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±Ù3Ôn!Ï&!)Ô±9O�Å�+�¤w
y�A^då¤�8cÃõ�Æ+�ïÄ�9
: [2−10]. î8, <��é�.�ä!ÃIÝ�ä
±9�þ�5K�ä�O
ØÓ�·bÓÚ�Y,
¢y
E,�ä���ÓÚ!2ÂÓÚ±9�Ó
Ú, �
;.�ÓÚ�Y®���. ~X, Äu Pec-
ora Ú Carroll �éëY�mÍÜ�äJÑ��äÓ
Ú�{, Gade Ú Hu òÙl5K�ä�ÓÚí2�
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|^Ó���{ïÄ
ÃIÝ�ä���ÓÚ¯
K, ÿ°
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�«¢y�¢�ä
�ÓÚ�{, �Ñ
�¢�ä�ÓÚ�â [13]; Lü�
�E
�a�CÄ��ä�., ¿ïÄ
ù«�C
Ä��ä�.�·bÓÚA5 [14]; Donetti �ïÄ

�ä(��A�þ��äÓÚUå�m'X [15];
Ji �í�Ñ
�CÚ�¢�A���E,ÄåÆ

�ä�·bÓÚOK [16]; Li Ú Lai ��¤
Ø(
½E,ÄåÆ�ä�g·AóÀ·bÓÚïÄ [17];
©·�?1
äk��(��Ä��ä��ÓÚ
ïÄ [18]; Q�ÿ�ÏLg·AóÀ��{¼�

�C�¢�ä�ÝKÓÚ�â [19].
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ù
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Ôn¥äk��·b1��-1� �ÝÅ�m
*ÐXÚ!Gibbs >1��·b�.!Bragg (1
��·b�.±9��é6�§�lÑ/ª��
�ä!:�¤�E,�ä�~?1
�ý�[, u
y���ä�3½�·b�ÓÚy�.

2 �ÓÚ�n

���?¿�E,�ääk N �!:, !:
�G��§´É(��lÑ.��·bXÚ. Ù¥
1 j �!:�G�Cþ´ x

(j)
n (i), x

(j)
n (i) ∈ Rm. ü

�!:3Ø�ÄÍÜ�^�¤÷v�G��§�

x
(j)
n+1(i) = Fj(x(j)

n (i)), (1)

ª¥ n L«lÑz��m, i ��m�:�I (i =
1, 2, · · · , L), L �XÚ�º�. Fj :Rm → Rm.

é!:G��§ (1) ¥� Fj(x
(j)
n (i)) ?1·�

�©l

x
(j)
n+1(i) =Fj(x(j)

n (i))

=Gj(x(j)
n (i)) + Qj(x(j)

n (i)), (2)

ùp Gj(x
(j)
n (i)) ����5�,

Gj(x(j)
n (i)) = (Cj − Mj)x(j)

n (i), (3)

Cj �!:��·bXÚ�5��Xê, Mj ���
OÃ. w,,

Qj(x(j)
n (i)) = Fj(x(j)

n (i)) − Gj(x(j)
n (i)) (4)

�Ä�äÍÜ�^�, �ä¥1 j �!:¤÷
v�G��§�

x
(j)
n+1(i) =Fj(x(j)

n (i))

+ Sj(x(1)
n (i), x(2)

n (i), · · · , x(N)
n (i))

=Gj(x(j)
n (i)) + Qj(x(j)

n (i))

+ Sj(x(1)
n (i), x(2)

n (i), · · · , x(N)
n (i))

(j = 1, 2, · · · , N), (5)

Ù¥ Sj(x
(1)
n (i), x(2)

n (i), · · · , x
(N)
n (i)) �ë�!:�

m�½�ÍÜ¼ê.
½Â�ä�!:��·bXÚ¥�G�Cþ

�m�Ø�

e(j)
n (i) = x(j)

n (i) + x(j+1)
n (i)

(j = 1, 2, · · · , N − 1). (6)

Äu (5) ªÚ (6) ª, �±?�Ú��Ø�üz�§

e
(j)
n+1(i) =(Cj − Mj)e(j)

n (i) + [(Cj+1 − Mj+1)

− (Cj − Mj)]x(j+1)
n (i) + ∆Qj + ∆Sj ,

(7)

ùp ∆Qj = Qj(x
(j)
n (i)) + Qj+1(x

(j+1)
n (i)), ∆Sj =

Sj + Sj+1.
ee�'X¤á, ∆Sj = −∆Qj , =ë��ä

!:�m�½�ÍÜ¼ê�

Sk =(−1)k−1[S1 + Q1(x(1)
n (i))] − Qk(x(k)

n (i))

(k = 2, 3, · · · , N), (8)

