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On the Zeros of af(f (k))n − 1 for n ≥ 2
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Abstract. Let f be a transcendental meromorphic function and n, k be two
positive integers. Then af(f (k))n − 1, n ≥ 2, has infinitely many zeros, where
a(z) �≡ 0 is a meromorphic function such that T (r, a) = S(r, f).
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1. Introduction

In this paper, we are going to use mainly the basic notation of Nevanlinna the-
ory [3] such as T (r, f), N(r, f), m(r, f) and S(r, f) = O(T (r, f)). Unless oth-
erwise stated, meromorphic will mean meropmorphic in the plane. Hayman [2]
proved the following theorem in 1959.

Theorem 1. Suppose that f is a transcendental meromorphic function and n is
a positive integer. Then f ′fn assumes every finite non-zero value infinitely often
when n ≥ 3.

In 1995, Bergweiler and Eremenko [1] showed that the theorem is true for the
remaining cases too, i.e. when n ≥ 1.

Theorem 2. Suppose that f is a transcendental meromorphic function and m > l
are two positive integers. Then (fm)(l) assumes every finite non-zero value in-
finitely often.

In 1993, C. Yang, L. Yang and Y. Wang [5] conjectured the following.

Conjecture. Suppose that f is a transcendental entire function and that n, k are
two positive integers. Then f(f (k))n assumes every finite non-zero value infinitely
often when n ≥ 2.

In 1998, Zhang and Song [6] proved the following result.
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Theorem 3. Suppose that f is a transcendental meromorphic function and that
n, k are two positive integers. Then f(f (k))n −A(z), n ≥ 2, has infinitely many
zeros where A(z) �≡ 0 is a small function such that T (r, A) = S(r, f).

In fact, the proof of Theorem 3 is very complicated and there appear to be some
gaps in it. We give a much simpler proof, with some generalisations, by proving
Theorem 4.

Before stating this theorem, we make some assumptions which we need through-
out this paper. Suppose that f is a transcendental meromorphic function in the
plane and a(z) �≡ 0 is a meromorphic function such that

T (r, a) = S(r, f).

Let

(1) L(w) := w(k) + bk−1w
(k−1) + · · ·+ b0w, k ∈ N,

where each bj(z), j = 0, 1, . . . , k − 1, is a meromorphic function such that

(2) T (r, bj) = S(r, f).

Let n ∈ N, n ≥ 2, and set

g := L(f),(3)

ψ := afgn − 1.(4)

Theorem 4. Suppose that f is a transcendental meromorphic function in the
plane. Suppose that L, g and the bj are given by (1), (2), (3), and that

T (r, g) �= S(r, f),(5)

T (r, φ) = S(r, f)(6)

for every solution φ of L(w) = 0 which is meromorphic in the plane. Then

T (r, f) ≤ 1

1− δk

n(k + 1)

n− 1
N̄

(
r,

1

ψ

)
+ S(r, f),

where

(7) δk =
n(k + 1)

n− 1

1

1 + n(k + 1)
, 0 < δk <

1

n− 1
≤ 1.

2. Proof of Theorem 4

We first prove a lemma needed in the proof of Theorem 4.

Lemma 1.

T (r, f) ≤ T (r, ψ) + S(r, f), whenever g �≡ 0.

In particular, afL(f)n is non-constant.
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Proof. Using (4), we have f = (ψ + 1)/(agn). So,

N

(
r,

1

f

)
≤ N

(
r,

1

ψ + 1

)
+ N(r, a) + n

k−1∑
j=0

N(r, bj) = N

(
r,

1

ψ + 1

)
+ S(r, f).

Also, using (1), (3) and (4) we have

1

f
=

agn

ψ + 1
,

1

fn+1
=

a

ψ + 1

(
f (k)

f
+ bk−1

f (k−1)

f
+ · · ·+ b0

)n

.

Therefore,

m

(
r,

1

f

)
≤ (n + 1)m

(
r,

1

f

)
= m

(
r,

1

fn+1

)

≤ m

(
r,

1

ψ + 1

)
+ m(r, a) + S(r, f) = m

(
r,

1

ψ + 1

)
+ S(r, f).

Hence,

T (r, f) = T

(
r,

1

f

)
+O(1) = m

(
r,

1

f

)
+ N

(
r,

1

f

)
+O(1)

≤ m

(
r,

1

ψ + 1

)
+ N

(
r,

1

ψ + 1

)
+ S(r, f)

= T

(
r,

1

ψ + 1

)
+ S(r, f) = T (r, ψ) + S(r, f).

