
o n s o m e e sti m at e s a n d th e d e a d c o r e of s ol u ti o n

i n s o m e n o nli n e a r p a r a b oli c p r o bl e m s

T o k u m o ri N a n b u

( R e ci e v e d N o v e m b e r 6 ,
1 9 9 8)

A b s t r a c t

w e d o r e s e a r cll O n S O m e e s ti m a t e s a n d t h e d e a d c o r e o f s o l l lti o n i n

s o m e n o n li n e a r p a r a b o li c p r o b l e m s ･

1 I n t r o d u c t i o n

l n t h is n o t e w e a r e c o n c e r n e d w it h t h e b e h a vi o u r of s ol u ti o n u( x , i) of t h e

p r o bl e m (1 .1) -( 1 ･3) :

(1 .1) u t
- △

x( u
m

) ニ ー 入u
P i n a - 0 × R '

,

(1 .2) u( I
,
i) -

x( I) o n T - ∂0 × R
'

,

(1 . 3) u( x
,
0) - u o( I) i n n ･

H e r e n is a b o u n d e d
,

a r c w is e c o n n e c t e d d o m ain i n R
N
( N > 1) w h o s e b o u n d a r y

∂o is of cl a s s C
3

,
R +

- (0 , + ∞) ,
入 ∈(0

, + ∞) ,
△ x d e n o t e s t h e N - d i m e n si o n al

L a p l a c e o p e r a t o r
,

m > 1 a n d p > 0 a r e c o n st a n t s , x( x) is a n o n n e g ati v e
i
O n t in -

u o us f u n c tio n o n r a n d u o( x) is a n o n n eg a tiv e c o n ti n u o us fu n ct io n i n r之 w ith

u o( I) -
x( I) o n ∂fl a n d M a x 話u O( x) - 1 ･

w e s h all gi v e t h e n o t a ti o n of w e a k s ol u ti o n of t h e p r o bl e m (1 ･ 1) -(1 ･3) ･

D e fi n i ti o n 1 . 1 . A f u n c ti o n u ∈ C([0 , T] : L
l
( o)) n L ∞

( Q T) is c alle d a w e a k

s ol u tio n o f t h e p r o b le m (1 . 1) -(1 ･ 3) if it s a tis fi e s

(1 ･4' /n

u( I - ,
T ,d x

-

//Q T

[u J t ･ u
-

△ x J･d x d t +l
T

/a ｡

( x)
-

s: d S

-/ n

u o q( x
,
o)d x I//Q T

一 入u
P
J d x d t

f o r all cr ∈ C 2
(否T) w ith c , - O o n ∂0 ×(0

,
T) . H e r e w e p u t Q T

- 0 ×(0
,
T) ,

孟 st a n d s fo r t h e o u t e r n o r m a l d e ri v a tiv e at ∂0 ･
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B y a n u p p e r s ol u ti o n o f t h e p r o b le m (1 ･1) -(1 ･ 3) ,
w e m e a n a n y 面( I , i) ∈

c ([o
,
T] : L

l
( n)) n L ∞

(Q T) w hi ch s atis fi e s (1 ･4) w ith th e in e q u al ity ≧ fo r a n y

p o sitiv e c ' a s a b o v e . S i m il a rly 生( I
,
i) ∈ C (【0 , T] : L

l
( o)) n L ∞

( Q T ) i s c all ed a

l o w e r s ol u t io n o f t h e p r o bl e m (1 ･1) -(1 ･ 3) t h e i n e q u alit y sig n i s r e v e r s e d ･

T h e lo c al e xis t e n c e a n d u n iq u e n es s of s ol u tio n s of t h e p r o b l e m (1 ･ 1) -(1 ･ 3)
h a v e b e e n s t u di e d b y s e v e r al a u t h o r s ( s e e [1] , [5] a n d [8]) I

w h e n x( x) - 0 i n (1 .2) ,
it is w ell k n o w n t h at t h e s ol u tio n u( I

,
i) o f t h e

p r o b le m (1 .1) -(1 .3) c o n v e r g e s t o z e r o a s i - c x ) ( C f ･ [6]) ･

