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1 F
AT, ROK S BREBHAETART 2 BHETIL (P) BEKT 3
(me— kAn+ g(n) + /(1) VO] =0 in Qr :=Qx(0,7),
) Zo(n)et — vAf — div ( (n )I‘Zzl) + 0l g-(0) 50  in Qr,
a—Z=o, 6=0 on Sr:=T x (0,T),
( (2, 0) = mo(z), 0(z,0) = bo(x) for z € Q.

CT, Q& RY (N >1) OFFEECTERRERT .= 00 2808353, T 3L
a)ﬂz*ﬁz £>0&v>0RBT3PhEOEE, 9(), af), ao(-) & R EDEZ 5N 7B,
0" > 0 WIEEE, g o)(-) 1SPAXR [—07,0"] ECEEE NIAGTRIEL, 01 g o)) &
Ii_gr00)(") DHWIT, n ZBEFR T EOSAE BRI B, no(z), 6p(z) 1REZ BN
FHIETH 5.

el (P) i3 Kobayashi-Warren-Carter %! [18, 19] D#ESMFREHEETN TH 5. 5
RARDZAF I I RACBOT, BH 0 G TR HEET. T, o 3500
RFZEHT, n=1 D& EHBAMEIRRRETNTOBIRE, n=0 D& ETIFHEEH
TVIREEZ £ T

AR R B A5, HIZIE[5, 6,7, 18, 19, 20, 21] A% 5. KT, Kobayashi
et al. [18] [&IERRIEIH O _p- - (-) HVRWZEREIFEIR 2 ST DRERKIFEFEE TV (P) 212

B L, MEBIER (n, )%}ﬁb\'cﬂﬁa‘i”ﬁbﬁz FRITCORERBIFREAF Iy J AR LIz, &
60:, [18, 19] ICBNT, Q AZEM 2 R DEFRBEIK, g(n) =n—1, ao(n) = a(n) = n?
DIZED Oli_g+ go(-) DEDZVEIEET IV (P) DMIEEBR,THh NIz,

IR, RIRE (P) OBEANEMBHINM TN TS, EBE, B o B strictly positive
T, FHHE {no, 60} € H'(Q) x HY(Q) THB & %, [9, 10] 1B T Kobayashi Warren—
Carter €7V (cf. [18]), DED I_g 4-)(-) DEAZVEIEET )L (P) DERIED TR X



Niz. ao MBIET BBE (le. op > 0) i&, FIHHE {no, 60} € H(Q) x H3(Q) T, QN
RY (1< N <3) DERFEHTH S £ ¥, Kobayashi-Warren-Carter 7V (cf. [18]) D
FARDIEEMN [11] T/RENT.

[12] IKEWTEHEET IV (P) MRBE N, B oo A strictly positive 7 5 X FIHIE
{n0, 60} € L2() x L2(Q) Z&D (P) ORFIRBMIIDEL & 1 DFET BT EAR
Eniz. (P) OEO—EMIZ, FIHHE {n,0} € H'(Q) x H}(Q) T, QA1 RITREED
BEDHIRENTND. iz, [16] Tk (P) DROEEEE 2EO—EMZ L TERL
TWa.

ARETIE, BEEETI (P) OFERERZMO—BEEX L TERT 5. KR, QB
RN (N > 1) OERFEET, B o B strictly positive THHEE, (P) IC&K DERRE
NS MEBAICHTERBNT F 57 2— o, BBRT 5. BiZ, HBREDTT Fw
DOFEOT 217 5.

2 Known results
AEEELCT, XROELEZHWS:
(1) Banach Z5ffi X D/ )V L% || ||x TEY.

(2) H:=L%Q) &L, ZORBEL /IVLE2ZNEN (), || |lg £KT. HD2DD
HOES A, B I LT, HIZH 3 Hausdorff semi-distance %2

disty (A, B) := supinf |ja — b||x
acA beB

LEEHTD. £, BEOVRLIEMEZNEN L = L°(Q), H' := H'(Q),
H} := H)(Q), H? := H*(Q) T&KY.

(3) WEIE FAEFE LB v : H » RU{oo} et LT, ZOEZEHZ D(y) = {z €
H|¢(z) <o} TEL, H TD ¢ DEMHI% 0y TRY. DED,0p & H S
oF ~DEEFRET, 2 € oy(z) THDLid

z€D(y) and (2"y—2) <¢(y) —¥(z) forall ye H

BRIETEERWS. E2, o DEHEE DOY) = {z € H| 0y(2) # 0} TEK
T, MO OEANREEIX, (3,15 BRI 5.

(4) EREZR H x H DN (-, Juxu £/ VL |- luxe ZENTN

({a1, a2}, {b1,62}) gy iy = (@1, b1) + (a2, bo),

I {ar, a2}l := /(an, a2}, {a1, a2)




CEERTS. £z, Hx HD2DDEMNES A, BICHLT, Hx HicEt3

Hausdorff semi-distance %

distgxu(A, B) := sup inf  ||{a1,a2} — {b1, ba}|arxr
{a1,02}€A {b1,b2}€B

EEET S.

A2 CT, UTZRET 5.
(Al) ap & C*(R)-FETRZE Rz LT3 !

ap > Jp on R for a positive constant dy.

(A2) o & JERME CY(R)-BIE(T, ZOEEK o 13 R L TEBRIN/-IERAERERT
o(0)=0%ZHAT LT 3.
(A3) g i¥ R ETERE Nz Lipschitz HEFRI T

g<0on (—00,0] and g>0on [1,00)

ZBlzg &L, g O Lipschitz 8% L(g) TRY. £iz, g DEFEWHEKE § TF
L, § & R LTIHEMHETHZ LT 5.

