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The novel criteria for lag synchronization
of the master-slavechaotic Chua’s circuits

LU Xuejing, WU Xiaofeng
( Mathematical and Statistical School, Minnan Normal University, Zhangzhou 363000, China)

Abstract: The lag synchronization of the master-slave chaotic Chua’s circuits via linear state-error feed-
back control with the channel delay is studied. Several algebraic criteria for the chaotic lag synchroniza-
tion subject to the special control gain matrices are rigorously proven by means of the Strum’s theorem and

factorization theorem in polynomial theory. It is verified by comparison of the numerical examples with

such criteria existing in the literature that the new criteria are less conservative.

Key words

SIS RS —JE th =B Ty Jr A AR T
A R AR AR i B S R i R g Y £
ok, BB IR IR 2R A — A SEARIR LfF
ZSCHREUESE, 7ERFE M E - M}ifﬁ'ﬂ*ﬂﬂﬁ
AN G HL B 2 48 1T L Sz R ) 450, %
J A 1 HEE 248 0 45 R PR A 2 e s s o 0
R ol RN S = S o3 N = 19 1 VA
7T LI g B 45 R RN 53 R T
%(32-33' .

ASCFFE MR R 25 S BRI 1 32 - gk

« U HEHER: 2017 - 11 -29
EETHE: HRXARM S
fEEEN: S5 E (1993 7)),

BISEE: 2l (1963 4:), B HRFME:

chaos synchronization; Chua’s circuits; linear state-error feedback control

FHL B R Geil Je TRDE [ 25 e, i g MRS R
ZERFHERI TR R w(t) = K(x —2) , HH, v,z
e R MR E RGN RGNS LR, K e R
SRS RE W) R RS T 1 £ R

SCHR [3] E Sl Sy FOuEsE 1A T4k
ARZSRZE Um0 - IR IR B R 8 F] LATESE
Tl 25550 K = diag(£,0,0) | K = diag(0,%,0) Fl
K = kL SO0 TR BNRMERE . Sk [4] FfJE A
e FAER 7 Ei‘ﬁl@K = diag(%,0,0) f§IE
MR FED SRR iR 4 k> 6.4 RIER, JF

(60674049, 61074012) ; HaEAHCFHWIFT AT AIFHEH (1013/313009)
Z; HRAE: RHFEAE; E-mail: 1547160296@ qq. com
TR |

JEL ksl ; E-mail: mathwxf@ sina. com



%3 39

PR KT I - MRS I HL B R ST [ A0 s T 4 77

HAEMEERIE 5560 K = diag(0,4,0) fHEAAZE
IR 25 SCik [5] #F—20 g Bk
BT X —f AR, (AR 8] TG 5 & 2 — B0
1) X [E) P AT AR UE TR T [ 28 R PR~ 25 . SCik [6]
Mg TS5, IEB T FE - PSR ICH B R AR
i3S a5 4 K = diag(0,4,0) 1B T RTRIE R 2 5%
Rl AR R b > kT B

VI 2908 H G G 5% ) SR T iE 1 AREORTR
TEFEE AR, X AR AR B B R IR XA
tB R 4 5 2R IR L R SHEOR TR R A
A, DR ARASE X0 s il o 8 25 RE R AT o STk
[7-17] WEM T & - DNERICHEE RS LT K = (0,
0,K,) e R K = diag(k, ,k, ,k;) K = kI, fl K
= diag(k,0,0) SEFEMHIHS 45 5 MR T2 T AR
M, P K, e R,

TEE - NRBHERIRELR Y, ERGMREA 5
15 JE A% 356 3] DA 22 G0 i 1) 42 1 458 B 2 WL A7 A
FE[AEE, SCHR (18 —19] R T & - MK R HL &
R MRS RS SRR ] T A7 A0 1 I 42 I
PEH A JE TR [P G, Horp, 450G 55 6 1y
K = diag(k, ,k,,ky) F1 K = diag(k,0,0) SEIHE .

IR - BRI L B FR SRRV (] 25 i A ST
JERET Lyapunov fRUE PEFRIE, HIL, FrakisndiE
T[] A0 A ER A 5053 55 A o anA etk 26 78 73 PR
T [R5 i A AT 0 42 3 T IR ) 20 1 b 4
— BRI [R5 H AR S ) — A5 1 05 1
AT ICHR [15 - 16] mys s 4, RHZ2
TRV v e 7 P e R T X e AR T
AR - NI P R GRS ER A R 22 I it
P R B0 S TR [R5 D O PE A AR A
P, Horp, TR [R5 A I ] 225K A AT 32 - A
RGUA5 BIEE R EHER R, B, XA i
AT - AR GE 0 I8 I SE O % 1) 58 42 TR i W) 25 1)
B, LI EERY, ENTHIA R R B A
RS, BV TR R R

