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MN3a30Bu 1 npodieMu Cpricke
HALlMOHAJIHe reorpaduje

Pajxo I'vamo'”

! Vuusepsurer y bawoj Jlyuu, [pupoaro-maremarnuku dakynaret, bama Jlyka, Pemy0minka
Cprcka, bocHa n Xepuerousa
* gnjator@pmfbl.org

LleHTpasiHO MUTamkE CPIICKE HAITMOHAIHE reorpaduje THUe ce MPEeIMeTa U C THM Y BEe3H 3a/1aTa-
Ka ¥ IIUJbeBa HEHOT HCTpakuBama. Mmajyhu y Buay riobdanan reorpad)cku mpocTop Kao je-
JMHCTBEHY U YCJIIOBHO AH(epeHInpany reorpocTopHy GopMy Kao mpeaMeT IpoydyaBama reo-
rpaduje Kao jeIWHCTBEHE HayKe, M y MCTO BpHUjeMe Kao MpeIMeT NpoydaBama reorpaduje
Ka0 CUCTEeMa PeIaTUBHO JU(EpPEeHIIMPaHuX Treorpadckux HayKa, TO Ce U MPEIMET MPOoyYaBama
CpIICKE HaIlMOHAIIHE Teorpaduje Mopa TOBECTH y Be3y ca (pakTopuMma KOju Taj MPOCTOp YHHE
penaTHBHO JU(GEPESHIMPAHUM Y OKBHPY Tio0aHOT reorpadckor mpocropa, najyhu my cpn-
CKO HammoHajaHO oOmJbexkje. CBakao, oBlje ce Hamehe MUTame peneBaHTHUX (aKTopa KOjH
NeGUHUTTY CPIICKU HAIIMOHATHH MTPOCTOP U CPIICKH UACHTUTET (€THOTEPUTOPHU]AITHOCT, €THO-
KYJITYpaJIHOCT, €THOJPXKABHOCT...). MIcTOpHjcKa 1 caBpeMeHa peaHOCT CBjeIove Jia je CPIICKU
E€THUYKH IPOCTOP OMO U OCTAO0 U3JIOKEH PA3HUM IIUBUIIM3AIIN]CKAM, KYJATYPHUAM H ITOJIUTHYKUM
yTHIIajuMa, Ta J1a Cy Y OKBUPY Hera HacTajajie, HecTajalie M MOHOBO HacTajalie onpeleHe mpika-
BOTBOpHE (pOpMe Kao pelieBaHTaH OKBHP Pa3BOja W OINCTAaHKA CPIICKOT HAIMOHATHOT Omha.
Kako Buaumo, cpricka HalimoHaHa reorpaduja 3a mpeJMeT MpoyJdaBamba UMa CPIICKU €THHYKA
MIPOCTOP Y UCTOPH]CKOj M CABPEMEHO] AMMEH3HU]!, IPU YEMY C€ OCHOBHHU 3aJIalld HCTPAKHBAHA
TH4y GaKTopa u nmpodiieMa eTHOKYJITYPHOT, €THOIeMOTrpadCKOT, MPOCTOPHO-(YHKIIMOHAITHOT
U TIOJIMTUYKO-TeorpadcKor pa3Boja, CBe y IMUJbY pa3Boja M OYyBarmba CPIICKOT HAIMOHATHOT
ouha y oxroapajyhum pa3BojHUM MOJIEIMMA.

Kwyune pujeuu: cpricka HaunoHanHa reorpaduja, CpICKU HALIMOHATIHN IPOCTOP, CPIICKU UICHTUTET.

Challenges and Problems of
Serbian National Geography

Rajko Gnjato"™

"'University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic
of Srpska, Bosnia and Herzegovina
* gnjator@pmfbl.org

The central issue of Serbian national geography concerns the subject matter and, consequently,
the tasks and objectives of its research. Considering the global geographical space as a unique
and conditionally differentiated geospatial form — both as the subject of geography as a unified
science and as the subject of geography understood as a system of relatively differentiated
geographical sciences — the subject of Serbian national geography must also be related to the
factors that make this space relatively differentiated within the global geographical space,
giving it a Serbian national character. This raises the question of the relevant factors that
define the Serbian national space and Serbian identity (ethno-territoriality, ethno-culturality,
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ethno-statehood, etc.). Historical and contemporary realities testify that the Serbian ethnic
space has been and remains exposed to various civilizational, cultural, and political influences,
and that within it certain state-forming entities emerged, disappeared, and re-emerged as a
relevant framework for the development and survival of the Serbian national being. As we
can see, Serbian national geography studies the Serbian ethnic space in both its historical and
contemporary dimensions, while the primary research tasks concern the factors and problems of
ethno-cultural, ethno-demographic, spatial-functional, and political-geographical development,
all with the aim of developing and preserving the Serbian national identity within appropriate
development models.

Keywords: Serbian national geography, Serbian national space, Serbian identity.

KpuTruku ocBpT HA POCTOPHO
mianupame y Cpouju y npBoj
yeTBpTUHHU 21. Beka

Jlejan Bophesuh'

"Vuusepsurer y beorpany, ['eorpadcku paxynrer, beorpan, Cpouja
* dejan.djordjevic@gef.bg.ac.rs

VY npBoj ueTBpTUHM 21. BEKa CHCTEM MPOCTOPHOT MIaHupama y CpOHujHu JOKUBEO je 3HAUAJHY
TpaHcopmanujy nparehu onuTe TpeHa0Be MpoMeHa y 3eMJbU. [IpeBnagaBame HeoaOepaIHOT
— TPXKHIIHOT MOJIeIa €KOHOMH]j€ TUPEKTHO j€ YCIOBUIO MOTUCKUBAE COLMjaTHUX YCIIyTa 1o
KBAJIUTETY U 00MMY (PMHAHCUPaKba, a CIMYHO Ce JOTOMIIO U Ca eKOJIOUIKUM CEKTOpOM. Y CKJa-
Ty ca HOBOHACTAJIOM CUTYaIl{jOM, JJOHECEH j€ HOBU 3aKOH O IUTAHUPalby U U3TPaJhH, OCHOBaHA
je Nmxemepcka komopa Cpbuje mpeko Koje cy IulaHepu IoOwiM JnieHne, GpopMupana je
PenyGnuyka areHnuja 3a mpoCcTOpHO IJIaHupame, a mpoctop CpOuje je y NOTHYHOCTH MOKPH-
BEH MMPOCTOPHUM IIJITAHOBUMA CBUX BPCTA, O] HAIIMOHAJHOT 0 JIOKAJTHUX IJIAHCKUX JOKyMe-
HaTa, MOopeJl OCTAINX aKTUBHOCTU. Pe3ynTaTu n3BaHpeIHUX Hanopa npoeCHOHaIHUX IUTaHepa
U JIp’)KaBHE yIpaBe JOHEKJIEe Cy 3aTaMEeHU clabocTHMa M MYKOTHHaMa Koje Cy ce IOojaBuiie
y CUCTeMY IUIaHUpama — IUIAHOBH ce pajie mpedp3o 6e3 MoTpeOHUX MPOCTOPHUX aHAIHU3a, 3a-
MIOCTaBJBEHO j€ CTPATEIIKO Ha pauyH peryJiallioHOr IUIAHUpPamka, EKOHOMCKH PE30HU U MOJIH-
THYKa MON AMKTHpPAjy cajpiaj IUIAHCKUX pEIIeHa, 3HaTHO je PeIyKOBaH Opoj W KBaJIUTET
IUTAHEPCKUX (PUPMHU, 3aKOH O TUIAHUPAY je 3acTapeo, Te MOK/a HajBaKHU]U YMHUIIAL, KOH-
TUHYUPAHO Oma/ia 0poj ynucaHuX U JUITIOMUPAHUX MPOCTOPHUX Iu1anepa. Y Peny6muium Cpn-
CKOj je CTame, y3 pasyMJbUBE pa3iIMKe MOMYT BEIMYMHE MOMyJaluje U YKyITHE eKOHOMCKE
Mohu, Te HHCTUTYLIMOHATIHE OJI0Kazie, y BEJIMKO] MEpH CIIMYHO. Y pajy Cy aHAJIU3UPaHU Kay-
3aJJHM OJHOCH KOjJU Cy JIOBEJM A0 CaJalllbel CTama y IUIaHUpamby, JaTa CUCTeMaTH3alluja
710 caJla YOUeHHX MO3UTHUBHHUX M HEraTUBHUX TPEH/OBA U I0jaBa y MpOIECy IJIaHUpama, Te
JMCKYTOBaHA €(EKTUBHOCT OBAKBOI' MPHCTyNa 00JacTH IUIaHUpama U ypehemwa mpocropa y
CpOuju, yKOJIMKO c€ XUTHO HE IMOKPEHE T3B. HOBH IUIAHCKHU ITUKITYC.

Kwyune peuu: mpocTOpHO TIIaHUPakE, CUCTEM IUIaHUpamba, noauTuydka Moh, Cpouja.
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Spatial Planning in Serbia in the
First Quarter of the 21st Century:
A Critical Review

Dejan Dordevié'

"University of Belgrade, Faculty of Geography, Belgrade, Serbia
* dejan.djordjevic@gef.bg.ac.rs

In the first quarter of the 21st century, the spatial planning system in Serbia underwent a
significant transformation, following the general trends of change in the country. The dominance
of the neoliberal — market model of the economy directly conditioned the suppression of social
services in terms of quality and scope of financing, and a similar thing happened with the en-
vironmental sector. In accordance with the newly created situation, a new Law on Planning
and Construction was adopted, the Serbian Chamber of Engineers was established, through
which planners obtained licenses, the Republic Agency for Spatial Planning was formed, and
the territory of Serbia is fully covered by spatial plans of all types, from national to local plan-
ning documents, in addition to other activities. The results of the extraordinary efforts of pro-
fessional planners and state administration are somewhat overshadowed by the weaknesses
and cracks that have appeared in the planning system — plans are made too quickly without the
necessary spatial analyses, strategic planning has been neglected at the expense of regulatory
planning, economic considerations and political power dictate the content of planning solutions,
the number and quality of planning firms has been significantly reduced, the planning law is
outdated, and perhaps the most important factor, the number of registered and graduated spatial
planners is continuously declining. In the Republic of Srpska, with understandable differences
such as population size and overall economic power and institutional blockage, the situation
is largely similar. The paper analyzes the causal relationships that led to the current state of
planning, provides a systematization of the positive and negative trends and phenomena obser-
ved so far in the planning process, and discusses the effectiveness of this approach to the field
of planning and spatial development in Serbia, unless the so-called new planning cycle is ur-
gently launched.

