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Elpo)lu] = Ewo)ln) = E(u = g,0)[1]
= Ew-ggotaw| = TE(po+anupotem)| |

000000000 @WO00E () 00000 pe Whe(Q, RN O000
) Elalil = [ (TeW ) o= (T () (V0 )T+ Wla)divg) o

0000000000000 000000ooO@RDDD0DoooOooOoODoDOooOoOO
gbbobooogbbboooabob

00000000 @)oooooo0ooooooooo 25000000000000O
goo

00 37. WO (3)DDDDDD0D0D0DkKeNDODODODOE e CHV(0)xO(Q)ODO
E.eCtqO(Q)D000 (5)000000
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81 Introduction

O00000K.-H. Hoffmann O O Technische Universitat MunchenO O OO QOO OOO0O
00000 OD0o00oooooooooo
0000000000 o0-00oooooooooo-

Problem (P;f) Find a function u : [0,7] — H'(2) satisfying the following:
(a) uw e L0, T; HY(Q)) and b(u) € WH2(0,T; L*(Q)).
(b) u € K(t) for a.e. t € (0,T).
(c) For a.e. t € (0,T), the following inequality holds:

(1) (b(u)p, u —v) + / a(z,b(u), Vu) - V(u —v)de < (f(t),u —v)
Q
for all v € K(t).
(d) b(u(0)) = by in L*(Q).
000, 700000000Q0RVN(N>1)00000000000K:R—-RO0O0O
000000000000 a(z,s,p) 0 quasi-linear elliptic vector field 0 000 OO
a(z,s,p) = 0,A(z, s,p)

000 potential function A: QxRxRY - ROOOO0OODOO0OO0O(,-) 0 LAQ)-000
000000000 KO H(Q)OUOODODO0O00O0 f(tz) 0 (0,7)xQ0000
O0O00000O0o0o0ods 00000 OOoOooooon

00000 ()00 00 {¥(u) =0} 0000000000000 {¥(u) >0} OO
0000000000000 (1) 0 0000000 ODOODoDODOOOOOO porous
media 0000000000000 00000O0O0OO00O0O0O0O (cf[1).

0000000o0oooooooo0o0-000o00oo (P;fH)0oDOO0OO0DD00O0O0O
guooooobooooooooo

Problem (OP;f): Find the optimal control f* € F such that
*) = inf .
J(f7) = inf J(f)

e e 1"
=5 [ b =baltaadt+ 5 [ Vot [ 1o

0000000000000 00f000000000O0bw) 00000 (P;f)0000

O0b,0 L*0,7;1*(Q) 0000000000000 O0OF O
F:={fecL*0,T; H (Q)); f, € L*(0,T; L*(Q))}

0000000000000 0oOoOn
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§2 000
gogooog
(A1) a(z,s,p) = 0,A(z,s,p) for some potential function A(z,s,p). There exist con-
stants p > 0, C1 = C1(a) > 0 and Cy = Cy(a) > 0 such that
[CL(IE,S,p) - a(x, Saﬁ)] ’ (p _ﬁ) > ILL|p _ﬁ|27
la(@, s, p)]* + 1Az, 5,p)| + 10:A(z, 5, p)[* < CL(1+ [s]* + [p[*),
la(z, s,p) — a(x, 5, p)| < Co(1+ |p|)]s — 3]
forallz € Q, s, § € R, p, p € RY. Moreover, a(-,-,-) and A(,-, ) satisfy the
Caratheodory condition.
(A2) b: R — R is bounded, nondecreasing and Lipschitz continuous.
(A3) K(t) is a non-empty, closed and convex set in H'(Q) for all ¢ € [0, T].
(A4) For any 2,z € K(t) and w,w € H'(Q) with w < z, Z < w, we have
wVZ, zAwe K(t),
where u V v := max{u,v}, u Av:=min{u,v}.
(A5) There is a function o € W2(0, T) satisfying the following property (x):
(x): Forany 0 < s <t <T,w e H(Q) with |w(z)] < |b|e a.e. in Q and
z € K(s) there exists Z € K(t) such that

12— 2|p2q) < |a(t) — a(s)|(1+ |2|m1@)

and

/ Az, w(z), Vi(z))dx — / Az, w(z),Vz(z))dx
Q Q
< la(t) — a(s)|(1 + |2[i o) + wlm@lzlm@)-
(A6) There is a constant C3 = C5(K) > 0 such that
1zlm ) < C3(1+ |Vz|r2q))  forall z € K(t) and t € [0,T].

A7) If 2,z e K(t) and V[z —z]" =0, then z < Z.
(

gooboooooboobod

000 (Existence of optimal control)
Assume (A1)—~(AT) are satisfied, and let by = b(ug) for some ug € K(0). Let by be an
element in L?(0,T; L*(Y)). Then, there exists at least one optimal control f* € F such
that

J(f) = it J().

fer
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IDENTIFICATION OF THE ABSENT SPECTRAL GAPS IN A CLASS
OF GENERALIZED KRONIG-PENNEY HAMILTONIANS

HIROAKI NITKUNI
(DEPARTMENT OF MATHEMATICS, TOKYO METROPOLITAN UNIVERSITY)

In this talk we study the spectral gaps of the one-dimensional Schrodinger operators with
particular periodic point interactions. We fix x € (0,7) U (m, 27). Let

I'y=27Z, Ty={r}+21Z, T'=T1UTs.

For 0y, 0 € [—7/2,7/2) and A1, Ay € SO(2)\{£!I}, we define the operator H = H (61,02, A1, A2)

in L*(R) as follows.
2

d
(Hy)(z) = _@y(x)v zeR\T,
_ 2 y(x +0) \_ io, 4 ( y(z=0) i
Dom(H) _{yeH (R\T) ‘ ( Yt 0) )—e JA]( Ve 0) ) vel;, j= 1,2}.
Since A; € SO(2) \ {£1}, we can write the elements of A; as
([ cosaj —sinq;
45 = ( sina;  cosa;

The operator H is self-adjoint. Since the set o(H (61,602, A1, A2)) is independent of 6; and 65,
we hereafter discuss only the case where

>, a; € (—=m,0)U(0,m).

0, =60:=0.
Next, we define the spectral gaps of H. To this end, we consider the equation
—y"(x,\) = Ay(z,\), ze€R\T
@) (M EON) Yy (a0
Y (@x+0,\) /) I\ Y (z—0,))

where A is a real parameter. This equation has two solutions yj(z, A) and y2(z, A) which are
uniquely determined by the initial conditions

y1(+0,A) =1,  94(+0,)) =0,

) for z €Ty, j=1,2,

and
y2(+07 >\) =0, yé(_‘_oa >‘) =1,

respectively. We introduce the discriminant D(\) of the equation (1):
(2) D(N) = 1 (27 4 0, A) + 15(27 + 0, A).
Let A; be the (j + 1)st zero of D(-)? — 4. Then we have

AM< A< A< A< <A1 < A <ovr— 0.
We define

Bj = [Agj—2, Aoj-1l, Gj = (Agj-1,Ag5)-

Then we derive
o0
o(H) = B;.
j=1

13



14 goboooooooooooobooboooboooooo

The open interval G is called the j-th gap of the spectrum of H, the closed interval B; the j-th
band. The aim of this study is to determine whether or not the j-th gap is absent for a given
7 € N. Throughout this talk we use the notations

a=bif a—0benZ, aZzbif a—bgnZ
for a, b € R. For convenience we adopt the following classification of the parameters a1 and .
(I) a1 —ae Z0, a3+ as Z0.
(II) a1 + a2 = 0.
(I) oy —a2 =0, a3 +ag Z0.

Our main results are the following three theorems.

THEOREM 1. If the condition (1) holds, then
G]#w for all 5 € N.

THEOREM 2. Suppose that (I) is valid.
(1) Let k/m & Q. Then we have

{i eN| G;=0}={3}.
(2) If k/2m = q/p, (p,q) € N?, ged(p,q) =1, then
{(jEN| Gj=0}={3yu{pk+1 | ke N}

THEOREM 3. Assume that (I) is valid. We put n; = n%j%/4(m — k)? for j € N. Then it
holds that

D By N Biy1 = {773‘) —2(\/77J+\/1,7j)

k=1

1
cot k/1; =tana; and j € N}.
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LIFE SPAN OF SOLUTIONS OF SUPERLINEAR HEAT EQUATION

00 000 (oooooooooooooon)

gbbooodobobbbooodobbboo-0bodao

ug(x,t) = Au(z,t) + f(u(z,t)) in Q x (0,00),
(P)¢ u(z,t) =0 on 0L x (0,00),
u(z,0) = pp(x) in €

0000.0000Q0 RY00000000000p>000000000¢(2)0 Q0
00000000 f(u)0[0,00)00000000000. 0000000000 life span
Dp—ooO000000000000.000000]lifespan000000000000
00000000000000000000.

0000000 lifespan 0000000000000000 lifespan0000000
0000000. 0000000000000000000000000000000.
00000,000000000000000(P)000 lifespan0 T(p) 000

0000 f(u)000000 p(z)000000

p(z) € C2(Q) NC(Q), M < max,eq p(x) > 0, o(x)on =0,
(A)] £(u) € C2((0,00) N C([0,00)), f(u), f'(u), f"(w) >0 for Yu>0,
fl ﬁdu < o0

gbooooogn

<1
ooogo.

00 (A)000limye f(u)/u=0000000000p— 0000000
uy(z,0) = pAp(x) + f(pp(r))
000O00pAp(z) 0000 f(pe(z))000000.0000,00000000000
0000000000000 000. 00000000000000000000000
z = f(2) (t>0),2(0) =M 000 life span F(pM)0 0000000000000, O
0O0T(p)0000000000000.

00 1. f(u), p(z)0 (A DO000000.00000
T(p) = F(pM) + o(F(pM)) as p — oo
0oo.

O000FP)000 lifespand p - oo0 000000000 2z, = f(2) (t >0),2(0) =M
000 lifespan F(pM)OOOOOOOODOOOO. 0O0ODOODODODODOpO0OO0OODOOOO
lifespan 000000000 f(uv)DCOODODODODOOOOOOOOODOOOOOOOOO
I T T e

00 2. f(u), ¢(z)0 (A)ODODDDDO00. ¢(x)000000000000000000
0000eecQOOO0D

(D*¢(a)x,x) <0 for Vo € RN

15
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00000 f(w)0D0OD0OOB>000000
148 g1
lim &\ f'w)
u=co f(u)!*F
O000000 «>200000000000«00000
i( f(u) )>0
du \ulog u®
Oo0oobooobo.oooodg

T(p) = F(pM) + min |Ap(a)lpf(pM)™ F(pM)

+o(pf(pM)" F(pM)) as p— oo

=0

goo.

