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FEM, & W

( , 116028)
(B )
Volterra
Volemra
0175. 8 : A
1958 , Levsion x(0)= A, ' (0) = B,
A(1)=C 2(0)= A, aix’ (0)- ax' (0)= B, bix' (1)+ bax' (1)= C
€> 0
&@= f(t,x,x, €, (1)
v(0)= A, g(x' (0.4 (1)) =0, h(x'(0),2"(1),2"(0),2"(1)) = 0, (2)
x(0)= A, £ (0)= &' (1), x"(0) = x"(1)e (3)
[1]~ [4]
1
, Volterra
u = f(t,u,Tu), (4)
g(u(0), u(1)) = 0, h(u(0), u(1),u (0),u (1)) = 0, (5)

[Tu](t) = ¥t)+ J;K(t, Tu(T)dT, K(t. T) € C([0,1] x[0.1]), ¥t) € C[0, 1]

(1, T) €70,1] x[0,1] K(t, T) 20
1

200003 21; ;20011226
( 1963 _) s ’
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D f(t,u,v) € C([0,1] xR v
2) g(& M) € C(R) r(s)
3) h(E§ Ny, z) € C(RY y

4) alt), B(t) € co, 1], alt)

B (e) SF(t,BCe), [TBI(1)), d' (1) 2f(t.a(t),[Taj(t)) O

h(B(0), B(1), B(0), B(1)) <

st os2(s1 \sz)

0 <h(a0),

0(s) g(r(s),e(s))EO,sER;

z

< B(1),

N

t<1,
af1), a (0), d(1)),

r(s1)= a(0), 0(s1) = a(l); r(s2) = B(0), 0(s2) = B(1),

(4 (9 u(t)
a(t) Su(t) <B(t)
r(s)  0(s)
<O(s) <B(s),
alt) Su(t,s)

0<:<I

[3]. (4)
<Be), 0t <1

a’s) S

= 0(s)
s= 1,
ale) Su(t,s) SB1)

W (0, s1) CI(O) w(l, s1) Sd(l),

h(u(0, s1), u(1, s1), u (0,51), i (1,s1))=
h(a(0), a( 1), u (0, s1), &' (1, s1)) 2
h(a(0),a(1),d (0), d (1)) 20

s = s2,

u(0,s2) = B(0), u(l,s2) = B(1);

h(u(0, s2)u(l, s2), u (0, s2), 4 (1, 52)) =
h( B(0), B(1), u (0, s2), u (1, 52)) <
h( B(0), B(1), B(0),B (1)) <0

Q= 4s:
& = is:
(6) (7
Qf =
Q5 =
o Q5

Or U &= [sy, s/,
[s1, s2]

ou N x= fe
s:th(u(0,s), u(l, s), u (0,s), u (1,

(6) (1) s2€ Q51 € Q5

s( st s <sz),

u(0,s1) = a(0), u(l,s1) = a(l),

u,((), 52)

h(u(0,s), u(l,s), u (0,s), u (1,
h(u(0,s), u(l,s),u (0,s), u (1,

sch(u(0,5), u(l, s), u/(O,s), u/(l,

[Sla 32]5

a(s) \r(s) B(s)

u(t,s) u(0) = r(s), u(l)

(6)

<B(0), W' (1,55 28(1),

(7)

s))> 0, s1 <
s))< 0, 51 Ss

< sz,
S
<o,
sy,
N Q= f
Qi N Q5 # f, so €

s)) S <0, 51 <
s)) 20, s; <s
Qf &

h(u(0, so), u(l, so), u/(O, s0), u(1,s0)) = 0,
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2

x@= f(t, %, %), ) ) (8)
%(0)= A, g(x (0),5' (1)) = 0, h(x'(0), 2 (1),2"(0),«'(1))= 0 (9)
2

D f(t, %2 ) € C([0,1] x R x

2) 1 2 3

3) a(t), B(t) € C’ro, 1

a@rt) 2f(t,a(t), d(t)),B@) <f(eBe), B()) 0<i <1,

h(B(0). B(1).B"(0).B"(1)) <0 <h(d(0),d(1).d(0).d (1)),
a(0) <A <B0), a(t) <B(t), d(t) <B(1);
s1 s2(s1 <sz)
r(s))= d(0), 0(s))= d (1), r(so) = B(0), 0(s2) = B(1),
(8) (9) 5(t)
a(t) <x(t) <B(ty) 0<¢ <1

