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Study of Smart City Platform Based on OneM2M standards

Altayeva Aizhan Bakatkaliyevna
Turan university, Almaty

aizhan.altayeva@turan-edu.kz

ICTs are a key factor in smart city initiatives. The integration of ICT in development projects
can change the urban landscape and create a number of potential opportunities, the use of
which can improve the e�ciency of the city's management and functioning of resources and
ensure the sustainability of its existence [1]. The development of information and communication
technologies (ICT) allows us to formulate new approaches for searching for key factors that
determine the success of realizing smart city models and projects. "Smart cities"can be de�ned
as systems that integrate in the framework of a single city space such areas of activity as smart
economy; smart mobility; smart environment; smart people; intelligent life; smart management.
The future model "smart city"refers to self-actualizing systems, where the rights of access to a
huge amount of information in real time belong to both the city's leadership and citizens.

ICT has the main component of the Smart City The two lower levels here (sensors and data)
are the Internet platform of Things (IoT). In other words, the Internet of Things, as a component,
is responsible for collecting data in the Smart City.

The priority business areas are: telematics and intelligent transport, medicine, utilities, industrial
automation, smart homes, etc. Initially, oneM2M should prepare, approve and maintain the
following technical speci�cations and technical reports: Use cases and requirements for them,
taking into account the capabilities of the service layer; high-level architecture for the service
layer, taking into account the requirements of independent access to services from end to end;
protocols / API / standard objects based on this architecture (open interfaces and protocols);
security and privacy aspects; availability and opening of applications; testing rules in accordance
with speci�cations; collection of data for billing and statistical purposes;

The multi-level model oneM2M, provides the provision of M2M services. This model includes
three layers: the Application Entity (AE) layer, the Common Service Entity (CSE) layer, and
the Network Service Entity (NSE) layer. These functions include device discovery, device and
application management, data management and repository, authentication and security functions.
The NSE network layer is traditional communication services: launching devices, managing them,
including mobile services such as location determination.

REFERENCES

1. Altayeva A.B. [1] The United Nations Economic Commission for Europe, UNECE, the
United for Smart Sustainable Cities Initiative (U4SSC) (appeal February 11, 2017).

2. Kupriyanovsky V.P. etc. Digital economy = data models + large data + architecture +
applications.// International Journal of Open Information Technologies. - 2016. - Vol. 4. -
No. 5. - pp. 1-13.
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A CLASS OF SYSTEMS OF LINEAR FREDHOLM INTEGRAL EQUATIONS

OF THE THIRD KIND WITH MULTIPOINT SINGULARITIES IN THE AXIS

Asanov A.
Kyrgyz-Turkish University Manas, Bishkek

avyt.asanov@mail.ru
Asanov R.A.

Kyrgyz State Technical University, Bishkek
ruhidin_asanov@yahoo.com

Consider the system of linear integral equations of the third kind

pi(x)ui(x) =

n∑
j=1

∫ ∞
−∞

kij(x, y)uj(y)dy + fi(x), x ∈ G = (−∞,∞), (1)

where i = 1, 2, ...n, pi(x) and fi(x) are given continuous functions on G, kij(x, y) are given
continuous functions in G×G,ui(x) are the sought functions on G,i, j = 1, 2, ..., n; andλ is a real
parameter.There exists t ∈ {1, 2, ..., n} such that, for all i = t, t + 1, ...n and l = 1, 2, ...,m(i),
pi(xil) = 0, where xil ∈ G and for all i = 1, 2, ..., t− 1 ,pi(x) = 1 for all x ∈ G.

Various issues concerning the theory of integral equations were studied in
[1−3]. Here, a new approach is proposed for the study of systems (1).Following this approach,we
prove that the solution of system (1) in the space L2,n(G) is equivalent to the solution of systems
of linear integral equations of the second kind with the some integral conditions.Here L2,n(G)
denote the space of all n-dimensional vector-functions with elements of L2(G).
Keywords: system, third kind, multipoint singularities,axis.

2010 Mathematics Subject Classi�cation: 45B05, 45A05, 45G10.

REFERENCES

1. Lavrent'ev M.M., Romanov V.G., Shishatskii S.R. Ill-Posed Problems of Mathematical
Physics, 1986, Amer. Math. Soc., Providence.

2. Imanaliev M. I., Asanov A., Asanov R.A. A class of Systems of Linear Fredholm Integral
Equations of the Third kind // Doklady Mathematics, 2011, vol.83, no.2½ Pp. 227-231.

3. Imanaliev M. I., Asanov A., Asanov R.A. Solutions to Systems of Linear Fredholm Integral
Equations of the Third kind with Multipoint Singularities, 2017, vol.95, no.3½ Pp. 1-5.
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THE PROBLEM OF CONTINUATION OF THE ELECTROMAGNETIC FIELD

TO A GIVEN DEPTH

Sholpanbaev B.B, Dairbaeva L.M, Askarova Z.B
Al-Farabi Kazakh National University, Almaty

bahtygerey@mail.ru, lazat.dairbayeva@gmail.com, zul�a_94.94@list.ru

We consider the problem of continuation of the electromagnetic �eld from a part of the
boundary x = 0 in the region Ω× (0, T ) where Ω = {(x, y) : x ∈ (0, h) , y ∈ (0, L)}, [1]-[2].

utt +
σ
√
µ

√
ε
ut = uxx + uyy, (x, y) ∈ Ω, t ∈ (0, T ) , (1)

u|t=0 = 0, ut|t=0 = 0, (x, y) ∈ Ω, (2)

ux (0, y, t) = g (y, t) , y ∈ (0, L) , t ∈ (0, T ) , (3)

u (0, y, t) = f (y, t) , y ∈ (0, L) , t ∈ (0, T ) . (4)

ε - dielectric permittivity of the medium, µ - magnetic permeability of medium, σ - conduction,
u (x, y, t) - horizontal component of the electric �eld strength vector of the electromagnetic �eld.
The problem (1) - (3) is incorrect.

To solve the initial problem, we consider an auxiliary is correct problem for equation (1) with
conditions (2), (3) and additional boundary conditions

u (h, y, t) = q (y, t) , y ∈ (0, Ly) , t ∈ (0, T ) , (5)

u (x, 0, t) = u (x, Ly, t) = 0, x ∈ (0, h) , t ∈ (0, T ) . (6)

The problem (1) - (3), (4), (5) will be called a direct problem, where, by the given g (y, t)
and q (y, t) it is required to determine u (x, y, t).

The inverse problem is considered, which consists in determining the function q (y, t) from
equation (1), conditions (2), (3), (4), (5) and additional information (3).

It is shown that the solution of the ill-posed problem (1) - (3) reduces to solving the inverse
problem (1) - (5). To solve the inverse problem (1) - (5), that is, to �nd the function q (y, t), a
computational algorithm was developed based on the Landweber optimization method.

REFERENCES

1. 1 Kabanikhin S.I., Iskakov K.T., Sholpanbaev B.B.Analysis of the measurements inhomogeneities
(archaeological objects) using Georadar // The 8th international congress of the ISAAC,
2011, Moscow, P. 292-293.

