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1 Ú ó

3¢Só§&Ò?n¥,�fA�&Ò~~�
D(Z6ìv, Ùuÿ��Ñ´IS	ÆöïÄ�
9:�J:. DÚþ�f&Òuÿ�{Ì�´ÈØ
³�D( [1], �ù«�{éN´�³k^&Ò. C
c5, ��5Æ��ØäuÐ,��f&Ò�uÿ
Jø
#�g´, NõÆö}Á|^��5XÚé
�f&Ò?1uÿ¿��
�½�?Ð, Ù¥·b
Ú�Å��´ü«~��uÿ�{. Duffing �f
´U
�)·by���a~^��5XÚ, |^
§3·b�.G��éëê�¯a5ÚéD(�
�¼A5, U
é�f&Ò?1uÿ [2−4]. T�{
�A:´�¦ Duffing XÚ�k°Ä&ÒªÇ�A
�&ÒªÇ���, ù¦� Duffing XÚ�ëê�
�C�ØN´. ©z [5] |^CºÝ�{òA�&
Ò?1ºÝC�l��k°Ä&ÒªÇ���,

��uÿ?¿ªÇA�&Ò�8�. ù«CºÝ�
{*Ð Duffing �f·buÿ�ëê��, �§�

¦ºÝC��ªÇ���k�½�°Ý.�
?�
Ú{z Duffing �fuÿ�f&Ò��{, ¦Ù�
äk¢^5Ú{B5, �©�Äò�ÿ�f&Ò±
°Ä��/ª��Ñ\ Duffing XÚ, |^ Duffing

�f��Å��A55é�fA�&Ò?1uÿ.

� Å � � (stochastic resonance) ´ Benzi

Ú Nicolis �3ïÄ�í�XA¯K�ÄgJÑ
� [6,7], g@��, �Å��nØ3&Ò?n�¡
�ïÄ��
2��'5 [8], Ù¥3rD(�µ
¥uÿ�f&Ò�¡, �Å��w«Ñ
ÕA�
`³. �Å��|^��5XÚ, 3Ñ\&ÒÚD
(��Ó�^e, �)aqåÆ¥<�Ù����
ÑÑ, ��£O�f&Ò�8�. dc'u�Å�
��ïÄ�Ñ8¥3�� Langevin �§�., 
�� Duffing �f�.��Å��ïÄ�é��,

ÙïÄÌ��9>f�´�[ Duffing XÚ��
Å��¢� [9], A^õ� Fokker-Planck �§!Ý
�{Ú©
nØ)º�� Duffing �f��Å�
� [10−12] �. ù
©z�nØ©Ûõæ^ý9Cq
nØ [13], ùÒ�¦&ÒÌ�!ªÇÚD(rÝþ
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3�ëê���S, l��
�� Duffing �f
�Å���¢SA^.

�©ïÄ�� Duffing �f��Å��A5,

ò�ÿ&Ò��Ñ\ Duffing XÚ, JÑ�� Duff-

ing �f��ëê�Å���{, ¿&? Duffing �
fCºÝ�Å���ëêN!�Å���'é5,

�«�ëê^�e Duffing �f�Å��uÿA�
&Ò�Ån, *ÐÙ3�f&Òuÿ+�¥�A^.

2 Duffing �f��Å��A5

�Ä��dA�&Ò s(t) ÚD(&Ò n(t) °
Ä� Duffing �f�§

ẍ + kẋ − ax + bx3 = s(t) + n(t), (1)

Ù¥ k ´{Z', −ax+bx3 ´��5¡Eå, a Ú b

´�u"�¢Xê. e s(t) = A cos(2πf0t) L«Ì
�� A!ªÇ� f0 ��Å&Ò, n(t) =

√
2Dξ(t)

L«D(rÝ� D �pdxD(, Ù¥ ξ(t) ´þ
�� 0!��� 1 �pdxD(, K�§ (1) C�d
�Å&ÒÚxD(&Ò�Ó°Ä� Duffing �§

ẍ + kẋ − ax + bx3 = A cos(2πf0t) + n(t). (2)

