National Academy of Sciences of Ukraine
Institute of Mathematics

CERTIFICATE

of participant of International Conference
of Young Mathematicians

June 1-3, 2023

IS given to
Bilal Basti

Talk: Thermodynamical Problem of

High-Frequency Ultra Sound Waves Equation
with Fractional Operators

Director of the Institute of Mathematics
- cademy

- Alexander Timokha

Chairman of thé .
Organizing Comraitte Andriiana Plakosh

https://www.imath.kiev.ua/~young/youngconf2023
imath.young@gmail.com




INTERNATIONAL CONFERENCE OF YOUNG MATHEMATICIANS
THE INSTITUTE OF MATHEMATICS OF THE NATIONAL ACADEMY OF SCIENCES OF UKRAINE
JunE 1-3, 2023, Kv1v, UKRAINE

THERMODYNAMICAL PROBLEM OF HIGH-FREQUENCY ULTRA
SOUND WAVES EQUATION WITH FRACTIONAL OPERATORS
B. Basti!, R. Djemiat?
1Ziane Achour University of Djelfa, Djelfa, Algeria
Mohamed Boudiaf University of M’sila, M’sila, Algeria

bilalbasti@gmail. com, rabahdjemiatl 9@gmail.com

Nonlinear fractional partial differential equations (PDEs) have been used to model many
phenomena in various fields such as mathematics, physics, and the evolution phenomena in
different scientific areas. The property of the fractional derivative operators plays an especially
crucial role in applied mathematics and physics, (Kilbas et al. 2006 [8], Diethelm 2010 [6]).

Exact solutions of fractional equations are used to mathematically formulate and, thus, aid
in defining the solution of physical and other problems, including functions of several variables
such as the propagation of heat or sound, etc. (see [1-5]).

Several mathematical models are used to describe nonlinear acoustics phenomena [7]. For
example, In this work, we shall give a fractional model of nonlinear acoustics that is named
the space-fractional Jordan-Moore-Gibson-Thompson (JMGT) equation. This equation results
from modeling high-frequency ultra sound waves, and is written for 1 < o < 2 as follows

{ Tue + by — K202 — 602y = F (2, 6,9, g, Yr, Yuw, (V1) 1) s

b (st 1) = wgexp (—524) , 4 (st 1) = (W), (st 1) =0, (1)

with
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VS T = s [ (=) e (r ) dr, 1<a <2,

where the unknown scalar function ¢ = ¢(x,t) of a space and time variables (z,t) € Q with
Q={(z,t) e Rx[0,T]; wt <x <}, for T >0and ¢ > kT,

denotes an acoustic velocity, where 7, u, k,0 € R, ug € C,also F: @ xCxCxCxCxC —C
is a nonlinear function.

The major goal of this work is to determine the existence and uniqueness for the fractional-
order’s problem of partial differential equation (1), under the traveling wave form

2
Y (z,t) = exp (—%t) u(z — kt), with k,6 € RY. (2)

The basic profile u is not known in advance and is to be identified.
For the forthcoming analysis, we impose the following assumptions
(A1) F is a continuous function that is invariant by the change of scale (2). It gives us

F (l’, ta ¢7 %7 ¢tt> ¢xzv (¢t):m:) = eXp (_%Zt> X (3)

Ok f (n,u,u',u") — K37U"),

where n = x — kt and f : [0,/] x C x C x C — C is a continuous function.
(A2) There exist three positive constants 5,7, A > 0 so that the function f given by (3)
satisfies
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for each n € [0,4], and any w, v, w,u,v,w € C.
(A3) There exist four nonnegative functions a, b, c,d € C ([0,¢] ,R, ), such that
|f (0w, 0,w)] < a(n) +b(n) ful +c() o] +d(n) lw], Vnel0,4],

for any u,v,w € C and n € [0,/].
We denote by w the positive constant defined by

w:max{€<|Q|+7)+Oé(|9|+/\) £(|Q|+C*)+a(|0|+d*)}
=T (a +1) ’ =T (a + 1) )

Where ¢ = ’g—; (% — 2,u>, 0=5 (376“2 — /L) , and

a* = sup a(n), b* = sup b(n), ¢ = sup ¢(n), and d* = sup d(n).
n€[0,4] n€[0,4] n€[0,4] n€[0,4]

Throughout the rest of this paper, we put p = 'g—; (% — u) .
Now, we give the principal theorems of this work.

Theorem 1. Assume that the assumptions (Al) — (A3) hold. If we put w € (0,1) and
—_ = ‘+b*)<f‘(a+2)(1—w), (4)

3
goa-&-l i
(53 )
then, there is at least one solution of the Cauchy problem (1) on ) in the traveling wave form
(2).

Theorem 2. Assume that the assumptions (A1), (A2) hold. If we put w € (0,1) and

T(a+2)(1— o)

THQ

<1, (5)
then the Cauchy problem (1) admits a unique solution in the traveling wave form (2) on Q.
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Hilbert space
15:40 - Meryem Belattar
15:55 Limit cycles of an integrable class of quintic
differential systems with a degenerate singular point
16:00 - Souheyla Zelmat
16:15 Investigation of Commutative Properties of
Discontinuous Galerkin and backward Euler Methods
in PDE Constrained Optimal Control Problems
16:20 - Siham Boukarabila
16:35 Elliptic Problem With Nonlinear Singularity

16:40

Closing Ceremony

Meeting ID: 859 2566 6183

Access code: 883621
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