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ST EOYARTBSTER up = ugy + u? OBOWIUTZEE)
FERRFEER =B #H (Shizuo MIYAJIMA)

Faculty of Science, Science Univ. of Tokyo

FTHOIZBETY LTELRITHIER LRV, E£FITI20 X5 2Bz W TRIEE
A EFILE T, ARBIIREDOFRERROMHMEIZ L 2BTEE 2 R 3R ERIZRD B, &
W) FBAMRBBEICER YV BATE R+ EROTHETHS.

1 BEOER

ZEEMN 1 KEXBOHE OLGEHBFBROMOBEEEIZ >V TIE, fr tESh
TWDH, FERREMENFET S & &2, BIEO o BREANRE L2 —KIZRDHENV)
BN LIZLIZEE D (see e.g., [6, pp. 281-282]). ZODHEIZ SV TO—RIRFERE L
T, B% (3, [4) CE2bD0RHB. FITERSNTVADE, DHEEREETOR
DEBARERFEAOHMETH S

= {a(z)ug}z + f(z,u), 0<z<l,0<t<T),
u(z, 0) = up(z), 0<z<,
aou(oa t) - (1 - O‘O)um(o’t) = Bo, (0 <t< T),
aqu(l,t) + (1 — aq)ug(l,t) = By, 0<t<T).

EEL, a(z) >0, KM [0,] CBNT, +4ELH. £k, a6 eR (i=0,1) 13,
0<a; <1 %2Wik=d. bz, HFBREEF: 0, xR-RIZIC?#H LT5.
ZDFEADIIZONWT, REIIEEDTHE uo € C([0,1]) 125 L TE DFEHIED w—
WIREAITF A2 — R T, TOAFFEX (1) 0EFR RN —E CHfEELA DR
%&tf%w)ﬁﬁéz&%%bt.é%u&ﬁﬁ,ﬁ&fﬂ)wﬁ%k@%itaaa
DEE (sup / NMAR) ERKICREELTORITE, o-BRESD I C2([0,]]) T
RTDHZLERLTWS. £z, BEKBMSFELRVWE XX, RFEOFE ;KT
WBDT, ﬁUtﬁﬁmﬁkﬁE%%Tuﬁd<k%HM¢waWDm%ﬁk_%ﬁT
5ZEHH05
#&b%,@%&wiéﬁ%ﬁﬁﬁgﬁ,Eﬁmmﬁﬁuoeomunmﬂbf(n@
fRIE, AR CEBRET S0, EREFFCEBRT I, TREEEMICIGRT S, L)
ZlizheB.
INHOBROERITIL, 1 RERMEWD Z & EFBHEREFMHEL VD Z &b o
TW5. BHEREHEL2EZDLE, A S CEFBERXE2EZHZ LICREN, Z0OBE
LIREF [5] AEEL TS, S OEERAEHOEL DI, FHFRED u, 5T

(1)

(2) { Ut = Ugg + f(.'L',U, UI), (.’E c 5’17 t> 0)

u(z,0) =up(z),  (z €S

LV RERFERAICK L TIRIED wBRESVNE L4 —REWV D T LI LR VA
([5, Theorem A]), % 5 TRWHEEITKRDOERPHFELNTNS :



FHE 1 (BH[5, Theorem D)) (2) iIZBW T, IHRBE f 5 v OLOBEKD L X1,
(sup //VAN) t IZALTHERTH D L 5 2 RErE AT (2) DEFMRIZICRT 5

(1) OHBAIIE, EEOMEMEICR LT, b LYHKEME u(-,t) B35H->T sup,s |lu(-, 1)|| = oo
7261, limime [u(t)] =00 EWVVD ZEETHR->TVER, ST TORBRIZELIET
Do TV, LvL, &i2h (2) OFFERBER f(z,u) OBO L X, KEMOWH
ITHENZ A IIIEHERE RN E D PRREWNZREREFODITTHS.

ZHRBE, BRBEEE L TKEMOFREL BERIICHEST 2 Z LBMHREIZTE D
OhEVWIZ L E, BERTRVEEOEEOED T, MREDIIITIRDIES D%, 1]
HEIZ X > TREBIZHHITEE VD ZEREMPATL B, ARIZOMEE, f(u) :=u?
L) —BHMARERMUEOEAICOVWTERL TAL LD THS.

