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MOTBPJIA

Hp Henan Cakan je y OKBUpPY IIpPOjeKTa KOjU je OMO perucTpoBaH kKoj MwuHHCTapcTBa 3a HayKy Op. OU
141033 (2006-2010) u unju pykoBoauial je 6mo aAp AHaToHj MuXajIoB, HAYIHH CABETHUK (3aMEHHK JIp
Jbyounko UrmatoBuh, HayyHH CaBETHHMK) PYKOBOJIMO MPOjEKTHUM 3aJIaTKOM KOjU CE€ OJIHOCHO Ha
MOJIEJIOBAE ONTHYKUX KapaKTEPUCTHKA TYCTe HEHJcalHe BOJOHUKOBE TUIa3Me ojicedeHuM KyrnoHoBuM
MOTEHITH]j AJIOM.

Hp Jbyounako Urmarosuh, HayIHH CaBETHUK

3ameHUK pykoBoauona mpojexta OU 141033
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Oywnua Neanosuh, OLL 'Munoje Bacuh', Kanyhepuua
Papocasa Jlazosuh, Ceagma Georpaacka rumHasuja

Mapwuka Youvoecka-MunosaHosuh, 3yboTtexHuyka wkona, beorpag
Nopgana bojat, Ol 'Jennua MunosaHosuh' - Conot, Beorpag
Cnaeuwa CraHkosuh, OLL 'Munow LphaHckn', Beorpag

MeaH Ctanuh, MaTtemaTtunuka rumHasuja, beorpag

Oparan Mangywwuh, Ol 'Joan JoBaHoBuh 3maj', ObpeHoBaL,
Munow Mpenwuh, MorsonpuspeaHa wkona MK 'beorpag’
Hatawa Yanykosuh, MaTtemaTtudka rumHasnja, beorpag

Waa Mepuh, MNpea 6eorpagcka rumHasuja

Camba bynar, OLU 'bpanucnas Hywwuh', beorpag

JoBuua Munucasroeesuh, MatemaTtuyka rumHasuja, beorpag
Buwra JoBaHoBuh, MaTtemaTnyka rumHasuja, beorpag
KatapuHa MaTtuh, MatemaTtudka rumHasmja, beorpag

Cawa WyweBapuh, OW 'CteBaH CuHhenuh', beorpag

MpeHa MNMaHoB CtameHos, OW 'Nocutej Obpagosuh', Ymka
Cenma Monoswuh, OW "Rnpuno n Metoawje', beorpaa

AHha lMonosuh, OWW 'JoBaH Ayumh', Beorpaa

Wrop Oumutpujesuh, O 'cnpopa Cekynuh', Beorpag
Tamapa [dpobau, MegmunHcka wkona 'beorpag’, beorpaa
MeaHa Tomuh, OLU 'Ctapwu rpag’, Beorpag

PaHka Pajkosuh, OW 'Pagoje JomaHoBuh', Beorpaa

MeTpoBka Topbuua, TexHnuka wkona 'Hoeu beorpaa', beorpag
BecHa Togoposuh-Puctuh, OLU 'JeneHa hetkoBuh', beorpag
MwuneHa Uapuh, MegmunHcka wkona 'beorpag’, beorpag
XKer-ko BykagnHosuh, Cpegtba TypucTuyKa wkona, Hosn Beorpag
Jburbana Mapkosuh, TpuHaecTta 6eorpagcka rumHasuja, Hosun Beorpag
Anekcangpa Munowesuh, beorpag

KceHnuja Kesnh Kaweau, OLL 'Ceetn Caa', MnageHoBal

AHa Nynuh, BojHa rumHasuja, beorpag

Bpatucnas JosaHosuh, OLL 'Bopucnas MNMekuh', Beorpag
Jby6buua Byuunh, OW 'BecennH Macnewa', beorpag

Tophe hunapnsosuh, OLU 'flaza Koctuh', Beorpag

CeeTtnaHa lNMeTtposuh Kypanua, Yetspta 6eorpagcka rumHasuja, beorpag
CnahaHa Wkopa, OW 'Oecnot CtedaH Jlasapesuh', beorpaa
Bepa Bpanuh, OLLU "hophe Kpctuh', Beorpag

MapwujaHa Josuh Jlyuuh, OLL "Hophe Kpctuh', Beorpaa

BecHa MaHnuh, OLU 'Hukona Tecna', beorpag

Hukona Maesnosuh, OLU 'OecaHka Makcumosuh', beorpag
»Kapko HberosaHosuh, NmHasuvja, MnageHoBay,
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. Jannua Benuukosuh, Tl 'Hoeu Beorpag', beorpag

Mwunuua Mupkosuh, OLL 'Bpaha Bapyx', beorpag

WpeHa Bpajesuh, Ocma 6eorpagcka rumHasmja

TaTjaHa NaBena, XXenesHunyka TexHW4Ka Lwkona, beorpag
Jburbana Majosuh Joeanoswuh, OLL 'Baca lNenaruh', Beorpag
TaTjaHa MunosaHoB, Ol 'bpaha Jepkosuh', Beorpag,
CHexaHa KapTtanuja, OLlU "KusojuH MNepuh' - CtybnmHe, O6peHoBay,
Jenucaeeta Xpwakosuh, OLL '®paHue lMpewepH', beorpag
CHexana Kytnawwuh, OLLU 'Bopucnae lNeknh', beorpag

JacHa LeeTkosuh, OLU 'Oocutej O6pagoeuh’, beorpaa
Mwuneta Bacosuh, OLU 'KHernwa Munuua', beorpag

Becenka lNywona, OW 'Page OpanHay', beorpag

Mwupocnas LWWHebnuh, MNimHa3suja 'CeeTtn Caea', beorpag
Hanunjena Casuh, OOLL 'Bnagucnae PubHukap', beorpaa
Hartawa Koctuh, OW 'Bnagnmunp Hasop' - >Kenesnuk, beorpag
Cawa borgaHoeuh, NimHasuja 'CeeTtun Caea', beorpapg
Cenena Manojnosuh, OLL 'OparaH KoayeBuh', beorpaa
Henag Topoposuh, YeTBpTa 6eorpaacka rmmHasuja

Bpanko Mekoeuh, OLL 'JoBaH JoBaHoBMh 3maj', O6peHoBaL
Henag Cakosuh, Ol "hypa Jakwwuh', Beorpag

OuneHa Byjaweswuh, OW 'Bnagnmup Hasop' - XKenesHuk, beorpag
3natuua Jlykmh, ETL 'Page KoHuap', beorpaa

CHexaHa MeaHosuh, OLU 'CteaH [dykuh', beorpag

CtedpaH MNMonosuh, O 'CeeTtn Caea', MnageHoBal,

Cnaeuua Bykocasreesuh, Ol 'Jedbummja’, O6peHoBal
BnagaH WUruh, 3emyHcka rumHasmja, beorpag

AHa Manrotuh, OLWL 'KnHernwsa Munuua', beorpag

KocTa Manuh, Mpea 6eorpagcka rumHasuja

Hanwnjena CtaHojesuh, NimHasunja, MnageHosau

TaTtjaHa Murbakosuh, NeTa 6eorpaacka rumHasuja

Tatjana Jouuh CtedaHosuh, Ocma 6eorpaacka rumHasunja
Cnasuua 3nataHosuh, Ocma 6eorpagcka rumHasmja

Henag Anekcuh, Ocma 6eorpaacka rumHasunja

WMBeaHa Majctoposuh, Ocma 6eorpagcka rumHasuja

Cnasuwa Becuh, NpBa 6eorpaacka rumHasuja

CseTtnaHa [JamjaHosuh, NpBa 6eorpagcka rumHasuja
Buonerta Jlyjuh, MNpea 6eorpaacka rumHasunja

Cno6ogaH Cnpemo, [leBeTa 6eorpagcka rumHasmja
CnobogaHka Peuuh, [leBeta Georpagcka rumHasuja

OejaH JesToBUO, [leBeTa 6eorpagcka rumHasuja

Cawa Lynah, [leBeta 6eorpagcka rumHasuja

XKerbko LiBetuh, [leBeTta 6eorpagcka rumHasnja

lopaaHa nuh, Ceama 6eorpaacka rumHasunja, beorpag
Bucepka Cumunh, O 'Oywko Pagosuh' - Cpemumnua, beorpag
Jenena XXusaHosuh, 3emyHcka rumHasuja, beorpag

Oparuua Kpsasau, OLU 'Kpars MNetap Mpeu', beorpag

JoBaH Jlasuh, OW '®dunun Krbajuh duha', beorpag
AnekcaHgpa CtaHojeBuh, TexHnuka wkona-XXenesHuk, beorpag
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Hartawa Tabakosuh, OLL 'eaH NopaH Kosaunh', Beorpag
BecHa Mapkosuh, OLL 'CteBan Cpemaly' - bopua, beorpag
TaTtjaHa BojuHosuh, OLL 'Hukona Tecna'-BuHua, Beorpag
Mwunuua Cumuh, OLL 'Hukona Tecna'-BuHua, beorpag

bojaHa 3eneHoBuh, Ocma 6eorpagcka rumHasuja

PagoeaH Koesauesuh, Ocma Georpaacka rumHasmja

Bepa bhakosuh, beorpag

AnekcaHgpa Ctedanosuh, Ol 'Hagexna MNeTtposuh', beorpag
3opaH Pakuh, OLL 'Kocta hykuh', beorpag