3�§ (1) Ú�§ (2) L«� Duffing XÚ¥,

�Ã	\&Ò, = s(t) = 0, n(t) = 0 �, XÚ³¼

ê� U(x) = −a

2
x2 +

b

4
x4, � a, b q¡�XÚë

ê. U(x) kü�4�� (x = ±
√

a/b), ¥mY�4
�� (x = 0), l/¤�¥Ü³^©�m�ü³
², Xã 1 ¤«. ¥m x = 0 ´Ø½²ï:, ü
ý x = ±

√
a/b ´ü�½²ï:. Ïd Duffing X

Ú´��VXÚ. 3�k&Ò A cos(2πf0t) Ñ\
��¹e, VXÚ�3��.Ì� Ac, nØ� [14]

�
√

4a3/27b. � A < Ac �, XÚÑÑò3,�³
²NC?1Û��±Ï$Ä; � A > Ac �, XÚ
ÑÑ¬�7Xü�³²������[$Ä. e
&Ò A cos(2πf0t) ÚD( n(t) Ó��^uXÚ, =
¦ A < Ac, ��&Ò!D(ÚXÚ���Ó�^,

D(ò�)È4�^, ¦�Ü©D(Uþ=£�&
Ò�þ, &ÒUþ��\r, XÚÑÑ¬/¤ü�
³²m�����[$Ä, =XÚ���Å��.

- sn(t) = s(t) + n(t) L«�§ (2) �Ñ\&
Ò, Ù¥ s(t) = A cos(2πf0t)��ÿ�fA�&Ò,

n(t)��µD(, K�§ (2) �±L«��fA�

&Ò�uÿ�.. ��f&Ò s(t) ÚD( n(t) Ñ
\ Duffing XÚ�§ (2) �)�Å���, XÚÑ
Ñ&Ò�ªÌ¥, 3&Ò�ªÇ f0 ?¬Ñy�²
w�¸�, |^ù�A5=�uÿD(¥��fA
�&Ò.

ã 1 Duffing XÚ�³¼ê (a = b = 1)

ã 2 ´ � | ; . � � Å � � L §, é A �
§ (2) ��ëê� k = 0.5, a = b = 1, A = 0.1,

f0 = 0.01 Hz, D = 0.4, æ�ªÇ fs = 5 Hz. �
§ (2) æ^o� Runge-Kutta {?1ê�¦), O�
:ê� 4096 :, ÑÑªÌ²þ 10 g (±eO�Ó).

dã 2 wÑ, 3÷vý9CqnØ��ëê^�
e, 3 D = 0.4 �XÚ���Å��, ÑÑªÌ�
ªÇ f0 ?Ì¸�����, �'Ñ\ªÌ f0 ?Ì
¸���õ. ¯¢þ, e�±Ù¦ëê^�ØC, U
CÑ\�D(rÝ, é 20000 :êâ?1O�, �
±��XÚÑÑ3ªÇ f = f0 ?�Ì� Am �D
(rÝ D �Cz5Æ, Xã 3. ã 3 L², &Ò²
L Duffing XÚ?n�, A�&ÒªÇ?�Ì¸�
D(rÝ D �O\¥ykO�~�5Æ, ¿3,�
D(rÝ����`, ù´;.��Å��A�.

3 Duffing �f��ëê�Å��

Äuý9CqnØ��Å��=·^u�ë
ê^� (&ÒÌ�!ªÇÚD(rÝþé�), ¢
Só§&Ò  Ø÷v�ëê^�, d�ý9Cq
nØ®Ø·A¢Só§I�. éu�Ì� A, Ï~
�I����{ü��5C�=�¦ÙÎÜ�ë
ê^�, ÏdØ÷vý9Cq^���ëêÌ��
é�&ÒªÇ f0 Ú�D(rÝ D.
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ã 2 Duffing XÚ��Å�� (a) Ñ\&ÒÅ/; (b) Ñ\&ÒªÌ; (c) ÑÑ&ÒÅ/; (d) ÑÑ&ÒªÌ

ã 3 ÑÑ&Ò f0 ?Ì¸��Ñ\D(rÝ D �Cz5Æ

3.1 �k&ÒªÇ f0 ��ëê

±ã 2 ëê�ÄO, éA Duffing �§ (2) �
�ëê©O�� k = 0.5, a = b = 1, A = 0.1,

D = 0.4, f0 = 40 Hz, w,&ÒªÇ��ëê. �
æ�ªÇ fsample = 20000 Hz. �ªÇëê^�e
XÚÑ\&Ò sn(t) �Å/ÚªÌXã 4(a) Ú (b),

