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Abstract. “We ‘prove. a: generalized maximum principle for subsolutions of ‘boundary
value problems, with mixed type unilateral conditions, associated to a degenerate parabolic
second-order:operator in divergence form,
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1. INTRODUCTION

In' [14] M. G.Platone Garroni has extended the classical generalized maximum
principle (see, for instance, {15]), when the coefficients of the operator are discon-
tinuous, to subsolutions of elliptic linear second order equations with mixed type
boundary unilateral conditions; that is, on a portion of the boundary 8Q of Q, the
values of the solution are assigned; while on the other part a unilateral condition
on the solution and its conormal derivative is given. In the present paper we will
‘establish a similar result (see Theorem 5.1) for degenerate parabolic equations, us-
ing a technique different from that of [14]. As a corollary, we obtain a comparison
theorem (see Theorem 6.1). Our procedure, rather similar to that followed in [12]
and in [13] allows us to obtain more general results. Other sufficient conditions: for
the boundedness of weak subsolutions of Cauchy-Dirichlet problem; in the non de-
generate case, may be obtained from [6] and [17], while in the degenerate case some
results are announced in (3] and m [4].

39



2. FUNCTIONAL SPACES

Let R™ be the Euclidean space (m > 2) with a generic point & = (Z1, T2, .+, Tm)s
1 a bounded open subset of R whose boundary satisfies locally-a Lipschitz condition,
T a real positive number. Let us denote by Q(m,72) (0. < 71 < 72 £ T) the
cylinder Qx]r ;[ and let Q = Q(0,T); T is the parabolic boundary of @, that is
T'= (Qx {t=0}) U (80x]0,T]).

Let 98 be a closed subset of 81, Ty = 00 x [0, 7], and let us set 90y = 90\,
Ty =00 x[0,T).

The symbol meas, will henceforth denote the m-dimensional measure.

If u(z) is a measurable function defined in €2, we will denote by |ul, (1 < p < 00)
the usual norm in the space L2(Q2).

Hypothesis 2.1. Let v(x) be a positive function defined in §) such that

glmi=1)

v(z)e Lo (Q), vii(z)e LUQ), g>m

The symbol H (v, 9) stands for the completion of C'({) with respect to the norm

3
o 2\2
- 2 ;
s = (1t +3 e g
C*(£2) denotes the following linear subspace of C°%(%):
) ={vec®(@)iu=00n 0%}

H*(1,9) denotes the closure of C*(Q) in H (v, Q)

If u(z,1) is a measurable real function in ©, we will denote by |ul,, (1 < p,
¢ < +00) the usual norm in the space L?9(Q); with the obvious modification if p or
q are oo,

Hypothesis 2.2. Let () be a positive monotone nondecreasing function de-
fined in ]0, 7] such that
lt) € L0, 7).

The symbol H10 (v,Q(11,72)) (0 < 71 < 15 < T) stands for the completion of
CHQTri, 2) with respect to the norm

m iz 3
o= ([ {1+ "**)ddt};
{ [10( 1) Qlr1,72) ]u‘ ;V@/|d:ﬂi' .

fullio = {lull 0,07
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= HY0(u), Q(11,7)) is a Hilbert space with respect to the norm J|ull10,(r1.7a-
= C*{Q(n,m)) (0 € m < 7 £ T) denotes the following linear subspace of
(G (Q('rl 5 7’2)) nee (@T‘;l-,’l";))
= CHQ(n, 1)) = {ueC®(Q(n, )N C2Q(r1,m2)): u=0on 8 x [11, 751}
= lii‘“(uy’;,Q(n,Tz)) (0. <7 < 1 < T)is the closure of €7 (Q(r,72)) in
~H1’0(V¢1Q(71772))» .
- Finally, we will denote by V%(x¢),Q) the space of functions u(z,?) belonging to
HY(wy, ), continuous in [0, 7] with values in L2(Q):

Definition 1. Given a real number h, if u € (v, Q(m, 7)) (0 < 10 <
7o< T), we will'say that u(z,t) < h (= h) on 0 % |11, 2] (i = 1, 2) if there exists
a sequence {u,} of functions from C*(Q(n,72)) such that

