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EVOLUTION OF A LARGE SCALE CHERN SIMONS
MAGNETIC FIELD IN EXPANDING SPACE WITH A
NEGATIVE SCALAR CURVATURE PARAMETER

AKHMETIEV P.M.

HSE MIEM and IZMIRAN
pmakhmet@mail.ru

We construct a new Yang Mills 3D solution on the space of negative
scalar curvature. We discuss a problem of non Abelian gauge symmetry
is broken with the assumption that a sectional scalar curvature of the
domain is a negative small parameter. In this case we use the following
fact: a geometrical scale related with Vassiliev discriminant of magnetic
lines coincides with a phisical Kolmogorov scale. This gives an estimation
of alpha effect by the dispersion of the asymptotic ergodic Hopf invariant
in the asymptotic limit with a negative scalar curvature parameter.

We study the problem of breaking non Abelian gauge symmetry
in an expanding space with a parameter of negative scalar curvature,
which becomes flat at large expansion times and which is called the
geodesic flow space of the Lobachevsky plane. At a fairly stable stage of
expansion, the alpha effect caused by the influence of scalar curvature
on the Kolmogorov MHD spectrum becomes small.

This is join result with M.S. Dvornikov.
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FREE BOUNDARIES IN PARABOLIC PROBLEMS WITH
HYSTERESIS

APUSHKINSKAYA D.E.

RUDN University, Russia
apushkinskaya@gmail.com

We study solutions of one-space dimensional parabolic equations
with a discontinuous hysteresis operator, described by a free interface

boundary.

It is established that for transversal initial data from the space I/Vq2 -2/ 7

q > 3, the problem is solvable in the space T/Vq2 ’1, and the free (interface)
boundaries are defined by monotone Holder curves with exponent 1/2.

For the initial data from the space W2 , it is proven that the interface
boundaries satisfy the Lipschitz condition.

It is also shown that for non-transversal initial data, solutions with an
interface boundaries do not exist.

This talk is based on results [1],[2],[3] obtained jointly with
N.N. Uraltseva and S.B. Tikhomirov.
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ON THE RELATION BETWEEN LIMITS OF SOLUTIONS
OF THE RICCATI EQUATION AND THE LIMITS OF
ROOTS OF ITS RIGHT PART

ASTASHOVA 1. V."*% NIKISHOV V. A."?

"Moscow State University, Russia
*Plekhanov Russian University of Economics, Russia
“ast.diffiety@gmail.com, "nikishov1999@yandex.ru

Consider the following equation
Y =y — oa(2))(y — az(x)). (1)
Let us further assume that 1) ay, ae € C(R); 2) an(z) < ao(z), z € R;
3) a = % € CY(R); 4) limy 400 j(z) = aji eR, j=125)
of # af, a] # a;. Let’s say that the solution y is defined on the
interval A, if y is defined at each point of the interval A. We denote by
Dom(y) the maximum Domain of definition of y. The following theorem
generalizes a similar result from [1].

Theorem 1. All bounded solutions of (1) are stabilizing, and according
to the values of their limits,are divided into four types:

[-st type: y— =ay, y+ = af; II-nd type: y— = ay , y4+ = af;
II-rd type: y— = a5, y4+ = a;; IV-th type: y— = a7, y4+ = oz;
Theorem 2. There exists a unique solution y.(-) of equation (1) such
that it is defined in the neighbourhood of +oo and limy— o0 Y«(z) = a3 .
There exists a unique solution y*(-) of equation (1) such that it is defined
in the neighbourhood of —oco and limy—_ o y*(x) = «of. Let z, =
inf Dom(y,) > —o0, * := sup Dom(y*) < +o0. The solutions y*(-) and
y«(+) satisfy exactly one of the following assertions: 1) x. € R, x* € R,
limg ., ys(x) = —o00, limy_y+ y*(2) = 4005 2) 2, = —00, ¥ = 400,
y«(x) > y*(x), € R; y(+) is the stabilizing solution of the IIl-rd type,
y*(+) is the stabilizing solution of the I-st type; 3) x. = —o0, x* = 400,
ye(x) = y*(x), x € R, yu(+) = y*(+) is the stabilizing solution of the IV-th
type.

Theorem 3. Assume that statement 1) from Theorem 2 is true. Let

y(+) be the solution of (1) defined at the point xg € R. 1. If o € Dom

(y4), y(x0) < y«(x0), then limy— 100 y(x) = of and there exists z such
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that ., < z < xp, Dom(y) = (x,+00) and lim,_,, y(x) = —oco. 2. If
zo € Dom(y*), y(zo) > y*(x0), thenlim,, o y(x) = a5 and there exists
Z such that o < = < z*, Dom(y) = (—00,X) and lim,_,z y(z) = +00. 3.
In the remaining case, i.e, if ((xo ¢ Dom(y.)) or(xo € Dom(y.))&(y(xo)
> ya(20))) and ((zo ¢ Dom(y*)) or(x0 € Dom(y"))&(y(xo) < y° (x0))),
there exist x,T € R such that Dom(y) = (x,X) and lim,_,, y(z) = —o0,
lim, 7 y(x) = +o0.

Theorem 4. Assume that statement 2) from Theorem 2 is true. Then
for any solution y(-) of (1) we have: 1) if y* < y < yx, then y(-) is
stabilizing solution of the II-nd type; 2) if y > yx, then there exists T € R
such that y(-) extends on (—o00,T) and y— = a5 , CClggﬂoy(w) = 400; 3)

if y < y*, then there exists x € R such that y(-) extends on the interval
(2, +00) and y4 = af, lim y(x) = —co.

Remark 1. Note that if statement 3) of Theorem 2 is true, then (1) has
a unique stabilizing solution, y.(-) = y*(-), and it has IV-th type. Note
that by virtue of Theorem 3, the existence of a solution of the II-nd type
for (1) is possible only when statement 2) of Theorem 2 is true. Hence,
Theorem 4 generalizes Theorem 3.3.3 [2]|. Note that Theorems 2, 3 and
4 imply Theorem 3.3.7 [2] without condition (4). So, it follows from the
obtained results that in Theorems 3.3.3 [2]| and 3.3.7 [2|, condition (4)
can be abandoned, and condition (1) can be replaced by weaker condition
a1, az € C(R), a := 4122 ¢ CY(R).

This research was supported by RFBR (project No 25-11-00133).
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ON A SMOOTH EXTREMUM CONTROL PARABOLIC
PROBLEM WITH A POINT-WISE OBSERVATION

ASTASHOVA 1.V."%? FILINOVSKIY A.V.*"’ LASHIN D.A.*°

!Lomonosov Moscow State University, Russia
*Plekhanov Russian University of Economics, Moscow
*Bauman Moscow State Technical University, Russia

4SPF "FITO%, Moscow, Russia
“ast.diffiety@gmail.com, "fiInv@yandex.ru, “dalashin@gmail.com

Consider the following parabolic mixed problem with coefficients
independent of time:

u = (a(r)ug)e + b(T)us + h(z)u, (1)
(x,t) € Qr =(0,1) x (0,T7), T >0,

u(0,t) = @(t), ux(1,t) =), 0<t<T, (2)
u(z,0) =0, 0<ax<l1, (3)

where the real functions a, b and h are smooth in Qp, 0 < ag < a(x)
<aj < oo, p, € WE0,T).

Continuing the research of ([1] — [2]), we consider some special quality
functional, implemented by the norm of W3 (0, T).

Theorem 1. If ¢,v € WZ(0,T) and ¢(0) = 1(0) = 0, then problem
(1) — (3) has a unique weak solution u € V21’0(QT) (see [3]) with
us € VQI’O(QT), and the inequality

el po00p + tlyoi0m < Cr(lelwzom + Ilwzom).
holds with some constant C1, independent of ¢ and 1.

Denote by ® C WZ(0,T) a nonempty set of control functions ¢ such
that ¢(0) = 0 and by 3 € W} (0,T) a nonempty set of objective functions
z such that z(0) = 0. Consider the functional

T
G[Z,tl,tg,go] = /0 ((uw(ﬂfo,t) — Z(t))Qtl

+(ug,(z0,t) — 2(t))*t2) dt, p €@, z€3,

where w,, is the solution to problem (1) — (3) with the given control
function ¢ and weight functions v; € Lo(0,7), j = 1,2 such that
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ess i(nfT) tj(t) = t; > 0, j = 1,2. Considering the function z to be
te(0,

fixed, denote
m[z7t17t2>q)] = inf 3[Z7t17t2ﬂ0]' (4)
ped
Theorem 2. If the set ® is closed, conver and bounded in W22(0,T),
then for any z € 3 there exists a unique function pg € ® such that

m[z,tl, 9, ‘I’] = :j[z,tl,tQ, (pg].

We say that the problem (1) — (3), (4) is densely controllable from
the set ® to the set 3 (see ([1] — [2])), if for all z € 3 the equality
m[z, vy, t2, ] = 0 holds.

Theorem 3. Problem (1) — (3), (4) is densely controllable from
the set ® = {p € WZ0,T) : ¢0) = 0} to the set
3={2€Wy(0,T) : 2(0) = 0}.

Qualitative properties of minimizer are also studied and its upper and
lower estimates are obtained.

This research was supported by Russian Science Foundation under
grant 25-11-00133.
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HOMOGENIZATION OF TRAJECTORY ATTRACTORS
OF RANDOM REACTION-DIFFUSION SYSTEMS IN
DOMAINS WITH RAPIDLY OSCILLATING BOUNDARY

AZHMOLDAEV G.F."*, BEKMAGANBETOV K.A.*",
CHECHKIN G.A.**° CHEPYZHOV V.V.>¢

'L.N. Gumilyov Eurasian National University, Kazakhstan
?Lomonosov Moscow State University, Kazakhstan Branch, Kazakhstan
3Lomonosov Moscow State University, Russia,;

*Institute of Mathematics with Computing Center, Subdivision of the Ufa Federal
Research Center of Russian Academy of Science, Russia
®Institute for Information Transmission Problems, RAS, Russia
“azhmoldaevgf@gmail.com, "bekmaganbetov-ka@yandex.kz,
°chechkin@mech.math.msu.su, “chep@iitp.ru

We study homogenization of random reaction-diffusion systems with
rapidly oscillating terms in domains with rapidly oscillating boundary
and containing a small parameter € that characterizes the oscillation rate
of coefficients in equations and in the boundary conditions. We consider
reaction-diffusion systems that obeys some general dissipative conditions
and we do not assume any Lipschitz condition. We study the asymptotic
behavior of trajectory attractors of the considered systems as ¢ — 0+.
We combine homogenization methods (see, for example, [1]) and the
theory of trajectory attractors (see [2]).

An important feature of the problem is the random geometry of
the domains (see, for example, [3]), namely, on a part of its randomly
oscillating boundary, we consider random Fourier conditions. It is
assumed that the random structures of equations coefficients and the
boundary profile functions are statistically homogeneous, which allows
us to obtain a deterministic limit boundary-value problem using Birkhoff
ergodic theorem (see [1]).

First, we construct trajectory attractors 2. for the considered
random reaction-diffusion systems and the trajectory attractor A for
the corresponding limit (homogenized) deterministic reaction-diffusion
system including the limit boundary conditions.

After that, we prove that, with probability one, the random trajectory
attractor 2. converges to the (non-random) trajectory attractor 2 as
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€ — 0 in the weak topology of some natural functional space that
contains the trajectory spaces of the reaction-diffusion systems.

The homogenization of attractors for random reaction-diffusion
equations with rapidly oscillating terms (and without boundary
oscillation) was studied in [4].

The theory of trajectory attractors for dissipative partial differential
equations was developed in [2|. This approach is essentially useful in the
study of the long-time behavior of solutions to evolution equations for
which the uniqueness result for the corresponding Cauchy problems has
not been proved yet (for example, the 3D Navier-Stokes system) or fails
(for example, the reaction-diffusion systems considered in this report).

The first and second authors are supported by the Committee of
Science of the Ministry of Science and Higher Education of the Republic
of Kazakhstan (grant AP26199535). The work of the third author is
partially supported by the Russian Science Foundation (project 25-11-
00133) and by the Ministry of Education and Science of the Russian
Federation as part of the program of the Moscow Center for Fundamental
and Applied Mathematics under the agreement No 075-15-2022-284. The
fourth author is partially supported by the Russian Science Foundation
(project 23-71-30008).
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ON THE OSCILLATIONS OF SOLUTIONS TO ONE
DIFFERENTIAL EQUATION OF NEUTRAL TYPE

BASHUROV V.V.

Lomonosov Moscow State University, Russia
woonniethepih@yahoo.com

We consider a second-order differential equation of a neutral type with
constant delays

(y - py‘r)// + Q(t)f(ya) =0, yp(t) = y(t - P), te [to, Jroo)v 1)

(
where 0 < p < 1, 7,0 >0, ¢ € Cltg,+0), ¢ =0, f € C(R), yf(y) >0
for y # 0, f' exists, is continuous and nonnegative on (—oo,0), (0, +00).

Definition 1. A solution to equation (1) is the function
y € C[to — p, +00), where p = max{7, o}, that satisfies it and such that
y — pyr € C?[tg, +00).

Definition 2. A solution y to equation (1) is called oscillatory if for
any t1 > to there exists to > t1 such that y(t2) = 0.

Definition 3. We say that the function f satisfies:

— the superlinear condition, if for every £ > 0 the inequalities hold:

< dy a2
O</€ f(y)<+oo, 0<— f()<+oo (2)

— the sublinear condition, if for every € > 0 the inequalities hold:

0</<+oo 0<— /<+oo (3)
—&

Theorem 1. Suppose the function f satisfies the superlinear condition
(2). Then:

1) If f+o° tq(t) dt = +oo, then all not vanishing at infinity solutions
to equation (1) are oscillatory;

2) If all solutions to equation (1) are oscillatory,
then [T tq(t) dt =

Theorem 2. Suppose the function f satisfies the sublinear condition
(3) and f(uv) > f( )f(v) for uv > 0. Then:

1) ]ff+oo q(t) dt = 400, then all not vanishing at infinity solutions
to equation (1) are oscillatory;
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2) If all solutions to equation (1) are oscillatory,
then [T f(t)q(t) dt = 4oc.

Theorem 3. Suppose the function f satisfies the sublinear condition
(3), 0 > 7, and [T q(t) dt = +oo, then all solutions to equation (1) are
oscillatory.

Theorem 4.

Suppose there exists a function r € C?[tg, +00), r > 0 such that

+o00
/ r(£)g(t) dt = +oo.

Then each of the following sets of conditions (5) — (7) guarantees the
oscillation of all not vanishing at infinity solutions to equation (1):

>0, " <0, (2); (5)

r <0, " >0; (6)

+o00
/ |7 (t)|dt < +o0, (2), (3). (7)
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UNIFORM SPECTRAL ASYMPTOTICS
FOR SCHRODINGER OPERATOR WITH
TRANSLATION IN FREE TERM
AND PERIODIC BOUNDARY CONDITIONS

BORISOV D.I."*, POLYAKOV D.M.*"

'Institute of Mathematics, Ufa Federal Research Center, RAS, Russia
?Southern Mathematical Institute, Vladikavkaz Scientific Center of RAS, Russia
“borisovdi@yandex.ru, *dmitrypolyakow@mail.ru

In this paper we study the nonlocal Schrodinger operator H(a) in
L5(0,27) with the differential expression

~ 2u
(H(a)u)(z) :== —%(:c) + V(z)u(z — a), a € 10, 27], (1)

subject to the periodic boundary conditions
u(0) = u(27), u'(0) = o/ (2). (2)

Here u(z — a) is understood in the sense of 2m—periodic continuation
of the function u to the entire real line, while V' = V(z), x € R, is
2m—periodic complex—valued function such that

Ve W30,2n), VO©0)=vW(2r), j=0,1,2 (3)

We suppose that the function V' is not identically zero. By || - || x—y we
denote a norm of bounded operators acting from a Banach space X into
a Banach space Y. Our first result is as follows.

Theorem 1. The operator H(a) is m-sectorial for each a € [0,2m].
There ezists a fired \g € R independent of a such that the half-
plane {A : ReX < Ao} is in the resolvent set of all operators H(a),
a € [0,27]. For each X in this half-plane the resolvent (H(a) — \)~t
depends continuously on a € [0,27] and for all a,b € [0,27), a < b, the
estimate

[(F(a) = )7 = HOB) = N7 1,020 s wz(02m < Cldla b))2, 0
d(a,b) :=min{b—a,2r —b+a},

holds with some constant C' independent of a an b. For each a € |0, 27]
the spectrum of the operator H(a) consists of countably many discrete
etgenvalues, which accumulate at infinity only.
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We arrange the eigenvalues of the operator H(a) taken in the ascending
order of their absolute values counting their algebraic multiplicities.

Theorem 2. The eigenvalues of the operator H(a) are continuous in
a € [0,27] functions such that for each eigenvalue we have A(0) = A(27).
All eigenvalues are located in the semi—strip

={A: ReA > —ap, [ImA| < ap}, ap := max |V]|. (5)

[0,27]

There exist fivzed Ry > 0 and ng > 0 independent of a € [0, 27| such that
the total algebraic multiplicity of the eigenvalues obeying Re A < Ry is
bounded uniformly in a € [0, 27|, while in the set IIN{\A € C: Re X > Ry}
all eigenvalues of the operator H(a), denoted by \ft(a), n > ng, have the
following properties. The total algebraic multiplicity of the eigenvalues
At(a) and X, (a) is exactly two and they can be represented as

M0 | AR

n n2 n3

NE(a) = + Ag(a) +

9

s F2ina V.
A;tvo(a) = ‘/()e:Flna7 AT:IL:71(a) = :Fe 2 Z V p 71pa
penfoy P

ina V V V —1
Ail(a) . ( F3i Z Z YpYqaV—p—q —i(¢g+2p)a

b0} acinipy PP T
+ Voe¥3ina Z V V_p 71pa o e$2ina Z %V_peipa> ’
vy P pez\ {0}
where Nt (a) and Aij(a) are bounded uniformly in n and a.

The research by D.I. Borisov is supported by the the Ministry of
Education of the Russian Federation (agreement no. 073-03-2025-039 of
16.01.2025).

17



A COUPLED PROBLEM DESCRIBED BY TIME
DEPENDENT SUBDIFFERENTIAL OPERATOR AND
FRACTIONAL DIFFERENTIAL EQUATION

BOUABSA A.

Jijel University, Jijel, Algeria
ayabouabsa670@Qgmail.com

In this work, we are interested in a new system governed by integro
differential inclusion and Riemann Liouville fractional derivative as
follows

—i(t) € D(t,2(t) + g1t u(t), 2 (2))

+ /Ot g2(t, s,u(s),z(s))ds, tel,
D%u(t) = z(t) a.e. t € I,
u(0) =0, D%u(0) = b,

aly(t) = t:n s)ds
D*u(t) = [ alsds+,
x(0) = zo € dom (0, -),

where a €]1,2], D* denotes Riemann Liouville fractional derivative,
0Y(t,-) (resp. dom)(0,-)) the subdifferential of a proper, lower semi
continuous, convex real valued map (t,-) (resp. the effective domain
of 1(0,-)) from a real Hilbert space H to [0, +o0c]. The real valued map
¥ (t,-) satisfies an assumption expressed in term of its conjugate function
(see (Hi) below).

The maps g1 : I Xx Hx H — H and g0 : I xI x Hx H — H are
single valued maps satisfying suitable assumptions. The current work is
concerned with a new system involving an integro differential inclusion
of subdifferential type and fractional derivative, in Hilbert spaces. we
proceed by a fixed point theorem to handle the considered system.
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NONLINEAR WAVE IN DISTRIBUTED BIOLOGICAL
SYSTEM

BRATUS A.

Moscow Center of Pure and Applied Mathematics, Russia
Russian University of Transport, Russia
alexander.bratus@yandex.ru

A hypercycle equation [I|] with infinitely many types of
macromolecules is formulated and studied both analytically and
numerically. The resulting model is given by an integro-differential
equation of the mixed type. Sufficient conditions for the existence,
uniqueness, and non-negativity of solutions are formulated and proved.
Analytical evidence is provided for the existence of non-uniform
(with respect to the second variable) steady states. Finally, numerical
simulations strongly indicate the existence of a stable nonlinear wave.
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ON THE SOLVABILITY AND POSITIVE SOLVABILITY
OF A NONLOCAL BOUNDARY VALUE PROBLEM FOR
A LINEAR FUNCTIONAL DIFFERENTIAL EQUATION

BRAVYI E.

Perm National Research Polytechnic University, Perm, Russia
bravyi@perm.ru

For the functional differential equation
u(z) = (Tu)(z) + f(z), = €][0,1], (1)
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where T : C[0, 1] — L[0, 1] is a linear bounded operator and f € L[0, 1],
we consider the boundary value problem

u'(0) = 0, (2)
uw(0) = au/(1). (3)

This problem is satisfied by the steady-state of a heated rod in a heat
conduction model described by equation (1). The nonlocal boundary
condition (3) means that the heat flux at the right end of the rod is
determined by a special controller (thermostat) and is proportional to
the temperature measured by a sensor at the left end of the rod. The non-
stationary formulation of the linear heat conduction problem with the
nonlocal boundary condition (3) was apparently first studied in the works
of [1, 2|. In recent years, numerous works have appeared devoted to the
problem (1)—(3) in the case where the operator T" is a Nemytskii operator
(for example, [3]). Generalizations of these models are also considered,
in particular, models with fractional derivatives [4] and with a functional
operator T' [5].

Here, problem (1)-(3) is considered for families of monotone operators
T with given norms. We consider linear operators 71" such that either
T or —T is positive (maps non-negative functions to non-negative
functions). The norm of such an operator T is defined by the equality
1 Tcor = fol |(T1)(s)|ds. We formulate a result on the unique
solvability and another on the sign preservation of solutions.

Theorem 1. The boundary value problem (1)—(3) has a unique solution
for all positive operators T with a given norm T+ if and only if either
the inequalities

A4 1/a ifa<—1/2

0§T+5{ 1/(1+a) ifa>-1/2, )

hold, or the inequalities

11 + 44+ 8(va(l+a)+a) ifae[1/8,a1],
azg, —<T §{4+1/Mfa>ah (5)

hold, where oy = q/24 +6/q —1/12 ~ 0.19, ¢ = (100 + 12/69)/3.
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Theorem 2. Let a > 1/2 and the conditions of Theorem 1 be satisfied.
Then all solutions of problem (1)—(3) preserve their sign for all non-
negative functions f € L[0,1] satisfying the condition

pvraisupgep 1) f (@) < vraiinf,eo 1) f(z), p € [0,1],
if and only if
TH <14/ (6)
If conditions (4) are satisfied, then the solutions are non-negative; if
conditions (5) are satisfied, then the solutions are non-positive.

If conditions (4)—(6) are not satisfied, there exists an operator 7" with
the given norm for which the investigated property does not hold.

This work was performed as part of the State Task of the Ministry of
Science and Higher Education of the Russian Federation (project FSNM-
2023-0005).
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ON THE (NON)-EXISTENCE THEOREM FOR THE
CRITICAL QUASILINEAR PROBLEMS ON COMPACT
MANIFOLDS

BYSTROV D. V.

St Petersburg State University, Russia
danil.bystrovv@gmail.com

We consider the following boundary value problem

~Aju+uP P =uwPlandu>0 inQ, (1)
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where ) is a compact smooth Riemannian n-dimensional manifold
without boundary, p € (1,n), Apu = div(|Du[P~2Du) is the p-Laplacian
operator and p* = nn—_% stands for the critical Sobolev exponent.

In [1] the following theorem was proved

Teopema 1. Let n > 5 and let Q have a point with positive scalar
curvature. Then there exists 8 > 0 such that for 2 < p < ”TH + 0
the problem (1) has a minimal energy solution.

It is also known that if € is small enough, then the minimal energy
solution of (1) exists for any p € (1,n).

We prove that the result in Theorem 1 is sharp. More specifically, for
a sphere big enough and for p > ”T‘FQ there is no minimal energy solution
for (1).

The talk is based on a joint work with A. I. Nazarov.

The work was supported by the Theoretical Physics and Mathematics
Advancement Foundation «BASIS».

Criucok JuTepaTypbl
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CARICATURE OF HYDRODYNAMICS FOR THE
HAMILTONIAN "FIELD-CRYSTAL"SYSTEM

DUDNIKOVA T.V.

M.V. Keldysh Institute of Applied Mathematics RAS
tdudnikov@mail.ru

One of the central problem of nonequilibrium statistical physics is the
mathematically rigorous derivation of macroscopic evolution equations
from the microscopic dynamics of a particle system. In the talk, we
discuss this problem for the Hamiltonian system consisting of a real
scalar Klein-Gordon field ¢(z) and its momentum 7(z), € R%, coupled
to a harmonic crystal described by the deviations u(k) € R™ of particles
(atoms, molecules, ions, etc) from their equilibrium position and their
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velocities v(k) € R™, k € Z¢, d,n > 1. The Hamiltonian functional of
the coupled system reads

H )= [ (Vo + milo(e)? + @) do
+% > ( > k) V(k - K)u(k) + ]v(k)\z)

kezd k' ez
+ > | Rz — k) uk)p(z)dw,
kezd /Rd

where the coupled function R(z) is a R"-valued smooth function
exponentially decaying at infinity, mg > 0, V is a real interaction
matrix in the crystal, V (k) € R™ x R™. To derive the transport equation
we introduce a small (scale) parameter ¢ and consider a family of the
initial measures {ug, e > 0} satisfying some conditions. In particular, we
assume that the measures i are locally spatially homogeneous (w.r.t. the
translations in Z¢) or “slowly vary” under order shifts less than e~!, and
inhomogeneous under shifts of the order e~!. Given nonzero 7 € R and
z € R?, we study the distribution B Jer 2 )e of the random solution close
to the spatial point [z/¢] and at time moments 7/¢* with an x, k > 0. In
the case k < 1, we prove that the measures p° Jer 2 )e weakly converge to
a limit measure as ¢ — 0, which is Gaussian and its covariance matrix
does not depend on 7. For k = 1, ii_r)r(l)ui/az/s = lir, Where pr . is a

Gaussian measure. In particular, we derive the explicit formulas for the
covariance matrix of the limit measure ;.. These formulas allow us to
conclude that in the Bloch-Floquet—Zak transform the limit covariance
matrix evolves according to the following equation:

O fr2(0) = i C(O)VO) - Vofra(0), C(6) = <_£(0) Qé((’)), 1)

where z € R?, 7 > 0, § € [—,7]?, and, roughly, Q(6) is the “dispersion
relation” of our model. Eq. (1) can be considered as the analog of the
Euler equation, see [1] for details. Furthermore, we derive the equation
for the “next approximations” to the limiting Euler equation (1) (i.e., we
obtain in (1) the additional terms of the order ¢, k = 1,2, ...). For this,
we study the asymptotic behavior as € — 0 of correlation functions of
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distributions of the solutions at times 7/¢", k = 2,3,..., and at space
points close to [z/e]. After an appropriate change of variables in the limit
expressions (7 — t: 7 = £"71t), we obtain the equation of a form

ouf =i C(0)(VOA0) - V. f + %SVQQ(Q) VR

. (2)
D i! R v f):

In particular, if k = 2, then Eq. (2) can be considered as an equation
of the Navier—Stokes type. For the harmonic crystals, Eqs (1) and (2)
were derived in |2, 3] for the one-dimensional case and in [4] for the
multidimensional case.
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CHAIN-RECURRENT (C° Q-BLOW UP IN SMOOTH
SKEW PRODUCTS ON MULTIDIMENSIONAL CELLS

EFREMOVA L.S.

Nizhny Novgorod State University, Russia
Moscow Institute of Physics and Technology, Russia
lefunn@gmail.com

This is the joint work with Dmitry Novozhilov.
We consider here a C''-smooth skew product of interval maps

F(%l, T2, ... ,Iljn) = (fl(fljl),fg(xl, 372), oo ,fn(xl, T2y + v oy xn)),
n
where F': I" — I" (n > 2), I"™ = [] 1;, all I, are closed intervals.
j=1
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We present here different criteria of C°- Q-blow up ((i) in the terms
of properties of the set of chain recurrent points; (ii) in the terms of
properties of connected components of the set of periodic points; (iii) in
terms of properties of the set of weakly nonwandering points) in C1-
smooth skew products with a bounded set of (least) periods of periodic
points. We also give examples of skew products under consideration
that admit the Q-blow up. The obtained results allow us to explain the
mechanism of the observed C%- Q-blow up [1].

All of the above, together with considerations of the topological
entropy, shows that we have obtained a new, previously unknown
scenario for the transition to chaos in C'-smooth skew products on
multidimensional cells.

This research is supported by Russian Science Foundation (RSF)
under grant 24-21-00242, https://rscf.ru/en/project/24-21-00242/ .
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ON INITIAL-BOUNDARY VALUE PROBLEMS FOR THE
THREE-DIMENSIONAL ZAKHAROV-KUZNETSOV
EQUATION

FAMINSKII A.V.
RUDN University, Russia

Initial-boundary value problems for the three-dimensional Zakharov—
Kuznetsov equation

up 4+ buy + Aug +uugy =0 (1)

(u = u(t,z,y,z), b is a real constant, A = 92 + (95 + 0? is the Laplace
operator) are considered in a domain II} = (0,T) x £, where T > 0
is arbitrary, ¥, = R, x Q, Ry = (0,4+00) and a domain Q C R? is
bounded, with an initial condition

u‘t:() = UO(xayv Z), (x7y7 Z) € E-‘r? (2)
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a boundary condition on the left boundary
u‘a::o =0, (t,y,z) € Bpr=(0,T)xQ, (3)
and one of two boundary conditions on T, = (0,7) x Ry x 9

either a) the Dirichlet condition u‘ﬁ =0,
T

(4)

or b) the Neumann condition 0.

ot
The boundary of the domain ) is subjected to the following condition:
either 1) 9Q € C'°, or 2) Q is a rectangle (0, L1) x (0, Lg) for certain
L1, Ly > 0.
Let A+ = 92 4+ 92. Introduce the spaces H¥($,), consisting of
functions p(z,y, z) € H¥(X,) satisfying

in the case a) (A1) @‘R won = 0 for m € [0,k/2),
. 0 Lym
in the case b) 5 — (A7) ’R woq = 0 form € [0, (k—1)/2).

An infinitely smooth positive on R function 1/1(30) is called an
admissible weight function and denoted ¥ € A, if [ (2)] < ¢(j)¢(x) Vi
and Vx > 0. Obviously, the functions 1 (z) = €2*%, ¢(z) = (1+2)** € A
for o« € R, moreover, if o > 0 then ¢/ € A.

For a function ¢ € A the symbol H*¥(¥,) denotes the space of
functions o(z,y, z) satisfying py/? € ﬁk(ZJr).

Theorem 1. Let ug € fI?”w(EQ for a function (x) satisfying,y' € A
and for certain constant cy > 0
V'(x) 2 eyt P(x) V20, (5)
uo(0,y,z) = 0. Then problem (1)—(4) both in the case a) and in the case
b) is well-posed in the space
X3(IL) = C([0, T); H¥(£4)) N Lo (0, T; HYY' (24)).

Condition (5) is verified by the exponential weight e2%* for any a > 0
and the power weight (1 + )2 for o > 3/4.

Let A\; > 0 be the smallest eigenvalue of the operator —A' in the
domain §2 with the homogeneous Dirichlet boundary condition.
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Theorem 2. There exists A(b), satisfying A(b) =0 for b <0, A(b) >0
for b > 0, for which if \y > A(b), then there exist ag > 0, €9 > 0 and
B > 0, such that if ug € ﬁ[3’w(2+) for (z) = €2*® and a € (0, ),
[uollLy(sy) < €0, u0(0,y,2) =0, then for certain constant c, depending
onb, a, B, HUO||H3»¢(E+): the corresponding unique solution of problem
(1)-(4) in the case a) from the space X>Y(ILL) VT > 0 satisfies an
inequality

t
2B ul(t, -, -, .)Hzg’w@” +/O 2087 |u(r, -, -, .)||12H4Yw(2+) dr<c¢ Vt>0.

Results on global existence, uniqueness and large-time decay of less
regular solutions were previously established in [1].
This research was supported by RSF grant 23-11-00056.
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ON FUNCTIONAL DIFFERENTIAL EQUATIONS WITH
DISCONTINUOUS RIGHT-HAND SIDE

FINOGENKO I.A.

Matrosov Institute of System Dinamics and Control Theory of SB RAS, Russia
fin2709@mail.ru

This study aim to transfer the main results and methods of the general
theory of ordinary differential equations with discontinuous right-hand
side from [1], [2] to functional differential equations exhibiting similara
discontinuous.

The functional nature of systems with delay is well known, starting
with the famous studies by N.N. Krasovsky, which are associated
with the direct Lyapunov method. In contrast to systems without
delay, problems emerge here (at least formally) when the derivatives of
Lyapunov-Krasovsky functionals are calculated along the solutions, as
this requires knowledge of the solutions themselves. The same problem
arises when describing sliding modes of functional differential equations
with discontinuous right-hand sides.
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We will consider the functional differential equation (FDE)

&= f(t, (), 215 () = do(-), (1)
where f : R' x C, — R" is a discontinuous function, R" is a n-
dimensional vector space with norm ||- ||, C; is the space of all continuous

functions ¢(-) defined on the interval [—7,0] with values in R™ with the
usual sup-norm [|6(-)]lc: = sup_, <o 6(0) |, 24(6) = x(t + ), 7 > 0.

In systems without delay, the set of discontinuity points on the right-
hand side in the general case constitutes a set with zero Lebesgue
measure [1].

Let the function f be discontinuous on the set of points M C R! x C,.
Motions of system (1) over set M, by analogy with discontinuous systems
without delay, also be called sliding modes. It is important to note,
however, that for the sets M in a function space, this term is not justified.

The following questions arise.

1. What properties in the general case should the set of M discontinuity
points of the right-hand side of equations (1) have to enable the simplest
convex definition and other approaches related to the use of limit
values of the right-hand sides of equations and the theory of functional
differential inclusions?

2. For what sets M and of what kind will the meaningful conditions for
the existence of sliding modes for equation (1) with piecewise continuous
right-hand side be?

3. What analogue of the equivalent control method for the system

&= F(ta() s ) (2)

could be and how to derive equations to determine the equivalent controls
for equation (2) with functional phase space C;7
This study is concerned with a comprehensive study of these issues.

Definition 1. A set C X in a metric space X is termed a boundary set,
if its complement X'\ A is dense throughout the space.

As seen from Definition 1, the boundary property is the general
property of the set M, without which it becomes impossible to consider
analogues of methods from the theory of discontinuous systems for
functional differential equations.
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To constructively describe sets of discontinuity points M, we use
a special class of invariantly differentiable functionals, which was
introduced in [3| for solving the stability theory problems within the
framework of the direct Lyapunov-Krasovsky method.

The work was carried out within the framework of the state task of the
Ministry of Education and Science of Russia, project 1210401300060-4.
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STABILITY ANALYSIS OF A NONLINEAR
EPIDEMIOLOGICAL MODEL WITH INCUBATION AND
TEMPORARY IMMUNITY

GABIDULLIN D.A

Lomonosov Moscow State University, Russia
david0166@yandex.ru

A dynamical system is considered:

A5 — (1 —p)a—dS — 25 15V,

o sis Lrol®
dt T Ttol* —(d+e+n)E, (1)
d =B —(d+ 7)1,

%:pa—i-TI—FnE—(d—i—é)V,

which arises in an epidemiological mathematical model that accounts
for the incubation period and temporary immunity. In this model, the
entire population N is divided into 4 categories: susceptible S, exposed
E, infected I, and vaccinated /recovered V. All parameters of system (1)
are nonnegative and have biological meaning.

SEIVS, SIRS models with various incidence rates have been studied
in [1-8]: in [1-4], geometric approaches were applied to SEIVS models
to establish the asymptotic and global asymptotic stability of equilibrium
points depending on the control reproduction number R.; in [5], a
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geometric criterion of global asymptoticity was generalized; in [6], the
diffusion effects of epidemic spread in populations were considered for
STRS models.

A new infectious force is considered below:

o) = 2,
where the parameters o and k estimate the inhibitory or psychological
effects induced by the information campaigns carried out in the
population.
System (1) always has the equilibrium

o(L-p)d+6)  _ pa
dd+96) T d+d’
which corresponds to the absence of infected individuals in the

population.
System (1) admits a biologically feasible region

QO = (S(),0,0, Vb)a SO = ‘/0

D={(S,E,I,V)eR, : S< Sy, V< W,
E<So+ Vo, I<So+ Vo, S+E+I1+V <a/d},

which is positively invariant. We introduce the control reproduction
number, depending on the model parameters:

65’0@/(0)
(d+7)d+e+n)

Definition. An equilibrium point z* is called:

— asymptotically stable if all solutions starting sufficiently close to it
remain close and tend to x* as time goes to infinity;

— globally asymptotically stable if every solution, regardless of the
initial condition, tends to z* as time goes to infinity.

Theorem 1. The equilibrium Qo of system (1) is globally
asymptotically stable if R, < 1 and unstable if R, > 1.

Theorem 2. If R, > 1, then system (1) has, within region D, another
equilibrium point Q* # Qo, which is asymptotically stable.

R, :=
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GLOBAL EXISTENCE AND BLOW-UP OF SOLUTIONS A
PARABOLIC EQUATION WITH NONLINEAR MEMORY
UNDER NONLINEAR NONLOCAL BOUNDARY
CONDITION

GLADKOV A.

Belarusian State University, Belarus
gladkoval@mail.ru

We consider nonlinear nonlocal parabolic equation

¢
ut:Au+a/ ul(z,7)dr —bu™, € Q, t >0, (1)
0
with nonlinear nonlocal boundary condition
0 t
Quiz.) _ / k(z,y, t)u' (y,t) dy, © € 09, t >0, (2)
81/ [¢)
and initial datum
u(z,0) = up(z), x € Q, (3)

where a, b, ¢, m, | are positive numbers, Q is a bounded domain in RV
for N > 1 with smooth boundary 0, v is unit outward normal on 0.

Throughout this paper we suppose that the functions k(z,y,t) and
up(x) satisfy the following conditions:

k(z,y,t) € C(OQ x Q x [0, 4+00)), k(z,y,t) > 0;
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(@) € O, uo(w) = 0in 2, P9 [ ke, 0)uby) dy on 002
Q

The initial boundary value problem (1)-(3) with a = 0 has been
considered in [1], [2]. B
Let Qr = Q x (0,T), 'y = 092 x (0,T) U x {0}, T" > 0. We prove

the comparison principle and the positiveness of classical solutions.

Theorem 1. Letu and u be a supersolution and a subsolution of problem
(1)=(3) in Qr, respectively. Suppose that u(x,t) > 0 or u(x,t) > 0 in
Qr U7 if min(q,l) < 1. Then u(x,t) > u(x,t) in Qr U7,

Theorem 2. Let u be a solution of problem (1)—(3) in Qr. Let ug(z) # 0
in Q and m > 1. Then u(z,t) > 0 in Qr U St. If up(z) > 0 in Q and
m < 1 then u(xz,t) >0 in Qr UT'r.

We prove global existence and finite time blow-up results.

Theorem 3. Let at least one from the following conditions hold:
a). max(q,l) < 1;
b).1<1,1<q<m;
c). 1<l<m,qg<m.
Then every solution of (1)—(3) is global.

To formulate finite time blow-up result we suppose that for some
k‘l > 0, t1 >0

/ k(x,y,t)dS, > k1 for anyy € Q andt > t;. (4)
oN

Theorem 4. Let ¢ > max(m,1) or | > max(m,1) and (4) hold. Then
solutions of (1)—(3) blow up in finite time for any up(x) # 0.

The results of the talk have been published in [3], [4].
This research was supported by the state program of fundamental
research of Belarus under grant 1.2.02.2.
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NONLOCAL STABLE OSCILLATIONS IN PL
DYNAMICAL SYSTEMS
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Following [1]|, where general principles of construction of threshold
gene networks models, and corresponding biological interpretations are
described, we consider the piecewise linear dynamical system

dzq dxo dxs
L = IO (a3) —xy, —= = LO(z)) — a9, —

o (w3) — 21, 7 (w1) — 2, 7
which simulates kinetics in a simple gene network. The variables z; > 0,
j = 1,2,3, denote concentrations of its components. The three-steps
function L®) decreases monotonically, it describes negative feedbacks in
this gene network, and is defined by

=L (2y) — 23 (1)

LO(w)=2cfor 0<w<c—e, LO(w)=c+eforc—e<w<e,

LO(w)=c—cforc<w<c+e, L3(w)=0forc+e<w< oo,

(2)

where ¢ > ¢ > 0.

Lemma 1. The cubes Q2 = [0,2¢)®, Q1 = [c —&;c +¢]® C Q2 are
positively invariant domains of system (1), (2).

To control trajectories of this system, we decompose ()2 by nine planes
z;=c—e¢, x; =c, and x; = c+¢ to 43 blocks [2, 5. According to (2), we
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enumerate them by the symbols 4,0, 1, B in the multi-indices {¢1¢2¢3}:
¢; = A if in the block 0 < z; < c —¢,
¢; = 0 if in the block ¢ — e < xj < ¢,
¢; =1 if in the block ¢ < x; < c+e¢,
¢; = B if in the block ¢ +¢ < z; < 2c.

(3)

Theorem 1. System (1), (2) has a stable cycle C which passes from
block to block according to the diagram

...—~ {001} — {011} — {010} — {110} — {100} — {101} — ....

The union Wy of the blocks listed above is the basin of attraction of the
stable cycle Cy. If 4e < c then system (1), (2) has a stable cycle Co which
passes from block to block according to the arrows of the diagram

... > {BBA} - {B1A} — {B0A} — {BAA} — {BAO}

— {BAl1} - {BAB} — {1AB} — {0AB} — {AAB} — {A0B}
— {A1B} - {ABB} — {AB1} — {AB0} - {ABA} — {0BA}
— {1BA} - {BBA} — ...

Denote by Ws the union of 18 blocks listed here. The cycle Co C W5 is
an example of a nonlocal stable oscillation [3]. The cube @ is contained
in the Attraction Basin of the cycle C1, this is the Hidden Attractor
of system (1), (2) [4]. Existence of the cycles C, Cy was shown in [5],
stablity of Cs was not studied previously.

Performed within state asignment of the Sobolev instutute of
mathemanics SB RAS, project FWNF-2022-0009.

The authors are indebted to A.I. Nazarov for helpful discussions.
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EXTERIOR 2D DIV-CURL PROBLEM FOR
NON-SOLENOIDAL FLOWS WITH INFINITE ENERGY

GORSHKOV A.V.
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alexey.gorshkov.msu@gmail.com

We study 2D div-curl problem in exterior domain for the flow with
given vorticity, divergency, boundary condition at infinity and no-
slip condition on the solid surface. We will derive moment relations
on vorticity and divergence for uniqueness solvability of the following
problem:

div v(x) = p(x),
curl v(x) = w(x),
v(x) =0, x € 09,

V(X) = Voo, |X| — 00.

Here x = (21, 22) € Q C R, v = (v1, v2) - 2D vector field, curl v(x) =
Oy, V2 — Ogyv1 is the vorticity, div v(x) = 03, v1 + O,v2 - the divergence,
Voo = (V00, 0) € R? - is the given fixed velocity of the horizontal flow at
infinity, Q = R?\ G is the exterior to bounded simply connected domain
G with a piecewise smooth boundary.

Quartapelle and Valz-Gris in paper [1| derived the projection
conditions on the vorticity for solenoidal flows defined in bounded
domains. In bounded and exterior domains for flows with finite energy
this problem also was studied in papers [2] [3]. We will find a new
condition for solvability of the above div-curl problem in the case of
non-solenoidal exterior flows. For example, in exterior of the disk with
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radius rg these conditions will have the form:

1w Fipx) {0, keN\ {1},

21 Jo (1 + ima)k Voo, k= 1.

From Stokes’ and Green’s formulas follows that in the case of the non-
Z€ro circularity or in the case of the non-zero flux at infinity we will
have [, (w(x) + ip(x)) dx # 0. Non-zero circularity and flux at infinity
generate harmonlc fields with infinite kinetic energy(see [4]). In order
to obtain finite Lo-norm ||v(-) — vVeo||r, one should additionally impose
Jo (w(x) +ip(x)) dx = 0. For Ly-estimates of v(-) — Voo with p > 2 this
condltlon is not necessary.

We will use weighted space

Lon(@) = {£@) IO, v /u 2(1+ |22)Vde < o).

Our aim is to find restrictions on w, p for solvability of the div-curl
problem (1)-(4) and to estimate its solution in H'-norm as

IVC) = VoelZnay < € (1912, i) + 1012, 0y ) - (5)

Theorem 1. Let Q) be the exterior domain with a piecewise smooth
boundary such that there exists a Riemann mapping from Q into exterior
of the disk of the form ®(z) = z+ O (1), p,w € Lo n(Q) with N > 1,

and the moment relations

1/ w(x) £ip(x) {o, keNuU{o}\ {1},

21 Jo ®(x1 +ixe)k Weo, k=1

are satisfied. Then there exists the unique solution v of the problem (1)-
(4), and the estimate (5) holds.
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A CLASS OF ANISOTROPIC DIFFUSION-TRANSPORT
EQUATIONS IN NON-DIVERGENCE FORM
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We generalize Einstein’s probabilistic method for the Brownian
motion to study compressible fluids in porous media. The multi-
dimensional case is considered with general probability distribution
functions. By relating the expected displacement per unit time with the
velocity of the fluid, we derive an anisotropic diffusion equation in non-
divergence form that contains a transport term. Under the Darcy law
assumption, a corresponding nonlinear partial differential equations for
the density function is obtained. The classical solutions of this equation
are studied, and the maximum and strong maximum principles are
established. We also obtain exponential decay estimates for the solutions
for all time, and particularly, their exponential convergence as time tends
to infinity. Our analysis uses some transformations of the Bernstein-Cole-
Hopf type which are explicitly constructed even for very general equation
of state. Moreover, the Lemma of Growth in time is proved and utilized
in order to achieve the above decaying estimates.
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GROUP FOLIATIONS FOR EQUATIONS OF
LAGRANGIAN HYDRODYNAMICS AND
GEOPOTENTIAL FORECASTING
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The method of group foliations (also known as stratifications)
is relatively less common compared to other approaches in group
analysis employed for obtaining reductions and exact solutions of
partial differential equations. The concept of group foliations was
introduced by S. Lie and further developed in the works of E. Vessiot
and L.V. Ovsiannikov. The latter author formulated the method in
its modern form by constructing an explicit representation of the
foliation [1].

The method addresses the problem posed by S. Lie as follows: given
a system of differential equations E and a group of transformations G
admitted by F, the task is to find (a) equations describing the orbits
of solutions of E under the action of transformations ¢ € G, and (b)
equations whose solutions determine the complete set of these orbits.

It was shown, based on the theory of differential invariants [1], that the
original system of equations can be represented as two subsystems: the
automorphic system and the resolving system. These subsystems are
formulated in terms of the differential invariants of the symmetry
generator X, associated with the group with respect to which the
foliation is carried out, as well as in terms of new functions depending on
these invariants as independent variables. From a practical standpoint,
solving the two resulting subsystems is frequently simpler than solving
the original equations. Moreover, the method sometimes enables the
construction of invariant solutions in a more general form than those
obtained through standard reductions [2].

It is natural to choose as X a generator corresponding to an infinite-
dimensional transformation group in order to obtain an automorphic
system with the broadest possible set of solutions. Such groups are
frequently encountered in hydrodynamic-type equations in Lagrangian
coordinates [3, 4, 5, 6]. In [6], S.V. Meleshko constructed a group
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foliation of the two-dimensional shallow water equations in Lagrangian
coordinates using the relabeling symmetry. It was found that, in this case,
the automorphic system is isomorphic to the equations relating Eulerian
and Lagrangian coordinates, while the resolving system is isomorphic
to the shallow water equations in Eulerian coordinates. Subsequently, a
similar structure applies to equations of a more general form [3, 4].

The construction of group foliations is computationally complex,
which has led most authors to limit their analysis to equations of first
or second order. Fortunately, with the development of modern symbolic
computation systems, it is now possible to construct foliations for more
complex equations. As an example, in [5], foliations were constructed for
the -plane barotropic vorticity equation (known in Russian literature
as the geopotential forecast equation), which is third-order.

This research was supported by (i) Suranaree University of Technology
(SUT) and (ii) Russian Science Foundation (Project Code 23-11-00027).
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ON ASYMPTOTIC REPRESENTATION FOR THE MIXED
TYPE EQUATION
KAPUSTINA T.
Moscow State University, Russia
tatiana.kapustina@math.msu.ru
Let us denote 2 = {0 <z < 1,-1 <y < 1}, QF = Qn{y > 0},
Q- =0n{y <0}, ¥ =09\ {y = 1}. Consider singularly perturbed
problem for mixed type equation

ugs — Az, y)uy — B(z,y)u = F(z,y),  (z,y)€Q’, (1)
eAu+ C(z,y)uy — D(z,y)u = H(z,y), (z,y) € Q7 (2)

U(.T,y,é‘)‘(x’y)ez =0, (3)
u(z, —0,¢e) = u(x, +0,¢), uy(x,—0,¢) = uy(x, +0,¢), (4)

¢ is a small positive parameter. The solution u(z,y,¢) is a function of
C2(QH) N C%(Q7) N CHO) N C(N) class. We presume that the all the
coefficients of equation (1)—(2) are smooth functions, A(z,y), B(z,y)
and D(x,y) are positive in Q. Such assumption guarantees the unique
solvability of the problem (1)—(4) [1]. The aim is to study asymptotic
behavior of solution u(zx,y,e) as € — 0.

Case 1. C(xz,y) > 0. In this case degenerate problem consists of
equation (1)—(2) with ¢ = 0:

A(xay)(UO)y +B($7y)u0 = —F(.T,y), (.’E,y) € Q+’ (5)

C(x,y)(uo)y — D(z,y)uo = H(z,y), (z,y) €Q7, (6)

and two sewing conditions (4).
The leading term of asymptotic representation [2]—[4]:

— U+(‘Tay7€)7 (x’y) < Q+’
U(z,y,e) = { U= (z,y,e), (z,y)€,

Ut(z,y,e) = ug (z,y) +w* (jgy> +a" (1\;;y) ;
U (z,y,e) = uy (x,y) + v~ (x yj1> +w” (éy) +

i 1—=z n z l+y n z 14y n
w 9y z Ty T
Ve Y Ve e P\ %
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fl1—x 1+y (1l—z 14y
() e ().
Theorem. For all small enough ¢ the following estimate holds

max ’U(ZL‘, Y, 5) - U($7 Y, E)‘ < M\/g>
(z,y)EN
where the constant M does not depend on €. Thus, function U(x,y,€) is
a uniform asymptotic representation for the solution u(x,y,¢).
Case 2. C(x,y) < 0. In this case degenerated problem consists of
equation (5)—(6) with additional conditions
’U,()(.’IJ, y) y=—1 =0, UO(xa +0) = U()(JI, _0)
In this case solution u(z,y,e) has boundary layers near left and right
borders of €2, along with interior layer near the line y = 0 of type change.
In this case special boundary functions, similar to the functions z, Z, p,
P, appear in the neighborhood of points (0,0) and (1,0), where interior
layer intersects boundary layers.
The main result is a theorem about error estimate, which is similar to
the Theorem of Case 1.
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TOPOLOGICAL INVARIANTS OF NONDEGENERATE
SINGULARITIES AND THEIR REALIZATION VIA
INTEGRABLE BILLIARDS
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Hamiltonian system v = sgrad H = w%(dH); on a symplectic
manifold (M?",w) is called an integrable one if a set of first integrals
F; for i = 1,...,n exists s.th. {F;, F;} = 0 and set of dFj is linear
independent almost everywhere on M?".

Topological approach to integrable systems was suggested and
developed by A.Fomenko and his scientific school [1]. The notion of
nondegenerate singularities generalizes the property of a critical point
of a function to be of the Morse type. Nondegenerate critical points of
IHS with n degrees of freedom are described by rank r of the system
sgrad F; at this point and numbers n.,ng,ny of elliptical, saddle and
focal components of the local singularity: n = r + ne + ns + 2ny.

Confocal family of quadrics in R"*! is determined by following formula

2 2
o Tnt1 -1
v Al

al—)\+ an+1—)\

a; < a1

If set of a; are pairwise different a; # a;, then Liouville foliation for
billiard in this domain contains singularities with saddle and elliptic (2-
dimensional) components. Pairs of equal semi-axes correspond to focal
(4-dimensional) components of singularities. This effect takes place for
both geodesic flows on such a surface A = Ay and for billiards on tables
(domains) bounded by them.

As it turns out, integrable billiard systems and their generalizations
can be used to model (up to fiberwise homeomorphisms) a wide class
integrable Hamiltonian systems, including well-known systems of rigid
body dynamics and physics [3].

Two generalizations we will discuss and apply are billiard books
(suggested by V.Vedyushkina) and adding of a potential field to the
Hamiltonian H = 3", #:;2. We will use a Hooke potential field £k(3 ", 22).

42



Multi-dimensional analog of billiard books suggested later by
V.Kibkalo turns out to be a sufficient class to model nondegenerate
singularities.

1. Consider case n = 2 and an ellipsoid with semi-axes a1 = as < ag
in R3. Domain Q; is bounded by such and ellipsoid, hyperboloid
as < A < as and plane z3 = 0. The book is glued from several
copies by their boundary facets (cells of codinension 1) equipped with
permutations.

Theorem 1. Arbitrary saddle-focal (0, 1, 1) nonsplittable singularity
of integrable Hamiltonian system can be modeled (up to fiberwise
homeomorphism) by an appropriate billiard book with a repelling Hooke
glued from domains €)y.

2. Singularities of type (0, 0, 2) with 2 focal components can be
modeled by billiard books glued by similar domain €29 bounded by an
ellipsoid in R* with a; = as < agz = a4 and a hyperboloid confocal with
this ellipsoid. The proof follows from the fact that such singularities
(in an invariant neighbourhood of a singular fiber) can be classified by
combinatorial information about this fiber [4].

3. Even in a two-dimensional case, topology of Liouville foliation of a
billiard inside an ellipse (i.e., when domain contains foci of quadrics) is
more complicated than for other domains. Thus it is also of interest to
describe singularities of geodesic flows on multi-dimensional ellipsoids. As
it turned out, this integrable Hamiltonian system can have complicated
singularities. Already for a three-dimensional ellipsoid in R*, a focal
singularity appears in the case when the two middle semi-axes are equal
[5]. In larger dimensions there is a similar effect, namely, in the presence
of equal semi-axes, this system has singularities with focal components.
We will describe such singularities for ellipsoids of small dimensions in
terms of almost direct products and their models by billiard books.

This research was supported by Russian Science Foundation under
grant 22-71-10106.
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ON BLOW-UP CONDITIONS FOR ENTIRE SOLUTIONS
OF NONLINEAR HIGHER ORDER DIFFERENTIAL
INEQUALITIES
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We consider the differential inequality
> 0aa(eu) > glul) in B, 1)
la|=m
where m,n > 1 are integers and a,, are Caratheodory functions such that
|aa(z, )l < A[¢],  |a| =m,

with some constant A > 0 for almost all = (z1,...,2,) € R" and for
all ¢ € R. It is assumed that g is a non-decreasing convex function on
the interval [0, 00) such that ¢g(¢) > 0 for all ¢ > 0.

A function u € Ly jo.(R") is a solution of (1) if g(|u|) € L1 j0c(R™) and

LY

laj=m

(—1)"aq (w0 dz > / o(lul)p da

n

for any non-negative function ¢ € C§°(R").

Theorem 1. Let n > m and, moreover,

/ T U O de < oo (2)

1
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and

bogr)dr

0 rltn/(n—m) = o0
Then any solution of (1) is trivial.

The proof of Theorem 1 is given in [1] (see also [2]).

Remark 1. In accordance with [2, Theorem 2.5| if n < m, then for
triviality of solutions of inequality (1) it is sufficient that (2) is valid.

Ezxample 1. Consider the inequality

Z 0% (z,u) > colul® in R", ¢y = const >0, (3)

|a|=m

where n > m and A is a real number. By Theorem 1, if

1< A<

4
p—— (4)
then any solution of (3) is trivial. It is well-known that, for power-law
nonlinearities, condition (4) can not be improved [3].

Ezample 2. We examine the critical exponent A = n/(n —m) in (4).
Namely, consider the inequality

1
Z O%ag (1) > colu[™ ™ logh <e + ) in R", ¢y = const > 0,
ja=m [u
where n > m and p is a real number. By Theorem 1, if 4 > —1, then
any solution of this inequality is trivial.

The work of the first author was supported by the Russian Ministry
of Education and Science as part of the program of the Moscow Center
for Fundamental and Applied Mathematics under the agreement 075-15-
2022-284 (critical exponents), and by the Russian Science Foundation,
project 20-11-20272-11 (estimates of global solutions). The work of the
second author was supported by the Russian Science Foundation, project
23-11-00056 (asymptotic properties of solutions).
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Let us define one second-order non-linear discrete equation
A?u(k) £ k4™ (k) = 0, (1)

where u : N(ko, h) — R, N(ko, h) := {ko, ko + h, ko +2h, ...}, and Au(k) -
is the first difference such that Au(k) = + (u(k + 1) — u(k)), m # {0,1},
a # —2. We call this equation as the discrete analogue of the well-known
Emden-Fowler type equation of the second order

y'(x) £ 2%y (x) = 0. (2)
Definition 1. A function
Uupp * N(ko, h) = R

is said to be an approximate solution to equation (1) of an order g where
g : N(ko,h) — R if

lim [A3 (k) £ E*ul (k)]g(k) = 0.

k—o0 upp

If the main term (i.e. the term being asymptotically leading) in (k)
is a power-type function, we say that it is a power-type approximate
solution.
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Theorem 1. For equation (2) the function
Uapp(k) = ak™ + bk~ k€ N(ko), (3)

2
s=2%2 - (Fs(s + 1)V p =

ash(s + 2)
m—1

4
s+2—ms’ (4)

is a power-type approzimate solution of order g(k) = k573,

Remark 1. If, in formula (4), either the upper variant of sign is in force
(i.e. —) and s(s+ 1) > 0 or in (4) lower variant of sign in force (i.e.
+) and s(s + 1) < 0, then the constant m has the form of a ratio
mq /mg of relatively prime integers mi, ma, and mg is odd, the difference
mi —mg is odd as well. If this convention holds, the formula (3) defines
two or at least one value. As equation (1) splits into two equations, when
formulating the results, we assume that a concrete variant is fixed (either
with the sign + or with the sign —).

We discuss the existence of the solutions to equation (1) of the form
u(k) = ak™* + bk~ 4 Ok~ 5 € (0,1).

The necessary properties of the existence of power-type solutions
where h = 1 are given in the articles [2], [3], [4], [5]-

Let us note that when h — 0 the first difference transforms to the first
derivative. And (4) turns to the following

a+2
—1
This gives us the equation (2), described by R.Bellman in [1|. Moreover
when h = 0 then wugpy(z) = agz™° is the solution to the equation (2).
Acknowledgement
This research was supported by Basis Foundation scholarship.

So = , ag = (:FS(S + 1))1/(m71), bo = 0.
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ON THE BRINKMAN-STOKES SYSTEM MODELLING A
FILTRATION PROCESS BY FLOW OF A VARIABLE
VISCOSITY

KOROLEVA YU.O.

HSE Tikhonov Moscow Institute of Electronics and Applied Mathematics, Moscow,
Russia
yo.koroleva@hse.ru

Describe the viscous flow through a porous medium, modeled as a
set of parallel composite cylindrical particles, and filled by liquid with
varying viscosity by two systems: the Stokes one (1) outside the porous

layer

By ={1<r<—, ¢€l0,27], z €[0,00)}

==

Vp® = Av®in B,,

divv® = 0 in By, (1)
dO .
CZszonr:%, vy =v,onr =1,

and in the porous layer
Br={R<r<1, p€l0,2n], z€[0,00)}
by the Brinkman’s dimensionless system (2)
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Vpt = div(u(r)Dv?) — % in Bpg,
divv! = 0 in Bp,

(2)

v,'=0o0nr =R,
dvé _ dvg B ..o o
= ar \/EUZ asr = 1.

Here v°,v* are the velocity fields, p°, p’ are the pressure, k is the specific
permeability of the porous layer, u(r) > 0 is the dimensionless viscosity
of the Brinkman’s liquid in the porous layer. The boundary condition
in (2) describes the jump of tangential stresses at the interface between
porous layer and a clear liquid. The parameter 8 can be find from a
physical experiment.

The presented Stokes-Brinkman’s system with varying viscosity was
analyzed. The existence and uniqueness of the weak solution was proved
for an arbitrarily viscosity function. Moreover, some uniform estimates
which show the behaviour of the flow depending on the variable viscosity
were derived. In particular, the mathematical justification of the physical
phenomena was done: the greater the viscosity the less the speed of the
flow.
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HIGHER DIMENSIONAL FOURIER QUASICRYSTALS
FROM LEE-YANG VARIETIES

KURASOV P..

Stockholm Univ., Sweden
Dept. of Mathematics, Stockholm Univ., 106 91 Stockholm, Sweden
kurasov@math.su.se

Fourier Quasicrystals (FQ) are defined as crystalline measures

p= adn i=) b,

AEA seS

so that not only p (and hence /i) are tempered distributions, but also

ul == laxldy and | =) |bslds,

AEA seS

are tempered. One-dimensional FQs with positive integer weights (that
is a) € N) can be described using stable Lee-Yang polynomials, as was
proven in a joint work with Peter Sarnak. Multidimensional Fourier
quasicrystals are discussed in the current talk. It is shown that a
rather general family of FQs in R¢ with positive integer weights can be
constructed using co-dimension d Lee-Yang varieties in C™, n > d. These
complex algebraic varieties are symmetric and avoid certain regions in
C", thus generalising zero sets of Lee-Yang polynomials. It is shown that
such FQs can be supported by Delaunay almost periodic sets and are
genuinely multidimensional in the sense that their restriction to any one-
dimensional subspace is not given by a one-dimensional FQ. Connections
to alternative recent approaches by Yves Meyer, Lawton-Tsikh and de
Courcy-Ireland-K. are clarified. Is it possible that our construction gives
all multidimensional FQs with positive integer masses?

This is joint work with L. Alon, M. Kummer, and C. Vinzant.

This research was supported by the Swedish Research Council, grants
2020-03780 and 2024-04650
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OPTIMAL SHIELDING OF GRAVITY AND EINSTEIN’S
FIELD EQUATIONS OF GENERAL RELATIVITY

LeFLOCH P.G.

Sorbonne University, France
Centre National de la Recherche Scientifique (CNRS), France
contact@philippelefloch.org

We discuss a nonlinear elliptic system of partial differential equations
arising in Riemannian geometry and general relativity. Specifically, we
present recent advances in the analysis of asymptotically Euclidean initial
data sets for Einstein’s field equations. In collaboration with Bruno
Le Floch (LPTHE, Sorbonne), we proved that two solutions can be
glued together along possibly nested conical domains. The constructed
solutions may exhibit arbitrarily slow decay at infinity, while satisfying
(super-) harmonic estimates within possibly narrow cones extending to
infinity. This leads to a proof of a conjecture by Alessandro Carlotto and
Richard Schoen concerning the shielding of gravity at infinity.

This lecture is based on the following works: arXiv:2312.17706 [gr-qc|
and arXiv:2402.17598 [gr-qc|.

EXPLORING THE DYNAMICS OF OPTICAL SOLITONS
IN AN INHOMOGENEOUS NONLINEAR
SCHROEDINGER EQUATION WITH PT7T-SYMMETRIC
POTENTIAL

MANIKANDAN K.', SAKKARAVARTHI K.?, SABARI S.?

!Center for Nonlinear and Complex Networks, SRM TRP Engineering College,
Tiruchirappalli - 621 105, Tamil Nadu, India
?Department of Physics, Pachaiyappas College for Men, Kanchipuram - 631501,
Tamil Nadu, India
®Instituto de Fisica Teorica, Universidade Estadual Paulista, 01140-070 Sao Paulo,
SP, Brazil

Over the past two decades, there has been significant interest
in exploring physical systems that exhibit parity time reversal P7T-
symmetry. Importantly, the concept P7T-symmetry, which has root in
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quantum mechanics, gained prominence in optics due to the pioneering
work of Christodoulides and collaborators [1]. A major focus of these
studies has been the investigation of localized wave phenomena in PT
symmetric media, particularly due to the unique interplay of gain and
loss in nonlinear optical systems. Motivated by these developments, this
work aims to explore the dynamics of optical solitons in inhomogeneous
media governed by P7T-symmetric potential. For this purpose, we
consider the variable coefficients nonlinear Schroedinger equation with a
PT-symmetric potential given by

P e (DN + (0% + e 2) + ir( D = 0. (1)
where ¥ (x, z) represents the complex field/mode, with z representing the
propagation direction and x denoting the transverse spatial coordinate.
The coefficients 0(z), p(z) and p(z) correspond to the longitudinally
varying dispersion, nonlinearity, and tapering effects, respectively. The
real part of the complex potential, A(z, z), is typically associated with
the refractive index distribution, while its imaginary part, ~(z,z),
accounts for gain and loss characteristics in the optical medium.
Employing a similarity transformation technique, we construct the
exact inhomogeneous optical soliton solutions under specific integrability
constraints between the inhomogeneity parameters. To explore the
influence of inhomogeneity on soliton dynamics, we examine three
different forms of dispersion modulations, namely periodic, localized
well /barrier-type, and step-like profiles. Our analysis reveals the various
intriguing nonlinear phenomena, including periodic, localized, single-step
suppression or amplification, broadening and narrowing of width, and
advancing and delaying the transitions during soliton propagation in
inhomogeneous media [2]. In addition, we perform a direct numerical
experiment to ensure the obtained analytical findings. The observed
results offer deeper insight into the behavior of solitons in P77 -symmetric
inhomogeneous optical media and may be valuable in the design of
advanced photonic systems and optical communication technologies.

W +
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CHAOS IN SYSTEMS WITH HYSTERESIS
N. BEGUN

nikitabegun88@gmail.com

Speaking informally, hysteresis is a phenomenon in which the present
depends not only on variables, but also on the prehistory of the system
itself. Research in this area (mainly in the PDE field) began a long time
ago, but so far no one has wondered if the prehistory of the system can
make it chaotic.

We consider a dynamical system with hysteresis. The system
is motivated by modifications of general-equilibrium macroeconomic
models that attempt to capture risks and memory dependence of realistic
economic agents. Global dynamics and bifurcations of this system are
studied depending on two parameters. We show that for a certain
open set of parameter values, the system exhibits chaotic behavior. To
understand the nature of this type of chaos, we introduce a map, which
we call the chainsaw mapping, and discuss its properties.

ON BOUNDARY VALUE PROBLEMS FOR FIRST ORDER
DIFFERENTIAL EQUATIONS WITH DEVIATING
ARGUMENTS

PARTSVANIA N.

A. Razmadze Mathematical Institute, Thbilisi State University, Georgia
nino.partsvania@tsu.ge

On a finite interval [a, b], we consider the differential equation

u'(t) = f(t u(r(t))) (1)

with the boundary condition

b
/ u(s)dp(s) = c. (2)
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Here f : [a,b] x R — R is a continuous and locally Lipschitz in the
second argument function, 7 : [a,b] — [a,b] is a continuous function,
¢ : [a,b] = R is a nondecreasing function, and c¢ is a positive constant.
Conditions are found guaranteeing, respectively, the existence and
uniqueness of a positive solution to problem (1), (2).
In particular, the following theorems are proved.

Theorem 1. Let either the conditions
f(t,0)=0, f(t,z) <0 for a<t<b, x>0, (3)
T(t) >t for a<t<b, plat) > p(a), (4)
or the conditions

f(t,0)=0, f(t,x) >0 for a<t<b, x>0, (5)
7(t) <t for a <t <b, @(b—) < @(b) (6)

hold. Then problem (1), (2) has at least one positive solution.

Theorem 2. Let conditions (3), (4) (conditions (5), (6)) hold, and
let the function f be nonincreasing (be mondecreasing) in the second
argument. Then problem (1), (2) has a unique positive solution.

BERGER TYPE LORENTZIAN STRUCTURES

PODOBRYAEV A.V.

A.K. Ailamazyan Program Systems Institute of RAS, Russia
alex@alex.botik.ru

We consider the deformation of the standard Lorentzian metric on the
anti de-Sitter space along the fibers of the Hopf fibration. Our goal is the
description of the longest arcs. More precisely, we deal with the universal
covering of this Lorentzian manifold to exclude a priori presence of time-
like cycles. Using the methods of geometric control theory, we describe
the attainable set, we study the question of the existence of the longest
arcs [1], we investigate geodesics and their optimality, i.e., we find the
cut time and the cut locus. The answer depends significantly on whether
the metric is oblate or prolate.
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Let us define the Lorentzian manifold we deal with. Consider the
surface

HI" = {(zyw1,...,wy) € crtt | — ]2\2 + \w]Q = —1},

where w = (wi,...,w,) € C" and |[w|* = |wi*> + - + |Jw,|?
Define the quadratic form of the signature (1,2n) on the tangent space
T,HY" = {(ia,w)|a € R, w € C} at a fixed point o = (1,0)

Qo(a,w) = —Ia* + Lw/|?,

where I1,Io > 0 are fixed. We get the quadratic form @ on H"
by the shifts of the from @, via the transitive action of the Lie
group Uy, on H'™. In other words, we are interested in invariant
Lorentzian structures on the homogeneous space Uy p,/Uy. We call them
Berger type Lorentzian structures by analogue with well known Berger
spheres Upy1/U, ~ S?"F1. Cut loci for Berger spheres were found by
C. Rakotoniaina [2].

A curve is called an admissible if almost all of its velocities are inside
or on the border of the light cones. The length of the curve is defined
with the help of the quadratic form Q). The Lorentzian distance from one
point to another is the supremum of Lorentzian lengths of all admissible
curves from the first point to the second one. If the curve where this
supremum is achieved exists, then it is called the longest arc.

We consider the universal covering M = {(c,w)|c € R, w € C"} of
our manifold H"" to avoid admissible cycles which lead to non-existence
the longest arcs.

Theorem 1. We have the following description of the attainable set A.
(1) If Iy > Iy, then A = M. In particular, the longest arcs do not exist.
(2) If I = I, then A = {(c,w) € M | arctan |w| < c}. The longest arcs
exist only for the terminal points located in the set

Aeczist = {(c,w) € M | arctan |w| < ¢ < m — arctan |w|} U {(7,0)}.
(3) If Iy < Iy, then

tan (7/7) + —= tanh 7
A= (c,w)éM‘c}arctan 1f Vi ,
-7 tanh 7 tan (7,/7)
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vn+1

where n = % — 1. Any point of the set A can be reached from the point
0 =(0,0) by the longest arc.

T = arcsinh(\w[ V7 ) },

The cut time is the time when a geodesic loses optimality starting from
the point 0. The cut time is a function of a geodesic’s initial momentum
h € up C uj,, where the gothic symbols denote the corresponding Lie
algebras.

Theorem 2. The cut locus and the cut time have the following
description, where Kil is the Killing form and |h| = +/|Kil(h)].

Cut — J 1m0}, Li=lo oy 2, Kil(h) <0,
{(c,0)[c = 7L/}, L <Ip, 400, Kil(h) > 0.
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QUALITATIVE PROPERTIES OF SINGULAR SOLUTIONS
TO SOME SECOND-ORDER DIFFERENTIAL
EQUATIONS OF EMDEN-FOWLER TYPE
PROKOPENKO O.D.

Lomonosov Moscow State University, Russia

olga.prokopenko.2011@mail.ru

For the generalized Emden-Fowler type differential equation
k
y" = a"[y["y'|" sgn(yy') (1)
asymptotic properties of singular p-solutions as x — +0 and solutions
as * — —oo are investigated under various relationships between
parameters k, m, n.
The concept of a p-solution was introduced by Astashova I. in [1].
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Definition 1. A solution y : (a,b) - R with —co < a < b < +00 to
any ordinary differential equation is called a p-solution if the following
conditions hold:

1) the equation has no other solution equal to y on some subinterval
of (a,b);

2) either there is no solution defined on another interval containing
(a,b) and equal to y on (a,b), or there exist at least two such solutions
not equal to each other at points arbitrary close to the boundary of (a, b).

For p-solutions of equation (1) defined on (0; +00) were obtained the
following results.

Theorem 1. All p-solutions of equation (1) defined on (0;400) for
n > 0 can behave as follows:

a) if 0 < m < 1, then they are either strictly monotonic functions or
identically zero.

b) if m > 1, then they are either constants or strictly monotonic
functions.

Theorem 2. Any u-solution of equation (1) defined on (0; 4+00) exhibits
the following behavior near its boundaries:

1) near the left boundary of the domain:

a)y — —oo, 3y — o0 asx — +0,

b)y—>M<0, —oco<M, y —o0asz— +0,

2) near the right boundary of the domain:

a)y — +oo, Yy — 400 as x — 400,

b) y — —0 as x — 400,

c)y— M <0 asx— +oo.

Theorem 3. Ifn >0, m >0, n+m—1>0and k —m+2 > 0,
then all increasing negative singular p-solutions of equation (1) defined
on (0;+00) have the following asymptotic form:

y=-Cz *(1+0(1)), x— +0,

where .
k—m+2 _ s
JESmE2 G (g 1) T
a= (@) "o+ 1)
Remark 1. Conditions of Theorem 3 were obtained using uniqueness

theorem from [2] (n > 0, m > 0) and a > 0. We may require that n > 0,
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m>0,n+m—1<0and k—m+ 2 <0 to fulfill the conditions of the
uniqueness theorem and the condition v > 0. But such a system has no
solutions.

The results of [3-5] were used to prove the above-mentioned theorems.
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ORDER DETERMINATION INVERSE PROBLEMS
FOR FRACTIONAL DIFFUSION EQUATIONS
WITH DZHRBASHYAN-NERSESYAN OPERATOR

PSKHU A.V.
Institute of Applied Mathematics and Automation KBSC RAS, Russia
pskhu@list.ru

Consider the equation

( il AI> ul,y) =0 1)

ay

where % = Dé; B s the Dzhrbashyan—Nersesyan fractional
differentiation operator of order ¢ = a 4+ 8 — 1, associated with the
ordered pair {«, 8}, a, 8 € (0,1]; o € (0,1]; A, is the Laplace operator

with respect to z = (z1, ..., z,,) € R™.
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The Dzhrbashyan—Nersesyan operator [1|, associated with the
sequence {Y0,71,--»Ym}t (v € (0,1, & = 1,..,m) of order
§=> gy — 11is defined by

D{'YO;'Yh 7’Ym} D’Ym—lD’Ym 1 D -D()ya

where Dgy is the Riemann-Liouville fractional derivative (integral) of
order ¢ with the origin at y = 0 [2].

In this work we study inverse problems for the equation (1), in which
the pair {a, 8} is unknown and must be determined.

Inverse problems in which the order of fractional differentiation is
unknown and must be found have shown great interest in recent years.
A detailed overview can be found in [3].

As is known, the Dzhrbashyan—Nersesyan operator covers a wide class
of fractional differential operators. For example, the most frequently
encountered forms of fractional differentiation, the Riemann-Liouville
derivative and the Gerasimov-Caputo derivative, are special cases of this
operator:

{Ci +1»1771} —
Doy mn = Dgy and

D({);,...,Lg mH1}y 601/’
where Bgy is the Gerasimov-Caputo derivative; ¢ € (m — 1, m], m € N.

Thus, by finding the pair {«, 5} we determine both the order and the
form of fractional differentiation in the equation (1).

The overdetermination conditions proposed here combine spatially
oriented conditions using information about the sought solution at fixed
times and asymptotic conditions using the behavior of the solution at
large values of time. The conditions are based on integral identities
relating solutions of the Cauchy problem for the equation (1) to solutions
of the Helmholtz equation and entire harmonic functions.

In particular, it is proved that

[ o@uteyds =y B O0) [ v r@yde. @)

where u(z,y) is a solution of the equation (1) that satisfies the initial
condition

lim Dg,~ Yu(z,y) = 7(2) (x e R");

y—0
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v(x) is a solution of the Helmholtz equation
Az v(z) = M(z)

in R"; and E,, (2) is the Mittag-Leffler function. The identity (2) is
valid for any y > 0 under certain assumptions regarding the growth of
7(z) and v(x) for large values of |x|.

In addition, a special case of (2) is the equality

a—1

| @y =Y | w@)rie) i

where w(z) is an entire harmonic function.
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EXISTENCE OF NON-RADIAL EXTREMAL FUNCTIONS
FOR HARDY-SOBOLEV INEQUALITIES IN
NON-CONVEX CONES

RASTEGAEV N. V.

St. Petersburg Department of Steklov Mathematical Institute of Russian Academy
of Sciences, 27 Fontanka, St. Petersburg, Russia
rastmusician@gmail.com

The symmetry breaking is obtained for Neumann problems for
equations with p-Laplacian generated by the Hardy—Sobolev inequality:

i1

—APU:W in ED,

0

8—u:O on 8ZD,
v

u >0 in Xp.
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Here1<p<n7n>37()<0<17q:p;: " D c S and

n—op’
Yp={at:z e D,te(0,400)} CR"

is a non-convex cone. Such problems have obvious radial solutions —
Talenti-Bliss functions of |z|. However, under a certain restriction on
the first Neumann eigenvalue \i(D) of the Beltrami-Laplace operator
on D:

(D)< (1L=a)(n—1-a(p-1)), a=(1-0).
we prove this radial solution cannot be the extremal function, therefore
minimizer must be non-radial.

In the case p = 2, o = 1 this problem was investigated in [1].
This research was supported by the Theoretical Physics and

Mathematics Advancement Foundation “BASIS”.
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ON THE PROPERTIES OF THE SOLUTION
TO THE CAUCHY PROBLEM FOR
THE VOLTERRA INTEGRO-DIFFERENTIAL EQUATION
OF THE VISCOELASTIC ROD OSCILLATIONS

RAUTIAN N.A.

Lomonosov Moscow State University, Russia
nrautian@mail.ru

We study the Cauchy problem for a one-dimensional Volterra integro-
differential equation, the main part of which is a one-dimensional wave
equation perturbed by an integral operator of the form of Volterra
convolution (wave equation with memory). The kernel function of
the integral operator is the sum of fractional exponential functions
(Rabotnov functions) with positive coefficients. The question of the
influence of the integral operator on the speed of propagation of
disturbances in the Cauchy problem for a wave equation with memory
is investigated. The Volterra integro-differential equation being studied
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describes the vibrations of a viscoelastic rod, the process of heat
propagation in media with memory (the Gurtin-Pipkin equation) and
has a number of other important applications.

The presented results are a continuation and development of research
published in the works [1], [2].
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EXISTENCE OF A SOLUTION TO AN ABSTRACT
COUPLED SYSTEM ARISING IN THE DYNAMICS OF
COMPLEX FLUIDS

ROMANOV M.S.

Department of Differential Equations, Faculty of Mechanics and Mathematics, M.V.
Lomonosov Moscow State University, Russia
mcliz@mail.ru

We consider the initial value problem for the abstract system of two
coupled equations

ug + A(u) = Ly pyv + f(u,v),  u(0) = uo; (1)

v+ B(v) = —E?uw);lu + g(u,v), v(0) = vy, (2)
where u and v are unknown functions.
This type of problem is very common in the theory of complex fluids,

especially in the theory of liquid crystals.
We assume that A
(1) Operator A is a subdifferential of a convex lower semicontionuous
functional ® defined on the Hilbert space H;
(2) For any C € R the set {u : ®(u) < C} is compact in H and
there exists such reflexive Banach space U C L2(0,T'; H) that for
all >0

sup lulles < oo,
Wy (u)<r
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where W1 (u) = |[ullp,0,;8) + el Loo,rm) + 1AW Lo 0,1, 7)-

(3) Operator B is a monotone semicontinuous operator from the
Banach space V into its dual V', which satisfies additional
conditions

(B(v),0) > e1flvllf, IB@)llv < ea(fjo]f" +1).
(4) For any fixed (u,v) € U x V, where
V={veLy0,T;V): v, € Ly(0,T;V")},

operator L, is a bounded linear operator from the Banach
space Ly(0,7;V) into the space L2(0,7; H); £>(ku,’u) is its adjoint
operator.

(5) The map (u,v) + L, is continuous in the appropriate
topology. The function (E(uﬂ,)w) (t) at any moment of time
depends on the previous states of (u,v) and current state of w
only.

(6) Operator A is subordinate to the operator A.

(7) f(u,v) and g(u,v) are compact non-linear operators in the
appropriate functional space;

Definition 1. The pair (u,v) € L(0,T; H) x V is a solution to the
problem (1), (2) if

o f(u,v), A(u) € Ly(0,T; H);
o g(u,v) € Ly(0,T;V');
e 1 is a strong solution to the problem (1) with the right hand side

‘C(u,v)v + f(u’ U) (See [1])7
e v is a weak solution to the problem (2) with the right hand side

—EE‘U’U)A(U) + g(u,v) (see [2]);

Under several additional natural assumptions on the operators A, B,
A, L(uv), [> g, we prove that the problem (1),(2) has a solution in sence of
Definition 1. The proof is based on Brezis’ and Lions’ theory of monotone
operators [1], [2] and Tychonoff Fixed Point theorem |[3].

This research was supported by the Ministry of Education and Science
of the Russian Federation as a part of the program of the Moscow Center
of Fundamental and Applied Mathematics under the agreement no 075-
15-2022-28
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CAUCHY PROBLEM FOR A PARABOLIC
DIFFERENTIAL-DIFFERENCE EQUATION WITH A
SUMMABLE INITIAL FUNCTION AND A
MULTIDIMENSIONAL TRANSLATION
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Let the parameter a be real and h = (hq, ha, ..., hy,) be a real vector
in R™. Let us consider a parabolic differential-difference equation with a
translation in a spatial variable in a lower term:

ou
ot

paired with the following initial condition:

Au(z) + au(x — h,t), ze€R" t>0, (1)

u(z,0) = up(z), wo € L1(R"). (2)
And also let us define the function
Enlx,t) = /e(|£|2+“‘3°5h5)t - cos (€ — atsin h€) d¢ (3)
R"l

in a half-space x € R", t > 0.

