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1 Ú ó

gl Lorenz u 20 ­V 60 c�3¢�¥uy
1��·báÚf±5, ·bnØ�ïÄÚA^3
Nõ+�¥��
4��'5, Lorenz XÚ¤��
<ïÄ·bnØ�Ñu:ÚÄ� [1,2]. 3ÙÄ:þ,
�
·bXÚ�U�uyÚJÑ,1999 c Chen 3
·bXÚ��¥uy
��� Lorenz XÚaq�
ÿÀØ�d�#·báÚf Chen XÚ [3,4]. 2002
c Lü�<�Uuy
 LüXÚ9ë�þãn�XÚ
�Ú�·bXÚ [5−7]. 2004 c,Liu �uy
�a¹
k²���5�� Liu ·bXÚ [8].2005 c, Qi �
<uy
 Qi ·bXÚ [9]. ,	, Cc5, �«#·
bXÚØä�uyÚJÑ, X©ê�XÚ [10], õÊ
·bXÚ [11], �·bXÚ [12] 9ð Lyapunov �ê
XÚ� [13,14]. #�·bXÚØä�uyÚJÑ, r
?
<�é·by���\�ïÄÚ@£, ?�Ú
´LÚ�õ
·bnØ, l
��·bnØ3&E
\�!��Ï&!�æ�ä!&Òu)ì�O!
&Òuÿ�?n¥�A^C½
Ä: [7,15].

�©JÑ
��#�n�g£·bXÚ, X
Ú¹ko�ëê, Ù¥z���§¥Ñ¹���

�5¦È�, ,	k���§�Ó�¹k��²
��. ÏLnØí�!ê��ý!Poincaré �¡
ã!Lyapunov �ê!Lyapunov �êÌÚ©
ã,
ïÄÚ©Û
XÚ�Ä�ÄåÆA5, �y
XÚ
�·bA5. Ó���O
T·bXÚ�M�>´
�nã, ¿?1
>´�ý¢�, y¢
TXÚ�
�¢y5. ïÄ(JL²3�Ó�·b1�ýÏe,
�ý¢��nØ©Û(Ø�©¬Ü.

2 #·bXÚ�Ä�©Û

2.1 ###···bbbXXXÚÚÚ���...

�©JÑ�#n�g£·bXÚ, ÙêÆ�.
£ã�

ẋ = −ax + by − xz,

ẏ = cy + xz, (1)

ż = −20xy − dz + 2y2,

ª¥, a, b, c, d ´¢~ê. � a = 18, b = 20, c = 12,
d = 14 �, XÚ�3��;.�·báÚfXã 1
¤«.
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ã 1 XÚ (1) �;.·báÚfã (a) x-y-z �ã; (b) x-y �ã; (c) x-z �ã; (d) y-z �ã

dã 1 �uyXÚ (1) �·báÚf;�3A
½�áÚ�SäkH{5. ù�XÚ�·báÚ
f� Lorenz XÚ�áÚf/GØ�Ó, � Chen X
Ú!LüXÚ!Liu XÚ±9 Qi XÚ�áÚf/G
þØ�Ó.

2.2 ÄÄÄåååÆÆÆAAA555nnnØØØ©©©ÛÛÛ

1) é¡5ÚØC5
Ï�XÚ (1) 3 (x, y, z)→(–x, –y, z) C�eä

kØC5, XÚ�ã�'u z ¶é¡, ¿�ù«é
¡éXÚ¤këêþ¤á.

2) ÑÑ5ÚáÚf��35
du

∇V =
∂ẋ

∂x
+

∂ẏ

∂y
+

∂ż

∂z
= −a + c − d, (2)

Ï� a + d − c >0, ¤±XÚ (1) ´ÑÑ�, �±X
e��ê/ªÂñ:

dV

dt
= e−(a+d−c), (3)

=NÈ� Vo 3 t ��Â �NÈ� Voe−(a+d−c)t.
ù¿�X, � t → ∞ �, �¹XÚ;,��z�N
È�ò±�êÇ −(a + d− c) Â �". Ïd, ¤k
XÚ;��ª¬���3��NÈ�"�8Üþ,
�§ì?$Ä�½3��áÚfþ.

3) ²ï:9­½5
-XÚ (1) �§�m>�u", =

−ax + by − xz = 0,

cy + xz = 0, (4)

−20xy − dz + 2y2 = 0.

