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BEERMEHRETRENEA, .
Lu(x,#)=euy+u,—uz,=f(x,1), 0<x<1, 0<tT (1.1)
u(0,t)=u(1,t)=0, 0T (1.2)
u(x,0)=s{x), u(x,0)=w(x), 0<Cx<1 (1.3)
Hois f, s, w RS HBEBEREFELE.
$(0)=s(1)=w(0)=w(1)=5"(0)=s"(1)=f(0,8)=f(1,1)=0 (1.4)
He=0m 8] B A, 8 14 4 F] 7 A,
LU(%,8)=Uu—Upe=f(x,1), 0<x<1, 04T (1.5)
Uy(0,t)=U,(1,1)=0, 0<t<T .(1.6)
Uy(x,0)=s(x), 0<x<1 a.mn
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% e Sturm-Liouville [# 3,
Yr(X) +Aaya(2)=0,  ya.(0)=ya(1)=0 (2.1)
HAEE BRI R ’
{Yyn(x) =~/ 2 sin nax}, {An=nn"}, n=1,2, -
& C*[0,11={G (%) |G(%) BHH®E G(0)=G(1)=0}.
121 % G(x)€C*0,11. 24

(i) > 6= G (2.2)
(ii) 5 nZnZG:=ﬁ (GY(x))%dx (2.3)
(iii) OZOI n4n4Gz=£ (Gr(x))dx (2.4)

XBGC,EREnFourier &%, HI

G = ¥ Gua(x),  Go=| Gex)ya(x)dx

el

1 3
sl 1G@I=[ [, i
EH2.1 & u(x, )RAMA . 2
ute, 0 <C([ 1 DNz s I+l ) (2.5)

EXBRUE, BRMNBZRACRATRE T, 6, MM H KOFE .
MEBR AR MESME (1.4 OIS thdku, s, whif#4T Fourier RAFRALR (L. )W
HEHQ0.3), TRERMNBE Tu(x,t)Fourier R4 A B JE 6% M 57 T B FE P R

eul () +ug (1) +n*ntug(t) =fa(1) (2.8)
U, (0)=s,, ul(0)=uw, 2.7
Wi Mngaf (2, 6) AR EE T BRend +ne + 0l a’ =010 4R,
ol M= (—1—~1—4en?a?) [2e, Nyu=(—1+~/1—4en*a?)/2¢ (2.8)

FHSHEERERNTUSH TRAE R,
MR 1—4en*n®c0, )

un)={ L[\ cexp(ma(t—2)) —exp(nia(t—2)) 1u(2)dz
+L7,28 XD (1208) — 7148 XP(71at) ] Se

+Lexp(nmat) —exp (Miat) ] w..}/(fhn—m..) (2.9)
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izuEfi 1—4en’nt=0, Eﬂm,.=172,.=11..=—1/23. )

ur()= [ explma(t—2) (1=2)fn(2)dz

+( 1+-Zte—)exp(nnt)sn+texP(7]ﬂt)wﬂ (2'10)
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(1) 1—den*z*>0

P Dpn—nin=n 1—den? 72 fe<1/e, —1/e<n o< —1/26<0a<<0 255135
(a) WRI/4<1—den’n’<1, W)

un(1<C(|[[ 721z |+ 1501 e ) (2.11)

( b ) i(ﬂ% _0<1—46ﬂzn’2<1/4, WJJ n1ﬂ<7]zn<(—l+ 1/2)/28=—1/4£9 %‘Uﬂqﬂﬁﬁﬂ
w7
unt)= [ exp(&,(1=2)) (1=2) fa(2)dz+ (muatexp (£at)

. +exp(n;at))sat+texp(£,f)w,
Hrp n1ﬂ<£n &l mnl—1/4¢

([ t—2exp(@ - fu(2)dz )

<(J:(t—z)zexp(-—'—él?(t——z))dz)(j fi(2)dz )=- (I fi(2)dz )

ot w0l <C{([ fr2dz )+ sl + el (2.12)

