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FANO MANIFOLDS WITH NEF TANGENT BUNDLES ARE
WEAKLY ALMOST KAHLER-EINSTEIN*
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Abstract. The goal of this short note is to point out that every Fano manifold with a nef
tangent bundle possesses an almost Kéahler-Einstein metric, in a weak sense. The technique relies
on a regularization theorem for closed positive (1, 1)-currents. We also discuss related semistability
questions and Chern inequalities.
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1. Introduction. Recall that a holomorphic vector bundle F on a projective
manifold X is said to be numerically effective (nef) if the line bundle Op(g)(1) is nef on
Y =P(F). Clearly, every homogeneous projective manifold X has its tangent bundle
Tx generated by sections, so Tx is nef; morever, by [DPS94], every compact Kéhler
manifold with T'x nef admits a finite étale cover X that is a locally trivial fibration over
its Albanese torus, and the fibers are themselves Fano manifolds F' with T nef. Hence,
the classification problem is essentially reduced to the case when X is a Fano manifold
with T'x nef. In this direction, Campana and Peternell [CP91] conjectured in 1991
that Fano manifolds with nef tangent bundles are rational homogeneous manifolds
G/ P, namely quotients of linear algebraic groups by parabolic subgroups. Although
this can be checked up to dimension 3 by inspecting the classification of Fano 3-folds
by Manin-Iskovskii and Mukai, very little is known in higher dimensions. It would
be tempting to use the theory of VMRT’s developed by J.M. Hwang and N. Mok
([HwaO1], [Mok08]), since the expected homogeneity property should be reflected
in the geometry of rational curves. Even then, the difficulties to be solved remain
formidable; see e.g. [Mok02] and also [MOSWW] for a recent account of the problem.

On the other hand, every rational homogeneous manifold X = G/P carries a
Kihler metric that is invariant by a compact real form G® of G (cf. [AP86]), and the
corresponding Ricci curvature form (i.e. the curvature of —K¢/p) is then a Kéhler-
Einstein metric. A stronger condition than nefness of T’y is the existence of a Kéhler
metric on X whose holomorphic bisectional curvature is nonnegative. N. Mok [Mok88]
characterized those manifolds, they are exactly the products of hermitian symmetric
spaces of compact type by flat compact complex tori C?/A and projective spaces P™s
with a Ké&hler metric of nonnegative holomorphic bisectional curvature. However,
hermitian symmetric spaces of compact type are a smaller class than rational homo-
geneous manifolds (for instance, they do not include complete flag manifolds), thus
one cannot expect these Kahler-Einstein metrics to have a nonnegative bisectional
curvature in general.

It is nevertheless a natural related question to investigate whether every Fano
manifold X with nef tangent bundle actually possesses a Kéhler-Einstein metric. Our

*Received October 28, 2017; accepted for publication February 20, 2018.
TUniversité Grenoble Alpes, Institut Fourier, F-38000 Grenoble, France; CNRS, Institut Fourier,
F-38000 Grenoble, France (jean-pierre.demailly@univ-grenoble-alpes.fr).

285



286 J.-P. DEMAILLY

main observation is the following (much) weaker statement, whose proof is based on
regularization techniques for closed positive currents [Dem92], [Dem99]. We denote
here by PCH'(X) the cone of positive currents of bidegree (1,1) on X and put n =
dimc X. Though it is a convex set of infinite dimension, the intersection PC*'(X) N
c1(X) is compact and metrizable for the weak topology (see §2), and therefore it
carries a unique uniform structure that can be defined by any compatible metric.

THEOREM 1.1. Let X be a Fano manifold such that the tangent bundle Tx is
nef. Then
(i) there exists a family of smoothing operators (Jz)ecjo1] that map every closed

positive current T € PCHY(X) N ey (X) to a smooth closed positive definite
(1,1)-form

a. = J.(T) € e1(X),

in such a way that J.(T) converges weakly to T as e — 0 (uniformly for
all T), and T — J.(T) is continuous with respect to the weak topology of
currents and the strong topology of C*° convergence on smooth (1,1)-forms;

(i) for everye €10, 1], there exists a Kdhler metric w. on X such that Ricci(we) =
Je(we), in other words we is “weakly almost Kahler-Einstein”.