KaTtapuHa CteBaHoBuh, CrnopTcka rumHasmja, beorpag
lopaana Anekcnh, CnopTcka rumHasnja, beorpag

MBaHa KHexesuh, CnopTtcka rumHasuja, beorpag

Mwupjana Mayuh, Cnoptcka rumHasuja, beorpag

Panko Mapkosuh, Ol 'Munena Masnosuh Bapunu', Beorpag
Mpeppar Poanh, OLL '3ara Manusyk', beorpag

JacmunHa Crteeanosuh, OLL 'dyne Kapaknajuh', Beorpag

KaTta ByneTtuh, OL 'Boxg Kapahophe'-JakoBo, beorpag
Papgojka Yynuh, OLWW 'Joean Ctepuja Nonosuh', Beorpag

Cauwa lNMeHeBckun, O 'bpaha Jepkoeuh', beorpag

3apaeko MapjaHosuh, NMpBa o6peHoBayka ocHOBHa WwKona, O6peHoBall
Oywanka Pocuh, OLU 'JaHko BecenuHosuh', beorpag

>Kerbka Knyc, OLU 'CeeTo3ap Mapkoeuh', beorpag

Hapa Jojuh, Ol '®éunun dununosuh', beorpaa

Oparana MNueaw, OLU 'Ckagapnwuja’, beorpag

HeHapg Nonosuh, MNmMHasuja 'UpkaHcku', beorpag

MunujaHa MNeTtpuhesuh, CnopTcka rumHasuja, beorpag
Iparocnaea Jeknh, MegnuuHcka wkona 3Be3gapa, beorpag
CHexaHa behupuh, MeamunHcka wkona 3eesgapa, beorpaa
Oparocnas Llojuh, OLWL 'Baca Yapanuh'-benu MNoTok, beorpag
Mapwjana Kpcmanosuh, OLL 'Boxa Kapahophe' - JakoBo, beorpag
JburbaHa CrtojaHoBuh, Beorpag

BecHa PagosaHoBuh NeHescku, OLL 'YjeanweHne Hauwje', beorpaa
CHexana Hewmeww, OLU 'Byk Kapauvh', beorpag

AnekcaHapa Mujoeuh, 3yb6oTexHu4dka wkona, beorpaa

JyXXHO-6a4Kkun oKpyr

AppujaHa Capuh, Ol 'Mupocnas AHTuh' - dyTor, Hosn Cag

Mopaana Xajaykosuh Jangpuh, OLL 'Mupocnas AHTuh' - ®yTtor, Hosn Capg
Jlyka TanacujuH, O 'Tletap Kouuh' - TemepuH, Hoeu Cag

CeeTto3ap Tpeckasuua, Ol 'Munow LpraHckn', Hoen Cag

MapuHko Metkoeuh, LUOCO 'MunaH NMeTtposuh', Hoen Cag

MapwuHa Jopouku, M'mmHasuja 'icugopa Cekynuh', Hosn Cag

Tamapa MNasapkuh, OLL 'JoBaH JoBaHoBuh 3maj', Cpemcka KameHunua
MunyTtuH Payw, Ol "Bypa OaHuuuh', Hoen Cag

Twjana Jouuh, MeamumHcka wkona, Hosn Capg

CHexaHa bynajuh, N'mmHaauja 'JoBaH JoBaHoBuh 3maj', Hosu Capn

. Oparana Jasugosau, OLU 'JoaH 'punh MuneHko' - beounH, Hoeu Cag
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lopgana beknaeau, 'vMmHasmja 'Ceeto3ap Mapkoeuh', Hoen Cag
Jenena lNetposuh, OLL 'Mupocnas Muka AHTuh', Hoeu Capg

AHa Bnaxosuh, N'MmHasunja, Bpbac

3naTtko Wrp6auy, MNmHasuja 'JoBaH JoBaHosuh 3maj', HoBn Cag
Baca Byuypesuh, OLL 'BpaHko Pagnyesuh' - CasmHo Ceno, Bpbac
Hparana Cymasep, N'MmHaswnja 'JoBaH JoBaHoBuh 3maj', Hoen Cag
Hparan Byjosuh, Cpearba cTpydHa wkona '4. jynu', Bp6ac

bojaH Mursesuh, Hosu Cag

Haga Oe6enuh, OLL 'BpaHko Paguyesuh', Hoeu Capg

CpeTo YHkouh, OLU 'Byk Kapauuh', bauka lNanaHka

HuwaBckn okpyr

BnapaH MnageHosuh, 'MMHasuja, AnekcmHau,

Jyrocnas bhophesuh, OLL 'By6arckun xepojn', Hiw

Cnaorby6 Mutuh, N'mmHasuja 'Ceetosap Mapkosuh', Huww

BecHa Npo3gaHoBuh, Ol "Yunters Taca', Huw

lopgana CtaHojesuh, O "Yuyuters Taca', Huw

BpaTtucnaes Cumuh, NivHa3snja, AnekcuHal,

TatjaHa Muwwuh, O "Yerap', Hiw

MapwuHa HajgaHosuh-Jlykuh, OLU 'OecaHka Makcumosuh' - HYokoT, Huw
Ceetnana buknh, OW "hypa Jakwuh' - JenawHuya, Hyw

Hapko Cvmuh, O "Yerap', Huw

AnekcaHgpa Bykosuh, Ol 'Tbynye Hukonuh', AnekcuHay,

HaHnena CtaHojesuh, MMmHa3snja 'CeeTto3ap Mapkosuh', Huw
CnaBorby6 Pagynosuh, MNimHaswnja, AnekcuHau

JeneHa hophesuh, NMmHa3uja 'CeeTo3ap Mapkosuh', Huw

OparaHa JeneHkosuh, NMmHa3snja 'CeeTo3ap Mapkosuh', Huww

Jenena CtaHkoBuh, Huww

Burbana JosaHosuh, NivHasmja 'CteBaH Cpemauy’, Huw

JacmuHa Kapanuh, Huw

JacmuHa PagosaHoBuh, MeanumHcka wkona 'Op MuneHnko Xapuh', Huw
CysaHa Ctannmmposuh, MeamumHcka wkona 'Op Munenko Xauuh', Huiw
JTazap PageHkosuh, NivHasuja 'bopa CtaHkosuh', Huw

CHexaHa 3gpaskosuh, OLL 'Kparb MeTap I', Hiw

Munena Mutposuh, OLU 'OywaH Tackosuh Cpehko', Hiwka Bana
MarganeHa lNMetposuh, O 'BpaHncnas Hywuh' - Jowa TpHaBa, Huw
Cnahana bapah, OLU 'MBaH NopaH Kosauuh', Huwka bana

Bnapana Nony6osuh, Huw

Nanuua Pawwnh, MeguumHcka wkona, Huw

Lymaaujckm okpyr

Ana XXnubap, Npea KparyjeBayka rumHasuja
KaTtapuHa hophesuh, [NpBa kparyjeBayka rumHasuja
AHa Mapkosuh, [NpBa kparyjeBayka rumHasuja

. Aparan Kapajosuh, lNpBa kparyjeBayka rumHasuja
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Corba Casoeuh, OLL 'CeeTtun CaBa', Kparyjeau

JacmumHa Joenuumh, OLU 'Hatanuja Hana Hegerskosuh' - MpowHuua, Kparyjeeau

Burbana >Xuskosuh, OLL 'Byk CtedaHosuh Kapayumh', Kparyjesau

Casa Vnuh, OLL 'Munow O6peHosuh', ApaHhenosal,

Hanunjena Mutposuh, OLU 'Munan Unuh-Yuua', Apanhenosay

Henag MayHosuh, OLL 'Byk CtedaHosuh Kapayumh' - Hauak, Kparyjesay,
BecHa Cnacojesuh, lNpBa kparyjeBayka ruMmHasuja

Hatawa MunuHkosuh, O 'MunyTtun n Oparnwa Togoposuh', Kparyjeeay,
Jburbana Cumuh Paenuh, OLU '21. oktobap', Kparyjesal,

MeaH Maeuhesunh, OLL 'CpeTten MnageHosuh' - lecummpoBau, Kparyjeeal,
Oparan OrwaHosuh, NpBa TexHu4Ka wkona, Kparyjeesau

AnekcaHgpa 3e4deBuh, MmHa3snja - Yavak, KparyjeBal,

JeneHna Bemsosuh Mujannosuh, OLU 'CeeTtun Caga' - TonoHuua, KHuh
BaneHTtnHa Pauwnh, OLLU 'Tpehu kparyjeBaykn 6aTtaroH', Kparyjesay,
CHexaHna Munuhesuh, OLL 'CtaHucnae CpemueBuh', Kparyjesauy
BurbaHa ByjaHosuh, OLU 'MunaH Unuh-Yuua', ApaHhenosal

