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1 Ú ó

Cc5, D(-ye���5XÚ�ÄåÆ¯
KÉ�2��'5. ïÄL²: D(éXÚ�üz
åXû½5��^, ù«Ã5K��ÅZ6¿Ø
o´é÷*�Så�4�^, �¬å�È4��
^ [1,2]. D(��«�A3Ôn!)Ô!zÆ�+
��uy. XD(p��C, D(OrXÚ�½
5, �Å����. cÙ3)ÔÆ+�, D(é)·
L§�K��´%ÇuÐ. ©z [3—5] uyD(3
ÄÏ=¹N�L§¥�±p��x�ßÝu) “V
m'” y�.·¨�D(k|u}~ ²[���
�&Ò�DÂ [6]. D(�±³�¬5�O� [7−10].
D(��±3)�XÚ¥�Ðy´L�ÄåÆ
1� [11].

ÄulfÏ�nØ,Hodgkin Ú Huxley JÑ

Í¶�'u ²�XÚÄ�> Cz� Hodgkin-
Huxley(H-H) � ., � H-H � . /ª' � E ,.
Fitzhugh Ú Nagumo 3�3
´,¯ ²[�2
)-uÅn�Ì�A�þé H-H �.?1
{

z, JÑ
�� FitzHugh-Nagumo (FHN) ²��
..Alarcon 3�½^�e, é�� FHN ²��.
?1
{z���� FHN XÚ [12]. CAc, D(
é FHN  ²�XÚ�K�m©�ïÄ, uyNõ
k¿Â�y�. {gw [13] �ïÄ
TXÚ3xD
(p�e��C�¹. ©z [14] ïÄ
\5pdx
D(Ú¦5pdÚD(-ye FHN ²�XÚ�
ÄåÆ5�. ©z [15] ïÄ
�pdÚD(éT
XÚ�K�. ,, ±þ�ïÄéuSD( (\5D
() þUìpdxD(?n�. y¢¥, ý�D(�
'é�m�,é�, �´¿Øî��u". �k�
XÚ�µþ�m���u'é�m�, â@�'é
�m�", ±n��. (pdxD() 5?n. �Ä
k�'é�méXÚ�K�´Ün�, ��C¢S
�L§. ïÄÚD(°Ä� FHN XÚ, �	ÙÄå
Æ5�äk�½�¢S¿Â.

�©ïÄ
¦5pdÚD(Ú\5pdÚD
(-ye FHN ²�XÚ��VÇ�Ý¼êÚ
²þ�. A^Ú�ÚD(nØ, �Ñ
�VÇ©
Ù¼ê�)ÛL�ª. ?Ø
g'é�méXÚ
�5��K�. ¿l²þ���Ýé��(J�
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±�y.

2 �Å FHN ²��.

FHN �.´ H-H �.��«{z, �3
´
,¯ ²[�2)-uÅn�Ì�A�, §d±e
�§|�Ñ:

dv

dt
= v(a − v)(v − 1) − w + Ia, (1)

dw

dt
= bv − γw, (2)

Ù¥ v´Ä�> ,w´¡ECþ, b Ú γ ´�~ê.
Ia L«	Ü-y>6. 3Ø���5��¹e, �

{zO�, � Ia = 0. Alarcon �Ä ²�[��
-u (�4z) �L§, 3ù�L§¥, XJ�¡E
Cþ w ���·E> ¤éA�¡ECþ��, ¿

@�3�4zL§¥
dw

dt
= 0, Kü��¹e�´

,¯XÚ�{z¤���VXÚ. ù�L§¡�
ý9Cq. é�� FHN ²��.{z���f
D(�¸e���� FHN ²�XÚ� [12]

dv

dt
= v(a − v)(v − 1) − bv + η(t), (3)

(3)ª(½Ü©�³¼ê�

U(v) =
a + b

2
v2 − a + 1

3
v3 +

1
4
v4,

Ù¥®� γ = 1. §kü�½ØÄ: vs1 = 0,

vs2 =
a + 1 +

√
(a − 1)2 − 4b

2
Ú��Ø½ØÄ:

vu =
a + 1 −

√
(a − 1)2 − 4b

2
.

