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On solutions of a linear singular differential equation in the
space of generalized functions K’.
ABDOURAHMAN((University of Maroua, Cameroon)
abdoulshehou@yahoo.fr

The main purpose of this work is to describe the solutions of the nonhomogeneous
first order linear differential equation of the following type

axPy'(z) + bxly(x) = Zé(i)(ac)

with a,b two real numbers and s,p € N, ¢ € Z,, in the space of
generalized functions K ". For this purpose we use the superposition
principle of solution and this important formula. If,

k,s e NU{0},

k5(s) 0, st s <k
= k
mor st (@), sis>k.

All the solutions are described in various cases with dependance of the
parameters of the equation.

Key words and phrases: test functions, generalized functions, dirac
delta function

Theorem let a,b € R such that ab # 0,p € N, € NU{0} and ¢ > p—1.

The general solution of the equation is defined by:
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where ki, ka,a,b,co, ...,cp—o arbitrary constants.



Bone contour simplification algorithm for the visual analysis
of X-ray medical images
A.M.S. Al-Temimi (Baghdad, Iraq), V. S. Pilidi
(Rostov-on-Don, Russia)
ammar.comsec.it@gmail.com, pilidi@sfedu.ru

Areas of applications of X-ray diagnostic methods are constantly ex-
panding. One of the relatively new approaches in diagnosis is the so
called method of reference lines and angles. An algorithm for finding
such characteristics was developed in the papers [1-3]. The first step
of this algorithm consists in finding the contours of the objects under
investigation. These contours are represented as a sequence of their
points. The algorithm for reducing the number of contour points proposed
in this report allows to reduce the amount of computation and, most
importantly, simplify the correction of the resulting contours in those
cases when, for some reason, the resulting contours deviate from the
original image, which can lead to incorrect values of the desired geometric
characteristics. The parameters used by the proposed algorithm are found
as a result of the analysis of numerous images and depend on the analyzed
area.

The results of testing the application using the proposed algorithm
confirmed its high efficiency.
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Cycles and invariant surfaces in gene network models
N.B. Ayupova, V. P. Golubyatnikov, L. S. Minushkina
(Novosibirsk, Russia)
vladimir.golubyatnikovl@fulbrightmail.org

We study piecewise linear dynamical systems of the types
jf'l = L($4) — T1; xm = 1—‘ﬂ%(xmfl) — Tm; (1)

@1 = Li(ys) — @15 gr = Tu(@e) —yrs @5 = Lj(yj—1) — 25, (2)
and some of their higher-dimensional analogues. Here, m = 2,3,4; j =
2,3; k = 1,2, 3; step functions I'y, and I';,, are monotonically increasing; L
and L; denote monotonically decreasing step functions. The point of the
phase portrait of a system where all right-hand sides have discontinuities
is called singular point. Systems similar to (1) and (2) appear in gene
networks modeling, see [1] and [2], respectively.

For 6-dimensional dynamical system (2), we have described in [3]
conditions of existence of a cycle and have constructed its invariant
neighborhood. For systems of the type (1), similar conditions and neigh-
borhoods were described in [1].

Following [3], for the system (1), and for the system (2) in the
symmetric case Ly = Ly = L3, I'y = I's = I's, in the compliments
of these invariant neighborhoods we construct invariant 2-dimensional
piecewise linear surfaces P21) and P(22)7 respectively. Actually, these surfa-
ces are contained in boundaries of these neigborhoods.

Theorem 1. Trajectories of points of surfaces P(Ql), P(22) converge to
the singular points of the systems (1) and (2), respectively.

For some higher-dimensional analogues of the systems (1) and (2),
examples of non-uniqueness of cycles were described earlier, see [4]. Each
of these cycles is contained in corresponding invariant surface.
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F.N. Dekhkonov (Tashkent, Uzbekistan)
f.n.dehqonov@mail.ru
THE TIME-OPTIMAL CONTROL PROBLEM FOR
PARABOLIC EQUATION

We consider the following mathematical model of the heat conduction
process along the domain Q = {(x,y) € R? : 0 < z,y < [}:

Up = Upg + Uyy, 0<z,y<!, t>0, (1)
with boundary conditions

U|x:0 = @(y):u‘(t)v U|I:l = w(y)u(t)’
Uly—o = 0, wuly— =0, 0<y<l, t>0, (2)
and initial condition
u(z,y,0) = 0, 0<uz,y<lLl (3)

Assume that the functions ¢(y) and v (y) are smooth and satisfies
conditions

o(y) > (y) >0 and ¢'(y) <Y'(y) <0, 0<y <L

Let M > 0 be some given constant. We say that the function u(t)
is an admissible control if this function is differentiable on the half-line
t > 0 and satisfies the following constraints

p(0) =0, |u@)] < M, t>0. (4)

Problem. For a given constant o, B > 1 and 0 > 0 problem consists
in looking for the minimal value of T > 0 so that for t > 0 the solution
u(zx,y,t) of the initial-boundary value problem (1)-(3) with some admissible
control u(t) exists and for all t > T satisfies the equality

o 1/8
/u(x,y,t)da:dy =0, t>T. (5)
0 0
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Problems on extremal decomposition of the complex plane
Iryna Denega (Kyiv, Ukraine)
iradenega@gmail.com

Let N, R be the sets of natural and real numbers, respectively, C
be the complex plane, C = C|J{oo} be its one point compactification,
Rt = (0,00). Let (B, a) be the inner radius of the domain B C C with
respect to a point a € B.

Theorem 1. [2] Let n € N, n > 2, v € (1, n]. Then, for any fized
system of different points {ax}7_, of the unit circle and for any collection
of mutually non-overlapping domains By, a, € By, C C, k =0,n, ag = 0,
the following inequality holds

7 (Bo,0) ﬁ (By,ay) <n” % <ﬁ Bkaak>

-3

Theorem 2. [3,4] Let n € N, n > 2, v € R™. Then, for any fived
system of different points {ar }}_, of the unit circle and for any collection
of mutually non-overlapping domains By, B, By, ap = 0 € By C C,
00 € Bo, CC, ay € B, CC, k=1,n, the following inequality holds

[T (BOa 0) r (Boo, OO)]A/ H r (Bka ak) <
k=1

1_277
_ont1 7 nt2 . n
NGRS Ve LCH r(Bk,ak)] , ify e (0,752];
X =1
n+1

(n+1)" 2, if y > 242,
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Atomic decompositions, two stars theorems, and distances for
the Bourgain-Brezis-Mironescu space and other big spaces
L. D’Onofrio (Napoli, Italy)
donofrio@Quniparthenope.it

I will present a joint work with Luigi Greco, Karl-Mikael Perfekt, Carlo
Sbordone and Roberta Schiattarella Given a Banach space E with a
supremum-type norm induced by a collection of operators, we prove that
E is a dual space and provide an atomic decomposition of its predual.
We apply this result, and some results obtained previously by one of the
authors, to the function space B introduced recently by Bourgain, Brezis,
and Mironescu. This yields an atomic decomposition of the predual B,
the biduality result that B§ = B. and B = B, and a formula for the
distance from an element f € BtoBy.



Image Segmentation using clustering methods
Badr Khalil Mahmoud El-Eissawi(Rostov-on-Don,Russia)
eleissavi@sfedu.ru
Victor A. Nesterenko(Rostov-on-Don,Russia)
neva09@mail.ru

Image segmentation plays a significant role in image processing, object
detection, machine learning, pattern recognition, computer vision ..etc.
The result of this process is extracting meaningful objects inside the
image. However, there is no unique method or approach for image segment-
ation. Clustering is one of the powerful techniques that has been used
for many years in image segmentation[l]. The clustering methods can
be divided into unsupervised and supervised or hard clustering and
soft clustering or parametric and nonparametric based on the algorithm
process, used criteria and the user involved in the process to define the
criteria. [2] Over the past years a huge variety of new algorithms have
been proposed to achieve the best image segmentation with respect of
the speed and accuracy.

We used Viola-Jones methods which is called the Haar-like features|3]
to obtain the pixels features and criteria in the image ,we applied this
function as an iteration process in a hierarchical level in the image. We
obtained the characteristics of the pixels in different levels, then, we
applied the fuzzy clustering method to find a group of connected pixels
with similar characteristics then we segment the objects in the tested
images based on their groups of characteristics. At the end we achieved
great results and we detected objects and the region of interest in tested
images perfectly.
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On a model of cleaning the near-wellbore region
0O.V. Galtsev (Belgorod, Russia)

galtsev_o@bsu.edu.ru

In the present study, we consider the problem of acidizing a non-
periodic elastic solid frame of soil with double porosity, where a small
dimensionless parameter is taken as a value equal to the ratio of the
characteristic pore size and the characteristic size of the physical region
under consideration. In contrast to the existing problems [1], cracks are
considered. We restrict ourselves to the case of a weakly viscous liquid
[2] in an elastic soil frame (Biot’s model).

The pores are modeled by a system of cylindrical channels, the axes
of which are parallel to the coordinate axes at a distance from each other.
Cracks are modeled by balls spaced apart from each other. The problem
of describing the motion of a viscous fluid in an elastic periodic skeleton
with double porosity was previously considered in the work [3].

In dimensionless variables, the motion of a viscous incompressible
fluid in pores is described by the Stokes equation. Displacements of an
elastic solid soil frame — by the Lame equation. Acid propagation is the
diffusion-convection equation for the concentrations of acid and products
of chemical reactions. Due to the dissolution of the solid skeleton, the
pore space has an unknown (free) boundary. We will assume that the
dimensionless parameters characterizing the viscosity of the liquid and
the elastic properties of the solid soil frame depend on a small parameter
(the ratio of the characteristic pore size to the characteristic size of the
physical region under consideration). And the dimensionless diffusion
coefficients are fixed and independent of it. The problem of determining
the concentration function of the reagent is solved independently of the
problem of determining the concentration functions of the products of
chemical reactions.

Note that for the physical process the Reynolds number has a small
value; therefore, inertial terms are absent in the Stokes and Lame equations.
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On the communant of the generalized backward shift operator
in weighted spaces of entire functions
O. A. Ivanova (Rostov on Don, Russia)
neo_ivolga@mail.ru

Let @ be a convex domain in C, containing the origin; H(Q) be
the Fréchet space of all holomorphic functions on @; E be a countable
inductive limit of weighted Banach spaces which with the help of Laplace
transform is topologically isomorphic to the strong dual of H(Q). A
function gg € F satisfying the condition go(0) = 1 defines the generalized

backward shift operator Dy 4, (f)(t) = w, which is continuous
and linear in E. If go = 1, then Dy ¢, is the usual backward shift operator
Dy. In the general case Dy g4, is a one-dimensional perturbation of Dy.
It is assumed that gy has a finite number of zeros or has no zeros. We
investigate continuous linear operators in E, which commute with Dy ¢,
in E. Such operators have been described in [1]. Necessary and sufficient
conditions are proved that an operator of the mentioned commutant
is a topological isomorphism of E. The problem of the factorization of
nonzero operators of this commutant is investigated. In the case when
the function gy, defining the generalized backward shift operator, has
zeros in @, they are divided into two classes: the first one consists of
isomorphisms and surjective operators with a finite-dimensional kernel,
and the second one contains finite-dimensional operators. In the proofs
we use essentially a characterization of proper closed Dy 4 -invariant
subspaces of E obtained in the article [2]. With the help of obtained
results we study the generalized Duhamel product in H(Q). If go = 1,
then it is the Duhamel product, which in H(Q) has been introduced and
studied by N. Wigley [3]. The above results are proved in [4].
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Dyadic analogue of the Paul Erdos problem (Moscow, Russia)
M. A. Karapetyants
karapetytantsmk@gmail.com

We are exploring the dyadic analogue of one of the Paul Erdos problem,
namely, the existence of a probability density of a random variable (which
is a power series), extended to a dyadic half-line. We consider the power
series with coefficients being either zeroes or ones at the fixed point x
of the (0,1) interval. The question is whether there is a density from
IL1? In classic case it is still an opened problem for x greater than one
half (P. Erdos proved the non-existence of the density for lambdas equal
to 1, where p is the Pisot number). Moreover, we study the so called
”dual problem”. The same random variable, but the point z is fixed now
(z = %) and the coefficients are integer and belong to [0; N] segment for
some natural N. Here we answer the same question and provide criteria
of the existence of a density in terms of the solution of the refinement
equation as well as in terms of the coefficients of a random variable.
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Sound coding algorithm development for a cochlear
implantation system (Moscow, Russia)
M. I. Karapetyants (maryyant@mail.ru)
E. M. Gluhovsky
A.1. Egorov

We study the general structure of the well-known cochlear stimulation
sound coding algorithms, which allow patients with sensorineural hearing
loss to perceive sound are described. The existing methods of sound-
processing are briefly covered and the process of computing the electrode
stimulation frequency is given. The authors present a new way of stimulation
for the cochlear implantation systems, optimizing the computational
costs for the sound-processing, and demonstrate its main advantages.
General steps of the sound coding algorithm are described and the algorithm
performance estimates are provided, namely, the comparison of the initial
sound and the sound perceived by the patient was done. The algorithms
itself was encoded using matlab. The cochlear implantation system technology
of treating the hearing impaired people requires the usage of special
sound-processing methods called stimulation strategies, which focus on
the stimulation of cochlea receptors. There are several of them including
CIS, ACE, HiRes, SPEAK and so on, but only some general details of
the principle of their work are known. Authors addressed the problem of
developing a new algorithm to be used in medical devices. ACE and CIS
algorithms provided the inspiration for the new method but the main
parts are different. The filtration part is the same as in the SIC method.
Other methods that were also used are Goertzel’s recursive algorithm (in
order to save resources), non-linear compression and a low-pass filter.
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Integrations and torsions
D.B. Katz (Kazan, Russia)
katzdavid89@gmail.com

The curvilinear integrals over the boundaries of domains are classical
research tools for studying the well known boundary value problems
of complex analysis. This is why the classical results on that problems
concern domains with rectifiable boundaries only. Generalized integrations
over non-rectifiable arcs depends on certain geometry properties of the
arcs in neighborhoods of their ends, so it is important to study the
connections of generalized integration and so called torsions of the path
of integration at its end points.

Presently there are published numerous papers on this subject, see,
for instance, [1]-[3]. We formulated the definition of integration over
non-rectifiable paths using constructions of these works and based on
the concept of an integrator. We will show that the offered construction
of integrator is closely connected with so called torsion of arc I'. Almost
all published until now results on this subject concern arcs of moderate
torsion. Then we will describe a new construction of generalized integration
over non-rectifiable paths, which enables us to integrate over arcs of high
torsion. Then we apply this construction for the study of the Riemann
boundary value problem.

The torsion of arc I' at point a;, 7 = 1,2 is a value

Tj = inf{p>0:/ Kp(z)|1/pdxdy<oo},

where integral is taken over a neighborhood of a;. If 7; < 1, then the arc
has moderate torsion at point a;, otherwise its torsion is high.
We obtain some results on integration in connection with this definition.
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Generalized Newton-Kantorovich method and its variance
A Khellaf (Guelma, Algeria)
Ecole Nationale Polytechnique de Constantine (ENP de
Constantine)
amarlasix@gmail.com

Solving a nonlinear equation in a functional space requires two processes:
discretization and linearization. Linearization first the nonlinear problem
and the discretization of the linear problem will be called option (B).
Discretize first the nonlinear problem and linearize the discrete nonlinear
problem to be called option (C). In this abstract, we propose a new
numerical plan equivalent to option (B): we first linearize the original
nonlinear problem with an alternative linearization scheme than that
used in option (B), then we discretize the resulting iterative linear equations
using a projection method to implement the corresponding finite dimensional
problem.

The objectives of this new plan are to weaken the theoretical assumptions
and to give a powerful numerical performances. We will give sufficient
conditions to manage the convergence results. We will solve a system of
Fredholm equations of the second type.

References

1. Khellaf A. and all New numerical process solving nonlinear infinite-
dimensional equations. Computational and Applied Mathematics. 2020. Vol. 39,
No. 93, pp. 1-15.

2. Grammant L and oll For nonlinear infinite dimensional equations which
to begin with: linearization or discretization. J Integral Equ Appl. 2014. vol. 26,
pp. 413-436.



