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Abstract This paper deals with the existence of weak solutions in W 1
0 (�) to a class of

elliptic problems of the form

−div(a(x,∇u)) = λ1 |u|p−2 u + g (u) − h

in a bounded domain � of R
N . Here a satisfies

|a (x, ξ)| � c0

(
h0 (x) + h1 (x) |ξ |p−1

)

for all ξ ∈ R
N , a.e. x ∈ �, h0 ∈ L

p
p−1 (�), h1 ∈ L1

loc(�), h1(x) � 1 for a.e. x in �; λ1 is the
first eigenvalue for −�p on � with zero Dirichlet boundary condition and g, h satisfy some
suitable conditions.

Keywords p-Laplacian · Nonuniform · Landesman-Laser · Elliptic · Divergence form ·
Landesman-Laser type

Mathematics Subject Classification (2000) 35J20 · 35J60 · 58E05

1 Introduction

Let � be a bounded domain in R
N . In the present paper we study the existence of weak

solutions of the following Dirichlet problem

−div(a (x,∇u)) = λ1 |u|p−2 u + g (u) − h (1)
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where |a(x, ξ)| � c0(h0(x) + h1(x)|ξ |p−1) for any ξ in R
N and a.e. x ∈ �, h0(x) � 0 and

h1(x) � 1 for any x in �. λ1 is the first eigenvalue for −�p on � with zero Dirichlet
boundary condition, that is,

λ1 = inf
u∈W

1,p
0 (�)

{∫

�

|∇u|p dx

∣∣
∣∣

∫

�

|u|p dx = 1

}
.

Recall that λ1 is simple and positive. Moreover, there exists a unique positive eigenfunction
φ1 whose norm in W

1,p

0 (�) equals to one. Regarding the functions g, we assume that g is a
continuous function. We also assume that h ∈ Lp′

(�) where we denote p′ by p

p−1 .

In the present paper, we study the case in which h0 and h1 belong to Lp′
(�) and L1

loc(�),
respectively. The problem now may be non-uniform in sense that the functional associated to
the problem may be infinity for some u in W

1,p

0 (�). Hence, weak solutions of the problem
must be found in some suitable subspace of W

1,p

0 (�). To our knowledge, such equations
were firstly studied by [4, 9, 10]. Our paper was motivated by the result in [2] and the gener-
alized form of the Landesman–Lazer conditions considerred in [7, 8]. While the semilinear
problem is studied in [7, 8] and the quasilinear problem is studied in [2], it turns out that a
different technique allows us to use these conditions also for problem (1) and to generalize
the result of [1]. In order to state our main theorem, let us introduce our hypotheses on the
structure of problem (1).

Assume that N � 1 and p > 1. � be a bounded domain in R
N having C2 boundary ∂�.

Consider a : R
N × R

N → R
N , a = a(x, ξ), as the continuous derivative with respect to ξ of

the continuous function A : R
N × R

N → R, A = A(x, ξ), that is, a(x, ξ) = ∂A(x,ξ)

∂ξ
. Assume

that there are a positive real number c0 and two nonnegative measurable functions h0, h1 on
� such that h1 ∈ L1

loc(�), h0 ∈ Lp′
(�), h1(x) � 1 for a.e. x in �.

Suppose that a and A satisfy the hypotheses below

(A1) |a(x, ξ)| � c0(h0(x) + h1(x)|ξ |p−1) for all ξ ∈ R
N , a.e. x ∈ �.

(A2) There exists a constant k1 > 0 such that

A

(
x,

ξ + ψ

2

)
� 1

2
A(x, ξ) + 1

2
A(x,ψ) − k1h1(x)|ξ − ψ |p

for all x, ξ , ψ , that is, A is p-uniformly convex.
(A3) A is p-subhomogeneous, that is,

0 � a(x, ξ)ξ � pA(x, ξ)

for all ξ ∈ R
N , a.e. x ∈ �.

(A4) There exists a constant k0 � 1
p

such that

A(x, ξ) � k0h1(x)|ξ |p

for all ξ ∈ R
N , a.e. x ∈ �.

(A5) A(x,0) = 0 for all x ∈ �.

