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Abstract

For a wide class of systems of nonlinear parabolic inequalities with Chipot—
Weissler nonlinearity in the gradient term which depend on two nonnegative
parameters A1 and A2, we study the nonexistence of global solutions according
to the “test function” method. We establish theorems that, when A1 = A2 = 0,
include and, in some cases, improve, or, in part, yield the results obtained by Es-
cobedo and Herrero; Escobedo and Levine; Galaktionov;Levine, Lieberman and
Meier; Mitidieri and Pohozaev; Pohozaev and Tesei.
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1 Introduction

During the last decades many researchers have investigated blow-up theorems for
the solutions to nonlinear evolution equations, useful in many fields of Physics. A
wide bibliography is present in [6] and, more recently, in [8]. A list of the results is

reported in [16].

*The author acknowledges the support of the Second University of Naples.
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Some conditions concerning the nonexistence of global nonnegative solutions to
the Cauchy’s problem connected with a class of nonlinear parabolic inequalities
have been formulated in [9]. In particular, as an answer to an open question in [15],
[16], it has been shown that the problem

0 q
871; — Au + )\|VU|12TQ =u? in RNX]O, +OO[

(O <AL 1,g>1,up € Llloc(RN)a ug 2 0)
w20, u(z,0) =up(x) in RN

2 2
is not solvable when ¢ < 1 + N or when ¢ =1+ N if the initial data have a con-
venient asymptotic behaviour for |z| — 4o00. In other words, it has been observed
that, by perturbing the equation

@—Au—uq

ot
with the nonlinear term in the gradient, the critical exponent of Fujita ([4], [5])

2
gc =1+ — does not change.

It seemed natural to ask, in the case of the system

0 201
% — Auy + M [V |75 = uf?
in RYx]0,+00[ (X >0, ¢; >0, uig € Lipo(RY), ui > 0)
0 203
% — Auy + Xo|Vup|THiz = uf!

u; 2 0, ui(2,0) = ujp(z) in RY,
what influence the nonlinear terms in the gradient could have on the condition

max{gr g} +1 _ N
Qg2 — 1 T2
formulated by Escobedo and Herrero in [1] for the blow-up of solutions to the
problem

8%1
T Auqp = u2
in R x]0, 4-00[
8UQ
T Aug = u1

u; 2 0, ui(z,0) = ujp(z) in RY

when ¢1¢q2 > 1. We provide an answer to this question in the present paper (the
conclusions in section 4), whose aim is the analysis of the nonexistence of solutions
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to the system

% — div(Ay(x,t, Vuy)) + Aar(z,t, Vug) > by (x, t,us)
in RN x]0, +o0[
% — div(Az(x,t, Vug)) + Aaaa(z,t, Vug) > ba(x,t,ur)
u; 20, uy(z,0) = up(x) in RN (1.1)

where
e )\; and )\, are nonnegative real parameters,
o uyg and ugg are nonnegative functions locally summable on RY,

o Ai(x,t,w;), ai(x,t,w;), by(x,t, z2) and ba(x,t, z1) are Carathéodory functions
defined for almost every (z,t) € RY x]0, +oo[, for 21,22 € [0,+oc[ and for
w; € RY | with A4; into RN and a;, b; real functions.

We set

w
1l <w< 400 W =

w—1
R>0 Br={zcR": |z| <R}

The basic hypotheses are the following:

loc

by (z,t, 22) > bo(x,t)2d2, ba(x,t, 21) > bo(z, )21 ;
there exist real Carainhéodory functions Ajg, Aio, a;0 dependent on
i12) (z,t,w;) with A0, Aio positi/ve7 o = 0 and p1,p2 > 1 st;cqh that
A wi > Ago|w; [P, [As[Pr < Agolwi [P, [ag| < agolws] Tai 5
there exist Ry > 1 and a nonnegative function A;
measurable on RY x [0, +-00[ such that
i13) A; € L (RN\Bg,) x [0, +00]),

Aio(xatawi) 1
— < Az ,t fi > R ;
Aio(xatawi) o (‘T ) o |x‘ 0

in) { there exist by € L (RN x [0, 4+oc[) with by > 0 and ¢1, g2 > 0 such that
11

1 —atT
i14> A; = sup a;o (bgl Alo) < +oo if A; > 0.

The technique we use in this paper is based on the “test function” method ([8],
[10], [12]). In order to construct the test functions, systematically, we use a function

of the kind
o (2 217 1.2

where g = 9§ with 1 € C1([0,+00[), o(r) =1 for 0 <r < 1,0 < h(r) < 1 for
1<r <2 1(r) =0 for r > 2; B, u, v are real parameters with 5 > 2 and p,v > 1
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such that ¢ is C' in RN x [0, +oo[. Additional conditions on v will be specified
when they arise. We will denote with ¥ the ratio é

We point out that for the sake of brevity someutimes the dependence of a;, A;,
etc. on x, t, Vu;, uy,us will not be made explicitly. Moreover, we will use relations
in which only one index is present, for example “”, and others in which “” and
“5” are present. The first ones hold as 7 = 1,2, the second ones with i = 1 and
j=2and withi=2and j =1.

The absence of weak solutions to problem (1.1) in wide functional classes has
been studied without any assumption of regularity on the data.

By using special test functions, we obtain some properties of the weak solutions
and inequalities which allow us to estimate suitable integrals and then to establish
blow-up results. The nonexistence conditions of weak solutions are expressed in
terms of liminf of sums of integrals dependent on by and A, (Theorems 4.1, 5.1)
and, under the assumptions of homogeneity on by and fli, by algebraic inequalities
(Theorems 4.2, 4.3, 4.4, 5.2, 5.3). The analysis has been possible in the following
cases:

e ¢; > max{l,p; — 1} (sections 3 and 4),
e p1 =p2 =2, q1g2 > 1 and A; = Ay = 0 (section 5).

In section 6, by using the same method, we get some results related to problem
(1.1) (Theorems 6.1, 6.2, 6.3) when the dependence of b; with respect to u; “is not
dumb”. In fact, assumption i11) is replaced by the following:

there exist by € LL (RN x [0, +00])
. with by > 0 and g1, g2 > 1 such that
‘1 bl(l.vta'zleZ) 2 b()(l.vt)zlzgzila

ba(z,t, 21, 22) > bo(x,t)zfl_lzg )

The results, completely new,obtained in this paper are compared to those of
other Authors ([1], [2], [3], [7], [8], [9], [11], [13], [14]). The comparisons, except the
one with [9], deal with the case A\; = Ay = 0 since in Literature there are no cases
in which at least one of the parameters is positive.

2 Weak solutions

Let v1,72 € [1,+00], a1,z €] — 1,0[ and w1, uz0 € L, (RY) with u;o > 0. Let

S(71, Y2, a1, 2, U0, Uzg) be the set of pairs (uy,us) € (Wﬁ)’cl(RNx]O, +00[))? with
u; 2 0 such that

8ui
ot
ui(z,0) = uo(x) a.e. on RV,

bi(xat’uj) € Llloc(RN X [O,JFOOD?

€ L, (RN x [0,400]), |Vu;| € L}

loc

(RN x [0, +oc]),

Uj
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ud Ay (2,1, V) - Vg € L (RN x [0, +00]),
AP P € Lig (RM\BR,) % [0, +00]).

For (u1,uz) € S(71,72, 01, a2, w10, u20), let

Qu;) = {(z,t) € RN x]0, +-00[: us(z,t) > 0},
Qo(u;) = {(z,t) € RV x]0, +-00[: u;(x,t) =0}

and let 7(ui,us2) be the set of pairs
(v1,v2) € (WHH(RN x]0, +00[) N L= (RN x]0, +00[))?,
with v; > 0 and supp v; bounded such that

V| € L7 (RN x]0, +00]) ,
Ai(z,t, Vug) - Vo, € LHRN x]0, +o0]),
Niai(x,t, Vug)v; € LYRN x]0, +oc[) if A; > 0.

We base our considerations on the following

Definition 2.1 A pair of functions (u1,us2) € S(v1,72, @1, a2, u10, Uzg) is called a
weak solution to problem (1.1) if for any (vi,vs2) € T7(u1,us) it follows that

“+o0
/ bi(x,t,uj)vidzdt <
RN

+oo
<\ / / (z,t, Vu;)v;dadt +
RN
+oo

+oo a
—|—/ Ai(z,t,Vu;) - Vo;dadt +/ = lydadt .
RN 0

ry Ot
Let us set
a; €]max{—1,1—p;},0] if \; =0,
(2.1)
a; €lmax{—1,1 — p;, —q;},0] if A; > 0.

Proposition 2.1 Under conditions i11) - i14), if (u1,u2) € S(71, 72, @1, @2, 10, U20)
is a weak solution to (1.1), with oy fived as in (2.1), then:

Qur) = Quz)  except for a set with measure equal to zero, (2.2)

bqu7 A € Lloc(RN X [O7+OO[)7 (23)
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24 RO
/ / N bouf u pdxdt +
0 |a:\<2f’R

211
+L/ / oudi T Ay |V [P dedt <
pi(1+q) |z\<25R

s At N\ 2#R9 L
< 7( i4i) il / / L bou?’*qt(pdxdt—i—
1+q |ovi 0 z|<2P R
1
1 2Rt ipi—1 aitpi—1 1
pilailPi=t Jo R<|z|<2PR !

