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1 Ú ó

g Emelyanov[1] JÑ
�«w��� (sliding

mode control, SMC) �{±5, w�����'n
ØïÄ9Ù3¢S¥¤wy�A^dåÅÚÚå

<��2�'5 [2−8]. �IÆök�Ý\�w�
����'ïÄ¥, ¦�w���nØ��
?�
Ú�õ, ïÄ���d�Ð�5��m*Ð�
�
���G��m [9−13].

w���½¡��C(���, §´�3w�
��ì��^e, É�XÚ?\
�«pª���
G�, ½¦Ù3ýk�½�w�¡þ±Y$Ä, �
ª÷XTw�¡Âñ�ýÏ�wÄ��, l��
���8�. w����`³3uXÚ�½5=
�ûuw�¡9Ùëþ��½, é	.D(Z6Ú
ëþ6Ääk°�5, ¿äk¯��A!Ôn¢y
{ü�`:. �´ù«`ûA5¦�w���n
ØUÊH·^u�5½��5XÚ!ëY½lÑ
XÚ!(½½Ø(½XÚ, ¿3>å!Ê�ÊU!
&EÏÕ±9gÄ���+���
í2A^, N
õkd��ïÄ¤J�U���, Ù¥|^w�
��?1ü�XÚ�m�JlÓÚ¤�TïÄ+
��9:¯K [14−18]. 1977 c, Utkin[19] ïÄ
É

(�XÚ�m�w���¯K, I�Xw���
�ïÄé�dÓ(�XÚ*Ð�É(�XÚ�m
�ÓÚ; 3d��, Sarpturk � [20] JÑ
�«k'
lÑXÚ�C(����Y, �y
w���nØ
Ø=·^uëYXÚ, �·^ulÑXÚ;1998 c,

Bartolini � [21] é��XÚ�w���¯K?1

�'?Ø, ¦$^w���{é��XÚ�ÓÚï
Ä�\�\; �C, Roopaei � [22] ïÄ
�a·b
XÚ�g·Aw�ÓÚ5Æ, ¦w���nØ�·
^5��
?�Ú��õ. ù
��¤J�<�
?�Ú?1w����nØ±9A^ïÄC½

ûÐ�ó�Ä:.

î8��, ®���ïÄó�Ä�þ´'uü
�XÚ�m�w�JlÓÚ¯K, g,.¥�3
X�þ�äk�p'é�XÚ, ù
XÚÏL�p
m�ÍÜ�^�¤
E,�ä. �ü�XÚ�m�
w�JlÓÚ�'�, k'�äw�JlÓÚ��
���é��, Ïdk'E,�äw�JlÓÚ�
ïÄ´�©7��. ,	, 3JlÓÚ�¢SL§
¥, �ä¥!:ê8�õ, ë��ªõ�, ÍÜrÝ
��, XÚëþØ(½�Ï�þ�U�3, Ïd, ï
ÄØ(½�ä�&Ò�m�JlÓÚ¯K´��
äk¢S¿Â�ó�.

�©±Ôn¥~��Vµò>´�¤�E,

* �w�g,�ÆÄ7 (1OÒ: 20082147) Ú�w���eM#ìèOy (1OÒ: 2008T108) ]Ï��K©
† E-mail: luling1960@yahoo.com.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

160507-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 160507

�ä�~, 3�ä!:·bXÚ¥�ëþÚ�ä
ÍÜrÝþ����/e, |^w���{ïÄ

Ø(½�ä�	ÜÑ\&Ò�m�JlÓÚ¯
K. �â¢SI�, 	ÜÑ\&Ò�/ª�±�~
&Ò!�5&Ò!��5&Ò!±Ï&Ò±9·
b&Ò��. �©�ý�[
>´�ä��u&
Ò!Lorenz XÚ�)�·b&Ò�mJlÓÚ�
L§. (JL², d�{·^u?¿(��Ø(½
�ä, äk�½�Ê·5.