We refer the reader to [4–6, 9, 10] for various examples. We suppose also that

(H1)

lim
|t |→∞

g(t)

|t |p−1
= 0.

Let us define
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F(t) =
{

p

t

∫ t

0 g (s)ds − g (t) , t �= 0,

(p − 1) g (0) , t = 0,
(2)

and set

F (−∞) =lim sup
t→−∞

F (t) , F (+∞) = lim sup
t→+∞

F (t) , (3)

F (−∞) = lim inf
t→−∞ F (t) , F (+∞) = lim inf

t→+∞ F (t) . (4)

We suppose also that

(H2)

F (+∞)

∫

�

φ1 (x)dx < (p − 1)

∫

�

h (x)φ1 (x)dx < F (−∞)

∫

�

φ1 (x)dx.

By mean of (H2), we see that −∞ < F(−∞) and F(+∞) < +∞. It is known that un-
der (H1) and (H2), when A(x, ξ) = 1

p
|ξ |p , our problem (1) has a weak solution, see [2,

Theorem 1.1]. In that paper, property pA(x, ξ) = a(x, ξ) · ξ , which may not hold under our
assumptions by (A4), play an important role in the arguments. This leads us to study the case
when pA(x, ξ) � a(x, ξ) · ξ . Our paper is also motivated by some results obtained in [2].
We shall extend some results in [2] in two directions: one is from p-Laplacian operators
to general elliptic operators in divergence form and the other is to the case on non-uniform
problem.

Let W 1,p(�) be the usual Sobolev space. Next, we define X := W
1,p

0 (�) as the closure
of C∞

0 (�) under the norm

‖u‖ =
(∫

�

|∇u|p dx

) 1
p

.

We now consider the following subspace of W
1,p

0 (�)

E =
{
u ∈ W

1,p

0 (�) :
∫

�

h1 (x) |∇u|p dx < +∞
}

. (5)

The space E can be endowed with the norm

‖u‖E =
(∫

�

h1 (x) |∇u|p dx

) 1
p

. (6)

As in [4, Lemma 2.7], it is known that E is an infinite dimensional Banach space. We say
that u ∈ E is a weak solution for problem (1) if

∫

�

a (x,∇u)∇φdx − λ1

∫

�

|u|p−2 uφdx −
∫

�

g (u)φdx +
∫

�

hφdx = 0

for all φ ∈ E. Let

	(u) =
∫

�

A(x,∇u)dx, G(t) =
∫ t

0
g (s)ds,

J (u) = λ1

p

∫

�

|u|p dx +
∫

�

G(u)dx −
∫

�

hudx,
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and

I (u) = 	(u) − J (u)

for all u ∈ E. The following remark plays an important role in our arguments.

Remark 1

(i) ‖u‖ � ‖u‖E for all u ∈ E since h1(x) � 1.
(ii) By (A1), A verifies the growth condition

|A(x, ξ)| � c0 (h0 (x) |ξ | + h1 (x) |ξ |p)

for all ξ ∈ R
N , a.e. x ∈ �.

(iii) By (ii) above and (A4), it is easy to see that

E =
{
u ∈ W

1,p

0 (�) : 	(u) < +∞
}

=
{
u ∈ W

1,p

0 (�) : I (u) < +∞
}

.

(iv) C∞
0 (�) ⊂ E since |∇u| is in Cc (�) for any u ∈ C∞

0 (�) and h1 ∈ L1
loc (�).

(v) By (A4) and Poincaré inequality, we see that

∫

�

A(x,∇u)dx � 1

p

∫

�

|∇u|p dx � λ1

p

∫

�

|u|p dx,

for all u ∈ W
1,p

0 (�).

Now we describe our main result.

Theorem 1 Assume conditions (A1)–(A5) and (H1)–(H2) are fulfilled. Then problem (1)
has at least a weak solution in E.

2 Auxiliary Results

Due to the presence of h1, the functional 	 may not belong to C1(E,R). This means that
we cannot apply the Minimum Principle directly, see [3, Theorem 3.1]. In this situation, we
need some modifications.

