)32 % 4R Acta Phys. Sin. Vol. 62, No. 2 (2013) 020512

— RPN H BB R G R H B IS
FRED BAL) HEED)

1) (EEPRMB LK 2% E Bk 2B, EIK 400065 )
2) (HEKHBH RS TR B, FPK 400065 )
3) (ERERZEHHALEERE, B 400044 )

(2012 4E 3 /3 30 HYg; 2012 4F 8 H 24 HiEE2H)

PR T — b A 2 BRI 5 TR T %, BT =48 Lorenz R4, I M — MR LER—A 4 Bt
PRER, R HE — N DU 42 BORIE RS b T RS s Lyapunov R0, Ba, Bttt —MELEER, 4T T
PR S PR SO0 4 RS HUEL U B R — B, BIE 1T VE R AT AT PR R

Ki#iA): R, Lorenz R4, VU4EZ IR RS, H S

PACS: 05.45.Pq, 05.45.—a

H 1963 4 Lorenz #2 tH 55 — NV ¥ A& 24 DL
sk 0 AT AR LR 1 2 G5 b IR T B 577 A4 1 4%
KEI MR, 1999 4, Chen 25 F) F e 4% 1 77 v R 91
T —Fh5 Lorenz Z2GXHE IR RS, # A Chen
748 Pl 2002 4E, LiSsAH4E R B T Lik 4 Bl g
—WRih 24 4. 2003 4, Liv 28 B s 7T — AP0
TR R S, R HAE R B I RIEE R4 0, (7
HEHE T AT P E U7 fn 2 BB R 4
[18-25] fy2Lifm.

H#r, M1 REIR 2 S it i H VY 38R R 4.
HZX T 2 BRI R MM, o Fia b, BHxf
T IE % RIRE R F VIR B AR, SR 118, 19]
AISCHR [20] 535002 T 2 T AR 4 A0 Julia 172, 14
& T RS AR Y 22 IR 5] ¥ VR IE R 4 SR
[21] J8 it A4 18 15 B0, 4321 1 Re 7= A A% 2 B il i
W 51 ¥ AR R S, AH STk [18—21] Bl it (1) IR
RAMAREOE A0 2 2%, SR X, SCHR [22,
23] kX P E R R G AT R A e, B
SRR ) He B R, FIE T — 8RR AR 20 B
WEEN 5| B VR R G, (HEEE BE N, 2R
RRBOE B s, BB S I B PR XE. STk [24, 251 3@

T IERAER . E-mail: luowei-2345@yahoo.cn

© 2013 FE4IEFS  Chinese Physical Society

DOI: 10.7498/aps.62.020512

AEIINFEAR 2 P R, AP SR AR g A 2 B
IR 5| T, BRI R Ge i Ar 2 T R
ARLE R B S HOA [, 2477 A2 AN [R] S50 (1 ] 0
R 5], RSB E s, Bk
A A, R REE S BUE T JORAS, X4 A5
T L B S R PR M, ELA 5

ARICAE=YE Lorenz R GtAEA L, @8 n—A>
WELTE w — N BREMERE f w), WiET —
AMRHOE AT LR 5 SCBL R DY 4 % 3R

WeHEAT T BUE 07 EE . S, R R G AT T R
PRI SO LB SI 6 45 R B 7 U R — B

2 WL BERER G E

{E =4k Lorenz R 4¢3 Aili b, 0k 34—~ 2¢
T w — 0 TR, 350N — A0 B2k 1 bR 2
fw), MIE T —ASE 4 56 K45
x:a(y—x)7
= cx—y—dxz,
y=cx—y—dxz n
Z=dxy — bz,

w=aly—w-—f(w)),

http: //wulizb.iphy.ac.cn

020512-1



)32 % 4R Acta Phys. Sin. Vol. 62, No. 2 (2013) 020512

He, 2428 a=10, b=8/3, c =28, d = 16,
| (w) Nor B8t s, Hee RIs AN

N
fw)=Y nlsgn(w+2n+1)—sgn(w-+2n—1)],
n=0

2)
HH,NeM ={0,1,2,---}.