I RGufikS R AHES
IR T G 40T S0 O — 25K 1R B R

éﬁ[l]:
%%zawz_%—¢uo>,
LT (1)
% = — bx, — rx;

RIS “REEIRA RS

dx

= - g(x).

dx

T;:xl—x2+x3, (2>
dx,

Fraie bx, — ra,

Hrb, a b NIEWHE, r=0, 2T ¢:R—R,
H

1
(P(xl) = myx, +?(m0 _m1> :

(|, 1= |2, = 1)) (3)
mo Al my KR my > my FAEE R
Ax = (x,0,5) e R, IR ABESH a:
ML E TR0, Bla =15 MERIEEE
JBTHE N, Wa =0, 84, ERPIZEERE
F RG] LIRS — R IR
% = Ax + Bo(Cx) (4)

-d, a 0
A—{l -1 1}
0 -b -r
[a(ml —mo)}
B = 0 , C=(1,0,0) (5)

0
JHH,d, =ala+m) ,ae (0,1}, LMo
R—>RIiE

Hrr,

o) =2y +1l=ly-1D (6
MW LT (1) 5 (2) shob Y L
War = 0.

U (4) fRMRGEEN FERGE, WIS
IRHLPE RGN RS
z = Az + Bo(Cz) (7)
Hepi A,B,C MHELMERE o:R > R 1 (5)
L (6) . TEXINRSG (7) bhn—
w(t) J5, ATDMS R — i F - NEEIRAB I R
JEHY [P HESE .
{Master; x(t) = Ax(t) + Bo(Cx(1)),
Slave: z(t) = Az(t) + Bo(Cz(t)) + u(t)
(8)
RCHLAY w(e) SEPE N7 A I HE i 2 M R A5 1% 25 I 1t
P
u(t) = K(x(t —7) —2(1)) (9)
Hop, K e R W w B hl i a5 40 04, 1 =



78 HIlRA R AR (ASRBERR)

557 &

0 2[R E R GRS L R®E S » (1)
5 2 A 22 Gt s (4) 4 e i ] RRAEAE Y15 5%
SIRE PRI R, ARG NI BT RER ORI .
IREMERS R ZE Rl (9) HATHit faj #o. 55
Peris
FATHE 55 2 BT i 1 4 26 B K, {45 %)
TE . SRR R G AT SR IR A «(0) FI
2(0), THIH RPN 2 -
linfe(c-) ~=(0=0 (10
FATFRHE LM (10) M3 - IIRIEHESE (8) ik
B 5 B R (R IS R 2P o
LiREL R e(1) = 2(1 —7) —2(1) . HFIPAE
28 (8) FIANZIRZEEEW LTI RS
e(t) =x(t—7) —z2(1) = (A-K)e + By(Ce,Cz)
(11)
Hrp, &9 n:R x R—>R, JfH
n(Ce,Cz) = o (Cx(t—7)) —o(Cz(2)) =
o(Ce(t) +Cz(t)) —o(Cz(t)) (12)
HTe(t) =0, n =0, Hithe(r) =0 RIRER
ge (11) W — D8, BAR, Hir )5 [ 25 A) el
(10) M FIRZERS (11) Bk e = 0 94
SR ARG RE PR IR
BN XMTu <p <+ 0, HF—Y4EREk
S(y):RORET ARy e RETHIE [p 0. ], W
RATAEER y e R,
fE F[m,#z] = %QD € R:QD ﬁ_;éiﬂ
0(0) =000 <wp(w) <pow ,YVo #0|
(13)
S5IE 1 = (6) F= (12) #aE IRtk
Ty XT84 Ce J{THE [0,1],
iR X (6) #iAm o(y) ATLARR N
-l,ys-1,
o(y) ={y, -1 <y <1,
1,y =1
WA, o(y) RTAR y e RZ#Z, dEWy, I
HXYFAEE Yy, >y e R, (y,00y) Fl (y,,0(5,))
PR RN T 452, Rl
(o(y,) —o(y))/ (3, =y) <1
e, d2t (12) #5481 n(Ce,Cz) X T4 Ce
SIS
XY Ce=0, BICx(t-7) = Cz(t) B}, n(Ce,
Cz) =0,
M Ce#0, B Cx(t—7) # Cz(t) BF, ANyise
[ Cx(t - 1) > C=(1) . BARA

n(Ce,Cz) = o(Cx(t—-7)) —o(Cz(¢)) =0

Bl (Ce)n(Ce,Cz) =0,

MR [o(Cx(t = 7)) = o (Cz(1)) ]/Cx(t -
) - C(1)] <1, HILA

(Ce)n(Ce,Cz) < (Ce)?
FIFEATE, 24 Cx(t - 7) < Cz(t) B,
0 < (Ce)n(Ce,Cz) < (Ce)?

