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KondepeHnusIHbIH MaKcaThl - TOKIpHOE amacy, FhUIBIMHBIH, TEXHUKA MEH OLJTIMHIH op TYpPJIi
cajlaylapblH/Ia €CeNTey JKOHE aKMapaTThIK TEXHOJIOTHUSJIApAbl KOJIJaHy CallaChIHAAFbl KETEKIi
MaMaHAapAbIH MACEeJIeNIepiH TalKbUIAY, Iprefi )KoHe KoJaaH0a bl MaTeMaTUKAIIBIK 3epTTeyIepIiH
KaHa HOTWXKEJEepIMEH TaHbBICY, COHJAN-aK XaJbIKapalblK FBUIBIMH JKOHE TEXHHUKAJIBIK
BIHTBIMAKTaCTBIKTHI KEHEHTY.

"Computational and Information Technologies in Science, Engineering and Education™
(CITech) xanbikapanbIK FEUIBIMH-TOXKIprOeniKk koH(pepeHusach Oail 1ocTypiepre ue xane 2002
KBUIIAH Oepi TYPaKTHI TYPAE OTKI3UIe .

Kondepenuust peceisiik >xoHE Ka3zaK FalbIMAAphl apachblHAA THIFBI3 BIHTHIMAKTACTHIKTA
YUBIMIACTBIPBUIIBI HKOHE HKAJIIBI TAIKBUIAY CAIACHI - €CENITEY TEXHOJIOTUSIIAPHI CaJlaChIH/IAFbl €H
03BIK keTicTikTep Oonabl. KoHdepenuus reorpaduscel KeiliHipek keHelin, enai oran Eypoma,
AKILL, Xamonwus, YHaictan xone TypKus eniepiHiH KeTeKIIi FalTbIMIapbl KaTbICA b

KondepenuusiuplH MakcaThl - KAaTbICYIIbLIAp apachblHAa >KaHa OUIIM MEH FBUIBIMU
KETiCTIKTep Il TapaTy 00JIbI TaObUTa b, by KOH(EPEHIMSHBIH epeKIIeNiTi )Kac FaTbIMIapabl €Ki
€JI/IIH JKETEKIN FhUIBIMU KBI3METKEPJICPIMEH ©3apa iC-KMMbBLI apKbLIbl FHUIBIMHU JKETICTIKTEPIH
Oaranayra Tapty Oomnbin TaObutaabl. CITech-ke kaTbicy Ka3ipri yakpITTa OCHI cajiajia MaHbI3IbI
3epTTeyJep OKYpri3ill JKaTKaH Kac FaJbIMIApIbIH KaybIMAACTBIFBIH  KaJBIITACThIPYFa
KOMEKTECE/I].

ClTech xondepenmusicel Anmarbiga (2002, 2004, 2008, 2015, 2020, 2022), ITaBnomapaa
(2006) xone Ockemenne (2003, 2013, 2018) etkizunai. ClITech koH(pepeHUMICHIH YHBIMAACTHIPY
KOHE OTKi3y VIIIH TYpPaKThl JOCTYpiepAl KaiublmracTbipyna HoBociOip FbUIBIMM MEKTEOiHIH
npodeccops 1. C. Cmarynos, H. T. Jlanaes, 0. U. [llokun, B. H. Monaxog, b. T. XKymaryios,
H. M. TemipOekoB >xoHe T. 0. FaJbIMIapiblH >KE€Ke JOCTBIK KapbIM-KaThIHACHI MaHBI3bI Pell
aTKapaipl.

ClTech-2022 xoHdepeHuunsCh Keneci Heri3ri OaFbITTap OOMBIHINA KYMBIC aTKap/Ibl:

e Ecenrey FpUIbIMIaPhI )KOHE KOFAphl OHIM/II €CENTeY;

Cananap OoifbIHIIIA aKTAPATTHIK )KOHE KOMMYHUKALUSIIBIK TEXHOJIOTHLIAP;
OyHKIUIIAP TEOPHCHI )KoHE (PYHKIIMOHAIBIK TaJaYy;
JuddepeHunaniplk TeHaEyIep KIHE 0acKapy TEOPUsICHI;

Anrebpa, MareMaTHKaJIbIK JIOTHKA 5KOHE T€OMETPUS;

AKTyapJIbIK MaTeMaTHKa *KoHE CTaTUCTHKA,

TeopusIbIK KoHE KOMTaHOATBI MEXaHUKA;

Fapbeimteik TeXHOMOTHSATIAp KOHE POOOTOTEXHUKAIIBIK KYHeEnep;

binim Gepyneri jkaHa aknapaTThIK TEXHOJIOTHUSLIIAP.
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MODIFIED VARIABLE-ORDER FRACTIONAL DIFFERENTIAL FILTRATION
MODEL
N.B. Alimbekova®“, D.R. Baigereyev

S. Amanzholov East Kazakhstan University, Ust-Kamenogorsk, Kazakhstan,
* nurlanall0l@gmail.com

Keywords: filtration models; numerical method; variable-order fractional derivatives, fluid filtration in media
with memory.

Studies of the last two decades show that diffusion in complex heterogeneous media is accompanied by frequent
changes in the diffusion regime [1, 2]. In particular, the authors of [3] came to the conclusion that there is another type
of memory that manifests itself when the diffusion mode changes. Regarding filtration models, it is known that the
order of the fractional derivative is related to the fractal dimension of the porous medium, determined by the Hurst
index, which changes with the change in the geometric structure of the medium [4]. The problem when the order of
the derivative exhibits a monotonic (linear or non-linear) transition from the initial order to the final one, or when the
diffusion regime changes at some point in time is of physical interest. This makes it possible to more accurately reveal
the latent effects during fluid flow in a porous medium associated with changes in the properties of the porous medium.

The talk presents a modified nonlinear fractional differential model with variable-order fractional derivatives
that takes into account the change in the diffusion regime and the memory effects of a porous medium. The model is
based on a fractional differential filtration model with constant orders of fractional derivatives, studied in [5-7]. The
model was modified by replacing constant-order derivatives with variable-order derivatives, i.e. functions of time and
space a = a(x,t), and, in particular, functions depending on the desired solution a = a(u(x, t)). In addition, the
equation contains several terms with fractional derivatives of various orders. Moreover, the assumptions adopted when
modifying the model are stated.

This research was funded by the Ministry of Science and Higher Education of the Republic of Kazakhstan, grant
number AP14972807.
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The analysis of the problem of turbulence closure at high speeds with extensive subsonic zones was carried out.
It was revealed that using two-parameter turbulence models was insufficient. The main reason is that these models
were originally developed for incompressible flows, and then applied to compressible flows. Therefore, today there
is an active development of turbulence models taking into consideration compressibility. However, it should be noted
that the existing models have shown insufficient efficiency in solving certain problems associated with supersonic
flow.

A mathematical model of the spatial supersonic turbulent flow of a multicomponent gas mixture is formulated
based on three-dimensional Favre-averaged Navier-Stokes equations closed by a k—« model of turbulence.
Numerical algorithm based on a high-order accuracy ENO scheme is applied for numerical simulation of the
interaction of a jet with a supersonic flow [1].

Compressibility and non —equilibrium modification for k—e turbulence model [2] are proposed in this study.
A two-parameter k—e turbulence model is constructed giving consideration the compressibility effect, characterized

by taking into account the work of pressure forces G, pressure dilation 11, and the baroclinicity effect B,. The

Jones-Launder model [3] is considered for the term corresponding to the work of pressure forces G, based on a
hypothesis similar to the Boussinesq hypothesis, as well as the modified Shyy Krishnamurty model [4], which uses
the additional hypothesis that fluctuations of thermodynamic quantities are isobaric. For the pressure dilatation term

11, is considerered the Zeman model [5] based on Rott's assumption about the correlation between pressure

fluctuation and velocity fluctuation gradient for an incompressible fluid, as well as its modification proposed by
Sarkar. Turbulent diffusion is modeled by the known gradient representation [1]. And an additional hypothesis is
given for taking into account compressibility for turbulent quantities (generation and dissipation of turbulence), which
characterize the local equilibrium. Additional semi-empirical hypotheses are involved for closing compressibility
terms used in construction k—e turbulence model. The semi-empirical constants of the turbulence model are
determined by comparing numerical experiments with experimental data. The use of the k—« turbulence model,
giving consideration the effect of compressibility for turbulent parameters characterizing local equilibrium, predicts
the flow structure quite accurately and makes it possible to obtain a satisfactory agreement between the results and
the calculations of other authors.
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Multiphase fluid flow models are the basis of reservoir simulators used in oil field development, enabling
predictive calculations of development performance. Due to the complexity of these models, calculations for one field
can take from several hours to several weeks. Despite the fact that high-performance parallel computing has been
successfully implemented in all commercial hydrodynamic simulators, research aimed at creating and mathematically
justifying parallel algorithms for solving problems of fluid flow in porous media continues to be carried out [1-7].

The paper presents efficient and theoretically substantiated parallel algorithms for solving several classes of
problems of fluid flow in porous media that are of great practical importance in the oil industry. Theoretical estimates
of the acceleration and efficiency of parallel algorithms are obtained which depend on the execution time of an
arithmetic operation, data transfer time and latency. These estimates allow making a conclusion about the scope of
the potential parallelism of the algorithms. Programs are developed using CUDA and OpenMP technologies, the
dependence of the acceleration of calculations on the number of processors used, the method of implementing
communication and other factors is presented, a comparative analysis of the algorithms for each of the problems is
given.

Verification of the developed parallel finite element methods for solving fluid flow problems using real
geological and laboratory data of oil samples from the fields of the East Kazakhstan region was carried out.

This research was funded by the Ministry of Education and Science of the Republic of Kazakhstan, grant number
AP08053189.
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The generalized stochastic Stokes-Darcy model is used to predict processes occurring in oil reservoirs with a
cavernous-porous structure, in underground systems of karst aquifers, in problems of interaction between surface and
underground flows. In addition, the model is used in forecasting and assessing the risk of flooding of territories as a
result of groundwater and surface water. This problem is especially relevant for most of the territories of Kazakhstan.

The study of the stochastic generalization of the Stokes-Darcy model is a fairly new and relevant area in modern
computational fluid dynamics. The earliest work in this direction is the work [1], published in 2018. Over the next 3—
4 years, interest in this model is growing rapidly [2-6].

The report presents a fractional-stochastic generalization of the model of fluid motion in complex porous media
with memory. This is achieved by modifying the stochastic Stokes-Darcy equations by adding terms with fractional
derivatives. This modification is carried out with a detailed description of the hypotheses and assumptions under which
this model will be adequate. Model input data, such as model coefficients, exposure conditions, region geometry,
boundary conditions, initial conditions, were assumed to be random.

This research was funded by the Ministry of Science and Higher Education of the Republic of Kazakhstan, grant
number AP14871299.
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The development of a high-performance cloud computing service for modeling stochastic processes of fluid
flow in complex porous media on heterogeneous computing architectures based on the Stokes-Darcy fractional
differential filtration model has important scientific, applied and economic significance in hydrology, the oil industry
and biomedicine.

There are several examples of high-performance services for modeling highly specialized processes based on
stochastic models. For example, the Thorium project [1] for modeling the thermal regime of satellites using the Monte
Carlo method on CUDA; geological modeling projects [2]. In addition, there are several libraries for working with
stochastic processes. For example, the trading library SpyReaper [3], a package for solving large multi-stage problems
of convex stochastic programming SDDP.jl [4], the BioSimulator.jl library [5], stochastic modeling of molecular
control networks inside living cells StochPy [6]; packages for solving stochastic differential equations Andata [7],
StochasticDifferentialEquations for the Julia language, which allow solving ordinary stochastic differential equations.
The implementation of the task considered in the report in these packages is impossible.

In this regard, the architecture of the computing service was determined, a description of its subsystems and a
scheme of their interaction, a functioning model were given, a choice of software underlying each of the subsystems
was made. The cloud service is organized by the SaaS (software-as-a-service) model. The service is built according
to an N + 2 branched scheme, in which N high-performance machines, one control server and a cloud database
participate.

Due to the need to repeatedly solve a stochastic problem for a comprehensive study of the model, its solution is
impossible without the use of parallel algorithms and high-performance heterogeneous computing architectures. The
rationale for using the hardware-software architecture of parallel computing CUDA in solving stochastic fractional-
differential Stokes-Darcy equations is the occurrence of several terms with fractional derivatives. Since the
approximation formulas of fractional derivatives are represented as a linear combination of a function calculated on
all previous time layers, their calculation requires large computational resources. The use of CUDA allows distributing
the calculation of a linear combination across the GPU cores, which significantly reduces the calculation time. The
application of MPI technology to the calculation of fractional derivatives is impractical, since the data transfer time
will significantly exceed the calculation time.

This research was funded by the Ministry of Science and Higher Education of the Republic of Kazakhstan, grant
number AP14871299.
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Modern computer systems in most cases operate with large amounts of unstructured or less structured data called
big data. Such data processing is usually done by software with good horizontal scalability: these systems are a
connected network of computing nodes that can be expanded when the load increases. Communication between nodes
is carried out using network protocols and programming interfaces for processing parallel computing, such as MPI
(Message Passing Interface).

Convolution method, SVM (Support Vector Machine), k-nearest neighbors method - KNN (K-Nearest
Neighbors) and Naive Bayes Classifiers are often used to train neural networks for text classification. NBC) is used.

The support vector method is one of the most popular supervised learning techniques used to solve classification
and regression problems. The principle of the method is to build a hyperplane that optimally divides the model objects.

The algorithm works on the assumption that the larger the distance (gap) between the dividing hyperplane and
the objects of the classes to be divided, the smaller the average error of the classifier. It is the sum of the distances
from the two closest points to the hyperplane on opposite sides of it is equal to the maximum. If such a hyperplane
exists, it is called an optimal partitioning hyperplane, and the corresponding linear classifier is called an optimal
partitioning classifier.

The K-nearest neighbor method belongs to the non-parametric class, that is, it does not require assumptions
about which statistical distribution the training data set is drawn from. Therefore, the classification models built using
the KNN method are also non-parametric. This means that the structure of the model is not set initially, but is
determined based on the data. Since the features can have different physical properties and ranges of values, it is useful
to normalize the training data to improve the classification results.

The KNN algorithm uses two phases in its work: training and classification. During training, the algorithm
remembers feature vectors of observations and their class labels. Algorithm parameter k is also set, which determines
the number of neighbors used during classification. In the classification phase, k closest pre-classified observations
are determined for an object without a class label. Then, the class that belongs to most of the k nearest examples-
neighbors is selected, and the object to be classified belongs to that class.

The easiest way to classify a text is based on the application of Bayes theorem, which allows to determine the
probability of a certain event (A) if another event that is statistically dependent on it (B) has occurred.

P(B|A)P(A)
P(B)

A Naive Bayesian classifier is used for recognition and classification, corresponding to different variations in
image classifiers based on the underlying probability and trueness. Naive Bayes techniques are based on self-defining
assumptions.

We used Naive Bayes classifier for text classification, NLP(Natural Language Processing) and packages
required for work using NPM(Node Package Manager) in JavaScript programming language. The performance of the
model is lower because the data for training is not collected systematically, but already the model is showing good
results

P(AIB) =
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The paper presents the designed algorithm for calculating the dynamics of detected cases of Covid-19 in
Kazakhstan, which is based on the processing and use of epidemiological data, the formulation and solving the inverse
problem of identifying unknown parameters of the mathematical model of the spread of infection. The inverse problem
was solved by methods of stochastic global optimization (differential evolution algorithm, Parzen's tree-like
estimation method), implemented in the Python programming language and the Matlab software package for solving
technical computing problems.

As a result of the work, predictive scenarios for the spread of Covid-19 in Kazakhstan using chamber modeling
(SIR models) [1-5] are presented based on ordinary differential equations from 07/09/2020 to 07/09/2021, indicating
peak rates and the most pessimistic outcomes, in the period from 09/01/2021 to 06/24/2022, as well as in agent-based
modeling [6-8] for the baseline scenario and the scenario with increased mobility of citizens in public places during
the New Year holidays for the period from 12/1/2021 to 01/18/2022 [9].

To implement the models, data on the infected, PCR tests, recovered, deceased, and the division of the country's
population into different age groups of ten years were used.
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Direct and inverse problems. Consider the inverse problem:

Ug = Uy Uy —a(x y)u, (X, Y,t) € Q, (1)
uX (0’ y’t) = g(ylt)’ y € [01 Ly]lt € [0’2T]l (2)
Uy ) =90 y) xe(OT),yeOL) )
u(x,0,t) =u(x,Ly,t) =0, (x,t) e A(T). (4)

Where it is necessary to define ueH(Q) by givenaeC*((0,T)x(0,L)), qeH((0,T)x(0,L)) and
g e HY((0,L)x (0,2T)) . Problem (1)-(4) is called direct [1-4].
The inverse to (1) - (4) problem, in which it is required to define the function qe Hl((O,T)><(O, L)) from

relations (1)-(4) for given functions aeCl((O,T)x(O, L), qe Hl((O,T)X(O, L)) and additional information on
solving a direct problem

u@y.t)=f(y,t) yel0L,]te[02T]. ©)
Let’s introduce the objective functional
L2T
@) =l Agy = f [ = [lu,v.t:a0) - f (v.0Fdydt (6)
00

We minimize the objective functional (6) by the Landweber method.
An+1 = 0n _an‘]'cln (7)
ae (0,1/||A|| 2) - descent parameter [3]. The algorithm of the inverse problem, the Landweber iterative method

converges. The value of the functional has decreased to the number J(q) = 2.33-10° . The total number of

iterations has the value n = 8317.
This research is funded by the Science Committee of the Ministry of Education and Science of the Republic of
Kazakhstan (Grant No. AP09058430).
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The problem of determining a function through the integral of a function along the family of curves with a known
weight function is considered. Under fairly general assumptions about the family of curves and the weight function,
the problem reduces to the inverse problem for a differential equation. The stability and uniqueness of the solution of
the discrete analogue of this problem on the space of sufficiently smooth functions is estimated. Due to the absence
of a theorem of the existence of a solution, the concept of conditional well-posedness of the problem is used in the
work, namely, it is assumed that the solution of a finite-difference problem exists. The results obtained are based on
reducing the problem under consideration to a boundary value problem for an equivalent second-order partial
differential equation of mixed type. Information about the solution of the set finite-difference problem is given both
on the boundary of T and in some of its & - neighborhood, which is due to the presence of certain kinds of singularities.
When proving the stated theorem on estimating the solution, a technique is used, which is based on the use of a special
factor.
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For the numerical solution of equations of elliptic type in regions of complex shape, it is effective to use the
Fictitious domain method. In [1], an economical (in terms of the number of actions) difference scheme of the second
order of accuracy, an alternating-triangular scheme, is proposed for the numerical solution of an elliptic equation. In
[2], a modified alternating-triangular iterative method with Chebyshev parameters was constructed for solving the
Dirichlet difference problem for an elliptic equation of the second order of accuracy. In the monograph by V..
Lebedev [3] considered applications of the composition method for finding solutions to eigenvalue problems, non-
stationary problems, the Dirichlet problem for the biharmonic equation, and grid problems. The paper [4] considers a
stationary difference problem for the Poisson equation with piecewise constant coefficients in subdomains. The
Poisson equation at the media interface is approximated in a special way, i.e. the coefficients of the difference equation
are chosen as the quotient in the denominator, which is the sum of the coefficients in the subdomains. A two-stage
iterative process based on the area division method is built.

In this paper, we propose a special method for the numerical solution of an elliptic equation with strongly varying
coefficients. The proposed method is based on a special change of variables, which reduces the problem with
discontinuous coefficients of the second kind to the problem with discontinuous coefficients of the first kind. An
iterative process is constructed with two parameters and taking into account the ratio of the coefficients of the equation
in subdomains. A theorem is proved for estimating the rate of convergence of the developed iterative process. A
computational algorithm has been developed and numerical calculations have been carried out to illustrate the
effectiveness of the proposed method.

This research is funded by the Science Committee of the Ministry of Education and Science of the Republic of
Kazakhstan (Grant No. AP09058430).
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Consider the nonlinear Fredholm integral equation of the second kind
() = [} K(x,9)9(s,y (8))ds = f(x), x € [a,b] ()
K(x,s) and ¢@(s,y(s)) are continuous in G ={a <x <b, a <s < b}, f(x), y(s) € Ly[a, b]. To solve the
equation , we put
z(s) = ¢(s,¥(s)), 2
then substituting (1.2) and approximating, we will have
(@) = (6, f) + [ K(x,9)9(s, 20 ())ds),
where z,, (x) = X7, ¢;b;(x),
b;(x) — orthonormal system in X, < X, X — Banach space. We find an approximate solution from the expression

(Zia b0, i) = (0 (2. F GO + [} K(x, )0 (s, f () + Ti—y iby())ds), bi(x) ), (3)

Let 's introduce the notation a;; = f: bj(x)b;(x)dx, d;(x) = fabk(x, s)b;(x)dx. A nonlinear system can be
solved by Newton's method. To do this, we write

9i(c1, €3 weyCp) = Xiog Giay; — fol(p(s,f(x) + 251 6di(x)b(x)dx, i =1, ..., n. 4
Let (80™) = (™, (™, ...,c,(l’"))T - the value of the coefficients on the m-th iteration. Then
G(e™) = (g:(¢™), g2(6™), .., gu (™))" ®)
The Jacobi matrix is constructed through derivatives
% = q; - folj—z (s, F(O) + X7y ¢d; () ()b ()dx, i = 1, ., . (6)

The canonical form of Newton's method for solving a system of nonlinear equations with a given initial
approximation G© € R™
g(m)
% (g(m+1) —¢m)=. G(g(m)). (7)
The work was supported by grant funding from the Ministry of Education and Science of RK (IRN AR0856012
Development of a geoinformation system module based on methods of intelligent anomaly detection for deep field
surveys, 2020-2022”).
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DISCRETE ANALOGUE OF THE MULTIDIMENSIONAL GELFAND-LEVITAN-
KREIN-MARCHENKO METHOD AND APPLICATION IN GEOPHYSICAL
PROBLEMS
N. M. Temirbekov !, S. I. Kabanikhin 2, L. N.Temirbekova 3",
Zh. E. Demeubayeva *

!National engineering academy Republic of Kazakhstan, Almaty, Kazakhstan,
2Institute of Computational Mathematics and Mathematical Geophysics SB RAS, RF
3Abay Kazakh National Pedagogical University, Almaty, Kazakhstan
“D. Serikbayev East Kazakhstan Technical University, Ust-Kamenogorsk, Kazakhstan
“g-mail: laura-nurlan@mail.ru

Abstract. In the multidimensional case, the application of the Gelfand-Levitan-Krein-Marchenko (GLKM)
method makes it possible to reduce the multidimensional nonlinear inverse problem to a system of linear integral
equations of the Volterra type [1-5].

