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AccessIT : preparing our cultural institutions 
to contribute digital content in Europe 

 

Rob Davies 
MDR Partners, London 

 
The speaker will present the work of the AccessIT project, funded under the 
European Union's Culture and Media programme, to extend skils in the 
creation and management of digital libraries to people working in cultural 
institutions at local level, in three countries of South East Europe: Greece, 
Serbia and Turkey. The project is an adjunct to the Europeana Local Best 
Practice Network under the European Digital Libraries Initiative.One of its 
outcomes will be the creation of a repository of digital content metadata in 
Serbia for ingestion by Europeana. The presenter will introduce a new online 
training course for the purpоse of training professionals to make content 
available for harvesting by Europeana and will discuss plans for the 
accreditation of this training. 
 
 

Eлектронска издања 
београдских астрономских институција 

 
Милан С. Димитријевић 

Астрономска опсерваторија, Београд 
 

Са електронским издаваштвом започео сам на Астрономској 
опсерваторији 2006. године. Мотиви су били двојаки. Са једне стране, 
желео сам да радови из књига које сам уредио и са конференција које 
сам организовао буду доступни преко великих међународних база 
података као што је Насин АДС. Са друге пак, електронско издање 
омогућује да се сачува, и уврсти у библиотеке, виртуалне библиотеке и 
базе података као што је Српска виртуелна опсерваторија и материјал 
који не иде у књиге, као што су велики број фотографија, видео записи 
и презентације предавача, при чему су рецимо фотографије у облику 
погодном за штампање и коришћење у другим публикацијама. 
Дугорочнији циљ је да дигитализујемо зборнике са свих конференција 
које смо организовали и приредимо и њихова званична електронска 
издања, која ће имати ЦИП Народне библиотеке и ISBN број, а у која 
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ће бити укључен и онај постојећи матерјал кога нема у папирној 
верзији, или је тамо одштампан неквалитетно.  

До данас су публикована 22 компакт диска и ДВДа, а издавачи 
су били Астрономска опсерваторија, Астрономско друштво „Руђер 
Бошковић“, Друштво астронома Србије и Природњачко друштво 
„ГЕА“ из Вршца. Они се предају библиотекама, као што је Народна 
библиотека, Библиотека Матице српске, Библиотека Париске 
опсерваторије, Насином АДСу, Националном центру за дигитализацију 
и другим институцијама, библиотекама и базама података. 
   
Подаци о изабраним електронским издањима према ЦИП запису  
  

1. Развој астрономије код Срба, IV, Београд 22-26. април 2006. 
[Електронски извор], Development of Astronomy among Serbs IV, 
уредник Милан С. Димитријевић, организатор Астрономско друштво 
“Руђер Бошковић”, диск припремили Милан С. Димитријевић и Татјана 
Милованов. – Електронско изд. – Београд: Астрономско друштво 
“Руђер Бошковић”, Астрономска опсерваторија, 2007 (Београд: 
Астрономско друштво “Руђер Бошковић”). - 1 електронски оптички 
диск (CD-ROM). 

2. I HUNGARIAN-YUGOSLAV ASTRONOMICAL 
CONFERENCE, Baja, Hungary, 26-27. April, 1995 [Електронски извор], 
edited by Istvan Vince, Milan S. Dimitrijevic and Lajos Balazs ; CD 
prepared by Milan S. Dimitrijevic and Tatjana Milovanov. - Belgrade: 
Astronomical Observatory, 2008 (Belgrade: Astronomical Observatory). - 1 
eлектронски оптички диск (CD-ROM). 

3. LINE SHAPES INVESTIGATIONS IN YUGOSLAVIA AND 
SERBIA [Електронски извор]: (BIBLIOGRAPHY AND CITATION 
INDEX), Истраживање облика спектралних линија у Југославији и 
Србији : (библиографија и индекс цитата), Milan S. Dimitrijević. - CD 
prepared by Milan S. Dimitrijevic and Tatjana Milovanov. - Belgrade: 
(Belgrade: Astronomical Observatory), Belgrade 2009 - 1. eлектронски 
оптички диск (CD-ROM) (Електронски извор је електронска верзија 
истоимених књига 1-5 публикованих у едицији "Публикације 
Астрономске опсерваторије у Београду"). 

4. ABSTRACTS, PRESENTATIONS AND PHOTOS 
[Електронски извор] The First Summer School in Astronomy and 
Geophysics, August 6-11, 2007, Belgrade, Serbia ; eds. Milan S. 
Dimitrijević, Nadežda Pejović, Anđelka Kovačević, organized by Faculty of 
Mathematics, Belgrade. CD prepared by Milan S. Dimitrijević and Tatjana 
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PRELIMINARY PROGRAM 
 
 
 
 Sreda, 16. 06. Wednesday 
 
8:30 – 9:15 Registracija Registration 
 
9:15 – 9:30          Svečano otvaranje                    Opening ceremony 
 
9:30 - 10:55             predsedavajući – chairman:      Zoran Ognjanović 

• 9:30 - 9:55 Smile Markovski 
O nacionalnoj strategiji digitizacije kulturnog nasledja u 
Makedoniji - perspektive i dileme 

• 9:55 - 10:10 Žarko Mijajlović 
O proјektu Primena informacionih tehnologiјa u digitalizaciјi 
naučnog i kulturnog nasleđa 

• 10:10 - 10:25 Irini Reljin, Milena Jocić, Stefana Janićijević 
Analog to Digital TV Transition in the Republic of Serbia 

• 10:25 - 10:40 Andreja Samčović 
Tehnike za kodovanje kod digitalnog bioskopa 

• 10:40 - 10:55 Branislav Tomić 
Lexicon Palaeoslovenico — Graeco-Latinum digitalization and 
conversion into web application 

 
10:55 - 11:20 pauza coffee break 
 
11:20 - 12:30 predsedavajući – chairman: Tamara Butigan 

• 11:20 - 11:45 Rob Davies 
AccessIT : preparing our cultural institutions to contribute digital 
content in Europe 
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• 11:45 - 12:00 Pavel Pavlov, Maria Nisheva-Pavlova, Anton 
Iliev, Klimentina Rousseva, Nadezhda Apostolova 
Authoring Tools for an Academic Digital Library 

• 12:00 - 12:15 Maria Nisheva-Pavlova, Pavel Pavlov 
Methods and Tools Supporting the Lifecycle of Rich Digital 
Content 

• 12:15 - 12:30 Mariјa Bogdanović, Nenad Јeremić 
Baza podataka Srpske retrospektivne bibliografiјe knjiga: 1868-
1944 

 
12:30 - 13:05    poster sekcija, pauza     poster section, coffee break 

• Aleksandar Pejović 
O rezultаtimа nekih projekаtа digitаlizаcije u Srbiji 

• Nadežda Pejović, Aleksandar Valjarević,Žarko Mijajlović 
Digitized astronomical works of Serbian Authors 

 
13:05 - 14:30 predsedavajući – chairman: Vesna Vučković 

• 13:05 - 13:30 Dunja Seiter-Šverko  
Synergy between analog and digital formats in the space of 
cultural heritage (on the example of Republic of Croatia) 

• 13:30 - 13:45 Poposki Dimitar 
The Republic of Macedonia National Strategy for the Digitization 
of Cultural Heritage – the way toward an Information Literate 
Society 

• 13:45 - 14:00 Bojan Marinković, Zoran Ognjanović, Tamara 
Butigan Vučaj 
Programski sistem za realizaciju kataloga digitalnih kolekcija 

• 14:00 - 14:15 Maјa Nikolova 
Digitalizacija istorije školstva 

• 14:15 - 14:30 Slаđаnа Milojević 
Digitаlizаcijа dokumentаcije Zаvodа zа zаštitu spomenikа kulture 
grаdа Beogrаdа – Retrospektivа dosаdаšnjih аktivnosti nа 
digitаlizаciji dokumentаcije 
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14:30 - 16:00 pauza coffee break 
 
16:00 - 17:45       predsedavajući – chairman:        Dragan Blagojević 

• 16:00 - 16:15 Vesna Aleksandrović 
Bulbul pjeva – zvuci bosanske duše sa starog gramofona 

• 16:15 - 16:30 Marija Dumnić 
Projekаt „Digitаlizаcijа i kаtаlogizаcijа Fonoаrhivа 
Muzikološkog institutа SANU“: dosаdаšnjа iskustvа i 
perspektive 

• 16:30 - 16:45 Stevo Šegan, Vladimir Zeković 
Understanding Audio Digitization: Audio History, Preservation, 
Reconstruction and Reformatting 

• 16:45 - 17:00 Vesna Aleksandrović, Ivan Pešić 
Data Mining – Revealing the Sound Recordings Metadata 
Meaning 

• 17:00 - 17:15 Snežana Negovanović 
Digitalna fotografiјa, proces rada za potrebe fotodokumentaciјe 
kulturno-istoriјskog nasleđa 

• 17:15 - 17:30 Dragana Rusalić 
Urban Performans As Part of the Intangible Heritage: Dilemmas, 
Challenges, Problems and Perspectives of Archiving 
Contemporary Visual Arts Through Digitization Process 

• 17:30 - 17:45 Goran Gavrilović, Ana Josipović, Nada 
Jevremović, Srđan Kosovac 
Muzejski informacioni sistem Srbije - MISS, Muzejska WEB 
aplikacija ETERNITAS 
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 Četvrtak, 17. 06. Thursday 

 
8:45 - 9:00 kafa coffee 
 
9:00 - 10:30 predsedavajući – chairman: Nenad Mitić  

• 9:00 - 9:15 Vesna Vučković 
Digitalni vodeni žig u digitalnim slikama i elektronskim knjigama 

• 9:15 - 9:30 Sanja Rajić 
Digitalizacija u srednjoškolskoj nastavi 

• 9:30 - 9:45 Sanja Životić 
Registar digitalizovane kulturne baštine 

• 9:45 - 10:00 Mirjana Mijajlović, Angelina Stojanović, 
Jelena Vasić 
Pregled razvoјa i primena digitalizaciјe u Muzeјu grada Beograda 
na primerima stručnog muzeјskog arhiva sa fototekom i 
terenskom arheološkom dokumentaciјom 

• 10:00 - 10:15 Jelena Glišović 
Digitalizacija i bibliotekarstvo: Između autorskih prava i slobode 
pristupa 

• 10:15 - 10:30 Aleksandra Fostikov, Stefana Janićijević 
New technologies and reconnaissance historical- geography and 
toponymical research of Toplica “land” with photo session in 
software Photosynt 

 
10:30 - 11:00 pauza coffee break 
 
11:00 - 12:40 predsedavajući – chairman: Saša Malkov 

• 11:00 - 11:25 Milan S. Dimitriјević 
Elektronska izdanja beogradskih astronomskih instituciјa 

• 11:25 - 11:40 Nadežda Pejović 
Digitalizovane knjige Đorđa Stanojevića 
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• 11:40 - 11:55 Sonja Vidojević, Stevo Šegan, Slaviša 
Milisavljević, Biljana Samardžija, D. Marčeta 
Serbian Astronomical School: last 70 years of Identity 

• 11:55 - 12:10 Jelena Hadži-Purić, Gordana Pavlović-Lažetić, 
Ana Vukadinović, Bojana Mitrović, Miloš Vojinović, Igor 
Valjević, Miloš Đurić 
"Aleksandar Popović" – digitization, storage and retrieval 

• 12:10 - 12:25 Nada Đorđević 
Digitalna baza tekstualnih podataka 

• 12:25 - 12:40 Dragana Milunović 
Skriveno blago biblioteka Srbiјe: virtuelna izložba 
naјdragoceniјih eksponata iz zavičaјnih zbirki јavnih biblioteka u 
Srbiјi 

 
12:40 - 13:10 pauza coffee break 
 
13:10 - 14:40 predsedavajući – chairman: Nadežda Pejović 

• 13:10 - 13:25 Duško Vitas, Miljana Mladenović, Stana 
Ristić, Gordana Pavlović-Lažetić, Miloš Utvić 
Digitalni dokumenti u procesima leksikografske obrade 

• 13:25 - 13:40 Jovan Krstić 
Kriminalitet mržnje i zaštita kulture 

• 13:40 - 13:55 Snežana Nenezić, Miljko Veljković 
Digitalizaciјa odabranih naslova književnih dela iz fonda 
Zavičaјne zbirke Narodne biblioteke Kruševac 

• 13:55 - 14:10 Milorad Jovanović, Miljenko Prohaska 
Savremeni sistemi zaštite i arhiviranja kulturne baštine zasnovani 
na visokosofisticiranoj opremi za digitalizaciju raznorodnih 
materijala 

• 14:10 - 14:25 Boris Horošavin 
Mogućnost primene tehnologiјe trodimenzionalne vizuelizaciјe u 
oblasti zaštite nepokretnih kulturnih dobara 

• 14:25 - 14:40 Zoran Miljenović 
Srpska arheologija na trodimenzionalnom putu 
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LIST OF PARTICIPANTS 

 

Милош Утвић  Филолошки факултет, Београд 

Ана Јосиповић Софтвер информациони системи, Београд 

Срђан Косовац  Софтвер информациони системи, Београд 

Андреја Самчовић Саобраћајни факултет у Београду 
andrej@sf.bg.ac.rs 

Маја Николова Педагошки музеј, Београд 
ngomusketar@hotmail.com 

Горан Гавриловић Народни музеј у Београду 
goran960@gmail.com 

Неда Јевремовић Народни музеј у Београду 

Весна Александровић Народна библиотека Србије 
vesna.aleksandrovic@nb.rs 

Марија Богдановић  Народна библиотека Србије 
marija.bogdanovic@nb.rs 

Тамара Бутиган Вучај Народна библиотека Србије 
tamara@nb.rs 

Драгана Милуновић Народна библиотека Србије 
dragana.milunovic@nb.rs 

Иван Пешић Народна библиотека Србије 
ivan.pesic@nb.rs 

Снежана Ненезић Народна библиотека Крушевац 
snenezic04@yahoo.com 

Миљко Вељковић Народна библиотека Крушевац 

Марија Думнић 
Музиколошки институт САНУ, Београд 
marijadumnic@yahoo.com 

Мирјана Мијајловић Музеј града Београда 
mirjana.mijajlovic@mgb.org.rs 

Ангелина Стојановић Музеј града Београда 
Јелена Васић Музеј града Београда  

Милена Јоцић 
Министарство за телекомуникације 
и информационо друштво 

Ирини Рељин 
Министарство за телекомуникације 
и информационо друштво 
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Нада Ђорђевић 
Математички факултет, Београд 
nadicadj@matf.bg.ac.rs 

Милош Ђурић Математички факултет, Београд 

Јелена Хаџи-Пурић 
Математички факултет, Београд 
jelenagr@matf.bg.ac.rs 

Саша Малков 
Математички факултет, Београд 
smalkov@matf.bg.ac.rs 

Жарко Мијајловић 
Математички факултет, Београд 
zarkom@matf.bg.ac.rs 

Ненад Митић 
Математички факултет, Београд 
nenad@matf.bg.ac.rs 

Бојана Митровић Математички факултет, Београд 

Миљана Младеновић Математички факултет, Београд 

Гордана Павловић Лажетић Математички факултет, Београд 

Надежда Пејовић 
Математички факултет, Београд 
nada@matf.bg.ac.rs 

Игор Ваљевић Математички факултет, Београд 

Душко Витас 
Математички факултет, Београд 
vitas@matf.bg.ac.rs 

Милош Војиновић Математички факултет, Београд 

Весна Вучковић 
Математички факултет, Београд 
vesnav@matf.bg.ac.rs 

Ана Вукадиновић Математички факултет, Београд 

Сања Животић  
Математички факултет, Београд 
sanjazivotic@gmail.com 

Драган Благојевић 
Математички институт САНУ, Београд 
blagoje@mi.sanu.ac.rs 

Стефана Јанићијевић 
Математички институт САНУ, Београд 
stefana_kvark@yahoo.com 

Бојан Маринковић 
Математички институт САНУ, Београд 
bojanm@mi.sanu.ac.rs 
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Зоран Огњановић 
Математички институт САНУ, Београд 
zorano@mi.sanu.ac.rs 

Александар Пејовић 
Математички институт САНУ, Београд 
pejovica@mi.sanu.ac.rs 

Стана Ристић Институт за српски језик САНУ, Београд 

Слађана Милојевић 
Завод за заштиту споменика 
културе града Београда 
sladjana.milojevic@beogradskonasledje.rs 

Снежана Неговановић 
Завод за заштиту споменика 
културе града Београда 
snezanegovanovic@gmail.com 

Милан С. Димитријевић Астрономска опсерваторија, Београд 
mdimitrijevic@aob.bg.ac.rs 

Ненад Јеремић Агенција Блинк Н, Београд 

Smile Markovski University of Skopje, Macedonia  
smile.markovski@gmail.com 

Александра Фостиков The Institute of History, Belgrade 

Dunja Seiter-Šverko Ministry of Culture, Republic of Croatia 
dunja.seiter-sverko@min-kulture.hr 

Rob Davies  MDR Partners, London 
rob.davies@mdrpartners.com 

Александар Ваљаревић 
Faculty of Science, Kosovska Mitrovica 
valjarkosmos@yahoo.com 

Dimitar Poposki 
Faculty of Philology "Blaze Koneski", Skopje 
poposkidimitar@gmail.com 

Nadezhda Apostolova 
Faculty of Mathematics and Informatics,  
Sofia University “St. Kliment Ohridski” 
nadeto_n@abv.bg 

Anton Iliev 
Faculty of Mathematics and Informatics,  
Sofia University “St. Kliment Ohridski” 
anton_ii@abv.bg 

Maria Nisheva-Pavlova 
Faculty of Mathematics and Informatics,  
Sofia University “St. Kliment Ohridski” 
marian@fmi.uni-sofia.bg 

Pavel Pavlov 
Faculty of Mathematics and Informatics,  
Sofia University “St. Kliment Ohridski” 
pavlovp@fmi.uni-sofia.bg 
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Klimentina Rousseva 
Faculty of Mathematics and Informatics,  
Sofia University “St. Kliment Ohridski” 
klimentina.ruseva@gmail.com 

Стево Шеган 
Department of Astronomy, Belgrade 
ssegan@matf.bg.ac.rs 

Владимир Зековић Department of Astronomy, Belgrade 

Милорад Јовановић 3D-CADDIT d.o.o., Београд 
milorad@3d-caddit.com 

Миљенко Прохаска 3D-CADDIT d.o.o., Београд  
miljenko@3d-caddit.com 

Зоран Миљеновић 3D свет   Београд 
zlatar.miljenovic@eunet.rs 

Јелена Глишовић jelenaglisovic82@gmail.com 

Борис Хорошавин horosavin@gmail.com 

Јован Крстић jkrstic@eunet.rs 

Душан Марчета dmarceta@matf.bg.ac.rs 

Славиша Милисављевић slavisamilisavljevic7@yahoo.co.uk 

Сања Рајић rsanja73@gmail.com 

Русалић Драгана d.rusalic@gmail.com 

Биљана Самарџија sam.biljana@gmail.com 

Бранислав Томић tomicb@ikomline.net 

Соња Видојевић sonja.vidojevic@obspm.fr 
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On Alfvén waves in the solar wind

L.M.B.C. Campos

The propagation of Alfvén waves in the solar wind is affected by: (i) the radial mean flow velocity,
that exceeds the wave speed beyond the critical point; (ii) the radial variation of mass density; (iii)
the non-uniformity of the magnetic field. These waves are not sinusoidal because of non-uniform
moving background, and do not satisfy equipartition of energies. It is shown that: (i) the magnetic
energy tends to dominate the kinetic energy; (ii) that an initial white noise spectrum tends to
a Kraichnan spectrum resembling hydromagnetic turbulence; (iii) that waves can be reflected or
absorbed at the critical level where the wave speed equals the mean flow speed. These properties
depend on the solar wind profile, e.g. are distinct for the ’solar breeze’.

On the genation of magneto-acoustic-gravity-inertial (MAGI)
waves in stars

L.M.B.C. Campos

The generation of waves in stars is affected by: (i) the compressibility of the gas (acoustics); (ii) the
ionization of the fluid or plasma (magnetism); (iii) the stratification in layers (gravity); (iv) Coriolis
forces due to rotation (inertial effects). These four effects (i-iv) are generally coupled, leading to
magneto-acoustic-gravity-inertial (MAGI) waves. The wave equation describing the propagation of
MAGI waves is obtained: its source terms specify generation by turbulence and inhomogeneities;
its solution leads to a radiation law for the wave energy flux.

A statistical study of the UV Mg II resonance lines’ parameters
in 20 Be stars

A. Antoniou, E. Danezis, E. Lyratzi, L. C. Popović, M. S. Dimitrijević

In this paper, using the GR model, we analyze the UV Mg II resonance lines in the spectra of 20
Be stars of different spectral subtypes, taken with IUE, in order to detect the presence of Satellite
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Absorption Components (SACs) and Discrete Absorptions Components (DACs). From this analysis
we can calculate the values of a group of physical parameters, such as the apparent rotational and
radial velocities, the random velocities of the thermal motions of the ions, as well as the column
density and the Full Width at Half Maximum (FWHM) of the independent regions of matter which
produce the main and the satellites components of the studied spectral lines. Finally, we present
the relations between these physical parameters and the effective temperature of the studied stars.

On The Gravitodynamics of Moving Bodies

A. W. Mol

It is known that Einstein’s General Theory of Relativity, as usually understood at the present time,
which had started from a profound but simple physical concept, the equivalence principle, when
applied to the universe through the standard FL cosmology with its currently accepted λCDM
model introduced a increasing list of freely specifiable parameters. Though they become more and
more precise these realizations have been achieved at the expense of simplicity. In the present work
we propose a generalization of Newton’s gravitational theory from the original works of Heaviside
and Sciama that encompasses both approaches and accomplishes in a simpler way than the standard
cosmological approach. The established formulation describes the local gravitational field related
to the observables and effectively implements the Mach’s principle in a quantitative form that
retakes the Dirac’s large number hypothesis. As a consequence of the equivalence principle and
the application of this formulation to the observable universe, we obtain as an immediate result
that Omega is 2. We construct a dynamic model for a galaxy without dark matter, which fits well
with the recent observational data, in terms of a variable effective inertial mass that reflects the
present dynamic state of the universe and that replicates from first principles, the phenomenology
proposed in MOND. The remarkable aspect of these results is the connection of the effect dubbed
dark matter with the dark energy field, which makes us possible to interpret it as longitudinal
gravitational waves.

North-south asymmetry of Ca II K regions determined from
OAUC spectroheliograms: 1996 - 2006

Dorotovic I., J. Rybak, A. Garcia, P. Journoud

The level and evolution of solar activity (SA) is not identical in the northern and southern Sun’s
hemispheres. This fact was repeatedly confirmed in the past by analysis of a number of long-term
observations of various solar activity indices. Therefore, north-south asymmetry (NSA) is a sig-
nificant tool in analysis of the long-term SA variations. This paper presents a software tool to
determine the NSA of the area of bright chromospheric plages, as measured in the Ca II K3 spec-
troheliograms registered since 1926 in the Observatório Astronómico da Universidade de Coimbra,
Portugal, as well as evolution of surface areas in the period of 1996 - 2006. The algorithm of the
program is limited to determining the total area of bright features in the emission line of Ca II
K3 defining the threshold value of the relative brightness, but it does not perceive differences in
the brightness of individual chromospheric features. A comparison and cross-correlation with the
N-S asymmetries found for the sunspots and coronal green line brightness is added. In the near
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future we intend to: 1) determine the NSA of area of bright chromospheric Ca II K3 regions back
to the year 1926, 2) compare the evolution of surface area in the period 1970 to 2006 with the
evolution of the index of magnetic observatory Mt. Wilson and Kitt Peak, which would enable
to construct a proxy reconstruction of the magnetic index also back to 1926. Since 2007 are new
spectroheliograms recorded using a CCD camera and therefore we will in future address this issue
also for the period of 2007 - present.

Impact of solar activity on the growth of pine trees (Pinus
cembra: 1610-1970; Pinus pinaster: 1910-1989)

Surovy P., Dorotovic I., Karlovsky V., Lousada J. L., Rodrigues J. C.,
Rybansky M., Fleischer P.

Many studies indicate that the solar activity (SA) can affect tree growth induced by changes in
climatic conditions on Earth’s surface evoked due to SA variations. In previous work (Surovy et
al., 2008), we found that cork oak (Quercus suber L.) bark growth was lower in the period of
maximum of the 23rd SA cycle (2000-2002) than in the SA minimum period (around 1996). In
this work we focused on a similar analysis of the data for the annual growth of cembra pine (Pinus
cembra) grown in the North-east of Slovakia. The database covers the period of 1406 - 1970, but
sunspot data (minima and maxima), is only available since 1610 at the NGDC site, moreover, the
most reliable sunspot numbers data are only from 1749. The results of this analysis confirm the
fact observed in the previous work, i.e. negative impact of high SA on cembra pine growth, but it
should be noted, however, that the statistical significance of results is low. We applied also wavelet
analysis to data on the evolution of tree growth, the results indicate periodic variations in the
growth period of about 25 years (duration of approximately two solar cycles or one magnetic cycle,
respectively), also periodicities of 30, 35, and 70 years were observed. A negative impact of the
SA was also observed, in the growth of an 90 year-old maritime pine (Pinus pinaster) tree grown
in the North of Portugal. The width of the annual rings was smaller in the years of maximum
SA; furthermore it was found that it is the latewood growth that it is affected while the earlywood
growth is not affected, as a corollary the percent of late wood also shows a significative negative
correlation with SA.

Broad Absorption Lines with DACs and SACs in the spectra of
PG 0946+301 and PG 1254+047

Lyratzi, E. Danezis, L. C. Popović, M. S. Dimitrijević and A. Antoniou

Assuming that the Broad Absorption Line Regions - BALR are composed of a number of successive
independent absorbing density layers, which have the random, rotational and radial velocity, we
investigate the physical properties of Broad Absorption Line Regions (BALRs) of the BALQSOs
PG 0946+301 (Z=1.216) and PG 1254+047 (Z=1.024) by applying GR model on their spectra.
Specifically, we study the C IV 1548.187, 1550.772 A and Si IV 1393.755, 1402.77 A as well as the
Lya ? 1215.68 A spectral line and the N V 1238.821, 1242.804 A, UV resonance lines. The observed
peculiar profiles of these lines can be explained by the DACs and SACs phenomena, as they are
created by a number of components. Finally, we calculate some kinematical parameters such as
the apparent radial (Vrad) and rotational (Vrot) velocities of the regions where the studied lines
are created, as well as the random velocities (Vrand) of the studied ions.
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(Q) X-ray astronomy in the next decade

291

It is now clear that the properties and evolution of galaxies are closely linked to the growth of
their central supermassive black holes. Over the coming decades, a number of future
facilities (e.g. JWST, ALMA, E-ELT) will intensively observe the starlight from the very
earliest galaxies, which form at z=6-10. However, X-ray observations are required to reveal
the extent of accretion activity in the earliest supermassive black holes. I will present new
measurements of the evolution of the X-ray luminosity function (XLF) of AGN, probing to the
limits of current observatories, and accounting for the uncertainties in redshift measurements
and the incompleteness of high-redshift samples. I will then discuss the potential of the
International X-ray Observatory (IXO) to detect low-luminosity AGN at z>6, in this early epoch
of galaxy formation. I will present the results of simulations to determine the sensitivity of IXO
observations, put forward a prospective observing programme and predict the numbers of
detected AGN based on extrapolations of the XLF evolution at lower redshifts.

Tuesday
3:10pm

Synergies between Future X-ray and Infrared
Facilities

F. Fiore (INAF-OAR)

I will discuss possible synergies between future X-ray missions and present and future
infrared and sub-mm facilities such as Spitzer, Herschel, WISE, JWST and ALMA.

Q-P01 Probing Accretion Disk Properties with Long-Term X-
Ray Light-Curves

P. Charles (SAAO), Marissa Kotze

I will summarise the importance of all-sky monitors on X-ray astronomy missions, with
particular emphasis on RXTE, for studying the long-term, superorbital variations seen in a
variety of X-ray binaries. These modulations can provide significant constraints on the
physical properties of accretion discs, e.g. the 35d cycle in Her X-1 and related objects are
interpreted as irradiation-driven, tilted, precessing accretion discs. Others show more
complex light curves, with the period changing on timescales >1000d, and allow an
investigation of the disc stability criteria. We propose a categorisation of these variability
properties into several different types, based on their observed characteristics.

Q-P02 On the Stark Broadening of Ar XV X rays
M. Dimitrijevic (Astronomical Observatory), A. Kovacevic, Z. Simic, S. Sahal-
Brechot

With the development of satellite born spectroscopy, the spectral lines of trace elements
become astrophysically significant and for example, far UV lines of Ar VII were discovered
recently in the spectra of very hot neutral stars of planetary nebulae and white dwarfs. In
order to provide Stark broadening data in X-ray wavelength region, of interest for modelling
and analysis of astrophysical plasmas in extreme conditions, we performed semiclassical
calculations of Stark broadened line widths and shifts for 8 Ar XV multiplets with wavelengths
less than 10 nm.

