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�E
��n�·bXÚ, {�©Û
T·bXÚ�²ï:5�!·báÚf�ãÚ Lyapunov �ê�A5.
3dÄ:þ, |^�"ÓÚg��O
�«|^·b&ÒÜ©&E¢y·bÓÚ��{, �¤
n�·bXÚ�Ó
Ú. T�{=|^·b&ÒÌ�&E=�¢yü�·bXÚ�ÓÚ, ÙÓÚïá�·b&Ò�45Ã', dA5�
k�Jp·bÏ&�þ. ÏL©ÛXÚ�^� Lyapunov �êy¢T�{�k�5,ê��ýL²T�{�|^·
b&Ò�Ü&E��5�"ÓÚ{�', ÓÚïá�mÄ��Ó.
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1 Ú ó

·bÓÚÏÙ3ÔnÆ!&E�Æ9��Ï
&�+��­�d�, ®¤�·bïÄ+��9
:��. g 1990 c Pecora Ú Carroll[1] JÑ
�
«·bÓÚ�{Äg¢y
ü�·bXÚ�m
�ÓÚ±5, ·bÓÚ�nØïÄk
4��?
Ð. �8c��, <�®JÑõ«�{^±¢y·
bÓÚ, Ì�k°Ä-�AÓÚ{ [1−3]!ÌÄ-�Ä
ÓÚ{ [4]!�"��ÓÚ{ [5−9]!g·AÓÚ
{ [10−12]!ÌÄ��ÓÚ{ [13,14]!��5G�*
ÿìÓÚ{ [15,16]! ²�äÓÚ{ [17] �.

�,<�®é·bÓÚ¯K�
�þïÄ, �
´8c�õê·bÓÚ�{Ñ´Äu���·b
&Ò5ïÄ·bXÚm�ÓÚ¯K, =|^·b&
Ò��Ü&E5¢y·bÓÚ, éu´Ä�±=æ
^·b&Ò�Ü©&E5¢y·bÓÚ�¯KK
mk?Ø. 
3·b��Ï&+�, eU¢y=|
^·b&Ò�Ü©&EïáÓÚ, Kk�UÓ�¢
y&E�D4�ÓÚ, Ï
T¯Ké��Ï&äk
­�¿Â. �éù�¯K, �©JÑ
�«=|^
·b&Ò�Ü©&E5¢y·bÓÚ��{. T�
{|^·b&Ò�Ì�&E¢y·bXÚÓÚ, Ù
ÓÚïá�·b&Ò�45Ã'. nØ©Û�ê�

�ý(Jy²
T�{�k�5.

2 n�·bXÚ

2.1 ···bbbXXXÚÚÚêêêÆÆÆ���...

n�·bXÚ�êÆ�.�

ẋ = −ax + by + yz,

ẏ = cx − dy − xz, (1)

ż = ex − fz + gxy,

ª¥ a, b, c, d, e, f, g �¢~ê. � a = 25, b =
16, c = 40, d = 4, e = 5, f = 5, g = 7 �, XÚ
�3��;.�·báÚf, Xã 1 ¤«.

2.2 ÑÑÑÑÑÑ555©©©ÛÛÛ

éXÚ (1), k

∇V =
∂ẋ

x
+

∂ẏ

y
+

∂ż

z

= −(a + d + f). (2)

� a + d + f > 0�, XÚ (1) ��ÑÑXÚ, Ù�N
È� V (t) = V (0) e−(a−b+d+f)t U�ê�ÇÂ ¶
� t → ∞�, ��mNÈ�", $Ä;,�áÚ�
��k����m¥, ùÒ´áÚf.
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ã 1 ·bXÚáÚf (a) x-y-z n�áÚf; (b) x-y ��áÚf; (c) y-z ��áÚf; (d) x-z ��áÚf

2.3 ²²²ïïï:::

²ï:�­½5��û½
XÚ�ÄåÆA
�. XÚ (1) �²ï:�±ÏLe��§|¦�:

−ax + by + yz = 0,

cx − dy − xz = 0, (3)

ex − fz + gxy = 0.

