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On the damping problem for a multidimensional
control system of retarded type

Adkhamova A.Sh.*
RUDN University, Moscow, Russia

We consider a multidimensional control system governed by retarded-type differen-
tial-difference equations with variable matrix coefficients and several delays. A con-
nection is established between the variational problem for a nonlocal functional and
the corresponding boundary value problem on an interval for a system of second-
order differential-difference equations. The existence, uniqueness, and smoothness
of the generalized solution to the boundary value problem on the entire interval are
studied.

This work is supported by the Ministry of Science and Higher Education of the
Russian Federation (Megagrant, agreement No. 075-15-2022-1115).

References

[1] Adkhamova A.S, Skubachevskii A. L. Damping problem for multidimensional con-
trol system with delays, Distrib. Comp. Commun. Networks, 678, 612—623 (2016).

[2] Adkhamova A.Sh., Skubachevskii A.L. Damping problem for a neutral control
system with delay, Dokl. Math., 101, No. 1, 68-70 (2020).

[3] Adkhamova A.Sh., Skubachevskii A. L. On a boundary-value problem for a system
of differential-difference equations of retarded type, Differ. Uravn., 58, No. 6, 747—
755 (2022).

[4] Krasovskii N. N. Control Theory of Motion. — Moscow: Nauka, 1968.

[5] Skubachevskii A. L. Elliptic Functional Differential Equations and Applications. —
Basel-Boston—Berlin: Birkh&user, 1997.

Venttsel problems with discontinuous data

Apushkinskaya D. E.*
RUDN University, Moscow, Russia

In this talk we present new results concerning the Venttsel boundary value prob-
lems for second-order elliptic equations. The novelty is related to discontinuity of the
principal coefficients of the differential operators acting inside and on the boundary
of the underlying domain. Namely, the principal coefficients belong to the class of
functions with vanishing mean oscillation (VMO). Also the optimal Lebesgue/Orlicz
integrability requirements are imposed on the lower-order coefficients.

We consider strong solutions belonging to composite Sobolev spaces with optimal
exponent ranges and discuss LP-regularity and solvability theory for such problems.

The talk is based on results obtained in [1-4] in collaboration with Alexander
Nazarov, Dian Palagachev, and Lubomira Softova.

Adkhamova A. Sh.: adkhamova-ash@rudn.ru
Apushkinskaya D. E.: apushkinskaya@gmail.com
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Stationary solutions of the Vlasov—Poisson system
in domains with boundary

Belyaeva Yu.0.*
RUDN University, Moscow, Russia

The Vlasov—Poisson equations in domains with a boundary describe the kinetics
of charged particles of high-temperature plasma in controlled thermonuclear fusion
devices. Mixed problems for the Vlasov—Poisson system for a two-component plasma
in cylindrical domains describe in particular the kinetics of charged particles of high-
temperature plasma in a mirror trap.

We consider the first mixed problem for the Vlasov—Poisson system in the following
two cases: an infinite cylinder and a finite cylinder.

In [1], the case of an infinite cylinder with a given homogeneous external magnetic
field is investigated. The problem is reduced to a cross-section of the cylinder (an aux-
iliary problem) by a special substitution. Further, using the method of characteristics
for the Vlasov equation and the method of sub- and super-solutions for nonlinear
elliptic boundary value problems, we prove that the auxiliary problem has smooth
stationary solutions. Distribution functions of constructed solutions are compactly
supported. Returning to the original problem by using substitutions of a special
kind, we obtain a new class of stationary solutions of the first mixed problem for
the Vlasov—Poisson system with a nonzero electric field potential. Supports of distri-
bution functions of constructed solutions lie at a distance from the boundary of the
cylinder.

For the case of a finite cylinder [1], an inhomogeneous external magnetic field of
a special configuration is considered. The stationary solutions are constructed with
supports of distribution functions touching the boundary of the domain only in two
small prescribed discs at the top and the bottom of the cylinder.

This work is supported by the Ministry of Science and Higher Education of the
Russian Federation: agreement No. 075-03-2020-223/3 (FSSF-2020-0018).
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Non-concentration for the acoustic operator
in layered media

Ben-Artzi M. X

Hebrew University of Jerusalem, Jerusalem, Israel

Consider the operator A = —¢A acting in bounded domains Q := Q' x (0, H) C
R? x R,. The diffusion coefficient ¢ > 0 depends on one coordinate y € (0, H) and
is bounded but may be discontinuous. This corresponds to the physical model of
“layered media” appearing in acoustics, elasticity, optical fibers etc. The Dirichlet
boundary conditions are assumed. In general, for each € > 0, the set of eigenfunctions
is divided into a disjoint union of three subsets : §n¢ (non-guided), Fo (guided),
and Fres (residual). The residual set shrinks as ¢ — 0. The customary physical
terminology of guided/non-guided is often replaced in the mathematical literature by
concentrating/non-concentrating solutions, respectively.

For guided waves, the assumption of “layered media” enables us to obtain rigor-
ous estimates of their exponential decay away from concentration zones. The case of
non-guided waves has attracted less attention in the literature. It leads to some very
interesting questions concerning oscillatory solutions and their asymptotic properties.
Classical asymptotic methods are available for c¢(y) € C? but a lesser degree of regu-
larity excludes such methods. The associated eigenfunctions (in Fy¢) are oscillatory.
However, this fact by itself does not exclude the possibility of “flattening out” of
the solution between two consecutive zeros, leading to concentration in the comple-
mentary segment. Non-concentration is established if ¢(y) is of bounded variation, by
proving a “minimal amplitude hypothesis”. However, the validity of such results when
¢(y) is not of bounded variation (even if it is continuous) remains an open problem.

Based on a joint work with A. Benabdallah and Y. Dermenjian.

Local regular and singular solutions of the
Chipot—Weissler equation
Bidaut-Véron M.-F . *

Université de Tours, Tours, France

Here we study the properties of nonnegative solutions of equations in a domain of
RY, of the type

—Au —m|Vu|? = uP, (1)

Ben-Artzi M.: mbartzi@math.huji.ac.il
Bidaut-Véron M.-F.: veronmf@univ-tours.fr



where p > 1 and m > 0. We concentrate our analysis on the solutions with an isolated
singularity, or in an exterior domain, or in RY. The existence of such solutions and
their behaviour depend strongly on the values of p and ¢, in particular on the sign of
q— %, and when ¢ = 2—7"1, also of the value of the parameter m, which becomes a
key element. The description of the different behaviour is made possible by a sharp
analysis of the radial solutions of the equation.

Nonlinear kinetic equations of the Boltzmann type
and their discrete models

Bobylev A. V. *

Keldysh Institute of Applied Mathematics of the Russian Academy of Sciences,
Moscow, Russia
RUDN University, Moscow, Russia

The known nonlinear kinetic equations (in particular, the wave kinetic equation
and the quantum Nordheim—Uehling-Uhlenbeck equations) are considered as a nat-
ural generalization of the classical spatially homogeneous Boltzmann equation. To
this goal we introduce the general Boltzmann-type kinetic equation that depends on
a function of four real variables F(z,y;v,w). The function F' is assumed to satisfy
certain commutation relations. The general properties of this equation are studied.
It is shown that the above mentioned kinetic equations correspond to different forms
of the function (polynomial) F'. Then the problem of discretization of the general
Boltzmann-type kinetic equation is considered on the basis of ideas similar to those
used for construction of discrete models of the Boltzmann equation. The main at-
tention is paid to discrete models of the wave kinetic equation. It is shown that such
models have a monotone functional similar to the Boltzmann H-function. The exis-
tence and uniqueness theorem for global in time solution of the Cauchy problem for
these models is proved. Moreover, it is proved that the solution converges to the equi-
librium solution as time goes to infinity. The problem of approximation of the wave
kinetic equation by its discrete models is also discussed. This work is supported by
the Ministry of Science and Higher Education of the Russian Federation (Megagrant,
agreement No. 075-15-2022-1115).

Variational worn stones

Crasta G.*!, Fragala |.2

! Sapienza University of Rome, Rome, Italy
2 Politecnico di Milano, Milan, Italy

We introduce an evolution model a la Firey for a convex stone which tumbles on a
beach and undertakes an erosion process depending on some variational energy, such
as torsional rigidity, principal Dirichlet Laplacian eigenvalue, or Newtonian capacity.
Relying on the assumption of existence of a solution to the corresponding parabolic

Bobylev A.V.: alexander.bobylev@kau.se
Crasta G.: graziano.crasta@uniromal.it; Fragala I.: ilaria.fragala@polimi.it



flow, we prove that the stone tends to become asymptotically spherical. Indeed, we
identify an ultimate shape of these flows with a smooth convex body whose ground
state satisfies an additional boundary condition, and we prove symmetry results for
the corresponding overdetermined elliptic problems. Moreover, we extend the analysis
to arbitrary convex bodies: we introduce new notions of cone variational measures
and we prove that, if such a measure is absolutely continuous with constant density,
then the underlying body is a ball.

References
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Invariants of normal forms of second-order linear
partial differential equations in the plane and
applications

Davydov A. A X

Lomonosov Moscow State University, Moscow, Russia
National University of Science and Technology MISIS, Moscow, Russia

The talk is devoted to the theory of normal forms of mixed-type partial differential
equation in the plane and problems related.

First normal forms of the wave equation and the Laplace equation were proposed
more then 200 years ago to describe the motion of the string and the velocity potential
of an incompressible fluid, respectively. The main symbol of the equation a(x, y)u,, +
b(z, Y)uzy + c(z,y)uyy = 0 with smooth coefficients a, b, ¢ is reduced to these forms
in a vicinity of any point where the discriminant D, D = b?> — 4ac, is positive or
negative, respectively, by a smooth change of coordinates and multiplication by an
appropriate smooth nonvanishing function.

For a generic triplet (a, b, ¢), the level D = 0 is either empty or is a smoothly
embedded curve (known as the type change line) in the plane. Near a point of this
line, the equation is of mized type. Systematic analysis of mixed-type equations was
started in [1], where the ideology and motivation for many studies in the 20-th century
were proposed. In this work, Tricomi also grounded the normal form w,, 4+ yu., for
the main symbol of a generic equation near a typical point of the type change line,
but his proof had a gap. The correct proof was proposed in [2]. This form and the
form above have no parameters.

Complete classification of main symbols for germs of such generic equations was
obtained in [3]. All new forms in this classification include real parameters as in-
variants. The respective model equations were used in applications much earlier [4].
In the beginning of this century, some normal forms for the parametric case were
found [5, 6].

In 2007, structural stability of characteristic net for a typical linear second-order
mixed-type equation on the plane was proved for a wide class of equations [7]. This
result leads to the natural problem of finding appropriate nonlocal normal forms of

Davydov A. A.: davydov@mi-ras.ru



such equations and invariants of these forms. The first such form (besides the Laplace
and the wave equations) u,, — (r — 1)ug ¢ = 0 was proposed in [8] for the case of
the Cibrario—Tricomi-type behaviour of the characteristic near the circle » = 1 with
r > 1. Such a behaviour also occurs for the equation of small bending of a revolution
surface near the parabolic line and in the theory of momentless steady states of a thin
elastic shell of revolution, see [9].

The research is supported by the MSU Program of Development, Project No. 23-
SCH5-25.
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Dynamics of concentrated vorticities
in incompressible Euler flows
Del Pino M.*
University of Bath, Bath, United Kingdom
We consider the Euler equations for an incompressible inviscid fluid

{vt + (v -V)v=-=Vp inR"x(0,T), 1)

dive =0,

where n = 2,3. The function w = curlv is called the vorticity of the solution. We
consider solutions with highly concentrated vorticity. More precisely, with vorticity

Del Pino M.: mdp59@bath.ac.uk
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concentrated around a finite number of moving points (vortices) when n = 2, and
around curves when n = 3. When n = 2, the vorticity-stream formulation of (1) is
the scalar problem

wi+ (v-V)w=0 inR?x (0,7),
(2)

v(z,t) = | Kz—-yw(yt)dy, K(z)= !

. 2w )

We discuss the construction of solutions to problem (2) of the form

g

w(a,t) = f: Sy (ij(t)> +o(1)

j=1

in a fixed interval [0,7], where o(1) — 0 as ¢ — 0 and W (y) is a positive rapidly
decaying profile. For special configurations, for instance two vortex pairs travelling
in opposite directions, we find solutions of this type with o(1) — 0 as t — +o00. We
discuss the highly nontrivial generalization of these constructions to the generalized
SQG equation, 0 < s < 1,

wi+ (v-V)w=0 inR*x (0,7),
C;
v(z,t) = , Ki(z —y)w(y, t)dy, Ks(z)= W—igs(ﬂfz,—h)-
R

In the 3-dimensional case, we explain the vortex filament conjecture in its connection
with the binormal flow of curves and find its first mathematical proof in the helical
case. Finally, we discuss the first mathematical justification of the leapfrogging vortex
ring dynamics first conjectured by Helmholtz in 1858.

These results correspond to collaboration with Juan Davila (Bath), Antonio Fer-
nandez (UAM, Madrid), Monica Musso (Bath), Shrish Parmeshwar (Imperial College
London).

Rigorous results in Zakharov—L’vov stochastic
model for wave turbulence

Dymov A.V.*

Steklov Mathematical Institute of RAS, Moscow, Russia
RUDN University, Moscow, Russia

The wave (or weak) turbulence theory (WT) has been intensively developed in
physical works since the 1960’s. Despite the great interest in the community, math-
ematical works devoted to its rigorous justification began to appear only in recent
years. In these works, significant progress was achieved in justification of the theory
but the problem is still poorly understood.

WT can be viewed as the kinetic theory of interacting nonlinear waves, parallel
to the famous R. Peierls’ kinetic theory, and also as a toy model for the strong

Dymov A.V.: dymov@mi-ras.ru
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turbulence theory. From the mathematical point of view, WT is a heuristic approach
for studying small amplitude solutions to nonlinear Hamiltonian PDEs with periodic
boundary conditions of large period. The fundamental assertion of WT is that one
of the main characteristics of the solution, called the energy spectrum, approximately
satisfies a nonlinear kinetic equation, called the wave kinetic equation and dating back
to R. Peierls.

I will talk about my the joint works [1-3] with S.B. Kuksin, as well as with
S.G. Vleduts and A. Maiocchi, where we completed the first step in a rigorous jus-
tification of this assertion for the energy spectrum of the solution to the nonlinear
Schrodinger equation subject to a random perturbation on the torus. This stochastic
model for WT was proposed by Zakharov and L’vov.

Speaking in more detail, we consider the cubic NLS equation

Opu + iAu — i\|u|*u = (viscosity + random perturbation) of size < A, (1)

where u = u(t,z) € C, x € R*/(LZ%), d > 2, L > 1 is the period of the torus, while
0 < A < 1is a small parameter. The energy spectrum of its solution is defined as a
function ns(7) on the Fourier-dual lattice L™'Z¢ 5 s, given by

ns(1) = E|’US(T)|2, se L'z,

Here 7 denotes an appropriately rescaled time ¢, E stands for the mathematical ex-
pectation, while vs denote rescaled Fourier coefficients of the solution u(7). Instead
of the exact solution u(7) in papers [1,2] we studied a quasisolution U(T) given by
the sum of the first three terms of the formal series in A for the exact solution wu.
We proved that the quasisolution solves equation (1) with small disparity. Then we

showed that the energy spectrum of the quasisolution satisfies the main assertion of
WT:

Theorem 1. Under the wave turbulence limit, when first L — oo and then A\ — 0
(or simultaneously A — 0, L > A~1), the energy spectrum N4(7) of the quasisolution
U(7) approzimately satisfies the wave kinetic equation. Under the opposite wave tur-
bulence limit, when first A — 0 and then L — oo, the energy spectrum Ng(7) of the
quasisolution approzimately satisfies a mon-autonomous version of the wave kinetic
equation.

Now we are working on the justification of the following conjecture, which should
complete the rigorous justification of the main assertion of WT for equation (1).