The papers [2; 3] describe the achievements of research in this area. The solution of multidimensional coefficient
inverse problems by the GLKM method is well studied at the differential level. In the monograph of Krein M.G. the
physical formulation of the problem of string tension and theorems on the solution of the inverse boundary value
problem are considered.

For the numerical solution of inverse problems by the GLKM equations, one can use conventional approaches,
such as inversion of finite difference schemes, minimization of the residual functional, the Monte Carlo method, the
method stochastic iterative projection.

In this paper, we consider the method of Krein M.G. and an algorithm for its numerical implementation. A
discretization of the Kerin equations with a block Toeplitz matrix structure is given.

Key words: Inverse problem, direct problem, multidimensional coefficient inverse problem, Gelfand-Levitan-
Marchenko-Krein method (GLKM), residual functional, Method M.G. Krein in 3D, N-approximation of the M.G.
Krein in vector form.
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In 2015 we had an analog of Bochkarev's theorem for the Fourier transform of the function in L, . (R).
Theorem 1 [1]. Let Ry = {4 = UX, A;, where A; are segments in R}, then there be an inequality for any
function: f€L,,(R), 2<r <o
sup sup 1

f(&ds
N =84 c Ry |A|2(ln o + 1))2 E f

The aim of this article is to obtain a two-dimensional analog of the Bochkarev type theorem for the Fourier
transform.

Lemma 1. Let §< 41,92 <2 and f € L;z(R?). Then for any measurable sets A4, and A, of finite
measure of Ry the inequality

< 23[flls,, -

Ssup sup 1 R
A, cRyA, c Ry~ L L |f (&1, &,)| d&dé, <
|A1|q1|A2|q2
1 1 1
< C(L)(H_E)( 42 )(qz 7) Il
- -1 2(q; - 1) Lgz

holds.
Theorem 2. Let @, ., (X1, X2) = @, (X1) * Y, (x2), my, m, € N be an orthonormal system of functions.
Then f € L5 7[0,1] and 2 < ry, 1, < oo we have the inequality:
Sup sup 1

14, 2 814, = 8 — .

AL N A; € N |4, 514,12 (log, (1A, + 1))7 72 (log, (|4, + 1))Z 7
[ [ 1Feealasas <,
Ay YA,
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The study of the dynamics of multicomponent fluids is of significant scientific and technological interest.
Multicomponent fluids are found in many natural and industrial processes, such as oil and gas production, chemical
processing of raw materials, fluid mixture flows in boilers and condensers, etc.

There are various models [1-4] that describe processes in multicomponent fluid mixtures. Considering the
thickness of the transition layer between the phases, these models can be divided into two groups: sharp interface
models (transition layer between phases has zero thickness) and diffuse interface models (transition layer between the
phases has a finite thickness). This article uses the diffuse interface model. Van der Waals [5] was the first to consider
the transition layer between phases as a layer of finite thickness. At present, the Cahn-Hilliard approach [6] is widely
used to describe diffuse interface models.

This work is a continuation of the work we wrote in [7], which describes the process of separating a three-
component fluid mixture. This paper presents a mathematical model of the four-component incompressible fluid flow
using the phase field method based on solving the Navier-Stokes equations and the Cahn-Hillard convective equation.
The numerical model is based on the D2Q9 scheme of the free energy LB method. The separation process of four-
component mixtures at different points in time was presented in the form of figures depicting the density contours of
the mixture components. Four-component mixture separation was considered in two cases: with and without taking
into account the influence of the gravity force. The results obtained determine the correctness of the constructed model
for a four-component fluid.
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Constant and disordered increase in oil prices as well as the new environmental attitude of various governments
to existing high levels of pollution have led to the exploitation of cleaner and more economically attractive fuels,
namely natural gas. Unlike oil or coal, it can be used directly as a source of primary clean energy, which causes less
emissions. Historically, gas extraction from natural gas transportation systems was carried out by utilities and
industrial consumers, whose use was predictable and characterized by small fluctuations in demand. These exemptions
are formed using day-ahead contracts for fixed deliveries and implicitly assume that supply and consumption volumes
remain almost constant [1]. As a result, optimization approaches for natural gas transportation systems have
traditionally been limited to considering stationary models [2].

The new problem formulated above requires new research to develop methods for modeling and optimal control
of dynamic compressible gas flows in large pipeline networks (see [3]).

Here is a mathematical model that most fully describes the process of gas movement in a pipe [4]. Newton's
equation of motion can be written as follows:

apr dh A MM DW

ax-l_gpdx-l_ZDS2 p P dt
where P is the pressure, g is the acceleration of gravity, p is the density, Z—: is the slope of the pipeline, A is the
coefficient of hydraulic friction, D is the inner diameter, S is the cross-sectional area, M is mass flow rate, and x is
the length of the pipe.

bw aw N adw
ac ot " ox
Continuity equation:
S—+—=0
at + dx
and the energy equation is written in the form for temperature 8 = 6(x) under the assumption of zero value of the

temperature gradient over time. Also the equation of state
P = zR0p,
where R is the gas constant and z is the compressibility factor. The coefficient of hydraulic friction can be calculated
using Chen's formula, which is often used in practice.
We introduce a model for gas dynamics in natural gas transmission pipelines by crossing-branch method. We
present the derivation of the model as well as numerical results illustrating the validity and its properties. Using
crossing-branch method by [5] we obtained numerical results for artificial gas transmission network.
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KaioueBble ci10Ba: Teopun HyMepalyy, TEOPHsl PEKYPCUBHBIX (DYHKIIHH,
ITOPUTMBI M PEKYPCUBHBIE (QYHKIINU

Hanbonee «uHBapHaTHOI» YacThIO [UIS BCEX CYIIECTBYIOIIMX B HACTOSIIEE BPEMs B MAaTEMAaTHUKE yTOUYHEHUH
MOHATUS aNTOpUTMa SBISETCS KJIACC YacTHYHO PEKYPCHUBHBIX apuMeTHuecKuX (yHKOMH (0] YacTUIHO
apudMeTHIeCKOH QYHKITNEeH TTOHIMAETCs YaCTUIHOE OTOOpaKeHNE W3 KOHEYHOH JNeKapTOBON CTEIIEHH MHOKECTBA
HaTypanbHbIX dncen N B N)- TeX U TONBKO TeX YacTHYHBIX apupMeTHuecKux (yHKINH, KOTOPHIC BBIYUCIAMEL B
ar000M U3 TPEIJIOKEHHBIX B KauecTBE YTOYHEHHS allOPUTMHUYECKOW BbMHCIMMOCTH. [lo cymecTtBy sta
WHBAPHAHTHOCTbH M TI03BOJISIET TOBOPUTH 00 SKBUBAJIICHTHOCTH BCEX YTOYHEHHH U YKPEIUISIET YBEPEHHOCTh B TOM, YTO
KJIacC BCEX YaCTHYHO PEKYPCUBHBIX (PYHKIMH COBIAJAET C KJIACCOM BCEX YACTHYHBIX apU(METHUECKHX (DYHKIUH,
Jomnyckaroniee 3(pQeKTUBHOE BhIYMCIeHHE. [103TOMY NpencTaBiseTcs JKelaTeIbHbIM, YTOOBI BCE MCCIECIOBAHUS B
TEOPUHU AITOPUTMOB U €€ MPHII0KEHHUIX NPOBOIUINCH Ha OCHOBE «OOIEro 3HaMEHaTe s - KJlacca BCeX YaCTHYHO
PEKYPCUBHBIX (DyHKLIUH.

Teopus HyMepanuu sIBISETCS Pa3AeNiOM TEOPHU AFOPUTMOB, IPU3BAaHHBIM PEIIUTH BOINPOCHI, CBA3aHHBIM C
YKa3aHHBIM BBIIIE NIPUBEICHUEM K «OOIIeMy 3HaMEHATeNI0)» Ha OCHOBE NMOHATHS HYMEpOBAHHOTO MHOXECTBa. B
TEOpPHH HyMepaluH pa3pabaThIBacTCss HEOOXOIMMasi CHCTEMa IOHSTHH, CTaBsTCS W PEIIAIOTCS €CTECTBEHHBIC
BOIIPOCHI, TAKHE, KaK, HAI[PHIMEP, 3aBUCHMOCTD WM HE3aBUCHMOCTH T€X WJIM MHBIX CBOWCTB MHOXKECTBA OT BEIOOpa
HyMepanuH, CyIleCTBOBaHHUE (€IMHCTBEHHOCTH) HyMepaIlui MHOKECTBA C 3aJaHHBIMU CBOWCTBAMH U T.II.

Beruncianmble HyMepaiyu - 3T0 OJWH U3 HanOosiee N3yYeHHBIX 00BEKTOB TEOpHU HyMeparuu. MoxXHO maxe
CKa3aTh, YTO Pa3HOOOpa3HbIE CBOMCTBA BBIYMCIUMBIX HyMepauuH, oOHapyKEHHbIE B XOJIe MCCIICJIOBAHUH, CO3.all
MPENOCHUIKY K CO3JaHUIO COJIEpXKATeIbHOM 001el HymMepaluy U ONpeesININ OCHOBHBIE BONIPOCH! JaJbHEHIITHX
UCCJICIOBAaHUM.

ITycts S — 310 He Ooee YeM CYEeTHOE MHOXECTBO, TOTAA CIOPBEKTUBHOE OTOOPaXEHHE (& HATypalIbHBIX YHCET
N Ha MHO>KECTBO S Ha3bIBaeTCsl HyMepanuei cemelictBa S. Hymepauus a Ha3bIBaeTCsl BBIMUCIMMOM, €CIINM OTHOIICHHE
X € a(y) sABIAETCS BBIYUCIUMO TNepeyuciuMbiM. CeMmelcTBa S Ha3bIBAaeTCsl BBIYUCIMMOW, €CJIH CYIIECTBYET
BBIYHCINMas HyMepanus 1t cemericTa S. [TogpoOHO 0 BEMUCINMBIX HyMEpaUsIX MOKHO TIOCMOTPETh, K IPUMEpPY
B [1].

Teopema. CemelicTBa BCEX BBIUUCIUMBIX JIMHEHHBIX MOPSIAKOB HE SIBISIETCS BBIYUCIUMOI.

Teopema. CemelicTBa BceX peKypPCUBHBIX M IPUMUTHBHO PEKYPCUBHBIX MHOXECTB SIBJISIETCS BBIYUCIMMOM.
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KaroueBble ci10Ba: METOA IPOABUIaeMoro (ppoHTa, TpPHAHT YIS, KOPPEKTHPOBKA OIIHOKA,
3JIACTUYHBIC TPAHUIIBI

ToYHOCTP OmNFCaHUS TPOLECCOB W COKpAIIEHHE PACUYCTHOTO BPEMEHH SBIIETCS OOHHM W3 MPHOPUTETOB
YHCIICHHOTO MOJICITUPOBAHMS. Y Ka3aHHBIC [TOKA3aTEIH 3a9acTyI0 B3aMMOCBS3aHbI C KAYECTBOM CETOK, HCTIOIBb3YEMBIX
UL TIPOBEACHUS pAacdyeToB, KOTOPBIE JENATCA Ha JBE OOJNBIINE TPYHIB: CTPYKTYpHUPOBAaHHBIE W
HEeCTPYKTypupoBaHHbIe. CTPYKTYpPUPOBaHHBIE CETKU JETKHU K MOCTPOEHHIO, IPU 3TOM CPaBHHUTEIBHO C MEHBIIEH
TOYHOCTBIO OIHUCHIBAIOT MECTAa C YCIIOKHEHHBIM TeUeHHeM Ipolecca. HecTpykTypupoBaHHBIE CETKH MOTYT UMETh
CJIOKHBIN CIIOCOO MOCTPOCHHSI, IPU 3TOM TOYHEE OMUCHIBAIOT HEOOXOJMMBIC YUACTKH 00aCTH.

Cpenan MeTOIOB MOCTPOCHUS HECTPYKTYPUPOBAHHON CETKH OJTHUM U3 PACIPOCTPAHEHHBIX SIBJISETCS METO
MPOABUraeMoro (poHTa.

VYka3aHHBI METOJ TpPEACTaBIseT COOOM MOCTpPOEHHE PABHOOEAPEHHBIX TPEYTOJBHUKOB C OIpeaeieHHON
TUTOIIABIO, TIIe OCHOBAHHUEM IIEPBOTO TPEYTOJIHHHKA SBISETCS peOpPO ¢ MHHUMAIBHOW UIMHOH paccMaTpHBaeMOM
MHOTOYTONBHOM oOmactu. Jlanee, 00JacTh TPEYTOJNBHUKA HCKIIOYAaeTCs M (POPMHUPYETCS HOBBI MHOTOYTOJIEHUK
MOCPENICTBOM yJalleHHs pedpa ¢ MHUHHMAIBHOW JIWHOH W3 TEPBHYHOIO MHOTOYTONBHHKA W HOOABICHHS B
MHOTOYTONFHAK B KAa4eCTBE [OTONHHUTEIBHBIX pedep IBYX OCTaNbHBIX pebep TpeyroimbHHKA. [Ipomemypa
TIOBTOpSICTCA OO 3aIlOJHEHHUS TPEYTOJFHUKAMH BCEH IUIOMIAAM MEPBUYHOTO MHOTOyTONBHUKA [1]. Y31bI ceTkn
HYMEPYIOTCSI OTZICIEHO, TPEYTOIBHUKH OTACIHHO [2].

MoryT OBITH ClTy4yau, KOTJla BEpPIIHHA IIPOTHBOIIOJIOKHASE OCHOBAHHIO PABHOOEPEHHOTO TPEYTOJIbHUKA JIS)KUT
6JIM3KO0 K OTHOM M3 BEpIIMH MHOTOYTOJIbHUKA. B TaHHOM citydae, B LENISX HEAOMyIIeHUS Ype3MEePHOr0 YMEHbIICHUS
TPEYTOJbHUKOB, BEPIIMHA TPEYTOJbHUKA 3aMEHSETCS BEPIIMHON MHOTOYTOJIbHUKA.

B ciyyae Hanuuus nepeceueHHs TPEYroJIbHHMKa C peOpOM MHOTOYroJjbHHUKA, MPENNojaraeMylo BEpILHHY
TpeyToJIbHUKA 3aMeHsIeT Oymkaifiias K Hel BepIinHa MHOTOYTOJbHUKA U TPEYTOJbHHUK MPEIBApUTEIHHO CUUTACTCS
MOCTpOeHHBIM. [IpH 3TOM, TIOCTPOCHHBIH TPEYTOIBHIK MIPOBEPSIETCS Ha MPEAMET TOTO, YTOOBI OH He TIepeceKal pedpa
MHOT'OYTOJIFHAKA U LEJIMKOM JIeKal BHYTPA MHOTOYTOJNBHUKA, T.€. MMEJ MOJOKHUTEIBHBI BEKTOPHBINH 00x071. B
MPOTHBHOM cIly4ae, B KadyeCTBE BEPIIMHBI TPEYTOJIbHUKA MPOBEPSCTCS CIEIyromas ONM3iIexamas BepIIrHA
MHOT'OYTOJFHHKA.

Hns obmacteil cO CHOXKHBIM TEYCHHEM TIpoIlecca MpEeUIaraeTcsl W3MENBYHTh KAKAYI IMOCTPOCHHYIO
TPEYTONLHYIO CETKY, pa3[eliiB €ro Ha TPU TPEyrojbHHKA. B menmsx coxpaHeHUsS KOH(GOPMHOCTH CETOK OOmiein
BCpHIIdHOI?I 9TUX TPEYTOJIbHUKOB ABIACTCA TOYKA NMEPECCUCHUA TPEX MEIUAH TIEPBUYHOIO TPCYTOJIbHUKA.

Taxoxe, Ipu MOJETUPOBAHUN MPOIIECCOB MOTYT OBITh CIy4dad, KOTAA I'PAaHHIBI pacCMaTpUBaeMOW OONacTH
ABJAIOTCA JJIACTUYHBIMU WU ONPCACICHHAs IpaHUYHaAA HOI[O6.HaCTB MCHACTCA B CTOPOHY YBCIIMYCHUA. B JaHHOM
ClTydae MpeJiaraeTcsi «0TCeuby YBEIHMUYCHHYIO MPAaHUYHYIO MOJ00JacTh U3 OCTAIbHOM 00NAacTH U MOCTPOUTH CETKY
BBIIIICYKAa3aHHBIM METOAOM Ui 3TOi monxoOiactu. [Ipu 3ToM, B OCTaidbHOM 4acTH OOJIACTH CeTKa HE MEHSEeTCA.
KoH(pOopMHOCTb CETKH MEX/ly YBEITHYEHHOW IPAaHUYHON MOZ00IACTHIO M OCTAILHOM YacThIO 00JIaCTH HE HApyILIAETCsl.
JlaHHBII TIOJXO/ MpeIaracTcs B MEIIX BO3MOKHOCTH CPaBHEHUS MapaMETPOB B ONPENEICHHBIX y3JIaX OCTaIbHOU
4acTH O0JIaCTH A0 ¥ MOCJe U3MEHEHHS TPaHHIBI 00TacTH.
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The object of research is the relationship between users in certain social networks. networks or special programs
where users exist.

The purpose of the work is to analyze and study the connections between users according to the given parameters
of social networks. networks based on various metrics

Method of work - the structure of social networks is studied in the work, algorithms are applied for divided into
communities and users, various metrics for users are calculated. Based on the data obtained, a conclusion is made
about the applicability of such applications in education.

Practical application - the results of this thesis can be used for further study of social networks, as well as for
finding information about a particular user based on connections between other users, communities.
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The drives of vibration machines form an important part of their structure. In the analysis of drives of vibration
machines, their self-synchronization is of interest. Self-synchronization of vibration exciter drives of vibration
machines is the establishment of the same average angular velocity of unbalances, which are not kinematically
interconnected. Synchronous rotation of unbalances in a two-shaft mechanical vibration exciter is achieved due to
their interaction with a moving carrier body [1,2]. Coordinated rotation of unbalances, despite the differences in
parameters, occurs under certain conditions. Self-synchronization is studied on the basis of the nonlinear theory of
oscillations.

The dynamics of the vibrating screen model with a self-synchronizing drive is described.

It is shown that the conditions necessary for a stable mode of synchronous-in-phase movements of the rotors are
met at all stages of operation with a hinged connection of the screen box with a two-shaft centrifugal vibration exciter.
In this case, the time of establishment of synchronous-in-phase movements of the rotors does not exceed 0.5 s.

It was revealed that the mode of stable synchronous-in-phase movements of the rotors is insensitive in the
magnitude of the system parameters changing in a certain region. This circumstance can be used in the design of
vibration machines for various technological purposes.
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Nowadays, online social media is dominating the world in several ways. Day by day the number of users using
social media is increasing drastically. The general purpose of social media is to keep in touch with friends, sharing
news, etc. This provided a new way of a potential attack, such as fake identity, false information, etc. The objective
of this project is the automated recognition of fake accounts, using some Classification Algorithms. In order to achieve
the set goal, the possible factors of currently known possible fake accounts were studied. The following detection
strategy was used to work with them.

The first stage of the project is the collection of information about the account. For this step, Apify platform was
used to collect and automate web pages, which can turn any site into an API.

The projects have 2 datasets: the first with 11 feature is used for the recognition of private accounts, which due
to their privacy have a limited amount of information to share, the second with 14 features is used with the public
accounts, which thanks to their privacy have more information to work with, such as the date of the post published,
which gave the algorithms some information about the index of activity of the account. Every account's feature has
been scraped using an Instagram Web Scraper.

Then the two datasets have been subject to a Preprocessing Phase. This phase consists of the standardization and
the normalization of the two datasets.

The features, now preprocessed, are taken and given to this Machine Learning Classifier Algorithms:

» Decision tree

» K-Nearest Neighbours (KNN)

» Logistic Regression

* Random Forest

+ Support Vector Machine (SVM)

For every algorithm, in addition to the training and the testing phase, has been calculated:

» Confusion Matrix

» Receiver Operating Characteristic / ROC Curve

» Classification Report
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As technology develops and changes at a rapid pace, it is easy to damage or change, lose digital information.
This problem is important for scientists, students, mass media, scientific organizations. The solution of this problem
not only provides free access of the scientific community to the results of research, but also increases the reliability
of the archive system. This, in turn, is an opportunity for the implementation of new ideas and innovations.

The main purpose of digital research archives is not only to store materials, but also to provide access to what is
stored. When creating the structure of the system, it is necessary to create access to research results with the most
open consideration of the legal framework of intellectual property rights and confidentiality rules. Objects of research

e Electronic archive systems;

o collections of scientific papers.

Primary and secondary data will be taken into account by research methods. Primary data is any initial
information that is collected to answer a research question (for example, through surveys, observations, and
experiments). Secondary data is information that has already been collected by other researchers (for example, during
a government census or previous scientific research) [1].

The main goal of the work is to find an answer to the question why archiving plays such an important role in the
life of the scientific community and directly affects the quality of current research, as well as whether it is possible to
make the archive more accessible.

Like all processes in the world, archiving of research data affects the dynamics of modern information
technologies and is therefore subject to rapid changes. Access to the results of research activities implies free access
to the public network, which allows the user to read, download, copy, distribute, search or link to the full texts of these
articles, scan them.