This function can be obtained by formal application of Fourier
transform to the initial equation (1). As it was shown in [1]|-[2] it satisfies
equation (1) in a aforementioned half-space z € R™, ¢ > 0 in a classical
sense and is called a Poissonian kernel.
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The solution to the stated problem (1)-(2) is constructed as a
convolution of function (3) and the initial-value function (2):

1
u(z, t) = WR[ Enlr — £.1) - ug(€) d. (4)

Theorem 1. Function (4) satisfies the Cauchy problem (1)-(2) in the
sense of generalized functions and satisfies equation (1) in the half-space
R™ x (0,400) in the classical sense.

We then proceed onto the investigating the properties and the
behaviour of the obtained solution and its derivatives as t — oco.

After thoroughly investigating the function in the power of the
integrand in (3) we have obtained the following sufficient condition of the
uniform convergence of the integral (3) itself. This condition explicitly
binds the coefficient before the lower term of the equation (1) and the
value of the translation:

la] - |A? < 2. (5)

Theorem 2. Let condition (5) be fulfilled. Then solution (4) of the
Cauchy problem (1)-(2) converges to zero as t — oo uniformly with
respect to x € R™. The rate of convergence is determined by the following
estimate:

||U0||L1(R)
where C' is a constant.

Theorem 3. Let condition (5) be fulfilled. Then the partial derivatives

of solution (4) of the Cauchy problem (1)-(2) of an arbitrary order m+k

(here m = my +ma + ... + my, and m, k € N) converge to zero ast — oo

uniformly with respect to x € R™. The rate of convergence is estimated
by the following inequalities:

m-+k k
_ 8m u < l[woll ., (rm) Comaot ZCJ' 1 7
Oz 0z ...0xy " Otk (2m)" = +(m+n+2;5)/2

where C, Cj, j =0,..,k are constant.
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LINEARIZATION METHOD AND SHARP THRESHOLDS
FOR MULTIDIMENSIONAL PRESSURELESS
EULER-POISSON EQUATIONS
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We study a class of extended Euler-Poisson equations

on

ot

ov

E—i—(v-V),v: —kV® —puv+mr, —AdP=n—c,
where the scalar functions n (density), ® (force potential), and the
vector v (velocity) depend on the time ¢ and the point z € R%, d > 1,
r = (x1,...,24). Here ¢ > 0 is the density background, u = const > 0
is the friction coefficient, m = const is the intensity of the quadratic
confinement, k = const # 0. The sign of k corresponds to a repulsive
(plus) or attractive (minus) force.

The history of attempts to obtain criteria of a singularity formation
for the solution of the Cauchy problem to the pressureless Euler-Poisson
system is quite long. The pressureless Euler-Poisson system is interesting
because it contains features of real physical models, but at the same
time allows an accurate analytical study of threshold phenomena in
terms of initial data, which occurs extremely rarely. The nature of
the solution varies considerably depending on the assumptions made
about the interaction force (attractive or repulsive) and the background
density. For the case of one spatial variable, the question about the

+ div(nv) =0,
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exact identification of the initial data corresponding to a globally smooth
solution is almost completely solved in [1]. However, the transfer of the
results to the case of radially symmetric solutions turned out to be very
difficult.

This work is inspired by the possibility of obtaining the criterion for a
singularity formation in terms of initial data in the repulsive case in the
exceptional spatial dimension 4 [2|. The question arose as to what other
classes of systems this method could be extended to. We show that the
success in obtaining a criterion in terms of the initial data is related to
the possibility of obtaining a first integral of some auxiliary system. In
the multidimensional case, the criteria turn out to be quite cumbersome,
since they involve not only derivatives of the initial data, but also the
data themselves. Therefore, the space of initial data sets corresponding
to a globally smooth solution is four-dimensional.

At the same time, such a criterion in terms of the existence of a zero
of a particular solution of some linear homogeneous differential equation
can be obtained for a wider class of systems. Although it does not give
explicit conditions on the initial data under which the solution preserves
global smoothness, it can be simply implemented numerically and allows
the possibility of checking any initial data.

We are also substantially interested in the connection with the theory
of linear differential equations, the results of which can be applied to the
new area.

We show that the question about the criterion of a singularity
formation for radially symmetric solutions to the Cauchy problem
for a fairly wide class of equations related to the pressureless Euler-
Poisson equations can be reduced to the study of solutions to a linear
homogeneous ordinary differential equation. In some cases, such a
criterion can be obtained in terms of the initial data. In the remaining
cases, it is possible to construct a simple numerical procedure, on the
basis of which the question about preserving smoothness for any set of
initial data can be solved.

This research was supported by Russian Science Foundation, grant
23-11-00056
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ON THE HIERARCHY OF SINGULARITIES IN
ISOBARIC MEDIA IN THE CASE OF TWO AND THREE
SPATIAL VARIABLES

RYKOV YU.G.

Keldysh Institute of Applied Mathematics RAS, Russia
yu-rykov@yandex.ru

In this talk, we will discuss the process of shock waves propagation
in three-dimensional isobaric media. The two-dimensional case will be
considered as a special case. The equations of motion for such media
can be derived from the gas dynamic equations by setting the pressure
to zero, so the system of isobaric media is often referred to as a
pressureless gas system. It is sufficient to present this system in a form
that does not include the energy conservation equation. Let x = (z,y, 2),
(t,x) € Ry xR} V = (0/0z,0/0y,0/0z). Then, then the three-
dimensional system of equations for the pressureless gas is as follows:

do d(ou)

a—i—V-gu:O , 5

where ¢ > 0 is the density of matter, u = (u, v, w) is the velocity vector,
and ® denotes the tensor product.

The main feature that makes (1) a nontrivial system is the occurrence
of delta singularities in the density. Furthermore, as shown in [1] and [2]
for two-dimensional case, there is a hierarchy of such strong singularities
that occur on manifolds with different dimensions. Here, we demonstrate
the possible structure of singularities’ hierarchy in three-dimensional
space. In this case, the two-dimensional hierarchy is a special case of
the three-dimensional one.

In three-dimensional space, the hierarchy consists of three types of
singularities for density: delta functions on surfaces, delta functions on

+V-(ou®u)=0, (1)
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curves, and delta functions at points. In this talk, we will only consider
the interaction of singular surfaces, which leads to the creation of singular
curve. This type of interaction is not possible in two-dimensional space,
as there is no singular manifold of codimension between the minimum
and maximum.

So, let us consider R? and two evolving C! surfaces Ay, Ay, which
intersect along the C! curve I'. Let also x = Q;(t,01,02), i = 1,2, be
the parametric representation of A; and x = X(t,1) be the parametric
representation of I'. Consider the generalized solution to (1), which is
undestood in sense of measures, that has delta singularities of density on
A; and T'. Then we have (equations for A; are also valid in 2D case):

Theorem 1. Let P}, P; and P be the densities on Ay, Ay and I'. Then
the Rankine-Hugoniot conditions can be expressed as follows, i = 1,2:

oP? o(P?U?
2 (U7~ fou) N 2T (07 0 ou] — [ou u) N,
0P o(PcU*
S+ PiD2— PiDy =0, (875) 4 PSUSDy — PSUSD, =0 (2)
_ 8(01a02)i o c s X
D;N,; = o) N; = (U°-TU;) x o

where Ui = 0Q;/0t, U¢ = 0X/0t, N; is the projection of A; positive
normal onto spatial coordinates x, the sign X denotes the usual vector
product, and for any value f we denote [f] = fT — f~.

Theorem 2. Assume P5 = 0 and P}, Uj are constants. Then the
subsystem of equations from (2)

oP¢ o(PcU*

9P | pspy— oDy = 0. 2V | peusp, — prusDr =0 (3)

ot ot
admits a full set of first integrals.

The conditions of Theorem 2 can be understood within the following
hypothetical scenario. Let’s imagine an interaction between two surfaces
with a singular density, resulting in a curve I' that always remains on the
boundary of one of the surfaces, collecting matter only from the other
surface. In this case, (3) becomes integrable and provides a description
of various regimes of mass concentration along the curve in 3D space.
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SUB-RIEMANNIAN GEODESICS ON THE HEISENBERG
3D NIL-MANIFOLD
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We study the projection of the left-invariant sub-Riemannian
structure on the 3D Heisenberg group G to the Heisenberg 3D nil-
manifold M — the compact homogeneous space of G by the discrete
Heisenberg group.

First we describe dynamical properties of the geodesic flow for M:
periodic and dense orbits, a dynamical characterization of the normal
Hamiltonian flow of Pontryagin maximum principle and its integrability
properties. We show that it is Liouville integrable on a nonzero level
hypersurface ¥ of the Hamiltonian outside appropriate smaller proper
hypersurface in ¥ and has no nontrivial analytic integrals on all of
>.. Then we obtain sharp twoside bounds of sub-Riemannian balls and
distance in G, and on this basis we estimate the cut time for sub-
Riemannian geodesics in M.

References

[1] Glutsyuk A. A., Sachkov Yu. L. Sub-Riemannian geodesics on the 3-dimensional
Heisenberg nilmanifold, Russian Math. Surveys 80:1 144-146

[2] Glutsyuk A. and Sachkov Yu., Sub-Riemannian geodesics on the 3-dimensional
Heisenberg nilmanifold, 2024, 49 pp., arXiv: 2406.16065.

DYNAMIC MODEL OF A GENE NETWORK
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It is well known [1| that activatory and inhibitory populations of
neurons interact accordingly to the two-dimensional system of ordinary
differential equations

1

/
Il = — V171,
—p (wi1z1+wi2ze—01)
1+e 1111 1222—01 (1)

/
Loy = — UV2X9.
2 1+ e m (wa1z1+wa2z2—02) 22

This system allows for different behaviors, which are dependent on the

coefficient matrix
w
W _ w11 12 ) (2)
w1 W22

System (1) has at least one critical point, but may have up to nine of
them. It can have a stable limit cycle.
More general three-dimensional system
1

/
r1 = — 1T
1 1+ e*ul(w11x1+w1212+w13x3*91) 1+1,
1

/
To = — VX 3
2 1+ e*#Q(w21$1+w2212+w23$3*92) 242 ( )

/
T3 = 1 4 e—#3(wsiz1+wazza+wssrs—0s) — T3

can be interpreted as a model of simple three element network. Such
systems arise when modeling neuronal and genetic network. For the
second case, the variables x;(t) are interpreted as protein expressions
of the respective gene. The combined effect of these protein expressions
form various reactions in a cell as responses to external influences and
govern substantial processes inside.

Due to the additional dimensionality the system (1) can have
attractors in the form of stable equilibria, stable periodic solutions, and
attractors of chaotic nature ([2], [3], [4]).

In our talk we continue considering of systems modeling networks with
variable interactions.
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For instance, the system

1
[ —
T =730 o1
'ZJZ = — 2, (4)

1 + 6—4(—271—‘,-:22—92)
1

/
Tg = — X
3 1+ e—4(—m2+$3—93) 3

has a three dimensional stable limit cycle. The corresponding matrix W

1 0 -1
w=[-1 1 o0 |. (5)
0 -1 1

means that all elements activate themselves, but are inhibited x; by z3,
T9 by x1 and x3 by z3. What is the character of relations changes in
time? This situation is considered for some cases (also in [5]).

Set W matrix to W

1+ msinnt 0 —(1+ psingt)
W=| —(1+psingt) 1+ msinnt 0 . (6)
0 —(1+psingt) 1+ msinnt

More examples of this kind are considered.
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DYNAMICS OF HIGHER-ORDER VECTOR ROGUE
WAVES IN VARIABLE-COEFFICIENT COUPLED
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In the present work, we have focused on a systematic analysis of
higher-order vector rogue wave dynamics in inhomogeneous optical
media, which we execute by exploring the following variable-coefficient
general coupled nonlinear Schroedinger model with four-wave mixing
effects:

Op;  0(2) 9p;

"oz 2 o o(z) (alp1|” + bpips + b*pip2 + clpa2|®) p;
+((2)t + Qz(z)t2 +iQ3(2))pj =0, j=1,2, (1)

where p;(z,t) are the two complex envelope optical modes, z denotes
the propagation direction, and ¢ represents transverse coordinate. Here,
d(z) and o(z) are varying dispersion and nonlinearity coefficients along
the propagation direction, respectively. The functions Q1(z), Q2(z), and
Q3(2) indicate the external linear potential, the harmonic potential, and
the gain/loss effect, respectively.

We have constructed explicit higher-order localized rogue wave
solutions through a non-trivial triple-stage methodology involving
a linear superposition formula, generalized similarity, and Darboux
transformations. The obtained solution exhibits bright, dark, and gray-
type localized structures, revealing diverse patterns on constant and
periodic backgrounds. We have classified the obtained rogue waves
into singlet, doublet, triplet, quartet, and sextet rogue patterns,
admitting dot, line, triangular, rhombus, and pentagon structures. The
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inhomogeneity in the medium modulates the rogue wave characteristics,
revealing various phenomena like partial suppression, amplification,
splitting, trapping, and merger of localized peaks with asymmetric
deformation and collapse into the background. These findings can
contribute to a deeper understanding of rogue waves and other localized
coherent structures across diverse inhomogeneous media.
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THE COMBINATORICS OF SINGULARITIES OF
CAUSTICS AND FRONTS
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vdsedykh@gmail.com

Simple stable singularities of caustics and fronts were classified by
Arnold about half a century ago. However the topology of adjacencies
of these singularities has not yet been fully studied. We will talk about
recent achievements in this area.
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ON HOMOGENIZATION FOR THE LOCALLY PERIODIC
MAXWELL SYSTEM WITH SLOWLY VARYING
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We consider the homogenization problem for the locally periodic Max-
well operator on a bounded domain in R3 with sufficiently smooth
boundary and perfect conductivity boundary conditions. The dielectric
permittivity is given by a rapidly oscillating function €(x, z/¢), while the
magnetic permeability, p(z), is slowly varying. Both €(z,y) and pu(z) are
positive definite and bounded, smooth in z and periodic in y. The right-
hand side of the Maxwell equation involving the curl of the magnetic
field is assumed to be zero. We discuss operator-type approximations, as
€ — 0, in Lo or H! for the electric and magnetic fields.

NON-LOCAL OPERATOR HOMOGENIZING THE
POISSON EQUATION WITH DYNAMICAL UNILATERAL
BOUNDARY CONDITIONS: ASYMMETRIC PARTICLES
OF CRITICAL SIZE

SHAPOSHNIKOVA T.A.

We investigate the asymptotic behaviour of the solution of a nonlinear
problem given by Poisson equation, in a domain with arbitrary shaped
perforations (or particles) and with a dynamic unilateral boundary
condition with a large coefficient, on the boundary of these perforations.
We are specially concerned with the so-called critical case in which the
relation between the coefficient in the boundary condition, the period of
the basic structure, and the size of particles leads to the appearance of an
unexpected new term in the effective equation. Because of the dynamic
nature of the boundary condition, this «strange term» becomes now a
non-local in time and nonlinear operator [1], [2].
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ON THE HENON PROBLEM FOR THE SPECTRAL
NEUMANN LAPLACIAN
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Let B be a unit ball in R™ (n > 2), ¢ > 2, « > 0 and s € (0,1). We
consider positive solutions of the problem

(=A)iu+u =z in B. (1)

Here the spectral fractional Neumann Laplacian (—A)j, is the self-
adjoint operator restored from the quadratic form

—+00

[u]i/ = <(—A)Sua U> = ZM?(% ¢j)2L2(B)7
§=0

where p; and ¢; are, respectively, eigenvalues and orthonormal
eigenfunctions of the Neumann Laplacian in B. It is well known that for
s € (0,1) the domain of this quadratic form coincides with the Sobolev—
Slobodetskii space H*(B).

A problem (1) driven by standard Laplacian (s = 1) was investigated
in [1]. A similar problem with p-Laplacian was considered in [2].
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The energy functional

]/\/ + ||u||L2(B

(/ 2o |uyqu>2/q

corresponding to (1) is defined on H*(B). Its minimizer, under proper
normalization, is a weak (generalized) solution of the problem (1).

2(n + «)
n —2s
of radial functions in H*(B) into the weighted space LI(B,|z|*dx) is

compact. Therefore, the problem (1) has a positive radial solution.

2 2n

o —
Theorem 1. Let s > 1/2, q € L, . There exists a(s,q)
n—2s n—2s

such that for any o > @ the minimizer of Qg over the whole space
H?®(B) is not a radial function. So, the problem (1) has a nonradial
positive solution.

Qg a(u

We show that for ¢ € (2; the embedding of the subspace

Theorem 2. Let s > 1/2. There exists q(s) > 2 such that for any
q € (2,q) positive radial solution of (1) is a local minimizer of Qg for
any « sufficiently large.

2n — 2
Conjecture. The statement of Theorem 2 holds for all ¢ € <2 " }

"n—2s|
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ON THE EXISTENCE AND UNIQUENESS OF LARGE
SOLUTIONS TO SEMILINEAR ELLIPTIC EQUATIONS
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Non-negative function u(x) is called a large solution of equation:
Au= f(z,u)
in bounded domain €2 C R", n > 1 if u satisfies the boundary condition

lim wu(x) =o00, d(x):=dist(x,00).
d(z)—0

Firstly the existence of large solutions was proved by L. Bieberbach
(1916) in the case of N = 2, f = f(u) = b*expu. J.B. Keller (1957),
R. Osserman (1957) found the general necessary and sufficient condition
for the existence of large solutions in terms of the growth of the function
f = f(u) as u — oo. Firstly the existence and uniqueness of large
solutions was proved by C. Loevner and L. Nirenberg (1974) in the case
of N>1, f=f(u) =uP,p= % C. Bandle and M. Marcus (1992)
gave the proof of uniqueness for general power nonlinearity f(u) = u?,
p > 1. During last decades general class of nonlinearities f = f(z,u)
degenerating on 9 : f(z,u) = 0 Vo € 02 Yu > 0 was intensively
investigated by many authors. Particularly, M. Marcus and L. Veron
(2003) proved the uniqueness of large solutions in the case of C?-smooth
domain © under the following condition: f(z,u) > cod(x)*u? Yz € ,
Yu > 0,p >1 a >0, cg = const > 0. J. Lopez-Gomez, L. Mair,
L. Veron (2020) hypothesized that the condition:

f(z,u) = cpexp (—cld(ac)_a) uP
VeeQ, Vuz0,p>1, 0<a<l, ¢ >0,

is a sharp sufficient condition for the uniqueness of large solutions.
We prove even more weak sufficient condition of uniqueness:

flz,u) = cohy,(d(x))uP Ve, p>1,
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where hy,(s) = exp (—silw(s)) and nondecreasing continuous function
w(+) satisfies the Dini-like condition

/ s7lw(s)ds < 0o, Ve > 0.
0

The dependence of uniqueness of large solutions on the geometry of
the domain €2 will also be discussed.
The research is supported by RSF,project 23-11-00056

WEIGHTED NORM INEQUALITIES WITH
ONE-DIMENSIONAL HARDY-TYPE OPERATORS
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We obtain necessary and sufficient conditions for the boundedness
in weighted Lebesgue spaces of one-dimensional Hardy-type operators
involving suprema. In particular, we solve the problems from ([1], pages
326 and 331). The communication is based on the paper [2].

The research of the author was performed at Steklov Mathematical
Institute of Russian Academy of Sciences under financial support of
Russian Science Foundation (Grant no. 24-11-00170,
https://rscf.ru/project/24-11-00170/).
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VISCOSITY SOLUTIONS OF ANISOTROPIC PARABOLIC
EQUATIONS

TERSENOV AR.S.
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Consider degenerate parabolic equations with gradient nonlinearities
of the form
n
up — Z(‘“azz Pitt@) =2y, Y, = B(t,z,u, Vu) in Qp = (0,T) x Q. (1)
i=1

Solutions to boundary value problems for (1) are sought in the class
of weak solutions, mainly Sobolev solutions, understood in the integral
sense. Note that in recent years many results have been obtained on the
solvability of boundary value problems for the indicated equations in the
class of viscosity solutions. Unlike Sobolev solutions, viscosity solutions
are determined pointwise.

It was in this class of weak solutions that we proved the existence of
a solution in the case of nonlinear gradient terms.

One of the approaches to solving boundary value problems for
equations of the form (1) is the regularization method. The advantage
of this approach is that the implementation of the limit procedure for
viscosity solutions of regularized problems, which include, in particular,
classical solutions, is possible with weaker a priori estimates for the
solutions of the regularized problem.

In particular, using the apparatus of viscous solutions, we proved the
existence of Lipschitz-continuous solutions in the spatial variables of the
first boundary value problem for anisotropic parabolic equations with
variable anisotropy exponents in the case when B(t,x,u, Vu) does not
satisfy the Bernstein—Nagumo condition [1, 2.

The use of approximation methods based on regularization, which
allows one to prove the classical solvability of a regularized problem,
makes it possible to obtain solutions of maximum smoothness known to
date.

The passage to the limit for classical solutions can also be carried
out using the Minty-Browder monotonicity method to obtain a Sobolev
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solution. But this approach is feasible in the case of linearity of the
low order term in the gradient, since otherwise there arises a problem
of the passage to the limit in the mentioned terms, which is currently
insurmountable.

Note that the application of the methods of the theory of viscosity
solutions makes it possible to obtain weak solutions in the viscosity sense
and in the case of non-divergence type equations.

We will also consider the method of sub/super solutions, which allows
us to avoid regularization and obtain solvability theorems by working
directly with the original equation.

The work was carried out within the framework of the state assignment
of the SB RAS Institute of Mathematics (project FWNF-2022-0008)
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STUDY AND ANALYSIS OF ONE ECOLOGICAL MODEL
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In this paper, we study and analyse a dynamic model for forestry
biomass preservation, which is depleted due to deforestation, the growth
of the industry and different climatic factors. The age structure of
forest biomass is considered through the division into pre-mature (P)
and mature (M) populations. Restrictions for cutting down pre-mature
population are imposed on industries (I). The interaction between P, M,
I variables is described by following dynamic system:

P=rP(1-Pk7') - BP +~P,
M = BP —qEM — di M, P(0),M(0),1(0) =0, (1)
I= (Oél *OéQI(OégjLM)_l)I*dQI,
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where r — the intrinsic growth rate of premature trees, k — the carrying
capacity of forestry biomass, v — new plantation, 8 — the transition
rate from pre-mature to mature, oy — the maximum reduction rate
of industries can attain, as — maximum value for the reduced rate of
industrialization, a3™' - average rate at which government provides
protection to forestry population, ¢; — depletion rates of mature trees, d;
—natural depletion rate of mature trees, do — decrease in industrialization
in the absence of preferred mature trees and E — the harvesting efforts [1].
Further we assume: a=r— 3+, b=qFE+di, c¢=a1—ds.

Theorem 1. Let a,b,c # 0. Then suggested system of equations (1) has
four equilibrium positions:
(1) Ey =(0,0,0) (trivial case);
(2) Ey = (p1,m1,0) (non-trivial case);
(3) By =(0,0,i2) (non-trivial case);
(4) Es = (p1,m1,13) (non-trivial case),
a

where py = 7, mp = %, ig = S48 43 = C@‘?’Ttmo). The following
etght cases are realized exactly:

1) if a,c < 0 < b, then the point Ey is a stable node, E1 and Ey are
saddle-nodes which node parts are stable, E3 is a saddle-node which node
part is unstable;

2) if a,c > 0 > b, then the point Ey is an unstable node, E1 and Ey are
saddle-nodes which node parts are unstable, E5 is a saddle-node which
node part is stable;

3) if a,b > 0 > ¢, then the point Ey is a stable node, Ey and E3 are
saddle-nodes which node parts are stable, Fs is a saddle-node which node
part is unstable;

4)ifa,b < 0 < ¢, then the point Ey is an unstable node, Ey and Es are
saddle-nodes which node parts are unstable, Fo is a saddle-node which
node part is stable;

5) if bye > 0 > a, then the point Es is a stable node, Ey and E3 are
saddle-nodes which node parts are stable, F1 is a saddle-node which node
part is unstable;

6) if b,c < 0 < a, then the point Es is an unstable node, Ey and E3 are
saddle-nodes which node parts are unstable, F1 is a saddle-node which
node part is stable;

o
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7) if a,b,c > 0, then the point Es3 is a stable node, E1 and Es are
saddle-nodes which node parts are stable, Eg is a saddle-node which node
part is unstable;

8) if a,b,c < 0, then the point Es3 is an unstable node, E1 and E2 are
saddle-nodes which node parts are unstable, Ey is a saddle-node which
node part is stable.

The practical interest for applications of this theorem is represented
by cases 4) and 7), as the posed problem has a physical meaning.
The work revealed the conditions under which the equilibrium positions
represented a stable node, an unstable node, a stable saddle-node, and
an unstable saddle-node [2]. Solutions of equations were expressed in
terms of elementary functions and their integrals. Phase phase portraits
were constucted by PhaPL web application. Phase trajectories where
build by using the following python libraries: matplotlib.pyplot,
mpl _toolkits.mplot3d, scipy.integrate [3].
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SPHERICAL SPLINE SOLUTIONS OF AN
INHOMOGENEOUS BIHARMONIC EQUATION
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An inhomogeneous biharmonic equation is considered on a unit sphere
of three-dimensional space. The solution of this equation belonging
to the spherical Sobolev space is approximated by a sequence of
solutions of the same equation, but with special right-hand sides, which
are linear combinations of shifts of the Dirac delta function. It is
proved that, for given nodes on the sphere that determine shifts, there
exist special solutions of the equation: spherical biharmonic splines,
and the weights corresponding to each of them are solutions of the
accompanying nondegenerate system of linear algebraic equations. A
relation is established between the quality of approximation of the
solution of the differential problem by spherical biharmonic splines
and the problem of the convergence rate of optimal weighted spherical
cubature formulas.

This work was carried out as part of a state assignment for the Sobolev
Institute of Mathematics, Siberian Branch, Russian Academy of Sciences,
project no. FWNF-2022-0008.
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ON NONSINGULAR STRUCTURAL STABLE CHAOTIC
3-FLOWS OF ATTRACTOR-REPELLER TYPE

ZHUZHOMA E.

National Research University Higher School of Economics, Russia
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We show that given any orientable closed 3-manifold M?® admits
structurally stable non-singular flow f! whose non-wandering set
NW (f!) consists of 2-dimensional expanding attractor and finitely many
repelling periodic trajectories. For M? = S3, we prove that the set of
repelling periodic trajectories can be an arbitrary link provided this link
contains the figure eight knot.

The results obtained in collaboration with Bin Yu (School of
Mathematical Sciences, Key Laboratory of Intelligent Computing and
Applications, Tongji University, Shanghai, CHINA) and V.S. Medvedev
(National Research University Higher School of Economics, Russia).

This work was prepared within the framework of the project
International academic cooperation HSE University.

PA3BUTUE METOJA KJIAPKCOHA-KPYCKAJIA
HAXOXKJIEHUS PEJIYKIINI

AKCEHOB A.B.

MI'V umenn M.B. Jlomonocosa, Poccus
aksenov@mech.math.msu.su

B pab6ore [1| 6bL1 IpeiIoXKEeH MeTO/ HAXO0XKICHUsT PEAYKIUI ypaBHe-
HU# B YACTHBIX ITPOU3BO/IHBIX C IBYMs HE3aBUCUMBIMU IIepeEMeHHBIMU. B
sroit pabore st ypaBHeHust byccunecka

1
Uyy + i(uz)zx + Uzgza =0 (1)
OBLIIM TOJIYIEHBI BCE PEILYyKIIUU BUIA
u=Ulz,y,w(2)),

rie z = z(x,y) u dynxus w(z) sisiercs pernernem OJIY. Bouio moka-
3aHO, YTO JJIsi ypaBHeHusl (1) pe/yKIuu UMeroT CIIe/yomuil BUL

u=o(z,y) + Bz, y)w(z). (2)

85



Briio Takke mokazaHo, UTO CYIIECTBYIOT PEIyKIINM, OTJIMIHBIE OT pe-
JAYKIUHI, II0JIy49aeMBbIX C IIOMOIILIO CUMMETPUIl.
B pa6ore [1] Takke Gbln HailjeHbl pelyKiunu ypaBHeHus Broprepca

Uy + Uy = Ugy,
ypaBuenust Kopresera—ne Bpuza
Uy + Uly = Ugyy
u MOJIUMpUIMPOBAHHOTO ypapHeHust Kopresera—mae Bpuza
Uy + u2uI = Ugrz-

Brb110 nokazano, 9To Jiist 9TUX ypaBHEHUI HAllICHHbIE PEYKIIMH COBIIA-
JIAIOT ¢ CUMMETPUIAHBIME PeJLyKIIUSAMU.

Kaxk 66110 or™Metdeno B pabore [1], peaykium Buia (2) moryckaror cire-
JlyIolue npeobpasoBaHist, epeBOISIIIe PELYKIUIO B PELYKIIUIO

2 =F(z), B =P o=a+Fz)p (3)

rie F1(z), Fa(2), F3(z) — npousBosbible OyHKIMNA. DTH IPE0OPA3OBAHNUS
cBsi3aHbl ¢ pon3BooM B Haxoxaennn OY Ha dyunknumo w(z).

B paGore [1| npu HaXOXKIEHUM PEAYKIMI HCIOTb30BAIICH KOHKPET-
Hble TpeobpasoBanus Buja (3). B macrosimeit pabore st HAXOXKJICHUS
peayKimit Buja (2) mpejyiaracrtesi NCHOJIB30BATh HHBAPHAHTHI IPeobpa-
soBaHuii (3).

Teopema 1. Benomozamenvhvie gynryuu g = p1(x,y), pe = ua(z,y),
w3 = ps(x,y), onpedeasemovie u3 CACOYOUUT COOMHOULEHUL

Pi1zg + 2y = 0,
w18z + By +p28 =0,
Py + oy + prace+ pz =0,

ABAANOMCA UHBaPUAHMaMU npeobpasosarud (3).

MoykHO TOKa3aTh, 4TO HaXOXKJEHHe peayKuuii Buga (2) cBogurcs K
PEIIEHHIO [TEPEOTIPEIEJIEHHOM CUCTEMBI YPABHEHUN Ha BCIIOMOTATEbHBIE
dyukmmn py, po, pg. Hampumep, nius ypasnenunit Byccunecka (1) srta
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CUCTEMa YPaBHEHUII uMeeT CJeAyIOMuil BU,

2p24 + 3p1gz =0, f13 = 620y + 41 pes + 2010t — At g,
M2 = 201z, Higz + 4p2e =0, p2az = 0,
81 gz — 42zer + 2032 — 201 pit + 201010 + dpapn —

= 2u1¢p2 — Mzzer — M2t = 0,
A i1z hoe + Hwas — fou + Aiafior — 2popor + i aps —

= 2pp2z — P2gaas = 0,

M3zwza + W3t — 4P a3 — iafiops + 2H2ep3 —

— Aprepst + 2p1ep32 = 0.

[IpuBenensr IpuUMEPHI UCIOIB30BAHUST IIPEIATAeMOTO IOIX0/1a.
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TEOPEMBI O CPEAJHEM 3HAYEHUN 1JIA
CUHI'VJIAPHOI'O YPABHEHUN
TEIIJIOITPOBOJHOCTUA

AJIBAMIJIA X.®."*, IIMUIMIKUHA 3.J1.2%°

'Benropoackuit [ocynapcrsennniit Hanuonampabiit VceneoBaTeTsCKmit
Yuusepcurer, Poccust
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“alzamili.khitam@mail.ru, ®shishkina@amm.vsu.ru

B Teopum KpaeBbIX 3aja4 Jjisd JUIMNTHIECKUX, MapabOIuIecKux u
rUEePOOTNIECKIX yPABHEHUH OOJIBIIYIO POJIb B BOIIPOCAX €IUHCTBEHHO-
CTH U Ka4eCTBEHHOIO M3yUEHUS [TOBEJEHUS PEIICHUN UIPAOT TeOPEMbI
0 cpellHeM 3HAYeHUU. PaccMOTpPUM TeopeMy O CpeHeM 3HAYEeHUH JIJIsl
CHHTYJISTPHOTO YPaBHEHUS TEILIONPOBOTHOCTH.

IIycts R™ — n-mepHOe €BKINIOBO MPOCTPAHCTBO,

Ri:{x:(wl, C ,.I'n) S an x1>0,... ,.%'n>0}7
Rﬁr:{x:(a:l, ceoyy) €ER™ 2120, .., 2,>0}.
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Mynbruungeke y=(71,. .., Vn), COCTOUT U3 IHOJOKUTEJbHBIX (DUKCUPO-
BaHHBIX wuces y; > 0, i=1,...,n, |y|=y1+. . .+¥n.

Mpbr 6yeM UMETh JIEe/I0 C CHHTYJISIPHBIM JuddepeHIuaIbHbIM Olepa-
TopoMm beccens By

2 vd 10,0

B)i=— 422 _ 9w
(B a2 Tt wotl ot

t >0, v>0.

O6sacts GT C ﬁ’j_ HasbIBaeTcs obaacmuio I'puna, ecmn G npejcras-
JisieT coboit 0bbeuHeHne obJ1acTeit Gf, ..., G} 6e3 0bMUX BHYTPEHHUX
TOYEK, T/e KaxKgast 00JIacThb Gj' - ﬁ’i TaKOBa, UTO KaXKJas JUHUS IIep-
el K yJsipHast mwiockoctu &; = 0, ¢ = 1,...,n, 1ubo He mepeceKaeTcs ¢
Gj JinbO MMeeT TOJIbKO OJIH ODIIN OTPE30K € G’j (BO3MOKHO, BBIPOK-
JIQIOIIUTICS B TOUKY) BHUJIA

al(@) <z < Bl), a'=(z1,....0i1,Tip1,. .., Tp), i=1,...,n,
rie oag, 51] raagakue s =1, ...,n, j=1,...,m.

Teopema 1. Ilycmo D*C@’Jr — obnacmov 'puna. Pynkyus u=u(z,t)
maxaa, wmo u€C?(DT), ug, (0,t) =0, =1,...,n, u = u(z,t) Acisemca
DEWEHUEM YPABHEHUA

n

Z(B%)xk U=y

k=1

mozda U MoAbKO moeda, %0204 GLINOAHAECTNCA pasercmeo

/ (—g;l + uyn+1> x7dS = 0. (1)

oD+

B (1) v = (V' vp41) enewnan nopmaav x ODT, U/ = (v1,...,vn) — 6ek-

. - Ju __ Ou ou
mop, cocmoAwull us NEPELIT N KOMNOHEN U, 557 = Fv + ...+ - n.

n
Ypasuenne Busa (B, ), u=u; u3ydanocs B [1].
k=1
PaGora BbIIOIHEHA B pAMKax TOCYJAapCTBEHHOrO 3aanus MunobpHa-

yku PO mpoekr Ne FEGS-2023-0003.
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KOPOTKOBOJIHOBOE ACUMIITOTUYECKOE
PEIITEHNVE BOJIHOBOI'O YPABHEHUA C
JIOKAJIN3OBAHHBIM BOSMYIOIEHNEM CKOPOCTU
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s onmcanust pacipocTpanennsi KOPOTKUX BOJIH B CPeJlax Pa3InIHOM
MIPUPOJIBI IaCTO UCIOJIb3YIOTCSI ACUMIITOTUIECKIE PeIeHusT TUepbosIu-
9eCKUX ypaBHEHHuil, Boipaxkamommuecs: depe3 BKB-skcrnonentsr uin, npu
HaImIuu (POKAJBHBIX TOUEK, Yepe3 KaHOHUIecKuil oneparop Macsosa Ha
COOTBETCTBYIOIINX JIArPAHXKEBBIX MHOI000Opas3usix. MaJbiM mapaMeTpom
B TAKUX ACHMIITOTHKAX CJIy?KUT OTHOIIIEHUE JJINHBI BOJTHBI K XapaKTep-
HOMY MAacIiTaby W3MeHeHUs XapaKTepUCTUK cpelbl. Kemm cpema comep-
JKUT JIOKAJIN30BAHHbBIE HEOIHOPOJHOCTH (HAIPUMED, Y3KHE IIOJBOJHbIE
XpeOThI WM MUKHOKJIUHBI B OKeaHe, CJIOU C PE3KO MEHSOIIEHCsT OITHU-
YEeCKON MJIM aKyCTUIECKON IJIOTHOCTBIO U JIP.), KO3(hMUIMEHThI ypaB-
HEHUil OKa3bIBAIOTCS 3aBUCSIIUMU OT (BOOOIIE rOBODS, IPYTOro) MaJjoro
rapamMerpa, IpuIeM 3aBUCUMOCTD He PEryJispHasi — CJIa0ble IIpeJIesibl KO-
3 OUIMUEHTOB UMEIOT 0COOEHHOCTH B TOUKAX, COOTBETCTBYIONINX YKA3aH-
HBIM HEOJHOPOAHOCTSIM. CTaHIapTHAS TEOPHUs KOPOTKOBOJIHOBBIX aCHMII-
TOTHK B TAKO# CUTyaIuu, BOOOIIE TOBOpsi, HEe paboTaeT; B YaCTHOCTH, IIe-
PECTpamBAIOTCS TeOMETPpUUIECKUEe O0bEKThI, OIpeessionue peienue. B
cJiydae, KOTjla XapaKTePHBII MaciiTad HEOHOPOTHOCTHA CPABHUM C JIJTU-
HOIl BOJIHBI (T.€. COOTBETCTBYIOIIUE MAJIble MAPAMETPbI OJHOTO MOPSi/-
Ka), aCHMIITOTHYECKIE PEIeHNs! Psijia TUIePOOIMYeCKIX 3a/1a4 OMUCAHBI
B paborax 1, 2; B 3rux paboTax, B 4aCTHOCTH, [MOKA3aHO, YTO JIarDAHKe-
BBl MHOI'00Opa3ust, OLPEIESIONINe aCUMIITOTHKY, B TOYKAX, 38 10X
0COOEHHOCTH KO3(MMUIINEHTOB, PA3AE/ISTIOTCS HECKOJIbKO CBI3HBIX KOM-
TTOHEHT, OMUCHIBAIONINX MPOITIEIINE U OTPAKEHHBIE BOJHBI. AMILTHTY/IBI
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9TUX BOJIH OIPEIEIAIOTCA OJHOMEPHON 3a1aveil paccessHnus IJIs “9TaI0H-
Horo” ypaBHEHUsI, HE COAEPKAIIUM MaJjIoro IapaMeTpa; TeM CAMbIM, 3Ta
BCIOMOraTe/IbHas 3a/a4a He CBA3aHa C TeOPHUEil TeOMETPUYECKUX aCHUMII-
TOTUK.

Ecau macmTab ToKaan30BaHHON HEOTHOPOTHOCTH MHOTO OOJIBIIE JIJTH-
HBI BOJIHBI, KOHCTPYKIUA aCUMIITOTUKMN CHOBa MEHACTCA: reoMeTpude-
CKHe OO0BEKTHI JOJIKHBI BO3HUKATH U B “dTasloHHON 3aade. B HacTOs-
IIeM JIOKJIaJie pa3dupaeTcsi MePBhIil IPUMEp TAaKOH CHUTyaIllnh — 3a1a9a
Ko j11s1 o1HOMEPHOTO BOJIHOBOI'O YPaBHEHUsI, CKOPOCTH B KOTOPOM HC-
[IBITBIBAET CIJIAYKEHHBII CKAYOK, IIPUYEM XapaKTepHasl JJINHA BOJIHBLI Ha-
YaJIbHOI'0 BO3MYIIEHUsI OIUCHIBAETCSI MAaJIbIM IIapaMeTpPOM &€, TOIa KakK
XapakTepHasl MUPUHA CKAIKa — [HapaMEeTPOM /.

Tem cambIM, HcciieLyeTcst 3a1a9a

o%u T—z 0%u iSg(2)
oz =¢ <\@Ox> ooz TER uhmo=¢'@e s, (1)

ugli—o = 0, & — 0. 3nech bynkmusa c(y,z) : R2 - R (y =

T—xQ

) rua-
Kas I CTPOTO TOJIOXKUTeIbHas, npudem c(y,x) — ¢ (x) npu y — oo
ObIcTpee JIIOOOI CTeleHn iy BMeCTe CO BceMu Ipom3BomHbiMu. llociem-
Hee YCJIOBUE OTPaXKaeT JIOKAIN30BaHHBIN XapaKTep HEOIHOPOIHOCTH; MbI
cunTaeM, 9T0 (QyHKIIAN ci(:c) TaKKe TUIAJIKAE U IOJIOKUTEeIbHBIe. By-
nem cuntark, uro So, ¢ — ruagkme dyuxnmm, npudeMm ¢U dunuTHA,
%‘Supppo # 0, mpuvYeM HAYAJIBLHBIN BOJHOBOW MAKET HAXOIUTCS BHE JIO-
Ka/M30BAHHON HEOTHOPOSHOCTH, T.€. T|gpp,0 < 0. Ommcano paccesnme
[aKeTa IIPH ero IPOXOXKIEHIH Yepe3 TOUKY Xy — HOCUTEIb HEOTHOPOIHO-
cru. OrcyrcTBre POKAIBHBIX TOYEK IIO3BOJISIET HAIUCATD JJIsi ACHMIITO-
THKH [IPOCThIE aHAJTUTHIECKHE (POPMYJIBI, & TAKXKe BBHIYUCIUTD KO3DPu-
[IAEHT MMPOXOKIEHUsT BOJHBI Yepe3 HeOTHOPOIHOCTh. OTparKeHHbI BOJI-
HOBOIi ITAKeT B HAIleM CJIydae OTCYTCTBYET.
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OIIEHKA BOSIPCKOI'O-MEMNEPCA PEIIIEHUSA
SAJAYN 3APEMBHI /1JI1d HEOJHOPOJHOTI'O
YPABHEHUWA p-JIAIIJIACA CO CHOCOM

AJIXYTOB [0.A."*, YEUKUHA A.[.2%°

' Bragumupceknit rocynapersennbiii yausepcurer uM. Al u H.I. CTtomeToBbIX,
Poccus
*Mockosckmit Locymapcrsennniit YamsepcuteT mM. M.B. Jlomonocosa, Poccns
*VIHCTUTYT MATEeMATHKHU C KOMIILIOTEPHBIM IIEHTPOM — HozapasfeaeHre Y bUMCKOro
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B orpanmgenmoit crporo JsmmmimuieBoit oogactu D C R™ paccmarpn-
BaeTcs 3aa4a 3apembbl Js p-Jlamracuana npu 2 < p < n. [lycrs
F C 0D — 3aMKHYyTOE MHOYXKECTBO U WI}(D, F) — mompocTpaHcTBO CO-
6OJIEBCKOrO NPOCTPAHCTBa (PYHKIWMHA 13 Wpl(D) HYJIEBBIM CJIeJIoM Ha F.
[Momarast G = 9D \ F, paccMoTpuM 3ajady 3apeMObl

ou

div(|[VuP™>Vu) +b-Vu=18D, u=0mnaF, = 0na G, (1)
n

rjie % 00603HAYAET BHEITHIOI HOPMAJBHYIO MPOU3BOIHYIO (DYHKIUA U,

KOMITOHEHTHI BeKTOp-pyHKImu b = (by,...,b,) yIOBIETBOPSIOT yCJIO-
BUIO

np .
bj(z) € Li(D t=———— =1,...,n, 2
J(‘T) t( )7 p(n+1)_2n7 J ) y T ( )

a | sBsercs TUHEHHBIM (PYHKITMOHAIOM B TTPOCTPAHCTBE

(Wpl(D, F))*, coupsizkeHHOM K I/Vp1 (D, F). Ilox pemtennem 3aa4n (1) mo-
HuMaeTrca (pyHKIusS u € Wpl(D, F), xoropasi it BcexX MPOOHBIX (DYHK-
it o € Wpl(D, F’) yoBiaeTBopsieT MHTErPATILHOMY TOXKICCTBY

/]Vu|p_2Vu-Vgod:U/(b-Vu)god:c:/fchda:,
D D D

rae Bekrop-bynkmmsa f = (fi,..., f,) ¢ kommoneramun f; € Ly (D),
p =p/(p—1), yaacryer B upejcraBiennn dbyHionana l.

91



Beenem muist komnakra K C R™ emkocrs Cg(K ), KoTopast mpu
1 < g < n oupenessieTcss paBEHCTBOM

Cy(K) = inf { /\Vgp]qu: v € C°(R™), ¢ > 1 na K}
Rn

O6o3naqmnB depe3 B0 OTKPBITHI MIap pajgnyca r ¢ IEHTPOM B TOYKE
Zg, OyIeM IpeanoIaraTh, 9TO JJIs IPOU3BOJBHON TOYKHU Xy MHOXKECTBA
F u3 (1) npu r < 1y crpaBeyinBo HEPABEHCTBO

CQ(F mﬁfo) > Corn_qa q= P ) (3)
n+p
rae co He 3aBucuT oT xg u r. ChopMynanpyeM OCHOBHOH pe3yJbTaT.

Teopema 1. IIycms swinoanens, ycaosus (2) u (3). Toeda zadava (1)
umeem pewenue, o ecau £ € Ly 5 (D), 2de 69 > 0, mo cywecmeyem
noaootcumenvras nocmoannaa 6(n, p, dy) < do maxas, ¥mo dia pewenut
3adawu (1) cnpasedausa ouenka

_p_ ;
/ VulP do < 0( bl () + / 7 ) e 1>.
D

6 Komopoti xKoncmanwma C 3asucum moavko om n, p, 0y, EAUNUHDBL Co
u3 (3) u obnacmu D.

Pesyabrar mosyuaen coBmectro ¢ M.JI. CypHadeBbIM 1 OIyOJIMKOBAH
B |1]. Pa6ora FO.A. AnxyroBa BBIIIOJHEHA B PaMKaX IOCYIaPCTBEHHOTO
sajanus Bal'y (npoekr FZUN-2023-0004).

Cnucok Jureparypbl

[1] Asnxyros IO.A., Cypuaues M./1., Yeuknna A.I". / O 3amade Sapembbl 1151 HEOI-
HOPOAHOrO ypasHenus p-Jlamiaca co caocom, Toxmaasr PAH, Maremaruka, u-
dopmartuka, [Iporeccer ympasmenuns. 2025, T. 521, c. 5-10.
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IIPUMEHEHUWUE METOJA IIMKAPA K PEHNTEHUNIO
SAJAYN KON JAJId HEKOTOPHBIX JIPOBHBIX
ANODOEPEHIINMAJIBHBIX YPABHEHUU

AHTOHOB H.A.

MI'Y umenn M.B.JIomonocosa, Mocksa
antonovna@my.msu.ru

B pabote paccmarpuBaeTcst METO IIOC/IEI0BATEILHBIX TPUOJIMKEHII
ITukapa a1t TOCTpOEHUsT pernennst 3amasn Komm mi1st apobHoro gudde-
PEHIMAJIBHOIO YPABHEHNUs € IPOU3BOHOM Tuita ATtanbsnbl-Baseany |[2],
[3], [7]. C ux momomipio onmcsBatoTCst MHOTHE (bu3HUIecKue nporeccsl [1],
[6]. Meron ITukapa 1103B0JIsIeT HARTH PEIEHUs] HEKOTOPBIX HEJMHEeHHBIX
muddepeHnnaabHbIX YPABHEHUN JTPOOHOTO MOPSIKA, 3aeHCTBYS MEHbD-
e BbI“H/ICJIeHI/II‘/’I7 OCTaBsACH IIPU 3TOM JTOCTATOYHO TOYIHBIM. O;LHI/H\/I n3 Ta-
KUX ypaBHEHUN siBJisieTcd ypaBHeHue Pukkaru, nmMeroriee OOJIbIIOE 3HA~
qenHne npu pemrennn 3aga4d I'pocca—IIuraesckoro, Broprepca—Kopresera-
ne-®puza, Pamanypkana u psima apyrux (4], [5].

Omnpegnenenne 1. Ilycrs v € H(a,b) n 0 < a < 1. Torma onepamopom
dpobrozo duppepervyuposarus Amanvanv-Banreany 6 cmoicae Kanymo
HA3bIBAETCST

o) = (20 0) = L [ e, [ - 9r]as

T l-a n 11—«

e a < x < b, Ey(x) — dyuxmus Murrar-JIeddiepa, f(a) — rakas
Hopmupyiomas dynakmus, aro 5(0) = (1) = 1.

Omnpegenenne 2. Ilycrs v € L'(a,b). Torna onepamopom dpobrozo um-
mezpuposarus Pumana-/Iuysusss Ha3pIBACTCA

1 x

RL ya a—1

I v) () = / v(s)(x — )% "ds.
( a+ ) F( a) ot

Onpenenenne 3. Ilycrs v € L'(a,b). Torma onepamopom dpo6riozo um-

mezpuposarus Amanvanvi- Banreany Ha3bIBAETCSA

1—
= av(m) + LRLI&U(J;).

AB ra
I v)(z) =
(FIa) (0= ey @+ 5y
Ina v € HY(0,1) pacemorpum 3amaay Kormm:
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T%(x) =g(z,v(z)), 0<a<l, O0<z<l, wv0)=p. (1)

[pumenus oreparop 45T & K JIeBOil n mpapoii yactam ypasnenns (1),
[IOJIy YUM
A
v(z) — =213 g(z, v(2)). (2)

Beesiem npubsmkenust [Tukapa jyist ypasHenus (2):

l-a Z, U ( o 1 [ s, um(s))(x—s)*"1ds
S @)+ g s | gt un(s)a—s) ?3)

Umt1(z) = p+

rme m € N, vg = p.

Teopema 1. IIpubrusicenusn Hukapa (3) moorcro sanucams 6 6ude

Va2 1) = it (1= Ryo(z) + Wy(x,vmm) FI(), (4)
20e
—LL : s, v (s))(z — s)* 1ds
1) = 5t [ o) (@ — 9 ds,
u h € (0,400).

Teopema 2. Ecauv € HY(0,1) u g(z,v) aunwuuesa no v ¢ xoneman-
moti L < %, mo npubausicenus (4) obpasyrom dyndamenmans-
nyro nocaedosamenvrocms ¢ H(0,1), crodawyrocs x pewenuro sadavu
Kowu (1) npu m — 400, npuuem 3mo pewerue eduHCMEEHHO.

Crincok JuTepatypbl

[1] Yuaitkua B.B. Memod dpobrwr npoussodnvir // V3naresbCcTBO « APTHIIOK»,
VYabstHoBCK, 2008.

[2] Al-Refai M. On weighted Atangana-Baleanu fractional operators // Advances
in Differential Equations, No. 3, 2020.

[3] Baleanu D, Fernandez A. On some new properties of fractional derivatives with
Mittag-Leffler kernel // Commun Nonlinear Sci Numer Simulat, No. 59, pp.
444-462, 2018.
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[4] Gémez J.F., Torres L., Escobar R.F. Fractional Derivatives with Mittag-Leffler
Kernel // Studies in Systems, Decisions and Control, Volume 194, Springer
Switzerland AG, 2019.

[5] Kashkari B, Syam M. Fractional-order Legendre operational matriz of fractional
integration for solving the Riccati equation with fractional order // Appl Math
Comput, pp. 281-291, 2016.

[6] Podlubny I. Fractional Differential Equations // Mathematics in Science and
Engineering, vol. 198, Academic Press, New York, 1999.

[7] Syam M.I., Al-Refai M. Fractional differential equations Atangana-Baleanu
fractional derivative: Analysis and applications // Chaos, Solitons & Fractals:
X, 2, 2019.

SAJTAYA YCPEAJHEHUA HABBE-CTOKCA B
OBJIACTU, IIEP®OPUPOBAHHOI BI0JIb T'PAHUIIbI

AITAEB M.P.

MockoBckuit rocyapcrBennbiii yausepcurer umenu M.B.Jlomonocosa, Poccust
apayevmr@gmail.com

[TocranoBky 3amaun Hadmem ¢ omucanusa obaactu. OGo3HAUNM HTepes
Q obmacte B R?, seskalnyio B BepxHeil MOJIYIUVIOCKOCTH, I'DAHUIE KOTO-
poit I' aBisieTcsd KyCOYHO-TJIAJKONM W COCTOUT W3 HECKOJIBKHUX YacTeil:
I' =T1UTl'y Ul UTly, tne I'y — orpesok [—%,%] Ha ocu abcImcec,
'y u I's npunamiexxar npaMbiM T = —% ur = % COOTBETCTBEHHO,
NIy — rnagkas. Berogy nanee € = Wlﬂ — MaJiblii napamerp, N —
HaTypaJsbHoe uncio, N > 1.

Bynem Takxke mcnoJsip3oBaTh ciepyomme obosHadenusi. Ilycts G —
IPOM3BOJIBHAST JByMEpHasi 0DJIaCTh C TVIAJKON TPaHUIEH, JiexKkamas B
kpyre K = {£: &3+ (& —3) <d’},0<a< 3.

Obozua M

Gl={zeQ:c M (z1—j,22) €G}, jEL, G :UGZ’
J

I'. = 0G.. Oupenermm obnacth ). xax 2\ Ge
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PaccmarpuBaercs 3a1ada Bujga

0

au: — vAu: + (ug, V)us = g(x), = € Qe t >0,

(V,u:) =0, e, t>0,

0

v Ue:()’ zely,t>0, (1)
on

us = 0, relTulLuls,t >0,

ue = U(x), x € Q,t=0.

\

Baech ue = uc(z,t) = (ul,u?), g = g(z1,22) = (¢*,9%),9; € L2(), n

— BEKTOp BHeITHell HopMaJsim K Trpanuie u v > (. Takxke paccMoTpuMm
3ajlady

0

% — vAug + (uo, V)ug = g(z), =€ Q,t>0,

(V,up) =0, zeNt>0, (2)
ug = 0, zel,t>0,

up = U(z), xe,t=0.

[Tpomoskum pemnienne 3ana4n (1) HyseM BHYTDb T10D.
Mmeer MmecTo yTBepKieHUe.

Teopema 1. [Tycmv u. — pewenue 3adawu (1), ug — pewenue 3ada-
wu (2). Toeda, npu cmpemaeruu Mar020 NAPAMEMPA € K HYAIO UMEEM:
ue — ug cuavrno 6 La((0,7), L2(Q2)).

Anasnornanele pe3ysIbTaThl [T TapabOIMIecKOro YPaBHEHNUS Oy e~
HBl B [1].
Cuucok Jimreparypsbl

[1] Chechkin G.A., Koroleva Yu.O., Meidell A., Persson L.-E. On the Friedrichs
inequality in a domain perforated along the boundary. Homogenization procedure.
Asymptotics in parabolic problems. Rus. J. Math. Ph. 16:1 (2009), 1-16.
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TUIIEPTEOMETPUYECKUE CUCTEMbBI, CBA3AHHBIE
C MHOI'OOBPA3VEM ®JIATOB

APTAMOHOB [/I.B.

MI'Y umenn M.B. Jlomonocosa,Mocksa, Poccust
artamonov.dmitri@gmail.com

N.M. Tenbdans u coaBTOPhI BBEJHM TUIIEPTEOMETPUIECKNAE CUCTEMBI,
CBSI3AHHBIC C TPACCMAHUAHAME. JTU CHCTEMBI, TIPE/ICTABIAIOT U3 cebsl Ch-
CTeMbl YPABHEHUII B YACTHBIX IIPOU3BOJIHBIX, KOTOPBIM YJ/IOBJIETBOPSIOT
UHTErpaJjbl OT creneneit juHeiinbix dopm. I[Ipu sTom ecrecTBenHoit 06-
JIACTBIO OMPEJIESICHIS 9TOM CUCTEMBI sABJIsIeTCs MEHOTOOOpas3ne I'paccmana
(em. [1)).

B paGore [2| npu pemennn 3ajadu U3 TEOPUM IIpeJCTaBJIeHUi (110-
CTPOEHHUE SIBHOW MOJIEJTM KOHETHOMEDHBIX HEIPUBOJMMBIX IIPEJICTABIIC-
Huii anre6bpor gl,, onucanue Gasuca lenndanna-lleruna B Heil) Gblia
BBeJICHA CHCTEMa YPABHEHUI B YACTHBIX MIPOM3BOJIHLIX, KOTOPYIO ecTe-
CTBEHHO MOYKHO HA3BATh TMIIEPIreOMETPUYECKON CUCTEMO HA MHOT000-
pasun Jaros (CTOUT OTMETUTD, YTO "CHCTEMBI Ha MHOT00Opasnu Jia-
ro"Bommit u .M. Tenbdans ¢ coaBropamu, 0JHAKO, UX OIpEJIeICHIe
CTOUT IPU3HATH HEYJIAYHBIM).

Jlannast cucrema Ha MHOrooOpasum (JaroB HacjelyeT He Bce XOPOo-
e cBoiicTBa cucrembl Ha ['paccmannane. OJIHAKO, HEKOTOPBIMU 3aMe-
JaTeJbHBIMU CBOICTBaMU OHa BCe-Taku obJiasgaeT. Tak, oHa ©MeeT KOHEU-
HOMEPHOE MPOCTPAHCTBO periennii. [Ipu 3T0M pasmepHOCTH TOTO IIPO-
CTPAHCTBA HAXOUTCS SIBHO B KOMOMHATOPHBIX TepMUHAX (YUCJIO JIMHETH-
HBIX TPOJIOJKEHUN MOPsiJIKA Ha HEKOTOPOM YACTUYHO YIIOPSJIOYEHHOM
MHOXKECTBE).

Kpome Toro, ucrosib3yst 3Ty CucTeMy yJIaeTcCsi HATU HOBbIE CUCTEMBI
IOPOXKIAIONINX B Hjease coornorrenunit [lmokkepa.

O06 3Tu pe3yabraTax U OYIET PacCKa3aHO B JIOKJIAJIE.

Cnucok Jureparypbl

[1] Temsdang U. M., I'paecs M. U., Perax B. C., Obwue 2unepzeomempuneckue
cucmemovt ypasherutli u padv 2unepzeomempureckozo muna. Y MH, 47:4(286)
(1992), 3-82.

[2] Artamonov D.V. A functional realization of the Gelfand—Tsetlin base. U13B.
PAH. Cep. marem., 88:5 (2024), 3-46
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O IMMPOCTHIX CEMENCTBAX KBA/IPATHBEIX MATPUIIL
ACTAIIIOB E.A.

MI'V umenn M.B. Jlomonocosa, Poccus
Mockosckuit LlenTp dynmamenTaabHOM U IPUKIIAIHON MaTeMaTuku, Poccns
ast-ea@yandex.ru

CewmeiicTBa MaTpury (TO €CTh MATPUIIBI, SJEMEHTAMU KOTOPBIX SIBJIsI-
1oTcst QYHKIUKM HA [POCTPAHCTBE IIAPAMETPOB) €CTECTBEHHBIM 00pa30oM
BO3HUMKAIOT B CBA3H C PA3IMIHBbIME 3aja4damu 1uddepeHuagibHoil reo-
Mmerpun, auddepeHnuanbHbIX ypaBHeHuid, Mexanuku, u jap. Coorser-
CTBEHHO, BO3HUMKAIOT 3aJ1a4i [PUBEJICHUS TaKUX CEMEHCTB K HOPMAJIb-
HBIM (pOpMaM IPHU IIOMOIIK TPeodPA30BAHUN HEKOTOPOIO KJIACCA.

B pabore [1| paccmarpuBaercst 3a/jada HPUBEJCHUS AHAJINTHIECKOIO
ceMelicTBa KBaJ[PATHBIX MaTPHUIl K HOPMaJILHOH (opMe, uMeroreit BuI
BepcaJbHON JedopMalun >KOpAaHOBON HOPMAaJbHON (OPMBI OJHOTO U3
9JIEMEHTOB ceMelicTBa. VIHTepec NpeJCTaB/IsAIOT TakyKe 3aaui KJIacCu-
dukanmu KBaJIpaTHBIX MATPUIL ¢ TapaMeTpamMu (KBaIPATHBIX, CUMMET-
PUYHBIX JIMOO KOCOCUMMETPHUYHBIX) KaK MaTpPHUI] JUHEHHBIX OTOGparKke-
HUli JinbO CUMMETPUYHBIX / KOCOCUMMETPUIHBIX OrinHeiiHbx hopm. ITo-
JI0OHBIE 3a/1a49u paccMaTpuBatoTcst B paborax [2]-[5]. Cpeau Takux mar-
PHIIL BBLIEISIOTCS IIPOCTIE MATPUIIBI C IIAPAMETPaMHU, TO €CTh CeMelicTBa,
uMeroIue e 6OJIbIIe YeM KOHETHOE YUCJIO IPUMbIKAHUI (He SKBUBAJICHT-
HBIX UM CeMeiCTB, KOTOpble MOTYT OBITH IOJIyYeHbl M3 JAHHBIX CKOJIb
YTOJIHO MAJIBIM BO3MYIIIEHHUEM ).

Joxnaz 6yer NoCBAIIeH 0030py HEJaBHUX Pe3yJIbTaTOB B 3a/1a9aX O
KyaccuUKaNU aHAJTUTUIECKIX CeMEeHCTB KBaJIpaTHbIX MaTpuil (ofre-
ro BHJA, a TaKyKe C OIPAHUIECHUAME THUIA CAMMETPHH M YETHOCTH IO
COBOKYIHOCTH NAPAMETPOB) € TOUHOCTDIO JI0 PA3JIMIHBIX OTHOIIEHHH 9K~
BUBAJEHTHOCTH. B 9acTHOCTH, GY/IyT MPUBEIEHBI HEOOXOAMMBIE YCIOBUS
CYIIECTBOBAHMs MPOCTBIX CEMENHCTB OINPEJIEJIEHHOrO BHUJIA, & TAKyKe Ja-
cTUYHAsA KaaccuduKanusa Takux ceMeiicts. HeKoTopble n3 3TuX pesyiib-
TATOB MOXKHO HaiiTu B padore [6].

Cnucok Jureparypbl

[1] Apromsn B.M. O wmampuyaz, sasucawuzr om napamempos. YMH 26:2(158)
(1971), 101-114.
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[2] Haslinger G.J. Famailies of Skew-symmetric Matrices (Ph. D. thesis). University
of Liverpool, 2001.

[3] Bruce J.W., Tari F. On Families of Square Matrices. Cadernos de Mathematica,
03 (2002), 217-242.

[4] Bruce JJW. On Families of Symmetric Matrices. Moscow Math. J. 3 (2003),
335-360.

[5] Bruce J.W., Goryunov V.V., Haslinger G.J. Families of skew-symmetric
matrices of even size. arXiv.org (2022).

[6] Abdrakhmanova N.T., Astashov E.A. Simple germs of skew-symmetric matriz
families with oddness or evenness properties. Journal of Mathematical Sciences,
270:5 (2023), 625-639.

OB O/IHO3HAYHOI PA3PEIIINMOCTA
HAYAJIBHO-KPAEBBIX 3AJIAY J1JIS1
ITAPABOJIMYECKUX CUCTEM
B IIJIOCKUX OTPAHUYEHHBIX OBJIACTIX C
BOKOBBIMU I'PAHUIIAMMJ U3 KJIACCA
JUHU-TEJIbIEPA

BAJIEPKO E.A."** CAXAPOB C.U."*"

'MI'Y umenn M.B. Jlomonocosa, Poccns
2MockoBcknii enTp byHIaMEHTaIbLHON U IPUKJIaIHOi MareMaTuku, Poccust
“baderko.ea@andex.ru, "ser341516@yandex.ru

PaccmarpuBaiorcst HauaJlbHO-KPAeBbIe 3aJa4i Jisl 1apaboInIecKix
o ITeTpoBckoMy crcTeM BTOPOTO IOpsiIKa B OrpaHrIeHHON obacTu ) ¢
HEIVIaIKNMH GOKOBBIMHI TpaHUIaMu u3 Kiacca Juau-Tembnepa HY/2 e,
Ha KOTOPBIX 3a/1al0TCsl 'PAHUYHbBIE YCJI0BUs 0bIero Buja. JJokaspiBaeTcs
TeopeMa 00 OJIHO3HAYHOI Pa3pernMOCTH B IPOCTPAHCTBE
C?Y(Q) N C1O(Q) mocrasieHHbIX 33144 TIPU TOUHBIX YCJIOBHSX Ha TIIaI-
KOCTb [IPAaBbBIX YacTeil FPAHIYHBIX YCJIOBHI U HA IVIAJIKOCTH GOKOBBIX I'Da~
Hut obsactu . Jlaercsi MHTErpajbHOE IIpEJICTABIEHHIEe DelleHuil ITUX
3a/1a4 U YCTAHAB/IMBAETCS UX HPHHAIEKHOCTH npocrpanctsy C10(€).
IIpocrpancrso C1O(Q) coBuanaer ¢ npocrpancrsom Tembuepa
H'Fo(140)/2(Q) (cm. [1]) npn nogcTanoBKe B ONpPEIEICHAe TTOCTEIHEro
a = 0. Ilpum 9TOM HOPMBI B 9THX NIPOCTPAHCTBAX SKBHBaJEHTHBI. OT-
JIEJIBHO JIOKA3bIBAETCs MMEIOIasl BCIIOMOIATEIbHBIN XapaKTep TeopeMa
06 omHOzHAMHOI paspermuMocTn B ipoctpanctee C21(D) N CHO(D) za-
naan Komm s mapabosmmaeckux cucreM B mosoce D = R x (0,7).
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Kpome Toro, ycranasimBaeTcs npuHaIeskHocTh npoctpanctsy C'10(D)
pellleHus 3Toi 3a/1a4u.

Cnucok Jureparypbl

[1] JTagprxenckas O.A. Cosnonnukor B.A., Ypansuesa H.H. Jlunetinvie u keasu-
AuHetiHble Yypasrenua napabosuveckozo muna Hayka, M: 1967.

[2] Kamprana JI.U., Xumuenko B.H. Ipunyun makcumyma u A0KAGALHBIE OUEHKU
Junwuya 66au3u 60K0601 2paHuybl 0L peuleruti NapabosUTECK020 YPaBHEHUA
2-20 nopadka Cub. marem. k. 1975. T. 16, Ne 6. C. 1172-1187.

[3] Bamepko E.A., Yepenosa M.®. ITomenyuans npocmozo cAoa 4 NEPeas Kpaesas
3adava das napabosuneckots cucmemovt Ha naockocmuy duddepenir. ypaBHenus.
2016. T. 52. Ne 2. C. 198-208.

[4] Bagepko E.A., Caxapos C.M. IHomenwyuas ITyaccona 6 mepeotli mauaavho-
Kpaesol 3adave OAf NAPAOOAUMECKOT, CUCTIEMbL 8 TLOAYOLPAHUMEHHOT 0baacmu
Ha naockocmu uddepenn. ypasmenusi. 2022. T. 58. Ne 10. C. 1333-1343.

[5] Caxapos C.1. Hauaavho-kpaesvie 3adaru 0 00HOPOOHBIT NAPAGOAUNECKUT CU-
cmem 6 NOAY02PAHUNEHHOT, NAOCKOT 00AGCTU U YCA0BUE JOTLOAHUMEALHOCTU
Huddepenn. ypasuenus. 2023. T. 59. Ne 12. C. 1641-1653.

[6] Caxapos C.U. O nauaavHo-kpaesvr 3a0a4ax OAA NAPGOONUNECKUT CUCTEM 6
NOAYO02PAHUNEHHOT, NAOCKOT 00AGCTU C 2PAHUMHBIMU YCA0BUAMY 06wez0 6uda
?Kypn. Beraucaut. mateM. u MatT. dusurn. 2024. T. 64. Ne 6. C. 1028-1041.

[7] Bamepko E.A., Caxapos C.M. 06 odnoznawnoti paspewumocmu 3adawu Kowu
8 Kaacce Cl’o(ﬁ) das mapabosuveckur cucmem na naockocmu duddepemntr.
ypasuenusi. 2024. T. 60, Ne 11. C. 1471-1483.

MOAEJINMPOBAHUE PACITPOCTPAHEHUNA
BHYTPEHHUX I'PABUTAIIMOHHBIX BOJIH B
CTPATUO®UIIMPOBAHHON YKNJIKOCTU

BAMJIVJ/IOB B.I'."*, KHA3BKOB /1.10."", IIIAMAEB A.C."¢

'NucturyT npobnaem mexanuxku uM. A.TO. Ummuckoro PAH, Poccus
“baydulov@gmail.com, *knyaz@ipmnet.ru, ‘sham@rambler.ru

PaccmorpuM 3asady MOJEIMPOBAHUST PACIPOCTPAHEHNSI BHY TPEHHIX
IPABUTAIMOHHBIX BOJIH B OOJIACTH, 3allOJHEHHOI CTpaTH(UINPOBAHHOM
WJIeaNIbHOM KIJAKOCTBIO. 3alliieM ypaBHeHHe Ha BHYTPEHHMUIT ITOTEHIN-
a1 ¢ (x,t) B npubmmkennn Byccnnecka |1, 2]:

0% 2
A 12 + N(z2) Agytp = f(x—r(1)). (1)
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Baech r(t) — 10JI0XKEHNE MCTOYHMKA BO3MYIIEHUS B MOMEHT BpPEMEHU

_ 92 9?2 _ 92
t, N — =acrota mnaBydects, Ay = 55 + ik A = Ay + 57 Ho-
cjie Toro, Kak (pyHKnus 1(X,t) HaiijeHa, MOXKHO pacuuTaTh JaBJIEHUE,
BEPTHUKAJIBHOE CMeIleHne, CKOpocThb Kujkoctu (3, 4. Ha rpanune orpa-

HUYEHHO objiactu ) 3a/I1aHO yCIOBHE
P =0, x€, (2)
B HaYaJIbHBII MOMEHT BPEMEHH

Y=o = 0. (3)

Ypasuenue (1) siBisiercst ypaBHeHHEM c060JIeBCKOro tuma [5|, TodHbIe
yTBepK/JIeHust 0 paspermumoctu 3ajaqau (1)—(3) mis caygas N = const
MoxKHO Hafitu B [6]. Panee aBropamu Oblia paspaborana KOMIIBIOTED-
Hasl Iporpamma, MO3BOJISIIOIasl YUCIeHHO permarTh 3aaady (1)—(3) as
cjlydasi, KOrJa UCTOYHUK BO3MYIIEHHsI B IpaBoii dactu ypasuenus (1)
onpenensiercs byukuueir f(x,y,z) = %6_A2(I2+y2+z2), rne A, B —
HEKTOpble KOHCTaHTHI |4, 7|.

JIJ1s1 OTAEIBHOTO TOYEYHOTO KCTOYHHUKA ¢ MACCON 1M B HEOTDAHUYEHHOM
OJIHOPOJIHO CTpaTU(hUKAIMPOBAHHON KuKoCTH, T.e. s f(x) = md(x),
N = const u3BECTHBI ACCUMIITOTUKE JIJIsI CJIyYA€B JBUKEHUSI C TIOCTO-
SIHHOJI CKOPOCTBIO T'OPU30HTAJILHO [3] Mt 1107] (PUKCHPOBAHHBIM yIJIOM
K ropusonty [8]. B mHacrosimeii pabore mccieyercsi BO3MOXKHOCTD HC-
[OJIb30BaTh 9TU ACCUMITOTUKN BMeCTO pernennst 3agadn (1)—(3), B Tom
qucsie, JJis pacdera moJis CKOpOCcTeil 0T TPYIIIbI MACCOBBIX UCTOYHUKOB,
JUIsl JIBUZKEHUsI C HEIOCTOSIHHON CKOpocThio. [lokaszano, 4To Ha jocra-
TOYHO BOJIBIIIOM PACCTOSIHUYM OT TPAEKTOPHUU JIBUKEHUsI UCTOYHUKA BO3-
MYIIEHHsI U OT TPaHuUIBl obaactu O) yCTaHOBUBIIEECs TIOJI€ CKOPOCTEH
MOKET ObITH PACYUTAHO 110 ACCUMTOTUIECKUM (POPMYJIaM JIjIsi TOYETHOTO
HCTOYHHUKA C HEKOTOPOIl 3(pdeKTUBHON Maccoit my.

Pacuerbl IpOBOJAMINCH ¢ UCIOIH30BAHUEM BBIYUCIUTEIHHBIX KJIACTE-
pos Ilenrpa kosutekruroro nosbzosanus (IIKIT) BP MCILL HUIT «Kyp-
YATOBCKUI MHCTUTYT». ABTOPBI BBIPAXKAIOT TJIyOOKYIO IPU3HATETLHOCTD
pykKoBojicTBY u corpyaaukam [TKII.

VccneoBanne BBIMOJHEHO 3a CYeT I'paHTa POcCCHiCKOro HayvHOro

donma Ne 24-61-00025, https:/ /rscf.ru/project /24-61-00025,/ .
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AHAJINMTNYECKOE PEHNTEHVE JINMHEAPN30BAHHBIX
YPABHEHUI BOJIBIIMAHA — MAKCBEJLIIA

BE3PO/JIHBIX C.U."*, TOPJIEEBA H.M."*"

!@enepanbHblil UccIe0BATEIbCKHI eHTP "UHdopMaTiKa 1 yIpasjeHne”
Poccniickoit akanemnu nayk, Mocksa, Poccus
*MI'TY . H.D. Baymana, Mocksa, Poccus
*sbezrodnykh@mail.ru, *nmgordeeva@bmstu.ru

B pabore paccmaTpuBaeTcs cieiylolasi Kpaesasi 3a/1a4a;

vFz(x,v) + AF(z,v) = v€(x / F(x,s)k(s)ds, (1)
/ F(z,s)k(s)ds, (2)

F(l,v)=F(,—v), F(=lv)=F(-l,—v), El)=&E-)=1, (3)

rie dyaxmun F(x,v) n £(x) ABISIOTCT HCKOMBIMHI B II0JIOCE

{z € (=1,1),v € (—o0, +00)}, (4)
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a dyukrus k(s) cauraercs 3a/JaHHOM 1 JJIsI Hee IIPE/IIoIaraeTcs yeaoBue

oo
/ K(s)ds = 1: (5)
—00

sesmanibl A € Cu B € R B ypasuennsx (1), (2) sBisiorces napaMeTpamMu
3a/1aH.

Bagaua (1)—(5) Bo3HHKAET IpU M3y4YeHUH OTKJIMKA CJIOsi [JIA3Mbl Ha
BHEIIIHee 3JIeKTPOMArHUTHOE Bo3MyIeHue. YpasHenus (1), (2) nosyde-
HBI [IyTeM JIMHeapu3auu cucreMbl Bosbimana — Makcsesuta. Besnan-
ubl F(x,v) u (x) upeacrapisgior coboit BO3MyIIeHus! (DYHKIUU PaCIpe-
JIeJICHUs] 9JIEKTPOHOB U HAIPSZKEHHOCTH 3JIEKTPUIECKOIO T10JIsl COOTBET-
CTBEHHO, & I[IepeMeHHble (', V) UMEIT CMBICJ KOODJAMHATHI U CKOPOCTH.
B ypasrenusix (1), (2) siapo k(s) mnpescrasisier coboit obe3pasMepet-
HYIO HEBO3MYIIEHHYIO (DYHKIMIO Paclpe/ie/ieHusl, B KauecTBe KOTOPOii
paccmotpenbt dyukiusgs Pepmu — lupaka n dbyuknusa Makcsesuia.

st mocrpoenust obiiero perenusi cucrembl (1), (2) npumeneHo co-
JeTaHHe MeTOJa paciupenust obsmactu (1o Beeil mwiockocru (x,v)) n
Merojia npeobpazoBanusi Pypbe B MPOCTPAHCTBAX ODOOIIEHHBIX (DYHK-
muit D' u Z', em. [1]. O6mee pemenne cucrembr (1), (2) mocrpoeno B
MHTErPAIbHOM BUJIE C SIBHO BBIIUCAHHBIM SIZIPOM U CBOOOIHON ILIOTHO-
crbio Q(N).

[TojcTaHOBKA HHTErPAJBLHONO TIPEJICTABJICHNS! JIJIsi OOIIEro PelleHnst B
KpaeBble yCJIoBHst (3) IPUBOAUT K CHHTYJISIPHOMY MHTEIDAJIbLHOMY yDaB-
HeHuto ¢ sapom Komu orHocuTenbHo Q(N) U pacryieii npasoii 4acTbio.
JlauHOe MHTerpasbHOe ypaBHEHHE PEIICHO B AHAJUTUYECKOM BUJIE, LU
9TOM UCCJIE/IOBAHA 3aBUCUMOCTH €I'0 HHIEKCA OT BBIOPAHHOIO BH/Ia HEBO3-
MYIIEHHOI (bYHKIMN PACIPE/IeIeHNs], YaCTOThI BHEIITHErO TIOJIs ¥ 4acTo-
TBI CTOJIKHOBEHUI B I1a3Mme. IIpe/icraBiiena ducieHHas peaan3aliys Hafi-
JIEHHOTO aHATUTHIECKOTO peltenus Kpaesoii 3aaaun (1)-(5). Pesynbrarer
U3JI02KeHbl B paborax [2], [3].
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O PA3PEINIMMOCTU HEKOTOPBIX KPAEBBIX 3AJ/IAY
AJ1d JTNOPEPEHITNAJIBHBIX YPABHEHUY B
YACTHBIX ITPOMN3BOJHBIX C NHBOJIIOIIEN

B> XKEYMHUXOBA O.U.

Kabapauno-Banrkapcknit rocymapcreenusiit yauBepcureT uM. X.M. Bepbekosa,
Poccus
bzhoksana@gmail.com

Pabora mocesitiiena u3y4eHnIo pa3penimMOCT KPAEBBIX 33/1a9, B TOM
YUCIe HEJIOKAJIBHBIX KPAEBBIX 3aJ1ad, JJIS JIMTHEHHOTO SJITUIITHIECKOrO
YPaBHEHUSI BTOPOTO MOPSIJIKA ¢ OOIIUM WHBOJIFOTUBHBIM OTKJIOHEHUEM ap-
I'yMEHTa II0 BLIODAHHOMN IlepeMeHHoi. B pabore npuBeieHbl pe3yabTaThl
HPOJIOJIZKAIOIIIE HCCIe0BANsI, HadaThle B paborax [1]-[4].

IIycrs 2 — orpammdenHasi objacTh U3 IpocTpaHcTBa R mepemen-
HBIX I1,X2,...,2Tn C TJaAKON rpanureit I'. B nuwaunmgpudeckoit obiaactu
Q=0x(0,T),0<T < +o0, paccmorpuM auddepeHnuaibLHoe ypaBs-
HEHUE

Utt(l‘, t) + AU(%, t) + a(x7 t)u(x7 t) + b(x7 t)u(x> Sp(t)) = f(xa t)? (1)
riae a(z,t), b(z,t) u f(x,t) — 3aganable DYHKIUU, ONpPEJEIeHHbIE PU

x e, tel0,T], o(t) — sanannas ua orpeske [0,7] maBomorms, A —
oneparop Jlamnaca, JIefCTBYOIMA O TIEPEMEHHBIM T, L2, ..., L.

Bamaua 1. Hatumu pewenue u(zx,t) ypasnenus (1) 6 obaacmu Q,
YO06AEMBOPAIOUEE YCAOBUAM:

u(z,t)|s =0, (2)
u(xz,0) =0, u(z,T)=0, x€Q,
2de S =T x (0,T).

Bamaua 2. Hatumu pewenue u(zx,t) ypasnenua (1) 6 obaacmu Q,
ydosaemeopaowee (2), a makice YcroUAM:

ut(x,0) =0, ut(x,T) =0, =€
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Bagaga 3. Hatimu pewenue u(x,t) ypasnenus (1) 6 obnacmu Q,
ydosaemeoparowee (2), a MaKHce YCAoBUAM:

u(z,0) = au(z,T), u(x,T) =0, z€Q, (3)

2de v — deticmBUMENBHOE YUCAO.

B pabore st ucciiejiyeMbix 3aa9 METOIOM ITPOIOJIKEHUST IO TTapa-
METPY U AIPUOPHBIX OMEHOK JTOKA3BIBAIOTCS TEOPEMBI CYITIECTBOBAHUS 1
€JIMHCTBEHHOCTHU DPEryJisipHbix (nMeromux Bce 0006mentbie mo C.JI. Co-
60JIeBy POU3BO/IHBIE, BXOJAIINE B ypaBHEHUE) pelenuii [5).

VceneoBanue BBIOHEHO IPpK (DPUHAHCOBOI 1o iepKKe BHyTpernero
rpanta KBI'Y (Jorosop Ne 8).
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O CYIIIECTBOBAHUUN JN®PEPEHITNAJIBHBIX
CHUCTEM C KOHTPACTHBIMI COYETAHUAMUI
CBOVICTB YCTOMYNBOCTU, HEYCTOMYNBOCTU
" X PAIINAJIbBHBIX PASHOBU/JIHOCTEN

BOH/IAPEB A.A.

MI'Y umenu M.B. Jlomonocosa, Poccust
albondarev1998@yandex.ru

B eBkiyinosom npocrpanctse R", n € N, paccmarpuBaeM aBTOHOMHBIE
CUCTEMbI BHU1a

&= f(x), tel0,400), zeR", feC'(R"R"), f(0)=0. (1)
Nmeror MecTo ciiemyrorme

Teopema 1. Jlas kaoicdozo n > 1 cywecmeyem cucmema (1) ¢ nysesvim
AUHETHOLM NPUBAUNCEHUEM, KOMOPAA 00HOBPEMEHHO:

— obaadaem 06wepaduaNLHOT ACUMNIMOMUYECKOT YCMOTUYUBOCTIDIO
ecex mpex munos [1];

— obaadaem nepponosCKoli U GePTHENPEIEALHOT HACTNUYHUMU KPATi-
HumU neycmotinusocmamu |2];

— e obaadaem nowmu yemotiuusocmuvio Hukakozo muna [3].

Teopema 2. /s kaosicdozon > 1 cywecmsyem cucmema (1) ¢ nyaesoim
AUHETHDIM NPUOAUNCEHUCM, KOMOPQA 0OHOBPEMEHHO:

— obaadaem obuepaduanvHoti NOAHOT HEYCTNOTUNUBOCTNDIO BCET MPET
munos [1];

— 0baadaem nepporoscrots U BEPTHENPEIeALHOT HACNUNHBIMY KPATi-
Humu Heycmotinusocmamu |2];

— He 06aadaem nowmu noAHol HeYCmotuusocmyio Hukakozo muna (3.

