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�Ó�. 2) ���)¸�¬���ÛÜ«+¤Óâ
�, ù�ÛÜ«+���Ò�½Â� K ����
�)¸�¬ÿ��Óâ½ö3ù�)¸�¬S�
ÛÜ«+®²«ý�éAuù�)¸�¬�ÛÜ
«+���Ò�Ä�/½Â� 0. 3) ÛÜ«+�Ä
�´��Ñ�. =o´òÛÜ«+�Ä��ÛÜ«
+�«ýÚ#�ÛÜ«+�ïáL§«Om5. 4)
�N3ØÓ�)¸�¬�m�[£L§�@�´
���Ó�, �é{`�N3ØÓ�)¸�¬�m
�[£¿Ø¬É�)¸�¬��m�Û�K�. 5)
#�ÛÜ«+�ïá�ÇØ=�®�Óâ�)¸
�¬�'~ x ¤�'
���ÿ��Óâ�)¸
�¬�'~ 1 − x ¤�'. 6) �
�Ñ���Å5
éuÉ�«+Ä��K��b½)¸�¬�êþ
´¿©��. �â±þ� 6 �Ä�b½ Levins �.
�L«� [1,2]

dx(t)
dt

= cx(1 − x) − ex, x ∈ [0, 1], (1)

Ù¥ x �Óâ�)¸�¬�'~, ��� 0 6 x 6
1. e �½Â�´ÛÜ«+�«ýÇ, c ´���*
Ñ�N�\��)¸�¬k'�ëê (3ùp¤¢
�\�*Ñ�NØ=U
[\����)¸�¬
¿��U
3ù���)¸�¬Sïáå#�Û
Ü«+�L§). þª�­�� (�²�²ï�) �

xs = 1 − e

c
. (2)

� e/c ~��, �Ó�¬�'Ç3²ï�O�. ,

, � e/c < 1.0 �, 8Ü«+7½¬±Y/�3e
� (x > 0). �,, Levins �.é{ü, �´§w«

8Ü«+�­��z: XJ8Ü«+±Y�¹, Û
Ü«+­ïÇ��u«ýÇ. äNù, e/c < 1.0 w
«����x�¬���Û�«+ (� x é��)
3Ù)�Ï (1/e) S7I��ïá��#«+âU
¦8Ü«+Y�e�.

3þ¡0��(½5 Levins �.¥, ==k�
��²�²ï�, XJØ�Ä8Ü«+	Ü��¸
6ÄÚ«+SÜ��ÅÏ�, 8Ü«+�U±Y�
¹e�. ,
, ý��«+üzL§¿�Xd. 8
Ü«+�üzL§¥Ø�ý�¯� (D() ´�*
�3� [29,30]. ~Xdu¿	�UÈ¬¦�N�k
�ÇO\, Ó�3»eõ��SG�¬¦��N�
��¤õÇé$. ù«�¸�Å5´du�
�
¸þ��Ï��
�N�m�'�Ñ)Úk�¯
�. ùp·��Ä�Å�¸Ï�K�«ýÇ e, ^

;.�pdxD( ξ(t) �L�¸ÅÄ. ¤±, «ý
Ç e → e + ξ(t). ,	��¡, É�«+´�¬)¸
¥�«+�8Üù
«+3�mþ�3�l, *d
mÏL�N*Ñ
�péX. K38Ü«+SÜÛ
Ü«+�mäk�p�^. ÛÜ«+ªu«ý�,
�Nêþ�~�, äké���Å5, ùp·�@
�ù«�Å5�«+SÜ��Å5. Ú\pdxD
( η(t) L«ù«SÜ�Å5. SÜD(Ú	ÜD(
´�Ó
�, �du	Ü�¸�Þá�±K�SÜ
Ï��Þá, ¤±S	D(ÒØ2´Õá�, §�
�m��3'é. nÜ±þÏ�, �â�§ (1) ��
8Ü«+��Åüz�§ (Langevin �§)[31−33]

dx(t)
dt

=cx(1 − x) − ex − xξ(t) + η(t),

x ∈ [0, 1], (3)

þª¥ ξ(t) Ú η(t) �pdxD(, ÙÚO5��

〈η(t)〉 = 〈ξ(t)〉 = 0, (4)

〈ξ(t)ξ(t′)〉 = 2Dδ(t − t′), (5)

〈η(t)η(t′)〉 = 2αδ(t − t′), (6)

〈η(t)ξ(t′)〉 = 2λ
√

Dαδ(t − t′). (7)

D Ú α ©OL«D( ξ(t) Ú η(t) �rÝ. λ L
«D( ξ(t) Ú η(t) �m�'érÝ.