Conjecture. The quasisolution U(T) well approzimates the exact solution u(r), so
the assertion of Theorem 1 is satisfied for the energy spectrum ns(T) of the exact
solution.
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Initial-boundary value problems for the
higher-order nonlinear Schrodinger equation

Faminskii A.V.*
RUDN University, Moscow, Russia

The higher-order nonlinear Schrédinger equation
WUy + QUgy + 1bUy + (Uggs + Au|Pu + iﬁ(|u\pu)x + i’y(\u|p)wu = f(t,x) (1)

is considered. Here a, b, A, (8, v are real constants, p > 1, v = u(t,z) and f are
complex-valued functions. This equation is a generalized combination of the well-
known nonlinear Schrodinger equation and the Korteweg—de Vries equation. It de-
scribes wave propagation in optical fibers. The initial-boundary value problem on the
semiaxis Ry = (0,400) is set with the initial and the boundary conditions

u’t:o = ug(x), u’xzo = p(t). (2)

The following two cases are considered: either y = 0 or p = 1 and v = 0. In both
cases results on existence, uniqueness, and continuous dependence on the input data
for global weak solutions are established.

The solutions are constructed in weighted spaces (with weight at +o00). In partic-
ular, the result for the exponential weights is the following.

Theorem 1. Let T > 0 be arbitrary. Let either 1) u =0, p <3 or2) u € H*(0,T)
for some s > 1/3, p = 1, and v = 0. Assume also that upe®® € La(Ry) and
fe*® € L1(0,T; La(Ry)) for some o > 0. Then there exists a weak solution of
problem (1) and (2) such that

ue®® € Oy ([0, T]: La(Ry)),  uee®® € Lo(0,T; La(R.)).

If, in addition, p < 2 (this is automatically satisfied in the second case), then such
a solution is unique in this space and locally Lipschitz continuously depends on the
input data ug, p (in the second case) and f in the corresponding spaces.

Similar but more complicated results are obtained for the power weights (1 4 ).

Previously, the initial-boundary value problem for equation (1) on a bounded
interval with homogeneous boundary conditions was studied in [1] and the initial
value problem in the case where p = 1, v = 0 was studied in [2].

This work has been supported by Russian Science Foundation grant 23-11-00056.
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Nonexistence of monotone solutions to some
coercive elliptic inequalities in a half-space

Galakhov E. 1. %!, Salieva O.A.2

YRUDN University, Moscow, Russia
2Moscow State Technological University “Stankin”, Moscow, Russia

The problem of finding sufficient conditions for uniqueness of trivial (distinct from
zero or some other constant a. e.) solutions to nonlinear elliptic equations and
inequalities in respective functional classes is well-known. A method for studying this
problem based on the use of special test functions was suggested by S. Pohozaev [1]
and developed in a number of later works; see, in particular, monographs [2, 3], and
references there. The first results in this direction were obtained for operators with
the principal part similar to the Laplacian or p-Laplacian in a certain sense and power-
like nonlinearities. Later they were extended to a larger class of operators [4], so that,
in particular, the power-like behavior of the zero order nonlinear term was allowed to
take place only near zero. However, the operator was still required to satisfy at least
the weak Harnack inequality.

Here we modify the test function method in order to obtain sufficient conditions for
uniqueness of trivial solutions to some quasilinear elliptic and parabolic inequalities
containing nonlinear terms similar to those of [4] but such that the weak Harnack
inequality is not required to hold.
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On the relaxed incompressible porous media
equation

Gebhard B.*
Universidad Auténoma de Madrid / ICMAT, Madrid, Spain

We consider the incompressible porous media equation (IPM) describing the evo-
lution of an incompressible fluid in a porous medium subject to gravity. The initial
data of our interest consists of a (not necessarily flat) interface separating a heav-
ier fluid with homogeneous density p; > 0 from a lighter fluid with homogeneous
density p_ € (0, p4), with the heavier one being above the lighter one. Due to the
gravity term this situation is in real world scenarios highly unstable and mathemati-
cally ill-posed as an initial value problem. In the talk we will recall the ill-posedness
result of L. Székelyhidi [1], as well as a strategy to recover well-posedness on the level
of averaged solutions by solving the resulting “relaxed incompressible porous media
equation,” which can be seen as a nonlocal hyperbolic conservation law. This strategy
goes back to F. Otto [2]. In the main part of the talk we will discuss the construction
of an entropy solution for the relaxed IPM equation emanating from a real analytic
initial interface.

The talk is based on a collaboration with Angel Castro (ICMAT, Madrid) and
Daniel Faraco (UAM/ICMAT, Madrid) [3].
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Regularity results for nondiagonal parabolic systems

Grishina G.V.*
Bauman Moscow State Technical University, Moscow, Russia

We consider a parabolic system of equations with the nondiagonal principal matrix
in a model parabolic cylinder. It is assumed that the components of a solution are
interconnected by the Dirichlet- and the Neumann-type boundary conditions through
some matrix on the planar boundary I' of the half-cylinder. We establish the Holder
continuity of the weak solution in a neighborhood of T', using a modification of the
method of A-caloric approximations adapted to the considered problem.

Gebhard B.: gebhard.bjorn@uam.es
Grishina G. V.: ggrishina@bmstu.ru
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Non-collision singularities and super-hyperbolic
orbits in Newtonian planar 4-body problem

Huang G.*

Beijing Institute of Technology, Beijing, China
RUDN University, Moscow, Russia

In Newtonian N-body problems, the existence of non-collision singularities, which
means there are orbits of the system exhibiting the peculiar feature that some particles
would escape to infinity in finite time with infinite velocities without the occurrence
of collisions (two or more particles occupying the same point in the physical space),
has been long speculated for N > 4. This was commonly known as the Painleve
conjecture and has been recently resolved by J. Xue [Acta Math., 2020]. The so-
called super-hyperbolic orbits are orbits that exist globally in time and the relative
speeds between the particles grow to infinity as time goes to infinity. The existence of
such orbits was conjectured by Marchal-Saari in the seventies of last century. In this
talk we would review several existing models that allow the existence of non-collision
singularities and introduce two new models in the planar 4-body problems, both of
which exhibit orbits of non-collision singularities. For certain mass ratios, one of them
also allows the construction of super-hyperbolic orbits, which solves the conjecture of
Marchal-Saari.

This is based on joint works with J. Gerver and J. Xue [2] and with J. Xue [1].
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Einstein machinery for finite difference model
and three type of transient flows

Ibragimov A.*12 Zakirov E.2, Indrupskiy 1.2, Anikeev D.2, Zhaglova A.2

! Texas Tech University, Lubbock, USA
20il and Gas Research Institute of the RAS, Moscow, Russia

Assume P); is a numerical solution of the problem in the discretized domain of the
flow. Flow itself is generated by the source (sink) being a small disc B(r,,) located in
the box By of discretization with size A >> r,,.

Problem. Accurately interpret numerical value of py associated to the box By w.r.t.
actual (analytical) value of the pressure on the well I'y, = 9B(ry,).

Huang G.: huangguan@bit.edu.cn
Ibragimov A.: akif.ibraguimov@ttu.edu; Zakirov E.: ezakirov@ogri.ru; Indrupskiy I.:
i-ind@ipng.ru; Anikeev D.: anikeev@ogri.ru
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Note that discretization of Iy, is not possible in the intended application.

To solve this problem, we consider sewing machinery between finite difference
and analytical solutions defined at different scales: far away and near the source
of the perturbation of the flow. One of the essences of the approach is that the
coarse problem and the boundary value problem in the proxy of the source model
two different flows. We propose a method to glue solution via total fluxes predefined
on coarse grid. It is important to mention that the coarse solution “does not see”
boundary.

From an industrial point of view, our report provides a mathematical tool for
analytical interpretation of simulated data for fluid flow around a well in a porous
medium. It can be considered as a mathematical “shirt” on the famous Peaceman
well-block radius formula for linear (Darcy) radial flow but can be applied in much
more general scenario including Forchheimer flow.

Note that in the literature known to the authors, the rate of production on the
well-¢q is time independent. We developed a method allowing one to determine the
Peaceman well block radius Ry that depends only on stationary parameters and con-
verges to the classical Peaceman radius Ry in a cylindrical reservoir as external radius
of the domain of the flow goes to infinity. This is applicable to a class of dynamic
flows widely used in industry.

We will enlarge Einstein approach for three regimes of the Darcy and non-Darcy
flows for compressible fluid (time dependent):

I. Stationary; II. Pseudo Stationary (PSS); IIL. Boundary Dominated (BD).

Theorem. For each of three regimes of filtration, using material balance as sewing
machinery, we provide an analytical algorithm for the Peaceman equivalent radius
R§S, RESS(re), and PPP (r.) which is time invariant. Moreover, we rigorously proved
stability of our method, namely:

lim RESS(r.) = lim REP(r.) = R5®

Te—>00 Te—>00

Differential-difference equations
with incommensurable shifts of arguments
lvanova E. P.*
Moscow Aviation Institute (National Research University), Moscow, Russia

We consider the boundary-value problem

n

Apu = — Z (Rijuz,),, = f(x) (z€Q), (1)
ij=1
u(z)=0 (z¢ Q). (2)

Ivanova E.P.: elpaliv@yandex.ru
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Here @ is a bounded domain in R™ with smooth boundary 9Q, f € L2(Q), the
difference operators R;; : Lo(R"™) — L2(R™) are given by

Rju(z) = > ayn(u(z+h) +ul@—h) (ag, €R),
heM,,

where Mij C M are finite sets of vectors with incommensurable coordinates. The
generalized solution u of boundary-value problem (1), (2) belongs to the Sobolev
space H(Q).

For elliptic differential-difference equations with integer shifts of the indepen-
dent variables, the theory of boundary-value problems was created by Skubachevskii
(see [1]). The presence of incommensurable shifts of the arguments greatly compli-
cates the study of such boundary-value problems.

However, in the case where the orbit of dQ under the shifts present in the dif-
ference operator is finite, the methods developed for problems with integer shifts are
applicable. In particular, problem (1)-(2) can be reduced to the boundary problem
for a differential equation with nonlocal boundary conditions(see [3]).

If the orbit of the boundary under the shifts in the difference operators is infinite,
then the nature of the problem changes fundamentally. In particular, its solutions
can have an almost everywhere dense set of derivative discontinuities. A method
for obtaining the conditions of strong ellipticity (the fulfillment of the Garding-type
inequality) based on the construction of a system of interrelated matrix polynomials
is proposed [2]. These conditions are stable relative to small perturbations of the
shifts present in the difference operator.
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Smoothness of generalized solutions to the
boundary-value problem for a differential-difference
equation with mixed boundary conditions

lvanov N. O.*
RUDN University, Moscow, Russia

Let @ = (0,d) be a finite interval with d = N+ 6, N € N, 0 < § < 1. Consider

Ivanov N. O.: noivanovi@gmail.com
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the boundary-value problem

- (RQU/) = f(x)v T e Qa (1)
u(0) = 0, (2)
(Rou')(d) =0 3)

with f € La(Q). The operator Rq : La(Q) — L2(Q) is defined by the formula Rg =
PoRIg, where R 1 Ly(R) — Ly(R), Io : Ly(Q) — Lo(R), and Pg : Ly(R) — La(Q)
are defined as follows:

N

(Ru)(z) = ) aj(@)ulz+ ),

j=—N
(Iou)(z) =u(z), z€Q, (gu)(z)=0, zeR\Q, (Pou)(z)=u(z), z€Q.

Here a;(xz) € C*(R) are complex-valued functions.

Consider the partition of the interval @ into disjoint subintervals obtained by
deleting the orbits of the endpoints of this interval generated by the group of integer
shifts. If § = 1, then we obtain one class of disjoint subintervals Q1 = (k — 1, k),
k=1,...,N+1.If 0 < 6§ < 1, then we obtain two classes of disjoint subintervals
Qir=(Fk-1,k—14+0),k=1,....,N+1,and Qo = (k—1+6,k), k=1,...,N.

Let Ry = Rs(x), * € Q,;, be a matrix of order (N + 1) x (N + 1) if s = 1 and
N x N if s = 2, with the elements 77;(z) = a;_i(r +i— 1),z € R.

It is assumed that the condition

Re(Ry(2)Y,Y)en = Y [Ewe

is fulfilled for all z € Q,;, Y € CN() where ¢ > 0 does not depend on z and Y.

Under these assumptions, the existence of a unique solution of problem (1)—(3) is
proved. The smoothness of generalized solutions of the problem on subintervals and
on the entire interval @ is investigated. It is shown that the smoothness of generalized
solutions is preserved on subintervals. It is also proved that, if the function on the
right-hand side of equation (1) is orthogonal in L2(Q) to a finite number of linearly
independent functions, then a generalized solution from the Sobolev space W} (Q)
belongs to the space W2(Q).

Similar results for the first boundary value problem were obtained in [1] and for
the second boundary value problem in [2, 3].

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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On a fourth-order nonlocal problem
with integral conditions

Karamyan R.D.*
RUDN University, Moscow, Russia

Consider the equation

Au+ XNu = —ap(t)u™ () + > ai(u* (@) + Mu = fot)  (t€(0,1) (1)

with the integral conditions
1
Byiu = / (010U + b uP @) dt = fp (p=1,2, k=1,2). (2)
0

Here, a; (1 = 0,1,2,3,4) are real-valued functions, ag(t) > k >0 (0 <t < 1) and
a1,as,a3,as € C[0,1], fo € L2(0,1) is a complex-valued function, f,rx € C (p = 1,2,
k =1,2) are constants; A € C is a spectral parameter; g, x—1,hpr (p =1,2, k=1,2
are linearly independent real-valued functions.

Introduce the following norms depending on the parameter A in the Sobolev space
Wi (0,1) and in the space W0, 1] = L2(0,1) x C*:

/
elllwg o = (lulson) + MBIl 0) -

1/2
1 lbwton = (ol + NP+ 1o + NPl + )
where f = (fo, fi1, fo1, f12, f22), |A| > 1

Denote
we={yeC:largy| <e}U{yeC:largy— 7| <e}, weqg={y€w:: |y =4¢},

where € > 0, and

AL =

h11(0) h11(1)' A2 — h12(0) th(I)‘
h21(0)  ho1(1)|’ h ™ | ha2(0)  haa(1)|"

Theorem 1. Let A} # 0 and A? # 0. Then for any 0 < & < w/4 there is go > 1
such that the inequality

lulllwg 0,1 < CIA2I11flllwioy 3)
holds for all X\ € we 4, and u € W(0,1) with C > 0 independent of A, u.

To study problem (1)-(2), we use methods proposed in [3] and developed in [2].
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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Strong diffusion approximation in averaging

Kifer Yu.*

Institute of Mathematics, Hebrew University, Jerusalem, Israel

It has been known since 1960s (R.Khasminskii) that the slow motion X*¢ in the
time-scaled multidimensional averaging setup

PO Lpee(m, 66/ + 0040, €6/, te 0.7]

converges weakly as e — 0 to a diffusion process provided EB(x,&(s)) = 0, where &
is a sufficiently fast mixing stochastic process while mixing is considered with respect
to the o-algebras generated by the process itself. The latter reduces substantially
applications to dynamical systems (where £(t) = T'w for a flow T'*), and more recently
I. Melbourne (Warwick) with various co-authors studied weak convergence under
assumptions more applicable to dynamical systems, which required the use of the
rough paths theory. I will discuss new results (some of them with P. Friz) about
strong convergence in the above setups and their discrete time counterparts which
yield new applications and some of them also rely on the rough paths theory. As a
byproduct of this study we obtain almost sure invariance principles and then laws of
iterated logarithm for iterated sums and iterated integrals.

