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MULTIPLE COEXISTENCE STATES FOR LOTKA-VOLTERRA
COMPETITION MODEL WITH DIFFUSION

YOSHIO YAMADA

1. INTRODUCTION

This article is concerned with the following quasilinear parabolic system

u; = ki Au +ule — 6 — ev) in Q x (0,00},
(1.1) v, = kagAu +v(b — du — v) in Qx(0,00),
’ u=v=>0 on O x (0,00),
u(+,0) = ug, v(-,0) = in Q,

where  is a bounded demain in RY with smooth boundary 08, ug, vy are given
nonnegative functions in @ and ky, ks, a, b, ¢, d are positive constants. This system is
referred to the Lotka-volterra competition model with diffusion. In (1.1) u and v denote
population densities of two competing species.

We are interested in positive stationary solutions for (1.1), that is a time-independent
solution {u,v} of (1.1) such that both u and v are positive in §2. Such a solution is
usually called a coexistence state. The existence, uniqueness and non-uniueness prob-
lemn of coexistence states for (1.1} has been studied by many authors {see, {2],{3},[4},[8],
[oL.110},[11},[22],[13], [14] [15},[16],[18] and the references therein). However, the results
are still far from complete.

The main purpose of the present paper is to give some results on the multiple ex-
istence of coexistence states. After rescaling of u and v we are led to the following
steady-state problem:

Ay +u(l—u—cv)=0 in €,

vAv+o(l —du—v)=0 in Q,
(5P) u=v=>0 on 08,
u>0, v>0 in Q,

where y and v are positive constants. Although non-uniqueness of coexistence states
has been discussed in a pretty number of works such as [10], [11], [14], [12], [13], we
do not have enough information about explicit conditions which assure multiple co-
existence states. We will give some sufficient conditions on p, v, ¢, d for the multiple
existence of coexistence states. Qur method is based on the combination of the bifur-
eation theory and the theory of fixed point index for compact mappings in a pesitive
cone.

Date: March 11, 2000.
Partially supported by the Grant-in-Aid for Science Research (No. 09640228), the Ministry of
Education, Science, Sports and Culture, Japan.



The content of the present paper is as follows. In section 2 we will give some
preliminary results on trivial and semi-trivial solutions of (SP), degree theory and
sufficient conditions for the existence of coexistence states. Section 3 is devoted to the
study of multiple coexistence states. Some numerical results are also given there.

2. PRELIMINARY RESULTS

In this section we will collect some preliminary results which are fundamental to the
study of coexistence states for (SP).

2.1. Trivial solutions for (SP). We begin with the following auxiliary problem for
a semilinear elliptic equation:

pAw+w(l —w) =0 in Q,
(2.1) w >0 in Q,
w=70 on Ofl.
Let A1 be the least eigenvalue of
—-Aw = \w in €,
w =10 on 0f2,
and let p* be the corresponding eigenfunction such that ¢* > 0 in  and ||¢*|| = 1,
where || - || denotes L?(2)-norm. In what follows, we use
of = 1
=5

We have the following result for the existence of positive solutions for (2.1).

Lemma 2.1. (i) If u > o*, then (2.1) has no nontrivial solutions.

(i) If 0 < p < o*, then there exists a unique positive solution g, such that @,(z) is
strictly decreasing with respect to p for every z € 2.

(iif) p — @, is a Ct-mapping from (0,0*) to Co(Y), where Co(R) denotes the space of
all continuous functions u in 0 such that u vanishes on 0S.

(iv) ylg?* w, =0 wuniformly in Q. More precisely,

A (o* —
(2.2) Oy = ——}(U—’L—L—)go* +o(c* — p) as oF—pu—0,
Mo
where mp = / ©*(z)*dz.

Q
(v) For any compact subset F' in (1, hg(l) o,=1 uniformly in F.
"
Proof. Assertions of (i), (ii), (iv) and (v) come from [8, Lemma 1] or [14, Propositions

6.1-6.4]. The continuity of 4 — ¢, can be proved in the same way as the proof of [2,
Lemma 3.1]. In order to show the C*-dependence, it is sufficient to observe

(2.3) %%“ = —%[—uA + (20, — DI ™Heu(1 = wu)},



where [—pA + (2p, —1)I]~" denotes the inverse of —uA -+ (2¢p, —1)I with zero Dirichlet
boundary condition and is a strictly order-preserving mapping; so that (2.3) also implies
O, /0u < 0 in Q. O

It follows from Lemma 2.1 that (SP) admits, in addition to the trivial solution
To »= {0, 0}, two semi-trivial solutions

Ty :={p,,0} for O<p<o” and Ty:={0,¢,} for O<v<o"
Moreover, it is well known that (SP) has no positive solutions for 4 > ¢* or v > o™,

2.2. Degree theory. In this subsection we will summarize the index theory on a
positive cone, which has been developed by Amann [1] and Dancer [7], [8] to study
positive solutions for nonlinear elliptic equations.

Let K be a positive cone in Cy(Q) defined by K = {w € Co(Q2);w > 0 in Q}. We set

E = Cp(Q) x Co(Q) and C=KxK.

We will look for non-trivial solutions of (SP) in C. For this purpose, it should be noted
that any positive solution {u,v} of (SP) satisfies

(2.4) O<u<l and O<v<l in Q.

For any given m > 0, it is well known that (—pA +mI)™! : Go(Q) — Co(Q) is a
compact and order-preserving operator. By (2.4) any solution of (SP) lies in

D={{y,v} e E;u<2,v<2 in Q}nC

and not on the boundary 8D (with respect to the relative topology in C). We define
a mapping A: D — E by

A, v) = {(—pA +mD)7H(m +1—u—)ul, (—vA +mI) 7 [(m+1 - du—v)v)]},

where m is a positive number satisfying m > max{2c+1,2d+1}. It is easy to see that
A is a compact operator of class C! and maps D into C. Moreover, {u, v} is a solution
of (SP) if and only if it is a fixed point of A in C. Since A has no fixed points on 9D,
one can define the index of A for each fixed point in D and degc(f — A, D,0) (see [1]
and [7]). We have the following important relation provided that any fixed point of A
in D is isolated:

(2.5) dego(I — A,D,0)= > indexc(A,{U,V}),
(Uv}es
where S denotes the set of all fixed points of A in D. If yu and v are regarded as

positive parameters, then degc(l — A, D,0) has the property of homotopy invariance
with respect to 4 and v because A has no fixed fixed points on 8D.

Lemma 2.2. For each u,v > 0,dego(I — A, D,0) = 1.

Proof. Observe that (SP) has no solutions other than Ty = (0,0) for p,v > ¢*. So it is
sufficient to see indexg (4, Ty) = 1 for such p,v from the index formula due to Dancer
[7]. The homotopy invariance yields the assertion. O

We can also show the following results for indices of trivial and semi-trivial solutions
of (SP).



Lemma 2.3. Let 0 < u,v < o*. Then the following properties hold true.
(i) indexc(A, Tp) = 0.

(i) indexc(A4,T1) = { (1) g Z z %Z;:

I R e / [1vuiaa; we Hi(@),u#0}.

(i) indexc(4,T3) = { é ZZ Zzigjg:

where

(2.7) g(v) = sup {/ﬂ(l — e, )wide //Q |Vw|*dz; we HHQ),w # O} .

Proof. 'The idea of the proof is the same as that for [17, Lemma 5] and based on the

index formula [7] (see also [15]).
U

2.3. Existence of coexistence states. We are now ready to state an existence result
of coexistence states for (SP).

Theorem 2.1. Define

I ={(u,v) € (0,0%) x (0,0");v < f(u) and p<g(¥)},

™ ={(wv) € (0,0") x(0,0");v > f(u) and p>g(¥)}
and set I' =TT U, If (u,v) € T, then (SP) has at least one coezistence state.
Remark 2.1. Theorem 2.1 is essentially due to Dancer [8],[9]. Related existence
results are found in the works of Blat-Brown [2], Li-Logan [15] and Eilbeck-Furter-
Lopez-Gémez [12]. The proof of the above result can be done by contradiction. Indeed,

if (SP) has no coexistence states for (u,v) € I'", then it follows from (2.5) and Lemma
2.3 that

dego (I — A, D,0) = indexc (A4, Tp) + indexc(A4, T1) + indexc (4, Ty) = 0,

which contradicts to Lemma 2.2. The other case can be discussed in a similar manner.

We will indicate I' explicitly in pr-plane. For this purpose, some properties of f and
g are needed.

Lemma 2.4. If f is defined by (2.6), then it has the following properties.
(i) f is a strictly increasing function of class C* in (0,0%).

(i) imy o f(p) = 0* and lim, .~ f'(p) = d.

(iii) limy o f(p) = (1 — d)To™.



Proof. In order to prove (i) we will employ the argument in the proof of [19, Lemma
3.4). We first observe that the supremum in (2.6) is attained by a positive function
w, € H}(), which is normalized by ||Vw,|| = 1. It follows from the definition that

fath) = [ (= dpan)udipde> [ (1= doun)ulds

Q
(2.8) = ](1 — dgpu)wida: + d/ (op — cpwh)wzdm
Q Q
= £ +4 [ (pu = puan)uida.

Since a similar inequality to (2.8) holds true if y and p + h are exchanged, one can
derive

(2.9) [f(u+R) = 7wl < Clloptn — pulleo

for some C > 0, where || - || denotes the supremum norm. Thus (2.9), together
with Lemma 2.1, implies the Lipschitz continuity of f with respect to u. It is easy
to see lim, o~ f(u) = o* from (2.2) because w, — w* in H}(Q), where w* satisfies
prAw* +w* =0in Q and ||Vu*|| = 1.

The Lipschitz continuity also means that f(u) is differentiable for almost every u €
(0,0*). Hence, making use of (2.8) we divide f(u+h) — f(u) by A > 0 (h < 0) and let
h — 0. Then

; Oy
. "(p) = —d | ZEu?
(2.10) £l = —d [ Fulde
for almost every p € (0,0*). By Lemma 2.1 the right-hand side of (2.10) is continuous
in u € (0,0%]; so that (2.10) is valid for every u € (0,0*]. Clearly, (2.10) together with
Lemma 2.1 yields f'(x) > 0 and

: ' /\ld/ (¢)?
lim = dzr = d,
R N
where we have used w* = ¢*/||V*|| and [|[Ve*||? = A;.

It remains to show (iii). From the monotonicity in (i) there exists a limit of f(u) as
u— 0; so we put

lim f(u) = v~
Since @, < 11in Q, it is easy to see f(u) > (1 — d)||w||*/||Vw]||? for all w € H(Q) and
p € (0,0%); so that, in view of sup{[lw|]*/||Vw|/*;w € H(Q)} = o*, we get

vt > (1—d)o*.
Moreover, even if the set {z € ;dp,(z) > 1} is non-empty, we can choose a suitable

function w € H}(Q) such that [,(1 — dy,)w?dz > 0. This fact means f(u) > 0 for
every p > 0. Therefore,

(2.11) v* > max{(1 — d)o*, 0}.

To prove the reverse inequality, we use a family {w,} again. Since ||Vw,| = 1, it
follows from Rellich’s theorem that there exists a sequence {u,} | 0 such that w, =



wy, (n=1,2,3,--) satisfy

limy o0 Wn = Weo strongly in  L%(Q),
limp— 00 VW, = Vg weakly in  L?(Q),

for some we, € Hy(£2). Note that ||[Vwel|[? < 1. As in the proof of [17, Lemma A.1],
one can prove

nlg{)lo Q(1 — dip, Jwidz = (1 — d) /Q w? dz
by Lemma 2.1 and Lebesgue’s dominated convergence theorem. Therefore,
(2.12) v = (1 - d)||wsl|®.
If 0 <d <1, then (2.11) and (2.12) imply we # 0; so that it follows from (2.12) that
(L= D

< (1-d)o",

Ve P ) '

which, together with (2.11), yields the assertion. In case d > 1, (2.11) and (2.12) imply
Weo = 0, which shows v* = 0. Thus we complete the proof. O

Clearly, an analogous result holds for g.

Lemma 2.5. If g is defined by (2.7), then it possesses the following properties.
(i) g is a strictly increasing function of class C* in (0,0*).

(i) limy o+ g(v) = 0* and lim,,,+ ¢'(v) = c.

(iii) im, o g(v) = (1 — )t o™

In pv-plane we draw two curves s; and s9 by

sp:v=f(p)  and sy p=g(v);
so that I' is a region surrounded by s; and ss. By virtue of Lemmas 2.4 and 2.5, I't is
non-empty if cd < 1, (¢,d) # (1,1) and I'" is non-empty if ¢d > 1. Moreover, if cd > 1
and (¢ —1)(d — 1) < 0, then both I't and '™ are non-empty; that is, there exists at
least one intersection point of s; and sy (see, Fig).

Remark 2.2. Although Theorem 2.1 gives a sufficient condition for the existence of
coexistence states, I' is not necessarily an optimal coexistence region. We can give an
example such that (CP) has a coexistence state for (i, v) outside I' . See Remark 3.3.

