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JÑ
��#�n��gg£·bXÚ, ��õê2Â Lorenz XÚ��, TXÚ�U�)V¼�áÚf. �â
TV¼�·bXÚ²ï:ÚáÚf�ÿÀ(�, �OÜ·���5¼ê�±òÙU?����)��õ¼�áÚ
f�·bXÚ. éT��õ¼�·bXÚ�Ä�ÄåÆA5?1
©Û, y¢
õ¼�áÚf�·bA5. ���
O
·b>´, �Ñ
õ¼�·báÚf�>´�ý(J, y¢
nØ�O�>´¢y���5.

'�c: #n��gg£·bXÚ, ²ï:, ��5¼ê,��õ¼�·báÚf

PACS: 05.45.Ac, 05.45.Pq

1 Ú ó

Cc5, ·bduÙ3XÚ��Ú��Ï&
�+��2,A^cµ
��2�'5Ú�\ï
Ä [1−4]. ·bA^u��Ï&+��, Ï&XÚ�
��5U�ûu·bÄåXÚ�E,5, ^Äå
ÆA5{ü�·b&Ò��\�&Ò��ÿ, �
�XÚéN´;�»ÈÚôÂ. �)E,·báÚ
f&Òu)ì�¡�ïÄÚå
<��4�,�,

�Eäkõµò½õ¼�ÿÀ(��áÚf¤�
ïÄ���9:. 8c, U�)õµòáÚf�X
ÚÂ���, gl Suykens Ú Vandewalle[5] u 1993

c¤õ/�E
ü���õµò·bXÚ��, <
�ÏL¦^�
�1w¼ê (��5¼ê), X�Ú
¼ê [6]!õ�ªÚ��¼ê [7]!�¢XÚÚ��
S� [8] �, ¢y
�«E,�õµòáÚf. ,

3õ¼�áÚfAO´��õ¼�·báÚf
ïÄ�¡, �'�©z��é�. Ì��Ï´du
K��A���, �Ü©·bXÚÙáÚfÑÛ
�3���m½Ùº��K��mp, l
�U
�)V¼�·báÚf. ©z [9—15] ��
�


U�) 4 ¼��·bXÚ, �Ù¿vk/¤XÚ
��{, 
Ì���3�ýL§¥�uy. �C©
z [16—20] ��
õ¼�·b��#ïÄ¤J, 3
Aa2Â Lorenz XÚ¥�)
õ¼�áÚf. �
ù
·bXÚ�êþ�©k�, ¿�©z [16—18]

¥·bXÚ¿vk�»K����,áÚf�¼�
�U3ü���?1ò�
ØUüC���E,
���G.©z [19, 20] ��
ü«��õ¼�·
bXÚ, �Ùþ´ÏLU?®k�V¼�·bXÚ

�¤. ÏéÚ�O#��»K������õ¼
�·bXÚE,´��Lk]Ô5�­��K.

�©Ä k J Ñ 
 � � # � n�� g 2 Â
Lorenz XÚ, ê��ý��, #XÚU�)��
;.�V¼��R/·báÚf. �âdV¼�·
bXÚ�A:�Eëê�Nõ©ã²�¼ê¿�
O��#��F¼ê, ¦TXÚ¥�I� 2 �Q�
²ï:3�½� y ��Ú z ��?1ò�, òÙU
?����±�) (2 + 2N) × (2 + 2M) ¼���
�õ¼�·bXÚ. ÏL��5¼ê¥��Nëê
�±(¹/��áÚf¼��êþ!��9Ù�
é �. ©Û
��õ¼�·bXÚ�Ä�ÄåÆ
A5, �)²ï:�©Ù!��Å/!ªÌ!©
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ãÚ�� Lyapunov �êÌ. ��?1
·b>´
��OÚ�ý, y¢
ê��[Ú>´�ý(J�
��5.

2 ��õ¼�·bXÚ��O

�!ò?Ø��õ¼�·bXÚ��O. Äk
JÑ
��U�)V¼�·báÚf�#n��
gg£2Â Lorenz XÚ, ,�ÏL�O��éA�
��5¼êòÙ*Ð¤U�) (2N +2)× (2M +2)

¼�áÚf�·bXÚ.