Teopema 3. /Jlas kasicdozon > 1 cywecmsyem cucmema (1) ¢ nyaesoim
AUHETHBM NPUOAUICEHUEM, 00400010UGA 0OHOBDEMEHHO:

— 00weEPadUANLHOTL ACUMNMOMUYECKOT YCMOTUNUBOCTNHIO 6CET MPET
munos [1];

— NEPPOHOBCKOT U 8EPTHENDEIEALHOT YACTNUNHBLMU KPATHUMU HEYC-
motuusocmamu |2];

— NEPPOHOBCKOT U BEPTHENPEIEABHOT NOYMU ACUMNINOTMUNECKUMU YC-
motuusocmamy |3].
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Bameuarue 1. PacnpocTpaHuTh BCe TPU TEOPEMBI Ha CJIydail pasMepHO-
ctu n = 1 wam ke 106aBUTh B (POPMYJIUPOBKY TPETheil N3 HUX HAJINIHE
Y CHCTEMBI ellle U JIAIIYHOBCKOHN IMOYTH aCUMITOTHUYECKON yCTONYNBOCTHU
He [IPeJICTaBJIsIeTCsl BO3MOXKHBIM (CM. mccieioBanust |4, Teopema 2| u |3,
TeopeMa 3| COOTBETCTBEHHO).

Samevanue 2. Ilpumepnl muddepeHnnalbHbIX CUCTEM CO CTOJb KOH-
TpacTHBIME HabOpaMK CBOICTB IIpe/ICTaBjIeHbl TakxKe B paborax [5]-[8].

Uccnenosanne nopaep:kano QoHIOM pa3BUTHS TEOPETUIECKO hu3n-
ku u Maremarukn “BA3UC” (npoekr Ne 22-8-10-3-1).

1
2]

3l

4]

5]

(6]

(7]

18]
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PABHOMEPHA S YCTOMYNBOCTH OBPATHOI
CIEKTPAJIbHOM 3AJJAYU JIJISI MATPUYHOT'O
YPABHEHUWA IMITYPMA-JINYBUJIJIA

BOHJAPEHKO H.II.

CapaToBCKUil rOCYIapCTBEHHBIN yHUBEpCUTET, Poccus
bondarenkonp@sgu.ru

Paccmorpum kpaesyio 3agaay L = L(Q, h, H) 151 MATpHIHOTO ypaB-
nenus Hrypma-Jlnysuss:

Y +Q(2)Y = )Y, xze€(0,7), (1)
Y'(0) —hY(0) =0, Y'(r)+ HY(7)=0, (2)

rie Y =Y (x) — Bekrop-dyuknus (crosber) pasmepa m (m > 1), Q(x)
— KOMILIEKCHO3HAUHAs MaTpuia-GyHKIus pazmepa (m X m) ¢ 1emMeH-
tamu u3 Ly(0, ), A — cnekTpasibHblii napamerp, h u H — KOHCTaHTHbIE
(m x m)-marpurnst. [Ipu yciroBusix

Q*(z) =Q(x) n.B. na (0,7), h=h", H=H",

sagada L ABIAETCS CaMOCONPSIZKEHHOI.
O6ozHaunm uvepe3 $(x, \) marpuuHoe perienue ypaprenus (1), yio-
BJIETBOPSIIONIEE KPACBBIM YCIOBUSIM

(0.0) = h®(0.N) = Ly ¥/(m,\) + HO(m, ) = O,

vae I, u 0, — exuHMYHAS U HyJeBas MaTPUIBl pasmepa (m X m).
Marpuna-dynknus M () := ®(0, \) nassiBaercss marpureil Beitis 3a-
naun L. Ee smemeHTB MepoMOpGhHBI IO A, ¥ UX TOJIOCHI COBIAIAIOT C
COOCTBEHHBIME 3HaUEHUAMI {\p }p>1 3a1a4u L. Beegem BecoBble MaTpu-
IBI

ap := Resy=p, M(A\), p>1

O6parnas 3aga4a. [lo crekTpaabHbIM JAHHBIM { Ay, Op }p>1 TOCTPO-
urh Q(z), hu H.

Jlannast obpaTHas 3amada  0600IMAaET  KJIACCHYIECKYIO — 3ajady
UM. Tenpdanma u B.M. Jlesurana [1| mo cmekrpasbHoil byHK-
muu. XapaKTepu3alys CIeKTPAJbHBIX JIAHHBIX MATPUIHOTO OMepaTopa
HIrypma-JInysumns (1)-(2) 6bl1a nostydena B [2]. B nansom mokitae oc-
HOBHOE BHUMaHNE Oy/IeT yaeJaeHO paBHOMEPHO# ycToifanBocTr 00paTHOI
sajia4n, obobmraromieit pesyabrar A.M. Casuyka u A.A. kasmkosa [3|
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Ha MaTPHYHBI ciydaii. /loKa3aTeIbeTBO OCHOBAHO HA METOJIE, PA3BUTOM
B pabore 4| mis ckansipaoro ypasrenus [Itypma-JInyBusist.

Pabora mommepkana Poccuitckum naydabiM poHIOM, rpanT 24-71-
10003.
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TCPVYIIIIOBOM AHAJIN3 OTHOMEPHOTI'O
KNHETUYECKOI'O YPABHEHUY U ITPOBJIEMA
3AMBIKAHUSA MOMEHTHON CUCTEMBI.
VPABHEHUSA C TPEXMEPHOM I'PVIIIION
CUMMETPUMN

BOPOBCKUX A.B."*, IIJTATOHOBA K.C."*

' MocKoBCKHit rocyTapcTBeHHLIH yruBepcuTer nmenn M.B.JIomorocosa, Poccns
“aleksey.borovskikh@math.msu.ru, *kseniya-plat@yandex.ru

Obcyxmaercst nmpobyieMa NOJIyUeHUs YPABHEHUN CILIOITHON CPeJibl U3
KAHETHYECKUX YPABHEHUI HA OCHOBE I'PYIIIOBLIX MeTOJI0B aHajm3a. Oc-
HOBHAs UJI€s COCTOUT B TOM, YTOOBI, BBIYUCJIUB I'PYIIIY CUMMETPUN KUHE-
THYECKOT'O yPABHEHUS, IEPEHECTH €€ JeficTBIEe HA MOMEHTHBIE BEJIMIUHbI,
HafTH MHBAPUAHTHI STOW I'PYyHIbI KaK (PYHKIUHA OT MOMEHTHBIX BEJIH-
YUH U, 33J/iaBas WHBAPUAHTHbBIE COOTHOINEHUS] MEXKJIy HUMH, YPe3aThb U
3aMKHYTb DECKOHEUYHYIO CHCTEMY MOMEHTHBIX YPAaBHEHUN, HOJIYUUB y¥Ke
KOHEYHYIO CUCTEMY ypPaBHEHUN CIJIOIIHONU Cpeibl.

OTa nies peaqn3yercs Ha MPOCTEHIeM OTHOMEPHOM KHHETHIECKOM
ypaBHEHIN

fi+cfe+ (Ff)e=0. (1)
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['pyumnosoit ananu3 ypassenusi (1) ocyiecrsisiercst B Kiaacce auddeo-
MOPGU3MOB IPOCTPAHCTBA BCEX BEJINYHH , X, ¢, f (& B ciiydae IpyIIIbl 9K-
BUBAJIEHTHOCTH — elle U F'), KOTopble yJI0BIETBOPSIIOT CJIELYIOININM TPEM
YCJIOBHSIM:

® YCJIOBUE HHBAPUAHTHOCTH IIPU STUX IIPEOOPA30OBAHUSIX COOTHOIIIE-
Hut

dzx = cdt, dc = F dt, (2)

YTO BBIPAYKAET COXPAHEHNE OTHOIIEHN MEKIY (DU3NIECKIME Be-
mmanaamu (t, x, ¢, F);
® YCJIOBUE MHBAPMAHTHOCTH CEMEICTBa MPAMBIX

dx = dt =0, (3)

HEOOXOIMMOe, ITOOBI COXPAHSICT (PUIUIECKUI CMBICT MOMEHT-
HBIX BeJIMIMH;
® yCJIOBHE MHBAPUAHTHOCTU IPU 3aMEHAX IePEeMEHHBIX BEJIUINHbI

(1+cl, + FO.)f(t,x,c)dzde, (4)

Ha JI060ii noBepxHocTH t = 6(x, ), 9TO BBIparKaeT HE3ABUCH-
MOCTDH KOJIM4YeCTBa 9aCTHUIL OT BbI60pa CHCTEeMbI KOOpJIHUHAT.

YCeTaHOBJIEHO, YTO IPYIIa TOYEIHBIX IPEOOPA30BaHUl TPOCTPAHCTBA
nepeMeHHbIX (¢, x, ¢, f, F'), OCTaBJIAIOIUX MHBADUAHTHBIMU COOTHOIIIEHUS
(2), (3) u Besmuuny (4), coBnagaer ¢ rpymuoii guddeomopduaMoB mpo-
CTPAHCTBA IIEPEMEHHBIX (t, ) U MOPOXKJICHHBIX UMH IPeobpa3oBaHuil OC
TaJbHBIX [IEPEMEHHBIX; IPYIIIIa SKBUBAJICHTHOCTH ypaBHeHusi (1) cosma-
JaeT € 3TOU I'PYIIION.

Ocyectsiiena rpynnosasi Kiaaccudukanus ypapuenuii (1) B ykasan-
HOM KJjiacce IpeobpasoBaHuii. [Jis Moy 9eHHbIX TPYIIl CAMMETPUI BbI-
YUCJIEHO JeHCTBUE TUX TPYIIIT HA MOMEHTHBIE BEJIUUUHbI U HANICHBI UH-

BapUaHTHI.
B ciayaae F' = 0 naitnenubiii quddepeHIuaibHblii HHBAPUAHT TPUBEJT
K cucreme p; + (pu), = 0, U + uty = 0, KOTOpas XOPOITIO U3BECTHA

KaK ypaBHEHHsl «IHAPOJAMHAMUKU Ge3 jasieHus». IIpu smoM KaxKIoMmy
pemenuio (p(t,x),u(t,z)) ¢ HagaabHBIMU 3HAYCHUSIMUA Po(x) U Uup(T) co-
orBercTBYeT pacnpenesenne f(t,z,c) = po(x — ct)d(c — up(x — ct)).
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Jist ypaBHeHUiA ¢ TpeXMepHbIME (CyOMAKCUMAJIBLHBIMU 110 PA3MEPHO-
CTH) TPYNIAMEU CUMMETPUil MCXO/IHAs IOCTAHOBKA 339U TpaHchOpMu-
poBaJIach B CJIEIYIONLYIO: HAM HEOOXO/IMMO CHadaJja PEIIUTh CUCTEMY W3
ypaBrenust (1) ¢ OfHON CTOPOHBI, U U3 yPAaBHEHHUIA, NPEJCTABIISIONIX
yCJIOBUE WHBApPUAHTHOI'O BhIpaykeHWs: [ Wepe3 IepBbIE JBE MOMEHTHBIE
BEJIMUWMHBI, & 3aTEM yiKe JJIsl 9TUX [ CTPOUTH YpaBHEHUsI CILIOIIHON cpe-
JIbI, CBA3BIBAIOIINE KAK Pa3 9TU JBE MOMEHTHBIE BEJIUIUHBI.

Pabora Bbimosinena rnpu pUHAHCOBOU MO/ Iep:kKe MuHUCTEpCTBa Ha-
yKI u BbIcHero obpaszoanusi Poccuiickoit @emeparuu. Corsarnenue
Ne(75-02-2025-1530.

O CYIIIECTBOBAHUIN PEIIIEHUI 3AJAY HEMIMAHA
B OBJIACTAX HA PUMAHOBBIX MHOT'OOBPA3MNAX

BPOBKUH B.B.

MI'Y umenu M.B.JIomonocosa, Poccust
brovvadim2015@gmail.com

[Iycte M — cBsI3HOE OPHEHTUPOBAHHOE IIOJIHOE PUMAHOBO MHOT0O00-
pasue ¢ KpaeM (BO3MOXKHO 1ycTbiM) u  C M — jmnmmnesa 06J1acTb.
Paccmorpum 3agaqy

2 00

Apu=f BQ, |VulP™ 5

= h, /]Vu|p dV < oo, (1)
Q

o0

rae A,, p > 1, — oneparop p-Jlannaca-Besbrpamu, v — BeKTOp BHeII-
Heit Hopmasm k 90, a f u h — Hekoropbie dynkuuu uz D' (M), npuuem
supp f C €, supp h C 99Q. Pemenne sazaun (1) 6ygem norumarh B 0606-
IEHHOM CMBbIcJTe [1].

OGnacrs Q) naspiBaercs p-runepGosmdeckoii, ecim cap,(Q) > 0, e
cap, () — p-emxocts Muoxkecrsa Q [1]. B nporusrom ciydae obacts
) HazbIBaeTCst P-IapabOIMIECKOIA.

[Iycts w — OTKpBITOE HOJAMHOXKECTBO MHOroobpasust M. st Bcex
| € D'(M) obosnaunm

Ny (1) = sup |1, )|,
(]
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rjie sup Gepercsi o BeceM dyHKImsAM @ € C°°(M), uMermmM KOMIAKT-
HbINI HOCHUTEJIb, TAKNUM, 9ITO

supppNQ Cw u lellzy@) =1,

rae [l¢llzy () — nonynopma B npocrpancTse L () [2].

Bynem npeanosarars, 9To {2 JI0MyCKaeT JIOKAJIBHO KOHETHOE MOKPBI-
THE

ﬁ C [j QZ' (2>
=1

KpatHOCTH k < 00, rie ; C M — jmmmuieBbl 00JIACTH ¢ KOMIIAKT-
HBIM 3aMbikaiueM Takmue, 9to §2; N ;1 # I, ¢ € N. Ilycrs mpu sTom
v: M — (0,00) — usmepumasi (HbyHKIHsI, OT/IEJI€HHAsT OT HYJIsl U OECKO-
HEYHOCTHU Ha, KarKJOM KOMIIAKTHOM ITOJIMHOXKECTBE MHOroobpasus M, a
Yy € C§°(Q;) — pasbuenne e uuuIbl Ha (), MOJIMUHEHHOE TOKPBHITHIO (2),
Takoe, 9To

IVii(2)|P < v(x), z€QNQ;, ieN.

Teopema 1. Ilycmv Q) — p-zunepbosuveckas 06AGCMb U NPU IMOM OAA
moboti pynryuu @ € C°(M) ¢ KOMNAKMHOM HOCUMEAEM CNPABEIAUBO
HEPABEHCTNBO

/ el dv < C / Vol? v, 3)
Q Q

2de nocmoannas C > 0 ne 3asucum om @. Toeda das cywecmsosanus
pewenus 3adavu (1) neobrodumo u docmamouno, wmobo

o

SN~ h) < . (4)

i=1
Teopema 2. Ifycmov 2 — p-napabosuveckas obAaCMb U NPU IMOM OAA
moboti dyrryuu @ € C®(M), pasnoti nymo na mroscecmee QN Qy,
cnpasedauso nepasencmso (3), 2de nocmosnnas C > 0 we sasucum
om . Toeda daa cywecmsosanus pewenus s3adawyu (1) neobrodumo u
docmamouro, 4mobv, 6via0 6unoaneno (4) u npu smom cywecmeosara
nocaedosamenvrocms gynruut n; € C (M), umerowur Komnaxmmvil
HOCUMEND, MAKAA, YWMO

i—00 i—00 P
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2de K C ) — nexomopoili KoMnaxm nosoHcumessHot Mepol.

Crcok JurepaTypbl

[1] Bpoekun B.B., Koubko A.A. O cywecmeosaruu pewenuti 6mopoti kpaesol
300a4U OAR P-AANAACUGHA KA PUMAHOBWT MH02006pasuax // MareM. 3aMeTKH.
2021. T. 109. Ne2. C. 180-195.

[2] Masba B.T. IIpocmparcmesa C.JI.Coboaesa. J1.: Uzn-Bo JII'Y, 1985.

OIIEPATOPHO-/INOPEPEHIINMAJIBHBIE
BBIPAXKEHUA: IIOJTHOTA KOPHEBBIX ®YHKIINN

BYTEPUH C.A.

Caparosckuii yuusepcurer, Caparos, Poccus
buterinsa@sgu.ru

1. Iycrs p € [1,00], Torma kax b € Ly(0,1) 1 1/b € Lipaxipq1(0,1),
rae ¢ = p/(p—1). O6osnaunm depes Ly, ;, 6aHAXOBO IIPOCTPAHCTBO H3Me-
pumbix Ha (0, 1) dynxmmit f(x) ¢ nopmoit [[bf]|,0,1)-

Paccmorpum oneparopro-anddepeHInaabHoe BEIpasKeHNe BUIA

m

by : dwm(By (:v)+0y(a:)), O<z<l, m+neN, (1)

rjae B — jmHelHbIi orpaHuYeH bl oOpaTuMblil onepaTop Ly, Ha L P
’b

n—1
Cy(z) = Zy(”)(O)uy(x), uy(z) € Lq%, v=0,n—1. (2)
v=0

Bpra)KeHI/Ie fy €CTEeCTBEHHO pacCMaTpHuBaTb B KJlacce qnb7 COCTO-
)

meM u3 takux y € W0, 1], aist KoTopsix y™ e Lgyyp. Ilpu sTom BHem-
HIOIO IPOU3BOJTHYIO B (1) MOXKHO IMOHUMATH KaK OOBITHBIM 00pa30M, Tak U
B CMBICJIE TEOPUH pacipeiesieHuil. Ilepsoe mogpasyMeBaeT pacCMOTPEHIE
TOJBKO Tex Yy € W'y, /st KOTOpbIX 2 1= By™ + Cy € Wi™0,1]. Torma
PyHKIIN y[”+j] = z(j), 7 =0,m — 1, BBINIOJTHAIOT POJIb KBa3UIIPOU3BO/I-

HBIX. Bmopoe osnagaer, uro fy € W 1", T.e. aBiugercsa PyHKIMOHAIOM
Q7E

Ha OP% ={feW: f®0) = f*®(1) =0,k =0,m — 1} Buga
1

(by, ) = (=1)" ; 2(2)p "™ (2) dz, @ € Wy
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Torna fy ompenesleHHO das 6cex Yy € Wi Oba crrocoba MOHUMAHUST

Bbipazkenus (1) cosmayt, korga fy € L(0, 1) ", B 9aCTHOCTH, Ly = Ay.
2. B Bugze (1) npeacraBumbr juddepenimaibable BbIPaXKeHUst ¢ KO-

sddurmenTaM 13 HeraTUBHBIX cobosieBckux mpocrpancts [1, 2. Ilycrs

Bf =b*(x) /Ka:t t)dt. (3)
Torya jyist BeIpazkeHuit yernoro nopsiika [1| umeem m = n, p = 2 u
|K(x,t)| < a(x) + a(t) ¢ mexoropoit dynkmmeit a € L, 1.
st BbIpazkenuii HeueTHoro mopsiaka [2| Oymzem mmers m = n + 1,
p=1ubbtu, €AC[0,1],v=0,n—1, a |K(z,t)| <a(t) € L(0,1).

Teopema 1. [Tycmv N :=m+n > 2, b(z) =1 v u,(z) € L(0,1) npu
v=0,n—1, a K(z,t) nenpepvina npu 0 <t <x <1, u K(z,z) =0.

Toz0a cucmema cobcmeennvlr U nNpucoeduHerHbT Gynruut Kpaesoti
3adanu das ypasHenus by = Ay ¢ EpaesmMu YCAOBUAMU

Z a],ky

eael>N—l>Oqu] = yU) npu j =0,n — 1, noana 6 Lo(0,1).

i =1,1, Za],ky )=0, j=I1+1,N,

| |
=
<

Teopema 1 o0606maer Teopemy IllkannkoBa O ITOJHOTE KOPHEBBIX
yuknit quddepeHnnaaIbHbIX OIEPaTOPOB C PACIAIAIOIMIMMUCT HEPEery-
JSPHBIMU KpaeBbiMu yeaoBusivu [3]. OHaKO J0KA3aTeIbCTBO €€ OCHOBA~
HO Ha CBEJICHUU K Pe3y/IbTaTaM XPOMOBa O HMOJTHOTE JIjIs KOHETHOMEPHBIX
BO3MYIIEHHUI WHTErPAJIbHBIX BOJIBTEPPOBBIX ONEPATOPOB [4], 1pu moka-
3aTeIbCTBE KOTOPOil TaKKe MCIOJIb3yeTcst pueM u3 |3, npusiekatomuii
TPUTOHOMETPUIECKYIO BBITYKJIOCTh HHIUKATOPA IEJI0N (PYHKIUH.

Henpepbierocts K (2,t) cOOTBETCTBYeT HEIPEPBIBHOCTU MEPBBIX pe-
TYJIIPHBIX TI€PBO0Opa3HbIX K03 duIinenTon auddepeHmaIbHbIX BhIpa-
kenuit u3 |1, 2|, sanucannsix B Buge (1)—(3), Torma xak K(z,z) = 0
ozHauaeT obHysenune koadduimenta npu (N — 1)-it 1pOU3BOIHOI.

Pabora nmognep:xkana Poccuiickum HayunbiM orgoM, rpanT 24-71-10003.

Cnucok Jureparypbl

[1] Mupszoes K.A., Hlkamukos A.A. Jufdpepenyuarvrvie onepamops, 4emmozo no-
padka ¢ KoapPuyuenmamu-pacnpedeseruamu. Mar. 3amern, 99(2016),788-793.
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O BOCCTAHOBJIEHUU OIIEPATOPA TUITA
HITYPMA-JINYBNJIJIA C 3AMOPO2XKEHHBIM
API'YMEHTOM IIO CIIEKTPY

BYTEPUH C.A."*, JIPAKVJIAKHU .

'Caparosckuit yausepcutet, Caparos, Poccus
“buterinsa@sgu.ru, *yum600@mail.ru

ITycrs {Ag}x>1 — cuektp kpaesoit 3anatu B(q, a, o, ) Buga
—y"(2) + q(x)y(a) = My(z), O0<z<1, y0)=y"1)=0,

rae q(z) — xkomiutekcHo3HawHast Gynkims u3 Lo(0,1), a € [0,1]NQ u
a, f € {0,1}. Paccmorpum ciie/IyIoniyo o6paTHyo 3a/1a4dy.
3AAYA 1. Bnast {A,}r>1, a Takke a, « u 5, mocrpoutsb ¢(x).
O6osnaunm 1epes {A\)};>1 crexrp sazauun B(0,0,1,0).

Teopema 1. Ilycmv a = %, a=1,6 = 0. Toeda ecau A\, = )\2 npu
k > n das nexomopozo n € N, mo q(x) — yearasn pyrnxyus.

Oxumaercst, 9T0 aHAJIOTTIHOE YTBEPK/IeHUE, OY/IeT CIIPABEJINBO JIJIs
BCAKOHN Tpo#Ku a, «, 3, COOTBETCTBYIONIEH TaK Ha3bIBAEMOMY HEBBIPOXK-
JleHHOMY cirydaro [1], T.e. korzma 3asa4da 1 0HO3HAYHO pa3peInnMa.

Teopema 1 1103BoOJISIET TIOJIYYATD II€JIbIE TPUOJIMKEHUS IPOU3BOJILHOTO
norenruaa ¢(x) Ipu MOMOIIY CJIELYIONEro AJITOPUTMA.

AJiropPuTM 1. Ilycrs 3amaHbl COOCTBEHHBIE 3HAUEHUST Ag, kK = 1, n.

1) Boramcisiem

k 0 - )‘j_/\g
i#k 7 k

j=1
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2) Haxomuwm §;, i € N, no dpopmysam
n

(12 S (=DFag(p)), i =2,

i—

(-1)%

n
' Zak(pg)i, i =2v+1,
k=1

3) Hakoner, ctpoum dyHKImIO
— 4 _ =
w0 =27 (=-3)"
=0
MozkHO HOKa3aTh, 9TO CIIEKTD {)\,(f)}kzl sagaan B(qn, 3,1,0) Takos,

qTO )\,(cn) =\Napuk=1,nmn )\I(JL) = )\2 npu k > n.

Kaxk usBectro (cm., Hanpumep, [1]), umeer mecro acumnroruka

~,
Pk = VAL = ,02 + ?k, {”k}kgl € ly.

Takum 06pa3oM, CJIEIYIONIee yTBEPIKJICHNE ABJISETCS CICICTBUEM PaB-
HOMepHOIi ycroiiuuBocTu 3a1a4uun 1 (em. [2]).

Teopema 2. Jlas scakxozo n € N cnpasedausa ouenka

oo
g = anlly0,1) < C Z k2| pr — L%,
k=n+1

2de C' 3asucum moavko om paduyca wapa 6 lo ¢ yeHmpom 6 Hyae, 8
KOMOPOM AEAHCUM NOCAEI0EAMENLHOCTVD { 3¢k }p>1.

Asroput™ 1 MOXKHO HCIOTB30BATD TSI IUCICHHOTO DEIeHUs 3a/1a-
qn 1. AHAJIOTMYHBIN TOIX0, K YHCJIEHHOMY peIleHn0 00paTHOI 3a1a4u,
HO Jisi HHTerpo-uddepeHIuanbHbIX OllepaToOpOB IpeIozkeH B [3].

Pabora nmognepxkana Poccnitckum Hay4anbiM org0M, TpanT 24-71-10003.

Crcok smTepaTyphbl

[1] Buterin S., Kuznetsova M. On the inverse problem for Sturm—Liouville-type
operators with frozen argument: rational case. Computational and Applied
Mathematics, 39 (2020), 5.
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[2] Kuznetsova M. Uniform stability of recovering the Sturm—Liouville-type
operators with frozen argument. Results Math., 78 (2023), 169.

[3] Bondarenko N., Buterin S. Numerical solution and stability of the inverse
spectral problem for a convolution integro-differential operator. Communications
in Nonlinear Science and Numerical Simulation, 89 (2020), 105298.

JIOKAJIN3AIIN S IIOABUXKHBIX OCOBEHHOCTEN
YPABHEHUS{ BJIASUYCA

BAPUH B.II.

WucruryT npukiagsoii maremaruku uMm. M.B.Kenasima PAH, Poccust
varin@keldysh.ru

Sajaua biaasnyca B MareMaTnvecKkoil TOCTAHOBKE UMEET BU/T

y"(z) = =2y(x)y"(x), y(0) =0, ¥'(0) =0, ¥"(0) = 5, = € [0,00), (1)

rae xkoncmanmy baasuyca s Hano onpenennTsh Tax, 9Todbr Y (x) — 1,
x — +00. Pemenne sroit 3aia4un, y(zr), HaseiBaercs gyrnkyuets baasuyca.

[TpakTrdeckas 3HAYHMOCTL 9TOH KpPaeBOH 3a/adu Oblaa HCUYepIaHa
camnMm Butasmycom, ojHako B MaremMaTH4ecKoil 3ajade (/[0 HeJaBHErO
BpeMeHt) ObLI PsiJi HEPEIIEHHBIX TPOBJIeM.

[TepBas oueBnaHast IPOOIEMa — ITO OLPE/IE/ICHIE KOHCTAHTBI S ¢ 6OJIb-
IO M KOHTpOJIMpyeMoii TouHocThIo. B Bukuieun sra kKoHcranTa mpu-
BEJICHA C 3 JIeCATHYHBIMU 3HAKAME, XOTsI B JIATEPATYPE PUBOUTCS JI0
100 3HAKOB. DTa BBHIUUCAUTEIbHAS 33/[a9a 110 CYTH SIBJISETCS MaTeMaTH-
YeCKOIl: TIpe/IbsIBJICHNe CTPOroif oreHKn norpersocra (em. [1, 2]).

31ech npobiieMa B TOM, UTO 3ajada (1) CHHIYJISpHA, U ACHMITOTHKA
peliennst npu £ — 400 (/10 HeJlaBHero BpeMeHH, [3|) OGblia HensBecTHA.

Jpyrast BecbMa HeTpUBHAJIbHAS BLIYUCIUTEIbHAS 33498 — 9TO OIPe-
JieJIEHIe TOYHOIO PAJIMyca CXOJUMOCTH R CTemeHHOro psiyia (QyHKIUH
Brasuyca. /o cux mop sra KOHCTAHTa M3BECTHA JIMIIL C HECKOJILKIMHI
JlecATHIHBIME 3HaKaMu (710 10), nputieM 6e3 Kakoro-mmbo 000CHOBAHNSL.

OTa 3a7a4a ABJISIETCSI YACTHIO OoJlee oOITell 3a1a9n: JIOKAIU3AIIIN 0CO-
6ernocreit pyukmuu Birazumyca.
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[Tokazano, uTo pernenust ypasHenust (1) B okpecTHOCTH J11060i OCO-
benmnocTn ypaBHeHusi biagnyca B KOHETHON 00JIACTH HAIOTCS NCU-PAJOM

3 1 n
y(:ﬂ) _ ﬂ + 5 Zx2n—1 Z Vn,m An—m gm T (2m—n)’ (2)
n=1 m=0

rie r = \/—2, a T 3aMeHseTCa Ha X — Ty Jyie (y¥e) u3BecTHON nin (erme)
Hen3BecTHOiT ocobennoctn x,. [lapamerpst A u B 3aBHCAT OT KOHKPETHOTH
OCODEHHOCTH Iy M HAXOIATCSI BMECTE C Heil, a BeIUYUHBL Vj, ,, IPHHAJ-
JIe’KaT KBaIpaTnIHOMy 100 Q(7) ¥ HaXOATCS TOIBKO OJHUH pas.

Hokazana cxoquMocThb psifia (2) B OKPECTHOCTH JII000iT 0c060it TOUKN
ypasrenus (1) n mokasano, 9To psf (2) maeT JIOKAJIbHYIO MapaMeTpu3a-
muio pyHkuu Birazumyca B OKpecTHOCTH ee 0COOEHHOCTEI.

DTO MO3BOJIMJIO BLIMUCIATH (€ GOJIBIION TOYHOCTBIO) HECKOIBKO OCO-
ObIX TOYEK M OLMCATH [OBEJIeHne BceX 0cobbIX Touek (yHKImu y(x) Ha
OCHOBHOM JINICTE €€ PHUMAHOBOIl moBepxHOCTH. B wacTHOCTH, HmOKasaHa
HEMHTErPUPYEMOCTh ypaBHeHus Biazmyca.
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Comp. Math. and Math. Phys. 58(4) (2018), 517-528.

[3] Varin V.P. Flat Ezpansions and Their Applications. Comp. Math. and Math.
Phys. 55(5) (2015), 797-810.

[4] Bapun B.II. Jlokaausayus nodeusicnoir ocobennocmetds ypasrnenus Baasuyca.
IIpenpunter UIIM nm. M.B.Kengprma. 20024. Ne 83. 23 c.

QJININIITNYECKHWE OIIEPATOPHI, YPABHEHWA N
KPAEBBIE 3AJTAYUAN

BACUJIBEB B.B.

Benropopackuii rocynapcTBeHHBIN HAIMOHAIBHBIN MCCIIEI0BATENbCKII YHUBEPCUTET,
Benropon, Poccusa
vbvb7Qinbox.ru

Teopus nceBnomuddepeHnnaIbHbIX OMEPATOPOB U COOTBETCTBY IOIIHI
eff TepMUH TOSIBUJINCH B cepennHe 60-X TOMOB IIPOIIJIOTO BEKA U CPa3y
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JK€ 3aBOEBAJIH OOJIBIIYIO IOIMYJISIPHOCTb. Bo-11epBBIX, 9Ta TEOpUsT BKJIIO-
qajia B cebst Kak Teopuio auddepeHuaabHbIX OlMepaTopoB, TaK U TEO-
PHIO OIIEPATOPOB THUIIA CBEPTKH, & TaKrKe ypaBHEHUs C TaKUMH oOllepa-
TopaMu. Bo-BTOPBIX, OKa3aj0Ch, UYTO TaKUE OMEPATOPHI €CTECTBEHHBIM
06pa3oM BO3HUKAIOT IIpu obpariernn auddepeHnunajibHbIX OlIepaTopoB,
HO, CaMoe TIJIABHOE, 9TH ONEPATOPHI MOSIBJISIOTCS B PA3JIUIHBIX 3a[a1aX
MaTeMaTUIeCKON (DU3UKU.

B eBk/IMI0BOM IPOCTPAHCTBE U HA TJIAJIKOM MHOI00Opa3uu OBLIO IO-
CTPOEHO CHUMBOJIBHOE HMCUYUCJIEHUE, KOTOPOe MO3BOJINIO, I'Py0O TOBODS,
CBECTH OIEPATOPHOE yPABHEHME K aJiIre0pamdecKoMy, W 5TO JAJIO BO3-
MOXKHOCTB OIACATb (DPEJAroJbMOBOCTE UCXOJHOTO OIEPATOPHOIO ypaB-
HEHUE B TEPMHUHAX €r0 CUMBOJIA. KCau MHOTOOOpa3me MMEET T'DAHWUILY,
CYIIECTBYIOIEEe CUMBOJIBHOE HUCUUCEHUE DOJIbIlle He paboTaer, U HEOD-
XOJIUMO 3aJIefICTBOBATH HOBBINl TeXHUYIECKUil anmnapar. B ocHoBe Teopun
riceBoudepeHIuaIbHbIX OIIEPATOPOB W YPABHEHUN B JIIOOOH cuTya-
AU JIEXKUT JIOKAJIbHBIN [IPUHIINAI, KOTOPBIM YTBEPKIAET, UTO JIJIsi OIH-
cannst QpeIroJIbBMOBOCTH PACCMATPUBAEMOT'O OIEPATOPHOIO ypPaBHEHUS
JIOJIPKHBI OBITH OIUCAHBI YCJIOBUST OOPATUMOCTH €I'0 JIOKAJIbHBIX ITPEJICTa-
BUTEJEH. DTU JIOKAJbHBIE MIPEJICTABUTENN ABISIOTC TceBoanddepen-
[UPYIOINUMHU OIIePATOPAME B €BKJIMJIOBOM IIPOCTPAHCTBE C CUMBOJIOM, He
3aBUCAIIMM OT IPOCTPAHCTBEHHON II€PEMEHHON B CllenuabHOR "KaHo-
Hudeckoi" obstactu. B cirydae MHOrO0Opasus 6e3 rpaHullbl TAKO KaHO-
HUYECKON 00JIACTBIO CJIY?KMJIO BCE €BKJIMJIOBO IIPOCTPAHCTBO; B CJIydae
MHOIroo0pas3us ¢ IVIaJIKOI I'DAHUIEl yyKe BO3HUKAIOT J[Ba THIIA, KAHOHU-
Jeckux obJiacTeil: Bce €BKJIMJIOBO IIPOCTPAHCTBO U IOJIYHIPOCTPAHCTBO.
[Toapobuoe nsydenue ciydast MOTYyIPOCTPAHCTBA OBLIO MIPOBEIEHO B Pa-
o6orax M.U. Bumuka u I"'V. Dckun. Ux nccieaoBaHust JIENJIH B OCHOBY
TEOPUN SJLIUNTUIECKAX KPAEBBIX 38184 JJIsI TICeBA0aUd (M epeHITNATBLHBIX
yPaBHEHHII Ha MHOr00Opa3usax ¢ IyiaaKoil rpanurneit. s maoroobpasmit
C HEIVIaJIKOI I'paHuIell CyIecTByeT MHOXKECTBO Pa3JIMYHbBIX JIOKAJIbLHBIX
cATyaIuit 1 KAHOHUYIECKUX obJracTell, u /I UX UCCIeI0BaHUs ObLIT pa3-
paboTan HOBBI nozxozx |1, 2, 3].

HecvoTpst Ha BCIO 3HAUNMOCTH HPOBEIEHHBIX HMCCJIEI0BAHUM, BOIIPOC
HaXOXKJIeHUs pereHnii nceBnoanddepeHna bHbIX YPABHEHUN U CBA3AH-
HBIX C HUMHU 3JIIMIITUIECKUX KPaeBbIX 3a/Ja9 OCTaeTCA OTKPBLITHIM. HpI/I-
HUMasd BO BHUMaHUE 93TU O6CTOHT€HBCTB&, 6bI.Ha IpealpruHATa ITOIIBITKA
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CO3/1aThb JUCKPETHYIO TEOPUIO SJLUIUITHIECKUX IICeBIoauddepennaib-
HbIX ypaBHeHI/Iﬁ " COOTBETCTBYIOINUX NUCKPETHBIX KPa€BbIX 3a/a4, OIIN-
CaThb KapTUHY UX PA3PENINMOCTU U IMOKa3aTh, 9TO JUCKPETHbIEC KPacBbIe
3aja4qu MOryT 00J1aJaTh XOPOIITUMHU aIllPOKCUMAIMOHHBIMU CBOHCTBAMU
IPU [HOJIXOJSINEM BBIOOPE JIMCKPETHBIX HpubsmzKenuii [4, 5.

Criucok JuTepaTypbl

[1] Vasil’ev V,B. Wave Factorization of Elliptic Symbols: Theory and Applications.
Introduction to the Theory of Boundary Value Problems in Non-Smooth
Domains. Kluwer Academic Publishers, Dordrecht—Boston—London: 2000.

[2] Vasilyev V.B. On some distributions associated to boundary value problems.
Complex Var. Elliptic Equ., 64 (2019), 888-898.

[3] Vasilyev V., Kutaiba Sh. Elliptic equations in domains with cuts. Int. J. Appl.
Math., 34 (2021), 339-351.

[4] Vasilyev A.V., Vasilyev V.B. Pseudo-differential operators and equations in a
discrete half-space. Math. Model. Anal., 23 (2018), 492-506.

[5] Vasilyev V., Vasilyev A., Mashinets A. On a general discrete boundary value
problem for an elliptic pseudo-differential equation in a quadrant. Bol. Soc. Mat.
Mex., ITL. Ser., 29 (2023). 1-16.

ITIOITIEPEYHUNKHN 110 KOJIMOT'OPOBY
AHN3O0OTPOITHBIX ITEPVNOINYECKNX KJIACCOB
COBOJIEBA

BACUJIBEBA A.A.

Mockosckmit rocynapcrBennsiit yauepcuter umenn M. B. Jlomonocosa,
MeXaHUKO-MaTemaTndeckuit dpaxyiprer, PO
MockoBckuit eHTp HyHIAMEHTAJIBHON U MPUKJIAIHON MaTemaTuku, P D
vasilyeva_nastya@inbox.ru

Iycts d € N, d > 2, T? = [0, 27]? (np;m 5TOM KOHIBI OTPE3KOB
[0, 27] oroxecTBisiiores). Byjiem paccmaTpuBaTh JiBa BUJIa aHU30TPOI-

HbIX K1accoB CoGosrena ra T¢: mepBblil 3a,1aH OMPAHIYEHISIME Ha, [IPOH3-
. 9 dy (5 — .
BofHbIe 07 1= o7 B Hopme Ly, (T%) (=1, ..., d), rae p; MOryT GBITH
J

PA3IMYHLIMA IIPY Pa3HBIX j; BTOPOIl 3aJaH OrpaHUYCHHAMHI Ha ITPOU3-
T4 o —
BOJ[HBIE 8jj B @HU30TPOITHOI HOpME Lﬁ(’]l“d), e p = (p1, - .., pq). Hucaa

r; >0 (j=1,...,d) Moryr GbITb APOOHBIME, & YaCTHbIE IPOU3BOIHBIE
HOHMMAIOTCsI B cMbIcie Beiins (eMm., nanpumep, [1]).
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Yepes S’ (T?) obosnadmm mpocTpancTso 0606menHbx dynkimii na T?.
Kaxomy anemenry f € S’ (T?) coorsercTyer paziokenue B pajy Py-

pre: f = 3 cz(f)e'® ), re exommmocTs paceMaTpuBaeTCs OTHOCHTEIb-
kezd
no ronosorun S’(T9), (-, -) — crammapTHOe CKATSAPHOE MPOM3BEICHHIE
na R O6osmaumm Z¢ = {(k1, ko, ..., kq) € Z% : kiks... kg # 0},
Sy = {resm: f= % e}
kezd

ycrs 1 < p1y ...y, pg < 00, D= (p1, .., Pqg). AHU30TpOIIHAST HOPMA
| - |, (rey onpesensierca unaykuueit no d: npu d = 1 sro cranjapruas
HopMa B Ly, (T), upu d > 2 HOpMa 3a/aeTcss peKyPPEHTHBIM COOTHOIIIE-
e || fll o pay = llggllz,, vy tae gf(xa) = 1FCs wa)lleg, a1y

ﬂﬂﬂl pj<oo7“J>01 <daﬁ:(pla"'apd)7 (Tla"'vrd>
HOJIOKUM

W5 (T = {f € §'(1%) : 105 fllz,, ey < 1, 1< < d},

WEH(TY) = {f € §'(T%) : |07 fll ey <1, 1 <j < d}.

IMonmsle hopMyIHPOBKE pe3y/braToB Hamucaust B [2], [3]. 3xecs Mo
[IPUBEIEM OJUH U3 CJIYIaeB I OIEHOK ITOIEPEIHUKOB KJIacca Wg (Td).

[Iycts B = (p1, ..., pq). Oupenennm aucsio (p) mo dopmyiie
d
1 1 Z 1
() dip
Hns@= (a1, ..., aq), b= (b1, ..., bg) € R? monoxkum
Gob= (albl, ce adbd).

Teopema 1. IIycmv d € N, d > 2,2 < g < 00,1 <pj <oo, r; >0,

7 =1,....d, npu amom @ + % — % > 0. Ilpednonoorcum, wmo
d

Z%(Z—p%)<1j ood. Iyemw {i € 1,d : p; < 2} # 2,
{i €el,d: p; > 2} # . Obosnauwum 0; = %>, 0y = <T> + <;§Z>F>’

D
w
N

(%M—é— <i<7:>7>)' IIpednonootcum, wmo cywecmeyem j, € {1, 2, 3}
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maxoe, wmo 0;, < min;.;, 6;. Tozda

dn (W5 (T?), Ly(T?) = n Y

Criucok JuTepaTypbl

[1] Tuxomupos B.M. Teopus npubauotcerudi. Urorn nayku n rexuuxu. CoBp. nmpo-
6s1. matemaruku. Pyua. Hanp., 14, BUHUTHU, M., 1987, 103—260.

[2] BacunweBa A.A. Koamozoposcrue nonepeunuku xaacca Coboaesa ¢ oepanure-
HUAMU Ha NPOU36oonve 6 pashnux mempurar. Marem. ¢6., 215 no. 11 (2024),
33-64.

[3] Vasil’eva A.A. Kolmogorov widths of anisotropic function classes and finite-
dimensional balls. Eurasian Math. J. 15 no. 3 (2024), 88-93.

OKPECTHOCTbHb HETPAHCBEPCAJIbLHOI
TOMOKJIMHUYECKO TOUYKU JU®PEOMOP®N3MA
IIJIOCKOCTU

BACUJIBEBA E.B.

Poccus, Cankr-IlerepGypr
Cankr-IlerepOyprekuii rocy1apCTBEHHbBIA YHUBEPCUATET
e.v.vasilieva@spbu.ru

PaccmarpuBaerca nudpdeomopdusm mmockocT B cebsi ¢ HEIIOBUK-
HOU TUIIepOOINIECKON TOUYKONM B HavaJie KOOPAMHAT U HETPAHCBEPCAJIb-
HOM TOMOKJIMHUYECKOW K Heii Toukoii. Ilpemmonaraercs, 9To mepecede-
HUE YCTOWYMBOIO W HEYCTOHYIMBOIO MHOI0OOOpa3wst HENOIBUXKHON TOU-
KU B TOMOKJIMHUYECKON TOYKE He SIBJISIeTCsl lepeceveHreM (KacaHueM)
KOHEYHOTO Topsijika. V3yuaercs: ciaydail, KOriga KacaHue yCTOWIUBOIO W
HEYCTOWYMBOrO MHOT0OOPA3Us OMPEIESIETCSI HEKOTOPOH «CTYTIEHYATON»
dyukmeir ognoit mepemennoii. Ilpumep aBymepnoro muddeomopdusma
C TaKMM KacaHUeM yCTONYIMBOrO MHOTOOOpa3us ¢ HEYCTONIUBLIM MpUBE-
Jen B [1]. M3BecTHO (2], 9TO B 9TOM CiIydae B MPOU3BOJIBLHOI OKPECTHO-
CTU TOMOKJIMHUYECKONH TOUKHM MOMKET JIeKATh GECKOHEUHOE MHOYKECTBO
YCTONYIMBBIX TEPUOINIECKUX TOUEK UCXOIHOTO Jauddeomopdusma, mpu-
YeM XapaKTEPUCTUIECKUE TTOKA3aTETN STUX TOYEK OTIEIEHBI OT HYJIs.

Hens mokaama — AaTh OMUCAHNE WHBAPUAHTHBIX MHOYKECTB, KOTOPBIE
MOTYT JIeXKaTh B OKPECTHOCTH TOMOKJIMHUYIECKONH TOUKHU. OKpPECTHOCTD
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JIFO0OH YCTONYUBOM MMEPUOAMIECKON TOUKHU COIEPKUT «IOJIKOBBI CMmeii-
Jlay 1 OECKOHEYHOE MHOXKECTBO TOYEK, KOTOPBIE 3aIOJIHSIOT HEIPEPbIB-
Hble KPHUBbIE, TPAEKTOPUM STHX KPUBBLIX HE IIOKUJIAIOT PaCIIUPEHHON
OKPECTHOCTHU HETPAHCBEPCAJIbHOU I'OMOKJIMHUYECKON TOYKU.

Cricok JuTepaTypbl

[1] TInmuce B.A. Hnmeezpaavrvie mnoorcecmea nepuoduueckur cucmem ouddepen-
yuaroroir ypasrenutd. Hayka, M: 1977.

[2] Bacuibesa E.B. Judgdeomoppusmov. naockocmu ¢ ycmoinuevmu nepuoduse-
ckumu moukamu . Huddepenr. ypasaenus. 2012. T. 48, Ne 3. C.307-315

O CTAPIIIEM 9KCIIOHEHIIMAJIbBHOM IIOKA3ATEJIE
MN30BOBA OJTHOI'O CEMENCTBA CUCTEM
JIMHEMHBIX JN®PEPEHIINAJIBHBIX YPABHEHUI,
HEITPEPBIBHO 3ABUCAIIINX OT BEIIIECTBEHHOTI'O
ITAPAMETPA

BETOXWH A.H.
MI'Y um. M. B. Jlomonocosa, Poccust
anveto27@yandex.ru
Hamomunm, wro mas aoboro n € N u cucreMbr
t=A(t)r, zeR, teRy,
C HEMPEepPBIBHBIMU OTPAHWYEHHBIMU KO3 UImEeHTaMI U CTApIINM II0-
kazaresieM JIsmyHOBa A (A), crapinmii SKCIOHEHIIMAIBHBIN T0Ka3aTeb
N3060Ba onpenensercss popmyaoit
V(A) = sup AA+ B).
{B: lim 1 In | B(1)[|<0}

[To mMeTpuvieckoMy TPOCTPAHCTBY M 1 HENPEPBIBHOMY OIDAHUYCHHOMY
0TOOPaYKEHUTO
A: M x[0;+00) — End R" (1)
rmoctpouM (HyHKITAIO
= V(A -))- (2)
B pabore [1] ycranosieno, uaro jjist o6oro orobpazkenus (1) dynkimst
(2) npuHaIEKUT TpeTheMy 63POBCKOMY Kiaccy. B crarwe 2] B cayuae,
korya M sBisiercs orpeskoM [0; 1] mocrpoeno orobpazkenne (1) Taxoe,
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YTO MHOXKECTBO TOYEK I0JIyHEelPePbIBHOCTH cBepxXy dyHKIwmu (2) mycro,
TaM ke B ciydae, Koraa M aBiIsieTcs MHOXKECTBOM [B nppanuoHaIbHBIX
qucesI ¢ MeTPUKONA MHAYIIIPOBAHHOI €CTECTBEHHON METPUKON BEIIeCTBEH-
HOIi IPSIMOIA, yCTAHOBJIEHO, YTO CylecTByeT orobpaxkenue (1) rakoe, 4To
dbyukIws (2) He NPUHAIIEKUT BTOPOMY Kiaccy Bapa.

B mannOM JOKJIa/€ TOIyYeH CJICAYIONM PEe3yIbTaT.

Teopema 1. Ecau n = 2, npocmparncmeo M codepotcum mHootcecmso
muna Fyg, ne asamoueeca muootcecmeom muna Gss, mo natidemcs
omobpasicenue (1) maxoe, wmo dyrryua (2) ne npuradaescum emopomy
baposcromy Kaaccy na npocmparcmee M.

P. Bap ycranoBu 3], 410 MHOXKECTBO MPPAIMOHAIBHBIX YUCET, ¥ KO-
TOPBIX HEMOJIHbIE YACTHBIE [IPU PA3JIOYKEHUH B IEMHYIO JIPOOb CTPEMSITCS
K OECKOHEYHOCTH, SIBJISIETCsI MHOYXKECTBO THIA Fy5 U HE SBJSIETCS MHO-
xkectBoM Tuna Gg, B npocrpancrse B. Ucrnonab3yst 3T0T pe3yibrar u
TeopeMy 1, moy4dum

Teopema 2. Ecau M = [0; 1], n > 2, mo natdemcsa omobpasicenue
(1) maxoe, wmo gynryus (2) He npunadiescum 6mopomy 6IPoOSCKOMY
Kaaccy na npocmpancmee M.

Cnucok Jureparypbl

[1] Uz060B H.A. Okcnonenyuanvrvie nokazamesu AuHetHOl CUCTNEMbL U UL Gbi-
yucaernue. Hoksi. AH BCCP. 1982. T. 26, Ne 1. C. 5-8.

[2] Beroxun A.H. K 63posckoti Kaaccudukayus cuema-nokadamenrs u SKCNOHEHYU-
aavHo20 nokazamenrs HMszobosa. duddepenmumanpubie ypasuenuns. 2014. T. 50,
Ne 10. C. 1302-1312.

[3] Baire R. Sur la representation des functions discontinues. Acta. Math. 1906. V.
30. P. 1-48.
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CYMMMNPYEMOCTDB KOPHEBBIX 2JIEMEHTOB
MOANOUITNPOBAHHOI'O KBAJIPATUYHOI'O
OITEPATOPHOTI'O IIYYKA M. B. KEJI/IBIIITA

BOUTULIKUI B.U.

PYIH, Poccus
voytitskiy vi@pfur.ru

[Tyakom M. B. Kejipiira mopsiika n Ha3bIBAIOT OMepaTop-QyHKITUIO
n—1
My(p) :=1-Y WT;H — p"H",
7=0
JefCTBYIOIIYIO B celapabebHOM TI'HJIBOEPTOBOM IMPOCTpaHcTBe H, Tie
T;, H € 65(H), H — nHopMasbHbLil OLEPATOP C HYJIEBBIM sIIPOM, TaKOi
qaro H™ sSIBII€TCA CAMOCOIPSIZKEHHDBIM.
B pabore paccmaTpuBaercs ClieKTpajbHast 3a1a9a JIIs “MOInUIIIPO-
BanHOro” KBazparmaHoro mydka M. B. Kennpira Buma

Moy(p)f = (C7H =Ty — p A~ — p? A7) f =0, (1)

rmae A™! — KOMIAKTHBIH IOJIOKHUTE/IbHBI onepaTrop €O CTeIleHHON
ACHUMIITOTUKONW COOCTBEHHBIX 3HAYEHUI /\j(Afl) ~ ¢cj P, p > 0
C™' — HempepbIBHBIH ¥ HEIPEPBIBHO OOPATHMBIH  IIOJIOMKHUTEIb-
HBIf  olepaTop; KOMIAKTHBIC onepaTopbl 1 HUMET CTPYKTypYy
To = QAT LTy = Q1497 tne Q; € L(H), ¢ € [0;1). Dra zanaua
MIOPOXKIAETCS 3a/iadeil Ha COOCTBEHHBbIE 3HAUECHUS JJIsI SJITUIITHIECKOTO
OIIEPATOPHOTO ITYYKa

L) :=XC+AB+ (A2—K) (A= —ip) (2)

¢ HEOTPAHWIEHHBIME OnepaTopHbIMu Koaddurmentamu A, B u K B ciy-
"ae BBIOIHERNs yeaosuit momannenns: KA~ BA™1 € L(H).

C nomormmpio 3amensl g = AL f samaua (1) mpuBommUTCA K 3a/ade Ha
cOBCTBEHHBIC 3HAYeHNs JuHeiiHoro B H? mydxa

R A

KOTOpas MOKeT ObITh CBeJeHa K 3aJlade Ha COOCTBEHHBIC 3HAUCHHS CyM-
_p*

MBI HEOIDaHUYEeHHBIX onepatopos A; + A, e A; = AJ] umeer nuckper-

HBIIT CIIEKTD C IIOJIOKUTEIHHOM U OTPUIATEIHHOI BeTBAMEI COOCTBEHHBIX
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SHAYEHUIl, YIOBJIETBOPSIIOIINX OIEHKE \)\;t(.Al)\ > kjP, k > 0, a ome-
parop Aj moguunen oneparopy A{' st 1 > ¢ (B cayuae ¢ = 0 on
SIBJIIeTCs OrpaHnIeHHbIM ). OTCio/ia Mosb3ysch pesyibraraMu u3 2] mo-
JIydaeM OCHOBHOE yTBEepKJEHUe.

Teopema 1. Kaowcdwti nabop dynxuud (fo, f1) € H ® D(A) packaado-
BAEMCA NO CUCTNEME COOCNEEHHVIL U NPUCOCOUHEHHBIT INEMEHMOE One-
pamoprozo nyuka (3). IIpu smom us 9moti cucmemos MOAHCHO BbI0EAUMD
6 H dsyxpamnoili 6asuc co ckobkamu Bapu, Pucca aubo Abeas-JIudckozo
nopadka o > p~1 —(1—q1) coomeememeenio 6 00HOM U3 MPET CAYHAEE:

Dpdl—-q)>1 2)p(l-q)=1 3)pl-q)<l
3decwv q1 € (q;1), ecau q € (0;1); aubo ¢ =0 npu g = 0.

OrmeruM, 9To crekTp mydka (1) siBisieTcst JMCKPeTHBIM C €/[MHCTBEH-
HOIl IpenebHOI TOYKON Ha 6eckoHeynocTu. OH HAXOIUTCSA B HEKOTO-
POit OKPECTHOCTH HYJIS U ABYX “TapabO/IMIecKnX 00JIacTaX’, IPUMbIKAIO-
IIAX K TOJIOYXKUTEIBHON U OTPUIIATE/IHHOM TTOJIYOCAM, yIOBIETBOPSIONINX
nepasencreaMm |[Im p| < b'(£Rep)?. B caygae C = I umeem g1 = ¢, npu
srom b =b+¢, b= | AsA Y|, u BeImONIHEHA acuMITOTHKA |Mji\ ~ kjP.

Januble MaTepuaJibl OIyOJMKOBAHBL B cTaThe |3, re mojyYeHHbie pe-
3YJIBTATHI JIOMOJTHEHDI ABYMS TMPUIOKEHUAMU: 3a/1a49eil 0 KBaIPATUIHOM
nyuke [Itypma-JluyBusis u 3amadeil 0 HOpMAJIbHBIX JIBUXKEHUSIX CUCTE-
MBI COWIEHEHHBIX MASITHUKOB C MOJIOCTSIMU, 3AII0JTHEHHBIMU U IeaIbHBIMI
HEC2KIMAEMBIMHU YKUJIKOCTSIMU, [IPU yUeTe TPEHUs B MIAPHUPAX.

Cnoucok JuTeparypbl

[1] Kesgpun M. B. O noanome cobemeento Gynkyutl HEKMOPOBT KAACCO8 HECA-
MOCONPANCEHHBT AUHETHBLT onepamopos. Ycnexu MatT. Hayk, 24, 4: 160 (1971),
15-41.

[2] ArpanoBua M. C. O cymmupyemocmu padoé no KOPHESHIM BEKMOPAM HECAMO-
CONPANCEHHBLT IANUNMUMECKUT onepamopos. PyHKIIMOHATIBHBIN aHAIN3 U €ro
npuioxkenus, 10:3 (1976), 1-12.

[3] Boitrunkuit B. 1. Crabo duccunamushuvie aunetinbe OUHAMUNECKUE CUCTIEMbL
u keadpamuuroil onepamopruil nywox M. B. Keadviwa. Maremarmaeckuii 3a-
MerkH, 116:2 (2024), 195-211.
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NMHBAPUAHTHBIE MHOT'OOBPA31S PEIIIEHUI
CHUCTEMBI YPABHEHUI HABBE-CTOKCA

I'AJIKVH B.A.

Cypryrckuit punmman HALL "Kypuarosckuit uacruryt"HUNCU, Poccus
CypryTckuil rocy1apCTBeHHbIN yHUBEpCUTET, Poccust
val-gal@yandex.ru

B koopaunaraoMm npocrpancree R = {z = (x1,x9,x3)} paccmarpu-
BaeTcs JUHAMHUKa BO BpeMeHH ¢ € R riraJikoro moJist CKopocTeil TedeHust
V:Rs3xR —Rs (Ve CZ), yaoBjeTBopsitorero cucreme Hapre—Crokca
JUUIsST HEC2KMMAEMON YKUIKOCTH

oV 1
Bt +(V-V)V+ EVP(:E,t) = G(z,t) + 2AV, dive =0, (1)
rie P:R3 x R — R — jaBjienue »KuJIKOCTH, p 1 €2 — NOCTOSIHHbIE, Xa-

PaKTepU3YOIIKe IJIOTHOCTh U BI3KOCTh »kujkoctu, G(x,t) — MIOTHOCTD
o6bemHubIX cuil. Paccmarpusaercs kiace pemtenuit {V, P}, obiagatomux
CBOMICTBOM CUMMETPHUHN OTHOCUTEIFHO HEKOTOPOit ocu L, koTopyto 6e3 1mo-
Tepu OOIIHOCTH HAIPaBUM BJIoJb BekTopa e3 = (0,0,1), ({&;}?_; — op-
ToHOpMEpOBaHHbI 6asuc B Rg). [Ipoekimio BekTopa = Ha ocb L 06o3Ha-

. _ def _
9UM B JlasibHelineM z = (x, €3), MOJI0KUM T; = (x,&;). Ipennosnoxenne
00 oceBoit cumMeTpun MYHKIINK U OTHOCUTEILHO ocu |, o3HadaeT, ITo ee
3aBUCHUMOCTDH OT ITPOCTPAHCTBEHHBIX aprl\/[eHTOB I1,x2 OcyH_[eCTB.HﬂeTCH

def 3 3
gepes Besmauny p(zy,x2) = /(27 + x3). st sToro kinacca 3amaq Hapsi-
Jly ¢ JeKapTOBBIMU KOOPJMHATAMHU yJO0OHO MCHOJIL30BATH IUIMHIPHYC-

CKyt0 cucTemy KoopjauHar (p, @, z). st bysknuu u, obsajamoneii oce-
BOil cuMmMmerpueii, nojoxkum u(x) = u(p,z), ¥ B 3TOM cjiydae OlepaTrop
Jlamzaca mMeeT BU
Au(z) = Ay + 7 Ayi=19 (pa)
u(z) = A,u+u u=——— (pt,).
p 225 p 2 8p Pup
[ycrs muomectso M = R3\L u bysknus F € C4(M) npu nexoropoit
mocrosinmoit A € R, A\ # 0, yqoBIeTBOpsieT COOTHOIIEHUIO

AF(z) + N°F(z) =0, x¢& M. (2)
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[Ipeamonoxxum, aro F' obramaer Ha MHOXKecTBe M 0CeBOI cHMMeTpHei:
F(x) = F(p, z). HazoBem ocecHMMeTPHYHBIM BUXPEBBIM MOJIEM, TTOPOZK-
aeaabiM dyuakiueit F' na muoxkecrtse M, orobpaxkenue U : M — Rag,
3aJIAHHOE COOTHOIIEHUEM

Uz) = AN 2p Y (F, .21 + AE,z0)e1 + (= AFpa1 + F, .x2)8 — (pA,F) &3],

3)
IIpon3BosIbHBIE JIMHEHHBIE KOMOMHAIME OCECHMMETPHIHBIX 110JI€il BUIa
(2), (3) coxpaHSIOT 3TO CBOHCTBO JJIsl PE3YIBTUPYIOIIErO TIOJISL.

Teopema 1. [lycmv pacemampusaemces npouseosbHai AUHETHAA KOM-
bunayus ¢ xoappuyuenmamu wi € R

x) = ZwkUk(x), (4)
k

ocecummempuuror noret Ug(x), sadannwx gopmysamu (2), (3) npu
nomowyu dyrxuuti Fy = Fy(p,2), coomsememesyrowuzs 6 ypasneruu (3)
purcuposarnomy snavernuro napamempa X # 0. Toeda unsapuarmmoie
MH02000pa3UA 0aA Junamueckol cucmemos Ty, nopootcdernot noaem
(4), ydosaemsoparom coommoweruo

_prk ka,) c Ve € R. (5)

ITpumMmepbl MHBAPHAHTHBIX MHOT0O0Opasnii — 970 cdephl, TOPHI, IIUINH-
Jpbl M UX ajredpamveckue KOMILIEKCHI, CAMMETPUIHBIE OTHOCHTEIHHO
ocu L.

Pabora BbIlIOJIHEHA B paMKax rocymapcreerroro samganus HULL "Kyp-
qaroBckuii nnctutyt"—HUMCHU mo treme No FNEF-2024-0001.

SKCIIOHEHIIMAJIBHOE 3ATYXAHUE BO3SMVYIIIEHUM,
HAJIO2ZKEHHBIX HA ITPOJOJIBHBIE
TAPMOHMNYECKUWE KOJIEBAHUA BA3KOI'O CJIOA
TEOPI'MEBCKUI J.B.

Mockosckuit rocynapcrBennniit yausepcurer umenu M.B.Jlomonocosa, Poccus

georgiev@mech.math.msu.su

I/ICCJIQ,D;yeTCH 9BOJIIONUA KapPTUHBI BOSMyHLeHI/IfI, HaJIO?KEHHBIX Ha IIJIO-
CKOITapaJlJIeJIbHOE IIePpUOANYIECKOE II0 BpEeMEHH Te4dYeHue HBbIOTOHOBCKOI
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BA3ZKON KUJIKOCTH B CJI0€, OJIHA U3 I'PAHUI] KOTOPOI'O COBEPIIAET IIPO-
JOJIbHBIE TAPMOHUIECKUE KO/Ie0aHus BIOJIbL caMoil cebsi, a Ha JpyTroii rpa-
HHIE BO3MOYKHO IIPOCKAJIb3bIBAHNE MaTepuasa C HyJeBbIM TpeHuem |1,
[2]. CraBurcst 06obmeHHAast 331848 Oppa —30MMepdesibia Kak JnHeapu-
30BaHHAad 3aJa4ya I'MIPOJNHAMUYECKON yCTOMYMBOCTU HECTAIMOHAPHBIX
BSI3KMX HeczKnMaeMbIx Tedennii [3]. Ha ocHoBe MeTo/ia MHTErpajbHbBIX
COOTHOIIEHU, OCHOBAHHOI'O HA BapPHUAIMOHHBIX HEPABEHCTBAX JIJIS KBaJl-
paTHYIHbIX (DYHKIMOHAIOB [4] M pPasBUTOrO HPUMEHUTEIBHO K HECTalld-
OHApHBIM OCHOBHBIM TevenusiM |5], [6], [7], [8], BbiBogsiTCs tocTaTouHbBIE
UHTErpabHble OINEHKN 3KCIIOHEHIIMAILHOTO 3aTyXaHus HAYaIbHBIX BO3-
MyIIEHHH. DTU OLEHKH JJIsi KayKJI0r0 BOJHOBOTO YHUCJIA IIPEJICTABIIAIOT
€000l HEpaBEHCTBA, CBI3bIBAIOININE TPU IIOCTOSHHBIE Oe3pasMepHbBIE Be-
JIMYUHBL CPEJHION 10 IEPUOLy MAKCAMAJIBHYIO II0 TOJIIUHE CKOPOCTD
COBUTA B CJI0€, aMILIATYLy KoJeGaHuil TpaHMIObI M 4YUCIO PeliHosbaca.
CpaBHUBAIOTCA OLUEHKH yCTOMYMBOCTU IJIS ILJIOCKOI M TpeXMepHOil Kap-
TUH BO3MYIICHU.

Pabora noppepxxkana Poccmiickum HaydHBIM (POHZOM, TpaHT 24-21-

20008.
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YACTNYHO COEPUYECKU CUMMETPUYHBIE
PEINMEHWUA YPABHEHUU I'M/IPOJVHAMUKN

FOJIVBATHUKOB A.H."*, 3AXAPOB C.A."*

'MIY mM. M.B. Jlomonocosa, Poccust
“golubiat@mail.ru, *zaharovsa@my.msu.ru

N3BecTHO, 9TO BCIKOE OJHOMEPHOE PEIleHne yPaBHEHUM Ta30BOM -
HaMWUKH C IJIOCKAMHU BOJITHAMH MOXKET OBITh PaCIIUPEHO 0 ydeTa IIo-
MePEevYHBIX ABUKEHUI ¢ OMHOPOMHON medopMaliyeil, 9T0 CBOOAUTCS K pe-
IIIEHUIO CUCTEMbI OOBIKHOBEHHBIX AudpepeHnuajbHbIX yPaBHEHNNH, WH-
TerpaJibl KOTOPBIX 3aBUCAT OT HPOJOJILHON JIArPAHXKEBON KOOPJIMHATHI.
K Takoro poma pereHnssM OTHOCUTCS, B YacTHOCTH, 1 3amada Kemmepa
O ABUXKCHUU MaTEPUAJIBHON TOYKU B IIEHTPAJLHOM MOJIC, PEIICHHA eIle
HororonoM. 31ech OCHOBHBIM peIIeHHEM, Ha3bIBaeMbIM JaJiee chepude-
CKH CUMMETPpHUYIHBIM (eCJII/I €ro BKJ/IIOYUTH B IIYYO0K ﬂyqeﬁ, NCXOOAIINX
U3 IPUTSTUBAOIIETO IIEHTPA), sIBJISIETCS] PAUAIBHOE JBUKEHHE C HYyJle-
BBIM MOMEHTOM KOJIMYECTBa JBHU>KCHUMA. quT JABUXKEHN, ITOIIEPEIHOT'O
K paJiiajbHOMY, IIPUBOIUT K ODINEMY PEIIeHUIO 3aJIa9u, TPACKTOPUSIMU
KOTOPOI'O SIBJISIIOTCsSI M3BECTHBIE KPUBBIE BTOPOro mopsiaka. O6Ias Teo-
pus YJaCTUIHO MHBAPUAHTHBIX perreHuit quddepeHInaabHbIX ypaBHEHUH
cozepxkurcs B [1]. IIlpumepsr yacTuaHo chepruvecKkn CUMMETPUYHBIX Te-
YeHWii TPABUTUPYIONIEro rasa MoxkHO Haiitu B [2|. TlocranoBKy Takmx
3a/1a4 B PEJSTUBUCTKON MexaHuKe — B [3].

B nokirajie B paMKax JUHAMUKHA UJICAJIBHOTO Ta3a WUJIN HECXKUMaeMOH
HEBSI3KOM YKUJIKOCTH CTPOATCS YaCTUIHO ChepruIecKr CUMMETPUIHbIE Pe-
IIEHNs, B KOTOPBIX K PaIuaJIbHOMY JBUKEHUIO JTOOABIIAIOTCS a3UMY Ta Ib-
HbIE TE€UYEHUs, UMEIOIe TP IEePBbIX NHTEIPaJa, 3aBUCIIIE OT HaYaJIb-
HOIl pajnasbHON epeMenHoit. HeobXoauMbIM yCI0BIEM CYIIIECTBOBAHMUST
TAKUX PENIeHUN ABJAETCH 3aBUCUMOCTD JIABJIECHUA U IJIOTHOCTU TOJIBKO
OT PaaraJbHON KOOPAUHATEI 1 BPEMEHHU, & TaKKe HAJIMIUE JIOTOJTHATEIb-
HOIl 00 bEMHON OTEHIINAIBHON CUJIBI TUIA HHIOTOHOBCKOTO ITPUTSI?KEHUST
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WM KYJTOHOBCKOT'O OTTAJIKUBAHUS, CBI3AHHON CO C(DEPUIECKUM pacIipe-
JeJIeHIeM MAaCChl WX 3apsifia. B aToM ciiydae, HE3aBUCHMO OT ypaBHE-
HUII COCTOSIHUSI CPEJIbl, PAIUAJIbHOE JBUYKEHNE TPOJI0JIZKAET 3aBUCETh OT
a3MMyTAJIbHBIX JBUZKeHUil (110 J0/IroTe u mupore B chepuaecKux Koop-
JIMHATax) Yepes JieficTBIe paIuabHON 1eHTpoOeKHOM cuiibl. [Tokaszano,
YTO CYIIECTBOBAHUE TAKUX PEIIeHn BOJIM3HU MMOJFOCOB BO3MOYKHO TOJIHKO
IPU IMOJITHOM OTCYTCTBUU COOTBETCTBYIOIIETO JIBUXKEHUS, HAIIPABJIEHHOT'O
BJIOJIb U3MEHEHUs JIOJITOTHI. JIOIyCTUMBI TOJIBKO IITUPOTHBIE TedeHnst. B
KadecTBe IpUMepa PACCMaTPUBAETC 3a/1a9a O HEJIMHERHBIX OJIHOPOJIHBIX
KOJIe0aHUsIX KOHETHON MacChl COBEPIIIEHHO ra3a, IPU KOTOPBIX pajiialib-
Hasl IEHTPOOeXKHasi CUJIa BOJU3U IEHTPA IPUBOIUT K OTTAJKUBAHUIO,
[IPEBOCXOISIIEMY CHJIy HbIOTOHOBCKOI'O IPHUTSI>KEHUsI. AHaJIOrMIHbIE pe-
3yJbTaThl MOJIyYE€Hbl U B pPaMKaxX HECKUMaeMOHN >KHUJIKOCTH, IJe JIaHO
pelleHne O JJMHAMUKE Iapa C IEePEMEHHBIMHU 110 HAYaJIbHOMY PaJinycy
IUIOTHOCTBIO U 10 YAEJIbHBIM MOMEHTOM KOJIMdecTBa apuzkeHusi. O0Cy K-
JlaeTCd BO3MOXKHOCTD CYIIECTBOBAHUA IIEHTPAJIbHOIO IIy3bIPbKA.

Cnucok JuTeparypbl
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KAYECTBEHHBIE CBOIICTBA HJAPABO.TII/ItIECKOI?'I
3AJAYN C KPZ-HEJIMHEVMHOCTDBIO 1
HEJIOKAJIBHBIM YCJIOBUEM

I'PEBEHEBA A.A.
Poccniickuit yausepcurer npy:x6sr Hapogos uM. 1. JIymymo6sr, Poccns

agrebenevaa@yandex.ru

Ypasuenus c¢ meauneitHocTamu tuna Kapmapa-Ilapusn-2Kanra 3anu-
MaloT 0c000€e MeCTO, OIUCHIBAs YHUBEPCAIbHDBIN KJIACC SBJIECHUN, CBI3aH-
HBIX CO CTOXACTUYECKUM POCTOM IOBepXHOCTEN u juddysueii ¢ yaeTom
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duykryanmii. Takue onepaTopbl BOSHUKAIOT B IPUIOKEHUAX K Pa3/Ind-
HBIM O0JIACTSAM, KOTOpPbIE HEBO3MOXKHO OIHMCATH MOJEJBIO, COAEeprKAIeit
KJaccuaeckue juneiinbie quddepennuaibuble ypaBHeHHs: MHOTOMEePHAs
JHamMuKa uHTepdeiica [1], HanpasieHHbI pocT HONIUMEPOB |2], Mozesn
JipobHoOit uddysun (3], Mojeu UrpoBoil 3aBUCHMOCTH € HEYCTORIHBBIM
yipasyeaneM [4], Mojesnn cBoGOIHBIX (DEPMUOHOB ¢ KOHEYHBIMHU TEMIIe-
parypamu [5] n 1. g1

B pabore uccinenyercsa dyugamentanbaoe KPZ-ypasaenne B mapabo-
JImIecKoit popme:

%:Au—i—gwu?—i—’y(m,t)uﬁ, e t>0, (1)
ot n
_1
a+1
wo = |/ Koo o )
€90 Q
U = UO(‘T)’ T e Qv (3)

t=0

rie {2 370 orpanuvennas B R™ ob/acTh ¢ rajkoil rpaHuIeil, ug Hempe-
PBIBHA U TI0JIOKUTEJIbHA B ), 7 JIOKAJIBHO rejibieposa B ) X [0,00), K
HenpepbIBHA U HeoTpunareabHa B 9§ X Q) x [0, 00).

Teopema 1. Ecau [ K(z,y,t)dy >1 dasn aobozo x € O u aobozo
Q

neompuyamenvrnozo t, dgynxyua (o + 1)y(xz,t) neompuyamenrvra, un-
(o]

) B—1
meepan [ inf y(x,t)dt pacvodumes, a o7 > 0, mo sadava (1)~(3) ne
0 xz€N
UMEEM, NONOHCUMENLHVLT PEWEHUT.
IIpu o > —1 mocrarodnbie yCJIOBUS MOXKHO yKa3aTh HE TOJIBKO ISt
OMCYMEMEUA, HO U IS CYWECME06aHUA PEIeHnIT. A IMEHHO, CIpaBe]I-
JIMBO CJIEJLYIOIIEE YTBEPIKICHHE.

Teopema 2. Ecau o > —1, 5> 1, gynxyua y(x,t) oepanuvena, cyue-
cmeyem maxoe Ko < 1, wmo [ K(z,y,t)dy < Ky dan moboeo x € 9 u
Q

Mmoboz2o neompuyamervrozo t u gynkuyua K(z,y,t) omauwna om mootc-
decmeentozo nyas npu aobom r € 0 u A000M HEOMPUUAMENLHOM
t, mo cywecmeyem makxas (docmamowno Manas) HEOMPUUAMEALHAA
dynryua up(x), wmo zadava (1)—(3) umeem pewerue.

132



Cosmectroe nccaenosanne ¢ A. B. Mypasuukom.
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PEI'VJISIPHOCTD CJIABBIX PEIIIEHUI
HEJINATOHAJIBHOI ITAPABOJIMYECKOM CUCTEMBI
ITP1 KPAEBBIX YCJIOBUAX COCTABHOI'O TUITA

I'PUIINHA T'.B.

MI'TY nMm. H.9. Baymana, Poccust
ggrishina@bmstu.ru

PaccmarpuBaercs MosiesibHas 3a/a4a JJ1st JJUHEITHON 1mapabosimdecKoit
CHUCTEMBbI C HeIMArOHAJILHOM ryiaBHON MaTputieii. KoMmoHeHTH! pereHust
u(z) = {uF(2)}*<N, N > 1, z = (x,t) cBasanbl ycaosusamu tuna Jupu-
xJie u Heilimana mocpesicTBOM HEKOTOPOI MAaTPHUITHI HA TIJIOCKOH dacTu Iy
numaapa QF = B x (—1,0):

ug — div (a(2)Vu) = —div F(2) + f(2), z€Q7, (1)
u'(2) —bu"(z) =0, ze€Tly; (2)
b*(agr(l”z)>/ + (agr(lj))” — —(BFF'(2)+ F'(2)), zely.  (3)

Bnech u' = {uFMSFSm o = [yFymHISESN 0 <y < N — dukcn-
poBaHHOe Uncyo; Vu = {u’éa}ljég, Bf = B1(0) N {z, > 0} C R",

n > 2, B1(0) — egunmuneiii map B R™, v = B1(0) N {x, = 0},

133



' =y x(=1,0); n(z) = (0,...,0,—1) — eauHUIHAS] BHEIIHssT HOP-
Masb K BT B Touke x € 1. DasmiTHuecKuii onepaTop B CHCTEMe OIpe-
JIeJIeH CJIeJLyIOIIUM 00Pa3oM

div (a(z) Vu(z)) = { Z (CLZI'B(Z) Uéﬁ)xa }k<N’
a,B<n; I<N -

BEKTOD IIPOU3BOJAHON 110 KOHOPMAaJIX UMEET BUJL

) (5. (G),

on, on, on,
rie
(B - [ et}
B<n;I<N =
(%ﬁ?)”:_{ 2 aZf(m’uW’fB}mﬂgng;
B<n; ISN

b — marpuna pasmepa [m x (N —m)], b* — Tpancnonuposanuas K b.
Cayuait b = 0 He UCKJIIOYAETCS.

Ecmn m = 0 wim m = N, 3anaga (1)—(3) sBisiercs 3agadeil ¢ Kpae-
BoIME yeioBusiMu Tunia Hefimana nim JIupuxiie cOOTBETCTBEHHO, U 9TH
CILydan 371eCh He 00CY K IAI0TCs.

[Ipennosaraem, 4ro BeKTOp HyHKIUK

F={FEYSsn,  f= ()Y

npunayieskar npocrpanctey L2(QF).

YcranaB/mBaeTCs HEIIPEPBIBHOCTE 110 [esb/iepy cy1abbIX pelIeHnit 3a-
maan (1)—(3). B okpecrnocru I'j. Ilpm nokasaresnbcrBe nciosb3yercst
MoubuKaIms MeTo/ia A-KaJopUIecKoil alllIPOKCHMAIAHN, a/IallTHPOBAH-
Hasl K paccMaTpuBaeMoil 3ajiade. B coOOTBETCTBUE € 9THM METOJIOM, pe-
ITeHne anpOKCHMUPYeTCst JIOKATbHO 1o HopMme L2 permenmen mpocreii-
Imeit mapaboJIMIecKoll CHCTeMBI ¢ MOCTOsTHHOM MaTpureir A. Meron A-
KaJIOPUIECKOIl alPOKCHMAINN aJallTHPOBAH K MCCJIEOBAHUIO PA3JINt-
HBIX KPaeBBbIX 3a/ad s napaboimdeckux cucreM. [Ipu nccrenoBanum
sazaqn (1)—(3) CII0KHOCTD COCTOUT B TOM, UTO MHOYKECTBO JIOILYCTHUMbIX
yHKIWI B HHTErPAIBLHOM TOXK/ECTBE, OIPE/E/ISIONEM DEIleHIe, 3aBU-
CHAT OT MaTPHIIHI b.
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OQHEPTETUYECKAYA OYHKIINA J1JId KACKAIOB
MOPCA-CMEJIA HA MHOTOOBPA3UIX
PASMEPHOCTU 4 1 BBIIIE

I'VPEBUY E.4A.

HUY BIIS-Huxkuwuit Hosropo
HIY BIIIS, Poccust
egurevich@hse.ru

B mokstasie paccMaTpuBaioTCsS IMHAMUYIECKAE CHCTEMBI, TIOPOK IEHHBIE
creneasamu auddeomopduzma f 1 M" — M"™ Ha 3aMKHYTOM TJIaJl-
KoM MHOroobpaszun M'™ pasmeproctn n > 1. Hamomuaum, uro maud-
dbeomopdusm [ nazwbiBaercs Judipeomoppusmom Mopca-Cmetina (M S-
b deomopdusMom), eciu ero HebIIy K Jaonee MHOKECTBO {1y KOHEYHO
¥ WHBapUAHTHBIE MHOI00Opa3usl MEPUOJIMIECKAX TOYEK MMEIOT TOJIBKO
TPaHCBEPCAJIBHBIE [T€PECETEHNSI.

Oyukimst Mopca ¢ : M™ — R HazbBaeTcss anepzemuueckot GyHruu-
eti mudpdpeomopduzma f, ecim MHOXKECTBO ee KPUTUIECKUX TOUEK COB-
najgaer ¢ {dy, m @ crporo yObIBaeT BIOJL OPOMT f, OTIHYHBIX OT {1f.
[Tukcron B [1] mokaszas, uro sHepreTuyeckasi GYHKIWS CYIIECTBYET JIJIsi
sioboro M S-muddeomopdusma ¢ JIByMEpHBIM HECYIIIUM MHOTOOOpa3u-
eM, u mocrpouws npumep M S-muddeomopdusma Ha TpexMepHOil cde-
pe S3, s KoTOporo sHepreTmueckoil (hyHKIUU He CyIIeCTBYeT. DTOT
3¢ dEKT CBsI3aH B IMEPBYIO OU€PEIb ¢ BO3MOYKHOCTBIO JIUKOTO BJIOYKEHUST
3aMBIKAHUI CENapaTpUC CEJIOBBIX MEPUOIUICCKUX TOUEK TuddHeoMop-
dusma. I'punec, Jlaynenbax u Iounnka B (2], [3| moayumiu Heobxou-
MBI€ U JIOCTATOUYHBIE YCJIOBUSI CYIIECTBOBAHUS SHEPIETUIECKON (DYHKIMH
st M S-muddeomopdusMoB Ha TpexXMepHBbIX MHOrooOpasusix. B gact-
HocTH, B [3] mOKazaHO, 4TO ecju BCe OJHOMEpHbIe cemaparpucht M .S-
muddeomopduzma f : M3 — M? 0bpasyior TpUBHAIbLHBIE IIyUYKH, TO f
obuiasiaeT sHepreTryeckoii dynknueir. B [4] mokazano, uro mius n # 4
OJTHOMEPHBIE CEMapaTPUChl, He YIaCTBYIONNE B TE€TEPOKINHUIECKUX TIe-
pecedeHusIx, Beerjia obpa3yloT TpuBHAJbHBIE Mydku. OHAKO, MPSMOE
06001IeHNe pe3y/ibTaTa U TeXHUKU paboThl 3] Ha ciaydail BbICIIel pas-
MEpPHOCTH HEBMOXKHO. TeM He MeHee, yIaeTcst BBIIECIUTD Kaace guddeo-
MOPMOU3MOB, JJIsT KOTOPBIX CYIIECTBYET SHEPTeTHICCKasT (DYHKITHS.
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Teopema 1. Ilycmo f: M™ — M™ — duppeomoppusm Mopca-Cmetina
6e3 zemepokiuHudeckur nepecevenut, u M™ — aubo chepa S™, aubo
npamoe npoussedenue S1 x S, n > 4. Tozda dns f cywecmeyem
IHE2EMUYECKAA PYHKUUSA.