The construction of J. that we have is unfortunately not very explicit, and we
do not even know if J. can be constructed as a natural linear (say convolution-like)
operator. The proof of (ii) is based on the use of the Schauder fixed point theorem.
Let us denote by

0<pre(x) <...<ppe(x)

the eigenvalues of Ricci(w,) with respect to we at each point x € X, and (i ¢,...,(n e €
Tx » a corresponding orthonormal family of eigenvectors with respect to w.. We know
that

/ Z Pje Wl = n/ Ricci(w:) Aw™™ ! =ne (X)7, (%)
Xj=1 X

in particular the left-hand side is bounded. Also, as Ricci(w:) — we = Je(we) — we
converges weakly to 0, we know that

/ S (s — )¢ AT A
b gt

converges to 0 for every smooth (n—1,n —1)-form u on X, hence the eigenvalues p;
“converge weakly to 1”7 in the sense that E;}:l(pﬁ = 1)¢i o A ¢ o converges weakly
to 0 in the space of smooth (1,1)-forms. Therefore, it does not seem too unrealistic
to expect that the family (w.) is well behaved in the following sense.

DEFINITION 1.2. We say the family (we) of weak almost Kdhler-Einstein metrics
1s well behaved in LP norm if

/X (Pre — prefP el (sx)P

converges to 0 as € tends to 0.
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Standard curvature inequalities then yield the following result.

THEOREM 1.3. Assume that X is Fano with Tx nef, and possesses a family of
weak almost Kahler-Einstein metrics that is well behaved in LP norm. Then
(i) if p>1, Tx is c1(X)-semistable;

(ii) if p > 2, the Guggenheimer-Yau-Bogomolov-Miyaoka Chern class inequality
[ne1(X)? = (2n+2)cz(X)] -1 (X)" 2 <0

is satisfied.

The author is indebted to the referee and to Yury Ustinovskiy for pointing out some
issues in an earlier version of this work. He expresses warm thanks to Ngaiming Mok,
Jun-Muk Hwang, Thomas Peternell, Yum-Tong Siu and Shing-Tung Yau for inspiring
discussions or viewpoints around these questions in the last 25 years (or more!).

2. Proofs.

Existence of regularization operators in 1.1 (i). Let us fix once for all a
Kihler metric 8 € ¢1(X). It is well known that K = PC"'(X) N ¢ (X) is compact
for the weak topology of currents; this comes from the fact that currents T € K have
a uniformly bounded mass

/ TABY™ ! =y (X)".
X

We also know from [Dem92], [Dem99] that every such current 7' admits a family of
regularizations T, € C*°(X) N ¢1(X) converging weakly to T', such that T, > —&f.
Here, the fact that we can achieve an arbitrary small lower bound uses in an essential
way the assumption that T'x is nef. After replacing 7. by T = (1—&)T.+¢f > 23, we
can assume that 7% is a Kéahler form. An important issue is that we want to produce a
continuous operator J.(T') = T. defined on the weakly compact set K. This is clearly
the case when the regularization is produced by convolution, as is done in [Dem94],
but in that case one needs a more demanding condition on T’x, e.g. that Tx possesses
a hermitian metric with nonnegative bisectional curvature (i.e. that T'x is Griffiths
semipositive). However, the existence of a continuous global operator J. is an easy
consequence of the convexity of K. In fact, the weak topology of K is induced by the
L? topology on the space of potentials ¢ when writing T = 3 + dd®yp (and taking the
quotient by constants) — it is also induced by the LP topology for any p € [1, oo, but
L? has the advantage of being a Hilbert space topology. By compactness, for every
6 €]0,1] we can then find finitely many currents (7);<;j<n(s) such that the Hilbert
balls B(T},9) cover K. Let K; be the convex hull of the family (7})1<j<n(s) and let
ps : K — K; be induced by the (nonlinear) Hilbert projection L?/R — K. Since K
is finite dimensional and is a finite union of simplices, we can take regularizations 7}
of the vertices T; and construct a piecewise linear operator Js . : K5 — K NC>(X)*
to Kéhler forms, simply by taking linear combinations of the 7} .’s. Then j&E ops(T)
is the continuous regularization operator we need. The uniform weak convergence
to T is guaranteed if we take J. := j(;(s)ﬁ with ¢ < §(e) — 0, e.g. with a step
function € — d(g) that converges slowly to 0 compared to e. These operators have
the drawback of being non explicit and a priori non linear.

QUESTION 2.1. Is it possible to construct a linear regularization operator J. with
the same properties as above, e.g. by means of a convolution process ?
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In fact, such a “linear” regularization operator J; is constructed in [Dem94| by
putting T' = 8 4 dd®p and J.(T) = B + dd®p. where

pel2) = /< L elexph. Q) (IR /=) (0

for a suitable hermitian metrics h on Ty, taking exph to be the holomorphic part of the
exponential map associated with the Chern connection V. However, the positivity
of J.(T) is in general not preserved, unless one assumes that (T'x, h) is (say) Griffiths
semipositive. As the relation between nefness and Griffiths semipositivity is not yet
elucidated, one would perhaps need to extend the above formula to the case of Finsler
metrics. This is eventually possible by applying some of the techniques of [Dem99|
to produce suitable dual Finsler metrics on Tx (notice that any assumption that
Tx ® L is ample for some Q-line bundle L translates into the existence of a strictly
plurisubharmonic Finsler metric on the total space of (Tx ® L)* \ {0}, so one needs
to dualize).