3 D(é8Ü«+­½5�K�

A^ Stratonovich È©���§ (3)—(7) éA
� Fokker-Planck �§ [34,35]

∂P (x, t)
∂t

= − ∂

∂x
A(x)P (x, t)dx

+
∂2

∂x2
B(x)P (x, t)dx, (8)

Ù¥ P (x, t) VÇ©Ù¼ê, A(x) Ú B(x) ©O�

A(x) = cx(1 − x) − ex + Dx − λ
√

Dα, (9)

B(x) = Dx2 − 2λ
√

Dαx + α. (10)

3½��¹e, l�§ (8)—(10) �±��Ù½�V
Ç©Ù¼ê�

Pst(x) =
N√
B(x)

exp
[
− U(x)

D

]
, (11)

Ù¥ N �8�z~ê, U(x) ´XÚ�?�³, L�
ªXe:

U(x) =cx +
1
2

[
2cλ

√
α

D
+ (e − c)

]
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× ln
[(

(x − λ
√

α/D)2

(1 − λ2)α/D
+ 1

]
+

[
c(λ

√
α/D)2 + (e − c)λ

√
α/D)√

(1 − λ2)α/D

−
√

(1 − λ2)
α

D
c

]
× arctan

x − λ
√

α/D√
(1 − λ2)α/D

. (12)

é8Ü«+, )�Æ['%�´3�o�ÿ«
+ªu«ý [36,37]. ùp·�^²þÄÏ�mïþ
«ý�m. =8Ü«+l­½� xs ªu«ý� x0

¤I��m [33]. «ý�m Tex(²þÄÏ�m) ½Â
� [38,39]

Tex(x0 → 0) =
∫ 0

x0

dy

B(y)Pst(y)

∫ y

1.0

Pst(z)dz,(13)

x0 ´­�VÇ©Ù­��¸�¤éA� �, de
��g�§û½:

cx2 − (c − e − D)x − λ
√

Dα = 0, (14)

du 0 < x 6 1, �±l�§ (14) �� x0 �

x0 =
1
2c

[
(c − e − D)

+
√

(c − e − D)2 + 4cλ
√

Dα
]
. (15)

�â�§ (11) Ú (13) �±?Ø8Ü«+�­
�5�Ú«ý�m. e¡©�Ã'é λ = 0 Ú'
é λ 6= 0 ü«�¹?Ø.

�SD(Ú	D(�mØ�3'é�, = λ =
0. �Ù¦ëê�½, D Ú α Cz�, �â�§ (11)
�Ñ­�VÇ©Ù¼ê Pst(x) �� x �¼ê, X
ã 1(a) Ú (b) ¤«. ã 1(a) � D = 0.1 �, Pst(x)
�� x Ú α �¼ê. lã 1(a) �±wÑ: �X α

�O�, Pst(x) 3 x0 ?�¸�C�. =�Óâ�
)¸�¬�'~3 x0 ?�VÇ~�. Ï x0 �L
�´XÚ�­��, ¤± α �O�fz
8Ü«
+�­½5. ,
, ¸�¤3� � x0 Ø� α C
z. l�§ (15) ����Ó��(Ø. � λ = 0,

�� x0 =
c − e − D

c
, x0 ==d D û½, � α Ã

'. ã 1(b) � α = 0.01 �, Pst(x) �� x Ú D �¼
ê. lã¥�±wÑ, �X D �O�, Pst(x) ­�
�¸�Äkü$, �¸�� �l x0 � x = 0 =
C, � D O��,��.� (D = c − e) �, ¸�Å
ì��, Pst(x) ­�C��üN4~­�. ùL²,
D �O��±r¦8Ü«+«ý. 8Ü«+l­½

