HAYYHOM BERY HHCTUTYTA 3A ®U3UKY Y BEOI'PALLY

IIpeamer: MoJ10a 3a nokperame NOCTyNnKa 3a u300p y 3same Buim HayyHu capagHuk

MOJIBA

Monum Hayuno Behe MncTturyra 3a ¢usuky na y ckiany ca IlpaBuiHMKOM O CTHLARKY
HCTPaXKMBAYKUX U HAYYHUX 3Bakba IOKPEHE MTOCTYIAK 332 MOj U300p y HAYYHO 3Bamb€ BUIIN HAyYHH

CapaJlHUK.

HocraBipaMm crenehe:

- Munubseme pykoBoauoLa ca npeiorom wiadosa Komucuje 3a u36op y 3pame

- buorpadujy

- Ilpernen HaydyHe aKTUBHOCTH

- Enemente 3a KBaJMTaTUBHY OLIEHY HAyYHOT JOIIPUHOCA

- EnemenTe 3a KBaHTUTATUBHY OLIEHY HAyYHOT JOIIPHHOCA

- Cnucak 00jaBJbeHUX HAYYHHX pajioBa U JpYTrUX MyOsMKalyja pa3BpcTaHUX Mo Bakehum
Kareropujama rnpomnucanuM lIpaBuiHuKOM

- Konuje o6jaBibeHnx pajoBa 1 Ipyrux nyOiukanyja HaKoOH IPeTXOJHOT U300pa y 3Bame

- IlonmaTke o HMTHPAHOCTH pajoBa

- ®oroxomnujy penema 0 n300py y MPETXOAHO 3BAHE

- YBepeme 0 0J0pambeH0] TOKTOPCKO] AUCEePTAIU]U

- IIpunor

VY Bbeorpany,

24.02.2022. np Henan Cakan, Hay4HU capaJHUK
Wuctutyrt 3a pusuky y beorpany



Hay4ynom Behy UncTuTyTa 32 pusuky y beorpany

I[MpeaMer: Munubeme pyKOBOAUOLA

Hp Henan Cakan je 3anocneH y WHcrutyty 3a ¢usuky on 1998. romune. Hayune
AKTUBHOCTH KaH/IM/IaTa YIIaBHOM Cy yCMEpPEHE Ha TEOPH]jCKO HCITUTHBAKE KAPAKTEPUCTHKA T'YCTe
HEWJICAIHE BOJOHWUYHE IIJJa3ME W  CKCIICPUMEHTAJIHO HUCIHUTHUBAkbEe  KapaKTePUCTHKA
HUCKoTeMnepaTypcke miasme. Jp Henan CakaH je 10 caia 00jaBuo 27 HAy9HHX pajioBa, Py YeMy
je 13 panmoma xareropuje M21, 8 pagoa kareropuje M22 u 6 pagoBa kareropuje M23. Hakon
onnyke Hayunor Beha o mpemjiory 3a cTullame 3Balba HAYYHU capaJHHK o0jaBuo je 17 pagosa
(5 panoBa kareropuje M21, 6 pamoBa kareropuje M22 u 6 pagoBa kareropuje M23). Pagosu
ap Cakana cy nutupanu 384 myra y3 h-ungekc 11 (6a3a Scopus), 6e3 ayrorurara 337 myra. 30up
MMOCHA Ha OCHOBY 00jaBJbCHUX PajioBa M yuenrha Ha KoH(epeHIrjama 3HaTHO MTpeMaIlyje yCioBe
3a u300p KaHU/IaTa y 3BamhC BUIIM HAYYHH CapaTHUK.

Jp Henan Cakan je ygecHuk npojekra @onna 3a Hayky Pemybnuke CpOuje u3 mporpama
Hoeje n npojekta Cpricke Akagemuje Hayka M yMETHOCTH M byrapcke akajaemuje Hayka.
Peniensupao je pamoBe y MeljyHapoIHUM 4YacoNMCHMa M OJIPXKA0 Tpe/aBamba 10 TO3UBY.
PykoBoaMO je MPOjeKTHUM 3aJIaTKOM y OKBHPY IpOjeKTa MUHUCTApCTBA 3a MPOCBETY, HAYKY W
TeXHOJIOIKHU pa3Boj Op. 176002. [Ip Henan Cakan je pyKOBOAMO je M3PaJOM jeHOT MacTep U
JEIHOT MarucTapcKor paja.

C 003upoM Ja Kojiera HCIymhaBa CBE KBAaHTHTATUBHE W KBAIUTATHBHE KPHUTEPH]yME
nponucane [IpaBUITHUKOM O CTHIIakby HCTPAKUBAYKHUX W HAyYHHX 3Bamba, MpeiiaxeM HaydHom
Behy MucTuTyTa 32 Qusuky aa mokpeHe nocrymnak 3a u3dop aAp Henana CakaH y 3Bame BHIIH
HAYYHH CApaTHHK.

3a cacraB Komucuje 3a uzbop np Henaga CakaH y 3Bamkbe BHIIM HAYYHHM CAPATHHMK
IpeUIaXKeM:

Hp Bnagumup CpehkoBuh, Hayunu caBeTHuk, MHCTUTYT 32 Qu3uky, beorpan
Hp JbyOunko Urmwarosuh, HayuHu caBeTHUK, IHCTUTYT 3a ¢usuky, beorpan
Hp Hparan MapkyiieB, Hay4yHH caBeTHUK, IHCTUTYT 3a ¢pusuky, beorpan

ITpod. [p Cphan byksuh, penosuu npocgecop, @usuuku pakynrer, beorpasn
Jp 3opan Cumuh, Hay4HHM caBeTHUK, ACTPOHOMCKA oricepBaTopHja, beorpan

agkrownE

VY beorpany,
24.02.2022.

1p Munusoje MiBkoBuh, HayuHU CaBETHUK



1. bBuorpadcku U CTpy4YHM MOAAUM O KAHAUAATY

Hp Henan Cakan je pohen 04. mapta 1972. ronune y Cxorsby. Hakon 3aBpiieHe OCHOBHE
U cpenme mKoie, miojiacke 1990/1991 ronune ynucao ce Ha @u3nuku Gaxkynrer YHHUBEP3UTETA
y beorpany (Cmep Ilpumemena pusuka). Jurmiomupao je 6. jyma 1998. rogune. Omnykom Ondopa
donma "llpod. Jdp Jbydbomup hupkosuh", np Henan Cakan je moOMTHHUK Harpajze 3a HajOOJbU
JTUTUTOMCKY paz oa0pameH Ha Ousndakom dakyntety y 1997/1998. TlocneaumiomMcke CTyauje Ha
cmepy "ExcniepumMenTanHa ¢pu3nka joHn30BaHUX racoBa’ ymnucao je mkoiscke 1998/1999. ronune.
1. ampuna 2004. roguHe CTEKao je 3Bamkbe Marucrpa GU3HYKUX Hayka Ha Du3ndkoMm (akynrery
VYHuBep3uTeTa 0AOpPaHOM MarkcTpackor paaa moja HasuBoM "Paspama Mmertoga mpopauyHa
ONITHYKHX KaPaKTEPUCTHKA TJIa3Me Oa3upaHoT Ha MOJICITHUM €KpaHUPaHUM MOTEHIHjauMa", TI0/1
MEHTOPCTBOM JIp AHaToiMja MuxajinoBa, HaydHOTr caBeTHHKa MHCcTHTyTa 3a du3uky. Kanaunar
je 1. jyma 2009. rogunHe cTtekao 3Bame JOKTOpa (pu3Mukux Hayka Ha Du3ndykoMm ¢akynTeTy
VYHuBep3utera y beorpany on16paHoM JAOKTOPCKOT pajaa moJ Ha3uBoM "Mojienupame ONTHYKOT
KOHTHHYHMPAHOT CIIEKTpa I'yCTE jaKO jOHM30BaHE IIa3Me y alpOKCHUMaInju ojcedeHor KymoHoBor
MoTeHIHjana" 1o MEHTOPCTBOM Jip AHaToiuja MuxajinoBa, HaydyHOT caBeTHHKa MHcTHTYyTa 32
bu3uKy.

V¥ nepuony o1 23.10.1998. rogune 1o cana je 3anocned y MHCTUTYTY 3a pu3uky. Ourykom
Hayunor Beha MucTuTyTa 32 QU3MKY, KOja je JoHeTa Ha ceaAHuIM oapkaHoj 19.10.2004. ronune
n3abpaH je y HayYHO 3Barbe UCTPaXKMBAY CapaIHUK. Y Hay4YHO 3Bah¢ HAYYHU CapaIHUK je n3abpaH
19.05.2010. Ha ocHOBY oastyke Komucuje 3a cTuliambe HayqHHX 3Bama. Y 3Babe HayYyHH CapaJHUK
je peusabpan 28.10.2015. 1 27.09.2017. ronune. [lo caga je 06jaBro 27 Hay4yHHUX pasioBa, O KOJUX
17 mocne uzbopa y 3Bame HayuyHU capaaHuK. PajoBu myOIMKOBaHM TOKOM IIETIOKYITHE Kapujepe
KaHuaaTa ¢y jJo caaa nurupanu 384 nyra y3 h-unmekc 11 (6a3a Scopus), 6e3 ayrommurara 337
nyTa. YKynaH 30up UMOakT (hakropa 3a pagoBe 00jaB/beHE TOKOM LIEIOKYITHE KapHjepe U3HOCH
60,492 nok 3a pagioBe 00jaBJbeHE Y MEPHOY HAKOH oTyke HayuHor Beha o mpensory 3a cTuliame
3Bama Hay4YHH capagHuK u3HocH 38,776.

Cse Bpeme pama Ha HWHcTuTyTy 3a (QU3MKYy je OHO aHTaXOBaH Ha TIPOJEKTUMA
MuHHcTapcTBa MPOCBETE, HAyKe M TEXHOJIOIIKOT pa3Boja. TpeHyTHO je ydecHUK mpojexta PoHaa

3a HayKy Peny6nuke CpOuje u3 nporpama Hoeje uunju je pykoBoauian ap Muinsoje MBkoBuh u



npojekta Cpricke AkaaeMuje Hayka W yMeTHOCTH M byrapcke akamemuje Hayka, 4dju je

pykoBoauiart ap 3opan Cumuh (AcTpoHOMCKa oricepBaropuja, beorpan).

2. Hpel".]'[e)l HayYHE€ aKTUBHOCTHU

UctpaxxuBamwa Jp Henana Cakana y gocagamimeM paay cy Ouia ycMepeHa Ha TEOpPH)CKO
UCIUTUBUIKE KapaKTEPUCTUKA TIyCT€ HEWJEAJIHE BOJOHHUYHE IUIa3ME M EKCIEPUMEHTAIHO
UCIUTHBAKE KapaKTEPUCTHKA HUCKOTEMIIEpATypCKe IUIa3Me. Y IMEpUOJy HAaKOH IPETXOJHOX
n3bopa y 3Bame, HEroBa HayYHO-MCTPaKMBAayKa aKTUBHOCT C€ O/IBHja Y OKBUpY cienehux

TEMATCKHUX ICINHA:

2.1. HcnuTHBamkbhe ONTHYKHX KapaKTEepUCTHKA I'yCT€ HEUICAJIHE IIJIa3MeE

Hakon n30opa y 3Bame Hay4HU capaJHUK, KaHAUIAT HACTaBJba PaJl Ha U3y4YaBamby ONTHUKHX
KapaKTEepUCTHKA TYCTe HEUACATHE Tu1a3Me. Y TOM IUJbY j€ Y OKBUPY paHHje Pa3BUjEHOT METOAa
mpopadyHa Jonat mporec Qoroarcoprimje 3a npenaze Melhy BezaHuM ctamuma, U Ap Cakal
aKTUBHO paJid Ha MOJEIMMa MPOLIUPekha U MpopUINMa CIIEKTPATHUX JTUHUja allCOPIIIje TYCTe
HeHJleaJlHe TUIa3Me IpU MCIUTUBAHUM YCJIOBHMMA. YCIEHIHO je NMPOBEPEH METOJ HYMEPHUYKOT
pemaBama [lIpeauHrepose jeHauYMHE KOJU j€ OMOTYhHO Ja ce MoJie] MPUMEHH Ha MPOU3BOJHHE
dhopme moTeHIMjama aToMa U joHa y miaa3Mu. OBO je YCIENTHO MPUMEHEHO Ha MOJIET aprOHOBOT
aToma y miua3mu. Paau ce Ha gameM ycaBpliaBamby MOJela.

OO03upoM Ha TO Ja OBakaB MOJENl YCHEIIHO OIHUCYje IJIa3My CpeAmHUX U BHUILUX
HEUJeaTHOCTH Koja je OMTHA 3a omuce mpoleca y 3Be3Jama, aKTUBHO CE€ paJy Ha MPOIIUPEHY
Mozena. OBakBa Iu1a3ma je OUTHa M y BpJIO Op30M Mpera3HOM PEKUMY JIACEPCKU MOCTUTHYTE
dby3uje.

OBaj TN TEOPHUjCKOr OIuca IJa3Me je MPUMEHHUB Ha cucTeMe ca jakuMm KylnoHOBCKHM
Be3aMa, W TMOKA3aJl0 Ce JIa OBAKBH jaKO CIIPETHYTH CHCTEMH MOTY BEOMa JIeTIO J1a CE OIHIIY
MPOCTUM MOJEIHUM TMoTeHIujanuMa. Jlatm omnuc je omoryhuo yBohewe CBUX JOJATHUX
MHTEpaKija y MOTIYHO KBAaHTHO-MEXaHMYKH ONHMC emuTepa y miaasmMu. Ox caMoMm moyeTka

INPHUMCHE OBAKBOI' MOJCJIa Ha OITHUYKEC KAPAKTCPUCTHUKE I'YyCTC HCUACAIHC IIJIA3ME KaHAUIAAT je



pa3BMO KOMIUIETAaH MaTeMaTHYKd MoJell W coTBep TMOA PYKOBOJACTBOM Jp AHATOJIHja
MuxajioBa.
HajBaxxHuju 10 caja MOCTUTHYTH PE3YJITaTH U3 OBE OOJACTH Cy MPUKA3aHU Y HABEICHUM

paaoBuMa:

A.A. Mihajlov, N.M Sakan, V.A. Sreckovi¢, Y. Vitel (2011): Modeling of the continuous
absorption of electromagnetic radiation in dense partially ionized plasmas. Journal of Physics A:
Mathematical and Theoretical 44, 095502 (17pp)
http://dx.doi.org/10.1088/1751-8113/44/9/095502

Sre¢kovié V. A., Sakan N., Suli¢ D., Jevremovi¢ D., Ignjatovi¢ Lj. M. and Dimitrijevié M. S.

(2018) Free—free absorption coefficients and Gaunt factors for dense hydrogen-like stellar plasma.
Monthly Notices of the Royal Astronomical Society, 475 (1), 1131-1136;
http://dx.doi.org/10.1093/mnras/stx3237

A.A. Mihajlov, N.M Sakan, V.A. Sreckovi¢, Y. Vitel (2011): Modeling of the continuous
absorption of electromagnetic radiation in dense hydrogen plasma. Baltic Astronomy 17, 1-6;
https://doi.org/10.1515/astro-2017-0345

A.A. Mihajlov, V.A. Sreckovié, N.M. Sakan (2015): Inverse Bremsstrahlung in astrophysical
plasmas: the absorption coefficients and Graunt factors. Journal of Astrophysics and Astronomy
36, 635-642 (nperneanu wianak); https://doi.org/10.1007/s12036-015-9350-0

M. S. Dimitrijevi¢, V. A. Sre¢kovi¢, N. M. Sakan, N. N. Bezuglov, A. N. Klyucharev (2018) Free-
Free Absorption in Solar Atmosphere, Geomagnetism and Aeronomy, 2018, Vol. 58, No. 8, pp.
1067-1072, https://doi.org/10.1134/S0016793218080054

U3 cpoane obnactu je u pan:

A.A. Mihajlov, V.A. Sre¢kovi¢, Lj.M. Ignjatovié, A.N. Klyucharev, M.S. Dimitrijevic,
N.M. Sakan (2015): Non-elastic processes in atom Rydberg-atom collisions: review of art and



problems. Journal of Astrophysics and Astronomy 36, 623-634 (mperjaenHu daaHak)
https://doi.org/10.1007/s12036-015-9364-7

Y oBOM paay je MOKa3aHO Jia paJHalMoOHU MPEHOCH CHEpruje He MOry Jaa Oyay 3ao0ubeHu y

pa3Matpamy U J1a 6u Tpedaso Ja ce ykjbyde y OKBUPY CTaHAapAHUX Mojesa atMocdepa CyHna.

2.2. EKCHepHMeHTaJIHO HCIIUTHBAKEC KAPAKTCPUCTHUKA HUCKOTEMIIEPATYPCKE IJIa3Me

Y OKBHpY OBE TEMaTHKE, KaHIUAaT ce 0aBUO MPOOJIEMATUKOM BE3aHOM 3a aKBU3HIIU]Y
noJlaTaka, MpPUKJbYYHO CE paly Ha CHEKTPOCKOIHUjU MMITYJICHUX MPaXKkhEeHkha U YIECTBOBAO je& Y
HCIIUTHBAKY Mojena (puToBama CeKTpaiHuX JinHuja bamvepose cepuje BooHMKa. Paawo je Ha
pa3Bujamby EKCHEpUMEHTa 3a MHTEP(HEPOMETPHjCKO Mepeme KOHICHTpaluje eJIeKTpOoHa
HUCKOTEMIIEpaTypCcKe, peTKe Iuia3Me, Oa3upaHor Ha WHTEPPEPOMETPHjH 3paucrha YribeH-
JTMOKCUIHOT Jlacepa. L{1ib oBOT ekcriepuMeHTa je 00e30ehuBame He3aBUCHOT MeTo1a oapehuBama
€JIEKTPOHCKE KOHIIEHTPAIMje HUCKOTEMIIEPAaTypPHHUX TIA3MHU MaJie eJIeKTPOHCKE KOHICHTpAIHje
panu u3ydaBama 00JIMKa CIEKTPAITHUX JIMHKja TPH TaKBUM yclioBiuMa. Ha ocHOBY Tora Tpeba na
ce nobuje ekcriepuMeHTalHa afnapaTypa Koja je y cTamy Ja 00jeIMHH MOJaTKe O €JIEKTPOHCKO)]
KOHIIEHTpalMju  1o0ujeHo] UHTepHEepOMETPHjCKUM  METOJIOM, Kao HE3aBHCHUM, ca
CHEKTPOCKOIICKUM H3y4yaBameM 1miazme. OBo 6u omoryhuiio fa ce qoduje ekcrepuMeHTaina 6a3a
CIEKTPOCKOIICKMX I0JIaTaka ca HEe3aBHCHO ojpeheHMM KOHIeHTpalujama elekTpoHa. OBakBa
0a3a eKCIepUMEHTAJIHUX [ojJaTraka OM HMaja NpPUMEHY Kako Yy THpoBepu mocrojehux
CIIEKTPOCKOIICKMX €MITUPHUJCKUX (opMyaa 3a oapehuBame eNeKTpOHCKE KOHIEHTpauuje u
TeMIiepaType Iia3Me, TaKo U KOJ[ pa3Boja HOBUX (hopMmyJsia U MpoIeaypa 3a JUjarHOCTUKY T1a3Me
ca MaJIUM €JIEKTPOHCKUM KOHIIEHTpalHjaMa 1 HUCKUM TeMIlepaTypama.

Haj3nauajHuju 10 cajia HOCTUTHYTH pe3yJTaTH U3 oBe 00J1aCTH Cy MPUKA3aHU y pajay:

N. Konjevi¢, M. Ivkovi¢, N. Sakan (2012). Hydrogen Balmer lines for low electron number density
plasma diagnostics (Review). Spectrochimica Acta Part B 76, 16-26 (npeereonu uwnanax);
https://doi.org/10.1016/j.sab.2012.06.026



2.3. Teopujcko pazmarpame llITapkoBor npommpema CieKTPAJIHUX JHHHja ATOMA U joHA Y

IJ1asMu

[MTotpeba 3a ucnutuBameM LlltapkoBor npommpemwa cnekrpanaux Juauja Nb 111 ce jaBuna 300r
mojaBe Nb y Bpyhinm atmocdepama 3Be3na A Trma, Kao U 'y atMmocdepama Oeliux maryjbaka THIIA
DA u DB. V oBoj obnactu excriepuMeHTaiiHa 0a3a pe3yirara je Beoma ciaba, a 3a HEKe O]
eJleMeHaTa M HemocTojeha, Tako J1a TEOPHjCKO pa3Marpame IMPOLIMPEemha YecTo Mopa Ja uie
UCIpe]l eKCIIEPUMEHTAITHOT MT03HaBama Tor mpoiieca. OBo je jeman of ciiydajeBa Kajaa 3a BehuHy
aHAM3UPAaHUX JIMHUja TIOCTOjU HEJOCTaTaK eKCIepUMEHTANHUX moxaraka. OO03upoM Ha
3aCTYIJLEHOCT eJIeMeHaTa PETKHX 3eMajba y TIOMEHYTHM 3Be3JlaMa M NaTyJblIMMa OTBOPEHO je
OOMMHO TO/IpyYje paja 3a Jajbe WCIUTHBAmbE MoHamama lllTtapkoBux mapamerapa oBe Tpyme
enemenara. Kao pesynrar capagme ca Kojerama ca ACTpOHOMCKe oricepBaropuje y beorpany,

MIPOUCTEKJIE CYy U 3ajeIHNYKe MyOIrKaIyje Ipyu YeMy Cy Haj3HaYajHUjU pe3yaTaTH MyOJIMKOBaHU

y pany.

Simi¢ Z., Sakan N. (2020) The electron-impact broadening of the Nb Il for 5p-5d transitions.
Monthly  Notices of the Royal Astronomical Society, 491 (3), 4382-4386.
https://doi.org/10.1093/mnras/stz3362

2.4. IlpumeHa cTaTHCTHYKe 00pajJe MOJATAKA Y €KOXeMHjH M NMPOIeHA eKOJIOLIKOI PU3NKA

HA OCHOBY BepoBaTHohe orahaja

VY oxBupy oOpaze mojaraka JOOMJEHHX XEMHJCKUM aHaJin3a 3€MJBHINTA U CEIUMEHTA
KaHMJIaT je IOMOrao y pa3Bojy U ynoTpeou crieliupuuHOT METO/1a HOpMUPakba pe3yliTaTa Mepema
Ha TNPOLECHEHU CPeAbU CTaTUCTUYKM HOPMHpaH NpUpoaHU (GoH naTtor tepeHa. Kanaupar je
pa3Buo U codTBep 3a MPOLEHY pu3HKa 3araljera TOKCHYHHM elleMeHTHMa kopuctehun MoHTe
Kapno cumynanujy. Pazsujajyhu oBe merone, np Henan Cakas je ocTBapHo capajimby ca Kojierama
u3 MHcTHuTyTa 32 XeMHjy, TEXHOJOTHjYy M METalyprujy U Haj3HAYajHUJU pe3yNTaTH JOOHjeHU

MNPUMCHOM JAaTUX METOJA Cy l'[y6J'II/IKOBaHI/I y CJ'ICI[ChI/IM paaoBuMa:



S. Sakan, A. Popovi¢, S. Skrivanj, N. Sakan, D. Pordevi¢ (2016) Comparison of single extraction
procedures and the application of an index for the assessment of heavy metal bioavailability in
river sediments. Environmental Science and Pollution Research, 23 (21), 21485-21500;
https://doi.org/10.1007/s11356-016-7341-6

S. Sakan, G.Devi¢, D. Reli¢, I. Andelkovi¢, N. Sakan, D. Pordevi¢ (2014): Risk assessment of
trace element contamination in river sediments in Serbia using pollution indices and statistical
methods: a  pilot  study. Environmental  Earth  Sciences 73, 6625-6638;
https://doi.org/ 10.1007/s12665-014-3886-1

S. Sakan, G. Devi¢, D. Reli¢, I. Andelkovi¢, N. Sakan, D. Pordevi¢ (2015): Environmental
assessment of heavy metal pollution in freshwater sediment, Serbia. Clean - Soil, Air, Water 43,
838-845. https://doi.org/ 10.1002/clen.201400275

S. Sakan, G.Devi¢, D. Reli¢, I. Andelkovi¢, N. Sakan, D. Pordevi¢ (2015) Evaluation of sediment
contamination with heavy metals: the importance of determining appropriate background content
and suitable element for normalization. Environmental Geochemistry and Health 37, 97-113.
https://doi.org/ 10.1007/s10653-014-9633-4

Sakan S, Sakan N., Andelkovi¢, L., Trifunovié, S., Pordevi¢, D. (2017) Study of potential harmful

elements (arsenic, mercury and selenium) in surface sediments from Serbian rivers and artificial
lakes. Journal of Geochemical Exploration 180, 24-34.
https://doi.org/ 10.1016/j.gexplo.2017.06.006

S. Sakan, N. Sakan, A. Popovié, S. Skrivanj, D. Pordevié¢ (2019) Geochemical fractionation and
assessment of probabilistic ecological risk of potential toxic elements in sediments using Monte
Carlo Simulations. Molecules 24, 2145; https://doi.org/10.3390/molecules24112145

S. Sakan, S. Franciskovi¢-Bilinski, D. Pordevi¢, A. Popovié, N. Sakan, S. gkrivanj, H. Bilinski
(2021) Evaluation of Element Mobility in River Sediment Using Different Single Extraction



Procedures and Assessment of Probabilistic Ecological Risk. Water 13, 1411.
https://doi.org/10.3390/w13101411

S.M. Sakan, N.M. Sakan, D.S. Pordevi¢ (2013) Trace element study in Tisa River and Danube
alluvial sediment in Serbia. International Journal of Sediment Research 28, 234-245.
https://doi.org/10.1016/S1001-6279(13)60034-7

2.5. Ilpumena nporpamMaou/iHe JIOTHKe HA Pa3Boj CHCTeMa YIIPaB/baba

[To3HaBame mporpaMadmiTHE JIOTHKE H MUKPOKOHTPOJIEPA, Kao M YIpaBbamka CUCTEMUMA je
pe3ynroBasio capaawmoM ca Karenpom 3a cucreme Haopyxkama ca MamumHcKor ¢akynrera
VYuuBep3utera y beorpaay Ha pa3Bojy cucteMa ynpapibama I'pDYIIOM aKTUBHUX JIETEIHMLA WIIH
myHunyje. Kanaunar je HanpaBuo KOCUMYJIATOpP yIpaBJbamba KOjU je aKTUBHO Pajiio y CKIIaay ca

MOJICJIOM CUMYJIMpaHUM Ha padyHapy. Haj3HauajHUju pe3ynTaTi OBe capambe Cy IMyOJTUKOBaHH Y

pany:

M.A. Boulahlib, M. Milinovi¢, M. Bendjaballah, O. Jeremi¢, N.M. Sakan (2017):
Software/hardware design of decision-making controllers for object navigation in horizontal plane.
Technical Gazette 30(3), 307-314. https://doi.org/10.17559/TV-20160408195923

3. EnemenTtn 3a KBAaJUTATUBHY OUECHY HAYYHOI JOIIPUHOCA KaHAUIATA

3.1. KpaauTer Hay4YHHX pe3yJTara

3.1.1. Hayunu nHueo u 3nauaj pezyimama, ymuuaj HayuHux paoosa

Hp Henan Cakas je 1o cayia 06jaBuo 27 HayqHUX pajoBa, pu uemy je 13 pagosa kareropuje M21,

8 panoBa kareropuje M22 u 6 panona kareropuje M23. Hakon oanyke Hay4unor Beha o npeasory

3a CTUIIak-C 3Balba HAYYHH capaaHuk 00jaBuo je 17 pamosa (5 pagosa kateropuje M21, 6 pagosa

kareropuje M22 u 6 pagoBa kareropuje M23). Cyma ummakT (akTopa pagoBa Koje je 00jaBHO



np Henang Cakan usHocu 60,492, a 3a myOsMKOBaHE pajoBe Iocie M300pa y 3Bame HAyYHH

capagnuk 38,776.

Kao ner Haj3Hauajuujux pagosa ap Cakana y o0BOM U300pHOM MEpHOTy MOTYhe je U3BOjUTH:

1. Mihajlov A., Sakan N. Srec¢kovi¢ V., Vitel Y. (2011) Modeling of continuous absorption of
electromagnetic radiation in dense partially ionized plasmas. Journal of Physics A - Mathematical
and Theoretical, 44 (9), (DOI:10.1088/1751-8113/44/9/095502) (M21)

2. Simi¢ Z., Sakan N. (2020). The electron-impact broadening of the Nb 111 for 5p-5d transitions.
Monthly  Notices of the Royal Astronomical Society, 491 (3), 4382-4386.
(DOI:10.1093/mnras/stz3362) (M21)

3. Konjevi¢ N., Ivkovi¢c M., Sakan N. (2012). Hydrogen Balmer lines for low electron number
density plasma diagnostics (pregledni clanak). Spectrochimica Acta Part B 76, 16-26.
(DOI:10.1016/j.sab.2012.06.026) (M21)

4. Mihajlov A.A., Sakan N.M, Sreckovi¢ V.A., Vitel Y. (2011): Modeling of the continuous
absorption of electromagnetic radiation in dense hydrogen plasma. Baltic Astronomy 17, 1-6
(DOI:10.1515/astro-2017-0345) (M23)

5. Mihajlov A.A., Sre¢kovi¢ V.A., Sakan N. (2015). Inverse Bremsstrahlung in astrophysical

plasmas: the absorption coefficients and Graunt factors (pregledni ¢lanak). Journal of Astrophysics

and Astronomy 36, 635-642 (DOI: 10.1007/s12036-015-9350-0) (M23)

Pag 6p. 1 nmpunana temarckoj oOmnactu HMcnumuearbe ONMuYKuUX KApaKxmepucmuxa 2ycme
Heuoeanne niazme. I'TaBHU IIWJb y OBOM pajy je OMO MOCTaBJbake HOBOI MOJIENA 3a MPOpavyH
mpolieca KOHTHHYaJIHE arcopIlliije eIEKTPOMAarHeTHOr 3payewma. [Ipuka3zanu pesynratu umajy
IIPUMEHY KaKo Ha OIUC JIabOpaTOPHjCKUX, TAKO U Ha M1a3Me y atMocepama 3Be3a. OBaj pan ce
3acHUBA Ha Kopulhewy pe3ynaTara npopayyHa y MHOTO IIIMPEM OIICETy IapameTapa, a OCHOB pajia

Cy IPHMHIIMIIY KOjU Cy NMPEACTaBIbEHH Y OKBUPY MarucTapcKor pajia U JOKTOPCKO] AUcCepTaluju


https://ui.adsabs.harvard.edu/link_gateway/2020MNRAS.491.4382S/doi:10.1093/mnras/stz3362
https://doi.org/10.1016/j.sab.2012.06.026
https://ui.adsabs.harvard.edu/link_gateway/2011BaltA..20..604M/doi:10.1515/astro-2017-0345

kaauaara. JIp Henan Cakan je mao qompuHOC y cBUM (ha3zama peanm3aluje OBOT paja, O

KOHIICTIIIH] €, I1a JI0 MHIcama paja.

Pan 6p. 2 npunana obnactu Teopujcko pazmamparwe LLImapkogoe npowuperoa cnekmpaiHux
nuHuja amoma u joua y niazmu. [lorpeda 3a uciutubameM Ll TapkoBOT MpOMIMPEHa CIIEKTPATHIX
auamrja Nb 11l ce jaBmma 300r mojae Nb y Bpyhum armocdepama 3Be3ga A Tuma Kao Uy
atMocdepama 6enux narysbaka Tuna DA u DB. O63upom Ha 3aCTYNIBEHOCT elleMeHaTa peTKUX
3eMajba y MOMEHYTHUM 3Be3JaMa W TMaTyJbllMMa OTBOPEHO je OOMMHO TMOJApYdYje paja 3a Jajbe
UCIUTHBake ToHamama llltapkoBux mapamerapa oBe rpyne eiemeHata. Kanaupmar je mao
3Ha4ajaH JIONPUHOC Y TyMauehy JOOUjeHUX pe3yiTaTa, Kao U y MpUIpeMu Tekcta pana. OBaj paj
je HacTao Kao pe3yaTar capaame ca ap 3opanom Cumuhem Ha mokymiajy yBohema LlltapkoBor
HMIMpeHa Y MOJEN ONTHUYKUX KapaKTePHUCTHKA IUIa3Me pa3BUjeH O] CTpaHEe KaHIHWIara, Kao

mocicauia I[eTa.]'bHPIjel" YIO3HaBamka ca rmpouecuma H_[TapKOBOF pCHa.

Pax Op. 3 npumaga obmactu EKcnepumeHmaniHo — uUCnumugarbe — Kapakmepucmuxa
HUcKomemnepamypcke niazme. Y OBOM pajly Cy IpPEICTaB/bEHU PE3yJTaTH aHAIU3E METOa
JIEKOHBOJIYLIMj€ eKCIIEpUMEHTAIHUX Ipoduiia tuHuja banMmepoBe cepuje BogoHMKA. AHalu3a je
U3BpIIIEHA HA BEIMKOM OIICETy €KCIIEpUMEHTAHUX U TeopHjcKuX npoduia nuauja. Ha ocHoBy
OTICEXHE aHaJM3e Jara je Mmpernopyka kopuiihema oarosapajyhux ¢opmyina, kao u kopunihema
BUIINX WIaHOBA banMepose ceprje Ko/l Ia3Mu HUKHUX €JIeKTPOHCKHUX KOHIICHTpAIINja, T1Ie TOT je
TO Moryhe.

IIpoBepa BaaMIHOCTH AEKOHBOJIYLMOHUX (OpPMYJIa U MpOLelypa 3aXTeBa BEJIUKU HU3 pe3ysiTaTa
ca TO3HATUM TapamMeTpuMa, W OHHM Cy JOOMjeHH Kao pe3yiaTaT HYMEpPHUYKH CHMYIHUPAHOT
eKCIIEpUMEHTa. Y TOM LIWJbY peEpEeHTHU CIIEKTPATHHU IPOUIN Cy HyMEPUUKH MOJIU(HUKOBAHU
TaKo Jla OJIroBapajy peajHUM YCIOBHMAa MEpEma, ca MO3HATUM MHCTPYMEHTATHUM NPOQHIOM U
HUBOOM Iyma. Kanaunar je Ha 6a3u TeopHjcKux mpoduia kuMa HyMEpUUKH J1oj1aBao ['aycoBa
MPOIIMPEeHa WHCTPYMEHTATHOT Tpoduiia peallHor WHCTPYMEHTa W TepMmaiHor JlomepoBor
l"aycoBor nmpomupemwa. Takohe, nogaBaH je ¥ IIyM U KOHCTaHTHAa KOMIIOHEHTA Jia ce TOo 00Jbe
CUMYJIUpa peasHu Npo(ui CHEeKTpalHe JHHUje KOju Ou ce 100Mo MepemeM Ha CTBApHOM
excriepuMeHTy. [lo3HaBame CBUX IHapamerapa CHUMYJIUpPAaHUX YCIOBa Yy IUIa3MH U Mepema Cy

omoryhunu na oBakBM mpoduinu ca mnpeaepUHUCAHUM KOMIIOHEHTama JOMPHHOCAa CBHUX



CHUMYJIMPaHUX TMpolieca Oyay KOPHIITEHH 3a TpPOBEpYy METoJa JEKOHBOJyIHje. TOKOM OBOT
mpolieca KaHIUIaT je YCIIeo J1a HaIlpaBu COIICTBEHE METO/IC M IIPOrpaMe 3a KOHBOIYIIH]Y Ipoduiia
KOJU Cy MaTeMaTHUKy IPEIIKYy TeHeprcama CBeM Ha MUHUMYM. [10TOM je U3 oBaKo reHeprucaHux
CIEKTPAJIHUX JIMHUja Ha OCHOBY ayTOMAaTCKe IMpOLEAype IEKOHBOJYIMje Kao U (uroBama
BojroBum mpoduiiom n00HjeHO HHM3 MmapaMerapa Koju cy mopeheHu ca Mo3HAaTUM MOYETHUM
BpenHoctuMa. Kako je Tpebaiio 1a ce oBakBa MpoIieIypa H3BPIIU Ha BEIMKOM OpOjy CHMYJIMPAHUX
npoduna, KaHAUIAT je ayTOMaTU30Ba0 ynoTpedy mporpama 3a (UTOBAmE CIICKTPATHUX JIMHH]jA
wia3me. Takole kaHAMIAT je pa3BHO METOE AyTOMATCKOT O/Ty4HBaka O KBAIUTETHMA pe3yJITara
JICKOHBOJTYIIMj€ CBAKOM O] METOJIa HA OCHOBY Yera je JJOHOIICH Cy/] O 00JIaCTH IPUMEHE CBAKE OJI

KOpI/IH_IheHI/IX METOAA.

Pag Op. 4 mpunanma temarckoj oOmactu Mcnumuearbe ONMUYKUX KAPAKMEPUCUKA 2YCmie
Heudeanne niasme. Y OBOM pajJy je HMCIHTAH HOBU MOJEN 33 ONHMCHUBAKHE KOHTHHYHPAHE
arnicopniyje enekrpomarseTHor (EM) 3pauema y rycroj mapuujagHo JOHU30BaHO] BOJOHHUKOBO)]
IJIa3MHU ca TYCTHHOM ejleKTpoHa oko 5 - 1018 cm™ — 1,5 - 1019 cm™® u temmepatype okxo
1,6 - 104 K-2,5- 104 Ky o6mactu tamacaux 300 nm <A <500 nm. JoOujeHu pe3ynraT ce Mory
NPUMEHUTH Ha IUIa3Me JISIMMUYHO JOHM30BAaHMX CJIOjeBa PA3IMYMTUX 3BE3JaHUX arMocdepa.
OBaj paz ce 3acHMBA Ha KopHIIhemy pe3yaTara MpopauyHa y MHOTO IIHPEM OIICEeTy mapamerapa,
Ha TPUHIMIIUMA KOJU Cy TPEJICTABJbEHH y MAarucTapCKOM paay U JOKTOPCKO] JUCEpPTALHUjH
kanaunaara. JIp Henan Cakan je mao mompuHOC y cBUM (ha3ama peanm3aiiije OBOT paja, O

KOHHGHHI/Ije, Ia 10 nmucama paaa.

Pang 6p. 5 mpunaga temarckoj oOnacTu Hcnumusarbe OnmMuuKUX Kapakmepucmuka 2ycme
HeuoeanHe niazme. Y OBOM paiay ce pazmarpa (oTo-arcoprmifja Ha cI000 HIUM eIeKTPOHUMA,
nHBep3Hu Bremsstrahlung, y pasaum atmocdepama 3Be3/1a U IpyruM acTpoPU3NIKUM TIIa3MaMa.
[Topen mokazane MPUMEHLUBOCTH Ha acTpo(U3NUKE TIa3Me, pE3yIATaTH cy Takole MpUMEHUBU HA
naboparopujcke miazme. Ip Henan Cakan je mao mompuHOC y cBUM (hazama peanmsaiidje OBOT

paja, o1 KOHIIEIIIHje, Ia 10 MHcamba paja.



3.1.2. Ilozumusna yumupanocm Hay4Hux paoosa KaHouoama

Panosu ap Cakana cy Ha nan 22.02.2022. nutupanu 384 nyra y3 h-unnexc 11 (6a3a Scopus), 6e3
ayromurara 337 myra. YKymaH 30up UMIakT (akTopa 3a pajoBe TOKOM IIETOKYITHE Kapujepe
n3Hocu 60,492, nok 3a pagoBe oOjaBibeHe HaKOH omiiyke Hayunor Beha MuctuTyTta 3a pusuky o
MpEJIOTY 3a CTULIalkhEe 3Bamba HaydyHHU capaaHuk uzHocu 38,776. IIpocedyHa BpemHOCT MMIIAKT

(dakTopa 1o paay KaHauaaTa y u300pHOM Mepuoy rnepuoay usnocu 2,281. (nokasu y Ipumory)

3.1.3. llapamempu keéanumema paoosa u 4aconuca

VY nocanammoj kapujepu np Henax CakaH je kKao ayTop WM KOayTop 00jaBHO M MPE3EHTOBAO
89 oOubmmorpadckux jeauHWIAa MyOIMKOBAHMX Kao MOIJIaBJba y MOHOTpadckuM crynujama
MehyHapoaHOT 3Hayaja, y yacomucuma MelyHapomHor 3Hauaja W nomahuM yacomucuma, |
caonmTHo Ha MehyHapoguum u goMmahum koHpepennujama. Jlo cama je 06jaBuo 27 Hay4HHX
pamoBa, ox kojux 17 mocnme m30opa y 3Bame HayuyHu capamgHuk. On 17 pamoBa Koju cy
myOJIMKOBaHM Y OBOM U300pHOM IEpUOTY, S pajioBa cy kareropuje M21, 6 pagoBa cy kareropuje
M22 u 6 panoBa cy kareropuje M23. Cyma uMnakT pakropa CBUX pasioBa Koje je 10 cajga 00jaBuo
np Henan Cakan uznocu 60,492, oqHOCHO 3a MyOJIMKOBaHe pajoBe Mmocie u30opa y 3Bambe HayqHU
capanuuk 38,776. Y mpuiory je nara JIMCTa Hay9HHX PajoBa ca oJroBapajyhoM KaTeropujom H
.

