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1 Ú ó

3ÃX1ÆXÚ!>f>´!S�Ï&�N
õ�ÆÚó§+�Ñk·by� [1−3]. é·bX
Ú�ÓÚ����´·bïÄ+���ïÄS
N��. gl Pecora Ú Carroll[4] u 1990 cJÑ

¦äkØÓÐ©G��ü�Ó��·bXÚÓÚ
��{±5, C��c5·bÓÚ��Úå
Ø
Ó+�ïÄ<
�À [5]. Boccaletti � [6] nã

·bXÚÓÚ��+���
Ì��{, �[
?Ø
A«ÓÚ��A:. ØÓ�ÓÚ���{,
X�5Ú��5�"�� [7,8], g·A�� [9−11],
�ü [12−17], �ò�"�� [18], LMI (linear matrix
inequality) Eâ [19], w����{ [20−25] Ú ²�
ä�� [26−29] �Ñ®²¤õA^�·bÓÚ��
�¥.

�
)ûäk��ëêÚ	ÜZ6�·bX
Ú�ÓÚ¯K, CAc?1
�þw�¯K�ïÄ
ó�. Roopaei � [22] ��X�äkØ(½·bXÚ
JÑ
�«°�g·Aw����{, Ù¥�Cw

�¡´(½�, �Ø(½5ÚZ6�.´���.
Yau[23] JÑ
�«°��
w����{ (FSMC)
5)ûü�äkØ(½5Ú	ÜZ6�·b��
5úÚXÚÓÚ. �
¢yäkØ(½5½Z6�
·bXÚ�¯�Âñ, Wang � [24] JÑ
�ÛÉª
àw����{, T�{U
¦·bXÚ3k��
�mp��½. þã�õêïÄ��Ä
Ø(½
5÷v��^��·bXÚ.

Ø
|^w����°�5ïÄkØ(½
5Ú	6�¹e�·b��¯K±	, |^ ²
�ä5?nØ(½5�¯K�Úå
2��'
5 [26−29]. Guo � [26] �é Lorenz ·bXÚ, JÑ

Äug·ApdÄ���Ø(½5 (NN) �·b
���{, �±?n��Ø(½5. Lu � [27] ��
{JÑ
|^£8 NN 5E£Ú��¹Ø(½5
�·bXÚ, ��U���Ä%CXÚÚý¢XÚ
�Ø�. ÜÚA� [28] éu���Ø(½·bXÚ,
JÑ�«»�Ä¼ê (RBF) ²w�ÓÚ�{, é
ëêØ(½59	Z6äk�Ð�°�5, �T�
{�°�5�6uXÚg��A5�J±^��
©�Ä�XÚ. H¬�� [29] �éÉ	6K��Ú
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�·bXÚ, JÑ�«Äu RBF ²�ä�ÌÄw
�g·A���{, T�{���6 ²�ä�%
CUå.

�ü�{´��5��XÚ�O��â»,
¤�d+��ÚÏ^��{ [30]. Li � [31] ^ÌÄ
��¢yü�ØÓ·bXÚ�ÓÚ. Yu Ú Zhang[14]

JÑ
g·A�ü�O¢y
ü�Ø(½·bX
Ú�ÓÚ. Wang Ú Ge[16] |^äkN!¼ê�g
·A�ü¢y
ü�Ø(½·bXÚ�g·AÓ
Ú, 3ÌXÚÚfXÚ�m��
�Û½Úì
CÓÚ. ,, ����üEâ�U��î�"X
Ú, ùî��
�üEâ3·bXÚÓÚ��¥
�A^. Wang � [12] JÑ
^��ÌÄ�ü��
�{¢yëê®����î�"XÚÓÚ, T�{
^ n ���Ñ\, ò�ü�OÚÌÄ��Eâ�K
Ü, *Ð
�üEâ�A^+�, �´§ØUA^
u��Ñ\�u n �XÚ. Li Ú Hu[32] 3©z [12]
�Ä:þJÑ
�«°��üÓÚ���{, #N
XÚ���Ñ\�ê�u n, �I�®�Ø(½5
�þ..