Un(z,8) < h (2 h) on 0 X [, 72)
and
) ,}3&”““ T “Hl.o,(u,rz) =0
If k is such that u(z,t) < & on 99 x [r1, 2], we will say that u(z,t) is bounded from :
above on 08 X [11,72].
Definition 2. Ifu(z,t), w(z,t) belong to HLO (Vw,Q(-rl,Tz)) O€n <m<T)
and w(z;t) > 0 on 9 x [11, 7] (4 = 1, 2), let us denote?

sup® E =inf{h € R:u(z,1) — hw(z.t) <0on 8 X [n, ]}

We will consider the following generalized problem:

mogm mooa 5 A
_Z;é?i<;aij5;+¢iu)+(;bi5g:;+cu)-ra—0 inQ
(21) = = =

| o

m
6V+au+decosnmi>0 on Ty,

i=1
where

ou_ i a‘ cosn au
ov Y 10z,

=l

and cosnz; is the j-th directional cosine of z, norimal to T’y and external to Q.

! For more details concerning hypotheses (2.1), (2.2) see also [5]; [7], [8] and [9],
2We suppose that inf{@ = +oo.
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By an Lr,-subsolution (Lr,-supersolution) of problem (2.1) we mean any function
uw € V49(vih, Q) satisfying the following conditions:

. o s Qudp g Ou
2.2 a(u,«p)-/@(-z Gij o o sz%w“"w%

+Zdlu———u )dilidt-{*/(l‘ll(pdddt (z0)

for any ¢ € C*(Q) such that @(z;t) > 0 ae in Q, ©(z,0) = p(x,T) = 0 for
a.e. x €,
Of particular interest are Ly, -subsolutions (Lr,-supersolutions) such that

= 9u By
(2.3) /Q(E ”aos i Zbl~—¢+mw+z:d,u 1—u——>d dt

4771
+/ aupdodt <0 (=0)
Iy

for any v € CH(Q), lz,t) 2000 Ty, o(z,0) =@(xT) =0forae zeq.
In fact, problem (2.3) is equwalent, at least “formally,” to the problem

m. Ou ou ;
1_1 5 (1231 a” + d,-u) + (El bié—a + cu) + = 0 inQ
%-Hw-{- S diucosnz; <0 (2 0) on Ty.
=1
Let us consider the problem

m Ou dp
T b2 di ol & g d:
L(z§1a]3% Er -f-z: s xp+cuga+§: u Er u&t) zdt

+/au<pdadt=/ f¢dxdt+/ gipdodt
T Q e
forany p € C*(Q), ¢(z,T) =0in

(24)

wz,t) = ga(x 1) € HO(vy, Q)
u(z,0) = 0.in Q.
The problem (2.4) is formally equivalent to the problem

meQu du, ,
wzlah(ga”—*—i—du)-&—(gbi—é;;-i-cu){—-é;»—f inQ

Au

= 4ou+ Z diucosnz; = g1 on I’y
ov =1

U= gy on [’y
u(z,0) =0 in Q.
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3. HYPOTHESES ON COEFFICIENTS

Let us denote by A the set of pairs (o* a) with 2 < < 400, such that there
exists a positive constant 3 for which

(81) lullasia < B(lull2,00 + llufl1o)

for any u € L2%(Q)nH*2(11h, Q). The set A obviously contains® the pair (2, +00):
Let us observe that, under the hypotheses on Q, we have?

(3.2) Jul 2ty oo, <Allully for any u e H(r, Q).

Consequently, we obtain;
33 ( / VO Wy o, 8t) < 1{lulan+ ul10)

for any u € L2 (Q) n HXO (v, Q).
The constant in (3.2) and (3.3) depends on £;.

