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On the solvability of a nonlocal boundary value problem for
the Laplace operator with opposite flows at the part of the
boundary

Gulnar DILDABEK !, Isabek ORAZOV 2

L2 Institute of Mathematics and Mathematical M odeling, Kazakhstan
E-mail: 1dildabek.g@gmail. com, 2aijan0978@mail.ru

Abstract: In the present paper we investigate a nonlocal boundary problem
for the Laplace equation in a half-disk, with opposite flows at the part of the
boundary. Our goal is to find a function u(r, ) € C%(D) N C2(D) satisfying in
D the equation

Au =0
with the boundary conditions
u(1,0) = f(6), 0< 6 <m,
u(r,0) = 0,7 € [0,1],

%(T,O) = —Z—Z(r, m) +oulr,7), re (0,1)

where D= {(r,f): 0<r<10<é@< T} a < 0; f(6) € C2[0, 7], Ffoy=ao,
F1(0) = —f'(m) + af(x).

The difference of this problem is the impossibility of direct applying of the
Fourier method (separation of variables). Because the corresponding spectral
problem for the ordinary differential equation has the system of eigenfunctions
not forming a basis. Throughout this note we mainly use techniques from our
work [1]. A special system of functions based on these eigenfunctions is con-
structed. This system has already formed the basis. This new basis is used for
solving of the nonlocal boundary value problem. The existence and the unique-
ness of the classical solution of the problem are proved.

Keywords: Laplace equation, basis, eigenfunctions, nonlocal boundary value
problem
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About the correctness to some nonlocal boundary value
problem for the equation of the mixed type of the first kind
and the second order in space

Sirojiddin DJAMALOV 1!

Y Institute of Mathematics, National University of Uzbekistan, Uzbekistan
E-mail: siroj63@mail.ru

Abstract: As it is known the Dirichlet problem for the equation of the mixed
type of the first sort is incorrect. Naturally there is a problem: whether it is
impossible to substitute statements of the problem of Dirichlet other conditions
enveloping all boundary which ensure a problem correctness? For thé first time,
such problems have been offered and studied in the works T.S.Kalmenov’s. In the
present work for the equation of the mixed type of the first kind, the second order
in space unambiguously solvability and smoothness of the generalized solution, of
some nonlocal boundary value problem with constant coefficients from Sobolev
spaces is studied.

n
Let Q = [T (i, B:i) € R™. n— a measured parallelepiped.
i=1

In the area Q = Q x (0,T) we consider a differential equation of the second

order
n

1)
(1) Lu=K(z)uy — g_;,l e (0ij(z)ua;) + & (@, t) ur + c(z, t)u = f(z,1),
where, 1K (z) > 0 at 21 # 0 and thus z; € (o1,B1), 01 <0 < By.

We assume, that coefficients of equation (1) -are smooth enough functions
and let the condition following is satisfied: ai, €& > a0]£[2, where,

n
a;,j(z) = a;,i(z); ao — const > 0, £ € RY, |€Q2 = 21 {?.
i=

Problem. To find a generalized solution of equation (1) from the Sobolev
space W ’2(Q), (2 < I- is integer), satisfying to nonlocal boundary conditions

(2) 'YDfult:o = Df“lt:T

®) MDE, uly,_y, = DB, ul,,_p.,
at p=0,1; here v and 7 — const # 0, where Dfu = ‘3:;‘ D%u=u.

Keywords: second order mixed type equation of the first kind,nonlocal bound-
ary value problem with constant coefficients, Sobolev spaces,unique solvabil-
ity.existence of solution, smoothness of the generalized solution.
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Mathematical modeling of non-equilibrium sorption

1
|
‘;‘ E-mail: kalievia@mail.ru

2 Sterlitamak Branch of Bashkir State University, Russia

E-mail: sabitovags@mail.ru

‘

Abstract: We consider the system of equations modeling the process of

non-equilibrium sorption. Difference approximation of differential problem by
the implicit scheme is formulated. The solution of the difference problem is

constructed using the sweep method. Based on the numerical results we can

|
” conclude the following: when the relaxation time decreases to 0, then the so-
lution of non-equilibrium problem tends with increasing time to solution of the

equilibrium problem.

Keywords: The system of equations of non-equilibrium sorption, difference
| approximation, the implicit scheme, sweep method, numerical experiments.
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Exact solution of two phase spherical Stefan problem with two
free boundaries

Alex KAVOKIN 1.2, Targyn NAURYZ 3, Nazerke BIZHIGITOVA 3

1 Institute of Mathematics and Mathematical Modelling, Almaty, Kazakhstan
E-mail: kavokin_alex@yahoo.com
2 Al-Farabi Kazakh National University, Kazakhstan
3 Department of Mathematics and Natural Science, Suleyman Demirel
University, Almaty, Kazakhstan
Abstract: Solution of the heat equation in a spherical domain with two free
boundaries {two-phase Stefan problem) when one of the subdomains degener-
ates at the initial time is considered. The use of conventional finite-difference
methods in these cases is not expedient because of the degenerate domain. The
solution is found in the form of combination of Integral Error functions series, [1]
and then recurrent solvability of nonlinear algebraic equations for determining
the coefficients of the series is proved.

