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WE R OEXE
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BE R EHRABEFAYR T E. R =R H AR, MR
Poincaré W XA e 2 2, REN T 18 BV 30T b ik P B AR U R A1 gt 1A 28 24 T
20, JERHE T YRR A B 0 2.

XWX, KIEMMR, AAEIE.
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np

1 5]

KT HIG RGO RIS SRS TR L&, BF KECEFTHR, ma%
SCHR [1-9] 2. YR RGH —BAB, 3C[4-6] 318 T XA ETE Hia s AR 3 Tk
A E, WA BRI E B E O, 3C 7] R T Z4E RS e — R A PUE AR D)
TR R PIE R 4y R, AR SCAR ST IR S 4 R G — i P PR R B 3 T A R R A A
MABIRE R 733, BITFBMT =4t C"(r>3) LIHRL

{ i = f(x) +eP(t,z,y,¢,9), O
Y= g(y) + EQ(t,.L“,y,&, 6)7
Heit o= (z1,22) e R®ye R, P,QZ2XRT t H T AHEE, cR.ec NS
HATE T ERiX
(H1) R4S
&= f(x) (2)

_ 9H(z) 9H(z) )T

4 Hamilton &4 HAE—4 C"(r > 3) #J Hamilton EFE H(x), B f(x) = ( ety
HEBFER LWFFXE J, {# Ly ={z: Hx)=h},heJ 2 (2) (ELHE,
(H2) 9(0) = ¢'(0) = 0.

*E R EH KRB ¥ES (10871074) WHIHH .
A H . 2008-05-19, B & okha H #1: 2008-11-13.
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o (HL), (H2) H1, REE (1) 24 e = 0 WAL RAEDH A y = 0, H EH —HRE M
BLE (L he Jh ol Ly = {(z,y) - H(x) = h,y = 0}, h € J. FATHF & i X A A 1 4L 7
MBI RS (1) 89 UVR R g5 S 28 BRI 1Y 2 S )AL

2 BIRTH|ESIXFE

B Ly HBHER: @ =q(t,h),0 <t <T(h), i T(h) K Ln BB, 4 GO.h) =
q(%,h),OSQSQEﬁE’:‘ Q(h):%.ﬂ?ﬁG%TH%ZW%EH%, H

H(G(0,h) =h, Go(0,h) = %
DH(z) = —f(2)*, GnAf(G)=1, (3)

st (9) = Caan (2)a(2) <ot e

% G(0,h) = (G1(0,h),Go(0,h))", M
_ 0Gy(0,h) aal(e,h))
oh 7 Oh

A (3) X, 3 [7) H5[H 1 ERARM, 7TUEE

513 1 AR e =G0,h),y=y,0<0<2mhec ] HRE (1) EH
0 = Q(h)[1 4 eGy(0,h) A P(t,G(0,h),y,e,0)],
h=—ef(G(6,h)) AP(tG0O,h),y,e,0), (4)
y=y9(y) +eQ(t,G(6,h),y,€,0).

ARARS (4) R ARG (1) MR, RKFTE ho € J KEREHRE m, k, #

2 T(ho) _m
Q)T T R (5)
AR AE L, BT A9 R VA 43 SR 1500
B h(t,00,7,90,€,9),y(t, 00,7, y0,€,0),0(t,00,7,y0,5,0) ARG (4) 2% t =0 BF LA (Ao, 7, 90)
KVMERIE, BRE (4) 72 e = 0 BRI BRE R, 7%

h(tv 90; T, Yo, €, 6); y(ta 90; T, Yo, €&, 5)7 g(tv 00,7“, Yo, €, 6)

G (0.n) = (

FIn TR
h(t7 90) 7, Y0, €, 5) =7+ E[al(t7 90) T, 6) + O(|y05 €|)]a
y(tv 00; T, Yo, &, 6) =" (t)yo + yZ(ta 90; T, 5)6 + y3(t)y(2) + O(|y0|3 + |y0€| + 62)7 (6)