R®
- / . uf“oﬂ( Yo(x,0)dx — /Q‘L / . uf‘i+1<ptdxdt
;i +1Jjz1<25 R a; +1 2|<25 R

VR > Ry, (24)

Pidedt +

Vo

with v > max{p1,pa} in definition (1.2) of v.
Proof. Let u;e = u; +¢ (0 <e <1) and let us choose v, R as above. Obviously

ufip € WHH RN x]0, +00]) N L= (RN x]0, +00]), (2.5)

1-p;
2

Vo

Pe L(supp [V]) (2.6)
Let us note that

Ailai|uii o < Ajaio| Vug | i T Ut <

G |ail e . 1 (pi )qi ~ has gt

ST ugl Ao Vu [P+ AiA) T bgul T Y e,
S l4qop e ol Vil 1+¢ \ o (Aidi) 0Uie ¥

(2.7)

A; -V (ulip) = apuli™ Ay - Vg +ufi Ay - Ve (2.8)

and that for R < |z| <25 R

— 1] . o )
< qu?; 1Ai0|Vui|p1 +
i

1 N
Api—l aitpi—1 1-p; Pi (2.9
oA e e Vel (2.9)
We add that
uf‘;_lAiO\Vui pi < U?i_lAi -Vu; € LIIOC(RN X [0, +OOD (210)
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and since (2.1) holds
boudi T < bo(u; + 1)%+* € Li, (RN x [0, +00]), (2.11)
APyt piml < AP gy 4 1) P € LU (RN\Bg,) x [0, +00]).  (2.12)
Relations (2.7), (2.10), (2.11) imply that
Najulio € LMRN x]0, +oo);
from (2.8)—(2.10), (2.12), taking into account (2.6), we get
A; - V(ulie) € LYRN x]0, 4+00]).
Then, owing to (2.5), it results in:
(uis ¢, u52p) € T(u, ug).

Assuming, in Def. 2.1, v; = uj¢, we see that for R > Ry

// bouq7 uit pdxdt 4+ e // bougjwdxdt—&—

supp ©NQ(u;)NQ(w;) supp @NQ(w; )N (u;i)
|1—:-|q //(puf‘;*lAiqui Pidydt <
2 supp ¢
)\A 1+q; .
< ( ) //b()uq’+a1gadacdt+
14 ¢ |ozl|
supp ¢
// ALy QP P | Pidadt +
pz|az|pb_1
supp|Ve|
U + )%t y(z, 0)de — // a‘+1 dxdt .
a1 s el et e — g o
Supp e+

(2.13)
Since for € — 0 the right-hand side of (2.13) is convergent, necessarily
meas(supp ¢ N Q(u;) N Qo(u;)) = 0.

Thus (2.2) holds. In addition, by (2.13) we get, for ¢ — 0, relations (2.3) and (2.4) by
virtue of Fatou’s Lemma as well. We can broaden the analysis of the weak solutions
to (1.1) by pointing out one class of them included in S(p1, pa, a1, a2, u10, ugg) for
any «; satisfying (2.1).

For u1g,ug0 € Li (RY), with u;o > 0, let S(p1, p2,u10,u20) be the set of pairs
(u1,uz) € (WEHRN x]0, +00]))2, with u; = 0, such that

loc
3u,~

5 € L (RN x [0, 4+00]), [Vu,| € LY (RN x [0, +00]),

Us s
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ui(2,0) = uo(z) a.e. on RY

bi(z,t,u;) € L (RN x [0, 4+00]),
Aio(z,t, Vug) € LS (RN x [0, 4+00]),
AP € Lo (RM\BR, ) x [0, +00])

and moreover

+0oo +oo
/ bi(x, t,uj)vidrdt < X / / (x,t, Vu;)v;dedt +
RN RN

Hoo Hoo Ou;
/ / (z,t,Vu;) - Vu;dadt + / / : vv dxdt
RN RN

for any v; € CY(RY x [0, +oc[) with v; > 0 and supp v; bounded.
Let us note that the integrals in (2.14) are defined, owing to the inequalities

(2.14)

pi—1

i (2,8, V)|V,
= Al T
Al (m,t, V)| Vug P+ quvbo(m,t),

§ O~ \‘H

a; $7t7vui <
s, V)] < 2

which imply that

|Ai(,t, V)| € L (RN x [0, +00])

loc

la;(z,t, Vu;)| € Li, (RN x [0, +o0]) . (2.15)
It is not difficult to verify that (2.14) holds with
vi € WHHRN x]0, +o00[) N L=(RY x]0, +00[), v; >0,
supp v; bounded, |Vv;| € LPi (RN x]0, +00[). (2.16)
Then if in (2.14), v; = uj ¢ (o, wie and ¢ as in proof of Prop. 2.1 ), for R > Ry:

|al|//<pu°”71A - Vudxdt <

supp ¢

< ‘Otz‘ <1 4q; +pl_1> //(pu?;_lAio‘VUﬂpidxdt""
supp ¢

N A; 1+q;

o 1+)q (Ia ) //b“q7+a’wd$dt+
’ il supp ¢
supp\WJI
+1 // w1 pydadt (2.17)
Ch

supp ¢
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from which we get

|1a—:_| //gpu 1A¢0|Vul- Pidadt <
Qz
supp ¢
N A Ha
( 1+)q <a> //buqf”wdxdtJr
supp ¢
7 \a P // APt RVl dadt +
3 3
Supplvsa\
— +1 // ul it ppdedt . (2.18)
3
supp ¢

Relation (2.18) and Fatou’s Lemma imply that

// cpu?"’flAio\Vuﬂpidxdt < 400}
supp ¢

consequently from (2.17) we get

// @u?FlAi - Vudzdt < +00,

supp ¢

and thus u®~'4; - Vu; € LL (RN x [0,400[). Thus it follows that (ui,us) €
S(p1,p2, a1, @2, 10, Uzp). Since by (2.15), 7(u1, ug) is the class of pairs (v1, vg) with
v; as in (2.16), we can state the following:

Proposition 2.2 Under conditions i11)—414), for (u1,us) € S(p1,p2,u10, uzg) we
get:

(u1,u2) € S(p1,p2, a1, aa, w10, u20) for any «; fized according to (2.1),
(u1,uz) is a weak solution to (1.1).
The next example highlights the existence of weak solutions to (1.1) which belong

and do not belong to S(p1, pa, t10, u0)-
Let us consider the system

% — Aug + )\1|Vu1|% > uQ%

in RN x]0, 400
831;2 Aty + Ao|Vuy|? > u? (2.19)
u; 2 0

where N > 5.
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Let 1 € C'(]0, +00]) such that
P(0) >0, ¢'(t)>0 VE>0, () <3N-15 Vt>0.
Let uy(z,t) = ¢(t)|z] 2, ug(z, t) = ¢(t)|z| =3 and wi(z) = u;(z,0). We have:

2N N
o (u1,ug) belongs to S(y1, 72, a1, 2, u10, u20), with 1 <3 < — 1<y < R

a1,ay €] —1,0[ , and it is a weak solution to the Cauchy’s Problem related
to system (2.19) with initial data (w10, u20) ;

o (u1,us) belongs to S(2,2, ujp, ugg) if and only if N > 8.

3 A priori estimates

In this section and in section 4 we study problem (1.1) with the additional hypothesis

igl) q; > max{l,pi — 1}.
Let
Qo = Imax {17 1 —P1, (]- 7p2)ﬂa ql} )
q2 q2
and let us choose ¢
&51 E]QQ,O[, Qg = qlal ) (31)
1

so that relations (2.1) also hold. Taking into account (2.2), (2.3) and Holder’s
inequality, it is possible to estimate the right side of (2.4) through integrals in which
bouf'ug?p and boud®u¢ are present. It is convenient to introduce in advance the

following notations:

1
2w R
X, = boudius? pdrdt
¥ 1 0t J ¥ )
0 |z|<2P R

1
~ 2w R
X, = boudius? pdxdt
ij = 1 bou; Ut )
0 R<|z|<2P R

1
~ 21 RY
Y .. qi, @
Xij / / , boug'u; pdrdt
R? |z|<2B R

and for R > Ry, 1 < w < 00
24 R

Io(w) = [y e e,
|z|<27 R

R

1
2u RY
= [ [ A g .
0 R<|z|<2B R



On systems of perturbed parabolic inequalities

Since by (3.1)
a1 —(q1 a2 — (2

689

s = = >1,
(651 (%)
we get
1
2w R 11
/ / N bou?iJr“igpda:dt < XjSiX;j' .
0 lz|<2P R
Let
i1 = Q102 — (142 piz = q1q2 — 12 8 = Q; By = di
1= —F——————~, Pig= 1=—, P2=
O aj(at+pi— 1) gl +pi— 1) pi1 pi2
0 = Q103 —q192 Oip = q1g2 — Q1 3, = Q. 3, = qi
7 Olj(ai + 1) 9 7 q]'(ai + 1) ) 1 oil 9 2 Tio
Noting (2.2) and the equalities
br+Br=ai+pi—1, Bi+Bs=a;+1,
we have 3 . B
u?i+}’i* (uﬁlu’Y)(uiﬁ2u;’Y) ’ uzqu-s-l = (u 1u})(ui2u;7),
. " . s
where’y*q—]:f—], y= 4 =7,
Pi1 Pi2 i1 042
We add that, owing to (3.1),
1 1
pir>1, pp>1, —+— <1,
Pl Pi2
1 1
og1>1, op>1, —+—<1;
Oi1 042
thus with
q1q2 — Q1 4192 — Q10
piz = =

it follows that:

1 1 1
p13>]—7 — + — + :17

Pi1 Pi2 Pi3

1 1 1
g3>1, —+—+4+—=1.

i1 gi2 i3
Consequently for 0 <t < 25R9, ] < Q%R, we have:
Ve

A]?i—luarFPi—l Pi
(2

1—p;
i o

043 =
qge+aoi(pi—1) — gl +pi—1)" 7" qige + o —qi(a; + 1)

1 o it BT TR G A
<b0m1 uﬁ1uV¢pll> (b(f)’i2 uf2uj_7<pf’i2) (bé)ls Afz 1@,,1.3 Pz|v<pm) ,
1 1

1 o 1
z-‘rl‘(p | _ (bgn u51u“/(p 11> (bgﬂ uf‘zujV(pm) (boﬁs

L3
pris <Pt|) .