3. MULTIPLICITY OF COEXISTENCE STATES

Although it is an important problem to study the uniqueness and non-uniqueness
of coexistence states of (SP), the problem has a very delicate and difficult aspect as
is stated in the works of Dancer [9],{10] (see also Blat-Brown [2] and Eilbeck-Furter-
Lépez-Gémez [12]). For the special case p = v, Cosner-Lazer [4] have proved that, if
¢ < 1and d <1, then (SP) admits a unique coexistence state and that, if c =d = 1,
then there exists a continuum of coexistence states for (SP). Moreover, Gui-Lou [14]
have shown that, if ¢ > 1 and d > 1, then the situation becomes more complicated and
the uniqueness and non-uniqueness results depend on g = v. For unequal diffusion
case, we have a little information about the non-uniqueness of coexistence states.
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In this section we will exhibit some conditions under which (SP) has at least two
coexistence states. For this purpose, we employ the local bifurcation theory due to
Crandall and Rabinowitz [5] which will help us to get some important information.
Especially, information about the direction of bifurcation will give us better under-
standing of multiple coexistence states. (As to the approach for (SP) by bifurcation
theory, we refer to [2], [11] and [12]).

It is interesting to reconsider the preceding coexistence results from the view-point
of bifurcation theory. Let u € (0,0") be fixed and set v* = f(u). We will construct
bifurcating solutions, which emerge from {4, 0} at v = v*, by regarding v as a bi-
furcation parameter. According to the local bifurcation theory [5], we first define a
positive function ¥, by

3.1) VAV, + (1 —dp, )T, =0 in Q,
(3. ' v, =0 on 0O,
and determine &, by
(3.2) PAD, + (1= 2p,)P, =cp, T, in Q,
’ ®, =0 on M.

Since (—pA + (2¢, —1)I)~! is a strongly order-preserving operator and ¥ o is positive
in €2, one can see @, < 0 in Q from (3.2). We normalize @, and W, so that they satisfy
1 ul1> + || T,]]2 = 1. Let p > N be fixed and set

X = {W*(@QnWeP(Q)} x W Q) NWyP(Q)}  and ¥ =IP(Q) x LP(Q).

By Sobolev’s embedding theorem, X C E = Co(Q2) x Cy(Q). We define a complement
Z to linear space {a{®,,¥,};a € R} in X by

Z={{U,V} e X;/ VV¥,dz = 0}.

Using a new parameter ¢ we will construct positive solutions (u, v, v) =
(u(e), v(e), v(€)), which bifurcate from {(,,0} at v = v*, in the following form

u(e) = @, + (@, + Ule)),
53 () = e, + V{9,

vie) = v* + afe),
with {U(e), V(e)} € Z. Substitution of (3.3) into (SP) yields the following system

pAU + (1 = 2¢,)U — cp,V
—€(@, +FU{Pu+U+¢c(¥,+V)}=0 in Q,
VAV + (1 — dp,)V + aA(T, + V)
—e(U,+V){d(®,+U)+¥,+V}=0 in Q,

with U = V = 0 on 9Q. Denote the left-hand side of (3.4) by F(U,V,e;¢) as a
mapping from Z x R x R to Y. It is possible to show that the Fréchet derivative of
F with respect to U,V,a at (U,V, a,¢) = (0,0,0,0) is an isomorphism from Z x R to
Y. Therefore, it follows from the implicit function theorem that there exists a unique
function (Ufe), V(¢), afe)) : (—ep,€0) = Z x R of class C* with some ¢, > 0 such that

(3.4)
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it satisfies (3.4) and (U(0), V(0), (0)) = (0,0,0). Thus, recalling ¢, < 0 and ¥, >0
in Q we can obtain a family of positive solutions of (SP) for € € (0, &):

u(e) = ¢, +€e®, + o(e),
(3.5) v(e) = eV, + o(e),
v(e) = v* & (e + ofe)

The direction of bifurcation can be shown by the following lemma.

Lemma 3.1. Let u be fized and let {u(¢),v(c)} be a family of positive solutions of (SP)
with v = v(e) of the form (3.5). Then it holds that

@IV =~ [ (0, +9,)ds.

Proof. With use of (3.5) it follows from the second equation of (3.4) that
(3.6) VAV (e) + (1 — dp,V(e) + e AT, — eV, (d®, + V) =0(c) in Q
as € — 0. Taking L?-inner product of (3.6) with ¥, leads us to

e |VT,|P + ¢ / T2(d, + ¥,)dz = ofe)
Q

as € — 0 (use (3.1)). Hence dividing the above identity by ¢ and letting ¢ — 0 we get
the conclusion. O

Remark 3.1. Generally it is difficult to know the sign of 1y = v;(y) in Lemma 3.1.
However, we can get the direction of bifurcation in a special case where yu is sufficiently
close to o*. Indeed, by studying the u—dependence of ¢,, ®, and ¥, it is possible to
show

{®,,¥,} = {—moce™, mop*} +0(0" — )  withsome mg>0 as p—o .

Thus Lemma 3.1 implies

lim v1(p) = (cd—1)my  for some m; > 0.

H—=o*
Therefore, the direction of bifurcation of positive solutions from s; curve is supercriti-
cal (resp. subcritical) if ¢d > 1 (resp. ed < 1). Near (u,v) = (¢*,0%), the bifurcation
direction is consistent with I in Theorem 2.1 because a similar result holds for bifur-
cating positive solutions from s, curve. So it seems impossible that non-uniqueness of
coexistence states of (SP) holds for such (p,v). Eilbeck, Furter and Lépez-Gémez [12]

obtained the same result by the local bifurcation analysis near (u,v) = (¢*,0%) in a
different manner from ours.

In order to study the non-uniqueness of coexistence states of (SP), we will show the
following important result.

Lemma 3.2. Let u be fized. Let {u(e),v(e)} be a family of positive solutions of (SP)
with v =v(e). If vi(p) # 0, then

indexc (A, {u(e),v(e)}) = —sgn vy (u)

12



for sufficiently small € > 0.

Proof. In order to calculate the indexc (A, {u(e),v(e)}), we will consider the spectral
radius of the Fréchet derivative of A(u,v) at {u,v} = {u(e),v(e)} (for the calculation
of index, see Dancer [7] or Amann [1]). The Fréchet derivative is given by

9@ ( § )
(3.7) _ ( (—pA +mI)~H(m+1—2u(e) — cv(e))d — cu(e)d] )
(—v(e)A +mI) —dv(e)d + (m + 1 — 2d(e) — 2v(e))d] |-
Denote the spectral radius of A'(u(e),v(e)) by r(e). We can easily see r(0) = 1. and
that A'(u(0),v(0)){®,, ¥,} = {®,, ¥,}. We consider the eigenvalue problem

CON w0 (5 ) =ra ()

to get the e-dependence of r(e). We will solve (3.8) in the form
4=a,+ Ul and 5=, + V(e),

with [ \Iluf/\'(e)dx = 0 as in the preceding argument in this section. By putting r(e) =
1/(1+ fB(e), (3.8) is reduced to the following system

(AU + (1 - 2(,0,“)@\’ + cwuv
—e(2®, + ¥y + 0(1)) (B + T) — €(cdy + 0(1)) (¥, + V)
+B{(m + 1 = 2p, + o(1))(Dy
(3.9) —(epu +o(1))(¥u+V)} =0 in €,

VAV + (11— dp,V + (v(e) = v) AT, + V)
—e(d®y 4+ 2, +0(1))(¥, + V) - g
+B(m+1—dp,+0(1))(¥,+V)=0 . in @,

with U = V = 0 on 8. Similarly to (3.4), one can prove that the Fréchet derivative
of the left-hand side of (3.9) with respect to U, V, 8 at (U, V,8,¢) = (0,0,0,0) is an
isomorphism from Z X R to Y. Therefore, the implicit function theorem assures that
there exists a family of continuously differentiable functions (U(e), V (€), B(e)) such that
they satisfy (3.9) and (U(0), V(0), 8(0) = (0,0,0). Especially, taking L*-inner product
of the second equation of (3.9) with ¥, leads to

(3.10) (v(e)—v*)||VE,|1®> = —QG/S)(d@u+\i’u)1Didm+,3(e) /ﬂ(m—l—l—dgoﬁ)\lfidx—i—o(e)

\

as € — 0. Dividing (3.10) by € and letting € | 0 we have
W[V, |2 = —2 / (83, + 0,)Vdz + £(0) / (m+1~ dp,)¥2dz,
0 Q
which, together with Lemma 3.1, gives

(3.11) F(0) [ (m+1- do) Wit =~ |V,
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If vy is positive, then (3.11) implies that r(€) = 1/(1+ B(e)) > 1 for sufficiently small
¢ > 0. Clearly, for small € > 0, 7(e) is the only eigenvalue of A’ (u(e),v(e)) which is
greater than one. Therefore, indexc (4, {u(e), v(e)}) = —1 for such e because it follows
from [1] or [7] that indexc(A, {u(e),v(€)}) = (—1)*, where x is the sum of multiplicities
of all eigenvalues of A’ (u(e),v(e)) greater than one. On the contrary, if v; is negative,
the above reasoning yields indexc(A4, {u(e),v(e)}) = 1 because r(e) =1/(1+8()) < 1
and A'(u(e),v(e)) has no eigenvalues greater than one. Thus the proof is complete. [

Remark 3.2. We can also study the linearized stability of positive solutions of the
form (3.5) as in the proof of Lemma 3.2. Indeed, the spectral problem associated with

{u(e),v(e)} is given by

HAT + (1~ 2u(e) — cv(e))d ~ cu(e)d = i in £,
v(€)AD + (1 — du(e) ~ 2u(e))d — dv(e)l = XD in Q,
T=0=0 _ on 00,

which is similar to (3.9). At ¢ = 0, the above problem has zero eigenvalue with
eigenfunction {®,,¥,} and all other eigenvalues are negative. If Ale) denotes the
eigenvalue of the above problem satisfying A(0) = 0, then the sign of A(e) determines
the stability property of {u(e), v(e)}. We can study e-dependence of A(¢) by the method
used in Lemma 3.2 (see also the paper of Crandall and Rabinowitz [6], where the
linearized stability of bifurcating solutions are discussed.) As a result it can be proved
that {u(e), v(e)} is asymptotically stable (resp. unstable) if v; < 0 (resp.; > 0).

By Lemmas 3.1 and 3.2, the non-uniqueness of coexistence states for (SP) will be
shown in case where s; is located above (resp. below) s3 and v; in Lemma 3.1 is positive
(resp. negative). Such a situation will happen when s; and s, meet each other. In
this connection, Eilbeck, Furter and Lépez-Gémez [12] have discussed the existence of

at least two positive solutions for (SP) when s; and s, curves intersect each other (see

also [13]).
In what follows, we assume
(3.12) cd > 1 and (c=1)(d-1) <0,

which, together with Lemmas 2.4 and 2.5, assures that there exists at least one inter-
section point (ug,vg) (with 0 < gy < 0*) of 5; and s,. We will study such a case in
more detail and show that (SP) admits at least two coexistence states for (u,v) in a
set near (ug, vp).

Theorem 3.1. Let (3.12) be satisfied and let (o, vo) be an intersection point of s1 and
s2. If vi(po) # 0, then (SP) admits at least two coezistence states for (1, v) in an open
set A near (pg, ).

Proof. We will give the proof in the case where sp-curve is located above s;-curve for
Ho < p < g + 6 and located below s;-curve for Mo — 0 < p < o with some & > 0.
Assume 1 (ug) > 0. Since vy(u) is continuous in # by its expression in Lemma 3.1,

14



vy () is positive for p € (o — do, o + dp) with some 0 < &g < 6. If g — S < 1 < Lo
and v > f(u), then it follows from Lemma 2.3 that

(3.13) index¢(A, Tp) + indexc (A, T1) + indexc (A4, Ty) = 1.

Moreover, taking account of (3.5) we see that there exists a bifurcating coexistence
state T}, for v € (f(u), f(u) + &1) with some positive §;. Lemma 3.2 assures

(3.14) indexc(4,T,,) = ~1.

Since the sum of indices of A of all fixed points in C' must be one, it follows from (3.13)
and (3.14) that there must be a coexistence state other than T}, , for (CP) when (u, )
satisfies pp — 6o < p < po and f(u) < v < f(u) + é1. The proof in case v;(uy) < 0 is
almost the same. O

Remark 3.3. The above proof shows that I" is not an optimal region for coexistence
states because we can find an open set A C I'® such that (SP) admits coexistence states
for (u,v) € A. Here I'® denotes the compliment of T

We will review Theorem 3.1 from the view-point of global bifurcation theory. In
[2] Blat and Brown have shown that, for fixed u € (0,0*), there exists a branch of
coexistence states for (SP) such that the branch bifurcating from s; curve at v = f(u)
connects with s, curve at v satisfying g(v) = u (see also [11] or [13]).

Now let (uo,20) be an intersection point of s; and s, and assume vy (o) # 0. The-
orem 3.1 means that each branch of coexistence states has a bending point in the
bifurcation diagram provided that p lies in a suitable range I(ug) near p = uo. For
each u € I(up), let the branch possess a bending point at v = T(u) (resp. v(u)) in
the case of supercritical bifurcation 14 (1) > 0 (resp. subcritical bifurcation v (i) < 0).
Suppose vy(u) > 0 for u € I(vp). Then (SP) has at least two coexistence states if
v e (f(u),7(u)). Moreover, one of coexistence states will be unstable by Remark 3.2.
Analogous results also hold for v () < 0.

