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Abstract: Let 7 be a set of primes and let H be a w-prefrattini subgroup of a finite soluble group G.
We prove that there exist elements z,y, z € G such that HNH* N HY N H* = &,(G).
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1. Introduction

It was shown in [1] that if § is a saturated formation, H is a §-prefrattini subgroup of a finite soluble
group G, and Agz(G) is the intersection of all F-abnormal maximal subgroups of G then

(1) HNH* N HY N H?* = Az(G) for some z, y, and z in G;

(2) if either G is Sy-free or the formation § is composed of Ss-free groups then HNH*NHY = Az(G)
for some x and y in G.

Partial aspects of this result were considered in [2] (§ is the formation of identity groups, and Az(G) =
®(G) is the Frattini subgroup of G) and [3] (§F is the formation of all nilpotent groups, Az(G) = A(G)
is the Gaschiitz subgroup of G, i.e., the intersection of all abnormal maximal subgroups of G).

Since Az(G) = Coreg(H) = (e H” for every §-prefrattini subgroup H of G, the thing is in essence
about the possibility of representing of the core of a §-prefrattini subgroup as the intersection of a bounded
number (three or four) conjugate subgroups.

Note that the statement of such a problem is initiated by the central results of [4-7]. In [4], Passman
proved that, in every p-soluble group G, there exist three Sylow p-subgroup whose intersection is equal
to Op(G). In [5], Zenkov showed that an analogous result holds in every finite group. In [6], Dolfi proved
that if 2 ¢ 7 then, in every m-soluble group G, there exists three Hall w-subgroups whose intersection is
equal to O, (G). Later in [7], Dolfi established that if H is a Hall m-subgroup of a m-soluble group G then
HnN H?” N HY = 0,(G) for some elements z and y in G (see also [8]).

In this article, we extend the above result on §-prefrattini subgroups of a finite soluble group G to
its m-prefrattini subgroups. Observe that, in general, the set of all w-prefrattini subgroups of a group G
does not coincide with the set of all its §-prefrattini subgroups (this is shown in Section 5).

Let 7 be a set of primes and let ®,(G) be the intersection of all maximal subgroups of the group G
whose indices do not divide by the numbers of 7. Our main aim is to prove the following

Theorem. Let w be a set of primes. If H is a w-prefrattini subgroup of a finite soluble group G
then

(1) HNH*NHYNH? = ®,(G) for some z, y, and z in G;

(2) if the group G is Sy-free then H N H* N HY = &, (G) for some x,y € G;

(3)if2¢ mand 3 ¢ w then HN H* N HY = &,(G) for some z,y € G.
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2. Preliminary Results

Below in the article, by a group we always mean a finite soluble group. We use the definitions and
notations of [9].

The concept of prefrattini subgroup was proposed by Gaschiitz in 1962 in [10]. In the original
exposition, a prefrattini subgroup is defined as the intersection of the complements to the crowns of all
complemented chief factors of some fixed chief series of the group. Later such an approach was widely
studied and repeatedly generalized. It was most impressively developed in the article [11] by Hawkes,
who, given a saturated formation §, introduced the notion of F-prefrattini subgroup by considering
complements to the crowns not of all complemented chief factors but only of those that are §-excentral.

Note that approaches are known (see, for example, [12-14]) that do not use the notion of crown
of a complemented chief factor. One of such approaches, which regards a generalized prefrattini subgroup
of a group G as the intersection of some of its maximal subgroups is used in our definition of m-prefrattini
subgroup.

DEFINITION 2.1. Suppose that 7 is a set of primes, while 1 = Ag C A1 C --- C A, = G is a chief
series of a group G, and {4;/A;_1 | i € I'} is the set of all complemented 7’-factors of this series. Let M;
(¢ € I) be a maximal subgroup of G’ complementing the chief factor A;/A;_1. Then the subgroup (,.; M;
is called a m-prefrattini subgroup of G (if G has no complemented chief 7'-factors then the group G itself
is regarded as its m-prefrattini subgroup).

A check shows that the definition of w-prefrattini subgroup is correct: It does not depend on the
choice of a chief series of the group. The definition also implies that a m-prefrattini subgroup exists in
every group.

Further we will need information on the properties of ®,(G). The following lemma is proved
by an easy check.

