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1 Ú ó

·b´�«3(½XÚ¥u)�mqÃ5K
$Ä, ÄåÆ1�Ly�éÐ��¯a5!H{
5!mq�Å5, ¿äkE,�©/Úg�q(�.
��5ÄåÆXÚ�)�©
$�·bG�´�
©ÊH�y� [1−4], y�ãé·bXÚ�ïÄ®²
Ø==�´êÆÚÔn�Ä:nØïÄ, �F"3
¢Só§¥k¤?Ð.

ÍÜu>ÅXÚ�3XE,���51�, Ù
ëêA5ÚÄåÆA5�©ÛïÄ�±�¢Só
§�Å>��Jø�Y. ®kÆö©OédXÚ�
·bA5!��ÚÓÚ¯K?1
ïÄ [5−7]. �
± �ÍÜu>Å�.Ñ´3��Ä�«ÑÑA
5, éL�,�«ÑÑA5�ëê-Ù�"
�
�� [8,9]. ,
, 3¢Só§¥�«ÑÑÑ´�3
�. Äuù«¯¢, �©ò3�k�.�Ä:þ,
Ú\Å�{Z�Ñ, òXÚ�>6!SÜëêÚ
>^|�p�^'X^��n���5�§L«.
ÏLê�O�, 3�Äü«ÑÑA5�Ä:þ, l
XÚ��;,ã!©
ã!�� Lyapunov �ê
Ú PoincaréN���¡�\©Û
ÙÄåÆ1�,
ÏLéXÚëêA5�O�, ?�Ú©Û'�
Ñ
Ñ�.�#ëêA5.

2 � Ä { Z � Ñ � C / Í Ü u >
ÅXÚ

2.1 ���ÑÑÑ...uuu>>>ÅÅÅ���...

ÍÜu>ÅXÚdü���3�å�u>Å
|¤, üöp�ÍÜ, �pK�. ÙXÚÍÜ�§d
��n���5g£�§5£ã:

ẋ =ω1y − µ1x, ẏ = ω2x − µ2y,

ω̇1 =q1 − ε1ω1 − xy, ω̇2 = q2 − ε2ω2 − xy, (1)

Ù¥ ω1 Ú ω2, x Ú y ©O´ü�u>Å�=Ä�
�ÝÚ>6, q1 Ú q2 ´u>Å=f�=Ý, µ1, µ2,
ε1 Ú ε2 ´�u"��Ñ�AÏf. l�§¥�þ
�Ôn¿Âw, >Å>6 İ ∝ −µI ⇒ I ∼ I0 e−µt,

>Å=f��Ý ω̇ ∝ −εω ⇒ ω ∼ e−εt, �Ò´
` µ Ú ε ©OL�>Å�>6�ÑÚÅ�{Z�
Ñ. 3± ��.¥, Ñ- ε1 = ε2 = 0, =ò ε L�
�{Z�Ñ�Ñ. ��Xp5U>ÅEâ�¯�u
Ð, >Å$1�Ý�5�p, XÚé�«{Z�Ñ
�K�C�¯a. �
�U�N¢S$1�¹, ·
�b� µ Ú ε ü«�ÑÏfþØ�". �
{zO
�, - ε1 = ε2 = 1 − ε, q1 = q2 = z, µ1 = µ2 = µ,

ż =
1
2
(ω̇1 + ω̇2), ω1 = z + α, ω2 = z − α.
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K�§ (1) C�

ẋ = −µx + y(z + α),

ẏ = −µy + x(z − α),

ż = εz − xy, (2)

α, µ, ε�XÚ (2) �n���ëê, Ù¥ µ��ë
ê, α ��"ëê, ε ∈ (0, 1], ε ��L�Å�{Z
�Ñ��. � ε = 1 �XÚ (2) Òòz�©z [9] �
XÚ, ¤±�©¤ïá��Ñ.ÍÜu>Å�.�
äk�N¢Só§�¹�ÊH5. ��k�ÍÜ�
.��, XÚ (2) äkg, z ¶é¡5.

2.2 XXXÚÚÚ������;;;,,,ÚÚÚ···bbbáááÚÚÚfff

XÚ (2) kÊ�²ï:, ©O�

S0 = (0, 0, 0), S1 = (β1, β2, γ),

S2 = (−β1,−β2, γ), S3 = (−β2, β1,−γ),

S4 = (β2,−β1,−γ),

Ù¥

β1 =

√
εγ(γ + α)

µ
,

β2 =

√
εγ(γ − α)

µ
,

γ =
√

µ2 + α2.

|^ Routh-Hurwitz ^��±y²� 2µ > ε �, ²
ï: S0—S4 ´Ø­½�.

