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1 Ú ó

� Å � � n Ø � Ð ´ d ¿ � | Æ ö Benzi

� [1,2] u 20 ­V 80 c�JÑ, ^u)º/¥�
�í�¥z� 10�c�mXAÏ�æíÿÏ±Ï
�OÑy�y�. �â�Å��nØ, �ìv3r
�µD(¥��f±Ï&ÒÏL,
AÏ��5
XÚ (XV­XÚ) �, 3D(�&Ò��Ó�^e
¬u)D(Uþ�&ÒUþ�=£, ¦���5X
Ú�ÑÑ&D'��Or. �Å��nØ3rD(
�µe�f±Ï&Ò�uÿ�¡w«Ñ
ÕA�
`³, <�éÄuV­XÚ�Å���n��f&
Òuÿ�{mÐ
�þ�nØÚ¢�ïÄ [3−14].

ù
ïÄ3�½§Ýþ\�
<�é�Å��Å
n�n), �Ek�
¯Kvk��²(�º, A
O´éuV­�Å��XÚ¤·Üuÿ�±Ï&
Òëê���¡�3�
k�EÛ�@£. DÚ�
*: [9−13] @��Å���·^�ëê&Ò (Ì�
��u 1!ªÇ��u 1 Hz), 
3ó§¢�¥  
I�?n&ÒªÇ���u 1 Hz ��ëê±Ï&
Ò, ÏdXÛ|^�Å��uÿpª�f±Ï&Ò

äk­�¿Â.�)û�fpª±Ï&Ò�uÿ¯
K,©z [9—12] JÑ
3�Å���ëê�å^
�euÿpª±Ï&Ò��gæ��{. ©z [13]

@�éupª±Ï&Ò, ÏLUCV­XÚëê,

ÃØN�N!�éJ��&Ò��Å��G�, Ï
dØUÏLN!ëê¢y�ëê&Ò�uÿ. 
3
©z [14] ¥, k|^V­XÚ�Å��uÿpª±
Ï&Ò�¢~. nþ©Û, 8céV­XÚ�Å�
��n·Üuÿ�±Ï&Òëê��ÿvk²(
��º, ��
3A^þ��
�
@£.

�éëêN!�Å��¯K,©z [15] JÑæ
^V­XÚ�8�zC�5·AØÓªÇ�±Ï
&Ò. �´, ©z [15] 3C�L§¥éuD(�?
nØ¦Ün, �©3©z [15] �Ä:þ?�Úí�

V­XÚëê�8�zC�, 3í�L§¥l�
�.��ª�Ø ��Ý5?nD(�C�, lÔ
n¿Âþ�Ñ
²()º. |^ëê8�zC�,

ÏLÀJØÓ�V­XÚëê, �±·A?¿ªÇ
�±Ï&Ò, ¿©O^ê��{Ú>´�[{?1

�ý�¢��y, ²(
¤¢��ëê�å==
´3V­XÚ(�ëê8�z^�e�3. k
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©z3©Û�Å���þ%@V­XÚ(�ëê
� 1, 3dcJeâ©Û�Ñ�Å���·^�&
Ò�(Ø. �©�é|^�gæ��{�)��Å
��y�?1
nØ)º, ¿�ëê8�z�{?
1
é'.

2 V­XÚ�Å���.

2.1 XXXÚÚÚ���...

3�Å���ïÄ¥, É�f±Ï&ÒÚxD
(°Ä�V­XÚ´�²~æ^��«��5X
Ú, ÙÄåÆ�§�L«� [1]

dx

dt
= ax − bx3 + A sin(2πft) + n(t). (1)

�§ (1) ¥, a Ú b�V­XÚ�(�ëê; x(t)�
XÚ�ÑÑ&Ò; n(t) ´þ��"!rÝ�D �x
D(, ÷v

〈n(t)〉 = 0,

〈n(t)n(0)〉 = 2Dδ(t).

xD(�L«�

n(t) = σξ(t),

σ2 = 2D
(2)

ª¥, σ2 �D(���, σ �D(�þ���, ξ(t)

´þ��"!��� 1 �xD(. �§ (1) £ã

?uV³²¥�âfÉ�±Ïå A sin(2πft) (A�
Ì�, f �ªÇ) Ú�Åå n(t) �Ó�^�, 3L{
Z^�e�$Ä. lÄåÆ�*:©Û, �Å��
´?uV³²�âf3±ÏåÚ�Åå�Ó�^
e�)�, ��3XD(Uþ�±Ï&ÒUþ=£
�Å�, ò�Ü©D(Uþ=z�&ÒUþ, l

¦&Ò�±��/¤�Å��, ¿¦XÚÑÑõÇ
Ì3&ÒªÇ f ?Ñy¸�.

