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2
m (;t + 2/\) +mw?® +e| (EL165m1) + W’e_w g ((f ST

" (c(lit * 2A> (€163m1) — e(§i€amr) — 16¢%a"A (::t + A) (z1) = 0.
A4 (4a) L €363 JRHCT IR (7) KATH5

d 2
(dt +2)\> + mw?

9 e ((€6m) — 40P o)) 2+ 4t G (o) | = et v cos (@),

d 2 d
(E16a1) + <dt + 2)‘> (&1621) — 16¢°a* mA (dt + A) (z1)

dte
Zib, AT LT 9 MR B L TR (7R (24)— 5 (32)):
{yl = (1), y2=(Gm), y3=(Gm), ya=(a&m), ys= (),
Yo = (Ea1),  yr = (&), ys = (G1&3x1), Yo = ((163m1).
XA R4 (33) 7F Laplace A8l 1%

enYr+ Yo =A05——; 32

92, €21 Y1 + c22Yo + €23Y3 + co5Y5 = 0,
c32Yo + c33Y3 + 34Ys = 0, caaYs +carY7 =0,

c51Y1 + c52Ya + ¢55Y5 + €566 = 2q0° Ao—5——5 2 027

Y, Y; Y, Ya = 2ga® Ag———
Ce1¥1 + Ce5¥5 + Co6¥6 + Cos¥s = 2qa 03 2

c7aYy + c77Yr + crgYs = 0,
cg1Y1 + ca7¥7 + cgg¥s + cgg¥y = 0,

co1Y1 + cosYs + cooYo = 4¢°at Ag5——; 2

927
Hr, Yi(s) = L(ys) :/ yi(t)e stdt, i=1,2,3,---,09.
0

c11 = ms® + 5% +mw?,  c1p = (s + A\)?,
A
co1 = —4qa’ ) (s + 2) , cap=m(s+ N2+ y(s F N+ mw? +e, cag3=—€, 25 = Cia,

2
C32 = C23, €33 = C22, C34 = (5+2))7,

caq = m(s +20)% +y(s + 20 + mw?,  cyr = ca4,

A
cs1 = —4dmga®\ (3 + ) — 2qa’~(s + A+ 2qa’vs®, cs = a2(s + N2, 55 = o2, 56 = Co3,

2
Ce1 = C51, C65 = C23, Co6 = C22, Cpg = C3d,
cra = a?(s + 202, crr=m(s + 202+ (s +20)* + mw? + &, ¢ = c3,
g1 = —16¢°a*N(s + X), cs7=co3, Css=Crr, Cso = Caa,
cor = —16mqZa*M(s + \) — 4¢%a*y(s + 20)® + 4¢%ays®, cos = 74, Cog = Cau.
KAFITRELH (34) PR Yi(s)(i =1, 2, 3, -+, 9)AUfMT iR, Hri,

Yi(s) = H >

1) e
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22 2 22 2 4 2 2 4 2 2 2 2 2 2
9 (8) = (—2qa*F5c394+2qa” clycancas+ 1205900 — Cog+2059C53 — Co3) (€33¢14 — €34CF4+2C34CaaCT4C77 — C14CT7)

2 4 2 2 3
+4q°a C12C23C34 (612022034074 — C12€22C44C77 + C539C23C34 — 023634) s

2 4 2 2 4 2 2 2 3 2
f(s)= (011012622052 — C11Ch9 F 2€11C55C53 — C11Ca3 — C19C59C51 + C19C22C23C51 + C12C21Cog — 012021022023)

2 2 2 2 2 2 2 2
X (023044 — C34C7y + 2€34C44C74C77 — 044077) + C12C22C23C34 (634074091 — €34C44C74C81 — C34C44C77C91

2 2 2 (2 2 2 2
+ €34C77C81) + C12C53C34 (€39C34Co1 — C55CaaC81 — Co3C34C01 + Co3Ca4C81). (36)

X} (35) 2AE Laplace 18742 4 AT 45 (21 ) B fif BT 2635
KT

(x1) = AO/O hi(t — 7) cos(§27)dr, (37)

Horr, hy(t) f& Hi(s) fE Laplace 2840 Y45 .

