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1 K

TOTATHRRT 47 RAE, BEREZOHCHB HAEERICX VEANEBRT 2 AT LTH
D, MRS FE— X =72 E OHAD LS WEM R ZF B 2R T, B, ZOMNERON AL
ERELEMEIEZ PR Y HVRMOMENBRATH S, b Ra D IV RIGIIHEKREROES) % i
L, MHEMEHLZSSERPHBEZRYIETZeAHLNTED, ZOXRKOHEIZL2ADS 27
LDFENCED 206 TH 5. REOFERMFIHEZ A LF -2 K DFHEiE N 228, ZHLF—D
RIS 2 ¥ ORUER R FESH WSS,

AT, BEZALXF—DBAREZEHNT 2. ZOHGRCESE, MPEER D> TV HE
T, REaDFEAT ZMESLRMAOEFEEER L, AT DR BEAINREES 5.
2 [IEERE

QWO M ERTHARM 2 = 2, k=1,...,N BMEZMET 2 LF—1F, RIFEOREE%EF
D L% e O D(e) ZBR\W e, UTOHBD TERSINS:

F=/ Vé(z,y)Pdady. (1)
Q\D(e)

Miyazako 5%, BLAAE ¢ DEERT VO v VEEAL, HEZ) - OEEEHWTK 1(A) T
RIS TIIAF—2FMH LI [1]. LaL, BF Y2 2 VD log 75 > F 2T 2729,
PR 2 HUNRINDEN D 5. COMBEREZRT 270, ZALF—0EAREZELT 5.

3 FERR #EMIxILF—0BEAN

K (1) TERINDZTZHIAF— F I, Bz, CHAM»S Q NOFEMER w = g(2) ZFAVWTL,
TTtHEzZHNB

N
F = —2772%3 loge+2nFy + Fy, + O(eloge), (2)
k=1
N N N N
Fi= " (qf —2qk) loglg'(z1)| + > GiIm[R(z)] + Y Y quaiIm[G 2k, 21)], (3)
k=1 k=1 k=1 1%k
F"/‘y%d2d5+4 log|'(0) (4)
= s .
! p|9'(2)

22T, 6L R, R, BUTFOES 252503,

Gz, 2) = —illog(= — 24) + log(1 — 2475)] — 5, R(zk) = —ilog(1 — 275) = 5. (5)

K (2) OF—IEIPERE 2 IFKIEE S, FHIHD Fy 138K 2, OBIHKIFET 5. 207k, TrL
¥ —DRELDIRICIE, Fy ZEELTIUZREL.
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A

1. (A) BOOE (B) FI5 0% - 7 RO KRR ¢ FORBEEE. (C)lenaga 525 T4 U7z FLBIRIG & o L.

4 FERXRER: Quadrature domain IC&H1F 3 REEL

BiEFEE e LT, lenaga b &%, MEOMHEEDZD o7 K 5 iR BHBUTHE 2 RIGAEDEE 21T
5 [2]. Ienaga &3 RKaMIEERE O FUOMEREO LLPIREtRZ FHIL 72, B2 6 20 X 5 72
ANDOFEMAEBZE, BEAHNIZIE Quadrature domain TX ELEIEN S Z 2 PHISRTWS @

a* —1 z
g(z)_az_a+1'a2_22‘ (6)
D E, BIRFETOMEIE 2 = s LT, =1L X— F; BRLTFD LS5 IZfFicidiiah 3.
1 3 3
Fy = — log[2s(1 - s*)] — T logg/(s)] — § log |9/ ()] (7)
COIFLF—DOMfEZERD 2 L, REGMEIZLT ¢ BT 2Z2HEAOME LTHsI 5 :
po(t) = t* +18a%3 + 5(a* — 1)t? —18a*t —a* =0, t=s% (8)

1(B) 12, M=o b o MBUCE T Mo flZzrRd. ZAZHWT, K1(C) TRIT L1,
Ienaga &3 FTHE U 7 ARG Z2 BUAHNCIRGEES 5 & L D3ATREIC /R o Tz

HEE AR, HAZMIRE RO & (JP24KJ0041), BH#FE (JP23H00086,
JP23H04406) D% 32ZF7bDTH 5.