Hypothesis 3.1, The functions a;;(z, 1), bi(z, 1), c(z,1), di(z,8) (L < i, < m)
are defined and measurable in Q; '

&5 £ roo crpe ce L9 WEL’"T -
P (Q),\/— (@), @), T (@)
where
11 1.1 1 1.2
rlmor ptaty afath
12 1 11 11 1
e B e
g rtooay 2 T 2

“with (o}, 01); (03, a2) and (o}, 03) belonging to A.

Moreover, if p= 400 [g = 400, r = +o0] and p* < +00 [¢* < 400, 1" < +oo],
then there exists a function n1 (¢) [n2(0), n3(0)], defined for o = 0, non decreasing,

3f w—%ﬂ € LH0,T) (0. < t € +o0), the set A contains the pair (m—g;%"@g:g?g-, 3—(%’_—17) for
any 9 € [0, HLJ. [, see, for instance, [13].
“See, for instance, [11] Theorem 3.9.
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vanishing for o approaching zero and satisfying for almost all ¢ in the interval ]0, Tf
the inequalities

S(L(2AY @) cnovim,

K/E(‘C(x’ ] = elz.0)" dw) <m0
i(/g <M> dwﬁ <m(o) \/,T)(T)}

i=1 v(z)

il

for-all measurable subsets B of Q such that meas, E < ¢.
The function a(z,t) is defined and measurable on T’y and

%e LW(O,T{L;%% (aal))‘

Hypothesis 3.2, The functions’ f(z,t), g(z,t) are defined and measurable
respectively in @ and in Ty, moreover

FeIXQ) %‘e (0,71

7 (o).
The funetion go(z,t) is defined and measurable in @ and
71,0 99 [ 1a
g€ H (v, Q), T ELQ) gl s0omly

Finally, the functions f*(z;1), gi(z,t) are defined and measurable respectively in
@ and in Ty, moreover

Fre¥@) ”gJ‘a‘ e L2(0.7:L 77 (90)).

Hypothesis 3.3. The following inequality holds for a.e. (z,£) in @ and for all
real numbers X1, X2, - ., Xm?

m

3 wile i 2 v(@) Y1

i,=1 i=1
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4. PRELIMINARY LEMMAS

Lemma 4.1, Let us assume that hypotheses (2.1), (2.2), (8.1) hold and let u(x, t)
be an Lp,-subsolution of the problem (2.1) bounded from above on 081, % [0, T].- Then
0 <H < r<T andk>suptu, weget

= Ov. v e By = v
Stz t Y v cun 4 dsu'—.——) drdi
/Q(?x,r) ( 0z 0v; - & 0w ; Jz;

Sg=1
1 T 1
+5//02(x,7)dz+// aupdo di < —/'UQ(w,ﬁ)dx,
2Jq nJagy 2Jo

where v = u —min(u, k) in Q; moreover, v € fli‘o(m/), Q)3

Proof Let#, rhesuchthat0< s <r<Tisettingn =50 =77,
we denote by C(Q) the set of nonnegative functions from C*(Q) equal to zero for
t = 7. Let @ be'a function from C2(Q). We extend u, @ and the coefficients of
(2.1) to 2 x (00, +00), assuming that these functions are equal at zero in those
points where they are not defined.

We define in Q x']—00, +oo[ and for any integer p:

ot
Bofz,t) = — pla, A)dA,

T )z
o [

Usw,t) = 2 / ule A dA,
T2

2 om
B,(z,t) = f;/i Zbi(z,,\ﬁ“—gfﬁ—{i\l an
i=1 g %

o [Th=
Colz,t) = ;:f ez, Nulz, ) dr,

e
0 o dulz A
Aoe)=£ [ S oy o)
5 g=1

Diglet) = £ / i Vule, ) ),

0 iR
ap(z,t) = ;[ a(w.A)u(m,’A) X

5 Let us observe that, for t ace. in |0, T v(z,t) € H (1, ).
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From (2.2), in virtue of ¢ = ®,(z,1), via an exchange of the order of integration
with respect to # and A, we get