�ëê α = 3, µ = 2, ε = 0.75 �, þãÊ�²
ï:©O�

S0 = (0, 0, 0),

S1 = (2.9885, 0.90485, 3.60555),

S2 = (−2.9885,−0.90485, 3.60555),

S3 = (−0.90485, 2.9885,−3.60555),

S4 = (0.90485,−2.9885,−3.60555).

X Ú � ; , ã ! � S ã ! X Ú õ Ç Ì
Ú PoincaréN�ãXã 1 ¤«, (JL²: 3�3Å
�{Z�Ñ�¹e, ÍÜu>ÅXÚ?u·bG�,
�XÚäkü�²wØÓ�Û%áÚf [10], ©O
�7X²ï: S1, S2 Ú S3, S4. ã 2(a) Ú (b) ´X
ÚÐ©�©O� (−1,−1, 1), Ú (1, 1,−2) ��O�
(J, ©OéAXáÚf A ÚáÚf B.

ã 1 ëê α = 3, µ = 2, ε = 0.75 (a) n��m�ã; (b) x-t �S; (c) XÚ�õÇÌ; (d) PoincaréN�ã
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ã 2 ëê α = 3, µ = 2, ε = 0.75 (a)áÚf A; (b)áÚ
f B

3 XÚëê�m��� Lyapunov �ê
©Ù

XÚëêu)Cz�, ò��XÚ²ï:­½
5u)Cz, XÚ�ò?uØÓ�G�. 3¢Só
§¥, u>ÅXÚo´ó�3E,�¸e, Ïdé
XÚëêA5�©Û�±�XÚ��JønØ�
âÚë�. �!ÏLO��� Lyapunov �ê©Û
XÚ3ëê�m¥�ÄåÆA5. d·bnØ�,
��� Lyapunov �ê�u 0 �, XÚ?uO±Ï
�� (4��½���¡); ��� Lyapunov �ê�
u 0 �, XÚ?u·b�; ��� Lyapunov �ê�
u 0 �, XÚ?uØÄ:½±Ï�. ã 3(a) Ú (b) ©
O´ëê α = 3, µ = 4 �XÚ�� Lyapunov �ê
3ëê�m (µ–ε) Ú (α–ε) �©Ù�¹. ØJwÑ:
3�Ó�>6�Ñ µ Ú�ëê α �¹e, Å�{Z
�Ñ��, XÚÑy·b�ëê«����, =X
Ú�N´Ñy·bG�. XÚ3ëê�m¥¥yÑ
�E,ÄåÆCzA5`²n�ëêÑéXÚ�
·bÄåÆA5�)wÍK�.

ã 3 VëêCz�XÚ�� Lyapunov �êÌ (a) �
½ α = 3; (b) �½ µ = 4

�
���[�?ØÅ�{Z�Ñëê ε

é X Ú Ä å Æ A 5 � K �, � α ∈ [0.1, 15.1],
µ ∈ [0.5, 8.5], © O O � 
 ε = 0.1, ε = 0.3,
ε = 0.75, ε = 1 o«{Z�Ñ�¹e�� Lya-
punov �ê3 α–µ �m�©Ù�¹, Xã 4 ¤«.
�XÚ�Ñëê�Ó�, ��ëê α ��, XÚ
�N´Ñy·b; XÚ{Z�Ñ��, ?3·b�
� α–µ ëê�m��, ��� Lyapunov �ê��
�, �ÄåÆ1�%C��E, (ëê�m©Ùã
C��"Ñ). ù`²Å�{Z�Ñ�±³�XÚ�
·b�, �q¬O�XÚ�õÑ, ü$XÚó��
Ç. ¤±3¢Só§¥, IT�/��XÚëê, ¦
Ùó�3�ZG�.

4 XÚëêCz�©
A5©Û

XÚëêu)Cz�, ò��XÚ²ï:­½
5u)Cz, XÚ�ò?uØÓ�G�. ©
ã�
±�*�Lã�XÚëêCz�XÚ�5�Cz
�¹, du ε ´XÚ (2)�L�Å�{Z�ÑA

Ú\�#ëê, ��!·�òÌ��Äëê ε éX
ÚA5�K�.
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4.1 ØØØÓÓÓ{{{ZZZ���ÑÑÑeeeαéééXXXÚÚÚ©©©


AAA555���
KKK���

�½ëêµ = 2, �α ∈ [0.1, 15.1], {Z�Ñë
ê©O�ε = 0.75Úε = 0.45���Lyapunov�ê

ÌÚXÚ©
ãXã 5 ¤«.