Definition 1 Let F be a map from a Banach space Y to R. We say that F is weakly contin-
uous differentiable on Y if and only if following two conditions are satisfied

(i) For any u ∈ Y there exists a linear map DF (u) from Y to R such that

lim
t→0

F (u + tv) − F (u)

t
= 〈DF (u), v〉

for every v ∈ Y .
(ii) For any v ∈ Y , the map u �→ 〈DF (u), v〉 is continuous on Y .
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Denote by C1
w(Y ) the set of weakly continuously differentiable functionals on Y . It is

clear that C1(Y ) ⊂ C1
w(Y ) where we denote by C1(Y ) the set of all continuously Fréchet

differentiable functionals on Y . Now let F ∈ C1
w(Y ), we put

‖DF (u)‖ = sup{|〈DF (u),h〉 : |h ∈ Y,‖h‖ = 1}
for any u ∈ Y , where ‖DF (u)‖ may be +∞.

Definition 2 We say that F satisfies the Palais-Smale condition if any sequence {un} ⊂ Y for
which F (un) is bounded and limn→∞ ‖DF (un)‖ = 0 possesses a convergent subsequence.

The following theorem is our main ingredient.

Theorem 2 (The Minimum Principle) Let F ∈ C1
w(Y ) where Y is a Banach space. Assume

that

(i) F is bounded from below, c = inf F ,
(ii) F satisfies Palais-Smale condition.

Then c is a critical value of F (i.e., there exists a critical point u0 ∈ Y such that F (u0) = c).

Let Y be a real Banach space, F ∈ C1
w(Y ) and c is a arbitrary real number. Before proving

Theorem 2, we need the following notations.

F c = {u ∈ Y |F (u) ≤ c } ,

Kc = {u ∈ Y |F (u) = c,DF (u) = 0 } .

In order to prove Theorem 2, we need a modified Deformation Lemma which is proved
in [10]. Here we recall it for completeness.

Lemma 1 (See [10], Theorem 2.2) Let Y be a real Banach space, and F ∈ C1
w(Y ). Suppose

that F satisfies Palais-Smale condition. Let c ∈ R, ε > 0 be given and let O be any neigh-
borhood of Kc . Then there exists a number ε ∈ (0, ε) and η ∈ C((0,+∞], Y × Y ) such
that

(i) η(0, u) = u in Y .
(ii) η(t, u) = u for all t � 0 and u ∈ Y\F −1([c − ε, c + ε]).

(iii) η(t, ·) is a homeomorphism of Y onto Y for each t � 0.
(iv) ‖η(t, u) − u‖ � t for all t � 0 and u ∈ Y .
(v) For all u ∈ Y , F (η(t, u)) is non-increasing with respect to t .

(vi) η(1, F c+ε\O) ⊂ F c−ε .
(vii) If Kc = ∅ then η(1, F c+ε) ⊂ F c−ε .
(viii) If F is even on Y then η(t, ·) is odd in Y .

Proof of Theorem 2 Let us assume, by negation, that c is not a critical value of F . Then,
Lemma 1 implies the existence of ε > 0 and η ∈ C([0,+∞), Y ×Y ) satisfying η(1, F c+ε) ⊂
F c−ε . This is a contradiction since F c−ε = ∅ due to the fact that c = inf F . �

For simplicity of notation, we shall denote DF (u) by F ′(u). The following lemma con-
cerns the smoothness of the functional 	.
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Lemma 2 (See [4], Lemma 2.4)

(i) If {un} is a sequence weakly converging to u in X, denoted by un ⇀ u, then 	(u) �
lim infn→∞ 	(un).

(ii) For all u, z ∈ E

	

(
u + z

2

)
� 1

2
	(u) + 1

2
	(z) − k1 ‖u − z‖p

E .

(iii) 	 is continuous on E.
(iv) 	 is weakly continuously differentiable on E and

〈
	′ (u) , v

〉 =
∫

�

a (x,∇u)∇vdx

for all u,v ∈ E.
(v) 	(u) − 	(v) � 〈	′ (v) , u − v〉 for all u,v ∈ E.

The following lemma concerns the smoothness of the functional J . The proof is standard
and simple, so we omit it.

Lemma 3

(i) If un ⇀ u in X, then limn→∞ J (un) = J (u).
(ii) J is continuous on E.

