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The Jacobian Problem for singular surfaces

By

Rajendra Vasant GURJAR and Masayoshi MIYANISHI*

Abstract
We consider normal affine surfaces X with étale endomorphisms. It
is proved that if X has at least one singular point which is not a quotient
singular point then such an endomorphism is an isomorphism.

1. Introduction

In this paper we will consider the Jacobian Problem for normal affine
surfaces. Let X be an irreducible normal affine surface defined over C. For
notational simplicity, let X,, (“upper” X) and X, (“lower” X) be two copies
of X. Let ¢ : X, — Xy be an étale morphism. The Generalized Jacobian
Problem (GJP, for short) asks if ¢ is a finite morphism. In this generality the
answer is negative [7, §4, Example 3]. For some positive results we refer the
reader to [7, 6], where the surface X is assumed to be smooth. We do not
know if GJP is true for a singular quotient C2/G, where G is a finite group of
automorphisms of C2. The authors feel that proving GJP for this case will be
an important step for proving the classical Jacobian Problem when X = C2.

In this paper we will prove the following result.

Theorem 1. With the above notation, let X be the normalization of
Xy in the function field of X,,. Then X — X, is a disjoint union of irreducible
curves C;, each of which is isomorphic to A'. Further, each singularity of X
which is mot contained in X, is a cyclic quotient singularity. Any irreducible
component of X — X,, contains at most one such singular point.

Our proof of this result uses the classification theory of non-complete alge-
braic surfaces developed by S. Iitaka, Y. Kawamata, T. Fujita, M. Miyanishi,
T. Sugie, S. Tsunoda and others.

The next result is our main motivation for this paper.
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Corollary 2.  Let X be an affine normal surface which has at least one
singularity which is not a quotient singularity. Then any étale map ¢ : X — X
s an isomorphism.

Acknowledgement. This work was done while the second author was
visiting Tata Institute of Fundamental Research for which he would like to
express deep appreciation.

2. Preliminaries

We will only consider complex algebraic varieties. For any variety Z let
x(Z) denote the topological Euler-Poincaré characteristic of Z. For a smooth
quasi-projective variety Z, let £(Z) denote the logarithmic Kodaira dimension
as defined by S. Titaka [4].

Let A! denote the affine line as an algebraic variety. Similarly, let C* (or
A'™) denote the algebraic curve A'—{one point}. A morphism f : Z — B from
a normal affine surface to a smooth algebraic curve is called an A'-fibration
if a general fiber of f is isomorphic to Al. Similarly, a C*-fibration and a
P!-fibration is defined.

A simple normal crossing divisor on a smooth algebraic surface will be
called an SNC divisor. An embedding Z C V of a normal quasi-projective
surface Z into a normal projective surface V is called an SNC' completion if
V' is smooth outside Z and V — Z is an SNC divisor. A smooth irreducible
rational curve with self-intersection —n on a smooth algebraic surface will be
called a (—n)-curve. An irreducible component C' of an SNC divisor A is called
an extraneous (—1)-curve if C meets at most two other irreducible components
of A.

For an SNC divisor we use the terms like “twig”, branch point, etc, from
[2]. For a normal variety Z, let Sing Z denote the singular locus of Z and let
ZY denote Z — Sing Z.

Let (V,p) be a germ of a normal surface singularity. We say that (V,p) is
a quasi-rational singularity if the exceptional divisor in a suitable resolution of
singularities of (V,p) is a tree of smooth rational curves.

3. Proof of Theorem 1

We begin with the following useful result which is an approximation to the
main result we want to prove.

Proposition 3. X - Xy is a disjoint union of contractible irreducible
curves and any singularity of X not contained in X, is quasi-rational.

