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Abstract. The investigation shows that the specific conductivity of Mo sharply decreases
exponentially under the temperature influence within the range from ~20 to ~60 K or
under the Re impurity influence in the concentration range up to 3—4 at.% and then
transforms into the power dependence. Noted there are two singularities in the Mo
specific conductivity, namely, an exponential conductivity change within the small
energy range and the presence of a threshold energy value equivalent to ~50 K, which
can be related to the mobility edge for localized electron states at the spectrum edge in
the vicinity of the critical energy €., (arising of a small-size electron lens). The identity

in the behavior of Mo specific conductivity change, independently on the external
parameter influencing on the Fermi level position relatively to the critical points of the
electron spectrum, is shown. This fact permits to assume that the singularities under
consideration can be related to the partial dielectric behavior of the electron spectrum,

depending on the Fermi level position relatively to the critical energies
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1. Introduction

As own from literature, the Van Hove singularities [1]
lead to the electron topological transitions (ETT) [2, 3]
under conditions of the external action on the position of
Fermi level e relatively to these singularities &,

[4—7]. In the case of electron topological transitions of
a 2.5 kind, the singularities arise in the electron states

density Sv(s) ~yec—¢ep (for free electrons).

Moreover, a characteristic singularity is the change in
the electron motion dynamics, when the Fermi level
traverses the critical point of the electron spectrum.

The present paper considers ETT caused by the
small-size electron group arising, when the Fermi level
traverses the bottom of a band, not occupied before, then

the electron velocity reduces to zero and the effective
mass is increasing. At the same time, it is known that
when the Fermi level traverses the zone bottom, the
states of electrons at the spectrum edge are localized
with the characteristic signs of metal-dielectric transition
[8], namely, the appearance of d-like peaks in the
electron state density, corresponding to the quasi-
discrete spectrum to some mobility threshold, during
electron delocalization.

The metal-dielectric transitions were considered for
the most part for semiconductors. In the case of electron
topological transitions in metals (appearance of a small-
size electron group) there are, simultaneously, signs of
two types of transitions with characteristic singularities
in the electron state densities for the ETT and the metal-
dielectric transition.
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dv(e)
~Jec—¢p for free electrons, there arising are &-like

peaks of the electron state density at the spectrum edge
inherent to the localized electron states. Singularities in
the electron motion dynamics during such electron
transitions lead to new mechanisms of charge transfer
with participation of phonons, i.e., to the umklapp
processes [9-11] and to additional mechanisms in the
scattering processes.

Simultaneously with the singularity

So, under the condition &p—€g-=0 the
singularities arise in the electron state densities, being
inherent to two types of transitions, namely, ETT and
metal-dielectric  transition. Before fulfilling this
condition, the Fermi level changes its position relatively
to the critical energy that results in the change of the
energy gap under the external actions. It should lead to
the exponential dependence of the specific resistance,
characteristic for the metal-dielectric transition, on the
activation energy and the gap size Ag, in this case it is
the gap between the Fermi level and the critical electron

energy.

Note that both of transitions have a common
nature. In both cases, the Fermi level passes through the
spectrum edge (zone bottom). This fact allows us to
conclude that the electron-topological transition in
metals should be accompanied by the metal-dielectric
transition in the direction &(x) relatively to the Brillouin
zone, where there is a narrow gap between the Fermi
level € and the critical point of electron spectrum &,
(Brillouin zone boundary).

Under the external actions (pressure, impurity,
temperature), one can create conditions for realization of
two interrelated electron transitions having the features
of partial dielectric behavior of the electron spectrum in
the direction &(k) where the ETT occurs.