VY xarteropujama M21, M22 u M23 o6jaBibeHH cy pafoBu y cienehuMm yaconmucuma (Kao
napamMeTap KBaJIUTeTa yacoluca JaT je UMMAKT (akTop KOju je MOABYYEH 3a pajioBe 00jaB/beHE

HakoH o/utyke Hayunor Beha o mpeiory 3a cTuiiame MpeTXoJHOT 3Bamka):

VY xateropuju M21 (BpxyHcku MehyHapoaHu dYacommc), KaHIuaaT je 00jaBUO paaoBe y
cnenehum gaconucuma:

Monthly Notices of the Royal Astronomical Society (M®=5,103 (2009); U®=5,194 (2017);

Nd=5,359 (2020)) — ykymHo 3 paga, 2 y akTyeaTHOM H300OPHOM ITEPHOIY
Astronomy & Astrophysics (M®d=4,259 (2007))

Spectrochimica Acta Part B (M®=3,552 (2010)) — nperneanu pan
Environmental Science and Pollution Research (M®=2,828 (2014))




Journal of Applied Physiscs (M®=2,072(2009))

Journal of Physics B-Atomic Molecular and Optical Physics (M®=1,761 (2001)
Journal of Physics A-Mathematical and General (M®=1,566 (2006)) 2 pana
Journal of Physics A: Mathematical and Theoretical (Md=1,564 (2009))
Journal of Physics D-Applied Physics (M®=1,260 (2001)) 2 paxga

VY xareropuju M22 (McTakHyTH Mel)yHapoaHH 4acomuc), KaHaAugaT je o0jaBHO pajoBe y
cienehuM yaconucuma:

Molecules (M®=3,098 (2017)

Journal of Geochemical Exploration (M®=2,858 (2017)

Environmental Geochemistry and Health (M®=2,566 (2014))

Water (UD=2,544 (2014))

Soil, Air, Water (U®D=1,945 (2014))

Environmental Earth Sciences (M®=1,765 (2014))

Journal of Physics A-Mathematical and Theoretical (M®=1,577 (2009))

New Astronomy Reviews (Md= 1,080 (2007))

V kareropuju M23 (pax y mehyHapoaHom yaconmucy), kKanauaar je o0jaBuo pajose y cieaehum

qacoIllucuma.

Baltic Astronomy (M®=1,032 (2009))
International Journal of Sediment Research (M®=1,082 (2011))

Journal of Astrophysics and Astronomy (M®=0,711 (2014)) — 2 pana, 06a cy mperjieHu

pazoBu U 00a pajsia cy 00jaBjbeHa y aKTyeITHOM H300pHOM TIEPHOTY
Technical Gazette (M®=0,464 (2015))
Geomagnetism and Aeronomy (M®=0,555 (2017))




JlonatHu OMOJMOMETPHJCKHM TOKa3aTeJbl Y BE3HW ca 00jaBJbCHHM paJOBMMa KaH/IHMIaTa HAaKOH
OJUTYKE O IIPETXOTHOM M300pY Y 3Babe

no M CHUII

YKynHo 38,776 88 15,675
YcpeamweHo mo WIAHKY 2,281 5,176 0,980
YcpeameHo mo ayropy 9,827 22,164 4121

3.1.4 Cmenen camocmannocmu u cmenen yuewha y peanuzayuju paooea y HayuHum YeHmpuma y

3emsbU U UHOCmpancmey

[Ipema pesynraruMa koje je mo camga octBapuo, np Henam CakaH je moka3ao BHCOK CTEIICH
CaMOCTATHOCTH, OATOBOPHOCTH W MPO(ECHOHATHOCTH y CBUM (DazamMa HAyIHOUCTPAKUBAYKOT
pana, MoYeB O IUIaHWparma, WACJHOT pelllaBamba M M3BOhCHA EKCICPUMEHTa, A JI0 aHaIHu3e
pe3yiaTara, JUCKyCHje U yoOJM4aBama pajioBa y KOHauHU OOJHK 3a myOnukoBame. Kanaunar je
HAy4YHY 3pEJIOCT IMO0Ka3a0 KPO3 IMPETo3HABamke HAYYHO AKTYEIHHX TeMa U Y OKBUDPY HHX je
OTBOPHMO MHTamka 1 MpolieMe Koje je HEOMXOAHO UCTPAKUTH, OJHOCHO PEIIUTH. Y pean3aiuju
palioBa, KaHJAMUJAT j€ YYECTBOBAO Y €KCIIEPUMEHTATHOM Pajly, aHAIMU3H U TUCKYCHjU TOOUjCHUX
pe3yaTara, Kao U y MHcamy pajoBa.

Hayune aktuBHOCTH Jip Henana CakaH y meproy HAKOH MPETXOIHOT n300pa y 3Bamke yrIIaBHOM
cy Ouse ycmepeHe Ha crnenehe o00JacTH: €KCIEPUMEHTAIHO HCIHUTHBAKE KapaKTEPHCTHKA
HUCKOTEMIIEpaTypcKe IIa3Me€ M TEOPUJCKO HCIUTHBAKE KapaKTePUCTHUKA TYCTe HEUJeallHe
BogoHnyHe 1iazme. [p CakaH je Jao KJbY4HHU JONPHUHOC Y Pa3BOjy M MPUMEHH MOJENOBamba
ONTHYKUX KapaKTEPUCTUKA TyCTe HEWACaTHE BOJOHUKOBE IUTa3Me ojicedeHUM KyraoHOBUM
noteHyjamoM. HactaBak pana KaHauaaTa Ha WM3ydaBamky KapaKTEPHCTHKA TyCTE HEWCaTHe
IjJa3Me Cce OJHOCHO Ha TO Jla je paHuje pa3BUjEHOM METOAYy MpopadyHa A0oJaT MPOIecC
doTtoancopmiyje 3a npenaze Mely Be3aHuM cTarbuMa. Y CIIEITHO j€ IPOBEPEH METOT HyMEPUUKOT
pemaBama [llpenunrepoBe jeqHaunHe Koju je oMoryhuo aa ce Mojaen MpUMEHH Ha MPOU3BOJHHE
dbopme moTeHIMjama aToMa U joHa y mia3Mu. OBO je YCIEenTHO MPUMEBEHO Ha MOJIET aprOHOBOT
atoma y rmia3mu. Kaamuaar paau u Ha 1ameM ycaBpiiaBamy Mojena. O caMoM IoYeTKa IpUMEHe
OBAaKBOT MOjiella Ha ONTHYKE KapaKTepUCTHKE TYyCTe HEUAeanHe IuUla3Me KaHIUAaT je pa3BHO

KOMIIJICTaH MaTCMaTU4YKU MOJCIT U CO(I)TBep.



Jlp Henan Cakan je OMO MEHTOp, OJJHOCHO PYKOBOJHO j€ M3paJOM MAacTep pajia Mmoj] Ha3UuBOM
"VHanpeheme uHTEpHEPOMETPHje METOJOM COICTBEHOT MeEIllalkha CHTHaja jacepcke auoje"
kannuaatra Heme baOynuh koja je omOpameHa Ha @DusmukoMm ¢akyinTeTy YHHBEP3UTETa Y
Beorpany y centemOpy 2021. rogune. Y 0BOM pajy je yCIENTHO NMpUMEmkeHa HHTephepoMeTprja
METOJIOM COTICTBEHOT MellIama Ha quoau. OBaKaB METO/I CIa/ia y HallpeeHe TEXHUKE KopulheHe
y ypehajuma Koju pane Ha TPUHIUIY HHTepdepomMeTpHjcKor oapehuBama pazIMuuTHX
napameTapa, Kao IITO Cy IMPOMEHE pacTojama, Op3uHe, MPOMEHe KOHIICHTpanuje 1 Ci. (J1oKa3 y
[Tpuiory y3 Tauky 3.2.)

Kanaunar je yaecuuk npojexra @onna 3a Hayky Pemyosimke CpOuje u3 nporpama Moeje unju je
pykoBomian Ap Munusoje MBkosuh (noka3 y [Ipumory).

Jp Henan CakaH ce aKTHBHO YKJbYYHO My MPOOJIEMAaTHKY TEOPHjCKOT pa3marpama LltapkoBor
NpOIIMPEHa CHEKTPAITHUX JIMHHMja aTOMa M jOHA Yy IUIa3MH KpO3 capajmy ca Kojerama ca
AcTpoHOMCKe oricepBaropuje y beorpany.

[lopen HaBeneHMX HayyHHX AaKTHMBHOCTH, KAaHJIUAAT j€ aKTHMBHO YKJbYYCH M y MPHMEHY
CTaTUCTHUKE 00pajie 1mojaTaka y eKOXEeMH]jCKHM UCTPAKUBabUMa. Y OKBHPY OBE IPOOJIEMaTHKE,
np CakaH je ToMOTao y pa3Bojy U ynorpeou crieniupuaHOr MET0/1a HOPMHpamka pe3yiiTaTa Mepema
Ha TIPOIICHECHU CPEIbH CTATHCTUYKH HOPMHUpPAH MPUPOIHU (OH mator tepeHa. Kanaummar je
pa3Buo U codTBEp 3a MPOIIEHY pU3MKa 3araljema TOKCUYHUM eneMeHTHMa kopuctehu MoHnTe
Kaprno cumynanujy.

VY Toky nocagammer pajga, KaHAuaaT j€ y OKBUPY UCTpaKUBAUKe TPyIe y KOJOj pagau 3ajeHO ca
KoJjeramMa M pyKOBOJUOIIMMA TpojeKaTa Ha KOjuMa je OMO aHra)koBaH OCTBapuo MelyHapoaHy
capajilby ca BUIE HUCTPaXMBAUKUX Tpyla M IOjeJuHala, IITO je pe3yaToBajo Behum Opojem
3ajelHNYKUX NyOnMKamyja Koje Cy HaBeleHE y CHHUCKy oOjaBibeHMX pagoBa (y Cnucky
00jaBJpeHUX pajJioBa, MyOauKaluje o3HaueHe OpojeBuma: 5, 6, 7, 8, 9, 12, 13, 18, 19, 26 u 28).
Mehynaponna HayuHa capajma je oOocTBapeHa ca cieaehuM HaydyHHIIMMa W HUXOBHUM
UCTpaXuBaykuM rpynama: V.M. Adamyan, A.M. Ermolaev, A. Metropoulos, Y. Vitel, .M.
Tkacenko, N. Gnedin, M.Y. Zakharov, N.N. Bezgulov u A.N. Klycharev. ¥ nepuony nakou
omryke Hayuanor Beha o mpenasory 3a cTumame 3Barba HAy9HU CapaIHUK CY ITYOJIUKOBAaHH PaJIOBU
KOjJU Cy y CIIUCKY 00jaBJbeHUX pajioBa obenexxenu OpojeBuma 13, 26 u 28.

Hp Henan CakaH je TpeHYTHO aHTa)XOBaH Ha Mel)yHapoJHOM MpOjeKTy MOJA Ha3UBOM " AKTHBHH

norahaju Ha Cyniry. KaTano3u mpoTOHCKHX U e1eKTpOoHCKuX fgorahaja y X — 3pamnuma, UV u paano



obnactu. YTHUIA] cynapa ¥ ONTHYKA CBOjCTBA I'yCTe€ BOJOHWYHE Muiazme'. PykoBoawmiian oBor
npojekra je JIp 3opan Cumuh (ActpoHOMCKa oricepBaTopHja, beorpan), a huHaHCH]jepH ITPOjeKTa
cy Cpricka akajeMuja HayKa 1 YMETHOCTH U byrapcka akagemuja Hayka (noka3 y [Ipuory). Kao
pe3yInTar oBe capajbe, KaHIM/aT je MPEe3eHTOBAO Pajl Ha KoH(epeHIHju nox HasusoM 161 ESPM
— European Solar Physics meeting koja je oapxana 2021. roaune (y ciucky pedepeHiy ooekeHa
opojem 77):

Sakan, N.M., Simi¢, Z., Dechev, M (2021) The optical properties of hydrogen plasma described in
the frame of the fully quantum method based on a cut-off Coulomb model potential. 16" ESPM —
European Solar Physics meeting, 6-10 September, online

Takohe, np Cakan ocTBapyje capaamy ca Kojierama u3 Pycuje u pesynrar Te capaame je pan
MPEe3eHTOBAH Ha KoH(pepeHuju y Enopycy (pedepeniia 6poj 76):

Bogomaz, A.A., Pinchuk, M.E., Budin, A.V., Leks, A.G., Sakan, N.M (2020) Comparison of

megaampere channel temperature value measured by different methods at its maximal contraction
in high density gas. XXXIV International Conference on interaction of Intense Energy Fluxes with
Matter, March 1-6, 2019. Elbrus, Kabardino-Balkaria, Russia. Book of Abstracts,

kao u pax nmyoaukosan y Journal of Physics: Conference Series (pedepeniia 6poj 83):

Bogomaz, A.A., Pinchuk, M.E., Budin, A.\V., Leks, A.G., Sakan, N.M (2020) Comparison of
megaampere channel temperature value measured by different methods at its maximal contraction
in high density hydrogen. Journal of Physics: Conference Series, 2020, 1556(1), 012082.

Hp Henan Cakan je onp:kao HEKOJUKO MpeiaBama 1Mo MO3UBY, 01 KOjUX 1moceOHo Tpeda ucrahu
npeJaBambe MO MO3MBY O] HACIOBOM ,,MoJeoBambe ONTHYKUX KapaKTePUCTHKA BOJOHUKOBE
IUIa3Me Cpellbe U BeMKE HEUJEaTHOCTH ojce4eHUM KyJIoHOBMM MOTEHIMjaJloM — J0JaBamke
HOBUX Ipoleca“ koje je onpxkano 21.12.2016. roqune Ha Ofesbeny 32 MEXaHUKY MareMaTnykor
uncruryra CAHY u npenaBame mo mo3uBy Ha mehynapoanom ckymy: XIII Belarusian-Serbian
Symposium "Physics and diagnostic of laboratory and astrophysical plasmas” PDP-13 koje je
onpxano 13-17 neuem6pa 2021. roquae y Muncky (benopycuja), mon masusom: "The introduction
of more complex atoms in a cut-off Coulomb model potential, the Ar I model”, mro yka3syje na
3Ha4a] U aKTYeITHOT mpoleraMaTHKe KOjoM ce 0aBH, a Takol)e M Ha MPENO3HATIHUBOCT HETOBUX
HAyYHOHMCTPAXKMBAUKHUX Pe3yaTara, Kako Ha jomahem, Tako u Ha Mel)yHapogHOM HUBOY. (Jlokasu

3a HaBeJIeHa Mpe/iaBama Cy NpUKa3aHH y3 Tauky 3.8).



3.1.5 Haepaoe

o  Omrykom Onx6opa donna "Ilpod. Hp Jbydbomup hupkosuh", np Henan Cakas je 1oOUTHUK
Harpajie 3a HajOOJbH JUIUIOMCKU paj oabpameH Ha Ousnukom dakynrery y 1997/1998.
(moka3 y Ilpunory)

e Jlp Henan Cakan je koayTop paja Koju je OMO HOMUHOBAaH y M300py 3a paja roAuHE Y
yacorucy Spectrochimica. Acta B (ummakt ¢akrop 3.552 3a 2010 roauny) 3a paa: N.
Konjevi¢, M. Ivkovi¢ and N. Sakan, Hydrogen Balmer lines for low electron number

density plasma diagnostics, Spectrochimica. Acta B 76, 16-26 (2012). (noka3 y ITpuory)

3.1.6. Enemenmu npumeru8oCmu Hay4Hux pe3yimama

[IpakTHyHa TPUMEHJBMBOCT HayyHMX pesyiaTtara Jp CakaHa je AeTajbHO OINHUCaHa y jAeny 2
(ITpernen Haydne akTUBHOCTH), 3aTuM 3.1.1. (Hayunu HMBO 1 3Ha4aj pe3ynrara, yTulaj HAydHUX
panoBa) u 3.1.4. (CreneH caMOCTAIHOCTH M CTENEH ydyemha y peaqu3aliji pagoBa y HaAyYHHM
LEHTpUMa y 3eMJbU U MHOCTpaHCTBY). OBnie he OMTH HaBeJEeHM HEKU OJ] 3HAYajHUJUX IpUMEHa
pe3yiara Hay4HO-UCTPAXXKMBAUYKOT pajia KaHuaaTa.

Ha ocHoBy pe3ynrara npukasanux y paxy Hydrogen Balmer lines for low electron number density
plasma diagnostics(Review) mata je mpemopyka kopuimhema oarosapajyhux gopmymna, kao u
kopumhema BUIIMX uwiaHoBa bammepoBe cepuje KOA IUIa3MH  HHXKHMX — €JIEKTPOHCKHX
KOHIIEHTpall1ja, I'7ie To je To Moryhe.

[Mpukazanu peynratu y paxy Modeling of the continuous absorption of electromagnetic radiation
in dense partially ionized plasmas umajy npumMeHy kako Ha onmuc J1a0OpPaTOPHjCKHX, TAKO U Ha
1a3Me y arMocgepama 3Be3/a.

V pany Rydberg atoms in astrophysics cy pa3marpanu ocHOBHH mpouecu y PunbeproBum
aromuma. M3 nopehema TEOPHjCKUX M EKCIIEPUMEHTAIHUX 10/1aTaKa je TIOKa3aHo Jia Ce TaKaB BUJL
JTMHAMUKA XaOTUYHOT MTOHAIIAKka jaBJba U KOJI TIOjeIMHAYHHX CyIapa.

VY panxy Inverse Bremsstrahlung in Astrophysical Plasmas: The Absorption Coefficients and Gaunt
Factors je pasmatpana ¢oto amcopmnuyja Ha CJIOOOJHUM €JIEKTPOHUMA, WHBEP3HU

Bremsstrahlung, y pazaum atmocdepama 3Be3ia U IpyruM acTpodusnukuM miazmama. [lopen



MOKa3aHe NPUMEHUBOCTH Ha acTpodu3Wuke Iuta3Me, pe3yiTaTH Cy Takohe npuMemHBH Ha
1a00paTOPHjCKe TIIa3Me.

VY paay Non-elastic processes in atom Rydberg-atom collisions: review of art and problems je
MMOKAa3aHo JIa paIualliOH: NMPEHOCH EHEPrHje He MOTy Ja Oyny 3ao0uleHu y pazmarpamy U a Ou
TpebaJio 11a ce yKJby4e y OKBUPY CTaHAapIHUX Mojena atMmocdepa CyHia.

CBoje MHTEpecOBame BE3aHO 3a MOIYIPOBOAHUYKE JIacepe, KaHAUIAT j€ YCIEIIHO MPUMEHHO Ha
UHTEp(HEPOMETPH]Y METOIOM COIICTBEHOT Melama Ha quoau. OBakaB METOJ Cliajia y HaIllpeaeHe
TeXHUKEe KopuiheHe y ypehajuma xoju paje Ha NpUHIMITY HHTEphEepoMeTpHjcKor oapehuBama
pa3IMYUTUX MapaMeTapa, Kao ITO Cy MPOMEHE pacTojama, Op3uHe, MPOMEHe KOHIICHTpAIUje U

CJI.

3.2. AHra:xoBaHocTt y popmupamy HayYHHX KaJpoBa

Jp Henan CakaH je akTHBaH y MelarouikoM paay u ¢hopMupamy HayqYHOT TOMIIaIKA:

e Jlp Henang Cakan je 6O MEHTOp, OJTHOCHO PYKOBOJAMO j€ M3PaJOM MAacCTep paja IOx
HazuBoM "YHampeheme wuHTephEepoMeTpHje METOIOM COICTBEHOT MeIlama CUTHAja
nacepcke quoje" kanauaata Hene babyuuh koja je ondpamena Ha @usnukom paxkynrety
VYuusep3uteta y beorpany y centemOpy 2021. roausne. (10ka3 y [Ipumory).

e Jlp Henan Cakan je 6M0 MEHTOpP, OJJHOCHO PYKOBOJMO j€ U3paJioM jeHOT MarucTapcKor
pana noja HasuBoM "[IpoljeHa yTuiaja enekTpoMarHeTHOr 3padyema ca 0a3HUX CTaHMLA
MoOWIHe TenedoHuje Ha JbyA€ W KUBOTHY CPEIMHY Ha MoJpyyjy rpaga bama Jlyka",
kanauaara ['opana Temanosuha (noxa3 y [puiory).

e AHraxosaH je y peasinzanuju HacTaBe Ha HezaBucHom YHuBepsutety bamwa Jlyka (HYBJI)
Ha DakynTery 3a eK0JIOTH]Y, CTyaujcku porpam Exonoruja u 3amrura ;kuBOTHE CpeIuHe
u 3amTuTta Ha paxy on gaHa 02.10.2009. roguHe ma cBe 10 JaHac y CBOJCTBY
YHUBEP3UTETCKOT Mpodecopa Ha mpeamernma: dusmka KUBOTHE cpeauHe, Pusmka 1,
®dusmka 2, Exexrpomaruernszam u EnektpoMarneTHa 3padema. (mokas y [Ipumory).

e VuectByje y Komucujama 3a cacraBibame W Tperjeame 3ajaTaka Ha PEmyOoTHYKUM

TaKMHYECHUMA YYEHUKA CPEAHUX U OCHOBHUX IKosa o1 2012. roguHe 10 qaHac.



e (Ca np Muhom Mutpouhem y ume JlpymrBa ¢uszudapa 6uo je Boha ekune Cpouje Ha 45.
Melhynaponnoj onummnujaau u3 ¢pusuke Koja je oapkana y Acranu (Kazaxcran) 13-21.
Jyna 2014, e cy yueHUIIM OCBOjUJIM MeIajbe U moxBaje (oka3 y [Ipumory).

e buo je wnan komucuje 3a u3bop y 3Bame Hukone bomkosuha, np Munoma Brannuha u
bumbane CrankoB Ha MHcTUTYTY 32 usuky (gokas3 y [puiory).

e O0jaBuo je yunbenmk mojn nHacmoBoM: Sakan N. Fizicke metode merenja (2019).

Urednik: Prof.dr Milovan Milutinovié¢| NUBL—Nezavisni Univerzitet Banja Luka, Banja

Luka, ISBN: 978-99976-43-18-6 koju y HacTaBu KOpHCTe CTyaeHTH HesaBucHOr

Yuusepsutera bama Jlyka.

3.3 HopMupame 6poja KoayTOPCKMX Pag0Ba, NaTEHATA U TEXHUYKHUX peliemha

On u360pa y NpeTxo/IHO 3Bame KaHauAaT uMa 17 mybnukoBaHux panoBa ca ISI nucte. Teopujcku
panoBu ap CakaHa 00jaB/beHH y NepHoay HakoH ouiyke Hayunor Beha o mpeasory 3a cruname
MPETXOAHOT HAYYHOT 3Bama Cy OasMpaHM Ha AHAJUTHYKUM NPOPAYyHHMa U KOMILICKCHUM
HYMEpPUUYKUM CHMYJIAlljaMa U UMajy YIJIIaBHOM IIeT ayTopa WM BUIIE, JOK €KCIIEPUMEHTAIHH
paIoBHU MOApa3syMeBajy IUpe Kojdadopauuje 1 uMajy yriaaBHoM 7 ayropa. bomoBu 3a oBe panose
cy HopMHpaHH 1o (popmynu natoj y [IpaBunmHuky, 1 HopMupanu O6poj M moeHa je nmpukasaH y
Tabenu y mperyiely KBaHTUTaTUBHUX pe3yiarara. Hopmupamem ce ykynan Opoj 6omoa M20

pazoBa cCMambHO BEOMa MaJlo, ITO HE MEHha Ha OMTAaH HAYKMH MPOLIEHY pe3yiTara KaHuaara.

3.4. PykoBoheme npojekTnmMa, NOTNPOjeKTHMA U NPOjeKTHUM 321a0MMa

VY okBupy npojexta MuHUCTapcTBa 3a IPOCBETY, HAYKY M TEXHOJIOWIKU pa3Boj Op. 176002, uuju
je pykoBouiar 6o ap 3opan Cumuh u koju je Tpajao o1 2011 10 2019. ronune, np Henag Cakan
j€ PYKOBOAMO TPOJEKTHUM 3aJaTKOM MoJ Ha3uBoM "ONTHYKe OCOOMHE T'YCTUX HEUACATHHUX
miasmu'.

3.5. AKTUBHOCT Y HAYYHHMM U HAYYHO-CTPYYHHUM JAPYIITBUMA

e Jlp Henan Cakan je uwnan apymrsa ¢pusudapa Cpouje. (noka3 y [pusory)



e Kanaunat ydectByje y pany [pxaBHe Komucuje 3a TakmMuuema U3 GU3MKE 32 yUYCHHKE
OCHOBHHX H CPE/bHX IIIK0JIa y okBHpY pymTBa ¢usnuapa Cpouje.

e VuectByje y Komucujama 3a cacraBpame M Iperiiefiame 3ajJaTaka Ha PernyOUYKHM
TaKMUYCHHUMa YICHUKA CPEABUX U OCHOBHHX IKoJa o 2012. ronuHe 10 qaHac.

e (Ca ngp Muhom Mutposuhem y ume JlpymrBa ¢puzudapa 6uo je Boha ekune Cpouje Ha 45.
Melhynapoanoj onmummnujaau u3 pusuke Koja je oapkana 13-21. Jyna 2014, rie cy yaeHUIH
OCBOjWJIM MeJlaJbe U MoxBaiie. (1oka3 y [Ipuiory)

e JIp Henan Cakas je penieH3upao pagose y cienchum mehynapogaum gaconucuma: Atoms
(u3maBau MDPI), Entropy (u3gaBau MDPI) u Photonics (u3paBau MDPI) — ykymao 15
pajioBa y HaBeJeHa TpH yacomnwca, 3atum Water, Air, & Soil Pollution (u3gaBau Springer,
jeman pan) u International Journal of Sediment Research (u3masau Elsevier, jenan pan).
(moxas y IIpunory)

e Kanaunar je 6uo unan orparmsanuonor oxbopa 25" Summer School and International
Symposium on the Physics of lonized Gases, August, 30 - September, 3, 2010, Donji

Milanovac, Serbia (noka3 y [Ipuiory).

3.6. YTHIaj HAYYHHX pe3yJITaTa

V¥ nocanammoj kapujepu np Henan Cakan je kao ayTop Win KoayTop 00jaBUO U Mpe3eHToBao 89
Ooubnuorpadckux jeauHUIAa MyOJMKOBAaHMX Kao IIOTJIaBjba y MOHOTpaCKUM CTyaujama
MelyHapoAHOT 3Hayaja, y yacomucuMma MelyHapomHor 3Hauaja W nomahuM yacomucuma, U
caoniutuo Ha mMehyHapogHuMm U noMahuMm koHpepeHuujama. Jlo cana je o0GjaBuo 27 HayyHHX
pamoBa, ox kojux 17 mocie u3bopa y 3Bame HayyHu capagHuk. Onp 17 pamoBa Koju cy
myOJIMKOBaHU y OBOM M300pPHOM MEpUOAY, S pajoBa cy kareropuje M21, 6 pagoBa cy kareropuje
M22 u 6 panoBa cy kareropuje M23. Cyma uMnakT (pakropa CBUX pasioBa Koje je 10 cajga 00jaBuo
Hp Henan Cakan usnocu 60,492, oqHOCHO 3a MyOJIMKOBaHE pajioBe MOcie U300pa y 3Bame HaydHH
capannauk 38,776. Y npusory je IMcTta Hay4HUX pajoBa ca oArorapajyhom kareropujom u NO.
Tpeba ucrahu u na je paa: Y. N. Gnedin, A.A. Mihajlov, Lj.M. Ignjatovi¢, N.M.Sakan, V.A.
Sreckovié, M.Y. Zakharov, N.N. Bezuglov, A.N. Klycharev (2009): Rydberg atoms in
astrophysics. New Astronomy Reviews, 53 (7-10), 258-265, naBeneH kao pedepeHiia Ha
Bukuneauju non mojmom Rydberg atom (https://en.wikipedia.org/wiki/ Rydberg_atom).



3a ocraie momarke Bugetd 2 u 3.1.1.

3.7. KoHkpeTaH AONPUHOC KAHAUIATA y peajiu3alMju PaJioBa y HAYYHHM LEHTPUMA Yy 3eMJ/bH

U UHOCTPAHCTBY

Jonpunoc ap Henana Cakana peanusaiiyju pagoBa o0yxBara cBe a3e bHXOBE MPUITPEME
u myOnWKoBama, oA AeuHHCama MpoOieMa KOju C€ HCTpaxkyje, MPEKO KOHICMIHje U
METOJIOJIOTHjE€ HUCTpakKMBama, ydenha y TCOPHjCKOM U EKCIIEPHUMEHTATHOM HCTPaKUBabY,
o0Opasii W aHaJIM3W pe3yiiTaTa, A0 JOHOIICHA 3aKjbydaka, MHUCamba TEKCTa paga W Boherma
KOPECIMOICHIIMje Ca YacomucoM. JIOMPHHOC KaHIUIaTa pealu3alMjd KOayTOPCKUX HAaydHHX

pesyiirata je JeTajbHoO omnucaH y neinouma 2, 3.1.1. u 3.1.4.

3.8. YBoaHa npenaBama Ha KOH(pepeHIHjaMa, Ipyra npeiaBamba U AaKTUBHOCTH

[Ipe onnyke Hayunor Beha MucTuTyTa 3a PU3NKy 0 MpejIory 3a CTUIAkEe MPETXOTHOT HAYYHOT

3Bamba, KAHIUIAT je oJpkao ciefecha npenasama:

e IlpenaBame 1no no3uBy Ha MehyHapoaHom ckymy: SCSLSA 2005 Vrsac, Serbia, June 06-
10, 2005 Nenad Sakan: “The application of the cut-off Coulomb potential for the
calculation of a continuous spectra of dense hydrogen plasma” Memorie della Societa'
Astronomica Italiana Supplementi (noka3 y [Ipuory)

e TlpenaBame no mo3uBy Ha MelyyHapomHom ckymy: VI Serbian-Belarusian Symp. on Phys.
and Diagn. of Lab. & Astrophys. Plasma, Belgrade, Serbia, 22 - 25 August 2006 eds. M.
Cuk, M.S. Dimitrijevi¢, J. Puri¢, N. Milovanovi¢ Publ. Astron. Obs. Belgrade No. 82
(2007), 171-181; Sakan i dr.: ”The methods for determination of HF characteristics of

nonideal plasma” (noka3 y IIpunory)

Hakon nakon omnyke Hayunor Beha MuctutyTa 3a (Qu3uky o mpemory 3a CTHUIAEE

MNPpETXOAHOT HAYYHOT 3Bamha, KaHI[I/I,Z[aTje oapiKao cne;[eha npeaaBama:


http://servo.aob.rs/scslsa/N_Sakan.pdf
http://servo.aob.rs/scslsa/N_Sakan.pdf

IIpenaBame 1o mo3uBy Ha MehyHapoanoM ckymy: 25" Summer School and International
Symposium on the Physics of lonized Gases - SPIG 2010, mox nasusom: The calculation
of the photo absorption processes in dense hydrogen plasma with the help of Cut-off
Coulomb potential model, mrammano y: Journal of Physics: Conference Series 257,
012036 (doi:10.1088/1742-6596/257/1/012036). (noka3 y IIpuiory)

npeaaBamkEe I10 IIO3HMBY II0J HAaCJIIOBOM ,,MOI[CJ'IOB&I—LC OIITHUYKHUX KapaKTCPUCTHKA
BOOAOHHUKOBE IINIasMC CpCAmEC U BCIMKC HCUACAIHOCTU OACCUCHUM KyJIOHOBI/IM
HOTCHL[I/IjaJIOM — J0JaBalkb€ HOBUX npoueca“ Ha O,Z[CJ'beH»y 3da MCXAaHHUKY MaremaTuukor
nacturyta CAHY koje je oapkano 21.12.2016. rogune (oka3 y IIpunory)

npepaBambe 1o mo3uBy Ha mehynapoanom ckymy: XIII Belarusian-Serbian Symposium
"Physics and diagnostic of laboratory and astrophysical plasmas" PDP-13, December 13-
17, 2021. Minsk, Belarus, non nasusom: "The introduction of more complex atoms in a
cut-off Coulomb model potential, the Ar | model”, mramnano y: Proceedings of the XIII
Belarusian-Serbian Symposium "Physics and diagnostic of laboratory and astrophysical

plasmas”. (moka3 y Ipuory)



4. EjleMeHTH 32 KBAHTUTATHUBHY OlLlEHY HAYYHOT JONPUHOCA KAHIUIATa

OcTBapeHu pe3yiTaT y Neproay HAKOH MPETXOJHOT H300pa y 3Bambe

Karteropuja | M 6oxoBa no pany | bpoj panoBa | Ykynuo M 0onoBa | Hopmupanu
opoj M 6onoBa
M14 4 4 16 16
M21 8 5} 40 38,67
M22 9) 6 30 30
M23 3 6 18 17,5
M31 3,5 1 3,5 3,5
M32 1,5 1 1,5 1,5
M33 1 10 10 9,833
M34 0,5 13 6,5 6,357
M51 2 8 16 16
M63 1,0 1 1,0 1,0
M64 0,2 2 0,4 0,4
Cyma 143,4 140,76

[Topehemwe ca MHUHMMAIHMM KBaHTUTATUBHUM YCJIOBHMa 3a HM300p Yy 3Bamke BHIIU HAYYHU
capaJHUK

JudepeHuujaniu y npeTXoIHUX JeceT
rofvHa
Heomxomuo | OctBapeHo
Buim HAYyYHH capaJHUK YKynHo 50 140,76
M10+M20+M31+M32+M33+
O6asesnu (1) MALEMAZ-AMO0 40 117,003
Obage3nu (2) M11+M12+M21+M22+M23 30 86,17




CIIMCAK OBJAB/BEHUX PAIOBA JIP CAKAH HEHAJIA

Crncaxk o0jaBspeHHX pagoBa 3a nepuo ox 2001 no 2021. ronune (pagoBu 00jaBJbeHHN y IEPHOTYy HAKOH
omtyke Hayunor Beha MHcTuTyTa 32 (DU3HMKY O MpEmiory 3a CTUIAC 3Bambha HAYYHH CApajHUK Cy
moceOHO 03HAYCHU ca 3HaKoM "*"',

1. Monorpajdcka cryauja/moriaBbe y Kmbuzu MI12 wiaum pag y TeMarckoM 300pHUKY
Melynapoanor 3nauaja - M14

Objasmwenu naxon ooavke Hayunoe eeha Hucmumyma 3a pusuxy o npednozy 3a cmunarse npemxoonoz
Hayunoz 3eama™ (4 x4 = 16)

*1. Sakan S, Sakan N, Pordevi¢ D (2015) Evaluation of the possibility of using normalization with
cobalt in detection of anthropogenic heavy metals in sediments, in Advances in Chemistry Research,
Volume 26, 167-183, Editor: James C. Taylor. Nova Science Publishers, New York, ISBN: 978-1-
63482-508-5

*2. Sakan S, Sakan N, Pordevi¢ D (2015) Pollution characteristics and potential ecological risk
assessment of heavy metals in river sediments based on calculation of pollution indices, in Advances in
Environmental Research, Volume 41, 63-84, Editor: Justin A. Daniels. Nova Science Publishers, New
York, ISBN: 978-1-63482-885-7

*3. Sakan, S., Sakan, N., Pordevi¢, D (2018). Identification, evaluation, and estimation of the levels of
potentially harmful trace elements in sediments based on the application of different methods. In
Biogeochemistry of Trace elements, Editors: Pokrovsky, O., and Viers, J., Nova Science Publishers,
New York, ISBN: 978-1-53614-244-0

*4. Sakan N. Fizitke metode merenja (2019). Urednik: [Prof. dr Milovan Milutinovid
NUBL-Nezavisni Univerzitet Banja Luka, Banja Luka,
ISBN: 978-99976-43-18-6

2. PanoBu o0jaB/beHM y HAyYYHHM 4YacomucuMa Mel)yHapoaHor 3Hauaja; HAyYHa KPUTHKA;
ypehuBame yaconuca

2.1. Pag y BpxyHckom meljynapoanom yaconucy — M21

Objasmwenu naxou ooavke Hayunoe gelia Hucmumyma 3a puzuxy o npedno2y 3a Cmuyarbe npemxooHo2
Hayunoz 36arva (8 x8 = 64)

5. A.A. Mihajlov, Z.G. Djuric, V.M. Adamyan, N.M Sakan (2001): High-frequency characteristics of
weakly and moderately non-ideal plasmas in an external electric field. Journal of Physics D-Applied
Physics, 34 (21), 3139-3144.

WmmnaxT dakrop: 1,260 (2001)
Oo6macr: Physics, Applied

6. A.A. Mihajlov, A.M. Ermolaev, Lj.M. Ignjatovic, N.M Sakan (2004): Radiative charge exchange in
ion-atom collisions at intermediate impact velocities: spectral characteristics and possibilities of
experimental studies, Journal of Physics B-Atomic Molecular and Optical Physics, 37 (18), 3563-3569.

WmmnaxT dakrop: 1,761 (2001)
O6macr: Optics



7. V.M. Adamyan, Z.G. Djuric, A.A. Mihajlov, N.M. Sakan, I.M: Tkachenko (2004): Dynamic
characteristics of non-ideal plasmas in an external high frequency electric field. Journal of Physics D-
Applied Physics, 37 (14), 1896-1903.

WmnaxT dakrop: 1,642 (2004)

O6macr: Physics, Applied

8. V.M. Adamyan, D. Grubor, A.A. Mihajlov, N.M. Sakan, V.A. Sreckovic, I.M. Tkachenko (2006):
Optical HF electrical permeability, refractivity and reflectivity of dense non-ideal plasmas. Journal of
Physics A-Mathematical and General, 39 (17), 4401-4405.

Wmmakr dakxrop: 1,566 (2006)
Ob6mnact: Physics, Multidisciplinary

9. I.LM. Tkachenko, V.M. Adamyan, A.A. Mihajlov, N.M. Sakan, D.M. Sulic, V.A. Sreckovic (2006):
Electrical conductivity of dense non-ideal plasmas in external HF electric field. Journal of Physics A-
Mathematical and General, 39 (17), 4693-4697.

NmmnaxkTt dakrop: 1,566 (2006)
O6mnact: Physics, Multidisciplinary

10. A.A. Mihajlov, Lj.M. Ignjatovic, N.M Sakan, M.S. Dimitrijevic (2007): The influence of H-2(+)-
photo-dissociation and (H+H+)-radiative collisions on the solar atmosphere opacity in UV and VUV
regions, Astronomy & Astrophysics, 469 (2), 749-754.

Nmmnaxkt dakrop: 4,259 (2007)
Oo6macr: Physics, Applied

11. S. Jovicevic, N.M Sakan, M.R. Ivkovic, N.M. Konjevic (2009): Spectroscopic study of hydrogen
Balmer lines in a microwave-induced discharge. Journal of Applied Physiscs, 105 (1),
(http://dx.doi.org/10.1063/1.3046587)

Nmmnaxkt dakrop: 2.072 (2009)
Oo6macr: Physics, Applied

12. Lj.M. Ignjatovic, A.A. Mihajlov, N.M Sakan, M.C. Dimitrijevic, A. Metropoulos (2009): The total
and relative contribution of the relevant absorption processes to the opacity of DB white dwarf
atmospheres in the UV and VUV regions, 6. Monthly Notices of the Royal Astronomical Society, 396
(4), 2201-2210.

Nwmmakt pakrop: 5.103 (2009)
O6mact: Astronomy & Astrophysics

Objasmenu naxkon ooayke Hayunoz eehia Hncmumyma 3a pusuxy o npeono2y 3a Cmuyarbe npemxooHo2
nayunoz 3earwa™* (5 x8 = 40, oonocno nopmupano 38.67)

*13. A.A. Mihajlov, N.M Sakan, V.A. Srec¢kovi¢, Y. Vitel (2011): Modeling of the continuous
absorption of electromagnetic radiation in dense partially ionized plasmas. Journal of Physics A:
Mathematical and Theoretical 44, 095502 (17pp)

WmmnaxT dakrop: 1.564 (2009)
O6uacrt: Physics, Mathematical u Physics, Multidisciplinary

*14. N. Konjevi¢, M. Ivkovié¢, N. Sakan (2012). Hydrogen Balmer lines for low electron number density
plasma diagnostics (Review). Spectrochimica Acta Part B 76, 16-26. (pregledni ¢lanak)


http://dx.doi.org/10.1063/1.3046587

Wmmakr dakxrop: 3.552 (2010)
Oo6mnacrt: Physics, Mathematical u Physics, Multidisciplinary

*15. S. Sakan, A. Popovi¢, S. Skrivanj, N. Sakan, D. Pordevi¢ (2016) Comparison of single extraction
procedures and the application of an index for the assessment of heavy metal bioavailability in river
sediments. Environmental Science and Pollution Research, 23 (21), 21485-21500, DOI
10.1007/s11356-016-7341-6)

WmnaxT dakrop: 2.828 (2014)
Oo6nact: Environmental Sciences

*16. Sreckovi¢ V. A., Sakan N., Suli¢ D., Jevremovié D., Ignjatovi¢ Lj. M. and Dimitrijevié¢ M. S. (2018)
Free—free absorption coefficients and Gaunt factors for dense hydrogen-like stellar plasma. Monthly
Notices of the Royal Astronomical Society, 475 (1), 1131-1136
http://dx.doi.org/10.1093/mnras/stx3237; nopm. 6.67

Nmmnakt dakrop: 5.194 (2017)
Ob6mnacTt: Astronomy & Astrophysics

*17. Simi¢ Z., Sakan N. (2020) The electron-impact broadening of the Nb Il for 5p-5d transitions.
Monthly Notices of the Royal Astronomical Society, 491 (3), 4382-4386 .