On solution sets of irregular nonlinear equations and the
quasi-solution method
M. Yu. Kokurin (Yoshkar—Ola, Russia)
kokurinm@yandex.ru

We consider operator equations F(x) = f, € D, where F : Hy —
H, is a nonlinear operator, D C H;j is a bounded closed subset with
0 € D, and H,, Hy are Hilbert spaces. Suppose that F(z) = Az + G(z),
where A € L(H;, Hz). Assume that G(0) =0, |G(z) —G(y)|| < L(||z||+
lyIDllz — yll, =,y € D. We investigate the structure of the solution
set F~1(f) N D and the approximation properties of the quasi-solution
method with respect to this set. When investigating variational methods
for solving irregular equations, meaningful results are usually obtained by
introducing additional requirements on D and F. Namely, D is generally
assumed to be compact, and F' to be injective on D. In this case, the
original problem is conditionally well-posed. If there is an estimation
of the continuity modulus of the inverse operator F~! on F(D), it
is possible to obtain estimates for the accuracy of the quasi-solution
method. At present, theorems on the injectivity and conditional stability
are established for a wide spectrum of inverse problems related to various
classes PDEs. However, there are still a number of unresolved issues in
this field. In addition, available results often include a priori requirements
for the desired functions and other parameters of the inverse problems
under study. We reject the requirements of compactness and injectivity
on D and F, respectively. Therefore we are interested in the location
of the set of possible solutions to the considered inverse problem in the
case of incomplete input data set. When investigating the convergence
of regularization methods for solving irregular operator equations, a key
role is played by the source conditions on the desired solution of the form
z* = (F™*(z*)F"™(2*))Pv, v € Hy, p > 1/2. Since the operator on the
right—hand side depends on the desired solution, conditions of this type
are in most cases difficult to detect from a practical point of view. We
obtain results on local uniqueness of the solution, or on the clustering
of solutions, which means that possible solutions are close in the case of
their non—uniqueness. This is achieved by a special selection of the set
D that defines the class of source representable solutions. In contrast to
the previous studies, the source representation condition we use includes
the operator A, which does not depend on the desired solution. This
simplifies the interpretation of the source condition.

The work was partially supported by RSF (project N20-11-20085).



Trace for formulas and spectral shift functions for dissipative
operators
M. M Malamud (Moscow, Russia)
malamud3m@gmail.com

We will discuss trace formulae for functions of contractions, dissipative
operators, unitary operators and self-adjoint operators. The existence of
Krein-type complex valued absolutely continuous spectral shift function
will also be discussed. The existence of real valued spectral shift function
as well as a connection with its A-integrability property will be discussed
too.

We will also concern with applications to boundary value problems
for elliptic operators in domains with compact boundary.

The talk is based on joint works with H. Neidhardt and V. Peller
[1]-13]-
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Resolvent for an operator related to the inviscid fluid
dynamics
A.B. Morgulis (Rostov-na-Donu-Vladikavkaz, Russia)
morgulisandrey@gmail.com

Let n = 2,3, D C R™ — smooth domain and S = 9dD. Vector filed V is
said to be harmonic in D iff curl V. = 0 and divV = 0 in D. Note that
V Jf S unless V belongs to a vector space which dimension is finite and
equal to 1-dimensional Betty number of D.

Every harmonic field satisfies stationary Euler equation of inviscid
incompressible fluid and, therefore, represents the velocity field for some
steady fluid flow confined within domain D. The small perturbations of
such flows are solutions to equations

u; + (curlu) x V.= —-Vh; diva=0, in D. (1)

System (1) is of mixed type with only one family of characteristics driven
by field V. We’ll be talking about a non-characteristic mixed problem
for Eq.(1). Assume there is a partition S = ST US™, ST NS~ = g,
Finf{V,(z), * € S*} > 0, where V,, = V - n, and n stands for the
unit of outward normal on S. Such partitions are quite natural for the
boundaries of ring-like domains such as the planar rings or strips, or the
gaps between the cylinders, spheres, tori, etc. Thus, the characteristics
enter the domain through ST. That is why we have to impose an additi-
onal boundary condition there. We set boundary conditions as follows

uxnlg, =0, n-u=0|. (2)

Such the choice of bc matches well-known Kazhikhov’s setting of the
initial-boundary value problem for the Euler equations with throughflow.
Our communication sheds some light on the spectral properties of
problem (1-2) which have been investigated not so deeply as the similar
problems in the characteristic case when V,, = 0 on S. The results
turn out to be rather peculiar and quite different from the characteristic
case. For instance, let Ly(S™) stand for the space of square-summable
functions on ST vanishing on average; let BT denote the space of bounded
linear operators in Ly(S7T).
Theorem 1. Let D be a ring-like domain, and let V be a harmonic
field with no fived points in D. There exists entire function K : X >
Ky (\) € BT, such that the set of poles of the resolvent of problem (1-2)
coincides with {\ : ker K1 (\) # {0}}. Moreover, one can write down K
explicitly modulo the recovering of a divergence-free field from its curl.



Massless black holes on the singularities of the conifold type
and their connection with harmonic differential forms
T. V. Obikhod (Kyiv, Ukraine)
obikhod@Xkinr.kiev.ua

With harmonic differential form
F=xF,

dF =0

is associated conserved charge

QlF,

which characterizes a 3+1-dimensional object — a black hole, closed in
Y5-space [1]. On the other hand, this object is curved D3-branes lying on
a singularity of the type of conifold [2]. Since the conifold is the point at
which the minimum surface disappears, the mass of the brane or black
hole vanishes [3],

M~ |2,

where Z' = 0 at the conifold point.

As the conifold point corresponds to a singular conformal field theory
(CFT) since a soliton, i.e., D-brane, becomes massless it seems natural
to define the Teichmuller space, T as the universal cover of the moduli
space with these singular CF'T points deleted. The set of stable B-branes
of CFT is well defined at any point in the Teichmuller space, T.
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Exponential stability of integro-differential equations
with convolution memory terms
N. A. Rautian (Moscow, Russia)
nrautian@mail.ru

We discuss an abstract evolution equation with memory arising in
linear viscoelasticity (see [1]), presenting the results based on the classical
approaches stated in the monographs [2], [3]. These results can be easily
extended and adapted to many other differential models containing memory
terms in convolution form.

We reduce the initial-boundary value problem for this equation to the
Cauchy problem for differential equation of the first oder in separable
Hilbert space. We prove the existence of a contraction semigroup and
establish exponential stability within standard assumptions on the memory
kernels. On the base of these results, we prove the theorem about the
strong solvability of the appropriate initial boundary-value problem.
Moreover, we consider some examples for exponential and fractional-
exponential kernels (Rabotnov functions) (see [4]).

This work was supported by Russian Foundation for Basic Research
(project 20-01-00288 A).
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Reliability investigation of Electrical Submersible Pumps
using Mean Residual Life Analysis. Expectations and Reality
V.N. Rusev, A.V. Skorikov, E.Magafurov
Gubkin University, Moscow, Russia
vnrusev@yandex.ru, skorikov.a@gubkin.ru

Cpeziaee ocrarounoe Bpems ku3uu - mean residual life (MRL) (Cpea-
Hslsl OCTATOYHAs HApabOTKa)

p(t) = M(T —t|T > t)

OTHOCHTCS K OJTHOM M3 CTapeiinX TeM CTATUCTUIECKOrO aHaan3a - Ono-
MeTpudeckuM GyHKImaM. Hagamno ncciemoBannii mo 3Toit Teme - pabora
Dmvyrma (Dmmonn) Tammes [1], B koropoit qansr Tabmuist qoxkurus (life
tables) u BBeEHO MOHSTHE CPEIHEN MPOJOJIKUTETHHOCTH TIPeICTOSIIE
KU3HU.

B pabore ucmonb3yiorcs unccieqoBaHUs CpeIHEN OCTATOYHOIN Hapa-
OOTKHM JJIsT AByIIapaMeTPUIecKOTo pachpeaenerus ['nemenko - BeiiOyir-
aa [2,3]. B wacTHOCTH aHAIMTUYECKWE MPEJCTABIEHUS I€PE3 HEOJHBIE
ramma-dyakmun v (a, ) , T (a, ) n runepreomerpuiaeckyo GyHKIHIO
Kymmepa 1 Fy (a; b; x).

Beoraucnenusi, mpoBeienabIe ¢ momornbio nakera Wolfram Mathematica
I npencrasienuii guepes vy (a, x), 1 F1 (a; b; ), 1210T OCHUIIISIHIO 3HA-
uennit p(t), 1ust npencraienus depes I' (a, ) ocIuLIsIms 3HAUEHN He
IIPOUCXOTUT.

ITonyuyennsie hopMyJIBbI CpeHEl OCTATOYHON HAPAOOTKY JIJIsl MOJIEIN
l'uenenko - Beiibymna u sMnupudeckoit cpejiHeil 0OcTaTOYHON HapabOT-
KU TIO3BOJISIOT IPOTHO3UPOBATH OCTATOYHOE BPeMsI PAbOTHI IIOIPY2KHOTO
000pyI0BaHUs HA CTAIUU SKCIUIYATAIIMA U MOTYT OBITH HCIIOJIb30BAHBI
IIPU OIIEHKE PECYPCHBIX XaPaKTEPUCTUK 0DOPYIOBAHUS C IEIBI0 ONTUMMU-
3aruy (PYHKIMOHUPOBAHUSI U3y YaeMbIX O0bEKTOB.
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On nonlocal elliptic operators associated with the metaplectic
group
P. A. Sipaylo, K. N. Zhuikov (Moscow, Russia)
sipaylo@gmail.com, zhuykovcon@gmail.com

We consider operators of the form

D =Y Dp®": 1 (RY) — 1 HRY), (1)
kezZ

where Dj, are pseudodifferential operators on RY from the Shubin class
[3] of order < d, ® is a metaplectic operator (cf. [1]), H*(RY) is the
Sobolev space [2]. Such operators are called G-operators [2], where the
group G =~ Z is generated by operator ®.

By trajectory symbol of operator (1) we denote a family of finite-
difference operators oy (D) with parameter (z,£) € R?M \ {0}. This
family acts in spaces (2(Z, py.¢,5) = 0*(Z, pig ¢,5—a) as follows:

[ (D), )]o(n) = Y o(Di) (S (x,€))v(n — k). (2)

k€EZ

Here o(Dy,) is the principal symbol of operator Dy, S™(x, &) is the result
of n-fold multiplication of a symplectic matrix .S, which corresponds to
operator @, by a vector (r,&) € R2N, (2(Z, ¢ 5) is the Hilbert space of
sequences square summable with weight 1, ¢ s(n) = [S™(z, &)|%.

In terms of trajectory symbol (2) we give ellipticity conditions of
operator (1). Finiteness theorem has been proved. As an example we
give ellipticity conditions of a two-term operator Do+ D, P corresponding
to a symplectic matrix S. With the obtained results Fredholmness of a
control problem for the Shrodinger equation has been studied.

This work was supported by the Ministry of Science and Higher
Education of the Russian Federation: agreement no. 075-03-2020-223/3
(FSSF-2020-0018).
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Mixed Boundary Value Problems for Strongly Elliptic
Differential-Difference Equations and Applications
A.L. Skubachevskii (Moscow, Russia)
skub@lector.ru

We consider mixed boundary value problem for second order strongly
elliptic differential-difference equations in a cylinder with the Dirichlet
boundary conditions on the bases of cylinder and the Neumann boundary
conditions on cylindrical part of boundary.

We establish existence and uniqueness of generalized solution to the
above problem and smoothness of generalized solutions in some subdo-
mains. We prove that a regular difference operator is an isomorphism
mapping subspace of the Sobolev space with homogeneous Dirichlet
boundary conditions on the bases of cylinder onto subspace of the Sobolev
space with nonlocal boundary conditions. This property of difference
operators allows to show that the mixed nonlocal boundary value problem
for second order elliptic differential equation has a unique generalized
solution.

It was also proved that a second order strongly elliptic differential-
difference operator with mixed boundary conditions is regular accretive
and satisfies the Kato conjecture. Some of results were obtained jointly
with V. V. Liiko.

This work is supported by the Ministry of Science and Higher Education
of the Russian Federation: agreement no.075-03-2020-223/3 (FSSF-2020-
0018).



A note on Legendre Hermite Chebyshev Laguerre Gegenbauer
wavelets with an application on sbvps arising in astrophysics
D. Tiwari (Vienna, Austria)
diksha.tiwari@univie.ac.at

Getting solution near singular point of any non-linear BVP is always
tough because solution blows up near singularity. In this article our
goal is to construct a general method based on orthogonal polynomial
and then use different orthogonal polynomials as particular wavelets.
To show importance and accuracy of our method we have solved non-
linear singular BVPs with help of constructed methods and compare
with exact solution. Our result shows that these method converge very
fast. Converge of constructed method is also done in this paper. We can
notice algorithm based on these methods is very fast and easy to handle.

In this work we discuss multiresolution analysis for wavelets generated
by orthogonal polynomials, e.g., Legendre, Chebyshev, Lagurre, Gegenbauer.
Then we use these wavelets for solving nonlinear SBVPs. Wavelets are
able to deal with singularity easily and efficiently.



Spatial Riesz potential type operator with difference
characteristic and density from weighted Ho6lder spaces
B. G. Vakulov?, Yu. E. DrobotovP, G.S. Kostetskaya
(Rostov-on-Don, Russia)
abvak1961@bk.ru, Pyu.e.drobotov@yandex.ru

1

The Riesz potential type operator with the bounded and sufficiently
smooth difference characteristic a(z, t) is considered in the following way:

(Kg‘)(ﬂf)Z/Wdt, 0<a<n.
R’VL

Under specific conditions [1], the inverse operator (K2)™' can be
formulated as

(KS)™'f = D3 f + pia * f,

where p, () is integrable and D is the hypersingular integral with the
characteristics Q(z, t):

(DQS) (x) = y 1 / (Aif) @) Qt)dt, 0<a<l,

it (@) [t
RT?

(ALf) (z) is a finite difference of the function f with the center at the
point z of the order [ with the step ¢, d,,; (@) is the normalizing constant
such that D& = (—A)*/2,

The latter provides therefore the solution of the integral equation

(E-K3)f=9 Ef=/,

in the terms of D¢, and the presented research considers its smoothness
in the terms of weighted Holder spaces.
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O KOMIIAKTHOCTY MHTErpajibHbIX OIIEPaTOPOB
C MEepPUOANYIECKUMU SIAPAMUA
O.T. Ascaukun (Pocros—na—/lony, Poccust)
ogavsyankin@sfedu.ru

PaccvoTpum mHTErpanbHbIil onepaTop

(Kp)(z) = / k(e y)p(y)dy, =€ R,
]Rn

sa1po k(z,y) KOTOPOro gBJisieTcs N3MEPUMON w-IePUOIUIecKOil hyHKIM-
eif, T. e. CyIIecTByer Takoil BEKTOp w = (w1, . ..,Wy) C HOJOKUTEIbHBIMU
KOOD/IMHATAMHM, 9TO

k(x +wjej,y +wje;) =k(z,y), Yz,yeR®, Vji=12...,n,

rue {e1,...,en} — cragaprHeIil 6asuc npocrpancrea R”™.
IMony4genst yenoBust Ha aapo k(x,y), pu KoTopbix oneparop K orpa-
mnver u3 npocrpancTsa L,(R™) B Ly(R™), roe 1 < p < ¢ < oo.

O6o3naunm yepes M, oneparop yMHOXKeHUsE Ha PYHKIUIO ¢ € Lo (R™),
u paccmoTpum omeparop M, K.

Crnenys [1], 6yaem ropoputh, 9t0 GyHKIWM 6 € Lo (R™) npunasye-
kuT Kiaccy BS'P(R™), eciu cymecTByeT Takasi HOCTOSHHAS (oo, YTO

lim esssup|a(z) — as| = 0.
N—o0 |z|>N

Ecin as = 0, To 6yaem ropoputs, ro a € By (R™).

IMony4gensr yciaoBust Ha aapo k(x,y), IPU BBHIIOJIHEHUN KOTOPBIX OIle-
parop M,K, tne a € By'P(R") saBIgercss KOMIAKTHBIM OIEPATOPOM,
neiicreytomuM u3 Ly(R™) B Ly(R™). Bosee Toro, mokasano, 410 eciu
a € B®"P(R™) u oneparop M, K siBiasieTcss KOMIAKTHBIM, TO doo = 0.

Amnajiorudanble pe3yJsbTaThl CHPaBEIUBLL it oneparopa K M,.

Pabora Bemonnena npu dbunancoBoit mnojiep:kke PODPU, mpoekT
Ne18-01-00094.
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JdomoauureabHble 3HAUEHUd dJaunTudeckux yHknuii Axobu
U UX TpUMeEHeHHe
E.C. Anekceesa, A.9. Paccaagun (Hmwxkuuit Hosropog,
Poccus)
brat ras@list.ru

B kiaccrueckux pyKOBOICTBAX O TEOPHH 3JUIMNITHICCKAX (PyHKITAH
YACTO MPUBOAATCS 3HAUCHUSA SJUIANTUICCKAX (pyHKImil dkobu ¢ mMomy-
nem k mpu 3Hauennw ux aprymenta, pasaom K(k)/2, rme K(k) — mon-
HBI 2JLIMIITHIeCK Uit uHTerpas 1-ro pona (cM., Hanpumep, [1, ctp. 280]).
O1HAKO MHOTIA MOXKET BO3HHKATH NOTPEGHOCTH B 3HAHMM SIBHBIX 3aBH-
cumoctedt ot k 3HaveHuil 3TUX QYHKIUN U B APYTUX TOYKAX UX TAPAJ-
JIRJIOIPAMMOB [TEPUOIOB.

