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Abstract

This paper focuses on the Global Coupling System (GCM) associated with the
Belusov-Zhabotinskii reaction:

2 (1= o) f(2™) + E[ FE) + o+ @™ )+ F@™0) + o+ F@P )]

where m is discrete time index, n is lattice side index with system size L, ¢ €
(0,1] is coupling constant and f,, is a continuous selfmap on [0, 1] for every n €
{1,2,--- ,L}.We prove that the system is distributionally (p,q)-chaotic on the

non-zero coupling constant ¢ € (0,1), and its main metric is not less than % +
oo 1 anl
Zn:? n (2 +1) (27 T+1)
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1 Introduction

The dynamical system(d.s. for short) (X, f) refers to a continuous self-mapping f for
a tight metric space X and X. Chaos is derived from nonlinear dynamic systems. The
study of chaos begins with the discovery of chaotic phenomena, which are seemingly
irregular movements in the dynamic system. In 1975, Li Tianyan and his mentor Yorke
eave the definition of chaos (see[l]) (ie Li-Yorke chaos definition) from the first strict
mathematical definition. Since then, various chaos definitions have been given, such as
Devaney chaos, distributed chaos and so on. After the definition of Li-Yorke chaos is
proposed, the dynamic system has been continuously explored and studied in different
fields of physics and biology. In 1983 Kancko (see[4]) proposed a coupled map lattice
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(CML). CML is sensitive to initial conditions and boundary conditions due to its chaos
in space and time. It becomes a study of nonlinear spatiotemporal chaos. An effective
model of the phenomenon. Throughout this paper, we further develop the following
global coupling system (GCM) which is related to BZ reaction,and discuss its chaotic
nature:

el = (1 —2)f(a™) + E[f(:c{,”) o f@) F f@m) 4 o FT),

where m denotes a discrete time index, n denotes a lattice index with a system size
of L, £ € (0,1) denotes a coupling constant, and f denotes a continuous mapping. In
addition, we also calculated that the system maps to the triangle tent map A(z) =1—

|1l — 2|,z € [0, 1] when it’s the main metric is not less than %—0— >, %m

2 Preliminaries

First, give a general summary of the basic Li-Yorke chaos concept (see[6]). Throughout
this paper, I = [0, 1], X is a tight metric space measured as d, mapping f : X — X
consecutively, (X, f) is a topology dynamical system.

Definition 2.1 Gliving a pair of points x,y € X ,x # y ,called Li-Yorke chaos if it
meets the following conditions

limsup d(f"(x), f"(y)) > 0.

lim inf d(f" (). /" (y)) = 0.

Then point to (x,y) for a Li-Yorke climbing couple of the system (X, f). if there is an
uncountable set S C X, #5 > 2 # Represents the cardinality of a collection, in which
each pair of points is a Li-Yorke climbing couple, it is a Li-Yorke climbing set mapped,
called mapping f is Li-Yorke chaos, referred to as chaos.

Definition 2.2 Let the system (X, f) be a d.s.. For any z, y € X and any n € N,
defined the distributional function Iy, : RT — [0,1] is as follows

Fpy(t) = w#{i e N d(f'(x), f'(y)) < t,1 <i < n},

where RT = [0, +00), represents the base. At this time, the upper and lower distri-
bution functions are as follows

Foy(t, f) = liminf F7 (1)

n—oo
Fr,(t, f) = limsup £y, (1).
n—o0

For any 0 < p < q < 1, if the system (X, f) is in p > 0 where is an uncountable
set S C X for any x,y € S,x # y,t € (0, )
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The mapping f is called distributionally (p, ¢)-chaos, and the system (X, f) distributes
chaos when it satisfies the distributionally (0, 1)-chaos.

Definition 2.3 The tent map A defined by A(z) = 1 — |1 — 2z|,x € [0,1]for any
0<p<gq<1is(p q)distribution chaos (see[§]). In recent years, some major metrics
for the system (X, f) have been proposed.