(3.2)
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At this point it is natural to make the assumption

there exists ;1 €]ag, 0 such that
i32)
by " € LL ((RN\Bg,) x [0, +00[), by 7 € LL (RN x [Ry, +00]) .

In fact, if i32) holds, by choosing in Definition (1.2) of ¢, v > Hj%);{pipig,gig}, for

R > Ry we have:
In(oiz) < 400, Ii(piz) < +00.

Then, taking into account (2.3), by (3.2) we get

1
21 R?
Api—1l, ai+pi—1 1—p;
[ ) A
R<|z|<2P R

QMR
/ / uf ipr|davdt <X X (10(01‘3))%
lz|<27 R

1

~1 ___1
Prdedt < X7t X2 (1i(pis)) 752

Vo

Proposition 3.1 Under conditions i11) — i14), i31), i32), if

(u1,u2) € S(71,72, 1, g2v1 /q1, Ur0, U20),

with oy €lag, 0], is a weak solution to (1.1), then:

ol [P 1
X~+7l/ / ud ! Ago| Vg
T pi(l+q) 2|<2P R ol Ve

Aidi)' T p; 1.3 1
o Qudgie ( P ) XjX] 4+ ——— X7

Pidydt <

ml sz (Iz‘(Pi?,))”; +

1+q |a1| p2|041 pi—1
1 1
+ )N(M)N(m (10(013))% — / o ult (2)e(x,0)dr YR > Ry,
a; +1 |z|<2B R

(3.3)

with v > mzla)é{pipig, oi3} in Definition (1.2) of .
=1,

The first consequences of Prop. 3.1 are two results. The first one gives upper
limitation formulas for the integrals X;; with terms which do not depend on u; and

us. The second one, with additional conditions on by and /li, expresses a property
which the weak solutions to (1.1) have to satisfy. In fact, for

2
(A A 14qn an
KA, A1) = Z nAn) <ph> ;

— l+a |

the following propositions hold.
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Proposition 3.2 Under the conditions of Prop. 3.1, let

(u1,uz) € S(v1,72, 1, G201 /q1, u10, u20) , with oy €]y, 0],
be a weak solution to (1.1). Then:
o For A\ >0, Ao > 0 and K (A1, A2,a1) > 0, we have:

2

Z/ |<2%Ru58+1(1‘)<p(1‘,0)d$ YR > Ry,
h=1"1%1>

where ¢ is a positive constant independent of R and

F(R) = Z[Io(ah3) + In(pn3)] -
h=1

o For \; = 0 we have:

Xji < ¢ Fj(R) + ¢;;Fyi(R) —/

|z

a;+1
Uig

< n (x)p(x,0)dz YR > Ry, (3.5)

where c}i, c;-li are constants independent of R, with c}i =01 A\ =0 and

, . 1"
¢;; > 0, otherwise ¢;; > 0 and

|

’
i1

(o(ajs)) ™"

o2

(4

751

j1

Ii(pj3))"°

)+(

pj2riz )’
p;’lpél p;il (P;ﬂ’h)
Fii(R) = |(j(pjs)) 32 (Li(pis)) 73 +
";'19;1 Py <p'/£1691>
+ | (Lo(oj3)) 7352 (L;(pi3)) 73 +
~ pj2oi2 )’
p;loél iy (%‘1"21)
+ | (Li(ps3)) 77372 (Io(043)) 738 +
~ oi2952
751951 ol (‘7;10?7‘1>
+ [ (o(oj3)) 73372 (Io(0iz)) 7is

Proof. About (3.4), let X = max{X;2, X21}. By (3.3) we get that for R > Ry:

()\112[1)1*‘1’(11
1+q¢

P1

Xo —
o |

( >Q1X+
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1 1 __1 1
ta [Xl 713 (I (p13)) 73 + X177 (10(013))”3} +

- /| | S (@), 0)de,

z|<2P R
)\E 14+q2 q2
Xy < (22)(]92) X +
14 qgo |Oég|

1

1— 1 1 1—-1_ 1
e [X v23 (Ia(pas)) P2s + X7 s (10(023))023} *

[, s @0,
lz|<27 R

where c¢q, ¢y are positive constants independent of R. Then:

2 _1 1 1 1
KOs a)X < e [Xphsuh(phg))w+szs(zo(ah3)>m}+
h=1

2

—Z/ , u%""l(x)@(x,O)dx

h=1"I7I<2P R

from which, owing to Young’s inequality, the thesis follows.

About (3.5), referring, for example, to the case A = 0, relation (3.3) still allows
that for R > Ry:

X < cXjXj 4o Xz’?f(faﬁ(fl(pls))“?’ +X2111)N(1Uz12 ({o(o13)) 73 | +
[, T @0,
le|<2P R
~ e~ Z o502 _1
X2 < e [X121Xp22 (IZ(P%))”% +X12 X2122 (10(023))"231 ) (3.6)

where ¢, ¢1, co are constants independent of R, with ¢ = 0 if Ay = 0 and ¢ > 0
otherwise, ¢; > 0 and ¢o > 0. By using Young’s inequality, by (3.6) we get the
inequalities:

/
o
Pu ~ -1l ol

Pl e
eX1o + 21 | X{52 (Ii(p13) 75 + X1y (Io(o13))7s | +

Xo1

IN

—/ u (@), 0)da, =0 if \a=0) (3.7)
|z|<2P R

f’21 ph

P21 = 4
X1z < G | X572 (Ia(ps)) 25 + X1 (Io(023)) 72 | (3.8)
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By substituting the right side of (3.8) in (3.7), we get:

A
/ 0'21
P ~ 21 /
=2 5922 921

_ P21 Phy 1
Xo1 < €| X572 (I2(p23)) 728 + X1 (lo(023)) 728 | +

693

(3.9)

y , o N\ s ,
- S P21 g 721 P11
+e1 | | X% (L2(p23)) 728 +X 51" (Lo(023)) 723 (11(p13)) 718 +
, 0/11
p! / ~ 221 ’ 712 ’
’Vﬁ P21 S 022 721 %11
+ | Xot? (I2(pa23)) 725 +X oy (Io(023)) 7> (lo(o13)) 713 | +
—/ L uiit (@)e(z, 0)dx (=0 if A =0)
lz|<27 R
A simple calculation shows that
Py, T2, P2y T2
P21 021 P11 011

By repeatedly applying Young’s inequality in (3.9), the thesis is proved.

Proposition 3.3 Let assumptions i11) — i14), i31) hold with infby > 0 and A; €
L= ((RN\Bg,)x]0,+00l). If (u1,u2) € S(v1,72, @1, q201/q1, u10, u20), with ay €

lag, 0], is a weak solution to (1.1), then:

infu; >0=supu; =400 when KA, 2, 1) >0,

infus >0 = supu; = +oo when A =0 and supby < 400,
infu; > 0= supus = 4+00 when A2 =0 and supby < +oo.

Proof. The conditions on by and 1211 imply that

Xji > ¢ (inf uy)¥ (supuy ) RV X5 < ¢ (sup ;) (inf uy)* RN

Io(oia) < coRNT07073 | Li(pig) < ¢ RNFO7Pipis

" . . . .
where ¢/, ¢, cg, ¢; are positive constants independent of R. Taking into account

(3.3), in the case K (A1, A2, 1) > 0 we have:
(inf ;)% (supu;)™ < ¢[R™971  R=0722 4 RmPrP13 | RP2r23]

VR > Ry. (¢ = const. > Oindep. of R)
In the case A\; = 0, taking into account that by (3.3)

’
A o/

’
oy
i1 il

i Zi1
Xji <d | X7 (Ii(piza))ﬁ + X% (lo(0i3)) 7is

(d = const. > 0 indep. of R)
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and that
/ /
(N +0)2% 4 (N +0—pipia) P = N+ 0 pigy
Pi2 Pi3
/ /
(N +6)ZL + (N + 60— 00,3) 2L = N+ 0 — 00 ,
Ti2 Oi3
we get:

(infu;) (supu;)® < &[R4 ((supu;)® (inf u;)™) 75 +
+R % ((supu;)? (inf u;)* )%]
VR > Ry. (d' = const. >0 indep. of R)

Consequently, if sup u; < 400, in both cases it would be (inf u;)% (sup u;)* =

Remark 3.1 Prop. 3.3 excludes the existence of weak solutions (ui,us) to (1.1)
with either infu; > 0 and uy € L (RN x]0, +00[) or u; € L=¥(RY x 10, +00[) and
inf us > 0.

4 General results for nonexistence of solutions
Relations (3.3), (3.4), (3.5) allow us to prove the following nonexistence theorem.

