INTERNATIONAL CONFERENCE OF YOUNG MATHEMATICIANS
THE INSTITUTE OF MATHEMATICS OF THE NATIONAL ACADEMY OF SCIENCES OF UKRAINE
JUuNE 1-3, 2023, Ky1v, UKRAINE

TURING’S INSTABILITY IN THE GENERALIZED
DEGN-HARRISON SYSTEM WITH SUPERDIFFUSION
S. Zidi', S. Abdelmalek?, S. Bendoukha?
Laboratory of mathematics, informatics and systems (LAMIS), Echahid Cheikh Larbi
Tebessi University, Tebessa, 12002, Algeria
2Department of mathematics and Computer Science, Echahid Cheikh Larbi Tebessi
University - Tebessa, Algeria

3Department of Electrical Engineering, College of Engineering, Yanbu, Taibah University,
Saudi Arabia

salim. zidi@Quniv-tebessa.dz, salem.abdelmalek@univ-tebessa.dz, sbendoukha@taibahu.edu.sa

This paper examines the turing instability in a general reaction-diffusion system using the
Degn-Harrison model with superdiffusion. A condition of homogeneous stability becomes un-
stable in the presence of superdiffusion. By analyzing the system’s equilibrium point stability,
sufficient conditions are established for the existence of Turing instability and Hopf bifurcation.

This article is concerned with a D-H model with a fractional Laplacian. Let’s begin by
defining the anomalously diffusive operator (—A)z, which, according to Samko1993 [1],Goren-
101998 [2], is defined by the Fourier transform as

F(=(=8)%) () = ~|'Fule),  €€Ry>0.

Note that 0 < v < 1 is frequently referred to as subdiffusion, whereas 1 < v < 2 is referred
to as superdiffusion. The operator (—A)% becomes the standard diffusion operator (Laplacian
operator) when v = 2. The aberrant diffusion operator—(—A)% is typically denoted by V7.
Accordingly, we may write

F(Vu) (§) = —[§"Fu(§),  {eR",7>0.
The generalized Degn-Harrison reaction—diffusion system proposed in 3|

u=dVu+a—pu—Ap(u)v=f (u,v) (1)

vy = da Vv +ob(u— ¢ (u)v) = g (u,v)

It is supposed that the constants dy, ds, a, A, , and o are positive. It is supposed that the
function ¢ is nonnegative and continuously differentiable on R* such that

¢ (0) =0,
and for u € ]9, a
@ (u)>0
and
¢ (u) >0
with
0<d<a-—>

where I'(.) represents the function Gamma. For operators of high dimension, the function u
is replaced by u(z1, xg, ..., x,,t) , and the operator V7 is defined by its Fourier transform, || =
VE + & + ...+ &. The system beginning with (z,y) belonging to the domain —7 < z,y <
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in R? is subject to a number of conditions. The system is assumed to have initial conditions
u(z,y,0) =uo(x,y),v(x,y,0) = vo(z,y) and Neumann boundary conditions of type

Uy y(Em, 1) =0,
{ Vg (£, 1) = 0. (2)
Additionally, we allow
u(x + 27,y 4+ 2mm, t) = u(z,y,t), (3)
v(x 4 2T,y + 2mm,t) = v(z,y,t),

and suppose

h =\/h3+ h3, (4)

where (hy, hy) € R? exists. Periodic replication is used to define the function u,v on R

Theorem 1. (i) The system (2) undergoes Hopf bifurcation at k = ky in the absence of
superdiffusion. If k < ky is , then the point (ug,vo) is unstable; if k > kg, then the point is
asymptotically stable.

(ii) If conditions k. < k < k, or by < k < k. or [(x+)% — (x,)%] < 1 are satisfied under
conditions dy > dy and (Hy), then no Turing instability could occur in the system (2);

(iii) Under dy > dy and (Hy) ,if kg < k < k. and [(a:+)% — (as_)%] > 1 hold, the system
will experience Turing instability. (2).The minimal value of Dy, in relation to |h|" at (he, k) is
negative.

1. Samkon S. G., Kilbas A. A., Marichev O. I. Fractional integrals and derivatives theory and
applications. Gordon and Breach, Amsterdam, 1993, 1-1976.

2. Gorenflo R., Mainardi F. Random walk models for spacefractional diffusion processes, Bull.
Fract.Calc. Appl. Anal., 1, 1998, 167-191.

3. Zhou J. Pattern formation in a general Degn-Harrison reaction model, Bull. Korean Math. Soc.
54,2017, 655-666.

http://www.imath.kiev.ua/~young/youngconf2023