2. 2 Kabanikhin S.I., Shishlenin M.A., Nurseitov D.B., Sholpanbaev B.B. The continuation
problem for the equation of electrodynamics // Vestik of KazNU. A series of mathematics,
mechanics, computer science, 2013, No. 4(79), P. 66-84.
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USING OF MODEL CHECKING FOR COMBINING TASKS

Turan University, Almaty
a.bektemessov@turan-edu.kz

One of the most promising and widely used approaches to solving the problem of debugging
automation and verifying the correctness of programs is Model Checking. For a given analyzed
program, its abstract formal model is constructed. The property or requirement to be tested is
expressed in the formal method in the form of a logical formula: M | = φ, nean that a some
Boolean formula φ satis�es the models M which veri�es the program is to verify the feasibility
of the formalized speci�cation requirement on the abstract program model [1, 2]. In this work,
we try to solve combinatorial problems using Model Checking.

Model checking is not only for detecting errors in the program, you can also �nd answers for
some logical tasks. For example, you can �nd solutions to the Rubik's Cubic. Finding a solution
is quite di�cult. To sort out all possible variants in the Promela language:

inline rotate_side_by_f(rot)

...

inline perm(x,y,x1,y1) /*permition for rotations*/

active proctype Rubik()

{

check();

do

/*Infinite cycling to find all states*/

od}

Approval speci�cation:
"In the future, all lines are sorted by color."
In the logic of LTL:
F (colors− done ∧ low − path) or <> (colors− doneANDlow − path) where, colors− done

- predicate of truth.
It is very convenient to solve all possible variants for solving problems using the Model

Checking method. Finding a solution to a problem using temporal logic with the opposite
statement is one of the true way by the logic of CTL. That allows you to �nd ways to solve
the Rubik's Cube.

REFERENCES

1. Karpov Yu. G. MODEL CHECKING Veri�cation of parallel and distributed software
systems // St. Petersburg, 2010.

2. Edmund M.C., Thomas A.H., Helmut V.Handbook of Model Checking // Springer International
Publishing, 2016, P-1212 .
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PARAMETER ESTIMATION IN ECONOMIC MATHEMATICAL MODELS

USING DIFFERENTIAL EVOLUTION ALGORITHM

Kabanikhin S.I.1,2,3, Bektemessov M. A.4,
Shishlenin M. A.1,2,3, Yang XS.5, Bektemessov Z. M.6

1Institute of Computational Mathematics and Mathematical Geophysics SB RAS, 630090, Novosibirsk
2Sobolev Institute of Mathematics SB RAS, 630090, Novosibirsk

3Novosibirsk State University, 630090, Novosibirsk
4Abai Kazakh National Pedagogycal University, 050010, Almaty

5Middlesex University, NW4 4BT, London
6al-Farabi Kazakh National University, 050040, Almaty

kabanikhin@sscc.ru, maktagali@mail.ru, mshishlenin@ngs.ru, x.yang@mdx.ac.uk,

jolaman252@gmail.com

Nowadays economics plays a huge role in human's life, because it is in every part of our daily
routine: food, clothes, home, entertainment and many others. Peoples' economic independence is
the one of the most valuable things that is why we go to work and earn money. Also no one wants
to waste hard earned money, so we try to optimize it by mathematical tools and create some
economical forecast. It is not only the personal issue, but also of the countries and government,
where interesting roles play the population growth and capital accumulation.

k̇(t) = skk
α(t)− (n+ g + δ)k(t) (1)

There was complited process of restoring the coe�cients, by solving the inverse problem,
using the algorithm of di�erential evolution [2], for Robert Solow's mathematical model (1)
of neoclassical economic growth, based on the Cobb-Douglas production function, taking into
account labor, capital and exogenous neutral technical progress [1]. Also, the model proposed by
Mankiw-Romer-Weil (2) with the addition of human capital is considered, where the number of
variables and unknown coe�cients is already increasing [3].{

k̇(t) = skk(t)αh(t)β − sk(t)

ḣ(t) = shk(t)αh(t)β − sh(t)
(2)

REFERENCES

1. Solow R. M. Contribution to the Theory of Economic Growth // The Quarterly Journal
of Economics. 1956. V. 70, Issue 1. P. 65�94.

2. Yang XS. Nature-Inspired Optimization Algorithms. Elsevier, 2014

3. Mankiw G. N., Romer D., Weil D. N. A Contribution to the Empirics of Economic Growth
// The Quarterly Journal of Economics. 1992 V. 107, Issue 2. P. 407�437.

4. Storn R, Price K. Di�erential Evolution � A Simple and E�cient Adaptive Scheme for
Global Optimization over Continuous Spaces. Technical Report TR-95-012, ICSI, 1995.
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THE PRODUCTION FUNCTION CONSTRUCTION WITH THE EFFECTIVE

PRODUCTION FUNDS ESTIMATION

Gorbunov V.K., Lvov A.G.
Ulyanovsk state university, Ulyanovsk

vkgorbunov@mail.ru

E�ective production funds (EPFs) of a country, region, and sectors of economy are a part
of balance (inventory) funds participating in creation of goods and services in actual market
conditions. In the production functions (PFs) representing complex production objects, the
e�ective funds, but not balance ones, have to be used. It is possible to construct such PFs
and to estimate EPFs simultaneously in the case when production statistics contains production
investment data instead of or together with capital ones. This possibility was realized in [1] where
the model of production investments capitalization was constructed.

The model consists of the standard PF model having EPFs as the main factor (another
are labor and/or energy quantities) and the funds' dynamic equation. The latter is de�ned by
investments as well as a depreciation rate and, optionally, a lag of investment capitalization.
The identi�cation of this complex model gives simultaneously a PF's parameters and value of
EPFs estimations. Speci�cs of the problem are the absence of the error estimations of production
statistics which are initial data for the identi�cation, and it is commonplace for social sciences. A
regularization of the identi�cation problem demands usage of additional expert information and
non-trivial optimization technique. In view of natural analytical constraints on PFs (monotonicity
and quasiconcavity) this problem can be considered as the isogeometrical approximation of a
table-given function which is the production output depended of EPFs, de�ned implicitly, and
another factors.

The work [2] develops the approach of [1]. As an additional means for overcoming of computational
complexities, the transform to the index form of PFs was used. In the new paper [3] the method
of EPFs estimation is extended on small business where the index of production funds is absent in
view of its ill-de�niteness (rooms and facilities are used for living needs as well as for production),
and a new regularization condition on the initial and �nal values of the EPFs is introduced.

The research is supported by the Russian Foundation of Basic Research. Project No. 16-06-
00372

REFERENCES

1. Gorbunov V.K., Lvov A.G. The construction of production functions via investment data
// Economica i matematicheskie metody, 2012, Iss. 2, P. 95-107.

2. Gorbunov V.K., Krylov V.P. E�ective regional production funds and their estimation by
the method of production function // Economy of Region, 2015, No. 3, P. 334-347.

