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x = (t,x,y), (1)

o= (txy, y). (2)

x(0, )= A( ), y(0, )= B( ),y (0, )= C( ), (3)
Hhx,y, , ,A BRHCYHhn 45 mE X4 0" IS, FHS AR Ak i) 5t

x = (Lx,y),

0= (i xy,0 (5)
R ER

() (t.x,y), (t,x,y,2z) &I Jacobi 56FE ., ,, . ,, . RTFLERSNWE
() y(t, Xo, Yo,0) LA, (0, Xo(0), Yo(0),0) HIRFHEME B A SLHE, - '(0, Xo(0),
Y0(0),0) (0, Xo(0), Yo 0), 0) [IRFAE{E FA IESLH

()A()=A0+.Aii,B()=B0+.lBii,C()= Co+_1Cii, (6)

= = i=

HrAg= A(0), Bo= Y(0), Co= C(0)
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TIFE(4) ~(5) & A [ EARBOTRE A —A>— B &R T R4 R 58, Hoff AR AN AT RE
I AL (3) =56 1F ERE R E y 1R SRR —Br & SO0 AT e /20 e
FAFUKRGE AR, /£ = 0 T FTREPEAR B MPGE s #Em A

P AR R, MG AF R BIWIIRE IR, /53] THsh## T IV Bricel BT K
A AS) s SR ERER TR A7 AEE AT L T 3 i — 20 Ak

1 W46 ZR IR
HT A = 0 MHIEHIWILG JERE T, AW AN KR B4 51
=4 s=—=4 (7)
HRIEWIAA R 19048 24 IET
w( )~ wol )+ w( ) + wa )’
v( L )~ ol )+ own( )+ )

Al
u(s, )~ uofs)+ wi(s) + us) *+
v(s, )~ vo(s)+ vi(s) + v(s) 4 )
é,\
_ 2 4
x= X(t, )+ u( , )+2 u(s, ), (10)
y= Y(t, )+ v(, )+ “v(s, ),
XE X(t, ), Y(t, ) AR, B R
X(t, )~ Xo(t)+ Xu(t) + X2(t) *+ ;
Y(t, )~ Yo(t)+ Yi(t) + Yo(t) * (1)
(10)FRN(1), (2) 34
dx (t,X, Y)
de ~ > S
Ly (12)
= f(LX, Y, Y),
L de?
d—” [ (L X(0)+ 2w Yt)+ v)— (6. X(t), Y(1))) .o,
2%: [ [t,X(t)+ 2w Y1)+ v, ‘3—3/+ j—"]— (13)
[I,X(t), Y(i), (ji—ﬂ]ﬁ:
il
= [ (uX(t)+ *u( )+ “w Y()+ v( )+ *v)-
(6, X(t)+ “u( ), Y1)+ v( )= <
0%: LX(t)+ Cu( )+ fw, Yo+ v )+ v, CL—:@ EITV*%]‘
[t,X(t)+ ul ). ¥+ v ) S gl—v}}t_ -
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fE(8) ~ (9 M1 ARN(12)~(13) ~( 14) I FEXWALRT FEIF L HXFHZR
#, FrRl(12) 53]
XO: (t,X(), YO):

(15)0
0= (¢, Xo, Yo,0),
dX:
T «(t, Xo, Yo)Xi+ ,(t, Xo Yo) Yi+ (1), (15)
«(t, Xo Y0,0)Xi+ y(t, Xo, Yo, 0) Yi+ i(t) = Yi-3(t),

(i= 1,2, )
Hb (1) 2, Xo X1, , Xier, Yo, Yy, , Yo WMEFIREL, (1) 2 ¢, Xo X1, , Xio1, Yo,
Yi, , Y1 Yo, i, , Yo BEHEE HE FARARNEBUANE, TR H(13) 453

%: +(0, X0(0), Yo(0)) vo,
d (16)0
= 20, Xo(0), ¥o(0),0) (0. Xo(0), ¥(0),0) v
S
%: ¥ (0, Xo(0), Yo(0))vi+ i( ),
(16);
(0, Xo(0), Yo(0), 0) T (0.X0(0), Yo(0).0) v+ i )= vio,

(i= 1,2 ),

He i) =2 coui- Mvo, vi, L v FIANEE BT Z T, HARGE o2
i i( ) xEé Uﬂ: i( ) WKT wo, wr, w1, vo v, vic1t KHovo, v, v
Tl (14) 7532

1= (0. X0(0), Yo(0).0)va

) (170

%: (0, Xo(0), ¥o(0), 0) d;"

S (0. Xo(0), Yo(0), ) wiv ifs),

d*vi dv; (17

d52L+ -(0.X0(0), ¥o(0).0) T+ i(s).