0000000200 |Ap(e)| 0000000000000 p— oo life span T'(p) O
gooboooooooo.
O00e(zx)0peak 0000000000000 OOODOODODODOOO.

00 3. f(u), p(z)0 (A)D0DDO0000aeQd>000000
o) =M on {z € R";|x —a|] <d} CQ
OO0000O0DbO. 0bobooboob c>00000D0
T(p) = F(pM) + o(exp(~=CF(pM)™")) as p — o0
god.

O0D0O0O00D0000000O00Osupersolution O subsolution D 000000 OO DO life
span 00 000.000000000000OT(p) O supersolution O life span 000 0 O
0 O subsolution O life span OO0 DO OO0OO0O0O0O. O0O0OO0DOOOOO supersolution
O subsolution 00 00000000« O00O0O0O00D0DODOOO lifespanO00000O0O
1,2]0 0000000000000 000000O0000ooooooooooooo
ooooodooo.
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00 00000 OO0 (Coouoo b3)uobO ooOo (ooo)o

00 0 (0000O0)000 00 (00000)

000000000 ¢(2) =Y n* (Rez > 1) 00000000 ((2M) (M =
n=1

1,2,3,---) 000000000000O0O00

oo Hy = {u(x) u™(z) € L*(0,1),

u(1) —u®(0) =0 m§i§A4—U,lAw@Mx:O}

000000000 uwx)0000wx)00O0D0ODO0D0O0O0O COOOO0O0O0OD0O0O0O0OO

(s, 10t 1)2 <0 [ @] as

0<y<1
Oooooocooobobooon

_ 2¢(2M) _ By
Cu = (2m)2M — (2M)!

0000000 B,0OOOOOOO000

000000 COCy0000000000<y<100000y00000000c¢
0000 u(z) = choy(lz—y|) 00000000000 0k(z)0:000000000
0ooo

00000000 bi(z) (i=0,1,2,---) O
bo(&?) =1

bi(xz) = bi_1(x), /0 bi(z)dz = 0 (1=1,2,3,---)

gbobobooooon
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1
oooo /f@My:ODDDDDDO<x<1DDDDDDDDDDDﬂ@D
0
oooooooog

BVP
(—1)MyCM) = f(x) 0<z<1)
u®(1) —u®(0) = 0 (0<i<2M —1)

1
/ u(z)dr = 0
0

00000000000 w(z)0000000 G(z,y) 0000

=:A<%wa@wy (O<z<1)
ooooood

G(z,y) = (=DM bo(jlz —y]) = 2 Z (2n) "M cos( 2mn(z — y))

0<z,y<1)
oooooon
= 2
_ M-1
G(y,y) = (=17 ban(0) = 2 ; (2mn)~ WC(QM)
oo0on

D000 HyOooo

(u,v)p = /0 u™ (2) 7™M (z) dx

O000000H,0000000000000000000G(z,y) 00000000
HyOOO (-, )y 0000000000000000000 w(z)e HyOODOOO

1
/ WM ()M G, y) do = uly) (0 <y <1)
0
goooon
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00000000 POPULATION MODELOOOOODOO

OO0 00 (oouoo oooo)

00000000000 (00oooooooooooO0)oDooooooooooQ
googg

00 30 population model(P) D0 O000O0O0OO0OOOOOOOODOO
([ uy = Au+u(l —u—kv) in Qx (0,00),

vy =Av+ov(l—lu—v+mw) in Q x (0,00),

wy = Aw + dw(l —nv — w) in Qx (0,00),

ou Ov Ow
—=—=—=0 o0 x (0

v v Ov on 982 x (0, 00),
Cu(+,0) = uo(+) = 0,v(+,0) = vo(+) = 0,w(-,0) = wo(-) > 0.

00O0d k {,mn000000000000QcRYODOODOOODOOOODOOOO
0030000000000000000000wO00000000000—00000
000000000« 000000000000000000000000000000
00 (P)00000w=00000wv0000020000000000000000
(0000 k0!00000000)000000000000000000000000
000000000000 0000000000000000000000000000
0000000000000 000000000000200000000000000
0000000000000000000000000000000000200000
0000030000000000000003000000000000000000
0000000000000000000000000000000000000000
0000 (P)0000000O

. o (1+mn—k—k;m 1—1+m 1+nl—kl—n>
Uy = (U, 0, W) =

1l+mn—kl "14+mn—Fk~ 1+mn—Ekl

000000000000000000000000000000O00000O0O0 (P)O
O3000000d000000b000b00obo0oooobooboooobooboooon
OO000D00O HepfODODODOODODOOODODODODOO

00000000 (ph)o000000OooOoOoO0OD0OOoO0OoOOm>1i—1,n >k,
kl<1+n(l—1)000000000000000O0D030000000000000w
UoO00OD0OUO0O00«UOo00000D0000000wOoO0D0O0O0O0O0O00O00O0
gbogodbbodgbuoooboobobuooboboooboobboobbodabn
ooooo

O000=ay<oy<a---00000000000D00O00 -ADOODOODOOO
gboboboogooboboogogoboon d;?‘,d;‘f*(i,jzl,Q,---)DDDDDDDDDDD

= _SQ+\/522—45153 I — —a?—a?(ﬁ—@)—{—ai(kl—l)
e 25, T be? + ag{a+ o1 +mn)} 4+ ao(1+mn — ki)
19




20 00 OO0 (oooo oooo)

000 A=a;+4, B=a,+9000
S) = w*(A+ B+ mnt), Sy=1w{w(24+ 2B+ mni)+ (A+ B)>+ Bmni},
Sy = (A + B)(AB — klit) + 2a,(AB — klad) + o2(A + B).

000 000000d;>0,d*>000004,j0000000000000000
000000000000 ¢ =max{{d};,{d*};} < +co0000000d;, d* 000
00000000000000000000000000

Theorem 1 (0000000 G,0000).0
() 1>kl000 G, 0d>00000000
(b)1<klODO @, 0d>d*00000000<d<d*0000000O

0000000000 ((OD0O00«w000.20000000000000 (b)0O0O
O00d>000000000wO0O000O00DO0ODODODODODOOOOOOODOOD
0000000000000 (hooooood>00000000300000000
0000000000000 000000O0((M) 0000000 ooOooooooQ

Theorem 2 (4, 00 0000000)0

()dr>00000¢00000000000d; >0000000:00000000
00+#00000<i<#+00000000:0000d=4 00000000000
6,00 Hopf 0O OO OOO

(i) dr* >00000 400000000000 d*>0000000,;000000
D000 /*00000<;j</00000000,0000d=d*00000000
000 6,000000000

00000000000 (D000o0ooooooOoooO0)oDooooooooooQ
OOOo0oooboboboboobd Fourierd0o0onoooboooobooonbogo 300
gooobobobbbboboboobobbbototdddgooooooooooooooon
Crandalland-Rabinowitz [1]-3] 000 0000000000000 O00O0O0OO0OOOOO0O
ooobbbo0ooobb0 -A0bboboOooobboopobbboOo o0 dronn
oooobooboobboboboobobobobobobobobooboobobo
Do 000bbodgogrooiouooooioooooooobooooon
gogoooboobbob3bbbbbbddoooooooooooooooooon
gbbuogobbobuoogbbbooobbbooobbbooobbboooobobog
gbbobuooobobbboooobbbuooobobboood
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00 00 (0O0ooO0oooooooon)

00 Gray-Secott 00000000 (SP)ODO0O0OOODODO.

Au—uv? + A1 —u) =0 in
YAU 4+ uv? —v =0 in €,
Ju Ov

_ Q.
T = on 0 on d

000,Q00000008Q000RNOODODOODD, 20000000000
00.0000000000000000000000000,00000000000
ooooo.
() 0000 (SP)00D000000000D0D0000 ADO~AO00D0O000000.
(I)0000(SP)000000000000000000000

OO0 ()ooooO0OO00000ooOO0oO0O0O0O000, 0000000000000 ooD.

Theorem 1. A < 4000. 0000, A0O0OO00O0O00O0OO0 G,\)D0O0O00O,
v>C,(\)0000000,(SP)00000o0o0oon.

000 Boooooooooo.

Theorem 2. A\ >400 \y>100000. 0000, A0 00000000000
0 Cy(\ ) 00000, y>Ce(A\w) 000, (SP)ODOODOOOOOO. 000, 1
000000000000 -AQO 1000000,

Theorem 10000000 Theorem 2000 0000000000, ODOODOODOO
gboobooogooobogd.

Maximum Principle([1]) g€ C(Qx R") 00000
i) weC*Q)NCHQ) D

Aw(x) + g(z,w(x)) >0 in Q, g—l: <0 on 09,

0000, w(ze) =maxqwO 00000, g(z,w(ze)) >000000.
(i) we C*(Q)NCHQ) O

Aw(z) + g(z,w(x)) <0 in 2, g—w >0 on 0f,
0

0000, w(zy) =mingw D 00000, g(xe,w(zp)) <00O0ODD0O0O.

goodgooooooo,obbbbbouoooooooooo.
Lemma 3. (v,v)0 (SP)0O0OD0DO0D. 0000,
0<u(z) <1, ov(@)>0 for e
Lemma 4. \y> 100000, (SP)00 (v,0)0000,00000000000;

u(z) +yv(z) <Ay for x €.
21



22 00 00 (DOoU0o00o00 oooooo)

Theorem 20000000000, (uv,v)0 (SP)ODODOOO0OO,v0000000O
gbbbuoooobbbuoooobbboodad;

fy/|Vv|2dx§03(/\)/(v—@)2d:z:.
Q Q
000, C(\)0A0000000000,5=4 f,edz000.

00,00 (H00000000.0000000000000000000.
Theorem MK([2]) A\ >4000. u, >0(n=1,2,3---) 0000000000000
_ADD nDDDDDDDD,(us,vs):<A_‘/’\2_4A AW”—‘M)DDDD.

2\ ) 2
(1) ,yn:: 2\’

fin (i + A+ 02)
ooo00,y=-,0000 (us,v) 000000 OO0OODODO.

Remark 5. (1)0000000 {~,}00000, (a)u; > DN 00000000000
O00. 00, (b)w<DNO0000000000000,00000000 0000
00.000 DA)=A—v24u,/202-\000.
704, 00000000,0 (u,v,7) = (Pule), Uule), () 0000000 O0DDDODO.
D, (€) = us + e {(adn) + u.},
(2) V(e) = vs + € {(bpn) + vi},
Tn(€) = T +€7'(0) + o(e).

ooo, ¢, 0, 000000 nO0O000000,w.00,00(1)000000. 00, a
O b0

(3) a+b*=1, via+(1—yu)b=0, a<0<b,
Doooooooo.

gbobogoboodgooooobboodobboo,ggobbooobooboooonoon
goooogg.