I n ([2]) a n d ([4]) th e f ollo w in g st e a d y s t a t e p r o b le m h a s b e e n st u d ie d :

(1 .5)
- △

x¢
m

- - 対
P in 0 ,

(1 . 6) 4 ･( I) -

x( x) o n ∂n ･

H e r e 入 is a p o sit iv e c o n s t a n t ･ L et 4,( I ; A)
_

b e a s o lu tio n o f t h e p r o b l e m (1 ･5) -

(1 . 6) . T h e y h a v e sh o w n t h at if x( I) > 0 in 0
,

eit h e r 0 o r 九( > 0) is l a rg e e n o u gh ,

a n d p < m
,
t h e n t h e s ol u ti o n 4･( I ; A) of th e p r o b le m (1 ･5) -(1 1 6) h a s a d e a d c o r e

D (¢(I ; A)) ,
t h a t i s , t h e s et D (4 ,( x

･

,
A)) - ( x ∈ 0 : ¢( x

･

,
A) - 0) ≠め ･

D e 丘n iti o n 1 .2 . S u p p o s e t h at a s ol u ti o n ¢( x
･

,
A) o f t h e p r o bl e m ( 1 ･5) -(1 ･6) h a s

a d e a d c o r e . L e t x o ∈ 0 a n d p < m . D e fi n e

(1 ･ 7) 入o
- iT (i( x o ; A) - 0) ,

入
*

= i
x

n

.

f 入o ･

D e fi n iti o n 1 . 3 . L e t u( I
,
i) b e t h e s olu ti o n of t h e p r o bl e m (1 ･1) -(1 ･3) I F o r an y

i( ≧ o) w e s e t D ( u(i)) - ( I ∈ n : u( I
,
i) - 0) ･ T h e s e t D ( u(i)) i s c al l ed b y a

ti m e -d e p e n d e n t d e a d c o r e o f s ol u ti o n u( I
,
i) ･

F o r t h e s o lu tio n u( I
,
i) of t h e p r o bl e m (1 ･1) -(1 ･ 3) ,

w e b ri e fl y m e n ti o n o n t h e

e xi st e n c e o f t h e ti m e T s u c h t h a t D ( u(i))(≠¢) (i ≧ T) ･

L et I(i) b e a s olu ti o n of t h e p r o b l e m :

(1 .8) z t
ニ ー 入z

P
( 0 < t ) , I(0) - 1 ･

T h e n t h e s ol u ti o n o f t h e p r o bl e m (1 .8) is g iv e n b y

- 1

(1 .9) z(i) - (1 + A( p - 1) i) ㍗ if p ≠1

a n d

(1 .1 0) I(i) - e
~ 入t

if p - 1 ･

H e r e (∫) +
- m a x(∫,

0) ･

I n [2] B a n d le ,
N a n b u a n d S t a k g old h a v e p r o v e d t h e fo 1l o w i n g r e s u lt :

T h e o r e m 1 . 1 . ( C f . [2] ･ T h e o r e m 4 ･ 1 ･) L e t u( I , i) b e t h e s olu ti o n of t h e p r o b -

le m (1 .1) -(1 . 3) i n t h e c a s e O < p < m ･ F o r fi Ⅹ ed x o ∈ 0 , ch o o s e 入( > 入o) w h e r e
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入o
-
is d e fi n e d in (1 ･7) ･

T h e n

( a) If O < p < 1
,
t h e n u( x o ,

i) - O if t ≧ 言土 ･

(b) If p ≧ 1 a n d m in ff u O( x) > 0 , t h e n u( x o ,
i) > O f o r all t ･

w e k nムw s o m e r e s u lt s ｡ n t h e d e a d c o r e of t h e s ol u tio n s of t h e p r o b le m (1 .5) -

(1 ･ 6) ･

T h e o r e m 1 . 2 .( C f .[礼【4] .)

