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1. Ú ó

Cc5, ±pé���L�O�ÅÚ&EEâ
�×�uÐ¦<aò\
�ä��. �X<a�¬
�FÃ�äz, <��5�@£�gC)¹3��
¿÷X�ª���E,�ä�­.¥, l
E,�
äÚå<��2�'5. gl�­.�ä�. [1]

ÚÃIÝ�ä�. [2] �JÑ, k'E,�ä�A
5!ÓÚ±9A^ïÄ®¤�Ôn!Ï&!O�
Å9)·�Æ�+��ïÄ9: [3−5].

3k'E,�ä�ïÄ¥,�äÓÚduÙA
^2�
�É'5. l��þ`, E,�ä�ÓÚ
´��8N1�, I��Ä�´��!:��ªG
���5¯K, ù´�ä “SÓÚ” ¤ïÄ�Ì�¯
K, ��
Nõk¿Â�¤J [6−12]. ~X,©z [6]

@�3A½�ÍÜ�ªe, ÍÜÝ
�1��A�
��±L��ä�ÓÚUå; ©z [7] @�3Ï~
�¹e, ��ÍÜrÝ c ��v
�, Ñ¬¦ÍÜ
XÚ?\ÓÚG�; Sorrentino �< [8] ïÄ
3�
±Ý©ÙØC��¹e, Ý�'5é�äÓÚ�K
�, y²K�'A5k|ué¡ÍÜ�ä�ÓÚ¢
y. Äug·A��Eâ, Zhou �< [9] �O��{
ü/ª���ì¢y
Ø(½E,�ä�ÓÚ, T
�{?�Ú�^uE,�ä�V���ÓÚ¥ [10].

ù
ó�Ñ4�/´L
k'E,�äÓÚ�ï
ÄSN.

¢Sþ, E,�ä�ÓÚØ=�Û�uü��
ä� “SÓÚ”, �kaqu·bÓÚVg�ü��
äm� “	ÓÚ” 1�.�ä “	ÓÚ” ���'�
2�, Qk��ÓÚ [13−15], �kÝKÓÚ [16−19]

Ú2ÂÓÚ [20−22] �. ©z [13] |^m4���
ïÄ
äk�ÓÿÀ(��ü�Ä��ä���
ÓÚ1�; Tang �< [14] |^g·AEâïÄ
ü
�ØÓÿÀ(��E,�äm�ÓÚ, �vk�Ä
ÍÜ�¢�K�. 3©z [15] ¥, J
��#��
ä	ÓÚ�., �©¥�¦ü��ä��CÍÜ�
¢´�Ó�. 3©z [16] ¥, �ö/Ïu·bÝK
ÓÚ��{ïÄ
äkÜ©�5A5!:�E,
�ä�ÝKÓÚ¯K.©z [17—19] ïÄ
äk�
CÍÜ�¢�ü�E,�ä�ÝKÓÚ¯K, �Ñ
�¦ùü��ääk�Ó�!:Ä�. ÏLÀJÜ
·�°Ä&Ò,©z [20] �E���A�ä¦��
°Ä�ä÷výk�½�¼ê'X, ¢y
ü��
äm�2ÂÓÚ.©z [21] ïÄ
äk�Ó!:Ä
�ÚÿÀ(��ü��ä��52ÂÓÚ¯K.©
z [22] ïÄ
äkØÓ!:Ä�ÚÿÀ(��ü
�E,�ä�2ÂÓÚ¯K, �Ñ
�«��5�
�ì��O�{, ��X�ä!:�O\, Ù�"
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OÃ�O�þò¬:ìO\.

�¢´g,.¥ÊH�3��«y�, Ï~d
k��&ÒDÑÚPÁ�A¤Úå, 3E,Äå�
ä�ÿÀ(�¥Ø�;���3XÍÜ�¢��
/. �,©z [20—22] ïÄ
ü�E,�ä�2Â
ÓÚ1�, �Ñvk�Ä��¢Ï��K�, Ï

Ù�.äk�½��Å5.

