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Periodic variability of AGNs: binary or something else 
 

Edi Bon1, Nataša Bon1, Paola Marziani2, Predrag Jovanović1,  
Alla Shapovalova3 and Luka Č. Popović1 

 

1 Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia  
E-mail: ebon@aob.rs 

2 Osservatorio Astronomico di Padova (INAF) Padua, Italy 

3 Special Astrophysical Observatory of the Russian Academy of Sciences, 
Nizhnij Arkhyz, Karachaevo-Cherkesia 369167, Russia 

 
Here we review variability time scales in optical light curves of AGN, with 
a focus on possible detection of possible periodic and quasi-periodic 
variability in them. Observed variability time scales that are found in typical 
AGN light curves show values that are consistent with orbital time scales 
(around their central supermassive black hole). We discuss possible 
scenarios  that could produce variability patterns observed in these light 
curves, as well as the shapes of their broad emission lines. In a few cases, 
we modelled radial velocity curves. 
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Chemi-ionization/recombination processes in the AGNs 
Broad-Line Region 

 
Milan S. Dimitrijević1,2, Vladimir A. Srećković3 and  

Ljubinko M. Ignjatović3 

 

1 Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia  
E-mail: mdimitrijevic@aob.rs 

2 Observatoire de Paris, 92195 Meudon Cedex, France 

3 Institute of Physics, University of Belgrade, P.O. Box 57, 11001 Belgrade, 
Serbia 

 
The chemi-ionization and the corresponding chemi-recombination processes 
in atom - Rydberg atom collisions, are considered as factors of influence on 
the ionization level and atom excited-state populations in  clouds in BLR 
region of AGN. The presented results are related to the moderately ionized 
layers of dense parts of the BLR clouds. It has been found that the 
investigated chemi ionization/ recombination processes (for principal 
quantum number 2 ≤ n ≤ 20, densities greater than 1012 cm −3 and 4000 K ≤ 
T ≤ 20000 K) dominate over the relevant concurrent processes. 
Consequently, this is an indication that  the considered chemi 
ionization/recombination processes should have a very significant influence 
on the optical properties of regions in AGN with such conditions. 
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Reverberation mapping: kinematics of the BLRs 
 

Pu Du 
 

Key Laboratory for Particle Astrophysics, Institute of High Energy Physics, 
Chinese Academy of Sciences, 19B Yuquan Road, Beijing 100049,  

People’s Republic of China 
E-mail: dupu@ihep.ac.cn 

 
The geometry and kinematics of the broad-line regions (BLRs) in active 
galactic nuclei (AGNs) are far from fully-understood, especially for those 
AGNs with high accretion rates. The velocity-resolved reverberation 
mapping (RM) is a great tool for investigating the kinematics of the BLRs. 
Here we present our latest progress in the velocity-resolved RM technique 
and observation. Those results provide new insight into the nature of the 
BLRs in AGNs. 
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Our long-term spectral optical monitoring of type 1 AGN and 
BLR physics  

 
Dragana Ilić1, Alla Shapovalova2, Luka Č. Popović3, Anđelka Kovačević1, 

Vahram Chavushyan4,  Wolfram Kollatschny5 , Alexander Burenkov2, 
Jelena Kovačević Dojčinović3, Nemanja Rakić6,1 and  

Slađana Marčeta Mandić1 
 

1 Department of Astronomy, Faculty of Mathematics, University of 
Belgrade, Studentski trg 16, Belgrade 11000, Serbia 

E-mail: dilic@matf.bg.ac.rs 

2 Special Astrophysical Observatory of the Russian Academy of Sciences, 
Nizhnij Arkhyz, Karachaevo-Cherkesia 369167, Russia 

3 Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 

4 Instituto Nacional de Astrofísica Óptica y Electrónica,  
Apartado Postal 51-216, 72000 Puebla, Puebla, Mexico 

5 Institut für Astrophysik, Georg-August-Universität Göttingen, Germany 

6 Faculty of Science, University of Banjaluka, Mladena Stojanovića 2, 
78000 Banjaluka, Republic of Srpska, Bosnia and Herzegovina 

