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Vibrational Resonance in an Asymmetric Bistable System with Nonlinear Dissipation”
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Abstract The phenomenon of vibrational resonance holds significant application value in weak signal de-
tection and energy harvesting. However, existing studies predominantly focus on symmetric bistable
systems or linear dissipation scenarios. To address this gap, this paper investigates vibrational resonance
(VR) in an asymmetric bistable system with nonlinear dissipation,driven by biharmonic forces at two
different frequencies. The fast and slow variable separation method is applied to derive the response am-
plitude of the system at low frequencies. Moreover, based on the analytical expression of the response
amplitude, the effects of the dual-frequency periodic signal, the nonlinear dissipation and the asymmetric
parameter on the VR are investigated. The results indicate that,first,the larger the nonlinear dissipation
factor,the weaker the VR of the system occurs. Second,for the systems with nonlinear dissipative term,
tuning the asymmetric parameter can change the shape of the VR, that is,the symmetric bistable systems
emerge the double resonance,and the asymmetric bistable systems have the single resonance. Third,the
asymmetric parameter does not influence the location of the VR, but it can weaken the response ampli-
tude. Finally,the theoretical predictions are in good agreement with the numerical simulation results,

verifying the validity of the theoretical analysis.

2024-05-24 W) 55 1 FR . 2024-06-19 W B B s
* EFRHRPIFEE A H (12302033) , BEVE 4 H AR Bl 27 SEal AT 25 31 20 % Bh 35 H (2023-JC-QN-0009) , National Natural Science Founda-
tion of China (12302033), Natural Science Basic Research Program of Shaanxi Province (2023-JC-QN-0009).
t WBE/E#H E-mail:nzhao@chd. edu. cn



5 23

M B AR B AT L AR B B0 Al X R XU R T iR B R T Y 65

Key words vibrational resonance,

51

il

HHRMEN AR A RE LW R Z — il 248
HP S SR SR 15 AR G A AR AR DT I I, 2R 8
o7 g /L P 38 3 R A B 42 . AR i A1 9K 5l g 4 Jo A DT
Be g =X, ek s R ZFIE 20, BB AL 4R L S5
FE4R AR SRR TR R AR gh R AR o
BE DL IR 2 b M 5 | 7S ) LR 0 e o A R S i
TR A FAE 5 A RS 5 5 R 7 A B W) VR T
M K AR A A5 5. 2000 4, Landa #1 Me-
Clintock 32 BEHLILAR AR K BEL AR o a0 e 7
BN EE S KT — R s S —
44§ (vibrational resonance, VR, ¥ g 4 2 45
TEXUIE S B0 5 AR LR M 2R e AE AR 5 AL 14 i)
OV {2 v A5 P O (L 19 905 17 184 R Py IR 4%

4k Landa Fl Mcclintock"™ 2 H % 3h SL 48 i &
S Gitterman %5 P8 A8 B4 B L 45 11 T IR
B LR AR 56 JEHL A E . 2003 4F, Chizhevsky 457
TE RS 25 3 B HOE & g S e B 1 4k 3 3t
PRI G e ELSCAFTERY. R ) M, 5 BE AL AL PR A 1L L 4%
IR PR R TR L B S TR
PR ILIR MG AE (5 TR Mg RGBT Ok
PR R AR A 2 A T W I TR
SHE T ENAMRZ 2 # 1 . B H TN IR, E AT
ELERRAG Mhairg ™Y ZRALE" wt
RGN I M 4 R G PR T U 5 3R
PR ILIR. DR ARG R T i UE S R AE
X R S S B0 2 GE iR sl AR 0 5 R

