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1 Ú ó

du·b&Òg�¤äkØ�ýÿ!Ð�p
Ý¯a�A5, ¦�·b3��Ï&¥äk2,�
A^cµ, §®¤�8c&E�Æ.'5ÚïÄ�
9:�� [1−3]. Cc5, ��N-1ìdu��{
'!¤�$í!NÈ�Ú´uN��`: [4], §Ï
d���Z1
2�A^u1DÑÚ1&E?n
�+�. ��N-1ì31�", 15\, 1>�"
eN´¼�1·bÑÑ. 15\Ú�"¦��ö�
I�c[éOØÓ�1Æ��, �:���£ �
��±6Ï¦��1�. 
�éuÄåÆ� �ë
�, ¦XÚéu)�Ø�;�� ÅÄÚ¤£C�
¯a. 
Äu1>�"�-1XÚBu>&ÒN
� [5], �"&Ò=�^u16f�Ý
Ø�^u1
|, ÏdXÚé1� CzØ¯aÏ
�´u¢�
¢y.

·b��Ï&�ïÄ3ISþ®²{
�õ
c, 3·b���!ÓÚ�{��¡®��Nõ¤
J. �´·b��Ï&��vk¼�2�A^, Ì
�k±eü��Ï: É>fì��°��, ·b>
´éJ�)p�Ç�·bS� [6], ��
Ï&L§
¥�\)��Ý; -1·b�ÓÚ°Ý�¦p!¢

yJÝ�. ùü�¯K����X·b��Ï&�
A^. g Pecora Ú Carroll[7] *	�ü�·bXÚ
�ÓÚy�, C½
·bÓÚïÄ�nØÄ:±5,

·bÓÚ¤
¯õÆö�9�ïÄ+�. �
¦&
E3�ÂàE�, 7L¦u���Âà��ÓÚ,

ÓÚ5�Ð�û½X&EE���þ. |^·bX
Ú�ÓÚ��±k��é·bXÚ�ëê?1�
O [8].

�©ïÄ1>�"��N-1ì���5Ä
åÆA5, ?Ø
�"rÝCz�, -1ì�)�
�«��5ÄåÆy�, ¿ÄM5�?Ø
óÀ�
^eÓÚy�.

PD2

PD1LD P

m sin↼ft↽

P'

M

ã 1 1>�"�.

2 1>�"XÚ�.

2.1 111>>>���"""XXXÚÚÚ���...

1>�"XÚ�.Xã 1 J�µ�	�¤«,
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Ù¥ LD ���N-1ì, PD1 Ú PD2 �1>&ÿ
ì, sin (ft) �N�&Ò, m �N��ê, M �©å
º, J��Þ¤�L��1´��, ¢��Þ¤�
L��>´��. 1>�"��n´: 1>&ÿì
r-1ìÑÑ�1&Ò=z�>&Ò, >&Ò²L
ò�����, �"£-1ì�°Ä>6, ¢S�
5\>6Ò´�">6Ú-1ì� �>6�Ú.

2.2 nnnØØØ©©©ÛÛÛ

��N-1�ÄåÆ�.�±d±e�§5
£ã [4,9,10]:

dN1

dt
=

I1

qV
− N1

τ e
− G(N1, S1)S1, (1a)

dS1

dt
= ΓG(N1, S1)S1 −

S1

τp
+ Γβ

N1

τ e
, (1b)

I1 = I ×
[
1 + m sin(fmt) + ξ

S1(t − τ) − S0

S0

]
,

(1c)

Ù¥ N �16f�Ý; S �1fê�Ý; I �N

�>6; τ e �16fÆ·, τp �1fÆ·, β �
guË�Ïf, Γ ���Ïf. fm �N�>6�
ªÇ, m �N�rÝ. G �OÃXê G(N1, S1) =

g(N1 − N0)/(1 + εS1), g ��©OÃXê, N0 �Ð
©16f�Ý, ε ���5OÃXê.

duò��"����Ñy, �5�-1n�
ÄåÆXÚ, y�UC¤�Ã��-1ÄåÆXÚ,

-1�ÄåÆ1�7,��X��ëê�Cz

u)UCÚN�, Ù�"�1>6rÝÚò��m
òK�XÚ�ÄåÆG�.