In case v1(yy) = 0, Lemmas 3.1 and 3.2 give us no information. According to Li and
Logan [15], (SP) admits a continuum of coexistence states or a coexistence state for
(4, v) = (po, vp). In the former case, the set A in Theorem 3.1, where non-uniqueness
result holds true, may be identical with a single point {(ug, 10)}.

Finally we consider the sign of v1(u) when p is sufficiently small. Suppose d < 1.
‘Since lim,_,ov*(p) = (1 — d)o* by Lemma 2.4 and {¥,} is bounded in L?(Q2), one
can see by the bootstrapping argument for elliptic equations that that {¥,} is also
bounded in W29(Q) for any g > 2. Therefore, {¥,} is relatively compact in Cy¥ ()
for some o > 0 by Sobolev’s embedding theorem. Moreover, {®,} is also relatively
compact with respect to the weak topology of L*(Q2). Hence one can take a sequence
{un} 4 0 such that {®,,¥,} ={P,,, ¥,,} satisfy

&, — O* weakly in L?(Q),
T, — U in Cy*(5),
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with some ®* € L?(Q) and U* € C3*(). For every ¢ € C5°(§2) we have from (3.1)

- () / V¥, Vidr —i—/(l ~d,, ) Ubdz = 0;
Q Q

so that letting u, — 0 in the above identity enables us to see that *AT* + U* = 0
in the sense of distributions. Hence U* = ko* with some & > 0. Moreover, it follows
from (3.2) that

un/ @nAwdx—l-/(l ~ 20, )P, bdx = c/goun\llnd)dx
Q Q )

for every 1 € C§°(9). Letting x, — 0 in the above identity we get ®* = —cU*. Hence
it follows from Lemma 3.1 that '

(3.9 B () V0 = (ed = 1) [ (2

If ¥* = ky* with k > 0 and cd > 1, then (3.15) will imply that the direction of bifur-
cation from s; curve is supercritical for sufficiently small 1 > 0 and that multiplicity
of coexistence states holds in such a situation. However, we do not know whether k is
positive or not.
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BALIRE E O D AT 4w 7 BB EH D RISIRE TR

MW EE (BRFEMHRESR - HIH5EER)

1 FLBHIC

RS ER I RG S & RS- MR OB LR L AERTHD. BEP
B OWE &> TEECREDO LA EHRRE DT, SETERY I TOERERIELD
WUHEDEDDETHSMEEOREMREINTND. TOROBHIIHHADELEEA
BIESHTR D T EI3 Db A AR, KENMER T, 5 R TORMEREKRS HENCHRAE
FEAOEE L TO#EDEMS - ELEIZERRSC & DSHISETHEBRER .

AHBTI, BETAEBEOVAT 4y VRORKE & O RGIEREAEL

ue = Adiv(|Vul~2Vu) + Julf2u(l - [u|7), (z,t) € 2 x (0, +00),
u(z,t) =0, (z,t) € 89 x (0, +00), (1.1)
u(z,0) = uo(z), z €

TE T A EEDBREOWEDEREBR RS, TITQIFRY ORDSPBEREFORERE
W, p>2,¢>2 r>0TA>0RBNAFTA-FTHD. WEBOE Apu = div(|VulP~2Va) i
p-Laplacian & XIENZIEMBLE & L TRENERRT, 7= & Z ARSI B B RN
DHREDIEH O L =2 TR T BBICHENSNS. A, B p=2 DLELEED Laplacian
AE—RETBIENDS A DVEDDEEITZoO TSI &, EEHANICEATS

N
Apu = [Vufp~? ”21 {5@- +p- 2)7—%%} Ugiz,

(8;; V& Kronecker DF)VF) £123DT, [Vu|=0 L2 EETRIEEERFD I LITEER
?é.&mﬁfwy=ww%u—Mﬂm&@&%&mﬁmfﬁwﬁgwﬁm-ﬁwwﬁ4
F2 Y ZAETRTBEICANSNTNBBOT, 0<u< 1 BSRED, u>17125E3&0
REEEATWAIEND, REATRAFOEEZBHTIL, BRBE—EITRED &Y
B9 —FE24 v b (thermostat) DX IBREZRZL TS,

(1L.1) KBNWT p=g=2 &LL7cHDII Fisher #1ER, (&) Ginzburg-Landau HER,
Allen-Cahn FERE & & Xidh, TNENKEERY, BREER, FEF1FITA0
s BN TEEAFERTH Y, EEBACHEEIN TS, (L1) BINSDHERXE
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E OB — LD 0T, ERAMICEELERTERR A, CEERAMICRERLS
BEEIMADERE f Lo TEREDLDICHIEINZ O, EL<HME5NZ p=2
(BEEE) OB EREDIIIMENNELZOMRE LN I EITHEKNHSD. LIF
(1.1) IKELT, #X (10, 11, 12, 13] 2B U THSNZREREENT 5.

2 ZER 1 RITICHITHEMN

BT, £ELUBEEREE (BREXY LOMRPE 18] KDWTERS. [13]
T, RO I HRBHREABRRICE LU TROEE, EXROEEOHE BLUEERR
DEEWEZEFERL TN

e = Aljue [P~ Puz)s + [ul?2u(l — |ul"), (z,t) € (0,1) x (0, +00),
u(0,t) = u(l,t) =0, t € (0, +o00), (2.1)
u(z,0) = uo(z), z € (0,1).

ZITp>2,¢>2,r>0THD, A>0RNTA— FTHB.

N. Chafee & E. F. Infante [1] I p =g =2 OHAIT (2.1) EHAL THBD, TOHLZ
< DEEBITE > TTOEEREFMEENHSNMEINTWS BIXIE D. Henry [5] =
HEE /=) . M. Guedda & L. Véron [4] ¥ (2.1) 19 2 EH ME :

A|sP2¢s)a + 1917720(1 — [¢]") = 0, z € (0,1), (2.2)
$(0) =¢(1) =0

EFp=gqg>10HRCEX A\ KETIERBONKBEEZRALL. Filp=q¢>2
® & #1213 p-Laplacian DB{LENSTH/HINVA >0 I LT EEBNE S22 5 EiE
Oy = {z € (0,1);|p(z)] = 1} PENB T L ZRRL, Iz “flat core” ERAE (K1) .
BEEEOEZITIEED A KHLT Oy =0 BB TEREALNTNEOT, #RE
LB & SRR & OFRERAIICE DL TE D BEIREN.

1: flat core b DOER R
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KBTI BNTRLE (21) BED—ROFEE p>2, ¢22, r >0 KBVTER, BOF
ERNNERT), EEMOBRLTNEED L BESOME, BXU ESHNTRES DN
sEEEOREEERE LK. 728, pLaplacian OHBEOY AT AV MORISE D
aﬁbﬁt&%ﬁﬁﬁtomfm%tﬁNt¢5tGm@aBﬁiﬁﬁ%(%n%ﬁ%b
TwaEY, BEREEED (2.1) 13 18] KL TRAKPRK S NZ. UL 2T Guedda
5®Mt(xuw“ﬁﬁ%”aLT@%&ﬁHﬁmém,ﬁiﬁwﬁﬁﬁﬁ%%%vcaa
AS oAl

Theorem 2.1. EE®D ug € L2 ITHLT (2.1) OF v = u(t;vo) M—EIFEL, v e
C((0, +o0); WoP), t/%us € L*(0,T; L?) (T'>0 BEE) BEAET. Ek, u KNTS L
BB w-BES wlug) 13, BTRWRERIZI/RT MEREE A T dist (u(t; uo); w(uo)) —
0 (t = +00). =BIT wlug) C Bx = {p e Wy¥;¢ 1 (2.2) DR}

TMmmm21®ﬁEﬁ%M(ZU@ﬁ§ﬁ®Eﬂ%r%ﬁ@tﬁm@mﬂﬁl&rﬁm@
WRETE) ST TREBDZETRR [7) KLaHMRmeEAL, MATEBRBEREAERD
Wi FEENCAND ZETRENS.

Theorem 2.2. E) D, BIUORTFEBROLER IR 2 DK A YT 5 LATRSN
%. 727U s, a, as, u RENTNEE, TN, WHEZRE, AEEE, KNRIEEERN
flat core £HDI &%, BROBFRIEFHOKH (0,1) HNOEROBERERT.

45 I DEEWIIE phase-plane analysis 10k 3. (2.2) DEFFHEORDOIC #(0) =
0, ¢(0) =a (@iZ/NTA=F) LU aErEEE X, TOM ¢(z; ) IKHL
T time-map T(e) := inf{z > 0;¢(z; ) = 0} EEREL T(a) =1 LB o OEFESCEOHE
EFAD. T OBEHIL p, ¢ DANBERICEZ>TRESCERD, BiZp<g DB BTIE
D—BHERTEDOTREETS. ZEMIETRBOEHETTOEBEERBHTIETD
< o /-BEEEDHBETRY.

I DOWNT Guedda 5I3IEEIEE KISOHMEEENEROBE p=q ZHFH>TH
%. Theorem 2.2 &1, BEFED S OABIIHEEE SOMERESTFREDSEED
BB DEIHRRETHENHDTHOR 2.

BB OB S ITREY A ER DI URB L ZEHERERR DL DN S5 HHISNT
WiV, Z 2T (18] T (2.1) REBITHS 2 HBUERZTHAL, time-map DUHEEHZKR
17 e L TR SR RO EY 2 R R L, REAAEREZNSTIIENS NE
S ERE L. 0 time-map KK BEEEDOREER A RTOBEIB2AY) FEEI
EEICH o TRATETH 2.
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=q

(i) p

Hp>q

(i) p<q

S\

2 FEE ATV T L
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3 FEEBOEBBRANLEEHOEER

HETEM LR (18] KENE, A > 0 oA ST EFIREEERICND 2 &
;dt(2D®Mﬁﬁﬁ%ﬁka%tﬂmmm%%oﬁﬁ%(éémM%@ﬁé)Kﬁﬁ
WTWL ZEMbno T3, £IT, EFMED flat core A1 (2.1) DREOMBRRE L LT
OHOEOMN, FNELERBETERINDDORONEND GBE” ITHEKNET 5.
COBWE, EEENAEEREOROEOETHELNIBEANSEDLDTAENEIEDN
5. [10] Tid (2.1) KBNS, flat core b DEHMOMHEN S HFE Lic& EDBDZER
B %HEEEL, TEEIETIEREEMLE (Theorem 3.2 T, INHOEHR
BOEE « AETHRBESN TN ) . BT, [10] ORFIZDNVWTENRS.

HEEERNDHCEEEEET D, ¢ % flat core Oy £HD (2.1) DEEMRETS. 0D
EEO, DAV NES T IO (O AD) i J ITXNLT

Uo(I,J) := {uo € C([0,1]);uo(z) = ¢(x) if z € I, uo(z) # o(z) if J\ I}

EFB. 2T TT {(z,6(z));z € 02} B ¢ @ flat hat ERKET LT 3.

XT, $BHEAT (21) O u & ¢ O flat hat EARbH>TNB &L LD, ZDRTH
u=17B0T u ITERSHENND S THE Ap — 1)|ug|P~? DEBHRO B> T
5. THXDBL ug A ¢ D fat hat IKEL TWIUT, RISHRNDNIZD u(t;u) DEL
ETARBWTELEY, M OLEDREDREIEDEOEL TRARAIELASZNT
EMFREINDG. KOTEIEIOFHED, u 2% ¢ O flat hat IT 55 RDPA—F—TH#EL T
WHUEIELWZ &EZRL TS,

Theorem 3.1. ¢ % flat core Oy £HD (2.1) OEHMET 3. £ED ¢ € (0,r), EFF
T3 NY MES T = [0, C Oy KHLT, I, o, b Diks J, N(a), N(b) EEZNEN J C
s, N(@)C J, N(b) C J EBBESKES. TOLEDS b =dole, T, N(a), N()) > 0
MEELUTRERMICT ¢

HEED § € (0,6) KMLTHB I DiEEJ; c J "EELT, dlu €
Uo(I,J), lluo = ¢lleo <6 MWD z=a, b IZRLT

5\ P/(@-2) _ 1/(p—2)
lup — ¢(z)] < <£—1-)—2> {-5—;%;—_—%} |z — 2P/ g e N(2)
25iE ’U,(i‘; ug) € Us(Z, J5) (t>0) no l.]\ J5l —=0(— 0).

RIZ ug A% ¢ D flat hat & z =z TEMNIIZhoTWE EL LD, 20 &ERHEY
Bz X 0ZA z(t) (2(0) = m0) W t O (EAE BEEUTELTZESD. ROEE,
up M ¢ EEENTWS EZATIIHHRBRL THHNCEETH Y, TORKRE () ME R
(0,1) @ t IKIEBHRZT > /8T FEBORTOBEAT BT LERL TS,
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Theorem 3.2. ¢ % flat core Oy ZHD (2.1) DEHMETDH, HFED 20 Oy, zp DI
%JcC O, BEDH, IDEEHD bg = 50($0,J) >0 ﬁ‘ﬁﬁbfﬁ%ﬁt’_? .

EED § € (0,50) KHLTHBHER Ps, J; (20 € P C P CJ5 CJ) WFE
LT, ®l Up € UO({:DO}’ J)v HUO - ¢”oo <4 7‘;6@

w(z, tuo) # ¢(x), (2,t) € (J5\ Ps) X [0,+00)
WD |Psl, 17\ Js] = 0 (8 = 0).

