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2=y, y>= a(xv - 1)+ NP+ x)y, (1)
=51 [ 6] Bogdanov— Takens
, [7] Bogdanov— Tak ens Hamilton ,
[8] [9] Bogdanov— Takens .
: AB (1) (0,0) (1,
0) . A B , (1)
(1) A
[ 10]
1
de®
5: (.0( “P)’ (JL)( ‘P+ 2]’1,3-[) = (JL)( ‘P)’ n= O’ 1’ 2, cen (2)
B ¢ . ¢ B
x = acos®P+ b, y =— a®( P)sin®, (3)
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, a> 0 b a+ b= s€(0,1]. s< 1 ,  os=1
¢= 0 (1,0) : ¢ ) (1.
— a(x)dicp((x)sintp):
(acos®+ b)(acos®+ b— 1) - NH+ acosP+ b)awsin®. (4)
(4) - asin® ,
¢
%( wsin®)?= W(a,b, ® + )\Io(m acos P+ b) wsin®®d®, (5)

W(a, b, %) = al_z[%(a+ D)= A acos®+ b)’+

1 1
?(acos"P+ b)*- ?(a+ b)3],

¢= mmom,

W(a, b, T+ )\J:(m acos P+ b) wsin®> PdP= 0, (6)

J?‘(U+ acos P+ b) wsin® PdP = 0,

Y= N/T . ,
418
B+ acos®+ b de
y:J.(Z) o @) d‘P>T:fw(<P)' (8)
Y< 0> 0) ( ).
A=0 ., (5~ (7) a= ao b= by ©= . :
2 1
o ‘P) = Jl— 2bo- gaocosq’, bo= 3[1— 1 - %a%], (9)
418
- ro(aooosm bo) @y ®)sin’ €4
b= = = to(ao), (10)
Jz wo( P)sin® Pd ¢
W@(®) 20 0< ao< 3/4, (8)
U ¢
Yo= f' of ao) +w0‘;°£)os * boge, (11)
A=0 A=1 5 , (10) (11) 1. . a0 €(0,34
Ho(ao) ao Yo(ao) > 0 (10)
31
, A> 0(< 0) = V1< Ho< 0 (1) ( ) ; Ho
=- 17 ao by @y P)
P
ap = %, bo = %, Wy ('P)— S]Il?‘ (13)
A=0 :
x = ~;cos P+ L. 3 sin = |sin ¢ (14)
4 40 4 2
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Sy
—0.06 3 S0 / Hy=-1/1,
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1 by a 2 (24) U= h(l-lz)
A
N s AN As,
A= N+ AN s= so+ As,
(5~(7) a+ b= s ao bo Ho o
a= ao+ Aa, b= bo+ Ab, P = Ho+ AH, 0= g+ A (15)
(5~ (7) Taylor ,

il

0
0

|14 ©
+ A wysin” Peos Pd P+ AD
alo 0

0b

Wo

@
a_W] F }\J‘o Wosin® ‘qu%| +

¢
AR AJ: wpsin” %P - Aw( wsin” ®) + )\L(m aocos P+ bo) Asin’ ®d ®=

¢
L sin®?= W ao b, )= A (Ho+ avcos @+ o) ousin® @0 @
2 )