Hns cayaass M™ = S™ pesysnbrar TeopeMbl ciejiyer u3 paborsl |5,
e JoKasaHo, aro i jroboro M S-muddeomodpuzma f o ST — S”
0e3 reTepOoKJIMHIYECKUX Iiepecedennii cymecrsyer m > 0 rakoe, 9yro f™
BKJIIOYAETCs B TOIOJIOTMYECKUIT TOTOK, U paboTsl [6], riae jgokaszaHo cy-
IIECTBOBAHIE HENPEPBIBHON IHEPEreTHYeCcKOl (DyHKIMN JIJIs JTII0O0ro pe-
IyJISIPHOTO TOIIOJIONHYECKOro I0TOKa. B cayuae, korma M™ = S~ 1 x §1,
cymectBytoT M S-muddeomodusmbl 6€3 reTepOKINHUIECKUX TTepecetve-
HUH, He BKJIOYAIONINECS HU B KaKWe TOMOJOIMYeCKUe MOTOKU. TeM He
MeHee, U s 3TUX T heoMopdU3MOB y1aeTcsi TOCTPOUTD SHEPreTIe-
CKy10 (PYHKITUIO.

Uccnenosanne ocyrecTsieHo B paMkax [Iporpammbr dhyHIaMEHTATE-
HBIX nccaemopanuit HUY BIITD.
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BOKPVYTI T'NITIOTE3HBI HEJIBCOHA

I'VCEB H.A.

MO®TU, Poccusa
ngusev@phystech.su

ycrs v: R — R? — jokanbuo umrerpupyemoe Gesauseprentroe (B
cmbicsie 0600meHHbIX (hyHKIuUiT) BekTopHOoe noste. B 1962 roxy Hembcon
BBIJIBUHYJI cJieJrytonyio runoresy [1] (em. rakxe [2]):

T'unoreza 1. Ecau v %x6adpamudno unmezpupyemo u uMeem Kom-
NAKMHBT HOCUMEAD, MO COOMBEMCMEYIOULUT HEOZPAHUNEHHDIT ONepa-
mop Ag: L?(RY) — L2(R?) euda Ag(p) = v - Vp ¢ obaacmvio onpedene-
nua D(Ag) = CX(RY) cywecmeenno xococonpasicen.

B cityuae d > 3 s1a runoresa 6bl1a onposepruyra Aiizenmanom [2], o-
HAKO ciydail d = 2 10 HeTaBHEr0 BPEMEH! OCTABAJICS OTKPBITBIM. Ompo-
BeprKeHne TumoTe3nl HebcoHa B 9TOM citydae BBITEKAET U3 PE3yIbTaTOB,
nostydeHHbIX B [3| u [4]. B nansOM j1oKi1a/1e muiaHupyeTcs: 06CyUTh CBsI3b
CYIIECTBEHHOI KOCOCOIPSI?XKEHHOCTH onieparopa Ag ¢ Apyrumu cBoiicTBa-
MM IOJI V: IEHHBIM CBOWCTBOM, PEHOPMAaJIA3AIUCH, €JIMHCTBECHOCTHIO
006001eHHbIX pereHuil 3aja4dn Ko i ypaBHEHUs HEPa3PbIBHOCTU
(kax BIEpej, TaK ¥ Ha3aJ| 110 BpeMeHn) u co ciaabbim coiictBom Capa
COOTBETCTBYIONIEH DyHKIIMN TOKa B ciaydae d = 2.

JlaHHBIA 7OKJIaJ OCHOBaH Ha coBMecTHOR pabore ¢ K.FO. 3amana,
M.B. Kopobkoseim u E.FO. [Tanosbim. VceseoBaHne BBITIOJHEHO 38 CIET
rpanTa Poccuiickoro nay4anoro dgpomma Ne 24-21-00315.
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[6] Bouchut F., Crippa G. Uniqueness, renormalization, and smooth
approzimations for linear transport equations. STAM J. Math. Anal., V. 38,
No. 4, pp. 1316-1328 (2006).

OB OJJHOM KPUTEPUUN SKCIIOHEHIINAJIBHON
JANXOTOMUN AJII PASHOCTHBIX YPABHEHUI C
ITEPNOUNYECKUMHN KOSOPUIITUEHTAMMNU 1 EI'O

ITPUJIOZKEHN AX

AEMUJIEHKO T'.B."*, BOHIAPbH A.A.>") TAH?KAEBA M.III.>*

'NucturyT marematuxku uM. C. JI. Cobonesa CO PAH, Hosocubupck, Poccns
*Hosocubupckuii rocyiapcTsennblii yausepcurer, Hosocubupcek, Poccust
*demidenk@math.nsc.ru, *anna.alex.bondar@gmail.com, “m.ganzhaeva@g.nsu.ru

B pabore paccmaTpuBaiOTCS CUCTEMbBI JTUHEHHBIX PA3HOCTHBIX yPaBHE-
HUH ¢ IEPpUOAUIECKUME KO3 duiimenramMmu

Tpt1 = AN)xy + fn, nEZ, (1)

riae {A(n)} — N-uepuopudeckast HOCIe0BATEIHLHOCTb MATPUIL pa3Mepa
m x m, T. e. A(n+ N) = A(n). llpeanonaraercs, uro cucrema (1) sxc-
HoHeHIWaIbHO JuxoroMudHa [1]. CoriacHo ClieKTpasibHOMY KPUTEPUIO
9TO SKBUBAJIEHTHO TOMY, UTO CIEKTD MaTpuiibl MoHojpomun X (V) He
IIepeceKaeTcsd C eUHUYIHON OKPY2KHOCTBIO.

B pabore [2] YCTAHOBJIEH HOBBII KPUTEPUH 9KCIIOHCHIINAJILHON J1UX0TO-
MU, KOTOPBIH (OPMY/IMPYeTCcsi B TEPMUHAX PA3PEIIUMOCTH CJIeLyoIed
KpaeBoil 3aJia4u JJisi CUCTEMbI PA3HOCTHBIX ypaBHeHuit Jlamynosa

H(l) — A*(DH(I+1DA(Q) = (X*(1)'P*X*() X (1)PX (1)

—(X*()"H I - P X* ()X ()(I - P)X~ (), 1=0,1,..,N—1,

H(0) = (I — PY*H(0)(I — P) + P*H(0)P,

X(N)P=PX(N), P:=P
riae {X(j)} — marpunant cucremst (1).
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Oror KpuTepuil oKazascs oueHb 3MEKTUBHBIM IIPU JI0KA3aTe/IbCTBE
TEOpeM O BO3MYIIEeHHN KO3(DMOHUINEHTOB U IIPOBE/ICHNN YUCJIEHHBIX Pac-
1eToB [3].

B nokiajie Mbl IIpe/icTaBiIsieM HOBBIE PE3YJIbTaThl O CBOUCTBAX pellle-
HUIl Pa3/IMUHBIX KPAeBBbIX 3aJad Jyisi cucTeMbl (1), mosydeHHBIE ¢ HC-
HOJIb30BAHUEM 3TOI'O KPUTEPHUSI.

Pabora BbIlO/IHEHA B paMKaxX I'OCYJapCTBEHHOrO 3aJaHusd MHcTHTY-
ta maremaruku uMm. C.JI. Cobonesa CO PAH (upoekr Ne FWNF-2022-
0008).

Criucok JuTepaTypbl
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[2] demunenko I'. B., Borgaps A. A. DKcnoHeHyuasvHas OUTOTNOMUSL CUCTIEM AU-
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TEOPEMBbBI CYIIIECTBOBAHNA PEIITEHN A
OBPATHBIX 3AJAY AJIAd MATEMATUNYECKNX
MOJAEJIEU ITPOIIECCA JIMHAMUWKNW COPBIINN

AEHUCOB A.M."*, YKV I."°
'MI'Y mvenn M.B.JIomorocosa, Poccus

*den@cs.msu.ru, *zhudq1002@163.com

Paccvorpum Mozesb mporecca IUHAMUKH COPOIII

ug(z,t) + ag(x,t) =0, (x,t) € Qr, (1)
at(xvt) = V(t)(u(xat) - ¢(a($7t))7 (:L',t) € Qr, (2)
w(0,t) = p(t), 0<t<T, (3)
a(z,0)=0, 0<z<lI, (4)

rie u(x,t) — KOHIEHTpaIusl BelecTBa BHe copbenTa, a(x,t) — KOHIIEH-
Tparus BemecTsa B copbente, ji(t) — BXO/IHAs KOHIIEHTPAIHsI BEIIECTBA,
Y(s) — dyukius, obparHas K uzorepme copbrmu, 7y (t) -KHHETHICCKIi
kodddurment, Qr = {(z,t): 0<z <[, 0<t<r7}
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JIemma ITyemo dynruuu y(t), u(t) u ¥(s) ydosaemsopsrom caedy-
rwum yeaosuam: vy, w € C[0,T); v(t) > 0, u(t) > 0, t € [0,T];
P € CYR), ¥(0) =0, 0 < ¢'(s) < 91, s € R, Y1 — const. Tozda cy-
wecmeyem eduncmeennan napa gynwkyuu u(s,t), a(z,t), asisowurcs
Kaaccuueckum peweruem 3adawu (1)—(4).

Hasnee, 4To6bl HOIMEPKHYTH 3aBUCHUMOCTD perrieHnst 3a1a4u (1)—(4) or
dyukuu y(t) 6yaem obosuadars ero u(s,t;y), alx, t;7y).

Cdopmynupyem obparnyio 3agady 1. [lycrs dyuknuu p(t) u ¢(s) 3a-
nanbl, a y(t) vHensBecrna. Tpebyercs: onpenesuTsb Y(t) MO AOMOJIHUTE b
Hoit nHDOpMarmu o pertennn 3ajaaqn (1)—(4)

u(l,t;y) =g(t), 0<t<T, (5)
rae g(t) — sanannast GyHKIWHS.

Onpenesienne 1. Oyuknus y(t) Ha3bBaeTcs penieHreM 00paTHON 3a-
maan 1 Ha orpeske [0, to], eciim v € C[0, to], v(t) > 0, t € [0,t0], u(s,t;),
a(x,t;y) ynosiersopsitor (1)—(5) mist (z,t) € Qy,-

Teopema 1. ITycmo dynruyuu u(t) u (s) ydosaemseoparom ycaosusm
aemmol, a g(t) maxosa, wmo g € C[0,T], 0 < g(t) < u(t), 0 <t <T.
Toz0a natidemes maxoe ty € (0,T], wmo na ompesxe [0, to] cywecmeyem
pewerue obpamnoti sadavwu 1 (t).

Cdopmynupyem obparnyio 3agady 2. [lycrs dyukinuu p(t) u () 3a-
nanbl, a 7y (t) wenspecrna. Tpebyercs: onpenesutsb Y(t) 10 AOMOJIHUTE b
Hoit nadopmaryu o pertennn 3anaan (1)—(4)

ug(l,t;y) = h(t), 0<t<T, (6)
rie h(t) — 3agannas HYyHKIHSL.

Onpepenienne 2. Qyuknus y(t) Ha3bBaeTCs penieHreM 00paTHON 3a-
maan 2 Ha orpeske [0, to], eciim v € C[0, to], v(t) > 0, t € [0,t0], u(s, t;),
a(z,t;7) ynosnersopsor (1)-(4), (6) mus (2,1) € Q-

Teopema 2. ITycmov gynrxyuu u(t) u p(s) ydosaemeopsrom yciosu-
am aemmoi, a h(t) maxosa, wmo h € C[0,T], h(t) < 0,0 <t < T,
) |

u(0) > Texp(1)”
[0, to] cywecmeyrom dsa pewerua obpamnot sadavwu 2 Y1 (t) u a(t).

Toeda natidemesa maxoe to € (0,T], wmo na ompesxe
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B noxiaze 6ymyT Takke chopMyIMPOBAHBI TEOPEMBI CYIECTBOBAHUS
pellieHnst 0OpaTHBIX 3aad JJIsT MOJeJeil Ipolecca JJMHAMAKNA COPOINNT,
orsmuHbIX or (1)—(4).

Crucok JurepaTypbl

[1] denucos A.M., Yxy dyuuuus. Obpammas 3a0aua 0ai Mamemamuueckots mode-
AU QUHAMUKY COPOUUL € NEPEMEHHBIM KUHEMUYECKUM KodPPuyuermom. Bect-
uuk MI'Y cep.15, Beruncinrenbnas maremaruka n kubepueruka, 2022, Ne 4, C.
5-13.

[2] denmcos A.M., Hxy Hdynmunas. Cywecmeosanue deyx pewenuti obpammot 3a-
davu Oas mamemamuveckol, modeau Jurnamury copbuuu dnddepernuaibabie
ypasuenusi, 2023, T. 59, Ne 10, C. 1433-1437.

O CBOVICTBAX PEHIEHU
YPABHEHUU C 3AITA3IBIBAHUEM
JEHIVCIOK B.A.

Hoocubupckuit I'ocynapcrennsiit Yuausepcurer, HoBocubupck, Poccust

v.denisyuk@g.nsu.ru

PaccvoTpum cucreMy OOBIKHOBEHHBLIX muddepeHnaabibX ypaBHe-

HU
dxq n—1

=g(t,zn) — Ty, t>0,
dt 9( n) T !
dx; n—1 n—1
—_— = Ti_1 — T;, j=2,...,n—1, 1
dt T i-1 T 7 J ’ ()
dx, n—1

= -0z, + Tp—1,

dt

riae 6 > 0, dysknus ¢(t, z) HenpepblBHA, OIDAHUYEHA ¥ JIUIIIIUIEBA 110
BropoMy aprymenTy. CHCTEMBbl TAKOI'O BHJIa BOZHUKAIOT IIPU OIMCAHUH
IPOIECCa MHOTOCTaAUITHOIO CHHTE3a BEIIECTBA, IVIE 1 — KOJMIECTBO CTa-
JWii, T — BpeMsl IpoTekaHus mporecca. OTMETHM, 9TO B PEabHBIX 3a-
Jladax KOJIMYECTBO CTAJUil 1 MOXKeT OBITh HACTOJILKO OOJIBIINAM, YTO Jie-
JIaeT HEBO3MOXKHBIM KaK TEOPUTHIECKOE, TaK U THCIEHHOE NCCIIe0BAHUE
rakux cucreM. [B. emnaenko B [1] ycranoBm1, IT0 mOCIEHSSA KOMIIO-
HeHTa Ty, (1) perrennsi cucreMsr (1), KoTopasi oTBeYaeT 3a KOHIIEHTPAIHIIO
KOHEYHOTO HPOJAYKTa, IpU 1 >> 1 Giin3Ka K PEIIeHNIO yPaBHEHHs C 3a-

a3 IbIBAHACM
dy
q =0y +g(t—T1,yt—1)). (2)

141



Ucnonb3yst npe/yiozKeH bl B [1] 110x0/1, ObLIN yCTAHOBJIEHBI CBSI3H MeXK-
JIy PeIlleHusIMA ypaBHEHUH ¢ 3ala3/IbIBAHUEM U PENIEHUSIMU Pa3InIHBIX
KJIACCOB CHUCTEeM OOBIKHOBEHHBIX JIu(PepeHITnalbHbIX YPaBHEHNH 00/1b-
moit pasmepHocru (cM., Haupumep, [2-5]). OrMeTnMm, 4TO HpPU UCCIIEI0-
BaHUYU MHOTOCTAIMITHOTO CHHTE3a BEIeCTBa C yIeTOM OOPATUMOCTH IIPO-
Ilecca BO3HMKAIOT CHCTEMBI CJIE/IYIOIIEro BUIA

dzy n—1 n—1
— =g(t,zn) — z1 + za, t>0,
dt T1 T2
dzj n—1 n—1 n—1 n—1 i
— = Zj—1 — + Zj+ —=zj+1, J=2,...,n—2
dt T1 T1 T2 T
dzn_—1 n—1 n—1 n—1 3)
= Zn—2 — + Zn—1,
dt 1 1 )
dz, n—1
= —0z, + Zn—1,
dt " T1 not

rae 7 > 11 > 0. B pabore MbI n3y1aem cBoiicTBa perennii cucremst (3)
U YCTAHABIHBAEM, UTO 2n(t) U @y (t) Gimsku npu n > 1n 7 = 2L,
IIpuvaeM BBIIIOJTHEHa OIlEHKa
max |z,(t) — z,(t)] < C//n. (4)
t€[0,T]
[Ipumensisi mokasanuyio B [1] npegenbHyio Teopemy u oneHky (4), Mbl
HoJIyvaeM, 9To z,(t) crpemurcs K pernenuio y(t) ypaBaenusi (2) mpwu
n — 00. Ucnonb3yst 9TH pe3yibTaThl, MOKHO HCCIEA0BATH ACHMITOTH-
YeCKHUe CBOMCTBa PelIeHUil ypaBHEHUI C 3alla3/bIBaHueM.

VcenenoBanne BBINOJHEHO 3a CUET I'pPaHTa POCCHIICKOro HayIHOIrO
donma Ne 24-21-00367, https:/ /rscf.ru/project /24-21-00367 /
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[2] demunenko I'B., Jluxomsait B.A., Korosa T.B., Xponosa }0.E. 06 odrom xaac-
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[5] demunenko I'B. Memod pewerus 00not 6uonoeuneckot; 3adawu Goavwoti pas-
meprocmu. Cub. xKypH. nHIyCTp. MaTtemaruku, 25:4 (2022), 42-53.

HEJIMHENHBIE JJINHHBIE BOJIHBI B BACCEHAX C
ITI0JIOTMU BEPET'AMMU, ITOPO2KJIEHHBIE
TAPMOHMWYECKNMMUA 110 BPEMEHUI
ITPOCTPAHCTBEHHO JIOKAJIN30BAHHBIMU
NCTOYHUKAMU

JOBPOXOTOB C.FO."*, HABAUKUHCKUN B.E.",
HOCHKOB UM.A.>°, TOJTYEHHUKOB A.A.**?
"UIIMex PAH um. A.JO. Ummunckoro, r. Mocksa , Poccus
*N3MU PAH umenn H. B. ITymxosa, r. Kamununrpas, Poccus
SUIMMex PAH mv. A.JO. Nmnmuackoro, T. Mocksa, Poccns

*s.dobrokhotov@gmail.com, "nazaikinskii@googlemail.com,
“jgor.nosikov@gmail.com, “tolchennikovaa@gmail.com

Ob6cyxmaeTcst 3a1a9a 0 KOPOTKOBOJHOBBIX ACUMIITOTUIECKUX PEITICHN-
sIX JIMHEIHON 1 HeJINHENHO cucTeM YpaBHEHU MeJIKOi BOJIbI B bacceiine
C HEPOBHBIM JTHOM U C IIOJIOTMMU Oeperamu, OIUCHIBAIOIINE BOJIHBI, BO3-
Oy2KJlaeMble FApMOHUYECKHUM I10 BPEMEHH IIPOCTPAHCTBEHHO-
JIOKAJIN30BAHHBIMUA UCTOYHUKOM. CHaYaIa 33/1atda PacCMATPUBAEMCS B
JIUHEHHOM TPUOINKEHNN. 371eCh UCTIOIB3YIOTC HEJABHO PA3BUTHIE MO/
XOZBI, OCHOBaHHBIE Ha KAHOHHUYECKOM ollepaTope Macsosa, 4T0 103BO-
JisleT HaXOIHUTh IJIO0aIbHOE aCUMIITOTUYECKOE DeIleHne 331a49u B JII000i
Harepe/1 33/JaHHO 06J1acTH, yYUTHIBAIOIEe HAJINYINE KayCTUK U (DOKAJIb-
HBIX TOYEK, a TaKxKe BapuaruoHHbIH npuHimn PepMa, KOTOPBIH 03BO-
JIsieT HaXOJIUTh aCUMIITOTHYIECKOE PelleHne JJOKAJIbLHO, TO €CTh B OKPEeCT-
HOCTH 3aJJaHHON TOuYKHM HabJojenns. Hamuvwme Gepera npuBoiuT K mO-
SIBJIEHUIO “HECTAHIAPTHON KayCTHKU, B OKPECTHOCTU KOTOPOH aCHMIITO-
TUYECKOE PEIICHUE CUCTEMbl JIMHCAPU30BaHHBIX YPaBHEHUI BhIpazKaeTCs
qepe3 MOIMMUIIMPOBAHHBIN KAHOHUYECKHI o11epaTop. Takoe acCHMIITOTH-
4eCKOe PelIeHHe He OlpeliesideT PellleHue UCXOIHON HeJIMHEeHHON cucTe-
MBI, JIJIsI KOTOPOH IO-CYIIECTBY PACCMaTPUBAETCS 3a/1a4a CO CBOOOJIHOIM
rpanureii. CoryiacHO HeJIaBHO Pa3BUTOMY I10/IXOJLy, OCHOBAHHOMY Ha& MO-
nudunrpoBaHHoM npeodpazosannn Kappuepa-I'puHcnana, acuMmnToru-
YeCKOe PeIleHre HEeJMHEHHON CUCTEMBI BbhIparkKaeTCd Yepe3 pelleHue JIu-
HEapU30BaHHOI CHCTEMBI B BUJIE ITapaMeTPUYeCKN 3a/JaHHbIX (DYHKITHIL.
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[Tosryuennbie hopMyJIbI ONMMCHIBAIOT, B TOM |ncie, 3pdekTsr Habera Ha
Geper u3yvaeMbiX BOJIH.
Pabora Brimonrena mo Teme I'oczamanmst Ne 124012500442-3.

CPABHUTEJIbBHBIN AHAJIN3 Y®PEKTUBHOCTN
HEKOTOPBIX ACUMIITOTUYECKINX METO/IOB B
3AJJAYE MOJEJIMPOBAHUSA KPUTUYECKUX
ABJIEHUN

JOJITOBA E.C.

CamapcKuil HAIMOHAJIBHBIN UCCIIEJOBATEIbCKUH YHIBEPCUTET UMEHU aKa eMIKa
C.I1. Koponesa, Poccus
dolgova.es@ssau.ru

Pabora mocBsiiena CpaBHUTETHLHOMY aHAIN3Y PA3TUIHBIX ACHMIITO-
TUYECKUX METOJIOB TIPU MOJETUPOBAHNN KPUTUIECKUX SIBICHUN B KJIAC-
CHYECKOI 3a/lade aBTOKATATIUTHICCKOro ropenus [1].

[Tpu ucciieioBaHUE MATEMATHIECKONH MOJIEIM TOPEHUsl ra3a B CIIy-
Jae aBTOKATAJUTUIECKON peakIuu ObLIO YCTAHOBJIEHO, YTO KPUTHUUE-
CKMeE SIBJIEHUST MOJIEJIUPYIOTCST TAK HA3BIBAEMBIMHU TPAEKTOPUSIME-Y TKAMU
[2, 3]. [TepBbie TeopeMmbl, KacamoIuecs: CynecTBOBAHNSI U aCUMIITOTHYIE-
CKHX CBOWCTB TPAEKTOPUI-YTOK, OBLIIN IOy 9€HbI METOJIAMU HECTAHIaPT-
Horo aHasm3a [4]. B nanbHeiinem jyist ocTpoeHus: TPaeKTOPUii-yTOK HC-
[OJIB30BAJIUCH PA3JINIHBIE METO/[bI CPAINUBAHUS ACHMITOTUYIECKUX Pa3-
JIOKeHUi, Texuuka blow-up u Jipyrue, cM., HapuMep, oubauorpadude-
ckuit 0630p B [5].

B [2] 6b110 BBICKA3AHO MPEANOIOXKEHNE, YTO TPACKTOPHsI-YTKA SIBJIsi-
€TCsI OJIHOMEPHBIM MEJJIEHHBIM WHBAPUAHTHBIM MHOTOO6PA3UEM CO CMe-
HOW YCTOWYUBOCTH M MOKET ObITHb TOJYyYeHa B PE3yJIbTaTe CKJICHBAHUS
YCTONYMBBLIX ¥ HEYCTOWYNBBIX MEJIJIEHHBIX NHBAPUAHTHBIX MHOTOOOpa3wii
B OJIHOI TOYKE TIOBEPXHOCTH CPBIBA 32 CUET HAJMYUS JOMOJHUTETHHOTO
CKaJIIPHOTO MapaMeTpa, KOTOPBI MOYXKHO PacCMATPUBATH KaK YIIPABJIs-
omuil napamerp.

B nannoit pa6oTe jiJ1st TOCTPOEHUST TPACKTOPUU-YTKY, MOJIETUPYIONIEH
KPUTHUYIECKOE SIBJICHWE B 3ajade TOPEHWs, KPoMe JIAHHOTO TOJXO/a WC-
MOJIB3YIOTCST TakKe anmpokcuManun [lage pasnoro mopsaka. [Iposoant-
Cs1 CPABHUTEJILHBIN AHAJN3 TOTYIEHHBIX ACHMITOTHIECKAX BBIPAKEHIH
JUTST YIIPABJISATONIETO MapaMeTpa Ha OCHOBE UUCJEHHOTO SKCIECPUMEHTA.
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YCPEIHEHUE I'MIIEPBOJINYECKNX YPABHEHIIL:
OITEPATOPHBIE OLIEHKWU IIPV YYETE
KOPPEKTOPOB

JOPOIHBIN M.A."*, CYCJIMHA T.A."’

!CankT-IleTepbyprekuit rocyiapcTBeHHBIH yHUBEpcuTeT, Poccus
*mdorodni@yandex.ru, °t.suslina@spbu.ru

Iycrs I' — pemérka B RY, ) — eé sueiika, ) — IeHTpaabHAs 30HA
Bpusutioena jBoiicrBennoit pemérku. g [-nepuoguaeckux dyHKunit
ucnonb3yercs: oboznadenne f€(x) := f(x/e), € > 0. B Ly(R4, C") pac-
CMATPUBAETCsT CAMOCOIPSIKEHHBIN SJMIITHYeCKuil juddepeHimanbHbIi
oneparop A. = b(D)*¢°(x)b(D). 3aecy g(x) — orpaHmdeHHas U MOJIO-
JKUTEBHO ompe/iesiénnas [-nepuonndeckasi (m x m)-MaTpuna-yHKIISL.
Hanee, b(D) = E;l:l bjD;, rne b; — marpunsl pasmepa m x n. Ipes-
HOJIaraeTcst, 9To m > n u cumsog b(€) = Z?:l b;&; uMeeT paHr n UpH
0+# & e R%.

MbI u3ydaem noBeseHue pereHuit U (X, 7), X € R 7 € R, e = 0,
sagaan Komm jjist runepbo/imyeckoro ypasHeHust

fﬁua(x,v') = —(Acu.)(x,7), u.x,0)=0(x), 0ru.(x,0)=1(x).

Tak kak ug(-,7) = COS(TA;/Q)(ﬁ + AZV? Sin(TA;/Q)'l,[), TO B OIEpaTOp-
HBIX TEPMHUHAX PEUb WIET O MOBEJICHUH IIPU MAJIOM € ONepaTop-yHKIH

COS(TA;/Q) n A;l/z SiD(TAi/Z)
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Breaém acbdextusnbii oneparop Ag = b(D)*¢"b(D), rae ¢° — momo-
JKuTesbHas afexmuenan mampuya. Haomunm onpesesenne ¢°. Ilycrs
A(x) — I'-nepuonuueckoe perenne 3a/a4n Ha siuefike ()

b(D)*g(x)(b(D)A(x) + 1) = 0, /Q A(x) dx = 0.

Ionoxum g(x) := g(x)(b(D)A(x) + 1). Torma ¢ = [, g(x) dx.
Panee Ob1710 ycTaHOBIIEHO, ITO COS(’TA;/ 2) w AZ'? SiD(TAg-/ 2) CXOJISATCS

K aHAJOIrMIHBIM GyHKIUAM 0T Ag B moaxoasiux Hopmax. ClpaBe1jiiBbl
OIIEHKN

1/2
[l cos(rAL2) — cos(TAY®)[| 2 ety 1o (ay < C(L+|7))e,
_1/2 . —1/2 . 1/2
I|AZ 1/2 SID(TA;/Q) - A, / sm(TAO/ Mt (ray— Loray < C(1+[7])e.
Ocrosmvle peayavmamo, pabomy, — ANIPOKCUMAIUUA IPH Y4IETe KOp-
PEKTOPOB i oneparopa A 1/2 Sin(TA;/ 2), a TakzKe /IS KOMIIOZUIIH
COS(TA;/2)<I + eA°b(D)ILL):
I COS(TA;/Z)(I +eAb(D)II,) — COS(TA(l)/2) —eKi(e, )| 3 (ray— 11 (re)
< C(1+ |1])e,
| cos(rAL2)(I + eA°B(D)ILL) — cos(Ag/?) — eK (e, 7)|| ety s Lo et
< C(1 4 |7])%?,
1/ . ~1/2 . 1/2 ~
| Az 1/2 s1n(7'A;/2) — A, / sm(TAO/ ) — eK (&, 7) | g3 ()= Lo (Re)
< C(1+ |72

3nech 11, — IO, cuMBOJI KOTOPOTO €CTh XapaKTepUCTUIECKast (PYyHKIINST
muoxkectBa §)/e. Koppekrop K (e, T) umeer Bu

Ki(e,7) = A*b(D)IL, COS(TA(I)/Q).
Koppexkropst K (g,7) K (e, 7) mmeroT GoJiee CIOKHYIO CTPYKTYPY:
K(e,7)=Ki(e,7) + Ko(T) m IN((a,T) = I?l(a,T) + I?Q(T),

rie Ki(e,7) = Agb(D)HaAal/2 sin(TA(l)/Q), a wens Ko(7) 1 Ko(T) He
3aBHUCAT OT €; UX OINCANIE JJOCTATOTHO TPOMO3IKO.
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9TI/I OII€EHKU TOYHBI II0 ITOPAIKY. B O6L[Lel\/f CJIydae OHU TOYHBI TaKzKe
IO THUITY OHepaTOpHOfI HOPMBI 1 B OTHOIIECHNN 3aBUCHUMOCTHU OT BpEMeHU
T. ()PZLHE)‘KO7 IIPU HEKOTOPDLIX JOIIOJTHUTE/JIbHBIX ITPEAIIONIOZKEHUAX 3TU pe-
3yJILTATBI JOIMYyCKAOT ycujeHue. [loyueHnnble OMEHKN MPUMEHSIOTC K
HCCJIEJOBAHUIO perenuii 3aga4dn Kommm Jist rumep6oJIiecKoro ypasHe-
HHsA C HaYaJIbHBIMU JaHHBIMMW U3 CIICIXaJILHOI'O KJlaccCa.

Uccnenosanue nopaepxxano PH® (rpanr Ne 22-11-00092-1T).

MOJAEJIbBHAA TPETbA KPAEBAf 3AJAYA IJIA
ITAPABOJIMYECKNX CUCTEM B AHNU30TPOITHBIX
ITPOCTPAHCTBAX 3UT'MVYHJ/IA

ETOPOBA A.1O.

Psazanckuii rocyiapcTBeHHBINH paIMOTEXHUYIECKUI yHUBepcuTeT umenun B. @.
Yrruna, Poccus
ayu_egorova@mail.ru

Paccmarpusaem B nosymnonoce Dy = DN{z > 0}, rne D = R x (0,7,
0 < T < oo, ¢ 6okosoil rpanureit ¥ = Dy N {x = 0}, paBHOMEpHO
napabosmueckyto 110 Ilerposckomy [1] cucremy

Lu = f,
dyu+ Buls = ¢, (1)
U’t:O = w:

rme u = (Ul,...,up)T, f = (f17'-'afp)T7 Y = ((plv"'7¢p)T7 w =
= (1/11,--- 7¢p)T7 ﬁ = dla‘g(ﬁlv 75p)7 bl e R.

O6ozHaunM
k—1 ‘
u®) (z) = A9k (z) + ZAk_J_lag(k_J_l)ﬁff (,0) s k>0,
=0
rae A = ||a;; Hf j—1 — MaTpHIa BeIeCTBeHHbIX K09 PUIINEHTOB CUCTEMBI

(1) pasmepa p X p.
Jlnst mocrarouno raagkux permernii motoxnm uf) (z) = dfu(x,0).
Yrobbl perenue Tperbeil Kpaeoil 3ajsaun (1) mpuHaIexkano mpo-
crpancteam 3urmysna H,,(Dy), m > 3, TpebyeTcsi BLITIOTHEHHE HEKO-
TOPBIX ycsoBuii cormacoBannst. st ¢ > 0 OymeM roBopuThb, 9TO ISt
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TpeTbefI KpaeBOﬁ 3a/[a91 BBIIIOJIHEHBI YCJIOBHA COIVIaCOBaHUA IOPAIKa
0, ecJu:

1) s o ¢ N semommens coortnomenns Ofp(0) = u)(0),
k=0,1,..., [0], nue [o] — nenas gacrp ducia o;
2) mwis 0 € N pomommensr coormomenus Ofp(0) = u®)(0),

k=0,1,...,0—1,m

K, = OiltlETt—lmtag*hp(o) — 127,150 (0)] < oo,

rae Arp(0) = Ar(t)p(0) = (t) — @(0), Apjpul?(0) = Ay (t2)ul?)(0),

K, — koHCTaHTa coryiacoBanusi nopsjaka o. s o ¢ Z nonaraem K, = 0.

Teopema 1. Ilycmov m — namypasvroe wucao, f € Hy, (D+), HAYAND-
nas gynxyua P € Hpqo (R+), epanuvnasn Pynrkyus © € Hppq (X) u
BHINOAHENDL YCAOBUA CO2AACO8aHUA Nopadka (m + 1) /2. Tozda oepanu-
uenHoe KAaccuueckoe pewerue u mpemuvel kpaesot 3adavu (1) npunad-
aeorcum Hy, 1o (D+) U CNPaBedAuBo HEPABEHCMEO

’u‘m+27D+ <C (‘f’m7D+ + W‘m-ﬂﬂh + “P‘m—I—LZ + K(m+1)/2) .

st ypaBHEHUST TEIIONPOBOJIHOCTH PA3PENIMMOCTb TPeThell KpaeBoii
3a/1a4i B IpocTpaHcTBax Surmysia Hy, (D), m > 2 B MOJE/IBHOM CJIy-
Jae yCTaHOBJIEHA B [2].

Crircok JuTepaTypbl

[1] Ditmensman C.O. apaboauueckue cucmemv. Hayka, M: 1964.
[2] Konerkors A.H. Pewenue modesvruix 3a0au mMenionposooHOCIU 6 Npocmpat-
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O TOYHBIX OIHEHKAX CHUM3Y IIEPBOI'O
COBCTBEHHOTI'O SBHAYEHNA 3ATAYN
HITYPMA-JINYBNJIJIA ITP1 HEKOTOPBIX
SHAYEHUAX ITAPAMETPOB NHTEI'PAJIbHOTI'O
YCJIOBUA

EJKAK C.C."", TEJIbHOBA M.10.""

'Poccuitcknii sxonoMmaecKnii yausepcureT uM. 1.B.Ilnexanosa, Poccus
“Ezhak.SS@rea.ru, *mytelnova@yandex.ru
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Paccvorpum 3amaay [Hlrypma—J/luyBuinisa

v +Qx)y+ y =0, zc(0,1), (1)

y(0) =y(1) =0, (2)
rie () IpUHAIICKUT MHOXKeCTBY Ty, g~ HEOTPUIATEIbHBIX JIOKAILHO MH-
rerpupyembix Ha (0, 1) dyHKIWIL, yI0BICTBOPSIONIX YCIOBHAM

/1xa(1—x)ﬂQ7(m)da;: 1, a,B,veER,v#0, (3)
0

1
/ z(1—2)Q(z)dx < co. (4)
0
Jlamnas paboTa sABJISETCS TPOIOJIXKEHNEM U3YUeHUs OIEHOK JIJIs

Mapsy = inf  A(Q), Magy= sup M(Q),
QGT%,@»’Y QETayﬁ,»Y

HAYAJIO KOTOPOIO OBLIO TOJI0ZKEHO JIJIst T1000HOi 3a1a4uu B [1].

Hokazano (|2]), aro eciu yciosue (4) He BBIIOJIHSIETCsI, TO HU JUJIs
KaKOI'0 JIEfICTBUTEILHOIO A HE CYIIECTBYET HETPHBUAJIBHOIO DEIICHNUS Y
sagaun (1), (2).

Hoxkaszano ([2], [3]), aro mpu v < 0, a, 8 > 2y — 1 u pu v > 0,
—00 < a, 8 < 400 g moboit bynxmun Q € T, g

1 42 1 2
dx — d
A(Q) = inf fo y o T fo @)y x.
yeHg(0,1)\{0} fo y2dx

Teopema 1. IIpu o, 8 < 1 cywecmsyem makas mowka xg € (0,1), wmo
ma7ﬁ71 = m’
20e M ecmb pewenue YpasHEHUs.

\v/msin y/mxg
tg \/m(l —.ZUO> = . )
K siny/mxg — v/m cos v/mxg
nputem Me g1 docmuzaemcs na nomenyuanre Ké(x — xg) u coomeems-
CMBYIOWGA COOCTNGEHHAA OYHKUUA €CTNb
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Cy/mcosy/m(l—x .
cos \/ﬁ(\/%ZOS V\F/@;)(—Kgi)rl vmzo) Sin \/mx’ T [0’ :CO]’

y =
—C'si 1—
e r € (z,1],
20e K = 207%(1 — 20)7% u C — npoussosvnas xoncmanma; ecau o > 1
usu 3> 1, mo mypg1 = —00.

Sameuanue 1. Ecm a, f < 0, To mg g1 = %7’[’2; ectn <0< ax<l1
(a<0<pB<)umecmna=LF=1rt0mep1 > 0;ecmm0<a,f<1ln

npu 3ToM « # 1 mmm 3 # 1, To ma g1 = <1 — (1(_201);:;()1;5),1576) w2 > 0.

Cnucok JuTeparypbl

[1] Eropos }0.B., Kouaparses B.A. 06 ouyenkax nepsozo cobecmeernozo 3nauenus
6 nexomopux 3adavwaxr I[lImypma—/Tuysusis. Ycuexu MaTeMaTHIeCKUX HAyK,
51(3), (1996), 73-144.

[2] Ezhak S., Telnova M. On conditions on the potential in a Sturm-Liouville
problem and an upper estimate of its first eigenvalue. Springer Proceedings in
Mathematics and Statistics, 333, (2020), 481-496.

[3] Exak C.C., Temproa ML.IO. 06 ouenkax chudy nepeozo cobcmeentozo 3nae-
nus 3adavu [Imypma—/Tuysuris ¢ 8eCo8bLMU UHMEZDAADHHMU YCAOBUAMU HA
nomenyuan. Tpynel cemunapa nmern W.IN. Ilerposckoro, 33, (2023), 144-160.

[4] Karulina E., Vladimirov A. The Sturm-Liouville problem with singular potential
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YCPEJIHEHUVE OITEPATOPOB TUIIA JIEBA
C IIEPUONYECKUMNU KOPPUIIMEHTAMUN

JKUZKUHA E.AY* TATHULKUN A.J1.M°, CJIOVIIL B.A.>°
CYCJIMHA T.A.>?

'Broicirast mkoJia copemennoit maremaruku MOTU, Poccust
*Cankt-IleTepbyprekuit ToCyIapCTBeHHBIH yHIBEpCHTeT, Poccns
“elena.jijina@gmail.com, *apiatnitski@gmail.com, °v.slouzh@spbu.ru,
?t.suslina@spbu.ru

B npocrpancrtse Lg(Rd) paccMaTpUBaETCs HEJOKAJIBHBIN olepaTop
A, € > 0, popMasbHO 3aTAHHBI COOTHOIIIEHUEM

(Acw)(x) = /Rd u(x/s,y/s)w dy, 0<a<2.

pemonaraercs, 410 € Loo(R?1) n

0<p- <p(xy) <pgp <oo, uxy)=pyx), xyeR%,
px+my+n)=uxy), xy€R) mnez’

(1)

OYHOE OIIpeJIeJICHUE: €CThb CaMOCONPSAXKEHHBIIT oIlepaTop B
T A, Ly(RY),
MTOPOXKIEHHBIN 3aMKHYTOH HEOTpHUIATEIbHOM (POPMOii

u(x) — u(y)[?
aclu,u) == ;/]Rd dy/Rd dxu(x/a,y/s)m, u e HY2(RY).

B 2019 r. Kaccmann, [larnunkuit n 2Kuxkuna mokazaym, 9TO MIPHU
e — 0 pesonbeenta (A +1)~! cunbHo cxomuTes k oneparopy (AY+1)71.
Bnech A — acpdexTuBHLI oOnepaTop TOro e Bujia, uTo A,, ¢ IIOCTOSH-
HBIM KO3(]duiimenTom

W= [ [ wey)dxdy, 2=
QJQ

meem A? = ¢o(d, o) (—A)*/2, Dom A® = H*(R?).
Mpu1 okasbiBaeM, uTo pesosbsenta (A. + 1)~ cxonures no onepartop-
noit nopme B Lo (R?).
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Teopema 1. Ilpu ycaosuu (1) u 0 < a < 2 cnpasedausa ouenra

g%, 0<a<l,
1AAD T = (A D)7H  ay gy ey < € 20+ [logel)?, =1,
g2, l1<a<?2.

IIpr 0 < a < 1 npubamxkenme onTuMaabHO. Ilpm 1 < a < 2 MBI
VIIydIIaeM TOYHOCTh HMPUOIUKEHUsS 38 CUET yIeTa KOPPEKTOPOB.
Beesnem pemenus BcromMoraTesbHbIX 3ajad. [Tycrs v; — nepuommde-

a/2

ckada HKINA Kjaacca H, / R%) ¢ HYJIEBBIM CPEIHUM U BLIOTHEHO TOK-
loc

JIECTBO

/R dy / dx |X_ |M( S(5) = vi(y) + 25— ) (PX) — P(¥)) = 0

IpU U3 TOro ke Kiacca. [onoxum i, (z fQ u(x,x +2z)dx — pu° n
ompegennM (d X d)-MaTpUIly g ¢ 9J€MEHTAMU

2%
dz
Zezd/g 2|z|d+a

/R dy / e X W (1=90) (v550) =03 (3))+ (25 =97 (0 (30) —r ()

Teopema 2. [lycmov svnoaneno yeaosue (1) u k € N, 2 — % <oa<2
Cnpasedausa ouerka

k
Ac+1 A+ 1) e
D DL

€ 2-Loag2-
<CS k =
{s<k+1><2—a>, 2- L <a<2

Bdect K, = (divgV)™(A? + I)™™~L a mampuya g onpedeaena eviue.

1
k+1>

Uccnenopanne B.A. Cimoyma u T.A. Cycaunoit momumepxkano PHO®
(rpanT Ne 22-11-00092-1T).
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STA-MHBAPUAHTHI J1JIs1 OIIEPATOPOB C
ITAPAMETPOM, ACCOIIMMPOBAHHBIX C
JEVNCTBUEM ANCKPETHOMN I'PVIIIIHI

JKYUKOB K.H."*, CABUH A.1O.""

'PYIH, Mocksa
*zhuykovcon@gmail.com, ®a.yu.savin@gmail.com

Atpsa, [latogun n 3uHrep OMpenenan 7-MHBAPUAHT IJIUNTHIECKOTO
CaMOCOIIPSI?)KEHHOI'0 OllepaTopa Ha TJIAJKOM 3aMKHYTOM MHOroobpasuu
KaK peryJisipusanuio Tuia (-QyHKIUN BeJIMYNHBI, PABHOI PA3HOCTU YUC-
JIa TIOJIOXKUTEIHHBIX U OTPUIATETHLHBIX COOCTBEHHBIX 3HAYEHUI OTIepaTO-
pa. OmpesieieHHBIH TAKUM 00PA30M MHBAPUAHT SIBJISIETCS CIIEKTPATHHBIM
MHBAPUAHTOM U BO3HWK B IIUTUPOBAHHOM paboTe KaK BKJIa OECKOHETHO-
cru B popMysy HHIAEKCA orepaTropoB Tuia Jlupaka Ha MuOroobpasusx ¢
[IMJIMHIPUIECKUMU KOHI[AMHE.

Mmuoro paboT mocBAIEHO 0OOOIIEHUSAM U MPUIOKEHUSIM 7)-MHBaAPUaH-
TOB B PA3HBIX TEOMETPUYIECKUX CUTYaIUax. Meabpoy3 onpeesut 1-u-
BapPUAHTDI ISl SJUIAIITUIECKUX OMEPATOPOB C MApaMETPOM B CMBICTE
Arpanosuya n Bumuka. [Ipu sT0oM mopxome n-uHBApUAHT ONIpeEIAeT-
Cs KaK PeryJspHu3alinsl Uucja BpallleHust ceMeiicTBa. Bblno mokazano,
yTo n-uHBapuadT ATbu-llaTou-3uHrepa sSBISETCS YACTHBIM CIyYaeM
n-unBapuanta Megbpoysa. OTMeTnM, UTO 7)-MHBAPUAHT OIEPATOPOB C
apaMeTpoOM OIHUCHIBAET BKJIAJ KOHMYECKOU TOUKU B (DOPMYILY MHJEKCA
O0IUX JITUITAIECKUX OIEPATOPOB HA MHOI00OPA3UsAX ¢ KOHMYECKUMMU
TOYKAMH.

B HEeKOMMYTATHUBHOI reOMETPUU U TEOPUHU HEJIOKAJBHBIX 3aJia9 BaXK-
HYIO POJIb UT'PAET KJIACC OIEepaTOPOB, ACCONMMUPOBAHHBIX C JeificTBUEM
rpynibl Ha MHOrooOpaszuu. Bosiee To4uno, st jielicrBust rpymmnbl [T Ha
MHOroobpasun X paccMaTpUBAIOTCSH ONEPATOPHI BUJIA JIMHEHHOI KOMOU-
HAIIHT

D =) D,T: C®(X) - C™(X)
~yel
oneparopos capura (Thu)(z) = u(y~1(x)), unmynuposanupx neiicTu-
eM I'PYHIIbI, ¢ KoadduimenTaMmu — rncepaoanddeperHnaabHbBIMI Ollepar-
Topamu D.. OnepaTopsl Takoro Buja Oyaem Jijisi KPaTKOCTH Ha3blBaThb
I'-oneparopamu.
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IIpoGema, ucciemyemast B JaHHON paboOTe, COCTOUT B TOM, ITOOBI U3y~
YUTh 7)-UHBapuaHThl I'-omepaTopos, rje xosddunuentsl Dy ABISIOTCA
orepaTopaMu C apaMeTpoM. DTy TPodJIEMY VIAJIOCh PEITUTh B CJIETY O~
mieit cuTyaruu: rpynia [ siBjisieTcst TPyIoil CTEIeHHOro POCTa; OHA Jefi-
CTBYEeT M30METPUIECKU HAa MHOTooOpa3uu; B KadecTBe KOI(PDUIIMEHTOB
D, jnoryckaloTcs 3J1eMEHTBI 13 aJIreOphl OllepaTopoB C IIapaMeTpPOM, I10-
POXKIEHHOM KJIACCHIECKUMHU TICEBIOAn(DepeHInaIbLHBIMA OllepaTOPaMu
C IapaMeTpPoOM U OllepaTOpaMu YMHOXKEHUs Ha IepUuoindeckue pyHKIUN
(371eMeHTBI 9TOM are6pbl MbI HA3BIBAEM OIlIEPATOPAME C [IAPAMETPOM U
nepuojgndeckumu koddbdurpentamu). OTMETHM, 4TO ONEPATOPHI € Hapa-
METPOM TaKOI'0 TUITa BOZHUKAIOT IIPU MCCJIETOBAHUN HEJOKAJIbHBIX 3aat
Ha MHOrooOpasusix ¢ KOHMIECKUMU TOYKAMU U HA MHOTOOODA3USX C IH-
JIMHJIPUYIECKUMU KOHITAMU.

Cnucok JuTeparypbl

[1] 2Kyitkos K.H., Capur A.}O. Oma-uneapuarmo, 0ia onepamopos ¢ napamem-
poMm, accouuuposarnbir ¢ deticmeuem duckpemmnol epynnu. MaTeMm. 3aMeTKH,
112(5) (2022), 705-717.

O ITOPAJKOBBIX CpOfICTBA%( PEIIIEHUN
ABYXTOYEYHOUN KPAEBOU 3ATAYN

JKYKOBCKUI E.C."*, TIATPUHA A.C."°

! TaMGOBCKHiI TOCYyIapCTBEHHLINH yHUBepcuTeT uMmennu I.P. lepxxasuna, Poccus
“zukovskys@mail.ru, *lanina.anastasiiab@mail.ru

Jnst 2 € R u i = 1, n 6ynem obosnadars uepes r_; € R~ pexrop,
HOJIyYeHHBIA U3 2 yjaJeHrueM KOMIIOHEHTDI X;, & MCXOJHBIA BeKTOp Oy-
JieM 0bo3HavaTh Yepe3 T = (I1,...,Ty) = (T, x—;). Oupeneanm Kiacc
K" dynukumit f: [0, 7] x R” — R™ rakux, aro ms jmgoboro x € R™ dyHk-
mus f(-,x) usmepuma (no Jlebery), a npu n.B. t € Ry, mobeix i = 1,n
uz_; € R dynxmusa f(t,-,r_;) nenpepesna crpasa n (HeCTpPOro)
BospactaeT. Yepes L™ u AC™ obozHauaeM MpOCTPAHCTBA CYMMUPYEMBIX
u abcostoTHO HenpepbiBHbIX dyHKIuUi [0,7] — R™ ¢ «0OBIYHBIMY» TIO-
psakoM Ilycrs 3amanbl quaronanbabie MaTpuiet 5 = diag{f1,...,0,} 1

p =diag{pi,...,pn}, vae B; €R, p; € L' i=T1n.
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Wccnenyercsa ycToiianBOCTh MHOXKECTBA, PEIIEHUI KPAaeBOil 3a1a4du
Lz :=i—p(t)r = fo(t,z), t€]0,T], lz:=2z(0)—Lx(T)="r0, (1)

K BO3MYIIEHUsIM IpaBoil qactu fo € K nuddepeHnnajsbHOro ypaBHe-
Hus u 3uadenns g € R kpaeBbix ycimopuii. Pemenne x umercs 8 AC™,
nostomy Lx € L". Obo3nadnm depe3d R MHOXKECTBO DeIlleHUN 3a1a4u
(DuLlR:={yel": y=Lx,z € R} Hubdepennuaabuse ypaBHe-
HUS C IPABOil 9aCThIO U3 Kjracca R BOZHUKAIOT, B YACTHOCTH, B MOJIEJISIX
9JIEKTPUIECKON AKTUBHOCTH MO3Ta THUTIA XOIMMUIIIA C PA3PBIBHON DyHK-
nuedi akruBanuu Heiiponos (cm. |1, 2]). Ouncanne HEKOTOPBIX PEXKUMOB
AKTUBHOCTH MO3ra B TAKUX MOJIEJIX IpuBoauT K 3amade (1) (em. [3]).
[Tycrs 3aanbl Be yObIBaromue nocienoBareaboctu {vx} C R™ u
{fx} C 8" rakue, uro 9 = inf{v}, u ecin ybpiBatoIas noCIE10BATE b
Hocth {7t} C R"™ mmeer z := inf{x}, To f(-,2) = inf{fr(-, z)}. dua
k=1,2,... obosnauuM 4yepe3 Ry C AC™ MHOXKECTBO PeIIeHUi 3a,1a9u

Lx = fx(t,x), t€[0,T], lz="y,

coorBercrBenno, LRy :={y € L™ : y= Lx, v € Ry}.
ITycts cymecTtByor v, w € AC™, yI0BIETBOPAIONINE HEPABEHCTBAM

Lo < fO('vv(')) < fl(aw()) < ‘va v < Y0 < 71 < lw.

Monoxum I = {z € AC™ v < o < w},
LI:={yel": Lv<y<Lw}

Teopema 1. ITycmwv (3; exp(fOTpi(t)dt) <1,i=1,n. Toeda

1) npu amobom k = 0,1,... muoorcecmeo LRy N LI ne nycmo, 6 nem
CYWELCMBYIOM HAUGOALWAUT, U HAUMEHDWUT INEMEHbL;

2) daa mobozo ky = 1,2,... u mobozo y € LRy, N LI npu xasrcdom
k=1,2,... cywecmsyem yr € LRy N LI maxoe, wmo nocaedosamens-
nocmo {yx} yoweaem u yr, = y;

3) das a10600 yowvisarowet nocaedosamenvrocmu {yx} ¢ sremernmamu
yr € LRNLI kE=1,2,..., cywecmsyem yo = inf{yx} uyo € LRoNLI;

4) ecau Y, — maubosvwut 6 LRy N LI anemenm, k = 1,2,..., mo
nocaedosamenrvrnocms {Y, } yoweaem uyy = inf{y, } asasemesa naubono-
wum 6 LRy NI sremenmon.

155



AHaJIOrUIHBIMI YCTAHOBJIEHHBIM B TeopeMme 1 IJIst 1TOC/Ie10BaTeIbHO-
cru MHOXKeCTB LR N LI nOpsiIKOBLIMU CBORCTBAMU 00JI1a1aeT TaK¥XKe U
IOCJIeJOBATETHHOCTh MHOXKecTB Ry N 1.

Pabora mongmepkana Poccuiickum nayaabiM poHIOM, poekT Ne 24-
21-00272, https:/ /rscf.ru/project /24-21-00272/.
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HAYAJIBHAYA 3AJAYA 1JId ABYMEPHOT'O
TUIIEPBOJIMYECKOI'O YPABHEHU A
C HEJIOKAJIBHBIM ITOTEHIINAJIOM

3AVIEBA H.B.

MockoBcknit rocymapcrBennbiit yausepcureT umenn M.B. Jlomonocosa, Poccus
zaitseva@cs.msu.ru

Hycts D = {(x,t): s € R, t >0y u D = {(2,t) : x € R, t > 0} —
obJiacTi KOOpAMHATHOM yiockoctu Oxt.

NccnenoBan BOIIPOC CyIECTBOBAHUS U €IUHCTBEHHOCTU KJIACCHYIECKO-
IO PellleHus cieyrolneii 3a1aun: Tpebyercs Hafitu dyHKIuo u(x, t), yio-
BJIETBOPSIIONIYIO YCJIOBUAM

u(z,t) € C*(D) N CY(D),
Uty (2, 1) — a®Uge (z,t) +bu(x — h,t) =0, (2,t) € D,

u(:c,O) - 90(1')7 ut(x70) - ¢(9C)a r €R,

rae a > 0, b, h # 0 — 3amaHHble JeldCTBUTEIbHbIE YHC/A, HAYAJIbHBIE

byukmm ¢(x) € C%(D) u ¢(x) € CY(D).
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Pemenne 3amaam moctpoeHo B siBHOM Buje. JlokaszaHo, 9T0 KJtaccu-
JeCKOoe PellleHne 3a/1a9n CyIIeCTBYeT, eCJIi BellleCTBeHHAasl YaCTh CHMBO-
Jta udbdepeHImaaIbHO-PA3HOCTHOTO OIePaTOpa B YPABHEHUU ITOJIOXKU-
TeJIbHA, IYTO TOBOPUT, COIVIACHO Teopuu JudhepeHInabHO-PA3HOCTHBIX
ypasHeHHii [1], 06 3JLUIMITHYIHOCTH YKA3aHHOTO OlIEPATOPA.

[Tosry4uenbl 10CTATOYHBIE YCJIOBUS HA KOIMDMUITUEHTHI U CIIBUT yPABHE-
HUsI, TAPAHTUPYIOIINE CYIECTBOBAHUE KJIACCHIECKOTO PEIeHUsT 33/ Ia9H.

Criucok JuTepaTypbl

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

ACUMIITOTUKA PEIIIEHUII
NHTEI'PO-IUPPEPEHINAJIBHBIX OIIEPATOPHBIX
YPABHEHUUN

3AKOPA JI.A.

Kpwivckuit denepanbusiit yunsepcuter num. B.U. Bepraackoro, Poccus
dmitry.zkr@gmail.com

B runnbeproBoMm mpocTtpancTBe H paccMaTpuBaioTCAd HadaJbHBIE 3a-
JIadH TS CJIeayomux iudGepeHnabHO OlepaTOPHbIX YPABHEHMIA:

d?u du
il Skl
dt? dt

Bu + /K(t —s)u(s)ds+ g(t) + Z e R (1), (1)
0 k=0

d2u / ¥ —iot
o = —Au /K(t — S)u(s)ds + g(t) + ;)e MR, (2)
/ -

e K(t) := C*exp(—Gt)C, 00 =0, 0# o, € R (k=1,...,n). 3uecn
A, B, G — caMOCOIIpsIZKEHHbIE MOJIOKUTEIBHO OIPEIE/IEHHbIE OIIePATO-
poi, C' — IUIOTHO OIpeJe/IeH b 3aMKHYThIi oneparop. OneparopHbie
KO3 PUIMEHTHI MOIUUHEHBI OIIPEICTCHHBIM YCIOBHSIM.

HaiiieHbl 10CcTATOYHbBIE YCJIOBHS OJHO3HAYMHON Pa3penImMOCTH UCCIIe-
JlyeMBIX 3a7ad Komm, moaydenbl acCuMITOTHIECKHe Tph ¢ — +00 ¢op-
MyJibl futst perternit. Vcenemosanue st ypasuenus (1) nposesero B [1].
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Pabora nomnepxana MunncrepcTBOM HAYKH U BBICIIIETO OOPa30BAHUST
Poccniickoit @emeparnu, cornamtenne Ne 075-02-2025-1543.

Cricok JuTepaTypbl

[1] Bakopa . A. Acumnmomuueckoe nosedenue pewenuli NOAHO20 UHMEZPO-
JuPeperyuanrvtozo ypasrerus 6mopozo nopadka. CoBpeMeHHasi MAaTEMATHKA.
OyumaMenTaIbabIe HanpasyeHusi, 68(3) (2022), 451-466.

KOPPEKTHOCTbBb O,Z[HOI71 AJIBO®A-MOAEJIN
ABVN2KEHN A PACTBOPOB IIOJIMMEPOB C
ITAMATBRO
3BATMH A.B."*, CTPYKOB M.1."*

' BopoHe»KCKUit ToCyapCTBeH bl yHrBepcuTeT, Poccus
*zvyagin.a@mail.ru, *mixail.strukov12@gmail.com

B orpannuennoit obsactu 2 € R™,n = 2,3 ¢ gocrarovHo IJIaIKOi
rpanureii Ha BpemenHom untepsase [0,7], T > 0 paccmarpuBaercs
HadaJIbHO-KpaeBast 3a1a4da (cM. [1]-[3]):

W~ O OAv " 9E(v)
— i=—— — poAv — — 21D §:Z -
aﬁi 1“0:@ N ”( Yo )

24 Div (E@)W,(v) = W,E <v>) -

BT P A

z(T;t,x)::E—l—/ v(s,2(s;t, @) ds, t,7€[0,T], z€Q, (2
¢

v=(—-a*A)u, dive(t,z)=0, tec[0,T], z€Q, (3)

vlt=0 =vo,  V|jo,1]x00 = 0 (4)

Baech v(x,t) — BeKTOp—YHKIMs CKOPOCTH, U — BEKTOP—(DYHKITHST MOIH-
dunmposannoii ckopocru, p(x,t) — byukiys gasienns, f(x,t) — QyHK-
ysl IJIOTHOCTH BHENTHUX cuil, z(T,t, ) — TPaeKTOPUsT YaCTHUIILI CPEJIBI,

EWw) = (&) 2y ", Ei(v) = 1(3;); + %) — TEH30p CKOpOCTeii je-

Jj=1,...,n
" 1 ) v,
dopmamuii, W (v) = <Wz-j<v>>; 1’ T Wij(v) = 552 — 52) — remsop
sasuxpennoct, W,(v) = [pn p(z — y)W(y)dy, tae p : R* — R" —
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ryajikas MYHKIMSA ¢ KOMIAKTHBIM HOCUTEIEM, TaKas 9TO fRn p(y)dy =1
u p(z) = p(y) Mg ¢ U Yy ¢ OJUHAKOBBIMU EBKJINJOBBIMU HOPMAMU,
1o, 1, > 0, pa > 0 — HEKOTOpbIE KOHCTAHTHI.

Omnpenenenue 1. [Tyems f € La(0,T; V1), vg € VL. Craboim pewse-
Huem nauarvro—kpaesot sadavy (1)—(4) nasweaemea dynwrkyus v € W,
W={v:veE L0, T, V') v € Ly(0,T,V1)}, ydosaremsoparowas npu
aobom o € V3 u npu noumu ecex t € (0,T) pasencmey

v
atgodm—/ szluzvja /VU Vodx+
ov; 02 0%
+’“/ V(5 de_’“/ %:1 O, Dwidan T
611] 20,
_'ul/ %1 ox; (?:L‘Zﬁxkd T

o /Q (E)W,(0) — W ()E(v)) : Vidat

s ([ =9 e 20t s 69) = (7.

U HAYAABHOMY YCAOBUIO V=g = V.

Teopema 1. IIpednonosicum, wmo f € La(0,T; V1) uwvg € VL. Tozda
Hauasvho—kpaesas 3adaua (1)—(4) umeem xoms 6v. 00Ho caaboe pewenue

veW.

HceneioBanne BBIOJHEHO 32 CUET TpaHTa POCCHICKOrO HaydHOTrO
donma Ne 23-71-10026, https://rscf.ru/project /23-71-10026/

Crucok JuTepaTypbl

[1] BBarun A.B., Ctpykos M.U. O caaboli paspeusumocmuy Mamemamuieckot; mo-
deau deuotcenusa pacmeopos noAUMEPOS, YUumviearowel namasms cpedo. Hud-
depenmmanbabie ypasaeans. — 2024. — T. 60, H. 10. — C. 1422-1428.
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[3] Zvyagin A.V. Attractors for model of polymer solutions motion. Discrete and
Continuous Dynamical Systems. — 2018. — V. 38, N. 12. — P. 6305-6325.

NCCJIEJOBAHUE CBOIICTB MAPKOBCKUX IIEIIEI
"1 MOJEJIEN C HEIPEPBIHBHIM BPEMEHEM C
IIOMOIIIBIO ITPIMOM CUCTEMBI KOJIMOT'OPOBA

3EM®MAH A.U.

Bosoroackuit rocymapcTBennbiit yausepcuret, Poccust
a_ zeifman@mail.ru

PaccmarpuBaercst (KoHeUHas NI CYeTHAS) MAPKOBCKAsI TIEIIb C HelIpe-
PBIBHBIM BpEMEHEM, B IIPEJIIOJOXKEHNUU, YTO IOBEJEHUE BEPOATHOCTEN CO-
CTOSTHHUT 9TOM e MOYXKHO OINCATh IpsiMoit cucTtemoii Kosimoroposa,

P A, (1)
re Tak HasblBaeMas uHUHUTE3NMaabHas Marpuna A(t) ¢ JoKaJIbHO
uHTerpupyeMbiMu Ha [0, 00) KoadbduUImeHTaMI CyIIIeCTBEHHO HEOTPHUIIA~
TeJIbHA, a CYyMMAa JIEMEHTOB 110 KaXKJIOMy CTOJIOIy paBHA HYJIIO, 1 KDOME
TOT'0, IPEII0IATAeTCH BBIIIOJHEHHBIM YCJIOBUE OI'DAHUYICHHOCTH:

lai;(t)] < L < oo upu Beex @ u modru upu Beex t > 0, rapaHTUpyOIiee
BO3MOKHOCTb IIDUMEHEHNUsI Pe3yJIbTaToB u3 [3].

OmnuceIBalOTCS OCHOBHBIE KJIACCHI MAPKOBCKHUX IEMeEH, JTOMyCKAIONINe
ITOJIyI€HNUEe TOYHBIX OIEHOK CKOPOCTH CXOIMMOCTU K IIPEIEJILHOMY pe-
JKUMY, YCTOWYMBOCTHU MO OTHOIMEHUIO K MaJIbIM U3MEHEHUSIM UH(MDUHUTE-
B3UMAJIBHBIX XapPAKTEPUCTUK. B YacTHOCTU, MPAKTUYIECKU ITOJIHOE UCCJIe-
JOBaHUE YIAETCs IIPOBECTHU JIJIsT TAK HA3BIBAEMBIX ITPOIECCOB POYKJICHUS
u rubesin, Jyisi KOTOpbix Marpuia A(t) — rpexauaronanbaas. Coorser-
CTBYIOIIUE OJHOPOJIHBIE MPOIECCHl (TO ecTh B ciiydae A He 3aBHCUT OT
BPEMEHM) BO3HWKJ/IM BIEPBbIE MPHU ONUCAHUU OMOJIOTMYECKUX 3ajad, a
3aTeM 3ajla4, CBA3AHHBIX C TeOpHell MaccoBOro 0OC/IyKuBanus, cM. |1,
UCCJIe/IOBAHNST HEABTOHOMHOIT cucteMbl (1) JI71st KOHKPETHBIX MOJIeJieii Ha-
gasmck B 1970-x rojiax, M., Hanpumep, |2, 5|, 1 aKTUBHO MPOJIOJIZKAIOTCS
u ceityac, cm. [4].

OcHOBHBIE NIPUKJIAJIHBIE 33J[a9M B HACTOSIIEE BPEMs CBS3AHBI C OICH-
KaMHl W IIOCTPOEHUEM IIPEJEIbHBIX XapPAKTEPUCTUK COOTBETCTBYIOIINX
MOJIeJIEN.
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B moxksaze 6ymyT ommcanbl HECKOJIBKO HOBBIX ITOIXO/I0B, OCHOBAHHBIX
Ha CIeIMaJbHbIX IpeobpasoBanusx cucreMsl (1), a 3aTeM nccie0BaHum
IpeobPa30BAHHON CUCTEMBI B COOTBETCTBYIOIINM 00PA30M I0/I00PAHHBIX
"BecoBrIX"IpocTpaHCcTBaX MOCaeH0BaTebHOCTEH. ChOPMyIMPOBaHBI OC-
HOBHBIC IIOHATHS U pe3ynbrarsl u3 [10], ommparomuecst Takxke Ha HCCIIe-
JoBanus 6, 7, 8, 9.

Hacrosimiast pabora BeimosineHa copmectHo ¢ Z1. A. CaTuHbiMm,

B. 1O. Koposesbim u U. A. YcoBbiMm.

1
2]

3l
(4]
(5]
(6]

(7]

18]

9]

[10]
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O HASBHAYEHUUN CIIEKTPA [1JId CUCTEMBI
VIIPABJIEHIS C BBIXOJOM N OBPATHOI CBS3bIO

3VBOBA C.I1."*, PAEIIKAS E.B.*”

' BoponexKCKHil TOCyIapCTBEHHLIH YHIBEPCUTET, Poccus
2BopoHeKcKnil Jieco-TexHndecKnii yansepcuTer uMmern Mopozosa I.®., Poccus
“spzubova@mail.ru, *raetskaya@inbox.ru

PaCCIVIa.TpI/IBa.eTCH IIOJTHOCTBIO YIIpaBJigdeMad JUHaMUIeCKasd CUCTEeMa

i=Az+ Bu, ()= Cgt), t € [to, ta], (1)

C BBIXOJIOM
y=Cx (2)
1 0OPATHOMN CBSI3BIO
u= Ky, (3)
rie saganel A : R” - R?, B:R™ - R, C:R* - R, 2B~
Us (1), (2), (3) cremyer:

&= (A+BKC)x.

st perienust 3aa4n Ha3HAYEHUs CIIEKTPa (YIPABJIEHUsI CIIEKTPOM )
JUIsT TIPOU3BOJIBHO 3aJIaHHOTO Habopa wmces {ji; }?:1 TpebyeTcs oCTPO-
uTh MaTpuily K Takyro, 9ro0bl cruekTp Marpunbl A + BKC coBman c

an
{ms} j=1 [1].

B cayuae C' = I 3aj1aua Ha3HAUEHUsI CIIEKTpa peleHa B [2].

B joknaze pacemarpusaerce cirydait C' # I 1 ji; — He paBHBIC MEKLy
co00il gmucya, 1 ecjau KOMILIEKCHBIE, TO ITOIAPHO CONPAXKEHHBIE.

Ot paBeHncTBa

(A+ BKC)v =M

COBEPITIAETCS TIEPEX0/], K SIKBUBAJIEHTHOU CHCTEME

KCv = f, (4)
f=B (M —Ayw+z VzeKeB, (5)
QA — Ay =0, (6)

rie (Q — upoekrop Ha Coker B, oTBedaronuii pa3aioKeHUO

R™ = CoimB+KerB, R" = ImB+CokerB.
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B [2] mokazano, uro ecam napa (A, B) yupasisemasi, o u3 (6) Ha-
XOJATCA N JIMHETHO HEe3aBUCHMBIX BEKTOPOB U = ¥(ft;j), YTO JaeT BO3-
mozknocTh Haiity f u3 (5) u nepeiitun k. (4) npu C' = I jy1s nocrpoeHnst
K.

ITpu C' # I B cucreme (4) mis Haxoxk aeHus KO3(hMUIMEHTOB MATPUIIBI
K b | IuHeHHO HE3aBHCHMBIX BEKTOPOB v = v(p;), j =1, 2, ..., L.

Jlemma 1. Ecau pewenue v = v(\) ypasuenus (6) ne codeporcum npous-
B0ALHBIT NAPAMEMPOS (F N), mo auwd | mobbix wuces us nabopa { }?:1
Mo2ym 6vimb cobemeentvmy wucaamu mampuuys, A + BKC.

Samevarnue 1. B npyrux ciaydasx marpuria A + BKC Moxker uMerh
GoJibiie, YeM | COBCTBEHHBIX YUCEJ, UJIH JIAXKe 1 IUCEsT U3 IPOU3BOJIEHOTO

nabopa {(;}7_;.

Teopema 1. /las npouseosvrozo nabopa {ji; ?:1 CYWECMBYEM MAMPU-
ya G maxas, wmo cnexmp mampuys A+G+BKC cosnadaem c {p; };‘:1
u napa (A + G, B) ynpasasemas.

Haercst meton mocrpoenus: G. IlpuBogures: mpumep nocrpoenust G st
JIBYX3BCHHOT'O MaHUILYJISITOPA.

Pabora BeinosHena npu ¢GuHAHCOBOM mojyiepxkke Poccuiickoro Hayd-
Horo douga (mpoekr Ne 24-21-20012).

Crcok JuTepaTyphbl

[1] HIymados M.M.Cmabususayus suneinox cucmem ynpasaenus. IIpobaema wa-
snauenua noamocos. O6sop // Becruuxk CIIGIY. Maremarnka. AcTpoHOMHS.
T. 6(64). Bemr. 4 (2019) C. 564-591.

[2] By6ora C.II., Paenkas E.B. Pewenue sadauu pasmewenusn cnexmpa 0as AuHet-
HOU CuCmemMv, YnpasAeHua, 3amkrymot obpamnot ceasvio // dudd. yp-umsa.
T. 6, Ne 6 (2024) 798-816.

[3] 3y6ora C.II., Paeukas E.B.Anzopumm pewenus AuHeHOLET MHOZOMOYEUHOT
3adayu ynpasaerua Memodom Kackaonol dexomnosuyuu// ABroMaTuka u reje-

mexanuka. T. 59, Ne 3 (2017) C. 22-39.
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O CYIIECTBOBAHNN JIOKAJIbBHO-UHTET'PAJIBHBIX
MHOT'OOBPA3UII B OKPECTHOCTU HYJIEBOI'O
PEIIIEHUN S CYIIIECTBEHHO HEJIMHENHBIX CUCTEM
JN®OEPEHIINAJIBHBIX YPABHEHUI

NJIBUH IO.A.
Canxkt-IlerepOyprckuit ['ocymapcrBennsiit Yausepcuret, Poccust

iljin_y a@mail.ru

PaccmarpuBaercst cyiecTBeHHO HesmHeliHas cucreMa jauddepeniim-
aJIbHBIX ypPaBHCHUN

Zt:X(t,.CU,y), y:Y(thay)? (1)

rme x € RP y € RY B okpectHoctu nysiesoro perenns x = 0,y = 0.
[Ipennomnaraercsi, uro dyuximu X,Y npu t € R u ||(z,y)| < r memnpe-
PBIBHBI 110 CBOUM apryMeHTaM, HeIPEephIBHO muddepeHnupyeMbl 110 & 1
1, ¥ YJIOBJICTBOPAIOT CJIC/YIOIIUM YCIOBUAM

k k k
1K < el @l 11Xl < eall @ )", IV < eall(z, 911",

Y (Yy(t,z,9)) > oyl — esllall”,

IJIe 74— TaK Ha3bIBAEMAas HUNCHAA N02APUPMUMECKAA HOPMA MATPUIIHI
(em. [2]), aucsio k > 0 xapakTepusyeT HOPsIOK HEJIMHEHHOCTH CHCTEMBI,
a KOHCTaHTBL 0 > 0, ¢1234 > 0 yIOBJICTBOPSAIOT HEPABEHCTBY

od > c1 + ¢y + c3+ ¢y,

B KOTOPOM YuCJI0 d 3a/1aeTcsd popMyioit
1
i min{/ lsu+ (1 — syoll*ds | [lul = 1, o]l < 1}.
0

Tepmun cyuwecmeernno neaunelnas o3Hadaer, uro cucreMa (1) nmeer
HyJIeBOe JIMHEHHOe IpubimrkeHne, T.e. pasioxkenus dyskmmii X,Y B
okpecrHocTn Hysist o (popmyste Teitopa HaunHAETCS CO CIATaeMBbIX O-
paaka k+1. K Takum cucremam HEIPUMEHUMBI OOBITHBIE TEOPEMBI CYIIIe-
CTBOBAHMsI JIOKAJIBHO-UHTErPAJILHBIX MHOI00OOPA3mil, CyIIeCTBEHHBIM 06~
Pa30M HCIOJIB3YIONIHE HAJMYNE «XOPOIIEro» JIMHEHHOrO Mpub/InKeHusl.
Beesem MHOXKECTBO H:{(t,x,y)‘ teR,|z| < |yl <7}
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Teopema 1. IIpu cdeaanrox npednososcerusz cucmema (1) obaadaem
eduHcmMBen ol UHMe2PabHol noseprrocmyio, pacnosazarwelica 6 H u
npedcmasumoti 6 sude x = h(t,y), 20e h : {(t,y)|t € R, [ly|| < r} — RP
HENPEPHIBHA NO CEOUM apymenmam u ydosaemeopaem ycaosuto Jlun-
wuya no y

|h(t, y1) — h(t,y2) || < llyr — 2l|-

Jhoboe pewenue z(t) = (x(t),y(t)), pacnoraearoweeca na noseprrocmu,
h , nput — —oo cmpemumesn % (0,0) mak, ¥mo 6vNOAHAEMCA OUEHKA

” —1/k
=01 < Detto)l (1= 0 (05 = ) Detan)l e~ o))

Pewenue, navunaroweeca 6 H u we sescawee wa noseprrocmu h, c
yowearuem t obazamenvro nokudaem H. Ecau cucmema (1) 6vuia w-
nepuoduveckot no t, mo u gynruyus h 6ydem w-nepuoduveckotls no t.
Ecau cucmema (1) 6vina asmonomnoti, mo h 6ydem ne sasucemv om t.

B npeapiaymux paborax aBropa (cm. 0630p B [1, 2, 3]) Beera npemmo-
Jlarajioch, 9to pasioxenue dyukui X, Y no dopmyse Teitiopa nmeer
BUJT

X(t,,y) =U(t,2) + P(t,z,y), Y(tzy) =V(Etz)+ Q)

T. €. 9TO CUCTEMA NEP6020 npubsusicenus K (1) umeer 6JI0IHO-MATOHATIB-
HBIA Bua. B ganHON paboTe ymaIoch 0TKa3aThCA OT 9TOIO IIPEIII0JI0XKe-
HUH.

Cnucok Jureparypbl

[1] Unbua FO.A. Ananroz meopemov Jlanynosa-Ileppora dasn cyusecmeenno Heau-
netinotr cucmem Juddepenyuarvnur ypasruernuli. Bectn. Jlenunrp. yu-ra., Cep.
1, Bpmm.1, Nel, 118-119 (1991).

[2] Unbur FO.A. O cywecmeosaruu A0kaAbHO-URMEZPAALHOT NOBEPTHOCTIU HET-
MPAABLHO20 MUNG Y CYULLCMBEHHO HEAUHETHOT cucmembvt JuPPeperyuaisbHvs
ypasrenud. Becrn. C.-Ilerepbypr. yu-ta. Cep. 1., Bein.1, 43-54 (2007).

[3] in Yu. Ezistence of an Invariant Foliation Near a Locally Integral Surface
of Neutral Type. Lobachevskii Journal of Mathematics. V. 43, No. 2, 378-390
(2022).
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OB YCTOMYMBOCTU PEIIIEHUN CUCTEMBI
HEJIMHEVIHBIX JU®PEPEHIIMAJIBHBIX YPABHEHUN
HENUTPAJIBHOI'O TUIIA C BECKOHEYHBIM
PACIIPEZIEJIEHHBIM 3AITA3IBIBAHNEM

NCKAKOB T.K.

Hosocubupckuii rocyiapcTBeHHbIH yHUBEPCUTET, Poccust
istima92@mail.ru

Pacemorpum cucremy jnddepeHImaibHbIX YpaBHEHUN C pacipeje-
JICHHBIM 3alla3/IbIBaHUeM CJIeIYIOIIEro B 1A

t

() + D(tyy(t—7)) = +/Btt y(s)ds+F(t (1)), (1)

dt

rae D(t) — marpura pasmepa (n X n) ¢ menpepblBHO JrddepeHtmpye-
MBIMH, BEIECTBEHHO3HAYHBIMIE, T -TIepro/iiraeckumu saeMentamu, A(t) —
MaTpuna pasmepa (n X n) ¢ HEIPEPBIBHBIMU, BEIIECTBEHHO3HAYHBIMU,
T-uepunonnaecknmu semeHtamu, B(t, s) — marpuma pasmepa (n X n) ¢
HEPEPBIBHBIMU, BENTECTBEHHO3ZHAYHBIMU, T'-ITepUOIMIECKIMU TI0 TIEPBOM
IIePpEeMEHHOI dJieMeHTaMuU, T.e.

Dit)=D(t+T), Alt)=A{t+T), B(t,s)=B(t+1T,s),

F(t,u) — HenmpepbIBHAs BelleCTBeHHO3HAUHas BeKTOp-yHKIms. [Ipes-
nosiaraercsi, 4To F'(t,u) siBjisieTcsi JIOKAJIbHO JIMIIIINIEBA OTHOCUTEIHHO
HepeMeHHOl U U YJI0BJIeTBOPSIeT HEePaBEHCTBY

1E (¢t w)ll < gllul ™+,

q > 0, w > 0 — mocTosiHHBIE.
st uccsesioBanust yerofunBOCTH HyJIeBOrO perieHusi cucrembl (1)
ucnoab3yerca dyHkimonaa JIgmynosa — KpacoBckoro, mpeamoKeHHbIH

B [2]:
v(t,y) = (HO)(y(t) + D(t)y(t — 7)), (y(t) + D)yt —7)))

n /t<M(t _ S,S)y(s),y(s»ds‘i'/
- ’

t t—

t
/ (t - 5,0)u(s), y(s))dsdn.
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Jlauubiit GyHKIINOHAJ SABJISIETCS aHAJIOrOM (QYHKIMOHAIa JIdmyHoBa —
Kpacosckoro u3 [1].

Ncnonb3ys npeyiosKeHHbiil QyHKIIMOHA, ObLIN MOy YeHbI JT0CTaTOY-
HbIE YCJIOBHUS SKCIOHEHITUAJIHLHON YCTONYMBOCTU HYJIEBOI'O PEIEHUS CH-
creMbl (1) B TepMUHAX MATPUYHBIX M WHTEIPAJbHBIX HEPABEHCTB, yCTa-
HOBJICHBI OIIEHKY HOPM PEIeHUil, KOTOPBIE XapaKTepU3yIoT yObIBaHNE HA
OECKOHEYHOCTH U OICHKU HA MHOYKECTBO HPUTSIKCHUSI.

VccnenoBanue BBLIIOJHEHO 3a cyeT IpaHTa PoccHilcKoro HaydHOro
donma Ne 24-21-00367, https: / /rscf.ru/project/24-21-00367/

Cnucok Jureparypbl

[1] demumenko I'.B., Marseesa U.U1. Acumnmomuseckue ceoticmea pewernuti dud-
Pepenyuarvrnir ypashenul ¢ 3anasdviearowum apeymermom. Becruuk HIY.
Cepusi: Maremaruka, Mexanuka, nadopmaruka, 5:3 (2005), 20-28.

[2] Uckaxos T.K. Yemotiuwusocms pewenutdi cucmem aunelinor duddeperyuans-
HHLT YPABHEHUT HEeTUMPAAbHO20 MUNG C BECKOHEYHBIM DACTPEIEAEHHBIM 3GNA3-
ovearuem. Jens6. dus.-marem. KypH., 9:4 (2024), 573-584.

HEJIMHEMHBIE BOJTHOBHIE ITPOIIECCHI U
HEWUPOHHBLIE CETU

KABAHUXUH C.M."*, HIWIIJIEHUH M.A."

'UucruryT maremaruku um. C.JI. Cobonesa CO PAH, Hosocubupck, Poccnst
“ksi52@mail.ru, *m.a.shishlenin@mail.ru

[Ipsimbie mw obpaTHBIE 3aJa4d I BOJTHOBBIX IIPOIECCOB SIBJISIOTCS
BaXKHBIM UHTCPYMEHTOM HCCJI€IOBAHUS IIPUPOILI.

Mmuorune obparHble 3aJ[a4u I TUIHEPOOTNYECKUX yPaBHEHUIT MOIYT
6I)ITB CBCJCHBI K HeJINHEeHAHBIM NHTETr'paJIbHbIM YPaBHEHUAM BOJIbTeppa n
3alrCaHbl B ODIIEM BHUIE

o(z) = f(z) + /(Kmq)(f)df, veS,  S=[0.1], TeR,.
0

{K;}zes upeacrapiser coboii ceMeificTBO HeJMHEHHBIX OIEPATOPOB
Boubreppa, (BekTopHast) dyHKIWA ¢(x) TpeCcTaBIseT Hen3BECTHBIN KO-
sddburnment (nm koadbdurments), a f(x) — manHbie 06paTHO 3a1a9M.
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Pazpaboranbl npsiMble W UTEpAIMOHHbIE METOJbI pernrenus Koddhdu-
IMUEHTHDLIX O6paTHbIX 3a/1a9 BOCCTAHOBJICHUYA aKYCTUYIECCKUX ITapaMeTPOB
Cpe/ibl TI0 JIOMOJIHUTEbHON MHMOPMAIUA O PEIIeHUH IIPIMOI 3a1atu,
U3MepsieMoil Ha IPaHUIEe MCCJIe/yeMoil cpepl [2].