Proof of Theorem 4. A zero of g of multiplicity p with a �= 0,∞ and with
bj �= ∞ is a zero of ψ′ of multiplicity at least np−1 ≥ (n−1)p. Also, ψ = −1 �= 0
at such a zero of g. Thus

N̄

(
r,

1

g

)
≤ 1

n− 1
N

(
r,

ψ

ψ′

)
+ N̄(r, a) + N̄

(
r,

1

a

)
+

k−1∑
j=0

N̄(r, bj)

≤ 1

n− 1
N

(
r,

ψ′

ψ

)
+ S(r, f)

=
1

n− 1

[
N̄(r, ψ) + N̄

(
r,

1

ψ

)]
+ S(r, f)(8)

≤ 1

n− 1

[
N̄(r, f) + N̄(r, a) +

k−1∑
j=0

N̄(r, bj) + N̄

(
r,

1

ψ

)]
+ S(r, f)

=
1

n− 1

[
N̄(r, f) + N̄

(
r,

1

ψ

)]
+ S(r, f).
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Put bk = 1, b−1 = bk+1 = 0. So,

g =
k∑

j=0

bjf
(j) =

k+1∑
j=0

bjf
(j).

Using the fact that b′k+1 = 0 and b−1 = 0, we have

g′ =
k∑

j=0

(
b′jf

(j) + bjf
(j+1)

)
=

k∑
j=0

b′jf
(j) +

k+1∑
j=1

bj−1f
(j) =

k+1∑
j=0

(
b′j + bj−1

)
f (j).

Since g =
∑k+1

j=0 bjf
(j), we find that w = f solves

(9)
k+1∑
j=0

cjw
(j) = 0,

where

(10) cj = b′j + bj−1 − g′

g
bj, ck+1 = 1.

Let

(11) w = uv, v =
1

agn
.

Using Leibnitz’ rule in (9), we get

0 =
k+1∑
j=0

cj(uv)(j) =
k+1∑
j=0

cj

j∑
m=0

(
j

m

)
u(m)v(j−m) =

k+1∑
j=0

cj

k+1∑
m=0

(
j

m

)
u(m)v(j−m),

using the convention that
(

j
m

)
= 0 for m > j. Dividing the right hand side by v,

we get

(12) 0 =
k+1∑
m=0

u(m)

k+1∑
j=0

(
j

m

)
cj

v(j−m)

v
=

k+1∑
m=0

u(m)Am,

where, again since
(

j
m

)
= 0 for m > j,

(13) Am =
k+1∑
j=m

(
j

m

)
cj

v(j−m)

v
.

In particular, this gives, using (10),

Ak+1 = ck+1 = 1

and

(14) A0 =
k+1∑
j=0

cj
v(j)

v
=

k+1∑
j=0

(
b′j + bj−1 − g′

g
bj

)
v(j)

v
=

L(v)′ − g′
g
L(v)

v
.
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We now claim that A0 �≡ 0. To prove this claim, suppose that A0 ≡ 0. Using (14),
we get

(15) L(v)′ =
g′

g
L(v).

We consider two cases.

Case 1, L(v) �≡ 0: Using (15), we have

L(v)′

L(v)
=

g′

g
, L(v) = cg,

where 0 �= c ∈ C since L(v) �≡ 0. Using (3), we have L(v) = cL(f). Solving this,
we get

v = cf + h, L(h) = 0, v = c(f + H), L(H) = 0.

Let F = f + H. This gives

v = cF, L(f) = L(f + H) = L(F ).

Since v = cF and v = 1/(agn), we have

1

agn
= cF, 1 = acL(f)nF = acL(F )nF.

Since L(H) = 0 and H = (v − cf)/c is meromorphic in the plane, we get
T (r, H) = S(r, f) by (6). Hence

T (r, f) = T (r, F ) + S(r, F ), T (r, a) +
k−1∑
j=0

T (r, bj) = S(r, f) = S(r, F ).

This contradicts Lemma 1, applied to F = f + H.

Case 2, L(v) ≡ 0: Using (6), we get T (r, v) = S(r, f). Using (11), we have
v = 1/(agn). Thus, T (r, g) = S(r, f) which is a contradiction to the first hy-
pothesis given by equation (5). So, the claim is proved.

Returning to the proof of Theorem 4, we have, using (4) and (11),

u =
w

v
= afgn = ψ + 1.