SR FE AR 2 M 2R 40 v F 5 I 4 Pk AR 0t (R
Je R B AR L) X sh IR 19 5 b, F1 58
WEZRR EYFRLERGEh WAL TR 2
PR 2 B B 22 4 J2 A 28 BHLJE RS .
AR L MR O 252 W R GE Y 30 1 2247 O L e ek 2
RGP it et ER SRR R P R G E
W BR IR B G 4370 77 4 IR M AE. Ah, R ARk
FE R ) 28 56 %8 45 78 PRl 169 Wi 17 3 5 7] LA 3 Bl ok
SERLANE R G I B X AR LM RS
BRI S TRV Z2 0 Mror kb, R S vk e 2
TARFNA W) & GE 0 sh A I R AE 5 TAE TR A Tz
f4 R L DR I AT 5 I £ R R X R Bl 3 4R B

bistable system,

nonlinear dissipation, asymmetric parameter

G {15 F — 2 8 K. 2016 4, Roy-Layinde
SEURE g T AR L R G b BT A 4 R I XL
TR A5 B R (4R sh SR B 52 L R BB v A
JEVIIUA 5 W (L %) 348 Jam Al 28 2 6 T 2 346 98 o 3 S
(L, I HR 0 A 2050 55 8 - A AR A Al e AR IO A
FE TS AR AL R By iR B4 Ok UKL 2017
4F . Roy-Layinde 45 B 58 T Ji 1) 35 28 G v Al 4k ok
FEFRO0 X H 3h Je B B0 42 (4 5 o b A7) & B AR 2k MR
B B0 78 A mT LA 484 58 o 1 8 4L, 5 L F W 1 AR
FERUIUM RS BEPI & A S 5T LA SRk 3h
R A, 5 EARTR EEXRENHHRAREAR
[d],2021 4, Kolebaje 25V #F 57 T JE % F& Toda %
45 v Al 2 1 RE BTG R 2h e iR B G2 1 S L R X
R Ge A AR RO R AN R AR s R L B A R
PERE B 9 9 XK Toda & 48 16 185 915 S % 6
ALK A 2 Bk s AL R, R L L % 8 Al 4k P RE T
AR X PR S50 7 Ge B sl AL 4 b i 6 W) /R 2 A
WNEY.

ST LB A A T, 22 R B R 9 A R X AR
Toda 4t 1143 BT Al 2 M FE B AT 3R S8 4% sh 24 19
S, oo AT B Toda #0248 R 5 K 19 A8 X Bk 2
PRRB 8 S A /N, 2 B S R AR SRR R G
—Fp R TR AR L RS M R G2 B T
i SO 3R 481 D 7E A R 25 22 1) V) 46, A 8 b g
WS A 43 FC R 20 R e, AT S B HR 3 R 19 A R dE
il BEA AR B (AR A S R GBI  E1E,
DAL A 11 R T R S /ML ) A7 L 5 ) B Bl S AR 1Y
Kt L A SCR A THE ST RS R G0 K e ik
FEF 5 AT 7, AF 5% Al 2 M 8 1O X6 3 X6 Bk 3L
o 2R G 1 4 sh 2R B 42 1) 5

1 &EH

R SCRIEFE R Y — A~ AT AR 42k 6 00T A
EXF PR S R G, ) Lo 4 N

Ckif+7(x) de + dz) = Fcoswt + Gcos(dt
de” dz dx
(1)
REB B RECH
2 4
x x
V(I)—*7+z+rx (2)



66 8 %

5 & #l % 4

2025 4R 23 &

MAEX RS HL r =0 I,V ()RR — X PR 8
BF 524 » 0 W, V) AR — A 3B X FR BUES F Bi
Kl 1 JRoR 1 AEX RS EL - BOR [RME RS 3R 2L V()
AR R i LU 2 3 e, 72 i1 1) S B
TR AR BT

AL AR ¥ (O WIEA K

y(x)=e(l+z") (3)
Hre R R nY AL MEAER R AL

Fer RO O RATT (D Z R Gz )
TRl RN

Z+ed+xHz—x+a"+r

= Fcoswt + Gcost (4)

EHRWE, o207 BHERRBGELERZ ¢

23 [A] A6 s | R 488 3 ORI PE T I Sh L Feoswr K
{EE’J;ﬁ1n77’/ﬁ\:qj F Rl w 43 3] AR 5 1 i 1 A
W G eosQe R MiAE =5, Horh G F Q2 4350 &
WA 5 1) e R 23, T A B A A5 B4 00 238 22 ] i
RXREK o<<Q BARME S 1IFE F<1.

