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In this paper, we would consider the dynamical behaviors of the chemical model represented by Satnoianu et al. (2001). Using
the Kuratowski measure of noncompactness method, we prove the existence of global attractor for the weak solution semiflow of
system. Finally, several numerical experiments confirm the theoretical results.

1. Introduction

Satnoianu et al. [1] considered a chemical model which
assumed that a precursor P' is present in excess. They
required further species Q™ to be present in the reactor at
a concentration similar to that of P* though this species
does not take part in the reaction. Assume that P* decays
at a constant rate to form the substrate A" via P —
A", rate = kyp,, where p, is the initial concentration of
the reservoir species P*. The substrate A" and autocatalyst
B" subsequently react by following a linear combination of
quadratic and cubic steps according to the scheme

A" +B" — 2B", rate = kgab,
A" +2B" — 3B, rate = k.ab’, 1
B"+C" — 2B, rate = k;b,

where k,, k., k; are the constants and a, b are the concentra-

tions of A" and B*.
This leads to the dimensionless reactor model

u, = Su,, — Odu, +p— puv—(1-p) w?,
(2)

vt:vxx—</>vx+puv+(1—p)uv2—v,

where u, v, t, x are the dimensionless concentrations and
time and distance along the reactor, respectively. With the
Dirichlet boundary condition

u(t,x)=v({t,x)=0, t=>0, x €0Q (3)
and an initial condition
u (0,x) = ugy (x),
v(0,x) = vy (%), (4)
x € Q),

where Q) is the bounded set [0, 1].

Here, § = D, /Dy is the radio of diffusion coefficients of
substrate A" and autocatalyst B*. ¢ is a parameter denoting
the intensity of the applied electric field. The parameter p €
[0, 1] measures the strength of the quadratic step against the
cubic step. For p = 1, the nonlinearity in the kinetics is purely
quadratic, while for p = 0, it is purely cubic.

Satnoianu et al. discussed that diffusion-distributed
structures (FDS) are predicted in a wider domain and are
more robust than the classical Turing instability patterns.
FDS also represent a natural extension of flow-distributed
oscillations. Nonlinear bifurcation analysis and numerical
simulations in one-dimensional spatial domains show that
FDS have much richer solution behavior than Turing struc-
tures. Tang and Wang [2] showed a rigorous bifurcation
analysis for the model with combination of quadratic and
cubic steps by the parameters p € [0,1] and ¢ = 0.



For the infinite-dimensional dynamical systems about
the chemical model You [3] considered the Brusselator
equations; he explored a decomposition technique to show
the x-contraction of the solution semiflow and proved the
existence of a global attractor for the solution semiflow of
the Brusselator equation and the Hausdorff dimension and
the fractal dimension of the global attractors are finite. You
[4] studied the reversible Selkov equations with Dirichlet
boundary condition on a bounded domain which is a rep-
resentative cubic-autocatalytic reaction-diffusion system. He
obtained the existence of (L%, H') global attractor and the
upper semicontinuity of the global attractors in H' product
space when the reverse reaction rate tends to zero. For more
details about the infinite-dimension dynamics systems about
reaction-diffusion models, we can refer to [5-11].

In this paper we will discuss the long-time behavior of the
solutions to (2)-(4) for ¢ = 0; that is,

u, = Su, +p— puv—(1-p)ur’,

=y +puv+(1- >y,
Ve =V + puv+ (L—-p)uv” —v )

u(t,x)=v(t,x)=0, t>0, x €,

u(0,x) =uy(x), v(0,x)=vy(x), xe€Q.

We prove the existence of the global attractor by Kuratowski
measure. The paper is organized as follows. In Section 2,
we prove the existence the weak solution of the system and
absorbing property. In Section 3, we give asymptotic com-
pactness of the semiflow by Kuratowski measure and prove
the existence of the global attractor. Finally, in Section 4, we

give the simulation of the system.
2. Absorbing Property
Define the product Hilbert spaces as follows:

H=[' @],
E=[H @], 6)
v=[H @nH )]

The norm and inner-product of H or the component space
L*(Q) will be denoted by || - [ and (), respectively. The norm
of LP(Q) will be represented by | - ||, if p # 2.

By the poincaré inequality and the homogenous Dirichlet
boundary condition there is a constant y > 0 such that

VoI = y[¢|>; forpe HL(Q) or . (7)

We will take [|V¢|| to the norm [|¢]|; of the space E.