Corba Koeauesuh, OLU 'Munoje Cumosuh'-Oparo6paha, Kparyjeeay,
CysaHa ApHayr, NpBa kparyjeBayka rmmHasuja

Hannbop Oennbawwuh, NimHasnja, ApaHhenosau

bojaHa hophesuh, Cpeara wkona 'Hukona Tecna', batounHa

MapwuHa KoeaHosuh, OLL 'CeeTn CaBa' batouunHa, Kparyjesay,

KaTtapuHa henowesuh, MawunHcko-caobpahajHa wkona - Yavak, Kparyjeeay,
AHa JaHkoeuh, OLL 'CeeTtn CaBa', ApaHhenogay,

JeneHa bpkosuh, MeguumHcka wkona, Kparyjesay,

Comba UrpytnHosuh, MeanuunHcka wkona, Kparyjeeau

Crana JeBTunh, MegumumHcka wkona, Kparyjesau,

Mwupjana Yanposuh, MeguumHcka wkona, Kparyjesay,

CeeTtnana Mujamnosuh, OLU 'CtaHncnas Cpemuesuh', Kparyjeeay,

KocoBo n Metoxuja

MapwuvHa buwesau, MeguumHcka wkona, K. Mutposuua

Cno6ogaH Muxajnosuh, M'mmHa3suja, K. Mutposuua

Majga MNMonoswuh, OW 'Kpars MunytuH', 'padaxmua

AnekcaHgpa NeBo3guh, T 'M. MNeTposuh Anac', K. MutpoBsuua
Benuka Apcenujesuh, OLL 'Bnaroje Paguh"- 3ynue, 3y6uH MNotok
Cnasuua Tepauh, CW 'Tpuropuje Boxosuh', 3yb6uH MoTtok

Josuuya Muwkosuh, ETL 'Munagun Monosuh'-Cywmua, MNpuwtuHa
BpaHumup BykaguHosuh, MeguuunHcka wkona, K. Mutposuua
Hannjena Cnacuh, MeguuuHcka wkona, K. Mutposuua

MurbaHa Pagexkosuh, CTL 'Muxajno MNetposuh - Anac', K. Mutposuua
Ema Mypuh, N'mmHasuja, K. MutpoBsuua

JacmuHa lMaye, OW 'Byk Kapauuh'-Mpunyxje, ByuntpH

Bepa lNMpokuh, MNMorsonpuspegHa wkona, MNpuwtunHa-Newak
Cnasuua AHTtonunjesuh, OLW 'Jlenocasuh', Jlenocasuh

Paguua Buwesau Tomawesuh, OLL 'JoBaH LiBujuh', 3youH MoTtok
MapwujaHa 3eneHosuh, NimHasuja, K. Mutposuua

JacmumHa CteBuh

2016

2015

2014

2013

2012



374.
375.

376.
377.
378.
379.
380.
381.
382.
383,
384,
385,
386.
387.
388.
389.
390.
391.
392.
393.
394,
395,
396.
397.
398.
399.
400.
401.
402.
403.
404.
405.
406.
407.
408.
409.
410.
411.
412.
413.
414,
415.
416.
417.
418.

Oywan Casuh, OLL TleTtap MNMetposuh Hoerow' - MNopwe Kycue, MNbunane
HywaHka Koctosuh, Jlenocasuh

MauBaHCKM OKpyr

Mwupko Harn, N'ivHasuja, Labau

Mwupocnae PuctaHosuh, 'MmHa3suja, JlosHmua

Oparan CtaHkosuh, N'MmHaswnja 'Byk Kapapuh', llosHuua

NopaaHa BykocasrbeBuh, TexHuYka wkona, J1osaHuua

JacmmHa bhoknh JoBaHoeuh, MNMmHa3snja, Labay

Mwunojko CtedpaHosuh, Cpeatba wkona, Kpynam

Mapwjana Tewwuh, MegnuuHcka wkona, Wabau

Cpehko Vnuh, MeguuuHcka wkona, Wabauy

Papojka Puctanoeuh, OLL 'Bepa bnarojeBuh'-bana Kourbaua, JlosHnua
TaTjaHa Lisejosuh, NMM® Hoeu Capg

>Kerbka Mapkosuh, CLU 'Byk Kapapuh', I'by6osunja

Oparan Oojuh, Cpegrsa wkona, Kpynamw

TaTtjaHa Mapkoeuh Tonanoeuh, MeguuuHcka wkona, LWWa6auy
BecHa CtenaHoBuh, TexHuyka wkona, LLabay,

Hukona Meauh, TexHnyka wkona, LWabau,

CsetnaHa Hukonuh, Ol 'JaHko BecenuHoBuh', LLlabal,

JacmuHa MunytuHosuh, O 'Bopusoje XK. Munojesuh’, Kpynam
Bnagumup Cumoswuh, OLL 'JoBaH LiBujuh' - 3mumsak, LWabay

Maja Katanuh, OLU 'Byk Kapaywvh', LLa6ay,

Munuua Berbuh, O 'Bojsoga Ctena', Jlunonucr, LWa6ay,

Joso Muxajnosuh, OW 'Hukonaj Benumuposuh', LLabal

MapwuHa Bunotuh, Cpeghsa wkona 'Ceetn Casa', JlosHuua
Munomunp Capwuh, N'mmHasuja 'Byk Kapayuh', JlosHmua

PageHka Jankosuh, OLL 'Kpars Anekcangap Kapahophesuh', MNpwasop
CHexaHa Bykosuh, M'mmHaswuja, LWabau

BpaHko Borocaerbesuh, OLU 'CBetn Caea' - JlunHuyku LWop, JlosHuua
Tomucnas Muxaunnosuh, OLL 'CtojaH HoBakosuh', LLiabau
Burbana Majuh, OLW 'JeBpem O6peHosuh', LLlabal

OparaH Hokuh

BecenvH LBeTnHosuh, OLL 'Bopueoje K. Munojesuh', Kpynah
YKusopag Vnuh, Cpegrsa wkona 'Ceetn Caea', JlosHuua

HparaHa Jlykuh, OLL 'JaHko BecenuHosuh' - LipHa bapa, boratuh
bursaHa CpgaHosuh, O 'Muka Mutposuh', boratuh

HejaH Maenoeuh, OLW 'JoBaH LiBnjuh' - 3munmak, LLabday

BecHa Pnbuh, OLL 'Hukonaj Benumnposuh', Labay

CHexana Pankosuh, OLU 2Kukuua JosaHosuh LnaHay' - bena Lpksa, Kpynak
Cwumo Lpesap, Labau

Burbana BawTtoBaHosuh, OLL 'HaTta Jenuyuh', LLiabau

Mwunueoj Naenoeuh, OLL 'Majyp', LLabau

Casko Yajuh, Ol 'JaHko BecennHosui', Labauy,

BbpaHka Koeuh, OLL 'CtojaH Hosakosuh', LLlabay,

Harannja Mapkoeuh, OLL 'Oocutej O6paposuh’ - Bonyjau, LWWabay,
BecHa Konapwuh, Ol 'Ma3a K. Jlazapesun’, LLlabau

2016

2015

2014

2013

2012



419.
420.
421.
422.

423,
424,
425,
426.
427.
428.
429.
430.
431.
432.
433,
434,
435,
436.
437.
438.
439.
440.
441.
442.
443,
444,
445,
446.
447.
448.
449.
450.
451,
452,
453,
454,
455,

456.
457.
458.
459.

Burbana Tomuh, OLL 'JTasa K. Jlazapesuh', LLlabay,
Cnagka Kpctuh, OLL 'JeBpem ObpeHosuh', LLlabau
Mwuposrby6 CtaHojesuh, Cpegra ekoHOMCKa LiKona, JlosHuua

boxuua Bnaguh, OLU 'bpaha Pubap'-Lowa BopuHa, Mann 3BopHUK

Pawwkun okpyr

Mpegpar Caswuh, N'MvHa3snja, Kparbeso

Hartawa Kntanosuh, OLU 'CBeTto3ap Mapkoeuh', Kpar-eso
Hparana MunyHosuh, ECTLU 'Hukona Tecna', KparbeBo
BnapaH lNMejosuh, NMmHaswnja, Kparbeeo

MwupjaHa JaHkosuh, MMHa3uja, KparbeBo

Patomup By4dkosuh, NMmHa3suja, KparbeBo

Pudat buxopau, N'mvHasuja, Hoeu Nasap

Jbybuwa Berbkosuh, OLL 'YnbykoBaukun naptmnsanHn', Kpar-eeo
MwupjaHa Nuuh, MNmHasnja, Bprisayka barsa

Hasnm Cyrsuh, O 'Jowannua'-Jlykape, Hosu MNasap

Xakunja bewwuposuh, NimHasnja, Hoeu NMa3zap

Cyag Xouwuh, NimHasuja, Hosu lNasap

Mapuwja Heperskosuh->Xuskosuh, N'MvHasuja, Bpwauka barba
Hasup Cyrbuh, Hosu Masap