Theorem 3.1, 3.2 IR EEICL>THELSND. TR, HEBEHEOEDHIIKEER
4 %. Theorem 3.1 TILEEM ¢ DEBEZ flat core DHHEICE > THTBHTETO
< o 7B E BB E UTHAT 3. Theorem 3.2 TR E 5L T OMKICEZ: t OF
BAEMADZET, BESELEDHIT flat hat K ENS5IED < lower solution, ThheiED
< upper solution ZH#HKT 5.

T, BEODBOLD BBHNEE THRILT 2HEIBREEEER - FHIDILT, R
B & ) HLEASEIBEIC /R D, ROBRERDOERERED ¢

Theorem 3.3. flat core & bDOFEERMRIIFERETHSD. ik EO-—DODOEHBOM
7% flat core DEETALIREFMIHNLTIEKIDOELD R EEENERTES
3 DAHEERIC BT A REEN S HFE L ABIFHRETICEEES.

.

A
QUL

@

3. FO=DOOERBOMICH flat core NHFET B LD HEEBROLEFESE

Theorem 3.3 OEEERITET 3 HEROBMIIEFHONTEBEIC DL DNHTN
VI ETHD, %@Eﬁ%’fﬁ%lﬂ%%')ﬂﬁ%’r&%ﬁ%ﬂ&b'cwéﬁfig’@% 5.
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4 BREBBOTAROER

ZOETIE [11] KDOWTHBT 3. [11] TH, XOLIRERTICBT 2BLHBAES
BREZITVS : QIRRY (V>2) ORDEMRER 0Q 2HORAREREL

AMpu+ f(u) =0 in 2,
u>0, #0 in Q, (4.1)
u=0 on 692,

T T Apu = div(|VulP~?Vu), flu) = wWHl-vu),2<p<gqg r>0THD A>0H
NS A—FTHB. (41) 13 (11) OEFHEETHD, BRICHFEEREEATWDII LR
EBELTHBL.

(4.1) B p=g DEERIBNR LK DONHRSFZEINTND. Ao & —A, D Dirichlet BT
TOE—EEMEETS. (A1) B A> 1A OEERMEDHET, X <1/ h DEEEFME
EHE—DHD. N=10&ElE, M. Guedda & L. Véron [4] 2% uy DOFIRCESE O FH
EREBICANRTED, BIHaMI AT U TR uy, KOWT flat core EXIENDES
Oy = Ouy) = {z € Quy(z) = 1} BETRNENS FEREE/ETWS. £ 8. Kamin & L.
Véron [6] 13 Guedda 5 ORREIEL, —HBO N > 2 IZBWTH A AAHA/AEHNIE O,
BZE TN &, BLUHBER C >0 BEELT ER) BBER dist(0,,00) < CAYP
LB END I EERLE. TOREEZITT J. Garcfa-Melidn & J. Sabina de Lis & Q2
MBS [2), TLT—BD Q OBE (3] KDWT dist(04,00Q) ~ AP THD I L &R
LT Kamin 5OERELDFEICLE.

KITp>q DEBEE p=q DEBEIFLACAROBRICLD, £ED A >0 ITHLTH
uy M—BIEFEL, T4 A WKEWESIE 0y BETRNI L, BRU dist(0x,00) ~ Al/P
THdDIEN—BD N THUTRTIENTES. :

UTFp<qDBazEELD. ZOBEE N =1 O®FRE [13] HOBHER NI ITHO
— BRI —RICR VLAY, BOEESREENERS. [11]) TRET, (41) KOWTER
KIBOEEEHRICET2ROBREEBR. (I Tut (d]l) DRRETHD LR, (41)
DEEOByICHLTu>y EWAETIETHD.)

Theorem 4.1. 2<p<q, r>0&T3. ZDEEHB A>0 BEELRERZT

() A>AZRBE (41) W SfRERRWY
() A <A 725 (4.1) BEKET, DD ;
(iii) A <A <A 7&‘5‘(&7[)‘2 < Uy s
(iv) B A — w BKM (0,A] £T CYPQ)-EEERTHS. ZIT S e (0,1 2H 3
E.
Theorem 4.2. 2<p<gq, 7>0&T3. ZDEEHD A €(0,4] NEELRERZT
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() A< A" A=Y Oy = Ox(Ty) 122 T
(i) A; < X S A7 AN Ox, CTOy,
(iii) FHNEN eSO RFMLTHDE AN BFEELT, {zely dist(z, 0) > e} C O,.

éetoxmmm4ﬂ4hmmmen=(gﬁ”ﬂﬁmﬁ—F@wﬂmséﬁtT.:
ZT F(s)= [y f(t)ydt. .

ST N =1 OHAIC [13) TESNMEFIA LT, J. Garcla-Melidn & J. Sabina de
Lis [2, 3] DT A F7 &b &I BB &M L barrier method 2 5. Theorem 4.1 T
ROGERENERTHODNDBA N =A KBV THERAMR (0 NEFEETHILIEE
X721, Theorem 4.2 DBEDEREL fat core DEEDOESICFHEZSA TN2HOT,
HESBEE D A\ KET AR L WEBERRD LTIV BENSD.

E/e (4.1) KAET 2RERICH T 2ELHERICELD, BOLEHIETIROBERD
BTN, T p> q DEAIEN EETZRY) —ETHHILEMRETHSD.

Theorem 4.3. 2<p<gq, r>0&T5H. TDEEHD A € (0,A] PFELT, A<A”
75 (41) T, ERERDBM u<uy EHD.

Theorem 4.3 TIIMED L EEFEERT OIZEHR D mountain pass theorem ZRAWDA, T
OEIZHSIEN A >0 KR L TREXR o) OTRINF—DEIRRBEENIHEZRANT
W3, ZOWEIL THat core AEMNBIEE Ty, OIXNF—ERHTZ] TLEERTDER
XA EE Theorem 4.2 & ZMBEHESZ T ERMEN. TO—EDREIIBEIRK DR
BIHEE & TR E—EOEZEERALTED, fat core DWE ZEM LB BUTIATR
HDTHD.

5 BRABLFERETIBOEE

BOLERIZDVT [11] TRTHNENA> 0 LR L TOS 2 DD DROFENRF SN
TV, N =104 [13] ® P. H. Rabinowitz I2&5 p=2 OHE (9] 25 OEHEICK
N, BERMERTBMIIAED A< A THLTHEETZLEDNS. [12] TRINEIL
BHLTW3 ; §Tabb

Theorem 5.1. 2<p<gq, r>0&F%. TOELEEED e (0,A) KALT (4.1) Bay
CIIRTBME u,<Ty EDHD. TITA>0IE Theorem 4.1 DHDER—THD.

P. H. Rabinowitz [9] HRELEH OB DONT 2 ODOREFREOERERNTET
W3, THRRRLT[12 TR2DODOBEHSZDDIESNNT TO—F&LoTHY, &
DHEHAIL p=2 DFETLEATE 2.
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LI, Theorem 5.1 DREHADEIE R RD. (4.1) IZHET 2 HBEK
A -
®(u) = ZVulg - [ Flu)ds,
EEETD. TITF() = J; fls)ds D

0, s € (—00,0),
F(s) = f(s), selog,
f(€), s€ (g +oo)

(6>1RBFRER £T5. & O u=0 ERWE critical point £EDES & (4.1) O
EGLIT—HLTVWBEIE, BXY (p<qg THEME) HHE 0IFEED A>0THL
T & O local minimizer 12725 TW3 Z EITEEL THL. LA THU (4.1) OBRKE
Ty % ® @ local minimizer TH 3 Z &A% A UL, P. Pucci & J. Serrin (8] IZK o THER
Z 7= mountain pass theorem IZ& D 3 DD D crirical point, T72HE2DHD (4.1) D
mnBEoha &iias.

HEBTHRAREL 31T, XM 1, 13 barrier method IZX>THESNTWS. —fRIT barrier
method TROWSNIZMIEEMRE L TEERDT, MibT HABEEKD local minimizer
ELTHMMISND EEZSNS. [12) T, o) MEE A= {ue C{Q)v <u< ¢}
DRNEE725 EK D72 upper solution ¢ & lower solution ¢ EZHRLIZDE, A LETD &
OEFEZBEL TS, Z0XI7 A ZEDE, p=2 & p>2DEELTIIE LBEEN
Bizr%. p=2 OBBTHEHRE A 2FBICOLETTS LEABROBE ¢, v L UTEHR
AThidin. TRILTp> 2 O, (4.1) OEXEETS/NERNA> 0 IELTE
HIZHRAS flat core EDHDIEMD, p=2PEEFLABITTHE AN “OENT LEW
Ty WERA TR 2o TLEDS. £IT[12) TR, INSOBEEICHL THERNS A—
FEBATETHIECLD, HEERELTORBEHESLEE AR 5253 25
ZTW5.

=T, AR O, BADOENEET DHRIIEHATANEILIFRNOT, UFTITRNE
T3, Z0EE T, WA LT global minimizer, L7235 T C! IZH1F%S local minimizer
THDHIEMNREND. E5IC pLaplacian 2SO ARERICETIERMMOERICKD, WP
2 BWTH local minimizer 1> TWB I &, L7275 T Theorem 5.1 ZFERAETN5.

B, AEREETARICENWLEEKICED, X (10) DEEEEBROBELEN
(Theorem 3.3) 2L VEBITRT I ENABEL Lo 1o,
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Sublinear term %z % DA HF R OBED —E M

EfREARE BLFH I ZE# (Yoshio Yamada)

1 [EzE

Q iz RY 0oFREE. ZOBER 00 B+RIKELNET B, RO L D RERFHKME S
BRICHTHVHERERMEMELZZS 5

ur = Au + A|u|9u + g(u) in Qx(0,00),
(P) u=0 on 99 x (0,00),
’LL(',O) = Up in Q.
TIT AN AER0<g<] ZHETER, g TROREZ L
(A) g% g(0) =0,9(u) > 0(u > 0) ZHY CHRDOMBI%L.

RE (A) ZHTREAREET guw) = [ufP~tu (p > 1) THD, EOWBEEFERMBE
(P) lco\C. T3 E 51 (RFD) MOBIEC SV CIERT o LR TE S, LaL, (P)
DEO—BHEIZONTIE A > 0 261, —MRITIIRIZ L2V EBFMbILTWS (Fujita-
Watanabe [4]). EE. f(u) = Mu|9™u+glu) EBVWELE HIEFR M LT f
23 [0, M] L CEFERD DM T

M1

A md’u <o
PHIETROIE, up=0 L&, (P) KBLT u(z,t) =0 XM, u(z,t) > 0 for
(z,t) € Q x (0,t0) &LRDEEBHT DT LI TE D ([4, Theorem 1.5]),

@ Fujita-Watanabe OFERE>S sublinear term MFFET 2 Z LIZ X VO —FMB R
SN ZeRbhrd, ZOEFL. BEMOFENICH T OERBE u; = Al (0<g<
1L,A>0),u(0) =0 OFER—B TR RDILLEEALTHD, LirL, (P) &8\ THIHIE
B oug DFEAPOEZEMZEe TRITNIEE I THAIN? £ T, TA BRI v &

'LL()ZO, 'U.o;—:'LO in Q

¥REL. (P) DHAMO—EMEE, IV —RIHBERLEITOIIL20ET, £H
TEBERARB-DICUTOERET D, EAEMEME

—Aw = pw in Q,
w=0 on 01,
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DER/NEFEZ p1. MISTHEARBEEEZ o1 55, Uk e 1T

w1 >0 in Q, suppi(z) =1
€N

EHIETEIICESRELTEL, FEFHEO—D2L LTROLREENRIND,
FE A>0,1- —]%,— < g <1 BLUOFIHEIEE ug, v 1
Uy > vy, up > copr  in £

(co IXER) 2#H T ETDH, ZDEE yy,v WXXT D (P) OHFAME % u,v D (2,t) €
Q x [0,T] THETHIE

u(z,t) > v(z,t) in £ x (0,00)

DALY Do

ZOHBERIZE T (P) DHAMO—EMEITRSNDIED, FREFRORELELT
REMEZERT DI LB TED, (P) ICHLTHEFHET

g-1 = i
(SP) Au+ Mulf u+glu) =0 in €,
u=20 on 0%,

TEHZ b, T DOEMEMIZ DV TIE Ambrosetti-Brezis-Cerami [2] HIZ XY, +o/h &7
A > 0 WA 2 ER/NEMMBOFEINT SN TLR, MESDEEIZ OV TNASNSRERD
BoNTHS (eg, [7) £ N=10D&&ZiX Kuto [6] IZ&L > TIEEMDALDL T,
fREA OBHIIERCRESN TN D, BATHREBRDSAL L THAERBROREEZ
D, '

2 FEEEMELHEREE

HEEBE (P) KBV T flu) = AulTlu+ glu) &8 L v — f(u) LR ETHRET
Lipschitz B TI372 0128, FORAMEIC WU ERERRIBRICH T 5 — KR & EA
LCHERTIZENTES, Er 2 r>max{,N/2} T L&y, (P) 2B
ZER LT(Q) KB BB FRRELTELD, LI'(Q) CRBTDHAERRF A%

Au=—Au  for ue D(A):=W>(Q)NW,"(Q)

