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W'+ Wu- u)= 0(4 <k €Z")
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W+ Blu-u")= 0,u(0)= w()= 0(4< kL€ Z, 1 )
0175. 1 ) A
[1.2]
Flu, W)= o'+ Bu-u*) =0 (1)
w(0) = u(M) = 0, (2)
u < kK €EZ -
X= {u € C70, T | u(0) = u(T) = (}, Y= C°0, 1" F(u, ¥ X xR
Y . (u,v)= J-Ou(g)v(i)dg' U (1)
u= 0°
DF(O, W) Av=1"+ W= 0 (3)
v(0) = v()= 0 (4)
.(3) v= ecsinnx(c ) U= n(n €Z)e uZ
p’n, (3) u=0°
u k (1) . k24
L, (D (u, 1) = (0,n°) . ( [3~6])
. 2 1 °
* o 1998 11205 1999 1105
: (19971057) (99QA66)
(1968~ ),
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1
L.= DJF(0, n?), kerL, = span{sinné: span{(;' Lo:X Y
[5]4 X, Y
X = kerLn OM, Y= N Orangeln
M= (ketLa)™,N = (rangeL.) " * , Ln . Ln= Lo
,(rangeLn)l: kerL, * (rangeLn,)l: kerL, *
Pe Y rangeln . _ ,(1)
PF(v+ w,W)=0 (v E€kel,,w €M)
(I- P)F(v+ w, W = 0
4 (6) wlv, W)(w(0, n*) = 0*  w(v, ¥) (7)
(I- Pe)F(v+ w(v, B), }) = 0,
(8) < (8 e e € (rangeL,) ,
e, F(v+ w(v, 1Y), B))= 0°
v=x¢(9)
g(x, W) = (e F(xe+ w(x, ), B))= 0,
(10) (D (w. W)= (0,n") © (Y
(10) : (10) ;
1) ( )

k
(d*G)(y. ay(v1, s 1) = a‘%...a%c[w Zﬂ“"ﬂ
v ER'(i=1,2 - k)°
PF(v+ w, 1) =0 PoF(xet w(x, W), H)= 0
g = fe,dF(e+ w.)?,
g’ = (e,dF(ws*) + sz(e+ Wwx, e+ wx) ),
g’ = (e, dF(w:3) + 3d2F(e+ wx, wa?) + d3F(e+ wx, e + Wy, e+ wx)?),
gt = e, dF(wst) + 3 F(w, we) + 4F (et w., w,?) +

6d3F(e+ Wy, €+ Wy, W)+ d4F(e+ Wy, et Wy)),
4

g’ = (e, dF(w:’) + 5 F(we, e+ we) + 108°F (w0, i) +
10d3F(e+ Wy, €+ Wy, W)+ 10d4F(e+ Wy, €+ Wy, €+ Wy, W)+

15(13F(e+ Wi, Wi, W) + dSF(e+ Wy, -y €+ Wy)),
5

g:f = e, dF(ws®) + 6*F(e+ wy, ws’) + 15d°F (w2, w.*) +
10:12F(wx3,wx3)+ 15d3F(e+ Wy, €+ Wy, W)+
60d3F(e+ W, Wi, W) + 15d3F(wx2, w2, wi?) +

4 4
450 Fle+ w., e+ we, w2, 0,2) + 20d°F (e+ we, et we, w) +
3

t = .=t =0
1 k

(5)

(6)

(7)

(8)

(9)

(10)

g(x,

(11)
(12)
(13)
(14)

(15)

(16)
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15 Fle+ wy, -5 et we, wi?) + d°F(e+ we e+ wy)), (17)

4 6
¢ = {e.dF(ws’) + T F(e+ we, w:) + 2Ld°F (w2, w:5) +
35d2F(Wx3, wx') + 21d3F(e+ we, e+ Wy, we' )+
9O Fle+ wy, we, wet) + T0EF (e+ wy, 0., i) +
105d3F(wx2, Wi, wi’) + 35d4F(e+ Wy, €+ Wy, €+ Wy, Wi*) +
210d4F(e+ Wy, €+ Wy, Wi, Wi) + 105d4F(e+ W, Wi2, Wy, Wi) +

s s
6 Fe+ wa, -y e+ wa, wy, wy?) + 26d°F (e+ wa, -y e+ wa, wid)+

3 4
12d6F(e+ Wy, -y e+ Wy, wi') + d7F(e+ Wy, -y e+ wx)), (18)
5 7
gu= Se,dF(wu) + Fu), (19)
gu= Se,dFu(e+ wy)+ dF(ww) + I*F(e+ wy, wu) ), (20)
PdF(e+ wy) = 0, (21)
Pd*F(e+ wy, e+ w )+ PedF(w,?) = 0, (2)
Pl F(et wy, e+ we, e+ wy) + 3Ped2F(e+ wy, wy?) + PedF(w?) = 0, (23)