B nmammoit pabore s semmanast &, = sn?(K(k) - 27" k) ma ocHose
hOPMYIBI ABOMHOIO apryMeHTa AJd SJIUNTHIECKOrO KOCHHyCa fkobn
[1] BBIBE/IEHO PEKYPPEHTHOE COOTHOIIEHUE:

Ry oy

k2 (1 +

571—&-1 -

€ TMOMOINBIO KOTOPOIo, CTapTysd co 3HadeHuda & = 1, MOXKHO mocJseI0-
BATEJIbHO OIPEAE/UTh 3HAUYECHUS BCEX HIIIHNTHIECKHX pyHKmumilt Axodbm
mpu K(k) - 27", Jlanee, npuMeHssi U3BECTHBIE TEOPEMbI CJIOMKEHUS JIJIsI
naunTHIecKnX GYHKIEH dKobu [1], MOXKHO ONpPENeNuTh HX 3HAYEHUS B
roukax Buga K(k) - (27" +27™) (n,m € N) n.t.1.

Kpowme 3roro, nomydentbie B 3708 paboTe 3HAYEHUS HCITIOIB30BAHBI
JIUTsl TIOJIy9€HUSA HOBBIX TOXKJIECTB JIJIA MOJHOTO JUIANITHIECKOrO WHTE-
rpana 1-ro poia COrIACHO METOMy, TPEJIOXKEHHOMY B cTaThe [2].

OueBUIHO, 9TO B PAMKaX OMMCAHHOTO BBIIIE TOAXOJA MOXKHO MO-
JIYIUTh 3HAYEHUsT JITUNTUIECKUX (DYHKIui Arobu u B TOYKAX BUIA
iK(k')-27", tme k' = V1 —k? — nomonmuTenpHbIl MOy, n € N
W.T.IL.

Paboma A.3. Paccaduna noddepoicana eparnmom PODPU N 18-08-
01356-a.
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IIporHo3supoBanue 3(pdpeKTUuBHOI cTpaTernm TOProB Ha
BaJIIOTHOI OMp>Ke MeToJaMM MAaIIMHHOTO 00yJYeHus
E.B. Aasimosa (Pocros-na-/lony, Poccus)
langnbsp@gmail.com

Hesbio nccire/oBaHus sIBJIsieTCsT pa3paboTKa METOIUKH OOOCHOBAH-
HOT'O BBIOOpA CTPATErWU BEJIEHUsI TOPIOB Ha BAJIIOTHON OMpKe B CJIery-
OIEM JIECATUMUHYTHOM TI€PUOJIE, OCHOBBIBASICH HA JIAHHBIX TEKYIIEro
JBAIIIATUMUHY THOTO TIEPUOJIA TOPTOB.

Ianuast paboTa sIBJIsieTCsl TPOJIOJIZKEHNEM HUCCIeioBanus [1], B koTo-
POM TIOJIyueHa MOJEJb KJiacCupUKaIluu OBeleHns (DUHAHCOBOIO Bpe-
MEHHOTO psijia Ha OCHOBE IOKa3aTejieil JIorapuMUIECKON JOXOTHOCTH
BasitorHolt napet BTC/USD, peanuzosannas B (popme HEHPOHHOI ceTu.

B pabore caemamno mpeamookeHne, 9TO MOKA3aTe N JTorapudMude-
CKO#l JOXOJTHOCTH B TEKYIIEM JBaJIIATUMUHYTHOM IE€PUOJE OIPEIeIisi-
0T TIOKA3aTeN M JIOrapudMUIeCKOl JIOXOJHOCTH B CJIEJIYIONIEM JECSTH-
MUHYTHOM Tiepuojie. Jjisi IpOBepKH 9TOro MPeIoIOXKEHUs] TI0 KaXKIBIM
IBAJIIATHA 3HAYEHUSM JIOTAPUMOMAIECKON JTOXOTHOCTU OIPEIe/ISeTCs Ha-
IIpaBJIeHNEe JIUHEHHOTO TPEHIA NOBeJeHNd KOTUPOBOK I1eJIeBOI BAIIOTHOM
mapbl B CJIEAYIONHE JeCITh MIHYT.

[Ipeanoxkena MeTouKa BBIOODA CTPATEIHU BEJIEHUsI TOPIOB Ha Ba-
JIFOTHOU OMp2Ke B CJIEIYIOIIEM JECSITUMUHYTHOM IIEPHUOJIe, OCHOBBIBASICH
Ha, JAHHBIX TEKYIIEro IBAIIATUMUAHYTHOIO IIEPUOJa TOProB. BbLIeeHo
TPHU CTPATErWH: MOKYIIKA B HAYAJeE CJIELYIONEro Iepuoja ¢ MEIbI0 Mpo-
JIaK¥ 110 [epBoii 6oJsiee BHICOKOI 1ieHe (crparerus 1), npopaka B HAYAJE
CJIEJIYIOIIEro MEePHoJia € MEIbI0 MOKYIKH 10 1IepBOoil boJiee HUBKOI TeHe
(crparerus -1) u 6e3zeiicreue (crparerus 0), eciu yrososHo# K03 du-
[WEHT JINHEHHOW perpeccuu Ha HAYaJ0 CJIEIYIONEro JIeCITUMUHYTHOTO
MEePHUOIA ABJIAETCA HESHAIUTETLHBIM 10 BHIODAHHOMY KPUTEPUIO.

Jlmst mpeicka3aHusi 3HAYEHUsT YTJIOBOTO KO3 DUIMEHTa TTOCTPOEHA
HEePOHHASI CETh MPSIMOTO PACIIPOCTPAHEHHUsI, TAPAMETPBI KOTOPOIl 010~
OpaHbl SMIIMPUIECKN C [EJIbIO MOBBIIIEHNs] TOYHOCTH ITPOrHO3UPOBAHMS.
[Ipu wmcro/ib30BaHUU TIPOrHO3HBIX 3HAYEHUI YIJIOBOrO KO3aduimenTa
JINHEWHOH perpeccuu Ha KayKJble 3 PEe3y/IbTATHBHBIE CTPATErHH TPUXO-
JIUTCS OJTHA HEPE3yIbTATUBHAS.

PaGora Boinosnena npu nojuep:kke POOU (upoekr 18-01-00910).
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OB OJJHOM OBOBIIIEHUU ®OPMYVYJIbI SMJIEPA
IO. B. Adanacenkosa (Kaiyra, Poccust)
dvoryanchikova y@mail.ru

O6o6mennbre crenenn (mamee OC) X (z,20) ¢ nynrp Touxoit x
U PsiJIbl, TIOCTPOEHHBIE C TOMOIIBIO 3TUX KOHCTPYKIA, OBLIN BBEIECHDI
JLBepcom [1]. Tlocrenosarensaocr stux dbyukmmiit X ™ (z, xq) oba-
JIAIOT OTHOCHTEIBHO 3aJaHHBIX aud(epeHmaIbHbIX OepaTOpoB CBOM-
crBamMu TudHEPEeHITMPOBAHNS, AHAJOTUIHBIM (POPMAJTHLHO OOBITHBIM TIPa-
BustaM juddepentupoatusi. Cpeau psizios 1o OC 0cobo ObLIN BbIIETE-
HBI PSJIBl AHAJIOTUIHBIE 3JIEMEHTAPHBIM (DyHKIUAM, HAIIPUMED SKCIIOHEH-
IMaJIbHON

[e%S) O[i ‘
exp aX(x,zg) = E Z,—'X(l)(m,xo). (1)
i=0

Boimn u3yvuenns ocHOBHBIE CBOMCTBA 3TUX (DYHKITNH TPH JTEHCTBUTETb-
HOM IIapaMerpe P U IOKA3aHO, YTO IIPU Pa3/IMIHOM BBIOOPE MCXOJHBIX
nuddepennuaiIbHbIX orepaTopos (1) IPUBOAUT K ONPEIEIEHHBIM KJIaC-
caM CIEeUAJbHBIX (DyHKITHIA.

B macrostmem coobiennn paccMOTpeH Ciydail KOMIIJIEKCHOTO (v =
p + i1q. Ilokazano, uro u3BecTHasi (hopMmysia Ditrepa

exp(p + iq) = exp pz(cos qx + isin gx)

s OC we cripasegyuBo. Haiitena dpopmysia 3amernarorias ee.
W3yueHbl OCHOBHBIE CBOICTBA, 9TOr0 TOXKIECTBA. ¥ KA3aHO Ha €e IPU-

MEeHEHUE IPU perteHnu quddepeHnnaIbHbIX YPABHEHHUI C T€PEMEHHBIMI

ko3 durmentamu. [I[puBeseHbl YaCTHBIE TPUMEPDI.
JIurepaTypa

1. Bers L., Gelbart A. On a class of functions defined by partial differential
equations. Trans. Amer. Math. Soc., 56, Nel, 1944, 67-93.



BoccraHnoBiieHne 6bICTPO OCIMJLIUPYIOIieiil IMpaBoili YacTU B
MHOTOMEPHOM TUINepBoInYecKOM ypaBHEHUN
I1. B. Babuu (Pocros-na-/lony, Poccusi)
xblahblahc@gmail.com

JIoKJj1a 1 TOCBSIIEH BOIPOCY O BOCCTAHOBJIEHUU HEM3BECTHONW OBICTPO
OCIIJITIAPYIONIEH 10 BpeMeHH! NIPAaBO# 9aCTU JBYMEPHOT'O JJUHEHHOTO BOJI-
HOBOTO YPaBHEHWS, PACCMATPUBAEMOTO B MPOCTPAHCTBEHHO-BPEMEHHO
obsacTu, mpejcTaBigonei npsamMoit kpyrosoit numuaap. Ciydait npous-
BOJIbHOIT ObstacTu ucciegoBadics B pabore [1]. 3uech ke paspaboraHHblil
TaM METOJ TPUMEHEH HAMU C yYeTOM CHeNu(UKNA YKA3aHHOW 00IaCTH.

B mnwmmnape Qr = {(z1,z2) : 23 + 23 < 1} x (0,T) C R? paccmor-
pUM HAYAITBHO-KPAEBYIO 3339y JJis BOJHOBOTO YPABHEHUS C OOJIBIIAM
mapamMeTpoM w BHUIA:

82
S = Aut f@)(ro(t) +ri(twt), (@.0) € Qr,
ou
7"’|t:0 =0, ot =0, u|x%+x§:1 =0

t=0

rae ro(t) nnaBHas, a r1(t, T) OCIHMIIINPYOIAS C HYJIEBBIM CPeTHUM (DYHK-
mus. Beexem B pacemorpenne dbynxunn ¢;(t), 5 = 0,2, x(¢,7) n ¢(z), a
taxxe TouKy (z¥,tg) € Qr, Y/IOBIETBOPSAIONINE ONPEICIEHHBIM YCIOBH-
am. ObpaTHas 3a7Ja9a COCTOUT B HAXOXKICHHM HEM3BECTHBIX (DYHKIMIT
f(z) u r1(t,7) oupeneseHHBbIX KJIACCOB, TAKUX YTO Il DEILEHUs BOJI-
HOBOTO YPaBHEHWS U, (,t) BBHITIOIHEHBI CIEAYIOMINe ACHMITOTHIECKHE
PABEHCTBA:

= o(w™?),

o (29,1) — [%(t) + i‘ﬂl(t) + %(W(t) + X(t’m))} c(lo,71)

|| (2, t0) — L/}(x)HC(ﬁ) =o0(1),w — o0.

IIpn ykazaHHBIX BBIIIE YCIOBUAX JOKA3aHA TEOPEMA O CYITECTBOBAHUHU U
€/IMHCTBEHHOCTH PEIeHnsT OOPATHON 3a1a4u.

JiurepaTypa

1. Babich P. V., Levenshtam V. B. Inverse problems in the multidimensional
hyperbolic equation with rapidly oscillating absolute term. arXiv:2003.07625



BNOYPKAIINYA BPAIIIEHU A 2 KNJIKOCTU BBJIN3U
CBOBOJ/ITHOM I'PAHUIIBI
B. A. Barumes (Pocros—na—/lony, Poccus)
batishev-v@mail.ru

Uccnenyercs 3a/1aa 0 BETBJICHUN TEPMOKAIIMILISIPHOT'O TEIE€HUST YKIJI-
KOCTH B CJIoe OECKOHEYHOI TOJIIMUHBI CO CBODOIHOI HemedOpMUpyeMoi
rpaHuIieil, Ha KOTOPOi 3aJaH0 HEPABHOMEDPHOE PACIIPe/Ie/IeHe TeMIIepa-
Typbl. HaitieHns! ycaoBusi, Tpu KOTOPBIX BO3HUKAET OMQypKaIus He3a-
KPYYEHHOI'O0 TeYeHUsI, IPUBOJISAINAs K HOSIBJIEHNAIO BPAIEHUS KUJIKOCTU
B TOHKOM CJIOe BOJIN3U IpaHuUIlbl. Bpamare bHble pe;KUMBI TIPEJICTABIISA-
10T cO0OH JIByXIapaMeTpHIecKoe CeMeiCTBO, ImapaMeTpbl KOTOPOro He
OIPEIE/IAIOTCS BHEITHUMU YCJIOBUSIMU.

Teuenne xkupkoctu onuceiBaercs cucremoii HaBbe-Crokca u ypaBHe-
HUEM TiepeHoca Teria. Bomm3u cBoOOIHOM TOBEPXHOCTH BO3HUKAET IIPO-
CTPAHCTBEHHBII MOTPAHUYHBIH CJIOH, KOTOPBIN PACCIUTHIBACTCS HA OCHO-
Be U3BECTHBIX ypaBHeHuii [IpaHiTis v yIuThIBa€T BHEIIHUN TOTOK KU JI-
KOCTH Ha TpaHure. Paccauranbl qBa TUA PEXKUMOB - HE 3aKpyUeHHbBIE
(ocHoBHBIE) M BpamaTeabHuble (Bropuansle). Haiinensr ycioBus, npu Ko-
TOPBIX CYIIECTBYIOT OCHOBHBIE DEXKHUMBbI. PaccuuTanbl mapaMeTpsl, Ipu
KOTOPBIX OCHOBHBIE DEXKHUMbBI TE€PSAIOT YCTONYUBOCTH OTHOCHUTEJHHO Ma-
JIBIX KOJIe0aHUil 110 OKPY?KHOI KOOpJMHATE.

[Tokazano, 4To BpaIaTebHble PEKUMbI BOZHUKAIOT B HOIDAHUTHOM
coe ipu OudypKAIUN He 3aKPYIEHHBIX PEXKUMOB TOJBKO IIPH JIOKAJIb-
HOM OXJIAXKJIEHUH CBOOOHON TTOBEPXHOCTU. DTHU PEKUMBI 3aBUCSIT OT pa-
JIUATBHON, 0CEBOM M OKPYKHOU MUIMHAPUYIECKNX Koopauuart. [Ipm Ha-
IrpeBe TPAHMIILI BpAIllEHHE He IMOsABJIAETCA. B OKpecTHOCTH TOYKHU Ou-
dypkamm mocTpoeHa aCUMIITOTHKA BpalaTeIbHbIX peKUMOB. [Tokaza-
HO, YTO BpAIlaTe/IbHbIE PEXKUMbI IIPEJICTABJISIIOT CODOI cemMeiicTBO pe-
[IEHUI, 3aBUCSINEe OT JIBYX IPOU3BOJIBHBIX [TAPAMETPOB, 3AIIOTHSIIOIIINX
BHYTDPEHHOCTb KPyTa €JIUHUIHOrO pajnyca. OcecuMMETpPUIHBIE PEeXKU-
MBI 9TOTO CEMENCTBa TOJHOCTHIO OIPEJIEIAIOTCS TOCTAHOBKON 3a/1atu.
Hecumvmerpuynbie pexKuMBbI COIEPKAT IapAMETPhI, KOTOPhIE HE 3aBUCST
ot ycaoBuit 3ajaun. [locTpoeHo ToUHOe pellenne HeJTMHEHHON 3aj1aqH,
KOTOPOE OIMCHIBAET BPAIATEJbHBIE PEXKIUMbI T€ICHUI YKUIKOCTH.



CR-reomMmeTrpusi: HOBbl€ pPe3yJbTaThl U HOBbIE€ IIPOBJIEMBI
B. K. Benomanka (MI'Y, Mocksa, Poccust)
vkb@strogino.ru

Ha 3ape C' R-reomerpun A.Ilyankape, MpuMeHsist CBOIO TEXHUKY Pabo-
ThI ¢ (pOPMATLHBIMY CTENEHHBIMHU PSTAMU, UCCIEI0BAJ CBONCTBA POCT-
Ka BEIECTBEHHOW THMIEPIIOBEPXHOCTH IBYMEPHOIO KOMILJIEKCHOTO IPO-
CTPAHCTBA, MHBAPUAHTHBIE OTHOCUTEIHLHO rOJOMOP(MHBIX mpeodpa3zoBa-
uuii. [Ipu 3TOM BBISICHIIIOCH, YTO KJIIOYOM K HOHUMAHUIO CUTYaIuU SBJIs-
ercs POCTOK 3-MepHOIi chepbl,KOTOPbI 00/18/1aeT PAIO0M IKCTPEMAJIHHBIX
cBoiicTB. Hampumep, ero 8-mMepHast JIOKaIbHAS TPYIIIA TOIOMOP(MHBIX aB-
romopdusmos SU(2, 1) umMeer MaKCUMAJILHYIO PA3MEPHOCTD CPEJIU BCEX
3-MEpPHBIX [UIEIOBEPXHOCTEl (€INHCTBEHHOE UCKJIIOYEHUE - TUIIEPILIOC
koctb). 3a npomemuue 100 jer ananuruydeckuii noaxon Ilyankape npe-
BpaTUJICH B OJUH u3 caMbix 3 dekruBabix meroqnos B C R-reomerpuu,
MPUMEHUMBIX [IJIsT W3YYEHHWs MHOrOOOpa3wmil MpOM3BOIBHBIX PA3MEPHO-
creit u Kopa3mepHocTeii. [Io3ToMy He yIuBUTEIBHO, 9TO BOIIPOCHI O CTPO-
€HUU CAMUX MOJEJIbHBIX MOBEPXHOCTEN HAXOAATCS B IEHTPE BHUMAHMUSA.