He i(s) BKRT wo, wy, , wioi Mwo, vy, ,viey i(s) ZRKT wo, ur, ,ui1,vo, vi,
vie1t Flovg vy, vior RS WEIL R Z T, 2 R2E0E s 92 Tk
N R (15)4( 16) i(17)i(i= 0, 1,2, ) HIEfRSEAT, 4

X(0)+ *u(0)+ ‘u(0)= A( ),

Y(0)+ v(0)+ °v(0)= B( ), (18)
((:ll_th:()-'- Cdl_v :0+ ((:ll_‘; .\':(): C( )

EAHE(8), (9), (11) F(6) FRN(18) 15 E:

Xi(0)+ ui_2(0)+ ui_4(0) = Ai,

Yi(0)+ vii1(0) + vi-2(0) = B, (i=012 ) (19)
dy dv; dvi| C

d¢ ;:0+ d :0+ ds 3:0_ '
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R BERAE () i)
d%: x([, X(), Yo)X1+ y(l, Xo, Y()) Y1+ 1(l), (14)1
x(t,Xo, Y(),O)X1+ }-(L‘,Xo, YQ,O) Y1+ 1(t)= 0,
WL SRR X1(0) = Ay BIfEME—A7E7E AT ]

duo

q1 - y(0, Xo(0), Yo(0)) vo,

4 (150
d_vo = ;1(0’ Xo(0), Yo(0),0) }‘(O’ Xo(0), Yo(0),0) o,

W EMEE wo(+ )= 0, vo(0) = Bi— Yi(0) HIfRME—FE7E, H24  + RSB
PRk A

d
f: +(0, Xo(0), Yo(0))vo,
(16)0
Ly dv
=00 Xo(0), Yo(0),0) T
==Y 2 7] d i dK d A [ H
WAL wor )= Owo(r )= 0] = G- G| - R
ds s= 0 dt =0 d =

fE, B s+ B RIRER R — B s HE R (15) 6. (16) FN(17) i 73 SR 2 i ok
1t

Xi(0) = Ai— ui2(0) - ui-4(0), (20)
ui(+ )=0, v(0)= Bii1— Yi1— vi-2(0), (21)
u(+ )= 0v(+ )=0,

dvil  _ o dB] _dy (2)
ds s= 0 ' di 1= 0 d :0’

KR ME— MR E (Xi(1), Y1), (wi( ), w( ) Fl(ui(s),vi(s)) H i ), il ),
i(s) R i(s) BISEMIATRL 2 s+ B w( ), vi( ), wi(s) Rlwi(s) (i= 1,2, ) HE
e R TRAMEEM RN, B2 1) «(2) N B iERUEIT

xy(t, )= » [Xi(t) + 2ui[t—] + 4ui[%]} 8
| ()
w(t, )= _70|:Yi(t)+ W[L]+ 2Vi[l_2]] '

2 N EIT A — 2k

AATHRGEIAEE Ry (e, ), Ov(t, ) 15
x(t, )= xy(t, )+ Ry(t, ),
y(t, )= yn(t, )+ O(t, ),
NITFE(D) ~ (3)IEE Rv(t, ), Ov(t, )= Of N”),
Hoev(e, )oyv(e. ) BIFEER Ry(1, ), Qu(e, ) 46200 2 {E I

(24)
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dRy Nt 1
T (t,xv+ Ry, YW+ Ov)—- (t,xv,yv) + G(¢, )
Oy
3TQZA: (t,xv+ Rv.yv+ Ov, yv+ Ov)- (»)

(t,xv,yn, yv)+ F(e, )™
Rv0. )= ()™ oo )= ()™ ovo )= ()M (26)
Het (), (). C(E)MEy 0 WHI G(t, E), F(t, E) 4By 0" WXTF 8657 N
ER (25) +(26) IR IAEFENE S et vk, % Sy = HDR FBA(25) .(26) ST — W A4l

RS «(#) #) 0 [Ry
205 | = 0 0 In || Ov|+
PRk (#)  (##)  (#)] LSy
G(t, E)
ENH{ 0 |+ NERv, Ov, Sv), (27)
F(i, E)
Ry (0, E) A(E)]
[Qv((),E) = | BE| L, (28)
Sy(0, B B E)-
Hr
NERy, Oy, Sy) =
{ (t,xv+ Rv,yv+ Ov) - (#) - «(#)Rv- (#)0Ov
0
(t,xv+ Rv,yn+ On, By + Sv)— (#) - «(#)Rv— (#)Ov— :(#)Sy

fq‘%(#) 5 (?’#) %%Ui‘%i—\‘ /'{_i (t; XN, yN) *D(L XN, YN, @N)#
H LEZR 735 (27) X8E A MR 4 51