Pazpaborana maTemaTudecKkast MOJEIb aKyCTUIECKON MEIUITMHCKOM
tomorpacdun [1]. MccaenoBana mocraHoBKa oO6paTHON 3a/a4n aKyCTH-
KU1 110 OIIpe/ie/ICHUIO ITapaMeTpPOB CPe/bl 110 U3MEPEHUAM, CAC/IaHHBbIX Ha
rpanutie ucciempyemoi ooactu. OJIMH U3 METO/IOB OCHOBAH HA CBEICHUN
o0paTHOIT 331291 K 3a/[a11e MUHUMU3AIUH I1eJIEBOr0 (DYHKITHOHAIA, METO-
JIOM IPaJIMEeHTHOrO CIIYCKa 1 pa3paboTaH MeTOJ| OITUMUBAIINN BBIUUC/IU-
TesibHbIX pecypcoB [3]. TIposenen cpaBHUTEBHBI aHag U3 pazpaboTa-
HBIX YUCJEHHBIX METOJOB C METOJaMU Ha OCHOBE TEXHOJIOI'Uil TJIyOOKOIo
0Oy JeHusI.

Wccnenopana mHTErpajbHas IOCTAHOBKA IPSIMON 3aJadM, JOKA3aHO
CyIIECTBOBaHME €MHCTBEHHOTO peleHust “B 1ejioM” B Lo 1 HellpepbIBHAS
3aBHCHMOCTD PEIIEeHHsI OT HAYAJIbHBIX JaHHBIX |6, 7|.

Taxeke IpesCcTaB/IeHO HECKOJIBLKO KIACCUIECKUX U HOBBIX METOIOB yC-
TOMYMBOCTA U PEryJIApPU3ALUKN HEJUHEAHBIX OIEPATOPHBIX ypPaBHEHMI
Bosbreppa, B ToMm unciie merossl Tuxonosa-Jlapenthena-lBanosa [4],
Xaitepca-Ymama-Paccuaca 5| n mogxoapl K MammmaHOMY 00y4eHuio. By-
JIeT PacCMOTPEHO IpUMeHeHne K OOPATHBIM I'UIepOOIMIeCKUM 3a1adaM
1 HeJuHeHbIM ypaBHeHusM [pegurrepa.

Pabora BpImonimena npu mojjiep:kke Poccuiickoro mayaHoro ¢oma,
mpoexT 24-41-04004 “V nerTrduKaINsI 1 NCCAETOBAHNE MATEMATITIECKAX
MoOjieJiell B HayKe W WHIYCTPUU — PEryJspu3allis U MallnHHOe 00yde-
nue’”.

Crincok JuTepatypbl

[1] Kabanikhin S.I., Klyuchinskiy D.V., Novikov N.S., Shishlenin M.A., Numerics
of acoustical 2D tomography based on the conservation laws. Journal of Inverse
and Ill-posed Problems, 28:2; (2020), 287-297.

[2] Klyuchinskiy D.V., Novikov N.S., Shishlenin M.A., Recovering Density and
Speed of Sound Coefficients in the 2D Hyperbolic System of Acoustic Equations
of the First Order by a Finite Number of Observations. Mathematics, 9:2,
(2021), 199.
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[3] Klyuchinskiy D.V., Novikov N.S., Shishlenin M.A. (2021) CPU-time and RAM
memory optimization for solving dynamic inverse problems using gradient-based
approach. Journal of Computational Physics. Vol. 439, 110374.

[4] Kabanikhin S., Inverse and Ill-Posed Problems. Theory and Applications, De
Gruyter, Germany, (2011).

[5] Reinfelds A. , Christian S. Hyers-Ulam Stability of Volterra Type Integral
Equations on Time Scales, Advances in Dynamical Systems and Applications,
15, No. 1, 39-48 (2020).

[6] Kabauuxun C.U. Koneuno-pasnocmmas peeyiapudayus o6pammnol 3adaus 0t
ypasHeHus Koaebarul, B KH.: BOIPOCH KOPPEKTHOCTH B 33J[a9aX MaTeMaThde-
ckoit pusuku. HoBocubupck. 1977. cTp. 57-69.

[7] Kabanikhin S.I. Regularization of Volterra operator equations of the first kind
with a boundedly Lipschitz-continuous kernel. Soviet Math. Dokl. 1989. 39(3),
549-552.

3;},Z[ALIA YCPEAHEHUA B OBJIACTU TUITA CUTA
HEVMMAHA C “JIETKNMMN”’ KOHIHIEHTPUPOBAHHBIMUA
MACCAMU
KAJIAEB T. /.
MockoBckuii rocygapcTBeHublit yuuBepcurer nMm. M.B. Jlomonocosa

timur.kalyayev@gmail.com

B mannoii pabore MbI H3ydaeM 3aa9y O «JIEMKUX» KOHIEHTPUPOBAH-
HBIX Maccax B obsiactu Tuma cuta Hefimana. O61acTh ¢ IepuogmIecKoit
CTPYKTYPOIi §¢ 3a/1aeTCsT ypABHEHUSIMU:

Qo ={zeR?: 2, € (0;a),z € (0;71(z1))},
Iy ={z cR?: 29 = yi(21); 21 € [0;0]},
Qie={z€R?: 21 € (0;a), 72 € (2(1); —€l)},
eh

1
Gj(e):{:cER2 : |x1—e(j+§)\ < 5

;a9 € [—el; 0]},

N—-1
Ge=|J Gile) Q=0 U0 UG,
=0

rae a, h, I € R, 0<h<lu N €N, a takxe e=5.
TakKe BBOISTCST BCIIOMOTATEIbHBIE OO0O3HAYMEHMSI JIJIsI OCTAJIBHON rpa-

HUIBI 00JIACTH:
Ve = 0Ge N {z2 = (—€l;0)}, Y=e = 0 N ({zg =0} U{zy = —el}),
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Ce=9eUr=c  Toe=Q\ (1 UT)
Iy = {z € R? : 21 € [0;a]; 22 = 0},
Ipe = {z € (000 \ (0Ge UT1)) N{x2 = 0}},
Iie = {x € (001 \ 0G:) N {xg = —el}}.
MBI HceseiyeM CIe/yIontyio ClIeKTPAIbHYIO 3a/1aMdy:

—Ayu(e,z) = Ne)pe(z)ule, ), = € Q.

—dyu(e,x) =0, x € 0\ T,
u(e,x) = 07 T e Flv
[u] = [Oz,u] =0, z € GeN ({xy =0} U {zo = —€l}).

_ 9 _ 0
Tyr 0, = 7, BHeHsAsL HOPMaJIbHAsT TPOU3BOJHALA. Oy, = Fig
Ksasparuble ckoOKH 0003HAYAIOT CKAYOK (DYHKINH, 3aKIIOYCHHON B
uux. IliorHocTs pe(x) nmeer Bu

)L r € QU
pe(x) = o
€, x € Ge.

B pamkax maHHOTO HWCCIEIOBAHMS MBI PACCMATPUBAECM JBA CIIydast:
a=1lunace(0,1)

[IpumensieTcst METO, COTTIACOBAHUS ACUMIITOTUYIECKUX PA3JIOKEHUN 1
st o = 1w € (0, 1) BBIBOASATCS yCpeITHEHHBIE KPAaeBble 3a/1a9H JIJIsT Be-
JIYTIUX YJIEHOB ACUMITOTHIECKOTO PA3IOKEHUST COOCTBEHHBIX 3HAMEHU
1 COOCTBEHHBIX (DYHKIIHIA.

Cnucok JuTeparypbl

[1] M.E. Ilepec, I'.A. Yeukunn, E.U. d6mokosa (loponuna). “O co6CTBEHHBIX KO-
JebaHnsAX Tesa ¢ “JIerkuMu’ KOHIIEHTPUPOBAHHBIMUA MaCcCaMU Ha, TTOBEPXHOCTH
YMH 57, No. 6, 195-196 (2002).

[2] G.A. Chechkin, D.Cioranescu, A.Damlamian, A.L.Piatnitski, “On Boundary
Value Problem with Singular Inhomogeneity Concentrated on the Boundary”,
Journal de Mathématiques Pures et Appliquées 98, No. 2, 115-138 (2012).

[3] G.A. Chechkin, T.P. Chechkina, “Asymptotic Behavior of Spectrum of an
Elliptic Problem in a Domain with Aperiodically Distributed Concentrated
Masses (Jointly with)”, CR Mécanique 345, No. 10, 671-677 (2017).

[4] T.A. Yeukun, “Pacuiensienne KpaTHOro COGCTBEHHOIO 3HAUEHNUSI B 33/[a9€ O KOH-

IeHTpupoBaHHbIX Maccax”, YMH 59, No. 4, 205-206 (2004).
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[5] T.A. Yeukun, “O6 oLeHKe pellleHnit KpaeBbIX 3a1a4 B 00JIACTSIX ¢ KOHIIEHTPHPO-
BaHHBIMU MaCCaMU, IEPUOITIECKH PACIIOJIOKEHHBIMI B0 rpaHuibl. CoryJai
“nerkux” macc’, Mar. 3amerku 76, No. 6, 928-944 (2004).

[6] G.A. Chechkin, “On Vibration of Partially Fastened Membrane with Many
“light” Concentrated Masses on the Boundary”, CR Mécanique 332, No. 12,
949-954 (2004).

[7] M. Lobo and M.E. Pérez, “Vibrations of a membrane with many concentrated
masses near the boundary”, Math. Models Meth. Appl. Sci. 5, No. 5, 565-585
(1995).

KOO PUIINMEHTHBIE OBPATHBIE 3AJTAYN J1J14
ITIAPABOJINYECKIX YPABHEHUN C YCJIOBUEM
OUHAJIBHOI'O HABJIFOJIEHN A

KAMBIHUH B.JI.

Mocksa, Poccusi, HanmonaibHbI# UCCII€I0BATEIBCKUN SIEPHBINA YHUBEPCUTET
«MUNOU»
vlkamynin2008@yandex.ru

B nokmiane m3ydaercs OIHO3HAYHAS PA3PEINIMMOCTH OOPATHLIX 3a/ad
ormpejiesiennsi kKoadduimenTa mepet v nbo KoadduimenTa nepes U, B
mapaboInIeCKOM YPAaBHEHUN TIPU JOMOJTHUTETBHOM YCIOBUU

w(T, z) = p(z), (1)

rie p(x) — u3BecTHast DYHKIUS.
menno, paccMaTrpuBaeTcst obpaTHasl 3aJa9a BOCCTAHOBJIEHHS KO-
dunmenra y(z) B napaboJMIecKOM ypaBHEHUN

p(t,x)uy — Au + Z bi(x)ug, + c(t,x)u+y(z)u = f(t,x) (2)

C Kpa€BbIMU YCJIOBUAMU

ut,2)| = wta)r| (3)

u jonoHuTebHBIM yetosueM (1). 3mecs Q = [0,7] x ©Q, Q — orpanu-
gerHas obmacth B R™ ¢ mimagakoit rpamureit 0€), I' — «mapabomndeckast»
rpaHuia muanaapa Q.
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Takxke paccMaTpuBaeTcst OOpaTHas 3a1atTa BOCCTAHOBIEHUsT KO3 -
muenTa b(z) B napaboJIMuecKoM ypaBHEHUH

p(t, x)ur — Uy + b(2)ug + c(t, x)u = f(t,x) (4)

¢ KpaeBLIMHU YCJIOBHAMHE (3) U JOMOTHUTENbHBIM ycaoueM (1). B sroit
samae = (0,1) — orpesok B RL.

Koaddbunmenr ~y(z) nmercs B npocrpanctse LI (Q), koaddunuent
b(x) mmercs B mpocrpancTse Lo (0,1).

YCTaHOBJIEHBI IOCTATOYHBIE YCIOBHUSI, IPH KOTOPHIX OOPATHBIE 331441
(2),(3),(1) u (4),(3),(1) oxrosnauno paspenmmsl. MeTos goKa3aTebCTBA
OCHOBaH Ha CBeJIeHUN 0OpPATHBIX 38189 K PEIIEeHUI0 HEKOTOPBIX OlIepaTOp-
HBIX YpaBHEHUM

COOTBETCTBEHHO, M3yYeHUU CBOICTB omeparopos A, B, a Takxke Ha HUC-
HOJIb30BAHUM OIEHOK B Lo (Q)) pernennii npsiMoit 3aadu jyist pyHKIUNI
Uy, KOTOpad mnojryvdaercs hopMabHbIM auddepeHImpoBanueM 1o ¢ ypas-
nennii (2), (4) u KpaeBbIx yciaosnii (3).

[Toxokuit MeTOJ| IPUMEHSIIICST PSIZIOM aBTOPOB MIPU MCCJIEIOBAHUN 00~
PATHBIX 3a/[a9 BOCCTAHOBJICHUsI HEU3BECTHOMN IPaBOil dacTu napaboJimtie-
CKOI'O YPABHEHUsI ¢ JOTMOJIHATEbHBIM yesioBueM (1). B 9Toit ¢Bsi3u orme-
TUM paHHIOI pabory aBropa [1].

[Tokazano, uro perenne obparuoit 3ama4au (4),(3),(1) cymecrByer st
IITITPOKOTO KJIACCA BXOHBIX JAHHBIX. TpebyIoTCs JIMIIbL HEKOTOPHIE MU-
HUMAJIbHBIE YCJIOBUS UX [JIAJIKOCTH. EIMHCTBEHHOCTD peleHus: 06paTHOM
sazaun (4),(3),(1), a TakzKe CymnecTBOBAHNE U €IMHCTBEHHOCTD PEIICHUST
obparHoii 3amaun (2),(3),(1) mojydeHbl npu ycjaoBuM, 9To JUOO pasMep
obustactu € nocrarouno mas (1T dpukcuposano), mubo Beananna 1’ mocra-
TOYHO BesinKa (pasmep obsactu §) dbukcuposan). [Ipusenensr coorser-
CTBYIOIIUE TIPUMEPHI OOPATHBIX 3a1a4.

YacTb pe3yabTaToB OlyOJIMKOBAHO B HelaBHell crarbe [2].

Pabora Beimosinena npu nopgepzkke [Iporpammet [Ipuopurer-2030 Ha-
IIMOHAJTLHOT'O UCCJIEIOBATEILCKOTO sjiepHoro yausepcutrera MU DU.
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Cnucok Jureparypbl

[1] Kamprama B.JI. 06 odnosnawnotli paspewumocmu obpamuot 3adaxwu 0Aa na-
paboauneckur ypasHerul ¢ ycaosuem Gunasvrozo nepeonpedeaerus. Marem.
Bamerku, 79 (2003) 217-227.

[2] Kambrauna B. J1. 06 o6pamnoti sadaue onpedeaenus xoadduyuenma noziouenus
8 NaAPabOAUHECKOM YPABHEHUYU NPU YCA08UL PunasbH020 Habatodenus. BecTHuk
HUAY MU®DU, 13 (2024) 329-339.

PEIIIEHN A IBYMEPHOII CUCTEMbBI YPABHEHUN
SUJIEPA I CTAIINOHAPHBIE CTPYKTVYPHI B
NAEAJIBHON >KNJTKOCTU

KAIII[OB O.B.

®DerepaIbHBIN UCCIEIOBATENBCKUN IEHTP WHMOPMAIIMOHHBIX U BBIYUCIUTETHBHBIX
rexuaosioruit, HoBocubupck, Poccust
profkap@mail.ru

PaccMmaTpuBaioTcst IByMepHbIE CTAIMOHAPHDIC yPaBHEHUsS e IbHO
JKIJIKOCTH
Uy + vuy + py/p =0, uvg + vy + py/p =0, Uy + vy =0,

rje U, v — KOMIOHEHTHI BEKTOPa CKOPOCTH, P — JaBJEHNe, 0 — IIJIOTHOCTD.
[I10THOCTD >KUIKOCTH CUMTAETCsT IIOCTOSTHHON U paBHOI equHHUIE. XOPO-
1110 M3BECTHO [1], 4TO 9Ta cucrema CBOJUTCS K OJHOMY YPABHEHUIO

A = w(¥)
Ha (YHKIUIO TOKa . 37eCh W — 3aBUXPEHHOCTb, A — JIBYMEpHBIl OIle-
parop Jlamnaca, a u = 1, v = —,. [locieanee ypapnenue Takzxe BO3-

HUKaeT B PAa3/IMTHbIX ITPUJIOZKEHUAX TaKNX KaK CbI/IBI/IKa IJIa3MBbI, TEeOPpUA
TBeporo resa |2, 3.

JlaHHBI OKJTIa)] pa3/ieeH Ha J(Be YacTu. B 1epBoil paccMaTpuBaroTCst
pellleH sl SJUIMIITHYECKOro ypasHerus: Sine-Ioprona

A = sin(1)). (1)

u Sinh-T'opgona. Pemenust ypaBaenns Sine-I'opjioHa IpeicTaBIIsitoTCs: B
BHJIE

G
= 4 arctan —
P arcanF,
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rie F' v G — rajgkue QYHKIUA B ILJIOCKOCTH RQ(x,y). Ilokazamno, uTo

Pacxol, >KUJIKOCTH
Q= ]f i)
Y

"epes MpoCTyio 3aMKHyTyIo Kpusyto v C R?(x,y) pasen 871, I € Z. le-
Joe gucio I paBHo cymMe UHIeKCoB Ilyankape HyJIeBbIX TOYEK BEeKTOPHO-
ro nosist V' = (F, G), nexkanux BHyTpu Kpuboii 7. Haiijiens!r Tounsie pe-
nrenusi ypasuenuii sin-T'opyiona (1) u sinh-T'opjioHa, BeIpaKeHHBIE B TEP-
MUHAX 3JIeMEHTAPHBIX (DYHKIUHA. DTH pelieHnst ONpPeIessaioT TeIeHusI,
COCTOSIIHE U3 OTACIbHBIX UCTOYHUKOB U CTOKOB, CTPYHHBIC T€UCHUS, T1e-
PUOJMYECKHUE TIENOYKH U3 UCTOYHUKOB-CTOKOB, BUXPU U UX KOMOUHAIHH.
Bo BTOpOIi wacTH IpPeIOXKEeH HOBBIH CIIOCOO IIOCTPOEHUST PEIeHuit 3J1-
JinTudecknx ypasaenuiit Sine-T'opmona, Sinh-Toprona u Humeiiku

Ay = exp(¢) — exp(—2¢).
Jlanuble KJIACCHI PEINeHuil PeICTABIAIOTCS B BUJIE PAIMOHAJIBHBIX BbI-
pazkeHuil or uIunTHIecKux GyHkumii [4].

Pa6ora BbIoJIHEHA B paMKaxX FOCYIapCTBEHHOro 3ajanus Munobpha-
yku Poccnn s @erepabHOrO MCCIEI0BATEIHLCKOTO IeHTpa nHdopMa-
IMOHHBIX U BBIMUCJIUTENbHBIX TexHosornii. Pabora nomaepxkana Kpac-
HOSIPCKUM MATEMATHYECKUM HEHTPOM, (puHaHCUpyeMbIM MuHOOpHAY KN
P® B pamkax MepONpHATHii 110 CO3JAHMUIO U PA3BUTHIO PErMOHAIBHBIX

HOMII (Cornarmenne 075-02-2024-1378).

Criucok JurepaTypbl
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OHAPHBIE CMPYKMYPBL 68 Udearvroli srcudkocmu, IIMT®, 2023, . 64, Ne 2, c.
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O TOYHBIX OIIEHKAX ITEPBOI'O COBCTBEHHOTI'O
SHAYEHN A 3AJAYU INITYPMA-JINYBNJIJIA C
NHTEI'PAJIBHBIM YCJIOBUEM HA IIOTEHIIWAJI 1
KPAEBBIMU YCJIOBUAMUN TPETBEI'O TUIIA

KAPVJINHA E.C.

Poccniicknit sxkonomnyaeckuit yuusepcurer uM. [.B.Ilnexanosa, Poccus
karulinaes@ya.ru

B naxnHOM J10KJIaJIe IpPEICTaBIIsSIeTCsl 0030p HEKOTODBIX paHee II0JIy-
YEHHBIX PE3y/IbTATOB 00 OIEHKAX IIEPBOI0 COOCTBEHHOTO 3HAYEHHUS 3a/1a-
qn [Tltypma — JlmyBuiuist ¢ MHTErpaJbHBIM YCJIOBHEM Ha IOTEHIHAT W
KPaeBBIMHE yCJIOBUSIMI TpeThero tua. Hawao moiobHbIx necseoBanmii
66110 TI0JI02KeHO B [1] 1 pogosmkeno B [2] — [4].

PaccmarpuBaercs 3ama4da

"+ qy = Ny, (1)
y/(O) - kgy(()) =0, (2)
y'(1) + kfy(1) = 0,

rae ko, k1 € R, a ¢ — rakas dynkius, uro —q € Ay, rae v € R\{0} un

A, ={q€ L1[0,1] : g(x) = 0, /01 q"dx = 1}.
Hna m, = infye 4, Ai1(—q) cipaseyusa cieyommast
Teopema 1. Ecau npu nexomopwr ji = —ké u ¢ € (0,1) sadaua
—y' =py, =€ (0,)U(C1),

y'(0)—kgy(0) = 2/ (¢ —0) —y({) = 2¢/'(C+0)+y(¢) = ¥/ (1) +kiy(1) =0
umeem noaoscumenvroe pewerue, onpeseaennoe na (0,1), mo my = p
u my docmuezaemca na nomenyuase ¢¢ = —0c. Ecau nu npu xaxux
= —ki u ¢ € (0,1) makoeo pewenua me cywecmeyem, mo my ecmo
MUHUMAALOHOE CO6Cm66HHO€ 3HavYeHUE 30480/‘4/[/1

—y" =My,
y'(0) — (k3 — 1)y(0) = /(1) + kiy(1) =0

u docmuzaemcs wa nomewyuaie ¢ = —3dy.

Hnsa M, = SUPge A, A1(—q) cupaseyuBa cieyromast

175



Teopema 2. Ecau kg + k:% <1, mo M; = k:% + k% — 1 u docmuzaemca
HO NOMEHUUAAE
- = —k2oy — k261 — (1 — k2 — k3).

Ecau k} + k2 > 1 u k? — k3 <1, mo My npedcmasasem coboti nepeoe
cobcmeennoe 3navenue 3a0a4u

!
-y =Ny,
2y (0) — (kg + ki — 1)y(0) = 24/ (1) + (k3 + ki — 1)y(1) =0

u (9ocmu2aem0ﬂ Ha nomernyuane
¢ = —(1+ k5 —k$)do/2 — (1 — k3 +k)61/2.

Ecau k% — k:g > 1, mo My npedcmasasem coboti nepeoe cobecmeertoe
3HaMeHUE 36004

—y" =My,
y'(0) — k3y(0) = ¢/ (1) + (k — 1)y(1) =0

u docmuzaemcs wa nomewyuaie ¢ = —41.

Cnucok Jureparypbl

[1] Eropos }O.B., Konunparses B.A. O6 ouenkazr nepeozo cobecmeentozo 3Ha“eHus
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HbIe CBOICTBa pereHnii quddepeHalbHbIX YPABHEHUN U CMEXKHBIE BOIIPOCHI
CIIEKTPAJILHOTO aHaJM3a: HaydHoe m3manue moj pexa. M. B. Acramosoit. M.:
IOHUTHU-JAHA, (2012), 560-607.

[3] Karulina E., Vladimirov A. The Sturm—Liouville problem with singular potential
and the extrema of the first eigenvalue. Tatra Mountains Mathematical
Publications, 54, (2013), 101-118.

[4] Kapynura E.C. Dxcmpemasvrvie ceolicmea nepeozo cobemeenozo 3HaueHus
3adavwu IImypma—Jluysusrs ¢ Kpaesvimu ycaosuamu mpemvezo muna. Mare-
puasb Koudepenun "OyHKIUOHANIBHO - HuddepeHuaibHbie yPaBHEHUS: TEO-
pus u npusoxkenus". (2018), 115-119.
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O METOAE NM3YYEHUA ACUMIITOTUKUN CITEKTPA
OITEPATOPA HITYPMA-JINYBMNJLJIA B CJIVUHAE
BBICTPO PACTVYIINX ITOTEHIINAJIOB

KAYKHWHA A.B.

MI'Y umenu M.B. Jlomonocosa, Poccust
alisa-kachkina@mail.ru

Paccmarpusaercs oneparop Irypma—/Inysunisa Ly B runsbeprosom
upocrpancrse Ly[0; +00), Hopox naemblii jguddepeHnnaibHbIM BhIPayKe-
mneM lo(y) = —y"(x) + ¢(x)y(x), tne ¢ — HexkoTOpas HelmpepbIBHAL
Ha [0; +00) nmeficTBuTesIbHO3HAUHAST (DYHKIUST, U CJIE/LYFOIIUM TDAHUTHBIM
yenosueM B myse: y(0) cosa + ¢/ (0)sina = 0. Obnactbio onpeneienust
oneparopa L, siBistercst muoxxectso D(IL,), cocrosimee u3 Bcex dyHKuumit
y € Lo[0;+00) Takux, uro y u y' abCOTIOTHO HENPEPBIBHBI HA JIIOGOM
[a;b] C [0;+00), —y" + q(x)y € L2[0; +00) u y(0) cosa+ ' (0) sinaw = 0.
Eciin it morennuaia g Beinosasiercs q(r) — 400, £ — +00, TO ole-
parop L, mojyorpaHudeH CHU3Y U UMEET HUUCTO JUCKPETHBI CIEKTD
(M )neN, An — +00, n — +oo (D.Y. Turamapm [1], A. M. Momrua-
HOB [2]). [TosroMy MOKHO TOBOPUTH 06 ACUMIITOTUKE COOCTBEHHBIX 3HA-
YeHuii, 3aHyMepOBaB UX B MOPSAIKE BO3PACTAHUS.

B nammoii pabore uccIeayeTcss MeTo HaX0K IeHHsT aCHMITOTUKH COO-
CTBEHHBIX 3HadeHHil omeparopa L, JUIst KIaCCOB MOTEHIUATIOB, OLICTPO
PacTyImux Ha GeCKOHEYHOCTH.

O6ozmaumm 1epes 9 kimace bynknuit ¢ € C[0; +00)NC2(0; +00), xoTa
661 npu oHOM 3HadeHNH 1 < 7 < 4/3 yJOBIETBOPSIONINAX YCITOBHSIM:

¢"(z) 20, ¢"(z) < (d'(2))7, x>,

. oad () (1)
B e

2

O6osnaunm ¢, = (mn)®, n € N. B pabore [3]| gokazano, 4ro B ciy-

1/2
yae ¢ € £) UMEeT MECTO ACUMIITOTUKA N ~ %)\n/ p(An), n — +o0, e
dyHKIMS p — obparHas K GyHKIUUK nmoreHnuasia q. OTcro/ia morydaeM,
qTO Ay ~ %, n — +00, TO €CTh Jjisl HEKOTOPOi I0C/Ie0BATEIbHO-
n

¢t o, — 1, n — +00 BLIIOJHEHO PABEHCTBO: A\, = p%"(l)‘f”), n € N.
n
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HQJ‘IO)KI/IM R?l = Cp ¥ MHJYKTHBHO BBEJEM CIIEJyIOliue 0DO3HAYIEHMST:
Li = San R — Gnfn. 4 c N,

ARy T P
Teopema 1. Paccmompum npoussosvhyro Gynryuo q¢ € Q u 0bpammyro
K Hell pynrxyuwio p. Sadurcupyem das q esedertivie gviule 0603HAUEHUA
das nocaedosamesvrocmeti. Toz2da 6 smux 0603HAMEHUAT OAA BCEL HOME-
poe n, boavwur Hexomopozo N € N, seprol credyrousue ymeeporcienus:

1) Li < LAY RS R 2) L < A, <R, ieN

JlamHast TeopeMa JOKA3BIBAETCS, OCHOBLIBASICH Ha XapaKTepe POCTa
dyarmun p. C IOMOIIBIO aHAJIN3a [TOCIEI0BATEIbHOCTE L% u Rfl MOXK-~
HO WCCJIETIOBATH TOBeJIeHNe CODCTBEHHBIX 3Hadennii oneparopa Illtypma-
HI/IyBI/I.HHH JJIA PA3JIMIHBIX KJIACCOB ITIOTEHIIUAJIOB, Y/I0OBJIETBOPAIOIITUX
yeaioBusiM (1). ITosoBHBIN MeTO/| ¢ KOHEIHBIM YUCIOM UTEPAIMOHHBIX 1A~
rOB MCHOJIb30BaH JI/Id HaXOZK/IeHUsI aCUMITOTUKH CIIEKTpa onepaTopa L,
B citydae 6osiee y3KOro KJacca HOTeHIUAIoB B padore [4]. Acumnroruku
COOCTBEHHBIX 3Ha4eHuii oneparopa L, MOIyT HCHOIb30BATbCsS DU Ha-
XOKJICHUH PEryJIsipU30BaHHbBIX CJIeJI0B [5], Ipu pereHnn o6paTHbIX 3a/1a4
U JIJIsT UCCJIEIOBAHUST CBONCTB COOCTBEHHBIX (DYHKITHIA.

Cnucok JuTeparypbl
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3AZTIAYA O CMEHE YCTOMYMNBOCTU
NHBAPVMAHTHBIX MHOTOOBPA3UNI
JANODOEPEHIINMAJIBHBIX CUCTEM C BBICTPBIMU U1
MEJJIEHHBIMU ITIEPEMEHHBIMN

KUIIKAEBA O.C."", IIEITAKMHA E.A."*

'Camapckuil HAIMOHAJLHBIH HCCIIEI0BATELCKUE YHUBEPCUTET WMEHH
akanemuka C.I1. Koponesa, Poccus
“kipkaeva.os@ssau.ru, "shchepakina@ssau.ru

B pabore paccmarpuBaercs 3ajada O 1oTepe yCTONYUBOCTUA MeJJIeH-
HBIM MHBAPUAHTHLIM MHOroobpasueM cucreMbl nuddepeHuaabHbIX
ypaBHEHUil ¢ OBICTPHIMU U MeJJIeHHBIME HepeMeHHbIMu. Haromuum, 9o
Me€/IJIEHHBIM UHBAPUAHTHBIM MHOr00Opa3neM Ha3bIBAETCH UHBAPUAHTHAS
MMOBEPXHOCTh AU dEePeHITNaIbLHON CUCTEMBI, IBUXKEeHNe (Ha30BOil TOUKN
Ha KOTOPOW IIPOMCXOJIUT CO CKOPOCTBHIO €€ MEJJICHHOU IepPEeMEeHHON (CM.,
Hanpumep, [1]). Mesennoe naBapuanTHOE MHOrOOGpa3Ue SIBJISIETCS yC-
TORUUBBIM (&, CJIeI0BATEIIbHO, 00J1a/1aeT CBOHCTBOM IPUTSYKEHUST TPACK-
Topuit ;uddepeHIuanbHON CHCTEMBI, JIEYKAIIUX B 00IACTH €r0 BIUsIHUS),
eCcJii BCe COOCTBEHHBIE 3HAYECHUS MATPUIBI 1K0OU OBICTPOIL TI0/ICUCTEMBI
JIE2KAT B JIEBOM OTKPBITON KOMILIEKCHOH ToJiyTiockocTu. Eemm xoTs O
OJTHO COOCTBEHHOE 3HAYEHME MATPUIL SKOOU JIE2KUT B IIPaBOil OTKPHI-
TOW KOMILIEKCHOM IOJIyIJIOCKOCTH, TO MEJIJIEHHOE NHBAPUAHTHOE MHOT'O-
obpasue CUCTEeMbI SBJISIETCS HEYCTONUUBBIM (a, CJIeJJ0BaTeIbHO, 0bIa1a-
€T CBOMCTBOM OTTAJIKHBAHUs TpaeKTopuil quddepeHnmnaabHoil CUCTEMBL,
Jeamux B obsactu ero Biausinust) 1, 2|.

B jomnosiHenne kK paccmorpenHbiM panee |1, 2, 3, 4|, B pabore pac-
CMAaTPUBAIOTCS PA3/IMIHBIE CIIEHAPUH, [IPU KOTOPBIX OIHO WJIM TIapa cod-
CTBEHHBIX 3HAYEHUI MATPUILI IKOOU OBICTPON MOJACUCTEMBI TIEPEXOUT
U3 JIEBOH OTKPBITONW KOMILIEKCHOH MOJTYIJIOCKOCTH B IMPABYIO, UTO COMPO-
BOXKJIAETCS MOTepeil YCTONYIMBOCTU MeJJIEHHBIM WHBAPUAHTHBIM MHOTO-
obpasueM CUCTEMBI.
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ACUMIITOTUYECKUE METOIBI B TEOPUU
TPAEKTOPUMN-YTOK

KNMPCAHOBA A.C.

CamapCKuii HaITMOHAJIBHBIN MCCJIeI0BATETBCKUI YHUBEPCUTET NMEHU AKAIEMIKA
C.I1. Koponesa, Poccus
askirsanova99@gmail.com

B nmammoii pabore mpoBOAUTCS CPABHUTE/LHBIN aHAINS3 AIIPOKCHMA-
mun MakJiiopena m anmnpokcumaruu Ilaje, mpu mOCTpOeHUU ACUMIITO-
TUYIECKUX MPUOJIMKEHUN YTOIHBIX 3HAYEHUHN yIIPABJIAIONIETO MapaMerpa
[1, 2, 3]. Ananus npoBomurcs s cucreMbl Ban gep [osst coeyromiero
Buza [4]:

. z?
Ex=yYy— -+,
3
Yy=a—1.

U MaTeMaTUYECKON MO BEeTPOIHEPIreTUYECKON YCTAHOBKHU, KOTOpasd
npejicrasiisier coboii puddepennnanabayto cucremy Buga |5, 6, 7, 8

JO = —kI + M(Q),
LI =kQ— (R+7)I,

R=¢F(Q,I,R),
rme I — cuina Toka B 0OMOTKe SIKOpsi, §2 — K03(pPUIUEHT OBICTPOXO-
HOCTH, R — BHeIlIHee CONPOTHUBJICHHE, TOYKA O3HAYAET ITPOU3BOJIHYIO IO
Bpemenn t. [lapamerp k — K03pDUIMEHT JTEKTPOMEXAHUIECKOTO B3AK-
MOJIEHCTBUS, ' — MAJIO€ BHyTPEHHEE COIIPOTUBJIEHUE SIKOPst, J — MOMEHT
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vHepIUu TypOuHbl, [, — MHIYKTUBHOCTD SIKOPSI, (v — YIIPABJISIONINN 1a~
pamerp. Oyukuusa M () 3amaercss aHAJUTUYIECKH Ha OCHOBE SKCIIEPH-
MEHTAJIbHBIX JAHHBIX.

PesysibTaThl YncI€HHBIX 9KCIEPUMEHTOB JEMOHCTPUPYIOT XOPOIIIee COo-
IJIACOBaHUE JAHHBIX YUCJICHHOTO U ACUMIITOTUYIECKOTO aHAIN3a, U JEMOH-
CTPUPYIOT 3aMETHOE MPEUMYIIECTBO IPOOHO-PAIMOHAIBHBIX TPUOJIIKe-
uwuit [Tane Ha 0OBIMHO UCIIOIB3YEMBIMU IPUOJINKEHUAMU HA OCHOBE Psi-
1oB MakJjiopeHa ¢ pa3/ioyKeHUsIMU 110 CTEIEHsIM MAaJIOro MapaMmeTpa.
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IIPOCTPAHCTBEHHO-HEJIOKAJIBHBIE 3ATAYN C
YCJIOBNAMU CAMAPCKOTI'O-MOHKUWHA OJI4
JNO®OEPEHIINAJIBHBIX YPABHEHUI
ITPON3BOJIBHOI'O ITIOPAJIKA

KO>KAHOB A.H.

Mucturyr maremaruku um. C.JI. Cobonesa CO PAH,
kozhanov@math.nsc.ru

Henokampubie 3amaan ¢ yeaopusimu Camapckoro—loHKrHa 3aHUMAOT
0coboe MeCTO CpeIn BCeX HeJOKAJBHBIX 3aJa4 st nuddepeHnna bHbIX
ypaBHeHUil. AKTHBHOE HCCJIeI0OBaHNe UX Hadaoch ¢ paborsr H.. Mon-
kuHa [1], u B 9100t pabore GbLI IPE/IOKEH OPUTUHAJIBHBII METOJI IOCTPO-
eHUs PelleHns B Brujie PYHKITHOHAILHOTO PsIa IO CIEeIUAIbLHON OHopTo-
FOHAJILHOMN cHuCTeMe. DTOT METOJ B JIaJibHeliIIeM HeOJHOKPATHO (BILIOTH
JIO TIOCJIEJIHUX JIHel) HIPUMEHsIICS B UCCJIeI0BAHUSIX Pa3PEIInMOCTH 3a~
Jlad ¢ HeJIOKAJIbHBIME YCIOBUAMH [1] 1151 runepGosinueckux ypaBHeHNIA,
mapabonIecKux ypaBHEHUN BTOPOI'O U YE€TBEPTOTO MOPSIIKOB, BHIPOXK-
JIAIOIINXCS YPABHEHU 1 ypaBHeHUl cMmemnanHoro tunia. Ho B 6ostee no3/i-
Hee BpeMsI — UMeHHO B Hadaje XXI Beka — OBLIN MPeII02KEHBI METOIbI
HCCJIe/IOBAHNS PA3PEIINMOCTH 33129 C HeJIOKAJIbHBIME ycsoBusiMu (1] u
¢ 6ojiee OOIUMU YCJIOBUSIMY, HA3BIBAEMBIME B JinTeparype "ycjioBusiMu
Camapckoro-Honkuna" (cM. [2]), He HCHOIB3YIONIHE IPEICTABICHUE De-
[IEHNs] B BHUJE CIEIUAIBHOrO Psijia. DTU METOIbI IO3BOJIMIN CyIIECTBEH-
HO paCIIMPUTHL KJIACC YPaBHEHHU, Jjisi KOTOPBLIX HEJOKaJbHBLIE 3aa4u
¢ ycaoBusimu Camapckoro—VoHKMHa pa3peniuMbl; YCJIOBHO 9TH METOJIbI
MOXKHO Pa3Ie/UTh Ha JBe IPYIIILL — Ha Memod PacULenieHUs I MEMOJ
ANPUOPHBIL OUEHOK.

B nacrosimem nokJaie IpeicTaBIeHbl IOCAEIHIE PE3YJILTATLL, [TOJLY-
YEHHBbIE KaK C IOMOIILIO METO/Ia PACIIEIJICHUs, TaK U C IOMOIILIO METO-
Jla, OCHOBAHHOI'O Ha allPUOPHBIX OLEHKAX.

OcHBHBIE UJEU METOIOB, O KOTOPBIX I'OBOPUTCSI BBIILE, IIPEICTABJIEHD
B pabore [3].

JlokJia IOAroTOBJIEH B paMKaxX IOCYIapCTBEHHOIO 3adanns MucTury-
ta Mmarematuku uM. C.JI. Cobomesa CO PAH, mpoekt FWNF-2022-0008.
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O KOPPEKTHOCTHN HEJIOKAJIBHBIX 3AJAY OJIA
ANOPEPEHITMAJILHBIX YPABHEHUN
QJIVINIITNYECKOI'O TUIIA C PASPBLIBHBIM
KO®PUITNUMEHTOM

KOYKAHOB A.1."*, IIAJPUHA H. H.>’

'Nucruryt maremaruku um. C. JI. Cobosesa CO PAH, Hosocubupck
*PTY MUPDA, Mocksa
“kozhanov@math.nsc.ru, *shadrinann8@yandex.ru

PaboTa MOCBsIIEHa UCCIIEOBAHUIO PA3PEIINMOCTH HEJIOKAJIbLHBIX Kpa-
€BBIX 38144 JJIs JUIMITUIECKIX YPABHEHUIT BTOPOTO MOPSIJIKA C PA3PbIB-
HBIM KO3(hDUIUEHTOM B CTapIeil JacTu.

[Tycrs Q ects unrepsan (0,1) ocu Oz, @, Q1, Q2 €CTh NPSAMOYTOJIb-
auku X (—a,a), Q@ x (—a,0), Q x (0,a) coorsercrenno (a > 0 - 3a-
nanuoe uncio), c(x,y), f(x,y), h(y) u y(y) ectb 3amanubie OyHKINH,
onpejiesientbie pu © € Q, y € [—a, al, o, B, ay, Bii = 1,2, ecThb 3a1aH-
Hble jeficTBuTesbHble ynca. CuanraeM, uro GyHknus h(y) HenpepbiBHA
Ha npomexyrkax [—a,0) u (0, a], u umeer koneunoe 3uadenne h(—0) u
h(+0). Pacemorpum juddepennmanbablii oneparop L, jeficrBue KoTo-
poro Ha 3ajaHHOil DyHKIMU v(X,y) OUPEeIesIsieTcsl PABEHCTBOM

0
Lv = vge + @(h(y)vy) + c(z, y)v.

Hesokasbaas 3agada I: natmu  gynkuyuro u(x,y), asasowyroca 6

npamoyeorvhurar Q1 u Qo pewenuem ypasHerus

Lu = f(z,y) (1)
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u marxyro, 4mo OAA Hee BBIMOAHAIOMCA Yycaosu

w(z,a) = u(z,—a) =0, =€, (2)
w(0,y) =v(y)u(l,y), y€ (-a,0)U(0,a), (3)
ur(Ly) =0, yé€(-a,0)U(0,a), (4)
w(z, —0) = au(z, +0), € Q, (5)

uy (2, +0) = Buy(z,—0), =€ Q. (6)

Hesokaubaast 3azada II: natdmu gynxyuro u(z,y), asamowyrocs 6
npamoyeosvruker Q1 u Q2 pewenuem ypasuenus (1) u maxyro, wmo
0ns Hee BLINOAHAIOMCA Ycaosus conpascenus (5) u (6), a makoice Kkpa-
esoe ycaosue (2) u Kpaesvie Ycao8us

Ua:(oa y) = V(y)ux(lv y)a y e (_a> O) U (Oa a)v (7)

u(l,y) =0, yé€ (—a,0)U(0,a). (8)

Hesokanbras 3agada [11: watmu gynkyuro u(x,y), asasowyrocs 6
npamoyzosvruker Q1 u Q2 pewenuem ypasuerus (1) u maxyo, wmo
oas mee svinoanaomes kpaesvie ycaosus (2), (3) u (4), a maxoce ycao-
BUA CONPANCEHUA

uy(z, —0) = aqu(z, —0) + asu(z, +0), 9)

w (2, 4+0) = Bru(e, 0) + Byu(z, +0). (10)

Hesokanbnast 3agada [V: natdmu gynkyuwo u(x,y), asasowyrocs 6
npamoyzosvrukar Q1 u Q2 pewenuem ypasuenus (1) u maxyro, wmo
das nee svinoanaomea kpaesvie ycaosus (2), (7) u (8), a maxoice yeao-
sus conpaoicenua (9) u (10)

B pa6ore copMyIpoBaHbI TEOPEMBI, COIEPIKAIINE YCIOBHs, BBIIOJ-
HEHUE KOTOPBIX IapaHTHPYeT CYIIEeCTBOBAHUE U €JIMHCTBEHHOCTH Dery-
JIAPHBIX DEIIeHUi JTAHHBIX 3a/1ad.

Jaunnasi pabora siBJIS€TCS MPOIOJIKEHUEM HCCJICOBAHUS, HAIATOrO
aBTOpPaMHI B TOM 4HCJIe B cTarbax [1] — [3] .

184



Cnucok Jureparypbl

[1] Koowcarnos A. U., Iladpuna H. H. ViccienoBanne BAUSHUS TTADAMETPOB HA KOD-
PEKTHOCTD 3aJia4u CONpsizkeHus juddpepeHnaibHOro ypaBHenusi Byccunecka-
JlaBa // Yensbunckuii dusmko-maremarudeckuil xypHasi. — JesiOuHCK. —
2022. — T. 7. Ne1 — C. 30 - 43.

[2] Koorcanos A. H., IHladpuna H. H. KpaeBble 337141 ¢ YCIOBUIMH CONPSI?KEHUS
JI7Isl KBa3UMapabOIMIeCKUX YPABHEHUN TPETHETO MOPSIIKA, C PA3PHIBHBIM 3HAKO-
nepemMeHHbIM Ko3bdunmenTom // CubUpCKue 37€KTPOHHBIE MATEMATHIECKUE
n3Bectusi. — HoBocubupck. — 2021. — T. 18. Nel — C. 599 - 616.

[3] Lladpuna, H.H. O BiusiHuK napaMeTpoOB Ha PaspelIMMOCTb HEKOTODBIX 33184
CONPSIZKEHUS JJTsl SJUIMNTAYECKUX ypasHenuii // Cubupckue 37eKTPOHHBIE Ma-
Temarnyeckue usBectus. — HoBocubupck. — 2016. — T. 13. — C. 411 - 425.

JIOKAJIBHBIE PEHOPMAJIN30BAHHBIE PEINTEHN A
AHN3O0TPOIIHBIX SJIJIMIITUYECKNX YPABHEHUIL B
HEOT'PAHNMYEHHBIX OBJIACTAX

KOXKEBHUKOBA JI.M.
Vbumcknii yHUBEpCUTET HAYKU U TexHoJornit, Poccust

kosul@mal.ru

[Iycts 2 — mpousBosibHas objacTh npocrpancTsa R™, n > 2. s
AHN30TPOMHOr0 KBa3WJINHENHOTO SJUIMNTHIECKOTO YPaBHEHHUS BTOPOTO
[OPSAJIKA € TEPEMEHHBIM POCTOM W JIOKAJbHO CYMMEUDPyeMO# (yHKITHei
f paccmarpuBaercs 3ajada dupuxiie

—diva(x, Vu) + b(x,u, Vu) = f, x €, (1)

uf,, = 0. (2)

M.®. Buyo-Bepon [1| BBesta moHsiTne JIOKAJIBLHOTO PEHOPMAJIH30BAH-

HOI'O penieHus JIJisgd ypaBHEHUA C p-JlallJlaCuaHOM, ITOIVIOIIIEHUEM U1 l\/IepOfI
Panona pu:

—Apu + lulPP2u=p, pe(l,n), 0<p—1<p.

B nacrosiieit pabore 9T0 IOHSATHE Al TUPYETCs Ha AHU30TPOITHOE yPaB-
Herue (1) ¢ mepeMeHHBIME [TOKA3aTesISIMI POCTa. ABTOPOM JJOKa3aHbI Cy-
IIECTBOBAHKE U PEryJISPHOCTH JIOKAJILHOTO PEHOPMAJIN30BAHHOIO Dellle-
aus 3aga4an (1), (2), ycraHoBieHa ero 3HAKOOIPEIeTEHHOCTb.
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O6osnatum CT(Q) = {p € C(Q) | 1 <p < p < +oo}, p = inf p(x),
x€e}

p =supp(x), p+(x) = max p;(x), p—(x) = min p;(x).
x€Q =Ln 1=1,n
YcaoBue P. Ilpeamnosaraem, 9ro GyHKINN
a(x,s) = (a1(x,8), ..., an(x,8)) : QxR = R™, b(x, s,5) : QxR 5 R
kapareoopuesbl. IlycTs cymectsyior neorpuraresbubie Gynkimun ¢; €
Ly (y10c(€2), @ = 1,...,m, @9 € Lq10c(£2), HETIPepbIBHAST HEyObBIBATOMAST

dynxmua b : RT — RT, nonoxknrensHble gucia d,d, b Takme, 9TO IpH
I.B. X € ), 1 Beex s,t € R™, 59 € R cripaBeiuBbl HEpaBEHCTBA:

lai(x,8)] <a (P(X, s)l/p;(x) + @i(x)) , i=1,...,m;

(a(x,s) —a(x,t)) - (s—t) >0, s#t;
a(x,sA) s > aP(x,s),
[b(x, 50,8)| < b([s0]) (Po(x) + P(x,5));
b(x, 50,8)s0 > Blso[°I T, pi() =1 <po().

n

n
Baech P(x,8) = 3 [P ™) st = S sitis = (51,...,80), t = (t1,...,tn).
i=1 i=1

I[Ipu sTom npejmonaraem, uro dynxnuu p; € CT(Q), i =0,...,n, u
é - ()
. np(x
p(x)=n 1/pi(x <n, pX)=—-—.
p(x) (;/x >> =00

O6ozmaunm qo(-) = p*(-)/p_, P = p_/(p_ — 1). Ilycrs BHIIOIHEHO
JlonoTHITEeIbHOE npeonoxkenne: pi(-) — 1 < go(+), KOTOpoe BO3ZMOXKHO
upu ycnosun, 4to py(-) < p*(-).

Teopema 1. IIyemo f € L1 10c(S2), evnoaneno ycaosue P, mozda cy-
wWecmeyem A0KaAsbHoe PEROPMau30sanHoe pewenue u 3adayvu (1), (2).
Ecau f >0, mou>0 das n.e x €.

Creayer ormeTnTh, 4TO B paborax |2|, [3| Haiiensr yciaoBus na moka-
sarenn pi(-), 1 =0, ...,n, gJocTaTouHbIE JIst CyliecTBOBaHus (cM. [2]) n
€IMHCTBEHHOCTH (CM. [3]) JIOKaIBHOrO €1aboro pelenns: aHn30TPOITHOTO
SJUTMIITUYECKOTO YPABHEHHE C EPEMEHHBIMU [OKA3ATEJISIME HEJIMHEHHO-
creit Buna (1) (b(x, so,s) = b(x, so))-
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ITEPBAYA KPAEBAA 3AJTAYA J1JId YPABHEHWU S
TEIIJIOITPOBOJHOCTU B BBIPOXK/ITAOIIINXCA
II0 HACTU IIEPEMEHHBIX OBJIACTAX

KOHEHKOB A.H.

Pszanb, Poccust
Psaszanckuit rocymapcTBeHHBIN yHUBEPCUTET
an.konenkov@gmail.com

[Tycrs 2 — orpannyennas obactb B R™, ee rpanuma 02 € C° a § —
obmacts B RF ¢ gocrarouno perymsproii rpamnmneii 9S. Ipeamomaraercs,
gro B mumaape H = S x (0,7) cymecryer dbyuknus ['puna neppoii
KpaeBoil 3aJla4uu JIjIst yPABHEHUS TEILJIONPOBOJHOCTHU, YIOBIETBOPHIONIAS
OTIEHKaM

OSGH(y7§7y_T) < Z(w—f,t—T), (yvt)7(§77-) € ‘Ha 0<T<tST

Jlss1t 9TOTO J1OCTATOYHO, HampuMep, atobsl 0S € O 0 < a < 1. O6o-
3HAYUM Yepe3

K={(tz,t)|z€Q, 0<t<T}, 0<T< o0,

konyc B R"*! ¢ 6okopoit rpanumeit Y = {(tz,t) |z € 0Q, 0 <t < T}.

O6o3naqnm gepes I = S x K obmacrs B R+ +1 ¢ Gokooit rpanmieit
Yn=95xXgUaS x K\{0}. Ceuenne obmacrn II mrockocrsio t = const
sBisieTcst (n + k)-MepHOit 0b6s1acTbio, KoTopast npu t = () BBIPOXKIaeTcst
B k-MmepHyto obJiacTp S.
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PaccmarpuBaercs mnepBasi KpaeBasl 3ajiada C HYJIEBOW TI'DAHUIHOMN
dbyHKIMEN

{(%u—Au = fBll (1)

u]gn = 0.

OrHOCUTENIBHO TIpaBoOil YacTh f IMpPeNoaraeTcs, 9T0 OHA IIPUHAJI-
JEXKHAT KIACCY Log joc(II) 1 MOXKeT pacTu ompeeseHHbIM 00pa3oM IIpu
t — 04. YcTaHOBJIEHO CYIIIECTBOBAHUE U €IUHCTBEHHOCTH DEIICHUS 3a-
Jgaan (1) B HeKoTOpoM KJjiacce (DYHKIMI, TaKKe JIOIYCKAOIIEM POCT [IPH
t — 0+. B ciyuae orpanmyenHoii obsiactu S HaliieHbl COOCTBEHHDIE
dyukmuu 3anaun (1). Tlonyueno npecrasienne dbyukiuu ['puna B BU-
Jie psifia ¥ yCTAHOBJICHBI €€ OIEHKU C KOHCTAHTAMU, HE 3aBUCSIIUMU OT
obmactu S.

Taxake paccMaTpuBaeTCs IIepBasi KpaeBast 3a/ia9a B 00IaCTIX, BBIPOXK-
JIAIOIIUXCST 110 9aCTU IIEPEMEHHBIX B (DUHAJBHBIE MOMEHT BPEMEHM.

ACUMIITOTUYECKOE PACIIEIIJIEHUE JIMHEMHBIX
YPABHEHUI I'MPOCKOIINYECKNX CUCTEM

KOHHOBA K.A.

CaMapcKuii HAIIMOHAJILHBIN UCCIIEI0BATE/ILCKUI YHUBEPCUTET UMEHN aKaIeMUKa
C.I1. Koponesa, Poccust
k.a.konnova@mail.ru

PaCCManI/IBaeTCH JInHeiiHasi aBTOHOMHAas TUPOCKOIINYIECKad CHUCTEMa
[1]
Ji + (HG + D)i + Cx =0, (1)

IJie T - BEKTOp 0000IeHHbIX KoopAauHaT, J u [ — cHMMeTpudecKue IIo-
JIO?KUTEJILHO OIpeJiesIeHHble MAaTPUIlbl, (G — KOCOCHMMETPHYECKasd HEBBI-
pOXKJIeHHas MaTpulia, H — 60JbIIoit mapamerp.

Beogurcst obosnadenne & = y u cucrema (1) mepenuceiBaeTcss B BHJIE
JIBYX BEKTOPHBIX ypaBHEHHI ¢ MaJbIM mapamerpoM € = 1/H

eJy=—(G+eD)y—eCu.
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st cucrempl (2) crpoutest paciieluisiioniee ipeobpasosanue  |2]

r=u+ePz,

y=2z+ L,
IPHUBOJIAIIEE €€ K BUJLY

= Ai(e)u,

ez = As(e)z.

st mocTpoenust Marpuil L u P UCOJIB3YIOTCS ACUMIITOTUYIECKUE Pa3-
JIOZKEHUS 110 CTEIIeHsAM MaJjioro rapamMerpa

L=LE) =LY +eL®W 4213 £ 316 4
P=P()=PO 4cpM 4 2p?) 4 3pB) 4
u MaTpuuHble annpokcumaruu [age [3].
Ha npumepe ypaBHeHuii rupoCKOIUYIeCKOl BEPTUKAIN C PaIUATbLHOI
koppeknueit |1, 2|
A& — HB — kB =0,
AR+ Hé+ ko = 0,
MMOKA3aHO, YTO amnmpokcuMmaluu [laje 1eMOHCTPUPYIOT MEHbIITYTO
MOTPEINTHOCTD, YeM CTaHapTHOE pa3jioXkKeHue B psiji MakjiopeHa.

(3)
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[2] Bopomaesa H.B , CoGoses B.A. T'eomempuueckas 0eKoMNO3ULUA CUHLYAADHO
soamyusernur cucmem. DUSMATIIUT, M: 2009.

[3] Beiikep . mu., I'peiie-Moppuc I1. Annpoxcumayus Iade. Mup, M.:1986.
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PACIIPEJEJIEHUE COBCTBEHHBIX 3HAUEHUI B
JIAKYHAX CYIIECTBEHHOTI'O CIIEKTPA
MATHUTHOI'O OITEPATOPA HIPE/IMHI'EPA

KOP/IIOKOB I0.A.

Nucruryr maremaruku ¢ BIL YOUIL PAH, r. Yda, Poccusa
yurikor@matem.anrb.ru

Paccemorpum kBazmkaaccmueckmii MarHUTHBIN ortepaTop [Ipeamarepa
B €BKJIMJOBOM IpocTpancTse R?" Braa

2n 2
Hﬁzz (ha Aj(x)) +hV(I’), h>0,

S\ Ox;
raie Aj,j = 1,...,2n, u V — rjajkue BemecTBeHHOZHAYHBIE (DYHKIIUH.
[Tpennonaraercs, uro dyHKIUN
0A,  0A;
Bjy=——-—"2, jk=1,...2n
]k (")x] 8$k 9 .77 ) )

u V orpanmuens: B R?™ BmecTe ¢ MPOMZBOIHBLIMU TIPOM3BOJILHOTO TIO-
psika. Ilpeamonaraercs Takzke, 4ro panr marpunsl B(xz) = (Bji(z))
nst moboro o € R?™ pasen 2n, IpHYeM CYIIECTBYeT TaKas MOCTOSHHAS
co > 0, aro |B(z)| > co ans moboro z € R?™.
O6osnaunm wepes +iaj(x),j = 1,...,n, ¢ aj(z) > 0 cobcrenmble
3HaUeHIs] KOCOCUMMeTpIIecKoi Marpuisl B(r),x € R?*™. ITooxum
n
Ax(z) = Z(ij +Daj(z) +V(z), zeR™ keZ.
j=1
IIpenmonokum, 9TO Il HEKOTOPOTO OTpe3Ka [a,b] 3aMKHyTOE MOjI-

muozxectBo Kpqy 8 R?", cocrosimee n3 Beex Todex € R?™, 117151 KOTOPBIX
Ax(z) € [a,b] npu HekoTOpOM k € Z” | KOMIAKTHO.

Teopema 1 ([1]). Cywecmsyrom maxue € > 0 u hy > 0, wmo das 106020
h € (0, ho) cnexmp onepamopa Hy, na unmepeane [ha + eh®/*, hb — eh®/4]
duckpemen.

Creayiomne TeOpeMbl OIHUCHIBAIOT ACHMITOTHIECKOE PACIpe/Ie/IeHie
COOCTBEHHBIX 3HAYEHWI HA MHTEpBaJe (a,b).
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Teopema 2 ([2]). Cywecmsyrom obobwennve dynryuu fr € D'(R),
r=0,1,..., maxue, wmo das w060t Pynryuu @ € C°(R) ¢ nocumerem
6 (a,b) cnpasedauso acumnmomuueckoe pasrodcerue

o0

trp(Hy/h) ~ B> (frop)h2, 7= 0. (1)

r=0

Crapmit Koa(bcbmu/leHT B paznoxkennu (1) 3agaercs dbopmyioii
<f07 Ak H aj

Crenyromue K03MOPUITUEHTHI UMEIOT BHUT

(fri0 ZZ/ Pier () (Ak(2))de, r>1,

kezZh =0

keZ” RQ"

rae Py ¢, (x) monnHOMIAIBHO OrpaHIYeHbI 110 K.

st siroboro orpeska [a, ] C (a,b) obosunaunm uepes N ([ha, hf]; Hy,)
4110 cOOCTBEHHBIX 3HaYeHu onlepaTopa Hj, Ha unrepsade [fia, hj3], B3s-
TBIX C Y4€TOM KPaTHOCTE.

Teopema 3 ([2]). ,Zl/m mobozo |, B] C (a,b) cnpasedausa dopmyra

N(frouhgi ) ~ s 3 f Ha B0,

kGZ" {zeR2: Ay (z)€[,B]}

Cnucok Jureparypbl
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METO/I IIOCTPOEHUSY ACUMIITOTUK PEIIIEHUN
INOPEPEHIIMAJIBHBIX YVPABHEHUI C
MEPOMOP®HBIMUI KOY®PUIITMEHTAMU B
OKPECTHOCTHU OCOBOM TOYKWN

KOPOBMHA M.B.

MI'V um. Jlomonocosa, Poccust
betelgeuser@yandex.ru

Opnuoit u3 dyHIAMEHTAJBHBIX 3321 AHAJUTHIECKON TeOpUH OOBIK-
HOBEHHBIX JuMdEPEeHITNATBHBIX YPABHEHUN ¢ MEPOMOPMHBIMEI KO3DDU-
LAEHTAMHI sBJISETCS 3aJa4a I[IOCTOPEHUS aCUMITOTUK MX PelIeHUi B
OKPECTHOCTH UPPETYJISIPHBIX OCOOBIX TOUYEK. DTa 3a/1a4da Oblia chopmy-
mupoBana Ilyankape B paborax [1], [2].

B pa6orax Ilyankape ObLI0 HOKA3aHO, YTO MOJIYUEHHBIE PACXOISIIIE-
Cs1 PAMBL ABJISIIOTCS ACUMIITOTHYECKUME PsIaMy pelteHuil auddeperim-
AJBHBIX ypaBHeHuil ¢ rosjoMopdubiMu (MepoMopdHbIME) KO3 duImen-
TaMU B OKPECTHOCTH HPPEryJISpHLIX 0COOEHHOCTel. 3agada O IOCTPOe-
HUU aCUMIITOTHK PelleHuit 1yist audpepeHnnaabHbIX yPaBHEHUH ¢ roJIo-
MOPQHBIME KOIPMUITMEHTAMI B OKPECTHOCTH OECKOHEYHOCTH, KOTOPAas
6bL1a chopmymupBanHa [lyankape m KoTopast ABISI€TCST YaCHBIM CIy9a-
em obmeit ipobsiemsl [lyankape, 6blta periena B padorax [3], [4]. Oxnako
o01rast mpobJieMa, KOTopast 3aKJIF0YAeTCs B IOCTPOSHUN aCUMIITOTHK Pe-
mennit guddepeHnraabHbIX YpaBHEHUN B OKPECTHOCTH IPOM3BOILHOM
APPeryasapHOil 0co0O0#l TOYKH JI0 CHX IOp B ODINEM Cjaydae He pPelleHa.
VnmeHHO perrieHnio 3TOi 3aJa9u U MOCBAINeHa JaHHas pabdora. Pacemor-
pUM ypaBHEHHe

an (x) <;;>nu (2) + an_1 () <CZ:)M (@) + o

(1)
d (2
+a; () <dx> u(z) 4+ ... +ap (z)u(x) =0,

rie a; (x),i = 0,...,n — MepomopdHuble GyHKIMU. 3a1aua 3aKII0IACT-
csl B TIOCTPOEHUH ACHMIITOTUK DellleHuii ypaBHeHusi (1) B OKpecTHOCTH
0COBBIX TOYEK (KaK pPeryssipHbIX, TaK W UPPEryJIsiPHBIX).

Bes orpanmyenust obiHOCTH OyIEM CINTATH, 9TO 0CO00I TOUKOM ypas-
nenus (1) sBasiercss r = 0. B pabore [5] mokazano, aro ypasuenne (1)
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MOKeT OBITH IIPUBEIEHO K BUILY

H <r, —rk+1d> u=0, (2)

n n—1 i
d d d
S S Y G NS S = k1 @
H <r, T dr) < r dr) + igoal (r) < T dr>

Baecs k= —1,0,1,2...., a uepes a; (1) 0603HAUEHBI COOTBETCTBYIOIIIE TO-
nomopdubie dyakimu. B pabore 5] Haiiieno MUHIMAIBLHOE 11€JI0€ HEOT-
puaTeaIbHOe 3HaUYeHne k, TO €CTh MUHUMAJIBHBIN HOPSI0K BBIPOXK IEHHUSI,
n KoadpunmenTs! 3Toro ypasuenus. Ecim k € N, To ocobast Touka siB-
JISIETCsT UPPETYJISPHOIL, B 9TOM CJIydae 3amuiieM oneparop (2) B Buje

d 1 d\" 1 d\
k1 4 Phtl W =S
H<r, r dr) k < k: > -i-Za, k:” - < kr dr)

OcHOBHBIM CHMBOJIOM M dEPEHITHATBHOTO OIIEpATOpPa

H (r, —Tkﬂd%) nasbiBaercs dyuxuus Hy (p) = p™ + >0 01 Z; Ipt.

st oCcTpoeHus aCUMIITOTUK perrennit 1uddepeHualbHbIX yYpaB-
HeHu#t ¢ MepoMOpPGMHBIMUA KOI(PDUIIMEHTAMI B OKPECTHOCTU UX HUPPETy-
JISIPHBIX OCOOBIX TOYEK IMPUMEHSIOTCS METOMbI PECYPreHTHOTO aHAJIN3a,
OCHOBOII KOTOPLIX siBjsgeTcd npeobpazoanue Jlammaca—bopens. B Tom
YHCJIe METO/]T MOBTPHOT'O KBAHTOBAHMUS.

BozaukaeT Borpoc 0 ToM Kakoil BUJ IMeeT aCUMIITOTUIECKUI YJIeH CO-
OTBETCTBYIOIIUil KpaTHOMY KOpHIO. Ha 9T0oT BOlpoc oTBevaer cieymast

TeopeMa.

e

Teopema 1. Jlobas acumnmomurka pewenuti ypasnenus (1) co cmene-
HLI0 sbipostcderus k+1 6 npocmpancmee PyHruul k-9KCNOHEHUUAADHOZ0
pocma nPedcmasuma 6 sude CYMMvl SUHETHBLL KOMOUHAUUL ACUMNIMO-
MUYECKUT YAEHOE UG

u; (1) = exp (R (r %)> Za ),
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2de l;, 0, — mexomopoie Komnaekcroe wucaa Pj(x) — noaunom, cme-

[e.e]

nenv Komopozo ne npesviwaem ki, > ajx? — acumnmomuieckul pao,
J=0

U YAEHOE COOMBEMCMBYIOUUL KOHOPMAALHBM ACUMNIMOMUKAM.
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PA3PEIIINMOCTBb OBPATHOW 3AJAYN
C HEJIOKAJIBHBIM HABJIFOJEHUEM
KOCTHH A.B.

MI'Y umenn M.B. Jlomonocosa, Poccus

abkostin@yandex.ru

Iycrs Q C R™ — orpanudennas obnacts ¢ rpanuieii I' € C2. B nu-
muagape @ = ) x (0,T) paccmarpuBaercss MOjieIbHast oOpaTHas 3a/1a4a
HaxoxgeHus napbl dbyukuumit {u(z,t); f(x)} u3 ycaosuit:

ut(x,t) — Au(z,t) = h(z,t) f(x) (z,t) € Q, (1)
u(z,0) =0 z€Q, g;i(x,t):O (x,t) e T x [0,T7, (2)
T
() = / (e, £ du(t) = x(z) =€ Q. (3)
0

3necy dynxknuu h, p, x 3amansi, A — omeparop Jlammaca, n = n, —
BHEIITHsisE HOPMaJIb K rpanure B Touke x € ['. Ckansipuas dyukiws u(t)
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B YCJIOBHU HEJIOKAJIBHOIO HAO/IIOLeHNUs (3) MMeeT OrpaHNYeHHYIO BapHa-
muio u zenpepbisia Ha [0, 7] cupasa; st t > T nonoxum pu(t) = p(T).
ITycTh TakKe BBIIOIHSIOTCS CIIELYIONIHE YCAOBUSL:

h, ht € Lo 2(Q), |¢(h)(z)| >0 >0 mmans. x € Q; (4)

T

u(t) sisasiercst neybwiatomieit Ha [0, T, \/(,u) > 0; (5)
0

@) e W@, K@)=0 ser. (6)

Onpegnenenne 1. O6001EHHBIM pellleHEM 0DpaTHOI 3a/la4n Ha3bIBa-
ercst nmapa GpyHKIuUi u € VV22 1(Q), f € La(Q), ynosnersopsiomast ycio-
Busim (1)—(3).

Mg mpousBosbroro f € Lo(€2) obosmaunmm uepes u = u(x,t; f) pe-
mrerre npsivoii 3aaqn (1), (2). Kak xopormo nu3BecTHO, OHO CyIIIECTBYET,
€/INHCTBEHHO U IPUHAJJIEXKUT W22 1(Q). B ey yenosuit (4) s10 pemenne
006J1a1aeT JONOTHATEILHON MIaAKOCTBIO, 4 NMEHHO

we C0.TEWAR),  w e C(0. T ()
ITpu sTom (1) Gy/ter BeioHATHCs Jst Kaxkoro ¢ € [0, 7] kKak paBeHCTBO
B L(£2). D10 m0OKa3bIBaET, 4TO IPU HAJIOKEHHBIX TPEOOBAHUAX Ha (DYHK-

uo h yCJIoBUsST TVIAJIKOCTH U coryiacoBanust (6) Ha (DbyHKIUIO X HEOOXO-
JIUMBI JIJIsT PA3PEITIMOCTH OOPATHOI 3a/1a4H.

Teopema 1. 3adava (1)—(3) sxeusanrenmua AuHETHOMY ONEPATMOPHOMY
ypasHenuro 2-020 poda ¢ enoane nenpepvishuim 6 La(€)) onepamopom.

Teopema 2. [Tycmv svinoanenv ycaosus (4), (5), u noumu 6crody 6 Q
CNPAGEdAUGH, HEPAGEHCTMEA,

h(l’,t) > ht(‘r7t)

() (=) =7 L(h)(z) T
Toz0a dasn kaosrcdol dynkyuu x, ydosaemeopsrowel yeaosusm (6), cywe-
cmeyem u npumom eduncmeennas napa gyrnkuyui {u(zx,t); f(xr)} — pe-

wenue obpamnot 3adavu (1)—(3). Qynuxyus u(x,t) obaadaem npu smom
donoaruUMeNbHol 2AadK0CTBIO

u € CY([0,T]; L2(€2)) N C((0, T]; W3 (),
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u cnpaeednuea ouerHra ycmoﬁ%ueocmu

s [, OIS + 1720 < C Il
Jluneitnas 3anada B Lo(Q2) ¢ HbUHAIBHBIM U HHTErDAJILHBIM HaOJIIOIE-
HueM uccienoBasack B [1]. Hesokanbaoe ycsioBue nabirojenust Buia (3)
BIIEDBBIE B 00PATHBIX 3a/a9ax Jylst a0CTPAKTHBIX YPABHEHUH IOSIBIIIOCH
B [2|. Cucremarmyeckoe uccie/0BaHle JUHEHHON 0OpaTHON 3ajadu ¢
yesoueM (3) jist mapaboMIecKux ypaBHeHuil nposejieHo B 3.

Cnucok Jureparypbl
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YIIPABJIAEMOCTD YIIPYTI'OI'O KOHCOJIBHOI'O
CTEP2KHA 11IPU BO3JAENCTBUN
KYCOYHO-IIOCTOAHHOU CIJIbI B CEYEHNN

KOCTHUH I'.B.

NucruryT npobiem mexanuku um. A.FO. Umnuackoro PAH, Poccus
kostin@ipmnet.ru

Uccnenyercst ynpaBiasieMOCTb CHCTEMBI, MOJIETUPYIOIIEl MPOI0IbHBIE
KOJIE6AHUST KOHCOJIBHO 3aKPETJIEHHOTO OJTHOPO/IHOTO YIIPYTOTO CTEPYKHS C
IBE309JIEKTPUIECKUM akTioaTopoM |1, 2|. B 6espasmeprHoM Bujie craBut-
CsT 33J1a4a O MEPEBOJIE CTEPIKHS € TIOMOIIBIO CHJIBI B TTOMEPETHOM CEUEHIH
13 HAYAJIBHOTO COCTOSIHUSI B HYJIEBOE 3a BpeMsi T ISl pacipejieeHuii
ro,wo € HY(X), X = (0,1), maitrn ynpasmnenune u € HY(T), T = (0,T),
npu Kotopom apmkenne r*, w* € HY(D), D = T x X, yaosiersopser
TepMEHATBHOE yctoBue 1 |1 = w*|i=r = 0. llox nBmkennem momnva-
ercs nmapa GyHKIuit ¥, w*, MUHIMI3UPYIONAaa QYHKIIMOHAJ COCTOSHUST
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(0] IIPU BBITIOJTHEHUN HaYaJIbHBIX 1 KPaeBbIX yCJIOBHfIZ

Or*,w*ul = min P[r,w,ul=0, &= /cpdtdx >0,
raw€eH1 (D)
D
p=g"+1 g=0ur—dw, h=0r—dw- f W
1(t u
ftz) = i), @ el teT, w0)=0;

0, x¢U,
r(0,z) = ro(z), w(0,x) = wo(z); r(t,1) =w(t,0)=0.

Baech r(t,x) — nuHAMIYECKHit moTeHIHAI, W(t, T) — MepeMenieHus To-
vek crepxkud, f(t, ) — cuna B cedennu, U = (z~,2"7) C X — unrepsa,
Ha KOTOPOM JleficTByeT cuiia, T — BpeMsl ylpaBieHusi. JacTHbIe IPOHU3-
BOJIHBIE T [IPEJICTABJISIIOT COOOIl MOJIHYI0 HOPMAJIbHYIO CUJIY B IOIEped-
HOM cedeHnu (O¢r) M JHMHEHHYIO IUIOTHOCTH MMITysbca (O,r). Pemenne
sazaun (1) upu 3amanHoM u(t) UIeTcs B BUjE psija:

r(t,z) = Y Ru(@)rm(t), w(t,z) =Y Wp(z)wm(t), @)

meN meN
R, = —2w;1 coswnpx, W, = 2w;1 sinwpx, wp, =nm—m/2,
Pn(t) = —wnwn (t) + wy tepti(t),  n(t) = wprn(t), (3)

7(0) = 70w, (0) = wd, n €N, ¢, =Wy(z7) — Wy(zT).
B (2) R, W,, — cobcrBennble GyHKINNA KOJIeOaHU CTEPIKHS, COOTBET-
CTBYIOMIHE COOCTBEHHOI 9acTOTe Wy 10, WY — IPOEKINN pacIpe e et
ro, wo Ha Ry, Wis 7y, Wy — aMIUIATYABI HOTEHIIUAJIA U TEPEMEIEHMI 15T
n-# MOJIBI; ¢, — KO DUITUEHT yCUIeHUs IPU YIIPABIEHUHN STOW MOIOI.

Jloist 2% CymiecTByIOT YCIOBHS, IPH KOTOPBIX N-5I MOJIA HEYIIPABIISEMA:

+ - 2m —1 2
" +x _2m + = m <1

2 “om—1° omn—1-"

m,n € N. (4)



B ciyuae, korzma yciosue (4) He BBIIOJIHEHO HH JIst Kakux m,n € N
ylpaBJjieHne, npusosiiiee 3a Bpemst T > T* = 2 cucremy (3) u3 Hava b
HOI'O B HYJIEBOE COCTOSIHUE, 3AIIMCHIBACTCS B BUJIE

u(ty = t < (0,7),
u (t—r1), te(r,T), (5)
u*(t) = — Z ¢t (1] sinwyt + w) (coswyt — 1)), t € T

neN
Baecs T* = (0,T7%), a r], w — npoekiwn HyHKIuU cocrostaust r* (T, ),
w*(7,-) Ha cobcrBennble GyHKIUU Ry, Wi,

MoxkHO 1nokazarh, 4To, K03bOUIUEHTEI ¢, BBejIeHHbIE B (2), 1pobe-
raloT KOHedHOe 4HCJI0 3Hadenuit, korjga r0,x~ € Q. Bomee Toro, ecim
¢n # 0, n € N, yupasienne u* u3 (5) IpHHAIEKAT TOMY Ke KJIaccy,
qTO U 10, Wo. VEbMu ciioamu, u*t € HY(T*) = u e HY(T).

Pabora BrInosHena 1o reMme roc. 3aganns N°124012500443-0.

Crucok JuTepaTypbl
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MATPUIIA BAHJIEPMOH/IA, TEOPEMBI PMUTA U
JTAH®OPIIA

KOCTPYB U./1."*, TIEPOB A.1."°

' BopoHe»KCKUit ToCyapCTBeH bl yHIBepcuTeT, Poccus
*ikostrub@yandex.ru, *anperov@mail.ru

OcuoBHbIe noHsATHUs. B — KoMILIeKcHasi baHaxoBa ajrebpa, n mpo-
n3BOJIbHOE (DUKCUPOBAHHOE HATypasbHOE uucyo; B"” — komiiekcHoe Ha-
HaxXO0BO IIPOCTPAHCTBO CTOJIOIOB X C KOMIIOHEHTAMU X1, ..., X, 13 B
(I1X|| = max{||X;l|,j =1, ..,n}); B"*" — komm1ekcHas: 6anaxoBa ajareo-
pa n x n-marpun, A = (Aji), rae Ajp u3 B (j,k = 1,..,n). Ona nsomer-
pudecKn n3oMopdHa KOMILJIEKCHOM OaHaxoBoit ajredpe JTUHEHHBIX Orpa-
HIYEHHBIX Ooreparopos, jeiicreyionux B B, (||A|| = sup {||AX]||,X €
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e B",||X]|| < 1}); S(X) — cuekrp oneparopa X (Herycroe orpaHu4IeHHOe
3aMKHYTOe MHOXKeCTBO), E — euHUYHBIN onepaTop.

Matrpuna Bamaepmonaa. Ilocrasum X1, ..., X, 3 B B coorBet-
crBue Marpuily n3 B™*" — mampuuy Bandepmonda nopsiaka n

VX X = | T R e
xp-toxpet o xnd

Hac wmaTepecyer, Korma cyrmecTByeT obpaTHasi MaTpulla BammepMmoHIa
V(Xy,,....,X,) = W. Jdanee cunraem, uto W; = W;(Xy,...,X,,) =
= W;, obparumer j = 1,..,n.

Cucrema Xy, ..., X;, A€HCUM 6 00WEM MONOHCEHUU, €CJIH TIOCTPOEH-
Has 10 Helt maTpuiia Bammepmonma stistercst ooparumoii. Heobxommmoe
yciosre obparumocru (X; — Xk)f1 npu j # k — BOITIOJHEHUE YCAOBUA
pasdeserrocmu, OHO BBIIOJIHEHO, €CJIM BBLIIOJHEHO YCAOBUE CNEKMPAND-
noti pasdeaennocmu S(X;) N S(Xy) =@ npu j#k, j=1,..,n.

Teopema Dpmura. [Iycrs X1, ..., X,, KOPHI aJredOpamIecKoro ypas-
Henus nopsika n : X+P X" 1. +P,_1X+P, = 0. [Ipeanonaraer-
csa, aro S(X;) C G, j =1,..,n, (G OTKpBITOE MHOXKECTBO KOMILTEKCHO
wiockoctu C). Cumraem, 9aro cucrema KopHeit X1, ..., X, JI€KUAT B 00111eM
[TOJIOYKEHUH.

Pacemorpum dopmyiy, e f(A) — ananntudeckast byHKIS, 3a/1aH-
Hag Ha G; W, j = 1,..,n 3JeMeHTEI TTOCIeIHero cTosIoa MaTpursl W.

1

2mi

/f()\)()\” FPAT 4 AP A+ Py AN =) f(X) W
oo J=1

Oynknus f(X) onpejiessieTcst ¢ MOMOIIBIO HHTErPaJIa

£0) = 5o [ FOVOB-X)Max (S(X) < 6.
o
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Pasdeaenroti pasrocmoio nopadka n— 1 daa pynryuu f(X), omseua-
oweld cucmeme Yanos Xi, ..., Xy, AedAcaweti 8 obuwem nosoHCEHUY, CIn-

taem A1 f(X) (X1, ..., X,) = > f(X;)W,. C yuerom storo
j=1

1
2,/f()\)(E)\” +P AT Py R = AT (X)) (X, - X))
i
oo
DTa popMyJia BIOJHE COOTBETCTBYeT (hopMysie Dpmura. Fe MOxKHO Tpak-
TOBATh KaK WHTErPAILHOE MPEJICTABICHUE PA3JICICHHON PA3HOCTH.
Teopema laudopaa. Cnpasedauso gkarouerue
n
fA)

S (AMHF(X) (X1, oy X)) C {Z P Aj € 5(X;),j = 1.n},

uau S (A" F(X) (X1, .0 X)) ©ATHFA)(S(X),s -0 S(XR)).
IIpu amom npednoaazaemcesa, wmo S(X;) NS(Xy) =2 npu j # k.
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MOAEJIN CPEJHEI'O I10JIA - YIIPABJIEHUE
SIIMAEMUAMU C YUYETOM PEAKIIVN HACEJIEHUA

KPUBOPOTBKO O.1."*, KABAHUXUH C.1.""

'NucruryTt maremaruku uM. C.JI. Cobosesa CO PAH, Poccus
“0.i.krivorotko@math.nsc.ru, *kabanikh@math.nsc.ru

JlunaMuKa paciupoCTpaHeHUsT SIMUIEMIH MOYKET OBbITH OIMCAHA B PaM-
kax SIR-momeneii, BBegennbiMu B 1927 romy Kepmakom m MakKen-
pukom [1]. HenaBusiss stmmgemust COVID-19 nokaszasia HeoOX0IUMMOCTD
VIUTBIBATH ITPU MOJICJIMPOBAHUH U ITIOCTPOEHUH CIIEHAPUEB PACIIPOCTpa-
HEHMS SIHUIEMUN POCTPAHCTBEHHYIO M BO3PACTHYIO HEOTHOPOIHOCTH,
COIUAIILHO-9KOHOMIYECKHe (haKTOPBI (U30JIsIIs HACEJICHUsI, BAKIIMHA~
I¥is1) ¥ OPAHUYIHUTEIbHbIE Mephl. JIJIsi 9TOro BBOJATCS MOJENU yIPaB-
nenust cpegunm nosteM (MFC), mosBossioniue npu JOCTATOTHO GOJIBITIOM
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YUCJIe areHTOB IepefiTh K ONNCAHUIO JUHAMUKY 1 YIIPABJICHUS Pellpe3eH-
TATUBHBIM areHTOM, KOTOPBIA CTPEMUTCA MUHUMU3NPOBATH CYMMY BCEX
3aTpAaT, IPeJICTABIeHHBIX B Bi/le (DyHKIMOHAJIA CTOUMOCTH |2, 3]

T
J(a(z,t), m(z,t)) zgf”f fz, t,m(z,t),a(x,t)) - m(z,t)dtdx+ (1)

+h(x,m(z,T)) - m(x, T)dz.

Buech © €  C R™ MoxkeT XapaKTepu30BaTh IIPOCTPAHCTBEHHYIO HEOJI-
HOPOJIHOCTh, BO3PACT, CTElleHb U30JIsIIUN arenTa, m(z,t) yJIoBIeTBOpsieT
cucreme ypastaennit Konmoroposa-®okkepa-Ilnanka (KOII):

D) Lo,y )] — divlg(a ol D)me 0],
m(z,0) = mo(z).

Baech g(z,t, a(z,t)) - byHKIUS CTOUMOCTH YUPABJIEHUsI, 0 - JUCIEPCHs]
catydaifHoro GuryzKjuaHusi areHToB, o(z,t) - QYHKIUS yUpaBIEHUs WU
cTparerusi irpoka, f u h - HoMuHaAJIbLHAST 1 TEPMUAHAJIbLHAST CTOMMOCTH 3a-
TpaT Ha nepejBuzKeHne areHTos. B ciryaae SIR-mojenn BekTop-dyHKITwIS
m(x,t) onuChIBaeT IJIOTHOCTH AreHTOB I KayKJO# IPYIIIbI 1yBCTBU-
TesibHbIX Mg (x,t), undunupoanubix my(x,t) u uMMyHHBIX Mmp(T,t),
COXpaHsisl IIPU STOM 3aKOH JieficTByomumx mace [4].