Henasno (2018) B pa6orax Koccosckoro, Ca6zesapu, Cuupo u I'pe-
ropoBu4a ObLIa JI0Ka3aHA ¢4-runore3a. T.e. ObLIO A0KA3aHO, YTO CTa-
OMIM3aTOP Havajia KOOPAWHAT BIOJIHE HEBBIPOKICHHON MOIEILHON MO~
BEPXHOCTH CTAPINErO Beca OOJIbIlEe, YeM JBa HE COIAEPIKUT HEJTUHEHNHBIX
npeobpa3oBanmii. ITa TEOPEMA UMEET WHTEPECHBIE TPUMEHHS, B YACTHO-
cTu, A7 pererus npobsembl 3kBuBasenTHOCTH C' R-MHOr0o06pa3wmii.

ITocne mokazarenbcTBa 3TOM TUIIOTE3bI BO3POC MHTEPEC K PACIPO-
CTPAHEHHUTIO METO/IA MOJIEJIbHOM IOBEPXHOCTH HA KJ1acchl C' R-MHOroobpasuii,
BBIXOISIIIE 33 PAMKHU BIIOJIHE HEBBIPOKIEHHBIX MHOroobpasmii. Takum
€CTECTBEHHBIM PAITUPEHUEM KJIACCA BIIOJIHE HEBBIPOXKJIEHHBIX MHOT000-
paswuit sBisiiorcst nopoxkaaomue C R-MHOroodpas3us KOHEIHOTO TUTA 110
Baymy-T'pamy. 3a nociennue naBa roga aBTopy y/IaJgoCh METOM MOJIETb-
HOI1 IIOBEPXHOCTH PEAIM3OBATH B STOM HOBOM, BECHMA IITUPOKOM, KOHTEK-
cre. B wacrrocTn, ObIT IOy YeH KpUTEpHii rOI0MOPQHON OTHOPOTHOCTH
MOJIE/IbHOM MOBEpXHOCTH (HOCTOAHCTBO Biiym-T'paM-Tuma). 9TOT HOBbIH
BUTOK TEOPUU MOJIE/bHBIX MOBEPXHOCTEH CTABUT s/l €CTECTBEHHBIX BO-
MPOCOB 1711 Oy Iy WX MCCJIETOBAHMI.

JurepaTypa

V. K. Beloshapka, C'R-muoro6pasus koueunoro Biym-I'pam-tuna: merosn

MozeIbHON moBepxHOCTH, Russian Journal of Mathematical Physics, Vol. 27,
No. 2, 2020.



O Toukax COBHOaJIeHUsI ABYX OTOOparkeHuii, JENCTBYIOIUX U3
YaCTUYHO YIIOPSJOYEHHOr0o IIPOCTPAHCTBA B IIPOU3BOJILHOE
MHO>KECTBO
C. Benapa6 (TamGos, Poccust)
benarab.sarraa@gmail.com

Toukoit coBIaIeHns Mapbl OTOOPAXKEHNHT HA3BIBAIOT IJIEMEHT, Ha KO-
TOPOM ITH OTOOpAKEHUs TPUHUMAIOT OJIMHAKOBBIE 3HaUeHUs. TOYKH COB-
majieHnst OTOOPaYKeHWl YACTUIHO YIIOPsITOYEHHBIX ITPOCTPAHCTB HCCJIe-
nosanbl A.B. Apytionoseiv, E.C. 2Kykosckum, C.E. ZKykosckum (M.
Topology and its Applications, 2015, V. 179, Ne 1, p. 13-33); B uacTHO-
CTH, TIOKA3aHO, 9TO YIOPSIOYECHHO HAKPBIBAIOIee 0TOOparKeHne U MOHO-
TOHHOE OTOOpazKeHne, IeHCTBYIONINE U3 YACTUYIHO YIIOPSIIOUEHHOTO IIPO-
CTPAHCTBA B YACTUYHO yIOPSI0YEHHOE IIPOCTPAHCTBO, UMEIOT TOYKY COB-
magerus. Mpl paccMaTpuBaeM 3aJ1a9y O TOYKE COBIIAJIEHUs] TApbl OTO0-
pakeHuii, TeHCTBYIONMNX N3 YACTUIHO YHOPSIOIEHHOTO ITIPOCTPAHCTBA B
MHOYKECTBO, Ha KOTOPOM He 33[aH0 KaKoe-aub0o OMHApHOEe OTHOIIEHUE,
COOTBETCTBEHHO, HEBO3MOZKHO OIIPEJIeIUTh CBOMCTBa HAKPBHIBAHUS U MO-
HOTOHHOCTU OTOOpazkeHuit. /g mccaeoBanus TakKoi 3a/1a9u MbI OIIpe-
JieJiseM MOHSITHE TOYKU «KBAa3UCOBIIQIEHUA» — dJIEMEHTa, J1JIsi KOTOPOT'O
CYIIECTBYET €r0 He TPEBOCXOJAIINI 3JIeMEHT TaKOW, UTO 3HadeHme Ha
HEM IIEPBOTO OTOOpAarKeHUsT PABHO 3HAYMEHUIO BTOPOrO OTOOparkKeHus Ha,
ucxoiHoM sjieMerTe. OKa3bIBAETCsI, UTO JIJIS CYIIECTBOBAHMS TOYKK COB-
MaJIeHusl JJOCTATOUYHO MOTPEOOBATDH BBIMIOJHEHUS CJIEIYIOIIETO YCJIOBUS:
JII06ast 1elb TOYEK «KBA3WUCOBITAJIEHUST» OMPAHNYEHA U MMEET HUXKHIOIO
TPaHUILY, KOTOpas TaKXKe SBJIFETCA TOUKON «KBAa3WCOBIAJIEHUAy. TaKKe
B paboTe TpejIoKeHa TPAKTOBKA MOHSTHSA YCTONIMBOCTUH B YACTUTHO
YIIOPSIIOYEHHOM MPOCTPAHCTBE TOYKH COBIAJIEHUSI OTOOpaKEHUN K WX
MAaJIbIM U3MEHEHUSIM, U TI0JIyY€eHbl YCJIOBUS TaKOl YCTONYUBOCTH.

JIurepaTypa

1. Arutyunov A. V., Zhukovskiy E. S., Zhukovskiy S. E. Coincidence points
principle for mappings in partially ordered spaces. Topology and its Applications.
2015. Tom. 179, Ne. 1, cTp. 13-33.
https://doi.org/10.1016 /j.topol.2014.08.013

2. Benapab C., 2Kyxosckut E. C. O HaKPBIBAIOIIUX OTOOPAYKEHUAX CO 3HA~
YEHHUSIMH B IIPOCTPAHCTBE C pedJIeKCUBHBIM OMHAPHBIM OTHOIIIEHHEeM. BecTHUK
TamboBckoro yausepcurera. Cep. EcrecrBeHHble U TexHUYeckue HayKu. 2018.
Tom. 23, Ne. 122, cTp. 210-215.
https://doi.org/10.20310/1810-0198-2018-23-122-210-215



XapakTepu3anus CIEKTPAJIbHBIX JAaHHBIX ollepaTopa
MIrypma-JInyBusisa Ha rpade-3Besage
H.II. Boupnapeunko (Camapa, Caparos; Poccus)
bondarenkonp@info.sgu.ru

Paccmorpum KpaeByio 3amady aisa cuctembl ypasHenwit Iltypma-
JluyBusna na rpade-3Besme:

—yj (2;) + ¢j(x;)y; (25) = My (), x; € (0,m), j=TIm, (1)

y](o) = 07 j = lama (2)

yl(ﬁ) = yj(ﬂ—)7 Jj=1m, Z(y;(ﬂ—) - hyj(ﬂ)) =0, (3)
=1

<

rae m — 4ucio pebep rpada, {y; };”:1 — Hem3BeCTHbIE (DYHKIAM, A —
CTIEKTPaTLHBI TapameTp, {g; }7.; — Bemectremnmbie dymkmnn u3 L (0, 7),
Ha3bIBae€Mble moTeHnunajgamu, h € R.

IMpu kaxmom k = 1,m ompenenum BekTop-pyHKuuio Pi(x,\) =
[Pk (x, N)]Ly, yrosrersopsiontyto ypasueruam (1) mpu z; = z, j = 1,m,
YCJIOBUAM CKJIeHiKu (3) U CIIeAyIoIyUM IPAHUYHBIM YCJIOBUSIM:

¢kk(07>‘) = 17 ¢k](0a)‘) = 07 kv.] = 17m7 k # j

IMycrs @(z,N) = [¢n; (x,)\)]}c’szl — MaTpura-QyHKIUs, COCTABICHHAS
u3 cronbuos P (x, \). Marpuna Beiing onpeaesercs ciaemyommm 06-
pasom: M(X) := ®'(0, ). Ee momocsl coBnagaior ¢ cOBCTBEHHBIME 3Ha-
9eHuAMA {Ang b1 o1, 3a0adn (1)-(3). Beenem BecoBble MaTpHILBL

Apk = 7ReS)\:)\nkM()\).

B pabore monydena xapakTepu3alus CIeKTPAIbHBIX JAHHBIX
{ Ak, O‘"k}nZL k=T 3a1aH (1)-(3). s uccremnoBanus obpaTHOil 3a1a-
M, COCTOsIIEH B BOCCTAHOBJIEHWH MOTEHIHATOB {¢;} u Koaddunnenra
h mo cmekTpanbHBIM TAHHBIM {1, a”k}nzl, k=T, IPUMEHACTCS METO
CTIEKTPAJILHBIX oToOpaxkennit (cM. [1]).

Paboma swnosnena 6 Capamosckom 20cydapcmeeHHOM YHUBEPCUME-
me npu Punancosot noddepoicke epanma PHP (npoexm 19-71-00009).

JurepaTtypa

1. Bondarenko N. P. Constructive solution of the inverse spectral problem
for the matrix Sturm-Liouville operator. Inverse Problems in Science and

Engineering. 2020. Published online.
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CaMocCOonpsi>KEHHOCTh U JUCKPETHOCTh CIIEKTPa OJOYHBIX
SIKOOMEBBIX MaTPUI]
B. C. Byasika (Mocksa, Poccus)
budyka.vik@gmail.com

PaccmoTrpum 6i109HBIE STKOOHEBBI MaTPUITHI

A By 0, 0O, O, ... O,

(O)p @P @P
B A BL 0, O, ... 0O, 0, 0, O,
0, B A4 B, O, ... 0, O, O, O,
J= : : : : : : : : : ;
0, 0, 0, O, O, ... B:, A, B. O,

(1)
roe A, = A%, B, € CP*P det B,, # 0, n € Ny := NU{0}, O, — mynesas
matpura, u CP*P — MHOXKeCTBO Beex p X p-marpur ¢ sjementamu u3 C. C
MaTpHIel J accomAmpyoT MEHIMATBHEH fKoOues omepaTop B [2(N; CP).
Omneparop J cummMerpudeH, HO He 00sI3ATEIBHO CAMOCOIPSIYKEH.

Teopema 1. ITycmov J — munumasvhvili onepamop accouyuupo8ai-
noti 6 12(No; CP) ¢ 6nounoti axobuesoti mampuueti 6uda (1) u cnexmp
Jduazonasvrozo onepamopa A duckpemen. Ilycmov maxoice 0z nexomo-
pozo N € Ny gvinoaneno roms 6v, 00HO U3 CACOYIOUUL YCAOBUTL:

() sup A, Boll < L, supllAy By < &

n>N n>N

(i) sup (1A Ball? + 14;"B; 4 [12) < 3
n>N

(#3i) onepamop A — nosostcumenvro onpedener U

_ —1/2 —1/2 4% —-1/2
sup (1147 /2 Bu A 01 4 435" Br i AL ) < L

Tozda onepamop J = J* umeem duckpemnviti cnexmp.

Ima paboma ocrosara na cmamoe [1].

Paboma svinoanerna npu gurarcosoti noddeporcrke Murnobprayru Poc-
Cul 8 pamkax 2ocydapcmeennozo 3adanus: cozaauerue M 075-03-2020-
223/3 (FSSF-2020-0018).

JIurepaTtypa

1. Bydwxa B. C., Maaamyd M. M. Camoconpsasicennocmsd u duckpemmocmy

cnekmpa 6404uHLT Axobuesvir mampuy. Mamem. samemuu. 2020. Tom. 108:3,
cmp. 457-462.



PacnopocrpaneHue BoJIH B HEOAHOPOJHOM ITUJIMHAPUIECKOM
BOJTHOBO/I€ C KOJIBII€BOI TPENimHOI
A. O. Baryabsau, B. O. FOpos
(Pocros-ua-/lony, Poccust)
vatulyan@math.rsu.ru, vitja.jurov@yandex.ru

AcuMOToTHYeCK U YUCJIEHHO UCCJIEOBAHBI BOJHBI B HEOTHOPOIHOM
[WINHIPUIECKOM BOJIHOBOJIE C J1e(PEKTOM B BUJIE€ KOJIBIIEBOM TPEIIUHBI.
Komnebanmnst BOTHOBOIA BBI3BAHBI [IEPUOIUIECKON BO BPEMEHHU PacCIIpee-
JIEHHOM TI0 aCTH BHEITHEH I'PAaHUIbI HAarpy3Koit. TperiuHa MoaeupyeT-
csl MaTeMaTUYeCKUM pa3pe3oM, 4bu Oepera He B3ammojeiicTBytor. [loJe
[epeMeIeHnii TOCTPOEHO KaK CYMMa TAJIOHHOTO M JIOOABOYHOTO IIOJIeH
epeMeInennii. DTaJOHHOEe I0JIe CTPOUTCS JJIsi HEOIHOPOIHOIO B paju-
aJIBHOM HAIIPABJIEHUH I[IOJIOTO IIJIMHIPUIECKOTO BOJHOBOMA 0e3 medek-
Ta. IIpu mocTpoennn moJs nUCoab30BaHO mpeobpazoBanue Dypwe, A1
pellieHnst 3aj@49u B TpaHCc(hOpPMaHTaX IIPUMEHEH MeTOJ| IPUCTPEJIKHU, a
pu OOPAIIEHNN BBIIIOJHEHO HHTEIPUPOBAHIE HA OCHOBE KBaJIPATyPHBIX
bOpMyJT BBICOKOTO TTOPSIKA TOYHOCTH.

st mocTpoenust AOOABOYHOTO OJIsI IIEPEMEIIEHUI PACCMOTPEHBI BCIIO-
MoOTraTesbHbIE 33/[a49U, y/IOBJIETBOPSIOIINE YCIOBUAM OTCYTCTBHUS HArPY-
30K; HA OTCJIOEHUU BBOJATCS HEM3BECTHBbIE cKadku nepemerienuii. Co-
CTaBJIEHa CUCTEMa TUIEPCUHTY/ISPHBIX WHTEIPAJIBHBIX yPABHEHHUI OTHO-
CUTEJIbHO CKAYKOB IPOJIOJIBHBIX U PAINAIbHBIX [T€PEMEIeHN, TPUuIeM
sA/Ipa WHTErPAJIbHBIX YPAaBHEHUI HE WMEIOT sIBHOTO IIPEJCTaBJIeHUsS. B
paMKax aCHMIITOTHYIECKOrO IMOIX0/1a J00ABOYHOE II0JIE [TEPEMEIIEHMI 110~
JIyY€HO IIyTEM DPEIeHUsI CUCTEMbl MHTEIDAJIbHBIX yPABHEHUI, COOTBET-
CTBYIOIIUX TPEIIUHE, Pa3Mep KOTOPOil cTpeMuTcst K HyJito. Pacxomsim-
ecsl MHTerpaJibl IOHUMAKTC B 0000IIeHHOM cMbice. J[jist mocTpoenust
10OABOYHOIO TOJIS [TEPEMEIEHUIT [T TPEIUHbBI ITPOU3BOJILHOTO Pa3Me-
pa IpUMEHEeH MEeTOJT TPAHUYHBIX JIEMEHTOB. 3ajada CBeJIeHa K perre-
uuio CJTAY. [Iyst Boraucsenust ko3hGUIMEHTOB TPOBOAUTCS pa3bueHue
HA PACXOJISILYIOCS YACTh, KOTOPas BBIYUC/IAETCS AHAJIUTUIECKU, U CXO-
JSIIYOCsS, KOTOPasi HAXOIUTCsI Ha, OCHOBE KBaJIpaTypHBIX (hopmyit. [Ipo-
BEJICHO CpaBHEHUE ABYX ITOJIXO0B, OIIEHEHa 00/IaCTh N3MEHEHUs Pa3Mepa
TPEIIUHBI, B KOTOPOU PEe3y/IbTATHI MPAKTUIECKH COBIIAIAIOT.