iy ————) i
\ —%-r=02| Ari
¥ A.r=04 1/
1.5 x\-\ A
Wy *I
At L
A ,Ii
1 ‘\0 ALy A
\\» (l I/
4 J
i ﬁ\‘ A /*/'/J
05 \\‘-‘ s
A\Q\ A },g, 9
b 5 2L
of iRy o _g-+=8:%- 3 8
\ P
A o~ - 0’ 0\.0,—47
0.5 e X a
A
—1 .
-2 i -1 0.5 0 0.5 1 1.5 2

B 1 #HEE V) MER
Fig. 1 Plot of the potential function V(&)

2 EBigoHr

YA W5 5 003 06 L AR o< B AR
5% Fcoswt FIEME S Geosr BA R 1y I} 1]
RE T UAFATR A & 0 B R 5 (DO
it x () F BIRN o 1121537 B X (0O FIAs
R Q BYPGE B R R o (O R, B

() =X)+ ¢, e =01) (5
B X EU T=2r/0 HEAMKEZE, )R
PLT=2n/Q AR, H ¢ (OMX T 1Y
V-4 {H Ny

<¢>f¢f—j gdr =0 (6

W 7 B GO AR AT B (D T 45
Xt g+el+2"420p+ ¢ A +¢) —
X—¢+10+¢" +307¢g+3X" +r
= Fcoswt + GcosQt (7
o () PR B 09 AR 4R 1 J] 39 oR 280, T 450 (6)
X5 B CT) WP 1F- 24 4k, T A8 0E 3l 7 R Ry
X e +X7+ (@)X + (3(p*) — DA+
X4 (") + r =F coswt (8)
AR B PAS s B R N R (D) o R
(), n 15
G+ell+L(g+X*]g— () +(p* — (") +
e(p* — ("X + 2eXA (P — (P +
3X(¢* — (")) =Gos €))
T ¢ R — S B g > ¢ > ¢ 1E 1
A X WAL TR LB ¢ 2T TR E I
RS o) =R A COI K SR ]
¢ =G cost (10
F A5 3 T T R Y PR AR s B 7
G
§ == greostlt (1)
i ¢ iz 3h 748 & 14

) G
(P7) =—.<¢”°) =0 12
¢ %L ¢

BIHAARIZE TR,

s , G 3G° ,

Tore(1400 4+ 20 ) 2+ (S5 — 1) x40 47
= Fcoswt (13)

D13 RN E AP RIS S R T

B A7 0 B AR AL M T7 R R 5 R AR AR

WES T NIER Q WHMISH. AR G
UL FIE R
dVe“—F S (14)
dX = I' coswi
Horp
1 /3G* , 1.,
Veff:ﬂm,l—l)x + X (15)
i
.G
)’eff:€<1+x +291) (16)

O350 2R GE A R0 BE R RUORE HLL. A S0 iE
Vi QO AR IR S r 1 BRB A RO RE 1Y FBEE
RN EZZH r RN 18] 2 A R BE Ve OO



5 23

M B AR B AT L AR B B0 Al X R XU R T iR B R T Y 67

FEE, b G=100,Q=15. 1 BLIR AT & 15 5F 78 XL
ARG, W@ MA5) , P HIER M,
R T ARIERGATE 20, 05 B (15) B = 4S5 19 IR R
G AR 0 AEXTFRS L r I 2

73G2>
20"

ME=0.,<r. B, FEADOAEHDEENF
i 55,

3G
2 [3(1-27)
20

r<rC:% 3(1 aan

J - 3«/§r 1
cos ?arccos 73(}2 T (18)
2(1 y
20
3G*
2 [3(1-27)
X_= 20 X
o 3

cojl os| ngr : +2“1 (19)
s§arccs 3G% ® >0
2(1 29’1)
& 3 A RUFERLI 7 . QO 1 EME N AT LA
F A SORE LI A% (E 2 BE A S S8 AR 1k
M & A28 4.