Lemma 2.1. The following hold for every group G and every set w of primes:

(1) Ox(G) C 84(G) and ®,(G)/0x(G) = B(G/0x(G));

(2) if N <G then ®,(G)N/N C &,.(G/N);

(3) if NG and N C ®,(G) then ®.(G)N/N = &,.(G/N);

(4) (I)F(G/(I)W(G)) =L

The main properties of m-prefrattini subgroups will be given in the form of lemmas. Recall only that
if H is a subgroup of G and A/B is its normal section then it is said that

—H covers A/B if HB D A;

—H avoids A/Bif HNAC B.

Lemma 2.2 [15, Theorem 2|. Let H be a m-prefrattini subgroup of a group G. Then

(1) if N <G then HN/N is a w-prefrattini subgroup of G/N;

(2) H covers all chief w-factors and all Frattini chief factors of G;

(3) H avoids all complemented chief ©’-factors of G;

(4) Coreq(H) = @4 (G);

(5) every two m-prefrattini subgroups of G are conjugate.

Lemma 2.3. Let N be a minimal normal ©’-subgroup of G. If M is a maximal subgroup of G that
complements N then every mw-prefrattini subgroup in M is a m-prefrattini subgroup of G.

PrOOF. Let H be a m-prefrattini subgroup in M. Let 1 = Ag C Ay C --- C A, = M be a chief
factor of M and let {A;/A;_1 | i € I} be the set of all complemented chief 7'-factors of this series.
By Definition 2.1, H = (\,c; M;, where M; (i € I) is a maximal subgroup in M that complements the
chief ’-factor of A;/A; 1.

Consider the normal series

1CN=ANCANC---CAN=MN=G (1)
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of G. Since
AjNJAj N = Aj /AN AN = Aj /A1 (A O N) = Aj/Aj

for each j € {1,2,...,n}, this series is a chief series of G. Since the mapping « : mN +— m is an isomor-
phism of the groups G/N and M, the factor A;N/A;_1N is a n’-factor if and only if the factor A;/A; 1
is a 7’-factor. Therefore, in series (1), the only 7'-factors are the factors N and A;N/A;_1N for all j € I;
moreover, all these factors are complemented: the subgroup N is complemented by the subgroup M
by hypothesis, and the complement to the chief factor A;N/A;_1N (j € I) is the subgroup M;N.

This implies that M N (ﬂze 1 M;N ) is a m-prefrattini subgroup of G. Obviously,

H:ﬂMigMﬁ<ﬂMiN).

el i€l

Since by Lemma 2.2 the subgroups H and M N (ﬂle 1 M;N ) avoid all complemented chief 7'-factors
of series (1) and cover all its remaining chief factors, by Lemma A.1.7 in [9], we have |H| = |[M N
(Mier M;N)|. This and H € M N ((;c; M;N) imply that H = M N ((;c; M;N), i.e., H is a m-prefrattini
subgroup of G. The lemma is proved.

Lemma 2.4. Let N be a normal ©’'-subgroup of a group G in Soc(G). If H is a subgroup of G such
that G = HN and H N N =1 then ®(G) = Cy_(z)(N).

PROOF. Let T be the intersection of all maximal subgroups of G that include N and whose indices
do not divide by the numbers of 7. Then ®,(G) C T and T'/N = ®,(G/N). By the natural isomorphism
H = HN/N = G/N, we have ®,(G/N) = ®.(H)N/N. Now, ®.(G)N/N C &,.(G/N) implies the
inclusion ®,(G) C &,(H)N.

Let W be a minimal normal subgroup of G contained in N. Then N = W x W* where W* is
a normal subgroup of G. Since the subgroup W is complemented in G by the maximal subgroup W*H
whose index does not divide by the numbers of 7, ®,(G) N N = 1. Consequently,

2.(G) € Co(N) N BL(H)N = (Ca(N) N Bo(H)N = Ca, (1y(N) x N.

Let K = Cg, (g)(NV). Clearly, No(K) 2 (H,N) = G, i.e., K is a normal subgroup of GG. Suppose that
there exists a maximal subgroup M in G not including K whose index does not divide by the numbers
of 7. In this case, KM = G. If N C M then M/N is a maximal subgroup in G/N, and hence M N H is
a maximal subgroup in H. Moreover, the index |H : M N H| = |G : M| does not divide by the numbers
of 7. But then K C ®,(H) C M N H C M, which contradicts the assumption.

Thus, N does not lie in M. Let D = M N N. Since N C Soc(G), there exists a minimal normal
subgroup V in G such that N = V xD. Hence, M and D H are maximal subgroups of G complementing V.
The subgroups M and DH are not conjugate in G since DH has a normal subgroup K and M does not
include K by assumption. Then, by Proposition A.16.9 in [9], M N DH is a maximal subgroup in DH.
Since MNDH = (M NH)D, the subgroup M N H is maximal in H. Since MK = G and K C H, we have
MH = G. Consequently, |G| = |MH| = |M||H|/|M N H|, and hence |G : M| = |G|/|M|=|H : HN M|
does not divide by the numbers of 7; therefore, K C ®,(H) C MNH C M. We again have a contradiction.