Theorem 6. A > 400000 (®u(e), Up(e),1(e) 0 (2)000000000000.
nooo,

. (d — ¢)(2usa + usb) [, doda
7(O>: d/JLanQS?—Ld'T .
000,060 3) 0000000000, cO0dO

E+d*=1, 2c+ (Yopn —1)d =0, c<d,
gooooooood.
Remark 7. 20,0+ ub0 p, > 302~ AOD000000, <32 - A0000000.
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ooooooo

FUNCTIONAL DIFFERENTIAL EQUATIONS OF A TYPE SIMILAR
TO f'(z)=2f(2z +1) — 2f(2z — 1) AND IT’S APPLICATION TO
POISSON’S EQUATION

oo o
ooooooooobooo

[1,2]0 f(z) = F(f(22)),» c ROFOO00000000000O0O00O0OOO0O0O0O
0000

0.1)  fl(z)=af(A\x) +bf(x) a, beR, X>0, xz€l0 00)

000000000000000000000@e,bA00000000O0M(0.1)00
0000000000000000000000000000000000000000
0000000000000006, 700M[4,5 000 (0.1)00000000000
0000000000 (8,9 1000000000000000000000000000
0000 f(z) =4f(22)00 f(z) = X2f(A\2), A>10000000000000000
000000000000000000000000000000000

2
1
1 10 5 0
-2

FIGURE 1. f'(z) = 4f(22)

[10)000000000000000¢(z)=2¢2z+1)—-262z—1)0000000
0000000000000000000000000000000000000000
000000000000000000000000(11]00001000000000
oooooon

000000000000

Theorem 0.1. OO OOOO0O

a [0

(0.2) (EJ fla) =Ny e fw —b), A>1, ¢ €R, b € R’
J

0 L(R)0D0O0D000001000000{¢};0 {4,},0000000000¢ > 1,

i=1,2--- d0000 o= (ag,a, - ,aq) O multli-index0 00000000 C°(R)

doooboooooooboooouooooomouooooooooooobooaa
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-1 -0.5 0.5 1

fl(x)=2f2z+1)— f2z—1

goboooooooooooboooooboobooo

2 4

1.5 3

1 2

0.5 1

0.

Ji(2) = 4(2) — 4 (20 — 1)f(x) = 16f(4x) — 16 (4z — 1)
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0000 (D0ooooUoooooooon)
000000 (oooooon)

1. INTRODUCTION
001000000 0ooogo
0 { 2 (z) + f(u(z)) =0 in (0,1),
w'(0)=4'(1)=0
00 (1)00000w=u(z)000000000000

) e (x) + f'(u(z))p(z) + pe(z) =0 in (0,1),
¢'(0) =¢'(1) = 0.
0000000.000e>0, feCYR)OODO.
00 (1)0000000000000000000000,00 (2)0000 u(z)00
0000000. 0010 30000 “imemap’ J000000000000000
0,(1)000000000000000000.00e>00000000000000

O000,0000wu(x)00000 layerd spike 000000000000 DOOCOOO
00000000.00000 (2)0DDO0O00000U0D0DO0DOoDoOODOOOoO0O0.

00000, “representation equation” OO0 DD O00O0OOO0OO,00000DO0O0O0O
0(2)0000000000000. 00000000

flu)y=snu (0DDOOO0OD)

0000000,(1)00000000w(zx) 000000000 (2)000000000
00000,0000000000000000000000000000000000.

2. MAIN RESULTS

00 f(u) =sinuD0, —7<wux) <r00000.0000()000000000
(en(k), fu,(2; k) 0000000000. 000 neN, ke [0,1),

a*@‘zzn;@o’ tn(

r; k) == 2sin~? [k; -sn(K (k) (1 + 2nz), k’)]

(K(k), sn(z, k)00 1000000000 JacobiDDO0DO0) 000, 00 w(z:k) 0 2
I A A O
0000 (2) 0000 representation equation O

(3) 2(cosu — 1 4 2k*)®,,, — sinu®, + (cosu + p)® =0, wu € (—2sin"'k,2sin"' k)

00000000. 0000000 (3)000000. 00000000 (u,®) = (k2 —
1,cosu/2), (k%,sinu/2)0 (3)0000000000. 00k -1<p<000 k2 <pl
27



28 0000 (boboUooooUoUoooU),0UDU000(DooooDoUoOo)

0, o,.,.00 ¢, 000000000 :

0 e S cos | [ 2p(p, ) .
Deos (U, 13 k) == v/ h(u, p1; k) (A N M%m@d>’

s—1+2k2-

(I)sin(uv 5 k) = \/m sin </0u \/COS Qp(ﬂ’ k>h(5 3 k) ds) ’

s—1+2k2-
00O
" ) cosu—1+2k*—2u, k*—1<pu<0,
u, i k) =
s 1 —2k* —cosu+2u, p>k*
plp, k) == plp — k) (= k> 4+ 1)
O00. 0000 3)00000000000(2]000000). 000000 u =
+sin'k00000000

pu(p — k2 +1) k?
A@ﬁp:J s II u—Wﬁ . kel01), E—-1<p<0, K<y,

)yOoooooy», 00 k0030000000)00000D000CO0O0O0O. OO
gbooooooobboood.

L0< Ay <7/200 x/2<A,000. 000000000 A(pk)=A4,000
0,1)00000000 u(k, A4) 000, 000 limyy_ou(k, Ag) =0 (0 < Ay <
7/2), 1 (r/2< A,)00000.

00 up(k)00 ¢i(x:k) (neN, j € NU{0}) O (en,u,(2;k) 000000000 (2)
0(j+1)-00000000000000000000.00000000000000
0oo.

00 1.00000 (2)0000000000
) upk)=k*—1, po(z;k) = cos Un(;;k).
(i) (k) = k?, goﬁ(x;k):%sin“”(?k)_
00 2.j#0,n000.0000 pj(k)=p(kym/2n) 000, 00000000000

oggoono:
2,/p(2 ()

un(y; k), 1 (k); k)

OO O
>~ O O
M = O

o) = w0y eos | [ ay
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ASYMPTOTIC BEHAVIOR OF SOLUTIONS FOR NONLINEAR
SCHRODINGER EQUATIONS WITH STARK POTENTIAL

0000 (00o0o00oooooooooooon)

OO000000 Starck DOODOOOODOODO 1000000000 Schrodinger O
gbooboogogoooo.

0 = —%a% +FV(@)u+ F(u), (t7)€RxXR,
u(0,z) = ug(x), = €R,

(NLS)

000 8,=9/0t,0=0,=0/0z. 00000000 VOOOOODOODO (Stark 000
ooo).

(1) V(z)=FEx; E€R\{0}.

0000 F(u) = Mud + M@, A\, €C,j=1,2000
00,000-0000000000000000,0000000000000000
0 Schrédinger 000 (NLS)OOOOOOOOOOOOOD. 00000O0O0O0OOOOO
D00O0O0O0NLSOOODOOOOOO0O00000000NLSOO00000000000
000.00000000000000 (V(z)=¢e*)000,0000000 V=00
00000000000000000000000000000, 000000000
0000000000000000000000000000(000 [2,3100).00
00 V(x)000DO000000000 (1)000.00000000000000000
00000000000000(0O0 [12/00).

00 A (Avron and Herbst[l]). Hp = —30*+ Ex 000, fe LR) 00000

(2) Up(t)f = e~tHe f = e*%|E|2€7itExe§E8€fitHof’
000 gel?aeROODD ¢?ga) =g(r+a), 00 Hy=(-1/2)9*000.

000O0O0NLSOOOOOOO000O000000000 (4,11]00). 00000
0000 (NLS) 000000000000 0000000000 (F=00000,00
0 [5610000.00000000000,000 [7,8,9,11]00).

00 1. 0000 Fu) = Mud+ M@d, N, €C, j=1,2000. L <1 <20000
uw € HYNHY 00 € = ||up|lgonm- 00000000000, 0000 (NLS) OO0
0 «.0000000000.

u € C([0,00); HY N H*Y),
lu()][= = Ce((1+6)712).

000 C>0. 0000000000000 uy €el?>NL>*00000,00d>000
00

|FUs(—t)u(t) — uy||r2enpe = O(t_d), as t — 0o,

goooo.
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HRN

00 00 (DOoU00O00 ooooooo)

2. 00000000000 0DO0OO0OODOODOOOObOOODOOn Avron-

Herbst OODO (2) 000,00000 (NLS) OOOD «000000DOOOOOOOO
gbobug.oggbbuogobbuooobuooobbuooboobboobboonobog
O0000000000000 decay0 OO0, (NLS)OD w0000 O0OOOOOOO
gooogg.

[1]

8]

[9]

[10]
[11]

[12]
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O0o0obobobOoboboOoboOod DRIFT-DIFFUSION ODO0OO0O
gbooboobon

0000 (00o0o0oUoooooooMO)

ODoOOo00oboooboooobooobodon Drrirr-Dirrusion DO O OOOOO0O
gobobooogboboboogobbbuoooobbbood n=230000000
gooooboboboboboboboboboboboboboboobobobg
ooOooooTrFrooobooboobooboobo
0 Mockl4] 0000000000000 O0O0O0O0OOO Neumann 000000000
gbbobuoooobboooobbbuooobobbboooobbon

Ou — Au+ V(uVy) = f, t>0, reR"
(D.D.) ov — Av — V(uVy) = f, t>0, re€R",
—AY=v—u-—g, t>0, reR"
u(0,) = up(x) > 0,0(0,) = vo(x) > 0, € R"
ou " 9u
ooOon = —. Au:= -
Onui= 3 Au £ 023

w=u(t,z),v=o(t,z) 00000000 000000000000000000000
000000000¢ =47 00wv000000000000000000000
000000000000000 f=f(uwy)0000000000000000000
00000g=g(x)00000000000000000 (Accepter,Donor) 00000
000000000000000000000

0 (D.D.)000000000000f=f(ts) 0 (uv10000)000000000
00000 mildsolution 00000000000 (DDS)0000000OOOOOO
0000000f=0,00 ¢0000000000000000000000000OO
[AR") 000000000D00000000000 30

Proposition.[3] n=2,3000000
ug, vg € L*(R™), up,v9 >0, f =0, g€ H'(R") N L>*(R")
= Jlu,v € C([0,00); L*(R™)) N C((0,00); H*(R™)) N C*((0, 00); L*(R™)).

