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1
N
XY= AX+ f(X), Y= BY+ g(Y), 2= CZ+ h(Z), - (1)
, X = QX2 - x0), Y= QYLY2 = Yaf, o« N LA, B, C, ...€
R™" J.g h, wR"T R
N , 1 2
, 2 3 .k
1 , k
1
, N N
1 N
XY= AX+ f(X)+ DyW-X),
Y= BY+ g(Y)+ DX-Y),
= CZ+ h(Z)+ D3(Y- Z), (2)
, D1 D.z D3, ... , N-1
: ; . (2
XY= AX+ f(X)+ DyW-X),
Y= BY+ g(Y)+ DofX- Y)+ ui(t),
2= CZ+ h(Z)+ D3(Y- Z)+ ux(t), (3)
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e = 0 B- Ds O ] ea| +

F(X)- g(Y)+ D(W-X)+ (A= B)Y- ui(t)

3(b)

g(Y)— h(Z)+ DAX- Y)+ (B- C)Z+ ui(t) - u2(t)| . (5)
Liapunov
N-1
- L
V=5 Ze (6)
wi(t) = f(X)= g(Y)+ D(W-X)+ (A- B)Y,
ux(t)= g(Y)- h(Z)+ Do(X- Y)+ (B- C)Z+ ui(t), (7)
N-1
B= Ded= (A- Dy)el+ (B— D3)ed+ (8)
=3
Liapunov , )
A- D, <0, B- D3 <0, .., (9)
B <0, (10)
N .
New Chen L Lorenz
o2 ’ G
2
New
M =— x2x3+ alxl, 5
2= x1x3+ bixa, (11)
3= (1/3)x1x2+ c1x3,
, a1 b a ., ar= 5 b=~ 10,
ci1=-3.8 (11) )
3(a) . x
Chen
w=axy2- yi),
2= (c2— a2)yi— yly3+ cay2, (12)
W= yiy2— b2y3,
, a2 by c2 , ax= 35 b= 3, ¢2
=28 (12) ,
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40

3(d) Lorenz 3e) H-ssler
L
2= a(z2- z1), 22=—- z123+ 322 3= zlz2— b3z, (13)
, a3 b3y c3 , a3= 36,b3= 3,c3= 20 |, (13) ,
3(c)
Lorenz
wW1= ad(w2— wi), 2= wi(ci— w3)— w2, WB3= wiw2— bsw3s, (14)
, a4 bs ca , as= 10, bsa= 8/3,ca= 28 , (14) ,
3(d)
Rhssler
1=— v2= 03, 2= vi+ asvz, 3= bs+ (vi— cs)vs, (15)
, as bs cs ., as= bs= 0.2, ¢5= 57 (15) ,
3(e)
Chen ,  New L Lorenz Rlssler
U= [ui(t), us(t), us(t), - un(t)]", (1)~ (15)
2 =— x2x3+ alxi+ diu(zi— x1)+ uwi(t),
22 = xix3+ bix2+ dixfz2— x2) + w2(t), (16)

|3 = (1/3)x1x2+ cix3+ di3(z3— x3) + us(t),
y1= axy2— yi)+ du(x1- y1),
y2= (ca— az)y1— y1y3+ coya+ do(x2— y2), (17)

¥2 = yiya— baysz+ dox(x3— y3),
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2x= a3x(z2— z1) + d3i(y1— z1) + wa(t),

22 =— z1z3+ c3z2+ d3ya— z2) + us(t), (18)
|23 = z1z2- b3z3+ d3(y3— z3) + us(t),

w1 = as(wo— wi)+ du(y1— wi1) + wi(t),

W= wi(ca— w3) — wr+ da(y2— w2)+ us(t), (19)

w3 = wiwa— baws+ d43(y3— U)3)+ ug(t)

1 =— v2— v3+ dsi(wi— vi)+ wiwo(t),
»= vi+ asva+ ds(wa— v2) + un(t), (20)

> = bs+ (1)1— 05)1)3+ d53(w3— 1)3)+ ulz(t).

[61, e2, e3, ezaT: (y— X, X— Z,y— W, Ww— vj T, (21)

e1= (e, e e13)T: (y1— x1, y2— x2 y3— x3)T,

T
(x1— z1, x2— 22, x3— z3) ,

e2= (e2, exn, e23)T

(y1— wi,y2— w2, y3— w3)T,

e3= (e3l, e e33)T

(wi= v, wa— vo w3— v3) .

es= (ea, em, es3)'
U= [ui(t), ua(t), us(t), - uix(t)]

ui(t) = mit) — yaein— yzen— (ai+ a2)yi1+ y2ys+ enen+ axys,

u(t) = moft) + yien+ yzeu+ (c2— az)yi+ (c2— bi)ya—
2y1y3— ellels,

us(t) = m3(t)+ (1/3)yren+ (1/3)y2eni+ (2/3)y1y2—
(1/3) enerz— (b2+ c1)y3

wa(t) = ma(t) + (a3— a2)y1- (as— az)ys, 2
us(1) = ms(t) + (c2— az)yi— (3= c2)y2—
yi(es+ e3)— (y3— ei3— exn)(eu+ ez),
ue(t) = me(t) — (ba— b3)ys+ yi(ent+ en)+
L (y2— en— ex)(en+ exu),
ur(t) = mit)+ (a2— as)(y2- y1),
us(t) = ms(t)+ (c2— a2— c4)yi+ (c2+ 1)y2— y1exn— y3es+ esles,
us(t) = mo(t)+ (ba— b2)y3+ yien+ y2es— eslexn,
uo(t) = mo(t)+ (as+ Dwr— aswi+ wi+ (a2— a4)(y2— y1), ()