Proof. Let X C V be an SNC completion such that A=V -Xisan
SNC divisor and V is smooth outside X. Let IV be a nice tubular neighborhood
of Ain X. Then A is a strong deformation retract of N. Hence H;(N,R) is

isomorphic to Hy (A, R). We consider a good compactification X, C V as above
and a tubular neighborhood N of A =V — X,. The properness of X — X
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implies that there is a continuous proper map with finite fibers N — N. The
following result can be proved using either transfer homomorphism in the theory
of finite transformation groups or triangulation of complex analytic varities [3].

Lemma 4. Let V,W be normal complex analytic varieties and let f :
V — W be a finite complex analytic map. Then the induced homomorphisms
H;(V,R) — H;(W,R) are surjective for i =0,1,2,---.

Using this we see that Hy(N,R) — Hj(N,R) is surjective. The rank of
Hl(ﬁ,R) is equal to > 2g; + p, where §i, g2 --- are the genera of irreducible
components of V — X and p is the number of independent loops in the dual
graph of A. Let g1, g2, -+ be the genera of irreducible components of V — X,
and p the number of loops in the dual graph of V' — X,. Since X, C V, we
have > g; > > g; and p > p. Now by the above lemma >~ 2g; +p > > 2g; + p.
This easily implies that p = p and > g; = > g;. It follows that X — X, is
a disjoint union of irreducible contractible curves and any singularities of X
which is not contained in X, is quasi-rational. This completes the proof of
Proposition 3. O

We will divide the proof of Theorem 1 according to the value of ®(X?).

_ First we will show that X, is naturally a Zariski-open subset of X. Since
X is the normalization of X, in the function field of X, there is an induced
birational morphism X, — X. The fibers of this morphism are clearly finite.
Hence by Zariski’s Main Theorem X, embeds in X as a Zariski-open subset
via this morphism.

Next, we will dispose off the easy case when %(X?) = 2.

Since the morphism X, — Xy is étale, we get an induced morphism X2 —
XP. If K(X?) = 2, then by a basic result due to litaka [4, Theorems 1, 2], the
morphism X! — X? is an isomorphism. Hence in this case ¢ : X, — X, is
also an isomorphism.

From now onwards we will assume that %(X°) < 2.
Case 1.  Suppose F(X?) = —co.
We have X0 ¢ XO.

Case 1.1.  Suppose that X0 admits an Al-fibration 7 : X0 — C. Since
X is affine, 7 extends to an Al-fibration 7 : X — 5, where C>Casa
Zariski-open subset. In [8, Chapter I, §6], it is proved that X — X, is a disjoint
union of irreducible curves isomorphic to A! and X has at worst cyclic quotient
singularities. Further, any irreducible component of X — X, contains at most
one singular point of X.

Case 1.2.  Suppose that X does not have an Al-fibration. In this case
by a result of Miyanishi-Tsunoda [9, Chapter 3, Theorem 2.5.4] X, contains
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C?/G as a Zariski-open subset, where G is a finite group acting linearly on C2.
There exists a natural C*-fibration 7 : (C?/G)® — P!. The closure of any fiber
of 7 passes through the singular point of C2/G. It follows that any such closure
is closed in X, so that 7 extends to a C*-fibration 7 : X — Sing C2/G — PL.
Let F' be the closure of a general fiber of 7. Then 7| . is a C*-fibration to

A'. By Proposition 3 we see that X — X, cannot have a C* or a union of
two Al’s meeting transversally in one point as a connected component. The
result [10, Lemma 2.9] describes the possible singular fibers of a C*-fibration
on a normal affine surface with at most quotient singularities. In order to use
this result, we first remark that the proof of Lemma 2.7 in [6] shows that every
singular point of X which lies outside X, is a quotient singular point. Now by
the result in [10] every singular point of X, other than Sing C2/G, is a cyclic
quotient singular point. Further, since X, contains C2?/G as a Zariski-open
subset and the divisor at infinity for C2/G is a tree of P!’s, we conclude again
using [10, Lemma 2.9] that X — X, is a disjoint union of Al’s. Finally, again
by the result in [10], we see that any irreducible component of X - X, contains

at most one singular point of X. This completes the proof of Theorem 1 when
R(XY) = —cc.