� x0 =�«ý�, =lXÚl�­½��,�­
½�=C, u)�C. du x0 ��Óâ�)¸�¬
�'~, ����� 0 6 x0 6 1. l�§ (15) �±
��: � λ = 0, D < (c − e) �, x0 âk¿Â. ��
3���.� D = c − e, ã 1 ¥·�À��ëê
����.�� D = 0.6.

.

.

.

.

P
st
↼x
↽

P
st
↼x
↽

.

. . .
x

.

α=0.1

α=0.3

α=0.6

D/.
D/.
D/.

(a)

(b)

.

. .

.

.

.

.

.

.

.

.

. .
x

. .

ã 1 ­�VÇ©Ù¼ê Pst(x) �� x �¼ê ( Ù¦ëê�:
λ = 0, c = 0.8 Ú e = 0.2) (a) \5D(rÝ α Cz; (b) ¦5D
(rÝ D Cz

�â�§ (11)—(13), ²Lê�O�, 3 λ = 0
�, �Ñ²þ«ý�m Tex �� D Ú α �ã�X
ã 2 ¤«. �±w�, �X D Ú α �O�, 8Ü«
+�«ý�m Tex üN¯�4~. ��5¿�´,
� D O���½� (D = c − e) �, «ý�mC�
", =8Ü«+��«ý. ùL²�XD(�Or,
8Ü«+ò¬éN´«ý.

·�?�Ú�ÄD(�m�3'é λ 6= 0 �
�¹. �â�§ (11), (12), � D = 0.5 Ú α = 0.1
�Ñ Pst(x) �� x �¼ê, Xã 3 ¤«. 3 −1 <

λ < −0.014 ��S, Pst(x) ­�üN4~, Pst(x)
Ã¸�. � λ O��,�é���.�¸�Ñy.
ù`²3�½�D(6Äe, K'é�¹e, 8Ü
«+�­� x0 �ÐØ�3, 8Ü«+Ø­½, ,

�X λ O�, ­� x0 Ñy, 8Ü«+ÅìC�­½.
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,
, 3 0 < λ < 1 ��S, ­�VÇ©Ù­�3­
� x0 oäk¸�, ��X λ �O�, VÇ¸CÄC
p, ùL²3�'é�¹e, 'érÝ λ �O�, Ó
â�)¸�¬�'~O�, ÏdXÚ�­½5��
\r.

ln
↼T

e
x
↽

ln
↼T

e
x
↽

. . . . .

α

α=0.1

α=0.2

α=0.5

D/.
D/.
D/.

(a)

(b)

.

.

.

.

.

.

.

.

.

.

.

.

.

.

. . .. . .

D

ã 2 «ý�m Tex ��D(rÝ�¼ê (ëê� λ = 0,
c = 0.8, e = 0.2) (a) \5D(rÝ α; (b) ¦5D(rÝ D

· � � � ± d � § (15) ª é þ ¡ � y �
? 1 ) º. � � y � § (15) ª k ¿ Â, = �
¦ x0 > 0, ��� λ = −(c − e − D)2/(4c

√
Dα),

� λ > −(c − e − D)2/(4c
√

Dα) �, x0 k¿Â,
= Pst(x) Ñy¸�"3ã 3 ¥� c = 0.8, e = 0.2,
D = 0.5, α = 0.1, ���.�� λ = −0.014. Ïd,
3 −(c − e − D)2/(4c

√
Dα) < λ < 1 «m, �X λ

�O�, VÇ¸CÄCp, Óâ�)¸�¬�'~
O�, XÚ�­½5��\r.

