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Ú!Genesio XÚ±9 Duffing XÚ�ÑU
��
¤e���/ª:

ẋi = xi+1, (i = 1, 2, · · · , n − 1),

ẋn = f(x1, x2, · · · , xn), (1)

Ù¥ (x1, x2, · · · , xn) ∈ Rn �XÚ�G�Cþ.
À� m �·bXÚ (1) ��!:�¤5K�

ä. Ù¥1 j �!:¤÷v�G��§L«�

ẋj
i =xj

i+1,

ẋj
n =f(xj

1, x
j
2, · · · , xj

n) + Sj + uj

=f(xj
1, x

j
2, · · · , xj

n) + σ
m∑

l=1

Gjlx
l
n + uj , (2)

ùp Sj = σ
m∑

l=1

Gjlx
l
n �ë�!:�m�ÍÜ¼

ê, =�ä�>. σ ��äSÜ!:�m�ÍÜr
Ý, Gjl L«ÍÜÝ
 G �Ý
�, §�äNL«
Ï�ä�ë�a.É, L��ä�ÿÀ(�. uj

���Ñ\.
½Â�ä�!:·bXÚ¥�G�Cþ�m

�Ø�

ej
i = xj+1

i − xj
i , (j = 1, 2, · · · ,m − 1). (3)

�Ä� (2) ª, �±?�Ú��e�'X:

ėj
i = ej

i+1, (i = 1, 2, · · · , n − 1),

ėj
n = ∆fj + ∆Sj + uj+1 − uj , (4)

Ù¥

∆fj =f(xj+1
1 , xj+1

2 , · · · , xj+1
n )

− f(xj
1, x

j
2, · · · , xj

n),

∆Sj =Sj+1 − Sj .

Äu��nØ, $^w���{é��·bX
Ú?1��½°¦��·bXÚÓÚu,��·
b��¹ü�Ä�Ú½ [21]. Ù�´ÀJ��Ü·
�w�¡, ¿�y´ìC½�. Ù�´�O��
ì½��Ñ\, ¦É�XÚ÷Xw�¡�ÓÚ�$
Ä, l�ª½3ÓÚ�.

òþãw����ní2�XÓ (2) ª¤L«
� m �·bXÚ�¤�E,�ä�ÓÚïÄ¥.
�d, �é�ä¥z���ü�!:·bXÚ�E
��w�¡, dd�EÑ m − 1 �w�¡

Pj =
(

d

dt
+ ξ

)n−1

ej
1, (j = 1, 2, · · · ,m− 1), (5)

Ù¥ ξ ��u"�~þ.
|^��ª½n¿�Ä� (4) ª, w�¡ Pj U


Ðm�

Pj =
(

d
dt

+ ξ

)n−1

ej
1 =

n−1∑
k=0

Ck
n−1

d
dt

n−1−k

ξkej
1

=

 n − 1

0

 ej
n +

 n − 1

1

 ξej
n−1 + · · ·

+

 n − 1

n − 2

 ξn−2ej
2

+

 n − 1

n − 1

 ξn−1ej
1, (6)

?�Ú��w�¡ Pj ��ê'Xª

Ṗj =

 n − 1

0

 ėj
n +

 n − 1

1

 ξėj
n−1 + · · ·

+

 n − 1

n − 2

 ξn−2ėj
2 +

 n − 1

n − 1

 ξn−1ėj
1

=

 n − 1

0

 [∆fj + ∆Sj + uj+1 − uj ]

+

 n − 1

1

 ξej
n + · · · +

 n − 1

n − 2

 ξn−2ej
3

+

 n − 1

n − 1

 ξn−1ej
2. (7)

�E�ä� Lyapunov ¼ê

V =
m−1∑
j=1

1
2
P 2

j , (8)

K

V̇ =
m−1∑
j=1

PjṖj

=
m−1∑
j=1

Pj

{  n − 1

0

 [∆fj + ∆Sj + uj+1 − uj ]

+

 n − 1

1

 ξej
n + · · · +

 n − 1

n − 2

 ξn−2ej
3

+

 n − 1

n − 1

 ξn−1ej
2

}
. (9)
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�O��Ñ\

uj+1 =uj − µsign(Pj) − ∆fj −

 n − 1

1

 ξej
n − · · ·

−

 n − 1

n − 2

 ξn−2ej
3 −

 n − 1

n − 1

 ξn−1ej
2,

(10)

Ù¥ µ ��u"�N�ëþ.
duë��ä!:�m�ÍÜ¼ê Sj ´k.

¼ê, Ïd ∆Sj �´k.�, � |∆Sj | 6 δ, δ ´�
ê. ù�, �N�ëþ µ �uK� δ, =÷v µ > δ

�, �3

V̇ =
m−1∑
j=1

PjṖj < 0. (11)

ù ¿ � X E , � ä � ¤ k ! : ¢ y 
 �
�ÓÚ.

3 �ý¢~©Û

± Duffing XÚÚ Coullet XÚ�~?1�ý
�[, ±d5�yþãÓÚ�n. Duffing XÚ�Ä
åÆ�§äke�/ª [22]:

ẋ1 = x2

ẋ2 = −εx2 − x1 − bx3
1 + B cos ω0t. (12)

�ëþ b = 1, ε = 0.18, ω0 = 0.8, B 3�½
�«�S��, Duffing XÚ¥y©
±9·b�
´L�ÄåÆ1�. �±ëþ b, ε, ω0 �ê�ØC,
O��� Lyapunov �ê�ëþ B �üz'XX
ã 1 ¤«. 3�� Lyapunov �ê�u"�«��
ëþ B = 18, uy�3ã 2 ¤«�·báÚf.

