PLFSCER 128, &7 55 5 Hi(19864: 5 A) IDAE- &L - iaas:
Applied Mathcmatics and Mechanics DTN I A N R4

BEHERRHBS HTESTRED
|6 B — B S 22 53 R ik

R HN IR

{ M-k ) (RIS RS

(R, 198455 1 B 20 FeA)

m =

LN %ﬁﬁ/iﬁklﬂqfért?w Y W MR A N B ey 9 A A R S - A R R
A, RN SR REE T MR s, tERTEOSHBRBSH & HEN
ERUET I HEAS,  JEIEBE T AR — R S .

AR ERR, (0<x<Tly 0-ZysIT) (N TG &8 P 4000 5 A5 N A B0 1Lk B Al 2y
8807 T RL S Al A 0]

d%u, d*u

Lot (o)== J = i (v =S ) l (.0

(%, 1) |ap=0 ] (1.2
B2 i, Bt aR Jy RNt e 0 BB, by, ) B0,
Moe=0), JrFE(1.1), (1.2)B {0,
L (e, N=blx, )W (x,)=f(x~,
)]
Wi(x,y)=1(x,y)/b(x,y) (1.3)
X<H*ﬁﬁ’~)l‘lﬂ”f BATA A E AR E N D FEE R 2 R A, BN e iRk, Y
e—> 0, X/ HRMMFEIEILIEA SRy TR A . BHBERZ, MW
B K >0, v>0 B, PR iR MR E T o SO R0 O BRI . AT R LA
W, A AT X TORBYL(F, I Doolan, Miller, Schilderst™ % A fy 10 4, {H 3% 41
A BB AT RN B BUO HE R TR E .
KSR A BN PR, W AV iR, O T i A
Al T AR — B s .

>

BN =V < 1 01 YA

RIS, RATES, Me=0I, Ax=0, x=L, y=0, y=T XM &4 I,

457



453 X1 ® H}Z * /J N 3;“

ﬁﬁ"%&lrﬂﬂ(l 1), (1 2)%Zf+ﬁﬂ/ﬁﬁ7f§<f+ HLH ?’hbﬁ}:‘ I Kblﬂ»@“ﬂ(l 1) (L. 2)
B ua(x,y), YHe>0, (RSB LR (1.3) AW (x,y), WIBEE)EEIED *
=0, x=L, y=0, y=T QRPN LH LD FRERR. Frid, #EHEFA.D, (1.2) 70K
BiY L AF ik S e

v ep(~wB0w ). VO =exp (=Vb(L L0/ N e)

(2.1
pomexp (b0 F) P O=exp (= (T =)/ W E)
A 2 9 R 1 K
i, FROT I A 285 4%
—pieE (0, y) —ya )y T (2, 0) H0(x, ) ut T (x,y) =£(x,Y) (2.2)

o w2 ™ wl BB A X, y ML B, b T A BIRR x, vy AR R
&, ILeh=L, me=T, Tiy,, v, BFHE 55,
JIT L vy, ve, BATESRM b(x,y) Iy ¥y, MRBRE TV (1=1,2,3,4) L H &
BHXRET TR
—p gy T = paugy T b uh T =0 (2.3)
5 X 3 [ 41
Suht(x,y)= eXP(—.«/b ; ), W (x,y) =exp(——N/b )J\‘/\ (2.3) %
NoE N
)
NAY )

o Ly pos
/1—1611 sh (ZJg

-1
e, 4 u"'"‘(x,y)=<-xp(-v'b v ), 1v‘£u"'~"(:ny)=exp(—N/b , “/)’rﬁf\(z.iﬂ
~NOE A€

b
)

thith, AP SRACIESF R TR (2.2) ki, TefiTE %I

, _ 1 2 qoofN b(x,y) B
)1—4b(x,y)h sh ( N )

(M b(x,y) T >
27 e
TR, ROBATHELT (1,0, (1.2) ®E5
A/ b(x y) h
2N ¢

i —-1 r*sh '2(

(2.4)
= 1 b(x,y)r* sh

L= wh(x,y) = — b(x y)hish™ ( > (%, )

- ib(x,y)rzsh‘2<’\/ ggj) “Yusy T ew)

Th(x,y)ut* (x.y)=f(x,4) (2.5)
u‘h’f)(o,y) =u(h,1)(L,y) =u(h,‘r)(x’0)=u(’l,")(x,T)=O (2.6)



FHEEART B (R P03 B O R R IR B — Bl S0k 454

He>0 0, BARMLK

L& DWW D (x,y) =b(x, ) W™ (x,y) =f(x,Y) (2.7)
MR OTRE(2.5) BRI TR D) AR, IR E RO ).