�âc¡�©Û��, 3K'é�¹e, 8Ü
«+XÚ´Ø­½�, −λ → 0 �âÑy­½�. 3
ù�«�«ý�m�Ãl!å. Ïd, ·���Ä

�'é�¹e�²þ«ý�m. ã 4 ��'é�
¹e, ²þ«ý�m Tex �X λ �Cz�¹. «ý
�m Tex � λ �O\
O�, L²8Ü«+l­½
��«ý�I���mC�, �Ò´8Ü«+­½

5Or.

.

.

.

.

P
s
t
↼x
↽

.

λ=−0.2

λ=−0.014

λ=0.5

λ=0.8

. . . .
x

. .

ã 3 ­�VÇ©Ù¼ê Pst(x) �� x Ú'érÝ λ �¼
ê (Ù¦ëê� c = 0.8, e = 0.2, D = 0.5 Ú α = 0.1)

ln
↼T

e
x
↽

. . . . .

λ

.

.

.

.

.

.

.

.

ã 4 « ý � m Tex � � ' é r Ý λ � ¼ ê (Ù ¦ ë ê
� c = 0.8, e = 0.2, D = 0.1, α = 0.1)

. . . .. . .

D

ln
↼T

e
x
↽

.

.

.

.

.

λ=0.1

λ=0.4

λ=0.7

ã 5 ²þ«ý�m Tex ��¦5D(rÝ D �¼ê (Ù¦ë
ê� c = 0.8, e = 0.2, α = 0.1, λ=0.1, 0.4, 0.7)

ã 5 � λ 6= 0 �, α �½, Tex �X D �Cz
Ñy��aqu��¸�4��, � λ �����
²w. ù´�«³�G�. L²�3���.� D,
3�.�üý, Tex � D �O�¥yÑ���Cz.
� D �u�.� D �, 8Ü«+l­½��«ý
��=CI���mC�, =XÚ�­½5Or.
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�´� D �u�.� D �, 8Ü«+l­½��
«ý�=C��mCá. ùp�rN�´, Ã'é
�, Tex-D ²�þvk³�¸�Ñy, �kS	ÜD
(�m�3'é�, ��³�y�âÑy.

4 ( Ø

3 Levins �.�Ä:þïÄ
D(é8Ü«
+­½5�K�. A^ Fokker-Planck �§��
X
Ú�­�VÇ©Ù¼êÚ²þ«ý�m. ²Lê�
©Û, (JXe:

1. Ã'é�, \5D(rÝ α Ú¦5D(r
Ý D þfz8Ü«+�­½5. α ØK�­�� 
�, ¿ØUr¦­½���. D �O��±UC­

½� x0 � �, ¦� x0 → x = 0, =8Ü«+l­
½��«ý�=z. �X D Ú α �O�, Tex þü
N4~, L²8Ü«+l­½��«ý�=CI�
��mCá, ù��N
 D Ú α fz
XÚ�­
½5. ±þ�(ØL²: D Ú α þ�±r¦ x0  �
?Óâ�)¸�¬�'~�VÇ~�, =Óâ�)
¸�¬�'~~�, XÚ�­½5�f.

2. D(�m'é�, �X λ �O�, XÚlØ
­�Åì=z�­½�, = λ �±r¦ x0  �?
Óâ�)¸�¬�'~�VÇO�, OrXÚ�­
½5. � −(c − e − D)2/(4c

√
Dα) < λ < 1 �, Tex

�X D �CzÑy
³�y�, D �3���.
�, �u�.��, D ´OrXÚ�­½5�.
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Abstract

The Levins model subjected to the noise is employed to study the stability of a metapopulation. The analytic expressions of

the stationary probability distribution function and the mean extinction time of the metapopulation are obtained according to the

Fokker-Planck Equation. The results show that for the case of no correlation between the additive noise and the multiplicative noise

(λ = 0, λ is the intensity of correlation between multiplicative and additive noise), the increase of the additive noise intensity α and

the multiplicative noise intensity D weaken the stability of a metapopulation; for the case of λ 6= 0, λ enhances the stability of a

metapopulation. For −(c − e − D)2/(4c
√

Dα) < λ < 1, λ can induce the “resonance restrain” phenomenon. Meantime, there exists

a critical value of D. When D is lower than the critical value, the stability of the system is enhanced.
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