(iii) J is weakly continuously differentiable on E and

〈
J ′ (u) , v

〉 = λ1

∫

�

|u|p−2 uvdx +
∫

�

g (u)vdx −
∫

�

hvdx

for all u,v ∈ E.

3 Proofs

We remark that the critical points of the functional I correspond to the weak solutions of (1).
Throughout this paper, we sometimes denote by “const” a positive constant. We are now in
position to prove our main result.

Lemma 4 I satisfies the Palais-Smale condition on E provided (H2) holds true.

Proof Let {un} be a sequence in E and β be a real number such that

|I (un)| � β for all n (7)

and

I ′ (un) → 0 in E�. (8)

We prove that {un} is bounded in E. We assume by contradiction that ‖un‖E → ∞ as
n → ∞. Letting vn = un

‖un‖E
for every n. Thus {vn} is bounded in E. By Remark 1(i), we

deduce that {vn} is bounded in X. Since X is reflexive, then by passing to a subsequence,
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still denotes by {vn}, we can assume that the sequence {vn} converges weakly to some v in X.
Since the embedding X ↪→ Lp(�) is compact then {vn} converges strongly to v in Lp(�).

Dividing (7) by ‖un‖p

E together with Remark 1(v), we deduce that

lim sup
n→+∞

(
1

p

∫

�

|∇vn|p dx − λ1

p

∫

�

|vn|p dx −
∫

�

G(un)

‖un‖p

E

dx +
∫

�

h
un

‖un‖p

E

dx

)
� 0.

Since, by the hypotheses on p, g, h and {un},

lim sup
n→+∞

(∫

�

G(un)

‖un‖p

E

dx +
∫

�

h
un

‖un‖p

E

dx

)
= 0,

while

lim sup
n→+∞

∫

�

|vn|p dx =
∫

�

|v|p dx,

we have

lim sup
n→+∞

∫

�

|∇vn|p dx � λ1

∫

�

|v|p dx.

Using the weak lower semi-continuity of norm and Poincaré inequality, we get

λ1

∫

�

|v|p dx �
∫

�

|∇v|p dx � lim inf
n→+∞

∫

�

|∇vn|p dx

� lim sup
n→+∞

∫

�

|∇vn|p dx � λ1

∫

�

|v|p dx.

Thus, the inequalities are indeed equalities. Beside, {vn} converges strongly to v in X and∫
�

|∇v|pdx = λ1

∫
�

|v|pdx. This implies, by the definition of φ1, that v = ±φ1. Let us as-
sume that v = φ1 > 0 in � (the other case is treated similarly). By mean of (7), we deduce
that

−βp � p

∫

�

A(x,∇un)dx − λ1

∫

�

|un|p dx − p

∫

�

G(un)dx + p

∫

�

hundx � βp. (9)

In view of (8),

−εn ‖un‖E � −
∫

�

a (x,∇un)∇undx + λ1

∫

�

|un|p dx

+
∫

�

g (un)undx −
∫

�

hundx � εn ‖un‖E . (10)

By summing up (9) and (10), we get

−βp − εn ‖un‖E �
∫

�

(pA(x,∇un) − a (x,∇un)∇un)dx

−
∫

�

(pG(un) − g (un)un)dx + (p − 1)

∫

�

hundx

� βp + εn ‖un‖E ,
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which gives

−
∫

�

(pG(un) − g (un)un)dx + (p − 1)

∫

�

hundx � βp + εn ‖un‖E ,

and after dividing by ‖un‖E , we obtain

−
∫

�

pG(un) − g (un)un

‖un‖E

dx + (p − 1)

∫

�

hvndx � βp

‖un‖E

+ εn.

Taking lim sup to both sides, we then deduce

(p − 1)

∫

�

hφ1 (x)dx � lim sup
n→+∞

∫

�

pG(un) − g (un)un

‖un‖E

dx

which gives

(p − 1)

∫

�

hφ1 (x)dx � lim sup
n→+∞

∫

�

F (un)
un

‖un‖E

dx = lim sup
n→+∞

∫

�

F (un) vndx.