WccnenoBanme BBITIONMHEHO Tpu (pUHAHCOBOI mojmep:kke PODU B
pamMkax HaydHoro mpoekTa Nt 19-31-90017.



Coornomtenne tuma I'aycca Ne 15 mist pyuknuu Topua Hj
Tapunos N.B., Masnsasues P.M. (Kasaub, Poccust)
ilnur garipov@mail.ru, mavly72@mail.ru

B Teopuu 060611IeHHOTO BOJTHOBOTO YPABHEHUSI M OCUCEMMUTPUIECKO-
ro ypaBHeHus ['eIbMIosIbIla BayKHYIO POJIb UI'PAaeT KOH(MIIIOITHAS QyHK-
st Topra [1]

Hs (o, B; 85 2,t) = ZW’LTSZ’
m=0n=0 m - n.

1t Koropoii B [1] npusenennt gBa [ayccoBbix COOTHOIICHUS:

of

Hj (o, ;05 2,0)—Hs (o, B;6 — 15 2,1) = 519

ZH3(O[+176+176+17Z7t)a

Hs (o, B+ 1;6;2,t) — H («, 850; 2, 1) = %ZH;), (a+1,8+1;0+1;2,1).

IIpu ¢ = 0 nanHbIEe COOTHOIIEHUST KAK YACTHBIN Cydail mepeiyT B
M3BECTHBIE COOTHOMeHns s dbyrknnm Laycca [2]:

of

Fa,p;0;2) = F (o, 3;6 — 1;2) = 51 —23)

2P (a+1,8+1;0+1;2),

Fa,f+1:0;2) = F (e :8:2) = S2F (a+ 1L+ 10+ 1;2).
B sroit pabore nokazana dopmyna
§(6—1—(20—a—B-1)z)Hs (o, B; 6; 2,t)+(6 — @) (6 — B) zHs (o, B; 6 + 15 2, 1) —

—0(0—1)(1—2)Hsz (a0, B;0 — 15 2,t) =

=0zt s (6—p)zt
- 1_aH3(a71aﬂa67zvt)+ﬁ

Hs(a—1,8;0+ 1;2,t).
13 KOTopoii pu ¢ = () KAK YACTHBI CIIy9ail cieayer
§(6—1—(20—a—B-1)2)F (o, B; 85 2)+(6 — ) (6 — B) 2F (o, B5 0 + 15 2) —
00 -1)(1—-2)F(a,8;0 —1;2) =0.

JIurepaTypa

1. Kanunesuw M. B. O xoudmosarabix dbyukmuax Lopua // Tudbdepen-
nuasbHble ypaBuenns, 1966. T. 2, Ne 9. C. 1239-1254.

2. I'padwmetin U. C., Puowcux M. M. Tabauipl ©HTErpaaoB, CyMM, PsJIOB
u npoussenenuil (4-e u3zn.). M.: Hayka, 1963.



IIpuMmeHeHne MeToga O0OODIIEHHBIX CTENEHEH [JIsi IIOCTPOEHU
pernennii cucrembl audepeHInaAIbHBIX yPaBHEHUH
Motiicuna-Teomopecky
10. A. Tnagpunes*, E. A. Jlomukapesa™ (Kasyra, Poccust)
*vb572264@yandex.ru, **losh-elena@yandex.ru

Cucrema auddepeHInaibHbIX YPABHEHNN, N3BECTHAS KAK CHCTEMA
Moticnma-Teomopecky [1], onpenesnena B 4eTHIpEXMEPHOM ITPOCTPAHCTBE
JeThIpeX JIEHCTBUTE/NBHBIX MePEeMEHHbIX X, ¢ = 1,4

9q0 dq1 Jq2 Jqs3
Dq: 7604’7614’7624’763 :O (1)
8.%‘1 8332 61‘3 8.%‘4

Nckomast pyHKINS ¢ = qoeo+q1e1+g2e2+g3e3 TIPUHIMAET 3SHAUCHUST
B TeJie KBATEPHUOHOB.

Cucrema (1) stBastercst 06061meHreM n3ecTHOM cuctembl Komu-Puma-
Ha Teopuu PYHKIINI KOMILJIEKCHOIO riepeMeHHOro. OIHAKO eciu Ipou3Be-
JIeHre KOMILIEKCHBIX perreHuit cucrembl Kormm-Pumana onsts siBiisieTcst

peleHreM 3Toii cucrembl, To cucrema (1) aTuM cBoiicTBOM He 00JI1A€ET.
B macrosmiem coobrieHnn MpuBeIeH METO/T, TTO3BOJISIIONTN XOTsI ObI Ta-
CTUYHO IPOJBUHYThCS B YKa3aHHOM HalpasJjieHuu. C 9TOi 11eJIbI0 BBEIeM
KOMILJIEKCHBIE TIepEeMEeHHbIe 21 = T — 1 + 1T, 29 = T3 + 1T4 U COOTBET-
crBytomue nuddepenmaibabe orneparopbl. Cucremy (1) MOXKHO TOrzA
3ammcarh B popme anajgoruudnoit cucreme Komu-Pumana

L(DyV — DyV) =

2V
E)izl 0 V1 _ 0 % V1 _ O (2)
0 2 ) w —2 0 )l )70

Omneparopsr Dy, Do He KOMMYTHPYIOT, ITO3TOMY IIPOBOJUM OII€pa-
I[UIO TIpHCOeHenNst [2] (yBoeHre Pa3MEPHOCTH DEIeHNsT) U Oy daeM
KoMMyTupytomue oneparopst D{, DS. Ha sToit ocHOBe B IpesmnosozxKe-
HUAN HaJaudug y oneparopos Df, D§ npaBbix oOpaTHBIX M OOIIEro siji-
pa 0DOOIIEHHBIX KOHCTAHT MTOCTPOEHBI OMHApHDBIE 0OOOIIEHHBIE CTEeHN
XV X3C)pq co cBoiicTBamn

DiXTX§Cpq = pXT ™' X3Cpq, D5XPXGCpg = quXgilcpw

JIurepaTtypa

1. Moisil G Sur les quaternions monogenes. Bull. Sci. Math. Paris. 1977.
Vol. 57, No. 8, pp. 169-194.

2. I'nadviwes FO.A. ®opmasmam Beaprpamu-Bepca u ero npuitoxkenus: B
maremarudeckoit puzuke. KI'Y um. K. 9. [uoonkosckoro, 1997.



K cnekTpasbHOil TeOpUM KOHEYHBIX HEKOMIIAKTHBIX rpadoB ¢
CyMMUPYEMBIMU MaTPUYHBIMU TTOTEHIUATIAMU
4. . I'panosckuii (Toxenxk)
yarvodoley@mail.ru

Paccemorpum rpad G, cocrosimuii u3 p; > 0 GeckoHeYHBIX pebep u
p2 > 0 KoHEUHBIX pebep, p1 + pe2 := p. Kaxioe pebpo Oyiem accoruupo-

BaTh ¢ KOHeIHLIM min GeckomeunsiMm uurepsaioM (0,a,),j € {1,...,p}.
Ha xazkmom Geckoneanom pebpe [;,j € {1,...,p1} onpenenanm MumHn-
o _ " _ 1
ManbHbLi oneparop Ay, fi, = —f +Qu, fi,,Q, = Q) € L (I;,Cm=m),

flj7 fl/j S Acloc(lj7 (Cm)a
dOHl(Al].) = fl]. € L2(lj,(Cm) : Aljflj € L2(lj,(Cm),
£,(0) = f1.(0) =0
Ha kaxnom Koret1noM pebpe €;,j € {p1+1,...,p} oupemeanm MuHH-
MaJIbHBIA oneparop A, fe, = — é'] +Qe; fe;, Qe; = QF, € L'(ej,Cmxm),
fej y féj € Acloc(ejv (Cm)v
dom(A,,) =< fe, € L*(e;,C™) : A, fe, € L*(e;,C™),  fe,(0)
= fe,(a;) = fe,(0) = f¢,(a;) =0
OTO 1O3BOJISIET BBECTH MUHUMAJILHBIA oneparop Ami, Ha rpade G :
Apin 1= @le A, dom(Amin) := ?:1 dom(A4;).

IMokasaHo, 9TO IPK CJIETAHHBIX TIPEIONOKEHUX 05 (A)NR = 0 nost

KazKJI0I'0 CaMOCOIIPA2KEHHOTO paCHInPEeHUA A B JaCTHOCTH, 9TO BEPHO
JJIsA paCIIuPEeHn A Ha = Ha,Q7 3a/1aBaeMOro yCcJIOBueM THUIIa JAeJIbTa:

(1)

{f HerpepbiBHA B 0,
=1 £1(0) = af(0).

ITpu o = 0 ycsosue (1) — xoporo u3ectHoe yeopue Kupxroda.

[Ipu ponomauTebHOM yeaosun 2Q) € L1(G; C™*™) naiiiena onenka
Baprmana nj1a gmciia oTpunaTesbHBIX KBaApaTos onepatopa H, = HY,.

Taxke myis 3Bé3aHOrO rpada G mHaitmena dopmysia, BBIPAXKAIOIIAS
marpuiy paccesaust cucrembl {H,,Hp} wepes dyuxmmio Beiursa, rae
Hp — oneparop 3agaun Jupuxie Ha rpade G.

Hoxaa g 6asupyercst Ha padore [1].

JIurepaTypa

1. d.U. I'panosckuit, M.M. Mastamyn, X. Haitnxapar. KBantosbie rpadbl
C CYMMUDPYEMBbIMU MAaTPUYHBIMU IIOTCHIIUAJIAMU. ZLOK.Ha,I[I)I AKa,I[eMI/II/I HayK,

2019, T. 488, Ne 1, c. 5-10.



UccnenoBanme ypaBHeHUiT OITPOKUHYTOI MEJKOU BOJIbI
T. ®. Joarux (Pocros-na-Tony, Poccus)
dolgikh@sfedu.ru

PaccmarpuBaerca cucreMa KBa3sWIMHEHHBIX YPABHEHHII B YaCTHBIX
IIPOM3BO/IHBIX [IEPBOTO MOPSIKA B Oe3pa3MePHBIX IePEMEHHBIX

hi + (hv), =0, v +vv, — gh, =0, (1)

rue h(z,t) — ToammHa cjios XKUJKOCTH, OTCIATHIBAEMAs OT ILJIOCKOH 110~
BePXHOCTH (IIOTOJIKA), v(Z,t) — CKOPOCTh TeYeHUsl, § — YCKOPEHUE CHUJIbL
TsizkecTH (g > 0).

OTa cucreMa, ONUCHIBAIOIIAs IIOBEJIEHUN KalleJib BOJBI Ha IIOTOJIKE
(ompokuHyTas MeJKasg BOJA), OTJIAYAETCs OT YDABHEHUH MEJIKOH Bo-
bl 3HAKOM YCKOPEHUsT CUJIBI TAXKeCTh. CUnTaeTcs, ITO CJION KUIKOCTH
«IIpUKJIeeH» K TOPU30HTAJIBHON TBEPION MOBEPXHOCTU U YCKOPEHUE CUJTBI
TSYKECTU HAIIPABJIEHO OT IIOBEPXHOCTU. DTO IPUBOJUT K TOMY, YTO THUII
YPaBHEHUI CTAHOBUTCS JLUIUNITUYECKUM U Y2Ke He ONUCHIBAET BOJTHOBBIE
IIPOLIECCHI.

st uccnenoBanus ypasuenuii (1) ucrnosb30Ban BapUaHT METOMA MO
norpada Ha OCHOBe 3aKOHOB coxpanenus [1—4]. Permenue nocrpoeno B He-
ABHOM opMe U yKa3aH aJrOPUTM ITOCTPOEHUsT STBHOTO PEITEeHUs TPHU MO~
MOIII WHTEIPUPOBAHUS HEKOTOPO# 3aa4u Korn 118 cucTeMbl OOBIKHO-
BEHHBIX (M PepPEeHITUaAIbHBIX ypaBHeHnii. [IpuBeeHbl IpuMepsI perie-
HUS I8 Pa3/IMYHbIX HAYaJbHbBIX PACIPE/IeICHN, KOTOPbIE IIOKAa3bIBAIOT,
9TO C TEUEHHEM BpeMeH! Ha MPOo@uUIe CBOOOIHON MOBEPXHOCTH BO3HUKA~
0T «IIUKWU», HA KOTOPBIX MOTYT (hOPMUPOBATHCS KAIlIM.

JIurepaTypa

1. Senashov S. I., Yakhno A. Conservation laws, hodograph transformation
and boundary value problems of plane plasticity. SIGMA. 2012. Vol. 8, 071.
16 p.

2. Kyxos M. IO., [Tupsesa E. B., Hoazux T. @. Meron romorpada mjist pe-
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roB-Ha-Jony: Uzx. FODY, 2015.
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TPHUYECKOrO I0JIsl B JBYXKOMIIOHeHTHO! cMecu. V3Bectust By30B. CeBepo-Kas-
ka3ckuil peruon. Ecrecrsennble nayku. 2017. Ne 3-1 (195-1). C. 28-35.

4. Jloseuzx T. @., 2Kyxoe M. FO., [llupsesa E. B. Perenne s1IunTnyecKmx

YPABHEHUI C TIEPUOINIECCKUMY JAHHBIMU JJIsl 33191 30HAILHOTO 3JIEKTPOdO-
pesa. Becruuk BI'Y. Cepus: @usnka. Maremaruka. 2017. Ne 2. C. 85-96.



ITocTpoeHue acCUMIITOTHKH JJId 3aJa49d C GbICTPO
OCHMJLIIAPYIOIIUMU JaHHBIMHI
H. C. Usaesa (Pocros-na-lony, Poccus)
ivleva.n.s@yandex.ru

B mummaape Q = Q x R = {22 + 9% < 1} x R paccmorpuM 3a1ady 0

i
—-TIEPUOIMIECKOM TT0 BPEMEHM DEeITeHnH cucTeMbl ypaBHeHuii Hapbe-
w

Crokca
v _ (1—(2*+y*)y ,
ot vAv+ (v, Vot Vp = w ( (1—(2*+9?)(—=x) st
+b(z,y), (1)
divv = 0,
vlp =0,

rie I = {#?+y? = 1} xR — rpanuma Q, w — 6os1b1r10it mapameTp. 37ech
b(z,y) = —vAa(x,y) + (a(z,y), V)a(z,y), toe a(z,y) — Kakasg-1mbo
6eckoneuno auddepeniupyemas cosenoupanbiasa (diva = 0) BeKTOp-
dyukIEst, KoTOpas obpaIaercs B HOJb Ha OKpyKHOCcTH Of). Takux BeKTOp-
dyukuuit a, Kak u3BecTHO, 6ECKOHEYHO MHOIO (CM., Haupumep, [1]).

Permienvie 3amaun B maHHO#M paboTe MBI MOHUMAEM B KJIACCHYECKOM
CMBICJIE.

B [2] mocTpoena coorBercTByIonas (1) ycpeHeHHAs 3a/ja9a 1 Haii1e-
HO HEKOTOPOE €€ CTAIMOHAPHOE HEBBIPOXKIEHHOE perienue (ug, po). Ilpu
s1oM s 334241 (1) B OKPECTHOCTH 9TOrO PELIeHUsl BbIIOJHHAIOTCS BCE
ycJ0Bus reopembt 1 paborsl [3], rie paccMOTPEH IUPOKUil KI1ACC ypaBHe-
uwnit HaBre-Crokca. VI3 9T0it TeOpembl cieIyer, 9To B HEKOTOPO OKPECT-
HocTH (ug, Po) CYIIECTBYET U €IUHCTBEHHO 27 /W-TIePUOAUIECKOE TI0 BPe-
menu perenue 3a1auu (1). Kpome roro, B [3] paspaboran ajgropurm mno-
CTPOEHUS TOJHOW ACHMITOTHKU PEIEHMUSI.

Ou npumenen B [2] aus 3aga4au (1) B okpecrroctu (g, Po)-

CoOTBETCTBYIOIIHE PE3YIBTATHI ABTOPA HACTOAIIEH CTAThU OYIyT U3~
JIOXKEHBI B €€ JOKJIa/e HA KOH(DEPEHIINH.

JurepaTypa

1. Jladworcenckan, O.A. Maremarndeckue BOIPOCHL TUHAMUKN BI3KOM
HecxKuMaeMol xunkocru (2-e m3n.). M: Hayka. 1970.
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Mepa TOCTpoeHusi acuMnToTuK. nmammaeckme cucrembr. 2019. Tom. 9(37),
Ne 3. cTp. 297-310.