Case 2. ®(X?)=1.

In this case, by the basic structure theorem due to Kawamata [8, Chapter
I1], there is a morphism p : X° — C which is a C*-fibration induced by the
linear system | n(D + Ky ) | with n > 0, where V is an SNC-completion of X
and D=V — X0.
Since ¢ : X,, — X/ is unramified, ¢ induces ¢° : X — XJ. It is proved in
[6, Lemma 2.4] that ¢" maps fibers of p to fibers of p. This implies that there
exists an endomorphism a : C' — C such that a-p = p-¢° and « is an étale
endomorphism. Then « is not an automorphism only if C' = C*.
‘We first assume that o] 1s an automorphism. The normalization morphism
: X — X, induces @ o — S — X — 5% where S, S are finite sets and
@ is a finite map; a smoot}l point of XO may be mapped to a singular point of
Xy. Note that ®(X?) = ®(X? - 9) = ®(X?). Hence there exists a C*-fibration
7: X% — C such that Plxo = p. Then @ |go_g: X° — S — X — S induces a

finite morphism & : C' — C such that & |c=a. Then C = C because a is an
automorphism and hence « is birational.

Case 2.1.  Suppose that the C*-fibration p on X0 extends to a C*-
fibration p : X — C. Since C = C, every connected component of X — X,
is contained in a fiber of p. By Proposition 3, X — X, is a disjoint union of
contractible irreducible curves. Hence using [10, Lemma 2.9] we conclude that
X - X, is a disjoint union of i&l’s, X has at most cyclic singular points and
each irreducible component of X — X, contains at most one such singular point.

Case 2.2. Suppose that the C*-fibration p on X0 does not extend to a
C*-fibration on X. Then the closures of fibers of p p in X have a base point O.
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Namely, the closures of the fibers of p form a linear pencil with a base point
O. Since ¢ : X — Xy maps the fibers of the C*-fibration p to fibers of the
C*-fibration p on X7, the base point O lies on X,. Hence the complement
X — X, is contained in a union of fibers of a C*-fibration, which is obtained
by eliminating the base points centered at O. The rest of the argument is the
same as in Case 2.1.

The proof when « is not an automorphism is very similar.
Case 3. ®(X°%) =0.

The proof in this case is more involved.

First we recall some results of T. Fujita [2, §6]. Let Z be a smooth quasi-
projective (irreducible) surface with ®(Z) = 0. Let Z C W be an SNC comple-
tion such that A := W — Z does not contain any extraneous (—1)-curves for A.
We say that (W, A) is an NC-minimal completion of Z if in the Zariski-Fujita
decomposition Ky + A =~ P+ N, N = Bk"(A). Since k(Z) = 0, for some
integer n,nP is an integral divisor which is numerically trivial.

Assume now that (W, A) is an NC-minimal completion of Z. Let Ay, Ag,
-+ be the connected components of A. Fujita has shown that each A; is one
of the following:

(1) A minimal resolution of a quotient singular point.

(2) A tree of P’s with exactly 2 branch points such that the branch points
are connected by a (possibly empty) linear chain of P!’s and each branch point
meets exactly two other (—2)-curves.

(3) A simple loop of P'’s.

(4) A tree of PV’s with a unique branch point which meets three linear trees
defining cyclic quotient singular points at one of their end points. Further, the
absolute values dy, dz, d3 of the determinants of the three trees satisfy ). 1/d; =
1.

(5) A tree of five P1’s with a unique branch point which intersects the other
four curves transversally in one point each, and such that the four curves are
all (—2)-curves.

(6) A smooth elliptic curve.

Let X — Xy =C1UCyU- - be the irreducible decomposition. By Propo-
sition 3, each C is contractible and any singularity of X outside X, is quasi-
rational. Let V' be an SNC completion of X —Sing X, obtained by resolving the
singularities of X, and embedding the resulting surface in an SNC completion
V. In this process the singularities of X (and the curves C;) not lying in X,
are untouched.