BB u = Au+ fu) &V B FRAOYIH-EREMB O ONTIE, &K [7]
BREEZEZ TV,

2w =ug +ul [ITDOVWTHER
UTFTRELAAE S! TorEk

_ 2 1
3) {ut—um+u, (ze SHt>0)

U(.’L‘, 0) = uO(a:)a (.’L‘ € Sl)

DO HAEE, TEMEILEIE CO(S) KA TVWAHATELS. £7, EEOMLIE u €
COUSY) izxt LT, ZoFRXBHHEBFNRTHMAZF O ZLIERLLY. i, &2
H b HRIFRIIE f(r,u) ZICHFLTECAOATNEZ LOBRREETHS. £LT
TOFBROEEM v(r) 10 LYW ERER oD, h¥iebiX, EFMET St
ET V(@) +v(@)?=0%2HZZLTNEDOT0=2(0) -2 (2r) = 027T v(z)2dx &R B0
LThD (S &, WMER—ELE [0,27] LHRLTNE) . XoT, EH 1LY,

(3) PERLKEBMILIt 500 DLE 0IT—RNKRTHDITTHD.

21 BROTSEH

—%, ZOFEXOEPEREETERETIOOTAFHELEL E PO TND. &
HEER2EDITIRTHA D
BEEHE 1 : ug>0»Du#O0.

Zhix, BREFERIZL>THER 3) BVIEFREFETHY, v PEREZF-TH, D
LTHEEARTIERFEAT >0 1222005, (EREEEZVHELTL5E6L
BT 5.) '

) — oD X HONTFFITZEFFEHMESBERTD -

BREEH 2 : ve CUSH ITRLT () == [qu(z)ds L L& E, nlug) > 0 230
ug Z 0.

96



97

n(ug) > 0 DA 1T Evans [2, pp. 511-512] | (CEERA A B B 38, n(ug) =0 PFEIE, t =0
T dn(u(-t))/dt = [u?dz > 0 72D TREEAL LTHRTT nu(,t) >0 L2-T,
MODOEENEATES.

b o=, BOELOBEBRTERR IZXAX—fsr) CTRESNHIEERH S :

BEFHE 3 : ve CH(S) TRHLT () =3 [av(2)?dz— L [nv(z)dds & LI L &,
J(UO) < 0.

Zhid Cazenave [1, Proposition 5.4.4] @%B'J@%é“@%é?ﬁ, FEDOEE L ORIZ
- T, TOMYRFEAZFE L B~NTEZ
(3) DFIHE uo (25T 2% u(z,t) OREA ¢ @I*/Vﬂ?‘—?ﬁﬁj\ J(u(-t)) ZBIZ J(t) T
RTZLIZTH
I 2 _ l/ 3
J(t) = 5 Sl(um) dzx 3 Slu dz.

ZOEEE>0TJ({) =~ [g(w)dr 25, J) 13, EFABOEK. (3) OX & u(z,t)
EDL2(SY) KRITBENEEEZD L

/ wudr — / UgaUdT + / uddz
Sl Sl Sl

—(i/ u2d$:—2/ (um)2dm+2/ uddz.
dt Js1 St g1
ERE, J0) <0726

= J(0) — /Ot /Sl (ug)?dzds
d

— | wldz = / (ug)?dz — 6J(t)
dt S1 S1 .

= /S l(um)zd:c+6 /0 t /S 1 (ug)2dxds — 6J(0)
> /Sl(uz)?da:+6/0t /Sl-(ut)stcds
> G/Ot /Sl (uz)?dzds.

d u 2

— = — d

o dz dt2//51 dzrds
0

u? > ds.
(4) dtz/Ll dzds 6//51ut )*dzds

£

*7=,



*7,

~C—l—/ u2da:=2/ upudz
dt Jo S1

DEAZ01S t ETHt (ZDWTHET LT, Schwarz DARERZME S &

t
ulz,t)“dr — u(z, T = Urudx
24 0)%dz = 2 d
St St 0 Jst
t 1/2 t 1/2
<2 (/ / u2da:ds) (/ / (ut)2d:cds>
0 Js1 0 Js1

X-oT
: 2
u(z,t)?dz — / u(z, 0)2dz>
1

1 s
7
4// u?dzds.
0 JSs?

t (f
/ / uldzds > 28
0 Jst

(4) LHbEs L,

2
L2 ft (/lu(m,t)2dm—/1u(x, 0)2d:c>
——// uldzds > C) ; 5
6dt2 0 Sl 2
4 / u“dzds.
0 JS?

ZIZT, h(t)= f(f Jquldzds LB L, BT

(h'(t) — h'(0))

' " 3
(5) W) 2 5

LRED. J(t) OHEFABAELY 0<to <t RDEED to LT, J(o) > J(t) &7
LM b

i/ uldzx =/ uldz — 6J(t) > —6J(to) > 0.

dt S1 g1
PRICKIEMBIFIET 2726 t > 00 T DL ult)|Fasn) — 00 TROD, tiITLH
RoTH(@E) bRESRS. LT, (5) &V

, 3, . 3, K (0)\?
h(t)h"(t) > §(h (t) — H'(0))? = §h (t)? (1 - h’(t))

1o\ 2
Tho, %(1—2—'((%1) %, B({t) s 00 (t—>o00) b t—ooDEE 3/2ITNEKT 3.