(i) L e t 4, 1( I ; A) b e t h e s ol u ti o n o f(1 ･5) s a ti s丘n g ¢1
-

X l( x) o n ∂O a n d 4,2( I ; A)
th e s ol u ti o n of (1 .5) s a ti s fi n g ¢2

-

X 2( I) o n ∂0 ･ If x l( I) ≦ x 2( I) o n ∂0
,
t h e n

¢1( I ; A) ≦¢2( I ; A) i n ∩ a n d D (¢2( I ; A)) ⊂ D (4 1( x ; A)) I

(ii) L et ¢1( x ; 入1) b e t h e s o lu ti o n of (1 ･5) fo r 九 - 入1 S a tis 丘n g ¢1
- X( I) o n ∂O

a n d 4,2( x ; 入2) th e s ol u ti o n o f (1 ･ 5) fo r 九 - 入2 S at isfi n g ¢2
-

X( I) o n ∂0 I If

入1 < 入2 ,
th e n ¢2( x ; 入2) ≦4, 1( x ; 入1) i n 0 a n d D (4, I( I ; 入1)) ⊂ D (¢2( I ; 入2)) ･

T h e r e a r e s o m e r e s u lt s o n t h e c o n v e r g e n c e of s ol u ti o n u( I
,
i) o f t h e p r o bl e m

(1 ･ 1) -( 1 ･3) I

A t fi r s t w e a r e i n t e r e s t ed i n R i c ci'
s r e s ult f o r u t

- △
x
u -

- u q
. R ic ci([1 1])

h a s p r o v e d t h e fo 1l o w i n g r e s u lt :

T h e o r e m 1 . 3 . ( C f .[1 1] ･)
L e t 0 < q < 1 a n d u( I , i) b e a s ol u ti o n of t h e p r o b l e m

(1 .l l) u t
- △ x u ニ

ー

u
q i n Q - fl x R +

,

( 1 .1 2) u( x
,
i) - 1 o n T - ∂n x R

+
,

(1 .1 3) u( I , 0) - 1 i n O ･

Le t ¢( I ; A) ( 入 > 0) b e a s ol u ti o n of t h e p r o bl e m

(1 .1 4)
- △

x 4 , - - ^4 ,
q i n 0

,¢(∂0) - 1 ･

T h e n t h e r e e xis t p o sitiv e c o n st a n t s K
,
K l a n d K 2 S u c h t h a t f o r a n y p o sit iv e A

a ll(I / I

(i) lI4,( I ; A)
-

¢( I ; p)‖o o

(再)
≦ K I入 -

pl ,

a n d

(ii) ll u( I
,
i)

- 4･( x ; 1)[l L 00 ( n) ≦ K l e
- K 2 t

T his e s ti m a t e (ii) h old s w h e t h e r D (¢( I ; A)) ≠¢o r n o t ･ M o r e o v e r if D (¢( I ; A)) ≠

0 ,
th e r e

_
e xis t s a c o n st a n t K 3 S u ch t h a t

(iii) d(∂D ( u(i)) ,
∂D (i( I ; A))) ≦ K 3 e

- K 2(( ト q)/ 2)i

L et u( I
,
i) b e a s olu ti o n o f t h e p r o b l e m (1 ･ 1)

-

(1 ･ 3) a n d め( x) a s ol u t io n of

t h e p r o b l e m (1 . 5) -(1 . 6) fo r ス エ 1 . T h e n め( I) is a l o w e r s o lu tio n o f t h e p r o b le m
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(1 .1) -(1 .3) a n d ii( x , i) ≡ 1 is a n u p p e r s ol u ti o n of t h e p r o bl e m (1 ･1) -(1 ･ 3) ･ H e n c e

w e h a v e :

T h e o r e m 1 . 4 .( C f . [1] , [1 0] .) L e t u( I ,
i) b e a s ol u ti o n o f t h e p r o bl e m (1 ･1) -(1 ･3)

a n d 4･( x) a s ol u tio n of t h e p r o b le m (1 ･5) -(1 ･6) fo r 九 - 1 ･ T h e n t h e f oll o w i n g

c o n v e rg e n c e s h old :