(A4) K, v, 0* BIEDFEEHKLT .
(AS) WIHAfE noe H & 6y € H ZREHIZT LTS :

0<m<lae onf) and |6y <6* ae. on Q.

CC T, Vi iEDESE %

Mo € H with 0 <ny <1ae on(,
D = ,0 ‘
{{770 o} 6o € H with |6p| < 6* a.e. on Q

CREDD. FREIC

o € H with 0 <1y <1 ae. on
Dy = 6
0 {{770’ o} 0o € H} with |6y| < 6* a.e. on

CREET B.
Ric, & (P) I 2BOEHE 252 5.

B 21.0<T <00 £93. B n:[0,7] > H & 6:[0,T] — H DM {n,0} BK
DEMfEBIZT EE, {n,0} SHHE {n,60} € D LD (P) D [0,T] LOMTHB L
ARSI



(i) n € C([0,T]; H) N W2((0,T); H) N Li5.((0,T); HY) N L,

inc((0, TJ; HQ)-
(i) 8 € C([0,T); H) nW2((0,T); H) N L2((0,T); Hy), and |6] < 6* a.e. on Qr-.
(i) ROBIBESFERNKILT S -

7'(t) — kAnn(t) + g(n(t)) + & (n(t))|VO(t)| =0 in H for ae. t€(0,T), (2.1)
TTT, =0T, Ay:D(Ay)={z€ H; £ =0ae onT} — H BHEX
AR VEREMEEEESSTIVT VTHS.

(iv) ROERFERNKILYT B -
(ao(n(t))0'(2),6(t) — 2) + v (VE(t), VO(t) — Vz)
+ / a(n(z, 1))|VO(z, )|dz < / a(n(z, 1))|V2(z)|dz 2.2)
for a.fi. t€ (0,T) and all z € H(}Qwith |z] < 6" ae. in Q.
CCT,0:=2ThH5s.
(v) 7(0) = 7o and 8(0) = 6, in H.

B% n: [0,00) —» H & 6:[0,00) » H O {n,0} H (P) DEEREETHS L1,
BEDT>0ICHLT {n,0} B (P)D0,T] LOBTHBEEZZI.

T, EHFRER (2.2) BROREARXANFETE ST LICHEET % (cf. [12, Section
3)):
ao(n(t))8'(t) + Bp(n(t);6(¢)) 50 in H for a.e. te€(0,T). (2.3)

TTT, po: HxH—-RU{oo} &

o(w; 2) :2{ %HVZH%+/Qoz(w(x))IVz(:c)ldz+/QI[_9.,9.](z(x))dx if z € Hp, (2.4)

00 otherwise

LEBENEBHTHB. PO, ZhEFND we HITHL p(w;-) : H — RU {oo}
EE TEEEMERTHS. o, z€ HIZHTS p(w;z) DHMD dp(w; z) B
EHETES. &oT, BHAREX (22) LEEAER (23) IAELZZIEHNBRICD
5.

¥/, & (P) DEBHIXILVF—I&

K n v
Fn0) = S10nlly + [ stn)dz+ 21960 + [ almiVolde + [ Io-i(0)da
K A
= §H\777||21’1 + A a(n)dz + ¢(n; 0)

THBTLICBLEFET 5.
5 (P) D% 2 DARERRN (23) NREENS T LICEBHL, (12, 16] IcBNT (P)
DFEDTFE L EFREDFHEA RS NI,



fpRR 2.2 (cf. {12, Theorem 2.2], [16, Theorem 3.1]). (A1)-(A5) Z{REL, T ZEED
EHELTE. CDLE, EE 2.1 OEKT (P) D [0,T] LOfE {n,6} bl LE 1
DEFEL, n d3REHRZT .

0<n<1 a.eonQr. (2.5)

IS, FIHAE {no,60} € D ITHAF LT WIEER Ny DEIEL, RBHAIT 3 :

sup/ F(n(r),0(r))dr < Ny. (2.6)
£>0
e, TNTNDER pe (0,11 1L, FHAME {n,60} € D ITRELERVIEER M,
PEEL, RDBKILT 5 !

“nllliz(u,oo;H) + ” \% aﬂ(n)elniz(u,oo;H) + SUP]:(U(t), G(t)) < MH' (27)
t2p :

(P) DED—EHICDNTIE, [16] TUTOLIICEREINT VS

a8 2.3 (cf. [16, Theorem 2.2]). (A1)~(A4) Z{KEL, Q OZERXTIE 1 THB LT
. TOLE, EEDOFHME {no, 00} € Do lcxt LiniE 2.2 THRLNIz (P) DR {n, 0}
T—EThH5.

Ol(_g~ g)(-) DEDENFEERIFEEEET IV (P) DED—EME [10, Theorem 2.2] I
BT 2.3 LRBRZRED N CRENT. OI_g-o+(0) 1 0 ICBIL THIFZ DT, [10,
ﬂmmmzmtﬁ&&%ﬁw;b,ﬁ%23%ﬁ?:aﬁ?%%.ﬁ&,gwmﬁﬁz
Llk, %721, ¥IHE {no, 60} ¢ Do DA, (P) DRO—BEMILREN TR, B
ag(n) W n IHRTEL T3 128 G»@%@—a&%Ttwu#%k@%T%é L
L, ap WIEEBBEIRE 5L, QbRﬂuvzn®ﬁﬁﬁﬁf% PIERME {no,60} € D
T, (P) DMO—EBMEEBHITRT LN TES.