The digital turn raises the fundamental question of how knowledge is created, evaluated, taught, transmitted and
published. When creating an archive, the following problematic points must be taken into account:

o the problem of providing free, remote and direct access to information,

o archives must respond to changes in technology and updates to digital platforms.

To solve access problems, machine learning can be used to unlock archives and make them more accessible, for
example, by distinguishing confidential and non-confidential materials or by automatically adding tags and other
metadata to facilitate search [2].

The problem of access to digital collections will not be easy to solve. It doesn't make much sense to restrict
access to web archives that could potentially yield valuable research results that researchers would then have to publish
in open access journals.
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The World Health Organization estimates that more than four million deaths occur annually due to pneumonia
and other diseases associated with air pollution, and the latest Covid-19 virus has dramatically increased the
percentage of pneumonia cases. Also, there is a shortage of radiologists in both developing and developed countries.
Currently, the development of artificial intelligence and machine learning technologies, as well as the collection of a
large amount of medical images, make it possible to create automated systems for analyzing medical images. The
article presents a simple model for detecting pneumonia based on deep learning methods (convolutional neural
networks). 5,863 X-ray images from Guangzhou Women's and Children's Medical Center were used for the model.
Neural network training took 12 epochs and 26 minutes. The results obtained in the test data are: recall — 96%,
precision — 92%, accuracy — 92%, f1 — 94%. This is no less than the indicators in many popular works. The model
significantly reduces the burden on radiologists, helps them make decisions and save time, allows them to evaluate
the quality of their work and reduce the likelihood of medical errors.
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The development of neural network algorithms has revolutionized many areas, especially those related to image
mining. The paper considers the problem of image segmentation (search for groups of pixels, each of which
characterizes one semantic object). Image segmentation can be used as the first step of algorithms to solve many
different computer vision problems, including analysis of medical images, in production to indicate defects in the
assembly of parts, as well as for mapping terrain from satellite images, etc. In the last few years, it has been possible
to significantly improve the quality of image segmentation through the use of deep convolutional neural networks.
Despite this, due to the complexity of the problem and performance requirements, this task cannot be considered
completely solved. A comprehensive overview of modern methods of image segmentation using neural networks is
given. The interrelationships, strengths and problems of these DL-based segmentation models are investigated, widely
used data sets are presented, as well as a comparison of characteristics and promising research directions.
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Deep neural networks are currently becoming one of the most popular approaches to creating artificial
intelligence systems, such as speech recognition, natural language processing, computer vision, etc. The article
presents an overview of the history of development and the current state of deep neural network training methods.
The model of an artificial neural network, neural network learning algorithms, including the error back propagation
algorithm used to train deep neural networks are considered [1]. The development of neural network architectures is
described: neocognitron, autoencoders, convolutional neural networks, limited Boltzmann machine, deep trust
networks, long-term memory networks, managed recurrent neural networks and residual learning networks. Deep
neural networks with a large number of hidden layers are difficult to train due to the vanishing gradient problem. The
article discusses methods for solving this problem, which make it possible to successfully train deep neural networks
with more than a hundred layers [2]. The review of popular libraries of deep learning of neural networks, which made
possible the wide practical application of this technology, is given. Currently, convolutional neural networks are used
for computer vision tasks, and recurrent neural networks, primarily long—term memory networks and managed
recurrent neural networks, are used for processing sequences, including natural language [3].
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The vending machine for selling flowers belongs to the automated trade equipment and can be used for the sale
of flowers by the self-service method. Generally, such an apparatus is given a definition - floromat, sometimes flomat.

Floromats are placed at airports, train stations, supermarkets, theaters, concert halls, and even maternity
hospitals. Their more modern models can sell not only flowers, but also gifts, soft toys and other related goods. The
advantages of the absence of a seller, a small leasable area and round-the-clock operation of the device make this type
of business today one of the fastest paying off.

Currently, only foreign vending machines are presented and used in the domestic market in the field of automated
trade, and in the vast majority for the sale of goods such as foods. As practice shows, along with them, the number of
operating floromats is single copies.

The concept of the integrated development of a separate automated trading unit, which will be considered using
the example of the mentioned floromat, includes the following main successive stages: writing a technical task
(functions and tasks of the floromat), calculations and selection of electronic and other components available on the
market for assembling the device being created, development of an electrical device circuit, writing a control program
code loaded into the microcontroller memory for the implementation of an automated sales process, designing and
arranging its design using modern computer-aided design (CAD), analysis and simulation of physical processes
(CAE), and finally the development of technical documentation for production.

Today, one of the important criteria in terms of all kinds of payment methods for goods is a digital payment
method, for example, payment with a smartphone via a QR code. The emerging relevance of this method of payment
also affected the situation with vending machines, which requires the development of completely new algorithms for
the integrated operation of a smartphone and the control center of such device — the microcontroller.

The given and analyzed practical experience in creating a simple floromat indicates that the availability and
existence on the market of all kinds of electronic and ready-made mechanical components, theoretical knowledge in
the field of microcontrollers and practical experience with them, as well as certain skills in performing design work,
allow in general to create other types of all kinds of automated sales devices of our own domestic production.
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Abstract. Currently, the use of three-dimensional modeling in scientific research allows researchers to solve a
number of problems from different fields of science. Such important tasks are, for example, the restoration and
reconstruction of historical and cultural heritage, the tasks of architecture and construction, the modeling of
geophysical processes, the development of topographic maps and plans, etc. It becomes necessary to use modern
methods and technologies for modeling 3D objects in search of a solution to such problems. Using a laser scanner or
3D modeling software is usually expensive and requires a high level of knowledge. However, among 3D modeling
technologies, there is an image-based photogrammetric data processing method that offers a cheaper alternative and
allows you to get a more accurate 3D model of objects. Thus, this article proposes the results of building 3D models
of urban objects using photogrammetric data processing technology. The East Kazakhstan Regional Drama Theater
of the Ust-Kamenogorsk city acts as an object for 3D modeling. There is presented a mathematical model of nonlinear
distortions described using the Brown model. In addition, the article provides a technique for obtaining the necessary
photographs for 3D modeling, as well as an analysis and review of modern technologies for photogrammetric data
processing for 3D modeling.

Keywords: 3D model, sparse point cloud, dense point cloud, photogrammetry, unmanned aerial vehicles
(UAVsS).
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THE AGRICULTURE INDUSTRY OF KAZAKHSTAN STATISTICS:
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In this research considers of the problems of (+) over- and/or () under- evaluation of aggregated flows in
monetary terms of accounts and budgets of the agents of two sectoral economy, — agriculture, hunting, forestry, and
fishing industry and the rest of national economics. To achieve the goal of the study, the input-output table statistical
data obtained from the reports of the Asian Development Bank for 2007-2020 for the Republic of Kazakhstan at
current prices in of U.S. billions of dollars. Here was determined the time phases of divergence, convergence, and
equilibrium of the values of such macroeconomic indicators as interindustry Produce / selling and Purchase / buying,
Gross value added and Final demand, Imports and Exports. The results obtained based on this systematic research on
input-output analysis can be used in decision-making in macroeconomic policy in the face of external challenges and
uncertainty.
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The work is devoted to the development of the partial discretization method, particularly in solving the nonlinear
problems of dynamics system, as well as differential equations with variable coefficients. This method is actively used
to obtain an analytical solution of applied problems. It is based on the discretization of individual "uneasy" components
of the mathematical models that interfere with obtaining an analytical solution. Discretizable element is represented
as a constant at each discretization step. As a result of such partial discretization of the mathematical model, finding
a quasi-analytical solution is not difficult.

The purpose of the work is to develop the partial discretization method and the algorithm for constructing its
recursive formulas, to substantiate the correctness and accuracy of the solution through verification with known
scientific results.

The authors of the paper carried out a discrete partition of the argument of a non-linear function and replaced
this function by a discrete representation through the Dirac delta function [1], which belongs to the class of generalized
functions. The Dirac delta function characterizes the spatial density of the required value applied or concentrated at
one point; moreover, by using this function it becomes possible to record a point action [2].

Generally, integration is used in the process of finding an analytical solution of differential equations. If the
partial discretization method was applied before, then the generalized Dirac function is transformed into a piecewise
constant Heaviside function.

The authors of the work on the example of the model of the elastic rod vibrations with variable coefficients [3]
identified an algorithm of obtaining a recurrent form of an analytical solution with partial discretization. The algorithm
is based on obtaining solutions to the equation for the first 4 iterations and applying the method of mathematical
induction to derive a recursive formula. The algorithm is of a general nature for such type problems. Some well-known
mathematical models [3] - [4] are taken as test examples. For them, according to the developed algorithm, the recurrent
formulas of the analytical solution are determined.

The results verification of the obtained studies with the results of work [3] was carried out. The reliability of the
algorithm and the accuracy of the obtained solutions were confirmed by verifying the results with the results of [4],
as well as the solutions of the Mathieu equation. In these cases, the solution obtained by the partial discretization
method and the Runge-Kutta method gives good agreement. The high accuracy of the solution is established. The
discrepancies in the calculations, that is, the relative error, do not more than 0.01782.

Graphs of numerical results and calculation errors by various methods are given.

Thus, on separate examples the mechanism of the method application of partial discretization is demonstrated.
The accuracy of the partial discretization method was evaluated by comparison with the 4th order Runge-Kutta method
on the example of solving of the Mathieu equation using the Python programming language

This method can be applied to a wide class of problems in studying the nonlinear systems dynamics.
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An earthquake is one of the most unpredictable and destructive natural phenomena. About half of all densely
populated regions of the Earth are subject to seismic activity; 10-15% of the entire surface can be classified as highly
active seismic regions [1]. According to [2] 19% of entire Kazakhstan Republic's territory are counted as seismically
active areas. Moreover 40% of whole population lives at these regions, as well as more than 30% of all production
and industrial assets of the country are concentrated there. Among the industrial assets located at seismically active
areas there are several oil and gas production facilities [2].

The aim of the work is to analyze the impact of technogenic seismicity on the drilling process, to derive a
mathematical model of the drill string dynamics taking into account the impact of technogenic seismicity of the
surrounding medium.

It is known that drilling of oil and gas producing wells is a complex and high-cost technological process
associated with many complicated factors, such as the own weight of the drill string, contact interaction with the walls
of the well and bottomhole, stochastic processes, structure heterogeneity of the drill string, etc. In addition to the above
and widely represented in the literature complicated factors, the seismicity of the region can be attributed to them. The
effect of tectonic instability on drill string dynamics is poorly studied, thus derivation of mathematical models
precisely describing such cases is relevant and has scientific and practical interest.

The authors of this work carried out an analysis of the nature of the surrounding medium seismicity. It is noted
that the causes of the movement of the Earth's surface can be not only natural, but also technogenic (man-made). The
paper considers the main types of waves, reviews materials on the seismicity of the Kazakhstan’s territory, observes
the data to determine the energy of seismic waves. Based on the previously created nonlinear mathematical model of
the vertical rotating drill string dynamics, considering the effect of gas and fluid flows [3-4], a new model has been
derived that takes into account the impact of technogenic seismicity of the surrounding medium.

The influence of Rayleigh surface waves on drill string dynamic has been considered. Choice of the surface
seismic waves is explained by the greatest danger of this type of waves since its propagation occurs due to the
movement of the upper layers of the Earth's surface together with the buildings and underground non-deep structures
as non-deep drilling wells located on them.

The mathematical model of drill string dynamics under the impact of the seismicity has been derived by using
the Ostrogradsky-Hamilton principle [5]. According to the principle a variation of the difference between the kinetic
and potential energies and the potential of external forces was calculated. Seismic energy has been added to the model
through its inclusion to the potential of external forces.

The developed technigue modeling the influence of seismicity on the drill string dynamics can be successfully
applied in the future to the wide range of drill problems.
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The development of sustainable digital infrastructures is of fundamental importance for ensuring the
technological progress of any enterprise [1].

Currently, in order for employees to quickly and efficiently perform their duties and solve numerous business
tasks, they need to be provided with a functional information system, since its operational activity itself depends
entirely on the capabilities of the organization's IT infrastructure [2].

IT infrastructure can be produced exclusively within the framework of suitable infrastructure support. This term
should be understood as the presence of a complex of closely related equipment, systems and communication channels.
Such a complex combines separate software and hardware complexes, contributing to the formation of a common
interaction environment for all its components. The capacity of the infrastructure support determines the functionality
of the applied IT system in terms of processing and transmitting data through communication channels to the required
extent. This is what can unite all participants in the data exchange into a common environment for all of them [3].

In order for corporate IT services to work smoothly and develop, they must function on the basis of a modern,
flexible and adaptable IT infrastructure to the needs of the company. The same condition is necessary for the ability
to effectively test and implement new business applications, observing the plans for the development of the
information system in particular and the entire company as a whole. And as you know, the maturation of information
technology in any enterprise is based on its business needs. They should be used in the analysis of the IP market for
the subsequent selection of the optimal solution [3].

The study examines aspects of the development of digital infrastructure and the problems of its formation in
organizations. The necessity of forming a stable and developed technological infrastructure as an important
prerequisite for the formation and development of the company's digital infrastructure is substantiated. The most
multifunctional computing resources are proposed to improve the process of ensuring the development of digital
infrastructure.
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The development of sustainable digital infrastructures is important for ensuring the technological progress of
any enterprise. Therefore, investments and innovations in digital infrastructure are essential for the global
development of an advanced company.

Digital infrastructure includes physical resources to provide the ability to use data, computerized devices,
methods, systems, and processes. Digital infrastructure is important for the functioning of not only individual
enterprises, but also society as a whole [1].

An effective technological infrastructure is urgently needed to support optimally functioning organizations.
Ensuring sustainable development of internal digital infrastructures expands the company's technological capabilities
in business, thereby increasing their competitiveness.

Digital infrastructure is an important basis for ensuring digital transformation of organizations that want to
expand the potential of new digital technologies. The digital infrastructure consists of technical and organizational
components, processes, and networks. It covers the social environment of users of digital tools, as well as designers
and developers of systems connected to the infrastructure. In modern scientific literature, digital infrastructure, in
contrast to autonomous Information Systems, is conceptualized as the interconnection of various system groups,
including software, hardware, standards, the internet, platforms and people [2].

Currently, no company can do without IT infrastructure, and even a small company needs servers or tools that
integrate employees' computers into a common network to store databases. In the context of digital transformation,
organizations are moving from local IT infrastructures to the use of cloud services. First of all, this is due to reduced
risks, time costs, and cost optimization.
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Biotechnology is one of the most important modern sciences. This is the science of technology and the use of
biological processes in industrial production. It is known that its name comes from the Greek words: bios — life;
teken-art; logos - word, teaching, science. Biological processes include substances that use biological objects of
various nature (microbial, plant or animal), for example, the production of a number of medical, food and other
products — antibiotics, vaccines, enzymes, feed and food proteins, polysaccharides, hormones, glycosides, amino
acids, alkaloids, biogas, fertilizers and others [1].

Project management - management is an integral part of the discipline it uses part of its arsenal of tools, its
language and basic definitions, and adds its own specific concepts. Project management helps you achieve your goals
quickly and efficiently. In addition, in this process, a whole system of complexes is formed, which can be used for the
general purposes of any project, and a competent resource allocation scheme is developed. Currently, project
management is a whole science with a set of knowledge, rules and standards. The most popular resource is PMBOK.
This is a kind of "Knowledge Book" in the field of Project Management, which describes the best practical advice and
knowledge in this area [2].

The main prospects for the development of Biotechnology in Kazakhstan are related to the introduction of high-
tech technologies into production and competitive products for healthcare, agriculture, and Environmental Protection.
We should also mention the food and processing industry, mining and mineral processing (biogeotechnologies in the
production of precious metals). These areas are included in the tasks of the National Center for Biotechnology, and
there are successful developments in several types of them [3].

The purpose of the work is to analyze the field of biotechnology, project management and identify common
features of IT project development. During the analysis of this work, the following information was revealed: the
Government of Kazakhstan identified four areas as a priority for the development of biotechnology: pharmaceutical;
agricultural; industrial; environmental.

For Kazakhstan, the development of Biotechnology has been identified as the most important scientific priority
around the world.

There is a lot of information about the field of Biotechnology. However, this information has not been
sufficiently collected and systematized, that is, it has been raised to the project level, and project management has not
been mastered. In this case, you can see an unstructured field of knowledge. In this regard, the following needs arise:
project management in the field of Biotechnology, data representation at the required level, search tools on a specific
topic, management software. Such needs will be an indispensable tool and set of methods for specialists, researchers,
and the field of knowledge. It leads to investment and development in the field of Biotechnology for private and state
entrepreneurs.
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B nmaHHOW cTaThe paccMaTpuBaeTCs BO3MOXKHOCTH COBEPIICHCTBOBAHMS HCIIONB30BAaHHMS HABUTAIIMOHHBIX
CEpBHUCOB, 1 KOMIIBIOTEPHOTO 3pPEHMS, C LEJbI0 YIyYLIEHHs JOPOXHOTO JIBIKEHUSI Ha mepekpectkaXx. OObeKToM
WCCIIEZIOBAaHNS CTaJld CTaThM YKa3bIBAIOIIME Ha OOJBIION pa3pblB MEXIy (GAKTHUECKHMMHU IOTPEOHOCTSAMH B
HAaBHTAIUH U TEM, YTO CYIIECTBYET B HacTosmee BpeMs. [IpeameToM nccneqoBaHus SBIAETCS peanbHbIe IPOOIEMBI
C PETYIMPOBaHUAM TpaduKa Ha JOPOrax, 0 KOTOPBIX CBHIETENLCTBYET MHOXKECTBO (JAKTOB.

ITo cyTH, HaBHTaIMOHHYIO CHUCTEMY MOXKHO PacCMaTpUBAaTh KaK CIOXHBIH BBIYMCIUTEIBHBIH MEXaHU3M,
o0Jyieryaromuii MpefocTaBlIeHNe HaBUTanMOHHBIX ycuyr[l]. Tunwdnas HaBUTannMOHHAs CHUCTEMa COCTOUT W3
reorpaduueckoidl WHPOpPMANMK B BHIEC KapThl, KOTOpas IpemiaraeT ymnoOHBIH (opMaT YTeHHs TeorpapuuecKux
JIAHHBIX, 4acTO B BHJE TekcTa. OHHM TaK)Ke MOTYT HUCIIOJIb30BATh pa3InuHble (POPMBI JATYUKOB U APYTHUE UCTOUHUKH
nHpopmanum, coonpaeMoi pa3IMYHbBIMU CIIOCO0aMHU.

U3 Bcex (hopM HaBUTAIIMOHHOW CUCTEMBI T100anbHast cuctema nosurmonupoBanus (GPS) sensercs Hauboee
pacnpoCTpaHeHHBIM CIIOCOOOM cpelu Io0adbHbIX Mojib3oBareneil. GPS ncnonp3yer MexaHW3M paJnOHAaBUTALIN,
KOTOPBIH IIpeI0CTaBIsIeT HHPOPMAIHIO O BPEMEHHU U reorpaduueckoM MecTOnooxeHun npueMHuky GPS u3 imro6oi
To4KH 3eMJIH. CyIIECTBYIOT pa3iMyHbIe IPUYMHBI JJIs1 O0Jiee IUPOKOTo TexHIYeckoro BHeapenust GPS, mockosbky
OH TIOJIHOCTBIO HE3aBHCUM OT JIFOOBIX TaHHBIX, IEPEIaBaCMBbIX ITOJIb30BATEIIEM, H MOKET PadOTaTh CAMOCTOSTEIBHO
[2]. ¥V Hero Her maxe 3aBHCHMOCTH OT mpuema VIHTepHETa WIM KakKWX-THOO TeNeQOHHBIX YCIYT, YTOOBI
(DYHKIIMOHHPOBATh, XOTSI UCIIOIB30BAHHE 3THX YCIyT oOeclednBaeT OOIbIIyI0 TOYHOCTh HABUTalNH.

Taxoke ObUIM BBISBICHBI OCHOBHBIC NPHYMHBI 3aTOPOB B YPOaHM3MPOBAHHBIX IOpojAax Ha MpUMEpE ropoja
AnMatsl. PaccMOTpeHBI CNEICTBHS TAKMX 3aTOPOB M K YeMy OHM NPHBOIAT, W TOYEMY STH NPOOJIEMBI OJHU W3
TJIAaBHBIX B KpyHHBIX Troponax Kasaxcrama. IlpemnokeHsl BapuaHTBI pemeHus ¢ ucnoib3oBanueM HWTC
(MHTennexTyalbHOW TPAaHCTIOPTHON CUCTEMBI).

[Tpoananu3upoBaB HACYIIHBIE TPOOJIEMBI CBSI3aHHbBIE C HABUTAIIMEH U PEryJTMPOBKOM JOPOIKHOTO TpaduKa, MbI
NPOCJIEANIN OCHOBHBIE OTKIIOHEHHs B cucTemax HaOmronenuss u GPS naBuraumu. Kornma nepenaua mgaHHBIX O
JIOPO’KHOM TpaduKe CIHUIIKOM JIOJIT0 JOXOHIa IO CEPBEPOB U UMEJa CIIMIIKOM MAaJICHbKYIO 00J1acTh IPUMEHEHHUS.
Ha ocHoBe 3TOrO OBUI IIPE/UIOJKEH HOBBIM BapHaHT HMCIIOJIB30BaHHE HAaBUTAI[HOHHBIX CEPBHCOB M KOMIIBIOTEPHOIO
3pEeHUs U1l MOJU(UKAIINH YITPABICHUS JOPOKHBIM TPaQHKOM.
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In this paper, we present direct and inverse theorems of approximation of two variable functions, by polynomials
in the Walsh system in space BVC | [0,1)2 l<p<oo.

We denote by E (), the best approximation of function f € BVCp[O,l)Z by Walsh polynomials of

degree at most (m,n) (m,n e N ) in the metric BVC [0,1)2 ,l<p<oo

,_\

m-1n-

FOay) =2, 2. cwi (x)w; (y)

i=0 j

Enn(f),y =inf

|I
o

A%

Denote by S%N( f ) the rectangular partial sum of double Fourier-Walsh series of function f < L, .