T3 77 I, WAL A 2 R I NS 2R G i 1 2
XS (o) HEATOR AR Jr R (34) I B AE— Dbk
WAE 2 g8, P, Ho th %2 S5 AR = [R5
AR 52455, TR R (A AL A BT 22 5. itk
(1) ATRIR N

(1) = Acos(2t + ¢), (38)
Hor A ¢ o3 5IREE () AGIRIERIARLL, A (35) 2K
XF L AT 1S

A= A HLGO)|, 6= arelHL G2, (39)

oo, IRE R, WAL = 1. R, K
PR IR B 25 1 5 SCRT 7

G= 4 = G2, (40)
Sl H () B LRSS L (36) 3L

i, g = 0.5, =M HRAL XS
MEFS . ZERXARE LT, (33) 2 (34) A8 ks
R LUF KRR

ys = yo = a’y1, yr = a’ys,

ys = a’ys, yo = a'yy,

co1 = —a’\(2s + \),

cs1 = —a’A(2ms + mA\ —7),

cg1 = —4a’* \(s + \),

co1 = —a*X(4ms + 4m\ — 27). (41)

e (41) U 936 R SR ATRRAL (34) YT
ANTIRER R G B, Jr R (34) KB AL 7

\
% P B R S0 T RRAL (1T, % g = 050,
SRR AT 4 ) 2 WS

4 FRomEEEgas GSRIAK

R4S (40) 2% Z8 554 11T 9 25 0
GSR BGUIATINE, LIS SR R .

41 REHHIEEESBERSRSER
&R ¢ TILH GSR

K 1 MBE ¢ 2241 GSR 7E a-eF T 14 AH ]
T GSR A 5 RS EHEE . TEASCHY
FHE AN [R]A K BEAR 3R R G Ak F AN ) iy etk
&, EARHDT:

1) BEAe I (1) X3 R G I (B 25 R
M GSR B4

2) R XK (i) FRER R Goli o i (0 25 1 21
BRI

3) P X (iii) 103 R Geh R E 45
WUEILIR IS .

X:0.4614
w Y: 4

[e]

B 1 B g7tk GSRTE a-e FIHAME, Hfhm=1,
¥y=01,w=1,2=14, A=0.1, a=0.7

Fig. 1. Phase diagram for GSR versus ¢ in the a-¢ plane,
withm=1,vy=01,w=1,02=14, A=0.1, a=0.7.
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WE 1R, X —HSHE T, a2
RGBT 22 4 o MR (B £5 W B R B
W, Y RGNEE T, RS IR 45
LT SRR LA Y REM BRI, &5
i M (L 25 T R IR IR BN S, 52 M, 44
G RPN, 2 Gk RAEE 15 B LRI
2. A RBUR SR, RS0k IR (AN 25 1
TSRS, N TR LRGN — e,
TE sk e = A fla = 0.2 51F T, BE—200 07
THIE R BN RGBT 258 GSR L4 1 R0
SERUNE 2 fis.

3.0

(a)

25
20
O 151

1.0

0.5

2 ZR G0 R B 45 BE A S R S AR B ik
GSR¥ZE, Hhm=1,y=01,w=1,02=14,A=0.1,
a=0.7 (a)e=4;(b) a=0.2

Fig. 2. The OAG versus ¢ with m=1, y=0.1, w=1,
2=14,2=01,a=0.7:(a) e=4;(b) a=0.2.

Bl 2(a) 250 T RSk WA 5 7E A R RS0
B 250 T, Bl — M RS R R MR AR T
RAMAAAEDL. TR W, MRG0 0.2 3
KEN 0.4 B, RE GSR ME P55, Y RAM4EL
M 0.4 JF— K% 18}, 240 GSR L4 E WY
&G EE 1 MRS R—8L T R
MG, ASCGHT T B BEJE TR AR SRR AE, 4551
WE 37T R, AILLE L, BEE RGBT B G i,

S P R R BE R R ERABU 3 AE B AH
IO75 . AR 2 PR U B, AR 5 s A 5
A5 IAE] SR MG H R 5.

P03 Jrbi B e B i SRR

Fig. 3. Frequency characteristics of the fractional damping

term.