Nmmnakt pakrop: 5.356 (2020)
Ob6mnacTt: Astronomy & Astrophysics

2.2. Pan y ucraknyrom mel)ynapoagnom yaconucy — M 22

Objasmwenu npe npemxoonoz uzbopa y 3earve (2 x5 = 10, oonocro nopmuparno 9,17 )

18. V.M. Adamyan, A.A. Mihajlov, N.M. Sakan, V.A. Sreckovic, I.M. Tkachenko (2009): The dynamic
conductivity of strongly non-ideal plasmas: is the Drude model valid? Journal of Physics A-
Mathematical and Theoretical, 42, doi: 10.1088/1751-8113/42/21/214005

NmmnaxT dakrop: 1.577 (2009)
O6nacrt: Physics, Mathematical u Physics, Multidisciplinary

19.Y. N. Gnedin, A.A. Mihajlov, Lj.M. Ignjatovi¢, N.M. Sakan, V.A. Sreckovi¢, M.Y. Zakharov, N.N.
Bezuglov, A.N. Klycharev (2009): Rydberg atoms in astrophysics. New Astronomy Reviews, 53 (7-
10), 258-265. nopm. 4.17

Nwmmakt dakxrop: 1.080 (2007)
Obnact: Astronomy & Astrophysics

Objasmwenu nakon oonvke Hayunoz eeha Hucmumyma 3a pusuxy o npeoniocy 3a Cmuyarbe nPemxooHo2
Havurnoz 3earva (6 x5 = 30)

*20. S. Sakan, G.Devi¢, D. Reli¢, I. Andelkovi¢, N. Sakan, D. Pordevi¢ (2014): Risk assessment of
trace element contamination in river sediments in Serbia using pollution indices and statistical methods:
a pilot study. Environmental Earth Sciences 73, 6625-6638

WmmnaxT dakrop: 1.765 (2014)
Oo6unact: Environmental Sciences, Geosciences, Multidisciplinary u Water Resources



*21. S. Sakan, G. Devi¢, D. Reli¢, I. Andelkovi¢, N. Sakan, D. Pordevi¢ (2015): Environmental
assessment of heavy metal pollution in freshwater sediment, Serbia. Clean - Soil, Air, Water 43, 838-
845.

Wmmakr dakrop: 1.945 (2014)
Oo6mnact: Environmental Sciences 100/223 (M22); Water Resources 23/83 (M21)

*22. S. Sakan, G.Devi¢, D. Reli¢, I. Andelkovi¢, N. Sakan, D. Pordevi¢ (2015): Evaluation of sediment
contamination with heavy metals: the importance of determining appropriate background content and
suitable element for normalization. Environmental Geochemistry and Health 37, 97-113

Wmmakr dakxrop: 2.566 (2014)
Oo6mnact: Environmental Sciences 70/223 (M22); Water Resources 12/83 (M21)

*23. Sakan S, Sakan N., Andelkovi¢, I., Trifunovi¢, S., Pordevi¢, D. (2017) Study of potential harmful
elements (arsenic, mercury and selenium) in surface sediments from Serbian rivers and artificial lakes.
Journal of Geochemical Exploration 180, 24-34

Nmmnakt dakrop: 2.858 (2017)
Oo6mnact: Geochemistry & Geophysics

*24. S. Sakan, N. Sakan, A. Popovi¢, S. Skrivanj, D. Pordevi¢ (2019) Geochemical fractionation and
assessment of probabilistic ecological risk of potential toxic elements in sediments using Monte Carlo
Simulations. Molecules 24, 2145; doi:10.3390/molecules24112145

Nmmnaxkt dakrop: 3.098 (2017)
O6mnact: Chemistry, Multidisciplinary

*25. S. Sakan, S. Frané¢iskovi¢-Bilinski, D. Pordevi¢, A. Popovi¢, N. Sakan, S. gkrivanj, H. Bilinski
(2021) Evaluation of Element Mobility in River Sediment Using Different Single Extraction Procedures
and Assessment of Probabilistic Ecological Risk. Water 13, 1411.

NmmnaxT dakrop: 3.103 (2020)
Oo6mnact: Environmental Science 135/274 (M22)

2.3. Pag y mehynapoanom yaconucy — M23

Objasmwenu nakon oonyvke Hayunoz eeha Hucmumyma 3a uzuxy o npeonio2y 3a Cmuyarbe nPemxooHo2
Hayunoz 3earva (6 x 3 = 18, oonocro nopmupano 17,5)

*26. A.A. Mihajlov, N.M Sakan, V.A. Sre¢kovi¢, Y. Vitel (2011): Modeling of the continuous
absorption of electromagnetic radiation in dense hydrogen plasma. Baltic Astronomy 17, 1-6

WmmnaxT dakrop: 1.032 (2009)
O6mact: Astronomy & Astrophysics

*27. S.M. Sakan, N.M. Sakan, D.S. Pordevi¢ (2013): Trace element study in Tisa River and Danube
alluvial sediment in Serbia. International Journal of Sediment Research 28, 234-245.

WmmnaxT dakrop: 1.082 (2011)
Oo6mnact: Environmental Science 138/205 — (M23); Water Resources 40/78 (M22)

*28. A.A. Mihajlov, V.A. Sreckovi¢, Lj.M. Ignjatovié¢, A.N. Klyucharev, M.S. Dimitrijevi¢, N.M.Sakan
(2015): Non-elastic processes in atom Rydberg-atom collisions: review of art and problems. Journal of
Astrophysics and Astronomy 36, 623-634; nopm. 2.50



Wmmakr dakxrop: 0.711 (2014)
Ob6macTt: Astronomy & Astrophysics

*29. A.A. Mihajlov, V.A. Sre¢kovi¢, N.M. Sakan (2015): Inverse Bremsstrahlung in astrophysical
plasmas: the absorption coefficients and Graunt factors. Journal of Astrophysics and Astronomy 36,
635-642 (pregledni ¢lanak)

Wmmakr dakxrop: 0.711 (2014)
Ob6macTt: Astronomy & Astrophysics

*30. M.A. Boulahlib, M. Milinovi¢, M. Bendjaballah, O. Jeremi¢, N.M. Sakan (2017):
Software/hardware design of decision-making controllers for object navigation in horizontal plane.
Technical Gazette 30(3), 307-314. DOI: 10.17559/TV-20160408195923

Wmmakr dakxrop: 0.686 (2017)
O6macr: Engineering, Multidisciplinary

*31. M. S. Dimitrijevi¢, V. A. Sreckovi¢, N. M. Sakan, N. N. Bezuglov, A. N. Klyucharev (2018) Free-
Free Absorption in Solar Atmosphere, Geomagnetism and Aeronomy, 2018, Vol. 58, No. 8, pp. 1067—
1072, (IF=0.555) DOI: 10.1134/S0016793218080054

Nmmnaxkt dakrop: 0.555 (2017)
Ob6nact: Geomagnetism and Aeronomy
3. [IpenaBame mo mo3uBy ca MeljyHapoaHOr cKyna mraMnano y ueaunu - M31

Objasmwenu nakon ooavke Hayunoz eeha Hucmumyma 3a cousuxy o npedno2y 3a cmuuarbe npemxooHo2
nayunoe s3garva (1 x 3,5 = 3,5) ox Tora

*32. N.M. Sakan, Z. Simi¢ (2021). The introduction of more complex atoms in a cut-off Coulomb model
potential, the Ar | model. Proceedings of the XIII Belarusian-Serbian Symposium "Physics and
diagnostic of laboratory and astrophysical plasmas" PDP-13, December 13-17, 2021. Minsk, Belarus,
38-41

4. IlpenaBame nmo nmo3uBy ca MeljyHapoaHOr cKyna mramMmnano y uspogay — M32

Objasmwenu npe npemxoonoz uzbopa y 3eare (1 x1,5=15)

33. N.M. Sakan, V.A. Sreckovic, V.M. Adamyan, .M. Tkachenko, A.A. Mihajlov (2007): The methods
for determination of HF characteristics of nonideal plasma. VI Serbian-Belarus Symp. Plasma,
Belgrade, Serbia, 22-25 August 2006. Eds. M. Cuk, M.S. Dimitrijevi¢, J. Puri¢, N. Milovanovi¢ Publ.
Astron. Obs. Belgrade No. 82, 171-181

Objasmwenu naxon ooayke Hayunoe eeha Hncmumyma 3a (pusuky o npeono2y 3a cmuyarbe npemxoono2
Havunoz 3eamwa (1 x1,5=15)

*34. N.M. Sakan (2010). The calculation of the photo absorption processes in dense hydrogen plasma
with the help of Cut-off Coulomb potential model. 25" Summer School and International Symposium
on the Physics of lonized Gases—SPIG 2010. Published in Journal of Physics: Conference Series 257,
012036 (doi:10.1088/1742-6596/257/1/012036)

5. Caonureme ca Mel)yHapoaHOT CKyNa IITAMNAHO y HejJuHu — M33



Objaswenu npe npemxoonoz uzbopa y 3earve (10 x1 = 10)

35. N.M. Sisovic, B. Kantar, N.M. Sakan, M. Platisa (2002) The determination of isotope composition
of inert gas plasma by the deconvolution of Fabry-Perot interferograms, APPLIED PHYSICS IN
SERBIA-APS, Belgrade , 27-29. May, 151-154 (Proceedings Paper)

36. V.M. Adamyan, A.A. Mihajlov, N.M. Sakan, V.A. Sre¢kovi¢, .M. Tkackenko (2004): The modified
RPA conductivity of dense two-component strongly ionized plasma, 22nd SPIG

37. N.M. Sakan, A.A. Mihajlov (2004): The calulation of optical properties of dense hydrogen plasma
on the based on cut-off Coulomb potential, 22" SPIG

38. N.M. Sakan, V.A. Sreckovi¢, A.A. Mihajlov (2005): The application of the cut-off Coulomb
potential for the calculation of a continuous spectra of dense hydrogen plasma, 5" SCSLSA, Vrsac,
Serbia, June -6-10. Mem. S.A.It. Suppl. Vol. 7, 221

39. S. Jovicevi¢, N. Sakan, M. Ivkovi¢, N. Konjevi¢ (2006): Excess broadering of a hydrogen Balmer
lines in a microwave induced discharge, 23 SPIG, 2006

40. V.M. Adamyan, A.A. Mihajlov, N.M. Sakan, V.A. Srec¢kovi¢, .M. Tkackenko (2006): The
conductivity of extremely dense fully ionized hydrogen plasmas in an external HF electric field, 23"
SPIG, 2006

41. Mihajlov Anatolij A, Sakan Nenad M,Sreckovic Vladimir A (2007) The modeling of the continuous
emission spectrum of a dense non-ideal plasma in optical region, 6" SCSLSA Sremski Karlovci, Serbia,
June 11-15, str. 262-267 (Proceedings Paper)

42. N.M. Sakan, V.A. Sreckovic, V.M. Adamyan, .M. Tkachenko, A.A. Mihajlov (2007) The methods
for determination of HF characteristics of non-ideal plasma. PDP Symp. On Phys. And Diagn. Of Lab.
& Astrophys. Plasma, belgrade, serbia, 22-25 August 2006 (Eds. M. Cuk, MS Dimitrijevi¢, J. Purié,
N.Milovanovic¢), Publ. Astron. Obs. Belgrade No 82 (2007), p.171-181

43. N.M. Sakan, A.A. Mihajlov, V.A. Sreckovic (2007): Cut-off Coulomb Potential As A Model
Potential For Dense Hydrogen Plasma Free-free And Bond-free Photoabsorption Calculations, XVIITH
SYMPOSIUM ON PHYSICS OF SWITCHING ARC, VOL 1: CONTRIBUTED PAPERS, September
10-13, str. 185-188 (Proceedings Paper)

44. 1.M. Tkachenko, V.M. Adamyan, N.M. Sakan, A.A. Mihajlov, V. Sreckovi¢ (2008) The HF
characteristics of strongly non ideal plasma in an external HF electric field. PDP Symposium on Physics
and Diagnostic of Laboratory and Astrophysical Plasma, Minsk, Belorusia

Objasmenu naxkon ooayke Hayunoz eehia Hncmumyma 3a husuxy o npeono2y 3a Cmuyarbe npemxooHo2
nayvunoe 38arva (10 x1 =10, nopm. = 9,833)

*45. Lj.M. Ignjatovi¢, A.A. Mihajlov, A. Metropoulos, N. M. Sakan, M.S. Dimitrijevi¢ (2010). The
contribution of the absorption processes to the opacity of DB white dwarf atmospheres in UV and VUV
regions. AIP Conference Proceedings 1203, 121-126 (7th International Conference of the Balkan
Physical Union; Alexandroupolis; Greece; 9 September 2009 through 13 September 2009; Code 79345)

*46. N. M. Sakan, A. A. Mihajlov, V. A. Sreckovi¢ (2014): Inverse Bremsstrahlung absorption
coefficients for dense hydrogen plasma in cut-off Coloumb potential model. str. 513-516. 27" Summer
School and International Symposium on the Physics of lonized Gases. August 26-29, Belgrade, Serbia



*47. S. Markovi¢, M. Milinovi¢, N. Sakan (2014): Software and hardware simulator for the discrete
multi-parametric decision flight system. 6" International Scientific Conference of Deffensive
technologies, OTEH 2014, Belgrade, Serbia, 9-10. October 2014

*48. S. Sakan, D. DPordevi¢, N. Sakan (2015) Assessment of pollution with toxic elements in river
sediments by calculating factors of contamination and application of statistical methods. 1zazovi razvoja
do 2020. Godine. Medunarodna nauc¢na konferencija. Maj 2015, Stampano u tematskom broju Svarog-
a, Casopisa za drustvene i prirodne nauke

*49. N. M. Sakan, V. A. Sreckovié¢, A. A. Mihajlov (2016):Bond-bound state transitions in the frame
of Coloumb cut-off model potential. 28" Summer School and International Symposium on the Physics
of lonized Gases. Aug. 29-Sep.2, Belgrade, Serbia, Book of Contributed Papers & Abstracts of Invited
Lectures and Progress Reports (Eds. Dragana Mari¢, Aleksandar R. Milosavljevi¢, Bratislav
Obradovi¢ and Goran Poparic) p. 425-428 ISBN 978-86-84539-14-6
http://spig2016.ipb.ac.rs/spig2016-book-online.pdf

*50. S. Markovi¢, M. Milinovi¢, N. Sakan (2016):Strategy implementation of dual-semi-active radar
homing guidance with coupling of tandem guided and leading missile of air defence missile system on
real maneuvering target. 7" International scientific conference on defensive technologies OTEH 2016,
Belgrade, Serbia, 6-7. October 2016

*51. A A Mihajlov, V A Sre¢kovi¢, N M Sakan, Lj M Ignjatovic, Z Simic and M S Dimitrijevic The
inverse bremsstrahlung absorption coefficients and Gaunt factors in astrophysical plasmas 23rd
ICSLS, Torun, 2017 Journal of Physics: Conference Series, Volume 810, Number 1 012058(4pp),
doi:10.1088/1742-6596/810/1/012059 nopm. 0.833

*52. Nenad M. Sakan, Vladimir A. Sre¢kovié¢, Zoran J. Simi¢ and Milan S. Dimitrijevié
Photoabsorption Cross Section of a Dense Hydrogen Plasma, Model Method, 29 Summer School and
International Symposium on the Physics of lonized Gases: SPIG, Belgrade, August 2018, Book of
Contributed Papers & Abstracts of Invited Lectures and Progress Reports (Eds G. Popari¢, B.
Obradovi¢, D. Borka and M. Rajkovi¢), p. 297-300, ISBN 978-86-7306-146-7,
http://spig2018.ipb.ac.rs/SPIG2018book-online.pdf

*53. Nenad M. Sakan, Vladimir A. Sre¢kovi¢, Zoran J. Simi¢ and Milan S. Dimitrijevi¢. The work on
inclusion of the bound-bound optical transition process within the frame of the cut-off coulomb
potential model — main numerical error sources, August 2018, Conference XII PDP: Belgrade, Serbia
27-31 August 2018, p.75-78, ISBN: 978-86-84539-21-4

*54. Nenad M. Sakan, Zoran J. Simi¢. Numerov method analysis with a goal of application of
complex plasma models, Contributed papers & gbstracts of invited lectures and progress reports, 99,
pp. 311 - 314, 0373-3742, 978-86-80019-94-9, Sabac, 24. Aug - 28. Apr, 2020

6. Caommreme ca MeyHapoaHOr cKyna WTaMnaHo y ussoay — M34

Objasmenu npe npemxoono2 uzbopa y 36arve (9 x 0,5 =4,5)

55. A. Mihajlov, N. Sakan (2003): Modelling of the optical spectrum of absorption for the non ideal
hydrogen or quasi-hydrogen plasma within cut-off coulomb potential approximation, IV SERBIAN
CONFERENCE ON SPECTRAL LINE SHAPES (IV SCSLS), 10-15 October, Arandjelovac, Serbia,
45-45 (Proceedings Paper)

56. .M. Tkachenko, V.M. Adamyan, A.A. Mihajlov, N.M. Sakan, D. Suli¢, V.A. Sreckovic (2005)
Electrical conductivity of dense non-ideal plasmas in external HF electric field. International Conference
on Strongly Coupled Coulomb Systems. Moscow, Russia. Book of Abstracts, p.93



57. V.M. Adamyan, Grubor D, A.A. Mihajlov, N.M. Sakan, V.A. Sreckovic, I.M. Tkachenko (2005)
Optical HF electrical permeability, refractivity and reflectivity of dense non-ideal plasmas. International
Conference on Strongly Coupled Coulomb Systems. Moscow, Russia. Book of Abstracts, p.93

58. N.M. Sakan, A.A. Mihajlov, V.A. Sreckovic (2006) Dynamic conductivity of extremly dense
plasmas. Twelfth Conference on Physics of non-ideal plasmas (PNP12); Darmstadt, Germany

59. V.A. Sreckovic, I.M. Tkachenko, V.M. Adamyan, N.M. Sakan, D. Suli¢, A.A. Mihajlov (2007)
Electrical conductivity of strongly non-ideal plasma in external HF electric field. SCCS 2008.
International Conference on strongly coupled Coulumb Systems. Camerino Italy, Book of Abstracts
p.15

60. V.A. Sreckovic, V.M. Adamyan, A.A. Mihajlov, N.M. Sakan, I.M. Tkachenko (2007) High-
frequency characteristics of strongly non-ideal plasma in external HF electric field. SCCS 2008.
International Conference on strongly coupled Coulumb Systems. Camerino Italy, Book of Abstracts
p.15

61. Sreckovi¢ V.A., Tkachenko .M., Adamyan V.M., Sakan N.M. Sulic D., Mihajlov A.A. Electrical
conductivity of strongly non-ideal plasma in external HF electric field. SCCS2008, International
Conference on Strongly Coupled Coulomb Systems; 2008; Camerino Italy, Book of Abstracts p.15

62. N.M. Sakan, A.A. Mihajlov, Lj.M. Ignjatovié, V.A. Sre¢kovi¢ (2009): The modeling of continuous
absorption spectra of dense hydrogen plasma on the base of the cut-off Coulomb potential. PNP 13,
Moscow, Chernogolovka, Russia, September 13-18

63. Lj.M. Ignjatovi¢, A.A. Mihajlov, N. M. Sakan, V. A. Sre¢kovi¢, M.S. Dimitrijevi¢, D. Jevremovic¢
(2009) The chemi-ionization processes in the solar photosphere (IL) VII SCSLSA, Conference on
spectral line shapes in astrophysics; Zrenjanin, Serbia. Book of Abstracts, p.18

Objasmwenu nakon ooayvke Hayunoz eeha Hucmumyma 3a pusuxy o npeonio2y 3a Cmuyarbe nPemxooHo2
Hayunoe 38arva (13 x 0.5 = 6,5; nopm. = 6,357)

*64. N. M. Sakan, M. Ivkovi¢, J.D. Drake, S. Popovi¢, L. Vuskovic (2010): Flowing discharges in Ar-
H. mixtures. 20" ESCAMPING, 13-17 July, Novi Sad, Serbia, P3.39

*65. Mihajlov A.A., Sakan N.M., Sre¢kovi¢ V.A., Vitel Y.V. (2011) The modeling of the continuous
absorption of EM radiation in hydrogen plasmas with electron densities about 5 1018 cm3 - 1.5
1019cm3 and temperatures about 1.6 104 K - 2.5 104 K. VIII SCSLSA, Conference on spectral line
shapes in astrophysics 6-10 June 2011, Divcibare, Serbia Book of Abstracts, (Eds L.C Popovic, D
Jevremovic and D llic) Astronomical Observatory Belgrade 2011. p. 56. ISBN 978-86-80019-44-4

*66. N. Sakan (2014): HF characteristics of the astrophysical plasmas of the astrophysical plasmas.
XVII National Conference of astronomers of Serbia. str. P.85 23-27 September 2014, Belgrade, Serbia

*67. A. A. Mihajlov, N. M. Sakan and V. A. (2015) Srec¢kovi¢, The Inverse bremsstrahlung in
astrophysical plasmas: the absorption coefficients and Gaunt factors, The book of abstracts 10th
SCSLSA, June 15-19, Srebrno jezero, 2015, Eds. L.C. Popovi¢, M.S. Dimitrijevi¢,Sasa Simi¢, p.49,
ISBN 978-86-80019-70-3

*68. A.A. Mihajlov, V.A. Sre¢kovi¢, N.M.Sakan, M.S. Dimitrijevi¢ (2016) Inverse bremsstrahlung in
characteristic in DWARF atmospheres: the absorption coefficients and Gaunt factors. X Serbian-
Bulgarian Astronomical Conference (X SBAC). May 30-June 3, Belgrade, Serbia. Book of Abstracts,
Eds. M.S. Dimitrijevi¢ and M.K. Tsetkov, Astronomical Observatory, P.72



*69. V.A. Sreckovi¢, A.A. Mihajlov, N.M. Sakan, Lj. M. Ignjatovi¢, M.S. Dimitrijevi¢, D. Jevremovic,
V. Vujéi¢ (2016) HF electric properties of the astrophysical plasmas. X Serbian-Bulgarian Astronomical
Conference (X SBAC). May 30-June 3, Belgrade, Serbia. Book of Abstracts, Eds. M.S. Dimitrijevi¢ and
M.K. Tsetkov, Astronomical Observatory, P. 81 nopm. 0.357

*70. A.A. Mihajlov, V.A. Sreckovi¢, N.M.Sakan, M.S. Dimitrijevi¢ (2016) The inverse bremsstrahlung
absorption coefficients and Gaunt factors in astrophysical plasmas. 23 International Conference on
Spectral Line Shapes. June 19-24, Torun, Poland, P.183

*71. Milan S. Dimitrijevi¢, Vladimir A. Sreckovi¢, Nenad M. Sakan, Free-free absorption coefficients
in solar atmosphere (#103) EWASS 2017, 26-30 June, Prague, Czech Republic http://ewass.kuoni-
congress.info/programme/pdf/EWASS-2017-programme.pdf

*72. N.M. Sakan, V.A. Sre¢kovi¢, Z. Simic and M.S. Dimitrijevic The application of the cut-off
coulomb model potential for the calculation of bound - bound state transitions, 11th SCSLSA Sabac,
Serbia, August 21-25, 2017, The book of abstracts Eds. Luka C. Popovi¢, Andjelka Kovacevi¢ and Sasa
Simi¢, ISBN 978-86-80019-82-6, p. 79

*73. V.A. Srec¢kovi¢, M.S. Dimitrijevic, Z. Simic and N.M. Sakan The cross sections and the rate
coefficients of the free-free absorption processes in stellar atmospheres, 11th SCSLSA Sabac, Serbia,
August 21-25, 2017, The book of abstracts Eds. Luka C. Popovi¢, Andjelka Kovagevié and Sasa Simié,
p. 80, ISBN 978-86-80019-82-6

*74. N. M. Sakan, V. A. Sreckovi¢, Z. Simi¢, M. S. Dimitrijevié, Free-free absorption coefficients in
white dwarf atmosphere, International Conference Strongly Coupled Coulomb Systems 30 July — 4
August 2017, Kiel, Germany, The book of abstracts p.133

*75. V. A. Sreckovi¢, N. M. Sakan, Z. Simi¢, Lj. M. Ignjatovi¢, M. S. Dimitrijevi¢, HF electric
properties of the astrophysical plasmas under extreme conditions, International Conference Strongly
Coupled Coulomb Systems 30 July — 4 August 2017, Kiel, Germany, The book of abstracts p.134

*76. Bogomaz, A.A., Pinchuk, M.E., Budin, A.V., Leks, A.G., Sakan, N.M (2019) Comparison of
megaampere channel temperature value measured by different methods at its maximal contraction in
high density gas. XXXIV International Conference on interaction of Intense Energy Fluxes with Matter,
March 1-6, 2019. Elbrus, Kabardino-Balkaria, Russia. Book of Abstracts, 336, ISBN 978-5-6040595-
9-3

*77. Sakan, N.M., Simi¢, Z., Dechev, M (2021) The optical properties of hydrogen plasma described in
the frame of the fully quantum method based on a cut-off Coulomb model potential. 16" ESPM —
European Solar Physics meeting, 6-10 September, online

7. Pax y yaconmucy HAI[HOHAJIHOT 3Ha4aja - M51

Objasmenu naxon ooayke Hayunoz eehia Hncmumyma 3a husuky o npeono2y 3a Cmuyarbe npemxooHo2
Hayunoe 36arva (8 x 2 = 16)

*78. A. A. Mihajlov, N. M. Sakan and V. A. Srekovi¢ (2017) HF characteristics of the astrophysical
plasmas, Publ AOB, No. 96, p. 179-182 http://publications.aob.rs/96/pdf/179-182.pdf

*79. N. Sakan, Vladimir A. Sre¢kovi¢, Z. Simic, Milan S. Dimitrijevi¢ (2018) The Application of the
CutOff Coulomb Model Potential for the Calculation of Bound-Bound State Transitions, Atoms, MDPI,
6,4, https://doi.org/10.3390/atoms6010004 Special Issue: Spectral Line Shapes in Astrophysics and
Related Topics


http://ewass.kuoni-congress.info/programme/pdf/EWASS-2017-programme.pdf
http://ewass.kuoni-congress.info/programme/pdf/EWASS-2017-programme.pdf
http://publications.aob.rs/96/pdf/179-182.pdf

*80. N. M. Sakan, V. A. Sre¢kovi¢, Z. Simi¢ and M. S. Dimitrijevi¢ (2018) The spectral coefficients of
absorption processes in dense strongly ionized astrophysical plasmas Publ. Astron. Obs. Belgrade No.
98, p. 325-328 http://publications.aob.rs/98/pdf/325-328.pdf

*81. V.A. Sreckovi¢, A.A. Mihajlov, N.M. Sakan, Lj.M. Ignjatovic, M.S. Dimitrijevic, D. Jevremovic,
V. Vujcic (2018) HF electric properties of the astrophysical plasmas Astronomical and Astrophysical
Transactions (AApTr) ISSN: 10556796, Vol. 30, Issue 3, pages 307 - 314 nopm. 1.429

*82. A.A. Mihajlov, V.A. Sreckovi¢, N.M. Sakan, M.S. Dimitrijevic (2018) Inverse bremsstrahlung in
dwarf atmospheres: the absorption coefficients and Gaunt factors Astronomical and Astrophysical
Transactions (AApTr) ISSN: 10556796 Vol. 30, Issue 3, pages 291 — 298

*83. Bogomaz, A.A., Pinchuk, M.E., Budin, A.V., Leks, A.G., Sakan, N.M (2020) Comparison of
megaampere channel temperature value measured by different methods at its maximal contraction in
high density hydrogen. Journal of Physics: Conference Series, 2020, 1556(1), 012082

*84. Simi¢, Z., Sakan, N.M., Milovanovi¢, N., Martinovi¢, M (2021) Singly ionized Iridium spectral
lines in the atmosphere of hot stars. International Astronomy and astrophysics Research Journal. 3(2),
33-47.

*85. Simi¢, Z., Sakan, N.M. (2021) Stark widths and shifts of Rh Il in chemically peculiar stars.
International Astronomy and astrophysics Research Journal. 3(3), 37-48.

8. CaonuTeme ca CKyna HAMOHAJIHOT 3HA4Yaja WTaMnaHo y neanan — M 63

Objasmenu npe npemxoono2 uzbopa y 36ame (1 x1,0=1,0)

86. N. Sakan, A.A. Mihajlov, V.A. Sre¢kovi¢ (2004) Odredivanje HF karakteristika potpuno jonizovane
plazme povecane neidealnosti. XI Kongres fizicara Srbije i Crne Gore, Petrovac na moru.

Objasmenu naxkon ooayke Hayunoz eehia Hncmumyma 3a husuky o npeono2y 3a Cmuyarbe npemxooHo2
nayunoe 38arwa (1 x1,0 =1,0)

*87. S. Sakan, G. Devi¢, D. Reli¢, 1. Andelkovi¢, N. Sakan, D. Pordevié¢ (2013): Faktor obogacenja i
indeks geoakumulacije u proceni kontaminacije recnih sedimenata. str. 43-52, Naucno-stru¢na
konferencija sa medunarodnim uce$¢em: "Zastita zivotne sredine izmedu nauke i prakse—stanje i
perspektive”, Zbornik radova, Banja Luka 13. decembar 2013. ISBN 978-99938-846—6-8;
COBISS:BH-ID 4038424

9. Caomnurema ca CKyNoBa HAIMOHAJIHOT 3HaYaja WITaMnano y ussoay — M 64
Objaswenu npe npemxoonoz uzbopa y 3earwe (1 x0,2 =0,2)

88. Sakan N.M., Mihajlov A.A., Sre¢kovi¢ V.A. Odredjivanje HF karakteristika potpuno jonizovane
plazme povecane neidealnosti. XI kongres fizicara Srbije i Crne Gore; 2004; Petrovac na Moru (Eds.
Nikola Konjevic, Borko Vujicic and Predrag Miranovic)

Objasmenu naxkon ooayke Hayunoz eeha Hncmumyma 3a husuky o npeono2y 3a Cmuyarbe npemxooHo2
Hayunoz 3earva (2 x0,2 =0,4)

*89. N. M. Sakan, V. A. Sreckovi¢, Z. Simic and M. S. Dimitrijevic, The spectral coefficients of
absorption processes in dense strongly ionized astrophysical plasmas XVIII SAC 17-21 October 2017,
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http://publications.aob.rs/98/pdf/325-328.pdf

Belgrade, Serbia Book of abstracts, eds. L. -C. Popovic, D. Urosevic and R. Pavlovic Astronomical
Observatory and Faculty of Mathematics, Belgrade, 2017, p.95, ISBN 978-86-80019-85-7

*90. N. M. Sakan, V. A. Sre¢kovi¢, Z. Simic and M. S. Dimitrijevic, The optical characteristics of dense,
strongly ionized hydrogene plasma, applicable in astrophysical objects, XVI11 SAC 17-21 October 2017,
Belgrade, Serbia Book of abstracts, eds. L. -C. Popovic, D. Urosevic and R. Pavlovic Astronomical
Observatory and Faculty of Mathematics, Belgrade, 2017, p.96, ISBN 978-86-80019-85-7

10. Onopamena nokTopcka qucepranuja —M 70

91. N. Sakan (2009): Modeliranje optickog kontinuiranog spektra guste jako jonizovane plazme u
aproksimaciji odsecenog Kulonovog potencijala. Fizicki fakultet, Univerzitet u Beogradu

* padosu objasmenu naxon 00nyke Hayunoe eeha Uncmumyma 3a ¢usuxy o npeonozy 3a cmuyarse
npemxoonoz nayunoz 3earpa (2010)

** padosu ojasmenu y npemxoonux 10 2oouna

HMnakT (]_)aKTODI/I Jacomuca y KojuMa ¢y nyoJuKOBaHH PaJo0BH

LenokynHa ncrpaxuBadka kapujepa: 60,492

Haxon omtyke Hayunor Beha MHcTHTyTa 32 QU3KMKY O TIPEAJIOTY 32 CTHIIAHE MPETXOAHOT HAYYHOT
3Bama: 38,776
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PEITYBJIMKA CPBMJA

OU3NYKU GAKVIITET
VYHUBEP3UTETA Y BEOI'PALLY

O CTEYEHOM HAYYHOM CTEIIEHY
JJOKTOPA HAYKA

CAKAH (Momuuiao) HEHAJT

POBEH 4. MAPTA 1972. TOJMHE ¥V CKOIUBY, PENYBIIMKA MAKEINOHUIA,
JIAHA 1. AIIPMIJIA 2004. TOIMHE CTEKAO JE AKAJEMCKH HA3HWB
MATUCTPA OM3UUKMX HAVKA, A 2. JVJIA 2009. TOOUHE ONBPAHMO JE
TIOKTOPCKY JMCEPTALIJY HA ®U3NUKOM QAKVITETY IIOL HA3MBOM
_MOJIEJIMPAILE OIITUUKOI' KOHTUHYHUPAHOI' CIIEKTPA T'YCTE, JAKO
JOHU3OBAHE IUIASME V AITPOKCUMAIIMIM . OJCEYEHOI' KYJIOHOBOI
MMOTEHLIMJAJIA”.

HA OCHOBY TOI'A M3IAJE MV CE OBA JUIUIOMA O CTEYEHOM HAYYHOM
CIENEHY

JTIOKTOPA ®M3NYKUX HAVKA

Pexru 6poj U3 eBEIERIje 0 M3IATHM numiomama 13454

V Beorpany, 2. centemdbpa 2010. romane

(M. IL)

W / -
ap JbyOuma 3exopuh Tp Bpasxo Kosagenuh




Pery6smka Cpouja 0
PC CBETE
MHHHCTAPCTBO IIPO L
HAVKE M TEXHOJIOIIKOT PA3BOJA e
KoMuenja 3a CTHIAE HAYHHIX 3BaAIbA . . |

Bpoj:660-[li-(}l]006/81 o y
27.09.2017. roaune e 0.. /%f 7.{/1
beorpan

Ha ocnoBy wunana 22. cra 2. yiasa 70. craB 4. u wiana 86. cr. 1. u 2. 3akona o
mayuroncTpaxisaukoj Aenarsoctn ("CoyxGenn rmacuuk PenyGmiuxe CpGuje”, 6poj 110/05 u
50/06 — ucnpaska, 18/10 u 112/15), wnana 3. cr. 1. u 3., unana 32. c1as 1., wiana 35. crap 1. "
gnana 40, TIpaBHIHHKA O TOCTYIKY, HAYHHY BPEJHOBAHA M KBAHTHTATUBHOM HCKA3UBALY

HAyYHOHCTPAKHBATKHX pesyiTata nerpaknsaya ("Cryxbenn rnacuuk PemyGmke Cpouje”, 6poj
24/16, 21/17 u 38/17)  3axTeBa KojH je MOMHEO

Hrucuuiuyiu 3a dusuxy y Beozpady

KomicHja 3a CTHIAE HAYYHAX 3BAka Ha CEHULIM oapkanoj 27.09.2017. roause, nonena je

OIYKY
O CTHHABY HAYYHOT 3BAIGA

Ap Henao Caxan

CTHYE HAYYHO 3BaR:e
Hayunu capaonux
Peunsbop

y 0ba1acTH NPHPOAIHO-MATEMATHYKHX HAYKA - (hr3nKa
OB P43 0OKEBBEE

Hucuuwyia 3a ¢usuky y Beozpady

yTBp/HO je npejuor 6poj 180/1 ox 07.02.2017. roamue Ha ceuum Hayunor Beha MHcTHTYTA B
noxneo 3axrtes Komucujn 3a cruumame mayunmx 3sama 6poj 198/1 ox 13.02.2017. romuse 3a
JIOHOMIE:E OZTYKE O HCIYLEHOCTH YCI0Ba 32 pen3bop y nay4ro 3same Hay4nu capaonux.
Komrcrja 3a cTHIAme HayuHWX 3Bama je 1O MPETXOIHO NPUOAB/LEHOM MO3HTHBHOM
MHIUbeEY Marrnuror HayuHor oxbopa 3a (U3HKY Ha celHUIM oapxanoj 27.09.2017. roaume
pasMatpaia 3axTeB W yTBP/K/IA /Ia IMEHOBAHH HCIyHaBa yciiose u3 wiana 70. cras 4. 1 wiana 86.
cr. 1. m 2. 3akona o HayyHOMCTpaxmBaukoj aenatHoctd ("CirykGeHH TIacHUK Peny6mike
Cpbuje", 6poj 110/05 u 50/06 — ucnpaska, 18/10 n 112/15), unana 3. c1. 1. u 3., unana 32. ctas 1.,
gnana 35. cras 1. u unana 40. [IpaBmiHmKa 0 HOCTYIIKY, HAYMHY BPEAHOBAMA M KBAHTHTATHBHOM
HCKa3iBatby HAYYHOMCTPAKMBAYKMX pesynrata uerpaxuBada ("Cryxbern rnacuuk PeryGmuke

CpGuje", Opoj 24/16, 21/17 u 38/17) 3a pewsGop y Hayuno 3same Hayunu capadnux, na je
OJUIYYHJIa Ka0 Y U3PELH OBE OJITYKE,

JloromereM 0Be 0/UTyKe IMEHOBAHH CTHYE CBA MPaBa KOja MY Ha OCHOBY be 110 3AKOHY
NPUIIANa)y.

Opunyky JOCTABUTH TOJHOCHOLY 3aXTeBA, MMEHOBAHOM M apxuBH Mummcraporsa
TIPOCBETE, HAYKE M TEXHONOIIKOT pa3Boja y beorpany.