H(ta 907T7 Yo, €, 5) = 90 + ‘Q(T)t + 6[91(t7 907T7 5) + O(|y05 €|)]a

Hr
Cll(o, 907T7 5) = 07 yl(o) = 17 yQ(Oa 907T7 5) = 07 ?JS(O) = 07 01(07 90) T, 6) =0. (7)
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B (6) FRARG (4), EEBIRM (H2), WETTRMLRITH

yl(t) =0,

Ya(t, 00,1,0) = Q(t, G(6y + 2(r)t,7),0,0,0),
. 1

ys(t) = 59”(0);{;?,

a1(t,6o,7,0) = —f(G(Og + 2(r)t,r)) A P(t,G(6o + £2(r)t,7),0,0,9),

01(t,00,7,0) = 2'(r)ai(t,00,7,0) + 2(r)Gr (0o + 2(r)t,r) A P(t,G(0 + 2(r)t,7),0,0,6).
B LR T RA L AR R IR & (7), B SR
yl(t) =1,

t
y2(t, 0, 7,8) = / Q(s,G(bp + 2(r)s,r),0,0,0)ds,
0

1

ys(t) = 59”(0)757

a1 (t, 6,7, 0) = —/0 f(G(Oo + 2(r)s,r)) A P(s,G(0p + 2(r)s,r),0,0,0)ds,

0t.t0.m.8) = [ [~ 20) /Osf(a(eo + 0(r)7,1) A P(r,G(6o + 2(r)7,1),0,0,8)dr

£ 0G0 + 2(r)s,r) A P(s,G(0 + 2(r)s,7), 0,0, 5)} ds.

&%é}‘ﬁ (4) E/‘J Poincaré w&%ﬁ P(e(),’l", y07575)) Jrlljﬁ m Yj_’\géﬁ

Pm(e()ara y07575) = (H(mT7 90,7", y07576))h(mTa 90,7", y07575)5y(mTa 90,7", y07576))'

FESAE (5) F, XA/ |el > 0, REYE (4) ¥E Ln, MHEFFTE m PR IARE S HATY T
BT HBRT (00,7,90) FE Op € [0,2m), |r — hol < 1,|yo| < 1 LB

h(mT, 00,7, Yy0,€,0) —r = elar(mT, bo,r,8) + O(|yo, €]
= e[=M(6o,7,6) + O(lyo, €])]
= —€[M (6o, ho,6) + O(|r — hol + |yo| + |¢])]
=0, (8)

y(mTa 907 Y0, €, 5) — Yo = yQ(mTv 90; T, 5)6 + y3(mT)y§ + O(|y0|(3 + |y0€| + 62)
mT

— %g”(O)mTyg —|—/ Q(s,G(0g + 2(r)s,r),0,0,d)ds €

3 0 2
FO(lyol” + [yoe| + [e]7)
mT

= %g”(O)mTyg +/ Q(s,G(0o + 2(ho)s, ho),0,0,6)ds €

0
+O(|yol® + [ = holle] + |yoe| + [e]*)
=0, (9)
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O(mT, 6,7, y0,,8) — (0o + 2(ho)mT)
= 0(mT,00,7,y0,€,0) — (6o + 2km)
=mT(2(r) — 2(ho)) + (01(mT,0,7,6) + O(|yo, €l))
=mT 2 (ho)(r — ho) + 61(mT, 0o, ho, 5)
+O(r = hol* + |1 — holle| + [yoe| + %)
=0. (10)
He

M(bp,r,9) = /OmT f(G(Oo + 2(r)t,r) A P(s,G(bp + £2(r)t,r),0,0,0)dt.

01(mT, 0,7, 0) = /Om [— Q' (r) /OS f(G(Oo + 2(r)7,7)) A P(1,G(00 + 2(r)T,7),0,0,0)dr

+2(r)Gr(00 + 2(r)s,r) A P(s,G(0p + 2(r)s,r),0,0,8)|ds.

