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Dynamical Analysis and Circuit Implementation of a New

Chaotic System with Infinite Many Coexisting Attractors "
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Abstract; A new three-dimensional continuous autonomous chaotic system with extreme multistability is proposed.
The presented dynamical system has only two nonlinear terms. The dissipativity and stability of equilibrium points
are analyzed theoretically. The effects of system parameters and initial values on dynamics in the chaotic system are
investigated by using bifurcation diagrams, Lyapunov exponents, Poincare’ maps and phase plots. Research results
show that the proposed chaotic system can generate infinite many coexisting attractors under different initial condi-
tions. The circuit of the system is designed and simulated in Multisim software by adopting analog electric elements,
and the circuit simulation results are consistent with numerical simulation results.

Key words : chaotic system ;coexisting attractors ; extreme multistability ; circuit design

EEACC:1100 doi:10.3969/j.issn.1005-9490.2021.01.012

— T EBAEXRSEKS| FEEFHNHEERER
MNFESTREEESII’

wo=mLEF g g
(1N ERAY AR B R R 2280 WM 247000 ;2. 2 BHR 2= B bk T3 2% Bx L 228 RUH 233100)

B OE AT R A RE I SRS AR RS, KRG 2 AR X RS RERLIE P A
TR AT T 30T JE A 20 2 18] Lyapunov 45 52 ISR AN S |7 A B 04 T RG2S 8 RMEX 8 J12747
RSN TESHEE RS OL T, T WA AL 70 2 181 A5 2 1 JEIRZ RIS 7. s R BT T oo AR s L 1
ARG, Az ] Multisim ZCPF07H T % R G TR I AL B%. S5T0UENT LB 07 -5 KU 07 HA R — 24

KB ORI RGNS T RE T B BT

& 435S . TN401 XEfFRIRAD A X E S .1005-9490 ( 2021) 01-0062-05

F M 1963 4E & B Lorenz JRTHNZ 5| LAk 4
FhHTIRH R G AW B & BRI, 41 1999 4FRR ok
HOREE N Y Chen 248 ,2002 4F B 4 FR #4255
PRI L 22552004 4E XS0 2024 N S0
() Liu KRGV HAB Y RIBME RS, Ir4Ex,
W R B, VF 2 IR TG R g HA LA s | ek, B
ZRaENETY, B ZREENIRE RS H—BR
TR G A T RMRHEE , 7615 B F 8 5
AT AT W A AR R 2016 4FAL
AR S N E— ML AL S T R B T M 25

I B SRR - L8088 B SR BT E 5551 H (KJ2019A1138)
r#s B H9:2020-01-15 &2 B H5:2020-04-29

TETEBR , BERE RRTE R S P AR TR Z 05|
TIAPRE, R BT E TERAE A MR AR
Gerpblis R IS AR T T AN Y
SHEELRMAR L, R AR GG A 2 AR, A
ICEA —BER TR SRR, A S H A R B
R ZRENE, IITERE R SEE T, AWK
WIIRIERENS 15 B JC PR Z Fh A W] AR IE I 51 5~ TR
N TSR T AR AN I R G, Bt T RGE
SCBLHL BRI REAT 1TSS, SR A R IE TR E S
EIERTE



%14 3

5, ¥

RE. ANBEHLR LB FEEGIHRERAEN I N F oI AL R EI 63

1 FM=Z4HRHERS

RGN ITREN
x=a(y-x)
y=b(x—y) +cxsin(z) (1)
z=d-xy
K,y z W3 NRERELE  a,b,c,d 4
MNEWMRFESE, xsin(2) Ml xy 2 AIELPETN
1.5