FEARTH, BATHIEM: MA, tEE, e>08, ES5TR2.5). (2.6) KWiFHEERYS
Moy (1.1), (1.2) WgrEitds 5.
JiFE (2.5) AT R
—vl..-]-ui-'f{.',f — Vo, ijui,hj’-.ll‘ FL29y, 455+ 29005+ b(i\’i.y:‘)j"i? Al

R TXA hswt
"V:-U“i,j’n V1,45 uiL{‘j"‘.’.ii (-).1)

s

/
Yisd57 ;llb(xi’yj)h?rsh—Z(’\ b(x,-’y).) ] )

2 ¢ /
) . 1 v 21,2 /\/b(xs,yj)T \
PVoris = Ab(xnl/j)f sh ( 2/;7*; )

MIF T H5(2.5), (2.6) 5 MBI &
e =F (3.2)
MR, AR E(2.5), (2.6)IERIN, AORMERIER .
31381 VD (x,y) RGEER®D LRy - MR, T
" (x,0) | <M {max [V (x.y) | Hmax | LT e, u) |

dR(hyv) e ,1\
WAL (ARORMBFoR -5 e, x, y ERIVHED
WEBR ik my=max |17 (x,y) |
OR™"

my==max |[L®" 17 *T (x,4) |
'1?(7',7,‘

7 8 1) 3
T (x,y)=my+m /BN BT (x,1)
A2,
L& Z0 (2, y) =b (e, u)my+b(x, ) my /B LT 0T (x,y) >0

X ZRT(x,y) fertoo=mgFu, /BHEV T (x 0) |apt o ozzm, /B0
WA R, i RT ZNT (6, y) >0,

5P, RHEFH

1 ER®DPN, WTREENA T, Me>0, 25 7F(2.5),(2.6) Y™ (x,y)
BIETFRA TR DWW T (x,y).

WEBERLT 2],

T RT R, 257 ] REA) 5480 00 ) FR B 1) i i PE S 2 — 80



L6 30} % AT B N b3

i, # o R IT

SIR2  CImID 1 o) e i TR T (L) Lor 0, ML F T (x,y) 20,
(x,meR, M [ (x, )20, (x.nER,

sAvmEs v ) (o,
(0w P ) fromd T p KR

1 (p< ; )
(2) (D)= o

o (=27
() o=y P )<t (4 0<e< Do)
AT, BAVHIF VL 0 i, 3R R 9 T

I - X = [—x
(e, u)y=0" (. + }___:e”‘{ [';“(N/"g,y)vf T';”’( T, _u)

i N
—%f;;a‘(x,;j”fl )+ f(xf/?e” )| (xwed (4.1)

\-\:‘hG?éf’RR%?Z{E(0;0)~ (0’1) (L,O), ([",[‘)])"-],'\(\'..FTI‘J ?'33““12. H!JG:!\-'-_lfoo—l"m—l"“.—
7 T

t=x/N e, bL={—=x)/¢, si=y/~e. so=(T—-m/ ¢

o, w), Vi (G=1,2,3,4; i=0,1) 1y FH B

(e, m) =F(x,u) /6(x, 1) (4.2)
o .
T o Fotn) Fyt=0 l (1.3)
il (U=, S0 A I (6, =0 ]
tH ro
7{0,y)

p . . , X
fiee 4 ot u)=— t‘xp(—\’b(l),y) N

b(0,u) N

34
N

Val'(t,u) = (3) (L)

N

azl’(’(zy 7 '2\
81 +bo(L, 0 =0 [ (40
lim 1 @1=0, 1@ 0,0 +W(lm=0 |
iz »X0

L—
it e == 1Y e (= oLy )



RN B RN T SRS RN — R SR ek 48

7oty = (1557 ()

2
aa’:° +b(x,0) V®=0,  1imF,=0

$1—>00

V(5,00 = =W x,0) ~ P 2 0)- P L 0)=Qu(x) }

BB V®(x,5)=0Q,(x) exp (—~b(x,0)y/~ ¢)

(4.5)

