
ЭЛЕКТРОННЫЕ СТРУКТУРА И СВОЙСТВА 

PACS numbers: 74.20.Mn, 74.25.Jb, 74.70.Xa, 78.70.-g, 79.60.Bm, 82.80.Pv 

Temperature Evolution of Charge Carrier Density in the Centre 

of the Brillouin Zone of Fe(Se,Te) Superconductor 

Yu. V. Pustovit*, V. Brouet**, D. A. Chareev***,****,*****, 
and O. A. Kordyuk*,******  

*G. V. Kurdyumov Institute for Metal Physics, N.A.S. of Ukraine, 
 36 Academician Vernadsky Blvd., 
 UA-03142 Kyiv, Ukraine 
**Laboratoire de Physique des Solides, CNRS, 
   Université Paris-Sud, Université Paris-Saclay, 
   91405 Orsay Cedex, France 
***Institute of Experimental Mineralogy, Russian Academy of Sciences, 
    4 Academician Osypyan Str., 
    142432 Chernogolovka, Moscow Region, Russia 
****Ural Federal University, 
      19 Mira Str., 
      620002 Ekaterinburg, Russia 
*****Kazan Federal University, 
       18 Kremlyovskaya Str., 
       420008 Kazan, Republic of Tatarstan, Russia 
******Kyiv Academic University, N.A.S. and M.E.S. of Ukraine, 
         36 Academician Vernadsky Blvd., 
         UA-03142 Kyiv, Ukraine 

A characteristic feature of the electronic structure of iron-based supercon-
ductors is the shift of experimental electronic bands in comparison to the re-
sults of calculations. The temperature dependence of the band structure for 

FeSe can manifest the mechanism of such shifts, but different studies give 

opposite directions for these shifts in the centre of the Brillouin zone. In this 

paper, we report downward shift of both dxz and dyz bands in Z point within 

the temperature range 20–160 K. Together with the results of evolution of 
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the electronic structure in A point, such shifts should lead to a break of parity 

between electron and hole charge carriers that can be interpreted as an in-
crease of electron-carrier density with increasing temperature. 

Key words: angle resolved photoemission spectroscopy (ARPES), curvature 

method, electronic structure, iron-based superconductors, FeSe. 

Хàðàêтåðíîþ îсîбëèâістþ åëåêтðîííîї стðóêтóðè íàäïðîâіäíèêіâ íà îс-
íîâі çàëіçà є çсóâ åêсïåðèìåíтàëüíî îäåðжàíèх çîí ïîðіâíÿíî ç ðåçóëüтà-
тàìè ðîçðàхóíêіâ. Зìіíè åëåêтðîííîї стðóêтóðè FeSe ç ïіäâèщåííÿì тåì-
ïåðàтóðè ìîжóтü ïîÿсíèтè ìåхàíіçìè тàêèх çсóâіâ, àëå ðåçóëüтàтè ðіç-
íèх äîсëіäжåíü äàþтü ïðîтèëåжíі íàïðÿìêè åâîëþöії çîííîї стðóêтóðè ó 

öåíтðі Бðіëëþåíîâîї çîíè. Ó öіé стàтті ìè ïîâіäîìëÿєìî ïðî сèíхðîííèé 

çсóâ dxz- тà dyz-çîí ó тî÷öі Z ó тåìïåðàтóðíîìó äіÿïàçîíі 20–160 Ê. Іç âðà-
хóâàííÿì ðåçóëüтàтіâ çìіí çîííîї стðóêтóðè ç тåìïåðàтóðîþ ó тî÷öі A тà-
êі çсóâè ìîжóтü çìіíèтè ïàðèтåт ìіж åëåêтðîíàìè тà äіðêàìè, щî ìîжå 

іíтåðïðåтóâàтèсü ÿê ïіäâèщåííÿ гóстèíè åëåêтðîííèх íîсіїâ ç ïіäâèщåí-
íÿì тåìïåðàтóðè. 