3 RiIAFIES X

Bt o X TR (8)-(10) HIRE, IR T 45ie
EE 1 fE&M (HD), (H2) T, R (5) Aoz, WIS/ el >0, F
i) #X 6 c0,2n),0 c RK
M (6o, ho,0) # 0 B & ¢”(0) meT Q(s,G(0y + 2(ho)s, ho),0,0,0)dse > 0, M &4 (1) 1E
Ly, AR AE m B R A .
i) A 6 € [0,21),6 € RAE ¢7(0) [T Q(s,G(05 + 2(ho)s, ho),0,0,8)dse < 0,
2'(ho) £ 0, A
M6, ho,5) =0, 2% 10:0)
890
AL, MRS (1) 78 Ly, MHEABA m B 8 A7
i) HHETE o € [0,27),d0 € R, ¢"(0) [ Q(s,G(B + 2(ho)s, ho),0,0,80)dse < 0,
2'(ho) £ 0, A
M (0o, ho, 60) = My, (0o, ho,d0) =0, Maya, (0o, ho,d0) # 0, Ms(0o,ho, o) # 0 (12)
AL, WRYGE (1) 78 Ly, MEHEAY m BRI 7776 B 4k 845 5 0 e 2.
iE i) #F 6y €[0,27),0 € R M (8o, ho,8) # 0 ¢"(0) [ Q(s,G(Bo+2(ho)s, ho), 0,
0,0)dse > 0 B, HAFHE (8) 5 (9) ZA1, BT (6,7, v0) TE 6o € [0,27), [r—ho| < 1, |yo] < 1
LM, NRS (1) 78 L, AN EE m Brik J8A .
i) %4 2'(ho) # 0B, i (10) A[TR r = ho + O(e) = r(yo, ), fAA (9), 155

y(mTa 00; T(y07 6)7 Yo, €, 5) — Yo
mT
= 59" (0)mTys + / Q(s,G(00 + 2(ho)s, ho),0,0,8)ds e + O(lyol* + |yoc| + |e[*)
0
—0. (13)

40 (1)
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% g"(0) [ Q(s,G(6o + 2(ho)s, ho),0,0,8)dse < 0 Bf, (13) ST yo HHIff

, 2 mT 3
— (=1 =
yo = (—1)7( g”(O)mT/O Q(s, G (B + 2(ho)s, ho),0,0,8)dsz)” + Ofe)
= yoj(005655)7 .7 = 152 (14)
ia Ty = r(y0a6)|y0:yoj(90,s,6) (] = ]-a 2) )I% " =T5,Y = Yo, 1—%)\ (8)7 EI/T%
h(mTa907rjay0ja5ﬂ5)_rj = _g[M(GO;hOa5)+O(|E|%)] :0’ ] = 172 (15)

HHE 05 € [0,2m) fi
OM (6§, ho, 0)

8000 70,
U vl 6 R O TR, X AR/ Je| > 0, 7R (15) 4 BN j = 1,2 52T 6o B 0o; = 05 +0(|e]?),
H\ﬁﬁ (8)7(10) 9\%3: (00,7", yO) ﬁﬁﬁ%’ (eojarjvyoj)v ] = 172~ E&X‘j‘?ﬁﬁd\él‘]%ﬁ |€| > 07 "ét (1)
TE L, BHEBEBEA m Bk B .

i) & i) AR, "R (15) ez, K (15) Xidh

h(mT, 8,75, v05,€,0) —r; = —eFj(00, ho,e,0) =0, j=1,2, (16)

M (65, ho,0) =0,

Ht Fj(00, ho, e, 0) = M(0o, ho,0) + O(|e|7), j =1,2.
BB j=1,H (12) X, W

Fl(g(), h0,0,éO) = (Fl)ao(go,ho,o,&)) == O7
(F1)ay6, (00, ho,0,80) # 0,  (F1)s, (0o, ho,0,30) # 0.
Bt B 2 AT ZEME— 1) 00 = 00 +O(10— 00| +|2|2) = O (<, 6) f (F1)s, (e, 6), o €,6) = 0.
¥ Fi (0o, ho,e,0) TE 6y = Op(e, 6) b Z& 8 &I
F1(90;h0;5a5)
= F1(0o(c,6), ho,e,0) + %(Fl)gogo (Bo(e,0), ho,e,8) (B0 — Bo(2,6))?(1 4 o(1))

1 ~ ~ A
= §(F1)9090(90(57 5)) ho, €, 5)(1 + 0(1)) (90 - 90(6’ 5))2 - 1+ 0(1)}’
ﬁﬂl:' A= — 2(F1)(5o~(6,6),ho,e,6) _ 2M5(§o,ho,6o) (5 _ 50) + O(l‘gl% + |5 _ 50|2).