So ψ + 1 solves (12), which gives

(ψ + 1)(k+1) + Ak(ψ + 1)(k) + · · ·+ A1(ψ + 1)′ + A0(ψ + 1) = 0,

ψ(k+1) + Akψ
(k) + · · ·+ A1ψ

′ + A0(ψ + 1) = 0,

ψ(k+1)

A0

+
Ak

A0

ψ(k) + · · ·+ A1

A0

ψ′ + ψ + 1 = 0,

1

A0

(
ψ(k+1)

ψ
+ Ak

ψ(k)

ψ
+ · · ·+ A1

ψ′

ψ

)
+ 1 +

1

ψ
= 0.
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Thus,

(16)
1

ψ
=
−1

A0

(
ψ(k+1)

ψ
+ Ak

ψ(k)

ψ
+ · · ·+ A1

ψ′

ψ

)
− 1.

Using (13) we note that

Am =

(
k + 1

m

)
v(k+1−m)

v
+

k∑
j=m

(
j

m

)
cj

v(j−m)

v
.

Hence the contribution to n(r, Am) from the terms v(j−m)/v and g′/g is at most
k+1−m, and the contribution to n(r, A0) and n(r, Amψ(m)/ψ) from these terms
is at most k + 1. Furthermore, using (14) we see that any pole of A0 can only
occur at poles or zeros of g, poles or zeros of a(z), or poles of bj(z). So

N(r, A0) ≤ (k + 1)

[
N̄(r, g) + N̄

(
r,

1

g

)
+ N̄(r, a) + N̄

(
r,

1

a

)]
+ 2

k−1∑
j=0

N(r, bj)

≤ (k + 1)

[
N̄(r, f) + N̄

(
r,

1

g

)]
+ S(r, f).

Using (8), we have

N(r, A0) ≤ (k + 1)

[
N̄(r, f) +

1

n− 1
N̄(r, f) +

1

n− 1
N̄

(
r,

1

ψ

)]
+ S(r, f)

= (k + 1)

(
1 +

1

n− 1

)
N̄(r, f) +

k + 1

n− 1
N̄

(
r,

1

ψ

)
+ S(r, f)(17)

=
n(k + 1)

n− 1
N̄(r, f) +

k + 1

n− 1
N̄

(
r,

1

ψ

)
+ S(r, f).

Using (1), (3), and (4), we have

ψ + 1

a
= fgn = f

(
f (k) + bk−1f

(k−1) + · · ·+ b0f
)n

= f(f (k))n

(
1 + bk−1

f (k−1)

f (k)
+ · · ·+ b0

f

f (k)

)n

.

So, a pole of f of multiplicity p with bj �= ∞ is a pole of (ψ +1)/a of multiplicity
p + (p + k)n ≥ 1 + (1 + k)n. Thus,

N̄(r, f) ≤ 1

1 + n(1 + k)
N

(
r,

ψ + 1

a

)
+

k−1∑
j=0

N̄(r, bj)

≤ 1

1 + n(1 + k)
N(r, ψ + 1) + S(r, f)(18)

≤ 1

1 + n(1 + k)
T (r, ψ) + S(r, f).
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Using (7), (17), and (18), we get

N(r, A0) ≤ n(k + 1)

n− 1

1

1 + n(1 + k)
T (r, ψ) +

k + 1

n− 1
N̄

(
r,

1

ψ

)
+ S(r, f)

= δkT (r, ψ) +
k + 1

n− 1
N̄

(
r,

1

ψ

)
+ S(r, f).

(19)

Using (13) and (16), we have

N

(
r,

1

ψ

)
≤ N

(
r,

1

A0

)
+ (k + 1)N̄

(
r,

1

ψ

)
+ S(r, f),(20)

m

(
r,

1

ψ

)
≤ m

(
r,

1

A0

)
+ S(r, f).(21)

Using (19), (20), and (21), we get

T (r, ψ) = T

(
r,

1

ψ

)
+O(1) = m

(
r,

1

ψ

)
+ N

(
r,

1

ψ

)
+O(1)

≤ m

(
r,

1

A0

)
+ N(r,

1

A0

) + (k + 1)N̄

(
r,

1

ψ

)
+ S(r, f)

= T

(
r,

1

A0

)
+ (k + 1)N̄

(
r,

1

ψ

)
+ S(r, f)

= T (r, A0) + (k + 1)N̄

(
r,

1

ψ

)
+ S(r, f)

= N(r, A0) + (k + 1)N̄

(
r,

1

ψ

)
+ S(r, f)

≤ δkT (r, ψ) +
k + 1

n− 1
N̄

(
r,

1

ψ

)
+ (k + 1)N̄

(
r,

1

ψ

)
+ S(r, f)

= δkT (r, ψ) +
n(k + 1)

n− 1
N̄

(
r,

1

ψ

)
+ S(r, f).

Thus,

(1− δk)T (r, ψ) ≤ n(k + 1)

n− 1
N̄

(
r,

1

ψ

)
+ S(r, f),

T (r, ψ) ≤ 1

1− δk

n(k + 1)

n− 1
N̄

(
r,

1

ψ

)
+ S(r, f).

