336 B 5 3] T o Vol. 36 No. 5
2007 £ 5 H ACTA PHOTONICA SINICA May 2007

PO Lorenz R4S 3D IRV R4
2 [R) B YR Vil ] 20

Eo
CLTIIE R F YIS PR AR 2B, KiE 116029)

B EBEARATALMRBALRZAZNNGRE FEF M. RAFXRERBIES 5 EEAT 3D R
F A AR K Lorenz RiE A AR GRER . ARIE R AWNAB T HEL T3 T ELRM AT
FBOEMA R EFEEOTATE . GAENNEREAN . EREAAANL ZRAE T LFR
B AAGKRAET TR R EIMTE T 4 — K, T iR 2 R 2T 001 F 7] 0L B 44T

WA TR AL RIER T XA F IR B .
EHEE L AF &AM R AR 3D R E A 4 Lorenz RiE A S R E

FESES.0415.5 XEkFRIRAS . A

0 355

VR A2 ) B AR R T 1R RO O P L X AT AR AT
i 93 2% AH SR B TE #S 22 LLFR BUR AR B0y 3 5 2 AR 9 8
ARHIK . 1990 4F Pecora Ml Carroll 32 H T —F iR
IR 28 T L T A Bk AT ) R AN e TR 2
N L 20 ARk VR vl [R) 20 70 9F 2 MR 5 G
7 OR RER EE (1) MA L A DR B TR A IR Y A R R
RPN S 7| PR R [ P A P = e P e =g ]
RUVR IR 2 —100 38 A L IR R vl () 25 4 i) g 3
A YR By B kU AR R A VAT AR R vE
S T R G5 AR [R) 28 5 T S, AATT 32 2 R
o T P 7 vl i s N ST R A R T DS 2 2
M0, A 8 1 ] 225 H) [] 20 A £ %% 8 45 b 1) OR 55 10 A T
T PR e 738 ANE AR, 52 m IR S S I e R A
T RBEBAE I — N AL AR B EE R
15 5 N F AU, 32 H 1] 50 25 AT 19 J7 ¥ S B 5 45 A0 TR
A 20 A A B ) A L 3D MR AR G0 AN BRI
Jt Lorenz W R 482 I S & IR VE R 4. AT A
HAF ARG Ve eh £ . A SR H AR 2V S it 45 ) 77
ESEILT 3D IR VE RS M Lorenz W VE R 48 2 (W] [117R
MEE L E R RE MR E ML 153 T ARG
S T A PR 45 K8 R S i 45 o 1 2 1 AR Y L5 AR S
TR RS W) Lyapunov 8 U #4 i Lyapunov B8
BOIEAT T BRI 5 B S5, 0 X B R A5t ) 2 4 ) g i
AT T O BB, L2 BUUE B T 3K Bl O v AT Ak .

1 =HlzE eIt
3D TRV RGN AR I Lorenz 1RV & 8L 45 2

Tel:0411- 82156460 Email;lglhc@163. com
1A% B 1 .2006- 09— 13

XEHRE.1004-4213(2007)05-0808-4

= A RO
dey
I
dr, _
de 5
dl‘g

d[ :a113+a21‘2 +a31'] +a41‘% +

2
A5 X1 X3 +a6:f1 X3

dyy _

TR P AR CY

dy,

(j}t_:yl (R—y1) — (2)

dys

dz — V12 Y3
Itl:':'a]:_laagz_lya;g:_l. 38,(1,1:19a520.29

as=—0. 01a6:107[):§,R:30 I, W RS TR

3
ALK 1.

VLR GE (1) M(2) B AE 2 M ok BB UA [, AR
KR AR 5 S BUAN [R] L DA e e AT & 5 A S 45 1) TR
R . WAL ) WM AEL A% w1 R G ER R
3D YRR G (1) B IR s, A T I8 21 Py AN TR T R
G EL. FLEREREAEH T RS )RR
G(2&N
%Z—a(yl—yz)+ul(t)

%Zyl(R—yl)—yz+ug(l) (3)

dv-
i=y|yz —by; +u; (1)

jez:yz_fz €Y



5 44 A, BBTOG Lorenz R4 3D YR 5 482 ) 19 IR v 7] 809
20 s Xt T (7) 8 AR
151 —1—4, 0 0
10t A= 0 —1—k, 0 ¥
51 0 0 —1—F,

s 20 -5 10 50 s

X

(a)System(1)

B2l
(b)System(2)

@1 (ﬂ)/?ﬁéﬁ(l)ﬁ/‘](l1’T2>7I=E@;(b)/?ﬁéﬁ(z)ﬁ/‘](y17yz)
A
Fig.1 (a)The phase map of system (1) in the (x;,23)
phase space, (b) The phase map of system (2)
in the (y,,y,) phase space
Hy 30 A (3 73 3 9 22 7 F
de
T;ZEz—a(yl—yz)—yz+u1(L)

d[ 3 - —yz—strug(t) (5)

%:ylyg —by; +axy+ 2, +1. 382, —at —

0.2x,x;4+0. 012t xy +uy (1)