)�§���n�²ï:, ©O� s0 = (0, 0, 0),

s1 =

(
(b + c)

√
cd√

20(b + c)2 − 2a(b + c)
,

a
√

cd√
20(b + c)2 − 2a(b + c)

,
−ac

b + c

)
,
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s2 =

(
−(b + c)

√
cd√

20(b + c)2 − 2a(b + c)
,

−a
√

cd√
20(b + c)2 − 2a(b + c)

,
−ac

b + c

)
.

duXÚ (1) ëê��÷v cd > 0 9 10(b +
c) − a > 0, ¤±XÚkn�²ï:.

rXÚ (1) 3²ï: s0 ?�5z, � Jacobi Ý

 J0�

J0 =


−a − z0 b −x0

z0 c x0

−20y0 4y0 − 20x0 −d



=


−18 20 0

0 12 0

0 0 −14

 . (5)

ÙA���§�

|λI − J0| = 0. (6)

Ïd, ÙA���

λ1 = −18;λ2 = 12; λ3 = −14.

duA�� λ1 Ú λ3 ´K¢ê, 
 λ2 ´�¢ê, Ï
d²ï: s0 ´Ø­½���n��m¥���Q
:.

Ón, �rXÚëê�\²ï: s1 Ú s2 �, ¿
3ü²ï:?©OéXÚ (1) ?1�5z, ��§
��A��þ�

λ1 = −22.81;λ2 = 4.78+15.56i;λ3 = 4.78−15.56i.

Ï� λ2 Ú λ3 ´¢Ü����ÝEê, � λ1 ´K
¢ê, ¤±²ï: s1 Ú s2 Ñ´Ø­½�Q�:.

2.3 ������ÅÅÅ///ããã!!!ªªªÌÌÌããã999 Poincaré���¡¡¡
ããã

�XÚ (1) ?u·b�, Ù�)�S�äk�
±Ï5, �éÐ©�äk¯a5, Ù��Å/X
ã 2 ¤«, Ð©�¯aA5Xã 3 ¤«. =¦Ð©
� x0 ��� 0.000001, Ù{Ð©�ØC, ÙÅ/�
�3 t=4 ���Ø�Ó. ,	, XÚ�õÇÌ´ë
YÌ, Xã 4 ¤«, ã¥vk²w�Å¸, ¿�¸�
ë¤�¡, `²XÚ (1) ´·bXÚ, �S��ªÌ
é°.

XÚ�·bÄåÆA5��±d Poincaré �
¡ã*	, é Poincaré �¡�À�AT�, d�¡
ØU�¹XÚ�;�, �ØU�;��� [7,9]. X
Ú (1) 3A��¡þ� Poincaré �¡ãXã 5 ¤«.

�±wÑ, Poincaré �¡þk�
¤¡�äk©/
(���8:, áÚf��¡�ß��, ù
A�
�`²
XÚ (1)�·bXÚ.

ã 2 XÚ (1) x ���ã

ã 3 XÚ (1) x éÐ��¯a�

ã 4 XÚ (1) x �õÇÌ
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ã 5 XÚ (1) Poincaré �¡ã (a) y = 5; (b) y = 10; (c) z = 12

2.4 Lyapunov ���êêêÚÚÚ Lyapunov ���êêê

Lyapunov �ê´½þ£ã;��pü½Ú�
páÚ�A��, AO´XÚ��� Lyapunov �
ê´�½·bXÚ�­�A� [7]. ·báÚf�
�;��m¥yÑ*d�pü½�ª³, ¿±�
ê�Ç�p©l. y8, O��� Lyapunov �ê
��{kõ«, �©æ^ÛÉ�©){O�ÑX
Ú (1) �n� Lyapunov �ê©O� λL1 = 4.5166,
λL2 = 0.0019, λL3 = −33.0823, Ù¥���ê�
�, ���ê�Cu", ���ê�K, `²Tá

Úf�Û%áÚf, Ù$Ä´·b�. #·bXÚ
� Lyapunov�ê�

DL = j +
1

|λLj+1|

j∑
i=1

λLi

= 2 +
λL1 + λL2

|λL3|

= 2 +
4.5166 + 0.0019
| − 33.0823|

= 2.136. (7)

dd��, ù�#XÚ� Lyapunov �ê�©ê�
ê, �y
TXÚ�·bXÚ.

2.5 XXXÚÚÚëëëêêê���KKK���

�XXÚëê�Cz, XÚ²ï:�­½5ò
¬u)UC, u´XÚÒ¬?uØÓ�G�. ^©

ãÚ Lyapunov �êÌã (LE Ì) �±�*/L
²��XÚëêCz�XÚG��Cz�¹.

ã 6 XÚ (1) � a Cz�� LE ÌÚ©
ã (a) LE Ìã; (b)
|y|–a �©
ã (Poincaré �¡ x = y)

1) �½ëê b = 20, c = 12, d = 14, UC a,
¦ a ∈ [13, 27.4].