R, Rt — oo D& ZDORIE (P) DEDEHRAZEENC DV TIENS.

#ARA 2.4 (cf. [16, Theorem 4.1]). (A1)-(A5) ZREL, {n,0} % (P) DORRIABRL T
2. TLTC, t—o0 DEZD {n(t),0(t)} D w-IEBEEE w(n,0) £95, DED

n(ty) — € in H, 0(t,) — ¢ in H }

for some t,, with t, T oo

w(n, 0) := {{EC}GHXH

5.::? &ﬂi@)@%%%@%AT%%

E/z, [16] Tld BE g DRRIGBEEERL, LUITOX S % (P) OEO#EHRIZLEN
ZRLUIz:



#pR& 2.5 (cf. [16, Theorem 4.2]). (A1)-(A5), KU,
g<0on[0,1), g¢(1)=g(1)=0 (2.8)

BIRETS. £z, {n,0} % (P) OEREORMAEMELTS. CDLE, {1,0} & (P)
D—EEEMRT

nt) — 1in H, 6(t) —0in Hy as t— o0 (2.9)
Lixd. iz, POR (2.9) ZHHAE {n, 0} € D ICEALT—HTH 5.

3 (P) K& YERTNESMELBITHNTZT M52~

COETIE, 757 E—DIEH SRIE (P) DEERENREEET 5. MmE 2.2,2.3
L&D, G {no, 00} € D %D (P) DREIKBBOFEIIRE N, —EERIR
HEhTWEWT LICHEETS. -7, AHTIREO—EMZ LT (P) IIHY 5 KE
W7 bS50 2—%ERT5. DD, (P)ICEKDEREINZMEFHIHTET RS
R—RRERT 5.

T, (P) DEMMERAZEDKE {S(t)}iso TRY. DFED, THEND t >0 ITX
L, SERIERE S(t) XERDOYIAM {no, 00} € D ICH LRDESZHISTES !

n(0) = 10, 6(0) = 6o, n(t) = 2, 6(t) = w } |

SOt fo} = {{Z’“’} €D | vz (P) ORMIAER (1,0} PEET B

T T T, (P) OREKIEMIIRD Translation invariance & Concatenation invariance
OMBREDTLICEET S:

(i) (Translation invariance) {n,0} % (P) DRI RBELL, 1>0L9%. TDLE,
77(t) == n(r +t) and 67(t) :=0(7 +1) for t € [0,00)
LEBTBE, {1,07) & (P) DREIKEEL 155,
(ii) (Concatenation invariance) {m,6:}, {m, 6.} %Z
n2(0) = mi(7) and 65(0) = 6,(r) for some 7 > 0
L% (P) OREIAEME T 5. Eiz, B 7 TO {1,601} & {m,0:} D concate-

nation %
_ m(t) if t € [0,7],
) = { ma(t — 1) ift € (1, 00),

O(t — 1) ift € (7,00)
CEETD. TOEE {n6}d (P) ORREIREMLZS.

o(t) = { 6,(t) if t € [0, 7],



EEORE (1), (i) ZEERT S &, HSMTRARK D ILD:
(S1) S(0) = I (The identity) on D.
(52) S(t+ s){no, 00} = S(t) (S(s){mo, 6o}), V{mo,b0} € D, Vs, € [0, 00).

BT, {S()}imo & D LOSMERTH BT LADN B,
X7z, SO, -} ERD K S 7% closedness Z & D.

*ﬁELE 3.1. t,,t € [0,00) with t, — t, {770”,90”} €D, {7](),90} € D with ng, — no in H,
Oon — g in H (asn — o00) EIRETS. £7z, n— 00 DEE {z,, wn} € S(tn){N0n, bon}
W& {z,w} i< Hx H DMHETINRTSE95. TDEZE, {2,w}e St){n, b} £7&%5.

AERA. ¢, — t (asn — 00) ’KDT, —HEEEKS T %L, ¢, t, €0,T](neN) ki
BEFREERE T > 0 BAFEIET B LIREL T
{20, wn} € S(ta){N0n, Oon} EDT,

nn(tn) = Zn, on(tn) = Wy, 7771(0) = Non 9n(0) = Oon (31)

&7x% (P) ORRKIEAR {n,, 0.} DEET .
o, i 22 D (2.7) &b, FEDOFEH pe (0,1] iIcxtL, #HAE {non,b0.} € D IC
HBEFLIRWIEER M, DWEEL

”n::”QLQ(;L,oo,H) + ” V 060(7771)9;1”%2(;1,00;1{) + igp ‘F(nn(t)7 gn(t)) =< MH
>u

£7%%. TDLE, (12, Section 5| TOEEkZHEMICE D, DX D, p BT B 5AEH
EICK D, ny — oo (as k — 00),

M, — 0 in C([0,T];H), 6, —0 inC(0,T);H) ask— (3.2)

LIxBEAF {ni} C {n} LB e C([0,T); H) N WEX(0,T); H) N L2((0,T); HY) N

loc
L2.((0,T); H?), 6 € C([0,T]; HY n W22((0,T); H) N L2.((0, T); HY) WMEET 5. HIC,

loc loc
{n,0} IHIHHUE {no,00} € D 2D (P) DEFIKIEAR L 1525 T LHBFBICHODB.
T, z=nqt),w=10() THBT &, DE, {z,w}e S{t){m, b} THBILER