(F1)0g00 (80 (£,8),h0,2,0) Mag 0, (B0,h0,80)

H A > 0= 0,<0), W Fi(bo,ho,e,0) = 0 KT 6o AP (— N, M), T24
0<le| < 1B, (16)7E j=1BRT 0o HFME (—fF, M), NTTRS (1) B9 m Bk EM
RIFAE — S R S 6 = 01(c) = 0o + O(Jel?).

FH G = 2, 5 ERKBUIM, TTAIRS (1) B m RIS AR 1E 5 — 4 B2 14
H12%, WAL 6 = 62(c) = bo + O(e]3).

EEE.

E 1 ETEXE [0,27) LAH 0 ANRFER 65 M 1) FEEML, MRS (1) 7E L,
WA E 2n DARFH m R FHE, ZFXE—4 o, M (0o, ho,do) 7E [0,2m) FHEH |
A G0 B EEE 1 i) RAMEROL, WARS (1) WAEH 20 D8 85 XHTE o MHE.
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o= flz) WHABE (L, h e JY WRABARE, & T(h) = To,h € J, W 2(h) =

= 0(h) = 0,he J, NTTRHE 1), iil) &M TRAHE. Hu TR (10) %
O(mT 00, . 0.2.9) — (0 + 2”TTZT) . %5[M1(00,r 5) + O(yo, )] = (17)

Mi(0g,7,0) = /OmT Gp, (90 + 2T—7(:s,r) A P(s, G(Go + QT—ZS,T),O,O,é)ds.

THE 2 BMH—Mhe, HTH) =T, B B =2 mk HEZHRE. HEH/IY
le| >0, F

0) BRI ho € J, M ¢"(0) [T Q(s, G(B0 + 2(ho)s, ho), 0,0,8)dse > 0 5% ¢”(0) [ Q(s,
G(00+2(ho)s, ho),0,0,8)dse < 0 H (M (0o, ho, 8), M1 (60, ho,8)) # (0,0). Xt—41 6 € [0,27),6 €
R L, MRS (1) 78 L, W48 B H m B R A

i) AT ho € 1,65 € [0,2m), B ¢"(0) [ Q(s, G(6; + 2(ho)s, ho),0,0,8)dse < 0, H.
M%mm®=aMw3mm—0dvﬁ%Tmh@¢ou%%<>ﬁﬂmm%ﬁWﬁw¢
m R VR

ik FIH (8), (9), (17) BAI45# 1) WAL, FIE4ER ii) BLOL.

1 g"(0) [ Q(s, G(85 + 2(ho)s, ho),0,0,8)dse < 0 K12 |r — ho| < 1,60 — 65| < 1 B,
T (9) KT yo BFf#

Yo = Yoj (007 e, 6)

_ (_1)a‘(_ W /0m Q(s, (8o + Q(r)s,r),0,0,é)dse) *10(), j=12. (18)

JBHR G =1, % (18) AN (8), (17), A 4%

{ h(mT. 00,7, yo1,,6) — r = e[~M (8o, 7,6) + O(|e] )] = 0,
(19)

2 1
e(mTv 00; T, Yo1, €, 5) - (00 + 2]{)7T) = TWE[MI(OOJA? 6) + O(|€|5)] = 07
0

Y0 < le| < 1B, HI&ME M(05, ho,d) = 0, M1(6, ho,d) = 0, det ;{gﬁ{; |62 1oy 7 0, HRIFR
RBCETR A, FRAL (19) 36T (60, 7) B (Go.7) = (05, ho) + O(|el?), BREE (1) 7E Ly, B
WHHAA— m BRGEMB. X5 B 2 55 BRI, WBRSE (1) 7 L, BABRHE
FH—A m BrR B TS5E i) ML

22 HREH 1) R, F B (M (00, h,6), M (0o, b, 6)) TEFR KL (05, ho, do) KT
(0, h) € [0,2m) x J H 2 BERSL, WARG (1) 7€ L, BIWIAH I m B R JEH 88
45 HL T SCH K.