217(4)
— qal‘:;()‘ +b(x' T)VéL)____O’ lim V(U___O

2, =00
V0 (x,0)=—W (2,00~ P~ T)—”52>( L=x T) l (4.6)

Py |
— 72— ) =Qu)
WE V(x5 =Qux)exp(—w/b(x, TH(T=y) /n/ ¢)
P s =554 ). x50

P TERET TV (=1,2.3, OB BRI
it T A
2 2 2j7 ()
(1 Ces T TN (=0 i=L ) AT e R—BH RN

(2) BREEBENOW ¢)HR(0,0)FA(L,0) M, Vi, Vidh, &

277 (3)

(3) F%}%ﬁgjj O(/\/E )W.‘? (0!0)9 (L‘O)’ (O»T)r(LrT) B{J%ﬁVom VLD'VOT’
Viesh, H
0w G=0,1

EE2 Fu(xy)R(1.1), (L2)HRH, i(x,y) REFEMA.D, FHb(xy), f(x,9)35%
o, W

lu, (%,4) —8(x,9) |<Me  ((x,5)€G)
iEB EBFEWES, WK, UK
P.(t)exp(—t)<Mexp(—1t/2), MEBKIZ0, HhP.(HEXTF 0 KEZMR.
®BRIE
Ln[“a(x;y)—ﬁ(x,y)]



+ +

FW, | W, VY TP T T
{6 ay* ay* + oy* +'6x2 + ax*

_ ltf azb(guy) V(l) tz gb(gz»J) ‘P*;Z) 1 s Zb(x T]l) Vat’.)

2 At 2 3x? 0 2 ayt

2
+is§ 0%(x,1m,) 7w —tg, ‘?b(ﬁg;;,!!),,_ffgn>+t2 ,,61?,(% Y) o

-5, ab(‘x»,na) 17;3)‘{_32 ab(f;; ) f"in}

1 ay
62?(1“ azv(z) azf’v(g) 32?;4)
+€"/6{ gt T ey T ax +"a’3€2’}
Frid,
{LoLus(x,y) = (x,y) ]|
1 11— -
<M{s+e[exp(—’"2'w/b(0,y)f1>"r"eXP(—:2"\/b(L,y)f2>
rexp( =, Wb, 0)n) +exp (=, Vol T)s) |} ((x,0)€G)
NS4

D(x,y) =(iL+T— ; x-—%y )sr‘, —i—'srlexp(—é,\/'ﬁ' t1>'
+er, exp(—- ; N B tz>+er3 exp(—— ; ~ ﬁsl)

ter, exp( =y / £5:) % (ty=7)

Hrpr, (1=0,1,2,3, ) B FE%¥K, EYH®Wr (1=0,1,2,3,4) 0 &5
D(0,y) >0, @(L,y)>0, @(x,0)>0, @(x,T)>0
X

Ld(x,y)>= eﬁ(T+L)r° eﬂ[rlexp(— ;/\/,fo)
+rzexp(—— ; m/b’fz)-i-raexp(—; Mﬂs,)—l—qexp(—
—M{e+e[exp(—- ; A/b(o,y)tl)+exp(—; Mb(L‘,y)tz)

exp(— 5 wb(x,008 ) +exp(— , WB(x,T)s) [}20
MEI® 24, BTHE(vyEG, &
D(x,y) =0
B '
lul(x:y)_ﬁ<x!y)l



PSR BRI 5 72 77 S Rt — BOH S S

483

<(L+T—- P ; y)ero+sr1exp(‘— E,\/'ﬂ*t,)
+er, exp'(—é—,\/ Btz)+er3 exp(—-é ~ ‘331)

+er, exp(—%,\/ﬁsz)gMe ((x,y)G@)

T, — 8o S

AAT, HATRO(x, ) =b(HB) HTIHE. B, 25ER(2.5), (2.6)AER

2d ¢

__1 brzsh'2< /\/ZL) . US".’,? 1 Zuihr’ “+ “fht’yf-) 1
4 24/ e g

T
+bu(h,w_f” (1<in—1, 1<i<m—1)

L”"”uf;""= _ 1 bh? Sh_z(r,\/Fh ) uth+;‘1’) ; ﬁ,%!(h")+ush"113,
: T4

h2

uio’ U=l V=g U=y V=0 (0, 0<Ki<m)

(5.1)

(5.2)