3. Gorbunov V.K., Lvov A.G. E�ective production funds and production functions of regional
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DIRECT LINEAR SEISMIC DATA PROCESSING

Kabanikhin S. I.1,2,3, Novikov N. S.1,3, Shishlenin M. A.1,2,3
1Institute of Computational Mathematics and Mathematical Geophysics, Novosibirsk, Russia

2Sobolev Institute of Mathematics, Novosibirsk, Russia
3Novosibirsk State University, Novosibirsk, Russia

kabanikhin@sscc.ru, novikov-1989@yandex.ru, mshishlenin@ngs.ru

Currently, due to the area systems of observations, it is possible to create a fundamentally
new method of solving three-dimensional inverse problems, which are used: three-dimensional
analogues of the equations of Gelfand-Levitan-Krein [1, 5], parallel computing on high performance
clusters, methods Monte-Carlo [3, 4], fast algorithms for the inversion of block-Toeplitz matrices
of large dimensions [2].

The main problem of the investigations of three-dimensional elastic media is the large size of
the area in which high-precision calculations are produced. Even for a relatively small area of 2
km × 2 km × 2 km the solution of the direct problem of seismic prospecting is a very di�cult. Let
us note that the most of the modern methods for solving inverse problems are based on iterative
procedures and even the number of operations required for carrying out multiple iterations, may
lead to uncontrolled errors.

The work was supported by Russian Foundation for Basic Research (projects NNo. 16-29-
15120 and 15-01-09230).
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We consider continuation problems in Geophysics and numerical methods for their solution.
The continuation problems of physical �elds with the data on the part of the boundary [1, 2, 3]
are ill-posed.

Continuation problems are formulated in the form of operator equation Aq = f , for which the
minimization of the objective functional and the method of singular value decomposition [2, 3]
are applied.

We study the properties of the operator A and the algorithm of minimization of functional
J(q) = ||Aq−f ||2 by the conjugate gradient method. In series of numerical experiments are shown
that it allows us to recover the boundary conditions on the inaccessible part of the boundary, as
well as to obtain information about inhomogeneities (the number, location, approximate volume)
located in the region of inaccessibility.

The work was supported by Russian Foundation for Basic Research (projects NNo. 17-51-
540004, 16-29-15120, 16-01-00755 and 15-01-09230).
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We consider the initial-boundary value problem for the Helmholtz equation, which is ill-
posed. We reduce the solution of the operator equation Aq = f to the problem of minimizing the
functional J(q) = 〈Aq−f,Aq−f〉.We construct an algorithm for solving the inverse problem [1].

Algorithm for solving the inverse problem

1. We choose the initial approximation q0 = (q0
1 , q

0
2);

2. Let us assume that qn is known, then we solve the direct problem numerically

uxx + uyy −
(ρx
ρ
ux +

ρy
ρ
uy

)
+
(ω
c

)2

u = 0, (x, y) ∈ Ω,

u(0, y) = h1(y), u(1, y) = qn1 (y), y ∈ [0, 1],

u(x, 0) = h2(x), u(x, 1) = qn2 (x), x ∈ [0, 1].

3. We calculate the value of the functional

J(qn+1) =
1∫
0

[
ux(0, y; qn+1

1 , qn+1
2 )− f1(y)

]2
dy +

1∫
0

[
uy(x, 0; qn+1

1 , qn+1
2 )− f2(x)

]2
dx;

4. If the value of the functional is not su�ciently small, then go to next step;

5. We solve the conjugate problem

ψxx + ψyy +
(ρx
ρ
ψ
)
x

+
(ρy
ρ
ψ
)
y

+
(ω
c

)2

ψ = 0, (x, y) ∈ Ω,

ψ(0, y) = 2
(
ux(0, y; q1, q2)− f1(y)

)
, ψ(1, y) = 0, y ∈ [0, 1],

ψ(x, 0) = 2
(
uy(x, 0; q1, q2)− f2(x)

)
, ψ(x, 1) = 0, x ∈ [0, 1].

6. We calculate the gradient of the functional J ′(qn) =
(
− ψx(1, y),−ψy(x, 1)

)
;

7. We calculate the following approximation qn+1 = qn − αJ ′(qn);
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The problem of studying the deep structure of the earth's crust is one of the strategic
directions of geophysical research, providing the development of Earth sciences. In this gravity
prospecting is one of the main methods of studying the structure of the earth's crust. Gravimetric
or gravitational reconnaissance (abbreviated gravity prospecting) is a geophysical method for
studying the structure of the lithosphere, prospecting and prospecting for minerals, based on the
study of the Earth's gravitational �eld. This leads to the need to solve some inverse problems in
which the results of measuring the gravitational potential need to restore the parameters of the
system under consideration.

We consider a rectangular area with horizontal and vertical coordinates. In this region there
is some gravitational anomaly. The location of the anomaly and its shape are considered known.
We assume the homogeneity of the material of both the anomaly itself and the space outside
it. In this case, the density of the material outside the anomaly is assumed to be known, and
the density of the anomaly itself is to be determined in the process of solving the corresponding
inverse problem. Having established this density, we can judge what this anomaly represents: it
is some concrete material or, possibly, a void.

The mathematical model describing the process is reduced to the Poisson equation with
respect to the gravitational �eld, the right-hand side of which contains the required density.
Boundary conditions: on the outer surface, the potential of the gravitational �eld and its derivative
along the normal are measured. To determine the boundary conditions on the rest of the
boundary, we assume that the dimensions of the anomaly are small enough and it is removed
from the boundary of the region under consideration. Then we can assume that the value of the
potential on the speci�ed part of the boundary will be the same as in the absence of an anomaly.
As a result, we obtain the Dirichlet problem for the Poisson equation with an additional boundary
condition on the outer boundary. Based on this additional information, it is also intended to
determine the density of the anomaly.

The problem is reduced to minimizing the functional expressing the mean square deviation
of the derivative of the potential along the vertical coordinate from the measurement results. We
propose to solve the problem by a gradient method. For this, the derivative of the functional is
de�ned. Using the gradient method, we obtain an iterative process, at each step of which the
initial boundary value problem and the conjugate system are solved, and the transition to the
new iteration is performed on the basis of the standard technique.
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In this paper we consider a direct spectral problem for a mathematical model of hydrodynamics,
that includes an operator with bounded perturbation in the case when it's spectrum is multiple.
A similar problem was considered earlier for an operator with single spectrum [1]. The main
method of research is modi�ed method of regularized traces. We introduce the relative resolvent
of the operator. A spectral problem of the form (M + P)u = Lu is obtained. In this case, the
operator L is such that the relative resolvent of the operator is a nuclear operator. As a result
of applying the resolvent method to the relative spectrum of the perturbed operator, we obtain
relative eigenvalues of the perturbed operator with non-nuclear resolvent.

Let P be operator of multiplication by a function p ∈ C2(Π). Consider operator T + P .
Denote {νn}∞n=1 = σL(T + P ) � where νn are numbered in order of nonincrease in their real
parts, taking into account their multiplicity. The following problem is solved: �nd the relative
eigenvalues T + P . The result is

ηn∑
q=1

νqn = ηnµn +

ηn∑
q=1

(L−1Pϕn, ϕn) + αn, (1)

where

αn =

∞∑
k=2

(−1)k

2πi

∫
γn

µSp[R0(µ)P ]kLR0(µ)dµ.

