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Abstract

In order to solve the problem of parameter identification for a class of parabolic differential equa-
tions with additional conditions, the quadratic finite volume element method is proposed for
semi-discretization in space and the quadratic continuous finite element method for complete
discretization in time. The numerical solution of unknown function and control parameter stabil-
ity is derived, and the error analysis of the corresponding format is given. Finally, a numerical
example is given to verify the stability and effectiveness of the proposed scheme.
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augf,t)_azt(;i);,t): p(thu(x.t), xe(ab),t>0,

u(a,t)=0,u(b,t)=0, t>0, (1)
u(x,0)=f(x), x e[a,b],

u(x',t)=E(t) a<x <ht>0.

For £ (x),E (1) AT CRIBRHL p(t),u(xt) A RIS % 0T LA SR 95 R TARE)
PR SV S LG, (1] (2 Adomain JMRVEWTI T ZOTRLIIMR, SC[3] A JURR A IR 2 ik
SRARZITAZ, WA HE T S M B RIRS R e, SCIAD R T = VO (R s 2 Iy RR G 54
S, (5] [6]R I 2 s ) R o IR T 0 SR 2R ST PR — oA IR e
SRAFZ I, R SCR R T 224 585 2 W54 2 b0 o RS0 B ke 2R 58 3 54 i 1
B RESATIRTE R A B R R 2 4 4 e B AR A, e R A . 8 5
544 tH B 1 R 2T VA R

2. ARERTHEN
S0 AL P T B A
r(t)=e " w(xt)=r(t)u(xt), @

YU ) (1) A2 A0

- —=0, x e (a,b),t>0,
ot OX
w(a,t)=0,w(b,t)=0, t>0, @)
w(x,0)= f(x), x €[a,b],
r(t)=w x*,t)/E(t), a<x <bt>0.
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BRI FT ISR 25 p (1)
RS O R ABUCES SO S, X X 1 = [a,b] {1 F 0 -

Jpra=Xy <X <X, < <X <o <X, =h.

] n

WHIT I, :[xH,xj] v BKh =x —x,, h=maxh,, BEh A X, :(xj +XH)/2, LGN PO 43

1<j<n
BN Xy = X, £, /4. FEEDRIZHIS 3, A —EGH5, BIAELERHC > 0 [ h<Ch, . AR
Ig :|:X01X1/4]1 I;Hl :|:Xi+1/4’xi+3/4:|(i :0!1!2""’”_1)’
15 Z[Xifwlxin(i 2112""’n_1)' 12 =[X'H/4’X"]’
LA 117 (1 =00+, 2n) KRR 3, B9 —ASRHBEI S 37, A4S 17 (i = 0,0+, 2n) kBl . &
W BB AU, = {uju e C(1) UfEGA T BN TR IR A € w(xt) BRI 1 LR
-

2
¢ (%) :h__z(x‘xi—M)(X‘Xi—l)'
]
W5 ST T, :C (1) > U, SEARHER A w(x 1) U, #5%
H,w, = J_Z:(:)Wj (X) o (X)"'JZ:;WH/Z (X) @2 (%)

BV, N H R, A G w(x, ) FEEE T R X, Xy, LRI BT 1 02 b £

1 xel,,, .
!//j (X)z{o :H:’ﬂ‘{_j,zj J=0|1;2|"'1n,

.
1 xe |2j+1’

j=012,,n-1,
0, FAh,

'//J+1/2(X):{
) 5E ST T, :C(1) >V, » HAHERI w(xt) eV, FaRA

. j=n j=n
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1= 1=
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Wy =W (1) @0 (X) + Wiy, (1) @507 (X) +W; (1) 2y (X)),
Ferkwy (6) = wh (%5, t) Wy (6) =W (X 0t) - Fowg (8) = w, (a,0),w, () = w, (b11) -
M)~ U BB O MEERE L $Rw, (1)U, . 66,
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.[*de—.[ a—()dx 0,i=1--,2n-1,
li ot X

w, (t)=w, (t)=0,
w, (0)=TI,f (x)eU,,

Al
J'Xl+3/4 (X t) dx — IX'*3/46Wh—()(t)dx 0,i=01---,n-1,
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3. ZREEARTEEHEN
P RIS A FHXIE 3 = [0, T EM B2 0=ty <t, <+ <ty <-o<t, =T, WEBILI =[t ,.t,]
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BRI A TR A ORI, FTBL A BTS2 ATB=G . TI(A)H Av(t) = Bw(t) LA

Wi (1) =Gw(t)
4 ERBNE Z (1) = (2,2, 25+, 250) €(R()) ME “o” 385, HERITL I, EFS,

[ (t)ez(t)dt={ Gw(t)oz(t)dt. ()
€ L w () 75 t 77 1) B —IRESEA IR IC D(t) fi:

[ D(t)ez(t)dt=] GD(t)oZ(t)dt. (6)
B D(t) =B +(t—t,,)B" +(t—t,,) BN te[t, ,t,]» Frf BY, B, BN e RN A4 i # Hu i i, 4

tﬂﬂﬁ’W=Nmkmﬂﬁaﬂo&Mﬂuﬁ%ma)@u L) e(R()T A
Z(t)=(t-ty =ty at =ty ot =ty )y e (R(D)™ s EIRTRIEIET BY F B By TR AL
MW+ﬁ%“4{MU“+%ﬁW+EQw}
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_w(x' ) _wiet) ()
r(t)= £ u(xt)= R p(t)_—m.
TR T)EE W(x*,t) RSB AR w BT LU BUEAR e U, p" Bk SR
n W‘T m_W_;“ m__rm+1_rm—1
' CE(t,) e BT 2r", ®)
Heepem ul wi, pm IR SR () u (Xt ) w(Xgt, ), p(t, ) MR AR .

4, RESHT

R A ] TR BRARER T B U AN 4 B O QAT R ZE AT, AR SC[7] [B13ATA a0 R 51 B
FIE 41 Bw(xt) AR@IETIM, w, (x,t) 2N(@) 0 A RERUCE B EUR, WA FRRE
fliit
”W(xj,t)—wh(xj,t)HSCh3.

BB 4.2 wh(x t)Eiﬁ@)E’]#(}\ﬁBEMﬁJﬁ#%%ﬁ# wi S (6) 1 kA IR T B EUR A
FRZEAN T

Hwh(xj,tk)—wg" <Cl*.

512 4.3 Bw(x,t) ANE@)RIFTM, wi 2 a(6) M A R oA s o A i N iR Z= it

Hw(xj,tk)—wT <Ch®+ClI*,

T 41 Bu(xt) FROMRTIRR, oD &R R UL AR p(t,), p" A NS
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5. #EHF
AN SRR T SRR i R, 38 3T 5 25 O R A A 2 A R

5“&‘)_y;$‘):puymx¢y xe[0.1],t>0,
u(0,t)=0,u(1,t)=0, t>0,
u(x,0)=sin(nx), xe[0,1],
u(0.25,t):ge‘2, t>0.

EL LIRS TR u(xt) =€ sin(nx), p(t) =n% =2t .

FeAERHE % p(t) )5, B2 E L A RIERUITIE, FERHE B 084 IRt 4 B R AT B0l
W, BISEAEKA h MBS AL, % 1 Al T4 t=10, MiKEA At/h =1/ 57
N =100,200,400,800 [ 4 %} i Z il . % 2 4 T 24 t=11F, %y AN =10° g5 o gp
N =100, 200, 400,800 it £ %% 2 {H

Table 1. Absolute errors of U(X,1), p(t) when the mesh ratiois At/h=1
1. Mgt A/h=1RFu(x1), p(t) BhsestinzE

u(x1) iz p(t) MRz
X N =100 N =200 N =400 N =800 t N, =100 N, =200 N, = 400 N, =800
0.2 44x10°  27x107  14x10°  1.6x10° 0.2 15x10°  37x10°  9.4x10* 2.3x10°*
0.4 3.7x10°  43x107  11x10° 4.0x10° 0.4 13x10%  3.3x10° 8.3x10°* 2.1x10*
0.6 12x10°  1.8x107 23x10°  8.6x10° 0.6 1.2x10° 29x10°  7.3x10*  1.8x10*
0.8 3.5x10° 7.3x10° 20x10°  59x10° 0.8 1.0x10° 25x10°  57x10*  17x10*

Table 2. Absolute errors of U(x,1), p(t) when the mesh ratio is At/h =10
2. MMEELR At/h =10° B u(x1), p(t) ghsasdins

u(x1) iz p(t) i
X N =100 N=200  N=400 N =800 t N,=100 N, =400 N, =1600 N, =6400
02 44x10°  11x10°  68x10°  6.4x10™ 0.2 15x10°  92x10*  53x10°  21x10°
0.4 37x10°  68x10°  7.3x10°  15x10™ 0.4 13x10°  81x10*  46x10°  16x10°

0.6 1.2x10°® 6.0x10° 4.7x107 5.3x10™ 0.6 1.2x107 7.1x10™* 3.9x10° 1.2x10°°
0.8 3.5x10° 3.0x10° 2.2x10° 1.1x10™ 0.8 1.0x1072 6.2x10™ 3.4x10° 8.9x107

M 1, 3% 2 AT CUE A S A B BUE 7 1A AT I 5 BRSO R A T AT SR . BRI
I HI 3 FEA O, B I [R5 (B (AR 25 B A G, & Ud, 4 o0 FERR R, B JR) A0 2 ] () AR R
R, W Z 7 VR RS FE e
E ST H

ASCNE R B RFFE I LT H (11571102) % Bt
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