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3 α D(�¸e, N!XÚëêU
p��Å��y�; 
�N!��5�ëê�, �Å���J� α­½D(�

�ê�~�
~f, ��N!�5�ëê�, �Å���JK�X α­½D(�A��ê�~�
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1 Ú ó

�Å�� [1,2] ´��Åå (=·�`�D()

�&Ò�m��«���A, ´�«D(Ork

S��~5y�. �Å��9�Ù���'��'

���Ôny�®3Ôn!)Ô!åÆ!²L!

&Ò?n�¯õÆ�+��ïÄ¥Úå2��'

5 [3−10]. Ù¥, ëêp���Å��y�Ï�Ù3

f&Òuÿ¥�­�5
¤���É��AO'

5��K.

éu�f&Ò�uÿ, �Ð<�rÌ�°å�

3XÛN!D(rÝ¦XÚ�)�Å��y�, ?


�â�`&D'5�OXÚëê±J�f±Ï

&Ò�A�&E. ���ïÄuyÏLN!��

5XÚ�(�ëê�U
�)�Å��y�, T

g´k�£;
3f&Òuÿ¥D(rÝJ±U

C�f:. ~X, 1993c, Anishchenko� [11,12] ï

Ä Chua’s·b>´¥��Å��y��uy3�

½�D(rÝe, ÏLN!XÚëê�±�)�

Å��y�; 1996c, BuisaraÚ Gammaitoni[13] �

rN
N!XÚëê�)�Å���g�±9Ù

3&Ò?nA^¥�­�5. AO/, MÆû+�

��Å��¢�¿rëêp��Å��nØÚ>

´�[�(Ü [14,15], éÄu�Å���n�f&

Òuÿ?1
�XÚ�\�ïÄ, 
�C¦�?

�Úrëêp��Å��A^�
Y&Ò?n�

¥ [16,17]. Zhao� [18] rëêN!�Å��A^�

Ã�Da�ä&Ò?n¥. Yang� [19] £�
ëê

N!�Å��, ¿ïÄ
ëêN!�Å��3��

ã�?n¥�A^. Jiang� [20] ?Ø
3¦5Ú\

5D(�µeëêN!�Å��y�, ¿�Ñ(Ø:

ëêN!�Å��3L{Z�5XÚ¥´�3�.

n*®k�'uëêp��Å��y��ï

Ä(J, �±wÑ¤�Ä�D(�¸Ä�þÑ´Ï

LpdD(5ï��. pdD(�x��´�~*

Ñ, =�U�[3þ����S�åÏ, 
ØU�

[�ÌÝ�Þá. 
3¢SA^L§¥¤���N

õ�Å&ÒI�^�«�\2Â�pd©Ù= α

­½©Ù5�x. T©ÙU�~Ð��¢SêâÎ

Ü, ´�«U
�±g,D(L§��)ÅnÚD

Â^��4�©Ù [21]. α­½D(°Äe�Äå

XÚ (�*ÑXÚ) ´��~*ÑXÚ¥��«, 8

c��~*ÑL§¥�Å��ïÄ [22−26] áÚ


éõ<�81. Di PaolaÚ Failla é Levy D(-y

* I[g,�ÆÄ7 (1OÒ: 11072182)]Ï��K

† E-mail: kangyanmei2002@yahoo.com.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

040501-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 040501

e��5Ú��5XÚ��A¯K?1ïÄ [27].

Gittermané�*Ñ�ÄÏ�m?1
ïÄ [28]. ¦

uy�*ÑXê���, �*Ñ�²þÄÏ�m�

uÊÏ*Ñ¥�²þÄÏ�m, cöu�ö�'�

�X*Ñ�ê�O\
~�; �*ÑXê���ÿ,

�¹����. Ü©=�< [26] K|^D(p��

Å���nïÄ
 α­½D(�µe��Å��

y�Ú&Òuÿ. ¦+Xd, ��~*ÑL§¥�

Å��ïÄ�,�é��.

L{ZV­�.´��­��Ôn�., éu

pdD(°ÄeL{ZV­XÚ¥��Å��y

�, ®k��¦�ïÄÚ?Ø [29], Ù(JL²XÚ

ëêN!U
p��Å��y�. î8��, α ­

½D(�¸eëêN!�Å��y�ÿ����.