; = 5 = 0 oy,
wy | @Az,emaxiwwcew > Ducgt + Fte) anat
+/ a,pdodt <0
Ty

for all ¢ belonging to the functional class C2°(Q).
Let {un} be a sequence of functions of C* (@) such that u,, < sup*w on I and
satisfying (%). For all pairs of positive integers v and n, we define

2

o [T
Upm(,t) = ;;/; Un (T, A) dA;

the function U, »(z,%) belongs to C*(Q(0,7)):
Let us now introduce the function”

v o Uenm min(Upn, k) in Q(71,7),
e o n Q\Q(R, 7).
Let {é“}ugN be a sequence of nonnegative equibounded functions from C°(Q)
converging to V., in Lo (v, Q(#1,7));® moreover, let also the functions in the
29, 3
sequence {222}, be equibounded.
From (4.1), in virtue of o = ®,,(z, t), as p diverges to +00, we obtain the following

relation:
4.2)

s T Ve, AU
Pl . Lt OV ; o ey
~/Q(ﬂ,r) (Z Aip oz, + BoVon + CoVor + ZD v + Ve > dzdt

=1 =1
pe
+/ / Vo dodt <0,
Tid a0

Setting now.in Q:

Voo U, —min(l/, k) in Q(7, 7).
27 1o in @\ Q(#,7);

¢ See [10], p. 141.

7 Since k > sup” u there exists a neighbourhood of Q5 such that Vo n(w,t) = 0 for any
t-€]0, T[ (see Lemma 4.2 of [3]).

8 See remark 4.1 of [3].
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the sequence {V,.n} converges to V; in F10 (uh, Q(R1. 7)) N L2%(Q(1, 7)) And sat-
isfies the relation

Jim (Vo — V)| e 0

On the other hand, the functions of the sequence {V;»} belong to 2 (1 Q1)
and so also V, belongs to this space.

From (3.1)-(3.6) we deduce, as n goes to +oo, the following inequa.litjyi9

“ Ve - W, U, v, >
uy J{E e b e Y D Galhn) b
4 1 ]UQ(::,T) P klz dz
2 Ja,(rk)

.
L lUg(x,O)—kiz da;+/ / aevgdadtgg‘
2 Ja,om # Jog,

Let us remark that the sequence {¥;} converges in HY0 (v, Q) n L222(Q) to the
function equal to v in Q(7y,7) and equal to zero in Q \ Q(f1,7).

From (4.3), the conclusion follows via another passage to the limit.

For example, we prove that

v >
lim // aQngadtz// oupdodt.
noree e Jom 7 o0

We get
/T/ a,V, —ouvdodt
7 Jom,
<1 Pl s o m + i)

o (Ve =l + Ve =) + (5)

T. 20m—1) Sldosirs
i
1

o (ollemion + o) ([ (jo =0 ™% a0) ™ dt)%

for any p € N.20

9 For a fixed t €]0, T[; we set Qu(t:k) = {z € Q: Uplz, 1) >k}
12 Let us remark that, by the properties of Steklov averages; it follows that o, converges
20m=1)
to o in L2 (7“'1,1; L7 (o).
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Next, it is easy to verify that' the restriction of the function v to Q(7, 7) belongs
to HL%(u, @) for any 0 < 7, < 7 < T and, therefore, since v by definition belongs to
HLO (4 Q(T1,7)), it belongs to (v, Q), too.

Finally, if 7 = 0, as 7 > 0 is assumed, it suffices to consider 7, = —Zx for n.€ N
recalling that the function v(z, £) is continuous in [0,7] with values in Z*(Q). 00

Lemma 4.2.  Let us assume the hypotheses (2.1),.(2.2), (3.1), (3.3) hold and let
u(z,t) be an Ly, ~subsolution of the problem (2.1) satisfying the conditions

esgsupu(z;0):< 0,  sup’ u 0.
Q
Then, we have:
esssupu(z,t) <0
Q
Proof. For any integer n, we consider the functions
& : 1
v =u—min,0), vh,=u— mm(u, E) X

From Lemma 4.1 we deduce that v, belongs to H1° (v, @) and that, provided
7 €]0, T}, we have

= Oy an
(4.4) /Q(f)( z i 7z, 92, Zb v,, + cuv, + Zdiu—w) dzdt

=1 =1 =1

+—/ vﬁ(a:,'r)d:r—%// auv, dodt <0
2Ja o Jag,

On the other hand; we obtain
lim vn(2,t) = v(e,t),  |oale,t)] < ul@,t)] in Q
n—ro

and

o 2B O l
MO0 E?x; 3%-7 @’Ez

ae. in Q.

