.26 4 (2005 4 )
Applied Mathematics and Mechanics

1 1000_0887(2005) 04_0489_08

(1. \ 410083;
2. s 410081)
(K% B4R )
0189.3;0177.91 A
’ [ 1~ 6] ’
. [7] ;
, [7]
Rn+ m — Rn X Rm7 (x7 y). r Lle ,
R"xR" R’ R"'X{(},{(}XR’" I ,I' R'"xR"
(x,y) ER"xR", YET, ¥(x,y)= (¥, ¥y) € R"xR™ g: (R"xR"
200308 18; ;o 2004_12.06
(10271023) ; (041J3072) ;
(04C383)
(1962—), , , ( . Tel: + 86731 8871432; F,_mail:

guorz6279 @ sohu. com)*
489



490

xR0 TR g(w, vy, N= Yg(x.y. N, g T , A= (M, o M)
€ (R, 0) , r Evmip(T)*  p=n
Evwi(T) By \M(T)*  Mamip(T) = {g € Enmip(T)1 g(0) = @
Eum (1) = {f: (R X R"x B,0) 7 RIf( w0, W, N= f(x.7, N, YE T, (2,7,
€ (R" x R™ x R, 0)}, , r . [1]. Xib. 8
s Enm kp (1) Enm k(1) _
1.1 r ) ( )

2 € Evmip(l)
g(0) = 0, (D(x,y)8)o= 0,
D yg g (x,v)

%{r):{@.(R"xR'"xR"‘,O)*(R"xR’"ka,O) | @ x,y, V=
(Pi(x,y. N, by, N, &5(N), & € Evn i(T), % € Eni(T), & € &' (Dti)jano €
SR (D)a0) € F(R") (Db)o € AR+ AT

A T) . L,,SQF):{‘I{-(R’),O)_)(R”,O) | WEE(D),
(DWo € %(R)Y. AT) LAY AT = AT
x AT), .

1.2 g h € Eypin(T) . (@ W) €. AT)
Wih(x,y, M) = g(H(x, 5, M, Py, M), &( ),

g h AT)_
1.3 fE€E,mi, (1)

1) AT)Sf  f

T AL T) = (Dof ) Mmi(T)) + (Dof) (Sai(T)) +
(D) (A& )+ 221 Z € 245(T)pe
2) f
Te Af.T) = Tellf. T4 (Dof )(Eni(T)) + (DAf J(EP),
TeiAf. T) = (Duf )(Enmi( )+ { 201 Z € Ey( )}

dimgEy, . 4 p( T)/Toe Af, T) < + o0, f AT)_ :
codim(f, A L)) = dimgEnm r:p( )/ Te Af, T)
dimRE, w1y (T)/Te Af, T) <+ o0 (1)
f AT)_
1.4 fo€E.mip(l)
1) fo s_ F:(R'"XR"xR xR,00 " R xR, F(x,y, Au)

= (f(x, 5y, Au),u) 1) f(x,y, AO) = folx, y, Ny (11) f( W, W, Au)= ¥(x,y,
Au), u= (ui, uz - uy) E(Rs,()) .
F R’
TeAF, T) = (Duof ) (Enmis( T)) 4 (Dyf ) (Em i D)) +
(Dy) (&) +{2°F1 2 € B (1))
2) F fo s_ ,h:(R,0) " (R,0) , R F:(R"x R™ x
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RExR,00 7 R xR, (h"F)(x,y, Nv)= (f(x, v, N h(v)), v)* W F  fo i_
L F h F
1.5  fo € Enmip(D)
) FG fo I_ - F G AT)_
@ (R"xR"xR'xR,0)7 (R"xR"xR'xRL0), Wa,y, Nu)= (Pi(x,y, Au), oy,
Auw ), BN u), u) W (R xR,0) T (R *xR,0), Wz, u)= (d(z,u),u),
F° d= ueq,
bl v, W, ANu) = Ybi(x,y, Au), (Y, Au) = Y&(y, Nu), bi( &, u) = Yz,
w), YET, (x,y, Au) €E (R"xR"x R*xR,0), (2, u) E(R"xR,0), ¢i(x,y,
ANO)=x,P(y, NO)= y, H(A0) = A di(2,0)= z°
F AT)_ fo G:(R"xR"xR'xR' 0)7 R xR, G(x,y, Au) =
(fo(x.y. N, u), FooAT)_
2) fo s F G AT)_ , G AT)_ hF, h
F G .
3 F fo s < fo G . AT)_ F , F
fo . fo .
[8]°
2
2.1 Lie T R'*XR" R (n+m >p)' k
S0 € Evmiip( 1) (1),  F:(R"xR"xR'xR,0 " R x
R, F(x,y, Au)= (f(x,y, Au), w)  fo s_ : u= (uy, - u) €
(R,0), F fo
Enmip(T)= Te Afo, T)+ R{Fh F>} (2)
= a@;—i(x,y,)\,O), i= 1,2 .., s*
22  fo € Ewmip(l) codim(fo, AT))= s,
(1) fo s_ AT) _
(i) 6 fo r_ r> s, G oAT) fo
( (r=3s) )*
2.3  foE€ Eumkp(l) W C Enmbp(l) s

