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1 Ú ó

òrD(�µe��f&ÒuÿÑ5´&Ò
uÿ+����9�ïÄ��. DÚ��f&Òu
ÿ�{´Äu�5�!(½5�XÚ, 
·bnØ
�uÐ��f&ÒuÿJø
#��{. ·bÿ
þ�{´�«�yk�«&Òÿþ�{��ØÓ
�Ï#�&Ò?n�{, §�²¯­ÒÉ�pÝ­
À [1−7]. �DÚ&Òuÿ�{�'�, Äu·b�
f��f&Òuÿ�{äkÕA�`³, �34$
&D'^�e¢yé�f&Ò�k�uÿ. 8c,
ISÆö3|^ Duffing ·bXÚ?1�f&Òu
ÿ�ïÄ¥��
�½?Ð [1−3]. |^ Duffing �
fU34$&D'^�e¢yé�f&Ò�uÿ,
&D'�� −111 dB[3], �dauÿXÚ�k3�
µD(õÇé$��¹eâU��'�Ð�uÿ
�J, �ëê�.��O�L§'�E, [4], ù¦
�T�{�A^É��½�Û�.

Cc5, ± Lorenz XÚ!Chen XÚ��L�

g£·bXÚ��
2��ïÄ [8−14]. XJUò
ùag£·b�f$^��f&Òuÿ¥, K®k
�'uTa·b�f�ïÄ¤Jò��¿©|^,
�ò�Äu·b�f��f&Òuÿ+�Jø#
g´. 8cò·bXÚ^uf&Òuÿ, ±�g£
� Duffing XÚØõ, �Ì�´|^XÚ “�C”, =
l±Ï��·b��=C�. Chen XÚ���a
;.�g£·bXÚ��
2��ïÄ [11,15]. ï
ÄL², Chen X' Lorenz XÚäk�E,�ÿÀ
(�ÚÄåÆ1� [15], ù¦�§3ó§A^¥ä
k�2��A^cµ. �©±É� Chen XÚ�Ä
:ïáuÿ�., |^²þ{éuÿXÚ?1?n,
�â Chen XÚ�ÄåÆ5��äuÿëêK�.
ÏLN!uÿëê, ¿*	uÿXÚ�ÑÑ&Ò5
�ä´Äk�ÿ&Ò�3.
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�6é·b�f��� [16−18]. |^ Duffing �f
?1�f&Òuÿ�Ä��n´ò�uÿ&Ò�
�XÚ±Ï°Äå�6Ä
\\XÚ, ,�ÏL*
	XÚ��Cz5�ä�ÿ&Ò´ÄÑyl
�
�uÿ�8� [1]. 
 Chen XÚ¥Ø�3w¹�m
�üÄ&Ò, ÏdØU��æ^da�{.

Cc�ég£·bXÚ�·b��¯KJÑ

���ëêüÄ·b���{ [19,20], T���
{Ø={B´1, 
��±ÏLî��nØ©Û¦
)��ëê, k|u®k�ég£·bXÚïÄ¤
J�í2A^. ·�Q|^���ëêüÄ·b�
��{¢y
é Chen XÚ�·b³� [21], �òX
Úl·b����±Ï�½­½u²ï:. Äuþ
ãg�, 3ùp?�Ú|^ Chen XÚérD(�
µe�f�Å&Ò?1uÿ�Ä�g´n´: Äk
Äu���ëêüÄ·b���{, |^�Å��
&Òò Chen XÚ������.G�, ,�ò�
ÿ�Å&Ò����&Ò����6\\uÿX
Ú, ÏLN!uÿëê, ¿*ÿXÚÑÑ�CzB
��äÑ�ÿ&Ò´ÄÑyl
��uÿ8�.

Chen XÚ�êÆ�.�
ẋ = a(y − x),

ẏ = (c − a)x − xz + cy,

ż = xy − bz.

(1)

�â©z [21] ¥����{, ò�ÿ&Ò����
&Ò�6ÄÚ\XÚ, �ÙªÇ� ω, �XÚ (1) �
²þªÇ ω0 ��u ω, �OuÿXÚXe:

ẋ = a(y − x),

ẏ = c[1 + k cos(ωt + ϕ)

+βu(t)](x + y) − ax − xz,

ż = xy − bz,

(2)

Ù¥, ëê a = 35, b = 3, �½ùü�ëê�Ø
C, ëê c ���±N!, k cos(ωt + ϕ) ��Å�
�&Ò, T��&Ò��^´òXÚ�����
�.G�, ��&Ò¥��  ϕ ´�Nëê^
§5�±�Å��&ÒÚ�ÿ&Ò�� �Ó.
u(t) = s(t) + n(t) �uÿXÚ�Ñ\, Ù¥ n(t) �
LD(&Ò, s(t) �I�uÿ��f�Å&Ò, ë
ê β ^uN!XÚÑ\&ÒõÇ. XÚG�Cþ y

�XÚ�ÑÑ&Ò.