Q-P03 Breaking the Record: Discovery of the Most
Luminous Ultra- luminous X-Ray Source

S. Farrell (University of Leicester), N. A. Webb, D. Barret, O. Godet & J. M.
Rodrigues
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(T) The Virtual Observatory and Distributed Computing
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This will be presented as part of the online suite of resources iCosmo available at
http://www.icosmo.org

Wednesday
3:20pm

VAMDC: Virtual Atomic and Molecular Data Centre

N. Walton (IoA, Cambridge), M L Dubernet (LPMAA, Paris), N J Mason (Open),
N Piskunov (Upsalla), the VAMDC Consortium

The Virtual Atomic and Molecular Data Centre (VAMDC) aims to build a secure, documented,
flexible and interoperable e-science environment-based interface to existing Atomic and
Molecular (AM) data. The VAMDC will be built upon the expertise of existing AM databases,
data producers and service providers with the specific aim of creating an infrastructure that is
easily tuned to the requirements of a wide variety of users in academic, governmental,
industrial or public communities.

VAMDC will be enabled by the utilisation of the excellent grid and Virtual Observatory data
and application infrastructure that has been created across Europe by initiatives such as the
Euro-VO and EGEE. VAMDC will commence in July 2009.

This presentation will provide a brief overview of the project, aims and objectives, and
describe the key infrastructure that will be created during he project lifetime.

T-P01 The Virtual Meteor Observatory (VMO) of the
International Meteor Organization

G. Barentsen (Armagh Observatory), Detlef Koschny (ESA/RSSD), Rainer Arlt
(IMO)

Meteor science is concerned with very small particles in the Solar System. The investigation
of meteoroids, their origin and their orbital dynamics tells a lot about the next-larger classes
of objects - asteroids and comets. Studies of meteor showers are in most cases of statistical
nature; large quantities of individual meteor observations are necessary to arrive at
meaningful conclusions. The advent of Virtual Observatories in space science is ideally timed
with observational advances in data recording in meteor science. The International Meteor
Organization (IMO) participates in this advent with the creation of a VO-enabled data centre
for meteor science: the Virtual Meteor Observatory (VMO).

T-P02 The Project of Serbian Virtual Observatory and the
Connection with VAMDC

D. Jevremovic, M. S. Dimitrijevic, L. C. Popovic, M. Dacic, V. Protic-Benisek,
E. Bon, V. Benisek, A. Kovacevic, S. Sahal-Brechot

We present and discuss the project of Serbian Virtual Observatory. The digitization and
publication in VO of around 15000 photo plates archivated on Belgrade Asttronomical
observatory, as well as stella catalogues produced in Serbia, and digitization of astronomical
publications, is in progress. Also, together with french colleagues, in progress is the
development of the database STARK-B with Stark broadening data of interest for stellar
spectra analysis and modelling, produced during more of 30 years of French-Serbian
collaboration. It will enter in VAMDC - Virtual Atomic and Molecular Data Center, MOLAT and
SerVO.
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l Z[U gr= 899B@V jY?\>U

stvwwxyzv{zxt|z{}{}~
st{~�tv{zxtv��~v�x�
�w{�xtx� �����



(7) The IYA 2009 In Europe
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The Armenian program of the IYA-2009 relates to an increase of activity of the professional,
amateur, popular astronomy and astronomical education. Beside the IYA-2009 main projects,
a number of other activities are planned. A webpage has been created at
http://www.aras.am/IYA_2009.htm and the program is given with regular updates of the news
and events. An Armenian Astronomical Council will be created to coordinate all astronomical
activities, which have in fact been developed randomly, including the professional institutions
(Byurakan Astrophysical Observatory (BAO), Yerevan State University (YSU), etc.), school
astronomy and Olympiads, amateur astronomers, publishers, etc. Series of seminars
''Astronomy and other fields of science'' for various students in Byurakan during the whole
year, an Astronomical Summer School for the YSU students in Byurakan for students of the
YSU Department of Physics, the Armenian Astronomical Society (ArAS) annual meeting with
an emphasis on the IYA-2009 will be organized. Publication of a DVD ''Encyclopaedia of the
Armenian astronomy'' is planned, as well as a lot of other materials (booklets, sky maps,
calendars, postcards, etc.). The school program includes visits to schools by professional
astronomers for popular lectures and visits of pupils in Byurakan. There is a large mass
media program too, including a meeting of professional astronomers and journalists in
Byurakan.

Wednesday
11:40am

Science Outreach in Benin (West Africa) for the IYA
2009

A. Alapini (University of Exeter), Didier Pelat (Observatoire de Paris), Pascal
Galais (CEA), Oscar Kiche (Astronomy Club Orion-Benin), Calixte Alapini
(ONG-Acetrose), Romain Alapini (ONG-Acetrose)

Through the mixing of culture, the mixing of ages and the international transfer of knowledge
in astronomy, the IYA 2009 is an exceptional opportunity to broaden minds and trigger
interest in science among the young generations across the globe.

Since a first outreach mission in Benin for the total solar eclipse of 2006, we have been
involved in a collaborative effort aiming at raising awareness of science through astronomy
among children in urban and rural areas of Benin. For the IYA, we go a step further. 14 of us
are returning to Benin, we will meet 6 local organisers and will visit schools and universities
across the country aiming to reach more than a thousand of Benin's citizens. We will man
science activities for children and teachers, observing sessions for all ages, and we will give
conferences at the universities.

We wish to share with the broader community our experience on science outreach in a
developing country. We present our activities in Benin for the IYA 2009, starting by describing
how this collaboration began, how it is developing and the benefits and difficulties we
encounter in this project.

Wednesday
12:00pm

Society of Astronomers of Serbia, Astronomical
Society ''Rudjer Boskovic'' and IYA 2009

A. Kovacevic (Faculty of Mathematics University of Belgrade), M. S. Dimitrijevic

We will present Society of Astronomers of Serbia and the oldest society of professional and
amateur astronomers in Serbia, Astronomical Society ''Rudjer Boskovic'', founded in 1934.
We will review briefly their history and activities with particular attention to the activities, plans
and programs for the IYA 2009.

Wednesday
2:00pm

Galileo Teacher Training Programme









































































































































































































































































































































































































































International workshop 
 

“BIG QUESTIONS ABOUT THE UNIVERSE” 
 

Sibiu, Romania, 5 - 8 February 2009 
 

ABSTRACTS 
 

On the Existence between Light and Darkness 
Radu CONSTANTINESCU & Gelu CALINA 

 
There will be an approach of the issues related to the impact that concepts of the 

light and darkness have on our existence in general; at the level of human being 
(spiritually); at the level of human society and the one of the Universe as a whole. The 
approach will consider the interdisciplinary perspective searching for answers for a set of 
„big questions" from different points of views: those of physicists, theologians, social and 
human sciences, etc. Some examples of basic questions: Light means 
energy/information. Has „dark matter" clear epistemological significance? More light 
means more energy. More energy might generate „black holes" (see the experiment 
LHC – GENEVA). Can the light generate darkness? On the microscopic level, the matter 
generates the light through creation/annihilation precesses 

 
Church and Science in Common Fight against Superstition 

Milan S. DIMITRIJEVIC 
 

Scientific and Religious arguments together are more successful in perpetuous 
fight of Religion and Science against superstition, for the liberty of human will. It will be 
discussed common interest and  importance of the joint action against practices based 
on superstition like astrology, numerology, palmistry, and similar activities which may  
result that someone loose initiative to make  himself his decisions by free will. It will be 
discussed possible actions like round tables, lectures, articles and TV and Radio 
emissions and arguments and possible strategies.    

 
IDEAS 
1. Church and Science in common fight against superstition 
2. Scientific theories on the beginning of the Universe 
3. Eschatology of the Universe 
4. The development of the idea of the multiplicity of inhabitable worlds and 

possibility for communications with other civilizations. 
5. The secret of the big silence of cosmos. Where are they? 

 

Informational Cosmology. Transdisciplinary Aspects 
Adrian IOSIF 

  
The main ways of the research: 

 1
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VIRTUAL ATOMIC AND MOLECULAR DATA CENTER 
(VAMDC) AND STARK-B DATABASE 

 
MILAN S. DIMITRIJEVIĆ1,2, SYLVIE SAHAL-BRÉCHOT2,,  

ANDJELKA KOVAČEVIĆ3, DARKO JEVREMOVIĆ1,  
LUKA Č. POPOVIĆ1 AND VAMDC CONSORTIUM  

(P.I. MARIE-LISE DUBERNET4) 
 

1Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 
2 Paris Observatory, CNRS-UMR8112 and University Pierre et Marie Curie, 

LERMA, 5 Place Jules Janssen, 92190 Meudon, France 
3Department of Astronomy, Faculty of Mathematics, Studentski Trg 15, 

 11000  Belgrade, Serbia 
4Laboratoire de Physique Moléculaire pour l’Atmosphère et l’Astrophysique, 

UMR7092 CNRS/INP, Université Pierre et Marie Curie, Case 76, 4 Place Jussieu, 
75252 Paris Cedex 05, France 

E-mail: mdimitrijevic@aob.bg.ac.rs, sylvie.sahal-brechot@obspm.fr, 
andjelka@matf.bg.ac.rs, darko@aob.bg.ac.rs, marie-lise.dubernet@obspm.fr 

  
Abstract: Virtual Atomic and Molecular Data Center (VAMDC) is an European FP7 
project with aims to build a flexible and interoperable e-science environment based 
interface to the existing Atomic and Molecular  data. The VAMDC will be built upon the 
expertise of existing Atomic and Molecular databases, data producers and service 
providers with the specific aim of creating an infrastructure that is easily tuned to the 
requirements of a wide variety of users in academic, governmental, industrial or public 
communities. In VAMDC will enter also STARK-B database, containing Stark broadening 
parameters for a large number of lines, obtained by the semiclassical perturbation method 
during more than 30 years of collaboration of authors of this work (MSD and SSB) and 
their co-workers. In this contribution we will review the VAMDC project, STARK-B 
database and discuss the benefits of both for the corresponding data users. 

 
1. VIRTUAL OBSERVATORIES AND SERBIAN VIRTUAL 

OBSERVATORY 
 
 For various applications in astrophysics, atmospheric physics, fusion, 

environmental sciences, combustion chemistry, and in industrial applications from 
plasmas and lasers to lighting, a reliable, critically selected set of atomic and 
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molecular data is needed. However, the available data present in literature and 
databases are presented in different, non-standardized ways, so that their adequate 
exploitation is often difficult.   

 The need for a large amount of atomic and molecular data is in particular 
stimulated by the development of satellite astronomy, providing a huge amount of 
high quality astronomical spectra. This development produced an information 
avalanche and leaded to the creation of huge data collections as e. g. IUE and HST 
archive, or Sloan Digital Sky Survey SDSS, containing spectra of ~ 230 million 
objects.  

In order to solve the problem of analysis and mining of such amount of data, 
the idea of Virtual Observatory was formulated at the end of 2000. It was realized 
as the FP5 project Astrophysical Virtual Observatory – AVO, the origin of 
European Virtual Observatory - EURO-VO (http://www.euro-vo.org), who started 
in 2001.  

 
Fig. 1. International Virtual Observatory Alliance. 

 
In order to coordinate the international collaboration in this field and develop 

and adopt the needed corresponding standards, International Virtual Observatory 
Alliance (IVOA, http://www.ivoa. net) was formed in June of 2002.   

Serbia entered in such activities by creating SerVO - Serbian virtual 
observatory (http://servo.aob.rs/~darko), funded through the project TR13022 by 
Ministry of Science and Technological Development of Republic of Serbia 
(Jevremović et al., 2009, 2012). After establishing SerVO, our objective is to join 
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IVOA, if possibly on the interoperability meeting in Nara, Japan, 7-11 of 
December 2010, and  the EuroVO. Our plan is also to establish SerVO data Center 
for digitizing, archiving and publishing in VO format photo-plates (Tsvetkova et 
al., 2009) and other data produced at Belgrade Astronomical Observatory and to 
develop tools for visualization of the corresponding data. Two of us (MSD-SSB) 
work on the development of  STARK-B - Stark broadening data base containing, 
as the first step, our results for Stark broadening parameter determination obtained 
within the semiclassical perturbation approach, in VAMDC and VO compatible 
format. A mirror site of this database will be a part of SerVO. Also, within the 
frame of SerVO will be a mirror site for DSED (Darthmouth Stellar Evolution 
Database, Dotter et al., 2007, 2008)  in the context of VO.   

 
2. VAMDC – VIRTUAL ATOMIC AND MOLECULAR DATA CENTER 

 
The need for an efficacious and adequate search and mining for available 

atomic and molecular data, highly fragmented and provided in different non 
standardized formats, which was an obstacle for    their suitable use, leaded to the 
VAMDC idea. In order to make the search of atomic and molecular data 
efficacious, we need the search engines that must look “everywhere” for the 
needed A&M dat and to create an accessible and interoperable e-infrastructure. 

This is in fact the main objective of Virtual Atomic and Molecular Data Center 
(VAMDC – Dubernet et al., 2010), a FP7 funded project which started on July 1st 
2009 with budget of  2.9 MEuros over  42 months. The above mentioned 
objectives will be achieved by upgrading and integrating European (and wider) 
A&M database services and catering for the needs of variety of data users in 
science, research and development, and industry. In order to establish a better 
communication between data producers, data users and databases developers, one 
of the important VAMDC aims is also the creation of a forum for discussion of the 
corresponding subjects, as well as to organize the training of potential users in 
European Research Area and wider.  

 The VAMDC can be understood as a publisher infrastructure (Fig. 2), which 
will deploy yellow pages (registries) in order to find resources, design user 
applications, build data access layers above databases to provide unified outputs 
from these databases, and connect its infrastructure to the grid.  
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Fig. 2. Schematic diagram of the VAMDC infrastructure; note that it is a 
distributed system. 

 

 
Fig. 3. VAMDC logo. 
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Project leader is Marie-Lise Dubernet from  Observatoire de Paris and core 
consortium is made of 15 institutions with 24 scientific groups from France, 
Serbia, Russia, England, Austria, Italia, Germany, Sweden and Venezuela.    

Partners in the Consortium of the Project are: 1) The coordinator, Centre 
National de Recherche Scientifique - CNRS (Université Pierre et Marie Curie, 
Paris; Observatoire de Paris; Université de Reims; Université Joseph Fourier de 
Grenoble, Université de Bordeaux 1: Université de Bourgogne, Dijon; Université 
Toulouse 3); 2) The Chancellor, Masters and Scholars of the University of 
Cambridge – CMSUC; 3) University College London – UCL; 4) Open University 
– OU (Milton Keynes, England); 5) Universitaet Wien  - UNIVIE; 6) Uppsala 
Universitet – UU; 7) Universitaet zu Koeln – KOLN; 8) Istituto Nazionale di 
Astrofisica – INAF (Catania, Cagliari); 9) Queen's University Belfast – QUB; 10) 
Astronomska Opservatorija - AOB (Belgrade, Serbia); 11) Institute of 
Spectroscopy RAS – ISRAN (Troitsk, Russia); 12) Russian Federal Nuclear 
Center - All-Russian Institute of Technical Physics  - RFNC-VNIITF (Snezhinsk, 
Chelyabinsk Region, Russia); 13) Institute of Atmospheric Optics  - IAO (Tomsk, 
Russia); 14) Corporacion Parque tecnologico de Merida – IVIC (Merida, 
Venezuela); 15) Institute for Astronomy RAS - INASAN (Moscow, Russia).  

External VAMDC partner is also NIST – National Institute for Standards and 
Technology in Washington.  

The VAMDC facilities are dedicated to the various users in Astronomy, 
Plasma science, Atmospheric Science Radiation science and Fusion community as 
well as Industries using technological plasmas and Lightning industry 

The basis of VAMDC e-infrastructure are the included databases upon which 
are actually:  

     VALD database (Kupka et al., 1999) of atomic data for analysis of radiation 
from astrophysical objects (http://vald.astro.univie.ac.at/).  

CHIANTI (Dere et al., 2009), an atomic database for the analysis of optically 
thin collisionally ionised astrophysical plasmas. 
(http://sohowww.nascom.nasa.gov/solarsoft, http://www.damtp.cam.ac.uk/ 
user/astro/chianti/)   

EMol Database, at the Open University in Milton Keynes (Mason, 2007), 
containing critically evaluated  measured and calculated cross sections for electron 
interactions with molecular systems, and a suite of semi-empirical theoretical 
methods for the corresponding evaluation when there are currently no 
experimental data.  

CDMS - Cologne Database for Molecular Spectroscopy (http://www.ph1.uni-
koeln. de/ vorhersagen/) provides recommendations for spectroscopic transition 
frequencies and intensities  for atoms and molecules of astronomical  interest and 
for studying the Earth  atmosphere. It is cross correlated with its US counterpart, 
the JPL Jet Propulsion Laboratory Submillimeter Catalogue 
(http://spec.jpl.nasa.gov/) (Müller et al., 2005). 
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BASECOL database (Dubernet et al., 2004) (http://basecol.obspm.fr) contains 
excitation rate coefficients for ro-vibrational excitation of molecules by electrons, 
He and H2..   

GhoSST (Grenoble astrophysics and planetology Solid Spectroscopy and 
Thermodynamics, http://ghosst.obs.ujf-grenoble.fr) database service, offers 
spectroscopic laboratory data on molecular and atomic solids and liquids from the 
near UV to the far-infrared.   

UMIST - University of Manchester Institute of Science and Technology 
(UMIST) database for astrochemistry  (Millar et al., 1991; Woodall et al., 2007) 
(http://www.udfa.net/), provides reaction rate data and related software for 
chemical kinetic modelling of astronomical regions.   

KIDA -  KInetic Database for Astrochemistry  will contain data on  chemical 
reactions used in the modelling of the chemistry in the interstellar medium and in 
planetary atmospheres  (http://kida.obs.u-bordeaux1.fr).   

PAHs (Polycyclic Aromatic Hydrocarbon) and carbon clusters spectral 
database (http://astrochemisty.ca.astro.it/database/) in Cagliari, developed in 
collaboration of CESR (Centre d’Etude Spatiale des Rayonnements) with CNRS 
(Malloci et al., 2007).   

 LASP (Laboratorio di Astrofisica Sperimentale) Database 
(http://web.ct.astro.it/weblab/ dbindex.html#dbindex) at the INAF (Istituto 
Nazionale di Astrofisica) - Catania Astrophysical Observatory, contains (i) 
infrared (IR) spectra of molecules in the solid phase (ii) IR optical constants of 
molecules in the solid phase and after processing with energetic ions; (iii) band 
strengths of the IR absorption bands ; and (iv) density values of frozen samples.   

Spectr-W3 (Faenov et al., 2002) atomic database (http://spectr-w3.snz.ru), 
created in collaboration between the Russian Federal Nuclear Centre All-Russian 
Institute of Technical Physics (RFNC VNIITF - Snezhinsk, Chelyabinsk Region, 
Russia) and the Institute for High Energy Densities of the Joint Institute for High 
Temperatures of the Russian Academy of Sciences (IHED JIHT RAS - Moscow).  
It lists experimental, calculated, and compiled data on ionization potentials, energy 
levels, wavelengths, radiation transition probabilities and oscillator strengths, and 
also parameters for analytic approximations for electron-collision cross-sections 
and rates for atoms and ions.     

 The V.E. Zuev Institute of Atmospheric Optics (IAO) in Tomsk 
(http://www.iao.ru/) hosts the following databases: 

CDSD - The Carbon Dioxide Spectroscopic Databank (Perevalov and Tashkun, 
2008)  (http://cdsd.iao.ru  and ftp://ftp.iao.ru/pub/CDSD-2008). 

S&MPO - Spectroscopy & Molecular Properties of Ozone) relational database 
(Rothman et al., 2009) (http://ozone. iao.ru and http://ozone.univ-reims.fr/), 
developed in collaboration with the University of Reims. 

"Spectroscopy of Atmospheric Gases" (http://spectra.iao.ru), containing 
HITRAN (Rothman et al., 2009) , GEISA (Jacquinet-Husson et al., 2008) and 
HITEMP (Rothman et al., 2010) databases.   
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W@DIS – Water Internet @ccessible Distributed Information System 
(http://wadis.saga.iao.ru)  lists experimental water-vapour spectroscopy data from 
the literature and calculated line lists.   

Databases under the management of  Corporacion Parque tecnologico de 
Merida – IVIC (Instituto Venezoelano de Investigaciones Scientificas) and 
CeCalCULA (Centro Nacional de Cálculo Científico de la Universidad de Los 
Andes).  

TIPTOPbase (Cunto et al., 1993)  located at the Centre de Données 
astronomiques de Strasbourg, France (http://cdsweb.u-
strasbg.fr/topbase/home.html),  contains: 

 TOPbase: Atomic data computed in the Opacity Project, namely LS-coupling 
energy levels, gf-values and photo ionization cross sections for light elements (Z ≤ 
26) of astrophysical interest. 

TIPbase: Intermediate-coupling energy levels, A-values and electron impact 
excitation cross sections and rates for astrophysical applications (Z ≤ 28), 
computed by the IRON Project. 

 OPserver (Mendoza et al., 2007), located at the Ohio Supercomputer Center, 
USA, (http://opacities.osc.edu/), a remote, interactive server for the computation 
of mean opacities for stellar modelling using the monochromatic opacities 
computed by the Opacity Project.   

Within VAMDC e-infrastructure are also:   
XSTAR database  (Bautista and Kallman, 2001),  used by the XSTAR code 

(http://heasarc.gsfc.nasa.gov/ docs/software/ xstar/xstar.html) for modelling photo 
ionised plasmas. 

HITRAN -  HIgh-resolution TRANsmission molecular absorption database  
(Rothman et al., 2008) (http://www.cfa. harvard.edu/hitran/).  

 GEISA - Gestion et Etude des Informations Spectroscopiques Atmosphériques 
database (Jacquinet-Husson et al., 2008)  
(http://ara.lmd.polytechnique.fr/index.php?page=geisa-2 or  
http://ether.ipsl.jussieu. fr/etherTypo/ ?id=950) is a computer accessible database 
system, designed to facilitate accurate and fast forward, calculations of 
atmospheric radiative transfer.  

HITEMP, a high temperature extension to HITRAN (Rothman et al., 2010) 
containing data for water, CO2, CO, NO and OH.  

 
3. STARK-B DATABASE 

 
The STARK-B database (http://stark-b.obspm.fr) (Sahal-Bréchot, 2010), is 

created in collaboration between Laboratoire d’Etude du Rayonnement et de la 
matière en Astrophysique of the Observatoire de Paris-Meudon and the 
Astronomical Observatory of Belgrade, and it enters also in the VAMDC e-
infrastructure. It contains the theoretical widths and shifts of isolated lines of 
atoms and ions due to collisions with charged perturbers, obtained within the 
impact approximation (Stark broadening). At this stage it contains results obtained 
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using the semiclassical perturbation approach (Sahal-Bréchot,  1969ab, for 
optimization of computer code and updates see e.g. Sahal-Bréchot, 2010;  
Dimitrijević,  1996).   

   

 
Fig. 4. Output from the old BELDATA database. 

 
STARK-B may be useful for modelling and spectroscopic diagnostics  of 

stellar atmospheres and envelopes, as well as for laboratory plasmas, analysis of 
laser produced plasma and laser equipment design and development, fusion 
plasma and technological plasmas. The database is currently developed in Paris, 
and a mirror site is planned in Belgrade, within the frame of SerVO. It is described 
in detail in Sahal-Bréchot (2010). 
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Fig. 5. The homepage of STARK-B. 

 
On Belgrade Astronomical Observatory was created previously, as a  precursor 

of STARK-B and SerVO, BELDATA database with Stark broadening parameters 
as its main content. A history of BELDATA can be traced in Popović et al. 
(1999ab), Milovanović et al. (2000ab), Dimitrijević et al. (2003) and,  Dimitrijević 
and Popović (2006). 

The participants of AOB (Astronomical Observatory – Belgrade) VAMDC 
Node  are: Milan S. Dimitrijević, Luka Č. Popović, Andjelka Kovačević, Darko 
Jevremović, Zoran Simić, Edi Bon and Nenad Milovanović.   

We also have a close collaboration with Sylvie Sahal-Bréchot from Paris 
Observatory, Nebil Ben Nessib, Walid Mahmoudi, Rafik Hamdi, Haykel Elabidi, 
Besma Zmerli and Neila Larbi-Terzi from Tunisia,  Magdalena Christova from 
Technical University of Sofia and Tanya Ryabchikova from Institute of 
Theoretical Astronomy in  Moscow. 

Our ambition is that in the future, Group for Astrophysical spectroscopy and 
SerVO become a VAMDC regional center, in particular since it is expected that 
VAMDC, as an example of the global collaborations and innovations in e-science, 
will become one of major European cyber-infrastructures with a world wide 
impact. 
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Abstract. We present a study of optical Fe II emission in 302 AGNs selected from the 
SDSS. We group the strongest Fe II multiplets into three groups according to the lower 
term of the transition (b 4F, a 6S and a 4G terms). We calculate an Fe II template which 
takes into account transitions into these three terms and an additional group of lines, based 
on a reconstruction of the spectrum of I Zw 1. This Fe II template gives a more precise fit 
of the Fe II lines than other templates.  We notice that the ratios of blue, red, and central 
parts of the iron shelf depend on some spectral properties as continuum luminosity and 
FWHM Hβ. We examine the dependence of the well-known anti-correlation between the 
equivalent widths of Fe II and [O III] and we found possible connection with the Baldwin 
effect. 
 

1. INTRODUCTION 
 

There are many unresolved questions concerning optical  Fe II (λλ4400-5400 
Å) lines. Some of them are: geometrical place of the Fe II emission region in 
AGN, processes of excitation which produce Fe II emission, as well as some 
correlations of the Fe II lines and other AGN spectra properties which need a 
physical explanation. It is established that the Fe II emission depends on the radio, 
X and IR parts of the continuum and also some correlations with other lines in 
spectra are observed (for review see Lipari and Terlevich, 2006). One of the most 
interesting is the relation between equivalent widths of the Fe II and [O III] lines, 
which physical background is still not explained (see Boroson and Green, 1992).  

In this paper, we investigate the Fe II emitting region by analyzing the 
correlations between the optical Fe II lines and the other emission lines within a 
sample of 302 AGN from the SDSS. To do this, we construct an Fe II template. 
The strongest Fe II multiplets within the λλ4400-5400 Å range are sorted into 
three groups, according to the lower terms of the transitions. We analyze 
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relationships between ratios of Fe II line groups and other spectral properties, as 
well as anticorrelation between EW Fe II and EW [O III].  

 
2. THE SAMPLE AND ANALYSIS 

 
Spectra for our data sample are taken from the 7th data release (Abazajian et al., 

2009) of the Sloan Digital Sky Survey (SDSS). We used an SQL search to obtain 
the best sample of AGN spectra, with following requirements: high signal to noise 
ratio (S/N>20), good pixel quality, high redshift confidence (zConf > 0.95) and 
with z < 0.7, negligible contribution from the stellar component (EW CaK 3934  
Å, Mg 5177 Å and Hd 4102  Å  > -1).  

Spectra are corrected for Galactic reddening, using procedure described in 
paper Schlegel et al. (1998). Continuum emission is substracted by DIPSO 
software.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Example of fit of the SDSS J141755.54+431155.8 in the λλ4400-5500 
Å  range. 

 
We fit all considered lines in λλ4400-5500 Å range (Fe II, [O III], Hβ), with a 

sum of Gaussian functions of different shifts, widths and intensities, which reflects 
physical conditions of emission regions where those components arise (see Fig. 1). 
We assume that Balmer lines have three components: NLR, ILR and VBLR (Ilić 
et al., 2006; Bon et al., 2006 ; Hu et al., 2008), and we fited them with three 
Gaussians of different width and shift. Optical Fe II lines were fited with 
calculated template. 
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3. RESULTS 
 

The Fe II template 
 

We calculated the Fe II template, using the 50 Fe II emission lines, identified 
as the strongest within the λλ4400-5500 Å range. The 35 of them are separated in 
the three line groups according to their lower level of transition: 3d6 (3F2)4s 4 F, 
3d5 4s2  6S and 3d6 (3 G)4s  4G (in further text F, S and G group of lines).   

The lines from three line groups describe about 75% of Fe II emission in 
observed range (λλ4400-5500 Å), but about 25% of Fe II emission can not be 
explained with permitted lines which excitation energies are close to these of lines 
from the three line groups.  

In order to complete the template for missing 25%, we selected 15 lines which 
probably arise with some of these mechanisms, from Kurutcz database 
(http://kurucz.harvard.edu/linelists.html). The selected lines have wavelengths on 
missing parts, strong oscillator strengh and their energy of excitation goes up to 
~11 eV. Relative intensities of these 15 lines are obtained from I Zw 1 spectrum 
by making the best fit together with Fe II lines from the three line groups.  

We have assumed that each of lines can be represented with a Gaussian, 
described by width (W), shift (d) and intensity (I). Since all Fe II lines from the 
template probably originate in the same region, with the same kinematical 
properties, values of d and W are the same for all Fe II lines in the case of one 
AGN, but intensities are assumed to be different. We suppose that relative 
intensities between the lines within one line group (F, S and G) can be obtained as: 

 
 
 
 
 
where I1 and I2 are intensities of the lines with the same lower level of 

transition, λ1 and λ2 are line wavelengths, g1 and  g2 are corresponding statistical 
weights, and   f1 and f2 are oscillator strengths, E1 and E2 are energies of upper 
level of transitions, k is Boltzman constant and T is the excitation temperature.  

According to that, the template of Fe II is described by 7 parameters of fit: 
parameter of the width, parameter of the shift, four parameters of intensity – for F, 
S, G and group of lines obtained from I Zw 1 object, as well as excitation 
temperature.  

We applied this template to our sample of 302 AGNs from SDSS database, and 
we found that the template can satisfactorily fit the Fe II lines. 
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The ratios of Fe II line groups vs. other spectral properties 
 
Since line intensities and their ratios are indicators of physical properties of the 

plasma where those lines arise, we have investigated relations among the ratios of 
Fe II line groups with various spectral properties. The F, S and G line groups  
correspond approximately to the blue, central and red part of the iron shelf, 
respectavely.  