Dzektser equation
(a2 −∆)ut = α∆u− β∆2u+ f

is modeling the evolution of the free surface of a �ltering �uid. Parameters α, β > 0, a2 ∈ R
characterize properties of the environment, free member f = f(x) corresponds to source (drains
) of �uid.
De�ne operators T, L : U → F

T = α∆− β∆2, ∆ =

n∑
i=1

∂2

dx2
i

, L = a2 −∆, (2)

Then the relative eigenvalues of T + P can be founded by formula (2).
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The continuation problem (the Cauchy problem) for the parabolic equation with a data on
the part of the boundary is investigated [1]. This problem is ill-posed and a solution depends
on the applied numerical method. That is why the comparison of di�erent numerical methods
is required. We compare the �nite-di�erence scheme inversion, the singular value decomposition
and gradient type method. The in�uence of a noisy data on the solution is presented.

The work was supported by Russian Foundation for Basic Research (projects NNo. 17-51-
540004, 16-29-15120 and 16-01-00755).
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In this work we introduce a new linearized �nite-di�erence model of �uid dynamics with
condition of entropy nondecreasing on discontinuous solutions (shock waves). This model is
modern logical development of the canonical work [1], based on the linearized analogue of the
Riemann problem solution from the book [2]. The model has been built by using equations of
�uid dynamics 1-3

∂ρ

∂t
+
∂(ρu)

∂x
= 0 (1)

∂(ρu)

∂t
+
∂(p+ ρu2)

∂x
= 0 (2)

∂H

∂t
+
∂(u(H + p))

∂x
= 0, (3)

with classical equation of state E = p
(γ−1)ρ , that represent the conservation laws of mass, impulse

and energy. Here in the model H = ρu
2

2 + p
γ−1 is enthalpy function. The pressure of a gas is

determined with formula p = σ(S)ργ , where S is entropy variable. The velocity of speed is found
as c =

√
γp/ρ. We do not include the conservation law of entropy in our system because the law

of entropy nondecreasing is hold automatically due to inner structure of �nite-di�erence model.
Using the designed model the structure of shock waves has been investigated. It was shown the

dependence of a width of shock waves and their formation time on the changing of the Courant
number. Also we explored three di�erent con�gurations of the Riemann problem: shock wave
and rarefaction wave, two rarefaction waves and two shock waves. On these tests we described
the �nite-di�erence features and e�ects, that can in�uence on the solution. It was noticed, that
these negative e�ects come to zero while reducing the grid step. Again, the numerical ful�llment
of the law of entropy nondecreasing has been shown here.

The work has been supported by the Ministry of Education and Science of the Russian
Federation (4.1.3 The Joint Laboratories of NSU-NSC SB RAS).
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In this paper we present a review of mathematical models in the �nancial economy. Mathematical
models in the �nancial economy are divided into deterministic ones, which are described by
systems of ordinary di�erential equations (ODE) [1] or parabolic equations, and stochastic ones
are described by systems of stochastic di�erential equations [2]. We also consider statements of
inverse problems [3] that de�ne a function on the right-hand side (control function). For example,
a control function that is responsible for the optimal rate of transfer from the bond holdings to
the stock and the rate of opposite transfers [2] or an optimal investment strategy [4]. Algorithms
for solving such problems based on the theory of optimal control are presented.

The work has been supported by the grant no. 1746/GF4 of the Ministry of Education and
Science of Republic of Kazakhstan, Ministry of Education and Science of Russian Federation and
by the Scholarship of the President of RF no. MK-1214.2017.1.
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E-commerce consists of a variety of processes, starting with the processes of the stage of
procurement and delivery of goods to the warehouse, ending with the processes of delivering
goods to customers. Therefore, for the correct and e�ective improvement and development of the
e-commerce system, the formalization of all e-commerce processes, the formulation of tasks for
the optimal performance of these processes, and an e�ective algorithm for their solution, taking
into account the relationship, are primarily required based on systemic positions.

In order to ensure that all these steps are worked optimally and smoothly, it is necessary to
consider all the processes of e-commerce in a comprehensive manner, covering all the specialized
processes that are part of the overall business process.

In this paper, based on the above mentioned approaches, the processes of primary processing
of applications are examined: reception, registration, veri�cation of the reliability of submitted
applications, formalization of content.

Thus, the stage of preparation of applications for formalized processing of applications is
considered. We will ask the question posed by introducing the model of primary application
processing. First, we will distinguish the role of every parameter involved in this process. We
need to formalize the processes of admission and content of applications in order to have better
vision of the process. At the current time, a project-application for the purchase of goods by
the buyer (applicant) is submitted (or received). Submission of the application is made by �lling
in the application form of the e-store application. If in the text, when �lling, there are spelling
errors and inaccuracies, they are eliminated along with the applicant in the interactive model.

Before accepting and registering, project proposals are tested for reliability of the applicant.
One way to assess the reliability of the buyer is to analyze the buyer's behavior from historical
data, as previously ordered by this buyer and how he behaved. The reliability of the buyer or
applicant can also be determined from historical data from other resources or the Internet by
searching for data about the correctness and reliability of this applicant. This process is similar
to the banking process of checking the reliability of a future borrower in the clearance process.

So, the process of accepting applications consists of two stages. At the �rst stage, the buyer
enters the project-application. The correctness of �lling the project-application is checked. If
the applicant's reliability is con�rmed, the project application is accepted by the system as an
application and it is registered, after which the content of the application is formalized and the
identi�cation code is received.

An algorithm for the entire process of accepting an application and its formalization is
proposed.
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Formulation of the problem. Suppose that the region has the enterprise A0, where raw
materials are processed and received from it r � type of product (r = 1, 2). Manufactured
products are sold at wholesale prices. Enterprise A0 buys raw materials from the region n areas
at a speci�c price for each area Bj , j = 1, 2, . . . , n. It is required to determine the best plan
for the purchase of raw material enterprise A0 from areas Bj , j = 1, 2, ..., n, and the volume of
products delivering enterprise A0 maximum net income.

We introduce the following notation for the formalization of the problem: j � index of area
the purchase of raw material of enterprise A0, j ∈ J ; J � index set raw material procurement
areas in the region where J = 1, 2, . . . , n; r � index type of product, r ∈ R;R � index set of
products derived from the processing company, where R = 1, 2, . . . , p.

L(x, y) =
∑
r∈R

Sr0y
r
0 −

∑
j∈J

C̄0jx0j (1)

under conditions

0 ≤ x0j ≤ α0j , i ∈ J, (2)∑
i∈J

arjx0j = yr0, r ∈ R, (3)∑
j∈J

C̄0jx0j = D, (4)

yr0 ≥ 0, r ∈ R, (5)

where x = |x0j |1,|J|, y = |yr0|1,|R|.
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Systems of ordinary di�erential equations (ODEs) are among the most widely used tool
for describing the dynamic processes of our life. These systems have many applications in the
�eld of physics, information technology, life sciences, etc. ODEs have received much attention
over the last two decades in the �eld of biology (immunology, epidemiology, pharmacokinetics
etc). Coe�cients of such mathematical models describe individual characteristics of patient and
population and should be identify for construction of individual treatment plan and the best
forecasting of epidemic.