2.2 uuuÿÿÿëëëêêêÀÀÀ½½½

-ëê β = 0, =3uÿXÚ (2) vkÑ\�,
|^²þ{éÙ?1?n. ²þ{´��5�Ä
)Û�{¥��«­��Cq)Û�{, ÙÔn�
�´: @���5�ÄXÚ�)äk¯CÚúCü
«�mºÝ, 3¯C±ÏS�òÙÀ��ÌÚÐ�
�ØC�{��Ä, ����mSÙ�ÌÚÐ��
¬�úCz, =XÚ�)´�ä�úCz�{��
Ä [21,22]. Äuù«�{, ¿ë�©z [20, 23] ¥�
?n�{, �ò��XÚ (2) ¥�XÚCþ©)�
UXÚ²þªÇ ω0 Cz�úCþÚU	\��&
ÒªÇ ω Cz�¯Cþ, úCþ£ãXÚ�Ïüz
�ª³, ¯CþKL«XÚCþ�ÛÜ��/�,
Ïd��¦úCXÚ�Û­½=�����8I.
yòXÚCþ©)�

x = xs + xq,

y = ys + yq,

z = zs + zq,

(3)

ª¥�eI s Ú q ©O�LúCÚ¯C. �
�
�úCþüz�§, ë�©z [20, 23] ¥�ïÄ¤
J, ·��Xe�½: �úCþ��Ì��u¯
Cþ��Ì, ¿�3�Å��&Ò�����±
Ï T = 2π/ω S¯Cþ�²þ��" [23]. �
B
u©Û, ·�^�f 〈•〉 �L�Å��&Ò���

��±ÏS�È©²þ, = 1/T

∫ t+T

t

(•)dt, òX

ÚG�Cþ©)�§ (3) �\uÿXÚ�§ (2), ,
�éXÚCþ?1È©, 3È©�L§¥r±Ï T

S�úCþ��~þ?1?n [23], ²Lþãö�
���úCXÚ�§Xe:

ẋs = a(ys − xs),

ẏs = c(xs + ys) + 〈ckxq cos(ωt)〉

+〈ckyq cos(ωt)〉 − axs − xszs,

żs = xsys − bzs.

(4)

�§¥rÈ©Ø�u"�p��þ?1
�ï, ò
uÿXÚ�§ (2) ÚÈ©���§ (4) ?1'�, B
�±��±e/ª�¯Cþ�§: ẋq = a(yq − xq),

ẏq = cyq + ckxs cos(ωt) + ckys cos(ωt),
(5)

d (5) ª��

ẍq = a[ckxs cos(ωt) + ckys cos(ωt)], (6)
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þª¥�K
��uúCþ xs Ú ys �¯Cþ xq,
yq. é (6) ª?1È©?n�� xq �L�ª

xq = − [ackys cos(ωt) + ackxs cos(ωt)]
ω2

, (7)

é (5) ª¥� ẏq �?1È©��

yq =
[ωck sin(ωt) − c2k cos(ωt)](ys + xs)

ω2 + c2
. (8)

ò (7) Ú (8) �\ (4) ªÈ©��úCXÚ�§�
ẋs = a(ys − xs),

ẏs = cm(xs + ys) − axs − xszs,

żs = xsys − bzs,

(9)

�§¥�ëê

cm = [c − (ac2k2)/(2ω2) − (c3k2)/(2ω2 + 2c2)].

