdulkhaev K.S.!, Shirokov D.S.%?2

1. HSE University, Moscow, Russia; ksabdulkhaev@edu.hse.ru, dshirokov@hse.ru
2. Institute for Information Transmission Problems of Russian Academy of Sciences,
Moscow, Russia

In this talk, we summarize the findings of the papers [I} 2].

We consider real non-degenerate Clifford algebras /), 4 |3}, [7] (or real geometric algebras)
of arbitrary dimension and signature p+q = n. The real Clifford algebras are isomorphic to
the matrix algebras over R, C, RG&R, H, or HHH depending on p—q mod 8. The advantage
of Clifford algebras over matrix algebras is a more powerful mathematical apparatus, which
allows us to naturally realize different geometric structures (vectors, rotors, spinors, etc.)
and operations (the exterior product, the grade structure, the grade involution, etc.). For



this reason, Clifford algebras have various applications in physics, engineering, computer
science, etc.

In this work, we study the characteristic polynomial coefficients and computation of the
inverse of a multivector (an arbitrary element of (¢, ,). The work builds upon the paper
[5], which generalizes the Faddeev—LeVerrier recursive algorithm from matrix formalism
to Clifford algebras. We use this algorithm to obtain explicit (basis-free) formulas for the
characteristic polynomial coefficients and inverse in (Y, 4 in the cases of low dimensions. The
formulas involve only the operations of Clifford product, summation, and some generalizations
of the grade involution and the reversion. Apart from that, we also present a method to
obtain these formulas in the cases of arbitrary dimension.

We also consider formulas for the characteristic polynomial coefficients in (7, ; in some
special cases. In particular, we present corresponding formulas for vectors (elements of
grade 1) and basis elements in the case of arbitrary n and formulas for rotors (elements
of spin groups) in the cases n < 5. These formulas might further enhance the practical
relevance of the research in various fields.

The obtained results are interesting for the use of Clifford algebras in a range of
fields, including computer science, physics, engineering, etc. For example, the characteristic
polynomial coefficients are used to solve the Sylvester and Lyapunov equations in Clifford
algebra [6]. Also the presented explicit formulas are suitable for symbolic calculations.

The publication was prepared within the framework of the Academic Fund Program at
HSE University in 2022 (grant 22-00-001).
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On some 3-generated 6-transposition groups

Afanasev Vsevolod A.'2, Another Author I.1.23

1. Nowosibirsk State University
2. Sobolev Institute of Mathematics, SB RAS
3. Affilation 8

A group G is said to be an n-transposition group if it is generated by the set D such
that

e rzeD = |x| =2,
e D% =D (ie. D is a normal set),

e z,ye D = |zy| <n.

Examples of such groups are easy to come by: for instance all symmetric groups S, are 3-
transposition groups, while the alternating groups A,, are 6-transposition groups. Alongside
many other interesting examples we also mention sporadic simple groups F'iog, Fliog, Fioy
(3-transposition groups), the Baby Monster group B — a 4-transposition group and the
Monster group M (a 6-transposition group).

This class of groups, while being interesting by itself due to an abundance of examples
is also closely connected to the theories of axial and Majorana algebras [5], [6].

Currently some kind of general classification theory is available only for the case n = 3,
in particular, it is known that each finitely-generated 3-transposition group is finite [4]. For
other values of n one can find only partial results [2], [3].

The goal of this talk is to relay the progress of joint work with A.Mamontov on
classifying 6-transposition groups, generated by three elements from D, two of which
commute, i.e. suitable homomorphic images of the group

b:e>’

where a,b € {1..6}. Theorem. Let (r1,72) # (6,6). Then the 6-transposition homomorphic
images of GG are all finite and are either solvable groups or are homomorphic images of one
of the following groups:

G = (0,y.2le = ¢ = 22 = (ay)? = (v2)° = (a2)

Group Isomorphism type
G PGL(2,9)

G 2 x ((2°: As) : 2%)
G3 (A5 X A5) : 22

G4 2 x (210 PSL(2,11))
Gs 2 x (319 PSL(2,11))
G6 210 . A5

Gr 2 x (2°: Sp)

Gsg 2 % 3.5

Go Mo

Gho (2.My) : 2

Remark: the isomorphism types of solvable groups are also explicitly known but are not
shown for the sake of brevity.
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IIceBmoeBKIMIOBBI AHAJIOTY MHTETPUPYEMbBIX CUCTEM
MeXaHUKN: OCeCUMMEeTPUYIHbIN ciaydait 2KyKoBCcKOTo

Arypeesa E.C.}, Kubkamo B.A.!

1. MTI'Y umenu M.B./lomorocosa

Tomosiornyecknii MOAX0O K N3YYEHUIO UHTEIPUPYEMBIX CHUCTEM ObLI Pa3BUT B paboTax
A.T.®omenko u ero nay4anoii mkossl, cM. [I]. Croenne JInysuis cucremst, T.e. pasbuenue
$a30BOI0 MPOCTPAHCTBA Ha, COBMECTHBIE ITOBEPXHOCTHU YPOBHS IIEPBLIX NHTEI'PAJIOB, XapaK-
Tepusyercs npu momotnu naBapuanta Pomenko—Ilurmanra — rpada ¢ ocHamenueMm, pebpa
KOTOPOI'0 OTBEYAIOT OJHOIMAPAMETPUIECCKUM CEMENCTBaM pPErysspHbIX TOPOB JInmyBuiiis, a
BEPIINHBI — 0CODEHHOCTsIM CJioeHusi. COBIIaJIEHNE JIBYX WHBAPUAHTOB Y Pa3HBIX CUCTEM B
BBIOPAHHBIX HEOCOOBIX 30HAX SHEPIUH O3HAYAET UX TOMOJOTMIECKYIO SKBUBAJIECHTHOCTS (I10-
CJI0MHY 10 ToMeoMOpPdHOCTH cioennit). [Tpu 91oM GBI 0GHADYKEHBI HEOXKUIAHHBIE CBA3ZH C
TPEeXMEPHOI TOIOJIOTHEH 1 Teopuell 0COOEHHOCTEN, a B MOCTEIHIE TOIBI, TAKYKE C TeOpHei
UHTErpUpPYyEeMbIX OUJLINAPIOB.

B patore A.B.Bopucosa u .C.Mamaesa [2] Gbuta npejiozkeHa ciejyomas 3aMeHa
B azosom mpocrpanctse RO(Jy, Ja, J3,x1, T2, 23), COXpAHSIONAs BEMICCTBEHHON CKOOKY
Ilyaccona u mepBble WHTErPAJIbl MHOIUX HU3BECTHBIX HWHTEIPUPYEMBIX CJIYIAEB JTUHAMUKH:
cucreM ditnepa, Jlarpam:ka, Kosaigesckoii, 2KykoBckoro, a Takzke psja IpyTrux.

T — ’il‘l, xro — ’i:L'Q, Jl — iJl, J2 — iJQ, .]3 — Jg, T3 — T3

[TosryueHHbIe CUCTEMBI YJIOBJIETBOPSIOT CEBIO-CEPUIECKUM ypaBHeHUsAM Ditiepa (st
asreopsr JIu e(2,1) Bmecto anrebpsr Jlu e(3) u3 kraccudeckoit Mexanuku). Byzem nasbl-
BATh UX IICEBJIOEBKJIMJIOBBIMI aHAJIOTaMH COOTBETCTBYIONMX cucreM. Ham joxiaz Gyaer
HOCBAIIEH cIydaio 2 yKOBCKOTro, SIBJISIONIErocst 0000IIeHneM BOIKa Diiepa (TBEpIOro
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Tesla ¢ TJIABHBIME MoMeHTaMu wmHeprmu Aj, Ag, A3, 3aKperieHHOTO B I[EHTPE Macc) IIy-
TeM J06AB/ICHUS IOCTOSIHHOIO TUPOCTATUIECKOrO MOMEHTA \ = (A1, A2, Ag). [Tapamerpamu
3a/Ta9N SIBJISIOTCST MOMEHTBI nHepTy A;, KOMIIOHEHTHI BEKTOPa A;. 3HadeHns dyurnnit Ka-
sumupa fi = a, fo = b, rammwibronnana H = h u nepsoro unrerpaja K = k coxpaHSAOTCSH
B/10J1b (ha30BBIX TPAEKTOPUIi CUCTEMBI (IIOCIIEHIE JIesKAT Ha CJOAX CJoeHus! JInyBuiLis):

flzar%—i—w%—x%:a, f2:$1J1+1'2J2—x3J3:b,

(J1 = \)? n (2 =22)*  (J3—A3)?

H =
2A1 2142 2A3

=h, K=J+Ji-J}=kF

VrBepxkaeuune 1. Ilepeceduenne B mpocTpaHCTBE T, X2, T3, IPU (PUKCHPOBAHHOM f,
0606111IeHHOTO TUIIEp6OIONIa f1 = @ 1 IIOCKOCTH fo = b (KaK KBAJIPUKH Ha STOil ILIOCKOCTH )
ITOJTHOCTBIO OIIPEEIsieTCsT TPOWKON 3uadenuii a,b, k = K (f ). T.e. KaxkBIi Ci0i caoenust
JluyBuuist siByisiercst pacciaoenueM ¢ 6asoit H = h, K = k (06e dbyHKIMN He 3aBUCSIT OT J ).

Teopema Cioenne H = h, K = k wa npocrpancrse R3(Jy, J2, J3) npu Ay # A3, A\ #
0, A3 # 0 ycrpoeHo Tak: B npoobpasze Kaxjoil Touku 6udypkannonnoii kpusoit h(t), k(t)
HAXOJUTCS TOYKa MakCUMyMa (MUHMMyMa) WM CJIoif, romeoMopdHublii “BocbMepke”. TIpo-
06pas3bl OCTATBLHBIX TOYEK JIMGO IIyCTHI, JHO0 roMeoMopdHBI OKpysKHOCTH S' mam asym
OKpyzKHOCTAM 257

2h(t) = 12 (AN /(1 4+ Art)? + AoN3/(1 + Agt)? — A3A3/(1 + Ast)?)

k(t) = AINT/(1 4 Ait)? + A303/(1 4 Agt)? — A3X3/(1 + Ast)?.

Crmicok amrepaTypbl
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Almost differentially non-degenerate singularities of
Nijenhuis operators

Akpan D. Zh.}?

1. Lomonosov Moscow State University
2. Moscow Center of Fundamental and Applied Mathematics

Let us consider operator fields L on manifolds; it turns out that a necessary condition
for their integrability is the vanishing of the Nijenhuis tensor Ny,.

Definition. Let M"™ be a smooth n-dimensional manifold and let L be a tensor field
of type (1,1). Then the Nijenhuis torsion or the Nijenhuis tensor Ny, is a tensor of type
(1,2) which is invariantly defined as follows:

Nyp[u,v] = L*[u,v] + [Lu, Lv] — L[u, Lv] — L[Lu, v],

11



where u,v are arbitrary vector fields and [u,v] is their commutator.
The report will describe the structure of a Nijenhuis operator L near a singular point.
By a singular point P € M we mean a point at which the rank of the characteristic mapping

O (trL,...,detL) — R™ defined by invariants of the operator is less than n.
Theorem 1. Let L be an n-dimensional Nijenhuis operator for which o1 = x1, 09 = 3,

.oy Op—1 = Tp—1 in some coordinates (x1,x2,...,Tn-1,Y), and o, = (—1)"detL =
f(x1,...,xpn—1,y) is an arbitrary smooth function such that f, # 0. Then, in these coordinates,
L has the following form:

[ —T7 1 e 0 0 i
—T2 0 [N 0 0
—Tp—2 0 N 1 0
—Tnp—1 + f(L‘1 ,f(L‘z e f.’L'n,f1 fy
ftlfw1+"'+mn—1frnn,1_fmlfmn,l_f _fxl"l'fwgfmn,l _f""n72+ff?n71 _f
L fy fy fy Tn—1 |

Theorem 2. Let L be an n-dimensional Nijenhuis operator, where n > 2, for which
01 = X1, 09 =9, ..., Opn_1 = Tp_1 in some coordinates (x1,22,...,Tn_1,Y), and let o, =
(—=)"det L = f(x1,...,Tn-1,Yy) be a smooth function with a Morse singularity with respect
to the variable y. Then there is a regular change of coordinates y — y(x1,...,Tn—1,Y)
preserving the remaining coordinates 1, . .., Tn_1, after which f = 4y?, and the corresponding
Nijenhuis operators have the form

—I 1 0 0 0

—XI2 0 1 0 0

L= —Zps O 0O ... 1 0
—ZTp—1 0 0 ... 0 =<2y
i —% O 0 ... 0 0 |

Also we will discuss about relations between Nijenhuis operators and projective equivalent
metrics.
The author is a scholarship holder of the "Basis"Foundation.

Cricok amrepaTypbl

[1] D. Akpan. Singularities of Two-Dimensional Nijenhuis Operators, European Journal
of Mathematics, 8, 2022, 1328-1340

[2] D. Akpan. Almost Differentially Non-degenerate Nijenhuis Operators, Russian Journal
of Mathematical Physics, 4, 29, 2022, 413-416

Absence of Solutions to Complex-Valued Semilinear
Equations

Ali Hanan

Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia
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This paper is devoted to extending the results on the absence of solutions to semilinear
inequalities with bounded coefficients in an n-dimensional complex space.

We consider semilinear inequalities of the second-order with bounded coefficients

n 82
- azkazj

agj(z,u) > |ul?, zeC™. (1)

k,j

Here ay; : C" xC — C, 14,j=1,..,n, are Caratheodorian functions satisfying the
condition:
|ag,j(z,u)| < aoluf’, (z,u) € C" x C, (2)

with constant ag > 0 and some p > 0 and g > p.
In order to compare two complex numbers, we have the following definition:
Definition(1): If z1, zo are some complex values satisfying inequalities

Re(z1) > Re(z2); and Im(z1) > Im(z2),

then we can write 21 > z9.

Conditions for the absence of solutions of complex-valued semilinear second-order inequalities
with bounded coefficients are given in the following theorem.
Theorem(1): Problem ( [I) has no global non-trivial weak solution when

g< —
n—4

Proof: Let z = x + iy, where z = pcos(6),y = psin(f) € R, and let u(z) = R(p)e’®®).
Hence, from that and from definition (1), we can easily write inequality ( [1)) in the form:

b, q>p-

{ —ReL(Re(aij)) + ImL(Im(a; ;) > RY, (3)
—ImL(Re(a; ;) — ReL(Im(a;;) >0,
where 0
Lifz) =Y ngé? = ReL(f) + iImL(f).
k,j=1 J

The theorem is proven on the basis of the definition of weak solutions and by using the
test function method (see [2]).

A generalization of the previous theorem to a higher order, which has the form:

_ Z (—1)|O‘|D°‘aa(z,u) > ul zeC", (4)

k<|a|<m

is given by the following theorem:
Theorem(2): Problem ([4)) has no global non-trivial weak solution when

n
q< p,q>p.
|l

n—2
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On plane dentrites which have unusual type of ramification

Allabergenova K.B.12

1. Nowosibirsk State University
2. Nowosibirsk State Technical University

Let § = {S1,...,Sm} be a system of contraction maps on the plane. A non-empty
m

compact set K satisfying the equation K = |J S;(K) is called the attractor of the system
i=1

S. It is said that the system S satisfies the open set condition (OSC) if there exists an open
set U such that for any S;,S; € S, S;(U) C U and Vi # j, S;(U) N S;(U) = 0.

If the attractor K of the system & is connected and does not contain simple closed
curves, then K is a self-similar dendrite [1]. As is well known, in this case, the ramification
orders of the points K are finite [2].

Since K is a dendrite, for any S;, S; € S the intersections (S;(K)NS;(K)) of its copies
are sub-dendrites in K. If at least one of such sub-dendrites K’ is different from a point
or Jordan arc, then its set of ramification points is dense in K’, so the open set U for the
system § is disconnected.

Theorem 1. If for some S;,.5; € S the intersection (S;(K) N S;(K)) is different from
a point or a Jordan arc, then for any choice of an open set U in the open set condition, U
is a countable union of connected components.

Theorem 2. For any n > 2 there is a system S = {51, ..., S;,}, m > n of contracting
similarities on a plane whose attractor is a dendrite K with the following property: there
exists a sub-dendrite K’ C K such that for any nonequal i,j € {1,...,n}, the intersection
(S;(K) N Sj(K)) is equal to K'. In this case, dimgK’ < dimpK.
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Asymptotic aproach for solving equation with almost
periodic coefficient

Astafyeva Polina Y.13, Kiselev Oleg M.?3

1. Ufa State Petroleum Technological University
2. Innopolis University
3. Inst. of Math. with Com. Centre of UFRC RAS

This work considers linear equations of the second order with almost periodic coefficient:
w4 (w? + eq(t))u = 0 (1)

here ¢(t) is almost periodic function and e is a small positive parameter.

This equation has two important properties which define behaviours of solutions. The
first one is a coefficient w?. It defines an oscillation of the solution for the simplest case
q(t) = 0. Another coefficient ¢(f) can or cannot imply the resonant behaviour for the
solution. Here we consider almost periodic coefficient [I], [2]:

g(t) = gjl % cos ((2 _ ij)t) . @)

kEk>1,p>0

The task is to determine the areas of stability of solutions of the equation depending on
the parameters 6 and e. Let us construct an asymptotic solution in the form:

U~ Ug + €uy, (3)

Let us substitute in and combine the terms at the same degrees €. Obtain the

equation for the main term:
d? 9
——5up +wug = 0.
g2 1 + w ug
Let us look for its solution in the form of uy = a(7) cos(wt) + b(7) sin(wt), using two
scale method [3], where 7 = €7t is slow time.

The equation for the first correction:

uy = Acos(wt) + Bsin(wt) — bitsin(wt) — ait cos(wt) +

6 [, - - - osin(wt) [* - g
LCD) / F(8) sin(wi)di — S2EH / () cos(wi)dE. (4)
w 0 w 0
here a; = ¢’ 'a’ and by = €'V, a stroke means a slow-time derivative 7. f(t) =

—q(t) (bsin (wt) + a cos (wt))
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After sequential integration of all parts by #, using Maxima computer algebra systems|4],
asymptotics [5],a system of equations is obtained:

d,—Bw .
dr 1@ ’
d B
EU:—U)I{—?;). (5)

If k # 0, asymptotic solution can be obtained by the WKB method [6]:

6
exp(f1 9)%—2& — egil — 1d0)

4/ 22 a) -1
02(1 9a+1

wN01
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A family of Hodgkin-Huxley-type of models with bistability
between silent state and bursting state

Bagautdinova E.R.}?, Stankevich N. V.1

1. National Research University Higher School of Economics
2. Saratov State University

Hodgkin-Huxley-type models can describe the behavior of different cell types, such
as neurons, cardiomyocytes, pancreatic beta cells etc. These models take into account
potential-dependent ion channels [I]. They play an important role in various processes in
the cell, such as communication, proliferation, differentiation, etc. [3]. Pathologies of ion
channels functioning can manifest in diseases, including cancer.

One of the models based on the Hodgkin-Huxley formalism is the model proposed by
Sherman et al. in [6]. It describes the generation and propagation of action potentials
in electrically excitable cells, taking into account K-Ca channels. In [4], this model was
modified: modification takes into account an additional ion channel. It demonstrates bistability
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between the bursting attractor and a stable steady state, which can correspond to pathological
dynamical behavior of ion channel leading to damping of cell oscillatory activity. This is
possible due the characteristic of added ion channel is non-monotonic.

Our research is aimed at developing and studying new models demonstrating bistability.
We propose a model that accounts for an additional ion channel with a monotonic ion
channel characteristic. We also propose a model that accounts both types of additional
ion channels with monotonic and non-monotonic characteristics. As a result of the study,
it was found that both models exhibit bistability. We studied parameter space of models,
localized an area of bistability and checked probability of silent state manifestation.

