D AN 5,55 32 4 o 1 Applied Mathematics and Mechanics
2011 4E 1 H 15 '.HJi Vol. 32, No. 1, Jan. 15,2011

N E 45 :1000-0887(2011)01-0001-10 © R FEF R 2 4 8 2% 1SSN 1000-0887
RNSHARGRRES TSR
j(ljﬁﬁé, Izif%/\r, Rm\

(M /RIE Tk K2 fUR2ABE 137 {546, W /R IEE 150001)

(KT ETET 4 kAB)

% Melnikov J5 V&2 TR N AL 8 4R 1) — Bl 8 2205 5. AL 2 Melnikov T IEAR AT/ 2
BOAERZHEL R BRGNS EORAAFAER. P, 252 Melnikov J5 I ANREN I T3 AF Lk
PERGE. TR/ NS HON Melnikov 7574 B BRI , SR F TR A& 73 B K Melnikov 777 41 & 215 A 4 ok
ARG, ERHNZITENNE T — AR AE R R GRS IR T, i B 45 RAEUE S R B W)
Y 1%k A R,

x $ 8. [[ME; Melnikov %L, R, WikdLR

FESES: 0193;0322 XHEFRERG, A
DOI: 10.3879/j. issn. 1000-0887.2011.01.001
7 =

fEit R — e b AR T KA/ NS BINAE L3 I 258, #n TIF 2R
PG, FEAD FR I IR AR I, Melnikov PRECEA B E A HLAL , B8/ T Rl 845 7 KA
HAHAZ B9 2. Melnikov 1 542 iz ik, IR 4 Melnikov J7 5. Anorld ¥ Melnikov J5°
PAET AN i SE T AU Hamilton 248, Holmes % 18 Melnikov 1Y JEUAE R 45 H1 &
JB T B RGN Smale DB AT ILIRAY 5. Greenspan Fl Holmes'® 5% FH I 43
B 97 6 Melnikov J5 124k 2N 055 4k 5 11 R 55 Wiggins'* B Melnikov J7 VEHE 5] — 2 AL
BRI Z [ AR RS, T T Melnikov BEALIT . Wiggins *)Ff Melnikov FRISHE 3| HA
SR H Y R A T R E BB AEAE I R 40 4k PR, Wiggins'™ 45 T 75 4E Melnikov B
B, Z 077 5 AR ) Melnikov J7 ik —FEHARIR 25 T UM A 3l 18 AR 8 TR RIS B it JE A
B AC I B B4, A2 i R D ik B4 SR T/ NS5 T K ZE PR B R S b2 AN
FHE/NSEN  RIAE SR Melnikov 77 7512 AL BRSZER [ 81U 2 31 R .

ARICH T kES Melnikov J7v5 R /NS BOE A, ARG S0 HT R 20 4 5 1 e/ S 80 4k
LN BRI Melnikov PR [FIAEHL( 15 80) 19 Melnikov PREL, DMEAL IR TC/ NS AE L
P3N 11 F 58 TR I RO IR [R] .

« WFSHHEE: 2010-09-15; 1&iTHHEE: 2010-12-07
BEE£WB: BEZERAKRBILETE S EW H (10632040)
EE®A . XNEW(1974—) , B I/REN, T+ (E-mail :d_lyb@ 126. com) ;
MR 40(1932—) , 5 INARAESR N, 28082, Bt (MK R . E-mail : yschen@ hit. edu. cn).
1



W)
=
?é_'.N_\
F
5
%4
eg
il
i

+

L 1 I (o i 2

T RS

i =A(x,0t), x e R, (1)
H A (x,wt) REFE] ¢ 098 pREC, BRI T, . o7 LAEEST 40T R 7 2 .

x=(1-nhp)f(x) +phA(x,wt) , (2)
Hrfp e [0,1] HEHESELf R 562 ml B R 4L

fx) = fl(xl’xz)j. (3)

5 (%, ,2,)

FRE2) ISR

x=(1-hp)f(x) +phA(x,wt) . (4)
ZS

g, (x,,x, ,01)

g(x,t)=h[A(x,t) - f(x)] =[g( z)j’ (5)
el

x=f(x) +pg(x,ot), x e R, (6)

Hrp g(x,wt) ELIRFE] ¢ Ry AN T, 0 M p = 1,8 = 1 I, D5 (6) BORITHRE(L) .
M p =0 B, e BT

x =f(x), x € R, (7)
Bx(t,p) NITFR(6) W B H: Taylor FEURIF A 15

x(1,p) =x(2,0) + X u,(1) Py
n=1 .