3�Å��ïÄ¥, Ï~V­XÚëê a, b þ
�� 1, ïÄuyd���Å���·Ü�&Ò. �
â©z [9], � a = 1, b = 1, A = 0.3, f = 0.01 Hz,

D = 0.31 (σ = 0.7874), æ�ªÇ fs = 5 Hz �, V
­XÚ���Å��G�. òþãëê���\
�§ (1), æ^o� Runge-Kutta �{?1ê�O�,

æ�:� 4000, ��XÚ�Ñ\!ÑÑ&ÒÅ/�
ªÌXã 1 ¤«, Ù¥ªÌÌ�?1
8�z?n.

ã 1 � f = 0.01 Hz, a = b = 1 �V­XÚ��Å��Å/ÚªÌ (a) XÚ�Ñ\Å/; (b) XÚ�Ñ\ªÌ; (c) XÚ�ÑÑ
Å/; (d) XÚ�ÑÑªÌ
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dã 1 ��, 3ÑÑ&Ò¥���f�±Ï&
Ò��
wÍOr, Ñy
D(Uþ�&ÒUþ�
=£, NyÑ�Ð��Å��y�. ù�©z [9] �
(J��.

þã(JL², ÏLV­XÚ�Å��, �±
k�/Or�ëê�f±Ï&Ò�DÑ.�
|^
V­XÚ¢y�ëê�f±Ï&Ò��Å��, e
¡kí��§ (1) �ëê8�zC�.

2.2 VVV­­­XXXÚÚÚëëëêêê888���zzzCCC���

�V­XÚ (1) ¥ëê a, b ���Ø� 1 �,

Ú\C�

y = x

√
b

a
,

τ = at.

(3)

ò (3) ª�\�§ (1) ��

a

√
a

b

dy

dτ
=a

√
a

b
y − a

√
a

b
y3

+ A sin
(

2πf
τ

a

)
+ n

(
τ

a

)
. (4)

�§ (1) ¥ n(t) = σξ(t) ´þ��"!��� σ2

�xD(, ²LC��, �§ (4) ¥�D(&Ò
� n(τ/a), ��ué n(t) 3��þ?1
 a ��
.�, ���u3ª�þé n(t) ?1
 1/a ��Ø
 . 
 n(t) ��xD(, ª�þ3¤kªÇ��S
þ��ð½�©þ, äk�Ó�õÇ, ª�þ�.
�½Ø ØUCD(�õÇ. Ïd, n(τ/a) E´þ
��"!��� σ2 �xD(, k

n

(
τ

a

)
= σξ(τ). (5)

ò (5) ª�\�§ (4), �n���

dy

dτ
=y − y3 +

√
b

a3
A sin

(
2π

f

a
τ

)
+

√
b

a3
σξ(τ). (6)

é'�§ (6) Ú�§ (1), 5¿�²LC��V­X
Ú(�ëêþ� 1, ¢y
8�z, Ñ\±Ï&Òª
ÇC� f/a,��5±Ï&ÒªÇ� 1/a. ±Ï&Ò
�D(Ì�Ó�¦þ
'~Ïf

√
b/a3, ?1
Ó

'~ �.

�§ (6)��§ (1) �ëê8�z/ª, üö´
�d�. Ïd, éupª&Ò, ÏLÀ����V­

XÚ(�ëê a, �±òpª&Ò=z�$ª&Ò
5?1?n, 
ëê b �±·ArfØÓ�Ñ\&
Ò. e¡ÏLê��ý5�º�Å��éu�ëê
pª±Ï&Ò�·A5.