IIpumensist puHIMI MakcUMyM [TOHTpArUHA U METOJ, MHOMKHUTEei
JlarpamxKa cucrema ypaBHEHUI yIPaBIEHUs CPEIHAM IOJIEM CBOJUTCS K
comectHomy periernto cucrem KOII u lamuiprona- Axkobu-berimana:

WD) | g et) + - V20w t) + (e t) 4 f =0,

ot oh
T) = T — T
0@, T) = b, m(z, 1) + oz, T)
C y4€TOM YCJIOBUSA OIITHUMAaJIbHOCTHU
of 99 _

B pabore OyiyT OCTPOEHBI U YUCAEHHO UCCJIEOBAHBI IIOCTAHOBKHU 3a-
Jlad yIpaBICHUsT CPEJHUM IOJeM JJIsi MOCTPOEHUs] CHEHAPUEB Paclpo-
CTPaHEHMsl SMUIEMUIECKOrO TIPOIECCa B 3aBUCUMOCTH OT IIOJHOTHI JIaH-
HBIX: yY€T NMPOCTPAHCTBEHHON HEOIHOPOIHOCTH, CAMOU3OIAIMN HEKOTO-
PBIX TPYIIl HACEJeHUsI, BaknuHamnus |5, 6].
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Pabora BoIosTHEHA B paMKax roCyIapCTBEeHHOro 3aganusa Mucruryra
maremaruku uMm. C.JI. Cobosesa CO PAH, nupoexkr FWNF-2024-0002.

(1]

2]

3l
[4]
[5]
(6]
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OINEHKA BEAVYIIIEI'O COBCTBEHHOI'O SBHAYEHU A

OITEPATOPA IITYPMA-JINYBUJLJIA HA
METPUYECKOM I'PA®E

KYJIAEB P.4.

Cesepo-Ocerunckuii rocyapcrBennbiii yuusepcurer umenn Kocra JleBanosuua

Xeraryposa, Poccust
kulaevrch@mail.ru

N3zy4aercs kpaeBas 3ajada Ha COOCTBEHHbIE 3HAYEHUS s qudde-
pennuasibaoro ypasuenus [typma-JIuysunns na rpade I' ¢ rpanuanb-
mu yeaosusivu Tupuxie [1]:

Lu(x) = MAp(z)u, x €T, ulor = 0. (1)

Oueparop L : D — C[I'] 3aiaercs 06bIKHOBEHHBIM jindbbepeHnnaibHbIM
ypaBHEHHEM BTOPOIO MOPsiIKa Ha KaxKaoM pebpe rpada ') a B Kaxxmoit
y3JI0BOil BepInHe Ipada oneparop L 3amaercs yCJIOBUEM TPAHCMUCCUU:

D = {u € C*I'] : unenpepssna na '},
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— (p(@)u) + q(2)u, z € BE(T),
Lu(z) = { _ > ) (@) + q(z)u, =z e N(I), (2)
i€l (x)
rae E(I') — muo)kecTBOM TOUeK pebep rpada, N(I') — MmHO)KeCTBO BHYT-
perrnx eprmu; p € CHE(T)], ér(llf)p >0uq,peClET)],q>0mnal,
inf p>0 ET =0 N(T).
inf p >0 na (I') 1 p >0 na N(T')

Bwmecre ¢ oneparopom L paccmarpuBaercs oneparop £ : D — C[I,
HOPOXKAEMBIii TEMU K€ COOTHONIEHUSIMHE C 3aMEHOI K03 MOUIUEHTOB P, ¢
na P € C[E(')] u Q € C[I'] coorercTrento. [Ipuaem inf )73(95) > 0.

zeE(I

Paccmorpum koadduiment p u3 upasoii yactu ypasaenus (1) u Bse-
nem obosnadernsi: N,(I') = {a € N(T')| p(a) > 0}, I', = E(I') U N,(T").

Teopema 1. Ilycmov Ny — naumeHvuwee cobecmseenmoe kpaegoti 3ada-
wu (1), a ug — coomeememeyrowasn cobemeennasn Pynrkyus. Hycms, da-
A€E, U — NPOU3COALHAA PYrKuus ud D, y006AMEOPAIOUGA YCAOBUAM:
(i) inf v(z) > 0;
zel’
(i) Lo(xz) >0 na N(T') \ N,y(I).

x) =
Ecau V[ug] = 0, mo

)\0 2 inf —. (3)

Teopema 2. I[Tycmv I' — depeso u d(T') — duamemp epagpa. Tozda dan
HAUMEHDWE20 COBCMEBEHH020 3HaveHus Aantacuara Lo, mopostcdaemozo
coomnowenuamu (2) ¢ koapgpuyuernmamu p =1 u q = 0, sepra ouenka

7.‘.2
Ao 2 gy

Ecimu T — rpad-aepeBo ¢ y3yiamMu TOJBKO 9€THOH KPATHOCTH, TO OH
JIOIYCKAET MPEJICTABICHIE (JIEKOMIIO3UINIO) B BUJIE OObENHEHUST MaPIII-
pPYTOB

I'= UF(CLZ‘, bz), a;, bz S 61“, (4)

Takoe, uro nepecedenue I'(a;, b;) NI'(a;, bj) AByX pasin<HBIX MapIIpyTOB
6o mycro, mbo COCTONT U3 OAHON BHyTpeHHeil Bepimubl a;; € N(I').
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Paccmorpum nipoussosbaoe pasbuenne P € P(I') u coorBercTByIolee
emy mnpejcrasienue (4) rpada. Beegem obosnavenus:: l; = [T'(aq, b;)| —
jumHa Mapiipyrta I'(ag, b;) € P; [(P) = maxl; — quamerp pasbuenus: P;

(2
{(T) = min [(P).
( ) PeP(D) ( )
Teopema 3. Ilycmwv 6 epage-depese I' xpamnocmo 210600 enympermet
gepwunv, yemna. To2da naumeHnvuee coObCMBEHHOE SHAYEHUE AATAACUC-

> _n2
= (m))2-

Pabora Bbimosinena npu (GUHAHCOBOU MO/Iep:kKe MuHUCTEpCTBa HA-

YK ¥ BeICIHIero obpaszoanusi Poccuiickoit Pemeparuu. Corsarnenue
NeQ75-02-2025-1530.

na Lo ydosaemsopaem nepasercmsy g
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JMHAMUKA PEINTEHWI OBOBIIIEHHO MOJIEJIN
MAKPORKOHOMMUKMU “CIITPOC-TIPE/IJIOXKEHUE”

KVJIMKOB A.H."*, KVJINKOB JI.A."*

! fIpocnasckuii rocyrapersennslii yausepcurer um. 11.T. Jdemuaosa, Poccns
“anat_kulikov@mail.ru, "kulikov_d _a@mail.ru

OpnHoit n3 HanboJjiee U3BECTHBIX MaTeMaTHIeCKIX MOJIe/Iell MaKpPO3IKO-
HOMHKH MOXKHO CYHTATH MOJENb ‘CIPOC-TIpe/Iozkenue” (mim “Mojiesib
pbiHKa ozHOro ToBapa”’) (cMm., Hanpumep, [1]). B nepBonavasibHoii Bepcun
OHA TIPEJICTAB/IsIET cODOI OOBIKHOBEHHOE MU PEePEHITNATLHOE Y PABHEHNE
(O1Y) nepsoro nopsijKa

p=D(p) - S(p), (1)
rue p(t) > 0 — nena ToBapa, D(p) — cupoc Ha Hero, a S(p) — npeJyiozkenue
rTosapa. IIpu srom

1) D(p), S(p) € C>(0,00) ; 2)D'(p) < 0,5'(p) > 0;
3);1_1)%D() ooth()zO )hmD(p)zO th() 00.

OIY (1) umeer acCHMOTOTHYECKH YCTONYHMBOE COCTOSHHE DABHOBECHSI
p(t) = po > 0. Takas curyarysi IBHO TPOTHBOPEYUT SKOHOMHIIECKOI
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npakruke. Hampumep, i SKOHOMUYECKON JUHAMUKHM XapaKTEPHO Ha-
Jinare MUKJI0B. [IpoTuBOpedrne MOXKHO IIPeOI0/IeTh, eCJId YIeCThb JOIT0JI-
HUTEJbHBIE (DAKTOPHI.

DddekT 3amazapiBanudg. Kro yder nmpuBoguT K HEOOXOIUMOCTH
anasuza Bvecro OV (1) nuddepenpmansroro ypasaenus (1Y) ¢ or-
KJIOHSIIOIIMMCST apIr'y MEHTOM

p = D(pn) — S(pn), pr = p(t — h), (2)

rje h > 0. Moxuo nokasars (cM. [2]), uro mpu Beex h IV (2) umeer co-
crosinue pasuosecust p(t) = po. Ho Teneps npu h € [0, H) 310 cocrosinue
ACUMITOTUYECKU YCTOWYINBO, & 1pu h > H OHO TepsieT yCTOHYUBOCTH
IIpu h = H(1 + ~e),e € (0,e9),e0 << 1,77 = £1 B OKpeCcTHOCTH COCTO-
stHUsI paBHOBecust p(t) = py MOXKET CyIIeCTBOBATH IUKJI Ipu y = 1 wjm
~v = —1. On ycroituus, eciim v = 1 u "Heycroituus, ecyu v = —1.

Hasimune koHKypeHrun. Ilycrh nsydaercsa IuHaMHUKa U3MEHEHHS
HEeHbl JABYX WJICHTHIHBIX TOBAPOB

p1 = D(p1n) — S(p1n) + ec(pan — p1n); (3)
P2 = D(pan) — S(p2n) + ec(p1n — pan),

rie ¢ € R(c # 0),e € (0,e0),e0 << 1. I[locnenuee ciaraemoe B KaxK oM
U3 JIByX ypaBHeHUii cucreMbl (3) MPU3BAHO yUeCTh KOHKYpPEHIHUIO |3,4].

MoOKHO NMOKa3aTh, YTO aHAIU3 MOBEJEHUS PEIIEHUIl B OKPECTHOCTH
COCTOSIHMSI PABHOBECUSI P = P2 = Py MOXKET OBITH CBEJEH K aHAJHU3Y
cucreMbl u3 nByx OY

wi =71+ 2)wy — (1 + il)wi|wi|* — v(1 + 2) (w2 — w1),

. 4
why =y1(1 + 2)wz — y2(1 + il)wa|ws|? — v(1 + =)(wy — w2), (4)

NS

rie w; = wji(s) € C,s = et,j = 1,2, y1,72 = £1,[,v € R. BeiBog,
cucrembl (4) 6a3upyercsi Ha UCIOJIB30BAHUN METO/Ia WHTErPAIbHBIX (UH-
BapUaHTHBIX) MHOroO6pasuii. Auaius cucreMbl (4) TO3BOJINI TIOKA3aTh,
qro cucrema JIY (3) MoxkeT MMETh MUKJIBI TPEX TUIOB:

1) curxpoHHbIi nuKIT; 2) TpoTuBoda3HbIi MUKII; 3) ACUMMETPUYHbIE
IUKJIBI, y KOTOPBIX KOJIEOAHUST TIOJACUCTEM UMEIOT Pa3Hble aMILTUTY bl U
pasHocTh a3 ormuna ot 0 u 7.
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OB YCIIOKOEHUUN CUCTEMBHBI VIIPABJIEHUS C
I'VJIOBAJIBHBIM C>KATUEM HA JEPEBE

JIEJHOB A.II.

Caparosckuit yausepcurer, CapaToB
lednovalexsandr@gmail.com

B paborax [1, 2| Ha rpadsbl GblLia nepeHeceHa 3aja4a 00 yCIIOKOEHUN
CHCTeMBI YIIPaBJIEHUs C IIOCTOSHHBIM 3anasjbiBanueM [3, 4]. B nacros-
mieit paboTe pacCcMaTpUBAETCS CIIydail, KOra 3ama3IblBaHue He TOCTOSH-
HO, a sBJIseTcs IPOIIOPIMOHAJLHBIM BpeMeHHu cxkaTueM. Ha uHTepBaJe
9TOT cJiydail Ol u3ydeH B [5] jist ypaBHeHUS] HEHTPAJILHOIO THIIA.

Paccmorpum niepeBo T ¢ MHOKecTBOM pebep {e1, . . ., €y, }, BHyTpEeHHY-
MU BEPIIUHAME {V1,...,V4} U PPAHUYHBIME {V(, Vg1, - - -, Um . Kaxioe
pebpo e; umeer JymHy 1), BHIXOJAUT U3 Ug; M BXOJUT B Uj, T/€ k1 = 0.
MuoxkecTBo {e,,}yevj, j=0,d,tne V; :={v:k, = j}, cosmasaer ¢ mMHo-
JKeCTBOM pebep, BBIXOJSAIINX U3 Uj. EIMHCTBEHHBII IPOCTOIT Iy Th MEK Ly
vj U vy 3aJ1aeTcsl IEnouKoil pebep {6kf”>}V=Tl/j’ j=1,m, rae kj<0> =7

v;>
n kj<”+1> : =1

— <
= kkj<u>, v = 0,v;, a vj oupeJieIgeTca yCIOBHEM k:j

PaccmoTpuM cucreMy yIpaBJIeHHs, 3aJaHHyIO Ha Jaepese T :
Liy(t) = y;» (t)+bjy; (O)+cjy; (¢;(t) =u; (t), 0 <t <Tj,5=1,m, (1)
y; () = yk, (t + Tk;),  t € (g;(0),0), j=2,m, (2)
y1(0)=yo €R, y;(0) =k, (Tk;), J=2,m, (3)
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e ¢;(t) == ¢t — (¢ — 1)Tj), T; = ZZ’Zl Tkj<u>, qg>1ubj, c; €R,
uj € Ly (0,75), j = 1,m. Ilycre Tj > (¢ — 1)TJ upu j = 2,m.

Tpebyercst BBIOOPOM yrpasienuit u;(t) npusecru cucremy (1)—(3) B
cocrosiune papHoBecus. st sToro mocrarouno Haitu u;(t) € Lo(0,T}),
j = 1, m, obecieunBaromine

Yj (t):O, te [QJ(TJ')’T‘j]a j:d+1,m, (4)

Beinostnenue ycsiosuii (4) rapaHTHpYeT MOCTEIYIONee CIOKONCTBIE CH-
cremsl iput u;(t) =0 g t > T u j = d + 1, m. Munnmusupys tpebye-
mbte yewust ||ugllp,0,7;), J = 1, m, IpUXOAUM K BapHAIMOHHOM 3a/1ate

S oy J (Gy())? dt — min (5)

npu ycaosusx (2)—(4), rae a; > 0 — dukcupoBaHHbIE Beca.
ObozuaunMm 1epes B KpaeByto 3a1a9y

Qa; (fj (t))/ = Ozjbjij (t) + Z]y (t) , O0<t< lj, j=1m,
npu yeaoBusix (2)—(4) u yemoBusix Tuna Kupxroda
a][]'y (T]) = Zye\/j Ozl,f,/y (O) , J= mv

rae lj =Ty, j=1,d, l; :== q;(T}), j=d+1,m, u

Ty (t) = qojcitiy(a; ' (1)), 0<t<q;(Ty),  j=Lm,
J - — .
qzievj aiciéiy(qi 1(t)quj), q; (Ty)<t<Tj, j=l,d.

Teopema 1. Kopmeoic y = [y1,...,Ym] € Wa(T) = D, W30, Ty
ABAACTNCA Pewenuem 6apuayuonnoll 3adavwu (2)—(5) moeda u mosvko
mozda, Kozda on umeem donoanumervryio 2aadkocmy y € WE(T) =
D, W3 10,1;] u acasemes pewenuem xpaesoti sadauu B.

Teopema 2. Kpaesas sadaqa B umeem eduncmeennoe pewenue y =
(Y1, ym] € Wi (T) N W2Z(T). Kpome mozo, cywecmeyem C maxoe,
wmo [|[yllwa ey < Clyol-

Pabora nomyepxana PHO®, nmpoexkt Ne 24-71-10003.

207



Cnucok Jureparypbl

[1] Buterin S. On damping a control system with global aftereffect on quantum
graphs: Stochastic interpretation. Math. Meth. Appl. Sci., 48 (2025), 4310-4331.

[2] Byrepun C.A. O6 ycnokoenuu cucmemvs YnpasieHus NPou360AbHO20 NOPAIKA C
2n06anvrvim nocaedeticmeuem na depese. Mar. zamerkum, 115 (2024), 825-848.

[3] Kpacosckuit H.H. Teopus ynpasaerua dsustcenuem. M.: Hayka, 1968.

[4] Skubachevskii A. Elliptic Functional Differential Equations and Applications.
Birkh&user, Basel, 1997.

[5] Poccosekmii JILE. Sarunmuueckue gyrryuonasvro—duddeperyuarvroe ypas-
HEHUA CO COCAMUEM U DPACTNANCEHUEM AP2YMEHMOE HEUIBECTNHOT GYHKUULU.
CM®H, 54 (2014), PYJIH, M., 3-138.

MOHOAPOMMS CUCTEM 2KOPIJAHA-ITOXTTAMMEPA
JIEKCUH B.II.

TlocymapcrBeHHBII cOnMaIbHO-TYMAHUTAPHBIN yHUBepCUTET, Poccus
lexin_vp@mail.ru

JIuneiinole ndaddossl cucreme!r Ha C™, n > 2 Buiia
)

W= Y Bl - Bz T2 )
j=1,j#i v

HasbiBatoTcst cucreMamu 2Koprana-Iloxrammepa ¢ napamerpamu

B;i €C,i=1, ..., n. Takne cucrembl BIIOJIHE UHTETPUPYEMBI

B cmbicie Ppobennyca. OyHmaMeHTabHAS MATPUIA PEIIEHUN CHCTE-
MBI

Y (z) nmeer nopsizika n, a ee DJIEMEHTHI 33aI0TCS

HHTerpajaMy TUIePreoMeTPUIeCKOro THIIa

P(t
Yij(21,- .-, 2n) = 51'/ ) dt, (2)
t— Z3
Y
n
rie ®(t) = [[(t —2)%, t €0, 1], mvj(t), 5 € {1,2,...,n},
j=1
TaK Ha3bIBaeMble MaJIble TeT/IH, [Pe/CTaBIIsole 0bpasyoliue
B dyngamenranproit rpymie m (C\ {21, 22,...,2n}).

Bersienne dynnamentanbHoii MaTpuibl Y (z) onpejesser
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[peJICTaB/IeHne MOHOApPOMEU cucTeMbl (1), KOTOpoe ecTh HEKOTOPOoe
[IpeJICTABJIEHIE

p TPYIIBI KPAIeHHbIX Koc. Kcu Bce mapaMeTpbl CHCTEMBbI

paBHBI MeXK Ty coboit 1 =B ="+ = [, = A,

TO, I/ICHO.HI)ByH NMHBAPUaHTHOCTL CHUCTEMbI }I{OpﬂaHa—HOXFaMMepa oT-
HOCHUTEJIHO

[IepeCTaHOBOK KoopjuHaT, B pabore [1| nmokasauo,

YTO IIpe/icTaBJieHne MOHOJAPOMUNHA p'rL

SKBHUBAJICHTHO MATPUIHOMY IPEACTABJICHUIO Bypay rpymumsl koc B,

B MaTPUIIBI HAJT KOJIBIIOM MHOIOYJIeHOB JIopaHa OT OJIHOI TepEMEHHOI,

1 GOPMAIILHOI ePEeMEHHOMN IIPUCBOCHO KOMILIEKCHOE 3HadeHne e27,

B ciyyae IpousBOILHBIX 3HAYECHUI apaMeTPOB

B =(B1, ..., Bn) OCYTCTBYET UHBAPUAHTHOCTH

cucreMbl 2Kopaana-Iloxrammepa OTHOCHTEILHO IEPECTAHOBOK KOOP-
JIMHAT,

TO TOrJa IOoJIydaeM Ipeiacrasienue ['accuepa

IPYIIILI KPAIIeHHBIX KOC P, B rpymiry oOpaTUMbBIX MaTPHII

¢ 3JIEMEHTaMU U3 KOJIbIa MHOrOYIeHOB JIopaHa oT n nepeMeHHbIX.

Bux maTpun 11 3HaveHni npejicraBienus ['accaepa

Ha CTaHJAPTHBIX 00pa3yIomux A;; IPyIIIb!

KPAIIIEHHBIX KOC yKa3aH B pabore [4],

a UX peajm3alus KaK MaTpPUI MOHOAPOMUY HEKOTOPOH CHCTEMBI

2Kopaama-IToxramMmmepa pu KOMIITEKCHBIX SHATEHIISIX (POPMATBHBIX

nepemennbix e2™5k k=1, ... n B pabore [2].

Cucrembr 2Kopnana-IToxramMmmepa cBsi3aHbBI C CHCTEMOIA

KopHeil A,,_1, & UIMEHHO, OCODEHHOCTHU 3TUX CHCTEM

PACIIOJIOXKEHBI HA 3epKaJjax oTparkeHus: rpymmnsl Kokcerepa

JIJIsI CUCTEMBI KOpHe#t A, _1, TO ecTh Ha JMaroHabHLIX

runepiiockoctsix B C”.

Mpgbr paccmaTpuBaeM obob1enns cucrtem 2Kopaana-IToxrammepa u

yTBEPkKIeHUH 00 UX MOHOJPOMUN HA, AHAJOTH TaAKUX CUCTEM,

CBsI3aHHBIE C JIPYTUMH CHCTEMaMU KOpHeil B cTuiie paborsl [3)].

Cnucok Jureparypbl

[1] T. Kohno, Linear representations of braid groups and classical Yang-Baxter
equations. Contemp. Math. 78 (1988), 339-363.
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OYHIAMEHTAJIBHBIE PEINTEHN A
B-TUITEPBOJINMYECKOI'O OIIEPATOPA,
BKJIIOYAIOIIIET'O OIIEPATOPBI BECCEJIA
OTPULUATEJIbBHOI'O ITAPAMETPA

JIAXOB JI.H."*“ BVJIATOB 10.H.>’

' BopoHexKCKHil rocylapCTBeHHBIH yHUBEpCUTeT, Poccust
*Enenikuit Tocymapersennbiii yausepenter uM. U.A. Byruna, Poccus
“levnlya@mail.ru, "y.bulatov@bk.ru

Mycrs Ry={z = (z1,...,2,)} , Rf={z: z; >0}, Rf={z: z; >0},

i=1Ln, —y=(=7,---s=m);, =€ (-1,0).
B-T'uniepbosinieckuit oniepaTop UMEET BU;:
0? ? -y 0

D—’Y

n
2
= @ —a AB—’Y’ AB—’Y = ZB_»%, B_'Yi =
=1

8$Z2+ ZT; al’i7 (1)
Becosas Gununeitnas gopma B R} sajana ciepyromuM BeIpazKeHHeM:
(u,0) = [y u(z) v(z) 27Vdzx , 77de = [, v; "dz; . B kauecrse
OCHOBHOTO IPOCTPAHCTBA (DYHKIINA pPacCMaTPUBAEM ITOIIIPOCTPAHCTBO
Iapia Sey = Sep(R;) GbicTpo yOBIBAIOIMX BMECTE CO BCEMH IIPOU3-
BOJIHBIMU, YETHBIX 110 KaXK 10l KoopmHaTe aprymenta [1, ¢.21]. Coorset-

CTBYIOIIEE ITPOCTPAHCTBO ODOOIEHHDBIX (DYHKINN 1 0003HATAETCS Sév7,7.

Onpenenenne 1. CuHryasipHoe pacipejesieHue

(0, )y = lim / -re(@)p(2) 27 7dz = (0) Vo(z) € Sev(Rny),
{z: 0<|z|<e}
OyneM Ha3bIBaTh 0_~-pacupeseienneM /lupaka—Kunpusuosa, npuHa-
JIezKalree IMpoCTPaHCTBY paCHpeLLeHeHI/II'/’I S,

ev,—vy*
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JlokaspHo mHTErpupyemas dynkims &, —~(z,t) HasbBaeTcst dyHIa-
MeHTaJ/JIbHBIM pelenueM orneparopa LI_., ecin

O (1) = 5 (J2]) 8(0). (2)

PyHIaMeHTaIbHOE PelleHne OyaeM NCKATh B KJIacce paInaabHbIX (pyHK-
T

umit, Torga (O_1&p,— go)_v:f [ En (x|, )O— o(Jz],t) 277 dzdt .
0 R+

ITpoussenem chepudeckoe npeobpazoBanne KOOPJAUHAT U IPUMEHUM
dopmyny Kunpusinopa—Besbrpamu [2|, Torga oneparop (1) npumer Bux
OJTHOMEPHOIr0 B-rumep6o/imyeckoro omneparopa «pajuajibHOi CTPYHBI»

0, = 1810y (2~ a2(Bp),). = VaFr . taZ, f=n—lrl-1, e
unucso > —1u ‘Sl (n)‘_v — ILJIOIIA/(b YACTU B3BENICHHON €JIMHUYHOI
cdepnl B R ¢ nenrpom B Havae koopaunat. COOTBETCTBEHHO H3MEHUT-
cst pagenicreo (2): |S1(n)|_, [37 e (BM Epny(r,t) = 85(r) 8().

Ocoboe 3Hauenmne mpuobperaer MHIEKC (5 omeparopa Beccenst, KoTo-
phIit MOxKeT nmpuHATH 3Hadenns A) —1 < 5 <0, B) =0, C) >0 .
Paccmorpum cay4gaii A), T.K. cayudait B) jierko cBoguTest K KJIacCHIeCKOi
sazaue, a ciaydail C) usyden B padore [3].

Teopema 1. Ilycms —1<6<0 u p = % DyndameHmanrvroim pete-
nuem onepamopa (1) ¢ ocobennocmvio 6 Havane KOOPOUHAM ABAAETCH
caedyrousee pacnpedeaenue u3 npocmparcmea S., —l

1
—2u .20 -1
En(rat) = —— o) 2% r a-nt
Sil TutDa T(w) ) Va2 =772

Pabora nonnep:kana Poccuiickum HaydHbIM (DOHJIIOM, TPOeKT Ne 24-
21-00387.

Crucok JuTepaTypbl

[1] Kunpusinos N.A. Cuneyasproe sarunmuueckue kpaeswve 3adavwu. Hayka, M:
1997.

[2] JIaxos JI.H., Canuna E.JI. Onepamop Kunpusanosa—Beivmpamu ¢ ompuya-
MeavHol pa3meprocmvlo onepamopos Beccean u cuneyasprasn 3adavwa Jupuxae
dasn B-zapmonuneckozo ypasnenua. dndd. ypasnenus, 56, Ne12 (2020), 1610-
1620.

211



[3] Kunpusinos U.A., Bacopur }0.B. O ¢yndamenmarvrom pewenuy 604106020
YPABHEHUA C MHOZUMU 0cobeHHOCMAMY U 0 npunyune I 1oteenca. Indd. ypas-

nerns, 28, N3 (1992), 452-462.

O®YHIAMEHTAJIBHOE PEIIIEHUE JINHEMHOT'O
CUHI'VJIAPHOI'O OBBIKHOBEHHOI'O
ANOOEPEHIINMAJIBHOT'O OITEPATOPA

JIAXOB JI.H."** POIIYIIKUH C.A.>"

' BopoHexKCKHil TOCYIapCTBEHHLIH YHIBEPCHTET, Poccus
®Enenkuii rocynapcTBeHnblii yausepcuter uM. M. A. Bynuna, Poccus
“levnlya@mail.ru, *roshupkinsa@mail.ru

Yepes Sey = Seu(RY) 0603HAMEM TIOAIPOCTPAHCTEO TPOCTPAHCTBA
[IIBapua OCHOBHBIX (DYHKIMI, YeTHLIX IO IepeMeHHoil x;. JBoiicTBen-
HOE [POCTPAHCTBO S, BBOAUTCS Ha OCHOBE OUIIMHEHHON (hopMbI

(u,v)_y= [qu(z) v(z) z7Vdz, QCRi={z>0}, —1<—~<0.

IIycts o € Z7. Beemem cunryaspublii muddepenaibHbil onepaTop

a;/2 .
(D% ) - Bﬂa/’Q coam = 2k Ck=0,1,2, ....
Tz %B,V, ecma «; = 2k + 1

JIuHeiublit CUHTY/ISIPHBIN OOBIKHOBEHHBIH MuddepeHnnajibHOr0 Orne-
paTop ¢ MOCTOSHHbIME KO3d duimenTamMu 0003HATUM Yepe3

L (Dva) = Z\aKZm Qo D%_.ﬁ agm = 1.

DyHIaMEeHTAIBHOE PEIeHne OIepaTopa L(DBﬂ) OIIpeIesIsIeTCsT KaK
peryispHas 0000IIeHHas (DyHKIIAA 5,765’2”,_7, VIOBJIETBOPSIONIAs pa-
BEHCTBY L(DB_A, E_ = 0_ WM, YTO TOKE CaMoe,

(-, L(D]gﬂcp)i7 =(0), Ve € Sep]0,00).

Cremyrommast TeopeMa IIpecTaBsieT coboil pacipocTpaHeHne pe3yJib-
taroB paborsl |1 Teopema 1| ma omeparoper Beccesst orpunareabHOro
napamerpa —y€(—1,0).

Teopema 1. IIycmv 2m — namypansvhoe wucao, Z(t) — peeyaaproii

PyHKUUOHAA U3 Sé%,v u nycmo ¥V k=1,2,...,2m—2

. —v 1k _
lin Dl Z(1) = 0, (1)
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u npu k=2m — 1

d
1 —-y_RBm =
%gr(l)t dtB,VZ(t) 1, 0<y<L (2)

Ecau 6 obaacmu t>0 dynxyua Z = Z(t) ydosaemesopsem 00nopodnomy
CUHEYAAPHOMY OUPHEDPEHUUANYHOMY YPABHEHUTO

L(Dp_ Z(t)=0, 0<~vy<1, (3)

mo 6 cmwicae obobwennur Gynkyul S., dynkyus Z ecmov dyndamen-
maavhoe pewenue onepamopa B_., 6 npocmpancmee Ly 7.

HawubGosiee BocTpeboBaHHBIM siBiIsieTcst cirydail m = 1. @opMyinpoBka
ympomraercsi. Bmecro yesoswnit (1), (2), (3) Tpebyercs, 4T00b1

B_,Z(t)=0, tZ(t)| =0, limt7Z(t)=0.
=0 t—0
Caencreue. QyHIaMEHMAALHOIM DEWEHUEM ONEPATNOPG B_W,

0 < v <1 asasemca gynxyua E_(t) = ﬁ L

Ecnu uzBectHo dyHIaMeHTaIbHOE perrenne orneparopa beccens ¢ mo-
JIOYKUTETLHBIM TIAPAMETPOM, TO MOYKHO TaKKe BOCITOIB30BATHCS COOTHO-
menneM apoy—Baitamreitna (cm. [2], ¢ 160).

B_, = x2“BA,a;_2“, 2u = y+1. s v > 0 dynpamenTansbHoe pere-
Hue oneparopa B, moiydeno B [3]. BocmosnpsoBasmmces sTuM pernenneMm
nostyueno paseHcTBo (E_y, B_y @)y = (E_y, 2Bz~ 2p)_, = ¢(0),
JIOKa3aTeTLCTBO KOTOPOTO OKA3AJI0Ch 60Jiee 00 BEMHBIM, TI0 CPABHEHUIO C
JIOKA3aTeTHLCTBOM CJIEJICTBUS U3 TEOPEMBI | U MBI €r0 HE TIPUBOIHM.

Pabora Bemonaena npu dunancopoit mogmep:kke PH®, mpoekT Ne 24-
21-00387.

Cnucok JuTeparypbl

[1] JIaxoe JLH. @yndamenmanrvroe pewerus OudPeperyuasvoit ypasrerud ¢
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ckpoimoti chepureckoti cummempuu u padmeprocms kpusot Koxa // Mamema-
muveckue 3amemru. — 2023. — T. 113, N 4. — C. 517-528.
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O 3AJTAYE TEMJIOPA JJIsI OJHOM OJHOPO/JIHOM
MOJIEJIN INHAMUKHN BIA3KOYIIPYIOI
HEC>KMMAEMOU >KNJIKOCTHU

MATBEEBA O.II.

Hosroposckuii rocygapcTBeHHbI# yausepcureT uM. sIpociasa Myaporo, Besuknii
Hogsropon, Poccusa
oltan.72@mail.ru

Cucrema ypapHeHUIT

K
(1 — Vv = Vi — (v- V)v—i—Z BiV%w; — Vp,

=1
0=V-u, (1)
8’(1)1

EZU‘F@W’Z, =1, 2, ..., K, ar € R_|

MOJIEIUPYET AUHAMUKY BI3KOYIPYIOil HECKMMAEMON KM JIKOCTH
Kenbuna—Poiirra nopsiaka K > 0 [1].

Bamaua Teitopa st cucremsl (1) onmuchbIBaET CUTYAIUIO, KOTJIa YK/~
KOCTb 3aHHMAET IIPOCTPAHCTBO MEXKJY JABYyMS BPAIIAIONIMMUICT KOAKCH-
AJIbHBIMHI IIWJINHIPAMH O€CKOHEYHON JJTMHEI.

Ob6macts Q C R™, n =2, 3, 4 (c KycouHO-IJIa/IKOii IPAHUIIEi) BbI-
Ooupaercs Tak, YTOOBI Ha ee rpaHuile 01§) BBIIOJHSIOCh YCIOBUE IIEPUO-
mraaoctn (v(x,t)|anna = v(z,t)|aans, wi(z,t)|oona = wi(x,t)|oons,
l=1,2 ..., K,00N (aUB) =02Vt € R).

Qyukiusa v = (v1, ..., Un) , v; = vi(z,t), = € Q — orpann-
JeHHast 001acTh ¢ rpanureit Jf) kaacca C°°) nmeeT GU3NIECKAN CMBICIT
ckopocTH Tedenusi, GyHKIWA p = p(x,t) OTBEYACT JABJICHUIO YKHJIKO-
cru. [lapamerpsr ¥ € Ry u ¢ € R XapakTepusyioT BA3KHE U YIDYyI'He
CBOMCTBA YKUJIKOCTH COOTBETCTBeHHO. [lapamerpsl 5; € R, onpeessior
BpeMsI peTapiallii JlaBieHus [2].

Paccmorpusaercs 3amaua Teitiopa mis cucremsr (1)

’U(ﬂj‘,()) = Uo(fL'), wl(l"o) = ZUZQ(QL‘), Vz €,
v(x,t) =0, wy(x,t)=0, V(zr,t)€ xR, (2)

’U(QS‘, t), ’LUl(J}, t) YAOBJIETBOPAIOT yCJIOBUIO IIEPUOJUIHOCTHA Ha, 619 x R.
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CupapeyiBa CJIeIyOIasl TEOPEMA.

Teopema 1. ITycmwv ug € B. Tozda das nexomopoezo ty = to(ug) cywe-
cmeyem eduncmeennoe pewenue 3adawu (1), (2), asamaoweecs Keasu-
CMAUUOHAPHOT, Mpaexmopuet,

U:(UU, 07 ﬁ, Wiy, «- ., ’UJK)

kaacca C((—to,to); U) u maxoe, wmo w € B daa ecex t € (—to, o),
20e

B={uecU: A TA B(u,) = uy,

u,r:(),uUGH2

g )

U¢€HC2IXH2

T

i=1,2 ..., K}-

dazosoe npocmpancmeo sadavu (1), (2).

Criucok JurepaTypbl

[1] Ocxoaros A. II. HaaanbHO-KpaeBble 381891 JJIsl YPABHEHUH IBUKEHUST XKUJIKO-
creit Kenpsuna-Poiirra u Onapoitra/ A.I1. Ockonkos // Tpynapl MaTeM. HH-Ta
AH CCCP. — 1988. - Ne 179. — C. 126 - 164.

[2] Mameeesa O. II., Cyxavwesa T. I OpHOpPOIHAS MOJEIDb HECKUMAEMON B3
KOyTpyToii »kujakoctu Henysesoro nopsyika /O.I1. Marseesa, T.I. Cykauena
Becrauk HOxkHO-Ypaabckoro rocyJapCcTBeHHOrO yHuBepcurTera. Maremaruka.
Mexanuka. @usuka. - 2016. - T. 8. - Ne3. - C. 22 - 30.

ACUMIITOTUYECKUE CBOVMCTBA PEIIIEHUN
HEABTOHOMHBIX HEJIMHEMHBIX CUCTEM
C 3AIIA3BbIBAHUEM

MATBEEBA U1.U.

Hosocubupckuit rocymapcrBenHsbiit yuusepcurer, HoBocubupck, Poccus
WNucturyt maremaruku um. C.JI. Cobonesa CO PAH, Hosocubupck, Poccust
i.matveeva@g.nsu.ru

Paccmarpusatorcest cucrembl quddepeHnuaIbHbIX YPAaBHEHUH ¢ 3a11a3-
JBIBAHUEM CJICAYIOIIEro BUA!

t
y(t) = A(t)y(t) + Bt)y(t —7) + C)y(t — 7) + / D(t,t —s)y(s)ds
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t
+F | ty(t),y(t —71),y(t —71), / P(t,t —s)y(s)ds |, t>0, (1)
t—T1

rae A(t), B(t), C(t), D(t,s), P(t,s) — maTpumpl pasmepa n X n ¢ Helpe-
PBIBHBIMU BEIECTBEHHO3HAYHBIMY 3JIeMeHTaMu, 7 > () — 3amas3ibiBaHue,
F(t,uy,...,us) — HEOpEPBIBHAS BENECTBEHHO3HAYHAST BEKTOP-(DYHKITHSA,
olpeJIeNsoNas HeJTMHEHbIE WIeHbI. 3amas3/biIBaHue MOYKeT ObITh TOCTO-
SIHHBIM UJTM TIePEMEHHBIM, PUYEeM OHO MOXKET ObITh HEOTDAHUYEHHBIM.
Mper ucnionb3yem BBeJeHHbI B [1] gocTaTouno mumpokuii Kiaace dyHKIM-
onaJsioB JIanynosa-Kpacosckoro Bujia:

w0 ) (ot )

t
4 /(K(t,t—s) ( y(s) ),(9(5) )).
y(s) y(s)
t—T

OTr QyHKIMOHAILL IO3BOJISIOT HAM II0JIy9aTh OLEHKH IS PEIIeHnNl CH-
crem Bua (1) Ha Beeit mosrynpsiMoit. VIcoib3yst 9Tu ONEHKU, Mbl MOYKEM
ceJiaTb BbIBO/L 06 yCTOﬁqI/IBOCTI/I peH.IeHHI?I'. yCTaHOBJIeHbI YCJIOBHSA IKC-
HOHeHH‘I/IaHbHOIU/I yCTOﬁqHBOCTH7 IIOJIyY€HbI OIE€HKU JIJIgd CKOPOCTHU CTa6I/I-
JIN3alIN1 pelHeHI/IfI Ha 6eCKOHeLIHOCTI/1 1 OLCHKU JJId MHOZKECTB IIPUTA-
2KEeHUA.

Pa6OTa IPOJOJIZKaeT Hallll UCCJICOBaHUA aCUMIITOTUICCKUX CBOIICTB
pelleHuii HEABTOHOMHBIX CHCTEM C 3alla3/bIBaHIeM (CM., Hapumep, |2]-
[6]).

MCCHeﬂOBaHI/Ie BBITIOJIHEHO 3a CYEeT I'PaHTa POCCHﬁCKOFO HaquOFO

donma Ne 24-21-00367, https:/ /rscf.ru/project /24-21-00367/
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[2] Demidenko G.V., Matveeva LI. The second Lyapunov method for time-
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systems. Lobachevskii Journal of Mathematics, 42 (2021), 3497-3504.
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TOIIOJIOTNYECKA4A SHTPOIINA, IIOJIKOBA "
MUHUMAJIBHBIE MHO2KECTBA OJHOMEPHDBIX
JANMHAMMYECKNX CUCTEM

MAXPOBA E.H.

Huxeropojckuit rocynapersennsbiit yuunsepcurer um. H.M. JlobaueBckoro
elena_makhrova@inbox.ru

[Mon xonmunyymom TOHWMAEM KOMITAKTHOE CBSI3HOE METPUIECKOE
IPOCTPAHCTBO. Jlendpumom HA3BIBAETCS JIOKAJBHO CBSI3HBIA KOHTUHY-
yM, He coAepaKaIuii 1yr, roMeoMopdHbIX OKpyKHOCTU. V3 ompeneenust
JIGHZIpUTA, CJIEYET, 9TO JEHIPUT — OJHOMEPHBII KOHTUHYYyM. OTMeTHM,
9TO ACHIAPUTDBI HOABJIAIOTCA KaK MHO2KECTBA }KIO.HI/Ia B KOMIIVIECKCHBIX M-
HaMNIYE€CKHNX CHUCTeMaX [1], KaK IIpejie/IbHble MHOXKeCTBa JUHAMHNYICCKUX
cucreM pasmeproctH, 6osbiteit 1 [2], [3], kKak aTTpaKTOPBI CTAIMBAEMBIX
HOJIMIOHAJIBHBIX cucTeM [4] u ap.

IIycts X — menapur. Touka p € X Ha3bIBaeTCd KOHUEB0U MOUKOU
dendpuma X, ecin X \ {p} cBs3HO. [IeHAPUT ¢ KOHEUHBIM YHUCJIOM KOH-
[IEBBIX TOYEK HA3BIBACTCS KOHEUHbIM 0EPEEOM.

IIycts f : X — X — HenpepblBHOE 0TOOpaXKe€HHE KOMITAKTHOI'O MET-
PUYUECKOr0 MPOCTPAHCTBA. JHAYUTEJIBHBIII MHTEPEC U BAYKHOCTH B JIMHA~
MHUYECKUX CUCTEMAX IPEJICTABJISIIOT MUHUMAJIbHBIE MHOXKECTBA, BIIEPBBIE
obunapykennbie JI>x. Bupkrodom. Hemycroe muoxkectso M B X Ha3bI-
BAETCH MUHUMAAGHBM OMHOCUMEAbHO f, €CJTU OHO 3aMKHYTO, HHBADH-
AHTHO U HE COJIEP>KUT COOCTBEHHBIX ITOJIMHOXKECTB, Y/IOBJIECTBOPSIOIIIX
yKa3aHHbIM cBoicTBaM. llepromnmueckast opbuTa — IpOCTERIINN TPIMED
MHUHUMAJILHOIO MHOXKECTBA.
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YcraHoB/ieHA CBsI3b MEXKJIy CYIIECTBOBAHUEM KOHEYHBIX MUHUMAJIb-
HBIX MHOYKECTB C KQUECTBEHHBIMU M KOJIMIECTBEHHBIMU XaPaKTEPUCTUKA~
MU JIMHAMUYECKON CUCTEMBI, 3a/[AHHOU Ha OTPE3KE UJIM KOHEYHOM Jlepe-
Be (cm, Hanpuwmep, [5], [6]). Hanpumep, cymecrBoBanue nepuognaeckoii
TOYKH TI€PUO/Ia, OTJIMIHOTO OT CTEIIEHU 2, Y HEIIPEPBIBHOT'O OTOOpaKEHU s
f 1 — I orpe3ka I S5KBUBAJIEHTHO MOJIO2KUTEILHOCTH TOITOJIOTHTIECKOH
sHTponuu f W CyIEeCTBOBAHUIO MOJKOBBI Y HEKOTOPO# ureparuu f, rie
n > 1. B [7] nokazaHo, 4T0 11epuo/Ibl IIEPUOJANIECKIX TOYEK HEIPEPBIBHO-
ro orobpaxkenust f : X — X nmengpura X He OUPENEISIOT MOJIOKUTE b
HOCTb WJIA PABEHCTBO HYJIFO TOIOJIOTMYECKON SHTPOIUHU 0TOOparKeHusi f
U CyIIecTBOBaHUe NOJAKOBBI y f™ mpu jrobom n > 1. Kpome sToro, mo-
JIO?KUTEJIbHOCTD TOIOJIOTMYECKON SHTPONNN Y YKA3aAHHOTO OTOOpaKeHU s
HE BJIEYET CYIIEeCTBOBAHUE ITOJIKOBBI HU Y KAKOW UTEPAIE OTOOPaYKEHUST
1 I8l.

B nokiajie usyvaercsi CBsi3b MEXKJIy CYIIECTBOBAHMEM OECKOHEUTHBIX
MUHUMAJILHBIX MHOXKECTB, TOTIOJIOTTIECKON SHTPOIUEH U CYIIEeCTBOBAHU-
€M IIOJIKOBBI Y HEIPEPBIBHOrO oTOOpaXkeHusi f, 3aJaHHOTO Ha JIEHJIPUTE
(cm., nanpumep, [9]).

WcciieoBanre BBIOJHEHO 3a cYeT I'paHTa POCCHiiCKOro HaydHOTro

domma Ne 24-21-00242, https:/ /rscf.ru/project /24-21-00242/
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3ATAYA BBICTPOJENCTBUS HA I'PVYIIIIE
T'EMIBEHBEPTA C YIIPABJIEHUEM B IIOJIVKPYTE

MAIIITAKOB A.II.

NIIC um. A.K. Aitnamazstaa PAH, r. [lepecnapib-3anecckuit, Poccust
alexey.mashtakov@gmail.com

PaccmarpuBaercst ciepymomast 3ajada Ha ILIOCKOCTH. JlaHBl TOUYKH
ag,a; € R?, jummumnesa xpusas 5 C R?, coequusiomas a; ¢ ag, BeK-
TOp veR? 1 uneo S € R. Tpebyercs HaliTH KpaTdailyio JUIIITUIEBY
KPHBYIO 7 C R2, coepuHAmonyio ag ¢ aj, MOHOTOHHYIO B HAIDPABJICHIN
v Il KOTOPOii 3aMKHyTasi KpuBas vy U4 orpanmumbaer B R? 0671acTh
aHFe6pqueCKOH miomaau S.

BBejieM JIeKAPTOBEI KOOPIMHATHI T, i Ha IockocTu R? ¢ HagamoM Ko-
OpJIMHAT a( U HaIpaByieHneM ocu Ox BJIOJIb BEKTOPA v Torma ag = (0,0),
a1 = (x1,y1), a kpusast y(t) = (z(t),y(t)), t € [0,T] aBasercs pemennem
CJIEJTY oIl 3a/1a9u OBICTPOECTBUS.

3ajiana yrpas/isieMast CHCTEMA

T = uq,

y:UQ,

= 1)
Z= 5 (zug — yuy),

rae (z,y, z) € R3, a gonycrumele ynpasaenns u; € L°°([0, T],R) npunu-
MalOT 3HAYEHUS U3 MOJyKpyTa

U = {(u1,us) € R?|u? +u < 1,u; > 0}. (2)

[To 3asaHHOMY KOHEYHOMY CcOCTOsIHMIO ¢ = (%1,y1,S5) Tpeby-
eTcss HafiTH TakKue yIpaBJeHHsl, YTO COOTBETCTBYIOMIAs TPaeKTOPHS
7y : [0, T] —R3 nepesoaut cucremy us qo = (0,0,0) B ¢ 32 MEHIMATbHOE
BpeMs

v(0) =q0, Y(T)=q, T — min. (3)
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Yupasisiemast cucrema (1) 3a/iaercsi 1eBONHBAPUAHTHBIME BEKTOPHbI-
Mu osistMu Ha rpyme [eitzenbepra. Caydait, Korga MHOXKECTBO JOMYCTH-
MBIX yIIPABJIEHUIT SIBJISIETCS TEJIBIM KPYTOM, IPEJICTABIISIET cODO0ii XOPOIIo
uzBecTHyI0 3aja4y Juzgonsr [1]. Ona 6bl1a paccMoTpena B paborax |2, 3.
[TostHOE pelieHVe U aHAJIN3 €ro CBOWCTB HPUBOAUTCS B paboTe [4].

MoruBaiust ucc/ieI0BaHNsT UCXOAUT U3 FEOMETPUIECKON TEOPUH YIIPaB-
JIEHUSI U ee TPUJIOKEHWH. 3ajada sIBJISIeTCSl MOJIEJbHBIM [IPUMEPOM C
ACUMMETPUYHBIM MHOXKECTBOM JIOIIYCTUMBIX YIPABJIEHUMN, COJIEPKAIIUM
HOJIb HA paHuIle. YpasjsgeMas CUCTEMa sBJISIeTCsl HUJIBIIOTEHTHOM ar-
HPOKCUMAITUEN MOJIE/IN ABTOMOOMIIsI, KOTOPBIN MOXKET JIBUIaThCsI BIIEPE/T
[0 33JIAHHOl TIOBEPXHOCTH WJIM TI0OBOpadnBaTh Ha Mecre. OnTuMajbHbIe
TPAEKTOPUY TAKON CUCTEMbBI HCIIOJIb3YIOTCs JJIs OOHAPY KEHUsT BbIJIEJISIIO-
IIUXCsl KPUBBIX Ha n300pazkeHusx. PojcTBeHHas 3a/1a4a HA TPYIIIE B~
JKEHU{l IJIOCKOCTH HCceioBana B [5.

B pabore HaiileHO MHOXKECTBO JIOCTUXKUMOCTH U CHOPMYTHPOBAHBI
YCJIOBHsI CYIIIECTBOBAHUSI ONTUMAJIBHBIX TpaekTopuii. VI3 mpunImna Mmak-
cumyma [loHTpsirnHa HaiijIeH sIBHBIA BUJI 9KCTPEMAJIbHBIX TPACKTOPHIi.
UccenoBana onTUMaIbHOCTD SKCTPEMAJIel U OIcaHa CTPYKTypa ONTH-
MAaJIBLHOTO CHHTE3A.

Teopema 1. Mnoowcecmeo docmusicumocmu cucmemnvs (1) umeem eud
A={qeR®|z>0}U{geR?|z=0, z=0}.

as 06020 ¢ € A cywecmseyem eduncmeertas onmuMasbHas mpack-
mopua, NPUrodauas 6 ¢. OnmumasvbHas MPpaexmopus Ha NA0CKOCMU
X,y cocmoum ne 6oaee uem U3 MpPer ceemenmos caedyrouiezo euda: 1)
dsuotcenue no npamot 6doav ocu Oy; 2) deusicenue no dyze oKPYHCHO-
cmu; 8) deuorcerue no npamot doav ocu Oy.

Crucok JuTepaTypbl
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OBb AHAJIOTE TEOPEMBI OPJIOBA 1JIA .HI/IEIEP'IHBIX
JANOPEPEHIINMAJIBHBIX YPABHEHUN C
KOSOPUITMEHTAMMU — PACIIPEAEJIEHUAMN

MHP30EB K.A."?* KOHEYHAS H.H.*"

'MI'Y umenu M.B. Jlomonocosa, Poccns
*MockoBCcKuit IeHTp GyHIaAMEHTAILHON U IPUKIAIHOM MaTeMaTuKn, Poccus
3Cerepubrit (ApkTudecknii) denepanbubiii ynusepcuter umenu M.B. Jlomonocosa,
Poccusa
*mirzoev.karahan@mail.ru, *n.konechnaya@narfu.ru

B noknaze, cuemysi pabore [1|, Gyner mpejcraBieHa KOHCTPYKIHS,
[TO3BOJISIONIAS OIPEJIC/IUTh, B KAKOM CMBICJIE CJIEIYeT TPaKTOBATH Iud-
depeHnuaIbHOEe ypaBHEHNE BUJIA

n

loa(y) = 3 (1) F(p R nh)y

k=0
n—1
+i Z(_1)n—k—l{(q](gk)y(n—k—l))(n—k) + (qlik)y(n—k))(n—k—l)} _ )\y,
k=0
rme A — (PUKCHPOBAHHBIM KOMILIEKCHBIN ITapaMeTp, a BCe IPOU3BOI-

Hble TIOHUMAIOTCS B CMbBICJIE TeOpUU paciipejiesienuii. lasee, ucrnonb3ys
9Ty KOHCTPYKIUIO, OyIeT Hall/IeH TJIaBHBIH WJIeH aCUMIITOTUKHU Ha OECKO-
HEYHOCTH HEKOTOPOW (pyHIaMEHTAJHHON CUCTEMBbI PEIIeHUN yPaBHEHUS

lon(y) = Ay.
IIycTh cymecrBytoT unciio v > (), KOMIJIEKCHBIE YUCIIA g, A1, . . . , Ap,
bo, b1, ...,bp—1 ¥ KOMILJIEKCHOBHAYHBIC (DYHKIUHU T(, - . . , Ty, SOy -« - 5 Sp—1

Takue, I4T0 ag # 0 u upu Bcex & > 1 DYHKIIUU P, P1, -+ Pry Q05 «oos Qn—1
OIIPEIEJIAIOTCA PaBeHCTBAMUI

po(z) := " /((1/a0) +ro(x)), qo(z) := 2>+ (by + so(z)),
pr(x) = x2”+”7k(ak +re(z)), k=1,2,...,n,
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Qk—l(l“) = x2n+yik(ﬁk—l + 5k—1(£))7 k= 27 37 e, N,

k—1
rea; =a1/2n+v—1), 0y =ax/ [[2n+v—k—j)n

=0
k—2
ﬁk—lzbk—1/H(2n—|—u—/~ﬂ—j), k=23,...,n.
=0

OrnpeesiuM MHOTOYIEH

Fyn(z. ) = (—1)nan+zn:(—1)nankﬁ[(z—i—;)Z B (1/—2F 1 —|—j)2]+
k=1 Jj=0

+2i(z+ )( 1)"by,— 1+Z ) ’“bn_l_klﬁ[(z+;)2—(y+1+j)2D.
j=0

CrpaBeyimBa CJIEAYIONIAsT TEOPEMa.:

Teopema 1. IIycmo

Inz =
B0 (g (14 o) Sl bl + P+ 35 2)) € L1 +00),
7=0

2de 1 — HAUBOABWEE U3 HUCEN, PABHBIT KPATMHOCTAM KOPHET MHO2OUAC-
na Fon(z,v). Toeda ypasrenue la,(y) = Ay umeem nodcucmemy ¢ynda-
MeHMasvror pewenut y;, j = 1,2, ...,11, euda

ygsfl](x) — pAst1/2 (In x)jfl (cs+0(1)), s=1,2,...,n,

n+s—1 z1+n+v—s j—
][+ ](LE):SC1++ T2 (In 2) 7 (epgs +0(1)), s=1,2,...,n

Taxyro orce acumnmomury umeem u dpyzas nodcucmema pewenuts yj,
J=U+1, ... l1+1a, omeeuarowas koprio zo mnozounena Fo,(z,v) xpam-
nocmu lo u m.o.

Pabora noppepxana PH®, npoekt 25-11-00304.
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YCPEAJHEHVE MHOT'OMEPHOTI'O ITEPNOJNYECKOTI'O
QIIJNIMIITUYECKOI'O OIIEPATOPA HA KPAIO
CIIEKTPAJIBHON JIAKYHBI:
OITEPATOPHBIE OITEHKWN
B SHEPTETUYECKOM HOPME

MUITYJIOBUY A.A.

Cankr-Ilerepbyprekuil rocyjapcTBeHHbIH yHUBEpcUTeT, Poccus
st062829@student.spbu.ru

B npocrpancrse Lg(Rd) paccMaTpUBAETCH SJUIUITUIECKUN CaMOCO-
TMPSKEHHBIN Tud depeHnuaabHbIii omepaTop BTOporo mopsiaka A., mo-
poxienublit qud depeHnuaabHbIM BbIPaXKeHNEM

A = (ws)le*gaD(aJa)_l, >0, ¢g:=gw?, D=—iV;
w(@) = w(@)e), (@) =glxfe), @R

IIpeanonaraercs, 9To ¢ ABJISAETCA denepno;mqe(:Koﬁ CUMMETPUYHONI
(d x d)-marpureii-pyHkimeii ¢ BerecTBeHHbIME 1eMeHTaMu. DyHKIus
w cumraeTcss n3MepnmMoii u Z%-nepuommaeckoii. Kpome Toro,

cl <g(x) <c1l, 0<c¢y < < oo, x € RY,

Wiy =1, 0<wy <w(®) <wi<oo, TE€ RY,

rae Q = [0,1)? — snemenrapuas sueiika pemerku Z?. Toumoe ormpe-
Jlesierue oneparopa Ag J1aeTcs depes MoJyorpaHndIeHHy o 3aMKHYTYIO B
Ly(R%) kBanparuanyio dbopmy.

M3Bectno, 4To cuekTp omneparopa A. nmMeer 30HHYIO CTPYKTYDPY: OH
SIBJISIETCsE O0'bEIMHEHNEM 3aMKHY THIX OTPE3KOB (CIIEKTPAJIbHBIX 30H). 30-
HBI MOTYT MTEPEKPBIBATHCA. MexK Iy 30HAMU MOTYT OTKPBIBATHCST JIAKYHBI.
Coryacuo runoresze Bere-3ommepderbia, B MHOTOMEPHOM CJIydae IUCTIO
JIAKYH KOHETHO.
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MuoxKecTBO
1L (RY) = {u € Ly(RY) : (wf) ue Hl(Rd)}

Ha30BEM “9HEPreTUIECKUM IIPOCTPAHCTBOM ; 9TO FMJILOEPTOBO IIPOCTPAH-
CTBO OTHOCUTEJIHLHO HOPMBI HUHH;(Rd) = H (ws)fluHHl(Rd).

B nmoxiajzie 6yaeT omnucana ammpoKCHMAIds PE30JbBEHTHI OllepaTopa
A¢ B peryasipHoii Touke omepartopa, 6JIM3KOM K Kpaio BHYTpEHHel CIek-
TPAIBHOl JIAKYHBI, IO “SHEpreTrdeckoii” HopMme (T.e. O OIepaTOPHO
nopme u3 npocrpanctsa Lo(R?) B H1(R?)).

UccnenoBanue mopaep:kano MuHUCTEpCTBOM HAYKHU U BBICIIErO 00pa-
soBanusi Poccniickoit Peneparun (corsamenune Ne 075-15-2022-287 or

06.04.2022).

CYIIECTBOBAHUME N E/INMHCTBEHHOCTD
SHTPOIINMHOT'O PEIIEHNS 3AJAYN HEMIMAHA
AJIA QJIJINIITUNYECKOI'O YPABHEHUA C
MEPO3HAYHBIM ITOTEHIINAJIOM

MYKMNWNHOB ©.X.

VMBIIL YOUIL PAH, Poccus
mfarith@yandex.ru

B obsiactu ) npocrpancrea R™, n > 2, paccMaTpuBaercsi ypaBHEHNE
—div(a(z,u, Vu)) + bo(x,u, Vu) + by (z,u)pu = f, fe€ Li(), (1)

T7e - HeoTpurarenbHas Mepa Pamona. Ha rpanure 02 craBurcs ycio-
Bue Heiimana (a(x,u, Vu),n) = 0.

Oyuxrms Mysmraka-Opmnaa M (x, z) yI0BIeTBOPSIET YCJIOBUIO ¢-Pe-
rynspaoct (log-ycnosue) u M yaosieTsopsteT Ag—yCIOBUIO U TOT/IA Bbl-
HOJTHEHO HepaBeHCTBO SAP < M (xz,\), A > ko.

Jutst roboro R > 0 ompenennm mnepecederHne obJIaCTU C IIIapPOM

Qr = {z € Ql|z| < R}.

nst snementos npocrpanctBa W = {u € Ly 10c(2), |Vu| € Ly (Q)}
6ynem ucnosbzosars wopmy [|ullw = [lullz,(q,, ) + [[[Vull[ar. Bynem mn-
catb u € (), eciu Ty (u) € W npu Beex k > 0.

[Tycth p — Mepa Pajiona uz kiaacca Moppu pu € Mg(2), 5 > —2

np+p—m’
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®Oyukuust noroka a(x,r,z) B (1) cTporo MOHOTOHHA U YJIOBJIETBODSIET
upu z € §) yeJaoBUsIM OPPAHIUYEHHOCTH, ¢ Bo3pacTaroleil dyHkuueit g(s),

$>0,d> 0, u dyuxumeit G(z) € Ly (),
M. a(z.r.0))) < o(ir) (G@) + M. du)) . reR yeE (2
KOSpHI/ITHBHOCTH
(a(z,7,y),y) > coM(z,|y|) — G(z), reR, c¢y>0. (3)
Kapareonopuesble (byHKIUH b; YI0BIETBOPSIOT HEPABEHCTBAM:

[bo(, 5,9)| < g(r)(Go() + M(x, [y]), |s| < r |z <r¥vr>0,  (4)

b1(2, 5)| < g(r)Gr (=), |s| <, |z| <, (5)
rie Go € L11oc(Q), G1 € L1 y10c(Q);
bO(LU,’I”,y)TZO, bl(x,T)TZO, TER) yeRn (6)

Tlonamoburcs Tak2Ke CJIeIyIoIIee yCaI0BUe: CyIEeCTBYeT HeyObIBAIOIIA
dyukiyst go(s), s > 0, lims_00 go(s) = 00, Takasi, 410

lbo(z, 7, 9)| = go(lr]) =2 0, 7 € R, y € R™. 7)

(
SHTPOIIMMHBIM pentenuem 3anaun Heitmama mis ypasmenus (1)
nasbiBaercst gynxiust u € Ty (Q) Taxas, uro upu Beex k > 0, € € Dp(Q2)
KOHEYHBLI MHTErPAJIbl, BXOJAIINE B HEPABEHCTBO

/ (al, u, V), VTl — €)) + (bo(, u, V) — F)Ti(u — €))d+
Q

—i—/bl(x,u)Tk(u —&)du < 0.
Q
OCHOBHBIM De3yJIbTaToM pabOTHI SIBJISIETCS

Teopema 1. [Iycmv obaacmov £ obaadaem cezmermHbM CBOTUCTNEOM,
BOINOAHEHDL UBAOIACEHNBIE 6bIULE Ycaosus, a makdce (2)—(T).

Toz0a cywecmeyem snmponutinoe pewenue 3adawy Hetimana daa ypa-
enerua (1).

IIyemo (a(x,r,y) —a(x,r,2),y — 2)+
C(ro)(2G(x) + (a(z,7,v),y) + (a(x,71,2),2))|r — 71| >0,
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Pynruuu b;(x,s), i = 0,1 6ospacmarom no s u BLINOAHEHDL HEPABEH-
cmea

[bo(, 5)| < Go(x),|s| < 1,w € O |bi(w, 5)] < Gu(), |s| < L,z €

20e @g € L1(R™), 61 € Ly, (R"™). Tozda pewenuve edurncmeero.

OB30P PE3VJIBTATOB IIO0 HEPABEHCTBAM
TUITIA CTEKJIOBA BBICOKOTI'O ITOPAIKA

HASBAPOB A.HU.

IIOMU PAH, Poccust
Camnkr-ITerepbyprckuii rocynusepcurer, Poccust
al.il.nazarov@gmail.com

Mpz1 paccMoTpuM clle/lyIolee HEPABEHCTBO:

[ ooy < Alut ooy, w €W(0,1) (1)

(3mece n,k € Zy, n>ku A= Xn,k,p,q)).

[Ipu n = 1 u k = 0 Tounas koucranTa B (1) GbLIa BIEpBBIC BBHITHC-
nena B.A. Creksosbim [1] ayist p = g = 2, a obmuit oTBeT OBLI MTOJIYYeH
9. HImumrom [2] (asist sxBUBasIenTHO! 3aatu). COOTBETCTBYIOIIAs IKC-
TpemMasbHast QYHKIUs YeTHA OTHOCUTETHLHO TOYKH T = %

BaJiaua 0 TOYHOI KOHCTaHTe 1TPU N > 1 CYIIeCTBEHHO CJIOXKHEee, U Tep-
BbIe O0IIIe pe3yIbTaThl 3/1eCh MOSBUINCEH TOJLKO B 90-X roax mpoIIoro
Beka. [Ipu 3TOM BO MHOIHX Cilydasix SKCTpeMaIbHasd (PYHKIUS OKa3bIBa-
eTcs acUMMeTPHUIHOM. MMeromuecs: pe3ynbTaThl MO3BOJIMINA BbIABUHYTD
caesytonyto runoresy (cm. [3]).

I'unoresa. Eciu k gerno, To sxcrpemasibHast GyHKIms B 3a1a4de (1)
YEeTHA OTHOCUTEJILHO TOYKU T = % IpU BCEX JIOIYCTUMBIX N, P, ¢ (Kpome
caydasi p = 1, ¢ = 0o, n = k+ 1, Korya sKcTpeMaibHast (DYHKIUST MOYKET
ObITh KAK CUMMETPUYHOMN, Tak u acumMmerpuunoii). Eciu ke k HeyerHo,
TO JJIsS BCEX JOIYCTUMBIX M W P CyIecTByer q(n,k,p) > p, Takas, 4To
9KCTpeMaJibHas (DYHKIMS Y9€THA OTHOCUTEIBHO T = % npu ¢ < q u He
ob1a1aeT cCUMMeTpHUel IpH g > (.

B nokiane, ocnoBannoMm na pabore [4], Gyaer gam 0630p HeZABHHUX
Pe3y/abTaToOB B ITOU 3a/ia4e.
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O BHYTPEHHEM IIEPEXOJ/ITHOM CJIOE B
NBYMEPHBIX IEPUOINYECKUX PEIITEHUSIX
3AJAYM C BOJIBIIIOV AJIBEKIUWEN

HUKVYJ/IMH E.N.

MI'V um. M.B. Jlomonocosa, Poccust
nikulin@physics.msu.ru

PaccMOTpHUM CHHIYJISIPHO BO3MYIIEHHYIO KPAeBYIO 3aady C MEePHO/IU-
YeCKUuM yCJIOBI/IeN[ II10 BpeMeHI/I:
ou

N.(u) :==¢ (Au — 815) — (A(u,z,t),Vu) — B(u,z,t) =0,

(z,t) € D:={(2,t) ER® : x = (z1,220) € G:= {x € R?: 0 < 1 < a}},
c€Ey:={ceR:0<e<¢ep}, Au,z,t) = {A1(u,x,t), As(u, z,t)},
u(0,x9,t,€) = u(*)(:cg,t) nst (x9,t,e) € R? x Ey,
u(a, za,t,€) = ut) (w9, ) must (z2,t,¢) € R? x Ey,
u(xy, o, t,€) = u(wy, x2,t + T, ¢) ana (x,t,e) € G x R x Ep,
u(xy, w0 + L, t,€) = u(wy, w0,t,¢) qna (z,t,6) € G x R x Ey. (1)
CrenaeM ciieyIonye IIpeInoI0xKeHusl.

(Al) Qynruyuu A(u,xl,xg,t),B(u,xl,xg,t),u(_)(xg,t),u(+)(:c27t)
asaaomes docmamouno 2aaokumu, T-nepuoduneckumu no t u
L-nepuoduueckumu no xs.
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Bripoxnennoe ypapHeHne
(A(u,z,t), Vu) + B(u,z,t) =0 (2)

— 9TO HEJIMHEIHOe ypaBHEHNE IePeHOCca, KOTOPOe PACCMAaTPUBAETCS IIPU
OJTHOM W3 CJIEIYIONINX IPAHUIHDBIX YCJIOBHIL:

w(z,t) =u ) (wg,t) mm zel T ={zeG:z1=0} (3)

wmt w(z,t) = ut (z9,t) mim z el ={zeG:z1=a}). (4
(A2) Kpaesvie sadawu (2), (3) u (2), (4) umerom waaccuueckue pe-
wenua u(z,t) = ¢ (x,t) u u(z,t) = o) (x,1), coomeememeenno, xo-

mopuie onpedeaenve npu (x,t) € D, asasomes T-nepuoduyeckumu no t,
L-nepuoduneckumu no xo, U Yo08AEMBOPAIOM HEPABEHCTNEAM

¢ (@,t) < ¢ (x,t) daa (2,t) €D
A0 (@, t), 2, t) >0, A1(¢(x,t),2,8) <0 daa (x,t) € D.

¢ (1)
Beepem dynkuun I;(z,t) == [ Ai(u,z,t)du, i =1,2.
¢ (x,t)
Takzke npejnosiaraercs BuinoHerne ycjaosust (A3), B Koropom Tpedy-
ercst, 9T00b1 ypasuenne [1(h(za,t),x2,t) — Ig(h(l’g,t),xg,t)%xz’t) =0

umesto perenne hg = ho(xa,t), yaosiersopsiomee s (xa,t) € R? yero-
Buio 0 < ho(x2,t) < a, a Takxke apyrum nepasencrsam. Cdhopmymupyem
OCHOBHOIl pe3yJILTAT.

Teopema 1. ITycmv npednoaoocerusn (Al) — (A3) ewnoanenw. Toeda
das docmamouno manroeo € cywecmeyem pewenue u(x,t,e) sadavwu (1),
MaKoe, 4mo 0aa £100020 MaL020, HO GUKCUPOBAHH020 § CNPABEIAUBO Npe-
deavroe coommowerue

<P(_)($7t)7331 € [07 hO(xzat) - 5]) (JZ’Q,t) € RQa
liH(l) u(z,t,e) =
E—
(P(Jr) (J}, t); T € [hO(an t) + 5? CL], ($27 t) € R2'
Pewenue u(z,t,e) acumnmomuyecku ycmotuuso no Jlanynosy xax pe-
WeHUe CoomEemcmeywet Ha%aisbHo-Kpaesot 3a0a4u.

Pa6ora Bbimosinena mpu dbunancosoii moep:kke PHO (mpoekt Ne23-
1100069).
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O HEOBXOIUMBbBIX 11 TJOCTATOYHbBIX YCJIOBNAX
CYIIECTBOBAHUNA KYCOYHO-IVIAZIKOT'O
PEIMTEHN A 3AJTAY PUMAHA [1JI4 SAKOHOB
COXPAHEHIS C PASPBIBHOI ®YHKIIUEN IIOTOKA

I[TAJIVH B.B.

MI'V um. M.B. Jlomonocosa, Poccust
grey stranger84@mail.ru

Bynem paccmaTpuBaTh 3aKOH COXPaHEHUsI ¢ PA3PBIBHOM DyHKIIMEH 110~
TOKa

u + (@ (u) + (Pr(u) — L(w)0(7))s =0 (1)

C KYyCOYHO-IIOCTOAHHBIMU HadYaJIbHBIMHA YyCJIOBUAMU
uli—o = u— + (uq —u_)0(x). (2)

B cayuae xorga @p(u) #Z Pr(u), samaun suga (1),(2) upeacrasisior
SHAYUTEJIbHBII HHTEPEeC U ABJIAITCS O0BEKTOM AKTHBHOIO U3y YeHUsl (CM.
pabotet [1]-[4] u mureparypy B HEX). [Iycts @ (+), Pr(-) € C2.

Teopema 1 (Heobxomumoe ycsioBue cymiecrBoBanust). Ilycmo cyuwe-
cmeyem Kycowno-z2aadkoe obobuennoe pewenue u(t,x) ypasnerusa (1).
ITycmv, Kpome mMoz0, MO pewenUe UHGAPUAHTIHO OTHOCUMEALHO 00HO-
POOHBLT PacmMANCENUL HE3AGUCUMDLT NEPEMEHNBLT, U cyusecmeyem R > 0
makoe, 4mo npu ’%’ > R eepro u(t,x) = const. Toeda cywecmeyem
Kycouno-nocmoannoe obobwennoe pewerue ypasrenus (1), uneapuarm-
HOE OMHOCUMEALHO 00HOPOOHBLL PACTNANCEHUT HE3AGUCUMDLEL NEPEMEH-
HOLT.

Bseniem HeobxouMbIe onpejiesiennst 1 0003HAYCHUSI.
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IIycre wernast dyukuus wi(z) € CHP(R) rakosa, uro wi(x) > 0
npu Beex & € (—1;1), suppwi(z) = [=1;1], u hi(z) = [T wi(y)dy,
hi(4+00) = 1. Pacemorpum cucremy O/LY

{ élq = (p) + (PR(p) — 7% (p))h1(q),
P — (@ (p) — Pr(p))wi(q)

ITycrs S — oneparop caBura B10J1b TPAEKTOPUIl STON CUCTEMBI Ha BPEMs
7, Ac — oneparop, 3amaromuiicst pasercrsom A.(z,p) = (ex,p). Iycrs
TakxkKe 7y — Kpusas Ha (aszoBoil miockocru (z,p):

70 = {(z,u-) [ 2 <0}U{(0,p) | (p—u-)(p—uy) < 0}U{(z,uy) [ 2 > 0}.

Ounpenesienne 1. 'eomerpudecknm perienneM 3aa4u (1), (2) B MoMenT
BpeMeHH ¢ Ha3bIBAETCs MIPeen 110 Xaycaopdy IOCIeA0BATEIbHOCTH KPHU-
BbIX A: ST pu e — 0+ 0.

Teopema 2 (/locraroumnoe ycioBue cymecTBoBanust.). [Tycmo dynkyuu
O (p), Pr(p) u navarvras Kpusas Yo YI0BAECMBOPAIOM YCAOBUAM:

1) Mmnoowcecmeo {po | ®r(po) = Pr(po)} He umeem mouex ceywenua.
2) Ecau py € R maxosa, wmo ®r,(po) = Pr(po), mo ®; (po)®(po) > 0.
3) DPynryua O (p)P'R(p) umeem Koneuwnoe wucao nysets mesrcdy A00bL-
mu deymsa npamomu {(q,po) | ¢ € R, ®r(po) = Pr(po)}-

4) Hatidemes R > 0 maxoe, wmo VA € vy u V1T € R umeem mecmo
skarovenue STA € {—R < p < R}.

5) Hatidymes R > 0, o > 0 maxue, wmo Vp: |p| > R umerom mecmo
nepaserncmea | (p)| > o, |PR(p)| > 0. Tozda cywecmesyem edurcmeen-
noe 2eomempuyeckoe pewenue 3adavwu Pumana (1), (2).

Bamenarnue 1. VI3 cylecTBOBaHMsI reOMETPUIECKOrO DEIIeHUs 3a/1auu
(1),(2) caemyer cyiecTBOBaHUE KyCOYHO-TJIAIKOIO DEIICHUSI.

Pesynbrars ocHoBambl Ha coBmectHOit pabore [5] ¢ I'M. Aitbocunosoi.
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CHEKTPAJIBHBIN AHAJIN3 .
NHTEIPO-INO®PEPEHIIMAJIBHBIX YPABHEHUU B
TNJIBBEPTOBOM ITPOCTPAHCTBE

I[TAHKPATOBA E.B.

MI'Y umenu M.B.JlomonocoBa, Mocksa, 119991, Poccus
epankratova213@gmail.com

Knaccudeckoe ypaBHeHHE TEILIOIPOBOJSHOCTU MMEET CYIECCTBEHHBIMN
HeI0CTaTOK: coriacHo dopmyie Ilyaccona perennst 3amadn Ko, us-
MeHEeHHUe TeMIIEPaTYyPhl B HAUAJIbLHON TOUYKE TeJia BJIeUeT MITHOBEHHOE M3-
MeHEeHHUe TeMIIepaTypbl B JIIO0OOI JIPyroil ero To4kKe, T.€. TEILJIO PacIpo-
crpaHsieTcst ¢ 6eckoneuno#t ckopoctbio. M. I'yprun u A. Ilunkun mpes-
JiozKm 0O0OITIEHHOE JIMHEITHOE MHTETrPO- T depeHnnaabHoe ypaBHEHIE
TEILIONPOBOIHOCTH, YCTPAHSIIOIIEe STOT HeJI0CTaTOK [1].

PaccmoTpuMm orepaTopHy0 MOjIe/ib HHTErPO-Tud dbepeHnnaabHOro
ypasuenus ['ypruna-Ilunkuna, a umerHo abcrpakTHOE HHTErpo-audde-
PEHIUATBLHOE YPABHEHUE BTOPOTO TOPSIKA B cenapabdbe/ibHOM rmjiboepTo-
BOM mpocrpaHcTBe H:

2y / U (s t
ddt2(t)+/Q(t_5)ddi )ds+A2u(t)—/K(t—s)A2u(s)d52f(t)
0 0

C HaYaJIbHBIMMX yCHOBI/IHMI/I
u(+0) = o, u’ (+0) = ¢1.
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31ech A — HOJIOXKUTEIHLHO OLPEJIC/ICHHBIIA CAMOCOIPSAXKEHHBIH JIMHEAH b
ornepaTop, UMeIIuil KOMIIAKTHbI obparHblii. B kadectse Q(t) u K (t)
PacCMOTPHUM CHHTYJISIDHBIE sijipa, npejyiozkentble FO.H. PabornosbiM [2].

[IpoBoauTcst CrieKTpabHBIN aHa/JM3 OnepaTop-PpyHKINN, BOZHUKAIO-
meit B pe3ysbTrare MpuUMeHeHus mpeobpasoBanus Jlamiaca K JieBoil 1a-
cru (1). Pesynbrar siBiisiercst 0600IIEHNEM W yTOYHEHHEM YTBEPIKJICHUS,
nostyaenHoro B.B. Biacoseim n H.A. Payrnan s ciaygas @ = 0 [3].

WccnemoBanue BBHIIOJIHEHO TpU (PUHAHCOBON mojnepkke Mexauciu-
IUTMHAPHON Hay4dHO-oOpasoBaTenbHOl mKoasl MIWY «Maremarndeckne
METO/IbI aHAJIN3a CJIOXKHBIX CHCTEM», a TakzKe MOoCKOBCKOro menrpa QpyH-
JAMEHTAJILHON M IIPUKJIAIHON MaTeMATUKH.

Criucok JuTepaTypbl
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OBOBIIIEHHBIE PEIIIEHUS JINHEAPN30BAHHOMN
CUCTEMBI YMUJIEPA

ITAHOB E.IO.

IIOMU PAH, Caukr-Ilerepbypr, Poccus
HosI'Y, Bemuknit Hosropon, Poccust
evpanov@yandex.ru

PaccmoTpuM costeHon aIbHOe BekTopHoe modste a(x) € L2 (R™ R™) u

COOTBETCTBYIOILYIO JTHHEAPU30BAHHYIO CUCTEMY ypaBHeHuil Diiepa
n
ug + Z(aj(x)u)xj +Vp=0, divyzu=0, (1)
j=1
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rie (t,z) € II = [0, 400) x R™, HensBecTHBIl BEKTOP CKOPOCTEi
u=(ul(t,x),...,u"(t,x)) € L;2([0,+00), H), H C L*(R™,R"™) — Beme-
CTBEHHOE TMJIOEPTOBO IPOCTPAHCTBO COJIEHOMIAIBLHBIX BEKTOPHBIX I10-

steit Ha R™ co cKaJIgpPHBIM IIPOU3BEICHIEM

(u,v) = / u(x) - v(x)dx
n
(3mechp “” obosHavaer ckassipHoe ymHOXKeHume B R™), a p = p(t, )
— dbyuknus nasiaenus. PaccmarpuBaercs 3asada Komm ¢ HadabHBIM
yCJIOBHEM

u(0,2) = up(z) € H. (2)

Omnpegnenenne 1. Bexrop u = u(t,z) € LS ([0,+00), H) HazbIBaeTCsH

06061entbIM perterreM (0.p.) 3agaqn (1), (2), ecan jyist 110601 IpoGHOTH
sexTop-bynkim f = f(t,x) € CL(II,R™), Takoit aro div, f = 0

/ [u- fi +u-(a-Vy)fldtde —i—/ uo(z) - f(0,z)dx = 0.
I

n

Bui6bop k1acca comeHOnIAIBHBIX TPOOHBIX BEKTOPOB TTO3BOJIII UCKJTIO-
9UTH JaBienue p = p(t, r) n3 HaIel CHCTEMBI.

Bsesem cranmonapHblil oneparop ditnepa Ag B COOTBETCTBUM C pa-
sercTBoM Agu = P, tyie u € C(R™,R") N H = D(A4y),
v=ov(x) =" aj(z)ug,(v), a P L*(R™,R") — H — opTOroHaIbHbIiT
npoekTop nmpoctpanctia L2(R"™, R") Ha ero 3aMKHyTOe MOAIPOCTPAHCTBO
H. Ecom uy = (uf)i_,,us = (u§)?_, € D(4y), To

(Aoui,ug) + (u1, Agug) = (Pvi,u2) + (u1, Pvg) =

(v1,ug) + (u1, ) = /n > aj(@)((uh)e;ub + uf (uh)s,) ()de =

n
k=1
n
/ aj(m)(ulfug)xjdm =0
R™ jk=1

BBUJIY YCJIOBHs cojieHompagbHocT nojist a(x). Takum obpasom, omepa-
Top Ay KococummerpudeH. Ilycrs A — 3ambikanue omeparopa Ag, A* —
omeparop, coupsizkeHubiii K A. Torma —A C A*. O6o3HaumM
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dy = die(A) = codimIm(FE + A) ungekcsl jedekra KOCOCUMMETPUY-
Horo oneparopa A. Mseecrno (cm., mampumep, |1, Teopema 4.3|), uro
CYIIECTBYeT Mm-JUCCUIIATUBHOe pacmupenue B oneparopa —A. Torga
—A C B C A*. Oneparop B nopoxjaer ckumarornywo Cy MMOJyrpyIl-
ry oneparopos Ty = !B B H.

Teopema 1. Bexmop-gynxuyuu u(t,x) = (Tiuo)(z) asaaomea o.p. 3a-
dawu (1), (2) npu scex uy € H. Cocumarowas noayepynna o.p. eoun-
cmeenna mozda U moavko mozda, K020a KOCOCUMMEMPUNHBITL ONEPAmop
A makcumanen. IIpu smom, kpumepuem eOUHCMEEHNHOCTIU 0.D. 30004
(1), (2) asasemca boaee cuavhoe yeaosue d_ = 0.

YCTaHOBIEHO TaK»Ke, YTO B KJIACCHIECKOM CJIydae HEIPEPLIBHOTO 10
Jlunmmy Bekropa a(z) oneparop A KococompsizkeH, To ectb —A = A*.