Use of the Schauder fixed point theorem for 1.1 (ii). By Yau’s theorem
[YauT78], for every closed (1,1)-form p € ¢1(X), there exists a unique Kéhler metric
v(p) € c1(X) such that Ricci(y(p)) = p. Moreover, by the regularity theory of
nonlinear elliptic operators, the map p — 7(p) is continuous in C'*° topology. We
consider the composition

yoJ.: K KNC¥X)t 5 KNC®(X)t c K, T~ p=J.(T)—~(p).

Since J. is continuous from the weak topology to the strong C'*° topology, we infer
that v o J. is continuous on K in the weak topology. Now, K is convex and weakly
compact, therefore v o J. must have a fixed point T" = w, by the theorem of Schauder.
By construction w. must be a Kéhler metric in ¢;(X), since v o J. maps K into the
space of Kahler metrics contained in ¢;(X). This proves Theorem 1.1.

Semistability of Ty (1.3 (i)). Let F C O(Tx) be a coherent subsheaf such
that O(T'x)/F is torsion free. We can view F as a holomorphic subbundle of T'x
outside of an algebraic subset of codimension 2 in X. The Chern curvature tensor
Ory w. = #VQ satisfies the Hermite-Einstein condition

n—1
eTxyws N we

1
= Eps W,
where p. € C*°(X,End(Tx)) is the Ricci operator (with the same eigenvalues p; .
as Ricci(we)). It is well known that the curvature of a subbundle is always bounded
above by the restriction of the full curvature tensor, i.e. Or . < O o |7 (say, in
the sense of Griffiths positivity, viewing the curvature tensors as hermitian forms on
Tx ® F). By taking the trace with respect to w., we get

1
OFw. N w?_l < Epa\]:wg-

By the minimax principle, if r = rank F, the eigenvalues of p.|r are bounded above
by

pn—r—l—l,s S e S pn,s;
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hence

~ L1
/ Cl(]:> A w? L= / trr @-7‘--,005 A w? ! < — / anfrJrj-,s w?.
X X nJx 3

The left hand side is unchanged if we replace w. by 5 € ¢1(X), and our assumption
()P for p =1 (cf. Definition 1.2) implies

1 ™ r n r
n—1 . no__ g . n __ n—1
/}; ci(F)AB < ;13% . /;{ jg:l Pn—r+jeWe = ;13% ) /}; j§:1 Pje We = P /X ca(X)NpB

by (). This means that Tx is ¢1(X)-semistable.
Chern class inequality (1.3 (ii)). Let us write

Orx w. = (bap)i<ap<n = (Zkeaﬁjkdzj A dik)lgwgn
Js

as an n x n matrix of (1, 1)-forms with respect to an orthonormal frame of T'x that

diagonalizes the Ricci operator p. (with respect to the metric w.). A standard calcu-

lation yields

wn—2
= ( = > Mbaajk — Ossinl* — (n+1) > |Bapjnl®
a#B.i#k oB..k, pairwise #
—(4n+8) > faajkl’ =4 lfaca;?
atj<hta ot
= Y bangs = 08855 = D Banaa — 20aassl’
atBAita B

2
+nzpi,s - (ZPO«E) ) w?

where all terms in the summation are nonpositive except the ones involving the Ricci
eigenvalues p,... However, the assumption (xx)? for p > 2 implies that the integral
of the difference appearing in the last line converges to 0 as ¢ — 0. Theorem 1.3 is
proved.

Our results lead to the following interesting question.

QUESTION 2.2. Assuming that a “sufficiently good” family of regularization op-
erators Je is used, can one infer that the resulting family (w:) of fized points such that
Ricci(we) = Jo(we) (or some subsequence) is well behaved in L*, resp. L? norm?

REMARK 2.3. A strategy to attack the Campana-Peternell conjecture could be as
follows. The first step would be to prove that H(X, Tx) # 0 (if dim X > 0). Assume
therefore H°(X,Tx) = 0 and try to reach a contradiction. It is well known in that
case that there are fewer obstructions to the existence of Kéhler-Einstein metrics,
for instance one has the Bando-Mabuchi uniqueness theorem [BM85] and (obviously)
the vanishing of the classical Futaki invariant [Fut83]; hence we could expect our
family of weakly almost Kéhler-Einstein metrics to converge to a genuine Kéhler-
Einstein metric. But then the resulting known Chern class inequalities (the ones of
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Theorem 1.3 (ii) combined with the Fulton-Lazarsfeld inequalities [FL83], [DPS94])
might help to contradict H°(X,Tx) = 0, e.g. by the Riemann-Roch formula or by ad
hoc nonvanishing theorems such as the generalized hard Lefschetz theorem [DPS01].
Now, the existence of holomorphic vector fields on X implies that X has a non trivial
group of automorphisms H = Aut(X), and one could then try to apply induction on
dimension on a suitable desingularization Y of X // H, if Y is not reduced to a point
and one can achieve Y to have Ty nef.