3 �ëê±Ï&Ò�Å���ê��
ý�>´�[¢�

3.1 ���ëëëêêê±±±ÏÏÏ&&&ÒÒÒ���ÅÅÅ������êêê������ýýý

±ã 1 ¤éA�ëê (a = 1, b = 1, A = 0.3,

f = 0.01 Hz, fs = 5 Hz, σ = 0.7874) �ë�, d
���ëê�¹, ±Ï&Ò�D(�·Ü&ÒÏ
LV­XÚ��)�Å��. ù�|�ëê, �
±@�´,��ëêXÚ²Lëê8�zC��
���. �âëê8�z�n, �C�£�U
�
��|�ëê, du´�dC�, �ëêXÚE,
U
u)�Å��. b½�ëêXÚ¥pª±Ï
&ÒªÇ f = 1 kHz �®�, �âëê8�zC
��K, �±�í�ëêXÚ¥Ù¦ëê���,

= a = b = 105, fs = 500 kHz(�±æ�ªÇ�&Ò
ªÇ�'ØC), Ó��±±Ï&Ò�Ì� A = 0.3

�D(�þ��� σ = 0.7874 ØC, )¤Ñ\·Ü
&Ò. ò·Ü&Ò�Ì���

√
a3/b = 105 � (8

�zC���C�) ��\�§ (1) ¦), ��XÚ
Ñ\�ÑÑ(JXã 2 ¤«.

lã 2(c) ��, ÑÑ&Ò3 ±1 ü�­���
m5£�[, Å/�ã 1(c) ´�q�, ù�´V­
XÚu)�Å���A�. Ïd, 3�ëê^�
e (a = 105, b = 105, A = 0.3 × 105, f = 1 kHz,

fs = 500 kHz, σ = 0.7874 × 105) V­XÚE,u
)
�Å��.

�âëê�8�z�K, 3 f = 1 kHz (½
��¹e, ëê a ���´(½�, 7L´ 105,


 é u ë ê b � � � v k A Ï � �, b � � �
� ± � a Ø Ó, � � ± � b > 0 � ? ¿ ê. E
± f = 1 kHz �~, b½,��ëêV­XÚ¥
(�ëê��� a = 105, b = 4000. �±±Ï&
Ò�Ì� A = 0.3 �D(�þ��� σ = 0.7874

ØC, )¤Ñ\·Ü&Ò, ¿ò·Ü&Ò�Ì��
�

√
a3/b = 5 × 105 �, �\�§ (1) ¦), ��X

Ú�Ñ\�ÑÑ(JXã 3 ¤«. d�V­XÚ�
ü�­�� ±

√
a/b = ±5.
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ã 2 � f = 1 kHz, a = b = 105 �V­XÚ��Å��Å/�ªÌ (a) XÚ�Ñ\Å/; (b) XÚ�Ñ\ªÌ; (c) XÚ�Ñ
ÑÅ/; (d) XÚ�ÑÑªÌ

dã 3(c) ��, XÚÑÑ3 ±5 ü�­��m
5£�[, E,u)�Å��. ã 4 �Ñ
 a = 105,

ëê b ���©O� 0.001, 1, 103, 107 �V­X
Ú�Å���ÑÑÅ/, ¤éA�­��©O
� ±104, ±316.228, ±10, ±0.1.

dã 4 ��, � b �ØÓ��, V­XÚþ?u
�Å��G�, ÑÑÅ/Ø
5£�[�­��Ø
Ó±	, /G´���Ó�, ¢SÑÑ�­���
nØO��´���. 
ù
�ëêþ�8�z�
ã 1 ¤éA�Ó�|�ëê (a = 1, b = 1, A = 0.3,

f = 0.01 Hz, σ = 0.7874). ¢Sþ, U
8�z�þ
ã�ëê��ëêXÚk?¿«, ±Ï&Ò�ªÇ
��±�?¿�.