' 2
EoT, HBEMC>1 L 1> 00H2T, t24 85 ticLT 3 (1-4F) >C
ETED. LoT, ZOHKEHED ¢t IZx LT A (t)/W(t) > CH(t)/h(E) 2D,

(log k' (t)) > C(log h(t)) —2FY (log Fi;(,t(Tt()j) > 0.
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!
#&bz,mgﬁglﬁtzmaatuﬁbfﬁﬁﬁm%&faame,&5Ei&q)

R LT, W(t)/ht)C > Co £72%. ZOMmBE tg 1o t TTHEHSTDHL,
1 1 1
71 { =t ~ e ) 2 Gt w0

ERDBIENRGDD. EillIZt>tg TEARTHDDT, ZOFRERN S KIRMEHNEES
5ETRIIFEREES. §

22 RBE# n, J LBRRELODSSLHEE

INET 2 OOWBEK @) & J(v) ik CO(SY), Jix CU(S) LTEMEE-) %
X, WHME uo 23 nug) > 0 DFA L J(ug) < 0 DEAITE BT (3) DIFITARIERE T
BREITHZ LR,

IN6DZ LD, HiT (3) BRI u(z,t) 2HE-o-EThE, TRTCH >0 T
n(u(-,t) <0232 J(u(,t)) > 0 TRINIERSR. Z 2 CERBABETH IR, B
LIS DG EIZBNT, 5t >0 TINLDRERDEERRITEEENH B D,
EVWS BRI STL B, ZOBBIIARICTFRIND LBV, BEMICHESND
DTHHH, FERITIFBAFERN uy = ugy IZOVTHSN TV S ”backward uniqueness”
(¢f. Evans [2, pp. 64-65]) OIEBRBRSMLEIZ RS

E# 2 (backward uniqueness) S* EOIERBAFEROLHERIRE (3) o AR,
BBT>0Tu(T)=0 &2huf, u=0Chs.

SEER.  0<¢<TizxLT
e(t) = / u(z,t)2dz
Sl

EBL. e(t) =02,225K5R2t D inf2307251F, e(0) =079E>T up =0 2D THEDO—
BHECIVERIEASND. 2 TROPS T=inf{t >0]et) =0} LT, T>0
NOFXEEZEZ ). e(t)iITt>0T

(6) é(t) :/ 2u-utdx:2/ U(Ugy +u?)dz = —2/ ugdm+2/ uddz
St S1 S 51
EHRETHIND
ét) = —4/ uzumtdx—l—G/ vudz
S1 S
= 4/ um(um+u2)dx+6/ u? (ugg + u?)dz
St s
= 4/ (um)2da:+10/ umuzdz-l-ﬁ/ utdzx
Sl Sl Sl
= 4/ (um)2dz+8/ umuzda:—l—él/ u4dx+2/ 12 (ugg + u?)dz
St st St s

(7 = 4/ (ugg + u?)%dz + 2/ u? (ugy + u?)dz.
st st
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%7, (6) LY
2
(e()? =4 (/ w(Uzy + uZ)da:>
Sl
TdhoT, ZhIZSchwarz DAREXZfHEH &,
(€()? < 4 / Ww2ds / (uge + u?)2dz
St S

LRBOT, (7) LV

()" < ) {&(0) - [ v2(uzs +12)da |

Sl

BHMD. T DEETE U, ugy & BERROT, EXNBZIT

(8) (e(2))® < e()é(t) + Se(t)?