Ïd,�
�Ä�õ�¢S�/, �©òÀ� α­

½D(���µD(, ïÄT�¸eV­XÚ¥�

ëêp��Å��y�9ØÓ α­½D(�A�

�êé�Å���J�K�.

�©ò3{�0��.Ú�{�Ä:þ, ÏL

*	ØÓXÚëêeÑÑ&Ò�²þ�m{§Ú

õÇÌ�üz, �²3 α­½D(�µeÏLN�

XÚëê¢y�Å��y���15; ,�, À�

ØÓA��ê, ÏLXÚÑÑ�&D'�XÚëê

�üz, �«
ëêp��Å��y�9ØÓ α­

½D(�K�.

2 �.Ú�{

� © � Ä L { Z V ­ X Ú, § ÷

v Langevin�§

dx

dt
= −U ′(x) + A0 cosΩt + ζ(t), (1)

Ù¥ ζ(t) ´ α­½D(, U (x) =
b

4
x4 −

a

2
x2 ´o

g³¼ê, a Ú b ©O¡�³¼ê���ëê.

�
��å�,·��Ñ α­½D(�{ü0

�. α­½©Ùq¡� Levy   α­½©Ù, §´�

«ëYVÇ©Ù. ��5`, α­½©Ù Sα(µ, β, σ)

Ï~d§�A�¼ê [30,31] �Ñ α ­½©Ù�½

Â, =

φ(k) =







exp
[

− σ|k|(1 + iβ
2

π
sign(k) ln(k) + iµk

]

, α = 1,

exp
[

− σα|k|α(1 − iβsign(k) tan
(πα

2

)

+ iµk
]

, α 6= 1,
(2)

Ù¥ α ∈ (0, 2], β ∈ [−1, 1], σ ∈ [0, +∞) Ú µ ∈

(−∞, +∞). ���Ñ�´Ñl α­½©Ù�D(

qkØÓ�{, X3©z [16,26]¥¡� Levy D(,


©z [32] ¥q¡� α­½D(.

dA�¼ê (�§ (2)) �±w�, ��­½©

Ù�±^ºÝ!A��ê!£ Ú Ýëê5L

«. A��ê α, 0 < α 6 2 û½
©Ù­��/G,

�Òû½
©Ù­���Ü²"Ý.  Ýëê (�

é{`, ��é¡ëê)β, −1 6 β 6 1, L²
©

Ù­��é¡5. β = 0 `²´é¡©Ù, β < 0

`²©Ù �, β > 0 `²©Ù m. ºÝëê σ,

0 6 σ < ∞ L²­½©Ù���ÚlÑÝ. £ ë

ê µ, −∞ < µ < ∞, L²
©Ù�¥%.

VÇ�Ý¼êvkÚ��/ª, �´%�3n

�A~:

1) éu α = 2, ©Ù ~���©Ù (��

� σ2 = 2c2, þ�� µ);

2) éu α = 1 Ú β = 0, ©Ù ~��Ü©

Ù (ºÝëê� c, £ ëê� µ);

3) éu α = 1/2 Ú β = 1, ©Ù ~� Levy ©

Ù (ºÝëê� c, £ ëê� µ).

±þn�©ÙÙ¢´�p'é�. ��IO�

�Ü�ÅCþ�±�w¤´pd�ÅCþ (¤kþ

��") Ú��IO Levy ©Ù����·Ü.

XJ ς ´Ñl α ­½©Ù, @o·��±|

^ Janicki-Weron(JW)�{ [30] ��§. �Ò´`,

� α 6= 1 �,

ς =Dα,β,σ
sin(α(V + Cα,β))

(cos(V ))1/α

×

[

cos(V − α(V + Cα,β))

W

](1−α)α

+ µ, (3)

Ù ¥ Cα,β =
arctan(β tan(πα/2))

α
, Dα,β,σ =

σ[cos(arctan(β tan(πα/2)))]−1/α. � α = 1, ς Ï

Le¡�ªf��:

ς =
2σ

π

[(

π

2
+ βV

)

− β ln

(

π/2W cos(V )

π/2 + βV

)]

+ µ,

(4)

ùp V ´ (−π/2, π/2) þ�þ!©Ù, W ´þ�
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� 1 ��ê©Ù, V Ú W ´Õá� [30,33−35].