The mathematical model includes the spherical heat distribution with constant
coefficients for each of the phases

=} (57 aﬂ +23), alt) <7 < A(t), m
%i B(5E + 150 B <r < oo, @)
with initial condition
61(r,0) =0, 3)
02(r,0) = f(r), 4)
subjected to free boundary conditions
01((t),t) = Om, (5)
208 _ o ®)
where Q = -%F;(—Qtzt)
01(B(t), t) = 02(B(t), t) = Om, (7)
the Stefan’s condition
3 2B _ 3, 2602(6@) | pydB (8)

as well as the condition at infinity
D) (0010) =0. (9)

To solve this problem we firstly reduce it to the linear problem. Then suggest
exact solution in the form of Heat polynomials and series combination of integral
error functions whose coefficients have to be determined.

Keywords: Stefan problem, degenerate domain, Integral Error functions.
Mathematics subject classification: 80A22
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Solvability of a stationary problem of magnetohydrodynamics
Khonatbek KHOMPYSH !, Sharypkhan SAKHAEV !

1 Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: konat-k@mail.Tu, sakhaev_sh@mail.Tu

Abstract: This work is devoted to study the following stationary problem
of magnetohydrodynamics consisting in finding the functions d(z), p(z), H(z)
and E(z) in @ C R%:

(1) —vAT+@ V) - %(ﬁ Wi + —;—V(p(:n) + L1P) = fla), wen.
(2) divi(z) =0, z€Q,

(3) rotB(z) — o(E(z) + pld x H)) =j(), =€,

(4) divpH(z) =0, =€,

(5) rotE(z) =0, z €%,

®) #(x)ls = 0, Br(z)ls = 0. H - iils = 0.

Here # is the unit outward normal to S, and B, =E-7@ (ﬁ' : E) Q C R3is
the bounded domain with smooth boundary S.

Using the results in [1]- [3], we prove unique solvability of (1)-(6) in Sobolev
and Holder spaces.

Keywords: magnetohydrodynamics, generalized solution, stationary problem
2010 Mathematics Subject Classification: 76W99, 35D30, 60G10
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Mathematical modelling and control theory analysis of
artificial satellite

Sonu LAMBDA
1 National Institute of Technology Jamshedpur, India
E-mail: lambasonul996@gmail.com

Abstract: In this paper, an analysis of Mathematical Control Theory is car-
ried out which concludes controllability of artificial satellites. Control Theory is
applicationﬁoriented mathematics that deals with the basic principles underly-
ing the analysis and design (control) systems. To control means that one has to
influence the behaviour of the system in a desirable way. A preliminary discus-
sion is provided which acts as stairs for reaching final conclusions afd includes
an analytical approach to model the physical system into dynamical equations
of motions which is termed as Mathematical Modelling. Since most of the real
life systems are nonlinear in nature therefore an approach for linearization is
described. By doing so, we will able to apply numerous linear analysis meth-
ods to study further behaviour of the system. Then a mathematical approach
used to compute Transition Matrix for getting solution of linear system by us-
ing variation of parameter method. Throughout the analysis we are looking for
minimum norm (optimal) steering controls,we will also introduce linear oprator
technique for calculating the steering controls of the system, after then we made
some interesting conclusions by using Kalman’s Controllability test. Finally, a
graphical simulation is provided using MATLAB which includes computations
of controllability Grammian and controller with related MATLAB codes.

Keywords: Control Theory, Transition Matrix, Optimal Control, Kalman’s
Controllability test.
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Differential operators with singular coefficients
Andrei SHKALIKOV

Lomonosov Moscow State University, Russia
E-mail: shkalikov@mi.ras.Tu; ashkaliko@yandez.Tu

i i i al-
Abstract: Classical theory of symmetric ordinary differential operators
stract:

lows to work with differential expressions of the form

n

(4) lzn[y] = Z(__l)n-k(pk y(n*k))(n-k)_‘p
k=0

3 = —k-1
£i 3 PR (g g™ 4 @y,
1 22

k=0
P 5 )4 g e functions.
I)I()Vlded that the coeﬂiments ky 9k and (po) are 1()(}3“ inte; a,hlv Cl .