1.0

-0.5 0 0.5 1.0 1.5 2.0

x
() x—z IR I

MBR a=1,b=0.5,c=12,d=0.3, ¥ {H N
(2,2,2) 0, RE HAMERLER S 7, w1
(a) ()R, B 1(e) N y=0 B x—z 303K
W, W LA B2 0 3 i o S R0 A A3 B
&L UL LR R AL TR, B 1(d) MR
G5 3 AR BE A E] AR A B I L, BT LA AR
(7 B 5AT TG S M F — 20 E B e R G AT
TRMRE,

x/ylz

-2 50 100 150 200

(d) x, y, A

1 GRERS|FHEE

2 HRENNEST

2.1 FEEHE
XS RS (1) 3 AR T A U R
P 5, T LA B R G EUE
ox dy 0dz
\ V=£+a—y+$=—a—b=—(a+b) (2)
IR, M a>0 H b>0 I, VVAE/NT 0, R5E(1)
RFEHY . TEMRMET , RG LR BOE RS do/de
=e Y XEWRE , Y 1 BT IR, RENL -
BE— N/ MEBUICISL R 0, RGN B #T T —
R L Gl
2.2 TERREM
LRG () FXAHFET 0, TR EI R G R
B RURZS TR T
a(y-x)=0
b(x—y)+cxsin(z)=0 (3)
d-xy=0
fife V-5 77 B (3) A LA S B JCBR 24> R 481 1

W (1 NP

P={(x",y",z2")Ix" =y " =x/d 2" =k} (4)
K k=0,21,£2,+3, 24 - R RS Jacobi J
W

-a a 0
]P[bcsin(z) -b  cxcos(z) (5)

-y —x 0

JIA VA 55 P YA LU R TT R
INE-], 1 =A7+(a+b) A*+(ab+cdcos(z" ) ) A+
2acdcos(z" )=0 (6)

WAR XTI IE S50, 2T 97 Bk e P e 2
B RGE(L) B PIA -F BA AARE PR
2.3 BN REHFENZN

MRFFRGE S a=1,0=0.5,c=12 N2 HIfH
SR (2,2,2) F1(2,2,-2) , RGBS E 4 251k
(5325 R AR 2 7R b AR ARy o A8 i B K fH
TEFE 2 O RN WA (2,2,2) M T RG™ &
o a0 O FRRPIE (2,2, -2) F M T RE™



64 LA

% # % 44 K

R aE R, WNE 2 TR, BEESE d N O
FHIGIE MG K, R G0 2h 1 27 Bk 38 a8 i 1) 4% 5 9 43
B8R R INAT Ry ek A BE R, HE d =
0.64, 75 B4R H B2, 7RSI TE X (8] N R G A AE /D
B NG ReE . BERS R 40 XTI IR TEA T B 1n]
£ R 5320 36 AN JE AT, IR AE d=0.76 I 1)
G328 AR AR S TRA T . B d 20
K, RGEAYGE L R 45 5 73 7 A E d=1.1 I
AR BPRES | B 5 RGO RS R EAAE
IS, AR 2 rhad i) DL S i IS B PR AR i — 2
RGEMIRIEN G| IS d %V G 2450
d WBUETS R NAFTE A F R g | P, S Ti— 20
WESERGE (1) SEA R B 3 45 TR (2,
22K, REMESE d by Lyapunov 1§ %%
WM d 75 (0.1,0.64) 5 (0.74, L) B N, &4
Lyapunov F8500 40 0 (+,0, —) , i 2= 48
B, UL R GRIRIEN . B3 ATLUE
RYAE de (0,0.1),de (0.65,0.73),d e (1.2,
1.5) , XN d=0.4,d=0.46,d=0.592 i}, Lya-
punov $8 EX A R (0, -, —) , UL HH R G 2 Ji W 1,
Lyapunov 8805 ir R R G 8 J1 2 RE& - 5
9370 BIEEAR—3

TE MATLAB Hrig & E2E R 0.01, f RIS
2 000, 5 RGN TS5 d BURFRYE A3 21 A9 TR G

(c) d=0.85

s FHAEIGNE 4 s, RERE S d=0.2 1Y,
RGP T — PRI G52 d=0.8 B, RS
FEAET —A 4 FIRIEN ST d=0.85 B, R4
T~ 6 BIRMEMW G|+ d=1.02 B, RGE 7 E T —
AIAARPBEIRITE N S | 1 REAEA [FSEUE
AT ORRI RIS | R TE 2 7 1) BT B
PR T 2| A G A s 12T R

