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ã 1 äk N �K�ü�� ²�ä�.

þãXÚ¥, z�K�ü��ÑÑ&Ò y �
^ Heavside ¼êL«�

yi =

 1, vi > Ui,

0, vi < Ui,
(1)

Ù¥
vi = λT (x) + DξiT (x) + Qηi. (2)

i = 1, 2, · · · , N, ξi, ηi ��pÕá�pdD(, �
÷v

〈ξiξj〉 = 0, 〈ηiηj〉 = 0, 〈ξiηj〉 = 0, i 6= j, (3)

ùp, D,Q ©O�¦5D(rÝÚ\5D(rÝ,
λ �(½5&Ò3XÚ¥�ÍÜrÝ, Ui �XÚ�
½�K�, x �LXÚ¤Ñ\�&Ò. 3ùp·�À
� x �pd&Ò, ÙVÇ�Ý¼ê�

Px (x) =
1√

2πσ2
exp

(
− x2

2σ2

)
. (4)

þã�.3 D → 0�=z�©z [14—16] ¥�¹
k\5D(��/, � Q → 0�K=z�©z [17]
¥�¹k¦5D(��/.

3Ñ\&Ò� x �^�e, XÚÑÑ&Òoþ
� m �VÇ�k��©Ù�Ý¼ê�Ñ [17], ¦Ù
VÇ�

P

{
N∑

i=1

y = m

∣∣∣∣∣ x

}
= Cm

N qm
x (1 − qx)N−m

, (5)

Ù¥

Cm
N =

N !
m! (N − m)!

,

qx = P {yi = 1|x} .

(6)

��BO�, ·�b�pdD( ξi, ηi �VÇ�
Ý¼êþÑlIO�pd©Ù, ¿�þãXÚ¥
z�K�ü�¥¤�½�K���Ñ´���,
= U1 = U2 = · · · = UN = U .

3ùp, ·��©ã¼ê

T (X) =

 x, x > 0,

0, x 6 0,
(7)

3Ñ\&Ò x > 0�, vi ¤÷v�^�VÇ�Ý½
�pd.�, ÙL�ª�

Pv|x (vi|x) =
1√

2π (D2x2 + Q2)

× exp

(
− (vi − λx)2

2 (D2x2 + Q2)

)
. (8)

d�,

qx = fx = P {yi = 1|x > 0} = P {vi > U |x > 0}

=
∫ ∞

U

Pv|x (vi|x)dvi

=
1
2
− 1

2
erf

(
U − λx√

2 (D2x2 + Q2)

)
. (9)

3Ñ\&Ò x 6 0�, vi ¤÷v�^�VÇ�ÝL
�ª�

Pv|x (vi|x) =
1√

2πQ2
exp

(
− v2

i

2Q2

)
. (10)

d�, ��� qx �L�ª�

qx = gx = P {yi = 1|x 6 0}

= P {vi > U |x 6 0} =
∫ ∞

U

Pv|x (vi|x)dvi

=
1
2
− 1

2
erf

(
U√
2Q2

)
. (11)

þãL�ª (9) Ú (11) ¥ erf �Ø�¼ê.

3 XÚÑÑ�p&E

e¡ò?�ÚO�XÚÑÑ�p&E, XÚ�
p&E�L«�

I = H (m) − H (m|x) , (12)
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Ù¥, H (m) L«XÚÑÑ�&Eþ (½&E�),
H (m|x) L«3Ñ\&Ò� x�XÚ���&E
þ (½ÑÑ�^��), ÙäNL�ª�

H (m) = −
N∑

m=0

Qm log2 Qm, (13)

H (m|x) = −
∫ ∞

−∞
Px (x)

×
N∑

m=0

Bm log2 Bmdx, (14)

ùp

Bm = P

{
N∑

i=1

y = m

∣∣∣∣∣ x

}

= P

{
N∑

i=1

y = m

∣∣∣∣∣ x > 0

}

+P

{
N∑

i=1

y = m

∣∣∣∣∣ x 6 0

}
= Cm

N

[
fm

x (1 − fx)N−m

+gm
x (1 − gx)N−m

]
, (15)

Qm = P

{
N∑

i=1

y = m

}
=

∫ ∞

−∞
Px (x)Bmdx

= Cm
N

∫ ∞

−∞
Px (x)

[
fm

x (1 − fx)N−m

+gm
x (1 − gx)N−m

]
dx. (16)

4 XÚëêép&Eþ�K�

�BuïÄ, ·��½ λ = 1.0 � x > 0, ã 2—
5 ©O�Ñ
p&E I �� D ±9 Q �¼ê�Ø
Ó U Ú N �Cz�¹.

