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Logistic �.£ã[��üzL§É�
2��'
5ÚïÄ [1−7]. ©z [1] ò��x'éD(Ú\

 Logistic �., ïÄ
XÚ��ÚO5�, ©
z [2] ïÄ
��Ú'é��¹eXÚ��Ú
]�ÚO5�, ©z [3, 4], ©OïÄ
\5±Ï&
ÒÚ¦5±Ï&Òp�TXÚ��Å��y�, ©
z [5] ©Û
TXÚ�]�5��ÚD(�A, ©
z [6] O�
TXÚ��'é¼êÚµþ�m, ©
z [7] 3�ÄS	D(éXÚ�^�Ó��Ä[�
üzL§¥[�P~�3�mò´, ïÄ
�mò

´éTXÚ�[Ç�K�.

3)�XÚ¥, �«+¤?�	Ü�¸Cz,

½ö«+�N�m¿��, Ñ��ÄD(��^.

±cé Logistic �.�ïÄ, �Ä
'éD(, 3�
õê�¹e==�Ä
D(�m�x'é, =\5
D(�¦5D(�'é�m�"��¹. lÔn
��Ý5`, ·�����ý¢D(�'é�m,

ÃØõo�, Ñ´î�Ø�"�. ��äk"g
'é�m�D(, §�õÇÌ�©Ù (dg'é¼
ê�Fp�C�û½) ´ÚªÇÃ'�, ù�3�
�ªÌþ�õÇÑÑ´Ã¡��. �ó�, xD(
¢S¿Ø�3. xD(�´��n�z��., =
�Ùg'é��I��áuÙ�^��ÅL§�
µþ�I�â¤á. l,��¡5w, r6ÄXÚ
�D(?n�xD(, ´ïÄ�ÅÔnL§�1
�Ú, ���°^��Äk��g'é�m´'�
Ün� [8].
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�§, ,�|^�Íeü{��
XÚ²þ1�Ï
L�m�)Ûª, ?1ê�O�¿©Û?Ø��'
éD(éXÚæ�½5�K�.

2 D(X��'é�mé Logistic X
Úæ�½5�K�

2.1 Logistic XXXÚÚÚ���444��� - ÊÊÊKKK������§§§

�Ä
�¸ÞáÏ� (X§Ý!��£�!z
�!�Ô�) �K�±9XÚSÜ��ÅÏ� (X
[��[£!¢D�Ø½5�), �±�� Logis-

tic �.�K���§ [1,2]

dx

dt
= ax − bx2 + xϕ (t) − Γ (t) , (1)

Ù¥, ϕ (t) Ú Γ (t) ©O�¦5Ú\5pdxD(,

äke�ÚO5�:

〈ϕ (t)〉 = 〈Γ (t)〉 = 0, (2)

〈ϕ (t) ϕ (t′)〉 = 2Dδ (t − t′) , (3)

〈Γ (t) Γ (t′)〉 = 2αδ (t − t′ ) , (4)

〈ϕ (t) Γ (t′)〉 = 〈Γ (t) ϕ (t′)〉

=
λ
√

αD

τ
e−|t−t′|, (5)

Ù¥ α Ú D ©O´\5Ú¦5D(�rÝ, λ L
« ϕ (t) Ú Γ (t) ��p'éÝ, ¿� 0 6 λ < 1,

τ � ϕ (t) Ú Γ (t) ��p'é�m. �§ (1) ¥'u
�Cþ x �(½Ø³¼ê�

V (x) = −a

2
x2 +

b

3
x3, (6)

§k��� x1 = a/b Ú��æ� x2 = 0.

A ^ Novikov ½ n [9,10], Fox C q [11]

Ú Hänggi[12] ���§ (1) �Cq4� - ÊK�
�§ [2]

∂P (x, t)
∂t

= − ∂

∂x
A (x) P (x, t)

+
∂2

∂x2
B (x) P (x, t) , (7)

Ù¥

A (x) = ax − bx2 + Dx − λ
√

αD

1 + aτ
, (8)

B (x) = Dx2 − 2λ
√

αD

1 + aτ
x + α. (9)

ù p 7 L � Ñ 4 � - Ê K � � § (7) 3 ^
� 1 + aτ > 0 �¤á, ¤±éD(�p'é�
m τ vkÉ���. d4� - ÊK��§ (7) ��
XÚ½�VÇ©Ù¼ê

P (x)st = NB (x)β1− 1
2 exp

[
−U(x)

D

]
, (0 6 λ < 1)

(10)

Ù¥, N ´8�z~ê,

β1 =
a

2D
− λb

(1 + aτ) D

√
α

D
, (11)

2Â³¼ê

U (x) = bx − β2 (1 + aτ)√
Dα

[
(1 + aτ)2 − λ2

]

× arctan


(1 + aτ)Dx − λ

√
Dα√

Dα
[
(1 + aτ)2 − λ2

]
 ,

(12)

Ù¥

β2 = bα −
(

aD +
2λ

1 + aτ

√
αD

)
λ

1 + aτ

√
α

D
.