O000000f=0,¢=000000000000000 (D.D)ODOOOODOODODOO
obodobobooobooobboobboobbooobboobboooboon
gbgbogoboobobuoobbuoouobbuoobdobbooboobooboon
O0000d00oooooo0ooUoopoooo0Uooo((M.b)oooooooogo
gbbogobogobuouobobbuoobbuoobbooboboboooboon
gooobboooobbbbbboboodddgoooooooooooobbbobobn
gboogobuodgbboobobuogbbuoobbooboobbooboboobobod
gbobobodbbogbooobogobuoobbboooboobboobboobn

goobooggn
33



34 O0 00 (DQoUoUoo ooooo)

Theorem.[[ — 00 00|
n=23 1<p<oo, f=0,¢g=000000000 (D.D.)OO w,o00000

(), < Ci(n, p)luolls t505) + Co(n, p)|Juo + vol 24730+ £ > 0,
@), < Cr(n, p)lvollr t 5 075) + Co(n, p)llug + vol|2t 5 7)1 ¢ > 0,

O0000000000000000000000 7000001 <p<4000000
O000000000000O0ONashOOO [ 0000000000O000OOOOOp >4
oooobooboubobubddp<400bpobobobooboboboobooonog
OO0000Db000 NeshOOOODOOoooOooooboOoOoDbbOoOoobooboogo
000 Omild solution 00000700000 1<p<40000000000000
oboooboboooboo PO0O0O0ODLOODLO0ODOODO0

Definition. MILD SOLUTION][3]
u,v € C([0,7); L*(R™)) O (D.D.S.) O mild solution 00000 0w,v» 00000000

gooo
u(t, z) = e ug(x) — /t AV (uVY) (1, x) — f(u,v)ydr, t>0, 2 € R,
0

v(t, ) = e ug(z) + /t AV (V) (T, 2) + flu,v)}dr, t>0, z €R?,
0

—AY(t,z) =v(t,z) —u(t,z) — g(x), t>0, zeR"™
O000¢e LX(R") 00000 () (z) == ! / ©(y) exp (—M) dy
C (4nt): Jge 4t ‘
Lemma.[Hardy-Littlewood-Sobolev O 0 O O |
1 <r<oo,
IV(=2)" e < Coun)lifllp =75 — 7 Vf € LT(RY).
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DRIFT-DIFFUSIONUOOO0OOOO0OOOODOO
gbooboon

0000 (0oooOoooooon)

gdoddodododouodouodouououooo
u—Au+ V- (uVy) =0, t>0zeR"
(1) v —Av—V-(wVy)=0, t>0zecR"
AYp=u—v. t>0,zxzeR"
O000u=u(z,t),v=v(z,t) 000000000000 O0O00O0O0OOOOO0O0O0OO

gbbogbuodgbbuobodgbbodboboobboboobobooboboooboooobo
gbobogboboboooobbbuoooob

ogoogo

(2) u(z,0) = ug(x), v(x,0) = vo(z), reR"
gbodoouououodoooo

(3) up(z) >0, vo(x) > 0.

0000000 (1),2),3)00000000 1)000000000000000000
0 00000000000000000000000 LPO0O0O0O0OO0 5000
000000000000000->10000030000000000000000
0000000000000000000 [2]0000000000000000 n=3,4
000000000000000

Theorem.1 [u,v 0 LPO 00O ]

00n>1,2<p<ooc0000w,v000000 (1),(2),3)00000 Oug, vo € L'(R™)N
[MRMY 0000000 1<¢<pO00000pqrn000000000COOODOO0
oooooO

[ul|a@ny + [[0]| Lany < CEo(L+1)77.
0000y =5(1—1¢), Bo = |luollr(eny + [|vollzrny + lluollzr(ny + [lvollzoeny O 0 0 O

Corollary [u,v0 L>*0000]

00n>20000u,0v000000 (1.1),(1.2),(1.3)0 0 00 0 Oug, vy € L (RM)NL®(R?)
0000-,000000000CO00000000000

||u||Loo(]Rn) + ||U||L00(Rn) S ClEot_%.
ogooo Eo = HUOHLl(R”) + HUOHLl(R") -+ HU()HLoo(Rn) + H’UO”L“’(R")a Cl = C(l + Eo) ogooo

Theorem.2 [Vu, Vo O LPOOO0O]

00n>20000w,0000000 (1),(2),(3)00000 0ug, v € LY (R")NL®(R™) O
0000002<¢<0c00000¢r000000000CO000000000000

IVullaqgny + | Vollzagn) < CoBot™2(1+1) 7.
35




36 DDD(DDDDDDD DDDD)
D D D D Y = %(1 — %), EO = ||UOHL1(R") + ”UOHLl(R”) + ||UOHLOO(RTL) + ||U0||Loo(Rn), CQ =

2
C<1+E0+E§(l+q)) 0oooo
00000000 (1),2),3)00 w,w0 0000000000000
wy(z,t) := M,G(x,t+ 1),
wy(x,t) == M,G(x,t +1).
0000G(z,t) = (4nt) ™ ?exp (—|z[*/4) 0 n 0000 00M, = [p, uo(z)dz, M, =

Jgnvo(z)dz 0000
o000 w,vdw,w, 0000000000000 O00O00OOO0O0OOO0OO0O0O0O

Theorem.3 [v,v00000]

00n>30000w0000000 (1),2),3)000000ug, v € LH(R) N L*(R")
00000001<¢<o0o000000000CO000000000000000
Li(R") .= { flzf(z) e LY(RM)}OOODO

Ct 2 log(2+1t). (n=3,¢q=1)
=3, 1<¢q<
||u — wu||Lq(Rn) + ||1) — wv”Lq(Rn) < C’t‘V‘% ' n ) o q = o0,
n>41<g< o0

D0D00y=%2(1-1)0000
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LARGE TIME BEHAVIOR OF SOLUTIONS TO
THE GENERALIZED BURGERS EQUATIONS
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ASYMPTOTICS FOR VARIATIONAL PROBLEM WITH CRITICAL
GROWTH AND SLIGHTLY POSITIVE DIRICHLET DATA
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000000000000 U= (Uz),...,U(x)) 000 F = (FY(x,1),..., F*(z,1)
0oodo0oodooooooooov-Uy=00 V- F=00O0OU0O00ooooo
00 FOODODDODOODDOOOOOOO U, 0 LR O00O0O0O0O0OOOOOOOO
O000oo0o0o0ooooo|U),boco00oo0o00ooo0o0oooooooooooo
Jdooooooooor/,Po00d p>n0dd L*0000000O000O00ODO0O0OOO0O0O
O00ooooooooooooooooooooooooooobooooooogn

00000000000Bugers 000000000000000000000000
00000000000000000000000000000O0 [200000000
Us(z) :=uo(z) — f(x) 00 0000000000000000000O0000OOCODO
up € L2(R") 000 f O globally Lipschitz 0000 0000000000000000

)
(H1) V-f=0,
(H2) Afell,
(H3) 311 : scalar function s.t.  (f, V)f = VIL

(U,P)0 (NS)DODOOODO0OOOu:=U+f0P:=P+0I100000000
{ uy — Au— (f, VIu+ (u, V)u— (u,V)f + VP = F, V-u=0 in R" x (0,7),
Uly=0 = ug in R”.
000 F=F-Af000O
000000000000000000 AQ Au:=—Au—(f,V)u+(u,V)f 00000
0000 D(A) :={ueW>»nLE(f,Vuec P} 000000000000 pe (1,0)
D00O0-ADO LE(R") O (Cp)-0000000000000000000 (3]0 [40
00000000000 {4}, 0000000000000 P:= (6; + RiR))i<ij<n
0000 R, :=0;(—A)""20 000 Duhamel 0000000000

(INT) u(t) = uq(t) _/0 e~ AP (u(s), Vu(s)ds + 2/0 e~ DAP(u(s), V) fds
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50 00 00 (DooooUooooouooooon)

0000000 w(t) = e+ [je94F(s)ds DODDODODO(INT) 000 mild
solution 00000000

00 1. n>20p € [n,00)0q € [p,oo] OO0 Ouy € LA(R™) DO OO f O globally
Lipschitz 0 00000 (H1),(H2),(H3) 0000000 OF € C([0,00); LZ(R™) OO
000000 00 Ty >00 mild solutionu(t) O te€ (0,7,) OOODOO0DOO0DDOOOOO
gogd

[t #3G7u(t)] € C(0,To); LL(R™),

[t — 12672 vu(t)] € O([0, Th); LY(R™)).
000 fl#)=M20000 MO axnO0000000[B000000000000
goooon [5]DDDDDDDDDDDDDD

googobogobuoboobbooboboooboooobobuoobobbad
OO00O00000o0oood0 n>101<p<qg<oo 000000 C>00 welR O
oogd

kE_n

IV*e A flly < Cett™ 22670 £,
oodd ¢t>00 kE=0,10 fELp(R”)DDDDDDDDD p<qgUOQln
575G Vre A, — 0 as t—0
goooono

0000000000000 000000000000000 p=nbO006€(0,1)
000000,;>20000000 {u} 0O

Wy (t) = (t) — /0 e AR (s (5), V) (s)ds + 2 /0 e =IAB(y,(s), V) fds

0000000000000000000 7, >0000007 |[u;()|las O 2]V, (t)]||
O+<Ty0 j>10000000000000000000000000000({[t~
B Du (0]} 0 C(0,1);28) 000D {8 — 17360V (0)]}1 O C((0, Ti); L9)
D000000000000000000000 mild solution 00000000 Gronwall
O0o000oood

gobooo

]
] Y. Giga and K. Yamada, Bol. Soc. Paran. Mat., 20 (2002), 29-49.

| G. Metafune, D. Pallara and V. Vespri, Houston J. Math., 31 (2005), 605-620.
] A. Lunardi and G. Metafune, Differential Integral Equations, 17 (2004), 73-97.
| M. Hieber and O. Sawada, Arch. Ration. Mech. Anal., 175 (2005), 269-285.



o000 oobooooooooa
ooooooo

gooboooobbbooooboboboooobbbooon

00000 (D0bo0U00oO0o0U0ooO0n0), 00000 (ooooo by

000000000000 (00000)00000000000000000000,
0000000000000000 (01,[1]):

( Pt + (pu>3: = 07

(EQ) (pu)i + (pu® + P(p)). = e = =, (1) € (0,1) x [0,00),

| P2z =p— D.