Äuþã?Ø, �©ïÄäk�C�¢ÍÜ�
ü�ØÓE,�äm�2ÂÓÚ¯K, d���.
�äk��5. Äu Barbalat Ún, ÏL�OÜ·
���5g·A��ì¦�ü��ä¼�2ÂÓ
Ú, Ó����
{ü�/e�ÓÚOK. du2
ÂÓÚ�¼ê'XA5, �©(J½�$^u± 
©zk'ü�E,�ä���ÓÚÚÝKÓÚ�
/. éuäk��ÿÀ(��ü��ä�2ÂÓÚ
¯K, �O
�A���ìÚÿÀE£5K¦Ù¢
yÓÚ. ��^ü�ê��~�y
¤�O�{�
k�5.

2. �ä�.�ý�^�

�Äd N ��Ó!:�¤��¢ÍÜE,Ä
��ä, Ù�.Xe:

ẋi(t) = f(xi(t)) +
N∑

j=1

cijΓ1xj(t − τ(t)),

i = 1, 2, · · · , N, (1)

ùp, xi = (xi1, xi2, · · · , xin) ∈ Rn ´1 i �!
:�G�Cþ; f : Rn → Rn ´1w�þ¼ê;

ẋ = f(x) L«ü�!:�Ä��§; τ(t) ��C
ÍÜ�¢; Γ1 ∈ Rn×n ´®��~ê�½é�Ý

, L«�ä�SÜÍÜ; C = (cij) ∈ RN×N ´
ÍÜ��Ý
, L«�äÿÀ(�Ú!:m�ÍÜ
rÝ, ÷vXe^�: XJ!: i Ú j(i 6= j) �m
kë�, K cij > 0 ÄK cij = 0 (i 6= j), �é��
� cii = −

∑N
j=1,j 6=i cij , i = 1, 2, · · · , N .

Äu·bÓÚ¥�°Ä - �A�Vg,·�ò
�ä (1) À�°Ä�ä, e¡�ÑéA��A�ä
�.:

ẏi(t) = g(yi(t)) +
N∑

j=1

dijΓ2yj(t − τ(t)) + ui,

i = 1, 2, · · · , N, (2)

Ù¥, yi = (yi1, yi2, · · · , yim) ∈ Rm ´1 i �!

: � G � C þ; g : Rm → Rm �1 w � þ ¼
ê; ẏ = g(y) ´°Ä�ä�ü�!:�Ä��
§; Γ2 ∈ Rm×m Ú D = (dij) ∈ RN×N �½ÂX
Ó�ä (1) ¥� Γ1 Ú C; ui ´¤I��O�Ó
Ú��ì.

Ù¢,·��±òü�E,�ä�	ÓÚ1�
w��ü�·bXÚÓÚVg��«í2. e
¡, ·�/Ïu·bXÚ2ÂÓÚ�Vg5£
ã�ä (1) Ú (2) �2ÂÓÚ¯K, =éu�½
¥þN� φi : Rn → Rm(i = 1, 2, · · · , N), XJ
�3��ì ui ¦� lim

t→∞
(yi(t) − φi(xi(t))) = 0,

i = 1, 2, · · · , N , @o�ä (1) Ú (2) Ò¢y
2Â
ÓÚ. w,, 2ÂÓÚNy
�«¼êN�'X, �
��ÓÚ½ÝKÓÚ�'��E,.

5 1 l°Ä¨�A�ä��.�±wÑ�©
¤ïÄ�ü��ääkXeA:: 1) ùü��ä�
ÿÀ(�Ú!:Ä��Ø�Ó; 2) ùü��ä�!
:Ä��§��ê�±Ø�Ó, = m 6= n; 3)�ä
�SÜÍÜÝ
�ÃIb�´é¡�; 4) �Ä
Í
Ü�¢�K�, �.�äk��5.

