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1 Ú ó

gé¼>´¥�·by���«±5, ��5
>´�nØ�¢�ïÄÚå
�IÆö�2�'
5. ��;.�·b>´, é¼>´Ø=(�{ü,
��±é�B/\±?U. <�ÏLUCÙ¥�Ü
©(�, ��
Nõ/ª��2��·b>´, '
XÚ\�«�"��C� [1,2]. ù
UC��>
´ (¡�2Âé¼>´) Ø=�¹��´L���
5A5, Ó��äk��2��A^�µ. �IÆ
ölnØÚ¢��õ��¡é�«/ª�2Âé
¼>´?1
�þ�ïÄó�, �«
NõÃX�
·b!·b�Å�E,A5 [3,4]. 1994 c Zhong[5]

ÄkJÑ^1w¼ê�O�é¼>´¥�©ã�
5Ï�. ù�����`:´;�
ýé�¼ê,
�E
��1w�·bXÚ, k|unØþ�©Û
ïÄ. ïÄL², 3|^·b\����Ï&¥, $
�·bXÚN´�»Èp���·bXÚKJ
±»È. Ïd, �7�·bXÚ��)�A^¤�
<�ïÄ���9: [6]. �C Liu � [7] ÏL�O
�5�"��ì¢y
éXeo�é¼�·b>

´�·b��, Ù>´ãXã 1 ¤«.

ã 1 o��·bé¼>´

T>´�ÄåÆ1��^Xe�©�§|�
y,

C1v̇1 = i1 − g(v1),

C2v̇2 = −G1v2 − i1 − i2,

L1i̇1 = v2 − v1 − Ri1,

L2i̇2 = v2,

(1)

Ù¥ v1 Ú v2 ©O�L>N C1 Ú C2 þ�>Ø,
i1 Ú i2 ©O�LÏL>a L1 Ú L2 �>6, g(v1)
K�ÏL��5>{ RN �>6, ¿� g(v1) =
Gbv1 + 0.5(Ga − Gb)(|v1 + BP| − |v1 − BP|).
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3¢S>´XÚ¥, �����N��  �
�, �U��XÚ�ÄåÆ1��)õ�mºÝ�
A [8,9]. ¤¢õ�mºÝ, ��´3¤ïá���
5êÆ�.¥, G�Cþ½ö§�,«/ª�|Ü
�±©�eZØÓ�|, �|�m��mCz�
�Ç�3X²wþ?þ��É. ù«õ�mºÝÏ
�Ø=�±5guý¢�mþ�¯ú�A, X�«
�A�Ý�¯ú [10], Ó���U5guAÛº�
þ�ºÝ�A [11], �kÙ¦ÃX�AXÚ(��
A [12]!XÚSÜ�Ôn�A [13] ��. 3�C�
ó�¥,·�Q&?
�a�g£>´3	-yK
�e�¯ú�A [14]. 3g£>´¥, XÚ�Äå
Æ1�½�UÏ��ëêm�3�þ?�É¥
y¯ú�A, �ÙÅnK��ØÓu�g£XÚ.
Äuù���µ, �©ëì Zhong ��{ég£X
Ú (1) ?1�A�?U, ?ØÙ3,
ëê^�e
�¯úÄåÆ1�.

2 ê��[

òXÚ (1) ¥��5>{�>6 - >ØA5
¼ê?U�Xe/ª iR = g(v1) = v3

1e
v1/R, Ú\

C� x = v1, y = v2, z = i1/G, w = i2/G, t =
τC2/G, a = C2/C1, b = −G1/G, c = C2/L1G

2,
ε = C2/L2G

2, G = 1/R , K?U��1w>´�
.�Ãþjz/ª�

ẋ = a(z − x3ex), (2a)

ẏ = by − z − w, (2b)

ż = c(y − x − z), (2c)

ẇ = εy, (2d)

ùp,a, b, c > 0,0 < ε << 1. du ε ´���
þ, �§ (2d) ¤L«� w �CzÇò²w�u�
§ (2a) Ú (2c) �Cz, =��XÚ�±�©¤ü
|, úfXÚ (w) Ú¯fXÚ (x, y, z).

e¡�½ a = 0.5, c = 0.15, ε = 0.001, ± b�
©
ëê, ?ØXÚ (2) �ÄåÆ1�. ã 2 �Ñ

TXÚ� b Cz�©
ã.

d©
ã��, 3·�¤À��ëê��S,
�X©
ëê b �O�, XÚ��;,B��½�
¡�gê�ÅìOõ, ¿��ªüz�·b$Ä.
e¡±©
ã���, ÏL©Û,
ëê^�e�
ÄåÆ1�, X?ØXÚäN�$Ä�ªÚüz
A:.