Ø
A�AÏ�¹	, α­½©Ù�VÇ�Ý

¼êvkµ4/ª, �UÏLê�O�5¼�Cq

�. ã 1(a)Ú (b) ©OÐ«
 α Ú β é α­½©Ù

VÇ�Ý�K�.
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ã 1 (a) α ­½ © Ù Sα(1, 0, 1) V Ç � Ý ¼ ê ã �, Ù

¥ α ∈ {2.0, 1.5, 1.0, 0.5}; (b) α ­½©Ù S1.2(1, β, 1) VÇ

�Ý¼êã�, Ù¥ β ∈ {−0.5, 0.0, 0.5}

�
�[�§ (1) ¥âf�$1;,, ·�r

o�9� - ¥©{ [36] Ú JW�{ [30,37−39] �(Ü,

��
Xeê��ý�{:

k1 =axi − bx3
i + A0 sin(Ωti),

k2 =a (xi +
∆t

3
k1) − b (xi +

∆t

3
k1)

3

+ A0 sin(Ω(ti +
∆t

3
)),

k3 =a (xi −
∆t

3
( k1 − 3k2)

− b (xi −
∆t

3
( k1 − 3k2))

3

+ A0 sin(Ω(ti +
2∆t

3
)),

k4 =a (xi + ∆t ( k1 − k2 + k3)

− b (xi + ∆t ( k1 − k2 + k3))
3

+ A0 sin(Ω(ti + ∆t)),

xi+1 =xi +
∆t

8
(k1 + 3k2 + 3k3 + k4)

+ ∆t1/αςi, (5)

ùp ςi ´Ñl α­½©Ù��Åê.
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ã 2 (a)Ñ\&Ò���ã; (b) α­½D(�õÇÌ; (c) Ñ\

&Ò�õÇÌ. Ù¥ëê�� A = 20, Ω = 0.4π

�Ä��X­½�ê�~�, âf��ma

���´»Czé¯±�Ã��, 3ê��[¥

é x(t) ?1
<���ä [34,36], =� |x(t)| > 10

�, � x(t) = sign(x(t)) × 10. ù��ä)û
âf
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a�;�Ã���¹, Ó�éu�§ (3)·��±

À^���Ú�5�[ [40,41]. Ó�, �©æ^&D

' (SNR)[42] ù�þz�I5*	XÚ (1) ¥��

Å��y�, Ù½ÂXe:

SNR =

[

lim
∆ω→0

∫ Ω+∆ω

Ω−∆ω

S(ω)dω

]

/

SN (Ω). (6)

ùp
∫ Ω+∆ω

Ω−∆ω
S(ω)dω �L&ÒÑÑõÇ, SN (Ω) �

L�3Ñ\&ÒªÇ?�D(Ì, ÑÑÌ�Ý S(ω)

3O���� 50 g�²þ�.

�I��Ñ�´, 3�©��[¥ìv3 α­

½D(¥�±Ï&Òð�� s(t) = A sin(0.4πt),

Ù¥&ÒªÇ� f0 = 0.2 Hz; æ�ªÇ� Fs =

20000 Hz; �XÚ�ëê� a > 0, b > 0, XÚ´V

­XÚ, ÙK� (V­��.�)� Ac =

√

4a3

27b
. 3

ùp, &ÒÌ�7L�uK�. ã 2(a)—(c)©O�

Ñ
Ñ\&Ò��ã!Ñ\&ÒõÇÌãÚ α­

½D(õÇÌã.

3 α ­½D(�¸e�f&Òuÿ�

ëêp��Å��y�

3��5XÚAO´V­XÚ!&ÒÚD(

�Ó�)�Ó�A¥, ��5¥y��ª´XÚ³

^�p$. ³^�$, ¿�X�)�Ó�A��¦

&ÒÚD(�Uþ��. ��, �¦�UþÒ��.