2 ÓÚ�n

���?¿(��E,�äk N �!:, !
:�G��§´ëþ���·bXÚ. Ù¥1 i �
!:XÚ�G�Cþ´ xi(t), xi(t) ∈ Rn, ü�!
:3Ø�ÄÍÜ�^�¤÷v�G��§�

ẋi(t) = F (xi(t)) (i = 1, 2, · · · , N), (1)

Ù¥ F : Rn → Rn.

òG��§ (1) ?1·��©l

ẋi(t) =F (xi(t)) = Γ (xi(t)) + Φ(xi(t))δi

(i = 1, 2, · · · , N), (2)

ùp δi ∈ Rm ´1 i �!:·bXÚ���ëþ.

�ÄÍÜ�^�, d N �ëþ���·bX
Ú (2) ��!:�¤�E,�ääke�/ª

ẋi(t) =Γ (xi(t)) + Φ(xi(t))δi + σi

N∑
j=1

aijH(xj(t))

+ ui (i = 1, 2, · · · , N), (3)

Ù¥ H : Rn → Rn �ë��ä�!:�ÍÜ¼ê,

σi ��ä���ÍÜrÝ, aij ´L«�äÿÀ(
��ÍÜÝ
�. ui ∈ Rn ´�\3�ä1 i �!
:þ�w���ì.

�Ä�äé	ÜÑ\&Ò�JlÓÚ¯K. �
?¿�½�	ÜÑ\&Ò� r(t), K�ä�1 i �
!:�d&Ò�méACþ�Ø��

ei(t) = xi(t) − r(t) (i = 1, 2, · · · , N), (4)

?�Ú��Ø���müz�§

ėi(t) =ẋi(t) − ṙ(t)

=Γ (xi(t)) − ṙ(t) + Φ(xi(t))δi

+ σi

N∑
j=1

aijH(xj(t)) + ui. (5)

½Â�ä!:�	ÜÑ\&Ò�m�w�¡

si =ei(t) +
∫ t

0

ciei(τ)dτ

(i = 1, 2, · · ·, N), (6)

ùp ci �w�¡~þ.

�âw���nØ, �u)w�$Ä�I÷v
Xe^�:

si = ei(t) +
∫ t

0

ciei(τ)dτ = 0, (7)

ṡi = ėi(t) + ciei(t) = 0. (8)

d�§ (8) �

ėi(t) = −ciei(t). (9)

w ,, � À � ~ þ ci > 0 �, (9) ª ì C  ½,

= lim
t→∞

‖ei(t)‖ = 0.

?�Ú�E�ä� Lyapunov ¼ê

V (t) =
1
2

N∑
i=1

sT
i si +

1
2

N∑
i=1

(λi − δi)TPi(λi − δi)

+
1
2

N∑
i=1

(βi − σi)TKi(βi − σi), (10)

þª¥ λi �L�ä!:·bXÚ¥��ëþ δi �
£Oþ, βi �L�ä¥��ÍÜrÝ σi �£Oþ,

Pi, Ki ´�u"�~þ.

(10) ª��ê�±L«¤Xe/ª:

V̇ (t) =
N∑

i=1

sT
i ṡi +

N∑
i=1

λ̇T
i Pi(λi − δi)

+
N∑

i=1

β̇T
i Ki(βi − σi)

=
N∑

i=1

sT
i [ėi(t) + ciei(t)] +

N∑
i=1

λ̇T
i Pi(λi − δi)

+
N∑

i=1

β̇T
i Ki(βi − σi)

=
N∑

i=1

sT
i [Γ (xi(t)) − ṙ(t) + Φ(xi(t))δi

+ σi

N∑
j=1

aijH(xj(t)) + ui + ciei(t)]
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+
N∑

i=1

λ̇T
i Pi(λi − δi)

+
N∑

i=1

β̇T
i Ki(βi − σi). (11)

�Ow���ì

ui = − Γ (xi(t)) + ṙ(t) − Φ(xi(t))λi

− βi

N∑
j=1

aijH(xj(t)) − ciei(t)

− ηi sign(sT
i ), (12)

Ù¥ ηi �N�ëþ.