000,0000 (p,u, ¢)=(p,u,¢)(z,t) 000000000 (p>0),0000,0000
0000000, D=D(z) 0 doping profile 10 000000000000000000
0000.00, P=P(»)000000000,7=7(p,pu)>000000000000,
0000 P(p)=p"(y>1),r=1000000. 0000 (Bq)00 0000 Dirichlet O
ooo:

(1) oooo (p> u)(x,O) = (p07u0)<x>7 T e (05 1)7
(2) oooo p(ovt):ply p(lvt)ZPQ; tZOa
(3) ¢(0,1) =0, &(1,1) =&y, 120,

00000000000000000, Degond, Markowich(’93,[2)) 000000000
0000 (p4,¢)(x)000000000000,000000000000000000
00000,000000000000000, H-L.Li, P.Markowich 0 M.Mei(*03,[3]) O
0000000000.000000,0000000000000000000000
0 (Ips = 2l lpo— i, |@1], D~ | < 1),000,00000000000000 (5,2, 0)
—(5,0,0)00000 (p:=p=p.) 000000,00000000000000000
000000000,00000000.00000,0000000000000000
O, Dirichlet 000 0000000000000000000000000000000O
00000000.000,000000000,0000 (EQ)00000000000
0ooo0:

(4) oooo (p,u)(z,0) = (po,up)(z), =€ R.
(5) oooo (p,u,d)(x + 1,t) = (p,u, p)(x,t), x € R, t>0,

000000000000000.0000000000 (Eq),(4),(5)0000,000
00

1
6 fD>0, infpy>0 dr =1
O >0, [ i
oo, ooodgoooooooooddog.
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52 00 00 (ooUo00 DoOboUoOO0OL), 00 DD (ULDOULDODODUOUDOOOD)

<000 (0000000000)>
00000000 (Eq),4),5)0000000000000000000000.
)y>2000,000 v,E, 00000,

1
/ pu? +(p = p)* + (¢ — ¢)adz < Egexp{—vt}, t>0.
0

)2>~12>1000, M :=supp(z,t)<+ooc00000000,000 v(M),Ey(M)DO

x,t

nooo,
1
/ pu® + (p— p)? + (¢ — ¢)adx < Egexp{—vt}, t=>0.
0

OO0000,000000000oooooooooboboD, 0000000 doping profile
gobobo,b0bobboudooogobbobbbooooo,bbboouooooon
goooobbobbouooooobbb. oo, goooobobobobbooood
gobooboooogobooboodg. bo,obbobbtooooobbobbooooon
OoOoogd, Dimchlet D0 000000, 0000000000000000000DOO
0000000000 (',[4)000000000000o00O00oooo0n. ooo,
googbboobog,obogboobbogbog,obodboobobooboo
gboboboobobooboobooboobgog,opobooboo.

<000 (QOo00oO0ooog) >
000 (po,ug) € H*O O doping profileD 000000 (6)00, D e HOODDODO.
0000,000046>0,C>0,4>000000,0000000]||(po— puo)ll2 <
6000,00000000 (Eq),(4),(5)000000000 (p,u) € C[0,00); H*) N
C([0,00); HY), ¢ € C°([0,00); H*) N C*([0,00); H*) O O O,

1o = A, w)(®)ll2 + 116 = ) (D) l4 < Cli(po = p,uo) 2 exp{—5t},
0oooo.
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ooooooo

ON THE NAVIER-STOKES FLOWS WITH A NONTRIVIAL FLUX
CONDITION IN AN APERTURE DOMAIN

OO0 00 (@oOOooooooon)

QCR'(n>2)0 00000000 aperture domain D0 0. 0000000000 R
0000 Q\Bg = (HL UH_)\Bp 00O0OO0OO0O0DO0000Bg = {z € R* | |z| < R}
Hy ={x=(x1,...,2p) €R" | £z, > 1} 000000000 QOOO0OOODO nonstationary
Navier-Stokes D O OO O0O00O0O0

ou—Au+u-Vu+Vr=0, V-u=0 inQ x (0,00),
(NS)

ulyg =0, uli=o = a.

ooooon nontrivial—ﬂuxDDDDDDQB(u)—/ N -udo = a(t).
M
UO00DbO0b0O0obOn aperturedomain D00 0O00O0O0O0OO0O0O0OOOOOOO

Farwig-Sohr [1] 0 00 Helmhortz O OO LP(Q)" = JP(Q)eGP(Q) DO0DO0O0O00O00OOOO
O0oooOooJrQ), GrQ)OUDOO0OODOOOOOD

Q) ={ueC Q) [V u=0 mQ}, GPQ)={VrellP(Q"|reclLl ()}

loc

O00JPQ) U0 flux 00 ¢o(uv) 000000000000 0OO0OOOOOOO
JP(Q)={ueLP(Q)|V-u=0, v-ulgg =0, ¢(u) =0}

gootdv O 8QDDDDDDDDDD1<p<%DDDDDDDDD o(u)=0000000
0000000 ¢(w)y=00000000((NS)UODOOODOOOODOOODDOOOOODOOOOD
oooo

00 Stokes 0000000000000 OOOOOODOOOOOOOOOP: LP(O)™ — JP(Q)
O00000000Stokes 000 AD Au=—-PAu (ue D(A)0DOD0OOOOOOOOOO
D(A) O

D(A) = W2P(Q)" N W P ()" N JP()

0000 Farwig-Sohr [1] 000 —AD JP(Q) 000000 {THhs 00000000000
000000 Stokes DO OOOO0OO LP-L4000000000000O0O0O0O0DOODOODOO
oooooooa

OO0 1 (LP—-L900). QCR™ (n>2) 0 aperture domain 00 00
(1)1<p<q<oo, (pq) #(1,1),(c0,00) J000000000000000000

n(l

_n(1l_ 1
1T ey < Coat 3G [ fllps W0, ¥ f € I7(S).
(2)1<p<qg<oo(¢#1)000000000000D0O00O0DO0

_n(l1_1)_1
[T llaiy < Cpat 20 £ Y20, ¥ € ().

000000000 Stokes 000000 LP—L40000000Fux 00 a(t)=00000
0000000000000000000000000000000000000000000
000000

O0O0O0Fux 00 o(t) #000000000000000000000000000000
00000D0000000000Galdi [2] (VLI V)ODDO0000000000000 x(z) €
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54 00 OO0 (Ooooo ooooo)

C®Q)NW24Q) (n/(n—1)<g<oo)000O0O0O0DOODODO
(1) ¢(X) =1, V-x=0, X|8Q = 0.

00000000000 Onon-trivial 0 Flux 000000 (NS) OO vl u=v+a(t)x(z) 0O
oobooboooo-Fwxxoooobooobooobooobooobodyooobooobg
goooooon

v —Av+v-Vo+Vr=I(a,x)+Lv), V-v=0 inQx(0,00)
(“M”{mm—o, vlimo = a(z) - a(0x(@),  Bv) =0.
googd

I(a,x) = —ayx + adx — a’x - Vy, Liv)=av-Vx —ax-Vv
00000002 0000000000 3000000000000 0O000O0UDO0OO0O(v-NS)
goobobobobooboboobob pPODODODODODODODOD
(P-v-NS)

Ow+ Av =—P(v-Vv)+ PL(v) + PI(a, x), v(0) =a(x) — a(0)x(x).
gooooooooobooon:

v(t) =T (t)v(0) — /0 T(t—s)P(u-Vu)(s)ds

t t
+/ T(t—s)PL(v)(s)ds—{—/ T(t — s)PI(a, x)(s)ds.
0 0
000000000000 40000000Stokes 000 LP-L¢000000000000.

000 2. n>3000060<1-n/2q, 6o >1/200000Flux ¢(u) =) 0000000
ooooooo

la(t)] < Ct=%, |0,a(t)| < Ct =0

000000000000000000006=6Qn)000000a—a(0)yeJ?(Q) D000
00 a—a(0)x||;» <600000Flux ¢(t) =a(t)000 (NS)DOOODOOOOO0O0¢— ool
000

Ju(®)lzroy = o(t~3+3) for n < r < oo,

HVu(t)HLT(Q) = O(t_1+ﬁ) forn <r < oo.

aoog
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o000 oobooooooooa
ooooooo

gooboooobbbooooboboboooobbbooon

0000 (D0ooo0oooooooooooo)
0000 (Dooooooooon)

1. 00

00,00000000000000000000000000,000000000
000000000000000000000 (1)). 0000000000000000
00000000000000000000000000000000000000. O
000000000000000000000000000000000000000
000,00000000000000000000000000, 000000000
000000000000000000000O0,0000000000,000000
000000000000000000000000000000000000000CO
ooooo ([3).

00000000000000,0000000000000000 ([4)):

ou ou m
i L.Au + /\% +vk(u)ow — au™, (z,y) € I x Q,t >0,
0
(RD) a—;} = —k(u)vw, (x,y) eI x Q,t>0,
ow ,Ow
- A —— I xQ .
L 5 w )\81: k(u)vw (x,y) € I x Q,t>0
000 w,v,wd 000000, 0000, 000000000000OD0O0O, k(uw) =
exp(—1/u)00000000000000000000. IC (—00,00)0 (0,,), (—00, )

DDDDDDDD,QCR”DDDDDDDD.DD(RD)DDDDDDDDDDDDD
0 Le,a,y>0,m>1, A\ >00000000.

wO000000000O00000000. I=(0,,) 0000 (z,y) € 0IxQt>00 ul
Neumann OO OOOO0O0O00O. OO0 1= (—00,0)0000000yeQ,t>0000
0 w0 limygweou(z,y,t) =00000000. 000000000 (x,y) € Ix0Q,t>00
O00 w0 Nevmann OO OO O ODOOOO0O. 000000000000 O0O0OOO0O
0.1=(0,0,)0000yet>00000 0w/dz(0,y,t)=000 w(l,,y,t)=wrg0O
O000D0.000wg>0000000000000000000.001 =(—o00,00)0
O00000yeQt>00000 wl lim, . w(z,y,t) =wrg0 0, lim, ., w(x,y,t) =
w,y00O00000. 000w, >0000000.000000000 (z,y) € Ix00,t>0
D000 wdO Neumann OO OO O OOOOO0O.

oooo u(:c,y,O):uo(x,y)ZO, v(x,y,O):vo(x,y)ZO, w(x,y,O):wo(x,y)EOD
goodoo.

(RD)ODOODODODU0DO0DO0DO0O0O0O0O0OOO0OO0O0O0ODODODUOOOD. DOoOOOooDoOoOOd
00,000000000000X00000000000000000O000000O0
0000000000000000000000000,000 X 0000000000
00000000000000000000000000,000 X 000000000
0000000 0ooooooooooooooobobobobo. obo0oo0doooooa

gobobooggbbobugoobbbooooooobo,gobbboooooon.
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56 0000 (bo0U00U00 DoUoUoL), D000 (Oooobooooooo)

2. 0000000000D0O0DO

000000000000000000000(RD)OD0000O0O00OOooOOO0Gd
gbooodbbogbbu. gbbuooobooobboobboobbuoobboon
00,000 20000000.0000000000000000000000000
uo.

00 1. 000 ug,v,we 0000000000000 R>000000, |Jullze, [|vollze,
[wolle < ROODODO, flullpe, [[vfLe, wlle~ <2ROO0000.

bobobobodbobobo,uggbdgboboobobobboboboado.odb
0000000000000 0 (RD)OOOO0O0D0DO00O0ODO0O0D0D0OOO0OOOooo
O0000.00000000000000000000,000000000 v(z,y,t)00
O000000000000000000000. 00000 ve(z,y) = limy_ v(z,y,t)
gboboodgbbuogobooobbuoobbooobboobuooboboo.bboon
b0, d0d0vwgdbbbboogoboobogooboog.