Theorem 4.1 Under the assumptions of Prop. 3.1, problem (1.1) has no weak
solutions belonging to S(v1, Y2, a1, @21 /q1, U10, U20) With a1 €]ag, 0] in the following
cases:

e A\ >0, Aya>0 and K()\l,)\g,al) >0 Zf Rhm lIlfF(R) < +00;

— 400

© \Mi>0 and Ao=0 if  lim inf[ch Fo(R) + o1 Fo1(R)] < +00;
© Mi=0 and X >0 if lim inflc},Fi(R)+ 1o Fia(R)] < +00;
o\; = Ay =0 if either imp_, 4o inf Fo1(R) < 00 orRlirJr: inf Fi2(R) < +00.

Proof. Arguing by contradiction, let (u1,us) € S(y1,72, 01,2011 /1, u10, u20) be a
weak solution to problem (1.1). In the case Ay > 0, Ay > 0 and K (A1, A2, 1) > 0,
the condition on F' assures that there exist § > 0 and a sequence {R,} positively
diverging, with R,, > Ry, such that F/(R,) <6 . Since

R},
/ / bougj U;XL drxdt < in (Rn) R
0 |z| <R,

by (3.4), we get

boul g € L'(RN x]0, +o00f)



On systems of perturbed parabolic inequalities 695

and thus _
Hence by (3.3) it follows that

+oo
/ / bougj uiidedt =0
0 RN

from which u; =0 and us = 0 owing to (2.2).
In the case A\ > 0 and Ay = 0, the condition on F5 and Fb; implies that there
exist § > 0 and a sequence {R,,} positively diverging, with R, > Ry, such that
Ch1 Fa(Rp) + ey For(Ry) < 0. (4.1)
Relations (3.5) and (4.1) imply that
bouu$ € LY (RN x]0, +ocl).

Hence ~
lim X21(Rn) =0, thZl(Rn) =0.

Relation (4.1) implies again that the terms depending on R,,:

In(o23), I2(p23)

are bounded. We conclude, owing to (3.3), that

+oo
/ / boud'ug?dadt = 0.
0 RN

The same reasoning can be followed in the remaining two cases.

Corollary 4.1 Under the assumptions of Prop. 3.1, the conclusions of Theor. 4.1
hold if

by " AP € LY(RN\Bg,)x]0, +00]) and by~7* € L (RN x] Ry, +00]).

Proof. In fact, for R > max{Ry, Ré/e} we get:
—+o0
Io(a'ig) = Io(O'ig,R) S C/ / béiaigdﬂjdt,
Ry JRN

“+oo
Ii(pis) = Li(pis, R) < C/ / bé_p“A'f“(pi*l)dxdt,
0 |z|>Ro

where ¢ is a positive constant independent of R.
In order to obtain nonexistence conditions expressed by inequalities, we make
the hypotheses:
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/ / (bo(y, T SGidydr < 400, A; € L2 (RN x [0, 4+00]),
ly|<2

there exist LO(Q) € R and L;(0) >0 such that for R > Ry
bo(Ry, R'7) > bo(y, 7)R*@ . Ay(Ry, R'7) < Ay, 7)RM(?);

i42) // (bo(y, T ) qr;i“dyd7'<—|—oo.
1<|y|<2

We note in advance that since

i41)

di qi
Pi3 i_pi'f'l’ 043 qi_la
assumption iso) is fulfilled for any «; €]ag, 0[. Hence, by choosing

Did; qi
vV > max s
=12 g —pi+17 ¢ — 1

in Definition (1.2) of ¢, the conclusions of Prop. 3.1 and the ones of Prop. 3.2 hold
with any a3 €]ag,0[. This fact allows us to create suitable conditions in order to
ensure that for |ai| sufficiently small, the functions F(R), F;(R) and Fj;(R) are
infinitesimal for R — +oo. In fact, by 441), 42), on one hand, we have:

In(0i3) < koi RM3:0) | Ii(p;3) < ke RMi(Pia0) (4.2)
where ko;, k; are positive constants independent of R and

Mo(0i3,0) = N + (1 —043)0 + (1 — 043) Lo(0),
M;(piz,0) = N + 6 — pipiz + (1 — piz) Lo(0) + piz(pi — 1) Li(0) .

On the other hand, for

N 460+ Ly(0
5= O 1) = it (= DLO) -~ Lo(0),
N(g; —1)— 60— Ly(0
C’L' — (q ) 0( ) ,
qi
we have:
Mo(ffisao)a:’oﬁ i)
M;(pis, 0) g i

.y
alaoqi—pi—i-l

I
o’ . .
Mo(ays,0) 22 (032> — U

053 \ 0j1 a1—0 q; — 1

/!
P51 [ pi2 4
Mj(pss, @)=L (B2) — g, 43
Aj)m3ph a—0g; —pj+17 (45)
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and moreover

Pi1Pia o | [ pizpiz /
{Mj(pj?no)]fz_ﬁ-Mi(Pi&G)“} (“) a0

Pj3pi2 piz ] \ Pi1pia
pi—1 q1G2
a1—0 [ a 7 q1q2 — (p1 — 1)(p2 — 1)
li
o51P} ; 0424
[MO(UjSa 9)% + M;(pis, 9)[)1,1} 527p/2 —
j3Pi2 piz] \ 051051 ) 10
1
. [p@ 4+ Bi:| “e
a—0 | g Q192 —pi +1

TP o} Tiapio I
[Mj(Pj&@) — +M0(0¢3,9)”} = —
0i2043 03 Ti1P51 a1 —0

1
. |:Bj+ci:| q142

a1=0 [ g; Qg —pj+ 1
o ’ !
041051 g; 02052
|:MO(O—j3; 0) J d + M()(Cfig, 0)11:| j 3 E—
03042 0i3 031051 ) «1=0
1 q192

— C»—I—C}. 4.4
a;—0 |:q7 J ‘ q192 — 1 ( )

The natural consequence of inequalities (3.4), (3.5), (4.2)-(4.4) is the following
theorem:

Theorem 4.2 Under assumptions i11) —i14), 131), t41), %42), problem (1.1) has no
weak solutions belonging to S(y1,7v2, @1, G201 /q1,u10,U20) with ay €]ag, 0] and |ay |
sufficiently small in the following cases:

e A\ >0, >0 and K(\, Ao, 1) > 0 if there exists 6 > 0 such that

IE?);{C“ Bl} <0;

e )\ >0 and Ay = 0 if there exists 8 > 0 such that

InaX{OQ, BQ} <0,
1

-1 _
max {pl By + By, P
q1

1 1
Co+ By, —By+Cy, C2+Cl} <0;
q1 q1 q1

e )\ =0 and Ay > 0 if there exists 8 > 0 such that

maX{C'l, Bl} <0,

-1 -1 1 1
maX{m B1+Bz,p2 Cl+32,31+02,01+02}<0;
q2 q2 q2 q2
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o A\ = Ay =0 if there exists 6 > 0 such that
either

-1 —1 1 1
max{pl By + By, B —By, +Ch, Cg+01} <0
0 Q1 Q1 Q1

or

-1 1 1 1
max{p2 Bl-i-BQ,pZ Cl+B2,Bl+CQ,Cl+CQ}<0
a2 qz q2

q2

Initial data w19 and wgg have not been considered up to now, even if they
are present in inequalities (3.4) and (3.5). However these data can influence the
nonexistence of the solutions when they have a convenient asymptotic behaviour
for |z| — co. Let us introduce the hypothesis:

is3) { there exist i € {1,2}, ¢; >0 and s; > —N such that
43

wio(x) > i for |x| large
and we set
4q; qj
N:(0) = max B;;,
i) {%1 —-pjt+1 j}
No(e) = max{N1 ) NQ(Q)}
q142
N;(0) = max )
(%) {{ }m@—%—ﬂ%—ﬂ
{ } q1492
qi Qg2 —pi +17

1
{%+C}wmv{Q+Q]<M2}.
i ne—pi+1 LG q1q2 — 1
Assumption i43) implies that for R large

[ i et 0> W () >
B S

R\2<|z|<R
a;+1
Eg / |z
R\2<|z|<R

Hence, taking into account relations (3.4), (3.5), (4.2)—(4.4), the following theorem
holds.

y SL(aL+1)dy .

Si(aiJrl)dx _ C;’éﬁ-lRNJrsi(aiJrl) /1\2<| o
Sy

Theorem 4.3 Under assumptions i11) — 414), i31), t41) — %43), problem (1.1) has
no weak solutions belonging to S(vy1,7v2, a1, @21 /q1, u10, U20) with oy €]ag, 0] and
|1 | sufficiently small in the following cases:

e A\ >0, Ay >0 and K(A1, Mg, 1) > 0 if there exists 8 > 0 such that Ny(0) <
N + Siy
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e A1 >0 and A2 = 0 if is3) holds with i = 1 and there exists 0 > 0 such that
max{Ng(O),Ngl(Q)} < N + S1;,

e A1 =0 and Aa2 > 0 if is3) holds with i = 2 and there exists 8 > 0 such that
max{N1(0), N12(0)} < N + sq;

o A\ = Ao = 0 if either iy3) holds with i = 1 and there exists 8 > 0 such that
N21(0) < N + 81 or is3) holds with i = 2 and there exists 6 > 0 such that
Ni2(0) < N + ss.

As to the case A\; = A2 = 0, we make an assumption which replaces i42), and
that allows us to choose v; = ¢ in Def. 2.1. In this way, we get new a priori
estimates and, consequently, an improvement of the nonexistence result expressed
by Theor. 4.2. Hence let us suppose

there exists @; € [max{—1,1—p;, 1 — ¢;(p; — 1)~1},0][ such that
2
ia4) / / (bo(y, ™)~ 7idydr < +o0 Va; €la;,0]
o Jigpyl<2

with 0 = ¢; /(1 — a;)(pi — 1)
Let us note that isq) = i42) since o) > q;(¢; — p; + 1)~ *. Let us fix:

27 R
Xi:/ / . boul pdxdt,
0 z|<28 R

1 1
2w R® 21 R®
X, = max / / L boulpdxdt / L bouf pduxdt
0 R<|z|<2P R R® lz|<27 R

and
-1

pi=qi(a;+1)7", w =gl +p—1) Yoy €]ay, 0.