Furthermore, also v belongs to HY°(v4), Q) and so, a8 1 goes to +oo in (4.4),
we get

45 / f: S o B 2+§m:d~u—ai drdt
L . a”azj o7 -’r; or v 2 Ao T

i,j=1

o7
+.1_/@2(w,r)dz+/ / av?dodt <0
2.Ja o Joou

From (4.5) we deduce that |v]2,% = 0 and the conclusion easily follows,
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The proof is similar to that given in Lemma 4.1 of [13]; let us remark that since
ve HY (v, Q) 0 L32(Q) we can apply the relations (3.1) and (3.3) instead of the
hypothesis A) of [13]. a

5.. A GENERALIZED MAXIMUM PRINCIPLE
We will prove

Theorem 5.1.  Let us agsume the hypotheses (2.1), (2:2), (3.1), (3.3) hold and
let w(z,t) be an Lr,-supersolution of the problem (2.1) satisfying the conditions

w(z,t) >0 ae inQ,
w(z,0) >0 ae in®Q, w(zt)20 onTy.
Then

u(z,1) u(z,0) Ly
< 3 —
@) < max(O,gss;up w(w’o),sup w)

for any Ly, -subsolution u(z,t) of the problem (2.1).

(5:1) esssup
Q

Proof. The conclusion is obvious if the second term of (5.1) is equal to +oo.
Let us suppose, now, that this term is finite and let ns denote by h some real number
greater than its value: Consequently, the function u(z, t)—hw(z,?) isan Ly, -subsolu-
tion of the problem (2.1) such that ess supg [u(z, 0)—hw(z,0)] <0, sup* (u—hw) < 0.
From Lemma 4.2 we can see that u(z,t) — hw(z,t) € 0 ae in Q. So, we obtain

esssupg ;jﬁ: t% h-and the conclusion easily follows. 0

6. A COMPARISON THEOREM
Let us define the following closed convex sets:
K* = {z € A, Q), z € C([0,THLA(Q), 2(2,0)=0, 2> g2 on T},
= {o e 10,0, P € 1@, 9e.T) =0, p>monTs}

and let us'suppose that there exists a solution z € K7 of the variational inequality

9z O(p — 2. 0
(6.1) /(Z%axz (\g%z) ;bié—%(w~z)+cz(w—z)

£j=1
0w 2) ) /
Ay diz——t —z—=Ndedi+ | az(p~2z)dodt
; 8zi ot Iy
> [ rte-aaas [ gie-aiwa
Q oy :
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for any ¢ € @* The problem (6.1) is formally equivalent to the problem

g T Oz oy 9z
S o it iz bi— pued i

; e <]‘=1 aga% + ) + (Z; Py +cz) + 5 | in Q
?z-l-az«kid'zcosnm«‘ i on'T
9y = e !

8, i . i) -
Z2 99, é—z + Zdizcosmci 20, (z ~gz)(a~w§ +Zd¢zcosnxi> =0 only

i1 i=1

2(2,0) =0 in Q.

We will prove

Theorem 6.1. Let us assume the hypotheses (2.1), (2.2), (3.1}, (3.2}, (3.3) hold
and let w(z,t) be an Lr, -supersolution of the problem (2:1) satisfying the conditions

wz,t) >0 ae inQ,
w(z,0) >0 ae inQ, w(zt)>20o0nTs,

Let z(z,t) be a solution of the problem (6.1) with f* > f in @, ¢ > g1 onT'y;
Then; we have the inequality

u(z,t) < z(z,t) ae inQ

for any solution u(z,t) of the problem (2.4).

