, 22 11 (2001 11 )
Applied M athematics and Mechanics

:1000.0887(2001) 11_1172_05

Hamilton
B ST B
( : . 200072)
(0% 48 %)
Melinik ov .
, s Melnikov s
Melinikov ; ; ;
0322 A
Melnikov L1 ,
Hamilton 2, Hamilton s (3.4
51 . Melnikov
) Hamilton . ,
, M elnk ikov s .
L1, [ 2] Poincare Smale
= f(x’ I)+ ng(x, I, 6, B, 8)>
P= g(x,1,0,1,¢, ((x,1,0) ERXT"xT"), (Ve
= x, 1)+ &'(x, 1,614 ¢,
0< e<1, LER T . fddd e
&g & o 6 2n .
(Do x
* : 2000.07_19; : 200104 08
: (10082003) ; (981C14032) ;
(1963—), , s R

1172



1173

»=f(x,1) (2)
, I x= Y(I) €ER, a(e, 1) y(I)
Lma(e, I) = lima(e, 1) = v(I)* (3)
RxT"xT" ,(1)o m+ n
Mo= {(x,I,G)ERZXTmXT"’Ix: Y(I),IET'"’,OET}° (4)
W*( M) W(Mo) I+ m+ n
D= W (Mo N W'(My) - Mo
:{(x,I,G)EszT’”xT"Ix: afe, I), 1 €T",0 €717, (5)
EZ0 , Mo , T (1)e  m+n

Me= {(x, 1, 0) ER X" x "l x = ¥(I)+ 0(e). 1 €T 0=T), (6

I+ m+ n Wsh(.(M()) Wiloc(Mo)'
2
Wioe(Mo) Wiloc(Mo) ) P(a(t,I)I, o) € T
re G ate 1, 1.0 0= H 1 } Fla(e,1),1),0 (7)
{i], ‘e lm} 1+ m 11’, il, ey im I 1, - In
1+ m+ n W( M) P TpW(Mo) 1+ m+
n ., r (1o r 1 Np
TpW(Mo) @Np= R* ™", (8)
WS(M()) N,u ®
dim(TpW*(Mo) N Tp) = dim(TpW*(Mo)) + dim T — dim(TpW*(Mo) @ Th) =
(1+ m+ n)+ (1+ m)—- (2+ m+ n)= m* (9)
W' (Mo) T m Sk, W'(Mo) T m S pe
W (Mo) WMy, T , PET Sp= Sp= TN I
e€Z£0, W (Mo W (Mo TIb Wiee(Mo) — Wi Mo) I
m Sh.e  Sh.e Pe(xe, It) Pe(xe It) Sp.e Sp.e ,
Me Pe Py Ie= It PET, WMo
WFOC(MO)
d(P,€) =1 PPel=1x%e— xtl, (10)
s WTOC(MO) WFOG(MO)
3 M elnikov

I d(P, € i1 - in , d(P.¥) r



1174 Hamilton

(r.P¥PY) ¢ (a(t.d), 1), xe~ x%),
el T i f(a(in ), I)

d(P, € = d(tol, Bo, 1, €) =

Melnikov (11) 1 , . d

0 € Taylor

d(to, I, 00, b, € = d(to, I, 00, ¥, 0) + e%d(to, 1, 00, L,0)+ O(&),

Ox't

axg OX e

¢ (a(ed), 1), D€ leo” D€ leo

)
0
¢ (to, I, Bo, 1, 0) = Lf(alto, 1), 1)1

B

S0 = ¢ D, 05|

[8]
d|0xe oI
dt| 0€

&(]: bi aaxg A r fz{aale &_(J= g
Df Df g éf

(x, 0,1, € = (at+ to1), 1 fQ(a(s,I),I)ds+ 0o, 1, 0),

(14 (15) (2 ,

Oxe oIt .
—A(t)— (ns* ai Y+ ¢ DS TR ¢t Df e e | g
NG , ,
i s . s 1 als€ x
L) = w(Df) N+ §T.Df < FT|  + g
(18) N(t) 1 , 0 R
. . alz . L
AN(R)- A(0) = J:éfl,Df'%L_o+g>exp[—JA tr(Dgf)ds]dt'
1 O 1 1
Y(1I) JO(X(), 1) = 1 Of(Y(I),I)=0' (3 f
0€ |e o ’

q

MA(R)— lnn{f (a(t, I),I),ae
(19) R "+ oo (14) (15) (20) ,
Ox'e

éfl(a(to,l),l),— 8—88:()): J:oogl,D!f-Jh.togld‘g_;.
g >exp[— jH totr( DY) ds] di

>:O'

)= Jiww,pf- r+t0glds+

¢t (ato, 1), 1), - ai

(1)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

()

(21)



1175

gx>exp[— J.H tOtr(Dgf) ds] dee (2)
M elnikov
M(I, 6o, 1) = J‘iwyl,Df . Igld.s+ g’@exp[— J-tr(D,f)ds] de, (23)
(x, 1,0, 1 ¢ = [a(t, I),1, fQ( a(s, I), I)ds+ Bo, U,(ﬂ . (4)
(21) (22) (23) :
xe|  Oxe B
gf ((l(t(),l),l), ae oe £:0>_ M(I) 807 11)7 (25)
€= 0 W(My) W(Mo) , d(to I, 0o, B,0) = 0, (25) (13)
(12),
: M(1, 90, H)
d(to, 1,00 ¥, €) = TN 0(&), (26)
M elnikov d(to, 1,00 W € 1 . € M(1, 0o,
) ,d(to, I, 0o, ¥, € , d(P, € .
4
Melnikov '
, (23) M elnikov
N Me]l’llkOV " ’
(2) Hamilion , trDf = 0, [2] .
M elnikov , M elnikov (23),
[ ]
(1] . Melnikov [Al. - . (Cl.

, 1987, 269 —290.
[2] Wiggins S. Global Bifurcations and Chaos [M]. Berlin: Springer Verlag, 1988.
[3] Holmes P J. Averaging and chaotic motions in forced oscillations[ J] . SIAM J Appl Math, 1980, 38
(1): 65—80; 1980, 40( 1): 167—168.

[4] , . Hamilton [J]. , 1987,10(4) : 504—508.

[5] , . Hamilton [J]. , 1996, 30
(11):28 —31.

(6] [J. L1991, 14(7) : 619—624.

[7] nggms S. Narmally Hyperbolic Invariant Manifolds in Dynamical Systems[M]. Berlinn Springer_
Verlag, 1994.

[8] Hale J. Ordinary Differential Equations [M]. London: Robert E Krieger, 1980.



1176 Hamilton

Chaos in Perturbed Planan Non Hamiltonian Integrable
Systems with Slowly Varying Angle Parameters

CHEN Li_qun
Department of Mechanics, Shanghai University; Shanghai Institute of
p y g
Applied Mathematics and Mechanics, Shanghai 200072, P R China)

Abstract: The Melnikov method was extended to perturbed planan non_Hamiltonian integrable sys-
tems with slowly varying angle parameters. Based on the analysis of the geometric strudure of unper-
turbed systems, the condition of transversely homoclinic intersection was established. The generalized
Melnikov function of the perturbed system was presented by applying the theorem on the differentia-
bility of ordinary differential equation solutions with resped to parameters. Chaos may occur in the
system if the generalized Melnikov function has simple zeros.

Key words: Melnikov method;, perturbed integrable system; transversdy homoclinic; chaos