5¿�Cz a Ú b ÑU��³^�, ¤±�± �

ïÄØÓ,·�ò3ØÓ α �ê�D(e, ©Oï

Ä3�½��SN!XÚëê a Ú b ´Ä¬Ñy

�Å��y�, ±9ØÓ� α­½�êé���J

¬�)N��K�.�d, Äk*	ØÓXÚëê

eÑÑ&Ò�²þ�m{§ÚõÇÌ, ¿3dÄ:

þ�² α­½D(�µeÏLN�XÚëêuÿ

f&Ò��15.
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ã 3 ëê�� A0 = 20, Ω = 0.4π, a = 128, α = 1.9, β = 0, σ2 = 4 �, ÑÑ&Ò��ãÚõÇÌã (a) b = 128, ��ã; (b)

b = 128, õÇÌã; (c) b = 800, ��ã; (d) b = 800, õÇÌã
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3ëêN!�Å���, ��­��IÒ´X

Ú�A�Ý. D(�õÇ��b�´­½�, ù�,

·�o�±N!XÚëê a, b ¦�XÚ��A�

Ý÷v�½�^�, ¿�¦�XÚ?u�Å���

��«�. Ó��XÚ�A�ÝÚXÚëê¿Ø´

��éA'X, ù��XÚëê�Ukéõ|. Ï

~�âI�JÑ���$�¦. �´éu α­½D

(-ye��Å��, du Fokker-Planck�§´�

m©ê��, 8cÃ{¦)A��, �
Ã{¦�

Ù�A�Ý, Ïd·�ë�
�~*Ñ�/eëê

�ÀJ¿(Ü�����[Á�5(½�. 3�.

¥·�À� a = 128, b = 512, 8�´�
kv


p�³^,�f&ÒØv±¦�âfu)�[.

Äk, 4·�3�½ a = 128 �¹e, *	X

Ú (1) �ÑÑ&Ò�ëê b �üz. lã 3(a)��,

TXÚÿ?u “j��” G�, 
dã 3(b) ���

�õÇÌ¸¤éA�&ÒªÇ�Ø�uXÚ&Ò

ªÇ f0, Ïd, � b = 128 �ÿ,ÃØ´��ã�´

ª�ã, Ñvk²w�&ÒA�&E. UYO� b

�, ~X, � b = 800 �, dã 3(c) Ú (d) ��, ��

ã¥Ñy
±Ï&ÒÓÌ��^�³m�[, XÚ

�õÇÌ3 0.2 Hz?�����, ù�´Ñ\&Ò

�ªÇ. d�, XÚ�²þÑÑCqu��±Ï&

Ò, �duÑ\ α­½D(�ö�é�, ��²þ

ÑÑ&Ò3 α­½D(�ö�?Ekk¸�3. ù

´du�O� b �, ³^pÝÒ¬ü$, ¦�XÚ

3ü³²m��¤I�Uþk¤ü$, l
dD(

Úå�³m�[�N´u). AO/, �D(Úå

��[Ú±Ï&Òu)�ÅÓÚ�, D(Ú&Ò�

nÜUþkUå¦XÚUì&Ò�ªÇ?1��,

¦D(Uþk�/=�&ÒUþ, &Ò��
��,

D(É�
³�, �ªXÚ�ÑÑ&D'��Jp

¿�����, Xã 4 ¤«. ùÒ´N!ëê b �,

XÚ (1) u)�Å����Ï.
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ã 5 ëê�� A0 = 20, Ω = 0.4π, b = 800, α = 1.9, β = 0, σ2 = 4 �, ÑÑ&Ò��ãÚõÇÌã (a) a = 280, ��ã; (b)

a = 280, õÇÌã; (c) a = 150, ��ã; (d) a = 150, õÇÌã
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�I��Ñ�´, lã 4 �±w�XÚ(�ë

ê b é&D'�K�´��5�, �� b < 1056

�, �X b �O\, &D'O�; � b = 1056 ���

¸�; � b > 1056 â,Czm©eü, 
�eüÌ

Ýé�. ù�â,eü`²�³^�pÝv
$�,

XÚ (1) �ÑÑC¤
±³^�¥%��[, 
X

Ú¥���5�®²��
Ì�/ , ��A�C

¤
�5XÚ. ,	, dã 4 ���, �X α �ê�

O�, ¦+ SNR¸�:Ä�ØC, � SNR�¸�±

YO�. ù�A�`²
A��ê�~�ò���

Å���JCf; 3pdD(�/, Tëêp��

Å������J�²w.
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ã 6 ØÓA��ê�/e&D'�XÚëê a �üz­� (ë