On the absence of solutions of differential
inequalities with p-Laplacian
Kon'kov A. A X
Lomonosov Moscow State University, Moscow, Russia
Consider the problem
Lou> F(r,u) inQ, wuly,=0, (1)

where (2 is an unbounded open subset of R™, n > 2, F is a non-negative function, and

_ i ((PUVH)
£¢u—d1V< vl Vu

Kifer Yu.: kifer@math.huji.ac.il
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is the p-Laplace operator with some increasing one-to-one function ¢ : [0, 00) — [0, 00)

such that (e, o)
2 2
(T ~ )“‘Q>O

for all £, € R™, £ # (.
We obtain conditions guaranteeing that any non-negative weak solution of (1) is
identically equal to zero. Details are given in [1].
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Processing of medical images for ischemic stroke
localization

Lobanov A.V.*
RUDN University, Moscow, Russia

Nowadays, medical images analysis is very much in demand. There are special
difficulties associated with the formulation of the problem, which are currently being
overcome with the help of neural networks. However, the world scientific community
counts the problem of the black box and data sampling for training as the main
obstacle in the systematic use of neural networks for a wide range of tasks. Therefore,
other approaches based on gradient-free optimization methods are applied in our work.

Ischemic stroke is a serious disease that occurs due to violation of the blood circula-
tion of the brain. Specialists use the MSCT device to determine it during diagnostics.
The resulting data is presented in the form of matrices whose cells contain the values
of the density of brain tissues. These values range between 0 and 3000. The matrices
have a standard dimension of 512 by 512 pixels. The areas affected by the disease
have abnormal darkening not typical of the regular anatomical case. These areas are
marked by a specialist.

Our goal is to create an algorithm for localization of ischemic stroke. To solve
this problem, the following steps have been taken: recalculating of the original data
to represent brain tissue; discarding artifacts by cutting high values and the mask
method; filtering data by applying the median filter, the Gaussian filter, and the
mitigation filter [1], the latter created specially for our task; contrasting values by
using a sigmoid-like function; discarding values by analyzing frequency distribution.

To make problem more formal we complete several tasks. Our algorithm uses
several filters with the following parameters: window size W for median blur, o for
Gaussian blur, € for mitigation filter, while C is a coefficient reflecting the curvature.
Also, the algorithm uses a coefficient L responsible for choosing the size of cropping
frequencies. Another parameter is the length K of the nearest neighbor search in the
DBSCAN clustering algorithm [2].

The result of the quality function is the value obtained in the following way.
After filtering the density matrix we get a matrix with updated entries. All non-zero

Lobanov A.V.: alexey-vladimirovich-lobanov@yandex.ru
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entries are considered as points in the three-dimensional space, with coordinates x,y
and recalculated density value. The resulting points are collected in clusters using
the DBSCAN algorithm.

The IOU metric [3] is used to determine the measure of coincidence between two
spatial regions. It is defined as the ratio between the area of intersection and the
union of two areas. We apply this metric for each received cluster and select the
highest value. Applying the previous steps for each brain slice matrix and taking
the average, we get a value being the measure of quality of our algorithm. By F' we
denote the function by which this value is found.

Thus we solve the problem

min(1 — F(W,0,¢,C,L,K)) = 0 (1)

We use gradient-free optimization methods of COBYLA [4] to solve this problem.
The quality was tested on 20 patients data. The coefficients were improved to reduce
the minimum on the left-hand side of of (1) to 0.19.
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Modelling of viral infection and inflammation
with a reaction-diffusion system of equations

Mozokhina A.S.*! Ait Mahiout L.2, Volpert V.A.13

YRUDN University, Moscow, Russia
2Ecole Normale Superieure, Algiers, Algeria
3 Institut Camille Jordan, University Lyon 1, Villeurbanne, France

Respiratory viral infections have a strong influence on public health and societal
life. Better understanding of their progression in the human organism is important
for their elimination and prevention of their spreading in the population.

After being infected, the organism tries to eliminate viral infection with the mech-
anisms of the immune response. Inflammation triggered by viral infection represents

Mozokhina A.S.: mozokhina-as@rudn.ru; Ait Mahiout L.: latifaaitmahiout@gmail. com;
Volpert V. A.: volpert@math.univ-lyoni.fr
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a part of the innate immune response. It leads to the production of inflammatory
cytokines acting as signaling molecules at different stages of the immune response.
Inflammation of infected cells can cause their death through the mechanisms of apop-
tosis, necroptosis, and pyroptosis.

Viral infection can be characterized by virus replication number, by its severity
and infectivity. Virus replication number determines whether infection spreads in cell
culture or tissue, and its severity characterizes the speed of this spreading. Virus
infectivity is determined by the rate of disease transmission between the individuals
of the population. In the case of respiratory viral infections, it is determined by the
viral load in the upper respiratory tract. These characteristics of viral infections are
influenced by inflammation. The main goal of this work is to investigate this process
at the initial stage of infection progression.

The process of viral infection spreading in cell culture can be described by reaction-
diffusion systems of equations. Virus replication number, its severity and infectivity
can be characterized analytically and numerically [1].

In this work, we present a new nonlocal and nonlinear reaction-diffusion model
describing the propagation of viral infection in cell culture taking into account the
process of inflammation. The properties of infection spreading are studied depending
on the parameters of the model. An estimate of the wave speed is obtained by the
linearization method. The total viral load, that is, the space integral for the virus
concentration is determined. The dependence of these characteristics on the intensity
of inflammation is investigated, and biological interpretation of the results is discussed.

This work is supported by the Ministry of Science and Higher Education of the
Russian Federation (project No. FSSF-2023-0016).
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On absence of global positive solutions
of coercive KPZ-type inequalities

Muravnik A. B.*
RUDN University, Moscow, Russia
For inequalities of the kind
Au—l—i i(x,u) ou i > w(u)
< gj\x, al‘j >

such that there exists g from C(0, 00) N Lo (0, 00) with the property g;(x,s) < g(s) in
the half-space R" x (0,00),5 = 1,2, ..., n, we find the following condition guaranteeing
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the absence of global positive solutions:

This work is supported by the Ministry of Science and Higher Education of the
Russian Federation (project No. FSSF-2023-0016).

Lattice equations and semiclassical asymptotics

Nazaikinskii V.E.*! Tsvetkova A.V.!, Chernyshev V.L.2

L Ishlinsky Institute for Problems in Mechanics of the RAS, Moscow, Russia
2HSE University, Moscow, Russia

We present the results of our recent paper [1]. This paper deals with an important
class of linear equations with shifts in the argument, namely, equations on a uniform
rectangular lattice with small step A in R™. In the case of functions of continuous
argument, equations with shifts can be written as h-pseudodifferential equations [2]
with symbols 27-periodic in the momenta. This representation also makes sense for
functions of a discrete argument, although differentiation operators are not defined for
lattice functions. The phase space of such equations is the product R™ x T"™. Develop-
ing Maslov’s ideas [2], we construct a canonical operator on Lagrangian submanifolds
of this phase space with values in the space of lattice functions. In comparison with
the classical version [3] of the canonical operator and the new formulas introduced
in [4,5], the construction involves a number of new features.

As an example, we consider equations on a two-dimensional lattice that arise
in quantum theory (the Feynman checkers model [6,7]) and in the problem on the
propagation of wave packets on a homogeneous tree [8].

The authors were supported by the Russian Foundation for Basic Research grant
No. 21-51-12006 (VEN), the HSE University Basic Research Program (VLCh) and the
Ministry of Science and Higher Education of the Russian Federation within the frame-
work of the Russian State Assignment under contract No. 123021700044-0 (AVTs).
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Nonlocal reaction-diffusion model of virus evolution

Neverova D.A.X

RUDN University, Moscow, Russia

Virus mutation can essentially influence viral disease progression at the individual
level and in the population. As such, high mutation potential of the HIV infection
determines its variability and resistance to antiviral treatment, while emergence of new
variants of the SARS-CoV-2 infection leads to new epidemic outbreaks and immunity
waning.

Virus quasi-species can be considered as a localized density distribution in the
space of genotypes with their random mutations described, under some simplifications,
by diffusion.

There are different mechanisms leading to evolution of existing virus strains and
to the emergence of new ones. In this lecture, we consider the mechanism where new
virus variants appear due to the interaction of the cross-reactivity of the immune re-
sponse and virus escape. It can be modeled with nonlocal reaction-diffusion equations
for the virus density distribution in the genotype space.

Similar to the emergence of biological species, it is based on competition, re-
production, and mutations. Compared to the previous studies, we consider a more
detailed and biologically realistic model including the concentrations of uninfected
cells, infected cells, viruses, and the immune response.

The research 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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On the longtime behavior of spatially periodic
entropy solutions to scalar conservation laws

Panov E. Yu.*

Yaroslav-the- Wise Novgorod State University, Veliky Novgorod, Russia
Research and Development Center, Veliky Novgorod, Russia

We study entropy solutions (in the Kruzhkov sense [1]) of the Cauchy problem for
the multidimensional conservation law

ug + divep(u) =0, (1)
u=u(t,z), (t,z) € II = (0,400) x R™, with the initial condition
u(0,2) = up(x) € L°(R™). (2)

We assume that the flux vector ¢(u) = (p1(u),...,¢n(u)) is merely continuous,
p(u) € C(R,R™). We suppose in addition that the initial function wug(z) is peri-
odic with a full-rank lattice of periods L C R", that is, for each e € L one has
uo(x +e) = ug(z) a.e. in R™. As was noticed in [2], in this case there exists a unique
e.s. u = u(t,x) € L>°(II) of problem (1), (2) and this e.s. is spatially periodic with the
same lattice of periods L. We denote by T = R™/L the corresponding torus (which
may be identified with the periodicity cell) equipped with the normalized Lebesgue
measure dr and by L' = {£ € R"|{ - e € Z Ve € L} the lattice dual to L. We also
introduce the constant I = fﬂ,n ug(z)dz being the mean value of initial data. For each
nontrivial interval « C R we denote by D(«) the linear hull of such vectors £ € L’
that the function £ - ¢(u) is affine in o. Our main result is the following.

Theorem 1. Suppose that dimD(«) < 1 for any nontrivial interval « C R. Then
there exists a vector £ € L', £ # 0, a constant ¢ € R, and a 1-periodic function
v(y) € L (R) such that

esslimu(t,z) —v(€ -z —ct) =0 in L*(T™). (3)

t——+oo

Moreover, fol v(y)dy = I and & - p(u) — cu = const on the segment [a,b], where
a =essinfu(y), b = esssupv(y).

In the non-degenerate case where £ - ¢(u) is not affine in any neighborhood of I for
all £ € L/, it follows from Theorem 1 that v = I, and we recover the decay property
s o . 1 n
gbj}rlorgu(t,x) =171 in L°(T")

established in paper [3].

This work was supported by the Russian Science Foundation (grant No. 22-21-
00344).
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Homogenization of convolution-type functionals

Piatnitski A.L.*

The Arctic University of Norway, campus Narvik, Norway
Institute for Information Transmission Problems of the RAS, Moscow, Russia
RUDN University, Moscow, Russia

The talk will focus on the asymptotic behaviour and homogenization of convolution
type variational functionals of the form

F.(u) :/Rd /GE(Z) f(xz u(x+5’?—“(x))dxdz

Ge(z)={2z€Q : z+ez€Q};
here ¢ is a positive parameter that tends to zero.

We assume that the integrand f.(z, z, {) satisfies p-growth conditions, 1 < p < oo,
of the form

with

Y1,e(2)[CI7 = pre(2) < fe(@,2,C) < 2, (2)[CIP + p2,e(2),
where p1 . and ps () are non-negative functions integrable uniformly in €, p1 . and

e are compactly supported, ¢4 ¢(z) > ¢o > 0 for |z| < rg with 79 > 0, and

/ o (2)(|2]P + 1)dz < +oc.
Rd

Theorem 1. Under the above conditions, for any sequence {e;}, ; — 0 as j — oo,
there exist a subsequence {e;,} and a quasiconvex Carathéodory function fo(z,z),
fo: @ xR™4 — 0, +00),

Co(lz” = 1) < folw.2) < Ca(|zl” +1), Co >0,
such that
if Lp(O:R™
I — lim F. (u) = /Qfo(%Vu(x)))dx, if ue WhP(Q; R™),
e;—0 .
’ +00 otherwise.

A number of homogenization results will be presented for periodic integrands.
This is a joint project with R. Alicandro, N. Ansini, A. Braides, and A. Trabuzio.
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Isothermal coordinates on surfaces with L? second
fundamental form

Plotnikov P. 1. %

Lavrentyev Institute of Hydrodynamics, Siberian Branch of the RAS, Novosibirsk,
Russia

Let Q be a bounded domain in the space R? of points X = (X1, X3), and ¥ : Q —
R3 be a Lipschitz immersion. Following Kuwert & Li, [1], and Tristan Riviere, [2], we
say that W is a weak immersion with L? second fundamental form (W?2?2 immersion)
if its first fundamental form {g;;} is uniformly bounded from below and above and
the normal vector field n(z) belongs to the class W12(Q2). Recall that

9ij = 6z¢’ . ﬁj\P, n= ‘61@ X 62¢’|_161¢’ X 62\11, 61 = 6)(1

The immersion is isothermal if g1o = 0, g11 = g22 = €2/, where e/ is a conformal factor.
Using the local charts, we can extend this definition to the class of immersions of closed
Riemannian manifolds ¥ to R3. Let ¥ be one of the standard manifolds: sphere,
torus, or Riemann surface of negative constant curvature. The common belief is that
any W22 immersion ¥ : ¥ — R? admits the isothermal bi-Lipshitz parametrization
with the uniformly bounded logarithm f of the conformal factor. This statement is
considered as an analytic version of the celebrated Toro theorem [3] and is widely
used in applications. However, it is incorrect since W22 immersion may have hidden
branch points. The problem is to find conditions which, being imposed on ¥, provide
the absence of such points. The following theorem gives the answer to this question
in the case of immersion of tori. Let I be a lattice of periods in R? generated by
linearly independent vectors l1,lo. Without loss of generality we may take I; = (a,0),
lo = (b,a™ '), a > 0. Let ¥ be an arbitrary W22 immersion of the torus Tr = R?/T
into R3. Set

B(X) =n(X) - (n(X) x &n(X)), A= i [ eax.

The quantity A > 0 is the topological degree of the mapping n : Tr — S2.

Theorem 1. Under the above assumptions, there exist a lattice of periods Y generated
by vectors v, = (a,0) and v5 = (B,a~t), and a bi-Hélder homeomorphism ¢ :
Ty — Tr with the following properties. If A = 0, then the immersion U* = W o ¢
belongs to the class W22(Ty). Moreover, U* is isothermal and the logarithm f of
its conformal factor belongs to the class L°°(Ty) N WY2(Ty). If A > 0, then there
are \ branch points b; € Ty with their multiplicities taken into account, such that the
isothermal immersion U* belongs to the class V[/lzof(TT \ {b:i}), and f belongs to the
class L2 (Ty \ {b:}) N W2 (Ty \ {b:}). Each point ¢~ (b;) is a hidden branch point
of the immersion W.

Plotnikov P.I.: piplotnikov@mail.ru
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On new types of patterns in the model of nonlinear
optical system with matrix Fourier filter

Razgulin A.V.*, Velichkin M.S.

Lomonosov Moscow State University, Moscow, Russia

Fourier filtering, which consists in changing the signal by controlling its Fourier
spectrum, is widely used in problems of information processing utilizing nonlinear
feedback optical systems [1]. Mathematical models of filter-multipliers acting on each
Fourier harmonic separately, were considered in [2]. In [3,4], new models of ma-
trix Fourier filtering are proposed, in which the Fourier spectrum is transformed by
multiplying it by an infinite filter matrix. The corresponding model of the phase
modulation dynamics u(z,t) is governed by the periodic boundary value problem for
the diffusion FDE in an infinitely thin ring (z € [0, 27]):

Ou+u — DO? u = K|®p plexpliu})|?,

where ®g. p(f) is the matrix Fourier filtering operator that linearly transforms the
Fourier spectrum of the function f € L2(0,27) (see details in [4]), E is the identity
matrix (®g(f) = f), P is the matrix filter, D > 0 is the diffusion coefficient, K > 0.