(11) ª�±L«�

V̇ (t) =
N∑

i=1

sT
i

[
Γ (xi(t)) − ṙ(t) + Φ(xi(t))δi

+ σi

N∑
j=1

aijH(xj(t)) + ui + ciei(t)
]

+
N∑

i=1

λ̇T
i Pi(λi − δi) +

N∑
i=1

β̇T
i Ki(βi − σi)

=
N∑

i=1

sT
i

[
Φ(xi(t))(δi − λi)

+ (σi − βi)
N∑

j=1

aijH(xj(t)) − ηi sign(sT
i )

]

+
N∑

i=1

λ̇T
i Pi(λi − δi)

+
N∑

i=1

β̇T
i Ki(βi − σi). (13)

½Â�ä��ëþÚÍÜrÝ�£OÆ

λ̇i = P−1
i Φ(xi(t))Tsi, (14)

β̇i =K−1
i

[
(σi−βi)

N∑
j=1

aijH(xj(t))(σi−βi)−1

]T

si.

(15)

�Ä� (14) Ú (15) ª, (13) ª�±{z�

V̇ (t) =
N∑

i=1

sT
i (−ηi sign(sT

i ))

= −
N∑

i=1

ηi

∣∣sT
i

∣∣. (16)

ÀJN�ëþ ηi > 0, K V̇ (t) < 0. �â½5½
n [23], �ä�JlÓÚ�±¢y, ù¿�XE,�
ä�¤k!:þJl��½�	ÜÑ\&Ò.

3 �ý�[

±;.��C��ä�~, �ý>´�ä¥&
Ò�JlÓÚL§. �C��ä�ÍÜÝ
�

A =



−2 1 0 · · · 0 1

1 −2 1 · · · 0 0

0 1 −2 · · · 0 0

· · · · · · · · · · · · · · · · · ·

0 0 0 · · · −2 1

1 0 0 · · · 1 −2


. (17)

·�ÀJ�aVµò·b>´��!:�¤�ä.

ü�!:3Ø�ÄÍÜ�^�¤÷v�G��§
äke�/ª [24]

ẋ = y,

ẏ = z,

ż = −ρ(x + y + z) + εf(x),

(18)

Ù¥ ρ, ε ´XÚ�ëþ, f(x) ´XÚ�SÜ¼ê,

f(x) =


1 x > k,
1
k

x −k 6 x 6 k,

−1 x < −k.

�½XÚÄåÆA��k��{´O�Ù�
� Lyapunov �ê. ·��XÚÐ©� x = −0.5,

y = −0.6, z = 0.1, >´ëþ� ρ = 0.5, k = 0.7,

O��� Lyapunov �ê�ëþ ε �üz'XX
ã 1 ¤«. 3�� Lyapunov �ê�u"�«��
ëþ ε = 0.8, XÚ�3Xã 2 ¤«�Vµò·bá
Úf.

� ý � [ � ä J l Ó Ú �, � � ä � ! :
ê N = 3, ë��ä�!:�ÍÜ¼ê�üC
þ, ¿b����ä!:�Vµò·b>´¥ë
þ ρi(i = 1, 2, 3) ��, n�Vµò·b>´XÚ
U (3) ª�ë��¤E,�ä.

Äk·�±±Ï����u¼ê��	ÜÑ
\&Ò, �ý�[�ä�ù�8I&Ò�m�Jl
ÓÚ.
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�½	ÜÑ\&Ò

r(t) = sin t. (19)

Ø���5/4�ä�!:Vµò·b>´G�
�§¥�1��G�Cþ xi Jlù�8I&Ò,

KG�Cþ xi �&Ò r(t) �Ø��

ei = xi − r(t) (i = 1, 2, 3). (20)

ã 1 �� Lyapunov �ê�ëþ ε �üz

↩ ↩   
↩

↩







x

y

ã 2 Vµò·báÚf

ÀJw�¡

si = ei +
∫ t

0

ciei(τ)dτ (i = 1, 2, 3). (21)

w���ì�/ª÷v (12) ª, �ä!:G
��§¥���ëþd�A�£OÆ (14) ª¤
O �, � ä ë � ¥ � � � Í Ü r Ý d � A � £
OÆ (15) ª(½, À�ëþ Ki = 1 (i = 1, 2, 3),