 
The properties of the broad line region (BLR) of active galactic nuclei 
(AGN), i.e. the size of the BLR and the velocity, are widely used to estimate 
the mass of the suppermassive black hole (SMBH) in AGN, either directly 
in case of the reverberation-mapped AGN or indirectly using the radius-
luminosity relation which allows you to estimate the SMBH mass from one 
epoch observations. Therefore, we need to study in great details the physics 
and geometry of the BLR, which is still not fully understood. Moreover, the 
BLR is not yet resolved with currently available instruments even in the 
closest AGN, therefore the spectroscopy is still a very important method. 
Here we report on the results of our investigation of the physics of the BLR, 
e.g. the temperature, and our long-term optical monitoring of a dozen of 
type 1 AGN, a campaign coordinated by the Special Astrophysical 
Observatory.  
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Broad Fe Kα line from accretion disc of AGNs 
 

Predrag Jovanović 

 

Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 
E-mail: pjovanovic@aob.rs 

 
Here we present a review of our investigations of the Fe Kα line emitted 
from relativistic accretion disks around single and binary supermassive 
black holes (SMBHs) in the centers of active galactic nuclei (AGNs). We 
modeled the emission from the innermost parts of such accretion disks using 
numerical simulations based on ray-tracing method in Kerr metric. 
Comparisons between the resulting simulated and the corresponding 
observed Fe Kα line profiles enable us to study space-time geometry in 
vicinity of SMBHs, their properties, strong gravity effects predicted by 
General Relativity and their accretion physics. According to the obtained 
results, the observed variability of Fe Kα line could be explained either by 
some internal phenomena in the disk, such as e.g. its instability and 
perturbations of its emissivity, or by some external causes, such as e.g. 
absorption by X-ray absorbers or amplification by gravitational 
microlensing. Moreover,  the unusual, complex and shifted composite Fe Kα 
line profiles, if detected, could provide evidence about presence of the 
binary SMBHs in the centers of AGNs. 
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Oscillatory patterns in the light curves of five long-term 
monitored type 1 Active Galactic Nuclei 

 
Anđelka Kovačević1, Luka Č. Popović1,2 and Dragana Ilić1 

 

1 Department of Astronomy, Faculty of Mathematics, University of 
Belgrade, Studentski trg 16, 11000 Belgrade, Serbia 

E-mail: andjelka@matf.bg.ac.rs 

2 Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 
 

We develop a novel hybrid method in a search for oscillatory behavior of 
type 1 AGN. Light curves can be of arbitrary length and sampling rate, 
without assumption  of  the periodicity range. Hybrid method detects 
numerically periods, and produce 2D correlation maps of oscillations 
present in the two light curves.  
 
Using hybrid method we show a novelty  in the oscillatory patterns  of the 
all surveys combined light  curves of 5 well known type 1 AGN: 
 
i) periodic variations in  3C 390.3, NGC 4151,  NGC 5548 and E1821+643 
 
ii) differences in dynamical regimes: 
  - binary black hole candidates (NGC 5548 chaotic regime, E1821+643 
stable regime);  
 
  - double-peaked Balmer line objects: (3C 390.3 oscillatory pattern rapidly 
fluctuate in 2D correlation space, Arp 102B no oscillations); 
 
iii) confirmation of physical background of detected oscillations: 
     our coupled oscillatory models describe oscillatory behavior in the light 
curves 
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The  UV  and  optical  Fe II  emission  lines  in  type  1  AGNs 
 

Jelena Kovačević-Dojčinović and Luka Č.  Popović. 
 

 Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 
E-mail: jkovacevic@aob.rs 

 
Here we present the models of the optical Fe II lines in 4000-5500 A range 
and UV Fe II lines in 2650-3050 A spectral range. We explained their 
application to AGN spectra and show the advantages over other empirical 
and theoretical Fe II templates given in literature. Afterwards, we analyse 
the sample of 287 AGNs from SDSS in UV and optical range, using our Fe 
II models for spectra decomposition. We show some correlations found 
between Fe II lines and other spectral properties for which physical 
explanation is still not clear. Specially, we analyze the relationships we 
found between UV and optical Fe II lines. 
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Test Periodic Signals in Red-Noise Time Series of Active 
Galactic Nuclei 