ã 2 · � � Ñ 
 p & E I � � D � ¼ê
3 Q = 0.5, σ = 1.0, N = 8 ��ØÓ U �Cz
�. lã 2 ¥·��±wÑ, �(½5&Ò�3
�, éu���K�, I � D �O\´üN~��,
,�XK��?�ÚO�, I � D �O\Ñy

aqu²;�Å��y��ü¸, ù¿�Xu)

�K��Å��y�, Ó��±w�¸��XK�
�O�~�, �¸� ��mu)£Ä.

ã 3 · � � Ñ 
 p & E I � � Q � ¼ê
3 D = 0.5, σ = 1.0, N = 8 ��ØÓ U �Cz
�. lã 3 ¥·��±wÑ, �(½5&Ò�3
�, éu���K�,I � D �O\´üN~��,

,�XK��?�ÚO�, I � D �O\Ñy

�K��Å��y�, ¿��XK��?�ÚO�,
¸�Åì~�,  ��mu)£Ä.

ÏLéã 2 Úã 3 �©Û�±uy, K��O
\¬¦��K��Å��y��N´u), ùL²
3K�XÚ�&ED4L§¥, K��ÀJ´�'
��. d	, �K��Å��y�u)�¤I�
¦5D(rÝ²w�u\5D(rÝ, ùL²UC
\5D(rÝ�N´¦XÚ���Å��, ½=U
C\5D(rÝ'UC¦5D(rÝ�k|u&
E�D4.

ã 2 p&E I �� D �¼ê�ØÓ U �Cz� (ëê:
λ = 1.0, Q = 0.5, σ = 1.0, N = 8)

ã 3 p&E I �� Q �¼ê�ØÓ U �Cz� (ëê:
λ = 1.0, D = 0.5, σ = 1.0, N = 8)

ã 4 · � � Ñ 
 p & E I � � D � ¼ê
3 Q = 0.5, U = 1.0, σ = 1.0 ��ØÓ N �C
z�. lã 4 ¥�±wÑ, �(½5&Ò�3�,
éu��� N �, p&E I �X D �O\´üN
~��, ù�y�ØÓu T (X) ��5ëY¼ê�
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ã 4 p&E I �� D �¼ê�ØÓ N �Cz� (ëê:
λ = 1.0, Q = 0.5, U = 1.0, σ = 1.0)

ã 5 p&E I �� Q �¼ê�ØÓ N �Cz� (ëê:
λ = 1.0, D = 0.5, U = 1.0, σ = 1.0)

ã 5 · � � Ñ 
 p & E I � � Q � ¼ê
3 D = 0.5, U = 1.0, σ = 1.0 ��ØÓ N �C

z�. ÏLã 5 �±wÑ, � N ������, p
&E I �X Q �O\üN~�, vkÑy�K�
�Å��y�, ,� N ������, p&E I

�X Q �O\þÑy
ü¸, u)
�K��Å�
�y�. ùL² N �O\¦�XÚDÑ�p&E
þO�, ù�kÏu&E�D4

ÏLã 4 Úã 5 �é'�±uy, \5D(�
�3¦XÚÑy�K��Å����U5C�, Ó
�(Üã 1 Úã 2 �ïÄ���â¦5D(Ú\
5D(éXÚ&ED4K��ØÓ, éXÚ�K�
?1T�À�, ¬�k|uXÚ¥&E�D4. d
	, XÚK�ü�ê8�õ, �K��Å��y�
Ò�N´Ñy.

5 ( Ø

��Ð�`²&E�nØ3�Å��y�¥
�A^, ·�3®k�ïÄÄ:þé©z [14—17]
¥¤ïÄ�õK��ä�.�
?�Ú&?, ïÄ

TXÚ�.3\5Ú¦5D(�Ó�^e��
K��Å��y�. ©¥Äkí�Ñ
XÚÑÑp
&E�L�ª, ,�©Û
XÚëê9D(ép&
Eþ�K�. ÏLê�O�uy, 3K�XÚ�&
ED4L§¥, K��ÀJ´�'��, �â¦
5D(Ú\5D(éXÚ&ED4K��ØÓ, é
XÚ�K�?1T�À�, K�k|uXÚ�&E
D4. d	, �K��Å��y�u)�¤I�¦
5D(rÝ²w�u\5D(rÝ, ùL²UC\
5D(rÝ'UC¦5D(rÝ�k|u&E�
D4. ¿�XÚK�ü�ê8�õ, �K��Å�
�y�Ò�N´Ñy.
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Abstract

Suprathreshold stochastic resonance can be used to explain some biologic phenomena. In this paper, the suprathreshold stochastic

resonance of a non-linear multilevel threshold neuronal network system is studied. The expression of the mutual information is derived,

and the effects of the noise intensity and the system parameter on mutual information are discussed. The numerical computation results

show that in the process of information transmission the selection of the threshold is very important according to the different effects

of additive noise and multiplicative noise on system. Moreover, we also find that the more the number of devices, the more apparent

the phenomenon of suprathreshold stochastic resonance is.
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