(1 .1 5) if 4･( x) ≦ u o( I) ≦ 1 , t h e n u( I , i) - め( x) i n a ･ e ･ O a s t → ∞
,

a n d

(1 .1 6) if u o( x) ≦¢( I) , t h e n u( x
,
舌) - ¢( I) i n a ･ e ･ fl a s i - ∞ ･

T h e r e is n o r e s u lt o n t h e d e c a y e sti m a t e o f s ol u t io n u( x
,
i) of t h e p r o b l e m

(1 .1) -(1 ･ 3) ･ I n t h is n o t e w e sh all s t u d y t h e d e c a y e s ti m a t e o n

ll ∇( u
m

( I
,
i)

- ¢
m

( I ; A))1l L 2( n) i n i

fo r t h e s ol u ti o n u( I
,
i) o f t h e p r o b le m (1 ･1) -(1 ･3) ･

2 S o m e r e s u lt s o n t h e d e a d c o r e

W e a s s u m e t h a t O < 入 ≦ 1
,
0 < p < m a n d l < m ･

L et u( x
,
i) b e a s ol u t io n o f t h e foll o w i n g s p e ci al p r o bl e m :

(2 . 1) u t
- △ x( u

m

) -
- u

P i n Q - 0 × R
+

,

(2 . 2) u( x
,
i) - 1 o n I

l

- ∂0 × R
+

,

(2 . 3) u( I , 0) - 1 i n r之･

F o r t h e d e a d c o r e of a s ol u ti o n u( I , i) of t h e p r o bl e m (2 ･1) -(2 ･3) w e s e t

D ( u(i)) - ( x ∈ 0 : u( x
,
i) - 0) (0 < t < ∞) ･

L et 4 ,( I ; A) b e a s ol u ti o n of t h e fo 1l o w i n g p r o bl e m (2 ･ 4) :

( 2 .4)
- △ x(¢

m

) ニ
ー 対 P i n 0

, 4,( I) - 1 o n ∂0 ･

H e r e 入( ∈(0 ,
1]) i s a c o n st a n t ･ W e d e n o t e a d e a d c o r e of ゆ( I ‥入) b y D (め( I ; A)) ･

L e m m a 2 . 1 If D (4,( I ; 1)) is n o t e m p t y ,
t h e n t h e r e e x is t s a p o siti v e n u m b e r s

入
*

( < 1) s u c h t h at if O < 入 < 入
*

,
t h e n D (¢( x ; A)) is e m p t y , a n d if 入 ≧ 入

*

th e n

t h e r e is a d e a d c o r e D (め( x ; A)) s u ch t h at if 入
*

≦ 入 < p ≦ 1 , t h e n

D (¢( I ; A)) ⊂ i n t D (め( x ; p)) .

R e m ar k . If 0 is l a rg e e n o u gh ,
t h e n D (4 ,( I ; 1)) is n o t e m p t y (S e e 【1 2】) I
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L e t I(t
･

,
A) b e a s ol u tio n o f t h e fo 1l o w i n g p r o bl e m :

(2 ･5) z t
- 一 入z

P
(0 < t) , I(0) - 1 .

T h e n t h e s ol u t io n o f t h e p r o bl e m (2 .5) is g iv e n b y

if p ≠1
,

t h e n I(i; A) - ( 1 + A(p
- 1)i);

1/(p
- 1)

,

a n d

if p
- 1 , t h e n I(i; A) - e

~ 入t

H e r e (I) +
- M a x(I ,

0) .

B y t h e C o m p a ris o n P rin cip l e w e h a v e

Le m m a 2 ･ 2 ･ L e 七 人( ∈ (0
,
1)) b e a c o n st a n t ･ F o r t h e s ol u ti o n u( I , i) o f t h e

p r o b le m ( 2 ･1)
-

(2 ･ 3) w e 土1 a V e

(2 ･6) M a x( 2:
m

(i ; 1) , ¢
m

( I ; 1)) ≦ u
m

( I ,
i)

≦¢
m

( x ; A) + z
m

(i; 1
一 入) i n O x (0

,
T )

w h e r e T - ∞ if l ≦ p a n d T - 1/((1 一 入)(1 -

p)) if O < p < 1 .