X2 RGN (5) Beh ARG vE I 25 b

w()=—e,—e, Toly,—y,) Ty, — ke

u, ()=—e,—e;—y (R—y)t+y, +ys—kye,

us ()=—es—(y1 v, —by; T a; +x,+1.38x, —
22 —0. 22,25 0. 01xixs) —kses

(6)
N &y ko ks N RBEEHIE L BEI IR 2 R G AT
A

d

5:—(1+/€1)el

%:—uﬂez)ez N
t

d

5:41%3)@

3 (8) HRFAE 7 B2 B = ANRFAEAE 25 0 A

M=—k —1. ="k —1,1,=—Fk;—1 9
M Hurwitz f8e B0, 2 OB 60 &5 k) .
ky ks MUK T —1 W FEBE A FOARTEAE A R A
MRS . M3 Lyapunov F8 8 E X, W LT &
HU I 3D YR VE & 481 Lyapunov $8 48 — 0. 426,
TR RGE(2)WMELT 3D WM AL (1) MRS,
D NTRE | TR AL I AT P57 o I I

[lir(ge;(t):O (10)

XA g5 Bl o 4 3E Lyapunov B8R AL 15 DS
iE .

4 Lyapunov B %

V()= +a+ed) D

Ko =y —x1.e, =y, — 15,0, =y, — 2, NS HEIRZE.
A AD KA
V=e e, te,e, tese,=e Le;—o(y,—y,)—y, T

w (O ]+ee;Fy (R—y)—y,— vy, Fu, () ]+
es yiy, — by, T a3+, +1.38x, — i —
0.2x,x;+0. 012t xy +uy (1) ] (12)

AR TV R AR e R 2% X o) A (12) AT

DECEL

V=—+k)eé —(1+k)e—(1+Hk)E<0  (13)
Ll o v 8 R 489 Lyapunov 48 20 A1 4 it

Lyapunov B8 AT T 3 — D 1 LB E, B4R, i

IV 3 8 M H bR 28 G0 oE ik 3 58 42 R 2

2 RB{ME

X 3D & G LB Lorenz R G ¥R Vil [F) 5
HEAT O BB R R (DRI MR Z B AR,
RIS by =1,k =2, by =2, i A W78
3D VRV RA A Lorenz BV R4 2 [A]1X 3] T VR VL[
LR RN RGREWE 2. R ERGEREWE 3.

H 2 18 3 ATLLE R AR M 28 o M AE
I F,Lorenz A& M =AZEBIB TR E T
3D IR R G AR KT R B AN AR S R L . [
I AE O B R b s R, SO I A R, (=1, 2,
3) R ECAFL ¥ B AR KL S i e it 4 o Y Ay EXCAT
B, 3L A2 1 T (R BRI 4 1R R G R D R
KAk e e .



810 T ¥ R 36 &
5 20 " T 60
0 /\ o i 10 40
=10 Wfﬂ [ S '\J\“ ~ 34 28
-15 -10 -20
20,34 5 67 8 910 N33 6 7 8 9 10 A0,y ‘ 10
1(x10%) #(x10%) t/(XIO‘s)
5 20 60
OW\ 10 40
< g MO bbby} < MJ%
-15 -10 -20
20,734 5 6 7 0 5 a5 6 78 910 a3 a5 o6 7 10
H(x10%) H(x10%) H(x10%)
(a)State (x,.),) (b)State (x,,y,) (c)State (x;.5)

B2 ARk A NE 8L

Fig. 2 Change of different state according to time

T3 s 6 7 8 9 10

H#(x10%)
1 T r r T T T T

-1 | I | | | . I
2 3 4 5 6 7 8 9 10

1(x10%)
1 T - r T T T T

-1 L L L L L I L
1#(x10%)

B3 REEEZMEETW
Fig. 3 Tracking errors according to time
3 4

A AR Ze bk S Bzl 5 vE S BL T 3D VBT R 4
A Lorenz {RIE ARG 2 (8] VR TE R 2P . R4 R S8
R PEBEAE A9 2 T AR £k 1k S 451 47 1 45 1) 45 44 A
U AR A O L R B T R AW
Lyapunov 77 i 1 ¥ it HAEAT TR
WIE . 7 SRR W], H AR 3R G0N I N R G035 21 5¢
A [F) 2D, 2R GUIR 2 A R B IR ) 0 35 A0 B0 e 4 —
B, 9F Howe 2278 5 g 8 1K) i [) Jy 31 BL S 4 258
Tt 1% . AR SCBTE A AR 2 R BBt 4 i 4 45 A )
B S A TR0 S AT R LK, S B A B TS B
£ % 3k

[1] TSIMRING L S, RULKOV N F,

Lyapunov B

LARSEN M L, et al.
Repulsive synchronization in an array of phase oscillators[]J].
Phys Rev Letr ,2005,95(1) :14101-14104.

[2] TRIMPER S, ZABROCKI K. Delay-controlled reactions[]].
Phys Lett (A),2004,321(4) :205-215.

[3] LU Ling. DU Zeng, LUAN Ling. Control of period-doubling
bifurcation and chaos in acousto-optical bistable system by

feedback of states[ J]. Acta Photonica Sinica ,2004,33(11);

[4]

(6]

[7]

(8]

9]

(10]

[11]

[12]

1401-1404.