+o0

1
polf) = sup 57 [ (Fyftf) = Faylt. )it
0

While f is ﬂ"iangle tent map , M is the diameter of the space X (see[S]), they got
— 2 1 gn—1
pp(A) =5 + Z n @TED@-TE

3 Main results

Let the state space of the lattice dynamic system (p.s.) be a collection y = {z : » =
{ai}, 2 € R i e D,||.1?1-|| < oo} Where d> 1 is the spatial dimension map x;, D> 1 is

the dimension of the lattice,
2
lzlly = [ |l
iezb

is often used to represent the [? paradigm (seel9]).
This paper considers the following GCM (related to the Belusov-Zhabotinskii reac-
tion):

rp = (=) () + F [ () + oo+ [lapy) + F(ah) + o+ Sy,

where m is a discrete time index, n is a system lattice index of size L, ¢ > 0 is a
coupling constant, and f : I — [ is a continuous map.
Usually,suppose that the system has one of the following periodic boundary condi-
tions:
(1) =

_m

m

n n+L
(2) ot = 2+,
. L
(3) o' = Tﬁl

In this article, we will use the first condition as our system boundary condition. Let
d represent the metric for space IV, (r1,...,zp), (1, .osyp) € TY then

L
Z |-1’z' - yi|2-
i=1

We define the map F' : (I¥.d) — (I*.d) , where F(z1,....21) = (y1.....yL), ¥i =
(L —=e)f(zi) + £[f(0) + f(z1) + oo+ flwia) + f(wiv1) + . + flwr1)]. Tt is easy to
derive that the system (1) is equivalent to the system (I, F')(see[9],[10]).

d((:cl, ,...;I?L)~ (y1= ey yL)) =
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Theorem 1 For any p,q € [0, 1] with p < g, any = € (0, 1),system (1)

et = (L= o) f(e) + F @) + o+ flanla) + Flana) + o+ f)]) (1)
is distributionally (p, g)-chaotic if f = A.
Proof.According to Proposition 3 in [7], for any < ¢ < 1, A is distributionally (p. ¢q)-

chaotic, there is an uncountable set I' C I and £ > 0 makes for any .,y € ' and
0<t<d,

Foy(t.A)=p (2)

Let A = {(z1,29,...,71) € L vy = 29 = 2 €}, where its 7 = (z,...,2).7 =
(y,...,y) € A, and T # 7 . Then

F™"(7) = (A"(x),....,A"(x)) (4)

FP(§) = (A™(g), .., A"(5)). (5)

By combing (2), (3), (4), (5), it is proved that for any t € (0, \/fé),

Fzz(t,F) = lim inf %# {2‘- €N :d(FU(F).Fi(7)) <t.1<i< n}

; n—oo
— Py ) (6)
=P

At this point, the system (1) is scrambled for (p,¢) on = € (0, 1).
Corollary 1 For any p,q € [0, 1], and p < ¢, when ¢ = 1, system (1)

it = (L= ) ) + T ) + o+ ) + [y + e+ SEE)] (8)

is distributionally (p, q)-chaotic if f = A.
Theorem 2 For any ¢ € (0, 1), system (1),

et = (L =) f(2) + = [F (@) + o+ flahiy) + Flafiy) + o+ f2y)]

Volume 14, Issue 3 available at www.scitecresearch.com/journals/index.php/jprm 2449 |




Journal of Progressive Research in Mathematics(JPRM)
ISSN: 2395-0218

its main metric is no less than p,(f).
Proof. The proof is known that, if ¥ = (xq1,...,21) € IL,g}' = (Y1,...,yr) € I" and
T # 1/, as shown by the result (6) (7), for any t > 0, there are

Fuy(t, f) = Faz(VLt, F) (9)
It f) = Fi(VLt, F), (10)
then for any #,7 € I, I'* has a diameter of M, there is

—+oo

1o (F) > f_ﬁé);% g‘ (Fgg(t.F) —ng(t._F))dt

+co
:;ng [ (F~ Vecy(t.F)fng(t,F))dt

i . (11)
= sw Jp [ (Falp £) = Falp D) di

400
= sup f ( (t - my(t f))
zycl

:#p(f)‘

Therefore, theorem 2 is proved. Omn the basis of Definition 3 111(1 Theorem 2, when

— - L T - gn—1
f = A, the main metric of system (1) is no less tha113 +3y<, ] 7 I @I
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