I oTHEEL, —A BERT BEFEEE e &5, 20L& (P) 2L HER

(2.1) u(t) = e7 My + /Ot e~ (t=9)Ar(u(s))ds
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DR ERB, TZT, F ae (0,1) & a> N/2r #HETEIICENE X := D(4%) C
C(Q) LMD LITEETD ([5]). MBI uo ITEYREOMNE 2 DL E X

(2.2) ug € X, ug > 0, ug # 0
ERET D, WICm & m>| A%y || 2HETEHTED,

K :={veC([0,T]; X);v >0, sup || A%(t) ||< m}

legt<T
LEETD, TITT >0 RBIESRDIEERTHS, ve K TR LT (21) OADE
Sv EBTIE, (P) ODBERDOITAZLIZ O OFRBELET I LIDREEND, ¥Ef 14
DFEFTEEL a7 MEZFIATE L. T 2+ E<BIE @ 12 K 26 K A~D
BRENDI N NREBJERD I EBREND (Henry [5], Pazy [8] #8HB¥ L), Zh
£ V. Schauder DAEREBIZL T @ 1T K NIZABRE b O &BOMD, (2.1) OB
FENRESD, ZORPEREEZLE, (P) 2ATI L bREFERNO—MBHENSENN
Do DI DiERIE Pazy DA ([8, Chapter 6]) IZFEL W, UEOERE LB LK
DEEERIZR D,

T 2.1 up 1 (2.2) BT LRET D, ZOLEHDIEFER T BHFELTu € C([0,T]; X)N
C((0,T]; D(A)) N CH{(0, T L7 () B LW}

dt
U(O) = Uo,

{%+Au=f(u), 0<t<T,
% H7 A u BETET B,
SOEBE21 LY (P) OREMOBERRINL, D, KICHEER (55 I—BHE
) [Z0oWTHRE Y, T N DPEOT—ANLHBDH B,
A.XA>0D5—R
(P) % 2 TIEAMOEE E T~ B0, ROBRICEET 5,

fRE 2.1 ug 1 (22) BE W ulz) > copr(z) (z€ Q) BEL >0, &HL, EHE
2.1 LFRICEAEE b oHFAEREu: Q% [0,T] - R &

ug > Au+ Au|97u + g(u) in Qx(0,7),
u=0 on 90 x (0,7,
u(-,0) = ug in Q.

BAHIETETH, TDEE
u(z,t) > [eo + {(1 - q)/\t}l/(l_q)]e—“ltgo(m) in Qx][0,T]

DI T Do
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R 2.1 A 2.1 KEDNBEH y(t) = {(1 — ) M}V(-0 (3 8MHHERAUCK T 5 9180
ERREE 5, = My, y(0) = 0 DEAMETH B,

SEER RUE (A) kv, FEAREE uw X

(2.3) u(t) > e ug + A /0 te—@-S)Au(s)qczs
BEHRIZT, W ¢ >0 O —ATHERT 3,

(2.4) ey = emHity,
THDHMND, uy DIRELXY

(2.5) e"ug > cpe M1ty

LY. ZhE (2.3) KAATRIE

(2.6) u(t) > cge M.

L&y
u(s)? 2 eyl > ey,

LB b, (24) ZFIALT
e—(t—S)Au(s)q > Cge—qmse-m(t—S)(pl > cge““t@l
Eied, TORERXE (2.3) OAELOESHEIZARATIVE,
A /Ot e~ =94y (5)9ds > Aclte Mt

L2y

(2.7) u(t) > Acfte ™ tp,

MEALT D. RIZ (2.6) DRDVIT (2.7) ZRRAT FEREMRVIERT, L72dd> TRMAGIC
TRTDEk=1,2,--- IZRFLT

k = gh=1 _
(2.8) u(t) > cf Dk>\1+q+q2+~~+q Lltgtet gt bt

ERTIENTES, L {Dy) i Do =1 B LU

Di
14+g+--+4g*

Diy1 =

MEBRED, TNEVTRTDEIZDVT Dy > (1 - Y00 BEITH06, (2.8) I
BT koo ¢dif,. 0<g<1 THDNH

(2.9) u(®) > (1 - V-0 ) -De by (tz) € Qx [0,T]
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LY, B (29) & (23) KAAL TABOEZERT SIS, S TEERT LT (2.9)
ey CEBEBRAARERLERZETHBD,

BALIT co =0 DU —AZERT 2, COLE ug#0 ThENL, HED e € (0,T] 2
X LT RN O MR K ERE (9]) &9

ufe) > ceppr
EHRITIER cc PIFET D, EoTt=¢ lZBIT D ule) ZUHMEL Z 20T (2.9) &V
| ut) > (1= YO DA -}/ De 1=y, (a) € @ x [, T
RELT B, 22T el0 &FHUE (2.9) REN, A 2.1 OEENELNB,

EE 2.2 Cuachy RBIREICR L TH R RIL Aguirre-Escobedo [1, Lemma 2.2] 12 & -
TRENTND,

FE 23 ME21IZBVT u BAETREEREEL w > 0 CBEHBX THLREERESR
BEILT B,

HBE2.1EFED p<1ITHLT
/ w1(z)"Pdz < ©
Q
ML T B,

AERAITEIE T D, Z ORI L Aguirre-Escobedo [1] @7 A4 77 ZFH L TR LB EHR
BT D, ZOFHE 22 OBBIRGEVE 1 HIOERTH D,

EHE 2.2 1>¢>1-2/N 75, u,v:Qx[0,T] - RT BFEE 2.1 L[FE UERMEE R
=L '

ug > Au+ Mu|P u + g(u) in Qx(0,7),
{ u =0 on 892 x(0,T),
u(+,0) = wuo in Q.
BLW
vy < Av + M| v + g(v) in Qx(0,T),
{ v=0 on 900 x (0,7),
v(-,0) = vg in Q.

BRHIZTERET D, (2.2) R THIEABEEL wo,v0 25 up > vo BET ug > cop1 (co > 0)
sy el N
’U:(,t) > U('7t) in x (OvT]

BRI B,
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BEB BMmZAEREICTALDIZI g=0 & LTEERATS (920 DFr—RALUTOERE DL
EETNIEEW), w=v—u &R &

w(t) < e Hw(0)+ )\/ ~(E=8) ALy (8) — u(s)9)ds
(2.10) <A / ~(t=9)A Ly ()7 — u(s)9}ds
< )\/ ~E=9AL ()7 — u(s)9) Hds

LB, TZTut =max{y,0} THD, v(s) > u(s) BRILLTWDHs TEZXD, 2.1
Y u(s) > coe™Sp; ERBDIEWEET DL

1
v(8)? —u(s)? = q/ {1v(s) + (1 — T)u(s)}7 d7 - w(s)

0
< mepy Ty *(s), 0<s<T

BRI TER m AEET S, LORERE (2.10) WRAT S &
(2.11) wt(t) </\'m,/ e~ (=)A=t (5)1 ds.

ZZTr>max{l,N/2} Zr<l/(1-q) ZHITLIEN, RiZp &

1og<t_ l 2
7 T N
BHETEIICTHRESRE, e M IIxtT 25
N 1
~tA -0 - (=
(212) [l M0 ol 6= (3= 2),

EEL - llp & IPQ)= /vh, FETS (B)). (212) BT O <1 THEHD,
(2.11) & (2.12) &Y

(213) w0 < 3 (o) [ 6= )7 | 67Dt (o) | ds

T Z T Hélder DFRFNLY
20/N
o7 Pt ) e sl ly ([ o0 ae)

<Cllwlp-

(2.14)

BEHOFRERITBNT N1 —q)/20 <1 THa0b, #E 2.1 ZRIALEZ, LER-T
(2.13), (2.14) &£ 9

(0 < AmOM(p,7) [ (o= 5™ | (5) Iy .
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TIZITH<1 THDHb, [5, Lemma 7.1.1] DFERZRANTw(¢) = 0 BEN. u(t) > o(t)
BREND,

EE 2.4 FE22BITBEM uy > cop KBWT >0 EWVWIERERAEELBbLD
N, BELNOBED L ZABRETER,

T 2.2 LVMO—BHERIEL RSN D,

TEH 2.3 1> g>1 —2/N,’u,o > 00901 (Co > 0) in Q &35, TDEXE (P) DIEH
fRIT—BETh 5,

B.AZL0D7r—XA
A< 0 D5GE, HREBEOEHIIBELE THY ., BROLZE~D,

FH 2.4 A<0DLE uvEER 22 DREEZHTZTETH, DL &y > v 2B,
u(t) > o(,t) in Qx[0,T] BT D,

IOESICER 2.4 FEH 22 LBV, BESUHBEROEEEICET 55472 L TR
MY B, ZOREE, —BEEERICOVTHLRETH D,

3 TEEBOREMLEHLEY
ETHABOERNPOHD D,
E&E u > 0(20) 2 (SP) @ supersolution (resp. subsolution) T¥H 5 &1

(SP) Au+ Aullu+g(u) <0 (resp. Au+ Aul? u + g(u) > 0) in Q,
u=20 on 012,

BHITERND,

EE 3L A>0&7T5, u>0 (Z0) % (SP) @ supersolution 725 ~Au >0 in Q
M0 ulaq =0 THBI L LY, BRKRMEFRE (Protter-Weinberger [9, pp. 64-65)) (2L =T
>0 in £ @<O on 0%,

on
72721 8/0n IS M EIERFMOWE . BERILT D, T LY (SP) O supersolution u &
DT
u>copr in 0

BHTET o >0 BFETDHIEDRDOPD,

P wo > 0(# 0) Z4IEBIS L T2 (P) 0% utiug) ERTI LT H, &HIZA>0
DE&EF g>1- % BIUET D, Sattinger [10] DFEHE AV TROEEETRT,
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EH 3.1 ¢ % (SP) ® supersolution & T 5, ZD&E (P) O u(t; ¢) 122 T
u(z,t;¢) < dlz)  for (z,t) € 2% (0,00),
Mg e QITBNT t— ulz,t; @) ITERBLT
tl_gI& u(t,t;6) = ¢* uniformly in
PHImd, ZIZT ¢* 13 (SP) DHBMETH D,

SEER ¢ i (SP) O supersolution TH D25, EE 3.1 £V ¢ > copn &725D co BFET
B LEfoTEE 22 (35 NEER 24) L VEED (z,t) € Q x (0,00) KBNT

¢(z) 2 u(z,t; )

BERIZT B, RISt — ulz, t;¢) DEFAMICOVTIHEED L > 0 I LTER 2.2 (FE
2.4) % ug = ¢,v0 = u(h; @), ult) =u(t;¢),v(t) =u(t+h;¢) L LTERT S L

u(z, t; ) > ulz,t+h;¢)  for (z,t) € 2 x(0,00)
MEEST L. BRI S, ZhI D HDEREE o* LT
(3.1) lim u(-,t;¢) = ¢ B RIR

LB, SbiCIN(Q) BRI 2ERFERERICEY {A%u(t) o HEED B€ (0,1)
lEoNT I (Q) PRS2 v/ MER R B, TREY (3.1) OIUERIE—HIEH (55
2 CHO) TO—HENE) L7272 enbrd, £, NFROBmEMNT
Vu(z)?dz — —— Ttldy — d
= 2 [ IVu@)lds = —= [ o) s~ [ Glu(e)ds

(712U Glu) = [y g{v)dv) J:E%?‘ﬂ’w‘i Eu(t;¢) ¥ t KOWTERABDSTHD, LI
3o THEEGE {u(t; ¢) hiso (CXTIRT 2 w HIRES w(g) 13 (SP) OMELICEEN, ¢ &
(SP) Dff & 725, L <L Henry [5] ZZHLTIELLY,

EHEIZ subsolution 2 DWW TIRDEREZFIATHZ LB TE D,

I 3.2 4 I (SP) @ subsolution T, HDEEH o KOV TY > £T Do 2D
& & (P) OfF u(t; ) 1IZ2WT

wo, b)) > 9(e)  for () € Qx (0,00),
Mo% e QITBWT t — ulz, t;¢) IFEFFEIMT, (SP) O ¢ IR LT
lim u(-, t9) = ¢« uniformlyin
=00

LB, ERIEHD T >0 H LT limise || Ut Y) o= 400 825, ZTIZT || |l
i% supremum-/ /L A TH D,
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EH 3.1,3.2 % (SP) OMOXEMEOERICHEML L 5. g 1354 (A) DiE ¢'(0) =0
BHTTERET D, TDLE w=ep; 1L

Aw + dw? + g(w) = efpi{X - pret %179 4+ o(1)}
BHIZT, o Te>0 BTa/hRbiE

A > 0D E EFep i (SP) @ subsolution
A <0 D& Eephd (SP) @ supersolution

LHRBIERDNE, EoTA>0 DL ultep) FEE 3.2 £V ¢ (Z-OWTEHFREM
&&m(ﬁﬁ@ﬁ%%UEO@Kiﬁkﬁézkﬁbﬂéo~ﬁxgowk%umw9
HEE 31 LY ¢t KOWTHERERDER2Y, (SP) 0EHM u=0 3EEREL 2D I LB
bhd, T0EE, ERERO TIZBWT u(Tep) =0 £R2DIELFRTIENTED
(Friedman-Herrero [3])o