(2) 1—den*n*=0. HH 5% % Q) (b)HE5KEL.
(3) 1—4en’a*<0,
BNn=a—LBai, Nyn=a+Pai, Hh a=—1/2¢, B.=nden’n*—1/2¢e. BHKA(2.9),
g
w0 = { L[ explatt=2))sinputt—2)fu(2)d2
+exp(at) (facosPpt—asinft)s,+exp(at)sinf,t w.}
Bﬂj‘JISinﬁntlgﬁut, Fir b4

A I exp(a(t—=2))sinf,(t—2)fa (z)dz!
<3 (J, t=2rexraati—2) dz)ﬁ(]: fi(z)dz )5
<Csi—(j-:.f:(z)alz )%

lexp(at) (cosﬁ’,.t—— su:g,lf,. )s.l
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<(lexp (——218—)(:05[3,.1‘ )ls,.l<C|s,.

+128 exp --fl lsmﬁ,.

s;nﬂ t

b}" lexp(at)sinf,t w,,(:lexp (———2—2;) At ] 2elw,| L Celw,|

2¢
WTRAT
{ H
() 1<C{([ 120042 ) + sl el w1} (2.13)
(AR TR SR (2. 1) BT, BESIM20(1), KEBABIES.

=, HE B PO R B ST

EEI Juxr|<C, fur [[KCem ™8, m=0, 4y n=1, 4 (3.1)
B M EEH2 1B Fu(x, ) |<C.
MBIE2. 1(ii) e #2.1, RITF

3
e (5, D) P = 32 mintet (< 3 n‘n‘Cz{ If (2)dz) +|s,.|+e]w,.)}

fiml Nal
g OO oo oo
<2C2{I Y ntatfi(z)dz+ Y wiatsi4et Y n‘n‘wi}
U a1 nal fial

=2C{[ Vaelx, D Pzt " (1) 14w (1) |} <C

BT (1.1), te(%,0)={f(x,0)—u(x,0) +uss(x,0)}/e
={f(x,0) —w(x)+s"(x)}/e=q(x)/e
M(1.49)8 q(0)=q(1) =0, NI BE —4K Fui(x,t) R A,,
Lou=e(us) e+ () e— () ze=fe(x,1) ‘
u(0,8) =u,(1,4) =0 } (3.2)
u(x,0)=w(x), (w)(x,0)=q(x)/e
AR E P2 AR SR

lud <C{[, 12, 2) 1z + () |+ ela() e} <C
REEMSturm-Liouville[d @ (2. ) A5 E(1.1), RAOVTUGHARERNEE L.