Enmip(T) = Te Afo, T) OW, qi(x,y, N, = q(x,9, N W
F(x,y, Nu)= {fo(x,y, N+ ;uiqi(x,y, N, u}

o .

3 2.1

2.1
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X =
E,a(T)e

AT) _
3.1 F fo € Enmip(l) 1_ , F fo AT)_

(R"xR"x R*xRO0) (R xRO)
Y= 2o St a2 Swiran 2 Yy &
Coo AU e oxi H7 ¥ Oyi = /5 o)

0N )
7 = t i;:Zi(z,t)aTi

fo

(3)

1

(4)

DF*X = Z°F,

(X1, s Xa) € Enmist(T), Y= (Y1, oy Yo) € Eniii(V), Z = (Z1, - Z,) €
L&t foo 1o Glx,y, Nt)= (fo(x,y, N, t)*

F  AT)_ , o W

F(Qx,y, At))= WG(x,y, At)),

W .5 1) (4) t

DF(Wx.y. M) Sy N ) = TGy N0,

0D i |0 yrifop
DB =5 Y F
_a_q)o s 1 _a_lpo 1
XY= %2=3 7
(3) . . X
a_d)lo 5 1
=20 %

0P
X°d w, ¥y, At) = a_tl(Yx, vy, At)°

0¢
X(Y®(x,y, N 1)) = Ya—tl(x,y, ANt),

b
Y(w w )= v S (ay N )= Wiy Mo

‘]‘i'
%: Xi(x,y, At), i= 1,2, ..n;
dy; )
= Yy Ao, i= 1,2 .m;
dy _ .
dt - /»(}\Jt)ﬁ J = 17 29 ka
di— L]
dt — !
x(0) = %, y(0)= y, NO) = A u(0)= 0 ,
(5) R_ (R"xR"xR*xR0)

Ko, y. Mt)= (P(x,y, M), oy, M), Bs(Nt). 1)

(3)
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aa_;bo ol X, ¢1(x,y,>\,0)= X, ¢2(y,}\,0)= ¥, h(N0) = X
(5 X Y , b b

B,y M) = VB, W M), By, M) = ¥ (g, A1),

aa%(x,y, Nt) = Y’l%(w, W, At)= VX qw, w, At) =

VX (Yhi(x,y, M), by, M), BN ), 1) =

X (d;l(xv Y )‘J [)9 (1;2(9/7 )\9 l)? ¢3( }\) l)a t)?
0oy, N1)/0t = Y( By, Nt), B3(N1), 1), (P25, Nt), Dy, N

1), B(Nt)t) (5 bi(x,y, N0 = YV'd(w, %, A0 = V'w= «,
By, N0 = Y'h( ¥, N0 = y, H(N0)= A
b= b, b= by b b - Z R_
W(R xRO) T (RXRO), Wiz t)= (d(zt),1), (DW)° W'= Z (e, 1)
= Yz, 1), di(2,0) = z* (R"xR"xR"'xRO0) (R xRO)
O W D Yo ( ) X LW
0/t ( ) z . (3 :F
X (x.y, A1) Z F(x,y, At) . G=
yrlofo q
perL_ Log.
Glx,y, Nt)= (g(x, 5, At), 1), 0g/0t= 0 glx,y, Nt)= g(x,y,
ANO)= folx,y. N, G(x,y, Nt)= (fo(x,y, N.t) fo ; F AT _