2.1 ###nnn������gggggg£££222ÂÂÂ Lorenz XXXÚÚÚ

Äk, JÑ��#n��gV¼�·bXÚ,

ÙÃþjG��§�

dx

dt
= a(y − x),

dy

dt
= bx + 0.6y − zx,

dz

dt
= g(y) − c,

(1)

Ù ¥ a, b, c ∈ R+, x, y, z ´ G � C þ, g(y) =

2y2. � a = 1, b = 0.9, c = 0.32, Ð © ^ �
� [0.1, 0.1, 0.1]T �, ã 1 �X Ú 3 y-z ² ¡ �
�ã. N´O��XÚ� 3 �²ï:� Q0(0, 0, 0),

Q1(0.4, 0.4, 1.5) Ú Q2(−0.4,−0.4, 1.5). é u ²
ï : Q0 � O � � Ù A � �� λ1 = −1.441,

λ2 = 1.041 Ú λ3 = 0, Ïd, Q0�Ø­½�Q:. é
u Q1 Ú Q2, Ùäk�Ó�A�� λ1 = −0.7281,

ã 1 XÚ (1) 3 y-z ²¡áÚf�ã

λ1 = 0.1641 + 0.9230i Ú λ3 = 0.1641 − 0.9230i, n
�A��¥k��´Kê, ,	ü�´¢Ü��
��ÝEê, Q1 Ú Q2 ´�I� 2 �Ø­½Q�
²ï:. ÏL©z [21] ��, ·báÚf�ü�¼
�´�7X�I� 2 �Ø­½�Q�²ï: Q1

Ú Q2 uÐ
5�. T#n�·bXÚ�n� Lya-

punov �ê©O� λL1 = 0.1563, λL2 = 0.0019,

λL3 = −0.5543. duäk���� Lyapunov �ê,

`²
XÚ (1) �·bA5.

2.2 ���EEE������õõõ¼¼¼���···bbbXXXÚÚÚ

·bXÚ (1) Ú�õê2Â Lorenz XÚ��,

�U�)���7Xü�Ø­½Q�²ï:uÐ
¤�V¼��·báÚf. õ¼� (õµò) ·b
XÚ��OOK3uÏL�OÜ·���5¼ê
±*ÐXÚ3²¡½�mp�I� 2 �Q�²ï
:. Äuù«g�òXÚ (1) ¥� g(y) UE�ëê
�Nõ©ã²�¼ê fN (y), �±¦�XÚ�¼�
3 y ��ò�. ,	�O�«#��F¼ê fM (z)

¿�ÎÒ¼ê sgn(z) |Ü, �±¢y z ��¼��
ò�. ã 2 �Ñ
��5¼ê fN (y) Ú fM (z) �ã
/. �EÑ#���õ¼�·bXÚ, ÙÃþjG
��§�

dx

dt
= a(y − x),

dy

dt
= 0.9x + 0.6y − zx · fM (z),

dz

dt
= [fN (y) − 0.32] · sgn(z),

(2a)



fN (y) = g(y) +
N∑

i=1

{Ai [sgn(y + ai)

−sgn(y − ai) − 2]} ,

fM (z) = sgn(z) −
M∑

j=1

{Bj [sgn(z + bj)

+sgn(z − bj)]} ,

(2b)

Ù¥ a = 1, Ai, ai, Bj , bj þ��Nëê. N , M ´
��5¼ê¥\\��ê, 0 6 i 6 N , 0 6 j 6 M .

� N = 0, M = 0 �, \\���, XÚ��) 2×2

¼��·báÚf, Xã 3(a) ¤«. � N 6= 0

½ M 6= 0 �, �
¦·báÚf�¼�3�mp
þ!©Ù, ò��5¼ê fN (y) Ú fM (z) �m��
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���, = ai = iK, bj = jG. ÏLïÄ, �Nëê
�m÷v±e'Xª:

N∑
i=1

Ai = NK(NK + 0.8),

(1.5 + MG)

1 − 2
M∑

j=1

Bj

 = 1.5.

(3)

� K = 1, G = 3, �â (3) ªN´O�Ñ�Në
ê Ai, ai, Bj , bj ���XL 1 ÚL 2 ¤«.