Hadwmja Cyrbmh, EkoHOMCKO-TproBmHCKa Lwkona, Hosu MNa3sap
Npena Mytasuuh, OLU 'Pawka’, Pawwka

CnobogaHka YyrnyyaHuH

Becum Jbajuh, OW 'decaHka Makcumosuh', Hosu Masap
JacmumHa Bucepunh, OLL 'TlonnHcku 6opun', Bprayuka bana
EHnca Jemuposuh, OLL 'Mewa Cenumosuh' - Pubapuhe, TyTuH
Hejan Pakuh, NmHasunja, Kparbeso

Oywan bykymupa, OLL "hypa Jakwuh' - KoHapeBo, KparseBo
MapwuHa Tpannosuh, MeguumnHcka wkona, KparbeBo

Mapwuja Tomuh Nosuh, OLL ' IV kparbeBaykm 6atarboH', Kparbeso

Mwune lMNpogaxoeuh, OLL 'Byk Kapauuh', PubHnua

Oparana bhophesuh, MNXLW 'Op Hophe Paguh', Kparseso
Mwunow Oenewnh, OLU ' IV kparbeBayku 6atarsoH’, Kparbeso
[ejaH Pakowau, OLU 'CseTtn CaBa' - PubHuua, Kparmeso
AnekcaHgap O6pagosuh, OLW 'OumuTpuje Tyuosuh', Kparbeso
JacmuHa Munojesuh, OLL 2KusaH Mapuuunh', XKnua

3soHumup 3ajuh, OW 'Tetap Hukonuh' - Camanna, Kparbeso
JosaHka Togocujesuh, OLU 'JoBo Kypcyna', Kparbeso

Pyxwnua Kapasecosuh, MeauunHcka wkona, Kparbeso

NMomopaBcku okpyr

WMBaHa Kpyrb, OLWL "Bypa Jakwwuh', hynpuja

Mpeppar MNeha Munowesuh, N'vvHa3snja MNapahuH
NopaH Munenkosuh, OLU 'Paga Murekoeuh', JarognHa
BecHa Togoposuh, Ol 'Paga MurskoBuh', JarogmHa
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460. [lapko Murbanuh, N'mmHasnja, hynpuja

461. Cnasuua Vinuh, MNumHasunja, hynpuja

462. [lejaH MunyHoswuh, MNorbonprBpeaHo-BeTepUHapcKa wkona, CeunajHal
463. [iparaHa hypuh, OW 'BpaHko KpcmaHosuh' - lowwa MyTHuua, MapahuH
464. [iparaHa Backosuh, OLU 'Pagoje JomaHosuh', MapahuH

465. Mpegpar MuneycHuh, OLW 'Byk Kapauuh', hynpuja

466. Haguua Casuh bhyjuh, Ol 'bowko hypuunh', JarognHa

467. CHexxaHa Tanwuh, OLL 'CteaH Jakoerbesuh', MNapahuH

468. MapuHa Bacuh, OLU 'BpaHko Kpcmanoeuh'-A. MyTHuua, MNapahuH
469. iBaH CteBaHoBuh, OLL 'Momuumno Monoeuh-O3speH’, MNapahuH

470. Cnaeuua Togopoeuh, M'mmHasumja 'CeeTo3ap Mapkoeuh', JarognHa
471. MupjaHa Matnh PagocasreeBuh, NpBa TexHu4Ka wkona, JarognHa
472. Cy3ana Munojesuh, OLU 'Oecnot CtedaH Bucokn', [lecnotosal
473. Qpaxo Berbosuh, Ol 'Munan Mujankosuh', JaroguHa

474. BnapaH JoeaHosuh, OLL '17. oktobap', JarognHa

475. MupjaHa Maenoeuh, O 'Byk Kapayuh'-Imoroeau, JarognHa

476. JacmmHa Munocasreesuh, Ol '17. oktobap', JarognHa

477. TaTjana lNajuh, Cpeara wkona, CeunajHau

478. Cowba hophesuh, NimHasuja 'CeeTtosap Mapkosuh', JarognHa

479. I'bnrbana Hukonuh, M'mmHasuja 'Ceeto3ap Mapkosuh', JarognHa
ag0. JburbaHa Kpctuh, ETT L 'Hukona Tecna', JarognHa

481. Mapuja Murbkosuh, OLU 'BpaHko Paguuesuh' - Monoeau, MNapahuH

Jy)XHO-6aHaTCKn OKpyr
482. JeneHa Mapkosuh, EnekrtpotexHuyka wkona 'H. Tecna', lNaHyeBo
483. [parorby6 Llyuuh, PernoHannm ueHTap 3a taneHte 'M. MNynuH', MNaH4yeBo
484. JacmuHa hocuh, MNimHasuja 'Ypouw MNpeaun', MNMaHyeBo
ags. Cangpa Bojuunh, OW 'Mnagoct', Bpway,
486. Munenko [abwuh, N'mmHa3auja "Ypow MNpeguh', MNaHyeso
487. AHhena Cnacwuh, N'MmHasuja, Bpwau
488. Hatawa TpudyHoBuh, Xemunjcko-meanumnHcka wkona, Bpway,
489. Jburbana Jankosuh, OLL 'BpaHko Paguyesuh', MaHyeBo
490. Mnnan Cypna, Teneckud OO, NaH4yeBO
491. Henap Npospanuh, OLL 'Casa XKeberbaH' - Lipenaja, KoBaunua
492. Yegomuna Kpusokanuh, MNorsonpuepeaHa wkona, Bpwau
493. [lparnua Tacuh, O 'Byk Kapauuh', CtapyeBo
494. Bopucnas lNMosHaToB, MMMHa3uja 'Ypouw MNpeanh', NMaHyeBo
495. MapuHa Opnos, OLU 'CBeTtu Caga', [NaH4eBO
496. JeneHa LiseTkoBuh, MNmHasuja, Bpau
497. Carba BopeHnyap Mapkosuh, Tl '23 maj', MNaH4yeBo
a98. AnekcaHgap Bur, Ol 'Byk CtecaHoBuh Kapauuh', CtapyeBo
499. Bnagnumup Mapkosuh, TLL '23 maj', MNaHyeBO
s00. Mapwujan ®apkaw, OLU “Kapko 3pewaHuH', bena Lipksa
s01. Jenuua Potap CumoHoBuh, MeanumHceka wkona, lNaH4yeBo
s02. 3opuua CraHkuh, Ol 'Mcnpgopa Cekynuh', NaH4yeBo
503. PagawuH MNeTpoHnjesuh, MNaHyeBo
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3ajeyapcku okpyr

MnageH Wrsueosuh, MNivHa3snja, 3ajeyap

Ctpaxuma naeoHuh, 3ajevap

Crana Muwuh Kosauesuh, LY 3ajevap

Mwupjana CtaHojesuh, MmHaswnja, 3ajevap

Buoneta Benumuposuh, O 'Tbybnua Pagocaereesuh Haga', 3ajevap
Anhenka AnTtuh, CLU 'Hukona Tecna', borbeBay,

3narta Ypouwesuh, OLU 'Tbyba Hewwuh', 3ajevap

MwunujaH Cpejuh, NimHa3suja, Kibaxesal,

Cnahana JosaHosuh, Ol 'Jepemunja Minuh-Jerop'-Protuna, 3ajevap
JburbaHa Togoposuh, MegnuuHcka wkona, 3ajevap

Oparvua Hukogujesuh, OLU 'Oy6pasa’, Knaxkeay,

Tamapa AngoHoeuh, OLL 'Oumutpunje Togoposuh-Kannap', Kwaxesay,
>Kneopag Wnuh, OLL 'MuTtpononut Muxamno', Cokobara

Bojkan 3gpaekosuh, OLU 'Mutpononut Muxauno', Cokobana

Jenena lNMetposuh, OLL 'Byk Kapapuh', KinaxxeBal,

AnekcaHgap Jestuh, OLL '9. cpncka 6puraga’, borbeBau

Hartawa JosaHosuh, OLU "Xajayk Berbko', 3ajevap

CpemMcku okpyr

BpaHucnaea bnajsas, OLL 'JoBaH JoBaHoBuh 3maj', Cpemcka Mutposuua

JaHko JoBaHoBuh, N'vmHasuja, Cpemcka Mutposuua

Ho6puna Koctuh, OLU 'Pactko Hemawuh - CeBeTtn CaBa', Hoea Na3oBa

OparaHa Apcenujesuh, OLU '23. oktobap'-MonybuHum, C. MNMasosa

3opaH MaHguh, OLL 'CeeTn Caa', Cpemcka Mutposumua

AHa Anapruh, CTLWU 'Hukona Tecna', Cpemcka Mutposuua

JburbaHa CtokaHoeuh, OLL 'Tpuea Butacosuh-JlebapHuk'-Jlahapak, C. MutpoBuua
CHexaHa Kepkes, OW 'OywaH Jepkosuh', Pyma