We find that the ratios of different parts of the iron shelf (F/G, F/S, and G/S) 
depend on some spectral properties such as: continuum luminosity and Hβ 
FWHM. Also, it is noticed that spectra with Hβ FWHM greater and less than 
~3000 km/s have different properties which is reflected in significantly different 
coefficients of correlation between the parameters. 

We found that all three ratios (F/G, F/S and G/S) are in significant correlation 
with FWHM Hβ for subsample with FWHM Hβ > 3000 km/s. The obtained 
coefficients of correlation are: F/G vs. FWHM Hβ  (r = 0.36, P = 1.2E-5), F/S vs. 
FWHM Hβ (r = 0.59, P = 1.3E-14) and G/S vs. FWHM Hβ  (r = 0.44, P = 6.1E-8). 

No correlations between these parameters are observed for subsample with 
FWHM Hβ < 3000 km/s. Also, we found the correlation between F/G ratio and 
continuum luminosity log(L 5100), which is more significant for FWHM Hβ < 3000 
km/s subsample: r = - 0.51, P = 5.7E-12. The correlation between F/S and 
log(L5100)  is also observed (r = - 0.41, P = 7.9E-8), for the same subsample. 

 
EW Fe II vs. EW [O III]  

 
One of the problems mentioned in the introduction is the anti-correlation 
between the equivalent widths of the [O III] and Fe II lines which is related to 

Eigenvector 1 in the analysis of Boroson and Green (1992).  Some physical causes 
proposed to explain Eigenvector 1 correlations are: (a) Eddington ratio L/LEdd, (b) 
black hole mass MBH, and (c) inclination angle (for detailed review see Kovačević 
et al., 2010). Wang et al. (2006) suggested that EV1 may be related to AGN 
evolution.  

We confirmed the EW Fe II vs. EW [O III]  anti-correlation in our sample            
(r = - 0.39, P < 0.0001, see Fig 2). 

To try to understand the EW Fe II vs. EW [O III] anti-correlation, we examined 
its relationship to continuum luminosity. We examined the relations of equivalent 
widths of Fe II and [O III] lines vs. L5100. We confirmed a strong Baldwin effect 
(see Baldwin, 1977) for [O III] lines (r = - 0.43, P = 4E-15), and an inverse 
Baldwin effect for EW Fe II lines (r = 0.30, P = 2E-7), i.e. we found that as 
continuum luminosity increases, EW Fe II also increases, but EW [O III] 
decreases (see Fig 3). In Fig 3, objects with redshift within range z < 0.1 are 
denoted with open squares, 0.1< z < 0.2 with filled triangles, 0.2 < z < 0.3 with 
open circles, 0.3 < z < 0.4 with filled squares, 0.4 < z < 0.5 with open triangles, 
0.5 < z < 0.6 with filled circles and 0.6 < z < 0.7 with stars. 
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Figure 2. Relationship between the EW [O III] l5007 Å vs. EW Fe II. 
 

 
Figure 3. The Baldwin effect significant for the [O III] lines (left panel), while an 
inverse Baldwin effect is detected for the optical Fe II lines (rigth panel).  

 
This implies that the EW Fe II - EW [O III] anti-correlation may be influenced 

by Baldwin effect for [O III] and an inverse Baldwin effect for Fe II lines. Also, in 
our analysis we found that the strength of the Baldwin effect depends on the 
FWHM Hβ of the sample. Note that FWHM Hβ is one of the parameters in 
Eigenvector 1.  

The origin of the Baldwin effect is still not understood and is a matter of 
debate. The increase of the continuum luminosity may cause a decrease of the 
covering factor, or changes in the spectral energy distribution (softening of the 
ionizing continuum) which may result in the decrease of EWs. The inclination 
angle may also be related to Baldwin effect. The physical properties which are 
usually considered as a primary cause of the Baldwin effect are: MBH, L/LEdd, and 
changes in gas metalicity. Also, a connection between Baldwin effect and AGN 
evolution is possible (for detailed review see Kovačević et al., 2010). 

 
 



JELENA KOVAČEVIĆ et al. 

146 
 

Conclusions 
 

1.  We have proposed an optical Fe II template for the λλ4400-5500 Å range, 
which consists of three groups of Fe II multiplets, grouped according to the lower 
terms of transitions (F, S and G), and an additional group of lines reconstructed 
from the I Zw 1 spectrum. We found that template can satisfactorily fit the Fe II 
lines. 

2.  We find that the ratios of different parts of the iron shelf (F/G, F/S, and 
G/S) depend of some spectral properties such as: continuum luminosity and Hβ 
FWHM. Also, it is noticed that spectra with Hβ FWHM greater and less than 
~3000 km/s have different properties which is reflected in significantly different 
coefficients of correlation between the parameters. 

3.  We confirm in our sample the anti-correlation between EW Fe II and EW 
[O III] which is related to Eigenvector 1 (EV1) in Boroson and Green (1992) and 
we examined its dependence on the continuum luminosity. We found an inverse 
Baldwin effect for Fe II lines, and Baldwin effect was confirmed for the [O III] 
lines. Since EW Fe II increases, and EW [O III] decreases with increases of 
continuum luminosity, the observed EW Fe II vs. EW [O III] anti-correlation is 
probably due to the same physical reason which causes the Baldwin effect. 
Moreover, it is observed that the coefficients of correlation due to Baldwin effect 
depend on Hβ FWHM range of a sub-sample, which also implies the connection 
between the Baldwin effect and EV1.  
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STARK-B DATABASE VIRTUAL ATOMIC AND MOLECULAR
DATA CENTER (VAMDC) AND DATA FOR WHITE DWARF
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Abstract. In a number of papers we have demonstrated the importance of Stark broadening
mechanism for the modeling and synthesizing of lines observed in spectra of white dwarf atmo-
spheres. We also determined a number of Stark broadening parameters of interest in particular
for DB and DO white dwarf plasmas investigations. Now, work on their inclusion in STARK-
B database and in Virtual Atomic and Molecular Data Center, an FP7 european project, as
well as in Serbian Virtual Observatory is in progress. We review here the part of this work of
interest for white dwarf atmospheres analysis.

1. INTRODUCTION

Virtual Atomic and Molecular Data Center (VAMDC) aims at building an interop-
erable e-Infrastructure for the exchange of atomic and molecular data. In a number of
papers we have demonstrated the importance of Stark broadening mechanism for the
modelling and synthesizing of lines observed in spectra of white dwarf atmospheres.
We determined Stark broadening parameters for trace element: Te I, Cr II, Mn II, Au
II, Cu III, Zn III, Se III, In III and Sn III of interest particularly for DB and DO white
dwarf plasmas investigations. Now, work on their inclusion in STARK-B database
and in Virtual Atomic and Molecular Data Center, an FP7 european project, as well
as in Serbian Virtual Observatory is in progress.

As an example of this work, we will show here Stark broadening parameters for
two Mn II lines and their relevance for white dwarf spectra analysis and synthesis.

2. RESULTS AND DISCUSSIONS

Calculations have been performed within the semiclassical perturbation formalism,
developed and discussed in detail in Sahal-Breéchot 1969a,b. This formalism, as well
as the corresponding computer code, have been optimized and updated several times
(Sahal-Breéchot 1974, Dimitrijević and Sahal-Bréchot 1984, Dimitrijević et al. 1991).

Using the semiclassical perturbation method we obtained Stark widths and shifts
for six Mn II lines (Popović et al. 2008) for perturber density of 1017cm−3 and
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temperatures from 5000 to 100000 K. Here, as an example we will show data for
two of them 2594.5 and 2950.1 Å. The needed atomic energy levels were taken from
Bashkin and Stoner 1982. The oscillator strengths required were calculated using
the Coulomb approximation method described by Bates and Damgaard 1949 and the
tables of Oertel and Shomo 1968. For higher levels, the method described by van
Regemorter et al. 1979 was applied. As an example of obtained results, Stark widths
and shifts for these lines are given in Table 1.

Table 1: Electron-impact broadening parameters (full width at half maximum W
and shift d) for Mn II (Popović et al. 2008) for perturber density of 1017cm−3 and
temperatures from 5000 to 100000 K.

Transition T(K) W(Å) d(Å)
5000 0.128 0.236E-03
10000 0.948E-01 -0.996E-03

a 7S - z 7Po 20000 0.702E-01 -0.116E-02
2594.5Å 30000 0.598E-01 -0.956E-03

50000 0.507E-01 -0.128E-02
100000 0.435E-01 -0.118E-02
5000 0.226 -0.394E-01
10000 0.165 -0.302E-01

a 5S - z 5Po 20000 0.121 -0.234E-01
2950.1Å 30000 0.102 -0.193E-01

50000 0.884E-01 -0.168E-01
100000 0.800E-01 -0.137E-01

In order to investigate the importance of Stark broadening mechanism in DA and
DB white dwarf atmospheres the atmospheric models of Wickramasinghe 1972, with
Teff = 15000-25000 K and log g=8, are used. Here, g is the gravitational acceleration
on the stellar surface and log g=8 means that g = 108 m/s. Calculated thermal
Doppler and Stark widths as a function of optical depth, for Mn II a 5S - z 5Po (2950.1
Å), are compared in Figs. 1 and 2. for DA and DB white dwarfs plasma conditions.
As in Wickramasinghe 1972, optical depth points at the standard wavelength 5150
Å are used. As one can see, for DB white dwarf atmospheres the Stark broadening
mechanism is more important than for the DA white dwarf atmospheres, especially
for atmospheric layers with the optical depth larger or approximatively equal to 0.1,
where the Stark width is up to one or two orders of magnitude larger than the thermal
Doppler width.
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Figure 1. Thermal Doppler and Stark widths for Mn II spectral line a 5S - z 5Po

(2950.1Å) as a function of optical depth for DA and DB white dwarf models with
Teff=15000 K and log g=8.
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Figure 2. Thermal Doppler and Stark widths for Mn II spectral line a 5S - z 5Po

(2950.1Å) as a function of optical depth for DA and DB white dwarf models with
Teff=25000 K and log g=8.
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Fleurier, C., Sahal-Bréchot, S., Chapelle, J.: 1977, JQSRT, 17, 595.
Oertel, G. K. and Shomo. L. P.: 1968, ApJS, 16, 175.
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Abstract. In order to provide Stark broadening data in X-ray and far UV wavelength region,
of interest for modelling and analysis of astrophysical plasmas in extreme conditions, we per-
formed calculations of Stark broadened line widths and shifts for Ar XV using the semiclassical
perturbation theory.

1. INTRODUCTION

New X ray space telescopes like ”Chandra” enable the observation and analisys of
cosmic X ray sources with such accuracy that the need for spectroscopic data on trace
elements in this wavelength range increases. For example, far UV lines of Ar VII were
discovered recently in the spectra of very hot central stars of planetary nebulae and
white dwarfs (Werner et al. 2007), indicating the astrophysical interest for atomic
and line broadening data for this element in various ionization states. Such data are
also of interest for laboratory, laser produced and fusion plasma investigations.

In order to provide Stark broadening data in X-ray wavelength region, of interest
for modelling and analysis of astrophysical plasmas in extreme conditions, we have
performed semiclassical calculations of Stark broadened line widths and shifts for 8 Ar
XV multiplets with wavelengths less than 100 Å. As an example of obtained results,
here are presented Stark broadening parameters for three ArXV singlets, for electron
density of 1020cm−3 and electron temperatures from 500000 K up to 6000000K.

2. THEORY

For determination of Stark broadening parameters, the semiclassical perturbation
formalism, developed and discussed in detail by Sahal-Bréchot 1969a,b, was used.
This formalism, as well as the corresponding computer code, has been optimized
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and updated several times (Sahal-Bréchot 1974, Dimitrijević and Sahal-Bréchot 1984,
Dimitrijević et al. 1991).

Within this formalism, the full width of an isolated spectral line of a neutral
emitter broadened by electron impact (W ) can be expressed in terms of cross sections
for elastic and inelastic processes as

W =
λ2

πc
N

∫
vf(v)dv(

∑

i′ 6=i

σii′(v) +
∑

f ′ 6=f

σff ′(v) + σel + WR), (1)

and the corresponding line shift d as

d =
λ2

2πc
N

∫
vf(v)dv

∫ RD

R3

2πρdρ sin 2φp. (2)

Here, λ is the wavelength of the line originating from the transition with initial atomic
energy level i and final level f , c is the velocity of light, N is the electron density, f(v)
is the Maxwellian velocity distribution function for electrons, ρ denotes the impact
parameter of the incoming electron, and φp is the phase shift due to the polarization
potential. The inelastic cross sections σjj′(v) (where j = i or f) and elastic cross
section σel are determined according to Chapter 3 in Sahal-Bréchot 1969b. The cut-
offs (needed for the calculation of inelastic and elastic cross sections and the shift),
included in order to maintain for the unitarity of the S-matrix, and to take into
account Debye screening are described in Section 1 of Chapter 3 in Sahal-Bréchot
1969b. WR gives the contribution of the Feshbach resonances Fleurier et al. 1977 and
this term is zero if the emitters are neutral atoms. Other differences between neutral
and ionized emitters is that for calculations of the cross sections rectilinear perturber
paths are taken for neutral ones and hyperbolic paths for ionized species.

The formulae for the ion-impact broadening parameters are analogous to the for-
mulae for electron-impact broadening. We note that the fact that the colliding ions
could be treated using impact approximation in the far wings should be checked, even
for stellar atmosphere densities.

3. RESULTS AND DISCUSSIONS

Using the semiclassical perturbation method we obtained Stark widths and shifts
for eight Ar XV multiplets for a perturber density of 1020cm−3 and temperatures
from 500 000 up to 6 000 000 K. The needed atomic energy levels were taken from
Bhatia and Landi 2008 and the energy of ionization of Ar XV from NIST database.
The oscillator strengths required were calculated using the Coulomb approximation
method described by Bates and Damgaard 1949 and the tables of Oertel and Shomo
1968. For higher levels, the method described by van Regemorter et al. 1979 was
applied. As an example of obtained results, Stark widths and shifts for three singlet
lines are given in Table 1. The quantity C (given in Å cm−3), when divided by
the corresponding full width at half maximum, gives an estimate for the maximum
perturber density for which the line may be treated as isolated and the tabulated
data may be used. WIDTH(Å) denotes the full line width at half maximum in Å,
while SHIFT(Å) denotes line shift in Å. We note that, in the wings, the impact
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approximation for ions should be checked and that ions will be quasi-static in the
far wings. For perturber densities lower than those tabulated here, Stark broadening
parameters vary linearly with perturber density. The nonlinear behaviour of Stark
broadening parameters at higher densities is the consequence of the influence of Debye
shielding and was analyzed in detail in Dimitrijević and Sahal-Bréchot 1984.

Table 1: This table shows electron-impact broadening parameters for Ar XV for
perturber density of 1020cm−3 and temperatures from 500 000 up to 6 000 000 K.
Transitions and wavelengths (Å) are also given in the Table. By dividing C by the
corresponding full width at half maximum (Dimitrijević et al., 1991), we obtain an
estimate for the maximum perturber density for which the line may be treated as
isolated and tabulated data may be used. The validity of the impact approximation
has been estimated for data shown in this table, by checking if the collision volume
(V) multiplied by the perturber density (N) is much less than one (Sahal-Bréchot,
1969a,b).

PERTURBERS ARE: ELECTRONS

TRANSITION T(K) WIDTH(Å) SHIFT(Å)

Ar XV 2s1S-3p1Po 500000. 0.521E-03 -0.763E-06
24.7 Å 750000. 0.430E-03 0.325E-06

C= 0.38E+20 1000000. 0.377E-03 0.110E-06
2000000. 0.277E-03 0.598E-06
3000000. 0.233E-03 0.545E-06
6000000. 0.176E-03 0.105E-05

Ar XV 2s1S-4p1Po 500000. 0.783E-03 0.759E-05
18.8 Å 750000. 0.656E-03 0.786E-05

C= 0.12E+20 1000000. 0.580E-03 0.805E-05
2000000. 0.439E-03 0.801E-05
3000000. 0.376E-03 0.808E-05
6000000. 0.293E-03 0.682E-05

Ar XV 3s1S-3p1Po 500000. 0.133E-01 0.124E-04
74.6 Å 750000. 0.112E-01 0.259E-05

C= 0.18E+21 1000000. 0.994E-02 0.811E-05
2000000. 0.756E-02 0.103E-04
3000000. 0.650E-02 0.117E-04
6000000. 0.509E-02 0.561E-05

There is no experimental or other theoretical data for the comparison with the
calculated Stark broadening parameters of Ar XV spectral lines. Detailed analysis of
the obtained results will be given elsewhere.
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Dimitrijević, M. S.; 1996, Zh. Priklad. Spektrosk., 63, 810.
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Abstract. The review of activities on the project 146001 “Influence of collisional 
processes on the astrophysical plasma spectra”, supported by the Ministry of Science and 
Technological development of Serbia, from 1st of January 2008 up to 31st of December 
2009 is given, together with the bibliography of published works.   

  
  

Investigations made within the frame of the Project “Influence of collisional 
processes on spectra of astrophysical plasma” concern plasma in astrophysics, la-
boratory and technology. Particular attention has been paid  to the investigation of 
spectral line profiles, of interest for the diagnostics and modelling of stellar plas-
ma, plasma in laboratory and technological plasma, broadened by collisions with 
charged particles  (Stark effect). Semiclasical perturbation and Modified semiem-
pirical methods were used, developed, tested and investigated. They were applied 
for determination of Stark broadening parameters, and obtained results were used 
for the investigation of its influence in stellar atmospheres.    

 Participants of the Project published 8 papers in leading international journals 
(the upper third of Science Citation Index (SCI) list), namely in (with the number 
of published papers in the brackets) Astronomy and Astrophysics (1), Astrophysi-
cal Journal (3), Astrophysical Journal Supplement Series (1), Monthly Notices of 
the Royal Astronomical Society (2), Spectrochimica Acta B (1).   In the rest of 
journals from SCI list as  New Astronomy (1), New Astronomy Review (5) and 
European Journal of Physics D (1) were published  7 articles and  in international 
journals which are not on SCI list and in books of international publishers 18 
works.      

Other results are: Invited lectures on international conferences published in 
books of international publishers (2) and in conference proceedings (2), mono-
graphs published in Serbia (1),  articles in national journals and books (16), con-
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tributions in proceedings of international conferences (17), published invited lec-
tures at national conferences (2), contributions in proceedings of national confe-
rences (22), abstracts of invited lectures on   international conferences (10), ab-
stracts of presentations on international conferences (49), abstracts of invited lec-
tures on national conferences (3), book reviews in international journals (1) ab-
stracts of presentations on national conferences  (3). Within the considered period 
Zoran Simić defended his PhD Thesis.  

In total, project participants published 139 bibliographical items, 83 connected 
with project and 56 not.   

Participamts of the Project organized four conferences and one summer school, 
giving and in this way contribution to the development of scientific collaboration.  
They are: 

 
1. « DEVELOPMENT OF ASTRONOMY AMONG SERBS V», Belgrade, 18 – 

22. April 2008, Chairman of the Scientific Committee  M. S. Dimitrijević, 
members of the Local Organizing Committee M. Dačić, M. S. Dimitrijević.  

2. 6th SERBIAN-BULGARIAN ASTRONOMICAL CONFERENCE, Belgrade,  7 
– 11. May, 2008, Co-Chairman of the Scientific Committee  M. S. 
Dimitrijević, members M. Dačić, D. Jevremović, Chair of the Local Organiz-
ing Committee A. Kovačević, members M. Dačić, M. S. Dimitrijević, N. 
Milovanović, Z. Simić.   

3. 24TH SUMMER SCHOOL AND INTERNATIONAL SYMPOSIUM ON 
THE PHYSICS OF IONIZED GASES - [SPIG 2008], August 25-29, 2008, 
Novi Sad, Serbia,   Co-Chairman of the Local Organizing Committee M. S. 
Dimitrijević, members A. Kovačević, M. Dačić, N. Milovanović, Z. Simić.    

4. THE SECOND SUMMER SCHOOL IN ASTRONOMY, September 29 – Oc-
tober 1, 2008, Belgrade, Serbia,  Co-Chairman of the Scientific Committee  
M. S. Dimitrijević, Chair of the Local Organizing Committee A. Kovačević, 
members M. Dačić,  Z. Simić (This School is in official program for the 
celebration of 200 years from the foundation of the University of Belgrade).  

5. 7TH SERBIAN CONFERENCE ON SPECTRAL LINE SHAPES IN ASTRO-
PHYSICS, June 15-19, 2009, Zrenjanin, Serbia; Co-Chairman of the Scientific 
Committee  M. S. Dimitrijević, member D. Jevremović, Chairman of the Lo-
cal Organizing Committee D. Jevremović, members M. Dačić, M. S. 
Dimitrijević,  A. Kovačević, Z. Simić  

 
Project participants also contributed to the organization of the following 

conferences: 
 
1. «DJORDJE STANOJEVIĆ – LIFE AND WORK  -  On the occasion of 150 

years from his birth“, Novi Sad, 10-11 October 2008, М. S. Dimitriević – Editor 
of Proceedings and memeber of Scientific  Organizing Committee. 

2. 1ST WORKSHOP: ASTROPHYSICAL WINDS AND DISKS. SIMILAR 
PHENOMENA IN STARS AND QUASARS, Platamonas, Greece, September 
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3-8, 2009, Co-Vice chairman of the Scientific Committee  M. S. Dimitrijević, 
members A. Kovačević, Z. Simić  

3. XV NATIONAL CONFERENCE OF ASTRONOMERS OF SERBIA,  
Belgrade, October 2-5, 2008, member of the Local Organizing Committee A. 
Kovačević,  

4. INTERNATIONAL CONFERENCE ON SPECTRAL LINE  SHAPES, 15-20 
June 2008, Valladolid, Spain, member of the Scientific Committee  M. S. 
Dimitrijević   

 
From 2008 to 2009, seven researchers were working on this project, six from 

Belgrade Astronomical Observatory and Andjelka Kovačević from Faculty of Ma-
thematics. The leader of the project during the considered period (1st of January 
2008 – 31st of December 2009)  was M. S. Dimitrijević, and the participants are: 
1. Miodrag Dačić (born 1946)  total 20 RM (Research Months)  
2. Milan S. Dimitrijević (born 1947)   total 24 RM 
3. Darko Jevremović (born 1968)  total 18 RM  
4. Andjelka Kovačević (born 1972) total 16RM 
5. Nenad Milovanović (born 1979)  total 24 RM  
6. Zoran Simić (born 1967) total 24 RM  
7. Dragana Tankosić (born 1968) total 8 RM 

  
During two years, seveen participants  were engaged for 134 research months, 

i.e. 11.2 years. The average age was around 46 years (or the average year of birth 
1963.9).  

The Ministry of Science and Technological Development of Serbia, accepted 
the project in accordance with the call for projects announced in 2005, and the de-
tailed financial structure of this project during the considered period is shown 
below.     

2009. 
• 1. Salaries for the researchers        8 121 038 RSD 
• 2. Expenses of the institution                    2 320 320 RSD 
• 3. Direct expenses of the Project                       596 654 RSD 

      Sub-Total            11 038 012 RSD 
      2008. 

• 1. Salaries for the researchers                                    6 009 281 RSD 
• 2. Expenses of the institution                    2 001 003 RSD 
• 3. Direct expenses of the Project                       890 952 RSD 

      Sub-Total                 8 901 236 RSD 
 ----------------------------------------------------------------------------------------- 
Total 2008 - 2009.                    19 939 248 RSD 
(~210 000 ЕUR – 1 ЕUR = 95 RSD) 
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Decisions on overhead costs were made by director, of Astronomical observa-
tory and they were used for administration and for general expenses of the Institu-
tion.  While decisions concerning expenses for travels, international collaboration, 
equipment,  and material were made on the Project level. 

During  2008. and 2009.  years, the investigations of the influence of 
collisional processes on astrophysical plasma spectra were performed in several 
directions. The research of the influence of Strak broadening on spectra of 
chemically peculiar A type stars and white dwarfs have been continuated. The 
common influence of Stark broadening effect and of hyperfine structure on the 
lines of ionized manganese has been considered, it was shown when these effects 
are important and  how they can be taken into account.   (Popović et al., 2008, 
New Astronomy,  13,  85).  

It has been investigated the dependence on temperature of Stark broadening in 
stellar spectra and proposed an improved method to take into account this 
dependence, for the calculation of stellar atmosphere models and in laboratory 
plasma diagnostics (Zmerli et al., 2008, European Journal of Physics D 48, 389).  

The influence of Stark broadening at very hot  (effective temperature  from 40000 
to 100000 К) and dense white DO dwarfs was considered, and applying the code for 
the calculation of atomic structure, were ab initio determined Strak broadening 
parameters for Si VI spectral lines (Hamdi et al., 2008, Monthly Notices of the Royal 
Astronomical Society, 387, 871).  

The spectrum of the GJ 117 star was observed with 2,7 m telescope on Mc 
Donalds observatory. Analyzing it by modeling of stellar atmosphere with     
PHOENIX code was established  that 6Li/7Li=0.05+/-0.02. Also was analyzed the 
mechanism of creation of lithium in this star (Christian et al., 2008, Astrophysical 
Journal, 686, 542).  

It was worked on the development of the Dartmouth database for investigation 
of stellar evolution and for this purpose was investigated and calculated the 
evolutionary history of some types of stars (Dotter et al., 2008, Astrophysical 
Journal Supplement Series,  178, 89).  

Since the effects of the changement of chemical composition of stellar 
populations were investigated  on the element by element basis on the  stellar evo-
lutionary tracks and isochrones to the end of the red giant branch, now are  incor-
porated  the fully consistent synthetic stellar spectra with those isochrone models 
in predicting integrated colors, Lick indices, and synthetic spectra. Older popula-
tions display element ratio effects in their spectra at higher amplitude than young-
er populations  (Lee et al., 2009, Astrophysical Journal, 694, 902).  

 A series of synthetic spectra was elaborated and published and radiative 
transfer for broad absorption iron lines of low ionization degree was analyzed at 
active galactic nuclei. Obtained results support the idea that FeLoBALs may be an 
evolutionary stage in the development of more ``ordinary'' QSOs. (Casebeer et al., 
2008, Astrophysical Journal,  676, 857).  

Variability of galaxy optical spectra has been investigated (Shapovalova et al., 
2008, Astronomy and Astrophysics, 486 (1), 99-111). 
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The total and relative contribution to the atmospheric opacity of DB white 
dwarfs  within UV and VUV regions has been determined (Ignjatović et al., 2009, 
Monthly Notices of the Royal Astronomical Society, 396, 2201). 

A method for the determination of gas temperature in argon – helium micro-
wave plasma on atmospheric pressure, with the help of Van der Waals  broadening 
of spectral lines in optical part of the spectrum,  has been elaborated, and the most 
convenient lines for this purpose have been found (Muñoz et al., 2009, Spectrochi-
mica Acta B 64,   167).  

Furthermore, Stark broadening of spectral lines was analyzed for Serbian Vir-
tual Observatory (Jevremović et al., 2009, New Astronomy Review, 53, 222), and 
has been worked on kinematics of broad line region at quasars (Lyratzi et al., 
2009, New Astronomy Review, 53, 179), interpretation of complex profiles of 
spectral lines in stellar spectra (Danezis et al., 2009, New Astronomy Review, 53, 
214), Stark broadening of spectral lines of chemically peculiar stard (Simić et al., 
2009, New Astronomy Review, 53, 246) and on analyzis of emission lines varia-
bility at active galactic nuclei (Shapovalova et al., 2009, New Astronomy Review, 
53, 246).  

This are only the most important results and the rest can be seen from 
bibliography of published papers, presented here.    

Certainly the largest success and recognition of Project’s results is that, togeth-
er with our partners from France, England, Austria, Sweden, Italy, Russia  and 
Venezuela we obtained FP7 project “Virtual Atomic and Molecular Data Center.  

Additionally, the successful collaboration with Paris Observatory, and UUni-
versities, Observatories and Institutes in Athens, Cordoba, Paris, Lion, Sankt Pe-
tersburg, Moscow, Nizhnyj Arkhiz, London, Belfast, Darthmouth, Groningen, 
Washington, Oklahoma, Alabama, Wichita, Wisconsin, Georgia, California, Ha-
nover, Göttingen, Sao Paolo, Montreal, Mexico and Tunis, was achieved as well 
as with the Institute of Astronomy in Sofia  (the project SASA-BAS) and with 
Department of Applied Physics of the Technical university in Sofia, what can be 
seen from the list of published papers given here.   

Also, M. S. Dimitrijević was the supervisor of PhD Thesis of Zoran Simić, 
defended on 15th of July of 2008. 

 Within the frame of Project it has been worked and on development of STARK-
B database together with Sylvie Sahal-Bréchot and Nicolas Moreau from Paris 
observatory.   
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BIBLIOGRAPHY OF SCIENTIFIC WORKS OF PARTICIPANTS OF THE 
PROJECT 146001 WITHIN THE PERIOD 2008-2009  

 
SCIENTIFIC PAPERS IN LEADING INTERNATIONAL JOURNALS 

 
1. А. I. Shapovalova, L. Č. Popović, S. Collin, A. N. Burenkov, V. H.  

Chavushyan, N. G. Bochkarev, E. Benítez, D. Dultzin, A. Kovačević, N. 
Borisov, L.   Carrasco, J. Leon-Tavares, A. Mercado, J. R. Valdes, V. V. 
Vlasyuk, V. E. Zhdanova: 2008, LONG-TERM VARIABILITY OF THE 
OPTICAL SPECTRA OF NGC 4151. I. LIGHT CURVES AND FLUX 
CORRELATIONS, Astronomy and Astrophysics, 486 (1), 99-111. 