Y. e ZEBDOEERLTB L, neC(0,T);H), t,, —task — oo EDT,

€
17(tn) =0l < 5, VE 2 Kie (3.3)
EZBES K. € N DWEET 5.
—7, (3.2) "5 .
17 = nlleo,mim) < 3’ Vk > Ky (3.4)
LRBHET Ky € N DFEET 3.
i, Zn, — zin H as k — oo ZDT,
“Z - anHH < E, Vk > K3E (35)



LxBEE K. c N BEETS. /o7, (3.1)-(35) oA TEAS !

lz—nt)le <z = znllg + llzne — 2t )l + In(ta,) — n(t) ||
= ||z = Zn, ||z + e (tni) — D(tn )|l + 10(tne) — () ||
<z = znll# + Iy, — Mlleqo.mimy + [0(tn,) — 0l

E € €
<tyiyio Vk > Kie + Koo + K.
_3+3+3 £, 2 Ky + Ko + K3

e BEEADT, FILD 2 = n(t) THETLhbhb. iz, ARTHERCLD
w=0(t) LEBDT, {z,w} € St){n, b0} £XB. ¥>T, WEs.1 Wz O

Remark 3.2. #&E 3.11ckb, ThFhDt>0IcxL, SMEIERAR S@t){.,-} & D
LT R EGETHZ T ENBRIChL B, PHEEGEHOERPCHEEICEAL T, (1, 4]
ZBRY 5.

B, UTOXS RS M¥EE {S(t)}iso DHEEMRD D.
8 3.3. (A1)-(A5) ZRET B. TDLE, RHBKILTS:

(i) ENTNDOER pe (0,1 LT, F(n(t),0(t) EEBED t > p & (P) DEE
DfE {n(t),0(t)} € SE)D CHLTERTHS.

(i) ReBi=d 2235 MRS By(C D) HNEET S

sup F(z,w)<oo and S(t)DC By forallt>1. (3.6)
{z,w}€By

AERA. FHERR (2.7) & (P) ODEEORREIKIEAR {n,0} I LTHD LD, £z, (27) D
EE M, \ZHIEUE {no, 00} € D ITHKIELEWVWT ICEET 3. o7, Fik (1) & (2.7)
MEHES.

R (i) BRY. EBE, By :=conv(S(1)D) EThEKW. TTT, conv(- )ik ()
DYAD H x H MifICBT 2T Z KT .

ET, Q) Tu=1LT3L

sup F(z,w) < M
{zw}eS(1)D

EixBDT, SA)D & Hx H THNAVIRI +TH3B. #o5T, Byld HxH TaYv
NI FREETHS.

TTT, (25) & 0 DFH (cf. 8lj=ge () DD, EED t>0XfL S)DC D &
BB EICEETS. /- T, ¥HOME (S2) 5

S(t+1)D = 8(1)S(t)D C S1)D C By, Vt>0

£ixh, (3.6) BT S, UEKD, EIE (i) HDIID. O



ST, AROEEHZIRND.

T 3.4 ((P) DRIKIT b5 7 X—DFHE). (Al)-(Ad) BRET 3. COLE, NF
Bz D OWIEE oo WEET S

(i) Do \& Hx HDZETRNAVINT NERDEETHS ;
(i) TNTNDER ¢ >0 ICxf LT,
distyxa(S(t){z,w}, &) <& for all {z,w} € D and t > T,

EiEB T >0DEET S,

(iii) S(t) oo = Ay for any t > 0.

EHE 3.4 D (1)—(iii) DEILT B L &, o BEMERE {S() iz WCHFT B KK T T
TR RE KRBT 50 2— o, WFEETEE5IE, HEMIC o, 3—ET
b5,

REHE 8.4 OOFERH. #HE 3.1, 3.3 BEET B L, [8, 23] LRABATEICK D BMEEE {S(t)}iso
WG BRENT T 72— o, ZRERTZTENTES. KB, o1&

oo = [ |J St)Bo (3.7)
s>0t>s

THEZXH6MNB. TTT, By 3#E 33 D (i) TASNIZIAV /T MRINEESTH 5.

Babin [2] %> Melnik and Valero [22] {& multivalued semiflow (&3 %Kiy b5 2
2—DOMSERZBUCHERL T35, /o T, 2, 22) DHIZ#HEGHTNE, (P) Iid 3
7RSO Z—RHERT BT LIETES. LALERD, i 2, 22] TERENET k
T 72— —fRAIC multivalued semiflow IZ5f U semi-invariant (cf. (3.14)) TH 3. £
Tz, Mgk [22)1CBIT BT bS50 2 —DRBAEZ, (3.7) £BEB. itoT, £E A
WEMHFEE {S()}eno KT BIREHT bT 72— 22T R2HRICT 3720, A
FEH 3.4 D (1)-(iil) ZWiz9 T & 2T TRY.

(P) DR EIRBAEDEEIE (of. M 2.2) & By DAY RT MMELS, BHEMT o, X
H x H DZETERWIA IR MRRERETHS. o T, EH 3.4 D (i) 3T 5.