IPEACEJHHUK KOMUCHJIE

Ap Cranncnapa Cromuh-I'pyjuanh,
HAYYHH CABETHHK

(-G ppack-, /7@%




@4 Pomp 30 Hayky
Peny6nuke Cpbuje

KoHauHa paHr-nucra npojekara 3a nognporpam Hay4yHUX UCTPaXKMUBaHa y 061acTn npupoaHux HayKa y okeupy Mporpama UAEJE Koju ce opao6paBajy 3a puHaHcupame

P.6p | Wudpa AKpOHUM Hasus npojekra PykoBoaunay, HayuHo-ucTpaxkmusauka MatuuHn NnB (HUO) Byuer (€) Byyert (PCA) ®duHanHu Pesyntar
npojekra (PI) opranusauuija (HNO)* 6poj (HUO)
MHCTUTYT 32 MONEKYNapHY FEHETUKY U FeHETUYKO 07093977 101736673
WHXKerepcTBo, YHuBep3sutet y Beorpagy
1| 7730810|BioECOLogics Value-added biologics through eco-sustainable Jacmuna Hukoguroswh-Pykuh [l Y 468,129.33| RSD 55,239,260.94 93.75
gi routes 4l y pMp?,D,HO-MaTeMaTVI‘-IKM dakynTeT, YHuBepsutety 07232721 101041593 ,129. ,239,260. .
Kparyjesuy
MHCTUTYT 33 MHd)OpM.aU,VIOHe TexHonoruje, 17922238 111601132
YHusep3suteT y Kparyjesuy
Omics-guided disentangling of the iridoid diversity in MHCTUTVT 33 GMONOLIKS HCTDAKMBAMA  CHHMILA
2| 7749433 |NEPETOME the genus Nepeta L. for in planta metabolic [Janunjena Muwuh v " P ” 07032609 100205581 477,965.45| RSD 56,399,923.10 93.30
N . ) - CraHkoBuh", YHUBep3uTeT y beorpagy
engineering towards sustainable exploitation
] B "y
;c*m*ryr 3a HyK/NeapHe HayKe ,BuHua", YHUBep3utet 07035250 101877940
3| 7699827 |HIGHTONE-P HIGGS BOSON: A PORTAL TO NEW PHYSICS MBanka Boosuh Jenncagunh  I—corPaay 193,201.41| RSD 22,797,766.38 93.19
MpupoaHo-MaTemMaTUuKu GakynTer, YHUBEP3UTET y
. 07232721 101041593
Kparyjesuy
n - ,
PUPOAHO-MaTEMATUYKKN daKynTeT, YHUBEpP3UTET y 08104620 101635863
Hosom Cagy
— . . MosbonpuspeaHn dpakynteT, YHuBepsutet y Hosom
4| 7721972|B-HEALTH Implications of dietary and endogenous polyamines | p oo Cany 08608369 100233025 226,526.89| RSD  26,730,173.02 92.86
for the health and longevity of honey bees AHCTHTYT 33 AHBNICRO LYMADCTB0 11 SRIBOTHY CoEmN
VT 38 HUSHICKO WyMapCeTBO ¥ CPEAAHY 08865248 104706702
Hosu Cag,
UHctuTyT BrioCeHce 08953643 109015886
" ”
HCTUTYT 3: 61os0LWKa UCTpaXkuBatba ,CuHUWA 07032609 100205581
CraHkosuh", Vi p3uTeT y beorpaay
E i | luti hi lopi
5| 7683961 |ELEVATE Experimental evolution approach in developing |\, | 10, 0puh Buonowkn baky/TeT, Yungepsutet y beorpaay 07048599 100043776 262,254.45| RSD  30,946,025.10 92.60
insect pest control methods MeauuMHCKK dakynTeT, YHUBep3uTeT y beorpagy 07048157 100221404
n -
pmp?,qu maTemaTuuku dakyntet, YHuBepsuTeT y 07232721 101041503
Kparyjesuy
7] B y
Eucmryr 3a pu3uKy beorpapg, YHuBepsutery 07018029 100105980
Atmospheric pressure plasmas operating in wide eorpaay
frequency range —a new tool for production of MeamuMHCKM dakynTeT, YHUBep3uTeT y beorpagy 07048157 100221404
6| 7739780|APPerTAin-BIOM . . . . - HeseHa Myay 289,609.35| RSD 34,173,903.30 91.75
biologically relevant reactive species for applications CromaTonoluku dakynTet, YHuBep3uTeT y beorpaay 07001991 100125119
in biomedicine VIHCTUTYT 3a 6MONOLLIKa UCTpaXmMBakba ,CUHULWA
yrsa P , 07032609 100205581
CraHkoswuh", YHuBep3uTeT y beorpaay
Xemujcku dpakyntet, YHuBep3utet y beorpagy 07053681 101823040
New Synthetic Methods and their Applications for " X . 5 20550872 106185588
7| 7750119|New SMART Synthesis  |Rapid Total Syntheses of Complex Natural Products | Pagomup H. Canuwth HOBaUVOHY LieHTap Xemmjckor GakynTeta y beorpasy 350,500.00| RSD 41,359,000.00 91.66
d Bioactive Molecul j j j
and Bioactive Molecules VIHCTUTYT 33 XeMujy , TEXHONOTW]y U MeTanyprujy, 07805497 100160355
YHuBep3uTeT y beorpagy
Buonouwku dpakyntet, YHusepsutet y beorpagy 07048599 100043776
) Biophysics and Bioinformatics of CRISPR/Cas and
8| 7750294|q-bioBDS Mapko hophesuh 198,462.36| RSD 23,418,558.48 91.24
q-oi Toxin-Antitoxin Regulation PK phesu WHCTUTYT 3a dpu3nKy beorpaa, YHusepsuteT y beorpaay 07018029 100105980
MeauumMHCKM dakynTeT, YHuBep3uTet y beorpagy 07048157 100221404
Pyaapcko-reonowku dakynter, YHusepsurer
9| 7744807|RECON TETHYS Reconstruction of the Tethys’ waning in the Balkans | flejat Mpenesuh Ezﬂorsagy baky, pauTeTy 07045735 100206244 453,196.36| RSD 53,477,170.48 9115
MHCTUTYT 33 6MONOLWLIKa UCTPaXkuBatba ,CUHULWA
Exploring New Avenues in Breast Cancer Research: CraHkosuh", ¥ pautety Beorpaay 07032609 100205581
10| 7750238 REFRAME Redox and Metabolic Reprogramming of Cancer and |bato Kopah Buonowkm dakyntet, YHusepsutet y beorpagy 07048599 100043776 282,778.49| RSD 33,367,861.82 90.44
Associated Adipose Tissue
MegaunumnHckun darkyntet, YHuBep3uteT y Hosom Cagy 08113599 100451043




Ponp 30 HaYkyY
Peny6nuke Cpbuje

P.6p | LWudpa AKpOHUM Hasus npojekrta PykoBogunay, HayuHo-ucTpaxkusauka MatuuHn NnB (HUO) Byyer (€) Byyert (PCA) ®duHanHu Pesynrar
npojekra (PI) opranusauuja (HNO)* 6poj (HUO)
MartemaTnuku MHcTUTYT CAHY 07017871 100056973
11| 7744592|MEGIC Integrability and Extremal Problems in Mechanics, | 0 noarouh Marematuikm GakynTet, Yuusepsuter y beorpady 07048211 100046603 269,237.38| RSD 31,770,010.84 89.50
Geometry and Combinatorics T > v
eXHO/IOWKO-MeTanypLIKK GaKyaTeT, YHUBEp3nTeT y 07032552 100123813
beorpaay
Serbian Industrial Waste towards Sustainable ;exnonomko-me'ranypml(u dakynter, VHuepsutety 07032552 100123813
12| 7743343|SIW4SE Environment: Resource of Strategic Elements and Anekcangpa Mepwuh Mpyjuh Meorpap,y B Y 365,070.13| RSD 43,078,275.34 89.45
Removal Agent for Pollutants HCTUTYT 33 HYKNIEBPHE HayKe , BuRta’, JHuBepsuteT y 07035250 101877940
beorpaay
Buonouwku dpakynter, YHusepsutet y beorpagy 07048599 100043776
Balkan biodiversity across spatial and temporal ® y 6 07001975 101746950
13| 7750112|BalkBioDrivers scales - patterns and mechanisms driving vascular Omwutap Nakywuh apmaLeyTCkm GakynTet, Yuusepsurer y beorpaay 310,475.00| RSD 36,636,050.00 89.39
lant diversit
plant diversity MowonpuspeaHn dakyntet y Kpywesly, YHusepsutet 17906674 110101600
y Huwy
WHcTuTyT 32 dUn3mky beorpag, YHusepsutety
Control and manipulation of light in complex Beorpagy 07018029 100105980
14| 7714356|CompsLight hotonic systems [lparaxa Josuh Casuh m 233,435.86| RSD 27,545,431.48 89.34
p! 2% HCTUTYT 32 MyNTUANUCLMTNIMHAPHA UCTPaXMUBakba, 07002068 101012100
YHuBep3uTeT y beorpagy
Exploring Bacterial OMV (Outer Membrane Vesicles)- MHCTMTYT 38 MONIEKYAZPHY [EHETHKY U reHETUUKO
15| 7744906|ExplOMV sRNAs Mediated Interkingdom Communication with |Jparasa Hukonuh v YA1apHy Y 07093977 101736673 212,704.35| RSD 25,099,113.30 89.19
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Plants and Fungi
MpupogHo-matemaTtnykm dpakyntert, YHuBep3uTeT y 17267906 100668023
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QUANTITATIVE AUTOMATA MODELS: r:;(x}:;;equmx HayKa y Yauky, YHuBepsuteT y 07181779 101123484
16| 7750185|QUAM ‘ M Thupuh 271,875.60| RSD 32,081,320.80 89.05
Q FUNDAMENTAL PROBLEMS AND APPLICATIONS vpocnias hupu ’
Meparowku dakynTeT y Bpary, YHnsepautet y Huwy 06876617 102188151
ﬂpMp?,D,HO-MaTeMaTM‘-IKM dakynTeT, YHUBEp3UTET Y 07232721 101041593
Kparyjesuy
Attosecond VUV-XUV-SXR Beamline for Ultrafast Ddusunukm pakynrer, Vi p3uTeT y beorpagy 07048190 100039173
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. . MHCTUTYT 3a HyKNeapHe Hayke ,BuHua", YHuBepsutet y
anticancer activity 07035250 101877940
beorpaay
The use of integrative multi-omics approach in UHCTUTYT 32 MONIeKYIapHY FeHEeTUKY U FTeHETUYKO
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Integrated Strategy for Rehabilitat f Disturbed
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pects: step Ca':;/m T TEXHUYKMX HayKa, YHUBep3uTeT y M 08067104 100724720




Ponp 30 HaYkyY
Peny6nuke Cpbuje

P.6p | LWudpa AKpOHUM Hasus npojekrta PykoBogunay, HayuHo-ucTpaxkusauka MatuuHn NnB (HUO) Byyer (€) Byyert (PCA) ®duHanHu Pesynrar
npojekra (PI) opranusauuja (HNO)* 6poj (HUO)
34| 7739802|AdCatFC Advanced Catalysts for Low Temperature Fuel Cells: | oo 00uh VMcTUTYT 32 Xemujy ;TexHonorujy n Meranypruiy, 07805497 100160355| € 150,272.37| RSD 17,732,139.66 86.81
From Model System to Sustainable Catalysts YHusepsutet y beorpagy
Factors of the BRCA2-mediated Homologous
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1. PA3BOJ KOMBMHOBAHUX UMYHOTEPAIIMJCKUX Cpricka akagemuja Hayka u ymetrHoct, CAHY Onesbembe 32 UMYHOIOTH]Y, IHCTUTYT 3a
HPUCTVYIIA YV JIEYEBY MEJIAHOMA 3ACHOBAHMX HA | VnctutyT 3a npuMeHy HyKJieapHe €HEpruje mukpo6uoorujy Stephan Angelov (IMSA)
Egggfﬁéggyﬁﬁfyﬁﬁﬁﬁ I;i IILBI:I%H (MHEIT), YuuBepautet y beorpany Byrapcka akagemuja Hayka
JIMYHOTJIOBY IMHIMA-C/TITIHIX PELIELITOPA pykoBoamiall; akajgeMuk Muonpar Yonuh pykoBoamiail: mpod. Auapej Yopoanos

2. OITEPATOPU, JUDEPEHIIMJAJIHE JEAHAUYMHE 1 | [enapTtman 3a MeTaMaTUKy U HHQOPMATHKY, WHCTUTYT 32 MaTeMaTHKy 1 HHPOPMATHKY
CIHHELIUJAJIHE ®YHKIUJE ®PAKLIMOHOT" [Mpupoano-maremaTnuku gaxynrer YHusepsurera | BAH
PAUYHA - HYMEPUKA U ITPUMEHE y HoBom Cany, Cpricka akajemuja HayKa pykoBoamiail: mpod. ap Bupuunuja

YMETHOCTH Kupjakosa
pykoBoamiai: akagemuk CreBan [Tununosuh

3. | HOJIAPM3ALIMOHA ITIOCMATPAA KBA3APA Katenpa 3a actponomujy, Maremarnuku dakynrer | MHCTUTYT 32 actpoHomujy u Harmonanna
Yuusep3urera y beorpagy (PMVYbB) acTpoHOMCKa orcepBaTopuja BAH
pykoBogunai: ap Jparana Wnuh pyxoBoauial: Jbyba CnaBueBa-MuxoBa

4. GAIA CELESTIAL REFERENCE FRAME (CRF) 1 BP30 AcTpoHOMCKa OICepBaTopHja HuctutyT 3a actponomujy 1 Hanmonanua
ITPOMEHJBBA ACTPOHOMCKHU OBJEKATA pyxoBoaunan: ap I'opan Jlamsbanosuh acTpoHOMCKa orncepsaropuja BAH

pykoBoaual: Pymen banues

S. ACTPOMETPUIJA U POTOMETPUJA BU3YEJIHO AcTpoHOMCKa OIcepBaTopuja HNuctutyT 3a actpoHoMHjy ca Hanmonamsom
ABOJHUX 1 BUILECTPYKUX 3BE3JIA pykoBoauna: ap 3opuna [{serkouh acTPOHOMCKOM oricepsaropujom BAH

pykoBojnai: 1p I'eopru Jlate

6. | AKTUBHU JIOT'ABAIN HA CYHLLY. KATAJIO31 AcTpoHOMCKa OIcepBaTopuja HNuctutyT 3a actpoHoMHjy ca Hanmonamsom
ITPOTOHCKUX U1 EJIEKTPOHCKHUX JIOTABAJA'Y X- pykoBoaunar: ap 3opan Cumuh aCTPOHOMCKOM oricepsaropujom BAH
3PALIMA, UV U PAJIVIO OBJIACTH. YTULIAJ CYJIAPA pyKoBoIaIT: ip Momum Jleues
N OINTNYKA CBOJCTBA I'VCTE BOONOHWYHE TUIABME

7. ®UTOXEMHICKO UCITTUTUBABE CEKYHIAPHUX HHCTUTYT 32 XeMH]y, TEXHOJIOTH]Y U MeTanyprujy | MucTuryT 3a oprancky xemujy BAH, Llenrap
METABOJIMTA 13 BUJbAKA 1 I'JbBUBA pykoBoamnan: akageMuk Cio6oaan 3a PUTOXEMH]Y
BUOTPAHCOOPMUCAHUX ITPOU3BOJIA MunocassbeBuhi pykoBoamiall: p Anroanera Tpennadumosa

8. OHNTUYKA JETEKIIMJA OCTATAKA CYITEPHOBUX U MaremaTtnuku Qaxynrer YHUBEp3uTeTa y HuctutyT 32 actpoHoMHjy ca Hanmonamsom
HIl PETMOHA VY BJIMCKUM I"'AJTAKCHUJAMA (|C342 )41 Beorpazly aCTPOHOMCKOM OHCGpBaTOpI/IjOM BAH
NGCS5585) pykoBoamnai;: 1p Munnna Byderuh pykoBoaunai;: ap Hukona Iletpos

9. JUJATHOCTUKA P® IMMPAXIBEBA KOJA CE Cpricka akajieMuja HayKa U yMETHOCTH Byrapcka akazemuja Hayka, HCTUTYT 3a
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CEH30OPCKE ITPUMEHE

11. | AHAJIM3A BIG DATA'Y ACTPOOU3NLY, NuctutyT 3a pmsuky Y beorpamy WHCTHTYT 32 MaTeMaTHKy U HH)OPMATHKY

pyxoBoamiail: mpod.np Orman KoyHues

12. | HOY3JAHOCT U PAAUJALITMOHA OTIIOPHOCT Cpricka akajeMuja HayKa 1 YMETHOCTH WucTuTyT 32 Qusuky uBpcror crarba BAH
METAL/OXIDE/HIGH-K/OXIDE/SI (MOHOS) CTPYKTYPA | pykosoaunan: akagemux Hunocnas CrojamunoBuh | pyxosommam: npod.ap Andena Iackanesa
CA PA3JIMYUTUM TYHEJICKUM OKCUAVIMA U
JIAMUHHWPAHNUM U MEITIOBUTHUM CJIOJEBUMA

13. | MOHO- U ITOJIN-KOMITIOHEHTHU KATAJIMTUYKU | MHCTUTYT 32 XeMU]jy, TEXHOIOTH]Y B METAITyprijy | MHCTUTYT 3a OMIITY U HEOPTAHCKY XEMUjy
CUCTEMU 3A TIPEUMIIRABABE OTIAJHUX | pyxoBomgmnam: ap I'pouh Bormko bBAH
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14. | ,,.3EJIEHA“ CUHTE3A HAIIPEJJHUX WucTutyT 32 Xemujy, TexHONOTHjy 1 MeTanmyprujy | MucTuTyT 32 karanu3zy BAH
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JKMBOTHE CPEJIMHE
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KATAJIM3ATOPA 3A ITAPLIAJAJIHY pykoBoaunai:ip Jyrocnas Kpcruh pykoBoaunau: ap Jumurpunka Hukonosa
XUAPOI'EHU3ALIMIY BUJBHOI" YJbA
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CPIICKE JIEKCUKE pyKoBoamIIal: akaaeMuk Asekcanaap Jloma Jro6oMup Auapeitann*

pykoBoaunan: XpuctuHa Jleiikona
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1 20. BEKY pyKoBoaMIIaL: akageMuk Muxajino Bojsoauh Tpakonorujy BAH
pykoBouiai: npod. Anekcannap Kocros

18. | CPIICKO-BYT'APCKE KIbMDKEBHE U KYJITYPHE BE3E Y | Busanrosnomuiku uactutyt CAHY HuctutyT 3a kb rxeBHOCT BAH
KOHTEKCTY BUSAHTUJCKE HIMBUJIM3ALINJE pykoBomail: akajgeMuk Jbybomup Makcumosuh | pykoBommair: ap Enka TpajkoBa-CrankoBa

19. | CEKVJIAPHU U PEJIMT'MJCKU KUBOT HA Buzanronomku nactutyr CAHY bankanonomku nHeTUTYT M LlenTap 3a

CPEABEBEKOBHOM BAJIKAHY

pykoBoauiai: akageMuk Jbybomup MakcumoBuh

Tpakonorujy BAH
pykoBoguian;: npod. Jlunnana Cumeonona




20. | KYJITYPHU KOHTAKTHU HA HEHTPAJIHOM BAJIKAHY Onememe ncropujckux Hayka CAHY, Apxeosomku HHCTUTYT 1 My3ej BAH
IIPEMA N3YYABAILMMA APXEOJIOIIKMX ApPXEOJIOIIKY HHCTHTYT pykoBoawiail: nom. wian Bacun Hukosos
KOHTEKCTA OJ1 KACHE ITPANUCTOPUIE 10 18. BEKA PYKOBOJIMIALL: TOMHUCHHY 4iaH Byjaaun
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SUMMARY

Present state of knowledge in the field, significance and objectives of the joint research:

Active processes on the Sun, such as prominence eruptions, solar flares,
coronal mass ejections (CME), etc. are different manifestations of a single physical
process whose source and motor are the free energy stored in the coronal magnetic
fields. These various manifestations of solar activity have a significant impact on the
cosmic climate as well as many processes on Earth and human activity. The study
and forecasting of the eruptive solar phenomena, their initiation, propulsion
mechanisms and evolution, provide an important physical understanding of the
dynamic processes occurring in the solar atmosphere, significant for space weather
and geospatial climate.

The prominence eruptions (EPs) are one of the Sun's most energetic
phenomena. During this process, about 10 kg of plasma is ejected from the
chromosphere and low corona into the interplanetary space. Observations at the
early stages of the EP, i.e. their pre-eruptive activation are essential for the
understanding this processes and therefore their earlier prediction. CMEs are large-
scale eruptions of the plasma and the magnetic field from the Sun that propagate in
the heliosphere. They are one of the main mechanisms that influence the cosmic
weather in the solar system. CMEs can have a profound effect on the interplanetary
environment by injecting solar plasma, increasing magnetic flux and accelerating
high energy ions and electrons. EPs are often associated with CME.

A number of radio signatures are associated with the shock waves generated
by CME, which accelerate electrons and protons in the interplanetary space. The
study of CME properties, their propagation, and their associated X-ray, ultraviolet
and radio signatures are essential for predicting space weather.

Solar flares are phenomena in the low solar atmosphere associated with the
release of a huge amount of energy that affect all layers of the atmosphere . Energy
released during solar bursts produces radiation across the entire electromagnetic
spectrum, from radio waves to gamma rays. This energy heats the plasma to tens of
millions of degrees Kelvin and contributes to the acceleration of electrons, protons
and ions. There are two main sources of acceleration of solar high energy particles
(SEP): solar flares and shock waves generated by CME in the corona and
interplanetary space.

Impact broadening parameters for spectral lines are of interest for
astrophysical, laboratory, and technological plasma, will be determined within the
frame of modified semiempirical approach and other methods. Obtained results will
be used for investigation of the Stark broadening influence in stellar plasma of hot
stars and the Sun. Theoretical data and observations will be compared.

The calculations of the plasma parameters within the cut-off Coulomb for the
optical properties of low and high non-ideality hydrogen plasma give us the results
which are proven in wide area of electron densities and temperatures, particularly
interesting in the atmosphere of the Sun. Models for plasma of small, as well as
extreme, non-ideality are not applicable. The calculation of optical parameters of
pure hydrogen with the influence of plasma is conducted using an complete quantum
mechanical method and can be included for understanding physical processes at the
Sun surface.

The main goals of this project are to exchange the experience gained in
modeling spectral lines at the Belgrade Observatory and to apply them in studying
observable active processes of the Sun, creating catalogs of electronic and proton




events, X-ray, ultraviolet and radio signatures and presenting them by means of the
Virtual Observatory.

Active processes on the Sun, Space Weather, Proton and Electron

Keywords(upito:d): Catalogs, Spectral Lines and Optical properties of Stellar plasma,

Background of cooperation and envisaged results and benefit:

There is a tradition at the Institute of Astronomy with the National
Astronomical Observatory (IANAO) in the study of the active processes on the Sun,
especially in the kinematics and dynamics of eruptive prominences and CMEs. A
new area of research is currently cataloging solar proton events, as well as
electromagnetic signatures from solar flares (in the X-ray, ultraviolet and radio
bands) associated with electronic events during solar cycles of numbers 23 and 24.

On the other hand, at Belgrade Astronomical Observatory there are traditions
in the theoretical modeling of a number of spectral lines. There is also a database
entitted STARK-B (developed in collaboration with the Paris Observatory), with which
the Belgrade Observatory participated in the FP7 project, now the European Virtual
Atomic and Molecular Data Center (VAMDC) Consortium, which also covers the
results obtained from the Belgrade Observatory.

Within the time frame of this project, one astronomical conference will be
organized - the XllI Bulgarian-Serbian (BSAC 2022). The results will be presented
and further cooperation with other areas will be encouraged. It also aims to increase
the interest in the field of study by PhD students and young people.

The web site will be enriched for catalogs of solar energy particles and related
X-ray, ultraviolet and radio signatures. Integration with the formats of the Virtual
Observatory will be sought.

At a later stage, it is planned to develop electronic astronomical educational
resources and related documentation.

Relation to other projects (partners, titles, duration, and funding):

Project 176002 "Influence of collisional processes on astrophysical plasma line
shapes", leader Z. Simi¢ supported by Ministry of Education, Science and
Technological Development of Serbia;

Research plan for the first year:

1. Introducing to the Serbian colleagues the areas of expertise of the Bulgarian team.
- Deadline: first half of 2020.

2. Introducing Bulgarian colleagues to the areas of expertise of the Serbian team. -
Deadline: first half of 2020.

3. Exchange of experience and software tools in the field of spectral line modeling. -
term: 1 year from the project.

4. Participation of the XIl SBAC Serbo-Bulgarian Astronomical Conference. -
Deadline: first half of 2020.

5. Preparation and presentation on the web site of the catalogs of proton events, as
well as of X-ray, ultraviolet and radio signatures from electronic events. - term 2020,
2021

6. Presentation of the joint results of XIl SBAC and Xl BSAC. - term 2020 -2022.




7. Preparation and holding of the XIIl BSAC Bulgarian-Serbian Astronomical
Conference. - term: 2022.

8. Final editing and publication of selected articles from the 13th Bulgarian-Serbian
Astronomical Conference. - term: 2022.

Preliminary research plan for the second year:

Preparation and presentation on the site of catalogs of proton events, as well as of X-
ray, ultraviolet and radio signatures from electronic events. - term 2020, 2021.

Continue work on modeling certain spectral lines of mutual interest.
Processing and publishing the submitted XIl SBAC reports.
Joint publications.

Preliminary research plan for the third year:

Continuation of work on the catalogs of X-ray, ultraviolet and radio signatures of solar
electronic events.

Continue work on modeling certain spectral lines of mutual interest.

Preparation and implementation of the XIl SBAC.

Processing and publishing the submitted reports of the Xill BSAC.

| in the proj
From the Bulgarian side: From the partner side:
Momchil Dechev Zoran Simi¢
i itev Nenad Sakan
Petar Duchlev Edi Bon
Kostadinka Koleva Rade Pavlovi¢
Kamen Kozarev Jovan Aleksi¢
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CPIICKA AKAJIEMUJA HAYKA U YMETHOCTH

CexTop 3a mel)ynapoany capaamwy

: NPEAJIOT
3AJEJHUYKOT UCTPAKUBAUYKOT IPOJEKTA

Ha3uB npojexra

Axtusau norahaju va Cynny. Karanosu npotoHckux u enektponckux aorahaja y X-3pamuma, UV u
paauo obsacTu. Y THIA] Cyapa ¥ ONTHYKa CBOjCTBA IyCcTe BOJOHHYHE IIa3Me.

Y4ecHHIH Y HCTPAKHBAY

YcTaHoBa HoOcWiall capajme (HasuB, ajpeca,
KOHTaKT HH(pOpMaIHje)

ACTpOHOMCKa OTICepBATOPH]a,
Bonruna 7
11060 beorpan, Cpbuja

[TapTHepcka ycranoBa (Ha3uB, ajpeca, KOHTAKT
uHpopMaluje)

Institute of Astronomy with NAO
72, Tsarigradsko Chaussee Blvd.
Sofia 1874, Bulgaria

Jlpyre ycTaHOBe y4ecHHIIe

Ocrase napTHepcKe ycTaHOBE

PyKkoBoiHOLIH NPOjeKTA

Cprcka cTpaHa (MMe, O3HUIHja, KOHTAKT)
Jp. 3opan Cumuh

00381 11 308 9072

Fax: 00381 11 2419 553

e-mail: zsimic@aob.rs

[TaprHepcka cTpana (MMe, 1103UIM]a, KOHTAKT)
Ap. Momuun JJeues

00359 2 9741910

Fax: 00359 2 9741910

e-mail: mdechev@astro.bas.bg

Y4ecHHIH Y NIPOjeKTY

Cprcka crpana

3opan Cumuh
Henan Caxkan
Enu Bou

Pane I'asnosuh
Josan Anexcuh

[TapTtHepcka cTpana

Momchil Dechev
Rositsa Miteva
Petar Duchlev
Kostadinka Koleva
Kamen Kozarev

IToyerak u Tpajame npojexkra
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Spectrochimica Acta Part B

SPECTROCHIMICA
ACTA

Editorial

Elsevier/Spectrochimica Acta Atomic Spectroscopy Award 2012

@ CrossMark

This is to announce the 2012 Elsevier/Spectrochimica Acta
Award, the annual award honoring the most significant article(s)
published in a volume. Elsevier makes this award on behalf of
Spectrochimica Acta, Part B, to encourage the publication of top arti-
cles in this journal. All papers published during one year are consid-
ered for this award and the Editorial Advisory Board and the Guest
Editor(s) of the special issue(s) are responsible for the selection.
The award consists of a monetary prize of $1000 together with a pre-
sentation certificate.

We have the pleasure to announce the 2012 Award for the articles
published in Spectrochimica Acta Part B, Volumes 67-78. This year,
the jury nominated 29 papers and the choice of the best paper has
been very difficult: in fact, eight papers have been competing for the
award until the last few votes.

A study by the group of Niemax, dealing with the investigation of
matrix effects in the inductively coupled plasma by the introduction of
single droplets, accumulated the highest score and was therefore select-
ed for the award. The work was carried out in Dortmund (Leibnitz-Insti-
tute for Analytical Sciences — ISAS) and in Berlin (Federal Institute for
Materials Research and Testing — BAM). We note that another article
from the same group had already been selected for the 2009 award,
thus testifying the importance of this research topic. The title of the
paper is:

A. Murtazin, S. Groh and K. Niemax

Investigation of sample introduction- and plasma-related matrix ef-
fects in inductively coupled plasma spectrometry applying single ana-
lyte droplet and particle injection

Spectrochim. Acta Part B 67 (2012) 3-16.

Seven other papers scored closely to the above paper. A group of three
papers from Houk's group at lowa State University (Ames, lowa) deal
with fundamental studies of the origin and behavior of polyatomic ions
in laser ablation-inductively coupled plasma mass spectrometry. One
paper from the Farnsworth's group at Brigham Young University (Provo,
Utah) characterizes the effect of the skimmer cone design on ion trans-
mission efficiency. Two papers resulting from the collaboration of the
group in Lyon (University of Lyon 1, Villeurbanne, France) with several
other French institutions describe a dual-wavelength differential imag-
ing approach to plasma diagnostics as well as an attempt to correlate
native bonds in polymeric materials with molecular emissions. The
final paper, dealing with confocal nano-X-ray fluorescence analysis, is
the result of a collaboration between the Ghent University (Ghent,

http://dx.doi.org/10.1016/j.sab.2014.02.004
0584-8547/© 2014 Published by Elsevier B.V.

Belgium), the Goethe University Frankfurt (Germany) and ESRF Greno-
ble Cedex, France.
The above papers are listed below:

T.M. Witte and R.S. Houk

Origin of polyatomic ions in laser ablation-inductively coupled plas-
ma mass spectrometry: An examination of metal oxide ions and effects
of nitrogen and helium in the aerosol gas flow

Spectrochim. Acta Part B 76 (2012) 9-19.

CH. Ebert, TM. Witte and R.S. Houk

Investigation into the behavior of metal-argon polyatomic ions (MAr™)
in the extraction region of inductively coupled plasma-mass spectrometry

Spectrochim. Acta Part B 76 (2012) 119-125.

T.M. Witte and R.S. Houk

Metal argide (MAr™) ions are lost during ion extraction in laser
ablation-inductively coupled plasma mass spectrometry

Spectrochim. Acta Part B 76 (2012) 25-31.

N. Taylor and P.B. Farnsworth

Experimental characterization of the effect of the skimmer cone de-
sign on shock formation and ion transmission efficiency in the vacuum
interface of an inductively coupled plasma mass spectrometer

Spectrochim. Acta Part B 69 (2012) 2-8.

V. Motto-Ros, Q.L. Ma, S. Grégoire, W.Q. Lei, X.C. Wang, F. Pelascini, F.
Surma, V. Detalle and J. Yu

Dual-wavelength differential spectroscopic imaging for diagnostics
of laser-induced plasma

Spectrochim. Acta Part B 74-75 (2012) 11-17.

S. Grégoire, V. Motto-Ros, Q.L. Ma, W.Q. Lei, X.C. Wang, F. Pelascini, F.
Surma, V. Detalle and J. Yu

Correlation between native bonds in a polymeric material and mo-
lecular emissions from the laser-induced plasma observed with space
and time resolved imaging

Spectrochim. Acta Part B 74-75 (2012) 31-37.

T. Schoonjans, G. Siversmit, B. Vekemans, S. Schmitz, M. Burghammer, C.
Riekel, F.E. Brenker and L. Vincze

Fundamental parameter-based quantification algorithm for confocal
nano-X-ray fluorescence analysis

Spectrochim. Acta Part B 67 (2012) 32-42.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.sab.2014.02.004&domain=pdf
http://dx.doi.org/10.1016/j.sab.2014.02.004
http://dx.doi.org/10.1016/j.sab.2014.02.004
http://www.sciencedirect.com/science/journal/05848547

Editorial \

Finally, we report the other papers scoring high on the jury's list. For
the 2012 volume, this list, in alphabetical order of the first authors,
looks as follows:

LM. Cabalin, A. Gonzdlez, V. Lazic and JJ. Laserna

Laser-induced breakdown spectroscopy of metals covered by water
droplets

Spectrochim. Acta Part B 74-75 (2012) 95-102.

N. Konjevi¢, M. Ivkovi¢ and N. Sakan

Review: Hydrogen Balmer lines for low electron number density
plasma diagnostics

Spectrochim. Acta Part B 76 (2012) 16-26.

K. Niemax

Considerations about the detection efficiency in inductively coupled
plasma mass spectrometry

Spectrochim. Acta Part B 76 (2012) 65-69.

B. Pokrzywka A. Mendys, K. Dzierzega, M. Grabiec and S. Pellerin

Laser light scattering in a laser-induced argon plasma: Investigations
of the shock wave

Spectrochim. Acta Part B 74-75 (2012) 24-30.

As in the past, the papers selected focus on the fundamental aspect
of spectroscopic techniques, thus maintaining the fingerprint of the
journal. We thank the authors, the reviewers and the advisory board
for their continuous support.

Nicold Omenetto*

Greet de Loos

*Corresponding author.

E-mail address: omenetto@chem.ufl.edu (N. Omenetto).
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Zahvalnica

Master rad pod nazivom "Unapredenje interferometrije metodom sopstvenog meSanja signala laserske diode"

izraden je u laboratoriji za spektroskopiju plazme i lasere, Instituta za fiziku u Beogradu.

Zelela bi da se zahvalim dr Milivoju Ivkoviéu, kao i svim &lanovima laboratorije na ukazanoj prilici kao i
podrsci i korisnim savetima.
pa
Posebno bih se zahvalila dr Nenadu Sakanu za izuzetnu podr¥ku kako tokom eksperimentalnih merenja,
izrade istraZivalkog projekta tako i pri pisanju rada. Takode, zahvalna sam i za korisne savete i posveéeno

vreme.

Takode, velika zahvalnica i ¢lanovima komisije, dr Miloradu Kuraici i dr Bratislavu Obradoviéu na kvalitet-

noj nastavi na osnovnim studijama, koje su me dalje inspirisale da izuavam ovu oblast fizike.

Beskona¢na zahvalnost mojoj porodici i prijateljima za podrgku svih ovih godina. Bez njih ne bih bila ovde

gde sam trenutno.

Neda Babucié¢ Beograd, 2021. godine



NEZAVISNI UNIVERZITET BANJA LUKA

, Yelika Miadenovita t2e; 78000 Banja Luka, BiH
Tel.fFax.: +387 51 456 600; +387 51 455 602
HLB RAZVOINA BANKA 562-099-80668315-73

NEZAVISNI UNIVERZITET BANJA LUKA JIB: 4402522740000

Broj: 443-1/16
Banja Luka, 21.10.2016. godine

Na osnovu ¢lana 159. Zakona o op$tem upravnom postupku (,,Sluzbeni glasnik Republike Srpske
broj 13/02)i &lana 44. alineja 10 Statuta Nezavisnog univerziteta Banja Luka postupajuéi po zahtjevu
dr Nenada Sakana, rektor Nezavisnog univerziteta Banja Luka daje sljedeéu

POTYRDU

Potvrduje se da je dr Nenad Sakan bio mentor u izradi magistarskog rada pod nazivom Procjena
uticaja elektromagnetnog zraenja sa baznih stanica mobilne telefonije na ljude i Zivotnu sreding na
podrudju Grada Banja Luka, kandidata Gorana Te3anoviéa.

Potvrda se izdaje na zahtjev imenovanog u svrhu regulisanja izbora u zvanje i u druge svrhe se ne
moZe koristiti.
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NEZAVISNI UNIVERZITET BANJA LUKA
EKOLOSKI FAKULTET

PROCJENA UTICAJA ELEKTROMAGNETNOG ZRACENJA SA
BAZNIH STANICA MOBILNE TELEFONIJE NA LJUDE I
ZIVOTNU SREDINU NA PODRUCJU GRADA BANJA LUKA

- Magistarski rad-

Mentor: Kandidat:

Doc.dr Nenad Sakan

prof. Goran TeSanovi¢

BANJA LUKA, Decembar 2012.godine
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JIB: 4402522740000; PDV: 402522740000
057-0-Reg-11-001300; Maticni broj: 11011225
NLB RAZVOINA BANKA BANJA LUKA

Ziro racun: 562-099-80668315-73

IBAN: BA395620998085175728
NEZAVISNI UNIVERZITET BANJA LUKA SWIFT CODE: RAZBBA22

bpoj: 035/2022
Hana: 02.02.2022. rogune

Ha ocHoBy umana 159. 3akoHa o onurem ympaBHOM MOCTYIKY (.CnyxOeHu raacHUK
Peny6iuke Cpricke™ 6p. 13/02, 87/07-ucnp, 50/10 u 66/18) u unana 44. anuneja 11. Ctaryra
HesaBucuor yuusepsutera bama Jlyka, noctynajyhu no 3axtjeBy npod. Ap Henana Cakana,
pekTop HesasucHor ynusep3utera Bama Jlyka m3naje cibenehy

IHOTBPAY
0 PAIHOM AHTAJKOBAY

[lotBphyje ce na je mpod. np Hemam Caxan, JMBI: 0403972114992 anraxoBan Ha
Hesasuchom yuuBepsutery bawa Jlyka Ha @akyiTeTy 3a eKoJNOTHjy, CTYAHjCKH MpOrpam
Exornoruja u 3amruTa XHBOTHE Cpe/IMHE W 3alTHTA HA pany oa aana 02.10.2009. roguue ma
CBE JI0 [JaHAcC y CBOJCTBY YHHBEP3UTETCKOr Npodecopa Ha npeaMeruma: DU3nKa KUBOTHE
cpeauHe, Qusuka 1, dusuka 2, Enexrpomarsetnsam n EnekTpomaraeTna 3pavema.

ITotBpaa ce u3naje Ha 3aXTjeB 3aMOCIICHOT, @ Y CBPXY A0Ka3HBamba PAXHOT aHIXKOBaIba.

PexTop
2

[ 4. )
QGV“QA'Q“‘ - C“ P 5t

[Ipod. ap 3opan Kanunuh

JocTaBsbeHo:
1. npo¢. np Henan Cakaun;
2. ala.

Veljka Mladenovica 12e; 78000 Banja Luka, RS/BiH
Tel.: +387 51 456 600; Fax.:+387 51 456 602
web: www.nubl.org; e-mail:info@nubl.org



JIB: 4402522740000; PDV: 402522740000
057-0-Reg-11-001300; Maticni broj: 11011225
NLB RAZVOINA BANKA BANJA LUKA

Ziro racun: 562-099-80668315-73

IBAN: BA395620998085175728
NEZAVISNI UNIVERZITET BANJA LUKA SWIFT CODE: RAZBBA22

Banja Luka, 15.11.2019. godine
bpoj: 71-6-438-9/19

Na osnovu ¢lana 94. Zakona o visokom obrazovanju (Sluzbeni glasnik Republike Srpske, broj
73/10, 104/11, 84/12, 108/13, 44/15, 90/16 1 31/18) i ¢lana 114. stav 1. Statuta Nezavisnog
univerziteta Banja Luka (broj: 19/2012, od 26.01.2012. godine) na prijedlog Nastavno-nau¢nog
vije¢a Fakulteta za ekologiju, Senat Univerziteta na sjednici odrzanoj dana 15.11.2019. godine,
donosi
ODLUKU
o izboru u zvanje
1. dr Nenad Sakan bira se u zvanje vanrednog profesora za uzu nau¢nu oblast Biofizika,
na period od 6 godina.
2. Odluka stupa na snagu danom donosenja.

ObrazloZenje
Na osnovu stalno otvorenog konkursa za izbor u zvanje nastavnika i saradnika na Nezavisnom
univerzitetu Banja Luka, objavljenog na internet stranici Univerziteta www.nubl.org,
Nastavno-naucno vije¢e Fakulteta za ekologiju imenovalo je Komisiju za podnosenje izvjestaja
o kandidatima za izbor u zvanje nastavnika za uZu nau¢na oblast Biofizika, u sastavu:

1) dr Dragoljub Mirjanié, redovni profesor, Medicinski fakultet Univerziteta u Banjoj
Luci, uza naucna oblast Biofizika — predsjednik,

2) dr Zoran Nikoli¢, vanredni profesor, Fizi¢ki fakultet Univerziteta u Beogradu, uza
naucna oblast Fizika —primjenjena fizika — ¢lan i

3) dr Ivan Doj¢inovic, vanredni profesor, Fizi¢ki fakultet Univerziteta u Beogradu, , uza
naucna oblast Fizika jonizovanih gasova, plazme i kvantna optika — ¢lan

Komisija je razmotrila konkursni materijal i sa¢inila Izvjestaj u kojem je konstatovala da je dr
Nenad Sakan kandidat koji ispunjava sve uslove propisane zakonom i Statutom Univerziteta za
izbor u zvanje vanrednog profesora za Naucnu oblast Biofizika, na osnovu Cega je Senatu
Univerziteta dostavljen prijedlog Nastavno-nauénog vijeéa Fakulteta o izboru u zvanje broj
288-1-3/19 od dana 20.09.2019. godine, uz prate¢u dokumentaciju.

Postupajuc¢i u skladu sa utvrdenim nadleznostima, po prijedlogu Nastavno-nau¢nog vijeéa
Fakulteta za ekologiju, odluéeno je kao u dispozitivu Odluke.

"~ Predsjeflavajuci Senata
a2 2 BN 2

+ " prof. dr Zoran Kalini¢

Dostavljeno:

- Imenovanom;

- NNV Fakulteta;
- a/a;

Veljka Mladenovica 12e; 78000 Banja Luka, RS/BiH
Tel.: +387 51 456 600; Fax.:+387 51 456 602
web: www.nubl.org; e-mail: info@nubl.org
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27.12.21.16:57 45. IPhO — KasaxctaH | TAKMUYEHA N3 PUSUKE

hupuianna | latinica

45. IPhO — KasaxcTtaH
' 45th International Physics Olympiad

th )
i m .
45 i @ Astana, Kazakhstan

2014 Kazakhstan-Astana

13-21 July 2014.

Exuna Cpbuje 3a 45. MehynapoHy oiumnujay us ¢pusuke je oyijpeljeHa Ha ocHOBY pesysraTta Cpricke Guznyke

oJIUMIIHjaie.
Harrm yuenuiy cy ocBojuiiu ciaefeha mpusHama:

1. ¥Ypoiu PucruBojeBuh, MaremaTuuka ruMHasuja, beorpan, cpebpHa Menasba, 18,45 moeHa

2. Muxawuio hophesuh, MaTtematnuka rumMmHasuja, beorpaz, 6poH3aHa Menaba, 16,4 moeHa

3. JIyka BojoBuh, MaTtemaTnuka ruMHasuja, beorpas, 6poH3aHa Mefjaba, 15,35 I0eHa

4. JoBan JoBaHosuh, TpuHaecra 6eorpajicka ruMHasuja, beorpa, OpoH3aHa Mezjasba, 14,8 moeHa

5. Jauko [lymrreprmy, [IpBa kparyjeBauka rumHasuja, Kparyjesaii, moxsasa, 9,4 moeHa

3060r 13y3eTHO TEIIKUX 33/laTaka IPAHUIIE 32 MeJlajbe cy Oule 27 IoeHa 3a 3J1aTo, 18,4 oeHa 3a cpebpo, 12 moeHa

3a OpOH3Y U 9 MIOeHa 3a IMOXBAJTy.