Since p} < ¢} and w! < gi(q; — p; +1)71, we get:

2 2
/ / (bo(y,T))l_p’:‘dydT < 400, / / (bo (v, T))l_“idydT < 400
1 Jyl<2 0 Ji<|y|<2

by virtue of i41) and i44) respectively.

Proposition 4.1 In the case A\ = Ao = 0 and under conditions i11) — i13), i31),
i41), 144), if (u1,u2) € S(y1,7y2, a1, a2, U109, U0), With a; €]az, 0], is a weak solution
to problem (1.1), then:

1 pi—1

1
2u R 1 L
/ / LA Veldedt <k |(Ii(w))) P (Li(og)) 7 X, +
0 R<|z|<28 R

1 2(pi=1)

1 o
F(Io(p) 72 (L (o)) i X, i

VR>Ry,  (4.5)
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with k positive constant, independent of R, and v > melué{pia;,q;} in Definition
=1,

(1.2) of .
Proof. Relation (4.5) holds, owing to the inequality

2% RO
/ / . JAi - Voldzdt <
0 R<|z|<2P R
1

2w R a

Py

S / / 1 AiO

0 R<|z|<28 R

1
21 RY
i—1
< / / Lout T Ayl V
0 R<|z|<2F R

Qi ' ( )( )
1 1—a;)(pi—1) 1—p;
. / / 1 Aiui g P
0 R<|z|<2P R

taking into account that by (2.4)

24 R
/ / . gouf‘iilAio|Vui|pidxdt <
0 R<|z|<2P R

1
2u R
Api—1l, ai+pi—1 1—p;
<k / / N Ai U, P
0 R<|z|<2P R
1
2u RY

+ / yu T pldadt |
R? |z|<2B R

a1
1 2 ph
Vui|p" 1Ail

Vldzdt <

1
7
Pi

Pidaxdt

Pidxdt

Ve

Pidydt+

Ve

with kq positive constant independent of R.

Proposition 4.2 In the case A\ = Ay = 0 and under the conditions of Prop. 4.1, if

(u1,u2) € S(v1,72, a1, @2, u10,u20), with a; €]a;,0[, is a weak solution to problem
(1.1), then:

pi—1

— — 1
X; <k [RBiXi T+ RYX[ VR > Ry, (4.6)

with k positive constant, independent of R.

Proof. Relation (4.5) implies that (¢,¢) € 7(u1,us). By choosing v; = ¢ in Def.
2.1 and taking into account (4.5), we get:

A - 1 Pt
X, < B D) (L)X +
L 1 2(p;—1)

oor T ER-
+ (T(A) T (L(o) P X, 7 4 (Io(q)) T X

)
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with k; positive constant independent of R. A simple check shows that

_1 1 _
(Li(wp) "t (I(of)) 7t < kaRPY,
1 1 . 1p..1c
(To(pL) 77 (I;(o)) 77 < FaR7i T3
1 _
(Io(¢}))* < E4R,

with ko, k3, k4 positive constants independent of R. Then relation (4.6) also holds,
owing to Young’s inequality.
From (4.6) it is easy to get the inequality:

pj—1lpi—1 1 pi—1

= . pi—1l ) N . Pl -
X; < k|RPTPITEX. O pRPTGTEX N 4

1 pi—1 1

11
+ ROTABXT Uy ROTAGR T VR> Ry, (47)

with & positive constant, independent of R.
From (4.7) we get the following theorem:

Theorem 4.4 In the case A\1 = Ao = 0 and under the conditions of Prop. 4.1,
problem (1.1) has no weak solutions belonging to S(y1,72, a1, o, u1g, U0), with
w; €la;, 0], if there exists 0 > 0 such that

either

-1 -1 1 1
maX{pl 324-]917])1 Cy + By, —Bs + (1, 02+C1}S0
q1 q1 q1 q1

or

max{p2 — 1Bl + BQ, P2~ 101 -I-BQ, i.Bl + CQ, iCl + CQ} S 0.
a2 a2 a2 q2
Now we show some nonexistence conditions of the solutions to problem (1.1)
given by algebraic inequalities (dependent only on p;, ¢; and N) which can be easily
obtained from theorems 4.2 and 4.4 when by and A; are positive constants.
For the sake of brevity we set

N(qi1g2 — 1) _
S+ 1 ’ G(Svt) -

H(S t) _ 541492 — N(QICD — s+ ]')

’ ag—(s—1)(t+1)

N(gig2 —s+1)—st
s—1

N(s—2)+st

F —
(5) t—s+2

)

tr(s—1) 4 sqi1g2

O(s, 1) = q1g2 — (p1 = 1)(p2 — 1)’

) qj(s?t7r) =
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Proposition 4.3 Under assumptions i11) — i14) with by = const. > 0 and A; =
const. >0, iz1), let Ay >0 and Ay > 0. If

maXN( —1) < min (M—N>
i=1 i=1,2\q; —p; +1

then problem (1.1) has no weak solutions in S(v1,72, a1, qaq1/q1, u10, U20) when
o €lag, 0], |a1| sufficiently small and K (A1, A2, 1) > 0.

Proposition 4.4 Let the assumptions of Prop. 4.3 be fulfilled and \; > 0, \; = 0.
Let us suppose that at least one of the following conditions holds:

. { g2 — (pi —1)(g; +1) >
max{N(q; — 1), F(g;)} < min{G(pj,qj), H(pi,q;)}:

q1q2 — (pi *1)(Qj+1) =0,
. N(qiq2 —pi +1) —piqiq2 <0,
max{N(q; — 1), F(g;)} < G(pj,q;);

)
. { q192 — (pi 1))(qy+1)

max{N(g; — 1), F(q;) (puCIj)} < G(p),45);

o max{G(p;,q;), ®(pj,q;)} <min{¥(pi,p;,q;) — N, I(pj,q;) — N},
where the right-hand side is assumed to be positive.

Then, problem (1.1) has no weak solutions in S(v1,72, a1, 2001 /q1, u10, U20) with
oy €lag, 0] and |aq]| sufficiently small.

Proposition 4.5 Under assumptions i11) — i13) with by = const. > 0 and A =
const. > 0, i31), let \y = Ay = 0. Let us suppose that at least one of the following
conditions holds:

. { q1q2 — (pi —1)(g; +1) >0,
F(g;) < min{G(p;,q;), H(pi,q;)};

q1q2 — (pi —1)(g; +1) =0,
o ¢ N1z —pi+1) = piqig2 <0,
F(qj) < G(pj,q;);

. { q1q2 — (pi —1)(g; +1) <0,
max{F(q;), H(pi,q;)} < G(p;,q5);

where the right-hand side is assumed to be positive.

Then problem (1.1) has no weak solutions in S(y1,7v2, @1, o, u1g, Uzg) with «; €
Jmax{—1,1—p;, 1 —q(p; —1)71}, 0].

Let us make the following observations:
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e The conditions of Prop. 4.5 are the same as those presented by Mitidieri
and Pohozaev in ([8], Theor. 40.6, page 193; and Theor. 40.7, page 194)
concerning the problem:

0

% — divA; (z,u1, Vuy) > u®  in RV x]0, +o0]
Ous . q1 : N

5 divAs(z, ug, Vug) > uf in R x]0, +o0]

u; 2 0, u(x,0) = up(xr) in R"Y,

where u;o € Li (RY),uj0 > 0, A; : RN x [0, +00[xRY — RY is a Cara-

loc
théodory function such that A;(z,z;,w;) - w; > ci|Ai(x,zi7wi)|p'/i with ¢; =
const. >0, p; > 1 and ¢; > max{1,p; — 1}.

e Let us suppose p; = p2 = p and g1 = g2 = ¢ with p > 1 and ¢ > max{1,p—1}.
Each condition of Prop. 4.4 is then equivalent to the one of Prop. 4.3:

p
<p—14+-—,
G<p-lity
while each condition of Prop. 4.5 is equivalent to the inequality:

p
<p—1+—.
qg=p +N

It follows, in particular, that the problem:

% — div(|Vu[P~2Vu) + A|Vu| 57 = ud in RV x]0, +o0[
w=0, u(r,0)=ug(z) in RV, (4.8)

where A > 0, ug € Li .(RY), up > 0, has no weak solutions when:

g<p—1+ % if A > 0 is sufficiently small,

q§p71+% if A=0.

