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Abstract. In this paper, our main purpose is to establish the existence of positive solu-
tion of the following system

—Ap(x)u:F(x,u,v), xeq),
—Aq(x)v:H(x,u,v), xeq),
u=0v=0, x€0Q),

where Q= B(0,7r) C RN or Q= B(0,r,)\B(0,71) CRN, 0<r, 0 < <r; are constants.
F(x,u,0)=APW)[g(x)a(u)+ f(0)], H(x,u,0) =01 [g1 (x)b(v) +h(u)], A,6 >0 are param-
eters, p(x), q(x) areradial symmetric functions, —A,,(,)=—div(] Vu|P)=2Vy) is called
p(x)-Laplacian. We give the existence results and consider the asymptotic behavior of
the solutions. In particular, we do not assume any symmetric condition, and we do
not assume any sign condition on F(x,0,0) and H(x,0,0) either.
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1 Introduction

In this paper, our main purpose is to establish the existence of positive solution of the
following system

—Ap(x)u:F(x,u,v), xe),
—Aq(x)v:H(x,u,v), xeQ), (1.1)
u=0v=0, x €0Q),
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where Q= B(0,7r) CRN or Q=B(0,72)\B(0,7;) CRN, r and r; <r, are positive constants,
F(x,1,0) =P [g(x)a(1)+ £ (0)], H(x,1,0)=09 [g1 (x)b(0)+h(u)] and p(x),4(x) €C1 ()
are radial symmetric positive functions, i.e., p(x) = p(|x|), q(x) = q(|x|), the operator
—Apx)= —div(|Vu|P®)=2Vu) is called p(x)-Laplacian and the corresponding equation
is called a variable exponent equation.

The study of differential equations and variational problems with nonstandard p(x)-
growth conditions is a new and interesting topic. It aries from nonlinear elasticity theory,
electro-rheological fluids, etc. (see [17,27]). Many results have been obtained on this
kind of problems, for example [1-3,5-7,9,13]. On the regularity of weak solutions for
differential equations with nonstandard p(x)-growth conditions, we refer to [1,3,5]. For
the existence results for the elliptic problems with variable exponents, we refer to [7,13,
21-24].

For the special case, p(x) =p (a constant), (1.1) becomes the well known p-Laplacian
system. There have been many papers on this class of problems, see [4,12,19] and the
reference therein. We point out that elliptic equations involving the p(x)-Laplacian are
not trivial generalizations of similar problems studied in the constant case, since the p(x)-
Laplacian operator is nonhomogeneity. Thus, some techniques which can be applied in
the case of the p-Laplacian operators will fail in that new station, such as the Lagrange
Multiplier Theorem. Another example is that, if () is bounded, then the Rayleigh quotient

fQﬁWuV’(")dx

weW Qo Jo i |HlPdx

Ap(x) =

is zero in general, and only under some special conditions A,,) >0 (see [11]). But the
facts that the first eigenvalue A, >0 and the existence of the first eigenfunction are very
important in the study of p-Laplacian problems. There are more difficulties in discussing
the existence and asymptotic behavior of solutions of variable exponent problems.

In [12], the authors studied the existence of positive weak solutions for the following
problem:

—Apu=Ag(u), x€Q, (1.2)

—Apu=Af(v), x€Q,
u=v=0, x€d).

Under the condition of

1

W:O, VM >0, (1.3)

the authors gave the existence of positive solutions for problem (1.2).
In [4], the author considered the existence and nonexistence of positive weak solu-
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tions to the following p-Laplacian problem:

—Aqv:)\uévﬁ, xe), (1.4)

—Apu=Au*v7?, x€(),
u=0v=0, x €0Q).

Recently, in [20], the authors considered the existence of positive solutions to the fol-
lowing quasilinear elliptic system in a bounded domain Q) C RV:

—Apu=Alg(x)a(u)+f(v)], x€Q,
—Au="0[g1(x)b(v)+h(u)], x€Q, (1.5)
u=0=o, x €0Q),

where A,6 >0 are parameters and g(x), g1 (x) may be negative near the boundary 9Q).