00 1.7 = (0,,)00, (uv,w)0 (RD)DODOODDO0. 00000000 (z,y) €
IxQOO000 limysou(z,y,t) =000000. 0000 (x,y) € I x Q0 veo(z,y) =
limy oo v(z,y,¢t) D000, 000 v(z,y) 000000000 (2,y) € I x Q0000
vo(z,y)>000000.

3. 00boobooboon

00000000000000,1I=(-00,00)000 (RD)0D0 00000000,
bybOooobbuogbobboobbuoogbb. ogbbuoobobobooobbood
O00O0D000.000000,0000 )M 00000000000000000000
ND0O0000DOD00000000000000000000000000000000
gboboboooobbobuooogobo,bgooobbbooodgobobobooooob.
gbobogdgbboodbbboogbobooobobooobob,bbooobbood
gooodobboobbuoobobooob.ooobboobboobboobboon
goboboooobbboooonon.

b 2.«000000000000O0O0O0000.

cUDUOOO0ODODOOOOOODLODOOOOO,0b0000bbbo0oobbban
gbobbuoooobbbooodgbbbuoooobbbuooobob,o0bobobogoo.

OO0 3.m=1000. 0000 M 000000000 c¢c00000,c>c—A00ODO
gbooboooobboouogooobobo.

Oooboodboooboobuooboobobbobooobn.oob,Aa>ccgbgnm
obobbooboobooboobobboboo.
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gogbobobuooooboboooooobobooooboo

00 00 (00000000000 ooon)

00000 NOOOO Bg:={zeRY; |z <R}, (R>0)000,00000000
0000000,00000

ou U

— —Au+—(|Vu* =1)=0 in (0,T) x Bg
ot €

(NP) u=0 on (0,T) x dBg
u(0) = uyg in Bg

000000000, 00 HamackOOOOOOOODOOOODO. O0OOe>0000
O00C00O0. (NP)OOOOD«O0O0OD0OD0OO0OO000O

sup u<C inf wu

(t1,t2) XY (t3,ta) x €Y
O00000 HanackOODOODOO. O00OOeg,tq,...,t,0Q ccQDODODOOODOO
O0000000D00ODOD00 CO00D000D000,D00DoDOo0Co Y0e, ty,...,t,
000000000 000000O00000O00000O0000. 00 HarnackOOOO
O0000,00HolderOOOOODDOODOOOODO HanackODOOOOOOODODOOO
O00dodo. oo0,Cc0HamackOOOOOOOOOO.
(NP)OOODODOO0OOO0OO0O0oooooooooooooooon.

ou Yoou Ou  9%u

(MMC) ot 92; 9z, Dm0,

1
_AU—FWU, =0 inQp
3,j=1
(MMC)OOOQOOOUODOOODOUODOoooOOOooUOoo,00000ooDoUooooO.
O0000D00000000 HarmackOOOOOODOO. OO,00000€00, Harnack
000000000 000000 (Evans [3], Lindgvist and Manfredi [5], Bhattacharya
2]) , Harnack 00000 0000000000000 O0O0O0OOOOOOOOOOOO
O0. NP)De—-000000000 (MMC)OOOODODOODODODOOOOO. OOO
000 (NP)ODOOO HarnackDOOOOOOOOOOODO, 00 HarmackOO CO e —0

000000oooooooMMCO)OOOOOOOOOODOoDOoOooooooOo.
0000000000000000000000, Moser [6] 0 Harnack 0000 OO
O00000. MoserUOOOODOOOOOOOODODOOOO Aronson and Serrin [1] O
Trudinger 7|0 0000, 00000000000000. 00O, (NP)OOOO Trudinger
goodooboobobobbooooog.
00 (Weak Harnack Inequality)
N>300000<u<MONP)OODODO.DOOOT>0,RR<ROp<O00ODO
O, MOODODOOOOODOe>MUOOODDODODOOOODODODOOO;

( 7;)anB u > CYPCoCs]|ul| o 0,r)x B )
T, R/

Oo0O0c,>00 NOOODOOODOO,

M§(N+2)) o, :( 1 1>‘<N+2)/2'p'
—ur ) ¢ \GEowe .

o (0 R=RP ~
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58 O0 00 (DQoUoUoo ooooo)

(NP)ODDOOD0O00D0 wVu?00000000000000000000, HarnackD
000000 imf«00oooooooooooooooboo. o0, 0bogooboog
000000000000, teration0 00 000000000000 0O0O0O. by:=M/e
O00,n0000 cut-off function 00 0. (NP)O ¢ := n?e %P~ 0000 Laplacian O
gooooooooon.

V¢ = e uP TV + e ((p — Dum ™ = bou™ )V
000, —pRe Ve 000000, 0000 «Ve20000000000000

Oo00o00. 000
:|p|/ e bosgmIPI=1 g
goog,dd EnergyDDD

I /@ n’ f(u)) dedt + ——— i + e~boM //nzu”"z]Vu]Q dxdt

< PES //ulpwm? dxdt + —//m@m‘u Pl goedt.

O0000.« POooDoDoOOOO0O0O0O0O0O0OOOOOOO.
00 (LadyzenskajaO O O0O) N >3000

V((0,T) x Q) := L*(0,T; Hy(2)) N L>=(0,T; L*(Q)),
[ullviomrxe) = HUHLQ(O,T;H(}(Q)) + HUHL“’(O,T;LQ(Q))
0000,ueV((0,T)xQ)000 ue L2NF2/NOD>) 000
[[wll L2cvs2)m) 0.1y x0) < Cllullvo.r)xe)

ooooo.oo,0o0coNOOO0OO0OOOOo.
00 Energy 000 (1)0 Ladyzenskaja O OO OO0 0<T1y <7 <7, R <Ry <Ry <
ROOOO cutoff function 0 00 00O OOOO0O,00000000O000.

< ety |[uP2|?

(1)

2112
Hu Ipl/ HLQ(N+2)/N((T1,T)XBR1)
OOcCcONDOODOOOO,60 o, Ry, ROOOOCDOODO,E0MODOODOODOO

O0. 0000000000000 d« P2ooo0o000o00ooooog. O
000000000000000 suwpw?0 |u,00000000000.

L2((70,T)x Bry) *
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000000000000 00 ALLEN-CAHNOOOOODODODODOO

00 0 (0000000000000 0D Uoooooooooo)

gooddoooobbobbboooooogoao
1
(1) @—Aﬁ+§kW%ﬂ)mRNx&T)
000 £.0
(2) fe(u) = —sinu — ea(1l + cosu)
000000000000«000000000DO (1))boOoOoDooooooo

B = [ (31968 + 500)) do

0 200000000000000000000 F, = [f =cosu—ea(u+ sinu) 0
ooo

00000 f(u)=2u(?-1)000000000 (1)0 Allen-Cahn 0000000
D00000F = (w?—1)?/200000000 v =+10000Allen Cahn O 00O
D000000000000000« 000 -1001000000000()0000d
e— 000000000000000000000O0OD0ODOO0O000O00O0O000
0 O Rubinsteind SternbergD Keller 0000 0000000000000000000
([RSK])O Chen 0 0 0000000 Evansd Soner( Souganidis 1 0000000 w0 1
0000 -10000000000000000000000000000000000
00 ([CLIESS)OOOODO Allen-Cahn 00 0000000000000 OO000O0O0
0()000000000000000000 F.=/£0000000 (2k+1)n(k€Z)
D000000000000000000000000000O0D0O00000 (1)000d
0000000000000 D00000O0OO

D00 (1)00000000 wé(z,0) =u(z)d0
(3) —m < uy < 3m, infug <0, supug > 27

RN RN

00000000000 |u|<~0000000000 |v¥| <7 000000Allen-Cahn
O0000000000000000000000 (3)000000000000000
0007000000000 7003r00000000000000O0O0O0OO0
000000000 00000000000000000

Vu
|Vl

0000000000 AD0000000O0O0OOOOO000O0O0 (1)0000000
(40000000000 {z; u(te)=2)00000000000000000000
00000000000000000

000000000000000000000000000000000000000
0Doooo0o0o0oo

(4) u — |Vul {div +A} =0 inRY x(0,7)

Theorem 1. 000 40 000000000000@B)00000000 «*0w0000
00000 wi(z,0) =u(z,0) = u(z) 000 (1)0(4)000000000¢e[0,7]00
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60 00 0O (0OoUo0 oboooooo)

000 {z; u(z,t) <0} # 00 {z; u(x,t) € (0,2m)} # 00 {x; u(z,t) >27} 00000
00D0000000000000 K € {(z,£) € RY x (0,T]; u(z,t) < 2wk} (k =0,1)
gooadgd

limsupu® < (2k — 1)7

e—0 g
D0DOO000000000000000 K € {(z,¢) € RY x (0,T]; u(z,t) > 2rk}
(k=0,1)00000

liminfu® < (2k+ )7

e—0

gbooooao

000000 [Cl00000000000«00000000[ESS|00000ooon
ooobdoboboboooboboboooboboboboobobob200b0000
0000000000000 00[ESS] 0000000000000 00 37x 0000
gbooggboooboogbobibd —«0D0~00000O0O0OO00OOO0OOO0OO0
00000000000 0ESS) 0000000000 oogoooooooooooo

(5) _Qg_cs(]é‘i_fe(%:):o

oo ouououoooouoouotuo ~r0oUd 3n00O
000000000000 000000000 ¢g(—o00) = —nm0¢(+00) =37r0000
(b)00 0000000000000 0O00O0ODO000000OOOOO000OOooO
00000([ESS|0000 ¢(+o0)=+r00 (5)00000000 (1)00000000
oo“d0doo’oddooooboo20bb000ooooooooboooooO oo
OO0”’000000000000D0f.000000O000ODOO0OO
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b0 ooboobOoobooooboboooboobooboobooboooobOoobn

0000000000000 ooo (Ives)ooooo

up = Au + t9|z|7 0P, in R" x (0, 00),
vy = Av +t2]z|?uP?, in R" x (0, 00),
u(@,0) = up(z) >0, i R",
v(x,0) =wvo(xz) >0, inR"

(IVPS)

O000py,p2>1,pip2 > 1, q1,¢20 >0, 01,00 >0, ug,vo € BC(R") OO OO
a>000000000O000O0O00O00O0O00O0

It = {f € BC(R");&(x) > 0,limsup |z|*¢(x) < oo} :

|z|—o00

I, = {f € BC(R");&(x) > 0, liminf |z|*¢(x) > O} :

|z|—o00
000000 | [fee D
1€]loc.a = sup (2)*[€(x)]
zER™

D0000¢]|ee <0oc0OO0D0D00L®-00000 LPOO0O00O0O0(z) = (1+4]z[>)*/?
0000000007 CLe00Dn0nnnO(u,vw) € xI2000000(0VPS)O

00000 (u(-t),0(,1) € L x LE0000000000000
o1+ 09p1 o9+ 01P2

0y =——"—, = ——"7

pip2 — 1 pip2 — 1

goodogogno
(24 01+ 2q1) + (2 + 02 + 2¢2)p1

o] =
pip2 — 1
o — (24 02+ 2q2) + (24 01 + 2q1)p2
y =
pip2 — 1

goodooooobbobbbooooo

Theorem 1 (00 O0O0OOOO0NO).