(13)

2.2 æææ  ��� ��� [[[ ���  ��� ��� ²²² þþþ 111 ��� ÏÏÏ
LLL���mmm

XÚ�æ�´Ø½�, É�XÚ	ÜÚ
SÜ�6Ä4ÙN´�[��, ÙÆ·�±^
æ��[���²þ1�ÏL�m (MFPT)

5£ã. læ� x2 �[�� x1 � MFPT L
�ª� [13]

T (x2 → x1) =
∫ x1

x2

dx

B (x) P (x)st

∫ x

−∞
P (y)st dy.

(14)

���¹e�J�� (14) ª�)Û), ~^�
Íeü{¦ÙCq). ©z [14—16] ©O'�
|
¬5�.!V�.ÚØé¡V�. MFPT �
�Íeü{Cq(JÚ (14) ª�ê�È©(J, y
¢
�Íeü{Úê�È©(JÎÜ�éÐ, `²
�Íeü{Cq(J´���. 3 α, D Ñ���
���¹e, A^�Íeü{��

T (0 → a/b) ≈ 2π [|V ′′ (a/b) V ′′ (0)|]
1
2 × exp {[U (a/b) − U (0)] /D}
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= 2πa exp

− (1 + aτ) β2

D

√
Dα

[
(1 + aτ)2 − λ2

] ×

arctan


(1 + aτ) a − λ

√
αD

b

√
Dα

[
(1 + aτ)2 − λ2

]


+arctan
λ
√

αD√
Dα

[
(1 + aτ)2 − λ2

]
 +

a

D

 . (15)

�â (15) ª�©ÛD(��'é�méXÚ
æ�½5�K�. ê�O� (15) ª��S	
D(rÝ α, D ÚD(�p'érÝ λ �¼ê, D
(�p'é�m τ ��ëê�(J©OL«3
ã 1—3 ¥.

ã 1 lnT �� D �¼ê� (ëê��� a = 1, b = 0.1,

λ = 0.2, α = 0.2, �lþ�e©OL« τ ©O�� 0, 0.2, 0.4

Ú 0.6)

ã 1 w« T �	D(rÝ D O�~�, Ó
� T �D(��'é�m τ �O��~�, L²	
D(ÚD(�p'é�mr¦XÚlæ��[
��. 	D(Ú��'é�m τ �f
XÚæ
��½5.

ã 2 lnT �� α �¼ê� (ëê��� a = 1, b = 0.1,

λ = 0.2, D = 0.3, �lþ�eL« τ ©O�� 0, 0.1, 0.2

Ú 0.3)

lã 2 ¥�wÑ²þÄÏ�m T �´�SD
(rÝ α O�~�, Ó��D(��'é�m τ

�O��²w~�, `²SD(ÚD(��'é�
mÑr?XÚlæ��[��, üöÑ�f

XÚæ��½5.

ã 3 lnT �� λ �¼ê� (ëê��� a = 1, b = 0.1,

α = 0.2, D = 0.3, �lþ�eL« τ ©O�� 0, 0.1, 0.2

Ú 0.3)

lã 3 �±wÑ²þÄÏ�m T �S	D(
�m'érÝ λ O�O�, ��D(��'é�
m τ �O\~�. L²S	D('é{N
XÚ
læ�����[, D(��'é�mr?
XÚlæ�����[. S	D('éOr

XÚæ��½5, D(��'é�m�f

æ��½5.

3 ( Ø

8B±þ©Û?Ø, �±��±e(Ø: 3
Logistic XÚ¥æ��[���²þÄÏ�m
É�	D(!SD(!S	D(�m�'éÚ§
��'é�m�K�; S!	D(�Orþ�f

æ��½5, S	D(�'éOr
æ�
�½5, S	D(�'é�m�f
æ��
½5.
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Abstract

The effects of correlated time between noises on the stability of unstable state in the Logistic system are investigated. Using the

steepest-descent approximation, the analytic expression for the mean first-passage time from unstable state to stable state is derived.

The numerically calculated results indicate that the additive noise, the multiplicative noise and the correlated time between the additive

and the multiplicative noises weaken the stability of unstable state, but the correlation between the additive and the multiplicative noises

enhances the stability of unstable state.

Keywords: logistic model, noise, correlated time between noises, mean first-passage time

PACS: 05.45.–a, 02.50.–r

* Project supported by the Science Foundation of the Education Bureau of Yunnan Province, China (Grant No. 2010Y503).

† E-mail: kmljyang@126.com

100509-4