ê�� b = 800, α = 1.9, 1.5, 1.0,β = 0, σ2 = 4, A0 = 20,

Ω = 0.4π)

�e54·��±Ñ\&Ò!D(rÝÚë

ê b ØC��¹e, 5?ØUCëê a éXÚ²þ

ÑÑ&Ò�üz. a �l a = 280 Åì~�, *	X

ÚÑÑ��ãÚõÇÌãCz. � a = 280 �, l

ã 5(a),(b)�±wÑ,ÃØ´��ã�´ª�ãÑ

vk²w�&ÒA�&E. ~� a �� 150�, ��

ã¥Ñyk±Ï&ÒÓÌ��^�XÚ�[, ª�

ã¥3&ÒªÇ?ÙÌ��C�éâÑ. � a > 0

�, XÚ (1) ´V­XÚ, Ó�~� a ��u~�


³^, 
� a < 0 �, XÚ (1) C¤
±³^�¥%

�ü­XÚ. Ïd, ~�ëê a ¬XÚ (1) �&D'

²{��kO\�~��Czª³ (Xã 6 ¤«),

=d�u)�Å����Ï�ëê b p���Å

��y��ÔnÅn´���. dã 6 ��wÑ,

�X α­½D(�A��ê�~�, �Å����

JC���²w; �D(�pdD(�, �Å��

�J�f. w,, ù�½5Czª³fÐ�ã 5 �

,��.

Ò8c5`, �vkÚ��.½ëêN!�Å

���IO, ëêN!�Å��¢Sþ´ÏLUC

XÚ�SÜA�, ���ÅXÚ�	Üå����

A. Ïd, ëêN!¤¼���Z��5XÚ, ��

±@�´¢yëêN!�Å���L§. ± 3

pdD(�¸e?1�ïÄ, L²XÚëê3�½

��N!, XÚ¬u)�Å��, ¿�N!XÚë

ê a, b ���üz5Æ´���. ·�þ¡�ïÄ

(JL²�L², � α­½D(�½��¹e, �

±ÏLN!XÚëê3�½��S, ¦�ÑÑ�J

���`. �´éuØÓ­½�ê�D(, UCë

ê a, b ����JØ��. 3¢SA^¥, ù
(

J� α­½D(�µeXÛN!XÚëê�²


��, 3|^ëêN!�Å���n?1f&Òu

ÿ�¡äk­��nØ¿Â.

4 ( Ø

α ­½D(äkö�5, U3���Sa�,


pdD(�U3���SaÄ; �é α ­½

D(
ó, pd©Ù�ëê��, �ØU£ã¢

S¯K¥ÊH�3���~*Ñy�, �
pd

©Ù�[¢S¯K�O(ÝØX α ­½©Ù. �

©ïÄ
og³¼êL{ZXÚ3 α ­½D(

�¸e�ëêp��Å��y�. ïÄ(JL

², 1) UC�5�ëê a ÚUC��5�ëê b

Ñ�±p��Å��y�; 2) éuëê b p�

��Å��y�, �Å���JA��ê~�


~f, �éuëê a p���Å��y�, �¹

K��. d	, ÏL©Ûëê a, b Cz��&Ò

uÿ�J, ·�uy3�½D(Y²��¹e,
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Abstract

Parameter-induced stochastic resonance is an important method of detecting weak signal from noise, but underα stable noise

background, this method has not been reported. In this paper, we study the parameter-induced stochastic resonance in anoverdamped

system withα stable noise. Our investigation discloses that the stochastic resonance can be realized by tuning the system parameter

underα stable noise background; when the nonlinear term parameteris turned, the resonant effect becomes weakened as theα stability

indexα decreases. But when the linear term parameter is turned, theresonant effect becomes strengthened as theα stability indexα

decreases. Our observation is significant for understanding the positive role ofα stable noise in weak signal detection, which is helpful

for understanding the effects of differentα stable noises on stochastic resonance systems.
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