An important applied problem is a construction of solutions to FDE with pre-
scribed properties using an appropriate choice of a matrix filter. The authors attack
this problem by the variational method in [3], and by the methods of the Andronov—
Hopf bifurcation theory in [4]. Based on the Turing and the Andronov—Hopf bifurca-
tion theory, the report discusses an approach for the construction of matrix Fourier
filters that provide excitation of stationary structures and new types of dynamic struc-
tures with specified properties. Analytical studies are illustrated by the results of a
computer experiment.

The work of the first author was supported by the Ministry of Education and
Science of the Russian Federation within the framework of the program of the Moscow
Center for Fundamental and Applied Mathematics (contract 075-15-2022-284).
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Blow up of multidimensional electrostatic
oscillations of an electron plasma

Rozanova O.S.*

Lomonosov Moscow State University, Moscow, Russia
RUDN University, Moscow, Russia

We consider the classical Cauchy problem for a system of equations describing
arbitrary 3D electrostatic oscillations of cold plasma (e.g. [1]),

ov

n + div(nv) =0, e

e +(v-V)v=-E—[vxB],

OE 0B
i nv +rot B, i —rot K, divB =0,

where n and v = (V4, Vo, V3) are the density and velocity of electrons, E = (E1, Eo, E3)
and B = (B, Bs, Bs) are vectors of electric and magnetic fields. All components of
a solution depend on t € R, and x € R3,

We introduce an iteration procedure to estimate the blow-up time from below.
This procedure is constructive provided one succeeds in obtaining a two-sided esti-
mate of an additional quantity depending on the solution. For the particular case of
two-dimensional initial data with radial symmetry, refined sufficient conditions for vi-
olation and preservation of smoothness in the first period of oscillations are obtained.
Moreover, we give an example of estimating the blow-up time for those data for which
results of numerics exist and discuss the roughness of our estimate. The talk extends
the results of [2].

Supported by the Russian Science Foundation under grant No. 23-11-00056,
https://rscf.ru/en/project/23-11-00056/

References

[1] Alexandrov A.F., Bogdankevich L. S., Rukhadze A. A. Principles of Plasma Elec-
trodynamics. — Berlin—Heidelberg: Springer, 1984.

[2] Rozanova O.S. On the properties of multidimensional electrostatic oscillations of
an electron plasma, Math. Meth. Appl. Sci., 46, 75577571 (2023).

Rozanova O.S.: rozanova@mech.math.msu.su

31



On control systems which possess universal
approximating property

Sarychev A.V.*
DiMal, University of Florence, Florence, Italy

The controlled dynamical system approach to the deep learning of artificial neural
networks (ANN) has been explored over the last years by a number of researchers.
According to this approach the training algorithm for ANN can be set as optimal
control problem for a continuous-time controlled dynamic system. Such system can
be seen as a network with a continuum of layers, each one labelled by the time variable.
The control values at each instant of time are the parameters of the layer. One can
apply the necessary optimality condition — Pontryagin’s Maximum Principle (PMP)
to the problem, as well as numeric algorithms of optimal control.

In the talk (based on joint work with A. Agrachev) we briefly survey the ap-
proach to the deep learning and mainly concentrate on the universal approximating
property of the controlled dynamical systems, which is crucial for the effectiveness
of the learning procedure. We apply Lie algebraic methods of geometric control and
results on ensemble controllability for constructing linear control systems possessing
the property.
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n-invariants of boundary-value problems

Savin A.Yu.*, Zhuikov K. N.
RUDN University, Moscow, Russia

Atiyah-Patodi-Singer [1] introduced n-invariant n(A) of an elliptic self-adjoint
operator A on a closed manifold as a regularized number of positive eigenvalues mi-
nus the number of negative eigenvalues. The regularization is defined in terms of
analytic continuation of so-called n-function of the operator defined in terms of the
eigenvalues. This invariant is a spectral invariant and has numerous applications and
generalizations. For instance, it appeared as a contribution of the boundary in index
formulas for Dirac operators on manifolds with boundary.

Melrose [2] introduced n-invariant n(D(p)) for elliptic parameter-dependent fami-
lies of operators D(p) on closed manifolds as a regularization of the winding number of
the family. This invariant is a generalization of the Atiyah—Patodi—Singer n-invariant
and also has applications. For instance, it appears as a contribution of the conical
point for general elliptic operators on manifolds with isolated singularities.

Sarychev A.V.: andrey.sarychev@unifi.it
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Our aim is to extend the n-invariant of Melrose to parameter-dependent families of
boundary value problems. We consider general parameter-dependent boundary value
problems elliptic in the sense of Agranovich and Vishik and define n-invariants for
such families. The main analytical result necessary to define the n-invariant is the
asymptotic expansion of the trace of parameter-dependent families for large values of
the parameter.

The reported study was funded by RFBR, project No. 21-51-12006.
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On two notions of distance between homotopy
classes in W'/PP(St S1)

Shafrir 1.X

Technion, Haifa, Israel

It is known that maps in W/7?(S* S1) have a well defined degree. This allows
one to partition the space into disjoint classes, W/PP(S1, S1) = J,., &, . It follows
from a result of Brezis and Nirenberg that the W'/PP-distance between any two of
these classes, i.e.,

dist(Eqy, Ea,) = Inf{|u — v|yr/pp : w € Eqyyv € Egy}

is zero.

This reflects the fact that the degree in W'/PP(S' S1) is continuous but not
uniformly continuous. However, in a joint work with Mironescu we proved that the
distance between different classes is positive provided we assume a bound of the norm
of the maps. There is also another notion of distance which is of interest, namely

Dist(Eq,,Ea,) = sup inf |u— v|y1/pm.
u€€qy vE€Eay

We proved that Dist(E4,,Eq,) equals the minimal W/PP-energy in £z, g,
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Kifer’s criterion for large deviations
and applications

Shirikyan A.*

CY Cergy Paris University, Cergy-Pontoise, France
RUDN University, Moscow, Russia

In 1990, Kifer established a sufficient condition for the validity of large deviation
principle (LDP) for a sequence of random probability measures on a compact metric
space [3]. Kifer’s result is a far reaching generalisation of the Géartner—Ellis theorem
and allows one to treat a number of problems from a unified point of view. We shall
recall Kifer’s theorem, present the main steps of its simplified proof, and show how it
can be applied to discrete-time Markov processes with a compact phase space [1]. In
particular, we discuss the Donsker—Varadhan type LDP for the motion of a particle
immersed into the Navier—Stokes flow [2].

All the results of this talk are obtained in collaboration with V. Jaksi¢ (McGill
University, Canada), V. Nersesyan (New York University in Shanghai, China), and
C.-A. Pillet (University of Toulon, France). 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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Very singular and large solutions of semilinear
parabolic and elliptic equations

Shishkov A.E.*
RUDN University, Moscow, Russia

Exact conditions for the existence of non-negative very singular (v.s.) solutions,
i.e. solutions being more singular at some points of the boundary than any solution
of the corresponding linear equation, as well as the structure of these solutions, were
first obtained in the work by H. Brezis, L. Peletier, and D. Terman (1986) devoted
to the Cauchy problem for a semilinear heat equation with a nonlinear absorption
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term f(u). The study of another important class of strongly singular solutions (called
large (1.) solutions) taking an infinite value on the entire boundary or on some part of
the boundary of the domain, was initiated by L. Bieberbach (1916) who established
the existence of large solutions for a semilinear elliptic equation with the nonlinear
absorption term f(u) = b%exp(u) in a bounded smooth 2-dimensional domain D.
The uniqueness of the (1.) solution was proved for the first time by C. Loevner and
L. Nirenberg (1974) in the case of a bounded smooth n-dimensional domain D and
the nonlinear absorption f(u) = u("+2m=27"

We study the existence and uniqueness conditions, as well as qualitative and
asymptotic properties, of (v.s.) and (l.) solutions to various classes of semilinear
parabolic and elliptic equations with “nonhomogeneous” absorption of the form f (¢, u)
or f(z,u) degenerating on the boundary (or on a part of the boundary) of the do-
main or on some manifold in the domain whose boundary has a non-empty intersection
with the boundary of the domain. Exact conditions are established for this degener-
acy guaranteeing the existence or non-existence of (v.s.) or (1.) solutions. It is shown
in some problems that these conditions are necessary and sufficient for the existence
of solutions under discussion. In particular, it is shown in the elliptic case with the
absorption f(z,u) = g(x)uP, p > 1 degenerating at the boundary of the domain, that
the obtained new condition on the degeneracy of g(x) is close to the exact sufficient
condition for the uniqueness of the (1.) solution and, surprisingly, to the sufficient and
necessary condition for the existence of the (v.s.) solution. This connection justifies
a parallel study of the discussed classes of solutions.

Some of these results were published in [1-7].
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Global weak solutions with compact supports
to mixed problems for the Vlasov—Poisson system
and plasma confinement

Skubachevskii A.L.*
RUDN University, Moscow, Russia

The mixed problem for the Vlasov—Poisson system of equations is the simplest
model describing kinetics of high temperature plasma in a fusion reactor. A situation
where a sufficiently large number of particles reaches the reactor wall leads to destruc-
tion of the reactor. Therefore it is necessary to provide plasma confinement at some
distance from the reactor wall. It can be achieved with the help of external magnetic
field [1]. Mathematically speaking, we must find conditions for this magnetic field
which provide the existence of solutions compactly supported inside the domain. In
this lecture we obtain sufficient conditions for the existence of global weak solutions
with compact supports to the mixed problem for the Vlasov—Poisson system with
external magnetic field.

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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On existence of solutions to elliptic differential
difference equations with operators having
a semibounded variation

Solonukha O.V.*

Federal Research Center “Computer Science and Control” of the RAS,
Moscow, Russia

Let @ C R™ be a bounded domain with boundary 9Q € C*, or Q = (0,d) x G,
where G C R"! is a bounded domain (with boundary G € C* if n. > 3). If n = 1,
then @ = (0,d). We consider the following problem with an essentially nonlinear
operator A:

ARu(z) = — Z 0;Ai(z, Ru(z), VRu(x)) = f(x) (z € @), (1)

1<ign

wz) =0  (z¢Q) (2)
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Here f € Wq_l(Q), 1/g+1/p=1,1<p < oo, and R is a linear difference operator
given by the formula
Ru(zx) = Z apu(x + h), (3)
heM
where aj, € R and M C Z" is a finite set of vectors with integer (or commensurable)
coordinates.

We suppose that the differential operator A is of Nemytsky type and AR satisfies
the strong ellipticity condition and the coercivity condition. Then we prove that there
exists at least one generalized solution u € WZ} (Q) to problem (1) and (2).

This work is supported by the Ministry of Science and Higher Education of the
Russian Federation (Megagrant, agreement No. 075-15-2022-1115).

Homogenization of a nonselfadjoint nonlocal
convolution type operator

Suslina T. A *! Piatnitski A.L.22, Sloushch V.A.', Zhizhina E. A 23

L St. Petersburg State University, St. Petersburg, Russia
2 Institute of Information Transmission Problems of RAS, Moscow, Russia
3The Arctic University of Norway, campus Narvik, Norway

In Ly(R%), we consider a bounded operator A., € > 0, given by

(Acu)(z) == 7472 /Rd a((z —y)/e)ulz/e,y/e)(u(z) - uly)) dy.

Such operators appear in mathematical biology and population dynamics.

It is assumed that a(z) is a non-negative function from L;(R%), ||al/z, = 1 and
Jpa lzPa(z) dz < co. Suppose that p € Loo(R??), 0 < p— < p(z,y) < py < oo and
w(x +m,y+n) = p(x,y) for all z,y € R, m,n € Z4.

Under these assumptions, the operator A, is bounded and its spectrum is contained
in the right half-plane {\ € C : Re X > 0}. We find approximation of the resolvent
(Ac + I)~! in the operator norm on Ly(R?) for small . In the selfadjoint case the
resolvent (A + I)~! converges to the resolvent of the effective operator A? as ¢ — 0.

Theorem 1. Suppose in addition that a(x) = a(—z) and p(z,y) = u(y,x). Then

< Ce.

I+ D)7 = A+ D7, <

Here A = —div ¢°V, where ¢° is a positive definite matriz given in terms of solutions
of some auziliary problems on the cell Q = [0,1).

Approximation is more complicated in the nonselfadjoint case.

Theorem 2. Under the above assumptions we have

[(Ac + D)7 = (A% + '@ - V+ D)7, ,, < Ce.

Suslina T. A.: t.suslina@spbu.ru; Piatnitski A.L.: apiatnitski@gmail.com; Sloushch V. A.:
v.slouzh@spbu.ru; Zhizhina E. A.: elena.jijina@gmail.com
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Here A = — div ¢°V; the matriz ¢ and the vector & are given in terms of solutions
of some auzxiliary problems on the cell Q; [qf] is the operator of multiplication by the
function qo(xz/€), where qo is also a periodic solution of some auxiliary problem.

To prove the results, we modify the operator-theoretic approach for the case of
nonselfadjoint operators.
Supported by the Russian Science Foundation grant 22-11-00092.
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Solvability of elliptic functional differential
equations with orthotropic contractions in weighted
spaces

Tasevich A. L.*

RUDN University, Moscow, Russia
FRC CSC RAS, Moscow, Russia

We study solvability of elliptic functional differential equations with contractions
and expansions of the arguments in the principal part:

2

Agu= =Y (Rijug,), = f(z1,22),

i,7=1

Rijv(x) = ajjov(z1, z2) + aijlv(qilxlapxﬂ + aij,—lv(qxlapillﬁ); p,q > 1.

The weighted spaces introduced by V. A. Kondratiev are of great importance in
the study of elliptic problems in domains with angular or conical points. Solutions
to boundary value problems for functional differential equations can also have power
singularities on the boundary or inside a bounded domain, so it is natural to consider
them in weighted spaces.

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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Boundary singular problems for the
Chipot—Weissler equation

Véron L.X

Institut Denis Poisson, Université de Tours, Tours, France

Let Q be a bounded C? domain and p > 1,1 < ¢ < 2, M > 0. We study the
boundary behaviour of positive functions satisfying

L u:=—Au—uP +M|Vul!=0 (1)

p,q,M
in Q, which is determined by the competition between the absorption term |Vu|? and
the source reaction term wu?.

The study is carried out in the following several directions:

1. description of the solutions with a boundary isolated singularity;
2. existence of solutions with boundary measure data;
3. existence of a boundary trace.

We also touch on the existence of critical exponents in p and ¢ and of critical
values for M.

Reaction-diffusion models in the theory
of biological evolution

Volpert V. A.*

Institut Camille Jordan, University Lyon 1, Villeurbanne, France
RUDN University, Moscow, Russia

Reaction-diffusion equations have been widely used to describe biological popu-
lations since the classical KPP work on the propagation of a dominant gene. More
recently, nonlocal reaction-diffusion models have been developed to describe the emer-
gence of biological species or virus quasi-species and for characterization of other
evolutionary patterns [1,2].

Biological species can be considered as groups of individuals with similar morpho-
logical characteristics. Population distributions are relatively stable with respect to
some morphological parameter and can be viewed as stationary in appropriate time
scale. Therefore, population distributions can be described as stable stationary so-
lutions to some relevant models. It appears however that conventional population
models do not have such solutions. In this lecture, we will discuss novel models for

Véron L.: veronl@univ-tours.fr
Volpert V. A.: volpert@math.univ-lyonl.fr
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population distributions with respect to the genotype (and not phenotype, i.e., mor-
phology). We will study the existence and stability of solutions of the corresponding
equations and will discuss their biological interpretations.