3. N. Ivleva, V. Levenshtam Asymptotic analysis of the generalized
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WccnenoBanme cTpyKTypbl pelieHnii HeJIMHEWHOTO ypaBHEHUS
napaboJIMYecKoro TUIIa
B. A.JIlykbsinenko, A. A. Kopuayra (Cumdeponons, Poccust)
art-inf@yandex.ru
korn 57@mail.ru

PaccmarpuBaercs crpyKTypa pelneHusi HeJIMHEHHOTO (DyHKITMOHA b~
HO-muDPEPEHITHATBPHOTO  ypaBHEHUsST HapabOIMYIecKoro THIa, KO-
TOpPOE OIUCBHIBAET JIUHAMUKY (DA30BOIl MOIYJISIIIUN CBETOBOH BOJI-
HbI, IpOLIeJIeili TOHKUHA CJIO HEJWHEHNHON Ccpelbl KEepPPOBCKO-
ro THUIIA B OITHYECKOW CHUCTEME C KOHTYPOM OOpATHON CBs3W:

0
6—1;+u:,uAu+K(1+'ycosQu), ry <71 <rg, t>0, p>0,

u(r,0,0) =ug (r,0), u(r,0+2m,t) =u(r0,t), sgece A — oneparop
Jlamaca B mosisipHO#t cucreme KoopauwHart, u > 0 — kosddurmenT aud-
dy3un gacTurl HeJuHENRHOH cpenpbl, () — OmepaTop MOBOPOTa HA Yroi h
(@™ =1 [3]), K > 0 — xoa3ddunuent, mIponopnuoHaIbLHbIi HHTEHCHB-
HOCTH BXopsimero moroka, v (0 < v < 1) — koadbdunuent sugnoCTH
(koHTpacTHOCTH) MHTEP(EPEHINOHHOM KapTUHBI.

Ilosrydens! perenust JjisT YACTHBIX CJIYYa€B, KOTOPBIE HUCIOJIB3YIOTCS
B ACHMIITOTUYIECKOM AHAJIN3€ YKA3AHHOTO MapabOJMIECKOTO ypaBHEHHUS
B 33Jia4e JIJIt KPyTa.

C mOMOIIBI0 MeTOJIa IEHTPAJIBHBIX MHOI000Opasuii, JOKa3aHO, YTO B
pe3ysabTaTe OudypKauu u3 MPOCTPAHCTBEHHO OHOPOJIHOTO CTAITHOHAD-
HOT'O PEIIeHNs IPOUCXO/IUT POXKJIEHNE IIPOCTPAHCTBEHHO HEOTHOPOIHBIX
CTAIMOHAPHBIX PEIIeHU JIJIT KPYyTa, ITOJIyYeHbl IEPUOINYECKUAE PEIIeHUs
TuMa Oeryimei BOJIHBI.

JIurepaTypa
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Hosble dusnyveckue NpuHIUIIBI ONITHYECKON 00paborku nudopmarmu. Hayka.
1990.

2. Paseysun A. B. Hesmmueitabie Mojiesn onrrnyaeckoit cuaepreruku. MAKC
IIpecc. 2008.

3. Kapanemany H. K., Camxo C. I. YpaBHeHUs C MHBAJTIOTUBHBIMU OITe-
paropamu u ux npuiaoxkenus. — Poctos: UznarensctBo PocrosBckoro ynusep-
curera, 1988.



O HenpepbIBHOI 3aBUCHUMOCTHU OT IapaMeTpa MHOXeCTBa
pelieHnii oepaTopHOro ypaBHEHUS
B. Mepuena (Tam6os, Poccus)
merchela.wassim@gmail.com

st orobpazkeHwii, JEHCTBYIONUX U3 METPUIECKOTO MPOCTPAHCTBA
(X, px) B mpocTpaHCTBO Y, HA KOTOPOM OIIDEJIEJIEHO PACCTOsTHUE (TO
ectb orobpaxenne d: X x X — R, takoe, a0 dy (z,u) = 0 & = = u),
OIpeIeIseTCsl CAeAYIOMNN aHAJIOT CBONCTBA HAKPhIBaHUs. MHOXKECTBOM
«a-HakpbiBaHus oTobpaxkenus f: X — Y Ha3zBaHO MHOXKECTBO

Covolf] ={(z,9) e X xY:32 e X f(Z)=g n
px(E,2) < o tdy (7, f(2))}.

Mg zagarapix § € Y, ®: X x X — Y paccmarpuBaercsa ypaBHe-
nue ®(z,x2) = y. Chopmynuposana TeopeMa O CyIHIECTBOBAHUU DPellle-
nust. Vccmemyercs mpobaeMa yCTORIMBOCTH PEIeHnit K MaJJIbIM U3MEHe-
HusiM oTobpakeHusi ®. A MMEHHO, pacCMOTPEHa I10CJIEI0BATEILHOCTD
Takux orobpaxkenuii ®,: X x X — Y, n = 1,2,..., 9ro st Bcex
z € X Bemonneno (z,7) € Covy [Py (-, x)], orobpaxkenne @, (z,-) sB-
JIgeTcs B-JUIIIANEBBIM U JIJIsSI PEIeHnsT ¥ MCXOTHOTO yPABHEHUS MMe-
€T MECTO CXOJIUMOCTH dy (gj,@n(x*,x*)) — 0. Ilpu BbIOJTHEHUN THX
YCJIOBUII yTBEPXK/Ia€TCsl, ITO LIPHU JIOOOM 7 CyIIECTBYeT X TaKOM, UITO
O, (xk,zk) = g u {a} cxomures K £* B METPHYECKOM IIPOCTPAHCTBE
X. Takxke B craThe paccMoTpeHo ypasaenue ®(x,x,t) = § ¢ napamer-
poM t — 3JIEMEHTOM TOIIOJIOTHIECKOTIO IpOoCTpaHcTBa. lIpemmomaraer-
cs, aro (z,7) € Cov,, [@n(~,x,t)], orobpaxkenue @, (z,-,t) asiasgercs [3-
JIMIIIIANEBBIM, a orobpaxenue P, (z,x, ) — HenpepbiBHbIM. JloKa3aHbI
YTBEPXKJIEHUS] O IOJIYHEIPEPBIBHONW CBEPXY M CHU3Y 3aBUCHUMOCTH MHO-
2KeCTBa PelIeHuil oT mapamerpa t.

JIurepaTtypa
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Budypkanus poxkgeHns MUKIOB B JUHAMUYECKUX CACTEMAX C
cuMMeTpuel IMMPUMEHUTEJIbHO K 33jia4e KOHBEKIIUN B
TOPU30HTAJIBOM CJIOE »KUIKOCTH C MPUMECHIO
. B. MopuiaeBa
(Pocros-ua-/Iony, Poccust)
ivmorshneva@sfedu.ru

PaccmarpuBaercsa 3a7ata 0 BOSHUKHOBEHUN KOHBEKITMH B OECKOHEU-
HOM T'OPHA30HTAJIBHOM CJIO€ YKUJIKOCTH C IIPUMECHIO. ['DAHUIIBI CJT0sT TIpeI-
[I0JIAral0TCsd CBOOOIHBIMM, M30TEPMUYECKAMU, U KOHIIEHTPAIIUS IIPUMe-
CH Ha KaKJIOM M3 HUX cuuTaercd 3ajaHHOi. M3ydarorcs aBTokoseba-
HUsI, BO3HUKAIOIIME [IPU KOJIe0ATEIbHOI 1MoTepe YCTONINBOCTU M3BECT-
HOT'O CTAITMOHAPHOIO PEXKUMa OTHOCUTEJHHO ITPOCTPAHCTBEHHBIX BO3MY-
MIEHUH, TePUOIMIECKNAX IO OJHOPOIHBIM ITEPEMEHHBIM. Y DABHEHIS BO3-
Mymienuit umeror rpymiy cummerpun O(2) x O(2), u nupumennMa Teopust
OudypKanuu poXIeHUs MUKJIOB B CUCTEMaX C TaKoi cummerpueii. 13
Pe3y/IbTATOB TEOPUU CJIEJYET, 9TO B CJIyUuae OOIIEro MOJI0KEHUs IPH IIe-
pexozie mapaMeTpa 4epe3 KPUTHUIECKOe 3HAYEHWE OT PABHOBECHS MOTYT
OTBETBUTHCH [UKJIBI, KOTOPBIM OTBEYAIOT aBTOKOJICOAHUS THUITA TOPU30H-
TAJbHBIX OEryIuX BOJIH, KOCBIX OEryIUX BOJIH U PA3JINYHBIX HEJIUHEH-
HBIX CYIEPIIO3UINI KOCBIX Oerynux BOJIH.

B nammoit pabore MpoBoaNTC aHAJIN3 XapaKTepa BETBJCHUS U YCTOM-
YUBOCTH BO3HUKAIONINX ITPOCTPAHCTBEHHBIX ABTOKOJIE0ATEIbHBIX PEXKU-
MOB B TOPHU3OHTAJIBLHOM CJjoe OmHapHOI cmecu. s 9TOro ObLIM HAali-
JIeHbl AHAJIUTUIECKUE BBIPAXKEHUS M1y KOI(DDUINEHTOB CUCTEMBI YDPAB-
HEHWIT Pa3BETBJIEHUSI PACCMATPUBAEMON 3a/adu. DT KOIDDUIMEHTHI
IIPEJICTABIISIOT COO0i DYHKITMOHAIBI, KOTOPBIE BBIPAYKAIOTCH Yepe3 cob-
cTBeHHbIe (DYHKIMY JIMHEHHON U CONPSI?)KEHHON 3a/1a9 yCTOMIMBOCTH, Pe-
IIEHUS Psi/Ia HEOJHOPOIHBIX KPAEBbIX 3324 C MPABbIMUA JaCTAMU, SBHO
3aBUCAIINME OT 9TUX K€ COOCTBEHHBIX (DYHKINi. BBISCHEHO, 9TO n3-
MEeHEHHUsI XapaKTepa BETBJIEHHUS aBTOKOJIEOAHUI CBS3aHBI C OOpAIeHM-
eM B HYJIb WJIN OECKOHEYTHOCTH OJHOTO U3 KO3 MUITMEHTOB ypaBHEHUIT
pa3BeTByieHus. HaiiieHbl 3HaYMEHUsT TAPAMETPOB, TP KOTOPBIX ITO IIPO-
ucxonut. [ BOBHUKAIOIIMX aBTOKOJIEOATEbHBIX PEXKMMOB BBITACAHBI
[epBbIE J[BA WIEHA PAa MO CTEIEHSM IIapaMeTpa HAIKPUTHIHOCTH.



Kiacrepusanun ganabpix Ha ocHoBe Hubert’s G statistics
B. A. Hecrepenko (Pocros-na-lony, Poccust)
neva09@mail.ru

B npenmaraemoit pabore paccMaTpruBaeTcss HOBBI METOJ KJIaCTepH-
3aInK, OCHOBAaHHBIH Ha ucnonb3oBannn G crarucTuk [yGepra [1]:

9 N—-1 N
O = RO Dopan 25 2 (P e mma)

i=1 j=i+1
P — 1 di; - paccrosmme mexy obwexramu U, U;
‘ 1+d2/d3  do - MacmTaGuptit MHOKHTED
A — 1 ecom oowexTsl U;, U; mpuHaAIEKAT OTHOMY KIacTeEPY
K 0 B NpOTHBHOM Ciydae

O6b19HO, B 337a9aX KIACTEPU3AIMN JJAHHBIX cTaTuCTUKY ['yGepTa, uc-
HOJIB3YIOTCS [JIsl OIEHKH KAdeCTBa KIacTepu3anun [2].

B nmammoit pabore 3a7a1ua KIaCTEpU3AIUHU PEITAETCI CJIETYIOIIM 00-
pa3oM: 1o 3amaHHOl Marpure 6iauszoctu P;; 06bvextos {U7, ..., Uy } Haxo-
JIUTCS TaKask MATPHUIA CMEZKHOCTH A;j, 7151 KOTOPOH 3HAYEHHe CTATHCTU-
ku G Oyzer makcmmanbueM. Ilomydennaa marpuna A;; cooTsercTByeT
HAOOPY KJIACTEPOB B MCXOAHOM MHOMKECTBE O0HEKTOB.

Pesysbrar npuMeHeHust PeIIaraeMoro MeTo/1a KJIACTEPU3AIUU TIPU-
BeZI6H Ha PUCYHKE (KJacTepbl OTMEYEHbI [[BETOM ):

JiurepaTypa

1. Hubert L. J., Levin J. R. A general statistical framework for assessing
categorical clustering in free recall. Psychological Bulletin. 1976. vol. 83, pp. 1072-
1080.

2. Sergios Theodoridis and Konstantinos Koutroumbas. Pattern Recognition
— 2nd Edition. Amsterdam ; London : Academic Press, 2003. (16.3 Hypothesis
Testing in Cluster Validity, p.598)



O paspermnuMocTu 0600IIEeHHO KpaeBoil 3aaa4u JIst
HOyJINHENHBbIX AuddepeHInaTbHbIX BKIIOYEHUN JPOOHOTO
rnopsigkal
I.T. ITerpocsiu (Boponexk, Poccus)
garikpetrosyan@yandex.ru

IIycts E- cenapabenibHOe GaHaxoBo npoctpanctso. st a > 0,h >
0 o6oznwauum D = C([—h;al; E),C = C([—h;0]; E). Paccmarpusaercs
obIIeHHasT KpaeBast 3aJada I MOIYJIHHEHHOro (QhyHKIIMOHAILHO-I1d-
depeHImaabHOr0 BKIIOYEHHST JPOOHOTO TMOPSIIKa:

CDix(t) € Ax(t) + F(t,x;),  t€[0,dl, (1)

Qr € Sz, (2)

re €D - npobuas npoussomnas Kamyro nopsjika g € (0;1), dyukius
2t € C,x(0) = x(t+0),0 € [—h; 0], upu cIIeaYIONMX TPE/IIOIOKEHNSIX:

(A) A : D(A) C E — E- juHeiinblil 3aMKHYTHI{ oneparop B E
nopoxk gatomuit orparndennyio Co momyrpymny {1(t)},~, -

(F1) mns Beex ¢ € C mynbrudynknus F (-,z) : [0,a] — Kov (E)
JIOIYCKAET CUJIHLHO M3MEPUMOE CEeUCHUE;

(F2) pya ws. t € [0, a] mynsruorobpazxkenue F(t, ) : C — Kuv (E)
[IOJIYHEIIPEPBIBHO CBEPXY;

(F3) maiinercs dyskmus o € L([0,a]) Takas, uro [|[F(t,x)] <
a(t)(1+ ||zll) ansa ms. t € [0,a], 2 € C;

(F4) maiinerca dbynkuus g € L°°([0,a]) Takas, aro s moboro
orpanmderoro muoxecrsa §) C C somosasercs X (F(t,Q)) < u(t)pc(£2)
s wB. t € [0,a], Tne x - Mepa HekoMmnakTHocTH Xaycaopda B F,
pc(Q) = supye_p 0 € P x(Q1));

(Q) @ :D — C yuneiinplii OrpaHUYeHHbIH OLIEPATOD;

(S) Mynbruorobpaxenue S : D — Kv(C) sBIS€TCS TH.CB. U IIEPEBO-
JIAT OTPAHUYIEHHOE MHOYKECTBO B OTHOCHUTEIHHO KOMITAKTHOE.

JIurepaTypa

1. Adganacosa M. C., Illempocan I. I'. O xpaeBoit 3aja4e st (pyHKIIMOHA-
JBbHO-TU(MGEPEHITUATBHOINO BKIIOYEHNUS IPOOHOrO MOPSIKa ¢ OOIUM HaYa b
HBIM yCJIOBHEM B O6aHaxXOBOM IpocTpaHcTBe. V3BecTuss By3oB. MarTeMaruka.
2019. Ne. 9. C. 3-15.

2. Ilempocan I.I. O6 oxuoit Teopeme 0 c1aboit 3aMKHYTOCTH CYIIE€PIIO-
3UIMOHHOTO MyJibTHoneparopa. Becruuk Tambosckoro yuusepcurera. Cepust:
EcrecrBennsre u rexuudeckue Hayku. 2015. T. 20. Ne. 5. C. 1355-1358.

ccnenosanue BoimorHeHo npu dbuHanCOBOH moaaep:kke PODU B pamkax Hayu-
Horo npoekTa Ne 19-31-60011.



ParmonasbHbie pagabl Pypbe — HeObImiéBa Ha oTpe3Ke
n npubsvxenust GyHKmi |x|°®
Poso6a E. A., IToueiiko II.T. (I'pogso, Benapycs)
rovba.ea@gmail.com pahamatby@gmail.com

AnreGpanveckue apobu, BenenHbie A. A. Mapkossm [1], sBisioT-
cs ecTecTBeHHBIM 0000menueM moauaoMoB I1. JI. Uebbimésa n 06/1a,1a10T
PSIOM 3aMedaTenbHbIX CBOMCTB. OJHAKO CBOWCTBOM OPTOTOHATBLHOCTH,
BooOwIEe roBops, He obsajaT [2]. Orcioga BO3HMKAET 3a7ad4a HAXOXK-
JIeHUsI yCJIOBHi, IIPU KOTOPBIX CHUCTEMa ajredpamdeckux gapodeit Uebbr-
mésa — MapkoBa siBJsiziach Obl OPTOrOHAIBHON Ha orpeske [—1, 1]. TIpn
BBITIOJIHEHUN TAKUX YCIOBHUI, OCOOBINl MHTEPEC BBI3HIBAECT MU3YUEHUE all-
MPOKCHMAITHOHHBIX CBOMCTB PAIMOHANBHBIX PANoB Pypbe, M0 HAAEHHO
OPTOTOHAJILHON CHCTEME, U METO/IOB UX CyMMHUPOBAHHUSA.