��O��§ (2) ��XÚÑÑ&Ò x(t) �Å/Ú
ªÌXã 4(c) Ú (d) (�w�ªÌ(�, ã 4(d) �Ì
���Ùéê�, ü ´ dB). '�XÚÑ\&ÒÌ

ã 4(b) ÚÑÑÌã 4(d) ��, duÑ\&Ò¥D(
rÝ3�ëê��, ÏdXÚÑ\&Ò�ªÌ®�
£OªÇ f0 = 40 Hz �A�&Ò, �ã 2(b) �¹�
�; �´, XÚÑÑ&Ò�ªÌ¥ f = 40 Hz ªÇ
?%Ø�3²w�Ì¸�A�. ù`²3��ªÇ
ëê^�e, ý9CqnØ®Ñy �, ��?1
ê�O�ò�Ø��Å��y�, ØU£OD(¥
�f&Ò. �)ù�y���Ï3u [15] ªÇ f0 �
O���XÚ�A x(t) �5�¢�uÑ\, lI
����&Ò°ÄÌÝâU/¤�[��Å��
y�.

�
3�&ÒªÇ^�eEUÏL Duffing �
f���Å��y�, ¿£O�f&Ò, �â��
V�Å���CºÝ (½�gæ�) g� [16−18],

JÑ�� Duffing �f�CºÝ�Å���{, =
Ú\CºÝXê R, é¢ÿêâ?1ªÇ/�mºÝ
C�, ²LºÝ R C����&ÒÑ\ Duffing X
Ú?1?n, �¦XÚ¢y�Å��, ¼�A�ª
Ç�, ��2UºÝ R ?1&Ò���¡E=��
�¢S&Ò�A�ªÇ�. T�{���´ò��
pª&Ò=����ÎÜý9Cq^��$ª&
Ò, ±|u�Å����).
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�éã 4(a) ��ªÇëê, Ú\CºÝXê
R = 4000 é�ÿ&Ò?1ºÝC��Ñ\ Duff-

ing XÚ, ��ÑÑ&ÒÅ/ÚªÌXã 4(e) Ú (f).

d�, éA��gæ�ªÇ fsr = fs/R = 5 Hz.

l C º Ý Ñ Ñ & Ò ª Ì 4(f) � � � � � Ì ¸

ª Ç� f ′
0 = 0.01 Hz, � � � � � ÿ & Ò � ª

ÇºÝk f ′
0 × R = 0.01 × 4000 = 40 Hz, ù�

´�f&Ò s(t) �ªÇ f0. ÏdÏLªÇ/�m
ºÝC��±éÐ/¢y�ªÇëê&Ò��Å
��.

ã 4 �ªÇëê&Ò��Å�� (a) Ñ\&ÒÅ/; (b) Ñ\&ÒªÌ; (c) ÑÑ&ÒÅ/; (d) ÑÑ&ÒéêªÌ; (e) CºÝ
ÑÑ&ÒÅ/; (f) CºÝÑÑ&ÒªÌ

3.2 �kD(rÝ D ��ëê

E,±ã 2 ëê�ÄO, éA Duffing �§ (2)

��ëê©O�� k = 0.5, a = b = 1, A = 0.1,

f0 = 0.01 Hz, æ�ªÇ fs = 5 Hz, D(rÝ�
��ëê D = 5. �D(rÝ^�eXÚÑ\
&Ò sn(t) �Å/ÚªÌXã 5(a) Ú (b), ��O
��§ (2) ��XÚÑÑ&Ò x(t) �Å/ÚªÌ

Xã 5(c) Ú (d) (�w�ªÌ(�, ã 5(b), (d) �
Ì���Ùéê�, ü ´ dB). '�XÚÑ\&
ÒªÌ 5(b) ÚÑÑ&ÒªÌ 5(d) ��, duD(
rÝ��, lXÚÑ\&ÒªÌ¥®Ã{£Oª
Ç f0 = 0.01 Hz �A�&ÒÌ¸; Ó�3XÚÑ
Ñ&Ò�ªÌ¥, duD(rÝ®²��Ñ Duff-

ing XÚ�)�Å����`D(rÝ�, Ïd
3 f = 0.01 Hz ªÇ?Ó��wØ�A�&ÒÌ
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¸. ù`²3�D(rÝëê^�e, duXÚ�
)�Å���I�·þ��D(, ÏdLõ�{�
D(�U��í{D(�3, ¿ìvXÚÑÑ�A
�&Ò.