�©�éþãLu�6 ²�ä!�¦��
Ñ\�ê�XÚ�êÚ���Ø(½5J±?n
�¯K, JÑ
�«#�ÓÚ���{. 3��Ì
Ä�ü���{ [12,32] �Ä:þ, ÏL�ü���
{?nXÚ¥����Ø(½5; 3¿©|^¶
ÂXÚ&E�Ó�Ú\ ²�ä5%C	Ü6Ä
ÚØ(½ëê, 2|^g·A���{?n ²
�ä�%CØ�, ù��t
�õê©zI�®�
Ø(½5þ.�¯K; �éJ[��Xêk�UL
"¦�~5�{J±k����¯K, JÑ
U?
� Songtag úª, )û
8cI�âäN�¹�O
AÏL"��ì�¯K; nÜþã�{¿|^°�
��Eâ,¢y
3k	Ü6Ä!ëêØ(½5Ú
XÚ���Ñ\�ê�u n ��¹e�y�õê
Ø�G�ìCªu".

2 XÚ£ã

�·b Chen XÚ£ãXe [33]:

ẋ = a (y − x) + w,

ẏ = dx − xz + cy,

ż = xy − bz,

ẇ = yz + rw,

(1)

ª¥, x, y, z, w ´XÚCþ, a, b, c, d, r ´¢~ê.
b��§ (1)´XÚ.

� a = 35, b = 3, c = 12, d = 7, 0 6 r 6 0.085
�, XÚ (1) ´·b�; � a = 35, b = 3, c = 12,
d = 7, 0.085 6 r 6 0.789�, XÚ (1)´�·b�;
� a = 35, b = 3, c = 12, d = 7, 0.789 6 r 6 0.90
�, XÚ (1)´±Ï5� [7]. �, � a = 35, b = 3,
c = 12, d = 7, 0.085 6 r 6 0.789�, �·b Chen X
Ú (1) �k��²ï: O (0, 0, 0, 0),´r½ÑÑX
Ú [34], =XÚ�)3 t → ∞�k..

w,, �·bXÚ (1) Ø´î�"XÚ, ���
�üEâÃ{A^. �²Lc[ïÄ�uyTXÚ
dXeü�ÍÜfXÚ|¤: ẋ = a (y − x) + w,

ẇ = yz + rw, ż = xy − bz,

ẏ = dx − xz + cy,

(2)

z�fXÚÑ´î�"�. ù«/ª�XÚ¡��
�î�"XÚ [12]. Ï�z��fXÚÑ´î�"
�, �üEâ=��A^�z�fXÚ. e¡��
OL§Äud�{.

3 ü��Ó���î�"�·bXÚ
�ÓÚ

�ÄXeõ�c� ²�ä:

h(x) = W TS
(
V TX

)
, (3)

ª¥, W = [w1 w2 · · · wl]T ∈ Rl, V =
[v1 v2 · · · vl]T ∈ Rm×l � Ñ \ � �
Û � Ú Û � � Ñ Ñ � � � �. X =
[xT, 1]T �  ² � ä � Ñ \ � þ, Ù � ê
� m, l > 1 � Û � ! : ê, S(V TX) =
[sv(vT

1 x) sv(vT
2 x) · · · sv(vT

l−1x) 1]T, Ù �
��/ª� sv(xa) = 1/(1 + e−γxa) � γ > 0 �
~ê. �â©z [29] �Ún, ·���Xeb�.

bbb��� 1 é¼ê�þ h: Ω 7→ Rp, ?� σ > 0,
o�3pd¼ê�þ S: Rm 7→ Rl Ú�`��Ý

 W ∗ Ú V ∗¦�

∥∥h(x) − W ∗TS
(
V ∗TX

)∥∥ 6 σ,
∀x ∈ Ω, Ù¥ Ω´Rm−1 ���;8. ½Â

h(x) − W ∗TS
(
V ∗TX

)
= ε

��Ø�. ½Â��Ø�Ý
� W̃ = Ŵ −W ∗,
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Ṽ = V̂ −V ∗, Ù¥ Ŵ ´W ∗ ��O, V̂ ´ V ∗ �
�O.