32  foC€ Ewmip(D) F: (R"XR" xR xR, 0) 7 xR fo (s+1)_
7F(x7 Y }\Jua t) = (f(x,y, }‘>u9 t)a u,t),f(x,y, )\5070) :fo(xv Y }“)9 Fl(Rn
X R"xR'xR,0 " R xR,Fi(x,y,Nu)= (f(x,y, A\u,0),u), Fi F t=0
(Rn x Rm x Rk x R\‘+l, O) (Rp x R.\‘+1’O)

Yo 2 ety La Sanu s

h 5t i= 1 %, 5ui i= 1 % a.)v
m a n a
;Yi(y,?»u,t)a?+ ;‘,Xi(x,y,?\,u, t) e

7= aa_ﬁ L_;‘,E,(u, ') a%* j;‘,zj(z, u t) a%’
X= (X1, s Xn) €CEnmbswi(T), Y= (Y1, ooy Yu) €CEmbw1(D), Z= (Z1, -, Zp) €

E, s1(T),
DF*X = Z°F, (6)
h:(R™',0) ~ (R,0) F . AT)_ h' Fie
X Z oY Dx,y, Nu, t)= (P, y, Nu,t),

¢2(y; }\)uyt):- ¢3(}\;u; t); q(u7 t),t) d)l E En,m,k,s+l(r);¢2 E Em,,k,s-ﬁ—l(l—‘),dﬁ E
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i ¢ €€ Ay, A0,0)= x, By, M0,0)= y, B(N0,0)= X Wz, u,t)= (d(z,

w,t), q(u,t),t) b1 € Bpwi(T),q € &% 91(2,0,0) = z
Y- %_;Do@l, P aa_;l’owl,
F F 1_ . (6) 3.1 s wlepeo pyo1_ ,
F°®= W(Fixidro), (7)
idroy (RO . h: (R x RO) ~ (R,0), h(u,t) =
g '(u), Blu,t)= (h(u,t),t), h , B < (7
FO ®(idrxrmxrto X B) = W(F1 xidro)°(idrxr"<r'.0) X B)*
(idiw. o) % (g, 1)° W '°F° @ (idpxrxro % B) =
(id®,0 X (q, M))°(Fi1x idro))°(idrxr'xr' 0 * B),
(R xRO)  R(ut) t .
(idir.o % (q, T))°(F1 % id®r0)°(idrxrxi.o x B) = h Fie
@ (idwxr'xrto) X B)= @ (idw o x (g, M)° W= W
FOO= Wop” F AT)_ B Fye
8.3  fo€Ewmuiy(l) (1) Ffo r_ cF(x,y, Au)
= (f(x.y. Au)u),  qi g € Enmbrp(D),
() 7o Afo T+ R iy, MO, s o3 N0 = By (1)
(i) Te AF, T)+ & qi(x,y, Nu), - ge(%,y, Nu)f= Enmbrp(D)e
(i)y=(1)  Ewmkrp(l) u=0 (1)e
(1) =(ii)*
Jo(F) = i(Dxf)X | X € E,L,m,k,s(r%,
Je(fo) = L (Dufo) X1l X1 € Enmi(D)
M= Eumisp(T)/Je(F), Mo= M/ 7 M,
Poenaru ( [1]), M € nu(l)_ Mo =En m.i:p( )/ Je(f0),
Mo N D) fo. Mo g(r)_ - ;
F'L&yna(T)_ eu(T)_ =
() (1) Enm kp(T)/T(f0) g(r)_ . Mo
e(r)_ [9] 1M eu(l)_ M =
Enmbrp(T)/Te AF, T), Te AF, T)= Je (F) + {Z°F| 7 €E,, ,(r)} M
euT)_ + Mo= M/ VoM, Mo =Eumip(T)/TeAfo T)* fo
(1 (i) . o1, v vs € B i(T),wy, wyw, € &F