5 (5.p) (8)

U — x(t,p

o5 ap" p=0 )

p O HTIEN 1, x(e,p) WITRRE(T) MIREAEAERITRE(1) BIME. K p = 1, TTRE(8)
x(1p)=x(1,0) + ¥ ”"f‘”. (9)

2 [A{E Melnikov PRI%X

FOTRE(7) BA U S R A, R x (1 - 1) 42 RIS O RR(6) FRUH
ol P R ERIE AR ERIE P AHEA  FEFE TS RIEgN x (1,p,7) , N
e mIEE R x, (t,p,7) 76 p = 0 5 B R MR ETE X

x(tp,m) =x,(t-7) + X x (7)) LB
n= n.
' (10)

x,(t,p, ) =xy(t =7) + X x"(1,7) B
n=1 n.

)
-+



T/NSERFRIRIES Wi IR 3
X£">(t,7> _ a"xs(at,f),r) ,
(p | (11)
( ; a"x (t,p,T
(t,7) = 7@,1
Mp =1 W, (1) BN
© ()
X0, ) =x,(t —7) + }5 (tT>
x (12)
x,(1,1,7) =x,(1 —7) + }5 (t 7)
FEE(12) (1) iP5 H?ﬁz(lz)ﬂﬁ BT RLfR AT LR 7R N
_ m
x(t,1,7)=x,(t -7) +x."(t,7), (13)
x,(t,1,7)=x,(t = 7) +x"(1,7).
TE ¢ B2, 5 R (7) W) E BB U R (6) B A FR e MU Z (Bl A IE 25N
d(t,7)=x(t,1,7) —x,(t,1,7)=x"(e,1,7) —x"(¢,1,7). (14)
N A x,(t—7) FERTZ] iR H
N(G,7)={-flx, (e -7)], filx, (e =7) ]}, (15)
A1
dy(t,7)=N-d=f Nd=dy(t,7) —di(t,7), (16)
Hrp
s _ (1)
{dN(t,T)—f/\xs (t,7), (17)

dy(e,7)=f AN xV(e,7).

NEXLH ST a=(a,a)" F1b=(b,b)" Halb=ab, —ab, XFd, BT,

dy(t, ) =f NxV,m) +f N xV(,T),
It (6) Xt p Ko T 5015
d axs _af(xs5t> axs ag(xs’p9t) axs
5(7)_ ox. $+g(xs,t) +P43x5 g
Mp =00, B (6),20(13) FH(19) 752

xil) — a.f(xH st) xs])
E ax E

Horp Df 7E x,, 3R KX (20) 1 A (18) AT 1R

dy =Df-f NxV +f A Df-x" +f N\ g(xy,00) .
J(21) ATLIE R

dy =u(Df) Ax"V +f A gxy,wt) .
7 (6) W LER tr(Df) = 0, FFLA A (22) 1

dy =f N\ g(x,,0t) .
X (23) M 7 B oo B TT 1S

dy(+ 1) —dy(r,)= [ [F A glxy,00 ld

+g(xl-[5t) = Df.xil) +g(xHawt> .

(18)

(19)

(20)

(21)

(22)

(23)

(24)



4 X E A [/

cE
%
et

*

T P RARR(9) BF-A 5, BT )
dy(+ o, 7)=flxy(+w -7)] ANxl =f(P) ANx!=0.
5 AR (24) M HE (25) W45

dy(r,7) == [ F N glx0n)dr.
[F) 3 A A5 T
dy(r,r) =] f A glay,o0)dr.
ﬁ@Mwﬁw@ﬁﬂ&%lﬁ
M) = [ L] A glxy(0) ot = 71dr.
S A I AN ) A B0 B SO R 8 AR A e AR B (28) .
3 [A{& Melnikov WV 38 pRZX
JIRRN(6) 1T AT R
& = %[:(x,y) +pg (x,y,01),
= %[;(x,y) +pgy(x,y, 1),
Hih o =2m/T, . FE(29) LRGN
i=y),

_oH
y_ ay(xyy) .

TR (30) BRI T %0512 (30 ) SR FHICHLBh s Y Ff A2 12278 4 A2

B (31) AR (29) 7] LIFS 3]

- al oH _ ol oH al ol
1(p)=(—— ff)+P(£gl+*gz)’

dx Jy N Jdy Ox Jdy
; 00 oH 00 oH a0 a0
-0 ) (o )
(p) dx dy  dy ox P ax 81 " dy 82
H
al o _ ol oH _
ox dy Iy ox
90 0H _ 0 0H _
dx dy  dy o0x

TR (32) Bh

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)