ÚÚÚnnn 1[35] éþã ²�ä, %CØ��de
ª£ã

Ŵ TS
(
V̂ TX

)
− W ∗TS

(
V ∗TX

)
= W̃ T

(
Ŝ − Ŝ′V̂ TX

)
+ Ŵ TŜ′Ṽ TX + du,

Ù¥, Ŝ = S(V̂ TX), Ŝ′ = diag{ŝ′v1, ŝ
′
v2, · · · , ŝ′vl},

ŝ′vi = s′v(v̂
T
i X) = d[sv(xa)]/dxa

∣∣∣xa=v̂T
i X , {� du

÷ve�Ø�ª

|du| 6 ‖V ∗‖F

∥∥∥Ŵ TŜ′
∥∥∥

F
‖X‖ + ‖W ∗‖F

∥∥∥Ŝ′V̂ TX
∥∥∥

F

+ ‖W ∗‖F

√
l.

�Äü�äkØÓÐ©G����î�"�
·bXÚ, XÚ (1) X�§¤ã. �AXÚXe:

ẋ1 = a (y1 − x1) + w1 + p1,

ẏ1 = dx1 − x1z1 + cy1 + u2 + p2,

ż1 = x1y1 − bz1 + p3,

ẇ1 = y1z1 + rw1 + u4 + p4,

(4)

ª¥, u2, u4´��O���Æ, pi (i = 1, 2, 3, 4)´
	ÜZ6ÚëêØ(½5�8¤�, p1 Ú p3 ´�
��Z6, p2 Ú p4 ´��Z6. ��ì�O�8�
´ÏéÜ·� u2 Ú u4¦�

lim
t→∞

ei0 = 0, i = 1, 2, 3, 4, (5)

ª¥, e10 = x1 − x, e20 = y1 − y, e30 = z1 − z,
e40 = w1 − w.

�§ (4) ~��§ (1) ��Ø�Ä�XÚXe:

ė10 = a (e20 − e10) + e40 + p1,

ė20 = (d − z) e10 + ce20

−x1e30 + u2 + p2,

ė30 = −be30 + y1e10 + xe20 + p3,

ė40 = z1e20 + ye30 + re40 + u4 + p4.

(6)

e¡, ·�ò|^���üEâ�OÌÄ��ì u2

Ú u4. �X�§ (2) ¤ã, Ø�XÚ (6) dXeü�
éÜî�"fXÚ|¤: ė10 = a (e20 − e10) + e40 + p1,

ė40 = z1e20 + ye30 + re40 + u4 + p4,
ė30 = −be30 + y1e10 + xe20 + p3,

ė20 = (d − z) e10 + ce20

−x1e30 + u2 + p2.

(7)

5 1: ©z [12] ¥|^ 4 ���Ñ\þ, �©
�æ^ 2 ���Ñ\þ5¢y��î�"�·b
XÚ�ÓÚ��, ù'|^ 4 ���Ñ\þ�J�
õ.

y3, ·��Ñ�OÚ½.
ÚÚÚ½½½ 1 - e1 = e10. §��ê�

ė1 = a (e20 − e10) + e40 + p1. (8)

- e4 = e40 − α1, α1 ���O�J[��þ. ½
Â Lyapunov ¼ê

V1S =
1
2
e2
1 +

1
2Γd1

ε̃2
d1 +

1
2
Γ−1

W1W̃
T
1 W̃1

+
1
2
tr

{
Γ−1

V 1 Ṽ T
1 Ṽ1

}
, (9)

ª¥, ε̃d1 = ε̂d1 − εd1, εd1 = ε1 − du1 � ²�
ä%CÚå�Ø�, ε̂d1 � εd1 ��O�, ΓW1 >

0, ΓV 1 > 0 ´~ê. e©¥ ε̃di, ε̂di, εdi, ΓWi > 0
Ú ΓV i > 0 (i = 2, 3, 4) �¹Â� i = 1��q, Ø
2`². ¦��§ (9) ��m��ê��

V̇1S = e1ė1 + Γ−1
d1 ε̃d1

˙̃εd1 + Γ−1
W1W̃

T
1

˙̂
W1

+tr
{

Γ−1
V 1 Ṽ T

1
˙̂
V1

}
= e1 [a (e20 − e10) + e40 + p1]