B coorBercTBuu ¢ Teopemoii 1 B 9TOM ciiydae CynieCTByeT €IMHCTBEHHOE

0.p. u = e *ug(z). TIpu stom, oneparopsr e 4, t € R o6pasyior opro-

I‘OHaJIbHyIO rpyHHy, TaK 9TO BBIIIOJIHEHO CBOIICTBO COXpaHEHHdA dHEePTuun
sllult, )z = 5lluol?
2 »)IE = 2II%0l A

Crircok JuTepaTypbl

[1] Kpeiin C.I. Jlunetinoe dupdepenyuarvroie ypasherus 6 6aHaro80Mm NPoCmpaH-
cmee. Hayka, M: 1967.

NHTET'PAJIBHOE IIPEJICTABJIEHUE PEIIIEHUN
BOJIHOBOT'O YPABHEHI A B TEPMMHAX
JIOKAJIN30OBAHHBIX PEHNTEHNN

[IEPEJIb M.B."*, TOPOJHULIKNI E.A."

! Cankr-IleTepbyprexuit TocyIapCTBeHHBIH yHIBepcuTeT, Poccus
“m.perel@spbu.ru, *evgeny.gorodnitskiy@gmail.com

PaccmoTpum 06061IIeHHOE pelltenne 3a,1axn

Utt(t7xvy) - AU(t,ZL‘, y) = Oa
u(t,z,0) = f(t,z), feLy(R?)
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B npocrpancrse Hi [1]. DTomy npocrpascTBy npuHaiekar QyHKIUH,
npejcTaBuMble nuTerpasiom Pypoe

u(t,z,y) = / flw, kp)etkamthoy=w) qu dqk, k= /w? — k2,

Dy

Dy :ky €R, w > |ky|, f(w, ky) € Lo(Dy). B |2] naso npeacrapienue pe-
IIEHUS B BUJE UHTErPAJbHOM CyNePIO3UIUN 3aBUCIIINX OT [1apaMeTPOB
JIOKAJTM30BAHHBIX 3JIEMEHTApHBIX pernennit W. DTo mpencraBiaeHne mo-
JiydeHo (pOpMaJIbHO U3 COOTHOIIEHHS OPTOIOHAJIBLHOCTH JIJIsi HEIIPUBOH-
MbIX npejicraBiennii addunnoii rpynust [lyankape [3], koTopoe siBisier-
CsI YACTHBIM CJIyYaeM COOTHOIIEHUSI OPTONOHAJIBHOCTH JIJTsT KBAIPATUIHO
MHTErpUPYEMBIX HEPUBOIUMBIX [IPEJICTABIEHIH JJOKAJIBHO KOMIAKTHBIX
rpynu [4]. Mbl j1aem 3j1€ch TEOpEMbl 0 CXOAMMOCTU MHTEIPAJIOB, IPUBE-
JieHHbIX B [2], cm. [1].

3aada MOTHBUPOBAHA TTPOOIEMAME CEHCMUKH.

JL1st TOCTPOEHNST 9IEMEHTAPHDBIX PENTeHI BLIOepeM HEKOTOPOE perrie-
uue 3aa4an (1), (¢, z,y), npumennm npeobpasoBanus rpymmb! [lyanka-
pe (npeobpaszoBanus JIopeHIa u ¢BUTK) 110 TIEPEMEHHBIM ¢ U & 1 IPe0d-
pa3oBaHme MaCIITAOMPOBAHUS 110 BCEM II€PEMEHHBIM:

1 t 2y
U(g)\Il(t,:L’,y) = q’g(a,d),ts,xs)(taxay) =-v <7 R ) )

"\ _ t—ts B cosh¢ —sinh¢
<$’>_A<m—x8>’ A_<—Sinh¢> cosh ¢ >

MHTera.HI)HOe IIpeacTaBJIeHue NMeeT BUJT

d
) = o [ Pl Uyt )dnta). du=disdosds 52
G
F(o) = @ U@u0),  eo= [PE N aa, @)
D1 *

G:0<a<oo(pts,xs) €RY ap(t,z) = U(t,x,0).

B onpegenennu F(g) crout cranmapTHOe CKaJsipHOE pon3BejieHue B Lo.
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Teopema 1. Ilycmo f € Li(D1), a ¢ maxosa, wmo 0 < ¢y < 00, cM.
(3). Tozda unmeepan 6 dopmyase (2) crxodumes nomoueuro K u.

Teopema 2. [Iycmo u(t,z,y) € Hi. Hycmo pewenue Y (t,z,y) € Hi, a
P(t, x) maxoso, wmo 0 < ¢y < 0o. Tozda 1) u(t,x,y) € Hi, 2de

. 1 da
e = [ [ vy o
A1 @1 |¥s|<p

0< A < Ay <00, —00 < B < Py < 00, |Vs]? =22+ 22,0 < p < o0,
2)
1i ) — (e —0.
PR - (s y) —al, )l

@1%700, (PQ*)OO
p—00

Crucok JuTepaTypbl

[1] Topomauukuit E. A., Ilepes M. B. O6ocrosarue ocrosarnnotl na eetieaemax
UHMEZPAALHOT POPMYADL OAS PEULEHUA BOANOB020 YPABHEHUA. SAIL. HAYIH. CEM.
IIOMMU, 461.0 (2017), 107-123.

[2] Perel M., Gorodnitskiy E. Integral representations of solutions of the wave
equation based on relativistic wavelets. J. Phys. A: Math. Theor., 45 (2012),
385203.

[3] Antoine J. P. et al Two-dimensional wavelets and their relatives. Cambridge
University Press: 2008.

[4] Grossman A., Morlet J., and Paul T. Integral transforms associated to square
integrable representations. J. Math. Phys, 27 (1985), 2473-2479.

Ob ACUMIITOTUKE CAMOCOI'VIACOBAHHBIX
YPOBHEUN SHEPT'UN

ITEPECKOKOB A.B.

HarmmonanbHelit ncciie1oBaTeibCKuil yHUBEPCUTET «BhIcHmias mKosia SKOHOMUKH,
Poccusa
HarnmonanbHerit uccienoBarenbcknit yausepeurer « MOy, Poccus
pereskokov62@mail.ru

Paccvmotpum criekTpasbayio 3agaay B L2(R?) mia atoma Bomopona B
OJHOPOJHOM MATHMTHOM IIOJI€, BOZMYIIEHHOM CaMOCOIJIACOBAHHBIM IIO-
JIeM

(Ho +eMs +*V) ¥(z) = By (), 9]l r2(rs) = 1. (1)
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31ech

0 0
HO:—A—|.’E|71, Mg—’l"BQail—Zx aim
1

V=Vara) =1 [ (o= o)+ @2 —ad?) | 0l) P, @)

r = (r1,72,23) — JAeKapToBbl KooppuHaThl B R3, A — omeparop Jla-
wiaca, € > 0 — masblii napamerp. CamocoryiacoBanHblii noreHnuan (2)
npejcTaBjseT coboil MHTEerpaabHy0 HEJIUHEHHOCTD TUIla, XapTPU.

[Tycrs uncia n € N, m € Z ynosnerBopstior yeaousaM 1 < n < e
u 5~ 1/2n < |m| < n. Torma y 3agaun (1) mMeeTcst cepusi ACHMITOTHYC-
CKMX COOCTBEHHDBIX 3HAMEHMI

—~1/4

1 Lo a0 o 2
Ep = — 42+€m+26n(n +m?)+

* O (15 0,6 + | (6,6)1) cos® 0
+24/ —ﬁ§2/4/ k k do dex
- —ooe - Vacos? 0 —1 <

o 0 + 2 — 2 -1
% (/ e—\/a§2/4/ + (’Jk (9)5)’ + ‘Jk; (975)‘ )Cosede dg) +
oo _ vacos?f —1
+O(n7472/5)7 n — 00, (3>

e k = 0,1,2,..., a = n?/|m|?, 0+ = +arccos(1/y/a), a bynxmun
J,f(@,g) OIIPEIEICHbl PABEHCTBAMMU

J,;E(G,f):/we p{\/L\fzéf(tsin6$rvcos29—a_1) 4\?%

x{ — tQ[(Z\fi 55; Q)5 —a +sin29}—
_r2{(2\f— m;(4ﬁ+ Vh—a) sin? H}i

+2¢rsin 0 00829—(1_1} szg (rsinf +tv/cos?20 — a1
4/5_ f
+4\Z/554{:|: (t? —r?)sinfv/cos2  — a—1—
(2v/a—+/b5—a)Vb—a
5a

oty [ ~ sin? 9] } }Hk (t + ir)dt dr.
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Baecy Hi(z), k =0,1,2,... — nomunomsl dpmura. Popmysia (3) onuce-
BaeT pacllelIeHue CIIeKTPa. BhIpaXKeHus 11 COOTBETCTBYIOIUX ACHMII-
TOTUYECKUX COOCTBEHHBbIX (byHKIWiA npusejensl B [1]. Takum obpasom,
Ha YpPaBHEHHs CaMOCOIJIACOBAHHOI'O IOJIsSI PACIIPOCTPAHEHBI METOJIbI, UC-
HoJsib30BaHHBIE paHee B [2, 3|. OrmeTnM, 4T0 1Ipu TAaKOM 060BIIEHUH TIPHU-
XOJIUTCS JTONOJHATEIBHO BBLIYACIATH ACUMIITOTUKY KBAHTOBBIX CPEJIHUX.

PesyabraThl M0JyYeHbl B pAMKaX BBIIOJHEHHS TOCYIAPCTBEHHOTO 3a-
nanust Munobpuayku Poccun (npoekr FSWF-2023-0012).

Cnucok JuTeparypbl

[1] ITepeckokos A.B. O6 acumnmomuke 2unep2eomempuieckus Ko2epermHvLT COCmo-
AHUT U cobemeenHur Gynkyuld amoma 6000poda 8 maznummom noae. Haxoowcde-
HUE CaMOCo2AaCO08aRNLIT Yposhel anepauu. TM®D, 222, Ne 3 (2025), 531-550.

[2] Kapaces M.B., Hosukosa E.M. IIpedcmasaerue mouwnsie v K6a43UKAGCCULECKULT
cobemeennur Gynryul wepes Kozepenmmuvie cocmoanus. Amom odopoda 6 mae-
nummnom noae. TM®@, 108, Ne 3 (1996), 339-387.

[3] ITepeckokos A.B. Acumnmomuxa cnekmpa amoma 6000poda 6 Ma2HUMHOM NOAE
66AU3Y HUIICHUT 2Danuy cnekmpasvhux kaacmepos. Tp. MMO, 73, Ne 2 (2012),
277-325.

O JE®@OPMAIINAX ®ABAPA
MHOT'O4YJIEHOB AdKOBU

IIETPOB B. 3."“, [IETPOB ®. B.>?

000 “TBRJLJI”, Canxr-IleTepbypr, Poccus
2CIIeI'yY, Canxr-Ilerepbypr, Poccus
“petrov_twell@list.ru, *fedyapetrov@mail.ru

B Teopuu opTOroHaAIBHBIX MHOTOWIEHOB OJJHUM M3 OCHOBHBIX SIBJISIET-
sl TPEXUIEHHOE PEKYPPEHTHOE COOTHOIIEHHE, KOTOPOMY Y/IOBJIETBOPSIIOT
TPH IIOCJIEI0BATEIbHBIX MHOrOWIeHa |1, rur. 10]:

Pnt1(x) = (Anz + Bn)pn(x) — Copp—1(). (1)
Teopema Dasapa [2| yrBepxkiaer, uro eciu A, By, C;,, — BelecTBeH-
Hple gmcsa upu Becex n = 1,2,..., opuuem A, > 0 u C, > 0, 10

[OCJIeIOBATEJIbHOCTH MHOTOYJIEHOB, 3ajiaHasi coorHomienneM (1) u Ha-
JaabHbIME yeaoBusiMu po(z) = 1, p1(z) = ax + b, a > 0, 6yaer opro-
TOHAJILHOM OTHOCUTEJIbHO HEKOTOPON HEOTPUIIATEIbHON KOHEYHOI Mepbl
Jlebera-CTunbTheca Ha BEIECTBEHHON OCH.
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Mg muorowrenos dAxobu W, (x) = P,ga’fa)(az) PEKYPPEHTHOE COOT-
Hormenue tuna (1) umeer BuT

n(n+1)Whii(z) =

=n(2n + 1)aW,(z) — (n* = a®)W,,_1(2), n>1. @)

IIpu srom Po(a’_a)(a;) =1, Pl(a’_a)(a;) = 7z + «. Kak Bugum, npn
3aMeHe (v Ha —( MEHSEeTCsl TOJIbKO MHOrowieHn Wi, a pekyppeHTHOe Co-
OTHOIIIEHNUE (2) OCTAETCS TEM Ke. DTO MO3BOJIAET IIOCTPOUTD OJIHOLADA-
METPUIECKOE CEMEIICTBO OPTOrOHAIBLHBIX (OTHOCHTEILHO HEKOTOPO Me-
pe1) muorousenos W, (z) = W2 (z), 0 € R, sanannoe yciosuamu (2) u
nagampabiMe yerosusvn W (z) = 1, Wi(x) = x + 0. Tlpn stom s
sHavdeHnii § = o mosrydaloTcess MHOrOWIEHb! SKo6u piEeFe) (z), opro-
ronasbabie Ha [—1, 1] mo Becy (1 — x)*¥*(1 + )T — npa nuneiino Hesa-
BHCHMBIE DEIICHUs] PeKyppeHTHOro ypasrenus (2). Iosromy muorowren
WP(x) ecth jumeiinas KOMOMHAIIHS STHX PEITCHMIL:

Wi(w) = uPl (@) + v (@), ptv=1, 0=a(u-v).

Mepbl, OTHOCHUTEIFHO KOTOPBIX OPTOTOHAJBLHBI ceMeiicTBa Wg (z) mpwm
JIDYTHUX BEIECTBEHHBIX § # +(v, OCTAIOTCS B 3HAYATEILHON CTENeHN 3a-
raJIogHbIME. MBI 006Cy2K/1aeM HEKOTOPBIE X CBOMCTBA.

Cnucok Jureparypbl

[1] Beiirmen I, Spaeiin A., Boicmme rpancuenmentusie dbyakmum, . 2, CMB, M.,
“Hayka”, 1974.

[2] Favard J., Sur les polynomes de Tchebicheff, Comptes Rendus de I’Acad. des
Sc., Paris, 200 (1935), 2052-2053.
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I104Y TN JIOPEHIIEBHI 3AJIAYN HA
AJIB®A-IIJIOCKOCTU I'PYILINHA
[IETYXOB B. C."*, CAYKOB 10.J1.""

"UIIC mv. AK. Aitmamazana PAH, Ilepecntasmn-3anecckuit, Poccns

*yladimir@sycore.org, *yusachkov@gmail.com

B nmokmame paccMoTpena mOYUTH JIOPEHTIEBA 38898, OTTUMATLHOTO
yIIpaBJIeHUsI Ha IJIOCKOCTU ['pyInuHa B cjiemyromieit 0600ImeHHol mocTa-
HOBKE:

q =u1X1(q) +u2X2(q),

qgeEM = Ri’y
q(0) = qo = (0,0), q(t1) =q = (21,91),
0 0
X = — X = ai'
1= 92 2= || oy

HquprIBaIOIHe uccjieJoBanbl HOPMaJIbHBIE 1 aHOPMaJIbHbIE OIITUMaJIb-
HbI€ TPpaeKTOPpHUnu (JIOpeHILeBbI ,Z[JIHHHGfIH.IHe) C HCIIOJIb30BaHUEM IIPpHUH-
ouIila MaKCHUMyMa HOHTpHFI/IHa JJId CJIEAYIOIMNX KJIaCCOB YIIPaBJICHUA 1
d)YHKHI/IOHaJIOB Ka4deCcTBa :

t1

we U = {(ur,u2) € R* | uy > |ug|}, l=/ mdt%max,
0
t1

we U = {(ur,u2) € R* | ug > |w]}, l=/ mdt%max,
0

t1
weU={(u,ug) €R*|ug,us >0}, 1= [ Jujuzdt— max.
0

st gacTHOrO Ciiydast o = 1 BBIYHCJIEHO MHOXKECTBO JOCTHXKHUMOCTH,
cdepbl 1 pacCTOsTHUE B JIOPEHIIEBOM MeTpuke. s obmero ciaydas o > 1
HCCJIEOBAHO CYIIECTBOBAHUE SKCTPEMAJIBHBIX TPAEKTOPHU, B CIydae Cy-
mieCTBOBaHUA JOKa3aHa X OIITHUMAJILHOCTD.

Cnucok Jureparypbl

[1] Cauxos FO.J1., Beenenne B reomerpudecKyio Teopuio ympasienus, URSS,
(2021).
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[2] A. Agrachev, D. Barilari, U. Boscain, A Comprehensive Introduction to sub-
Riemannian Geometry from Hamiltonian viewpoint, Cambridge Univ. Press,
2019

[3] Hourpsirun JI. C., Boarsuckuit B. I, Tamkpenuze P. B., Mumenko E. @., Ma-
TEMATHIECKAsT TEOPHUS ONTUMAJIBHBIX IIPOIECCOB

O YNCJIEHHO-AHAJINMTUYECKOM METOJAE IJI<
YPABHEHUWS{ TAPITHEPA

IMUKYJIUH C.B."*, BEBPOJIHBIX C.M1."?

'®UILL 1Y PAH, Poccus
*spikulin@gmail.com, *sbezrodnykh@mail.ru

B noxitazie npejcraBiieH YUCIEHHO-aHAJIUTUYECKUIT METOJ, PelleHus
cJIeIyIomel HauaIbHO-KPAeBoil 3aa4n Jiist ypaBHenus [apaepa:

du+ (au+ Bu?) Opu+~02,,u= f(z,t), (1)
u=u(zx,t), ze€[0,L], t€l0,T], « BER, ~>0,
u(z,0) = up(w), (2)

u(O, t) = 900(75)7 U(L’ t) = ¢O(t)’ aocu(Lv t) = 1/11(75)- (3)
YpasHenue (1) BO3HHKAET, B TOM YHCJIe, IPU MOJEIMPOBAHUN BHYTPEH-
HUX BOJIH B OKeaHe, JUCIEePCUOHHBIX YJIAPHBIX BOJIH, BOJH B KOHJIEHCUPO-
BaHHOI KBAHTOBOM YKUJIKOCTH, 8 TAKYKE MOHHO-3BYKOBBIX BOJIH B ILJIa3Me.

IIpennaraemslii MeTos pertenns pertennst 3aga4qu (1)—(3) usioxen B
pab6ote [1], npomoiKatoeii uccieoBanust |2, 3| o pazpaboTke YnCIEH-
HO-aHAJIMTUYECKUX aJIFOPUTMOB PEIIEHUsI HEJIMHEHHBIX, B TOM YUC/Ie CUH-
IYJISIPHO BO3MYIIIEHHBIX, HAYAIbHO-KPAEBbIX apabOIMIeCKUX 3a1a4 JIJIs
ypapHennii Tuna Broprepca u Kosmoroposa — Ilerposckoro — [TuckyHoBa.
Peykiusi K cepun BCIIOMOTraTe/IbHBIX JIMHEHHBIX 3a/a4 [IPOBOJUTCS HA
OCHOBE SIBHO-HesIBHOM cxeMbl [4] quckpernsanun ypasrerus (1) mo Bpe-
MEHHM ¢ TPUOJIMKEHUEeM JIMHEHHBIX YJIEHOB 110 MOIUMUIIMPOBAHHON HEsIB-
noit cxeme Kpanka — Hukosicon u sBHOI SKCTpanosdiueil HeTnHeiHbIX
wWIEHOB 10 cxeme Ajtamca — Bamidopra.

HoBusHa 1peyIo;KeHHOT0 MEeTO/Ia 3aKJ/I0YaeTCsi B CII0CO0e pelleHust
JIMHEHOMN 32191 OTHOCUTEILHO TPUOIHIKEHUS Up 41 () & u(ty 41, x) HA
(n + 1)-m BpemenuoM cioe tp,41 = (n + 1) 7, re T — mar 1mo BpeMeHu:

1 &3
w3 @“nﬂ(w) + Uny1(z) = gny1(z), w = const > 0, (4)
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dun,
Un—l—l(o) = lpt1, un—i-l(L) = Tn+1, W—H(L) = Tr(zl-i)-la (5)

rje gn+1(x) — usBecrHast GYHKIUSA, lyi1, Tnil, 7"7(11+)1 — HEKOTOpBIE 3a-
JIAHHBIC 3HAYCHUS.

Pemenne 3azaq1u (4), (5) MbI CTPOUM IPHU KazKJIOM 7 B IIOJIyaHAJINTH-
YECKOM BHJIE C ajropuTMudeckoii ciaoxkuocrbio O(K), rme K — gucio
9JIEMEHTOB MPOCTPAHCTBEHHOI [MCKPETU3AINN, UCIOJIL3Ys SIBHBII BH/T
dyHIamMenTaIbHON cucTeMbl pereHnit ypaBHenusi (4) 6e3 nmpuMeHeHus
KaKNX-I100 PA3HOCTHBIX AIIPOKCHMAINIT IIPON3BOTHBIX HCKOMO (DyHK-
U7 IO IEPEMEHHON X.

[Tpu 9mcIeHHOl pean3anuy MOCTPOCHHOTO AJTOPUTMA, IIPUMEHUTE b
HO K TECTOBOIl 3a/atie O PACIPOCTPAHEHUN COJMTOHA YIAETCs JOCTHYIb
pesysIbTaTa ¢ IOTrpermHocThio ~ 1078, IpiaeM Kax JjIs CaMoTo PelmeHust
u(x,t), Taxk u Jyisi ero npousBoAHON Oyu(x,t). 3/1ech IMOPEIIHOCTD Olle-
HEHa IIyTeM COIIOCTaBJIEHUA PE3YyJibTaTa C U3BECTHBIM ABHBIM DEIICHUEM
T Oeryieil BOJIHBI.

IIpumenenne pa3pabOTAHHOIO YUCAECHHOTO AJTOPUTMA PEIIeHUs JIU-
HeitHbIX 3a1ad Tuna (4),(5) He OrpaHMYMBAETCSI TOJBLKO YIOMSIHYTHIM
MOJEJIbHBIM ITPUMEPOM. MO)KHO OXKnaaTb, 9TO HpeﬂCTaBﬂeHHbIﬁ aJIro-
PUTM HPOIAEMOHCTPUPYET CBOIO 3MDPEKTUBHOCTD I JIMHEHHBIX 3aJat,
BO3HUKAIONINX TPA UTEPAITMOHHOM PENIEHUH MUPOKOT0 Kpyra HeJINHe-
HBIX YPaBHEHUI.

Cnucok Jureparypbl

[1] Bespomubix C.J., Iukyaun C.B. O6 oqHOM MeTO/e pellleHus] HaualbHO-KPAeBOoi
sajaun JUist ypasHenusi Fapauepa // CM®H. 2025. (B neuarn.)

[2] Bespomubix C.U., ITukynauu C.B. YuciaeHno-aHAIUTHYIECKHUN METOJ JJIsl HEJIMHEH-
HbIX ypasHenuii Tuna Kosmoroposa — Ilerposckoro — ITuckynosa // K. Bbrauci.
mareMm. u mareMm. ¢pus. 2024. T. 64. Ne 11. C. 2019-2045.

[3] Bespomubix C.U., Iukymuu C.B. YucieHHO-aHAIUTHYECKUI METOM, I ypaBHE-
Hust Broprepca ¢ nepuoguaeckuM KpaeebiM ycaosuem // CM@PH. 2023. T. 69. Ne 2.
C. 208-223.

[4] Hundsdorfer W., Verwer J. Numerical Solutions of Time-Dependent Advection-
Diffusion-Reaction Equations. Berlin, Heidelberg: Springer—Verlag, 2003. 471 p.
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MPUHITUII N3JIYUYEHUA OJISd IBYMEPHOI
AKYCTUYECKO! JUP®PAKIIMOHHON PEIIETKU

I[IJIAMEHEBCKHUI1 B.A."*, [IOPELIKUI A.C."", CAPA®AHOB O.B."*

! Cankr-IleTep6yprekuit rocyapcTBeHHbIH yHIBEpeuTeT, Poccus
“b.plamenevskii@spbu.ru, *a.poretsky@spbu.ru, “o.sarafanov@spbu.ru

PaccmaTpuBaercss gByMepHasi oTpazkarejabHast AuMPaKIIMOHHAS Pe-
MeTKa, 3aHIMAOMNIast "TOJIYIIOCKOCT" ¢ IJIaJIKO# eproIuIecKoil rpa-
HUIEHl 1 ONUChIBaeMad HEOJHOPOJHON JIJIUIITUYECKON KpaeBol 3ajiadyeit
JJIsI CTAIlMOHAPHOIO yPaBHEHUsSI aKyCTHKH C IVIAIKUMKU KO3 UImeHTa-
MU, IEPUOJINIECKH MEHSIONUMUCA BJOJIb I'PAHUILI PEIIETKH C TEeM ¥Ke
epuogoM. IIpeamonaraercs, 9To 3Ta 3aj@ada CaMOCOIPSI?KEHA OTHOCH-
TesibHO hopMyJibl ['puHa, a ee K0aduIreHTs cTabMIN3UPYIOTCS Ha Oec-
KOHEYHOM VAAJIEHHH OT I'DAHMIIBI PEIIeTKU K TVIQJIKUM IIEPUOIMIECKIM
PYHKITHSIM.

[TpuHIIUIIOM U3JTyYeHnsT Mbl HA3bIBAEM TEOPEMY O CYIIECTBOBAHUU Pe-
IIeHNsT KPAeBoil 3aJla9 B pEIIeTKe, TJIaBHAsl 9acTh ACHMIITOTUKNA KOTO-
POr'0 CONEPKUT TOJIBKO HMPUXOJSIINE WA TOJBKO YXOJSIIe BOJHBI. B
paboTe OIpeeIsaIOTC s TPUXOISIIIE U YXOAAIINE BOJHBI B PEIETKE, J10-
Ka3bIBACTCS IPUHIUI WU3/IYIEHUA W BBITUCIISIIOTCA AMILIUTYAbI BOJH B
ACUMIITOTHKE PEITEeHUSI.

Pabora momnep:xkana Poccmitckum Hayansim @omgom, rpant 22-21-
00136.

BNO®YPKAIINN B OBOBINIEHHOM YPABHEHUUUN
KAHA —KWJIJIAPJIA

ITIJIBIIITEBCKAZ# C.II.

Kpsivckuit benepanpubiit yausepcurer umenn B.U. Bepnuasckoro, Poccns
splyshevskaya@mail.ru

Uccnenyercsa obobiiennoe ypapaenne Kana — Xuitapaa:

ou 0? 0%u ou

Bumecre ¢ (1) Gyzem paccMaTpuBaTh HEPHOJANYECKUE KPAEBBIE YCIOBHUS
u(t,x + 2m) = u(t, ). (2)
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B pesyabrare 3amennl B (1): u(t,z) = v(t,z) + ¢ HosydInM KpaeByio
3a/1aMy:

ov 0? 0?v ov
A P Yt 2_ .3 3
ot 2 [O‘ax2 e MCERRCE N E ®)
v(t,x +27) = v(t, x), (4)
rae B =1+ 2bc — 3c?, v = b — 3c. BaxHO OTMETHTD, YTO U3 YCIOBHS
2m
1
M(v(to,x)) = Py /’U(to,x)dac =0
0
cjeyeT BBIIOJHEHNE IIPU Beex ¢ > {gy yCIIOBUSA
M(v(t,z)) =0. (5)

OrmernM, uTo Kpaesast 3a1a4da (1), (2) uzyvanacs B [1].

IIpu wccieoBannn JIOKAJIBHOM JuHAMUKE KpaeBoil 3amatn (3)—(5)
BayKHYIO POJIb UTPAET PACIOJIOKEHHE KOPHEH Aj XapaKTepUCTHIECKOTO
YDaBHEHUs! JIJisl JINHEAPU30BAHHON B HyJle KpaeBoil 3aa4u:

Ne = —ak* + ik3\ + BK2, k==41,42,... (6)

Huxke 6ynem mpemmnosarars, 9TO UMEET MECTO KPUTHUICCKUI CJIydail.
IlycTh 3HAUYEHUE € = ¢ TAKOE, YTO

a=B=1+2bcy — 3cE. (7)
DukcupyeM POU3BOJILHO 3HAYEHUE ¢] U MOJOXKUM B (3)
c=co+ecy, 0<ex . (8)

Hanee uccieryercs: nmoBejieHne BCex pelneHnii Kpaepoit sajgadn (3)—
(5) M3 HEKOTOPOIi JIOCTATOUHO MAJIOH U HE3ABUCAIIEH OT € OKPECTHOCTH
HYJIEBOT'O COCTOsIHUSI paBHOBecHsi ipu ycsosusix (7), (8).

B sTOM ciiyduae XapaKTEepPUCTHUUECKOE yDABHEHHE WMEET Mapy YUCTO
MHUMBIX KOpHe# Ay1 = +i)\ + O(g), a Bce ocTajbHbIE er0 KOPHU MMEIOT
orpuIaTesbHble (U OTJIeJIEHHbIE OT MHUMOJ OCH) BEIeCTBEHHBIE YaCTH.
Tem caMbIM BBITIOJIHEHBI yCI0BUS Oudypkanun AHIpoHOBa — Xortda.

Bsesem B pacemorpenne hbopMabHBIA psil

v=¢l/? [€(7) exp(iz + iXt) + £(T) exp(—iz — iXt)]| + eva(t, T, @)+

+&3 205t T, 2) + ... (9)
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Bmecb T = et — MemeHHOe «BpeMsi»; dynkimu vj(t,T,r) — 27/
IIEPUOUYIHBI 110 t U 27-IIEPUOIUIHDI 110 T.

[Moxcrasum (9) B (3)—(5) u Oyaem npupaBHuUBaTHL KO3(MOUIMEHTHI
Ipu OJMHAaKOBBIX CTEIIEHAX 51 2. Ha TpeTbeM IIare IJisd HaXOXKJ/ICHMNA
vs(t, 7, &) NpUXOAUM K KpaeBoii 3aJade, yCJIOBUE PA3PEIIMMOCTH KOTO-
poit B yKazaHHOM KJjacce (DYHKIIUI COCTOUT B BBIIIOJTHEHUHM PABEHCTBA

% 5+ otleP, (10)

B KOTOPOM
§=2vc;, 0=2Ay—-3, A=2y[8a—28y+ 3\t
Orcrona n u3 obImx YTBEPKJICHUHA BBITEKAET CJICAYIOIUNA Pe3yIbTaT.

Teopema 1. ITycmv § # 0 u Reo # 0. Tozda npu scex docmamowro
Mannx € dunamuka ypasnerus (10) onpedeasem aokasonyro dunamury
kpaesot 3adavu (3)—(5).

Crircok JuTepaTypbl

[1] Kamenko C.A. Bugyprayuu 6 ypasnenuu Kypamomo — Cusawunckozo. Teo-
pernyeckas u MareMarudeckasi pusuka, 192 (2017), 23-40.

CIIEKTPAJIbBHBIE XAPAKTEPUCTUKU OIIEPATOPA
HTPEIMHI'EPA C KPAEBBIMU YCJIOBUAMU
HEVUMAHA N CABUTOM B CBOBOJHOM YJIEHE

MOJISIKOB [1.M.

FOxkub1it MmaTemarudeckuit nacruryT — dunnas BHIT PAH, Poccus
Nucruryr maremaruku ¢ BIl YOUIL PAH, Poccus
DmitryPolyakow@mail.ru

OCHOBHBIM OOBEKTOM HCCJIEJIOBAHUS HACTOAIIEH pabOThI sABJISETCS
onuomepHbiil oneparop IlIpénuarepa Ha eIUHUIHOM OTpe3Ke, 00JIACTD
omnpeJiesieHnsl KOTOPOTo 3aJaeTcs KpaeBbIMu yciaoBusMmu Heitmana. IIpn
9TOM B Ka4yeCTBe BO3MYIIEHUSA BBICTYIAET OllepaTop, COJEepKallluil ole-
parop ciBura. OCHOBHaS 1€JIb PAOOTHI — IMOJIYYUTD IIPEICTABJIEHUE JIJIs
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COOCTBEHHBIX 3HAUEHUIT, KOTOPOE HPEJICTABUMO B BHJE PABHOMEPHO CXO-
JSIIErocs psifia 1Mo mapaMmerpy casura. Jlo HacTosero MoMeHTa moa00-
HbIe BOIIPOCHI U3y4asuch B [1], [2] aist psga gacTHBIX Mojelell, cBsa3an-
HBIX C OIIEPATOPOM BTOPOI'O IIOPSKA U MAJIBIM [IaPAMETPOM IIPHU BTO-
poii npoussojHoil. Kpome Toro, Takzke ormeruM padory [3|, B KoTopoii
ObLIN [I0JTyYeHbl HeOOXO[MMBbIE U JIOCTATOYHBIE YCIOBHS PA3PENTMMOCTH
bYHKIMOHATBLHO- TU(DDEPEHITNAIBHBIX IIYIKOB BTOPOIO ITOPSIKA, UMEIO-
mux o6Iuil BUJ ¥ HEJMHEHHYIO 3aBUCHMOCTDH OT CIIEKTPAJIbHOIO Mapa-
Merpa.

B mpocrpancree Lo(0,1) paccMaTpuBaeTcsi caMOCONPSIZKEHHBII ol1e-
parop Ay = —y" ma obnactu onpenenenus D(A) = {y € W2(0,1) :
y'(0) = y/(1) = 0}. Yepes £ mbl 0603HAYUM OLEPATOP TPOIOJKEHUST
uysieM BHe mHTepBasa (0, 1), koropsril geiicrByer w3 Lo(0,1) B La(R).
ITpu srom uepes R 3azaum otieparTop cyzxennst Ha (0, 1), neficTByonuit
u3 La(R) B L2(0, 1). Taxum ob6pa3oM, 1aHHbIE OLEPATOPDI OLIPEIETIAI0TCS
CJIEJTYIOIIM 00Pa30M:

y B (0,1),

Lo —
Y 0 Bue (0,1),

Ry=y wna (0,1).

Kpowme Toro, mbr 3amaaum omeparop casura T, aeiicrByiomuii B La(R),
BHJIA

(T()y) (@) =y(z +a),  z€(0,1),

rae o € [0,1].

Ilycre dyukius V saBiisgercs KOMIIEKCHO3HAYHON M3 MPOCTPAHCTBA
L (0,1). Beenem B paccmorpenue B npocrpasctse Lo(0, 1) oneparop B*
Buga B = VRT (o) Ly ninsi y € D(A) =D(BY) u v € [0, 1]. Torza oc-
HOBHBIM OOBEKTOM /JIJIsI M3YUEHUsI B HACTOsIIEH paboTe OyaeT HeJoKa b
HbIil oneparop H® = A+ B%, neiicrytomuii B npocrpanctse Lo (0, 1),
Ha obsactu onpegenenus D (HY) = D(A). Mbl 6ynem usydarhb moseje-
HHE CIIEKTPa 3TOro oneparopa. IlepBblii BCrioMoraTe/IbHbIi pe3y/IbTaT 11o-
CBSIIEH KOMIIAKTHOCTH Pe30JIbBEHTHI JJaHHOIO onepaTopa. IIpu sToMm ero
CIIGKTP COCTOUT M3 CYETHOIO YUCJIa COOCTBEHHBIX 3HadeHuil \,, n € N, ¢
eJIMHCTBEHHOI TOYKOIl HAKOILICHUSI Ha OECKOHEYHOCTH.

OCHOBHOI1 pe3y/ILTaT COIEP:KUTC B CJIEYIONIeil TeopeMe.
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Teopema 1. [Iycmv V. — xomnaexcrnosnaunas gynruyus usd Loo(0,1).
Tozda das docmamouno 6OALVWUT N UMeem MECMO caedyrouiee npeo-
cmasaenue 0As cobemeennur snaveruts onepamopa H™:

\/Ezmz+iici<n>..

™ (mn)?

Lannwit pad crodumces pasHOMEPHO No .

OrmernM, uro KoaddunuenTsl C; OIEHUBAIOTCS HEKOTOPOM IOCTOSTH-
HOI, KOTOpasi He 3aBUCUT OT N. Kpome Toro, mist Bcex KO3PPUIINEeHTOB
BBINKMCHIBAIOTCST PEKYPPEHTHBIE (DOPMYJIBI JIJIsT UX HAXOXKIEHUSI.

Uccnmenopanne BBIOJHEHO 3a CYeT TpaHTa PoccHilckoro HayvHOIo

donma Ne 23-11-00009, https:/ /rscf.ru/project /23-11-00009//.

Cnucok JuTeparypbl

[1] IIxamukos A.A. O npedeavrom nosederuu cnexmpa npu GOAVUWUT 3HAMEHUAT
napamempa 0010l modeavhot 3adawu. Marem. 3amerku., 62:6 (1997), 950-953.

[2] Tymanos C.H., IlIkamukos A.A. O npedeavrom nosederuu cnexmpa mo0esvHoti
3adanu das ypasnernus Oppa-3ommepgeavda ¢ npodunem IMyaszetiaz. 3s. PAH.
Cep. marewm., 66:4 (2002), 177-204.

[3] Buterin S.A., Malyugina M.A., Shieh C.-T. An inverse spectral problem for
second-order functional-differential pencils with two delays. Appl. Math. Comp.,
411 (2021), 126475.

O JIOKAJIBHBIX CBOMCTBAX ITIOKA3ATEJIEN
JIAIITYHOBA JIMHEVMHBIX T'MBPUIHBIX CUCTEM

[IOITOBA C.H."*, ®AXPA3UEBA 3.A."

"VaMypTCKuit rocyapcTBeHH bl yHIBepcuTeT, Poccus
“udsu.popova.sn@gmail.com, *elmirafl2@mail.ru

Paccmorpum JinHEHHYIO OHOPOTHYIO THOPUIIHYIO CHCTEMY

{ (t) = A1 (t)x(t) + Ara(k)y(k), (1)
y(k + 1) = Agi(k)z(k) + As2(k)y(k),

rnet € [k,k+1), k€ Ng ={0,1,2,...}, z € R",  y € R"™, dynk-
st App: [0, +00) — R™M*™ orpanndena, KyCOIHO HEIIPEPBIBHA, MOYKET
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HMETD JIUIIb Pa3PhIBbI IEPBOIO POJIA U HEIMPEPBIBHA CIIPaBa B TOYKAX Pas-
poiBa; dysknun Ajo: No — R™*™2 (5 =1,2) n Ag;: Ng — R™*™ orpa-
HudeHsl. [Tosoxkum n = ny + ng. Cucremy (1) oroxecTBUM ¢ MaTpuIied
A(t) = < ﬁ;l((/?) ﬁ;zg:g ) e R™™ t e[k k+1), ke Ny. Muoxkecrso
Becex cucreM Bujia (1), yJ0BIETBOPSIIONINX TIOCTABIEHHBIM YCJIOBUSAM, 000-
sHaunM M,,. MeTpuka B 9T0OM MHOXKeCTBe — paBHOMepHast Ha [0, +00).

Pemennewm cucremsr (1) HaspiBaeMm dyHKImoO 2 = 2(t) = ( ;((l?) > e R”,
t € [k,k+1), k € No, raky1o, aro z(t) u y(k) yaosrersopsior cucreme (1)
upu t € (k,k + 1), nupu srom dyukius x(t) nHenpepoiBaa Ha [0, +00).

ITycrs X (t,s) — marpuna Komu cucremsr @(t) = Aqq(t)x(t). omo-
KUM

k+1
Xalk+1,k) = X(k+1,k) kf X(k+1,s)ds- A1a(k) . keN,,
Az (k) Az (k)

Xa(k,l) = Xa(k,k—1)Xa(k—1,k—2)... Xa(I+1,1), k,l €Ny, k>1.

Torya 1y1st IpoU3BOJIBLHOTO perriernst z(+) cucreMsl (1) nmeer MecTo pa-
BerctBo z(k) = Xa(k,1)z(1), k,l € Ny, k > l. Byaem HaseiBaTh MaTpuiry
Xa(k,l), k,l € No, k > 1, mampuuet (onepamopom) Kowu rubpuiHoi
cucrembl (1) B 1enounceHabie MoMeHTh BpeMenun. OGO3HAYMM depes
MY nonmuozkecTBO MHEOKeCTBA M., cocTosimee u3 cuctem susa (1), s
KOTOPBIX TOCJIEI0BATEIHHOCTD (X Ak +1, k)) pen, BUOJIHE OrpaHItiena,
r.e. marpuna X 4(k + 1,k) obparuma npu kaxiaom k € Ny, u Haiigercs

Takoe a > 0, 9To supgey, | X' (k + 1 k)| < a.

Omnpenenenne 1. Ioxasamensmu Jlanynosa cucrembr A(-) € MO 6y-
JeM HasbiBaTh BeananHbl \;(A) = inf pegi limy_yoo k™1 In || Xalp (k,0)],
i=1,...,n, rae G* — MHOXKECTBO i-MEPHBIX JIMHEAHBIX IOIIPOCTPAHCTB
npocrpancTBa R, X 4|, — cyxenne oneparopa Kommn cucremsr A(-) Ha
nognpocrpancteo F' C R™. Iloanvim cnexmpom tokazareseit Jlamynosa

cucremsl A(-) nazsosem HaGop A(A) = (A1(A), A2(A), ..., An(A)).

Bamernm, aro A\ (C) < Aa(C) < ... < A\ (C) mnsa moboit cucremb
C() e M%, IIO3TOMY IIOJIHBIA CIIEKTP KaXKI0i TaKOi CHCTEeMBI IPUHAI-
JIEXKUT MHOKeCTBY RZ Becex ymops/IoueHHBIX 110 HEyObIBAHHIO HAOOPOB 7
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uncesr. Merpuky Bo MuOXKecTBe RY mosiaraem nHyIMpoBaHHON HOPMOIt

npocrpancrea R™. Urak, umeem orobpazkenue C' +— A(C'), onpejeseHHoe
0 o n

na M, u neficrsyiomee B RZ.

Onpenenenune 2. Ilommbiii ciektp cucrembr A(-) € MO nasbisaer-
cst yemotinusoim, ecim orobpaxkenne C' — A(C') HENPEPBIBHO B TOUYKe
C = A. Hommwit ciektp cucrembl A(-) € MY maspsaercss ommpvimoim,
ecim orobpazkerne C' +— \(C) orkpsiTo B Touke C' = A.

Teopema 1. Ecau noanwidi cnexmp cucmemw, A(-) € M2 yemotivue, mo
OH OMKDPOLIM.

Pabora BbIIOIHEHS, Ipu 1oJJepzKKe MI/IHI/ICTepCTBa HayKH 1M BbICHIETO

obpazoBarus PO B paMKax rocyJapCTBEHHOrO 3ajianust, mpoekT FEWS-
2024-0009.

O BAPOBCKOM KJIACCE CJIABBIX TTOKA3ATEJIEN
KOJIEBJIEMOCTU KOPHEN U TUIIEPKOPHEM

[IOXAYEBCKUI B.A."*, BBIKOB B.B.""

'Mockosckuit roc. yausepcuter uM. M.B. Jlomonocosa, Poccus
*pokhachevskiy@gmail.com, *vvbykov@gmail.com

s 3amansoro aucia t > 0 obosnadum depes v*(y,t) B 3aBUCUMOCTH
OT 3HAYEHUsI > KOJIM4IeCTBO y DyHKIWHU y Ha nosyunTepsade [0,t): cMeH
3HaKa, eclu »x = —; HyJel, ecqm » = (; HyJell ¢ yIeTOM KPaTHOCTH,
€CJIU » = +; TUIEPKPATHBIX KOPHell, eciin » = *. B nocsnemnem cirydae
KPAaTHBIN HYJIb YIUTHIBAETCH ODECKOHEYHO MHOI'O Pa3.

Omnpegnenenne 1. [1| Caabviti seprrud (nusicnut) noxkasamens Konrebne-
MOCTU 3HAK08, HYyael, Koprel uau euneprkopred dyuxkmun r: Ry — R”
3a7aeTCsd PABEHCTBOM

R T e PR w11 e T
Vo [J?] _tl}inm;égztl/ (<$,(l>,t) (Vo [l‘] _tl%ooalenﬂ{?ty ((xaa>7t))a
upum » = —, 0, -+, * COOTBETCTBEHHO, I'JIe <', > — CKaJIAPHOE IPOU3BE/ICHUE,

a 3BE3JI0YKA B HIKHEM WHJIEKCE 0003HAYAET BBHIKAJBIBAHUE HYJIS.
s saganuoro n € N obozHaunMm depes M™ MHOXKECTBO CUCTEM
t=At)x, zeR" teRy, (1)
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¢ HenpepbIBHBIMEA (DyHKIUAMA A U KOMIAKTHO-OTKPBITONH TOMOJIOIHEH.
CraxeM [2, c. 223-224], uro dbynxmusa f : M — R npunaiexut
knaccy (M,*) (mmu (*,N)), ecom ayist mo6oro r € R BBIIOTHSIETCST BKITIO-
wenne f1((r,+o00]) € M (coorsercrsenno, f~1([r,+oc]) € N). Hu-
xe F,; obo3HavMaeT KJIACC BCEX CUETHBIX OObEAMHEHUN 3aMKHYTBIX MHO-
KecTB, a F,5 — Kjacc CUeTHBIX IepeceveHnii MHOXKECTB u3 Kjacca Fl.
Oueparop Kommmw cucrembr A 6yjiem 0603Hauarh depe3 X4 (-, -).

Teopema 1. /Jlaa aw0b020 n > 2 cnpasedausvs caedyrowsue ymeepoatcoe-
HUA: .

1) gpynryuonan (A, &) — 03[ X a(-,0)€], deticmsyrowut us M™ x R} 6
R, npunadaestcum xaaccy (Fy,*), a snarvum, emopomy xaaccy Bapa;

2) pynxyuonan (A, &) — 5[ Xa(-,0)¢], deticmeyrowuii us M™ xR? g

R, npunadaesrcum xaaccy (*, Fys), a snawum, mpemvemy xaaccy Bapa.

O6o3naunm gepe3s M2 muoxkecrso cucreM (1) ¢ 6eckonedno gudde-
peHnupyeMbIMu KO3 PUITHEHTAMA U METPUKOMN

p(A, B) = 327 sup min {|A® (1) — B (1)), (¢ + 1)~}
k=0 teRy

Teopema 2. /laa a0b020 n > 2 cnpasedausvs caedyrousue ymeepoicie-
WA -
1) gynwyuonan (A, &) — vF [(Xa(-,0)&], deticmsyrowut us M2 x RY
6 R, npunadaesrcum xaaccy (Fy,*), a snawum, emopomy xaaccy Boapa;
2) dynryuonan (A, &) — vF[Xa(-,0)¢], deticmsyrowut us Mv& xR? 6
R, npunadaescum xaaccy (*, Fy5), a snavum, mpemvemy xaaccy Bapa;
3) dynryuonan A = sup,cs, 4y Vs [7], deticmeyrowui us Mv& 6 R,
npunadaestcum kaaccy (Fy,* ), a snavwum, emopomy xaaccy Bapa.

Pabora BTOoporo aBropa mojjep:Kkana MUHUCTEPCTBOM HAYKU U BBIC-
mero obpazosanus PP B pamkax rocymnapcreerroro 3aganus Ne 075-03-
2024-074/5 mo upoekty «VcciaenoBanne acUMITOTHYECKUX XapaKTepH-
cTuK KoJjiebsieMocTu auddepeHInaIbHbBIX YPABHEHUN U CHCTEM, & TaKZKe
ONTUMUBAIMOHHBIX METOJIOBY.
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Cnucok Jureparypbl

[1] Ceprees N.H. Xapaxmepucmuku koaebaemocmu u 6ayscdaemocmu pewenuds
aunelnot duppepenyuarvnoti cucmemo. zs. PAH. Cep. marem., 76:1 (2012),
149-172.

[2] Xaycmopd @. Teopus mmoocecms. OHTU, M.—JI.: 1937.

O HECOBIIAJIEHUU XAVCIOP®OBOI U
OPAKTAJIbBHO PASMEPHOCTEN PEIYJISPHBIX
ATTPAKTOPOB

I[IOYMHKA O.B.

Hanmonansubrit ucciaenoBarebckuit yHuBepcuTeT “BhICIIast MIKo1a SKOHOMUKH
Poccus
olga-pochinka@yandex.ru

Pesynbrars! mosryuensl copmectHo ¢ C.B. Benukom n A.A. Aruesbim.
B nacrosiimeit pabore st jiroboro r > 1 nocrpoen CT-riiaikuil I0oTOK B
eBKJIIJIOBOM TpocTpancTBe R3, 0biaiatomuii pery/ispHbM (B TepMIHO-
norun Babuna u Buinuka) arrpakTopoM, bpakTaibHas pa3MEpHOCTh KO-
TOPOTO BJISETCS HEIEI0M U CTPOro 0oJIbIe ero Xaycaopdosoit pazmep-
HocTu. PeryispHblit arTpakTop MOCTPOEHHOIO TTOTOKA, SIBJIAETCS 00bE M-
HEHMEM HEeyCTONYIUBBIX MHOTI00Opa3uil ero COCTOSIHUI PABHOBECHUsI, KO-
TOPBIX KOHEYHOE UUCJIO U BCE OHU ruiiepbosmyeckme. B mocTpoeHHbIX
IpuMepax mepecedeHne yCTONINBBIX U HEYCTONYNBBIX MHOTO0Opa3uil co-
CTOSHUN PABHOBECHUs HE TPAHCBEPCAJILHO, TO €CTh ITOCTPOSHHAS CUCTEMA
HE SBJISETCs CTPYKTYPHO yCToiamBoit. Borpoc o cyIecrBoBaHnl CTPYK-
TYPHO YCTONYIUBOTO PETYISPHOIO MMOTOKA, ¥ KOTOPOro (bpakTasbHas pa3-
MEpPHOCTBb IVIODAJBHOTO aTTPaKTOpa CTPOro OoJbIlne ero xaycaopdosoii
Pa3MepHOCTU SIBJISJICST OTKPBITBIM JI0 CUX [OP. B pamMkax paboThbl MbI
YCTAHOBUJIU, ITO OTBET HA BOIPOC SIBJISIETCS OTPUIATE/IFHBIM, JTOKA3aB,
uT0 (PpaKTajgbHas Pa3sMEPHOCTH JIIOOOro TJIODAJBLHOTO PEryJISSPHOTO aT-
TPAKTOPA CTPYKTYPHO YCTOHUHBOIO HOTOKa B R coBmajaer ¢ ero xay-
copdoBOil Pa3sMEPHOCTHIO.

NccnenoBanue ocyiectiaeHo B paMkax [Iporpammbr dyHIaMeHTaTb-
HBIX nccaemoBanuit HUY BIITD.
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TEOPEMA CPABHEHUA 1JId CUCTEM
ANOOEPEHIINAJIBHBIX YPABHEHUU

POJIMHA JI.U.

HUTY «MUCuCs», Poccus
Bal'y um. A.T. u H.I'. Croneroswix, Poccust
LRodina67@mail.ru

[Tpusesem pesyabrarsl [1|, B KOTOPO# 1OJIydeHA TeOpeMa CPaBHEHUsI
JIJIsI CUCTEMBI OOBIKHOBEHHBIX I depeHITnaIbHbIX YPABHEHNIA

;t:f(t,x), reR” (1)
B IIPE/IIIOJIOXKEHNHN, ITO BEKTOP-MYHKINS f HEMPEPBIBHA IO COBOKYITHO-
CTH IIEPEMEHHBIX U YJOBJIETBOPSIOT yCJOBHIO Jlummmia mo i,. .., Ty.
Bwmecre ¢ cucremoii (1) uccmemyem cucremy

.j?:g(t,.%'), r € R" (2)

€ TAKMMH K€ YCJIOBUSIMHE JijIst BeKTOp-dyukuu g. Cucrema (2) Ha3piBaeT-
csi eeprrels cucmemot cpasnerua s (1), a cucrema (1) HaspiBaercs
nuotcned cucmemot cpasnernua st (2) B obmacru P C R™ npu ¢ > to,
ecau Jiyist JobbIx t > tg, x <y, x € P,y € P,i=1,...,n uMeer MecTo

filt,x1, o, xn) < g6y, ¥2, - Yie1s @iy Yit 1 -, Un)- (3)

MmuoxkectBo P C R™ Ha3bIBaeTCI NOAOHCUMEADHO UHBAPUGHMHBIM
omnocumenvro cucmemn (1), ecm ayia mo6oit Hagambhoit Toukn 20 € P
TPAEKTOPUA €€ PelleHUus go(t,to,xo) cojiepx)utcsd B P nipu Beex t 2> 1.
O6osnaunm vepes ¢(t) un 1(t) pemenns cucrem (1) u (2) coorBercrsen-
HO, yJIOBJIETBOPAIONINe Hada bHBIM yeosuaM o(tg) = x0, (ty) = 0.
Hepagencrso = < y, 3anmucannoe st BeKTopoB x € R™, y € R™, 6yaem

IMOHNMAaTh, KaK HEPpABEHCTBA &; X Yi, ¢t = 1,...,n.
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Teopema 1. [Tycmwb mmooicecmseo P C R™ noaostcumenvro uneapuaHm-
no ommocumenvro cucmem (1), (2) u swnoaneno (3). Tozda dan aobvix
20 < 0 2% € P y0 € P nepaserncmeo o(t) < (t) cnpasedruso ons
ecexr t = tg.

ITpu momorru JaHHON TEOpEeMBbl MOXKHO HANTH OIEHKN XapaKTEPUCTUK
cbopa BO3OOHOBJISIEMOTO PECypca B CAyUasixX, KOrJla HEM3BECTHBI aHAJIHU-
TUYECKHUe PeIeHusl OJIHOI nu3 cucreM. PaccMOTpuM OISO, COCTOSI-
VIO U3 OTJENBHBIX BUJIOB X1, . . . , L, JHO0 PA3MEICHHYIO HA N BOZPACT-
HBIX DY, JIMHAMUKA KOTOPOW MPU OTCYTCTBUM SKCILIYATAINN 3a/IaHa
cucremoii juddepennuaabubIx ypasHenuii & = f(x), a B MOMEHTBI Bpe-
menu 7(k) = kd, d > 0 u3 momysisinuy U3BJIEKAETCS HEKOTOPAsi JIOJIs
6uonoruyeckoro pecypca u(k) € [0,1]", k = 1,2,.... Ilycre X;(k) —
KOJIMYECTBO pecypca -ro Buja jJ0 coopa B MoMmeHT kd, k = 1,2,...,
C; > 0 — arpermpoBaHHasi CTOUMOCTH YCJIOBHOW €JUHUILI i-TO BUJIA,
i=1,...,n, x(0) — HauambHOE KOM4IeCcTBO pecypca. OJHOI U3 Xapak-
TEPUCTHK cOOpa pecypca sSIBJIieTCs: cpednan epemennas 6vi2oda (cm. |2,
3)) —

1 k. n
H,(a,z(0)) = lim %Z CiXi(f)ui(5) .
k—o0 J=1 i=1

PesysbraTh! mccse0BaHnil TPOUJIIIOCTPUPOBAHBI Ha IIPUMEPaX MOJIe-

Jiell B3aMMOIeHCTBYSA JBYX BUJIOB TAKUX, KAK CUMOMO3 U KOHKYPEHITHS.

Cnucok Jureparypbl
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253



JIOTAPUOMUNYECKUE CIITNPAJIN B
BOCBMUMMEPHBIX TAMNJIBTOHOBBIX CUCTEMAX C
YIIPABJIEHVEM N3 KPVYTA

POHYKUHA M.U."*, MAHUTA JI.A.>"
'PTY nedru u raza (HIY) um. . M. T'y6kuna, Mocksa, Poccus

*MISM, HanponanbHbBIH HCCIe0BAaTeIbCKII yHIBEpcuTeT «Boicias
mKoJIa 9KOHOMUKN», Mocksa, Poccus
“ronzhina.m@gubkin.ru, *Imanita@hse.ru

Baaun adpHUHHBIE [I0 OTPAHTIEHHOMY YIIPABJIEHUIO MOI'YT HMETh 0CO-
Oble 9KCTPEMAaJIi BTOPOTO MOPSJIKA. AHAJOTUYIHO CJIYyUal0 CKAJSTPHOIO
yupasiienust [1] B ciiydae ynpapiieHust u3 Kpyra Ba)KHYIO POJIb B IIOCTPO-
€HUM CUHTE3a B OKPECTHOCTU OCOOBIX SKCTpeMajiell UrpaeT JIByMEpPHBIi
anaJjor 3aja4n Pysepa

o0
| et s@yde s int, b=y g=u <1 wgue R
O u

B,ILGCB Ha4YaJl0 KOOPZUHAT ABJIAETCA e,HHHCTBeHHOﬁ 0coboit IKCTpEMAJIBIO
1 uMeeT BTOpOfI ITOPAIOK. TamuisroHOBa cucrema IpUHIUIIa MaKCUMYyMa
HOHTpHI‘I/IHa nMeeT pasMEpHOCTDb 8 n CBOJUTCA K BUJLY

fr=2, fo=1z3, 3=z, la=—u, u=z/|zn]. (1)
Cucrema (1) umeer pemenusi B Bujie JIorapuMUUECKUX CIIUPAJIeii:

25 () = — A1 (T — )P~ Ml mIT =t yx(4) = gl T

(3nech a = ++/5 u A; € C u3BecTHDI), KOTOPbIE HOIAJAIOT B HOJIb 33 KO-
HeuHoe BpeMsi T, u onrruMasibHOe yipasjenue u*(t) coBepIiaeTr cueTHoe
4q1csI0 060POTOB 1O I'panurie Kpyra [1].

st 3ama4uu, adpdUHHON 10 yIIPaBJIEHUIO U3 KPYTa, FAMIJIBTOHOBA CH-
cTeMa KOTOpOil mMeeT GOJIbIIYI0 PasMEePHOCTb (> 32), J0Ka3aHO Cylie-
CTBOBaHUE CeMeiicTBa IKCTpeMaJsiell B Bujle JorapiuMUIeCKUX CriupaJsie
B OKPECTHOCTHU 0COOOM dKCTpeMaJin BTOporo nopsijika [2]. B ciayuae, Ko-
IJ1a TAaMUJIBTOHOBA CHCTEMA NMEET MAJIYI0 PA3MEPHOCTD, PEIICHNS B BUE
JorapudMUIeCKUX CIUpaJieil HallJIeHbl TOJIBKO JIJIsi HEKOTOPBIX KOHKPET-
HBIX 3a/1a4 ONTUMAJILHOrO ynpasjenus [1, 3, 4].

B noknajie npejcrasiena 3agada, adpGuHHAs 10 yIIPABIEHUIO U3 KPY-
ra, raMHJIGTOHOBA CHCTEMa KOTOPOH MMEET Pa3MEpHOCTb 8 U SBJISAET-
Csl MAJIBIM BO3MYIIEHHEM CUCTeMbl (1) OTHOCHTEILHO JIeHiCTBHSI IPYIIIbI

254



Oymnepa gy (z) = (M2, A3 22, A223, Az4). A UMEHHO, B OKPECTHOCTH 0CO-
00l SKCTpEeMaJI MOPSIKA 2 TAMUJILTOHOBA CUCTEMa CBOIUTCI K BUILY

21 =20+ fi(z,u), Z3=z4+ f3(2,u), @
2o =z3+ fa(z,u), Z4=B()u+ falz,u), u=2/[z],

rae fi: RY — R? w limyo || fi(ga(2), w)ll/X°7" < C, B(2) € Maxa(R) n
B(0) — cummeTpuUHAsT OTPUIIATEILHO OIIPE/Ie/IEHHAs] MATPHIIA.

Teopema 1 (cm. [5]). B docmamouro manot okpecmuocmu nyas cyuie-
cmeyem cemeticmeo pewenuls cucmemv, (2) 6 6ude A02apUPGMULECKUT
cnupaseti.

Zm(t) = km (t) (T - t)5fmeia In |T—t| eigom(t)7 u(t) _ eia In |T—t| eiapo(t)’

u ece ux 603MmodHCHBIe NOGopoms.. 3decv T > 0, a = ++/5, dynxyuu
Em (t), om(t) u po(t) oeparuuenor.

ITocTpoennoe ceMeiicTBO IKCTpeMasieil OMAIaeT B HY/Ib 38 KOHEYHOE
Bpemst ', Ipu 3TOM yIpaBJIeHUE COBEPIIAECT CIECTHOE IUCTO 0OOPOTOB IO
rpanure kpyra. Teopema 1 06001maeT pe3ysibrar, MoJIyYeH bl B [4].

Cnucok JuTeparypbl
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OBPATHBIE 3AJTAYN JJId TPEXMEPHOTI'O
QJIVIMIITNYECKOI'O YPABHEHUAI 110 OTBICKAHWIO
IIPABOI1 YACTHU C HEJIOKAJIBHBIM YCJIOBUEM
HABJIFOJAEHN A

CABUTOB K.B.

WNucturyTt mexanuku Y OPUIL PAH, Crepautamakckuii puauas Y GUMCKOro
VHUBEPCUTETA HAYKW W TEXHOJIOTUIA,
sabitov_fmf@mail.ru

PaccvoTrpum ob61miee TpexmepHoe ypaBHEHHE JLIMITUYIECKOTO THIIA
Lu = K(2)(Ugz + Uyy) + N (2, y)uzz + aug + buy+

—I—CUZ—|—CZU:F($,Z/, Z) :f(l'ay)g(’z% (1)
B obmact Q = D x (0,8), D = {(z,y)| 0<zx<p, 0<y<q}, rae f,
P, ¢ — 3aJIaHHBIE TI0JIOKUTEJIbHbIE nIocTosiHuble, K (z) > 0, N(z,y) > 0,
a(z,y, z), b(x,y, 2), c(z,y, z), d(z,y,z) — 3ananHble DYHKIMU, U TOCTA-
BUM CJIe/Iytoliue oOpaTHble 3a/Ia4u 110 OTBICKAHUIO Tapbl GhyHKuii (u, f)
u (u,g).
Bamaua 1. Hatmu gynrkyuu u(x,y, z) u f(x,y), ydosaemeopsaousue
YCAOGUAM:

u(z,y,2) € C(Q)NCHQ), Uz, uy,us € La(Q); (2)
f(z,y) € C(D) N L(D); (3)
,Cu(:r,y,z) = F(:B,y,z), (x,y,z) €@ (4)

u(0,y,2) =u(p,y,2) =0, 0<y<gq 0<z<p,
u(z,0,2) =u(z,q,2) =0, 0<z<p; 0<z<p;

u(z,y,0) = 7(z,y), ulz,y,B)=e¢(y), (z,y)€ D; (6)
B
/ u(a,y, 2)g(2)dz = (z,y), (x.y) € D, (7)

0
2de g(z), p(x,y), T(x,y) u Y(x,y) — 3adannvie docmamouno zaadkue
Pyrryuu, YooAEMEOPAIOULUE YCAOCUAM CORAACOCAHUS OUHHBLT

7(0,y) = 7(p,y) = »(0,y) = ¢(p,y) = ¥(0,y) = ¥(p,y) =0, 0<y <g;
7(z,0) = 7(z,9) = ¢(x,0) = p(x,q) =0, 0 <z <p; (8)
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Y(z,0) =¢(r,q) =0, 0<z<p.
Bamaua 2. Haumu dymnxuyuu u(z,y,z) u g(z), ydosaemeoparousue
yeaosuam (2), (4) - (6) u

o(=) € C(0,8) N L[0, 5l
J[ w2 sty =nez), 022 <6,

20e f(z,y), o(x,y), T(x,y) u h(z) - 3a0aHHme docmamouno 2aadkue
Pynryuu, ydosaemsopsrousue ycaosusm (

[ st oty = / | oty = his).
D

B nannom noknage, caemyst paboram [1], [2], MeTogom mHTErpabHBIX
TOXKJECTB YCTAHOBJIEHBI TEOPEMbI €JIMHCTBEHHOCTH PEIICHUS 0OpATHLIX
sagaq 1 u 2 s ypasuenus (1) 110 onpesesienuto npasoit gacru. B ciy-
qae, korja K(2) =1, N =1,a=0b= ¢ =0, d = const pemenus 3a7a4
HOCTPOEHBI B SIBHOM Bujie. AHAJIOIMYHBIE 3a/[a9i U3ydeHbl B pabore |3
Ui ypaBHeHus [eIbMrobia OT IByX HepeMEeHHBIX T U .

Pabora BhITOIHEHA Ha CPEICTBA TOCYIaPCTBEHHOTO OIOIKETa IO IIPO-

exty Ne 123021200015-5 (FMRS-2023-0015).
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CJIYUAVMHBIE OIIEPATOPHO3HAYHBIE IIPOIIECCHI B
KJIACCUYECKOM 1 KBAHTOBOM MEXAHUKE

CAKBAEB B.2K.

WNucruryT npuxiaguoit maremaruku um M.B. Kengoima PAH, Poccus
fumi2003@mail.ru

[Tosryaenb! aHaoru 3aKOHA OOJIBINUX YHCEN U IEHTPAILHON ITpeIe/Th-
HOIl TeopeMbl JjIsi TPOU3BEICHNSA HE3aBUCUMDIX CJIyJAMHBIX JTUHEHHBIX
OTPAHUYEHHBIX OIIEPATOPOB. 3aKOH DOJIBIINX THCEJ YCTAHABIMBAET CXO-
JUMOCTb K HYJIFO BEPOSTHOCTH OTKJIOHEHUSI IIPOU3BEIECHUS CJIyIaHBIX
OIIEPATOPOB OT OKPECTHOCTU MaTEMATHIeCKOTO OXKujauus. lleHTpasib-
HOIl Tpejie/ibHAs TeOpPeMa YCTAHABINBAET OOOOIIEHHYIO CJIA0YIO CXOJIH-
MOCTB PaCIIpEeIeJICHUI TPOU3BeIeHUsI CJIyIailHbIX omepaTopoB. B orim-
9UU OT ¢JAa00i CXOANMOCTH Mep, 3a1aBaeMOil IIPOCTPAHCTBOM HEIIPEPHIB-
HBIX OT'PAHUIEHHBIX TECTOBBIX (DYHKIINI, ITPOCTPAHCTBO TECTOBLIX (DYHK-
it BRIOMPAETCs 0 CBOMCTBAM 3aIadM.

DBOJIIOIMOHHBIE yPABHEHUS JIJIT HEM3BECTHON (DYHKIMHM Ha KOODJIH-
HATHOM IIPOCTPAHCTBE, B YaACTHOCTH, YPAaBHEHUE IOJIYTIPYIIILI C KBAHTO-
BbIM I'aMUWJIBTOHUAHOM TapMOHHNYECKOT'O OCIHUJIJIATOPa B KadYeCTBE I'€He-
paropa, HOJIy4YeHbl KaK Pe3y/IbTaT YCPEIHEHNS OIEePATOPHBIX CJIYYaiHbIX
OIyKJIQHUI B CUMILIEKTHIECKOM IIPOCTPAHCTBE.

OBOJIIOIMOHHBIE YPABHEHMSI JIjIsI KBAHTOBBIX COCTOSHUI OJIYY€HbI KAK
pPE3yJILTAT yCPEeIHEHUsT CIIyYaiiHbIX OJIYXKIaHW KBaHTOBBIX COCTOSIHU
101, IeCTBUEM CJIyYaliHBIX YHUTAPHBIX KAHAJIOB.

Teopema 1. [Iycmbv A — cayuatinvitl camoconpasicennvili onepamop 6
npocmparcmee H uw U(t) = exp(iAt), t > 0, — coomsememeyrowan cay-
watinas noayepynna. I[ycmo D — naommuoe aunetinoe mmozo0bpasue 6
npocmpancmee H u [ ||A(w)ul|gdp(w) < 0o V u € D. Iycmo

Q

Au = /A(w)udu(w), ueD
Q

— CYWLECMBEHHO CAMOCONPANCEHHBIT ONEPAMOP.
Ecau nocaedosamenvnocmos {Uy} 11D caywatinox noayepynn ¢ mem
o1ce PACNPEIEAEHUEM, O NOCACOOBEMEALHOCTD KOMNO3UYUT

{Un O ... OUl}
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ydosaemsopAem YcaosuIo

1 1 1 1
lim P(|[(U}; o...oUp = M[Uj o...oUp])z|lg >€) =0,

n—oo

Ve>0VT >0,Vx € H.

Iycts Q = RY u H = Ly(RY). Tycrs B(H)-3naunblii crydainbii

LPOIECC 3a/]aH PABEHCTBOM
£(t) =Snt) o V((1 = n)t), t =0,

rie 7 — caydaiiHas BenmunHa, npuHEMaromas snadenus {0,1} ¢ Bepo-
sTHOCTBIO W, 1 — w coorBercTBenno. 3neck S(t)u(z) = u(x — tY/2h),
V(t)u(x) = exp (it"?(a,z))u(z), t > 0, u € H = Ly(RY), te h,a —
napa He3aBUCHMbIX RI-3HAMHBIX CITyHaiiHbIX BEJMHYHH C HYJEBBIM CDE/I-
HUMH, KOBAPHAIMOHHBIMI oiepaTopamu Dx, Dp cOOTBETCTBEHHO.

Onpenenienne 1. ITocaedosamenvrocmov mep {pn} : N — ca(B(H))
cxodumea B(H)-cuavro x mepe p € ca(B(H)) ecau nocaedosamens-
nocmo onepamopos {V,, } cxodumca 6 B(H) x onepamopy ¥,, 8 curvrod
onepamoproti monoaozuu, 20e

U, u(r) = / u(Az)du(A), ue X, x € E.
B(H)
Teopema 2. [Tycmov {&,(t)} — nocaedosamenvrocmv nezasucumvir 00u-
HAKOBO PACTIPEIENEHHVT CAYHATNLLT onepamop-Pyrkyul, pacnpedeaenue

KaotcAot U3 KOMOPHIT COBNAJAEM € PACHPEdesCHUEM CAYHATHOT onepa-
mop-pyrruuy £. Toeda das mobwx T >0, u € H

. t t
Jim sup IMEn (). &1 )u = U(t)u)ll =0,
20e U(t), t > 0, — noayepynna, paspewarowas 3adawy Kowu
d 1—w

ZU0) = <;’div(DXV) — ——(Dpz, 1:)> U(t), t>0; U@0) =L
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PA3PEIIINMOCTDb 1 ACUMIITOTUKA PEIIIEHUI
CUCTEMBbI YPABHEHUN MIJI-IIOTPAHUYHOI'O
CJIOYd HEJIMHENHO BSI3KOWN CPEIBI

CAMOXUH B.H.

MockoBckuil nosinrexuudeckuil yausepcurer, Poccus
avt428212@yandex.ru

PaccmaTpuBaeTcs cucreMa ypaBHeHUiT Tuna IIpaHaTisa Js 3J1eKTpo-
IPOBOHON »KUJIKOCTH C PEOJOIHIECKIM 3aKOHOM, mpeatozkeHasiM O.A.
Jagprkenckoii [1]. B ciydae aByMepHOro CTanmoHApHOTO TEYEHUs ITa
CHCTeMa YPABHEHWI MMEeT BHI:

ou 2\ 0%u ou ou dU
1/(1 + 3d(—> )—2 —u— —v— 4+ B*U —u) = -U—,
oy oy ox oy dx (1)
ou N ov 0
or Oy

371ech v — KUHeMaTHIeCcKas BI3KOCTH CPeJbl U d — MaJiast MOJI0KHTEb-
Hasl TTOCTOsIHHAS, 3aBUCSIIIE OT CBONHCTB KUIKOCTH, INIOTHOCTD KIJIKO-
CTH p U IPOBOJUMOCTH CPEIbl O IIPEINOIATaloTCs PABHBIMHU €INHHUIIE,
B(z), U(z) — samannere ¢yukmun. Crkopocts BHemmHero moroxka U(x)
CBsI3aHa C JlaBjaeHneM p(x), KOMIIOHEHTAMU 3JIeKTpIIeckoro F(z) u mar-
uurHOro B(z) moseit coorHoOIEHNEM

N

dx dx
Cucrema ypasuenwuii (1) paccmarpuBaercs B obiactn D = {0 < z < X,
0 <y < 00} ¢ rPAHUYIHBIME YCIIOBUSMHE

u(0,y) = 0,u(x,0) = 0,v(z,0) = vo(z), u(z,y) — U(x) npuy — OO,( |
2

rae U(0) =0, U(x) >0 npu x > 0. IIycrs Uy(x) usmepuma u orpa-
andena, Uy (0) > 0, byakmun ug(x), vo(z) npeanoraraiorces 3a aHHbIMHA,
By (x) orpanmiaena npun 0 < z < X, B(0) = By = const. C nomormnsio
3aMeHbl nepeMeHHbIX Kpokko, cMm. [2], cucrema (1) cBomuTest K OnHOMY
KBa3WJIMHEHOMY ypaBHeHHIO. IIpy onpeie/leHHbIX YCJIOBHSX KpaeBast 3a-
Jlada, JIJIst 9TOT0 YPAaBHEHUsT OJIHO3HAYHO PA3PEIINMa U PEIICHIE ee NMeeT
CBOMCTBA, O3BOJISIONIE 00paTHTh peobpasosanre KpokKo n mosryaursb
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OJIHO3HAYHYIO pa3peruMoctsb 3axaqn (1)-(2). U3 omenok pemntenust 3a-
Ja9dnu B IIepeMEeHHbIX KpOKKO CJIIEAYIOT TaK2Ke€ OIICEHKHU U aCUMIITOTUKU
UCXOJTHOU 3a/1a4u.

Teopema 1. IIpednorootcum, wmo
U(z) = z(a+ zai(2)), vo(x) = b+ xby (), 0<z<X,

2de a = const > 0, b= const; U > 0 npu x > 0; a1, @14, 1z, b1, b1y
oepanusenv, B nenpepuieno dugpdeperyupyema. Tozda 3adaua (1)-(2) 6
obaacmu D, npu X, aasucawem om U, vy umeem pewerue u, v, Komopoe

obaadaem caedyrouumu ceoﬂcTeaMu: uy >0npuy>0ux>0; g, %y
oeparuvenv, u Henpepvenv, 6 Dy u >0 npuy >0 uzx > 0; u — U npu

Uy

u
y — o0, u(z,0) = u(0,y) =0; % >0 npuy>0; F — 0 npuy — oo,
Uz, Uy, Uyy O0ZPAHUYENDB. U HEnpepuens. 6 D; v nenpepwsta 6 D no y
npu x > 0; v Henpepuiena No T U Y eHymMpPu D; Uy, oeparuvena 6 D;
Ugy 02PARUNERG 6 D Npu 02PaHUMENHOLT Y; Ugy U Uyyy HENPEPBIEHLL 6 D]
Uyy .
. nenpepuiena 6 D no y; umerom mecmo ouenru

2 2
[7%11262021} U [7%3126—2011}
e <1-— T <e
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CIIEKTPAJIBHAYA TEOPUA JTNOPEPEHIINAJIBHBIX
OITEPATOPOB 1 PA3J/INYHBIE ITPE/ICTABJIEHU A
3HAUYEHUI A3ETA-OYHKIIN PUMAHA B
HATYPAJIBHBIX TOUYKAX

CAD®OHOBA T.A.

Cesepnblit (Apkruuecknii) denepanbabiil yausepcurer umern M.B. JlomoHOCOBa,
Poccus
t.Safonova@narfu.ru

B paborax moksagaunka B coapropcTBe ¢ K.A. Mupsoesbim 6bLI Ipei-
JIO?KEH METOJT, OCHOBAHHBIN Ha MPUMEHEHNN CIEKTPAIbHON TEOPUH OOBIK-
HOBEHHBIX JIn(DEpPEHITNAIBHBIX OIEPATOPOB, MO3BOJISIIONIUN BHITYUCISTD
CYMMBI HEKOTOPBIX CXOJSIIUXCS PSIJIOB B TEPMUHAX ONPEIeIeHHBIX UHTe-
IPAJIOB OT 3JIEMEHTAPHBIX (DyHKIHUHI. B gacTHOCTH, 3TOT METO/ TO3BOJISET
YCTaHOBUTh, 4TO Ipu —1 < a < 1 cupaBellyIUBBI TOXKIECTBA

w/2
/(Sin am — sin 2ax) tg zdx, (1)
0

— k(k2 —a?) a? a?sin(am)

oo w/2 an
Z 1 _ 1 / €Os axr — COoS 2 g, @)
—~ (2k—1)((2k - 1) —a®)  2a°cos T cos T ’
= 0
. w/2
+Z: (-DF% 1 / sin ax 2d (3)
k2 —a?  asinar sinz ©
/2
oo k-1 :
-1 1
(-1) sinaz , - (1)

Z 2k —1)2 —a?2 2acos & sinx
( 2
k=1 5

W3 Hux, B 9aCTHOCTH, MOYKHO M3BJI€YD CIIPABE/JINBOCTH MOOOHBIX WHTE-
IpaJIbHBIX MPEICTaBICHIN it nuramMmma-byHKimn ditaepa ¢ (a) u pos-

crBennoit ¢ ueit dyuxiyu G(a) = 1/2(¢((1+ a)/2) — ¥ (a/2)).
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Oupeennm n3era~-dyukimo Pumana ((s) u pojcrBeHHble ¢ Hell hyHK-
mun Jupuxie A(s), n(s) u B(s) pasencrBamn

400 1 +00 1 "
C(s)_;ks’ )‘(3)_;:1(2]{_1)8, s>1
+00 _ “+oo _
_ (_1)k 1 o (_1)k 1 )

Jlesble wactn pasencts (1) - (4), OU€BH/HO, SIBIISIIOTCS IIPOM3BOJIS-
muMA QYHKIUAME JUIs [T TUCIOBBIX HOCIe0BaTebHocTei ((2n + 1),
A2n+1),n(2n —1) u B(2n) npu n = 1,2, ..., COOTBETCTBEHHO.

B nokiaze peus moiiger o caenctBusix pasercts (1) - (4), a nmento,
006 UX IPUMEHEHNN K PAa3/IMIHBIM IIPEJCTABICHNSM 3HAUYCHN QyHKITII
¢(s), A(s), n(s) u B(s) B HarypasbHBIX TOUKax. [Ipu 310M 0COGOE BHU-
manue Gyzer yuesneno nocrosuusiv Karanana §(2) u Anepu ((3).

Pazsaras B psizipl Teitsiopa 1o cTenensiM @ MHTErpasibl, CTOsIINE B IPa-
BbIX dacTsxX (1) - (4), u cpaBHUBAs TH PA3JIOKEHUS C COOTBETCTBYIOIIH-
MU Da3JIOKEHHUsIMU WX JIEBBIX YacTeil, [OJydaeM HHTerpajibHbIE MPe/l-
crasiienus Jyuist aucen ¢(2n + 1), A(2n+ 1), n(2n — 1), B(2n) u ux HeKo-
TOpBIX KOMOuHanuii. VI3 HUX cyieyioT HpejcTaBIeHns JJisl STUX YUCesl
B BHJIE JIOBOJIBHO OBICTPO CXOJSAIINXCS YMCIIOBBIX DsiJIOB, OOIIUii WieH
KOTOPBIX COJEPKUT ((2n), U PSJIOB € OOIIMM UJIEHOM, COIEPIKAIIUM JIO-
rapudumbl. Kpome Toro, ncrosib3yst HHTErpaJbHbIE [IPEJCTABICHUS JIJIs
Y(a) n G(a) u nocrynas aHAJOTUIHO, MOXKHO I[OJIYYUTh M3BECTHBIE U
HEKOTOPBIE HOBBIE TOXKJIECTBA JIJIsl OIPEJIEJICHHBIX JINHEHBIX KOMOWHA~
it 3Hadennit dyuxwmit (s), A(s), n(s) u B(s) B HATYpAIBHBIX TOUKAX.

OTMeTHM Tak»Ke, YTO €CJIH G SIBJISIeTCs] PAIMOHAJIBHBIM HYHCIOM, TO
uHTerpaJbl U3 npasbix dacreil (1) - (4) SIBHO BBIYHCIIAIOTCS B TEPMUHAX
9JIEMEHTAPHBIX (DYHKIMA. DTH BBIUNCJICHUS I03BOJISIOT MOJIYYNTh, Ha-
[pUMEp, HOBBIE IIPEJICJIbHBIE COOTHOIIEHHS JIJIsi HOCTOSIHHBIX Kararana
u Amnepu.

Pabora nonnepxana PH®, rpant 24-21-00128.
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CTABUJIbBHOCTHBIE CBOIICTBA
JANOPEPEHIITMAJIBHOUM CUCTEMBI 1 X MEPHI

CEPI'EEB U.H.
MI'Y umenu M.B. Jlomonocosa, Poccust
igniserg@gmail.com
st obmmactu G eBkimosa mpocrpancrsa R™ (n > 1) ¢ mepoii JleGera
mes paccMoTpuM JuddepeHIuaibHyo (HeJIMHeRHY 0, BOOOIe roBOpsi)
crucTeMy BUJIA

= f(t,x), ze€G, f(t,0 =0 teRy=]I0,+00), (1)

rae f, fi. € C(Ry x Q). Ilycrs Bs = {z € R" | 0 < |z| < 6}, axf(,20) —
pemntenne cucremsl (1) ¢ HagaabubIM 3HaUenueM ¢ (0, ) = Zo.

Onpepenenne 1. CraxeM, 1rto cucrema (1) obragaer aanynosckot,
nepporosckotl, 6eprrenpedesvHol, IPH ACCOUUUPOBAHHVT 2 = A\, T,0 U
K = AI1, X, yemotinusocmuvro Wiin noanotl Heycmotiusocmaio, e

) = i K(f,z0) =0, #(f) = lim K(J,z0) >,
z0—0 x9—0

rae  A(f,z0) = supser, |zf(t z0), H(f 2z0) = limy , |2f(t 20)| 1
S(f,20) = limy—yoo |2£(¢, 20)| (upuuem ecim pemenue z ¢ (-, o) oupese-
JeHo He Ha BceM Jsiyde Ry, to momaraem K(f,zo) = 1), nam obramaer
ACUMNMOMUNECKOT, YCMOUNUSOCTIDI0, €CITI

s (f) = HOKO(f,xO) =0, Ko=sgnK, K=1IL,Z, Ag=A+.
To—r
Onpegnenenue 2. [{nsa cucremsbr (1), npu accoyuuposannvir » u K

u3 omnpeneieHus 1, HA30BEM Mepotl AANYHOBCKOT, NEPPOHOSCKOl, Bepr-
HenpedeabHOT YCmotuusocmu WU HEYCMOTYUBOCNYU, BETHIHHY

M, (f,¢e,6 o ML(f, 2.6
()= lim tim BSMASE0) ey g RS MA(200)
e+05 10  mesBs o050 mesBg

n Mepoﬁ acuMNMoOmMuU4ecKot ycmoﬂ%ueocmu BeJIMIUHY

KX (f) = lim lim meS(Mo(f’O’d) ﬁM)\(f,E,(S))

e—=+0 510 mes B ’
. mesM,(f,0,0)
= lim —————~= =
Horo (f) 5_1>_|_0 mes B(g N
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rae M, (f,e,0) mmm Mx(f,e,0) — MHOXKecTBa Bcex 3HadeHuit xog € By,
qutst koropwbix K(f, zg) < e nmm K(f,z9) > & (upu € > 0).