Using the analytic semigroup generation theorem and
Lumer-Phillips theorem, it is easy to check that the densely
sectorial operator

A= 5A0~DA H 8
—(0 A>. (A) — (8)
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is the generator of an analytic C,-semigroup on the Hilbert
space.

By the fact that Hy(Q) — L%(Q) — L*Q)is a
continuous embedding, we can verify that the nonlinear
mapping

F ) (u—puv—(l—p)uv2

:E— H 9
puv+(1—p)uv2—v> ©)

is well defined on E and the mapping F is locally Lipschitz
continuous. Let g(t) = (1, v), and then the initial-boundary
value problem (5) is formulated into an initial value problem
of the abstract evolutionary equation:

dg
— =Ag+F ,
=49 (9) W)

g(0) = gy = Col (ug, vy) -

A function g(t,x), (t,x) € [0,7] x Q is called a
weak solution to the problem of the parabolic evolutionary
equation (10), if the following two conditions are satisfied:

(1) (d/dt)(g,¢) = (Ag,d) + (F(g), ¢) is satisfied for a.e.
t € [0,7] and for any ¢ € E.

(2) g € L*(0,7;E) n C,([0,7]; H), where C,,([0,7]; H)
denote the space of weakly continuous functions on
[0, 7] valued in H such that g(0) = g,.

By the Galerkin method, analogous to the arguments in
[3, 4], we can show the following conclusion about existence
of solution.

Lemma 1. For any initial g, € H, there exists a unique local

weak solution (u(t),v(t)), t € [0,7] for some T > 0 of the
evolutionary equation (10) such that g satisfies

geC([0,7];H)NC" ((0,7); H)nL*([0,7];E). (1)

In order to prove the existence of global attractor, we will
investigate the absorbing property of the solution semiflow of
problem (5).

Lemma 2. Assume 8y > 2/27, and then, for any initial data
9o € H,, there exists an absorbing set B, € H for the solution
semiflow {S(t)},-, of the Cauchy problem of (5):

By = {g €H: "9“2 < Po} > (12)

where p, is a positive constant independent of initial data.
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Proof. Taking the inner-product of the first equation of (5)
with u(t) over Q, we obtain

1d 2 2
VT llee (DI + 8 IV ()]
:Mjudx—pjuzvdx—(l—p)Juzvzdx

1- 2
+—p( 5 p)u) dx (13)

Let f(p) = p*(1 - p), and since max,. ., f(p) = f(2/3) =
4/27, we have

d 2 2
57 @I+ 8 Vu @)l

2
Wil oy, o 1o
<=2 =421 —
< 35y + 5 ™+ ol (14)
.l
< +—||V ¥ t 5 IIVuII
20y
that is,
d 2 < 2 > #lal
— t 5—— Vu (t . 15
gp @I+ IVu @)]* < oy (15)
Poincdre inequality and Gronwall’s inequality yield
2
Q
(@ <& g+ L g

8y (8y - 2/27)

Letp, = y2|Q|/6y(8y —2/27), and since § > 2/27y, we have

lim sup [|u O < pi- 17)
t— 00
Adding two equations in (5) to get an equation for the sum
z(t) = u(t) + v(t), one has
=2, +O0-Du, +u—z+u. (18)

Taking the inner-product (18) with z(¢) and integrating by
parts, we obtain

1d
—— lzlI” + IVz|” + |z
YT lzl? + IVzl* + 12>

=(0- I)Juxxzdx+ Juzdx+ Jyzdx
(19)

16— 11 2
M [Vul

L9 2
+ =zl + |l
4|| 17+ flell

1
5 lall 4 10).

3
Thanks to (16), we have
d 2 2 2
— +[Vz|” +
o IzI” + V2] + llz|
< (8- D [Vul® + 2 lul’® + 24° 10|
(20)

< (8 - 1) [Vul)® + 2¢O |y |IP

1 2
21y —— )20
" < +5Y(5)’—2/27))M| |

Let Cy(t) = 2”22 |y 12 + 2(1 + 1/8y(8y — 2/27) i1,
and then we have

d
o IzI* + IVzl* + llz1” < (6 - D* [Vul® + Co (1) ;s (21)
that is,

d t 2 2t 2 t

5(e I2I?) < @ - D IVul* + C, (1) €', (22)

integrating (22) from 0 to ¢, and then

t
z|I” < e ||z, - D N\Vul® dr
lel? < ¢ 2o + 6 1>2je‘“‘)uv 12d
0

23)
+C, (1),
where
Cy (1)
e e T
0
2 2
{2+ ———— Qf,
( 5)’(5}’—2/27)>M| |
2t Jte[l—(ﬁy—2/27)]T ”140”2 dr (24)
0
2 ~@y-2/27)t |, |12 1_(5 _l) 0
1-(oy-2/27)° ol £ 227 g
<ol 1= (or- 7)o
e ol (or- )
2 , 1-(8y-=)<o0
[1-(6y-2/27)|° e Yo7