X = u, «x(t)= A+ j;u(s)ds, (8) (9)
Volterra
J = f[t,A+ J.:)u(s)ds, u] (10)
g(u(0), u(1)) = 0. h(u(0), u(1),u' (0),u' (1)) = 0 (1)
1)~ 3) (10) B1) ale),

a(t) = a(t)+ &, B(t)= B(t)- &,
= A- a(0), &= B0)- A°
a(0) = A = B(0), a(t)= a<(t), B(t)= B (1), a (1) K
Be(t), 0 <t <1

alt) = A+ J-;Cl* (s)ds, B(t) = A+ J:)B* (s)ds,

Cl”*(l) 2f| A+ j;a* (s)ds, a=(t)|,

Be (1) <f| 1A+ J:)B*(s)ds, B. (1),
(B (0), B (1), Be (0), Be (1)) <0 <h(a (0), as (1), as (0), as (1)),

st 82, sl1 < 52
r(s1)= ax(0), 0(s1) = a (1); r(s2) = B« (0), 0(s2) = B« (1),
1, (10) (11) u(t), a (1) Sult) <Be(1),

K(t)= u(t),
x(t)= A+ JZu(s)ds, aft) Su(t) KBy, 0<t <1°

g(&M) h(& My, z)
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() (2) (1) (3) .
D={(txd 8 0<i <L Ixl< o |+ 1< o 0<e<ey
80 .

»

1
l)f(t,x,x’,%l) i x % € D , (t,x,x/,8)ED
s [ m,
— L Sfut,x, 2,8 KO, fi(t,x, %, 8 Zm
2) 1 2) , r(s) 0(s)
r(= ) == 0, r()= 0o f(- o) =- 00 {f 00 = oo
3) K, Ni(i=1,234)
R(E M — Ni,Na) SOSA(E N3, - Ny, | &I <K, | N <K; (12)
4) Fltx(t),x (1),0)=0, x(0)= A xo(t) € C0, 1]° & >
0< €< g, (1) (2) x(t, €
| x(t, € - xo(t) | SDieM+ Dae™"V 4 Dy,
N X e - mA+ L= 0
—2J%< ( (<A2<I,D_0(J_e)
(i= 1,2,3)*
My, M
| fe(tin,x, €1 SMy, | 28(t) | KMy, (t, 5,4, € €D+
2), S1 sz(s1< $2)

r(s1)< xo(0)< r(sz) 0(s1) < xo(1)< 0(s2), /
¢V = x0(0) = r(s1), Cl= xo(1)= O(s1), CS= r(s2)— x0(0), Cl= O(s2)+ xo(1),
ki= 1+ max{Cl,sz}, i= 1,2 k= max{kl,kz,

g _ 2AMi+ Mo+ k/ + 1
Fo(C1, C2, €) = x0(0)= Ci— Cae - (M, 2 ] Lm ))\3J_8— r(si),

Fi(Cl o €)= waf1)- Cieh— Cym ZLME Mt b Ime ) o),

' 2AMi+ M k/ 1
Go( €3, Ca, &) = x0(0) + C3+ Cae ™+ (e 2+l L )&J_S— r(s2),

UMi+ Mot k/ Jm+ 1)
I

Gi(Cs, Cs, €) = xo(1)+ Cie'+ Cat
PDNDY EN= mA+ 1= 0

I T it (W(,l—
€ m m

Fi(CY, 08,0)_ G(C% €00 =0 (i= 01)

X ee - 0( s2),
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-1 —-e2 0 0
O(Fo.FLGoG) |-eb' -1 0 0 N
NCLCaCnC)™ | o o 1 ey (tmer =0
0 0 &N 1
a> 0, C= C(e C(0)= CY, i= 1,234, F(Ci(g),
C2(€), € =Gi(Cy€),Cs(€),8 =0, i= 0,1, 0<eSge c?> 0, &> 0
T <c(y <+ 1 0<e<a(i= 123.4) (13)
0<e<e
0< C(S) Ciia(8) Shi, (i=12)¢ (14)
€€ (0, g),
(8} ( )
alt) = xo(t)- Cl)\l [e}\'[ 1/ - eV _
(Mi+ Mo+ kl/ Jm+ “J_g(zew_ D,

Bri)= wof 1)+ LA 1]

(Mi+ Mo+ k/ Jm+ 1) J¢€
!