Keywords: spatial planning, planning system, Serbia.
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HyTpujeHTH K20 enureHeTHIKU
MOYJIATOPH €A YTHLAjeM HA CTapeme

Janujena Kojuh'*, Cphana Bophuescku', Jenena Cnpemo’,
Munuya Paoenxosuh’, Ensupa Bykawmunoeuh', Tamjana Qenuh’,
Hean Iuxnep’, Haoa Ilhaswa’ u Jenena Ilypah’

''Vuusepsurer y Hosom Cany, Ilpupoatno-maremarnyku (Gakyntet, JlemapTMan 3a GHOIOTH]Y 1
exonorujy, Hou Can, Cpouja

2Vuusepsuretr y Hosom Cany, ITossonpuspenuu dakynrer, Hosu Can, Cpouja

* danijela.kojic@dbe.uns.ac.rs

EnureneTrnka npoyvaBa cTaOMIHE U HACIICIHE TIPOMEHE y €KCIIPECHjH TeHa KOje HACTajy yCle/
IIPOMEHA y CTPYKTYpH XpoMaTuHa, 6e3 uzmena y cexkenuu IHK. Haj3nauajauju enureHeTHuKku
MexaHm3mu cy Metrinanyja JIHK, metunanmja/arnerunanmja XuCTOHa ¥ CHHTE3a HEKOAUpajyhux
PHK. 3a pa3znuky oJ reHeTHYKOT KO/a, KOjU je cTaOuiIaH U HJIeHTUYaH y cBUM henujama, pas-
nuauTe henuje y opranu3My umajy crierduyal CeT eMUIeHeTHIKIX Moau(duKaiuja, T3B. ,,eTH-
TEHETHYKH KO, KOJU PETyJIHUIIE BUXOBY TU(EpeHIrjalnjy, pa3Boj U OJrOBOP HA OKPYKEHE.
Ha enureneTnyku Kox yTHYy pa3iuuuTH (AaKTOpH, a 3aHMMJBMBO j€ Jla CTapeme, Kao jeJaH
O]l ’UX, OCTaBJba KapaKTEPUCTUYAaH 00pa3all MpoMeHa TO3HaT Kao ,,eMUTeHETHYKA caT ™, KOju
omoryhasa mporieHy OuoJomike crapoct. Mako je OMosoIIKa cTapoCT pelaTUBHO CTa0MIHA U
MepJbUBa IyTEM OBUX OMOMapKepa, OHa O/ipakaBa KyMyJIaTHBHU e(eKaT eHEeTHYKUX U CIIO-
JballIibuX (aKTopa, Te HE MOpa YBEK OJIroBapaTH XpPOHOJIOMIKO] cTtapocT. Kao dakropu koju
MOTY JIOTIPHHETH yCIIOpaBamky OHMOJIONIKOT CTapera MOpe OCTAIMX TPETMO3HATH CY W CIICIH-
(GUYHN HYTPHUjCHTH, YTJIABHOM Majii OMOJIOIIKH aKTUBHH MOJICKYJIM NPUCYTHH Yy XpaHu. HMako
Cy CHpOBE HAMHUPHHIIE 4eCTO Oorare OBUM MOJIEKYJIUMa, J0JaTHa (epMEHTalMja UX MOXKe
o0oratuTy, JOK MX WHAyCTpUjcKa o0paga decto ocupomaiiryje. McrpaxuBama Ha OBY TEMY
MpUIaJajy pelaTUBHO HOBOJ 00JAacTH, KOja je Ha3BaHa HYTPUTHBHA eNureHeTuka. MHcekTu
MpeICTaBIba]y IOTOTHE MOJICT-OPTaHU3ME 32 0Ba HCTPAKHBakha 3aXBajbyjyhH J1aKoj TOCTYITHOCTH
Y MUHMMAJIHUM €TUYKHM OTPaHHYEHHMa, HAPOYUTO BPCTE Ca M3PAKEHOM (DEHOTHIICKOM ILia-
CTUYHOIINY y TOTJeqy MyXXHHE XHBOTAa. Hala ncTpakuBama yCMepeHa Cy Ha HCIHTHUBAHE
yTHIaja cnenu(UIHUX HyTpHjeHaTa Ha Jy)KUHY JKMBOTA M MEXaHH3ME HHXOBOT JEJIOBaba
KOJI MEJIOHOCHE IT4esie Kao Moze-opranusma. [lopen uzpasurte HEHOTHIICKE MIIACTUYHOCTH Y
Ty’KWHU KMBOTA (pa3iMke u3Mely MaTulle U pajuinia, Kao U 3MMCKHUX U JIETHHUX PaIuIuLa),
MEIOHOCHA TYeNia UMa M €KOHOMCKH M eKO(PM3MOJIOUIKM 3Hayaj, IITO JOJATHO HarjamaBa
BKHOCT 0OOMjeHUX pe3ynaTara. Jlo caga cMO MCIUTANIM yTHUIA] ciepMuanHa U Na-OyTupara,
a HallM Pe3yATaTH yKa3yjy Ha TO3WTHBaH edekaT OBUX Mojekyia. Hame wmcrpaxkuBame je
MI0Ka3aJ1o0 J]a CIIEPMUJINH, Y YCKOM OIICEry KOHIICHTpAIH]ja, PO/y’KaBa )KMBOTHU BEK MEIOHOCHE
m4esie, BEpOBATHO IMyTEM EMUTeHETWYKH TOocpenoBaHe aktuBanmje aytodarmje. Takohe, Ha-
TpUjyM-OyTHpaT, Ka0 MHXUOUTOP XHUCTOH-/I€alleTuIa3a, UcrojbaBa MO3UTHBAH edekaT Ha Ty-
KHMHY *XHBOTa ToBehameM ekcripecuje (heHON-OKCHIa3e M aHTHOKCHUAATUBHOT KaraluTeTa,
nenyjyhu ka0 UMyHOJIOIIKY MpajMmep. TpeHyTHa UCTpaKMBaba yCMEpEHa Cy Ha MOTEHINjIHY
MPUMEHY OBHUX MOJIEKyJa Kao CyIuleMeHata y miyenapckoj npakcu. 3axsarnuya: OBaj paj je
peanu3oBaH y3 (puHAHCH]CKY moApmKy [lokpajuHCKOT CekpeTapujaTa 3a BUCOKO 0Opa30Bame
Y HAayYHOMCTPA)XXMBAUYKy JaeiaTHOCT AyToHomHe [lokpajuHe BojBommHe kpo3 mpojekar ,,Ha-
OyTupar Kao CyIUIEMEHT y MCXpPaHU MEJOHOCHE Muelie: YTHIAj Ha of0pamMOeHe MeXaHu3Me U
peXuBIhaBame Komonuja* (Yrosop 6p. 003861035 2025 09418 003 000 000 001 04 004), xkao
1 MuHHCTapcTBa HayKe, TEXHOJIOMIKOT pa3Boja u nHoBaruja Pemyomke CpOuje (yroBopu Op.
451-03-33/2026-03/200125 n 451-03-34/2026-03/200125).

Kwyune peuu: HyTpUTHBHA ETIMTEHETHKA, CTIepMHUIUH, Na-OyTupat, Apis mellifera.
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Nutrients as Epigenetic Modulators
with Impact on Aging

Danijela Koji¢"", Srdana Dordievski', Jelena Spremo’,

Milica Radenkovié', Elvira Vukasinovié', Tatjana Celié,

Ivan Pihler?, Nada Plav§a® and Jelena Purad’

"University of Novi Sad, Faculty of Science, Department of Biology and Ecology, Novi Sad, Serbia

2University of Novi Sad, Faculty of Agriculture, Novi Sad, Serbia
* danijela.kojic@dbe.uns.ac.rs

Epigenetics studies stable and heritable changes in gene expression that occur due to alterations
in chromatin structure, without changes in the DNA sequence. The most important epigenetic
mechanisms are DNA methylation, histone methylation/acetylation, and the synthesis of non-
coding RNAs. Unlike the genetic code, which is stable and identical in all cells, different cells
in an organism possess a specific set of epigenetic modifications, the so-called “epigenetic
code”, which regulates their differentiation, development, and response to the environment. The
epigenetic code is influenced by various factors, and interestingly, aging, as one of them, leaves
a characteristic pattern of changes known as the “epigenetic clock”, which allows estimation
of biological age. Although biological age is relatively stable and measurable through these
biomarkers, it reflects the cumulative effect of genetic and environmental factors and does not
always correspond to chronological age. Specific nutrients, primarily small bioactive mole-
cules present in food, have been recognized, among others, as factors that may contribute
to slowing biological ageing. Raw foods are often rich in these molecules, fermentation can
increase their content, but industrial processing frequently reduces it. Research in this area be-
longs to the relatively new field of nutritional epigenetics. Insects represent convenient model
organisms for such studies due to their easy accessibility and minimal ethical constraints, par-
ticularly species with pronounced phenotypic plasticity regarding lifespan. Our research fo-
cuses on investigating the effects of specific nutrients on lifespan and their mechanisms of
action using the honey bee as a model organism. In addition to the pronounced phenotypic
plasticity in lifespan (differences between queens and workers, as well as between winter and
summer workers), the honey bee has both economic and ecophysiological significance, further
emphasizing the importance of the obtained results. So far, we have investigated the effects of
spermidine and Na-butyrate, and our results indicate a positive impact of these molecules. Our
research showed that spermidine, within a narrow concentration range, extends the lifespan of
the honey bee, likely through epigenetically mediated activation of autophagy. Furthermore,
sodium butyrate, as a histone deacetylase inhibitor, exerts a positive effect on lifespan by in-
creasing phenoloxidase expression and antioxidant capacity, acting as an immune primer.
Current research is focused on the potential application of these molecules as supplements in
beekeeping practice. Acknowledgements: This study was financially supported by the Provincial
Secretariat for Higher Education and Scientific Research of the Autonomous Province of
Vojvodina under the project “Dietary Supplementation with Sodium Butyrate in the Honey Bee:
Impacts on Defense Mechanisms and Colony Survival” (Contract No. 003861035 2025 09418
003 000 000 001 04 004), as well as by the Ministry of Science, Technological Development
and Innovation of the Republic of Serbia (Grant Nos. 451-03-33/2026-03/200125 and 451-03-
34/2026-03/200125).