This work was supported by the Russian Science Foundation grant 20-71-10048.
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Kinaccudukaiimss MHOTOMEPHBIX BPEMEHHBIX PsIIOB C
TTOMOIIBI0O ME€TOJIOB TOMOJIOTUN

Banaps A.A.
Poccutickuti Ynusepcumem, Jlpyorcow, Hapodos

NucrpymenTs! anrebpanieckoil TOIOJIOTUH [IPEIHA3HAYEHBI JJIs IIPEIOCTABIEHIS KOJIU-
YeCTBEHHON MHMOPMAINN KaK O JOKAJbHBIX, TAK U O IJIODAJBLHBIX CBOHCTBaxX rpada, 9To
[IO3BOJISIET aHAJIM3UPOBATH (DYHKIIMOHAJIBHBIE TATTEPHBI BCETO MO3ra 0e3 1oTepu JIOKaIb-
HBIX 3HaHUH 0 ero obsacTsix. Ciie10BaTEIbHO, TOMOJOTHIECKUH AHAJIN3 TAHHBIX [IPEI0CTaB-
JISIET PsJi HOBBIX TOIIOJIOIMYECKUX U I'eOMeTPUICCKUX NHCTPYMEHTOB JIJIsl aHaJIN3a CUTHAJIOB
99I. Pacripejiesienne HepOHHON AaKTHUBHOCTHU, BO3HUKAIONIEE B Pa3HBIX 00JIACTIX MO3Ta,
BJICYET 32 COOO pa3/IMIHbIE MATTEPHBI PAOOTHI MO3Ta, U OXKUJIACTCSI, ITO OHO HAMIET CBOE
BbIpasKeHE B TOHKHUX, HO BeCbMa CYIIECTBEHHBIX PA3/IMYUAX B TOIOJOIMYECKUX XapaKTe-
puctukax. [Ipu uccienoBannu TOMOJIOrUIeCKUX (Pa30BBIX IIEPEXOIOB B (PYHKITHOHAILHBIX
CeTSX MO3Ta OBLIO BBISIBJIEHO, UTO TOMOJIOIMTYECKOTO MHBAPUAHTA, HA3BIBAEMOT'O XapaKTePU-
CTUKOM Ditjiepa, JOCTATOTHO JJIsT XaPAKTEPUCTUKHU OCJIEI0BATEIBHOCTH TOIOJIOTTIECKUAX
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(da30BBIX EPEXOIOB B CJIOXKHOM ceTu. [locTOsTHHAST TOMOJIOTHS HE TOJIBKO 0becmeunBaeT 3¢h-
EeKTUBHBIE AJITOPUTMBI JIjIsT BBIUUCEHUS YUCTIa BeTTn Kaxk10ro KOMILIEKCA B PACCMaTPU-
BaeMbIX ceMeficTBax, HO U KOJUPYET IBOJIOIUIO BIOYKEHHBIX KOMILJIEKCHBIX I'PYIIIT TOMOJIO-
ruu B pa3andHbix Macmrabax. Kak xapakrepuctuku Ditjiepa, Tak U yCTONIHBAs TOMOJIOTHST
[IOMOTAIOT JIy4Ille TIOHNMATh JAaHHBIE U COXPAHSITh CTAOM/IBHOCTH B OTHOIIEHNH BO3MY IIIEHU I
WIN IPUCYTCTBUS TiyMa B curHajax 991, Takum oOpazom, oHM PACKPBIBAIOT MIPOIEAYPY
HEBPOJIOTUYIECKOT'O BOCIIPUSATHSI KAIeCTBa M300ParKEHUsI ¢ PA3HBIX TOYEK 3PEHUsI U B HEKO-
TOPOII CTEIeHN JIONOJIHAIOT APYT npyra. CreaoBaresbHO, ajaredpanieckue TOIOJIOTTIeCKUe
XapaKTePUCTUKU cUTHAIa DI, a UMEHHO XapaKTepUCTUKHU Diljiepa U yCTOWInBasi TOMOJIO-
rUsi, MOT'YT OBITH BBIODAHDI JJIs aHAJIM3a PeaKIuil Mo3ra Ha M300parkeHusi ¢ Pa3IuIHbIMU
YPOBHSMU UCKAZKCHUN.
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Discrete Hodge theory, towards Hodge Laplacian eigenmaps
Beketov Maxim
HSE University

Hodge theory is a celebrated gem of mathematics, connecting differential geometry to
algebraic topology: it states that cohomology classess of a smooth manifold are given by
kernels of (generalised) Laplace operators. This theory can be seen in a discrete setting —
on graphs — which paves the way to many data-analytic applications.

In this talk, a self-contained review of discrete Hodge theory (on graphs) will be
provided, following [I] — only requiring knowledge of linear algebra and very basic graph
theory.

A direction of potential research on this topic is generalising so-called Laplacian eigenmaps
[2] — a dimension reduction technique widely used in data analysis — to not only preserve
the proximity of data points, but also the "topological properties—e.g. 1-cohomologies
(cycles, or loops) of the data graph. Some applications of this method to neuroscientific
data — hyppocampal place cells’ activity of rodents navigating in spaces of "non-trivial
topology— will be demonstrated.
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The problem on parametric resonance for Hamiltonian
systems

Belova A.S.
Ufa University of Science and Technology

We consider a scalar small parameter ¢ linear periodic Hamiltonian system of the form:

C(ll%: = JA(t,e)x, z e R, (1)

Here A(t,e) is a real symmetric matrix whose elements are continuous and 7' is periodic

. . . . . I .
in ¢ functions, and the matrix J is defined by equality: J = { _0[ 0 } ; here I — is an
identity (N x N) matrix.

The problem of parametric resonance is usually called the problem of studying the
stability properties of a perturbed system under the condition that the unperturbed

system

d
d—": = JA(t,0)z, xR, (2)

has at least one multiple multiplier o such that || = 1, while the remaining multipliers
are located on the unit circle.

Multiple multipliers are divided into definite and indefinite ones (see, for example, [I]).
If the multiplier pg is definite, then for any small linear periodic Hamiltonian perturbation
of the system the multiplier po can split into a pair of multipliers g1 and ps only in
such a way that that u; and ps remain on the unit circle. If the multiple multiplier pg is
indefinite, then there are small perturbations under which these multipliers leave the unit
circle.

The report discusses some questions about the construction of first approximation
formulas for perturbations of multiple definite and indefinite multipliers of the system
. Applications to the problem of parametric resonance for the system are considered.
This research is based on perturbation theory methods and development of some results
obtained in [2].

The research was funded with the support of a state assignment (scientific code FZWU-
2023-0002).
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Tonosorusa cnoennsa JImyBusiasa onannapaa, orpaHIIeHHOTO
3JJINIICOUI0M, B IIpocTpaHcTBe MuHKOBCKOro R>!

benozepos I'.B.

Mockosckutl 2ocydapemsernmnils yrusepcumem umenu M.B. Jlomorocosa

2 2
PaccmorpuuM B mpocrpancTse R%1 (x,y, z) smumicons £, 3a]aHHBII ypaBHEHUEM =+ % +

rje a > b. BajauM B 3aMKHYTOI obsracTu D, OrpaHUIeHHOHN SJITUICORIOM &, CIIeIY 0Ny 0
JAUHAMHUYIECKYIO CUCTEMY. MaTepI/IaﬂbHaH TOYKa eILI/IHI/IIIHOIL/'I MacCChl JIBUXKETCA BHYTPU D
BJIOJIb TIPSIMBIX C ITOCTOSTHHOM 10 MOJLYJIIO CKOPOCTBIO, OTpakasichb 0T £ abCOTIOTHO yIIPYTO
B CMbIC/Ie METPUKU MUHKOBCKOIO, TO €CTh €CJIN ¥ — BEKTOP CKOPOCTHU, C KOTOPBIM MaTepH-
aJIbHAs TOYKA COyIapsercs ¢ £, 1 v = q~+n — Pa3JIoKeHHe 3TOr0 BEKTOpa Ha KACATETbHYIO
U OPTOTOHAJIbHYIO cocTapJsiionie (B Merpuke MUHKOBCKOIO) B TOYKE COyJapeHusl, TO MO~
cJle OTpaskeHHsl YacTHIa MPHOOpeTeT BEKTOp cKopocTu v = v — n. Takyro IMHIMAaYecKyIo
cucTeMy MbI Oy/IeM HA3BIBATH TPEXMEPHBIM OMJLIMAPIOM BHYTPH SJITUIICOUIA B IPOCTPAH-
crBe Munkosckoro R%>!. Bamernm, uro dynkimus H = @2 + 2 — 4 gBjIsIeTCs €ro IepBBIM
HHTErPAJIOM.

PaccmarpuBaembrii Ousiinaps sIBsIeTCST MHTEIPUPYEMON TaMU/IbTOHOBONW CHUCTEMON B
KyCOYHO-TUIaJIKOM cMbIcjie. [Tomumo sueprun H sTa cucreMa coOXpaHsieT mapaMeTpbl JIBYX
coOKYCHBIX ¢ £ KBaJPUK, KOTOPBIX OJJHOBPEMEHHO KACAIOTCSI BCE MPSIMOJIMHEITHBIE yIacT-
KN TPaeKTOPUH MarepuajbHoil Toukn. [lapamerpsr sTux kBagpuk A um Ao, B3dATbIe BMe-
cre c sueprueit H, obpazyior Habop GHyHKIMOHAJILHO HE3aBUCUMBIX IIEPBBIX MHTEI'DAJIOB,
KOMMYTHUPYIOIINX OTHOCUTEJIFHO cKOOKM [lyaccona, oTBevaroiieil CHMIIEKTUIECKON (hopMe
w = dx1 A dpy + dzo A dps — dxs A dps Ha KOKacaTeIbHOM paccyoeHnn K R,

OrmeruM, 4T0 OMJIMADPBI HA TIJIOCKOCTH MUHKOBCKOIO, OrpaHUYeHHbIe JyraMu codo-
KYCHBIX KBaJIpUK paccmarpusasuch B. Iparosudem u M. Pagnosnu B pabore [I], a rakxe
E. E. Kaprunosoit B patorax [4], [5]. B. B. Bemomkuna n A. 1. Cksopuos B [4] Bbrancin-
sin uaBapuanTel Pomenko-Ilumanra ouynmapia ¢ noreruaoMm ['yka BHyTpH 3JIIUIICA HA
IJIOCKOCTH MUHKOBCKOTO It HeON(YPKAIMOHHBIX 3HAUCHUN SHEPIUM.

BudypkanuonabiM 3HaY€HIEM SHEPIUHU HAIEro OuuInap/a spjsercs yposeab H = 0.
Wmenno Ha HEM CjI0€HME CUCTEMbI HEKOMITakTHO. Bostee Toro, eciu hy, ho > 0, TO cioenus
JImysumnsa 6unmunapia #a ypousx H = hy, H = ho coBmajaor. AHATOTUYIHOE BEPHO U
JJIgl OTpUITaTE/IbHBIX 3HaYCHUN QHEPIun. ﬂﬂﬂ IIOJIO2KUTEJIbHBIX 1 OTPUIIATCJIBHBIX 3HaYEeHU
SHEPI'MHU aBTOPOM OBbLIN TOCTPOEHBI OUQYPKAIMOHHBIE IMATPAMMBI, OIIUCAHBI PEryJIsPHBIE
cjoun u ux l-epectpoiiku. B wacTHOCTH, ObLIa JOKA3aHA CJIEIYIONAs TEOPeMa.

Teopema. Peeyaaphvili caoti mpermeprozo Ousiuapds SHYMPU IALUNCOUIG 6 MPO-
cmpanemee Munxosckozo R 2omeomopger mpexmepromy mopy.

Tem cambIM, JIJIsi pacCMaTPUBAEMOro OUJLIINAD/IA CIIPABE/JINB aHAJIOr TeopeMbl JInyBuJi-
JISI.

Pabora Bemoamena 8 MI'Y um. M. B. Jlomonocopa mpu nogagepxkke rpanTa PH® Ne22-
71-00111.

Cricok aurepaTypbl

[1] B. Hparosuu, M. Pagnosuy, “Tornosornyeckue HHBAPUAHTDI SJUIAIITUIECKUX OHILIIH-
ap/oB U I'e0JIe3NYECKUX IIOTOKOB SJLINIICOMIOB B IpocTpaHcTBe MuHKOBCKOro’, OyH-
JAMEHT. ¥ IpUKJ. MaTeM., 20:2 (2015), 51-64

20

22
C

L,



[2] E.E. Kaprunosa, “Cioenne JInyBujuis TOHOJOrMYeCKUX OHJIIMAPIOB HA ILJIOCKOCTH
Munkosckoro”, @ynjament. u npuki. mareM., 22:6 (2019), 123-150

[3] E.E. Kaprunosa, “Bujumnap/pl, orpanudeHuble jgyramMu codOKYCHBIX KBAJIPUK Ha
wiockoctu Munkosekoro”, Marem. ¢6., 211:1 (2020), 3-31

[4] B.B. Bemgromkuna, A. V1. Cksopiios, “Torosiorust ”HTErpupyeMoro GuiIbspiia B 3JITAICE
Ha mwiockoctu MuHKOBCKOrO ¢ rykoBckuM norentmasiiom”, Becrn. Mock. yu-ta. Cep.
1. Marewm., mex., 2022, Nel, 8-19

Mathematical modeling of the temporal shift of
current-voltage signals in multisensor system 4H2S04

Bitkulov M.D.
Ufa University of Science and Technology, Ufa, Russia
The paper describes the dynamics of the electrode/solution system
U1 =A-Ur, k=0,1,2,...,

where A is a square matrix of order 11 x 11.

In this regard, it is proposed to move from the AG matrix to another matrix, which has
a significantly lower order and, in a natural sense, approximates the AG matrix. Namely,
we take into account that the input signals of the system can be considered as a periodic
external signal with a period T' = 1210 and, accordingly, the outputs of the system are also
periodic. Therefore, the function can be approximated as follows

1) From the vector yi, we construct a continuous function yx(¢) so that yx(j) = vk,
j=0,1,2,...,1210;

2) We define the Fourier coefficients of the function as follows yy

1 1210 1 1210
Yk = 1310 ; yp(t)dt, yk, = 210 J, yi (1) - cos ktdt,
1 1210
Ye: = 1910 ; yi(t) - sin ktdt.
We put the following

5

Ur(t) = Yk, + Z (Y. cos kt + y, sinkt) .

j=1
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Graphics for solution?
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Puc. 1. The thick line depicts the graph of the function y; obtained pointwise from the
matrix AG, the thin line is the graph of the function yi(t), the dotted line is the graph of
the function g (t)
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2. International Laboratory of Dynamical Systems and Applications, HSE University,
25/12 Bolshaya Pecherskaya, Nizhny Novgorod, 603155, Russia
3. Affilation 8

22



Opbudoas PA3MEPHOCTH 7 SIBJISIIOTCS CBSI3HBIMU X&YCAOPQPOBBIME TOTOJIOTTIECKAMI
IPOCTPAHCTBAMU, JIOKAJIBHO [IPEJCTABIISIIOMMEI coboit hakTop-tipocTpancTsa R™ /T apud-
METUYIeCcKOoro mpocrpancTsa R™ mo kouewunoil rpytire muddeomopdusmosn I'; npudem rpym-
na ' He dpuKcHpoBaHA U MOXKET MEHSIThCSA OT TOUKe K Touke. OpOudosapl eCcTeCTBEHHBIM
obpaszom obpasyior kareropuio Orb[l].

Opbudosipl HAXOAAT TPUMEHEHUE B PA3JIMIHBIX 00JIACTAX MATEMATHKU U pusuku. B
duzuke opobudOIIbI UCIOIL3YIOTCH B KAYeCTBE TPOCTPAHCTB PACIIPOCTpaHeHus CTpyH. Teo-
pusi KBaHTOBaHUs Jedopmannu paspaboTaHa Ha CUMIUIEKTHYECKUX OPOUIIPOCTPAHCTBAX,
BKJTFOUAIOIIUX CUMILIEKTHYeCKre opOoudosapl. Opoudosiibl BOSHUKAIOT B TEOPUU CJIOEHU
KaK Xayc/IopdOBBI IPOCTPAHCTBA KOMITAKTHBIX CjIoeHuit. TeépcTon nmpuMeHns1 Kiaccuduka-
U0 JIByMEPHBIX KOMIIAKTHBIX OPOUGOJIIOB IPU KJIacCu(PUKAIIUN 3aMKHY ThIX TPEXMEPHBIX
MHOro06pasuit. [4].

B »roit pabore moHsite aHOCOBCKOTO Jauddeomopduzma MHOr00Opasust 0b600IaeTcst
Ha riaajkue opbudosasl. Ilycrs N — n-mepublii riagxuii opoudoss. Jduddeomopdusm
opoudosna f : N — N nasbiBaercst aHoCO6CKUM, €CIIU €ro Cy:KeHue f|A . Ha n-MepHyio
crpary A, SIBISIETCS aHOCOBCKUM juddeomMopdu3MoM MHOT00Opasus A, OTHOCHUTEIbHO
cykennst Ha A" HEKOTOPOIi MOJIHOI puMaHoBoil MeTpuku Ha N .

esibro maHHOM KBaJM(UKAIMOHHON PabOTHI SIBJISIETCSI UCCJIEI0OBAHIE CTPYKTYPHI JIBY-
MEepPHBIX JIOpeHIeBbix opoud oo (N, g) ¢ aHOCOBCKUM JieficTBIHEM UX IPYIIT U30MeTpuii
Jso(N,g). Kak crencrsue, nokaszarb, 9ro JeHCTBUsI TPYII AHOCOBCKUX H30MeTpHil Ha
HEKOMITAKTHBIX 0pONdOIIIax paJuKaJbHO OTJIUYAETCS OT MX JEHCTBUS Ha KOMIIAKTHBIX
opbudongax. [loguaepkuem, 4T0 MBI HcCcaeayeM 0pOMOIILI, OTIUIHbIE OT MHOTO0Opa3uil.

s AByMEpHBIX KOMIIAKTHBIX JIOPEHIEBBIX OpOMMOIIIOB JIoKa3aH KPUTEPUN AHOCOB-
CKOTO JICHCTBUS UX TPYIIT H30METPHIA.

Teopema 1. ITycrs (N, g) — aBymepHbIii KoMnakTHbI gopentes opoudosn, Jso(N, g)
— TpyIra Beex ero uzomerpuii. Torma ciemyromniue yeaoBus SKBUBAJIEHTHBI:

1) meiicrBue rpymmbsl uzomerpuii Jso(N, g) na N anocosckoe;
2) rpymmna msomerpuii Jso(N, g) HeKOMIIAKTHA,

3) rpymna usomerpuii Jso(N, g) neiicteyer neco6cTsenno Ha N

(
(
(
(4) cymecrByer xaornueckas uzomerpus h € Jso(N, g).

WccnenoBana quHaMyUKa IPYINT K30METPUl HEKOMIIAKTHBIX ITOJIHBIX IIJIOCKUX JIOPEHIIE-
BBIX JBYMEPHBIX 0pOudo/II0B U moKa3aHa Teopema, B KOTOPOi IMOKA3aHO CYIECTBEHHOE
pa3juvre B IIOBEJICHUN U30METPUl KOMIIAKTHBIX M HEKOMIIAKTHBIX JIOPEHIIEBBIX OpOMoII-
JIOB.

Teopema 2. Ilycts (N, g) — HEKOMIIAKTHBIH MOJIHBINA MJIOCKUiT JIOpeHtes 2-0p6udosi.
Torma ciemytorue yc/IoBus SKBUBAJIEHTHDI:

(1) peitcrue rpynubt uzomerpuit 1so(N, g) na N anocosckoe;
(2) rpynna uzomerpuii [so(N, g) neiicryer necob6ersento na N.

Bouee Toro, mobast uzomerpusi Anocosa (N, g) He ABISETCS XAOTHIECKOI.

OCHOBHBIM PE3YJIBTATOM JTAHHONU PAbOTHI SIBJISIETCST KJIACCU(PUKAIMSA ¢ TOTHOCTHIO JI0
n3oMopdu3Ma B KaTeropun O1b JIOPEHTIEBBIX 2-0p6udOI0B ¢ aHOCOBCKUM JIEHCTBUEM WX
rpymn m3omerpuii. M3 3ol KjtaccuuKaIiuu CaeayeT, 9To CyIeCTBYeT TOJIBKO JBa COD-
CTBEHHBIX 2-0pOmdo/iia, JOMyCKAOINX TMOTHBIE TJIOCKUE JIOPEHTIEBBI METPUKH C AHOCOB-
CKUMU JeHICTBUSIMYU UX TPYIIIT U30METPHIL:
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(1) "momymka" P = T2/{+E};
(2) konyc N =R?/{£E}.
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On a matching arrangement and its properties

Bolotnikov A.I.
graduate student, Faculty of Mathematics and Mechanics, Lomonosov MSU

Every hyperplane arrangement can be assosiated with a partially ordered set of its
intersections. A characteristic polynomial of an arrangement can be defined with the use
of this partially ordered set. The number of regions of a hyperplane arrangement can be
calculated with its characteristic polynomial [I].

In the paper [2] a linear program for a maximum matching problem for a general graph
was created. A matching polyhedron was defined by the set of its inequalities, and the
correspondence between its vertices and matchings of the initial graph was shown. The
concept of LP-orientations is connected to linear programming as well [3].

The report will be devoted to the proprties of a special hyperplane arrangement -
a matching arrangement of a graph. In this report a bijection between regions of the
matching arragement and LP-orientations of the matching polyhedron will be constructed.
This report will also contain the results on the characteristic polynomial of the matching
arrangement for several families of graphs.
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ITocTpoenne mpsAMOYTOJIBHON AUArpaMMbl TTOBEPXHOCTHU
eiidpepra

Yepnasekux Muxant'?

1. Mocxoscxuti 'ocydapcmeennoili Ynusepcumem um. Jlomonocosa
2. MUAH um. Cmexnrosa

[IpsimMoyrosbHBIE HarpaMMbl 3alleIIEHNN UCIOJIB3YIOTCH B u3ydeHun y3sos. Hamnpu-
Mep, pemaercst 3ajada MoHotonuoro ympomiernus [1]. Takxke Ha si3bIKe TPSAMOYTOJIBHBIX
JarpaMM KOMOUHATOPHO onpejesisitorcest romosiorun Xeropa-®itoepa |4, [5].