L 1 �Nëê Ai, ai ���

N A1 A2 A3 a1 a2 a3

1 1.8 — — 1 — —

2 1.8 3.8 — 1 2 —

3 1.8 3.8 5.8 1 2 3

L 2 �Nëê Bj , bj ���

M B1 B2 b1 b2

1 1/3 — 3 —

2 1/3 1/15 3 6

�â (2a), (2b) ª(ÜL 1 ÚL 2, �±�)?
¿� (2N + 2) × (2M + 2) ��õ¼�·báÚ
f, ��¼��êþd fN (y) Ú fM (z) �äN/
ª9�Nëêû½. ~X, � N = 0, M = 1 �,

�±�) 2 × 4 ¼��·báÚfXã 3(b) ¤«.

� N = 1, M = 0 �, �±�) 4× 2 ¼��·bá
ÚfXã 3(c) ¤«. ã 3(d)—(f) Ð«
A���E
,���õ¼�áÚf��ã. ã 4 ¤«�Aa�
�õ¼�áÚf���Å/ z(t), L²XÚ;�U
3 z �����mÚK��mpgd/ �B�.

ã 2 ��5¼êã/ (a) ëê�Nõ©ã²�¼ê fN (y); (b) #��F¼ê fM (z)

3 XÚ�Ä�ÄåÆA5

�!©Û��õ¼�·bXÚ (2a) �Ä�Ä
åÆA5, �)XÚ�ÑÑ5!²ï:©Ù!X
Ú3��Úª��©Û±9���ëê a UC�
�©
ã��� Lyapunov �êÌ, ¿`²�Në
ê Ai, ai, Bj , bj �Ôn¿Â.

3.1 ééé¡¡¡555ÚÚÚÑÑÑÑÑÑ555

éXÚ?1 (x, y, z) → (−x,−y,−z) �Cþ
O�, ÙL�/ªØC, ´�XÚ (2a) 'u�:é
¡. du

∇V =
∂f1

∂x
+

∂f2

∂y
+

∂f3

∂z
= −1 + 0.6

= −0.4 < 0, (4)

K X Ú (2a) ´ Ñ Ñ �, � ± � ê / ª Â ñ:
dV

dt
= e−0.4t, NÈ� V0 3�� t �Â �NÈ

� V0e−0.4t, =¿�X� t → ∞ �, ¤k�XÚ;
,Ñ¬���3NÈ�"�8Üþ, §�ì?1�
¬��½3áÚfþ.

3.2 ²²²ïïï:::©©©ÙÙÙ999ÙÙÙ­­­½½½555

�â (2a) ª, -
dx

dt
=

dy

dt
=

dz

dt
= 0, �²ï:

�§�
(y − x) = 0,

0.9x + 0.6y − xz · fM (z) = 0,[
2y2 − 0.32 + fN (y)

]
· sgn(z) = 0.

(5)

200506-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 200506

d (5) ª¦�Ø²ï: Q(0, 0, 0)	, Ù{²ï
: Q(x(q)

±n, y
(q)
±n, z

(q)
±m) �L�ª�

x
(q)
±n = y

(q)
±n =


±0.4 (n = 0),

±
√

0.16 +
n∑

i=1

Ai (1 6 n 6 N),

z
(q)
±m =


±1.5 (m = 0),

± 1.5

1 − 2
m∑

j=1

Bj

(1 6 m 6 M).

(6)

�âL 1 ÚL 2 ��'êâ9 (6) ª, � N =

3, M = 2, � y-z �²¡þ� 48 �²ï:©Ù
Xã 5 ¤«, ã¥^ • L«²ï:. ´�ÏLÚ
\ëê�Nõ©ã²�¼ê fN (y) Ú#��F¼
ê fM (z) �ò�XÚ¥�ü�Ø­½Q�²ï:
*Ð¤� (2N + 2) × (2M + 2) �Ø­½�Q�
²ï:. �O�� 8 × 6 ¼�·báÚf�²ï
: Q(x(q)

±n, y
(q)
±n, z

(q)
±m)�

x
(q)
±0 = y

(q)
±0 = ±0.4, x

(q)
±1 = y

(q)
±1 = ±1.4,

x
(q)
±2 = y

(q)
±2 = ±2.4, x

(q)
±3 = y

(q)
±3 = ±3.4,

z
(q)
±0 = ±1.5, z

(q)
±1 = ±4.5, z

(q)
±2 = ±7.5.