ã 2 XÚ (2) �ëê b Cz�©
ã

lã 3 �±wÑ, � b �é���, XÚ (2) �
±Ï��. ~X b = 0.22 �, XÚ�±Ï$Ä¥
y LS .EÜ�� (Xã 3(a)). ù��EÜ���
X b �O�, u)\±Ï©
 (Xã 3(b) Ú 3(c) ¤
«), ¿3 b = 0.345 ��, r�·b (�ã 3(d)).

þãëê¥, ε ²w�uÙ¦ëê, ¿äkþ
?þ��å, ùÒ¦� w �CzÇ' x, y, z ��
�õ. u´��XÚ�©¤ü|, =¯!úü�f
XÚ, �XÚ�ÄåÆ1��w«Ñ¯ú�A, Ï
ê�O��(J (ã 3 ¤«) Ly�qu [15] y
�. e¡l©
nØÑu, $^¯ú©Û{&?X
Ú (2) �quÅnÚüzL§.

� � � J � ´ µ X Ú (2) ´ � � g £ X
Ú, ·� æ � � ¡ { ¼ � © 
 ã, ã 2 � g �
¡ Σ:{(x, y, z, w) |x = 0.5} . ùp w L«�;,
BL Σ � w ��.

3 ©
©Û

¯ú�A�u)Ì�´dufXÚ�ÚNØ
��. Ï~éuü�mºÝXÚ5`, dÙ¥�¯
fXÚ�)�Ì���-u����, úfXÚK
éAu�Ì�����. �
©ÛXÚ (2) ¤L«
�1wXÚ�quÅn9Ùa.,·��â¯ú©
Û{ [15], òúCþ w À�¯fXÚ�©
ëê, ?
ØÙ¥�«ØÓa.�qu��.

Äk©Û b = 0.22 ��/. ã 4 �Ñ
T
ëê^�e, ¯fXÚ�²ï:©
ã, ¿�Ù
þU\
�XÚ±Ïqu)��ã. 3úCþ
=©
ëê w �N�e, ¯fXÚ�²ï:
�¥��� S /, ¿dnÜ©|¤, ©O´þe
ü | ¢ � Ú ¥ m � | J �. Ù ¥ ¢ � L «½
��:, J�L«Ø½��:. � S �þ�ü
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ã 3 XÚ (2) ��ã��mS� (a) b = 0.220; (b) b = 0.250; (c) b = 0.300; (d) b = 0.345
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: LP1 Ú LP2 K�©
:, L« Fold ©
, ©

�©O� wLP1 = −0.0545 Ú wLP2 = 0.0394.
ã¥I5� w "Cz�J��úCþ w �"
� (ẇ = x3ex + w = 0), 3 " � � þ (e) �,
ẇ > 0(ẇ < 0).

e¡, ÏLã 4 ©ÛXÚ (2) 3�Aëê^�
e�quÅn. ã 4 ¥�ÞL«�;,��7��.
Ø��XÚl;�e�| w = −0.0545 ? ( u©

: LP1 ?) Ñu. Xã¤«, 3©
: LP1 ��
ý, � S �þ|�½�:´¯fXÚ���áÚ
f, ¤±�L LP1 :�, �XÚ��;,ò�þ�
�½�:áÚ, �þa�. ;,a�þ|¢�?
±�, duT? u w �"�þ�, = ẇ > 0, �
=�X w O����c?, =�m$1. � w O�
� wLP2 = 0.0394 �, ²ï:�, XÚ (2) �;,
Ï Fold ©
a£ S �e�|. d� ẇ < 0, w ò~
�, ;���$1, ��£� LP1 :, m©e�±
Ï.

ã 4 XÚ (2) ��: - �:. Fold/Fold qu (b = 0.22)

ù«±Ï)��)ÅnÚ©z [15] ¥½Â
� Fold/Fold ©
��, �A¡� Fold/Fold qu.
� [15] ¥¤?Ø� Fold/Fold ©
ØÓ�´, ã 4
¤£ã�´�: - �:.qu. �T�: - �
:.qu)��AÏ, �3;�þ�|Ñy
a
q-u����, ØÓu���é¡�: - �:
qu). ù´Ï�, �XÚ9¯fXÚ (x, y, z) �
�þ|þØäké¡5, ± w �©
ëê�¯
f X Ú � © 
 � þ ! e ü Ü © �½ � : �
A 5 � Ø � Ó. ~ X, � w = −0.04 � � ² ï
: (�Aã 4 ¥©
�þ!e|¥� C1,C2 :),
© O O � § � � A � �. C1 ¤ é A � A � �
©O� λ1 = −0.0655, λ2,3 = −0.0501 ± 0.4080i,
 λ′

1 = −0.5490, λ′
2,3 = −0.0281 ± 0.3362i K

´ C2 �A��. '�þã(J��,C1 �A�

��¢Ü!JÜ�ýé�þ' C2 ��õ. ù¿�
X C1 �Âñ5²w�u C2, ¤±;�l LP2 a
e5�, é¯�áÚ�½�:þ, A�Ø?1a
qu-u����.