ZE LR, n(Ce,C2) KT7EHE Ce J& TR [0,1],

FIE 1L R, RERG (11) ZARLtUiE
TRIE [0,1] 1) Lure BUZRSE, H 48 4o 0 F2 e 1 21
Y, AR Lure BRI RS (11) W [0,
L plgga Xyt gy, axr T (6) M=
(12) HEW n, MBMHRERSG (11) fEe =0
AbstIE 4 R RRE 1, X UL [R2EHESE (8) ik
# (10) BXTWFEE, Hik, AT A2
NV A K, R ERS (11) f&
A [0,1] kB4 e E
2 FEL

W (9) HOARTE IS u(0) 2,
HAEBEE R AR K = kL, THIER R 2E R4
(11) FEdEdME i M M K = kL W O0 R ik 2 4 052
FE I — N RSFE R 87 PR

o, ok [16] WER 1 553 WTH
LR

5|2 4

A=z, -(A-K), W(z) = CA™'(2)B
Hop, 2 HEARR, I, n x n 4EH R, 2 Rez
HEA = SEER, A, (S) ST S e RS i 4>
FAEME. 2R Rea,(A-K) <0,i=1,2,,n, Jf
H

1 -ReW(jw) >0, Vo e RU {o}

Hep =-1, WaRERSE (11) I [0,1]
HA AR E o

4

g =a(m -my),

q = (ZdH—g—r—l)2 +3(r-1)° +12(a - b),
L= (= 1) -40) (2, - 0)* -

[(2d, —g-2r-2)"+8(r+b)] +
[(2d, —g-3)> +16a +3Ja(r -1)(2d, - g) +
2a(2d, —g —4r)*((r = 1)* —4b) -
4[[(r+b)(r+1) -2al(2d, —g) = (r+b)" +
4a(r* +2a +b) ] ((r—-1)> —4b) +
a2(2da —g-2) -



%3 39

PR KT E - RIS R AR GEH o 1742 0 B A s 7

12ab(2d, —g)(2d, —g-r-3) -
8a(r+b)(r+2b-1) —16a°(11b +2r —a -2),
hy =k +d,,h, =k +1,hy =k +r (14)
E, =h +hl +hi —gh, +2(a-b) (15)
Fy = (hhy, - gh, —a)(hh, —a) +
(hi +a —gh,)(hi =2b) + (hyhy, +b)* + ah;
(16)
H, = (hhyhy +bh, - ahy) -
[ Chihyhy + bhy — ahy) — g(hyhy +b) ] (17)
L, = EF: —4EH, + 18E,F,H, - 4F, - 27H;
(18)

A+ h -a 0
AI(AK):[l A+ h, 1}
0 b A+ h,
EE1 RERGE (11) fEEFPELER K =

kL fROU R B xR, Bl E—MEIBHER (8)
BN (10) TSR R R I 26 1 () i A2

hy, +h, +h; >0 (19)

(hy +hy + hy)[hhy + hihy + hyhy +b —a] -
(hyhyhy + bhy = ahy) > 0 (20)
h,hyhy + bh, — ahy >0 (21)
(hyhyhy + bhy — ahy) — g(hyhy +5) > 0(22)
F, >0 (23)

WA,
DY RESH L ¢ >0 HLL > 0h,
e A2

L, >0 (24)
EF, -9H, >0 (25)
E} -3F, >0 (26)

@ MR RAE S L g >0 HI <0/,
[ R (25) - (26) H
L <0 (27)
@MERICH B R A SHHE g <0 H I <0/,
[mp 2= (27) H
E,F, -9H, <0 (28)
E> -3F, <0 (29)
@M ARG SEOHRE ¢ <0 H I > 05,
FEp 2 (24) . 2L (28) - (29),
IERR CHEERIG G AERE K = kL B, 4
Q(u) = |ul, - (A -K) | (30)
FEBRERS (1) BTHEE [0,1], IG5
P2, EAEFIBHME A - K FEE A, B BART
Q) = [AL - (A-K)|=0,
X (5) B, (AL - (A-K)| =AY +a,A°

+a,A+ay, Hf,a, =h +h, +hy,a, =hh, +
hihy + hyhy +b —a, ay = hihyhy + bhy — ahy,

R 4 B8 P 19 Hurwitz 2 B85, Rea (4 -
K) <0 5 HACY AR AR B AT

a, >0,a,a, > ay,a; >0

TR S8 a >0,b>0,r =0, FREAARL
KF ST T FRE S A (19) - (21) [FHf
BT

Xy

W(z) = C(zl, - (A-K))'B =

z + h, -a 0o '
(1,0,0) -1 z+h, -1 .