RIC (i) ZRY. By 3BNEREZDT

distgx g (S(t)Bo, Zoo) — 0 ast — oo (3.8)

ZadiE k.
HHIRICKD (3.8) BIRY. £8 o, & By B EDIHRVERET S &,

Hzn, wa} = {2, 9} gm 2 00, V{z,y} € o (3.9)



10

CIRBEE 09 > 0 &5 {t,} C [0,00) with t, > n, {{Non,00n}} C Bo» {{zn, wn}} C
H x H with {z,,w,} € S(tz){Non, bon} DEET 5.
By & Hx HDaV)Xy NRIEEREDT, (3.6) b

S(t)By C By, Vt2>1
5. -7,
{{zn,wn} € H x H ; {20, wn} € S(ta){Mon, Oon}, n=1,2,---}
X Hx H THHIVI FTHB. £oT, np — oo (as k — ),
{zn;, Wn, } = {z,w} M HxH ask — o0

L B8535 {ny} C {n} &JC {2,w} € H x H BFET %.
{204 Wy } € S(tng){Moner Oons }» {{7ons» Oomi }} € Bo EDT, Aoy DEE (3.7) N5

{z,w} € 2y

&ih, (39) IKFETS. oT, o AV NRT FMRINES B, 251 EDFBDT,
EH 3.4 D (ii) B D ILD.

RBIC (i) 279, £9, FBDt > 0L o C S{t)d THBH T LZRT.
{z,w} #Z o, DEEDITLT B L,

t, Too and {z,,w,} — {z,w} in HXx H asn — o0 (3.10)

L7535 {t,} C [0,00), {{flon,00n}} C Bo, {{zn,wa}} C H x H with {z,,w,} €
S(tn){’f)on,eon} ?J‘T?Tf?‘% CCT, Bo Gi

S(T)Bo C By, Vr>1 (3..11)

%% Hx HDAVINY MERIGRDESTH A LICHERT 5.
BEDt>0lcHL, FHOMHE (S2) 5

{zn,w,} € S(t)S(t, — t){Non,0n} foranyn e N witht,>t+1

L’x3DT,
{20, wn} € S(t){Zn, Wn} (3.12)

L7537 {Z,, Wn} € S(tn — t){Non, O0n} DEETSH. TOEE, (3.11) 5
%5 {{Z,, ) € Hx H; ne Nwitht, >t+1} & Hx H TH®&a>/,\7 b+
THBHTLHOMBDT, np— oo (as k — ),

{ZoyWn,} = {Z,w} in Hx H ask — o0 (3.13)



LR BEAF {n} C {n} T {3, W) € Hx H BDEETSD. TDLE, o, DES (3.7)
MHILMNC {Z,0) € o £755.
IS, #HE 3.1 & (3.10)-(3.13) &b WRESBHNUL {n,} DERFIEL BT LITED),

{z,w} € S(t){z, w}
Lib. #oT, {2,w) € S{t)d LEBHDT
oy C S(t) oo, V>0 (3.14)

ZZ5B.
R, EED t > 01K L S(t) e C oo THBHT EHERT. (3.14) KOEED >0
XL
S(t) o C St)(S(T) o) = S(t + 7)Ao, ¥7 >0 (3.15)

L%,
XC, {20} ® S(t) o DEEDTETBE, (3.15) &b

{z,w} € S(t + 7,){2n, wn}

&7 B3| {r,} C [0,00) with 7, > n & {{2z,,wn}} C oo DEHET . o DESE (3.7)
MHHHLMC o C By DT, EH 3.4 D (i) H 5

{z,w} €
x5, o7,
S(t) oo C Do for any ¢t > 0
ZZ%. YEXD, EH 3.4 D (i) HHES. O

4 (P) INTBKENT bS50 2—D%EOF

HIEIC BT (P) IS 2 KEHIT b5 02— o, DFEEZRLIZ. Lh L, fRIEH
£ S(t) FZZMHERDT, FED t>0 & {z,w} € DIIHL S@t){z,w} DEETHBC
LRI DIINRETHS. > T, doo DEEEICOVTIIRINTVANZ LICHEE
9 5.

COETE, (P)ICHTEIRENT MU 22— o, DRI EITS. TDR, I
R Allen-Cahn 85X (AC) & 2 %:

u — kAu+g(u) =0 in Qr =Q x (0,7),
(AC) 59—”-:0 on Xr =T x (0,T),

on
u(z,0) = up(z) for z € Q.
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T T T, (AC) D¥IHHEDEE %R
D, = {u0|u0€Hwith0§u0§1a.e. onQ}

LEETB.
RiC, (AC) DEDERZEZ 5.

EFE41.0<T <o &l, weD, £T5. B u:[0,T) » H BROFEHSZ2H=T
Y|y (SHHE uo € D, D (AC) O [0,T] FORTHB LS :

(i) u € C([0,T); H) NW2((0, T); H) N Li5,((0,T); H') N L,.((0, T); H?).
(i) ROBYREFAEADKILYT 5:
u'(t) — kAnu(t) + g(u(t)) =0 in H forae. te (0,T). (4.1)
CCT, v=%Tb5.
(iii) u(0) = up in H.

REEK uw: [0,00) = H B (AC) DR KRB THS LI, HEDT>0ICHLT u M
(AC) D [0,T] LofgTHB LE=ZNS.

RIT, (AC) DFEDELE « —BHIT DV THNS.