0.5
" " " . L
g oA TN
g p N
%45 L, \J
>
S _
g -10 \
§ 15 /
a7 w ML

204 0.5 1.0 15

(d) d=1.02

4 WRFEEARR dEFREERSFHEE

2.4 ¥EXNZRSHERRID
JUE R T 22 58 %50 2% 1 W) U (E E AT v B ABURR

P ARRHER I RGAEA I RRIE T, 1247 Pl i)
FOWCEENA FRAE 51 b T T AN [R) 90 4 - 2



%14 3

2% MHF.ALALRZEINFREEAFHRERAODNFIINALEEEI 65

RGBT S BN TR AR I 5 7 35
PR A LA TEBR A WS F B S, Sk £ e e
M.

IR, BEESE a=1,6=0.5,c=12
d=0.3, W1l x(0)=2,y(0)= 2 f£F A4S FEA[R 1)
WIME 2(0) 1T B R G(1) BEWE ™ A TR Z FhiR
TS| FIAEI G M R B 2R Er, W
Bl 5 s, 24 2(0) 0 i & -2 ,0, 27, 4, 67,
8ar Bf X TR TR 5| F 2 B 5 6, 4160, 2 45
O O ORI T,

-5.0 —2.5 0 2‘.5 5I.0
Yy
(b) y—zFTaFLE
5 WMEz(0) M THEFERERSIF

EERGES A, B 6 il T RS (1) K]
8 2(0) By 5375 K, HIE 6 AL XT3 Z K[
1 z(0){H , RGE (1) BEME ™ A= B 2 iy L AFTR Wi 5 |
T Bt Uil TR R R 2 AR ST
AEME W) B WMAELENE . BEAP, IR E S E o=
1,6=0.5,c=12,d=1.2, [FFEECARFE B PIE 2(0) N
-27,0,27 47,67 87, RE (1) BEE = A LR 24~
LA A 51, Qi 7 Fos

40
30 -
I——
20 ——————
" st
10 .
() [matenmmn

0 5 10 15 20 25 30
2(0)
El6 ZEZEBEz(0)ZUHSEE

30

B7 #MEz(0) M THXEEFERHRSIF

3 BEBRITSHE

TR ARG L % S BN TS B AR HAT R
AR EZET RIS OO & R R vk
o IERAE S AR AR AL B A R GE (1) HEAT
RO, 88 Rl T RS HLERE . RS
RELE x,y,z Wit 3 DAY R R OR
HET LR A K FL B E T, AR T P IS 1Y S SO B
T
dx y «
di R, R
R,

x oy,
RG R7 R3R5

dy _ .
i xsin(z) (7)

dz V. «xy
di Ry Ry

W ARG S SO, 28 a=R/R, =R/
R,,b=R/R,=R/R,,c=R,/R,,d=Vc¢/R,, 7E Multisim
LI B R ] 8 TR, M a=1,b=
0.5,c=12 B, XN B B CAHEI BN €=10 nF,R=
10 kQ,R, =R, =100 kQ,R, =R, =200 kQ,R, =R, =
100 kQ,R,=10 kQ,R,=0.9 kQ, 4 d=0.3 fil d=
1.2 B 05 V, (B4 0.33 V fil 1.3V {l HL.4%
A3 anE 9 (a) A 9(b) B,

@

8 AERRFERE



66 W F

% 44 %

(a) Ve=033V

b) Ve=13V
Multisim {FE 48

=9
4 gip

RSO R— P B A TOBR 20 5 | 1 A7 1 = 4 4
SRR R GE, HEAT RIS 20, MATLAB B {H 115
TR BB BT 5T, BFSEE RE W] LR GAEA
Rl RSSO BERS ™ A A TRl Y 2 3R M 51 5,
HAEE 2Rtk Rl e [ E R a2
B SR RIIR R, xR G RENS A TR 2 T
AT Z A8 E B 12447 0 ol BT AR
%, FH Multisim 753 237 2 G809 — R I 5] 5 Fl—
MRS, IITIESE T R GER Al S B0 g
R EEIRM R G, 1605 015 v A B8 B R
FHHE

SE 3k

Lorenz E N. Deterministic Nonperiodic Flow[ J]. Journal of the At-
mospheric Sciences, 1963,20(2) :130—-141.