0 b

a(m; —my)
0

glz + (hy + hy)z + hyhy +b]
Hr () |t (30) #ig, Hik, g —8g
BozEn] LIRS

I - pu(ReW(jw)) =

z + h,

F(w)
[ Q(jw) |

Hep, || FREBWE, F(w) = o + Eo' +
Fio +H E  F H 53k (15) - (17) #f
E, RERG (11) HWHEHESHu =1,
ML, W TFEEMN o e RU {of,1 -
w(ReW(jw)) > 0 (FREFRM F(w) >0,
L0 = w. B4, REXF(o) >0 HHLY
f(6) =6 +E0 +F6+H >0,

Vo e [0, + o] (31)
NHN LI RIS (0) =6 +E 0 +F0+H KT
0 e [0, + o ] RELA, A limf(6) >+ o .
Hi, A% (31) Moar s &2 £(0) >0
Hf(0) =0 EFFX[E (0, + ) FIFMR,

Hi=C (31) ", f(0) >0 4HACYH, >0,
SCETESME (21) NEMTAEL (22) Bor.

S 2219 2 TR A T e B AT £ 0)
= 0 fEFFIXH] (0, + o) ETSEARSFM T V(0) -
V(+ o) =0, HhV(e) £mKET f(0) i
ZIWAFINTES 6 € [0, + o ] EHFF 52K
ﬁ[SS—%:O

B A(0) FeAri E W 2w 50k {f°(0),
SO ) o, Hi,

£ =f0),




80 HIlRA R AR (ASRBERR)

557 &

S0 =1(8) =36" +2E,0 + F,,
SO) = (L =3F)60 + 5 (B F, - 9H,),

3 9L,
P = a - sny?
XHEME L FGH L alhel (15) - (18)
TE o
HI G AT 250G T £(0) F1A(+ o) Ry R 2
SEVE 7L IRy
fP00) = H,,f'(0) = F,,
fz(o) = (EIFI _9H1>/9,
f3(0) = 9L1/4(ET _3F1)23
Si(+w) =+, fl(+2) =+,
S+ o) = (+®) xsign(E] -3F,),
fi(+ew) =9L/4(E] -3F,)*
Hrr, sign() FRAF5 K%L
HTER H, >0, KT £(0) B2 s
FEINRIFE 5 751 R
{ + ,sign(F,),sign(E,F, -9H,) ,sign (L)}
KT f(+ o) T EIMZ I TS5 P8
{ +, +,sign(E? - 3F,) ,sign(L,) {
WA V(0) = V(+ o) =082 HACE I FME—
AL
FME1:V(0) =V(+ o) =0, BSEMNT
E; -3F, >0,L, >0,F, >0,E,F, -9H, >0
(32)
FME2:V(0) =V(+ ) =1, SENT TS
2T
E; -3F, >0,L, <0,F, >0,E,F, -9H, >0

(33)
E} -3F, >0,L, <0,F, <0,E,F, -9H, <0
(34)
E>-3F, >0,L, <0,F, >0,E,F, —9H, <0
(35)
E> -3F, <0,L, <0,F, >0,E,F, -9H, >0
(36)
E} -3F, <0,L, <0,F, <0,E,F, —9H, <0
(37)
E> -3F, <0,L, <0,F, >0,E,F, —9H, <0
(38)

ZME3:V(0) = V(+») =2, SENT T
AE— AT
E; -3F, <0,L, >0,F, >0,E,F, -9H, <0
(39)

E; -3F, <0,L, >0,F, <0,E,F, -9H, <0
(40)
E; -3F, <0,L, >0,F, <0,

EF, -9H, >0 (41)

Mz (19) - (21) "M, ERFED &g R4

KT b AEXAERRIE W b > kW,

ARERIE S AL (19) - (21) FA7E A .

iR A BN S BV S eE i AR -1 53 S 7 N

KA EHAAEFX G(k) >0 WEET, £

W G(k) RTAEEWRmKRE (FIEERED
) REIERT 0,

Hat (16) AIEl, 2 F, WK E
FECH 3, B, WATESE F, > 0 ByFIE &1,
BORHERR T 254 (34) . (37). (40) - (41) fE
KR R R T RE

X (15) - (17) a5, 2HA E -
3F, KT R b HAIEERBN R KR, H
FHON q, ZWAXEF, -9H, KTAER F HAEE
FER B R CRE N K, RO 2, i B 0
(18) WM ZMA L, KT F AT R85
RN kS, HREON 161, HIt,

D Hqg>0,0>00, BHEFEF >0, E; -
3F, >0 ,EF, -9H, >0, L, > 04{EREH%5M,
P, HA S (32) e, X5 TASER
(23) - (26) [AIWFREST

@ Hq>0,1<0B, WiZk$EF, >0, E -
3F, >0, EF, -9H, >0, L, < O0{ENE%ZKM,
XuF, HA R (33) wie, X5 T AERX
(23) F1 (25) - (27) [FWpHAT.