We note that in order to obtain the existence results, the first eigenfunction of —A,, is
used to construct the sub-solution for problems (1.2), (1.4) and (1.5). But for the variable
exponent problems, maybe the first eigenvalue and the first eigenfunction of the operator
—A,(x) donot exist. Even if the first eigenfunction of —A,,) exists, because of the nonho-
mogeneity of —A,(,), we still cannot to construct the sub-solution of variable exponent
problems with the first eigenfunction. In many cases, the radial symmetric conditions
are affective to deal with variable exponent problems, see [7,8,22,24] and reference there-
in. In [21,22,26], with a condition similar to (1.3), the author discussed the existence of
positive solutions of the following problems:

—Ap(x)u:/\f(v), xe),
—Apo=Ag(u), x€Q, (1.6)
u=0v=0, x€0Q),

and

—Apu= Ap(")f(v), xeQ),
—App=A"¥g(u), xeQ, (1.7)
=0v=0, x €9Q).
We call (1.1) is (p(x),q(x))-type and call (1.6), (1.7) are (p(x),p(x))-type. Since both
—A,(y) operator and —A, () operator are contained, the study of (p(x),q(x))-type is more
complicated than that of (p(x),p(x))-type.

Motivated by the above results, we study problem (1.1) in this paper. Our aim is to
give the existence and asymptotic behavior of positive weak solutions for problem (1.1).
The paper gives the existence of positive weak solutions via sub-supersolution method.
Our results partially generalized the results of [12,20-22,26].

The paper is organized as follows. In Section 2, we recall some facts that will be
needed in the paper. In Section 3, we consider the existence of positive solutions of (1.1).
We will show the asymptotic behavior of the positive solutions of problem (1.1) in the
fourth section. In Section 5, we give an example.
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2 Notations and preliminaries

In order to deal with p(x)-Laplacian problem, we need some theories on spaces LP(*)(()),
W) (Q) and properties of p(x)-Laplacian which we will use later (see [6,14,17, 18]).
For any f(x) € C(Q)), we write

fr=maxf(x), f~=minf(x).

xeQ) xeQ)

Denote

LPX)(0) = {u‘u is a measurable real-valued funcion, / () [P dx < oo}.
0

We can introduce a norm on LP(*)(Q) by

|uyp(x):inf{A>o‘/Q‘@

and (LP™M)(Q), || p(x)) becomes a Banach space, and we call it variable exponent Lebesgue
space.
The space W'?(*)(Q)) is defined by

p(x)

dxgl},

WHO(Q) = {ue LP(Q)||Vu| e LMY ()},
and it can be equipped with the norm
leell = [l + [Vl ), YueWHI(Q).

We denote by Wg # ) (Q) the closure of C(Q) in W'?(*)(Q)), and we call it variable expo-

nent Sobolev space. From [6], we know that spaces LP(*) (Q0), W'?()(Q)) and W&’p(x)(ﬂ)
are separable, reflexive and uniform convex Banach spaces.
We define

(L(u),v):/Q|Vu|”(")_2Vqudx, Vu,oe WP (),
then L: Wg’p (x)(Q) — (W&”[J () (Q2))* is a continuous, bounded and strictly monotone op-

erator, and it is a homeomorphism (see [9, Theorem 3.1]).

Definition 2.1. (1) (u,v) € (W&’q(x) (Q),W&’q(x)(ﬂ)) is called a (weak) solution of problem
(1.1) if it satisfies

/!Vu]p(x)_2Vquodx:/ F(x,u,v)qdx,
0 o

Vol12VoVypdy = [ H(x,u,0)wdx,
Q 4 Q ¥
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forany (p9) € (1 (), Wy ().
2) (u,0)e(WV ” )(Q), W) (1)) is called a sub-solution (super-solution) of problem
(11 if (u,v) <(>)(0,0) on 9Q) and

/|Vu|”(x)’2VuV(pdx§(2)/F(x,u,v)godx,
0 0
/|VU|‘7(")_2VUV1/de§(2)/ H(x,u,v)pdx,
o o

for any (¢,9) € (W)™ (), W, "™ (Q)) with ¢, >0.