Ключові слова: åëåêтðîííà сïåêтðîсêîïіÿ ç êóтîâîþ ðîçäіëü÷îþ çäàтíіс-
тþ, ìåтîä êðèâèíè, åëåêтðîííà стðóêтóðà, çàëіçíі íàäïðîâіäíèêè, FeSe. 

Хàðàêтåðíîé îсîбåííîстüþ эëåêтðîííîé стðóêтóðû сâåðхïðîâîäíèêîâ íà 

îсíîâå жåëåçà ÿâëÿåтсÿ сìåщåíèå эêсïåðèìåíтàëüíî ïîëó÷åííûх çîí ïî 

сðàâíåíèþ с ðåçóëüтàтàìè ðàс÷ётîâ. Èçìåíåíèÿ çîííîé стðóêтóðû FeSe с 

ïîâûøåíèåì тåìïåðàтóðû ìîгóт îбъÿсíèтü ìåхàíèçìû тàêèх сìåщåíèé, 
íî ðåçóëüтàтû ðàçíûх èссëåäîâàíèé äàþт ïðîтèâîïîëîжíûå íàïðàâëåíèÿ 

эâîëþöèè çîííîé стðóêтóðû â öåíтðå çîíû Бðèëëþэíà. Â этîé стàтüå ìû 

сîîбщàåì î сèíхðîííîì сìåщåíèè dxz- è dyz-çîí ïðè ïîâûøåíèè тåìïåðà-
тóðû â тî÷êå Z â тåìïåðàтóðíîì äèàïàçîíå 20–160 Ê. С ó÷ётîì ðåçóëüтà-
тîâ èçìåíåíèé çîííîé стðóêтóðû с ïîâûøåíèåì тåìïåðàтóðû â тî÷êå А 

тàêèå сìåщåíèÿ ìîгóт èçìåíÿтü ïàðèтåт ìåжäó эëåêтðîíàìè è äûðêàìè, 

÷тî ìîжíî èíтåðïðåтèðîâàтü êàê óâåëè÷åíèå êîíöåíтðàöèè эëåêтðîíîâ с 

óâåëè÷åíèåì тåìïåðàтóðû. 

Ключевые слова: ôîтîэëåêтðîííàÿ сïåêтðîсêîïèÿ с óгëîâûì ðàçðåøåíè-
åì, ìåтîä êðèâèçíû, эëåêтðîííàÿ стðóêтóðà, жåëåçíûå сâåðхïðîâîäíèêè, 

FeSe. 
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1. INTRODUCTION 

FeSe is one of the most interesting compounds among iron-based su-
perconductors due to interesting physical properties and simplicity of 

its crystal structure [1–4]. FeSe is a compensated metal with equal 
numbers of holes and electrons, and its calculated electronic structure, 

similarly to other iron-based superconductors, consists of 2 holes-like 

bands near the Fermi level in the centre of the Brillouin zone (Gamma 
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point) and 2 electrons-like bands in its corners (M-point), which come 

from 3d bands of iron. Such topology have been predicted by numerous 

density functional theory (DFT) calculations [5, 6] and confirmed by 

many experiments [7, 8]. However, there are some differences between 

results of calculations and experimentally obtained data. 
 First, it is a mass enhancement of charge carriers, which is supposed 

to be a result of electron correlations and can be explained by dynam-
ical mean-field theory (DMFT) calculations [9–12]. 
 Another difference is a shrinking of experimentally obtained Fermi 
surfaces in comparison to DFT calculated ones. Such a shrinking is 

supposed to be a result of the shifts of bunches of the hole and electron 

bands in the opposite directions, with conservation of parity between 

electrons and holes [4, 13, 14]. Namely, the hole bands in the Brillouin 

zone centre shift to higher binding energies, and electron bands in M 

point (the Brillouin zone corners) to lower binding energies. Such 

shifts cannot be obtained within the DMFT calculation framework even 

for the simplest iron based superconductor FeSe. 
 Recent works propose several mechanisms that can explain such 