@ Mqg<0,l<Omf, Wk F, >0, E -
3F, <0 ,EF, -9H, <0, L, < OAENELZM,
X, HA &M (38) R, X% T A%
(23) # (27) - (29) [EWREST .

@ Mg <0,0l>00, MiKEFEF, >0,k -
3F, <0 ,EF, -9H, <0 ,L, >0{EREH$ZM,
XEF, HA &M (39) we, X5 T AR
(23) - (24), (28) - (29) [FmREST,

i bRk, RuEEH 1,

I T R 25 Ve — i BT 4 o 1 g R
K = diag(k,0,0) WyIRIERZHHE

é\

df =k +d, (42)
E, = (d')’ —gd, +2(a-b) +7 +1 (43)
F, = (rF =2b+1)(dh)* -



FIEFE: KT E - IR B R GEHE S [ 25 1 T4 81

L(FF=2b+1)g +2a]di +
ala =2b +2r7) + (r+b)* +ag  (44)
H, = [(r+b)d - arl
[L((r+b)d —ar) —g(r+b)] (45)
L, = E3F, —4EH, + 18E,F,H, - 4F - 27H,

(46)

EFE2 RERS (1) EHEHIEEHENEK =

diag(£,0,0) fHHL TR gexifa e, B3 — IR

HEZE (8) iARFI=X (10) F TG [R5 2 2
[F] i it A2

d+r+1>0 (47)
(r+1)(d)* + [ (r+1)*-ald, -

a+(r+1)(r+b) >0 (48)

d > g+ar/(r+b) (49)

E; -3F, >0 (50)

IHH
OHEKRAEHRGESHA L 40 < (r = 1) 1,
[Fi i 12

E,F, -9H, >0 (51)
F, >0 (52)
L, >0 (53)

QML S B L 27 +1) > 4b > (r -
1) B, FEH#HEL (51) - (52) H
L, <0 (54)
@M S R 46 > 2(7° + 1) Bf, [A]
mH R (54) H
E,F, -9H, <0 (55)
F, <0 (56)
R ek (14) - (18) Hdh, =dl =k
+da s hz =1, h3 = r@ﬂb‘ﬂ%iﬂﬁﬂjﬂmlf =
diag(k,0,0) Hrk (43) - (46) HiE W K,
F25H2 %DLZO
AT E AT LU, 230 B - 3F, Wik
TR WRBO L, 2R F, RO E R0
X EF, - OH, Wi UCR B IR (@ + 1 -
20) , ZW L, MR B RS (4 - 1)°
—4b(r+1)° 4, FKLITFER 1 BEN )5 kAT
TRIEAE B
B F HAR (10)  H AR ol [ 4
JE ] 7 25 [ F 3 - MBE IR A % 2 45 f1) i 3 I A
T, T R RS S AT 7 JE, X B
W R, - DRSS IR B R G T
LR IA R LE 7 AR 0] LR B S R A, JF HLR A
TSI ] B AR ERBE T - N RSB IE, XA

PR TARERE I AR 1A, Rt e B X L[] 4
HAPEFFEE TSGR [3 -17] Friy R A% &
WIEREE (Rl 7 = 0) BYE - MR RS E R
TR R 22 )

3 S

KT F — IR PR R G 1 45 4y K
= kI, M1 K = diag(k,0,0) MILMRAS IR 2E R Bt
R AR ) A0 ) E A — g R
TR — 2D M AR SR 3 5 (R TR T ) 2 4 5 5
SEBE R AT I H AL

SCHR [17] BFFE T & - IS — S 25 IR L it
RGN G M K = kL 15 00T AR 280 5 4
AR B RS EUE N
a=10b =15,my =-1.27,m, =-0.68,r = 0

(57)
T4 RN I R GBI G & x(0) = (0.1,
-0.2, - 0.3)", MERIC LSRG MR & 1R
2(0) = (=10, -5, -5)" SF R FERUK RS
(W Z IR RS A 1 s .

