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T 1in RZAERXTNSHen—Fr—BlkslE. ERNRIE, B4 H—1

EWTF, HEERSESSEES.
@i FEFNE 2o —Fukst: BEBE LAMEEHSFE
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FREEEAHRIBSHETED MR AEROTE, BEROXE, W (1],
M TRl R, E4MERXERE IERRAETFERERNLE,
23 2 e T 2 0 I A
[ Lu(x)=eu” (x) +a(x) -u’ (x) =b(x,u(x)) =f (x), 0<x<1
Bou(0)=a-u(0) —p-u/(0)=4
Bu(1)=y-u(1)4-5-4'(1)=B
BABRE:
1° @, b, FETEHBETEESTH;
2°  A¥a(x)>0%>0, ba(x,u(x))>b*>0,
3° a, B, 630, y>0, a+p>0, 4, B, A* a¥, b¥EH,

T BT AR R

313821 Fu(x) R (1. 1)~ (1. 3) i,
A max |u4(x) | LC, o<1

(3],

(1.1)
(1.2)
(1.3)

 HHMCREREB T, eWIEEHR, FEVERITEH, CRSME BRI, 3 BE KT,

CH] KRR R R E.

* ERAMEREEEAREEERTE
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812,27 HiEkMEL, 0
lu® (x) | <C{1 47" exp(—a*x/2¢)}, (i=0,1,2,4)
31382 3 R bk, W
a9 (0) | <Ce™,  (i=0,1,2,)
H¥p+0mf, |#/(0)]<C,
EER B, Li=0oR45iB L.
BB+ 0mt, H(1.2)BIRIE ] (0)<C,
YP=0of, N(1.1)F4, &

ew’ (%) +a(x) u(x)=H (x)4C, (2.1)
Ei= [Totam) +f-a®Oumid,  CoRAURK
BT
u(x)=u(0)- exp( Ja(t dt +e"exp[ j‘zg(:—)dt]
[TeH @ +Civexp ([[Hds)ar (2.2)

(2. D)FH, Ax=0, x=1 B
v (0)==2Du(0)+-

w(1) ==2Bu(n +LrH () +C1]

S 3T [C<C, Nils'(0) | <Ce™
Biop, x(2.2) RPIK, TIHGIHEE, Ee,
51382 4 fRiklRlE, W
[ (x) | LC{1+e "exp(—a*x/2¢)}, (f==0,1,2,¢) - (2.3)
B RAHEERILZ,
HSIHE2, 141, Ai=04518Kar.
&~ 1, SigkaL, BA:
l[a¢ D (x) | <C{1+e"" 'exp(—a*x/2¢) }, i>1
(1) Bl R - LRBE, &
eu* M (x) Fa(x)u®(x) =G (x,u,u’, - ,u0"1) - (2.4)
BB, FHE:
|G| <LC{1+¢e " exp(—a*x/2¢)}

) (x)=u(0) ~exp [~J:£~(£i)~dt]+e"exp[ —j.: a(j)dt]

J G(t,u,u’ e, ut™h). epr (S)d ]dt

FIFR B2 SR, ST
|4 (x) | <C{1 47 exp(—a¥*x/2e) } S B

H(2.4)F:
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SEsIE2 1~2 4, BT D)~ (1 3) T B HIR,
2.1 Fa(x)R(1.1)~(1.3) 1, 0
u(x)=¢ V(%) +Z(x) (2.5)

%Ep’
V(x)=exp(—xa(0)/e)
" % f=oHt
vi<{ Ce, %A+ om
[ZO) (x) | <C{1+e " exp(~a*x/2)}
Sl a0 4 B 7] 7

L (x)=ct (x) +a(x) @' (x) =b(x,u(x)) +f(x), 0<x<1 (2.6)
By (0)=aii (0) — B+ (0) = A (2.7)
Bia(1)=yu(1) 468 (1)=8B (2.8)

B, a(x)ROQ. D~ ) MM, B%, (2.6)~(2.8)50.1)~ (1 3)FR, HIx€[0,1],
a(x)=u(x), AT

(%) =V (x) +Z(x)
HHHV (%), Z(x)EMBTHTES, EREI(2,6)~(2.8) bR MR B (ENE(x)TS).,

=L BRIk S

%EE%U%[O’”, '/L/F"llﬁh’ N‘h=19 xi:ih, =0, 19”'7N, N%E%%{. XTJ‘ (1.1)’\-‘
(1.3)%Ea T IlVin #250%R,
(LhufEECfi[unl—2us+ui_1]/h2+0(xs) [ —us_1]/2h

; =b(xi, w)=Ff(x), 1<V —1 (3.1)
}Béuosauo—ﬂ[m—un]/h:A o _ (3.2)
Blug=yuy+5S[{uy—uxy_1]/h=5B . (3.3)