Before determining unknown parameters of models (inverse problem [1]), we should understand:
whether is there a solution, how many parameters can we determine from the available data,
how many measurements (additional information about solution of ODEs in �xed times) need to
be taken to determine the required set of parameters? These questions are answered by analysis
of the identi�ability [2]. The identi�ability is the ability to uniquely determine the values of
parameters with su�cient data volume. Analysis of the identi�ability represents a study for a
deep understanding of the model.

In this work we analyse several methods of identi�ability analysis (practical and sensitivity-
based) and apply its to di�erent mathematical models of biology (model of dynamic HIV-
infection, model of spread of co-infection HIV and tuberculosis and others).

The work has been supported by the grant no. 1746/GF4 of the Ministry of Education and
Science of Republic of Kazakhstan, Ministry of Education and Science of Russian Federation and
by the Scholarship of the President of RF no. MK-1214.2017.1.
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The concept of the quality of approximate solutions to ill-posed optimization (or extremal)
problems is introduced and a posteriori quality estimates for various solution methods are studied.
Examples of quality functionals are given, which can be used in solving practical extremal
problems. These functionals include standard norms in Banach spaces, as well as non-standard
quality estimators like BV-variation and mathematical entropy. New concepts of optimal, optimal
in order and extra-optimal quality of the method for solving the extremal problem are determined.
The theory of stable methods for solving extremal problems with optimal in order and extra-
optimal quality is developed, in which, in particular, the property of consistency for quality
estimators is studied. Examples of regularizing algorithms with extra-optimal quality of solutions
for extremal problems are given. The presented results are the development of the work [1].

The work has been supported by the Russian Foundation for Basic Research (grants no.
16-01-00450-a, 17-01-00159-a, 17-01-53002-NSFC-a)
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The propagation of electromagnetic waves in a medium at a certain external current describes
Maxwell's system equations [1].

The system of Maxwell's equations, when the parameters ε, µ, σ do not depend on variables
x1, x2, can be reduced to a one-dimensional problem [2].

ε(x3)∂
2E3(x3,t)
∂t2 = 1

µ(x3) ·
[
∂2E3

∂x2
3

]
− µ

′
x3

(x3)

µ2(x3)
∂E3

∂x3
− σ(x3)∂

2E3

∂t , (x3, t) ∈ R2
+, (1)

where E(x3, t) � electric tension, ε(x3), µ(x3) � dielectric and magnetic permeability, σ(x3) -
electrical conductivity of the medium.

We give the initial and boundary conditions in the following form:

E3(x3, t)|t<0 ≡ 0, ∂E3(x3,t)
∂x3

∣∣∣
x3=0

= 1
ε(0)r0δ(t) + 1

ε(0)h0θ(t), (2)

where δ(t), θ(t) � the Dirac function, the Heaviside theta function, r0, h0 � positive constants.
To formulate the inverse problem, it is necessary to specify a temporary-like additional

condition of the following form:

E3(x3, t)|x3=0 ≡ f(t), t ∈ [0, T ]. (3)

A direct problem is to determine the function E3(x3, t) from problem (1) � (2) for known
values of the coe�cient parameters of the equations ε(x3), µ(x3), σ(x3). The inverse problem
consists in restoring one of the coe�cients of the equations from problem (1) � (3) with the
known two other coe�cients of the equations.

In this paper, we construct a numerical �nite-di�erence solution of the direct and inverse
problem, show the convergence of the approximate solution to the exact solution, establish the
estimate of the convergence of the solution, and prove the stability of the solution.
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It is considered the inverse problem of restoration of the kernel and the unknown right-hand
side of a third-order pseudoparabolic integro-di�erential equation with variable coe�cients. The
su�cient conditions of existence and uniqueness solution of the inverse problem are received by
using integral equations method [2] and Green function method [1].

by using integral equations method and Green function The su�cient conditions of existence
and uniqueness solution of the inverse problem are received Statement of the problem. It is
required to �nd an unknown functions u(x, t), K(t) and ϕ(t) satisfying in the domain G =
{(x, t) : a ≤ x ≤ b, 0 ≤ t ≤ T} the following equation

ut(x, t) = a0(Au)′t + a1(Au) + b0(x, t)
∂2u(x, t)

∂x2
+ b1(x, t)

∂u(x, t)

∂x
+

+b2(x, t)u(x, t) +

∫ t

0

K(t− s)u(s, x)ds+ ϕ(t)f(x, t) + F (x, t) (1)

and the initial, boundary and additional conditions

u(x, 0) = u0(x), u(a, t) = 0, u(b, t) = 0, x ∈ (a, b), t ∈ [0, T ], (2)

u(xi, t) = gi(t), i = 1, 2, t ∈ [0, T ], xi ∈ (a, b), x1 < x2, (3)

where 0 < T , a0 6= 0, a1 are given constants, b0(x, t), b1(x, t), b2(x, t), fi(x, t), F (x, t), u0(x),
g1(t), g2(t) are given functions, A is a linear di�erential operator of the second order with the
variable coe�cients of the form

Au(x, t) =
∂2u

∂x2
+ p(x, t)

∂u

∂x
+ q(x, t)u.
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The work is devoted to the investigation of the problem of pressure re�nement in the areas of
power supply and unloading and identi�cation of technological indicators in the near-well zone
of the formation. Concentration of transfer of individual components can be described by the
equation of convective di�usion

mSr
∂Cr
∂t

+
ρ
vr ∇Cr −Dr∇2Cr = 0 (1)

Dr - coe�cient of dispersion, calculated by the formula

Dr = D0[
1

F ∗m
+ 0.5

~Urdpσ

mD0
]n;

ρ

Ur= −
Kr(x, y)

µr
∇Pr (2)

The �ltration of a multicomponent mixture is described by a system of equations

divρrh
ρ

Ur +mhSr
∂ρr
∂t

+ qr = 0 (3)

divρrhCih
ρ

Ur +mhSr
∂ρrCi
∂t

+ qrCi = 0; i = 1, n; ρr = ρ0
ρrT0

ρ0Tz
(4)

n∑
i=1

Ci = 1 (5)

The initial conditions are

T = T0; pr = p0(x, y, t);Ci = Ci0(x, y, t); i = i, n− 1 (6)

The boundary conditions are as follows

F (x, y) = 0; f(pr
∂Pr
∂n

, x, y, t) = 0;Ci = Cir(x, y, t) = 0; i = 1, n− 1 (7)

The direct problem of convective di�usion consists in �nding functions Pr and Ci, satisfying
equations (4) - (5), the initial conditions, the boundary conditions. The functions qr(x, y, t),
kr(x, y), m(x, y) and h(x, y) are assumed to be given. The inverse problem for convective di�usion
can be in determining the parameters kr, m and h satisfying equations (4) - (11) if the data are
known Pr(x, y, t) and Ci(x, y, t) in a certain part of the �ltration area at certain points in time.
Numerical experiments with real data were carried out.
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We consider the direct and inverse problem for the hyperbolic system of the two dimensional
acoustic wave propagation. These problems are related to ultrasound tomography for the detection
of the inclusions in the soft human tissue.