Theorem 1. Let f € BVCp[0,1)2,1< p <o, m,ne N.Then holds
11
w < -
Enn(f)oy < Kpa)l;[f,m,n)

Theorem 2. Let f € BVCp[O,l)Z 1< p <o, mneN.Then holds

11 Y
l(f = H)q{pEmn(f)pN.
p

Note that in the case of one variable functions corresponding results have been established by S.S. Volosivets.
This work is funded by the Science Committee of the Ministry of Education and Science of the Republic of
Kazakhstan (grant No. AP15473253).
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The differential operator
Lof = Yiajsm aa(X)D*f, €y

given in the class of finite functions Cg° () are considered, Q is an arbitrary domain in R™. The weighted spaces of
potentials Hy, ((; p, v,), the weighted spaces of Besov of a new type B;(Q; p,v,)(t > 0,1 < p < o) are described in
the paper. Sufficient and necessary conditions are obtained for the a,(x) coefficients, under which there are limited
continuations of

L: Hy(Q; p,vs) = Hp(Q; p,vp)
or
L: By (Q; p,vs) = Hy(Q;p,vp)
operators Ly,.
To describe these conditions were used theorems on the limitation of multipliers acting in pairs of functional
spaces

(H3 0,v), H5 (95 p,v)), (B3 (% 9, v0), HE (@ p,v,)), 1 <p < 0,0 < t <.
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In our work the sectorial operator L, generated in the Hilbert space L, (Q) by the singular differential expression
n

lu = Z D,l("(pk(x)D,l("u) + w(x)u,u € C°(Q),
k=1
was considered, here D, = d/ dx,,Q - arbitrary n-dimensional domain, under the following assumptions:
L2211 <k<n)n=Yi " <2 0(X) = wo(x) +iw; ()i = V=1), 0, 0; € Lipc(Q), pic € Ly joc (D),
pr > 0,infqwy >0

Let's put p = (py, P2, -, Pn), Q(x, B) = {y € R™: |y — x| < (o ()W) /2,1 < k < n},

1/2
M5y (x, h; p, wo) = h|Q(x, B)|~*/ inf <f wody) .
s \Jox e

}s
In(2) 0 < § < 1, infis taken over the set e € Q(x, h) such that the Lebesgue measure |e| < §|Q(x, h)|.

A positive and bounded function h(x) in Q will be called a function of length in Q with respect to the pair (9, w,)
if the following conditions are met:

1 Q(x,h(x)) cQ,x €,

2 thereare 0 < § < 1,0 <& < 1, that Ms)(x, eh(x); p, wo) = 1in Q.

The notation (p, w,) € 7 will mean that for the pair (9, w,) there is a function of length h(x) in Q. The class of
functions wg, pi (1 < k < n) for which (9, w,) € m is wide enough.

For pairs (p, wy) € m conditions are formulated under which L, has a closed sectorial extension L with a
completely continuous inverse operator L™1. Two-sided estimates for the s-numbers of the operator L are obtained.

This research has been was funded by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan (Grant No. AP08856104).
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Mycts (V,v), (U, 1) uamepumsie npoctpanctsa u Z (U), M (V) HOpMuUpoBaHHbIE IPOCTPAHCTBA V-U3MEPHUMBIX U
U-u3mMepuMbix QyHKuui, coorBercrBeHHo. Ilycth K:R X U XV = R, u oneparop T:Z(U) - M(V) omnpezneinex
CIIE/TyFOLIMM paBeHCTBOM: [uist JtoObIX f € Z(U)

T(f.y) = f K(FGO)xy)di, y € V
U

U TIPEATNONIOKUM, YTO 3TOT HHTErpaJl CYLIECTBYET U KOHEUEH AJIs Moutu Bcex Y € V. JlaHHBIN onepaTop Ha3bIBaeTCs
UHTETPAJILHBIM OLIEPATOPOM Y PBICOHA.

Xopomo H3BECTHO, YTO OJHHUM M3 JOCTOMHCTB METOJAA BEIIECTBEHHON HMHTEPIOJAIMM, OCHOBAHHOIO Ha
cBoiicTBax BBeneHHoro [letpe K-pyHKkipoHnana, sBisieTcss BO3MOXKHOCTb IIEPEHECEHHsI OCHOBHBIX PE3YJIbTaTOB 3TOTO
METO/Ia, YCTAHOBJICHHBIX B IMHEHHOM CITyyae, Ha HEKOTOPhIE KIIaCChl HEJTMHEHHBIX ONIEepPaTOpOB, HAIPHMeEp, Ha KJIacC
JIMMIINLIEBHIX WK FeJIbJIEPOBHIX ONIEPAaTOPOB , T.€. HAKJIAIbIBAJIOCh YCIOBHE BUIA:

ITfF=Tgly<C Il f—g I

3aMeTHM, 4YTO oOmeparop YphICOHa, BOOOIIE TOBOps, HE SBISIETCS KBA3WIMHEHHBIM OIEPAaTOPOM HIIH
TeJbJICPOBEIM OIIEPATOPOM, ITO3TOMY COOTBETCTBYIOIIME WHTEPIOJSIMOHHBIE TEOPEMBI HE HMPHUMEHHMBI K 3TOMY
orepaTopy.

B manHOI# paboTe MoTy4eHbl HHTEPIOISIHOHHBIC TeopeMbl MapuuHkeBu4a, Kansaepona u CreitHa-Betica s
MIMPOKOTO KJIacca HEIMHEHHBIX OIepaTopoB. JJaHHBIE TEOpEeMBbI IPUMEHUMBI AJISI 0-OJHOPOIHBIX OTNIEPATOPOB, IPH
0 < p < oo. [locTpoeH MHTEPNONSLMOHHBIA METOJ, OXBATHIBAIOLIUI Omeparopbl TUna YpeicoHa. B yacTtHOCTH,
MOJIYYEHBI CIEIYIONTNE YTBEPKICHNUS.

Teopema 1. Ilyctb p > 0,1 < pg <p; < 0,1 <q0,q1 < 0,90 #q1,0<0<71<0,0<0<1m

1 1—9+9 1 1-6 6

: +—.
P P P1q G @

IIycts T onepaTop YpbIicoHa.
Ecnmu st Hekotopeix My, M, > 0 ciexyromniie HepaBeHCTBa HUMEIOT MECTO

p i =
I'T(f) —T(0) ”Lqi,oo(V,V)S M Il f Iy, owpy © =01,
Toraa
TG = T(O) U, )< eME™ME N f Ny
rze ¢ > 0 3aBUCHT TOJIBKO OT MapaMeTpoB P, P1, 9o, 41, 0, T, 0.
Teopema 2. IIycth 0 < py < p; < 0,0< g, q1 < 0,4y #q; 0< 0 < 1u

p=1=0)p,+0p;, q=(1-0)q +0q,.
Ecmu T oneparop YpsIcoHa u i1 HEKOTOpBIX My, M, > 0 UMETOT MECTO HEpaBEHCTBA
Iy @DIT(f,9) = T(O,»)D%dv < My [, (Wi () If (x)DPidp, f € Ly, (U, wy, p) i = 0,1, mo
I T —T©0) 1 < cMg M7 I f I
N-TO I SOMINLN
rze ¢ > 0 3aBUCHT TOJIBKO OT Py, P, ub.

Pabora BbInosHEHA MpH HOAJep)KKe MuHHCTEpcTBa 00pa3oBanusi U Hayku PecrnyOnuku Kasaxcran, rpaHt
AP08856479.

V,vé_evle,v) ,w(}_gw1 ,u)'
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O CUCTEME KOPHEBbBIX BEKTOPOB BOSMYIIEHHOI'O PET'YJISIPHOI'O
JAUPDPEPEHIIUAJIBHOI'O OITEPATOPA BTOPOI'O ITOPAIKA,
HE OBJAJAIOIEI'O CBOMCTBOM BA3BUCHOCTH
M.A. Cagpioexos?, H.C. Uman6aes?

MHcTHTYT MaTEMaTHKK M MaTEMATHYECKOTO MOJeIupoBanys, AnMatsl, Kazaxcran;
2}OxHO0-Ka3axcTaHCKHil TOCYIapCTBEHHBIH MeIarorHyecKyil YHUBEPCHTET,
IIeimkenT, Kazaxcran

Karouesble cioBa: /luddhepeHnnanbHbIN orepaTop BTOPOTO MOPAAKA, HHTErPaTbHOE BO3MYILCHUE KPAeBhIX
yCIIOBHIA, 0a3UCHOCTH, KOPHEBBIE BEKTOPHI, CUCTEMa COOCTBEHHBIX (DYHKIMH, COOCTBEHHOE 3HaYCHUE,
XapaKTEePUCTUYECKHUH OIPEAeINTENb, Harpy>KeHHbIN TuddepeHnanbHbIi onepaTop, CONPsHKEHHBIN OIepaTop.

B cratee paccmarpuBaeTcs CHEKTpalbHAs 3ajada Ul oOllepaTopa KpaTHOrO I QepeHUUpOBaHHS IPH
MHTETPaJbHOM BO3MYIICHHM KpPAcBBIX YCIOBHH OJHOTO THIA, SBIAIOIIUXCA PETYJIPHBIMH, HO HE YCHICHHO
peryIspHBIMA. SIIpOM HWHTErpallbHOTO BO3MYIIEHHS SBISIETCS (YHKIUSA p(x)e LZ(O,].). OcoOeHHOCTBIO
paccMaTpuBaeMoOil 3amayd SBIACTCS OTCYTCTBHE CBOWCTBA 0a3sMCHOCTH y CHCTEMBI COOCTBEHHBIX (DYHKLHI
HEBO3MYIICHHOU 3anmayd. [1ocTpOeH XapaKTepUCTHYECKUH ONMpeAeNUTeNh CHEKTPAIbHOW 3amadn. J(oka3zaHO, 4TO

MHOXECTBO (DyHKITHIA p(x), JUII KOTOPBIX CHCTeMa COOCTBEHHBIX (yHKIMH Bo3MylieHHOW 3amaum (1),(4) He

obpa3zyer 6e3ycinoBHOro 6asnca B L2 (0 ,1) , SIBIIICTCS TUIOTHBIM B L2 (0,1). ITokazaHo, 4TO cOnpsKEHHBIN OnepaTop

MMeeT aHaJIOTUYHYIO CTPYKTYpY.
Pa6ota Beimmoninena npu ¢punancosoit noanepxkke KH MOH PK (rpant Ne AP09260752).
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ESTIMATES FOR TRIGONOMETRIC WIDTHS OF THE NIKOL'SKII-BESOV
CLASS IN THE ANISOTROPIC LORENTZ-ZYGMUND SPACE
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IM.V. Lomonosov Moscow State University, Kazakhstan Branch,
Kazhymukan st. 11, Astana, Kazakhstan
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Keywords: Lorentz-Zygmund space, Nikol'skii-Besov class, trigonometric widths.

Let p = (p1, - Pm)> T= (T1, . T), @ = (a3, ... @) and p;, 7; € (1,0),a; €ER,j = 1,..,m. We denote by

L’;—,ﬁf (T™) the anisotropic Lorentz-Zygmund space of all Lebesgue measurable functions of m variables having a 27

period for each variable with the norm ||f |55 z 7 (see [1], [2], [3]).
7

We consider an analog of the Nikol'skii-Besov class S - - 5B in the anisotropic Lorentz-Zygmund space (see

paz,
[3)). ]
The report presents estimates of trigonometric widths of Nikol'skii-Besov class S;ﬁf(l)gB in the Lorentz-
Zygmund space L*E,EE(Z) (T™) for different relations between the parameters. In particular, for ‘l,'j(l) =p; =0, ‘l,'j(z) =

q; =9, 9j =@forj=1,....manda = E = (0, ...,0) from the proved statements we obtain the well-known results
of E.S. Belinskii, V.N. Temlyakov, A.S. Romanyuk (see bibliography in [4]) .
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AN INITIAL BOUNDARY VALUE PROBLEM FOR A PSEUDOPARABOLIC
EQUATION WITH A NONLINEAR BOUNDARY CONDITION
Antontsev S.N.1, S.E. Aitzhanov 2, D.T. Zhanuzakova

Lavrentyev Institute of Hydradynamics of SB RAS, Russia
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An initial-boundary value problem for a quasilinear equation of pseudoparabolic type with a nonlinear boundary
condition of the Neumann- Dirichlet type is investigated. By the Galerkin methods to prove the existence of a weak
solution. On the basis of a priori estimates, we prove a local existence theorem and uniqueness for a weak generalized
solution of the initial-boundary value problem. A special place in the theory of nonlinear equations is occupied by the
study of unbounded solutions, or, as they are called in another way, blow-up regimes. Nonlinear evolutionary problems
admitting unbounded solutions are globally unsolvable. In this work, sufficient conditions for the blow-up of a solution
in a finite time in a limited area with a nonlinear Neumann- Dirichlet boundary condition are obtained. A large number
of works are devoted to the study of nonlinear equations of pseudoparabolic type [1]-[6].

Formulation of a problem. We consider the cuasilinear equation

%(u — xtw) — (ap + a; IVull3% ?)Au = b(x, O |ulP~2u + f(x, 1), (x,t) € Qr (1)
with the nonlinear boundary
2+ k(x, Olul?ulp = 0,7 = 00 x (0,T) @)
and with the initial conditions
u(x,0) = up(x), x €Q 3)
Here Qr = {(x,t):x € Q,Q cR™"0<t< T} is a cylinder, Q c R™,n =3 is a bounded domain, with a
sufficiently smooth boundary Q , so p, q, a,, a, and o are positive constants. The functions b(x, t), f (x, t), k(x, t) and
u,(x) satisfy the following conditions:
0<by<b(x,t) < by <0,0<b(x,t) < b < oo, V(x,t) € Qr;
0< ko <k(r,0) < ey < 0,0 < 20D g KOOl o b e oy
0= =TT k) T Y k() T ’ v

If GOz < Co vt €0, T]ug(x) € Wy ().
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We consider the complex Ginzburg—Landau equation with rapidly oscillating terms inthe equation and
boundary condition, set in a bounded domain with periodic obstacles. On the boundary of obstacles we assume
the Robin condition and on the outer boundary

Figure 1: Attractors of the Ginzburg—Landau equation.

the Dirichlet condition to be set. We prove that the trajectory attractors of this problem (see Figure)
converge in a weak topology to the attractors of the homogenized problem for the Ginzburg—Landau equation
with an additional potential. Moreover we prove the existence of the respective trajectory attractors. Similar
problems see in [1].

BKA was supported by Committee of Science of the Ministry of Science and Higer Education of the
Republic of Kazakhstan (grant AP08855579). CGA was supported in part by RSF (project 20-1120272).
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We consider 2D Navier—Stockes system with rapidly oscillating terms in the equationsand boundary conditions,
set in a bounded domain with periodic obstacles (see Figure) On the boundary of obstacles we assume the Robin
condition and on the outer boundary

(
©

Figure 1 - 2D model of a fluid in a medium with small periodic obstacles.

the Dirichlet condition to be set. We prove that the trajectory attractors of this problem converge in a weak
topology to the attractors of the homogenized problem for the Navier— Stockes system with an additional potential.
Moreover we prove the existence of the respective trajectory attractors. Similar problems see in [1].

BKA was supported by Committee of Science of the Ministry of Education and Science of the Republic of
Kazakhstan (grant AP08855579). CGA was supported in part by RSF (project 20-112027
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We consider reaction-diffusion systems in perforated domains that contain rapidly os- cillating terms in the
boundary conditions and in the equations. In the problems under study, a small parameter € characterizes the diameter
of perforation holes and the oscil- lation rate of coefficients. We do not assume any Lipschitz condition for the
nonlinear functions in the equations, so, the uniqueness theorem for the corresponding initial bound- ary value problem
may not hold for the considered reaction-diffusion systems. We study the asymptotic behavior of trajectory attractors
of the considered inital-boundary value problem as ¢ — 0+. We apply homogenization methods and the theory of
trajectory attractors.

Attractors describe the behavior of solutions to dissipative nonlinear evolution equa- tions as the time tends to
infinity. Attractors show the most important limit objects of the dynamical systems, that is, sets of trajectories
characterizing the entire dynamics of the model governed by evolution equations.

We prove that the trajectory attractor of the considered reaction-diffusion system in a perforated domain
converge as € — 0+, to the trajectory attractor of the corresponding homogenized reaction-diffusion system with an
additional “strange term” (potential). For similar results see [1].

The work was supported by Committee of Science of the Ministry of Education and Science of the Republic of
Kazakhstan (grant AP08855579). CGAwassupported inpartby RSF (project20-1120272).
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COMPACTNESS OF THE COMMUTATOR FOR THE BILINEAR RIESZ
POTENTIAL IN GENERALIZED MORREY SPACES.
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In this paper, we give sufficient conditions for the commutator of the bilinear Riesz potential to be compact in
generalized Morrey spaces.

Let 1 < p < o0 and w a non-negative measurable function on (0, ). We denote by M ;VE M ;V(Rn) the

generalized Morrey space, as of all functions f € ngc(Rn) with finite quasinorm  ||fllyy =

)y where B(x, r) denotes the ball centered at x and with radius .

sup (Wl eenll,

The space M FV)V(RH) coincides with Morrey space M lfwhen w(r) =7 2, with 0 < A < n/p, [1]. Suppose that

the continuous increasing functions w1, w; in [0; o) satisfy the following conditions (j = 1, 2):
a) w; (0) = 0; b) limwj (r) = oo; ¢) There exists a constant D, satisfying 1 < D < 2 n, such that w; (2r) < Dw;
Tr—00

. 1 Yo, v,
() for any r>0; d) (w(r)) /P = w," "t (r)w, "2(1).
For a (0 < a < 2n), let us consider bilinear Riesz potential Ia defined by

f(y)g(z)dydz
|x —y| + |x — z[)2n—o

mm@®=fk(

I
The commutator of Riesz potential I, defined by

_ (b(x)—b(y)f(y)g(z) dydz
[IOCI b] (f' g) (X) - fle’l (lX_y|+|X_Z|)2n—[x

The commutator [I, b] were discussed by some authors, see [1]-[2].

Theorem 1. Forl<p<o, 1<p;,p, < o 1/p = 1/p1 + 1/p21'

Suppose w1, w satisfy the conditions a)-d) and b € V MO(R™- Then la(f, g)] is a compact bilinear operator from

Wy W, w

Mpl XMpz to Mp’

This work is funded by the Science Committee of the Ministry of Education and Science of the Republic of
Kazakhstan (grant No. AP14869887).
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We study the initial value problem for the k-generalized Korteweg-de Vries equation (k-gKdV)
{6tu +d3u+0, () =0, xteR, 1)
u(x,0) = u 4(x), x,t €ER,

where u = u(x, t) is a complex valued function. Equation (1) contains, for certain choices of the parameters, well-
known equations of great relevance, for example, in quantum mechanics or water waves.

Motivated by the seminal work of T. Kato [5], the solvability of many dispersive nonlinear equations has been
studied in weighted Sobolev spaces in HS(R) N L2(|x|>™dx ), aiming to control better the decay at infinity of the
solutions (see for example [1,2,3,4,8] and the references therein). In particular, for the mKdV and the k-gKdV, for
k = 4 optimal results in this context were obtained by J. Nahas [7]. Moreover, A. Munoz-Garcia [6] established the
local well-posedness of the KdV for with s > 3/4 in weighted Sobolev spaces. We continue these investigations
for the k-generalized KdV with k = 3.

We apply the contraction mapping principle to the integral equation version of the IVP (1) with k = 3, i.e.

u(x, t) = e 03y, — fote‘i(t‘ D93 9 _(u)dr, 2)

where e~i9% s the Airy semigroup. We are interested in establishing the best index s for which equation (2) has
local well-posedness in H5(R) n L?(|x|*™dx ) withm € [0,1/6].
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The theory of polynomials of two or more variables orthogonal in a domain with arbitrary weight has been
greatly developed in the works of D. Jackson, G.Krall and I.Scheffer, G.Engelis and others. They considered some
two-dimensional analogues of classical orthogonal polynomials, which are solutions of linear partial differential
equations of the second order. Such equations are called admissible.

This paper is devoted to the study of the connection of some degenerate hypergeometric systems with admissible
equations with solutions in the form of Laguerre polynomials of many variables. A number of theorems are proved.

Theorem 1. A linear partial differential equation of the second order

XZ s +X0Z +(a +1—2xl)le +(2x, +a, +1)zX2 =2nZ )

obtained by adding two equations of a degenerate hypergeometric system

%2, +(a, +1-%,)Z, —x,Z, +nZ =0, o
X, 2, +(a, +1-%,)Z, —xZ, +nZ =0
refers to the tenth normal form of an acceptable equation
Xllexl + Xzzxzx2 + (Bxl +dg )le + (sz + 0o )sz =nBZ, 3)
with a solution in the form of a generalized Laguerre polynomial of two variables
N (_ n)m1+m2 lel X;nz

L(%vaz) X, X, )= (—n;e, +1, a, +1;X,, X ml .
nn ( ! 2) 2( ! ? v )mlgzo (al _'_:I')m1 (a2 _F:I')m2 ml! m2!
Indeed, if we accept B=-2, do,o =, +1, Joo =&, +1, then equation (1) will be represented as (3). This

equation is called the Laguerre-Laguerre equation.