¦)�§| (3) ��XÚ�n�²ï: S0(0, 0, 0),
S1(6.95, 3.21, 38.15) Ú S2(−8.5,−3.92, 38.15) ±9
�²ï:? Jacobi Ý
�A�� λ1, λ2 Ú λ3. X
Ú�²ï:? Jacobi Ý
�A��XL 1 ¤�.

L 1 XÚ�²ï:? Jacobi Ý
�A��

²ï: λ1 λ2 λ3

S0 −5 12.89 −41.89

S1 −39.15 2.57 + i7.06 2.57 − i7.06

S2 −35.93 0.97 + i9.56 0.97 − i9.56

�â Routh-Hurwitz ^� [18], n�²ï:?
Jacobi Ý
A���¢ÜØ��K�, Ïdn�²
ï:Ñ´Ø­½�Q:.

2.4 Lyapunov ���êêêÚÚÚ Lyapunov ���êêê

�õê��5ÄåÆXÚÑ�±^ Lyapunov
�ê5£ã§�A�, Lyapunov �ê�L��;
�3��m�²þË�Ç. n�XÚ�ÄåÆ1�
� Lyapunov �ê L1, L2 Ú L3 �m�éA'XX
L 2 ¤�.

L 2 n�XÚ�ÄåÆ1�� Lyapunov �ê�éA'X

L1 L2 L3 XÚÄåÆ1�

− − − ØÄ:

0 − − ±Ï$Ä

0 0 − O±Ï$Ä

+ 0 − ·b

�©æ^ÛÉ�©)��{¦�XÚ (1) �
n� Lyapunov �ê©O� L1 = 2.29, L2 = 0,
L3 = −36.68. Ù¥�� Lyapunov �ê Lmax =
L1 = 2.29, ' Lorenz X Ú � � � Lyapunov �
ê LLmax �� (LLmax = 0.897)[19], `²XÚ (1)
' Lorenz XÚäk��E,�ÄåÆ1�.

n�XÚ� Lyapunov �ê DL �L«�

DL = j +
1

|Lj+1|

j∑
i=1

Li, (4)
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ª¥ j L«�n�XÚ�¤k Lyapunov �ê�

4,üS (= L1 > L2 > L3) �, ÷v
j∑

i=1

Li > 0

����ê. òXÚ (1) � Lyapunov �ê�\ (4)
ª� DL = 2.06, XÚ� Lyapunov �ê´©ê�
ê [20], �y
TXÚ�·bXÚ.

3 |^Ì�¢y·bÓÚ

�©±n�·bXÚ (1) �~, æ^üCþ�
"��ª, � y ��°ÄCþ�, �AXÚXe:

ẋ1 = −ax1 + by1 + y1z1,

ẏ1 = cx1 − dy1 − x1z1 + mf(y, y1),

ż1 = ex1 − fz1 + gx1y1,

(5)

ª¥ m ��"Xê, f(y, y1) ��"¼ê. �O�
"¼ê�

f(y, y1) = sgn(y1)|y| − y1, (6)

ª¥ sgn(·) �ÎÒ¼ê. �"¼ê�1��d°Ä
Cþ�ýé���AXÚ¥éACþ�45EÜ

¤. d�"¼ê��, ·bÓÚ3ïáL§¥=
I�Ä°Ä&Ò�Ì� (ýé�), 
ÃI�Ä°Ä

&Ò�45�K, ù«A5¦���{3��Ï&
XÚ¥äké��A^då.