T/ NSRS IR TS A R 5

[(p)=pF(1,0,1),

. (34)
6(p) =02(1) +pG(1,0,1),
Hrp
M m
gl gz,
) f (35)
i) [é)
G_a g + ay 8
F LG o R ek, BRI 2. 2 p = 1 B, fi 7 2 (34) 1T 45
{KU=NL&0, (36)
6(1)=0(1) +G(I1,0,1) .
Mp =00, TR (34) Al 1%
{{:O’ (37)
6 =001 .
B 1, F1 0, I (37) I, I1(e,p) F10(t,p) HITFE(34) 1, PTLIAREILL R R
I(I,O)zlo,
{ (38)
0(:,0) =86,
Mp =00 W5 1(e,p) F1O(e,p) JEIFAL Taylor Z4%X
Kepy =ty + X100 P
"j : (39)
amm:%+§ﬁgw%—
Hrp
_9"I(t,p)
I”<t)_ Gp" ’
. (40)
_0"0(¢,p
0,,(t)-7ap" .
%/IPZIHTJ"
I(t,1) =1, + 2 '
net (41)
0(1,1)=6, + D,

TRE(AL) NTTFE(36) Ifif, X nT = ng(m, n HHEJRED) B, R4 H B ILE. Poincare B
$h

(1y,0,) [1,,0, + mT Q1) ] + [2

TR (42) B— ik =C A
(I,,0,) [1,,0, + mT,Q2(1,)] + [I,(mT,),0,(mT,)]. (43)
X7 (34 ) BUR U 7T LAAS 2]

I(an) ZG(mT)} (42)



6 X FE M [ w
d (ol oF 9l OF 90
L) p(r,0,0) + p(OL L, 9F 00
dt(ap) (1,8,1) p(al ap a0 ap)’
d (00\ _ a0 ol 9G 9l 4G 98
dog) 920l g 9G ol 96 90)
dt(ap> ol 6p+g< ,0,0) +p(a] 3P+39 ap)

Mp =00, R (44) BN

I, =F(l,,0,,0t),

< (a0(D)

0 = 4 11)01+6Um6mww.
YR (45) N O B mT, B0 nl 15

mTy,
L(mJ;)sz F(I,, Q1)1 + 0,00 +7)d1,

a0( 1)

Hl(ng) = ( al

I=1I

w
[ 6,001t + 0, 00 + 7).
0

>

mT;’,

M;n/n = fo F(1,,0Q01)t + 6,0t + 7)dt,
a0 1)
al
JIr LA—B 3% [ 4& Melnikov PRESH

Mm/n — (Mlln/n,M;n/n> .

m/n _
=

I=1y

)J:Tw f;FUo,Q(Io)f +0,,0t +7)dédt +

)I:QJ:F(LMJQ(%)f-+90,wt4—7)d§dh

(44)

(45)

(46)

(47)

(48)

BOTRE(2) FEIIBHUERIE A (2 (2,p) ,y (2,p) ), WIDTFE (1) BEIEIER 9 — B [ /& Melnik-

ov PREIN

mTy
My = [ A ) A ey en+ ) dr

4 15 +
WOE s 00, F BT RS

X =y,
{j/ =%+ x5 +u,y —xy + Feos wt.
4.1 RSN
TiFE(50) HysE 4] B ARG

X =y,

{jf =y x + .
FHE(51) ) Hamilton PREL K
Y o_mx

H=o =" =5 =h

(49)

(50)

(51)

(52)

My =0 W HBEA AR, PSP EIR TR T EE B w, < 0 FEL. Xu, <0, A



To/NS AR GRS Wi R

wE 1 s,

P 1 AP S L Y i
X =i‘[anh(v et t] ,

2
(53)
Yr = isechz[ el tj.
2
é\
w = |— 2w, /
FUAL 4 B ' ‘ e
2 2 ~
h, = :U“lz, (54) B P
1 +k Fig. 1 The phase plane of equation

2
T, =aK(k) LR
- My

ke (0,1), WISAEHaE i R B E0E 1 gk
x, = +2ko,sn(tw,) ,

ﬁ”lk
1 +4

SAEHUAY— Y Melnikov PRECH

yip =+ en(tw,)dn(tw,) .

M(7) :f yr(voyr - xzryr + Fxpcos(wt + wr) )dt =

EERSZ WYL
Mo = 2u,) _ (=20 + wafSin(WT)COSh(W 2 )
3 15 Mo My

HEAL IS U V)

— o )2 o )2
#al = 20 - (=2u) + ok ésin(an')cosh(ﬂ- 2 j =0.
3 15 A ey -,

Wi PR ) — B Melnikov PRELN

m1Tj;
M(7) = JO v, (yy, = &7y, + Fx,cos(wt + 07))dt =

myJ, = J, + Flssin(oT)

J
i

8 -u, 32 - ,
Bmon) = S TEL L - DRG) + (8 + DED)],

_E — 5/2 A e
]z(m,n)_ls[1 +k2) [2(k" -k + ))E(k) - (k' -3k +2)K(k) ],

0

’

Ji(m,n) =90 m? My K
p T =1,m B
K A1+ 2k " om AR

(55)

(56)

(57)

(58)

(59)



=
%
G5
m&
=
5

PUNS IS

RGAFAE IR A

o, = J, + Fl;sin(wt) = 0.