� a ∈ [13, 27.4] Cz�, XÚ� LE Ì±9'
u y ©
ãXã 6 ¤«. �k�� LE �u"�, X
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ÚÒ?u·bG� [7,9]. dã 6(a) ��, �X a �
Cz, XÚ� LE �3UC, Ø�� LE �ê�X a

�O�
~�	, Ù¦ü�CzØ²w, �� LE
©ª�u 0, `²XÚ?u·bG�, ¿�Øé�
�«m	, �� LE Ä�þ�±����½�; 

,	�� LE Ä�þ�±� 0 ØC, `²XÚ (1)
3 a ∈ [13, 27.4] ©ª?u·bG�, �� LE Øé
��«m	A�ØC. ã 6(b) � y ©
ã�`²

ù�XÚÄåÆA5.

ã 7 XÚ (1) � b Cz�� LE ÌÚ©
ã (a) LE Ìã; (b)
|y|–b �©
ã (Poincaré �¡ x = y)

2) �½ëê a = 18, c = 12, d = 14, UC b,
¦ b ∈ [19, 150].

� b ∈ [19, 150] Cz�, XÚ� LE Ì±9'
u y ©
ãXã 7 ¤«. dã 7(a) �uy, XÚ
� LE �X b �Uz
Cz. � 19 6 b < 28 ∪ 30 6
b < 41 �, XÚ�� LE �u 0, XÚ�·bG�;

� b ?uÙ¦«m�, Øé�«m:	, XÚÄ
�þÑ´kü� LE �u 0 Ú�� LE �u 0, X
Ú?u±ÏG�=XÚ�3X�áÚf, �´3
�ê«m:?, �3Xü� LE �u 0 Ú�� LE
�u 0, XÚ�3X�¡áÚf. ��5¿�´,

� 95 6 b < 130 �, XÚ�3Xü�����u 0
� LE Ú���u 0 � LE, `²XÚ�3Xäk
ð Lyapunov �êA��4��G�. XÚ�þã
ÄåÆA5, ��dXÚ |y| − b ©
ã (ã 7(b)) w
Ñ.

ã 8 XÚ (1) � c Cz�� LE ÌÚ©
ã (a) LE Ìã; (b)
|x|–c �©
ã

3) �½ëê a = 18, b = 20, d = 14, UC c,
¦ c ∈ [0, 12].

� c ∈ [0, 12] Cz�, XÚ� LE Ì±9'u x

©
ãXã 8 ¤«. dã 8(a) ��, �X c �Cz,
XÚ� LE �3Cz. � 0 6 c < 5.6 �, XÚ LE
�ê�u 0, XÚ�­½G�; � 5.6 6 c < 9.8 �,
XÚ��� LE A��u 0, 
Ù¦ü� LE Ä��
u 0, `²XÚ?u±ÏG�, �´3�
:?, Ñ
yü��u 0 � LE Ú���u 0 � LE, XÚ?
u���¡G�; � 9.8 6 c 6 12 �, XÚ�� LE
A�´�u 0 �, `²XÚ?u·bG�. ã 8(b)
� |x| − c ©
ã�`²
XÚ�ù
ÄåÆA�.

4) �½ëê a = 18, b = 20, c = 12, UC d,
¦ d ∈ [9, 60].

� d ∈ [9, 60] Cz�, XÚ� LE Ì±9'
u y ©
ãXã 9 ¤«. dã 9(a) ��, �X d
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ã 9 XÚ (1) � d Cz�� LE ÌÚ©
ã (a) LE Ìã; (b)
|y|-d �©
ã (Poincaré �¡ x =y)

�Cz, XÚ� LE �ê��XUC. � 9 6 d <

16.5 ∪ 17.2 < d 6 21 �, XÚ��� LE �ê´�
u 0 �, XÚ?u·bG�; � d �«mÙ¦��,
XÚ��� LE A�´�u 0 �, `²XÚ?u±
ÏG�, �´3�
:?, Ñyü� LE �u 0 Ú
�� LE �u 0, XÚ�3X���¡G�. ã 9(b)
� y ©
ã�`²
XÚ�ëê d Cz�ÄåÆ
A�.

d±þ� Lyapunov �êÌãÚ©
ã©Û�
�, ëê a, b, c Ú d �CzK�XXÚ�G�, XÚ
�ÄåÆA5�©´L, `²ù�#XÚ´��;
.�·bXÚ.

3 XÚ>´�O��ý¢y

XÚ�>´Xã 10 ¤«, =XÚ�±d>
{!>N!$���ì!�[¦{ì5¢y. $
���ìæ^ LM741, ´^5?1\~$�, �[
¦{ìæ^ AD633, ´^5¢yXÚ¥���5�
�.

du LM741 �ó�NN>Ø� ±18 V, 
¦{
ì AD633 �NN>Ø=� ±10 V,�
��/?1
>´¢�, rXÚ�ÑÑ>²N���5� 1/10.
�d��XÚ>´Cþ u, v Ú w ©OéAXÚ�
êÆ�.Cþ x, y Ú z, �§�äkXe'X:

x = 10u, y = 10v, z = 10w. (8)

��
�yXÚ>´Cþ�XÚêÆ�.Cþ�
��, qduXÚCþÎÒ�UCØK�ÙG�9
5U, l
�-

u = x, v = y, w = z. (9)

XÚ (1) �C�

ẋ = −ax + by − 10xz,

ẏ = cy + 10xz, (10)

ż = −200xy − dz + 20y2.