This work is supported by the Ministry of Science and Higher Education of the
Russian Federation (project No. FSSF-2023-0016).
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Smoothness of generalized eigenfunctions
of differential-difference operators
on a finite interval

Vorotnikov R.Yu.*, Skubachevskii A. L.
RUDN University, Moscow, Russia

We consider the smoothness of generalized eigenfunctions to the Dirichlet problem
for a differential-difference operator on an interval (0,d). Necessary and sufficient
conditions for the existence of generalized eigenfunctions whose smoothness is violated
inside the interval are obtained. We give an example of a positive-definite differential-
difference operator possessing countably many smooth eigenfunctions and countably
many generalized eigenfunctions whose smoothness is violated.
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Determining functionals and finite-dimensional
reduction for dissipative PDEs revisited

Zelik S.V.*
University of Surrey, Guildford, UK

We discuss the properties of linear and nonlinear determining functionals for dis-
sipative dynamical systems generated by PDEs. The main attention will be payed to
the lower bounds for the number of such functionals. In contradiction to the com-
mon paradigm, we will see that the optimal number of determining functionals (the
so-called determining dimension) is strongly related to the proper dimension of the
set of equilibria of the considered dynamical system rather than to the dimensions of
the global attractors and the complexity of the dynamics on it. In particular, in the
generic case where the set of equilibria is finite, the determining dimension equals one
(in a complete agreement with the Takens delayed embedding theorem) no matter
how complex the underlying dynamics is. The obtained results will be illustrated by
a number of explicit examples.

IIpaBocTOopoHHSsISE 06paTUMOCTh (PYHKITMOHAJIBHBIX
OMepaToOpPoOB M WHAMBU/IyaJbHAS JIUXOTOMUS

AnToneBuy A.B.*

Beaopyceruti eocydapemeennoti yrusepcumem, Mumnck, Beaapyco

B nokmnane paccmarpuBaeTcs 0JHO 000DIEHIE CBOMCTBA IKCIIOHEHIINAJILHOM JIH-
XOTOMHH, OIHUIIEM €ro B CJIydae OJHOTO U3 HanboJjiee IPOCTHIX IIPUMEPOB.

ITycrs a(z) ectb 3ajaHHas orpaHuYeHHAs O0paTHMasi HEIPEPBIBHAS MaTPUTHO-
sHavyHasd QyHKIud Ha npamoit u Bu(z) = a(z)u(x + h) — onepaTop B3BeIIEHHOIO
caBura B npocrpancree Bekrop-dyukiuii Lo (R, C™). Paccmarpusaiorcs ypaBHEHUs
Bu — A\u = v, T.e. QyHKIMOHAbHBIE YPABHEHUS BUIA

a(x)u(x + h) — du(z) = v(x), z € R. (1)

[Ipu uccieoBanny TAKUX YpPaBHEHUI B IEPBYIO OY€pe/b BO3HUKAET BOIPOC 00
ycsoBusix obpatumoctu oriepatopa B — A, T.e. o cekTpe oneparopa B. Oka3ajiocs,
4TO 0OpaTUMOCTH oreparopa B — Al 9KBUBaJIeHTHA CYIIECTBOBAHUIO SKCIIOHEHIINAIb-
HO# IMXOTOMHHM PeIleHnii OMHOPOIHOTO ypaBHeHus. C paccMaTpUBaeMbIM ypaBHEHU-
eM cBsi3aHO orobpakenue () npocrpancrBa E = R x C™ B cebs, neilcTByIoIIee 110
dopwmyite

E=RxC™3 (2,8 = (x+ h,Na(z)]7*¢) e R x C™,

Ha3bIBAEMOE AUHETHBIM Pacuuperuem oTobparkeHus « :  — = + h. ToBopst, aro By
JIOILYCKAET SKCIOHEHIMAIBHYIO JUXOTOMUIO, €CJIH CYNIECTBYET HENpepBhIBHAS [TPOEK-

Zelik S. V.. s.zelik@surrey.ac.uk
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TopHO-3HauYHAas dyHKIM p(x), 3agaomas pasjokenre F (Kak BEKTOPHOIO Paccioe-
HUsl) B npaMyio cymmy E = E® @ E* ycToiiauBOro u HEyCTOHIMBOrO MOJAPACCIO0CHUIA.

st iucpbdepeHnmaabHbIX YpaBHEHUHN CBA3D SKCIIOHEHIINAILHOM JMXOTOMUN C Pa3-
pemmMocThio OblTa obHapyKeHa ere IleppoHoM, B JaabHEHIIIEM 9TO CBOHCTBO OBLIO
[IPEJIMETOM HCCJIEJIOBAHUN MHOTHX aBTOPOB.

Ho Bompoc 06 yciioBusix cyIecTBOBaHUS pPEIleHNs W3 3aJIaHHOTO IIPOCTPAHCTBA
(6e3 TpeboBaHUS €AMHCTBEHHOCTH ) B O0IIEH IIOCTAHOBKE OCTAETCS OTKPBITHIM. B ore-
PATOPHON TEPMHHOJIOIHE TO BOIPOC O CYIIECTBOBAHWH IIPABOTO OOPATHOTO K OIle-
patopy B — AI. Psaa pe3ysbTaToB B 9TOM HAIIPABJIEHUU IS KOHKPETHBIX KJIACCOB
bYHKIMOHAJIBHBIX ypaBHeHUiT mosyden B padorax A.B. Auronesuua, FO. dky6oBckoii,
A.A. Axmarosoii, E.B. ITanTeseesoil, qacth u3 Hux usioxkena B [1]. Bouio obGHapy-
2KEHO, YTO YCJIOBHEM IIPABOCTOPOHHEN 0OPATUMOCTH SIBJISIETCsI HOBOE CBOMCTBO JIMHET-
HOT'O paciiupeHus (), KOTOPOE MOXKHO Ha3BaTb UHOUBUIYAALHOT Juxomomued, T.K.
OHO 3aKJII0YAETCs B CYIIECTBOBAHUY JJisl KaXKIOro sjieMenta (z,§) € E pasisoxeHnus
€ =¢&%(z) + £“(x) Ha yCTOWYMBBI 1 HEYCTONYUBBIA JIEMEHTHI.

Crucok jaureparypbl

[1] Arronesnu A.B. IIpaBocTOpOHHSIST 0GPATUMOCTD JABYWIEHHBIX (DYHKITMOHAIBHBIX
OIIEPATOPOB U TpajiyupoBaHHas jguxoromusi, Cospem. mam. DPyndam. nanpasa.,
67, Ne 2. 208-236 (2021).

O pe30JIbBEHTHOI CXOAMMOCTHU AJIsI OOIIMX
OIIEpPaTOPOB BBICOKOT'O IOPAJKA C MAaJIbIMU
nmepeMeHHbIMI CABUTraMUI

Bopucos [I. N.*

Hnemumym mMamemamuky ¢ 8bUCAUMEABHBM YeHmpom Y Pumcrozo
pedepanvrozo uccaedosamenvcrozo yewmpa PAH, Y¢a, Poccus

PaccmarpuBaercst HECKOIBKO KJIACCOB MHOIOMEPHBIX SJUIMIITUYECKUX OIIEPATOPOB
BBICOKOT'O IOPsIJIKA, MJIA/IIINE WIEHbI KOTOPBIX HOCHAT HEJOKAJLHBI XapaKTep U3-3a
HAJIMYHUs B HUX MaJIbIX TIePEMEHHBIX CABUIOB OOIIETrO BUa. TaKOro copTa OmepaTopbl
PACCMATPHUBAIOTCS BO BCEM IIPOCTPAHCTBE U B TPOU3BOJILHOI 00s1actu. Bo BropoMm ciry-
Yae Ha I'PAHUIIE CTABITCS KPAEBbIe YCJIOBHS ODIIEro BUJA, KOTOPBIE TAKKE SIBJISTIOTCS
HEJIOKAJIbHBIME. PaccMaTpuBaloTCst BOIIPOCHI PE30JIbBEHTHOM CXOJUMOCTH JIJIsI TAKUX
OIIEPATOPOB B CJIy4ae, KOIJIA [I€PEMEHHbIEe CIBUIU B HOJXOJISIIEM CMBICIE CTPEMSTCS
K Hyso. ITokazano, 4To Torga mpeiebHbIM OyJeT COOTBETCTBYIOMIUN KJIACCHYIECKN
nuddepeHInaIbHBIA OITepaTop, MOy YaoNUiics U3 UCXOJHOIO B CJIydae, KOTJa CIBU-
U PABHBI HYJIIO, & UMEHHO, UMeeT MEeCTO PABHOMEpPHAsl PE30JbBEHTHAST CXOJIUMOCTD.
Ilomumo mokazaTeabcTBa caMoro akTa CXOMMMOCTH, YAAJIOCH MOJYIATh U IPdek-
TUBHBIE OI[EHKH €€ CKOPOCTU CXOIUMOCTH.

Hccnenosanue BeimosHeHo 3a cuér Poccuiickoro naygunoro ¢gounga (rpanr Ne 23-
11-00009), https://rscf.ru/project/23-11-00009/.
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Metoa uTepaluii aJIsi 9BOJIIOIIMOHHBIX 3a1aY4
C HEJIOKAJIbHBIM BPEMEHHBIM YCJIOBUEM

Faspunos O.A.*, Tuxonos U. B.

Mocxosckuti 20cydapemeennnidl ynusepcumem um. M. B. Jlomonocosa, Mockea,
Poccus

Haie cooOirienne mocBsImieHo 0HOMY KJIACCy HEJOKAJbHDBIX 3a/1at JIJIsl SBOJIIOIH-
OHHBIX JudepeHnnaIbHbIX ypapaeruit. Obmast MoCTaAaHOBKA BBIMVISLIUT Tak. B Gana-
xoBoM mpoctpanctee E npu ¢ € [0, T] paccMOTpAM COOTHOIIEHNUST

T

— Au(t), / w(yn(t) dt = s (1)

0

Cuwnraem, uro A — JIMHEHHBIN 3aMKHYTBIN oreparop B E ¢ mwioTHo# 06/1acThIO OIpe-

nenennss D(A) C E, nopoxparomuit nosyrpyuny U(t) kmacca Cy (cm. [1]). Becosas

ckassipHas dbyHukuus 17)(t) umeer orpannvernyo Bapuaimio Ha [0, 7] 1 Hy>KHYIO HOD-

muposky 77(0) = (0 4+ 0) = 1. Tpebyerca nomobparh HauaJbLHOE coCTOsHME Uy € F

Tak, 9Tobbl dysxuusa u(t) = U(t)ug obiaamana 3aganubiM yependenueM u € D(A).
OTMeruM CJIeyIone OCHOBHbIE MOMEHTHI.

1. 3agaua (1) sxBUBaJEHTHA OLlEPATOPHOMY ypaBHeHHIO Uy — Bug = f ¢ ssemen-
ToM f = —Au] U M3BECTHBIM JIMHEHHBIM OIPAHUYEHHBIM OIEpaTopoM B.

2. Ilpy HEKOTOPBIX JIONOJHUTEIHHBIX OIPAHUYEHUSIX BO3MOXKHO JIOCTATOYHO TOY-
HOe OIIMCaHUe CIeKTpa oreparopa B.

3. Haiinensr HOBBIe 3D PEKTUBHBIE OIEHKH CIIEKTPAJIBHOTO pajaunyca B, 9To 1m03Bo-
JIsIeT HAXOJIUTD JIEMEHT g METOJIOM UTeparmii mpu momorn psijia Heiimana.

4. Jnst mpoBepKHU yKa3aHHON OOIEHl CXeMbl IIPOBEJEHBI BBHIYUCIUTEIbHBIE IKCIIE-
PUMEHTBI Ha IIpUMepax HeJIOKaJIbHBIX 3a/lad JBYMEPHOU TeIlJIONIPOBOJHOCTH.

Hammm pe3ysbTraThl JOMOMHSIIOT peXkHee nccenosanue [2]. Bosee nonpobusie dhopmy-
JIMPOBKN TpesicTaByeHsl B pabore [3]|. Uccnenosanne momaep:kano MOCKOBCKAM TIeH-
TpoM (yHIaMEHTAIBHON U IPUKIIa(HOi MaTeMaruku (rpant 075-15-2019-1621).

Cnucok aureparypsbl
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IlceBnomud dpepennuaibabie onepaTopbl
B aCUMIITOTUYECKUX 3aJadaX JJisd CUCTEM
andpdepeHInaabHBIX 1 PA3HOCTHBIX yPaBHEHMI

JNobpoxoTtos C. HO. ¥
Hrnemumym npobaem mexanuru um. A. I0. Hwaunckoeo PAH, Mocksa, Poccus

Ha mpumepax 3amat 00 acUMIOTOTHKAX CHCTeM auddepeHInaabHbIX ypaBHEHM
C YACTHBIMU ITPOU3BOIHBIMU C JIOKAJU30BAHHBIMU MPABBIMUA YACTSIMA U aCHMITOTHU-
KaX MHOTOMEDPHBIX OPTOTOHAJIBHBIX IMOJIMHOMOB THUITA MOJMHOMOB DPMUTA MBI OKa-
3bIBaEM, KaK C IIOMOIIBIO ICeBI0anMPEePEeHIINATBLHBIX OIEPATOPOB U OIIEPATOPHOIO
ucuncierns Peitnvmana—MacioBa MOYKHO CBECTH UCXO/HBIE BEKTOPHBIE 38/[a91 K CKa~
JISIPHBIM, KOTOPBIE C TOYKH 3PEHUsST KBA3UKJIACCUIECKOTO MPUDJIMKEHNsT OKA3bIBAIOTCSI
CYIIIECTBEHHO TIPOIIE UCXOIHBIX. VI31araeMbre cOOOparkeHus MO3BOJISIOT HAITNCATD (-
deKTuBHBIE aCUMITTOTHIECKHE (DOPMYJIBL JJIs Psifia BaYKHBIX (DU3MIECKUX 33,194,

Pabora Boinosaena npu nojyepxkke Poccuiickoro mayunoro dbonga (mpoext Ne 21-
11-00341).

Crnucok jaureparypsbl

[1] Arukur A.TXO., Ho6poxoros C.YO., Hazalikuuckuit B.E., Pymo M. Jlarpanxke-
BbI MHOI0OOPAa3usl U KOHCTPYKIMsL ACUMITOTUK g (1ceB o) nuddbepeHuaibHbIx
YPaBHEHUIA € JIOKAJIN30BAHHBIMU OpaBbiMu dacTsamu, TM®P, 214, Ne 1, 3-29 (2023).

[2] Anrekapes A.U., To6poxoros C.IO., Tyasikos 1. H., Ilgerkoa A.B. Acumnro-
Tuku tuna Ilranmepens—Poraxa Jjiss COBMECTHO OPTOIOHAJBHBIX MHOTOYJIEHOB
OpmuTta u peKyppeHTHbIe coorHortenust, M36. PAH. Cep. mam., 86, Ne 1, 36-97
(2022).

DTa-MHBAPUAHTHI /IJId OIIEPATOPOB C MapaMeTpPOM,
aCCONMMMUPOBAHHBIX C JelicTBUEM JIUCKPETHOM I'PyHNbl

MKyiikos K. H.*, Casun A. 1O.

Poccutickuti yrusepcumem dpyorcoo, napodos, Mocksa, Poccus

B pafore mcceayrorest sTa-nMHBAPUAHTHI (CM., HAp., [1]) mis kmacca memokab-
HBIX OIIEPATOPOB C IIAPAMETDPOM, ACCONUUPOBAHHBIX C M30METPUIECKUM IeHCTBHEM
JIMCKPETHOI TPYIIIBI CTEIIEHHOI'0 POCTa HA TJIAJIKOM 3aMKHYTOM MHOTOOODA3UU.

