55 7 7 Vol.55 No.7 July 2006
1000-3290/2006/55 07 /3295-07 ACTA PHYSICA SINICA (©2006 Chin. Phys. Soc.
*
1 2 1
1 310037
2 510640
2005 8 19 2005 11 6
Lyapunov

PACC 0545

Lorenz
Lorenz

Chaotification

Sprott

Lorenz

Lorenz Résslor Chen Lii

Lorenz Lyapunov
9
.20 70 80
Rosslor
90
Lorenz Résslor Chen Lii
Lorenz Lorenz Chen Lii Résslor
1999 Chen Lyapunov
Lorenz . 9
} Chen
43 Chen
7 8
Lii
921 2
Lorenz
9 Lorenz

60372004 Y105175 KYS051505010



3296 55

x=xyz E€ER fx 3
xX=a y-—x + )z a b>0 ¢=0 . a=35 b=
y=cx - xz -y 0.9 ¢=25 1
z= xy - bz. 1
3 1 Lorenz
Lorenz Chen Lii . 3
1 3 ¥z

Lii 3

y = cy - xz
Lii
7= %y - be. 2 !
Lorenz Lorenz-like

Chen Lii a b
yz

X=a y—-x+yz
y=cx —xz+ Yy

z=xy - bz 3 18

30
29
28
27
26
25

24
23
22

5 o . ; 21
-100 -50 0 50 100 ~100

32

30

28

N 26

24 |-

22

@

20 -
50 100 150

-150  -100 =50

o |

1 a b ¢ XYy Xz )z d Xz



3297

Yio =2V biqr y34 =2V byqy

212 = P1 234 = P2

b — bpl
Xy zZ > —x -y Z 1 p — ¢
5 b _ bpz
-1 0 0p T p-c
3_, p3 s _ 0O _ O
P R R x| PxP_EO IOE g = p, - c
0 0 ! 4 = P2 — €
-1 + 124+4
F Py - Pfx p = & +2c+ +
3 z x-
Y c—-1 - c+1%2+4
P2 = ) .
c<0<a 3
b, >0 b, >0. 9
_da+2 >c>-al a+l So 3 Jacobian
a+1
3 -a a 0 g
Lyapunov Jo = E ¢ 1 OE
1, L, o o -l
nyz:§x+a+1y+z
fA =2+ a+b-1X
;__a+a+tc 2 a-—ac = ¢ » —a-ab+ac+bArA—-abl+c . 10
V = 2 x -y > x
SO . 7
3a+ac+c+22 2 .
) y - bz Routh-Hurwitz
V<0 c<0<a a+b-1>0 a-ab+a +b >0
a+ac+c¢c>0 3a+ac+c+2<0
6 . Lorenz ab ¢c+1 > 0. 11
11 a b c+1
] a>0b>0¢>0 12
VV:ai+QX+%=— a+b-1
ox 9y O 9 .9 11 3
5
a+b-1>0 S,= 000
a=35 b=0.9
S v by v bigr p
Vt :Voe—a+[1—lt Sz—\/ bl — A/ blql pl
{—> ® Sy v by N byqy po
- a+b-1 54—«/72 —\/Tthpz-
10
Alz—b
3 x=y=z=0 P a—l+i 12,2
23 = 5 %5, a + + 2ac
X1, =+ b, x4 =%/ b, a>0 b>0 ¢>0 A <0 A,>0 A;<0 c=0



3298

55
10 . ,‘.h,«nw‘r«\/—\’ I
/1] =—-0b Az =1 /13 =—-a. P 1{ gj \ f Ty
’ 0 v) v W NS =~
3 I Y
& 10 { :
(g
S, S, 3 g‘g—zo
5 i
g 30 :
3 2 ey B! ! Kl |
A =2+ a+b-12+4A1+8B -40+ ~ L S AN
-50 . Ly N ,
) 0 1 2 3 4 5 6 7 8 9
A=-a+ab->b+ b + ap, + ap; b
2
— ac — acp, — ab, q;
2 Lyapunov a=35c¢=25 b€ 09