Proof. Let us extend z(z,t) to R assuming that it vanishes at points not
belonging to Q; for a fixed 7 € 10, 7] and for any pairs of integers p, n we introduce
the functions

0 fr<r—2
Outy={n(t+2-7) fr-2<t<r— 1,
1 ift>r= L

g
Zn,o(%,1) = 00n(t) /t”“ 2(z,1)0, () dy.
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We have

B2 o
Pt — o) [ 7 clon)tut) oy
tmag

s ot (c(nt+ H)onfi+ 2) ~5(me- Honfi- 1)):

Choosing 0 =2, + B, 0K B € CHQ), Blz,t) =0 ae. in Q, we get from (6.1)

62 /Q(Z%aa: 8(zng+ﬂ#2)+§:bz (zm+,5~7)

il il

+ei(zng+B—2) Z diz -——-—-»———«Z”’Q +8 z)> dzdt

1=l

- Lz»‘%ﬁ dedi— /Qz%’- drdi+ /naz(z,,,g +h- ) dodt
> Lf*(zw +B—z)dedt + /1 Gi(#Zn,e + B = 2)dodt;
now; taking into account the relation ]
/Qz(z,t)g&n(t)@n(t + 219) (z.t+ ;—) dzdi
- /Q e /:;ooz(x‘t)gﬁn(t)f?n(t{- —zl—g)z(m,t—P -2;1;) at
- fn de [ :pz(ac,t ~ 51—9) ot~ i)an(t)z(x,t) dt
= sz(zJ)an(t)On(t - 2—19") (a e ——) dedt,

we obtain from (6,2)

[(Z a,]adj Q(—‘ﬂ’-g—ﬁ:i+zb Talemetf-2)

JQ NI

m.
+ez(znet B2+ Zdizﬂ%_%%i:ﬂ> dzdt

=zl

P % 3[3
«/ (zge @ / (@,y)en(y)dy> dzdtff 2 dude
= Q {7
+/ arzn,+ B = 2)dodt
T :
> / f*(znje—kﬁ—z)dxdt%«/ g1 {zno+ B—2)dadt,
Q Ty i
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and therefore; letting p tend to oo, we find that
0z 00tz +B—2) 2
63 [ (g:jl wg Pl D) }: bgE @00z + 5~ )

A ﬁﬁ(t)z + 4 —z)
+ez(f2(Mz+B—z) + ; d,z—~—~——-5;‘——~—q> dedt

- / 26, ()6 de dt / zgg dedt s / 0z (82 (1)7 + f— 2) do
Iy
/ F 0202+ B—z)drdt+ / G022+ - 2)dodt.
l
Let us observe that 6, ()65 (t) = O a.e.in )0, T[ and 0, (10 (1) > Eif T — & <t <
7~ L. Then, from (6.3) we have

2 -
/Q(ZH”BB: ‘lgi);i‘_@ 2) +Zb—-(92(tz+ﬂ—z)

hi=1

realBr -9+ RO

=1
5
-/(;z-égdwdt—{-/I‘laz(ﬂﬁ(t)z+ﬁ»g)dgdt
> [ 2000w+ [ FEO 5 -2) s
Q Q
+/ g1 (05(t)2 + B - 2) dodt
B 2
n T—% * 102 o
25/“% d*/ﬂﬂm)®+/£)f (6207 + 8~ z) dedt

+ fn 9 (0i 1)z + B —2) dodt.

Finally, as 7 — oo and 7 — 0, we get

(6.4) /Q(i z];); 6‘3+Zb, ﬁ+czﬁ+>_4d1z—-ﬂ —zéé>dzdt

i=1 T

+/azﬁdadt>/f*,@dzdt+/ giBdodt
Iy Q Ty

forany 0 B CHQ), Bz, T) =0 ae in Q-
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By wvirtue of (6.4) and (2.4) we conclude that
alu —z,0) < / Vi f*)ﬂdx:dt-i—f {91~ g1)Bdodt <0
Q Iy

for any 0.< € C*Q), :8(z,T)=0ae in Q.
Applying the above maximum principle to the Ly, -subsolution (1 — %) and to the
Ly, ~supersolution w, we obtain

ulw, 1) — z(2,1)
w(z,t)

U
€ss sup. < max((),sup* z) =0,
Q W

This completes the proof. (5]

References

[1):-Adams, R. A.: Sobolev Spaces. Academic Press, New York, 1975.