�ïÄ¯K�B, I�Xe�b�^�:

b� 1 éu?¿� x ∈ Rn Ú y ∈ Rn, �3�
~ê L, ÷v

‖g(y) − g(x)‖ 6 L‖y − x‖. (3)

b� 2 �¢ τ(t) ��ê÷v 0 6 τ̇(t) 6 ε < 1.

3k'E,�ä�ÓÚ¥, b� 1 Úb� 2 ´
ü�²~5�b�^�. 3e©¥, ·�o´@�
ùü�b�^�´¤á�.

3. g·AÓÚ��ì

��Ä¯K�B, Ø�Äkb�ÿÀ(� C

Ú D ´®��. Äk, ½ÂXe�2ÂÓÚØ�:

ei(t) = yi(t) − φi(xi(t)). (4)

�¢y�ä (1) Ú (2) �2ÂÓÚ, �OXe�
��ì:

ui = Jφif(xi(t)) − g(φi(xi(t)))

−
N∑

j=1

dijΓ2φj(xj(t − τ(t)))

+Jφi

N∑
j=1

cijΓ1xj(t − τ(t)) − kiei(t), (5)
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k̇i = ri‖ei(t)‖2, (6)

ùp, Jφi ´ φi(xi) �ä�'Ý
; ri ´?¿��~
ê, i = 1, 2, · · · , N .

w,, 3��ì (5) �^e�Ø�Ä��§�

ėi(t) = ẏi(t) − Jφiẋi(t)

= g(yi(t)) − g(φi(xi(t)))

+
N∑

j=1

dijΓ2ej(t − τ(t)) − kiei(t). (7)

ÀJXe� Lyapunov ¼ê:

V (t) =
1
2

N∑
i=1

eT
i (t)ei(t) +

1
2

N∑
i=1

1
ri

(ki − k̄)2

+
N∑

i=1

1
2(1 − ε)

∫ t

t−τ(t)

eT
i (θ)ei(θ)dθ, (8)

Ù¥, k̄ ´��½��~ê.

ò V (t) ÷Ø�XÚ (7) ¦�, Ó�$^b� 1

Ú (6) ª, k

V̇ (t) =
N∑

i=1

eT
i (t)ėi(t) +

N∑
i=1

1
ri

(ki − k̄)k̇i

+
1

2(1 − ε)

N∑
i=1

eT
i (t)ei(t)

−1 − τ̇(t)
2(1 − ε)

N∑
i=1

eT
i (t − τ(t))ei(t − τ(t))

=
N∑

i=1

eT
i (g(yi(t)) − g(φi(xi(t))) − kiei)

+
N∑

i=1

N∑
j=1

eT
i dijΓ2ej(t − τ(t))

+
N∑

i=1

(ki − k̄)‖ei(t)‖2

+
1

2(1 − ε)

N∑
i=1

eT
i (t)ei(t)

−1 − τ̇(t)
2(1 − ε)

N∑
i=1

eT
i (t − τ(t))ei(t − τ(t))

6 (L − k̄ +
1

2(1 − ε)
)eT(t)e(t)

+eT(t)Ae(t − τ(t))

−1 − τ̇(t)
2(1 − ε)

N∑
i=1

eT
i (t − τ(t))

ei(t − τ(t)), (9)

ª ¥, e(t) = (eT
1 (t), eT

2 (t), · · · , eT
N (t))T ∈ RmN ;

A = D ⊗ Γ2, ⊗ L« Kronecker ¦È.

db� 2 ��
1
2
− 1 − τ̇(t)

2(1 − ε)
6 0, �éu?¿

� x, y ∈ Rn Ú η > 0, k 2xTy 6 ηxTx + 1
ηyTy ¤

á, �

V̇ (t) 6
(
L − k̄ +

1
2(1 − ε)

)
eT(t)e(t)

+
1
2
eT(t)AATe(t)

