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Fig. 1. The memristance-charge curve of memristor.
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4.2 RGHESHOHITL

R IZ I 2 A%, Bl 4a = 1,
7= 161, BUBES LI, 3.2 14 BT AT
HI3E, 24 |b| < _%aﬁ, REAE AR (15) BFAS HAHAEAR
HOAFAE G2, WA 71 (n) o () 362 s 5 25,

P AR A S N AR AR R . IAETRAT
B AN T IZANEFHE, WEEHLAE. Bl Es
, ﬂ?%%—% = 5.025 x 1078, FATHES], h Tk
SRR PN @ﬁlllﬁﬁﬁf%*&d\, I LEE B 36 A2 b 1)
AN TImFE B ER LR, B4 (a)—(c)

030502-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3k Acta Phys. Sin.

Vol. 66, No. 3 (2017) 030502

|b|a@ﬂua4\ﬂﬁwa—%, B R 5 i 45 7
R 1, FRATTALEE B B AE E 2 5 b L BUX 4 /N
BRI, REMRAEREIR, IR
R TR BAS R FN, Lk
%], b0 EKT —2 KT 1078, KRG
B 7 A R 4 (d) IR TEIR B T, I ELBEE S H

10

«(t)/10-5

2.5
z(t—7)/10-°

2.6 2.7

Kl 4
(c)b=5x10"8; (d) b=2

z(t)

Ha =1, 7 = 1.61, Z b WA [ HE I BTG R 2 48 AR 1

x(t)/10-5

b, W51 5 BT ARAS K AL AR AR 5] K
NG BE b R IN TG R, W1 T AR AR R L AL B
B b BB BEAT P #2, AH B AR 51 [ vl AR AR
(z(t—7),2(t)) BN T (10b,10b), W 4 (d) fiw.
MR 4 SR 7 (2 5 b HOAS [RIME IS Fons 2 F A P T A
EFH, Ha=1,7 =161, REESE LIS
FE PN S RE I AR LR

2.1

2.0

1.9

1.8

1.7

1.9 2.0

o(t—7)/10-6

1.7 1.8 2.1

20.05

20.03

20.01

19.99

19.97

19.95

19.95 19.99 20.01  20.03

z(t—T)

19.97 20.05

(a) b = 1078; (b) b = 3 x 1078,
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Abstract

Memristor, a controllable nonlinear element, is easy to generate a chaotic signal. More significantly, it can improve
the complexity of the chaotic system and the randomness of signals. Although the memristor chaotic system is a hot
spot of research currently, little attention has been paid to the memristive time-delayed chaotic system. Therefore, a
new memristor-based time-delayed chaotic system is proposed in this paper. We construct the time-delayed chaotic
system with single delay time by using the nonlinear relationship between the memristance and charge of memristor.
The existence of time delay enhances the complexity of chaotic system, which makes the system produce richer and
more complex dynamics. In order to study the complex dynamic characteristics of this memristive time-delayed system,
we investigate the proposed system by theoretical derivation, numerical simulation, stabilization of equilibrium points,
and power spectrum. In addition, the corresponding parameter region of the stable equilibrium point of the system is
discussed in detail. Then, we discuss the effect of parameter variation on the dynamic behavior of the system, and a series
of phase diagrams with different time-delayed parameters and system parameters is described by numerical simulation.
We find that different combinations of parameters and slight changes of parameters can make the system a completely
different phase diagram, which indicates that the proposed system has rich nonlinear characteristic. Moreover, the
proposed time-delayed system is used to generate pseudo random sequences, and the experimental results show that
the proposed system has good self-correlation, cross-correlation, and the significant approximate entropy. According
to the theoretical analyses and experimental results, we conclude that the proposed new time-delayed chaotic system
has complex dynamic behavior and good randomness, which can meet the needs of the applications in spread spectrum
communication, image encryption and many other fields. This research provides a significant reference for further

studying the usage of memristor.
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