Now we treat the term Iot e | VulPdr in (23); multiplying
(15) by €' and integrating from 0 to t, we get

! T d 2 2 ! T 2
J e — ull” Jdr+ |- — J e |Vul” dr
0 dr 27)/ 0

(25)



and, by (16), we have

<6—L>J " |Vul? dr
27y
2 t
wolQl J <T d 2)
—e - — d
5y e . e o [zl T

1Ql

u N (.
5y ¢ (Il ") + [t ar

#10l o

(26)

+ ol

8
’ 10
J' -@y-2/27)c U dr
&y (8y —2/27)

2 2
polQl 2 uo Q| ¢
<= _ C, (1),
5y e+ ||ul” + 8)}(8)}_2/27)6 +C, (1)
where
Ca) = [ O P e
1 M=@y-2270 ), 12 1 (sy_ 2
1-(8y-2/27)¢ ol 1 (8” 227) >0 (27)
< eluol. - (or-g) =0
- 8y 2/27) 1_(8”_E)<0
Substituting (26) into (23), we obtain
2 2
_ 5-1)71Q]
2t wvl? + u(
§-172 _ 6 -1)7*10]
O o+ —” D
5- 2/27 8 (8y -2/27)
(6-1)" 1)’ ot
5-227y e C(H)+Ci ().

Noticing that e “C,(t) — 0, C,(t) — 0,ast — +oo,
therefore we conclude that

W (S -1)%1Q

26 -1)%Q
lim sup [12]2 < *-¢ = D" 1 .
8 (8y —2/27)

e 8 (8y - 2/27)

(29)

Let p, = 42(8 — 121Q1/8(@y — 2/27) + 16 — 1*|Q/3(8y -
2/27)%, which is independent of any initial data, and then we
get

lim sup [z]* < p,. (30)

t — 400
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Combining (17) and (30), we can deduce that for any initial
data g, = (uy,v,) € H the solution satisfies

lim sup ||g||2 = lim sup (||M||2 + ||V||2)
t— +00 t— +00

= lim sup (||z —ul* + ||”||2)
t— +00 (31)

<limsup (3 ul’® +2|z]*) < 3p, +2p,

t— +00
= Po-

So set By in (12) is the absorbing set for the solution semiflow
to problem (5). Then proof is completed. O

3. The Existence of Global Attractor

In this section we will prove that the solution semiflow
{S(t)};50 of (5) has a global attractor. According the existence
of criterion in [6, 12], we just need to prove that the semiflow
{S(t)};5o is asymptotic compactness. Firstly, the following
proposition is about the uniform Gronwall’s inequality which
is a basic tool in the analysis of asymptotics.

Lemma 3. Let f3, { and h be nonnegative function in
L}, .(0,00,R). Assume that B is absolutely continuous on
[0, +00) and the following differential inequality is satisfied:

B tpen (32)

If there is a finite time t, > 0 and some r > 0, such that

J'Hr ((r)dT < A,
t+r
J B(r)dr < B, (33)

t+r
J h(r)dr <C,
t
for anyt > t,, where A, B, and C are positive constants then

B(b) < (? N c) A, (34)

foranyt >t +r.
Lemma 4. There is a constant M, > 0, such that
t+1 ) )
[ (P vy drsm, 69
t

foranyt > Ty, g, € By, where T, = Ty(B,) is a positive
constant depending only on the absorbing set B,

Proof. From (15) we have

t+1 2
(6-5 )] 1vuRdr < wor+ £ o
27y ) )i oy
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Since the absorbing set B, absorbs itself, there exists T, > 0
such that S(t)B, ¢ B, for any t > T}, so we obtain

t+1 2 Q
j ||VU(T)||2dTS;<Po+” | ')
t 6 —2/27]} 8)/ (37)

=M,.