[2] Baioccehi, C.:-Soluzioni deboli dei problemi ailimiti per le equazioni paraboliche del tipo
del calore, Ist. Lombardo Accad. Sci. Lett. Rend. Sez.-A 108 (1969), 704-726. :

[8]: Bonafede, S.:. On maximum principle for. weak subsolutions of degenerate parabolic
linear equations: Comment. Math. Univ. Carolin. 35 (1994), 417-430.

[4]: Bonafede, S.: A generalized maximum principle for weak subsolutions of degenerate
parabolic equations. Rend. Circ. Mat. Palermo (2} 41 (1992), 81-95.

[5) Drdbek, P., Nicolosi, F.: Existence of bounded solutions for some degenerated quasilin-
ear elliptic equations. Ann. Mat. Pura Appl. (4) 165 (1993), 217-238.

[6] Eklund, N. A.: Generalized super-solution of parabolic operators. Trans. Amer. Math.

. Soc. 220 (1976), 235-242,

[7]: Guglielmino, F:, Nicolosi, E... W-solutions of boundary value problems for degenerate
elliptic operators. Ricerche Mat. Suppl. 36 (1987), 59-72.

[8) Guglielmino, F., Nicolosi, F.: Existence theorems for boundary value pr
ated with quasilinear elliptic equations, Ricerche Mat. 87 (1988), 157-176.

[9]). Guglielmino, F.; Nicolosi, F.: Existence results for boundary value problems for a class of
quasilinear parabolic i Actual problems in analysis and mathematical physics,
Proceeding of the international symposium in. Taormina, Italy; 1992. Univ. di Roma,
Roma, 1993, pp. 95-117,

[10] ‘Ladyzhenskaja; O. A:; Solonmikov, V.'A., Ural’tseva, N.N.: Linear and Quasi-Linear
Equations of Parabolic Type. Translation of mathematical monographs, vol. 23; A. M. S,
Providence, 1968.

[11] Murthy, M. K. V., Stampacchie, -G Boundary val oblems for some degenerate-
elliptic operators. Ann. Mat. Pura Appl. (4) 80 (1968), 1-122.

[12) Nicolosi, F.: Sottosoluzioni deboli delle equazioni paraboliche lineari del secondo ordine
superiormente limitate. Matematiche 28 (1973), 361-378.

[13] Nicoloss; F:: Solnzioni-dei problemi al contorno per operatori parabolici .che possono
degenerare: Ann. Mat. Pura Appl, IV. Ser. 125 (1980); 135-155.

[14] Platone Garroni, M:G.: A generalized maximum principle for boundary value problems
for elliptic with di i coefficients. Boll. U. M. T. (4): 9 (1974); 1-9.

[15] Protter, M. H., Weinberger H.F.: Regular points for elliptic equations with discontinu-
ous coefficients. Ann. Scuola Sup: Pisa 17 (1963), 45-79.

blems associ-

53



[16] Stampacchia, G.. Le probleme de Dirichlet, pour: les equations elliptiques du second
ordre a. coefficients discontinus: Annal. Inst. Fourier 75:(1965), 187-257.

7 Ho;: G..M.: On:weak subsolutions for parabolic second-order -operators. Comm.
Partial Diffe ial Equati 3,933-94

Authors’ addresses: - Salvatore Bonafede, Dipartimento di Economia dei Sistemi Agro-
Forestali, University of Palermo, Viale delle Scienze, 90128 Palermo, Ttaly; Francesco
Nicolosi, Department of Mathematics, University of Catania, Viale A. Doria 6, 95125 Cata~
nia, Italy.




		webmaster@dml.cz
	2020-07-01T13:52:50+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