R 4.2 (cf. [3,13]). (A3) ZREL, T ZEEDEHELTS. CDLE, EED u € D,
IHtL, (AC) D [0,T) LOfE u H—BEICFEL

0<u<l aeonQ@Qr (4.2)

i, HIT, FHHE uw e D, WHKAELEWVES No BMFELT

t+1 _
sup/ [Vu(r)||4dr < Ny (4.3)
t>0 Jt
75“5@ D, Ffe, FNFNOER pe (0,1) iCx L, FHAH uo € D, IHKEFLIEWE
B M, WEELT, RARDILID:

141122 000y + sup IVu@)|} < M, (4.4)
>u

AEEA. JERIERETERIER (of. [3,13) Z@ATA I Lickh, AFBIC (AC) D [0,T] £
DR u N—BICTEET BT bbb, iz, (2.5)-(2.7) LERZERICKD, (4.2)-(4.4)
BRTENTES. EBE, HFRME (4.2) ICBAL Tl [10, Proposition 3.1] %2, (4.3)—(4.4)
DFFEAICEE L Tl [13, Corollarys 1 and 2] % [16, Theorem 3.1] 2289 5. O



iR 4.2 12X D, (AC) DEEREDE {U(t) hiso BEBT B ENTES. ERE, 7
NTho t>0lkcl, —ERIEREZE U®): D, — D, %

U(t)ug = u(t), wup € D, (4.5)

LHEET S, TTT, uldWHE u € D, 2ED (AC) DEEIRE—EMTH 5. HI5
CTT, B A{U() o KT BKBHIT N T 7 Z—DEFEIC DV THRNRS.

B3 4.3 (cf. [13, Theorem 4.1]). (A3) ZRET 5. TDE& ¥, XE#HT D, OIS
B o, WEET S :

(i) Z & H DZETHEVIAVINY NSRBI EETHS
(i) TNTNDER e >0 IHLT,
disty(U(t)z, ) < e forallze D, andt > T.
x5 T, >0 WMEET S,
(iti) U(t)d. = &, for any t > 0.

AbHH. e 4.21CK D, (AC) R—EMEEDDT {U(t)}iso & D, LO—IiEEETH .
(4.2)-(4.4) DEEITED, (AC) K LT b5 7 Z—D—G (cf. [8, 13, 23]) ZEHEHE
AT ENTEBDT, {Ut) o KT BRIBNT N5 2— o, ZHERT 2T LN
TES. B, B, :=conv (U(1)D.) & H DIAVT M ERIERDES LR B DT (cf.
A8 3.3, (ii)), {U(t)}in0 WCNTBKRIBT b5 7 X — o, 1&

A, = ﬂ U U(t)B.
s>0t>s

TEz26N1%. O

T, BH 34 TRt (P) DKENT N5 7 & — of,, DRFHICDOVTHRNS.

EE 4.4. (A1)-(A4) BZREL, o, BEH 3.4 TAONT (P) DKEBHT +5 7 %—
£9%. &z, o ZHE L3 TALN (AC) DREBMT7 hS 2 2—Ld%. Dk
T, d.ox {0} C A %D, BT, oy BIEEHERTHBETB, DFED ap=c for
some constant co > 0 LARET B & o, = o, x {0} L755.

EHE 4.5. (A1)-(A4), (2.8) ZIKEL, o, ZFEH 8.4 TZENT (P) DKEAT +5
72—-L95B. Fiz, o BHE L3 TAbNK (AC) DXEBMT bS50 2—L35%. T
DEE, o ={1}, =2 x{0}={1} x {0} £%5.

B 4.4 RS 2% E LT, ROMWELPHAET 3.

13
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B 4.6. B 44 ORERITRTURETS. £z, T ZEEOEHEL, {0} % (P)
DHEEDHEARERELTS. TOLE,

T
/ |VO(t + s)||4ds — 0  as t — o0 (4.6)
0

iz, iz, IGR (4.6) ZEEDHHE {n,60} € D ICELT—HKRTHS.

AR, WHEEICKD (4.6) ZRT. (4.6) BHILLEWVWERET S L, HBIEERK 00 > 0
il

T
/ V8, (£ + 5)|[Bds > o (4.7)
0

L% (P) OBRIKBAEDI {{n,,0,}} ERREFI {t.} C [0,00) with t, > n (n =
1,2,---) DMFEIEYS 5.

T T T, (P) DFEDTHLRIER (cf. (2.7)) ZEET B L, {1, 00} SHHUE {10, b0n} €
Do 25D (P) OBAAEM TH S LIREL TXW. £, {{non,0o0n}} (& H' x Hj T
EARATHZLFEELTHLEOVDT (cf. (2.7)),

Nom — Mo Weakly in H' and weakly* in L™ as n — oo,

0o, — 6y weakly in H& and weakly* in L* as n — oo

&7%% {m, 0} € Dy DEIETS. TDEE, [12, Section 5] & [FIBREHFRICK D, np — o0
as k — oo, MDD, FEDKR T > 0IxL

M, — 0 in C([0,T); H), in L*(0,T; H'), weakly in L*(0,T; H?),
weakly in W12(0,T; H), weakly* in L*=(0,T; H'),
and weakly* in L>®(Qr) as k — oo,

0., — 0 in C([0,T); H), in L*(0,T; H}), weakly in W4%(0,T; H),
weakly* in L*(0,T; H}) and weakly* in L®(Qr) ask — o0
LB F {ny} € {n} LHIHHE {no,60} € Do 26D (P) DRFEKIESR {n, 0} HDEFEE
$3. FBMC n € C([0, T); HY)nW2(0, T; H)NL2(0, T; H)NL*(0, T; H)N L™(Qr),
6 € WH2(0,T; H)N L®(0,T; H}) N L*(Qr) TH 5.
1/2
€T, cke< (@) LuBEROEHLTS. COLE, ME24 KD

