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Abstract: Under certain conditions, chaos may occur in a coupled dynamo-system, which can cause the system to be
out of control or completely to breakdown. To deal with the uncertain disturbances in the system, we put forward the L-
two-gain control scheme to asymptotically stabilize the chaotic system and restrain the disturbance. The passivity method
is then applied to design the feedback stability controller, and the L-two-gain is adjusted to restrain the disturbance. The
simulation results demonstrate the validity of the method.
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1 ÚÚÚóóó(Introduction)
±L2OÃ�Ä:���5°���Ì�|

^LyapunovnØ!ÑÑXÚnØ, ��l��5X
ÚÑu?15U©Û!Z6³����ì�O[1,2] .
Ã
5´ÑÑ5���­�A~, §òÑ\)Ñ
Ñ�¦È��Uþ�ø�Ç,Ny
XÚ3k.Ñ
\^�eUþ�P~A5, Ï
Ã
5´­½5�
�«�p�g�Ä�[3,4]. Ã
z´Ã
53��
5��XÚ�O¥�A^. 3éXÚ?1�"�
�Æ�O�, ~~I��E��Lyapunov¼ê, ©
z[5 ∼ 7]ïÄL², ù�L§�=z��E��¦
XÚÃ
��;¼ê.

©z[8,9]ïÄ
ÍÜu>ÅXÚ.§´��äk
·bA��n�g£XÚ,´dë�3�å�ü�
u>Å|¤,Ù¥?Û��u>ÅÑ?u,��u
>Å�)�>6¤/¤�^|�¥. duÍÜu>

Å�êÆ�.´õCþ,rÍÜ���5XÚ,U¥
yÑ�~´L�Ä�1�,X4��Ú·b.

�>Å$13·bG��, ÙXÚG�¬Ñy
Ø5K$Ä,,
XÚG�¬ÑyL����ÌÝ,
��>ÅXÚ���5UØ­½. Ø5K>^D
(L��¯K,��K��XÚ�$1�þÚ��
5[8∼12]. �ÄÍÜu>ÅXÚ�m�ëê�Ä!>
Ø�ÅÄ±9§ÝCz�Ø(½Ï��K�, éÙ
XÛ?1��´���~­��ïÄ�K.

duÍÜu>ÅXÚ´��5ÄåÆ¥��«

AÏ$Ä/ª,Ïd$^��5nØ¥�L2OÃÚ

Ã
z�{5©ÛÚ)ûÍÜu>Å�·by�,
�ØXÚ¥�·b$Ä,ü$XÚg-����³,
¢yÍÜu>ÅXÚ�¯�­½.

�´duL2OÃ�N\^��r, ¿��XÚ
�36Ä���Ñ\ÚZ6Ñ\Ï��÷v�½�

ÂvFÏ: 2007−04−09;Â?UvFÏ: 2008−05−15.
Ä7�8: I[#Ñ�c�ÆÄ7]Ï�8(60525303);I[g,�ÆÄ7]Ï�8(60704009);p�Æ�Æ¬:;�Ä7(20050216001).
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��^�,Ï
��
T�{�A^��[13,14]. �
©´ryk©z¥�L2OÃÚ��5Ã
zlnØ

�Ä�=z¤ó§¢S��g$^. AO´3é�
�5XÚ��IC��§�À�!XÚÃ
z�ê

â=z�?n!Lyapunov¼ê��E±9N�?1
Z6³��¯K?1�gó§¢�&¢.

�©ÄkJÑÍÜu>Å·b��¯K,,��
ÑL25UOK.æ^Ã
z�{©ÛÚ�OT·b
XÚ��"	��½Æ,±L2OÃ�Ãã?1Z6

³�,��¦^O�Å�ýy²T�{�k�5.

2 ¯̄̄KKK£££ããã(Problem formulation)
ÍÜu>Å��5XÚ,ÙêÆ�.�±L«X

e:










ẋ = −µx + y(z + a),

ẏ = −µy + x(z − a),

ż = 1 − xy.

(1)

Ù¥�ÎÒ½Â9Ù$1^��©z[8,9]. �µ =

1, a = 2�,ÍÜu>Å�)·b. Ùn���mü
z�ã1¤«.

ã 1 ÍÜu>Å·bXÚ�²¡ã

Fig. 1 Phase image of the coupled dynamos chaos

�ÄXÚëêCzÚ	Ü6Ä(X>ØÅÄ!§
ÝCz�Ø(½Ï�)�K�,òª(1)�¤±e��
/ª:




ẋ1

ẋ2

ẋ3



=





−µx1 + x2(x3 + a)

−µx2 + x1(x3 − a)

1 − x1x2



+g1(x)ω+g2(x)u.