+Γ−1
d1 ε̃d1

˙̃εd1 + Γ−1
W1W̃

T
1

˙̂
W 1

+tr
{

Γ−1
V 1 Ṽ T

1
˙̂
V 1

}
= e1[a (e20 − e1) − c1e1 + e4

+c1e1 + α1 + p1]

+Γ−1
d1 ε̃d1

˙̃εd1 + Γ−1
W1W̃

T
1

˙̂
W 1

+tr
{

Γ−1
V 1 Ṽ T

1
˙̂
V 1

}
= e1 [a (e20 − e1) − c1e1 + s1 + α1 + p1]

+Γ−1
d1 ε̃d1

˙̃εd1 + Γ−1
W1W̃

T
1

˙̂
W 1

+tr
{

Γ−1
V 1 Ṽ T

1
˙̂
V 1

}
, (10)

ª¥, ��¡ s1 ½Â� s1 = e4 + c1e1, c1 > 0´~
ê. db� 1, Ø(½5 p1 �±L«�

p1 = W ∗
1 S1

(
V T∗

1 X1

)
+ ε1, (11)

Ù¥, X1 = [x x1 y y1 1]T. ÀJJ[��Æ

α1 = −a (e20 − e1) − b1e1 + c1e1

−Ŵ T
1 S1

(
V̂ T

1 X1

)
− ε̂2

d1e1

ε̂d1 |e1| + η1e−ηt
, (12)

ª¥, b1 > 0´����O�~ê, η1 > 0´��
�~ê, η > 0 �~ê.
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ò (11) Ú (12)ª�\ (10)ª¿dÚn 1 ��:

V̇1S = −b1e
2
1 + e1s1 + e1

[
W T∗

1 S1 (V ∗
1 X1)

−Ŵ T
1 S1

(
V̂ T

1 X1

)
+ ε1

]
− ε̂2

d1e
2
1

ε̂d1 |e1| + η1e−ηt

+Γ−1
d1 ε̃d1

˙̃εd1 + Γ−1
W1W̃

T
1

˙̂
W 1

+tr
{

Γ−1
V 1 Ṽ T

1
˙̂
V 1

}
= −b1e

2
1 + e1s1 + e1

[
−W̃ T

1

(
Ŝ1 − Ŝ′

1V̂
T
1 X1

)
−Ŵ T

1 Ŝ′
1Ṽ

T
1 X1 + εd1

]
− ε̂2

d1e
2
1

ε̂d1 |e1| + η1e−ηt

+Γ−1
d1 ε̃d1

˙̃εd1 + Γ−1
W1W̃

T
1

˙̂
W 1

+tr
{

Γ−1
V 1 Ṽ T

1
˙̂
V 1

}
= −b1e

2
1 + e1s1 + e1

[
−W̃ T

1

(
Ŝ1 − Ŝ′

1V̂
T
1 X1

)
−Ŵ T

1 Ŝ′
1Ṽ

T
1 X1

]
+ e1 (ε̂d1 − ε̃d1)

− ε̂2
d1e

2
1

ε̂d1 |e1| + η1e−ηt

+Γ−1
d1 ε̃d1

˙̃εd1 + Γ−1
W1W̃

T
1

˙̂
W 1

+tr
{

Γ−1
V 1 Ṽ T

1
˙̂
V 1

}
. (13)

-
˙̂

W 1 = ΓW1e1

(
Ŝ1 − Ŝ′

1V̂
T
1 X1

)
, (14)

˙̂
V 1 = ΓV 1e1X1Ŵ

T
1 Ŝ′

1, (15)
˙̂εd1 = Γd1e1. (16)

ò (14)—(16) ª � \ (13) ª ¿ | ^ 5
� tr

{
yxT

}
= xTy ��:

V̇1S 6 −b1e
2
1 + e1s1 + |e1| ε̂d1 −

ε̂2
d1e

2
1

ε̂d1 |e1| + η1e−ηt

= −b1e
2
1 + e1s1 +

|e1| ε̂d1η1e−ηt

ε̂d1 |e1| + η1e−ηt

6 −b1e
2
1 + e1s1 + η1e−ηt. (17)

ÚÚÚ½½½ 2 ¦ s1 ��ê�:

ṡ1 = c1 [a (e20 − e10) + e40 + p1]

+z1e20 + ye30 + re40 + p4 + u4 − α̇1.(18)

ÀJ Lyapunov ¼ê�

V4S = V1S +
1
2
s2
1 +

1
2Γd4

ε̃2
d4

+
1
2
Γ−1

W4W̃
T
4 W̃4 +

1
2
tr

{
Γ−1

V 4 Ṽ T
4 Ṽ4

}
.(19)

¦��§ (19) ��m��ê��:

V̇4S 6 −b1e
2
1 + e1s1 + η1e−ηt

+s1c1 [a (e20 − e10) + e40 + p1]

+Γ−1
d4 ε̃d4

˙̃εd4 + Γ−1
W4W̃

T
4

˙̂
W 4

+tr
{

Γ−1
V 4 Ṽ T

4
˙̂
V 4

}
+ s1 (z1e20 + ye30

+re40 + p4 + u4 − α̇1) . (20)

-

u4 = −c1 [a (e20 − e10) + e40]

−z1e20 − ye30 − re40

+α̇1 − e1 − b4s1 − Ŵ T
4 S4

(
V̂ T

4 X4

)
− ε̂2

d4s1

ε̂d4 |s1| + η4e−ηt
, (21)

ª¥, b4 > 0´����O�~ê. η4 > 0´��
�~ê.

ò (21)ª�\ (20)ª�

V̇4S 6 −b1e
2
1 − b4s

2
1 + η1e−ηt + s1c1p1

+s1p4 − s1Ŵ
T
4 S4

(
V̂ T

4 X4

)
− ε̂2

d4s
2
1

ε̂d4 |s1| + η4e−ηt
+ Γ−1

d4 ε̃d4
˙̃εd4

+Γ−1
W4W̃

T
4

˙̂
W 4 + +tr

{
Γ−1

V 4 Ṽ T
4

˙̂
V 4

}
.(22)

Ø(½5 c1p1 + p4 �±L«�

c1p1 + p4 = W ∗T
4 S4

(
V ∗T

4 X4

)
+ ε4, (23)

Ù¥, X4 = [z z1 w w1 1]T.
-

˙̂
W 4 = ΓW4s1

(
Ŝ4 − Ŝ′

4V̂
T
4 X4

)
, (24)

˙̂
V 4 = ΓV 4s1X4Ŵ

T
4 Ŝ′

4 (25)
˙̂εd4 = Γd4s1. (26)

ò (21), (23)—(26)ª�\ (22)ª, |^Ún 1, aq
uÚ½ 1 �í���:

V̇4S 6 −b1e
2
1 − b4s

2
1 + (η1 + η4) e−ηt. (27)

�â Lemma 1[36], � t → ∞�, e1 Ú s1 �ê?ª
�u", ù¿�X� t → ∞�, e4 → 0.

ÚÚÚ½½½ 3 - s3 = e30. §��ê�

ṡ3 = −be30 + y1e10 + xe20 + p3

= −be30 + y1e10 − xc2

∫ t

0

e2dτ

+xe2 + xα2 + xc2

∫ t

0

e2dτ + p3

= −be30 + y1e10 − xc2

∫ t

0

e2dτ
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+xα2 + xs2 + p3

= f + gα2 + gs2 + p3, (28)

ª¥, e2 = e20 − α2, α2 ���O�J[��þ,

s2 = e2 + c2

∫ t

0

e2dτ , c2 > 0, f = −be30 + y1e10 −

xc2

∫ t

0

e2dτ , g = x. ½Â Lyapunov ¼ê

V3S =
1
2
s2
3 +

1
2Γd3

ε̃2
d3 +

1
2
Γ−1

W3W̃
T
3 W̃3

+
1
2
tr

{
Γ−1

V 3 Ṽ T
3 Ṽ3

}
. (29)

¦ (29)ª��m�ê�

V̇3S = s3 (f + gα2 + gs2 + p3)

+Γ−1
d3 ε̃d3

˙̃εd3 + Γ−1
W3W̃

T
3

˙̂
W 3

+tr
{

Γ−1
V 3 Ṽ T

3
˙̂
V 3

}
. (30)

db� 1, Ø(½5 p3 �±L«�

p3 = W ∗T
3 S3

(
V ∗T

3 X3

)
+ ε3, (31)