4 AEHREHSX

TEATY, RANFBALE (1) TERPIE {Ln : h € T} BHEE AR H 2 RS,
Bk, BRacfE (HL), (H2) BOL5, RATEEM T ER
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(H3) R (1) F PQATHSE I, IFBMT =4 C"(r 2 3) R4

‘ji_j — f(x) +£P(t,z,y,¢),

d (20)
y _

E = g(y) + €Q(t; z,Y, 5)7

FHUTIUTE 0 <e < 1 EE. X 0< — < 1 B[ 2RAIHTE.
(H4) WK {Ln - he J} BRABRNE To, B) T(h) = To,h e J, H Lo HFTFEEL.
HAE, 5O 1R, RS e =G0,h),y=y,0<0<21,hcJ T, &% (20) &

H
‘;—f 33(: [1+eGn(0,h) A P(t,G(0, 1), y, )],
% — (G0, 1)) A P(t,G(8, 1), y, ), (21)
Y~ o) +=QU GO, )2,
B hoed, A h=ho+u, 0<|ul <1, (21) 74K
jf ;7; e—Gh(G ho) A P(t, G0, o), 0,0) + O(ue| + lye| + £2),
(:Z —e[b1(t, 6, ho) + ba(t, 0, ho)u + bs(t, 0, ho )y + O(|u, y|* + |e])], (22)
% = 20" (O +£QU1, G(6, ), 0,0) + O(lyl® + [ue] +lyel +<2),
He

bi(t, 0, ho) = f(G(0, ho)) A P(t,G(0,ho),0,0),
ba(t, 8, ho) = f(G(0, ho)) A (Pu(t, G(8, ho),0,0)Gr(6, ho))

+ (f2(G(0,h0))Gr (0, ho)) A P(t,G(8, ho),0,0),
b3(t,0,ho) = f(G(O, ho)) A Py(t,G(6, ho),0,0).

EREAR u=c3u,y=c37, RE (22) TH

a9 2 :

== +5—Gh(9 ho) A P(t,G(8, ho),0,0) + O(c?),

dt To

da :

d—;‘ — —e3by(t, 0, ho) — e[ba(t, 0, ho )T + bs(t, 0, ho)y] + O(e?), (23)
7 .l

= =429 (O0F + Q(t G0, h0).0,0)| + O(e).

HTFHARGREE GRS (23) WAZKREAFIENE, RO1EH FHRAHETTH (23)
e, BIA T 5 5.
513 2 Rk L ohIHEH, A

G(eahO)v f(G(eth))a P(t7G(9ah0)70’0)7 Q(f'aG(eth)aOvO)
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BRHRT FroW =L, WEE 0,7.7) 2 (p,p,2) BEHIES, KRG (23) AWM
THEME ARG, KT (te) 2HEGHH T, 27

i—‘f ZT—” +e®,(ho) + O(e?),
% = —€§b1(ho) —&(ba(ho)p + b3(ho)z) + O(e %) (24)
<~ L0022+ Qilho)] +0(),
Hr
(ho) = 7 /O W/O (0, ho) A P(t, G0, ho), 0, 0)dtdo,
Bilho) = 5oz | ' | 7G0.10)) 7 P (2,616 o). 0,00t
27 T
271-T/0 /0 0 hO (t,G(@,ho),0,0)Gh(Q,ho)) (25)
+ (f2(G(0, ho))Gh(9 ho)) A P(t,G(0, ho),0,0)]dtdd,
27 T
bg(ho) 27TT/0 /0 f 9 ho)) N P, (t G(9 ho) 0, 0)dtd9
Q1(ho) = 2WT/%/ Q(t, G0, ho), 0,0)dtdo.

it HIBAFEW TR

0=p+edi(t,p) +O(5%)
T =p+eSi(t,p) +e[Salt,0)p + Sa(t, 9)2] + O(c?), (26)
T=z+e7Ri(t,p) + Oe),

