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& = f(t.y.T y, &y +g(t,y.T y, ¢,

(1)
V(1,8 limsey = A(€), (1. &) ieroim = BE) (2)
, e> 0 ,®(g) d(eg € ,
lim ®(€) = €(0)= 0, lim b(g)= #(0)= 0,
y,g,a,BeR",f nXn ,
T y(t)= J:‘k(t, s, y(s, €, €ds, k € R"-
[1~4]
(1)
0=f(t, w.T u,00u + g(t, w.T u 0), ,
u(1) = B(0) | (3)
u(t) € "= &, 1+ &] (&> 0 ) f(t,w,T u,0) Mt)
ReM(t) < 8My< 0,i= 1,2,3, ..y n* , 0<1 01 <l y(0,0) - u(0) I
0+ u(0)
0 *
eT_[Of(o, u(0) + 5,7 u(0),0)ds < 0°
(I f(t.y,2,€),8(t,y,2, € L 6 (t,y,z € (N
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(1946~ ),
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+ 2) ,
L = g(t,y,z, g:t=0,y= u(0)+ Toy(T), T)(),zz T*u(())’gz @U

(6,2, 8:- @<t <1+ toy= u(t),z=T u(t), €= (}-
Toy(T), T 20 .

(1) k(t,5,9(s, €), €
L =4(t,5y,8:- &<t <s <1+ &ay= u(s), €= (}

5 , (N+ 1)

( IV) (1(8) = Qo+ Z;(lié, B( 8) = Bo-{- _Z;Blg'
: X(t)= [xi(1)] € C[0, 1],
P X() 1= [ D3] UK = ey | X(1) 1 ¢

6 6
()~ (2) y(t, €
y( 8~ yolt)+ 2yi(1) € (4)
4 (1, (4 yi(t)
0= f(t.y0.T y00)yo+ g(t.y0.T y0,0), ” (5)
f(t,y0.T y0,0)yi+ Fo(t)yi+ FoTiyi+ ®1(t)= yii(t), (6)

Fo(1) = 00 yoT yo.0lyo+ g(LyaT yo 0]

Fo:(t) = a%[f(t,yo, T yo 0)yo+ g(t.y0.T y0,0)],
!

Toyo(t) = T yo(t) = J.tk(t, 5,v0(s), 0)ds,

Tiyi(1) = _rt[ky(la-9,y0(-9)>0)yt'(19)+ Roa(t,s,y0(s), y1(s), s yi-1(s))] ds,
Q1) Ly (t)(0<) Si-1)

(5 (6) , y . Y[+ 9(€), €= B(e),
y(1+ ¥(€), ¢ €
Y1+ 8. g~ yo U+ LE[yi(1)+ e, (7)
ei Yo <i-L1<j+r<i) ., (V) (1)

yo(1) = Bo(= B(0)), (8)

yi(l)z Bi— e, (iz 1,2, )' (9)
(L) (5 (8 yo(t)= u(t), - & <t S1+ & (6) (9)

. . . yo(t)

yi(t), - & St K1+ &, i= 1,2, .. (4)  yolt)

y(r. g 1= %¥g ; t= 9¢
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Ty(Te.,  T= (1- ¥g)/e
y=y(t, 8+ Ty(T g, (10)
(T8~ Ty(T+ e (e (11)
(10 (1) (2 yine (1) (2
2
TE = Sy (L9 Ty (T e T (y(1 8+ Ty(Te)), ¢ x
nes LI gy g T e (yin g
Ty(T €)), € - flt.y(t, €. T y(t, €, €y (t 8-
glty(t 8. T y(Le e . (12)
Ty(0. €= a(e)-y(¥e. e (13)
(1) (12) (13), e . y(T)
t= ®€ (T=0) , 1= 1+ 9(g (T 7+ oo
& d
E = 030+ Ty (T, T (0,0 T, )
Toy(0) = ao— yo(0), Toy(+ )= 0;
dZT[iy * dJTiy
5= S(0y0(0) + Ty (T, T yo(0),0) T35+
2100+ 1.1 yo(0).0) G 3y BT, (B)
Wy(0)= - yi(0)= di Ty(+ o) = 0;
Ec(T)  Ty( T, dTy/dT T y(T), (0<j <i- 1) :
T T cd Y70 (0K Si- L0Sj+ r <i)
%t 30 = [ TK(0.0,yo(0) + Tuy(£),0) = k(0,0.y0(0). 0)]dP
W (D= [ k(0.0 500) + Toy( D). 0)Ty(P)+ s1(T, PP
Si-1 Tgy(p)(]: 17 25 i) i- 1) > p
TP .
(1) [5] (14) Toy(+ ©9) = 0 Ty (D). T >
0, (15) Tiy(+ o) = 0 Wy(T),T20i= 1,2 -
(U~ (2
I EOE ﬂiy[%m}] é- (16)

(16) ¢e) <t <1+ ¥€),0< e<g

w8 = Dfyi(t)+ Tiy(T)] €
()~ &> 0 0< €& , (1)~ (2)
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y(t, € y(t, €= yn(t, €+ O(€""), ¢(e) <t <1+ d(¢g) e