Evmion(T) = To Afo, )+ B ai(x,y, NO), oy (2, 3, A O),
(Dyfo)vi, -, (Dyfo)vs, (DNo)wi, - (D}fo)w}'
= qi, = ¢, 1= (Dyf )1, «y s = (Dyf Jvs, e w1 = (D Jwi, -y Nrege 1 =
(Dyf)wi,, nio= nilu=o, 0= 12, «.or+ s+ ¢,

n,mkp(r)—T /?{(fO, F)+ l{nl(); "‘anr+s+t(}'
Mo = R nio, oo nue s 10 Mo= M/ 7+ M, [ w71 M =
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&{m, . ,nﬂﬁ}' Enmisp(l) = Te AF, T) + at{nl, s sty C Ty AF, T) +
8,,{711 nr}, (1) .

2.1 o e G fo r_ . G:(R"<R"x R
xR,0) 7T R xR G(x,y, Av)= (folx,y. N+ g(x,y. Av),v),  g(x.y, A0)=
0 H:(R"XR"XR'XRxR,0) R xR xFK H(x,y, Nu,v)= (h(x,y, \

uw,v), u, v), h(x,y, Nu,v)= f(x,y, Nu)+ g(x,yv,Av), H fo (s+7r)_
. Hi(x,y, N u,vi, --yv-i)= H(x, y, A u, v1, - Ur—i,M,i: 1,2 .1, H-r

i

= F H|u:o= G

A: (R xR,0)” (R0 H AT)_ A F-
r . r=0 , A= id,H= F, .
r—1 . RV R, (v1, cve1) (01, o1, 0)° , A (R
x R~',0)~ (R,0) AVF AT)_ He* w= (uv),s+r= I Oh(x,
vy, Aw)/0ui lw=0= 0Of(x,y, N u)/Ouilu=0,1= 1,2, -y s, (2)
oh oh
Te u%f@; F)+ a_ul(x:» % }\)O)’ Ty a_us(xaya }\50) = En,m,k;p(r).
3.3
. Oh Oh
T. AH, D)+ &'{a?(w, Nw), s 3, (%), ?»w)}= Eumttip(T)°
Oh/Owi= Oh/Ovr = 0g/0vr € En.m.b. 1.p(T), X= (X, sXn) €CEvmii(l),

Y= (Y1, o Yu) € Enat(T), (A1, vy &) € 8, &= (&, 06,0 .0) € &7V, 2=
(Z1, - Zp) €E,(T)

m oh
aw FZ:X(xy }\,w)_+ZH— Z}Yi(y,}\,w)a_yi—

—j;w»w)a)} an(w)aq (8)
(R”XR’"XR xR, 0) (R" xR0

X = a < Zg(w)a N ZA(A,W)M

q=

ZY(y,Aw) + ZX(x v ) 5

Z = a—wl+ ;E_,,(w)aw—q+ i;Zi(z,w) 3s

(8)
DH*X = Z°H*
3.2, A (R xR,0)~ (RxR""0) H AT)_ A> Hpe
H A47)_ A2°AT F= (APA2)" F* A= A°As, A K= Al
K:(R,0)~ (R0 * Hl,o= G G .A47)_ (h')" F-
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Unfolding of Multiparameter Equivariant Bifurcation
Problems With Two Groups of State Variables
Under Left Right Equivalent Group

GUO Rui_zhi"?, LI Yang cheng'
( 1.Schodl of Mathematics and Com puting Technology, Central South University,
Changsha 410083,P.R .China;
2. College of Mathem atics and Com puter Science, Hunan Normal University,
Changsha 410081,P.R .China)

Abstract: Based on the left right equivalent relation of smooth map_germs in singularity theory, the
unfoldings of multiparameter equivariant bifurcation problems with respect to left_right equivalence are
discussed The state variables of such an equivariant bifurcation problem were divided into two
groups, in which the first can vary independently, while the others depend on the first in the varying
process. By applying related methods and techniques in the unfolding theory of smooth map_germs,
the necessary and suffident condition for an unfolding of a multiparameter equivariant bifurcation
problem with two groups of state variables to be versal is obtained.

Key words: equivariant bifurcation; left right equivaent group; unfolding