(SP) DIEHBRBIZOWVWTE XL L D, BRIT T A—F A ~DRFEZR T -EY SED
. FREERE (&2 (SP)y) 2. g(u) =P, 1<p< (N +2)/(N-2) £8< &
TEAEARIC SV T Ambrosetti-Brezis-Cerami [2], Ouyang-Shi [7] PFEREE L 0D LRDE
HRMLNL TN D,

TE F¥ A BEFEELTRBMILYTD ¢

(i) A> A ICRLTIE (SP), I3FEEBIME biw,

({i) 0 < A < A IZXT LT (SP)y 3B/ EMEM upy 2 H. TD uy i A {Z- DT ELFRIE M
Th b,

(i) 0 < A < A 123t LT (SP)y 13B/NEEME & B 72 5 EAEAR vy 50, & <12 Q 23K,
Mo p < NJ(N —2) 7251 (SP)y PEMEMAFETL XD E20ThD, :

ZrTCAS0 DL EB/NEERE uy OREEEHED, (SP), Off v, ZAND L
(3.2) Auy + Ml +gluy) = (A — plul

THBEIML, p >\ DEE u, & (SP)y D supersolution LB, IoT, EE 3L 1D
£ 0o D& EERBAIC ult;u,) — uy (Q TREH) L2DIEIREIND, iz (3.2)
LV u < ADEE uy, ik (SP)y D subsolution &78%, L2, BTORESR & EHE 3.2 2
bt — 0o D& BTN u(t;u,) — uy (Q TN L2BILibnd, L<IC
Ouyang-Shi DEBERHIZENTVHRBIE, KROFERETRT T EMTE D,

T 3.3 QKT p< N/(N-2) 2B7=3&T 2, £ED A€ (0,A) W23t LT (SP)a
h 9 ¥ 2 oDEEME uy,va(uy <vy) BbH, u > 0(F 0) A% > N BHET p Xt
LTup < v, THNIT (P)y DFF ult;jug) 122V T

Jim u(t;ug) = un (QT—RRIUKR)

L2 %,
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A< 0 Dr—2%E25, (SP)y PHEAMEREIZLY., vy £TD, K>0ZxLT
w=Kuvy £ &

D d 4 P = K(EP™ = 1o} = MK (K10 1)
ThdM1b
Aw + A w? +wP >0 (resp. <0) if K>1 (resp. K <1).

&b
K <1 D& & Kuvyld (SP), ? supersolution
K > 1M & & Kuyid (SP), ® subsolution

LB, LERoTER L LVKROEKRT vy BRTEEL 2D,

FTHE 3.4 w>0BMEED K<1 LTy < Kuy 2B (P)x @ ult;ug) {20V T
tgrgo u(t;uo) =0 (QT—HRIUR).

EBIERD T >0 1250 T u(Tu) =0 £7225,

Bz N =10k &k Kuato [6] 12 L - THAEEEROOL 2ESITECHEFAINLTD
3, L0bIF A< RHEI—EDADKLY /A& 2D L, EEBOFEL —EEBK
. vanishing zone % b OIEAMMPED EFEEAVNHRT 5. T b OBOREMEDHE
o oWTHER 3.1, 3.2 I3FZTH D,
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FOGHEROT TR D E H L & DWT T

BERRERFETEE
HEIE

1 EEEEMREGORENEE

I TREREOCHER, KRN EEREACT, BOTE, ZEERLIZOVTHEN
IRERERNTTS.

1. Positive steady-states for prey-predator models with cross-diffusion, Advances in
Differential Equation, 1, (1996), 1099-1122 (with Yoshio Yamada).

LT & R ERAES RIS FBRRRDOEEHEEE 2 5.

A1+ av)ul +au(l —u—cv) =0 in Q,

A1+ fu)v] +bv(l +du—v) =0 in Q, (11)
u=v=20 on 0%, )
u>0, v2>0 in Q.

TITQIXEBRORD EREREE, o [ ITFEEDOE, abcd FEEHTHD. Z0
R HBEARZENAZET VO, FRETBEF ST O THD. (1.1) IT20T
DX I RERBELNTNS.

EFEORE 1. EEEHEOGEEDTEDOTSEENELNE I L, BEY, N =1
IR IE, BB alEEBIT o, 1K L, EERSEET S OURE+45 5t & —
EHRTRENTED EThHB.

EEAFEME SRR OBOERE, ZEEZTTICRESENERICHE IR EETH DD,
(11) BES#EEEZ bRV, 22T, FRUBAAETBRATISEDND L 5 1 DO
B EE SBE- RIS TH¢2ELD. BREDFIEL, HDIEEDOFRERE—F
EHPFIRELTCEOESDOTICERE “BRHD” ZEERTOILIHEECENTHS. L
AL (1.1) DX SICEREST TR, MERIEIEREFET 2 LBAHFESNLIS
&, WBITT T v IRy I ABIBOEENDIREERGOADL I TERTVDET TIE
EOEE, HERIICOVWTHARD I EIITERVEADLDD.

COBBEOBRERE LD, ROX5RFER2EDIEICLE. ETHITMFEZH
WTHFERXOMELHSR, FEARICEVWLAERESEAHOITD. SHIZEREZHV
T, FOREREASNICENEETE I L&2FRT. (20 L I REENEEFET LS
&, THEPhOESHLBETSE bo TV RITHIE, BOIERFEET I &AREND. &
IR L TV AESOHERELTWING, BOMELRMRIZELND.
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IOXDIHENTREREERED L S REMURERZEAGDETUCAT L L ZAIC
FHEDORED’ & 5.

2. Multiple existence of spatially inhomogenious steady-states for competition diffusion
systems, Advances in Mathematical Sciences and Applications 9 (1999), 973-991.

AKBXTIEHUTOL S &L FREXBZOEFEBIZHONVTE LS.

{a(z)?u'} + h(z)*uf(u,v) =0 in (0,1),
{b(z)*'} + k(z)*vg(u,v) =0 in (0, 1),

uw'(0) = ()—v(0)=v’(1):0.

Z 2T a(xz),b(z), M(z), k(z) ITED C?0,1]— 8%, f,g: R xR — R IZEFMDFTER
BEEL, fu, forGur Qo X 0,0 >0 XX LATH B & T 5.

(2.1) DIEERE (u,v) DRPTHEERDHDDIL, o & v BEbITn—1BOEMESRE
HOLHRFET, ZH%E n— mode FEEERTZ L1127 5. (AT 0—mode £ T 5.) S
Z(21) OF_RTOEEENLRDIERE L, S, % (2.1) D n-mode FELENLRLEAR
ETBHE, WDEIRERPZDOND.

FAEDEE2. 1. ROFEEEDPEITD.
S=J Sn. (2.1)
n=0

kY (21) DEIZERMRED n-mode FED E BB M LD, —ROFERXATIE, o &
v DEADEIT—F L2V D, (2.1) OfED n-mode L WD FRIRMEEE b OBEICR G
NBEVD T EIZEERSNZWD.

FEORERT, BUFRER Q 12815 Lotka-Volterra B g4 3 OB #r72 IEMEE & #E
OMFIERTHZ LB TES:
Au+du(fa—u—pv)=0 in Q,
Av+ X (y—v—06u)=0 in Q, (2.2)
Ou/0v = dv/dv =0 on 0.

tTQ={ceRYR < o] < R}, 0,70 WEERTL < & < g, 2HETE
RETH. “OREDD & (2.2) BHAERER LRV, FEELRE—DEELRE (u',v*) =
(By— a)/(,@é—l), (ozé-’y)/(ﬂé—l), b0, (2.2) IZ2WT (u,v) = (v, v*) THREMLL, B
FiogBEmezAVDs L, (u* )7§>Bé§ié“i7‘£ mode & b OEHMA LKL TS DHI &
s, £ o G € RY £ 1 — o] KEZ, a(r) = br) = hlr) = k(r) = r¥ D72
R E,(21) OFITRE. ZRCOBEBRZAVD LUTORRPAOND.

EHEOHE2.2. £n=1223,---ZVL, D A=), T(u",v*) »bHELE
n—mode FEDNIFFIL, n— modeﬁ#@i’g%ﬁotii A= +oo ETHUVS.

SRTF ADEE, — MR ICEE TH IES T n—mode FELWIFEEIT I U T
lig%%ﬁmd\ﬁbxt;& FENELYIBLIRFERRDI T RAEHDITIEIS

W REDR-RH 5.
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BRBER2. 2LEROBEREL4EHDED L, (2.2) OEAFRMRRSIEMOTIRICET
A, ROL 5> RBEERENVERERZLNLE. TROLTSRED KL, DELZEERD
n—mode fED n E®D layer 1%, [Ry, Ry] EIZEH—ICHFET DI LB >TD (layer
OFEEIT ¢ @ order) 7%, e =0 &35 &, DIk L7 n—mode BED layer 1L Ry ICUE K
oA EDRLND.

DL, YHEOKBHRSIEORERIL, LROFERXD ¢ — 01281T 5 FRBR
FPLTHENAAREFERICE T EBHREZGATHII LT, HKROER & DIERBHEOTTH-
77385 (O = +oo) TOEODEROEAD LTI OV TELWVERIFELND. 20X
S RENIE I NE TR ENTZZ LML, 29 LEFRICEEOZEVZ & 2 AICHEMA
DEEERH .

2 RHEEIHE

%5@@)§Jﬁf\%ﬁkﬁﬁﬁféi, }JZ%&’%%I?EW@%‘%G:/J\éb\&, Whd b ORI E L ” %1
SEAEND. NEBBE LI, ZHA0H2MEZ RIS, BOMEMIEL A ERERICH
ZBIEFEAEBIIELL TN RERTDOIETHD.

LT OHE 3T, +H/MSWIEBGEICWL, ZOX S RNHEBEEZ b OERR
DTEFE%, upper solution & lower solution Z#EALT 2 Z LICL > TREAL, TOSE S3
PHEERLTVD.

3. Stable transition layers in a balanced bistable equation, to appear in Differential and
Integral Equations. ‘

ABRTTHEADEFREREIZONT, ¢> 0 BHHMEVEEIEBEZ b OREMR LR
T2 EXBEIEETS.

gy — (u—a(2))(u—b(z))(u—c(z)) =0 in (0,1),
{ uz(0) = uz(1) =0, (3.1)

a(*),b(),c(-) : [0,1] = R ¥t a(z) < b(z) < c(z) (z€10,1)) %?ﬁ%f:ﬂ‘&&’) b AR T d
7. RS AREFERXOBEREOMITIBFEOKB L & HITT RLT—

1ot !
3¢ /0 uzd$+/0 W(z,u(z))dz.

RO SED. 22 TW(z,u) = — [Hr—a(@) (T = b(z)) (T — c(z))dr, i TRT NEVE == S
AR ST BEETH S, Wz, alz)) — W(z,clz)) 28 (0,1) ROFREO R THEE
P52 T % & %, Angenent,Mallet-Paret,Peletier 512 &Y, ROFRBFLIATND. 4
hbb, >0 BHSHAEVE X, (31) OEEMR u & LT W(z,a(z) < W(z,bz)) &
FEs o FCHIEE 0 1B, W(z,a(z) > Wz, c(z)) ZHET Rz ETIEE ¢ 10k
<, Wiz, a(z)) =Wz, c(z)) ERTEAOREETEBBE b OLORFETD.
FEORERND, “TRAF—LVDE Wz, a(z)) - W(z,c(z)) OFEHELT DL,
EBREBRERIND ZEBERTED. & IAHH, TRAE— LAULDENE LR VERR
FR AR S B OOV TR INE TOFETIEHFICAL M ENTIRh 5T
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FITEAFETIE u=a b u=c DZIAVF—LYUIENRNEETEEZ, ROX
SIMEEZBL.

(A) W(z,a(z)) = W(z,c(z)), forevery =z € (0,1).
&M (A) OB EUTORRBELNI.

AHEDOHEES. B c(z) - alz) DEEOBNROEE CEBE 2 WRT 5 LEMN
%ﬁf%é.L#%,W@@@D#W@J@ﬂ@%%@%%&mﬁﬁmm,%%%mgg
BOEELEVHBL, TEMABBEL LV I HNUBIIEEOHB/NETHLDT, B/
EOBUFICM U TEEDOEERNBFET DI LBDNDS.

THNETCEREERLOEEHEOBRIL, £ LTZRAT—LULOER O TRWES
TRt LTORITPoHTEER, AFETIIZRAF—LLOER O DBEILLERES
HOBREREEBNEET L2 LR T LTS, ZHE 1 KRTOBEDHDERTHLD, &
BEONEBLZEETHIALNZEIIMIEZRELTEY, KEEKE,. E-ROELE
DIEZEFECEBALTFML TN D.

BEARFOT—

BARE LTV ADORATFERLBAVWSIFIETH S, ILEAREE 0 10EST R
BT, NEESBIZESHN 0 0iE (—I“RE” & Xidhd.) KL, b&D
SEE s TR R T AL DREDES £ 0 X £ B HFBRXOEITITIFE S
B, —ERCEATAS E R SR E LS PR ROMOEE E “REOBE 7 LD L
B2t WETHMET A EZALIDOFEDFIRLS D.