U=y-yv, R=T y- T yy, (17)

(17) (D (2
R = - [k(t,t, Ut yv, & — k(t,t,yv, €]+

ji[kt(t, s, U+ yv, € — ki(t,s,yn, €] ds, (18)
e = f(1, U+ yv. R+ T yv, &) (U + yv)+ g(t, U+ yv, R+ T yy, € -
FOy T yy. €yv— gl T yn. € + 0(€""), (19)
U(®(g), e = 0(E"), Ul+ (e, e = 0" ()
M= (M, M - M,) €[- 11",
R(1+ ¢(¢), &)= ME™", (21)
(19)
el - Fy(t,e)U - Fy(1,8)U= h(t, U, U,R, ¢, (2)
, F(t,8) = F(t,9,2,y .6 =f(t.y,2. €y + g(t.y, 2, €, Jacobi Fy(t, €,
Fy(1. 8 F(.8)  (Ly.T yv.yn €
h(t, U U,R €= f(t, U+ yv, R+ T yv, &) (U + yn)+
g(t, Ut yx, R+ T yn, € = f(t. y0. T yx, )y -
g(t.yv.T yw, &+ O )= Fy(t,9 U - Fy(t, & U
117 Fy(t, €, Fy(t, € e>0 0< e<e :
& = Fy(1,e)P- &+ Fy(1, 8, P(¥€),¢€ =0 (23)
& = (1, §Q+ Q- Fy(t, € + P(t,8)]- I, Q(1+ ¥ €, =0 (%)
Puxn= P(t, €, Qun= 0O(t, € ¢eg) <t <1+ ¥ 8,0< e<g :
Po, 4o
HP(e, e Il <po, 110(t, € Il <qo (25)
lin (1, &) = [Fy(1,0)]" " (26)
€> 0 , s € €
0< e g
V= U- PU W= U+ €QV (27)
(20) (22) |
W= P(t,e) Wt Q(t, & h (t, W, V,R, €); (28)
eV = [Fy(t, €& - &(1,8)]V+ h (1, W, V,R, €; ()
Wit &) - &1, 8 V(1,8 |ee= 0(E),

30
W(l+ d(€g), e = O(E")e (¥

J= [Ivj (18).(21),(28) ~ (30)
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J = A(t,&)J+ B(t, € V+ Gi(t, &); (31)
eV = C(t, &)J+ D(t, € V+ Got, €); (32)
J(1+ d(g),e)= 0(€*") = 0i(¢g),

ol (33)
(01,)J(t, 8~ &1, V(1,8 |l=eg= O(€)= 0:(8);

Alz(t, 8)i|

A(t, 8 = |:A2|(t, e P(i,¢

!
Ap(t, €) = - ky(t, t,yn(t, €, €+ J.tkW(t’ s, w(t, €, €)ds,
Axn(t, € = Q(t, §)F:(t, €);
|:B11(t, 8)]
B(i, € = 0 , Bu(t, € =—- &An(t, €0(t, €;

C(t,8 = [FA(t,€8 0]; D(t,€ = Fy(t, € — €P(t,€);

Gilt € = |:G11(t, €)i| ,
Glz(t, 8)
Gu(t, &) = - [k(t,t, U+ yn, € — k(t,t,yn, €]+
ﬁ[kl(t’ s, U+ yn, € — ki(t, s,yn, €)]ds—
An(t, € W= Bi(t, 8V,
Gu(t, € = Q(t,e)(h (1, €&- F.(t, §R),
Gy(t, € = h (t,8- F.(t, &R;
R (t,€) =h" (t, W, V,R, € = h(t, U, U,R, € *
267l ABCD e§>0 0< £€x¢g
€T’ = D(t, € T- €TA(t, €)+ €IB(t, &) T- C(t, €), T/ %(€), €] = 0; (34)
€S = €A(t,€ - B(t, € T(t,€)]S- S[D(t,€ + €I(t, € B(t, €] - B(t, €,
S(1+ (g, € =0

(35)

Toximn)= T(t, €), Stns mxn= S(t, € ¢g) <t <1+ d(g),0< < g
To, So
NT(e, ) Il <To, 1IS(t, 8 Il < S (36)
E= J+ &N, N= V+ TJ, (37)
(31)~ (33)

€= [A(t, 8 - B(t,8T(t, €] &+ Gi(E 1); (38)
el = [D(t, €+ €(t, & B(t, €] N+ Gy(§ M); (39)

&1+ d(e), e = 0i(¢g),
(Ouxm L) &t €)= & (Ouxm I1.)S(t, € % Q(t, €]N(t, € |1 qe = 0:(8;
(40)