�âXÚ>´�nã9>´nØ, ��XÚ>
´¢y�§�

ẋ = − R4

R1R5C1
x +

R4

R2R5C1
y − R4

R3R5C1
xz,

ẏ =
R10

R9R11C2
y +

R10

R8R11C2
xz, (11)

ż = − R16

R14R17C3
xy − R16

R20R17C3
z +

R16

R15R17C3
y2.

ò�§ (11) � (10) �'�, ��

a =
R4

R1R5C1
, b =

R4

R2R5C1
,

c =
R10

R9R11C2
, d =

R16

R20R17C3
,

10 =
R4

R3R5C1
=

R10

R8R11C2
,

200 =
R16

R14R17C3
, 20 =

R16

R15R17C3
.

� � C1 = C2 = C3 = 1 µF; R5, R6, R7,
R10, R11, R12, R13, R17, R18, R19 ©O� 10 kΩ,
2� R1 = R2 = 220 kΩ, R3 = R8 = 200 kΩ,
R4 = 110 kΩ!R9 = 100 kΩ, R14 = 2.5 kΩ,
R15 = 2 MΩ, R16 = 62 kΩ Ú R20 =330 kΩ �,
æ^ Multisim ^�é>´?1
�ý¢�, �ý(
JXã 11 ¤«. �±uy�ý¢�(J�ê��
ý(J´���. duT^�æ^�*�ã/.¡
Mï>´, ^�¤ì���¡�9ö��ªÑ�¢
Ô�C, �±¢�w«�ý(J, ¤±T·bXÚ
��ý¢��±�N¢S>´�¢��J, Ïd�
ý¢�(J´k��.
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ÏLþãnØ©ÛÚ�ý¢�y¢, �©JÑ
���5XÚ´��#�·bXÚ, §äk��
·bXÚ��kA�, X(½5!k.5!H{

5!éÐ��4à¯a5!�½ªÇ��S�ë
YÌ!�ÏØ�ýÿ5Ú���� Lyapunov �ê
�.

ã 10 >´�nã

ã 11 XÚ (1) �>´¢y�ý�ã (a) x-y �ã; (b) x-z �ã; (c) y-z �ã
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4 ( Ø

�©JÑ
��#�n�g£·bXÚ¿
ïÄ
ÙÄåÆA5, =ÏLnØ©Û!ê��
ý!Poincaré �¡ã!Lyapunov �êÌÚ©
ã
©Û
#·bXÚ�Ä�ÄåÆA5, �y
XÚ
´L�·bA5. ����â#XÚ�êÆ�.�
O
>f>´¿?1
�ý�y, �y
TXÚ�
Ôn�¢y5. 8Bå5�±�ÑXe(Ø:

1) TXÚ�·báÚf/GkOu Lorenz X

Ú!Chen XÚ!LüXÚ!Liu XÚ±9 Qi XÚ�,
´��#�·báÚf;

2) #XÚ�3XE,�·bÄåÆA5, Øä
k��·bXÚ��kA5	, �äkÕAA5,
XXÚëê a Cz�, XÚ��� Lyapunov �ê
3,
«mA��±ØC; XÚëê b Cz�, X
Ú�3Xäkð Lyapunov �êA��4��G�;

3) XÚ�±^>f>´¢y, ¤±TXÚ3>
fÿþ!f&ÒuÿÚ��Ï&�+�¥kXd
3�A^d�.
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A novel chaotic system and its circuit simulation

Zhou Xiao-Yong†

( Department of Electric and Information Engineering, Jiangsu Teachers University of Technology, Changzhou 213001, China )

( Received 3 May 2011; revised manuscript received 24 May 2011 )

Abstract

In this paper, a novel three-dimensional autonomous chaotic system is reported. The dynamic properties of the new system

are investigated via Lyapunov dimension, numerical simulation, Poincare diagrams, Lyapunov exponent spectrum and bifurcation

diagrams. The different dynamic behaviors of the system are analyzed especially when each system parameter is changed. Finally, the

circuit of this new chaotic system is designed and realized by Multisim software. The simulation results confirm that the chaotic system

is different from the exisiting chaotic systems and is a novel chaotic system.

Keywords: chaotic system, Lyapunov exponent spectrum, Poincaré diagrams, circuit realization
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