2. D. J. Christian, M.  Mathioudakis, D. Jevremović: 2008,  6Li IN THE 
ATMOSPHERE OF GJ 117 REVISITED, Astrophysical Journal, 686 (1), 
542-547. 

3. A. Dotter, B. Chaboyer, D. Jevremović, V. Kostov, E. Baron, J. W. 
Ferguson,: 2008, THE DARTMOUTH STELLAR EVOLUTION 
DATABASE, Astrophysical Journal Supplement Series,  178 (1), 89-101. 

4. D. Casebeer, E. Baron, K. Leighly, D. Jevremović, D. Branch: 2008, A 
SELF-CONSISTENT NLTE-SPECTRA SYNTHESIS MODEL OF 
FeLoBAL QSOs, Astrophysical Journal,  676 (2), 857-867. 

5. R. Hamdi, N. Ben Nessib, N. Milovanović, L. Č. Popović, M. S. Dimitrijević, 
S. Sahal-Bréchot, 2008, ATOMIC DATA AND ELECTRON-IMPACT 
BROADENING EFFECT IN DO WHITE DWARF ATMOSPHERES: Si VI, 
Monthly Notices of the Royal Astronomical Society, 387,   871-882. 

6. J. Muñoz,  M. S. Dimitrijević,  C. Yubero, M. D. Calzada: USING THE VAN 
DER WAALS BROADENING OF SPECTRAL ATOMIC LINES TO 
MEASURE THE GAS TEMPERATURE OF AN ARGON-HELIUM 
MICROWAVE PLASMA AT ATMOSPHERIC PRESSURE, Spectrochimica 
Acta B 64 (2009),  167-172. 

7.  Lj. M. Ignjatović, A. A. Mihajlov, N. M. Sakan, M. S. Dimitrijhević, A. 
Metropoulos: 2009, THE TOTAL AND RELATIVE CONTRIBUTION OF 
THE RELEVANT ABSORPTION PROCESSES TO THE OPACITZ OF DB 
WHITE DWARF ATMOSPHERES IN THE UV AND VUV REGIONS, 
Monthly Notices of the Royal Astronomical Society, 396,   2201-2210. 

8 .  H. C. Lee, G. Worthey, A. Dotter, B. Chaboyer, D. Jevremović, E. Baron, M. 
M. Briley, J. W. Ferguson, P. Coelho, S. C. Trager: 2009, STELLAR 
POPULATION MODELS AND INDIVIDUAL ELEMENT 
ABUNDANCES. II. STELLAR SPECTRA AND INTEGRATED LIGHT 
MODELS, Astrophysical Journal, 694,  902-923. 
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SCIENTIFIC PAPERS IN INTERNATIONAL JOURNALS 
   

1.   L. Č. Popović,  M. S. Dimitrijević,  Z. Simić, M. Dačić, A. Kovačević,  S. Sahal-
Bréchot: 2008, STARK BROADENING AND HFS OF Mn II,  New 
Astronomy,  13,  85-92. 

2.  B. Zmerli,  N. Ben Nessib, M. S. Dimitrijević, 2008, TEMPERATURE 
DEPENDENCE OF ATOMIC SPECTRAL LINE WIDTHS IN A PLASMA, 
European Journal of Physics D 48,   389-395. 

3.   D. Jevremović, M.S. Dimitrijević, L. Č. Popović, M. Dačić, V. Protić Benišek, 
E. Bon, N. Gavrilović, J. Kovačević, V. Benišek, A. Kovačević, D. Ilić, S. 
Sahal-Bréchot, K. Tsvetkova, Z. Simić, M. Malović: 2009, THE PROJECT 
OF SERBIAN VIRTUAL OBSERVATORY AND DATA FOR STELLAR 
ATMOSPHERE MODELING, New  Astronomy Review, 53, 222–226. 

4.   E. Lyratzi, L. Č. Popović, E. Danezis, M. S. Dimitrijević, A. Antoniou: 2009, 
KINEMATICS OF THE BROAD ABSORPTION LINE REGION IN QSOS: 
ROTATION AND RANDOM MOTION, New  Astronomy Review, 53, 179–
185. 

5.   E. Danezis, E. Lyratzi, L. Č. PopovićM. S. Dimitrijević, A. Antoniou: 2009, 
INTERPRETING THE COMPLEX LINE PROFILES IN THE STELLAR 
SPECTRA, New  Astronomy Review, 53, 214–221. 

6.   Z. Simić, M.S. Dimitrijević, A. Kovačević: 2009, STARK BROADENING OF 
SPECTRAL LINES IN CHEMICALLY PECULIAR STARS: TE I LINES 
AND RECENT CALCULATIONS FOR TRACE ELEMENTS, New  
Astronomy Review, 53, 246 –251. 

7.   A. I. Shapovalova, L. Č. Popović, N. G. Bochkarev, A. N. Burenkov, V. H.  
Chavushyan, S. Collin, V. T.  Doroshenko,  D. Ilić, A. Kovačević: 2009, 
LONG-TERM VARIABILITY OF THE BROAD EMISSION LINE PRO-
FILES IN AGN, New  Astronomy Review, 53, 181 – 197.. 

 
 

INVITED LECTURES ON INTERNATIONAL CONFERENCES 
PUBLISHED IN BOOKS AND JOURNALS OF INTERNATIONAL 

PUBLISHERS 
 

1.   A. Antoniou, E. Danezis, E. Lyratzi, L. Č. Popović, M. S. Dimitrijević: 2008, 
KINEMATICAL PARAMETERS IN THE CORONAL AND POST-
CORONAL REGIONS OF THE Oe STARS, 24th  Summer School and 
International Symposium on the Physics of Ionized Gases, Journal of Physics: 
Conference Series 133, 012028 (1-8). 

2. M. S. Dimitrijević, M. Stavinschi: 2008, ROMANIAN-SERBIAN 
COLLABORATION IN ASTRONOMY“, in “Exploring the Solar System and 
the Universe”, Eds. V. Mioc, C. Dumitrache, N. Popescu, American Institute of 
Physics Conference Proceedings  1043, 32-38. 



MILAN S. DIMITRIJEVIĆ 

  

272 
 

PUBLISHED INVITED LECTURES ON INTERNATIONAL 
CONFERENCES  

 
1.  Lj. M. Ignjatović, A. A. Mihajlov, M. S. Dimitrijević, V. Srećković: 2009, THE 

(n-n') –MIXING PROCESS IN STELLAR ATMOSPHERES,  Proceedings of 
the 6th Serbian-Bulgarian Astronomical Conference, Belgrade 7-11 May 2008,  
eds. M. S. Dimitrijević, M. Tsvetkov, L. Č. Popović, V. Golev, Publ. Astron. 
Soc. »Rudjer  Bošković«, No. 9, 25-33. 

2.  A. N. Klycharev, M. Yu. Zakharov, A. A. Matveev, A. A. Mihajlov, Lj. M. 
Ignjatović, M. S. Dimitrijević: 2009, CHEMI-IONIZATION – EXPERIMENT, 
THEORIES, GEOCOSMICAL PERSPECTIVES,  Proceedings of the 6th 
Serbian-Bulgarian Astronomical Conference, Belgrade 7-11 May 2008,  eds. M. 
S. Dimitrijević, M. Tsvetkov, L. Č. Popović, V. Golev, Publ. Astron. Soc. 
»Rudjer  Bošković«, No. 9, 51-65. 

    
 

ABSTRACTS OF INVITED LECTURES ON INTERNATIONAL 
CONFERENCES   

 
1. Z. Simić, M. S. Dimitrijević,  A. Kovačević: 2009, STARK BROADENING 

OF SPECTRAL LINES IN CHEMICALLY PECULIAR STARS,  VII Serbian 
Conference on Spectral Line Shapes in Astrophysics (VII SCSLSA), Zrenjanin 
15-19 June 2009, Book of abstracts, eds. L. Č. Popović, M. S. Dimitrijević, D. 
Jevremović, D. Ilić, Serbian Astronomical Society and Astronomical 
Observatory, Belgrade 2009, 40. 

2. E. Lyratzi, E. Danezis, L. Č. Popović, M. S. Dimitrijević,  A. Antoniou: 2009, 
WAYS OF CREATION OF SACs AND DACs IN THE PLASMA AROUND 
QUASARS,  VII Serbian Conference on Spectral Line Shapes in Astrophysics 
(VII SCSLSA), Zrenjanin 15-19 June 2009, Book of abstracts, eds. L. Č. 
Popović, M. S. Dimitrijević, D. Jevremović, D. Ilić, Serbian Astronomical 
Society and Astronomical Observatory, Belgrade 2009, 37. 

3. D. Jevremović, M. S. Dimitrijević, L. Č. Popović, M. Dačić, V. Protić-Benišek, 
E. Bon, V. Benišek, A. Kovačević, S. Sahal-Bréchot: 2009, THE PROJECT OF 
SERBIAN VIRTUAL OBSERVATORY AND DATA FOR STELLAR 
SPECTRA MODELLISATIO,  VII Serbian Conference on Spectral Line 
Shapes in Astrophysics (VII SCSLSA), Zrenjanin 15-19 June 2009, Book of 
abstracts, eds. L. Č. Popović, M. S. Dimitrijević, D. Jevremović, D. Ilić, Serbian 
Astronomical Society and Astronomical Observatory, Belgrade 2009, 34-35. 

4. Lj. M. Ignjatović, A. A. Mihajlov, N. Sakan, V. A. Srećković, M. S. 
Dimitrijević, D. Jevremović: 2009, THE CHEMI-IONIZATION PROCESSES 
IN THE SOLAR PHOTOSPHERE,  VII Serbian Conference on Spectral Line 
Shapes in Astrophysics (VII SCSLSA), Zrenjanin 15-19 June 2009, Book of 
abstracts, eds. L. Č. Popović, M. S. Dimitrijević, D. Jevremović, D. Ilić, Serbian 
Astronomical Society and Astronomical Observatory, Belgrade 2009, 18. 



INVESTIGATIONS OF THE INFLUENCE OF COLLISIONAL PROCESSES ON THE ASTROPHYSICAL 
PLASMA SPECTRA AT ASTRONOMICAL OBSERVATORY (PERIOD 2008-2009) 

  

273 
 

5. E. Danezis, E. Lyratzi, A. Antoniou, L. Č. Popović, M. S. Dimitrijević, 2009, 
INTERPRETING THE COMPLEX LINE PROFILES IN THE STELLAR 
SPECTRA,  VII Serbian Conference on Spectral Line Shapes in Astrophysics 
(VII SCSLSA), Zrenjanin 15-19 June 2009, Book of abstracts, eds. L. Č. 
Popović, M. S. Dimitrijević, D. Jevremović, D. Ilić, Serbian Astronomical 
Society and Astronomical Observatory, Belgrade 2009, 13. 

6. E. Danezis, E. Lyratzi, A. Antoniou, L. Č. Popović, M. S. Dimitrijević, E. 
Theodossiou, 2009, STUDYING THE COMPLEX SPECTRAL LINE 
PROFILES IN THE SPECTRA OF HOT EMISSION STARS AND 
QUASARS,  1st Workshop: Astrophysical winds and disks. Similar phenomena 
in stars and quasars, Platamonas, Greece, September 3-8, 2009, Abstracts of 
Invited Lectures and Poster Papers, University of Athens, Faculty of Physics, 
Department of Astrophysics, Astronomy and Mechanics, без броја стране. 

7. M. Christova, M. S. Dimitrijević, 2009, STARK BROADENING OF 
SPECTRAL LINES OF INERT GASES,  1st Workshop: Astrophysical winds 
and disks. Similar phenomena in stars and quasars, Platamonas, Greece, 
September 3-8, 2009, Abstracts of Invited Lectures and Poster Papers, 
University of Athens, Faculty of Physics, Department of Astrophysics, 
Astronomy and Mechanics, без броја стране. 

8. M. S. Dimitrijević, 2009, STARK BROADENING INFLUENCE ON 
ASTRONOMICAL SPECTRA,  1st Workshop: Astrophysical winds and disks. 
Similar phenomena in stars and quasars, Platamonas, Greece, September 3-8, 
2009, Abstracts of Invited Lectures and Poster Papers, University of Athens, 
Faculty of Physics, Department of Astrophysics, Astronomy and Mechanics, 
без броја стране. 

 9. K. Tsvetkova, M. Tsvetkov, M. S. Dimitrijević, V. Protić-Benišek, 2009, 
WIDE-FIELD PLATE ARCHIVES IN ROZHEN AND BELGRADE 
OBSERVATORIES,  1st Workshop: Astrophysical winds and disks. Similar 
phenomena in stars and quasars, Platamonas, Greece, September 3-8, 2009, 
Abstracts of Invited Lectures and Poster Papers, University of Athens, Faculty 
of Physics, Department of Astrophysics, Astronomy and Mechanics, без броја 
стране. 

10. M. S. Dimitrijević, 2009, INFLUENCE OF COLLISIONS WITH CHARGED 
PARTICLES ON ASTRONOMICAL SPECTRA, 7th General Conference of 
the Balkan Physical Union, Alexandroupolis, 9-13 September, 2009, Book of 
Abstracts, Balkan Physical Union and Hellenic Physical Society, 11-12. 

   



MILAN S. DIMITRIJEVIĆ 

  

274 
 

 PAPERS IN INTERNATIONAL JOURNALS WHICH ARE NOT ON SCI 
LIST AND IN BOOKS OF INTERNATIONAL PUBLISHERS 

 
1. M. S. Dimitrijević, M. Christova, Z. Simić, S. Sahal-Bréchot: 2008, 

ELECTRON-IMPACT BROADENING OF Ar I 737.212 nm SPECTRAL 
LINE FOR STELLAR ATMOSPHERES RESEARCH, in “Exploring the 
Solar System and the Universe”, Eds. V. Mioc, C. Dumitrache, N. Popescu, 
American Institute of Physics Conference Proceedings  1043, 408-409. 

2.  M. S. Dimitrijević, A. Kovačević, Z. Simić, M. Dačić: 2008, STARK 
BROADENING OF O V 1371 A LINE IN STELLAR ATMOSPHERES, in 
“Exploring the Solar System and the Universe”, Eds. V. Mioc, C. Dumitrache, 
N. Popescu, American Institute of Physics Conference Proceedings  1043, 410-
411. 

3.  E. Lyratzi, E. Danezis, L. Č. Popović, M. S. Dimitrijević, A. Antoniou: 2008, 
 A. 
DACs AND SACs IN THE UV SPECTRUM OF THE QUASAR PG 
0946+301, in Spectral Line Shapes 15, 19th International Conference on 
Spectral Line Shapes,  AIP Conference Proceedings 1058, 323-325. 

4.  E. Lyratzi, E. Danezis, L. Č. Popović, M. S. Dimitrijević, A. Antoniou: 2008, 
 A. 
KINEMATICS OF BROAD ABSORPTION LINE REGIONS OF PG 
1254+047, in Spectral Line Shapes 15, 19th International Conference on 
Spectral Line Shapes,  AIP Conference Proceedings 1058,  320-322. 

5.  A. Antoniou, E.  Danezis, E. Lyratzi, L. Č. Popović, M. S. Dimitrijević, E. 
Theodosiou, G. Katsavrias: 2008,  A STUDY OF THE STRUCTURE OF 
DIFFERENT IONIZATION POTENTIAL REGIONS IN THE 
ATMOSPHERE OF AX MON (HD 45910),  in Spectral Line Shapes 15, 19th 
International Conference on Spectral Line Shapes,  AIP Conference 
Proceedings 1058, 317-319. 

6.  A. Antoniou, E. Danezis, E. Lyratzi, L. Č. Popović, M. S. Dimitrijević, E. 
Theodosiou, D.  Stathopoulos: 2008,  AX Mon (HD 45910) KINEMATICAL 
PARAMETERS IN THE Fe II SPECTRAL LINES AS A FUNCTION OF 
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Publ. Astron. Soc. ”Rudjer Bošković” No 11, 2012, 331-335
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Abstract. The static electrical conductivity of plasma was calculated by using the modified
random phase approximation and semiclassical method, adapted for the case of dense, partially
ionized plasma of DB white dwarf atmospheres. were performed for the range of plasma
parameters of interest for DB white dwarf atmospheres with effective temperatures 1 ·104K �
Teff � 3 · 104K.

1. INTRODUCTION

The data on electrical conductivity of plasma of stars with a magnetic field or
moving in the magnetic field of other component in a binary system (see e.g. Zhang
et. al., 2009; Potter and Tout, 2010; Rodriguez-Gill et al., 2009) could be of signifi-
cant interest, since they are useful for the study of thermal evolution of such objects
(cooling, nuclear burning of accreted matter) and the investigation of their magnetic
fields. Electrical conductivity was particularly investigated for solar plasma, since it
is of interest for the consideration of various processes in the observed atmospheric
layers, like the relation between magnetic field and convection, the question of mag-
netic field dissipation and the energy released by such processes (see e.g. Kopecký
1970 and references therein).

An additional interest for data on electrical conductivity in white dwarf atmo-
spheres may be stimulated by the search for extra-solar planets. Namely Jianke et al.
(1998) have shown that a planetary core in orbit around a white dwarf may reveal its
presence through its interaction with the magnetosphere of the white dwarf. Such an
interaction will generate electrical currents that will directly heat the atmosphere near
its magnetic poles. Jianke et al. (1998) emphasize that this heating may be detected
within the optical wavelength range as Hα emission. For investigation and modelling
of mentioned electrical currents, the data on electrical conductivity in white dwarf
atmospheres will be useful.
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One of the most frequently used approximations for the consideration of trans-
port proprieties of different plasmas is the approximation of ”fully ionized plasma”
(Spitzer 1962, Radke et al. 1976, Adamyan et al. 1980, Kurilenkov and Valuev 1984,
Ropke and Redmer 1989, Djurić et al. 1991, Nurekenov et al. 1997, Zaika et al.
2000, Esser et al. 2003). It was shown that the electrical conductivity of fully ionized
plasmas can be successfully calculated using the modified random-phase approxima-
tion (RPA) (Djurić et al. 1991, Adamyan et al. 1994a,b) in the region of strong and
moderate non-ideality, while the weakly non-ideal plasmas were successfully treated
within semiclassical approximation (SC) (Mihajlov et al. 1993, Vitel et al. 2001).
In practice, even the plasmas with the significant neutral component are treated as
fully ionized ones because of simplification of the considered problems, (Ropke and
Redmer 1989, Esser and Ropke 1998, Zaika et al. 2000, Esser et al. 2003). However,
our preliminary estimations have shown that such an approach is not applicable for
the helium plasmas of DB white dwarf atmospheres described in Koester (1980) where
the influence of neutral component can not be neglected.

Figure 1. DB white dwarf atmosphere models with log g = 8 and Teff=12000K (full
curve), Teff=16000K (dashed curve) and Teff=20000K (dotted curve) from Koester
(1980): (a) The mass densities; (b) The temperatures, as functions of Rosseland
opacity τ .

Consequently, an adequate method for calculations of electrical conductivity of
dense, partially ionized helium plasmas is developed here and all details are pub-
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lished in Srećković et al. (2010). This method represents a generalization of methods
developed in Djurić et al. (1991) and Mihajlov et al. (1993), namely modified RPA
and SC methods, and gives a possibility to estimate the real contribution of the neu-
tral component to the static electrical conductivity of the considered helium plasmas
in wide ranges of the mass densities (ρ) and temperatures (T ).

The calculations were performed for the helium plasma in the state of local ther-
modynamical equilibrium with given ρ and T in regions 1 · 104K � T � 1 · 105K
and 1 × 10−6g/cm3 � ρ � 2g/cm3. For the calculations of plasma characteristics of
DB white dwarf atmospheres the data from Koester (1980) were used. All results
are given in Srećković et al. (2010) and here only the application to DB white dwarf
atmospheres will be shown.

Figure 2. Static electrical conductivity σ of dense He plasmas as a function of mass
density ρ (full curves), compared to the Coulomb part of conductivity (dashed curves).
The area between the two vertical dashed lines marks the region which is of interest
for DB white dwarfs.
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Figure 3. Electrical conductivity σ as a function of the logarithm of Rosseland
opacity τ for DB white dwarf atmosphere models with log g = 8 and Teff=12000K
(full curve), Teff=16000K (dashed curve) and Teff=20000K (dotted curve).

2. RESULTS AND DISCUSSION

In order to apply our results to the study of DB white dwarf atmosphere plasma
properties, helium plasmas with electron (Ne) and atom (Na) densities and temper-
atures (T ), characteristic for atmosphere models presented in the literature (Koester
1980), are considered here. So, the behaviour of ρ and T for models with the loga-
rithm of surface gravity log g =8 and the effective temperature Teff =12000K, 16000K
and 20000K is shown in Fig. as a function of Rosseland opacity τ . As one can
see, these atmospheres contain layers of dense helium plasma. In order to cover
reliably the considered plasma parameter range, we tested our method for the cal-
culation of the plasma electrical conductivity within a wider range of mass density
1 × 10−6g/cm3 � ρ � 2g/cm3 and temperature 10000K � T � 30000K.

The influence of neutral atoms on the electrical conductivity of helium plasma
is shown in Fig. . In this figure the electrical conductivities for T = 15000, 20000
and 25000K are given as functions of mass density ρ. The range between the two
vertical dashed lines corresponds to the conditions in the considered DB white dwarf
atmospheres. Two groups of curves are presented in this figure: a) the dashed ones,
obtained neglecting the influence of atoms, i.e. with νea = 0; b) the full line curves cal-
culated including the influence of atoms. First, one should note that the behaviour of
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these two groups of curves is qualitatively different: the first one increases constantly
with increasing ρ, while the other group of curves decreases, reaches a minimum, and
then starts to increase with increasing ρ. One could explain such behaviour of the
electrical conductivity by the pressure ionization. This figure also clearly shows when
the considered plasma can be treated as ”fully ionized”.

The developed method was applied to the calculation of plasma electrical conduc-
tivity for the models of DB white dwarf atmospheres presented in Fig. . The results
of the calculations are shown in Fig. . Let us note a regular behaviour of the static
electrical conductivity which one should expect regarding the characteristics of DB
white dwarf atmospheres.

The method developed and published in Srećković et al. (2010) represents a
powerful tool for research into white dwarfs with different atmospheric compositions
(DA, DC etc.), and for the investigation of some other stars (M type red dwarfs,
Sun etc.). Finally, this method provides a basis for the development of methods to
describe the other transport characteristics which are important for the study of all the
mentioned astrophysical objects, such as the electronic thermo-conductivity in the star
atmosphere layers with large electron density, electrical conductivity in the presence
of strong magnetic fields and dynamic (high frequency) electrical conductivity.
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SERBIAN VIRTUAL OBSERVATORY AND VIRTUAL ATOMIC 
AND MOLECULAR DATA CENTER (VAMDC)  

 
DARKO JEVREMOVIĆ1, MILAN S. DIMITRIJEVIĆ1,2, LUKA Č. POPOVIĆ1,  

MIODRAG DAČIĆ1, VOJISLAVA PROTIĆ BENIŠEK1, EDI BON1, 
NATAŠA GAVRILOVIĆ1,  JELENA KOVAČEVIĆ1, VLADIMIR BENIŠEK1, 

ANDJELKA KOVAČEVIĆ3, DRAGANA ILIĆ3,  
SYLVIE SAHAL-BRÉCHOT2, KATYA TSVETKOVA4, ZORAN SIMIĆ1, 

MIODRAG MALOVIĆ5 

 
1Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 

2Observatoire de Paris, 92195 Meudon Cedex 
3Faculty of Mathematics, Studentski trg 16, 11000 Belgrade, Serbia 

4 Institute of Astronomy, Bulgarian Academy of Sciences,  
Tsarigradsko Shosse 72, 1784 Sofia, Bulgaria 

5 Faculty of Civil Engineering, Kralja Aleksandra Blvd. 73,  
11000 Belgrade, Serbia 

E-mail: darko@aob.bg.ac.rs 
 

Abstract. In this lecture we review recent developments in Serbian Virtual Observatory 
(SerVO) as well as its relation with the European FP7 project: Virtual Atomic and 
Molecular Data Center - VAMDC. Main components of SerVO are going to be the archive 
of photographic plates, database of Stark broadening parameters and stellar evolution 
database. Photographic plates were obtained at Belgrade Observatory from 1936 to 1996. 
Data for Stark broadening were obtained using semiclassical perturbation and modified 
semiempirical theories mainly in collaboration with Paris Observatory, and we are 
organizing them now in the STARK-B database, which will enter also in VAMDC, and 
will have a mirror site in SerVO. Serbian Virtual Observatory will contain as well a mirror 
of Darthmouth Stellar evolution database with improvements and VO compatible outputs.  

 
1. VIRTUAL OBSERVATORIES AND SERBIAN VIRTUAL 

OBSERVATORY 
 
  The creation of datasets, connected with the space missions,  in the NASA 

centers in early 90´s, and the huge quantity of data obtained in large all sky 
surveys (2MASS and SDSS) in the mid-90´s, available for the general use, posed 
the problem how to organize their search and use them for scientific 
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investigations. The idea of virtual observatory originated from the efforts to solve 
this problem. Today, the objective of virtual observatories is not only to find, 
retrieve and analyze astronomical data from ground and space based telescopes 
worldwide, but also to combine research in different areas of astrophysics, like 
e.g. multi wavelength astrophysics, archival research, survey astronomy… They 
also provide data analysis techniques, common standards, wide network 
bandwidth and state of the art analysis tools. For the differences of classic 
observatories which have telescopes for gathering electromagnetic radiation or 
particles, instruments for analyzing and recording as well as different facilities for 
support of operation, the virtual observatories consist of data centers, loads of 
astronomical data, software systems and processing capabilities. 

International Virtual Observatory Alliance (IVOA, www.ivoa.net), is 
formed in June of 2002, with objective to facilitate the international coordination 
and collaboration necessary for the development and deployment of the tools, 
systems and organizational structures necessary to enable the international 
utilization of astronomical archives as an integrated and interoperating virtual 
observatory. So its activity mainly focuses on the development and establishing of 
standards. The current set of standards as well as recommended ways of 
implementing them can be found at http://www.ivoa.net/Documents/.  

European Virtual Observatory - EuroVO is an organization which aims at 
deploying VO in Europe. It is organized in three main parts:  

Facility center (VOFC) provides the EURO-VO with a centralized registry for 
resources, standards and certification mechanisms as well as community support 
for VO technology take-up and dissemination and scientific program support 
using VO technologies and resources. 

Technology center (VOTC) coordinates a set of research and development 
projects on the advancement of VO technology, systems and tools in response to 
scientific and community requirements. 

Data Center alliance (DCA) is an alliance of European data centers who will 
populate the EURO-VO with data, provide the physical storage and computational 
fabric and who will publish data, metadata and services to the EURO-VO using 
VO technologies. 

Serbian Virtual Observatory (SerVO – http://servo.aob.rs/~darko/) is a 
project, whose funding was approved through a grant TR13022 from Ministry of 
Science and Technological development of Republic of Serbia aiming to achieve 
the following goals: 

1)  establishing SerVO and join the EuroVO and IVOA; 
2) establishing SerVO data Center for digitizing and publishing in VO photo-

plates from the archive of AOB, and publishing other observational, theoretical, 
and simulated data obtained at Serbian observatories or by staff of Serbian 
observatories;   

3)  development of tools for visualization of data. 
 

 



SERBIAN VIRTUAL OBSERVATORY AND VIRTUAL ATOMIC AND MOLECULAR DATA CENTER 
(VAMDC)  

 

57 
 

2. PHOTO PLATES 
 
International Astronomical Union adopted in 2000 a resolution, which stated 

that all historic observations should be preserved, digitized and made available for 
use of wide astronomical community.1 In particular photographic plates, which 
have a special historical, as well as scientific, significance for the astronomy.  

From the mid-thirties till mid-nineties of the last century, photographic plates 
had been one of the recording media for the observations at the Astronomical 
Observatory in Belgrade, one of the oldest scientific institutions in Serbia, founded 
in 1887. From this period, more than fifteen thousand archived plates exist, and 
one of the main goals of SerVO for the beginning, is to digitize them and publish 
in the VO compatible format.  

During this period of around sixty years, were used photo plates: Kodak 
(103aO, 2aO, 103aJ, 103aF), Ferrania Pancro anti-halo, Agfa Astro-Platten, Peruts 
Emulsion, Gevaert Super Chromosa, ORWO ZU 2 and ZU 21, Ilford etc, and 
variety of objects were observed. 

 

 
 
Fig. 1. Zeiss refractor (65 cm) of the Belgrade Astronomical  Observatory. 

                                                           
1 Resolution B3 of XXIVth International Union General Assembly, 

http://www.iau.org/static/publications/ib88.pdf p.40 
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For the beginning we are scanning plates with medium resolution (i.e. 1200 
dpi) and prepare them for publication in VO compatible format. After completion 
of this 'preview' phase, we will scan them with high resolution (4800 dpi). In this 
phase, since the preview will be accessible on the SerVO, we will scan in priority 
the asked by the users. An example of a scanned plate is given in Fig. 3. 

 
Fig. 2. Zeiss astrograph. M. B. Protitch and his asisstantn M. Simić (1936). 