ã 2 �AXÚ���^� Lyapunov �ê LCmax ��"X
êm �Cz

e¡ÏLO��AXÚ (5) �^� Lyapunov
�ê5�ä°ÄXÚ��AXÚ´ÄU
��Ó
Ú. 3�½ëê� a = 25, b = 16, c = 40, d = 4,
e = 5, f = 5, g = 7�, æ^ÛÉ�©)��{ [21]

5O�Ù^� Lyapunov �ê. ã 2 ¤«��AX
Ú���^� Lyapunov �ê LCmax ��"Xêm

�Cz�¹.

ã 3 �"Xêm = 7, 10, 13��G�Cþ�ÓÚL§ (a) Cþ x; (b) Cþ y; (c) Cþ z
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� � " Xê m > 6 �, X Ú � � � ^ �
Lyapunov �ê�u", `²3üCþ y °Ä��¹
e, ÀJ�u 6 ��"Xê�¢y�AXÚ�°Ä
XÚ�·bÓÚ. - e1§e2 Ú e3 ©OL«G�C
þ x, y Ú z 3°ÄXÚ��AXÚ�m���, �
°ÄXÚÚ�AXÚ�Ð©�©O� (10, 20, 30)
Ú (−20, −30, −40)�, ê�O� e1, e2 Ú e3 �(
JXã 3 ¤«.

lã 3 �±wÑ, °ÄXÚÚ�AXÚ²L�
ã�m�¢y
ÓÚ, ��"Xê m ����, Ó
Úïá�¯, ÓÚ¤I�mÒ�á.

ò�©�{�DÚ�5�"�{?1'�, �
�ëê9Ð�þ�Ó!�"Xê m = 10�,ê�

O�(JXã 4 ¤«.
lã 4 ØJwÑ, �©�{ïá·bÓÚ¤I

�m�DÚ�5�"{��ÃA, �cö=I�°
ÄXÚ·b&Ò�Ì�=�ïáÓÚ. òù«A5
A^3·bÏ&¥, uxà�±|^·b&Ò�
455D4�?�&E, �Âà|^�N·b&Ò
�Ì�5ïáÓÚ. ù�, 3Ï&L§¥ÓÚØ¬
Ï�?�&E�Cz (�N·b&Ò45�Cz)

¥ä, lnØþ�±¢y?¿Ä�è�ux�
)N, =¢y?¿p�&EDÑ�Ç, �Ñ
DÚ
·b��Ï&¥Ï&�ÇÉÓÚ�m���":,
Ï
TÓÚ�{3Ï&+�¥äké��A^
då.

ã 4 �©�{��5�"{�CþÓÚL§�'� (a) Cþ x; (b) Cþ y; (c) Cþ z

4 ( Ø

�©�E
��n�·bXÚ, ¿3dÄ:þ
JÑ
�«|^·b&ÒÜ©&E5¢y·bÓ
Ú��{, T�{=I�°ÄCþ�Ì�=�¢
yÓÚ. ÏLO�XÚ�^� Lyapunov �ê�ê

��ýy²
T�{��15Ú�(5, ¿�D
ÚüCþ�5�"{?1
'�, ÓÚ�mÄ��
Ó. 3·bÏ&¥, |^·b&Ò�455D4&
E¿^�©JÑ�ÓÚ�{5¢yÓÚ, �±¦p
���Ï&¤��U, ù3Ï&+�k2,�A^
cµ.
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A chaos synchronization method based on amplitude

Tang Liang-Rui† Fan Bing Kang Zhong-Miao

( School of Electric and Electronic Engineering, North China Electric Power University, Beijing 102206, China )

( Received 28 July 2011; revised manuscript received 20 December 2011 )

Abstract
A three-dimensional chaotic system is presented. The equilibrium point, the chaotic attractor and the Lyapunov exponent are

investigated. According to the chaotic system, we propose a novel chaos synchronization method in which only the amplitude of
chaotic signal is used to realize chaos synchronization. This feature can be used in chaotic communication system to improve the
communication quality and speed. By computing the conditional Lyapunov exponents and numerical simulation the synchronization
method is proved to be feasible and effective. The synchronous speed of the method is the same as that of the traditional linear feedback
method.
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