P 2(b) 45 T R Ge i R A 25 72 AR R A
FRIEIFT, biE =B RS R AR
RARARCIE D, e LB, Me = 0Rt, RGEIL
ARG RS0, R ok R IR(E G 25 % RE 7 E GSR
MG BEE RS RECIK, RS0 iR (5 25 0T
L SO RIS AR, SRS RSk
0.5 MR H 2 i, RGAYIAR Gl 2 B0 244
B RBGE 2 B RH) 100 B, REEHIEIR
IGBETINGS, EL RS, 3R R kAl 24 A
FAVE FRERS N R SR (it A SR 42 T 7 i
S U S (S PN T e TR R E T TN
IR A J73E e B — R & A, M1 2R e A R
LRI, FEMTES RGN RIS

MIEL 2 0T A, ZR G0k IR (1 25 ) iR
W B g /T 0.5 BF, IR7E ¢ T 0.5 IS
/ME. T =AM AR ¢ ST 0.5 BHEAH R
M, FARZERUL TEX —HSERM R, =
MRS 5 0SS A E, B8 2R G A T Y
S

4.2 ZEhmHTRELSMERS R -THH
GSR

ME A AT LR Y, MRS R R R  R G Ry

B X X 2R Gy R (R 25 BE R A R B R

GSR 17T HH & BEMm, BIHEE ¢ KR, R4

W R A SR A Sy Fpe SRR . T HL, MR AR

HRMERECRAT, FiE RGN K, Rt
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P ORI e il A8 Sy UG IR . ON—MeE, #E53]
g =03Ra=010%KMHT, #—E00 T &
GBI AR S HE R RN RSE GSR LA M5
i, 25 5 .

1.0
0.8}
X:0.3
0.6 | Y: 0.5139
3
0.4}
0.2

0.1 0.2 0.3 0.4 0.5
q

K4 B AL GSR LR 1E g-oF T HY AR &, Hp
m=1,v=01, w=1, 2=16, A=0.1,a=04

Fig. 4. Phase diagram for GSR versus ¢ in the g-a plane,
withm=1,vy=01,w=1,2=16,A=0.1,a=04.

P 5(a) 25t T ZR Ge R (R 2 6 AN [ R 40
BB ST, B G R A0S L. AHE R B,
MARGIEIUE D 0.2 BF, R Gk H I E S 25 B
B R B A U LR . BEE R G R 1
R, ZR Gk R B 2 28 T by X MR T 7 Dy B
PR, HIALYRIGEZ R, Fenlih, R GEHEOR
(B9 1, BVRGER AL BB R e, Hokay H i E
25 WUEAEL RN, IZ IR UL 05 REERE LU 52
TR 2R AT B B R H IR 75

I 5(b) &t T ZR Gkt I (B £ 76 A [ e
TR R AT, BERG RBULAL T AZ 1L
O, AT Y, YR AR SR A R U O 1,
R G T IR 5 B Re - A SR IG. HR A
SR 2SR AL HR, BEPL R S AH N BIR
R ENERGE. KT o0 M 2o W18 BIAT g 5 42—
ﬁ(, ﬁl@%‘\éwﬁé@%ﬁ%ﬁlﬁ 8(1‘1 - 1‘2)%[]8(3?2 - 331){!%]
oK, BEMIHER T RG07 A IRIMG T T AR Lt
FAF. YRR EARIE Y 0.25 1Y, ?éj’ﬁfﬁ?u‘

Z; (tn) =Y; (tn—l) Ata — memo (l’i, Oé) y

2

k=1

HH B i 11 B . Y R P R A e RO A At
—HERF 0.5, B =25 M R IR 10 O XS M S I
ZA G R (0 o Hh DL e SR, H MR I Y ey 2
MR AR . 2SR RN, e R —H SRR, W
AW B A G0 R (ELAR A 5 — 25 7 el
TR £

1.2

(a) —a=0.2

11}
1.0
B 09f

0.8}

0.7

0.6

0 0.5 1.0 1.5 2.0

1.6
(b) —q=0

14t ¢=0.50
1.2t
1of

0.8

0‘6 1 1 1
0 0.5 1.0 1.5 2.0

K5 FRgekin il R (I 45 B G R B « 1LY GSR %,
Hfm=1,y=01,w=1, 2=16, A=0.1, a=04
(a) ¢q=0.3; (b) =0.1

Fig. 5. The OAG versus € with m=1, vy=0.1, w=1,
2=16,2=01,a=04:(a) ¢g=0.3; (b) a=0.1.