35 T T T T T T T 2

]
[Ny}
coo

K2 FHRAREV, OOREIGR

Fig. 2 Plot of the effective potential function V' ;(X)

a
02 0 )
10 G=0
35 15 35\ - G=100 /
\ =20 \ G=250( /
307 —=25] 1 30P\ \ —G=500// /]
25»\ FANEE AN /71
15t X, / 150 N\ 7,
10 \ 7 10, NS s
% P4 i S ol
5 \ '/ 5 . 7

B3 AR v QO BIER . ()G =5003 ()2 =10
Fig. 3 Plot of the effective dissipation 7 4 (X) :
(a)G=500;(b)2=10

86 4 2 0 2 4 6 8 8 %6 -4 2 0 2 4 6 8
X X

P2k FRATTAE 35 4 14 30 DX P i 5 X =
X . JE B 18 5 B 5 B (13) HEAT M4k, AT L3RS
e 7 R ME Q114 A BT A 76 WA i A A 5 i 1
LT s FR G R VA e SR B4 T A /DN i R ) ] A0
B BIAMEZR Y=L —X" K HMRAT
(13), AT A5

2
G4+YZ+2X*Y)Y+

Vore(trr s )

(3(}2
20"
= F coswt (20)
TR E S W IRIE F<1, 8% Y<1,Z %

Ak £ 1 B2 300, 45 213 0L 26 v

+3x*2—1)y+3X*Y2+Y3

. G* o\ 3G* o
Y+e(1—0—20,1+?( )Y+(m,1—1+3x )y
= F coswt 21)
M p—>cofif, T RE(21) W
Y(t) =A, cos(wt + ¢) (22)
b B4R IR AL A
A, = F : (23)
(! — )" + 7"
3G* ‘o
wrj(mlng ) (24)
FHJe 2%y
Gt
y:e<1+2m+X ) (25)

BHJE 28 Gt 32 B AU -5 S0 IV o 28 48 1 A A5 i
IO S50 £ A TG G L — S P o) . e (oK 657 A
WU 5 3E i AR L R G5 RO R B R L, AT LK
O W (A2 LR

Al 1 1

Q:?:E: T (26)
HPW=0!—w"S =(0! =0’ +70".

S KEE/ME BN W=0 3 0, =w i,Q ik
Pl RAE L B VR A 5 SR A A A il X7 =

[3G*
0,8 w,= -— 10}, VR KA.
N w 90 +.VR k4

3 BELERSSW

T RO &R e (O FEATEUE B 3 AT LUK
HFOR MG AR H oI OB




68 8 %

TR B

2025 4FE%F 23 &

de _
TR
dfy:*s(l+fz)i +x—x—
dz
r + F coswt + Gcosflt. 27)

KK Ar=0. 01 B [E[E K T, =»T
YR Runge-Kutta 5835 8 430 11 2 48 19 9 3l H 9k 9
S RGN T=2n/w, o o HAIIES 145,
n=1,2,3 R e IR G KE WAIE K « (0)=0,
y(0)=0 s R B[] 2 100T . ARH 4 A A5 5 1 IR IR
F=0. 1. #5HS 25 F 0] 1, 58 8876 IR0 15 5 00 % 4b
F4) Wi o7 MR L QR B 5 R IR G 22 ] & — A
LMERR L RATAT LI KB fE S Wik G i &
G5 WA 5 10 00 o, S {38 391 Foe A1, BRIV o3 B4R By
SEHRD . R R AL b, 20 WS B S R S
AT AL £ ) 7 1 1 A ik i 2l P e 1) i D

B!+ B:
Q:% (28)

Horb B, #1 B 73902 2 GUma W AR w A B9 1E 3%
A 52 {8 HL o)

2 nT
Bs :ﬁjo x (¢)sinwt dt ’

2 [
B~ .