Uccaenosanue nonunomuanbhoil annpokcumanuu Gynkuuu |z]° Ha
orpeske [—1,1] Geper coe Hauano B padorax C. H. Bepumreitna [3].
Arasscy npumepom GyHKITHN, IMEIOIIEH 3HAYNTETHHOE BIUSHUE HA Pa3-
BUTHE TEOPUH AMMTPOKCUMAIINH, 3314491, CBI3aHHBIE C N3y YCHNEM €€ Hau-
JIydInuX npubJInKeHuil akTyas bHbl U B Halie BpeMs [4].

B noknase mranupyercs OCBETUTH BOIPOCHI, CBA3AHHDBIE C METOIAMHI
pAIMOHAIBLHOM ANMPOKCUMAIINN, B OCHOBE KOTOPBIX JIEXKAT psiabl Py-
phe IO OmHOI cucTeMe ajiredpandeckux apobeit Yedwrmésa — Mapko-
Ba u Meronbl ux cymmuposanus (®Deitepa, Basse Iyccena, Ixkekcona,
Pucca). UccnenoBanpl anmnpoKCMMAalUOHHBIE CBOMCTBA yKA3AHHBIX Me-
ToN0B B npubiukenusx dyskuuii |z|° wa orpeske [—1,1]. Tlosyuenbt
aCHUMITOTUYECKHE OLEHKU DABHOMEDHBIX IPHUOJINKEHUI U OLEHKH Hau-
JIYUIUX TPUOJIVKEHUNH TAHHBIMEA MeTomamu. JIjis MeTOIO0B CyMMUPO-
BAHUs C MOJIOKUTEJbHBIMY SAPAMU HANIEHBI ACUMITOTHYIECKH TOYHBIE
BepXHIe IPaHy yKIOHeHmil Ha knaccax MH ) [—1,1].

JiurepaTypa

1. Mapxos A. A. VI36pannbie TPyAbl 110 TEOPUHU HEIIPEPBIBHBIX Apobeit u
Teopnu (GYHKIWI HanMeHee yKIOHsomuxcst oT Hysst. M. : locrexuzmat, 1948.

2. Posba E. A. Nnrepnonsiius u psiapl Pypbe B pAIMOHAIBHON AIIIIPOKCH-
manmu. ['pommo : T'pI'y, 2001.

3. Beprwmetn C. H. O nawry«nem mpubmkennd |z|P mpu moMomm MHO-
rousieHoB BecbMa BbICOKOH cremenu. V3sectusi AH CCCP. Cepust maremaru-
geckas. 1938. T. 2, Ne. 2, ctp. 169-190.

4. Hexapekuti A. A. Armporcumanmsi GyHKIpM 2 PAIMOHATIBLHBIMA JTPO-
6siMu B 00J1aCTH C HyJIeBBIM BHEITHUM yTyioM. Maremarudeckue 3amerku. 2012.

T. 91, Ne 5, cTp. 761-772.



MopesnupoBaHue KJI€TOYHBIX YIIAKOBOK B cepudecKnx
SMUTEITNATBHBIX MOHOCJIOSIX
. C. Pomags, C.B. Pomans (Pocros-na-Iony, Poccus)
K. Azzag, E. Le Goff, S. Baghdiguian (Monrnease, ®paHiusi)
rochal.d@yandex.ru

[Ipobsiema mOTHEHIIUX YIIAKOBOK CTPYKTYPHBIX €IWHUI Ha chepu-
YEeCKON TMOBEPXHOCTU 0OOpeTaeT HOBYIO aKTyaJbHOCTDh. Illupokmit mrTe-
pec BBI3BIBAIOT KaK KJIACCHIECKHE MaTeMaTndecKue mpobaemMbr Tomcomna
n Tammeca, TaK U UX TPUIOKEHUS K CHEPUICCKUM KOJIOUIHBIM KPH-
cTaJuiaM, BUPYCaM U SMUTEIUAJBHBIM MOHOCJIOSIM. 3aKOHBI, JIEXKAIIUE B
OCHOBE TaKMX YIAKOBOK — YHUBEDPCAJIbHBI, U Mbl U3y4YaeM HUX, CDABHU-
Bas kuBble [1,2] u HeKUBbIE ABYMEDHbBIE CUCTEMbI, CAMOOPIaHU3Y IOLIUECS]
Ha cdepuyeckoil moepxuocTu. CTPpYKTYpPHBIE 9JIEMEHTHI TaKUX (busmde-
CKIUX CHCTEM 00pPa3yIoT TeKCATOHAJIBHBIN MOPSIOK CO CHEIU(pPUICCKUMU
JITHEHHBIMU TOTIOJIOTUIECKUMHE JlebeKkTaMu — PyOIaMu U CKJIaIKaMU, B
KOTOPBIX YePeyIOTCS YacCTUIlbl, uMmerorue 5 u 7 coceneir. HecmoTpst na
TO 9TO B CTPYKTYPHOU OPraHU3alny OMOJOTTIECKUX CUCTEM yIACTBYIOT
Te e (pU3nIecKre W TOMOJOTHIEeCKNE 3aKOHBI, B IMUTEINAILHBIX KJle-
TOYHBIX MOHOCJIOSX TaKue /edeKThl paHee He HaDIIOTAINCD.

Mpbt obHAPYKUIN 3TU AePEKTHI B (DOTUKYIAPHOM CHEPUIECKOM dITH-
TeJINY aCIyIui. YIMBUTEIBHO, HO CKJIAJIKHU, PYOIlbl U PaHee HEN3BECTHBIE
HEeJINHEHHBIE TOIOJIOTHYecKue 1eeKThI TOSBJISIIOTCS B SIUTENINN, JTaXKe
KOT/Ta KOJWIECTBO KJIETOK B HEM 3HAYMUTEIHHO MEHBITE, YeM ITOPOTOBOE
3HaYeHne, M3BECTHOE JJIsI HEXKUBBIX C(DePUIECKNX CTPYKTYp. B HemaBHO
oIy GJIMKOBAHHOMN cTaThe [1| MBI OOBICHUIN ITOT PE3YIBTAT PASTAIASME
B pa3Mepax KJETOK U IIPOBEPUJIN HAIILy T'MIIOTE3Y, PACCMaTPUBAS CAMO-
cOOPKY YacCTHUIl PA3HBbIX CJIyYallHBIX PA3MEPOB Ha C(HEepPUIECcKOil MoBepX-
Hoctu. TakuM 0Opa3oM, MBI TMOJIYIHIN CHEPUICCKHAE YITAKOBKU C TOIO-
JIOTUIECKUMU JTePEeKTaMU, AaHAJOTHIHBIMA T€M, KOTOPbIE HADIIOIAIOTCS
B chepuIecKnX SMUTETUATHHBIX MOHOCJIOSX ACITUINMN.

Pabora Bemnosinena npu nojgep:kke rpaata PODIT Ne 19-32-90134.

JIurepaTypa

1. Roshal D. S., Azzag K., Le Goff E., Rochal S. B., Baghdiguian S. Crystal-
like order and defects in metazoan epithelia with spherical geometry. Scientific
Reports. 2020. Tom. 10, Ne 3, cTp. 1-11.

2. Koneuvtsova O. V., Roshal D. S., Bozic A. L., Podgornik R., Rochal S. B.
Hidden symmetry of the anomalous bluetongue virus capsid and its role in the
infection process. Soft Matter. 2019. Tom. 15, Ne 38, cTp. 7663-7671.



HekoTopbie BeCOBbI€ IPOCTPAHCTBA AHAJIMTUYECKUX QYHKIUH
B €JIUHUYHOM JIMCKE CO CMEIIIAaHHON HOPMOM
N.10. Cmupnosa (Pocros-na-lony, Poccust)
your@email.com

JlokJ1aJi OCHOBaH Ha JMCCEPTANMOHHON (KBaJnbUKAIMOHHON) pado-
te aciimpanTa FODY. Vccenyorcs HEKOTOPBIE BECOBBIE TPOCTPAHCTBA
aHAIUTUIeCKUX (DYHKIWIA B €IMHIIHOM JHCKE CO CMEIIAHHON HOPMOIL,
ompeiesieHHble B TepMuHax Koadduimento Pypue. ['oBopss o momaxo-
Jie, KOTOPBIiI OCHOBAH Ha BBEJIEHHUM CMEIaHHOW HOPMBI YIOMSIHEM, YTO
B HACTOsIIlee BpPEMsl CYIIECTBYET PsiJi paboOT IO MPOCTPAHCTBAM THIIA
Beprmana ¢ mHTErpasibHON CMEITAHHOW HOPMOIL. DT pabOTHI MOCBSIIIE-
HBI BOIIPOCAM OT'PAHUYIEHHOCTH ITPOEKINN beprymana n HEKOTOPBIM CBOIi-
cTBaM MpocTpancTB Beprmana, TaKuM KakK [IBOWCTBEHHOCTH, MHTEPIIO-
JISIIUS W JIpyTue BakHble cBoiicTBa. OTMernM, Hampumep, paborsl Gu,
M.Jevtic, S. Gadbois, Y.Liu u apyrux aBropoB. B juccepraiiuoHHOl pa-
060Te HCITOJIb3YeTCsl UHOM IMOJIXO[l, PA3BUTHI B CepUU HEJABHUX PaboT
A.H.Kapaneranna u C.I.Camko (2016-2018). B srux paGorax pa3susa-
ercst oIl TO/IX0/ BBEJAEHUS U WUCCIEIOBAHUS HOBBIX IIPOCTPAHCTB CO
CMENIaHHOU HOPMOIT, KOTODPBIif, B IEPBYIO O4Yepe]b, PeaIM30BaH B KOH-
TEKCTe €JUHUYHOIO JUCKA U SJUIUITUYECKOrO CIydas IUIepOoImdecKoi
reomerpun B jgucke. OupejiesieHne caMux IPOCTPAHCTB OCYIIECTBJISETCsT
B TepMuHax kKoddduiuenToB Pypre, Tak 9T0 PYHKIUU U3 ITUX MPO-
CTPAHCTB SBJISIOTCS ODOOIIEHHBIMA APOOHBIMUA IIPOU3BOIHBIMUA AHAJIM-
Tudecknx QyHKIuit ¢ lq - cymmupyembiMu Kodduimentamu Teitno-
pa. DToT BaxKHBIH BaKT OTIMYaeT BBEJEHHBbIE MPOCTPAHCTBA OT paHee
PacCMOTPEHHBIX MIPOCTPAHCTB CO CMEIIAHHON HOPMOIi, HO OJHOBPEMEH-
HO TI03BOJISIeT ¢ OoJibieil 3 (HEKTUBHOCTHIO MCIOJIb30BATH CMEITAHHYIO
HOpMY [IJIsl XapaKTepu3alnuud (QYHKIUU U3 ITUX IpocTpaHcTB. OcHOB-
HOI MOTHBaIe JAHHON paboThl ABIIETCS HaabHENIee pa3BuTHe METO-
JIOB UCCJIeIOBAHUS KJIACCOB OIIepaTopoB TernInma i mopoxK 1aeMbIX STUMU
oneparopaMu ajrebp B BECOBBIX IIPOCTPAHCTBaX bBeprmaHa co cMmelraH-
HOIl HOPMOIi U ¢, BOOOIe TOBOPsI, HEOTPAHUIEHHBIMHU CUMBOJIaMu. Jljist
3TOr0, B YaCTHOCTHU, HEOOXOIMMA XapPAKTEPU3AIUs CAMUX BECOBBIX IPO-
crpaHcTB BeprMana co cMeNIaHHOW HOPMOI, MCCIEAOBAHNE CTPYKTYPBI
9TUX MPOCTPAHCTB, MO3BOJISIONIEE B JAJIbHEHIIIEM TOIYIUTh HEOOXOIHU-
MBbl€ IIPEJICTABJICHUS I N3y I€HNsI COOTBETCTBYIONINX TEIJINIEBBIX OIle-
paropos. [luccepramuontas pabora (paKTUIECKH COCTOUT U3 JABYX da-
creii. B mepBoit crpouTcst 0b1iast Teopusi BECOBBIX IIPOCTPAHCTB CO CMe-
IIAHHON HOPMOI IO AHAJIOTMH C HE BECOBBIM CJIy9Ia€M, PACCMOTPEHHBIM



B paborax A.H.Kapamersiuna u C.I.Camko. 3j1ech HeEMaIOBasKHbBIM siB-
Jisiercsi (baKT BBeJIEHME B PACCMOTPEHUE BECOBOTO ITpoeKTopa beprmana.
JlaHHast 9aCTh sIBJISIETCsT OCHOBOI JIJTsi JaJIbHEHIero uccjienoBanus. Bro-
past 9acTh MOCBSIEHa OoJiee IeTAJIFHOMY M3y I€HUIO BOIIPOCA IIPU BBIOO-
pe KOHKPETHOI'0 BECOBOI'O IIPOCTPAHCTBA Jlebera B KadecTBe IPOCTPAaH-
crBa 17151 Koaddurmentos Pypoe. IIpogomkennem ncce0BaHnit MOTYT
OBITH pa3J/IMYHbIE BAPUAHTHI BBIOOPA ITPOCTPAHCTB JjIst KO3 DUIneHToB
Oypne: npocrparcTBa Moppu, OpJinda, B TOM YUC/Ie IIPOCTPAHCTBA I1e-
PEMEHHOTO TIOPsiJIKA, U JIPYTUe IPOCTPAHCTBA (DYHKINIT HECTAHIAPTHOTO
pocTa, BOSHUKAIOIINE B COBpEMEHHOM aHaJn3e. VceremoBanns Ob1IH TO-
Jep2KaHbl HAyYIHBIM rpaHToM Poccuiickoro douga GyHIaMEHTATLHBIX
uccsregosanuit "IIpocrpancrBa GyHKIMIT HECTAHIAPTHOTO POCTA U HEKO-
TOpPBIE KJIACCHI OIEPATOPOB B 3TUX IpocTpaHcTBax mpoekt 18-01-00094
(2018-2020).



Moneabuble moBepXHOCTH oaHOPOAHBIX CR-MHOroob6pasuii n
ux tun no Baymy-T'pamy
M. A. Crenanosa (MockBa, Poccust)
step _masha@mail.ru

B pa6ore [1] meron mMozmesnbHo# moBepxHOCTH (cM. [3]) GbLI pacnpo-
CTpaHEH C KJIACCA BIIOJIHE HEBBIPOXKIEHHBIX MHOT000pa3uii Ha OoJjiee mim-
POKuii KJ1acc Bcex MHOroobpasuii koneunoro ruma 1o baymy-Ipamy (ompe-
JleJieHne Tuna cM. [2]), a Takxke ObLIM BBEIEHBI HEBBIPOXK IEHHbBIE MHOI'O-
obpasus, Jjid KOTOPBIX YCJIOBHE IIOJHON HEBBIPOXK/IEHHOCTH ObLIO 3aMe-
HEHO HA JPYroe, 3HAYUTEIHHO Oojiee caaboe, ycioBue. B cBs3u ¢ sTuM
BO3HHUKJIM HOBBIE BOIPOCHI, chopmynupoBanubie B padore [1]. Hac Gymyr
WHTEPECOBATDH T€ U3 HUX, KOTOPBIE CBA3AHBI C TOJIOMOPMHO OIHOPOIHBI-
MH MHOTOOOPA3HAMHU.

IlepBbiit u3 BOIPOCOB TAKOB: PACCMOTPHUM POCTOK I'OJIOMOP(HO O/I-
HOPOJIHOTO MHOT000pa3wsi. BepHO /i, 9YTO ero MomenbHas MOBEPXHOCTH
Tak)ke ToJI0MOpdHO oxHOpoaHa? OTBET yTBEpAUTE/IEH BHE 3aBUCUMOCTH
OT TOTO, SIBJISETCs JIU TUI KOHEYHBIM UJIU OECKOHEYTHBIM.

JIpyroit ecTeCTBEHHBIN BOIPOC O TOJOMOPGHO OTHOPOIHBIX MHOIO-
00pa3uax Kacaercs WX TUIMA: Kakue TUbl o Baymy-I'pamy amasa takumx
MHOT0O00Opa3uit MOryT OBITH peasn3oBanbi! B Tune purypupyor asa Bu-
Jla, TAHHBIX: Beca U KparHocTH. B [1] 6bII0 [OKA3aHO, ITO Beca HE MOTYT
OBITH MPOU3BOILHBIMU. KPATHOCTH B THIIE TAKKe HE MOT'YT OBITH MIPOU3-
BOJIBHBIMY, OYIyT MPUBEIEHBI OIEHKU, KOTOPHIE SBJISIOTCS B HEKOTOPOM
CMBICJIE TOYHBIMU.