For ε > 0, let

cε =
{

F (+∞) + ε, if F (+∞) > −∞,

− 1
ε
, if F (+∞) = −∞,

(11)

and

dε =
{

F (−∞) − ε, if F (−∞) > −∞,
1
ε
, if F (−∞) = +∞.

(12)

Then there exists M > 0 such that cεt � F(t)t for all t > M and dεt � F(t)t for all t < −M .
Moreover, the continuity of F on R implies that for any K > 0 there exists c(K) > 0 such
that |F(t)| � c(K) for all t ∈ [−K,K]. We now set

∫

�

F (un) vndx =
∫

|un(x)|�K

F (un) vndx

︸ ︷︷ ︸
AK,n

+
∫

un(x)<−K

F (un) vndx

︸ ︷︷ ︸
CK,n

+
∫

un(x)>K

F (un) vndx

︸ ︷︷ ︸
BK,n

.

Thanks to Lemma 2.1 in [2], we have

lim
n→∞ meas

{
x ∈ �

∣∣un (x) � K
} = 0.

We are now ready to estimate AK,n, BK,n and CK,n.

∣∣AK,n

∣∣ �
∫

|un(x)|≤K

|F (un)| |un|
‖un‖dx � c (K)K meas(�)

‖un‖ → 0,

BK,n � cε

∫

un(x)>K

vndx = cε

(∫

�

vndx −
∫

un(x)�K

vndx

)

→ cε

∫

�

φ1dx,

CK,n � dε

∫

un(x)<−K

vndx → 0.
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Summing up we deduce that

lim sup
n→+∞

∫

�

F (un)
un

‖un‖E

dx � cε

∫

�

φ1 (x)dx

for any ε ↘ 0 which yields

(p − 1)

∫

�

hφ1 (x)dx � F (+∞)

∫

�

φ1 (x)dx

which contradicts (H2).
Hence {un} is bounded in E. By Remark 1(i), we deduce that {un} is bounded in X. Since

X is reflexible, then by passing to a subsequence, still denoted by {un}, we can assume that
the sequence {un} converges weakly to some u in X. We shall prove that the sequence {un}
converges strongly to u in E.

We observe by Remark 1(iii) that u ∈ E. Hence {‖un − u‖E} is bounded. Since
{‖I ′(un − u)‖E�} converges to 0, then 〈I ′(un − u),un − u〉 converges to 0.

By the hypotheses on g and h, we easily deduce that

lim
n→+∞

∫

�

|un|p−2 un (un − u)dx = 0,

lim
n→+∞

∫

�

g (un) (un − u)dx = 0, lim
n→+∞

∫

�

h (un − u)dx = 0.

On the other hand,

〈
J ′(un), un − u

〉〉 = λ1

∫

�

|un|p−2un(un − u)dx +
∫

�

g(un)(un − u)dx +
∫

�

h(un − u)dx.

Thus

lim
n→∞

〈
J ′ (un) , un − u

〉 = 0.

This and the fact that
〈
	′ (un) , un − u

〉 = 〈
I ′ (un) , un − u

〉 + 〈
J ′ (un) , un − u

〉

give

lim
n→∞

〈
	′ (un) , un − u

〉 = 0.

By using (v) in Lemma 2, we get

	(u) − lim sup
n→∞

	(un) = lim inf
n→∞

(
	(u) − 	(un)

)
� lim

n→∞
〈
	′ (un) , u − un

〉 = 0.

This and (i) in Lemma 2 give

lim
n→∞	(un) = 	(u) .

Now if we assume by contradiction that ‖un − u‖E does not converge to 0 then there exists
ε > 0 and a subsequence {unm} of {un} such that ‖unm − u‖E � ε. By using relation (ii) in
Lemma 2, we get

1

2
	(u) + 1

2
	

(
unm

) − 	

(
unm + u

2

)
� k1

∥∥unm − u
∥∥p

E
� k1ε

p.
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Letting m → ∞ we find that

lim sup
m→∞

	

(
unm + u

2

)
� 	(u) − k1ε

p.

We also have unm+u

2 converges weakly to u in E. Using (i) in Lemma 2 again, we get

	(u) � lim inf
m→∞ 	

(
unm + u

2

)
.