Define A: W7 (Q) — (Wy "™ (1)) as
(Am¢%iéUVM“”QVuV¢+mQu0@dL Vue WM (Q), Yoew,"(q),

where m(x,u) is continuous on Q x R, m(x,-) is increasing and satisfies
|m(x,t)] < Cp +Ca |7 )

where Np(x)
wpoy_ WNpLX
p (x)—m,

if p(x) <N and p*(x) =00 if p(x) > N, here and hereafter, we use C; to denote positive
constants. It is easy to check that A is a continuous bounded mapping. From [25], we
have the following lemma.

Lemma 2.1 (Comparison Principle). Let u,o€ WP (Q). If Au—Av<0in (W&’p(x) (Q))*

and u<von dQ (ie., (u—v)* e Wg’p(x)(ﬂ)), then u<va.e. in Q).
The following conditions will be required in our results:
(D1) Q= B(0,r) CRY is an open ball with center 0 and radius r > 0;
(D2) p(x),q(x) € C1(Q) are radial symmetric functions and 1<p~ <p™,1<q~ <g™;
(D3) g,41 €C(Q) are positive functions;
)

(D4) f,he C!(][0,00)) are nondecreasing, lim;_,« f(s) = 00, lims_,ooh1(s) = 00 and

L F(MIAGs)] )

5—00 sp~—1

=0, VM>QO,

(a combined sub-linear effect at c0).

(D5) a,b€ C!([0,00)) are nondecreasing, lims_,ooa(s) = 00, lims_,b(s) = c0 and

TIC) . IC) N

s—oo gl — s—oogd —1
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3 Existence of positive solutions

In the present paper, we use (A,0) > (A*,0*) to denote A >A*, 6>6* and the same meaning
for other cases, and denote by p(x) = x|, then we have the following result:

Theorem 3.1. If (D1)-(D5) hold, then there exist (A.,0,) > (0,0) such that for any (A,0) >
(As,0.), problem (1.1) has at least one positive solution.

Proof. According to the sub-super solution method for p(x)-Laplacian equations (see [10]),
we only need to construct a positive sub-solution (¢1,¢2) and a super-solution (z1,z) of
(1.1) such that (¢1,¢2) <(z1,22), then there exists a positive solution (u,v) of (1.1) satisfies
(¢p1,¢2) < (u,v) <(z1,22). That's complete the proof.

By (D3)-(D5), we see that there exists a M > 2, such that

a(s)g(x)+f(0)>1, b(s)g1(x)+h(0)>1, when s>M—-1, xeQ. (3.1)

Let

InM InM
= TTTT

k
then there exists k; =13 > 1 such that for any k>kj, [ >1;, we have 0,7 € (0,r), we denote

ek(r=p) — r—oc<p<r,

1,
X)= = r—o %
$1(x)=¢1(p) ek”—1+/ kek”(Ly() 'dt, 0<p<r-—o,
0 r—o

and
elr=p) 1, r—t<p<r,

) — (o) = - .
(PZ( ) (Pz(p) elT_1+/ ZelT<L>q() ldt, OSPS}’—T
0 r—T

It is easy to see that ¢,¢> € C1(Q)). By computation, we have

N-1
= (ke )0 k(o)1) =/ (o) kK () (r—p) ===,
r—o<p<r,
px) 91 1 N-1
_ (kekyp)-1[ o P
(ke )7®)1 [ (p) (nk+ker) £ -+ ; £,
O<p<r—o.
Denote
. infp(x)—1 . infg(x)—1
= ,1 7 - ’1 4
« mm{4(sup|w(x)y+1) b mm{4(suplvq(x)l+1> j
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and
ﬁ=|f(0)|+a(M—1)r?§%g(x)f B1=1h(0)[+b(M—1)maxg;(x).

xeQ
From (3.2), there exists k, > 0 such that when k >k, we have
—Ap(x)gblg—k”(mtx, r—o<p<r. (3.3)
Let A =a/ Bk, we have kP(*) g > )\”("),B, then
—Ay()p1 < —APFB AP [a(p1)g (x) +f ()], r—o<p<r. (3.4)
When 0 < p <r—o0, there exists C; >0 such that
=By 1 <Ch (kek)PO)nk. (3.5)
Then there exists k3 >0 such that when k> k3, A =a/ Bk, we have
Cy (ke ) PO nk < AP, (3.6)
From (3.1), (3.5) and (3.6), we have
—Ayp1 AP a(r)g(x)+f(¢2)], 0<p<r—o. (3.7)

