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Ui W IR R S8 (34) A2 TR VG, JLARBI I8 ih 26 n
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i, AT AR B R 48 (34) 1925 4F Lyapunov #8047
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ARG (33) v LA B FR e 1 FD.
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M. ATLUE Y, R ZE SR ST o, HSud &
IR, P R IR S A LR I A B [H) 251X

Y HTE A G AMEE 2w 5 FB B S weq, 7T
CASEIUAS [R5 45 40 R GE 0 2R TR0

SR RS

40

30

20

10

—-30 —-20 —10 0 10 20 30
Yy

B3 gi— iR R4S (33) AR Hh 2

HARL
12

10

B4 HAR5 28) MAHBLE Lk

R gk
20

€1
=}

—20
0

20

€2
o
—

—20
0

10

—10
0

€y
o

t

E5 %% (34 555 (33) MirzEMLk

130502-9



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 13 (2013) 130502

RERD L
50
8 0 WWW\/\NW
—50
0 5 10 15
50
20 I ANANAAN AN NN
—50
0 5 10 15
50
° MI\/\I\/V\}\MM\AMV\N\M\MN\N
0
0 5 10 15
20
3 0 WW\/\J\/\/\W
—20
0 5 10 15

t

K6 ZR4 (34) 5R% (33) KIREFD Hhk

434 BRIEHE0EHE

TE [P 48 uea(38) NIMER T, 4 H =26.1
I, W B; R 48 (34) BT ARG 3R R 4t (33) (1 m] A8
2 a MVEHN a € ([0.08,1.95]U[1.98,2.62]); 4
H =327 I}, W[ 728 540 a WG A N

a € ([0.08,0.78]U[0.8,1.81]U[1.83,1.85]
U[2.07,2.1]U[2.16,2.23]).

KW TIRE R G S N R G 4R RN R]L S
ANTE], WP G122 AR K, BRI — L % ) 2 5L
TR RS wea RAECRIELE 7T A8 R E 420
ARA TG A A2 R 10, T R BEDRUEAE — 7€ JE I A
EbRk. LI T 2 R R S S HU L
A L A2V R K. SR A4 ) 28 S 0
W HCRAT RE L, BRI, xRN w] A2 R 4, ST A
B 38 104 1) 2 B Al P 4R AN TR 1) 57 4540 R
BB AR FD.
43.5 LZAAMES u, B4R
ST IS AMEE 3 us FEACBRIRZE R G
(I AE LR AR TR, JF AR f] AR HL S8 i 2, T R
X PR S G5 A R G AR Z M A5 b 22 S AT A M2

MEEFAME RS g RIS T ikl DUE Y, IR
UERANIR] (0 5 540 R G AR R AR IUAR R], A84 eh 46
FE M2 i 5 (7 20 J2 1] 25 A 0 PR 92 1 98 20 T DL 46
PR, XA T1E [ 2D i P R S .

5 & %

A SCEF R — S B A AR F R (R
) RGUHEH T — M3k T A% 5 bR OB ™ K IR S
(IR 20 k. %y il R AR B A 48 I [ 2 4%
ey, SRR ZE RGP AR S IR E RS
N, R iR 2GR B NRER G, HiRE
ARG A s B KO B F 7 L SR, AT A5 P
ARG ILFFE MR TR RGN A R A,
SO LG — IR R G — AN FR T RGO, 4
TR R % 0 L AR T I R AR i S AR G B T
AR R BB AR % 1F Lyapunov F8 5. 1% 3% % W,
N TR D A2 i 4% I, Wi SE 28 98 1) BT A %6 Lyapunov
TRECHR A& TUAH, VEIAE R G0 AT A R BN AL TE B Y,
R G IR DLk B A 8 IR R . 3K R
VLTI BT D [R5 125 1) 25 06 1 AT AR AR A ARt A
A G X T AR S RGNS
[ A0 [, SCrh BLGE— iR T R 48 508 R G 4tk
SR AW, 45 T a5 AEES 5 R D i 45 10 R
PRBEHF I RE, I 25 G BUE 07 B Rl T R SRR
SR 22 M 2R 5 F 2D 2k, % 2R B, JE i A
ZEMAMERS SR I HI G, B ST R GRS
IRZEARRUCELT 0, T SEBLA [F 4E 7 45149 R G
SRS NIASCER ) 7 i B R P 3 45,
T HE ARG SIRES BRI TG DA S AR L
T2 B AL 2, RIVAT 45 1 2 sk BTE W A
etk Fb g, B RA 2 &R Kb
W, ASCHTR T vt B B, SRR
I, W R, A BT TR LR R R E R
BB