O�(JL², ù´��;.�_�±Ï©

L§, XÚ©
(��©z [9] ��.�q. �Xë
ê�Cz, XÚÑy·b!±ÏÚO±Ïn«G�.
� α d�C��ÏL�ª©
, ��X “">y�”

ã 4 {Z�Ñ ε �ØÓ��, XÚ�� Lyapunov �êÌ�VëêCzA5 (a) ε = 0.1; (b) ε = 0.3; (c) ε = 0.75; (d) ε = 1

ã 5 XÚ (2) 3ëê µ = 2, ε �ØÓ��� α Cz��� Lyapunov �êÌÚ©
ã (a) ε = 0.75; (b) ε = 0.75; (c) ε = 0.45;
(d) ε = 0.45
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?\·b�. ��Ñ��, XÚëê�·b«�
��. �X ε �~�, ±ÏI�� α O����
£Ä, �©
(�C��E,. dã 5 ��, � ε

d 0.75 C� 0.45 �, Ñy�ª©
� α �l 10
NCO�� 13.5 �m, �ã 5(d) Ñy “">” �
��fÐ�ã 5(b) ��, Ï
Ñy�� 3 ±Ï�
ª©
Âñ� 2 ±Ï�üzL§. ã 6 ´ã 5(c)
Úã 5(d) �ÛÜ��. dã��, 3Ñy�ª©

�1��±ÏI�¥, kd�©
òÑ·b, Ñy
±Ï 2 Ú±Ï 3, 3 α ≈ 3.15 NC±Ï 3 �ª©


¿Ñy “">”, �3±Ï 2 Ú±Ï 3 �mÑy

��[��·b�, �3·b�¥Ñy “ä�
�Y”.

4.2 ØØØÓÓÓ{{{ZZZ���ÑÑÑeee µ éééXXXÚÚÚ©©©


AAA555���
KKK���

�½ëê α = 3, � µ ∈ [0.5, 8.5], {Z�Ñë
ê©O� ε = 0.75 Ú ε = 0.45 ���� Lyapunov
�êÌÚXÚ©
ãXã 7 ¤«.

ã 6 ã 5(c) Úã 5(d) �ÛÜ�� (a) ε = 0.45; (b) ε = 0.45

ã 7 XÚ (2) 3ëê α = 3, ε �ØÓ��� µ Cz��� Lyapunov �êÌÚ©
ã (a) ε = 0.75; (b) ε = 0.75; (c) ε = 0.45;
(d) ε = 0.45
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O�(JL², �X µ �Cz, XÚ�OÑy
·b��±Ï�, ¿3 µ = 0.5 �dü±Ï²�©

?\·b�, ¿3·b�¥Ñy��Ø�� “ä
��Y”. dã 7 ��, {Z�Ñ��, ©
(��
E,, =XÚé µ ��Cz�¯a. �X ε �~
�, ±ÏI��õ�Ä, ±ÏI�¥�±Ïê��
õ. ã 8 ´ã 7(c) Úã 7(d) ¥1��±ÏI��
ÛÜ��. ØJwÑ, XÚd�©
?\±Ï�,
3 µ = 1.825 ?u)�ª©
. ���', �{Z
�Ñ�� (ε = 0.75) �§3 µ = 1.825 ?XÚ�
?u·b� (�ã 7(a) Ú (b)). XÚ3 2 ±ÏÚ 3
±Ï�mi\��Ä��·b�, ¿3 µ = 2.825,
µ = 3.05, µ = 3.325 ?u)�ª©
, Ñy “">”,
XÚ3 µ = 3.55 �u)�©
2g?\·b�.

ã 8 ã 7(c) Ú 7(d) �ÛÜ�� (a) ε = 0.45; (b) ε = 0.45

4.3 {{{ZZZëëëêêê ε éééXXXÚÚÚGGG���üüüzzz���KKK���

�½ëê µ = 2, α = 3, � ε ∈ [0.1, 1] ��
� Lyapunov �êÌÚXÚ©
ãXã 9 ¤«.

dã 9 �wÑ, 3{Z�Ñ���, XÚ�
N´Ñy·b1�, ù�1nÙ�©Û´���.