 
Yan-Rong Li 

 

Key Laboratory for Particle Astrophysics, Institute of High Energy Physics, 
Chinese Academy of Sciences, 19B Yuquan Road, Beijing 100049,  

People’s Republic of China 
E-mail: liyanrong@ihep.ac.cn 

 
I will talk about our recent work on testing periodic signals in active galactic 
nuclei (AGNs). It is known that AGNs show random brightness variability 
at all wavebands with a broad power spectrum, usually characterized by a 
red-noise shape. Such random nature of variations can lead to spurious few-
cycle periodicities in AGN time series, greatly complicating period searches 
in time-domain surveys with limited baselines. Based on our previously 
developed framework that models AGN time series in frequency domain, 
we propose a forward Bayesian approach for testing periodic signals by 
describing a time series as a sum of a red-noise stochastic process and a 
deterministic periodic process. The narrow spectral peak in periodograms 
cuased by the periodic process is parameterized to be a Gaussian. A Markov 
chain Monte-Carlo technique is employed to explore posterior distributions 
of the parameters and perform model comparison between the periodic and 
purely random descriptions. The new approach is in particular adapted for 
irregularly sampled time series with few period cycles. Application of our 
testing procedure to PG1302-120, NGC 5548 and Ark 120 are presented. 
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Spectral and polarimetric investigation of AGNs in Serbia 
 

Luka Č. Popović 

 

Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 
E-mail: lpopovic@aob.rs 

 
In this talk we are giving an overview of the investigation of active galactic 
nuclei (AGNs) in Serbia. The investigation of AGNs in Serbia started in 90s 
of last century, first paper in this field was published in 1995, where the 
gravitational shift in the broad line region was considered. After that the 
investigations of the Broad Line Region, Narrow Line Region, X-ray 
emission from the accretion disk and emission of the torus have been 
performed, resulting in a number of models of different AGN regions. 
Particularly we give some recent investigation of polarization in AGNs, and 
a new method for measuring of the super-massive black holes in the center 
of AGNs using the change of polarization angle across broad line profiles. 
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Polarization in broad lines of SMBHBs 
  

Đorđe Savić1,2, Frederic Marin2 and Luka Č. Popović1 

 

1 Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 
E-mail: djsavic@aob.rs 

2 Université de Strasbourg, CNRS, Observatoire Astronomique de 
Strasbourg, UMR 7550, 11 rue de l’Université, F-67000 Strasbourg, France 

 
Massive galaxies are expected to host a supermassive black hole (SMBH) 
situated in the center. Because of the difficulty in explaining the extreme 
signatures in the optical spectra such as high variability and very broad 
double peak Balmer lines, exotic models such as close supermassive binary 
black holes (SMBBHs) have been proposed. To test such hypotheses, we 
rely on numerical modeling of the polarimetry of binary black holes systems 
since polarimetry is highly sensitive to geometry. We model broad line 
emission with the assumption that polarization comes predominantly due to 
scattering. We applied full 3D radiative transfer with polarization using a 
publicly available code STOKES. Our preliminary results have shown that 
polarization position angle has a unique signature across the line profile that 
could be used in the search for SMBBH candidates. 
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Variability in the AGN broad lines and continuum -  
an indication of SMBHB 

  
Saša Simić1 and Luka Č. Popović2 

 

1 Department of physics, Faculty of Sciences, University of Kragujevac, 
Radoja Domanovića 12, 34000 Kragujevac 

E-mail: ssimic@kg.ac.rs 

2 Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 
 

In compact binary systems distribution of matter around central parts in 
AGN could be very complex. Classical model with BL region around 
accretion disk is not probable since proximity of BH masses. Therefore, we 
proposed that only a fraction of BL region is sustained around each BH, 
which is delimited by Roche lobe. The rest of the BLR is distributed like 
envelope, surrounding the both BH components. We computed spectral 
energy distribution of continuum and Hβ line and studied the variation in 
emission spectrum. We showed that most of variability originate from 
dynamics of the system and initiated by relativistic boosting effect. 
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A new paradigm for mid-IR emission of AGNs 
 

Marko Stalevski 

 

Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 
E-mail:  mstalevski@aob.rs 