Keywords: nutritional epigenetics, spermidine, Na-butyrate, Apis mellifera.
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buosoruja usa suauna Csere I'ope:
HCTPaKMBamk-€ BOA03eMAalla U TMU3aBala
MOJIyOCTPBAa ATOC — JIOTUCTHUKA, METO/Ie U
TEPEHCKa UCKYCTBA

Pacmxo Ajmuh’™

! Vuusepsuret y Kparyjepity, [IpupoaHo-matemMaTnuku pakynter, MHCTUTYT 3a OHOIOTH]Y U
exonorujy, Kparyjesar, Cpouja
* rastko.ajtic@pmf.kg.ac.rs

[TomyoctpBo AToc, no3naro kao Csera ['opa, mpeacraBiba jeAHO O]l HAJHEOOMUHUJUX U HAj-
M3a30BHUJUX MeCTa 3a OMoJIoIKa ucTpaxkubama y EBporu. Mako je oBaj mpocTop MpBEHCTBEHO
MO3HAT 10 CBOJO] IYXOBHO] U KYJITYPHO] BPEIHOCTH, Fb€rOBa U30JI0BAHOCT U OYYBaHOCT OMO-
ryhwie cy oncraHak u3y3eTHo Oorare (payHe Bojo3zeMalla U rMu3aBalia. YIpaBo 300T Tora
UCTpa)KUBame XeprerodayHe OBOT MOJpydja UMa BEIUKU HAYYHH 3HA4aj, ajld UCTOBPEMEHO
MPEJCTaBIba U 030MJbaH JOTHUCTUYKH U (PU3UYKH N3a30B 32 HCTPaKUBAYe. JeTHa 0] OCHOBHUX
KapaKTepUCTHKA TEPEHCKOT pajia Ha ATOCY jecTe TOTOBO MOTITYHO OJICYCTBO CaBPEMEHE ITyT-
He MHPpacTpykType. Bemuku neo moimyocTpBa HeMa MOTYHHOCT TpaHCIIOpTa BO3WIMMA, T1a
ce JI0 MCTPAKUBAYKHX JIOKATUTETA 0Ja3U NCKJbYUMBO TEIIaueheM. TepeHCKH THMOBH CBa-
KOJIHEBHO TIpeiia3e BEJIMKE ITUCTAHIE M0 KAMEHUTHUM CTa3zama, Kpo3 rycTe IIyMe, CTpMe KITH-
cype W IUaHuHCKe TpeBoje. [locebaH m3a30B MpEACTaBIba YHH-EHHIIA J1a CE MCTPAKHMBamHa
0JIBHjajy YK U3PAa3uTOT BUCHHCKOT T'PAJINj€HTa — O] CaMOT' HUBOA MOpa, Ha CBETa HEKOJIMKO
MeTapa HaJIMOPCKe BUCHHE, I1a CBE J10 BpXa Iu1aHuHe AToc, koju npenazu 2000 metapa. Taksa
Pa3HOBPCHOCT CTaHMIITa OMOryhaBa MpHUCYCTBO BEJIMKOT Opoja BpCTa, ajld 3aXTeBa U CTAITHO
npusarohaBame METOIOJIOTH]E pajia pa3IMuUTHM yCIOBUMa cpenHe. KimmmaTcku ycioBu J1o-
JIATHO OTEKaBajy UCTPAKUBara. TOKOM JIETHUX MECEIH TeMIepaType Ha OCYHYaHUM CTEHO-
BUTUM NoBpHIMHaMa Mory aoctuhu roroo 70 °C, mTo 3HayajHO nmoBehaBa pU3UK 01 JeXHU-
JpaTaiyje 1 UCIPIUHEHOCTH. 300T TOra UCTPAKUBAYH ca COOOM HOCE BEJIMKE KOJIMUMHE BOJIE,
XpaHe U KOMIUIeTHE TepeHcke onpeme. Cas mpubop 3a paa — ox GPS ypehaja, hoTo-onpeme u
npuOopa 3a y30pKOBamwe, 10 TMYHUX CTBAPH U ONPEME 32 KaMITOBAHE IPEHOCH CE UCKIBYUHBO
y paHueBUMa. Y TOjeTUHUM CHTYyalHjaMa THeBHA MOTPOIIHA BOJIE JOCTIIKE M 0 CeJaM JINTa-
pa mo ocobwu, mro noaatHo noehara pu3myko ontepeheme TOKOM BHINIECATHUX YCIIOHA U
cunazaka. TepeHckH paj Ha ATOCy Mopa3yMeBa BUINICTHEBHU OOpaBaK y MpUpoan, 300T yera
HCTPaXMBAYH YECTO CIIABajy y MIaTOpHUMa IMOCTaBJbEHUM Ha YJaJbeHUM JIOKAINTETHMA. TakaB
HAYMH pajia 3axTeBa MaKJPUBO TUIAHUPAE, jep Cy U3BOPH BOJIE PETKH, & BPEMEHCKH yCIIOBH
y TUITAHUHCKHUM JICJIOBHMa MOTY OWTH BeOMa NMPOMEHJbHBH. VICTOBpEeMEHO, NCTpakKWBamba Ce
OJIBUjajy y cenn(UIHOM JAPYIITBEHOM M KYJITYPHOM OKpYKemYy. TOKOM pajga MCTpakuBavn
CYy y CTaJTHOM KOHTAKTy Ca MOHAacHMa M3 Pa3IMYUTHX MaHACTHUPA, KOJU YECTO MPYIKajy JIOTH-
CTHUKY MOJPIIKY, HH(pOpMalKMje O TepEeHY WU MOMOh NMPUIMKOM KpeTama Kpo3 TEIIKO J0-
ctynHe obmactu. OBa capaama TONPUHOCH JETUHCTBEHOM MCKYCTBY Y KOJ€M C€ HAy4HH paj
nperminhe ca CBaKoIHEBUIIOM jeTHOT O] HajCTapHjuX MOHAIIKUX LIEHTapa MPaBOCIaBHOT CBETA.
[Mopen noructuukmx Temkoha, NCTpaXXKUBamkE BO03EMAlla M TMH3aBala Ha ATOCYy TTOCEOHO je
3Ha4ajHO 300T BEJIMKE Pa3HOBPCHOCTH MUKPOKIMMATCKHX M €KOJIOIIKUX yciioBa. Ha pematuBHO
MaJIOM TIPOCTOPY CMEHY]y C€ MEIUTEpaHCKa CTAHUIITA y3 00ay, JINCTOMA HE U YeTHHAPCKE
IIyme, TUITAHWHCKHY Tallikhalld 1 CTCHOBUTH BUCOKOTUIAHMHCKH TIpe/ien. TakBa XeTeporeHOCT
omoryhaBa npucycTBo OpojHUX BpCTa pa3IMYUTUX €KOJOIIKHUX 3aXTeBa, YKJbyuyjyhu u per-
Ke win ci1abo MpoydeHe TakcoHe. 300T CBera HaBEICHOT, OMOJIONIKAa MCTpakuBama CBeTe
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I'ope mpezcTaBbajy croj HayyHe eKcreAunuje, Gpusnuke U3ApKIBUBOCTH U MpuiarohaBama
eKCTPEMHHM yCIIOBUMA pajia. YIpaBo Ta KOMOMHAIIM]a U30JI0BAHOCTH, TPUPOJIHE OUYBAHOCTH
Y 3aXTE€BHOT T€PEHA YMHU ATOC jeIHUM O]l HAJUHTPUTAHTHUJUX MOJIpYyYja 3a MpoydaBambe Xep-
nerodayHe baigkaHckor moiyocTpsa.

Kwyune peuu: Csera I'opa, Atoc, xeprneroayHa, TEpeHCKa HCTPAKNUBAba, BOJO3EMIN U TMU3ABIIH.