ERDEIREE S > 0 PBNDZLEBTND. B 0<T <T »¥»dH»o>T, £E
D te [ThT] IZRLTEO) BEMLLTWDHL LTI, ZndE te [TT) IZXLT
h(t) =loge(t) LB ZENBTET, '

;o €()

ht) = 25
=G,

2o E(t)e(t) — é(t)?
£-T,

R(t) + (g—(t _ T)2> S0

bbb h(t)+g(t—T)2 [T T) T, ok, I T <t <ty <T
ERBE, teft,t) I, PDHA>S0ICE-2Tt= M1+ (1= Ntg LREDDD,

h(t) + g(t -T2 <\ {h(tl) + g(tl - T)z} +(1-=2X) {h(tz) + g(tg - T)2}.
£-T,

() exp (g(t - T)2) < [e(t}) exp (g(tl _ T)2>]‘,\ [e(tz) exp (g(t2 _ T)2>] -

tEBEELT 1T L3582, A bbb M >0 KT 57D, et) =0 2nBLNS.
SR T =inf{t > 0| e(t) = 0} ThokZ LICFETS. 1
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ZOREREFRBTNERDOZEDREND.

TE 3 u(z,t) # (3) OEHFMIC 0 TERVWKEMRLETH L, FED > 0L T
n(u(-,t)) := fsl u(z,t)dz < 0 73> J(u(-,t)) == % 51 Uz(, t)2dz — _fsl u(z,t)3dz > 0
DIRE D L.

SEBA.  RIVNEORERDD, HD > 012w LT nlu(-,t) > 0 £721% J(u(-, 1)) < 0 Thih
IERBMIIEELERY. XoT, HEiTnlu(,t) =0 F=iE Ju(,t)=0&425t>0
BEELRVWZ EEFAELV. nu,1) =0 &35 &, u(,t) =0 TRITIITRIRMT
FELZRWV. 2L T u(,t) =0 THNX backward uniqueness X Y fiFiZBHAfEL 2o TL
EHIDOT, ZOHFEB IV WIZ J(u(1) =0 &T2&, dJ(u(,t)/dt =— [ (u)?dz
ROTuZ0251IEt LVREZAMRD L THEDIT J OFEITAICR-TLEY, FITER
T5., Lo TKBENEETHIRD J B 0IREIKATTIu=0ThHS. LHLIDE
ZIIHBRDD ugg(x,t) +u(z, 1) =0 £72oT, u(z,t)=0 (z OFEKE LT »EDL
n3. XoTZmdE &Y backward uniquenes (2 X > TREIZBEHRIZR>TLES. 1

INTKRBMENEET D20 9, J © u(-,t) TOEIXEFE (o iT&, J XE)
THDHZEBDhoTR, BZINLOFERERLT-ENTHHHHATIIBRITEE 2
WZELEnE. TRERTEDIZ, 2BEOBROBRETTROMELERT .

BEAu,) I TB)DPO<t<TIZBIBMETEE, t1T OLE u(-,t) 28 L2-43%
L2V, DFEY limgr |lu(, b)) < 00 25 sup-/ VATHBE LRV (FHRICLE
£5).

$IBE. O<to<t<T &¥2L, S LOBRFER up = upy DEXRME U(t,z,y) %
5T,

1
u(z, ) = / U(t, 2, y)uly, to) dy + / / Ut — 5,2, y)uly, s)2 dy ds
Sl to Sl

LRENS. ZORPL, HIEECIZHLTOLSUE-5,7,9) <C/Vt—s Lo E
AIEDFMEE |ul-, s)|| 21y PERECEY, u(z,t) OBRFMERZHS. 1

TRTHROZ ENIEATE A,

FES5 u(z,t) 1T B) DO<t<TIKBIFAMEET DL, KD (i), (i) DEHLMIEY
Mo TWIUT u(-,t) Xt 1T D& & sup—/ VA TRETDHZ LITRWV:

() 0<t < T Tnlu(t) <0 (i) 0<t<T T Ju(-t) >0.

EH. () OHE : n(ul,b) BEIC nE) LELZLITBE, i) = [nulz,t)ds =
“U(',t)”m(sl) ROT, p(t) <0726iX

) 2 6) = 0) = [ ul5) e do
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Lo T, t1TDLE L2BRITEZSARV. fE-T, BBEIZL>Tsup-/ VATHIE
FELRR.

(i) DBE : J(u(-t) ZHIC J@) LELZEIZTD. JO) bEREE L LTLNE
LT G

ET, 0<t<TTIB)20,TBE, £ J@1) (t) =~ [quidz HD5

. t 9 _ B
(9) /0 fs (a5 dads = J(0) ~ J(1) < J(0).

Ehb. —F (d/dt)”u(-,t)“%z(sl) = Q(Ut,u)Lz(Sl) NoH

—2

[l ) 228ty — O | Gt s) e s)sacsny ds

1/2

<2 (/ [[ue(-, s ”L?(Sl)ds>
1/2
x(/o ||u(.,3)||§2(sl)ds> .