B pab6ore dpmuukosa—IIpacososa [2, [3] 66110 BriepBbie BBEICHO TOHSATHE MPSIMOYTOJIBHOI
JUArpPaMMbl TTOBEPXHOCTH, TJ€ ¢ TTOMOIIbBIO JTaHHOW TeXHUKU OBLIN M3ydeHbl JIesKaHIpOBHI
V3JIBL.

Useectro [2], uro so6oit Kiracc ©30TONNKE KOMIIAKTHON HOBEPXHOCTH (¢ KpaeM u 6e3) B
TPeXMEPHOii cdepe MOXKHO MPEICTABUTE C MIOMOIIBIO IPSIMOYTOJIBHON JuarpaMMbl. Dddek-
TUBHBII JTOPUTM JJIsl ITIOCTPOEHUsT IPAMOYTOJIbHON JruarpaMMbl ITOBEpXHOCTH 3eidepra
6bL1 ocrpoer B pabore [6]. ¢ pacckaky npo JaHHBI aJIrOpUTM U MOMBITKHA €r0 YiIydIle-
HUS.

Pa6ora Beimosnena npu nopep:kke rpanra PH® (npoekr Ne22-11-00299), a rakxxke npu
nopepkke Qonjia passurust reoperndeckoit dpusuku u maremaruku «BA3UC» (morosop
Ne22-8-2-19-1)
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ci-chepudeckue 60paAN3MbI
Yepubix ['eopruii

MI'Y, MUAH, HIY BII>

Teopust ¢q-cdepudeckux bopauzmMoB W* 3aHnMaeT IPOMEKyTOIHOE MECTO MEXKJTy TEeO-
pusiMi KOMILIEKCHBIX 1 SU-00pIU3MOB, U HI'DAET BaKHYIO POJIb B BBIYUCIEHUU KOJIbIIA
ko3 dumuentos SU-6opausmos. Ha teopun W* Her ecTecTBEHHOTO BLIOOPA MYJIHLTUILIHA-
KATUBHOM CTPYKTYPBI, TAK KaK JIEKAPTOBO MPOU3BEICHUE IBYX C1-CHEPUIECKIX MHOTO0ODa-
3uit He 00s13aHO OBITH ¢1-chepudeckum. OTHAKO OKa3bIiBaeTCst, 9To Teopust W* BbLIesseTcs
MPSIMBIM CJIATAEMBIM B TEOPHHU KOMILIEKCHBIX KoOopam3moB M U™, u ¢ OMOIIBIO JTI000T0
BBIJIEJISIFOIIETO [TPOEKTOpa MOXKHO OIpene/inTh yMHOXKeHue Ha W*. B cBoém mokmiaje st
pacckaxky o SU-InHeRHBIX IPOeKTOpax W yMHOXKeHusIX Ha W™, a TakiKe 0 KOMILIEKCHBIX
OPMEHTAIUSIX STOW TEOPHUH, COOTBETCTBYIONINX (DOPMAJBHBIX IPYMIaX U UX TOYHOCTHU IO
JlannBebepy.

On some Lie groups in non-degenerate and degenerate
Clifford algebras

Filimoshina E.R.!, Shirokov D.S.12

1. HSE University, Moscow, Russia; erfilimoshina@edu.hse.ru, dshirokov@hse.ru
2. Institute for Information Transmission Problems of Russian Academy of Sciences,
Moscow, Russia

The talk is based on the papers [11 2, [3] [4].

We consider non-degenerate and degenerate Clifford algebras [5] [6, [7] (or geometric
algebras) of arbitrary dimension and signature over the field of real or complex numbers.
In particular, the case of Grassmann algebras (exterior algebras) is considered. Clifford
algebras have various applications in physics, engineering, computer science, and other
sciences.

In this work, we introduce and study several families of Lie groups of specific type
in Clifford algebras. These Lie groups preserve some fundamental subspaces of Clifford
algebras under the adjoint and twisted adjoint representations. We consider the cases of
the subspaces of fixed parity and grades, the subspaces determined by the operations of
grade involution and reversion, and the direct sums of these subspaces. The work presents
an explicit form of these groups and gives their equivalent definitions. We consider the
relations between the discussed groups in the case of arbitrary dimension and write down
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all the different groups in the low-dimensional non-degenerate Clifford algebras. We study
the Lie algebras of these Lie groups.

The discussed Lie groups are interesting for consideration, since they are analogues
of the well-known Clifford and Lipschitz groups, which preserve the grade-1 subspace
under the adjoint and twisted adjoint representations respectively. The twisted adjoint
representation has been introduced in the classical paper [8] by M. Atiyah, R. Bott, A.
Shapiro. It is an important mathematical notion, which is used to describe two-sheeted
coverings of orthogonal groups by spin groups in the case of arbitrary dimension and
signature. The spin groups are normalized subgroups of the Lipschitz and Clifford groups,
which are subgroups of the considered Lie groups and coincide with some of them in the
case of small dimensions. Our work presents generalized spin groups, which are defined
as normalized subgroups of the considered Lie groups. In low-dimensional degenerate
Clifford algebras, some of the discussed Lie groups are closely related to the well-known
Heisenberg group and can be realized as subgroups of the groups of invertible upper-
triangular matrices. The introduced families of Lie groups can be useful for applications in
physics, spinor image processing, spinor neural networks, engineering, quantum mechanics
and computing, etc.

The publication was prepared within the framework of the Academic Fund Program at
HSE University in 2022 (grant 22-00-001).
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06 mamekcax Mopca cocrogHmuii paBHOBeCcUd M
reTepPOKJIMHNYECKNX IepecevyeHnsaX MOJISIPHBIX IIOTOKOB HAa

cdepe
®omun . O.
HUY BIIID Huotcnuti Hoszopod

HamomauM, 9To riaajakuii moTox fi: M™ — M™, 3aaHHbIH Ha 3aMKHYTOM riajaKoM M™
MHOT000pa3ny pa3MEPHOCTH 71, HA3BIBAETCA NOAADHBIM NOMOKOM, €CIII:

1) ero mebuyxKamomiee MHOKECTBO §) ft COCTOUT U3 KOHETHOTO THCJ/Ia COCTOSTHUN PAaBHO-
BeCHUsl, BCE OHU I'UIEPOOJIMIECKHE, IPH STOM MHOYKECTBO CTOKOBBIX (MCTOYHUKOBBIX)
COCTOAHUIT PABHOBECUSA COCTOUT U3 €JIMHCTBEHHOI TOYKMH;

2) UHBapUAHTHBIE MHOTOOOPA3US CEJIJIOBBIX COCTOSIHUN PABHOBECHUS I€PECEKAIOTCS TPAHC-
BeEPCaJIbHO.

Hrdexcom Mopca TunepbOIIIECKOro COCTOAHNS PABHOBECUS P HA3BIBACTCH HHCIIO iy,
PaBHOE pa3MepHOCTH ero Heycroiiuusoro muoroobpasust Wy'. Ilycrs ft — monsgpHLIT HOTOK
Ha cdepe S™ pasmeproctu n > 3. B cuny dopmyssl [Tyarkape-Xonda (cm., nanpumep [2)
§ 6])

2,n = 2k;
0,n=2k+1.

> (-1 = x(8") =

pGsz

OTcio/a HETIOCPEeICTBEHHO CIIEIYeT, UTO YHCJIO CEJIOBBIX COCTOSHUIT PaBHOBECHS TIOTOKa, f
YETHO U UMCJIO CEJIeNT C YETHRIM MHIAeKcoM Mopca paBHO UHCTy CEMes ¢ HEUETHBIM HHIEKCOM
Mopca.

JIerko mocTpouTh HIPUMEPHI IOJISIPHBIX IIOTOKOB Ha cdepe S, MMEIoINX POBHO IBa, Cel-
JIOBBIX COCTOSIHUH PABHOBECHs! P, ¢ UHJEKCOB 4,1+ 1,4 € {1,...,n—2} (cMm., nanpumep, [1]).
Eciu n € {2,3,4}, 1o MO/Ly/ib PA3HOCTH UHJIEKCOB TOYEK D, ¢ PABEH €MHUIIE.

B moxkitazie 10Ka3bIBAIOTCS CIIEIYIONIAE PE3YIHTATHI.

Teopema 1. ITycmo f' — noasprowiti nomox na cepe S™ pasmepnocmu n > 5, mmo-
DICECTNBO CEON0BVT COCMOAHUTL PABHOBECUA KOMOPO2O COCMOUM u3 08yx mouex p,q. Tozda
1< |ip —ig| <n—3.

Teopema 2. ITycmv ft — noasprwdi nomox na cepe S™, n > 3. [Jasa 106020 cednocozo
COCMOANUA PasHoGecUA 0 nomoxa f1 xomsa 6v 00HO U3 €20 UNEAPUAHMHHLT MHO2006pa3UT]
NEPECEKAELMCA C UHBADUAHMDBIM MH02000PA3UEM CEAN0B020 COCTNOAHUA PABHOBECUS, OTAUY-
HO20 OM, T

Baazodaprocmu. Pabora sbinosinena B pamkax mnpoekTaNe23-00-028 «/Iunamutieckue
CUCTEMBI ¢ MHOTOMEPHBIM (Pa30BBIM IIPOCTPAHCTBOM: OT PETYJISAPHON JIMHAMUKHU K Xa0Cy»
KOHKYypCa Hay4IHO-y4IeOHbIX rpymnn HUY BIITD 2023 r.
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Kpyrosas cxema ®jeiitac s rpaneHTHO-TIOTO0HBIX
IMIOTOKOB TTOBEPXHOCTH

lFankun B.J1., Paxumymmnaa JI.A.

Meotcdynapodnas aabopamopus, OUHGMUNECKUT cucmem u npunoscenuts HUY BIIID
Huotcnuti Hoszopod

PaccMOTpUM IpaIeHTHO-M006HbIE TOTOKHI Ha, CBA3HBIX 3aMKHYTHIX HOBEPXHOCTAX M2,
TO €CTDb IIOTOKHU C KOHEIHBIM IUIIEPOOINIECKIM TEITHO PEKYPPEHTHBIM MHOXKECTBOM, HHBA-
pHAHTHBIE MHOIOOOPA3Usl CeJIJIOBBIX TOYEK KOTOPOIo He mepecekatorcs. [loroku paccmarpu-
BAeMOI0 KJIacca UMEIOT HanboJiee POCTYIO JMHAMUKY, ITO BJOXHOBJISITIO MHOTUX MaTeMa-
TUKOB Ha IOMCKU WHBAPUAHTOB MX TOMOJIOIMIECKON SKBUBAJIEHTHOCTH. B IIPE/IIOIOKEHUSIX
pas3InIHON OOIIHOCTH Ha PACCMATPHBAEMBIH KJIACC, OB HOJIYYeHbl CJIeYIONNe NHBAPU-
autsl: rpad Ileitimoro [7], ocnamennstit rpad Ieitmoro (B.3. I'punec, O.B. Iounuka [4]),
asynsersbiii rpad (K. Bour [9]), rpexupernsiii rpad (A. Omewmkos, B.ITapko [2]), kpyro-
Bas cxema (I". @ueitrac [5]).

B wactHocTH, KpyroBas cxema I @ieiitac OblLi1a MOCTPOEHA, KAK IOJTHBI MHBAPUAHT
SKBHUBAJIEHTHOCTH JIJIs1 TIOJIIPHOTO IIOTOKA Ha moBepxHocTu. CxeMa COCTOUT U3 OKPYKHOCTH
BOKDYT' HCTOYHOKOBO# TOUKHU C OTMEYEHHBIME Ha Hell TIePECeUeHUsIME C CeJJIOBBIMU Cerapa-
rpucamu. ToUkM nepecevdenns: MapKUPOBAHBI METKAMU COOTBETCTBEHHO HOMEDY CelJia, U3
KOTOPOI'O OHM BBIXOJISIT, ¥ CIIMHAMU TaKUM 00pPa30M, 4TO 0O'beINHEHNE JIUCKA, OTPAHUIEHHO-
I'0 OKPY’KHOCTBIO, U TPyOUIaTON! OKPECTHOCTH YCTOIYUBOTIO MHOTOOOPa3us Ce/IJIOBOI TOUKH
MOZKeT OBITH KOJIBIIOM (cruH +) min 1teHkoiit Mébuyca (cin -). B pamkax j1okia/ia npuse-
J1eM 00001IeHne TOHATHS KPYTOBOl CXEMBI C IOJISIPHBIX IOTOKOB Ha I'Pa/IMEHTHO-II0I00HbIE.
OCHOBHBIM DPE3YJIBTATOM SIBJISIETCS CJIEIYIONIAs TEOPEMA.

Teopema I'pagmentHo-tionobube ToTOKH f!, /' Ha MOBEPXHOCTAX TONOJIOTMYECKH K-
BUBAJIEHTHBI TOTJIa M TOJHKO TOTJIA, KOT/Ia MHOYXKECTBA MX KPYTOBBIX cxeM Syt, Spr 9KBH-
BaJIEHTHBI.

TakKe NCUEPIBIBAIONTIM 00Pa30M PEIieH BOIPOC Pean3yeMOCTH aDCTPAKTHONW KPyTo-
BOIi CXeMbl I'PaJIMEHTHO-IIOJOOHBIM IIOTOKOM Ha ToBepxHocTH. Kpome Toro, mocrpoen sgd-
heKTUBHBIN aJIrOPUTM PA3IHIeHUsT H30MOP(MHOCTH KPYTOBBIX CXEM.

Baazodaprocmu. Pabora BoiosiHeHa IpH ojepKKe Jlaboparopun IMHAMIYECKUX CH-
crem u npuioxkenunit HUY BIID, rpanr MunncrepcTBa HaykKn U BBICIIETO 00pa30BAHMS
P® cornamenune Ne075-15-2022-1101
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JleiicTBUS ANCKPETHOTO TOPa CJOXKHOCTU OJAWH B CJIyvae
MaJIbIX HaKPBITUA

lopuakos Byajimmup

HHUY BHIZ, MJI ATull

[Iycrs auckperHbIit TOP Z§ 93pPEKTUBHO IeHCTBYET Ha IVIaIKOM KOMITAKTHOM N-MEPHOM
MHOToobOpasue X". Torma uncao n-k Ha3bIBaeTCs CJI0XKHOCTBIO JeiicTBust. B cBoeM JloKaie
s PACCKaXKy O JAEHCTBUIX CJIOKHOCTH 1 B cirydae Korjga X' sIBJISIETCST MAJIbBIM HAKPBITAEM,
BEIIECTBEHHBIM aHAJIOIOM KBa3UTOPUIECKOTO MHOroobpasns. OCHOBHBIM Pe3yJIbTaToM Oy-
JIeT CJIeIyIoIasl TeopeMa;

ITycte X™ opuenTHpyeMOe MaJjloe HaKPBITHE, TOTa B Zj cyliecTByeT noarpynma G =
Zg_l HHJIeKCa 2, Takas 4To 1npocrpancTBo opour X /G romeomopdHo chepe S™.

B xome mokmana st cpopMyaupyio Bce HeOOXOAUMBIE OIIPEIe/IeHIsT U IIPUMEPDI, 8 TaKKe
pacckaxky HaOPOCOK TOKa3aTeIbCTBA.
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Tononornga caoennd JInmyBunasga Onaamapaa Ha OgHOI obJacTu
ruriep6oJionia B moJje cuiabl I'yka

Xorur H. A.

Mocrosckuti 2ocydapemesernnniti yrusepcumem umenu M. B./Tomonococsa
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PaccMoTpruM HEBBIPOXKIEHHYIO KBaIpuKy [ m3 cemeiicTBa cOOKYCHBIX B IIPOCTPAH-
cree R3. Ilycts D — KoMmaxTHasi 06/1acTh Ha F, OrpaHIueHHAs] KOHEUHBIM YHCJIOM KBaI-
puK, codoKycHbIX ¢ E, ubn nByrpantble yribl uzjioma pasabl /2. Takue obsacru Obliau
KJIACCUPUIMPOBAHBI OTHOCUTEIBHO KOMOMHATOPHOI sKBHUBasieHTHOCTH . B. BenozepoBbiM
B pabore [I].

PaccmoTpuM ciienyomyo JUHAMAYIECKYIO CHCTEMY: MaTepHaJbHas TOYKA €IUHUIHON
MacChl JBUXKETCS BHYTpU D B 110j1e ynpyroil cuiibl, OTpakasich OT IpaHuIlbl ) abCcoII0THO
yupyro. Takasi cucrema sIBJISIeTCsS UHTEIPUPYEMOI MaMUJILTOHOBOM CHCTEMOR B KyCOYHO-
ra koM cMbicie (rmoapobnyio undopmarmio 06 UI'C eum. B [2]). Jomommurenbublii mepBblit
unTerpai F, GyHKINOHAJBHO HE3aBUCUMBINA ¢ sHEprueil cucrembl H, MOXKHO HaiiTH ¢ IIO-
Motk Metosa B. B. Koszsosa.

Teopema 1. B asrunmuueckur KoopouHamMar NEPsvle UHMEPaibl PACCMAMPUBAEMOT
cucmemvt umerom caedyrowut obwutl 6ud 6He 3a8uUcCUMOCU om 6ubopa Keadpuky E:

H= + + +
=221 =) T Da = A0 = 2) 2T s — A (s — An)?
k
+§(a+b+c— (A1 + A2+ A3)),
NPT VI 20\ A3 ) 2MshNe
F= + + =
=20 —2a) T De = A0z —x) 2T s = A) (s — A
k
- 5/\1)\2)\3,

2de p; — umnyavc, coomsemcemeyruul xoopduname A;, k — xoadduyuenm cusve ynpyzo-
emu, a Ay = (a— X)) (b— Ni)(ec—N\i).

Bameuanue 1. [Ipu durcuposaruu keadpurxu E odna us asrunmuveckur xoopouram
CMAHOBUMCA NOCMOAHHOT, G UMNYALE, COOMEemcmayouut amot Koopduname, 06pauya-
eMmcs 8 HYAb.

PaccmoTpum gacTHBIR ciydaii: B KadecTBe F BO3bMEM OJTHOIOJIOCTHBIN MUIEPOOJIOn/T, a
B KadecTtBe D) — 0bacTh Ha F, orpaHntennyo copoKyCcHbIM dumuiconioM. [1pu pazaenrennn
MEePEMEHHBIX YPaBHEHUs TBUKEHUST TPUHUMAIOT CJIETYIONINNA BU/T;:

22 [(a—N)b—N)(e—N) [k
)\i_)\j )\i_}v\ (2)\12+<

Ai=+ h—l;(a+b+c—X)))\i—f>.
[ToxkoperHoe BbIpazkeHne UMeeT 5 BEIIeCTBEHHBIX Hyei (a, b, ¢, &1, 2) U MOIIOC TIEPBOTO
nopsiaka. OrMerum, 9To &1 1 {9 3aBUCAT TOJILKO 0T H u F' u nocjie nposepku yoexxaaeMes,
Y9TO OHU TaK2Ke ABJIAIOTCHA IIEPBBIMU MHTETPaJIaMi paCCManHBael\IOﬁ CUCTEMBI. B TepMuHax
HOBOIi IIapbl IEPBLIX UHTErPasIoB ObLIN HaiiIeHbl 00JIACTH BOSMOYKHOIO JBHKEHUS MaTepU-
aJIbHOI TOYKHU, IOCTPOEHBI 0Dy pPKAIMOHHbBIE TUArPAMMbBI JIJIs CJIYIaeB IPUTITUBAIONIErO
U OTTAJKUBAIOLIETO IOTEHIIMAJIOB:

Teopema 2. B cocmas buddypraryuonnoti duazpammos 6 cayyae k > 0 6otidym npamoie:
§1=62,86 =0, =c, & =0, & =a, & = ¢ — Komopuie 8 NPOOOPA3E COOMBEMCMEYIOM,
amomam munos A, A, B, Co, A, A, a 6 cayuae k < 0 sotidym npamwvie: & = Eo, €9 = b,
=a,&=0,& =c¢, & =0b, &1 = a — Komopouie 8 npoobpase coomeemcmseyom GIMoMaM
munos A, A, B, A, Cy, B, A.

B pesyabrare ObL1a moKa3aHa CAeAyIONAs TeOpeMa.

Teopema 3. Caoenus Jluysuars onucannozo 6ussuapda Ha HEOCOOBLT US0IHEP2EMU-
weckux noseprrocmar Q3 npunadrescam K 00HOMY U3 MPET KAACCOS AUYBUANCEOTE IK-
susaseHmmuocmu 6 cayuae k > 0 u x odnomy us wecmu xaaccos 6 cayuae k < 0, amo
onpedeasemces ux unsapuaHmamu Pomenrxo—lLluwarza.
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O6 omHOM KJ1acce KOMMYTUPYIOMNX anuddepeHnnaIbHbIX
omnepaToposB

Usnes M.