shifts [4, 15–18]. To examine applicability of such mechanisms, the 

investigations of the temperature dependence of the band structure of 

FeSe compounds have been performed [18–20]. Interestingly, the re-
sults of different investigations give opposite directions for the tem-
perature-induced shits in Z point. 
 In previous paper [20], it has been shown that the dyz band moves in 

opposite direction to the ‘red-blue’ shift expectation and to some re-
cent results [19], but agrees with another experimental data [18]. The 

shift of this band cannot affect the size of the hole-like Fermi surface, 

as the dyz band does not cross the Fermi level. In this paper, we reveal 
downward shift of the dxz and dyz bands in Z point of FeSe. The shift of 

the dxz band causes shrinking of the hole-like Fermi surface in the Bril-
louin zone centre. In terms of charge carrier concentration, together 

with the results of temperature dependence in A point, such shifts can 

be interpreted as appearance of additional electrons in the system. 

2. EXPERIMENTAL DETAILS 

ARPES spectra have been obtained on CASIOPEE beamline of synchro-
tron Soleil using horizontally polarized radiation with energy 21 eV, 

for temperatures 20 K, 100 K, and 160 K. Experimental ARPES spec-
tra for 20 K, 100 K, and 160 K and the results of processing of spectra 

with two-dimensional curvature method are presented in Figs. 1–3, 

respectively. The hole bands’ top position for different temperatures 

was obtained by image processing with two-dimensional curvature 

method and are given in Fig. 4. 
 The crystals Fe1.05Se0.84Te0.16 have been grown in evacuated quartz 
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ampoules using the AlCl3–KCl–NaCl flux technique with a constant 

temperature gradient (500°C—temperature of the hot end, ∼ 430°C—
temperature of the cold end, Fe1.3Se0.8Te0.2—composition of the start 

load, 6 weeks) [21]. The chemical composition of the Fe(Se,Te) crystals 

was determined using a Tescan Vega II XMU scanning electron micro-
scope equipped with an INCA Energy 450 energy-dispersive spectrom-
eter (accelerating voltage—20 kV). 

3. RESULTS AND DISCUSSION 

ARPES spectra have been obtained for temperature 20 K (lower than 

the nematic transition), 100 K (higher but in vicinity to the nematic 

transition) and for 160 K. 
 In case of linear horizontal polarization, both the hole-like dxz and 

dyz bands can be seen near the Fermi level. It is in contrast to the results 

of the linear vertical polarization, where only one hole dyz band can be 

seen due to matrix element effects. The temperature dependence ob-
tained earlier in [20] for dyz band is confirmed by these results. Im-
portant to mention that the dyz band does not cross the Fermi level. 

Therefore, temperature induced shift of this band cannot affect the 

number of charge carriers. So, it is important to track dependence of 

 

         a          b 

Fig. 1. ARPES spectrum for 20 K (a) and the results of processing of the spec-
trum with the curvature method (b). 
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the dxz band on temperature, because it crosses the Fermi level. The 

shift of this band strongly affects the size of the hole Fermi surface. It 

is important to say that, in opposite to [7, 8], we do not observe the 

splitting of the dxz band for temperatures lower than the temperature 

of nematic transition near the Fermi level. 
 The energies of the tops of the dxz and dyz bands for different tem-
peratures that have been obtained from the spectra are given in Fig. 4. 

Several important features of this dependence should be mentioned. 

First, binding energy of electrons increases with increase of tempera-
ture for both bands. Second, since there is no additional splitting be-
tween the hole-like bands in temperature range from 20 to 160 K, we 

may conclude that the observed shift is a characteristic feature of the 

whole electronic structure in Z point. 
 Other studies give different directions of temperature shifts of the 

band structure in Z point, but there is a consensus in determination of 

the direction of band structure evolution in A point [18, 19]. In both 

studies, the electron-like bands in the Brillouin zone corner move 

downwards in energies. So, the area of the electron-like Fermi surfaces 

becomes larger. The shrinking of the hole-like Fermi surface in Z point 

and the expansion of electron-like of hole-like Fermi surface in A point 

change the ratio between area of hole and electron surfaces. It is equiv-
alent to change of charge carrier concentration, although there are ar-
guments [14, 18] that these shifts do not imply a change of stoichiome-

 

   a            b 

Fig. 2. ARPES spectrum for 100 K (a) and the results of processing of the 

spectrum with the curvature method (b). 
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try but are the results of chemical potential shift due to its proximity 

to the edges of the bands. 