2.3 ������999êêê���(((JJJ©©©ÛÛÛ

�ò�� 3 × 10−12 s, ��Xê� 0.02 �, ·
�æ^ Matlab ^��ý¤����(JXã 2 ¤
«. ã¥�ü ²L8�z?n�, ±eaÓ. l
ã 2 �±w�, ·b®���� 3 ±Ï�. �ò�
� 3 × 10−12 s, ��Xê� 0.002, ��(JXã 3

¤«. lã 3 �±w�, XÚ?\�±ÏG�, w,
��XêU
²wK�-1ÄåÆA5.
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L 1 -1ìëê��

ëþ ê�

16fÆ· τp/s 6 × 10−12

1fÆ· τ e/s 3 × 10−9

 �>6 I/A 2.55 × 10−2

N�>6ªÇ fm/Hz 8 × 108

guË�Ïf β 5 × 10−5

��5OÃXê ε/cm3 2.31 × 10−19

ß²16fßÝ N0/cm−3 1.5 × 1018

��Ïf Γ 0.99855

�©OÃXê g/cm−3 2.5 × 10−7

k
�NÈ V/cm3 1.4705 × 10−10

gd$=1fê8 S0/m−3 2 × 1016

3 ÄuóÀÓÚ�1>�"·bXÚ

3.1 XXXÚÚÚ���...

ÓÚ�ª���©�·bëYÓÚÚ·bó
ÀÓÚ, ·bóÀÓÚ�ªé&�Ó^�, |ôÂ
Uår. 8cé-11>�"�·bÓÚ�ïÄ8
¥3ëYÓÚ, 
�==´ÏL¢���ªéÓÚ
�°�5!S�5?1ïÄ. é-1·bóÀÓÚ
�ïÄ����.

PD2LD2

SUB

PD1LD1

P

P

+

+

+

-

m sin↼ft↽

m sin↼ft↽

ã 4 1>�"óÀÓÚµã

ã¥� LD L«-1ì, P L«æ�óÀ, PD

L«1>&ÿì, SUB L«~{ì. du���´
>&Ò��\, ¤±æ�óÀ�±´1&Ò���
±´>&Ò� (Xã 1 J�µ¤«), ã 4 ¥u�ì
�±dã 1 �5, ã 1 ¥� P′ ´é1&Ò�æ�,

P ´é>&Ò�æ�, P′ � P �Ù¥��=�, Ø
Øæ^=�«/ª, Ù�J´�Ó�, ±e¤`�

æ�óÀ��aq. ã 4 L«óÀÓÚ�V�ÍÜ
/ª.

3.2 êêê���©©©ÛÛÛ

ÓÚÍÜ�¬�êÆ�.

∆X̃j

∣∣
t=tk

= − B ·
(
Xj(nk) − X̃j(tk)

)
,

k = 1, 2, · · · (1)

ª¥ j = 1, 2 ©OéAuÏ&V��ÓÚÍÜ
�¬; B ´�� n �é�Ý
; tk ´Ï&V�
� Ó Ú Í Ü � ¬ Ñ Ñ Ó Ú ó À & Ò � � �, ¿
� tk = k · ∆1; Xj(tk) ´Ï&V��g�·b
XÚ3 t = tk ���G��; Xj(nk) L«1 nk g
óÀ�^�¦^�&Ò. ÂuV�I��â·bX
Ú�m�±­½ÓÚ�OK, �E^uN� X(nk)

� Xj(tk) �mØ�ÌÝ�Ý
 B, (½ÓÚÍÜ
�¬ÑÑÓÚóÀ&Ò��� tk, é�g�/·b
XÚ?1ÓÚ��, ¦�©l�·bXÚ�m3Ã
IDÑÓÚóÀ&Ò�cJeÒU¢y­½�·
bÓÚ; 31>�"XÚ¥, �UC�Cþ�k5
\>6 I , 3d�¹e B ��ê�.

du3DÚ�·bÓÚ�ªe, �[·bXÚ
´É�SÜD(!&�D(�	.�¸Ï��K
�, J±¢y­½ÓÚ. Ïd·�|^�/óÀ&
Òé·bXÚ¢�ÓÚ��.

·�æ^V�ÍÜ��{?1óÀÓÚÓÚ
��, u´�§9Ù5\>6ÒC¤
Xe¤«:

dN1

dt
=

I1

qV
− N1

τ e
− G(N1, S1)S1, (3a)

dS1

dt
=ΓG(N1, S1)S1 −

S1

τp
+ Γβ

N1

τ e
, (3b)

dN2

dt
=

I2

qV
− N2

τ e
− G(N2, S2)S2, (3c)

dS2

dt
=ΓG(N2, S2)S2 −

S2

τp
+ Γβ

N2

τ e
, (3d)

I1 =I ×
[
1 + m sin(fmt) + ξ1

S1(t − τ1) − S01

S01

+ k
(
S2

(
t−i

)
− S1

(
t−i

)) t∑
i=0

δ(t − ti)
]
, (3e)

I2 =I ×
[
1 + m sin(fmt) + ξ2

S2(t − τ2) − S02

S02

+ k
(
S1

(
t−i

)
− S2

(
t−i

)) t∑
i=0

δ(t − ti)
]
, (3f)
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G(N1,2, S1,2) = g(N1,2 − N0)/(1 + εS1,2), (3g)

Ù¥ªf����L«óÀÓÚ���. ·�é
c¡�óÀ��Xê k �� 10−17—10−19, óÀ&
Ò�m� 10−14 s, ©Oéc¡�^���XêÚ
ò�?1ÿÁ: �ò�� 3 × 10−12 s ��Xêþ

� 0.002 �, ��(JXã 5 ¤«.