 
Recent high angular resolution observations resolved for the first time the 
mid-infrared (MIR) structure of nearby active galactic nuclei (AGN). 
Surprisingly, they revealed that a major fraction of their MIR emission 
comes from the polar regions. This is at odds with the expectation based on 
AGN unification, which postulates a dusty torus in the equatorial region. 
The nearby, archetypical AGN in the Circinus galaxy offers one of the best 
opportunities to study the MIR emission in greater detail. New, high quality 
MIR images obtained with the upgraded VISIR instrument at the Very 
Large Telescope show that the previously detected bar-like structure extends 
up to at least 40 pc on both sides of the nucleus along the edges of the 
ionization cone. Motivated by observations across a wide wavelength range 
and on different spatial scales, we propose a phenomenological dust 
emission model for the AGN in the Circinus galaxy consisting of a compact 
dusty disk and a large-scale dusty cone shell, illuminated by a tilted 
accretion disk with an anisotropic emission pattern. Undertaking detailed 
radiative transfer simulations, we demonstrate that such a model is able to 
explain the peculiar MIR morphology and account for the entire IR spectral 
energy distribution. Our results call for caution when attributing dust 
emission of unresolved sources entirely to the torus and warrant further 
investigation of the MIR emission in the polar regions of AGN. 
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 Belgrade (Serbia) 

Link: http://servo.aob.rs/serbchin/ 

 
Programme 

 
Monday (April 16, 2018) 
 
10:00 - 11:00 Registration and opening 
 
Session 1. AGN variability 

 
Chair: Edi Bon 

 
11:00 - 11:45 Review lecture 1(with discussion)  
   

 Jian-Min Wang: Reverberation mapping campaigns in China (or 
Super- Eddington accreting massive black holes for cosmology) 

 
11:45 - 12:30 Review lecture 2 (with discussion) 
 

Luka Č. Popović: Spectral and polarimetric AGN investigation 
in Serbia 

 
12:30 -13:00  Contribution 1 
 

Dragana Ilić: Our programme of the long term AGN 
monitoring 

 
13:00-15:00 Lunch 
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Chair: Hu Chen 
 
15:00-15:45 Review lecture 3 (with discussion) 
 

Pu Du: Campaign of monitoring AGNs with Hbeta asymmetry 
 
15:45-16:30  Review lecture 4 (with discussion) 
 

Darko Jevremović: LSST and AGN monitoring 
 
16:30-17:00 Coffee break 
 
17:00-17:30 Contribution 2 (with discussion) 
 

Jelena Kovačević-Dojčinović: The UV and optical Fe II 
emission lines in type 1AGNs  

 
   
Tuesday (April 17, 2018) 

 
Chair: Predrag Jovanović 

 
Session 2. AGN and super-massive binary systems 
 
10:00 - 10:45 Review lecture 5 (with discussion) 
 

Edi Bon: Periodic variability of AGNs - binary or something 
else 

 
10:45-11:30 Review lecture  6 (with discussion) 
 

Jian-Min Wang: Supermassive black hole binaries 
 
11:30 - 12:00 Coffee break 
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Session 3. AGN  spectral characteristics 
 
15:00-15:45 Review lecture 7 (with discussion) 
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17:30 - 18:00 Contributed talk 6  
 

Milan S. Dimitrijević, Vladimir A. Srećković and Ljubinko M. 
Ignjatović: Chemi-ionization/recombination processes in the 
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20:00 Conference dinner 
 
 
Wednesday (April 18, 2018) 
 

Chair: Dragana Ilić 
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observations vs. theory 
 
10:00 – 10:45 Review lecture 9  
 

Yan-Rong Li: Test Periodic Signals in Red-Noise Time Series of 
Active Galactic Nuclei 
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Andjelka Kovačević: Oscillatory patterns in the light curves of 
five long-term monitored type 1 active galactic nuclei 
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21





Serbian-Chinese Astronomical Scientific Meeting: 
Physics and Nature of Active Galactic Nuclei 

April 16 - 19, 2018, Belgrade 
Edited by Maša Lakićević, Edi Bon and Luka Č. Popović 

Astronomical Observatory Belgrade, 2018 

 