Paga Tpajkosuh, CTLW 'Hukona Tecna', Cpemcka Mutposuua

Mupko MnageHosuh, OLU 'Cno6opaH Bajuh-IMaja’, Cpemcka Mutposuua

Jburbana ManTtenuh, MeanumHcka wkona ‘Oparmkwba Hukwuh', Cpemcka MuTtposuua
Bnactumup XKerbajuh, N'ivHasuja, Pyma

Camnsa Veuh, OLL 'JoBaH Monosuh', Cpemcka Mutposuua

Mapwija Kypyuwuh, MNimHasuja, Cpemcka Mutposuua

JosaH Csunap, Ol 'bpaHko Pagnyesuh'-KyamuH, Cpemcka MutpoBsuua

CnahaHa Ctojcasrbesuh, OLL 'JosaH Monosuh', UHhuja

3natko Wanwh, NimHasunja, Cpemcka Mutposuua

PacuHcku okpyr

Hartawa Panuh, MNpBa TexHu4ka wkona, Kpywesal
Cana Matujawesuh, LY Kpywesay,

Munow Mutposuh, OW 'Oocutej O6pagosuh’, hiuhesay,
Oparana Munuhesuh, M'mmHasuja, KpyLwiesal,

Hapa Casuh, NivHa3suja, Kpywesay,
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580.
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MwunaHka Wnuh, NmHasunja, Kpywesal

opgana Hactuh, Ol 'Haga Monosuh', Kpywesal

Jlngnja PagosaHoBsuh, Bucoka xem.Tex. wkona, Kpywesal

CHexaHa benownua, OLL 'Tbybueoje bajuh'-Meggeha, TpcTeHuk
Manga Knexesuh, OLU 'Hukonaj Benumuposuh', Anekcangposal,
NopaH Munuhesuh, OLL 'JoBaH MNonosuh', Kpywesal,

Jburbana Ctankosuh, OLLU 'JoBaH JoBaHoBuh 3maj', KpyLiesal
Nopuua MieaHosuh, OLU 'Oocutej O6pagosuh’, Kpyliesal,

Aparan Kannapesuh, OLL 'bpaHko Pagnyesuh' - PasbojHa, Kpywesay,
BecHa Paguh, OLU 'Page Joauh' - MunyTtoBau, TpcTeHuK

Cpeame-6aHaTCKun OKpyr

Hapko PagoBaH4yeBuh, NMvHa3snja, 3peraHnH
Hukona TaHkocuh, N'MvHa3snja, 3peraHnH

BurbaHa TaHkocuh, 3peraHuH

CeeTtucnae KomaH, NimHasuja, 3petaHuH

Tubop MakaH, NmHa3suja, 3peraHuH

Hukywop MNeTpos, MNMMHa3wnja, 3peraHuH

Jyrocnae borgaHosuh, XIMTLW "Ypow lMpeauh', 3perwaHnH
Bepa damjaHoB, 'MMHa3unja, 3peraHunH

Mwuwa Bpauuh, OLL 'Corwa MapuHkoBuh', 3peraHnH
Benusap Monuh, Ol 'CepBo Muxarb', 3peraHuH
VBaHa Me3eun, MeamumHcka wkona, 3petaHuH
Cwuneana >Xuekosuh, Ol "hypa Jakwuh', 3peraHunH

3anagHo-6ay4kn oKpyr

OywaH Muwkosuh, MN'mmHa3sunja, Combop

Munucas Octojuh, CTLW 'Muxajno MynuH', Kyna

MunaH Maptuwyk, OLL 'TeTtedun 6puraga’, Kyna

Jburbana Mujatosuh, MN'ivHasuja 'Bersko MNeTtposuh', Combop
CHexaHa Hukonuh, OLL 'Hukona Tecna' - Krbajuheso, Combop
Comsa Jypkosuh Jlytkuh, OLU 'Bpatcteo-jeauHcTteo’, Combop
Mapwuja Pagynosuh, OLW 'Mupocnas AHTuh' - YoHonba, Combop
EpsuH BpuHasa, O 'BpatctBo jegmHcTBo', Combop

JNNagncnas MNandwu, OL 'BpatcTeo jeanHcTBO'-CBeTO3ap Munetunh, Combop
Oparomby6 hypuh, OW 'MeaH NopaH Kosaunh'-Ctannwunh, Combop
Jyrocnasa banah, OW 'MieaH NopaH KoBaunh'-CoHTa, AnaTuH
BecHa YopTaH, OLL "Kapko 3peraHuH', AnatuH

Bopo bynar, OLW »Kapko 3pewaHuH’, AnatnH

Cno6ogaH boxwh, OW 'Hukona Tecna'-Nlunap, Kyna

Munow Kpusokyha, OLL '20. okto6ap'-Cusau, Kyna

AHhenka Tepauh, OLU 'MiBo Jlona Pubap', Com6op

CrteBaH Xunko, OW 'Byk Kapauuh' - LipeHka, Kyna

Oparax Bykenuh, OLLU 'Oocutej O6pagosuh’, Combop

MeTtpana Jakosuh, LUIOOO, Combop
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Jbybuua bhypuua, OLL 'Aspam Mpasosuh', Combop
Mwnan Bpaap, N'vvHa3snja, Combop

3naTnéopckn oKkpyr

opgana BapHuua, NmvHa3snja 'Ceetun Caga', lNoxera

AHrenuna Jepotujesnh Mapkosuh, OLL 'Ctapu rpag’, Yxuue
CHexaHa JeshoBuh, Yxxnuka rumHasuja, Yxuue

Jenena PagoBaHosuh, Ol 'Cno6ogaH Cekynuh', Yxuue

Hwukona JoeaHosuh, N'MmHasnja 'Jocud MNanuuh', bajuHa bawTa
YKneojuH NMaenosuh, YXXudka ruMmHasuja, Yxuue

BbpaHka Cmurbanuh, NivHasnja 'CeeTtn Caa', lNoxera

Limnreka Bacosuh, Yxndka rumHasmja, Yxuue

Hanuua Towwh, MorbonpuepenHa wkona 'Tbybo Muhuh', MNoxera
Comba NposgaHoeuh, MNimHasuja 'CeeTtun Caea', Noxera

BecHa Oumutpunjesun, NMpBa ocHoBHa wkona Kparsa lMNetpa I, Yxnue
Bepuua Bpkosuh, OLL 'Cno6ogan Cekynuh', Yxunue

Mwunuja Tonanosuh, Cpegna wkona 'Ceetn Axunuje', Apurbe
MeaH XKyHuh, OLL 'Anekca Jejouh' - CeBojHO, Yxuue

BpaHu4yeBCKU OKpyr

Maja JosaHosuh muropujesun, NivHasuja, Noxapesal
3opuua Anekcuh, MNivHaswja, MNoxapesad

MwunaH Anekcuh, N'mmHaswnja, MNoxapesal

MBean CtojaHoBuh, N'MMHa3wja, MNoxapesay,

JeneHa [o6puunh, O 'Byk Kapauuh', MNoxapesay,
CeeTtuncnas Jbybucasr-esunh, MeguumHcka wkona, Noxapesal,
Oparan Aspamosuh, MeguumHcka wkona, lNoxapesau,
Oparana Tanuunh, OLU 'Byk Kapayuh', Noxapesay,

CHexaHa CtojaHoBuh, OLL 'Kpars AnekcaHgap I', MNoxapesal
Oparan Manguh, Ol 'MBo Jlona Pubap', Benuko Npaguwite
Topop Oparorsesuh, Cpeawba wkona, Benvko Mpaguwte

MunHscku okpyr
BecHa Mutuh, CLL 'CeeTtun CaBa', byjaHoBay,

Cpb6a Crowwuh, Ol 'Byk CtedpaHosuh Kapauuh' - JleBocoje, byjaHoBau

Haamn Hyxuju, O 'decanka Makcumosuh', ByjaHoBay,
CnahaH Puctuh, Ol 'Byk Kapayuh', MNMpeweso

®epat Pyctemu, OLWL 'OecaHka MakcumoBuh', ByjaHoBal
CysaHa MeaHosuh, OLU 'Byk Kapayuh', Bpawe

Xupwmete Benuy, N'mmHa3suja 'CkeHgepber’, MNpeweso
TatjaHa Ctowwuh, LieHTap 3a TaneHTe, Bpame

MBaHka CtaHkosuh, 'MMHa3unja 'bopa CtaHkoBuh', Bpake
Bnaguua Cnacuh, OW 'Byk Kapauuh', Cypaynuua

Cawa JoaHoBuh, NivHasuja 'bopa CtaHkosuh', Bpare
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MBuua Mutuh, OLU 1. maj' - BpTorow, Bpane
Ho6pu CtankoBuh, MeanumnHcka wkona, Bpawe

CeBepHO-6a4kn OKpyr

Jenena lMNucapos, Ol 'MaTtko Bykosuh', Cy6otuua

Hanuwen Baposuh, Ol 'JoBaH Muknh', Cy6oTtuua

BburbaHa TaHacuh, M'mmHasmja 'CeeTto3ap Mapkosuh', Cyb6oTtuua
Mwunopag Kosauesuh, O 'MwTBaH Ceuyensn', CyboTmua
CrojaHka bjenetunh, MeguumHcka wkona, Cybotmua