KØ�üz�§ (7) ª�±{z�

e
(j)
n+1(i) =(Cj − Mj)e(j)

n (i) +
[
(Cj+1 − Mj+1)

− (Cj − Mj)
]
x(j+1)

n (i). (9)

�E�ä� Lyapunov ¼ê

Vn =
N−1∑
j=1

∣∣∣e(j)
n (i)

∣∣∣, (10)

�Ä� (9) ª, �±��

∆V =
N−1∑
j=1

(
|e(j)

n+1(i)| − |e(j)
n (i)|

)

=
N−1∑
j=1

(
|(Cj − Mj)e(j)

n (i) + [(Cj+1 − Mj+1)

− (Cj − Mj)]x(j+1)
n (i)| − |e(j)

n (i)|
)
. (11)

3 (11) ª¥, ����OÃ÷v |(Cj −Mj)| <

1, =
−1 + Cj < Mj < 1 + Cj (12)

±9
Mj+1 = Cj+1 − Cj + Mj , (13)

K7k
∆V < 0. (14)

�â Lyapunov ½n [20], d�, ���ä�!:�
m���ÓÚ.

3 �ý�[©Û

± Ô n ¥ ä k � � · b 1 � � - 1 �  
� Ý Å � m * Ð X Ú !Gibbs > 1 � � · b �
.!Bragg (1��·b�.±9��é6�§�
lÑ/ªùo�É(���·bXÚ���ä!
:5`²þãÓÚÅn. w,, �ä!:ê N = 4.
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- 1 �   � Ý Å � m * Ð X Ú � G �
�§� [21,22]

x
(1)
n+1(i) =(1 − ε)f(x(1)

n (i)) + εf(x(1)
n (i − 1))

=(1 − ε)ωJ2
0

[
(x(1)

n (i) − B)1/2
]

+ εωJ2
0

[
(x(1)

n (i − 1) − B)1/2
]
, (15)

Ù¥ ω, B �XÚ�ëþ, J0 L«"? Bessel ¼ê.
ε �XÚ�mlÑ:m�ÍÜrÝÏf. ïÄL²,
� ω = 28, B = 1, ε = 0.1 �, XÚ¥y��·b
�, Ù�ãXã 1 ¤«.

Gibbs >1��·b�.äke�/ª [22,23]:

x
(2)
n+1(i) =(1 − ε)f(x(2)

n (i)) + εf(x(2)
n (i − 1))

=(1 − ε)A sin2(x(2)
n (i) − xb)

+ εA sin2(x(2)
n (i − 1) − xb), (16)

Ù¥ A, xb �XÚ�ëþ, ε �XÚ�mlÑ:m
�ÍÜrÝÏf. ëþ A = 3, xb = 0.85π, �ml
Ñ:m�ÍÜrÝÏf ε = 0.4 �XÚ��ãX
ã 2¤«.

Bragg (1��·b�.� [22,24]

x
(3)
n+1(i) =(1 − ε)f(x(3)

n (i)) + εf(x(3)
n (i − 1))

=(1 − ε)π
[
r − µ sin2(x(3)

n (i) − Vb)
]

+ επ
[
r − µ sin2(x(3)

n (i − 1) − Vb)
]
,

(17)

Ù¥ r, µ, Vb �XÚ�ëþ, ε �XÚ�mlÑ
:m�ÍÜrÝÏf. ëþ r = 0.5, µ = 1.5,
Vb = 0.25π, �mlÑ:m�ÍÜrÝÏf ε = 0.4
�XÚ��ãXã 3 ¤«.

��é6�§�lÑ/ª�±L«� [25]

x
(4)
n+1(i) = 1−δx(4)

n (i+1)−η
[
(1+δ)x(4)

n (i)
]2

, (18)

Ù¥ δ, η �XÚëþ. ïÄL², � δ = −0.05,
η = 1.75 �, X Ú ¥ y � � · b �, Ù � ã X
ã 4¤«.

þão���·b�.duÙG��§´É
(��, Ïd, dã 1—4 ¤«��ãk²w��O.

ã 1 -1� �ÝÅ�m*ÐXÚ��ã

ã 2 Gibbs >1��·b�.��ã

ã 3 Bragg (1��·b�.��ã

�ý�[�ä��ÓÚ�, òþão���·
b�. (15)—(18) ���ä�!:, Uì (5) ª�
ë��¤E,�ä. �ä¥¤këþ���þ�
±ØC. �du Cj = 0, ¤±, �â (12) Ú (13) ª,
��OÃ Mj ÷v������ −1 < Mj < 1.
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3ù���S, ·�?¿À� Mj = −0.5. ÍÜ¼
ê S1 = 0, Ù{ÍÜ¼ê Sk(k = 2, 3, 4) �À�÷
v (8) ª, ù¿�XE,�ä¥1��!:-1�
 �ÝÅ�m*ÐXÚ���8IXÚ, Ù{!
:´�AXÚ. G�Cþ�Ð©� x

