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Abstract

This paper is devoted to a class of inverse problem for parabolic differential equation with a non-
linear source term. Using the theories of monotone operator and the Sobolev embedding theorem,
we verify the existence and uniqueness of weak solution for the direct problem as well as the ex-
istence of quasi-solutions of the inverse source problem in an appropriate class of admissible source
functions.

Keywords

Nonlinear Parabolic Differential Equation, Direct Problem, Existence, Uniqueness, Inverse
Problem, Quasi-Solution

RiEMRIFIME SRR BIREMR

OB, HEMK

R T 2 B U S E AR AR, Wi AR
Email: 957521097@qgq.com, 591368082@qqg.com

Weks H i 20154F10H18H; FAHM: 2015/F11H2H; KA HB: 20154F11H9H

HE
AL FE R —REILMRIFT P TE, FIARRETEIRNSobolevik A EH, EM T IEMH

ESIH: PNE, HERE BRI SRIEI S B 5 R R R AL ], RF R, 2015, 4(4): 320-325.
http://dx.doi.org/10.12677/aam.2015.44040



http://www.hanspub.org/journal/aam
http://dx.doi.org/10.12677/aam.2015.44040
http://dx.doi.org/10.12677/aam.2015.44040
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

INE, H R

RN SME— . AASENFTETIEN T RIS,

K ia
FELEIMMRTIRE, IEEE, AN, M RAE, ##

1. FREREFRRR

AELANEIYTTRET ZAFAE T IO R L BRI . MR PE L AW R AR MR AR ) ) 2 S5 U,
HA PR SLPR i M E Z N A B B4R, &R IEMTT R RN R, LI Ts
PRS2 i fAG 2 1 IR A JE , RN AR LA ) 70 5 R e i) B EAAS () 7 2 L B AN ) 0 2 7 5%
WAL T BB AR Rl TREMECE Y E R TRERASE IT’T}K[][]ﬁﬂlféf‘ﬁ?f@%ﬁﬁ&filﬂ%ﬂ
BEAT T — BB TT . ASCRATH BE N B AR L MR IR A I 7 U5 R«

u,—V(k(|Vu|2)Vu)+r(x,t)u:f(u), xeQ,re(0,T),
u(x,O)zO, x e,
(1.1)
u(x,t)=0, (x,0) €T, x(0,T),
k(|vu|2)2_zz¢,(x,t), (x.t)eT,x(0,T),

KHEQcRY(N22) MARIFIXIK, 5 oQ sy Fotid, HT, NI, =@, T,UT, =60, 0=Qx(0.T),
meas(I';)>0, meas(T,)>0.

5 X Sobolev il H'(Q) [8IMIH T2V ={ve H' (Q):yv=0,onT,}, XM y:H' (Q)> [} (oQ)
REAST £V RO o], =(] [Vof ax) < & H = (Q), SATEHABEN, Wy cH V'
RABELEEMNM[8] N R, H (), R0 B A B L E#L, H ||, 3% Banach Z=[d B i
. e v=L(0,TV), H=L(0T;H), W—{weV.w,eV}, "v”w:"v"v+"vt"v*° U E N2 S LI
H [ ) Banach Z5[f], AWV cHcV ZELKAN, WcHEERA.

T AR PR 7 () . FRAIE R

(A) ZR f AT, WA R EN A TE;

(Ay) BR%L £ 2 Lipschitz 264, BIfFAEL>0, HFXMERER x,x, eR, #H

|f (x,)-f(x,) |SL|x1—x2|.

FHNI, FRELk =k (s) BT ARATRERZ, B8 % FORFEIR Hencky WIS RMERT . AR —Betk, 3]
xRk (s) Mer (x,0) VEAR TR AR B :
(A3) keC[0,0),c, <k(s)<c,,Vse[0,%);

() k(e ) -k{leT ))& )zl

(As) FAEIEHBR . 13 |r(xt) <R, ¢,—(R+L)Co=B>0

KB E=(&,,&y ) §'=(§1',~--,§,'\,)ERN, ¢y, NIERIHEL,  C,, 72 Poincaré i .
EXHT A4V >V,
(Au,v), = [} ok (Vul' ) Vuvvde+ [ [ r (e yuvdede= [ [ f () vaxde < (1.2)

()




fhE,

SR

SENV EH RGNz R F
o=l . o (xt)yv(x.r)ddr (1.3)
%Xﬁ%L:D(L)cV—)V*,
Lv=v,o 14

B D(L)={vc Wiv(0) =0}, ST L RAMETE & LI BIFLT(S), p. 845). MTTHIE(L1)
EEZIVAEIE S R =T
Lu+Au=F . (1.5)