Biology Behind the Walls of the Holy
Mountain: Research on the Amphibians
and Reptiles of the Athos Peninsula —
Logistics, Methods, and Field Experiences

Rastko Ajti¢™”

! University of Kragujevac, Faculty of Science, Department of Biology and Ecology,
Kragujevac, Serbia
* rastko.ajtic@pmf.kg.ac.rs

The Athos Peninsula, known as the Holy Mountain, represents one of the most unusual and
challenging locations for biological research in Europe. Although this area is primarily re-
nowned for its spiritual and cultural significance, its isolation and remarkable preservation
have enabled the survival of an exceptionally rich amphibian and reptile fauna. For this reason,
the study of the herpetofauna of this region is of considerable scientific importance, while at
the same time presenting a serious logistical and physical challenge for researchers. One of the
defining characteristics of fieldwork on Athos is the near-complete absence of modern road
infrastructure. Large parts of the peninsula are inaccessible by vehicle, meaning that research
localities can only be reached on foot. Field teams cover long distances every day along rocky
paths, through dense forests, steep gorges, and mountain passes. An additional challenge arises
from the fact that the research is conducted across a pronounced altitudinal gradient from sea
level, only a few meters above the coast, all the way to the summit of Mount Athos, which
rises above 2,000 meters. Such habitat diversity supports the presence of numerous species,
but also requires the constant adaptation of research methodologies to highly variable environ-
mental conditions. Climatic conditions further complicate the research process. During the
summer months, temperatures on sun-exposed rocky surfaces can approach 70 °C, signifi-
cantly increasing the risk of dehydration and exhaustion. Consequently, researchers must carry
large quantities of water, food, and complete field equipment. All research gear: GPS devices,
photographic equipment, and sampling tools, as well as personal belongings and camping
equipment must be transported exclusively in backpacks. In certain situations, daily water
consumption may reach up to seven liters per person, further increasing the physical strain
during prolonged ascents and descents. Fieldwork on Athos often involves spending several
consecutive days in remote natural environments, which is why researchers frequently sleep in
tents established at isolated localities. Such work requires careful planning, as water sources
are scarce and weather conditions in the mountainous regions can change rapidly. At the same
time, research is carried out within a highly specific social and cultural environment. During
their work, researchers are in constant contact with monks from various monasteries, who often
provide logistical support, information about the terrain, or assistance in navigating difficult-to-
access areas. This cooperation contributes to a unique experience in which scientific research
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becomes intertwined with the everyday life of one of the oldest monastic centers of the
Orthodox world. In addition to the logistical difficulties, the study of amphibians and reptiles
on Athos is particularly important because of the remarkable diversity of microclimatic and
ecological conditions. Within a relatively small area, Mediterranean coastal habitats, deciduous
and coniferous forests, mountain pastures, and rocky high-altitude landscapes alternate in
close succession. Such environmental heterogeneity allows for the presence of numerous
species with different ecological requirements, including rare or poorly studied taxa. For all
these reasons, biological research on the Holy Mountain represents a combination of scientific
expedition, physical endurance, and adaptation to extreme working conditions. It is precisely
this combination of isolation, natural preservation, and demanding terrain that makes Athos
one of the most intriguing regions for the study of the herpetofauna of the Balkan Peninsula.

Keywords: Holy Mountain, Athos, herpetofauna, field research, amphibians and reptiles.

ATpPOMHIYCTPHUJCKH OTHAJ Y HUPKYJIAPHO)
eKOHOMHUjH: 01 QYHKIIMOHAJIHE XPaHe /10
oJp:xuBe aM0aJIakKe M TEPMOXEMUjCKHX
NPOU3BOJAA

Becna Aumuh'”

" Yausepsutet y beorpany, [TossonpuBpennu dakynter, Kateapa 3a TeXHOJIOTHjY XpaHe U
ouoxemujy, beorpan, Cpouja
* vantic@agrif.bg.ac.rs

Cse Behe konmuMHE arpOMHAYCTPHUjCKOT OTIMAaja MpEACTaBibajy 3HayajaH €KOJOUIKH U €KO-
HOMCKH HM3a30B, i MCTOBPEMEHO M OJP)KUB M3BOpP OMOAKTUBHUX jeAMIbEHa U (YHKIHO-
HAJIHUX Tpou3BoZa. Y OBOM paay Ouhe mpeacTaBibeH pa3Boj MHTErpucaHe Iatdopme
3a Bajopu3alrjy OMJPHHX OCTaTaka M3 arpOMHIYCTpHje, KA0 MITO Cy CTaOJbHKE, KIUIOBU
KyKypy3a, JbyCKe, IMBCKU TPOIl, KOMHHA rpoxkla, jabyke 1 1IBeKIIe, Kao U JPYTUX arpope3uniya
U Hycnpou3BoJa npexpambene unaycrpuje. [IpeioskeHu npucTyn 3acHUBA ce Ha CTPAaTeruju
KackagHor kopumhema Ovomace paad MakcUMalHe e(pHKacHOCTH y YHoTpeOu pecypca.
Pacnionena otnagHe 6uomace BpIIM Ce HA OCHOBY H-EHOI XEMH]CKOI' cacTaBa, 0€30eIHOCHUX
KapakTepUCTUKAa M (YHKLIMOHAJIHUX CBOjCTaBa. BUJPHM OCTallM KOjU MCIyHaBajy 3aXTEBE
6e30eHOCTH XpaHe U [T0ce1y]y 0AroBapajyhe HyTpUTUBHE U TEXHO-(YHKIIMOHATIHE KapaKTepH-
CTHKE YKJbYUY]jy C€ Y mpexpamOeHe cucTteMe 3a pa3Boj o0oraheHux mpou3Boja, YuMe ce yHa-
npel)yjy mUXoBa HyTpUTHUBHA U (DyHKIMOHATHA CBOjcTBa. buomaca koja HMje mOrojHa 3a
npexpaMOeHy NpUMEHY KOPHUCTH C€ 3a MPOU3BOAKY OJPKUBUX Marepujaia, ykibydyjyhu
3eJIeHe KOMITO3UTE HAMEH-EHE MaKoBamwy XpaHe. Y 3aBpIIHO] (a3, ocTall KOjHU HHUCY IO-
TOJHM HHU 3a IpexpaMOeHy NpUMEHY HU 3a yrnoTpeOy y o0siacTH MaTepHjajia noJgBpraBajy ce
TEPMOXEMH]CKHM IPOLIECUMa KOHBEp3Hje, Kao IITO Cy MUPOJU3a U KOMMPOJIHM3a ca JIPyruM
BpCTama OTIaja, MPH YeMy HacTajy MPOM3BOJM ca J0AATOM BpenHolnhy, ykibydyjyhu Omo-
yJbe, Ouo-yrasb (biochar) n cunte3nu rac OBakaB MHTEIPUCAHU KacKalHU MPUCTYI oMoryhasa
ONITUMAITHO UCKOopHUlTheme OnomMace, MUHUMU3KPa HACTAaHAK OTIA/1a U JOTIPUHOCH TPaH3ULIM]jU
Ka [IUPKYJApHUM U OJIP’)KUBUM MTPOU3BOIHUM cucteMuma. [lnatdopma he 6utu npencraBbeHa
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KpO3 EKCIIEpUMEHTATHE pe3yITaTe U aHAIUTUYKY KapakTepu3alnjy, y3 mocedaH OCBPT Ha lbeHY
MPUMEHJBUBOCT Yy MpexpaMOeHO] HUHIYCTPHUjU, Pa3BOjy OJPKUBHX MaTepHjajia U €KOJOIIKU
OJITOBOPHUM CTpaTerujama yIrpaBibamba OTHAIO0M.

Kwyune peuu: arponHAyCTPHjCKH OTIAJ; Bajopu3anuja Ouomace; HUpKyJapHa €KOHOMM]a; (yHKIIHO-
HaJIHA XpaHa; OAPKUBH MaTepujain; TEPMOXEMH)CKa KOHBEP3H]a.

Agro-Industrial Waste in the Circular
Economy: From Functional Foods to
Sustainable Packaging and Thermochemical
Products

Vesna Anti¢"”

! University of Belgrade, Faculty of Agriculture, Department of Food Technology and
Biochemistry, Belgrade, Serbia
" vantic@agrif.bg.ac.rs

The increasing generation of agro-industrial waste poses a significant environmental and
economic challenge while also constituting a sustainable source of bioactive compounds and
value-added products. This article presents the development of an integrated platform for the
valorization of plant-based agro-industrial residues, including stalks, corn cobs, husks, brewer’s
spent grain, grape, apple, and beetroot pomace, as well as other agricultural residues and food
industry by-products. The proposed approach is based on a cascade biomass utilization strategy
aimed at maximizing resource-use efficiency. The allocation of waste biomass is guided by its
chemical composition, safety characteristics, and functional properties. Plant residues that meet
food safety requirements and possess suitable nutritional and techno-functional characteristics
are incorporated into food systems to develop enriched food products, thereby enhancing
their nutritional and functional properties. Biomass unsuitable for food applications is used
to produce sustainable materials, including green composites for food packaging. In the final
stage, residues unsuitable for either food or material applications undergo thermochemical
conversion processes, such as pyrolysis and co-pyrolysis with other waste streams, generating
value-added products, including bio-oil, biochar, and syngas. This integrated cascade ap-
proach enables optimal biomass utilization, minimizes waste generation, and contributes to
the transition toward circular and sustainable production systems. The platform will be de-
monstrated through experimental results and analytical characterization, with particular
emphasis on its applicability in food systems, the development of sustainable materials, and
environmentally responsible waste management strategies.