Hosocubupckuti Tocydapecmeennviti Yrnusepcumem, 1

[esbio paboOThI SIBJISETCS ONICAHEE PelleHnii ypasHenus w? = 22, rae w u 2 mudde-
PEHIHAJIbHBIE OIEPATOPBI C MOJUHOMUAJIbHBIME KOdh durmentamu. B xoje paborsr ObLIn
HaliJIeHbl PEIIeHns] W U z TaKue, 9T0 W U Z — OIIepaToOPhbl BTOPOI'O U TPETHErO MTOPSIIKA COOT-
BETCTBEHHO. Y 3TOr0 YpaBHEHUs €CTh TPUBHAJIbHOe pernrenne w = L3 = L‘Z’, z =1Ly = L%,
e Ly = p(x)0; + g(x) — oueparop nepsoro nopsiika, p(z),g(x) € Clz]. B Teopeme,
chopMyJIMPOBAHHON HUKE OIMCAHBI BCE HETPUBHUAJIbHBIE PEIEHUS.

Teopema. /Tuddepennmanbubie omnepaTropsbl Lo u L3 BTOPOro u TPEThEro Mmopsika Co-
OTBETCTBEHHO V/IOBJIETBOPSIOT ypaBHeHnio L3 = Lg, €CJIH:

Ly = L2 —25(z), L3=L3—3p(x)6%(x)0, — 3g(x)8?(x) + 363(w),

rie L1 = p(x)0,+g(x),6(z) =a ' (n—1)(z—z0)" ', p(z) = a(zr—x0)",n €N, a € C,zqg €
C,a#0,n# 1,g9(x) € Clx].

Metapopulation Persistence and Extinction in a Fragmented
Random Habitat: A Mathematical Study

Korotkov A.D.!, Petrovskii S.V.12

1. RUDN Umwversity
2. University of Leicester

Factors and processes that either enhance the persistence of natural population or, on
the contrary, make them prone to extinction have been a major focus of attention over the
last few decades [1]. Habitat fragmentation may be caused by the environmental change
or direct anthropogenic activity such as forest logging, building new roads, etc. Habitat
fragmentation often has negative effect on corresponding populations and may result in
species extinction [2]; in fact, it is regarded as the most serious threat to biodiversity
worldwide [4].
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This topic is actively studyed and there is a number of models of metapopulation
dynamics (see for example [6] as an introduction). In this paper we will consider a stepping-
stone model. We will address the issue of metapopulation persistence/extinction subject to
a change in the strength of the inter-site coupling by considering the dynamics of a single-
spicies system. We will look at linear and quadratic coupling and habitats with logistic
growth and logistic growth with the Allee effect. We will look at numerical simulations and
prove theorems stating some necessary and sufficient conditions for the metapopulation
persistence, also we will show the existence and the uniqueness of the solution, smoothness
of solutions. Since natural environment is rarely uniform, in our numerical simulations we
will consider sites with random properties.

Generally the model can be written as a system of n equations:

N

dd? = filui) + ;%’jd(ug‘,ui) = Fi(u1,...,un), 1 € 1,n,
where f;(u;) = aju;(u; — Bi) (1 — Z—z) for a patch with an Allee effect, f;(u;) = a;u;(1 — Z—Z)
for a patch without an Allee effect, @ = (¢;5), d(uj,u;) = u; — u; for a linear coupling,
d(uj,u;) = uf - uz2 for a quadratic coupling. Here we will consider systems with the same
type of a function f;. All parameters are not negative, the population of the ith patch wu; is
a non-negative function. The parameter k; is carrying capacity of the patch, 5; is an Allee
threshold, and g¢;; is the coupling between the ith patch and the jth patch, ¢;; = ¢j;.

In numerical simulations we aim to study metapopulation chains: the case when @ is a
tridiagonal matrix; and tori: the same @ as in chains but with added coupling between the
first and the last patch. If we have time, we will try to consider other cases. Analytically

we try to state some conditions for the general case and for the special cases.
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KopoTkoBoJIHOBBIE ACUMIOTOTUKI BHYTPEHHE 3a1a4n
Jupnuxine ajs onmeparopa Jlanjgaca B Tope m UX CBSI3b C
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KJIaCCnIeCKnMM 6I/IJ'IJ'II/Ia.p,Z[a,MI/I

Kypummna E.A.13, Munenkos JI.C.523

1. Mockrosckutl gusuro-mernuneckut uHCmumym (HAUUOHAAbHOL UCCALI08aAMENLCKUL
yHusepcumem,)
2. Unemumym npobaem mexanurxu um. A.FO. Huwaunckoeo PAH
3. Mocxoscxuti 2ocydapecmeennoiti yrnusepcumem um. M.B. Jlomonocosa

PaccmaTrpuBaercs 3aa1a 0 MOCTPOCHUN ACUMITOTUYIECKUX COOCTBEHHBIX (DYHKITUI OITe-
paropa Jlamjaaca B TpexMepHO#l 00/1acTH, OrPAHUIEHHON IBYMEPHBIM TOPOM, Ha KOTOPOM
zagaéres yenosue Jupuxie (moxoxkasi 3ajada pemasach B [1]). C momomipio ajmadbaru-
geckoro npubsmkenust (B ¢hopMe olepaTopHOro pasjesieHnst nepeMeHHbIX [2]) npu yeio-
BHE, 4TO COOCTBEHHAs (DYHKIUS SIBJISETCS OBICTPOOCIMJLIMPYIONIEH, 3a1a9a CBOJUTCH K
TpeM OJIHOMEPHBIM 3ajadam: AByM 3aiadam LlIrypma-JInyBuiis u 3amade fjis ypaBHEHUST
[IpenunHrepa ¢ yaepKUBAIOIINM MOTEHIIHATIOM (HOTeHIa bHOI siMoit). [Tpu sTom 3amaqan
MIrypma-JInyBuuist pematroTcss TOYHO, a ACUMITOTUKU B IOTEHIMAJBHON SIME CTPOSITCSI
meromom BKB (B Buge kanonmdeckoro omepartopa MacsoBa), B pe3ysbTrare MOJIYIaiOTCs
ACHMITOTUYIECKUE COOCTBEHHBbIE (DYHKIUM (KBA3UMO/[bl) UCXOJHON 3aJIladi BHYTPU TOpA.
[Tonobuble KBa3UKIACCUYECKHE ACUMIITOTUKU CBA3AHbI C KJIACCUYECKUMU OMJLITHADIAMEI —
cucreMoit [aMuyibTOHA, TJie raMUJIBTOHHAHOM BBICTYIIAET CUMBOJI KBAHTOBOTO OIIEPATOPA, €
COOTBETCTBYIOIIUMHI YCJIOBUSIME OTParXKeHHsT Ha TPAHUIAX 00J1aCTH. ACHMITOTHKHA MOXKHO
[OCTPOUTH B CJIydae, KOIJa COOTBETCTBYIOIIAs JUHAMHUYECKAs CHUCTEMAa SIBJISIETCS MTOYTHU-
HHTErpupyeMoil, IIpUIeM IPOIIe/Iypa OIepaTOPHOrO paseseHus epeMeHHbIX B KBAHTOBOI
3aj1a4e CBsi3aHa C OCPEJHEHUEM KJIACCHYeCKOro rammibronnana. B [3] Takast cBsi3b nponsi-
JIFOCTPUPOBAHA JIJIsT JIBYMEPHOI 3a/1aYi B y3KOM yTJIe, & B JJaHHOI paboTe pa3odpaH mpuMep
33729 B TPEeXMEpHOil 0b1acTh.

Pa6ora Beimosinena mpu nopgepxkke rpanta PH® Ne22-71-10106 8 MI'YV umenu M.B.
JlomonocoBa.
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Mathematical modeling of the temporal shift of
current-voltage signals in multisensor system KF

Kuzmin I.L.!

1. Ufa University of Science and Technology, Ufa, Russia
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The paper describes the dynamics of the electrode/solution system KF
gk—Fl:A'gka k:071727"')

where A is a square matrix of order 11 x 11.
In this regard, it is proposed to move from the AG matrix to another matrix, which has

a significantly lower order and, in a natural sense, approximates the AG matrix. Namely,
we take into account that the input signals of the system can be considered as a periodic
external signal with a period T' = 1210 and, accordingly, the outputs of the system are also
periodic. Therefore, the function can be approximated as follows

1) From the vector yi, we construct a continuous function y(t) so that yi(j) = vk,
j=0,1,2,...,1210;
2) We define the Fourier coefficients of the function as follows yy,

1 1210 1 1210

— H\dt = t) - ktdt
Yk = 1910 ; yr(t)dt, g, 1210 J, Yk (t) - cos ktdt,

1 1210

S t) - sin ktdt.
Yk = To10 . yr(t) - sin

We put the following

5
Uk(t) = yr, + Z (Y. cos kt + y, sinkt) .
j=1

Graphics for soiution12
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+ 0Orgminal of second column
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0.0000 A
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+
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Peanuzarus OnaanapaHbIMU KHIPKKAMUA BBIPOXK IE€HHBIX
3-aTOMOB C OJHOI OKPY2KHOCTBbIO-3BE3/I0YKOI ITPOU3BOJIbHOI'O
TUMA

Kysnenosa A.A.
Cmyo. xad. dupdeperyuarvroti zeomempui, u npusoxrceruts mex.-mam. g-ma MI'Y

B patore [2] A.T. Pomenko copMyInpoBas rUIOTE3y O MOJETUPOBAHUN JIIOOBIX HEBbI-
POKJIEHHBIX UHTEIPUPYEMbBIX TAMUJIBTOHOBBIX CUCTEM C JIBYMs CTEIIEHSIME CBOOOIBI ITO/IXO-
nsuvuy oustmnapaamu. B.B. Bemfomkunoit u 1.C. Xap4epoii yaaoch J0Ka3aTh, YTO MPO-
U3BOJILHDIE HEBBIPOXK IEHHBIE OCOOCHHOCTH CJIOCHUSI JIMyBUIL/Isl, Ha3bIBaeMbIe TaKKe 6OTTOB-
CKUMHU 3-aTOMAaMU, PEAJTUIYIOTCs AJITOPUTMUIECKH 33,/ 1aBAeMbIMU OMJLTHAD/IHBIMU KHUZKKa-
mu [1].

OKa3bIBaeTC$I7 TUIIOTE3A CDOI\JGHKO CIIpaBe/JjinBa U JAJisI HEKOTOPBIX I'aMUJIBTOHOBBIX CH-
creM, deil MHTerpaj He sBJIseTcCs GOTTOBCKAM Ha YPOBHE sHepruu Q°, T.e. MMeeT BBIPOXK-
JIeHHBIE 0CcOOeHHOCTH. BhlTa chopMyimpoBaHa HOBasi TUIIOTE3a O MOJIETUPOBAHUY BBIPOXK-
JEHHBIX 3-aTOMOB.

T'unoresa A. B kaacce caoenuti JTuyuins unmezpupyemoi Guiiuapdos peaiusyiom-
ca He moavko bommosckue budyprayuy mopos Jluysuais, no u docmamouno bozamoie
xaacco, budyprayuti mopos Jluysuiis, onucvieaemvx “‘hebommoscrumu’ 3-amomamu, 6KAI0-
YaAA MYALTUCEDN0EBIE 0COODEHHOCTU parea 1.

PaccMOoTprM IpOM3BOJILHBIA BLIPOXKAEHHDBINA 2-aToM P ¢ ODHON 3BE340YKON U BLIGEPEM
napy npocTeix uncen (p,q). CresaeM HaJpe3 Ha 3BE3/I0YKE U CKJIEMM P KOIUl HCXOIHOTO
ATOMa BJIOJIb IPAHUIbL paspesa. OB6o3HauNM Hostyuentblii arom P. [loctpoun mummap P x
[0, 27] 1 cKJIeMM €ro OCHOBaHMsI C IIOBOPOTOM Ha, yTroJI 2‘17”. O 1Ha OKPY2KHOCTH, OKPYKHOCTb-
3BE3/I09KAa, OCTAHETCS HEIOABUKHOM, OCTAIbLHBIE TOYKHU 38 OJUH 000POT IOBOPAUYMBAIOTCS
HA yTOJI 2‘77”. B pesysbrare moiyduTcsi 3-aTOM CO 3Be3J0UKOi THIA (P, q), ABISIONMNACS
paccioenneM 3eiipepra HaJT 2-aTOMOM € 0COOBIM cjioeM Tutna (p, q).
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Teopema. [unomesa Pomenko A eepra dnsn swiposrcdernios 3-amomos ¢ 0ol OKPYHCHOCNDIO-
36€300u%01Tl. s 1106020 6bLpodICIEHI020 F-amoma 110007 caodcHocmU ¢ 00H0TE 36e3004K0T
nPouU360ALH020 MUNG (P, q) AN2OPUMMUNECKU CMPOUMCA OUAAUGPOHAA KHUICKA, CKACEH-
nas u3 npocmetiwur Guiiuapios Aj.

Pa6ora nosyiepxkana rpanrom PH® (npoexr 22-71-10106).
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Solving boundary value problems with moving boundaries
using the method of constructing solutions
integro-differential equations

Litvinov V.L.!, Litvinova K.V.2

1. Head of Dept., Dept. of General-Theoretical Disciplines, Samara State Technical
University; doctoral student, Moscow State University, Ph.D. (Technical), Associate
Professor
2. Moscow State University, Student

The problem of vibrations of objects with moving boundaries, formulated as a differential
equation with boundary and initial conditions, is a nonclassical generalization of a hyperbolic
problem. To facilitate the construction of the solution to this problem and to justify the
choice of the form of the solution, equivalent integro-differential equations with symmetric
and time-dependent kernels and time-varying integration limits are constructed. The phenomenon
of steady-state resonance and passage through resonance is investigated using numerical
methods. The solution was made in the Matlab environment of dimensionless variables,
which allows one to use the obtained results to calculate oscillations of a wide range of
technical objects Among all the many problems of the dynamics of elastic systems from
the point of view of technical applications, the problems of oscillations in systems with
time-varying geometric dimensions are very relevant. Systems, the boundaries of which
are moving, are widespread in technology (ropes of hoisting installations [1-3], flexible
transmission links [3], solid fuel rods [4,5], drill strings [5], etc.). The studies of many
authors on the dynamics of lifting ropes have led to the need to formulate new problems in
mechanics concerning the dynamics of one-dimensional objects of variable lengths. The
presence of moving boundaries causes significant difficulties in the description of such
systems; therefore, approximate solution methods are mainly used here [1-5].
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O oJSgpHBIX MOTOKAX C JIOKAJIbHO IJIOCKMMHU 3aMbIKAHUSAMU
cerrapaTpuc

Maxcumon /1. A.
HUY BIIZ

HamomamnM, 9o otok ff: M™ — M™ Ha 3aMKHYTOM N-MEPHOM MHOTOOOPA3MN HAa3bI-
BaETCS NOAAPHDIM, €CTTU BBITIOJIHSIIOTCST CJIEIYIONNE YCIOBUS:

[ ] H66JIY)K,IL3,IOHIGG MHO2KeCTBO th IIOTOKa COCTOHUT M3 KOHEYHOI'O YHCJIa FI/IHep6OJII/I‘{€—
CKHIX COCTOSHUNA pPaBHOBeECHA, ITPU 3TOM MHO2KECTBO MCTOYHHKOBBLIX (CTOKOBBIX) CO-
CTOSAHUI paBHOBECHUA COCTOUT POBHO U3 O,ZLHOﬁ TOYKMH.

e llaBapuaHTHBIE MHOTOOOPA3UsT COCTOSIHAN PABHOBECHS IIEPECEKAIOTCS TPAHCBEPCAhb-
HO.

st cengroBoit Touku o obozuaunm W7, WY ycroitunBoe u HeyCTONIIBOE MHOrOOOpas3ue
TOYKU 0.

3amkuyToe MHOroobpasue X C M"™ pasmMepHOCTH M SBJISIETCS JIOKAJIBHO IUIOCKUM B
M™ B TOYKe X, €CJM CYIIECTBYET OKPECTHOCTH ToukM = € U, C M"™ u romeomopdusm
h: U, — R™ rakoit, aro h(X NU,) sBsieTcss KOOPAMHATHON runepriiockoctbio R™ C R™.

Theorem 1. ITycms fi — noasprsidi nomox na cepe S*, nebaysicdaousee mmosicecmeso
KOMOP020 COCTNOUM U3 UCTOYHUKG (, CMOKG W u d8yx cedea 01,02 ¢ undexcamu Mop-
ca, pasnvimu 1 u 2 coomsemcmeenro. Tozda samvikarue mnozoobpasus Wj, aeasemca
AOKANDHO NAOCKOT deymeproti chepori.
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DroT pesysabTaT KOHTpacTupyer ¢ Teopemoii 6 padorst [I], riae npusenen npumep mo-
JIIPHOT'O TIOTOKA C JIBYMsI CEJ[JIOBBIMU COCTOSIHUSIMHM DaBHOBECHSI WHJEKCA 2, 3aMBIKAHUSI
BCEX MHBAPHUAHTHBIX MHOr000pasnii KOTOPBIX SBJISAIOTCS JINKO BJIOYKEHHBIMH JIBYMEPHBIMU
cdepamu.

Baazodaprocmu. Pabora BeimonHeHa B pamMkax mpoekTa Ne23-00-028 «/Innamuvaeckue
CUCTEMBI ¢ MHOTOMEPHBIM (pa30BbIM ITPOCTPAHCTBOM: OT PETYJASPHON JMHAMUKU K Xa0Cy»
KOHKYpca Hay4aHno-yu1eOunx rpynn HAY BIID B 2023 .
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IMpunnun makcumyma AJjieKcanapoBa—bBakeibmaHa OJis
JLIAIITUYECKNX OIIEePATOPOB HA CTPATUQUIIMPOBAHHOM
MHOXKeCTBe TUIlla “KHuxkkKa’

Mironenko Foma
Saint-Petersburg State University

Jokita mocBAm@H ogHoMy 13 HamboJsiee KPACUBBIX MEOMETPUYIECKHUX IIOJXO00B K JI0-
Ka3aTe/bCTBY KadeCTBEHHBIX CBOWCTB ypaBHEHUII B YACTHBIX NPOM3BOJIHBIX — IIPUHITHILY
makcumyma Asekcangposa—bakensmana [1, [2], [3]. Vicropust passurust nansoro noxxoma
orpaxeHa B o630pax [0, [4].

OTipaBHOI TOYKOM JJIst HaIllEl 3aJa4n sABJISIeTCsl JIOKaJbHas 3a1a4a BenTiens na o6-
nactu 2 = B} = B" N {x, > 0} ¢ “nnockoit rpanuneii” Bf = B™ N {x, = 0}, rne B"
— enuanuHbl map B R"™. B kjraccuyeckoil mocTaHOBKE PACCMATPUBAIOTCS JBa JIMHEHHBIX
g depeHIuaabHbIX OllepaTopa BTOPOro Mopsijika B HEJIMBEPreHTHOI dhopme:

n n
[, = Z aijDiDj + Zle“
=1

1,j=1

3aJaHnblii Ha BY u

n—1 n—1
B= Y amDiDp+ Y BDi— BuDy,
=1

Il,m=1

3aJlaHHBI Ha II0CKO# rpanuie By. Ha kosddunuenTs! oneparopos HakIa bIBaloTCs Cie-
JyIOIIIe OPAHMYEHHS: MATPHUIBI CTAPIIHX KOI(MDMUINEHTOB OrpaHuteHsl a;; € Loo(BY),
Qm € Loo(Bf) 1 yI0BIETBOPSIOT CTPOIOMY YCJIOBUIO SJIIMIITUYHOCTH, MJIAJIIINE IPUHA-
aexar npocrpancrsam Jlebera b; € Ln(BY), fi € Lyo—1(BY), a fn > 0 — usmepumas
dyuknus. /lokazaTesabCcTBO TPUHIUIIA MAKCUMyMa JJIsi JAHHOM ITOCTAHOBKU XOPOIIO W3-
BECTHO.

B mamreit pabore npuHmun MakcuMyma o600maeTcs Ha Ciaydail cTpaTuduIinpOBaHHOIO
mapa. Ml paccmarpusaem K xomnmii mostymapa B! B IIpocTpaHCTBe R+ cKiIeeHHBIX 1O
obuieit mwiockoii rpanuue. Ha kaxaom u3 mux sazan omeparop LF amamormunsiit £ 1o
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CTPYKTYype, a B oneparope B jobasisiercst K ciaraeMbIX BHja b[f ]Dgf ], re D?[iC } o6osa-
JaeT OJIHOCTOPOHHIOK ITPOU3BOHYIO Ha k-OM moJjyirape. /laHHbIe ciaraeMble CBSI3BIBAIOT
3HavYeHUst PYHKIUK HA pa3HBIX MOJIyIIapax, U U3-3a HUX 3aa4a TpeOyeT IMOCTPOEHUS J10-
MOJIHUTENBHBIX KOHCTPYKITHHA.

OCHOBHBIM BCIIOMOIaTeJIbHBIM HHCTPYMEHTOM B JOKA3aTEIbCTBE SIBJISETCS T.H. HOp-
MaJibHOe oTobpaxkerue. [Tockonbky mpu K > 2 cTpaTuduIMpoOBaHHbIA Iap HE BKJIA bIBA-
ercs B R"”, HOpMaJIbHOE OTOOparkeHre B JTaHHOM CJIydae TpeOyeT CyIIeCTBEHHON Moaudu-
KAIIHH.