Thus, every maximal subgroup of G whose index does not divide by the numbers of 7 includes K,
and so K C ®,(G). We finally have ®,(G) = ®(G)NNK = (2,(G)NN)K = K. The lemma is proved.

We will rely upon the following results, which we give as lemmas:

Lemma 2.5 [7, Theorem 1.4]. Let G be a soluble group and let V' be a faithful finite G-module. If V'
is completely reducible then there exist elements vi,ve,v3 € V for which Cg(v1) N Cg(v2) N Ca(vs) = 1.

Lemma 2.6 [9, Lemma A.16.3]. Let G = NH be the semidirect product of a normal subgroup N
and a subgroup H. Then

(1) if n € N then HN H" = Cy(n);

(2) Coreg(H) = Cu(N).
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Lemma 2.7 [1, Lemma 21]. Let G be a soluble group and let V be a finite faithful completely
reducible G-module. Let H be a subgroup of G such that the semidirect product V H is S4-free. Then
H has at least two regular orbits on V @& V.

Recall that a group is called Sy-free if it has no sections isomorphic to the symmetric group of degree 4.

3. A Minimal Counterexample

Let H and K be subgroups of G, where K = Coreg(H). Following [1], we say that the triple (G, H, K)
is a k-conjugate system if there exist elements g1, 92,...,9%x € G such that K = HI* N H% N ---N H%.

Let 7 be a set of primes and let H be a m-prefrattini subgroup of a group G. Assume from now on
that G is a group of the least order for which the triple (G, H, ®,(QG)) is not a k-conjugate system. Then

3.1. ®.(G) = 1. In particular, ®(G) = 1.

Assume first that ®,(G) # 1. Then H®,(G)/®,(G) is a m-prefrattini subgroup in the group G/®,(G)
in view of Lemma 2.2. Since |G/®,(G)| < |G|, (G/®x(G), HP(G)/®x(G), 2~ (G/P®~(G)) is a k-conjugate
system. Moreover, the properties of the subgroup ®,(G) # 1 (Lemma 2.1) imply that ®,(G/®,(G)) = 1.
Therefore, the triple (G, H,®,(G)) is a k-conjugate system. We get a contradiction. Consequently,
assertion 3.1 holds.

3.2. There exist a minimal normal subgroup N and a maximal normal subgroup M such that
G=MN, MNN =1, and the triple (M, H, ®,(M)) is a k-conjugate system.

Let N be a minimal normal subgroup of G. Since ®,(G) = 1, we have O,(G) = 1 and ®(G) = 1.
Therefore, the solubility of G implies that IV is a complemented 7’-subgroup of GG, and hence there exists
a maximal subgroup M in G with G = MN and M NN = 1. By Lemma 2.3, we may assume that
H C M. By the choice of G, the triple (M, H,®,(M)) is a k-conjugate system. Consequently, there are
elements my,ma,...,my € M for which ®,(M)=H™ NH™ N-.-NH*.

3.3. The subgroup N is a faithful completely reducible ®,(M)-module over the field F}, of p elements.
In particular, Coreg (ar)n(®x(M)) = 1.

Obviously, N is an irreducible M-module over F),. By Clifford’s Theorem (see [9, Theorem B.7.3]),
N is a completely reducible ®,(M)-module. By Lemma 2.4 and assertion 3.1, we have Cg(N) = 1.
Therefore, the ®-(M)-module N is faithful. Hence, Coreg (nr)n(®x(M)) = 1.

3.4. The triple (&,(M)N,®,(M),1) is not a k-conjugate system.

Suppose that the triple (®,(M)N, ®,(M),1) is a k-conjugate system. Then, by definition, there exist
elements hy, ha, ..., hg in ®-(M)N such that (%, (®,(M))" = 1. Since the element h; is representable
as h; = fin; for some f; € &,(M) and n; € N (i =1,2,...,k), we have ﬂle(q)ﬁ(M))”i =1

Consider the subgroup D = ﬂle H™™ By Frattini’s Lemma, we have

k k k
DC()H™™N=()H™N = (ﬂ H"“)N = ®.(M)N,
=1 =1 =1
whence

k
D=DN&(M)N = ()H™" N&(M)N = (|(H™ N &(M)N)™

i=1 =1

k
= () 2x(M)" = 1= 2,(G).
=1

Thus, the triple (G, H, ®,(G)) is a k-conjugate system, which contradicts the assumption.
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4. Proof of the Theorem

