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Abstract

This paper studies the equilibrium point problem of a class of fast-slow coupled Duffing-van der
Pol system with the coexistence of quintic term and cubic term. Quintic equation of one variable is
obtained by solving the equilibrium points of the system. By using the method of reducing the or-
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der of n degree equation of one variable, the order of the equilibrium equation is reduced from
five to four. When the equilibrium equation is reduced to the quartic, the coefficient of the con-
stant term is calculated to be zero, so it can be directly reduced to the cubic equation. Morigane
formula is used to solve the cubic equation. The distribution of the solution of the equilibrium eq-
uation on the F-u; plane is obtained by synthesizing these four cases.
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Duffing /7 #2f1 van der Pol J7 282 AR LR IR BN R GE, OV A 238 XX W 207 R (1 3 712447
BT [1]-[6]0 ASSCEEWFF T —28 5 PRI 3 IRITFLF R PLSHE 4 Duffing-van der Pol & 4t 1T 17
A[T7] (811 o FRATFE A3 M1 BT, 2383 —J0 n IRT T2

X —J0 n ROTRERME IR E[9] [10] [11] [12], AAMIMRE-ZATst af it st. /8 9 thalnt, B
HNTERN T — KA T — L IR RE I — A . 1E 16 20T, B RRIE S R B RESR AR /R IA
WENKI T — =R RERRAR A, S AR T R T FER IR A, Rk JGiE =AMk, *t
THIRKLA LB 72, 346 )8 2K (Leibniz). Y0425 (Vandermonde). $7 4% M H (Lagrange)5 A —EL.1EF
HIXFERIRIR AR BHH 19 thad, EFET UUR(Abe) & TR T — B n> 5 IR FEA T REFIAR 2
sk, BURTEEM AR IA M — L ROTFERAR AR 7 20 i, FE2EEEESHENFR 73— x=
DT SRAR ) 8, 4 T T — BB R AR A s & A R[13], FREEL T — Rl i A — B & 0

ARSCRF 70 n G FEMIBR IR, 8T 7 —28 5 IRIIURT 3 IR IAEA7 ()18 4% & Duffing-van der Pol
RE T s 8, Xt RGUR T 05, B8 e iR e FAEH—I0 n W RERI B IAE, IR
TFERER =K. BEERABE AR SRR BGs A VIRER, 52078 5 5 R Fou, °F
[Tl

2. BFRBEFERAE

TESCHER[ 141+, XIEW IR TR L8 T —38 5 IRIUH 3 IRIIEAF ) Duffing-van der Pol 7 F2[1 R4 4

ARG
{’f:y’ ety m
V=ux+u,y+x +x +ax"y+bxy.
FEREFER L, FATFIN T —DANEIRU T, TR N E i 4R IR R R S8
X=y, @
y=ux+u,y+x +x +ax’y+bx'y+ f cost,

Hrf f cosor BN AEE, o AEE). ELF = fcoswt, WIARSQR)A FHHN:
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xX=y,
{ . 3 5 2 4 3)
y=ux+u,y+x +x +ax"y+bx'y+F.
LRI o ARG B AR Q Z AAFAE— € ERZE RN, RGEAFAEA R I F) RO .
P ERATHE o<1, SR R G A7 AEPIAS I 18] RO F P12 A8 & . 78 [ A 303 08 B2 A — A 35
telty.t,+2n/Q) W, FIIBUIF = fcoswt £ Q, = fcos(awty) 1 Q, = f cos(at, +2nw/Q) Z A4,
BRQ, ~Qy, XATLAE W FAERF G — N EARAGAE T /N B DAFRATT AT LK 5 30130 35
FEE—MEESH, MR, WHRRFQ)NEERESHF N LER RS WL, O LER
RAG)VEERRZE x, y XRRT RS, 1 F = fcoswt WIEIEZMMIIET RS,
T, X RGEG) R, R T ITH4):
y=0,
{u1x+x3+x5+F=0. @
BT ARA T4 N R S TR O 1
x° :—x3—u1x—F. ®)]
3. —IR G IEHFER LS
AR AR SCER[ 101 B — I8 n IR B IR ARE R SRR TLROTRE(S) . 1 5, BRI 1Lk 7 18
AN T RBGE RGN TR, 6 B B O W IR T Rk K A o
T FLARTTHRES), X L8 RBOTIREANER T T2 N
y(5) - —y( ) —”13’( ) — Fy. (6)