Keywords: agro-industrial waste; biomass valorization; circular economy; functional foods; sustainable
materials; thermochemical conversion.
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CynepmacuBHe LPHe pyle Yy BACHOHH —
KOEBOJIYIIHja €A rajjakcujamMa

Jlyka Y. Ilonosuh™*"

' AcrpoHoMcka orcepBaropuja, beorpax, Cpouja
2 Vuusepsuret y beorpany, Marematuuku ¢paxynrer, Karenpa 3a acrporomujy, beorpaa, Cpouja
* Ipopovic@aob.rs

CynepmacuBHE LpHE pyIie Cy MPUCYTHE y LEHTPUMA Tajakcuja, a lbruxoBa Maca ce kpehe on
MWJIMOH J10 HEKOJHMKO JeceTnHa munujapaun CyHueBux maca. FbuxoBa ynora y HacTaHKy U
pa3Bojy rajakcuja je Beoma 6utHa. HajHoBHja uCTpakuBama ykasyjy Ja Cy c€ OBaKO MacHUBHE
L[pHE pyIe Moryie GOpMHUpaATH y PAaHOM YHHUBEP3yMy. Y OBOM paiy AajeMO KpaTak OCBpPT Ha
IIPUPOJY OBUX 00jeKaTa, HAauMH HUXOBE JETEKIMje U HUXOBY YJIOTY Y pa3Bojy BaCHOHE KOjy
TpeHyTHO nocmarpamo. [Tocebno hemo auckyroBaTu nmpupody obdjekara koje je oTkpuo Llemc
Be6 teneckon Ha3BaHUX ,,lipBeHe Mase Tauke (Little Red Dots — LRDs)®, koje cy Ha BelIUKUM
KOCMOJIOIIKAM THoMarumMa. M3 CHeKTpOCKONCKMX MOCMaTpama MOXE C€ 3aKJbYUHUTH Ja Cy
LRDs ,,orosbeHe’ cynepMacuBHe I[pHE pyIie OKO KOJUX HE TOCTOjU 3BE€3JaHH OMOTAH.

Kwyune peuu: ranaxcuje, LpHE pyTie, CIEKTPOCKOMNH]a.

Supermassive Black Holes in the
Universe — Coevolution with Galaxies

Luka C. Popovié"**

! Astronomical Observatory, Belgrade, Serbia
2University of Belgrade, Faculty of Mathematics, Department of Astronomy, Belgrade, Serbia
* Ipopovic@aob.rs

Supermassive black holes are present in the centers of galaxies, and their mass ranges from a
million to several tens of billions of solar masses. Their role in the formation and evolution of
galaxies is very important. Recent investigations indicate that such massive black holes could
be formed in the early universe. In this paper, we provide a brief overview of the nature of
these objects, the methods of their detection, and their role in the development of the universe
we currently observe. Especially, we will discuss the nature of objects discovered by the James
Webb Telescope called “Little Red Dots — LRDs”, which are at large cosmological redshifts.
From spectroscopic observations it could be concluded that LRDs are “naked” accreting
supermassive black holes around which there is no stellar envelope.

Keywords: galaxies, black holes, spectroscopy.
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Hexn acniekT Teopuje moTeHujasa,
BHM3yaJIM3allMja, BAPUjallMOHN PavYyH
U NIPUMeEHe

Muoopaz Mame.vesuh'"

! Vuugepsuret y beorpany, Maremaruuku dakyaret, beorpan, Cpouja
* miodrag@matf.bg.ac.rs

['maBHa Tema paja je BapHjallMOHU PadyyH W Be3a Ca CTAI[MOHAPHUM Taykama (yHKIHOHAIa
U MapIlMjaTHUM jeIHAaYMHAMa Kao W MPUMEHa y IpyruM Haykama. [lapuujanne jenHaunHe u
MOoCeOHO jeIHaYMHE MaTeMaTH4Ke (pH3HMKe OMUCYjy MHOTE T0jaBe U3 peanHor cera. [Ipen-
CTaBJbCH j€ KpaTaK HMCTOPHM]CKM TIpErjiea WJeja M IOjMOBa ca MOTHBAIlMjaMa W3 PEaTHOT
cBera. [lat je mompuHOC pa3Bojy (YHKIMOHAIHOT Pa3MHUIILbaka Y BE3H Ca KOHBEKCHOIINY
U jeHOJAMMEH3MOHAJHUM KpPETameM, NMPUMEHhEHa je METO/Ia BU3yajHu3alrje Ha HEeKe MaTe-
MaTHuKe npodieme. MoaudukoBaH je ApXuMeI0B PUCTYI 32 U3padyHaBamkhe MOBPIIHHE KO-
Jy orpanmyvaBa napa6omna. /lat je moka3 mo3Hare HejeqHakocthn Muxawmna [lerpoBuha o KOH-
BEKCHUM (pyHKIIMjamMa IpUMEHOM MeTojia Bu3yaiu3anuje. HaBeneHe cy Heke MOTHBAIHje 3a
MaTeMaTHUYKe TEOPHje Y pEaTHOM CBETY, ToceOHO y pusuim. PazmaTtpane cy Bese m3mely ma-
TeMaTH4YKe TEOPHje MOTCHIIMjaia U MOTEHIUjalla y eJIEKTPOCTATHUIIH: CTahe PABHOTEIKE, TEIKEHA
cucTeMa Jia 3ay3Me MoJI0XKa] MUHUMAIHEe CHEePruje, N30IMEePUMETPHjCKEe HEJeTHAKOCTH Y BE3U
ca KaralTeToM, T€OMETPHUjCKE HEjeHAKOCTH KOje YKJby4yjy ['epuHroB mpobiaem U BUXoBa
Be3a ca jjoroM MHTepHannoHaiHe MaTeMaTuike yHuje. Pasmarpanu cy J{upuxiieoB mpUHIIHIT
Y BapHjallMOHU PauyH y BE€3M ca MUHUMAJTHUM IOBPIIUMA, XapMOHH]jCKa MPECINKaBamba Koja
Cy CTallMOHapHe Tayke (YHKIIMOHATA CHEePruje U TeOMETPUjCKe HEjeTHAKOCTH. Pa3BajameM
JIepUBAIMje y TONPEYHY T€OMETPHjCKY KOMIIOHEHTY W Y3IYXKHY JBOCMEpPHY KHHEMATHYKY
KOMIIOHEHTY, YCIIEIITHO CMO yCIIOCTaBUIH jenHaunHe JlopeHiose Tpancdopmaruje. OBa meto-
JI0JIOTHja PUTOPO3HO TMOKa3yje Jla PEeJaTUBHOCT CUMYJITAHOCTH M MyHAa MaTpHIla TpaHChop-
MaIlyje MpocTopa U BpeMeHa MPUPOIHO MPOU3Jia3e U3 HEMPOMEHIBUBOCTH JIBOCMEPHE Op3HHE
CBETJIOCTH C, , YHHENH OMII0 KaKBy 3aBHCHOCT OJl KOHTPOBEP3HMX IOCTYJATa j€JHOCMEPHE
CHHXPOHH3AIIH]jE 3aCTaPEIIOM.

Kwyune peuu: Teopyja OTEHIHjalla, BApUjallMOHN pavyH, KBA3UKOH(POPMHA MTPECTNKABAbA.

Some Aspects of Potential Theory,
Visualization, Calculus of Variations
and Applications

Miodrag Mateljevi¢'”

' University of Belgrade, Faculty of Mathematics, Belgrade, Serbia
" miodrag@matf.bg.ac.rs

The main topic of the paper is the Calculus of variations and its connection with stationary
points of functionals and partial equations, as well as its application in other sciences. Partial
equations, and especially equations of mathematical physics, describe many phenomena from
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the real world. A brief historical overview of ideas and concepts with motivations from the real
world is presented. A contribution is made to the development of functional thinking in relation
to convexity and one-dimensional motion, and the visualization method is applied to some
mathematical problems. Archimedes’ approach to calculating the area bounded by a parabola
is modified. A proof of the well-known inequality of Mihail Petrovi¢ on convex functions is
given using visualization methods. Some motivations for mathematical theories in the real
world, especially in physics, are given. The connections between the mathematical theory of
potentials and potentials in electrostatics are discussed: the state of equilibrium, the tendency
of a system to occupy a position of minimum energy, isoperimetric inequalities related to ca-
pacitance, geometric inequalities involving the Goring problem, and their connection with
the logo of the International Mathematical Union. The Dirichlet principle and the calculus
of variations in relation to minimal surfaces, harmonic mappings that are stationary points of
energy functionals, and geometric inequalities are discussed. By decoupling the derivation
into a transverse geometric component and a longitudinal round-trip kinematic component, we
have successfully established the Lorentz transformation equations. This methodology rigo-
rously demonstrates that the relativity of simultaneity and the full spacetime transformation
matrix emerge naturally from the invariance of the round-trip speed of light ¢_ , rendering any
dependency on controversial one-way synchronization postulates obsolete.

Keywords: potential theory, calculus of variations, quasiconformal mappings.
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Mopdosnomka Bapujaduianoct Bpcre Crataegus
monogyna (Rosaceae) Ha noapyujy bam Opaa
(bama Jlyka, Penyouuka Cprcka)

Cunuwa Illxkonopuh”u Canoa Xouuh’

! Vuusepsurer y bawoj Jlyuu, [pupoaro-maremaruuku dakynaret, bama Jlyka, Pemy0inka
Cprcka, bocHa n Xepuerosusa

2Vuusepsurer y bawoj Jlynu, Menuiunacku dakynret, bama Jlyka, Pemyonuka Cpricka,
bocha n Xepuerosuna