T RS R G 0 e L A AT AR X AR B
RGO R, AKX QO FTHER S, 1A
A 28) , B B IR AE Q 1 B (B k. 121 Sk itk
S5 5 7R (26) SR AT A mA R IR (E Q 1 BB (A HE AT
H 5.

x (t)coswt dt 29

3.1 BHESHREIEXNRNIE R SRR
B % 0 53 4

Pl 4 At 7 e B BRI Q B = AAE 5 B M 0
(2=10.15.20) Ly E & AKX (26) 73 i1t 5E
S Q HURZO 5 AKX COIFH HMEE Q
(B CBRiC 80D W 5 Z (81 L35, 25 50 & HH 2R 58 1) i
PRig Q ML R S HMES REAKIFMN—K
PE. A U 5 1 0 2 BOR [RE 2 =10.15.20,
A Z OB 1) Bl 2 85 000 A - %) I I 1 3 K T
DAL B4R o I R B0 4. B 25 @ M5 S IR G 1Y
B O R Q2 B ST T A, 3k B e KA
Ji I AR SR AT L DR AL, B A S
W Q 13K IR s e iR & 2R I R E S R A

PRIG Gy 38 839 . 24 w8 WUAE -5 A9 4R I R0 R 45
K7 5y R A PR S SR LR

9

1.8 ----0=10

16

L4t
12+
o 1t
08F
06 ,
0.499¢¥

0.2

0 ‘ *
0 200 400 600 800 1000

K4 0 ZALE, NI Q 5 E S M IRIE G 1Y pRERT
Hire=0.5,0=1.0,F=0.1,r=0.4
Fig.4 The response amplitude Q versus the fast signal amplitude
G presents vibrational resonance for three fixed values of 2,
herein, e=0.5,0=1.0,F=0.1,r=0.4

3.2 E&MRHSEEXNRNIE RS R LR
I S0 53 4

54 TARLMEAER S8 e =0.4.0.5.0.6

B AR RE TS B0 e X R G PR 3h JL IR B 4 19 5
mi, ZEBHEI T :r=0.4,0=1.0,F=0. 1,0 =
10. AP A AT LR AT, e R PR 0 Q Y BRI 45 R (il
20 FEUIE 25 3 (S bR 55 W34 B ) HL il 08 4R
FE B BN — By, (B 7 L 4R SR G € (80,
140) , M 13 16 48D 09 BRI 45 2R 5 BUE 25 R OF A 58 42—
B X Z )0 e 22 T RE AR R R IRATTA TR 4
PEH R D, ZM T Jr #2200 g IR & M i
QU YHYDY. FELMEFE RS ¢ 978 (LR 5
P Bl Je 4R & A i U0 5 1 B AR AR IRG v » B VR
50

1.8 ¢

16

14rF

121

o 1t
08}
0.6
0483
02
. , ; : : : !
0 50 100 150 200 250 300
G

B 5 e ARAbit, ma IR Q 5 @ M5 T IR IR G 1Y bR KA
He r=0.4,0=1.0,F=0.1,0=10
Fig.5 The response amplitude Q versus the fast signal amplitude
G presents vibrational resonance for three fixed values of ¢,
herein, »=0.4,0=1.0,F=0.1,2=10



5 23

M B AR B AT L AR B B0 Al X R XU R T iR B R T Y 69

RHAE G=120 4b. BEF ARLMEFER S B e BIHE R,
W] 7 ML Q 8 T K /), I L 7 W (L RS 30T 1% 9 /N 7t JEE
oMW RE R EE SRR R, & B K
FEHCR AT, PO B TR RS 5 & REUA] L3R4
SEAF AR O I 3 oV B i 2 R R R
JEE LU R AR A ATLAR

A 75 R PR 14 AR

3.3 (REUESHME I IEX IR
B % W 53 4

R G iR 30 AR

Bl 6 25 TS 5 % 0 =1.0.1.1 i,
PGSR o X REIRS LR L, S
BIE T :e=0.5,r=0.4,F=0.1,0=10. j#f —
AU BT 38 i el AR IS S R AT DL R Q. A
B eR AT DL 2 20 (28) 15 i mi 1 R i QY %k
E45 B (bRt ) F1 A 20 (26) 13 1 Q B BRIt 45 R
R0 2 M X — B0 Z B B U 5 R o
FRAEG M) 07 I R QY e R R K i g i b
S Bl R B A, TR I L B Bl iR X Ak P
AT 5 75 5 0 A 2. oAb . AR R al DL i
(B (4 A7 B 1 A 5 AR IR G 1 /N (L Bl 25