Using Lemma 1, we get

T (r, f) ≤ 1

1− δk

n(k + 1)

n− 1
N̄

(
r,

1

ψ

)
+ S(r, f).

This completes the proof of Theorem 4.
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3. Examples and corollaries

Now, we will give two examples to show that without the hypotheses stated in
Theorem 4 we can find ψ = afgn − 1 with no zeros. In the first example, we do
not have the first hypothesis, i.e. equation (5), and in the second example we do
not have the second hypothesis, i.e. equation (6).

Example 1. Suppose that

f(z) = ez + z, L(w) = w′′ − 2w′ + w.

This gives

g = L(f) = z − 2, T (r, g) = S(r, f), fg2 = (ez + z)(z − 2)2.

Let a = 1/[z(z − 2)2]. So, T (r, a) = S(r, f). From all of these, we see that

ψ = afg2 − 1 =
1

z(z − 2)2
(ez + z)(z − 2)2 − 1 =

ez + z

z
− 1

=
ez

z
+ 1− 1 =

ez

z
�= 0.

Example 2. Suppose that

L(w) = w′ − w, ψ = fg2 − 1,

where

f = ez − 2

3
e−z/2.

So we have

g = f ′ − f = ez +
1

3
e−z/2 − ez +

2

3
e−z/2 = e−z/2.

Thus,

ψ = fg2 − 1 = (ez − 2

3
e−z/2)(e−z/2)2 − 1 = (ez − 2

3
e−z/2)e−z − 1

= 1− 2

3
e−3z/2 − 1 = −2

3
e−3z/2 �= 0.

Here, φ = ez solves L(w) = 0, but T (r, φ) �= S(r, f).

Corollary 1. Suppose that f is a transcendental meromorphic function in the
plane. Let

ψ = afgn − 1, n ≥ 2, n, k ∈ N,

where a �≡ 0 is a meromorphic function,

T (r, a) = S(r, f), T (r, g) �= S(r, f), T (r, φ) = S(r, f),

for every solution φ of L(w) = 0 which is meromorphic in the plane. Then,
ψ = afgn − 1 has infinitely many zeros and the function afgn assumes every
non-zero value infinitely often.
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Corollary 2. Suppose that f is a transcendental meromorphic function in the
plane. Let a �≡ 0 be meromorphic in C with T (r, a) = S(r, f) and let

ψ = af(f (k))n − 1, n ≥ 2, n, k ∈ N.

Then,

T (r, f) ≤ 1

1− δk

n(k + 1)

n− 1
N̄

(
r,

1

ψ

)
+ S(r, f).

Proof. We have here g = f (k). So, using the Hayman-Miles Theorem [4], we
have T (r, g) �= S(r, f). Also, we have here L(w) = w(k). Thus, every φ which is
a solution of L(w) = 0 would be a polynomial. So, T (r, φ) = S(r, f).

Theorem 3 follows at once from Corollary 2, using A = 1/a.

Corollary 3. Suppose that f is a transcendental meromorphic function in the
plane. Let a �≡ 0 be meromorphic in C with T (r, a) = S(r, f) and let

ψ = af(f (k))n − 1, n ≥ 2, n, k ∈ N.

Then, ψ = af(f (k))n − 1 has infinitely many zeros and the function af(f (k))n

assumes every non-zero value infinitely often.

Acknowledgement. I would like to thank J. K. Langley for all his encourage-
ment and support.

References

1. W. Bergweiler and A. Eremenko, On the singularities of the inverse to a meromorphic
function of finite order, Rev. Mat. Iberoamericana, 11 (1995) 2, 355–373.

2. W. K. Hayman, Picard values of meromorphic functions and their derivatives, Ann. of
Math. (2) 70 (1959), 9–42.

3. , Meromorphic Functions, Oxford Mathematical Monographs. Clarendon Press, Ox-
ford, 1964.

4. W. K. Hayman and J. Miles, On the growth of a meromorphic function and its derivatives,
Complex Variables Theory Appl. 12 (1989) 1–4, 245–260.

5. Y. F. Wang, C. C. Yang and L. Yang, On the zeros of f(f (k))n − a, Kexue Tongbao 38
(1993), 2215–2218.

6. Zhong Fa Zhang and Guo Dong Song, On the zeros of f(f (k))n−a(z), Chinese Ann. Math.
Ser. A 19 (1998) 2, 275–282.

Abdullah Alotaibi E-mail: pmxaa@maths.nottingham.ac.uk
Address: School of Mathematics, University of Nottingham, NG7 2RD, U.K.



<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