Hokuay ocHoBan Ha coBMmecTHOIT pabore ¢ A.J1. Hazaposbim [6].
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Newton polytopes in the differential elimination problem

Mukhina Y.S.

Department of Higher Algebra, Lomonosov Moscow State University

Let R be a differential ring. Consider a ring of polynomials in infinitely many variables
R[z(®)] := Rz, 2, 2" 2, ]

and extend the derivation from R to this ring by (z(9))’ := 2+, The resulting differential
ring is called the ring of differential polynomials in x over R. The ring of differential
polynomials in several variables is defined by iterating this construction.

Let S := R[z7°,...,x2°] be a ring of differential polynomials over a differential ring R.
Anideal I C S is called a differential ideal if a’ € I for every a € I. Denote by (f1, ..., fs)(>)
the differential ideal

(O 11090y
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for every fi,...,fs € 5.
Consider a system of differential equations of the form

where x = (z1,...,2,) is a tuple of differential indeterminates and f = (f1,..., fn) is a
tuple of polynomials from C[x]|. Systems of these form describe dynamical systems with
polynomial dynamics and appear often in the literature. One natural elimination task is
to eliminate all the variables except one, say 1, that is, describe a differential ideal

(2 = 1(3), sy = ful(3)) ) N Claf™].
In this work we will consider the case of system
2y — g1(x1, 22) = x5 — ga(21,72) = 0,

where g1 and gs are generic polynomials of degrees 2 and d, respectively, and prove the
characterization of Newton polytopes of the minimal polynomial of the corresponding
elimination ideal for the degree pairs (2, d).
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Schrodinger operator spectrum in the covering of an elliptic
ring.

Nikulin M.A.12

1. Lomonosov Moscow State University, Faculty of Mechanics and Mathematics
2. Moscow Center for Fundamental and Applied Mathematics

It is well known that billiards in a domain bounded by quadrics which chare common
foci is integrable. Recent works by A.T. Fomenko and V.V. Vedyushkina (see [1]-[3], as
well as other works by these authors) have again gained the attention of specialists to this
topic.

In particular, in the work [3] the features of the billiard system in a ring bounded by
confocal ellipses were studied.

In this report, the corresponding quantum system is considered. Namely, the asymptotics
of the eigenvalues of the Schrodinger operator is derived when the distance between foci
tends to zero.
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OHGHKH OTKJIOHEHU HpI/I6JII/I}KeHHbIX peIJ_IeHI/Iﬁ OT TOYHBIX B
JLJINIITUYECKOI 3ajJa4e C IIperndrcresueM J1Jid p—HaHHaCI/IaHa

HosukoBa A.A.

Poccutickuti ynusepcumem dpyorcoo. wapodos, Mocksa

PaccmarpuBaercs 3amada co cBODOIHON IPaHUIER JJist OllepaTropa
p-Jlartaca, KoTopast MOYXKET ObITh CBeIeHa K pobjieMe MUHUMU3AH hyHKITHOHAIA SHEP-
rau

T[] = ing.J o] = 32]12/(; Vol? — fo)dx (1)
Q

Ha, BBIIIYKJIOM 3aMKHYTOM MHOXKecTBe K = {U € Wol’p (Q:v>¢mns. B Q} 3nech DyHK-

mug v € K gpigerca npuOIMKEeHHBIM PelIeHHeM IIOCTaBIeHHOi 3amaqn, ) C R™ - orpa-
HEYeHHAas 00/acTh, npensarcersue ¢ € C™@{2P} yhopnersopsier yeaosuo ¢ < 0 ma 99, a
feLi(Q), rue % + % = 1, - 3aaHHasT 3MepUMast (DYHKITHSI.

B nociienee gecarnierne akTyaJ bHBIM HAIIPABJICHUIEM UCCISJIOBAHUS 38049 CO CBOOOI-
HBIMHM I'PAHUIAMA SBJISETCH pa3spaboTKa (yHKIMOHAILHBIX MHCTPYMEHTOB KOJIMYECTBEH-
HOIl OIIEHKM KavecTBa MOJIYyYeHHBIX NPUOIMKEHHBIX pertennii. Takoe HalpaBIeHne UCCIe-
JnoBaHuil 3ama4 co cBoGoAHbIMEU Tpanuiiamu npeacrasiedo B [I] u [2]. B mannoii pabore
TaKKe U3YdJaloTCs ONEHKU OMMOOK OTKJIOHEHWI TPUOJINKEHHBIX PENIeHnil OT TOYHBbIX. 3a-
MeTuM, 4ITo Jjiobast pyuknusa v € K MoxKeT canTarbest NPUOIMKEHHBIM PeIleHHeM HeJTh-
HeHOU 3a1a4n .

B coorBercrBum ¢ oOrmieit Teopueil IBOWNCTBEHHOCTHU JIJisi BBIMYKJ/IBIX BAaPUAIIMOHHBIX
byHKIMOHATIOB, METOJIOM JIBOWCTBEHHBIX MazkopanT (cM., Hanpumep, [3] u [4]) mus mo-
CTABJICHHON 3aJa4u ObLIIO TOJYyYeHO OCHOBHOE TOXKIecTBO omubku. OHO MO3BOJISET
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[IPEJICTABUTD HOJIHYIO MEPY OTKJIOHEHUS AlllIPOKCUMAIIUN OT TOYHBIX PEIIeHnil B IPIMOM U
COTIPSI?)KEHHOM ITPOCTPAHCTBAX Yepe3 MOJTHOCTHIO BhIYUC/IsieMoe BbipaxkeHue. OJIHaKO MoJTy-
YEHHOE TOXKJECTBO COJEPKUT ONPAHUYEHUs] HA IPUOJINKEHHbIE PEIeHUs B JIBOHCTBEHHOMN
3ajade. [losromy B pabore Tak»Ke MPEJCTABICHO PACIIUPEHUE TOIMYCTUMOIO MHOXKECTBA
Iyt 3TUX (PYHKIWH, TO eCTh Hail/IeHbl IBHO BBIYUC/ISIEMbIE MayKOPAHTHI OIMUOOK, B C/Iyda-
ax 1l <p<2mup>2.
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3anenyenne KakK IIOJHBbIIN mHBapuaHT 3-anddpeomopdn3mMoB
Mopca-Cwmeiina

Hosapunos A.A.

Meorcdynapodnas aabopamopus OUHGMUNECKUT cucmem u npusoscenuts HUY BIIID
Huotchuti Hoszopod

B marHOM H0KIa7I€ pacCMATPUBAETCSI IPAIMEeHTHO-I0100HbIe quddeomopdusmbr Mopca-
Cweiina, 3a1anHbIe Ha TpexMepHoii cdepe S3. Ina takux 1uddbeoMopdu3MOB TOTHBIH HH-
BapUAHT TOIOJOTUYECKON COIPsI2KEHHOCTH ToJydeH B paborax X. bBomartu, B. ['puneca,
B. Meagegnena, E. Ileky. On npejicrasiser coboii KiIacc SKBUBAJIEHTHOCTH HAOOPa rOMOTO-
[UYIECKU HETPUBHUAJBHO BJIOXKEHHBIX TOPOB U OyThLIOK KiteiiHa, BIIOKEHHBIX B HEKOTOPOE
3aMKHyTOe 3-MHOroobpasue, dyHaMeHTAIbHAS IPYIIIA KOTOPOI'O JOIIYCKAET SIUMOPhu3M
B rpymiy Z. Takoit nHBapHAHT HA3BIBAETCS CXEMOI I'PAUEHTHO-TIOI0OHOTO uddeomMop-
busma f : S?* — S?. Bouesnen kiacc G auddeoMopdusMoB, 11 KOTOPBIX ITOTHBIM HH-
BapUAHTOM SIBJIsIeTCs OOjiee IPOCTOI ¢ TOMOJIOIMIECKOH TOUYKY 3PEHHsT 00bEKT, & NMEHHO
3allelIeHne CyIeCTBEHHBIX y3JI0B B MHOrooOpasmn S? x St

PaccmarpuBaembie inddeoMopdu3MbL ONMPEIEISIIOTCS TeM, YTO UX HeOJTy 2K TAI0IIEe MHO-
2KECTBO COIEPKUT €INHCTBEHHbBIN UCTOYHUK, & 3aMbIKAHNIA yCTONINBBIX MHOIO0OPa3mii ce/l-
JIOBBIX TOYEK OTPAHUYIUBAIOT TPEXMEPHBIE IIAPbI C IIOMAPHO HE IIEPECEKAINTUMUCT BHYT-
PEHHOCTAMMU. B paMKaX JJOKJIa/a JOKa3aHO, 9YTO B JOIIOJITHEHUUN K 3aMbIKaHUIO 3TUX IIapOB
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muddeomopdusm Kiaacca G COAEPKUT B TOIHOCTH OJIHY HEOJYKIAIONIYI0 TOYKY, KOTO-
past SIBJISIETCS HEIMOJIBIXKHBIM CTOKOM. YCTAHOBJIEHO, UTO IOJIHBIM WHBAPUAHTOM TOIIOJIO-
TUYIECKON compsizkeHHOCTH audpdeomopdusMoB Kiacca G sIBIsSeTCsT IPOCTPAHCTBO OpOUT
HEYCTONYINBBIX CEJJIOBBIX cernaparpuc B Hacceiine 3roro croka. [lokazaHo, 9TO mpocTpaH-
CTBO OPOUT IIpeJICTaBIIsIeT OO0l 3allelIeHne HECTSAIMBAEMbIX Y3/I0B B MHOroobpasun S x St
U SKBUBAJIEHTHOCTH 3alEIJIEHUN PABHOCUJIbHA SKBUBAJEHTHOCTHA CXeM. TakyKe IMpuBeseHa
peanuzaius 1uddHeomMopdrU3MOB PACCMOTPEHHOTO KJIACCa IO MTPOU3BOJILHOMY 3aIleILIEHUIO,
COCTOSIIIEMY U3 CYIIECTBEHHBIX V3JI0B B MHOroobpasuu S? x S!.

Baazodaprocmu. Pabora BeIIoJIHEHA TIPH TI0/11epKKe JlabopaTopun TuHAMUIECKUAX CHU-
creMm u npwioxkennit HY BIIID, rpant MunucrepcrBa HayKu U BBICIIETO 0Opa30BaHUs
P® cornamenue NeO75-15-2022-1101

YcroitunBas n3oTonuyeckKas CBA3HOCTL anuddeomopdu3MoB
Ilamuca

Hoznpunosa E.B.

Meorcdynapodran 1ab60pamopus QUHAMUNECKUT cucmem u npusosceruts HUY BIIID
Huotcnuti Hoszopod

[Ipobuiema cyiiecTBoBaHUs JyTu ¢ He Gojiee, YeM CUYETHBIM (KOHEYHBIM) YHCJIOM Ou-
dbypkanuii, coenuHsioniell crpyKTypHO ycroitunsbie cucrembl (cucrembl Mopca-Cwmeitia)
Ha MHOTo00pasusix BOLLIA B CHUCOK nsruiecsatu npobuem [lanuca-Ilbio [I] mox HoMepom
33.

B 1976 roxy 1. Heroxaycom, k. [Tammcom, ®@. Takencom [2] 6b110 BBeieHO HOHSITHE
YCTONYINBOI AyTH, COEINHAIONIEH IBE CTPYKTYPHO YCTONYINBBIE CACTEMBI HA, MHOTOOOPA3HH.
Ta,Kaﬂ Jyra He MeHsIeT CBOUX Ka9eCTBEHHBIX CBOICTB Ipu MaJiOM IIIeBEJICHUH. B TOM K€ I'O-
ay III. Heioxayc u M. Ieitmoro [3] mokazanu cymecrBoBanue npocroii jayru (cogeprkarieii
JIMIIH 9JIeMeHTapHble 6udypKamnum) Mex ity Joobivu JByMst iorokamu Mopca-Cwmeita. 113
pesyabrara paborsl K. ®ueiirac [4] BbiTekaer, uTo mpocryio ayry, nocrpoeHuyo Hbioxa-
ycom u Ileiimoro Beerjia MOXKHO 3aMeHUTDb Ha ycToituusyio [5].

s mudpdeomopdusmos Mopca-Cumeitna, 3a1aHHbIX HA MHOI0o0Opas3usx Joboil pas-
MEPHOCTHU W3BECTHBI IIPUMEPBI CUCTEM, KOTOPbIE HE MOI'YT OBITb COEJIMHEHBI YyCTONYIUBOI
nyroii. [IpenarcTBust MOSBISIOTCS yKe JJIsi COXPaHSIONuX opueHrtaruio puddeomopdus-
MOB OKDY?KHOCTH S', KOTOPbIE COCIUHSIOTCH yCTORYMBOIL JIyroil TOJIBLKO B CIydae COBIA-
JleHusi Juces1 Bpatenus [0].

B pasmepnocTH JBa MOSIBISIIOTCS JIONOJHUTE/IbHBIE HTPEISTCTBUS K CYIIECTBOBAHUIO
YCTOWYMBBIX JIyT MEXKJy H30TOMHBIME Tuddeomopduzmamu. OHU CBI3aHBI ¢ HAJIAIAEM
nepuogundeckux rouek [7], [8] u rerepoknuanveckux nepecedenwuii [9).

B pamkax oK7Tama paccMmaTpuBaerca Kiace G(M?) rpaamentHo-momo6HBIX auddeo-
MOpdHU3MOB f, 3aJaHHBIX Ha 3aMKHYTO# opHeHTHpyeMoil nosepxnoctu M2, B mpemoiio-
JKEHUHU, YTO BCe HEOJIYKIAIOIIMe TOYKH f HEMOJBUXKHBI U UMEIOT IOJIOKUTEJBHBI THII
OpHEHTAIUH.

Teopema Jlio6uie auddeomopbusmsr f, f € G(M?) coequusiorcs ycToianBoii ayroit
C KOHEYIHBIM YUCJIOM THUIIUYIHO IIPOXOJANNX HEKPUTUIECCKUX CEIJI0-Yy3J/IOBbIX 6I/IbepKaI_[I/H71

JlokazaTebCTBO JJAHHOTO PEe3y/IbTaTa OCHOBAHO HA MOCTPOEHUU JAyru 6e3 Oudypkannii
coepmsomeit uddeomopdusm f € G(M?) ¢ mubdeomopduzmonm ¢ r€G(M 2), KoTopsbrit
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ABJIAETCA C/IBUIOM Ha €JIUHHILY BPeMEHH THIMTHOIO IPa/EHTHOrO HOTOKa ¢} HEKOTOpOfi
dyukuun Mopca. B cuny pador [3], [], [5] /mobbie qsa rakux moroka coejuHSOTCS JLyroii
C KOHEYHBIM IHUCJIOM CEJIJI0-y3JI0BBIX OndypKaImii.

Baazodaprocmu. Pabora BeitiosiHeHa TIpu 1oj11epkKe JlabopaTopun JuHAMUYIECKUAX CH-

creMm u npuioxkennit HWY BIIID, rpaar MunuCTEpCTBa HAYKM W BBICIIETO 0OPa30BaHUSI

PO

coryamenue Ne075-15-2022-1101

Cricok amrepaTypbl

1]

2]

3]

4]

[5]

(6]

7]

8]

9]

Palis J., Pugh C. Fifty problems in dynamical systems, Lecture Notes in Math., 468,
p. 345-353, 1975.

Newhouse S., Palis J., Takens F. Stable arcs of diffeomorphisms, Bull. Amer. Math.
Soc., 82:3, p. 499-502, 1976.

Newhouse S., Peixoto M. There is a simple arc joining any two Morse-Smale fows,
Asterisque, 31, p 15-41, 1976.

Fleitas G. Replacing tangencies by saddle-nodes, Bol. Soc. Brasil. Mat., 8:1, p. 47-51,
1977.

Newhouse S., Palis J., Takens F. Bifurcations and stability of families of
diffeomorphisms, Publications mathematiques de I’ .H.E.S, 57, p. 5-71, 1983.

Nozdrinova E. Rotation number as a complete topological invariant of a simple isotopic
class of rough transformations of a circle, Russian Journal of Nonlinear Dynamics,
14:4, p. 543-551, 2018.

Blanchard P. Invariants of the NPT isotopy classes of Morse-Smale diffeomorphisms
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Mathematical modeling of plasma transport in a spiral
magnetic field

Oksogoeva [.P.
Peoples’ Friendship University of Russia

Open magnetic systems for plasma confinement have been considered as possible

configurations for a fusion reactor since the early days of fusion research. The paper
presents a mathematical model of the plasma transport in a spiral magnetic field for a
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new installation SMOLA [I] for plasma confinement, created at the Budker Institute of
Nuclear Physics of SB RAS. Numerical simulation of the transport equation in a helical
magnetic field is carried out [2]. The stationary equation of plasma transport in the axially
symmetric formulation contains the second derivatives, including mixed ones. The equation
also contains the following variables A is the ratio of the system length Lto the mean free
path A, n is the normalized concentration, ¢ the plasma potential, /T the sum of ionic
and electron temperatures. Magnetic plasma confinement for fusion power [3] involves
the formation of a self-consistent configuration of plasma and magnetic field. Such a
configuration should be able to prevent the loss of particles and energy and exist for some
time, long enough on the scales of plasma processes. The distribution of the substance
concentration obtained by numerical simulation has a qualitative correspondence with the
data of field experiments. In the future, a more accurate comparison with experimental data
is planned, the use of the method of successive over-relaxation, as well as the variation of
parameters: the depth of corrugation, diffusion

This work is supported by the Ministry of Science and Higher Education of the Russian
Federation (megagrant agreement No. 075-15-2022-1115).
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CuMmimnnuajabHasi TeOMeTPHUs B3BEHIEHHbBIX ITOJIHBIX
nepeced4eHun

Opuapenko M.A.
Mamemamuneckut uncmumym PAH um. Cmexnosa

st 1106010 B3BEIEHHOTO IIPOEKTHBHOTO IIpocTpancTsa IP(p) ero ocobwrit tokyc Sing(P(p))

u Gasucubie Muoxkectsa Bs(|Op(,)(d)|) mmeitbrx cucrem |Op, (d)| MoryT G6BITE OrIcanbI B
TEPMHUHAX 636EUEHHBOIT CUMNAULUANDHOIT KOMNAEKCOS, T.e., aDCTPAKTHBIX CUMILIAIAA b
HBIX KOMILJIEKCOB, CHAOXKEHHBIX (DbyHKIMEl Beca Ha rpaHsX. Mbl [OKaxKeM, 4TO U3 Cylie-
CTBOBaHMsI IIaJIKOIO B3BEIIEHHOT'O TIOJTHOTO TIePeCceYeHnsl ¢ 3a/JaHHbIMI BECAMU W CTEIeHsI-
MU CJIeJlyeT CYIIEeCTBOBAHME CHEINUAJbHON KOMOMHATOPHOM CTPYKTYPHI Ha JAHHBIX BeIleH-
HBIX CUMILTUIUATBHBIX KOMILIeKcax. C IIOMOMIBIO 9TON CTPYKTYPbI MbI IOCTPOMM HPUMEDHI
[JIQJIKIX XOPOIIO C(OOPMUPOBAHHBIX B3BEIIEHHBIX IIOJIHBIX [EPECEUeHHH CO CJIOKHOM KOM-
OMHATOPHUKOM BECOB M CTEITEHEId.
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JIBoitctBeHHOCTD /lonrauyéBa—HukyauHa s ci1o€B
Topuveckux mojieseit Jlangay—I'mH30ypra riiagkmnx
3-mHOTOO0Opa3mit PaHo

Osuapenko Muxant', Harder Andrew?

1. Mamemamuueckutd uncmumym um. B.A. Cmexaosa
2. Lehigh University

3epKajibHAsT CUMMETPHsI COIOCTaBJIsieT MHOroobpasusiM PaHo OJHOMEpPHBIE ceMeficTBa
muoroobpazuit Kanabu—4y, koropsie HazbiBaiorcs modeaamu Jlanday—Iunsbypea. diurte-
MEHTBI 9TUX CEMENCTB 3€PKAJIBHO JBOMCTBEHHBI K AaHTUKAHOHUYIECKUM CEUEHUSIM MHOT000-
pazuit Pamxo.

B wactHocTn, B TpEXMepHOM cilydae pedb UAET O 3epKajbHoil cuMmMmeTpun K3 nmoepx-
mocreit. Oana n3 eé HanboIee MHTEPECHBIX (OPM — TaK HA3LIBAEMAS J60UCMEEHHOCTND
Honezavwéea—Huxysuna: OHA TIepeCTaBIIsIeT PENIETKNA aaredOpanvecKux U TPAHCICHICHTHBIX
ko Ha K3 moepxuocTH.

Teopust mopuueckur modeneti Jlanday—Iunsbypea naér 3¢pdEeKTUBHBIN METO/ TOCTPOE-
uus mogeseit Jlangay—I'un3bypra. EcrecTBenHO 02Ku1aTh, 9TO IBOICTBEHHOCTD Jlorauéna—
Hukynuna BeinosiHeHa st CJIOEB Topudeckux mojeneit Jlammay-['uu30ypra riajgkux 3-
mHOro0o6pasuit Pawo.