ITpBomutacupanu ca Cprcke dusnuke onumiujazne Msan Tanacujeuh n3 MaTeMaTHuke rHMHA3Hj€ O[yCTa0 je Of
yuentha Ha Onumnujasiu 36or yuenrha Ha MeljyHapo/iHoj oiuMnujain 13 MaTeMaTrke. YMeECTO Hhera y eKUILy je

Kao pesepsa yspinreH Jlyka bojosuh.

Bolje exurie cy 6uu mpod. 1ip Muho Murposuh ca ®@usnukor dhaxynrera u Ap Henayn Cakan us MHcruTyTa 3a

$pusuxy.
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OBaj yHoc je o6jaBrbeH nog IPhO n o3HayeH ca 2014. 3abenexute ctandy Besy.

Zahvaljujemo:
IPB, WordPress.
Heyrpunu cy melhy nama!
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Hayynom Behy MHcTHTYTA 32 (PU3HKY

Ha cegnummum Hayunor Beha Wuctutyra 3a Qusuky, onpxkanoj 11.02.2020 roause,
MMEHOBAaHU CMO 3a WiaHOBe Komucuje 3a pen3bop Huxone bomkoBuha y 3Bame ucCTpakuBay

capajHHK.
[Ipernegom MaTepujaia KOju HaM j€ JOCTaBJbEH, Ka0 M Ha OCHOBY JIMYHOT TMO3HABamba
KaHJIUJaTa M YBUJIA y HbeTOB pajl U myOnukaiuje, noganocumo Hayunom Behy cnenehun

MU3BEILITAJ

1. buorpadcku noganu 0 KAaHANUAATY

Hukona Bomkosuh je pohen 6.6.1986. y Iloxeru, rae je 3aBpIIMO OCHOBHY KONy U
ruMHa3ujy ca ommuyHuM ycrexom. 2005. ronune ymucao je EnekTpoTexHMYkH (akynTeT y
Bbeorpany Ha xome je nurmomupao 2010. roguHe Ha cMepy 3a MuKpoTanacHy TEXHUKY OJiceKa 3a
TenexomyHukarmje, ca nmpocedysom orieHom 8,11. Jlumimomcku pan Opanuo je Ha Temy ,,M3Bopu
€JIEKTPOMAarHeTCKOT 3pavyerha y eJIeKTpoTexXHuIm . Micte roaune, Ha UICTOM (DaKyaTETy, YIIHUCAo je
JMIUTIOMCKE-MacTep CTy/AHje Ha MOIyny 3a MUKpoTajacHy TEXHHKY, kKoje je 3aBpmmuo 2011.
ro/IHE, ca MPOCEYHOM OLieHOM 9,67. Mactep pan OpaHuo je Ha TeMy ,,Mo/1eJI0Bake BULIECTIOjHOT
MuKpoTanacHor ¢punrpa nporpamom WIPL-D AW Modeler®.

Ha wuncturyry MUMTEJI-komyHukanuje a.a. je Omo 3amocieH ox 01.11.2011. no
31.07.2012. ronune. Ha uncrutyty 3a ¢pusuky y beorpany je ox 01.08.2012. AnraxoBaH je Ha
npojektuma NHN-45016 ,'enepucame u Kapaktepusanuja HaHO(DOTOHCKUX (YHKIIMOHATHHUX
CTpyKTypa y Onomeauuuuau u nHpopmatunu' 1 TP-32052 | VictpaxkuBame U pa3Boj peliema 3a
noOosbliatbe TephOpMaHCH OCKHUYHUX KOMYHHKAIIMOHUX CHUCTEMa Y MHKPOTAJIaCHOM |
MUJIMMETapCKOM OTICery (hpeKBeHIIHja .

VY HoBeMOpy 2014. roauHe ynucao je TOKTOpcKe cryauje Ha EnekTpoHckoM ¢akynrery y
Humry, va cmepy 3a Tenexomynukammje. Hayuno-nactaBHom Behy Enextponckor ¢akynrera
npujaBuo je TeMmy mona Ha3uBoM “‘CepujCcKM HalajaHW IUJIaHApHU AHTCHCKH HHU30BH ca
1mo00JbIIIAHUM KapaKTepHCTUKaMa .



2. ITperyieq MOCTUTHYTHX HAYYHHUX pe3yJITaTa

Hukona BomkoBuh je kao ucTpakmBau OHMO aHra)kOBaH Ha aKTUBHOCTHMA pa3Boja,
yHampehema U peanusaliyje IUIAaHAPHUX aHTEHA 3a MOTpede CaBpeMEHUX KOMYHHKAIIMOHUX U
pamapckux cucrteMa. [J1laBHA TeMaTHMKa HMCTPaKMBamka CE€ OJHOCHM Ha pellaBamy MpodieMa
BE3aHHUM 32 paJi aHTEHCKUX HU30Ba y CEPHjCKOj KOHurypanuju. Ty ce mpe cBera MUCIH Ha
npobsieM 00YHUX JIOOOBA Y YCMEPEHUM U CKEHUPajyhuM aHTEHCKUM HHM30BHMA, Ka0 M MpoOIeM
Jerpanaiyje aujarpaMa 3padera MpriImKoM pajia y mupeM (ppekBeHirjckom omncery. Pesynratu
Cy MoTBpheHH eKCIIepUMEeHTUMA. Peain30BaHo je perieme 3a KOHTPOIy Op3uHe (PpEeKBEHIIN]CKOT
CKEHHUpama aHTEHE Y3 MCTOBPEMEHO OOJIHMKOBAME JAMjarpaMa 3paucma TaKo Ja Ce OAPKH HU3AK
HUBO 004YHHX JI0O0Ba. CkeHHnpajyhu aHTEHCKU HU30BH KOPUCTE MOCEOHO MpuiaroleHe mraMnane
JIMIIOJNE Y TeXHOJOruju OanaHncHor MuKpocTpuna. [lopen pemiema 3a ckeHupajyhe aHTeHe 1ato je
U pellemke 32 aHTEHCKM HU3 Koje omoryhaBa Jgo0HMjame YCMEPEHOT Iujarpama 3padema Koje
3aqpikaBa 1o0ap aujarpaM 3padera ca HUCKUM JI0OOOBHMA Y IIEJIOM Oficery pajna. Jlaro pemieme
KOpuCTH patch aHTEHe Koje Cy CIelHWjaTHO pa3BHjeHE 3a yMOTpeOy y CEpHjCKUM aHTECHCKUM
HU30BUMA, a JIa IPU TOME HE 3aXTeBajy MoBehame KOMIUIEKCHOCTH LEJIOT CUCTEMA.

VY TOKy HCTpaKMBama Pa3BHjEHO j€ HEKOJIMKO HOBUX MUKPOTAJACHUX KOMIIOHEHTH KOje
omoryhyjy KOHTpOJIy auMjarpama 3padera U Op3uHe CKeHHpama. TpeHyTaH paji uCTpakKrBada ce
OJTHOCH Ha pealin3allijy CUCTeMa 3a MIJIMMETApCKU pajap Kao U peanu3alija HOBOI CUCTEMaA 3a
aHTEHCKA MEpema.

Pesynratn wucTtpaxuBama o00jaBjbeHH Cy Ha JgomMahuM W cTpaHuM KoH(pepeHIrjama
YKJbY4yjyhU ¥ [1Ba pajia y EeMHHEHTHOM YacOIMCy U3 00J1acTH aHTEHa U MPOCTUpama Tajiaca. Kao
MIPBU ayTOp MOTMHCAH je Ha 23 paaa ykJbyuyjyhu nBa pana kareropuje M2 1, nBa pana kateropuje
M?24, jennor pana kareropuje M52, jeqHOT TEXHUUYKOT peliema Kateropuje M82 u 6 TeXHUIKUX
pemema kateropuje M85. Kao mpBu ayrop mma 7 caommTema ca MehyHapoIHUX CKYIOBa
kareropuje M33 u 4 caonmrema ca HaMOHAITHUX KoH(pepeHiyja kareropuje M63. Kao koaytop
MMa CaoNIITeHhe ca MelyHapogHoT cKyma kateropuje M31 u Ha Tpu caoniTema ca HallMOHATHE
KoH(pepeHirja kateroprje M63 1 ABa TeXHHUYKA peliema kateropuje M8S. AHrakoBaH je v Kao
pElEeH3EHT Yacomnuca u3 00JJaCTH aHTeHa M IpOoCTUpama Tanaca ykibyayjyhu [EEE Transactions
on Antennas and Propagation v IEEE Transactions on Magnetics.

JobutHuk je Harpane ETPAHA 3a Haj6osbu pas Miagor UCTpakMBaya Ha CEKIUjU aHTEHE U
npoctupame 2014. roguHe u HajOOJBU pall Ha CEKIMjU aHTeHe W mpocTupame 2015. u 2017.
roaune. ToxoMm crynujckor Oopaska y Karlsruhe Institute of Technology, Karlsruhe, Germany y
TOKY OKTOOap-HoBeMOap 2018. roqune y okBHpY OuUaTepaHor npojekra ,,5G-MultiScan® pazBuo
je TUTaHapHU aHTEHCKH HU3 Ha W oricery 3a moTpede MIITMMETapCKOT pajiapa.



3. Mumbeme u npeajior

Ha ocHoBy nperxoanor, cmatpamo aa Hukona Borkosuh uenymasa CBe ycIoBe U3 3aK0Ha
0 HAYYHOMUCTPAKUBAYKO] ACTATHOCTH M [IpaBWiIHHKA O CTHLAKY HAYYHOUCTPAKMUBAYKUX 3BALA
MunucTapcTBa 3a HayKy M TEXHOIOWIKH pa3Boj PenmyOmuke CpOumje, 3a peusbop y 3Bame
UCTPAXHNBAY-CAPATHUK. Crora, Hayunom Behy UncTHTYyTa 38 PU3HKY

HPEJJIAYKEMO
na xanaugata HHKOJIY BOIIKOBHURA pensabepe y 3samee HCTPAYKUBAY-CAPATHUK

YnaHoBU KOMHCHje:
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HAYYHOM BERhY UHCTUTYTA 3A ®U3UKY Y BEOI'PAY

Ipeamer: U3Bemraj komucuje 3a usoop Ap Muwioma Biaaunuha y
3Bam-¢ HAYYHU CAPATHUK

Ha cemnunm Hayunor Beha Wacturyra 3a ¢usuky onpikanoj 20.03.2018.
MMEHOBAaHM CMO Yy KOMHCHjy 3a u300p np Mwioma Brnannuha y 3Bambe Hay4dHH
capaaHuk. [lomTo cMo mperienany MaTepujal Koju HaMm je T0CTaBJbeH, KA0 U Ha OCHOBY
JMYHOT TIO3HABama KaHIWJaTa W YBHIA Y HETrOB paja W myoOnukanuje, Hayunom Behy
WNuctuTyTa 3a GU3MKYy OJTHOCHMO OBaj H3BEIITA]:

buorpadcku nogauu

Jp Mwunomr Bnauauh je pohen 1989. ronune y CyOoTuiiu. 3aBpiivo je OCHOBHY
mkony ,,Anekca Illantuh“ y Anekca lllantuhy 2004. roguHe u TUMHasujy ,,Besbko
[lerpoBuh* y Com6opy 2008. ronune. Oamax 3aTuM 3aBpllaBa ca CpeJmHbOM OLEeHOM 9.64
OCHOBHE cTyauja Qusuke, ucTpaxuBauku cmep, 2011. romune na IIpupoano-
marematuukoM (pakynrery y HoBom Cany.

ITorom y oxBupy Epa3smyc nporpama ojna3u Ha Mactep cryauje ,,European
Master of Science in Nuclear Fusion and Engineering Physics* (cpn. EBporicku macrep y
obnactu HykieapHe (Qy3uje U uHXKewmepcke ¢(usuke). [IpBy romuny npoBoau Ha
Jlopenckom ynmBep3utery y Hancmjy (®panmycka), a apyry Ha KommiyreHce
Yuuepsutetry y Manpuny (Llmanuja). Y Mangpuny paaud HaydHO HUCTPaKUBAHHE
MOBOJIOM MacTep pana Ha temy ,,Measurements of lon Temperature and Plasma Rotation
Profiles by a He Beam in TJ-I1I* (cpm. Mepeme Temmeparype joHa W POTAIMOHUX
npoduna maazme nmomohy He 3paka y TJ-1l). Mactep pax je ycnemHo oabOpameH jyia
2013. rogusne.

HosemOpa 2013. roauHe, KaHIUIAT 3all0YMGE TOKTOPCKE CTY/AM]E Ha Tporpamy
,International Doctoral College in Fusion Science and Engineering — Joint Doctoral
Training Program® (cpm. MelyyHapoaHu Kosiel 3a JOKTOPCKE CTyUje U3 00JIacTH HayKe O
by3uju 1 MHKEHEPCTBY — 3ajeIHUUKU MpOrpaM JOKTOPCKUX CTyAWja) Ha Temy ,,Studies
of Runaway Electrons in COMPASS Tokamak* (cpm. N3y4aBame runaway eixekTpoHa y
tokamaky COMPASS). 3ajennnuka aurioma je Ouia y BHIY capalme u3Mehy
VYHusepsurera y ['enty, Hemkor Texnuukor YHuBepsutera u MHcturyra 3a Ousuky
[Tna3me y Ilpary. UcrpaxuBame je ypaljeHo kao aeo eBporckor EUROfusion npojexra
WP14-MST2-9, y3 noapmiky demkor HanuoHaimHor npojekra MSMT LM2011021 koju
je omoryhuo paa camor Tokamaka. JIoKTopcka nucepranuja je yCIelHO oAOpameHa
HoBeMOpa 2017. ronune.

OO6nactT Hay4HO MCTpa)KUBAuKor paja ap Muioma Brannuha je ¢pusuka mnazme
pUMemeHa Ha HykieapHy ¢ys3ujy. Jocamamme Teme pagoBa cy Be3aHe 3a runaway
eJIEKTPOHE, Kao JIe0 TOKTOPCKOT pajia, ca (OKycoM Ha JMjarHOCTUKY IJIa3Me, KOHTPOIY
IUIa3Me W MHUTHTANWjy funaway emektpoHa. [IpumapHu WHTEpeC HCTpakMBamba My je
JIMjarHOCTHKA TUIa3Me, ajld Ta jOII 3aHMMajy NMPO3BOJHa TPULMjyMa M TEYHH MPBU 3]
KoJl (hy3MOHUX peaKTopa.

Kangunat je ydectBoBao Ha Tpu MelyHapoaHe HaywHe Iukone: JbyOsbana
(Cnogenmja, 2011), Kynosa (ITosecka, 2014) u Jlozana (IlIBajuapcka, 2014). YuectBoBao
je Ha JBe clienyjajin3oBaHe pajuoHMIE 3a runaway enektpone: ['erebopr (IlIBencka,



2014) u Ileptyuc (@panirycka, 2015). [IpezenToBao je mocrepe Ha 1Be KOH(EpEHIHje 3a
JIOKTOpCKe cTyaeHte HykieapHe ¢ysuje: Jlucabon (Ilopryram, 2014) u Ilpar (Yemka
Peny6nuka, 2015); rae je Ha MOTOMOj OMO M J€0 JIOKATHOT OPraHU3allMOHOT KOMHTETA.
Takohe je mpe3eHTOBAO HaydHe pe3yiaTaTe W Ha MehyHapogHuM KoH(EpeHIHjama:
®packaru (Uramuja, 2015), JIucabon (ITopryramn, 2015) u beorpan (Cp6uja, 2016). o
caza je 00jaBuo 7 HAyYHHX PaJIoBa, O] TOTa je Ha 2 TIPBH ayTop, JIOK Cy 2 KO-ayTOPCTBA Y
BPXYHCKUM Mel)yHapOJHUM 4acOoMUCHuMa.

[Topen Hay4yHMX nenaTHOCTH, KaHmumat ox cenremOpa 2017. roguHe mpenaje
¢Gu3MKy crienjaTHIM MaTeMaTUIKUM OJieJbelbuMa Yy TUMHA3uju ,,JoBan JoBanosuh 3maj*
y HoBom Cany. Kanaunaar je takohe u jenan on ocHuBava ,,dy3none OOpazoBHe Mpexke
— ®OM*, koja ce 6aBu MOMyIapU3aLMjOM HyKJIeapHe Qy3Hje Ha HAIIUM MpocTopuMa. Y
okBupy ®OM-a, KaHAMIAT je KO-OPraHMW30BA0 TPH PAJAMOHHIIC 3a CTYJICHTE: JIBE Yy
Bbeorpany u jenny y HoBom Cany.

IIpernen HayyHe aKTUBHOCTH

[IpBo Hay4yHO-MCTpPaXMBAYKO HMCKyCTBO Mmwom Bramnmh je crekao Tokom
mactep cryauja. [IpBo Ha abopaTopujcKkoM MPOjeKTy, 1Moja Ha3uBoOM ,,Finding evidence
of a link between breathing oscillations and micro-turbulence in a Hall-effect thruster,
r7ie UCTpakiBaHa Be3a u3Mel)y ocumnanuja cTpyje Ha aHOAU U TypOyJleHIMja pacejaHuX
€JIEKTPOHA U3 XO0JOBOT MOTHUCHUKA.

Cnenehe HayyHO-HCTpa)XMBAaYKO UCKYCTBO MY je Ha MacTtep Te3u ,,Measurements
of lon Temperature and Plasma Rotation Profiles by a He Beam in TJ-11*, 3a mra cy
KopuiheH! TOPOMAATHU U MOMUAATHU Npoduin crekTpanHux aunuja Hel 667.8 nm u
Hell 468.5 nm. Poranmonu npodumu onucyjy Op3uHy KpeTama Iuia3me 3a oapeher cioj
y ofpeheHOM cMepy, KOju Cy HEOIIXOAHHU 3a 00Jbe pa3yMeBame TpaHCHopTa miasme. Jlok
J€ Mepeme TeMIepaTrype joHa Tpedasio Ja MpoIIrMpHu yrnoTpedy came AujarHocTuke ca Beh
PYTHHCKHX Mepema TeMIlepaType U I'yCTHHE HEeyTpalHUX decTulla Ha crenaparopy 1J-11.
Haxxanoct, Hu jenan oJ1 oBa JBa paja HHje 3aBPIINO ca MyOJIUKAINjOM KaHIuaaTa, ajld je
KacHHUje MEHTOp ca MacTep Te3e 00jaBuo paj o0 Mepewy Temmeparype jona (F.L. Tabarés
and D. Tafalla, Nucl. Fusion 55(1) 013020, 2015) rme ce KaHAMIAT CIIOMUEE Y
3aXBAJIHULIH.

[IpakTyHO CBM Mocajammbi 00jaBJbEHH PAZOBU M HAYYHHU pe3yiTaTtd Muoma
Braunnha cy mocTHrHyTH TOKOM JOKTOPCKHX CTyAHMja Moja TeMoM ,,Studies of Runaway
Electrons in COMPASS Tokamak®. Kao Heko k0 WMa NpWIMKY Jia PBU MYyT JETaJbHO U
HaMEHCKHM HCTpaxyje runaway enextpone Ha Tokamaky COMPASS, unrepecoBama u
o0JacTh TOKOM JOKTOPCKUX CTyAHja Cy MYy HONpWIMYHO wmupoku: (1) mobujame u
cy30ujame 3paka runaway enekTpoHa, (2) Mepeme CHUHXPOTPOHCKOI 3payema runaway
enekTpoHa, (3) onpehuBame peleBaHTHUX IMapamMerapa runaway eneKkTpoHa TOKOM
NpaXxmbema y TOKaMaky U (4) mpoHaiakemhe HOBUX JAMjarHOCTHKA 3a FUNaway eleKTpoHe.
ITopen Tora, kamgummar je KoOpuCTHO cienehe Mozene 3a ymnopehuBame ca
exciepumentuma: SYRUP 3a u3pauyHaBame WHTEH3UTETa CHHXPOTPOHCKOT 3pauciha
runaway enektpona; 1 LUKE u NORSE 3a cumynmpame quHamMuKke pacrozene runaway
eJIEKTpPOHA 110 Op3MHaMa y BpeMeHY U/WIIK TIPOCTOopYy.



Runaway enexkTpoHH NpeACTaB/bajy BEJIUKY MOTEHIMjaHy ONAacHOCT HAaKOH
aucpynuuje 1wasMe y Oyayhum ¢y3noHMM peakToprMa 3acHOBAaHUX HA MPUHLUILY
tokamaka (Hrp. UTEP). On nexonuko nmoreHuujanHux omnacHoctd 3a UTEP, runaway
SNIEKTPOHU Cy OKapaKTEepPHCaHH Kao Jpyra ONacHOCT O] 3Hadaja. Pasmor sexu y BenuKoj
€JIEKTPOMArHeTHO] eHepruju (Tmporemyje ce na he runaway enekTpoHu uMaTH oko 10
MA crtpyje HakoHn gucpynuuje y UTEP-y) u ieHOM npeTBapamy y KHHETHYKO] EHEPTH]Y,
yuje mocienuie Mory oOutu cronupame WTEP-a Ha HEKOMTMKO MecenH y3 BEJHKE
TPOIIKOBE caHaluje. VIHTEeH3MBHO H3ydaBame FUnaway eleKkTpoHa je MO0YeIo peJaTuBHO
KacHO, jep c€ BUXOBa CIIOHTaHa T'eHepalllja HaKOH AUCPYIIHje HHje mojaBmia 10 90-ux
ro/IMHa MPOILIOT BeKa Kaja je rmoyesa U eKCIuioaTalija BeJIMINX TOKaMaKa.

Kako cmonTana renepamyja runaway 3pake HaKOH JWCPYNIHjE IUIa3Me HHUKaJAa
Huje omnaxkeHa y COMPASS Ttokamaky, meHO n00Hjame je OWIo TJIaBHHM 3aJiaTak
JOKTOPCKE Te3e. YCIEUIHH EKCIEPUMEHTH NpEeIMMUHApHU pa3yiaTaTd cy 00jaB/bEHH Yy
Hay4HOM pany ,,Post-disruptive runaway electron beam in COMPASS Tokamak* (rze je
KaHIUaT TIPBU U OJATOBOPHU ayTOp), a HAJAOTPa/iba CTATUCTUKE U Pe3yITaTa je Olucana
y IIOKTOPCKOj AMcepTaluju kanaunata. ['maBau pesdynratu cy: (1) nmorBphuBame paHuje
OMa)kCHE Kopenamyje y ApYyruM Tokamanuma wu3Mmel)ly MmarHeTHux QuiykTyanuja u
HETaTHBHOI CKOKAa HAaIlOHA IIa3Me TOKOM AMcpymuuje, (2) penaTuBHO y3aH MHTEPBaI
BPEJHOCTH TOPOUJAITHOT EJICKTPUYHOT T0Jha MPH KOjeM C€ T'eHEepHINy 3paiu runaway
eNeKTpoHa ¥ (3) eKCHEepHMEHTAIHO HEeCllarambe ca XHUIOTE30M O IeHEpalfjH eJIeKTPOHa
tokoMm aucpyniuje y TEXTOR Tokamaky.

[IpBo cunxporponcko 3pauere Ha COMPASS TOkKamaky je u3MepeHo
3axBaJbyjyhu wuHcHcTHpamy KaHmumara. OBO Mepeme je Omna jequHa MoryhHoOCT
omnakarma 3aJp)KaHUX uNaway eneKkTpoHa y IUIa3MH, Tj. JUPEKTHO OMaxame runaway y
wia3mMu. JIok Cy momany MOCTYXWIM 3a ACTEKUWjy M aHAU3y BHUCOKOEHEPIeTCKUX
enektpona (mpeko 15 MeV) — oapelena je muxoBa rycTiHa, CTpyja U yrao Haru0a (eHr.
,pitch angle®). Takohe je omakeHa M BpeMeHCKa Kopenamuja u3Mmel)y HMHTEH3UTETa
CHHXPOTPOHCKOT 3padyea U MEPEHUX HEyTpOHa, ajli ce (PM3MYKa MHTEepIpeTalyja joul
YBEK HCTpPaxyje.

Topounanno enekrpuuno mnosee (TOII) yOp3aBa enexkTpoHe, KOjU TMOCTajy
runaway axo je cuiia yopsama Beha oj1 cuiie otopa oj ctpane KynmoHoBe nnaTepakije ca
ocraTkoM Mma3me. Ctora je KaHAMJAT UCIUTUBAO pa3He JOCTYIHE OIIHje 3a MPOLEHY
TOIT na Tokamaky COMPASS. Excnepumentaina mepema TOII ce mo mpaBmity Bpiie
BaH IJIa3Me, a TEOpHja U cuMyInaiuje runaway enekrpona kopucte TOII y camoj miiazmu.
Kannunar je ynmopenno cBa yeTUpH JOCTYIIHA MEpema HAIOHCKHUX IpcTeHoBa u3Mely
ce0e u ca J1Ba cumyinaropa miazme Tokamaka (EFIT u METIS). Haheno je na pesynratu
Mory na Bapupajy u npeko 50% 3a Heka pelieBaHTHaA runaway mnpaxmema. Takohe je
CYrepucaHo oleparepuMa Ja je 00Jbe KOPUCTUTH CPEIUIIHbHU HAMOHCKU TNPCTEH O
TOPHET, TPUIIMKOM NPaXkEha ca KPYKHUM MOTIPEYHUM MTPECEKOM.

Konauno, kopunthemem Beh mocrojehe Teopercke MeToJe y3 MMILJIEMEHTUPAE
eKCTIEpUMEHTATHOT Mepema rmoMohy ToMCOHOBOT pacejama U MpoIIeHe TPUTHCKA IIa3Me
u3 EFIT-a, kanauaat npouemwyje cTpyjy runaway eekTpoHa TOKOM runaway npaxmerna.
[To3naBame runaway crpyje Aajbe Jdaje mojaTak O TYCTHHH [UNaway eleKTpoHa Y
IUTa3MH, IITO CIYKM Kao HajBaXHUjU NapameTap 3a nopeheme ca cumynanujama. Takohe,
OBH DPE3YJITAaTH MOTY TIOCITY)KHTH M KaCHHjUM HaJOoTpajmaMa CHMYyJaTopa Iuia3Me Kao
mrro cy EFIT u METIS.



Kao Heko 3amHTEepecoBaH 3a IUjarHOCTUKY IJ1a3Me, KaHU1aT CAMOMHHUIIN jATHBHO
panu Ha Tperyieay OoCHOBHE Teopuje TOMCOHOBOT pacejama CBETIOCTH M EJIEKTPOHCOT
nukinoTpoHckor 3pavema (ECE) kao mgomarak JOKTOpCKO] Te3W, alld M3 yIia
WHTEPECAaHTHOCTH 3a funaway nujarHocTuky. 3axBabyjyhu oBome, Ha COMPASS
TOKamaky cajaa aktuBHO pajne Ha ECE anammsu 3a mpumeny Ha runaway-a. Ilopen
TEOPETCKOT JeJla BE3aHOI 3a HOBE JMjarHOCTHKE, KaHIUIAT je OMO TJaBHAa OJrOBOpHA
oco0a 3a KOMYHHKAIIH]y, HHCTAIUPAkE U OJp)KaBambe UepeHKOBOT NIETEKTOpa, Kao U 3a
on1abup 1 HabaBKy HOBUX HEYTPOHCKHX JIETEKTOpa, 6a3upanux Ha He-3.

EneMeHTH 32 KBAJINTATHBHY OLIEHY HAYYHOT JIONPHHOCA
1. KBaauTer Hay4YHHX pe3yJiTaTa
1.1 3nauaj nayunux pezyimama

Kangunat ce y TOKy gocanammer paja 6aBHo eKCIIEpUMEHTATHIM HCITUTHBAKHEM
runaway enexkTpoHa, mpeBacxonHo Ha yemkoM Tokamaky COMPASS, nouupanom Ha
WNucturyry 3a ®msuky [lnasme y Ilpary. Kako mpomemypa 3a cys30ujame runaway
eniekTpoHa jour Huje aepunucana 3a UTEP, a moyerak pana UTEP-a je cBe Oimku — oBa
TeMa I0CTaje o]l cBe Beher 3Havaja 3a UCTpaKUBamWme y HykieapHoj hy3uju. Kanaunar je
MMao 3HavyajHy (HeKaJa M KJbY4HY) YJIOTY Yy IpUIIpEMamy €KCIIEpUMEHTAJIHE MOCTaBKe,
TUTAHUPAy U U3BEIOM EKCIIEpUMEHAaTa TOKOM MPBUX 5 TMOCBEheHUX eKCIePHUMEHTAITHUX
KaMmama runaway enektpoHuma Ha Tokamaky COMPASS. I'maBHu ekcrniepuMeHTaIHU
pe3yaTaT je yCIelHo 100ujame CIIOHTaHe TeHepalije runaway 3pake HaKOH JUCPYIIIIH]e
uHAyKoBaHe aproHoM. [lopex Tora, MpBO CHHXPOTPOHCKO 3payerme Funaway enekTpoHa
Ha COMPASS-y je omakeHO Ha MHCHCTHpamke KaHauaara. Kanauaar je aHaimmsupao oda
eKCIIepUMEHTaHa pe3ynrTaTta. 300r camMor 3Hayaja TOPOUJAIHOT ENEKTPUYHOI IMoJba y
MPOU3BOGM UNAWAY eJIeKTPOHA, Ka0 M YecTa HeMoTIyHa O0jalllibera y JIUTEpaTypH,
KaHIMJIaT j€ yKa3ao Ha Ba)KHOCT €KCIIEpUMEHTAJIHE MpOoLieHe OBor napamerpa. OBU U joII
HCKOJIMKO IIMOHMPCKHMX pE3yJiTaTa KaHAuJara, Ka0o M IBbCrOBHX KOJICra, Ha runaway
eJIEKTpPOHUMA Cy JOBENM [0 HaKHaJHOI YyKJbyunBama Tokamaka COMPASS vy
,EUROfusion MST-1” npojekaT* Be3aH 3a runaway eJieKTpoHe.

* MST-1 (Medium Size Tokamaks) mpojekTd ce palie Ha TJIABHUM CBPOIICKUM
mamuaama (Asdex Upgrade, TCV u MAST Upgrade), rne COMPASS Huje 6uo
ypauyHat. Cajzia jecte Ha cBera JBe TeMe, OJ1 KOjuX je jeaHa runaway emektponu. Jlo tama
je COMPASS cmatpan camo kao ,,Mamu‘ ypehaj, kao ucnomoh ,,sehuma‘.

1.2 Ilapamempu xeanumema uaconuca
Kangunat np Musnomr Biaunuh je 06jaBuo ykynHo 7 pagoBa y mel)yHapoaHuM
9acoIochMa U TO:
e 2 panay BpxyHckoM MelyHaponHoMm waconmcy Nuclear Fusion (IF = 3.2535)



e | pany ucrakayrom mehyrnapoaaom gaconucy Plasma Physics and Controlled
Fusion (IF = 2.139)
e 2 panay mehyHnaponnom yacorucy Journal of Instrumentation (IF = 1.234)
e 1 pany mehynaponuom yaconucy Journal of Plasma Physics (IF = 0.8675)
e | pany mehynapoanom gaconucy Nukleonika (IF = 0.481)
VYkymnan uMnakt ¢paktop o0jaBibeHUX panoBa je 12.4625.

1.3 Ilooayu o yumuparnocmu

ITpema 6a3u Web of Science, pagoBu np Mwuoma Braunuha cy nutupanu
ykynHO 13 myra, ox yera 7 myTa u3y3umajyhm ayronurare, NOK je XHPIIOB HHIECKC
npemMa ucroj 6aszu 2.

1.4 Mehynapooua capaora
Mehynapoane aktuBHOCTH 1p Muoma Brannnha o0yxBarajy:

e yuemrthe na EUROfusion npojexty WP14-MST2-9: “Studies of generation and
mitigation of runaway electrons in the COMPASS tokamak” oz janyapa 2014. mo
neremOpa 2015.

e capanma ca JuBuzujom 3a Cryauje [Inazme, HarponaaHor meHTpa 3a HykjeapHa
uctpaxkuBama y OtBo1ky (Ilosbcka)

e capaima ca reopujckom rpynom mpod. Tyrne @ymnon ca Yanmmepc YHuBep3urera
y I'ereGopry (LLIBeacka)

e capanma ca reopujckom rpynom mpod. Msa Ilejcona u3 IIEA Kanapama
(dpaniycka)

2. Hopmupame 0poja KoayTOPCKHX Pa0Ba, NATEHATA M TEXHMYHHUX pelleha

On cBux 7 panoBa, camo je M22 pax y wacornmcy Plasma Physics and Controlled
Fusion Ga3upaH Ha KOMIUIGKCHUM HYMEPHUYKOM CHMYJalldjama, JIOK Cy CBH OCTalld
pasloBM eKCepuMeHTaIHu. M22 paja uMa 1iecT KoayTopa, LITO je BUIIE Of IET, Ila Ce OH
HaKOH HOpMHUpama BpelHyje 4.1667 noeHa. CBU eKCIEpPUMEHTATIHHU PaJOBH UMajy MPEKO
cenam koayropa. JIea M21 pana umajy 27 (oBae je kanauaar tpehu ayrop) u 41
KoayTopa, Ma ce OHHU Toclie HOpMHpama Bpeanyjy 1.6 um 1.0256, pecnektuBHO. J[Ba
koaytopcka M23 pana y dacorucy Journal of Instrumentation umajy 62 u 13 koayropa,
T1a ce OHU TocJie HopMupama Bpeanyjy 1o 0.25 u 1.3636 noena; nok mpeoctaia 18a M23
paza ca kKaHIMIAaTOM Kao mpBuM ayropoMm mmajy 10 (Journal of Plasma Physics) u 8
(Nukleonika), u 6poj moena HakoH HOopMmHupama je 1.875 u 2.5, pecrieKTHBHO. YKymaH
Opoj moeHa KaHAuMJaTa Ha ocHOBY M20 myOnukanuja mpe HOpMHUpama u3Hocu 33, a
nocie HopMmupamwa 12.78. Hopmupanu noenu unHe ckopo nBe TpehmHe ykymHOr Opoja
MOEHA.



3. Yuyemhe y npojekTuMa, NOTHPOjeKTUMA U NPOjeKTHUM 3a/lalMa

Kangunat je yuecTBoBao Ha cienehuM npojexTuma:

e vyyemhe Ha YemkoM HamuoHaaHOM Tnipojekty MSMT LM2011021 xoju je
omoryhuno pax COMPASS Tokamaka

e yuemhe na EUROfusion npojexty WP14-MST2-9: “Studies of generation and
mitigation of runaway electrons in the COMPASS tokamak” oz janyapa 2014. 1o
nenemopa 2015.

4. AKTHBHOCT Y HAYYHHM M HAYYHO-CTPYYHHMM JPYIITBUMA

4.1 Peyensuje Hayunux padosa
Kanauaar je 6uo periensent 1 pana y yaconucy Europhysics Letter (IF = 1.957).

4.2 Opeanuzayuja HayuHux cKynoea
Hp Munomr Bnamnuh je OHO 4imaH JIOKaJHOT OpraHU3alMOHOT 0J00pa
koHpepenrmje “FuseNet PhD Event 57, koja je oapskana y 2015. rogunu y Ipary.
Kannunar je takolhe yuyecTBOBaO M y OPraHM30Bamy TPU PAJAUOHUIIE 32 CTYICHTE
Ha TeMy HykJeapHe gysuje kao neo POM-a:
e ,Student workshop in Nuclear Fusion and Tokamak Physics” oapxxany 2015.
roauHe Ha Texnonomko-MeranypmkoM Pakynrery YHuBepsurera y beorpany
e _Fusion Days@NS“ oapxany 2016. rogune Ha I[Ipupomno-MaTemMaTuukom
@axynrery YHusepsutera y Hoom Cany
e Fusion Days@BG* oxpsxany 2017. rogune y 3anyx6unu Nnuje M. Konapia
(beorpan)

5. YTuuaj HayuHux pesyJarara

VYTuia) HaydHHX pe3yiTara KaHAuaara ce orjefa y Opojy nurarta Koju cy
HaBE/IEHU y TaukH 1. OBOT MpMJIOTa Kao M y NPUWIOTY O LHUTHPAHOCTH. 3HAyaj pe3yJsiTara
KaHJujaTa je Takohe onucan y Tauku 1.

6. KonkperaHn 10NpHHOC KAHAWAATa y PeaTH3alUjH PaioBa Yy HAYYHUM HEHTPHMA Y
3eM/bH U HHOCTPAHCTBY

Kangunat je cBe cBoje 00jaBJbeHE HMCTpPaKUBAuKe AKTUBHOCTU DPEAIM30Ba0 Y
Wuctututy 3a ®Ousuky [lnazme y Ilpary. Kangupar je 3HauajHO JONPHUHEO CBaKOM
eKCIIEpUMEHTAIHOM pajly Ha KoMe ydecTBoBao. Ox1 6 eKCepuMEHTAIHUX pajioBa, Ha 2 je
IPBHU ayToOp TJie CE HEeroB JONMPUHOC OrVle[ia Yy MPUIIPEMU U PYKOBOhemY MOTPEeOHHMX
eKcliepuMeHara, no0ujamy, HWHTEPHpEeTAlju W TPE3EHTAIMjU EKCIEPUMEHTATHUX
pe3yiTara, mucamwy pajoBa M KOMyHHUKAILIMJU ca YPEIHUIIMMA U PELIEH3eHTHMa Yacoluca.
Kon M21 pana, rie je kanauaar tpehu aytop (o 27 yKymHHUX), JOIPUHOC j€ IpUIpeMa U
pykoBoheme  MOTpeOHMX  eKCIepuMeHara,  jaoOujame M HHTeprpeTanuja
eKCIIepUMEHTaIHUX pe3yiTara, Kao M MoMoh OKO Mucama paja U KOMYHHKaIUje ca



YpeIHUIIMMAa W pELEH3eHTHMa. Y TMpeocTaja 3 eKCIepUMEHTAlHa paja KaHIuaaT je
JOTIPUHEO TIPUIIPEMOM M pYKOBOheHmeM IOTpPeOHMX eKCIlepuMeHara, JI00ujamy |
WHTEPIPETAIIMjH H TMPE3CHTAIMjU EKCIEPUMEHTATHNX pe3ynaTtara. KoHayHo, Ha
MPEeoCTaioM paay KOMIUIGKCHE HyMEpPHUYKe CUMYyJaldje, KaHAMIAT je JONPUHEO Yy
noOujamky W WHTEpIpeTanuju ekcrepumeHTanaux pesdynarata ca COMPASS tokamaka,
KOjU Cy MPOIPATHIIN TJIaBHE HYMEPHUKE pe3yJiTaTe.

EfleMeHTH 32 KBAHTUTATHUBHY OLIEHY HAYYHOT JIONPUHOCA

OcTBapenu M-0010BH 10 KaTeropujama nyojauKanuja

Kareropuja M-06ox0BH 11O Bpoj paosa Yxynao M- Hopmupann
pany 6o10Ba opoj M-6ooBa

M21 8 2 16 26

M22 5 1 5 4.2

M33 L 4 4 16

M34 0.5 4 2 1.1*

*Csu M30 paoBu cy ekcriepuMeHTanHu, ceM jearor (EBa Marrymosa je mpBu ayTop)
KOJU je KOMILIEKCHAa HyMepHuKa CUMYyJialyja.

IMopeheme ocTBapenor 6poja M-6010Ba ca MUHMMAJIHUM YCJIOBUMA NOTPEeOHUM 32
n300p y 3Bamkb¢ HAYYHOI CapaJHUKA

IMoTpedno OcTtBapeno (0e3 HOpMupama)
YKVYIIHO: 16 21.5 (45)
M10+M20+M31+M32+M33+M41+M42 10 155 (39)
M11+M12+M21+M22+M23 6 12.8 (33)



3ak/by4yak M mpeaJior

Nmajyhu y By KBAIMTET HayyHOT pafa ap Mwoma Brnannuha u mocturaytu
CTEIEH UCTPAXXKUBAYKE 3PEIOCTH U KOMIIETETHOCTH, KA0 U CAMOCTAJIHOCT Yy Je(PUHUCAY
U pellaBamky KOMIUIEKCHHUX HAayYyHHMX NpoOJeMa 3al0BOJBCTBO HaM j€ Jia MPEIOKHMO
Hayuynom Behy WHcTuTyTa 32 DM3MKYy Ja JOHEce OJUIyKy O NpHUXBaramy Npeaora 3a
n36op nr Munoma Bnannuha y 3Bame Hay4HU capaJHUK.

V¥ Beorpany, 30.03. 2018.

UiaHOBY KOMHCH]E:

1np Munusoje VBkoBuh
HayuHu caBeTHHK
Wuctutyr 3a pusuky YHuBepsurera y beorpany

ITpod. ap 3opan Mujarosuh

Penosuu npodecop

JenaptmaHn 3a pu3UKYy,

VYuusepsutet y HoBom Cany, [IpuponHo MaTemMaTuuku pakynret

np Henan Cakan
Hayunu capagauk
WuctutyT 32 dusuky YHuepsutera y beorpany



Hayunowm Behy UHcTuTyTa 32 usuky, Yausepsurera y Beorpaay

IIpeamer: U360p y 3Bame HCTPakUBaY capaJHUK

Ha cennuum Hayunor seha MHcTutyTa 32 dusuky oapkanoj 16.04.2019. roguHe
MMEHOBAaHM CMO Yy KOMHCH]Y 32 CTPY4HY MNpPOLEHY HCIYyHEHOCTH ycloBa 3a U300p
bumwane CrankoB y 3same MCTPAXXMBAY CAPAJTHUK.