EWTX R Y A B (26) B SLAFAE. KEAEH (26) AUN (23), FFAIA (24), AIRRT e, 0,2 B9 —4
FX, WEWLRRENG R, WE

% aail QTZ T Ty Z=Gl, ho) A P(t, G (¢, ho),0,0) = @1 (ho),

% n %ij ;ﬂ = —by(t, @, ho) + b1 (ho),

% + aa_iz;—ﬂ = —ba(t,p, ho) + ba(ho), (27)
% N %_isz_” — “bs(t, @, ho) + b3 (ho),

OR,  OR, 27

Tt g 1y = QG(#:10),0.0) = Qi (ko).
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BT 2 WA, B R AR OL, RIS (1) 55 12 ®513 4.1, 4.2, ATA1Y
G(0,ho), f(G(O,hg)), P(t,G(8,hy),0,0), Q(t,G(b,ho),0,0)
BRHRT 0 =AW AR, 7)) RPWHBRAERT o 43N EAM T, 2r ff#
Di(t ), Silt,e), Sa(t, @), Sste), Ri(t,¢)

M HAY (25) XML, FIFIEEE.
PR RS0 (24), T4 T I A9 2 2.
EE 3 Rix (H1)-(H4) AL,
G(e,ho), f(G(eth))a P(ta G(eth)vo’O)v Q(t7G(0a ho),0,0)

BHhRT Z60 =ALMR, H b,b,bs, Q1 i (25) RAH. B 0<e <18, HMTLE
WAL

i) EX—Y hed F b(h)#05 ¢ 0)Qi(h) >0, N (20) 7 {Ly : h € J} BHERE
N B s

ii) #A ho€J, f bi(ho) = 0,b2(ho) # 0,bs(ho) # 0 H ¢”(0)Q1(ho) < 0, W (20) £ L,
Bt I A S A AE PR

it 1) B (24) BAL 4 bi(ho) # 0 5 ¢"(0)Q1(ho) > 0 RFFEARAEIR, M (20)
TE {Ln : h € J} M8 R ;

i) % Di(ho) =0 H g”(0)Qu(ho) < 0B, iE 20 = \/ 5or5rL, (24) A B

dp 27 3
T +e®1(ho) + O(e?),
d - 3
L = —e(a(ho)p + Ba(ho)) + O(e?), (28)
dZ - 1 " %
7 =37 (0)ez(z 4 20)(z — 2z0) + O(e).
THEE ba(ho) # 0,b3(ho) # 0.
G p=p—Blieksy, 2=z +ctu, (28) &K
dp 27 o3
i ?O-i-&@l(ho)—i-O( ),
d 5
L= —eha(h)p + O(?), (29)
d 1 S
dzf =e24"(0)zow + O(e?),

HI3C (8] B 2.1 JHE 2.1 G, BEF (29) 76 (5, w) = (0,0) ML A AZEIHME, A (20) 76
Ly, MHEEARERE. HS p=p+ bs(h‘))z Lz =eiw — 2, M| (28) 2K

b2(ho)
dep 27 3
x* Ty +e®1(ho) + O(e?2),
dp ~ 5
L= —eha(h)p+ O(?), (30)
dw

o = 29" (0200 + OY),
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5 LR, 540 (30) 78 (p, w) = (0,0) BiE A AR, M (20) 7E L, BHEH B — AR H
WAE. TREM 3ii) MoL.
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3

BIFURCATION OF A THREE-DIMENSIONAL SYSTEM
WITH PERIODIC PERTURBATION

LIU Xuanliang MENG Xiaoying
(Department of Mathematics, South China University of Technology, Guangzhou 510640)

Abstract In this paper, bifurcation of subharmonic solutions and invariant tori of a three-
dimensional system under periodic perturbation is studied. Assume that the unperturbed three
dimensional system has a family of closed orbits, by using Poincaré map and integral manifold
theory, sufficient conditions for the existence of subharmonic solutions and invariant tori of the
perturbed system are obtained. Moreover, saddle-node bifurcation of subharmonic solutions
are studied.

Key words Bifurcation, subharmonic solutions, invariant tori.