Assume that (ug,vo) € I° x I°2, and max{ay, as} > n. Then, every nontrivial solution
(u,v) of (IVPS) is not global in time.

Theorem 2 (0O OOODOOO).

Assume that (ug,ve) € I x 1%, and max{ay, as} < n. Suppose that

(ug,v) € I X I with a; > a1, as > ao,

and that ||uo)|co,a; and ||vollcoas are small enough. Then, every solution (u,v) of (IVPS)
1s global in time.

Theorem 2 000 27000000000000 [16)0000000O0O
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Theorem 3 (DO O0O0OOOODO).

Assume that (ug,vo) € 1% x I%. Suppose that one of the following four conditions holds:
(1) ug € I, with a; < ay;

(ii) vo € I, with as < ag;

(iti) uo(z) > Me 1 for some vy > 0 and M > 0 large enough;

(iv) vo(z) > Me 1 for some vy > 0 and M > 0 large enough.

Then, every solution (u,v) of (IVPS) is not global in time.

Theorems 1 and 3000000 27000000000000 (1600000000
o1 <nlpi—1), 00 <n(ps—1) 0000 0:00, 00000000000000000,, 0y
0000000000000000000000000000000000
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0000000000000000000000000000000(@O0). 000
000000 1000000000000000000. 000,0000000000
0000000000000, 0000000000000000000000000
0000,0000000000000000000000000,000000000
00000000000:00,00000000000000000.000,0000
0000000000000. 000000,0000000000000000,00
000000000,0000000000000000000000000000

00000,000000,0000000000. hy:=0000.0k=1,...,N—1
000, O he >h; 0000000000.0k=1,...,N—1000,00 (he_1, he)
00 kO0O0,0,00 (hy_1,00000 NOOOO. Ok=1,...,NOOO, a, b, 000
0000.00 k00000000000, 004000000000000. 00
0000000,000000,000000000000000000000,0000
00000000000000000000000000000000000. 000
00000000000000000000000000000(0,00000000
000,000 [1]000):

(Wk) (87:2 B ai@i)u(t,x} =0, Zk;lhfvf1< " E: ; }\b, e 1)7

(O)  w(t,z)=0, t<0,

(B)  Ou(t,)|s=o0r0 = ¢(t) (OO, suppye N (—00,0) = 0),

(Lk)  wu(t, x)|:c=hk—0 = u(t, $)‘x:hk+0 (k=1,...,N—1),

(J.k)  arbpOyu(t, ©)|oen,—0 = @rt1bp110:u(t, )| pep,v0 (K=1,...,N —1).

0,000 (Lk)O,0002=h0000000000000,0,000 (J&)Oz=~h
0000000000000000. 000,00000000,0000000000
0000,00000000

000000: ay, by, o(t) (000000),w(t,0)(00000),

000000: N (OO0O), agbe (k=2,...,N), by (k=1,...,N —1)
000.00000,00000000000000000000,0000000000
0000000000000,00000000000000000.00000000
0000000000.00000,00000000000000000000000
0000000000000000000000. 00,000000,0100000
00000000,002=0000070000000000,0000000007T
0000,0000000000,000000000 K, 0000000000000

ho 010 020 O k0O ONO
I he——e he————
h h _ h _
o(t) > g 2 S Nt 4
oooo: a a9 ay an

DDDDDDDbl bg bk bN
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00 (e —hy1)/e, 0000000000,00000000000

000. ¢, n0OODODOOOOO. b #bjyy (j=1,...,N—1)000. T>000
0. ¢ € LY (—00,T)0 suppy C [0,7)000000,00006 >000000,00
Oee(0,6)0000 [°_¢(s)ds #000000000. 00000 v(t) := u(t,0) 0
0,7)0000000000. 000, u(t,2) 0000 (W.1)~(W.N), (0), (B), (I/J.1)-
(IJJN-1)00000.0000,00 by, (he —hee1)/a, (1< k< Ny—1)0000

gbobobooogon.
t

00 1. () := —al/ e(s)ds—o(t)000.

00 k+1 (k=1,2,...). [0,7)0 v,()=000000000,00000 k000 N,
D0000: ux(t)=0. 00, w(t)20000,0000000000

ot :=inf{t€[0,7):v(t)#0}000.

e 00000 (hy — hy)fan, b 0000

k—1
hie— iy te 3 hj = hj
ay 2 s a; ’
k—1
22k_1a1 H bjbj+1 — lim Uk(t)
o1 (bj +bj11)?  t=tt0 f::“ o(s)ds
b1 = 1 b
9214, bjbj+1 lim vk (1)
o (b bi4a)* =t [T o(s)ds
hi hy —h hy — hy_
o vpp(t) = vi(t) + 9" (t;a1;b1,.--,bk+1;—1, L 1;T) 0o
aq (05} Qe
0,0000000.000,¢90O,
hy hy—nh he — hg_
g(k) <t;a1;b17"'7bk+1;_17 2 17"'7 i k17T>
aq a9 (053
= —2a, Z Vg1 (ma, ... ,my; by, . D)
0<m;<oo (1<i<k), k ho—hi
ion;nﬁiﬁki<l 2 T
2 mi a =32 X o(s)ds

000000000, 000000000000000,00000000
(e 00000000 [20000000).

U,ggd,bboooooudooog,bbooooodgag 1obboooobbb
0000000000000 2boo000,00,00000D0ooooUoobooo
O,00bboobooboobobobbg,bboobooboobbooboobo
oood,10b0000bo,o0bboooboobboobboobboobbod
gboood.
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1. 00gn

000000000000000000000(00)000000000000 0O
00000000000000000000000000000000000000 C(¢)
000000 Ct)=C¢00000000000000000000000000 (00
0[2)00)00000000000000000000000000000000000
000000000000000000 “http://grb.cs.hkg.ac. jp/~ohtsuka/” O [
00000000

2.00000000
gboobuoogobbbuoooobbbuodnl y»,ype0O04Oo

C={r= (21,29, 23)| © = Y(y1,92), ¥ = (Y1,%2,93) , (Y1,42) € D}
000000000 o0ooooooooo t+oogo c*pgoooouooogo
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
0000D000D0000000000 CO0000 S={z]z=4(y,1), (yi,ys) €
Do}, Dc D, 000D0000000D000D0 (Sc Q)0

cOO00 sSsooooooooon H(C|S)DDDDDDDD
(SC1): 000000 9CO00~ (t=0)0000 t>000000000 9C(t)
00 ¢(t,7) 00000000000 ¢(t): v ¢(t,7) 000 t 0000000

gdddyOboobbbbbooooooouoooo

(SC2): 000DD0DO0 D lim, ..ot 'C(t) —C| #0 00

00 s00000000000008C={(s)]0<s< L},
U(s) = (¥a(s)wa(s), Us(s)),  tils) = Lilya(s), ya(s)), i = 1,2,3

O00D0000000D00D000 xeSO000SODO0ODOODOO0ODO OO eOCO
00000000 §(7), v =%(s) O

%0 (1) x 22 (z) LA
- oy oy2 (]

0000000 ~yedCO0000&((y) =#(y), 5000000 é(y)0 cO00000
00000000 &GO ¢()000000006(y) 0 ¢'()000 —¢'(y)0000
00000 {&(7),é(y),6(7)}000000000000000000 SO 7000 +,
0000 -000000000
00000 yedCOOOOOO ¢/(0,~) O
00 Ve(y) 00000000 Ve(y) = ¢(0,5
000000000000000000000

() 0OODO 00000000000
)€m0DD%()m@DDDDaCDDD
0 [1]0

0
Vel = lim £=11C(t) — €], Vel = / B(s), Ve,
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3. 040004
000000 @) 00ooooooo

W) E@L0w) = [ {B@-Fcho- [ gvds

Qe
ogooono

V(Qew) = {t€e H (Qew)’| TpD 7 =0}

D0000D000D0D000000O00eg;(0) = (0jv; 4 0iv;)/2, T = (v1,ve,03) 00000
E(0) = 5Cijueij(0)en(v) 0000000000 Lax-MilgramO OO KornO OO ODOO
D0o000o0oooooo [1jm

00000000 C()ell(Cc)S)D0Doonooooono ck\coo [@]l=0000
e H(Q)ODDODDDOODO H(Qe) CH(Qer) DDDDD0DO0000000 «00000
000000 «%(+) 0000000000
(2) g(u’ ‘C> QC) - 1761‘1/1%8(:) 6(’[}, E» QC) > u_fe\rfrégi(t)) g(w7 ‘Ca QC(t)) - g(u(t)a E» QC(t))
000000000000 &EWL,Q) —E®Wt); £, ) 00000000000000
000000 Grifith 000 00Lwin0O0OO0O0OO0O0O0000D000O00D000O0O0O
0oo00o0o0ooooo

o EIL,0c) — E(u(t); £, Q)
(3 G(£,Cc()) = lim COC]

0000000000000000000000000000000|c@t)\C| 000
c)\cooooooo

00 3.1.000000 ¢(-)ell(C]S) 00D
(4) G(L,C(-)) = (i, Xe) Vel

0000wc UOC) 0000 ¢ 00000000X, = (X}, X2,X}) 0000000
00 U@C)0000000000000000000000000000000000
JOO J,(4,X.)0ooooooo

0
(5) Jw(ﬁaXC) = Pw(ﬁa C)"‘RW(ﬁa)?C)
)

—f(XC-Vﬁ)—E(x,ﬁ)div)?c}dx.
00007 =(n,ne,n3) 0 wOOOOODOO0O0O0O0ODOOOOO
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o0 0o0oooobooon

gbddououououououooooooa
1) uy = Au+ f(u), xeRY >0,
u(z,0) = up(z), z€RN

Oooboobooooobooooooobooobooobobbo0ooboo N NDOODbOOogo
OO0 fO00000DO0DO0OOOOOOD

2) (1o£f>l>0’ (%)/50 (0> 1), /110§(~f(f)‘7)da<oo.
gdobooododododooooooooouoooo
f(u)
u—oo u(log (1 4 u) )?
00000000 (P)D000DOO T ="T(u,vw) 00000000