HOHVEI L= f(u), NTHEMRE k,r, f 0 WADBERu(x60), ABEAAD T F KR
u(x,, f) A, FRONIERE(DP). [z, A CAIHS 72 5 & 2

u(x,T,f):l//(x)

ety () Jo BV . FRAHE TR R £ (a) 10 LR A SR S R, G0 1SP. 76558 il
Fo 4 P T 910400 SO AR AR I 1R ISP fAR[0], B0

11(f)=r}1€i£11(f)0 (1.6)
B (F) = [ eln T 7) v (o) e RARBIZER, K B f () ORI, TMERERRRN -3
S 17 8 ISP R 0L o
2. IE[E)R

T AFE (L) IF W RS AR RO ATAEME— M, FRATTJEEE A e B 5] B,
TH 2.1 HEMAY), (A3, (As)BAL, MET 4:V - V' RUESER,
E: B u, 72V Porlis u, Tl ueV, HETHEAE

[ j( (|Vu )Vu —k(|Vu|2)Vu)Vvdxdt‘

u —u vdxdl‘ U I vdxdt‘

|Au —Auv |

- Jr i, BB u, £V FPRICEE e, WD w, £E H RIS s B Vi, £E H AR
SUBI Vu , WA SR (AL, (As)s (As)BLK Lebesgue $ iU SIUE B AEHE T
11in<Aun —Au,v)v =0,

B Au, 75V R FEE] Au, I A RESE,
TH 2.2 HEMAY), (A, (As)ROL, MET 4:V - V' RREIHAN.
EH: Bl u,veV, RIEHRKEFMFA), (A, (As), B

(Au—Av,u—v), jj[ (vl ) var =k (|9 )Vv}V(u—v)dxdt
) forCom) e [ (7 o) (1) =)
> e[ [ [V (u=v)[ dede—(R+L)] [ (u=v)'dde 2.1)
> (e, ~(R+L)C2)[ [ |V (u=v)[ dude
=plu—. (8>0)

(=)



INE, H R

MITET A:V - V" i,
513 2.3 (8], p. 867) ¥ X & Banach %[f], $TF L:D(L)c X > X HKHPCGE I D(L) 2 X 13k
ML), BT A X > X G5 i, JokEs:, JFHAAE R, eD(L), 13,

HueD(L), |u], »> oot — 400 2.2)

MAR(L+A)=X", WIHERMbeX , fitEueD(L), ffF Lu+Au=b.
TEH2.4 5 M(AD)~(AS)RAL, MIE R B DA ue W , FFHERKA T FEFECc>0,
15

max [, + o, + [ <C(1+||f|| +Heleqo e rz))j 23)

te[O T]

IE: AR A A, (As), (ADFIHL, AV >V BREREF, fEHE I 0EE22, 51 42
YGRS T, MOy RS T (W8] P.586). AL, 2 u,=0eD(L), N

(Au,u—u0>=<Auu IIk(|Vu| )VuVudxdt+J‘J. (x,1)u’dxdr — J-J-f Judxds
Rk, RUFQ.DREHE v=0), EIW&&H(Au,u—uO)Zﬁ"u”V, AT 568 1) P2 2% A (2. 2) R
B, ST LM ARSI B2 3T AR, U u e D(L) W2 (1.5), BIIE R A7 AE

3 J7 M, ST A FSR AR AN B (1L 1) R REIE R ME— Y
NHEFESLE A TH2.3). 2w R(LD)EIE, FE1.5)RILKT u A1

Iojnu,udxdr+j.[ k(|Vu| )|Vu| dxdr+.|'0J.Qru2dxdz'

2.4)
= [} [,/ (udvde+ [ [ p(yu)dede
E3D
i 1 2
JyJouaardr =Zfu (o),
I H
ST (v uf + e Jaxdz = (e, RCR) ;[ [Vuf dxde = g [ [Vuf* dxd
MARYEY oung N5 30 K Poincaré AR, B
1] fudvdr < %L;.[Quzdxdr+g||f"; < 5(2;
RISy B8 S LY oung A 55 5
I J. 7” dXdT __.[ J. |;/u| dxdT+ ||§0"L2 OTLZ(I'Z))
< pvafasas Lol
i, ZaXQ4IHER e 80/D, MATUAFER B a>0, 5
_"u || ta j V|’ dxdt<c(|| 71, +||¢||L2 ot m)) (2.5)

()



A, PRI

A7, HTRA.5)1R
ol = 2adle < w7 - (2.6)
T EI(2.5), (2.6)EA Sz A FiT F A FipE ] DAHE H B 504 11(2.3).
3. RiElEMRNFEN

