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2
Erx ,
( Jk=1,2, ;n= r+ 2¢c;r,c
)
x = f(x) (x R'.f(x) c,r 1) (21)
, x=0 (21) , :
x = Ax+ F(x,y,z)
y= By+ G(x,y,z) (x,y,2z) R" R R" (2 2a,b,c)
z= CG+H(x,y,z) no+ ni+ n-= n
,(21) Df(x)ls=0 A,B C, no, n-, ni
, m=nv2,m-=(n--r-)/2 m+= (n+— r+)/2, r-
r+ B C (2 2) ,
L )
no= 0,x 0, (22) ,
o , ,
[1213] m- ma
r- o ors. B C ,
2 (Lyapunov )
(22) C'  Hamiton \ A m
ij(j =1 ,m), j» (2 2)
s (1 jik  mij k) (23)
Hamilton m , c' ,
[10/
3 192131 no= 2, (2 2a) i,

(22)
{(x,y,z) R R" R y= hy(x);z= hi(x), Dhy(0) = 0, Dhi(0) = (}
(24)
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y= hy(x), z= hi(x) (2 2a), .
2 2/ 17 2
( , ; )
R no 4 , , no=4 , ki 1+ k2 2 0
(|k1|+| k2| 4,k1,k2 ) 5 B
( )
3 2
ri= iri+ airi+ axrira+ 5 1= 1+
2 3 (25)
ro= ar2+ birira+ bara+ 2= 2+
(2 2a) ,
(22
, (25)
3
, Taylor
xi= vi, vi= fi(x,y) (1= 1,2, ,n) (31)
s X = (xlsx% axn)T Y = (y17y27 7y")T f: (f]’
T
f27 7f”) P )
[3]. (u,v),
( _ ) ., X1= W, y1= v,
x1=Xi(u,v)=u, yi1= Yi(u,v)= v (32)
2n- 2 :
xi= Xi(u,v), yi= Yi(u,v) (i= 2, ,n) (3 3)

u= v, v= fiu Xo(u,v), ,Xu(u,v),v, Yi(u,v), ,Yu(u,v)) (34
(34) ) ,
, Xi(u,v) Yi(u, v) Laylor
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2 b)
Xi(u,v) = aiju+ ayv+ azu + a4uv+ asp

3 2 2 3
+ a6iu + a7iu v + agiuv + aow

Yi(u, v) = bru+ bow + b3iu2+ baiuw + b5ﬂ)2 (33)
+ b5,u3+ b7,-u2v+ bgiuvz+ b9ﬂ)3
(35) (31 2n- 2 , , aj by
, , ai, by, Xi(u,v), Yi(u,v)
4
(G
1 1 c1= = ¢c3=0,
X1= ¥y,
yi= fi(xLy1,x2 52) == (ki+ ko)x1+ kaxo— (g1+ gz)x?+ gzx%
xX2= y2,

yo= fa(xt, v, 52, y2) == (hko+ k3)xz+ koxi— (go+ g3)x%+ gzx?

H amilton s k. bl ks
m NMYWMAMAAA m
| ¢, é3
’ L [
ki= k= k3=10,g1= 05 g2= g3= 0,
" 1
I: ur+ wi+ 0333ui— 0 25u1ul = 0
2t uz+ 3uz+ 0 1932u3— 0 0577usu3 = 0
2
2 1 c1, €2, €3 ) ,
X1= Y1,
yi= fu(xLynx2,y2) == (ki+ ka)xi1+ kaxo— (ci+ c2)yi
+ coya— (gi+ g2)xi+ gax3
X2= ¥2

yo= fao(x1,¥1, %2 y2) = kax1— (ko+ k3)xo+ coyi— (c2+ c¢3)y2
+ gzx%— (g2+ g3)x%
, c1= 0,¢c2= ¢3= 03, k1= ko=
k3= 10,g1= g3= 0,g2= 05,
I, ur= vy,
vi= - 29676u- 0 7517v1— 1 1039ui- 0 1930uiv,
+ 0 0042u v+ 0 001507
2, ur2= v,

va= — 10109u— 0 1483v2— 0 0321u3 - 0 1875u3v»
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+ 0 0869u-v3+ 0 234913
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(c) A2 X, il
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2 ((8.(b),(c).(d) 12

Hamilton s
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0.2

L)

- _0.1-0.05_ 1~ 0.05-0.1-0.1
0.15(-0.1-0.05 |~ Q.0

-0.1
-0.2
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Invariant Sub Manifolds and Modes of
Nonlinear Autonomous Systems

Zhao Guojing

( Beijing Graduate School, China University of Miningand Technology, Beijing 100083, P. R. China)

Wei Jianguo
( College of Urban and Rural Construction, Agricultural University of Hebei, Baoding,
Hebei 071001, P.R.China)

Abstract

A definition of the modes of a nonlinear autonomous system was developed. The existence con-

ditions and orbits nature of modes are given by using the geometry theory of invariant manifolds
that include stable manifold theorem, center manifold theorem and sub_center manifold theorem.
The Taylor series expansion was used in order to approach the sub manifolds of the modes and obtain
the motions of the mods on the manifolds Two examples ware given to demonstrate the applica-
tions.

Key words invariant manifold, mode, nonlinear system