M N=2W, R4 (1) VU4 Lyapunov #&
2> 9~ LE; = 0.8733, LE; = —0.0316, LE3 =
—9.9409, LE, = —14.5675. &4k, &4 (1) M K
Lyapunov 841 LE; = 0.8733 > 0, R4t &b TiRIEIR
ARG () G 2(N + 1) BRI 5] 7, 5
TE w-z AT _ERIPEER. DUR. /S 3RR\ SRER
TR S 1 s,

Bl A wz MPFTE L, R () AN 2 BREIBRARS T (2 BHE; (b) MR o) AE; (d) \R

a(y—x) =0,
cx—y—dxz=0,
dxy—bz =0,
a(y—w—f(w))=0.

3

S1n=1(0,0,0, /),

d d

c—1 Mb(c—l)_f)
’ d n

. _ <\/b(c—1) Vb(c—1)
2n — ) )

)

d

G _ (_w)(c—l) V=)
3n — )

d ’ d

c—1 b(c—1)
d ) d _fn>>

H, f,=-2n,n=0,1,--- |N.
TEP Al i S* = (%, y%, 7%, w*) &b, ZBPEL R St

020512-2



)32 % 4R Acta Phys. Sin. Vol. 62, No. 2 (2013) 020512

(1), 19 HERT LLAR RS

—a a O 0
c—dz* —1 —dx* 0
J = ,
dy* de* —b 0
0 a 0 —a—aF W)

:/H\:EP x*a y*’ Z*3 W* %%i—\‘i}z&]:/ﬁ Slm Szns S3}’l B(]gé*j:“’

F(w")
df (w)

dw

w=w*

N
dY nlsgn(w+2n+1)—sgn(w+2n—1)]
n=0

dw

w=w*

(d%n{s(wﬂ—Zn—l—l)—8[—(W+2n—|—1)]
n=0

—ew+2n—1)+e[—(w+2n— 1)]})/dw

w=w*

Y {8 (w4 2n4+ 1) = 5[ (" + 20+ 1)
n=0
—& (W +2n—1)+8[— (w* +2n—1)]},

Heb, e () RAAMERREL 8 () Bk g IR
GV 5 S10, Sons S3n FTUAEH w* # — (2n+1),
df (w)

ST 5 S = (0,0,0, £,), 1% N\ GE 7 72
det(J— AT) = 0, 75 1 U A~ 45 4 18 40 500 g Ay =
—20.00, A =11.83, A3 = —22.83, s = —2.67, BT
A, Az FIU Ay N ASEEL, A NIESEEL, MCFHT A S,
SRR .

s o (VBET) /Bl 1) -1
?Eq:@qm»SZn ( d ) d ] d ’

VR ) RS G B der(—AD) =0,
73 2 DY A Re AR 2 08 A4 = —20.00, A3 =
0.09+10.20i, Ay = —13.84, H1F A F1 A4 FfsE
$, Aoy NEA ESEER IS0 R HOR, SO S S,
AR GE W A s, BT AT A S5, 5T
B So, FLAAH R RRAEAE, PRSP 5 55 S5, tHAEA
T IR A s

AN =2 R#l, 5T 5% (1) BESH b B
] Lyapunov f& #5015, WKl 2 Fras. ME 2 %0, 78
b€[0.73,3] i, LE; > 0, LE; ~ 0, LE4; < LE3 <0,

LR GE (1) A TIRTERE.
5
LE,
| G—
T LE,
H 5
l LE,
WM\ LE,
—15
0 1 2 3

2 ARG () KSE b B4 Lyapunov $8 50T

4 ¥ % BRI R G e LI

Bl 18 5O K % UAT41CN. 3R i #%
ADG633IN.  HiBH AN H 5 56 R 48 (1) 2 47 1 44 HAL 1%
SEOG. Horh, geka AD633 B a5 0.1, I8 FHUK
#% UA741CN W HIEHE A E = £15 V, Hf i
FUH Vi ~ £13.5 V.