P r o of ･ 臥)r a n y p o siti v e 入( < 1) w e s et

◎( I ; A) - 4,( I ; A)
m

, Z(i; A) - I(i; A)
m

a n d

U ( I , i) - ◎( I ; A) + Z(i ; 1
一 入) .

T h e n w e h a v e

L( U) ≡ ( U
l/ m

) i
- △ u - ( ◎ + z)

( ト m )/ m

z
m

- 1
z t

- △◎

≧ - (1 1 入) Z ( ト m )/ m

z ( m ~ 1)/ m

z p/ m
一 入◎P/ m

- - ( 1 一 入) Z P / m
一 入申P/ m

≧ - ( Z + ◎)
P/ m

- - U P / m

T h u s t h e f u n c tio n U( x
,
i) s a tis fi e s t h e f ollo w in g

( u
l/ m

) i
- △ u ≧ - u p/ m

i n f7 ×(0
,
T) ,

U (∂0
,
i) ≧1 ( 0 < t < T) ,

U( I , 0) ≧ 1 ( x ∈ 0) .

H e r e

r =〈
0 0

1/(( A - 1)(1 -

p)) l<

p
▲

p

<
一

<

1

0

f

J

f
J

.

々
む

.

<

ん

T h er e fo r e w e o b t ain t h a t

( 2 ･ 7) M a x( *( I ; 1) , Z(i; 1)) ≦ u
m

( I , i) ≦ ◎( I ; A) + Z(i ;1
一 入) i n O x (0

,
T)
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w h e r e T = ∞ if l ≦ p a n d T - 1/((1 一 入)(1 -

p)) if O < p < 1 ･

F r o m (2 . 7) w e c a n c o n cl u d e t h a t

T h e o r e m 2 . 1 . S u p p o s e t h a t 0 < 入 < 1 a n d D (4,( I ; 1)) ≠臥 L et u( I
,
i) b e a

s ol u ti o n of t h e p r o bl e m (2 .1) -(2 ･3) ･ W e h alv e :

(i) If l ≦ p < m
,
t h e n O < u( I ,

i) in O x R +
･

(ii) If O < p < 1 < m
,
t h e n O < u( x

,
i) i n ( ∩ - D (め( I ; 1))) × R '

･

(iii) If l < p < m
,

t h e n O < u( x
,
i) ≦ (1 + ( - A)( p

- 1)i)
- 1/(p

⊥1) i n

D (め( I ; A)) × R +
I

(iv) If l - p ,
t h e n u( x

,
i) ≦ e- (1 ~ 入)i/ m i n D (4･( I ; A)) × R '

･

( v) If O < p < 1 < m J

,
t h e n u( x , i) - O in D (i( I ; A)) ×[1/(1 一 入)( ト p) ,

∞) ･

F r o m T h e o r e m 2 .1 ( v) it f oll o w s th a t

c o r o ll a r y 2 . 1 . S u p p o s e t h a t 0 < p < 1 a n d 入 < 1 a n d D (¢( I ; 1)) i s n o t e m p t y ･

T h e r e e xis t s a ti m e t
*

s u ch t h a t if O < i < t
*

,
t h e n D ( u(i)) - ¢ a n d i ≧ i

*

t h e n

D ( u(i)) ≠0 . T h e s e q u e n c e of t h e s e t D ( u(i)) - ( x ∈ 0 ‥ u( I
,
i) - 0) is s t ric tly

i n c r e a si n g i n i a n d c o n v e r g e s t o t h e s e t D ( u( ∞)) - D (4,( I ; 1)) I

3 D e c a y E s t i m a t e s

l n t his s e c ti o n w e s h all gi v e s o m e d e c a y e sti m at e s o n t h e s o lu tio n u( x
,
i) of t h e

p r o bl e m (1 .1)
-(1 ･3) ･

T h e o r e m 3 . 1 .( C f . [2] .) If w e i m p o s e a n at u r al c o n d iti o n o n t h e in iti al v alu e

u o( I) s u ch t h a t

(3 ･1) △( u o( I))
m

一 入( u o( x))
P
≦ム< o ( x ∈ o) ,

t h e n t h e s o lu ti o n u( x
,
i) o f t h e p r o bl e m (1 ･1) -(1 ･ 3) is n o ni n c r e a si n g i n i

,
t h a t

is
,

u( I ,
i + T) ≦ u( I

,
i) fo r a n y T( > 0) a t e v e r y I ∈ ∩ .