151

0 50 100 150 200 250 300
G
6 w AZAGHT, NI Q 5 M fE 5 M IRIE G 1 ek EIAT
Hrpe=0.5,r=0.4,F=0.1,2=10
Fig. 6 The response amplitude Q versus the fast signal amplitude
G presents vibrational resonance for three fixed values of w,
herein, e=0.5,7=0.4,F=0.1,2=10

3.4 EXNRMSHEMNMUB RS IR LIROZ
e 43

B 7 R TAEX RS 8 r=0.0.2.,0. 4 B,
MR Q H5REMifE S RIEG MR RE,. S5
BUYEIF :e=0.5,0=1.0,F=0.1,2=10. N\
il LUE L2 =0 B T ER G AR B — AN X FR 3L
RASL.RE S KA KM Y r=0.2.0.4
F . R G — A AEXT R R G . R G & R AR,
BEAR X T AR R SRR R G0 AE M RS 8 - A FE i

IR A A 7B, R R e I R A 9 R B R X

FRZ B - ORI, 2 58 R 0 17 8 B Q J8i/IN R A 4
55 1Y JL AR
TESHE M F s R B 3k . X A o) e &R

255 ) 7 1 I 18 T XoF 1 1 B R 3k ) S 56y
HEBEWNZE L. B S(OHIAR T RS WM IEHE Q
BEAEZEPEFER R B e MRS 5 4R IR G 22k 1Y =
%K ZHIEN 0=1.0,F=0.1,02=10,r =
0. 4. % = 4e B /R T AR e R e <<1. 0 M
ERE S RIS G<<200 B, R4 4 & A AL R
I3 A N R FATT AT DL M AR S0 B e B I (B Q R
HAELEFE RIS He 3K /N, B 8D iR T
R G IR Q FEAKAE & MM o FlE BE &
PR G 2 =K. SEBE R e=0.5,r=
0.4, F=0.1,Q=10. Z =4 K JER T Y4 & Bifs 5
FIPRIE G<<150, &G 4x & AE 4R, O 4, WK
FATATLLE R G0 0 me B ik 6 Q W & IR A (5 1Y
SN RPNV

1.8 + r=0

r=02
v
——r=0.4

0.8 |
0.6

0.4V

0.2

0 5b 1(‘)0 1;0 2(‘)0
G
7 r ARALRS IR Q 5 SRR S R IR G i R A,
Hpe=0.5,0=1.0,F=0.1,2=10
Fig. 7 The response amplitude Q versus fast signal amplitude
G presents vibrational resonance for three fixed values of r,
herein, e=0.5,0=1.0,F=0.1,0=10

(@ s ®)

Q
OO~ N W AL O
Q

05 T 100 8.5 0o
€75 2\56400300200 | e, 400300é00 H
&8 N iRME Q FEARFSECT WAL, () W R IR Q SHEZM:
FEHL R B e FIELGS BRI G 1 = 4E 6 R K (b) W IR{E Q
ARG 5 B o FLEHUE S PRI G i =4 RE
Fig. 8 Response amplitude Q Variation with different parameters.
(a) Three-dimensional plot showing the dependence of the response
amplitude Q on the fast signal amplitude G and the dissipation
parameter € ; (b) Three-dimensional plot showing the dependence
of the response amplitude Q on the fast signal amplitude G and
the slow signal frequency w