Mwupko Kncenndku, NmmHasuja 'Ceetosap Mapkosuh', Cy6oTtuua
Jburbana KpHajckn, N'mvHa3snja 'Ceetosap Mapkosuh', Cy6otuua
Apanka AmwTtagTt, Ol 'JoBaH JoBaHoBuh 3maj', Cy6oTuua

AnekcaHgap Puctuh, OW "Bypo Canaj', Cybotuua
Tawa MujaTtoB, N'MmHasuja 'CeeTo3ap Mapkosuh', Cyb6oTtuua

JabnaHu4kun okpyr

Oparan Oumunh, LUOOO 'Oocutej O6pagosuh’, JleckoBal
Mpegpar CrojaHosuh, OLL 'TeTtap Tacuh', Jleckosay,

Cawa CrojaHoBuh, N'imHaswja, Jleckosaly

Becenunka lNeTkosuh, O 'CtaHnmup Berbkouh-3ene'-bojHuk, Jleckosauy
CuHuwa Crojurbkosuh, MNivHasuja, Jleckosaly

3opaHn Koctuh, OLL 'Jocudb Koctuh', Nleckoeay,

AnekcaHgap Hukonuh, OLU 'CeeTo3ap Mapkosuh', Jleckoeau,
Oparana 3nonopy6osuh, MNvmHaswja, Jleckosay,

JburbaHa Anhenkosuh, MNmHa3suja, JleckoBal

Mapwja CtojaHoBuh Kpacuh, MeguumHcka wkona, JleckoBaly
3opaH Togoposuh, XTLW 'Boxungap hophesuh Kykap', lleckoBay,

CeBepHO-6aHaTCKN OKpYyr

JTaypa Apokcanawwu, CeHhaHcka rumHasnja, CeHTta
Epew KatanuH, CeHhaHcka rumHasnja, CeHTta
AnekcaHgap Atnaruh, CeHhaHcka rumHasumja, CeHTa
Metap Byua, OLWW "Op Tuxomup Octojuh" - OcTojuheso, Knkunaa
Oparax Bacuh, Ol 'Baca Ctajuh' - MokpuH, Knkunga
Mwunan Oanuh, Ol 'CeeTtn CaBa', KuknHga

Jyant XyH, Ol "hypa Jakwwuh ', KukuHga

JeneHa Bynwuh, OLL 'JoBaH NMonosuh ', KnknHga
MwunaH Tonmad, Ol 'Tetap Kounh' - HakoBo, KnknHga
Jlajow Cakmams, 'MMHa3suja 'borban', CeHTa

bursaHa Mpynosuh, Ol 'Byk Kapapwuh ', Kuknnga

nOAyHaBCKM OKpyr
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656. MunyTuH Bydkosuh, NimHa3sunja, Cmegepeso

657. JeneHa Tacuh, Ol 'bpaHncnae Hywwuh', Cmegepeso

658. [lamjan CtaHkoBuh, MMmHasunja, CmegepeBo

659. [opaH Togopos dununosuh, MNmHasuja, Cmegepeso

660. BecHa CumoHoBuh, N'MmHasnja, CmegepeBo

661. ama Munocaereesuh, NMmHasnja, CmegepeBo

662. Haga LiBejuh, OLLU "Xepoj Cpba' - OcunaoHuua, Cmenepeso

663. 3opuua Lisejuh, OLL 'Nocutej O6pagosuh’, Cmegepeso

664. Mupjana NMetposuh, OW 'Akagemuk Pagomup Jlyknh'-Munowesau, B. lNnaHa

MupoTckn oKpyr
665. HUHa JoBaHoBuMh, 'MMHa3wnja, MNMnpoT
666. MpjaHa EneHkoB, MMHa3suja, NupoT
667. paran Manumh, OLL 'Ceetn Caga', NupoTt
668. [opaH Nrwwatoeuh, O 'Oywan Pagosuh', MNMupoTt
669. HaTawa Puctuh, MNupot
670. Bopuua hupuh, Ol 'Tbynue LWnanay', Bena ManaHka
671. AHa NeTpos, MMHa3auja, MNupoT
672. Qparnwa Hukonwuh, MNmHasnja, MNMupoTt

Bopcku okpyr
673. IBaH CtojaHoBuh, CLU 'Ceetn Caga', Knagoso
674. AnekcaHgap Mutposuh, MallMHCKO-eNnekTpoTEXHUYKA LWKona, bop
675. MapuHa Pagwuh, OW 'Tbybuua JoBaHoBuh Pagocasreesuh' - Moasplika, Knagoso
676. [opaH Mapkosuh, NivHasuja 'bopa CtaHkosuh', Bop
677. MnHka Munuhesuh, OLWU 'Oywan Pagosuh', Bop
678. JburbaHa CtojaHoBuh, [MMHa3nja, HerotuH
679. Hatawa hophesuh Maosuh, OLL 'Byk Kapaywuh', HerotnH
680. BurbaHa Myunbabwuh, MNivHasuja, MajoaHnek

Kony6apcku okpyr
631. Munka HuHkoeuh, OLL 'AHgpa Casuumh', Barbeso
682. [lpegpar Ctojakosuh, MNMmHa3snja, Barbeso
683. [JlamjaH J1asuh, OLWL 'inuja BupyaHuH' - CtaBe, BarbeBo
684. HeBeHa Cmonuuh, OLL 'Munosax Muwuh', BarbeBo
685. [parnua bykHuh, Barbeso

MopaBu4Kku oKpyr
686. ipeHa CteBaHoBwuh, MNMMHa3unja, Yavak
687. 3opaH Hegervkoeuh, OLL 'CeeTtn CaBa', opwy MunaHoBau
688. Munka NMoneguua, OW 'Mununko Kywwuh', MBawuua
689. CnobopgaH MaHTtuh, OW 'Kpars Anekcarngap I', Floprwu MunaHoeay,
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2015

2015

2015
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690.
691.
692.
693.
694. Oparan Josmhesuh, OLL 'BpanHncnas MNeTtposuh'-CnatmnHa, Yavak
695.

696. [iparana O6pagosuh CtameHnkosuh, OLU 'Byk Kapapuh' - >KutHu notok, Npokynrbe

697.
698.
699.
700.

701.
702.
703.
704.
705.
706.
707.
708.
709.
710.
711.
712.
713.
714.
715.
716.
717.
718.
719.
720.
721.
722.
723.
724.
725.
726.
727.

Mwunka Hukonwuh, OLWL 'Op Oparnwa Muwosuh', Yauak
NopaH Mekoeuh, OLL 'CeeTtn Caa', Yauak

Onra Oykuh, OW 'Byk Kapauuh', Yauak

Mowmunno hupuh, OLU 'Tanacko Pajuh', Yadak

CHexaHa hyphesuh, OLL 'dunun dunmnosuh'’, Yauak

Tonnuyku okpyr

HepacnopeheHu
BbpaHknua PrubaukoBa
HaHuvjena lNeTposBuh
VMBaHa JlakmheBuh
Haguua MyTuH

CryaoeHTH

Munuua bheknh, dnsnukn pakyntet, beorpag

JTaHa Heopuuuh, ®usunukmn dakynrtet, beorpaa
3opaHa Hegerbkosuh, dusmukmn Gakyntet, beorpaa
Mwunuua Munojesuh, ®usundkm doakyntet, beorpag
HDanuno Oenubawwnh, MM Huw

Hwukona ®ununosuh, NP Huw

BecHa CtojaHau, Pusundkm dakynteT, beorpag
Mapwja Mapkosuh, ®usnuku gakynrtet, beorpaa
JeneHa Kpuuh, ®unsmnukn dpakynteT, beorpag

Yepo Wkopuh, dusnukm dakyntet, beorpag
AnekcaHgpa Oumuh, dnsnuku dakyntet, beorpasn
AnekcaHgap Matuh, ®unsnuku dakyntet, beorpas
JoBaHa MunujaHosuh, ®usunykn cakyntet, beorpag
AHa bhynakosuh, ®unsmnukun dakynteT, beorpag
JeneHa Ctowwuh, ®usnukn bakyntet, beorpag
Mwunena Oumntpujesuh, dusmdkn dakynteT, beorpag
3opaH Tomuh, MM Huww

JeneHa MunaHosuh, ®usnykn PakynteT, beorpag
Mapwuja Qy6aukuh, dnsmukm dakyntet, beorpag
TujaHa PagosaHosuh, ®uaunykm dakynteT, beorpag
Byk Josuhesuh, ®usumykn dakynteT, beorpag
BykawmnH Munowesuh, ®unsnuku dakyntet, beorpag
Credgan AHhenkosuh, ®nsmnykm dakynteT, beorpag
BecHa Ysopuh, ®unsnuku dakyntet, beorpag
MBaHa MNonosuh, ®usunykn dakynteT, beorpaa
Bojucnas NMayHuh, ®usunykn dakyntet, beorpag
Hukona VMeaHoBuh, ®usmykn dakynteT, beorpag
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728.
729.
730.
731.
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.