Ped4F(e+ wx, e+ Wy, e+ wx, e+ wx )+ 6Ped3F(e+ wx, e+ Wy, wa’) +
3Ped’F(w:d, wi?) + 4Ped’ F( e+ wx, ws’) + PedD (w:') = 0, (24)

Pl’Fe+ wy, o e+ wy)+ 10Pd'Fle+ wy, e+ wy, e+ we, ws?) +
5

15Ped3F( e+ Wy, Wi, i) + IOPed3F(e+ Wy, €+ Wy, W) +
10P. (w2, w.?) + 5Pd*Fe+ wy, we*) + PedF(w,") = 0, (25)

Ped6F(e+ Wy, -5 €4+ wx)+ 15Ped5F(e+ Wx, -y €4+ Wx, W)+ =
6 4
ZOPedAF(e+ Wy, €+ Wy, €+ Wy, W)+ 45P3d4F(e+ Wy, €+ Wy, Wi, Wy2) +
60Ped3F(e+ Wy, 1,(}9(2, W\:g) + 15Ped3F(wx2, wx2; w;\tz) +
lopesz(’I,UxS, Wx3) + 15Ped3F(e+ wx, €+ Wx, Wx4) +
PdF(w:®) + 6P d*F(e+ wy, w,5) + 15Pd*F (w w.t) = 0, (26)

Ped7F(e+ Wy, -5 €+ Wy )+ 12Ped6F(e+ Wy, -+ €4+ Wy, W)+
7 5

26Ped4F(e+ We, -y €+ Wx, wx) + 69Ped5F(e+ We, -5 €+ Wx, Wi, Wr') +

4 3

210Ped4F(e+ Wy, €+ Wy, Wi, wy') + 105P3d4F(e+ Wy, Wi, Wi, i) +
105Ped3F(wx2, w2, wx3) + 35Ped4F( e+ Wy, e+ Wy, €+ Wy, wy') +

90Ped3F( e+ wx, wx, wxt) + 70Ped3F(e+ wx, wx, wx) +

35P.EF(w?, we') + 21P L Fle+ wy, e+ w., ws’) +

PdF(w,) + TP d*F(e+ wy, w,8) + 21Pd*F (wy w,’) = 0, (27)
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PdF(wu) + P.Fu= 0, (28)
PdFu(e+ wy) + PdF(wsu) + Pd*F(e+ wy, wn) = O, ()
(12) ~ (23) Wy, W2 oy Wiy Wekt, - (21) ~ (29)
2
[4,5, 6]
( )
E.v (0,0 R xR R c”
f(x, W)= 0(x,4) €EUxVCR, (30)
f €EE.u (0,00 EUXxV, f(0,0)= f:(0,0) = 0, (0,0) f
foh €E.u f h ,
Flx, W) = S(x, Wh(Qx, W), (31)
x, W= (X(x, W), A(H)) c” . S(x, W) € Exn,
X(0,0) = A(0)= 0, A(0)> 0,X,(0,0) > 0,500, )) > 0 A(H) =1, f
h
ol fh . Uf h L2) (W)=
nu( ACH)) (y(B) f(x, W) =0 s (ACH)) ).3) x>= g(x, B
= h(x, H)
1 fE€E.u e’ + Ok x= H=0
f=fe= = fi'= fu=0 (32)
€= sgnfi!, 5= sgnfw* (33)
L~ T~
0 I 0<____ \\ 0____
/ H K I3
rA/ S~ S~
1 dw/de = oF+ 2 da/di=- «F+ W 3 d/di= o+ W
(4<kEZ .k (4< k€ Z .k (A< k€ Z . k
) ) )
(10)°
(1),