T³¼ê�Xã 1 ¤«.

↩. . . . .

.

.

.

U
↼v
↽

v

vs1 vs2vu

ã 1 FHN ²�XÚ¤äk�V³ (Ù¥ a = 0.5, b = 0.01,
γ = 1)

¢SL§¥,b �UÉ�6Ä, ¤± b → b+ξ(t).
Ó�, 3�>Ø v l-u�ªu·E��L§¥,
�UÉ��«Ï��Z6, Ú\pdÚD( η(t) 5
L«ù«ÅÄ. �Ä±þü�Ï�, ?U�§ (3) �
�Xe�Å�©�§:

dv

dt
= v(a − v)(v − 1) − bv − vξ(t) + η(t), (4)

Ù¥ ξ(t) Ú η(t) L«pdÚD(, ÚO5�
÷v

〈ξ(t)〉 = 0, (5)

〈η(t)〉 = 0, (6)

〈ξ(t)ξ′(t)〉 =
D

τ1
exp

{
− t − t′

τ1

}
, (7)

〈η(t)η′(t)〉 =
α

τ2
exp

{
− t − t′

τ2

}
. (8)

þª¥ D Ú α ©OL«¦5ÚD(rÝÚ\5Ú
D(rÝ, τ1 ´¦5pdÚD(�g'é�m, τ2

´\5pdÚD(�g'é�m.

3 �VÇ©Ù¼ê

A^Ú�ÚD(nØ9Ù�Å�dnØ [16],
�±���§ (4)—(8) ¤éA� Fokker-Planck �
§�

∂P (v, t)
∂t

= − ∂

∂v
A(v)P (v, t)

+
∂2

∂v2
B(v)P (v, t), (9)

Ù¥

A(v) =h(v)/c(τ1, τ2, v) +
√

B(v)(
√

B(v))′,

B(v) =[g(v)/c(τ1, τ2, v)]2,

h(v) =v(a − v)(v − 1) − bv,

g(v) =[Dv2 + α]1/2,

c(τ1, τ2, v)

=1 − τ1

[
f ′(v) − g′1(x)

g1(x)
f(x)

]
− τ2

[
f ′(v) − g′2(x)

g2(x)
f(x)

]
.

3½��¹e, ��½�VÇ�Ý¼ê�

Pst(v) =
N√
B(v)

exp
{
−V (v)

D

}
, (10)

N �8�z~ê, V (v) 2Â³¼ê�

V (v) = −
∫

h(v)c(τ1, τ2, v)
v2 + α/D

dv
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= − A1v
4/4 − A2v

3/3 − A3v
2/2

− A4v − F (v). (11)

Ù¥

n =a + b, m = a + 1, c1 = n2τ2 + n,

c2 =m + mn(τ1 + 3τ2), d1 = α/D,

c3 =1 + m2(τ1 + 2τ2) + 2n(τ1 − 2τ2),

c4 =m(3τ1 + 5τ2), c5 = 2τ1 + 3τ2,

A1 =c5, A2 = c4, A3 = c3 − c5d1,

A4 =c2 − A2d1, B1 = c1 − A3d1, B2 = −A4d1,

F (v) =
B1

2
ln(v2D + α) + B2

1√
d1

arctan
v√
d1

.

ùp�`²�´, 3Ú�ÚD(nØ¥é τ1

Ú τ2 ���vk��.
�â�VÇ©Ù¼ê�L�ª (10), �±

?Ø¦5Ú\5pdÚD(g'é�m τ1 Ú τ2

±9¦5ÚD(rÝ D Ú\5xD(rÝ α é
�VÇ�Ý¼ê�K�. ùp�rN�´� τ1

Ú τ2 ªu 0 �, �Ò´©z [13] ¤?Ø�D(
�pdxD(, ¿�ü�D(�mÃ'é��/,
� τ2 = 0�, Òòz�©z [14] ���(J. Ïd
ùp:?Ø τ1 6= 0 Ú τ2 6= 0 ��/.