Hannas runore3a Obuta gokazana Uibrenom—JIbioncoM—IIpKusiiKoBCKUM B cirydae
quciia [Tukapa 1. Mb1 mokazkem, uro HekoTopas popma npoiicteernoctu Jonrauésa—Hukynna
UMeeT MECTO JIJI BCEX OCTAJIbHBIX MIJIKNX 3-MHOroobpasuit Pano, u 00CYIUM BOZMOKHDBIE
00001TIeHNS].

On recognition of finite groups by the set of conjugacy class
sizes

Panshin V.12

1. Novosibirsk State University
2. Sobolev Institute of Mathematics

Let G be a finite group. For x € G, denote by ¥ the set {29 | g € G}, that is the
conjugacy class containing z, by |2%| its size, and by N(G) the set of all conjugacy class
sizes of G.

Even in the first days of group theory, it was recognized that understanding of conjugacy
classes sizes is essential to the investigation of the group structure. One of the first major
results here is due to Burnside [I] who showed that a group with a conjugacy class of
nonidentity prime power size must include a nontrivial proper normal subgroup, so it
cannot be simple.

The center Z(G) = {z | zg = gz, g € G} is obviously a normal subgroup of a group G.
In 1980s J.G. Thompson posed the following conjecture: If L is a finite nonabelian simple
group, G is a finite group with Z(G) = 1, and N(G) = N(L), then G = L. Later A.S.
Kondrat’ev added this conjecture to the Kourovka Notebook [4, Question 12.38|. In the
series of papers of different authors, it took more than thirty years to confirm the conjecture
and the final step was done by I.B. Gorshkov in [2].
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In the talk we will discuss one generalization of Thompson’s conjecture. Recently,
Gorshkov posed the following

Question [4, 20.29]. Let S be a nonabelian finite simple group. Is it true that for any
positive integer n, if the set of class sizes of a finite group G with Z(G) = 1 is the same as
the set of class sizes of the direct power S™, then G = S"?

There are no examples when the answer to this question is negative and the only studied
case with n > 1 is when L = Aj is the alternating group of degree 5 and n = 2 [3|. In the
talk the following results will be presented.

Theorem 1 [5]. If G is a group with Z(G) = 1 and N(G) = N(Ag x Ag), then
G = A6 X AG.

Theorem 2. If G is a group with Z(G) = 1 and N(G) = N(As x A5 x As), then
G = A5 X A5 X A5.

The work is supported by Mathematical Center in Akademgorodok under agreement
No. 075-15-2022-281. with the Ministry of Science and Higher Education of the Russian
Federation.
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Remark on one Evans type model of geo-economics

Podolin D., Rassadin A.

Higher School of Economics

By the end of the last century geo-economics is known to stand out from economic
theory, namely, geo-economics studies the influence of geographical factors on economic
processes (see [I] and references therein). Therefore, the task of translating geo-economic
representations into the language of mathematics is currently very urgent.

In this report, a homogeneous chain consisting of N identical Evans-like stores [2] is
considered. Each of these equidistant stores sells a certain product, p,(t) being price of
this product in n—th store. This price is supposed to obey the following system of ordinary
differential equations:

dpn

dt =v[(a—=bpy) — (c+dpn)] + @ (pnt1 — pn) + B (Pr—1 — Pn) , (1)
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where v, a, b, ¢, d are canonical parameters of Evans model [2], and terms with « and
describe mutual influence of the nearest neighbors on each other. Values v, a, b, ¢, d are
positive, but it is assumed that a > c.

Further let N > 1 and ¢ is a distance between the neighboring stores, then, denoting
P(né,t) = py(t), one can reduce system (1) of N ordinary differential equations to a single
partial differential equation:

aP 9P 52p
9 v rp_py+pZt
ot TV s ( )+ D5z

where V =8 (a—f), D =ad? T =~ (b+d), P. = (a—c)/(b+d) and Py(z) is distribution
of initial price of the product along the chain of stores. Function Py(z) ought to be positive
everywhere. Further it is supposed that @ > 0 and 3 € R.

Exact solution of the Cauchy problem (2) on the straight line is equal to:

(z=Vit—£)] Po(§)dg
4Dt 2vVr Dt

If the support of the function Py(x) is located far enough from the boundaries of the
chain, then for a certain period of time the expression (3) approximates the solution of
input system (1) quite accurately.

In the report graphs of functions (3) under different initial conditions Py(z) are presented
and its properties are discussed.

P(z,0) = Po(x), (2)

—+00

P(z,t) = P, (1—e 1) +/ (3)

—00

exp [—F t—
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Tonosiornsgs ocobeHHOCTEeN JIITUNTUYECKOTO OMJLINapaa B
MMOTEHIINAJILHOM II0JIE

[Iycrosoiiros C.E.
Mocxosckuti 2ocydapcmeennoiti yrusepcumem um. M. B. Jlomonocosa

PaccMOTpuM MaTeMaTHIeCKHH OUILIHAp]] Ha CTOJIE, O'PAHHYCHHOM SJLIHICOM 2 Ja +
y? /b = 1. Takasi kyaccuueckasi KyCOYHO-IVIQJ[Kasi CUCTEMA C JBYMs CTEHEHsSIMH CBOOOJIbI,
BIIEpBBIe paccMoTpeHHass Bupkrodom, Obuta n3ydeHa MHOTHME aBTOPAMU C PA3JIMIHBIX
TOYEK 3peHus. B 4acTHOCTU U3BECTHO, UTO TAKOH OWJLIMap] MHTErPUPYEM B KBaJpaTypax.
A umeHHO, OH SIBJISIETCSI TAMHJIBTOHOBOI CHCTEMON ¢ raMujbTOHHaHoM H = pi;—p? npu
9TOM JIOIYCKAEeT elre OfHY (PYyHKIUIO BUIA

2 2 2
APe Py (zpy — P2y)

b ab ’
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KOTOpasl COXPAHSETCs Ha TPAEKTOPUAX JBU2KEHUSI, T.€. ABJISETCH IIePBhIM HHTErpasioM. bo-
Jiee TOro, 3Tu jBe MYHKIUHU, OIPeJIeSICHHbIE Ha KYCOTHO-TIAIKOM (ha30BOM IIPOCTPAHCTBE
M* = {(ps, Py, %, Y)}, GYHKIHOHAIBHO He3aBUCHMBI Io4TH Beromy. Croenue sToro daso-
BOT'O IIPOCTPAHCTBA Ha 0bIue MoBepXHOCTH ypoBHs unterpaios Ty ; = {z € M* : H(z) =
h,F(z) = f} nasbiBaercs caoenuem Juysuans. Crpykrypy cioenust JImyBuiLis, orpasu-
YEeHHOTO Ha M303HepreTHIecKoe MHoroobpasue Q3 = {z € M* : H(z) = 1}, sniunrudecko-
ro owaIHmapaa, a Tak¥Ke JI000r0 JIOKAJILHO-IIOCKOTO OUJIINap/ia, OrPAHUYEHHOIO JyTaMu
COOKYCHBIX JIIUICOB U rurepbost, ucciaeposasia B. B. Bemomkuna B [1] B Tepmunax un-
sapuantos Pomenko-Iumamnra (cum. [2]).

[Torpebyem Teneph, 4TO Ha OUITUAD/IHBIN ITAD JIEHCTBYET MOJTHHOMUAAIBHBIN TTOTEHITHA
W (x,y) crenenu He GoJibliie YeThipex. [aMUJIbTOHMAH Takoil cucrembl umeer Buj H =
pg;pg’ +W(x,y). Oxmako B 0611eM CIIyUae MHTETPUPYEMOCTH He coxpaHsiercs. TeM He Menee,
C y4eTOM KpHUTEPHsi HHTerpUpyeMocTH, penozkeHHbiM B. B. Kosnoseim B (3], 6uiutnaps
SABJISIETCSl MHTEIPUPYEMBIM TOIJIA M TOJBKO TOIJIA, KOIJia ITIOTEHIINAJ UMEET BU]L

Wiz, y) = —co(z®> +y*> —a—b) —c1((z* + y* — a — b)® + ay® + ba? — ab),

[PU STOM JIONOJIHUTE/IbHBIA uHTerpas umeer sug F = A + f(x,y). Crpykrypa cioenust
JlmyBuist Takoro Omytuap/ia, OrpaHuIeHHOr0 Ha, N309HEPTreTUIecKre MHOT000pa3us Q%’
6buta m3ydena aBropoM B [4]. Temepn ke m3yunm ee B MHBAPUAHTHBIX YETHIPEXMEPHBIX
OKPECTHOCTSIX CJIOEB, COJEPIKAIIUX HEBBIPOXKJIEHHBbIe TOUYKN paHra 0 (B KOTOPBIX BBIIOJI-
Heno dH = dF = 0) win BBIDOXK/IEHHBbIE KPUTHUECKUE TPACKTOpHUU. B yacTHOCTH, BEPHO
CJIe Iy FOIIIEe.

Teopema. Hesgupootcoennvie mouky parea 0 34AUnmuseckozo busiuapoa ¢ nomeHy-
AAOM HEMBEPMOT CMENEHY UMEIOM MUN UEHMP-UEHMP, UEHMP-CEIN0 UAU CEIN0-CEINO.
Caoenue JIuysuins 6 okpecmHocmu CA0€68 MUNG UEHMP-CEOA0 UMEEM 6UJD NPAMO20 NPO-
ussedenusn 2-amoma A na odun us 2-amomos B, By, Co, Cy. B oxkpecmmuocmu caoes mu-
na cedao-cedro ono umeem 6ud noaynpamozo npouseedenus, B x Co/Zy, By x Co/Zy usu
B xCy/Zy. Beeeo cywecmeyem wecms munos okpecmnocmets 0CoOux cA0es, COOEPHCAULUT
BHIPONHCICHHYIO OPOUMY, C MOYHOCTBIO 00 AUYBUANEEOT IKEUBANAEHMHOCTIU.

Pabora Beinosinena npu nojaepkke rpanta PH® 22-71-10106
B MI'Y umenu M.B.JIomomnocoBa.
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New explicit exact solutions of one-dimensional heat
equation and some its applications

Rassadin A.
Higher School of Economics

The Cauchy problem for one-dimensional heat equation

0 0?
8—7; = BTJZL’ u(z,0) = u’(z), —00 < T < 400 (1)
describes a wide range of physical problems [I].
Exact solution of the Cauchy problem (1) is known to be expressed via its initial
condition u°(x) as follows [1]:

wr) = 57— [ oo [—“;ﬂ u0(6) de . )

But in practice in order to analyze different applications of heat equation (1) it is often
required to possess by quite convenient explicit formulas for exact solution (2).
To overcome this obstacle let us consider the next countable set of initial conditions:

u'(z) = Hy(x) exp(—22/2), n=0,1,2,..., (3)
where 2
< ~1)Fn!
Hafo) = 3 ol a2 0
k=0

are the Hermite polynomials in standard form [2]. Obviously, functions (3) form orthogonal
basis in Hilbert space L*(R).

Substituting functions (3) into integral (2) and using the well-known formula of generating
function for the Hermite polynomials [2] it is not difficult to find that exact solutions of
heat equation corresponding to functions (3) are equal to:

(1—2t)2 2
n+1

(1+2¢)" % e (VﬁW) b [2(112&} : (5)

It is necessary to underline that looking at formula (4) one can easily check that there
is no singularity in expression (5) under ¢ = 1/2.

Using symmetry group of heat equation (1) one can generate from solutions (5) new
exact solutions of input equation [3|. For example, the Galilean transformation with velocity
V € R [3] yields from functions (5) the next exact solution:

un(x,t) =

2 x
Un(x,t) = exp (sz - V2) up(x — Vi, t). (6)

Explicit solution (6) is certain to be very useful too.
At last, explicit exact solutions (5) and (6) are very important to a number of applications
of the Cp-semigroup theory based on the Chernoff tangency (see [4] and references therein).

51



Crmncok aurepaTypbl

[1] Vladimirov V.S. Equations of Mathematical Physics. Marcel Dekker Inc., New York,
1971.

[2] Bateman H. Higher transcendental functions. Volume II. McGraw-Hill Book Company,
New York, 1953.

[3] Olver P.J. Applications of Lie groups to differential equations. Graduate Texts in
Mathematics, vol. 107. Springer, 1986.

[4] Remizov I.D. Approximations to the solution of Cauchy problem for a linear evolution
equation via the space shift operator (second-order equation example) // Applied
Mathematics and Computation. 2018. V. 328, N. 1. P. 243-246.

On element orders in covers of PSLs(q)

Rodionov V. M.

Nowosibirsk State University

The spectrum w(G) of a finite group G is the set of the orders of its elements. We
call groups G and H isospectral if w(G) = w(H). Let h(G) be the number of pairwise
non-isomorphic finite groups isospectral to G. A group G is said to be almost recognizable
by spectrum if h(G) < oo and unrecognizable if h(G) = oco. A finite group G having a
nontrivial soluble subgroup is always unrecognizable. In contrast, most of nonabelian simple
groups are almost recognizable. More precisely, apart from a finite number of exceptions,
all unrecognizable nonabelian simple groups are among the groups PSUs(q), PSp4(q),
PSps(q) and PQy(q).

We are concerned with the groups PSp4(q) which are unrecognizable by spectrum for
all prime powers g # 32"*1 n > 1 [I, 2]. The general structure of a group G isospectral
to PSp4(q), where q # 32"+ n > 1, was studied in [3]. Namely, it was proved that, up to
isomorphism, either PSp4(q) < G < Aut(PSp4(q)), or the quotient group of G with respect
to its largest normal soluble subgroup K satisfies PSLo(q?) < G/K < Aut(PSL3(¢?)).
However, the following question remains open: can this quotient group G/K be isomorphic
exactly to PSLs(q?)? It is known that the answer is positive if ¢ is a power of 2 or 3 [I}, 2],
and negative if ¢ = 7 [3, Remark 4|. We show that in all other cases the answer is negative.

Theorem. Let g = p™, where p > 3 is prime. If G is a finite group, K is a normal
subgroup of G and G /K ~ PSLy(q?), then w(G) # w(PSp4(q)).
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Upper bound for capital in Solow model with logistic labor
resource

Rubtzov M., Pisarev M., Rassadin A.

Higher School of Economics

Let us consider Solow model of macroeconomics [I] with a Cobb-Douglas production
function with degree o (0 < @ < 1) [2]:
dK
E:—MK‘FPG_@)AKQLFQ; (1)
where u, p, a, A are parameters of the model, K is capital of macroeconomics under
consideration and L is its labor resource.
Let one suppose that temporal dynamics of labor obeys to the logistic equation with
rate value ~:

W L (1), &)
where L,, is maximal labor resource available in the macroeconomics. This model of labor
resource dynamics is borrowed from the theory of advertising.

It is obvious that it is required to provide system of differential equations (1) and (2)

by initial conditions:
K(0) = Ky, L(0) = Ly, 0 <Ly <Ly,. (3)
Further let us introduce the following dimensionless variables and parameters:
1
K 1 ] T—a L ~Lm
k=— | ——— , l=—, T=upt, =—, 4
L [p(l—a)A L, He, P I @
then one can rewrite the Cauchy problem (1)-(3) in the next form:

dk
7:—k‘+kall_a, ﬂ
dr

dr
where dimensionless initial conditions kg and [y are calculated from values (3) using formulas

(4).

It is well-known that exact solution of the second equation of system (5) is equal to:

=Bl(1—=1), k(O0)=ky, 10)=1, (5)

— l(]
) = o o) exp(B7) ©)

hence, it is easy to see that exact solution of the first equation of system (5) is expressed
via function (6) as follows:

1

B(r) = | ke 007 4 (1 - q) / e (im0 =gy g | (7)
0
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But integral in formula (7) proves to be impossible to express via elementary functions.
Nevertheless using inequality 0 < [(7) < 1 one can obtain the next upper bound for
function (7):

k(1) < [1 + (ki = 1) e~ =3 8)

In the report graphs of the right hand side of inequality (8) under different values both
ko and « are presented.
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of Economics. 1956. V. 70, is. 1, pp. 65-94.

[2] Cobb C.W., Douglas P.H. A theory of production // The American Economic Review.
1928. V. 18, no. 1 (supplement), pp. 139-165.

Classical solution of the initial-value problem for a quasilinear
wave equation with discontinuous initial conditions

Rudzko J.V.!, Korzyuk V.I.12

1. Institute of Mathematics of the National Academy of Sciences of Belarus
2. Belarusian State University

In this report we shall consider the question of global solvability in @ = [0,00) x R of
the initial-value problem

(02 — a?0*)u(t,x) + f(t,z,u(t, ), Ou(t, z), Opu(t, x)) = F(t,z), (t,7) € Q, (1)
u(0,z) = p(x), wu(0,x) =v(x), z€R,

where a > 0 for definiteness, Q = (0,00) x R, F is a function given on the set Q, f is a
function given on the set Q x R3. The functions ¢ and v are piecewise smooth and defined
by the formula

, T € (—00,x0),

90(*7") = A, T = o, w(x) = .z € (:E(),—I-OO),

v1(x), x € (—o0,x), { v ()
pa(x)  x € (m0, +00), )

where xg and A are arbitrary real numbers, ¢1 and 1 are functions given on the set
(—00, xpl, and ¢y and 19 are functions given on the set [xg, +00).

Following [1], we investigate two main questions: 1) the exact statement of the initial
value problem (1); 2) the smoothness of the solution. The cause for the first question is the
non-existence of the classical solution of the problem due to the condition ¢ ¢ C?(R) or
b ¢ CL(R).

By virtue of discontinuous initial conditions, the problem (1) does not have a classical
solution defined on the set Q). Nevertheless, we can define a classical solution on a smaller
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set Q\I" so that it belongs to the class C?(Q\I') and satisfies the equation with the initial
conditions on the set Q\I', and additional matching conditions given on the set T.

We construct the solution using the method of characteristics in an implicit analytical

form as a solution of some integro-differential equations. The solvability of these equations,
as well the smoothness of their solutions, is studied. For the problem in question, we
prove the uniqueness of the solution, and establish the conditions under which its classical
solution exists.

The talk is based on a recent paper [2].

Crcok Jureparypbl
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Korzyuk V. I., Rudzko J. V. Curvilinear parallelogram identity and mean-value
property for a semilinear hyperbolic equation of second-order. arXiv:2204.09408.
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O kJaccudukaliuy MoJAIPHBIX IIOTOKOB HA YeTBIPEXMEPHBIX

MHOT'000pa3usx

Capaes N.A.

HCL’U,UOHCL./MJH’I)L’& uceaedosamenserudl YyHusepcumem «Boicwas wroaa sK0HOMUKU >
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IIycrs M* — 3aMKHYyTOe CBsI3HOe IvajKoe MHOroobpasme. Ilorok f! maspiBaercs mo-
JIAPHBIM, €CJTH €10 HeOJIy 2K/1alo11ee MHOKECTBO ()¢ COCTOMT U3 JIBYX y3JIOBBIX M KOHEUHOI'O
IUC/Ia, CEIJIOBBIX THIEPOOTMIECKIX COCTOSTHI PABHOBECHST, MHBAPUAHTHBIE MHOTOOOPA3HST
KOTOPBIX TEPECEKAIOTCsI TpaHCBepca bHo. Hamommmm, dro wHjgekcom Mopca runepbosin-
YECKOr0 COCTOSIHHSI DABHOBECHs p Ha3blBaeTCst pasmepHocTs dimW,' ero meycrofimsoro
muoroobpasust W', Paccmorpum kinace G (M*) monspHBIX TIOTOKOB Ha MHOroobpasum M4,
CeJIJIOBBbIE COCTOSIHUsI paBHOBECHsI KOTOpPOro mMmeror uujaekc Mopca, pasabriii 2. Torma uH-
BapHAHTHBIC MHOTOOOPA3US TAKUX CEJIeN He IepPeceKaroTes, n MHoroobpasue M4 spisercs
OJTHOCBSI3HBIM.

B cuny [1] ans mo6oro moroka f! € G(M*) cymectByer smepreTmteckas byHKIIHs
— dyuxmus Mopca ¢ @ M* — [0,4], crporo ybbiBatomasi BIOIb TPAEKTOPUil HOTOKA,
OTJINYHBIX OT COCTOSTHUIM PABHOBECHsI, W TaKasi, ITO MHOMXKECTBO €€ KPUTUIECKUX TOUEK
Cr(p) coBnaaet ¢ HEO/TY A IAIOTIIM MHOKECTBOM ¢+, Ipu 3ToM p(p) = dimW* nist moboi
TOUKH P € gt

[ycts S, = ¢ 1(1), So = ¢~ 1(3). MuoxkecTBa S,,, Sq ABIAIOTCS TVIAKO BIOXKEHHBIMI
TpexMepHBIME cdepaMil, TPAHCBEPCATLHLIME K TPAeKTOpHAM ToToka f. JIis Kazkaoro
CeJITIOBOTO COCTOSHUSA PaBHOBecUs 0 € ()t MONOKUM Cq oy = W5 N Sy, Coa = W3NSy 1
obosnaunM 4epes C,,Cq COBOKYIIHOCTB MHOXKECTB Cg. oy Co, COOTBETCTBEHHO.