uu(t) = mu(t)+ (04— l)wl— (1+ a5)1,02— wiws3+ (cz— az— C4)y1+
(c2+ 1)ya— yi1ess— yses+ esres,
uip(t) = mu(t)+ wiwa— wiws+ (cs— ba)ws— bs+ wies+ wies—

eqes+ (ba— b2)ys+ yien+ yares1— esles
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An=- (da- ai)en+ diea— mi(t),
n=- (dno- bi)en+ dnen— ma(t),
en=— (dn- ci)eis+ dize2— m3(t),
1= — (d3si+ a3)exu+ (a2— ail— a3— d3i)eni+ asen+ azex— m4t), (24)
=—- (dn- c3)enx+ (¢3— dn—- bi—- c2)er— ms(t),
L= - (du+ d3)en+ (ba— c— bi— dxn)ei— me(t),
&A1=~ (da+ as)es— duen+ asexn— mi(t),
p=— (do+ 1)en+ csesi— duen— ms(i),
p=— (da+ bs)enn— dmpeis— mo(i),
1= — dslesl— ex— es3+ daest+ mi(t)— mio(t), ()
w=— (d2— as)ew+ es1+ daexn+ ms(t)- mu(t),
B=— (ds3s+ c¢5)es+ dszess+ mo(t) — mi(t),
s M= [mi(t), ma(t), ma(t), - mi(t)]" ,
M
An A2
M= [Azl AzJ “ (%)
s An 0,
0 0 0 dn 0 0
0 0 0 0 dn O
0 0 0 0 dp
Au = ay— aj— as— dy as 0 0 a3 0]
c3— bi— c2— da 0 0 0
! 0 by— c1— bs— dz O 0
- da 0 0 0 00
0 - d» 0 0 00
0 0 —dys 0 0 0
A= a0 00 0
0 - d» 0 0 00
’ 0 0 —-ds 0 00
0 a 0 O 0 0
c4 0 0 0 0
0 0 0 0 0
2= w0 0 -1 - |
cs dp 0 1 0 0
0 0 ds O 0 0
Liapunov

1, 2 2 2 2 2 2 2 2 2 2 2 2
V= 2(e11+ e+ eB3+ e2l+ en+ eB+ €3+ eR+ eB+ edl+ e+ en).
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P= eneti+ eneh+ epent+ exnen+ enén+ exén+t
e3le31+ exnen + exneR + eqeA+ epem+ epeR =
= (da- ar)ehi- (dn- bi)eh— (dn— ci)et— (dn+ a3)esi—
(d32— ¢3) 32— (d33+ b3)ers— (du+ as)esi— (do+ 1)en-
(dsz+ ba)els— dsiehi— (ds— as)en— (ds+ cs)eh. (27)
Liapunov ) )
d21— ai >0, d2- b1 >0, d» - ci >0,
dsi+ a3 >0, d»- c3 >0, ds+ b3 >0,

d41+ a4 >0, d42+ 1 >0, d43+ b4 >0, (28)
ds >0, ds2— as >O, ds3+ cs >0,
> , I><O, , s ey, e, e3, -, eN- 1|
0, New Chen L Lorenz Rlssler
2
s Matlab . , New Chen
L Lorenz Rlssler x1(0)= 1, x2(0) = 6, x3(0)= 8 y1(0)
= 10, yo(0) = 20, y3(0) = 30, z1(0) = —= 5.8, z2(0) = 8, z3(0) = 10, wi(0) = 1L, wo(0) =
15, w3(0) = 26, v1(0) = 4.8 vo(0)= 0.8 v30)= 0.2, (28),
diu do  di, di=dp= di= 0, dn= dxn= di= dn=
0,dn= do= ds= dss= 0, , ,
, du= 6,dn=2l,dsi= ds= 1. 4(a) 4(b) 4(c) 3
3(a) 5 A ——
New Chen 20 - o
. e1= (em emen) = (yi— x1 ya- ) 13 1 |
2y yi— x3)",  5(b) L : /\ \ %
, e2 = (e, :: 0 ‘ \ ]
en, 623)T= (x1— z1, X2— 22, X3— Z3)T. 5(¢) 4 s AR \ \/ \/
Lorenz Chen o ' \\/ |
. e3= (e emen) = (yi— wy, :;Z .
am wayam wy)' S(d) Rlaler 01 2 3 4 5 67 8 910
Lorenz R Ha) xiyizowr v
es = (ed, e, e43)T = (wi— v, w2- v2, W3-
v3)".
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Synchronization of N Different Coupled Chaotic
Systems With Ring and Chain Connections

UUYan, LULing
( College of Physics and Electronic Technology, Liaoning Normal University,

Dalian , Liaoning 116029, P.R. China)

Abstract: The synchronization of N different coupled chaotic systems with ring and chain connec-
tions is investigated. The New system, the Chen system, the L. system, the Lorenz system and the
R ssler system were taken as examples to verify the effectiveness of the method. Based on Liapunov
stability theory, the form of controller was designed and the area of coupling coefficients were deter-
mined. Artifidal simulations indicate that the global synchronization of the N different chactic systems

can be realized by choosing appropriate coupling coefficients under the function of controller.

Key words: chaos synchronization; lLiapunov stability theory; coupling with ring and chain connec-
tion; different chaotic systems;, coupling coefficient