±þ©Û�ê��ýL², éupª±Ï&Ò,

���±ÏLN!V­XÚëêÚN!·ÜÑ\
&Ò�Ì����Å��G�, ¢y�ëê&Ò�
OrDÑ. I��Ñ�´, 3�ëê^�e·ÜÑ
\&Ò7Läk���Ì�, ù3ê��ý¥´U

�B¢y�. pª±Ï&Ò�¢y�Å��, �
'��´�¦ëê a ����v
�, ¦ëê8�
z±�±Ï&Ò�ªÇ��u 1, ±ÎÜ�ëê^
�. ù��±^V­XÚ� Kramers �[Ç (<º

�Ç) 5)º. ��kD( n(t) �^
Ø�3±Ï
-y�, �:3ü�³²mU Kramers �[Ç rK

?1�[��. rK L�ª� [3]

rK =
a√
2π

exp
(
− ∆V

D

)
, (7)

Ù¥ ∆V = a2/(4b) ´V­XÚ�³^pÝ. �D
(rÝªCuÃ¡��, (7) ª�4�� rKlim =

a√
2π

, L²3V­XÚü³²�m��[ÇØ¬�

Ld4�� rKlim. �ü³²m�[Ç����°
Ä�±Ï&ÒªÇ����, = f0 = rK/2 �, �
Å��y�Ò¬�). Ïd, U
�)�Å���
&ÒªÇ f0 7,���3 0 < f0 < rKlim/2 ��
�S, ¤± Kramers �[Ç´��U
u)�Å�
��±Ï&Ò�pªÇ�Ì�Ï�.©z [13] �é
d?1
©Û, �ØL?Ø�´ëê a = 1 ��A
Ï�¹, d�V­XÚ�U·AªÇ�u 1 ��ë
ê&Ò, �âd�ÑÏLN!ëêØU¢y�ëê
&Ò�Å���Øä´jþ�. (7) ªÓ��`²,

éupª±Ï&Ò
ó, �'��ëê´ a, 
éë
ê b ���vkAO��¦, ù�:��þã©Û
9ê��ý(J¤y¢.
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ã 3 � f = 1 kHz, a = 105, b = 4000 �V­XÚ��Å��Å/ÚªÌ (a) XÚ�Ñ\Å/; (b) XÚ�Ñ\ªÌ;

(c) XÚ�ÑÑÅ/; (d) XÚ�ÑÑªÌ

ã 4 a = 105, b �ØÓ��V­XÚ�ÑÑÅ/ (a) b = 0.001; (b) b = 1; (c) b = 103; (d) b = 107
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3.2 ��� ëëë êêê ±±± ÏÏÏ &&& ÒÒÒ ��� ÅÅÅ ��� ��� >>> ´́́ ���
[[[¢¢¢���

©z [14] é Ä u � Å � � � f & Ò & ÿ
? 1 
 ¢ � ï Ä. 3 ¢ � ¥ ¤ � ± Ï & Ò � Ì
� A = 0.09, ªÇ f = 17 Hz, D(rÝ D = 4,

ÏL>´�[V­XÚk�/uÿÑ
�f�p
ª±Ï&Ò. ©z [14] é·ÜÑ\&Ò¿vk;
�?1Ì���. ¢Sþ, ©z [14] ¿vk�Ñ>
´�[V­XÚ�ëê�, e¡�Ñ�©¤��©
z [14] aq�|^>´�[V­XÚuÿ�f±
Ï&Ò�(J.

�§ (1) �±^ã 5(a) ¤«��"XÚ(�µ
ã5L«, Ù¥�)'~��!È©!¦Ú!��
±9Cþ�¦��!. ù
�!�±ÏL>´5�
[, �[>´Xã 5(b) ¤«.

ã 5 V­XÚ�"(���[>´ã (a) V­XÚ�
"(�«¿ã; (b) V­XÚ�[>´ã

ã 5(b) ¥$���ì 3!>{ R!>N C �
¤È©ì, È©ìÑÑ� −x, M1 Ú M2 �¦{ì
�'~Xê, ¦{ì 1 �ÑÑ� M1x

2, ¦{ì 2

�ÑÑ� −M1M2x
3, ²'~Xê� K2 �©Øì

©ØÑ\�È©ì��à; È©ìÑÑ −x Ó�
²��ì�� x, x 2²'~Xê� K1 �©Ø
ì©Ø\�È©ì�,��Ñ\à. K1 Ú K2

� ��þ 3 (0,1] « m S. Ñ \ & Ò (X � u &
Ò U0 sin 2πf0t) �xD( n(t) Ó�\�$���
ì 1 �Ñ\à?1��¦Ú,�·A�., òÑ\
&Ò�D(���¦Ú&Òx\$���ì 2, 2
���x�È©ì�Ñ\à.