�ò�� 3 × 10−12 s ��Xê� 0.02, ��(
JXã 6 ¤«.

·�æ^ü�ÍÜ��{?1óÀÓÚÓÚ
�� (ã 7), u´5\>6�ÒC¤
Xe¤«:
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m sin↼ft↽

m sin↼ft↽
SUB

PD2LD2

P

+

+

P

LD1 PD1

ã 7 ü�ÍÜóÀÓÚ
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I1 =I ×
[
1 + m sin(fmt) + ξ1

S1(t − τ1) − S01

S01

]
,

(3e′)

I2 =I ×
[
1 + m sin(fmt) + ξ2

S2(t − τ2) − S02

S02

+ k
(
S1

(
t−i

)
− S2

(
t−i

)) t∑
i=0

δ(t − ti)
]
. (3f′)

·�éc¡�óÀ��Xê k Ó�� 10−17—

10−19, óÀ&Ò�m� 10−14 s, ¢�¤�(JX
ã 8 ¤«, ¢�L²ü�ÍÜ��{?1óÀÓÚ
ÓÚ���U¦XÚ��éÐ�ÓÚ�J.

XJ·�éõ�·bXÚ?1ÓÚ, XÚ(�
Xã¤«, Ù¥u�ì´dã 1 �{z
5�, ã 9

�
{B·��xÑ
ü��Âì.

PD3LD3

SUB

PD2LD2

P

P

+

+

+

+

P

SUB

LD1 PD1

m sin↼ft↽

m sin↼ft↽

m sin↼ft↽

ã 9 õ�·bXÚ�óÀÓÚ

I1 =I ×
[
1 + m sin(fmt) + ξ1

S1(t − τ1) − S01

S01

]
,

(4a)

I2 =I ×
[
1 + m sin(fmt) + ξ2

S2(t − τ2) − S02

S02

+ k
(
S1

(
t−i

)
− S2

(
t−i

)) t∑
i=0

δ(t − ti)
]
, (4b)

I3 =I ×
[
1 + m sin(fmt) + ξ3

S3(t − τ3) − S03

S03
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+ k
(
S1

(
t−i

)
− S3

(
t−i

)) t∑
i=0

δ(t − ti)
]
. (4c)

· � ­ E ? 1 c ¡ � ¢ �, Ù ¥ k � � ±

3 10−17—10−19, óÀ&Ò�m�Ø�u 10−14 s,

S0 �êþ?3 1016 þ, �"Xêþ3 0.002 �
m, ò´�mþ3A� ps �m, ¤�(JXã 10

¤«.
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ã 10 (a) ´Ì�l 1 �ÓÚ�Jã; (b) Ì�l 2 �ÓÚ�Jã; (c) ´Ìu�ì�áÚfã

4 ( Ø

du-1·b�)�ª�1>�", ¿�óÀ
ÓÚ�´ò1&Ò=z�>&Ò�?1ÓÚ, ;�

|^1&Ò?1ÓÚ�´Ñy�é4z!	Ü
6Ä9Ù¯a���ÓÚ�þeü�¯K.

,	, �©mM5�¦^óÀÓÚ�ª, =k
é·b&Ò?1æ�, ,�^æ���&Ò5��
ÓÚ. ù�, 3&�¥DÑ�·b&Òþ���u

��·bÓÚ�{¥¤DÑ�·b&Òþ, =¦�
��, ÏL¼��óÀ&Ò¡EÑ·bXÚ�JÝ
���Jp, ¤±Jp
��Ï&�S�5. ��
Yéu-1·b���ïÄ9ÙA^±9Jp�
1·b�§Ï&�DÑåläk­��¿Â.

a�g1 �Ç, ��â�ÇÚôÜ��Çé·��

�Ú�Ï.
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Chaotic impulse synchronization of opto-electronic
feedback∗
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Abstract

In this paper, a chaotic impulse synchronization is proposed by using opti-electronic feedback. The laser chaos dynamical equa-

tions are numerically calculated, and the different chaotic states are obserred by modulating the coefficient of feedback or impulse which

realizes the control of chaotic dynamics. Then, the impulse synchronization equations are numerically calculated, and the simulation

image of synchronization is plotted. Experiments show the scheme can achieve the chaotic synchronization.
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