This theory was developed in the works of D. Shi
N. Everitt et al. .
O 1is to extend the frames of the classical theory and to define operato
oal is t : :

assoc‘il:tged with non-symmetric differential expressions

= (n=3)

—k)
: LA o it

( ) k,s=0

3 - . . 5

the indices k, s). : o ot
1l discuss several approaches to this problem. .The mos p ol
S zation procedure. This procedure prov

i d on the so-called regulari r i
e Iba:liantages In particular, one can write out useful asymptoti
several a i

for the solutions of the equation
Lonly] — Ay =0.

i i i tors.
We shall also discuss similar problems for partial differential operato

i i M. Savchuk.
The talk is based on the joint papers with prof. K.A. Mirzoev and A

istributi i i tial op-
K ds: differential operators with distribution coefficients, differen
eywords:

erators with singular coefficients, regularization method

2010 Mathematics Subject Classification: 34E15
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Existence of eigenvalues of problem with shift for an equation
of parabolic-hyperbolic type

Aizhan TENGAYEVA !, Gulnar DILDABEK 2

L Institute of Mathematics and Mathematical Modeling, Kazakhstan
E-mail: aijon0973@mail.ru
2 Institute of Mathematics and Mathematical Modeling, Kazakhstan
E-mail: dildabek.g@gmasil.com

Abstract: In the paper a spectral problem for an operator of parabolic-
hyperbolic type of I kind with non-classical boundary conditions is considered.
The problem is considered in a standard domain. The parabolic part of the
space is a rectangle. And the hyperbolic part of the space coincides with a
characteristic triangle. We consider a problem with the local boundary condition

in the domain of parabolicity and with the boundary condition with displacement
in the domain of hyperbolicity.

Let @ € R? be a finite domain bounded for y > 0 by the segments AAg,
ApBg, BoB, A = (0,0), Ay = (0,1), Bg = (1,1), B = (1,0), and for y < 0 by
the characteristics AC' : @ +y = 0 and BC :
mixed parabolic-hyperbolic type

. 0
1 Ly = Uz — Uyy, Y > e '
i " { Ugy — Uyy, Y <0 f(:c,y)

PROBLEM S. Find a solution to Eq. (1) satisfying boundary conditions

x —y = 1 of an equation of the

2) Ul gagua0By = O
(3) au(fo(t)) = Bu (1 (2)), 0<t <1,
where g (t) = (% —%), 01 (t) = (—t%l, %l)

We prove the strong solvability of the considered problem. The main aim of

the paper is the research of spectral properties of the problem. The existence of
eigenvalues of the problem is proved.

Keywords: spectral problem, equation of parabolic-h

yperbolic type, boundary
condition with shift
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The method
C(())fl sf:;elerated convergence for co i
itlonal-periodical solutions i T

Zhussip SULEIMENQV 1

1
Al-F ; ;
amb; K@zgkh National University, Kazakh,
~-mail: zh_suleimenov@mailv)'u i

| prese paper w (2 5 1%
o he sent tak e te f erenti
€
Abstr act nt resen aper © tal quasr- lin ar system of diffc al

(1) 7
5= A el

where z = colon(
T1:%2), A = (aj),5
. w > Gk )3 =k =
[2) = clon( st 21,52), 7 i
: -periodic by ¢ wi
?)nd x{m ol s Y ¢ with frequency basis W1,W2,...,wn; analytical
=tz) C OB 2| < i
. . i x
s wl] iL} < h, |1 wt]] < g} function, det|A — \E
Wi, w2, ..., w, . 1202, and rational numbers B e
e e 91,02 non-co-measurable with

In order to f
nd a conditi :
celerated conver, lonally-periodic soluti
en G ? ions of
periodic Solutioni Ofceth[lJ 1s applied. As an initial appr, (1) the method of ac-
residual denoted b (If system (1) z(9) ey = SO;leate conditionally-
the original COnditiyO:allb’(te E)_agd take this function as a 511(1;0,0) is chosen. Its
-periodic solutions of th approximation to
€ system ( 1).

Keywords A
: quasi-linear syst, 5
solution, small ystem of differential i
: parameter equations, conditionall ;s
y-periodic
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s modulus for one Quadratic System
Mikhail M. TUROV?
ematical, Chelyabinsk State University, Chelyabinsk,

Russia
E-mail: turov_m_m@mail.Tu

Martinet-Rami

L Department of Math

Abstract: There are considered a quadratic system

p=p(1-"v)
3 { o =v(p—v)
limit system for well known Jouanolou system [1].
work we

Chis system is in some sense,
The system (1) has a saddleno
calculate first coefficients of Martin

de singularity at the origin. In this
et-Ramis’ modulus [2].
Martinet-Ramis’ modulus (C; $) (for saddlenode singular point) [2] are con-
structed by transformations reducing initial system to its (orbital) formal normal
form. Solutions of the system (1) with given initial conditions can be found as
a series (with respect to initial condition). Using these solutions it is possible
to find coefficients of the normalizing transformations, and then to determinate

coefficients of modulus.

As a result we get

Let (C,¢) be Martinet-Ramis modulus for (1). Then: ¢ =90

Theorem 1.
#(2) = z + 2miz® + (2mi — an2)z3 + ..

Corollary 2. The system (1) is not analytically orbital equivalent to its formal

normal form.
Keywords: Martinet-Ramis modulus, saddlenode, central manifold
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