IIycrs X — riazikoe 3aMKHYTOE PUMAHOBO MHOTOOOpa3wue, a ' — moarpytma rpyi-
bl m30MeTpuit MHOTO0Opa3usa X . Bynem npemanonarats, ato [ aBseTcs: rpymmoit mo-
JIMHOMMAJIBHOTO pocTa B cMmbicse ['pomosa [2]. epes \I/;”(X ) 0603HAYMM IIPOCTPAH-
cTBO KJjaccuueckux mcesrnoauddepenimanbubix oneparopos (ILI0O) ¢ napamerpom
p € R (cm. mamnp., [3]) nopsaka < m. Ha X paccmarpusarorcsi ceMeiicTBa OlepaTopos

Ho6poxoros C. }O.: s.dobrokhotov@gmail . com
Kyiikos K. H.: zhuykovcon@gmail.com; Casun A.1O.: antonsavin@mail.ru
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BHUIA
Dp)= Y Dys(p)Te®™*: O%(X) — C™(X), 1)
(v,k)erXZ

rae Doy j € UI(X), a Tyu(x,p) = u(y~'(x),p) — npeacrasienue rpymis I omeparo-
paMu CIIBUTa, MHAYIUPOBaHHoe AefictereM Ha X . B mpomomkenne paborst [4], nemosn-
3ys monxond, Mesibpoy3a, Mbl OIpeJiesisieM 7)-HHBAPUAHT 00PATUMOrO CeMeiicTBa orre-
paropos (1) Kak HEKOTOPYIO PEryJIsiPU3AIUI0 YUC/IA BPALIEHUA U YCTAHABIUBAEM €ro
OCHOBHBIE CBOICTBa. B 94acTHOCTH, JTOKA3aHO, UTO 7)-MHBAPUAHT 00JI1a/aeT jorapud-
MUYECKAM CBOWCTBOM, & TaKxKe HoJIydeHa (hpopmysia JJjis MIPOU3BOIHON 1)-MHBAPUAHTA
ceMeiicTBa OIlepaTOpPOB IO TapaMeTpy.

Pa6ora BoImosiHena mpu 9acTUIHON (DUHAHCOBOMH MOIepKKe KOHKypca «Mosomast
maremaTnka Poccumy», a takke PODPU m Hemerkoro nayvHO-MCC/IEI0BATETHCKOTO
coobmiectsa (poekT Ne 21-51-12006).

Cnucok aureparypbl
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O paBpe]lII/IMOCTI/I MoAdeJIN ABU2KEHM A paCTBOpOB
HOJII/IMepOB C IIaMATBHIO
3esrun A.B.X

Boponeotceruti eocydapemseennuti yrusepcumem, Bopoweowe, Poccus

B orpanmvennoit obmacru @ C R™, n = 2,3, na orpeske Bpemenu [0,7], T > 0,
paccMaTpHuBaeTcs cileyolas HadalbHO-KpaeBas 3a/1a4a;

W~ v OAv e~ OE(v) )
n + 2 vza—xi —vAv — x % 2%D1V<§v23—xi) — 2%D1v<5(v)Wp(v)—

—Wp(v)é’(v)) - ﬁDiv /0 (t—s)"PE) (s,2(s;t,x)) ds + grad p = f;

z(r;t,x) = x—i—/ v(s, 2(s;t,z))ds, t,7€0,T], zeQ,
t
dive=0, (t,z)€(0,7)xQ; wv(z,0) =vo(x), €Q; vlsaxjrn =0

31ech v — BeKTOP-MYHKIMS CKOPOCTHU, P — (DYHKIWS JTaBJIEHUs] Cpebl, [ — IJI0T-
HOCTh BHEHMIHUX cuji, z(7;¢, &) — TPAEKTOPUS YACTHUIbLI CPEJIbl, YKA3bIBAIOMIAA B MO-
MEHT BPEMEHU T PACIIOJIOYKEHIE YACTHUIILI CPEJIbl, HAXOJIAIIENCsl B MOMEHT BpeMeHu ¢ B

Sparun A.B.: zvyagin.a@mail.ru
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TouKe x, @ > () — cKaJsgpHbBIil napamerp, o > 0, u1 > 0,0 < S < 1 — HEKOTOPhIE KOH-

crantel. I'(f) — ramma-dbyuaxnus Ditepa, € = (£;;(v)), &;(v) = %(g; + %)’ i,j=

1,n— rensop ckopocreit gedpopmanyu, W,(v) =[5, p(z — y)W (t,y) dy — croaxusa-

Hue Ten3opa 3asuxpennocru W = (W;;(v)), Wy, (v) = %(gz - g;f), i,j = 1,n,, Toe
J i

p: R” = R —rnankas GyHKINS ¢ KOMIAKTHBIM HOCUTEJIEM, TaKas ITO fR" ply)dy =
1up(z) =p(y) 1t ¢ 1y ¢ OAUHAKOBBIMYU €BKJIMIOBBIMEU HOpMamu, Div A — ausep-

n n
rennusi Tea3opa A, To ectb BekTop Div A = ( > %@, ey %W)
7=1 ! i=1 !
Jlannasi HaYaJIbHO-KpaeBas 3aJia9a OMUCHIBACT JIBUYKEHUE PACTBOPOB IIOJIMMEDPOB
(em. [1-3]). st m3yvaemoii 3a1a4u HA OCHOBE ANTIPOKCUMAIIMOHHO-TOIOJIOTAIECKOTO
METO/Ia U3YUaeTCsl CYIECTBOBAHUE CJIAOBIX PENICHMIA.
UccaenoBanue BomonHeHo 3a caér rpanta Poccuiickoro nay4moro doumga Ne 23—

71-10026.

Crucok jaureparypbl
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Polymers, 14, Ne 6, 1264 (2022).

O cyimecTBOBaHMU CJIaOBIX PeIIeHUt
Ha4dYaJIbHO-KPaeBOll 3aaa4mM AJid HEOJHOPOIHOMI
HecknuMaeMoii moaeian KeapBuHa—®oiirra

3esirun B. X

Boponeotcexuii eocydapemeennoiti yrHusepcumem, Bopoweowc, Poccus

B noknane paccmaTpuBaeTcs MOJIEb HEOIHOPOIHON HECZKIMAEMO 2KUIKOCTH, KO-
TOPYIO TaKzKe Ha3bIBalOT MOIE/IHIO HeC2KUMaeMOM KHJIKOCTHU C HepeMeHHOfI IIJIOTHO-
cTbio. PesynbraTs! Jokiaa Obuin mosrydens coBmectao ¢ M. B. Typbunbim.

[Too6HBIE MOAEIN AKTUBHO MCCIEIYIOTCS C CEePeIUHbI MPOIIIOr0 BeKa /10 HAITHX
nueit. IlepBasi mocTaHOBKa 3aa4YMd O CJAAOBIX PEIIEHUSAX IS HECKIMAEMOU CHCTe-
Mbl HaBbe—CTOKCa ¢ IepeMeHHol JIOTHOCTBIO ObLIa npejgioxkena A. B. KaxxuxobiM
(Joxn. AH CCCP, 1974). B ero pabore IpeaIogaraercs, 9T0 Ha4aabHOe YCJIOBHE Ha
IJIOTHOCTH p OTAEJIEHO OT HYJId, TO €CThb CyHIeCTBYET KOHCTaHTa 1M > 0 TaKad, 9TO
p(LU,O) = pO(x) = m, po € LOC(Q)

B pa6ore Cumona (STAM J. Math. Anal., 1990) mis ciaboii mOCTAHOBKH 3aJa4u
HEOJIHOPOJIHON HecskuMaeMoit cucteMbl HaBbe—CTOKCa Oblita IPEIPUHSTA MTOMBITKA
OCJ'Ia6I/ITb ycaoBue OTJAE/JIMMOCTH OT HYJIA HaYaJIbHOT'O YC/JIOBHA HA IIJIOTHOCTD. A NMEH-
HO, npejmnosaraercs, 9To po(x) = 0, po € Loo(2), 1/po € Lg/5(92).

Sparun B.I.: zvg_vsu@mail.ru
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B monorpadun I1.-J1. JIuonca (Mathematical Topics in Fluid Mechanics, 1996) 6bi-
JIO JIOKA3aHO CYIIEeCTBOBAHME CJIA0OT0 PEIleHns] HAYaJIbHO-KPAEBOU 3a/1a9u JIJIsi HEOI-
HOpOIHOI HecxkumaeMoil cucrembl HaBbe—CToKca Opu OpeAnoioRenuax: po(x) >
0,p0 € Loo(2) ¢ ycnoBuem pu(z,0) = m € La(2) m m = 0 upu mourn Beex z € £,
pu KoTopbix po(z) = 0, a Taxxe |m|?/py € L1(Q).

IIpu sTom emé ¢ cepeaunbl 19-ro Beka M3BECTHO JOCTATOUHO OOJIBIIOE UUCTIO
CpeJi, KOTOPbIE HEe YJOBJIETBOPSIOT HHIOTOHOBCKOMY PEOJIOTHIECKOMY COOTHOIIEHHUIO.
B nmokiaze paccMaTpuBaeTcs OJIHA W3 TAKUX CPEJl, KOTOpas HA3BIBAETCI MOJEIBIO
Kenpuna—@oiirra. B mokiame paccMarpuBaercsi CymecTBOBaHUE CIA0BIX PEIeHU
HaYaTbHO-KPAEBOH 3aaum I HEOJHOPOHONW HecKnMaeMoit Mmojenn KenbBuna—
Doiirra jyist 110601 HavabHON moTHOCTH po = 0, po € Loo(2) (em. [1,2]).

UccireoBanne BhINOJHEHO 33 cuéT rpanTa Poccuiickoro mayanoro donma Ne 22-
11-00103.

Criucok aureparypbl

[1] Zvyagin V., Turbin V. Weak solvability of the initial-boundary value problem for
inhomogeneous incompressible Kelvin—Voigt fluid motion model of arbitrary finite
order, J. Fized Point Theory Appl., 25, Ne 3, 63 (2023).

[2] BBsarun B.T., Typ6un M. B. PaszpemmnmMocTs HATaIbLHO-KPAEBOH 34481 JJIsT MOJIE-
gu npuekenns xuakoctn Kembpuna—®@oiirra ¢ mepeMeHHoit mI0THOCTBIO, J[okaA.
PAH. Mam., ung., npoy. ynpasa., 509, 13-16 (2023).

YHucaenHas olleHKa BJIUSHUS HEPEryJIsipPHOCTHA
rpaHUIbl 00JIaCTU Ha pellieHne KpaeBoii 3a/ia4um
JJd ypaBHeHnus Jlamiaca

VNeantoxun A.B.*X12 Poccoecknii J1. E.2

! Hayumo-uccaedosamenvekutds uncmumym npuxiadnoti Mecanury u
anexmpodunamuru Mockosckozo asuayuornozo uncmumyma, Mockea, Poccus
2 Poccutickuti yrnusepcumem dpyoicbo. napodos, Mockea, Poccus

JlokJ1a/1 IIOCBAIIEH OIEHKE BIUSHUS HEPETYISPHOCTUA I'PAHUIIBI 00/IACTH Ha Pellre-
nue 3agaun Jdupuxne-Helimana nns ypauenus Jlamnaca

Au (xvy) =0, (x,y) eIl (1)

B npsAMOyroJbHoii obsmactu II = (z,y) x (0,27), orpaHMYeHHOII TOPU30HTAILHBIM
orpeskoM {y = h, 0 < z < 27}, BeprukanbubiMu orpeskamu ({x =0, —h <y < h},
{z =27, —h <y < h}) n sunmunesoil kpusoil v, coeauustomeii roukn (0,—h) u
(27, —h). Tlpu stom u (x,y) sABIgeTCs 27T-IEPUOIUYECKOl (DYHKIMEN 110 IepeMenHoi
x, ynosyerBopsier yciaosuio Jupuxie ¢ dyukuueil ¢ (z) Ha BepxHeil TpaHUIE U OIHO-
pomuomy yeaoButo Hefimama ma 7.

Takue 3318491 BO3HUKAIOT B M'UIPOJIUHAMUKE, HAIIPUMED IIPU MOJIEIUPOBAHUM ILy-
HAMU U «BOJIH-yOMii>. IIpr 9TOM 0CTaéTcs BasKHBIA BOIPOC O BIAMAHUN HEPETYJIsIPHO-
CTU I'DAHUIBI HA BUJ pemenusd u (2, y). Panee ObLia nojydeHa aHAJIUTUYECKAS OIEHKA
PA3HOCTHU peIIeHnil BO3MYIIIEHHON M HEBO3MYIIEHHOHN 3a/1a4 B HOPME IIPOCTPAHCTBA

Wpantoxun A.B.: ivanyukhin@yandex.ru; Poccosckuit JI. E.: rossovskiy-le@rudn.ru
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Cobosnesa H' ma obmeit obmactn ux onpenesienus [1]. B nammnoit paGore mosryde-
Hbl YUCJICHHBIE PEIICHUs PACCMATPUBAEMOIl 33/1a91 ¢ IIOMONIBIO CETOYHOM (KOHEUHO-
pa3HOCTHOl) anupokcuMmaryu. [IpOBEICHO CpaBHEHNE YUC/ICHHBIX U AHAJUTUIECKAX
PEIeHnii ¢ TIOMOITBIO MOJIyYeHHBIX B [1| OIEHOK B 3aBUCHMOCTH OT BHJA TPAHUIIBL 7Y
U TOYHOCTH €& CEeTOUHON anmpokcumanun [2].

Pa6ora BpImoiHeHa mpu mojiep;kKe MUHUCTEPCTBA HAYKH U BBICIIETO 00pa30Ba-
uust Poccuiickoii @enepanuu (Merarpant, cornamenue Ne 075-15-2022-1115).

Criucok jaureparypbl

[1] Poccosekuit JI. E., Hlamua P.B. O BiusHun HEPETYISIPHOCTH TPAHUIIBI 00JIACTH
Ha pellenne KpaesBoii 3a1aan it ypasuenus Jlamaca, Judidep. ypasn., 59, Ne 5
652-657 (2023).

[2] Iserles A. A First Course in the Numerical Analysis of Differential Equations. —
Cambridge: Cambridge University Press, 2009.

O6 omnoilt KOHCTpYKIINU cxembl PycanoBa
JIJIsl YMCJI€HHOTO pelleHns YPaBHEeHUIl criernaJjbHOI
PETATUBUCTCKONM MArHUTHON TMAPOIMHAMUKNT

Kynukos /. M.*

Hnemumym eviuucaumenvhoth Mamemamury U Mamemamuseckol 2eopusuru
CO PAH, Hosocubupck, Poccus

Cxema Pycanosa siBisiercst ofiHOit n3 Hanbojiee pobACTHBIX B KJIACCE CXEM IHCJICH-
Horo perrenus 3aa49u Pumana. OCHOBHOIN HEJOCTATOK CXEMbl — IOBBIIIEHHAS JUCCHU-
Marys YUCJEHHOI'O pPeleHus Ha pa3pbiBax. 1Ipyu 3TOM OBLIO MOKA3aHO, YTO UCIOJIb-
30BaHME KYCOYHO-TIOJIMHOMUAJBHBIX PEKOHCTPYKIIAN MMO3BOJISIET MOJIYYATh MAaJIOINC-
CHTIATUBHYIO CXEMY, COOTBETCTBYIOINTyIo cxemaMm Tuta Poe m HLL mpu ncnosinb3oBanun
AHAJOTUIHONW PEKOHCTPYKIMU. B ciaydae ypaBHEHHUI cHeruaabHON pPeTaTUBUCTCKOM
MarHUTHOM UIPOJINHAMHUKH II0JIHOE CIIEKTPAJILHOE Pa3JjioyKeHue s 33 a9 Pumana
HE UMeeT aHAJUTUIEeCKOrO PeIlleHns. B crarke mpeiaraercs pacinpoCTPaHeHNe CXEMbI
PycanoBa ¢ ucrnosip3oBaHrEM KyCOYHO-ITAPAOOJINIECKOTO IIPEJCTABJICHUST PEIIeHUs] Ha,
yPpaBHEHUSI CIIENUAIbHON PEeJSITUBUCTCKON MArHUTHON TuiapoiuHaMuku. lIpoBeseHa
Bepudukalus pa3paboTaHHOI CXeMbl HA KJIACCHYECKHUX 3aJa4ax O PaCHaje IPOou3-
BOJIBHOT'O Pa3pbIBa.