From (21) and (37), we get

t+1
j V2 @I dr
t

t+1 t+1

<@- 1)2J C, () dr

t

IVu ()| dr + j

t

+lz O (38)

1
_6—12M 21+ —m8M8Mm ZQ
=@M+ < +5Y(5y—2/27))”| |

+ py = M,.

Since v(t) = z(t)—u(t), it follows from (37) and (38); we obtain
foranyt > T,

t+1
L (IVu @I + 19y ()1 ) dr

t+1 39
= L (IVu @I + IV (z (7) - u (@)|*) dr %)
< 3M, +2M, = M,,.
The proof is completed. O

Recall the definition of the Kuratowski measure of non-
compactness for bounded sets in a Banach space X [13, 14]:

K (B) =inf{s:
B has a finite cover by open sets in X of diameters (40)
<&}

A semiflow {S(t)};5, on a complete metric space X is
called x-contracting if, for every bounded subset B in X, one
has

lim K (S(¢) B) = 0. (41)
t—o00
Lemma 5. Let {S(t)},5, be a semiflow on a Banach space X, if
the following conditions are satisfied:
(1) {S(#)}q has a bounded absorbing set in X.
(2) {S(t)} s is k-contracting.

Then {S(t)},so is asymptotically compact and there exists a
global attractor o in X.

Lemma 6 (see [4]). Let{S(t)},s, be a semiflow on H, and there
exists a global attractor & in H for this semiflow, if and only if
the following conditions are satisfied:

(1) There exists a bounded absorbing set B, in H for this
semiflow.

(2) For any € > 0, there are positive constants M = M(e)
and T = T(g) such that

J S (t) g0|2 dx<e Vt=T, g, € By,
Q(|S(t)g0|2M) (42)

K ((S (t) gO)Q(IS(t)golsM)) — 0, ast-— oo,

where (8(t)go)aswgl<mn = {(SE)go)()0n (51, go)s for gy €
By}, and 0,,(+;t, go) is the characteristic function of the subset
QS(®)gol < M).

Lemma 7. For any € > 0, there exist positive constants M;(e)
and T (&), such that the u-component of the solution to problem
(5) satisfies

u®dx<e Vt=T, gy€By  (43)

JQ(Iu(t)IZMs)

Proof. Since B, is a bounded absorbing set, there exist
Ty(By) > 0and K > 0 such that
lu @) < pp, fort =T, g, € By (44)

Hence we have

M*m(Q(Ju(t)] > M) < L)(I ®)1>M)

lu(t) dx < p,,  (45)

and hence there exist M(¢) such that

K e
m(Q (u ()] > M)) < ﬁ"z <5 (46)

Taking the inner-product (5) with (u(t) — M), where M is
given in (46) and

ut)-M, u(t)y=M
(u(t) - M), = { (47)

0, u(t) <M
we obtain
1d 2 J' 2
—— -M +0 Viu-M d
2dt “(u )+” Qu(t)>M) l (v )+l *
<u (u—-M), dx
Qu)>M)
SYJ 2
< — -M).d
2 Jowesm (v )y dx (48)
2
+ z‘g—ym Q@ (t) > M))

2
SQJ lV(u—M)+|2dx+‘u—e.
2 Jowws>m) 28y



6
It follows that
d 2 J 2
— (u-M +6 Vu-M),| dx
5 =M, - |V (1 — M), |
(49)
2
< ‘u—s
oy
By Poincére inequality, we have
d
FA RO S I RS VN
dt Qu(t)>M)
(50)
2
< ‘u—s
oy

By Gronwall’s lemma, we obtain

2
M)+||2+ H e, (51)

(6y)

Thus there exist T, (¢, M) > T, such that, for any t > T, and
any g, € By, one has

e =2, < e (g -

2 2
Jw -y, | <

(6y)*

Symmetrically, we can prove that there exists T, (e, M) > T
such that for any t < —T, and any g, € B, one has

€. (52)

2

s 2) | < (f;;)za (53
where
u)+M, u()<-M
(u()+M)_ = (54)
0, u(t) > -M.