(dF)0.2 &= &+ n°§ (34)
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al 1 , 1
(le)(O,nz)(a, -'aEJ): Ot al[ Z(IiE.H' nztig)— ”2[ Z“E-']k] L= =120
Vi =1 =1 1 1
0 (LZk [>1)
d (35)
- Wk Jls (1= k)
i=1
(21) , Pelbn(e+ wx(0, nz)) = 0 LM~ rangeln e € kerLn,
we €M,
we (0, n%) = 0 (36)
. (22~ (27), (35) La ws EM(j € 74),
we(0,n?) =0  (l=2 nk=-1); (37)
P~ n’kle') + PLaot(0,n°) = 0, (R)
w0, n?) = n*k!ILy (Pee)e (39)
(12~ (16), (0. n%) (35)~ (37) (39),
g/ (0,n%)=0,(l=1, .yk= 1) (40)
250, n%) = e, Laon (0, n*) + (- n’kle")) =
e, Lo( n°k!L, ]Peek) - n’kle") =
= e, k1Pt — WPkl =
- n’k! e, ") (Pe* € rangeL,, e € (rangeLn)l)'
1 In = Jﬁo(sinng)mdg(m, n€7),
(mr—nrll).’.” 1— (; l)n (m/z EZ+),
In= _'i ;) (2)
%Ln (m/2 €Z )+
C rim -1
In = J’:)(smng) d&= (m— )(Ln2- I.)* oA = mTIWZ' )
(m;ﬂl,z v, (m/2 €L ) (m;lrlr)!/ e (’: " (m2 €2 )
- /] _ /) -
%ulo (m/2€ 7)) %un (m/2€ 7 )
1, (41
( 11)?
- ”k’i‘ T l1- (-1 (k2€Z)
2.(0, n%) = ) , (83)
- R k2 )
(u, W)= (0,n%,(28) (29)
PeLn’WU(O, n2) = O, (44)
Pee+ P.Lava(0, n’) = 0, (45)
wu(0, n?) = 0, (46)

wxb( 0, n2) = 0

(47)
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(46)  (47) (19 (03,
gu(0.n%) = 0, (48)
gu(0,n’) = (e e)= %' (49)
1 &k (4<EEZ)-
2 2
(W= (0.0) .g= go= = gi'= gu= O gi=- " gy T
2 k . n (4<kE€EZ n€Z)-
2n(k!!)? T
(u’ l'l): (07 n2) ;8= B = = gxh;]: g = O’gxk:_ —nk%L,gxu: ?
15
2 k (4 <k €Z ) g(x, W) VP
QE s Fuw (0w 2¢
3 k n (4<kLEZ . n€Z) g%, W) - xfs
(H= n?)xe ,aa—’;= F(u, ) (0, n%) 1
(43) , E n s (0, n2) = 0 ,
K(k) = m[in{u g!'(0,n°) 20,k <I €Z ,k/2,n/2€ Z}- (50)
(50)
20, n*) = 0,1= k+ L, k+ 2 . K(k)- 1° (51)
. dF(&g, .., &) g , (52)
g = (e, _;g{c; &dF(& &), (%2)
Ce.c €Z.8, &  xerw(x, M)  x . 2
L €5

1

., m=51i=2 E;ngzsz(a, &)= 5EF( e+ we, wet)+ 10> F(wy?, wi?), &*F(e+ w.,

we)  EF(wiwd) gl ( (16))* g dF(&, - §)
k.
ki S<ky < .o Sy, &= %{xe+ w(x, B))e
2 dF(Ny, T g ,
1
Ddki= m, (53)
i=1
k
N= Sfves w(x, 1))
axi
) m=1
F(xe+ w(x, 1), B) x dF(e + w.), (53) m= 1 .
2) dF(m, .., )

l
Yiki= me
=1
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g "

x 2

l
@(le(nl, ) = A F (et we My oy )+ DLdF| T, ﬂ, ey Ty 0
ax i=1 ax

)

1+ b1+ 4+ k= 1+ m,

L(53)  m+ 1 .
. (53) . O
;
K(k) -
(35) ) (d"F) 0 n?)(Mh, o k) g (0, 0% (K' > k), gw(0,
n’) . (d'F)on(ny -y 1) . (37 (39),
(dkF)(O,nz)(e'l‘ Wy, -+ €+ Wx wx" u)xk)
1
g (0, n%) , g (0, n*) Z0r 2K = 2k-1, JK(k) = 2k— 1
220, n°) = e, Lavs (0, n*) + n’Nu(— k!)e* 'wi(0,n?)) =
— 0 (k1) Nike, & LA Py (NL € Z )0 (4)
2 - 5mp°
( s k=12 n s (u/ap'): (Opn) 8= 8x = gxzz OgngZ Ta
,K(2) = 3 k=4 n ; (u, W= (0,n) ,g= ge= = gf
= 0,g7 = {e,n’35(- 4)ews'(0,n°)) 20, ,K(4)= 7 )
L_nIPeekz u € M, L= Peek‘ (ek,e>= Ok n 1),
et € rangelL,, P.ef = efe , L = e = (sinnx ) k, ,
W+ nfu = (sinnx)k, (55)
w(0) = u(m) = 0 (%)
3
W+ = (smex) (1€ Z), (57)
1) l a- i’ Z0(i= 0,2 l-21),
/2
u= Zazi(sinﬁbc)zi, (58)
=0
. . 2
1 2 ) o .
ws e ss BRI, G20 420 (9)
2) l a- i Z0(i= 1,3, ., 1-21),
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(1+1)/2