þª¥�ω�	Ü6Ä, u���Ñ\. �Bu��
ì��O,òþª�¤Xe���5�§:

{

ẋ = f(x) + g1(x)ω + g2(x)u,

z = h(x).
(2)

Ù¥: x ∈ R
3�G��þ; u ∈ R, z ∈ R©O�Ñ

\&ÒÚÑÑ&Ò; f(x), g1(x), g2(x)�3��þ¼
ê.

éuÍÜu>ÅXÚ(2), T·b��¯K�±
=z�e�L25UOK.?¿�½��êγ, ¦G�
�"	½��Æu = A(x) + B(x), A(0) = 0,¿¦

4�5U÷v

1) �ω = 0�, ��Æ�u = A(x)¦4�XÚ

3x = 0�´ìC­½;

2) eω 6= 0�,��Æ�u = A(x) + B(x),Ké

u?¿�½�T > 0,�x = 0�,Ø�ªw T

0
‖z(t)‖2

dt 6

γ2
w T

0
‖ω(t)‖2

dt, ∀ω ∈ L2 [0, T ] (3)

¤á. Ù¥: L2 [0, T ] = {ωT (t) |ωT ∈ L2 }, z��ÿ

þ�ÑÑ&Ò.

3 ÄÄÄuuuL2555UUUOOOKKK������"""������ÆÆÆ(Feedback
control law based onL2 performance)

duÍÜu>ÅXÚ´���5XÚ,Ïd�©

�â��5�©Ó�C�,æ^Lie�êÚLie)Ò©

ÛÚ�OTXÚ��"��Æ. �O©üÚ: 11Ú

�O�6Äω = 0����Æ; 12Ú�O�ω 6= 0

��XÚ��Æ.üÚ¦���Æ�\,Ò´6Ä�

^eÍÜu>ÅXÚo���Æ.

3.1 ω = 0 ���, ÍÍÍ ÜÜÜ uuu >>> ÅÅÅ XXX ÚÚÚ ��� III CCC

���(Coordinate transform of coupled dynamos

system atω = 0)

�ω = 0�,ÍÜu>ÅXÚ(2)��¤eª:
{

ẋ = f(x) + g2(x)u,

z = h(x).
(4)

d��g2(x) =
[

0 0 1
]T

, h(x) = x1x2, @o�

±¦�±eêâ:

Lg2
h(x) = 0, Lg2

Lfh(x) = x2
1 6= 0,

Lfh(x) = −2x1x2 + x2
2(x3 + 2) + x2

1(x3 − 2),

[f, g2] (x) = −∂f

∂x
g2 =

[

−x2 −x1 0
]T

.

�Tu>ÅXÚ�é��2.K�IC��§�














Lg2
η(x) =

∂η

∂x3

= 0,

L[f,g2]η(x) = x2

∂η

∂x1

+ x1

∂η

∂x2

= 0.

Ù¥η(x) = x2
1 − x2

2´T�§|���).

éuXÚÍÜuÄÅXÚ(4),�±e�IC�:






















ξ1 = h(x) = x1x2,

ξ2 = Lfh(x) =

− 2x1x2 + x2
2(x3 + 2) + x2

1(x3 − 2),

η(x) = x2
1 − x2

2,

(5)

¦TXÚC�¤XeIOóª(�:
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









ξ̇1 = ξ2,

ξ̇2 = υ,

η̇ = f0 (η, ξ1) = [Lfη(x)] .

(6)

Ù¥υ��IC�����Ñ\. @o�±��

η̇ = [Lfη(x)] =

[

2x1 −2x2 0
]





−x1 + x2(x3 + 2)

−x2 + x1(x3 − 2)

1 − x1x2



=

− 2(x2
1 − x2

2) + 8x1x2.

dª(5)�_C�,�ª��

η̇ = −2η + 8ξ1. (7)

Ù¥C�
�

Φ(x) =
[

η ξ1 ξ2

]T
=

[

η(x) h(x) Lfh(x)
]T

.

TC�
äkÛÜ�©Ó�, =§�JacobiÝ
é?
¿x�ÛÉ.

3.2 ω = 0 ���, ÍÍÍÜÜÜuuu>>>ÅÅÅXXXÚÚÚ���"""������
ÆÆÆ(Feedback control law of coupled dynamos

system atω = 0)

d�IC���IOóª(�ª(6)��TXÚ
´dü�È©ìGé�¤. duXÚ(6)��é�
´2,�©üÚ�O�"	½��Æ.