Fig. 3. Scanned photographic plate (from the very early datasets). 
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The meta data on each plate will contain: plate number, date and time, 
instrument, observer, coordinates, coordinates of guiding star, method of 
observations, exposure time, focal length, type and format of plate, air temperature 
and quality of exposure etc. Meta data are extracted from hand written records. 
The first results in archiving of photographic plates were presented in Protić-
Benišek et al. (2006). Together with standard software (SQL, JAVA, Perl etc.), 
some EURO-VO   tools will be used to build appropriate database. Handling will 
be achieved using linux Software RAID array with Linux Volume Manager.  

 
3. SerVO – BELDATA - STARK-B 

 
Theoretical data of interest for the modellisation and interpretation of various 

phenomena and objects in astronomy, are fairly new addition in the context of 
Virtual Observatory. The staff of Belgrade Observatory produced a large quantity 
of theoretical data for Stark broadening parameters (line width and shift), obtained 
mainly within the framework of fruitful collaboration with Observatoire de Paris 
in Meudon (MSD and SSB), lasting more than thirty years. This line broadening 
mechanism is generated by interaction of emitting/absorbing atoms and ions with 
charged particles.  

The first attempt to organize these data, as well as other data existing at the 
Astronomical Observatory in a database, was the BELDATA project (Dimitrijević 
et al., 2003), the precursor of SerVO and its main content was database on Stark 
broadening parameters, which after intensification of collaboration between two of 
us (MSD and SSB) on the realization of this idea not in Belgrade but in Paris, and 
engagement of an informaticist (Nicolas Moreau) became STARK-B. This 
database is devoted to modellisation and spectroscopic diagnostics of stellar 
atmospheres as well as to laboratory plasmas, laser equipments, fusion and 
technological plasmas.  

In the first stage, STARK-B (http://stark-b.obspm.fr) contains data determined 
using the semiclassical-perturbation approach developed by Sahal-Bréchot 
(1969ab; 1974), and the corresponding code, supplemented in Fleurier et al. 
(1977) and, Dimitrijević and Sahal-Bréchot (1984).  The accuracy of the data 
varies from about 15-20 percent to 40 percent, depending on the complexity of the 
spectrum, degree of excitation of the upper level, and on the quality of the used 
atomic structure entering the calculation of scattering S-matrix leading to the 
widths and shifts. The more the upper level is excited, the semiclassical 
approximation is more suitable, but it is more difficult to find a sufficiently 
complete set of input atomic data. We note that the STARK-B database is 
included in the FP7 project European Virtual Atomic and Molecular Data Center 
(VAMDC). The data can be retrieved in two manners: as a text file or in VO table 
format.  
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4. DSED IN SerVO 
 
Members of the group for Astrophysical spectroscopy (DJ) participated also in 

the development of Dartmouth Stellar Evolution Database which has been recently 
published (Dotter et al., 2007, 2008). It consists of evolutionary tracks and 
isochrones for initial stellar mass from one tenth to four solar masses. They were 
evolved from pre-main sequence state to either of runaway fusion or 100 Gyrs. 
One of us (DJ) contributed to this project calculating the outer boundary 
conditions for the atmospheric structures using general stellar atmosphere code 
PHOENIX. Using this kind of boundary conditions allows an easy generation of 
various parameters for population synthesis (i.e. colors , low dispersion spectra of 
star clusters and galaxies). We intend to add an option of “VO table output” for 
the whole set of data and host a mirror site at SerVO. 

 
5. VAMDC – VIRTUAL ATOMIC AND MOLECULAR DATA CENTER 

 
In order to enable an efficacious, productive and convenient search and mining 

of available atomic and molecular data and their adequate use, a FP7 founded 
project: Virtual Atomic and Molecular Data Centre (VAMDC –  Dubernet et al., 
2010), started on July 1 2009 with a budget of  2.9 MEuros over  42 months. Its 
aim are to build accessible and interoperable e-infrastructure for atomic and 
molecular data upgrading and integrating  European (and wider) A&M  database  
services  and  catering  for  the   needs   of   variety  of data users in science, 
research and development, and industry; creation of search engines that must look 
“everywhere” in order to map A&M Universe; and creation of a forum of data 
producers, data users and databases developers, as well as the training of potential 
users in European Research Area and wider.   

 

 
Fig. 4. VAMDC logo. 
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Project leader is Marie-Lise Dubernet from Observatoire de Paris and core 
consortium is made of 15 institutions with 24 scientific groups from France, 
Russia, England, Austria, Italia, Germany, Sweden, Serbia,  and Venezuela.    

Partners in the Consortium of the Project are: 1) The coordinator, Centre 
National de Recherche Scientifique - CNRS (Université Pierre et Marie Curie, 
Paris; Observatoire de Paris; Université de Reims; Université Joseph Fourier de 
Grenoble, Université de Bordeaux 1: Université de Bourgogne, Dijon; Université 
Toulouse 3); 2) The Chancellor, Masters and Scholars of the University of 
Cambridge – CMSUC; 3) University College London – UCL; 4) Open University 
– OU (Milton Keynes, England); 5) Universitaet Wien  - UNIVIE; 6) Uppsala 
Universitet – UU; 7) Universitaet zu Koeln – KOLN; 8) Istituto Nazionale di 
Astrofisica – INAF (Catania, Cagliari); 9) Queen's University Belfast – QUB; 10) 
Astronomska Opservatorija - AOB (Belgrade, Serbia); 11) Institute of 
Spectroscopy RAS – ISRAN (Troitsk, Russia); 12) Russian Federal Nuclear 
Center - All-Russian Institute of Technical Physics  - RFNC-VNIITF (Snezhinsk, 
Chelyabinsk Region, Russia); 13) Institute of Atmospheric Optics  - IAO (Tomsk, 
Russia); 14) Corporacion Parque tecnologico de Merida – IVIC (Merida, 
Venezuela); 15) Institute for Astronomy RAS - INASAN (Moscow, Russia).  

External VAMDC partner is also NIST – National Institute for Standards and 
Technology in Washington.  

The main users of VAMDC facilities will be Astronomy, Plasma science, 
Atmospheric Science Radiation science and Fusion community as well as 
Industries using technological plasmas and Lightning industry 
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DATABASES AND EXTRAGALACTIC ASTROPHYSICAL SPECTROSCOPY (Invited talk) 
 
LUKA Č. POPOVIĆ 
 
Astronomical observatory, Volgina 7, 11000 Belgrade, Serbia 
 
E-mail: lpopovic@aob.bg.ac.rs 
 

Spectroscopy is a powerful tool for investigation of extragalactic objects. Esepcially in 
investigations of the central part of Active Galactic Nuclei (AGNs) which represent one the 
most powerful sources in the Universe. In this talk, I will present some recent investigations 
of spectral properties of AGNs by using the data from Sloan Digital Sky Survey. Also, an 
overview of  useful databases for extragalactic spectroscopical investigation will be given. 

BAYESIAN PROBABILITY THEORY IN ASTRONOMY: 
TIMING ANALYSIS OF NEUTRON STARS (Invited talk) 
 
VALERI HAMBARYAN1

 
1Astrophysical Institute and University Observatory, Friedrich Schiller University of Jena, 
Germany 

E-mail: vvh@astro.uni-jena.de
 

We will present a Bayesian statistical approach to the data sets collected by XMM-
Newton and Chandra X-ray observatories of neutron stars. It will include methodical aspects 
of short and long term variations with periodic and variable signal detection and parameter 
estimation. A comparison of Bayesian and classical approaches will be discussed. 

SERBIAN VIRTUAL OBSERVATORY AND VIRTUAL ATOMIC AND 
MOLECULAR DATA CENTER (VAMDC) 
 
DARKO JEVREMOVIĆ1, MILAN S. DIMITRIJEVIĆ1, LUKA Č. POPOVIĆ1, MIODRAG 
DAČIĆ1, VOJISLAVA PROTIĆ BENIŠEK1, EDI BON1, NATAŠA GAVRILOVIĆ1, 
JELENA KOVAČEVIČ1, VLADIMIR BENIŠEK1, ANDJELKA KOVAČEVIČ2, 
DRAGANA  ILIĆ2, SYLVIE SAHAL-BRÉCHOT3, KATYA TSVETKOVA4, ZORAN 
SIMIĆ1. MIODRAG MALOVIĆ5 

 

1Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 
2Faculty of Mathematics, Studentski trg 16, 11000 Belgrade, Serbia 
3Observatoire de Paris, 92195 Meudon Cedex 
4 Institute of Astronomy, Bulgarian Academy of Sciences, Tsarigradsko Shosse 72, 1784 Sofia, 
Bulgaria 
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5 Faculty of Civil Engineering, Kralja Aleksandra Blvd. 73, 11000 Belgrade, Serbia 
 
E-mail: darko@aob.bg.ac.rs 

 
In this lecture we review recent developments in Serbian Virtual Observatory (SerVO) 

as well as its relation with the european FP7 project: Virtual Atomic and Molecular Data 
Center. Main components of SerVO are going to be the archive of photographic plates, 
database of Stark broadening parameters and stellar evolution database. Photographic plates 
were obtained at Belgrade Observatory from 1936 to 1996. Data for Stark broadening were 
obtained using semiclassical perturbation and modified semiempirical theories. The 
STARK’B database will enter also in VAMDC. SerVO will contain  also Stellar evolution 
database, a mirror of Darthmouth evolution database with improvement and VO compatible 
outputs. 

CLASSICAL APPROACHES OF INFORMATICS TO ASTRONOMICAL IMAGES 
PROCESSING  
 
DIMO DIMOV1, MILCHO TSVETKOV2, YULIANA GORANOVA3, 2

 
1Institute of Information Technologies, Bulgarian Academy of Sciences, Bulgaria 
2Institute of Astronomy, Bulgarian Academy of Sciences, Bulgaria 
3 Institut d'Astrophysique de Paris 
 
 
E-mail: dtdim@iinf.bas.bg 
 

Major interests of the Bulgarian Astroinformatics project (Kounchev, Tsvetkov, 
Dimov et al. 2009) are directed towards images obtained by scanning of astronomical wide 
photo plates and especially towards the ones produced up to about the middle of last century 
or earlier. Naturally, the waste majority of these plates are related to astronomical methods, 
approaches and tools that are no more in use, for instance – the star chain plates for flare 
objects recovering (Aniol et al. 1990), the plates artificially enriched by an auxiliary 
measuring grid, etc. Nevertheless, the astronomers are currently well interested in these 
images just because of their information is unique and dated to the past. Most of the archive 
astronomical images are covered by a high (and irregular) level of noise caused by 
atmospheric disturbances over the used telescopes of ground installation. The diffraction 
distortions that are intrinsic for the optical telescopes often cause so called hallo effects 
around brighter object in the images (Starck, Murtagh 2002). The telescope identification data 
(cf. its distortions’ model) as well as the time and position of the sky quadrant of observation 
are usually written on the plate itself, which means that it is possible these data to be partially 
and/or irreparably lost. Thus, the canonical task for registration of a given plate image 
towards a (contemporarily) stellar catalog (Bertin, Arnouts 1996), is naturally modified into a 
nonstandard task of the „lost in space” type (Kolomenkin et al. 2004). 

The current presentation is going to analyze classical methods, approaches and 
techniques that can be successfully applied in the computer processing of the above 
mentioned astro-images, namely: approaches for adaptive binarization (or segmentation by 
intensity) of stellar objects, projection techniques to localize stellar chains and/or to isolate the 
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relevant to the quality of the photometric results expected from such observations taken with 
the telescopes of the Bulgarian National astronomical observatory Rozhen. Based on IRAF 
routines only, we present an algorithm making use of transparency profiles of stars with 
known magnitudes. The support of the Bulgarian National Science Fund grant DO-02-273 is 
appreciated. 
 

THE Fe II EMISSION LINES IN AGN SPECTRA  
 
JELENA KOVAČEVIĆ, LUKA Č. POPOVIĆ,  MILAN S. DIMITRIJEVIĆ 

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

We present a study of the optical Fe II emission in 302 AGNs selected from the SDSS. 
The strongest Fe II multiplets are grouped into three groups according to the lower term of the 
transition which correspond approximately to the blue, central, and red part of the "iron shelf" 
around Hβ. We construct the Fe II template based on those three multiplet groups and one 
additional group of lines obtained from I Zw 1 object. This Fe II template enables more 
precise fit of the Fe II lines than usually used templates. We notice that the blue, red, and 
central parts of the iron shelf have different relative intensities in different objects. Their 
ratios depend on continuum luminosity, FWHM Hβ, the velocity shift of Fe II, and the Hα/Hβ 
flux ratio. We analyse  the correlations between Fe II line properties and other spectral 
parameters, and we find different correlations for subsamples with FWHM Hβ greater and 
less than 3000 km/s. 

SEARCHING FOR PERIODICITIES IN AGN 
 
ANDJELKA KOVAČEVIĆ1, LUKA Č. POPOVIĆ2  

 
1Department of Astronomy, Faculty of Mathematics, Studentski trg 16, 11000 Belgrade, 
Serbia 
2Astronomical Observatory Belgrade, Volgina 7, 11060 Belgrade, Serbia 
 
E-mail: andjelka@matf.bg.ac.rs 

 
Active Galactic Nuclei (AGNs) often show high variability in the spectral lines and 

continuum.  This variability may be periodical, that may indicate a binary black hole in the 
center of some AGNs. Here we analyze some methods for periodicity searching in the optical 
AGN spectra.  We  apply the methods to the long term observations in the case of several 
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observational network. Such collected data are placed in to the sophisticated databases to be 
accessible for detailed analyze among the scientist. In this paper we have examined the actual 
databases for Gamma Ray Bursts events, their organization and accessibility.  Also, we 
reviewed the actual process of acquiring the data from satellites and observational network. 

CONCEPTS OF CLOUD COMPUTING 
 
RUMEN G.BOGDANOVSKI1,2 

 

1 Institute of Mathematics and Informatics, Bulgarian Academy of Sciences 
2 Institute of Astronomy, Bulgarian Academy of Sciences 
 
E-mail: rumen.bogdanovski@gmail.com
 
 The Cloud Computing is a new trend in the network based computing. Its overview 
and basic concepts are presented here. The different layers and services of cloud computing 
are explained together with a discussion of their benefits and limitations. 

STARK-B DATABASE VIRTUAL ATOMIC AND MOLECULAR DATA CENTER 
(VAMDC) AND DATA FOR WHITE DWARF ATMOSPHERES ANALYSIS 
 (Invited talk) 
 
ZORAN SIMIĆ, MILAN S. DIMITRIJEVIĆ  

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

In a number of papers we have demonstrated the importance of Stark broadening 
mechanism for the modeling and synthesizing of lines observed in spectra of white dwarf 
atmospheres. We also determined a number of Stark broadening parameters of interest for 
DA, DB and DO white dwarf plasmas investigations. Now, work on their inclusion in 
STARK-B database and in Virtual Atomic and Molecular Data Center, an FP7 european 
project, as well as in Serbian Virtual Observatory is in progress. We review here the part of 
this work of interest for white dwarf atmospheres analysis.   
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P O S T E R S:  

 
SOCIETY OF ASTRONOMERS OF SERBIA, ASTRONOMICAL SOCIETY 
"RUDJER BOŠKOVIĆ"  AND INTERNATIONAL YEAR OF ASTRONOMY 
 
ANDJELKA KOVAČEVIĆ1, MILAN S. DIMITRIJEVIĆ2,  
TATJANA MILOVANOV2 

 

1Department for Astronomy, Faculty for Mathematics, Studentski Trg 16, 11000 Belgrade, 
Serbia 

2Astronomical Observatory Belgrade, Volgina 7, 11060 Belgrade, Serbia  

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

We will present Society of Astronomers of Serbia,   and the oldest society of 
professional and amateur astronomers in Serbia, Astronomical Society "Rudjer Boskovic", 
founded in 1934.  

We will review briefly their history and activities with particular attention to the 
activities concerning International Year of Astronomy in Serbia. 
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SOME ASPECTS OF CIRCULAR RESTRICTED THREE BODY PROBLEM FROM 
DIFFERENTIAL GEOMETRY POINT OF VIEW  
 
DUŠAN MARČETA  

 
Department of astronomy, Faculty of mathematics, University of Belgrade, Belgrade, Serbia 
 
E-mail: dmarceta@matf.bg.ac.rs 
 

This poster considers differential geometry methods for determining local geometrical 
parameters of zero–velocity curves (ZVC) and surfaces (ZVS) in the circular restricted three-
body problem (CR3BP) and emphasizes some interesting characteristics. The obtained results 
indicate some principles in distribution of local geometrical parameters along ZVC and ZVS 
and their influence on orbital motion. 

SPECTROSCOPICAL INVESTIGATIONS OF EXTRAGALACTIC OBJECTS AT 
ASTRONOMICAL OBSERVATORY (PERIOD 2008 – 2009) 
 
LUKA Č. POPOVIĆ 
 
Astronomical observatory, Volgina 7, 11000 Belgrade, Serbia 
 
E-mail: lpopovic@aob.bg.ac.rs 
 

Here we give an overview of the activities on the project P146002 (Astrophysical 
Spectroscopy of Extragalactic Objects) financed by the Ministry of Science and 
Technological Development  of Serbia. Scientific and other activity of researchers on the 
project are described. Also, we give a list of references which are published by participants of 
the project in the 2008/2009 period. 

 ON THE STARK BROADENING OF Ar XV SPECTRAL LINES 
 
MILAN S. DIMITRIJEVIĆ1, ANDJELKA KOVAČEVIĆ2, 
ZORAN SIMIĆ1, SYLVIE SAHAL-BRECHOT3

 
1Astronomical Observatory Belgrade, Volgina 7, 11060 Belgrade, Serbia  

2Department for Astronomy, Faculty for Mathematics, Studentski Trg 16, 11000 Belgrade, 
Serbia 
3Observatoire de Paris, 92195 Meudon Cedex 
 
E-mail: mdimitrijevic@aob.bg.ac.rs 
 

33 
 



Satellite born spectroscopy creates an increasing need for data on the spectral line 
profiles  of trace elements, which   become astrophysically more and more significant. For 
example, far UV lines of Ar VII were discovered recently in the spectra of very hot neutral 
stars of planetary nebulae and white dwarfs and Ne VIII lines in H-deficient pre-white dwarf 
stars. In order to provide Stark broadening data in X-ray and far UV wavelength region, of 
interest for modelling and analysis of astrophysical plasmas in extreme conditions, we 
performed  calculations of Stark broadened line widths and shifts for 8 Ar XV multiplets  
using the semiclassical perturbation theory. 

INVESTIGATIONS ON THE INFLUENCE OF COLLISIONAL PROCESSES ON 
THE ASTROPHYSICAL PLASMA SPECTRA AT ASTRONOMICAL 
OBSERVATORY (PERIOD 2008-2009) 
 
MILAN S. DIMITRIJEVIĆ  

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

The review of activities on the project 146001 “Influence of collisional processes on 
the astrophysical plasma spectra”, supported by the Ministry of Science and Technological 
development of Serbia from 1st January 2008 up to 31st December 2009 is given, together 
with the bibliography of published works.  

OBSERVATIONS OF M81 GALAXY GROUP IN NARROW BAND [SII] AND Hα 
FILTERS. II 
 
MILICA ANDJELIĆ1, KONSTANTIN STAVREV2, BOJAN ARBUTINA1, DRAGANA 
ILIĆ1, DEJAN UROŠEVIĆ1 

 
1Department of Astronomy, Faculty of Mathematics, University of Belgrade, Serbia 
2Institute of Astronomy, Bulgarian Academy of Sciences, 72 Tsarigradsko Shosse Blvd., BG-
1784 Sofia, Bulgaria 
 
E-mail: milica.andjelic@gmail.com 
 

We present preliminary results of the observations made with 2m RCC telescope at 
NAO Rozhen, using narrow band [S II] and Hα filters. The main target was to identify 
supernova remnant and HII region candidates in interaction regions in M81 galaxy group, 
particularly in the NGC 3077 galaxy. Tidal interaction between galaxies in this group, as well 
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The aim of the present talk is to give an account of the achievements during the first 
stage of the Astroinformatics project, www.astroinformatics.eu, DO-02-275 with Bulgarian 
National Science Foundation. 

VIRTUAL ATOMIC AND MOLECULAR DATA CENTER (VAMDC) AND STARK-B 
DATABASE   
 
MILAN S. DIMITRIJEVIĆ1, SYLVIE SAHAL-BRECHOT2 

 

1Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia 
2Observatoire de Paris, 92195 Meudon Cedex 
 
E-mail: mdimitrijevic@aob.bg.ac.rs 
 

Virtual Atomic and Molecular Data Center (VAMDC) is an European FP7 project 
with aims to build a  flexible and interoperable e-science environment based interface to the 
existing Atomic and Molecular  data. The VAMDC will be built upon the expertise of 
existing Atomic and Molecular databases, data producers and service providers with the 
specific aim of creating an infrastructure that is easily tuned to the requirements of a wide 
variety of users in academic, governmental, industrial or public communities. In VAMDC 
will enter also STARK-B database, containing Stark broadening parameters for a large 
number of lines, obtained by the semiclassical perturbation method during more than 30 years 
of collaboration of authors of this work and their coworkers.  In this contribution we will 
review the VAMDC project, STARK-B database and discuss the  benefits of both for the 
corresponding data users. 

THE ASTROMATIC SOFTWARE SUITE (Invited talk) 
 
EMMANUEL BERTIN1 

 

1 Institut d’Astrophysique de Paris, Université Pierre & Marie Curie - Paris VI 
 
E-mail: bertin@iap.fr 
 

The purpose of the AstrOmatic project is to provide the global astronomy community 
with open-source software, for processing large quantities of imaging data in a consistent and 
fully automated way. AstrOmatic software packages have been developed through the years 
in the framework of various imaging surveys and data processing pipelines (e.g. TERAPIX, 
DESDM). After a hands-on overview of the different tasks that can be performed by 
AstrOmatic software, I will focus on the ongoing development efforts in the field of 
automated source morphometry. 
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THE CATHODE LAYER CHARACTERISTICS OF THE NORMAL  
DC ATMOSPHERIC PRESSURE GLOW DISCHARGE 

 
V. I. Arkhipenko, A. A. Kirillov, L. V. Simonchik, S. M. Zgirouski 

 
Institute of Molecular and Atomic Physics, NAS of Belarus, 

ave. Nezalezhnastsi 70, 220072 Minsk, Belarus; kirillov@imaph.bas-net.by 
 
There is large increasing interest in atmospheric pressure glow discharges (APGDs) because 
they can be used for a wide range of technological applications without the need of vacuum 
systems. Some of fundamental properties of APGD plasmas have been characterized 
experimentally including discharge dynamics, optical emission, and densities of charged 
particles and excited species, but the experimental cathode fall parameters of the APGD have 
not been determined. To a lesser extent the APGD have also been studied numerically. Results 
of these numerical studies agree favorably with the macroscopic features of measured discharge 
current and voltage. Theoretical models offer useful tools to understand atmospheric glow 
discharges, but precision of model results isn’t high due to an imperfect data of elementary 
processes rates, especially, large uncertainties in the electron yield per ion for practical cathodes. 
That is why the results of every model calculation need experimental testing.  

There are a lot of experimental data relatively the normal cathode fall and current density 
in the low pressure glow discharges (LPGD) presented in well-known books [1-4], for example.  
But there are a few references where the experimental cathode fall parameters of the APGD are 
presented. The increase of the gas pressure up to atmospheric leads to a decrease in the 
dimensions of the characteristics of glow discharge regions and to the sharp increase in the heat 
release in the cathode region.  A determination of the normal cathode fall and current density of 
the different APGDs and their examination using scaling laws are important current research 
topics and necessary for further optimization of the different APGD applications.  

The cathode fall parameters were investigated in details for the self-sustained normal dc 
APGD in helium with the steel cathode in [5]. The objectives of this work are to determine both 
the cathode fall and current density in self-sustained normal dc APGDs in other gases, namely, 
argon, neon, nitrogen, air and their mixtures with helium. At the same time the different cathode 
materials are used as well.  
 

       [1] A. Engel and M. Steenbeсk, Electrishe Entladungen. Ihre Physik und Technik (Springer-     
            Verlag, Berlin, 1934).  
       [2] G. Francis, Handbuch der Physik, Ed. by S. Flugge (Springer-Verlag, Berlin, 1956), Vol.  
             22, p. 53. 
       [3] V. L. Granovskiy, Electric Current in a Gas: Steady-State Current, Ed. by L. A. Sena and  
             V. E. Golant (Nauka, Moscow, 1971). 
       [4] Yu. P. Raizer, Gas Discharge Physics (Nauka, Moscow, 1987; Springer-Verlag, Berlin,  
            1991). 
       [5] V.I. Arkhipenko, S.M. Zgirovski et al, Plasma Phys. Rep. 28 (2002) 858. 
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SELECTION OF SOLID PROPELLANT  
FOR LASER PLASMA ENGINE 

 
N. A. Bosak1, A. N. Chumakov1, Yu. A. Stankevich2 

 
1Institute of Molecular and Atomic Physics of National Academy of Sciences of Belarus 

220072, Minsk, Belarus, e-mail: bosak@imaph.bas-net.by 
2Heat and Mass Transfer Institute of National Academy of Sciences of Belarus 

 
Possibility of jet thrust creation at laser action on absorbing condensed mediums was revealed 
many years ago (G.A. Askaryan, 1962, A. Kantrowitz, 1972). But only now the idea of laser 
propulsion has chance of using for control of micro- and nano-satellites movement. Such 
satellite needs obtaining the strictly verified impulses for its orbits correction. One of the 
promising directions of solving this problem is creation of laser-plasma engine of ablative type 
with solid-state working substance (solid propellant). The important characteristic of laser 
engine is its working resource which depends on used solid propellant. This report is devoted to 
optimal selection of solid propellant based on experimental determination of specific mass-
removal of various materials irradiated by pulsed laser in vacuum. 

Dependences of specific mass removal on laser radiation power density were studied by 
experimental and numerical methods. The experimental results were obtained for number of 
metals (Al, Bi, brass), for graphite and composites (glass fibre and carbon fibre plastics, sol-gel 
glass SiO2 containing 40 % of graphite particles) irradiated in vacuum (Р0 = 2·10-2 mm Hg) by 
Nd:YAG laser (1064 nm wavelength, ∼20 ns and ∼200 μs pulse duration, irradiance in the range 
of 1 − 2·104 MW/cm2). The simulation results, which were obtained for Al and graphite 
samples, are compared to the experimental ones, for the range of power density 30 −104 
MW/cm2. It was found out that experimental dependences of specific mass removal on laser 
radiation power density are characterized by areas with dominance evaporative or explosive 
mechanism of target destruction. Obtained results showed mainly evaporative regime of 
graphite and brass destruction for laser irradiances 30-600 MW/cm2 that comes with specific 
mass removal ensuring necessary resource for created laser plasma microengine.  
 
 
Invited lecture 
 

AUTOMATED ANALYSIS OF THE PLASMA FORMATIONS  
WITH 100 ns TIME RESOLUTION 

 
A. Chernyvski, A. Byk, V. Goncharov, V. Zakhozhy,  

I. Kravtsevich, A. Sikalenka, O. Tarazevich 
 

Sevchenko Scientific-Research Institute of Applied Physical Problems, 
Kurchatova 7, 220064, Minsk, Belarus,tel: +375-17-2775644, е-mail: puzyrev@bsu.by 

 
The camera was developed and created for the purpose of linear and array image registration. It 
has a time resolution of 100 ns and 14-bit video signal coding. The maximum storage time is 
equal to 3 ms. The working spectral range lies between 200 nm and 800 nm. The camera is 
assembled on a base of an electrical optical transducer of The Moscow Electric-Bulb Factory as 
well as on a base of a P-22 matrix produced by firm “Electron”, which is situated in St. 
Petersburg. The matrix has 1 000 × 1 000 pixels format. The developed camera is employed in 
scientific investigations, conducted in The Atomic and Molecular Physics Institute of The 
Academy of Sciences of Belarus. 
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EFFECTIVE REGIMES OF LASER PLASMA FORMATION  
FOR FILMS DEPOSITIONS AND SPECTROCHEMICAL  

ANALYSIS OF MATERIALS 
 

A. N. Chumakov1, N. A. Bosak1, A. M. Kuzmitsky1, A. M. Petrenko1,  
V. V. Shkurko1, М. Sambuu2 

 
1Institute of Molecular and Atomic Physics of National Academy of Sciences of Belarus 

220072, Minsk, Belarus, e-mail: chumakov@imaph.bas-net.by 
2Belarussian State University 

 
The action of intensive laser radiation on absorbing condensed mediums results in formation of 
laser plasma which is widely used both for deposition of thin films in vacuum, and for 
spectrochemical analysis of materials. The method of pulsed laser deposition in vacuum 
provides obteining of high velocities of condensation up to 104−108 nm/s with good enough 
reproducibility of chemical composition of irradiated material in deposited films. However, 
efficiency of such deposition essentially depends on repetition rate of laser pulses. With increase 
of repetition rate of laser pulses the conditions of laser plasma formation and its subsequent 
gasdynamic motion are being modified, that results in change of spatially-temporal distribution 
of plasma parameters and conditions of films deposition. In present work, the capabilities of 
effective formation of laser plasma are explored at multi-pulsed high-frequency (f ≤ 50 kHz) 
laser action on materials and features of pulsed laser deposition of films and coatings on various 
substrates in vacuum, including in the presence of external electrical field, are investigated. 