5 BEAERIE

EUEFIS A R A IERATE, T e R )
BT (2) ZURT 2 R Tz 3l % T 7850/
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k k! '

G ERESEFMT, B B ¢ = 300,
SRFERI R At = 1072, AJ45 R Goki 45 5 i ek & A
AR N E 6 frs.

Kl 6(a) M ARGk RS IR E, ATRLE L, 32
MRS RS, R Gu B R R B AILYE . IERT,
SR P - L 28 Tk I W HE O A5 A IE B A AR
FEAE. DRI, 38 3 o) A Jsl iy £ 5 A 7 e L A g
BT 5 2Z X0 s A5, ANl 6(b) .
M 6(b) AIVEREHLE 2, 250 e SRR 3 A5
R (2=04n) BT BB ARG, R RS N
LB e iz B 5 AMERIR B (E 5 (Ao cos(£2¢)) [
MIIESZAE S . HUE(E (2.149)1CK R G Xt Sh Uk 3
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TEE 6 IS BRI, EE AT N IR E L
5, N U SR SRR Dy 5 e A A5 00 4R MR
05 AR, BL(40) A8 E R BIR 4 R WS %1, 7]
P ELR2E B ELUCE A2 Ak, nisl 7 B,

K 7(a) A E S HISEE RS LR, v LA,
D5 BAS RAGAAE TS SR M BELIE 3l , R
ELAUR SIS AR Z B S AT E RN LR 22 . BEE 1
FLUCHEC N RSN, BEHLIE Sl i) iR B2 2 /. B
TN A8 b B Wz BEA L 22 OSSR B, itE— 2D 45
T ORH L ) 2 0T it AL Qi 22 B0 L R N AR AR
(8 7(b)). & 7(b)KB, FEAE 07 EE NI,
st 75 2y R 1) AL s 22 45 32 T AL B 5l L, 5 DA
o = 1073 Al 232 (I 22 1 1B, T >4 N > 2881,
BT A T BR AT R . — e, M P i i R
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‘EE
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(a) WA (b) #idkEl. m=1, y=0.1, =05, e=1, w=1, 2=04n, a=0.2, A=0.1, ¢=0.3

Fig. 6. System output signal: (a) Time domain diagram; (b) frequency domain diagram. m =1, y=0.1, a=05,e=1, w=1,

2=04rn,a=02, A=01, ¢g=0.3.
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Fig. 7. Simulation error graph: (a) Comparison between simulation and theory; (b) relationship between simulation error and simu-

lation times.
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Abstract

In order to describe the motion behavior of coupled particles with mass fluctuations in a viscous medium,
we propose a corresponding model, namely a fractional-order coupled system excited by trichotomous noise. By
using the Shapiro-Loginov formula and the Laplace transform, we find the statistical synchronization of the
system, then obtain analytical expression of the system output amplitude gain. On this basis, this paper focuses
on the key points, which are the coupled system, the fractional order system and the trichotomous noise,
analyzes the influences of coupling coefficient, system order and noise steady-state probability on the
generalized stochastic resonance phenomenon of system’s output amplitude gain, and gives some reasonable
explanations. Specifically, first, as the coupling coefficient increases, the generalized stochastic resonance
phenomenon of the output amplitude gain of the system first increases and then weakens until it converges.
This phenomenon shows that the appropriate coupling strength can promote the generation of system
resonance, thereby reflecting the importance of studying coupled systems. Second, with the order of the system
increases, the generalized stochastic resonance phenomenon of the system’s output amplitude gain weakens
gradually. When the system order value is 1, that is, when the system degenerates into an integer order system,
the peak value of its output amplitude gain is smallest. This phenomenon shows that the fractional order
system can obtain a larger output amplitude gain than the traditional integer order system. Third, the effect of
the steady-state probability of noise on the output amplitude gain of the system changes with other related
parameters. Under certain parameter conditions, trichotomous noise can not only make the output amplitude of
the system larger than that of the system excited by dichotomous noise, but also change the resonance type of

the system. Finally, the correctness of the above results is verified by numerical simulation.
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