 

   a           b 

Fig. 3. ARPES spectrum for 160 K (a) and the results of processing of the 

spectrum with the curvature method (b). 

 

Fig. 4. Positions of the dxz and dyz bands in Z point from the ARPES spectra 

obtained with horizontal polarization (dyz(LH)) and the results for dyz(LV) 
from [20]. 
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4. CONCLUSIONS 

Using photons with horizontal polarization, we have shown that the 

both dxz and dyz hole-like bands in Z point move in the same direction 

with the same speed, lowering their energy with increasing tempera-
ture. This confirms previous result for dyz band shift obtained from the 

spectra measured with vertical polarization [20] but contradicts to the 

‘red-blue shift’ model and to some of recent experiments [19]. Taking 

into account the expansion of the electron-like Fermi surfaces in the 

Brillouin zone corner with temperature, our observation implies the 

temperature induced break of the parity between holes and electrons 

that should be understood. 

ACKNOWLEDGMENTS 

This study was supported by the Ukrainian–German grant from the 

MES of Ukraine (Project M/20-2017) and RFBR grant No. 16-05-
00938 supported crystal growth experiments. 
 The work of D.A.Ch. was supported by the program 211 of the Rus-
sian Federation Government (agreement No. 02.A03.21.0006) and by 

the Russian Government Program of Competitive Growth of Kazan 

Federal University. 

REFERENCES 

1. Yu.  V. Pustovit and O.  A. Kordyuk, Usp. Fiz. Met., 18, No. 1: 1 (2017) 
(in Ukrainian). 

2. X. Liu, L. Zhao, S. He, J. He, D. Liu, D. Mou, B. Shen, Y. Hu, J. Huang, and 

X. J. Zhou, J. Phys. Condensed Matter, 27, No. 18: 183201 (2015). 
3. M. V. Sadovskii, Physics-Uspekhi, 59, No. 10: 1201 (2016). 
4. Y. V. Pustovit and A. A. Kordyuk, Low Temp. Phys., 42: 995 (2016). 
5. A. Subedi, L. Zhang, D. J. Singh, and M. H. Du, Phys. Rev. B, 78: 134514 

(2008). 
6. M. V. Sadovskii, Physics-Uspekhi, 59, No. 10: 947 (2016). 
7. M. D. Watson, T. K. Kim, A. A. Haghighirad, N. R. Davies, A. McCollam, 

A. Narayanan, S. F. Blake, Y. L. Chen, S. Ghannadzadeh, A. J. Schofield, 
M. Hoesch, C. Meingast, T. Wolf, and A. I. Coldea, Phys. Rev. B, 91: 199905 

(2015). 
8. M. Watson, T. Kim, A. A. Haghighirad, S. F. Blake, N. R. Davies, M. Hoesch, 

T. Wolf, and A. I. Coldea, Phys. Rev. B, 92: 121108(R) (2015). 
9. J. Maletz, V. B. Zabolotnyy, D. V. Evtushinsky, S. Thirupathaiah, 

A. U. B. Wolter, L. Harnagea, A. N. Yaresko, A. N. Vasiliev, D. A. Chareev, 
A. E. Böhmer, F. Hardy, T. Wolf, C. Meingast, E. D. L. Rienks, B. Büchner, and 

S. V. Borisenko, Phys. Rev. B, 89: 220506(R) (2014). 
10. A. Fedorov, A. Yaresko, T. K. Kim, Y. Kushnirenko, E. Haubold, T. Wolf, and 