Chen G, Ueta T. Yet Another Chaotic Attractor[ J]. International
Journal of Bifurcation and Chaos,1999,9(7) ;1465-1466.

Lii J,Chen G. A New Chaotic Attractor Coined[ J]. International
Journal of Bifurcation and Chaos,2002,12(3) ;:659-661.

Liu C,Liu T,Liu L,et al. A New Chaotic Attractor[ J]. Chaos,
Solitons and Fractals,2004,22(5) :1031-1038.

INFERE T, Rk Lorenz REEZMBHR I S| F RIS
LB SCHLL ). By SR, 2016,14(5) :395-400.
FHER, ARG, ThER I, A5 B AR 22 T S TR H R 1 3
TS0 T]. i F#,2017,47(2) :226-232.

WK AT, 5Kk 8, 5. FE T Adomian 43I 1Y) S B MR il
RGN S s B[ 1]. WA, 2019,42(1)
193-200.

PAETEL, ERRAR, B X, A5 JEF R pRE X2 BE A5 TR i F B
ZAAABFHEITL)]. -T2, 2018,46(2) :486-494.

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12

[

[13

—

[16]

[17]

[18]

R, BE . BA SRR S | i K B SRR T R 5
[J]. WHLR22:4 ( T.2%/R) ,2019,53(8) : 1552-1562.
WER,ZRY, RAT. 5 TS TR RS R
TR A S AL B SR [ ) ] TR, 2019,42(4) :924-930.
Lai Q, Norouzi B, Liu F. Dynamic Analysis, Circuit Realization,
Control Design and Image Encryption Application of an Extended
Lii System with Coexisting Attractors[ J]. Chaos, Solitons and Frac-
tals, 2018, 114:230-245.

Bao B C,Xu Q,Bao H,et al. Extreme Multistability in a Memristive
Circuit[ J]. Electronics Letters,2016,52(12) ;:1008-1010.

Chang H,Li Y, Yuan F,et al. Extreme Multistability with Hidden
Attractors in a Simplest Memristor-Based Circuit[ J ]. International
Journal of Bifurcation and Chaos,2019,29(6) :1950086.
Parastesh F,Jafari S, Azarnoush H. Traveling Patterns in a Network of
Memristor-Based Oscillators with Extreme Multistability[ J]. The Eu-
ropean Physical Journal Special Topics,2019,228(10) :2123-2131.
Lin H,Wang C,Tan Y. Hidden Extreme Multistability with Hyper-
chaos and Transient Chaos in a Hopfield Neural Network Affected
by Electromagnetic Radiation[ J]. Nonlinear Dynamics, 2020, 99
(3),2369-2386.

Li X,Li Z. Hidden Extreme Multistability Generated from a Frac-
tional-Order Chaotic System[ J]. Indian Journal of Physics,2019,
93(12) :1601-1610.

FIRT, IRUKAG. — R PR 20 IR T Colpitts $& % v S H
HESBL[T]. TR E,2017,40(6) - 1441- 1444,

JAR, R — BRI B IR RS0 5 FPGA 52
BT, BB 72 51H51,2019,36(8) :49-53.

o = (1983—), B, Wi, grom, F
BLWFSE 7 m oA B sh A ] AL B

it

T AE(1985—) L it PR,
W87 A AR 2 v e Bt i R RE AR
il , Tuojia201808@ 163.com;

FENE(1979—) , B i+, #4%, =%
WF5E 7 1) A B T, BILH R