BENW

[1] H. Miyazako and T. Nara. Explicit calculation method for cell alignment in non-circular
geometries. R. Soc. Open Sci., Vol. 9, No. 1, p. 211663, January 2022.

[2] R. Ienaga, K. Beppu, and Y. T. Maeda. Geometric confinement guides topological defect

pairings and emergent flow in nematic cell populations. Soft Matter, Vol. 19, No. 26, pp.
5016-5028, July 2023.
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Numerical calculations of stability of stationary solutions
for a phase field
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17 2—X7 4 —LRETIL

TPt :d¢xx+(p_@3+2u in (071) X (0700)7

14
(PFM; (0, 1)) Uy + §<pt = Klgy in (0,1) x (0,00), (1)

©2(0,1) = o (1,8) =0, us(0,8) =uy(1,¢) =0 in (0,00), (2)

¢(x,0) = po(z), u(z,0)=wuo(z) in (0,1)
DEFRDELEMWIZOVTHBIENEZE LR 2175, ZDE T /VIIEFRZEAR & 1RIKICEE 3 2 HIRR R
WHEHET 2HEETLTHS. 22T, o= <p( ), u=u(x,t) FRHMEE, 7,d, 0,k IZIEEHTD
%. 31X (1), (2) 2oLALTFA D ILD.

{ < (@) + soxt)>d:c}:0.

IHhED, mzREHE TS, (PFM;(0,1)) 3R]

1 Y Y 1
/ u(z, t)dx + = / o(x, t)de = / uo(x,t)dx + / oz, t)dx =:m
0 2Jo 0 2

0
EROZpb2s. (PEM;(0,1) OEMMEEE 25, R (1), (2) &0, u ERAER LR, &
N ardd o, BFEMRE o ICEET 5, EFbE

d(pm—i—cp—tp?’—l—Qﬁ:O in (0,1),
02(0) = (1) =0,
(SP)q ¢u(z) >0 in (0,1),

A
u—|—2/0 p(z)dr =m (6)

ZR5. ZZT, o =@(x) FRAEE, m ITEEK, wlIRNEHR TH 5.

(SP) Ofi##E 128 L T, Elliott-Zheng (FBP:ISNF, 95, (1990)) & Suzuki-Tasaki (Nonlinear
Anal, 71,(2009)) &, FAl7ZR £, m BT, EEE L IFEEIRDIFE - IEE L WEVEDKER % 2 7=
I, Mori-Tasaki-Tsujikawa-Yotsutani (DCDS-B, 28,(2023)) &, —f%® £, m i&xf LT, IEEER
DIFTE - IFFEDNERE G %, R COIFEBEFEMDO KB TER 4 7 275 A0S LT,
&Y, BDEZXA 7275 2FHERTH D, £,m DIEIC & > THEMEZZHICENTE e hb
Dol FHT 0 <L <1 TR 2RDEDEEID, £>1TREZ SR,

ETOERBOMENHAL LIS, BOREEZENT T 2 HRBDVIL o722 86, KWIZETIZ,
(SP) OIUALEG ERE 2 BUEINC IR S JROLEMZTANDE e 2 BB T 5.

LEVERMOE 1 5L LT, £7,0< <1 EHRNTHEDHMZR (> 11280 T, BOREND
EDXSRENTZ2DPITOVTHNS.

~—~ o~
U = W
— ~— —
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M1iZl=11RBIHEEXA 775 0% m DEREZZ IV 0THS. K1 HND
R0k (3), (4), (5) ZifiZz TMNFAT 2HBOERZERT. LB, COMBP—ENTH
2Zr3EHSNTVWS. ZOff% p(r;u,d) <. WRIZ, d > 00D Z O CH Kkt
DFEEDS o(x;u,d) DFEERTHS. M1HFOmEeD3IifiriTniorry s Ly
stoliEig, R (6) 22T o(v;u,d) THIET 2 (4,d) TH 5.