REFERENCES

[APS86] D. V. ALEKSEEVSKII AND A. M. PERELOMOV, Invariant Kdihler-Einstein metrics
on compact homogeneous spaces, Funktsional. Anal. i Prilozhen., 20:3 (1986),
pp. 1-16; English version: Functional Analysis and Its Applications, 20:3 (1986),
pp- 171-182.

[BMS85] S. BANDO AND T. MABUCHI, Uniqueness of Einstein Kdahler metrics modulo connected
group actions, Algebraic geometry, Sendai, 1985, Adv. Stud. Pure Math., 10,
North-Holland, Amsterdam, 1987, pp. 11-40.

[CPI1] F. CAMPANA AND TH. PETERNELL, Projective manifolds whose tangent bundles are
numerically effective, Math. Ann., 289:1 (1991), pp. 169-187.

[CP93] CAMPANA, F., PETERNELL, TH., 4-folds with numerically effective tangent bundles
and second Betti numbers greater than one, Manuscripta Math. 79(3-4) (1993),
225-238.

[Dem92] J.-P. DEMAILLY, Regularization of closed positive currents and Intersection Theory,
J. Alg. Geom., 1 (1992), pp. 361-409.

[Dem94] J.-P. DEMAILLY, Regularization of closed positive currents of type (1,1) by the flow of

a Chern connection, Actes du Colloque en lhonneur de P. Dolbeault (Juin 1992),
edited by H. Skoda and J.M. Trépreau, Aspects of Mathematics, Vol. E26, Vieweg
(1994), pp. 105-126.

[Dem99] J.-P. DEMAILLY, Pseudoconvez-concave duality and regularization of currents, Sev-
eral Complex Variables, MSRI publications, Volume 37, Cambridge Univ. Press
(1999), pp. 233-271.

[DPS94] J.-P. DEMAILLY, TH. PETERNELL, AND M. SCHNEIDER, Compact complexr mani-
folds with numerically effective tangent bundles, J. Algebraic Geom., 3:2 (1994),
pp. 295-345.

[DPS01] J.-P. DEMAILLY, TH. PETERNELL, AND M. SCHNEIDER, Pseudo-effective line bundles
on compact Kdhler manifolds International Journal of Math., 6 (2001), pp. 689—
741.

[FL83] W. FULTON AND R. LAZARSFELD, Positive polynomials for ample vector bundles, Ann.
Math., 118 (1983), pp. 35-60.

[Fut83] A. FuTAKI, An obstruction to the existence of Einstein Kahler metrics, Invent. Math.,
73 (1983), pp. 437-443.

[Hwa01] J. M. HWANG, Geometry of minimal rational curves on Fano manifolds , In: School on

Vanishing Theorems and Effective Results in Algebraic Geometry (Trieste, 2000),
volume 6 of ICTP Lect. Notes, Abdus Salam Int. Cent. Theoret. Phys., Trieste,
2001, pp. 335-393.

[Mok08] N. Mok, Geometric structures on uniruled projective manifolds defined by their va-
rieties of minimal rational tangents, Astérisque, 322 (2008), pp. 151-205, in:
Géométrie différentielle, physique mathématique, mathématiques et société II.

[Mok88] N. Mok, The uniformization theorem for compact Kdhler manifolds of nonnegative
holomorphic bisectional curvature, J. Differential Geom., 27:2 (1988), pp. 179-214.
[Mok02] N. Mok, On Fano manifolds with nef tangent bundles admitting 1-dimensional va-

rieties of manimal rational tangents, Trans. Amer. Math. Soc., 354:7 (2002),
pp- 2639-2658.

[MOSWW]  R. MuNoz, G. OCCHETTA, L. E. SOLA CONDE, K. WATANABLE, AND J. A. WISNIEWSKI,
A survey on the Campana-Peternell conjecture, Rend. Istit. Mat. Univ. Trieste,
47 (2015), pp. 127-185.

[YauT7s] S.-T. YAu, On the Ricci curvature of a complex Kdihler manifold and the complex
Monge-Ampére equation I, Comm. Pure and Appl. Math., 31 (1978), pp. 339—
411.




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 true
  /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

  /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 <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