70 g h % 5 o OH ¥ M 2025 1F58 23 &
. PRm A T IR M FE (], 3 1= 5 % 6 2% i,
4 Hit

AR SCR DRI A o B I R 5T T BT AR bk
FE I A AR X PR UURS:  GE 9 IR sl MR B 42, BB oK
it T F GEAEARIIE 5 b B 0 LI QL 3BT 1 XU
JEIE 5 19 2 80 AR LA R HES SO AR X B 2 50xt
PRSI ILIR MG R . FEEE R Dy e S 5
AR AR AR Wi JE IR 5 2R B B Gy s 0F 4R e A2 1
SIS MR/ s SRR AR SRR HICR RO 3 ROF A
SR R AR RO Gy (HE 2 30 R SRS 3k
PRSI s e AR X RS R r RS0 R S
R ILIR LS. R mil e, 5 PRI R G L, B
A AR 2 P R BT A AR 0 BROBURR, 2R 48 23 R A L AL IR
HH B AR X FR S RO 3 R JR G S A 5555 ) 4R 3 3G
KRR, HAl, RS LIRU LR C A VF Z R P 43
BUBTSE WF R B T 2B 2 UL B0« 7R A5
5 Aab AU T LA G 0 B LS A S O Ak 5
MRS  AE SR AT S R R 5 45 S L
M) 2 U IR Sl IR T RE S A 2 I 4 0 AR E
L O P 9 A 38 b f A % L AT L B
2 W45 I B AS AT A I I R A 45 R B
T AR Wy R 2 UK o Pl RS 5 IR 2l 14 2 PR 3 42 2R 42
2 IR A AR B S IR L T LA B st SRR T 1 35t A%
{7 6+ 505 200 P A 5 45 5 T LA L 4 ] 42 o
e RGP R Rk R, FAT A % T
A AT LA S0 A [a] 45 48 ik 2l 36 I 1) F 9 42 3k — X iy 2
WAL

2% Uk

[1] THORI F,HENK N. Parametric resonance in dy-
namical systems [ M]. New York: Springer New
York,2011.

[2] BENZI R,SUTERA A,VULPIANI A. The mecha-
nism of stochastic resonance [J]. Journal of Physics
A Mathematical General,1981,14(11): 453—457.

(3] skum, B8 Jg. 245 . %, A F WS BT KRG ML
IR U [T 32 S 2, 2021, 19(6)
52—58.
ZHANG Q,WANG J L,LI Y,et al. Improvement
of stochastic resonance under bounded noise excita-
tion [ J]. Journal of Dynamics and Control,2021,19
(6): 52—58. (in Chinese)

(4] REF.TUEE. BERG AT b T3t

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

2022,20(5): 76 —86.

WU Y M,JIA Y B. Transition from anti-coherence
resonance to coherence resonance in a network com-
posed of neurons with mixed-mode oscillations [ ]].
Journal of Dynamics and Control,2022,20(5): 76 —
86. (in Chinese)

LANDA P S, MCCLINTOCK P V E. Vibrational
resonance [ J]. Journal of Physics A: Mathematical
and General,2000,33(45) : 433—438.
GITTERMAN M. Bistable oscillator driven by two
periodic fields [J]. Journal of Physics A: Mathe-
matical and General,2001,34(24): 355—357.
CHIZHEVSKY V N,SMEU E, GIACOMELLI G.
Experimental evidence of “vibrational resonance” in
an optical system [ J]. Physical Review Letters,
2003,91(22) . 220602.

SU D C,CHIU M H,CHEN C D. Simple two-fre-
quency laser [J]. Precision Engineering,1996,18(2/
3): 161—163.

DENG B, WANG J, WEI X L, et al. Vibrational
resonance in neuron populations [J]. Chaos: An In-
terdisciplinary Journal of Nonlinear Science,2010,20
(1): 013113.

VOLKOV E I, ULLNER E, ZAIKIN A A, et al.
Oscillatory amplification of stochastic resonance in
excitable systems [ J]. Physical Review E, 2003, 68
(2): 026214.

MAKSIMOV A O. On the subharmonic emission of
gas bubbles under two-frequency excitation [J]. Ul-
trasonics,1997,35(1) . 79—86.

RAJASEKAR S, SANJUAN M A F. Vibrational
resonance in monostable systems [ M]//Nonlinear reso-
nances. Cham, Switzerland: Springer,2015:83—117.
WFH e, =W, BA IR RS Y 3R X FR XU &R 48
IR S LR BT[], B BLZ 4Rk, 2015, 64(7):
160—167.