[Ipernenom wmartepujana koju Ham je NOCTaB/bEH, KA0 M Ha OCHOBY JIHYHOT
MO3HaBaMka KaHAMJATKUIbIE U YBUA Y HEH paj U Mmybiukaumje noaHocumo Hayunom

Behy MHcTuTyTa 32 husnky YHusepsurera y beorpany crenehu

MU3BEIITAJ

1. Buorpaduja

bumbana Crankos pohena je 1989. romune y 3perannHy. 3aBpuinia je 0CHOBHY
wkony ,Ceerosap Mapkosuh Tosa“ y Enemnpy 2004. roaune u 3pemaHHHCKY
rumMHasujy y 3pewanuny 2008. roaune. YeTupy roguHe OCHOBHHMX CTYyAHWja U3 (U3MKe-
METeoposiorije 3appluiaBa Ha JlemapTmany 3a ¢usuky, I[IpuMpoJHO-MaTeMaTHUKOr
(akynrera, Yuusepsutera y Hoom Cazy ca NpoceyHOM OLEHOM PTOKOM CTyauja 9.56 u
onbpaHom aunnomckor pama 25. 09. 2012. rogune. Mcre roamme nosaxke pasnmky
MCTUTA 32 HUCTPAKMBAYKW CMEp Ha (QU3MLK M YNHUCYje MacTep CTyAHje W3 00IacTH
¢usuke nnazme. Mactep ctyauje 3apiasa 14. 10. 2013. roauHe ca npoceuHOM OLEHOM
10.0 1 onOpanom mactep paja ..Mcnutupame ycioBa 3a CHUMAake CNEKTPaTHUX JTHHHja
XenMjyma M3 MiasMe NpOM3BENEHE Y eNeKTPOMArHeTHoj T-LeBM™ MO MEHTOPCTBOM
npo¢. ap. Creuue Byposuha. I'ogune 2013. ynucyje moKTopcke cTyamje U3 obaacT
(usuke nnasme Ha MCTOM akynTeTy Kao CTUMeHAUCTa MUHICTApCTBA IPOCBETE HAyKe 1
TeXHONOLKOr passoja. Paguna je o1 05.12.2013 o 14.01.2014 kao HacTaBHUK Qusnke y
ocHoBHOj wwkonu "Cperozap Mapkosuh To3a" y Enemupy. Ox 01.03.2016. roaume

BosloHTHpana je y Jlabopatopuju 3a cnekrpockonujy miasme u nacepe MuctutyTa 3a



usuky, a oa 01. 12. 2016. je 3anocnena y MHctutyTty 3a dusuky y Beorpany y 3Bamy
WCTpakuBay mnpunpaBHUK. [lonoxuna je cee wucnure W ynucana Tpehy roauHy
nokropckux cryauja. Ilpujasuna je 22. 08. 2018. temy mokrtopara ,Mcrpakupama
KOMIJIEKCHUX OONIMKa CMNEeKTpalHUX JMHHWja Oepuiujyma y MpPUCYCTBY OepHIlUjyMCKe
nppaiunne”, ca ap Mropom Casuhem u a1p Munusojem MBkoBuhem kao MeHTOprMa, Koja
je omobpena 17. 01. 2019. rogune. O6jaBua je 1Ba pajga y yaconucuma kateropuje M22,
“Ma JiBa MO3WBHA MNpejiaBama Ha MehyHapoaHum koHdepeHuujama M31 u M32 u Tpu
nocTep npe3eHTauuje Ha mehyHapoaHuM KoHdepeHuujama 2 - M33 u 1 - M34. TpenyTtHo
J€ aHraxxoBaHa Ha TMPOjeKTYy M3 00JacTH OCHOBHUX HcTpaxkuBamwa (OH171014) -
.,CIIEKTPOCKONCKa JMjarHOCTUKA HUCKOTEMIIEpaTypHE M1a3Me€ W TacHUX Mpakmbera:

00MUM CMEKTPATHUX JIMHU]a U HHTEpaKLMja ca NOBpLIMHAMA®;

2. AHajau3a Hay4YHe aKTHBHOCTH

Hayuyna aktuBHOCT KaHauaatkuwe bubaHe CtaHKOB ycMepeHa y Hajehem aeny
Ha 100Mjarmy M aHaNIW3M ONTUYKOr CMEKTpa eMHUTOBAHOI M3 pa3lIMYMTHX HM3BOpa
TiasMe WM NPaKbEea y racoBuma.

V okBupy u3paje mMacTep paja paauia je Ha 100ujary W aHAIM3U CHEKTPATHUX
nuHHKja xenujyma (kopuwheHor kao Hocelin rac) u cuauuujyma (yHETor abiauujom
34[0Ba LEBU 32 TMPAKHEHE) EMUTOBAHMX M3 [UIa3Me€ TMpPOM3BEACHE Y
enektpomardetHoj T-ueBu. JIMjarHOCTMKY TYCTHHE W TeMIepaType €eJeKTpOHa
BpLIM/IA j€ aHalM30M MapameTapa CIeKTpajHe JuHUje xenujyma (Ha 447.1 um) ca
3a0parmb€HMM  KOMIIOHEHTaMa M  NPUMEHOM MeToja bonuMaHoBe — mpase
CUJIMLM]yMOBHX JIMHU]jA PECMIEKTUBHO. Y OKBMPY OBHX MCTpaKMBarba pajauia je v Ha
aHallM3M UCIyHEHOCTH YCJI0Ba 3a MOCTOjake JIOKalIHE TEPMOAMHAMUUKE PaBHOTEKE
M UCTTUTUBAKkUMAa ONTHYKE J1e0/bUHE CIIEKTPATHUX JHHH]A.

Tokom pazna Ha nokTopaTy HajBehy maxwy MocBeTHNa je npobiemy noOujama u
aHanu3e CMEeKTpajHUX JuHHWja Oepuiujyma. OBaKkBa MUCTpaXkMBama Cy BakHa 300T
UCTpaXkMBamba (y3MOHMX Iula3MH. TpeHyTHo je Haumme y wusrpaawu WTEP
(Unternational Thermonuclear Experimental Reactor), a npBW CII0j 3WI0Ba OBOT

peakTopa KOjU je y JAMPEKTHOM KOHTAaKTy ca (GOpMUpaHOM Mjaa3MoM, Ouhe



Hanpas/beH 01 Oepunujyma. OBM MoJauy Cy OJ BEJIUKOT 3Hauaja U 3a acTpopU3uKy —
jep je OGepunujym npucyTaH y BeJuMKOM Opojy 3Be3na uuje ce 3payere npatu. Opa
MCTpaKMBama Oulla Cy Hajlmpe ycMepeHa ka Jo0ujarmy W3BOpa KOju OM Morao aa
MocnyXu 3a 0e30e1Ho nocmartpamwe J1HKja 6epunjyma. Haume, Gepunujym je Bpiio
TOKCHYaH Te je OMI0 NMOTpeOHO KOHCTpYHCATH M3BOP KOjUM OM ce MOrio 6e30enHo
pYKOBaTH y ycloBHMa KOju Mnoctoje y nabopatopuju. [Tpu Tome je GUI0 HEOMXOIHO
OJPEJUTH, KAKO TEOPHJCKM TaKO M EKCMEPUMEHTAJHO, ONTHMAlHE YCIOBE 3a paj
M3BOpa W CHUMAamE CIEKTPAJIHUX JIMHK]a OepuaKrjyMa, OJHOCHO YCIIOBE MpH KOjuma
Ce CIMeKTpajHe JWHUje Oepuiivjyma MojaBibyjy y CHEKTPY M MOTY Ce€ W3ABOJUTH O]
nvHMja Hoceher raca. Excuuraumja 6epuijyma v rnojaB/buBarme HeroBUX JIHHHjA Y
EMUCHOHOM CIIEKTPY OCTBAPEHO j€ YMETAHEM KepaMuKe, OEpUIIHjyM-OKCHIA Y LIEB 3a
npaxmeme. AGIalujoM KepaMUYKKUX 3M10Ba MO/ €jCTBOM yAapHOT Tajaca rnjaasMe 1
CriaTepoBameM yClie[l [€jCTBAa TeIIKMX joHa Hoceher raca Gepuiujym OKcua je
YHOILUEH Y €JEKTPUYHO MpPaXHhewe U MOTOM JMCOCOBaH. McnuTuBamba eMUCUOHUX
KapaKTEPUTHUKA HaBEJEHOT U3BOPa Cy BPLUEHA MPU PA3IMYMTUM MPUTUCLIMMA racoBa:
aproHa, aproHa ca XeJlWjyMOM, XelMjyma ca BOJOHHUKOM W  KPHIITOHA.
ExcriepumeHTanHa MCNUTHBama Cy BpLIGHA Ca pA3MUMTUM KaKO €JEKTPUYHUM
KoH(urypauujama, Tako U ca pa3IMYUTUM MOCTaBKama U BapujaHTama caMmor M3Bopa
JIOK ce HHje MoCTHrao 3anoBoJbaBajyhu pesynarar. CriekTpu Cy Mpu THM YCIOBUMA
CHMMAaHM Yy Pa3JIMUUTUM BPEMEHHUMA TOKOM eBoyuuje niasMme. JloOujeHu pesyiraTu
nyOJIMKOBaHU Cy y yacomucy Review of scientific instruments ca HazHakoM Editor
picks. Tpeba HarNOMeHYTH U Ja je NpH YHOLUEeHY U QUCOLMjaluKju OEPUITHjyM OKCHIa
y niasmy ¢opMHupaHa U Heropa rnpallidHa, OJHOCHO TaKO3BaHa MpailkacTa rnjiasma —
dusty plasma. EKCIepUMEHT je CIpoBEIeH y LU/by aHalu3e NpoLeca KOju J0BOJE /10
dopmMuparma npalliMHe U BEeHOr YTHULAja KaKO Ha elEeKTPUYHE MapameTpe, Tako U Ha
€MHMCHOHE KapaKTepucTHke aoOujeHe nna3me. OBO je oj moceOHE BaKHOCTH 3a
aHalu3y W ONTHMHU3aLM]y paja (y3MOHMX peakTopa y KojuMa YCleld BeJMKe
TeMIeparype J0jasd [0 MojauaHe abnaiuje 3MJ0Ba TOKamaka M [ojaBe MpalinHe
(Koja MO3Ke JOBECTH YakK M JI0 ralliera Wik IeCTPYKLHje peakTopa).

Jlaiby weH paj OMO je yCMepeH je Ha LIMpHHe, nomepaja U 00J11MKa CeKTpaIHUuX

JIMHK]a, HEYTPAIHOr U jeJHOCTPYKO jOHM30BaHOI aToMa Oepunujyma. CriekTpanHe



NMHKje 1001jeHe MPUMEHOM OBAKBOT U3BOpa 3payerba 6 Moriie 6uTH KopuliheHe 3a
uspauyHasare llITapkoBux napamerapa 1 BepoBaTHoha npenasa. Y okBupy paja Ha
OBOM E€KCIIEPUMEHTY j€ MO MNpBU MyT YCTAaHOB/BEHO MOCTOjarbe 3a0pareHuX
KOMIIOHEHATa KO/ JABe NvHHje Oepunnjyma. JleTalbHUM UCTpaxkuBawhMa MoTpheHo
Je IUXOBO MOCTOjae W 3Hauaj 3a AMjarHOCTHKY MIa3Mu Koje caapike OepuivjyM.
Hobujenn pesyntatm myGnMKoBaHM Cy y uacomucy kareropuje M21 - European
physics letters.

Koncrpyucan je m mcnuTHMBaH joll jenaH CMEKTPOCKONCKH W3BOp 3pauera -
nnasma mnas — plasma jet. U3gop niasma miasa je Manux JUMEH3HUja - €JeKTPOIE ce
Hasja3se Ha pactojawy O 1 ¢cm, a OTBOp Ha eNIEKTPO/H, KPO3 KOjW MPONas3d mniaazma
mias, uma auamerap 0,6 mm. Hamena oBor u3Bopa je 6una jia ce nposepu aa Jiu ce
Ha OBaj HA4YWMH MOTY JOOMTH MNpEeLM3HH]ja Mepera rnoMepaja CreKTpalHuX JIMHH]a.
[Iponaranuja nnasma mnasa je npahena kopuuihewem Op3e ¢ortorpaduje uume je
noTBphHeHO HeroBo (GopMHUpame W aHANTM3UPaHO MPOCTHPAE. AHAIU3UPAHU CY U
ynopeh1BaHH ONTUYKKM EMUCHOHH CTIEKTPH MJ1a3Ma MJla3a U LEBU y KOjOj Ce O/IBUjalo
npaxmwere. CHuMame 3payera ce 00aB/balo MCTOBpeMEHO y3 nomoh Tpu ¢ubep
ONTHYKa BJIAKHA - J€[]aH 33 CHUMate MPaXibea y LEBH, APYrH 32 CHUMAame ja3Ma
MJa3a u Tpehu 3a CHUMama ca Kpaja - end on. Ha 0CHOBY OBUX CHMMAaKa U aHAJIM30M
criektapa 6uno je moryhe yTBPAMTH pasiuke y KOHLEHTpALMjd W TEMIEpaTypH
YHYTap came LEBM M Y MJja3Ma MJa3y, Kao U KOJMKHM je MOjeIMHAYHH JONPUHOC OBE
JIBE 30HE MIa3Me y yKYNHOM curHainy. [Ipaxmeme je ycrnoctaB/baHo y BUlie racosa,
MPaXEHEM KOHIEH3aTOpa pasIMYMTHX Kanaguteta. MemwaHe cy IMMeEH3Hje, OTBOP
U pactojame u3Mehy enexTposa, a cBe y by 100Hjamba cTabUIHOT W3BOpa KOjU Ce
MOJKE KOPUCHTH 3a aHaju3y CNEKTPaJHUX JIMHHUja raca. YTBphEHO je aa Cy rycTvHe
eJICKTPOHA y MJjia3Ma MJjla3y 3a BULIE OJ1 Pe/la BEJIMYMHE Marbe O]l TYCTUHE eJIeKTpOHa
YHYTap LIEBH 3a Mpaxmere, WTO oMoryhaBa HeroBy NpuUMeHy Kao pedepeHTHOr
u3Bopa. Tpeba HanmoMeHyTH 1a OBaKO KOHCTPYHCaH plasma jet U3BOp, 3a PasiuKy O
OCTaJUX KOJU HOCE MCTO HME, He Moxke OWTH ymoTpeG/baBaH 3a TPETHUparbe
OMONOWIKKMX ~ y30paka 300r BHUCOKE TeMmrepaTrype MW HHCKE eleKTPOHCKe

KOHLIEHTpalluje.



3. 3ak/byyak H mpeajior

Mmajyhm -y BuIy KBaJIWTET HAy4yHOr paja Kao W TOCTUCHYTE pe3yJjTare
KaHIMIaTKMIbE M3y3€THO HaM je 3aJ0BOJbCTBO HaM je Ja npemioxumo HayuHom Behy

MHctutyTa 3a QusuKy na JoHece OanyKy o u3bopy bBumbane CTaHKOB y 3Bame
UCTPAXUBAY CAPATHUK.

VY Beorpany, 25. 04. 2019.
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. AparaH PagneojeBuh

. Jlazap PageHkosuh
Mwogpar Pagosuh
Buaoocas Mapkosuh
Oejan Oumntpunjesnh
Henag Munojesuh
Kersko MnageHoBsuh
JbubaHa CteBaHoBuMh
AparaH Majun

CysaHa CtameHkoBuh
AejaH Anekcuh
JbursaHa Koctuh
Cawa Noyuh

JacmuHa JekHuh Oyruh
Burbana Camapuimh
AHa Manuuh

BecHa Manuh

JTana NaHTtnh Panhenosuh
JeneHa Anekcuh

NMM® KocoBcka MutpoBuua
burbaHa By4ykoBuh
JburbaHa NynaH
Oywunua Cnacuh
bpaHko [prbaya
JeneHa >Knskosuh
NopgaHa Munuh
OparaH MNeTkoBuh
TwjaHa KeBkuh
Cnasuua JoaHoBuh
Bob6aH hokuh

EnektpotexHuyku dpakyntet beorpag
JacHa LlpraHcku
Mapko Bapjaktaposuh
JoBaH LiBeTnh

Mwunan Taguh

OejaH BO3anh

Metap MaTaByrb
JeneHa PagoBaHoBuh
Cno6ogaH lMNetpnyesnh
MNeha Muxannosuh
Brnagumnp Apcocku
Kosusbka CtaHkoBuh
Mwunow Byjucuh
JoBaHa [NojaHoBMh
Mapko KpcTtuh

Hwukona Bykosuh
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XKerbko JaHuhujesuh
MunaHn Uribatosuh
MeTtap AtaHacujesuh
AdywaH Jakosrsesuh

EnektpoHcku chakyntet Huw
NopaH Puctuh
Hukona Hewwuh

OcTtanu

JoBaH Anekcuh, ACTpoHOMCKa oncepBaTopuja, beorpag

Hukona MeaHoswuh, MNorsonpuspenHu hakynteT, beorpag

Jyrocnas Kapamapkosuh, ['paf)eBMHCKO-apXnTEeKTOHCKM hakynTeT, Huw
Jburbana Joknh, AKM Egykauwnja, beorpag

MuneHnTuje Jlykosuh, PakynteT TEXHUYKNX Hayka, Yavak

Mapwja CtenaHosuh bowmak, MNMeagarowkn pakyntet y Combopy
AnekcaHngpa Kanesuh - Muwosuh, akynteT TEXHUYKMX Hayka, Yayak
Bepa bojosuh, 3YOB, Beorpaa

JeneHa Ypowesuh, 3YOB, beorpag

Hwukona LiseTaHoBuh, Caobpahajuu dhakynteT, beorpag

TaTtjana JosaHoBuh, MeguumHckun dakynteT, Huw

JeneHa Kosaydesuh [ojumHoBuh, ACTpoHOMCKa oncepsaTopuja, beorpag
NopaoaHa Majctoposuh, BojHa akagemuja, Beorpag

Mapuja KpHeta, MINHTP

Munexa dasugosuh, MpaheBunHckn akynteT, beorpaa

Mwupjana Mapuuuh, Meparowkun dpakyntet y Combopy

JeneHa Ajtuh, BeTepuHapcku dhakynteT, beorpag

Hapko CapsaH, BetepuHapckn cakynteT, beorpag

Tomaw Hemew, ®akynteT TexHMYKNX Hayka, Hosn Cag

Ayna MNonosuh, Bucoka TexHn4ko-TexHomnoLwka wkona, Kpyesat,
Hapa Yntakosuh, BojHa Akagemuja, beorpas

MwuneHna Majknh, ®akynteT TexHn4knx Hayka, K. MutpoBuua

hophe Ctpatummposuh, CtomaTonowku dakynteT, beorpag

3nartaH Wowknh, ®akynTeT 3a MawWMHCTBO U rpaheBrnHapcTBo, Kparbeso
Mwupocnae ®ununosuh, Bucoka NOCNOBHO-TEXHMYKA LLKONA, YXXuLe

pag Beorpag

JburbaHa MeaHuesuh, O "Hophe Kpctuh', beorpag
Cnahana Hukonuh, OW 'MunaH b. Munuhesuh', beorpag,
Burbana Ctojuumh, 3emyHcka rumHasunja, beorpag

3opaH Josuuuh, OLL 'Bersko Adyrowesuh', Beorpaa
Mwunenwuja Jokcumosuh, XITLU, Beorpaa

Oparan MaHaywuh, OLL 'JosaH JoBaHoBuh 3maj', O6bpeHoBal
Cawa lWynwesapuh, OW 'CtesaH CuHhenuh', beorpag
JburbaHa lMNajosuh JosaHosuh, OL 'Baca MNMenaruh', beorpag
Tamapa [pobau, MeanumHcka wkona 'beorpaa’, beorpaa
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Mwunuua hekuh, OLL 'BbpaHucnas Hywwuh', beorpag

CHexana Kytnawwuh, OLU 'Bopucnas lMNekuh', beorpag

WpeHa MNaHos CtameHos, OLL 'Oocutej O6pagosuh’, Ymka
Hatawa Koctuh, OW 'Bnagummp Hasop' - )KenesHuk, beorpag
Buoneta Naenoeuh, Npaduruyka wkona, beorpag

JeneHa Byuyetuh, OW 'Bnaga AkceHTnjesuh', beorpag

Hapa Jojuh, OW 'dnnun dununosuh', beorpag

Mwupjana Koctuh, MegumumHcka wkona 'beorpag’, beorpag
Oparnua Uekosuh, MaTemaTtunyka rumHasmja, beorpag
Mwnuua Mupkosuh, OLL 'Bpaha bapyx', beorpaa

Mapuka Youyoecka-MunosaHosuh, OLU 'OaHunno Knw', beorpaa
WpeHa Bpajesuh, Ocma Beorpagcka rumHasuja

opaaHa bojaTt, Ol 'Jennua MunosaHosuh' - Conot, beorpaa
MeaH Ctanmh, MaTemaTtunyka rumHasuja, beorpag

CtedpaH lNonoeuh, Ol 'Ceetn Casa', MnageHoBal

BecHa CtojaHau, Ol 'Page OpanHay', Beorpaa

Hatawa Yanykosuh, MatemaTtnyka rumHasuja, beorpas
Mwunanka KHexesuh, TLI 'Hoswn beorpag’, beorpag
MapwjaHa Kprwajuh, TLU 'Hoeun Beorpag’, Beorpag

Cawba bynart, Ol 'Bpanncnas Hywwuh', Beorpag

JoBunua Mununcasr-esuh, MatemaTtudka rumHasuja, beorpag
Buwra JosaHoBuh, MaTemaTtnyka rumHasuja, beorpas
KatapnHa MaTtuh, MaTtemaTtuyka rumHasuja, beorpag
Adywwuua NeaHoswuh, OLL 'Munoje Bacuh', Kanyhepuua
Cnasuwa CtaHkosuh, OLU 'Munow LprwaHcku', Beorpag
Cnaswuua Bykocasreesuh, OLL 'Jedumuja’, ObpeHosau
MeaHa Tomuh, OLU 'Ctapwu rpaa’, beorpaa

Mapwja Mapkosuh, lNpea 6eorpagcka rumHasuja, beorpag
Papocasa Jlasosuh, Ceagma Georpagcka rumHasuja

Panka Pajkosuh, OLL 'Pagoje JomaHosuh', Beorpag
Mwupocnag WHebnuh, NimHaswnja 'CeeTtn Casa', beorpag
Cenma lMNMonosuh, OW "Rrpuno n Metoawje', beorpag

AHha Monosuh, OL 'JosaH Adyuunh', Beorpag

Urop Oumutpujesuh, OLL 'Ucngopa Cekynuh', Beorpag
Hannjena Casuh, OOLL 'Brnagncnas PubnHukap', beorpag
BecHa Togoposuh Puctuh, OLL 'JeneHa heTkoBuh', beorpag
Mwunena Llapuh, MeanumHcka wkona 'beorpag’, beorpag
TaTtjaHa Jounh CtedaHosuh, Ocma 6eorpaacka rmumHasnja
Cnaswuua 3nataHosuh, Ocma 6eorpagcka rumHasuja

Henag Anekcuh, Ocma Georpagcka rumHasmja

MBaHa Majctoposuh, Ocma 6eorpagcka rumHasmja

Kapko HoerosaHosuh, NmmHasnja, MnageHoBal,

Wpa Mepwuh, MpBa 6eorpagcka rumHasunja

MwneTta Bacoeuh, OLL 'KHernwba Munnua', beorpag

TaTjaHa NaBena, XXenesHn4dka TexHU4YKa wkona, beorpaa
Henag Cakosuh, OLU "Bypa Jakwwuh', Beorpag

MeTpoeka Topbuua, TexHnuka wkona 'Hoeu beorpag’, beorpag
Murnow MNpenwuh, MossonpuspegHa wkona MK 'beorpaa’
bojaHa 3eneHoBuh, Ocma beorpagcka rumHasuja

hophe hunapusosuh, OLL 'Tlaza Koctuh', beorpag
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JoBaH Jlaauh, Ol 'dunun Krbajuh duha', beorpag
AHa lNynuh, BojHa rumHasuja, beorpag
Yepo Wkopuh, MNMpea 6eorpagcka rumHasuja, beorpag

CHexaHna KapTtanuja, OlW 2KueojuH MNMepuh' - CtybnuHe, ObpeHoBay,

Hanuua Benunukosuh, TLU 'Hoen Beorpag', beorpag
CHexaHa MeaHosuh, OLL 'CtesaH Aykuh', Beorpag

JburbaHa Mapkosuh, TpuHaecTa 6eorpagcka rumHasuja, Hosu beorpag

Kcenuvja Keaunh-Kamwesau, OLL 'CeeTu Casa', MnageHoBau
CeetnaHa NeTposuh Kypauua, YeTtspta 6eorpaacka rumHasunja
TaTtjaHa MunosaHos, OLL 'bpaha Jepkosuh', Beorpaa
Jenucaeeta Xpwakosuh, OLU 'dpaHue lMpewwepH', beorpaa
JacHa UseTkosuh, OLU 'Oocutej O6bpagosuh', Beorpaa
BpaTtucnas JosaHosuh, OW 'Bopucnas MNMekuh', Beorpag
OuneHa Byjawesuh, OLU 'Bnagnmup Hasop' - XKenesHuk, beorpag
Hatawa Ta6akoeuh, Ol 'BaH NopaH Koeaunh', beorpaa
Jby6buua Byunh, OLU 'BecennH Macnewa', beorpag

AHa Manrotuh, OLU 'Knermwa Munuua', beorpag

Cnaswuwa Becuh, NpBa 6eorpagcka rumHasunja

Buonerta lyjuh, MNpBa 6eorpaacka rumHasnja

Xerbko BykagmHosuh, Cpeara TypucTuyka wkona, Hosu Beorpag
AnekcaHgpa Munowesuh, beorpag

Bepa hakosuh, beorpag

opaaHa Anekcuh, CnopTtcka rumHasuja, beorpag

JacmuHa CteaHosuh, OLL 'Oyne Kapaknajuh', Beorpag
Oparana MNueaw, OW 'Ckagapnuja’, beorpaa

Bepa Bpanuh, OLLU "hophe Kpctuh', Beorpaa

Mapwjana Josuh Jlyunh, Ol "Hophe Kpctuh', Beorpag

Cawa borgaHoeuh, NivHaswnja 'Ceetn Casa', beorpag
Hanunjena Jbyjuh, Cpeara TexHuyka MNTT wkona, beorpaa
Jacmuna PagycuH, ETLU 'Hukona Tecna', beorpag
Cnob6opgaHka Hukonuh, OLL 'KHe3 J1asap', llazapeBay,
Aparana Muxajnosuh, OW 'inunja BupyannH'-3emyH, Beorpag
Jenena Puctanosuh, Ol "Bypa OJanuunh', Beorpag

Bpanko Mekosuh, OLL 'JoeaH JoBaHoBuh 3maj', O6peHoBaLy
3natuua Nykuh, ETLW 'Page KoHnuap', Beorpag

Kocta lNanuh, MNpBa Georpaacka rumHasuvja

TaTtjaHa MurbakoBuh, NeTa beorpaacka rumHasmja

CeeTtnana damjaHoBuh, NpBa Georpagcka rumHasmja
Cno6ogaH Cnpemo, [leBeTa 6eorpagcka ruMHasmja
Cno6opgaHka Peyuh, [leBeta 6eorpagcka rumHasnja

Hejan JeBToBUMN, [leBeTa beorpagcka rumHasuja

Cawa Lynah, [leseta 6eorpagcka rumHasunja

Kereko LiBeTuh, [leBeTa 6eorpagcka rumHasmja

lopaaHa Vnuh, Cegma 6eorpagcka rumHasuja, beorpag
Bucepka Cumuh, OLL 'Oywiko Pagosuh' - Cpemunua, beorpag
3opaH Pakuh, Ol 'Kocta hykuh', Beorpag

JeneHa XXneaHoBuh, 3emyHcka rumHasuja, beorpag

Aparnua Kpsasau, OLL 'Kpars MNetap Mpeu', Beorpag

KaTa Bynetuh, OLL 'Boxg Kapahophe'-Jakoso, beorpag
Cawa lNeHescku, O 'Bpaha Jepkosuh', Beorpaa
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*Kerecka Knye, Ol 'CeeTo3ap Mapkosuh', Beorpag

Mwunujana MNetpuhesuh, CnopTtcka rumHaswuja, beorpag
Cnahana Wkoaa, OW 'Oecnot CtedaH Jlazapesuh’, beorpaa
BecHa Manuh, OLU 'Hukona Tecna', beorpag

MNopoaHa Agamos, OLL 'Janko KaTtuh'-Poraya, Conot
CHexaHa Yosuh, OLL '1.300 kannapa', beorpaa

OparaH JosaHosuh, OLL 'Byk Kapayuh', Beorpag

JoBaH AHhenkosuh, OLU 'Bopa CtaHkosuh', Beorpaa
Jburbana Mapkosuh, OLW 'Jenena heTkosuh', beorpag
hophe Kosauesunh, Ol 'Bopa CtaHkoBuh', beorpag
BburbaHa LLomoha, OW 'Kapahophe', beorpaa

CnahaH UrwsaTtosuh, OLU 'BpaHko Pagnyesuh', Beorpaa
Mwupjana Kucjenuua, OLL 'Cowa MapuHkosuh', beorpag
Nopuua hykosuh, OLW 'Munan b. Munuhesuh', Beorpag
Jburbana Munowesuh, OW 'Taepwuno MpuHunn', beorpag
Bburbana Munowesuh, OLL 'Kparbe Anekcangap I', beorpaa
PapoBaH Kosauesuh, Ocma 6eorpagcka rumHasnja
Anekcangpa CtedaHosuh, OLU 'Hagexna MNeTtposuh', beorpan
KaTtapuHa CteaHosuh, CnopTcka rumHa3sunja, beorpag
MeaHa KHexxesuh, CnopTcka rumHasuja, beorpag

Mwupjana Maymh, CnopTcka rumHa3sunja, beorpag

Panko Mapkosuh, Ol 'Munexa MNasnosuh Bapunn', beorpag
Mpeapar Poguh, OLL '3ara Manusyk', Beorpaza

Papojka Yynuh, OLL 'JoaH Ctepuja NMonosuh', Beorpaa

3opasko MapjaHoBuh, lNMpea o6peHoBavka ocHoBHa LwKkosia, O6peHoBay,

Hywanka Pocuh, OW 'JaHko BecenuHosuh', Beorpaa
Henap Nonosuh, NimHaswnja 'UpkaHckn', beorpan
Hwukona Maenosuh, Ol 'Oecanka Makcumosuh', beorpag
CysaHa bhakosuh, OLL Tletap Kouuh', beorpag

Hemara CtojaHosuh, OLL 'OpuHka Masnosuh', Beorpag
Emununja Ctapueswuh, NimHasnja, ObpeHoBay,

Jynwuja boptaw, OLW 'Nnwja MNapawaxwH' - 'pouka, Beorpaa
Cwubena Jypuh, Ol 'Page Konuap', beorpag

BecHa Octojuh, XMTL, beorpag

Onueepa lNMetposuh, OW 'Byk Kapauuh', Cpemunua
TunjaHa MapuHkoBuh, LLlecta Georpagcka rumHasuja
3opka PagosaHoBuh, OLL 'Papgojka Jlakuh', Beorpag
Anekcangap Aumutpunjesuh, N'ivHa3suja Jlasapesau, beorpag
Anekcangpa O6pagosuh, OLW 'Jocud MaHuunh', Beorpag
3opaHa Hukogujesmh, Ocma beorpagcka rumHasmja
BecHa lNonosuh, OLL 'NMasap Casatuh', beorpag
CeeTtnana Bykosuh, ETL 'Hukona Tecna', beorpag
MapwuHa Apcuh Mewwuh, ETLW 'Hukona Tecna', Beorpag
Mapuwuja Mapojunh, OLL 'Majka Jyrosuha', beorpaa
CHexaHna Wnwko, Ol 'Jocnd Manumh', beorpag

Hartawa Muhesuh, Ol 'Mupocnas Muka AHTuh', Beorpag
Anekcangpa lNMonosuh, OLL 'MiBo AHgpuh', Beorpag
MeaHa Bykacosuh, OLU 'Brnagncnae Pubnukap', beorpag
3opaH [ueau, Ol 'Patko MuTtposuh', Beorpag

Mapujeta hakosuh, OLL '20. okTtobap', Beorpaa
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JeneHa Koctuh, YeTpHaecTta 6eorpaacka rumHaswuja, beorpag
Mapwja Hukonuh, MeauumHcka wkona 'beorpag’, beorpag
Becenka lNywowa, Ol 'Page OpanHay', Beorpag

Oparocnaea Jekunh, MegmumHcka wkona 3ee3napa, beorpaa
Cenena MaHojnosuh, OLU 'OparaH Koeauesuh', beorpaa
CHexaHa behupuh, MeguumHcka wkona 3se3gapa, beorpag
Henap Togoposuh, YeTtspTa 6eorpagcka rumHasunja

BnapgaH WUruh, 3emyHcka rumHaswuja, beorpag

Hannjena CtaHojesuh, NimHasnja, MnageHosauy

Oparocnas Llojuh, OLL 'Baca Yapanuh'-benu MNoTtok, beorpag
Mapwjana Kpcmanosuh, OLL 'Boxg Kapahophe' - Jakoso, beorpag
JburbaHna CtojaHoBuh, Beorpag

BecHa PaposaHosuh NMeHescku, OLL 'YjeaunweHe Hauwje', Beorpag
CHexaHa Hemew, OW 'Byk Kapauuh', beorpag

AnekcaHgpa Mujosuh, 3yboTexHuuyka wkona, beorpag
Anekcangpa CtaHojeuh, TexHuuka wkona->Kenesxuk, beorpag,
BecHa Mapkosuh, OLL 'CteBaH Cpemal' - bopuya, beorpag
TaTtjaHa BojuHosuh, OLL 'Hukona Tecna'-BuHya, Beorpag
Mwunnua Cumuh, OLL 'Hukona Tecna'-BuHya, Beorpag

JyHO-6a4Ku oKpyr

Jlyka TanacujuH, O MeTap Kounh' - TemepuH, Hoeu Capg,

AppujaHa Capwuh, OLU 'Mupocnae AHTuh' - dytor, Hosn Cag
lopaaHa Xajaykosuh Jangpuh, O 'Mupocnae AHTuh' - ®ytor, Hoeun Cag
MapuHko MNeTkosuh, LLUOCO 'MunaH lMNMeTtposuh', Hosn Cag

MunytnH Payw, O "Bypa Oannunh', Hosn Capg

Tamapa lNasapkuh, Ol 'JoBaH JoBaHoBuh 3maj', Cpemcka KameHnunua
CseTto3ap Tpeckasuua, O 'Munow UpraHckn', Hosu Caa
Mupocnae Cmajuh, MNorsonpuspenHa wkona - dytor, Hosn Cag
Twjana Jounh, MegmumnHcka wkona, Hoesu Cag

CHexaHa bynajuh, N'mmHaswnja 'JoBaH JosaHoBuh 3maj', Hoeu Cag
MapwuHa Jopouku, M'mmHasnja 'Mengopa Cekynuh', Hoen Cag

Baca Byuypesuh, OLU 'bpaHko Pagnyesuh' - CanHo Ceno, Bpbac
3opaH Muhuh, OLL "Hophe HaTtowesuh', Hoen Cag

Cmurba MunosaHuyeB, NvMmHasuja PKapko 3perwaHuH’, Bpbac

JeneHa lMetposuh, OLL 'Mupocnas Muka AHTuR', HoBn Cag
Oparocnaea lMNetrbaHckn, OLL 'JoaH Monosuh', HoBn Cag

Ectep Bapra, OLL 'Corsa MapuHkosuh', Hosu Caa

JacmuHa Mpkuh, OLU 'Muxajno MNynuH'-BeTtepHuk, Hosu Cag

AHa Bnaxoswuh, 'MMmHa3suja, Bpbac

3natko LWTpbau, NimHaswnja 'JoeaH JoBaHoBuh 3maj', Hoen Capg
HparaHa Cym3sep, MMmHa3suja 'JoBaH JoBaHoBuh 3maj', Hosu Caa
HparaH Byjosuh, Cpeara cTpyyHa wkona '4. jynu', Bpbac

bojaH Murbesuh, Hoen Capg

OparaHa Jasungosau, OLU 'JoaH [Mpunh MuneHko' - beounH, Hosn Cag
Hapa de6enuh, OLL 'Bpanko Pagnyesuh', Hosu Caa

Cpeto YHkoeuh, Ol 'Byk Kapapuh', bauka NanaHka

lNopgaHa beknagau, M'MmHa3snja 'CeeTtosap Mapkosuh', Hoen Cag
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HuwaBcKku okpyr

BnagaHn An. MnageHosuh, N'mmHasunja, AnekcuHal

Jyrocnae hophesuh, OLU 'Bybarckn xepoju', Huww

CnaBosby0o Mutuh, NimHasuja 'Ceetosap Mapkosuh', Huw

BecHa 'posgaHoeuh, O 'Yunters Taca', Huw

lopaaHa CtaHojesuh, OLL "Yuuters Taca', Huw

CeeTtnana hukuh, Ol "hypa Jakwwuh' - Jenawnunuya, Hiw

Hapko Cumuh, O "Yerap', Huw

JacmumHa Kapanwuh, OLU 'By6arckn xepoju', Huw

Anekcangpa Bykosuh, Ol 'Tbynye Hukonuh', AnekcunHay,

Mwunena Mutposuh, OLL 'Oywan Tackouh Cpehko', Huwka bana
Mwupocnae CtaHojeBuh, Huw

CnaBosrby6 Pagynoswuh, N'MmHasunja, AnekcuHal,

JeneHa bhophesuh, NMvHa3suja 'CBeTo3ap Mapkosuh', Huww

[paraHa JeneHkosuh, N'MMHa3uja 'CBeTo3ap Mapkosuh', Huww

Bepa lNMpokuh, NivmHasuja 'CeeTo3ap Mapkosuh', Huww

TaTjaHa Muwwnh, O "Yerap', Huw

JeneHa CraHkoBuh, Huw

bpatucnas Cumnh, MNmmHaswmja, AnekcuHal

burbaHa JosaHosuh, NMmHasunja 'CteaH Cpemad’, Huw

MapwuHa HajgaHosuh-Jlykuh, OLU 'OecaHka Makcumosuh' - HokoT, Huw
MwupjaHa Nuwnh, MNpaBHo-nocnoeHa wkona, Huw

JacmunHa PagosaHosuh, MeanuunHcka wkona 'Op MuneHko Xayuh', Huw
CysaHa CtaHnmuposuh, MeguumHcka wkona 'Op Munenko Xapuh', Huw
Onusepa Kpctuh, CLU 'Huketa PemusnjaHckn', bena MNManaHka
Marganena lMNetposuh, O 'bpaHucnas Hywunh' - [lowsa TpHaea, Huw
CHexaHa 3gpaskosuh, OLU 'Kpass MeTtap I', H1w

Cnasuwa Hewwuh, Huw

OparaHa Tomuh, O 'Mupocnas AHTUR', Huww

bpaTtucnas Munowesuh, OLU 'OywaH Pagosuh', Huww

Bepa Anhenkosuh, OW 'OywaH Pagosuh', Huw

burbaHa borgaHosuh, OLU 'Boxa Kapahophe', Huw

Cnahana bapah, OLU 'MiBaH NopaH Koeaunh', Huwka bana

BnagaHna Nony6osuh, Huw

JNlanunua Pawwuh, MeguumHcka wkona, Huw

Lymaaujcku okpyr
KaTtapuHa hophesuh, lNpBa kparyjeBayka rumHasuja

HaTtawa MunuHkosuh, OLL 'MunyTtun n dparuswba Togoposuh', Kparyjesau

Burbana XXuekosuh, OLL 'Byk CtedaHosuh Kapauuh', Kparyjesay,

AHa XXnnbap, NpBa kparyjeBayka ruMmHasuja

AHa Mapkosuh, [NpBa kparyjeBayka rumHasuja

Corba Caeosuh, OLL 'Ceetn Caga', Kparyjesay,

JacmuHa Josuunh, OLU 'Pagoje JomaHosuh', Kparyjesau

Casa Vnuh, Ol 'Munow O6peHosuh', ApaHhenosal,

BecHa Cnacojesuh, lNpBa kparyjeBayka rumHasunja

CHexaHa Munuhesuh, OLL 'CtaHncnae Cpemyesuh', Kparyjesau,
Henag MayHosuh, OLU 'Byk CtedaHosuh Kapapuh' - Yavak, KparyjeBau
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Aparan Kapajosuh, NpBa kparyjesavka rumHasunja

Burbana ByjaHosuh, O ‘Munax Mnuh-Yuua', ApaHhenosad,

BaneHtuHa Pauwuh, OLL 'Tpehu kparyjeBayku 6aTarsoH', Kparyjesay,
CysaHna ApHayr, lNpBa kparyjeBayka rumHasuja

Cowba KoBauesuh, Ol 'Munoje Cumosuh' - [iparo6paha, Kparyjesal,
MeaH Masuhesuh, OLU 'CpeteH MnageHoBuh' - lecumupoBad, Kparyjesal,
AHa JaHkosuh, N'MMHa3suja - Yavak, Kparyjesay,