(7)

ã 3 ��õ¼�·báÚf y-z ²¡�ã (a) 2 × 2 ¼�; (b) 2 × 4 ¼�; (c) 4 × 2 ¼�; (d) 4 × 4 ¼�; (e) 4 × 6 ¼�;

(f) 8 × 6 ¼�

200506-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 200506

�â (2a) Ú (2b) ªòXÚ�5z?n, ��3
²ï: Q(x(q)

±n, y
(q)
±n, z

(q)
±m) ?� Jacobin Ý
�

JQ =


−1 1 0

0.9 − z
(q)
±m · K1 0.6 −x

(q)
±n · K1

0 4y
(q)
±n · K2 0

 ,

(8)

Ù¥ K1 = fM (z(q)
±m), K2 = sign(z(q)

±m) ´3�A²
ï:?��5¼ê���.�
�	XÚ�­½5,

�Äz��²ï:¤éA� Jacobin Ý
¿O�Ù
A��, �'�(J3eª¥�Ñ:



Q(x(q)
±0, y

(q)
±0, z

(q)
±0) : γ1 = −0.7281σ1 ± jω1 = 0.1641 ± 0.9230i,

Q(x(q)
±0, y

(q)
±0, z

(q)
±1) : γ1 = −0.6160σ1 ± jω1 = 0.1080 ± 0.5785i,

Q(x(q)
±0, y

(q)
±0, z

(q)
±2) : γ1 = −0.5697σ1 ± jω1 = 0.0849 ± 0.4663i,

Q(x(q)
±1, y

(q)
±1, z

(q)
±0) : γ1 = −0.9393σ1 ± jω1 = 0.2697 ± 2.8764i,

Q(x(q)
±1, y

(q)
±1, z

(q)
±1) : γ1 = −0.8662σ1 ± jω1 = 0.2331 ± 1.7213i,

Q(x(q)
±1, y

(q)
±1, z

(q)
±2) : γ1 = −0.8199σ1 ± jω1 = 0.2100 ± 1.3668i,

Q(x(q)
±2, y

(q)
±2, z

(q)
±0) : γ1 = −0.9726σ1 ± jω1 = 0.2881 ± 4.8497i,

Q(x(q)
±2, y

(q)
±2, z

(q)
±1) : γ1 = −0.9383σ1 ± jω1 = 0.2691 ± 2.8483i,

Q(x(q)
±2, y

(q)
±2, z

(q)
±2) : γ1 = −0.9088σ1 ± jω1 = 0.2544 ± 2.2373i,

Q(x(q)
±3, y

(q)
±3, z

(q)
±0) : γ1 = −0.9876σ1 ± jω1 = 0.2938 ± 6.8362i,

Q(x(q)
±3, y

(q)
±3, z

(q)
±1) : γ1 = −0.9658σ1 ± jω1 = 0.2829 ± 3.9849i,

Q(x(q)
±3, y

(q)
±3, z

(q)
±2) : γ1 = −0.9470σ1 ± jω1 = 0.2535 ± 3.1131i.

(9)

O�(JL², ã 5 ¥^ • L«� 48 �²
ï:þ��I� 2 �Q�²ï:, ¿�z���

I� 2 �Q�²ï:ÑU�)����éA�
¼�.

ã 4 ��õ¼�·báÚf��Å/ z(t) (a) 2 × 4 ¼�; (b) 4 × 2 ¼�; (c) 4 × 6 ¼�; (d) 8 × 6 ¼�
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ã 5 8 × 6 ¼�·báÚf y-z �²¡²ï:©Ù«¿ã

3.3 ��� ��� ÅÅÅ /// !!! õõõ ÇÇÇ ÌÌÌ !!! ©©© 


 ããã 999 ���
��� Lyapunov ���êêêÌÌÌ

ã 6(a)�XÚ (2a) ���Å/ y(t), (Üã 3

�±wÑÙ�;�´3�½�«�SÃ�W¿½
i�, äk;.��±ÏA5. ã 6(b) ¤«�X
Ú (2a) �õÇÌ lg |y|, �±wÑÙ3�½ªÇ��
S´ëYÌ, ?�ÚLy
Ù�±ÏA5. �â (2a)

Ú (2b) ª, O��ëê a Cz�©
ãÚ�� Lya-

punov �ê LEmax ÌXã 6(c) Ú (d) ¤«, �±w
ÑXÚ (2a) 3�½���Säk���� Lya-

punov �ê, ¿�©
ãÚ�� Lyapunov �êÌk
éÐ���5. Ïd, lXÚ (2a) ����ã!�
�Å/!õÇÌ!©
ã±9�� Lyapunov �ê
Ì, ��TXÚ�·bXÚ.