�â�§ (10) L�� FHN ²�XÚ�V
Ç©Ù¼ê'X, �ÑØÓg'é�m τ1 Ú τ2 9
¦5D(rÝ D Ú\5D(rÝ α e�ã�, ?
ØÙé�VÇ�K�.

ã 2(a) Úã 3(a) ©O�g'é�m τ1 Ú τ2 �
ØÓ��, �VÇ©Ù¼ê Pst(v) �� v �¼ê
ã�. lã 2(a) Úã 3(a) �±wÑ, �X τ1 Ú τ2 �
O�, Pst(v) þdü¸(�C�Øé¡�V¸(�,
= τ1 Ú τ2 þ�±p�a�Cy�. 3ÑyV¸�
�¹e, �¸þ�'m¸p, ùL²¯C��C>
Ø�©Ù3 vs1 = 0 �VÇ��. d(Ø�[� 
²�XÚõê�mo?u·E�´���. �X τ1

�O�, VÇ©Ù¼ê Pst(v) 3 vs1 = 0  ��¸
�A�ØC, �¸�°ÝþCÄ. 3 vs2 ?�¸�

↩ ↩    

(a)
(b)

.

.

.

.

.

↩ ↩    

.

.

.

.

.

.

τ/.

τ/.

τ/.

v

τ/.

τ/.

τ/.

P
st
↼v
↽

P
st
↼v
↽

v

ã 2 �VÇ©Ù¼ê Pst(v) �� v �¼ê (¦5D(�g'é�m τ1 �ØÓ�, Ù¦ëê� a = 0.5, b = 0.01, D = 0.5,
α = 0.1, τ2 = 0.01) (a) �â�§ (10) �Ñ�nØ(J; (b)ê��[(J

↩ ↩    
.

.

.

.

.

.

↩ ↩    

.

.

.

.

.

.

v v

τ/.

τ/.

τ/.

τ/.

τ/.

τ/.

(b)
(a)

P
st
↼v
↽

P
st
↼v
↽

ã 3 �VÇ©Ù¼ê Pst(v) �� v �¼ê (¦5D(�g'é�m τ2 �ØÓ�, Ù¦ëê� a = 0.5, b = 0.01, D = 0.5,
α = 0.1, τ1 = 0.01) (a) �â�§ (10) �Ñ�nØ(J; (b)ê��[(J
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ÅìOp, L²�X τ1 �O�, XÚl·E��
-u�=C. �X τ2 �O�, VÇ©Ù¼ê Pst(v)
3 vs1 = 0  ��¸�,p, ¸�°ÝþCÄ, 
3 vs2 ?�¸��ÅìOp, �´ vs2 ?VÇO\
�' vs1 ?��, o�5ù, τ2 �O\k|uXÚ
l·E��-u�=C.

ã 4(a) Ú ã 5(a) � Ñ 
  � V Ç © Ù ¼
ê Pst(v) �� v �¼ê, ¦5ÚD(rÝ D Ú
\5ÚD(rÝ α �ØÓ�. lã 4(a) Úã 5(a) �
±wÑ, �¦5ÚD(rÝ D Ú\5ÚD(rÝ α

�ØÓ�, VÇ©Ù¼ê Pst(v) ¸��êþu)

Cz. =¦5D(rÝ D Ú\5D(rÝ α ��
±p��C. ØÓ�´� D �O\,Pst(v) dV¸
C¤
ü¸, Pst(v) 3 � vs2 ?�¸��, 3 
� vs1 ¸�,p, C�ü¸. ùL²�X¦5D(r
Ý D �O\, ²�XÚÊ333·E��VÇO
\, =¦5D(k|u·E���ú¡E. ù�`
²D(��3´3ý9Cq�XÚEU�£·E
��7�^�. lã 5(a) �±wÑ, �\5D(r
Ý α ���,FHN XÚÄ�?u� vs1(·E�),

�X α �O�,FHN ²�XÚ?u� vs1 Ú
� vs2 �VÇ�C��. ùL²d�Ï�´�m�,
k|u·E��-u��&ED4.