List of participants: 
 
 
Aleksić Jovan, Astronomical Observatory in Belgrade, jaleksic@aob.rs 

Bon Edi, Astronomical Observatory in Belgrade, ebon@aob.rs 

Bon Nataša, Astronomical Observatory in Belgrade, nbon@aob.rs 

Borka Jovanović Vesna, Institute for Nuclear Sciences, Vinča, 
vborka@vin.bg.ac.rs  

Borka Duško, Institute for Nuclear Sciences, Vinča, dusborka@vin.bg.ac.rs  

Chen Hu, Key Laboratory for Particle Astrophysics, Institute of High 
Energy Physics, Chinese Academy of Sciences, 19B Yuquan Road, Beijing 
100049, People’s Republic of China, huc@ihep.ac.cn 

Dimitrijević Milan S., Astronomical Observatory in Belgrade, 
mdimitrijevic@aob.rs  

Du Pu, Key Laboratory for Particle Astrophysics, Institute of High Energy 
Physics, Chinese Academy of Sciences, 19B Yuquan Road, Beijing 100049, 
People’s Republic of China, dupu@ihep.ac.cn  

Ilić Dragana, Department of Astronomy, Faculty of Mathematics, 
University of Belgrade, Studentski trg 16, Belgrade 11000, Serbia, 
dilic@matf.bg.ac.rs 

Jovanović Predrag, Astronomical Observatory in Belgrade, 
pjovanovic@aob.rs 

Jevremović Darko, Astronomical Observatory in Belgrade, darko@aob.rs 

Kovačević Anđelka, Department of Astronomy, Faculty of Mathematics, 
University of Belgrade, Studentski trg 16, Belgrade 11000, Serbia, 
andjelka@matf.bg.ac.rs 

Kovačević-Dojčinović Jelena, Astronomical Observatory in Belgrade, 
jkovacevic@aob.rs 

Lakićević Maša, Astronomical Observatory in Belgrade, mlakicevic@aob.rs 

23



Serbian-Chinese Astronomical Scientific Meeting: 
Physics and Nature of Active Galactic Nuclei 

April 16 - 19, 2018, Belgrade 
Edited by Maša Lakićević, Edi Bon and Luka Č. Popović 

Astronomical Observatory Belgrade, 2018 

 

 

Li Yan-Rong, Key Laboratory for Particle Astrophysics, Institute of High 
Energy Physics, Chinese Academy of Sciences, 19B Yuquan Road, Beijing 
100049, People’s Republic of China, liyanrong@ihep.ac.cn  

Marčeta Mandić Slađana, Department of Astronomy, Faculty of 
Mathematics, University of Belgrade, Studentski trg 16, Belgrade 11000, 
Serbia, sladjana.mandic@gmail.com 

Nina Aleksandra, Institute of Physics Belgrade, sandrast@ipb.ac.rs  

Popović Luka Č., Astronomical Observatory in Belgrade, lpopovic@aob.rs  

Savić Đorđe, Astronomical Observatory in Belgrade, djsavic@aob.rs  

Saša Simić, University of Kragujevac, Faculty of Mathematics, 
ssimic@kg.ac.rs  

Srećković Vladimir, Institute of Physics Belgrade, vlada@ipb.ac.rs 

Stalevski Marko, Astronomical Observatory in Belgrade, 
mstalevski@aob.rs 

Wang Jian-Min, Key Laboratory for Particle Astrophysics, Institute of High 
Energy Physics, Chinese Academy of Sciences, 19B Yuquan Road, Beijing 
100049, People’s Republic of China, wangjm@ihep.ac.cn  

24



<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /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
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGHelveticaBold
    /AGHlvCyrillicBold-ItalicA
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGarde-Book
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /Freehand521BT-RegularC
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBT-Bold
    /FuturaBT-Medium
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica75-Bold
    /HelveticaLTStd-BoldCond
    /HelveticaLTStd-Comp
    /HelveticaNeueLT-BoldExt
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PresseUnregistered
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Swiss721BT-Black
    /Swiss721BT-Bold
    /Swiss721BT-Heavy
    /Swiss721BT-Light
    /Swiss721BT-Roman
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 600
  /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 (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