Let k. =max{kj,k»,k3 }. Similarly, we obtain I, I3 and denote I, =max{ly,l»,13}. Denote

14 N1
A==ky, 0.=—1,.
p p1
Then for any (A,0) > (A4,0.), we let
_ alnM _ a1InM

BA T B
and (3.3), (3.7) still hold, that is
—D 1 <A a(@r)g(x)+f(¢2)] ae. on Q. (3.8)

Similarly, we have

—Aq(x)(,bz < 911(36) [b((,bz)gl (x) —|—h((,b1)] a.e.on Q. (39)
From (3.8) and (3.9), we can see that (¢1,¢2) is a sub-solution of (1.1). For any (A,0) >

(As,64), we consider the following problem
—A 21:)\7"+11, xe(),
_Aq(x)ZZ :29‘7+h(w1), xe(), (310)
z1=2,=0, x€0Q),

p(x)
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here w; =max, 21 (x) and 7 is a positive constant. We will show that (z1,22) is a super-
solution of (1.1).
By directly computation, we can see

AT " 207 h(wi)
Z]—/F; (Tt> dt, ZZ—/p (Tt) dt,

is a positive solution of problem (3.10). Obviously, there exists a { € [0,7] such that

rAP Ty N i N I Ay =
— - t dt= (AP p(@—l/ — )",
(r=maxa 0( N ) (A7) 0 <N)

when 7 is large, we obtain

o= +

Co(AP )™ 1 <wy <Co(AP ;)r 1, (3.11)

coe ()

is a positive constant. Similarly, we have

where

C3(267 ()77 < cwp < Ca(267 (o)) 7 7.
For any ¢ € WP (Q) with ¢ >0, we have
/Q V21 [P 272, V pdx = /Q AP yodx, (3.12a)
/Q V2,102V 2,V pdx = /02)\‘7+h(w1)q)dx. (3.12b)
From (3.11), we know that w; is large when 7 is large, by (D3)-(D5), we have

G287 ()T T +a(e)max, a8(x)
500 st —1 '

Then when 7 is large enough, combining (3.11), we obtain

AP > (Cizwl)”l zw{f[cg,(zefh(wl))ﬁ] +a(w1)m@<g(x)}. (3.13)

xeQ)

Since f, a are nondecreasing functions, from (3.12a) and (3.13), and use (3.11) again, we
have

/Q|Vzl|p(x)_2V21Vgodx
+ + 1
> [ A { F1Co(267 h(wr)) ] +a(wrn) maxg(x) g

x€Q)
> [ VOl (x) + £ (z2)lgdx.
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Since h is nondecreasing, we have

/ 07" h(w1) pdx 2/ 07" h(z1) pdx. (3.14)
Q Q
From (D4) and (D5), when 7 large enough, then

b[C3(267 h(wr)) T | maxg(x) <h(w: ). (3.15)
xeQ)

From (3.12b), (3.14) and (3.15), we obtain
/ V22100292,V pdx
Q

> [ 07" {b[Co(2A7 h(wn)) T T | maxg(x) +67 h(z1) } pdx

xeQ)

> [ 019[b(z2)g(x)+h(z1)gdx.

Thus, we obtain that (z1,z7) is a super-solution of (1.1).
Now, we only need to show that (¢1,¢2) < (z1,22) in Q). When 7 is large enough, we

have
lim #10) _ k <1.

P 21(0) ()

By the continuity of ¢; (x) and z; (x), there exists ¢ >0 such that
Ppr(x)<zi(x), r—e<p<r.

When 0<p <r—¢, we can see that ¢4 (x) is bounded and

1

r )\p+17 =T r )\p+17 PO
= o7 > Al
z1(x) /p( N t) dt—/r,g( N t) dt—o0 as 17— oo.
Then
P1(x)<z1(x), x€Q,

when 7 is large enough.
By (3.11), we can see that w; is large enough when 7 is large enough, and so h(w;) is
large enough. Similarly as above argument, when 7 is large enough, we have

P2(x) <zp(x), xeQ.