Now we assume the following condition (*).

(*) Either C; is not smooth or contains a singular point of X which is not
a cyclic quotient singularity.

We will arrive at a contradiction to Fujita’s list of NC-minimal completions.
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Next we blow up finitely many points of V' to obtain a surface V such that
Ay = C’l UE;, Ay :=C3yU Ey, - -- are SNC divisors, where C is the closure of
the proper transform of C; in V' and E; is the union of exceptional irreducible
curves which arise by resolving singularities of X lying on C; and singularities
of C; itself. Let Dy be the connected component of V X' which supports
a big divisor, where X' is the Zariski- -open subset of V obtained from X by
blowing up points lying on all the C; as above and singular points of X,. We
can assume that the only possible extraneous (—1)-curves of Cy U Fy is Cfj.
Using #(X°) = 0 we deduce casily that the dual graph of D. is non-linear,
even after contracting extraneous (—1)-curves one by one.

Case 3.1.  Suppose that X has an NC-minimal completion.

Now any irreducible component of Do, which is a (—1)-curve and which
meets at most two other irreducible components of D, arises while making
the divisor Do, U C1 a simple normal crossing divisor. Such an irreducible
component meets C7 and two other irreducible components of D,

We assume, as above, that Cy satisfies (*). If Cy U E; U Dy has no
extraneous (—1)-curve then it is easy to see that Cy U By U Dy cannot be one
of Fujita’s list.

If C, also satisfies (*) then blowing down extraneous (—1)-curves in Cy U
E5 U Do, successively we get a divisor (taking union with the image of 51 U
E; U D) with at least three branch points. This will contradict Fujita’s
list. Hence only C; can satisfy (*). Assume that this is the case. We analyse
C3UE,UD, C3UE3UD., - - - . Now either C, meets a twig of D transversally
in one point or a non-twig irreducible component of D.,. After contracting
extraneous (—1)-curves in Cy U Es U D, successively as above we reach a new
normal crossing divisor. We do this for each of C~'3UE3 UDyo, - -+ before touching
C~'1 UFE;UDg. Let D be the image of 62 U FEy U 63 UFE3U---U Dy after all
the contractions are made.

We claim that R(‘N/ (FUC; UF,UDy UC3UFE3U--+)) = 0, where

F is (C’1 UE) N (SmgX[) which might be an empty set and is disjoint
from Cy U Fy U Do UC5U Ej - - -. This follows from the facts that £(X°) = 0,
X0 c (V- (FU CyU EyUDo U C’3 UFE3U---) and there is an induced domiant
morphism V — (FU CoUF,UDUC3UEsU---) — X0, Using this we infer
that the divisor D still has at least one branch point.
_ Suppose now that C, meets exactly two other irreducible components of
C1UFE; UDy and it is a (—1)-curve. After contracting C; and subsequent
extraneous (—1)-curves the image of 51 U FE71 U D still has at least two branch
points. Let this new divisor which is the image of 51 UFE; U Dy be D. D has
at least two branch points and if it has two branch points then it has to be of
type (2) in Fujita’s list of NC-minimal completions.

This in turn implies that D has the following form. D has a unique branch
point and exactly three linear chains of P!’s meeting the branch point at one
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of their end components and two of the chains consist of a single (—2)-curve.
Further, C'; meets the end component of the third linear chain away from the
branch point.

Now D supports a big divisor since D, does. Using the basic theory of
Zariski-Fujita decomposition of Ky + D it is easy to deduce that &(V — D) =
—o0, a contradiction [5, Theorem 1].

Remark 1. It is easy to see from Mumford’s result on topology of nor-
mal singularities [11] that for a nice tubular neighborhood N of D the group
m1(ON) is finite, i.e., the fundamental group at infinity for V — D is finite.
It is proved in [5, Theorem 1] that for any smooth affine surface with finite
fundamental group at infinity the log Kodaira dimension is —oc.