1. Suppose that item 1 of the theorem fails and G is a counterexample of a minimal order. If H
is a m-prefrattini subgroup of G then the triple (G, H,®,(G)) is not a 4-conjugate system. Moreover,
assertions 3.1-3.4 hold for £k = 4. In particular, by 3.1 and 3.3, ®,(G) "N = 1 and N is a faithful
completely reducible ®, (M )-module over the field F, of p elements. In view of Lemma 2.5, there exist
elements ny,ng,n3 € N for which Cg_(rr)(n1) N Co, (ar)(n2) N Cy, (ar)(n3) = 1. Hence, by Lemma 2.6,
we have

D (M) 1 (Do (M))™ (1 (D5(M))" 0 (B (M))™ = 1.

Then the triple (®(M)N,®,(M),1) is a 4-conjugate system, which contradicts assertion 3.4 of the
minimal counterexample. Item 1 of the theorem is proved.

2. Suppose that item 2 of the theorem fails and G is a counterexample of the minimal order. If H
is a m-prefrattini subgroup of G then the triple (G, H,®,(G)) is not a 3-conjugate system. Moreover,
assertions 3.1-3.4 hold for k¥ = 3. In particular, ®,(G) "N = 1 and N is a faithful completely re-
ducible ®,(M)-module over the field F,, of p elements by 3.1 and 3.3. Since the group G is Sy-free,
the subgroup ®,(M)N is also Sy-free. Then, by Lemma 2.7, there exist elements ni,ny € N for which
Cy,(m)(n1) N Cp_(ary(n2) = 1. Hence, by Lemma 2.6 (M) N (2-(M))™ N (®(M))"? = 1. Then
the triple (®,(M)N,®,(M),1) is a 3-conjugate system, which contradicts assertion 3.4 of the minimal
counterexample. Item 2 of the theorem is proved.

3. As in item 2, it suffices to show that the subgroup ®,(M)N is Sy-free. Suppose that this fails, i.e.,
@, (M)N contains a section A/B isomorphic to Sy. Since N is a 7’-group, by Lemma 2.1, O, (M) is a Hall
m-subgroup of ®,(M)N and, moreover, ®.(M)N/Or(M)N is nilpotent. Let F be a Hall n’-subgroup
in ®,(M)N. Then, by the isomorphism,

&, (M)N/Ox(M)N = FO(M)N/Ox(M)N 2 F/F 0 Ox(M)N
= F/(FNOx(M))N = F/N,

we conclude that F € M2. By Hall’s Theorem, there is an element h € ®,(M)N such that F" N A is
a Hall n'-subgroup in A. Since A/B is isomorphic to Sy, we have A = (F" N A)B, whence

A/B=(F'nA)B/B= (F"nA)/(F'nA)nB=(F"nA)/(F"nB),

i.e., the section 4/B belongs to M?; a contradiction to A/B = S,. Consequently, the subgroup ®,(M)N
is Sy-free. Then, by Lemma 2.7, there exist elements n1,n2 € N for which Cg_(ar)(n1) NCo, (ar)(n2) = 1.
By Lemma 2.6, ®,(M) N (®,(M))" N (®,(M))"> = 1. Then the triple (®(M)N,®,(M),1) is a 3-
conjugate system, which contradicts assertion 3.4 of the minimal counterexample. The theorem is proved.

5. An Example and Corollaries

ExXaMPLE 5.1. Let 7 be a set of primes. Then, for every saturated formation §, there exists a group G
in which m-prefrattini subgroups are not §-prefrattini.

Suppose that there exists a saturated formation § for which, in any group G, the set of all w-prefrattini
subgroups coincides with the set of all its §-prefrattini subgroups.

Assume that 7(§) N7’ # @. Take p € n(F) N7’. Since the formation § is saturated, the group Z,
of order p belongs to §. But then a §-prefrattini subgroup of Z, coincides with Z, and its m-prefrattini
subgroup is identity; a contradiction with the choice of §. Consequently, m(F) N7’ = &, and hence
7(F) C 7.