�â�[>´�n, ã 5(b) ¤«>´XÚ��
§�

x =
∫ [

K1

RC
x − K2M1M2

RC
x3

+
U0 sin(2πf0t) + n(t)

RC

]
dt. (8)

é (8) ªü>¦�©��
dx

dt
=

K1

RC
x − K2M1M2

RC
x3

+
U0 sin(2πf0t) + n(t)

RC
. (9)

'� (8) ª��§ (1), ���±e'X:

a =
K1

RC
,

b =
K2M1M2

RC
,

A =
U0

RC
,

n(t) =
n(t)
RC

.

(10)

�ëê R = 15 kΩ, C = 168 pf, K1 = 0.0785,

K2 = 0.4676, M1 = 0.1, M2 = 0.1, dd�±O�
�� a = 31150.79, b = 1855.56.

¢ � ¥ � & Ò ª Ç f = 150 Hz, Ñ \ �
� u & Ò Ì � U0 = 100 mV, x D ( � þ � �
� σ = 955.2 mV, d � · Ü & Ò Ñ \ & D '
� −19.96 dB. À^æ�ªÇ fs = 1 kHz, æ�:
ê N = 10000 éÑ\ÑÑ&Ò?1æ�. xD(�
�u&Ò�·ÜÑ\±9XÚ�ÑÑÅ/�ªÌ
Xã 6 ¤«.

dã 6(d) ��, Ù¥�3²w� 150 Hz ±Ï
¤©9Ù�Å, 
l·ÜÑ\�ªÌ (ã 6(b)) ¥
®©EØÑ´Äk 150 Hz �±Ï&Ò, ��|^
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�Å���n¢y
é�f±Ï&Ò�OrDÑ
�uÿ.

(10) ª¤éA�ëê²L8�zC����
�� a = 1, b = 1, f = 0.004815 Hz, A ≈ 0.29 V,

σ ≈ 2.77 V, � � 8 � z � ± Ï & Ò ª Ç � �
u 1 Hz!Ì���u 1 V, ÷v�ëê&Ò^�.

lL¡þw, ¿vk;�éÑ\�[>´�·Ü&
ÒÌ�?1��, $�'8�z±��Ì���,

¢Sþ, >´�[�V­XÚ®²òÑ\·Ü&Ò
?1
��, ����ê� 1/(RC) = 370370.37,

®²áu�ëê^�e��Å��. ù��©±þ
©Û´���.

ã 6 V­XÚ�[>´Ñ\ÑÑÅ/�ªÌ (a) ·ÜÑ\Å/; (b) Ñ\ªÌ; (c) ÑÑÅ/; (d) ÑÑªÌ

4 �gæ��Å��©Û

3¢S&Ò?n¥,�
?npª&Ò��Å
��¯K, ©z [9—12] �Ñ
�gæ� (½Cº
Ý) ªÇC��{. T�{´ÏL��ªÇºÝ r(r

´�u"�knê), òpª&ÒC����ÎÜ�
Å���$ª&Ò, ,�éT$ª&Ò?1�Å�
�¿£OÙA�ªÇ©þ, ��2UªÇºÝ r ò
$ª&Ò¡E��5�pª&Ò. éu¢Sæ8�
lÑ&Ò, �gæ�ªÇC��{�Ø%´ÏLª
ÇºÝ r UC�§ (1) �ê�O�Ú�.