L et ¢(I ; A) b e a s o l u ti o n o f t h e p r o bl e m (1 ･ 5)
-

(1 ･ 6) I If u o( I) ≧Q( I ; A) ,
t h e n

め( I ; A) is a l o w e r s ol u ti o n of (1 ･1)
-( 1 ･3) ,t h a t is

,
u( I

,
i) ≧め( x ; A) i n 0 x [0 ,

∞) ･

F t o m t h e r es u lt of [9] w e k n o w t h a t

T h e o , e m 3 . 2 .( C f . [9] .) L e t u( I
,
f) b e a s ol u ti o n of t h e p r o b l e m (1 ･1) -( 1 ･3)

u n d e r t h e c o n d iti o n u .( I) ≧め( x ; A) , T h e n it foll o w s t h a t

ll u
m

( I , i)
- ¢

m

( I ; A)ll L 2( n)
→ 0 a s t ー ∞ ･

w e s et 6( I
,
i) ≡ u( I

,
i)

-

め( I ; A) ･

T h ｡ r o e m 3 . 3 .( C f . [2】.) L e t u( x
,
i) b e a s o lu tio n of t h e p r o bl e m (1 ･1) -(1 ･3) ･

s u p p o s e t h at u o( I) ≧め( I ; A) ･ T h e n w e h a v e

( a) If p > m ( > 1) ,
t h e n

0 <
_

6( I
,
i) ≦ I(i) ,

- 6 -



w h e r e I(i) is t h e s ol u ti o n of

zt
-

一 入z
P
(t > o); I(o) - 1 .

(b) If p < m
,
t h e n

O
_
< ∂( I

,
i) ≦ 0(i) ,

w h e r e 0(i) is t h e s o l u ti o n of

o
t

- -

7(0)
m

,
0(0) - 1 , 7

- 人里
.

Fii】

B y T h e o r e m 3 ･ 3 w e d e fi n e t h e f u n cti o n A(i) b y

(3 .2) A(i, -I
(1 + A(p

- 1)i)
-

黄
, ( p ≧ m > 1)

e- ^ t

(1 + 0( m - 1)i)
一

浩
,

e
- Ot

>れ
r

ー
u

ロ

㍗0

〟
.

,

:. :

I.;

1

. :

p
れ
q

F

:

r

=

m<p
.

<01>m

mニ1<p
▲

<0

w h e r e

o = 坐2 £
- 1

Eii】

L e t ¢(I ; A) b e a s o lu tio n o f t h e p r o bl e m (1 ･ 5) -(1 . 6) . If u o( x) ≦4,( x
,

･ 入) ,
t h e n

¢( I ; A) is a n u p p e r s o l u ti o n o f (1 ･1) -(1 ･3) ,
t h a t is

,
u( I , i) ≦¢( I ; A) . F t o m t h e

r es u lt o f [9】 w e k n o w t h a t

T h e o r e m 3 ･ 4 ･( C f ･ [9] ･) L e t u( I
,
i) b e a s ol u ti o n of t h e p r o bl e m (1 .1) -(1 .3)

u n d e r t h e c o n d iti o n u o( I) ≦¢( I ; A) . T h e n it fo 1l o w s t h a t

lfu
m

( I
,
i)

- 4,
m

( I ; A)fl L 2( 0 )
- 0 a s i - ∞ .

I n t h e b el o w w e s h all c o n sid e r t h e l a r g e ti m e b eh a vi o u r of

i
:

-

_.
.