Suppose that § C &, where & is the formation of all soluble 7-groups. Then there exists a w-group
not belonging to §. Let G be a group of the least order in &, \ §. Then G has a unique minimal normal
subgroup N such that G/N € §. Since the formation § is hereditary, N is not contained in ®(G). Then
a maximal subgroup of G not containing N is its §-prefrattini subgroup, whereas a m-prefrattini subgroup
of G coincides with G; a contradiction. Consequently, § = &.
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Suppose that p and ¢ are primes; moreover, ¢ ¢ m and p € w. Let U be a faithful irreducible Fy[Z]-
module over the field F;, consisting of ¢ elements. Consider the group H = [U]Z,. Since O,(H) = 1and U
is a unique minimal normal subgroup in H, by Theorem 10.3.B in [9], there exists a faithful irreducible
F,[H]-module V over the field F,. Consider the group D = [V]H = [V]([U]Z,). Since Cp(V) =V
and D/V is not a m-group, the minimal normal subgroup V' of D is not §-central in D. Therefore, Z,
is a §-prefrattini subgroup in D. At the same time, [V]Z, is its m-prefrattini subgroup. We again get
a contradiction.

For m = @, item 3 of the theorem gives

Corollary 5.1 [2]. For every finite soluble group G and any its prefrattini subgroup H, there are
elements x and y in G such that H N H* N HY = ®(G).

Corollary 5.2. Let w be a set of primes. Then the following hold for any finite soluble group G and
any its w-prefrattini subgroup H:

(1) [H] < V/|G12(G)];

(2) |H/®(G)| < |G- Hf.

References

1. Ballester-Bolinches A., Cossey J., Kamornikov S. F., and Meng H., “On two questions from the Kourovka Notebook,”
J. Algebra, vol. 499, 438-449 (2018).

2. Kamornikov S. F., “Intersections of prefrattini subgroups in finite soluble groups,” Int. J. Group Theory, vol. 6, no. 2,
1-5 (2017).

3. Kamornikov S. F., “A characterization of the Gaschiitz subgroup of a finite soluble group,” J. Math. Sci. (New York),
vol. 233, no. 1, 4249 (2018).

4. Passman D. S., “Groups with normal solvable Hall p’-subgroups,” Trans. Amer. Math. Soc., vol. 123, no. 1, 99-111

(1966).

Zenkov V. L., “Intersections of nilpotent subgroups in finite groups,” Fundam. Prikl. Mat., vol. 2, no. 1, 1-92 (1996).

Dolfi S., “Intersections of odd order Hall subgroups,” Bull. London Math. Soc., vol. 37, no. 1, 61-66 (2005).

Dolfi S., “Large orbits in coprime actions of solvable groups,” Trans. Amer. Math. Soc., vol. 360, no. 1, 135-152 (2008).

Vdovin E. P., “Regular orbits of solvable linear p-groups,” Sib. Elektron. Mat. Izv., vol. 4, 345-360 (2007).

Doerk K. and Hawkes T., Finite Soluble Groups, Walter de Gruyter, Berlin and New York (1992).

Gaschiitz W., “Praefrattinigruppen,” Arch. Math., vol. 13, no. 3, 418426 (1962).

Hawkes T. O., “Analogues of prefrattini subgroups,” in: Proc. Intern. Conf. Theory of Groups (Austral. Nat. Univ.,

Canberra, 1965), New York, 1967, 145-150.

12. Kurzweil H., “Die Praefrattinigruppe im Intervall eines Untergruppenverbandes,” Arch. Math., Bd 53, 235-244 (1989).

13. Shemetkov L. A. and Skiba A. N., Formations of Algebraic Systems [Russian|, Nauka, Moscow (1989).

14. Kamornikov S. F.; “On the prefrattini subgroups of finite soluble groups,” Sib. Math. J., vol. 49, no. 6, 1044-1050

(2008).

15. Kamornikov S. F. and Shemetkov L. A., “Projectors of finite soluble groups: Reduction to subgroups of prefrattini

type,” Dokl. Math., vol. 84, no. 2, 645-648 (2011).

o0 X No o

— =

X. Y1

DEPARTMENT OF MATHEMATICS, ZHEJIANG SCI-TECH UNIVERSITY, HANGZHOU, P. R. CHINA
E-mail address: yixiaolan2005@126.com

S. F. KAMORNIKOV

F. SKORINA GOMEL STATE UNIVERSITY, GOMEL, BELARUS

E-mail address: sfkamornikov@mail.ru

L. X1a0

DEPARTMENT OF MATHEMATICS, ZHEJIANG SCI-TECH UNIVERSITY, HANGZHOU, P. R. CHINA
E-mail address: xiaolinglingwhr@163.com

61




<<
  /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
  /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 /OK
  /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 /OK
  /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 /OK
  /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

  /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 <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