These two statements have been proved in [9] for the scalar case of problem
(1.1). The second one of these statements has been proved by Samarskii et
al in [14] for problem (4.8), by Pohozaev and Tesei in [11] for a more general
problem.

e When p; = po = 2 and ¢y, g2 > 1, the condition of Prop. 4.3 can be written

as:
<1+ 2 <14 2 ;
q1 N y 42 N )
moreover each condition of Prop. 4.4 [resp. Prop. 4.5] holds if and only if:
N 1 i+ 1 N 1
<min{ 7qﬂ+} [resp.gnmx{ql’%}_‘_
G—1 qg-1 2 Qg2 — 1
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Let us consider, for example, the problem:

% — Aug + )\1|Vu1|% = ud
in RN x]0, 400
% — Aug + )\2|VU2|12+% =uf'
u; 20, ui(x,0) = up(r) in RV, (4.9)

where \; > 0, A\; + A2 > 0, ujo € LL _(RY), ujo > 0. This problem has no weak
solutions when:

2 2
g <1+ N’ g2 <1+ ~ if A1 > 0 and A2 > 0 are sufficiently small,

1 1
<min{ 7q2+} if Ay >0 and A =0,
2 @2—1 qg2—1
N 1 1
<min{ ,W} if Ay =0 and Xy >0.
2 G1—1 qig2—1

In addition, let us consider the problem

% — div (w(\/l + |Vu1|2)Vu1> = ud

in RN x]0, 400
0
% —div (w(\/l + |Vu2|2)Vu2> =uft
u; 2 0, ui(x,0) =up(zr) in RV, (4.10)

where ¢ : [1,+00[—]0,+oo] is a continuous and bounded function, u;o € Li .(RY)
and u;p > 0. Problems (4.9) with A\; = A2 = 0 and (4.10) have no weak solutions
when
N < max{q,q2} +1
2 - -1
This result is the same as that obtained by Escobedo and Herrero in [1] for problem
(4.9) with A\; = Ay = 0. Moreover this result, referred to system (4.10), implies that

the problem:

(4.11)

% —div (w(\/l + |Vu|2)Vu) >l in RN x]0, +o0[
uwz0, u(r,0)=ug(z) in RV, (4.12)

1

L J(RYN) and up > 0, has no weak solutions when

where ug € L
2

<1l+ —.

q= +N

This conclusion broadens the scope of a theorem by Levine, Lieberman and Meier.
These Authors, in fact, have proved in [7] that, if ¢ : [1, +00[—]0, +-o0[ is a C1@
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s¢'(s)
¥(s)

ally symmetric and decreasing, problem (4.12) has no “regular” solutions when

<1+ 2
q N

bounded function such that —1 < < w for some w > 0 and if ug is radi-

Remark 4.1 Condition (4.11) has been formulated by Escobedo and Herrero with
q1g2 > 1 but for “regular” solutions. In section 5 (Example 5.2) we will see that
max{qi, g2} + 1

qig2 — 1
solutions to problem (4.9), with A\; = A2 = 0, in a functional class which includes

the one of Escobedo and Herrero.

N
when ¢q1q2 > 1, the inequality 5 < allows the nonexistence of weak

5 Further results

The results of section 4 are based on assumption ¢3;), which allowed us to find
the estimates of section 3 and, for Ay = Ao = 0, the ones of section 4. When
p1 = p2 = 2 and A\ = Ay = 0, it is possible to obtain new results assuming only
¢1g2 > 1. In this case Prop. 2.1 still holds, however inequality (2.4) is not useful.
Then we set u1g, ugo in LS (RY) and we find a new inequality by which we get
useful estimates for the nonexistence of weak solutions in a convenient subset of

S(715725 5 a1, @2, 10, Uzo).-
We write again problem (1.1) with A; = Ay = 0:

% —div(Ai(z,t, Vur)) > bi(z,t,uz)
in RY x]0, +o0
% — div(Az(z,t, Vug)) > ba(z,t,u1)
u; =2 0, ui(z,0) = ujp(z) in RY, (5.1)

where ;o € LS (RY) and u;0 > 0. Let i51) be the set of assumptions i11) —i13) with

p1=p2 =2, g2 > 1. Let S*(y1,72, a1, a2, u10,u20) [resp. S*(2,2,u10,u20)] be
the set of pairs (u1,u2) € S(71, V2, 1, a2, U10, u20) [resp. (u1,u2) € S(2,2,u10,u20)]
such that

u; € LﬁfC(RN x [0, +00]),

Aio({E, t, VU,L)
7 ) = . 2
¢ (U1 u2) Sup Am(.l?, t, Vul)AQQ(JZ, t, VUQ) < oo (5 )

For each (u1,us) € S*(v1,72, 1, a2, U109, U2g) [resp. (ur,us) € S*(2,2,ui0,uz0)] let:

S(ur,up) = max{l, (e1(u1,u2))?, (ea(ur,us))/?},

D((S(ul,’LLg)) = {(tl,tg) E] — 170[><] — 170[1 t1+ia+1<
< [(452(11,1,1142))71 — 1]t1t2}.
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In this section we deal with weak solutions (u1,u2) € S*(y1,72,01, Qz2,u10,U20)
such that
(al, OLQ) S D(§(U1,UQ)) . (53)

In order to get these results it is necessary that:
25(U1,U2)(Oé1 + 1)|0[2|71 < [25(’&1,11,2)(042 + 1)]71|0[1|

and this inequality is valid if and only if (5.3) holds.
Let us note that, by virtue of Prop. 2.2, for (u1,u2) € S*(2,2, u10, u20), we have:

(Ul,UQ) S S*(2,2,041,0t2,’u,10,UQO) V(Oél,OZQ) € D((S(’U,l,UQ)),

(u1,u2) is a weak solution to problem (5.1).

Under assumption B

Ajo(,t,w;)
Z, t, wl)Ago(IE, t, ’LUQ)

i52) €i = sup ( < 00,
10

condition (5.2) holds. In addition, let

0= max{l,e}ﬂ,e;ﬂ},

D(6) = {(t1,t2) €] — 1,0[x] = 1,0[: t; 4+t + 1 < [(40%)"" — 1]t1to}.
For (a1, as) € D(6), each (uy,us2) € S* (71, V2, a1, a2, 10, ugp) satisfies (5.3).

Proposition 5.1 Under condition is1), let (ui,us) € S*(y1,72, @1, ag,u10, Ug)
with (a1, a2) € D(6(u1,uz)) be a weak solution to problem (5.1). Then for R > Ry
and 20 (uy, ug) (a1 + 1)|ag| ™t < n < [28(u1, u2)(ag + 1)) taa|, it follows that:

2% RO
(o + 1)/0 / |<2%Rboug2+°‘2“u({”wdwdt+
|~

27 RY
+(ag +1) /0 / ohn boud Tt u92 pdrdt +
EARS

a1+1, az+1
—l—/|< %Rulo usgd oz, 0)dz +
x|<2

Oél+1

+ (Jar] = 26(u1, u2)(az + 1)n) -

1
2w R
. / / N @u?1_1u32+1A10|VU1|2d1dt +
0 |z|<2P R

ag + 1

5 (laz| = 26(ur, uz)(an + n™h)-

_|_

27 R
/ / L put T ST Aoy Vg [Pdedt <
0 |z|<2B R
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2uR
< ai+1 a2+1Ah§0 1|Vg0|2dxdt+
Z 2|O‘h‘ / /R<|gc<2[13R

24 RO
/ / Cou TR g dadt (5.4)
|z|<27 R

with v > 2 in Definition (1.2) of ¢.
Proof. On one hand, the choice of v implies that

¢ Vel* € L= (supp | Vl) ;
then if we let u;e = u; +¢ (0 < e < 1), we have:

uu o € WILRN 0, +oo]) N L¥ (RN x]0, +00]) |

je
i j+1 — 1
A; - V(u?a‘u?;-’_ ¢) = ajpuli! aﬁ_ A; - Vu; +

+(a + 1)90“2‘5 ujs JA; - Vu; + ua‘uaﬁlA V.
On the other hand:
SOuocz—l OCJ+ A vul < QOUO-;j—"—l qi—lA. . vui,

1€

1 a +1 —-1 « +1
a;pus J A; - Vu; < ajpugs u]g Z-0|Vu1-|2;

o(ur,u
| 22 Ay - Vs : ; 2)'773011(112 Mug2 Ay Vs [P+
goul u26 1° u9

[puiiugz Az - Vur| = 50,
1, U2 —
) gz Aol Vil
Q5
s el < o Aol
1 LA o
g g
[ [ szt o -
supp ¢
1
= — / (ulo + E)a1+1(u20 + 5)0‘2+1<p(x70)d:€—|—
O[1+1 RN
a2+1
[ [our P s [ [ utustea] |
supp ¢ Supp ¢+

a2+1
//u?gl“ 20 Btd rdt = a2+1// “1“ 20 dedt

supp ¢ supp ¢
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Hence (uf? ugjﬂap, ug‘ju?gﬂgo) € 7(u1,uz2) and relation (5.4) follows by setting in

Def. 2.1, v; = u;,. ujg 1@ and passing to the limit for € — 0.
Owing to the assumption g1qo > 1, we get an estimate of the right-hand side of
relation (5.4). In this estimate the following integrals are present:

1
21 RY
:/ / ) boufizz'-i-m-‘rl a7tpd$dt
0 R<|z|<2F R

QHR
/ / boud F Y pdadt .
o|<2P R

Let
oo e ta(eet ) telatl)tartatl
! qi(os +1) +ap +1 ’
oot ta(ettelatl)tataztl
? g1+ 1) +as+1 ’
r3:Q1Q2+Q1(a2+1)+Q2(a1+1)+Oé1+a2+1
qiq2 — 1 ’
Qq G2 +az+1 — gqta+1 - Qs
fr=—, o=, B=———, By=—,
T1 1 L) T2
it follows that:
1 1 1 _
r; > 1, —+ —+—=1, ﬁl—f—ﬁzzaz—f—l

Then, assuming
Z‘53) b(l) e Lloc((RN\BRU) X [07+OOD leloc( RN x [R07+OOD

and by choosing v > 2r3 in Definition (1.2) of ¢, we get:
20+ R . ~ L 1 1
/ / L u T AT Ve Pdedt < Yo Y, (In(rs)) ™
R<|z|<2P R

24 RO N
/ /<2BR oz1+1 a2+1‘(pt|d$0dt <Y21Y12 (10(7"3)) . (55)

Prop. 5.1 and inequalities (5.5) imply the proposition:

Proposition 5.2 Assuming is1), is3), if (u1,us) € S*(v1,y2, a1, @2, U109, u20) with
(a1,a2) € D(6(u1,uz2)) is a weak solution to problem (5.1), then for R > Ry:

1
2% R
/ / N QZ+042+1 al(pd.’l?dt—‘r
0 \x|§2ﬁR
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2k R
/ / bo uQ1+a1+1 azgodxdt-i-
|m|<2ﬁR

/ uSy (e, 0)de <

1
z|<2P R

1

2
1 1 ~r~Tr
Vol V7 Y (In(rs))™ POV o) | (5.6)

where d is a positive constant independent of R and v > 2r3 in Definition (1.2) of
®.