(4.8)

lo@t)||lg <e forallt>T, (4.9)
LixBEREM T, >0 DEETS. £k, (4.8) &b

sup ||0,,(7) — 0(7)|lw <&, Vk=K. (4.10)
]

7€[0,Te

Lix%HES K. e N BEHET 5.
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CCTT, o FIEEHERTH S LT B, DED, ay = ¢ for some constant ¢, > 0 &
RET . {1, 00, } & (P) DREEIREIRZ DT, ROFERDKD IO (cf. (2.3)):

(009;% (T)7 enlc (T) - U) + @(nnk (T); enk(T)) < W(nnk (); U)
for a.e. 7> 0 and any v € H}

EOFRERCBNTov=02893L
CO d ||9n I + @M, (7); 65, (7)) <0 forae 7>0

&ix307T, T Lc_Bab'C 5,8 (0<s<t) LTHEPTS&

¢ t %
SO+ [ o 7180, < Shen 91y (411)
forany 0 <s<t

ZAB. P2 T, (4.11) 25 ||0,, ()| EFERE ¢ > 0 ICBIL TIEEINTH B C EHhH
5. XoT, (4.9)-(4.10) 5

16 )l < 110, (T2) |2
< sup ||0n, (1) = O(7)lle + 10(T2)l|

7€[0,T¢]

< 2¢, Vi > T,, Vk > K,
LIZBDT, t, >T. LABIHAERES k (> K.) IKHLT
[10n, ()| < 26 (4.12)

Lix5.
CCT, (412) ZRITHREDINZ {t,,} £ T 5. (4.11) BV, s=t,,, t =t +T
b IR

o ) tn,+T Co )
5 16 (tn, + T3 + / P (7); O (1))AT < (16 (B [ (4.13)

tng
&5, /oT, (24), (4.12), (4.13) »5, ¢ >T ERBTNRELRES k(> K)
LT

4(30 2 0o

/ V60, + )pds < 202 < 2 (4.14)

ZAB. THUX (A7) KFETSB. £oT, (46) fa\ﬁ)ua“%. O

fRE 4.7. TH 4.4 ORMHEINTRET S, £z, T 2EBOFRETS. TOL ¥,
EEDEH e >0 lcxf L, KABILT B & 5 HBERT t* = t*(T,¢) > 1 BFEET S :
sup. In(r +8) =U(r)n(t)lla < e
T7€[0,T (415)
for allt > t* and all global (in time) solutions {n,0} to (P).
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AFHH. WHEEICKD (4.15) BRT. (4.15) BBOILAWERET S L, HHEER 0 >0
i L

Sup |7 (7 + tn) — U(T)ma(ta)lln 2 €0 (4.16)
7€[0,T]

5% (P) OBRKREBOT {{n,,0,}} LRERIDHI {t,} C [0,00) with ¢, > n (n =
1,2,---) BMEET 5.

BREOFME (2.5) & (2.7) &9, {n(tn) ; n=1,2,---} i& H THWNIYI\I FTH
5T Ehbhd. -T, np w0ask—o00 T

T (tn,) — 7o in H, weakly in H' and weakly* in L™ as k — 00 (4.17)

L BEHT {ng} C {n} LI T € D, BEET 5.
ZTT, UTO2DO0#EREZEZ S :

{ Uy, (7) = KANUn, (7) + (tn, (7)) =0 in H forae. 7€ (0,7), (4.18)
unk(o) = nnk(tnk) in H,
{ o (7) —fANU(T) +g(u(r)) =0 in H for a.e. 7€ (0,T), (4.19)

TDEE, (4.17) KERT DL, BOPGREHE (cf. [14, Section 2.7]) & D (4.18) DfE
Up, V& (4.19) DR u I

sup ||tn, (1) —u(7)]|lg — 0 ask — o0 (4.20)
T€[0,T}

DEHKTINRT 5.
Xic, (P) D% 1 OFRR
Ty (T) = KANT, (T) + 9(00, (7)) + &' (M0, (7)) VO, (7)] =0 in H
for a.e. 7> 0, (4.21)
Nni (0) = Nom,, in H
BEZD., TODEE, (419) & (4.21) »5

1d
S W (7 + tay) = W + KV (7 + ta,) = Vu(l

IA

L)1, (T + tn) — u('r)”% (4.22)
H (Mg, (T + N VO, (T + En, )]s M (T + a,) — (7))

forae. 7>0

£ix%. TTT, o() DEFE (f (A2)) & (4.22) H5

d
_d;”n"k(T + tnk) - U(T)”%{
< (2L(g) + D1y (T + tn,) — u(M% + Car|| VO (T + ta ) IIH (4.23)

forae. 7>0



£%%. TTT, Cyu i o/ () ICHKIFET BIEEHTHB. (4.23) IC Gronwall-type FEX
Z#EHT 5 &

SUD M, (T + t,) — u(7)|%
7€[0,T]

T (4.24)
< N (i (1)~ olly +Cor [ 196,07 + bl
0
ZA%. FHRE 4.6 DIANS (cf. (4.14)), HEDFH o KL,
T
/ VO, (7 + to)|%dT < o for sufficient large k € N
0
LIRBDT, (4.17) & (4.24) H5
SUP ||, (T + b)) —u(T)|| — 0  as k — oo (4.25)
7€(0,T]
E7xB. HoT, (4.20) & (4.25) H5
SUP ||, (T + tny) — Un, (T)]|5 — 0 as k — oo
7€[0,T)
Y755 U (1) = U(T)ny(t,) THBDT, THiF (4.16) KFETS. £oT, (4.15)
D IID. O