* sinisa.skondric@pmf.unibl.org

Crataegus monogyna Jacq. je IMPOKO pacupocTpameHa Bpcra pamummmje Rosaceae unju npu-
ponuu apean oOyxsara Behu nuo EBpore, KaBkas, cjeBepny AQpuky u nujenoBe jyrosanaaHe
Asuje. HacespaBa pa3nuyute THIOBE CTAHUIITA y TMOAPYYJYy yMjepeHE KIUMeE, O] IIYMCKHUX
pyOOBa M mIMKapa 0 OTBOPEHUX TPaBHATUX MOBPIIHMHA, T7Ij€ CE€ jaBJba Ka0 I'PM WU Mambe
npBo. Bpcere pona Crataegus onnmukyjy ce uzpaxeHom mopdosomkom BapujadbunHonrhy, mro
IUXOBY HJIEHTU(HUKALIN]Y U TAKCOHOMCKY MHTEPIPETAIU]y YHHH CII0kKEeHOM. MopdomeTpHjcka
aHaJlM3a JUCTOBA U IUIO0BA MPE/ICTaBba jefaH o Hajuelthe KopuirheHux MpucTymna y npoy-
yaBamwy WHTpacHeljcke BapujadmiHocTu poaa Crataegus, Oynyhu aa cy ynpaBo OBH OpraHU
0J1 TOCEOHOT 3Havaja 3a TAKCOHOMCKY TuepeHIrjalnjy BpcTa U HHGPACTIEINjCKUX TaKCOHA.
[{nsp oBoOT paja 6MO je 1a ce yTBPAM CTereH MOP(OJIOIIKE BapHjaOMITHOCTH jeTuHKH BpcTe C.
monogyna Ha nofpy4jy bam Opaa Ha ocHOBY aHanu3e ogabpaHUX KapakTepa JHCTa U IUI0/a.
bam Opno Hanasu ce y cjeBepo3ananHom aujeny Penmybnuke Cpricke y cactaBy ['panga bama
Jlyka. Iloapyuje bam Opma kapakrtepuine mymcka ereranuja pema Carpinetalia betuli, a
¢buToreorpadcku ce Halla3u Ha KOHTAKTHO] 30HU M3Mel)y WIMpCKe MPOBUHIM]E U TAHOHCKOT
CEKTOpa CPeIlOeBPOIICKE MPOBUHIIM]E €BPOCUOUPCKO-C]€BEPHOAMEPUYKOT PETHOHA. YKYITHO
jeananusupana 31 jenunka. Ca cBake jeJMHKE CAaKyIIJbEH j€ 10 jeIaH 11BjeTajyhu KpaTKku n31aHaKk
ca HajMame TPU JIUCTA U TPH TuIoAa. TOKOM TEepEeHCKUX UCTPaKUBAHba CAaKyIJbEHH JIUCTOBU U
IJ10/10BU (DUKCUPAHU CY y MjeIIaBUHU eTaHoja u riuiepona (1:1). YkymHo je ananusupano 12
MOP(hOJIOIIKUX KapakTepa, ykbydyjyhu 1y>KUHY JTUCHE JIPIIKE, Ay KUHY JIUCHE TIIoYe, 1yOUHYy
CHHYCa JIOWET PEeXiba JMCHE II0ue, AYKUHY U IIUPUHY JOHET PeXiba JIMCHE IJI0Ye, YKYITHY
Iy>KUHY JIUCTA, BUCUHY U IIUPHUHY TUIO/A, KA0 U BUIIIE OJHOCA U3Mel)y HaBeIeHUX KapakTepa.
JloGujenu pesynratu oOpaheHu cy mpuMjeHOM JECKPUNITHBHE cTaTUCTUUYKe aHanuze. Cpeama
BpHJEIHOCT TyKMHE JIMCHE JpIIKe n3Hocuia je 1,48 cm, myxuHe aucHe rmiode 3,35 cm, J0K
je cpelma BpHjeIHOCT yKyIHe nykuHe aucta ouna 4,83 cm. Kapakrepu BUCHHA U HIMpUHA
TJ10/1a UIMAJTH CY cpeibe BpujeaHocty 0,85 cm u 0,65 cm. Pesynraru cy yka3anau Ha MpUCyCTBO
cnabe 10 ymjepene mopdoromike BapujadbunmnocTy Behnue ananu3npanux kapakrtepa. Hajsehy
BapHjabMITHOCT UCTIOJbHIIA je Ay kuHa TucHe apiike (CV =34,57%), kao 1 0OAHOC AyKUHE TUCHE
npuike u gyxuHe nvcHe wiode (CV = 31,28%) u nyOuHa cuHyca TOWmEeT PeXiba JUCHE MI04Ye
(CV =26,99%). Hajmamy BapujaOMIIHOCT MOKa3aia je qyxkuHa jucHe riode (CV = 13,87%).
Ha ocHoBy BpujenHOoCTH KoeduujeHTa BapHjaiyje BehnHa anaTu3upaHux KapakTepa CBpcTaHa
j€ y KaTeropujy ciabo 10 yMjepeHO BapujabUITHUX, TOK BUCOKO BapHjaOMIIHA KapaKTEpH HUCY
3a0buspexeHn. OBO UCTPAKMBALE MPEICTABIbA MPBE M0IaTKE 0 MOP(OIOIIKO] BapHjaOUITHOCTH
Bpcte C. monogyna Ha noapy4jy bam Opna u gonpuHocu 00sbeM MO3HaBamby MOPQOIOMIKUX
ocobuHa oBe BpcTe y PemmyOmuiu Cprickoj.

Kwyune pujeuu: moppomeTpuja, JUCT, IIIOA, UHTPACTICIIH]CKA BAPHjaOMITHOCT.
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Morphological Variability of
Crataegus monogyna (Rosaceae) in
the Area of Banj Brdo (Banja Luka,
the Republic of Srpska)

Sinisa Skondrié"” and Sanda Hod%i#

''University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina

2University of Banja Luka, Faculty of Medicine, Banja Luka, Republic of Srpska, Bosnia and
Herzegovina

* sinisa.skondric@pmf.unibl.org

Crataegus monogyna Jacq. is a widespread species of the family Rosaceae whose native range
encompasses most of Europe, the Caucasus, North Africa, and parts of Southwest Asia. It
inhabits various habitat types within the temperate climatic zone, ranging from forest edges
and shrub communities to open grasslands, where it occurs as a shrub or a small tree. Species of
the genus Crataegus are characterized by pronounced morphological variability, which often
complicates their identification and taxonomic interpretation. Morphometric analysis of leaves
and fruits represents one of the most commonly used approaches in studies of intraspecific
variability within the genus Crataegus, as these organs are of particular importance for the
taxonomic differentiation of species and infraspecific taxa. The aim of this study was to deter-
mine the degree of morphological variability of C. monogyna individuals from the Banj Brdo
area based on the analysis of selected leaf and fruit characters. Banj Brdo is situated in the
northwestern part of the Republic of Srpska, within the territory of the City of Banja Luka.
The area is characterized by forest vegetation belonging to the order Carpinetalia betuli and
is phytogeographically located in the contact zone between the Illyrian Province and the
Pannonian sector of the Central European Province within the Euro-Siberian—North American
Region. A total of 31 individuals were analyzed. One flowering short shoot bearing at least
three leaves and three fruits was sampled from each individual. During field investigations,
collected leaves and fruits were fixed in a mixture of ethanol and glycerol (1:1). In total, 12
morphological characters were examined, including petiole length, leaf blade length, depth
of the lower lobe sinus, length and width of the lower leaf lobe, total leaf length, fruit height
and width, as well as several ratios derived from these characters. The results were analyzed
using descriptive statistical methods. The mean petiole length was 1.48 cm, the mean leaf
blade length was 3.35 cm, while the mean total leaf length was 4.83 cm. Mean values of fruit
height and width were 0.85 cm and 0.65 cm, respectively. The results indicated low to mo-
derate morphological variability for most of the analyzed characters. The highest variability
was recorded for petiole length (CV = 34.57%), followed by the ratio of petiole length to leaf
blade length (CV = 31.28%) and the depth of the lower lobe sinus (CV = 26.99%). The lowest
variability was observed for leaf blade length (CV = 13.87%). According to the coefficients of
variation, most analyzed characters exhibited low to moderate variability, whereas no highly
variable characters were recorded. This study provides the first data on the morphological
variability of C. monogyna in the Banj Brdo area and contributes to a better understanding of
the morphological characteristics of this species in the Republic of Srpska.

Keywords: morphometrics, leaf, fruit, intraspecific variability.
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Pa3znuke y anatomMckoj rpahu iucke u
JIMCHe JPIIKe TPHU KJIoHA BpOa (Salix spp.)

3opana Xpxuh Hnuh'"

' JY I'umuasuja bama Jlyka, bama Jlyka, PemyGnuka Cpricka, bocha n Xepiierosuna
* zoranahi26(@gmail.com