WccnemoBanue BoImoiHEHO 3a cuer rpanTa Poccuiickoro HaydHoro ¢doumga Ne 23-
11-00014.

Kymukos W. M.: kulikov@ssd.sscc.ru
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MatremaTudecKasg MoeJb TEPMOTOKA B MaTepuaJie
JAUBEPTOPa TEPMOSIAEPHOr0 peakTopa

Nasapesa L[ *

Poccutickuti yrusepcumem dpyorcov, napodos, Mocksa, Poccus

JlBmkeHne paciuiaBa SIBJISETCS OIHUM U3 CAMBIX PA3PYIIUTEIbHBIX MTOCJIEICTBUI
PA3BUTHS HEYCTOUIUBOCTEH Ha COBPEMEHHBIX YCTAHOBKAX JIJIsl M3y UEHUs] TEPMOSIIED-
HO¥ 1wrasmbl. [lpy oniaBiieHHE U JAJIbHEAIIEM DAa30TpeBe MaTepuaia CTEHOK, JIH-
MHUTEPOB WA JIUBEPTOpPa OHU HAYMHAIOT HCHAapATbCs. MecTo KOHTaKTa paciiaBa 1
HCIAPEHHOTO T'a3a IPUBOJNUT B JIBIKEHUE PACILIAB IOJ[ AefICTBUEM TEPMO3JIEKTPUYIE-
ckux 3ddeKToB U3-3a HOJBIIOr0 MATHUTHOTO IT0JIst, HEOOXOMUMOIO JIJIs yIePKAHUS
wra3Mbl. [logpobHoe MogempoBaHue TOMOXKET Pa300PATHCA B MEXaHU3MAX PA3BUTHUS
TEPMOTOKOB ¥ TO3BOJIAT Pa3paboTaTh METO/IbI UX MOJABJIEHUs. B HOKa/e mpencTras-
JIEHA MOJIEJIb PACIIPE/IEJIEHNUSI TOKa B 06pasiie BOJIbdpaMa U HCIAPSEMOM BEIeCTBe IpU
HarpeBe IIOBEPXHOCTH JIEKTPOHHBIM IIy4koM [1]. Mojess B akcuaabHO-CUMMETPHIHOMN
ITOCTAHOBKE OCHOBAaHA Ha PEIECHUU YPABHEHUIA JIEKTPOIMHAMUAKA U JIBYX(a3HOU 3a-
nmaan Credana. YpaBHEeHHE JIEKTPOIMHAMUKYA HA OCHOBE DACCIMTAHHBIX 3HAUCHUIA
TeMITepaTyphl peraercs B objacTu obpasia u B obyractu HaJ obpasmnoMm. IIposeaen
aHaJM3 MOJIEJU B YIIPOINEHHOW OCTAHOBKE IIPH IOCTOSTHHBIX 3HAYEHUSIX JIEKTPHU-
YeCKOr0 COIPOTHUBJIEHUsI U TEPMO3JC B raze u Merajuie. [lokazaHa 3aBUCHMOCTD aM-
IUIATYAbI U U30JIMHUI TEPMOTOKOB OT PACIIPE/IEJI€HUs] TeMIIepaTypPhbl Ha IIOBEPXHO-
cru obpaszna. [lokazano, uro mogpobHOCTH yuera kKoddduimentos 3amaun Credana
OKa3bIBaeT OOJIBINOE BJIMSIHUE HA PE3YJIbTAThI PEIeHUs] yPABHEHUS JICKTPOMHAMUI-
ku. PaccMmorpen cirydail mepeMeHHBIX 3HAYEHUI JIEKTPUIECKOIO COIMPOTUBJICHUS U
TEpMO3C B ra3e u Merajuie. Vcnosib30BaHbl yIIPOIIEHHOE BBIPAXKEHUE JJIs JIEKTPU-
YECKOr0 CONPOTUBJIEHUS KAaK 3aBUCHMOCTH OT CTEIEHW MOHU3AINU W OIEHKa KO-
dunmenta 3eebeka g pacdera Tepmodac. CrermeHb MOHU3AINKN OINPEIEIAeTCs Kak
kopenb ypaBuenust Caxa. [Tapamerpsl Mojein B3ATHI U3 9KCIEPUMEHTOB HA CTEHJIE
Beam of Electrons for materials Test Applications (BETA), cosnamnnoro 8 1P CO
PAH [2]|. Pacuer npoBesien [yist aHAIN3a U IJIAHUPOBAHUST HATYPHBIX SKCIIEPHIMEHTOB
C LEJIbIO ONpEJIeJIeHUs] BJIUsIHUS cuJl AMIiepa Ha JuHAMUKY BemiecTBa. asbueiiniee
pa3sBUTHE MOJIEJIN IIPEIIIOJaraeT YTOYHEHNE PacdeTa yIeIbHON 3JIEKTPOIPOBOIHOCTH
raza m TEPMO3JIC Y€pe3 MHTErpaJl [0 IHEPTUU JIEKTPOHOB, B TOM YHCJIE BKJIIOUCHIE
ydeTa 3aBUCHMOCTH STUX [MAPAMETPOB OT IUIOTHOCTU Ta3a.

Hccnenosanue BoioaHeHo 3a cuéT rpanTa Poccuiickoro nay4noro donna (mpoekT

Ne 23-21-001344).
Cnucok aureparypbl

[1] Jlasapesa I.T., ITomos B. A., Okumes B. A. MaremaTuueckast MO/ JUHAMAKA
pacIpeiesIeHusi TOKa 9JIEKTPOHHOIO IIy9YKa B BOJB(MPAMOBOIl IIJIACTUHKE U TOHKOM
CJI0€ €r0 MAapPOB IIPU UMITYJILCHOM HATPEBE C YYETOM JIEKTPOABIKYIIEH cuiibl, Cub.
orc. und. mam., B nedaru (2023).

[2] Vyacheslavov L.N., Vasilyev A.A., Arakcheev A.S., Cherepanov D.E.,
Kandaurov 1. V., Kasatov A.A., Popov V.A., Ruktuev A.A., Burdakov A.V.,
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Lazareva G.G., Maksimova A.G., Shoshin A.A. In-situ study of the processes
of damage to the tungsten surface under transient heat loads possible in ITER,
J. Nuclear Materials, 544, 152669 (2021).

Prediction of the parameters of the trap for plasma
confinement in helical magnetic field

Oksogoeva |. P.*!, Lazareva G.G.!, Sudnikov A.V.2

YRUDN University, Moscow, Russia
2 Budker Institute of Nuclear Physics of Siberian Branch of the RAS, Novosibirsk,
Russia

s perreHust 3a/1a9 yIpPaBJISEMOr0 TEPMOSIIEPHOTO CHHTE3a HEOOXOIUMO Yep-
KWBATh BBICOKOTEMIIEPATYPHYIO ILIA3My JOCTATOYHON IJIOTHOCTH B OTPAHUYEHHON
obstactu pocrpancTBa. OCHOBHBIM METOJIOM TEPMOUBOJIAINN T11a3MbI, PACCMATPUBA-
€MbIM Ha CErOJHSIITHUI JIeHb, SBJISeTCS €€ yIAep:KaHne B MATHUTHOM II0JI€ C PAa3JInd-
HbIMU KOoHUryparusymu. Hanbo bt mporpecc TOCTUTHY T B CUCTEMAX € TOPOUIAIb-
HOI{ TOTIOJIOTMell MATHUTHOTO T10JIsI. AJIBTEPHATHBHBIM TIO/IXOJIOM SIBJISIETCS Y€ PIKAHIE
ILJIA3MbBI B OTKPBITBIX MATHUTHBIX CHCTEMAaX, TJe MoJjie OJIM3KO K OCECHMMETPUIHOMY.
[LrocamMu TaHHOTO MOAXOJIA SIBJISIOTC Dojiee 3bDEKTUBHOE UCIIOIb30BAHNE YHEPIUN
MAarHUTHOTO IT0JIst, MACIITAOUPYEMOCTh U MHXKEHEPHAST IIPOCTOTA CUCTEMbI. Y I€PKAHUE
IJIA3Mbl MATHUTHBIM TIOJIEM C BUHTOBOW CHMMeETpPHeN ObLIO MPEJJIOKEHO B KAa4eCTBe
PasBUTHsI METOJ[a MHOTOIPOGOTHOTO yaepKanus [1]. B cucreme orcuéra ppamaromeii-
Cs1 IJIA3MBI JIBUKEHUE MATHUTHBIX BO3MYIIEHUN MMeeT KOMIIOHEHTY CKOPOCTH, COHa~
IIPABJEHHYI0 C MArHUTHBIM II0JIEM, YTO I[O3BOJISET IE€PEABATH MMITYJIbC 3AIEPTHIM
qacturaMm. CTOJIKHOBEHUsT MEXKy ITPOJIETHBIMU U 3aIlE€PTHIMUA 9aCTUIAMEU ODecrevn-
BalOT 3PHEKTUBHYIO CUITY, JEHCTBYIONIYIO HA ILJIA3My B IE€JIOM U CIIOCOOCTBYIOIIYIO
BO3BpaTy MOHOB B 00JsiacThb yiepxKanus. Ycranoska CMOJIA (Cuupasbuas Marunur-
nas Orkpbitas JloBymika) paspa6orana u nocrpoera B 2017 roxy B Mucruryre suep-
Hoit dusukn CO PAH nm. Byjkepa jist 9KCIIepUMEHTAJIBHON [IPOBEPKY 3TOH ujen [2].
B nokna/jie npejicTaBiieH MeTo/] IPOIHO3UPOBAHNIS [IAPAMETPOB YCTPOUCTBA JIJIs yJIEP-
KaHWUS TUIA3Mbl B CIUPAJIbHOM MATCHUTHOM II0JI€, OCHOBAHHBI HA MaTEMaTUIeCKOM
MOJe/InpoBanuu [3|.

MatemaTudyeckast MOJE/Ib MEPEHOCA BENIECTBA B BUHTOBOM MAarHUTHOM IIOJI€ II0-
CTPOEHA HA OCHOBE CTAIIMOHAPHOI'O YPAaBHEHUs II€PEHOCA U IIapaMeTPOB YCTAHOBKH
CMOJIA. Maremarudeckoe MOIEIUPOBAHKME IPOIECCa OBLIO MPOBEIEHO BIEPBHIE B
pab6ore [3]. IIpoBenena BamumaIyst MOJEIN U OTPE eJIEHIE BIUSHUS TTADAMETPOB KC-
repuMenTa Ha 3P PeKT yaepxkanus. s ducieHHol peaan3aun NCI0Ib3YeTCsT METO
yCTaHOBJIeHUsI U OOJiee SKOHOMUYHBIN MeTO/T BepxHeil penakcamuu. [[ns KkaaubpoBru
MOJIEJIM WCIIOJIb3YIOTCs JaHHble n3MepeHuil. less paboThl COCTOUT B ONpeIeeHIN
muddy3un 1 MPOTrHO3e MapaMeTpPOB JIOBYIIKU.

Pa6ora nonnepxana rpanrom Munucrepcrsa obpasoanust u nayku P® (Mera-
rpanT, coryanenne Ne 075-15-2022-1115).

Oksogoeva 1. P.: oksogi@mail.ru; Lazareva G.G.: lazareva-gg@rudn.ru; Sudnikov A.V.:
a.v.sudnikov@inp.nsk.su
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CriekTpaJbHbII aHAJIN3 U [PEACTABJICHNE pelleHnii
BOJILTEPPOBBIX MHTErpo-anddepeHnnaIbHbIX
ypaBHEHUI B IrMJIbOEPTOBBIX ITPOCTPAHCTBAX

Paytnan H.A*

Mocxkosckuti eocydapemeennuti ynusepcumem um. M. B. Jlomonocosa,
Mocxkea, Poccus

Mocxkosckut uenmp dyrndamenmanrvrol U nPuKAeOHOl MAMEMAMUKLU,
Mocxsa, Poccus

Pabora mocssitiieHa uccjaegoBaHU0 BOJIBTEPPOBBIX MHTErpO-auddepeHInabHbIX
YPaBHEHUIT ¢ OIePATOPHBIMU KO DUIMeHTaMi B THJILOEPTOBBIX MPOCTPAHCTBaX. [ 1a-
BHasI 9aCTh PACCMATPUBAEMBIX YPABHEHUI IpeJcTaBIsieT coboit abCTpaKTHOE THUIIEP-
60IMIecKOe ypaBHEeHNEe, BO3MYIIEHHOE CJIaraeMbIMU, COJEPKAIIMME BOJLTEPPOBBI UH-
TerpaJibHbIE OIIepaTOPhI. YKa3aHHbIe HHTErPo-auddepeHInaibHbe yPABHEHUS MOTY T
OBITH PEAIM30BaHbI KAK MHTErPO-IuddepeHIalbHble YPABHEHUsI B YACTHBIX ITPOU3-
BOJIHBIX, BO3HUKAIOIINE B TEOPUH BA3KOYIIPYTOCTH, TEOPUH PACIPOCTPAHEHUS TEILIa
B CpeJlax € HaMATBIO U Psijie JIPYTUX BarKHBIX HPHIOXKeHuit. JJIst mupoKoro KJjacca
siJIep WHTErPAJIbHBIX OIIEPATOPOB YCTAHOBJIEHBI PE3YJILTATHI O CYIIEeCTBOBAHUU U €JT1H-
CTBEHHOCTH KJIACCHYECKHUX PEIeHU YKA3aHHBIX yPaBHEHMUIl, [TOJIyIeHHbIE Ha OCHOBE
I0/IX0J1a, CBS3aHHOIO C IPUMEHEHWEM TeOPHHU MOJIyIPYII orneparopoB. IIpoBoaurcs
CHEKTPAJIbHBII aHAJIN3 TeHEPATOPOB IOJIYTPYIIIT OIIEPATOPOB, IOPOXKIAEMbBIX yKa3aH-
HBIMU WHTErpo-auddepeHnnaabHbIMu ypaBHeHUIMI. Ha OCHOBE IOJIyI€HHBIX paHee
PE3YJIBTATOB YCTAHABINBAETCS CBA3b MEXKJLY CIIEKTPAMU OlepaTop-QyHKITHIA, sIBJISIO-
IIIXCST CUMBOJIAME YKA3aHHBIX UHTErPO-IudDepeHinajibHblX yPABHEHUN U CIIEKTpa-
MU TE€HEPATOPOB IOJIYTPYII OIepaTropoB. Ha ocHOBe CHEKTpasbHOTO aHAJM3a TeHe-
PATOPOB HOJIyTPYIII OIIEPATOPOB U COOTBETCTBYIONIUX OIIEPATOP-MYHKIUHN 1101y ICHBI
[IPEeJICTABJICHNS PEIIeHI PAacCMAaTPUBAEMbIX UHTEIPO-1nddepeHIaIbibIX ypaBHe-
muit (em. [1,2]).

Pabora BeimosiHena npu duHanCcoOBO# nomepkke Muunobpuayku P® B pamrax
peaJim3alun nporpamMmbl MoCKOBCKOro 1ieHTpa yH1aMeHTaIbHON U IIPUKJIAIHON Ma-
remarukn (Coryamenue Ne 075-15-2022-284).
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O6 (oTcyTCcTBUM) HENPEPBHIBHOW 3aBUCUMOCTH
pelleHnii JUIMNTUYeCKUX (PyHKIMOHAJILHO-
muddepeHnuaIbHbIX YPaBHEHN OT IIapaMeTpPoB

Poccosckuii J1. E.*
Poccutickuti yrusepcumem dpyorcov, napodos, Mocksa, Poccus

Paccmarpusatorcs simnrudeckue hyHKIMOHAIBHO- UM epeHnInaIbHbe ypaBHe-
HUs C IIPe0OPA30BAHUAMY, BKIIIOUAIOMIUME C2KaTHs (PACT2KEHNs) apIyMEHTOB CTap-
X TTPOU3BOIHBIX HEM3BeCTHOH dyHKImu. B psije ciiydaeB cBoiicTBa TakKux ypaBHe-
HUN JEMOHCTPUPYIOT HEYCTONYMBOCTD IO OTHOIIEHWIO K BeJndnHe KO3(DDUIMEeHTOB
CXKaTHA. DTO MPOUCXOIUT, B YACTHOCTU, B CJIEAYIONIUX CATYAIUSIX.