Ù¥, X3 = [x x1 z z1 1]T. Ï� g k�UL
", ~5�{J±k���, �dé Songtag úª?
1U?,�OJ[��þ α2 �

α2 =


−

s3

(
f + Ŵ T

3 S3

(
V̂ T

3 X3

))
+

√
kf (s3f)2 + kg (s3g)4 + (b3s3)

4 +
ε̂2

d3s
2
3

ε̂d3 |s3| + η3e−ηt

s3g
, if s3g 6= 0

0, if s3g = 0
(32)

ª¥, b3 > 0, kf > 0 Ú kg > 0´~ê, η3 > 0´�
��~ê.

ÀJN!ÆXe:

˙̂
W 3 = ΓW3s3

(
Ŝ3 − Ŝ′

3V̂
T
3 X3

)
, (33)

˙̂
V 3 = ΓV 3s3X3Ŵ

T
3 Ŝ′

3, (34)
˙̂εd3 = Γd3s3. (35)

e¡©n«�¹©ÛXÚ�½5.
���¹¹¹ 1 s3g 6= 0
ò (31)—(35)ª�\ (30)ª, |^Ún 1, aq

uÚ½ 1 �í���

V̇3S 6 −b2
3s

2
3 + s3xs2 + η3e−ηt. (36)

���¹¹¹ 2 s3 = 0. � s3 = 0, V̇3S = 0.
���¹¹¹ 3 g = 0, = x = 0. ù«�¹e, ��&

ÒÃ{�\� (28)ª£ã�XÚþ. Q, e1 �ê
ª�u", �±@�3,��� t1 ±�, e1 Cq�
", u´ e30 �Ä��§���

ė30 = −be30 + p3. (37)

é (37)ª3 t > t1�?1¦)�

e30 (t) = e30 (t1) e−b(t−t1)

+
∫ t−t1

0

e−b(t−t1−τ)p3dτ

6 |e30 (t1)| e−b(t−t1)

+max |p3| ×
∣∣∣∣e−b(t−t1)

∫ t−t1

0

ebτdτ

∣∣∣∣
= |e30 (t1)| e−b(t−t1)

+ρ3 ×
∣∣∣∣1 − e−b(t−t1)

b

∣∣∣∣ , (38)

Ù¥, ρ3 = max |p3|. d (38)ª��:

lim
t→∞

|e30 (t)| =
ρ3

b
. (39)

5 2: ¯¢þ, x Ø�U���". =¦ x = 0,
e30(t) �k..

ÚÚÚ½½½ 4 ¦ s2 ��ê�

ṡ2 = c2e2 + (d − z)e10 + ce20

−x1e30 + u2 − α̇2 + p2. (40)

ÀJ Lyapunov ¼ê�

V2S = V3S +
1
2
s2
2 +

1
2Γd2

ε̃2
d2

+
1
2
Γ−1

W2W̃
T
2 W̃2

+
1
2
tr

{
Γ−1

V 2 Ṽ T
2 Ṽ2

}
. (41)

¦§��ê�

V̇2S = V̇3S + s2[c2e2 + (d − z)e10

+ce20 − x1e30 + u2 − α̇2 + p2]

+Γ−1
d2 ε̃d2

˙̃εd2 + Γ−1
W2W̃

T
2

˙̂
W 2

+tr
{

Γ−1
V 2 Ṽ T

2
˙̂
V 2

}
. (42)
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db� 1, Ø(½5 p2 �±L«�

p2 = W ∗T
2 S2

(
V ∗T

2 X2

)
+ ε2, (43)

Ù¥, X2 = [e10 e20 e30 z 1]T.
�ON!Æ�

˙̂
W 2 = ΓW2s2

(
Ŝ2 − Ŝ′

2V̂
T
2 X2

)
, (44)

˙̂
V 2 = ΓV 2s2X2Ŵ

T
2 Ŝ′

2, (45)
˙̂εd2 = Γd2s2. (46)

�O��5Æ�

u2 = −c2e2 − (d − z) e10 − ce20

+x1e30 − b2s2 − xs3 + α̇2

−Ŵ T
3 S3

(
V̂ T

3 X3

)
− ε̂2

d2s2

ε̂d2 |s2| + η2e−ηt
, (47)

ª¥, b2 > 0 ´��O � ~ê, η2 > 0 ´� �
�~ê.