For the first time, two types of singularities in the
electron state densities have been found by studying the
ETT under external actions in the Mo—Re alloys
[5—7]. The dependences of the superconducting
transition temperature 7¢ under pressure were measured

(10°K) [5,6]. The thermal

em.f. a(7) for different concentrations of Mo —Re
alloys within the temperature range from 0 to 10 K were

with a high sensitivity

measured with the sensitivity 107V [7].
Due to the high sensitivity of measurements for the

To(P) and O%W(T ) dependences within the temperature

range from 0 to 10K in the Mo—Re alloys,
simultaneously =~ with a  smooth  nonlinearity

corresponding to the ETT singularity 5v(8) ~\ec—¢€p ,
the “oscillations” having low amplitudes were observed.
These “oscillations” were assumed to be related with the
Fermi level transition through the local levels of the
quasi-discrete spectrum at the edge of a new zone (Scz)a

corresponding to the appearance of a new Fermi surface
cavity with 10 at% Re [12]. The ETT in these alloys was
determined as an extreme of derivatives of the
investigated characteristics by the external parameter
(pressure, impurity, temperature), being changing the
gap €c —&p.

Later the attention was given to the fact that
singularities in the temperature dependence of the
specific resistance of pure Mo also can be considered as
appearance of quasi-local levels of the electron spectra
due to the closeness of & to the critical point &

below the Fermi level belonging in Mo to the small-size
electron lens [13]. In this case, the temperature is
considered as a parameter exerting the influence on the
Fermi level position relatively to the critical energy € .

This paper presents the consideration on a
macroscopic sharp decrease of the Mo specific
conductivity (by the exponent) in the dependence 1/p(7)
within the narrow temperature range from ~20 up to
~60 K and in the dependence 1/p(C) within the range of
rhenium impurity concentrations to ~3 —4 at.% at 10 K.

A comparison is made between the experimental
results [14-16] on singularities in the temperature and
concentration dependences of the specific conductivity
for Mo, which can be related to the partial dielectric
behavior of the Mo electron spectrum due to the
closeness €., of the small-size electron lens in Mo to

the Fermi level.
2. Experimental results

The present paper gives the results of experimental
investigations [14-16] on the temperature dependence of
the specific resistance p(7) and specific conductivity
1/p(T) in a wide temperature range for Mo with the
residual resistance R,/ Ry = 4.5x107*, as well as the

concentration dependence p(C) and 1/p(C) of Mo —Re
alloys within the solid solution at 10 K.

Making the samples and measurement techniques
are described in [6, 7], where the results have been
considered only with account of the singularity €., in
the Mo electron spectrum above the Fermi level that
leads to the electron-topological transition under the Re
impurity influence, i.e. to the formation of a new Fermi
surface cavity when the Re concentration reaches
~10 at.%.

In this paper, we pay attention to other singularities
in the specific resistance of Mo related with the presence
of a critical point in the Mo electron spectrum below the
Fermi levele,, belonging to the available small-size

electron lens. When the Fermi level moves in the narrow
range of energies €~ — &g, one can observe singularities

in the specific resistance of Mo depending on the Fermi
level position relatively to e, The data presented

consider the Fermi level position being varied by the
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temperature for Mo above 20K and or by the Re

impurity at a constant temperature of 10 K.
The experimental results on the dependences of
changes in the specific resistance and conductivity of

Mo under the temperature influence in the wide
temperature range and under the Re impurity influence

for Mo—Re alloys in the region of solid solution are
given in Figs. 1a,b and 2 a,b, respectively.

The results presented in Fig. la demonstrate two
characteristic singularities which manifest themselves in
the temperature derivatives of specific resistance in the
form of extremes within the temperature ranges from 20

to 30 K and from 150 to 200 K (Fig. 1a, curve 2). These

singularities are related with electron transitions in Mo
caused by the temperature change (see details in [13]).

Fig. 1b shows the specific conductivity of Mo as a
function of temperature within the range 1.5-300 K, and
the inserts in Fig. 1b show the specific conductivity of

Mo as a function of temperature in different temperature

ranges. Here, attention should be given to the change in

the functional dependence 1/p(7), i.e. the transition from

the exponential dependence describing the sharp change
of the conductivity to the power dependence during
further temperature increase.