M 4.4 DR, £9 o x {0} C o BRY. {£,0} & o x {0} DEBDTET B L
U(t,)non — € in H asn — oo (4.26)

L7235 {non} C B.(C D) &5 {t,} C [0,00) with t, >n (n=1,2,---) BFET 3.
CTT, EED t>01ENL n,(t) :=U(t)mn 8L E, 1, &

Tn(t) — KANTR () + g(0.(8)) + &/ (7. (t))|VO| = 0 in H for ae. ¢ > 0,
: (4.27)
7.(0) = 1o, in H
BHITLICHEETS. Fi, 01
0v(n,(t);0)>0 in H forae. t>0 (4.28)

ZHBIZTDT, 0 3ARK (23) OEHMTH BT LICLEETS. o7, (427) &
(4.28) &0, {m(t),0} = {U(t)70n, 0} (EHITHAME {n9s,0} € Dy %D (P) DEERIKIIR
EHRIZTTEINTEBDT,

S(tn){n0n> 0} > {U(tn)nOnv 0}

L7x%.
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HBEDME (S2) DD, S(ta){Non, 0} = S(tx — 1)S(1){non, 0} EEBDT,
{U(tn)nﬁmo} € S(tn - 1){ﬁmén} and {ﬁmén} € 5(1){770n,0}

L1235 {{fi,,00}} C B VEETS. > T, (3.7), (4.26) 5

{€,0} € o = [ S(1)Bo

s>0t>s

LBDT, o, x {0} C o PEDILD.

RIS o C o x {0} BRY. ZDIH, o REEBERTHR LTS, DD,
oy = o for some constant co > 0 LRET . TDLE, (P) ORI AR —ETH
3T LICHEET 5.

{£,¢} # o, DEEDTTLT R L, d DEE 37) 15

S(tn){n0m 6071} - {éa C} in Hx Hasn— o0 (429)

L1535 {{non,Bon}} C Bo & {tn} C [0,00) with t, > (n=1,2,--") MNEETS. C
TT, EEDt > 011K {1(2),0.(1)} := S(t){non, on} EBL.
e REBEDOEEHEL TS CDL¥E, FHE 4.6 DIAFD (4.12) KD

Hg’n(tn)”H <€, Vn 2 Nle
7 BES N, e NHWEETS. -7, (429) 5
(=0 inH (4.30)

THBT LADhB.
o, 1 (AC) DRIEHT F 55 Z—1DT, £>0 IKHL

dist g (U(7)ug, #) < 7 for all ug € Dy and 7 2 79 (4.31)

Wi m

8&5@5&%@ To = 7'0(5) >0 h‘ﬁﬁ—g‘é.
iz, (429) &b

‘.E'n = tn—70207 VnZN2E,
(4.32)

~ €
”nn(tn + TO) - £||H < 57 Vn > N2e

LiRBEE N, € NDWEETS. COLE, n> Ny LERBEBDES n iIHLT
T(ty) € D, EDT, (4.31) &b

dist g (U (70) 1 (tn), #4) < Vn > Ny, (4.33)

£
37
Lix5.



CCTC, T=7 ELTHE4T ZBAT 5L, BE n IKIELERVEE t* = t*(r0,¢) >

1 B EFEL

vt > t* (4.34)

SUp.[ln(r + 1) = Ul (8) 1 < 3,

7€[0,70)

£7%%. TOLE, ¢ ITHL

~

=ty — 70 2 t*) Vn > N3e

E7xBES N3 € N DFEETBDT, (4.34) &b

sup “nn(T +'t;) - U(T)nn(?n)HH <55 Vn2> N (4.35)

T€[0,70]

Lixs.
> T, (4.32)-(4.35) &b

distz(§, 2) < 1€ = (70 + E)llar + (190 (70 +1a) = U (70)m (E) 1 &

+diStH(U(TO)77n(tvn)> )

g £
<= 5 5= >N5 Ne
_3+3+3 €, Vn > Ny + N;

LixBDT
£, (4.36)
ZA%B. 2T, (4.30) & (4.36) IS {£,¢} = {£,0} € o x {0} BEDOILDDT,
o, C A, x {0} ZZ 5.
EXD, FEH 4.4 DEOILD. O

TEH 4.5 DFERA. RE 2.5 (cf. [16, Theorem 4.2]) ICBWT, KHlk g DBE, HO—
EAZLT (P) OMEREENZ 5NTVAS. EE, (2.8) ZIREL, {6} % (P) D
EEORRIKERL T 5L, {1,0} & (P) D—EETHET

n(t) — 1in H?, 6(t) — 0in H as t— oo (4.37)

&xb, UK (4.37) IZFIHHE {no,60} € D ICEAL T—HETH 5.
CDEE, (4.37) KDHALMNC, o, DEEDTT {¢ ¢} &

E=1inH, (=0inH
&ED, d,={1} LixB. ¥>T, o = x {0} = {1} x {0} ZZ 5. O
Remark 4.8. oy DIEEHBEHTHZ L &, iz, g() DREAIZEE (f. (2.8)) THB
L&, (P) DRET bS50 22— o, % (AC) DT b T Z— o, ZRVTEMITS

TEMNTER. LU, ZNLNDIBE, o, OBEIC DO TIZERSEZE D TRRRT
b5,
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