ARATG Y ALRR(L 1) SRR A A

SEHE 3.1 R AFAD~A)RIL, EXRTEK, = (feH:|f], <c. fIHRFMA) A} W
I (1.6)7E K, Th & DA — MU

WEH: AR f ek, L ()20, BIL(F)HETR BAEETHI. B/} K AL (F) MM
P, B

lim , (/,) = inf £,(7)

n—w0

WRIGE 2.4, XML f, e H, IEFBOIWFER u, =u(x,z, f,), il eRbitR23). XEA
f,eK, , MAFEFEC, Mn—BHE

+

1j+

u

n

.<Co
%

te[O T] (un )’

T, = (ot £, ) TE W TR St SAFESE S TSI PR AT ), IR e, 76 W 38888 7
fh Aubin-Lions S EEE, W B H IR BB, 508 u, 75 H = 12 (Q) s 7 .

il B £, €K, . FIBVRGIE £, 76 M SRIeE] £ e K, . HARET24, W £ ek, fEfEn:
R u=u(xt, f) o LB, E W RIS T, £, 7E H PG £ LU A BT B
PR, WA 7 iR (LS)R, B, BRI TR T = u = u(or, f) .

B FRIRA VI

L(f)= mm](f)_m]l(f) inf 1 (f) (3.1)
F b, BT w, M WAL RS, WIS (u, —u) AP BATH

2 1 2
) e (1)),

SE"”n "Lz +If u, —u) dxdt

+IOTIQ[k(|Vun )Vun—k(|Vu| )Vu}V(un—u)dxdt 32)
=L L ( = () o, )
=[] (1)) (1, =) e+ [ [, (f, ()= £ (1)) (1, ) drce

SLIO _[9 u, —u) dxdt+j0 IQ o (u —f(u))(un—u)dxdt
MFA u, £ H =L (Q) FomisiE u, f7EHBFISE] £, Mifi
[ e (o7 ) =u(x T ) e < 2L [ (e, —u)'dxde+2]] [ (f, ()= f () (1, —2e) dxdt — O

ES): e



A, HERIR

FEFEE .
EEWH

B K AR E RS T HIH (11371125), A BE T 58RI H (13A013, 13C127), W#RGIHT2
Bt 7% BB I H (2013xj009).

SEV#EL (References)

[1] Xiao, C.E., Liu, J.B. and Liu, Y.L. (2011) An Inverse Pollution Problem in Porous Media. Applied Mathematics and
Computation, 218, 3649-3653. http://dx.doi.org/10.1016/j.amc.2011.09.006

[2] ZE5. AEE M IE ML JTVE[D]: [ ArieSe). Kvb: dEg K, 20009.

[3] Liu, Z.H. and Wang, B.Y. (2009) Coefficient Identification in Parabolic Equations. Applied Mathematics and Compu-
tation, 209, 379-390. http://dx.doi.org/10.1016/j.amc.2008.12.062

[4] Hua, O.Y., Hasanov, A. and Hai, L.Z. (2008) Inverse Coefficient Problems for Nonlinear Parabolic Differential Equa-
tions. Acta Mathematica Sinica, English Series, 24, 1617-1624. http://dx.doi.org/10.1007/s10114-008-6384-0

[5] Liu, Z.H. (2000) On the Solvability of Degenerate Quasilinear Parabolic Equations of Second Order. Acta Mathemati-
ca Sinica, 16, 313-324. http://dx.doi.org/10.1007/s101140000052

[6] Liu, Z.H. (2005) On Doubly Degenerate Quasilinear Parabolic Equations of Higher Order. Acta Mathematica Sinica,
21, 197-208. http://dx.doi.org/10.1007/s10114-004-0415-2

[71 Liu, Z.H. (1999) Identification of Parameters in Semilinear Parabolic Equations. Acta Mathematica Scientia, 19, 175-
180.

[8] Zeidler, E. (1990) Nonlinear Functional Analysis and Its Applications II A/B. Springer, New York.
[91 Tikhonov, A. and Arsenin, V. (1977) Solutions of IlI-Posed Problems. Wiley, New York.



http://dx.doi.org/10.1016/j.amc.2011.09.006
http://dx.doi.org/10.1016/j.amc.2008.12.062
http://dx.doi.org/10.1007/s10114-008-6384-0
http://dx.doi.org/10.1007/s101140000052
http://dx.doi.org/10.1007/s10114-004-0415-2

	An Parabolic Differential Equation Inverse Problem with a Nonlinear Source Term
	Abstract
	Keywords
	具非线性来源项的抛物型方程反问题研究
	摘  要
	关键词
	1. 方程及基本假设
	2. 正问题
	3. 反问题拟解的存在性
	基金项目
	参考文献 (References)