ò (43)—(47)ª�\� (42)ª�

V̇2S 6 V̇3S − b2s
2
2 − xs2s3 + η2e−ηt. (48)

3�¹ 1 e, (48)ªC�

V̇2 6 −b2s
2
2 − b2

3s
2
3 + (η2 + η3) e−ηt. (49)

�â Lemma 1[36], � t → ∞�, s2 → 0, s3 → 0, ù
¿�X� t → ∞�, e2 → 0, e30 → 0.

3�¹ 2 e, (48)ªC�

V̇2 6 −b2s
2
2 + η2e−ηt, (50)

´�� t → ∞ �, s2 → 0, s3 = 0, ù¿�X
� t → ∞�, e2 → 0, e30 = 0.

3�¹ 3 e, - V2 =
1
2
s2
2, ¦Ù�ê�±��

V̇2 6 −b2s
2
2 + η2e−ηt. (51)

¤±�±�Ñ(Ø: � t → ∞�, s2 → 0. ù¿�
X� t → ∞ �, e2 → 0. Ó�, �â (38) ª��,
e30(t)k..

�âþã?Ø, ��Xe(Ø.
½½½nnn 1 éuXÚ (1) Ú (4), 3b� 1 �^�

e, XJJ[��ÆUì (12)ªÚ (32)ªÀ�, �
�ÆUì (21)ªÚ (47)ªÀ�, K

i) � x 6= 0 �, ei (i = 1, 2, 3, 4) òìCª
�u".

ii) � x = 0�, ei (i = 1, 2, 4) òìCª�u",
��â (39)ª�, e3(t) k..

½n 1 ¿vk`²XÚ (1) Ú (4)´ÄÓÚ, �
´´�XeíØ.

íííØØØ 1 3½n 1 �^�e, Xe(Ø¤á.
i) � x 6= 0�,ei0 (i = 1, 2, 3, 4) òìCª�u

", =XÚ (1) Ú (4)´ìCÓÚ�.
ii) � x = 0�, ei0 (i = 1, 2, 4) òìCª�u

", ��â (39)ª�, e30(t) k..
yyy²²² du e1 = e10, e1 → 0 (t → ∞), ¤

± e10 → 0 (t → ∞).
3�¹ 1 e: x 6= 0, s3 6= 0, Ø�ª (49) ¿�X

� t → ∞�, s2 → 0, s3 → 0. =� t → ∞�, e2 →
0, e30 → 0. � t → ∞�, s3 → 0 ¿�X� t → ∞
�, α2 → 0, =� t → ∞ �, e20 → e2. ¤±��
� t → ∞�, e20 → 0.

�¹ 2 aqu�¹ 1, d?Ñ�.
3�¹ 3 e: g = 0, �â (32) ª� α2 = 0,

K e20 = e2. �âØ�ª (51), �±wÑ� t → ∞
�, s2 → 0, ù¿�X� t → ∞�, e2 �ê?ª�
u", =� t → ∞�, e20 �ê?ª�u" e20 → 0.
¤±ÃØÛ«�¹e, � t → ∞�, e20 → 0.

�â (12)ª, Q,� t → ∞�, e10 → 0, e20 →
0, K� t → ∞ �, α1 → 0. ¤±� t → ∞ �,
e40 → e4. �â½n 1 ��, � t → ∞�, e40 → 0.

,	, � x = 0�, �â½n 1, (39)ª¤á.
y²(å.
íííØØØ 2 3½n 1 �^�e, XJ pi = 0, i =

1, 2, 3, 4, KXÚ (1) Ú (4)´ìCÓÚ.
d½n 1 �±��í�ÑíØ 2, Ø2y².

4 ê��ý

e¡·�ÏLê��ýy²JÑ�ÓÚ��
�{�k�5.