Hannjena Mutposuh, Ol 'MunaH Unuh-Yuua', ApaHhenosad

Mapujana hokuh, OLU 'CeeTonuk PaHkosuh', ApaHhenoBay,

HobpuHka Munocasreesuh, PernoHanHu ueHTap 3a TaneHTe, Kparyjesal,
Hanubop Oennbaiwumh, MNmmHasunja, ApaHhenosal

Annua Cmonosuh, OW 'MunytnH n Oparnwa Togoposuh', Kparyjesau
JacHa bapah, Ol 'CeeTonuk PaHkosuh', ApaHhenosay,

Jburbana Cumuh Paenuh, OLW '21. okTo6ap', Kparyjeeay,

Oparan OrwwaHoBuh, MNMpBa TexHu4ka wkona, Kparyjesau

Jenena Berbosuh Mujamnosuh, OLL 'Ceetu Caga' - TonoHuua, KHuh
BbojaHa hophesuh, Cpeara wkona 'Hukona Tecna', batounHa

MapwuHa KosaHosuh, OLL 'CeeTtun CaBa' batounHa, Kparyjesal,

KaTtapuna bhenowesuh, MawmnHcko-caobpahajHa wkona - Yadak, KparyjeBau
AHa JaHkosuh, OLL 'CeeTn Caga', ApaHhenosal

JeneHa bpkosuh, MeguumHcka wkona, Kparyjesal

Coma UrpytnHosuh, MeguunHcka wkona, Kparyjesay,

Crana Jestuh, MegnumHcka wkona, Kparyjesau

Mwupjana Yaunposuh, MeauumHcka wwkona, Kparyjesauy,

CeeTtnaHa Mujannosuh, O 'CtaHucnas Cpemyesuh’, Kparyjesal

KocoBo un MeTtoxuja

MapwuHa buwesau, MeguumHcka wkona, K. Mutposuua

Cno6ogaH Muxajnoeuh, N'MmHasuja, K. Mutposuua

Anekcangpa Bosguh, T 'M. MNMeTposmh Anac', K. MutpoBsuua
Cnaswuua Tepauh, CLU 'Tpuropuje bBoxosuh', 3youH MoTtok

Josnua Muwkosuh, ETLL 'Munagun MNonosuh' - Cywmua, MpuwtnHa
Majaa NMonosuh, OLL 'Kpars MunytuH', N'padyaHuua

Paguua buweeay Tomawesuh, OLL 'JoeaHn LiBujun', 3youH MoTtok
Benuka ApceHujeBuh, OLL 'Bnaroje Paguh"- 3ynue, 3ybuH MNMoTok
BbpaHumunp BykaguHosuh, MeanuunHcka wkona, K. Mutposuua
Hanwnjena Cnacuh, MeguuuHcka wkona, K. Mutposuua

MwurbaHa PageHkosuh, CTLLU 'Muxajno MNeTposuh - Anac', K. Mutposuua
JacmuHa CteBuh

OywaH Casuh, O Tletap MNeTposuh Hberow' - Nopwe Kycue, MNbunaHe
Ema Mypuh, MNimHasuja, K. Mutposuua

JacmuHa laye, O 'Byk Kapauuh' - Mpunyxje, ByuntpH

Bucepka Cumuh, OLL 'OecaHka Makcumosuh', K. Mutposuua
JagpaHka Bacuh, OLU 'ecaHka Makcnmosuh', K. Mutposuua
Cnasuua AHToHujeBmh, OLL 'Tlenocasuh', Jllenocasuh

MapuwujaHa 3eneHosuh, MMmHaswnja, K. Mutposuua

. QywaHka Koctosuh, Jlenocasuh
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MauBaHCKM OKpyr

Mwupocnas PuctaHosuh, M'MmHaswuja, Jlo3Huua

TaTtjaHa Mapkosuh Tonanosuh, MeguumHcka wkona, Wabauy
BecHa CtenaHnoBuh, TexHuuka wkona, Labauy,

OparaH CtaHkosuh, 'MMHasunja 'Byk Kapapuh', JTosHuua

Mwupko Harn, MNimHa3suja, Wabay,

JoBo Muxajnoeuh, OLU 'Hukonaj Benumupoeuh', Labauy
CseTtnaHa Hukonuh, OLW 'JaHko BecenuHosuh', Labal
NopgaHa BykocaerbeBuh, TexHnuka wkona, JlosHunua
Brnagmmunp Cumosunh, O 'JosaH Lienjuh' - 3munsak, Labau
JacmumHa hokuh JosaHosuh, MN'MmHaswja, LWabauy

JacmmHa MunytuHoeuh, OLU 'Bopusoje XK. Munojesuh’, Kpynam
Maja Katanuh, OLL 'Byk Kapaywuh', LLiabau

PageHka JaHkosuh, OLU 'Kpare AnekcaHgap Kapahophesuh', NpraBop
Cpehko Unuh, OLL 'Byk Kapauuh', LLa6ay,

BbpaHko borocasrbesuh, OLL 'CeeTun Caga' - JlunHudkm LWop, JlosHuua
Tomucnae Muxannosuh, Ol 'CtojaH Hoeakoeuh', LLiabau
Mapwjana Tewwuh, MeguuuHcka wkona, WWa6ay,

TaTtjaHa Mnuh, OLU 'Majyp', La6au

Hukona Mepuh, TexHnyka wkona, Wabau,

Mwunojko CtedaHosuh, Cpeara wkona, Kpynaks

BurbaHa BawTtosaHosuh, OLU 'HaTa Jennuuh', LLabau

Mwunuua berbuh, OLU 'Bojsoga Ctena', JlunonucT, LWabay
OparaHa Jlyknh, OLL 'JaHko BecenuHosuh' - LipHa Bapa, boratuh
Bbpanka Kosuh, OLL 'CtojaH HoBakoeuh', LLlabau

CHexaHa Bykosuh, M'mmHasuja, Labau

Papojka PuctaHosuh, OLU 'Bepa bnarojesuh' - barwa Kosurbaua, J1osHuua
BurbaHa Najuh, OW 'JeBpem O6peHoeuh', LLlabal

YKerska Mapkoeuh, OLU 'Byk Kapapuh', Jby6oeuja

burbaHa CpaaHosuh, OLL 'Muka Mutposuh', boratuh

BecHa Puowuh, Ol 'Hukonaj Benumuposuh', Liabau

BurbaHa Tomuh, OLWW 'Tasa K. Jlazapesuhn', LLabau

OparaH Oojuh, Cpegrsa wkona, Kpynar

Oejan Mypuh, OLU 2Knka NMonosuh', Bnagnmmpum

[paraH hoknh

Papgueoje pyjuh, LWabay,

Anekcangap lNysosuh, OLW 'Hukonaj Benumuposuh', LLlabau
AnekcaHngpa lMNetposuh, OLL 'Nasa K. Ilazapesuh’, Llabau
Bnagumunp bykaHosuh, O 'AHTa Boruhesuh', JlosHuua
Mupocnas Bacursesuh, OLL 'Bopusoje XK. Munojesun’, Kpynar
MapwuHa Bunotuh, Cpegta wkona 'Ceetn Caga', JlosHuua
Mwunomup Capwuh, N'mmHasuja 'Byk Kapayuh', JlosHuua

BecenuH LietnHosuh, OLL 'Bopusoje XK. Munojesuh’, Kpynar
YKneopapg Unuh, Cpegrsa wkona 'Ceetun Caea', JlosHuua

OejaH Masnosuh, OLL 'JoBaH LiBnjuh' - 3mumsak, LLlabau

CHexaHa Pankosuh, Ol 2Knknua JosaHosuh LUnaHay' - Bena Lpkea, Kpynar

Cumo Upesap, LLabau
Mwunueoj MNMasnosuh, OLL 'Majyp', LLabau
Casko Yajuh, OLL 'JaHko BecenuHosuh', Labauy,
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HaTtanuja Mapkosuh, Ol 'Oocutej O6pagosuh' - Bonyjau, LLabau,
BecHa Konapuh, OW 'Masza K. Jlazapesuh', LLa6ay,

Cnaska Kpctuh, OLL 'JeBpem O6peHosuh', LLlabay,

Muporby6 CtaHojeBuh, Cpegra ekoHoMcKa wkona, JlosHuua

Bboxuua Bnaguh, OLU 'Bpaha Pubap' - owa BopuHa, Manu 3BopHuK

Pawku okpyr

Mpeapar Caeuh, NivHaswnja, Kparseso

Pudat buxopau, NimHasuja, Hosu Masap

Hartawa Kutanosuh, OLU 'CeeTo3ap Mapkosuh', KparbeBo
Oparana MunyHosuh, ECTLU 'Hukona Tecna', Kparbeeo
BnapaH lNejosuh, NMmHasunja, Kparbeso

MwupjaHa JaHkoBuh, 'MMHa3uja, KparbeBo

OywaH Bykymupa, OLU "hypa Jakwwuh' - KoHapeo, KparbeBo
Mapwija Tomuh Noremh, O ' IV kparbeBaykm 6atarsoH', Kparbeso
JoBaHa MwunujaHosuh, OLL 'JoBo Kypcyna', KparbeBo
Jbybuwa Berbkoeuh, OLU "YnbykoBaukm naptusann', Kparbeso
Enuca Oemuposuh, Ol 'Mewa Cenumosuh' - Pubapuhe, TyTuH
Hasum Cyreuh, OLW 'Jowanuua'-Jlykape, Hoeu Masap

BbpaHka Jlazapesuh, OLU 'Oocutej Ob6pagosuh’, Bpba-Kparbeso
Huxag Cejgosuh, OLL 'Byk Kapauywuh', TyTnH

CHexana Pagudesuh, OLL 'Bpaha Bunotujesuh’, Kparbeso
Patomup By4ykoBuh, M'mmHasnja, Kparbeso

HejaH Pakuh, MNmmHasnja, Kparbeso

MapwuHa Tpaunosuh, MeguunHcka wkona, Kparbeso

Mwune MpoagaHosuh, O 'Byk Kapapuh', PubHnua

HparaHa hophesuh, MNXL 'Op hophe Paauh', Kparbeso
Mwunow Oegewnh, OLLU ' IV kparbeBadkn 6aTarboH', Kparbeso
HejaH Pakowau, Ol 'CBetn Caga' - PnbHuua, Kpar-eso
Anekcangap O6pagosuh, OLL 'OumuTtpurje Tyuosuh', Kparbeso
JacmunHa Munojesuh, OLLU 2Kuean Mapuuunh', XKnua

3soHnmup 3ajuh, OLL TeTtap Hukonuh' - Camaunna, Kparbeso
JoBaHka Togocujesuh, OLU 'Joeo Kypcyna', Kparbeso

Pyxnua Kapasecosuh, MegnuuHcka wkona, Kparseeo

Xakunja bewwmposuh, NimHaswmja, Hosu MNasap

Cyaa Xouwuh, N'MmHa3snja, Hosu Masap

Mapuwuja Hegerskosuh->Knskosuh, N'MvHasuja, Bprwadka bamna
Hasunp Cyrsuh, Hoewu lMNasap

Hadwmja Cyremh, EKOHOMCKO-TproBmHcka Lwkona, Hosu MNasap
Wpena Mytasuuh, OLU 'Pawka’, Pawka

Cnob6opgaHka YyrnyyaHuH

Bbecnm Jbajuh, OLU 'OecaHka Makcumosuh', Hosu lNasap
JacmuHa bucepunh, OLU 'TlonnHckn 6opun', Bprwayka bamna

MomopaBCcKu oKpyr

Mpegpar MNeha Munoweswuh, MNmHasnja MNapahuH
NopaH Munenkosuh, Ol 'Paga Murskosuh', JaroguHa
BecHa Togoposuh, Ol 'Paga Murekosuh', JaroguHa
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Hapko Murbanuh, N'imHasuja, hynpuja

Hejan MunyHosuh, MNorsonpuepenHoO-BeTEpPMHApPCKa Wkona, CeunajHal
MBeaHa Kpyrb, O "hypa Jakwuh', hynpuja

CysaHa Munojesuh, Ol 'Oecnot CtecaH Bucokun', lecnotosal,
Cnasuua Wnuh, NimHasuja, hynpuja

Oparana hypuh, OLU 'BpaHko KpcmaHosuh' - lowa MyTHuua, MapahuH
Hapuua Casuh hyjuh, O '‘Bowwko hypuunh', JarogmHa

Mpegpar MuneycHuh, OLW "hypa Jakwuh', hynpuja

Tarwa CrtaHojesuh, OLWL 'CteBaH Cunhenuh' - B. MNonosuh, [ecnoTosay,
OparaHa Backosuh, OLW 'Pagoje JomaHosuh', MNapahuH

CHexaHa TaHuh, OLL 'CteBaH JakosrbeBuh', MNapahuH

MapwuHa Bacuh, OLL 'BpaHko KpcmaHosuh' - [I. MyTHuua, MNapahuH
Jlenka Hukonuh, OL 'JoBaH JoBaHosuh 3maj', CBunajHal

MeaH CteaHosuh, OLU 'Momuuno Monosuh-O3peH’, MNapahuH
Burbana CtojagnHoBuh, OLL 'CteBaH JakoBrbeBuh', MNapahuH
PaTtomup Casuh, Cpeghsa wkona, CeunajHal,

Cnaswuua Togoposuh, N'mmHasuja 'CeeTtosap Mapkosuh', JaroguHa
MwupjaHa MaTtuh Pagocasreesuh, [pBa TexHu4ka Lwwkona, JarognHa
Mapwja Murskosuh, OLU 'BpaHko Pagnyesuh' - MNMonoeay, MNapahuH
Opaxo Berbosuh, OLL 'Munan Mujankosuh', JaroguHa

BnagaH JosaHosuh, OLL '17. oktob6ap', JarognHa

Mwpjana NMaenosuh, OLL 'Byk Kapaywuh' - morosau, JarogmHa
JacmnHa Munocasrsesuh, O '17. okTob6ap', JarognHa

TartjaHa lNajuh, Cpegra wkona, CeunajHay

Cowba hopheuh, M'mmHasuja 'CeeTo3ap Mapkosuh', JaroguHa
JburbaHna Hukonuh, MNimHasuja 'Ceetosap Mapkosuh', JaroguHa
Jburbana Kpctuh, ETI'LL 'Hukona Tecna', JarognHa

Jy)XHO-6aHaTCKun oKpyr

HaTtawa TpudyHoBuh, Xemujcko-meanumHeka wkona, Bpwal,
JeneHa MapkoBuh, EnektpotexHudka wkona 'H. Tecna', NaH4yeBo
Oparorey6 Llyumh, PernoHanHu ueHTap 3a TaneHnTe 'M. INynuH', MNMaH4yeBo
JacmuHa hocuh, N'ivHa3auja "Ypouw Mpeguh', NaHyeBo

Cangpa Bojnuumh, N'mvHasuja 'bopucnas lNeTtpos bpaua', Bpway
Anhena Cnacuh, M'mmHaswnja, Bpwauy,

HeHap MNposganuh, OLL 'Caea »KeberbaH' - Lipenaja, KoBaunuya
Jbursana Jankosuh, OLL 'BpaHko Pagnyesuh', NaH4yeBo

Oparvua Tacuh, OLW 'Byk Kapaywuh', CtapyeBo

Mwunenko dabuh, M'imHasumja "Ypow MNpeguh', MaHyeBo
Yepomuna Kpusokanuh, MNorsonpuepeaHa wkona, Bpiad

Cawa TpajaHosuh, OLU 'bopa Paguh' - basaHuwTe, KoBuH

Anekcanpap Kpuyrs, lMMHasuja n ekoH. wkona 'bpaHko Paguyesuh', KoBuH

Brnagnmup Mapkosuh, T '23 maj', MaHyeBO

MapujaHa Kpctuh, OL 'CeeTn Caga', NaH4yeBO

Mapujan ®apkalu, OLL 2Kapko 3pewaHuH', bena LipkBa
Bopucnas Xapkos, Ol 'Muxajno MNMynuH'-UaBop, Kosaunua
Mwunan Cypna, Teneckun OO, NaH4yeBo

bopucnas lNos3HaToB, [MMHa3nja 'Ypouw lNpegun’, NaHyeBo
MapwuHa Oprnos, OLU 'CseTtun CaBa', [NaH4yeBo

2020
2019

2018

2017

2016

+5
+5
+5
+3

+5
+5
+2

+3

+3
+2

+2

+3

+5
+5
+5
+5
+4
+3

+4
+2

+4
+4

+3
+2

+2



732.
733.
734.
735.
736.

737.
738.
739.
740.
741.
742.
743.
744,
745.
746.
747.
748.
749.
750.
751.
752.
753.

754.
755.
756.
757.
758.
759.
760.
761.
762.
763.
764.
765.
766.
767.
768.
769.
770.

771

Jenuua PoTtap CumoHoBuh, MeanuunHcka wkona, lNaH4yeBo
3opuua Crankuh, O 'cnpopa Cekynuh', MNaHyeBo

Carba BogeHnnyap Mapkosuh, TLU '23 maj', MNaH4yeBo
Anekcangap Bur, OLL 'Byk CtecaHosuh Kapayuh', CtapyeBo
PapawwH lMNMeTtponnjesuh, NaHyeBo

3ajeuyapcku oKpyr

MnageH LWremeoeuh, MNimHaswnja, 3ajevap

Anhenka AHtuh, CLU 'Hukona Tecna', borberay,

Crtpaxura MnaBoHuh, 3ajevap

3naTta Ypowesuh, OLL 'Tbyba Hewwh', 3ajeuap

Mwunujan Cpejuh, MNimHasuja, KneaxxeBay,

Cnahana JoeaHosuh, OL 'Jepemuja Unuh-Jerop' - ProtnHa, 3ajevap
CtaHa Muwuh Kosayesuh, LY 3ajevap

MwupjaHa CtaHojeBuh, MMHa3nja, 3ajevap

Buoneta Benumunposuh, Ol 'Tbybuua Pagocasrseenh Haga', 3ajevap
Anekcangap JesTtuh, OLL '9. cpncka 6puraga’, borbeBal

HaTtawa JosaHosuh, OLU "Xajoyk Berbko', 3ajevap

JburbaHa Togoposuh, MeguumHcka wkona, 3ajeyvap

Oparnua Hukoaujesuh, O 'Oy6paBa’, KinaxxeBay,

Tamapa AHgoHosuh, O 'Oumntpunje Togoposuh-Kannap', Knaxesal
YKueopag Mnuh, OLU 'Mutpononut Muxanno', Cokobamna

Bojkan 3gpaskosuh, O 'MuTtpononut Muxauno', Cokobara

JeneHa lMeTtposuh, OLL 'Byk Kapayuh', KreaxkeBal,

CpemMcku okpyr

Bpanucnaea bnajsas, OLL 'JoBaH JoBaHoBmh 3maj', Cpemcka MutpoBsuua

Ana Anapruh, CTLU 'Hukona Tecna', Cpemcka MutpoBuua

JaHko JosaHosuh, MNivHaswnja, Cpemcka Mutposuua

Papa Tpajkosuh, CTLW 'Hukona Tecna', Cpemcka MuTtposuua

Mapuja Kypyuuh, N'mmHasuja, Cpemcka Mutposuua

JoBaH Ceunap, Ol 'BpaHko Pagnyesuh' - KyamnH, Cpemcka MutpoBuua

Ho6puna Koctuh, OLU 'PacTtko Hemawuh - CeeTtu Caga', Hoea lNa3oBa

CHexaHa Kepkes, Ol 'OywaH Jepkosuh', Pyma

Cnahana Crojcasrbesuh, OLL 'JoBaH MNMonosuh', MHhuja

Hparana ApceHnujesuh, OLL '23. oktobap' - MonybuHum, C. MNMasoea

3opaH Manauh, OLL 'CeeTtun Caga', Cpemcka MuTtpoBsuua

Jburbana CtokaHosuh, OLL "Tpua Butacosuh - JlebapHuk' - Jllahapak, C. MutposuL
3natko LWanuh, MNmmHasuja, Cpemcka MuTtpoBuua

Mwupko MnageHosuh, OLL 'Cno6ogaH bajuh - Maja’, Cpemcka Mutposumua

JburbaHa lMNanTtenunh, MegmumnHcka wkona 'Oparvkwa Hukwnh', Cpemcka MuTtpoBsuua
Bnactumup XKersajuh, N'ivHasuja, Pyma

Carba Meuh, OLU 'JoBaH MNMonoeuh', Cpemcka MutpoBuua

PacuHcku okpyr
. OparanHa Munuhesuh, MMmHa3suja, Kpywesay,
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Hatawa Panuh, MNpBa TexHnyka wkona, Kpywesal,

Carba Matujaweswuh, WY Kpywesau

Mwunow Mutposuh, OLU 'OocuTtej O6pagosun’, huhesauy
Mwnanka Unuh, MNmHasuja, Kpywesay,

opaaHa Hactuh, Ol 'Haga Monoewuh', Kpywesay,

3opuua O6pagosuh, OLL 7Kabape', >Kabape-KpyLuesay,

Hapa Casuh, NMMmHa3snja, Kpywesau,

Nopan Munuhesuh, OLL 'JoaH Monosuh', Kpywesal

Jbursana CtaHkosuh, OLU 'JoBaH JoBaHoBuh 3maj', Kpywesay,
MNopuua Meanoeuh, O 'Nocntej O6paposuh’, Kpywesal,
OparaH Kannapesuh, OLU 'Bpaxko Pagnyesunh' - PasbojHa, Kpyliesal
BecHa Paguh, OLWL 'Page Joauh' - MunytoBau, TpCTEHUK

Jlngnja PaposaHoBuh, Bucoka xem.tex. wkona, Kpywesal
CHexaHa Benouua, OLL 'Tbybueoje Bajuh' - Megeeha, TpcTeHuk
Manga Knexxesuh, OLU 'Hukonaj Benumuposuh', AnekcaHgposaly,

Cpenr-e-6aHaTCKn OKpyr

Hapko PagosaH4yeBuh, N'MMHa3unja, 3peraHnH

Hukywop MeTtpos, NMmHasuja, 3peraHnH

Codomja Mpyjuh, OLL 'JoBaH Oyunh', Knek-3peraHuH
Jyrocnas borgaHosuh, XIMTLW "Ypow Mpeguh', 3peraHuH
Hwukona TaHkocuh, NMmHasuja, 3peraHunH

burbaHa TaHkocuh, 3peraHnH

Csetucnas KomaH, N'mmHasunja, 3peraHuH

Tubop MakaH, 'MMHa3uja, 3peraHnH

Bennsap Monuh, OLU 'CepBo Muxars', 3peraHuH

Bepa damjaHoB, N'MMHaswnja, 3peraHuH

Mwuwa Bpauuh, OLL 'Corsa MapuHkosuh', 3peraHnH
MapwuaHa Jawekos, OLU TleTtap lNeTposuh Hoerow!', 3pertaHnH
VBaHa Mesen, MeanumnHcka wkona, 3petaHuH

CuneaHa »Knekosuh, OLU "hypa Jakwuh', 3peraHunH

3anagHo-6a4ku oKpyr

OywaH Muwkosuh, MNivHasnja, Combop

Munucas Octojuh, CTLU 'Muxajno MNynuH', Kyna

MeTtpaHa Jakosuh, LIOOO, Combop

CrteaH Xunko, OW 'Byk Kapauuh' - LipseHka, Kyna

Munan MapTtuwyk, OLU 'TeTedun 6puraga’, Kyna

JburbaHa MujaTtosuh, MNimHasuja 'Berbko MNMeTtposuh', Combop
Mapwja Pagynosuh, OLL 'Mupocnae AHTuh' - YoHonrsa, Combop
CHexaHa Hukonuh, OLW 'Hukona Tecna' - Krbajuheso, Combop
Coma Jypkosuh Jlytkuh, OLL 'BpaTtcTBo-jeanHcTao', Combop
EpsuH BpnHasa, OLW 'BpatcTtBo jeanHcTeo', Combop

JTagucnas Mandw, Ol 'BpaTtcTeo jeauHcTBO' - CBeTo3ap Munetnh, Combop

Oparorey6 hypuh, OLU 'MeaH MNopaH Kosaunh' - Ctanuwmh, Combop
Jyrocnaea banah, OLL 'MiBaH NopaH Kosauuh' - CoHTa, AnaTtuH
BecHa YopTtaH, OLL 2Kapko 3pewaHuH', AnatuH

Bopo BbynaT, OLL "Kapko 3petaHuH', AnaTuH
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Cno6ogaH boxuh, OW 'Hukona Tecna' - Jlunap, Kyna
Mwunow Kpusokyha, OLL '20. oktobap' - Cueau, Kyna
Anhenka Tepauh, OLL 'Miso Jlona Pubap', Combop
OparaH Bykenuh, Ol 'Oocutej O6pagosuh’, Combop
Jbybuua bypuua, O 'Aspam Mpasosuh', Combop
Mwnax Bpagap, N'MmHa3sunja, Combop

3naTtnbopcku okpyr

opaaHa Baphuua, MN'ivHasumja 'CeeTtun Caea', Noxera

Hwukona JosaHosuh, NimHasuja 'Jocud MNanunh', bajuHa bawTa
Jenena PagoeaHoBuh, OLL 'Crnio6ogaH Cekynuh', Yxxuue

Cotba 'posgaHoeuh, MNivHasmja 'Ceetun Caega', Noxera
AHrenuHa Jepotujesuh Mapkosuh, OLL 'Ctapu rpag’, Yxuue
CHexaHa JeBhoBuh, Yxxnyka ruMHasmja, Yxuue

KneojuH MNasnosuh, Yxxnyka rumHasuja, Yxuue

Limnrbka Bacosuh, YxXndka rumHasuja, Yxuue

Hannua Towwuh, MorsonpuepeaHa wkona 'Tbyéo Muhuh', MNoxera
Bbpatucnas bojaHuh, OLL 'Jecanka Makcumouh', MNpnboj
bpaHka Cmurbanuh, MNimHasmja 'Ceetun Caga', Noxera

MeaH XKynuh, OLL 'Anekca [ejosuh' - CeBojHO, Yxuue

BecHa Oumutpujesuh, MNMpBa ocHoBHa WKona Kparba Metpa ll, Yxxuue
Bepuua Bbpkosuh, OLL 'CnoboaaH Cekynuh', Yxunue

Mwunuja Tonanosuh, Cpeatba wkona 'Ceetn Axunuje', Apurbe

BpaHn4YeBCKU OKpyr

Maja JosaHoBuh [muropujesuh, MNmHasuja, Noxapesal
MunaH Anekcuh, NmmHaswja, MNoxapeBaly

MeaH CrtojaHoBuh, MMMHa3wja, MNoxapeBay,

3opuua Anekcuh, M'mmHaswja, MNoxapesay,

Jenena [Jo6puunh, O 'Byk Kapapuh', MNoxapesay,

CHexaHa CtojaHoBuh, OLL 'Kpars AnekcaHgap I', MNoxapesaly
CeeTtucnas Jbybucaemesuh, MegmumHcka wkona, MNMoxapesal,
Hparan Aspamosuh, MeguunHcka wkona, MNoxapesal,
Oparana Tanumh, OLW 'Byk Kapayumh', Noxapesau

Oparan Manguh, OW 'eo Jlona Pubap', Benuko Mpaguwre
Topop Oparorsesuh, Cpeamba wkona, Benuko MNpaguwte

MunHscKn oKpyr

Cp6a Ctowuh, Ol 'Byk CtedpaHosuh Kapapwuh' - JleBocoje, byjaHoBay,
Haamu Hyxuju, Ol 'Oecanka Makcumosuh', ByjaHoBal,

CnahaH Puctuh, OW 'Byk Kapauuh', lNpeLwweso

®epat Pyctemn, OLL 'AecaHka Makcumosuh', ByjaHoBay,

BecHa Mutuh, CLU 'CeeTtun Casa', byjaHoBau,

TaTtjaHa Ctowwuh, LieHTap 3a TaneHTe, Bpare

Cysana VMeaHosuh, OLL 'Byk Kapauuh', Bpane

Bnaguua Cnacuh, OW 'Byk Kapauuh', Cypaynuua
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MeaHka CtaHkoBuh, 'MMHasuja 'bopa CtaHkoBuh', Bparwe
Xnpmete Benuny, lmmHasmja 'Ckengepber’, MNpelweBo
BbpaTtucnas PagosaHosuh, OW 'Byk Kapauuh', Cypaynuua
Mwvogpar CtojaHosuh, OLU 'JoBaH JoBaHosuh 3maj', Cypaynvua
Henap Crtankosuh, OW 'Mepa MaukaTtosau', Cypaynuua
OparaH Ctajkosuh, OLU 'CeeTtun Caa', BnagnumH XaH

Meuua Mutuh, OLL 1. maj' - BpTorow, Bpare

[o6pu CtaHkosmh, MeguumHcka wkona, Bpare

Cauwa JoBaHoBuh, N'MvHasuja 'bopa CtaHkosuh', Bpare

CeBepHO-6a4ku OKpyr

JeneHa lMNucapos, OLL 'MaTko Bykosuh', CyboTuua
Hannen bapoeuh, Ol 'JoBaH Mukuh', Cy6otnua
Mwunopag Koeauyesuh, OLL 'MwTteaH Cevern', CyboTrua
CrojaHka bjenetuh, MeguumHcka wkona, Cydotuua

MeTep Paparo, 'MMHasuja 1 ekoH. wkona 'Locutej O6pagosuh’, bayka Tonona

Mwunena KeumaH, OW 'MeaH MunytuHosuh', Cy6oTuua

MopaaHa Matow, OLL 'Kusyp MwTeaH', Cybotuua

burbaHa TaHacuh, M'mmHasunja 'CeeTto3ap Mapkosuh', CyboTuua
ApaHka AmwTtagTt, Ol 'JoeaH JoBaHoBuh 3maj', CyboTuua
Mwupko Kucenunyku, NmmHasnja 'Cetosap Mapkosuh', CyboTtumua
Anekcangap Puctuh, OLU "Bypo Canaj', CyboTtuua

JburbaHa KpHajckn, NmmHasumja 'CeeTosap Mapkosuh', Cy6oTtuua
Tana MujaTos, N'MmHasunja 'CeeTo3ap Mapkosuh', Cy6oTtuua

JabnaHuyku okpyr

Oparan Oumuh, LLOOO 'Oocutej O6pagosuh’, Jleckosaly
Mpeapar CtojaHosuh, OLL Tletap Tacuh', JleckoBal

Cawa CrojaHoBuh, NmvHaswuja, JNleckosay,

BecenuHka MNetkosuh, OLL 'CtaHnmup Berskosuh-3ene' - BojHuk, JleckoBaly
3opaH Koctuh, OLU 'Jocud Koctuh', JleckoBal,

Anekcangap Hukonuh, OLL 'CeeTo3ap Mapkosuh', JleckoBaly
OparaH MNony6osuh, OLW 'Cunuwa Januh', BnacotuHue

CuHuwa Crojurskosuh, NivHasuja, Jleckosay,

Mapwija CtojaHoBuh Kpacuh, MeguuunHcka wkona, Jleckosal
3opaH Togoposuh, XTL 'boxnaap hophesuh Kykap', JleckoBay,
Hparana 3nonopy6osuh, NimHaswja, Jleckosaly

JTburbaHa AHhenkosuh, NivHaswuja, JleckoBauy

CeBepHoO-6aHaTCKn OKpyr

OparaH Bacuh, OLL 'Baca Ctajuh' - MokpuH, Kukunga

Metap Byua, OW "Op Tuxomup OcTtojuh" - OcTojuheso, KuknHaa
Mwnan Oanuh, Ol 'CeeTtun CaBa', Kuknnoa

BurbaHa Npynosuh, OLL 'Byk Kapaywuh ', KuknHga

Jlaypa Apokcanawm, CeHhaHcka rumHasuja, CeHTa

Epnew KaTtanuH, CeHhaHcka rumHasuja, CeHTa
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Anekcangap Atnaruh, CeHhaHcka rumHasmja, CeHta
*Kerbko Pagusojwa, O PKapko 3perwaHuH’, Kukunga
Jyaut XyH, Ol "Bbypa Jakwwuh ', Kuknnaa

JeneHa Bynuh, OLL 'JoBaH NMonosuh ', Kuknnoa
Mwunax Tonmay, OW 'Tletap Kounh' - HakoBo, Kuknnga
Jajow Cakmams, 'MmHa3suja 'borban’, CeHTa

MoayHaBCKM oKpyr

MwunyTtuH Byukosuh, MN'ivmHasnja, Cmegepeso

Jenena Tacuh, OLU 'bpanncnae Hywwuh', CmMegepeBo

Hapga Leejuh, Ol 'Xepoj Cpb6a' - OcunaoHnua, Cmegepeso
3opuua Lieejunh, OW 'Oocutej O6pagoeuh’, Cmenepeo
Hemarwa Momuunosuh, N'mvHasuja, B. MNMnaHa

Pyxnua Tomuh, O 'Oumntpuje Jasngosuh', Cmenepeso
HamjaH CtaHkoBuh, MMmHasnja, Cmenepeso

NopaH Togopos dununosuh, MNmHasnja, Cmenepeso
BecHa CumoHoBuh, NimHasunja, Cmegepeso

Tana Munocasrsesuh, NMmHasnja, Cmenepeso

MwupjaHa NMeTtposuh, OLL 'Akagemunk Pagomup Jlykuh' - MunoweBau, B. lNnaHa

MupoTcKu oKpyr

MwupjaHa EneHkos, MmHa3suja, MNupoTt

Hartawa Puctuh, OW 'Ceetn Caga’, lNupot

Hwna JosaHoBuh, 'MMHa3suja, MNMupoT

lopaH Urkbatosuh, OLL 'Oywan Pagosuh', MupoTt
OparaH Manuuh, Ol 'Ceetn Caga', lNMupoTt

Jenena Lisetkosuh, O "JoBaH ApaHhenosuh"-LpseHa Peka, bena MNanaHka
Bopuua hupuh, OLL Thynye Wnanay', Bena MNanaHka
Jby6uwa hophesuh, OLL '8. centembap', MNMupoT
Murnopag lNon Kpctuh, TexHnuka wkona, MNupoTt
Mwupocnae hophesuh, Ol 'Byk Kapapuh', NupoT
Oparvwa Hukonuh, NimHaswja, MNupot

AHa lNeTpos, NMmHaswuja, MNupoTt

Bopcku okpyr

MeaH CrtojaHoBuh, CLU 'CeeTun Caga', Knagoso

MapwuHa Paguh, OLU 'Jby6uua JosaHoBuh Pagocasrbesuh' - MoaspLuka, Knagoso
MwuHka Munuhesuh, OLU 'OywaH Pagosuh', Bop

Anekcangap Mutposuh, MalmnHcko-enekTpoTexHuyka Lwkona, bop

NopaH Mapkosuh, N'MmHasuja 'bopa CtaHkosuh', Bop

JeneHa lMetkosuh, O 'Byk Kapaywuh', Knagoso

JbursaHa CtojaHoBuh, M'MmHasnja, HerotmH

HaTtawa hophesuh NMaosuh, OLL 'Byk Kapayuh', HerotmnH

burbaHa Myunbabwuh, NmmHasmja, MajgaHnex
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Kony6apcku okpyr

Mwunka HuHkosuh, O 'AHgpa Caeumh', BarbeBo
HawmjaH Jlasuh, OW 'nuja BupyanuH' - CtaBe, BarbeBo
Hesena Cmonuuh, O 'MunosaH Muwuh', Barseso
OparaH Jankosuh, OLL 'AHgpa Casuuh', BarbeBo
Mpegpar CtojakoBuh, NmHaswnja, Barbeso

Oparvua bykHuh, BarbeBo

MopaBuuku okpyr

UpeHa Cumosuh, MNimHaswmja, Yavak

3opaH Hepgervkosuh, OLU 'CeeTtn Caga', Nlopwun MunaHosau

Onra Oykvh, Ol 'Byk Kapaywuh', Yayak

NopaH Mekosuh, OLL 'CeeTtn Caga', Yauak

CHexaHa bhyphesuh, OW 'dnnun dununosuh'’, Yavak

Cnob6opaH MNantuh, OLU 'Kpare Anekcarngap I', Mloptwy MunaHoeay,
Mwunka Hukonuh, OW 'Op Oparvwa Muwosuh', Yavak

Mowmunno hupuh, OLU 'TaHacko Pajuh', Yavak

OparaH Josnhesuh, OLL 'BpaHucnas MNetposuh' - CnatnHa, Yavak
Mwunka Moneanua, OW 'MunuHko Kywunh', MiBanwuua

CeeTtnana Bacosuh, OW 'Op Oparnwa Muwosuh', Yavak

3opaHa Pamosuh, OLU 'Ceetn Caga', Yauak

3opuua Munosanosuh, OLU 'Munuua MNMaesnosuh', Yavak

Tonnuyku okpyr
Oparana O6bpagoeuh CtameHkosuh, OLL 'Byk Kapauuh' - 2KutHu notok, MNpokynise

LipHa lNopa
Mwnuua Meposuh, Cpegra cTpydHa wkona Hukwuh, Hukwnh
Jbybucas bopuunh, N'MmHasuja 'TaHacwje lMNejaToBuh', MNibeBba

HepacnopeheHu
Hwukona MapkoBuh
Mwunenko NMonosuh
Oywwrua PagocasrbeBuh
BpaHkunua Pnbadvkosa
HaHnjena lNeTposuh
MBaHa Jlakuhesuh
Hagnua MyTtuH

CtyaeHTn
Jlana Heopuuuh, ®unsnykm dakynteT, beorpag

MeaHa NMonosuh, ®unandkmn dakyntet, beorpag
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3opaHa HepermskoBuh, dusnukmn dakynrtet, beorpag
JeneHa Kpwuh, ®unsmnykn pakynrtet, beorpag
JeneHa Ctowwuh, ®dusnuku dakyntet, beorpaa
Jlazap Matuh, ®unsundkm dakynrtet, beorpag
Anekcangap Matuh, ®dusnuku dakyntet, beorpaa
AHa hynakosuh, ®usnykn cdakynteT, beorpag
Mwunena OQumutpujeBuh, dusmukmn dakyntet, beorpag
Mapuja Oy6adkuh, dunsmykm dakyntet, beorpas
3opaH Tomuh, MM Huw

Byk Josuheuh, ®usmukm dakynrtet, beorpag
Jenena MunaHouh, ®usnykmn dakyntet, beorpag
CredpaH hophesuh, dusmukmn dakyntet, beorpaa
MeaH Unusapuh, dunsmnykn dakyntet, beorpaa
Tujana PagosaHosuh, ®unsnukmn ®akyntet, beorpaa
BykawwumH Munowesuh, ®usmykn dakyntet, beorpag
Credpan Annenkosuh, ®duanukm dakyntet, beorpag
BecHa Yeopuh, ®dusnukun dakynteT, beorpag
HaHunno Hukonuh, ®nsmnukn dakyntet, beorpag
Mapko CtojaHosuh, NMM® Huw

MeTtap bojosuh, ®usmykm dakyntet, beorpag
Metap Taguh, ®unsumdkm dakyntet, beorpag
Mwnxajno Cnopuh, ®uaunukn dakyntet, beorpag
JoBaH MapkoB, ®usunykmn dakynrtet, beorpag
JacmuHa LWTasreaHuH, duandkm dakyntet, beorpag
JacHa Anekcuh, ®usnykn dakynrtet, beorpag
KpuctuHa Jonosuh, dunsmnykn dakyntet, beorpag
Annua Mununhesuh, ®usmnykn dakynrtet, beorpag
JoBaHa KHexesuh, NMM® Hoeun Cap

Anekcangap byksa, dunsnykn hakyntet, beorpag
hophe BoraaHosuh, duaundkn cakynteT, beorpag
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carried out in this work. Six elements (Mn, Cu, Zn, Pb, Ni and Cd) were determined
by flame atomic absorption spectrometry (FAAS) in a certified sample of sediment
(CNS 392). Central composite design (CCD) and response surface methodology (RSM) as
well as machine learning were used to find the optimal condition of the metal
extraction. The influence of the parameters volume of nitric acid in aqua regia
(v), time of extraction (t) and temperature (T) on Mn, Cu, Zn and Pb recovery was
investigated. The best condition for the recovery of all the metals was v = 2.5 mL
of HNO3, t = 2 h and T = 90°C. In comparison with the conventional methods, the
aqua regia method was found to present better recovery values and lower standard
deviations for all the metals studied.
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Abstract. In this work the previously developed method of calculation of HF
electro-conductivity of non-ideal plasma is applied to the area of higher electron
densities, up to 10** cm™ and in the temperature range 30 000 K < T < 200 000 K.
The computations are carried out in the frequency range [0, 1-®,], ®, being the
plasma frequency. A good agreement with the previously published data is obtained.