Theorem 1 can be generalized to the case of a degenerate Laguerre type system consisting of three equations

X Fy . +(1+ocj —xj)FXj —(kZ)Xka +nF =0, j=13. @)
#]

Theorem 2. A linear partial differential equation of the second order

X Fo +XF o +XFy, + (o +1-3% )F, +(a, +1-3%,)F, +(a; +1-3%,)F, =3nF ()
obtained by adding three equations of the system (4), refers to the tenth normal form of the admissible equation (5)
with a solution in the form of a generalized Laguerre polynomial of three variables

Llevezas)(x x,, X, )= W, (= ey +La, +Lag +1X, X,, X, ) =

n,n,n

XX,

_ C (_ n)mlererm3 le1 X;nz le3
Ms.Mz M5 =0 (e +1)m1 (e +1)mz (er, +1)m3 m,! m,! m,!
However, the theory of normal forms of admissible equations requires additional research.
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Let Q = {|y| < 1} © R? be an open bounded domain with boundary 99, Qye =2 x(0,T), Zy =00 X (0,7T).
The following inverse problem of determining functions {w(y, t), P(y,t), f(¥)} is considered:

ow —vAw = g(t)f(y) — VP, (¥, t) € Qye, 1)
divw =0, 0, t) € Qyy, )
wy,0)=0, (€L, w0=0 yeq (3)

with overdetermination condition:
W(y' T) = WT(y)! (4)

where g(t) = {g.(t), g.(©)} and wr(y) = {wr1(y), wy,(¥)} are given functions.

For a biharmonic operator in a circle, a generalized spectral problem has been posed. For the latter, a system of
eigenfunctions and eigenvalues is constructed, which is used in the report for the numerical solution of the inverse
problem in a circular cylinder with specific numerical data. Graphs illustrating the results of calculations are presented.

Some of our results are published in [1]. The report discusses the develop- ment of the obtained results for the
nonlinear 2-D system of Navier-Stokes.
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This work is devoted to finding a necessary and sufficient condition for the solvability of the overdetermined
Cauchy problem, i.e. the Cauchy entire boundary condition for the multidimensional Laplace equation. The proof of
the statement is based on the representation of the boundary conditions of the Newtonian (volumetric) potential of the
multidimensional Laplace equation, obtained in the work of Kalmenov T.Sh. Suragan D. [1]. It should be noted that
in the two-dimensional case, the generating function for the harmonic functions was also found.

In the work of Vishik M. [2], Otelbaev M. [3], Kalmenov T.Sh. [4], by using the solution of the overdetermined
Cauchy problem, a description of all regular boundary value problems for the Laplace equation and for other
differential equations is given.
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For an elliptic operator of order 21 with constant (and only leading) real coefficients, we consider a boundary
value problem in which the normal derivatives of (kj —1), J=L...,1, where 1<Kk, <...<k; are specified. It

becomes the Dirichlet problem for K; = j and the Neumann problem for k; = j+1. We obtain a sufficient

condition for the Fredholm property of which problem and derive an index formula.
In simply connected region D in the plane bounded by the simple smoothcontour I', we consider the
elliptic equation
21 62| k

Z 8X2| ruay + Za"k

PEa
0<r<k<2l- 8 r 8)/
with real coefficients 8, € R and a, € C* ( ) I'=0DeC?*, 0<u<l.

=f(x,y) (x,y)eD 1)

Problem S. The generalized Neumann problem consists in finding thesolution u(x, y) of equation (1)
in the domain D by boundary conditions

"~ K -1 :gj! j:].,...,l, @)

I
where 1<k <k, <...<k, <2l and n=n, +in,— the unit externalnormal.

For a polyharmonic equation, this problem was studied by A.V. Bitsadze [1]. Another version of the Neumann
problem, based on the variational principle, was previously proposed by A.A. Desin [2]. In [3], problem (1), (2) was

investigated for a,, # 0 and f #0 in the space of functions C;"l'”(ﬁ ,

The report established: a sufficient condition for the Fredholm property of problem (1), (2);
equivalence of the Fredholm condition of the problem tothe complementarity condition (or Shapiro—
Lopatinsky) [4]. A formula for the index of the problem find S is calculated.

The condition of Fredholm property of various problems for equations of the fourth and sixth orders is
established in detail, and formulas for the indices of the corresponding problems are described in explicit form.
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In the domain Q = {(x,t) | x > 0, t > 0} find a solution to a problem:
ut - uxx + {Ta,tu(x' t)}|x=y(t) = f(x' t)' (1)
Ult=o = 0,ulx=0 =0, (2)
where
Tpcu(x, t) = t1%u,(x, t)
is a conformable fractional derivative of the order @, 0 < a < 1, [1] y(t) is a continuous increasing function, y(0) =
01
f(x,t) € L,(A) N C(B), 3)
where A = {(x,t) | x > 0,t € [0,T]},B = {(x,t) | x > 0,t = 0}, T — const > 0.
We invert the differential part of problem (1)-(2) by formula [2]

u(x, t) = — j t f ’ G(x, &t — DTy ulx, t)}‘ d&dr +
0 -0 x=y(t) (5)

* j Lw G(x, &t — Df (§ 1)dédr,

1 _ 2 2
G(x, & t) = Z—H{exp <— (x 45) ) — exp <— (x :tf) )}

We take into account relation

where

© X
fo G(x, ¢t —1)d§ = erf (Nm)

w(®) = {Tou O} _ (6)

and introduce the notation

and

t o
fiGot) = f f G(x, & t — Df (€ D). @)
0 0

From (4) we take the conformable fractional derivative of the order a,0 < a < 1, with respect to the variables
t on both sides and put x = y(t). On the left side, we get the function u(t) by virtue of the notation (6). We also
introduce the notation according to formula (6)

() = Tec il D),

After that we obtain the integral equation:

=y(t)’

k® - [ Kot D@ = £(0), (22)
with the right-hand side f, (t), defined by formula (15), and the kernel
3 t %y (t) y2(®)
K,(t,7) = 3E€Xp| — 4t-1) (23)
V(1 + t1-9)(t — 7)2 t
2 t
ful) = 225 (15)

Let y(t) ~ t® in the neighborhood of t = 0 and w > 0. The following theorem is proven

Theorem. Integral equation (22) with kernel (23) for 0 < a < 1 and with y(t) ~ t® in the neighborhood of t =
0 is uniquely solvable in the class of continuous functions C([0; T]) for any continuous right-hand side f,(t) €
C([0; T]) defined by formula (15), and, if 1 — a — 2w > 0 when 0 < a < 1 then the kernel is bounded at ¢t € [0, T].

It is shown that for values parameters a, w not under the conditions of the theorem, (a) = % a= 1) the function
u(t) = t# is an eigenfunction for Integral equation (22), where the parameter £ is a solution to the equation:

L eisres + w (1> 1
1, oy
W1 b3 \4
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where W, ,(z) is the Whittaker function [3].

In [3], [4] it is also shown that the existence and uniqueness of solutions to the integral equation depends on the
order of the fractional derivative in the loaded term and on the nature of the load behavior.

This work was supported by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grant AP09259780, 2021-2023).
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In this paper we study the singular parabolic operator
ou 0%u

Luza—m+q(x)u

initially defined on Cg3,(2)where 2 = {(t,x): —n < t < m, —o0 < x < }. Cg7(2)is the set, which consist of
infinitely differentiable finite functions with respect to the x and satisfying the condition
u(—m,x) = u(m, x).
We assume that the coefficients of L are continuous functions in R = (—oo, c0)and a strongly growing functions
at infinity.
The operator L admits closure in L, ()and the closure we also denote by L.
In the paper, we have proved that there exists a bounded inverse operator and found a condition on q(x)that

ensures the existence of the estimate, i.e. separability of the operator L
2

u u
57 o) 1 5oz ipcy +1 @ QU Ny)< el L ey +l 1l o)),

where ¢ > 0is any constant.

Example. Let g(x) = e'°%°¥ —o0 < x < o0, Then the operator L is seperability.

In addition, we prove the compactness of the resolvent, obtain two-sided estimates for the distribution function
of singular numbers, prove the existence of positive eigenvalues, and find two-sided estimates for these positive
eigenvalues. An example is given.
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Considerable literature and papers cited there are devoted to the solvability of boundary value problems for
differential equations of odd order and, in particular, for the Kortweg-de Vries equations.

In contrast to some of these papers, in this paper we consider the following operator in L,(Q) :
3

Lt =24 O @)
(L+uhu E+W+q(x)u+uu

initially defined on Cg5, (1), where Q = {(t,x): —w < t < 7, —o0 < x < 0}, €55 () is a set consisting of infinitely
differentiable finite functions with respect to the variable x and satisfying the condition:
u(—m, x) = u(m, x). 2
For this operator with a growing coefficient, the following questions are studied:
the existence of a resolvent;

- operator separability, i.e. maximum regularity of solutions;

— compactness of the resolvent;

— estimates of singular numbers (s-numbers);

— completeness of root vectors.
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The work is devoted to the study of the following singular differential equation:
=s@) (X)) +rx)y" +qx)y = f(x), (€

where x € R = (—oo, ), and f € L,(R). We will assume that s and p are twice continuously differentiable, r is
continuously differentiable, and q is a continuous function. The equation (1) is singular in the sense that its
coefficients, generally speaking, can be unbounded functions.

We denote by L the closure in L, (R) of the differential operator

Loy = —=s(X)(p(x)y") + r(x)y’ + q(x)y with D(Ly) = CZ(R) (C¢(R) is the set of twice differentiable
functions with compact support). The function y is called a solution of equation (1), if y € D(L) and Ly = f.

The purpose of this work is to obtain conditions on the coefficients under which

(a) there exists a solution y of equation (1) for any f € L,(R),

(b) the solution y of equation (1) is unique,

(c) the following, so-called, coercive estimate holds for y :

I=sCey)'ll, + lry'lL,+lry 1< C Il f .

where |||l is the norm in L, (R).

Moreover, we present the application of estimate (2) to find of compactness conditions of the resolvent L™,

If s(x) = p(x) = 1,r = 0, then (1) is the Sturm-Liouville equation. In this case the estimate (2) was stadied by
B. Everitt and M. Giertz (the case of smooth g(x) ), M. Otelbaev, K.Kh. Boimatov (the case of nondifferentiable
q(x)) and others. In the case s(x) = p(x) =1 and r(x) is a weakly oscillating function that does not obey the
coefficient g(x), the estimate (2) was obtained in [1].

Example 1. We consider the equation (1), where

s=|x|%p=|x[¥,r=]x|° for |x|] > 1, and ¢,,6 are nonnegative and such that 8 — ¢ —1p — 2 > 0.
Assume that at least one of the following conditions (j) and (jj) holds

()g=-Ix"(x]=1,m=0),and 8 = m + 2, or

() e =1/2,¢ 21,9 =—|x|™(]x|] =1,m = 0),and ¢ + p = m + 3/2.

Then for any f € L,(R) there exists a unique solution y to equation (1). Moreover, y satisfies the estimate (2).

This research was funded by the Science Committee of the Ministry of Science and High Education of the
Republic of Kazakhstan (Grant No. AP08856281).
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Assume Q = [0, w] X (—oo, +00). Let us consider the following pseudoparabolic equation of the third order
Uyer = Qo (X, )y + a1 (X, O)uy + az(x, u, + az(x, t)u + f(x,0), (1)
where the functions a;(x, t)(i = 0,3), f(x, t) are assumed to be continuous and, generally speaking, unbounded on
Q.

By C.(Q, R) we denote the space of the bounded functions, which are continuous by t € R for x € [0, w] and
uniformly with respect to t € R continuous by x € [0, w]. Let Il V(x,-) ll;= supser I V(x,t) Il, where | V(x,t) =
max;_1 . |V;(x, t)|. We study the properties of the solution u(x, t) of equation (1) satisfying the conditions

U(O, t) = 'll)(t), u(x' t)' ux(x' t)' Ug (x' t)' Uyt (X, t)' Uyt (X, t) € C* ('Q" R) (2)

(x,t) 1 pt+d
We put P, 5(x, t) = J';E‘Tt),e(x, ==f, " axm)dr

Theorem 1. Let functions a; (x, t)(i = 0,3) in (1) be continuous on Q, ¥, ), are continuous and bounded on R
and the following conditions are satisfied:

a) a;(x,t) =y > 0,y isaconstant;

b) % < cfort,f € R:|t — t| < d, where ¢, d are constants;

1(X,

c) for any & > 0 there exists a number § > 0 such that for all t in R and x;,x, € [0, w]: |x; — x| < & the

following inequality holds
lay (x1, ) — a; (xz, t)|
la; (x2, )| _

d) Pyya, (6, t) S K, Py 0, (X, 1), Poy g, (X, ), Prg, (x, 1) € C.(Q, R).

e) £ (x,1),/0(x, )Y (t),/0(x, )P (t) € C.(Q,R?). B

Then there exists a unique solution u(x, t) of problem (1), (2) and u,;; € C.(Q, R) and the estimate holds

lyeelly + llaguyelly + laguglly + llauell, + llazull, < C.
Here C depends on the norms of functions f and y and constants y, K, c, d, ¢.

This research was funded by the Science Committee of the Ministry of Science and High Education of the
Republic of Kazakhstan (Grant No. AP08856281).
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In this article, we obtain two theorems on a priori estimates for solutions of nonlinear equations in a finite-
dimensional space. These theorems are proved under certain conditions, which are borrowed from the conditions
which are satisfied by finite-dimensional approximations of one class of nonlinear initial-boundary value problems.
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Boundary value problems for loaded differential equations, in some cases are correct in natural classes of
functions, i.e. the loaded term is interpreted as a weak perturbation. If the uniqueness of the solution of the boundary
value problem (1) is violated, then the loading can be interpreted as a strong perturbation. It transpires here that the
character of the loading - perturbation (weak or strong perturbation) depends both on the order of derivatives included
in the loaded (perturbed) part of the operator (2) and on the manifold on which the trace of the desired function is
defined. It should be noted that when studying boundary value problems for loaded differential equations and
boundary value problems for parabolic equations in noncylindrical domains, it becomes necessary to solve similar
integral equations [1]-[6]

Problem setting

In the domain

Q={(r,t),r>0t>0}

consider the following problem:

6u_62u+1—2ﬁ6u Aaku N .
oot 7 o tore|_ IOD ®
u(r,0) = 0;u(0,t) = 0, (2)

where 0 < 8 < 1,a > 0,1 € R — spectral parameter, f(r,t) € M(Q) — given function

3 rfEl-f r? 4+ &2 ré
fk(o—(ark [ e |- s | (s )| 16 st e € 1,0

M(Q) = Lo (Q) N C(), M(0,0) = L,(0,00) N C(0, ).
The purpose is to determine for which integer values k = 0,1,2 and for which values « > 0,0 < < 1 the
problem (1) — (2) will be correct in other words have a unique solution.
It was concluded that:
Theorem 1. If k = 1,thenfor 0 < f < 1/2,VA € R,Va > 0,Vf; (t) € M(0, o) the boundary value problem
(1) — (2) has a unique solution u(r,t) € M(2). And if 1/2 < < 1, then in order for the boundary value problem
(1) - (2 to have a unique solution wu(r,t) € M(2), the following condition must be satisfied:

0<a<1_2‘8.

Theorem 2. Let k = 2. Under the condition 0 < a < 1/2, the boundary value problem (1) — (2) VS €
(0,1),VA € R,Vf, (t) € M(0, ) has a unique solution u(r,t) € M(2).
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The problem statement is related to the feasibility of conditional-periodic linear systems of ordinary differential
equations, the study of the problem is related to points | and II.
I. Necessary concepts, terms and objects:

1. The function X(t) of the vector argument (t,,...t,.t,.,)=(t.z)e R"xR=R™™ of the period
(@, y0n0s @y, 0 = 0) = (,6) are called multiperiodic, where © = (..., @, ), t=(t; ....t,, ). Components of the
vector-period (a),ﬁ) rationally incommensurable.

0 0
2.D= ai + D, and D, = <e,a> are called differentiation operators, <e, §> — the scalar product of vectors
T

e=(..,1) and 2. (i,...,ﬂj.

ot oy o,

3. Equations with matrix unknowns X and X of the form
DX =P(t,z)X, P(t+m,z+60)="P(t,)eCeR™xR) 1)
DX =P(t,7)X, P(t+a,r+0)=P(t,)eCE)R™xR) @

are called multiperiodic with a differentiation operator D .
4. Equations

DY Q). Q(t+a)=Qt)eCc?R™) 3)
D,Z =Q(t)Z, Q(t+a)=Q(t)eC®(R™) @)

are called multiperiodic with a common matrix Q(t) and various differentiation operators D and D, . Equation (3)

is called autonomous with respect to . Solutions of equations with ., -periodic on t initial data at initial 7=0 are
considered.
5. Nonsingular solution X = ®(t,z) (with det ®(t,z)= 0) is called a fundamental.

6. When @(t,z +0) = d(t,7)Q, (c), 0 =1—€7 the matrix Q, (t) is called the main one for the solution. In
the case of a matricant ® =U (t,7), it is called a monodromy matrix: U (t,0)=Q, (o).

7. The basic matrices Q, (t) and Q, (t) are called & -similar if there exists a nonsingular matrix M (t)of the
_ 6
period > such that {2y (t) =M l(t)Qy (t)M (t - 99). At the same time we can write Q, (t) ~ €, (t).

8. If  there is a  transformation X =T(t,7)Y with a  nonsingular ~ matrix

T (t +o,7+ 9) = T(t, T) € Ct(,ef’l) (Rm X R) equation (1) to equation (2), they are called mutually reducible equations.

In this case, we can write: (1) & (2).
I1. The following theorems are proved:

0
Theorem 1. For (1)< (2) it is necessary and sufficient Q. (t) ~ Q (t).
Theorem 2. When P = P(t - EQ,T) follows (1) < (2).

5 -1
Theorem 3. When P = DU (t,@)-U (tﬁ) follows (1) (2).
Theorem 4. Solutions of equation (4) are solutions of equation (3). Solutions of equation (3) are solutions of
equation (4) when 7 = tj Cj=1lm.
Theorem 5. When (1) < (3) follows (1) < (4) with a transformation matrix T (t,t,, ).
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The paper proposes discrete and continuous mathematical models of epidemic development. A division of the
population into nine compartments is suggested: susceptible, exposed, vaccinated, contact vaccinated, undetected
patients, isolated patients, hospitalized patients, recovered and deceased. At the same time, the time spent in exposed
and infected compartments is considered limited. According to the assumptions made in the models, a susceptible
person can encounter the patient and go into the exposed compartment, and be vaccinated, and then also encounter
the infection and go into the contact vaccinated compartment. Exposed people may become ill to any degree of severity
or not, returning to the susceptible group. A contact vaccinated either does not become ill or becomes undetected or
isolated patient. Every patient can recover. An undiagnosed patient may develop symptoms of the disease, because of
which he moves into the isolated compartment. An isolated patient may be hospitalized, and a hospitalized patient
may die. In the discrete model, discrete quantitative data for each day of the epidemic are considered, in the continuous
one, these indicators are considered continuous functions. The article provides a qualitative and quantitative analysis
of the proposed models. The influence of all parameters on the process under study is investigated.

This research was supported by the Grant No. AP09260317 “Development of an intelligent system for assessing
the development of COVID-19 epidemics and other infections in Kazakhstan” of Al-Farabi Kazakh National
University.
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We establish a new improvement of the classical Hardy inequality on different metric measure spaces, which
mainly include Euclidean space, Hyperbolic space, Cartan-Hadamard manifolds with constant curvature, symmetric
Model manifolds, Homogeneous groups, etc. In this talk, we will discuss both the subcritical and critical versions of
the Hardy inequality. Recently, in [1], there has been a new kind of development of the one-dimensional Hardy
inequality, which has an important application in the theory of Schrodinger operators. Using some radialisation
techniques of functions and then exploiting weighted symmetric decreasing rearrangement on the real line, we give
the new multidimensional version of the Hardy inequality. Some improvement of the Hardy inequality involving the
Bessel pair, super weights, and a new version of the uncertainty principle is also discussed. This talk is based on our
joint work with Prasun Roychowdhury and Michael Ruzhansky.
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The paper proves a number of theorems establishing the existence of normally regular solutions [1] of a Laguerre
type system, as well as their connection with Laguerre polynomials of many variables.
Theorem 1. Additional system derived from the generalized Laguerre system

2 P
) I xS M w =0, j=Ln, @

and

has 1 normally-regular solutions of the form
Wy (X Xy ) = exp(xj )J (X X)) (j =1, n) @)
where U j (Xl,---, Xn) are hypergeometric series of 1 variables.
There is a connection between Laguerre polynomials of n variables

PNy + 1@y L X, X, ) = L) (x X ) =

m,

= Zn: (_ n)mlJr...ern lel Xn N
M/ =0 (1+ al)m1 (1+ a, )mI1 ml! mn!

and the normally regular solutions of (2).
Theorem 2. There are relations

‘Pz(?j)(— Moy +1.,0, + L%, X, )= exp(xj )J (X X)) (j :l_n)

Theorem 3. There are relations o
exp(—xj )‘Pz(?j)(— My + 1@y + L% X, ) = U (X X)), (j =1,n).
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Let 1< Q, P <, and Vv ={Vi }il u Z{Ui}?i1 be positive sequences of real numbers. Let (a”—) be

a non-negative triangular matrix with entries ai,i > Owhen 12 J 2j-and ai,i =0 when i< j . Let |p’v

1

© P\p
denote the space of sequences of real numbers f ={fi};ﬁl such that Hf”pv = Z‘VJ— fj‘ < 0,
, =

1<p<om.
We will consider inequalities of the following form
|Af o= Cl[f 5. vF <1y, ®
for matrix operator
i
(Af), =>a, f ieN. )
j=1

In paper [1] R. Oinarov and Zh. Taspaganbetova introduced an extended class of matrices Oi ,Nn>0and
obtained a criterion for the fulfillment of inequality (1) for matrix operators from these classes. The class OI consists

matrix (ai,j ) satisfying the following condition: ai,i > 0 and there exist d > 1, a sequence of positive numbers

{a)i};‘il and a non-negative matrix (bi j), where bi is non-decreasing in | and non-increasing in  j such that

é(bi,ka)j +ak,j)sai,j Sd(bi,kwj +ak,i) @)

|

foralll ;2 k ;2 J ;2]“
Therefore, the main goal of this work is to establish new alternative criteria for the fulfillment of the inequality

(1) for matrix operators belonging to the classes OI and (O, when 1< P < g <o,
Theorem 1. Let 1< p < q < 00, and matrix (ai‘j ) of operator (2) belong to the class OI . Then inequality

(1) holdsifand only if B* =max{B,",B,} <0, where
1

N — 1
0 0 p p' 0 5
B —sup v, (Sa ot | | Sonut ]
n=k

k>1 |\ n=k

k>1 \ n=k

o0 o0 p‘
B, =sup Zvn_p'(zai,nuiq)

+
Moreover, C ~M ,where C s the best constant in (1).
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In this paper a five-dimensional analogue of the well-known Cauchy-Riemann system for analytic functions is
constructed with the help of quaternions. Representation of solutions of this system in terms of the derivatives of
harmonic functions was found. In addition, the Riemann-Hilbert boundary value problem for this system has been
investigated, which was reduced to the well-known problem of the oblique derivative for harmonic functions.