ã 1 �� Lyapunov �ê�ëþ B �üz

ã 2 Duffing .>´�·báÚf (B = 18)

Coullet XÚ�ÄåÆ�§äke�/ª [23]:

ẋ1 = x2,

ẋ2 = x3,

ẋ3 = ax3 + dx2 + cx1 − x3
1, (13)

Ù¥ëþ a = −0.45, d = −1.1. dã 3 XÚ�
� Lyapunov �ê �ë þ c � ü z' X�± wÑ,

ã 3 �� Lyapunov �ê�ëþ c �üz

ã 4 Coullet .>´�·báÚf (c = 0.8)
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c = 0.8 ��� Lyapunov �ê�u", XÚ?u·
b�, Ù·báÚfXã 4 ¤«.

��ä!:ê m = 3 5�ý�[�ä���
ÓÚ. ü�!:�G��§� (12) ½ (13) ª¤£ã
� Duffing XÚÚ Coullet XÚ, §�Uì (2) ª�
ë��¤E,�ä, ë�!:�m�ÍÜ¼ê Sj

¥�ÍÜÝ
 G �±�L?¿ÿÀ(��5K�
ä, ùp·��ã 5—7 ¤«�óª(�!�/(
�±9(/(��~?1�ý�[, ÙÍÜÝ
©
O�

Gl =


0 0 0

1 −1 0

0 1 −1

 , (14)

Gr =


−1 0 1

1 −1 0

0 1 −1

 , (15)

Gs =


0 0 0

1 −1 0

1 0 −1

 . (16)

ã 5 óª�ä

ã 6 �/�ä

ã 7 (/�ä

�[óª(�Ú�/(��äÓÚ�, !:æ
^ Duffing XÚ. d�, w�¡deª�Ñ:

Pj =
(

d
dt

+ ξ

)
ej
1, (j = 1, 2). (17)

��Ñ\�

uj+1 =uj − µsign(Pj) − ∆fj − ξej
2,

(j = 1, 2). (18)

�ýL§¥� u1 = 0, ù¿�X�ä�1��!:
�8IXÚ, =ÓÚ�. ?��äSÜ!:�m�
ÍÜrÝ σ = 0.05, ëþ δ = 1, µ = 1.5, ξ = 0.5, �
ý�[óª�ä�!: Duffing XÚG�Cþ±9
Ø�Cþ��m�üz5ÆXã 8 Úã 9 ¤«.

ã 8 Úã 9 w«, �äÍÜë��, �ä¤k
!: Duffing XÚ�A�G�Cþ xj

i (i = 1, 2; j =
1, 2, 3) �üz;,²Lá6��mS�����
���. Ó�, �n�!:� Duffing XÚG�Cþ
�'�Ø�&Ò ej

i (i, j = 1, 2) �×�/ªu", �
ä���ÓÚ�±¢y. ã 10 Úã 11 w«�´�
/�ä�!: Duffing XÚG�Cþ±9Ø�Cþ
��m�üz5Æ. d�, 3�±�äÙ§ëþØ
C��¹e, UCN�ëþ µ = 5, uy�äÓÚ�
Ç\¯, �ÓÚ�5U�,�~½.

ã 8 óª�äG�Cþ��müz
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ã 9 óª�äØ�Cþ��müz

ã 10 �/�äG�Cþ��müz

ã 11 �/�äØ�Cþ��müz

�[(/(��äÓÚ�, !:æ^ Coullet
XÚ. d�, w�¡deª�Ñ:

Pj =
(

d
dt

+ ξ

)2

ej
1, (j = 1, 2). (19)

��Ñ\�

uj+1 =uj − µsign(Pj) − ∆fj

− 2ξej
3 − ξ2ej

2, (j = 1, 2). (20)

Ø
ëþ� δ = 0.15, µ = 0.2 ±	, �äÙ¦ë
þþ�±ØC. �ý�[(/�ä�!: Coullet
XÚG�Cþ±9Ø�Cþ��m�üz5ÆX
ã 12 Úã 13 ¤«. �±uy, �ä�ÓÚ3á�
mSE�±¢y.

ã 12 (/�äG�Cþ��müz

ã 13 (/�äØ�Cþ��müz
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?1
�ý�[. �ý(JL², ��N�ëþ µ

�uK� δ, þU3á�mS¢y�ä���ÓÚ,
�N�ëþ µ ���K��äÓÚ��Ç. ,	,
�©�O��äw�¡±9��Ñ\é?ÛÿÀ
(��5K�ä�·bÓÚþ·^, Ïdäk�½
�Ê·5.
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Abstract

Sliding mode control method is used to study the synchronization of regular network. The method is extended from the single

chaos control or synchronization between two chaotic systems to the synchronization of complex network. The sliding surface of the

network and the control input are designed. Furthermore, the effectiveness of the method is analyzed based on the stability theory. The

Duffing system and the Coullet system are taken as network nodes of the regular network, and the simulation is made to verify the

method.
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