w= Y ani(sinex)¥! (60)
i=1
1 (j+2)(j+ 1) .
a= T =- : a—]]'zwz aia(j= 1= 21— 4 ..,3,0) (61)
[ .
Dai(sine )’ (&)
i=0
(47),
1 1
Miti- 1) QPai(sinex) "2+ D(a- i*F)a(sinx) = (sinex )’ (63)
=2 i=0
(a- *F)a = 1,
o . . (64)
(i+2)(i+ 1) Pap2+ (a= 1707 )ai= O(i= [-21-4, ..)*
l a- i’ Z0(i= 0,2 . l-21), (59) an as, - a1
s ° 1).
,2) . O
1 (55)
k/2 )
D ai(sina)® (65)
i=0
ai(i= 0,1, -, k/2)
_ 1 (2i— 3)!!
ao=—- C, a1 = 2C a; = (2i)!1 C
. k!l
[L— 2, - k/2,C = (k- 3)/.’n2(1— kzj
3, (55)
k/2 )
D ai(sina)® (67)
i=0
1 2i+ 2 . o
k= (1= kz)nz’ @i = 5 i (i= 0,1, ., k/2- 1)
o = 2i + 2a< _(2i+ 2)((2i+ 4)a. _ k!! /2 (63)
P 20— 1T 2i- 1)(2i+ 1) ETOTT (2i)0 0 M
Ilr3- 1y
(k-3)!! )
k21 (2i- 3)! (i= 2,3 - k/2-1),
]H(zf_ UV=Nrk=31  (i= 1), (6)
- (k=3I (i=0),
- C (i=0),
1 .
a; = 2C (i=1), (1)

(2i= 3)!! .
o€ (i= 23 42,
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k!!
C = (—k— 3)”ak/2< o O

. (55)  (56)

2 ‘
u = cisinnx + cacosnx + Zai(sinnx)m, (1)
=0
ai(i= 0,1, ., k/2) (70 cu €M, u(0)= u(m) = 0 u €M, Leud= 0
= 0(n 1) (56) ,C2=— ap*

(e, ', L3Py (54))¢
< k ]L_nlpee >_ <ek,u> =

k/2

Zaﬂ(smm) (sinm )% =

n[(k—l (k+ 1)!! Z(2L-3 I(k+ 2i—1)! }_
- ¢ T T 2(k+ 211 A (2i) ! (k+ 20)!! =
- /
- Yo ()
Gk—L Z(ZL—S”(IH D(k+3) . (k+ 21— 1),
= 2(k+ 2) T A (2011 (k+ 2)(k+ 4) (k+ 2i) ’
n*(k1)* (k= 1)!INC
g0, ) = A E— (%)
k, Gi . . k= 46,810, 12 14,16, 18, G, > 0; k=
20, Gr < O C< 0, ,g* -G .
3 k n (4 <k €Z)~  (u, W)= (0,n") |,
4 2
n (k!) (k= 1)!!NiCx
g= g= .= gx”‘z: gu = O, gxz’“‘: I ij gy = E‘
4 k' n (4<k E€Z,n€Z) Gr #0, g(x, W
— sgnGp™ e (U p?)xe ,aa—lt‘: F(u, b)) (0, n% 1
Gi,> 0, 3 G, < O°
2 4 Gp,= 0O Gr= 0, g x QoK (k)

gken (0, n%) Z0°
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A Note on Bifurcations of ' + H(u- u*)= 0(4 <k €Z)

Li Changpin
(Department of Mathem atics, Shanghai University, Shanghai 200436, P R China)

Abstract: Bifurations of one kind of reaction _diffusion equations, w+ Bu— u* ) = 0( His a param-
eter, 4 <k € 7Z*) , with boundary value condition ;(0) = u( T) = 0 are discussed By means of sin-

gularity theory based on the method of Liapunov_ Schmidt redudion, satisfactory results can be ac-
quired.

Key words: Liapunov Schmidt reduction; singularity theory; bifurcation