Ill:

f ∇( u
m

( x
,
i) - ¢

m

(x ; A))f
2
d x d s

a s t → ( x ) .

T h e o r e m 3 ･ 5 ･ L et u( I
,
i) b e a s olu tio n of t h e p r o b le m (1 ･1) -(1 ･3) a n d ¢( x ; A) a

s t a ti n a r y s o lu tio n o f (1 ･ 5) -( 1 ･ 6) ･ As s u m e t h at u o( I) s a tisfi e s (3 .1) a n d u o( x) ≧

4･( x ; A) i n 0 . T h e n f o r a n y i > 0 w e h a v e

上
汁 1

d s/n

l ∇( u
m

( I
,
s ; 入卜 4,

m

( I ; A))l
2
d x

≦ 何 〈J 5 + 価 ) ･

H e r e βi s a c o n s t a n t w hi c h i s d e t e r m i n ed i n (3 . 8) .

P r o of ･ B y T h e o r e m 3 ･1 u( I , i) is n o ni n c r e a sin g i n i a t e v e r y p oi n t I ∈ 0 .
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S e t rl( I
,
i) ≡ u

m

( I
,
i) - ¢

m

( I ; A) ･

T h e f u n cti o n s u( x
,
i) a n d ¢( I) ≡ 4,( I ; A) s a tis fi e s :

(3 .3) u
t

- A ( u
m

- ¢
m

) ニ ー 入( u
P
1 4,

P A

) i n O x R +
･

M ultip l y ( 3 .3) b y rl( I
,
i) a n d i n t eg r at e i n 0

,
t h e n

(3 ･4) /n

u t n d x ･/n
L V 伽 ･ 入/o

( u
P

- ¢
P
) n d x - 0 ･

B y T h e o r e m 3 . 3
,

w e k n o w u( I , i)
-

4,( x ; A) ≦ A(i) (i > 0) a n d t h e n w e h a v e

(3 ･ 5) 0 </n

n( I
,
i) d x -/n

( u
-

( x , i)
-

¢
-

( - x ≦ - A(i) - e s( 0) ･

W e n o w r et u r n t o t h e e q u ati o n (3 .3) . M u lt ip l y (3 ･2) b y r7t a n d i n t eg r a t e it o v er

0
,
t h e n b y u si n g rlt( I

,
i) - ( u

m

) i( x
,
i) ,

W e h a v e

(3 16) /n

u t m d x ･三豊上l V 7 1
2
d x ･/n

( u
P

→
p

) 恥d x - 0
,

/n
( u

p
- Q

P
) m d x ≧/n

u
p
( u

-

) t d x

a n d s o w e h a v e

(3 ･ 7) /n

u t m d x ･去孟上l 剛 d x +/n

u
p

( u
-

) td x 5 0 ･

I n t e g r at in g (3 .7) i n t o n [0 ,
t] ,

t h e n fo r a n y i > 0

L
t

(/n

u t( u
-

, t a x, d s +去/o

･ ∇" I
,
i, .

2
d x ･ 品 /n

u( I
,
i,

p + -

d x

( 3 ･8) ≦芸/n

l - ,
0)l

2
d x + 読 /n

u o( I)
p ' m

d x ≡ β･

i n t e g r at in g (3 .7) i n t o n [t , i + 1] ,
t h e n w e h v a e

r
l

(/o

u t( u
-

) t d x,d s ･喜/n

I ∇ - . 1, F d x + 読 /n

u( x
,
i + 1,

P ' -

d x

-芸/n

[ ∇ - ) l
2
d x + 読 /n

u( I
,
i)

p ' -

d x ≦β,

a n d t h e n it f oll o w s t h a t fo r a n y i > 0

(3 ･ 9) 上
汁 1

/n

u t( u
m

) t d x d s ≦β･
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F r o m (3 ･4) w e h a v e