Hanuno Hukonuh, ®nsnyku dakynrtet, beorpag
Cnaeuua Padannosuh, ®usnukm dakyntet, beorpag
JaHna NMeTtposuh, dnsnukun Pakynrtet, beorpag
Jenena Penuh, ®nsnukn ®akynteT, beorpaa
Jenena Koctuh, ®dusundkmn dakyntet, beorpag

MeaHa dyranuh, ®unsnyku dakynrtet, beorpag
Mwupjana Pakuhesuh, ®dusundkmn dakyntet, beorpag
AnekcaHgpa PagosaHosuh, ®uanukm dakyntet, beorpag
Jlyka Knunuapesuh, ®dunasundkmn dakynteTt, beorpag
opaana Anekcuh, ®dusundkmn dakynteT, beorpag
Buoneta Munojesuh, ®usundkn dakyntet, beorpag
Oywan ETuHckn, dnsnykmn dakynrtet, beorpag
Emunnja CumoHosuh, dunsmnukn ®akyntet, beorpaa
Mapko CtojaHoBuh, NMM® Huw

Bana BykoBuh, ®unaundkmn dpakynteT, beorpag
Bykuua lNonosuh, ®unanykun cakyntet, beorpas
JeneHa MaTtkosuh, ®unsndkn dakyntet, beorpasg
dunun Kunnbapga, Pumsmukmn Gakyntet, beorpaa
Urop MpnnHa, dnsndkn Gakyntet, beorpaa

Berbko JaHkoBuh, ®unsndkn dakynteT, beorpag
Hukona Konsuk, dunsndkm pakyntet, beorpag

AHa Xygoman, ®usndkm hakynrtet, beorpag
HparaHa Bynosuh, ®unaundkn dakyntet, beorpag
Mean Luusapuh, dnsnykm dakynteT, beorpag
Mopuua 3gpaeskoBuh, dusmnykmn GakynteT, beorpaa
CeeTtucnae Mujatosuh, dusmnukn Gakynrtet, beorpag

Mnagu comsnyapu

Oparuua Cumoswuh, Labay
Jlazap MnageHosuh, JleckoBauy,
Crtedhan CraHkoeuh, JleckoBal,
AHa Mutkosuh, Jleckosal
hophe Mutposuh, Jleckosal
JeneHa JosaHoBwuh, JleckoBal,
Axhena JoHesuh, JleckoBaly
JeneHa Togoposuh, Jleckosal,
MeTtap Bojosuh, JleckoBay,

2016
e 2015

2014

2013

2012

Cnucak cBuX MHAMBMAYanHux YnaHosa [dpywTea 6uhe nctakHyT Ha 3BaHUYHOM CajTy
APC, cem OHUX KOjW U3PUYUTO TpaxKe Aa ce HUXOBO UMe He 06jaBrbyje.

CBse korere Koje cy ynnaTturne YrnaHapyvHy, a HkMX0BO UME Ce He Hanasu Ha CrUCKy
nnn xene ga nonajy Heke nogatke (wkona, e-mail), mory aa ce mejnom obpate
konern Npurneny Tananaru (irinel@ff.bg.ac.rs).
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Pozivamo Vas da ucestvujete u radu sednica Odeljenja i to:

SREDA, 03. maj 2006. u 18 sati:

Nenad Sakan (Institut za fiziku, Beograd)
OTSECENI KULONOV POTENCIJAL | APROKSIMACIJE OPTICKIH PROCESA U GUSTOJ
PLAZMI

Primenom otsecenenog Kulonovog potencijala razmatrani su procesi neprekidne emisije i apsorpcije
u gustoj jako jonizovanoj plazmi srednje i velike neidealnosti. Dobijeni teorijski rezultati su uporedijeni
sa posojecim eksperimentalnim rezultatima.

SREDA, 10. maj 2006. u 12 sati:

Alessandro M. Forte (Universit du Qubec Montral)
A Numerical Investigation of Time-Dependent Thermal Convection in Earth’s Interior

The physical and mathematical formulation of a model of thermal convection in a viscous fluid will be
presented. This model will be used to explore the dynamics in Earth's 3000 kilometre-thick rocky
shell called the mantle. The discussion will first focus on the mathematical and numerical
development of a model of time-dependent, compressible thermal convection in 3-D spherical
geometry which is based on a pseudo-spectral solution of the coupled equations of energy and
momentum conservation assuming a linear viscous rheology. The equations of mass and
momentum conservation are solved only once using generalized spherical harmonic basis functions
to obtain spectral Green functions. These Green functions describe the viscous impulse response of
the mantle and they are used to mathematically predict the flow induced by an arbitrary distribution
of density perturbations. With this approach, the thermal convection problem is effectively reduced to
the solution of the conservation of energy equation. The present-day distribution of temperature
anomalies in Earth's mantle may be derived from global seismic tomographic images of three-
dimensional (3-D) structure inside our planet. These estimates of mantle thermal structure provide a
starting point for numerical reconstructions of the spatial and temporal evolution of the 3-D structure
and flow in the mantle. The Rayleigh number which characterizes the convective vigour in the
mantle is estimated to be very high and therefore the effect of thermal diffusion will be much weaker
than thermal advection in most of the mantle. This assumption will be used as a basis for
reconstructing past thermal states in the mantle.

SREDA, 17. maj 2006. u 18 sati:

Katica (Stevanovic) Hedrih, Julijana D. Simonovic (Masinski fakultet, Nis)
SLOBODNE TRANSVERZALNE OSCILACIJE ELASTICNO SPREGNUTIH KRUNIH PLO?A

Prikazuju se rezultati analiticke i numericke analize transverzalnih oscilacija elasticno spregnutih
kruznih ploca. Koriscenjem mogucnosti programa Maple i MathCad'a docaravaju se rezimi
viefrekventnih oscilacija elasticno spregnutih krunih ploca za razlicite uslove oslanjnaja i razlicite
pocetne uslove. Pokazano je da se u jednom obliku oscilovanja javlja dvofrekventni reim oscilovanja
indukovan pocetnim poremecajima prirodnog nedeformisanog stanja sistema. Kljucne reci: Elasticno
spregnute kruzne ploce, Bessel-ove funkcije, beskonacni redovi, dvofrekventni reimi.



SREDA, 24. maj 2006. u 18 sati:

B. Gajic, V. Dragovic (Matematicki institut SANU, Beograd)
SISTEMI HES-APELjROTOVOG TIPA

Konstruisani su visedimenzioni analogoni klasicnog Hes-Apeljrotovog slucaja kretanja krutog tela.
Za tako dobijene sisteme dato je i Laksovo predstavljanje sa spektralnim parametrom. Detaljna
algebarsko-geometrijska integracija sprovedena je u dimenziji cetiri. Istaknuta je slicnost sa
integracijom Lagranzove dvojne cigre.

SREDA, 31. maj 2006. u 18 sati:

Srboljub S. Simic (Fakultet tehnickih nauka, Novi Sad)
O hiperbolicnim modelima mesavina gasova

Pocev od modela homogenih mesavina koje je izloio Truzdel u okvirima racionalne termodinamike
razvila su se dva pristupa ovoj problematici. U prvom se analizira jedno temperaturno polje
(jednotemperaturni modeli), dok se u drugom svakoj komponenti pridruzuje njena sopstvena
temperatura (visetemperaturni modeli). Navedene pretpostavke dovode do formiranja razlicitih
matematickih modela izmedjuu cijih resenja nije uspostavljena jasna veza.

U ovom radu ce biti prikazan hiperbolicni visetemperaturni model homogene gasne meavine.
Pokazace se da se odgovarajuci jednotemperaturni hiperbolicni model moze tretirati kao podsistem
polaznog sistema. Ovakva struktura modela omogucice dobijanje vanih rezultata kvalitativne prirode:
ocenu gornje granice za karakteristicne brzine prostiranja talasa u jednotemperaturnom modelu,
globalnu analizu ponasanja glatkih resenja i asimptotsko ponasanje resenja visetemperaturnog
modela.

Rad je plod saradnje sa prof. Tomazom Rudjerijem (Tommaso Ruggeri) sa Univerziteta u Bolonji,
Italija.

Sednice se odrzavaju u zgradi SANU, Knez Mihailova 35, u sali 2 na prvom spratu.

Sekretar Odeljenja
dr Bozidar Jovanovi¢

Upravnik Odeljenja
Akademik Vladan Djordjevi¢, s.r.
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THE METHODS FOR DETERMINATION OF HF
CHARACTERISTICS OF NONIDEAL PLASMA

N. M. Sakan', V. A. Sreckovié', V. M. Adamyan’,
I[. M. Tkﬂuhenkﬂ3, ALA. Mihaj]m']

!nstitute af Phyvsics, Pregrevica {18, Zemun, 11000 Beograd
:Depm'rme*!r! af Theeverical Phyvsics, Odessa National University,
Pvorvanska 2, 65026 Odessa, Ukraine
'{.‘.}ewrrrm*nr of Applied Mathematics, ETSIT,
FPolviechnic University of Vadencia, Camino de Vera s/n,
Valencia 460022, Spain

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 =< 2000 000 K.
The computations arc carmied out in the frequency range [0. 1], w, being the
plasma frequency. A good agreement with the previously published data is obtained.