YANG X N, YANG Y F. Vibrational resonance in
an asymmetric bistable system with time-delay feed-
back [J]. Acta Physica Sinica,2015,64(7);: 160 —
167. (in Chinese)

ZHOU Z X, YANG K L,WANG C J,et al. Theory
and numerics of vibrational resonance in a three-level
atomic optical bistable system [J]. Chaos, Solitons
&. Fractals,2023,170: 113355.

RAJASEKAR S, ABIRAMI K, SANJUAN M F.

Novel vibrational resonance in multistable systems



5 23

M B AR B AT L AR B B0 Al X R XU R T iR B R T Y 71

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[J]. Chaos,2011,21(3): 033106.

NING L J,CHEN Z ]J. Vibrational resonance analy-
sis in a gene transcriptional regulatory system with
two different forms of time-delays [J]. Physica D:
Nonlinear Phenomena,2020,401: 132164.

BAYSAL V,YILMAZ E. Effects of electromagnetic
induction on vibrational resonance in single neurons
and neuronal networks [ J]. Physica A: Statistical
Mechanics and Its Applications,2020,537: 122733.
ELLIOTT S J,GHANDCHI TEHRANI M,LANG-
LEY R S. Nonlinear damping and quasi-linear
modelling [ J]. Philosophical Transactions Series A,
Mathematical, Physical, and Engineering Sciences,
2015,373(2051): 20140402.

ROY-LAYINDE T O.LAOYE J A,POPOOLA O
O,et al. Analysis of vibrational resonance in bi-har-
monically driven plasma [J]. Chaos, 2016,26(9):
093117,

ROY-LAYINDE T O,LAOYE J A,POPOOLA O
O.et al. Vibrational resonance in an inhomogeneous
medium with periodic dissipation [J]. Physical Re-
view E,2017,96(3): 032209.

KOLEBAJE O,POPOOLA O O, VINCENT U E.
Occurrence of Vibrational resonance in an oscillator
with an asymmetric Toda potential [ J]. Physica D:
Nonlinear Phenomena,2021,419: 132853.

KSR A PR . A AR 3 WA L 2 i — R R
(V). ah 1% S 24, 2024,22(3) : 88—92.
ZHANG G C.NIE L.CHEN Y. On the uniqueness
of initial phase in simple harmonic vibration [ ] ].
Journal of Dynamics and Control,2024,22(3); 88—
92. (in Chinese)

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

JEYAKUMARI S, CHINNATHAMBI V, RAJAS-
EKAR S.et al. Vibrational resonance in an asym-
metric duffing oscillator [J]. International Journal
of Bifurcation and Chaos,2011,21(1): 275.
IMBODEN M,MOHANTY P. Dissipation in nano-
electromechanical systems [J]. Physics Reports,
2014,534(3): 89—146.

CLELAND A N. Thermomechanical noise limits on
parametric sensing with nanomechanical resonators
[J]. New Journal of Physics,2005,7: 235.

REN Y H.PAN Y.DUAN F B. Generalized energy
detector for weak random signals via vibrational
resonance | J |. Physics Letters A, 2018, 382(12):
806 —810.

JIAP X,WU C J,YANG ] H.et al. Improving the
weak aperiodic signal by three kinds of vibrational
resonance [ J]. Nonlinear Dynamics, 2018, 91 (4)
2699—2713.

REN Y H,PAN Y,DUAN F B,et al. Exploiting vi-
brational resonance in weak-signal detection [ J].
Physical Review E,2017,96(2): 022141.

DENG B, WANG J, WEI X L. Effect of chemical
synapse on vibrational resonance in coupled neurons
[J]. Chaos,2009,19(1): 013117,

MAO J W,HU D L. Vibrational resonance and elec-
trical activity behavior of a fractional-order FitzHugh-
Nagumo neuron system [ J]. Mathematics, 2022, 10
(1. 87.

WANG C J.YANG K. Vibrational resonance in bi-
stable gene transcriptional regulatory system [J].

Chinese Journal of Physics,2012,50(4): 607—618.