Omnpenemnm romeomopdusm 1 : Sy \ Co — Sy \ Cyy 10 carepytoniemy npasuiy: n(x) =
O(z)N S, tae O(x) — TpaekTopus notoka f!, nmpoxojdmas 4epes ToUKy T € Sy.

ITycrs {15, } — HmomapHo HelepeceKaloIHecs: HOJTHOTOPHH, SIBJIAIOMINECS TPYOIaThIMM
OKDECTHOCTAMHU Y3JI0B {Cp i} B Suy U My — Mepuman nosaotopus 1, . Torma 71 (mg )
SIBJISIETCST TIPOCTON 3aMKHYTOHM KpuBOil Ha cdepe Sy, IpuHAIIEKAIIEH OKPECTHOCTH Y371
Co,o- OCHACTUM Y3€Il Cy ¢ TIETBIM YHUCIIOM 7, PABHBIM KO3(MMUIMEHTY 3allelyIeHns KPUBBIX
n_l(ma,w) " Cy o

Sanenierne C,, € JIOTOJHUATENBHON HHpOpPMAaIeil 00 OCHAIEHUN KayKIOT0 y3JIa siBJIsi-
erca juarpammoit Kup6u mmoroobpasms M (cu. [2]).

Jnst notoka f'* € G(M*) oboznaumm "epes o, w' HCTOYHIKOBOE M CTOKOBOE COCTOSTHUE
PaBHOBECHST COOTBETCTBEHHO M CHAD/MM IITPUXaMU 0003HAUYeHNsT 00bEKTOB, aHAJOTHIHBIX
06beKTaM, BBEJICHHBIM JJIs TI0TOKa, f.

t
Teopema 3. [Tomoxu ft, f"* € G(M*) mononoeunecku sxsusarenmms. moz0a u moavko
mozda, xoz0a cywecmsyem 2omeomopdudm h : Sy — Sy maxoti, wmo h(Cq) = Cor, u 0nst
1106020 0 € Qg U3 h(Coa) = Cot or CACIYEM NG = Ny .

Bbaazodaprocmu. Tlybiimkanust OArOTOB/IEHA B XOJIe TMPOBEEHUsT UccyienoBanms Ne23-
00-028 B pamrax IIporpammer «Hayunsrit dpoma HamumonanbHOrNo ncc/e1oBaTe/IbCKOro yHA-
Bepentera «Bpicmas mkosa skonomukn» (HUY BIID)» B 2023-2024 rr.

Crincok aurepaTypbl

[1] K.R. Meyer. Energy Functions for Morse Smale Systems. American Journal of
Mathematics. Vol. 90. No. 4. p. 1031-1040. 1968

[2] R. Mandelbaum. Four-dimensional topology. The university of Rochester Department
of Mathematics. 1978.
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Heocobbie morokn Mopca-Cwmeityia ¢ TpeMs: epuoandecKuMU
opbuTaMmn Ha OPUEHTUPYEMBIX 3-MHOrooOpa3usix

[Iy6un 1./1., Ilounaka O.B.

Meotcdynapodnasn aabopamopus dunamuveckux cucmem u npunosicenuts HUY BIID
Huotchuti Hoszopod

Toroiornveckoil 3KBUBaJIEHTHOCTH HEOCOOBIX MOTOKOB Mopca-CwMmeitsia B peIiooxKe-
HUSIX PA3JIMIHON OOITHOCTH TOCBAIIEH TeJIblil psiji ctareit. OJHAKO, B C/Iydae MaJIOro Yucja
OpOUT M3BECTHBIC NHBAPUAHTHI MOYXKHO 3HAYUTE/ILHO YIPOCTUTD U, TJIABHOE, JOBECTU 3a/1a~
1y KJIACCU(DUKAIMY JIO PEAJTU3aIUuU, OIUCAB JIOIMYCTUMOCTD OJyIEeHHBIX HHBAPUAHTOB. B
HeJlaBHel paboTe OblIa MOIyUYeHa UCUEPITBIBAIONIAs KIACCU(PUKAIN TOTOKOB C IBYMS OP-
buTaMu Ha MPOU3BOJILHBIX 3aMKHYTBIX Nn-MHOroobpasusx. B nHacrosiiieil crarbe mosrHast
TOMOJIOTTIECKas KJIACCU(PUKAIIIS TOJIYI€HA JJIsi [IOTOKOB C TPEeMs IEePUOIUICCKIMEU OpPOU-
TaMU, 33J@HHBIX Ha OPUEHTUPYEMBIX 3-MHOT000Pa3UIX.

Baazodaprocmu. Pabora BeitiosiHeHA TIpH 110j11epKKe JlabopaTopun JuHAMUYIECKUAX CH-
creMm u npuwioxkennit HWY BIIID, rpaar MunHCTEpCTBa HAyKM W BBICIIETO 0OPa30BaHUSI
P® cornamenune Ne075-15-2022-1101

O6 maBapuaHTe BUPTYaJbHBIX Y3JI0B

Coxkogos I1. II.
Hosocubupckuii 2ocydapcmeentuill yrusepcumenm

Paccmorpum napy kBania u ero rouku (Q, h). Ilycrs Q1, Q2, . . ., Q, — n KOIMit KBaHI-
ga Q. OupenesnM cBOOOIHYIO N-yI0 KBaH 18 () Kak

Q" =0Q1*Qa%...%xQn,

rje * — CBOOOJHOE MMPOU3BEJIEHNE KBAHIJIOB.
SadukcupyeM TPUBHAJIBHBIN OIHOIEMEHTHBI KBAaHII 1] U PACCMOTPUM CJIEIyIONTN
HabOp aBTOMOPPU3IMOB KBaHj1a (Q*™ * T}

qi = qi+1 * hi

S = Gi+1 = qi*hi
qr — qk ,k?éi,i—l-l
Y=y ,y € 1Th.
QG — qir1*y

Vi — iv1 > G *Y 7
qr — qk ,k#i,i+1
Y —~ Y ,yeTh.

rnet=1,...,n—1.
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Teopema 4. Omobpasicenue ¢ : V By, — Aut(Q*" % T1) 3adannoe no npasuny
e(oi) = Si, 7(pi) = Vi
6ydem npedcmasaeruem 2pynnv. GUPMYALLHBLT KoC asmomopdpusmamu, Q™ x T .

Teopema 5. I[Tycmsv 3 € V B,, — supmyaavhas xoca, mozda npedcmasienue @ us npownot
meopemwve nopostcdaem unsapuarm VIg(Q,h) eupmyanvrozo ysaa cl(fB) no caedyrowemy
npasu.ay

VIg(Q,h) = Q" xT1/{p(B)(¢:) = ¢ | ¢ € Q" xT1}

Teopema 6. Ilycmv D — duaepamma supmyarvhoz2o yaaa, mozda npedcmasienue @ no-
poorcdaem unsapuanm VIg(Q, h) eupmyanvrozo ysaa D.

Cricok amrepaTypbl

[1] T. Ito. A functor-valued extension of knot quandles. 2010.

Topological structures of cognitive maps
Sorokin Konstantin
Laboratory of Algebraic Topology and its Applications, HSE University

A cognitive map is a type of mental representation which serves an individual to acquire,
code, store, recall, and decode information about the relative locations and attributes of
phenomena in their everyday or metaphorical spatial environment. [I]. In particular it is
common to study them as a representation of a space in a brain network. What is not
common is restoring a topology of an environment (if its non-trivial) which is encoded
within some network. Studying whether its possible to extract such topology from neural
activity of an animal during its free spatial navigation in modifiable arena was one of the
main leading ideas of this research.

The main problem though is that despite a large amount of good research works in
neuroscience, we still lack a satisfactory theoretical framework for describing the dynamics
in networks in brain and its underlying structure. We review existing methods and approaches
to describe such (hyper)graph and topological structures, including ones we developed. In
particular we will focus on the Topological Data Analysis (TDA)-related ones. During the
discussion we compare different methods of recostructing the topology of cognitive maps
from registered neural activity of animals during free spatial navigation [2].

CHnucok jaureparypsbl
[1] https://en.wikipedia.org/wiki/Cognitive map

[2] Konstantin Sorokin, Anton Ayzenberg, Konstantin Anokhin, Vladimir Sotskov, Maxim
Beketov, Andrey Zaitsew, and Robert Drynkin. "Topology of Cognitive Maps."arXiv,
December 5, 2022. https://doi.org/10.48550 /arXiv.2211.08718.
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Knaccndukanma noBepxHocreii genb Ilemmo crennenn 8 6e3
TOYEK

Tpenammm A.C.12

1. @edepanrvroe zocydapcmeennoe brodocemnoe yupescderue nayky Mamemamuveckud
uncmumym um. B.A. Cmexaosa Poccutickotl axademuu nayk

2. Hauuonasvhoili uccaedosamenberuli YHusepcumem «Buicwas wrkoia sKoHoMuKys,
Jabopamopus anszebpauneckoli 2eomempuu U €€ NPUsOAHCceHU

IIycrs k — coBepmennoe mosie. IToBepxuocTobio mesb Ilerio crenern 8 paciienumMoro Tr-
118 HA3BIBAETCS IOBEPXHOCTH X TaKasi, uTo HoBepxHoCcTh X ®ik nsomopdHa KBajipuke B IP’%
B cayuae, ecitm Ha Takoil MOBEPXHOCTH €CTh TOYKA, OIPEIEJIEHHAA HAJ OCHOBHBIM IIOJIEM,
TO OHA PAIMOHAJIBHA (TO €CTh GUPAIMOHAIBHO SKBUBAJICHTHA IIPOEKTUBHON IIJIOCKOCTH).

B mokmame Mbl onuireM OHPErysspHyIO ¥ OMPaIMOHAIBHYIO KJIACCH(DUKAIINIO TOBEPX-
nocreit ek [lero cremenu 8 6e3 k-Touek. Kpome Toro, Mol onuiiieM MUHUMAJIbHBIE ITO-
BEPXHOCTH, OMPaIMOHAJIBLHO SKBUBAJEHTHBIE JIIOOON 3aaHHON MMOBEpPXHOCTH Jejb llero
crenern 8 6e3 k-rouek. OCHOBHBIM PE3YIBTATOM SIBJISIETCS TO, UTO €CJin X — MOBEPXHOCTh
neinb Iero crenenn 8 6e3 Touek u wncso [Inkapa p(X) pasao 1, TO si0bast HOBEPXHOCTH
nenb Ienmo crenenu 8, bupalonaabHO SKBUBajeHTHas X , nsomopdHa X . B ciayyae, korma
p(X) = 2, cymecrByer He Gosiee TpEX Hen30MOPMhHBIX TOBepXHOCTE Jeib [lenno crenenu
8, buparmoHa/JbHO S5KBUBaJeHTHLIX X . TakyKe J0Ka3aHO TO, 9TO MOBEPXHOCTD Jeb [lero
crereHn 8 siBJIsieTCsl OMPAIMOHAJIBHO JKECTKOi (TO ecTh Jr06asi GUpanOHAJILHO SKBUBA-
JICHTHAsI efi MUHUMAaJIbHAs OBEPXHOCTH M30MOPMHA €ii) Torjia U TOJIHKO TOIJIA, KOrja Ha
Hell HeT TOYeK CTeleH: 2.

HexkoTopbie nedopMmalrium CTOIOB-KHUKEK, Pean3yIonimx
yIIOpsiI0O9eHHbIe OMJIJTUAP/IHbIE UTPHI

Tyswanmn 1. A.
MI'Y um. M. B. Jlomonocosa

KoncrpyKimst yrnopsiioueHHol 6unapaHoii urpsl Oblia BeejieHa B padore [1] B. pa-

ropuya 1 M. Pagnosny. Ona 3anaercs apymMst HabopaMu: 1 cOpOKYCHBIX 3Jutuicos Ky, . .. By,
u n auces € € {1}, HasbBaeMbIX curHaTypoii. Tpaekropus mapa ecrb JoMaHasi
ooy Ag—1, Ak, Ak41, - . ., BEPIINHBI KOTOPOHt Ak, k € 7, NPUHAJIEIKAT SJIIUIICAM, [IPHIEM

A € Es, eciu s = k (modn). Orpaxenue B Bepunae Ay sIBJIsieTCsl BHYTPEHHUM, €CJIA
€s = 1, 1 BHENTHUM, ecna €5 = —1.

Tpaexropust J11000i Urpbl peaju3yercs 2| Kak HPOEKIus Ha IJIOCKOCTh TPAEKTOPUU
bumapa, 3agannoro dbyukimeit H = |v \2 Ha, TIOAXOSIIENR ONIINAPIHON KHIYKKE — CTOJIe-
KOMILIEKCe ¢ IepecTaHoBkamu. VIx kiracc 6611 panee Beesien B.B.Beromkunoii B [3].

Teopema 7. Koppexmnas ynopadowennas bustsuaponan uepa ¢ anauncamu (B, ..., Ey)
u cuenamypoti (€1, ...,&pn), 2de E; # FEitq (cuumaem Eg = Ey, By = E1) peaausyemcs
KHUNCKOU, CKACEHHOUT U3 AUCTOS8!

(A) woavua Ay, das Yk € {0, ...,n — 1}, oepanuuennvie snruncamu Ey u Eyyq;

JasaVk € {1,...,n} (D1) duck Dy, ¢ epanuyeti By, m.u. e =1 u aubo Ex_1 C Ey, C Ey41,
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awbo Epy C Ep C Ep_1; (D2) napa duckos Dj. u Dj ¢ epanuueti Ey, m.u. g = 1 u
Ey CExy1 uEr, CEp_;1.

Tozda nepecmanosxa ok, k = 1,...,n, na ansunce ckaetixu Ey pasna (Ax—1 D Ak) 6 cayuae
(D1), (Ap—1D; D} Ay) 6 cayuae (D2), (Ap—1Ax) unave.

Hedopmarins coOpOKYCHBIX JITUIICOB B KOHIIEHTPUIECKNE OKPYKHOCTH (c COXpaHeHUEeM
IIepecTaHOBOK Ha pebpax KHI/I}KKI/I) COXPAaHSIeT KJIacC TOMEOMOP(MHOCTU N309HEPTETHIECKON
IIOBEPXHOCTU Q3 : H = 1 xumKKH 1 peajudyeMmyio eio urpy. M3ydmMm TomojgorundecKue
CBOIICTBa 3TUX IOBEPXHOCTEN.

JIemma 1. /Jlepopmarus knuoicku, npu Komopot posro 00HO Koabuo Ay 20MomMonHo cmas-
2UBAEMCA 68 OKPYAHCHOCTIL, OCMANLHDLE KOABUG U JUCKU NPEodPa3YyIOmea 20MeOMOPPHHO, Ha-
NANBHBLM, HE MEHAEm Kaace 2omeomopdrocmu Q3, u dee nepecmanoeku, cmoscwue Ha
epanuyar Koavya, craeusaomces 6 0ony: o1 = (AgLi, ... Li,) wog = (Lj,, ... Lj Ay) ckae-
tomes 6 0 = (Lj, ... Ljy Ly ... L;,).

PaCCl\IOTpI/HVI JaJjiee JBe CepruH KHHXKEK: CKJIEEHHBbI€ TOJIbKO M3 JHNCKOB (prFOB) nJjim
TOJIBKO N3 KOJIEII.

Vrepxkaenue 1. Hzoonepzemuveckan noseprrocms Q2 xrusicku, cocmoawet us n duc-
ko6 ¢ nepecmanosrot o = (1...n), 2omeomoppra aunsosomy npocmparncmsy L(n,1).

Kamxku Q, CKJICEHHbIC U3 KPYI'OBBLIX KOJICI[ U JHNCKOB, O6.Ha,11aIOT Sl—CI/IMMeTpI/Ieﬁ .

Oupenenienne 1. Haszosem npodunem knusicku epad — pedyavmam gaxmopusdayuu /o
— 6EPWUNDL KOMOP020 HacAedytom ¢ §) nepecmanosku.

Teopema 8. Hzosnepeemuveckan nosepriocmv Q3 GUAIUGPOHOT KHUNCKY, CKACEHHOT U3
KONEU, 20MEOMOPPHHA NPAMOMY NPOUIEEIENUIO OKPYICHOCU U chepbi ¢ g pyuramu: Q3 =
St x (52 +g py%en), 2de g — YUKAOMAMUECKOE YUCAO 2PaPa-NPOPUNA KHUHCKU.

Criucok aurepaTypbl

[1] Dragovic, V. Cayley-Type Conditions for Billiards within & Quadrics in R? / V.
Dragovic, M. Radnovic // J. Phys. A. - 2004. - Vol. 37 - N. 4 - pp. 1269-1276.

[2] Dragovic, V. Billiard ordered games and books / V. Dragovic, M. Radnovic, S.
Gasiorek // Reg. Chaot. Dyn. - 2022. - Vol. 27 - N. 2 - pp. 132-150.

[3] Bemromkuna, B.B. Buiinap/abie KHUKKI MOJETUPYIOT BCe TpexMepHble 6udypka-
[[UM WHTEIPUPYEMBIX TaMujIbTOHOBBIX cucrem / B.B. Bemomkuna, 11.C. Xapuesa //

Marem. ¢6. - 2018. 1. 209, HOMEp 12, 17-56.

Budypkanuu B MojiesTx NONMYJISITMOHHON JTMHAMUKT C
adpdexkTom OJrtu

Yemanosa .P.

Ypumcrud yrnusepcumem Hayky u mexnoa02ul
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B maremarndeckoit Gnosorny OfHUMM U3 HanboJiee MHTEPECHBIX SBJSIOTCH CHCTEMBbI
Jlorku-Bossreppsr ([I]):

r_
o = af(z.y),
r_
Y =yg(z,y).
B knaccumaecknx mocranoBkax dbyukmun f(z,y) u g(x,y) ABILIOTCS JHHEHHBIME, YTO IIPH-
BOJIUT K HE BIIOJIHE PEAJUCTUIHLIM MOJIEIAM. BoJiee aleKBATHBIME SIBJISIIOTCS CACTEMDbI, B
KOTOPBIX yKa3aHHbIe (DYHKIIUH SBJISIIOTCS HEJIMHEHHBIMY WJIH, B 4ACTHOCTH, HEMOHOTOHHBI-
mu. Cucrembl, B KOTopbix dbyakimu f(z,y) u g(x,y) ABISIOTCI HEMOHOTOHHBIMHU, YACTO
HasbIBaIOT cucreMamu ¢ 3dpdexrom OJuim.
B nacrositem Jokjaje paccmarpuBaeTcs cucreMa Jlorku-Bosbreppa ¢ adbdexrom Out-

{ﬂf’ = (1 - 2y),

;L (1)
Y =yly — )y —2) +xy,

B KOTODOHl [t — BEIEeCTBEHHBIN MMapaMeTrp. DTa CHUCTEMA MMEET TOrJa TOYKY PABHOBECHUSI

2
Akobu miist cucrembt (1) npu g = —1 uMeeT YUCTO MHUMBIE 3HAYECHUST :l:%i. DTO 03HAYAET,
aro p = —1 sBistercs Toukoi 6udypranuu AHapoHoBa- Xomda B OKPECTHOCTH TOYKU M.
B nmoknane obcyxkmaroTcs cBOWCTBa 3TOi OudypKaluu, OIPeesiioTCsi OCHOBHBIE Xa-
pakTepuCTUKM OudypKaluu Ha OCHOBE IOCTPOCHUS JIAIYHOBCKUX ITOKa3aTesei.

My (% — 37“, %), KOTJIa PACIIOJIaraeTcsl B IMepBOM KBajpante K, mpnm p < 5. Marpuua

Crcok aurepaTryphbl

[1] Bparycs A. C., Hopoxxwmios A. C., Ilnaronos A. I1. IunaMuueckue CHCTEMBI ¥ MOJIEJIH
ouosorun. - M.: ®U3MATJINT, 2010. - 400 c.

Jordan constant for Cremona group of rank 2 over a finite
field

Vikulova A.V.12

1. Steklov Mathematical Institute of Russian Academy of Sciences, 8 Gubkin str.,
Moscow, 119991, Russia
2. Laboratory of Algebraic Geometry, National Research University Higher School of
Economics, 6 Usacheva str., Moscow, 119048, Russia.

The Cremona group Cr,(F) of rank n is a group of birational automorphisms of the
projective space P" over F. Despite the fact that this group appears naturally, its structure
is extremely complicated for n > 2. Moreover, the description of finite subgroups seems
very hard to obtain. Even in the first non-trivial case of rank 2 there is a description of
conjugacy classes of finite subgroups only over C (see [1]). Nevertheless, we can understand
some properties of finite subgroups of Cremona groups.

Definition 1 (|2, Definition 2.1]). A group G is called Jordan if there is a constant J such
that any finite subgroup of the group G has a normal abelian subgroup of index at most J.
The minimal such constant J is called the Jordan constant of the group G and is denoted

by J(G).
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J.-P. Serre proved in |4, Theorem 5.3] that the Cremona group Cra(F) over the field
F of characteristic zero is Jordan. However, it is not true for algebraically closed field F
of characteristic p > 0, because the group Cra(F) contains simple subgroup PSLy(IF,»)
whose order grows with n. In the article [3] Yu. Prokhorov and C. Shramov proved that
the Cremona group of rank 2 over a finite field is Jordan. Moreover, they obtained some
inequalities for Jordan constants and in the paper [5] the exact values of Jordan constant
were found for all finite fields.