E SRR 2 Fe IR A I 15 4 ) 7O WURR 2R 4R A O 7
ARVELT]. 67241 ,2004,33(11) : 1401-1404.
ALVAREZ-RAMIREZ J,ESPINOSA-PAREDES G.,PUEBLA
H. Chaos control using small-amplitude damping signals[]].
Phys Lett (A),2003,316(3-4) :196-205.

LU Ling, LUAN Ling.DU Zeng. A valid method of controlling
chaos in singleemode laser Haken-Lorenz system [ ]J]. Acta
Photonica Sinica ,2004,33(4) :416-419.

LIRS KRG, R AL Haken-Lorenz & 48RVl 11 —
T 20700 ]. 06 7241, 2004,33(4) 1 416-419.
GUAN Xin-ping, FAN Zheng-ping, ZHANG Qun-liang, et al.
The study on chaotic anti-control of a continuous-time state
stable linear system[ J]. Acta Phys Sin,2002,51(10):2216-
2220.
FOBT IR SRS A5 T A I A AR e M R G R Tk I
FERIBEFILT]. WL 244, 2002,51(10) : 2216-2220.
LU Ling. LI Yi,QIU Dong-chao.et al. The study on successive
dislocation feedback method of chaos system [ J]. Acta
Photonica Sinica ,2005,34(9):1307-1310.

B 25 S, BB AR L S R L AR B0 I e R 7 R U 4 ) 7 12 A
FLJT. T4, 2005,34(9) : 1307-1310.

LU Ling, ZHAO Hong-yan, ZOU Cheng-ye. An oscillation
analytic solution for single-mode laser Haken-Lorenz system
[J]. Acta Photonica Sinica »2006,35(8):1179-1182.

BRI HE L 4 k. RSOt Haken-Lorenz 2 45 1 4% ¥ fif
ML), St 7 %4 . 2006,35(8) :1179-1182.

YANG L F, DOLNIK M, ZHABOTINSKY A M, et al.
Oscillatory cluster in a model of the photosensitive belousov-
zhabotinsky reaction system with global feedback[]]. Phys
Rev(E), 2000,62(5) :6414-6420.

KONISHI K, KOKAME H, HIRATA K. Delayed-feedback

control of spatial bifurcations and chaos in open-flow models

[J]. Phys Rev(E) ,2000,62(1) ;384-388.

CHENG Li,ZHANG Ru-yuan,PENG Jian-hua. A method for
single driving
variable[]7. Acta Phys Sin ,2003,52(3) :536-541.

FENT SR TG, . H o B3 AR i [R5 R vl R R T Y
— PR ] AR, 2003,52(3) :536-541.

synchronization chaos and hyperchaos by

LI Shi-hua, CAI Hai-xing. Research on circuitry realization

and synchronization of Chen chaotic systems[J]. Acta Phys



5 3 B BBTBOL Lorenz R4S 3D IRBVE R G Z M KR VLR 811
Sin,2004,53(6):1687-1693. 1998,102(50) :10265-10273.
ettt A 523G . Chen PRVl HA 8 52 B 5 () 25 448 1) 52 56 AFF 5 [15] LU J H,CHEN G R, CHENG D Z, et al. Bridge the gap
[J]. WH 23K ,2004,53(6) :1687-1693. between the Lorenz system and the Chen system[]]. In J

[13] KOCAREV L,PARLITZ U,BROWN R. Robust synchronization Bifur Chaos.2002,12(12) :2917-2926.
of chaotic systems[]J]. Phys Rev (E), 2000, 61 (4);3716 - [16] LU Ling. Nonlinear dynamics and chaos[ M]. Dalian: Dalian
3720. Press,2000:130-133.

[14] LETELLIER C, MAQUET J, LABRO H., et al. Analyzing B4, ARt 3h b2 SR [ M. K, KE R AL, 2000,
chaotic behavior in a belousov- zhabotinsky reaction by using 130-133.

a global vecter field reconstruction[J]. J Phys Chem (A),

Chaos Synchronization between Single-Mode Laser Lorenz
System and 3D Chaotic System

LI Gang
(College of Physics and Electronic Technology ,Liaoning Normal University ,Dalian 116029 ,China)
Received date:2006- 09-13

Abstract: The synchronization controller was designed to synchronize chaotic systems with diverse
structures. Chaos synchronization between the 3D and single-mode laser Lorenz systems was realized via
nonlinear feedback control. The feedback controller was designed based on stability theory,and the area of
feedback gain was taken. The artificial simulation results show that global synchronization between the 3D
and single-mode laser Lorenz system is realized,and the orbit of the response system is exactly the same as
that of the target system. The error signals approach zero smoothly and quickly. The artificial simulation
results show that this control method is commendably effective and feasible.
Key words: Nonlinear feedback; 3D chaotic system;Lorenz chaotic system;Chaos synchronization
LI Gang was born in 1959. He received the M. S. degree in theoretical physics from Yanbian
University,in 1985. Now he is an associate professor at department of physics, Liaoning

Normal University. His research interest includes nonlinear physics.