1 d 1 d 1 d 1 d 1 d
Tl'2 Tl'2 ’ﬂ'27 ,,r2 7{2
0 : - U U — e sy TR U T u 0 . U
_ V3 0 V3 _ V3 0 V3 _\3 0 V3 _ V3 0 V3 _ V3 0 V3
9 9 9 9 9 9 9 9 9
m=0 m = 0.05 m = 0.12508005 m=0.3 m = 0.55

M1 =118 29EX4 7275 A

o(z;u,d) DEEMICE LT, & (R KRB T A > X —HfH, 8, (2023)) 1%, £ > 1 DHZAEI
BWT, p(z;u,d) ZBUEINK D, ZhZ2gfiEE LR ERME (PFM;(0,1)) 2=, ZEEE
PFARNTWE. L LD, (SP) OIS Z 2 2 72 DICREA A R LE G HERE D & 20
BRENTOVRWV. Z 2T, R#HEHTIE, > 1 DHEIC (SP) OFIEALEAEREZ BERIC R Z &
T, p(x;a,d) eXes 2EEHE, BEABEBOERICOVWTELNLMREHMET 5.

K213, 6=1.1, m=0.05 B 30MLA 775 4 (K1 0khs 2 EFH) LOMR o(z;4,d) D
LEMICE T 2BUEF EERTH 2. m =005 DL &, DIEE A 7 275 2 ZEBIR  WEE % FofiR
EORSHIRE 2 5. K2 FOERICHALRED 7 Z 7138 EH (0,d) KB 3 IRE RS, K
O FICIINLERBEND D, FEOMIR FITELERMENRD 5.

1 d
/0 1T

1
(—0.070,0.072)
i \ @

() 012,0.067) | /
0 p xT

o) -1
1 i (—0.007,0.043)

0

-1
(—0.166,0.054)

— iT

[ S, %=
v 0 ' l\/_ (10><10 16.0.001)

3 V3

2. £=1.1, m = 0.05 B BEHIKkL %mzi'li

EHE & RGO, tho m DEICBT 27X 4 7 75 A EOROEZEMIC O W TIXGEH
RRCIRN 2. e ds, ARBFEIE, HIE BISEK (ALiEERY), )| FIK (BRKELERR, HIAKY), &
A BZNK CRERE), Mya @K FERRFLBLIR) L OmIcHE I bDTH 3.
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1 =
Xo FHIRPIETHORZT 2, a >0 235, Zob X,
%:—KQN and X(-,0) = Xy

A THIROE {X(-, 1)} DIRBBENTOWVWTHE RS, ZIT, k(- t) & N(,t) 1R X () D
iR » A 2 BAERRCH 5. 2 ORI, SR S ER A RO 3 MD 0 Th LM LoRicsir 2
M2 k(0,1) LB, v(0,t) = (amTk(0,8)", p=1+L B, 0 2T R—ZL LI, RO
WU BYRHRM S TREROBOIRZ N2 EZ 2 2 iKmEIh 5.

v(0,t) = v(0,t)" (vag(0,t) +v(6,t)) and v(0,0) = vo(h) := (aﬁko(ﬁ))a. (1)

TIT,ko(f) 130 27 X—REe L Xy OHIRTHZ. ZOMBICET 2 IAETONIEL LT
F,0<a<l (p>2) DHEIKDOWVT, (1) OfF v OHREZEENCEHIR X ORFERMEICHT 250
H3 (1], 2], [3] 2E). —H,a>1 (1 <p<2) DFBXOWTIE, [4] OFTTF 4+ U 7 LRI
T2 (1) DOIRDFENTOVWTERINTWS D, HERAET 2 PRI 3 2 iRk ER E o i
DIRZEEVICEIT 2 22 EHE DAL TV,

Z 2T, AEEEE, K1 0 XS LA X T, a (p) D a>1(1<p<2) 2HkTH
BT 2, (1) OMOWHEEENCOWTER LWV, BRI, (1) 8BWT, 1 <p<2 T, »D
KD (V1), (V2), (V3), (V4) 2H=T E 5% v I8OWTEZ 3.

(V1) XeAH7=3 2 L EOEE m pehs:
o vo(0 + 2mm) = vy(f) for § € R
e vo(—60) =vo(0) and v{(f) < 0if 0 < O < mm.