Therefore, let T; = max{T;,T,}, for any t > T; and g, € B,
and there hold

2 2
H & (55)
3y)

J (lu] = M)* dx <
Q(lu(t)|>M)

Next we can deduce that there exists a positive integer k, such
that

2

8
J ulf dx < —F . (56)
Qu(®)|>kM) (6y)
Indeed it follows that
J luf? dx < zj (jul = MY? dx
Q(lu()|>kM) Q(lu(®)l>M)

+ 2M*m (Q (|u ()] = kM)

4y’ et 20 K, (57)
(dy)’ ke

<

4 2 2
S . 2—I§° <8 e,
By K (sy)
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Since m(Q(|u(t)| = kM)) < K,/k*M?, where K,/M* < &/2
for a sufficiently large integer k, (43) holds, with M, = kM,
T; = max{T},T,} for any g, € B,. The proof is completed.

O

Lemma 8. Let B, be the bounded absorbing set of solution
semiflow {S(t)},5 to problem (5), and then, for any given M, >
0, it hold that

K (P, (S (1) Bo)oguayiensy) — 0 ast—co,  (58)

where P, : H — L*(Q) is the orthogonal projection from
the product Hilbert space H onto the first component space
associated with the u-component.

Proof. Taking the inner-product (5) with —Au(t) over the set
Q= Q(lu()] < M4)>

Zdt ||Vu||Q +6||Au||Q =- L Audx

1

+ pI uvAudx + (1 - p) I w* Audx
Ql Ql
el

é
< T lAu ullg, -

J V (uv) Vudx — (1
o

2
12

-p) JQI \% (uvz) Vudx < %

—pJ v|Vu|2dx—pJ
(o)

8.
+ 2 lulf,

uVuVvdx — (1 - p)

1

. “ V2 [Vul® dx (59)
o
+2 J uvVuVvdx + J (Vv uzdx] +(1-p)
o o

W Ql

25+ Il

. J Vv uldx <

1

%A
2
- pJ uVuVvdx + ( J \Vv|? uldx

2 Q 2
SO0 +8—VJ Vuldx+ [ £
28 2 v g, Sy

+1- p) J |Vv|? Pdx,
Q,
s0 we obtain

IIV ullg, i

2 2
Q
< (g_y +1 —p) JQ] Vo> u’dx + %

IIVMIIQ
(60)
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and since |u(t)| < M,, we have
d

oy
2 2
- IVull, + == 1Vul,

(61)
< p—2+1—p MZJ |Vv|2dx+M2|QI|.
8y 4 Q é

It follows that [|[Vv]* < [|[Vz|* + | Vul?. By Lemma 4, we get
that there exits T, = T,(B,) > 0 such that for all t > T

t+1
J IVv|* dr < j
t

t

t+1

(IVal? + IVul?) dr < M, (62)

Combining results in Lemma 3, (61), and (62), we conclude
that there exist p; > 0, T, > Tj such that

IVully, <ps VE>T,, g € By (63)

Inequality (63) is uniform constant depending on the
absorbing set B, and the given M, and shows that, for any
fixed t > T, P,(S(t)By)ouj<m,) is bounded in H,(Q). Due to
the compact embedding HS(Q) — L*(Q), it turns out that,
for any fixed t > Ty, P,,(S(£)By) o (juj<m,) i @ precompact set in
L*(Q)), so we have K(P,(S()By)aquy<m,) = 0, fort > T in
the space L*(2). The proof is completed. O

Lemma 9. For any € > 0, there exist positive constants Ms(e)
and Ts(¢), such that the v-component of the solution semiflow
of problem (5) satisfies

j lv(t)dx <e, foranyt>Ts, g, € By (64)
Q(|u(t)|=Ms)

Proof. Taking the inner-product (18) with z(¢) over Q, =
{lu(®)| > Ms}, we get
1d

2 2 2
S 2, + V215, + 1,

(6 - I)J Auzdx+J (u+u)zdx
Q, Q,

(65)
1 6 -1)> 1
< S IValig, + = 1Vulg, + - Izl
+ 2 vl
2 I8+ ¢, -
We obtain
d 2 2 2
- V2, +192l, + 121, o

< (= 1) IVully, + 2 lully, + 24 192

Integrating both sides of the above inequality from 0 to ¢, we
have

t
2 —t 2 2 —t T 2
2, < e 2o, + G = 17e Le IVull, de

, (67)
e’ J e’ (2lully, +24° 101) dr.
0

Using inequality (26), the right hand of (67) can be estimated
as follows:

t
el + 7 [ € (2, + 2 0l dr < 5,
t
G-1)1e" L e’ [Vullg, dr (68)

<(0-12[) + (0~ 1 C, () g, < g

for al M > M;, t > T;, we find that there exist T, =
max{T,, T} }, M, such that

lzllg, <& fort>Ty, M > M, (69)

Combining (43) and (69), we have that there exist positive
M; > M;, Ts > T such that

| v OF dx < 2 (luld, + l213,) <&
Qlut)|=Ms) (70)

for any t > Ts, g, € By.