R¥E R g (1) A1 (2) 2, Wit DL AR E
DY 320 7S SR M VRV I 5| - ) LS, a0 3 BT

MR ] 3 15 240 s 5 2

& 1 (R R

_ = —y—-—x

& ReCo \Ry R,‘)’

dy 1 (R R R

—=—|x—5y——x

dt  RoCo \Rs" RsY 10R )’

z_ 1 R R

df  RoCo \10R, ™™~ R%)"

aw 1 /R R R

dt RyCo <ng_ Ry Rlof(W)> .
AR H L T =1/10RoCo, T (4) AN

dx R R

10l =y =

dr (ng R1x>’

Y _ofR,_R R

dr = \Rs' Ry 10R, )

dz R R

= _ =

a0 (10R7xy R6Z>’

dw R R R

(5 k)
8 1

R =10kQ, ¥ R4 (1) #1 (5) K fF R3 = 100

KQ, Rs = 3.57 kQ, R = 37.5kQ, Ry = Ry = 625 Q,
Ri=Ry=Rg=R9=Rip= 10 kQ.

“4)

020512-3



)32 % 4R Acta Phys. Sin. Vol. 62, No. 2 (2013) 020512

B3 2 SRR 5] 5 1) B 1R

1E Bl 3 1, RoCo NI A REEASAL A+, N T
W, &% RyCo. L5 K B, %
RoCo = 107%, 7] W 5 B B 4 (1 38 . LA, AT HY
Ro =10 k€, Co = 10 nF, H BB AL S 40 45 S an ] 4
Fos.

2N =0, BIJFR ki—kg S HBETITI,

flw)=0, (6)

BB, EE B P AR T R G VR VW 51 ¥, W0 B 4(a)
F7s.
M N=1, PRk, ks HE, ko, kg WiFFE],

f(w)=sgn(w+3)—sgn(w+1)
|Vsat|Rg Rd _
e - E
rRe B\ Ryt R

Ry
—sgn <W_Rc+RdE >] ; (N

UGN, H A DY B AREVR VR 51 T, A B 4(b)

F7R.
M N =2, IRk, ko, kg I, k3 WiFFAT,

f(w)=2sgn(w+5)—sgn(w+3)—sgn(w+1)

sal R —
= [Via £sgn <w— Rq E )
sal R —
| Vsat| Re [sgn<w— Ryq E >
R. R.+Rg
Ry _
en <W_Rb+RdE )]’ ®
WG B, R P AR N B TR T R 5], W 4(e)
Fs.
R, = Ry = 1 kQ, IR4R (6), (7). (8) 38, W 4
R, =2kQ, R, =4 kQ, R, = 14 kQ, R. = 13.5 kQ,
R =6.75kQ.

M 4 FNIE 1 ATEUE H, A seae 45 R 5 JUE
PIEEERA— 2L

K4 HEBEEER (AR (b) WE; o) '

020512-4



Y12 % 3R Acta Phys. Sin.

Vol. 62, No. 2 (2013) 020512

5 4

$Et ¥ —MAE Lorenz R4¢ A4/ 2 B R TE
TR 51 5 IR T, 207 R B TR AR G R A
TR, HA g SeBE R 5. @ B Hr, 23
7 R GERTR TR, RO R 7 2 1) 2 3 AR

TG T SRUE O H AR — B [N, &07vkie T
P FeAth VY 24 22 3R R 48 0T T AN Ok — U
H T 2 B R ol R 5| A i ) R 3R A 3 )
IR R 51 T HIBh A AT N R, I, i RS
£ TR B EA RN A (8, T A DR A5
R R