B =— ab + ab, + abp, + ab,q, + abp;
+2ab,q,p, + ab,q; — abe

— abep, - abeq, .
a=35 =09 ¢=25 S, S,
Jacobian
A, =—43.7317 A,; = 4.4159 + j30.3095
Shil’ nikov >
7 o) % jw,
o7 <0 1y I>1ol
3
Bu
Sy S,
A =—51.4541 A, = 14.2193 A; = 2.3348.
4.
2 Lyapunov b
a=35 ¢c=25 3 y
2 3
Lyapunov L, =4.3108 L,
=0 L; = —39.2088 Lyapunov dy, =
2.11. a=35b6=4.9 ¢=25
Lyapunov L, =8.7880 L, =0 L, =
—47.6872. Lorenz
Chen Lii Lyapunov
0.9047 2.1931  1.2937.
23 b=0
b 0.55

3 a=35¢c=25 b€ 09
€ 0.92 0.98 1d d<
3.05 3.09 d& 4.05 4.45
.d>4.45 b
5.
3 4
3 Xy z
LF347
AD633 .
4 R4 R18 RIO a b
¢ 4 R, = 10k} a
=35 R, =9k c=25 Rs = 140kQ)
b=0.9
5a b ¢ R = 87kQ)
b=4.2 1d
5d




3299

R
10kQ

LF347

5 a b ¢ Xy ¥z yz d

X-Z



3300 55
6.
Lorenz Rosslor Chen  Lii
Lyapunov

1 Lorenz E N 1963 J. Atmos Sci. 20 130 51 1198
2 Résslor O E 1976 Phys. Lett. A 57 397 15 Yu S M2004 Acta Phys. Sin. 534111 in Chinese 2004
3 Chen G Ueta T 1999 Int. J. Bifurcation and Chaos 9 1465 53 4111
4 Sprott J C 2000 Amer. J. Phys. 68 758 16 Elwakil A S 2000 Int. J. Circ. Theor. Appl. 28 69
5 Sprott J C 2000 Phys. Lett. A 266 19 17 Elwakil A S Kennedy M P 2000 /EEE Trans . Circuits Syst. 1 47
6 Chen G Lai D 1998 Int. J. Bifurcation and Chaos 8 1585 76
7 LiJ Chen G 2002 Int. J. Bifurcation and Chaos 12 659 18 LiY Chen G Tang W K S 2005 IEEE Trans . Circuits Syst. 11
8 Li ] Chen G Celikovsky S 2002 Int. J. Bifurcation and Chaos 52 204

12 2917 19 Wang GY Shi XM QiuSS LiZhZZ2005 ICCCS Proceedings
9 Qi G Du S Chen G 2005 Physica A 2 295 I 1162
10 Liu W Chen G 2003 Int. J. Bifurcation and Chaos 13 261 20 LuJ G2005 Chin. Phys. 14 1342
11 LiJ Chen G Cheng D2004 Int. J. Bifurcation and Chaos 14 659 21 Tw]JG XiY G2005 Chin. Phys. 14 274
12 YuSM MaZG QiuSS et al 2004 Chin. Phys. 13 317 22 Silva C P 1993 IEEE Trans. Circuits Syst. 140 675
13 Yu SM2005 Acta Phys. Sin. 54 1500 in Chinese 2005 23 Qiu S S2000 J. South China Univ. Tech. 28 18

54 1500 24 Qiu S S 1997 Proc. IEEE ISAS’ 97 1033

14 Liu C X 2002 Acta Phys. Sin. 51 1198 in Chinese 2002



7 3301

A new three-dimensional quadratic chaotic system
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Abstract

In order to generate complex chaotic attractors we construct a new three-dimensional quadratic autonomous chaotic system
in which each equation contains a single quadratic cross-product term and a system parameter. Basic dynamic properties of the
new system are investigated via theoretical analysis and numerical simulation using the Lyapunov exponent spectrum and
bifurcation diagram. Our results show that this system has five equilibria therefore is not topologically equivalent to the Lorenz
Résslor or the Chen and Lii systems and the new system is chaotic when its parameters satisfy certain conditions. Compared with
the systems mentioned above the proposed system has larger positive Lyapunov exponent displays a complex attractor and some
other interesting properties. An electronic circuit was designed to realize the new chaotic system. Experimental chaotic behaviors

of the system were found to be identical to the dynamic properties predicted by theoretical analysis and numerical simulations.
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