VO 4% 50 () R A3 o0

AT Lyusternik~Vishik 75 i 3k 4 1 5 35 (8] M 00 #7L R H- Re
B-HRIRE.
& Ux,t)=U,+elU,, KAREA(1.1)E
(Up—=Upes) (U, —~U zs+Up) + U ju=f(x,1) (4,1)
BERAER,
% r=tfe, WLBEF Q. DHERSBOFRGENY
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1" V11+ lV‘l'—VII‘:O (4'2)
& e
% V=8Vo+32V1- 4’&)\(42)2_&.’#‘9 53
Vse Vo) Fe(VieetV 0=V izz) — WV 12:=0 (4,3)
BMNAHAREENRTR,
@ FE(4.1)dhe BN
Uot—'Uo:z'——f(x,t)i Uo(o,t)=U0(1:t)=0’ Uo(x,0)=s(x) (4.4)
M AL U (x,1).
® 7E(4.3)Hhe IR .
V0"+V01=05 lim Vo(x.7)=0a V01l1-o=w(x)_U0¢l¢-o (4.5)
WHRT TV o (x,8) =g, (x)exp(—7), Hig (%) =Uyu(x,0) —w(x).
® ZEU.1)HEE BIA
{ Uli—Ux:u:: _Uou .
Ul(o;t)=U1(1,t)=0’ U (%,0)=—g(x) =w(x) —Ugu(x,0) (4.86)
U\':PT’IU%EHUI(J‘J)-
® ZEA3)HhSHIR
V111+V11=Voz:=g'{)(x)ex1)(_T)
{ Hm V' (%,t)=0, Viilsao=—Us|em0 4.7)
Mhf#fs  Vi(x,t)=g,(x)exp(—7)—gli(x)rexp(—7)
Hh 91(x)=U s(x,0) — g4 (%)
L1 Ba(x,)=U,+eU,+eV+6V,. WE
fu(x,t)—a(x,1)|=0(e") (4.8)
iER MABU.D)~@.D, BRNE
L(u—2)=—eUu+e] gi(x)exp(— 1) — g8 (1) Lexp (= 1) [=0()
(u—ﬂ)lr-u":(“_ﬂ)lz-x:o ‘
(u—a) [1ag=—2g, (%) =0(&*), Hg,(0)=g,(1)=0
';t'(““a)ll-o":()
Mu—a) M AEE2.1, USRI AEHE.
Fi. ZHRNNEBHFREARAER
MBS {(x:,8;) | x=ih t;=jby Mk=T Nh=1,i=0,.--, N, j=0,---, M}, ¥
BEMEARIMT
LWy =0, Avtiss+ Dt j— Doz E s = f (%4, 85)
i=1, -, N—l; i=1, -, M-1 (5.1)
uD;.i:uN’j:()l J=1’ tty M—l (5-2)
thy, o=5(%;) i=1, -, N—1 (5.3)
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oA, =U o (%,,0) =0, (U (%6,0) —w{x)),  §=1, -, N—1 (5.4)
Hrh Aveti, 5= (ti, 50— 205, 5+, 5 ) /R
Agzthi, ;= (Uisy, ;— 205, 5 ey, 5) /1
Agtg, 3= (Ui, 51—, 5, ) [2R
A, j= (thi, g0y —ti, )[Ry, Fotiy, y=(ti, 50, Fus,5-,) /2
Uy 0y ARBBBE N, o,=(p/2)cth(p/2), o,=[1—exp(—p)]/p, p=k/e, U,(x,1)
JEBAL 78 (4, 1) RORR |

. N-1
gljﬂ:lligﬁi:?’éa&"ulr.?“": (h Z u?rj)é Ei%ﬁ Cl”'"<"'i]“<c2n'“, Cl, CZJ%‘F" hl hiu

i=1
#5%7\%0 : \
EBS. 1 Fu, R H(5.1)~(5.4) ), WEH
j-1
lug, sJa<<C {k > IIL"'”"Yli,mllh+(€+k)||l\g”s.a|ih+ "“ho”b} (5.5)
me=tl
WEBR RIMFF IR F & (5.2), AT &
N-1 .
u,—,j=‘/ ]%r Z_A_llvl,,-sin I;\;T - (5.86)
— N_»l l
WRE v;,,=\/,,j%,,, '-f: ui,;sin ;\’; (5.7)
Vs, o) 5 =lve, s | (5.8)
Fr(5.6) WA (5.1), HMBB =520
awi, jo+Bwe, gy, ;o =kLvy, (5.9)
) 1 4k . [
Krpar= 2(cth ~‘§—ﬂ+ 1+ 4. sin® 2]?’ ), Bi=—cth “2—)7
k ! P li (5.10)
_1 P _ 4 con 4T AR = /2 A Ay cin W3
y;—z(cth 5 1+ je Sin ZN)’ Ldou ‘/N gL,v;]sm N
A A R IE T R a Al + B+ =010 AR,
(1) @Wh fi—day=0. Hld,=d,=A4, W
— 1 j‘_“l ; j-m-1LTh ihl1J-1t
Ulj——‘ }.—l (]—m)/ll klel,m_,—al]k;ul A‘U[,D
a m=1
+az/1{"‘[j(l—/lz)+/1ﬂvz.o} (5.11)

(2) jé,‘ ﬂ?“‘l’al?l#o- E[] ﬂvll‘A’Filz’ UUI

1 F~1 - - '
= ) {2 Qirm— 4™ kL o, met ask(Mi— ) Ar

m=1

+a:£A{1(1-Au)—A{z(1—AII)Ju,,o} (5.12)
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@%al>1, Bi<<—1, p>0, 0<p/au<ll, |Bil<<artyi, Frph 0<<Ay <1, 0<lA,<llo 24
FEPR2AMEN), MV AR (5.11) fi(5.12) #F 1Tkt

® A=Bi—tan> |, ® 0<A<;, ® A=0, ® A<0. ERPMHRT, %l

4
H WA B

J~1
ol < C{k X2 1L1or,ml + (et e) | Awr, o] + 01,01} (5.19)
m=1

FA (5.9) AL EEAREH.