It was established on the basis of complex experimental researches and numerical 
calculations of pulse-periodic laser action on metals and carbon materials that the interaction of 
individual plasma formations initiate changes of conditions for plasma deposition on a substrate 
only for repetition rates of laser pulses more than 10−20 kHz in vacuum and 1−5 kHz in 
atmospheric air. Diamond-like and conductive carbon films on various substrates are obtained 
experimentally at irradiation of graphite by pulsed solid-state laser generating on 1060 nm 
wavelength with repetition rates of laser pulses up to 20 kHz. Multiple growth of carbon films 
deposition velocity is found out for intensities of external electrical field exceeding 3 kV/cm. 
The dependence of structure and electrical conductivity of deposited coatings on the direction 
and intensity of external electrical field is established. This result can find application for 
deposition diamond-like and conductive carbon films. The new possibilities for development of 
LIBS technique for material analysis are revealed using double pulse laser action at two 
wavelengths of laser radiation. 
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CONNECTION OF RADIO-INTERFEROMETRIC WITH OPTICAL 

OBSERVATIONS AND CREATION OF A NEW REFERENCE FRAME  
FOR POSITION DETERMINATION OF CELESTIAL OBJECTS 

 
Miodrag Dačić 

 
Astronomical Observatory, Volgina 7, 11160 Begrade, Serbia 

e-mail: mdacic@aob.bg.ac.yu 
 
It is undispensable, for observations of stars and other objects for the needs of astrophysical 
investigations, to know their positions as much precisely as possible. The development of long 
base radio-interferometry enabled the connection of radio-interferometric and optical 
observations, and consequently, the connection of reference frame for extra galactic radio 
sources, which positions are practically unchanged for a number of decades. In such a way, a 
new reference frame of high accuracy is obtained, where coordinates of observed objects are 
given. 
 
 
 
Invited lecture 
 

COLLISIONS WITH CHARGED PARTICLES AND SPECTRAL LINE 
SHAPES IN ASTROPHYSICAL PLASMAS – RESEARCH ON 
BELGRADE ASTRONOMICAL OBSERVATORY 2002-2005 

 
Milan S. Dimitrijević 

 
Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia 

e-mail: mdimitrijevic@aob.bg.ac.yu 

  
 
The project “Influence of collisions with charged particles on astrophysical plasma spectral line 
shapes”   was financialy supported by Ministry of Science and Environment protection of 
Republic of Serbia under the contract number GA-1195, starting with 2002 up to 2005.  The 
contract 146001 for the project under the same name is signed also for the 2006-2010 period. 
The objective of this contribution is to review the results obtained up to now and to discuss the 
future plans. Since our main scientific activity was realized through this project our aim is to 
inform Belarussian colleagues on our achievments and directions of future activities  in order to 
stimulate the development of  Serbian – Belarussian  collaboration within this research  field.     
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SILICON SINGLE CRYSTAL SURFACE MODIFICATION  
BY COMPRESSION PLASMA FLOW ACTION 

 
I. P. Dojčinović1,2, M. M. Kuraica1,2, J. Purić1,2 

 
1Faculty of Physics, University of Belgrade, POB 368, 11001 Belgrade, Serbia 

2Center for Science and Technology Development,  
Obilićev venac 26, 11000 Belgrade, Serbia 

e-mail: ivbi@ff.bg.ac.yu 
 
Modification of silicon single crystal surface by the action of nitrogen quasistationary 
compression plasma flow (CPF) generated by magnetoplasma compressor is studied. It was 
found that during single pulse surface treatment regular fracture features are obtained on the Si 
(111) and Si (100) surface in the target central part. Some of these regular structures can become 
free from the underlying bulk, formed as blocks ejected from the surface. Also, oriented silicon 
periodic structures are produced in the target periphery part. These surface phenomena are 
results of specific conditions during CPF interaction with silicon surface. High plasma flow 
energy density, large dynamic pressure, thermodynamic parameters gradients and induced 
magnetic field on treated surface cause rapid heating and melting of surface layer, as well as 
surface fracturing, long existence of molten layer and fast cooling and recrystalisation. 
 
 
Invited lecture 
 

EMISSION SPECTRA OF LASER-INDUCED PLASMAS AT 
ELEMENTAL ANALYSIS OF SOLIDS: MEASUREMENT  

AND MODELING RESULTS 
 

E. Ershov-Pavlov1, K. Catsalap1, V. Rozantsev1, Yu. Stankevich2, K. Stepanov2 

 

1Institute of Molecular and Atomic Physics, Minsk, Belarus 
2Heat and Mass Transfer Institute, Minsk, Belarus 

 
Results are presented of a numerical simulation of laser-induced plasma plumes and of their 
emission spectra as applied to the elemental analysis of solids by the LIBS technique. The 
plasma plumes have been considered, which are generated by 1.06 µm laser pulses of a nano-
second duration and GW/cm2 power density at single- and double-pulse excitation modes. The 
laser beam is supposed to fall normally to the sample surface. The modeling of the plume 
plasma parameters consist of a solution of the thermal, hydrodynamics and optical problems at 
the laser beam action on a solid sample. The numerical code allows investigating the dynamics 
of two-dimensional erosion plumes supposing their axial symmetry. 

Resulting space and time distributions of parameters in the laser-induced plasmas are 
used for the calculation of the emission spectra of the plumes at a chosen exposition time. The 
emission spectra are simulated for a side-on observation case. 

The simulation results obtained for an Al-sample are compared to the experimental 
ones, measured at the conditions of common LIBS applications: Q-switched Nd:YAG laser, 
1064 nm wavelength, ∼10 ns pulse duration, irradiance in the range of 109 W/cm2.  

The comparative study is realized for the emission spectra of the plasma plumes induced 
at single- and double-pulse excitation modes, which allows examining main reasons of the 
observed efficiency increase of the LIBS at the elemental analysis using the double-pulse 
excitation mode. 
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LASER-PLASMA PRODUCTION OF WATER SUSPENSIONS  

WITH NANOPARTICLES OF METALS 
 

V. Goncharov, K. Kazadayeu 
 

Sevchenko Scientific-Research Institute of Applied Physical Problems, 
Kurchatova 7, 220106, Minsk, Belarus, 

tel: +375-17-2125644, e-mail: puzyrev@bsu.by 
 
The methods of nanoparticle objects producing and controlling of their characteristics are 
eveloping at the present time. Physical and chemical properties of matter in this range of sizes 
differ both from individual ions and atoms properties and from solid properties. The application 
of nanoparticles is of interest of such fields as medicine, electronics, chemical industry, optics 
and i.e.  

The nickel nanoparticles water suspense was obtained by penetration of the metallic target 
erosion products in water medium. The masking of the of drop-liquid particles beam allowed to 
realize spatial separation of the lager(1-100 μm) and the smaller(10-100 nm) particles. The 
erosion laser jet was obtained by the acting average intensity laser irradiation at the nickel 
target, using Nd-glass laser (λ=1.064 nm).  

The method of laser probing was used to determine the effective nickel particle sizes and 
their number concentration in water suspense. This results are proved by the data of atomic-
power and electronic microscopy. 

  
 

Invited lecture 
 

LASER-PLASMA JETS IN SCATTERING  
IRRADIATION OF THE LIGHT GATE 

 
V. Goncharov, K. Kazadayeu, M. Puzyrev, D. Slavashevich 

 
Sevchenko Scientific-Research Institute of Applied Physical Problems, 

Kurchatova 7, 220106, Minsk, Belarus, 
tel: +375-17-2125644, e-mail: puzyrev@bsu.by 

 
The methods of laser treatment of materials are widespread at the present time. The using of 
methods with maximal mass removing is more suitable to maximize the speed of laser 
treatment. The dominating mass removed from the target is due to the hydrodynamic 
mechanism of drop-liquid phase formation. 

Non-luminous laser erosion products and the dynamics of their recession were 
investigated with an employment with light gating (probing) pulse of ruby laser. It was 
experimentally showed, that the drop-liquid particles, formed by the hydrodynamic mechanism 
appear in laser jet only after laser irradiation intensity decreasing at our conditions. The drop-
liquid particles move on the small angle (~12 º) to target surface in case of large irradiated spot 
(erosion crater diameter is much lager than its deepness). 

The small (nanosize) drop-liquid target particles appeared in laser jet during the whole 
time of the acting laser pulse. They move perpendicularly to the target surface. This fact can be 
applied for the spatial separation of the small particles (formed by the mechanism of volume 
evaporation) and large particles (- hydrodynamic mechanism).  
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DYNAMICS OF  WEAKLY RELATIVISTIC ELECTROMAGNETIC 
SOLITONS IN LASER-PLASMAS 

 
Lj. Hadžievski 

 
Vinča Institute of Nuclear Sciences, P.0. Box 522, 11001 Belgrade, Serbia 

 
Relativistic EM solitons are coherent spatially localized structures self-trapped by a locally 
modified plasma refractive index via relativistic electron mass increase and an electron density 
drop due to the ponderomotive force of an intense laser light  [1]. A train of relativistic EM 
solitons is typically found to form behind the intense laser pulse front. Relativistic 
electromagnetic (EM) solitons in laser driven plasmas were analytically predicted and found by 
PIC (particle-in-cell) simulations  [2] [3], [4]. It has been estimated that, for ultra-short laser 
pulses, up to 40% of the laser energy can be trapped by relativistic solitons, creating a 
significant channel for laser beam energy conversion. 

In this work, we treat a case of a linearly polarized laser light. In laser-plasma 
interactions, relativistic Lorentz force sets electrons into motion, generating coupled 
longitudinal-transverse wave modes. These modes in the framework of a weakly relativistic cold 
plasma approximation in one-dimension, can be well described by a single dynamical equation 
of the generalized nonlinear Schrödinger type [1], with two extra nonlocal terms. Conserved 
quantities and solution for the moving solitons are analytically calculated in an closed form. 
Stability of the solitons is studied analytically and numerically. The instability threshold 
dependent on the soliton self-frequency and velocity is obtained.  The dynamics of the stable 
and unstable solitons are studied numerically. For an isolated soliton, our analysis shows that the 
soliton motion downshifts the soliton eigenfrequency and decreases its amplitude. The effect of 
the soliton velocity on the stability is analytically predicted and checked numerically. Results 
show shifting of the stability region toward larger amplitudes in comparison to the standing 
soliton case [5]. Rich dynamics with examples of (un)stable soliton propagation and breather 
creation and formation of unstable cusp-type structures is exposed numerically. These results are 
compared with the one for a standing (non-moving) relativistic EM soliton case [1]. Further, we 
address a soliton stability as a base for our understanding of a complex soliton-pair interaction, 
which critically depends on solitons amplitude, velocity and a mutual phase relation. [6] 
 
[1] Lj. Hadžievski, M.S. Jovanović, M.M. Škorić and K. Mima, Phys. Plasmas 9, 2569-2574   
     (2002) 
[2] A. I. Akkheizer and R. V. Polovin,  Sov. Phys. JETP 3, 696 (1956). 
[3] V.A. Kozlov, A. G. Litvak and E. V. Suvorov, Sov. Phyz. JETP 49, 75 (1979). 
[4] S. Bulanov at al, Reviews of Plasma Physics 22, 227 (2001). 
[5] A. Mančić, Lj. Hadžievski and M.M. Škorić, Phys. Plasmas 13, 052309  (2006) 
[6] A. Mančić, Lj. Hadžievski, M.S. Jovanović, M.M. Škorić and K. Mima, J. Plasma Physics  
     (2006) 
 
 
 
 
 
 
 
 
 
 



 
 
VI SERBIAN-BELARUSSIAN SYMPOSIUM ON PHYSICS AND DIAGNOSTICS OF LABORATORY & ASTROPHYSICAL PLASMA 

 8

 
Invited lecture 

 
APPLICATIONS OF NON-HYDROGENIC SPECTRAL LINES FOR 

LOW ELECTRON DENSITY PLASMA DIAGNOSTICS  
 

M. Ivković, S. Jovićević, R. Žikić, N. Konjević 
 

Institute of Physics, 11081 Belgrade, P.O.Box 68, Serbia 
 
 

This work comprises an analysis of optical emission spectroscopy (OES) techniques and results 
of their application for diagnostics of middle and low electron densities (Ne) in low temperature 
plasmas. In this review, discussion will be limited primarily to the applications of the non-
hydrogenic spectral lines. For analysis of hydrogenic spectral lines more details can be found in 
recent review [1] and in references cited therein.  

These techniques became, in some cases when it is not convenient to seed plasma with 
hydrogen, the most sensitive and often the only possible plasma diagnostics tool. The following 
OES diagnostic techniques based on use of: 1) Stark – widths and shifts of ion spectral lines, 2) 
Stark parameters and shape of atom spectral lines, 3) line shape of helium lines atom with 
forbidden components and 4) molecular nitrogen bandheads intensities are considered.  

Within this work all these techniques are studied, critically evaluated, tested and applied for 
diagnostics of microwave induced discharges (MIP), low pressure pulsed arcs or capillary 
discharge. The importance of electron temperature for electron density diagnostics is considered 
also. The experimental difficulties and necessary precautions required whenever Stark 
broadening parameters have to be determined or used for plasma diagnostics purposes will be 
examined and result applied.  

For OES studies of low pressure pulsed arcs and capillary discharge, the electron density 
determination by fitting the shape of non-hydrogenic atomic and ion spectral lines is critically 
evaluated. In these plasma sources the study of ion lines widths along carbon sequence and 
comparison with theories are also performed. Neutral atom lines asymmetry and new techniques 
for an ion-broadening parameter measurement was discussed too. Special attention was devoted 
to the application of approximate experimental formulas connecting parameters of the helium 
atom lines with forbidden components and electron density. 

New technique for low electron density diagnostics [2] based on molecular nitrogen 
bandhead intensities was demonstrated in MIP and further theoretical and experimental studies 
suggested. 
 
[1] M.Ivković, S.Jovićević and N.Konjević, Spectrochimica Acta B 59, 591, (2004). 
[2] Exton R.J., Jeffrey Balla R., Hering G.C, Popovic S and Vuskovic L.  Proc. 34th AIAA  
     Plasmadynamics and Lasers Conference, 23–26 Jun 2003,Orlando, Florida, USA, paper  
     4181. 
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NOTES ON THE ROLE OF REACTIVE FIELD EFFECTS OF THE 
PARTICLE ACCELERATION TO THEIR COLLECTIVE MOTION IN 

PINCHED PLASMAS IN NATURE AND EXPERIMENTS 
 

M Jelić1,2,3, S. Kuhn2, J. Duhovnik1 

 
1 LECAD Laboratory, Faculty of Mechanical Engineering, University of Ljubljana,  

Aškerčeva Street 6, SI-1000 Ljubljana, Slovenia 
2 Plasma and Energy Physics Group, Association EURATOM-ÖAW, Department of Theoretical 

Physics, University of Innsbruck, Technikerstrasse 25, A-6020 Innsbruck, Austria 
33D Intitut, Ljubljana, Kotnikova 5, SI-1000, Ljubljana, Slovenia  

 
Reactive field due to particle acceleration is one of the most intriguing and controversial 
phenomena in classical mechanics and classical electrodynamics (see e.g., [1,2]). The 
appearance of reactive field is apparently easy to understand within a simple pictures based on 
the retarding fields of moving particles, and seems to be a very universal one in both sub-atomic 
and cosmological scales (e.g., [3]). It gives nice interpretations of the magnetic field, which 
turns out to be just a consequence of potential field sources in the space-time structure [4,5]. The 
Einstein equivalence between the mass and energy was discovered within this theory well before 
his work on the mass-energy equivalence (e.g., [1]). This theory is also well aligned with the 
zero point fluctuating field theory [6]. Unfortunately, the pragmatic success of quantum 
mechanics, which itself yields excellent results (we may say: too formal, i.e., without a real 
understanding), somehow damped the further development of this branch of physics during the 
previous and current centuries. In this lecture we would like to point out the relevance of 
reactive forces in classical electrodynamics to macroscopic systems with strong particle 
accelerating fields. The test case we propose here is a system consisting of a spherical shell of 
charged particles accelerated in radial direction in an external field (in general of arbitrary 
nature), which generates the stationary reactive electric field accE  that we calculate as: 

2
0

1 ( )
4acc

Q a rE I
R c Rπε

= , 

where, Q  is the total charge within the spherical shell of an instant radius R, a is the 
acceleration, 0ε  and c are the vacuum permeability and the speed of the  light, respectively, and 

( / )I r R  is an integral over the spherical angle, (which is finite in the range 0 r< < ∞with a 
sharp maximum of the order of unity for r R= ). In the case of a number of N  particles with 
elementary charge e and mass me (e.g., electrons), accelerated in an external electrostatic field 

extE  the last formula yields the result 0
acc ext

rE N E
R

= , where 

2 2 15
0 0/(4 ) 2.8179 10er e m c mπε −= = ×  is the classical (or Compton) electron radius. This last 

expression could have dramatic consequences to plasma systems in nature, laboratory and fusion 
devices, which are characterized by enough high number of accelerated particles. Namely, the 
reactive acceleration can strongly compete the external electrostatic force and so could be 
interpreted as a kind of “electrostatic” confinement mechanism. In addition, consequences of the 
present approach to subatomic scales should be reinvestigated in a new consistent manner, 
leading to a reanimation of classical electrodynamics so as to establish the quantum theory only 
as a special case of the first principles of the nature. 
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MODELS OF STELLAR ATMOSPHERES FOR  

EVOLUTIONARY MODELLING 
 

D. Jevremović1, A. Dotter, E. Baron 
 

1Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia 
e-mail: darko@aob.bg.ac.yu 

 
 
In our contribution we will review recent modelling of stellar atmospheres using general stellar 
atmosphere code PHOENIX.. A grid of over four thousand models has been built with 
temperatures in the range from 3000-10000K, Z from -2.5 to +0.5 and different alpha element 
enhancement (from -0.2 to +0.8).   Application to the better understanding of boundary 
condition between inner stellar structure and atmosphere and its consequences to the 
evolutionary modeling will be discussed. 
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SHORT LIVE AFTERGLOW IN PURE NITROGEN AND NITROGEN 
CONTAINING TRACES OF METHANE AND OXYGEN 

 
František Krčma, Věra Mazánková, Ivo Soural 

 

 Brno University of Technology, Faculty of Chemistry, Purkyňova 118, 612 00 Brno,  
e-mail: krcma@fch.vutbr.cz 

 
The nitrogen post-discharge has been a subject of many studies for a relatively long time [1, 2]. 
The relaxation processes of atomic and various metastable molecular states created during an 
active discharge lead to the common thermal equilibrium. Besides the collisional processes, the 
light emission plays a significant role in the thermalization.   
The first period (up to about 5 ms) of the post-discharge in the pure nitrogen is characterized by 
a strong decrease of the light emission. After that, a strong light emission at about 5 – 14 ms 
after the end of the active discharge (known as a short live afterglow or "pink afterglow") can be 
observed in pure nitrogen only. It is represented by a strong increase of the pink light emission 
at decay times of about 5 – 8 ms in the pure nitrogen, while the yellow-orange color is 
characteristic for the other parts of the nitrogen afterglow. The effect of the nitrogen pink 
afterglow can be studied only in pure nitrogen and various traces (especially containing carbon 
[4] and oxygen [5]) quench it. These impurities form during the discharge (both active and post-
discharge) various species that significantly change the post-discharge kinetics whiles their 
influence on the active discharge can be negligible if they are in concentrations under 0.1 %.  

The work presents results obtained during spectroscopic observations of DC flowing 
post-discharges of pure nitrogen plasma and nitrogen plasma containing traces of methane and 
oxygen. The plasma have been studied by the emission spectroscopy of three nitrogen spectral 
systems, two CN spectral systems (when methane is added) and two NO bands (with oxygen 
impurities).  

First, the quenching of the nitrogen pink afterglow by the methane traces was studied. It 
was shown that the maxima of the pink afterglow intensities for all three nitrogen bands were 
decreasing proportionally to the increase of the methane concentration. The position of the 
maximal pink afterglow emission was also linearly shifted to later decay times. In the case of 
oxygen addition into the pure nitrogen flow, the pink afterglow quenching was observed, too. 
The nitrogen first negative system showed a similar dependence of the maximal pink afterglow 
intensity on oxygen concentration as in the case of methane impurity but the effect was about 
one order lower. The other nitrogen systems were not significantly influenced by oxygen traces. 
The pink emission maximal intensity was shifted to shorter decay times, it means in contrary to 
the methane impurity. 

On the basis of the experimental results, the appropriate kinetic model of the plasma 
generated in pure nitrogen and in nitrogen with methane traces was designed. The specific state-
to-state energy transfer reactions between the studied states were presented. The kinetic model 
of nitrogen-oxygen mixture is contemporary under preparation. 
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DIODE-PUMPED SOLID-STATE LASERS WITH CONTROLLED 
PARAMETERS FOR SPECTROSCOPIC APPLICATIONS 

 
V. V. Mashko1, G. I. Ryabtsev2, M. V. Bogdanovich2, A. S. Drakov1, A. I. Enzhyieuski2,  

O. E. Kostik1, A. G. Ryabtsev2, M. A. Shemelev2, L. L. Teplyashin1 

 
1Institute of Molecular and Atomic Physics, National Academy of Sciences of Belarus 

2B.I. Stepanov Institute of Physics, National Academy of Sciences of Belarus 
 

 
Possibilities of control of frequency, polarization and spatial characteristics of portable LD 
pumped solid-state lasers have been investigated. The lasing wavelengths were within the 1.06 
(Nd3+:YAG and  Nd3+:YVO4 active media) and 1.5 µm  (boro-silico-phosphate glass co-
activated by Er,Yb ions) spectral regions. Two active medium excitation schemes (longitudinal 
pumping by radiation of laser diodes and transversal pumping by laser diode arrays) were used 
in the experiments. 

Tuned single- or double frequency lasing modes have been revealed for the LD 
longitudinally pumped Nd3+:YAG laser with composite optical resonator. It was shown that the 
change in the pump radiation polarization azimuth can led to that in the lasing frequency 
spectrum similar to action of spectral selector. The method of realization of the linear polarized 
output laser radiation based on selection of the transversal pump configuration has been 
proposed. 

The output radiation beam quality parameter М2 for the longitudinally pumped powerful 
Nd3+:YVO4 lasers and for the transversally pumped erbium glass lasers has been investigated 
depending on the active medium excitation power P and the extent of  overlapping of the pump 
and lasing areas. It has been determined that in the case of a considerable excess of the lasing 
mode cross-section area in comparison to that for the pump radiation the radiation focusing limit 
size is increased noticeably. The regular regions of abrupt rising of the beam quality parameter 
were shown up on the background of the monotonous М2(P) dependence. The interpretation of 
this effect is presented. Conditions providing optimal spatial characteristics of laser radiation for 
the focusing system are discussed. 

The data obtained are analyzed in the view of creation of powerful tunable laser radiation 
emitters for spectroscopy application and plasma sources.  

   
 

Invited lecture 
 

THE SHAPE OF Fe Kα LINE EMITTED BY ACTIVE  
GALACTIC NUCLEI: MICROLENSING EFFECTS 

 
L. Č. Popović, P. Jovanović 

 
Astronomical Observatory, Belgrade 

e-mail: lpopovic@aob.bg.ac.yu, pjovanovic@aob.bg.ac.yu 
 
The Fe Kα line is emitted from an accretion disk around a massive black hole located in the 
center of Active Galactic Nuclei (AGN). Here we present a model of the Fe Kα emitting 
accretion disk in Kerr metrics. We discuss the different Fe Kα line shapes as a function of 
different disk parameters. Moreover, the influence of microlensing on the Fe Kα line shape will 
be presented. 
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PROPERTIES OF THE DIAMOND-LIKE CARBON FILMS  
DEPOSITED BY THE LASER-PLASMA METHOD ON GLASS,  

SILICON AND QUARTZ SUBSTRATES 
 

M. Puzyrev, D. Ismailov, S. Petrov 
 

Sevchenko Scientific-Research Institute of Applied Physical Problems, 
Kurchatova 7, 220064, Minsk, Belarus, 

tel: +375-17-2775644, е-mail: puzyrev@bsu.by 
 

Diamond films are very promising materials for use in high temperature/high power electronics. 
These films pose a high thermal conductivity, a high degree of chemical inertness and have a 
band gap of about 5 eV. Diamond-like carbon films were deposited by laser ablation of graphite, 
using Nd-glass laser (λ=1.06 μm). Films were deposited in vacuum. The pressure was equal to 
10-3 Pa. In the experiment different types of substrates were used (glass, quartz, bronze, silicon). 
Films were deposited using 2 – 8 J laser radiation energy range. Raman spectroscopy method 
was used to investigate the structure of the films for mentioned above types of substrates. 
Obtained spectra were analyzed on a presence of Lorentzian approximated D and G peaks. It 
provided us with information about structure of these films for different substrates in terms of 
sp3/sp2 content. Thicknesses of obtained films were also examined. It was discovered that they 
are almost independent on a types of substrates for examined set of materials. 
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SPACE-TIME-RESOLVED OPTICAL EMISSION SPECTROSCOPY 

OF LASER ABLATION PLASMA FOR MICROANALYSIS  
OF UNIQUE SOLID SAMPLES 

 
 

S. Raikov1,V. Burakov1, E. Dovnar-Zapolskaya2, V. Kiris1, E. Klyachkovskaya1, N. Kozhukh3 
 
 

1Institute of Molecular and Atomic Physics, 220072 Minsk, Belarus 
2Institute of Arts, Ethnography and Folklore, 220072 Minsk, Belarus 

3National Art Museum of Republic of Belarus, 220030 Minsk, Belarus 
 
 
Laser ablation of solid samples is an analytical technique, which combines sampling and 
atomization in one step. Therefore, direct and rapid spectrochemical microanalysis without any 
sample preparation is possible. In spite of the many advantages of laser ablation for 
spectrochemical analysis the main problem remains the lack or absence of certified solid 
reference materials especially for nontechnological materials such as unique museum exhibits. 
Moreover, even the small differences in matrixes and surface properties of analyzed materials as 
compared with the reference samples as well as the possible variations in ablation laser energy 
must be thoroughly taken into account. Therefore, during the last decade different approaches 
have been undertaken to overcome or at least to discriminate the above mentioned problems in 
the most widely spread laser ablation based analytical technique, namely laser-induced 
breakdown spectroscopy (LIBS). 

Thus, the achievement of the main goal of the last time attempts to make LIBS really 
quantitative is based on the development of absolute or so-called calibration-free (CF) algorithm 
of LIBS, which is in turn based on the perfection of optical diagnostics of pulsed plasma. In this 
work further development of CF LIBS and its approbation for microanalyses of a material of 
unique solid samples on an example of determination of component concentrations of the bronze 
and gold alloys, flint glasses, fragments of jeweller ornaments of an archaeological origin, and 
pigments from easel paintings have been carried out. Detailed structural characterization and 
identification of key chemical constituents can uncover important information on historical and 
artistic significance of artworks. A major concern when an analysis is to be performed on 
valuable objects, such as museum exhibits is the preservation of its integrity and aesthetic value. 
LIBS can be regarded as a nearly nondestructive technique. In addition, the technique has the 
capability of providing depth-profiling information. 

In particular, the LIBS technique has been applied for the microanalysis of pigment 
materials from the different sections of the well-known easel paintings “Landscape of Pool with 
an Obelisk and Ruins of an Aqueduct” and “Garden of Borghese Villa in Rome” of the famous 
French artist Hubert Robert (1733-1808). These old paintings from the National Art Museum of 
Republic of Belarus require thorough investigations of the pigments for confirmation of their 
originality taking into account the rich biography of the paintings. Obtained quantitative data on 
elemental composition of the selected pigment microsamples from all paint layers including the 
ground layer alongside with art and historical examinations have formed the base for the exact 
identification of the originality of the tested paintings. 
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THE METHODS FOR DETERMINATION OF HF CHARACTERISTICS 

OF NONIDEAL PLASMA 
 

N. M. Sakan1, V. A. Srecković1, V. M. Adamyan2,  
I. M. Tkachenko3, A. A. Mihajlov1 

 
1Institute of Physics, Pregrevica 118, Zemun, 11000 Beograd 

2Department of Theoretical Physics, Odessa National University,  
Dvoryanska 2, 65026 Odessa, Ukraine 

3Department of Applied Mathematics, ETSII, 
Polytechnic University of Valencia, Camino de Vera s/n,  

Valencia 46022, Spain 
 
In the presented work, the results obtained on the base of the modified RPA methods are 
discussed. In considerations are taken the static conductivity, HF conductivity, refraction, 
reflection coefficients etc., the numerical method retrospective. The possibility of application of 
the used methods in the extremely nonideal plasma is discussed. Apart of that, the alternative 
methods of calculation of dynamic characteristics of nonideal plasma, that uses a much simpler 
numerical procedure, are presented also. The results obtained by all metioned methods are 
compared with each another and with presently available data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
VI SERBIAN-BELARUSSIAN SYMPOSIUM ON PHYSICS AND DIAGNOSTICS OF LABORATORY & ASTROPHYSICAL PLASMA 

 16

 
Invited lecture 

 
EXCESSIVE DOPPLER BROADENING OF HYDROGEN  

AND DEUTERIUM BALMER LINES IN A HOLLOW  
CATHODE GLOW DISCHARGES 

 
N. M. Šišović1, G. Lj. Majstorović2, N. Konjević1 

 
1 Faculty of Physics, University of Belgrade, 11001 Belgrade, P.O.Box 368, Serbia 

2 Military Academy, 11105 Belgrade, Pavla Jurišića - Šturma 33, Serbia 
 
 
The shape of Balmer lines in hollow cathode gas discharges operated with hydrogen or 
deuterium and hydrogen gas mixtures with inert gases exibit unusual multicomponent 
behaviour, see e.g. Figs 1-7 in [1]. The origin of narrowest part of the profile is related to the 
Doppler broadening of the thermalized excited hydrogen atoms H* in the negative glow region 
of the discharge. Broader middle part of the line profile is related to excited hydrogen atoms 
generated in electron collisions with H2. The pedestal of the line profile is very broad indicating 
that energetic excited hydrogen atoms having energies larger than hundreds of electron volts are 
generated in discharge. The presence of large energy excited hydrogen atoms implies that fast 
hydrogen atoms Hf of even higher energy exist in the discharge [2]. As pointed out already, the 
origin of narrow- and medium-width part of line profile may be explained on the bases of well-
established processes. 
 The sound explanation of the broadest part - pedestal of line profile offers the sheath-
collision model. In this model ions H+ and H3

+ are accelerated in a high-voltage discharge sheath 
and produce fast H atoms in charge transfer/dissociation collisions with the matrix gas – 
molecular hydrogen. The fast H atoms are then excited and scattered in another collision. The 
same excitation process is occurring with H atoms backscattered from the cathode [3-5]. In the 
Ar-H2 discharge, the contribution of H+ ion is negligible in comparison with that of H3

+ ion, see 
e.g. [3,6]. The latter ions fragment in collisions with matrix gas or at the cathode surface 
generating Hf atoms of lower energy and consequently lower energy excited atoms H* are 
produced. 
 The details of recent experimental studies of excessive Doppler broadening of hydrogen 
and deuterium Balmer lines in hollow cathode glow discharges [1,7,8] will be reviewed and 
discussed at the Conference. 
 