�
�yÚ�ÚD(CqnØ���5, ·
���l�§ (4)—(8) Ñu, A^ÚD(�î.
{ [17,18] ?1ê��[, (JXã 2(b)!ã 3(b)!
ã 4(b)!ã 5(b) ¤«. '�nØ(JÚê�(J,
üöÄ�ÎÜ, `²·��Cq�{´�(�.

4 ²þ�

?�Ú, �
½þïÄù�XÚ��5�,
�±ÏL²þ�ïÄ, ½Â FHN  ²�XÚ�Ä
�>  〈v〉st ²þ��

〈v〉st =
∫ +∞

−∞
vPst(v)dv. (12)

�â (12)ª�±?Ø¦5pdÚD( ξ(t) �g'
é�m τ1 Ú\5pdÚD( η(t) �g'é�m τ2

é²þ� 〈v〉st �K�.
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ã 4 �VÇ©Ù¼ê Pst(v) �� v �¼ê ( ¦5D(rÝ D �ØÓ�, Ù¦ëê� a = 0.5, b = 0.01, α = 0.1,
τ2 = 0.01) (a) �â�§ (10) �Ñ�nØ(J; (b)ê��[(J
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ã 5 �VÇ©Ù¼ê Pst(v) �� v �¼ê (¦5D(rÝ α �ØÓ�, Ù¦ëê� a = 0.5, b = 0.01, D = 0.09,
τ2 = 0.01) (a) �â�§ (10) �Ñ�nØ(J; (b)ê��[(J
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ã 7 ²þ� 〈v〉st ��¦5D(�g'é�m τ2 �¼ê (Ù
¥ a = 0.5, b = 0.01, D = 0.5, α = 0.1, τ1 = 0.01)

ã 6 Úã 7´�â (12)ª�Ñ� FHN ²�
XÚ²þ��¦5pdÚD(g'é�m τ1 Ú\
5pdÚD(g'é�m τ2 �Cz�¹. ·�u
y�X τ1 Ú τ2 �O\, 〈v〉st þ3O�, ù��u
 ²�XÚ�Ä�>  v �X τ1 Ú τ2 �O�O
�, ù¿�X3g'é�m���, FHN ²�X
Ú�ªl·E�ªu-u�.

5 ( Ø

�©A^Ú�ÚD(nØïÄ
VÚD(-
ye�� FitzHugh-Nagumo (FHN)  ²�XÚ�
ÄåÆ5�, ?Ø
¦5Ú\5pdÚD(g'é
�mÚ¦5ÚD(rÝ9\5ÚD(rÝé FHN
 ²�XÚ��VÇ�Ý¼ê±9Ä�>  v

�²þ��K�. (JL²: ¦5D(�g'é
�m τ1!\5D(�g'é�m τ2!\5D(r
Ý α Ú¦5D(rÝ D ÑU
p��²ï�C�
�). α Ú D �O�k|uXÚl-u��·E�
=�. τ1, τ2 �O�k|uXÚl·E��-u�
=�. D(rÝÚÙg'é�m��^����.
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Steady state characteries of FitzHugh-Nagumo neural
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Abstract

Making use of the unified colored noise approximation, the steady sate characteristics of the one-dimensional FitzHugh-Nagumo

neural system with two different kinds of colored noises are investigated. The expressions of the steady state probability distribution

function and the mean value are obtained. After numerical calculation, the results show that the self-correlated time of the multiplicative

noise τ1, the self-correlated time of the additive noise τ2,the intensity of the additive noise α, and the intensity of the multiplicative

noise D can induce the transition. The increases of α and D are conducive to the switch from the exciting state to the resting state.

However, with τ1 and τ2 increasing, the switch from the resting state to the exciting state becomes obvious. The noise intensity and

corresponding self-correlated time play opposite roles.

Keywords: FHN neural system, colored noise, steady state probability distribution function, mean value
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