Hu, o3=0.5Pa(x;) -coth (o 5Pa(x;)), P=h/e

JE BT E, TATH(2.6)~(2.8) higiEHAENA [Vin 2N T,
{ LMiy=e0; [ B, 1— 28+ 1 /B0 a(x:) » (8,0 — 8411 /2R

=b(x;, u(x))+f(x:), IV —1 (3.4)
Biuy=ai,— B4 —4,]/h=A (3.5)
Blay=vyay+oliy—iy_1]/h=B (3.6)

HihoE(3.1)~(3.3) HEE DS EF,
31383 .1 EHREEE O E:
Do, 1N —1, Blw>0, Bloy=)
o] w; >0, (i=0,1,-,N)
311832 Bl R,

| L uil<K{1+mamexp(— a*zt"‘ )}, 1<i<N—1

lBouol<Ko-ﬂ{1+[1—exp(—A*P/z)]/h}, |Biay | <K
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la:]<C,  o<igN
R K,, K1, K#HERE,
R RPEA=y(atp) Fa-o=1,
My 2% I BB H e
D (x1) =moPy (%) +miPi (%) +my-exp(—a*x,_1/2¢), <iV
B, Po(x)=y-(1—x)+35, Pi(x)=ax+p, my m, mAfe@EFE.
Bid(0)=my+m,y-B-[1—exp(—a*P/2)]/h-exp(a*Pr/2)
B my=K,f, m=K,-[1=exD(—A*0/2)]/[1—exp(—a*P/2)] exp(—a*P/2)
A
BiD(0) =|Bja|
Bid (1) >m;—my-5-exXp((0-+1)-a*p/2) -exp(—0a*/2e), 0,6€(0,1)
B0 =(0+1)h, m=K +md, N
|B{D(1)|>|Bliy|

C,

E"exp ( - a*x{_ 1/28) <"' —In—am

CohEEY.
LPPy (%) = =y -a(xs), L*Pi(x;) <<ad¥*

exp(—a*x;_1/2¢)

WA
' LD (x;) <—mo-v~a*+m1-a-A*-—mz-E{}f&—@—eXp(~a*x,_l/28)
B ‘
me=max{K,-[1—exp(—A4*¥P/2)]/[1
—exp(—a*p/2)]-exp(—a*r/2), K/Cy}
my=Ki1+myd, me=max{[K+mad*]/ya*, K,B}
m

LA (x5) < | Lok |
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<P () <C,  o<i<N b
EX RSB 1, 2T O<I<N),
EhV‘=ZV(X¢) Z"Z,:ZZ(x;)
BV =B}V (0) f1  { BiZ,=B}{Z(0)
BV y=BtV (1) BiZy=B!Z(1)
RAPEEV (%), Z(x)WRETEX.
?71=?V1+Zi
21383.3 |5(V () =V) I<KCh, o<V

IEBA
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~29 (a(0) ~a(x)) - (x0)
CBIRIL T E TR E

[LW (x) = LV (30 | << E—(C‘,ﬁ—a)-exp(—a*}c‘/ze)
<Ch {1 +m(lh,—8)exp(—a*x‘_1/2e)}

d - _._ 8(0) a(0)P+exp(—a(0)P)—1
By V() =V ==F= a(0)p

1BE(V (0) =70) | <B2Y) (1 —exp (— a%p/2))

M T
% B=0kt

IBY G (0)=Vo)I< e
Confatzsntcaren) oy,

5ih, BHBE,
[Bi (3 (V (1) =V x))I<LCh
REFIBIEs 27, ,
|3 (V (x4) = V)I<Ch <IN e
SIH3.4 | Z(x)—Z4|<Ch, o<iN, '
EBR B Ti=LMZ (%)~ Z)=L*Z (%) — LZ (x:)
B [2]17 5,

70<C Mol 20 1 +12090) 1101

PLEHE?2 14REALER, 7T

EHEAORFATE ﬁ\————z"” 20

-2(0))|
<p (121 ar

l—exp(—A%P/2)
<cp{1+ 7 }

Z(1)—Z(1—="h)
”\ 3

|BY (Z(1)—Zy)|=
52 F 51 3 27 45

| Z (%) — 2| LCh, 0i<<N ' © iEEe

EIB3 A 1&"0 0<’<N, BEMNMEN(3. 4)~(3. 6)%%3”(-’0%(1 )~(1, 3)%%,

~2/(1) \gCh

Ty
[Bs—u(xs) | <Ch,  Oo<I<<N X
iEBR  E15]EE3 .3, 3.4W48,
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jm—a(:&,) |<Ch, 0<I<V

M

lai—u(x) I<CR, oSN — e
AT IS T w2 5=
thsEEUi[Wnl—2W1+W1_1]/hz+a(xi)'[Ws+1—'Wf_1]/2h

~bu(xiyme) Wi, 1IN -1 (3.8)
BiW =aW ,~BIW1—W,]/h=0 (3.9)
BIW y=yW y+6IWx—~Wnx_11/h=0 (3.10)