Pi = 1 (i = 1, 2, 3). w�¡~þ� c1 = 1, c2 = 1.5,

c3 = 0.5. N�ëþ� η1 = 1, η2 = 1.5, η3 = 1.8. �
ý�[�ä��u&Ò�mJlÓÚ�L§. !:
��u&Ò�méACþ�Ø�!w�¡±9�
ä!:G�Cþ��m�üz5ÆXã 3—5 ¤«.
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ã 3 Ø�Cþ ei ��m�üz

ã 4 w�¡ si ��m�üz

dã 3—5 ØJuy, ²Lá6��müz, �
A�Ø�Cþ±9w�¡×�/ªu", �ä¤k
!:î�JlÓÚu�uÑ\&Ò�;,, �ä�
JlÓÚ�±¢y.
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,	, ÀJ Lorenz XÚ�)�·b&Ò��	
ÜÑ\&Ò [25]:

ẋ = µ(y − x),

ẏ = x(b − z) − y,

ż = xy − cz,

(22)

Ù¥�XÚÐ©�� x = −1, y = 1, z = 0, ë
þ µ = 10, b = 28, c = 8/3 �, XÚ�)Xã 6 ¤
«�·b&Ò.
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ã 5 G�Cþ��m�üz

� ½ � ä ! : G � � § ¥ � G � C þ
� Lorenz XÚ�)�·b&Ò�Ø�

ei1 = xi − x,

ei2 = yi − y (i = 1, 2, 3),

ei3 = zi − z.

(23)

ÀJw�¡

sij =eij +
∫ t

0

cieij(τ)dτ

(i = 1, 2, 3; j = 1, 2, 3). (24)

w���ì�/ª÷v (12) ª, �ä!:G
��§¥���ëþEd�A�£OÆ (14) ª¤
O�, �äë�¥���ÍÜrÝEd�A�£O
Æ (15) ª(½, ¿��±Ù¦¤këþê��À�
ØC, �ý�[�äÚ Lorenz XÚ�)�·b&Ò

�m�JlÓÚL§. Ø�!w�¡±9�G�C
þ��m�üz5ÆXã 7—9 ¤«.

d�ý(J�±wÑ, ²Lá6��müz,

�ä�!:î�/Jl
 Lorenz XÚ�)�·b
&Ò�;,, Ø�Cþ±9w�¡��m�üzþ
×�/ªu", `²TÓÚ�{´k��.
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ã 6 Lorenz XÚ�·b&Ò
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ã 8 w�¡ sij ��m�üz
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ã 9 G�Cþ��m�üz

4 ( Ø

ïÄ
Ø(½�ä�	ÜÑ\&Ò�JlÓ
Ú¯K. ÄkÀJ
·��w�¡, ÏL�ä!:
G��§¥��ëþÚ�äÍÜrÝ�k�£O
±9w���ì��Ó�^, ¦XÚ�±3ýk
���w�¡þ$Ä, �ª¢y
���ä�	Ü

Ñ\&Ò�m�JlÓÚ. ?�Ú±Ôn¥~��
Vµò>´�¤�E,�ä��¢~?1
�ý
©Û. (JL², ²Lá6��müz, �ä¤k!
:G��§¥�G�Cþî�Jl
�u&Ò±
9 Lorenz XÚ�)�·b&Ò, �A�Ø�±9w
�¡��m�üz×�/ªu". dÓÚ�{·^
u?¿(��Ø(½�ä.
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Sliding mode tracking synchronization of an
uncertain complex network∗
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Abstract

The problem of tracking synchronization for an uncertain complex network is proposed. By selecting an appropriate sliding

surface, designing parameter identification laws and sliding mode controllers, the tracking synchronization between the network and

output signal is achieved. The simulation results show that all the state variables in the network can track target orbit strictly, which

shows that the method is effective.
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