Fig. 2a, b shows the Re impurity influence on the

specific resistance (Fig.2a) and on the specific
conductivity (Fig.2b). Here, also the exponential
a Mo
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Fig. 1. a) Mo specific resistance (linear 1 and logarithmic 3
scales) and the derivative versus temperature (2) for Mo;
b) Mo specific conductivity versus the temperature within
the range from 1.5 to 300 K. The inserts 1, 2, and 3 show
different temperature ranges.

dependence variation 1/p(C) in the concentration range
to 3-4 at.% Re changes to the power dependence
variation during further concentration increase.

From the above-mentioned results, one can see that
the changes in the specific resistance and the specific
conductivity are identical as the Fermi level rises, and no
difference which of external parameters influences on
the Fermi level position (in our case, temperature or
impurity). The distinction is a sharp exponential
decrease of the conductivity for pure Mo within the
narrow temperature range from 30 to 60 K and within
the narrow concentration range, for Mo —Re alloys to
3-4at%at 10 K.

3. Discussion on results

To analyze the results obtained, let us reduce them to the
single parameters, namely, the relative change of the

. OV
electron state density — (¢) under the temperature and
Vo

impurity concentration influence on the electron
spectrum structure.
From the data presented, this value is obtained

using the following way

(popy)o b LY

P=Po Vo +0v v, (v0+8v)v0
P—Po _8_\} (1)
p Vo

where py and vy do not depend on the changes in the
electron spectrum and are determined by the initial state
of the sample, p is the specific resistance at different
temperatures and composition of the sample with the
electron state density (vy+dv), where dv, is the addition
to the electron state density depending on the external
parameter influence and on the electron transition nature.

In the paper [13], one considers the

dependence|p—p, )/ p as a function at Mo, temperature

in the wide temperature range with a detailed discussion
of the changes in the Mo electron spectrum under the
influence of temperature in the different temperature
ranges.

In our paper,

we compare the dependence

(p— po)/p of Mo as a function temperature exceeding

30 K with such dependence as a function of Re impurity
concentration in Mo. The choice of this temperature
range is determined by the following reasons: for
comparison of the influence of different external
parameters (impurity and temperature) on the Mo
electron spectrum, it is necessary to have an identity of
the Mo electron spectrum, beginning from which the
different external parameters (impurity and temperature),
rising the Fermi level, exert the influence on the further
change in the electron spectrum.
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Fig. 2. a) Mo-Re specific resistance (in the linear and logarithmic scales) and the derivative versus the concentration;
b) Mo —Re specific conductivity versus the concentration within the range from 0 to 25 at.%Re for Mo — Re. The inserts 1 and
2 show different concentration ranges.
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P

for Mo.

According to our notions [13], at temperatures
lower than 10 K the electron lens in Mo (SCI) vanishes,

due to the Fermi level lowering in the case of the lattice
expansion, and at 7>10K it recovers within the
temperature range 20 to 30 K, when the smearing of kT
compensates the Fermi level drop, and the temperature
influence on the Fermi level position, during the further
temperature increase, reduces to the Fermi energy
displacement upwards.

In other words, we compare the behavior of the
specific conductivity under conditions that the Fermi
level moves upwards under the influence of different
parameters (temperature, Fig. 3, and impurity, Fig. 4,

of temperature function (1), of electron state density changes Q(T ) (2),
v

dﬂ/dT(T) (3,4)
0 Yo

beginning from the same starting conditions, by the
Fermi level position, relatively to the critical energies of
the Mo electron spectrum).

Figs. 3b and 3c represent the dependences 8—V(T )
Vo

and the temperature derivative of this value for Mo.