Hrp, oy ERSIEEUEETF, niE X T,

g]33 .5
1° E'é:fth>0, 1<’.<N—'1, BgW0<O9 Bi'WN<09 it
W0, <i<KV
2° max ]Ws|<C-lmax lIfi"j"W,l, o<iN
<i<N~-

ERR
1° HEEIE AR,

2° My IR BB -
D= (—1+c*x;)-Cy- max |LWi|+W,

1<isN-1

Bdc>ob%-Coe max DWW £TW.,  1<i<N -1

. l<i<N~-1

W]C i >2/6%, M ,

>0, 1<i<N-—1

Bi®,<0,

- Bidy<0, Ho<le*y/(y+O) Bt

Wi, Be*<<min(1/2. v/ (y+0)) B, M1,

D;<0, oKV
By Wi<C- max DWWl o<i<N i B

T3 2w, @, 0N, ABIRESHER(.1)~(3.3)F(3.4)~(3.6) 1%, N
|us— | <Ch, o<V (3.11)
JEBR K (3.1)~(3.3)5(3.4)~(3.6) %M, FHFIH
b(xiy us) —b(xsy u(xi))=bu(xi, 1) (s—u(x;))
X Hng Taylor BRRKIHEHAME. WA
Tr(ua— ) =by (x0,m) - (B —u(x5)),  1<i<N—1
Bl (ay— 1) =0, Bi(uy—1uy)=0 }

H5|#3 5R[ .,

lui—ﬂi|<c'1}1}/aNX_1 | b (x55m5) + (B —u(x:)) |<C'1:11E?‘v3fl [ —u(x:) |

H(3.7)=, HI.
. |us— 3| <<Ch, o<V E . ke
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BRI EELERE,
B33 Fu(x), wi(0IN)AHIR(L.1)~(1.3)F(3.1)~(3.3) &, N
: |us—u(x:) | <LCh, <IN
HhCREx,h, e LXK ERK,
EB HAENE=ARERE,

lue—u () | <Jus—8s | + |8 —u(x) | <Ch, oSN Tk He
F G~ ) THRREH#TRR. BRI4] )
m, # #H #l T
S5 REANT 5 =00 1 27 4% B in]
e’ (x) +a(0)w (x) ~b(Ru(x)=f(x),  0<x<1 }
4(0) —2u/(0)=1, u(l)+4u'(1)=1
Hrh, ,
Ca(x)=(14¢/2)/(1+x), b(x)=1/(2(14x)%), f(x)=1/(2(14x))
H AR,
14x N14x iy
= 2M o v - M (1 x 17¢e
u(x) 1+8+ 1 2+8+ g+ (14x)
X H,
6 1—-3/(1+a)] . e
R e HCE D IZIVE Py T
HELERMEL,
% 1
S h=0.05 h=0.01
o T .
“\;\ \
s
\ e=10"? e=10¢ e=10"3 e=10"¢
' = ®’ = ®’E B2
x=0 —1.484239E—2 —~1.659727E—2 —1.623134E—3 —3.317535E—3
x=0.1 ~1.561552E—-2 ~1.636469E—2 —~2.547801E— 3 —3.270030E~3
x=0.2 —1.544356E—2 —1.618385E—2 ~2.520204E—3 —3.232598E -3
x=0.3 —1.531386E~2 ~1.604384E— 2 ~2.502263E—3 —3.203273E -3
x=0.4 —1.521844E—2 —1.593691E—2 —2.491892E—3 ~3.180683E -3
%=0.5 ~1.515073E—2 —1.585692E—2 —2.488017E—3 —3.163874E—3
x=0.6 —1.510572E—2 —1.579887E - 2 —2.489030E—3 ~—3.151477E—3
x=0.7 —1.508004E—2 —1.575923E—2 —2.494276E—3. —3.142536E—3
x=0.8 —1.506984E — 2 —1.573473E— 2 ~2.502978E—3 —3.126575E—3
x=0.9 —1.507354E—2 ~1.572371E—2 —2.512959E—3 —3.133893E—3
x=1.0 | —1.508904E—2 —1.572383E—~2 —2.529532E—3 —3.133178E—3
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A Uniformly Difference Scheme of Singular Perturbation
Problem for a Semilinear Ordinary Differential Equation
with Mixed Boundary Value Condition

Bai Qingyuan Lin Pengcheng
(Fuzhou University, Fuzhou 350002, P, R, China)

Abstract

In this paper, the method of separating singularity is applied to studygthe

uniformly difference scheme of a singular perturbation problem for a semilinear

ordinary differential equation with mixed boundary value condition The uniform

convergence on small parameter & of order one for an Il'in type difference scheme

constructed is proved, At the end of the paper, a numerical example is given,

The computing results coincide with the theoretical analysis,

Key words singular perturbation problem, differene scheme, uniform convergence,

mixed boundary value condition, semilinear ordinary differential
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