TD e 0 DEERBRETCALNARESFEADEDOLIRLOTHLINE, b L O
A P S TRELSERD I ENESESERFRP OO >TND. &b EHR Allen-
Cahn FEX & DTN A EMOIEEFEROH A, HEEBRT cALNLREHFENX (U
T YRR L IR NS RAFICEET 5 EHMRRARERICRL T LMo
B, LER-TIOFBEROERMRIIE/NEEIZZS. BRABASMINZMDS Z L
I b & OB FREROBOEHOAE R EMT D) A THELERRFL 2T
W5,

AR, FLZRO L 9 B ZEEFE—BRRBEARICOWT, Danielle Hilhorst K (RUFEX),
EEEE (ERKE) EOXFMEZTo>TWDS.

euy = eAu+ e Lh(z)?u(a — u — Pv) in Q x [0, 00),
vy = €AV + e h(z)?v(y — v — bu) in © x [0, c0), - (4.0)
bu — = ' on 69 x [0, 00).

T REEHK, QIZRCAOER, hIELHREERY, AT ;<2 <fEARL
#efé.it:@%ﬁ%ﬁ<&(mezowﬁﬁﬁﬁﬁ%@ummno%%o,wb@
AWMEERDY AT JMIRD.

AHEOHEA. e 0 & LBEBET COREHEII

10h
V= —(n—1)Bk - Byl

- (4.2)
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CEADNE. LITV BAEORE, « kREOTSHE, L wrmmmons, 5,5,
EFRE 0, b,c,d K-> TRELELTHS .
%s@j@iﬁﬁﬁiﬁﬁ5%@%%&%%%&%01§tﬂ@“5¢¥@, &, upper-lower solutions %
BT 2FEZHAVS. ERFE ST DFEIIHESTNG. =77 T DFEDHE ST, upper
solution & lower solution DREIFER ¢ — 0 & L7 & TRBHIIKL RoTWVWE, 207
%, upper-lower solutions Tlt X FH BEED 7 5 AVHEFITHBENTLE S Sicdh
5. ABIFETIE, FERICIEY 5 2 DMEIED & H3 LoD, &b CEMoBicE
BREZTMT D L %FEH L (generation of interface) , TORER, #EH upper solution,
lower solution (ZERENDIVMEIRICA S - L 233 - & TLREOEEL TR L. 5|
:@%%%ﬁwf,V¥—7&W%%@E%%Oﬁiﬁﬁ%®ﬁﬁ%%wab

é%ﬁ%ﬁm&@i5ﬁ%@?m%u%ﬁ%@ﬁ%%&6b#ﬁ&ﬁmowfﬁ%%¢
THTVES,

{ €Uy = €Uy — € 'h(z)u(l — u?) in (0,1) x [0, 00),
uz(0,1) = ug(1,t) =0, (5.1)
u(z,0) =y > 0,

Gl Ru=-1Lu=1D200FEEEMEbD, Z02 o 0EEMDTRLE— 1
NIEE L,
ERNIC IR R S B OBRERE BT 2 R E2 A 5.

BEZBZTVWIDEKRDOL 5 2MEETH S,

FRE. BI% h(z) DEEOBA FBERE LB DEETEBRETIR T DL R
2. FRENENDOBEDE — AR % EREICIET 5,

ZHZIEWV L, RO X I RERRE ST

AMEOHES. 1. B A=) OBEOESE PEl, TORBOHSELSE M
32, (5.1) DET, M 25 ENDRENTNROEBEEBEEOBBEL oL DONE
ETD.

EELE, 1 OOBRICSEOBBRENTVEL>TELS LS REPEFET DB %

=
ARLTWD.

LRI R B BRI, FROLCOBBBOREBIZET BRI, R D T — R EEH A
FERNRESNAELEZRLTCNAS,

ARAERDHERES. 2. 50 0 e> 01701, R Y 32D,

hz) DBRBIECFEET 2MOBBBORE = ©— 25k

ﬁ%ﬁ2%®%ﬁ¢%$®%ﬁ%%ﬁdﬁtxF&WA*U1~HN®E%KiOTM6
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MR E

(i) porous medium FRXRK VT DO—f(L ENTZFRBRD ORI BT 2 EEE BT
ROFEICET I REB e ofz, PEROIFEIZIBVTIL, porous medium HiE
ROFAD Holder EFEER R < HMON TV, BB (BFT) BOTEEIC DD
T, &<, RBRAEL LTEINL TV, RE-#ILZ LY., Lipshitz 8706
FURFTRESER S, Z 2 CHRENL, [P 3V F—lEsREIE, C° I
BY 5 REFHROFIENIER Shvi, (B [8][11],[12))

(il) ZEREARRAE S RRNOMOTFE, EFERVBOSERIC SN THEEZ B
iRolc, FHI. EREOBREIER CHELZE T 2EEOBOEE. EEED
W5E (Fa X [9],[10]) DA & LT, SMEEEICEIT 5. supercritical DK EE D IERR
BEEH T2 EAEMAR RO EMEMBROEON? &\ 5 REREEN. 5&
FINZHRIR STz, (FRFEEK [12),[15) BMOFEFEEIZ WL, BEREIN S, 48
WO TERME)] BEZSORVESICHL, FREEESRIESNIBERH D = &8
KRENE, (FE%E [3),9]) ZoMizh, HAEEN H B IEE RESIZ BT 5
22X NMEOR OB (R [14]). EEFRHEET < OBEKRE O FERILE D4R S
BO e - REEBOSEMICRIZTEEOMN ([13),15) 2 EDZhAn b0
ERVHFEINIEE LD o7,

(iil) FZEFRDOIULE D DL, HMOERRIESER SOV AR T2 (5
BE) OBBREHY (R2%E[6) L. SMERENRN 3 YERE~ONANBRE S
NTW5, BEFEAXOSETIL, #EL A~V NERTOESZ UAEE Lo
o\ SWSTERROEH & ERE Banach ZZRICHIET 237 (%X [18) bA
ENTV3,

X FER
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WX, TFIE, FHEE, —BELRLOMELR, FEASCERFMFIE U CER-LBNFEZAY
TEHICHELONTETZ. LLRRL, o OROHBBELZE O 2MERS FERACHT 25
FERE (F3BERRMELZEL) HDVITEEDRMRE

v+ alz)u' + B(z)u+y(z)uf =0, —oco<a <z <b< +o0

WU RBEEBIZ L > TV OPDEBEREO—DIZRE TCE A ENHELNNI o TERE. &
T, BERIZL>TEOMEEZHE—MICHRZ AT TR, — 2O LT %Ehtrft
B, E¥REZEL CHOMBEIEHATERILEZEBERLTWS. &6, bEDRBEIIHT
Kelvin ZTH#< Rellich—Pohozaev BOEERXZEMATOEZERIZEER L TAD L, TRLHOED
ERPERNICRBICEETEDL L3R 50THS ([KbYY1], [KbYY3], [MYY2], [MyYY], [Y],
[YY]).

LWV L,

(i) Lane-Emden FRF % § 2 BALEK =D Dirichlet FRE
(ii) FaPREYH AT D £

(iil) Brezis-Nirenberg RT3 5 BEALER £ Dirichlet 78
(iv) scalar field FRFICKTT 5 £HE

2, MY EHEEBRERCEERERETHETZLI2E»T
va(t) + k()P =0, te(0,1) (1.1)

OO Dirichlet FIEICRE SN B2 L 2F25 (YY]). KT, 5, SERAME, ZR0E—TEE
JHN&E@%ﬁﬁTATM)’aiﬂTLiD LT,
=9, Bz b HERE

9(1_7"){9(7")ur}r + L(r)v* = 0 in (a,b) ’ (1.2)
PRART S LTS, FRL, o) & Lir) 1 (a,h) ECEDES & 56 MREHTH
BRI, (i) OB g ﬁm—-na 0, b=oo, L(r) = K(r) Th5. (i) bFETH.
(111) (iv) DEBIE, ThE
rr + +A6=0, ¢(0)=1,
b+ e =0, #0)=1

DREFFA, u—up EEHEHRLTIKROEEZBEEL, L1205 (1.2) DRITFEET L. Flx
iE, (i) Tn=3, 0<X<n®DBAEIE, §(r) =sin(ur)/(ur), g(r) =sin*(ur)/u?, a =0, b=
1, L{r) = (sin®(ur)(cot(ur) — cot(w))/(ur))t THB. 7L, p=A"2 &Rz, EbIT

v(t) == tu(r), t={1+ /br E(l—sj ds} ™
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EEHL,
k(t) =t ®*Pg(r)2L(r)
ERTIE (1.2 (L) ICREETED.
ST, BBt k(1) 13 (0,1) THELDTHDN, HMATEERL TV IHENHS. Z0OkD, K
DEEFEALTEBLERDS. v(t) PIEEREO L X, v(@t)/(1-1) BHERDPTHY, t=1TD
BEIKRDOELIICHETED.

(i) limesyv(t)/(1 —t) DFELED & &, v(t) i3 ¢=1 Tregular ThHdEWND.
(i) limgy v(t)/(1 —t) = co D& &, v(t) iL ¢ =1 Tsingular ThHdend.

S DEEREECERT AAOBBEICHE S TAD &, t =1 PEROERIIHIST DHEIE,
regular, singular (XiB%¥ OEKTHEIRERFHLMIT, WlsRHew FERIZHS LTV D.
f— 1 ANERRE AR LTV AEAE, regular 2fEIIR bR R T DA (rapid-decay solution)
iz, singular 72AEIZIEEE DBVE (slow-decay solution) IS LTV,

Kelvin 258 u(r) — s*~2u(s),s = 1/r 1%, ERELRRZMYBROEAT, EIREIEICRIT D
EMASRADITICIEE CEDTH S, Jhud, BER (L1) THEERD t=1/2 ICBITSHY
BEL o) = v(s),s =1—t KRG LTND.

¥ 7-, Rellich-Pohozaev BIDESRIT, BEF (1.1) T

%P@ﬂozcaﬁyﬂﬁizfg@ml—wp“; (1.3)
77z L,
Go = (B = )T RO/ = 91,
H = (=) ROR(0 - Do

LA, OIEZERT Kelvin ZHICKH LTRETH S Z LITEE L L 5. Rellich-Pohozaev ©
IEER T AR OREICH L CRIERICED Ty v — T REREE LD T MM T 52, X
SMEESICR LTEATLLE D TRV, BETESRE, K (a,0) RLEREMETERE
Kwﬂ,%@%(H)Kﬁ%?é%ﬁ%ﬁ®ﬁﬁﬁmiofﬂﬁ)%%ﬁb@bt%@f%é‘%
% 1%, Brezis-Nirenberg 723 IZxf L T Brezis-Nirenberg iz & v B 57 Rellich-Pohozaev BED
lEaEiE (1.3) 2EEE L b0 L —HT D.

k:%?,ﬁ%ﬁmﬁwia%iékﬁwﬁﬁébfwéﬁ,%@Emmm&@fh55#.£m
BEAEXD L EBREDTRINE—EXTH D, EE, TEEH w(s) = (" +e")(t), 1= (14e725)7t
2175 &, wiEFEN

wes — W+ j(s,w) =0 in (—oc0,00)
BT L, (s, w) = (8 — )2k, (t ~ 2)2y) THD. Z DFBRIKTHEE DT X
X —EX OB »

_ézig{w‘s? —w? -+ ZJ(S,'ZU)} = Js(sa ’U)),
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=72, J(s,w) ::/O i(s,0)d¢ THB. ZOTRAF—FNZ, BEF (1.1) TiX Rellich-Pohozaev

BIOELR (1.3) IKHETHDOTHS. Liwti~T, (1.3) BREFICE > THBH TERREFRT
HdLEVNZD. '

XT, EERABTILICLY, —oORBIEKTAEREMOMBICER T D I LS AR
frotr. TOEIREZRESNT, TNETDE IS, scalar field B HEN, AREZ ST 712N

Au+z-Vu+iu+u? =0

(=343 255, Brezis-Nirenberg FEZICXT % Neumann FIRERCH 3 BHEMERMBEICET 55
([KbYY3)), REBRFBRRUCATS (RRCHRIEZREOILBIFLE) T DERR RO E
DB (MYY2) RENRENTHD. ZNHIFFEROFETIEXD ZEDTE -7 &
ThB. T, EEG~OERISBOBHREESRATERER DI EE01E<, RBLL
SEELRWEERODHBERNF LR,

AR ISEIZ AL OEETHD D, TNE CEMNCEINTELHENREEREZEL T
AT DX, HCFNMREFRRUCKH T ERIOMECERZIRT Z L BHFIND.

o EET AWK

255 —EHEFERICBN T, RO TMCESZ M ZRET T, BOBEIEET D
= &7 Ding-Ni L LV EREN TV, TOBAEZMBV B TRATE THRRoT. B
mmvum%wf,m%ﬁa@wﬁgf%ﬁ%ﬁumwﬂﬁp%%N9%~5&$QLT%@%
%%Qm@ﬁ@fﬁ%?é:&ﬁi@%@%ﬁﬁﬁ%?éﬂ%<Dﬁ%%#mﬁot.?&ba
N?%w&%%%bk@u@ﬁ@?ﬁ%@%ﬁ%%6%#@%%@%&@%%&%&#5@?%5
B, 2B —EEFBRAOBEEp=(n+2)/(n—2) DL IATDEY ATHTNDDTHRDE
EREETHEHICRZDEDTHD. ,

?7??7V%%%ﬁ%é%mﬂ)&LT@U%@&LT,m?f?%ﬁ%?ﬁ%é.m?f
3%@%%K#ﬁ%%ﬁomtﬁ%ﬁmom1m,%%ﬂ6§<@ﬁ%ﬁﬂah1wé.L#Lﬁ
ﬁ%,%®%%ﬂ%#éﬁ%mﬁh®ﬁﬂﬁﬁé.7?5V7V®%émowfm,%®%%mﬁ
%@%L<@§LT%5.:@:kK%@%%H,mﬁf?xﬁﬁi@%@%ﬁéﬁ~ﬁﬁﬁﬁ?
HE—HE LTHR H%YWH%%wk.:@%iﬂi@,77?97V?ﬁ@ﬁ0:&@,ﬁ%
HEIE LT, m 79 AERAETHRBICRY oI L ORBLAL 7. THITFIERME m-7
7S5 ZAVEAEOEEFOBEHRE EREEDITETHD.