�
3�D(rÝ^�e¢y Duffing �f�
�Å��¿£O�fA�&Ò, �â©z [9] �¢
�ïÄ��, Duffing �f{Z' k �N!��½§
Ýþ¢yØÓD(rÝ D e��Å��. �ó�,

�X Duffing �f{Z' k �O�, XÚU
¢y

�Å����`D(�����O�. ÏdÏLN
!{Z'ëê k ���, �¢y�½�D(rÝë
êe Duffing XÚ��Å��.

�éã 5(a) �D(rÝ^�, �±Ù¦ëê^
�ØC, �O� Duffing �§ (2) ¥{Z' k ��.

� k = 2.5 �, ��ã 5(e) Ú (f) �ÑÑ(J, d�,

XÚÑÑ�`���Å��. dd��, {Z'ë
ê k �N!�kÏu¢y�D(rÝ&Ò��Å
��.

ã 5 �D(rÝ&Ò��Å�� (a) Ñ\&ÒÅ/; (b) Ñ\&ÒéêªÌ; (c) ÑÑ&ÒÅ/; (d) ÑÑ&ÒéêªÌ; (e) N
!{Z'ëêÑÑ&ÒÅ/; (f) N!{Z'ëêÑÑ&ÒªÌ

3.3 & Ò ª Ç f0 Ú D ( r Ý D Ñ �

�ëê

Ó�±ã 2 ëê�ÄO, éA Duffing �§ (2)

��ëê©O�� k = 0.5, a = b = 1, A = 0.1. &

ÒªÇ� f0 = 40 Hz, æ�ªÇ fs = 20000 Hz, D
(rÝ� D = 5. d�&ÒªÇ f0 ÚD(rÝ D

þ�Ñý9Cq��ëê��, áu�ëê.

rD(�µÚ�ªÇXÚÑ\&Ò sn(t) �Å
/ÚªÌXã 6(a) Ú (b), ��O��§ (2) ��X
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ÚÑÑ&Ò x(t) �Å/ÚªÌXã 6(c) Ú (d) (�
w�ªÌ(�, ã 6(b), (d) �Ì���Ùéê�, ü
 ´ dB). �â 3.1 Ú 3.2 !©Û��, w,3�&
ÒªÇÚ�D(rÝ��ëê�¹e,ÃØ´XÚ
Ñ\�´ÑÑ, ÙªÌ¥ f = 40 Hz ªÇ?þwØ
�Ì¸�A�. �
3�&ÒªÇÚ�D(rÝ�
^�e�� Duffing �f��Å��¿£O�fA
�&Ò, I�Ó�?1ºÝC�Ú{Z'ëê�N
!. �éã 6(a) ëê, Ú\CºÝXê R, Ó�·�
N!{Z' k �. � R = 4000 Ú k = 2.5 ���


�ëê^�e��Å��(J, Xã 6(e) Ú (f) ¤
«. dd`²CºÝ�{Z'N!��ëê�Å�
�´�1�.

4 ? Ø

lþ!©Û�±wÑ, �� Duffing �f�ë
ê�Å���¢yØ=�XÚ�ªÇ/�mºÝk
', ¢Sþ��XÚëêk���'X, e¡?�
Ú©Û?Ø.

ã 6 �ªÇÚ�D(rÝ&Ò��Å�� (a) Ñ\&ÒÅ/; (b) Ñ\&ÒéêªÌ; (c) ÑÑ&ÒÅ/; (d) ÑÑ&Òéêª
Ì; (e) CºÝÚ{Z'N!�ÑÑ&ÒÅ/; (f) CºÝÚ{Z'N!�ÑÑ&ÒªÌ

4.1 CºÝ�Å���XÚëêN!�

Å���'é5

�A�&ÒªÇ f0��ëê�, |^CºÝX

ê R é�ªÇ&Ò?1ªÇ/�mºÝ�C�, ´
�«�d�5N�C�, §¿vkUC Duffing X
ÚÑ\&Ò�A� [19]. 3�§ (2) ¥, ²LºÝC
��Ñ\&ÒªÇ� f ′

0 = f0/R, �A��mºÝ
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C� t′ = Rt, ºÝC���æ�ªÇ� fsr = fs/R,