· � ï Ä Ó�k ëêØ ( ½ 5 Ú 	 Ü Z
6��¹, = p1 = 0.05sin(t)− 5(y1 − x1), p2 =
0.2sin(2t)+ 1.2x1− 1.3y1, p3 = 0.01sin(t)+ 1.5z1,
p4 = 0.2cos(t)+ 0.2w1.
��XÚ (1) �Ð©^�� x(0) = 1, y(0) =

2, z(0) = 3, w(0) = 4; �AXÚ (4) �Ð©^�
� x1(0) = –2, y1(0) = –3, z1(0) = 8, w1(0) = 10.

��ëêÀ� b1 = 25.0, b2 = 30.8, b3 = 0.6,
b4 = 25.8, c1 = 0.5, c2 = 0, ε̂d1(0) = 0.01, ε̂d2(0) =
0.01, ε̂d3(0) = 0.01, ε̂d4(0) = 0.01, η = 0.1, η1 =
0.1, η2 = 0.1, η3 = 0.1, η4 = 0.1, kf = 1, kg = 0.1,

140502-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 140502

ΓW1 = 0.001, ΓW2 = 0.01, ΓW3 = 0.00001, ΓW4 =
0.01, ΓV 1 = 5.1, ΓV 2 = 1.1, ΓV 3 = 3.1, ΓV 4 = 1.5,
Γdi = 0.001, Ŵi = [0]41×1, V̂i = [0]41×5, i = 1, 2,
3, 4.

��&Ò3 t > 5��\. �ý(JXã 1—4
¤«. ã 1 � x Ú x1 �ÓÚØ��, ã 2 � y

Ú y1 �ÓÚØ��, ã 3 � z Ú z1 �ÓÚØ�
�, ã 4 � w Ú w1 �ÓÚØ��. XÚ¥�
ëêØ(½5Ú	Ü6ÄXþã p1—p4 ¤«. l
ã 1—4 �±wÑ, Ø e30 	Ù¦ÓÚØ��þ

ìCÂñ�",  e30 �Âñ�"���é���
�p, |^ü���Ñ\¢y
ü� 4 ��·b
XÚ 3 �G����ÓÚ. ,	, du��ì¥k
�|^
¶ÂXÚ�&E, ²�äÌ�^u%C
	Ü6ÄÚëêØ(½�K�,¦�XÚ�ÓÚ�
J3Ó�äkëêØ(½5Úk	ÜZ6�E
,-<÷¿, �ý(J�nØ©Û(J���
�, k��Ñ
ykÄu ²�ä�ÓÚïÄ¥
���6 ²�ä�¯K, w«
�©�{�`
�5.
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-100
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5 ( Ø

�©JÑ
�«Äu ²�ä�g·A�ü
��ì�O�{,¢yäk��Ú���Ø(½5
�·b Chen XÚÓÚ. T�{�±A^�ØÓ�
äk��î�"/ª�·bXÚ¥. I��Ñ�´,

JÑ��{�Iæ^ü���ì=�¢y·bÓ
Ú, ÃI®�Ø(½5�þ., 3��XêØL"
��yÓÚØ�ª�u", L"��yÙk.. ä
k�CØ(½5��·bXÚ�ÓÚ´I�?�
ÚïÄ�¯K.
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Neural network-based backstepping design for the
synchronization of cross-strict feedback hyperchaotic

systems with unmatched uncertainties∗

Li Hai-Yan Hu Yun-An† Ren Jian-Cun Zhu Min Liu Liang
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Abstract
For a class of cross-strict feedback hyperchaotic systems with unmatched uncertainties, a multilayer neural network (MNN) based

adaptive backstepping design method is proposed. An MNN is introduced to estimate the uncertainties in systems. Sliding mode and

adaptive backstepping control are used to deal with the unmatched uncertainties and the MNN approximation errors. If the virtual

control coefficients do not pass through zeros, the proposed method guarantees that the synchronization errors of the systems approach

zeros. If the virtual control coefficients pass through zeros, the proposed method guarantees that the synchronization errors of the

systems are bounded. Numerical simulations are given to demonstrate the efficiency of the proposed control scheme.

Keywords: hyper-chaos synchronization, cross-strict feedback system, backstepping, MNN
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