1. INTRODUCTION

This work is a continuation of the works [2, 1, 3, 4]. In [1] we presented
data for slightly non-ideal plasma HF conductivity, while in [2] we have covered the
area of moderately non-ideal plasma, while in [3] and [4] we have reached extreme
dense concentrations in a range of 1- 10*' cm > <Ne < 1- 10 cm > and for 30 000K
< T < 200 000K. Here we present and compare the data for extremely dense non-
ideal fully ionized hydrogen plasmas with thermodynamic conditions data presented
in [5]. There are two values that was reproducible from their data I' = 0.5 r, = 4, and
I'=0.5r, = 1 which yields No= 2.517 - 102 ¢cm ™, T =15 7882 K and N, = 1.611 -
10* cm™ T = 63 153 K respectively. Here I' = Be’/a, where P is inverse
temperature in energy units and a = ry is the mean interionic distance (electronic
Wigner-Seitz radius).
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In this work a completely ionized hydrogen plasma is considered in a
homogenous and monochromatic HF external electric field

E(t) = EO exp{—ia)t}

The dynamic electric conductivity o(®) is given by a complex function of the field
frequency:

o(0) = oy (@) +i-0y, (@), M

and, according to [1, 2], (o) is taken in the integrated Drude-like form:

4’7 7(E) .[_ dwW(E)

o(@=3] I—iwz(E) | dE

}p(E)EdE )
my

where p(E) is the density of electronic states in the energy space and w(E) is a
Fermi-Dirac distribution function 1(E) is the static electronic relaxation time. The
basic feature of our theory [8, 9, 10, 11] is the evaluation of the relaxation time
within the following approach: each electron (carrier) moves in a self-consistent
field generated by all other free charges in the system. The finite values of the
transport coefficients result from electron’s scattering on the self-consistent field
fluctuations. It is based on the paper [12], which related the Lorenz-model
expression for the fully-ionized plasma electrical conductivity to the strict quantum-
statistical calculation involving the Green’s function formalism with the self-
consistent field potential. It was shown that thus obtained static conductivity is in
semi-quantitative agreement with available experimental data and also possesses
correct limiting forms of Ziman and Spitzer, corresponding to high and low
densities, respectively [11].

A detailed comparison with alternative methods of theoretical investigation
of the dynamic conductivity, see, e.g., [13] and [14] is presented in this paper.

New methods;

w 47: -Q’c,
o(w) = yp A3)
0’ —Q% +iQ? 0
a)p
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(R)| > )

o’
Q=
3n V
where,

&, - energy levels
y, - corresponding eigenfunction in one-electron states v
f(¢) - Fermi distribution function.

1. First method
0)2 2 2 o
QP =—"P|1 2m4e j arctan| — 2rr215 de |,
7rh eoexpﬂ(e W) +1 xk\ h
Q)
3
2
Jede =n, | 6)
( jgeXpﬂ(s W) +1

2. Second method

2 2
Q? :&{HL} , (7
30 A A 2)
where,

=h/2,//m - electronic thermal wavelength

S
,1‘Dz = 427 p Z an ; - the Debye radius
=0

2.RESULTS

Comparison with the other data: On the basis numerical calculations presented
earlier in [3, 4], both og. and oy, are computed, but for the previously mentioned
thermodynamic conditions. The results are displayed in the figures 1-4. The figures
represent the data from several separate sources [5, 6, 7] as compared to our data. A
good agreement with existing data [5, 6, 7] in a wide range of dimensionless
frequency w/w,.
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I=0.5,r=1

T T T T T
RPA Ne1.611048 104 om3 T 6.315304 10° K —+—
Berkowsky ---x---
g Berkowsky (aprox.formula) ------
14 14 Sjogren(MD computer data) o ]

Rec/ @y

4 0.5 0.6 0.7 0.8 0.9 1

Fig. 1 The real part of HF electrical conductivity of fully ionized Hydrogen plasma
for I' = 0.5 ry= 1, compared with other authors [5], [6] and [7].
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Fig. 2 The imaginary part of electro conductivity, same as Fig. 1.
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I=0.5,r=4

0.7 T T T

T T
" RPA Ne 2.517263 10?2 cm3 T 1.578826 10° K —+—
Berkowsky ---x---
Furukawa at al(1990)  *

Rec / o,

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Fig. 3 The real part of HF electrical conductivity of fully ionized H plasma for I' =
0.5 ry=4, compared with other authors [5] and [7].

I'=0.5rg=4
035 T T T T T T 20 T T 5 T
RPA Ne 2.517263 10°“cm3 T 1.578826 10° K —+—
Berkowsky ---x---
Furukawa at al(1990)  *
0.3

0.25

0.2

Imo / 0,

0.15

0.1

0.05

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
(o/oop

Fig. 4. The real part of HF electrical conductivity of fully ionized H plasma for
I'=0.5r, =4, compared with other authors [5] and [7].
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Comparison of the methods: Results of numerical calculations using equations (5),
(6), (7) presented earlier in this paper are displayed in the figures 5 — 13.

Ne =10 ecm™ T =20000K

45000 | | |
RPA GRe _
RPA G —x— |
#0000 Simplified oy *
35000 Simplified oy, o |
-~ 30000
g
S 25000
E
& 20000
)
& 15000
10000
5000 '
Nz
0 ﬂz‘ 1 1 1 1 1 | | I )
0 01 02 03 04 05 06 07 08 09 1

o/ o,

Fig. 5. The comparison of the simplified calculation method and the basic modified
RPA method for the fully ionized hydrogen like plasma with the electron density
10*'e¢m™, and tempereture 20000K.

Ne=10>' em™ T =100000 K

180000 T
RPA o |
160000 1l Simplified ogy —x
140000 - * Simplified 6, = |

120000 1

g

G 100000 -

£

& 80000 1

)

& 60000 -
40000 elg ]
20000§ e

0 1 I 1 | R e
0 01 02 03 04 05 06 07 08 09 1

o/,
Fig. 6. Same as Fig. 5 but for Ne = 10*'cm™ and T = 100000K.
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Ne = 10! ecm™

T = 500000 K
1.2e+06 " N T T T
AR XK RPA op, —+—
RPA G},
1e+06 - gimpliﬁed ORe %
. Simplified oy, o
-~ 800000 |
=i
&)
£ 600000 f
e}
2
© 400000 |
200000 | x)x*
0 = £ "'ﬁ‘iﬁgé 1
1e-05 le-04 0.001 0.01 0.1
o/,
Fig. 7. Same as Fig. 5 but for Ne = 10*'cm™ and T = 500000K.
Ne =102 cm™ T =20000K
160000 T T T T T T T T T
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Fig. 8. Same as Fig. 5 but for Ne = 10”cm™ and T = 20000K..

177



N. M. Sakan, V. A. Sre¢kovi¢, V. M. Adamyan, 1. M. Tkachenko, A. A. Mihajlov

Ne=10"cm™ T=100000 K

350000 T T T T T T T T
RPA GRe o a—
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300000 Ffix, Simplified o, - PR—_—
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250000 r
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Fig. 9. Same as Fig. 5 but for Ne = 10”cm™ and T = 100000K.
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Fig. 10. Same as Fig. 5 but for Ne = 10%cm™ and T = 500000K
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Ne =102 em™ T =20000 K
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Fig. 11. Same as Fig. 5 but for Ne = 10”cm™ and T = 20000K

3
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Fig. 12. Same as Fig. 5 but for Ne = 10”cm™ and T = 100000K.
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Ne=10"cm™ T =500000 K
3e+06 T T T
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RPA G
Kok ot Im
2.5¢+06 | Simplified O, s
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v—l"_‘ 26+06 B

g
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©
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Fig. 13. Same as Fig. 5 but for Ne = 10”cm™ and T = 500000K..

With the help of the presented results the other, easily measurable, dynamical
characteristics of dense plasma could be obtained [2, 3, 4].

3. CONCLUSIONS

Method of calculations has been proven, and simplified using formulas
(5), (6), (7) . Method works well in a much broader area then expected. Work is in
progress on inclusion of neutrals, and preliminary calculations with multifold
ionized states. Heading towards the area of more dense plasma where a good
experimental data exists.
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The application of the cut-off Coulomb potential
for the calculation of a continuous spectra of
dense hydrogen plasma

N. M. Sakan, V. A. Srec¢kovié, and A. A. Mihajlov

Institute of Physics, P.O. Box 57, 11001 Belgrade, Serbia and Montenegro

e-mail: mihajlov@phy.bg.ac.yu

Abstract. The continuous optical spectrum of dense hydrogen plasma is modeled with
the complete quantum mechanical model based on the cut-off Coulomb potential. Here are
presented the results of calculation of a continuous optical spectra of dense hydrogen plasma
and compared with the experimental results obtained in “Laboratory for dense plasma”
at the Pierre et Marie Curie University in Paris. The cut-off Coulomb potential gives the
opportunity to model the most significant effects in dense plasma. The additional effects,
including some of time dependent, which influences the spectral characteristics, could be
easily added. This work is a continuation of previous works on conductivity of dense plasma

based on cut-off Coulomb potential.

1. Theory

In this work the results of calculations of con-
tinuous spectra photo absorption coefficients
are presented. They are given by

K (@; Noy T) = (ks (w3 N, T)+
kp(w: N, T)) (1
. [1 —exp (—Z—“T’)] .

Here N, is the electron concentration, while 7'
is electron temperature of investigated plasma.
The above coefficient is easily experimentally
measured, and it is known as a reduced ab-
sorption coefficient. In the equation (1) the
kpr(w; N,, T) and kys(w; N, T) are the partial

Send offprint requests to: A. A. Mihajlov

bond-free and free-free absorption coefficients,
given by following equations

oo (@3 Ney T) = ) Nuo(nl; E), @)
n,l

kps(w; N, T) = N;N, fm o(E; E"Yvf(v)dv. (3)
0

In those equations N,; is the population of the
appropriate bound level state, N; is the positive
ion concentration, and in the presented case
N; = N,, and f(v,T) is the Maxwell distribu-
tion function.

For the calculation of the absorption coeffi-
cient it was necessary to calculate the appropri-
ate cross sections. The formulas for their cal-
culation are adopted from Igor Ilich Sobelman
(1963), and they are given by the terms

2
Z lmax (anerEl’dr) (4)

'=l+1

4%k

O'(I’ll,E) = m]
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o(E;E)= — ——
3 42
2 (5)
. Z lmax(fPE’l’VPEldr) .
I'=l+1
Here P,;, = rR,; is a solution for the bond

states of the radial part of Schrodinger equa-
tion with the Coulomb cut-off potential given
by Eq. (8), Pg; and Pgp are the solutions for
the free states. The frequency for the bond-
free and free-free transitions are given by fiw =
E’ — E(n,]) and hiw = E’ — E respectively, and
k = w/c, and also the momentum of the free
electron is given by ¢> = 2mE.

The cross sections for the inverse processes
could be calculated by

G o(E;nl) = 221 + Dk*o(nl; E)

,  2mE _ |2mE (6)
q - h2 - h2 B
and
,do(E';E) k* ,
' — = = (B E). 7
w T

Here ¢> = 2mE/H?, ¢ = 2mE’ /h* and hw =
E' -E.

The choice of a cut-off Coulomb potential,
mathematically represented as

62 @2
_— = <r.
Unn={"7 "1 O<rsre ()
0 : re<r

for the potential that describes the behavior
of dense hydrogen plasma is made because of
several reasons. In the equation (8) r. stands
for cut-off radius. The influence of a plasma
is averaged in temporal and spatial domain, so
it is possible to study only the quantum sys-
tem consisting of a single atom and a poten-
tial of the rest of the plasma. With the averag-
ing lot of processes are neglected in this figure,
but they could be additionally introduced. The
form of potential led us to dissolution on radial
and spherical space with adequate wave func-
tion dissolution, i.e.

[¥(r,0,9)) = IR(r) ® Y (6, ¢)), €))
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here [P(r,0,¢)) is a complete wave function
for a statical Schrodinger equation, |Y}"(6, ¢))
is the spherical part which has well known so-
lutions, and the radial part |[R(r)). The radial
part of a wave function has all the information
on plasma influence on atom.

The additional effects are introduced by the
use of a perturbation method. If the potential ¥/
generates the perturbation of the known sys-
tem, i.e.

AP + AV|¥) = E|P),

where A is a small parameter, the solution [\¥)
and the energy E, for the first order approxima-
tion, are presented by the

W) =),  E=E94+ED,

Here [¥©@) and E© are the solutions for the
unperturbed Hamiltonian.

In the results shown here the spreading and
the shifting of the bond states are introduced.
Those effects are related to the Stark effect in-
duced by the closest neighbor ions in plasma.
The spreading is modeled as a Lorenz distribu-
tion

1 v/2
E.v,E)= ——————, (10
PE(En, s E) % (Ey—EV +7%/4 )
and for the cross section calculated with the in-
troduced spreading yields equation

0
ol E) = fE,,V o'(nl; E, — E) (11
PE(En, y; E)AE.

Here o*(nl; E;, — E) is a cross section for the
photo absorption from the lower energy level,
with the energy E and width dE, and with
the energy density pg(E,;,y; E) spread in the
vicinity of the energy of nonperturbed state
E,;. The wave function, in the first approxima-
tion, for this state is |nl).

With this approach the exact solutions for
the wave functions are obtained. Because they
are mathematically defined special functions
the calculation for the free-free cross section is
simplified and it is exact without any additional
mathematical or numerical approximation.
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Fig. 1. Absorption spectra of dense hydrogen plasma, theoretical calculations and experimental data. N, =

1.5-10", T = 23000K, r. = 51.0655a.u..

The cut off radius r, and the spreading of
the wave function y are the external parameters
of the theory

2. Results

In the figure [1] an example of the compari-
son between the experimental and the calcu-
lated values for the dense plasma is given.
Results presented here are taken from [Vitel
et al. (2003). The method presented here gave
us possibility to adopt the adequate values for
the external parameters r. and energy level
shifting dE and broadening JE to fit the ex-
perimental data. Figure here presents the pos-
sibility of adjustment of the energy level shift
dE and presents a good illustration of exter-
nal parameter fitting of the experimental results
(same procedure is used for 7, and SE).

3. Conclusions

The modelling of an optical spectra of dense
non-ideal plasma is a very difficult problem.

Unlike the dynamical characteristics of a dense
plasma, in the case of the optical properties
there is no good model that could describe the
behavior of a dense plasma, see for example
Kobzev et al.|(1995alb). Disadvantage of pre-
viously used methods for description of opti-
cal properties of dense plasma was either com-
plicated numerical procedure or the applica-
tion of a physical model for ideal or moder-
ately non ideal plasma in the area of dense,
highly non ideal plasma. In both cases the re-
sult was not easy applicable in practice. The
model presented here has three major advan-
tages over other methods. As first, all of the ap-
proximations of this model are introduced with
the physical definition of the model itself, this
means that there are no additional approxima-
tion in the mathematical procedure. The sec-
ond advantage is that the calculation of a free-
free part of continuous spectra is completely
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done without any additional mathematical or
numerical simplifications. And the third advan-
tage is that this method is a complete quan-
tum calculation with the analytical functions
for the solution of bound as well as free states.
Because of that there is a possibility to include
additional effects.
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ported by the Ministry of Science and Environment
Protection of Serbia.

References

Igor Ilich Sobelman 1963, “’Introduction to the
theory of atomic spectra”, Fizmatgiz, Mosca

Mihajlov: Title Suppressed Due to Excessive Length

(in russian) (Urops Muanuu Cobennman
1963 BBenenue B TEOPUIO ATOMHLIUX
CcHerTpoB, Puzmarrus)

Kobzev, G. A., Iakubov, I. T., & Popovié,
M. M., editors 1995a, Transport and Optical
Properties of Nonideal Plasma, Plenum
Press, New York and London

Kobzev, G. A., Iakubov, I. T., & Popovi¢,
M. M., editors 1995b, Transport and Optical
Properties of Nonideal Plasma, Plenum
Press, New York and London, chap. 5

Mihajlov, A. A., Djordjevi¢, D., Popovic,
M. M., Meyer, T., Luft, M., & Kraeft, W. D.
1989, Contrib. Plasma Phys., 29, 441

Vitel, Y., Gavrilova, T. V., D’yachkov,
L. G., & Kurilenkov, Y. K., 2003,
J. Quant. Spectrosc. Radiat. Transfer,
1811, 1



Publ. Astron. Obs. Belgrade No. 89 (2010), 349 Progress Report

THE CALCULATION OF THE PHOTO ABSORPTION
PROCESSES IN DENSE HYDROGEN PLASMA WITH THE
HELP OF CUT-OFF COULOMB POTENTIAL MODEL

NENAD SAKAN
Institute of Physics, Pregrevica 118, Zemun, Belgrade, Serbia
E-mail: nsakan@ipb.ac.rs

Abstract. Extensive work was done in the application of a cut-off Coulomb model on the
description of the optical processes of the photo ionization and inverse bremsstrahlung.
Presented work deals with a usage of a cut-off Coulomb model pseudo potentia for the
calculation of the optical absorption process in dense hydrogen plasma as a entirely quan-
tum mechanical process. Although the mentioned processes are strongly influenced by the
collective process in dense plasma, the used pseudo potential enables to model the de-
scribed interaction with the plasma system as a binary process. There are severa advan-
tages of such approach; the existence of the exact analytical solutions for the wave func-
tions in the described potential enables to eliminate one of the several sources of numerical
error. Also, more complex processes of the interaction inside plasma could be considered,
and they have been added in presented work. The work on description of such processes
has been started. The collective phenomena of the plasma are here described as an addi-
tional shifting and broadening of a bond states levels. Furthermore, with the adding of
mentioned broadening and additional shifting of the bond states as free external parameters
the good agreement between the analyzed experimental data and our model solutions oc-
curs. The method of determination of the cut-off radius was developed and applied in our
considerations. The presented model is a good approach for the description of dense hy-
drogen plasma of moderate and high non-ideality. It presents an easily extendable model,
inwhich is easy to introduce additional processes and effects.
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The Calculation of the Photo Absorption Processes
in Dense Hydrogen Plasma with the Help of Cut-Off
Coulomb Potential Model

Nenad M. Sakan
Institute of Physics, Pregrevica 118, Zemun, Belgrade, Serbia

E-mail: nsakan@ipb.ac.rs

Abstract. Extensive work was done in the application of a cut-off Coulomb model on
the description of the optical processes of the photo ionization and inverse bremsstrahlung.
Presented work deals with a usage of a cut-off Coulomb model pseudo potential for the
calculation of the optical absorption process in dense hydrogen plasma as a entirely quantum
mechanical process. Although the mentioned processes are strongly influenced by the collective
process in dense plasma, the used pseudo potential enables to model the described interaction
with the plasma system as a binary process. There are several advantages of such approach;
the existence of the exact analytical solutions for the wave functions in the described potential
enables to eliminate one of the several sources of numerical error. Also, more complex processes
of the interaction inside plasma could be considered, and they have been added in presented
work. The work on description of such processes has been started. The collective phenomena
of the plasma are here described as an additional shifting and broadening of a bond states
levels. Furthermore, with the adding of mentioned broadening and additional shifting of the
bond states as free external parameters the good agreement between the analyzed experimental
data and our model solutions occurs. The method of determination of the cut-off radius was
developed and applied in our considerations. The presented model is a good approach for the
description of dense hydrogen plasma of moderate and high non-ideality. It presents an easily
extendable model, in which is easy to introduce additional processes and effects.

1. Introduction

In this paper is studied a new model method of the describing of the continuous absorption
of electromagnetic (EM) radiation in dense strongly ionized hydrogen plasma, caused by the
atomic photo-ionization processes

Epy + H'(nl) —» H' + e, (1)
and electron-ion inverse ”bremsstrahlung” processes
Ehy+6q'+H+—>€(]7+H+, (2)

where Ep,, is the energy of the photon with the wavelength A, n and [ - principal and orbital
quantum numbers of hydrogen excited states, ¢ and ¢’ - the momentum of the free electron
before and after scattering on the considered ion H+.

(© 2010 IOP Publishing Ltd 1
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While in weakly and moderately non-ideal plasma, this absorption is caused by the neutral
atoms and electron-ion collision complex which interaction with the neighborhood can be
neglected, as for example in Solar photosphere [5, 6], or described within the framework of
a perturbation theory [18, 12, 13, 15, 16] in the dense strongly non-ideal plasma the situation is
in principle different.

By now a lot of effort was aimed to the development of the quantum-statistical methods for
the description of the thermodynamical and transport properties of dense strongly non-ideal
plasma [9, 11, 8, 7, 10, 14] while the absorption processes was treated only for plasma with
electron densities N, < 10'8c¢m ™3, where the approximation of electron-atom and electron-ion
binary collisions is still applicable. The area of really dense plasma with N, > 10"¢m ™3 was not
systematically studied from the aspect of the bound-bound, bound-free and free-free absorption
processes, excluding some efforts of semi-empirical describing of such processes [25, 26]. Because
of that the development of a model method which describes the mentioned absorption process
in dense strongly non-ideal plasma on a simple and physically acceptable way is the one of the
actual tasks. Within this work as a landmark is taken the hydrogen plasma with the electron
density N, = 1.5 - 10em™3 and the temperature 7 = 23000K, which was experimentally
studied in [26]. The direct result of this work is a new model method for the determination of
absorption coefficients sy ¢ () and £¢f(X), characterizing the bound-free and free-free absorption
processes (1) and (2) in the strongly non-ideal hydrogen plasma, which is based on a cut-
off Coulomb pseudo-potentials, similar to the one used for the determination of the non-ideal
plasma conductivity. The presented method is tested in the optical range of photon wavelengths
350nm < Ap, < 550nm.

2. Theory

2.1. The cut-off Coulomb potentials

The obvious way of simplification of principally many body processes of photo absorption
transitions inside plasma was transformation to the corresponding transitions of the electron
in an adequately chosen pseudo-potential, which replaces the considered ion and the rest of the
system. In [22], in order to obtain the method of the describing of such process which would
be practically applicable, generally non-local pseudo-potential in usual way was soughed in the
form of the corresponding local one-particle potential. As such potential was chosen one of
model screening Coulomb potential, namely cut-off potential (4).

On the occasion of the choosing of the model potential it was taken into account the
argumentation from the [22], which shows that often used model Debye-Hiickel (DH) potential
is not adequate for strongly non-ideal plasma. Let us draw attention that we here do not have in
mind some undesirable properties of the DH potential [28, 27|, but the way of the obtaining of
that potential itself. Namely, in accordance with [19] the DH potential is the average electrostatic
potential which is generated by the observed ion and all charged particles from its neighborhood,
which are often treated as the screening cloud. Consequently, the electron, that is involved in
scattering on the considered ion, also is the part of that cloud. In spite of this fact the DH
potential, as it is known, is used often in weakly non-ideal plasma when the number np > 1,
where np is the number of the electrons inside the sphere with the Debye radius rp.

However, in the case of strongly non-ideal plasmas, when np = 1, as it is in the considered
plasma, practically, the complete cloud is consisted of the free electron that is involved in
scattering, and the DH potential could not be used any more. Contrary to that, in the case
np = 1 the application of the cut-off Coulomb potential, as it was noted in [22], is physically
completely justified, since it automatically provides: just Coulomb behavior of the potential in
the close vicinity of the considered ion; the lowering of the atom ionization potential caused
by the influence of the neighborhood, which is equal to the average potential energy of a free
electron in plasma; non Coulomb asymptotic of the wave function of a free electron.
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All mentioned have caused that one of the considered here model cut-off Coulomb potentials
has the form, which is shown, in the Fig. (1a), where e is the absolute value of electron charge, r
- the distance from the origin of the chosen reference frame, r. - corresponding screening radius,
and the value U, = —e?/r, has to be interpreted as the above mentioned the average potential
energy of a free electron in plasma. Other model cut-off Coulomb potential is considered here
because the fact that in the case of the first model the average potential energy of the electron
in the region 0 < r < 7., for the difference of the region r. < r < 0o, is not equal to the energy
Up, which is illustrated by Fig. (1 a). However, in the plasma the moving of the electron from
the region occupied by the one ion to the region occupied by the nearest neighbor ion is realized
in the potential with the maximal value (between the position of the mentioned ions), which is
greater than average values of potential. Because of that the average potential energies of the
electron in the region occupied by the one ion and in the rest of the plasma have to be equal
to the average energy of the free electron in the whole system denoted here by U,. One can
see that this condition can be satisfied in the case of other cut-off Coulomb potential, which is
shown in Fig. (1b), when the parameter k = 1/2. Namely, it can be shown that

k+1)re 2
/ S eyt = =~ AT (P (3)
0 Te 3

is only valid for k = 1/2, where V is the volume of sphere with radius 7., which is determined
on the basis of the result from [28].

In further consideration we will take the value —e?/r. as the zero of the energy. After that,
the potentials shown in the Figs. (la) and (1b) are transformed to the forms Up(r;r.) and
Ui(r;7e), respectively, where

ez e2

-+ — : <
Uo(rire) = T * Te O<r=re (4)

0 : re < T,

ez 2
—_+ — : <(k+1
Uk(rire) = T +’I“c 0<r<(k+lre ) (5)
0 : (k+Dre<r

where Up(r;7¢) is the same potential as in [22]. Because of the above mentioned, in the case of
the potential Ug(r;r.) we will consider that k = 1/2.

Let us denote that the form of the potential (5) is not caused by the presence of some
new mechanism that increases the barrier in the region r > r. for the electron in the complex
(H" +¢e)p or (HT + €)g, but exclusively by the requirement for the satisfying of the condition

(3).

2.2. The photo-ionization and inverse ”“bremsstrahlung” cross-sections

Since under the condition from [26] the considered wavelength A > r,, where r, = (3/47N,)'/3
is the corresponding Wigner-Seitz radius, the dipole approximation in the case of considered
processes is valid. According to that, the cross section for these bound-free and free-free
absorption processes are given by the expressions from [24], namely

4
U(?’Ll; E/) ;Tl j_ 1 Z lmaz </P ITPE’l’dT> ) (6)

l’ I£1

> lnaa (/ PElV“PE'l'dT) ) (7

I'=l£1

2
(B E') = 87r hek

~—
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Figure 1. The behavior of the used potentials: a) - from (4), b) - from (5).

where k = €)/hc is the momentum of the absorbed photon with the given A\, E = h2q¢? /2m
and E' = h%¢’?/2m - the energies of the free electron, l,q; - maximal value of I and I, m - the
electron mass, and c¢ -the light velocity. Here the radial wave function of the electron in the
model potentials (4) and (5) with k£ = 0.5 is denoted with P,,;/r, for the bound states with given
n and [, and with Pg;/r and Pgiy /r for the free states with the given F and [ or E’ and I’. The
functions P,; and Ppg; are obtained in strict analytical form by the means of the expressions for
the Whittaker, Coulomb, spherical Bessel, and modified Bessel functions.

In further calculations for the determination of the photo-ionization cross section o(nl; E’)
is used Eq. 6, while in the case of inverse "bremsstrahlung” cross section o(FE; E’) is used the
expression which is obtained by means of the known relations [24], which connect the matrix
elements of the j-th components (j = 1,2,3) of the radius-vector 7, electron momentum p, and

gradient of the potential VU (), namely

< m\V U(F)|fin >= ﬁ(Em — Eyin) < in|pj|fin >, (8)
tm
T
where U(7) in the considered case is equal to Uy(r) or U(r; k). Namely, from Egs. (7), (8) and
(9) it follows the expression

<in|pj|fin >= Ein — Etin) <inl|7j|fin >, 9)

2

By At M ! e o U Pod 10
O'( 5 ) 3 m3cEE2V l,zl::tl max / ElVr (7"') By ar s ( )

where Ey, = E' — E, and with U(r) = U(r;k = 0) = Uy(r) or U(r;k = 1/2), which enables
to use the shape of the potentials (4) and (5) and to avoid all difficulties connected with the
calculation of the dipole matrix element in Eq. (7) in the whole region of space 0 < r < co. Just
Eq. (10) is used here for the calculation of the inverse ”bremsstrahlung” cross-section o(F; E’).

2.8. The partial and total absorption coefficients

The expressions (6) and (10) for the photo-ionization and inverse ”bremsstrahlung” cross-
sections enable the direct determination of the partial absorption coefficients, characterizing
the bound-free and free-free absorption processes (1) and (2), given by the relations
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maac 71
“lgf) A Ne, T Z Z Ny -o(nl; E), (11)
n=1 [=
K (A Ne, T) = NN, - / o(E; B o f (v)dv (12)

where N,,; is the density of the atoms H*, e.g electron-ion pairs in the bound states with the
given quantum numbers n and [, T - the plasma temperature, and 7,4, - the principal quantum
number of the last realizing bond state for the given N, and T. However, while the expression
(12) for the free-free absorption coefficient /igf(})()\; N,,T) should generate the purely acceptable
results, the situation in connection with Eq. (11) is different. Namely, the results obtained by
means of Eq. (11) should be similar to the ones for the diluted plasma (see for example [5]), since,
contrary to the existing experimental results [26], the unique serious difference would ensue from
the lowering of the photo-ionization limits for the realizing bound states for the value close to
e2/re.

The plasma-ion interaction at the considered densities is mainly of Stark type, and also it
was made a transition from many particle model towards the two particle model. Because
of that there should be included and additionally considered a shift and the broadening of
a bond state levels, as a result of a many particle interactions.The mentioned shifts and
broadenings are treated as the semi-empirical quantities, which appear as the external parameter
of the theory. Here, the shift of (nl)-level is denoted by Anl’ and broadening by Abr As
it is usual we assume that the electron in atom H; in the plasma could be in the state

with the energies which are domlnantly grouped around the energy e]** = e(nl) + Anl’
inside the interval (e79® — Abr/2 cmaz 1 Abr/9)  Let Py(e) is the probability density
which Characterizes the distribution of the energies of the mentioned state within the interval
(emaz _ Abr /9 emaz 4 Abr/9) which satisfies the conditions
‘””JrAb’"/Q
max{Py(e)} = P(e = ™), /maw Ao P(e)de = 1. (13)

In accordance with above consideration, here we will characterize the bound-free and free-free
processes by the photo-ionization and inverse ”bremsstrahlung” partial absorption coefficients
maz +Abr/2
(0
kg (X No, T) = / Pu(e) - & (A Ne, T £)de, (14)

mazx Ab'r /2

€nl

where /%l()(})()\; N,,T;e) is obtained from (6) and (11) by replacing free electron energy E’ with

E/ = E/ + (8 — 5nl)7
0
kpr O\ Ne, T) = K5} (A Ne, T), (15)

where /-@Sc(? (X\; Ne, T) is given by Eq. (12), as well as the corresponding total absorption coefficient

ot Neo ) = (1 Ne ) oy (s N 7)) - [ 1= 0 (=5 . (16)

where it is taken into account the influence of the stimulated emission.
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Figure 2. The calculated data for the potential (4), left figure The short pulse, comparison
with the results in the case of the potential Uy with r. = 44.964 a.u. Curve 1. - model with
changeable shift and broadening, AE = 0.6 eV and E = 1 eV for n = 2. Curve 2. - model with
constant shift and broadening, case AE = 0,5 eV i 6E = 0,75 eV. 3. - kyy. The right figure,
long pulse, comparison with the results in case of the potential Uy with r. = 55.0523 a.u.. Curve
1. - model with changeable shift and broadening AE = 0.275 eV and 6F = 0.25 eV for n = 2.
Curve 2. - model with constant shift and broadening, case AE =0.25 eV i 0F =0.25 eV, 3. -

Iﬁ:ff.

3. Results and discussion

In this paper the calculations of the total absorption coefficient kior(A; Ne,T') with the cut-off
Coulomb potential (4) were made for the strongly non-ideal hydrogen plasma N, = 1.5-10"%¢m =3
and T = 23000K, as well as N, = 6.5 - 108c¢m ™3 and T = 18000K taken from [26].

After process of selection of adequate shift and broadening parameters and comparison with
the experimental data, good agreement was found. The good agreement with the experimental
data in area where only continuous absorption is present, e.g. at the energies F}, > 2.8 eV, and
the form of the total continuous absorption coefficient gives a space for bond-bond transition
absorption.

Without further research on bond-bond transition within the frame of this model, there is
not much to be said and analyzed for the model of broadening and shifting of bond state levels.
Allthow, at this moment, it is just a parameter without further involvement into the processes
behind it, it should be emphasized again that good agreement with experimental data exists.

4. Conclusion
Besides the fact that the presented model is still in process of development, a good agreement
with the experimental data was shown.

There is a need to develop a model of bond-bond absorptions, which would enable the
investigation of form of broadening and shifting of bond state levels. It would enable the studies
of the broadening and shifting effects more in detail and develop a more concise model.

Also there is still a need for developing of both faster numerical procedures and code
parallelism to improve speed and accuracy.
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SREDA, 07.12.2016. u 18:00, Sala 301f, MI SANU, Kneza Mihaila 36

Bojan Novakovic, Katedra za astronomiju, Matematicki fakultet, Univerzitet u Beogradu
DINAMIKA MALIH TELA SUNCEVOG SISTEMA

Rezime: Suncev sistem dom je osam (a mozda i devet) planeta, njihovih prirodnih satelita, kao i
velikog broja tzv. malih tela, asteroida i kometa. Svi clanovi naseg planetarnog sistema se
neprestano menjaju pod uticajem razlicitih faktora. Jedan od razloga zasto su mala tela
Suncevog sistema interesantna istrazivacima svakako je i to sto na njima ostaju zapisani tragovi
evolucije citavog sistema. Zato se cesto kaze da svaki model evolucije Suncevog sistema mora
biti verifikovan u pojasu asteroida koji se prostire izmedju orbita Marsa i Jupitera, i u kome se
nalazi najveci broj ovih objekata. Drugim recima, svaka takva teorija mora biti u saglasnosti sa
onim sto znamo o ovom pojasu. Asteroidni pojas takodje sadrzi i informacije o0 svojoj sopstvenoj
evoluciji. Jedan takav primer predstavljaju sudarne familije asteroida cije proucavanje nam moze
otkriti mnogo toga kako o dinamickoj, tako i o sudarnoj evoluciji pojasa asteroida, ali i citavog
Suncevog sistema. Ovom prilikom predstavicemo najnovija saznanja o dinamici asteroida, sa
posebnim osvrtom na dinamicku evoluciju sudarnih familija. Konacno, ukazacemo i na neka
otvorena pitanja, i kratko prodiskutovati moguce odgovore na njih.

SREDA, 21.12.2016. u 18:00, Sala 301f, MI SANU, Kneza Mihaila 36

Nenad Sakan, Institut za fiziku

MODELOVANJE OPTICKIH KARAKTERISTIKA VODONIKOVE PLAZME SREDNJE | VELIKE
NEIDEALNOSTI ODSECENIM KULONOVIM POTENCIJALOM - DODAVANJE NOVIH
PROCESA

Rezime: Odseceni Kulonov potencijal se pokazao kao dobar modelni potencijal za opis optickih
osobina plazme srednje i visoke neidealnosti. On se karakterise osobinama da je, za razliku od
drugih, potpuno kvantno mehanicki model, sa analitickim resenjima za talasne funkcije i time
znacajno smanjuje problem numerickog odredjivanja istih, kao i adekvatno tome dobijanje
preseka. Osnovni model je bio dopunjen procesima prosirenja i pomeranja energetskih nivoa
vezanih stanja vodonika, koji su dali dobro poklapanje izracunatih vrednosti sa eksperimentalno
merenim. Pored navedenog, javlja se potreba da se u model ukljuce i procesi za vezano-vezane
prelaze. Osnovna provera je pokazala da su proracunate vrednosti sila socilatora u dobrom
slaganju sa teorijskim vrednostima za vodonikov atom u asimptotskom slucaju, kada se uticaj
plazme na jon vodonika zanemaruje i ceo sistem pocinje da lici na model slobodnog vodonikovog
atoma.

SREDA, 28.12.2016. u 18:00, Sala 301f, MI SANU, Kneza Mihaila 36

Dragoslav Kuzmanovic, Saobracajni fakultet, Univerzitet u Beogradu

O MINIMALNIM POVRSIMA

Rezime: U izlaganju dace se definicija minimalne povrsi, kao i diferencijalna jednacina. Bice
prikazani brojni primeri, kao i primena u arhiteturi.
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Predavanja su namenjena sirokom krugu slusalaca, ukljucujuci studente redovnih i doktorskih
studija. Odrzavaju se sredom sa pocetkom u 18 casova u sali 301f na trecem spratu zgrade
Matematickog instituta SANU, Knez Mihailova 36.
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Institute of Physics,
University of Belgrade,
Pregrevica 118
11080 Belgrade, Serbia
Fax: +381 11 3162 190
05/11/2021
Dear Doctor Nenad Sakan,

It is a great pleasure of inviting you to participate in the XIII Belarusian-Serbian
Symposium "Physics and Diagnostics of Laboratory and Astrophysical Plasmas”
(PDP-13) which will be held in Minsk in September 13-17, 2021. Your work
entitled « The introduction of more complex atoms in a cut-off Coulomb model
potential, the Ar I model» has been accepted for invited lecture presentation
at the PDP-13.

Programme of PDP-13 includes:
Arrival day — 12.12.2021;
Working days of PDP-13 —13.12.2021-17.12.2021,
Departure day — 20.12.2021.

Registration fee is not provided.

We are looking forward to seeing you in Minsk, Belarus.

Sincerely yours,

Deputy director of B.I. Stepanc-v A
Institute of Physics of the NAS of 4 L.S. Nikonchuk
Belarus /-
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Introduction. Dense plasma is a object of interest in recent years [1]. Up until
now the absorption coefficients of hydrogen plasma, were calculated within the frame
of cut-off Coulomb potential model, for the wide area of electron densities and
temperatures [2-9]. The optical parameters of hydrogen plasma of mid and
moderately high non-ideality parameter are described successfully, thus enabling the
modeling of optical properties [2,3], [5-9]. Governed by this results a effort has been
made to introduce a extension of a model towards the more complex atoms. As a first
goal the Ar atom model was used since the ionic core model potential for the Ar I was
analyzed in [10]. As it was case with the hydrogen model here, the model potential
for Ar is solvable in entire space and within entire energy spectrum, thus the yielded
wave function solutions are a combination of a special functions. As it was proven a
faster, and no less reliable, method of numerical integration using a Numerov
integration is used. It posses a fast convergence and as such is preferred method for
introduction of more complex atom and ion model potentials in consideration, the
comparison and application is shown in [11].

Theory remarks. The collective phenomena of plasma that consists of many
interacting particles, could be described as quantum mechanical system consists of a
single emitter, and averaged plasma influence as whole. This approach is more
applicable for the plasma of higher non-ideality, and it is easy to introduce additional
processes within the considered model. The heart of modeling of plasma-emitter
interaction and investigation of it’s optical behavior is done by the introduction of
adequate model potential, the one for Ar I is given by

Z,e2
“Amer F<ro 8.04
0 _109. . <
V(r)= o> , Z= 9.04-1 3 1_3, re=17a,. (1)
_4‘7[80r rosr<rc 1 : [>3
0 : r=r.

Here the a, is the Bohr radius.

In such way the results yielded within the frame of this model method are
purely quantum mechanical solutions for the considered plasma. All the optical
properties are connected to each other, so the main goal of describing optical
parameters of plasma is by the solving or the radial part of the Schrodinger equation,

—-H 1§

1 AIEY
2m r? or

R
r26 nl ;
2mr

or

+

V(r) Rnl(r):Eannl(r)’ (2
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by the help of new function P(r)=rR(r) it gives an more easily solvable form

—# d’ R (1+1) 3
2m erPnI(r)+ V(r)+ 2mr2 Enl Pn1<r)_0' (3)

The eigenvalues E, and eigenvectors P, are needed to have a dipole matrix element
D(r;ry;rsnd;nd)=(n|rIn,1,) determined, and further on the adequate cross-
sections like o w=w;) ~|f)(r rosTemlisn, lf)|2 for the bond-bond transitions.

Results and discussion. The goal of presented work is to prove that a Ar atom
optical behavior in plasma could be described by the means of solving the
Schrodinger equation (3) with the model potential (1), in the same way as it was a
case with the hydrogen atom. Since, in contrast to the hydrogen model, there is not a
adequate theoretical functions for the optical properties the only way was to compare
the results to the hydrogen model ones, and to analyze a convergence of the wave
functions towards the model of unperturbed argon atom in case of diminishing a
plasma influence.

Ar | radial wavefunctions Ar | radial wavefunctions
0 2 T T T 03 T T T

205 I I I I -0.05 I I I I
0.01 0.1 1 10 100 0.01 0.1 1 10 100

r [ag] r [ao]

Figure 1. Comparison of hydrogen and Ar I wave functions.

As first, a pure comparison of argon radial wave functions with the hydrogen
atom ones was made. It could be seen from the example on the Figure 1. that for the
orbital quantum number small enough (1 < 3) where the ionic core has effect onto the
potential (1), the wave function is bond more stiffer to the core than the hydrogen
one, as expected.

On the Figure 2. the set of wave functions are given as a illustration of their
behavior. And finally, the Figure 3. presents a result of the investigation of the
behavior of the wave functions for the variety of cut-off radius r. values that reflects
the averaged plasma influence onto the emitter. For the presented calculation results a
more complex potential is used

2

VAR =V (Bp) =V ()4 52 4)
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Figure 2. Example sets of Ar I wave functions.
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Figure 3. Plasma influence on Ar I wave functions and convergence towards
unperturbed case.

As expected the convergence toward an unperturbed values is proven.

Conclusion. The presented results are leading us to conclusion that the cut-off
Coulomb potential model is usable for the describing more complex atoms in plasma
in general. The well behaved wave function convergences are more than encouraging
for the using of the presented results in a modeling of the optical properties of
plasma. The effort on connecting of optical and transport plasma parameter is to be
done. The considered here Ar I as a emitter is expected to be used in near future in
both single component and complex composition non-ideal plasma. The mid and
higher non-ideality, that is a goal of model, has a influence on describing of stellar
processes. Although the presented work is still in progress, the results could be used
directly even in this early development phase.
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