[1] N.M. Šišović, G.Lj. Majstorović, N. Konjević, Eur.Phys.J. D 32 , 347 (2005) 
[2] N. Cvetanović, M.M. Kuraica, N. Konjević, J.Apppl.Phys. 97, 033302 (2005)  
[3] Z.Lj. Petrović, B.M. Jelenković, A.V. Phelps, Phys.Rev.Lett. 68, 326 (1992) 
[4] M. Gemišić-Adamov, B.M. Obradović, M.M. Kuraica, N. Konjević, IEEE Trans.Plasma  
      Sci. 31,444 (2003) 
[5] S.B. Radovanov, K. Dzierzerga, J.R. Roberts, J.K. Ollthoff, Appl.Phys.Lett. 66, 2637  
      (1995) 
[6] I.R. Videnović, N. Konjević, M.M. Kuraica, Spectrochim.Acta 51B, 1707 (1996)  
[7] N. Konjević, G.Lj. Majstorović, N.M. Šišović, Appl.Phys.Lett. 86, 251502 (2005) 
[8] N.M. Šišović, G.Lj. Majstorović, N. Konjević, accepted for publication in Eur. Phys. J. D 
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LASER ABLATION AND ELECTRICAL DISCHARGE PLASMAS  
IN LIQUIDS FOR FABRICATION OF NANOSIZED PARTICLES  

 
N. V. Tarasenko, V. S. Burakov, A. V. Butsen, A. A. Nevar,  

N. A. Savastenko, P. Ya. Misakov  
 

Institute of Molecular and Atomic Physics, National Academy of Sciences of Belarus,  
70 Scaryna Ave., 220072 Minsk, Belarus 

 
The capabilities of two techniques (laser ablation and electrical discharges in liquids) for 
fabrication of metallic and composite nanoparticles with laser-induced size modification were 
analyzed.  

The properties of Ag, Au and Cu as well as bimetallic Ag-Cu and Ag-Au nanoparticles 
synthesized in different liquids (water, acetone, ethanol) were examined. Experiments were 
made by using two 10 Hz pulsed Nd:YAG lasers, operating at 1064 nm and 532 nm. It was 
shown that both the mean size of the nanoparticles and their stability could be controlled by 
proper selection of the parameters of laser ablation and post irradiation such as temporal delays 
between pulses, laser fluence and a combination of radiation wavelengths.  

Metallic nanoparticles (e.g., W, Ti) and their carbides were synthesized by pulsed arc 
and spark discharges submerged in liquids using the appropriate combinations of pairs of 
metallic and graphite electrodes. The discharges with 3.5 – 4.5 A average current at a repetition 
rate of 100 Hz were produced in ethanol and distilled water. The formed nanoparticles were 
examined by UV/VIS absorption spectroscopy, TEM and XRD. In particular, it was found that 
WC particles with an average diameter of 7 nm could be prepared at the rate of approximately 
10 mg/min in pulsed spark discharge submerged in ethanol. It is expected, that the obtained 
results will find applications in the synthesis of new materials with modified properties, in the 
fabrication of catalysts etc. 
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INTRINSIC RADIATIVE COLOR CENTERS IN ALKALI HALIDES 

CRYSTALS AND FILMS: FORMATION AND APPLICATIONS 
 

A. P. Voitovich 
 

Institute of Molecular and Atomic Physics of National Academy of Sciences, 
Belarus, 220072, Minsk, pr. Nezalejnosti, 70; e-mail: voitovich@imaph.bas-net.by 

 
Alkali halides (AH) crystals, containing radiative color centers (CCs), are widely applied as 
active and passive laser media. They are also used in optoelectronics and in radiation dosimetry. 
Among them, lithium fluoride (LiF) crystals and films with CCs have found the most successful 
applications. LiF samples can be colored by irradiation with ionizing radiation, as X-rays, γ-
rays, elementary particles and ions.  

The processes of CCs formation under LiF irradiation with ionizing radiation and 
electrons are considered in the report. Charged particles are appeared into the crystals or films 
during their irradiation. The most numerous and important particles are electrons, fluorine ions, 
shifted from the lattice site into the interstitial position, and positively charged vacancies F+, 
positioned on the lattice sites where the fluorine ions were situated before shifting. All of these 
particles are moving inside the crystal or film. Their diffusion results in the CCs formation. 

The formation processes and efficiency hardly depend on the temperature during and 
after irradiating and the temperature of particles mobility. The formation features which depend 
upon these temperatures are discussed in the report. Two cases are considered: a) irradiating 
temperature is higher than temperature of vacancies mobility, b) irradiation temperature is lower 
than temperature of vacancies mobility but temperature of annealing which followed the 
irradiation is higher than last one. The difference in the CCs formation processes is noted for 
these two cases. 

The particularities of the CCs formation processes in a bulk, a near-surface layer, a 
film,  nano-sized structures of LiF crystals are given. They are determined by concentrations of  
electrons, vacancies, different kinds of traps and ratio of electrons and vacancies concentrations. 

The examples of CCs applications are presented. Lasers, optoelectronics, dosimetry are 
considered as an illustration of such applications. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
VI SERBIAN-BELARUSSIAN SYMPOSIUM ON PHYSICS AND DIAGNOSTICS OF LABORATORY & ASTROPHYSICAL PLASMA 

 19

 
 

 

 

POSTERS 

 

 

 

 
Contributed paper 

 

STUDIES AND CHARACTERIZATION OF QUASI-STATIONARY 
COMPRESSION PLASMA FLOWS GENERATED BY  

GAS-DISCHARGE AND EROSIVE PLASMA ACCELERATORS  
 

V. M. Astashynski1, S. I. Ananin1, V. V. Askerko1, E. A. Kostyukevich1,  
A. M. Kuzmitski1, A. A. Mishchuk1, M. M. Kuraica2,3, I. P. Dojčinović2, J. Purić2,3 

 
1Institute of Molecular and Atomic Physics, National Academy of Sciences of Belarus,  

Nezalezhnastsi Ave. 70, 220072 Minsk, Belarus; e-mail: ast@imaph.bas-net.by 
2Faculty of Physics, University of Belgrade, P.O. Box 368, 11001 Belgrade, Serbia 

3Center for Science and Technology Development, Obilicev Venac 26, Belgrade, Serbia 
 
The results of investigations on compression plasma flows generated by gas-discharge 
magnetoplasma compressors and erosive plasmadynamic systems are presented. Electron 
temperature and plasma concentration in such quasi-stationary plasma accelerators (plasma 
guns) both were measured with spatio-temporal resolution. The characterization of quasi-
stationary plasma flows was conducted using the dynamic coefficients specifically introduced. 
These coefficients were calculated based on the temporal evolution of the electron density and 
temperature in plasma obtained in these experiments. 
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OBTAINING OF SILICON REGULAR FORMATIONS WITH 

NANOSTRUCTURED METAL COATINGS ON SEMICONDUCTOR 
WAFERS SUBJECTED TO COMPRESSION PLASMA FLOW 

 
V. M. Astashynski1, S. I. Ananin1, V. V. Askerko1, E. A. Kostyukevich1, A. M. Kuzmitski1,  

V. V. Uglov2, N. N. Cherenda2, V. M. Anishchik2, Yu. V. Sveshnikov2,  
N. T. Kvasov3, A. L. Danilyuk3, A. V. Punko3 

 
1Institute of Molecular and Atomic Physics, National Academy of Sciences of Belarus, 

70, Nezalezhnastsi ave., 220072 Minsk, Belarus 
2Belarusian State University, 

4, Nezalezhnastsi ave., 220080 Minsk, Belarus 
3Belarusian State University of Informatics and Radioelectronics, 

6, P. Brovka Street, 220027 Minsk, Belarus 
 
The priority results on the substantial structural-phase semiconductor modification obtained 
with the use of compression plasma flows are presented. In particular, the formation of bulk 
(cylinder-like) regular submicron/nanoscale structures on the silicon wafers simultaneously with 
the deposition of nanostructured metal coatings that completely cover a surface including bulk 
structures are discussed.   

The deposition of nanostructured coatings on a silicon surface under the action of the 
compression plasma flow loaded by highly dispersed metal particles is shown to feature the 
formation (in the target near-surface area) of stable metal clusters 50-300 nanometers in size 
which later, at a final stage of the discharge, precipitate on a silicon surface to form a monolayer 
of the particles linked to each other. Such a process may be caused by the interaction between 
metal particles under conditions of sufficiently quick change in properties of decaying near-
surface plasma, which provides the formation of the bound state of the particles. 
 
 
Contributed paper 

 
VARIATIONS OF ABNORMAL GLOW DISCHARGE  

PROPERTIES WITH CATHODE HEATING 
 

N. Cvetanović1, B. M. Obradović2, M. M. Kuraica2 
 

1Faculty of Trans. and Traff. Engineering, University of Belgrade, V. Stepe 305, Belgrade, 
Serbia 

2Faculty of Physics, University of Belgrade POB 368, 11001 Belgrade, Serbia 
 
In this paper the influence of cathode temperature on abnormal glow discharge properties is 
examined. A Grimm type glow discharge with no cathode cooling, operating in argon was used. 
Spectral line intensities of argon and cathode material are measured simultaneously with 
cathode temperature and were observed to change significantly. Change of discharge voltage 
with measured cathode temperature is also reported. The behavior of the discharge was the same 
for two different cathode materials. Variations of the discharge properties may be attributed to 
the rise of gas temperature due to the heat transfer form the cathode. 
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SPECTROSCOPIC MEASUREMENTS OF NITROGEN  

COMPRESSION PLASMA FLOW ELECTRON DENSITY  
AND TEMPERATURE 

 
I. P. Dojčinović1,2, M. Nikolić1, B. M. Obradović1,2,  

M. M. Kuraica1,2, J. Purić1,2 

 
1Faculty of Physics, University of Belgrade, POB 368, 11001 Belgrade, Serbia 

2Center for Science and Technology Development,  
Obilićev venac 26, 11000 Belgrade, Serbia 

e-mail: ivbi@ff.bg.ac.yu 
 
 

Magnetoplasma compressor with a semi-transparent electrode system that operates in the ion 
current transfer regime is studied. The thermodynamic parameters of the discharge and the 
compression plasma flow generated in N2 + 5% H2 mixture at 500 Pa pressure with input energy 
4.9 kJ have been measured. Special construction of the accelerator electrode system enable the 
electrode shielding by the self-magnetic field resulting in protection from the erosion. Fully 
predominant N II spectrum is observed in the compression plasma flow during quasistationary 
phase. The plasma flow velocity and electron temperature maximum values are measured close 
to 35 km/s and 4 eV, respectively. It was found that electron density values are close to 2·1016 
cm−3 during discharge quasistationary phase. 
 
 
Contributed paper 

 
CLEAVAGE OF SILICON SINGLE CRYSTAL SURFACE  

PRODUCED BY COMPRESSION PLASMA FLOW ACTION 
 

I. P. Dojčinović1,3, D. Randjelović2, M. Matić2, M. M. Kuraica1,3, J. Purić1,3 

 
1Faculty of Physics, University of Belgrade, POB 368, 11001 Belgrade, Serbia 

2Institute HTM-CMTM, Njegoševa 12, 11000 Belgrade, Serbia  
3Center for Science and Technology Development, Obilićev venac 26,  

11000 Belgrade, Serbia, e-mail: ivbi@ff.bg.ac.yu 
 

Modification of silicon single crystal surface by the compression plasma flow (CPF) action is 
studied. It has been found that during single pulse surface treatment regular fracture features are 
obtained on the Si (111) and Si (100) surface in the target central part. Some of these regular 
structures can become free from the underlying bulk, formed as blocks ejected from the surface. 
These surface phenomena are results of specific conditions during CPF interaction with silicon 
surface. 
 
 
 
 
 



 
 
VI SERBIAN-BELARUSSIAN SYMPOSIUM ON PHYSICS AND DIAGNOSTICS OF LABORATORY & ASTROPHYSICAL PLASMA 

 22

 
Contributed paper 

 
CLOSE ENCOUNTERS WITH ASTEROID (704) INTERAMNIA 

 
Anđelka Kovačević 

Faculty of Mathematics, University of Belgrade 
 
 
Results of the search for close encounters between asteroid (704) Interamnia and 13000 
numbered asteroids for period 1996-2051 are presented. A multistep numerical procedure has 
been used to derive the parameters of close encounters. 
 
 
 
Contributed paper 

 
PECULIARITIES OF THE MOTION OF SIZABLE DUST  

GRAINS IN COMETARY ATMOSPHERES 
 

O. P. Kuznechik, V. N. Gorenkov, V. O. Kuznechik 
 

Observatory, Belarusian State University, 
4, Nezaliezhnasti av., Minsk 220050, Belarus 

e-mail: kuznechik@bsu.by 
 
We performed a simulation of trajectories of sizable dust grains with consideration for two 
specific points found on phase plane of cm-sized dust particles. The specific points correspond 
to positions of equilibrium, one point located further from the nucleus corresponding to stable 
equilibrium. The possibility of the capture of dust particles in the zone of stable equilibrium 
points is established on the basis of hydrodynamical modelling of  spherically symmetric gas 
flow with consideration for Knudsen boundary layer of a cometary nucleus. We derived 
estimations of parameters (the sizes and initial speed) of dust particles which can be 
accumulated, the estimations depending on heliocentric distance of a comet. However, the 
probability of the process of ballistics accumulation is low in the stationary atmosphere of a 
comet. A qualitative analysis of the action of atmosphere dynamical properties on trajectories of 
sizable dust grains having two specific points is carried out by the method of stage-by-stage 
consideration. We inferred that the probability of the capture of sizable dust particles and of 
their accumulation in the stable equilibrium zone increased in this case. Parameters of dust 
particles being captured and the accumulation rate depend on physical and chemical properties 
of the nucleus and on an orbit of a comet.  
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THE MERIDIONAL DRIFT OF SOLAR MAGNETIC STRUCTURES 

 
O. P. Kuznechik, V. N. Gorenkov, V. O. Kuznechik 

 
Observatory, Belarusian State University, 

4, Nezaliezhnasti av., Minsk 220050, Belarus 
e-mail: kuznechik@bsu.by 

 
The drift of structures of the general magnetic field and activity zones with the solar cycle 
activity is analysed. The expressions linking the drift velocity of magnetic structures with the 
difference of their plasma density are derived. It is shown that the rotation of the Sun leads to 
the separate of magnetic structures into lighter and more heavy ones in comparison to the 
surrounding plasma. The drift of the sunspot zones toward the equator owing to the rotation of 
the Sun is possible under the condition that magnetic structures with sunspots are more heavy 
structures. At the same time the structures of the general magnetic field are bound to be to drift 
towards the polar zones. The difference of plasma densities in these structures is calculated on 
the basis of the observational drift velocity of magnetic structures. The mean strength of the 
magnetic field in the structures of the general magnetic field that corresponds to the difference 
of the plasma density is found to be 31.5 mT. 
 
 
 
Contributed paper 

 
EXPERIMENTAL STUDY OF A HOLLOW CATHODE  

GLOW DISCHARGE IN HYDROGEN 

G. Lj. Majstorović1, N. M. Šišović2, N. Konjević2 

1 Military Academy, 11105 Belgrade, Pavla Jurišića – Šturma 33, Serbia 
 2 Faculty of Physics, University of Belgrade, 11001 Belgrade,  P.O. Box 368, Serbia  

 
 

The optical emission spectroscopy is used for the temperature measurement of excited 
hydrogen atoms Texc from the shape of the Doppler broadened hydrogen Hα line in a titanium 
hollow cathode glow discharge operated at various pressures of hydrogen. Measurements of 
molecular rotational and vibrational temperatures have been carried out as well. The 
rotational temperature is determined from the population of the H2 excited state d3Πu

− 
rotational-vibrational levels (ν′= 0). The vibrational temperature is measured from the H2 
Fulcher-α diagonal bands, d3Πu

−→ a 3Σg
+ transition, Q-branches, ν′=2, 3. To reveal the 

discharge length at various pressures in a hollow cathode, plasma potential probe 
measurements are performed. 
Contributed paper 
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COWAN CODE AND STARK BROADENING OF SPECTRAL LINES 
 

Nenad Milovanović, Milan S. Dimitrijević 
 

Astronomical Observatory, Volgina 7, 11160, Belgrade, Serbia 
e-mail: nmilovanovic@aob.bg.ac.yu, mdimitrijevic@aob.bg.ac.yu 

We present Stark broadening parameters (widths) of 5 multiplets of S II and 3 multiplets of S 
III calculated using modified semi-empirical approach (MSE). Needed atomic data (energy 
levels) have been calculated using ab initio Cowan code. Comparison of energy levels of S II 
and S III calculated by Cowan code and energy levels taken from NIST atomic spectra 
database is given. We also present comparison of FWHM Stark widths calculated by using 
MSE and experimental widths. 
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A METHOD FOR DETERMINING ORBITS OF SMALL  

PLANETS AND THEIR 3D REPRESENTATION 
 

Nadežda Pejović, Miroslav Marić, Žarko Mijajlović 
 

Faculty of Mathematics, University of Belgrade 
e-mail: nada@matf.bg.ac.yu 

 
We propose a method for determining elements of orbits of small planets and comets from 
data obtained by series of measurements. The particular benefit of the method is seen in the 
easy and accurate determination of the type of the orbit when the measured points are 
closely arranged on the trajectory of the body. It is done by computing four quantities 
related to conics that represent trajectories. Also, software is developed for the 3D graphical 
representation of trajectories and enveloping surfaces that they make in the course of time in 
the heliocentric coordinate system. 
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EVOLUTION OF ACTIVE GALACTIC NUCLEI  

JETS IN GALACTIC HALOS    

A. L. Poplavsky, O. P. Kuznechik, N. I. Stetyukevich 
 

Observatory, Belarusian State University, 
4, Nezaliezhnasti av., Minsk 220050, Belarus 

e-mail: poplavsky@rambler.ru 
 

We analyze long-term evolution of jets from their origin in accretion disks of active galactic 
nuclei to their destruction in far-halos of galaxies. Based on the analytical solutions of RMHD 
equations we show that magneto-hydrodynamical interactions of charged jet with intergalactic 
medium are not effective in jet destruction. High stability of jet in the nearest halo region are 
explained and proved. We show that the only mechanism of jet particles changing their 
trajectories is their interaction with cold dark matter (CDM) particles in far regions of galactic 
halos. Numerical simulations result in the most probable candidate for such CDM particles – 
primordial micro black holes.    

 
Contributed paper 

 
RADIATIVE CHARACTERISTICS OF ACTIVE GALACTIC  

NUCLEI JETS IN EARLY PROPAGATION STAGES 
 

A. L. Poplavsky, O. P. Kuznechik, N. I. Stetyukevich 
 

Observatory, Belarusian State University, 
4, Nezaliezhnasti av., Minsk 220050, Belarus 

e-mail: poplavsky@rambler.ru 
 

Integral and spectral characteristics of active galactic nuclei jets in their early propagation stages 
are simulated. We analyze two main mechanisms of jet emission: synchrotron emission in the 
inner regions of jet and Compton scattering of background photons and photons of surrounding 
sources by jet particles in outer regions. We show only these two mechanisms of jet emission 
provide the total jet luminosity. Synchrotron emission are effective mainly in radio band of 
spectrum, Compton one – in hard X-rays and Gamma-rays.  
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PLASMACHEMICAL REDUCTION FOR THE CONSERVATION  

OF ARCHAEOLOGICAL ARTIFACTS 
 

Zuzana Rašková1, František Krčma2 

 

1 Technical museum in Brno, Purkyňova 105, 612 00 Brno,  
raskova@technicalmuseum.cz 

 2 Brno University of Technology, Faculty of Chemistry, Purkyňova 118, 612 00 Brno 
 
It was proved that the using of hydrogen plasma allows reduction of chlorinated products as well 
as oxides from the corrosion layers of archaeological objects [1, 2] Plasmachemical treatment is 
much more shorter than the mechanical or chemical treatment that have been commonly used 
till this time. The main advantage of this method is the fact that it is possible to treat the artifact 
of big size, the hollow artifacts or artifacts with broken relief [1, 3, 4]. 

Internal iron corrosion layers, surrounding the metallic core, are mainly made of 
magnetite Fe3O4. External corrosion layers consist of oxides, chlorides, α-FeOOH, β-FeOOH, α-
Fe2O3 in  combination with other minerals such as FeOCl, FeCl2, Fe2SiO4, Fe3(PO4)2 8H2O etc... 
Corrosion layers of copper or bronze artifacts include for example Cu2O, CuO, Cu(OH)2, 
Cu2Cl(OH)3, CuS, Cu2S, CuFeS2 etc…It is well known that especially chlorinated products are 
dangerous in term of new corrosion attack. The chlorinated products can be decomposed to the 
chlorides which cause the active corrosion. Our aim is to remove the corrosion layers and to 
protect the artifacts against new corrosion. 
Mechanical and chemical treatment in alcaline sulphite bath is often used to eliminate the 
chlorides from the layers but it takes several months. In 1980, the plasmachemical method was 
developed. It is based on the reduction processes in low-pressure RF hydrogen plasma. The 
original method was changed and improved on the basis of further experience. Originally, gas 
mixture of methane, hydrogen, nitrogen and argon was used for the treatment at the 
temperatures of 400 °C. Presently, it is given priority to pure hydrogen use and in some cases, 
the argon and much lower temperature is used. Depending on the character of the corrosion 
layer, it can be reduced up to the metal.  

 It was found that the whole process can be monitored by using optical emission 
spectroscopy. The optical emission spectra emitted from the discharge were recorded by 
spectrometer Jobin Yvon with CCD detector. In the spectra, various lines and bands were found. 
The hydrogen lines and bands as well as OH radical bands were the most intensive. The band 
and line intensities were observed as a function of the treatment time. It was found that the 
integral intensity of OH is changed during the reduction process. First, the small increase was 
observed, then, the intensity decreased. The relation between oxides reduction and OH intensity 
was found. It could be appreciated that its integral intensity decrease to the value of 10 % of its 
maximum corresponds to the „end“ of the cycle of the reduction process. For the removal of 
corrosion layers and for their reduction to the metal it is necessary to apply several treatment 
steps which are combined with the soft mechanical cleaning and desalination in the LiOH 
solution or in the distilled water. The desalination process was controlled by the determination 
of chloride concentration in the solution using the titration method. 

 Moreover, the model samples of corrosion layers were made and treated in our 
experiments, too. The results obtained during the treatment were compared. It was also found 
that the simlified monitoring device would be useful for the purpose of practical conservation in 
the museum. The device consists of lens, 3, interference filter, UV sensitive photodiode, low 
noise amplifier, AD converter, grounded box and digital signal output. 
  Furthermore, the x-ray diffraction analysis was provided during our experiments. The 
results show the strong decrease of the chloride content in the layer during the treatment. We 
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also observed the difference between the layer composition at the treatment begin and the 
composition identified after several hours of treatment. The analyses of corrosion layers in the 
dependence of the plasma treatment condition will be subject of further studies. 

 
[1] Rašková Z., Krčma F., Klíma M., Kousal J., Czech. J. Phys. 52 (2002) D927. 
[2] Normand-Chave C., Leprince P., Dussere F., Surf. Engeneering 17 (2000) 236. 
[3] DeGraaf M. J., Severens R. J., et al, Surf. Coat. Technol. 74-5 (1995) 351. 
[4] Dalard F., Gourbeyre Y., Degrigny C., Studies in Conserv. 47 (2002) 117. 
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STUDY OF A PULSE ARC DISCHARGE 

USED FOR DIAMOND-LIKE COATING DEPOSITION 
 

I. P. Smyaglikov1, E. I. Tochitsky2, V. G. Tatur2, N. I. Chubrik1 
S. V. Goncharik1, A. I. Zolotovsky1, M. V. Bel'kov1 

 

1 Institute of Molecular and Atomic Physics, National Academy of Sciences of Belarus 
Independence Av. 70, 220072 Minsk, Belarus, e-mail: ips@imaph.bas-net.by 

2 Scientific Engineering Centre “Plasmoteg” 
Academician Kuprevich Str. 1, Building 3, 220141 Minsk, Belarus 

 
Carbon plasma flows for deposition of diamond-like films are generated with the help of four-
electrode system with graphite cathode and self-recovering thin-film conductor of an ignition 
device in a vacuum chamber with residual pressure down to 5⋅10–5 Torr. The pulse-periodic 
carbon arc discharge is considered at discharge current of 4–10 kA, duration of pulses of 100–
200 ms and the pulse repetition rate of up to 30 Hz. The form and amplitude of voltage and 
current of pulses of igniting, supporting and main discharges, and the form of light pulse in 
various zones of the discharge were measured. The information on reproducibility of the arc 
discharge of short duration was obtained as well.  
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Invited lecture

A NEW MODELING APPROACH FOR DACs AND SACs REGIONS

IN THE ATMOSPHERES OF HOT EMISSION STARS

E. DANEZIS1, D. NIKOLAIDIS1, E. LYRATZI1, L.Č. POPOVIĆ2,

M.S. DIMITRIJEVIĆ2, E. THEODOSSIOU1 and A. ANTONIOU1

1University of Athens, School of Physics, Department of Astrophysics, Astronomy
and Mechanics, Panepistimiopolis, Zografos 157 84, Athens – Greece

2Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia
E–mail: edanezis@cc.uoa.gr

The presence of Discrete Absorption Components (DACs) or Satellite Absorption Compo-
nents (SACs) is a very common phenomenon in the atmospheres of hot emission stars (see
Danezis et al. 2003, Lyratzi & Danezis 2004) and result to the complex line profiles of these
stars. The shapes of these lines are interpreted by the existence of two or more independent
layers of matter nearby a star. These structures are responsible for the formation of a series
of satellite components for each spectral line. Here we will present a model reproducing the
complex profile of the spectral lines of Oe and Be stars with DACs and SACs (Danezis et al.
2003, Lyratzi & Danezis 2004). In general, this model has a line function for the complex
structure of the spectral lines with DACs or SACs and include a function L that considers
the kinematic (geometry) of an independent region. In the calculation of the function L we
have considered the rotational velocities of the independent regions, as well as the random
velocities within them. This means that the new function of L is a synthesis of the rotational
distribution and a physical Gaussian. Finally, we calculate the optical depth (τ ) and the
column density (d) of each independent density region.

References

Danezis, E., Nikolaidis, D., Lyratzi, V., Stathopoulou, M., Theodossiou, E., Kosionidis, A.,
Drakopoulos, C., Christou G. & Koutsouris, P.: 2003, Ap&SS, 284, 1119.

Lyratzi, E. and Danezis, E. 2004, AIP Conference Proceedings 740, pp. 458-473 [THE
PHYSICS OF IONIZED GASES: 22nd Summer School and International Symposium on
the Physics of Ionized Gases, Bajina Bašta, 23-27 August 2004, eds. Lj. Hadzijevski, T.
Grozdanov, N. Bibić].
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PROCESSES OF ATOM – ATOM (n – n’)-MIXING INFLUENCE ON

HYDROGEN ATOM RYDBERG STATES POPULATIONS

IN STELLAR ATMOSPHERES

LJUBINKO M. IGNJATOVIĆ1, ANATOLIJ A. MIHAJLOV1 and

MILAN S. DIMITRIJEVIĆ2

1Institute of Physics, P. O. Box 57, 11001 Belgrade, Serbia and Montenegro
2 Astronomical Observatory, Volgina 7, 11160 Belgrade 74, Serbia and Montenegro

E–mail: ljuba@phy.bg.ac.yu

The (n − n′)-mixing processes in H∗(n) − −H(1s) collisions, have been considered from
the aspect of their influence on of the H∗(n >> 1) atom states in the weakly ionized layers
of stellar atmospheres. These processes have been treated by the mechanism of the resonant
energy exchange within the electron component of the considered collisional system. It was
shown that these processes must have significant influence in comparison with corresponding
electron-atom collision processes, on the populations of hydrogen Rydberg atoms in Solar
photosphere and lower chromosphere (ionization degree of the order of 10−4). From obtained
results follows that the examinated (n − n′) mixing processes have to be included in the
modelisation of Solar and cooler stars atmospheric plasma.