RS #) (%) 0 ][Ry
LERy, Oy, Sv) S | edhi|-| 0 0 I, {Qw . (29)
P «(##) o (#) o (##)] LSy
i 7S]
G(t, E)
LERy, Ov, Sv) = E*'| 0 |+ NE Ry, Qv, Sv)# (30)
F(t, E)

LLC', €'Y 5y 2o S A AT A B RO (@ 1), b(t), e(t)) PRI AT, Herp
a, b, ¢ Jyn BEHEE, HHE CY BIEE+ (a(t), b(t), c(t))+i= +a(t)+i+ +b(t)+;
+ +ce(t)+i(i= 0, 1) X ndEFFEa(t) = (ar(t), a2(t), , ,an(t)) ME

1
va(nvo= pax(swa(n). +a(ori= pax| , supad (1), (31)
tf n t tf n j=0 t

pLe™ i Y i = 0 ERE ARG A RO FTAL AR TS el D
h(E) = (A(E), B(E), C(E))> W= (Wl, w2, W3)
Horp
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wi= Ry(t,E)— A(BE", wa= Ov(t,B)- BEE",

wi= Sv(t, E)- GEE*Y
FH(28) +( 30) 734 {H ] &

LBv= H(t, EE™'+ NEw+ E"'h(E)),

w(0) = 0,
Heh +H(t, E+0= O(1), +h(E) +o= 0(1)
HHAM 4y 7 FE BRGS0, WM IR LEX= p(t), X(0) = OfFEME—fR X(¢) I CV, BAFAEIE

WM, 15

(32)

+ X+ ECM4p(t)+o (33)
X HT

w(t)= TH(t), (34)
Hob Tpe = Ly'lH(1, HE* '+ NEw+ BE"'R(E)]# J1 "% 25k ' sk

sV = {wl wl CV +w+| EN_Z}# (35)

1 EBEEEC )~ () N, VMERE(27) (28), 24 E> 0 74 /NI AF (EfR
(Ry(t), Ov(t), Sv(t)) 1 €V, HE SV (N \ 5) b fnt—fs
T A e # HEAEH ST TER S(Y Y BRI ESE 57-
() BN\ SH, FHEw T SV N TR T SV HEsek, di(33) F
+ T+ ML +H(t,E)+o8 '+ +NEw+ E'Jh(E) +]#
R Ao v 1 5 BT 45
(t,xx+ wi+ A(EE* " yv+ wa+ B(EJEY') -
(#) = «(#)(wi+ A(EE"') = (#)(wr+ BEE") =
[ s(#)— ()] (wit ACEE™ )+ [ y(##)~ (#)](w2+ BEE),
(t,xyv+ wi+ A(EJE"',y2+ wat+ B(EE™', BS+ wi+ C(E)E™?) -
(##)— (#)(wi+ A(BE"") - (#)(w2+ BEE")-
(#) (wit CE)E™?) = [ (#8) - (#)](wi+ A(E)E"')+
[ (##8) - (#)](w2+ BEE")+
[ -(##8) - (#8)](wi+ C(E)E™?),
XEAUE S (#) Fom [toxv + H(wi+ A(EE™), yv+ H(wa+ B(E)ET")], (#8#) Fom
[e,xv+ H(wi+ ACEE"'), yv+ B(wo+ BEE"), BS+ H(wi+ AEE?)], 0< H,
H< W o, KOOGB4 w I SN, FEEERE M, 15
+NEw+ EY'h(E) + [ M™%,
Nl + H(t, E) +o WERERAE Ma> 0,18 + H(t, E) +01 M2X
+ T+ [ E*M(Mae™ '+ M ™) [ E7 2 M (Ma+ ME¥7),
YN\ SHLEUE> 0780/ MERS Mo+ MieY ) [ LA T T S{™ 74
() BHwow 1 SNYUMEEO< k< TEEYN N\ SEL G+ TH- TH + 11 k+w-
woe o, Httw = (wi,owa, wy),w o= (wr,owa, wsy ), ESZ b, H(33) A
+T- TR +1| £ M+NEw+ E*'"h(E))- NEw" + E*'h(E)) +w
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FIF Sy e e BEAT 45
(t,xx+ wi+ A(EE" " yv+ wa+ B(EJE'') -
(t,xv+ wi + A(E)E*  yx+ wo + B(EJE"") -
CHE)(wi= W)= L (#)(wam wa ) =
[ ()= (B (wim wi )+ [ ()= S(#)](w2= w2 ),
(t.xv+ wit A(BE " yv+ wot BEE", BS+ ws+ GQEE"?) -
(t,xv+ wi+ ACEE ywv+ wo + BEE" BS+ ws + QBE"?) -
(#E) = () (wim wi) = () (wam w2 ) = L(#)(wi— w3 )=