Figs. 4b and 4c present the dependences ﬂ(C ) and the
Vo
concentration derivative of this value for Mo —Re .
Comparison of Figs. 3 and 4 shows the identity of
the changes in the electron state density when the Fermi
level rises independently on the choice of the external
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parameter displacing the Fermi level upwards: this is the
sharp change of the characteristics under consideration
within the temperature range from 30 to 60 K and in the
range of concentrations to ~3 —4 at.% with a subsequent
slight changing during further increase either of the
temperature or the impurity concentration.

Let us compare these results with the fine structure
of the Mo electron spectrum [18] shown in Fig. 5.

One can see from the calculation of g(x) for Mo
that there are two gaps: &p —&; from the zone bottom
in the direction I'H to the Fermi level that corresponds to
the small-size electron lens of Mo and €., —&p in the

direction HN from the Fermi level to the empty zone
bottom. If the Fermi level changes, then ETT are
possible — the lens vanishes if € decreases, and the new
Fermi cavity take place if e reaches g, .

In our case, the sharp change in the conductivity
under the influence of temperature or Re impurity is not
related with ETT at g, .

When there is 10 at.% Re in Mo, the Fermi level
rises within the range from 30 to 60 K, and in Mo —Re
the concentration changes to 3—4 at.% the small-size
electron lens increases in the direction I'H of the
Brillouin zone and the gap €., —&p decreases.
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Fig. 5. Theoretical calculations of the Mo electron spectrum
[18]. &cy is the electron lens nucleation; €¢, is the empty zone
bottom equivalent to the critical energy at which a new
electron group arises under the influence of ~10 at.% Re.

Vo Vo

One can see from the calculation of &(i) for Mo
that there are two gaps: ep —&.; from the zone bottom

in Mo the Fermi level rises within the range from 30 to
60K, and in Mo—Re the concentration changes to
3 —4 at.%, the small-size electron lens increases in the
direction I'H of the Brillouin zone and the gap €., — &g

decreases.

Here, we should note two features in the electron
spectrum change: 1) electron localization in Mo at the
spectrum edge (for the lens it is equivalent to the zone
bottom €., ) and 2) additional conditions for the electron

localization created by the Re addition (low
concentrations) [19]. In both cases, the Fermi level
moves in the energy gap €., —¢&p and changes its value.

In Fig. 6, given in more details are the temperature
dependences of the characteristics under study for Mo at
a temperature higher than 20 K. It is seen that after the

sharp increase of i—V(T ), the decrease takes place
0
within the range 30 to 60 K.

The temperature derivatives in the range higher
than 30 K are depicted in Fig. 7a, and the concentration
derivatives up to 3—4 at.% are in Fig. 7b. Under the
temperature and impurity influence, these derivatives are
increased in the identical manner.

Thus, singularities of conductivity in pure Mo can
be related to the lens and the presence of localized
electrons at the spectrum edge (zone bottom), when
there is a nucleation (recovery) of the lens (go) at

~30 K. The influence of impurity and temperature on the
electron spectrum is in correspondence with the different
efficiency according to the rate of Fermi energy change
under the influence of these parameters. From the data of

[6,71 & _ _17x1074 Y.
oc  Cq at.%

& “&c Comparison  of

£~10_4eV/K and E shows that the influence of
oT oC

1 at.% Re on & in Mo is equivalent to the temperature

of ~17 K. Then at a temperature from 30 to 60 K and
with the impurity concentration of 3 -4 at.% Re, the

© 2011, V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine

486



Semiconductor Physics, Quantum Electronics & Optoelectronics, 2011. V. 14, N 4. P. 482-488.

Mo
1.6 0.2
Q i 0.8 & )
> 1.2y o L ‘%
OO_ g > -1 0t T /a
0.8t |¥ 3 > 0.1 C
| > \
Q a w -1.2 b S
< 0.4 e
00 # -1.4r ] < 0.0t
0 100 200 300 0 100 200 300 0 100 200 300
T, K T) K T) K
Fig. 6. The temperature dependence for Mo above 20 K: M(T) , 8—V(T) , dS_v/ dr (T).
P Vo Vo
Mo Mo-Re
0.00 + T L L R —— 0.0k -—m -
. " = b
= [ & =
N - = -0.5¢
% -
= -0.01¢ g -1.0}
> [ ~~
~ (e}
% \> -1.5+
< >
o . =
-0.02 + = 2.0 =
0 100 200 300 0 2 4 6
T, K C, at %

Fig. 7. a) The temperature derivative d Q/dT (T') above 30 K; b) the concentration derivative d i/ dCc (C).