M. Hoesch, A. Grüneis, B. Büchner, and S. V. Borisenko, Scientific Reports, 6: 

https://doi.org/10.15407/ufm.18.01.001
https://doi.org/10.1088/0953-8984/27/18/183201
https://doi.org/10.3367/UFNe.2016.06.037825
https://doi.org/10.1063/1.4969896
https://doi.org/10.1103/PhysRevB.78.134514
https://doi.org/10.1103/PhysRevB.78.134514
https://doi.org/10.3367/UFNe.2016.06.037825
https://doi.org/10.1103/PhysRevB.91.199905
https://doi.org/10.1103/PhysRevB.91.199905
https://doi.org/10.1103/PhysRevB.92.121108
https://doi.org/10.1103/PhysRevB.89.220506
https://doi.org/10.1038/srep36834


146 Yu. V. PUSTOVIT, V. BROUET, D. A. CHAREEV, and O. A. KORDYUK 

36834 (2016). 
11. A. A. Kordyuk, V. B. Zabolotnyy, D. V. Evtushinsky, A. N. Yaresko, 

B. Buechner, and S. V. Borisenko, J. Supercond. Nov. Magn., 26: 2837 (2013). 
12. M. Aichhorn, S. Biermann, T. Miyake, A. Georges, and M. Imada, Phys. Rev. B, 

82: 064504 (2010). 
13. V. B. Zabolotnyy, D. S. Inosov, D. V. Evtushinsky, A. Koitzsch, A. A. Kordyuk, 

G. L. Sun, J. T. Park, D. Haug, V. Hinkov, A. V. Boris, C. T. Lin, M. Knupfer, 
A. N. Yaresko, B. Böchner, A. Varykhalov, R. Follath, and S. V. Borisenko,  
Nature, 457: 569 (2009). 

14. V. Brouet, Ping-Hui Lin, Y. Texier, J. Bobroff, A. Taleb-Ibrahimi, P. Le Fèvre, 
F. Bertran, M. Casula, P. Werner, S. Biermann, F. Rullier-Albenque, 
A. Forget, and D. Colson, Phys. Rev. Lett., 110: 167002 (2013). 

15. L. Fanfarillo, J. Mansart, P. Toulmonde, H. Cercellier, P. Le Fevre, F. Bertran, 
B. Valenzuela, L. Benfatto, and V. Brouet, Phys. Rev. B, 94: 155138 (2016). 

16. H. Zhai, F. Wang, and D.-H. Lee, Phys. Rev. B, 80: 064517 (2009). 
17. J. C. Davis and D.-H. Lee, PNAS, 110, No. 44: 17623 (2013). 
18. L. C. Rhodes, M. D. Watson, A. A. Haghighirad, M. Eschrig, and T. K. Kim, 

Phys. Rev. B, 95: 195111 (2017). 
19. Y. Kushnirenko, A. A. Kordyuk, A. Fedorov, E. Haubold, T. Wolf, B. Böchner, 

and S. V. Borisenko, Phys. Rev. B, 96: 100504 (2017). 
20. Yu.  V. Pustovit, V.  V. Bezguba, and A.  A. Kordyuk, Metallofiz. Noveishie 

Tekhnol., 39, No. 6: 709 (2017) (in Ukrainian). 
21. Y. D. Chareev, E. Osadchii, T. Kuzmicheva, J. Y. Lin, S. Kuzmichev, 

O. Volkova, and A. Vasiliev, Cryst. Eng. Comm., 15, No. 10: 1989 (2013). 

https://doi.org/10.1038/srep36834
https://doi.org/10.1007/s10948-013-2210-8
https://doi.org/10.1103/PhysRevB.82.064504
https://doi.org/10.1103/PhysRevB.82.064504
https://doi.org/10.1038/nature07714
https://doi.org/10.1103/PhysRevLett.110.167002
https://doi.org/10.1103/PhysRevB.94.155138
https://doi.org/10.1103/PhysRevB.80.064517
https://doi.org/10.1073/pnas.1316512110
https://doi.org/10.1103/PhysRevB.95.195111
https://doi.org/10.1103/PhysRevB.96.100504
https://doi.org/10.15407/mfint.39.06.0709
https://doi.org/10.15407/mfint.39.06.0709
https://doi.org/10.1039/c2ce26857d


<<
  /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