The hyperbolic �rst-order system of the acoustics allows us to propose realistic model from the
physical point of view. To solve the inverse problem we apply the gradient method of minimization
of the functional for recovering coe�cients of the system. We apply the numerical algorithm for
solving the direct problem based on the S.K. Godunov scheme [1]. This approach allows us to
�nd the balance between mathematical modeling of physical process and the e�ective numerical
simulation.

The propagation of the acoustic waves in the 2D medium is described by the following system:

ρut + px = 0, ρvt + py = 0, pt + ρc2(ux + vy) = f(x, y)r(t), (x, y) ∈ Ω, t ∈ (0, T ). (1)

Here u = u(x, y, t), v = v(x, y, t) are components of velocity vector, p = p(x, y, t) is the acoustic
pressure, ρ(x, y) is the density of the medium, c(x, y) is the speed of the wave propagation, f(x, y)
is the source location, r(t) is the Ricker impulse.

Inverse problem is to �nd ρ(x, y) and c(x, y) by known additional information p(xk, yk, t) =
fk(t), where {(xk, yk)}Kk=1 are location of the receivers [2].

The formulation of the acoustic equations in the form of conservation make it possible to
develop e�cient numerical scheme for solving direct and inverse problems. These scheme allows
us to simulate also the the radiation pattern of the source and add the absorption coe�cient. The
numerical scheme enforces conservation laws, which are the main reason to control the solution,
and in future this scheme can be e�ciently implemented on high performance computers with a
multiprocessor architecture.

The work was supported by RFBR under grants 15-01-09230, 16-01-00755 and 16-29-15120,
the Ministry of Education and Science of the Russian Federation and the Ministry of Education
and Science of the Republic of Kazakhstan, grant MES 1746/GF 4.
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One of the important problem of well diagnostics is the operational determination of the
change in well production and water cut [1]. We propose an algorithm for estimating these
parameters by solving the inverse problem. In the inverse problem, it is required to determine
the amount of �uid coming from the formation into the well (�ow rate) and the ratio of the
amount of water to the amount of oil (water cut), from the measured pressure and temperature
at a given depth [2].

The importance of solving the direct and inverse problems for a two-phase �ow (liquidity
and gas) in a well is determined by the fact that currently only about one hundred thousand
wells are operated in Russia. The installation of special equipment, which allows for continuous
monitoring of well operations, is a very complicated and expensive process. Monitoring can be
realized if the sensors of pressure and temperature included in the standard set of submerged
pump telemetry are used, and sensors for measuring pressure and temperature are installed at
almost every well.

The work was supported by Russian Foundation for Basic Research (projects NNo. 17-51-
540004, 16-29-15120 and 16-01-00755).
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The inverse problems in mathematical models of catalytic reactors are considered. The new
algorithms for identifying the mechanisms of reactions from the experimental dependences of
the concentrations of individual compounds are developed based on the metaheuristic, gradient
and Newtonian methods for solving the inverse problem. Comparative analysis of the developed
algorithms is presented.

The work was supported by Russian Foundation for Basic Research (projects NNo. 17-51-
540004, 16-29-15120 and 16-01-00755).
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Deposition of high molecular weight para�ns on the inner wall of subsea production and
transportation pipelines continues to be a critical operational problem faced by the petroleum
industry. Molecular di�usion is employed in the vast majority of the deposition models available
in the literature, it is still not clear which one is the most relevant mechanism. In the present
study a numerical analysis of the wax deposition is performed employing only the molecular
di�usion model. The wax deposition is determined considering oil �owing in the laminar regime,
through a rectangular channel. [1]

Wax deposition in production and transportation pipelines continues to be a relevant problem
for the industry, particularly in o�shore operations. The main objective of the research is to help
identify the relative importance of the wax deposition mechanisms. [2]

The formulation is two-dimensional and the wax deposition rate is a function of the para�n
concentration gradient. The �nite volume method was selected to solve the conservation equations
of mass, energy and mass fraction, coupled with a di�usive equation to describe the growth of
the wax deposit. The basic goal is to construct a mathematical and computer models of �nding
parameters of wax deposition rate.

This work is aimed to �nd industrial parameters of the underground pipeline. It was considered
a square pipeline, which consists of oil, para�n, steel, thermal insulation by glass wool.
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The work is devoted to the study of natural complex waves, namely the existence of a solution
to the problem of wave processes.

Many wave processes of geophysics, electrodynamics, seismics and others, are characterized
by �elds described by second-order equations of mathematical physics

div(τ̄(x, y, z)gradϑ̄(x, y, z, t))− ā(x, y, z)ϑ̄(x, y, z, t)− b̄(x, y, z)∂ϑ̄(x,y,z,t)
∂t −

−c̄(x, y, z)∂
2ϑ̄(x,y,z,t)

∂t2 = −f̄(x, y, z, t),
(1)

where (x, y, z) ∈ R2 × R+, t ∈ R+, ā, b̄, c̄ - numerical coe�cients are physical parameters,
f̄(x, y, z, t) - the intensity function of the �eld sources, τ̄(x, y, z) - a function describing geophysical
media, ϑ̄(x, y, z, t) - the �eld potential.
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One of the most important areas of exploration and analysis of mineral deposits is the
determination and identi�cation of gravity anomalies. This is the analysis of the di�erent deviations
of the gravitational potential based on gravimetric methods. These results make it possible to
judge the presence of any inhomogeneities in the thickness of the earth's crust in question.

We consider the Poisson equation for the potential of the gravitational �eld in a certain
region. The inverse problem is to determine the density of the ground based on measuring the
gravitational potential and its derivative on the surface of the earth. We suppose that the value
of the potential at the remaining part of the boundary of the region under consideration is equal
to such its value that would be observed in the same region in the absence of a gravitational
anomaly.

We analyze the following cases.
1. Determination of the density distribution throughout the region in the absence of any

information about the location of the anomaly.
2. Determination of the density distribution with known place and unknown depth of location

of the anomaly.
3. Determination of the density distribution with known depth of location of the anomaly

and unknown horizontal location.
4. Determination of the density and the depth of location of the homogeneous anomaly.
5. Determination of the depth of location of the homogeneous anomaly with known the

density.
6. Determination of the density the homogeneous anomaly with known form and location of

the anomaly.
By the performed calculations, we have the following conclusions. We cannot guaranty the

satisfactory information about the properties of the anomaly by the measuring of distribution
of the gravitational potential and its gradient over the earth's surface in the absence of any
information on the shape, size, location and structure of the gravitational anomaly. Nevertheless,
we can determine a reliable enough estimate of its horizontal location for this case. However, the
presence of any a priori information about the anomaly makes it possible to increase seriously
the accuracy of the calculations. The determination of more accurate results in the general case
requires the use of additional experimental data.
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All uranium mines in Kazakhstan are developing by In-situ leaching method, which allows
obtaining a low production cost of raw materials at high safety levels for the ecology and health
of employees. This method is based on injection of leaching solution to the ore formation and
production of productive solution with certain concentration of uranium [1]. However, because
of the complexity of the chemical processes and the geological structure of the deposit as well
as the low cost of uranium raw materials, geological and technological processes require high
accuracy that can be provided by mathematical modeling using modern computer technologies
[2]. Summarizing the foregoing, can be concluded that modern methods of optimization are
required.