1) YpaBuenusi, B KOTOPbIX BCE HAPAMETPBI C2KATUS (PACTAYKEHU) MYJIbTUILITKA-
TUBHO COU3MEPUMBI (SBJISIIOTCS I[EJIBIMU CTEIIeHsME, KaK II0JIOKUTEIbHBIMU, TaK U
OTPUIIATEIbHBIME, OIHOIO U TOrO Ke napamerpa g > 1). «IIpenenbuoes muddepen-
[HAJIbHOE yPABHEHUE, B KOTOPOM IOJIOXKEHO ¢ = 1, MOXKeT OBITh CHJIBHO JUIAIITAYE-
CKHUM, HO MCXOJHOE (DyHKITMOHAILHO- (M PEPEHITUATBHOE YPaBHEHNE He OYIeT CUIBHO
SJUINIITUYECKAM HU IIPU KAKOM 3HAYEHUU ¢, CKOJIb YIOIHO OJIM3KOM K 1.

2) YpaBHeHUsl, B KOTOPBIX B CTapIleil 9acTh MPUCYTCTBYIOT CJaraeMble C pas-
JIMYHBIME TTapamMeTpaMu cxkatus p > 1 u ¢ > 1. CujbHast 9JUIMIITHYHOCTD YCTOM-
YUBa 10 OTHOIIEHUIO K MAJIBIM BO3MYIIEHUSAM ITUX HAPAMETPOB B OKPECTHOCTH X
MYJIBTUILINKATUBHO HECOM3MEPHUMBIX 3HAUYEHMI, M HEYCTONYINBA B IIPOTUBHOM CJIydae.
Boamymienne oHOro u3 3THX HapaMeTPOB MOXKET IIPUBECTU K CYIIECTBEHHOMY H3Me-
HEHUIO CBOUCTB KPaeBoil 3a/1a49u (MOSBJICHUIO GECKOHETHOMEPHOTO A1pa U HETJIAIKUX
pellleHuii) He3aBUCUMO OT TOI'0, HACKOJILKO MaJl KO3 MUIMEHT [IPH COOTBETCTBYIOIIEM
cjaraeMoM B YDaBHEHUH.

3) YpaBHeHusi, B KOTOPBIX IPUCYTCTBYIOT KOMOMHAIIUKM CXKATHUSA U CIABUIOB apry-
MEHTOB CTAPHIUX IIPOU3BOIHBIX. YCJIOBHS, 00€CIEUINBAIOIIAE OJIHO3HAYHYIO Pa3peniu-
MOCTb ¥ TVIAJIKOCTh PEIIeHuil KpaeBoil 3aa4uu, (hOPMYJIUPYIOTCs [IPXA ITOMOIIN CITEK-
TPAJIBHOIO PaJyca COOTBETCTBYIOMIErO (DYHKIMOHAILHOrO oeparopa (yCcJaoBUs HO-
CAT XapaKTep JOCTATOYHBIX, OJHAKO UX HAPYIIIEHNE TAKXKE MOYKET IPUBECTU K BO3HUK-
HOBEHUIO GECKOHEYHOMEDHOTO si/ipa U HerJaJKuX penenuii). OKa3biBaeTcs, 3HAYCHUE
9TOTO CIEKTPAJILHOIO DAJIyca 3aBUCUT OT TOTO, sIBJISETCH JU KOI(MMUIMEHT CKa-
THs 9HUCJIOM TPAHCIEHJIEHTHBIM UJIM aJreOpantdecKuM, a B cilydae ajredpantdecKoro
YUCJIA — OT TOr0, KAKOBBI KOI(D(MDUITMEHTHI €10 MUHUMAJILHOTO MHOTOYJIEHA.

ABropy okazana ¢puHaHCOBas nojuepkka Munobpaayku P® B pamkax rocyuap-
cTBeHHOrO 33 aHns (Homep npoekrta FSSF-2023-0016).

Poccosckmit JI. E.: 1rossovskii@gmail.com
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MaTremaTndeckoe MOAeJIMPOBaHUE BUPYCHOM
MH@EKITN

Piomuna K. A.*!, Mosoxuna A.C.', Bonbnept B. A.1:2

! Poccutickuti ynueepcumem dpyoicbo, napodos um. Ilampuca JTymymbo, Mockea,
Poccus
2 Institut Camille Jordan, University Lyon 1, Villeurbanne, France

Hesbio ganHOR pabOTHI SBJIsIETCS pa3pabOTKa U MCCIIeI0BAHNE MHOTOMEPHOH MO-
JIeJIN PECIMPATOPHON BUPYCHOM WHMEKINN, B KOTOPOHl PacCMaTPUBAIOTCS C OIHOM
CTOPOHBI NHMUIIMPOBAHHAs TKaHb, a C JPYyIroii — Bech opraHu3M desioBeka. Marema-
THYECKas MOJEJb COCTOUT U3 HEJIOKAJIbHBIX yYpaBHeHU peaknun—auddysnun ¢ 3anas-
JIBIBAHUAEM.

ITokazano, 9To pacupocTpaHeHre BUPYCHON MHMEKIIH 10 HHMUITNPOBAHHON TKa-
HA MOXKET OBITH ONMCAHO PeaKkuOHHO-IuddYy3noHHON! BoHON. 3ydeHo BiausHue
BPOXK/IEHHOT'O U &IAIITHBHOI'O UMMYHHOT'O OTBETa Ha CKOPOCTDH PACIPOCTPAHEHUST BOJI-
HBI U BUPYCHYIO HAarpy3ky. IIpoBeseno dnciennoe MojeinpoBanue 3ToN 33/1a491 U 110-
Ka3aHO, 9TO Pe3yJIbTAThl YMCJIEHHBIX PACUYETOB COIVIACYIOTCS C AHAJUTUYECKUMU pe-
3yJIbTATAMHU.

Pa6ora Boimonnena mpu mojiep:kKe MuHHCTEpCTBA HAYKH U BBICIIETO 00pa30Ba-
unst Poccniickoit @eneparun (Merarpant, cormantenne Ne 075-15-2022-1115).

Cnucok aureparypbl

[1] Ait Mahiout L., Mozokhina A., Tokarev A., Volpert V. Virus replication and
competition in a cell culture: Application to the SARS-CoV-2 variants, Appl.
Math. Lett., 133, 108217 (2022).

[2] Ait Mahiout L., Mozokhina A., Tokarev A., Volpert V. The influence of immune
response on spreading of viral infection, Lobachevskii J. Math., 43, Ne 10, 2699—
2713 (2022).

I'eomerpusa nmpeobpazoBanmit MyTtapa JByMepHBIX
orneparopoB Jlupaka

Taiimanoe . A%

Hremumym mamemamuru um. C.JI. Coboaesa CO PAH, Hosocubupck, Poccus

Mpbr uzmoxkuM mpeobpazoBanne MyTapa st IByMEpHBIX oreparopos /Jlupaxka,
OOBSCHUM €ro TeOMEeTPUIECKUN CMBICJ C IIOMOIIBIO CIUHOPHBIX IIPE/ICTABJIEHUN IIO-
BEPXHOCTEH B 4€THIPEXMEDHOM IIPOCTPAHCTBE U yKayKeM HEKOTOPbIE IIPUMEHEHUS JJIst
[HOCTPOEHHsI TOYHBIX PENIeHuil JBYMEPHBIX cOMUTOHHBLIX ypasHenuil (Issu—Crioapr-
cona IT u mopudunuposannoro Becenosa-Hosukosa).

Promuna K. A.: ryumina-ka@rudn.ru; Mosoxuna A. C.: mozokhina-as@rudn.ru; Bonbuepr B. A.:
volpert@math.univ-lyonl.fr
Taiimanos Y. A.: taimanov@math.nsc.ru
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Crnucok jaureparypsbl

[1] Taitmanos U. A. TIpeoGpasosanue MyTapa sBymepHoro oneparopa JIupaka u reo-
merpus Mebuyca, Mam. samemxu, 97, Ne 1, 129-141 (2015).

[2] Maryes P. M., Taitmanos 1. A. TIpeo6pazosanne MyTapa JByMEPHBIX OIEPATOPOB
Hupaka 1 KOH(POPMHAS T'€OMETPUs IOBEPXHOCTEl B YETHIPEXMEPHOM IIPOCTPAH-
cree, Mam. 3amemxu, 100, Ne 6, 868-880 (2016).

[3] Taitmanos 1. A. IIpeoGpasosanne Myrapa jyuisi ypasHenusi Japu—Crroaprcona 11
U ero reoMeTpudecKuil cmbica, Mam. samemxu, 110, Ne 5, 751-765 (2021).

Kunernyeckoe cocTossHMEe 1 BO3HUKHOBEHUE
MapKOBCKOﬁ ANMHAMMUKHN B TOYHO pellaeMbIX MOAdeJIdX
OTKPBITBIX KBAHTOBbBIX CHUCTEM

Tpyweukun A. C.*

Mamemamuweckuds unemumym um. B. A. Cmexaosa, Mocksa, Poccus
Loccenvdopperuti yrusepcumem um. Tenwpuxa Tetine, Jrocceavdopd, Tepmarus
Hayuonanorvid uccaedosamenverut mexnonozuveckut ynusepcumem «MHUCuC's,
Mocxsa, Poccus

B dynnamenramsroit pabore H. H. Boromo6osa [1] mpemoxkens! riry6okue uien
10 BBIBOJY KWHETUYIECKOTO ypaBHEHUsI BojbliMaHa U3 ypaBHEHUN MmexaHuku. Kiro-
JeBbI€ IIPEJIITOJIOXKEHNsT COCTOSIIN B TOM, UTO TOCJEe HAYAJIBHOTO IIEPUOJIA JTUHAMIKI
HACTyIIaeT TaK Ha3blBaeMas KMHETUYEeCKas CTaJMsd, a TaKxKe MMeeT MeCcTO ocjabdJie-
HEe KODpeJIsIyii Ipu cBOOOIHOI nuHaMUKe (T.€., €CJId «BBIKJIIOYUTH» CTOJIKHOBEHUS
gacrun). Kunerndeckas: crajust xapakrepusyercs TeM, 9ro GopMa MHOTOYACTHIHOM
byHKIMM pacipeesieHnst BCEIEIo onpeesercs: onnodactuanoit. K coxxaienuto, stu
IIPEJIIIOJIOXKEHUsT OCTAIOTCsI He TOJIBKO HEeIOKA3aHHBIME, HO JaXKe U COPMYIUPOBAH-
HBIMU JINIIb Ha «usndeckoms yposHe crporoctu. Cam H. H. Borosrobos npusnasa,
9T0 TouHble (GOPMYIMPOBKH CienyeT BhiBecTr B OymymeM [2]. Crporoe o6ocHOBaHME
3TUX IIPEAIIOJI0XKECHUI JIJId ra3a B3aUMOACHCTBYIONINX YaCTUL] OCTaCTCAd OTKPBITON 3a-
Jladeii, HO HHTEPECHA TAKXKe IIPOBEPKA ITUX IIPEIIIOJIOKEHN B O0Jiee IPOCTHIX MOJIe-
Jsax [3]. B aroit pabore B KauecTBe mocsieiHell GepeTcst Mojiesib OTKPBITOM KBAHTOBOI!
cucremsl [4]. VI3yuenne JUHAMUKE OTKPBITHIX KBAHTOBBIX CHCTEM BAYKHO U C IPAKTH-
YeCKOIl TOYKU 3PEHU.

PaccmarpuBaercs munamuka B rmibbeproBoM mpocTpaHcTBe H = Hg ® HR, roe
Hg = C? — rusb6epToOBO IPOCTPAHCTBO CHCTEMBI, a HR = Fp (LQ([O, oo))) — runbep-
TOBO TIPOCTPAHCTBO pe3epByapa, 6030HHOe (hoKoBCKOe mpocTpancTso Has L2 ([0, 00)).
laMuabTOHUAH UMEET BUI

H = Q(Pl — Po) + Hg + /\HI,

rme Q > 0, Py u P| — npoeKkTophbl Ha 3JIEMEHTHI HEKOTOPOro OPTOHOPMHUPOBAHHOTO
6asuca mpocrpancrsa C?, Hr — raMmIbTOHHAH CBOOOIHOIO GO30HHOI'O KBAHTOBOI'O
mosist, Hy — raMuibTOHMAaH B3auMOJeicTBUsl. 10Orga COCTOSIHUE CUCTEMBI M PE3€PBY-
apa (omepaTop IJIOTHOCTU — SIJIEPHBII [I0JOXKUTEJNbHBIA oneparop B H ¢ exuHUY-

Tpymeuxkun A.C.: trushechkin@mi-ras.ru
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HBIM CJIeJIoM) B MOMeHT Bpemenu ¢ mmeer sug p(t) = e~ poe™  rne po — nauan-

Hoe cocrosinne. Cocrosinue cucrembl umeer Buj ps(t) = Trrp(t) — oneparop mior-
Hoctu B Hg, rye Trgr — 9acTUYHBIN CJleJT IO pe3epByapy, JASHCTBYIONUI 10 TPaBUITY
Trr(A® B) = ATr B.

YTBepKaeHne O IpeaIpeakCaIii UMEET BU
Jim Te{O[p(t) ~ Rps (D]} =0 (1)

qtst Beex O € O, tie O — HEeKOTOPBIi KJ1ace 0IepaTopoB, a R — orobpazkeHue, CTaBsi-
iee B COOTBETCTBUE OLEPATOPY IJIOTHOCTHU CUCTEMBI pg(t) IOJIHBIA OlepaTop IIOTHO-
ctu p(t). dpyrumu cioBamu, KUHETHYECKOE cocTosinne Rps(t) Xxapakrepusyercs teMm,
YTO TIOJTHOE COCTOSIHUE CHCTEMbI M Pe3epByapa IMOJHOCTHIO OMPEeJIsieTCsl OlepaTo-
POM IJIOTHOCTY MCKJIIOYUTEIHFHO CUCTEMBL. DTO AHAJIOT IPEIIToJIoXKeHrsT boromobosa
0 KMHETUYIECKOM COCTOSIHUM JIJTsl TAHHOM Mojiesin. B jtokiajie Oyaer pacckazaHo o Ma-
TeMATHYECKH CTPOroM 0BOCHOBaHUU yTBepxKIeHuii Tuma (1), a Takxke yTBepKIeHU
00 ocjiabjieHuu KOppeJIsiuii JijTst IBYX MOJIeJieil OTKPBITON KBAHTOBOM CUCTEMBI (,zmﬁ
JIByX PA3HBIX MAMUJIBTOHUAHOB B3aUMOJICHCTBUA ).

Cnucok aureparypbl

[1] Boromo6or H. H. TIpo6ieMbl MHAMIIECKOH TEOPUU B CTATUCTUIECKON (hU3MKe. —
M.—JI.: T'ocrexuzaat, 1946.

[2] Boroso6os H. H. Kuneruueckue ypapaenus u dbyHkiuu ['prHa B CTATHCTHIECKO
mexanuke. — baky: M-t ¢dusuku AH A3CCP, 1977. — [Ipenpunt Ne 57.

[3] Kosnor B.B., Crarucruveckas HeoGpaTUMOCTh B OGPATUMON KPYTOBO# MOEIn
Kama, Heaunetinas dunamura, 7, 101-117 (2011).

[4] Tpymeukun A. C. BbiBoJ KBAHTOBOIO KMHETHYECKOrO ypaBHeHHst Penduiia n
[ONPABOK K HeMY 110 MeToay Borosobosa, Tp. MHAH, 313, 263-274 (2021).
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