(V2) vo(0) > eo >0 for § € R.
(V3) v{(0) +v(0) >0 for § € R.
(V4) / v ()77 cos Zi df < 0.

m

1: Xy 0l (m = 2)
EEa>0(p>1) OLE, (V1), (V2), (V3), (V4) b 2T, (1) O v 13K% BT,

o v(f +2mm,t) =v(6,1).
o u(—0,t) =v(0,t) and vg(0,t) < 0if 0 < O < mm.
2, v(0,t) =  max  wv(6,t), v(tmm,t)= min  v(0,1).
oc[—mm,mm) oe[—mm,m]

° v(@,t) >e9 > 0.
o v (0,t) = v(0,t)P (veo (8, t) + v(6,t)) > 0.
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2 FHER

FEL1 pldl<p<2%,u & (V1), (V2), (V3), (V4) 2ATdbor L, v % (1) DT 5.
ZDEE, ReATT Thax >0 & 7o € (g,w) PIFIETS 5.

() lm 0(0.0) =00 22 lim (Tws —1)70(0,0) < o0,

(ii)) 0 € (Yoo, mm) DEZE, sup v(0,t) < occ.
t€[0,Tmax)

FEpD 1<p<2%2ALTHED (1) O v DIRZFENICOWVT, EH 1 (1) 225, v DRAED
Type 1 BF$ 5. —77, (i) &, ARBREIES (RERTOBRAETIERV) L 2EKT 3.
FE2 pldl<p<2%, v (V1D), (V2), (V3), (V4) 2A=FTdDr L, v % (1) DE, Thax
BEM 1 TEZoNzbDT 5. £z,

1

=log ——
T Ongax*t7

V(O,7) =€ 70(0, Tnax — € 7) = (Tmax — t)%v(eﬂf)
rBL. ZOLE REAET {Tihien, O € (gmﬂ> w € C([~000,000]) N C2((—0oe, 0s0)) D1F
£ %:

o V(0,1;) — w(f) as i — oo uniformly in [—0, O]
o W IIREAIZT: wey +w = ];wl_p in (—0o,0), w(£bs) =0, w(0)>0.

X512,V DIRBENTOWT, KOMRERT I LA TE 2.

FE3 pld1l<p<2%,v1& (V1), (V2), (V3), (V4) A LTdor L, v % (1) Off T 5.
E72, Taxs {7}, Ooo, w EEH 1 L EH 2 THZBNEHDL L,

wplf) = <p(22— p) cos” 2929> %

(i) Z((Tmax)%vg(-) —wy(+)) <2%51F, O = % TVY(0,7;) = wp(0) uniformly in [-7, 7.

EBL. DL E R D!

(ii) /0 oo W < 0 BB, b € (5.7), w # wp, 52 Z((Taa) Fo0() — wp()) > 2.

TIT, Z(f()) B f() DERE
BE 3

[1] Anada, K., Ishiwata, T., Ushijima, T.: Upper estimates for blow-up solutions of a quasi-
linear parabolic equation, Japan J. Indust. Appl. Math. 41 (2024) 381-405.

[2] Angenent, S. B.: On the formation of singularities in the curve shortening flow, J. Diff.
Geo. 33 (1991) 601-633.

[3] Angenent, S. B. and Veldzquez, J. J. L.: Asymptotic shape of cusp singularities in curve
shortening, Duke Math. J. 77 (1995) 71-110.

[4] Winkler, M.: Blow-up of solutions to a degenerate parabolic equation not in divergence
form, J. Diff. Eq. 192 (2003) 445-474.
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BEELFIRRZ K EN A RN D R D lifespan FF4h
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1 FLC®IC
AR I BN T R TN D WIHE R

{utt — Au = |ulP in RY x [0, 00), ()

u(@,0) = =f(z), wi(z,0) = eglz) @€ R
BEZD. ZZT, p>1kl, fgldBav 7 bTHlELI»E R LOBKET 3. ¢ >0Et+5
INERRFGR=RTHB. (1) DfED lifespan, T(e) %
T(e) =sup {t > 0 [ {ERICEE XNz (f,9) LT, (1) Dff u(z,t) BEET S }
TEHRT 5.
d=1D¥r %, Zhou (1992) ICX WEED p > 1 IR, BB IEER ¢, C BFEL,
ce=P=1/2 < T(e) < Ce=(P=1)/2 if /g(a;)dx # 0,
ce PP=D/(p+1) < T(g) < CePe=1/+1)  jf /Eg(x)dm =0
R
DPELRTVS. 1 <p<pld) (d>3), $/1F,2<p < pld) (d=2) Dk ZZ, ROKEH
Zhou (1993), Lindblad (1990), Lai-Zhou (2014), Sideris (1984) H5i2 & bfF6hTWV3
ce~2PP=1/7(P.d) < T(g) < Ce 2= N/(p.d)
ZZT, v(p,d) =2+ (d+1)p—(d—1)p* T, p.(d) & ~(p,d) =0 DERTH 3.
AFETIE, Matsuya [1] KX D IRBEINTUTOEDTTERAZEZ 5.