[1] Lorenz E N 1963 Atmos. J. Sci. 20 130

[2] Pecora L M, Carroll T L 1990 Phys. Rev. Lett. 64 821

[3] Pyragas K 1993 Phys. Lett. A 181 203

[4] WuClJ, Zhang Y B, Yang N N 2011 Chin. Phys. B 20 060505

[5] Kocarev L, Parlitz U 1995 Phys. Rev. Lett. 74 5028

[6] Roy R, Thornburg K S J 1994 Phys. Rev. Lett. 72 2009

[71 Huberman B A, Lumer E 1990 IEEE Trans. CAS 37 547

[8] LiuFC,LiJY,Zang X F 2011 Acta Phys. Sin. 60 030504 (in Chinese)

DA, 2R S, 875 A 2011 PIHE 24K 60 030504]

[9]1 Yang T, Chua L O 1997 IEEE Trans. CAS 44 976

[10] Khalil H K (translated by Zhu Y S) 2005 Nonlinear Systems (3rd
Ed.) (Beijing: Publishing House of Electronics Industry) ppl173-176
(in Chinese) [ HLUR 2 (R SUMERF) 2005 RNk R 48 CGR =) (It
AR ) 25 173—176 17T

[11] Xia CY 1998 Adaptive control of AC and DC drive systems (Beijing:
China Machine Press) p21 (in Chinese) [ #3¢ 1998 22 HLifif5h &

130502-10



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 13 (2013) 130502

S0 & B b st HUCT B ) 26 21 7]

[12] Liao X X, Chen G R 2003 Control Theory & Applications 20 253

[13] Liao X X, Fu Y L, Xie S L 2005 Sci. China Ser. F 48 304

[14] Tanaka T, Langbort C 2011 IEEE T Automat. Contr. 56 2218

[15] Liu B, Tang W S 2006 Modern Control Theory (3rd Ed.) (Beijing:
China Machine Press) pp161-165 (in Chinese) [XI54, /73 2E 2006 Hil
AAEHIFLR GB 3 10 Abat: UL L) 58 161—165 TT)

[16] Liu B Z, Peng J H 2007 Nonlinear Dynamics (Beijing: Higher Educa-
tion Press) p147 (in Chinese) [XII3F 1E, 82 &4 2007 L2k P 5h J1 2~
bt WS EH L) 58 147 1)

[17] Lii JH, Chen G R, Cheng D Z, Celikovsky S 2002 Int. J. Bifur. Chaos

122917

[18] Chen G R, Lii ] H 2003 Dynamic Analysis, Control and Synchroniza-
tion of Lorenz System Families (Beijing: Science Press) pp131-149 (in
Chinese) [FF552€, 54258 2003 Lorenz R4 IRHIBN J124 0. 124l
HEP st Blashht) % 131—149 7]

[19] Chen G R, Ueta T 1999 Int. J. Bifur. Chaos 9 1465

[20] Lii J H, Chen G R 2002 Int. J. Bifur. Chaos 12 659

[21] Zhang G S, Niu H 2012 Acta Phys. Sin. 61 110503 (in Chinese) [5K [H
1, 454 2012 P3R4 61 110503]

[22] Wang X Y, Zhao G B 2010 Int. J. Mod. Phys. B 24 4619

Synchronization of chaotic systems with

variable coefficients™
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Abstract

In this paper, a novel method, to synchronize two identical or different chaotic/hyperchaotic systems with variable coefficients, is

proposed based on the strictly positive real transfer function matrix. By adding a synchronization controller to the response system, the

nonlinear parts of the error system derived from the synchronized systems are identified as the inputs of the error system, and the error

state variables are identified as the outputs of the error system. Then the transfer function matrix of the error system can be strictly

positive real. As aresult, the error system can be asymptotically stable at the origin, i.e., the two chaotic/hyperchaotic systems can reach

stable synchronization. Moreover, the designed synchronization controllers are linear, clear in parameter selections and robust to the

changes of the coefficients of the error system. The specific design processes of the synchronization controllers and the corresponding

results are presented in the paper. Also, the numerical simulation results are given to verify the feasibility and effectiveness of this

method.
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