=00 (b>2).

limsup [Ju(-, )| oo @y = 00.
t,/T

000000000000000 7TO000000000 «cRYNOOO0O0O0O0OOO
oooooodd z, —alt, /" TO0000O |u(z,t,)| —co 00000000000
00000000000000000000000 Bw) OOODODOODODODOODDOOO
000000000000000 Bup)=00000000000000000O0O0OO
O KO0OOOODoOooooooobooooo

limsup [[u(-, )| Loe(x) < 00

t—T (uo)
0000000 w(x,T) :=lim_ru(x,t) 00000 RNODO C200000000000
O000O0000oObOooOooooooa

O000o0000d000o0ooOoOo00oo0ooooOo0o0oo0o 1 0oo0oooobooOoOoonn

Lacey 3|0 000000000 DO0O0ODOOOODODOOOOODOOOODOOOODOOOO
O00Giga-Umeda[1] 0000000000 v, =Au+w? 0000000000000 wu
00000 M>000000<wuy<M,u(x)— M(z] —00) 0000000000
00000000000000000000000 100000000000 oooon
0000000000000 00000000000000 4joooooOoOoooo0oo
ooooo

(H) OOOO M>000000<wuy <M, ug# MO
(H2) 0000 {a,}, CRYO R, w00 (n—o00) 00000

Tim lug = M8y, (an)) = 0
gooboooooooo
() T := T(ug) = T(M)
(i) B(u)=000000000000
i 1
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68 00 00 (DOoU00O00 ooooooo)

000 Giga-Umeda 2] DO00O0O0O00O00O p>10000 f(o)/o? — o0 (0 — 0)
0000000000000 0000000000O0000O0O0O00000OOoOO (2)
000000000000000[B)ooog

gooooobbobbobbuddogoobooooouooooooboboon
godooobbbbodobbbbuooooooobbobbooudduuoooooo o
00000000000000000000 "00070 RYO000000000000
O00000000000000000000000000000B|000000 ¢(s) O
gooooooooooo:

b= —F() (s> 0), limp(s) = .

O
0

00000 f(u)=w”(p>1)000
o(s) = (p—1)" YD 5T (0< s < o00)
0000 f(u)=e* (a>0) 00000000000

o(s) = —élog (as) (0 <s<1/a).

000 (General upper bound and Lower bound). (i) 0O v € (0,1)
000 f O [Loo) 00D0D0O0DO. (HL) O T(u) = T(M)
weC®YYDe>00000,00 C>00000

jz?
< - ).
(e, ) < o Coxp ( HT(M) = g)> )

(i) 000 e>00000 (H) O T(uw) =T(M) 0000000 u € C(RY) O
00000 C>00000

|z
u(x,T) > <C’ex (——))
(@ T) 2 e(Cop = 17+ )
(i) 000000000000000 p(z) 0000 (HL) O T(w) =T(M) D000
oo w Ooooag
u(z,T)
p(z)
doooooodooboooooouooboooooooooooooooooa
goouououououod
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BLOW-UP DIRECTIONS FOR QUASILINEAR
PARABOLIC EQUATIONS

0000 (0oooo)

gbbbooodgbobboooobbboogbbboooobbboooobooo.

u = Ad(u) + f(u), reRN t>0,
(1) { u(z,0) = ug(x), r € RY.

000, ¢,f € C'([0,00)) N C>((0,00)), ¢(§) > 0,¢'(§) > 0,¢"(€) > 0, f(§) > 0 for
€>0,60)=000,000, 0000

— <
L )
Oo0O000. 000 (1) Doooo00oo0oU0oDoUoooOoOoooUoo. 00, u €

BC(RM)DODOOOOOOOO.00O000000

(PM) o(§) =¢", f(&) =& (m=1p>1)

000000. 00000 (1)0000000000000,000000000000

000000000000.00,(1)000000000000000000 t(uw)00

00, ts(up) < 00 O O limypy, o) [|u(,8)|]ee = 0o 00000. 0000, w000 t(up) O

0000000, t(uw) DwdO00DOO000O.
00000,000000000000000000.00000000000000

M=|luwl~0000000000000000:

(2) v'=f(v) (t>0), wv(0)=M.

(2)00 vy() 000 Ty = (M) = [ d¢/f(€) 00000, 0000000000
0 ()00 w0000 u(z,t) <oy@@)000, 00000 t(w) > Ty 000, 000
tug) =Ty 0000000, (1) 00«00000000000O0O0O0,0000000
goooooooobobooon.

0O l.uDDDDDDDDDD(I)DDDDD.DDDD,DDDDDD:
(i)Hu(-,t)Hoo:hmgﬂoosupMERu(x,t):vM(t) intel0,Ty).
({juy00000000000000.00,0000000 {(za,t.)} € RY x (0,Ty) O
O0yesh'oooon

|x|_>oox_”
n )

||
Giga-Umeda [3] 0 ¢(&) = &, f() =¢000000000000000000000
000,00000000000,00000000000000000. Seki[5|000
000 (PM),p>mD00000000.001@G)0000¢esSN'04000000
00. Giga-Umeda [4]0 ¢(6) =¢0000 (1)000000000000000000
00000000000,000000000000.000000000¢0000 (1)
0000000000000000000000000000000,00000000
0000000000000.00000,00000 40000000 A4,00000

B A= [ wle= oy o) = ([ ) e
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70 0 00 (OoooUoU0o obooouooo)

000000000000000000000.
(4), 0000000000 {z,)cR¥YOOOOO:

lim |z,| = oo, lim |xn|:w and lim A,(z,) = M.
n—oo n—>oo{]j‘n n—oo
00 2. 00¢eSV-'0000,000 4000 (4),0000000. 0000, (1)
O0«O00b0ooboo,y0«.00o0obooob.ooo,
(4) lim sup J|u(z,t) —opy(t)]=0 for each R >0
=0 z—x, <R
O00000.00000¢t0000 (0,7y)0000000o0.
go20000ddddddoodooooogooooobobbbboboboobon
(DiBenedetto [1]) 00O 0O.
OO0 fOe000OO0O0O0ODOOOOODOOOODOOOODO,00O0DOOOODO
gbboboodgobbbuoodoobboooooon.
(B) 00000000 C?000 ¥(y),00c¢>0, n >000000:

U(n), ¥ (n),¥"(n) >0 forn>mn;

[
m+1 W(n) 7
{Fo™ )Y T (n) = f(¢~ ()W (1) = W (n)W'(n) forn>n.

00000 ((PM)0D0000000p>mO000000O000. Friedman-McLeod [2]

gbobobog,bbobdgoobobbooogoobuoog,bbooooboo.

00 3.00(B)000O0,«0000000000((HODOOOO.O0O0O0O,

HuyZzMOODOD«0000000O0OOO.

(ijy € SN'0w00000000000000 4000 (A),0000000000

go.
gboboboodobob,ggobbobuoooobbbudwoodobbboooobn.

00 4.00 (B)Ouw#000000.0000,(1H00«0000000000000

0000000000 uO sup,epy Ay(z) = |luglle 00000000,

O0.0000 (PM)ODOOOOO,p>mO000,0000000000000000
gobobobboooooobobobboduoo. gobb,«00ooobbobbboooog
O00000.0000000002@0Swzuki[7/00000000000DOO.

REFERENCES

[1] E. DiBenedetto, Continuity of weak solutions to a general porous medium equation, Indiana Univ.
Math. J. 32(1983), 83-118.

[2] A. Friedman and B. McLeod, Blow-up of positive solutions of semilinear heat equations, Indiana Univ.
Math. J. 34(1985), 425-447.

[3] Y. Giga and N. Umeda, On blow-up at space infinity for semilinear heat equations, J. Math. Anal.
Appl. 316(2006), 538-555.

[4] Y. Giga and N. Umeda, Blow-up directions at space infinity for solutions of semilinear heat equations,
Bol. Soc. Paran. Mat. 23(2005), 9-28.

[5] Y. Seki, Asymptotic behaivior of solutions to the quasilinear parabolic equations =Blow-up at space
infinity and nonblow-up=, Master’s thesis, Chuo University(2006).

[6] Y. Seki, R. Suzuki and N. Umeda, Blow-up directions for quasilinear parabolic equations, preprint.

[7] R. Suzuki, Complete blow-up for degenerate quasilinear parabolic equations, Proc. Roy. Soc. Edinburgh
Sect. A 130(2000), 877-908.

E-mail address: seki@ms.u-tokyo.ac. jp



o000 oobooooooooa
ooooooo

gogbobboooboboboooobobod

OO0 00 (0Oo0oooooooo bl

00000000 100000000000000D000 (e)OOO0O)ooboO0Od
goobogd

(O + 0n)z(t,a) = =\ (t,a)z(t,a),

(at + aa>y(t7 CL) =\ ( ) <a> ( 7a) - )‘2(t7 a)y<t’ CL),

(Or + 0a)z(t,a) = Ai(t,a)(1 = 0(a))z(t, a) + Aa(t, a)y(t, a),
z(t,0) =1, y(t,0)=0, =z(t,0)=0,
M(ta)= [ ala,o)e(@)yt,o)do,

w

C&ﬂ{BOLO?y@,U)*-WQLOOZ@,U)}dU

OO000000000000000000000000000000000000o0n
O000000D0O00000DDO0O0OC0C0O0O0O00O0OOOO0OOUUOUOOOd («)oooo
Oooooood

O00()000 BanachOOOOOOO CauchyOOODOOOOO0O0O0O0O0O0O0OO
well-posedness D 0 O 0000 OO

DDDDw>0DDDDDDDDDL1(O,w)DDDDDDDDDTDDDDDDDDDD

):iAw¢ﬂ%mu@yw, ue L'(0,w),
where ¢1(a,b) := 6(b) /bw ala,o)c(o)do.

700000000 Ry =7(7)010000000000 (¢)00000000000
0000000
D000000000000000R,<10000000 (¢)000¢— oo (z,y,2) =
(1,0,0)00000000000R, >10000(¢)000000000000R,0 10
000000000000000000000000000000000
OO000Ry,>100000000 persistence 000000000000000000
00000e>0000000

)\Q(t, CL) =

c\\

liminf/ y(t,a)da > e whenever / y(0,a)da >0
0 0

t—o00

ObOoobooboobbooboobuoobbOobDbO0 persistenced 000000
gbbobuogbobbboooobbbuooobobbboooobbboao

REFERENCES

[1] K. Kawachi, Deterministic Models for Rumor Transmission (submitted)

71



72

00 00 (DOoU00O00 ooooooo)

URL: http://www.ms.u-tokyo.ac. jp/ "kkawachi/
E-mail address: kkawachi@ms.u-tokyo.ac.jp