A consequence of Prop. 5.2 is the following;:
Proposition 5.3 Let condition is1) hold with inf by > 0 and
A; € L®((RN\Bg,)x]0, +00]) .

If (u1,u2) € S*(71,72, 01, @2, u10, U20), with (a1,a2) € D(§(ui,us)), is a weak
solution to problem (5.1), then:

infu; >0 == supu; = +oo.

In particular, there exist no pairs (uy,us) € S*(2,2, u10, u2g) such that either inf uy >
0 and uy € L= (RN x]0, +00[) or ug € L= (RN x]0, +00[) and inf uy > 0.

Another consequence of Prop. 5.2 is the following theorem whose proof is similar
to the one of Theor. 4.1.

Theorem 5.1 Under conditions is1), is2), if for a pair (a1, a2) € D(6) condition
i53) holds and if

2
REIEOO inf [Z Iy, (r3) + Io(rs)| < +o0,

h=1

then problem (5.1) has no weak solutions in S*(y1,72, a1, 2, U10, U20)-

Corollary 5.1 Under assumptions i;,l), i52), the thesis of Theor. 5.1 holds if
for a pair (a1,00) € D(5), by AP € L'((RN\Bg,)x]0,+oo]) and by " €
LY (RN x| Ry, +00]).

We complete the study of problem (5.1) by getting from inequality (5.6), under
additional assumptions on by and /L-, some conditions which ensure that we have
5*(2,2,u10, uz0) = 0, ignoring assumption isz).

Let (u1,u2) € S* (1,72, 01, @2, U190, t20) With (a1, ae) € D(6(u1,us)) be a weak
solution to problem (5.1). Let

(@ +Dt2+1) + (2 + (1 + 1) '

F(t1,ts) = r3(ty,ta) — 1 =
(1 2) 3(1 2) q1q2_1
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We have

maX{F(tl,tQ) : (tl,tg) S D(5(u1,uQ))} =
_ ] >
_ max{g, ¢} +1 _ FELo e = (5.7)
G192 —1 F0,-1) if 1 <.

Hence, if we assume:

) 2 _ max{q).az}+1
i54) / / (bo(y,T)) aa-1  dydr < 400,
ly|<2

max{A;, Ay} < A with A € L2 (RN x [0, +00]),

i55) there exist Lo(#) € R and L(#) > 0 such that for R > Ry
bo(Ry, R°7) > R"@Wbo(y,7), A(Ry,R’t) < RM9A(y, ),

q1G2 + max{q1, q2} .

assumption i53) holds and, with v > 2
qi1q2 — 1

in Definition (1.2) of ¢,

we get:

Io(rs) < dORN+(1*?”3)(9+L0(9)) . Ii(rs) < diRN+9*2T3+(1*T3)L0(9)+T3L(9)’

where dj, d; are positive constants independent of R.
Now we add the assumption

is6) there exists # > 0 such that 6 =2 — L(0)

and let us choose 3, p in Definition (1.2) of ¢ such that B 0.

From (5.6) we get that for R > Ry:

1
w 9
/ u R / b uqz+a2+1 al(pdxdt—&—
\m\<25R ?

27 RP
/ / QI+0¢1+1 az@dxdt <
|:v\<25R

< dRNF( O] / L ufg s (e, 0)da,  (5.8)
lo|<27 R

where d is a positive constant independent of R.

Theorem 5.2 Under assumptions is1), i54) — i56), we have S*(2,2,u10, ugg) = 0
when:

max{q1,q2} + 1(

e N
qig2 — 1

6+ Lo(0));
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max{q1,q2} + 1(

e« N> 0+ Lo(A)) and lim inf|z| 5wuj(x) >0 with
q1g2 — 1 || —+o00
g +1 —
or 89> —————(0+ Lo(0
2> =BG 1)
g2 +1 —
or §1>————(0+ Lo(0
1> =L G4 1,0)
+go 42 _
or s;+ sg > %(HJrLO(@)).
G1q2 — 1

Proof. Arguing by contradiction, let (u1,us) € S*(2,2, u19, u20). If
max{qi,q2} + 1(
G192 — 1

due to (5.7), there exists (a1, az) € D(8(u1,uz)) such that N+ (1 —73)(0+ Lo(0)) <
0. Consequently

+oo +oo
/ / bouP T2y, "“d:cdt—f—/ / boud T M ug2 drdt < 0
RN RN

owing to (5.8).
In the second case, for R large

N < 0+ Lo(0)),

/ ) ulllé-l‘lugg—i-l (I,O)dfﬂ Z CORN+(a1+1)sl+(a2+1)52
|z|<28 R

(co = const. > 0 indep. of R) .

Moreover there exists (a1, as) € D(8(uy,uz)) such that (1 —73)(0+ Lo()) < (o +
1)s1 4 (g + 1)s2. Then, from (5.8) we get that

—+oo —+oo
/ / boud2 T2ty ‘“dmdt—&—/ / ul T S dadt < 0.
RN RN

Another simple consequence of relation (5.8) is
Theorem 5.3 Under assumptions is1), i52), is4) — i56), we have:

max{q,q2} + 1(

Qg2 — 1
that problem (5.1) has no weak solutions in S*(y1,72, a1, g, U190, U20);

e IfN< 0+ Lo(0)), then there exists (aq, ) € D(0) such

1 _
e IN> w(@ + Lo(0)) and lim inf|z|"*u(xz) >0 with
Qg2 —1 |z[—+00

(a1 + 1)81 + (042 + 1)82 >
(a1 +1)(g2 +1) + (a2 +1)(q1 + 1)

Qg2 — 1
for some (a1, a2) € D(6),

(0 + Lo(9))

then problem (5.1) has no weak solutions in S*(v1,v2, a1, a2, U109, U20)-
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Let us suppose assumptions is1), é54) — i56) hold. The nonexistence condition
obtained from Theor. 5.2:

max{qi, g2} + 1(

N <
qiq2 — 1

0+ Lo(9)) (5.9)

represents an innovation compared to the results obtained in section 4 when:

one of the exponents ¢, ¢z is < 1;

q1, g2 > 1 and assumption i49) does not hold.

In fact, from Theor. 4.2 [resp. Theor. 4.4] we deduce that with N as in (5.9)

max{qi,q2} + 1 (7 —

[resp. N < = 0+ Lo(0))] it results in S(2,2,u10,uz0) = 0.
192 —

Example 5.1 Let us consider the problem

0 .

% —div((1 4+ u}])"*Vug) > ud?
in RV x]0, +o0|

(’9u2

o Awzul

where 7 > 0, 5 >0, ¢; > 0, ujp € LL (RY), ujo > 0. We have:

loc

N  max{q,q}+1

e whengq,qgo >1, if 5 < then there are no weak solutions

qiq2 — 1
in S(v1,72, a1, a2, w10, u20) With o €] max{—1,1— ¢;},0[;

e  when one of the exponents g1,z is < 1 and u;o € LS (RY), if q1g2 > 1
N 1
and 5 < % then it follows that S*(2,2, u19, u20) = {(u1,us) €
q192 —
S(2,2,’LL10, UQO): uy € LOO(RNX]O,'FOOD, ug € L° (RN X [074—00[)} = 0.

loc

Example 5.2 Let us consider the system:

% — div(¥1 (1 4 |Vur|? + | Vue|?))t 2| Vuy ) > ud?
in R" x]0, 400
% — div(e2 (1 + |Vur [* + [Vuo|?) )t 2| " Vug) > uf!
u; 20, ui(x,0)=up(z) inRY, (5.10)

where ¥; : [1,4+00[—]0,+0o0[ is a continuous and bounded function, w > 0, £ > 0,
0<m<2,q>0,up€ L%OC(RN) and wu;g > 0. We have:
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max{qi,q2} +12—m

q1q2 — 1 (417
weak solutions in S(y1,7v2, a1, aa, u1g, o) with «; €] max{—1,1—¢;},0[;

e when g1,q2 > 1, if N < then system (5.10) has no

e when one of the exponents g1,¢2 is < 1 and u;p € LS (RY), if

1(s) P (s)

< 400, ey = sup
sell4oo ¥1(8)

ep = sup < 400,

s€[1,+o00[ Pa(s)
max{q,q2} +12—m
q1q2 — 1 (+17

then system (5.10) has no weak solutions in S*(v1, v2, a1, @2, 10, u2o) for some
(o1, a2) € D(9).

q1q2>1 and N <

Remark 5.1 In the following cases

him=1, f=m=0; bi(s)=thls)=", (=m=0;

Pohozaev and Tesei have proved in [13] that system (5.10) has no solutions (in a
functional class characterized by different conditions) when g1g2 > 1 and

N _ max{g, @} +1
2 ae—-1

This result is included in the conclusions of Example 5.2.