Hence even C cannot satisfy (*). The proof of Case 3.1 is thus complete.
Case 3.2.  Suppose that X does not have an NC-minimal completion.

By [2, Lemma 6.20], V contains a (—1)-curve L which is not contained
in V — X2 and which meets V — X9 in at most two points transversally. If
Ln(V - X9) has two points then L meets an end (irreducible) component of
a connected component of V- X9 which is the minimal resolution of a cyclic
quotient singular point of X,,. Since X is affine we infer that L N ((Cy U Ey) U
(CoUEy) U (C3UEBs)U---) = ¢. Thus either L N X0 is A or the image of
L-Din X, is a contractible curve. We contract such curves L successively
and in finitely many steps reach an NC-minimal completion of an affine open
subset of X?. In this process (C; U E;) U (Co U Es) - -+ is untouched. Finally
we reach the situation of Case 1 and get a contradiction as in that case.

We have also proved that X0 and X° have the same NC-minimal model.
This completes the proof of the case ®(X) = 0.

4. Proof of Corollary 2

Assume that X has a singular point py which is not a quotient singular
point. Since X — X, is a finite morphism and each point of X which is not
in X, is either smooth or a cyclic quotient singular point, no point in X — X,
maps to pg. Set d = degp. Then ¢~ !(pg) has d distinct points in X,. Let
N = number of singular points in X which are not quotient singularities. By
the above argument X, contains d - N points which are not quotient singular
points. This implies that d = 1. Now the map ¢ : X,, — X, is injective and
hence by the theorem of Ax also surjective [1]. This completes the proof of
Corollary 2.



764

[1]

Rajendra Vasant Gurjar and Masayoshi Miyanishi

SCHOOL OF MATHEMATICS

TATA INSTITUTE OF FUNDAMENTAL RESEARCH
Howmi BHABHA RoAD, MuUMBAI 400 005

INDIA

e-mail: gurjar@math.tifr.res.in

SCHOOL OF SCIENCE & TECHNOLOGY
KWANSEI GAKUIN UNIVERSITY

2-1, GAKUEN, SANDA, Hyouco 669-1337
JAPAN

e-mail: miyanisi@kwansei.ac.jp

References

J. Ax, The elementary theory of finite fields, Ann. of Math. 88 (1968),
239-271.

T. Fujita, Topology of noncomplete algebraic surfaces, J. Fac. Sci. Univ.
Tokyo, Sect. IA Math. 29-3 (1982), 503-566.

B. Giesecke, Simpliziale Zerlegung abzalbarer analytische Rdume, Math. Z.
83 (1964), 177-213.

S. litaka, On logarithmic Kodaira dimension of algebraic varieties, pp. 175—
189, Iwanami Shoten, Tokyo, 1977.

R. V. Gurjar and M. Miyanishi, Affine surfaces with & < 1, Algebraic
geometry and commutative algebra, Vol. I, 99-124, Kinokuniya, Tokyo,
1988.

, On the Jacobian conjecture for Q-homology planes, J. Reine
Angew. Math. 516 (1999), 115-132.

M. Miyanishi, Etale endomorphisms of algebraic varieties, Osaka J. Math.
22 (1985), 345-364.

, Non-complete algebraic surfaces, Lecture Notes in Math. 857,
Springer-Verlag, Berlin-Heidelberg-New York, 1981.

, Open algebraic surfaces, CRM Monogr. Ser. 12, A.M.S. 2000.

M. Miyanishi and T. Sugie, Homology planes with quotient singularities,
J. Math. Kyoto Univ. 31-1 (1991), 1-26.

D. Mumford, The topology of normal singularities of an algebraic surface
and a criterion for simplicity, Publ. Math. ITHES. 9 (1961), 229-246.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