Ã
z4í�O�"��Æ�I�^��é�

�1��
(Ø,Ïddª(6)��XÚ�é��1�
XÚ�L«Xe:

{

ξ̇1 = υ,

η̇ = f0(η, ξ1).
(8)

½½½nnn 1 �	XÚ(8), XJ�3¼êβ1(η)

(β(0) = 0)Ú�½¼êW (η),¦�eª¤á:

Ẇ = Lf0
W (η) < 0, ∀η 6= 0, (9)

¿�fXÚ�±L«¤

f0(η, ξ1) = f0(η) + f
′

0(η, ξ1)ξ1, (10)

K¦4�XÚ3�:­½��"��Æ�

ν=
∂β1

∂η
f0(η, ξ1) − Lf

′

0

W (η) − ξ1 + β1(η).

(11)

yyy Ñ.�ë�©z[5,14].

ÍÜu>ÅXÚ(4), du�é��2, ÏL�I
C�=�¤IOóª(�ª(6),K�"	½��Æ
�OXe.

1111ÚÚÚ ÄkÀÈ©ìξ1�Ñ\ξ2�b���&

Ò,|^ηfXÚ�È©ìξ1�Gé(�, ¿�â½

n1�(Ø,¦�(η, ξ1)�I�fXÚ¤éA�	½

��Æβ2(η, ξ1).

��3¼êβ1(η)Ú�½¼êW (η),¦�
∂W

∂η
f0(η, β1(η)) < 0, ∀η 6= 0,

¤á. =�ξ1 = β1(η)�, ηfXÚ3η = 0´ìC­

½.

-ξ
′

1 = ξ1 − β1(η),K(η, ξ1)fXÚÒ�±L«

�
{

ξ̇
′

1 = ξ2 − β̇1(η),

η̇ = f0(η, ξ
′

1 + β1(η)).

?�Ú, eòξ2w�´TXÚ�b���Ñ\,
@o�â½n1�±��	½��Æ�

ξ2 = β2(η, ξ1) =
∂β1

∂η
f0(η, ξ1) −

Lf
′

0

W (η) − ξ1 + β1(η, ξ1), (12)

Ù¥f
′

0÷v

f0(η, ξ
′

1 + β1(η)) = f0(η, β1(η)) + f
′

0

(

η, ξ
′

1

)

ξ
′

1,

¿�-

η′ =
[

η ξ
′

1

]T
,

F0(η
′, ξ2) =

[

f0(η, ξ
′

1 + β1(η))

ξ2 − β̇1(η)

]

.

KXÚ�±L«¤
{

η̇′ = F0(η
′, ξ2),

ξ̇2 = υ.
(13)

1112ÚÚÚ ±υ��IC�����Ñ\, ¦¦X
Ú(η, ξ1, ξ2)­½��"��Æ.

d11Ú��, éuTXÚ�η′fXÚ, �ξ2 =

β2(η, ξ1)�,�½¼ê�

W
′

1(η, ξ
′

1) = W (η) +
1

2
ξ

′2
1 .

T�½¼êò÷v

∂W
′

1

∂η
′

F0(η
′, β2(η

′)) < 0, ∀η′ 6= 0.

-ξ
′

2 = ξ2 − β2(η, ξ1), β2(η, ξ1) = β2(η
′). ¿P

F
′

0(η
′, ξ

′

2) = [0 1]T, KkF0(η
′, ξ

′

2 + β2(η
′)) =

F0(η
′, β2(η

′)) + F
′

0(η
′, ξ

′

2)ξ
′

2.

dª(11)��XÚ(13)��"��Æ

υ=
∂β2

∂η
′
F0(η

′, ξ2) − LF
′

0

W
′

(η′) − ξ2 + β2(η
′).

qdu

LF
′

0

W
′

(η′) = [
∂W

∂η
ξ

′

1 ]

[

0

1

]

= ξ
′

1 = ξ1 − β1(η),
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Ïd�±��

∂β2

∂η′
F0 = [

∂β2

∂η

∂β2

∂ξ
′

1

]F0 =

∂β2

∂η
f0(η, ξ

′

1 + β1) +
∂β2

∂ξ
′

1

(ξ2 − β̇1(η)).

��ª�±¦�XÚ(7)��"��	½Æ�

υ =
∂β2

∂η
f0(η, ξ1) +

∂β2

∂ξ
′

1

(ξ2 − β̇1(η)) −

ξ1 + β1(η) − ξ2 + β2(η, ξ1). (14)

3.3 ω 6= 0 ���, L2ZZZ666³³³���(Restrain the distur-

bance based onL2 performance atω 6= 0)

�â©z[14 ∼ 16],�3±e½n.