The proof is completed. 0

Lemma 10. Let B, be the bounded absorbing set of solution
semiflow {S(t)},s, to problem (2)-(4), and then, for any given
M, > 0, it holds that

K (P, (S() By)gupieny) — 0> ast — 00, (71)

where P, : H — L*(Q) is the orthogonal projection from
the product Hilbert space H onto the first component space
associated with the v-component.

Proof. Taking the inner-product (5) with —Av(t) over the set
Q,, we have

1d 2 2
>d IVvllg, + 1Avlg,
:—pj uvAvdx—(l—p)J w’Avdx
Q, o,
+ J vAvdx
Q

1

< (pM, +1) L v|Av|dx

1

+(1 —p)M4J VVvdx

1
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FIGURE 1: Numerical simulation for (5) with u, = cos(x/10), v, = cos(x).

(pM, + 1)2
2

IN

1 2 2 1 2
3 AV, + Ivllg, + 3 IAvIG,

+ —

2302
1- M
(1-p) 4J' W
2 Q,

(pM, + 1)2
T Po

IN

2
lAvR, +

(1-p) M;

B ———

4
> ”V”Lfl(gl)

ﬂM@+Q£%io
2502
+Q%%ﬂwwm,
(72)
and, thus, it follows that
(pPM, + 1)2
5, P

2
(1-p)° M;
292

d
- 19V, <
(73)

2 2
+ 19V, 19V,

fort > T,. In view of (62)

(1-p)'M;

o (74)

>

t+1 (1 _ P)2 M2
J; ||V"||f11 dr < M4T4

and, applying Lemma 3, there exist p, > 0, Tg > T, such that
IVVIg, <ps VE> T, (75)

it shows that P, (S(t)By) o ju()<m,) is bounded set in H,(Q) for
any t > Tg, so that P, (S(t) By) o u()<m,) i @ precompact set in
LX(Q). It is K(P,(S(t)By) oju(eyj<m,)) = 0 in L*(Q) for t > T,.
The proof is completed. O

Theorem 11. If § > 2/27y, 0 < p < 1, there exists a global
attractor of in H for the solution semiflow {S(t)} ., generated
by problem (5).

Proof. By Lemma 2, we have {S(t)},5, that has a bounded
absorbing set B, in H and by Lemmas 8 and 10 we have
that the conditions in Lemma 4 are satisfied. So by Lemma 4
there exists a global attractor & in H for the solution
semiflow {S(t)},5, generated by problem (5). The proof is
completed. O

4. Simulation

In this section, using the finite difference method to (5), the
discrete equation of (5) was obtained as follows:

Ut Sl - 2u))

i i i+1 nn
At h2 + AM - Pui Vf
-(1-p)u' (),
. (76)
+
V? B V? _ 6(1/?71 + V?H B ZV?) ¥ punvn
iV

At h?

+(1-p)u () -

Here h is space stepsize, Af is time stepsize, and u] is a
numerical approximation to u(x i t,) at (x ta) = ( jh,nAt).
Then we apply Euler’s Method with the Dirichlet boundary
condition to solve the discrete equation (5). In what follows,
we always set space stepsize i = 1 and time stepsize At = 0.5
to simulate the problem under different conditions.

Now we set the parameters § = 1, 4 = 0.5, p = 0.1, and let
initial data u,(x) = cos(x/10), v4(x) = cos(x). The numerical
results are shown in Figure 1. These plots indicate that the
global attractor in Section 3 is complicated and consist of
many period trajectories. In the meanwhile, when we let
initial data uy(x) = cos(x/10)vy(x) = cos(x/10), the plots
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FIGURE 2: Numerical simulation for (5) with #, = cos(x/10), v, = cos(x/10).

can be shown in Figure 2, and it indicates that the solution is
convergent to a stationary solution.

5. Conclusion

In this paper, it can be seen from the numerical results that
the global attractor &/ of problem (5) exists for certain §
and P. It includes several types of periodic solutions and
quasiperiodic solutions. Besides, the solutions also reduce
to stationary solution in some parameter value. All these
numerical simulations are consistent with our theoretical
conclusions.