Vo

Fermi level passes the same energy range to the
threshold value, when the conductivity character
changes from the exponential to the power one. It can be
explained by the presence of a mobility edge that is
characteristic for the metal-dielectric transition above
which electrons delocalize. Comparison of the impurity
and temperature influence on the change in the electron
state density also can be made using the experimental
data given below in Table.

C, % dﬂ/dc T,K dﬂ/dT
Yo Vo
20.8 0.20667
0.5 —-0.9968 24.1 0.10333
27 -0.0079
30.8 -0.01924
34 -0.01308
39.8 —0.00452
45 —0.00448
3 —0.0008 51.2 -0.00228
4 -0.00112 58 —-0.000869
6.5

Vo

The data shows that under the influence of
temperature near 50 K, which is equivalent to the
influence of 3—4 at.% Re, there occurs the electron
spectrum rearrangement not concerned to ETT but
related to the same critical points of the electron
spectrum, which causes the change in the Fermi surface
topology when ex —g, =0.

So, it can be assumed that the temperature of ~50 K
is an equivalent of the mobility edge energy for electrons
localized at the spectrum edge or at the zone bottom.

4. Conclusions

1. In transition metals, besides a continuous electron
spectrum, a discrete spectrum can exist, which is
related with the electron localization due to the
presence of small cavities of the Fermi surface, for
which low-energy gaps between the Fermi energy
and the critical energy, where a small-size electron
group nucleates, are characteristic. The critical
energy is simultaneously a zone bottom or an
electron spectrum edge, where -electrons are

© 2011, V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine

487



Semiconductor Physics, Quantum Electronics & Optoelectronics, 2011. V. 14, N 4. P. 482-488.

localized. As the Fermi energy increases, the
number of localized states increases, too, up to the
mobility edge, i.e. to the energy at which electrons
are localized.

Our investigations show that in Mo, independently
of the choice of parameters exerting the influence
on the Fermi level position relatively to the electron
spectrum critical energy €., in the direction I'H of

the Brillouin zone, the singularities in the specific
conductivity —are identical. The  specific
conductivity behavior depends only on the energy
range that the Fermi level passes from the critical
point to the mobility edge under influence of
external parameters (temperature or impurity).

The mobility edge in Mo equivalent by the energy
to ~50K is determined. This temperature
corresponds to the sharp change in the specific
conductivity as a function of external parameters
changing the Fermi level position. In the case under
consideration, the matter concerns the partial
dielectric behavior of the electron spectrum that
leads to the exponential dependence of the Mo
specific conductivity on the narrow energy range
limited by the mobility threshold characteristic for
metal-dielectric transitions.

References

1.

1. L. Van Hove, The occurrence of singularities in
the elastic frequency distribution of a crystal //
Phys. Rev. 89(6), p. 1189-1193 (1953).

I.M. Lifshits, On anomalities in electron
characteristics of metals within the range of high
pressures // Zhurnal experimental. teoret. fiziki,
38(5), p. 1569-1576 (1960), in Russian.

V.1. Makarov, V.G. Baryakhtar, On anomalities of
superconductive  transition temperature under
pressure // Zhurnal experimental. teoret. fiziki,
48(6), p. 1717-1722 (1965), in Russian.

V.G. Baryakhtar, V.V. Gann, V.I. Makarov,
T.A. Ignatyeva, Influence of changes in topology of
the Fermi surface on superconductive properties //
Zhurnal experimental. teoret. fiziki, 62(3), p. 1118-
1128 (1972), in Russian.