B SRR R G IR Lk
Fig. 1 The chaotic orbits of the first class

of the master Chua’s circuits

ek [17] UEML T PRI AR AR K = kL 1500
TR AR, SCER AL (27) - (30)
(33) B MRIGZAE AT LSRG 3 - IR
ARG LIRS BAARNT TR L&A b > 6.4,
SCHR [9] BUERE4 45 1 55— Ok T g AR
M K = kI (IR, b ds n] DISRAS 32 - g€
AL R GAE LIRS RAARAT TR &0 b >
40.41,

WA, BATHEBASCER 1 PG, X T2
—REREBEREG, d, = a1l +m,) o AMERIE, 7E



82 R E e (HARBHERR)

557 &

ERBHUEREN T, ¢ =-56.75 <0, 1 =-2.007 x
10° < 0. Ik, R HgEdt (19) - (23),
(27) - (29) #ixE. WL, A2 X e 4
AEXRMMBWREK T b >- 145k =0.23;k =
-4.65;k <-4.66k k=3.85; {EEEHk; (T
Bk s k<-6.280k =52 ; EREEH K, PUX
SEfR Y SR AT C T s AL K = kL B[R
KN k= 5.2, BAR, AR LT
SCHR T91 Fn [17] i

12

T eé
L —e2|d
10 3

8
6
v 40
2‘
0

£
=2 T}
\ /

400 05 10 15 20 25 30 35 40 45 50

t
B2 FE—EEIC BRI R G2
WA K = 5.5 PRSI
Fig. 2 The synchronization evolution of the

master-slave Chua’s circuits by K = 5. 51,

Wk =55, Bl RAAFRIRFE L, (2
AN ESCHR (9] A [17] FElm 24k P 2
R T E— BRI L BRI R G A 4% ) 1 4 K
= 5.50; 1§ TR i A

BRSSPSR AR A K = diag(£,0,0) f91%
Do

SCHK [16] WFFE T 3 - MAYEE 2R L T B%
AGAERE I 2/ K = diag(k,0,0) 15 T HIIH]
A, 58Tk (19) . (22) M (25)
PR 3 AR F G . USRI —2RERIRHLER R 58
HESJCIEWSE

a =9,b=14.28m, =-1/7,
m, =2/7T,r =0 (58)
Mo, iz 3 ARG B RIS EEE K =
diag(k,0,0) I T BIIRIL A AF 205 0 -
k>17.99,k > 16.22 k > 16.21

BUAER A SCE R 2 AP s, BEmt d, =
am; o XFFHA (58) HEMSHIE, BRA 20 >
P+ Bk, REHRG (47) - (50) . (54)
- (56) Wi IR AT DA 2 X SR E A A

RIRARIR K b =-3.571 ; k = 4.71 & k <
—1.85;k=-2.57 ;k=1.298k<-2.58 ; k <
1.28 3%k =9.166 ; k <-2.47 5k =1.297 ; k <
=317 8k > 1.23, BUX SRR, 1T
BT ERIG H K = diag(k,0,0) FEIEA
Rk =9.166, %5504 WARME T LR Sk [17]
REN 3 A4

A F B RE MW G & x(0) =
(0.1, -0.2, -0.3)" , MK KRG WG
T z(0) = (=10, =5, -5)" Bk =10, i
JEASCAF BN [R5 2, EORTE R SClik [16] 15
WML, B3 FIE 4 35l oR T8 2R 34K
FG HEL 6 2R G0 (AR L0 D 2 — DR FR L B R e 5
Tl R K = diag(10,0,0) 15 TSR,

0.5
0.4}
031
0.2}
0.1}
0.0r
-0.1
—0.2¢
—0.3F
-0.4¢

~05 . . . . ;
2.5 2 —1.5-1 05 0

05 1.0 1.5 20 25

B3 R R IR
Fig. 3 The chaotic orbits of the second

class of Chua’s circuits

SCHR (12, 14, 17 - 18] FHJE T F - AT
— AR [CHL K R ARG 25 5B K = diag(k,0,
0) HETHF S, SClk [12] 15 249 [ 25 H)
P FOE 1 H Ak SCER [14 ] 15 2009 [ 25 20 4
S (25) FRik; Sk [17] 15 2 [ 20 A 9%
S (36) #fie; Sk (18] 152/ A0 H 4
A LS 2 Fak o AN SRR [ L I R e 1 S EE AN
X (57) Fiow, M4, SCEk [12, 14, 17 - 18]
(A [ 25 ) i B A 280 () 425 i) 3 25 K6 B K = diag(k,0,
0) WIE MR ZM MR b =12.7TA0(X > 1) 5
B> 12.7 3k =18.40 3 k > 12. 7. BAEBUA SCE B
2 P, R d, = a(1 + my), BT (57)
WIS EEW 20 > 7 + 1, Hig, FIEHEDH
X (47) - (50)., (54) - (56) . @it
AT DA B X e e AN FE R IR IR A k>
4.2k =53 k<-2.61 3k >-3.2;k>2.7