That is a contradiction. Therefore {un} converges strongly to u in E. �

Lemma 5 I is coercive on E provided (H2) holds true.

Proof We firstly note that, in the proof of the Palais-Smale condition, we have proved that
if I (un) is a sequence bounded from above with ‖un‖E → ∞, then (up to a subsequence),
vn = un

‖un‖E
→ ±φ1 in X. Using this fact, we will prove that I is coercive provided (H2)

holds true.
Indeed, if I is not coercive, it is possible to choose a sequence {un} ⊂ E such that

‖un‖E → ∞, I (un) ≤ const and vn = un

‖un‖E
→ ±φ1 in X. We can assume without loss

of generality that vn → φ1 in X. By Remark 1(v),

−
∫

�

G(un)dx +
∫

�

hundx � I (un) . (13)

The rest of the proof follows the proof of Lemma 2.3 in [2]. We include it in brief for
completeness. Dividing (13) by ‖un‖E and then letting n → +∞ we get

lim sup
n→+∞

(
−

∫

�

G(un)

‖un‖E

dx +
∫

�

h
un

‖un‖E

dx

)
� lim sup

n→+∞
I (un)

‖un‖E

� lim sup
n→+∞

const

‖un‖E

= 0,

which gives
∫

�

hφ1dx � lim inf
n→+∞

∫

�

G(un)

‖un‖E

dx � lim sup
n→+∞

∫

�

G(un)

‖un‖E

dx.

Again, thanks to Lemma 2.3 in [2], we have

lim sup
n→+∞

∫

�

G(un)

‖un‖E

dx � cε

p − 1

∫

�

φ1dx,

where cε is as (11). Summing up we deduce that

∫

�

hφ1dx � 1

p − 1
F(+∞)

∫

�

φ1dx,

which contradicts (H2). The proof is complete. �

Proof of Theorem 1 The coerciveness and the Palais-Smale condition are enough to prove
that I attains its proper infimum in Banach space E (see Theorem 2), so that (1) has at least
a solution in E. The proof is complete. �



Some Remarks on a Class of Nonuniformly Elliptic Equations 239

Acknowledgements The authors wish to express their gratitude to the anonymous referees for a number of
valuable comments. This work is dedicated to the first author’s mother on the occasion of her 48th birthday.

References

1. Arcoya, D., Orsina, L.: Landesman–Lazer conditions and quasilinear elliptic equations. Nonlinear Anal.
28, 1623–1632 (1997)

2. Bouchala, J., Drábek, P.: Strong resonance for some quasilinear elliptic equations. J. Math. Anal. Appl.
245, 7–19 (2000)

3. Costa, D.G.: An Invitation to Variational Methods in Differential Equations. Birkhauser, Basel (2007)
4. Duc, D.M., Vu, N.T.: Nonuniformly elliptic equations of p-Laplacian type. Nonlinear Anal. 61, 1483–

1495 (2005)
5. Mihailescu, M.: Existence and multiplicity of weak solutions for a class of degenerate nonlinear elliptic

equations. Bound. Value Probl. 41295, 1–17 (2006)
6. De Nápoli, P., Mariani, M.C.: Mountain pass solutions to equations of p-Laplacian type. Nonlinear Anal.

54, 1205–1219 (2003)
7. Tang, C.-L.: Solvability for two-point boundary value problems. J. Math. Anal. Appl. 216, 368–374

(1997)
8. Tang, C.-L.: Solvability of the forced Duffing equation at resonance. J. Math. Anal. Appl. 219, 110–124

(1998)
9. Toan, H.Q., Ngo, Q.-A.: Multiplicity of weak solutions for a class of nonuniformly elliptic equations of

p-Laplacian type. Nonlinear Anal. (2008). doi:10.1016/j.na.2008.02.033
10. Vu, N.T.: Mountain pass theorem and nonuniformly elliptic equations. Vietnam J. Math. 33(4), 391–408

(2005)

http://dx.doi.org/10.1016/j.na.2008.02.033

	Some Remarks on a Class of Nonuniformly Elliptic Equations of p-Laplacian Type
	Abstract
	Introduction
	Auxiliary Results
	Proofs
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