�A�ê�O�Ú� h = R/fs. u´3�mºÝ t′

¿ÂeU
¢y�Å����§ (2) �L«�

ẍ(t′) + kẋ(t′) − ax(t′) + bx(t′)3

= A cos(2πf ′
0t

′) + n(t′). (3)

�§ (3) Ò´ Duffing �fCºÝ�Å���
§, §ÏLªÇ/�mºÝC�¢y
�ªÇ&Ò�
�Å��. ò�§ (3) UìCºÝXê R ��, ¿
¡E��mºÝ t e, ��Ù�d�§

ẍ(t)/R2 + kẋ(t)/R − ax(t) + bx(t)3

= A cos(2πf0t) + n(t). (4)

XJUY±CºÝXê R é�§ (4) ¥�
XÚëê a, b 9�A x ?1 a′ = Ra, b′ = R3b,

x′ = x/R ù��ºÝC�, @o�§ (4) q��d
C��

ẍ′(t)/R + kẋ′(t) − a′x′(t) + b′x′(t)3

= A cos(2πf0t) + n(t). (5)

�§ (5) �w¤´ Duffing �fëêN!�Å

���§, §�CºÝ�§ (3) �«O3u, §ØU
C&Ò�ªÇ/�mºÝ, ´ÏLN!UCXÚë
ê5¢y�ªÇ&Ò��Å��.

ò�§ (3) Ú (5) ��§ (4) '��, 3Ñ\&
ÒrÝØC��¹e, �§ (3) ´�mºÝ t′ e�
ªÇ&Ò�CºÝ�Å���§, �§ (4) ´�
mºÝ t e��ªÇ&Ò��Å���§, �ö
�A)�Ó, �ªÇ/�mºÝØÓ, �� R �. �
§ (5) ´XÚëêN!��ªÇ&Ò�Å���
§, ÙªÇ/�mºÝ��§ (4) ��Ó, �Ù�A
)ØÓu�§ (4), ê�þ�� R �.

du�§ (4) �w¤�§ (3) Ú�§ (5) �g
ºÝ¡E���§, Ïd�§ (4) òCºÝ�Å�
��§ (3) ÚëêN!�Å���§ (5) Ú�éX
å5, ¡�§ (4)� “�5C��§”. �§ (4) ��
§ (2) ��O=3u�§ (4) ¥��ê� ẍ′(t) Ú ẋ′

�õ
���CºÝXê R k'�Xê, �´ù
«�O, ¦��§ (4) U
¢y�ªÇëê��
Å��, �§ (2) �U¢y�ªÇëê��Å
��.

ã 7 ã 6(a) ëê^�e�§ (4) Ú (5) �Å/ÚªÌ (a) �§ (4) ÑÑ&ÒÅ/; (b) �§ (4) ÑÑ&ÒªÌ; (c) �§ (5) Ñ
Ñ&ÒÅ/; (d) �§ (5) ÑÑ&ÒªÌ
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ã 6(e) Ú (f) ®²�Ñ k = 2.5 �CºÝ�Å
���§ (3) ÑÑ&Ò�Å/ÚªÌ. ��é',

ã 7 �Ñ
ã 6(a) ëê^�e�5C��§ (4) Ú
XÚëêN!�Å���§ (5) ÑÑ&Ò�Å/Ú
ªÌ. '�ã 7(a), (b) Úã 6(e), (f) ��, �§ (3)

��§ (4) k�Ó��A)��mºÝþ�� R

�, '�ã 7(a), (b) Úã 7(c), (d) ��, �§ (4)

��§ (5) k�Ó��mºÝ�ÑÑÌ�þ�� R

�. ã 6 Úã 7 �~f?�Ú`², V Duffing X
Ú�ªÇëê&Ò�CºÝ�Å��, �duV
 Duffing XÚ�ªÇëê&Ò�XÚëêN!�
Å��, �ö�O==´�A)½�mºÝ��ê
'X.

4.2 �D(rÝ�{Z'ëêN!�Å

��Ån

ã 3 ´ � § (2) ë ê 3 , � � ` D ( D

? Duffing XÚ¢y�Å����¹. ,, �
D(rÝ D é�, ���uT|ëê^�eXÚ

�)�Å����`D(��, Duffing XÚ�Ñ
Ñò�)L��, ��A�&ÒJ±uÿ. d�, �
â 3.2 !�±ÏLN�{Z' k ëê5¦XÚ��
�Å��, lòA�&ÒuÿÑ5. ù«uÿÅ
nÞ~)ºXe.