Mathematical modeling of technological processes is based on the equations and laws of
hydrodynamics, the kinetics of chemical reactions in which the input parameters are the �ow
rate or pressure at the wells, concentration of the injected leaching agent and initial concentration
of uranium in the formation. Hydrodynamic modeling based on the mass conservation law
and Darcy's equation makes it possible to determine stagnant, spreading and dilution zones.
Concluding, In-situ leaching process can be described by system of partial di�erential equations.

The author consider the problem of optimal planning and designing. The optimal planning
problem is determined on selecting of debits in the injection wells. The optimal designing includes
the selection of the optimal well pattern with the highest amount of produced uranium. At
present, linear and hexagonal (cellular) well patterns are widely used. Therefore, the management
of production is carried out on the basis of the regulation of debits at the technological assembly
nodes and the optimal drilling of wells according to the location of the ore body. Limitations were
placed on the volume of injected �uid during the entire production period; the number of wells
is limited by the outline of the ore-bearing formation. Main object is to �nd optimal number
of wells in the limited area with a limited amount of injecting leaching solution (in producing
period) to take maximal amount of produced uranium.
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In this work we consider the mathematical problem of the economy, connecting such parameters
as GDP, labor, labor productivity, capital, technology and capital adequacy. The inverse problem
of determining the correlation functions between considered parameters of the mathematical
model is solved based on the analysis of USA data for 40 years.

The work was supported by Russian Foundation for Basic Research (projects NNo. 17-51-
540004, 16-29-15120 and 16-01-00755).



International Conference 36

OPTIMIZATION METHODS FOR INCORRECT PROBLEMS WITH

CONDITIONS ON THE BOUNDARY PARTS IN THE SIMPLE 2D CASE

Sigalovsky M.A.
Al-Farabi Kazakh National University, Almaty

mark.sgl15@yandex.ru

1. Problem actuality. The inverse problems of exploratory mathematical geophysics are well-
spread in world. These problems are connected to necessity of search and workout of new
geological �elds, and also for estimation of remaining sources. Also these problems are interesting,
being an incorrect problems of mathematical physics [1]. Such problems include the simpli�ed
case of the inverse gravimetric problem considered here. 2. Description of the mathematical
model. 2.1. The straight problem includes: 1) Poisson's equation ∆η = −4πGψ with respect to
the di�erence functions of gravitational potential η and solid density ψ, where ∆η = ∆(ϕ−ϕ0),
ψ = ρ − ρ0, and values ϕ0, ρ0 are considered as �normal values�; 2) boundary conditions on
the potential di�erence function; 3) size of the target area Ω. It is required to �nd the state
function η = η (x, y). 2.2. The inverse problem to this straight problem is as follows: Find the
pair of numbers (a; b) so that the solution of problem (2.1) satis�es the boundary condition on
the gradient of the gravitational potential along the upper boundary of the region. This follows
to that gravimetric measurements are ful�lled along the Earth's surface. 3. Simpli�cations and
assumptions of the problem: 1) the two-dimensional case (as a section of a certain spatial domain)
is considered; 2) the normal values of the rock solid density and the gravitational potential in the
search areaW with an expandable boundary are known; 3) all areas are considered rectangular; 4)
the dimensions of the target rectangle Ω are known; 5) the coordinates of any point of the target
rectangle Ω are unknown. Thus, the problem is to restore its coordinates (one point is enough).
4. Functional derivative properties. The problem (2.2) reduces to the problem of minimizing
the integral functional of the coordinates J (a; b), in which the function η is the solution of the
direct problem (2.1). Construction of the Gateaux derivative by varying the functional J with
respect to the two coordinates a and b made clear the non-linearity of absolute value type by the
direction h in obtained expression, and thus, there is non-di�erentiability by Gateaux of initial
functional. This means that the standard approach which includes �nding Gateaux derivative of
functional, and then starting gradient method, wouldn't be applicable here. 5. It is planned in
further to try here the subgradient method and genetic algorithms, to analyze the convergence
of algorithms and compare them. Numerically, the problem is planned to solve in Python using
cluster calculations.
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The problem of convergence of the solution of a two-parameter family of a three-layer di�erence
scheme to an exact solution of an abstract ill-posed Cauchy problem is considered. The proof
of convergence is based on the concepts of stability of a di�erence scheme on functions with a
�nite support [1] and is based on obtaining a priori weight estimates of the Carleman type in
the di�erence variant.

Let v be the solution of the following abstract ill-posed Cauchy problem

d2v

dt2
= Av +Kv, v (0) = v0, vt (0) = 0. (1)

Here A = A1 + A2, A1 > 0, A2 6 0− linear, unbounded, independent of t operators with
domain of de�nition D (A) ⊆ H, H− Hilbert space; the operator K (perturbation operator)
acts from the space L2 ([0, T ] ; H) to L2 ([0, T ] ; H) ; function v : [0, T ] → H is four times
continuously di�erentiable in the strong sense, i.e. v ∈ C4 ([0, T ] ; H), and besides v (t) ∈ D (A)
for all t ∈ [0, T ].

We assign to problem (1) a two-parameter family of di�erence schemes with two weights σ, q:

utt̄ −A1h

(
σ
∧
u+ (1− 2σ)u+ σ

∨
u
)
−A2h

(
q
∧
u+ (1− 2q)u+ q

∨
u
)
− K̃ ∨u = 0, (2)

u (0) = g, u1 = u0. (3)

It is assumed that A1h, A2h ∈ L (Hh) , K̃ ∈ L (l2 (0, N ; Hh)) , A1h = A∗1h > 0, A2h = A∗
2h

6 0,

the operators A1h, A2h commute and A1h, A2h, K̃ approximate the operators A1, A2, K. In
turn, the Hilbert space Hh, depending on the parameter h > 0, approximates the space H.

In this paper, we prove a theorem on the convergence of the solution of the di�erence scheme
(2)-(3) to the solution of the ill-posed Cauchy problem (1), which is based on the stability theorem
of the di�erence scheme [2].

This work was supported by the Ministry of Education and Science of the Republic of
Kazakhstan (project N 3630 / GF4).
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The work is considered numerical method of solving inverse problems for two dimensional
coe�cient hyperbolic equations. The coe�cient inverse problem solved using the method of the
two dimensional Gelfand-Levitan integral equation [1]. To numerically solve the two dimensional
Gelfand-Levitan integral equation, which is the Fredholm integral equation of �rst kind, we use
e�ective parallel algorithms [2-3].
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The most seismically dangerous territory in Kazakhstan is the Northern Tien Shan, which
is located near to Almaty and cover it. The probability of appearing powerful earthquakes in
Almaty region is high, because in the course of the seismic process there is a periodicity of
alternating stages of activation and calm [1].

Catastrophic earthquakes cause irreversible changes in the geological environment and have
pernicious consequences for industrial and civil objects. In this regard, seismic risk estimation
is necessary, i.e. to develop a problem related to the seismic estimation of impacts on industrial
and civil structures, economic and social damage due to earthquakes, as well as ensuring the city
life. Seismic risk is probability of social and economic damage associated with earthquakes in the
considerable territory for the certain period of time. With regard to the Republic of Kazakhstan,
the question for any of the settlements, including Almaty, has not yet been fully considered.