Conflict of Interests

The authors declare that there is no conflict of interests.

Acknowledgments

This work is supported by National Natural Science Founda-
tion of China (11272277, 11471129), Innovation Scientists and
Technicians Troop Construction Projects of Henan Province
(134100510013), Innovative Research Team in University of
Henan Province (13IRTSTHNO19), and Key Project of the
Education Department Henan Province (15A110043).

References

[1] R. A. Satnoianu, P. K. Maini, and M. Menzinger, “Parameter
space analysis, pattern sensitivity and model comparison for
Turing and stationary flow-distributed waves,” Physica D. Non-
linear Phenomena, vol. 160, no. 1-2, pp. 79-102, 2001.

[2] Y. Tang and J. Wang, “Bifurcation analysis on a reactor model
with combination of quadratic and cubic steps,” Journal of
Mathematical Chemistry, vol. 46, no. 4, pp. 1394-1408, 2009.

[3] Y. You, “Global dynamics of the Brusselator equations,” Dynam-

ics of Partial Differential Equations, vol. 4, no. 2, pp. 167-196,
2007

[4] Y. You, “Global dynamics and robustness of reversible autocat-
alytic reaction—diffusion systems,” Nonlinear Analysis. Theory,
Methods & Applications, vol. 75, no. 6, pp. 3049-3071, 2012.

[5] J. Wei and M. Winter, “Existence and stability of multiple-spot
solutions for the Gray-Scott model in R} Physica D. Nonlinear
Phenomena, vol. 176, no. 3-4, pp. 147-180, 2003.

[6] Y. You, “Asymptotical dynamics of the modified Schnackenberg
equations,” Discrete and Continuous Dynamical Systems, vol.
2009, pp. 857-868, 2009.

[7]1 J. M. Ball, “Continuity properties and global attractors of
generalized semiflows and the Navier-Stokes equations,” in
Mechanics: From Theory to Computation, pp. 447-474, Springer,

New York, NY, USA, 2000.

[8] X. Chen and J. Shen, “Global attractor for a chemotaxis model
with reaction term,” Journal of Applied Mathematics, vol. 2013,
Article ID 536381, 8 pages, 2013.

[9] X.-Y. Chen and J.-W. Shen, “Research of an othmer-stevens
chemotax is model with reproduction term,” Journal of Applied
Sciences, vol. 13, no. 21, pp. 4456-4462, 2013.

[10] Q. Zheng and J. Shen, “Dynamics and pattern formation in a
cancer network with diffusion,” Communications in Nonlinear
Science and Numerical Simulation, vol. 27, no. 1-3, pp. 93-109,
2015.

[11] Q. Zheng and J. Shen, “Pattern formation in the FitzZHugh-
Nagumo model,” Computers & Mathematics with Applications,
vol. 70, no. 5, pp. 1082-1097, 2015.

[12] Y. You and S. Zhou, “Global dissipative dynamics of the
extended Brusselator system,” Nonlinear Analysis: Real World
Applications, vol. 13, no. 6, pp. 2767-2789, 2012.

[13] C. Sun and C. Zhong, “Attractors for the semilinear reaction-
diffusion equation with distribution derivatives in unbounded
domains,” Nonlinear Analysis: Theory, Methods & Applications,
vol. 63, no. 1, pp. 49-65, 2005.

[14] C.-K. Zhong, M.-H. Yang, and C.-Y. Sun, “The existence of
global attractors for the norm-to-weak continuous semigroup
and application to the nonlinear reaction-diffusion equations,”
Journal of Differential Equations, vol. 223, no. 2, pp. 367-399,
2006.



Advances in Advances in Journal of Journal of
Operations Research lied Mathematics ability and Statistics

il
PR
S Rt
£ 2 §

\ ‘

The Scientific
\{\(orld Journal

International Journal of
Differential Equations

Hindawi

Submit your manuscripts at
http://www.hindawi.com

International Journal of

Combinatorics

Advances in

Mathematical Physics

%

Journal of : Mathematical Problems Abstract and Discrete Dynamics in
Mathematics in Engineering Applied Analysis Nature and Society

Journal of

Complex Analysis

International
Journal of
Mathematics and
Mathematical
Sciences

Journal of
'

al of Journal of

Function Spaces Stochastic Analysis Optimization

Journal of International Jo