Tk (9) Hb
(I Oy = Wt O gsry)” < 470) [t sy ds
BE/EOLND. ZZTh(t): fo lu(-, s)l12, (s ds LES L, EXix

(10 (h(t) — 1(0))% < 4J(0)h(2)

LEITA.
bLud 1T OLE PBELTVDETIE, HDt<T T, EBD t€t,T)
A LT A = ul,t)] sty > lul, 0|2y = A(0) & LTEVWOT, (10) ik o
@r h(t) — h(0) < 1/4J(0) /(1) L BEXHEET, Zhhb ty<t<T T, HHEHKC
WXL T
h(t) h(0)
VO VAt ~
BV LD E LTEW (T DL T h) IXHEEOEHRLE) . ZOFRERXD»S /h(t) -
Vhlto) < Ct —to)/2 BELNT, t 1T DL & u(,,t) 1X LBEFELROI LEBHMD
BIBRETHALERELEZZEICFETS. LoT L2HERITET, #ECLY sup-/ v
LATHEBEFELZV. 3

<C

4J(0) +

O KBMNEET B L&, J(u(,t)) OFERMEND, u(-,t) D sup-/ L b TOHRMENR
EZ2NE, FFEEDN 0 IR TAENSNY, BERNHELIATHHN, ZANBELN
DNE I DEFIZIIGNORhoTz,



2.3 HEFTEH

(3) IZDWWTiE, MERAREEHETEBRET S L O ROHHESS, WICKEEREETDHLS
BB (el 2T u<0) 25222 L1I3TEDN, OIHMEICE > TROZH 2 5EL2ICHR
ETHZEEHETCHRNE ) THS. L LENCRA_ABREHEDO+IELENLEZ S
&, nlug) <0 53D J(ug) >0 L7225 X 5 RAHIEIZH T 2MBORER ST, Z 0O
BIZOWNWTONR Y ZEERIFERE 2D bDLBbiLS.

ZITIDHEDBIIONTNANAERZL THEY, BBEMLODLRMN2TZDT,
Mathematica X Maple V. Z VTV D0 EEERE L THZ. ZOHRR, nlu) <0
2 J(ug) > 0 L7225 X5 2RABMEICR T ARBITRIBEICFEEL, EFM 0 ICNKRT S
BENrY Lol 2D L, FRITRVREITRIZZRSTLEI LS THD. ZNHDHRE
DO THDZEERLTEWVDTHEN, RIEFICHETWARL.,

PUFIZESET (3) OIEL#EE KD 5 Mathematica D717 5 A (44 *E—"éﬂ’J %
) LEHERRE W OB TRL.

Mathematica 70455 A

uli_, 0, n_, m_] := u0[i/n];
ufi_, j_, n_, m_] :=
uli, j, n, m] =
If[i == 0 || i == n,
Nfufi, j - 1, n, m] +
1/m*(uli, j - 1, n, m]"2 +
n~2*(ufl, j-1, n, m] +uln-1, j-1, n, m] -
2ul0, j - 1, n, m])), 60],
N[uli, j - 1, n, m] +
1/m*(uli, j - 1, n, m]~2 + .
n"2*%(ufi +1, j-1, n, m] +uli-1, j-1, h, m] -
2uli, j - 1, n, m])), 601]1;

(u0 IEHHIE T, MOTESTERIL, [0,1] KECTRSEREHEEL AN TWS. n 3%
BSEE, 1/m i3RRaEIOBA. ERICHES TS L& m, n 2EENKHEZRWI-T
HwETEA LTSRS 20.) :

HLiTuo FEEMIZELXT

ListPlot3D[Table[uli, j, 20, 2*20~2], {j, O, 120}, {i, O, 20}],
PlotRange -> All]

RELTIEZ S 7B#»PND (OB TIILEMEFHIIREL A THEZLTNS) .
Mathematica & ¥ & Maple V O FBRIFMBFHE TOLA— -7 o —B3BXIZ< WX 5T
Hotx. :

1 OE[OBRE, MIHEE 102(1 — z)(2 — 3sinnz), HRIOF OFHAEIL max(10 —
10|z — 0.5/,0) = 2 THB. =7 L S iz 0,1 LA—BSh, BIBNT
o TR Z Sl AREOETHEATSHD.
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F—2.4

1: n<0,J >0 OFHEIZIHT B R

e PN
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