P�§ (1) ¥ s(t) = A sin(2πft) + n(t), b�

� a = 1, b = 1, f = f0, fs = Mf0, A = A0, σ = σ0

�V­XÚ���Å��G�, Ù¥ A0, f0, R ÷v
�ëê�Å��^�. ?1ê��ý�, ¢Sþ�
\�.O��´²Læ�±��lÑS�. æ�m
� ∆t = 1/fs, Kê��ý�·ÜÑ\&Ò�lÑ
S��

s(k) =A0 sin(2πf0k∆t) + σ0ξ(k∆t)

=A0 sin
(

2πk

M

)
+ σ0ξ(k∆t)

(k = 0, 1, 2, · · · , N − 1). (11)

d (11) ª�±uy, 3 s(k) ¥ A0 sin
(2πk

M

)
�ª
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Ç f0 Ã', 
duxD(ªÌ3 (−∞,+∞) �
�S´þ!©Ù, 3)¤xD(S��, Ø^�
Ä ∆t �K�, Ïd¢S�\�.?1O��æ�
S� s(k)�

s(k) = A0 sin
(

2πk

M

)
+ σ0ξ(k). (12)

d (12) ª��, s(k) �±w�´?¿ªÇ±Ï&
Ò�xD(·ÜU\��lÑæ�S�, ù`
² s(k) �±w�´÷v�ëê^��$ª±Ï
&Ò (~X f = f0) �xD(�·ÜU\, ��
±w�´?¿pª±Ï&Ò (~X� r = 100 �,

f = 100f0) �xD(�·ÜU\. �´3�Å
��ê��ýO�¥, 7L�Ñ\ê�O�Ú�,

�Ò´S��æ�m� ∆t. �âc¡�b�, �
æ�m� ∆t = 1/fs = 1/(Mf0) �, V­XÚ�
��Å��G�. � f = 100f0 �, ¢Sæ�ª
Ç fs = 100Mf0, d�XJ± ∆t = 1/(100Mf0) �
�O�Ú��\�.?1O�, V­XÚ�½�Ø
��Å��G�.

duæ�S� s(k) �±w�´?¿ªÇ±Ï
&Ò�xD(·ÜU\��lÑS�, Ï
�g

æ�^
��|©��{. �,d� s(k) ´ªÇ
� f = 100f0 �±Ï&Ò�xD(�·ÜU\, %
ò s(k) w�´ªÇ f = f0 �$ª±Ï&Ò�D
(�U\, ±$ª±Ï&Òæ�ªÇ¤éA�æ
�m� ∆t = 1/(Mf0) �\�.?1O�, d�ê
�O����V­XÚÑÑg,���Å��G
�, ¿3ªÇ f0 ?ÑyÌ¸. dud�¢Sæ�
ªÇ fs = 100Mf0, ��í�Ñ¢S±Ï&ÒªÇ
� 100f0.

ã 7 100 Hz ±Ï&Ò�D(·Ü&ÒÌ� ���5
� 1/10 ��Å/

ã 8 ØÓ�gæ�ªÇ¤éA�V­XÚÑÑÅ/ (a) frs = 5 Hz; (b) frs = 0.75 Hz; (c) frs = 0.6 Hz; (d) frs = 0.55 Hz
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Ïd, 3V­XÚëê a = 1, b = 1 ^�e, �
gæ��Å���{�¦¢S�·ÜÑ\æ�S
�7L3,�æ�Ú�eU
u)�Å��. (
½Ü·�æ�Ú�I�k��Ï`L§. 3ó§
¢�¥, ·Ü&Ò3æ��Ï~¬���?n, �
��ê´�âI���N��, Ïdæ���·
Ü&Ò�&D'´�½�, �æ�S��Ì�%
�UCzé�. �·ÜÑ\&Ò�&D'�±Ø
C, éÌÝ?1 ��, $^�gæ��{3|¢
Ü·��gæ�ªÇL§¥k�U¬Ñyê��
ýuÑ��¹, O�
Ï`�JÝ. E±ã 1 ¤é
A��ëê (a = 1, b = 1, A = 0.3, f = 0.01 Hz,

fs = 5 Hz, σ = 0.7874)�ë�, b½¢S±Ï&Ò
ªÇ f = 100 Hz, æ�ªÇ fs = 50 kHz, ±Ï&Ò
�D(�·Ü&ÒÌ� ���5� 1/10 ��Å
/Xã 7 ¤«.

��gæ�ªÇ frs ��ØÓ�, V­XÚÑ
ÑÅ/Xã 8 ¤«. duÑ\&ÒÌ� ���5
� 1/10, Ï
����ë��&Ò¤éA�æ�Ú
� ∆t = 0.2 s �\�.?1O�, XÚÑÑØ¬Ñ
y�Å��G�, ÑÑ�3ü³²SÅÄ, Ø¬u
)�[, Xã 8(a) ¤«. � frs = 0.75 Hz �, Ó�v
k³²m��[u), XÚÑÑÅ/Xã 8(b) ¤«.