(3 ･1 0) r
l

/n

. v M d x ニ
ー r

l

/n

u t n d x 一 入上
汁 1

/o
( u

p
- q , n d x I

B y T h e o r e m 3 .3 ,
f o r a n y i( > 0) w e h a v e

(3 11 1) .r
l

/n

( u
p - u ,n d x .≦/o

n( I , i,d x

≦ m A(i) m e s( 0) ･

W riti n g

-

n u t
- - ( 6喜u 喜)( u

t
u 半 )6喜u

一

号 ≦
- (6喜u喜)( u t u 半 ),

a n d u si n g t h e S c h w a r z
'

s i n e a q lit y ,
w e o b t ai n

トr
l

/n

u t n d

干
･

ト<一

∬
'

t
5加叩

〟

-
ム

βd

1

｢
∵ ト

n

i
i
i
i

i
i
i
i

i
i
i
i

i

i

-

H e n c e w e h a v e

r
l

d s/n

L V M d x ≦[

u
t
2

u
m - l a x

∬
-

α触れ

り

∫

-
∫C

:

e
Ud

1･1

..

i
:

.

. ト]

≦ 柵 ･

r lL 2

1]
≦ 柵 ( J 5 ･ 柵 ) ･

T h e r ef o r e w e m a y c o n cl u d e t h a t

r
ュ

d s/o

. ∇q ,
2
d x ≦ 柵 〈J5 + 仰 〉･

A c k n o w l g e m e n t ･ T his r e s e a r ch w a s p a rti al ly s u p p o r t ed b y t h e R e s e a r c h G r a n t
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,
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,
P o r o us m ed i u m e q u at io n w it h a b -

s o r p ti o n
,
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,
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,
Tr a n s ･ A m e r ･ M at h ･ S o c ･ V ol ･ 3 0 3(1 9 8 7) ,

p .4 8 7 - 5 01 .

[4] C . B a n d l e a n d I . S t a k g old
,

T h e fo r m a ti o n of t h e d e a d c o r e i n p a r a b olic

r e a cti o n - d iff u si o n p r o b le m s
,

Tr a n s ･ A m e r ･ M a t h ･S o c ･2 8 6(1 9 8 4) ,p .2 75 - 2 9 3 .

[5] M ･ B e r t s c h
,
A cl a s s of d e g e n e r a t e d iff u sio n eq u a tio n s w it h si n g ul a r n o n -

1i n e a r t e r m
,
N o nli n e a r A n al .

,
V bl . 7(1 9 8 3) ,p .1 1 7 -1 2 7 .

[6] M ･ B e rt s c h
,
T I N a n b u a n d L . A . P el eti e r

,
D e c a y of s ol u ti o n s o f a d eg e n e r a t e

n o n lin e a r di 軌
･
si o n e q u ati o n

,
N o nli n e a r A n al ･ 6(1 98 2) , p . 3 7 8 - 4 1 2 .

[7] J II . D i a z
,
N o nli n e a r P a rti al D iff e r e nt i al E q u ati o n s a n d F l e e B o u n d a ri e s ,

Pit m a n
,
L o n d o n

,
1 9 8 5

【8】氏. K e r s b n e r
,
D e g e n e r at e p a r o b olic e q u ati o n s w it h g e n e r al n o n -1i n e a riti e s

,

N o n lin e a r A n a A(1 9 8 0) , p .1 0 4 3 - 1 0 6 2 .

[9] M . L a n gl ais a n d D . P hilli p s , S t a bili z a ti o n o f s ol u tio n s of n o n li n e a r a n d d e -

g e n e r a t e e v ol u t io n e q u ati o n s , N o nli n e a r A n al ･

,
V bl ･9(1 9 8 5) , p t 3 2 1 - 3 3 3 .

【1 0] P . D e M o tt o ni , A .S c h ia 氏 n o a n d A . T e s ei, A t t r a c tiv it y p r o p e r tie s o f n o n -

n eg ati v e s ol u ti o n s fo r a cl a s s o f n o n li n e a r d e g e n er a t e p a r a b olic p r o b le m s
,
A n n .

M at ･ P u r a A p p l ･1 3 6(1 9 84) , p ･3 5 - 4 8 ･

【叫 R ･ R i c ci,
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