At the moment, with full con�dence we can say that in the case of a strong earthquake in
Almaty may experience some uncontrollable emergency situation, as the administrative authorities
and the control bodies cannot fully predict the course of events. This is due to the fact that the
city authorities do not have objective data on the seismic risk of such a large metropolis as
Almaty.

Geo-information system named ITRIS allows to perform predictions of earthquake consequences
within the territory exposed to seismic action, and with its help it is possible to carry out
simulation and calculate the damage [2]. To determine the accuracy of possible consequences
calculations of earthquakes using ITRIS GIS, the �rst stage catastrophic earthquakes of seismic
activity simulations was carried out, as a result almost matched the actual data with outcomes
[3].
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Mathematical models of immunological diseases are described by systems of nonlinear ordinary
di�erential equations and characterized by a set of parameters. These parameters describe individual
features of immunity and diseases of the patient. It is necessary to �nd the set of parameters for
constructing an individual treatment plan.

In this paper, the inverse problem [1] of determining the HIV-infection parameters and the
immune response using additional measurements at �xed times for the mathematical model
of HIV dynamics [2] has been investigated numerically. The stability of the inverse problem
solution is analyzed using the singular value decomposition for linearized matrix of the inverse
problem. The state variable observations are di�erent from each other by orders of magnitude,
intuitively, it is critical that the estimation scheme take this into account. One way to do this is
by appropriately weighting the states in a least squares cost criterion. A genetic algorithm [3] for
solving a least squares minimization problem on iteration of least squares method is investigated.
To determine the level of error in the solution of the inverse problem, the con�dence intervals of
all parameters are obtained and analyzed.

After determining the model parameters of the, the problem of choosing the optimal treatment
for a particular patient is investigated. The problem of optimal treatment control is reduced to the
problem of minimizing mis�t function that characterizes combination of viral load and treatment
costs. To �nd the continuous optimal treatment control, the Pontryagin's Maximum Principle is
used.

The work has been supported by the grant no. 1746/GF4 of the Ministry of Education and
Science of Republic of Kazakhstan, Ministry of Education and Science of Russian Federation and
by the Scholarship of the President of RF no. MK-1214.2017.1.
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The results obtained in[1] allowed to construct an e�cient numerical method to investigate
mathematical models with perturbed discrete lower semibounded operators.

Consider the problem of reconstructing the distribution plots of water in the deep ocean by
the phase characteristic of the internal waves at the free surface. The boundary value problem

W ′′(z)− µ(z)

g
W ′(z) +

µ(z)− ω2

ω2 − f2
k2W (z) = 0, 1) −H < z < 0,

W (−H) = 0, W ′(0)− gk2

ω2 − f2
W (0) = 0,

µ(z) = − g

ρ0
ρ′0(z)

(1)

describes the free vibrations of a strati�ed ocean in the Boussinesq approximation and "solid" cap
for the amplitude of the vertical oscillations of liquid particles. Reduce (1) to inverse spectral
problem (2)

ω2 − f2

µ(z)− ω2
W ′′(ξ) = βW (ξ), 0 < ξ < 1,

W (0) = W (1) = 0,
(2)

In (1) and (2) W (z) is the function of the amplitude of oscillations of �uid particles in the
direction of the axis Oz; µ(z) � the square of the buoyancy frequency; ρ0(z) � the density of
the �uid in the equilibrium state; g � gravitational acceleration; ω � circular frequency of free
oscillations of a heterogeneous liquid; k � the wave number of vertical particle oscillations of
inhomogeneous liquid, corresponding to given frequency; f = 2Ω sinϕ � Coriolis parameter; ϕ �
latitude of location; H = const � water depth, β = −H2k2.

To solve the problem (2) the algorithm for numerical solution of inverse spectral problems
for perturbed semibounded discrete operator is proposed. This algorithm allows to restore the
function µ(z) in the nodes of the discretization and to determine the required density of water
ρ0.

The work has been supported by Act 211 Government of the Russian Federation, contract
No 02.A03.21.0011
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Abstract

Cryptocurrencies such as bitcoin may have captured the publicÕs fancy and also a healthy
dose of skepticism, but their underlying blockchain technology is proving to be of practical bene�t
to organizations. The reason for the interest in Blockchain is its central attributes that provide
security, anonymity and data integrity without any third party organization in control of the
transactions, and therefore it creates interesting research areas, especially from the perspective
of technical challenges and limitations. Many industries are exploring its bene�ts and testing
its limitations, they believe in the ability of blockchain technology to improve e�ciency in such
things as the trading and settlement of securities. This article tackles a comprehensive overview
of the last update in this �eld and brie�y investigates recently proposed decentralized systems
with their solutions based on blockchain technology. The methodology is a mapping study that
provides an overview of blockchain based technology research area. The objective is to understand
the current research topics, challenges and future directions regarding Blockchain technology from
the technical perspective.The conclusion that has been drawn represents a statistical data on the
expansion and application trends in the blockchain technology. The main target of this article
is to give nearly full image of todayÕs blockchain technology and the related �elds with brief
details.

Keywords: blockchain, decentralized system, current state, applications
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One of the requirements for higher education is the fundamental training of students. The
realization of this requirement can be the design of such content of training that corresponds to
the modern achievements of world science, has didactic and methodological signi�cance, the logic
of the presentation of the educational material, the unity of the teaching material, generality,
completeness, optimality and other criteria. Obviously, the content of teaching students inverse
and ill-posed problems (IIP) should meet the criteria listed above, contain not only theoretical
material, but also a system of teaching tasks and examples, and also the principles of teaching
IIP. When developing apropriate criteria for the selecting content of teaching IIP the research
of A.E. Abylkasymova, S.I. Arkhangelsky, R.M. Aslanov, M.A. Bektemesov, O.A. Belyak, E.Y.
Bidaybekov, G.D. Bukharov, A.O. Vatulian, A.M. Denisov, V.I. Zagvyazinsky, S.I. Kabanykhin,
V.S. Kornilov, V.S. Lednev, E.U. Medeuov, A.G. Mordkovich, E.I. Smirnov, Zh. Suleimenov, S.E.
Temirbolat, G.G. Khamov, and others were used. The following criteria are singled out in the
mentioned studies: the unity of the educational material and the content lines; basic knowledge,
skills, skills and methods; logical spiral; generality; completeness; optimality and a number of
others[1].

One of the sections of the content of teaching IIP is the section of ill-posed problems of linear
algebra. In this section, much attention is paid to solving systems of linear algebraic equations
(SLAE). This is dictated by the fact that in the process of constructing computational algorithms
for solving a wide class of applied problems one has to deal with the search for solutions of
SLAE. Finding solutions to SLAE is often an ill-posed problem, for example, when its matrix is
ill-conditioned. This requires the choice of an e�ective method for solving SLAE. The presence
of such problem situations requires the choice of an e�ective method for solving SLAE [2].

When teaching incorrect SLAE, it is advisable to use the digital educational resource (RED)
"Systems of linear algebraic equations" , which encompasses a lecture, seminar lesson and
independent work of students. And the existing glossary and additional material allows studying
this material more deeply.
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