JJurepartypa

1. Beloshapka V. K. CR-manifolds of finite Bloom-Graham type: the model
surface method. Russian Journal of Mathematical Physics, Vol.27, No.2, 2020.
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CTPAHCTBA: UX IIOJMHOMHUAJIbLHBIE MOJEN, aBTOMOPGU3MBI ¥ ITPOOJIEMbI KJIac-
cudmrammu. YMH, 57:1(343) (2002), 3-44; Russian Math. Surveys, 57:1 (2002),
1-41



O HEKOTOPBIX HPUIOKEHUIX U MPOobJIeMax MaTeMaTu4ecKoro
MO/IEJIMPOBAHUS MHOTI'OCJIOWHBIX CTPYKTYP
MOJIYIIPOBOJHUKOBOM ONTO3JIEKTPOHUKN
M. A. Crenosuy™, B. B. Kanmaunosuua**, 1. B. Typrua™**,
E.B. Ceperuna*™** (* ** ***Kagyra, ***BanosBo, Poccus)
*m.stepovich@rambler.ru, **v572264Q@yandex.ru,
“**turtin@mail.ru, ****evfs@yandex.ru

MaremaTutieckoe MOAETUPOBAHIE TTPOIIECCOB B3ANMOIECHCTBUASA 3aPsi-
KEHHBIX YaCTHUIl WX 3JIeKTPOMArHUTHOI'O U3/IyUeHUs C KOHeHCUPOBaH-
HBIM BEIECTBOM U CBSI3aHHBIE C HUMU ITPOIIECCHI TEIJIOMACCOIIEPEHOCA
COTIPsI?KEHBI € TPOOIEMAaMU KaK YUCTO MATEMATHIECKOTO XapaKTepa, TaK
¥ C TPYJHOCTSME IIPOBEPKHU pa3pabaThiBaeMbIX Moaeseit. OTMeTnM, 9To
TOCTPOEHNE W aHaJM3 MaTeMaTHIeCKNX MOoJesell marke IS OTHOPOJI-
HBIX MaTepHaJiOB MOJYIIPOBOIHUKOBON ONTO3JIEKTPOHUKU SBJISIETCS IO-
BOJIBHO CJIOXKHOIT 3ajia4eil [1, 2]. B nacrostimeit pabore ¢ ucmob3oBa-
HUEM aHAJUTUIECKOTO MATPUYHOIO U YHCIIEHHBIX MeTOo/oB [3] paccMor-
PEHBI HEKOTOPBIE MPOOJIEMBI MATEMATHIECKOTO0 MOIEIUPOBAHUST MHOTO-
CJTIOMHBIX CTPYKTYP, MPEXKIE BCETO MPOOJEMBI ITOCTPOEHUST W PEITeHUS
muddepeHnuaIbHbIX YPABHEHNN TEITOMACCOIIEPEHOCA, OMUCHIBAIONINX
9TU MOJIE/IN.

Pa6otra BbInosiHeHa npu puHAHCOBON moep:kKke Poccuiickoro ¢hon-
na dyHgaMenTa bHbIX uccaenoBanuii (mpoekr Ne 19-03-00271), a Tak-
ke PODU u npasurenscrea Kasmyzkckoit obmactu (mpoekt Ne 18-41—
400001).
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Iycrs E(t) — coydaitHblii IpOIeCe, ONUCHIBAIONIMI BOJIOIUIO CII0K-
Hoit Texunveckoil cucremsl (CTC) Bo Bpemenu, & — BpeMst 6e30TKA3HOI
paboThI CHCTEMBI, 1) — BPeMsl IJIAHOBOTO TPEJLYIIPEJIUTETHHOTO OOHOB-
JIEHUsI CUCTEMBI, Y] — JTUTEJBHOCTh IJIAHOBOTO MPOMUIAKTHIECKOTO
OOHOBJIEHUST CHCTEMBI, Y2 — JITUTEILHOCTh BOCCTAHOBUTEIBHON PabOTHI
[IPY BHEILIAHOBOM aBapuilHOM obGHoBsienuu cucrembl [1]. Paccmarpusa-
IOTCS 33/1a9H, CBA3aHHDBIE ¢ 9DPEKTUBHOCTHIO PYHKITHOHMPOBAHWS U OTI-
TUMU3AIMA WHTEHCUBHOCTHU SKCILIYATAIIMOHHBIX 3aTPAT JJIsi CTPATErHH
obcryx)uBaaus CTC 6e3 yuéra cTpyKTYpbl C MTHOBEHHO!N WHJIMKCAIIAEH
orka3za [2]-[3]. [Tepuon pereneparun X = min(&,n)+7111(n < &)+y21(€ <
n) ¢ maremarudeckuM oxuganneM EX(G). Ha mHO)ecTBe paspemniéu-
HbIX cTpareruil G(z) Tpebyercs: OIpPeeUTh ONTUMAJIBHYIO CTPATErUIO,
JJIsT KOTOPOI JIOCTUraeTcs: SKCTpeMyM (yHKIMoHaI0B 3bdeKTUBHOCTH,
OIIPEJIEJIEHHBIX Ha TPAEKTOPHsIX caydafinoro mporecca E(t). Ha manaoM
JTare TMOJIyUIeHa OIeHKa CHU3Y JJIS MUHUMYMa CPETHUX V/IETbHBIX 3a-
TPaT, YIUTHIBAas OCTATOYHBIA PECYPC JIEMEHTOB TAKOW CHCTEMBI.

Teopema. OnrnMaJibHBIE CPOKH [TPOBEJIEHNUST OUEPETHOTO TIJIAHOBOTO
obnosenus CTC He MOTyT GBITH MeHee ueM T3 + 74, Te

aE()F(z) + csE(y2) F(x) 22 = min CosopE(€:)
[Ty 0 B(e) [Ty

7

o=
[0,4-00)

F(z) u G(z) — dyukuun pacpenesnenns ¢.B. £ 1 ) cooTBeTCTBEHHO, Cosop
— cMeTHas cTonMOCTDL 060pymoBanus (Cpec = O6Op% — UBJIEPKKU
[P HEKCIIOJIb30BAHUU OCTATOYHOrO pecypca 000pYIOBAHUS ).

Ilenesoit byHKIIMOHAT B 9TO TeopeMe TIPeICTaBIIsIeT CODOM OTHOIIIE-
HUe JBYX (DyHKIIMOHAJI0B. BOIIPOCH! ONITUMEI3aIuu UHTErPpaabHBIX JIPOOHO-
JIMHeRHbIX (DyHKIMOHANIOB paccMmarpuBaiorcs B [4]-[5]. Dxonommueckoe
obocHoBaHMEe 3P HEKTUBHOCTU YIIPABICHIS BOCCTAHOBUTEIBHBIM IITKJIOM
CTC ¢ yuerom ocrarognoro pecypca jauo B [6]. Jaabreiimme ucciaeno-
BaHMs Oy/IyT ITOCBSAIIEHBI UCCJIEIOBAHUIO METOIOB OITUMU3AINN TTPUMe-
HuresibHO K 3jieMenTam CTC, jonyckaromux BOCCTaHOBJIEHHE paboTo-
CII0COOHOCTH BO BpeMsI HEIIPEBUIEHHBIX PEMOHTOB 03 BOCCTAHOBJIEHUST
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I bynkumit f € H = W{L[—l; 1], dukcuposanuoro uncaa k € {0,1,...,n—1} u
dbukcupoBanHnoii Touku a € (0; 1) uzygarorcss HOPMbI (DYHKIHOHAIOB

Ang(a):= sup [fP(a)].
I £ll=1

D1u DYHKIMOHATBI OKA3BIBAIOTCSI OYEHb MOJIE3HBIM MHCTPYMEHTOM DU U3y9IEeHUN
oneparopos Bnozkennst J : W[—1;1] < Wk [=1;1]. IIpu 9ToM Toumas KOHCTaHTA BIIO-
JKEHHsI YKA3aHHbIX IIPOCTPAHCTB COBIAIAET ¢ HOPMOii onieparopa J 1 paBHa

||| = Apg := sup A,x(a).
a€[-1;1]

B paGore (1] 66 momydensr dopmysst g koncrant A2 o, A2 m A2, a Takxke
YCTaHOBJIEHA, CBS3b MEXK/[y KOHCTAHTAMU BJIOXKEHUSI ¥ TI€PBOOOPA3HBIME [TOJUHOMOB Jle-
KaHjpa. B pabore [2| mosryuensr okaabHbIe cBOCTBa DyHKIHMIT A?z,k () u upexbsiBIEeHbI
dbopmyssr s A2 4w A2

HekoTopble Bbruuc/ienus: yojaoHee poBojuTh jijid Ha orpeske [0; 1]. Hecoxuo ycra-

HOBUTDb d)OpMyJIbI Hepecqua KOHCTaHT B.HO}I(QHI/IH, OHpe,ZLeJIeHHbIX JJIA pa3HbIX OTpQSKOB:
2 o 2 _ 02n—2k—-1 _ 0o2n—2k—-1
AL (@) = AL o1 (2) = 2 AL pom(@), A2y =A2, =2 A2 1 o

B coorBercTBum ¢ Teopemoii Pucca (byHKuHOHaJI fe f () () B mpocrpamncTse W2[0; 1]

3a/1aeTCcA C IIOMOIIBIO (DYHKIAU Gy, k: f) f f)(z ( ,a) dz, npu 3TOM

Aprla) = ”gn,k”vi/;[o;l]' (1)

Teopema 1. Qynryuu g, onpedeasromcs Popmyramu:

(k-
(2n —k—1)!

%a"—k(l — )" hpi(z,a), x€la;1].

(1—a)" 2" hpr(1 —2,1 —a) z€]0;d
gn,k(x) =



_ n—1 n—1-lon—1-1 n—1-1,1 l m m

2de hnp(x,a) =325 (1) Con 1ok a' D o Opliim®™.
OsiHako npu 60JibIuX N 1 k u3-3a pacrymieil cioxKHOCTH Bbraucienuii hopmysint (1)
OKa3bIBAIOTCs MAJIOIPUTOIHBIMHI JIJIsI IIPAKTUIECKOTO IIpuMeHeHns. /lamee Mbl IpuMeHsi-

eM MOJI(UKAIMIO METO/Ia, IPEJIOKEHHOTO B [1].

PacemarpuBatorest oproronanbias B Lo[—1; 1] cucrema nosmmaoMos Jlexkanapa, omnpe-

L;
Loz ym®
] ((z* = 1)")"" . IlepBoobpa3Has mopsijiKa
C m 11 n—m
m > 0 noimaoMa P, ompejessiercs (popMyIoi pim = o (2% — 1)”)( ).
"n!

[TocnemoBaTeIbHO TOKA3BIBAIOTCS CIEAyIONMNe (DaKTHI.

1
nesisiemasi popmysioit Pojpura P, (x) := on

Jlemma 1. Qynruyuu Aik(x) YdoBAEMBOPAIOM PEKYPPERTNHOMY COOMHOULEHUIO

Rulo) = A ofo) = (P @) (05 ) = (P @) (05

Jlemma 2. /Tan eeaunun A2 (z) cnpasedauso coommowenue

dAi,k (z)

20l __ pltoog). pleoniiy)
T

n

Teopema 2. Touxa x = 0 aAsasemcs moukot 24000451020 MAKCUMYMG OYHKUUU
A2 (x) na ompesre [—1;1].

C momormpio jleMM 1, 2 1 TeopeMbl 2 JI0Ka3bIBAETCS CIEIYIONINN OCHOBHON Pe3y/IbTar.

Teopema 3. Tounvie 3HaeHUA KOHCMAHM 6A001CEHUA Ha ompeske [—1; 1] npu k = 21,

[=0,1,... umerom 6ud

_ ((k —1)u)?
- 22—k=1((n — (k/2) — 1)1)2(2n — 2k — 1)’

Aik = Ai,k(o)

Pa6ora Beinosnena npu nojyiepkke PODU (mpoekt Ne 19-01-00240).
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ACUMIITOTUNYECKUE PA3JIO2KEHU A INTAPOBBIX
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W3BecTHBI TP cr1ocoba MOy YeHnsl aCHMTOTHYECKOTIO Pa3JIoXKEeHNs JIpo0-
HOro mHTerpaja Pumana-JImyBuiis: MeTon MmOC/eI0BaTeIbHBIX PA3JIo-
skennit [1], [2], MeToJ], OCHOBAHHBIN HA AHAJIUTHIECKOM MPOJOJIPKCHIN
npeobpazoBannst MeJumHa W MCTIOMh30BAaHUA paBeHcTBa [lapcesans (3],
[4], [5], m meTon Teopun 0GoOImEHHEBIX dyHKIHI [6].

B pa6ore N. Berger, R.A. Handelsman [7] nanel acuMnrorndeckue
PA3JIOZKCHAs IPOOHOIO MHTErpaJa, (I patigges f) (z) no dbyuxnuu zP B cie-
JIYIOIIAX JBYX CJIy9asX:

a ) upu  — +0 B upemnonoxenun, 9yro Gyuruug f (t) umeer npu
t — +0 pasnoxennef (t) ~ > 7 o aptt™;

6) upu x — 400 ¢ ycaosueM, uto f (t) umeer acumuroruky f (t) ~
e N yant ™M™, a > 0, rue fu,— BO3pACTaOas OCJIEL0BATE b

HOCTb, mpudeM lim p,, = 4oo. VccremoBanne onmpaercs Ha pa3BU-
m—r o0

Toie B paborax R.A.Handelsman, J.S. Lew [4,5] MeTonsl, ocHOBaHHBIE HA
HCIOJIL30BaHny paeHcTBa [lapceBaiis
00 T 1 Y4100
n(2)ewd=— h* (s) ¢ (s)2~d
| r(§)ema= o (5) " () 2 "ds

3 y—100

JUTst TipeoOpaszoBanust MejimHa,

o (s) = M{p(t): s} = / T (1) d. W

OTH METOBI MMO3BOJIAIOT HAXOJUT ACHUMITOTHIECKUE DPA3JIOKEHUS JIJIsT
IIAPOBBIX JAPOOHBIX MHTErpaJsioB mopsauka « > 0 B R™ onpenenseMbix
paBeHCTBaMU

(B3¢) (@) = | (l"—iyi)m) dy, (2)

n
wi<lzl 1T =Yl

(B2¢) () = 1m0 / (|y||x|)</v (y) dy, (3)

n
>zl 17—l



_ 2 _ (%)
TIE Yo = Fayw, ; — NGO Hannast pabora 0000IIaeT 9TU HCCIIe-

JIOBAHMsI M TOCBSIII[EHA M3YYEHNIO ACUMIITOTHYECKOrO PA3JIOXKEHUs IIa~
POBBIX JPOGHBIX MHTErPAJIOB ¢ HPOU3BOJIBHON MIoTHOCTHIO. IIpenoa-
raeTcs, 9TO IJIOTHOCTD o () MMEET CJIe/LyIOoNiee aCuMITOTHIECKOTO Pa3-
JIOXKeHust upu |y| — +00

_ m Yy
~e“""Za 7 = (4)

rae koabduuuents! an, (y') € CA(S"1),A > 282 tak uto ay, (y')
paznaraercs B abcosioTHO cxofsmuecs psaapl Pypoe-Jlamnaca o cde-

pUIEeCKUM I'apMOHUKaM

oo dn(k)
A (y/) - Z Z af’m,k,qu,u (yl) 5

k=0 v=0

Y., (v')-6asucubie chepuueckne rapmonuxy, d;, (k)—pasMepHOCTD HOJ-
IPOCTPAHCTBA cHEePUTIeCKNX TaPMOHUK TopsiiKa k. Bosiee cioKHBbIM sB-
JsieTcst caydaii Koraa o (y) uveer acuMunToTuky (4). 3BectHO, uTO0 OtnH
CII0CO0 HAXOKJICHUST ACUMIITOTUYECKOTO PA3JIOZKEHHS [IIAPOBBIX JIPOOHBIX
nHTerpaJsios (2) u (3) METOIOM IIOCIIeIOBATE/ILHBIX PA3JIOXKEHHI [OJTy 9eH
B pabote [8]. Haanum acuMmnrorndeckoe mpejcrasiaenue (2) u (3) Merona
¢ TIoMoITbIo paBeHcTBa [lapceBastsa st nmpeodopasoBanus Mesinaa.

B nannoit pabore moyUeHBI CJIEIYIONINE PE3YIbTATHI:

1) ecsm ¢ (y) upu |y| — 0 umeer acumnroruxy ¢ (y) ~ > oo am (y') [y,
To mpu || — 0

do (k T +ktum
rae dm () = 3720 2, (0 ) m,k Vlﬂ(cg_kniﬂcﬂtn)l)yk}u (@');
2) ecim o (y) mpu |y| — +00 06IaaeT ACUMITOTHIECKUM IIPEICTAB-
senueMm (4), To npu |z| — o0

(Be) )~ 3 e e

)

m=0

eciu a > 0, (M- upeobpazosanune Mejuuna (1)) u

= o— M b + — m+n—o
x)Nme(x’ 2 Mm_i_z {90 (m n}‘ | 2(m+ )

m'F (¢ —m)
m=0



eciu a =0, by, Zn,n+ 1, ..., e

by (2') = i dnf . () ) Yio ().

+E—pm
k=0 v=0 I (a + %

3) ecim @ (y) npu |y| — +00 obaasaeT aACUMITOTHIECKUM IIPe/ICTaB-
gerueM (4), To npu |z| = +o0

(BY9) (x) ~ > g () [,
m=0

_ AR = dn (k) F(%*a ’
ecit a = 0, 1€ Gy (') = D0 g Do am,k,uWYk,u (').
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