C4}(28) RYGIN

(2e8'= 1),

aft) < B(e), d(t)< B(1),

Sl B1), Bi), - 6@1) = , ,
SO B(0). (). &)= f(1.B(t).x0(1). € + f(1.B(1).x0(1). € ~
St xo(1)x0(1), €) + f(tx0(1), %o ), €)= [ (t,x0(1), x0(1),0) - BG1) 2
m(B (1)~ xo(1)) = L(B(1)~ xo(1))~ &Mi+ Ma)~ €B@1)~ a5(1)) =

%e*#(m)q— [- €N)+ C—}\;‘e%”-‘)(mxz_ [- €N)+

UMi+ Mot k/ Jm+ 1)Je
/

(md— [— €N)+ {M1+ M2+ ,/%-I_ I}J_g_

(Mi+ M) €+ %> 0

F(t,a(t), d(t), € - ea@t)< 0
G Cis(i= 1,2)
aw< A< B0),

d(0)= Fo(Ci(€),Ca(€), 8+ r(si) = r(si),
d(1)= Fi(Ci(€),C2oAE), €+ O(s1)= 0(s1),
B(0)= Go(Cx(€),Cu€), )+ r(s2)= r(s2),
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B(1)= Gi(Cx€),Co€), 8+ O(s2) = O(s2)°

K,
| d(t) | <K, | B(1)I <K 0< €<¢g, 0<:<I
3), K, Ni, i= 1,234 | &1 <K, | NI <K (12
(13) alt) B(t) , &
B"(0) < Nui, B'(1) 2Ny d'(0) 2Ns, d (1) < Ngo (15)
3) (15

h(B(0). B(1).B7(0). B (1)) <h(B(0), B (1), - Ni.N,) <0,

h(d(0),d (1), d(0),d(1)) 2h(d(0),d(1),Ns - Na) 20

2 , () (2 x(t, €

a(t) Sx(t,€) <B(t) 0Kt <1 (16)
(16 aft) By -

| x(t, €— xo(t) | SKDieM+ Dae™"V 4 Dy
[0, 1] x [0, €]

2
1) 1 1)
2) Fltx(t),x (1),0)= 0, x(0)= A xo(t) € €0, 17, &> 0
0< € <g, (1) (3) x(t, €
| x(t, € - xo(t) | <D™+ Dre™"V 4 by,
N X eN - mA+ [= 0
—ZJ;< N< - J7 J7<)\2<J7D_0(J_€)
(i= 1,23)¢
g(&MW =81 r(s)= 0(s)=s, h(&Nyz)=y-z 1
2
.2
&@= « exp|arctan(x )*] - %l, (17)
x(0)= 0, - x (0)+ « (1) = 0, (18)
arctan «’ (0) — 2¢' (1) + exp/«’ (0)] — ashx’ (1) = 0, (19)
(17) ~ (19)
x expl arctan(x/)zj =0 x(0) =0 (20)

xo(t) =0, 0 <t K 1¢

)
fﬁmmﬁ@=£aﬂmmmhﬁ—ﬁ%§%
1+ «
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g(&EM=- &+ N h(E TNy, z) = arctan&— 27N+ e - arshz,

flt,x,x,€ g(&MN) h(& Ny,z) xx € §MNyz
fi 21 -1 <fe SO, gg=- 1, gn 21, hkg> 0, hn= -2,
hy> 0, h;< 0O
; 1, €> 0, (17) (18) (19) x(t, €),
[ |
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Third Order Nonlinear Singularly Perturbed
Boundary Value Problem

WANG Guo can, JINLi

( Department of Basic Science and Engineering, Dalian Railway

Institute, Dalian 116028, P R China)

Abstract: Third order singulary perturbed boundary value problem by means of differential inequality
theories is studied. Based on the given results of second order nonlinear boundary value problem, the
upper and lower solutions method of third order nonlinear boundary value problems by making use of
volterra type integral operator was established. Specific upper and lower solutions were constructed,
and existence and asymptotic estimates of solutions under suitable conditions were obtained.

The result shows that it seems to be new to apply these techniques to solving these kinds of third
order singularly perturbed boundary value problem. An example is given to demonstrate the applica-

tions.

Key words: third order boundary value problem; upper and lower solutions; Volterra tyte integral op-

erator; existence and asymptotic estimates



