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Fig. 1. Probability distribution as function of afrom theoretical analysis (solid line) and numerical simulation

(circles) in local (a) and random (b) adsorption model. The other parameter values are k = 0.005, T = 0,

D =0.001, o = 0.01 and g = 0.1.
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Fig. 2. Bifurcation diagrams as a function of y for different values of ¢ in local (a) and random (b) adsorption model:
(a) k = 0.3055; (b) k = 0.407; the other parameter values are T'= 0, D = 0.001 and « = 0.01.
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Fig. 3. Bifurcation diagrams as a function of y for different values of D in local (a) and random (b) adsorption
model: (a) ¢ = —0.05; (b) ¢ = 0.1; the other parameter values are T'= 0, k = 0.3055 and « = 0.01.
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Fig. 4. Bifurcation diagrams as a function of y for different values of « in local (a) and random (b) adsorption
model: (a) ¢ = —0.05; (b) ¢ = 0.1; the other parameter values are T =0, D = 0.001 and k = 0.3055.
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Fig. 5. Bifurcation diagrams as a function of y for different values of D in local (a) and random (b) adsorption
model: (a) ¢ = —0.05; (b) ¢ = 0.1; the other parameter values are T'= 0, k = 0.407 and « = 0.01.

160501-6


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 16 (2018) 160501

0.25 g g T T -
(a) Random model q=—0.05
0.20f JURTREN
0.15 \ .
\8
IS}
L
0.10f I
Q'\/ -
N
A7
0.05 | \.y
A\ e —
""""" a=0.02

0.38 0.40 0.42 0.44 0.46 0.48 0.50 0.52
Y

6 AFINE SRS o 1B AT RENLI BN DM B )53 2 B
k =0.407

0.25 T r
q=0.1

(b) Random model

0.201

0.151

0.051

0.38 0.40 0.42 0.44 0.46 0.48 0.500 0.52
Y

(a) ¢ = —0.05; (b) ¢ =0.1; HMhZE R T =0, D = 0.001 I

Fig. 6. Bifurcation diagrams as a function of y for different values of a in local (a) and random (b) adsorption
model: (a) ¢ = —0.05; (b) ¢ = 0.1; the other parameter values are T =0, D = 0.001 and k = 0.407.

3 & ®

7 2 TH AL S B, Ziff 4% 1420 DL — S AL R
A S S R AL, 32 H T — A7 B[ DM e WA
. Hou %5 030y DM 5 AY fr — 25 AR A8 7] DL A
FE MR S IAR AR, FRATTHTE AR B DM AR A p—
M G 5y 71 A AT LU A R e S R i T
(B~ 30 1 A AR 10 26+ DMOBEAL i — 2
TR B 2 AR AR R T T, L PR
T {1 A e SR ASE B AR - J=3 38 MR P 2 T 4 A S 7 A5
R AR AT A FRATT Bl A R I g 7 R L
BRPE (g # 0) Wifaf s DM 58 — 2 F0 — 2 JE -~
Wrah J1 AR L. SRR R R NAR R
TR AR B )RR 0 S yer AR B R
ST OGRS E g, 17— AR B0 ) F AR AR 4y
Ry M B BN LU CUR T4 e 7R 5 DL Y
P A5 A7 SRIRIN (¢ < 0), 2B J1 2 AHAR 43 0
ys1 7] 75 30 LU B BT P4 3 M 75 i o, (L Y
PR P IR OGRS (¢ > 0), ys1 M 30 L BUBUR T
PR RSP 7 R P oo, ) T U, DR IR SR R A1 M S
FUE S L I TEE 2 = yso — yor WA, Xg <0
R, PR S e 7 A0 s I 7 1 B 5 P 02 = o — 31 A
B, M2 q > ORF, P75 SO R RE 1) 58 5
2 = yso — yo1 WA,

R AN RS S X R G AHARAT R A AR K
S, DB Tz ey MO {H 2 Py N i X6
F G A AR AT S (1 5 00 ARG 9 e PR DG BCSER . 4

q=0, J7F2E (21) &R
F = M,(a) — Dh(a)l(a) = 0. (22)

DRk, AT RE (22) AT BAE H, 2 P R A O SR R
(g = O) I, N ARIE P X RS2 AT N A ¥
M. AT 2 PN R AR IR A ORI (g # 0) I, Y AR
FEA R RGBS A AT 0 AR . WX R
R, SRIBRMR: S S B T AR A X DM A
AN AR B 1 AR A U R AT E R
FHARSCRAB LR .
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Abstract

In recent years, with the development of chemical study of complex systems, such as surface catalytic system,
etc. the research of nonlinear dynamics problem of complex system has received much attention. These systems have
high-degree complexity, and they are inevitably affected by intrinsic and extrinsic fluctuations (noise) and time delay.
The combination of noise and time delay is ubiquitous in nature, and often changes fundamentally dynamical behavior
of the system, and thus making the system produce more richer and complex dynamical behaviors. At present, in
the theoretical studies of the nonlinear dynamic properties, the macroeconomic deterministic or stochastic dynamic
equation is adopted most, and the time delay factor, especially the influences of combination of noise and time delay
on complex system are rarely taken into account. Thus, the study of the character, mechanism and application has
important realistic significance and scientific value. In this paper, we first introduce the Dimer-Monomer reaction model
(DM model), where various dimer adsorption mechanisms in catalyst surface, namely, the local and random adsorption
surface catalytic reaction models are considered. Then we use the stochastic delayed theory involved in this paper and its
extension, including the analytical approximation and numerical simulation of complex systems under the action of noise
and time delay. In this paper, we consider the effects of noise and time-delayed feedback in the surface catalytic reaction
model, and construct a delayed monomer-dimer surface reaction model including correlated noise. According to the
Langevin equation, applying small delay approximation, we obtain the delayed Fokker-Planck equation for calculating
characteristic parameters of the non-equilibrium phase transition behavior (the extreme of the steady state probability
distribution), analyzing the effect mechanism of noise and its correlation with the non-equilibrium phase transition.
The MD model exhibits the first- and second-order phase transition, namely, the reactive window between first- and
second-order phase transition. The MD models for various dimer adsorption mechanisms (namely, local and random
adsorption models) are discussed. The results are indicated as follows. (1) The external noise and correlation between
two noise signals cause the reactive window width to contract. (2) The influence of the internal noise on the behavior
of non-equilibrium dynamical phase transition depends on the noise correlation, i.e., when the two noise signals are
negatively correlated, the internal noise causes the reactive window width to expand. However when the two noise
signals are positively correlated, the internal noise causes the reactive window width to contract. (3) The noise-caused
changes of reaction window have important scientific significance in the first- and second-order phase transition of the

MD surface reaction model.
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