|:x - x(##)](wl— wi )+

[,V |- v(##)} (w2— W2*)+ [ z{,}_ z(#)](W3— w3 ),
XHE(O)VFERE(Lxv+ wi + A(BE™ '+ H(wi— wi), yxn+ wao + B(EJE™ '+ Hy(w,-
wa ), || B, xv+ wi o+ ACE)E™ '+ H(wi— wi ), yv+ w2+ B(E)E"'+ H(w>-

ws ), B+ wi+ GEE™)+ H(wa— ws)),0< B, H< B B, KBS 2w, w
1 S

+NEw+ EY'h(E) - NEw + E*'h(E))+01 M 2sw—w 1o,
M A

+ T - T +11 £ °M#ME 2« w=w +,
HE4 N\ SHEHLES ORAAMEE MM i< k< 1,84 + TR—= TB" + 11 k+w=w" +
[ k+w—w « L EEC (), TERSYYY FRIESE T, dere SO WAELEME—F w, {f
Bw= T, B LBv= H(t, EE™'+ NEw+ E"'h(E))# WWIMEN 8(32) fEEMw I ',
HE S V(N N 5) bME— T AMER BR(27). (28), %4 E> 0 RN AELE M HAE
SVY(N \ 5) bME—# s PIE e g BE 1 B AT A5

2 TEMREEEAF( )~ () F,WMER (1)~ (3) 24 E> 0 750/, fFAEM (x( 1, E),
y(t, E), BN \ 5K, A —30H 20h ks T

x(t, E) = xn(t, E)+ Rn(t, E),

y(t, E) = yn(t, E) + On(t, E),

ye(t, B) = y(t, B+ E'Sy(t, B),
H3EF o, +Ry(t, E) +o, + Ov(t, E) +0, +Sv(t, E) +o= O(E )#

HEL EERE L 2F N N5 RN ER, K ONYIE S (R EE ST =
{wl wl CV, +w+or &7 hRME—E BN, WSE fRw= (wi, wo, w3) T S5"Y,
+Ww— w40l +w—w+1[ E M+NEw+ E*'"h(E))- NEw+ E"'h(E)+0| £ ’M#
M s w— wa o BHFE, B AR (27) < (28) FEER SOV rpRE K

375 A

Nv= Rn+3+ xne3— xN, G = ON+3+ yN3— YN,
HEHE2 51 + Rv+3(t, B) +0, + Qv+3(t, E) +0 = O(EN+ 1)# B (xv, yn), (xn+3, yn+3) HOR)IE
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+XNe3— Xyt 0, +YNez— yv+ o= O(EY'),
FIFBA + Ny + ov+ Gy + 0= O(ET)# FAN( M, G ) 5( Ry, Qv) IR SHME 1978 (27) . (28),
FrUA Ry = M, Qv = G, FItAE

3 A )~ () B, WIMERE(27) «(28) 4 E> 0 7843/, f5f#( Ry(t, E),
Ov(t, E),Sv(t, B)) 1 C%, ArE s6 Y In—+
HH L 4t

4 TR )~ () N, HHMEM (1)~ (3) Z E> 07850 /I, fEEM(x(t,
E),y(t, E)), HXHMEER IEREN A— 300 200 Enk et =

x(t,E) = xy(t, E)+ O(E*"),

y(t, B) = yn(t, )+ O(E™"),

ye(1. B) = (1. B)+ O(E""),

XH x(t, E),yn(t, E) H(23) g5ttt
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Initial Layer Phenom ena for a Class of Singular Perturbed

Nonlinear System with Slow Variables

HUANG Wei_zhang, CHEN YU_sen
(Fujian Normal Uiversity Fuqing Branch , Fuqing, Fujian 350300, P.R. China)

Abstract: The initial layer phenomena for a class of singular perturbed nonlinear system with slow
variables are studied. By introducing stretchy variables with different quantity levels and constructing
the correction term of initial layer with different / thicknessO, the N_order approximate expansion of
perturbed solution concerning small parameter is obtained, and the/ multiple layei) phenomena of per-
turbed solutions are revealed. Using the fixed point theorem, the existence of perturbed solution is

proved, and the uniformly valid asymptotic expansion of the solutions is given as well.

Key words: singular perturbation; initial layer; asymptotic expansion