PR KT I - MRS I HL B R ST [ A0 s T 4 83

el

——e3

0 10 20 30 40 50 60
t

B4 F—MIRICH B R Gt 45
HifE K = diag(10,0,0) TR 112

Fig. 4 The synchronization evolution of the master-slave

Chua’s circuits by K = diag(10,0,0)

Wik <-3.2;k=11.778k=<268; k=2 735
E<-3.13 3 k=252 80k <-3.71, BUXS L
e, AT BIC PGSt i K = diag(k,
0,0) MRS N k= 11. 77 % &M BRI TF ¢
wk o [12, 14, 17 -18] {38 LRSS R

el
—_— )
| e3

0 10 20 30 40 50 60 70
t
BIS  FE—MER IR B AR G0 4 1 e A A P
K = diag(12,0,0) 1HE T [E Lt
Fig. 5 The synchronization evolution of the master-slave

Chua’s circuits by K = diag(12,0,0)

LEHEREH ALY IR ZM A 2(0) =
(0.1, -0.2, =0.3)" , WEEITHLEK RS HIIH 2%
fFR2(0) = (=10, =5, =5)" Wk = 12, i
AR [R]85 26 A%, (HA 23R [12, 14,
17 -18] MEIWFERZM. BS Bx 17 E - WK
HLH R GEAE PSRl A K = diag(12,0,0) HIE
NI orE

4 N 4
AR SR Z2 0 CER e w1 307 1] T e B R o0

fifp g B, ERGAIE] T - BRI L R GEAE AR
AR ZE STl A A S0 A R S P Fr) oy i s R
I, Hob i R il 3 s K = diag(k,0,
0) MK = kl; 45 o LHIHERW, ARSCFFEN
[l H g b 3Gk [12, 14 - 15, 17 - 19] [y [R)2E
HAPE DRI X —Jr ikl T SR e
WA O E T - IWRMER GR35 o

Sk

[1] CHUA L O. Global unfolding of Chua’s circuit [ J]. TE-
ICE T Fund Electronics Commun Comput Sci, 1993, 76
(5). 704 -734.

[2] CHUA L O. Chua’s circuit 10 years later [ J]. Int J Cir-
cuit Theory Appl, 1994, 22(4) . 279 -305.

[3] KAPITANIAK T, SEKIETA M. Monotone synchroniza-
tion of chaos [ J]. Int J Bifurc Chaos, 1996, 6(1) :211
-217.

[4] WUCW, CHUA L O. A unified framework for synchro-
nization and control of dynamical systems [ J]. Int J Bi-
furc Chaos, 1994, 4(4) . 979 —987.

[5] WANG, X F, WANG Z Q, CHEN G. A new criterion for
synchronization of coupled chaotic oscillators with applica-
tion to Chua’s circuits [ J]. Int J Bifurc Chaos, 1999, 9
(6): 1169 —1174.

[6] ZHENG Y, LIU Z, ZHOU J. A new synchronization
principle and application to Chua’s circuits [ J]. Int J Bi-
furc Chaos, 2002, 12(4) . 815 -818.

[7] WANG X F, WANG Z Q. Synchronization of Chua’s os-
cillators with the third state as the driving signal [J]. Int
J Bifurc Chaos, 1998, 8(7) : 1599 —1603.

[8] LIUF, RENY, SHAN X M, et al. A linear feedback
synchronization theorem for a class of chaotic systems
[J]. Chaos Solitons Fractals, 2002, 13(4) . 723 —730.

[9] LIAO X X, CHAO G R. Some new results on chaos syn-
chronization [ J]. Control Theory Appl, 2003, 20(2):
253 -257.

[10] JIANG G P, ZHENG W X, CHEN G R. Global chaos
synchronization with channel time — delay [ J]. Chaos
Solitons Fractals, 2004, 20. 267 —275.

[11] WUXF, ZHAO Y. Frequency domain criterion for cha-
os synchronization of Lur’e systems via linear state error
feedback control [ J]. Int J Bifurc Chaos, 2005, 15

(4). 1145 -1154.

[12] LIAO X X, CHEN G R, XU B J, et al. On global expo-
nential synchronization of Chua circuits [ J]. Int J Bi-
furc Chaos, 2005, 15(7) . 2227 -2234.

[13] JIANG G P, TANG W K S, CHEN G. A simple global

synchronization criterion for coupled chaotic systems



84

R E e (HARBHERR)

557 &

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

[22]

(23]

(24]

[J]. Chaos Solitons Fractals, 2003, 15(5): 925 -
935.