òXÚ�§ (9) �XÚ�§ (1) ?1'���,
�ëê cm = c �ü�XÚPk�Ó�ÄåÆ5
�. d©z [15] é Chen XÚ©
A5�©Û�
�, �ëê c < a/2 �XÚ (1) ­½u�:. 
X
Ú (9) �XÚ (1) qäk�Ó�ÄåÆ5�, ÏdÏ
Lª cm < a/2 �±O�Ñ k 3Xe��SXÚ (9)
ò­½u�::

k > km =

√
c − a/2

(ac2)/(2ω2) + c3/(2ω2 + 2c2)
. (10)

©z [21] �ïÄL²���ëêÑ�u¢S
��ëê��, XÚò­½u��Ì±Ï;�. ?
�ÚïÄuy�XÚ­½u��Ì±Ï;��, ò
ÉrD(Z6��f�Å&Ò����&Ò�6
Ä\\XÚ¥XÚò­½u�:, 
rD(üÕ
�^�ØUòXÚ����:. Ïd, ���ë
ê k = km, ÏLXÚ�ýé��ëê�?1?�,
�?���ëêòXÚ����.±Ï�, ��ÿ
&ÒÑy�uÿXÚ�ÑÑ&Ò y òÂñu", ±
d�ä�ÿ&Ò´Ä�3. ��ÿ&Ò�ªÇ ω (
½�, e�uÿÙ¦ªÇ ω1 6= ω �&Ò, K�Ié
XÚ (2) ?1�mºÝC� t = ω1t1/ω =� [1].

3 ê�¢�

3 u ÿ X Ú (2) ¥ � ë ê c = 22, ¦ � X
Ú ² þ ª Ç ω0 ≈ 6 rad/s, n Ü � Ä ë ê � ¦
�� ω = 60 rad/s. ÏL (10) ª�O�ÚXÚ
� ý ? � � � k = 1.17 � X Ú ? u � . ± Ï

�, - k = 1.17, ϕ = 0, β = 1, �XÚÑ\&
Ò u(t) = 0 �, XÚÑÑ&Ò y ��.±Ï�, X
ã 1 ¤«.

�Ñ\&Ò�õÇ P = 0.2 W �xD(�,
XÚÑÑ&Ò�Ä�Å/E��Å&Ò, �Ï�
É�D(�Z6Ù�ä¬�ÅåÏ, Xã 2 ¤«.
- s(t) = µ cos(ωt), µ d 0 ÅìO�, � µ = 0.01 V
�, ÑÑ&ÒòÂñ� 0, Xã 3 ¤«. Ïd, ÏL*
	ÑÑ&Ò y ��ã=��½�uÿ��f�Å
&Ò´Ä�3.
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d±þ�ý(J�±O�ÑXÚ��$&D
'ó����

SNR = 10 log
0.5 × 0.012

0.2
= −36 dB.

8c, 3���f±Ï&Òuÿ+�, |^·
bnØ�	�Ù¦uÿ�{U����$&D'
ó���� −10 dB[2], L²TuÿXÚéu�f�
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1.2
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Å&Ò�~¯a. �8cÙ¦Äu·b�f��f
&ÒuÿXÚ�' [1−4], TXÚ3�µD(õÇ�

���¹eEUé�Å&Ò?1k�uÿ, `²X
ÚéD(äk�r��¼5, �ÏLnØ©Û��
ÑuÿëêK��O(��.

4 ( Ø

�©|^���ëêüÄ·b���n, �O

Äu Chen XÚ�rD(�µe�f�Å&Òu
ÿ�.. |^²þ{ÚXÚÄåÆ5�(½
uÿ
ëê�.�, ¿ÏLXÚ�ýéuÿëê�.�?
1
?¾. �ý¢�(JL², �?¾��ëê�,
�XÚÑ\¥¹k�ÿ�f�Å&Ò�, XÚÑÑ
òd±Ï&ÒâC�", ��±��4$�&D'
ó�e�. �Óauÿ�.�', T�.éD(ä
k�r��¼5, k|u3�'+�A^.
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Abstract

The detection of weak harmonic signals has important practical value. In this paper, the detection of weak harmonic signals in

strong noise is realized with the controlled Chen’s system. Dynamics can be divided into slowly varying dynamics and fast varying

dynamics, so a slowly varying dynamics is obtained by an averaging method. The critical values of detection parameters are determined,

which lead to a sudden change of system dynamical behavior from periodic orbit to stable equilibrium point. Weak harmonic signals

can be detected by adjusting the detection parameters and observing the change of system variables. Simulation results show that

weak harmonic signals in strong noise can be detected accurately with this system. Compared with existing detection methods with

chaotic oscillator, this method is of stronger immunity to noise, and the accurate range of parameter threshold can be obtained through

theoretical analysis, which enables its popularization and application in relevant fields.

Keywords: Chen’s system, weak harmonic signal, signal detection, averaging method
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