HIRK LA AEAR VAT AR(6) IFEEU N o, Jhrh E ARSI
H B2 A Bl 77 2 0 — AR A 21 (6) ) 22 B A - RBUE RN

y()=25.6%, (1), )
Hepc (j=12,,n) NEBFH,
V(0= 0, T~y =50 (@) (7=1.250m) ®
ESHi]
e =30.CY (1) ©)
=0, t=1. t=2. t=3Fr=4RNTTH9, 153
C =1 =Y CY,(1),,e¥ =" CY,(4). (10)

Filim, _,, [1-(-F)"|
I+F

Y (1)= 1+[—u1 —%F}{—ul —%Fj(—F)+---+(—u1 —%Fj(—F)’"' 4o
(
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~L ()% (1) (2)Y,(4) =% (1)7, (1) Y, (2)
+Y, ()% ()Y, (2)% (4) -7 ()Y (1) % (2)Y; (4)]
c=0.
A (5) AR IR
2t +b,2 +b, 2" +bhz+c=0. (12)
HHe=0, Hz=e">0, Fih(12)z=\st2E R
2+ bz +byz+b =0. (13)

B2 2y~ Zys z, e TRE(12)1) 4 MR, A Inz v Inz, v Inz, v Inz, BURTTIEG)H 4 MR,

—(Inz, +Inz, +Inz, +1nz4)IEé§€ 5 MR

4. FERSH
AR RAIRA B AR S0 RAE(13)-

/Q\,\
A=b; -3b,,
B =b,b, - 95, 14)
C =b; -3bpb,,
A=B>-44C.
N HRRAT 3 PSR TR TTRE R x.
4.1. HO: 4=B=0
é\ A = B = 0 ’ EIJ
b; —3b, =0. (15)
b,b, —9b, = 0. (16)
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Figure 1. The range of z on the F-u, plane under case M: (a) No condition z > 0; (b) Have condition z > 0
B 1. FROT, iRz 7 Fuy FELAERE: () AEEZE2>0; (b) BEEZHzZ>0
A B AL T RE(15)MI(16), BRERE 1(b)h MR LML 2R S . L 1(b) T DA s X
SRR A A R FTEAAEAESAR
FTUERIEOT, TR
4.2. FE@: A>0

A A>0, B
(byby —9B,)" —4(b7 =3b, )(b3 —3bb, ) > 0 (17)
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Figure 2. A = 0 on the F-u, plane
B 2. F-u, FELEA=0
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BER, A AR 2, =f$%xff§$$}ﬁmﬁ Zy5 = 3 , Je

DOI: 10.12677/dsc.2021.102010 95 1RG5


https://doi.org/10.12677/dsc.2021.102010

KT, BRAE

3(<BiJBZ—4AC) ‘
= b, + C EMIRE AT R, FrAL IR, BF ARz, > 0.

1E Py BT R PR(17) (B 22), 2 R Hoh A BRI A < 0, AR A > 0
X BT X35

FARERTZE, FrellE 2 hiss [ Xy 2o e ih 280 2k 3 Froni Xk, Hrpigsr X 1. 11,
I AT IV 32 24 2, > 0 6

-5 1 I 1 [ 1 I I I I 1
-1 -08 -06 -04 -02 0 02 04 06 038 1

Figure 3. The range of z on the F-u, plane under case @
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(byby =98, )" —4(b; = 3b, )(b3 —3bb,) =0 (18)

BER, =AM, K —ANHER z =—b+k, z,=z,=—k/2, KT k=B/4(4=0). BIAMRE
KFE, fibhz,z, >0,

Pl 2 e R 2R R R IR (18) . PRONARZER T, FrUAEN 2 dnNGi 2 et 2, s 4
P
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Figure 4. The range of z on the F-u; plane under case @
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Figure 5. The range of z on the F-u; plane under case @
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Figure 6. Number distribution of x
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