JIANG G P, TANG W K S. A global synchronization
criterion for coupled chaotic systems via unidirectional
linear error feedback approach [J]. Int J Bifurc Chaos,
2002, 12(10) ; 2239 -2253.

CURRAN P F, CHUA L O. Absolute stability theory
and the synchronization problem [ J]. Int J Bifurc Cha-
os, 1997, 7(6) : 1375 —1382.

WU X F, ZHAO Y. Frequency domain criterion for cha-
os synchronization of Lur’e systems via linear state error
feedback control [ J]. Int J Bifurc Chaos, 2005, 15
(04) . 1445 —1454.

WU X F, CAI'J P, ZHAO Y. Some new algebraic crite-
ria for chaos synchronization of Chua’s circuits by linear
state error feedback control [ J]. Int J Circuit Theory
Appl, 2006, 34(3) : 265 —280.

JIANG G P, ZHENG W X, CHEN G. Global chaos
synchronization with channel time — delay [ J]. Chaos
Solitons Fractals, 2004, 20(2) . 267 —275.

SUN J. Global synchronization criteria with channel time
—delay for chaotic time — delay system [ J]. Chaos
Solitons Fractals, 2004, 21(4) : 967 —975.

EAAR. ARPE TR 32 AR S TR R S — BUR 5 1 A
LI iRz 4l ( A RF AR L2005, 44 (2) 2 19
-22.

WANG J G. Uniformly synchronization criterion for non
—identical coupled master — slave chaotic system [ ]].
Acta Scientiarum Naturalium Universitatis Sunyatseni,
2005, 44(2) . 19 -22.

SUN J T, ZHANG Y P. Impulsive control and synchro-
nization of Chua’s oscillators [ J]. Math Comput Simul,
2004, 66(6) : 499 —508.

LIZ G, WENCY, SOH Y C, et al. The stabilization
and synchronization of Chua’s oscillators via impulsive
control [J]. IEEE T CAS -1, 2001, 48(11): 1351 -
1355.

WANG Y W, WEN C, XIAO J W, et al. Impulsive
synchronization of Chua’s oscillators via a single variable
[J]. Chaos Solitons Fractals, 2006, 29 (1). 198 -
201.

ZHANG C K, JIANG L, HE Y, et al. Asymptotical

[25]

[26]

[27]

[28]

(29]

(30]

[31]

(32]

(33]

[34]

[35]

[36]

[37]

synchronization for chaotic Lur’e systems using sampled-
data control [ J]. Commun Nonlinear Sci Numer Simul ,
2013, 18(10) : 2743 -2751.

WANG Y Y, SHI P. On master — slave synchronization
of Chaotic Lur'e systems using sampled — data control
[1]. IEEE T CAS — 11, 2016(99) :1.

LEE T H, PARK J H. Improved criteria for sampled —
data synchronization of chaotic Lur’e systems using two
new approaches [ J]. Nonlinear Analysis: Hybrid Sys-
tems, 2017, 24, 132 —145.

LIAO T L, LIN S H. Adaptive control and synchroniza-
tion of Chua’s circuits [ J]. Asian J Control, 1999, 1
(2).75-87.

YASSEN M T. Adaptive control and synchronization of a
modified Chua’s circuit system [ J]. Appl Math Com-
put, 2003, 135(1) . 113 - 128.

YAOYAO L A N. Adaptive control for synchronization of
Chua’s circuit [J]. J Comput Inform Systems, 2013, 9
(14) . 5751 -=5759.

SALARIEH H, ALASTY A. Adaptive chaos synchroni-
zation in Chua’s systems with noisy parameters [ J].
Math Comput Simul, 2008, 79(3) : 233 -241.
SIDERSKIY V, KAPILA V. Parameter matching using
adaptive synchronization of two Chua’s oscillators [ J].
Int J Bifurc Chaos, 2014, 24(11) . 212 -3470.

fFe SR BT ROk M B B[]
R 2224 (FARBEEERR) , 2008, 47(5) =5 - 10.
XIE L L, ZHOU Y. Observer design based on some
synchronization technique [ J]. Acta Scientiarum Natu-
ralium Universitatis Sunyatseni, 2008, 47(5) : 5 - 10.
YAN J J, LIN J S, LIAO T L. Synchronization of a
modified Chua’s circuit system via adaptive sliding mode
control [ J]. Chaos Solitons Fractals, 2008, 36(1) : 45
-52.

BbET. FE kR Ee Ok e [M]. 5.
FRHOR A A, 2010.

BNIE. 208 TM]. PR INARECH A,
1983.

JACOBSON N. Basic algebra I [ M]. San Francisco; W
H Freeman and Company, 1974.

B E-'E Y Ave s QI | S E5 0 Y477
2009.