Thus, we complete the proof of Theorem 3.1. O
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Remark 3.1. We note that if we replace (D3) with

(D3') g,91 €C(Q), they are positive far away from (), i.e., there exists ¢ >0 small enough
such that g, ¢1 are positive on O\ 9Q),, where 0Q), = {x€Q|d(x) <e} and d(x) denotes the
distance of x € () to the boundary of Q).

Then (3.1) is satisfied on O\ 0Q),. If we take

= |f(0)|+a(M—1)r?:%< g(x)],
Bi= Ih(0)|+b(M—1)r;1€e%<lg1(x) |,

in the proof of Theorem 3.1, then Theorem 3.1 still hold. Since we do not assume any
sign-changing conditions on f(0) or #(0). Hence in our system (1.1), F(x,0,0) or H(x,0,0)
could be negative for some x € ). In fact, we usually assume F(x,u,v), H(x,u,v) non-
negative (see [3,21,23]) and it is well known that the study of positive solutions with
sign-changing weight is mathematically challenging (see [15,16,20]).

Remark 3.2. From Corollary 5 in [20], we note that when p(x) =g(x) =p (a constant),
then problem (1.5) has at least one positive solution when A =6 is large enough. Thus,
our results in the present paper is a complement and generalization partly to the results
in [20].

If we replace the condition (D1) with
(D1) Q=B(0,r2)\B(0,r1) C RN, where 0 < 7y < r; are constants.

Then we have

Theorem 3.2. If (D1’) and (D2)-(D5) hold, then there exist (A,0.) > (0,0) such that for any
(A,0) > (Ay,04), problem (1.1) has at least one positive solution.

Proof. We denote

ek(r2—p) _ r—0<p<ry,
1+/r wk ko rZ_sZ_t) 1dt, rn—e<p<r-—o,
oc—¢€
Pp1(x)=¢1(0)=1q -1+ r:jjk&”(%) p(%_ldt, nte<p<r—é,
ke 14 p+ kek”<rlsLla_t)Wdt, r+o<p<ri+tei,
4o 1—

eklo=n) -1, rn<p<n+o,
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and
el(r2—p) _ r—T<p<r,

—ery—t
1+/ 2 ) ldt, r—e<p<r-—-r,
T—€

ntea lelT (7’1 +€1 _t) q(t1>71

dt, r+e<p<ry—ey,
€1—T

P2(x)=¢2(0)=1q el"—1+

r+T

P —t\
It_1+ lelf<&>q“) 'dt, n+t<p<ri+e,

1+t €1—T
ello=r) 1, rn<p<ri+r,
where we assume
InM InM
o=—, T=—7,

M is a positive constant such that (3.1) hold. Then there exists k; =I; > 1 such that for
any k>ky, —1>1;, we have 0,7 € (0,(r,—r1)/4), and €1, €2, €1, €2 are positive constants
satisfying

Mnt+o<rnt+e<ry—e<rn—0o (3.16)
and
M+T<nrn+e<r—e<r—r. (3.17)

It is easy to see that we can take €1, €2 and €1, €; such that

r—0 ey —t\ ri+e —t -

/ (&)P 1dt:/ (%)P Lt (3.18a)
ro—€p o—¢& r+o &1—0
r2—T ey — 1\ 2 nter —t —

/ (&) P ldt:/ (&) - ldt (3.18b)
ra—€ T—& n+T &e—T

hold, then ¢1,¢2 € C}(Q)). Obviously, we have that ¢y — ¢ when ¢, — ¢+, then we can
choose €1,e2 > 0 such that (3.16) and (3.18a) hold simultaneously. Similarly, there exist
€1,€2 >0 such that (3.17) and (3.18b) hold simultaneously.
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By computation

_(kek(rzfp))P(P)*l [k(p(p) —1)—p'(p)Ink—kp'(p)(r2—p) — %} ’

ro—0<p<ry,

— (kKo \p(o)—=1] 4/ n—&-p 1 N-172—€&—p
(ke)(©)=1 [ p'(p) (Ink+ko) T ARl ]

ro—&<p<1r,—0,
_Ap(x)()bl (x) = 0, rn+e <p<ra—éy,

(k)0 [ (p) (ko) EAR L NN TE 0]
1

—0 &1 —0 Y &1—0

rnt+o<p<ritey,
N-1
— (kKm0 K(p(p) 1)+ () Ik (p) (p—r1) + ==,
n<p<ri+o.