Invited lecture

RADIO SPECTROSCOPY OF ACTIVE GALACTIC NUCLEI

ANDREI LOBANOV

Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69, 53121 Bonn, Germany

E–mail: alobanov@mpifr-bonn.mpg.de

Radio spectroscopy offers a number of tools for studying a large variety of astrophysical phe-
nomena, ranging from stars and their environment to interstellar and intergalactic medium,
active galactic nuclei (AGN) and distant quasars. Main targets of extragalactic radio spec-
troscopy are molecular and dust material in galaxies, HII regions, and maser emission origi-
nating in the dense, circumnuclear regions. These studies cover all galactic types and span an
impressive range of angular scales and distances. Molecular emission, hydrogen absorption
and maser lines have become the tools of choice for making an assessment of physical con-
ditions in the nuclear regions of galaxies. In this contribution, some of the recent advances
in the aforementioned fields will be reviewed and discussed in connection with future radio
astronomical facilities.
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A NEW APPROACH FOR THE STRUCTURE

OF Hα REGIONS IN 120 Be STARS

E. LYRATZI1, E. DANEZIS1, D. NIKOLAIDIS1, L.Č. POPOVIĆ2,

M.S. DIMITRIJEVIĆ2, E. THEODOSSIOU1 and A. ANTONIOU1

1University of Athens, School of Physics, Department of Astrophysics, Astronomy
and Mechanics, Panepistimiopolis, Zografos 157 84, Athens – Greece

2Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia

E–mail: elyran@cc.uca.gr

The spectra of a fraction of Oe and Be stars have Discrete Absorption Components (DACs)
or Satellite Absorption Components (SACs) which create complex line profiles of these stars.
The shapes of these lines are interpreted by the existence of two or more independent layers of
matter nearby a star. These structures are responsible for the formation of a series of satellite
components for each spectral line. First, here we will shortly present a model reproducing
the complex profile of the spectral lines of Oe and Be stars with DACs and SACs (Danezis et
al. 2003, Lyratzi & Danezis 2004). In general, this model has a line function for the complex
structure of the spectral lines with DACs or SACs and include a function L that considers the
kinematic (geometry) of an independent region. We have developed the model considering
random velocities in the calculation of the function L. With this modification, the model
can explain the complex structure of all line forming independent regions, until the regions
where the Mg II lines are created. However, with this model it is not possible to explain
the structure of the Hα forming region, i.e. the model cannot appropriate fit the complex
Hα line profiles of Be stars. Here we will present a new approach of the model which is able
to explain the complex structure of Hα regions. The new approach of the model is based
on a synthesis of Hα lines using the fact that sub-regions have random, radial and rotation
velocities, but also that some atomic (collisional) processes can contribute to the line wings
(it brings a Voigt profile). Moreover, we study Hα lines of a sample of 120 Be stars and we
obtained the radial and rotational velocities of the independent regions in which the satellite
components are created. Finally, we calculate the optical depth (τ) and the column density
(d) of each independent density region and we discuss the correlations between obtained
parameters of sub-regions in the sample.

References

Danezis, E., Nikolaidis, D., Lyratzi, V., Stathopoulou, M., Theodossiou, E., Kosionidis, A.,
Drakopoulos, C., Christou G. and Koutsouris, P.: 2003, Ap&SS, 284, 1119.

Lyratzi, E. and Danezis, E. 2004, AIP Conference Proceedings 740, pp. 458-473 [THE
PHYSICS OF IONIZED GASES: 22nd Summer School and International Symposium on
the Physics of Ionized Gases, Bajina Bašta, 23-27 August 2004, eds. Lj. Hadzijevski, T.
Grozdanov, N. Bibić].
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STARK BROADENING OF Ar I SPECTRAL LINES

EMITTED IN SURFACE WAVE SUSTAINED DISCHARGES

M. CHRISTOVA1, M.S. DIMITRIJEVIĆ2 and S. SAHAL-BRÉCHOT3

1Department of Applied Physics, Technical University of Sofia, 1000 Sofia, Bulgaria
2Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia

3Observatoire de Paris, LERMA-Meudon, F-92195 Meudon Cedex, France

E–mail: mchristo@tu-sofia.bg
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E–mail: Sylvie.Sahal-Brechot@obspm.fr

The Stark parameters (the widths and shift) of six Ar I spectral lines in pure argon: 522.1,
549.6, 603.2, 518.8, 560.7 nm (nd→4p, for n = 7 ÷ 5) and 696.5 nm (4p’→4s) have been
calculated within the semi-classical perturbation approach [1-3].

Surface wave’s discharges (SWDs) have been successfully employed in various fields of
science and technology, including materials processing, elemental analysis, abatement of
harmful gases, and more recently, sterilization of medical devices. Operating at atmospheric
pressure we have used emission spectroscopy to determine the electron density of SWDs from
the Stark broadening of the emitted argon lines [4].

References

[1] Sahal-Bréchot, S.: 1969, Astron. Astrophys., 1, 91.
[2] Sahal-Bréchot, S.: 1969, Astron. Astrophys., 2, 322.
[3] Sahal-Bréchot, S.: 1974, Astron. Astrophys., 35, 321.
[4] Christova, M., Castanos-Martines, E., Calzada, M.D., Kabouzi, Y., Luque, J.M. and

Moisan, M.: 2004, Appl. Spectr., 58, 1032.
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Stellar and laboratory plasma diagnostic, atomic abundances, opacity calculations, all have
led to a need for knowledge about Stark broadening of multicharged ion spectral lines.
Sophisticated quantum-mechanical and semiclassical methods (Griem 1974) exist, but they
often require a considerable labor even for the evaluation of a single line width. Moreover,
when quick estimate is needed, the approximate approaches may be very useful.

One such approximate method is the modified (Dimitrijević and Konjević 1980, 1981)
semi-empirical (Griem 1968) formula suitable for singly as well as for multiply charged ion
lines, based on the Gaunt factor approximation for inelastic cross sections (Griem 1968).
Since the Gaunt factor is proportional to the collision strength, it is of interest to use the
collision strength data in the modified semi-empirical formula (Dimitrijević and Konjević
1980) in order to obtain more accurate results.

In this work, instead of the semi-empirical Gaunt factor used in Dimitrijević and Konjević
(1980, 1981), more accurate electron impact excitation collision strengths, obtained in the
distorted wave approximation in LS coupling, were used. We note also that we take into
account the elastic collision contribution to the width by calculating the collision strengths
at the threshold energy and extrapolating them below the threshold as in Griem (1968) and,
Dimitrijević and Konjević (1980). It has been shown that the elastic contribution to the line
width becomes less important with the increase in temperature (Ralchenko et al. 1999).

We have applied this method to the calculation of Stark line widths of two ions, Ne VII
and Ne VIII. The comparison with experiments and other theoretical approaches indicates
that this method can be used successfully for Stark line width calculations.
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On the basis of the precisely recorded 10 neutral krypton (Kr I) line shapes in the 5s–
5p and 5s–5p’ transitions, it has been obtained the Stark shift (d) of the neutral krypton
(Kr I) spectral lines. These lines have been studied in a linear, low–pressure, optically thin
pulsed arc discharge operated in pure krypton. The line shapes are measured at 17 000 K
electron temperature (T ) and at 16.5x1022 m−3 electron density (N ). The mentioned plasma
parameters have been measured using independent experimental diagnostics techniques, as
well as from the line deconvolution procedure. The separate electron and ion contributions
from the total Stark shift (dt), i.e. de and di have been obtained and represent the first
experimental data in this field.

On the basis of the observed asymmetry of the Stark broadened line profile it has been
deduced the ion broadening parameters which describe the influence of the ion static (A) and
the ion–dynamical effect on the shift (E) of these 10 Kr I line shapes. The ion–dynamical
parameters of the measured Kr I line shape are the first data in this field, too.

Short talk

THE STARK BROADENING EFFECT

IN HOT STAR ATMOSPHERES: Tl II

NENAD MILOVANOVIĆ, MILAN S. DIMITRIJEVIĆ and LUKA Č. POPOVIĆ

Astronomical Observatory, Volgina 7, 11160 Belgrade, Serbia

E–mail: nmilovanovic@aob.bg.ac.yu

Electron-impact broadening is the main pressure broadening mechanism in the hot star
atmospheres. Satellite ultraviolet spectral lines observations made by e.g. International
Ultraviolet Explorer (IUE) and Goddard High Resolution Spectrograph (GHSR) installed at
Hubble Space Telescope provided much better possibilities for the investigations of the trace
elements spectral line in stellar atmospheres. Consequently, Stark broadening parameters
data for such lines become of interest for stellar spectra interpretation, analysis and modelling
as well as for abundance determination.

In order to provide the needed spectroscopic data for singly ionized Thallium spectral
lines we present Stark broadening parameters for Tl II spectral lines calculated within the
modified semiempirical approach. Calculations were performed within temperature range
5000K-50000K and for an electron density of 1023m−3.
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Chromium is one of the most anomalous elements in Ap stars. It was shown to be concen-
trated in the deeper atmospheric layers in Ap stars β CrB and in γ Equ, where electron
density is high enough to favor the Stark broadening mechanism, the most significant pres-
sure broadening mechanism for A and B stars. Most Cr I, and Cr II, lines in the optical
spectral region have rather small Stark damping constants so no measurable Stark wings
appeared. However, Cr I, lines from 4p−4d transitions are known to have fairly large Stark
damping constants according to calculations made by Kurucz.

We present here new calculations of Cr I Stark line widths and shifts based on the semi-
classical perturbation approach of Sylvie Sahal-Bréchot. Electron-, proton-, and ionized
helium-impact line widths and shifts for nine Cr I spectral lines from the 4p7P 0 − 4d7D
multiplet, were calculated for a perturber density of 1014 cm−3 and for temperatures T =
2,500 − 50,000 K.

The results were used to investigate the influence of Stark broadening effect on Cr I line
shapes in the atmosphere of the Cr-rich Ap star β CrB. In spite of the rather large Stark
damping constants, the effect is not observable in stars with solar Cr abundance. In hot stars
where electron and proton densities are high, the Cr I, lines considered here are generally
very weak, while in cooler stars (solar type) other broadening effects are more significant
where these lines are strong enough. The only chance to look at Stark effect is in stratified
atmosphere of a Cr-rich Ap star, such as the well known magnetic star β CrB.

Our analysis of the Cr-rich Ap star β CrB line shapes was based on its spectrum obtained
in February 1998 with the MuSiCoS spectropolarimeter mounted on the 2 m telescope at Pic
du Midi observatory (R=35000).It was found (Dimitrijević et al, 2005) that the contribution
of proton and He ii collisions to the line width and shift is significant and comparable,
and is sometimes even larger than electron-impact contribution depending of the electron
temperature. Moreover, not only the Stark line width, but also the Stark shift may contribute
to the blue as well as to the red asymmetry of the same line depending on the electron-,
proton-, and He ii density in stellar atmosphere. The results were used to investigate the
influence of Stark broadening effect on Cr i line shapes in the atmosphere of the Cr-rich Ap
star β CrB.
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Astrophys., in press.

47



V Serb. Conf. on Spectral Line Shapes in Astrophysics
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Stark broadening of ion and atom lines is of interest in the investigation of laboratory and
astrophysical plasma. With the development of space-born spectroscopy, observations of
spectral lines of trace elements like copper and zinc, become available. From the analysis of
11 Hg-Mn star spectra (Jacobs and Dworetsky, 1981) for example, it follows that copper is
clearly overabundant in 10 of investigated stars. Zinc spectral lines are present as well in
stellar spectra (see e.g. Adelman 1994, Cowley et al. 2000, Ryabchikova et al. 2000).

The knowledge of Stark broadening parameters is also of interest for the investigation of
laboratory and technological plasmas. For example, Spectral lines of Cu III and Cu IV are
of particular interest for the diagnostic and modelling of plasma created in electromagnetic
macro particle accelerators where in experimental work, the plasma is usually created by Cu
or Al foil evaporation. Also, doubly charged zinc ion is a member of the nickel isoelectronic
sequence, known to include possible candidates for development of ultraviolet lasers.

Here we present Stark widths for six transitions of Cu III and six transitions of Zn III
calaculated by using the modified semiempirical approach (Dimitrijevi and Konjevi 1980).
Obtained theoretical results are used to consider the influence of Stark broadening for A
type star atmospheres conditions.

Obtained results demonstrate that in A type star atmospheres exist layers where the
influence of Stark broadening on Cu III and Zn III line shapes is important in comparison
with Doppler broadening. The obtained Stark broadening parameters contribute also to the
creation of a set of such data for as large as possible number of spectral lines, of significance
for a number of problems in laboratory, technological and astrophysical plasma research.
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In general, the profile of the spectral lines observed in cold plasmas with a low density
and at pressures of over 100 Torr, can be approximated well enough by means of Voigt
type functions. This function is the result of the convolution of a gaussian function with a
lorentzian function. In this way, by using a model permitting us to fit the Voigt function
and intermediate theories, it is possible to obtain fundamental parameters characterizing the
plasma (electron density and temperature, gas temperature, etc.)

In the present work, we have fitted the experimental profiles of the Hydrogen Balmer serie
lines to a simulated profile obtained from the theoretical Stark profiles given by Gigosos et
al [M.A. Gigosos, M.A. Gonzlez and V. Cardeoso: Spectrochim. Acta B 58 (2003) 1489.].
by means of the Model Microfield Method. For this treatment it is necessary to find out the
most important effects causing the line broadening in our ”low density plasmas”: Van der
Waals, Doppler, instrumental and Stark broadening.

This study was carried out for the first Hydrogen Balmer series line (Hα), this being
the most problematic line because it depends heavily on the electron temperature and has
a strong broadening by ion dynamics. This method permits the inclusion of ion dynamics
effects and also to take into account the difference between Te and Tg existing in the plasma,
by means of the reduced mass, µ. (In our Ar-H plasma with Te = 6500K y Tg = 1400K,
µ is approximately 4). The best simulated profile corresponded to the convolution between
a Van der Waals profile for a gas temperature of 1400 K (≈ 0.035), a Gaussian profile
(Doppler+Instrumental) of approximately 0.02 nm and a Stark profile for a µ equal to 4 and

an electron density of ≈ 4 − 5 · 1014cm−3, with a 95% approximation to the experimental
profile.
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Vršac, 6-10. June, 2005.
Program and Abstracts

Poster paper

TEMPERATURE DEPENDENCE OF NON

HYDROGENIC ATOM-LINES STARK WIDTHS
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We investigate in the present work the temperature dependence of Stark widths for neutral
atom spectral lines in order to find a more precise method for scaling with temperature

than sometimes used dependence T−1/2, which is often inadequate particularly for Stark
broadening of neutral emitter lines.

We propose here a method which provides better possibilities for scaling with temperature.
In order to demonstrate the applicability of this scaling, we have applied it to Stark line
widths of He I, Mg I, and Ar I. The present results concerns the data at a perturber density
1016cm−3 and (temperature = 2.5103 - 5.0104 K).

In order to obtain a better method for the scaling of Stark broadening parameters with
temperature we have used formulae for estimating Stark widths of neutral atom lines based on
the simple method of Freudenstein and Cooper and its generalization (i) for the cases where
there are more than one important perturber level and (ii) for the shifts, by Dimitrijević and
Konjević.

We present results for temperature scalings of Stark half-halfwidths with the proposed
method, which are compared with width calculations according to the semiclassical pertur-
bation formalism (versions of Sahal-Bréchot and Griem, Baranger, Kolb and Oertel)and with
results obtained with symplified methods of Freudenstein and Cooper, and of Dimitrijević
and Konjević.
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način poslovanja, politički život, kulturu i zauvek promenio način na koji radimo, učimo, 
komuniciramo, živimo. Zadnje decenije desila se još jedna digitalna revolucija romantičnog naziva 
„Računarski oblak“ ili „Cloud computing“.  
Kao pojam u razvoju može da se definiše kao model koji omogućava jednostvani mrežni pristup 
određenom skupu resusrsa, bez obzira da li su u pitanju mrežni resursi, aplikacije ili servisi koji su 
brzo dostupni za upotrebu.  Sinhronizacija sadržaja i korisnika na Cloud-u dala je nove dimenzije 
korišćenju Interneta. Uz pomoć Cloud-a svi ti sadržaji su dostupni i na računaru, i notebook-u, tabletu 
ili mobilnom telefonu, a po potrebi i svima onima sa kojima su umreženi, odnosno 
sinhronizovani.Zbog svojih pozitivnih karakteristika razvija se velikom brzinom i svakodnevno dobija 
sve veći broj korisnika širom sveta - od javnih preduzeća, vlada, škola, kompanija, do poslovnih ljudi, 
studenata i mnogih drugih. To je „oblak” na informatičkom nebu, računarska infrastruktura koja 
svojim korisnicima nudi mogućnost skladištenja informacija, korišćenje softvera i aplikacija po 
principu servisa, kao i nove načine obrade i korišćenja podataka.  
Deo kulturne baštine predstavalja i arhivska građa koja u sebe uključuje i mnogobrojne fotografije. 
Osavremenjivanje rada arhivske službe u skaldu sa razvojem moderne tehnologije, pojava 
elektronskih oblika zapisa  i novih oblika medjuljudske komunikacije omogućili su veću dostupnost 
arhivske gradje. Tako digitalizovana gradja, koja se čuva u institucijama zaštite kao i u privatnim 
kolekcijama, postaje dostupna mnogobrojnim korisnicima.Korišćenjearhivske gradje,koja sadrži 
veliki broj raznovrsnih informacija, u naučne i druge svrhemože biti olakšano i ubrzano primenom 
Cloud computing-a. Pored toga, umrežavanje i upotreba mrežnih resursa može da utiče na smanjenje 
troškova obrade i njene primene. 
Cilj ovog rada je da ukaže na mogućnost korišćenja digitalnih zapisa u procesu zaštite kulturne 
baštine kao i na primenu računarskog oblaka koji olakšava njenu dostupnost i ubrzava razmenu 
informacija. 
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EЛЕКТРОНСКА ИЗДАЊА СРПСКИХ АСТРОНОМСКИХ ИНСТИТУЦИЈА И 
ДРУШТАВА 2011-2012 

 
У астрономским институцијама и друштвима у Србији, електронско издаваштво је  започето 
2006. Године. Период закључно са 2009, детаљно је приказан у Прегледу НЦД, бр. 17 (2010, 
стр. 17-24). У том периоду су публикована 22  компакт диска и ДВДа, а издавачи су били 
Астрономска опсерваторија, Астрономско друштво „Руђер Бошковић“, Друштво астронома 
Србије и Природњачко друштво „ГЕА“ из Вршца.   Наставак ове активности у 2010. и делу 
2011, приказан је у раду саопштеном на Десетој конференцији „Нове технологије и стандарди: 
Дигитализација националне баштине“, који је у штампи у Прегледу НЦД. Овде ћемо дати 
преглед резултата добијених у оквиру ове активности у другом делу 2011. и првом делу 2012. 
године.   
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Abstract: Virtual Atomic and Molecular Data Center (http://www.vamdc.eu, VAMDC), described 
here, is an European Union funded FP7 project  with the objective to create  a secure, documented, 
flexible and interoperable e-science environment-based interface to existing atomic and molecular 
data. It will also provide a forum for dissemination and training of potential users.  
The contribution of the Belgrade node is STARK-B database (http://stark-b.obspm.fr), developing 
together with LERMA-Observatoire de Paris-Meudon, containing Stark broadening parameters.  
The database is currently developed in Paris, and a mirror-site is planned in Belgrade, within the 
frame of SerVO - Serbian virtual observatory (http://www.servo.aob.rs/~darko). 

Keywords: atomic data, molecular data, databases, e-science, virtual observatories 

Introduction 
Atomic and Molecular data are of critical importance in many research fields in astrophysics, 
atmospheric physics, fusion, environmental sciences, combustion chemistry, and in industrial 
applications from plasmas and lasers to lighting. In spite of this, it is not easy to obtain a needed 
critically selected set of such data. Namely in various sources they are provided in different ways, 
without common standards, using different units, often without critical evaluation, anonymously 
and without indications of the method or theory for their production.  

As the principal problems for an adequate search and atomic and molecular data mining, one 
could enumerate: a) Lack of standards and common guidelines; b) Interoperability problem;  c) 
Data exchange problem; d) Overlapping of efforts; e) Need  of hiring computer engineers since the 
majority of developers are  Astronomers, Physicists, Chemists; f) Data identification problem, since 
XML schemata keys are needed not only for data exchange but also for data identification; g) Need 
for a critical evaluation of data; h) Often lack of primary source of data and description how they 
are produced.   

The need to solve the above mentioned problems  and to provide facilities for a productive 
search and data mining, leaded to the idea to create a Virtual Atomic and Molecular Data Center 
(VAMDC – [1]), accepted as  a FP7 founded project, which started on July 1 2009, with a duration 
of  42 months.   

Here, we will describe the FP7 VAMDC Project and its connections with STARK-B 
database for parameters of Stark broadening of spectral lines (http://stark-b.obspm.fr), as well as 
with Serbian Virtual Observatory (SerVO - http://www.servo.aob.rs/~darko). 
VAMDC – Virtual Atomic and Molecular Data Center 
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The aim of VAMDC project is to build a secure, documented, flexible, easily accessible and 
interoperable e-infrastructure, and   upgrade and integrate Atomic and Molecular database services 
in order to satisfy the needs of the users of such data in science, research and development, 
governmental institutions,  industry and general public. This will be done by implementing a 
VAMDC interface for access the principal databases with heterogeneous data, which are created for 
different purposes and users. Also, VAMDC will enable data queries across multiple databases, 
aimed for various research fields.  In addition, the objective of VAMDC is also to create a forum of 
data producers, data users and databases developers, as well as to organize the corresponding 
tutorials and training of potential users. In such a way, VAMDC will involve users and producers in 
the development and use of its facilities and resources and will enable data publishing and control 
of quality of implemented atomic and molecular data.   

Project leader is Marie-Lise Dubernet from Observatoire de Paris and core consortium is 
made of 15 institutions with 24 scientific groups from France, Serbia, Russia, England, Austria, 
Italy, Germany, Sweden and Venezuela. The coordinator of the Project is, Centre National de 
Recherche Scientifique - CNRS (Université Pierre et Marie Curie, Paris; Observatoire de Paris; 
Université de Reims; Université Joseph Fourier de Grenoble, Université de Bordeaux 1: Université 
de Bourgogne, Dijon; Université Toulouse).   

 
Fig. 1: VAMDC logo. 

External VAMDC partner is also NIST – National Institute for Standards and Technology in 
Washington.  

The databases, which represent the core of the VAMDC e-infrastructure are the following: 
VALD database of atomic data for  analysis of radiation from astrophysical objects 
(http://vald.astro.univie.ac.at/); CHIANTI, an atomic database for spectroscopic diagnostics of 
optically thin collisionally ionised astrophysical plasmas  (http://sohowww.nascom.nasa.gov/ 
solarsoft, http://www.damtp.cam.ac.uk/user/astro/chianti/); EMol Database at the Open University 
in Milton Keynes, containing  a comprehensive listing of critically evaluated and regularly updated  
measured and calculated cross sections for electron interactions with molecular systems; CDMS - 
Cologne Database for Molecular Spectroscopy (http://www.ph1.uni-koeln. de/ vorhersagen/); 
BASECOL database (http://basecol.obspm.fr) containing excitation rate coefficients for ro-
vibrational excitation of molecules by electrons, He and H2; GhoSST (Grenoble astrophysics and 
planetology Solid Spectroscopy and Thermodynamics, http://ghosst.obs.ujf-grenoble.fr), offering 
spectroscopic laboratory data on molecular and atomic solids and liquids from the near UV to the 
far-infrared; UMIST - University of Manchester Institute of Science and Technology (UMIST) 
database for astrochemistry (http://www.udfa.net/), providing  reaction rate data and related 
software for chemical kinetic modelling of astronomical regions; KIDA -  KInetic Database for 
Astrochemistry  containing data on  chemical reactions used in the modelling of the chemistry in the 
interstellar medium and in planetary atmospheres (http://kida.obs.u-bordeaux1.fr); PAHs 
(Polycyclic Aromatic Hydrocarbon) and carbon clusters spectral database 
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(http://astrochemisty.ca.astro.it/database/) in Cagliari; LASP (Laboratorio di Astrofisica 
Sperimentale) Database (http://web.ct.astro.it/weblab/ dbindex.html#dbindex) at the INAF (Istituto 
Nazionale di Astrofisica) - Catania Astrophysical Observatory, containing atomic data for  
molecules in the solid phase;  Spectr-W3 atomic database  (http://spectr-w3.snz.ru), listing 
experimental, calculated, and compiled data on ionization potentials, energy levels, wavelengths, 
radiation transition probabilities and oscillator strengths, and also parameters for analytic 
approximations for electron-collision cross-sections and rates for atoms and ions; CDSD - The 
Carbon Dioxide Spectroscopic Databank  (http://cdsd.iao.ru  and ftp://ftp.iao.ru/pub/CDSD-2008), 
containing calculated spectral line parameters for seven isotopologues of carbon dioxide; S&MPO -  
Spectroscopy & Molecular Properties of Ozone) database (http://ozone.iao.ru and http://ozone.univ-
reims.fr/), containing spectral line parameters for the ozone molecule, experimental UV cross-
sections, information on ozone’s molecular properties, updated reference lists as well as programs 
for user applications; "Spectroscopy of Atmospheric Gases" (http://spectra.iao.ru); W@DIS  - 
Water Internet @ccessible Distributed Information System (http://wadis.saga.iao.ru),  listing 
experimental water-vapour spectroscopy data; TOPbase (http://cdsweb.u-strasbg.fr/topbase/ 
topbase.html), listing  atomic data computed in the Opacity Projec, TIPbase (http://cdsweb.u-
strasbg.fr/tipbase/home.html), with atomic data computed by the IRON Project, and  OPserver, 
located at the Ohio Supercomputer Center, USA, (http://opacities.osc.edu/),  a remote, interactive 
server for the computation of mean opacities for stellar modelling using the monochromatic 
opacities computed by the Opacity Project; XSTAR database,  used by the XSTAR code 
(http://heasarc.gsfc.nasa.gov/ docs/software/ xstar/xstar.html) for modelling photoionised plasmas; 
HITRAN -  HIgh-resolution TRANsmission molecular absorption database 
(http://www.cfa.harvard.edu/hitran/); GEISA - Gestion et Etude des Informations Spectroscopiques 
Atmosphériques (Management and Study of Atmospheric Spectroscopic Information) database 
(http://ara.lmd.polytechnique.fr/index.php?page=geisa-2 or 
http://ether.ipsl.jussieu.fr/etherTypo/?id=950); HITEMP, a high temperature extension to HITRAN  
(To access the HITEMP data: ftp to cfa-ftp.harvard.edu; user = anonymous; password = e-mail 
address); STARK-B database (http://stark-b.obspm.fr) of the theoretical widths and shifts of 
isolated lines of  atoms and ions due to collisions with charged perurbers, obtained within the 
impact approximation. Details on references for particular databases could be found in Refs. [1, 2]. 

The VAMDC facilities will be useful for a number of topics in Astronomy, Plasma science, 
Atmospheric science, Radiation science, Fusion community, Industries using technological 
plasmas, as e.g. lasers, etching, and Lighting industry and will provide an adequate tool for an 
easier and more efficacious data mining and search of the needed atomic and molecular data.  

STARK-B database 
The development of STARK-B databse, which enters in VAMDC e-infrastructure, is in progress in  
Laboratoire d’Etude du Rayonnement et de la matière en Astrophysique of the Observatoire de 
Paris-Meudon in collaboration with the Astronomical Observatory of Belgrade. It contains Stark 
line broadening parameters (widths and shifts) obtained within the impact approximation using the 
semiclassical perturbation approach [3,4], during the more than 30 years lasting collaboration 
between two of us (SSB – MSD). All later optimizations and updating of the computer code, are 
described for example in Ref. [5]. 

STARK-B [6] is aimed for modelling and spectroscopic diagnostics  of stellar atmospheres 
and envelopes, as well as for laboratory plasmas, laser equipment, inertial fusion plasma and 
technological plasmas.   The database is currently developed in Paris, and a mirror-site is planned in 
Belgrade.   

SerVO – Serbian Virtual Observatory 
The mirror-site of the STARK-B database which will be in the AOB VAMDC node, will be a part 
of the SerVO - Serbian virtual observatory (http://www.servo.aob.rs/~darko). SerVO  started as a 
project  TR13022, accepted by the Ministry of Science and Technological Development of Republic 
of Serbia [7], from April 1st 2008.  From the 1st January of 2011, it is financed by the Ministry of 
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Education and Science through the project III44002 "Astroinformatics and virtual observatories". 
After establishing SerVO and starting to digitize and archive photo plates [8] and other 
astronomical data produced at Belgrade Astronomical Observatory, the aims are i) To work on the 
development of  SerVO and to join the EuroVO and IVOA; b) To develop SerVO data Center 
which will work on the  digitizing, archiving and publishing in VO format of 14,500 photo-plates 
archived on Belgrade Astronomical observatory, obtained between 1936 and 1996, as well as stellar 
catalogues produced in Serbia; c) To work on the development  of tools for visualization of data; d) 
Make a regional node of Virtual Atomic and Molecular Data Center – VAMDC; e) Make a mirror-
site of STARK-B;  f) Make a mirror-site for DSED - Darthmouth Stellar Evolution Database [9]  in 
the context of VO.  
VAMDC, STARK-B and SerVO are examples of new facilities in e-science. Especially VAMDC 
which is expected to become legal entity and one of the major European cyber-infrastructures. We 
plan to develop further the Serbian VAMDC node with an aim to become a regional center for this 
activity, and a forum  for A&M data users and producers in South Eastern Europe, as well as an 
organizer of tutorials and trainings for students and potential users.  
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