HcTtpaxkuBame aHaToMcke rpale Tucke U JTUCHE APIIKE UMa 3Ha4aj y UACHTU(DUKAIM]H U H-
depennmjanujun OuspbHUX BpcTa. KitonoBu Tpu Bpcte BpOa (Salix alba L. xnon *B-44°, Salix
viminalis L. xmon *SV068 u Salix matsudana Koidz. xknon ’SM4041°) panuje HUCy OWIH
MpeaMeT JeTajbHe aHaTOMCKe aHanu3e jucrta. [lub ucrpaxuBama Ouo je 1a ce yTBpIe U
yHopese aHaTOMCKe KapaKTEepPUCTHKE JIMCKE U JINCHE JPIIKE, Kao U Jja c€ MPOLHUjEeHU CTEleH
BapHjaOMIHOCTH M3Mely ucnuTHBaHUX KJI0OHOBa BpOa. OmabpaHu KJIIOHOBH BpOa JO0O0HjEHHU Cy
CeJIeKIIMjoM OMJBPHOT MaTepujasa u3 0aHke reHa MIHCTUTYTa 3a HU3M]jCKO IIIyMapCTBO U dKUBOTHY
cpenuny y HoBom Cany. Pe3Huile kjoHOBa rajeHe Cy y MOJYKOHTPOJHMCAHUM YCIOBUMA
CTaKJIeHHKa, METOJIOM 3eMJbHIIIHE KyAType, y MudepnuxoBuM nocynama ca 5 kg 3eMIpuiiHor
CyIicTpara. Y30pKoBame OMJbHOT MaTepHjaia 00aBJbEHO j€ y TPU TEPMUHA TOKOM BEreTalliOHOT
nepuoja (o1 Maja 10 cenTemMOpa) paau nopehema aHatoMmcke rpahe y tpu daze. [lonpeunu
MpeCjeln JIMCKE W JIMCHUX JpIIKU ae0spuHe 60 um mpaBibeHu cy nomohy Leica CM 1850
Kpuoctara. CBe aHanM3e MOMPEYHUX Mpecjeka U Mjepera U3BPILEHU Cy ToMohy CBjeTIOCHOT
Mukpockorna Motic BA210 u cuctema 3a ananuzy ciauke Image Analyzing System Motic Image
Plus 3.0. 3a cratuctuuky oOpaay mojaraka KOPHIITEHH Cy MPOTPaMCKH MakeTu Statistica 12,
Rstudio 2022.12.0 u PAST 4.12b for Windows. Omnucana je anaroMmcka rpaha JUCKH U JTUC-
HUX JPIIKM aHAJIU3UPAHUX KJIOHOBa BpOa. M3mjepenu cy cibenehn aHaTOMCKU MapameTpu
JIUCKE: OBPIINHA JINCKE Ha MOMPEYHOM TpecjeKy, AeOsbruHa Jaucke Ha 1/4 mmpuHe (BaH 1iiaB-
HOT HepBa), NeOJbMHA JINCKE HA TIIABHOM HEPBY, JeOJbMHA aJaKCHjaTHOT W abaKCcHjajHOT
enuaepmuca, ne6spuHa cyHhepacTor M MmajgucaJHOT TKUBA W MOBPIIMHA LEHTPAIHOT HEpBa.
Pe3ynratu cy mokasanu Ja jucKa CBUX aHAIM3HPAHUX KJIOHOBA MMa JIOP3UBEHTpAIHY rpal)y,
ca JeTHOCTIOJHUM a/IaKCHjaTHUM U a0aKCHjaTHUM €IUACPMHUCOM U XJIOPEHXUMOM AU EpeHITH-
paHUM Ha ManucaaHo u cyHhepacto TkuBo. [lanrcanno TKMBO je KOMIIAKTHO, 1BOCIOjHO. CyH-
hepacto TkuBO rpaheHo je ox 2—3 pacTpecura cioja henuja, y HEKUM Cy IPUCYTHE KPUCTAITHE
npy3e. Y 30HU IIEHTPAJIHOT HEpBa Haja3e ce JBa HAcIpaMHO IMOCTaB/beHa OMKOJIaTepaiHa
npoBoAHa cHonuha. Kcunem uma nydynu obnuk. Y3 kcuiieM U (iaoeM cHommha 1eHTpamTHor
HepBa Hajasu ce ckiepupukoBanu napenxum. CyGenuaepmManHo, y 30HH IIaBHOT HEpBa MpHU-
CYTHO je BHIIE CJI0jeBa KOJICHXHMMa, aJaKkcHjaaHo. Y Oa3ajHOM AHjely JIMCKe abaKChjaaHO
cy npucyTHa 1-2 cnoja henuja xoneHxuma. Y MapeHXHWMY 30HE IIEHTPAIHOT HEpBa Haiasze
ce KpHUCTaJHE Apy3e W nmpuaMatudHu Kpuctanu. Kimon ‘SM4041° ce u3aBojuo Behum Bpu-
JeIHOCTUMA TIOBPIIMHE W JAeOJbUHE JIMCKe W BehoM pa3BHjeHONINY enmuepMaIHUX TKHUBa U
xjopenxuma. M3y3eB 1ebsprHE TMCKE Ha TIIaBHOM HEpBY, KJI0HOBH ‘B-44" 1 ‘SV068’ mokazanu
cy MelhycoOHO ciuuHe BpHjeIHOCTH BehHHE aHaIM3UPAaHUX AHATOMCKUX KapaKTEepHCTHUKA
mucke. JIucHa npiika je mokasaja BapujaOMIHOCT 00JMKa Ha MOMPEYHOM MPECjeKy: OKpYrao,
oBaJlaH WK TpoyriacT. thena anatoMmcka rpaha Ouiia je peJaTUBHO yjeHadeHa U 00yXBaTuia
JETHOCTIOJHH enuAepMUC, cyOenuaepMaiHi KOJICHXUM aHyJIapHOT TUIA U TapeHXHUM ca KpH-
CTaJIHUM Jpy3ama. BackynapHO TKHMBO JIMCHE APIIKE YMHE JBa HACIpPAMHO MOCTaBJ/beHa Ou-
KoJaTepaiHa mpoBoaHa cHomuha. Ha ocHOBY m00HMjeHHX pe3yiTaTa MOXKe ce 3aKJbYYUTH Ja
u3Mel)y MCIUTUBAaHUX KJIOHOBA BpOa MOCTOjU MHTEPTEHOTHUIICKA BapUjaOMIIHOCT aHATOMCKHX
rmapamerapa JUcKe, JOK je rpaha JucHe JpIIKe y BEIUKO] Mjepu KOH3UCTeHTHA. J[oOujeHu
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pe3ynTaTu npykajy HOBE MOJaTKe KOjU MMajy 3Hauaj y MOTIYHH]EM MO03HaBalby aHATOMCKE
rpahe BpcTa u3 poaa Salix.

Kwyune pujeuu: anaromcka rpaha, mucka, JucHa ApIika, Bpoa (Salix), THTepreHOTUIICKa BapHjaOUTHOCT.

Differences in the Anatomical Structure of the
Leaf Blade and Petiole of Three Willow Clones (Salix spp.)

Zorana Hrkié Ilié"™

' PI Gymnasium Banja Luka, Banja Luka, Republic of Srpska, Bosnia and Herzegovina
* zoranahi26(@gmail.com

The study ofthe anatomical structure of the leafblade and petiole is important for the identification
and differentiation of plant species and subspecies. Clones of three willow species (Salix alba
L. clone ‘B-44°, Salix viminalis L. clone ‘SV068’ and Salix matsudana Koidz. clone ‘SM4041°”)
have not previously been subjected to detailed anatomical analysis of the leaf. The aim of this
study was to determine and compare the anatomical characteristics of the leaf blade and petiole
and to assess the degree of variability among the examined willow clones. The selected willow
clones were obtained from plant material collected from the gene bank of the Institute of
Lowland Forestry and Environment in Novi Sad. Cuttings were grown under semi-controlled
greenhouse conditions using soil culture in Mitscherlich pots containing 5 kg of soil. Sampling
was performed in three terms during the growing season (May to September) for comparing
the anatomical structure across three phases. Cross-sections of leaf blades and petioles with
60 pum thickness were prepared using Leica CM 1850 cryostat. Anatomical observations and
measurements were performed using Motic BA210 light microscope and the Image Analyzing
System Motic Image Plus 3.0. Statistical analyses were conducted using Statistica 12, RStudio
2022.12.0 and PAST 4.12b. The anatomical structure of the leaf blades and petioles of the
analyzed willow clones was described. The following leaf blade anatomical parameters were
measured: cross-sectional area, thickness at 1/4 width (outside the main vein), thickness at the
main vein, thickness of adaxial and abaxial epidermis, thickness of spongy and palisade tissue
and cross-section area of the main vein. The results showed that all analyzed clones possess
dorsiventral leaf structure with single-layer adaxial and abaxial epidermis and chlorenchyma
differentiated into palisade and spongy tissue. The palisade tissue is compact and two-layered.
The spongy tissue consists of 2—3 loose layers of cells, some containing crystal druses. In the
region of the central vein two bicollateral vascular bundles are arranged opposite to each other.
The xylem has an arcuate shape. Sclerenchymatous parenchyma surrounds the xylem and
phloem of the central vein. Several layers of collenchyma are present subepidermally on the
adaxial side of the main vein, while 1-2 layers occur abaxially, mainly in the basal part of the
leaf blade. Crystal druses and prismatic crystals were observed in the central vein parenchyma.
Clone ‘SM4041° was distinguished by higher values of leaf blade area and thickness as well
as greater development of epidermal tissues and chlorenchyma. Clones ‘B-44’ and ‘SV068’
showed similar values for most leaf anatomical traits except for leaf thickness at the main vein.
The petiole showed variation in cross-sectional shape: circular, oval or triangular. Its anatomical
structure was relatively uniform, consisting of a single-layer epidermis, subepidermal annular
collenchyma and parenchyma with crystal druses. The vascular system consists of two
oppositely arranged bicollateral vascular bundles. The obtained results indicate intergenotypic
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variability in leaf anatomical parameters among examined willow clones. The petiole anatomy
remains largely consistent. These results provide new data contributing to a more complete
understanding of the anatomical structure of Salix species.

Keywords: anatomical structure, leaf blade, petiole, willow (Salix), intergenotypic variability.

Kapakrepusauuja usjerama ajaru y
Buwerpaackoj akymyaauuju (pujexka /{puna)

Jacmuna Kamoeposuh'" u Maja Ilaranzemuh'?