4.2 B{EED
Mu, ==9,u,=0.5, F=1, 0 =2.5, 7 LIEH QG RGEHA FBHEER AR RERN
JA RS, R 2 R, M, =-9, w, =1.76, F=1, w =3, A LIAS3) A1 i 0, anig 3
Re M, =—1,m,=-0.02, F=0.8, 0 =2.8 AILISRI AIG RS 1 : 3 Wik3LyRfe , ik 4 fr

7N

(60)

phase plane time history of nonautonomous system poisncaIe map of nonautonomous system
R 6
4l ’ Q
! N 4
' 3
2t
1t 2
0 y1
- 1 L 0
_2 L
- 3 L - 1
-4 -2
-5 . L . -8t N N A . N -3
-2 -1 0 1 2 4750 4850 4950 -2
X t
B2 ARAGHALIHRE
Fig.2  The solution of invariant tori
phase plane time history
10 3
2
5
1
y 0 x 0
-1
=5
-2
-10 L L L L L -3 . : ! ! . L
-3 -2 -1 0 1 2 3 0 20 40 60 80
X t
time histor; poincare map
10 Y 10 .
5 5 e
o L (
- _ 0.4 |
> > \\\ L - {‘
e P — 0.4 N _’
-10 ) ) ) ) ) ) ) -10 ) ) ) -3, 29
0 20 40 60 80 -3 -2 -1 0 1 2 3
4 X

B3 ARG

Fig.3  The solution of chaos for heteroclinic orbit



To/NBER GRS T R 9

phase plane time history poincare map
1.0 r 0.5 T 0.8
0.4 .
x 0 y 0 .
+*
1 -0.4
-1.0 : -0.5 ; -0.8 .
-0.5 0 0.5 0 50 100 -0.5 0 0.5
X t X

B4 R

Fig.4 The solution of 1:3 sub-harmonic resonance
+ >\
5 % e

AR SCR RV I B4 0 38 Melnikov BRACRT [7] 75 1L ( 5275 8L ) Melnikov BRI 53 Ji& B3 9 2
PEZRGE. W7 ISR T 1555 Melnikov BRI /NS KR4 55 240, % SC T Bk By 3 7T DAL
B AR LR AR RIS W LR A B

S .

[1] CHEN Yu-shu, Leung Andrew Y T. Bifurcation and Chaos in Engineering] M]. New York:
Springer ,1998.

[2]  Wiggins S. Introduction to Applied Nonlinear Dynamical Systems and Chaos[ M ]. New York:
Springer-Verlag,1990.

(3] Greenspan B D, Holmes P J. Homoclinic orbits, subharmonics and global bifurcations in
forced oscillations| C |// Barenblatt G, Iooss G, Joseph D D. Nonlinear Dynamics and Tur-
bulence. London:; Pitman, 1983, 172-214.

[4] Wiggins S. Global Bifurcations and Chaos[ M]. New York Springer-Verlag,1988.

[5] Liao S J. Beyond Perturbation: Introduction to Homotopy Analysis Method[ M]. Bpca Ta-
ton; Chapmaen Hall/CRC Press, 2003.

[6] Liao S J. The proposed homotopy analysis techniques for the solution of nonlinear problems
[D]. Ph D dissertation. Shanghai: Shanghai Jiao Tong University, 1992.

[7] Liao S J. On the homotopy analysis method for nonlinear problems| J |. Appl Math Comput,
2004 ,147(2) : 499-513.

[8] Liao S J. A kind of approximate solution technique which does not depend upon small param-
eters— Il ;an application in fluid mechanics[J]. Int J Non-Linear Mech, 1997, 32(4) :815-
822.

[9] Liao S J. An explicit, totally analytic approximation of Blasius viscous flow problems[J]. Int
J Non-Linear Mech, 1999 ,34(4) .759-785



10

PUNS IS [/ HOR R

Chaos and Sub-Harmonic Resonance of Nonlinear
System Without Small Parameters

LIU Yan-bin, CHEN Yu-shu, CAO Qing-jie
(School of Astronautics, Harbin Institute of Technology, China PO Box 137,
Harbin 150001 ,P. R. China)

Abstract. Melnikov method was especially important to detect the presence of transverse ho-
moclinic orbits and occurrence of homoclinic bifurcations. Unfortunately traditional Melnikov
methods strongly depend on small parameter, which could not exist in most of the practice
physical systems. Those methods were limited in dealing with the system with strongly nonlin-
ear. A procedure to study the chaos and sub-harmonic resonance of strongly nonlinear practice
systems by employing homotopy method which was used to extend Melnikov functions to
strongly nonlinear systems was presented. Applied to a given example, the procedure shows

the efficiencies in the comparison of the theoretical results and numerical simulation.
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