.
4v]

7'+1 T—1 __
U,
+ 2 _ 52/1)T|/U7"p 2

(n € Z% 7€ Zsyg). (2)

ZITO>0, vy = o Z (Unte, + Un—e,) (erxlEH k BRIH 1 OHAIRZ L) £ 5. Matsuya
[1] kD (2) & (1 )@h‘ﬁﬂﬁl*ﬁﬂl’c%% EElE SN

EEL (2 OfFul ITRL, 5 7€ Zug BIFEL, v < (20720 (1 <19, n € Z) Ho,
HBng € ZEBEEL, v > (2072)V -0 YT or &, ol EEG 7 TRET S LV, 7
Z ul D lifespan W15 .

Matsuya [1] TIX, U TFOREIFLNATVS.

1
I 2 (Theorem 2.2 in Matsuya [1]) ul % (2) Dfft L, p>1(d=1), 1<p< di (d>2)

q_ >
3%, 7, UTZIRET 2.
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(A1) {nez|u #0}c{neZ||n| <K} (j=0,1,K>0).

(A2) > up > up.

ZZT, |nf =i+ +nal (n=(ny,--r ,ng) €EZY) THB. TDOLE, BB 19 € Log DHFE
fEL, ul \E 70 TRAETS.

A3 22088, 171 <p<pd) T (1) OREHRIITHSET 5 T LATEATLE A,
(2) OB HIBIICHRET 55 ¥ 5 BEAITD 3.

2 ERER

Matsuya [1] TIX, f#D lifespan OFHliIITONT VIR o7, Z T TRAIE, [2] DT FiEE
HEBUE T2 22T, (2) DD lifespan O L2 & OFHIi 21TV, UTNORERESRZ. (2) OFIHEME
BTNV T R =K e >0ZHNT,

u =¢f,, u}l =eg, (ne€ Zd) (3)

n —

YEREDBETB. T, fogn 3 20 FTERINBHNBERE T 5.

TE4 ok (2)OMYL, p>1(d=1), 1<p<%(d22) YFB. £, (3), EH3 0

(A1) BEUOMNZRET 5.
(A2) Y gn > fu>0

ZDtE, (2) Dfful O lifespan 7o(e,0) ZLLFOARFEX 2725

T0(€,0) < Ce—(P=1)/(d+1-(d=1)p) §—2/(=d(p—1)+p+1)

ZZT, Clde,d TKIFLRWVWIEERTH 5.
AR5 70(c,0) DB DFHIR, (A2) DIEDIRDDIC
Zgn = Z fn >0
ZHUE L7235 E OFHlRE S TwiRn. [o, g9(x)de = 0 1053 5.
FE6 d=1Ti, (1) & (2) @ lifespan O LD S OFHIIZ—T 2. LrL, d>2 DA, 4

INETR e > 01T L,

g—2p(p=1)/7(p,d)  o—(p—1)/(d+1=(d=1)p)

&7b, (1) @ lifespan fHMEiDO 523> ¥ — T 7RidHii £ 72 o TV 3. ZHUIBERGEIE I EN A2 OE D
R OF M Z 35 Z 2T, (2) THHEMULLFHENF O Z e pfFEIns.

BENW
[1] K. Matsuya, A blow-up theorem for a discrete semilinear wave equation, 19(3), Journal
of Diffrerence Equations and Applications (2013), 457-465.
[2] H. Takamura, Improved Kato’s lemma on ordinary differential inequality and its applica-

tion to semilinear wave equations, TMA 125, Nonlinear Analysis (2015), 227-240.
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