Aa[[aa_g/] 0nt }\J:wosinz‘Pd‘ﬂ + Ab[[aa_?j o

AR A.Ewosinz‘Pd‘P + }\J:(p'0+ aocos P+ bo) A wsin” ®d P =

+ )\meosinz ‘Pd‘% +
n 0

- W(ao, bo, ) — )\JZ( U+ aocos®+ bg) wosin® Pd ¢,

A8
Aafl Wos il’l2 CPcos Pd P+ AbJZ (Oosinz P P+

AUJ:‘ apsin® ¢ P+ J?( Uo+ apcos P+ bo) A xsin® Pd P =

- f:(l»l(w aocos®+ bo) Wosin® Pd P,

Aa+ Ab= s— ao- bo,
s (aW/a(l)(),T[: (a/a(l) W((l, b, “P) a= a, b= ])0, P=T,

A®

M
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M
Wo= Po+ D [Pjcosj®+ (Qjsinj ¥, (20)
- 1M
Ao= AP0+ ZI'( APicosi P+ AQisin ®). (21)
(20) (21) j( 16)~ (18), , Aa Ab AR AP AQ
M
AyAa+ BiAb+ CoAH+ A, oAPo+ ZI}A,” AP+ Bu;AQi) = R,
-
n= 01,2 -,2M+ 3. (2)
, Ri Rmsi (16) Fourier ( i),
Rows1~ Romss (17) ~ (19) . R,
. (22) Aa Ab AW AP AQ
ao bo Mo o, n R, 0 | R, |
). AN A ,
, A s
As
3
A . so= 0.02 (9 (10)
ao= 0.0198, bo= 0.0002 Hy=— 0.001, ©9= ,/0.9996- 0.0132cos ®, (23)
=0 AA= 0.5 (2), (23 . A , As =
0.02, As 50 , A= 01,5 B v a b=
Bla) Y= Y(a) 1. Hia) a ; Y(a)> 0
A< 0 Y(a)< 0. , (1)  A> 0(< 0) ( ) ,
a+ b= s=1
1 (1) Ba b A
A 5] a b A ot a b
0.25 - 0. 142 389 0.750 716 0.249 284 3.25 - 0.07 00 0. 340 9% 0. 159004
0.5 - 0. 140 989 0. 752 848 0.247 152 3.50 - 0072 071 0.851 02 0. 148 978
0.75 - 0. 138 669 0. 756 346 0.243 654 3.75 - 0.065 414 0. 860 682 0.139 318
1.00 - 0.13545 0. 761 135 0.238 85 4.00 - 0.05 213 0. 869 860 0. 130 140
1.25 - 0. 131 39 0.767 115 0.232 85 4.25 - 0.053 532 0. 878472 0. 121 528
1.50 - 0. 126 527 0.774 167 0.225 833 4.50 - 0.048 399 0. 836 471 0. 113 529
1.75 - 0. 120 947 0.78 159 0.217 &1 4.75 - 0.043 813 0. 893 842 0. 106 158
2.00 - 0. 114 7488 0. 790 945 0.209 055 5.00 - 0.039 747 0. 900 59 0. 09 405
2.25 - 0. 108 047 0. 800 367 0.199 633 5.25 - 0.036 160 0. 906 761 0.093 238
2.50 - 0.100 979 0. 810 258 0.189 742 5.50 - 0.033 002 0.912 38 0.087 614
2.75 - 0.3 6% 0. 820 445 0.179 555 5.75 - 0.030 21 0.917 513 0. 082 486
3.0 - 0.086 346 0. 830 749 0.169 251 6.00 - 0.027 767 0.922 1% 0.077 803

A= I(B=-10.1204 - 0.1354%) A= 5(B=-0.0373 - 0.039 747)
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34 34 Runge— Kutta( R—
K) ,
0.4 e s R
y e, of i M%EWEH;
Fid e i (11=-0.037 3
02t # . VL — R
i . -0.5; ;
ol 4 - FRUERER Ly e RKL
(#=-0.1204) Dol g o A
Y oz \':‘ gL ‘,"‘.,-"' yo "._‘. (4=-10.03975) ¢ "';‘
b (H=-0.135456)  Jf A /
-0.4 \‘:}‘ ‘;':'/ -1.5 I\‘ ‘If’
-0.6 ‘ -2.0 y
o8 I sl
-0.6 -02 0 02 0.6 1.0 -0.8 -0.4 0 0.4 0.8
X X
3 A=1 4 A= 5
A H a b. so= 1,
As = 0, = 0,AA= 0.25, (12) (13) , 24 , 1.
Bi= M Hy= A (B, by 2. Pad
TR AT (- V1)K, - malB— msH— ms W (24)
1= To1+ mzll%+ m41"é+ m6Ug+ m7U§’
ma= 0.634317%x 10", ma= 0.156 432 x 107>, ma = 0.375 726 x 10 -,
ms= 0.147892x 1073, me= 0.127 4 x 10°°, m7= 0. 614 302 x 10°°.
LK (0) == 1/7 ™ oo | W= Mokl - 1. ,
1 , A= 6 , H=— 0027767 L= A= — 0. 166 602. (24) W= h(6)
= — 0. 166 604-.
, Ll 0O O<| Wl<l h(Byl (1) N
o< 0 ( ). (24) M= h(Mk) (1) . Pad
(24) (12) Bl =— (1,7 oo : [1]
) (24)
34 (3) (15) (20) (21)
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Limit Cycles and Homoclinic Orbits and Their
Bifurcation of the Bogdanov- Takens System

HUANG Cheng- biao, LIU Jia

( Department of Applied Mechanics &Engineering, Sun Yat — sen University,

Guan gzhou 510275, P.R. China)

Abstract: The quantitative analysis of limit cycles and homodinic orbits and the bifurcation curve for
the Bogdanov— Takens system were discussed. The parameter incremental method for approximate
analytical- expressions of these problems was given. These analytical- expressions of the limit cyde
and homoclinic orbit were shown as the generalized harmonic fundion by employing a time transfor-
mation. Some curves for the parameters and the stability characteristic exponent of limit cycle versus
amplitude were drawn. And some of the limit cydes and homoclinic orbits phase portraits were plot-
ted. And the relaionship curves of parameterand ! and A with amplitude a and the bifurcation dia-

grams about the parameter were given too. The numerical accuracy of calculation results was good.

Key words: Bogdanov— Takens system; limit cycle; homoclinic orbit; bifurcation diagrams; analyti-
cal- expressions; parameter incremental method