6 Appendix

Under assumption 4/, ), the technique we have followed for problem (5.1) can also be
used when in system (1.1), Ay + XAy > 0, p1 = p2 = 2, uy € Lf’g’c(RN) and wu;g > 0.
Therefore, we show only the necessary changes and the consequent results.

Let ig1) be the set of assumptions ), 412) —%14) where p; = pa = 2. We specify
that the nonexistence theorems deal with the functional classes:

S**(71772,a1,0427U10,U20) =
= {(u1,u2) € S* (71,72, a1, a2, u10, uz0) : meas (Q(u1) N Q(uz)) > 0},

S57(2,2,u10, u20) =
= {(u1,u2) € S*(2,2,u10, uz0) : meas (Q(u1) N Qusz)) > 0}.

We remark that, reasoning as in section 2 (Prop. 2.2), also under assumption
i61), for (uy,us) € S**(2,2,u10, uzp) we have:

(Ul,’U,Q) € S**(2727a1ua27u10uu20) for any s e] - 170[7

(u1,uz) is a weak solution to problem (1.1).
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We set for (ug,us) € S* (1,72, a1, @2, U1g, U20):
MRQ

q +a;, 1+a;
N g pdadt
28 R

/ q,+o¢1 l-i-aJ d dt
R<|z

|<2ﬁR

1
/ O qL+OzL +0‘7 d dt
|x|<2ﬁR

{(thtg) E} — 1,0[X] — 1,0[: t1+tao+1<
[(46° (ur, ua) (g1 + 1) (g2 + 1)) 7" = 1tata},

l
m

;
m

o[
e[
)

D' (6(u1,uz))

N

and
D'(5) = {(t1,t2) €] —1,0[x] = 1,0[: t1 +t2+1<
< [(48%(qr + V(g2 + 1)) 7" — 1tata}

under assumption iss).

Proposition 6.1 Under assumption ig1), let (u1,uz) € S** (1,72, a1, a2, u1g,
ug0), with (a1, a2) € D'(6(uy,uz)), be a weak solution to problem (1.1). Then for
R > Ry and 26(uy, uz)(a1 +1)(g2+1)|az| ™t < n < [20(u1, uz)(az+1)(g1+1)] " au]
it follows that:

1
(Oél+1)221+(0£2+1)Z12+ 041+ < ‘OL1|

> g r1 Plu)laz+ 1)77) '

21 R?
/ / 1 cpui“ 1 2+1A10|VU1‘2d$dt+
|z|<2P R

+a2+1 ||
2 g +1

—25(u1, uz) (a1 + 1)771> .

27 RY
/ / ouS T uS2 T Ao | Vg |Pdadt +
z|<2P R
et ) <
xr

o3
1 2 q2 .
atlg, Q200 (2 )T (), Atz
|a1> ) 12 + o+ 1 o (A2A2) 21 +

R
i
/ / 0¢1+1 042+1<p dadt +

R
1 Rr?
Z / , 11-"-1 a2+1Ah§0 1‘V(P|2d$dt (61)
—1 2[an| Jo R<|z|<2B R

041+1

S \H R
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with v > 2 in Definition (1.2) of ¢.

Let us fix ag, a9 €] — 1,0[ and

—_ (et q)(ae+q2) = (a1 +1)(e2 +1)

T i+ a)(ea+ ) — (e + D)(aa+1)
_ (1 +q)(az +g2) — (a1 + 1) (a2 +1)
(et @)(ar+1) — (e + 1) (a2 +1)
1r 1 1 (@ —1)(g2 —1)
T3 T T2 (@)t g) - (a+1)(ae+1)]

and let us suppose:
is2) by " € Ligo(RV\Bg,) x [0, +00]) N Lig (RY x [Ro, +00[) .

Taking into account inequality (6.1), we establish

Proposition 6.2 Assuming ig1), ie2), if (u1,u2) € S™ (71,72, a1, ag,uig,u0),
with (a1, o) € D'(6(uy,us2)), is a weak solution to problem (1.1), then for R > Ry:

(a1 +1)Z21 + (2 + 1) Z19 +/| KQ%RU%HUS‘@H@(L 0)dx <

a1 +1/7 2\ ~ as+1 /7 2 \® ~
< - A (11+1Z = oA Q2+1Z
S (|a1|) (MA7) 12 + o+ 1 o (A242) 21 +
1o 2 1 ZEEE i
BTG Y () + 2 233 (a(ra)) (6.2)
h=1

with v > 2T in Definition (1.2) of ¢.

Let us introduce the notations:

Ki(oa, a0, A1) = (aa+ 1) —

Oél+1( 2

q1
- pY ;{ ¢11+1,
o +1 |a1|> ()

as+1 2 a2 ~
K o) = 1) — - Ao Ag)a2 L,
2(a, a2, Ag) = (a1 + 1) ] (|a2|) (A2Az2)

Theorem 6.1 Under conditions ig1), i52), if for a pair (aq,as) € D'(§) condition
ig2) holds and if
< 400,

2
lim inf [Z In(73) + In(T3)

R
oo h—1

then problem (1.1) has no weak solutions in S**(y1,72, a1, g, u1g, U20) whenever
Ki(Oél,OéQ,)\i) > 0.

Corollary 6.1 Under assumptions ig1), i52), the thesis of Theor. 6.1 holds if for
a pair (a1, az) € D'(9) -
BT € LU(RY x| Ry, +o0])
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and o
by A7 € L' (RN \Bg,)x]0, +00).

Let (u1,u2) € S™ (71,72, a1, a2, u10, U20), With (a1, a2) € D'(6(u1,u2)), be a
weak solution to problem (1.1). For the function
(-t +1)+ (@ -D(t2+1)
(@1 =1)(g2 = 1)

G(tl,tg) = ?3(1517152) —1=

we have:

maX{G(tl,tz) : (t17t2) S DI((S(UhUQ))} =
1 G(-1,0) if 1 > ¢
min{Qh Q2} -1 G(O, —1) lf q1 S qs .

Then, if we suppose that

2
i) [ (ol dyr < oo
0 Jly|<2

and assumptions is5), i56) hold, then from inequality (6.2) we get
K1 (Oél, o9, )\1)Z12 —+ Kg(al, o, )\2)221 =+ / . ui’6+1ugg+1¢(1’7 O)dCC <
|z|<27 R

~ N+(1-73)(0+Lo(0)
T3

min{qi, g2}

— "2 in Defi-
min{qi, g2} — 1

where d is a positive constant, independent of R and v > 2
nition (1.2) of .
We can finally formulate the following theorems.

Theorem 6.2 Under assumptions ig1), ie3), i55), i56), we have S**(2,2,uiq,
ugo) = 0 when:

0+ Lo(0
L4 (hZCIQ» N< + 0()7 )\1207)\2:07
g —1
0+ Lo(0
J a1 < q2, N<+70()7 Ar=0, X220
q—1
6+ Lo(0
° NZ,—’——O(), lim inf |2| "% u0(z) > 0
mln{ql,iqg}—li |22|—+o00 B B
0+ Lo(0 0+ Lo(0
with 52>—+70() [resp. 51>—+70() ,
g2 —1 g —1

A1 >0, Aa=0 [resp. \1 =0, A2 >0];



On systems of perturbed parabolic inequalities eV

0+ Lo(0
o N > _Jr—o(), lim inf|z]"*"u;p(z) >0
min{qi, g2} — 1" |z|—+
1+ q—2
(@1 —1)(g2 — 1)

(NA)T T > 0.

with s1 + 8o > — (5—"— Lo(g)),
24i

]__
g +1

Theorem 6.3 Under assumptions ig1), i63), i52), i55), i56), we have:

0+ Lo(0)

e ifq >q and N < , then for any A1 > 0 there exists (aq,a9) €

q2
D'(6) with Ky (a1, a2, 1) > 0 such that problem (1.1) has no weak solutions
in S** (1,72, o1, a2, u10, U20) when Ka(ai, ag, Az) > 0;

0+ Lo(0)

e ifq <qg and N < , then for any A2 > 0 there exists (aq,a9) €

q1
D' (§) with Ka(aq, s, A2) > 0 such that problem (1.1) has no weak solutions
in S** (1, v2, 1, a2, U10, u20) when Ki(ag, az, A1) > 0;

0+ Lo(0
e N> ,Jr—o() and lim inf |z] " u0(x) > 0 with (g + 1)s1+
min{q, g2} — 1 || ——+o0

(g2 = 1D(a1 +1) + (@1 —1)(az +1)
+(ag +1)s0 > —
(a2t Do (@~ (e 1)
(a1,a2) € D'(9), then problem (1.1) has no weak solutions in S**(y1,72,
aq, g, u1g, Uzo) when K;(ag,az, ;) > 0.

(0 + Lo(0)) for some

In the case of the system:

ou _
87751 — Aup = uuP !
in RV x]0, 400 (¢ > 1, uio € L(RY), uip > 0)
ou
87752 — Aug = uf? Lats
u; 2 0, wi(z,0) = u(z) inRY, (6.3)

from Theor. 6.3 we get that S**(2,2, u19,u20) = 0, when

N - 1
2 min{qi,q2} — 1’
N 1
2

° > and, for example, lim infu;p(z) > 0.

min{qi, g2} — 1 || —+o00
If u;o is also continuous in RY and infinitesimal for |z| — o0, a theorem by
Escobedo and Levine ([2], [3]) ensures that system (6.3) has no “regular” solutions

when — < ——M — |
2 ~ min{q, ¢} -1
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