Then there exists k, >0 such that when k> k,, we have
Ay 1 <=k, nm—oc<p<r, or rn<p<rn+o, (3.19)

where «, a1, B, B1 are defined as in Theorem 3.1. Let A =ak/p, we have kP g > )\P("),B,
then when r, —oc<p<ry orry <p<r;+0c, we have

—Bpr < AP B <A a(gr)g(x) + £ (¢2)]. (3.20)
When r, —e2 <p<rpy—o or r1 +0 < p <rj+e¢1, there exists C4 >0 such that
_Ap(x)(,bl < C4(k€ka)p(x)7lh’1k. (3.21)
Then there exists k3 >0 such that when k> k3 and A =ak/p, we have
Cy (ke )P nk < AP, (3.22)
From (3.1), (3.21) and (3.22), when r, —e; <p<r,—0o or r1 +0 < p <ry+¢&1, we have
— Ay P1 AP [a(p1)g(x) + (). (3.23)
Obviously, when 1 4-¢&1 <p <1, —¢€2, we have
— Ay P1 =0< AP [a(1)g(x) + £ (¢2)]- (3.24)

Let k., =max{ky,kz,k3}. Similarly, we obtain I, I3 and denote I, =max{ly,l,/3}. Denote

A=2k, 0,=%1,

p P
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Then for any A > A,, 0> 60,, we let c=aIlnM/BA, T=a1InM/B10 and (3.20), (3.23)-(3.24)
still hold, that is

— A1 AP a(@r)g(x)+f(¢2)] ae.on Q. (3.25)

Similarly, we have

(])2<9q [ (¢2)g1(x)+h(¢1)] a.e.on Q. (3.26)

From (3.25) and (3.26), we can see that (¢1,¢,) is a sub-solution of (1.1). Let z be a radial
solution of
—Ap(x)z(x) =u in Q, z=0 on JQ,

then
N L _ N
/ (t 1#‘“ £ v 1<E—t—>dt,
LY B N
where C is some positive constant such that
z(r1) =2z(r2) =0.
Then N N
n_C.n
N u N
Assume w=max,_5z=2(p9), then C=pp}’ / N. From the argument of Theorem 2.2 in [22],
we know that
1 1
Cour 1 <w<Ceur 1, (3.27)

where Cs, Cg are positive constants independent on .
Similarly to the proof of Theorem 3.1, we can see that the solution (z1,z;) of (3.10) is
still a supersolution for (1.1) when 7 is large enough.
Now we denote
01 :1+max{m@<¢1,m@<|v¢1]},
x€Q) x€Q)

and
{» =1+max { rnaxgb2,max |V }

xeQ)

Similarly to the argument in [22], we obtain that there exist positive constants o1, 0> such
that

(0) =1, n<p<r+a, (3.28a)
z1(p) <01, =0 <p<ry, (3.28b)
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and
z1(0) =01, n+o<p<r—o. (3.29)
By (3.28a)-(3.29) and z; (x) =¢1 (x) =0, x €9Q), we obtain that
$1<z1, xel

Similarly, we obtain that
<z, xe€(l

That’s completes the proof. O

4 Asymptotic behavior of positive solutions

In this section, when parameters (A,0) > (A, 60,), we will discuss the asymptotic behavior
of maximum of solutions about parameters A, 8, and the asymptotic behavior of solutions
near the boundary of Q).

Theorem 4.1. If (D1)-(D5) hold and (u,v) is a solution of (1.1) which has been obtained in
Theorem 3.1, then

(i) There exist positive constants C; and Cg such that

1

C7A <maxu(x) < Co(AP 5)7 T, (4.1a)
xeQ)
_1
Cg <maxv(x) < Ce(207 h(w))T 1. (4.1b)
xeQ)

(i) When d(x) — 0, we have
u(x)=0(d(x)), o(x)=0(d(x)).

Proof. (i) By the definition of ¢;, we have

_1

r—o i. —
maxu(x)Zmax(pl(x):gkU_1+/ ke’“’( >p<t> T
x€Q xeQ 0 r—o

1

o [ ()
- B 0 r—o

=C7A.