� frs = 0.6 Hz �, XÚÑÑÅ/Xã 8(c) ¤«, d
��3X³²m��[u), �Evk���Å�
�G�. ã 8(d)��gæ�ªÇ frs = 0.55 Hz �
XÚ�ÑÑÅ/, ²w��XÚÑÑ®²Ø­½,

ÑyuÑ, ùéu�gæ�ªÇ�Ï`L§O�

JÝ.

|^ëê8�z�{ÒØ�3þã¯K. �â
8�z�n�íXÚëê a, b ���9·Ü&Ò
����ê. Äk� a = b = 104, ,�����
ã 7 ¤«æ�&Ò�þ��� σ0 = 0.081. 
ë�
�&Ò¥D(þ��� σ = 0.7874, 3?18�z
�C�ckòæ�&Ò�� σ/σ0 = 9.72 �, ,�
�â8�zC�2��

√
a3/b = 104 �, ���ª

·ÜÑ\æ�&Ò, �\V­XÚ�.?1¦)�
���ÑÑÅ/�ªÌXã 9 ¤«. dã 9(a) ��,

d�XÚÑÑäk²w��Å��A�, XÚ��
�Å��G�. d�ý(JL², ëê8�z�{
��gæ��{�'3?n�ëê±Ï&Ò��

­½, �äk·A5.

ã 9 éã 7 ¤«&Ò?18�zC�?n��V­X
ÚÑÑÅ/ÚªÌ (a) ÑÑÅ/; (b) ÑÑªÌ

5 ( Ø

�©�éÄuV­XÚ�Å���n�pª
�f±Ï&Òuÿ¯K, í�
V­XÚëê�8
�zC�, |^8�zC��né�ëê±Ï&Ò
��Å��?1
ê��ý. ïÄL², �Å��
uÿ�f±Ï&ÒØ�3é±Ï&ÒªÇ���,

�ëê^�e·ÜÑ\&Ò�7Läk���Ì
�. �Ñ
>´�[V­XÚ�Å����ëê^
�, ���ê��ý���(J. ©Û
�gæ�
�Å����n, ¿�8�zC��{?1
'�.

éu�ëêÑ\&Ò, 3ÌÝ ��¹e�gæ�
�{´Ñyê��ýuÑ��¹, 
æ^ëê8�
zC��{, ê��ýäk�Ð�­½5Ú·A5.

�©ÏLëêN!¢y�Å����{3�ëê
±Ï&ÒOrDÑ�uÿ¥äk�½���¿Â
�¢^d�.
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The analysis of stochastic resonance of periodic
signal with large parameters∗

Yang Ding-Xin† Hu Zheng Yang Yong-Min

( College of Mechatronics Engineering and Automation, National University of Defense Technology, Changsha 410073, China )

( Received 4 July 2011; revised manuscript received 3 November 2011 )

Abstract

It is of significance in engineering to achieve stochastic resonance of periodic signal with large frequency by turning the parameters

of a bistable system. The normalization transform of bistable system parameter is deduced. Stochastic resonance of periodic signal

with large parameters is exhibited by numerical simulation based on the proposed normalization transform, by which an arbitrary high

frequency periodic signal can be processed. Analog circuit is used to verify the stochastic resonance happening in the bistable system

with large parameters. The mechanism of realizing a periodic signal with large parameters by twice sampling stochastic resonance is

analyzed, which is compared with normalization transform method through numerical simulation. The simulation results show that the

numerical solution of twice sampling stochastic resonance is prone to being unstable with the variation of mixed input signal amplitude,

while the normalization transform method possesses more stability and adaptability.

Keywords: bistable system, stochastic resonance with large parameters, detection of weak periodic signal, numer-
ical simulation

PACS: 05.40.−a, 02.60.Cb

* Project supported by the National Natural Science Foundation of China (Grant No. 50905184).

† E-mail: yangdingxincn@163.com

080501-10