(1)
0 (i) = 0.1,

x
(2)
0 (i) = 0.2, x

(3)
0 (i) = 0.3, x

(4)
0 (i) = 0.5. 3

1 200 s �?1�ä�ÍÜë�, �ý�[�ä
Ø�Cþ e

(j)
n (i)(j = 1, 2, 3) ����üz5Æ±

9�ä�!:��ãXã 5—10 ¤«. dã 5—7
�±wÑ, ¢��äÍÜë��, �ä�Ø�&Ò
×�²/ªu", �ä�ÓÚ�±¢y. �A�
ã 8—10 ¥�äÓÚ�¤k!:��ã�/Gd
ÓÚcã 1—4 ¤«��Ø�ÓC��!: 1 -1
� �ÝÅ�m*ÐXÚ��ã/G���Ó, =
=´ÎÒp���.

ã 4 ��é6�§��ã

ã 5 !: 1 � 2 Ø�Cþ���üz

¢Sþ, �©JÑ�!:(�pÉ�E,�ä
���·b�ÓÚÅné!:(��Ó�E,�
ä�·^. éu!:(��Ó�E,�ä, du�
ä!:��·bXÚ�5 ��X ê Cj þ � Ó, ¤

ã 6 !: 2 � 3 Ø�Cþ���üz

ã 7 !: 3 � 4 Ø�Cþ���üz

ã 8 !: 1 � 2 ��ÓÚ�ã

ã 9 !: 2 � 3 ��ÓÚ�ã
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ã 10 !: 3 � 4 ��ÓÚ�ã

ã 11 !:Ø�Cþ��müz (N = 4)

±ÓÚ^� (13) ª¥�ä�!:��OÃ Mj �
�Ó=�. Ï�±r!:(��Ó�E,�ä
���·b�ÓÚw¤´!:(�pÉ�E,�
ä�ÓÚ�A~. ,	, �ý©Û�uy, �ä5
����é�ä�ÓÚ�½5vk²wK�. ·
�éã 11 �ä!:ê N = 4 ±9ã 12 �ä!:
ê N = 500 ���ÓÚ�ý�[(J?1
'�.
ã 11 ´-1� �ÝÅ�m*ÐXÚ!Gibbs >
1��·b�.!Bragg (1��·b�.±9�
�é6�§�lÑ/ª���ä!:3�m?�

�:��äØ�Cþ e
(j)
n (i)(j = 1, 2, 3) ��m�

üz5Æ. ã 12 ´þão�XÚ±���ê8�
��ä 500 �!:3�m?��:��äØ�C
þ e

(j)
n (i)(j = 1, 2, · · · , 499) ��m�üz5Æ. �

ý(Jw«, 3�äÙ¦ëþ���±ØC, E3
1 200 s ?1�ä�ÍÜë��, üö��ÓÚ�
Ç±9Ø���½5¿Ã²w�O.

ã 12 !:Ø�Cþ��müz (N = 500)

4 ( Ø

ïÄ
!:(�pÉ�lÑ.��·bXÚ
�¤E,�ä��ÓÚ¯K. ÏL�EÜ·� Lya-
punov ¼ê, (½
E,�ä¥ë�!:�m�Í
Ü¼ê�(�±9��OÃ�����. ±Ôn¥
äk��·b1��-1� �ÝÅ�m*ÐX
Ú!Gibbs >1��·b�.!Bragg (1��·
b�.±9��é6�§�lÑ/ª���ä!
:�¤�E,�ä�~?1
�ý�[, ±d�y
�ä�ÓÚ�n�k�5. �ý(JL², ��O
Ã3÷v (12) Ú (13) ª�^�e��, þ�±¦
�ä!:�!:�m���ÓÚ. �äÍÜë��,
�ä�Ø�&Ò×�/½3"�.
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Spatiotemporal chaos anti-synchronization of a
complex network with different nodes∗
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Abstract

Anti-synchronization of complex network is investigated in which nodes are discrete spatiotemporal chaos systems with diverse

structures. The form of the coupling functions connecting nodes in the complex network and the control gain are obtained through

constructing an appropriate Lyapunov function. The spatially extended system of laser phase conjugate wave having spatiotemporal

chaos behavior in physics, Gibbs electrical-optical spatiotemporal chaos model, Bragg acousto-optical spatiotemporal chaos model and

the one-dimensional discrete convective equation are all taken as nodes of the complex network. Artificial results show that a stable

anti-synchronization is obtained in the whole network.

Keywords: anti-synchronization, complex network, diverse structure, spatiotemporal chaos
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