L 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
arca of moderately non-ideal plasma, while in [3] and [4] we have reached extreme
dense concentrations in a range of 1- 10F em ™ = Ne < 1- 10”7 em ™ and for 30 000K
= T = 200 000K. Here we present and compare the data for extremely dense non-
ideal fully ionized hydrogen plasmas with thermedynamic conditions data presented
in [5]. There are two values that was reproducible from their data I = (L5 r, = 4. and
I'=0.5r, =1 which yields N.= 2.517 - 10® em™, T = 15 7882 K and N, = L.611 -
10 em™ T = 63 153 K respectively. Here ' = Pe’fa, where  is inverse
temperature in energy units and a = r, is the mean interionic distance {electronic
Wigner-Seitz radius).
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[n this work a completely ionized hydrogen plasma is considered i a
homogenous and monochromatic HF external electric field

E(t) = Eu exp|—ieot |

The dynamic clectric conductivity of(w) is given by a complex function of the field
frequency:

g(w) =op (@) +i- o, (@), (n

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

2

4.1?]5 o(E) I[_dw{E]
3 0

alm) = }p{E]EdE i)

m s 1 —iwr(E) dE

where p(E) is the density of electronic states in the energy space and wi(E) is a
Fermi-Dirac distribution function t(E)} is the static electronic relaxation time. The
basic feature of our theory [8, 9. 100 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 svstem, 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 striet 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.

Mew methods:

o(@) = rE (3)
o' -0 +ie) —*
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THE METHODS FOR DETERMINATION OF HF CHARACTERISTICS ...
where,

v
R 4]
3”‘ V ;< ¥ { )| >(| {
£, - energy levels

W, - corresponding eigenfunction in ong-electron states v
fig) - Fermi distribution function,

1. First method
2 2 2 5
y @y, 3
Q =—-|1+ Emf _[ : arctan L 2"?’ de |,
3 mh'n, 5 exp Ble - uy+1 kY h°
(5)
i
%{zm]'j ] Jede =n, (6)
2r o exp fle—u)+1
2, Second method
1 m! :
g BT ‘ (7)
3 A+ /4
where,

A = h,,fz -\lllﬂ.-"m - electronic thermal wavelength
!t;,z = 4?&‘2;522an - the Debye radius

=0

2, RESULTS

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

1-5‘ T T L] L] L] 24 L] L] 5 L}
RPA Mel 611048 107 em'3 T 6315304 107 K —+—
..; Berkowshy --x---
Berimwskﬂ (aprox.formula) oo
SjograniMD computer data) 0

0.6 o7 0.8 0.8 1

Fig. 1 The real part of HF electrical conductivity of fully onized Hydrogen plasma
for ' =0.5r, = I, compared with other authors [5]. [6] and [7].

r=0.5,r,=1

APA Met 611048 10°% em 3 T 8.315304 107 K ——
Berkowshy -
Bﬁrhﬂmsks japrox formula) -

SlogrenihD computer data) o

Ime /o,

0 a4 0.2 0.3 04 [ERT 0.6 a7 0.8 09 1

r:-':n.'m-':|

Fig. 2 The imaginary part of electro conductivity, same as Fig. 1.
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Tl5,r,=4

" RPANe 251THEE 107 e T 1.5?9@'3& el —
‘\ Funkawa gl gf 1390) =

Rer / g,

————

1 | i B —— m—
0.6 a7 a8 09 1

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

T 5rymd

0.35 . : . . . - : .
RPA Me 2517263 10°° cm's T 1.576826 10° ¥ ——
Berhowas

R S
Furukawa al Elfﬁgﬂ-!,l lF

03

0.25 i
oz b
i
-E 015 -
—
0.1 g !
opses]
.05 -
i . : . . i . . | .
o 04 0z 0.3 0.4 0.5 o0& o7 0.8 0.8 1

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 caloulations using equations (5),
(60, {7y presented earlier in this paper are displayed in the figures 5 — 13,

i

Ne=10"" em™ T=20000K

RPA g, ——
40000 _ RPA Gy, —e—
Simplified o, o=
35000 Simplificd 3, —8— |
= 30000 ]
=
S 25000 ]
& 20000 |
g 15000 it OO
e iy S
10000 S :
“"‘-n_._\_‘_“__-_ﬁ'_

SH00

03 04 a5 06 07 08 09 I
i/ m

Fig. 5. The comparison of the simplified caleulation method and the basic modified
RPA method for the fully ionized hyvdrogen like plasma with the electron density
10*'em™, and tempereture 20000K.

Ne= 10" em™ T = 100000 K

TR0 T : i . : . : .
RPA O, ——
M0 RPA oy -
e 1 -
N Simplified ﬂgr: S———
140000 Simplified oy, = )
ST 120000 ]
=
S 100000 _
E
=3 HOKI |
B
g 60000 |
B
000 e “m._ |
e E::'-".“'ﬂ' Tz
200RI0 H—-—_\__:__ Wi, . -

03 04 03 b 07 0F 09 |
o,

Fig. 6. Same as Fig. 5 but for Ne = 10°em™ and T = 100000K.
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Ne= 10" em™ T =S00000 K

120406 | .

RPA Op ——
[
RPA @y s

- »  Simplified op, - —
e . Simplified oy, —a-—
L]
800000 | : ]
T ]
= 600000 ]
B e
A
=] m B ;}fm I\I":\__ ._h i
g ‘:"\x'kq
v
00000 AR |l
1 L ; ]
| A
0 PR ’F:Egﬂgﬁ-’ . S
le-05 le-04 0.0 0l .1 ]
o o,

Fig. 7. Same as Fig. 5 but for Ne = 107'em™ and T = 500000K.

Ne=102c¢m™ T =20000K

160000 ; : i . . . .
" RPA gy,
0000 T J——
H Simplificd oy, =
Simplified @), =
1 20000 |
Tz 100000 |
=)
= B0OOD |
5
Eoogooon b T N e . ]
7 TS T R
40000 2
"“--..._‘_‘_'M"
2 i w_ﬁ__;r
u' L - L L L L 1 L L
0 0] 02 03 04 05 06 07 08 09 |

/oy,

Fig. 8. Same as Fig. 5 but for Ne = 107 em™ and T = 20000K.

177

@ Astronomical Observatory, Belgrade * Provided by the NASA Astrophysics Data System



M. M. Sakan, V. A Sreékovic, V. M. Adamyan, | M. Tkachenko, A. A. Mihajloy

Ne= 107 em™ T= 100000 K

350000 T L T T T T T T
RPA Oge ——
(0000 RPA o, —w—
: k% Simplified Gg, —x- 1
*I* i Simplified oy, -—a-
20000 i |

Ope. Oy, (20 ')

0l 02 03 04 05 06 07 08 09 1
./ m,

Fig. 9. Same as Fig. 5 but for Ne = 107em™ and T = 100000K.

-5

Ne=10"cm™ T = 500000 K
| BesDf . i .
" RPA gy, ——
y F sl ey RPA g -
| fe=00 '5'5‘!5?|]1p]:1ﬁed 5:1: ..... -
| e - E‘:umpllﬁed Oy @ i
= I 2e+06 '\ "-.‘ i
= \"-\.
= le+06
E
= RO0000 +
6 GOODDD | 7
400000 + ,9‘?
200000 - P, n,n”
.-'.. E'
0 AR ..
le-05 le-04 0,001 0.01
[N

™

Fig. 10. Same as Fig. 5 bui for Ne = 107em™ and T = S00000K
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Ne= 10" em™ T =20000K
EOODOD T T T T T

RPA o, —
Q000 RPA G, ——&---
L : Simplified cr:: ..... ® 1
Simplified gy, =
AOODKE - i
TE o S00000 F ]
=)
£ 400000 + |
=]
& 300000 F |
1 4]
= _“\_-H‘B--_.\_ i
200000 L
100000 - g i
u i i i i i 1 1 f 5
0o o1 02 03 04 05 06 07 08 09 I

o/ w,

Fig. 11. Same as Fig. 5 but for Ne = 10%cm™ and T = 20000k

Ne=10"cm™ T = 100000 K

| e+ T : - : ! : T “:R,e :
SO0000 | . RPAG, —w—
. Simplified g, o=

Simplified ¢, g A

-1
Ope- Oy [am ]

£ o
200000 | § e ———
j: o T §
100000 e E
' ”T*‘__.J_r"_"_*m"'_"*' Ty
0 | . L . | . 2 L
0 01 902 03 04 05 06 07 08 09 1
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Fig. 12. Same as Fig. 5 but for Ne = 107em™ and T = 100000K.
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Fig. 13, Same as Fig. 5 but for Ne = 107¢m™ and T = 500000,

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 caleulations has been proven, and simplified using formulas
(50 (60, (T . Method works well in a much broader area then expected. Work is in
progress on inclusion of neutrals, and preliminary caleulations with multifold
ionized states. Heading towards the area of more dense plasma where a good

experimental data exists,
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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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Program of the SPIG 2010
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