� b O�� b = 0.25 �, �XÚ��ã (�ã 5)
� b = 0.22 ��/4Ù�q, �´Ù©
ÅnÚq
ua.´��ØÓ�. ã 5 ¥¤«�� S /©

�EdJ�Ú¢�üÜ©|¤, ©OL«Ø½�
�:Ú½��:. LP1 Ú LP2� Fold ©
:,
H KL«��. Hopf :, ©
��wH = −0.0590,
=¯fXÚ3d?u)��. Hopf ©
, d½
�:©
��½�4��.

�XÚde�| w = −0.0689 ?Ñu ( u©

: LP1 ?) Ñu. 3©
: LP1 ��ý, � S

�þ|�½4��´¯fXÚ���áÚf,
¤±�L LP1 :�, ¯fXÚÏ Fold ©
l²
$Ä (�N�) �þa�, =�±Ï$Ä (-u�).
ù�XÚ?u;�þ�|, ¿ u w �"�þ�,
= ẇ > 0, ¤±�;,�X w O����$1, �X
ëê�O�, XÚ±Ï$Ä��ÌÅìC�. ��
ëê4O���. Hopf ©
� wH = −0.0590 �,
¯ f X Ú Ï Hopf © 
 ò Ñ ± Ï $ Ä = � ²
$ Ä, � d u ú L � A (slow passage effect), X
Ú � � � � Ì ´ Å ì ~ � �. d � ë ê w E

ã 5 XÚ (2) ��: - �:. Fold/Hopf qu (b = 0.25)

3Øä4O, �ëê4O� wLP2 = 0.0482
�, XÚ�;,qÏ Fold ©
a=�e�|½
�:?. d�XÚ u w �"�e� ( ẇ < 0 ),
u´ëêm©4~, XÚ��$Ä��ëêO\
� wLP1 = −0.0689 �, ��¤
��±Ï�$Ä.
ù«±Ï)��)Ì��¯fXÚ� Fold ©

Ú Hopf ©
k', �âÙ©
ÅnÚ©z [15] �
½Â,·�¡���: - �:. Fold/Hopf qu.
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� b UYO�� b = 0.29 �, XÚ�quÅn
Úa.þ� b = 0.25 �Ó, �´XÚ3-u�e�
���Ì²wC�
, Xã 6 ¤«. e¡ÏL'�
©
:� �éTy�\±)º.

ã 6 XÚ (2) ��: - �:. Fold/Hopf qu (b = 0.29)

d Hopf ©
nØ��, d��. Hopf ©
)
¤�4����Ì�©
:�ê�k', ¬d©

:m©�ëê�CzÅìO�. Ïd3¤?Ø

��.¥, Hopf ©
)¤�4����Ì¬l©

: H m©�XúCëê w �~�üN4O. 
�, '�ã 5 Úã 6 �±wÑ, ©
: H � LP1 m
�Y²ål�X b �O\²wC�. ùÒ¿�X
3 b ���ê��, d Hopf ©
���-u��
�¬3�é������S?1. Ùm, 4���
Ì�©
ëê w �CzO��L§�Ò¬±Y
���
, u´XÚ3-u�e����Ì�Ò�
A²wC�.

4 ( Ø

Äuo�2Âé¼>´, X?Ø
XÚ3ü
�mºÝe�¯ú�A. ÏLê�O���
XÚ
3ØÓëê^�e�±Ï)Ú·báÚf. |^¯
ú©Û{, lnØþ&?
±Ïqu)�)�Ån,
¿éÙ?1
©a, = Fold/Fold quÚ�/ Hopf q
u. ÏLé¯fXÚA���O�Ú©Û, �Ñ

©¥qu)�~�a.�ØÓ�?. d Hopf ©

nØÑu, )º
XÚqu)�ëêCzüz�
y�, ¿�ê��[�(JÄ�ÎÜ.
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Abstract

The dynamics of four-order modified Chua’s circuit with slow-fast effect has been investigated in this letter. Different types of

bursting phenomena can be observed in numerical simulations. By introducing slow-fast analysis, the bifurcation mechanism for the

periodic bursting solutions, especially for Fold/Fold bursting and Fold/Hopf bursting, is presented, which is different from the usual

case. With the variation of the parameter, the periodic bursting can evolve to chaotic bursting.
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