It is known that one of the ways to construct an analog of holomorphic functions of a complex variable in the
multidimensional case is a generalization of the Cauchy-Riemann conditions [1] - [3]. For example, we consider a
system of differential equations in the Euclidean four-dimensional space R*, which is a four-dimensional
generalization of the Cauchy-Riemann system

L85 =0, ()
where B;,j = 1,2,3,4 are matrices of dimension 2 = 2, whose elements are complex constants, and U = (u, v) is the
required complex column vector of complex-valued functions u = u(x), v = v(x),x = (xy, X5, X3, x4) € R*. System
(1) is called a four-dimensional analogue of the Cauchy-Riemann system if the components u and v for each of its

solutions U are harmonic functions. If we denote by U = (uy, u,, us,u,) the column vector composed of the real
and imaginary parts of the components of the solution U = (u,v) of system (1)

u; = Reu, u, =Imu, us; =Rev, u,=Imv,
and perform homotopy classification, we can write the real version of system (1) of the canonical form as in [4]:

Ugy, T Uy, T pb1u3x3 - pb2u4x3 - szu3x4 - pb1u4x4 =0,
Uy, — Uiy, T pb2u3x3 + pb1u4x3 - pb1u3x4 - pb2u4x4 =0,
U3y, — Ugx, — pb1u1x3 - pb2u2x3 - pb2u1x4 - pb1u2x4 =0, (2
Ugy, + Usy, + Pbolyy, — PbiUpy, + pbitiyy, + pbytizy, =0,
where b = b, + ib, is an arbitrary complex number and p = (b? + bZ)~1. In this paper solutions to the system (2)
were obtained and the Riemann-Hilbert boundary value problem for this system has been investigated, which was
reduced to the well-known problem of the oblique derivative for harmonic functions.

References

1. Uss, A.T. “On boundary value problems for four-dimensional analogs of the Cauchy-Riemann system with
complex coefficients.” Vestn. Gos.Tekh. Univ, Issue 12, No.1, (2001): pp.10-16.

2. Yanushauskas, A.l. “Some generalizations of a holomorphic vector. ” Differential equations, Vol. 18, No.4,
(1982): pp. 699-705.

3. Tokibetov, Zh., Abduakhitova, G., Assadi, A. “Representations of the solutions of the first-order elliptic and
hyperbolic systems via harmonic and wave functions respectively.” Complex Variables and Elliptic Equations, Vol.
65, Issue 9, (2020): pp. 1565-1574.

4. Tokibetov Zh., Tungatarov, A., Sapakova, S. “The generalized Riemann-Gilbert problem for
multidimensional systems of partial differential equations.” Russian Academy of Sciences, V.18, No. 4, (2013): pp.
227-235.

77


gulzhanae@gmail.com

IRSTI: 517.946

ON SOLUTIONS OF AN INHOMOGENEOUS DEGENERATE
HYPERGEOMETRIC SYSTEM RELATED TO HUMBERT FUNCTIONS OF MANY
VARIABLES

Ubayeva Zh. K.

Aktobe Regional University named after K. Zhubanov, A. Moldagulova Prospect 34,
Aktobe, Kazakhstan
zhanar_ubaeva@mail.ru

Keywords: System, Hypergeometric, Normal-regular, By passage to the limit, Function, Variables.

Formulation of the matter. The possibilities of constructing normally-regular solutions of the inhomogeneous
degenerate hypergeometric Horn system are studied: ((D3) :
Z1\/\/2121 + ZZW2122 + (7 - Zl)W21 —aW = f1(211 22)1

1)
ZZW + Z1\/\/2122 +7\sz -W = f2(21122)'

232y
with the right side

f(2,,2,) = aé,l()) exp(al,ozl + ao,lzz)zfl_lzgz )

)
2 -1

f,(z,,2,) = aé,o) exp(ay o2, +ag,2,)2{ 25
The solution of the corresponding homogeneous system obtained from (1) at fj (Zl, 22)(j = 1,2) is the

Humbert function. The two Humbert functions (d,) and (‘Dg,)are special cases of the introduced by V.I.

Khudozhnikov of a new function (I)E"In obtained by passing to the limit from the Lauricella function F, [1]. Therefore,

the corresponding homogeneous system is a particular case of a degenerate hypergeometric system obtained from the
Lauricella system F, by passing to the limit. A number of theorems have been proved.

Theorem 1. The corresponding homogeneous system obtained from (1) at fj (Zl, 22) =0 has only one normal-
regular solution

W, (2,,2,) = exp(z,) {1 - L =% 1yl (7—051)(7+1—051)i+

L, +—1, 142 )
y ¥ y(r +1) y(r +1) 2! 3
P ©)
+—2 4
y(y +12
Theorem 2. The relation between the functions (q)g) and the normal-regular solution (3) is valid: the relation
o —a 1 +l-a (y—a,)(y+1-a,) 77
(D3(a117121122)=9Xp(21){1_y 121+_22_u 142 ! S : _1|
y(r+1) y(r+1) 2!
ZZ
+—2 4
y(y+1)2!
Theorem 3. System (1) with the right side (2) has particular solutions in the form of normal-regular series:
- (o +a)m O
W (z,,2,)=z25 e z,"z)". 4
P T2 P ml%lzo (pl)m1+1(pl _l+7)ml+1(p2 _1+7/)m2+1 P
at (al,O = O'ao,l =0).
2 D)™™ (o +pp +7—a) ()
W, (2,2,)=exp(z)zlz52 ) AP 77 D, 2z,

my,m,=0 (pl)ml+1(p1 _:I'-I_7/)ml+1(102)m2 (,02 _1+7/)m2+1 ' )
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The unknown coefficients 06(% ('[ = 1,2) on the right side of (1) are chosen depending on the value of the system

roots of characteristic equations [2]. They ensure the compatibility of finding the coefficients of the series of particular
solutions (4) and (5). The Frobenius-Latysheva method [2] is used to construct the solution [2].
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1 1 o
Let 0 < q, p,r <00, =4 — =1 and f ={f}i71 arbitrary sequence of real numbers. Suppose that
p

0 ={a)i }Til u ={Ui}?i1 and V= {Vi }Til be positive sequences of real numbers, which will be called weight
sequences. We denote by | DV the space of sequences f of real numbers such that

o P\p
Hpr,v: ;‘iji‘ < .

For any fe Ip,v we consider the following discrete Hardy-type inequalities

| =

r

Wy iai,k f.

i=k

ul Y

n=1 k=1

q ) o\
<C ;‘ijj‘ Q)

where C is a positive constant independent of f and (ai,k ) I > K is a matrix, whose non-negative entries

satisfy the discrete Oinarov condition: there exists a constant 0 >1, entries a; | are almost non-decreasing in [

and almost non-increasing in K , such that the inequalities

%(ai’j +a,,)<a, <d(a, +a,)ixj>k>1 (2)

1

N\

B
Wy Zai,k f

i=k

B
2.
k=a

f el

! p.v

We also need the following quantities: J ;p (a, ) =sup
f=0

1
s P
2
J=a
The purpose of the work is to obtain weighted estimates of inequalities (1) and its dual version for the cases:

1< P<Q<®and 1< T <o0: p<q< 0,0< P <lad 1<r< 00 . Similiar integral inequalities were
considered in work [1].

Theorem 1. Let 0< p <1, p<g<oo and 1<T <00, Let the entries of the matrix (aiyk) satisfy

condition (2). Then inequality (1) holds if and only if B = max{ Bf, B;} < 0 , where
1

B, :sup£ > uﬁ'qu;p(l, i
J

21 \ n=j
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a

j n T
+ q r r -1
B, —qup Zun(Zaj,ka)k) Vi
J k=1

j>1 [ n=1

1
q

+
Moreover, C ~B ,where C s the best constant in (1)
Theorem 2. Let 1< p < q < and 1< T < 0. Let the entries of the matrix (ai,k ) satisfy condition (2).

Then inequality (1) holds ifand only if M ™ = max{M, , M, ,MJ} < o0, where
1

Y _
M, =sup| Y u | I, J),

i1\ n=j

-
_QJ-1
7\—8-‘
N——
= |
o]
s
<
-

j
M, =sup Zuﬁ(

21| n=1 i-j
1
j e -
n r 0 , , '
+ q r P'\~P
M, =sup ZW(Z%) Zai,jvi
21| n=t k=1 i

CxM* | |
Moreover, ~ ,where C s the best constant in (1)
Remark.The statements of the main results are also given for dual version of the inequality (1).

References

1. Oinarov R. and Kalybay A.A. "Weighted estimates of a class of integral operators with three parameters."
J. Funct. Spaces. Appl. (2016): 11.

81



CEKIMUA 5
Anredpa, MaTEeMATHKAJIBIK JIOTHKA KOHE FeOMeTpPHsi

7
0’0

CEKLIMHSI 5
Aaredpa, MaTeMaTH4YeCKAasl JIOTUKA U TeOMETPHS

/
0‘0

SESSION 5
Algebra, Mathematical logic and Geometry

82



IRSTI 27.15.25

COMPANIONS OF FIELDS OF RATIONAL AND REAL ALGEBRAIC NUMBERS
A.T. Nurtazin!, Z.G. Khisamiev®”

12 nstitute of Information and Computational technologies, Pushkin 124, Almaty,
Kazakhstan
* kKhisamievZ@mail.ru

Keywords: companion, field of rational numbers, real closed field, algebraic field extension, algebraic
element, transcendental element.

The theory of existential closure arose in the middle of the twentieth century in the works of one of the
recognized classics of model theory Abraham Robinson [1], [2], as well as in the works [3] — [8]. Some properties of
existentially closed and forcing companions have been studied [9]. Another promising approach to constructing the
theory of existentially closed structures based on Frese's works [6] is developed in [9] - [11].

This study is an example of studying a classical object through an approach developed by Nurtazin A.T. and
based on Frese classes.

Let: Q be the field of rational numbers; R isareal closed algebraic extension of the field Q ; P[f] : P(Y)
are, respectively, the ring of polynomials and the field of quotients over the field P of independent variables
Y=(X1,...,Xn) . Simple algebraic extensions

Let A, ={(3,a)|f(a,a)=0, a,acP}be an annihilator f, where f(X,X)eP(X)[x],
1(A;)={ glg e P(X)[x], A; = A}, where feP(X)[X] .

THEOREM 1. Let f(Y, X) be an irreducible polynomial over a field P(Y). An algebraic extension
P(X)[X]/ f of the field P(X) isacompanion P ifand only if the ideal I (A, ) is the same as the ideal ().

THEOREM 2. An algebraic extension Q(X)[y]/f/g ofafield P(X)[y]/f isacompanionof P ifand
only if the ideal | (Afg) is the same as the ideal (T,Q).

THEOREM 3. An algebraic extension P(B)[an"] = P(B)[anff][xn]/ f, (B, anff ,X,) of afield P(B) is
a companion P if and only if the ideal | (A ) coincides with the ideal (f,....T).

The proof is a general reproduction of the proof of Theorem 5.
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Abstract
Let " be a semifinite von Neumann algebra on the Hilbert space A with a faithful normal semifinite trace v
satisfying v(1) = a. Now let ¢ (-) = v(D(p ) be a faithful normal locally finite weight on " (where D,, is the Radon-
Nikodym derivative of ¢ with respect to v, D,, is is locally measurable). For 1 < p < oo and a € [0,1], define

1 a l-a
NP = {x € N:DxD,? € Lp(N)}
a 1-a

_llp? D
Il x lle= ||D2xD,

14
1
Then (ERZ ||-||W> is a normed space and its completion is isometrically isomorphic to L, (W, v) for all a €

[0,1] (see [4]).

In [2], the authors extend this result to the Orlicz space associated with an N-function case. They introduced a
class of non commutative Orlicz spaces, associated with arbitrary faithful normal locally finite weights on a semifinite
von Neumann algebra V" and showed that this Orlicz spaces can be realized as linear subspaces of the algebra L;,. (V)
of locally measurable operators affiliated with V. This class of noncommutative Orlicz spaces is extention of the class
of noncommutative Orlicz spaces for states in [1]. In [3], some results of [2] have been extended to the weak
noncommutative Orlicz space case.

The aim of this talk is to define noncommutative quasi symmetric spaces and noncommutative quasi symmetric
Hardy spaces associated with a weight, to extend the results in [2] to the case that E is a separable p-convex symmetric
quasi Banach function space on [0, a) for some 0 < p < co.

This research was funded by the Science Committee of the Ministry of Science and High Education of the
Republic of Kazakhstan (Grant No. AP09259802).
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In this paper, anisotropic local Morrey spaces are considered. The properties of Morrey spaces and the operators

acting in these spaces have been of great interest in recent decades. To study them, the scale of spaces LM%E(T) is

introduced. Research methods are based on the interpolation properties of these spaces.
Let k € Z,, denote by G, the set of all cubes of the form [0, 2¥)™ + 2¥m, m € Z"™. Let G = Ugez Gy, Q € Gi. A

set of mutually disjoint cubes T = {Q} < G will be a local partition of the space R™ if = [[oer @ and [T N G| < co.

Now let 7 = (ny,...,ng): m; EN, |n|=ny +-+ng, k= (ky, .., kg): k; € Z. Let Gz={Q0 =0y %X
Qu: Qi EGy, i = ﬁ} mutually disjoint cubes T; = {Q;} < Gy, be a local partition of the space R™, the sets
T,, ..., T, are local partitions of the spaces R™,...,R"4, respectively. A family of mutually non-intersecting
parallelepipeds T = T, X ...x T, is called a local partition of the space RI™.

Consider the vectors A= (13,1, ..., 44), P = (P, D20 D)y 4= (G0, G2 - qq), i ER, 0 < p;,q; <
,i = 1,d. We define the local Morrey space LM%_E(T) as the set of measurable functions f for which

az 1/q‘1
(o] (o] q1 /ql
- 3¢ kA
Il oy =| D D 2755 D il o) | <o
P kg=1 \ki=1 QETy

Theorem. Let the vectors A, = (A% ..,49), 4, = (AL, .., AY), 8 = (04,..,04) D= (1, ., Pa), T =

@1 qa), G0 = (@0, ..q)), 1 = (g}, ....q), n=(ny,..,ng) such that 0 < p; <o 0< q?,q},q; S o, —o0 <
22 <A} < 40,6, € (0;1),n; €N, Tis alocal partition of R™!. Then

7 7 — 1 mh
(LM (1), LMZL (T))gﬁ = LM2o(T),
where /11' = (1 - Ql)/l? + HLA%
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Let S be the set of all finite sets of indices from Z". For a fixed set M c S we define the space n, ,(M) (0 <
p,q < ) as the set of sequences a = {a,, };nezn With quasinormfor 0 < p < w,0< g < ®
1

oo 2_1 - E
Il a ||np_q(M)= (Zk:l kv (ak(M))q> ,
andforg =0, 0<p o

1
1@y oy= Sup kPa (M),
1

k<o

where

— 1

ak(M) = supe € Mlel > kalZmee aml:
where |e| is the number of indices in e.

These spaces were introduced in [4], and they were called net spaces.

Net spaces have found important applications in various problems of harmonic analysis, operator theory and
theory of stochastic processes [1, 2, 3]. In this paper, we study the interpolation properties of these spaces. It should
be noted here that net spaces are in a sense close to the discrete Morrey spaces:

1
1 1
mi={o = (@her:  supsupL (T fa,P)? < o,
meN keZ
In the case when a = {a; }xez, ax > 0,fordA=n (1 — %)

Ialln, on=Ila "m/}-
The question of interpolation of Morrey spaces was considered in the works [12, 5] and it was shown that this
scale of spaces is not closed with respect to the real interpolation method.
In this paper we show that if M is the set of all segments from Z the scale of spaces is closed with respect to the
real interpolation method, i.e. the following relation holds

(Mpoao (M)'nm.ql(M))g_q = Npq(M). @)
Let (4,, 4,) be a compatible pair of Banach spaces. Let
K(t, a, AO’Al) = K(t, a) = a—(ilng-a (” Ao "A0+ t " aq "Al)' aeE AO + Al’
=to 1
be the functional Petre. For0 < g < o0,0< 6 <1
5] _ dt
(Ao, A)gq ={a € Ag + As:ll @ llag,a,)0,,= (fo (t7OK(t, )1 T)l/q < oo},
and for g = o
(A0, A1)oq = {a € A + Ar:ll @ llagay)g,= SUP t 9K (t,a) < o).
! 0<t<oo
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Let A€R, 0<p,q < . The Local Morry Space

1
o _ qdt\q
LMgq =if: ANz, = (fo (t A”f”Lp(Br(o))) T) < e

where B,(0) = {y € R": |y| <t }is the open ball centered at the point x=0 of radius t > 0, were introduced by
Guliyev-Burenkov [1]. In this paper, we introduce spaces that generalize local Morrey spaces.

We study the Riesz operators, which are dedicated in [2,3]. O'Neil-type inequalities are obtained for convolution
operators in these spaces. The methods from [4] are used.

This work was supported by the Ministry of Education and Science of the Republic of Kazakhstan (grant no.
AP14870361).
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In this work we construct interpolation methods with parametric functions that can be used to study the
interpolation properties of spaces with mixed metrics and obtain an interpolation theorem for Lebesgue and Lorentz
spaces with mixed metrics.

Let (42, A1), i=1,2 be compatible pairs of Banach spaces. Let Aoy = (A9, 4%), 4g, = (49, 43), A1, = (49, 49),
A = (A4}, AY) be spaces with mixed metric [1].

Let A=Ay + Agy + Ao + Aq4. For f € X.(A) and t > 0 we define the Petre functional K (f, t) by formula

K(f,t) = K(f,t Ao, A11)
= inf (“fOO”AOO + tillfiollay, + t2llfo1llay, + t1t2”f11”A11);

f=foo+for+fio+f11
where fssllay, = (|17 o Woollaoo = [N Nag ] oo Whiollasy = [WALat]] oo Wfosllag, = 11 -

Let 1<q=(q1.q2) S, ¢(t) = (¢1(t),¢z(t)) =0, t=(ty,t;) > 0. The space Agg = (4o, A11)aq
are set of all elements for which the following norm is finite

1

@\
_ C (7 (K(f,t,t2; Ago, Ar1) qlﬂ)‘h&
”f”Aaﬁ_ jo (-fo < d1(t1) - d2(t2) ) t t,

We define anisotropic Lorentz spaces as follows:

1

_ +00 +00 . q1 dt1 Z_idtz E
1@ =1 f: jo (jﬂ (F1%2 (1, £) 1 (£ (£2) tT) =

where f*1"2 = f*1"2(¢,,t,) is the nonincreasing permutation of a function f [1]. The paper [2] studies one-
dimensional generalized Lorentz spaces.
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Let (M, 1) be a semi-finite von Neumann algebra, L, (M) be the set of all T-measurable operators and u, (x) be
the generalized singular number of x € Ly(M). We proved that if g: [0, ) — [0, o) is an increasing continuous
function, then for normal operators x;, x,, -+, X, in Ly (M),

n

MO ETICONED)
k=1 k=1

holds. As application, we obtained that if x is a matrix of normal operators x;; in Ly(M) and f: [0, 0) — [0, ) is a
concave function, then u(f (|x|)) is majorized by (3¢ ;=1 f (1x:5))-
Theorem 1. Let xq, x5, , Xy € Lo(M) Then

n

Dlxl o

n
w0 <m0 . p >0
k=1

0 D ixd
k=1

Theorem 2. Letx = }iL; j—; e;; @ x;j € Lo(M,(M)). If f:[0,0) — [0, 00) is a concave function, then

i faxsh o

ij=1

n )-
\ PRICT) )
ij=1
This research was funded by the Science Committee of the Ministry of Science and High Education of the
Republic of Kazakhstan (Grant No. AP09259802).

n(f(xD) =< u(
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The study of dynamical evolution of exoplanetary systems is actual topic in astrodynamics and in celestial
mechanics. For today, more than 3,700 confirmed exoplanetary systems are known [1], and this list is growing rapidly.
Researching of dynamics of exoplanets in the non-stationary stage of its formation gives us the opportunity to
determine further evolutionary tracks. The influence of the variability of the masses of celestial bodies is explored on
the dynamic evolution of planetary systems, considering that the masses of bodies change isotropically with different
velocities.

The problem of many bodies is considered in a relative coordinate system, with assuming that the most massive
body - the parent star is located at the origin of this coordinate system. All n bodies in the system will interact with
each other according to Newton's law. Orbits of n planets around the parent star are quasi-elliptical and we believe
that they do not intersect. Bodies are considered spherically symmetrical with isotropically varying masses. We
consider the laws of the masses to be known and arbitrary functions of time. Differential equations of motion of n
bodies in the relative coordinate system are given in the works [2-3]. The methods of canonical perturbation theory
are used here, which developed on the basis of aperiodic motion over a quasi- canonical section [4] in analogues of
the second Poincaré system of variables. The obtained canonical equations of perturbed motion [5] are most
convenient for describing the dynamic evolution of planetary systems in the case when analogues of eccentricities
and analogues of inclinations of the orbital plane are small enough. The non-resonant case is researched. The Wolfram
Mathematica package is used in the expansion of perturbing functions into series. Since we are interested in the
evolution of orbital parameters over long periods of time, short-period perturbations associated with the orbital motion
of bodies should be eliminated by averaging the perturbation functions by mean longitudes. As a result, we get the
secular parts of perturbing functions. Secular perturbations of eccentric and oblique elements are defined as solutions
of a system of 4n linear differential equations.