Gl(E,., I'[) = (Imxn+ (‘ST) G1+ SGz,
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Gz(g, I'[) = &G+ Gy
(200 . €0 (0 I)S(9E, e+ 0(%¥, ¢
(38)~ (40)

o= 2000e+ [ 202 )6 ¥ ), e,

(1, € = H(1)[(Oxn L)S(¥E,E+ Q(¥E), €] "X
[(Ouxm I.)&( ¥ E), €~ O8]+

t H(t)H '(s)Gay(s, &(s), N(s), € dse

?®

(1) D(t, €)— €T(t, € B(t, € < Ko< 0,

el = [D(t, €+ €I(t, &B(t, &N

> 0,
| H(t)H '(s) | <le folm72¢ ?e) <s St K1+ (g
A(t, € — B(t, € T(t, €) [> 1,
| Z(1)Z '(s) | <1, Pe) <s, t <1+ (g,
Z(t)= Z(t,€),H(t)= H(t, € (38) (39)

Z(1+ &€, € = I, H( 9 €), € = I,
(S To) = (0,0)

Ge1(t,€) = Z(1)01(8)+ .f Z(t)Z '(s)Gi(s, &(s), N(s), &)ds,

1+ ¢(¢g)
i 1(1, €)= H(1)[(Owem L.)S(9(E), €+ Q(¥(€), €] " x
[(Onxm I.)Gui( 9(€), €) - 02(€)] +

t H(t)H '(s)Gas, &(s), N(s), €)ds,

®(e)
we <t K1+ #g),0< e<e,Gi(1,§ M0 €),(i= 1,2)
O I1Gi(1,0,0, € Il KM,
@) K> 0,
NGi(t, &N e- G(t, & ,0, ¢ Il KKIIx§&, nn )l
X(§ &, nn) :
&= & Jemax(l &1, 1 & 1,1 01,1 1 1),
el M= 10" Jemax(l &1, 1 & 1, 101,10 1),
| M= 0 Jemax(| &1, 1 & 1, el 0, el O |)e
Ro= 1] ho(100+ 2IMo) + hoo+ 4Molg' + 0o+ 2MoJ, €> 0
21KRo(2lho+ 4¥5'+ 2)€ < 1/2, & ho
10ie) 11, 00 Il < B,
W[ (O L)S(¥E), 8+ Q(%€),e] Il <hos
g <t <1+ 9(g,0< e<g
& (e, e) I, ell (e, & Il <2R0€",
& () - &i(t, e I, elltk(e, - ki(r, &) Il <R T

(41)

(42)

(8)

(4)

(%)

(46)

(47)

(8)

()
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{&(t, 8)}1‘”, {Tk(t, 8)}{”

¢ <t <1+ b(g),0< €< g (38) ~ (90) (&1, €),0(1,€),
(18) ~ (21) (R(t,€), Ut €)
R(t,8,U(t,e)= 0", U(t,e)= 0(€),
Pe) St K1+ d(¢), 0< e<¢gr } (%)
(50) €> 0 -
g™+ J’; (b(e)[k(t, s,yv+ U, €)= k(t,s,yn, €]ds|[< 1
[~ L™ T = Ly I (M):
J (M) = e-“““_l-; dm[k(;, s,yv+ U, S)— k(t,s,yn, €]ds,
J (M) . M= (54'1 ...Mm) C/-LYy"(i=1,2),
(18) ~ (21) (Ri(t,€), Ui(t, ) (Rt €), Uz(t, €))
R= Ri—- R, U= Ui- U1 R, U

R = - [k(t,t, U+ Us+ yn, € — k(t,t, U+ yv, €)] +
.r[kz(l, s, U+ Uzt yn, € — ki(t, s, U+ yv, € ]ds, (51)
12

8(/: F(t, U+ U+ yv,R+ R+ T YN, U+ U;+ y;\s, € -

F(t, b+ yN, R2+ T yn, U2+ yn, €), (52)
R(1+ ¥(¢), €)= (X}— }f}) &L U(9e, )= Ul+ 9, e = 0 (53)
(51) ~ (53) (18)~ (21)
R(t, 8, U, e = 0(e"), U(t,e)= 0(€),
. |
lim ‘e‘”‘* ')j‘lw(s)[k(t, g U+ U+ yv, & — k(t,s, Lo+ yv, € ]ds||= O
0< Bl &> 0 0< e @
1 (M) - 7" (M) | <ull(M)— (M) Il-
Jo-nyn M ] (M )=M - M =
(My, .. My) €/-1, 1", (18) ~ (21) R(t, 8 UL, €
R(t,8, Ut €= 0("), U(t,e)= 0(¢)
R(1+ d(g),e)= M &+
&= min(&, &), 0< €<& |, (1) (2) y(t,

g, %e <t <1+ 9eg),
y(t’ 8) = yN(t’ 8) + O(éH l)’
Y (.8 = y(t. 8+ O(€)
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Singular Perturbation of Second Order Nonlinear
System With Boundary P erturbation

Chen Yusen
( Departm ent of Mathematics, Fuqing Branch, Fujian Normal
University, Fuqging, Fujian 350300, P R China)

Abstract: The singular perturbation of boundary value problem of second order nonlinear system of
differential equations with integral operators and boundary perturbation is discussed. Under the

suitable assumed conditions, by the technique of diagonalization, the existence of the solutions is
proved and its remainder term is estimated.

Key words: singular perturbation, boundary perturbation; diagonalization