By (3.11), we have

1
maxu(x) <maxz (x) < Ce(AP 5) 7 1.
xeQ) x€Q)

Thus, we obtain (4.1a). Similarly, (4.1b) is valid too.
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(ii) Since Y= B(0,r), we have d(x) =r—p, when d(x) — 0, we have
u(x) > (x) =) —1> CoAd(x)

and
0(x) > (x) =) —1> Cy0d(x),

where Cy, Cyg are positive constants. On the other hand, we have

33

' Ap+77 p(tl)—l r Ap+’7 p(tl)—l Ap+’7 —1—1
< = — = — < P
u(x) <zy(x) /p ( N t) dt /r—d(x) ( N t) dt < ( N r> d(x),

when 7 is large enough. Thus, we obtain
u(x)=0(d(x)) as d(x)—0.
Similarly, when 7 is large enough, we have

v(x)<zp(x) < (W;’) ﬁd(x),

and obtain
v(x)=0(d(x)) as d(x)—0.
This completes the proof.

O

When Q)= B(0,72) \ B(0,r1), we have almost the same results as Theorem 4.1, that is
Theorem 4.2. If (D1’), (D2)-(D5) hold and (u,v) is a solution of (1.1) which has been obtained

in Theorem 3.2, then
(i) There exist positive constants C1q and Cip such that
1

CiA <maxu(x) <Ce(A 5)7 T,
xeQ)

1
C120 <maxov(x) < Co(207 h(w))» 1.

xeQ)

(i) When d(x) — 0, we have
u(x)=0(d(x)), ov(x)=0(d(x)).
Proof. (i) By the definition of ¢, we have

ne L or e -t e
keka( 1+ 1 >P(t) ldt

max(x) >max¢; (x) =e —1+
o) Ie) &1 —0

xeQ) xeQ) r+o
1
>/\5M/r1+£1 (71+€1 —t) PO gy
o r+o & —0
=Cn1A.

(4.2a)

(4.2b)
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By (3.27), we have

1
maxu(x) <maxz (x) < Ce(AP 5)7 1.
xeQ) x€Q)

Thus, we obtain (4.2a). Similarly, (4.2b) is valid too.
(ii) Since Q)= B(0,72)\ B(0,r1), for any x € (3, we have d(x) =min{r, —p,0—r1 }, when
d(x)—0, wehaver; <p<rj+oorrn—oc<p<r;. Then
u(x) > ¢y (x) =) —1>CoAd(x). (4.3)

Similarly, we have
v(x) > Cpp0d(x). (4.4)

For
Pl B tN N

PN 1 sl /o1
2= [ oI (AP )| L P (———)dt,
! /rl S v N N
where 11 < p1 <r; satisfies max, .qz1 =z1(01). For z1(r1) =z1(r2) =0 and z; is continuous,
it is easy to obtain that

~~

z1(x)=0(d(x)) as d(x)—0. (4.5)
Thus, from (4.3) and (4.5), we have
u(x)=0(d(x)) as d(x)—0.

Similarly, we have

This completes the proof. O

5 An example

We consider the following problem

—A

s = AP [iuswm], xeq,

e|x|

1 5.1
~Byao =M | ot 4], xeq, ©-1)
u=v=0, x €90

We assume:
(D6) 0<s<p  —1,0<t<q —1,0<mmnand mn<(p~—1)(g~ —1).

If we set g(x)=g1(x)=e I, a(u)=u®, b(v)=2!, f(v)=0v" and h(u)=u", then (D3)-(D5)
are satisfied. Then we have the following result:
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Theorem 5.1. If (D1) (or (D1°)), (D2) and (D6) hold, then there exist (A,0,) > (0,0) such
that for any (A,0) > (A.,04), problem (5.1) has at least one positive solution (u,v), and (u,v)
satisfying

(i) There exist positive constants Ci3 and Ci4 such that

1
C13A <maxu(x) < Ce(AP 5)7 1,
x€Q)

C146 < maxo(x) < Cs(2607 h(w))7 7.
xeQ)

(ii) When d(x) — 0, we have
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