As an example, we consider the two-planet exosystem HD 106315 (spectral type F5 V) [6] in the non-stationary
stage of its evolution. To find secular perturbations, it will be necessary to solve a system of 8 linear non-autonomous
differential equations. The obtained equations of secular perturbations are studied by the numerical method.
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Real celestial bodies are unsteady, their masses, sizes, shapes and structures change in the process of evolution.
The consequences of the variable masses of celestial bodies, especially during the nonstationary stage of the
gravitational system are poorly studied [1, 2].

We considered gravitational system consisting of two spherical celestial bodies with variable masses in the
relative coordinate system with the origin in the center of the more massive body. The masses of the bodies decreases
due to the separating particles and increases due to the joining (sticking) particles. In this case, in general, the relative
velocity of separating particles from the body differs from the relative velocity of joining (sticking) particles to the
body. The general case where the body masses do not change isotropically at different rates, in the presence of reactive
forces, was studied.

The derived equations of motion of the two-body problem with variable masses in the presence of reactive forces
are generally very complicated. Therefore, we investigated the problem by perturbation theory based on aperiodic
motion along the quasi-conic section developed for such nonstationary gravitating systems [2, 3]. To study our
problem of two bodies with variable masses varying non-isotropically at different rates in the presence of reactive
forces in the relative coordinate system, we used the perturbed motion equations in Newton form [4]. In the dynamics
of gravitationally-bound systems, during the evolution, the perturbed analogue of the eccentricity of aperiodic motion

along the quasi-conic section remains less than unity e(t) <1 fora long time. In this case it is convenient to use the

following system of oscillatory elements a, e,i, 77, {2, A . Here a, e, i, 77, {2, A are analogs of Keplerian
dynamic elements, a - analog of the semi-major axis, e - analog of eccentricity, i - analog of orbit inclination to the

plane, 7 - analog of pericenter longitude, {2 - analog of ascending node longitude, 4 =M + 7 - analog of mean
longitude in the orbit. The obtained equations of perturbed motion, in the form of Newton's equations, in various
systems of osculating variables can be effectively used in the study of the dynamics of nonstationary gravitational
systems.

Averaging over the mean longitude, we obtained evolution equations of the two-body problem with variable
masses in the presence of reactive forces, which are quite simple, easy to calculate.

From the equations for the analogue of the semi-major axis and eccentricity we obtained the exact analytic

3.4
integral, which has a very simple form a’e’ =const .
The derived evolution equations of the two-body problem with variable masses in the presence of reactive forces
will be used to study binary systems with variable masses.
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The article explores the possibility of using HYTEC technology for Katko uranium deposits. The goal is to
understand and simulate the physical and geochemical processes occurring during the development of the Muyunkum
deposit by the acidic ISR method. This understanding requires detailed identification of these processes, and then
prioritization of their contribution (phenomenology).lts main value is to ultimately provide better control of
production costs for the operator.

Uranium In Situ Recovery (ISR) is the first uranium mining technique worldwide. It consists in the
dissolution of the ore by a mining solution, directly in the deposit. By predicting fluid flow and geochemical
reactions in the reservoir, reactive transport simulation is a powerful tool to better understand and pilot ISR uranium
production. This paper illustrates the robustness of HYTEC, a coupled reactive transport software, and its added
value for the operators.

The purpose of the work is to build a hydrodynamic reservoir model for prediction of zones with the highest
concentration of residual oil reserves, and automation of the wells using a script. The relevance of the topic lies in
the adaptation and prediction of the three horizons. The hydrodynamic models include a set of available geological,
geophysical and field data. This makes it possible to trace in dynamics the depletion of residual hydrocarbon
reserves, to forecast oil production more accurately, to model geological and engineering operations (GTM) to
enhance oil recovery and field efficiency, to calculate more reasonably the most rational and economically efficient
options for developing productive reservoirs. Also with the help of hydrodynamic models it is possible to design wells
and determine their potential productivity

Acidification isa simple method to speed up the recovery. Based on the model of Kanzhugan reservoir
(M6/M5) done by GEOS department, simulations on HYTEC were performed to evaluate an efficient way of
producing blocks in this reservoir. In that study, only the impact of acid was varied and studying. The exercise was
done on few blocks with different morphology, gross rock mass (GRM) and reserves of U to understand impact
of geology on the acidification process.

As a result of the study, the most effective method of acidification was determined.
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This paper presents the results of a study using the method of quantifying the process of wind flow of three
mutually located high-rise buildings, the geometry of which is a prism. The aerodynamic environment of the pipeline
was built in the Ansys Fluent software package. During the numerical experiment, the influence of factors such as the
geometry of buildings, the initial wind speed, and the Reynolds number was taken into account.

A 3D model of buildings was first built on the Ansys Fluent platform, and in the course of an experimental
study, the process of air flowing through buildings at three different speeds was implemented by conducting a
quantitative study:

1. v=>5m/s;
2. v=10m/s;
3. v=15m/s.

It was established how effective the experience was. After three different speeds and times were given, the effect
of speed on the building was studied, the maximum and minimum values of speed and pressure were determined.
According to the results obtained, it was found that when nearby buildings flow at different speeds, a wind vortex
occurs between buildings located at a distance of 10 m. In addition, suction zones were clearly visible behind the
buildings.

It was found that vortices caused by an increase in the height of buildings and an increase in wind speed pose a
danger to nearby objects in the area. In the report, the data obtained during the quantitative experimental study are
presented in tables and depicted in the form of graphs.

References

1. Tanaka, H.; Tamura, Y.; Ohtake, K.; Nakai, M.; Kim, Y. C. Experimental investigation of aerodynamic forces
and wind pressures acting on tall buildings with various unconventional configurations. Journal of Wind Engineering
and Industrial Aerodynamics, v. 107-108, p. 179-191, 2012.

2. Typanuna [I.E. Toxipuoenik ['magpomexaHuka O0HbIHIIA 3epTXaHANBIK kyMbIcTap (1 O0emim): OKy Kypajibl.
— Anmartsr: Kazak Yrusepcureri, 2017,.- 47 p.

3. Zhengwei, Z.; Yong, Q.; Ming, G.; Nankun, T.; Yong, X. Effects of corner recession modification on
aerodynamics coefficients of square tall buildings.In:International Colloquium on Bluff Body Aerodynamics and
Applications, 7th,2012,Shangai,China.

4. KomecumkoB, A. W. Meromuka pacdera BBICOTHBIX 3TaHWHH Ha BO3ICHCTBHEC BETPOBOI HArpy3KH C
HCIIOJIb30BAHUEM COBPEMCEHHBIX CPEACTB KOMHLIOTepHOﬁ HWHIKCHCpUU / A. U. KonecumkoB. — Texkcr :
HermocpencTBeHHbIH // Monono#t yuensnit. — 2020. — Ne 6 (296). — P. 65-74.

95


kalievaara37@gmail.com

EXPERIMENTAL STUDY OF OIL REMEDIATION IN A POLLUTED POROUS
MEDIUM BY DISPLACEMENT WITH A SURFACTANT
D. E. Turalina, Zh. S. Aitkhozha”

Al-Farabi Kazakh National University, Almaty, Kazakhstan
* ayasnazh@gmail.com

Keywords: porous media, fluid flow, filtration, remediation, non-aqueous phase liquids

The active development of the oil production industry and, as a result, the production, transportation and
consumption of all oil and petroleum products have led to a global deterioration in the environmental situation. Due
to the leakage of oil from oil storage tanks and oil spills during transportation, underground oil depots are one of the
main pollutants of soil and groundwater.

Non-aqueous phase liquids (NAPL) are widely used as solvents and fuels due to their special properties.
However, some of those properties make it toxic and removal from soil and groundwater after spillage is problematic.

This paper presents the results of an experimental study of the remediation of a porous medium contaminated
with anhydrous phase liquid of high density. In the course of the work, experimental ways of studying the treatment
of groundwater contaminated with oil are considered.

As a non-aqueous phase liquids (NAPL) with a high pollutant density for a saturated porous medium in a tank
filled with sand, oil and solvents consisting of a mixture of three different types of water and ethanol are used, which
wash it away: 100%-Water, 0%-ethanol; 80%-water, 20%-ethanol; 50%-water, 50%-ethanol.

In the course of the experiment, sand was obtained as a porous medium, oil with a density of 1040kg/m?3 as a
pollutant. The solvent was injected into a porous medium at high speed. In the first experiment, when performing a
displacement test only with water, the mobilization of the pollutant along the porous medium was not strongly
observed. In the process of rinsing with the second 20% ethanol solvent, it is observed that the oil slowly melts and
begins to shift. During a high-speed test with a 50% ethanol solution, it is seen that the contaminant is relatively
actively dissolved, forming a significant part of the resulting emulsion.

It was determined how effective the conducted experiment was. According to the results obtained, the most
effective way to clean the environment contaminated with dense non-aqueous phase liquid (DNAPL) is to wash it
with 50% ethanol solution.

References

1. Sawsan A.M. Mohammed, Mortatha S.Mohammed. The application of microwave technology in
demulsification of water-in-oil emulsion for missan oil fields. Iragi J. Chem. Pet. Eng. 2013, 14, 21-27

2. Saad, Naji. Field scale simulation of chemical flooding. The University of Texas at Austin, 1989.

3. Delshad, M., Pope, G.A., Sepehrnoori, K., 2000. Technical Documentation, Center for Petroleum and
Geosystems Engineering. The University of Texas at Austin, Texas.

4. UTCHEM 2011 _7, Volume I, User’s Guide, Center for Petroleum and Geosystems Engineering. The
University of Texas at Austin, Texas.

5. Mohammed Hussein and Ibtehal Kareem, Optimising the chemical demulsification of water-in-crude oil
emulsion using the Taguchi method, 2020 IOP Conf. Ser.: Mater. Sci. Eng. 987 012016

6. Adilbekova, A.O.; Omarova, K.l.; Karakulova, A.; Musabekov, K.B. Nonionic surfactants based on
polyoxyalkylated copolymers used as demulsifying agents. Colloids Surf. A Physicochem. Eng. Asp. 2015, 480, 433—
438

96


ayasnazh@gmail.com%20
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MyHait eHIipy callaCBIHBIH O€NCeHIII MaMybl JKOHE COHBIH CalJapblHAH MYHAl oHE MyHaWIaH jkacallaThIH
0apibIK ©@HIMIEPAl OHAIPY, TaChIMANAYy XKOHE TYTHIHY 3KOJIOTHSJIBIK JKaFAaiIblH 9JEMIIK TYPFbIAa HallapiayblHa
QKeJIin COKTH. MyHaliibl cakTay pe3epByapiiapblHaH MYHaH IbIH aFbIIl KETYiHE XKoHE TachIMalay Ke3iH/1e MYHal IbIH
TerityiHe OaiJIaHBICTBI )KEPacTbl MyHall 0a3zanapbl TOIBIPAK, IIEH JKEP aCThl CYJIapbIHBIH HETi3r1 JIacTayIIbUIapbIHBIH
0ipi OO0JIBIN TaOBLIABL.

Cyce3 ¢azanbik cyibikTeiKTap (NAPL) epekuie kacuerrepiHe OaillaHBICTBI €pITKIIITEp KoHE jKaHapMail
peTiHze KeHiHEeH KOJIaHbUIa bl AJaiiia, cosl KacUeTTepaiH Keiibipeysepi OHbI yJIbl eTe/li )KoHE TOriIreHHEeH KeliH
TOIIBIPAK, TICH JKEP aCThI CyJIapbIHaH IIBIFAPy KUBIHBIK TyIBIPAIbI.

By xKyMmbIcTa THIFBI3IBIFBI KOFAPHI CYChI3 (Da3asblK CYHBIKIICH JIACTAaHFaH KEYEKTI OPTaHbIH PEMEANANsICHIH
TOXKIpHOETK 3epTTey HoTIKenepi OasHmamanbl. JKymbic OaphICHIHAa MYHAilMEH JIaCTaHFaH JXep acThl CyJapbIH
Ta3apTyAbl 3€PTTEYiH TOKIPUOEITIK KOJIIAPHI KAPACTHIPHIIA L.

KyMMeH TONTBIpBUIFaH pe3epByapaarbl KaHBIKKAH KEYEKTI OpTaFa JIACTAYIIbI 3aT THIFBI3ABIFBI XKOFAPhl CYChI3
(hazanpik cyibIKTHIK (NAPL) perinme MyHail jkoHEe OHBI MIAMBIN OTETIH YII TYPJi CY MEH STaHOIABIH KOCHACHIHAH
TypaThIH epiTkimTep maaananeuiags: 100%-cy, 0%-3tanomn; 80%-cy, 20%-3tanoi; 50%-cy, 50%-3TaHom.

DKCHEPUMEHT GapbICHIH/IA KEYEKTi OpTa PETiH/Ie KyM, JIACTAFbIII 3aT PEeTiHe ThIFbI3AbIFb 1040Kr /M3 GonaTein
MYHaii anblHAbL. EpiTKinn skorapsl )KbUIIaMIBIKTa KEYEeKTi OpTaFra eHTi311.

Bipiniui Taxipudene TeKk CyMeH BIFBICTBIPY ChIHAFBIH )KYPIi3y Ke3iH/Ie KeYeKTi opTa OOWBIMEH JIaCTaFbIII 3aTThIH
MOOHIM3alMsAChl KaTThl Oalikanmazpl. Exinmi 20% staHou epiTKiliMeH mai 0apbiChiHIa MyHal 0asty epil, bIFbIca
Oactaranpl Oaiikaymaabl. 50% 3TaHOJ epITIHAICIMEH JKOFapbl JKbUINAMJIBIKIICH MIaiibl ©TY CBIHAFbl Ke3iHJe
JIACTaFBILTHIH CAJIBICTHIPMAalIbl TYpAe OeJICeHl epill, Maiga OoNFaH SMYJIbCUSHBIH el1dyip O6JIiriH KYpauThIHbIFbI
KepiHesi.

XKyprizinreH ToXipuOCHIH KaHIIANBIKTHI THIMII €KCHIIT aHBIKTANIbl. AJIBIHFAaH HOTIDKEJIepere cai,
TBIFBI3BIABIFBI JKOFaphl cychl3 (azanblk cyiibiknen (DNAPL) mactanraH opTaHsl TazapTyaslH THIMAL xossl 50%
STAHOJI ePITIHAICIMEH KYBII 6Ty eKCHIITIHEe KO3 KETKI3IIi.
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MHUKpOKeOelTiyil, ycray KyIi.

Byn makanazna eciMIik MUKpoecipyJiepiH in Vvitro TaceiMaiiay KOHTCHHEpIHEH TOIBIPAKIIEH JKYMBIC iCTEHTIH
KOHTEHHepre oapIblH MUKPOKOOEHTY Ke3iH/e TOIbIpaKTa OeHiM/IeTy CaThIChIH A KBUDKBITYFa apHAIFaH KBICKBIIIIBI
0ap MHHOBALMSIIBIK POOOTTHIH KYPBUIBIMIBIK SJIEMEHTTEPiHIH MapaMeTpiiepiH aHbIKTay MOJIENl YChIHBIIFaH.

3epTTeyaiH FRUIBIMU-TOKIPHOEIIK HOTHKECI OCIMIIKTEPIiH MUKPO OCIHAIEPiH TackiMaliay KOHTeHHEpiHeH in
vitro »karmaiBIHOAa TOTBIpakKa OeifiMmeny Ke3eHiHIEe TOIBIpAaKNeH >KYMBIC ICTEHTIH KOHTEHHEepre aybICTBIpYFa
apHaiFaH (aJaHIThl YCTaFbIIBl 0ap MaHWIYJSLMSUIBIK KYPBUIFBIHBIH HHHOBAIMSUIBIK POOOTTHIK KELICHIH KYpY
Oonpin TaObUTaABl. MUKPOKIOHABIK KOO >KOHE OHBIH (H3MKAIBIK MpoToTuHiH chbiHay 3000 maHa cypekrTi
MHUKpOepKeHIepai OeifiMmenreH, TOMBIpaKTa TaMBIPEI 0ap eciMIikTep. AJNBIHFaH 3epTTey HoTmkenepi Kasakcran
PecnyOnmkacsIHOAaFB! FANBIMIAPIBIH FRUIBIMU-TEXHUKAIBIK QNICYETiHE jKOHE Oocekere KaOUISTTITiHe ocep eTeli.
Kazakcran PecrryOmikaceiana omap sl KONTeN OHAIPY YIIiH 6CIMIIKTepAi MUKPOKIOHABIK KOOSHTY TeXHOIOTHACHIH
aBTOMATTaH/ABIPYFa OailJIaHBICTHI 3ePTTEYJIEp KOK, OJIapAbl KOJAaHy OCIMIIKTEPIiH KOl MOJILIEPIH allyFa, OTHIPFBI3Y
MaTepHaIapPbIHBIH KYHBIH TOMCHICTYTre MyMKIiH/iK 0epeni. CoHaii-aK, MHHOBAIMSUIBIK POOOTTHIK KeIllleH OOUBIHIIIA
3epTTeyJIep/iH NPaKTUKAIBIK HoTHKeNepi KazakcTan PecyOiarkachiHBIH el MeKeHIepiH adaTTaHAbIpy YILiH Oacka
eJIZIepJICH aralll OCIMIIKTEePiHIH OTBIPFBI3Y MaTepHalJapbIHBIH UMIIOPTHIH KbICKAPTYFa MYMKIHIIK Oepei.

OcbIFaH 0aiIaHbICThI aFalll TEKTEC OCIMIIKTEp YIIIH OTaH]IBIK )KOFaphl Canalibl OTBIPFbI3Y MaTepHaNbIHA IETCH
KaXeTTimK apraabl. Kasakcran PecryOnukachbIHBIH enli MEKCHAEPIHIH ayMaKTapbhlH KeTalJaHAbIPY MaCeleciH
ISy IiH TyOereii memimMaepiniH Oipi aFall TEKTeC OCIMIIKTEpre OJapIblH MHUKPOKIOHIBIK KOSl apKbUIBI
OTaHABIK )KOFapbl camajbl OTHIPFBI3Y MaTEPHAIIBIH aTy OOJBIIT TaObIIaIbL.

PobotTap KaThICaTHIH aybUIIAPYAITBIIBIK MiHICTTEP1 OPTYPIIi, Oipak olapsl TOMBIPAK JaiBIHAAY, TYKEIM ce0y,
TPaHCIUIAHTALMIAY, €Ty, ] YPBIKTaHIBIPY, KeCY, XKAIBIPAKTHI aly, 00aHbI aHBIKTAY, )KUHAY, KECY, €TiHAI KO0 KOHE
eT'iH )KMHAYJaH KeHiHT1 )KYMBICTapFa TONTACTBIPYFa OOIa IbI.

AybImapyamsiIblK IUKITIHIH HET13ri Ke3eHAepi TONbIpaK AalblHAay, OTBIPFI3Y, OHAIPY KOHE KHUHAY OOJIBII
TaObuTabl. OnapblH SpKaWCBICHIHIA Ci3 KeHOIp TarchlpManapbsl OpbIHIAYBIHBI3 KEpeK, OJlap/blH Kehbipeyiepi
POOOTOTEXHUKAFA AIIIBIK.

TYTKBIITHIH )KYMBIC 3JIEMEHTTEPIHIH CAaHBIHBIH YJIFAIObI )KYMBIC 3JIEMEHTIHIH JKaHacy ailMarbIH/a Aedopmarus
MEH KepHeyJliH 0oJMaybl yKariailblHaa YJIKeH JUaMeTpili CaKUHaHbI ycTay KYIITEPiHiH PYKCaT eTiIreH MOHJIEpiHiH
aynaHbiH KeHeityai Oepemi. COHABIKTaH, OYJ 3epTTEyAe OCIMIIK MUKPOOYHKACHIHBIH CaKWHAIBI KYPBLIBIMIBIK
JJIEMEHTIH TYCipy JKarmaiimapbl (ajaHranmsl YCTaFBIIITHIH OJKYMBIC JJIEMEHTIHIH 1IKi O€TiHIH eciMIik
MHKPOOYHKACBHIHBIH CBIPTKBI OCTIMEH )KaHACYBIHBIH TOPT, aJIThl )KOHE CEri3 HYKTEIepiHae KapacThIpbuIabl. [5-6]-na
JKYKa KaOBIpFallbl CAKMHAHBIH YCTAy KYLIIHIH MAaKCHMAJIIbl )KOHE €H a3 PYKCAT eTIJIFCH MOH/IEPIH ecenTeyre apHaiFaH
Kejeci (hopMynanap TYTKAHBIH CEHIMILUTITIH KaMTaMachl3 €Ty MIapTTaphlHAH JKOHE CEPIiMIi BIFBICY MOHICPiHIH
IIAMaJbUTBIFBIHAH HET13]eJIreH.
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The modern technological process creates all the necessary conditions for motorists to help them solve any tasks
facing them. Such new solutions, designed to simplify the task of safe movement, include parkronik. The main part
of the parkronics is special sensors installed in the front and rear of the car. The basic principle of this device is to
generate signals that reflect various objects and return them to their original state. At the time of Signal Return, you
can calculate at what distance the obstacle is located. Parkronik informs the driver that the distance between the car
and the obstacle is decreasing.

Parking sensors (also called parking radars) are special equipment that warns the driver of a danger or obstacle
on the road, whether it is a large stone, curb, fence or other vehicle. It is also used by students who study the art of
safe parking. Parktronic has a different functional orientation. As a rule, the use of parking spaces increases the
comfort of using the vehicle, as well as ensures the safety of the car and the safety of its owner. Parking sensors allow
you to more accurately control the process of moving the car in close proximity to possible obstacles, for example,
when parking in reverse, in other narrow or flooded spaces.

Considering the huge advantages of parking sensors, | also thought about creating a device with a parking sensor.
Considering the possibilities available to me, I decided to design the project in the Arduino electronic constructor.