3.4 ���NNNëëëêêê���ÔÔÔnnn¿¿¿ÂÂÂ

e¡©Û�Nëê Ai, ai, Bj , bj �Ôn¿Â.

�â (6) ª, Ai, Bj �±��²ï:� �. du
XÚ�¼�´�7X�I� 2 �Ø­½Q�²ï
:uÐ�, � Ai, Bj �±��¼���é �. �
â (2b) ª9ã 5, ëê ai, bj �±��Ú\��5
¼ê�m�, ± ai Ú bj �>.�¤�¤�Xã 5

¥�ÒK«� V (±n,±m) K�±��¼����.

ëê Ai, ai, Bj , bj þké���N!��.

4 >´�O9�ý

é�©¤JÑ���õ¼�·bXÚ?1�
[>´��N�OXã 7 ¤«. >´�O¥$^
�
�5>{!�5>N!�[¦{ìÚ$�
��ì. Ù¥�[¦{ìæ^ AD633, ¦{Xê
� 0.1. 8¤$���ìæ^ TL082, >
ø>>
Ø� ±Esat = ±15 V, �Ú� ± |Vsat| = ±13.5 V.

d	, τ0 = R0C0 ��mºÝCzÏf, Ó��´
È©ì�È©~ê. |^�mºÝC�Ïf, �
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UC·b&Ò3��¥Cz�¯ú±9·b&Ò
ªÌ�©Ù��. ÜnÀJ�mºÝC�Ïf�

��, é·b>´��O´�©­��. 3¢�¥
� R0 = 1 kΩ, C0 = 1 nF.

ã 6 ÄåÆA5©Û (a) ��Å/ y(t); (b) õÇÌ lg |y|; (c) ©
ã; (d) �� Lyapunov �êÌ

ã 7 ��õ¼�·bXÚ�N�O>´ã
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± 6 × 6��õ¼�·báÚf�~?1f>
´��O, Ù¥ëê�Nõ©ã²�¼ê fN (y) �
>´�OXã 8(a) ¤«, �F¼ê fM (z) �>´�
O©OXã 8(b) ¤«. ��rN�´ÏL|^X
ã 8 ¥�m' S ��ØÓêþ��¬�\, �±é

g,ê N Ú M ��?1(¹�N�. ã 9 ¤«�
��õ¼�·báÚf�>´�ý(J, �±w�
>´�ý¢�(JÚê��ý(JÄ�´���,

�y
nØ©ÛÚ>´�O��(5±9>´�
O��õ¼�·báÚf��15.

ã 8 ��5¼ê�)>´ (a) ëê�Nõ©ã²�¼ê fN (y); (b) �F¼ê fM (z)

ã 9 ��õ¼�·báÚf>´�ýã (a) 4 × 4 ¼�; (b) 4 × 6 ¼�

5 ( Ø

JÑ
��#n��g·bXÚ, TXÚU�
)��;.�V¼�·báÚf. ÏLïÄ�OÜ
·���5¼ê�±òTV¼�·bXÚU?�

���)��õ¼�áÚf�·bXÚ. T��õ
¼�XÚ�Ì�A�´�Nëê�±(¹/N�
3��m y ��Ú z ���I� 2 �Q�²ï:
�©Ù, l
�±�B/��·báÚf¼��ê
þ!��9�é �. ÏLnØ©ÛÚê��ý,
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©Û
T��õ¼�·bXÚ�Ä�ÄåÆA5.

���O
¢yT��õ¼�·bXÚ��[>
´, >´�ý(J�ê��[(J���5y¢

T�E�{��15.
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Abstract

In this paper, a new three-dimensional autonomous chaotic system is proposed. However, the structural form of the new chaotic

system is limited to a double-wing like most Lorenz-like systems. According to the equilibrium points and topological structure of

this double-wing chaotic system we design some appropriate nonlinear functions for it. Then, the new double-wing chaotic system can

be modified into a grid multi-wing chaotic system. Basic dynamical properties of the system are studied by theoretical analysis and

numerical simulation, which proves the chaotic behaviors of this new grid multi-wing chaotic system. Finally, an oscillator circuit is

designed for implementation. The circuit simulation results are in good agreement with the numerical simulation results.
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chaotic attractors
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