EHE 3 Ru(x,y)R(1.1), (LM, «™(xy)R(5.1), (5.2)K@, WXTFEE

Me>0, HEHR N
a7 (x,y) —te (%, ) | <M (B*+7%) 7' ((x,9) €G)
B A p(x,y) =uh (x,y) —u,(X,Yy)
)

Bzu, 6zu,
L™ p(x, y)=—¢l - F u,,,;)—e( 3y u,,,,g>

+(}th h- (E/jg)—-s>u,,;;+(i—brzsh (";j:) s)u,,,;
FIEARER",
1th h- 2“/—9——el<Mh2

RMNE
| L% o(x,y) | <M (e X h*+eY o2+ X 2+ Y ,17)
Hrh
3 a‘ .
Xi=max 7%;‘:7 , Yi=max "65"“1
N

0, (x,y) - 3
[ 3xay {<Ms

BINA

(5.3)

(5.4)



464 '>‘<1] 7yi !Hi H R b

|L”“”p(x y)l<M(hz+rz)/£

XAEORM" b p(x,y)=0, #HEmsl # 1, HELE.
EIR 4 FuhT(x,y) R TR(5.1), (5.2) 1k, ﬂ(x.y)%iftfr_ﬁ%, Tl B 32 AR T X
[G(x,y) —uh (2, 0) | <M (e +h*+1%)  ((x,y)€G) (5.5)
iEB Fe(x,y)=@(x,y)—u""(x,y)
L e(x, y)=L" "0 (x, y) =L " ubm(x, y)

2F0+F1+F2+F3+F4
__1 2 1 -2 N bh 7_1 2 -2f Vb7 .
_}t.ql Fu— 4bh Sh (2’\/'8>Wo;zz 4b7 Sh <2A/8>W0,yy
_ 1 2 ,\/bh 7 17 (i)
F bh*sh (ZA/G)UO e P

Vo YO INP0 1 o PE%s 40178 4 e 7107

(i=1, 2, 3, 4)

8T Fo=—elV,,s—elV,, ”+[e— ibhzsh"‘( g}ﬁ)]u -
+[fs— i brzsh'z< “2/5 : )]VI 0ryF

FARERG.4), RITE
| Fo| <M (B +1*+e) (5.6)

X% b g E K, V=0, (i=1,2,3,4).
H1(4.3)~(4.6) B AER(5.4) WLLIEHA

|Fi| <M (e+h*+1%) (5.7)
M

| L Ve (x,y) | <2 [ Fol <M (e+h +2°) (5.8)
XAHOR®™ |, e(x,y)=0 (5.9)
sl 1, ’RINE

le(x,y) | <M (e +H* + ) (5.10)

BIES  Bu(x,y) REHAEQ.D, (L2009, a0 (x,y) R ES TG, (5.2)
WAk, AR B
L (2, 4) —u™ (2, u) | <M (e +1* %) ((x, ) €G)
PR
iR hEHE2RE B4, BHE
[us (2, y) —u®(x,y) | << lue(%,y) =8 (%, 9) | +{T(%,y) —u™7(x,y)]
<MW+ +e) (5.11)
GEEBINERS, BRMNE



IR GRS T EASRDAEN -SSR R 465

EIEE S (x,y) REDAM(LL), (1.2)MM, Atux)€EC(R), uh(x,y)k
ERJIRE(5.1), (5.2) Wi, WIMFFE >0,

e (%, ) ~u®7 (%, y) [ <M (h+7) (5.12)

#G WKL

FEUR B (B, ARRATE SOk 2 A e, AR PRENES, AR
HT BRI, FEF A TR DA

5 £ X W
[1] Doolan, E, P,, J, J. H, Miller and W, H, A, Schilders, Uniform Numerical Method
for Problems with Initial and Boundary Layer, (1480).
2] 3B, RE, WE-IHRMSFEGRBEDREN LS Mk CHAKERIE 1, 2
(1980).
(3] %, SREHIRBRERIES, | dferadEd (1983).

A Uniformly Convergent Difference Scheme for the Singular
Perturbation of a Self-adjoint Elliptic Partial
Differential Equation

Liu Fa-wang
(Fuzhou University, Fuzhou)
Zheng Xiao-su
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Abstract

In this paper, we consider a self-adjoint elliptic first boundary value problem with
a small parameter affecting the highest derivative,

In the paper, we set up a new scheme by the asymptotic analysis method, compare
asymptotic behavior between the solution of the difference equation and the solution of

the differential equation, and show uniform convergence of the new scheme,