Ultrasonic sensors are mounted on the bumper of the car, and the directional nature of the emitters allows you
to form the necessary sensitivity zone. The initial systems had separate emitting and receiving sensors, which were
subsequently used to transmit and receive a single piezoelectric element. The high cost of electronics initially led to
mechanical scanning of the rear hemisphere using a single sensor. Today, the sensors are mounted permanently, and
the absence of dead zones is achieved by installing several sensors. The simplest systems use two sensors. The most
common systems use 4 sensors located on the rear bumper at a distance of 30-40 cm from each other. This arrangement
of sensors avoids the appearance of "dead zones". In more complex systems, 2 or 4 sensors are installed on the front
bumper. Unique systems can use various sensors, as well as sensors located on the side of the car.

Externally, many models of parking sensors are very similar, but they can perform different functions. Choosing
this equipment, it is necessary to remember about its main purpose - to provide all conditions for comfortable parking
of the car without any obstacles. The options for installing parking sensors depend on the driving experience of the
motorist, as well as on his individual needs in terms of parking convenience.
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The ability to find constructive solutions to prevent emergencies in mountainous terrain will contribute greatly
to the management of the field of emergency forecasting. One of such solutions is to find solutions using remote
sensing and GIS, as well as the use of digital twin projects. Nowadays, the study of emergencies, forecasting is very
important. The occurrence of each emergency in its own way adversely affects the inhabitants of settlements at risk
of emergency [1].

Drone imagery and satellite geodetic work, make it possible to determine the regions of Kazakhstan where
emergencies may occur. Of course, it is impossible to fly over the entire territory of the Republic of Kazakhstan by
drone, but in this matter, we resort to satellite imagery. The essence of the solution is to find a relevant method and
do the necessary analysis.

The method of extracting high-precision DEM (digital terrain models), point clouds, 3D models,
orthophotomaps, topographic maps from satellite images with high accuracy can get accurate research results in this
direction [2].

Disaster prevention is one of the important applications of remote sensing. Natural disasters, climate change and
anthropogenic factors can complicate the work of disaster prevention and mitigation teams. With the help of remote
sensing, professionals can better prepare and act faster and more accurately [3]. This can save many lives, reduce
property damage, and reduce the time and money emergency departments need to do their jobs.

Flood risk modeling shows that cities, city governments, and emergency professionals can take prompt action
to reduce flooding [4]. Landslide and avalanche monitoring provides a prediction before landslides occur and gives
the public enough time to evacuate.

In carrying out this study, data from open sources were used.

The work identified a specific question of interest about the seasonality of snow cover in the study area and the
statistical analysis needed to answer it.

The study area was defined by creating a shapefile to delineate it. A MODIS time series of snow cover products
was downloaded from NSIDC, here this would be MOD10A1 or MOD10A2 (depending on the specific question of
interest) [5].
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At present, the leading companies developing and manufacturing integrated navigation systems around the world
are actively engaged in the task of close integration of inertial and satellite navigation systems. The task of close
integration of inertial (INS) and satellite navigation systems (SNS) arises during the construction of advanced
navigation systems, as well as to ensure the functioning of coarse (for example, on MEMS-sensors), redundant INS.
A distinctive feature of the task of close integration is the possibility of obtaining integrated solutions when the number
of visible navigation satellites is small, when autonomous positioning and velocity satellite navigation solutions are
not possible [1,2].

Currently, the development and creation of high-precision positioning systems for moving objects is one of the
most important problems in ensuring traffic safety for all types of transport. One of the most promising ways of solving
it is close integration of navigation information from SNS with measurements of free inertial navigation system
(BINS) of the moving object. At the same time, the development of modern algorithms of integration of inertial -
satellite NS implies the use of only linearized equations of BINS (the so-called "error equations™) and linearized
measurements of SNS, adequate to the real motion only for small time intervals [3], which, in turn, imposes
fundamental restrictions on the time of autonomous motion of the object (when the satellite measurement signals
disappear).

In this connection there is a problem of developing such an approach, which would allow to solve the problem
of close integration of inertial-satellite navigation system in the most general case - without assumptions about the
magnitude and nature of measurement errors, about the trajectory of the object, etc., and provided a possibility to
generalize.

The obtained results and numerical estimates allow us to conclude both about the theoretical solution of the
problem of close integration of the SNS and BINS with the use of other external meters (odometers), and about the
possibility of effective practical use of the proposed approach.
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The Head of the State Kassym-Zhomart Tokayev emphasizes the need for digitalization of all spheres of life and
continuous education of students in the State Program for the Development of Education and Science of the Republic
of Kazakhstan for 2020-2025 and in the State Program "Digital Kazakhstan". Digitalization of all spheres of life and
economy of Kazakhstan will allow to take leading positions on the global arena and to enhance the quality of life the
population and to create favorable conditions for development of entrepreneurship. Digitalization of the education
system is not only creation of digital copies of the educational material, digitalization of document flow, and provision
of access to high-speed Internet. This is a change of the very approach to teaching schoolchildren, to the content and
methods of teaching.

Special attention is currently paid to education in the Republic of Kazakhstan, new approaches are used, and the
education system is digitalized. Therefore, it is necessary to develop digital skills in children for further development
of their learning skills and personal growth. Schoolchildren need to develop in various key academic fields such as
science, mathematics, technologies, and engineering, i.e. in line with STEM, a new education trend [1, 2]. The article
discusses a project-based learning method and its application for STEM-education. It determines advantages and
ontological engineering stages for STEM-education [3-10]. The article considers development of the ontological
model “STEM-education in school”. It presents an ontology “STEM-Education in School” generated in Protégé 4
editor that contains necessary classes, relations, properties, and persons involved in the school education process.
There are requirements to this ontology. A hierarchy of classes and fragments of the generated ontology are presented.

Enhancement of school education quality can be achieved through the use of the STEM-approach and semantic
description of the knowledge about the subject area with the use of ontological engineering methods. Filling of the
ontology with actual data of a school will allow creating a comprehensive database of the school. This approach will
help to improve efficiency of lesson plan development with the use of the STEM-approach and the learning content.

Currently, professions appear at the confluence of technologies and natural sciences. Implementation of STEM-
education from school time will help schoolchildren to adapt themselves more easily in obtaining higher education
and future profession. Promotion of STEM-literacy in students will help them to be in demand and able to meet
competition in the labour market.
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It is obvious that life is directly related to energy and its consumption. At present, energy conservation has
become important because of energy shortages, significant increases in energy prices, and the growing importance of
environmental issues such as global warming, ozone depletion, and climate change. Renewable energy technologies
are widely seen as reducing global energy costs, in which fossil fuels still dominate, and reducing greenhouse gas
emissions through clean energy production. However, recent reports clearly show that renewable energy can provide
only 14% of total energy demand. Additional stringent measures are therefore needed to effectively reduce global
energy consumption and to stabilize carbon emissions urgently.

Energy saving strategies are important for all types of sectors-from transportation to buildings. However, it can
be said that this scenario is much more important for the greenhouse sector, as they currently play an important role
in total energy consumption. The growing energy demand in the greenhouse sector is becoming a major challenge to
ensure a stable crop. Conventional facade materials used in greenhouse structures currently have thermal insulation
properties, so 20-40% of the energy consumption in a conventional greenhouse depends on the greenhouse envelope
. The most common facade materials considered in greenhouses are glass polyethylene, semi-rigid plastic and
polyethylene film. In addition to insufficient thermal resistance values, which create a significant heating requirement
in winter, conventional facade materials have very high shading coefficients, resulting in a significant increase in solar
heat in summer, which also plays an important role in greenhouse cooling.
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The state program for the development of education and science of the Republic of Kazakhstan for 2020-2025
provides for enhancement of the education system and development of the interdisciplinary approach.

In recent years, the school educational process has been actively improved according to current requirements.
The substance of computer studies in school has changed. It has become necessary to introduce interdisciplinary
approach in education. Therefore, students, from the school-time, must prepare for life and professional activity in the
information environment and opportunities of obtaining higher education with the use of modern information
technologies.

Implementation of the interdisciplinary approach helps building a comprehensive understanding of natural
phenomena and relationships between them, i.e. the knowledge becomes more substantive and can be used in practice.
The ontologies for higher educational institutions are developed in the Republic of Kazakhstan. The school ontologies
are relevant but not comprehensively developed [1-9].

The article offers an approach to generation of a conceptual model of the curriculum content for schoolchildren
in form of a thesaurus and ontology which will allow using an adaptive collation and ordering of teaching information.
The article discusses the possibility and experience of using ontological modeling and engineering for the conceptual
description of school teaching. It contains description of the stages of building an ontological model of the subject
area using interdisciplinary relation between mathematics and computer studies as an example. The article contains
examples of classes and individuals of the school educational process and relations between them. It discusses
advantages of ontological modeling of a subject area.

Development of the ontological model and entering data into the school database can help to identify
interdisciplinary relationship between mathematics and computer studies. The database can be replenished with
necessary data on an ongoing basis to keep the school data up-to-date. The application of ontological engineering
methods will help to enhance the quality of school education due to semantic description of the subject area knowledge
with the use of interdisciplinary approach in teaching.
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In the modern world, education is considered as the main factor of stability and development of society. In the
new model of progressive development of society, the leading direction will be the development of the quality of
human capital (education, professionalism, morality, culture), as well as the quality of education systems [1].

The use of 3D modeling and animation in education provides teachers with new learning tools. These tools help
students easily perceive educational material, increase their motivation, and quickly master a large amount of
knowledge. In fact, 3D helps to gain experience in several subjects, which makes it necessary for teachers to use new
technologies to introduce modeling into the educational process [2].

Education:

Formation of an idea of the basics of 3D modeling;

* Master the basic tools and operations of working in an online 3D modeling environment;

* Study of the basic principles of building three-dimensional models;

* Create models of objects, parts, and assembly structures.

A necessary condition for the implementation of the course is the use of the methodology of project activities
with children. The result of the course is the final draft of the 3D model presented in the final lesson.

Expected results:

After completing the course "fundamentals of 3D modeling" at Twinmotion, students should master modeling
skills in the Twinmotion environment.

Conclusion:

* Knowledge of the basic principles of three-dimensional design;

* Mastering the skills of creating 3D models;

* Possess planning skills.

Mastering modern knowledge is a successful work in many types of practical and theoretical activities closely
related to the management of spatial images. Ideas created on the basis of 3D models have a different psychological
character than those created on the basis of the perception of visual images of certain objects.

Technical achievements and social changes in the world engineering service impose new requirements on
education.Effective assimilation of educational information, the possibility of practical application in development
require an understanding of graphic images of technical objects and processes, the ability to navigate modern technical
systems.

The inclusion of the study of the basics of 3D modeling in the general educational process outside of educational
activities opens up wide opportunities for students to create fundamentally new products of labor, mastering new
peaks in the study of modern technologies. Students gain practical knowledge in the field of modeling and parametric
design, develop their own engineering and technical projects, develop engineering and technical abilities and ensure
their competitiveness in professional areas of technical orientation. The development of a program for such a course
is an urgent need due to rapidly developing, rapidly changing technologies [3].
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The article examines the possibilities of interactive education, which is a complex content and didactic system,
including interactive strategies, interactive technologies and interactive methods. The purpose of interactive learning
is to develop students' interpersonal communication skills. Interactive learning is carried out through interaction and
dialogue between participants in the process and between students.

The philosophical foundation of interactive strategies is based on socio-cultural theories of learning, in which
constructivism, research approach and cognitive reflection are interrelated and play a priority role. At the same time,
the new paradigm, the philosophical basis of which is constructivism and humanitarian education, determines the
change in the educational environment, including the argumentation of educational goals and objectives — the teaching
methodology (from monologue to dialogue), the change in educational technologies (from stimulus response to
interaction), the change in pedagogical dialogue and interaction between teacher and student.

Interactive method means a method of teaching, teaching and learning, which includes methods of interaction
of communicators, between them and with the teacher. The essence of interactive teaching methods is based on
obtaining new cognitive experience in the process of active and well-organized productive interaction with each other,
with teachers, with computers, with nature and with various sources of information on geographical problems of our
time.

In our understanding, interactive methods are considered as procedures, systematic methods containing a
sequence of common actions to achieve a certain goal in a certain scientific field, in this case in geography.
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The article discusses the didactic possibilities and advantages of using the Google Earth learning platform in
geography lessons. In accordance with the standard curricula in the subject area of geography, a number of educational
goals in the field of information literacy and the use of information skills to achieve subsequent educational goals are
provided in grades 7-11 of secondary schools in Kazakhstan.

Geography, as a school discipline, attaches great importance to educational resources and technologies. Thus,
geoinformation systems (GIS) with its emphasis on the processing and analysis of digital information can make a
significant contribution to the unification of a number of school disciplines that consider spatial trends and elements
of the geographical environment. Despite these advantages and didactic opportunities, GIS is still underutilized as an
educational technology. Among the many platforms, the Google Earth program can be noted, although it has limited
spatial analysis tools compared to real GIS, but it can be effectively used when teaching geography on personal
gadgets. It makes it possible to study spatial information and is convenient for students and teachers at all levels of
education. Google Earth can also be used to solve problems in various training programs, helping them understand
information in a spatial or geographical context.
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Digital marketing is a marketing concept whose goals are achieved through the Internet, computer
communication technologies and digital interactive media. Digital marketing uses advanced computer and network
technologies to find new markets and new consumers, ensuring maximum economic efficiency.

Previously, digital marketing was considered as a form of individual communication with customers in certain
areas of activity, but since 2003, the scale of its application has been increasing. Most forms of marketing in traditional
areas (for example, direct marketing, targeted advertising) are switching to digital formats.

Digital marketing is not only a technological revolution, but also a deep conceptual revolution. It is a
combination of targeted marketing, direct marketing, decentralized marketing, customer-oriented marketing, two-way
interactive marketing, remote or global marketing, virtual marketing, paperless trading and customer-driven
marketing. Digital marketing gives marketing a new meaning: its functions include information exchange, online
purchases, online publications, electronic money, online advertising, corporate public relations, etc.[1]

In a competitive market, companies can only make normal profits, and if they want to make super profits, they
must innovate. Innovation is a new combination of factors of production, which in the economic sense includes not
only technological innovations, but also marketing innovations. Among them, digital marketing is a typical
innovation.

Digital marketing is inextricably linked with the development of IT technologies. The spread of mobile
technologies. Mobile terminals, collectively referred to as "mobile" communication functions, have spread around the
world in an explosive way, creating an environment that "can be connected anytime, anywhere." This phenomenon
has led to innovative changes in the consumer society. For example, you can use your smartphone to go online, see
recipes on the bus and order the products you need for dinner on the Internet. [2]

Diversification of choice, fierce competition among the media. In traditional marketing, the source of customer
information was the mass media. Over time, the power of the media has weakened, and the differences between the
times have also increased. Currently, consumers' access to mass media has become diverse and takes a lot of time. For
suppliers of products or services, such as media companies and advertisers, the so-called "competition of media
contact time" is intensifying.

Data marketing collects a large amount of information from consumers, then analyzes and uses it to predict the
likelihood that consumers will purchase a certain product, uses tags to accurately describe user images, and then
implements personalized and accurate marketing. [3]

Word of mouth marketing is the most cost-effective and trustworthy marketing method, far surpassing the
communicative effects of advertising in newspapers on television, outdoor advertising, brand sponsorship, online
advertising, advertising using keywords for mobile video.

Digital marketing has many unprecedented competitive advantages: it is able to integrate various marketing
activities, such as product description, promotion, customer opinion polling, advertising, public relations, customer
service, etc. These marketing activities are not limited by time and geography, they are integrated with text, sound,
video, web and audiovisual, dynamic or static display and can be quickly and easily updated, and consumers can also
re-view requests.
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In the modern world, a mandatory attribute in the organization of traffic is road signs. They inform drivers about
dangerous areas of the road, indicate the direction of movement, indicate dangerous roads where it is forbidden to
drive, and oblige them to reduce speed, as well as perform many other useful tasks [1].

Road sign recognition systems are one of the most important tools in road traffic. It plays an important role in
many issues, such as self-driving automated cars, traffic regulation, traffic control, accident prevention by warning
drivers, warning about road structures and slippery conditions, etc. [2].

Every year, the number of cars in the world is growing dramatically. Driving in an ever-increasing traffic flow
is becoming increasingly difficult. Currently, to solve the problem of road sign recognition, commercial closed
systems have been developed and used, which are "assembled" by a car. Such systems include "Opel Eye" from Opel,
"Speed limit assist” from Mercedes, and "Road sign information™ from Volvo. However, most people will not be able
to pay for the cost of such cars and, as a result, will not be able to use this technology. The above-mentioned hardware
and software complexes are installed on the car as an option and cannot be changed. When analyzing the subject area,
it was found that the existing systems mentioned above are not fully satisfied. The relevance of creating a road sign
recognition system is due to the increased level of safety on public roads and the extreme importance of information
containing road signs. When using the road sign recognition system, it is very important to accurately and timely
identify road signs both in urban conditions and when driving on highways [3].

This work contributes as follows. First of all, achieving high-quality recognition of road signs based on modern
in-depth training and avoiding mistakes. Secondly, the proposed deep learning algorithms for detecting and
recognizing road signs based on multi-stage classification and providing high resistance to noise and various
distortions in images.

Thus, this system helps to achieve high-quality recognition of road signs, which is based on in-depth training at
the moment.

References

1. Moutarde F., Bargeton A., Herbin A, Chanussot L. “Robust on-vehicle real-time visual detection of American
and European speed limit signs, with a modular Traffic Signs Recognition system”. Proceedings of IEEE Intelligent
Vehicles Symposium, pp. 1122-1126, 2007.

2. S. Hussain, M. Abualkibash, S. Tout. «A survey of traffic sign recognition systems based on convolutional
neural networksy». IEEE International Conference on Electro/Information Technology, EIT, IEEE: 0570-0573 2018.

3. S. Xu, D. Niu, B. Tao, G. Li. «Convolutional neural network based traffic sign recognition system». 5th
International Conference on Systems and Informatics, ICSAI, IEEE: 957-961, 2018.

112


mailto:temirgazievash@gmail.com

IRSTI 14.25.07

WAYS OF DEVELOPING STEM EDUCATION IN KAZAKHSTAN’S SCHOOL
0.M. Zholymbayev'”, K.O. Shakerkhan?

1Shakarim State University, Glinka 20a, Semey, Kazakhstan
2Alikhan Bokeikhan University, Mengilik EI 11, Semey, Kazakhstan
* kapan-shakerkhan@mail.ru

Keywords: STEM, ethno-education, mathmodel, simulation

This article provides an overview of the international experience in the development of STEM education and
provides a general overview of the advantages of implementation and the difficulties identified in the implementation
of STEM education in our country. Currently, the STEM education system is actively developing as a direction, the
main idea of which is the integration of natural sciences, technologies, modeling, art, mathematics, the usage of
interdisciplinary and applied approaches.

At the same time, the main task of education is to develop students ' competencies based on an interdisciplinary,
creative, project-based approach to learning. Analysis and study of sources of introduction and development of STEM
education, the concept of STEM as a leading and new direction in modern education covers a wide range of
psychological and pedagogical concepts and technologies.

The educational and methodological tool can be used for students, undergraduates of specialties *Chemistry™,
"Biology", who study methodological courses, in independent work tasks, in practical classes. The scientific heritage
of Abu Nasr Al-Farabi (about 870-950 y.y.) is diverse and unusually large. He wrote more than 160 treatises in which
he developed all known branches of knowledge. Many of the scientist's positions in the field of philosophy, sociology,
logic, aesthetics, ethics, natural science had a great influence on the subsequent development of socio-philosophical
thought of the peoples of the East and Europe. In this research paper, it is proposed to develop students' project thinking
of an interdisciplinary nature. During the project training, parallels of analytical concepts from Al-Farabi's works on
natural science will be used to develop students' scientific thinking. This article provides an overview of international
experience in the development of STEM education and offers an example of analytical research by using digital
technology of Al-Farabi's scientific works on music and poetry.

References

1. Ten A.S. Novye trendy v sovremennom obrazovanii. Jelektronnyj resurs. [New trends in modern education]
URL.: http://zkoipk.kz/ru/2016smart3/2541-conf.html.

2. Zhumazhanova S. Razvitie STEM-obrazovanija v mire i Kazahstane. [STEM education in the world and
Kazakhstan] "Bilimdi el - Obrazovannaja strana" [Bilimdi el - Educated country] Ne 20 (57) form 25 october 2016 y.
(In Russ., abstr. in Engl.).

3. Metodicheskie rekomendacii po vnedreniju STEM obrazovanija.-Astana [Methodological recommendations
for the implementation of STEM education.-Astana]: Nacional'naja akademija obrazovanija im. Y.Altynsarina,
[National Academy of Education named after Y. Altynsarina] 2017.-162 p.

4. Azizov R. Obrazovanie novogo pokolenija: 10 preimushhestv STEM obrazovanija [New Generation
Education: 10 advantages of STEAM Education] Jelektronnyj resurs: URL.: https://ru.linkedin.com/pulse/ -stem-rufat-
azizov.

5. Gosudarstvennaja programma razvitija obrazovanija i nauki Respubliki Kazahstan na 2020-2025 y.y. [The
State program for the development of education and science of the Republic of Kazakhstan for 2020-2025.]

6. Imangaliev N., Sagadatova D., Omasheva M. i dr. Prikladnoe issledovanie STEM-obrazovanie v Kazahstane:
tekushhee sostojanie i perspektivy razvitija [Applied research STEM education in Kazakhstan: current state and
development prospects]/ www.caravanofknowledge.com.

7. Al-Farabi. Treatises on music and poetry / Translated from Arabic. - Alma-Ata: Gylym, 1992 - 456 p. Edited
by M.S. Burabaev.

113


mailto:kapan-shakerkhan@mail.ru
http://www.caravanofknowledge.com/

«F'BUIBIM, TEXHUKA KOHE OLTIM OepyJIeri ecenTey KoHEe aKnapaTThIK
texHojorusap» (ClTech-2022)

«BwrancauTenbHbIe U NTHGOPMAIIMOHHBIE TEXHOJIOTHH B HaYKe,
TexHuKe U oopaszoBanum» (ClTech-2022)

«Computational and Information Technologies in Science,
Engineering and Education» (ClTech-2022)

114