-�§ (2) ¥�ëê� a = b = 1, A = 0.1,

f0 = 0.01 Hz, D = 5, æ�ªÇ fs = 5 Hz, {Z' k

©O� 0.5, 1.5, 2.5 Ú 3.5, ÙXÚÑÑ&ÒªÌX
ã 8.

lã 8 w�, {Z' k �Czû½
XÚÑ
ÑâÔ[©ÙÌ�/GA�, {Z' k ��, pª
¤©��, $ª¤©�õ, `²
�{Z'¦D(
�pª¤©Uþ�$ª«�=£�A5. ��, {
Z' k ��, Kpª¤©Oõ, �N
�{Z'¦
D(Uþ�pª«�*Ð�A5. Ïd, �kÜ·
�{Z' k âU3,�D(rÝe¦XÚ�AÑ
Ñ�`, ���Å��. ã 8(c) =´3�D(r
Ý D = 5 �XÚÑÑ�Å����`(J, lªÌ
¥�±N´/ÖÑ f0 = 0.01 Hz �&Ò¤©. é
uD( D = 5 ��¹, ���{Z' k = 0.5, 1.5

ã 8 {Z' k �ØÓ���ÑÑªÌ (a) k = 0.5; (b) k = 1.5; (c) k = 2.5; (d) k = 3.5
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Ú���{Z' k = 3.5, Xã 8(a), (b) Ú (d), ÑØ
U¢y�Å��, A�&Ò�ìv3D(½Z6¥
ØU�£O.

XJ±�ØÓ{Z'e&ÒªÇ?�Ì��
D(rÝCz�'X�, @o�?�Ú�Ù/w
�{Z' k é�Å���K�, ã 9 �Ñ
XÚÑ
Ñ3 f = f0 ?�Ì� Am �D(rÝ D �Cz
5Æ, Ù¥�§ (2) ëê�� a = b = 1, A = 0.1,

f0 = 0.01 Hz, æ�ªÇ fs = 5 Hz, é 20000 :êâ
?1O�, � 1—4 ©O�LXÚ{Z' k� 0.5,

1.5, 2.5, 3.5 ��(J.

ã 9 {Z' k é�Å���K�

lã 9 �±wÑ, 3Ù¦ëê^�þ�±ØC

��¹e, �X Duffing �f{Z' k �O�, X
ÚU
¢y�Å����`D(����O�. ù
L², �XÚÑ\�D(rÝ D O��, �±ÏL
O� Duffing �f�{Z' k �, ¦���D(r
Ý D ���, ¢y�D(rÝ&Ò�ëêN!�Å
��, lòìvu�rÝD(¥��f&Òuÿ
Ñ5.

5 ( Ø

�©ïÄ
�� Duffing �f�Å��A5,

JÑ¿?Ø
ÄuCªÇ/�mºÝÚXÚëêN
!��ëê�Å��. �ý¢~L², A^ Duffing

�f��Å��A5�éD(¥��f&Ò?1
uÿ. 3é¢S�f&Ò?1uÿ�, ÙuÿÚ½
�±´: Äk�Oæ8&Ò�rÝ, éæ8&Ò?
18�z?n, =ò&Ò���?1�5Ø ½*
�, ¦&Ò�rÝ?uÜ·�?n���S; Ùg
ò Duffing �f�{Z' k ���N��dD(r
Ýe��`�; ��, Ú\ºÝC�Xê R, éª
Ç/�mºÝ (½XÚëê) ?1C�, ¿ÏL Duff-

ing XÚ���£O�&Ò, éT&Ò?1ºÝ¡
E=����æ8&Ò¥�A�&Ò.
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Large parameter stochastic resonance of
two-dimensional Duffing oscillator and its

application on weak signal detection∗
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Abstract

In this paper, the stochastic resonance of two-dimensional Duffing oscillator under the adiabatic assumption is studied. For the

large parameter condition, we propose the large parameter stochastic resonance of two-dimensional Duffing oscillator, and discuss the

relationship between the scale transformation stochastic resonance and the parameter adjustment stochastic resonance. Then we reveal

the mechanism of signal detection by Duffing oscillator stochastic resonance in large parameter condition, and extend its application to

weak signal detection.
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