+
1
2
eT (t − τ(t))e(t − τ(t)) − 1 − τ̇(t)

2(1 − ε)

×
N∑

i=1

eT
i (t − τ(t))ei(t − τ(t))

6
(

L − k̄ +
1

2(1 − ε)

+λmax

(1
2
AAT

))
eT(t)e(t), (10)

ù p � λmax

(1
2
AAT

)
L « Ý 


1
2
AAT � �

�A��.

e� k̄ = L +
1

2(1 − ε)
+ λmax(

1
2
AAT) + 1,

K V̇ (t) 6 −eT(t)e(t). d �, V̇ (t) ´ � K ½ �,

� 0 6 V (t) 6 V (0). �â Lyapunov ¼ê (8) �
� V (0) ´k.�, Ïd V (t) k., K e(t) ∈ L∞.

ò V̇ (t) 6 −eT(t)e(t) ü > l 0 � t È © ¿ �
4�, k lim

t→∞

∫ t

0
eT(s)e(s)dt 6 V (0) − lim

t→∞
V (t),

K e(t) ∈ L2. Ó�, dØ�XÚ (7) �� ė(t) ∈
L∞. �â Barbalat Ún [27] ��, � t → ∞ �,

lim
t→∞

ei(t) = 0, i = 1, 2, · · · , N , =�ä (1) Ú (2) ¼
�2ÂÓÚ. u´,·�kXe�2ÂÓÚOK:

½n 1 XJ�ä (1) Ú (2) �ÿÀ(�®�,

3��ì (5) Ú (6) ��^e�¦ùü��ä¼�
2ÂÓÚ.

�éäk�¢ÍÜ�ü�Ä��ä, XJ§�
�ÿÀ(�®�, ½n 1 �Ñ
¢yÙ2ÂÓÚ�
����OK. �â½n 1,·�éN´¼��
{
ü�/e�	ÓÚOK.

íØ 1 XJ�ä (1) Ú (2) vkÍÜ�¢�K
�, = τ(t) = 0, $^e¡���ì�¢yùü��
ä�2ÂÓÚ

ui = Jϕif(xi(t)) − f(φi(xi(t)))

−
N∑

j=1

dijΓ2φj(xj(t))
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+Jφi

N∑
j=1

cijΓ1xj(t) − kiei(t), (11)

k̇i = ri‖ei(t)‖2. (12)

íØ 2 XJ�ä (1) Ú (2) äk�Ó�!:Ä
�, = f(·) = g(·), $^e¡���ì�¢yùü�
�ä�ÓÚ:

ui =
N∑

j=1

(cijΓ1 − dijΓ2)xj(t − τ(t))

−kiei(t), (13)

k̇i = ri‖ei(t)‖2. (14)

íØ 3 XJ�ä (1) Ú (2) �SÜÍÜÝ
Ú
ÿÀ(��Ó, $^e¡���ì�¢yùü��
ä�ÓÚ:

ui = f(xi(t)) − g(xi(t)) − kiei(t), (15)

k̇i = ri‖ei(t)‖2. (16)

5 2 ©z [22] ¥��"OÃ k �À��ÿÀ
(�k', �X�ä!:ê�O\, k �O�ò¬
�~�¡. íØ 1 æ^g·AOÃ�{, �;�ù
�¯K. �,íØ 2 ÚíØ 3 �Ä�´äkÍÜ�
¢�ü�Ä��ä���ÓÚ, �éu τ(t) = 0 �
�,·^, ��^5?n©z [13—15] ¤ïÄ�¯
K. éu©z [16—19] ¤ïÄ�ü��ä�ÝKÓ
Ú¯K, �Iò��ì (5) �N{z=�.