3 ε < 0.65 �XÚ3O±Ï!ü±Ï!2 ±Ï
Ú 3 ±Ï�m=�, ¿3 ε ∈ (0.18, 0.26) �k�
�[��·b�. XÚ3 ε = 0.68 �?\·b,
��3 ε = 0.77 ?XÚuÑy�� 5 ±ÏI�.
�
�©z [9] �Ñ� ε = 1 ?1é', ã 10 �
Ñ ε ∈ [0.74, 0.84] �°[(�.

ã 9 XÚ (2) 3ëê α = 3, µ = 2 �� ε Cz��
� Lyapunov �êÌÚ©
ã

lã��, 3 ε = 0.766 �XÚÏL�©

?\ 5 ±ÏI�, ¿3 ε = 0.793 ?u)�ª©

, Ñy “">”, ��3 ε = 0.818 2gu)�
©
?\·b�. ã 11 �Ñ
 ε ©O� 1, 0.8,
0.6, 0.4 � PoincaréN�, dã 11(a) Ú (b) ��XÚ
� PoincaréN�k�
¤¡��8:, ¿äk�½
�©/(�, `²�X{Z�Ñ�~�·b��
²w; dã 11(c) Ú (d) ��, XÚ� PoincaréN�
�k�êlÑ�:, L²XÚ�$Ä´±Ï!O±
Ï�.

±þO�(J�±8BXe:

1) 4.1 !©ÛL², 3�½���S, Å�{Z
�ÑO��, XÚ·b�m£, �ª©
� “">”

150504-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 150504

��Cz, ù`² ε ¬K� α �ó�A5. XÚó
�G��Ó�, 3�Ó>6�Ñ�¹e, Å�{Z
�Ñ��, 3¢Só§¥I����ëê α ��.

2) 4.2 !O�(JL², XÚ{Z�Ñ��, X
Ú�©
;��E,, ù�¢Só§¥ÍÜ>Å�
ó�G�´¬Ü�. K�Ï��õ, �\�K��

�, =XÚ�ó��¸���, XÚG��Cz�
E,.

3) �XÚ�>6�ÑÚ��ëê�Ó�, Å�
{Z�Ñ��, XÚ·bA5�wÍ. ù`²3¢
Só§¥, I�ÏLã+õÇÚ�Ç5��XÚ,
¦XÚ$1­½.

ã 10 ã 9 �ÛÜ��

ã 11 XÚ (2) 3 α = 3, µ = 2 �� PoincaréN� (a) ε = 1; (b) ε = 0.8; (c) ε = 0.6; (d) ε = 0.4
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5 o (

±u>Å¢Só�G��Ä:, 3�ÄÅ�{
Z�ÑA5�Ä:þ, í�Ñ�«�Ñ.�äkV
­Û%áÚf�ÍÜu>Å�.. ��k�C/Í
Üu>Å�.�', XÚëêdü�C�n�, #
O\�{Z�Ñëê ε éXÚ�ÄåÆA5k²
w�K�. ©ÛÚO�(JL²: 1) Å�{Z�Ñ
¦u>ÅXÚÑy�\E,�©
(�, X±ÏI

�u)£Ä!I�(�u)Cz, ">��u)U
C; 2) �Ø�ÄÅ�{Z�Ñ�', {Z�Ñ�O
\�±~�XÚ��� Lyapunov �ê, ³�XÚ
Ñy·b, �%¦��� Lyapunov �ê�ëê�
m(�C��\E,, ¢�·b���JÝ�¬O
\. ÏLé�.ëê, AO´�Ñëê ε �CzA
5�©ÛO�, òkÏu�\@£ÍÜu>Å�.
�ÔnA5,�k��XÚ��ïÄC½Ä:.
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The characteristics of the chaotic parameters for a
loss type of modified coupled dynamic system∗
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Abstract
A coupled dynamos model considering two loss characteristics is proposed, which can characterize the practical situation well

compared with the previous one. By numerical calculation, the Lyapunov exponential spectrum, bifurcation diagram and Poincaré
mapping are given. Then the dynamic characteristics of the parameters space are analyzed. From these results, it can be found that the
novel coupled dynamo model with the consideration of mechanical damping loss, has double attractors. The mechanical damping loss
can suppress the chaotic occurrence and leads to more complex bifurcation characteristic appearing in the parameter space. The two
kinds of the loss characteristic parameters have significant influence on the dynamic behavior of the system.

Keywords: coupled dynamos system, bifurcation, Lyapunov exponent, Poincaré map
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