½½½nnn 2 �ω 6= 0�, �	ÍÜu>Å·b
XÚ(2), ���Ñ\ÚZ6Ñ\Ï�÷v±e
��^�: =�3·��¼ê
g

′

1 (x), ¦g1(x) =

g2(x)g
′

1(x) ¤á. ¿��3	½��Æ A(x) 9

Lyapunov¼êV (x),¦�eª¤á:

∂V (x)

∂x
(f(x) + g2(x)A(x)) 6

1

2
hT(x)h(x),

@o,éu?¿�½�γ > 0,KTXÚ¤éA�L2

5UOK�)�

u = A(x) + B(x), (15)

B(x)= − 1

2γ2
g

′

1(x)g′T
1 (x)gT

2 (x)
∂TV (x)

∂x
. (16)

yyy Ñ.

4 êêê���OOO���������ýýýïïïÄÄÄ(Computation and
simulation study)

4.1 ω = 0���,���"""������ÆÆÆA(x) (Feedback con-

trol law A(x) atω = 0)

éuÍÜu>Å��5XÚ(2),�ω = 0��Ù

ëê�µ = 1, a = 2. Ïd�±�âþ¡�©ÛÚ
½¦��"��ÇA(x).

-ξ1 = β1(η) = −η, ξ
′

1 = ξ1 − β1(η), W (η) =
1

2
η2.�±�y

Ẇ = Lf0
W = ηη̇ = −10η2 < 0.

dª(10)���f
′

0 = 8. �âª(12), K�±
�β2(η, ξ1) = −7η − 9ξ1.

-ξ
′

2 = ξ2−β2,K
∂β2

∂ξ
′

1

=−9. d�W
′

= W (η) +

1

2
(ξ1 − β1)

2,�±�yẆ
′

< 0.

�âª(14),¿(Üξ1 = β1(η) = −η, ξ̇1 =

ξ2 = −η̇,�±��ω = 0���Æ�

υ = −6η̇ − 8η − 10ξ1 = 4η − 58ξ1.

�âª(5)(14)�ª�±��ω = 0���"��

Æ

A(x) = 4(x2
1 − x2

2) − 58x1x2.

4.2 ω 6= 0 ���, ���"""������ÆÆÆuÚÚÚB(x) (Feedback
control lawu andB(x) atω 6= 0)

�ω 6= 0�, -ω = sin(0.01t). �g′

1(x) =

[1 0 0]. γ��u"��. �â½n2¥���^
�,��½��Ñ¼ê

V (x) = W (η) +
1

2
(ξ

′

1)
2 +

1

2
(ξ

′

2)
2 =

1

2
η2 +

1

2
(ξ1 − β1(η))2 +

1

2
(ξ2 − β2(η, ξ1))

2.

¿�âª(16),�±¦�

B(x) =

− 1

2γ2
(x2

1 + x2
2) × (7(x2

1 − x2
2) +

7x1x2 + x2
1(x3 − 2) + x2

2(x3 + 2)).

d��âL25UOK,-γ =
√

5��±��o��

Æ�

u = A(x) + B(x) =

4(x2
1 − x2

2) − 58x1x2 −
0.1(x2

1 + x2
2) × (7(x2

1 − x2
2) +

7x1x2 + x2
1(x3 − 2) + x2

2(x3 + 2)).

4.3 ���ýýýïïïÄÄÄ(Simulation study)

éuÍÜu>ÅXÚ�êÆ�.(1), �µ =

1, a = 2�,ÍÜu>Å�)·b(ã1¤«).

�ω = 0�, 355 s\��A(x), Ù�ý(JX
ã2¤«.XÚé¯¢y
	½.

�ω 6= 0�, �ω = sin (0.01t). 355 s�\\�
�u = A(x) + B (x),XÚ²L�ã�mN�, 3¢
y·b	½�Ó�k��³�
Z6,�ã3.

ã 2 Ã6Ä��XÚ	½ã

Fig. 2 The system stabilization figure without disturbance
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ã 3 k6Ä��XÚ	½ã

Fig. 3 The system stabilization figure with disturbance

5 (((ØØØ(Conclusion)
�©�éÍÜu>Å·bXÚ,æ^Ã
z�O

XÚ��"	½��Æ, ±L2OÃ�Z6³�Ãã,
¿?1O�Å�ýïÄ.ÏLO�Å�ý�±wÑ
355 s\þ��5��Æ�, XÚé¯¢y­½. Ù
�NþØ�,N��má,Ï
y²
T�{�k�
5.Ïd�±�Ñ±e(Ø: T�{Ø^UCXÚ�
�këê,=�¢yXÚ	½ÚZ6³�; O�¦�
��Æ{ü,L²Ã
zÚL2OÃ´¢y��5X

Ú����«k��{.
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