5 3 du2ÂÓÚNy�´�«E,�¼ê
N�'X, Ïd2ÂÓÚ��ì�/ª���ÓÚ
�/�E,�
. XÛòT2ÂÓÚ��ì{z,

¦Ùäk�{ü�/ª, ò´�~k¿Â�, ��
?�ÚïÄ.

k�ÿ, �ä�ÿÀ(��U´���, �¢
yd«�¹e��ä2ÂÓÚaqu�Ääk�
�ëê·bXÚ�2ÂÓÚ¯K. Äu½n 1 93
©z [23—25] ïÄE,�äÿÀ(�E£�Ä:
þ,·���OXe���ìÚ�#5K:

ui = Jφif(xi(t)) − g(φi(xi(t)))

−
N∑

j=1

d̂ijΓ2φj(xj(t − τ(t)))

+Jφi

N∑
j=1

ĉijΓ1xj(t − τ(t)) − kiei(t), (17)

k̇i = ri‖ei(t)‖2, (18)

˙̂cij = −lije
T
i (t)JφiΓ1xj(t − τ(t)), (19)

˙̂
dij = hije

T
i (t)Γ2φj(xj(t − τ(t))), (20)

ùp, ĉij Ú d̂ij ´é��ÿÀ(� cij Ú dij ��
O; lij Ú hij ´?¿��~ê, i, j = 1, 2, · · · , N . d
�, 3��ì (17) �^e�Ø�Ä��§�

ėi = g(yi(t)) − g(φi(xi(t)))

+
N∑

j=1

dijΓ2ej(t − τ(t))

+
N∑

j=1

d̃ijΓ2φj(xj(t − τ(t)))

−Jφi

N∑
j=1

c̃ijΓ1xj(t − τ(t)) − kiei(t), (21)

ª¥, c̃ij = ĉij − cij , d̃ij = d̂ij − dij . eÀJXe
� Lyapunov ¼ê:

V (t) =
1
2

N∑
i=1

eT
i (t)ei(t) +

1
2

N∑
i=1

1
ri

(ki − k̄)2

+
1
2

N∑
i=1

N∑
j=1

1
hij

c̃2
ij +

1
2

N∑
i=1

N∑
j=1

1
lij

d̃2
ij

+
N∑

i=1

1
2(1 − ε)

∫ t

t−τ(t)

×eT
i (θ)ei(θ)dθ, (22)

¿aqu½n 1 �©ÛL§,·�kXe�ÓÚO
K:

½n 2 XJ�ä (1) Ú (2) �ÿÀ(���,

3��ìÚ�#5K (17)—(20) ��^e�¦ùü
��ä¼�2ÂÓÚ.

5 4 ©z [23—26] ïÄ
E,�äÿÀ(�
�E£¯K. ©z [25] 3 “ÓÚ6/þ�5Ã'”

�b�^�ey²
�ä���ÿÀ(�UE£
�ý�. du©z [25] � “�5Ã'” b�^�J
±�y, ©z [26] ?�Ú�Ñ “ÓÚ´{N£O
�”. E,�ä�ÿÀ(�E£¯KE´���~
­��¯K, ���\ïÄ. 3©¥·�vkb�
ù��� “�5Ã'” ^�, ÿÀ(��NØ¬E£
�ý�, �ù¿Ø�N�ä2ÂÓÚ�¢y.

4. ê��ý

~ 1 b�°Ä�ä¹k 5 �!:, Ù1 i �!
:´�·b Chen XÚ, �A�ä¹k 5 �!:, Ù
1 i �!:´ Chen ·bXÚ. ü��ä�!:Ä
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��§©O�

f(xi) =


a(xi2 − xi1) + xi4

dxi2 − xi1xi3 + cxi2

xi1xi2 − bxi3

xi2xi3 + hxi4

 ,

g(yi) =


a1(yi2 − yi1)

(c1 − a1)yi1 + c1yi2 − yi1yi3

−b1yi3 + yi1yi2

 ,

ã 1 2ÂÓÚØ�­� (a)Ø� ei1; (b)Ø� ei2; (c)Ø� ei3

ã 2 ÿÀ(����2ÂÓÚØ�­� (a)Ø� ei1; (b)