So in this talk we discuss the following theorem (see [3, Theorem 1.2] and [5, Theorem

2]):
Theorem 1. The Jordan constant J(Cra(F,)) of the Cremona group Cra(Fy) is equal to
16482816, ifq=3_;

J(Cra(F,)) = < 60480, if ¢ = 4;
720, if q=2.

Also we discuss the following interesting corollary from the proof of Theorem [I] about
the automorphisms of cubic surfaces over Fy (see [5, Theorem 3|):

Theorem 2. Let S be a smooth cubic surface in P? over Fy. Then
|Aut(S)| < 720.

If the equality holds then we have Aut(S) ~ Sg. Moreover, the cubic surface with such
automorphism group is unique up to isomorphism and passes through all 15 points on P3
over [Fy.
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Oo6pa3zyrolme 1 COOTHOIIEHUS JIeKAPTOBBIX IOJATPYIIT
rpad-npousBeaeHni TPYIIT

Beuterskanun @©. E.12

1. MI'V umeru M.B.J/lomonocosa, Mocksa
2. HUY BIII5, Mocksa

[Iycts G = (G, . .., Gp) — HAOOD AUCKPETHBIX rpyI, I’ — npocToii rpad Ha MHOXKeCTBE
gepimd [m] = {1,...,m}. CoorBercrByloiiee epag-npoussedenue 2pynn OMpeIessieTcs: Kak

G = (G %% Gw)/(9i9; = 9;9: : 9i € Gy, g € Gy, i #j, {i,j} €T).

['pad-niponsseicHnsT 3aHUMAIOT TPOMEKYTOTHOE MTOJOKEHUE MEXKJIy JIEKAPTOBBIM ITPOU3-
BEJICHUEM U CBOOOTHBIM TTpousBeicHneM Tpynn G, . . . , Gy,. Mbl H3yt1aeM KO ICTABICHNUST
dexapmosoti nodepynnoi

Cart(G,T) := Ker(QF — ﬁ Gi)
i=1

rpad-11pon3Be/IeHNs] IPYIIIL.

B ciayuae Gy = --- = Gy, = Zo rpymma GY — 310 npamoyzosvras epynna Kokemepa
RCr, a Cart(G,T') — sro eé kommyrant RCP. Iocienusisi Tpynia Takxke BOSHUKAET B
ropudeckoii Tonosiornn [I] kax dbyHaMeHTAIBHAS TPYIIIA BEUECMEEHHO20 MOMEHM-Y204
komnaerca Ry = (D', SO)F, T = sk K.

[Tycrs K — KJMKOBBIH cuMIUIMIuasbHblil KoMiuteke rpada I'. Ins xkaxmoro J C [m]
obosnauum ny := [];c ;(|G;|—1). lanos u Bepéskun [3] npeybssunin sBHbLL MIHIMAIIBHBL
Habop u3 N obpasyromux st Cart(G,T), rue

N = Z nJ'dimﬁO(ICJ).
JC[m]

[Tycrs X = | |, X — pasiokeHne TOMOIOIXYECKOTO IPOCTPAHCTBA X HA KOMIIOHEHTBI
csazaocTu; 0603HaunM 111 (X)) := %471 (X,).
Teopewma. [lycTb

M_ = rank( @ HI(ICJ;Z)@”J), My = Z ng - rank IT; (KCy).
JC[m] JC[m)]

Torna

1) JI6oe konpesacrasienue rpyiisl Cart(G,T') cogepxkur xorst 661 N obpasyromux u
xoTs 661 M_ coOTHOLIEHUIA.

2) CymecrByer kompe/crasienne rpynnsl Cart(G, '), cocrosiinee u3 N obpasyomux u
M cooTHOITIEHUI].

U3 910i TEOpEMBI CJIe/lYIOT H3BeCTHBIe Kpurepun Toro, Korja rpynmna Cart(G,T") cBoboaua
[3], u Toro, korma RCL. — rpynma ¢ ogauM cooTHOmEeHHEM [2].

Aprop 6aromaput csoero Hay4unoro pykoouress T. E. Tlanosa 3a 1octraHoBKY 3a1a4u
1 IeHHbIe KOMMEHTapHuu.
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On Jacobian group and complexity of the delta-graph

Yudin [.N.
Sobolev Institute of Mathematics, Novosibirsk, Russia

Let G be a finite connected graph. The notion of the complexity for a graph arises in
different ways. For example, it can vary from simple parameters like the number of edges
or vertices to the number of spanning trees or rooted spanning forests of a graph. All the
above mentioned invariants can be found as a function of eigenvalues of the Laplacian
operator of the graph. So, they are spectral invariants.

The complexity of a graph plays an important role in statistic physics, where the graphs
with arbitrary large number of vertices are considered [I]. Jacobian group admits a natural
interpretation in various areas of physics, coding theory, and financial mathematics.

We mention that the number of spanning trees and the number of spanning rooted forests
for circulant graphs are expressed in terms of the Chebyshev polynomials [2]. In the present
paper we consider expansion of the cycle graph on 3 vertices, so called A-graph. We find
the number of spanning trees and rooted spanning forests and investigate the structure of
Jacobian.

Theorem 1. The number of spanning trees 7(n) in the graph A(n;k, [, m) is given by the
formula

s—1
n
T(n) = S H 2T (wp) — 21,
p=1
where s =k+1{+m,nwy,, p=1,2,...,5—1 are all the roots different from 1 of the order

s algebraic equation
Q(w) = -2 —-A(w) — B(w) — C(w) + A(w)B(w)C(w) = 0.

Here A(w) =4 — 2T(w), B(w) = 4 — 2T})(w), C(w) = 4 — 2T}, (w) and Tj(w) is the order
j Chebyshev polynomial of the first kind.

Theorem 2. The number of rooted spanning forests in a A-graph A(n; k, [, m) is given by
the formula

f(n) = H 1275, (wp) — 2],
p=1
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where wp, p =1,2,...,s are all the roots of the algebraic equation @(w) =0 and

N K -1 -1
Qw)=det| -1 L -1 |,
-1 -1 M

Here K(w) =5 — 2T} (w), L(w) = 5 — 2T)(w), M (w) = 5 — 2T;,(w) n Tj(w) is an order j
Chebyshev polynomial of the first kind.
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Ciioenne JInyBuiLjiss THTEIPUPYEMOIrO OMJLINAP/IA C
IPaBUTAIIMOHHBIM IIOTEHIINAJIOM B HEKOMIIAKTHOII obJiacTu,
OorpaHUYEHHOI CO(POKYyCHBIMU ITapadboiaMu

Baiinesa Anacracust BiaauMmupoBHa

Mocxosckuti Tocydapecmeernnviti Ynusepcumem umenu M.B./lomonocosa

Paccmorpum Omsumunap)r B IJI0CKON 00Jia-
CTU, OTPAHUYEHHON CO(MOKYCHBIME Iapabo/ia-
mu. Taxoit busirap siBJIeTCst HHTEIPUPYEMbBIM
— BJIOJTb TPAEKTOPUIl COXpAHSIETCS ITapaMerp
HEKOTOPOI TapaboJibl, KOTOPOH Kacaercst JIaH-
Hasg TpaekTopus. B kuure “Bumnmunapapr. 'ene-
THYECKOE BBEJIEHUE B JUHAMHUKY CHCTEM C y/la-
pamu” B.B. Kozsmosbim u [I.A. TpemieBbim ObI-
JIO TIOKA3aHO, 4TO JI00ABJIEHUE I'PABUTAIMOHHO-
ro MOTEHIUAA B IAHHOI 3a/1a4e (CHIa TaKeCTH
HAIIpaBJIeHa MEPHEHIUKYJISIPHO JTUPEKTPUCCAM
ceMelicTBa COPOKYCHBIX TapaboJI, 00pa3yIoNux
IpaHuIly OULIMAP/HON 00JIACTH) COXPAHSET MH-
TErpUPYEMOCTH CUCTEMBL.

K Takoit cucreme mpuMeHUM IIOIXO0J, TEOPUM A
®omenko—llummanra 06 HHBapraHTaX HEBBIPOXK-
JIEHHBIX WHTEIPUPYEMbBIX TaMHUJIBTOHOBBIX CH-
creM. Beran paccMoTpens! 2 06/1aCTH - OTPAHU- A

YEHHOI OJTHOM TapaboJIol U IByMst TapabOIaMu.
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A B ornuuwme ot ciayuas 6e3 moreHumasa cioeHue JImyBMILIS Tak
OTpeJIeIEHHON OMIIMapIHON CHCTEMbI 3aBUCAT OT 3HAHUS HWHTErpasa
sHepruu. [Ipy MaIbIX 3HAYEHUAX IHEPIUN - KPUTUIECKOE 3HAYUEHHE, OT-
BedJalolllee BePTUKAILHOMY IBUXKEHUIO, ABJIsIeTCs ycToiauBbiM. Torma
KakK Ipu OOJIbINNX 3HAYEHHUAX SHEPTHH - HEYyCTOMIMBLIM. [losoMy mjist

/ \ KarkJI0ro OM/IMapaa BO3HUKAET JBA BO3MOXKHBIX BApUAHTA CIIOCHUS

I/IBOSHGPFQTI/I‘IGCKOﬁ IIPBEPXHOCTU.

A A Jlig 6mmmapaoB ¢ rpaBUTAIIMOHHBIM IMOTEHIIMAJJIOM, OTPAHUYIEH-
A HBIM OJHOW W AByMsI mapabosjamu, mHBapuaHTel Pomenko—llummanra,
COOTBETCTBYIOIIUE CJIOCHUAM JIMyBUILISI HEBBIPOXKJICHHONI M309HEpre-
THUIECKON MMOBEPXHOCTU MMEIOT BUJI, IPEJICTABICHHBIN Ha PHUC.2
A Yy
Puc. 1.
x
Puc. 2.
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Bunnmapsa ¢ mpockajib3bIBaHUEM HA TPEXMEPHOM CToJie 6e3
doKaJIbHBIX KPUBBIX

3asbsasos B.H.
MI'Y um. M.B. Jlomorocosa

B pabore [2] A.T.®omenko Gbl1 BBE/IEH HOBBIN KJIACC OMIIIHADIOB C IPOCKAJIL3bIBA-
HueM. PaccMorpum F' — M30METPUIO MPAHUIIBI IIJIOCKOTO 3JLIMIICA, TEPEBOJISIINYI0 TOUKY &
B JUaMeTpaJbHO IIPOTHUBOIOJIOXKHYIO e€if TouKy y. IlycTh MarepuaibHast TOUKa JBUXKETCS
PaBHOMEPHO U IPsIMOJIMHEIHO BHYTPHU 3JIIUICA U IONaJaeT Ha rpaHuity. [IpomosmkuMm ee
TPAEKTOPUIO M3 TOUKHN Yy = F'(x) mo stydy, BeIXozsmemMy u3 Hee o yrioM «. VHbiMu ciro-
BaMM, €€ IPOJIOJIKEHHE BBIXOIUT W3 HOBOW TOYKM IIOJ TE€M YK€ YIJIOM, “IPOCKAJIb3bIBast’
BJOJIb paHuIbl. Ha OCHOBAHUM 9TOr0 TaKOil KJIacC CHUCTeM ObLI Ha3BaH ‘“OWIMapIaMu C
[IPOCKaJIb3bIBaHueM” .

JlamHas cucrema 00JI1a1aeT T€M 2Ke IEPBBIM MHTEIPAJIOM — IapaMeTPOM CO(OKYCHOM
KBaJIpUKU. PaccMOTpUM B TpeXMEPHOM €BKJIMIOBOM IIPOCTPAHCTBE KOMIIAKTHYIO 00JIaCTh,
OI‘paHI/IIIeHHyIO KOHEYHBbIM YUCJIOM CO(bOKychIX KBaJIpUK " I/IMeIOH_[yIO JIBpraHHI)Ie Y1JIbL

M3JI0MAa Ha FPAHMUIIE, DABHBIE z Takyio obsracTb HA30BEM TPEXMEPHBIM OMJIMAP/HBIM CTO-
JIOM. 2

Kiraccnaecknii 6uiinaps BHyTPH TPEXMEPHOTO OMJIIIMAP/IHOTO CTOJIA SBJISETCS WHTE-
rPUPYEMOIl TAMIJIBTOHOBO# CUCTEMO B KYCOYHO-TVIAJIKOM CMBICJIE. DTa CUCTEMa 00JIa/1aeT
TpeMsl HE3aBUCUMBIMH [OIAPHO KOMMYTUDPYIOIIUME (OTHOCUTEJILHO CTAHIAAPTHON CKOOKH
[Tyaccona) nepseimMu unTerpagamu H, A1, Ao, tae Ay, Ao — napamerpbl KBaJIpUK, KOTOPBIX
OJIHOBPEMEHHO KAaCAIOTCsI BCe MPsSIMble TpaeKTopuu marepuaabuoii Touku. . B. Bemosepos
B pabore [I] xkiaccudunuposas Bee Takue OMILIHAD/BI 10 OTHOIIEHHUIO CJIa0O0H SKBUBAJICHT-
HOCTH.

PaccMoTpum cBA3HBIN OUILUIMAD/IHBIN CTOJI, CAMMETPUYHBIA OTHOCUTEIHHO KOOD/IIMHAT-
HBIX IJIOCKOCTel. BbibepeM HECKOJILKO map MPOTUBOIOJIOXKHBIX I'paHeil ero rpaHuilbl U 3a-
JIaJIIM Ha HUX [POCKAJIL3bIBAHNE, TO €CTh IIPU MOINAJAHUNA HA I'PAHb C IPOCKAJIL3bIBAHUEM
MaTepUAJIbHAS TOUKA, HAXOIUBIIASICS B TOYKE T C BEKTOPOM CKOPOCTHU V1, BBIAJIET U3 TOYKU
—& € BEKTOPOM CKOPOCTH V2, Tl V9 HOJIYHYAETCs U3 ] IIyTEM OTPAKEHUs v1 OT KacaTeJbHON
IJIOCKOCTH K JIAHHOI I'DaHU B TOYKE X, a 3aTEM 3aMEHOI Ha IPOTUBONOJIOXKHBIA. [TosryaeH-
HYIO CHCTEMY HA30BEM TPEXMEPHBIM OUJIINAPIOM C IMPOCKAJIL3bLIBAHUEM.

Tpexmepubit OULIHAD/T C IPOCKAIB3bIBAHUEM TOXKE sIBJISETCS UHTETPUPYEMOI TaAMUITb-
TOHOBOU CHCTEMOIl B KyCOYHO-TIJIAJIKOM CMBIC/IE C TEMH K€ IIePBBIMU HHTErpaJlaMu, ITO U
KJIACCUYECKUIl OMILInap/I.

PaccmoTpuM CBSI3HBIH OMHOCBA3HBIN TPEXMEPHBIH OUJLINAPIHBIN CTOI, CUMMETPUIHDIN
OTHOCUTEJIHO KOOPJMHATHBIX IIJIOCKOCTEH U OTPAaHUYEHHBIH CO(OKYCHBIMU SJITUIICOUIOM,
OJTHOTIOJIOCTHBIM U JIBYTIOJIOCTHBIM rutiepbosiongamu. Oboznadum ero uepes D. I'panura
9TOTO CTOJIA COCTOUT U3 3-X TAp CHMMETPUIHBIX TJIAJIKUX TpaHeil. A ce1oBaTesibHO, HA
9TOM CTOJIE MOXKHO 3aJ[aTh 7 KOMOMHAIMI [MPOCKA/Ib3bIBaHus. JJisi KarxK ol KoMOuHAIIN
HaMHI [TOCTPOeHa OUdyPKAIMOHHAA AUarpamMMa, HalIeHbl KJIACChl TOMEOMOPGHOCTH CJIOEB
cioenust JluyBuss, onucanbl 1-tiepecrpoiiku TopoB Jluysusisg. Taxk:ke Hamu gokasaHa
TeopeMa KJIaCCU(PUKAIINYA N309HEPIEeTUIECKIX [TOBEPXHOCTEH.

Teopema 1. Hzosnepeemuneckas nosepriocms OUAAUGPIL C NPOCKANDIDIEAHUEM HA
T x S5
mpexmeprom cmoae D 2omeomopdra ————, 20e i — Kosuuecmeo nap epanet ¢ npo-

(Z2)

CKRAADB3BIBAHUEM.
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Uccnenosanme BoinosHeHo npu mozgepxkke rpanta PH® (mpoekr Ne22-71-00111) B
MTI'Y umenu M.B. JlomonocoBa.
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Peneitnas moaesb 3aMupalroiiero HeitfpoHa
Benrenora B.K.
Lenwmp unmeepupyemuz cucmem, Apl'Y um. I1.I. Jlemudosa, Hpocrasav

B kauercse Mosiesin 0JIHOTO HEHPOHA PACCMATPUBAECTCS ypPaBHEHUE

R=2A [f(R(t - h)) + ’H(X*(t)ﬂ R(1), (1)

npemokennoe B crarbe [1]. 3gecs R(t) — HOpMHPOBAHHBIN MeMODAHHBIH IOTAHIHAT, A
— CKOPOCTH 3JIEKTPHYECKUX IPOIECCOB B HEPBHOII KieTke, J — moporosast (yHKILHs,
XapaKTepu3yIollast BHyTPEHHee [OBeJeHne HeHpoHa

1, O0<u<l,
—a, u>1,

Flu) = {

| =n, 0<u<d,
H(u)—{ & u>0,

X, (t) = O g (t) — nepuommdeckas dyukims ¢ mepuogom T

0, t=0,
>0, 0<t<ty,

<0, t,<t<Ty,

1, &, a, 0 — nosiokuTeNbHBIE TTapaMeTpbl, h > 0 — 3anasnpiBanue, A > 1.
VYpaBHeHnune — 9T0 MoaMUKAIIS yPaBHEHUsT

= AF(u(t — h))u, (2)

[PEeJIOKEHHOTO B crarhe [2]. /laHHOE ypaBHEHUE JIEKUT B OCHOBE Psijla PACCMATPUBAEMBIX
dHEeHOMEHOJIOTHIECKUX HENPOMOIeIel.

B ypaBHenun 1) cJles1aeM SKCIIOHEHIAJIbHYTO TOJICTAHOBKY R(t) = e
peJieiiHoe ypaBHeHue:

Ar(t) | Tlomydnm
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= F(r(t—h)) + H(z(t)), (3)

_ Az 1) € S 07
Fa) = F(e™) = { —a, x>0,
_ AT\ -n, T S 07
H(z) =H(e )—{ £ >0,

B nacrosiieii pabore 1osyueHo 060bIeHne pesyabraToB paboTel [1] u Haiigena 6osee
MIUPOKasi 00JIACTD CYIECTBOBAHUS HapaMeTpoB. /lokaszaHo cyriecTBoBanme 00JIACTH Mapa-
METPOB C IJIABHBIM IIEPEXOI0M OT BBICOKMX BCILJIECKOB K MaJIbIM KOJIEOAHUSIM.

st ypaBHEeHUSsT JIOKA3aHO CYIIECTBOBAHUE PEXKMMOB CIIEIMAIbHOTO BHJIA: PEIIeHMUIA,
obJragaronux JIOObIM Hallepel, 38 IaHHbIM KOJMYIECTBOM OJINHAKOIO BBICOKHX BCILJIECKOB,
[I0CJIE KOTOPBIX IPOUCXOIUT MTOCTEIIEHHOE 3aTyXaHNe BCIJIECKOB U YCTAHABIUBAIOTCS KOJIE-
baHnsa ¢ MaJIoi aMILIMNTYIOM.

9TO SKBUBAJIEHTHO CYIIECTBOBAHUIO y ypaBHEHUs (3|) MepronIecKoro pereHus ¢ 1mo-
JIOXKUTEJILHBIMUA U OTPUIMTEILHBIMY 3HAUEHUSIMI Ha, [IEPUOJIE J0 HEKOTOPOM TOUKHM, [IOCJIe
1ero 3HavueHne (QyHKIUU YOBIBAET M ¢ HEKOTOPOIO MOMEHTA YCTAHABJIUBACTCS ITEPUOIAIE-
CKOE PeIeHne ¢ TOJIBKO OTPHUIATEbHBIMI 3HAUEHUSIMIE.
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The characteristic Lie ring of the evolutionary equation
Uy = uy + f(u).

Zotova E.I.
UUST, Ufa, Russia
For the evolutionary equation
Uy = Uy + f(u)
the dimension of the characteristic ring [1 2 3, 14, [5] is equal to three when

€3
=2 e,
c2
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where ¢ # 0, ¢4 # 0, c3 — arbitrary constants.

Note that the characteristic ring is finite-dimensional. The operators of the equation

are defined as

_ 0

X; = S0

Xo = (u:m + 02C4662uux) % + (ux:mc + C%C4ec2uu3: + C2C4€CQuu:px) ﬁ +...
_ 2 cou o] 3 cou,,2 2 cou o)

X3 = CoC4€7 MUy 7~ + (02046 2%ug, + cyeqe um) Juns +...,

X4 = c2X3,

X5 = —coup X3.
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