VAR G (A s

3861 (1) loy—11<Cp | (6.1)
(ii) |o,—1]|<KCp? (6.2)
(i) lo—11<p/2 (6.3)

S, O RBEHET(R(5.1),(5.4)), p=k/e.
R e t) —u =0 ( B +he ) (6.9)

WEBR % Re,=u(x,t;) —u, ;0 FIEHEE3. 1, SIES AR AT Taylor B, &
k-]

k2

LRy, = O(IL* Ry, 1) = O( o+ h+A* )

[V
N’

Ri,y=Ry,;=Ry,;=0, AR, Is=O(IARs, 1) =0(

FMAEHES.1, B3

J-1
k? : k k?
IIRs,,II;.<C{k ,,.ZE (?ﬁ+k+h‘)+ (k+e) E}=O (-?~+k+h”)
6.2 fua(x,t)—u, ;la=0(c"+k+h") (6.5)

WA & e, =a(x, b)) —us, 5, O

]
L”'vk)n,,=L"‘v")ﬂ(x¢,t,)—f(x;,t,)= }:‘ F,.

fml

ﬂ\:l:rl:
Fi=0U,— A E U, —f=O(h*+ k)
Fy=e(o AU, 4+ AU, — A, ;EU,) =0(eh*+ ek*+ k)
Fi=ea AgU,=0(*+k?)
F=(eg,+¢e’g,) (e0, At +Aq)exp(—t;/e) =0

Fo=—e'g(co,br+13) (- exp(=t/e))

— A EL go( %) exp(—1,/e) T=O(akt +eht)
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Fym = 2B () -2 -exp(—ti/e) +grexp(—ty/e) |=O(e")

A, L&or ,=0(*+k+h?) (6.6)
i} 1";,0=82g1(.’x¢)=0(82), Ay, o= Z Qa (6.7)
Hip

Q1=A¢Uo(x.',0)—U°g(xf,0)-_—O(k)
Qu=eAU (%,0)=0(e)
Qs=—egy(1—exp(—p)) [+ 0, (Uu(x:,0) —w(x:)) =0
Q4=—591(1_ex9(-P))/k=O(k+3)
Qs=—eghexp(—p)=0(e)
HE Ari,o=0(e+k) ' (6.8)
J-1
Iresth<C {b 7 (e 4kt ht) + (e+h) (e-+B) +&° } =0 +h-+17)
EI6.3  fu(xi,t;)—ui, la=0(k+h) (6.9)
WEEA IR 2>k, HEEe.l, #
)=, 1h=0 (5 kbt k) =O(k+ )
R <k, MEHA,156.2, HF|
(e, t5) —ue, slaShulxs, 1) —a(xe, t5) I+ fa(x, t5) —ue, ;1
LCollu(x, t;) —a(xi t) | +H1a(xi 1) —ui, ;1r=0(e) +O(e’ +k+h*) =0(k+h?)
AL G R B 5 R
ea(Bug+ P u—a(x)uz.=f(x,1) (6.10)
o a(t), B(t), a(x)>=a,>0
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A Difference Method for Singular Perturbation Problem
of Hyperbolic-Parabolic Partial

Differential Equation

Sheng Jin-reng

(Nanjing University, Nanjing)

Abstract

In this paper we constructed an expomentially fitted difference scheme for singular
perturbation problem of hyperbolic-parabolic partial differential equation, We not only take
a fitting factor in the equation, but also put one in the approximation of second initial
condition, By means of the asymptotic solution of singular perturbation problem we proved

the uniform convergence of this scheme with respect to the small parameter,