T.A. Ignatyeva, Yu.A. Cherevan’, On the features
of changes in temperature of superconductive
transition under pressure in Mo-Re solid solutions
/I Pis’'ma v Zhurnal experimental. teoret. fiziki,
31(7), p- 389-392 (1980), in Russian.

T.A. Ignatyeva, V.V. Gann, A.N. Velikodnyi,
Investigations of the electron-topological transition
in superconductive alloys Mo-Re, Mo-Re-Nb //
Fizika nizkikh temperatur, 20(11), p. 1133-1141
(1994), in Russian.

10.

11.

12.

13.

14.

15.

16.

17.

18.

T.A. Ignatyeva, A.N. Velikodnyi, Thermo-e.m.f.
features in Mo-Re, Mo-Re-Nb alloys and electron-
topological transition in this systems // Fizika
nizkikh temperatur, 28(6), p.569-579 (2002), in
Russian.

N.F. Mott, Transitions Metal-Insulator. Nauka,
Moscow, 1979 (in Russian).

N.N. Bychkova, A.I. Kopeliovich, On the
temperature dependence of metal electroresistance
in a ‘dirty’ limit // Fizika nizkikh temperatur, 3(4),
p- 458-467 (1977), in Russian.

Yu.M. Kogan, A.P. Zhernov, On the nature of non-
linear concentration dependence of resistance for
metals with impurities // Zhurnal experimental.
teoret. fiziki, 60(5), p.1832-1844 (1971), in
Russian.

N.V. Zavaritskii, A.I. Kopeliovich, V.I. Makarov,
A.A. Yurgens, Electron-phonon interaction and
topological features in the thermo-e.m.f. of metals
/I Zhurnal experimental. teoret. fiziki, 94(6), p. 344-
357 (1988), in Russian.

T.A. Ignatyeva, On localization of electrons under
the electron-topological transition in Mo-Re alloys
/I Fizika tverdogo tela, 49(3), p. 389-397 (2007), in
Russian.

T.A. Ignatyeva, Influence of Van Hove
singularities on the temperature dependence of Mo
resistivity // Metallofizika i noveishie tekhnologii,
31(7), p. 277-286 (2009), in Russian.

T.A. Ignatyeva, A.N. Velikodnyi, A.A. San’kov,
On the temperature dependence of the resistivity in
Mo-Re, Mo-Re-Nb alloys // Voprosy atomnoi nauki

tekhniki.  Ser.:  Vakuum, chistye materialy,
sverkhprovodniki”, 14(6), p.89-92 (2004), in
Russian.

T.A. Ignatyeva, A.N. Velikodnyi, Peculiarities of
the electron spectrum of alloys with the electron-
topological transition and their influence on
physical properties // Izvestiya RAN, ser. fiz. T1(8),
p. 1104-1107 (2007), in Russian.

T.A. Ignatyeva, Peculiarities of the electron
spectrum and temperature dependence of the
molybdenum  resistivity //  Visnyk  Kharkiv.
Universytetu. Ser. fizychna: “Yadra, chastynky,
polia”, 763(1/33), p. 81-87 (2007), in Russian.

N.V. Volkenshtein, V.A. Novoselov, V.E. Startsev,
Role of interelectron collisions in electroresistance
/I Zhurnal experimental. teoret. fiziki, 60(3),
p. 1078 (1971), in Russian.

R.J. Iverson, L.Hodges, Molybdenum: band
structure, Fermi surface and spin-orbit interaction //
Phys. Rev. B, 8(4), p. 1429-1432 (1973).

M. Lifshits, On the structure of energy spectrum
for impurity bands in disordered solid solutions //
Zhurnal experimental. teoret. fiziki, 44, p. 1723
(1963), in Russian.

© 2011, V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine

488




<<
  /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 1.4
  /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 <>
    /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