2&%,3&ﬁ@#ﬁ%%m&ﬁﬁﬁmﬁwﬁﬁ%%Nékwmm,%ﬁf%%ﬁ&&ﬁ%ﬁ
Eﬁﬁﬁf&é.%@@ﬁ&bf,%f,%K&&éﬁ?yyﬁﬁﬁmﬁbf,?7§Rﬁ%ﬁ®
smele L | CEL A BT ERAR LR LV EER B IR E [MKTAY] KB W TERLE.
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77 AERBEOB I BARIEBIERE LT, ERAZE p- 7757 o3 dh
D, ZOERBELIIEDOEEIRIT, BEEOEEET NV, 77 v 7 RAAEIZIE
BT T 2BRBETNRECERSNE T,  F72 p NERKOERKE
. BFENICOITFENC L S OICEkRS IMEE 2D, pT7 77V T V0O
EREL. EHoMENRERILFTEE T, HEMIIOLRIVFEINTE 2, Fxi
ZOMBED p BIERIEBRICER L7z, bebé p—1 HFERXROKE T hEE
FRRIC L7z BRI E SR ERL OB SIEA HT O T, (MO E2EA
LTERABICERTI L (R, B, BE) ., T3V Z o rERRICH
TAHEEFLWS A TOEEEMBET, SBEBENDILDEEDN D,
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3 WIEZER D H 0> compact 72D SMBEIRIZ BV TIEEM MR ER A O EE) 2 Foik
+ % B RS FERFR (Navier-Stokes FRRAFRB L VOE & DEALR) OFIHMESR
REREEZEEL, BROGFEPLRERICETIBREZFT.

[1] T, MEORE TRIEZE L & X 0B Z 2BSROMEICX LT, BillLE &2
BEBEMD Y 5 A% Lorentz 228 (Lebesgue 22 % MR L TH OIS HEEEM) ¢H
WTEHDI TR EOBEEDH TRE L. '

[21(3][4] TIx, —EAEE TEET 2MEDE DY O Navier-Stokes FOEEEEE L
- IEE b RABIE DY 2 LS & o TEESERMESRICIIT ARBC BT L, R
AERRE T TR T 2BIEE b BRSO ERRNENS. ORI, TORK
DEEFRIED D, FEHFEOREL O—FEHSEA sy, £7, Bl 12T, EORMS
{EFZE % A7k Dirichlet BEREMO D & T [2 ZEICRBVWTER L/ERRERS b EET
HEAM A, BRI BIERME 2 5 % 5 a priori 7l & o8 O FHE, B LU
BB OEREIERA Uiz, ZOXFEIMTAERE JIERW ZRITEST, &
DT EABEZEL LTS, LaL, 4BV, 3] TRIEFHDOD LBWEIRTO
FEREBIt=0 OiFL COFMBEER L. &b, EDORMEZAEMA VT, H/?
DG LD EE b ORI T B — B R REERETENCHER L. Z OFIHIBEEITxy
HIRER, PEARTIIRE EEA bR 5. YBT3 HEROBIFEIZ L - TA BE}’L'CI/\
7= M1k, Borchers IZ X B3BMEDALTH Y, ZO—BHIITATH 5. RFROKEIX, &
D Navier-Stokes FRALEDRZ DB LT, XL T—EMEEA LR ZP)'
5. it MiEOEERAEENRREIC L D BT 5B LT, E’]%&%%ﬁ?%%i’bf:
(FRCHER). SBOPIFAFREIL, LO¥ED t — TOREGZRD 7= ET, —Ei#E
FRERKSRACERT 22 L THS.
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WERAEE BEERLOWS

£0%. Harauwc Weissler B & 3N 5 WAL B L B BARSER Au + (2 Vu)/2 +u
lufp~lu =0, z € R" DI u = u(r)(r = |z|) BIEDEROBWEELH LT AT E, ThOLER
5y RO HMERE

(P) trr + {(n = 1)/ +7/2}ur + Au+ [ufP~lu =0, r > 0; u(0) = a € (0,00), ur(0) = 0 DR u(r;a) 23,
RGA—Fn>1,A>0,p>1ITELT POXARIEAEVETAMRET 2L EZREL LT&EFE LR

Haraux & Weissler 12 Haraux-Weissler BERAORAFEEEEOHREL, n > 1,0< A< n/2
(n—2)p < (n+2) 2B, e A O IT ERE CREICEE T EERPTFET DI L BT L¥ELE. %
D1, Weissler %1% L Atkinson, Peletier, Terman %24 Y (P) D% o \ZxT HIEOEBBEAONE
LS, +0RBREBLhTHEEATLE. 2 TEY, (P) DIEEMEES OBEICOVWTHNDL I L
T UE L. F¥ o R HFEE, Bulre) BECEEZESRY HEEAT A LRESIChbHYET. LK
BT, (1) ulrya) XEXHE (0,00) RIKFRE Hoh, (i) u(r;a) R (0,00) NIZEAZ LT RWVWER,
WE S COBEEBITY 5250, O2ANEELRVET. - C, Peletier-Terman-Weissler D& R
RRATBE, A>0725iEr = oo TOEBNL u(r; o) ~ P22 F 0% ulr; o) ~ P exp(—r?/4) £72Y
9. Db OMEILESHT (P) O u(r;a) i3, EEELOL O RREM, Fiok EEVFER
DS TY o IR HEERME, EILLIEY P2A=7 eyp(—r?/4) DEE TE B ITRT 2 RBRMBEO 3
B BEANET. TONEOL L, Weissler K&Y0 A>n/20 L EFT RO o oW T u(r;a) R
EMEL 25T ERENTHELER, 0<A<n/2 Dy —ABNTE, +HREREIEONTOEY
ATLE. UL, BOBFEIZEY 1<p<pa(=(n+ 2)/(n —2)) DI —AIDNTC, n2>3 Zx a5
SREERELNELE :0<A<n/2, 1<p<pn s BiE, u(rao) RABERL 2D ao € (0,00) 23—
=R EEL, % ac (0,00) KL Tulra) SEREMEL 2D, & a € (ap,00) K LT u(r;a) RXE
fRL 2D,

X5z, HICEXTRERIOVWTL D LWESREEREZ L, ThbbEEEEARN HIRENT DRI
SOTEATOET. EBRICK LTh r — co TOMDEBIIRILT H5DT, BEEE, H5VERBREE
PEEREAVDE, EOXI ol L Tu(ra) Bk BEOESS b OBHFEME, HDVITERERTZDD,
FOAD=RAERLEMCTHIE BB RVEYT. UTTHE, A= 1/(p—1) KHIBLET. RBFEICD
WTiE, Weissler (24 D L EOESE b OABEFREORELIHERSNE LA, — BT OV TIIRAER T
L. ZHAUCEELTELNIERIE, UTOXIIELD BNET 0> 1 EEEL pr = 14+2/(n+2k)
(k = -1,0,1,2,--) & EHET D, TorE K EIEHLT, p € (Pr,p-1) rCEEESND C BB
o = ai(p) > 0 BFEL, u(r; ox(p),p) Ik BOERE LoaRERE 25, ()& p € (pr,pr—1] X
LT, ZHF {a(p)} 120 < arlp) < ape1(p) < pya(p) < --- = © 2L, a € (0,ax(p) TR L
T ulr;a,p) X k EOFERE L ORBERM 7Y, ae (up), ) @ =kk+1,k+2 ) IAFLT
u(rio,p) i+ 1EDOFERE LORBREBLRD.
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FARIFERT S &4 2 BRI RIG FRERIL, WEARY, £9%, LEX
CHREPITIUDETHAHRARBELIRICB T AL L EFNIERTEIET IV E
LCEERMIBLED TS, LM LBEICHEZZERTAET VE LTEERE
F T, MBCEENBEAND L, SRR, BEEDR, BERRITIFER
OHEBICBITHEKEVCEMZREL TCVWAIRTEETHD.

D &L ISR EFER L Vo T, ERAEOREEIC & > THEDOZEE)
FRELSERY, FOMEIIERFIIEETHD. BOFATI I AEEEITERE
TEOIFI—BIZES R Z L TR, FERXRE Lo TV AERERGEORE X
HH$ 2 &5 2@ TE L, RE2RBNCR5. T0O, EDX )Rk
Zd 250, Thbb, FOX5RMYarolELZEBET A0, PHEFICEE
272 ?.

FLOFFE T, FIZ 2 00FA»bIFREEBRIGCHFERNITE> TS, O
Lo, EEEEROMBESDL Y TERANBIHETHS. FEXROBERD
RENHEMET LD, E-BMEE L CEFRRICETHERL, 20FE, B
Wk, EEMREOMBEMD I ENBEERE—HERD. AFETIE L VDI
HEEA DRI B F R ERTLERSTVD. b HVEDIT, HEE
BEEEICEAMETH L. HDAWINNT AT —FRY RN E L E EITHEN
ZREHFEAITD L OEBRBEHFTEROH Z2EERCOMHIE{LE L THNEDIT L
N, ZOREHFEXOMENTZE L CHERBIEEHSO S F S F RERERVEE S
EaNDZEERT.
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MRSMEE . TREEORS

CNET, BET2HBEEODAT 4w 7 BHORIBIEN 570 2R BEH S 7B

= Maput fw),  (5,8) €9 x (0,+0),
u(z,t) =0, (z,t) € O x (0, +00), (1)
uw(z, 0) = ug(z), ze

KOWTHROBESCHIEEE, BLURTOEEEE
AApu + f(u) =0, z € Q, @)
u(z) =0, z € 08

DIREEDESOHE, SEERORERREXDVTHRLTERE. CZTOQRRY (N >1) Ok
D HNRER 0N BEDERESR, Apu = div(|VuP~?Vu) (p > 2), f(u) = [u|9%u(l=|u|") (¢ >
2, 7>0), FEASVENTA—FTHD. ZOLI%, FRBEB A, EOPART 4y JTEHOKIG
E DA A DRI &2 RIEHARROMER, EEME (2) D p=q OFEAITDNTM. Guedda,
S. Kamin, J. Sabina de Lis, L. Véron SIZEK> TREINTEREN, p#£q OHFECKREAREZED
(1) KoWTEfMbRIh TN k. BRRBENSIKDOWTHUTOL I BHEZTTo .

1. TEHE (2) OFHF ZE 1 RTIBVT, (2) DHREEOES B\, OBEZHS ML,
p, ¢ ODKR/NIIBLT By OHEERIRESERBZZE, ZELTAS OB TANSINEZRET I v B
Ny b EXIFNDEL R EFOBNEET S LRI, TOER, E, BEREZSUN,
INEBEEE p=2 OBE E, PBERESTH D & EIHENTH 5.

-, ERSRTICB)BEBHBOERET o>/, TOB, N=1DLEDT5y by bz
HOMERAVTES R LEBEEE#ERL, TMTWAIHLTTI Sy by b2 D DBAEET
B ENDMNo. B2 p < q RBIFHMO—BHIIRDIUET, ZRIEESHFEICIDFOBE
BTns. '

2. ¥FTEEEE (1) BLUY (2) OBORE - FREUOBIT N=1DLEI, F£ED y € L?
IZH LT (1) B—BREE u(t;u) DI E, TO w BRES wug) FZETRNWAERERKT >
N7 NESTHD B\ KEENBIE, TLUTEORRELLT utyu) 1 By IKETHW TV I E
WREN, REEEOBEICE B BEEESLRBEDT wly) H—AES, ThbDEMIISHS
EHRMIT t - +oo TIIHT 325, bhbhoHaltid B, WERKEFODOTEDIFERTET,
BOBEHEFHNONH DS, £ TEEOERIC uwp 2Eo7EED (1) D u(t;u) PEHZ,
TOBROELEBIT 5 ETHNZ. TORR, u PERBOT Ty My & 2 ROT—
F—TELTWE u(tu) DRALEIATELTVS L, BIUEENENTNSEHS T
BRBEROENZEELEVWIEREEL. S OBRGBCEBEEREOSDT, 77y by b
fHETOROEBDREMEEREL TN SO THREKKEN.

F7z (2) OBORE  FREMICDONWTHERLE. 75y My FEFEZVRBIIOWTIRED
BE - AEEHIIHBNERICRETESDN, T2 TRVHOIH L TIITREET S, FISHHHE
FEAUEM - BHTHIET, 73y MY FEFDE ¢ KN LU TREER S 2R Lz 90 S
THD, SKETD u DOEWURLEMRIINDETD SIKETS.
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