Teopema 1. /Jlaa a060t cucmemu (1) xaostcdoe cmabuavrocmmoe c60t-
cmeo eaevem 3a coboli paseHcmeo eOUHUUE MEPbL IM020 C80UCMEA.

Teopema 2. Ilpu xascdom n > 1 cywecmeyrom dse asmorommvie Cu-
cmemor 6uda (1): 00na umeem edunusHve MEPYL ACUMNMOMUUECKOT YC-
MoUNUBOCTIU BCEX MUNOB, HO He 004adaem Ycmouuusocmvlo HUKAKO020
muna, a 0pyaas umeem eQUHUYHBLE MEPbL HEYCTNOTNUBOCTIU BCET MUNOS,
HO He 00aadaem NoArot HeYCmotuusocmvblo HUKAK020 MUnNa.

Teopema 3. Jlas 110600 cucmemv, (1) svinoanenv, nepasercmea

0 <pn(f) Spo(f) Spe(f) <1, 1=us(f) = ps(f) = p=(f) =0, (2)

Ogu)\o(f)glu’ao(f)gru’ﬂ'o(f)gl’ N%O(f)gu;t(f)’ x=\m,o0, (3)
Ogll/('%(f)—i_/j';{(f)gl’ %:>\,7T,U.

Teopema 4. Ilpu xasrcdom n > 1 das 2106020 0mdesbHo20 HEPABEHCTNEG
6 yenowkar (2) u (3) cywecmsyrom makue dse ABMOHOMHBIE CUCTIEMDbL
suda (1), wmo dasa 00O cucmembr IMO HEPABEHCTNEO ABAACNCA CIMPO-
2uM, a OAS OpY2oli OHO 0OPAULAEMCA 8 PABEHCMBO.

Teopema 5. Ilpu xasicdom n > 1 das aobwx wucea «, 3,y € [0, 1],
ydosaemBopAIOWUT Yeaosuam o < J = 11—, cywecmsyem a6moHOMHAA
cucmema (1), ydosaemeoparowan pasercmsam

M;{O(f):Oé, :U’%(f):67 Mﬂ?(f):77 %:)\,71',0'.

Teopema 6. [Ipu xaotcdom n > 1 daa Kastcdoti u3 cAeIYOUUT HEMBLPET
YENouex cooOmmoweHutl

pA(f) = po(f) = px(f) =0, pa(f) = po(f) =0 < 1 = pr(f),
() =0<1=pus(f) = px(f)y  pAlf) = bo(f) = pa(f) =1

cywecmeyem asmonommuan cucmema (1), ydosaemsoparowasn eti, a max-
orce pasenemoan s (f) + px(f) = 1 u () = el f) npu 2 = A, 0.
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HAYAJIBHO-TPAHNYHBIE 3AJTAYN OJIA
HEO/JIHOPO/JHOI'O YPABHEHI Y CMEIIIAHHOI'O
ITAPABOJIO-TUITIEPBOJIMYECKOI'O TUITA C
XAPAKTEPUCTUYECKHUM BbIPOK/IEHUEM
CnaoroOB C.H.

Y dbumMcknit rocyIapCTBEHHBIN HEPTIHON TEXHUIECKN YHUBEPCUTET
stsid@mail.ru

Paccvorpum ypasaeHue
Lu = F(z,1), (1)
B IPSAMOYTOJIBLHOI 0bJiacTu

D={(z,t)|0<z <, —a<t<p},

3/1eCh

Ugr — t"Uup — bu, t >0,
Lu =
Ugy — (—8)"uy — bu, t <0,

F(l‘ t) _ Fl(‘r’t)v t>07
e Fz(m,t), t <0,

rmen >0, m>0,1>0,a>0,5>0ub— 3aganHble JeiiCTBUTEbHbIE
qncna, Fi(z,t), i = 1,2, — u3BecTHble DYHKINN U CJIEIYIONIE HATATHHO-
rpaHUYHBIE 3a/IAUN.

Bamgaua 1. [Tyemv 0 <n < 1, 0 < m < 1. Hatmu gynryuro u(x,t),
YIOBAEMBOPAIOUWYI CACOYIOULUM YCAOBUAM.:

u(z,t) € C(D)N Cy(D) N C3(D4) N C*(D-); (2)
tl}(r):aro t"uy(z,t) = tE(])Hio ug(x,t); (3)
Lu(z,t) = F(x,t), (x,t) € Dy UD_; 4)
u(0,t) =u(l,t) =0, —a<t<p; (5)

u(z, —a) = p(z), 0<z<lI, (6)

20e p(x) — 3adannan docmamouno eaadkan Pynwrkyus, Dy = DN{t > 0},
D_=Dn{t<0}.
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Bagaua 2. [Tyemv 0 <n < 1, 1 <m < 2. Hatumu dynxyuro u(x,t),
ydosaemeoparouyro ycaosuam (2), (4) — (6) u

: n — 1 _4\ym—1 < <
til(r)riot ug(x,t) tilcr)rlo( O™ u(x,t), 0<z <l (7)

Bamaua 3. Ilyemv 0 < n < 1, m = 1. Haimu gynxyuro u(x,t),
ydosaemeoparouyio yeaosuam (2), (4) - (6) u

t
limot”ut(x,t): lim u(@,?)

<z <l
t—0+ t—=0-0 In(—t)’ Oswsl (®)

Hnst ypasuenust (1) smnns ¢ = 0, kak B pabore M.B. Kesgpima [1],
SIBJISIETCST XaPAKTEPUCTUKON CTEIEHHOTO BBIPOXKJICHUSI yPABHEHUS, ITO
3aTPY/IHSIET OCTAHOBKY KPAEBBIX 3a/1ad.

HawasnbHo-rpanndnas 3amada st ypasaenusi (1), korma n = 0 u
m<0,n<0umm=0,n<0wum <0 usyiena B pabore [2].

B pabore nosydyen kpurepuii eJJMHCTBEHHOCTH peIlleHus 3aja4d 1 — 3
npu pa3auueelXx 0 < n < 1w 0 < m < 2. VX pemreHns MOCTPOEHHI B
sIBHOM (popMe B BHJE CYMM pPsIJIOB II0 CHCTeMe COOCTBEHHBIX (DYHKITUI
COOTBETCTBYIOIIEl OMHOMEPHO CIIeKTpaabHON 3amadu. i 9sTux psiaoB
BO3HHUKAET 11pobJieMa MaJIbIX 3HaAMeHATe e, KoTopas 3aTpyaHseT 000c-
HoBaHMe cxoiumocTu. Jlsd JoKa3aTesbeTBa paBHOMEPHON CXOIMMOCTH
IIOCTPOEHHBIX DPsAJIOB HaflJeHbl OIEHKH, I'apaHTUPYIOIINE OTIEJIEHHOCTD
OT HyJIsI MAJIBIX 3HAMEHATEIell, KOTOPbIE MTO3BOJIMJIN JIOKA3aTh CYIIECTBO-
BaHUE PEryJIspHOro pelenus 3ajad 1 — 3, T.e. penieHus, yJI0BJIE€TBOPS-
tomtero yeiosusim (2) u (3), (2) u (7), (2) u (8) coorsercrenno. Korna
n > 1 nm m > 2 nocTaBIeHHbIe 3a7a4n it ypasHeHust (1) craHoBsaTCs
HEKOPPEKTHBIMU.

Crucok Jurepatypbl

[1] Kenmpim M.B. O nekomopuix cayuasaz svpostcienus ypasHenuti dIAAUNMUHECKO-
2o muna. Hokn. AH CCP, 77 (2) (1951), 181-183.

[2] Sabitov K.B., Sidorov S.N. Initial-Boundary- Value Problem for Inhomogeneous
Degenerate Equations of Mized Parabolic-Hyperbolic Type. Journal of
Mathematical Sciences, 236 (6) (2019), 603—640.
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IMMPUMEHEHUNE KOMIIO3UIITMOHHOT'O METOJA AJIs
IIOCTPOEHUS OBOBIIIEHHBIX OIIEPATOPOB
BYIIIMAHA-SPJIENN

CUTHUK C. M."*, JIVXHOBCKUI1 C. A.>"

'HIY Benal'V, Poccusa
HIY MI'CY, Poccus
“mathsms@yandex.ru, *sergeidukhnvskijj@rambler.ru

Teopust onepaTopoB MpeodPA30BAHUS SIBISIETCS XOPOITO Pa3paboTaH-
HBIM CaMOCTOSITEJIBHBIM Pa3eOM MATEMATHKH, HAXOISIIUMCS HA CThI-
ke i pepeHInalbHbIX, UHTErPAJIbHBIX U HHTErPO-1nddhepeHITna bHbIX
ypaBHeHUi, (pyHKIIMOHAJIBLHOTO aHaIu3a, TeOPUU (DYyHKIU, KOMILIEKC-
HOTO AaHAJI3a, TEOPUH CIENUAJbHBIX (DYHKIUH U IPOOHOrO0 HMHTErpo-
b depeHInpOBaHNst, TEOPUHU OOPATHBIX 3aJ1a4 U 33141 PACCESTHIST. 3HA~
YUTEILHBIN BKJIAJ B 9Ty TEOPUIO U €€ MPUIoKeHus K juddepeHimaib-
HBIM yPABHEHUSIM C 9aCTHBIMU [TPOU3BOHBIMU BHEC/IU PAOOTHI BOPOHEK-
ckoro Maremarnka Basepusi Bsaueciasosnua Karpaxosa [1].

B nokmnaste 6y1eT pacckazaH KOMIIO3UITHOHHBINA METOJT TOCTPOEHHUST OTIe-
paTopoB npeobpazoBanus |2, 3, 4]. DTUM METOIOM TIOJIyYAIOTCS 10 €/~
HOII CXeMe BCe M3BECTHDbIE paHee B SIBHOM BHUJE OMEPATOPBI Mpeobpaso-
BaHUs, 8 TaK¥XKe MOJTyIeHbBl MHOTOUYHNCIEHHBIE HOBBIE K/IACCHI OIEPATOPOB
peobpazoBanus 00OOIEHHBIX onepaTopoB Byrmana-Dpeitu.

Cnucok Jureparypbl

[1] Karpaxos B.B., Cutauk C. M. Memod onepamopos npeobpa3osanus u kpacebie
300040 OAS CUHRYAAPHBIT dasunmuveckur ypasnenutl. CoBpeMeHHas MareMa-
tuka. Pyngamenranbable Hanpasienus. 2018. T.64, Ne 2. C. 211-426.

[2] Curruk C. M. Onepamopw. npeobpasosarus u ux npusodicenus. B c6.: Uccaeno-
BaHUs 110 COBPEMEHHOMY aHAJN3y M MaTeMaTHdecKomy MojesmpoBanuio 2008.
Buagukaskas, C. 226-293.

[3] Sitnik S. M., Jebabli I. On Applications of Integral Transforms Composition
Method. Lobachevskii Journal of Mathematics. 44:3 (2023), 1029-1042.

[4] Curauk C.M., Mumkuna 3. JI. Memod onepamopos npeobpazosarus dasn dugh-
Peperyuarvhux ypasHeHul ¢ onepamopamu Becceas. M.: ®uzmarmaut, 2019.
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INOPEPEHIINMAJIBHBIE VPABHEHU A
HEUTPAJIBHOI'O TUIIA 1 MOJEJIb HEMPOHHOI
CETU XOII®MJIIA

CKBOPILIOBA M.A.

HoBocubupckuit rocymapcTBennsbiii yauBepcurer, Poccust
sm-18-nsu@yandex.ru

Paccvorpum cucremy auddepennuaibHbIX ypaBHEHNH HEATPAILHOTO
THIIA

Bi(t) = —ciwi(t) + ) aij fi(x(0) + Y bijgi(i(t — 735 (1))
=1 j=1

n
—I-Zeijj}j(t—fij(t))—l-ui, 1=1,...,n, t>0,
7=1

e 7;5(t), &;(t) € CLRy), fi(z), gj(x) € C(R), u BbImOIHEHDI CIeTy-
IOIIUE YCJIOBUSI:

0< &) <& 0<m(t) <7, &) <& ;1) <7,

[fi(e) = il < ljlz =yl lgi(e) — g5(@)| < mjle —yl, z,yeR.
Ara cucTeMa paccMaTpuBasack B pabore [1] kak Mojieb HEHPOHHOM ce-
i Xomduiga. ABTOPhI JaHHON pabOThl M3ydasid SKCIOHEHIMAJIbHYIO
YCTOWYMBOCTH CTAIlMOHAPHBIX DPEIeHNH CHUCTEMBI, NCIOJIb3Ysl KBa3UJIH-
Heliabtit byuknnonasa JIsnynosa — Kpacosckoro. Beuin ykazanbr mocra-
TOYHBIE yCJIOBHs Ha KO3 OUIIMEHTHI CHCTEMBI, TapaMeTPhl 3ala3/IbIBa-
HUs U HeJnHelHble DYHKIUHU, TP KOTOPBIX CTAIIMOHAPHOE perenne 0y-
JIET SKCIIOHEHITUAJBHO YCTOMIMBBIM. BMecTe ¢ TeM, BOIIPOC O MOy YeHIH
KOHCTPYKTHUBHBIX OIIEHOK PEIIeHUI, XapaKTEPU3yIOIUX CKOPOCTh CTabu-
Jin3anyuy Ha OECKOHEYHOCTH, TaKKe MPEJICTABJISIET 3HAMUTE/bHBI HHTE-
pec.

OTrMmeTuM, 9TO B HACTOSIIIEE BPEMSI UMEIOTCS PE3YJIBTATHI O MOy Y€HUN
KOHCTPYKTHUBHBIX OIEHOK PEIICHMIT JIJIsi IMMPOKUX KJIaccoB JinuddepeHiu-
aJIbHBIX ypaBHEHUIT HefiTpasbHoro Tuia (cM., HanpuMmep, [2]-[6]). B yka-
3aHHBIX paboTax ObLIM IPEIJIOXKEHBI PA3JIUYHbIe KBaPATHIHbIE (DYHK-
nuonaJsibl JIsanynosa — KpacoBckoro, mo3BoJisiioiue moJydarh OIEHKU,
XapaKTePHU3YIOInue CKOPOCTH CTaOMIIN3AINY PEIeHT Ha OECKOHETHOCTH.
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B macrosimiieit padbore MbI ITOJTyIUM OIEHKY PEIeHuil JjId MOJIe/ i Hell-
pounoii cetn Xomdusaa, UcHoabL3yd GyHkiuona sl Jlamynosa — Kpa-
COBCKOT0, Ipe/IoKeHHbIe B [2]-[6].

UccnenoBanue BBINMOJHEHO 3a CUeT rpaHTa Poccuiickoro HayJIHOro
donma Ne 24-21-00367, https: / /rscf.ru/project /24-21-00367 /.

1]

2]
3l

4]

]

(6]

Cnucok Jureparypbl

Wan L., Zhou Q., Fu H., Zhang Q. FEzponential stability of Hopfield
neural networks of neutral type with multiple time-varying delays // AIMS
Mathematics. 2021. V. 6, No. 8. P. 8030-8043.

Demidenko G.V. Stability of solutions to linear differential equations of neutral
type // Journal of Analysis and Applications. 2009. V. 7, No. 3. P. 119-130.
Hemunenxo I'.B., Marseesa .. 06 ouenkax pewenuti cucmem dugdepenuu-
AALHDIT YPABHEHUT HETUMPAABHO20 MUNG € NePUoduteckumy Kodphuyuenma-
mu // Cubupcknit maremarmaeckwii xkypuas. 2014. T. 55, Ne 5. C. 1059-1077.
MarseeBa N.1I. 06 sxcnonenyuaavhoti yemotdwusocmu pewenuts nepuoduse-
ckuz cucmem wetdmpanvrozo muna // Cubupckuil MaTeMaTHIECKU XKypHAJL.
2017. T. 58, Ne 2. C. 344-352.

Marseea U.U. Ouenku pewenuts KAacca HEGBTMOHOMHBLT CUCTEM HETMPAALHO-
20 MUNAG ¢ HEOZPAHUMEHHbIM 3anaddveanuem |/ CuUbUpPCKUT MaTeMaTHIeCKUi
xypuas. 2021. T. 62, Ne 3. C. 579-594.

Demidenko G.V., Matveeva I.I. The second Lyapunov method for time-
delay systems // Functional Differential Equations and Applications (Editors:
Domoshnitsky A., Rasin A., Padhi S.). Series: Springer Proceedings in
Mathematics & Statistics. Springer Nature, Singapore, 2021. V. 379. P. 145-
167.

YCPEOAHEHUWE JIBYMEPHOI'O OIIEPATOPA JIUPAKA

C BBICTPO OCIMJIJINPYOIIINMN
KO OPUITNMEHTAMN

CJIOVII B.A."*, ®AJJIEEBA H.M.""

! Cankr-IleTepbyprexuii TocyIapCcTBeHHbIH yHIBEpcuTeT, Poccns
“v.slouzh@spbu.ru, *faddeevanina@gmail.com

B npocrpancree Lo(R?; C?) paccmarpubaercsa omepartop Jupaka c
CHHTYJISPHBIM MAarHUTHBIM MTOTEHIMAIOM, 3JIEKTPUIECKUM TTOTEHIATIOM
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U IEPEMEHHON MacCCOM:

D, = (m - iAﬂx)) o1+ (Dz - i/@(x)) o

+mf(x)o3 + VE(x)1, DomD. = H'(R*C?), ¢>0.

Baech ncnonb3yroTces obosHauenus: f€(x) = f(x/e), x € R?,

(01 (0 —i (1 0 L_ (10
91=\10) 27\ o) = \o -1)° ~~\o 1)

Ipesmonaraercst, 1ro koodbdummentsr Ay, As,m,V € Ly 10c(R?), p > 2,
1 Z2-HepuoimIHbl; KPOMe TOTO HPE/IOIAaraeTes, 9T0 BeKTOP-TIOTEHITHAT
A(x) = (A1(x), A2(x))? ynoBreTBopsieT ycioBusM KaaubpOBKH

divA(x) =0, / A(x)dx =0.
(0,1)4

PaccymoTrpruM BcmomoraTebHYIO 33/1aTy

{ Vo(x) = (A2(x), —A1(x))!, 0
f(0,1)d p(x)dx = 0.

Bamauga (1) mmeer eammcTBenHOe Z2-mepuosmdeckoe permenne ¢(x). B
TepMuHax @(X) onwmiieM ycpeanenue orneparopa D.. Ilomoxum

wi(x) = 22, B (x) = i () |w ] 7] g0
s (oo(x) 0
Q(x) = < 0 @+(x)> )

OCHOBHBIM pe3yJIbTATOM PabOTHI SIBJISIETCS CIIEAYIONIEe YTBEPXK ICHNUE.

Teopema 1. Cnpasedausa ouerra

=1 _ A 0 _ 1\—19
[(De — i)™ = Q5(D° — i) '°| | oy 12y < O € > 0.
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3decvy C > 0 zasucum moavko om xoappuuyuenmos A1, As,m, V'

DO .= v (D101 + Dyoa) + VO,

Vo= |

0.1y 200 (m(x)a5 + V () 1) (x) dx,

v = f(o,l)d W4 (x) W (x) dx.

Hust caygast mocTossHHOM Maccesl m(X) = My U HYJEBOTO SJIEKTPHIe-
ckoro norernuana V(x) = 0 naHHBI pe3ysIbTaT ObLT HOJMyUeH B paboTe
A A Kykymkuna (2013).

Uccnenosanue noguep:kano PH® (rpant Ne 22-11-00092-1T).

MHOT'OTOYEYHASA HAYAJIbHO-KOHEYHA A 3AJAYA
AJId CTOXACTUYECKOU JIMHEVHOUW CUCTEMBI
OCKOJIKOBA

CYKAYEBA T.I."*, 3ATPEBUHA C.A.>°

"Hosropoickuii rocyiapcTBeHHbIil yHuBepcuteT uMenn Spociasa Myaporo, Poccus
*IOzxHO- Y paIbCcKuil TOCYIapCTBEHHBIH YHIBEPCHTET, Poccns
“tamara.sukacheva@novsu.ru, *zagrebinasa@susu.ru

PaccvoTpum cucremy ypaBHEHMIA

(1—eVHoy =vViu—(v-V)o-Vp+f, V-v=0, (1)

MOJIEJTUPYIOILY IO JJMHAMUKY CKOPOCTH ¥ = (V1,V2,...,Up), Vg = vg(x, ),
k =1,n u nasnenusi p = p(x,t), (z,t) € Q x R, Basko-yupyroit Hecxku-
maemoii xuakoctn Kenbenua-@oiirra. 3gecs @ C R", n € N\ {1},
orpanudeHHas obsacTh ¢ rpanuteit 0 kiuacca C'*°, napamerpol & € R u
v € Ry XapakTepusyloT yIpyrue u BS3KHe CBOICTBa KHUIKOCTU COOTBET-
creerno. Cucremy (1) Buepsbie noyamn u uccaenosan A.I1. Ockonkos
[1]. TTosromy ee cranu HazbiBaTh cucmemoti Ockoakosa.

A.TT1.OCKOJIKOB M €ro y4eHUKH HCC/IEI0BAIN OJHOZHATHYIO Pa3pelin-
MOCTb Pa3/JMYHBIX HAYAJIbHO-KPAEBBbIX 3aja4 s cucreMmbl (1) u pas-
HOOOPA3HBIX €€ 0OOOIIEHWI TIPU NOAOHCUMENLHOLT 3HAYEHUAT TTAPDAMET-
pa & B OrpaHMYEHHBLIX M HEOIPAHMIEHHBIX 00JIacTAX mpocTpancTBa R,

272



n € {2,3,4}. CoorBercrByIONIe ypaBHEHUS] PEJLYIUPYIOTCS K abCTPaKT-
Hoit mogemn Lu = Mu + N(u), tue L, M — suneiiHble onepaTopsl, a
N — HeJluHERHBIH O1IEPATOP B CHENUAIBHBIM 00Pa30M MOCTPOEHHBIX TIPO-
CTPaHCTBAX.

Paccmorpum snHeitHyto abcrpakTHyo Mojgenb Li = Mu + f, B 6a-
HaXOBBIX mpocrpaHcTBax i n §, npuuem omeparopsl L € L(L;F) (re.
muneen u menpepsisen), M € CI(4U;§) (r.e. jmHeeH, 3aMKHYT U ILIOT-
HO oupegeren). Ilycrs oneparop M (L, p)-orpannden [2]|, upudem ero
L-cruiekTp yoBJIETBOPSIET YCJIOBUIO, TP KOTOPOM CYIIECTBYIOT OTHOCH-
TeJIbHO CIHEKTPaJIbHBIE IPOeKTOPBI P}, j = 0,m.

1
Pj=_— LM)dp e L(s);  Q

1
27

[ thondue L)
Y

Cwm. mozpobroctu B [3).

[¢]
PaccmoTpuM croxactuyeckoe smHeiiHoe ypasHenue L 1= Mn + Nuw,
rjae n = n(t) — uckomelil, a w = w(t) — 3agannblil croxacTudecknii K-
IIPOIIeCC, C MHOI'OTOYEYHBIM Ha4YaJbHO-KOHEYHBIM YCJIOBHEM

[Tpu uccieoBaHnN pa3pernmMocT abCTPAKTHOM CTOXaCTHIECKON 3a-
JIavn TIpeJIoIaraercsi, 4ro omneparop M sisisiercs (L, p)-orpaHUdeHHbIM,
p € {0} UN, u BbimosHsieTcs ycaoBre, rapaHTHPYIOIIee CYIIeCTBOBAHIE
OTHOCUTEJIBHO CHIEKTPAIBHBIX IpoekTopos Pj, j = 0,m. Ilpuuem nox
IPOM3BO/IHOI TOHMMaeTcst mpou3BoHas Hebcona — mukimxa. Ciryqaii-
HbIE IPOIECCHI, UMeroIne npon3Boanble Henbcona — Iukimxa, Mbl Ha-
3bIBaeM G depeHIpyeMbIMu «IryMaMu». [loydennble abcTpakTHBIE
Pe3yJIbTATHI IPUJIArAIOTC K CTOXaCTHIeCKOil jmHeitnoit cucreme Ockoi-
koBa. /Jokazana Teopema CyIeCTBOBAHNUS €IMHCTBEHHOTO PEIIEHNsT MHO-
rOTOYETHOI HAYAILHO-KOHETHOI 33149 JJIst 9TOH CHCTEMBI [3)].

[Ty6imkanust 1o ;roros/eHa B paMKax poekTa Mamemamuieckoe mo-
deauposanue npupodnvlr npoyeccos (rocyaapCTBEHHOE 3a1aHue B cdepe
HAyTHOIT JIesATe/IbHOCTH ), HCCIIeJ0BaHNEe BBIIOIHEHO 3a cieT rpanTta Poc-
cuiickoro may4anoro donga Ne 24-11-20037 (https://rscf.ru/project/ 24-
11-20037) n Yensabumckoit obmacrn.
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Cnucok Jureparypbl

[1] Ockomkor A.IL. O paspewumocmu 6 yeaom nepeoti kpaesol 3ad0a4u 0 00HO
KBAZUAUHETHOT cucmemst 3-20 NOPAJKA, BCMPENAOUETCA NPYU USYUeHUL 06U~
orcenus 6a3koll orcudrocmu. 3anmcku Hayd. cem. JIOMU, 27 (1972), 145-160.

[2] Ceupumrok I A. K o6weti meopuu noayepynn onepamopos. YCIeXu MaTeM. HayK,
49:4, (1994), 45-74.

[3] Sukacheva T. G., Zagrebina S.A. Analysis of the stochastic Oskolkov system with
a multipoint initial-final value condition. GSA (Global and Stochastic Analysis),
11:4 (2024), 166-177.

3AJTAYA ABAJIOC-TPUI>KUVAHUN JJI
JIMHEAPU30BAHHOM CUCTEMbBI OCKOJIKOBA
HEHYJIEBOI'O IIOPSAJIKA I CUCTEMBI BOJTHOBBIX
VPABHEHUMN

CYKAYEBA T.I'."*, KOHIIOKOB A.0.""

'Hosropockuii rocyiapcTBeHHbIH yHuBepcuTeT uMenn Spociasa Myaporo, Poccus
“tamara.sukacheva@novsu.ru, "a.kondukov@novsu.ru

PaccvoTpum cucreMmy ypaBHeHMI

(1= AV uy —nV2u — (i- Vu — (u- V)i—

K
1
—ZB;VQWH—Vp:O, V(t,xz) € (0,T] x Qf = Qry, (L)
=1
ow; _
W =utowy, o ER—) 6[ ER-F? I = 1) K7 V(t7.’lj‘) eS)Tfa (2)
V-u=0, V(t,x) € Qry, (3)
wy — Viw4+w=0, V(t,z)ec (0,T]x Q= Qs (4)
C I‘paHI/I‘IHbIMI/I yCJIOBI/IHMI/I
ulp, =0, V(t,x) € (0,T) x Ty =Tpy, (5)
Wl|I‘f = 07 V(t,l’) € FTf7 (6)
U= wy, V(t,z) € (0,T] x I'y = I'ps, (7)
ou OJw
% — % = pv, V(t,l‘) € FTS (8)

274



1 Ha4YaJIbHBIMU YCJIOBUAMUN

(w(0,-),w(0,),w1(0,-),...,wg(0,-),u(0,-)) = )

= (wo,wl,wlo, - ,WK(),UO) c H.
3nech ) orpanmueHHasi obsactb B R”,n = 2,3, ¢ J0CTATOYHO IJIaJI-
Koii rpanuneit 2. Bekrop u = col(uy,us, ..., up) — BEKTOp CKOPOCTH

JKHJIKOCTH, BeKTOp w = col(wy, wa, ..., Wy ) — BEKTOP CMEIIEHUSI TEJIa, KO-
TOpoe 3aHuMaeT 061acTh (s, M IOIPYKEHO B 2KUJKOCTD, 3aHUMAIONLYIO
obnacre €y, Torma Q = 5 Uy, Q, ﬁﬁf = 90, = I'y asnagerca o6-
mieit rpanuneit s, u Qf. I'y BHemnss rpanuna obnactu {2y, CkanspHas
dyuknus p — maBiaenue, napamerpel 1 € Ry u A € R xapakrepusy-
IOT BA3KNE U yIPYTUE CBONMCTBA YKUIKOCTH COOTBETCTBEHHO. [TapameTphr
B € Ry, I =1, K, onpesieIIioT BpeMsl peTap/anun (3aIas/[bIBaHns )
nassenust. [loagpobrocTu cm. B [1]

Bazgata Asasoc-Tpumxuann (3amaga AT) (1)-(9) momenmpyer ciy-
Jail, Korjaa »KuJIKOCTb B §) f ABJIAETCH HEC2KMMAEMOU BA3KOYIIPYTOil KU1
KocThio KenbBuna - Doiirra, onuchIBAEMOil TNHEAPU30BAHHON CHCTEMOM
OckouikoBa HeHysieBoro nopsijka [2]. B cayuae K = 0, A = 0 3agaga AT
Jytst JmHeRHoN Mojenn uzydasach B [3]. Ilpu K = 0 3agaga AT nst -
HeapHSOBaHHOﬁ CUCTEMBI OCKOHKOB& 1 CUCTEMBI BOJIHOBBIX ypaBHeHI/Iﬁ
paccmarpuBasiach B [4]. Teopema cyiecTBoBaHUSI € IMHCTBEHHOTO Peliie-
must 3agaan AT (1)-(9) obobitaer pesyabrarsr [4].

IIy6siukarus moarorosieHa B paMkax npoekta Mamemamuvueckoe mo-
deauposarue npupoonvir npoyeccos (rocylapcTBeHHOE 3a/1aHne B cepe
HAyHOIl JIesSITeIbHOCTH ).

Crucok JuTepaTypbl

[1] Sukacheva T. G., Kondyukov A.O. Linearized Oskolkov system of non-zero order
in the Avalos-Triggiani problem. Journal of Computational and Engineering
Mathematics, 12:1 (2025), 36-43.

[2] Ockonkor A.Il. Hauwasvho-kpaesvie 3adauu 0as ypashenuli deuscenus sHcuo-
rxocmet Keaveuna-@otiema u Oadpotima. Tp. Marem. un-ra AH CCCP, 179
(1988), 126-164.

[3] Avalos G., Lasiecka 1., Triggiani R. Higher regularity of a coupled parabolic-
hyperbolic fluid-structure interactive system. Georgian Mathematical Journal,
15:3 (2008), 403-437.
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[4] Sukacheva T. G., Kondyukov A.O. The linearized Oskolkov system in
the Awalos-Triggiani problem. Journal of Computational and Engineering
Mathematics, 11:1 (2024), 17-23.

D W1 E-CUHI'YJIIPHOCTU PEIIIEHUN
ITPOCTPAHCTBEHHO ABYMEPHOI'O BOJIHOBOI'O
YPABHEHUA

CYJIEMMAHOB B.U.

Nucruryr maremaruku ¢ BIL YOUIL PAH, r. Yda, Poccus
bisul@mail.ru

Haunnast ¢ paborsr A. X. Paxumosa [1], B mocsientue jecsTuierust
CJIOKUJIOCH Y2Ke I1eJI0e HAIlPABJICHUE UCCJIEIOBAHUM, TOCBATIEHHBIX OITH-
CAHUIO CHUHIYJISIDHOCTEH pelleHuil KBasuIWMHEHHBLIX ypaBHEHUI B 4acT-
HBIX TTPOU3BOMHBIX, SIBJISIONIUXCS TUMWYHBIMA B CMBIC/IE MaTeMaTHde-
CKOU Teopuu KaTacTpod OCOOEHHOCTSIMU HPOEKTHUPOBAHUS U3 00JACTH
U3MeHEeHUs] HEe3aBHCUMBIX IT€PEMEHHBIX, KOTOPBIE ABJISIIOTCA TJIAJIKIMU
GYHKIUAMEI 3aBUCUMBIX [T€PEMEHHBIX.

B HenaBheii craTbe 2] 6110 3aMeYEHO, YTO TEHOTHUIIBI CUHYSIPHOCTE
IJIaJIKAX OTOOPAYKEHUI, OIPEIEIISIIONTNX BCE TPU TUITMIHBIE B CMBICJIE Ma~
TEeMATHIECKOIH TEOPUU KAaTacTPOd 0COOEHHOCTH PEIeHnl CUCTEMBI yPaB-
HEeHU# OTHOMEPHOT'O M309HTPOIIMYIECKOTO T'a3a, COBIIAIAIOT C TEHOTUIIAMU
COOTBETCTBYIONMINX HOJOOHBIX OCODEHHOCTSIM PEIIeHUi INHEHHOTO BOJIHO-
BOI'O ypaBHEHUsI C OCTOSHHBIME Kodddunuentamu (¢ pocTkaMu B HyJIe
byHKIMi A;t s a3, Agt : +2% w D : 2%y +4>. B s1oit pabore 6biTa BBI-
JBUHYTa TUIIOTE3a O TOM, 9TO aHAJOTMYHOE HAC/IEIOBAHNE MMEET MECTO
¥ B IPOCTPAHCTBEHHO HEOIHOMEPHBIX CJIyYasTX.

B mamHOM mDOKJIa]€ COODIMAETCS O TOM, UTO B YHC/E THIUIHBIX OCO-
OGeHHOCTE!l TPOCTPAHCTBEHHO JIBYMEPHOI'O BOJIHOBOI'O ypPAaBHEHUS

"oy 1"
Urr =Uxx + Uyy

UMEIOTCST OCOBEHHOCTH € TEHOTUIIAMU COOTBETCTBYIONINE POCTKAM B HYJIE
PyHKIMII Dfxzy:i:gﬁ, a TakxKe QYHKINH D? : 22y +y* u, uro, ocobenno
npuMedaTenbHo, (PyHKIHit ¢ cuarynpanocTavu Tana E o x34-(0 (22 +y?)?
(3o GyyT ckopee Bcero pocTkn dbynkmmit Bg : 22 +y* wm Ey : 23 4-213).
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Jlist aHam3a TaKUX CUHTYJIPHOCTEH PacCMATPUBAJINCDH TJIAJIKUAE Pe-
mennst w(T, £, 1) obpasa BOJHOBOIO ypaBHEHUsI IIpH 1IpeobpasoBanust Jle-
JKAHIPA

U—-—1mT—-¢X —nY +w=0
B OKPECTHOCTSIX UX HEMOPCOBCKUX KPUTHUIECKUX TOUEK C JIBYMSI «ILJIOXU-
MW»> HAITPABJIEHUSIMH.

BBIBOZT O TUNIMYHOCTU BBIMIE YIIOMSIHYTBIX CHHIYISPHOCTEN BOJIHOBO-
ro ypaBHEHUS CJIeJyeT U3 BO3MOXKHOCTH — B COOTBETCTBUU C UJIEOJIOTHU-
eii MaTeMaTHIeCKON TeOpUN KaTtacTpod — HAJOXKEHHUs JI0 Tpex (Jducia
HE3aBUCUMBIX [IEPEMEHHBIX ) JIOTMOJHUTEIBHBIX OrPAHUIeHIH Ha KO hu-
ueHThl passioxkennit Teitsopa rmagkux pernenuit w(7,&, ) ypaBHEHUs,
SIBJISTIOITIETOCST 0OPa30M BOJTHOBOTO ypaBHEHUs TIPH Tpeobpasosanun Jle-
JKAHIPA.

Crcok JuTepaTypbl

[1] Paxumos, A.X . Ocobernocmu pumarosux uneapuarmos. OyHKI. aHAIU3 U €ro
npwmr., 27:1 (1993), 46-59.

[2] Cyneiimanos, B. 1., asnykos, A. M. O nacaedosaruu peweruamy ypasre-
HUT 0BUICEHUA U30IHMPONUNECKO20 2036 MUNUYHLT ocobenrnocmet: peueHud
AUHETIHO020 60AM06020 Ypaskerus Mar. 3amerku, 112:4 (2022), 625-640.

HEJIMHEVMHBIN PESOHAHC B CUCTEMAX C
3ATYVXAIOIINMI BO3MVYIIIEHUSIMUI

CVJITAHOB O.A.

WNucturyr maremaruku ¢ BI[ YOUILL PAH, Poccus
Jla6oparopust um. I1.JI. Hebpimesa, CIIGLY, Poccus
oasultanov@gmail.com

PaccmarpuBaroTcst BO3MYIIEHUsT HEJIMHEHHBIX KOJIE0ATEIbHBIX CHCTEM
Ha wiIockocTu. [Ipemoniaraercsi, 9T0 UHTEHCUBHOCTDb BO3MYIIEHUN CTpe-
MUTCS K HYJIIO CO BPEMEHEM, a JacTOTa SIBJISETCH aCUMIITOTUIECKHU I10-
CTOSIHHON C TPEJIEbHBIM 3HAYEHUEM, YIOBJIETBOPSIOININM HEKOTOPOMY
pe3oHaHCHOMY ycJsioBuio. Mccienyorest acCuMITOTHYIECKIE PEXKUMbBI JIJIsT
pereHuii BO3MYINEHHBIX ypaBHeHu#. B gacTHOCTH, 06CYXK1aeTCsI MOSIB-
JIEHVE TPUTITHBAIONINX PEIeHn ¢ ACUMIITOTHIECKN TTOCTOSTHHOW pe3o-
HaHCcHON aminTymoil. Takne 3pdeKThl B OJU3KUX 3a70a9aX C MAJIBIM
mapamMeTpoM OOBITHO CBSAZBIBAIOT C SIBJIEHUEM HEJTMHEHHOTO pe30HaHCA.
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C moMoIb0 KOMOMHAIIMY TEXHUKN YCPEIHEHUsI U MeToa PyHKIwi JIs-
[IYHOBA, BBIBOJIATCS MOJIEJIbHBIE YPABHEHUSI, PEIIIEHUST KOTOPBIX OIUCHI-
BAIOT BO3MYIIEHHYIO AuHAMUKYy. [loka3aHo, 9TO pe30HAHCHBIE PEIIEHUs
UMEIOT MEeCTO B pexkume (pa3oBoii cuaxponmusarnuu. Haiimenor ycaoBust
CYIIECTBOBAHUSI M YCTONYIMBOCTU TAKUX PENICHUI, a TAKXKe OIUCAHBI CO-
OTBETCTBYIOIINE ITOPOTrOBbIE 3HAUCHHUSI.

Hokiazn ocnosan Ha paborax [1, 2].

Cricok JuTepaTypbl

[1] Sultanov O.A. Resonance in isochronous systems with decaying oscillatory
perturbations. Qualitative Theory of Dynamical Systems, 23 (2024), 295, 29

pp-

[2] Sultanov O.A. Nonlinear resonance in oscillatory systems with decaying
perturbations. Discrete and Continuous Dynamical Systems, 45:5 (2025), 1691-
1719.

O HEKOTOPBIX KJIACCUMYECKNX KPAEBBIX
SAJAYAX OJIAd ITUNPPEPEHIINAJIbBHBIX ®OPM

CYPHAYEB M./.

WIIM um. M.B. Kengpima PAH, Muycckast mi. 4, Mocksa, 125047, Poccust
peitsche@yandex.ru

Hokuay ocHoBan Ha coBMecTHOH pabore ¢ Annoit Basmpxer (Buie-
despg, OPT') u Ceaprengy Cusnem (Bauramop, Unaus) u nocesiuen
KpaeBbIM 3aj@adaM [JIsl JaliacuaHa XoJika W cucreM Tuma div-rot B
npoctpancrBax Jlebera u CobosieBa ¢ mepeMeHHBbIM okazaresieM. [lycTs
M pumanoBo mHOrooOpasme ¢ kpaeM bM, a mepeMeHHBIN TTOKa3aTe/lhb
p(-): M — [p—,p+], 1 < p_ < py < +00 yHosieTBopsieT Jorapudmute-
ckoMmy ycaosuio B.B. ZKukopa:

p(e) - py)| < L

, ,y € M.
~ log(e + dist(z,y)~1) wY

[ycrs s € NU{0} u M mmeer xnace raaakoctn CSTH1 (To ectn, bynk-
I[IY IIePEXO0/Ia MeK 1y KOOP/IMHATHBIMI CUCTEMaMU UMEIOT KJIACC IVIaJIKO-
cru CSTH1 1 a Merpuaeckumit Temsop kimace raaakoctn C1). O6oznaumm
data = (p_, P+, Clog(p), M). Hepes LPO (M, A) u WP() (M, A) Gynem
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obozHavaTh npocrpancTsa Jlebera u CobosieBa ¢ epeMeHHbIM IOKa3aTe-
nem p(-) ma M, mpmaen WOPO (M, A) = LPO) (M, A). Hopmy B mpocrpan-
ctee WP() (M, A) o6osnauaem aepes || - s,p(-y,01- TlyeTs v — epmmanas
“prerisist HOpMash’, tw = V(v Aw), nw = v A (Vow),

(f.9) = / (fog)dV, [f.q) = / (v A f.9) do.

M bM

st mpocTpaHcTa rapMoOHnYecKuX mmojeil Ha M wucrmonb3yeM obo3Hnade-
uue H(M). IlpocTpancTBO TapMOHIYECKUX T10JIEli ¢ HYJI€BOW TaHTEHIU-
AJHLHOI KOMIOHEHTO! Ha rpanure obosnadaem depe3 Hp(M).

Teopema 1 (pasnoxenme Xomxa). Hyemos w € WP (M, A). Tozda
cywecmeyiom a, f € WSTLPO (M A) w h € WPO (M, A) NH(M) ma-
xue, wmo w = h + da + 08, npuvem ta =0, da =0, nB =0,d8 =0 u
CNPABEJAUBL OUENKA

15

ls.p(),005 1lls1,p0),005 1 Blls41,p0y,00 < Cdata, s)||wlls p(.),ar-

Teopema 2 (Cucrembr tuma div-rot). Iycmo f,v € WPO(M,A) u
@ € WsthPO)(M, A) ydosaemeopmom df = 0, dv = 0, (v,hr) = 0
u (f,hr) = [p,hr]| daa ecex hy € Hr(M), u t(f — dp) = 0. Toeda

cywecmeyem pewerHue w € VVSJFLP(')(M7 A) xpaesoti 3adavu
do=f, dw=v naM, tw=ty nabM,
makoe, wmo das nexomopozo C' = C(data, s) > 0 cnpasedaueo
wlls1,p0),00 < CUFllspy,mr + 10l p), 01 + 12Nl s1,p(),00)-

Teopema 3 (Cucrema Xomxa-/Tupaka). [Tycmo f € WSPC) (M, A) ydo-
saemeopaem (f,hr) = 0 daa scex hy € Hr(M) v a € R\ {0}. Tozda
natidemes w € WsHPO (M, A) N W%’p(')(M, A), ydosaemsoparowee

dw+adw=f mna M, tw=0 mna bM,
maxoe, wmo (w, Hr(M)) =0 u svnosnsemca
[wlls1,p0),0 < Cdata, a, 8)[| flsp(y,ar-
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Teopema 4 (Oneparop Tumna Borosckoro). Hycms f € WPO (M, A) u
@ € WetLeO) (M, A) ydosaemeoparom ycaosuam

df =0, t(f—dp)=0, (f hr)=][p,hr] O0aaecex hr € Hp(M).

Tozda natidemes w € VVSH’Z’(')(M7 A) ydosaemeopmowan dw = f na M,
Kpaesomy ycaosuio w = @ wa bM u ouenxe

wlls+1,p(,0r < C(data, s)(||f|

s,p(+),M + H(PH3+17;D(‘),M>'

Criucok JuTepaTypbl

[1] Morrey C.B., Jr., Multiple integrals in the calculus of wvariations. Die
Grundlehren der mathematischen Wissenschaften Band 130. Springer-Verlag
New York, Inc., New York, 1966

[2] Schwarz G., Hodge decomposition—a method for solving boundary wvalue
problems. Lecture Notes in Mathematics 1607, Springer-Verlag, Berlin, 1995.

OIITUMAJIBHAA ®OPMA IIPEIIATCTBUA IIPU ET'O
OMBIBAHUN NJAEAJIBHOU 2KNJIKOCTBIO

THUMOXUH E.B.

MI'Y umenu M.B.JIomonocosa, Poccus

B nmammoit pabore mpousLIIOCTPUPOBaH (DYHKIIMOHAJIBLHO T'€OMETPHUtIe-
ckuii Meroy; |1] pemenust 3aa4 co cBoboHO rpanumeii. s npocTors!
BbIOpaH OOBLEKT C MPOCTOH TreoMeTpueil, KOTOPBIII HAXOIUTCA B IOTOKE
UJIeaJIbHOW HECXKMMAEMON YKUJIKOCTU. YTOJ HAKJIOHA JAHHOTO OOBHEKTA
SIBJISIETCS ITapaMeTPOM YIIPABJIEHUS JJIsi MUHUMU3AIMT BPEMEHU OMbIBa~
HUS HaKJIOHHOTO yYaCTKa KOHTPOJIbHON dacTuneir u3 moroka. [loctpoen
YUCJCHHBIA AJITOPUTM U HafijleHa TOYKA MUHUMYyMa (DYHKIIUA BPEMEHU
OMBIBAHUSI OT yIJIa HAKJIOHA.

PaccmoTpena jiByMmepHast 3a1a1a 6€30TPBIBHOIO OOTEKAHUST KJIMHOBHJI-
HOT'O BBICTYIA Ha IOJIYIJIOCKOCTH ITOTOKOM HJIEAJbHON HECXKUMAaEMOi
JKHUJIKOCTU €O CKOpocThio Voo = (1,0). Cucrema orcruera BoIOpaHa CBsi-
3aHOHN € KJIMHOM W JIJI pacYeTOB UCIOJb3YeTCs JIEKAPTOBA CUCTEMa KO-
opauHaT, r7e och O coHAIpaBJieHa ¢ HaberalmuM MoToKOM. Touka Ha
HaKJIOHHOM Yy4YacTKe KJ/IMHA, KOTOpas BCTpedaeT MOTOK, obo3nadena O
¢ koopauaartamu (0,0), a mposoxkaer - M (L, 1). ¥Yrom pacrBopa MexIy
ocbio Oz u HakJionHON KiauHa OM oboznauen 6.
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ypaBHeHI/Ie JABUZKCHUA 1 yCJIOBI/Ie KeC2KIMaeMOCTH 2KNJIKOCTHU 3alliChI-
BAETCsI B CJIEYIOIIEM BHUJIE fl—f =4, divt' = 0, fl—? = —%ﬁp, rie nepemMeH-
Hast 2 = Z¢(t) = (x¢(t), ye(t)) ~ 2 = x + iy € C oboznauaer KOOpAUHATY
WU [I€peMeleHrne KOHKPETHON YaCTHIBI C JIarpaHzKeBOi KOOpPIMHATOM
&, y KOTOPOIl BEKTOp CKOpoCTH U = Vgo(x,y), JaBJICHUE P, ILIOTHOCTD
p = const = 1. UaTepec mpesacrtapiser BBIOOP yria 6, mpu KOTOPOM
Bpemst T > 0 JBUKEHWsS] YaCTHIBI YKUJIKOCTU BJOJbL cKoca OM Oymer
MUHIMAJIBHO TPU reoMeTpraeckoM orpanndennn [OM|sinf = 1.

OueBnmHo, 9rTo oTobpaxkenne w : z — w(z) = @(x,y) + i ¥(x,y)
OJIHOJIUCTHO TrepeBouT obiacth Tedenns na Cp = {Im Z > 0}. ITosro-
My CyIIECTBYeT KaK aHAJUTHIECKAss (PYHKIUS 4 @ W +> 2, Takas, ITO
Z(w(t)) = z(t), rak u aHasuTHIECKast (DYHKIHS

dz
In—= = A(p, ) +1i Blp, ),

rme A = In ‘% , & B HenpepblBHAs BETBb Arg%, OJIHO3HAYHAST B CHUJLY
oxuocssizHocTH Coyp.

CoryiacHO reOMEeTPUIECKOMY CMBICITY Arg%, B J1I000I1 TOYKE JIMHUN
Toxa ¢ = 0, nmeem B(w)],_g = B(¢) = 0 X[pp 01,1 (¢). Papmonuueckas
dbyuknusa B B nonymiockoctu ¥ > 0 ¢ TaKUMH KYCOYHO-TIOCTOSHHBIMHU
TPAHUIHBIME yCIoBuAMA Tpn ¥ = 0 3aaeTcst HOpMyJToit

o Yo — ¢ oM —p
B(p+iy) = — (arcctg ( — arcctg [ ————
m (G (0
Jasee MoKHO HaiiTn (byHKIUIO A, TapMOHMYECKH CONPAKEHHYIO K B,
a MoCJIe M CKOPOCTDb YaCTHUIIBI 110 (hopMyIe:

= (= — -1 _ ,—A+iB
77 o Z'(w) e .

2(t):¢x+i<,0y:<ﬁx+i1/)x:

JIsT 9aCTHITBI C KOOPAWHATON 2¢(t)|¢—=g = 20(t), BBeIeM 0OO3HATEHUA
E\M)1€

def def
® = ¢p), @ = pMm. YIpOLIeHHAs dopmMmysta J1jisi CKOPOCTH IaCTUTIBL &
Ha JimHUK TOKa Y = 0 maercs

O/
o= (725) (1)

281



Yro xacaercst ¢ = (), TO A 9T0H DYHKIUU U3 YCIOBHS
Z(w(t)) = z(t) moaygaercs quddepeHmanbHoe ypaBHeHHe

b- (2" =0 so=0. )
a—¢
OrmernM, uto ¢ yueroM (1) reomerpuyeckoe orpaHudeHye

|OM|sinf =1

BBIpaxkaeTcst (hopMyJIoit

a
D(a,0) =0, tie ®(a,0) X sin@/ (ﬂ)oﬁr dt—1.  (3)
0 ‘a—o(t)
’HaﬂbHeﬁﬂlee nccjaea0BaHue BOSMOXKHO MeTOJaMM YHUCJIEHHOI'0 aHaJin3a,
KOTOp])IIL/'I IIOKa3bIBaET, 9TO MHUHHUMAJbHOE BPEMA OMbBIBaAHUA HaKJOHHOI
OM nocruraercst ph O, = /4, NOIYyIEHHOMY U3 PACYETOB C PA3HOM
BBIYUCJIUTEILHON IIOT'PEITHOCTBIO €.

Cnucok JuTeparypbl

[1] Jdemumos A.C. QynkuyuonasvHo-2e0MeEMPUUECKUT MEMOO PEWEHUA 3a0aY% CO
€6060010U 2paruyeli dan 2apmonuveckur dynryud , YMH, 65:1(391) (2010),
3-96.

KOJIEBAHUS 1 JINHENHBIE JN®OEPEHIINAJILHBIE
YPABHEHUNA C ITEPEMEHHBIMUA
KOSOPUIINEHTAMMA
TUMOLINH M.U.

VIBsAHOBCKHUN IOCYyIapCTBEHHBIN TexHUYecKuil yHuBepcureT, Poccus

midvolga@mail.ru

NsgectHo [1], aro smneiinoe nuddepenipanibHOe ypaBHEHIE CBI3aHO
/
¢ ypasHenueM Pukkaru. Tak npeobpaszoBanune z = % yCTaHABJINBAET

3aBUCUMOCTD MEKJIy KAHOHHIeCKNMU (hopMaMu ypaBHEHW
y" — R(z)y =0, 2+ 2% = R(x).
B pabore [2] cchopmyanpoBaHbl TEOPEMBL.
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Teopema 1. /[aa mozo wmobwv, xanoHnuueckoe ypasrenue Pukxkxamu
2+ 2% = R(x) (1)

Buvino unmeepupyemo 6 xeadpamyparx, Heobxodumo u d0CmamowHo, 4mo-
6w, pynryua R(x) 6vna npedemasaera 6 eude:

Ry E" E 2
R(z) = R <2E , Ry = const, E = E(x).

Teopema 2. Jluddeperyuarvrvie ypasHerus nepeozo nopadka donycra-
10M MOYEUHYIO CUMMEMPUIO C 2EHEPATNOPOM:

X = glo) L - gy o0 0,

ECAU U TMOADBKO ECAU UL MOHCHO npe&cmaeumb 6 sude:

/
aZ

/

£(x)0(x) <a;, +2lal+ a99> = F(ab(z)),  O(x) = expl / o(z) da).

Teopema 2 mosBosisier BbInucaTh obiue pernenust ypasuenus (1) B
3aBUCHMOCTH OT IIPOU3BOJILHON dyHKnnu F(x).

dx
N 2 _ —atg(a [ F+C1) E .
* Ry = —a7, <= E ;2E’
1
[ = Zz = .
Fa =0, B oy | 2E
a+aCrezp(2a [ 42 /
. Ry = d?, z= Lezp( fE)+%.

E(Ciexp(2a [ dfz)
Buas pemennst ypapuenust (1), JIErKo BBIIICATH COOTBETCTBYIOIIUE Pe-
IIEHNs JIMHEHHOTrO ypaBHEHHS BTOPOrO IOpdiKa. BeemeM HOByIO (pyHK-
o K (x) = %‘T, MO3BOJISTIONLY IO YIIPOCTUTH BhIpazkeHust. COOTBETCTBY-

Ioliee JIMHeHOe ypaBHEHUE IPpUMET BUJ,

AR\ K" + 3K — 2K" K’
T e y = 0. (2)

Beinuiem BapuaHThl pelienuii ypasaenusi (2), B 3aBUCUMOCTHU OT 3HAKA
mapameTpa Ry

2 C1Cos(aK)+Casin(aK) .

(] Rl = —a-, Yy = ( [()/1/2 ( )7
_ _ C1+Cr K.
N y = GG,
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_ Ciexp(aK)+Chexp(—aK)
- K/1/2

L Ry = CL2, Y

Paccvorpum mompobHee mepBbIil BAPHAHT, OMMUCHIBAIOIINH KOJIe0aTe b
HbI 11portecc. Haiimennyio ijist 9Toro ciaydas QyHKIIUIO MOXKHO ITePeru-
caTb B BUJIE

_ C1Sin(aK + Cy)

K,1/2 (3)

[Ipencrasienue (3) 06s1aaeT BaXKHONH OCOOEHHOCTBIO, Y HETO CYIIECTBY-
eT CBA3b MEKJly aMILIUTYION U 9acTOTOil, B 3TOM CJIydae HPUHSATO TOBO-
PUTH O HEJIMHEHHBIX KOJIeOaHIIX.

Broipaxkenue (3) mozBosisier NOCTPOUTH Kojiebanust Tuia " IeBaTbiit
BaJ1 "BosiHa y6uiilla paccMOTPETh pa3/IMYHble TUIILI PE30HAHCA.

Crucok smurepaTypbl

[1] Crenanos B.B. Kypc duppepenyuarvnox ypasnenud./ B.B. Crenanos - 8 - uzz,.
- MockBa: ®u3uko - MaTeMaTUIecKoi aureparypsl, 1959 - 468c.

[2] Tumommu M. Toueunsvie u kacameavHve CumMmempuy o6vkHosennbix dugdhe-
peryuasbHux ypasrenud: crenuaabaoctb 01.01.02 " muddepennmansabie ypas-
menmsa": Asropedepar Ha COMCKaHWE KAHIUIATA (PUSUKO - MaTEMATHIECKHX
nayk / Tumomnu, M.U. ; Camapckuii rocyapCTBEHHBIH I1€4aroruaecKuii yHu-
Bepcurer. - Camapa, 1996. - 16 c.

NHTEI'PAJIBI PUMAHA-JINYBUJLJIA B
ITPOCTPAHCTBAX TUITA BECOBA

YITAKOBA E.II.

WucruryT npobaem ynpasiaenust um. B.A. Tpanesaukosa PAH, Poccust
Maremarnuecknit nacturyt uMm. B.A. Creknosa PAH, Poccus
elenau@inbox.ru

IIyctb « > 0, p > 1, g > 0, s € R u u,v,w Beca Mykeuxoyrra.
PaccmarpuBaercst 3amada XapakTepu3allii JIBOWHOIO HEPABEHCTBA

Ol sy < 12l Ry < €Nl
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JJIsl HOpM B IIpocTpancTBax becosa ¢ oneparopamu Pumana—/IuyBuiis

@)= [ =

Ia L 1 oo a—1 d

@)= [ @m0 W

Mzt onpenenenus npocrpancts Becosa By (R,u) obosnaunm uepes S'(R)
TOIOJIONMYIECKH JIBOWCTBEHHOE TpocTpancTBo K Kiaccy [IIsapma S(R)
BCeX KOMILIEKCHO3HAYHBIX OBICTPO YOBIBAIONINX OeCKOHETHO auddepeH-
mupyembix dyskiuii Ha R. Tamnee, zadukcupyem rakoe ¢ € S(R), uro
suppp C {€€R:1/2 < [¢] <2} u [@(€)] > ¢ > 0 azt 3/5 < |€] < 5/3.
Honoxum ¢, (1) 1= 2V 1p(2¥12), tme v € N. Kpome Toro, Bhibepem
po € S(R) ¢ supp po C {€ € R: [¢] <2} u |Go(€)] > ¢ >0, [¢] < 5/3.

Omnpenenenne 1. [Ipocrpancrso Becosa B, (R, u) ¢ BeCOM u u3 Kitacca
Mykenxoynra A, (r > 1) ectsb coBokynuocts Beex f € S'(R) rakux, uto

1/q
Hf”ng(R,u) = <Z 2qusH¢V * quLP(R’u)> < 0.

veNy

Baecy LP(R, u) BecoBoe npocrpancrso Jlebera, f*p, cBeprka, @ (BbIIIE)
npeobpaszosanue Oypbe . Oupejiesienne He 3aBUCAT OT BbIOOPa @ U .

,HJIH (bOpMyJII/IpOBKI/I PE3YJIbTAaTOB BBE/JIEM B PaCCMOTPEHNE BEJIMYINHDI:

al U(QOT) 1/p [7)(@07")]17])/ 1/p’
M, = sup <Z r—7+ 1)p(1—a)l> <; (r—r+ 1)p’(1—a)(1_z)> ’

TEL

r>T
1/p 1-p' 1/p
M — u(Qor) [v(Qor)]
- (; (r —r+ 1p-all 2 r—r+ )Py )
u(Qoi 0(Qom)]* ' P\1/p
a (Ziér (r—iJ(r(?z))l—a (Zméz %) )
M . =sup Y ,
' reZ <Z [v(Qo )]t —P ) P
J<r (r—j+0q)1—
[2(Qom)) w@Qui)  \P\'/P
o (Zicr 6585 (Snss i) )
M?  =sup 7 ,
' reZ (Z‘ u(Qoj) ) P
J<r (r—j+0q)t—2
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M(d; 01,02) = Sup [Ul(Q(d_m)]fl/p [Uz(Q(d—m)]l/p-

Buech Qg = [27%,274r +1)] u 0(Qqr) = der o(x)dr nus Beca o.
O6oznauenue ot (mmu o) ncnonbzyercst, ecm {7(Qo; ) }iez He BospacTa-
er (i {o(Qo;) }icz ve youBaer). Takxke r, :=inf{r > 1: 0 € A, }. lna
a € (0,1) Buibupaercs 0, € [1/2,1) Tak, aTobbr 271 + (‘%é—jl)a_l > 1.

Teopewma 1. [Ipednoaosicum, wmo f € L*(—oo, ) (uau f € L' (x,+00))
dns moboeo x € R, ecau pacemampusaemca onepamop I (uau I2). (i)
Onepamop I$ oeparunen us By, (R, v) 6 By (R, u), ecau u moavko ecau

Supgen, M(d; v,u) < 00 u g, MY' < o0 dan o € N u Mg, < oo
uau M < 00 coomsememeenho, ecau o € (0,1). IIpu smom

Ma ) a 6 07 1 7
112, || = sup MM(d; v, w) + { Lo .
deN M+(_) +M+(_), o € N.
(ii) Hycmo 1/C =: C nauaywwuwas xoncmanma nepacencmea

11 gy S CIIEF s, 2 (1)

ne zasucawan om f, u min{ry,r,} < ap 6 caywae a € (0,1). Hepa-
serncmeo (1) evinoaneno <= supgey, M(d; u,w) < oo, npu smom C =
SUPgen, M(d; u, w). B wacmnocmu, C =~ 1, ecau w = u.

Pa6ora nmomepxana PH® (rpant https://rscf.ru/project/24-11-00170/).

O TOYEYHOM CIIEKTPE HECAMOCOIIPA2KEHHOTI'O
KBASUIIEPNOINYECKOTI'O OIIEPATOPA

®EJIOTOB A.A.

Cankr-Ilerepbyprckuii rocynapersennsiit yausepcurer, Cr.-ITerepbypr, Poccust
a.fedotov@spbu.ru

Joxkitag ocHoBaH Ha paboTe, BBINOJHEHHON B coaBropcrBe ¢ .U
Bopucosbim (YOULL PAH). Paccmarpusaercst ceMefCTBO HECAMOCOIIPSI-
»KenHbIxX oneparopos Illpemunrepa, geiictyiomux B £2(Z) no dopmyite

(AG(W7 )\)1/1)71 = 1/Jn+1 + %—1 + )\ef2m'(0+am),¢m n e Za
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rae acrora w € (0,1) u KoHcranra cBa3u A > 0 — 3aJaHHBIC YHCIIA, &
0 € [0,1) — napamerp, uHjeKcupyoomuii oneparopsl. Mbl canraem, 410
w ¢ Q. Ilpu srom bysKIuS N — e 2mi0+wn) gpngercs KBa3UIIEPUOU-
qeckoit, a cemeiicTBo {Ag(w, \)} — sprogudeckum.

CrekTpajbHast TEOPHsT IPTOJUICCKUX OMEPATOPOB MPUBJIEKAET OOraT-
crBoM 3 deKTOB U ujieit, TpedyeMbIX Jjid ee mocTpoeHusi. Baxkueiireit ee
J1abOpaTOpHeil OKa3bIBACTCS AHAJN3 COJEPIKATEIbHBIX KOHKPETHBIX MO-
nesteit. Cemeiicro oneparopos { Ay} seea II. Caprak B [1]. Crektp Ay
KaK MHOXKECTBO B KOMILJIEKCHOHN IIOCKOCTU OIHUCHIBACT

Teopema 1. ITpu w ¢ Q cnexmp Ay ne 3asucum om 0, u onucvisaemca
popmyramu

o(Ag(w,\) =1[-2,2] npu 0< <1,

E)? Im E)?
(R62 ) (m2 ) :1}, npu A > 1. (1)
4ch“In\  4sh“ln A

o(Ap(w,N)) = {E eC:

B cayuae, korma gacrora siBjsieTcst TUOGAHTOBBIM YHCJIOM, TeopeMma 1
nokazana B [1]. B 2] ona 6buia pacupocrpanena Ha ciydail Bcex uppa-
[IMOHAJIBHBIX Y4acTOT. B [3] MbI 110Ka3a/11, 9TO reoMeTpHsi ClIeKTPa OYeHb
€CTEeCTBEHHO OIICHIBAETCSI C TIOMOIIBIO METO/[a MOHOJIPOMUBAINN — [I€Pe-
HOPMHPOBOYHOI'O ITOJX0/1a, BOSHUKIIICT'O ITPU ITIOIIBITKE IIEPEHEeCTH TEOPUI0
Biioxa-®Jioke Ha pasHOCTHBIE OEPATOPHI HA OCH, CM. 0630p [4].

st nnodanroBbix wacror B [1] obcyxganack n nmpupojia CHeKTpa.
ITokazano, uto mpu A < 1 HET TOYEUHOrO CIIEKTpa, a mpu A > 1 3J-
qaric (1) 3aI0/THEeH NJIOTHBIM TOYEYHBIM CIIEKTPOM.

MpbI rcc/ieoBajii TOYEUHBIN CIIEKTD JIJIsi PA3HBIX 3HAYEHUN [apamMer-
poB. st aTOr0o m3ydasics pa3sHOCTHBIN OIEpaToOp HA OKPYKHOCTH, CBS-
saHHbIl ¢ Ay npeobpasoBanmeM Pyphe. JlokazaHo OTCYyTCTBHE TOYEU-
HOTO CIIEKTpa B ciydasx, korma A < 1, m korma A > 1, a w Xoporo
npubINyKaeTCsT paroHaIbHbIMU dnciamu. [Tociequuit ciaydaii m3yden c
nomornpio Meroga [opaona-Caiivona [5, 6]. C momorbio ujeii mepeHop-
MUPOBOYHOTO MOJIXO/Ia, CKOHCTPYHPOBAHBI COOCTBEHHBIE (DYHKITUU. ITO
MTO3BOJTAJIO, BO-TIEPBBIX, MOJYIUTH JOCTATOUYHBIE YCJIOBUST CYyIIECTBOBA-
HUsI TOYEYHOTO CIIEKTPA HOBOTO THUIA, & BO-BTOPBIX, JETAJBHO OMUCATD
MHOTOMACIITAOHYIO CaMOIIOJ00HYIO CTPYKTYPY COOCTBEHHBIX (OYHKIIUIA.
B wacTHOCTH, 6BL7I0 TTOKa3aHO, 9TO ITpeobpazoBanne Pypbe cOOCTBEHHOI
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GYHKINN TPEICTABSIETCS B BUJe ODECKOHEYTHOTO IPOU3BEIEHUS COMHO-
JKUTeJIel, BBIPAXKAIOIIMXCS depe3 OHY U TY ¥Ke CIIEIUAIbHYI0 (DYHKIIUIO
1 OTJIMYAIOIIAXCS JIMITh 3HAYEHUSIMHU [TOCTOSHHBIX HapaMeTpoB. CoMHO-
JKUATEJH SIBJISTFOTCST TIOUTH [MEPOIUIECKUMU W ¢ POCTOM HOMEPa, OCITHJIII-
PYIOT Bce OBICTpee n ObICTpeE.

Wccnenopanne A.A. @eroToBa BLIIIOJIHEHO 3a cYeT rpaHTa Poccuiicko-
ro Hayunoro @onja (npoekr 22-11-00092 (IIpoaenue),
https://rscf.ru/project /22-11-00092/).

Criucok JuTepaTypbl

[1] Sarnak P. Spectral behavior of quasiperiodic potentials. Comm. Math. Phys.,
84(1982), 377-401.

[2] Boca F.P. On the spectrum of certain discrete Schrédinger operators with
quasiperiodic potential. Duke Math. J., 101(2000), 515-528.

[3] Borisov D.I., Fedotov A.A. Monodromization and a PT -symmetric nonself-
adjoint quasi-periodic operator. Russ. J. Math. Phys. , 30(2023), 294-309.

[4] Fedotov A.A. Monodromization method in the theory of almost-periodic equa-
tions. St. Petersburg Math. J., 25(2014), 303-325.

[5] Topmor A.S1. O moueurnom cnexmpe odnomeprozo onepamopa Illpedunzepa.
Ycnexn mar. mHayk, 31(1976), 257-258.

[6] Simon B. Almost Periodic Schrédinger Operators IV. The Maryland Model.
Ann. Phys.,159(1985), 157-183.

ITOBEJEHNE 1IOJIO2KUTEJIBHBIX PEILIEHUN
CYB-JIMHEVHOTI' O ITAPABOJIMYECKOI'O
YPABHEHUS{ B INJINMHAPE

OUJIMMOHOBA H.B
MI'Y umenu M.B.J/loMoHOCOBaA, MEXaHUKO-MATEMATUIECKUH (dhakyabTeT, Poccust

filimi@yandex.ru

[Tycts obsacts () — orpanunuena B R, x € ), t > 0. Koaddburmenror
a;j(x) orpaHuvIeHHbIe H3MePHMbIe QYHKIUNA U YIOBJICTBOPSIOT YCIOBHIO
paBHOMepHO#T sunTHIHOCTH B §) @ A\ [€]? < doije1 i < Ao |€]2.
Oyuknus a(z) > 0 uaMepuma 1 orpasndeHa, 0603HAUUM

1
IQI/Qa(ﬂs)da: = ag
28
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PaccMaTpuBaioTCs MOJIOKUTEbHBIE perennst u (T, t), Onpeie/ieHHbIe B
uHApuaeckoii obaactu §2 X (0, 00), yuosiersopsitonue yeiaosuo Heii-
mana Ha I X (0,00), HOIYIMHEHOIO ypABHEHHsI TEIJIOIPOBOJHOCTI

=3y oo (o)) +alo) (0 1)

3,j=1

Oyuknust f(u) — nosoxkureapaa zHa (0, 00), MOHOTOHHO BO3PACTAET, 1
BbiyKJia BBepx. Hanpumep, f(u) = u, rme 0 < g < 1.

[Tapaboueckue u 3JIMNTHIECKHIE YPABHEHUs ¢ CYO-TMHEHOM dyHK-
et paccMarpuBaanch B paborax B.A.Kounparsesa, E.M.J/Tammuca, L.
Veron, Y. Belaud, A .E.Illumkosa, ®.A.Yeukuna, I.B. 'pummuoit. Ho
B 9THX paboTax JOKa3bIBAIUCH YTBEPKIEHUS, O TOM YTO IIPU JIOCTATOY-
HO GOJIbINMX 3HavYeHusiX ¢ pernenust paBubl 0 npu Becex = € ). Takue
yTBep:K/IeHUsT He BepHbI, ecan a(x) =1 > 0.

Ilycrs B(t) — pemenne 3amaun 5(t) = agf(B), B(0) =1.

OcCHOBHOII pe3y/IbTaT, KOTOPBI OYIET MpeICcTaB/IeH BO BpeMsT JOKJIA A,

Teopema 1. ITyecmo f(u) > 0 dasu € (0,00), f(u)/u— 0 npu u — oo,
f(u)/u monomonno yoweaem no u na (0,00). Ilyems maxorce

/OOJZEJQ;)du<oo (2)

Toz0a noaoorcumenvroe 6 2 x (0,00) pewenue u(z,t) ypasrnernus (1),
ydosaemesoparowee ycaosuro Hetimarna, cmpemumes x 00 npu t — 00 u
umeem Mecmo Popmyaa

u(z,t) = (14 0(1))B(t), nput — . (3)

Bamevanue 1. Tounocrs yemoBust (2) TeopeMbl 1 MOKHO POJIEMOHCTDH-
posarb npumepom. Oyukius f(u) = u/(In(w))?, rme p > 0, npu mocra-
TOYHO OOJIBINUX U BBIIYKJIA BBEPX, YCJIOBHE (2) BBINOJIHEHO mpu p > 1,
u He BbinosHeHo st p € (0, 1]. fBHOI BBIKIA/IKOI, MOXKHO MOKA3aTh,
9TO JJIsi CTPEMSIIErocst K o0 mpu ¢ — oo pertenns, ecan a(x) Z ao,
dopmyna (3) Bbimosnena ecau p > 1, u npejcrasiaenue (3) He BepHO,
ecn p € (0,1]. Ecam a(z) = const dopmyna (3) omnpeenser perenne
ypasuenus (1) npu go6om p > 0.
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PopmynupoBka TeopeMbl 1, 6yim3ka K pe3ysabraraMm chOpPMYIUPOBaH-
HbIM B paborax [2| u [1], HO B 9THX paborax, pacCMAaTPHBAJICS CJIydail
a(x) < 0, u HesMHeHHBIH wien 06obman dyukiwn Buia, f(u) = u? upn
q > 1. IlonmoxkureibHbIE, YAOBIETBOPsONIE yciaoBuio Helimana, perire-
Hust ypasHenus (1) ¢ dyskuumeit f(u) = u?, 0 < ¢ < 1 ua(z) = const > 0
paccMarpuBasuch B |3, rje mosydeHa Gosiee TouHas, e (3), acuMTO-
TU4Ieckasi pOPMyJIa JIJId PEIIeHUIA.
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UUNCJIEHHOE PEINTEHUE 3AJTAY OIITUMAJIBHOI'O
VIIPABJIEHUS OJ1d JIUHENHBIX JUCKPETHBIX
CHUCTEM VYIIPABJIEHN A

YEYKUH U.I."**, HEYEIIYPEHKO IO.M."*",
XPUCTUYEHKO M.IO."**

'NucruryT npuknaanoit maremarukn nmern M.B. Kemgemma PAH, Mocksa
>MockoBckuii rocyapcTeennblit yausepcurer uM. M.B. Jlomonocosa, Mocksa
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JIoKJ1a/1 TOCBSIIIEH JINHEHHBIM IMCKPETHBIM CHCTEMAM yIIPABJICHUsI BH-
Ja

zp = Myag—1 + Cpug,  yp = Oy, (1)

rae My — xBajparHast Marpuna nopsgiaka n, Cp u O — IpsMOyrosib-

Hble MATPHIBI Pa3MepoB 1 X N, (ne < n) u ny X n (ny < n) coorser-

CTBEHHO, T} — NM—KOMIIOHEHTHBIi BEKTOD MEPEMEHHBIX CHCTEMBI, Yf —
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Ny~ KOMIIOHEHTHBIN BEKTOD HaOJIIOJECHUA, Uf — 7. KOMIOHEHTHBIN BeK-
TOP praBﬂeHI/IH. K TaKHM CHUCTeMaM IIPDHUBOJIAT, B 9aCTHOCTHU, JUCKDPe-
TU3AIUH 33129 YIIPABJICHUS JIJIs JIMHEHHBIX CUCTEM OOBIKHOBEHHBIX JTu-
depeHnuaabHbIX ypaBHEHUH.
st cucrembr (1) paccMaTpuBalOTCsl JIBE CJIEJYOITHE 33J@9K OITH-

MaJIbHOT'O YIIPaBJIEHUS

K

lyx = yrllz < ellyrllz, Y lluglls — min,

k=1

rae yr — 3aJaHHbIL BeKTop, K — 3aJaHHOe 9HMCII0 MAroB, € — 3aIaHHAs

TOYHOCTD, 1
K

lyllz =1, Y [lugll3 — min.
k=1
[Ipeto2keHbI OPUTHHAJIBHBIE MATPUYHBIE AJITOPUTMBI YUCJIEHHOTO PeIie-
HUsI 9TUX 33129, AaHAJIOTUIHbIE aJITOPUTMY, [IPeJJIOXKeHHOMY B [1] st on-
TUMAJIBHOTO YIIPABJIEHUs] JIMHEHHBIMA CUCTEMAMEU OOBIKHOBEHHBIX JH(-
depeHIaIbHbIX YPaBHEHUI.

Pabora nmpeioXKeHHBIX aJITOPUTMOB IIPOIEMOHCTPUPOBAHA Ha TIPUMe-
pe 3aJ1a9 ONTUMAJIBHOTO YIIPABJIEHUs JIJIsT U3BECTHONW MOJE/N TUHAMUKY
BUY undekun [2|, muHeapu30BaHHO OTHOCUTEIBHO OJHOTO U3 €€ CTa-
IIHOHAPHBIX PEIIEHNH U TUCKPETU3UPOBAHHON 0 BpeMenu. B Tom uwnciie,
paccMOTpeHa 3aJ1a9a TeHEPAINN ONMTHUMAJIBHOTO BO3MYIIIEHHUST 9TOTO CTa-
IIHOHAPHOTO PeIIeHus. Pe3yIbTaTsl YNCIeHHBIX SKCIEPUMEHTOB, TPe/I-
CTaBJIEHHBIE B JOKJIAJe, TO3BOJISIOT CJEaTh BBIBOJ O BBICOKON 3dek-
TUBHOCTH W HAJIEIKHOCTHU MPEJTIOKEHHBIX aJITOPUTMOB.

Pab6ora Boeimosinena npu dbunancosoii mojuep:kke PHO (mpoext Ne22-
71-10028).
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YPABHEHUN A ®OKKEPA-IIJIAHKA-KOJIMOT'OPOBA "N
JANOPY3VMOHHBDBIE ITOJIVI'PVIIIIBI

HTAIIOIIIHNKOB C.B.

Mockosckmit I'ocynapcrsennsiit Y uuBepcurer nmenu M.B.Jlomonocosa
starticle@mail.ru

yers Lapu(z) = E?,j:1 a" ()8, 0 u(x) + E?:l b (2)0r,u(), e
a¥, b — 6openesckue dynkmmm, marpuna A = (a¥) cummerpuuna u
HEOTPUIATEIBLHO olnpeesieHa. Paccmorpum 3amady Ko st ypaBHe-
nust Pokkepa—Ilnanka—Kommoroposa

Orpir = Ly ppir,  po=v, (1)

e v — BeposTHOCTHAs Mepa Ha RY. BeposTHOCTHBIM peIenteM Ha3bi-
BAETCS TAKOE CEMEHCTBO BEPOSITHOCTHBIX Mep [t Ha RY, 4TO BBIMOIHEHO

t
MHTErpaIbHOe TO}K,ZLGCTBO/ fdu —/ fdv :/ / Lyyfdpsds nna
R4 R4 0 JR4

Bcex f € Cgo(Rd), u t > 0. AHaJOrnIHBIM 00OPA30M OIPEIEIISIETCS Pe-
HIeHne cTallioHapHoro ypasHenusi L ,u = 0. BepoaTHocTHoe perenue
MOYKET HE CYIIECTBOBATD. CyLL[eCTBOBa,HI/Ie BEPOSITHOCTHBIX PEIIeHUi 3a-
nadn Komm u cTanoHapHOro ypaBHEHUsl M3BECTHO MPHU MIMPOKUX YCJIO-
BusgX (cM. [1]), TunMYHbIE JOCTATOUHBIE YCIOBHSI BHIPAYKEHBI B TEPMUHAX
byukmuit JIsoynosa. B ciiygae m1ocTaTOYHO PerysspHBIX KodhUIineH-
TOB JIjIs KazKJOr0 BEPOSTHOCTHOrO pellennust o ypashenns L7 ,p = 0
CyIIIECTBYET TaK Ha3blBaeMasl KAHOHWYECKas CUJIBLHO HEIPEepPbIBHAA MO-
JTyrpytna cy6bMapKOBCKUX cxKuMatonux onepatopos {17} na L(o), re-
HepaTop KOTOPOIl IIPOJIOJIZKaeT onepaTop L 4, ¢ 00/1acThIO OlIpe/ieIeHns
C(RY). s f > 0 bynximus T7 f aBaseTcs MEHEMATLHBIM HEOTPHITA-
TeJbHBIM perenneM 3agadn Oyu = L4 pu, u(z,0) = f(x) (cm. [2]).

Iyctbd =1, A = 1u b € C'(R). [Ipeanonoxmm, 9T0 CymecTByeT CTa-
[IMOHAPHOE BEPOSITHOCTHOE perrieHne o(x) = e W) ppuuem W e C?(R),
)00 W(2) = +00, Lm0 W (z)e W@ = 0.

Teopema 1. B paccmampusaemoti cumyauuy, 0As 6CAK0T 6EPOAMHOCITL-
HOT MepoL UV cyuecmayem eepoammnocmuoe pewenue 3adavu Kowu (1).
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[Tycrs d > 1. Ipeamnosnoxkum, uro 1) jist Besikoit 6GopesieBCKoit Bepo-
arnoctroit Mepnl v na RY 3ayaua Komm (1) uMeer ejuicTsennoe Bepo-
SITHOCTHOE DeIlleHue, 2) Jijlsl JUPAKOBCKUX HAYAJIbHBIX YCJIOBHUH UV = 0,
PeIIeHNE [l ¢ ABJIAeTCs bopeeBcKoil dyHKINeHd JByX IIepeMeHHbIX.

Teopema 2. [Tycms 0 - 8epoamHocmmnoe pewenue CmauuonapHo2o ypas-
. 1

nenus L7y ppp = 0. Tozda na npocmpancmee L' (o) cywecmeyem makas

CUADHO HENPEPLIGHAA MAPKOGCKaA onepamophas nosyepynna {1}, wmo

0ns 8cakotll oeparudennoti bopenescroti pynryuy f bopesescran eepcus

Tif 6 L' (0) mosicem 6vimo sadara dopmyroti Ty f (u) = f(@) pou,e(d)
Rd

NPUYEM MEPL T UHBAPUGHMHG OMHOCUMENLHO I9MOoT noayepynnv. Eciu
woagpuvyuermor A u b nenpepwisro, mo zenepamop noayepynno. 6 L' (o)
npodoasicaem onepamop Ly ¢ obaacmu C§°(RY).

HokazaresbcrBa Teopem 1 u 2 npejcrasiensl B pabore [3].

Mycrsd =1,0 =e Wdr = \/%e_xzm dz A=1ub(z) = —z—6e""/2,

ITo Teopeme 1 1 Teopeme 2 na L'(0) mMeercs: CHILHO HeIPepPHIBHAS Map-
KOBCKasi Iosryrpyiia oreparopos {71} }¢+>0, OTHOCHTEIBHO KOTOPOil Mepa
0 MHBapHAHTHA U TeHepaTop KoTopoii cosnaaet ¢ L 45 na C§O(RY). On-
HAKO COOTBETCTBYIOIIasl KaHonn4deckas nosryrpynua {1} >0 He sBjsier-
csl MApPKOBCKOM, & Mepa o He MHBApMAHTHA OTHOCUTENbHO Hee. [Jo cux
[IOP BOIIPOC O CYIIECTBOBAHUU TAKUX IIPUMEPOB ObLI OTKPHIT (CcM. [4]).
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Hayunoe usdarue

Mexnynapoanas kKoHEpeHIN,
MOCBSMIEHHAas TTaMATHA
U. I'. IlerpoBckoro

25 coBMecTHOe 3aceganune MoOCKOBCKOIO MaTeMaTH4YeCKOr'o
obmiectBa nu Cemunapa nmenu U. I'. IlerpoBckoro

Mocksa, 19 — 24 masa 2025 1.

Te3uckl JoKJ1a10B

KowmmbioTepHasi BepcTKa M IMOJArOTOBKa opurunHaa—makera: PHP
7.0.33-794+0720250311.103+debian1271.gbpa0f8bd, #1 SMP
PREEMPT DYNAMIC Debian 6.1.129-1 (2025-03-06) GNU /Linux.

Juzaita obmoxkm: [Lmemanos E.B.