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

[2] Chen G, Ueta T 1999 Int. J. Bifurcation and Chaos 9 1465

[3] LiJH, Chen G R 2002 Int. J. Bifurcation and Chaos 12 659

[4] LiJH, Chen G R, Cheng D Z, Celikovsky S 2002 Int. J. Bifurcation
and Chaos 122917

[5] Liu W B, Chen G R 2003 Int. J. Bifurcation and Chaos 13 261

[6] Liu W B, Chen G R 2004 Int. J. Bifurcation and Chaos 14 1395

[71 QiGY, Chen GR, Li S W, Zhang Y H 2006 Int. J. Bifurcation and
Chaos 16 859

[8] WangFZ, Qi GY, ChenZ Q, Yuan Z Z 2007 Acta Phys. Sin. 56 3137
(in Chinese) [£ %, 5[ T, PRl e, 5254k 2007 Y224 56
3137]

[9]1 ChenZ Q, Yang Y, Yuan Z Z 2008 Chaos, Solitons & Fractals 38 1187

[10] Giuseppe G 2008 Chin. Phys. B 17 3247

[11] Li D Q 2008 Phys. Lett. A 372 387

[12] Wang L 2009 Nonlinear Dyn. 56 453

[13] Dong E Z, Chen Z P, Chen Z Q, Yuan Z Z 2009 Chin. Phys. B 18 2680

[14] Dadras S, Momeni H R 2009 Phys. Lett. A 373 3637

[15] Hu G S 2009 Acta Phys. Sin. 58 3734 (in Chinese) [#[E VU 2009 4
P22 58 3734]

[16] Qiao X H, Bao B C 2009 Acta Phys. Sin. 58 8152 (in Chinese) [F7%
e, ALAF K 2009 PIEEFAR 58 8152]

[17] Hu G S, Yu B 2009 Int. J. Mod. Phys. C 20 323

[18] Miranda R, Stone E 1993 Phys. Lett. A 178 105

[19] Yu S M, Lii J H, Tang W K S, Chen G R 2006 Chaos 16 033126

[20] Bouallegue K, Chaari A, Toumi A 2011 Chaos, Solitons & Fractals 44
79

[21] Yu S M, Lii J H, Chen G R, Yu X H 2011 IEEE Trans. Circuits Syst.
II, Exp. Briefs 58 314

[22] Yu B, Hu G S 2010 Int. J. Bifurcation and Chaos 20 727

[23] Hu G S 2009 Acta Phys. Sin. 58 8139 (in Chinese) [#[E 1 2009 %
AR 58 8139)

[24] Yu S M, Tang W K S, Lii J H, Chen G R 2008 IEEE Trans. Circuits
Syst. II, Exp. Briefs 55 1168

[25] Yu S M, Tang W K S, Lii J H, Chen G R 2010 Int. J. Bifurcation and
Chaos 20 29

020512-5



)32 % 4R Acta Phys. Sin. Vol. 62, No. 2 (2013) 020512

A family of four-dimensional multi-wing chaotic
system and its circuit implementation

Luo Ming-Weil)" Luo Xiao-Hua?) Li Hua-Qing?)

1) (College of Automation, Chongqing University of Posts and Telecommunications, Chongqing 400065, China )
2) (College of Optoelectronic Engineering, Chongqing University of Posts and Telecommunications, Chongging 400065, China )

3) (College of Computer Science, Chongqing University, Chongqing 400044, China )

(Received 30 March 2012; revised manuscript received 24 August 2012)

Abstract
A new method to generate multi-wing butterfly chaotic attractors is presented. Based on the three-dimensional Lorenz system,
in this paper we propose a four-dimensional multi-wing chaotic system by appending a state variable and a piecewise linear function.
The equilibrium points and Lyapunov exponent spectra of the system are studied. Furthermore, an electronic circuit is designed to
implement the system. The experimental results are in agreement with numerical simulation results, which verify the feasibility and

availability of this method.
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