Ø� ei2; (c)Ø� ei3

ª¥, a = 35, b = 3, c = 12, d = 7, h ∈
(0.085, 0.798]; a1 = 35, b1 = 3, c1 = 28.

b�ÍÜÝ


C =



−2 1 0 0 1

1 −4 1 1 1

0 1 −2 1 0

0 1 1 −3 1

1 1 0 1 −3


,
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D =



−6 3 2 0 1

3 −4 1 0 0

2 1 −3 0 0

1 0 0 −5 4

0 0 0 4 −4


;

2 Â N � φi(xi) = (xi1, xi2 + xi4, xi3)T,

� Jφi =


1 0 0 0

0 1 0 1

0 0 1 0

. ÀJ h = 0.5, Γ1 = I4,

Γ2 = I3, τ(t) = 0.2. A^½n 1 �¦ùü��ä¼
�2ÂÓÚ.

3 � ý ¥, À J Ð © ^ � xi(0) = (0.1 +

0.4i, 0.2 + 0.4i, 0.3 + 0.4i, 0.4 + 0.4i)T , yi(0) =

(2.2+0.3i, 2.3+0.3i, 2.4+0.3i)T , ki(0) = 3.9+0.1i,

ri = 1, 1 6 i, j 6 5. ùü��ä�m�2ÂÓÚØ
�­�Xã 1 ¤«. �±wÑ, ²Lá6�m�, ü
��äm�2ÂÓÚ�±¢y.

~ 2 b�°Ä�ä¹k 5 �!:, Ù!:
´ Lorenz ·bXÚ, �A�ä¹k 5 �!:, Ù!
:´ Chen ·bXÚ. Lorenz XÚ�Ä��§�

f(xi) =


a(xi2 − xi1)

cxi1 − xi2 − xi1xi3

−bxi3 + xi1xi2

 ,

Ù¥ a = 10, b = 8/3, c = 28. ¤�Ä�
°Ä - �A�ä�ÍÜÝ
X~ 1, �ùpb�
ÿÀ(���, = C Ú D ��. b� φi(xi) =

(xi1, xi1+xi2, xi1+xi2+xi3)T, k Jφi =


1 0 0

1 1 0

1 1 1

.

ÀJ Γ1 = Γ2 = I3, τ(t) =
et

2 + et
. $^½n 2

�¦ùü��ä¢y2ÂÓÚ.

3�ý¥, ÀJÐ©^��

xi(0) = (0.1 + 0.3i, 0.2 + 0.3i, 0.3 + 0.3i)T,

yi(0) = (1.6 + 0.3i, 1.7 + 0.3i, 1.8 + 0.3i)T,

ki(0) = 3.5 + 0.1i, ĉij(0) = d̂ij(0) = 0.4,

ri = hij = lij = 5, 1 6 i, j 6 5.

ùü��ä�m�2ÂÓÚØ�­�Xã 2

¤«. ��, ¤�O���ì¦�äk��ÿÀ(
��ü��ä¢y
2ÂÓÚ.

5. ( Ø

�©ïÄ
äk�C�¢ÍÜ�ü�ØÓE
,�ä�2ÂÓÚ¯K. Äu Barbalat Ún, �OÜ
·���5��ì¢y
Ù2ÂÓÚ. ?�ÚïÄ

äk��ÿÀ(��ü��ä�2ÂÓÚ¯K.

�ý�~L²
T�{�k�5.
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Abstract

This paper deals deals with the problem of generalized synchronization (GS) between two different complex networks with

time-varying delay coupling. By designing a nonlinear adaptive controller, the GS between these two networks is achieved based on

Barbalat’s lemma. Furthermore, when the topological structures of two networks are fully unknown, the GS problem is also discussed.

Numerical simulations are provided to demonstrate the effectiveness of the proposed methods.
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