"'Vuusepsuret y Ty3zmu, [Ipupoaso-maremaruuku dakynaret, Oncjek 3a 6uonorujy, Tysna, Bocna
1 XepleroBruHa

2Vuusepsurer y Mcrounom CapajeBy, TexHomnomku (hakysret, 3B0pHUK, bocHa n Xepiieropusa

* jasmina.kamberovic@untz.ba

L{BjeTame ayru TpeNcTaBhba MIMPOKO PACIpPOCTPAEEHY I0jaBy Y3pOKOBaHY MACOBHHM pas-
MHOYKaBambeM (UTOIUIAHKTOHA y BOJCHMM THjenuma. OBa TI0jaBa MpeACTaBiba CBE U3PAKCHU)U
po0OJIeM y KOITHEHHM BoziaMa. TOKOM MOCIbEIEbE YeTUPH JICTICHH]E, IIBjETAHE AJITH Y CIIATKOBOJTHIM
eKocHcTeMrMa IokyMeHToBaHo je y Butte 01 20.000 jesepa mrpom cBujeTa. LBjeTame anru y3pokyje
OpOjHE EKOJIOIIKE M JPYIITBEHO-EKOHOMCKE IMOCIJBEIHIE, YKIbYUyjyhr TMOoropiiame KBaJIMTETa
BOJIC, CMabCHhE MPO3UPHOCTH BOJIE, opeMehaje XpaHuI0eHNX Mpexka, TIOTCHITHjaTHY TPOIYKIIH]Y
TOKCHHA 1 OTPaHUYaBakh-e yroTpede BOJIE 3a BOJIOCHAOIN]eBakbe M peKpearnjy. XuapoaKyMyJalyje
Cy TIOCEOHO OCjeTJBUBE Ha OBY TI0jaBy, jep MPOMjeHe MMPOTOKa M BPEMEHa 3a/Ip)KaBamba BOJIC MOTY
TIOTOJIOBaTH aKyMynaiuju ouomace ¢uroruiankTona. L{nss oBor ucrpakuBama OHO je YTBPIUTH
TAKCOHOMCKH CacTaB (DMTOIUIAHKTOHA TOKOM IIBjeTamha ard y Buierpajackoj akymynanuju Ha
pujerut J{prHu U MpOLIMjeHUTH cacTaB (PUTOIIIAHKTOHA Y OTHOCY Ha U3MjepeHe (PU3UUKO-XeMHjCcKe
KapaKTEePUCTHKE BOJIC. Y30PKOBamke (PUTOIIAHKTOHA CIIPOBEACHO je y Majy 2024. roauHe, TOKOM
WHTCH3MBHOT 1IBjeTamba Al 3a0MJbE)KCHOT Ha YETHPH JIOKATUTETA YHyTap akymynanuje: Mehebha,
yurhe pujexe JIlum, moapydje HU3BOAHO of yToka Jluma u nozapydje y omusunu OpaHe. MpexHu
y30pIH PUTOITAHKTOHA TPUKYTIJLEHH Cy TOMOhY (PUTOIIIIAHKTOHCKE MPEIKe BEITMIMHE OKara 25 pum,
dunrpupamem 20 nHTapa Boze. Y30pIM Cy aHAM3UPAaHH CBjETJIOCHOM MHKPOCKOIH]OM, TAKCOHU
Cy HICHTU(UKOBAHN KOPHUIITEHEM PEIICBAHTHE TAKCOHOMCKE JINTEPAType, a pelaTiBHA OPOJHOCT
onpeleHa je MPUMjEHOM CEMHUKBAHTHTATHBHE CKajie. BpOjHOCT JOMHHAHTHOT TaKCOHA JIOJATHO
je mpouyjemeHa nomohy HareoreoBe komope 3a Opojame. Temneparypa Boae, pH BpujeaHoct,
KOHIICHTpAIMja OTOIJBEHOI KUCHKA, CJICKTPUYHA MPOBOJBUBOCT W MPO3HUPHOCT M3MjEPEHU CY
Ha TepeHy, JIOK Cy pa3lIMuuTH o0imIm a3ora U (ochopa, YKyImHH OPraHCKH YIJBHK, XEMH)jCKa
TIOTPOIIIHa KACHKA, TBpIoha BOJIE, XJIOPUIH U CyaTH aHaIU3UpaHU y J1abopaTopuju. YKYITHO
cy uneHTuurKoBana 24 TakcoHa (GUTOILIaHKTOHA. Ha CBUM MCTpakKWBaHUM JIOKAJIMTETHMA BPCTa
Peridinium bipes F. Stein Ouna je u3pa3uto JOMUHAHTHA U MMaJa je HajBehy penaTtuBHy OpOjHOCT,
nok cy aujaromeje Fragilaria spp., Asterionella formosa Hassall u Asterionella formosa var.
acaroides Lemmermann Ouiie 3HaTHO Marb¢ 3acTyIUbeHe. Behu HHTEH3UTET 1BjeTamba y y3BOTHOM
nujeny akymynanuje, y onusuau Mehehe, ykasyje Ha moTeHIIMjaTHi 3Ha4a] XUIPOJIOIIKOT PeXIMA
U JIOCTYITHOCTH HyTpujeHara. JloOuwjeHu pesynrary yka3yjy Ha moTpedy 3a KOHTHHYHPAHUM
npahemeM (QHUTOTUTAHKTOHA U (PU3HMUYKO-XEMH]CKUX KapaKTePUCTUKA BOJIE, HAPOUMTO TOKOM Iie-
puona nosehaHor pusvka of 1ojaBe IBjeTama aiuru. Jaxearnuya: V3narame Ha KOHQEpEHIHjU
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TIOJIPKAHO J€ KPO3 MPOJEKT ,,AHAIN3a 0a0paHuX OMOJIOIIKMX METO/a OI[jeHE EKOJIOIIKOT CTamka
BOJIa Ha CJIMBHOM TofIpy4]y pujeke Case*, moapskan o1l crpane MuHuCTapcTBa 00pa3oBama U Hay-
ke Ty31aHCKOr KaHTOHA.

Kwyune pujeuu: purormmankros, Peridinium bipes, ciatkoBogHa akyMmynaiija, (PHU3U9IKO-XEMH]CKH TTa-
paMeTpH, KBAIUTET BOJIC.

Characterization of Algal Bloom in the
ViSegrad Reservoir (Drina River)

Jasmina Kamberovi¢'" and Maja Palangeti¢'?

''University of Tuzla, Faculty of Natural Sciences and Mathematics, Department of Biology,
Tuzla, Bosnia and Herzegovina

2University of East Sarajevo, Faculty of Technology, Zvornik, Bosnia and Herzegovina

* jasmina.kamberovic@untz.ba

Algal blooms are a widespread phenomenon caused by the massive proliferation of phytoplankton
in water bodies. This phenomenon is an increasing problem in inland waters. Over the past four
decades, algal blooms in freshwater ecosystems have been documented in more than 20,000 lakes
worldwide. Algal blooms cause numerous ecological and socioeconomic consequences, including
the deterioration of water quality, reduced water transparency, disruption of food webs, potential
toxin production, and restrictions on the use of water for drinking-water supply and recreation.
Reservoirs are particularly vulnerable to this phenomenon, as changes in water flow and residence
time may promote the accumulation of phytoplankton biomass. The aim of this study was to de-
termine the taxonomic composition of phytoplankton during an algal bloom in the Visegrad Reser-
voir on the Drina River and to assess the phytoplankton composition in relation to measured
physicochemical characteristics of the water. Phytoplankton sampling was conducted in May 2024
during an intense algal bloom recorded at four locations within the reservoir: Mededa, the mouth
of the Lim River, the area downstream of the Lim River inflow, and the area near the dam. Net
phytoplankton samples were collected using a phytoplankton net with a mesh size of 25 um by
filtering 20 L of water. The samples were analysed by light microscopy, taxa were identified using
relevant taxonomic literature, and relative abundance was determined using a semiquantitative
scale. The abundance of the dominant taxon was additionally assessed using a Nageotte counting
chamber. Water temperature, pH, dissolved oxygen, electrical conductivity, and transparency were
measured in situ, while different forms of nitrogen and phosphorus, total organic carbon, chemical
oxygen demand, water hardness, chlorides, and sulphates were analysed in the laboratory. A total
of 24 phytoplankton taxa were identified. The phytoplankton community was strongly dominated
by Peridinium bipes F.Stein at all investigated sites, while the diatoms Fragilaria spp., Asterionella
formosa Hassall, and Asterionella formosa var. acaroides Lemmermann were considerably less
abundant. The greater intensity of the bloom in the upstream section of the reservoir near Mededa
suggests the potential importance of the hydrological regime, and nutrient availability. These
findings highlight the need for continuous monitoring of phytoplankton and the physicochemical of
water, particularly during periods of increased risk of algal bloom development. Acknowledgment:
The conference presentation was supported through the project ,,Analysis of Selected Biological
Methods for Assessing the Ecological Status of Waters in the Sava River Basin”, funded by the
Ministry of Education and Science of Tuzla Canton.

Keywords: phytoplankton, Peridinium bipes, freshwater reservoir, physicochemical parameters, water quality.
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DUTOXEMHjCKH CACTAB U OMOJIOLIKA
AKTHBHOCT JIMCTa OOPOBHMILE
(Vaccinium myrtillus 1..)

Pyscuua Koepo Ilasnosuh’, Capa Xoypanu?, Arucuja Kyuapcka’,
bpanumup Iaenuh’ u bopuc M. Ilonosuh’

"Vuusepsurer y HoBom Cany, [Tossonpupennu dakynrer, Hosu Cax, Cpouja
2Vuusepsuret y HoBom Cany, Texuomoniku daxynret, Hosu Can, Cpouja

> YHUBep3uTeT NPUPOAHUX Hayka y BpoiytaBy, Bpoiyias, [Tosbcka

" ruzica.zdero@polj.uns.ac.rs

Jluct 6oposnutie (Vaccinium myrtillus L.) mpeacrasiba 3Ha9ajaH U3BOP OMOAKTHBHUX jETHCHA
ca M3paXEHUM AaHTHOKCHJIAHTHUM M aHTHIMjaOeTHUKUM TNOTeHIHWjanoM. Emmaemuononika
UCTpaKMBama yKa3yjy Ja ucxpaHa Oorara OMJbHUM HaMUpPHHIIAMA, TTOCEOHO BOheM W TOBp-
hewm, TonprHOCH CMamkEHOM PU3HKY O] pa3Boja XpOHHUYHUX OosiecTd, ykIbydyjyhu nujaberec
Menutyc tumna 2. OBU ePEeKTH ce y BEIUKO] MEPH MPUITHCY]y MPUCYCTBY (EHOTHUX jeIHHbE-
Ba, K0ja MOTY YTHULATH Ha MeTaboJM3aM YIJbEHHX XHUJApara IMyTeM HWHXHOHUIHje KJbYUYHUX
JUTECTUBHUX €H3MMa, Kao IIITO Cy O-aMHJIa3a U O-IIIyKo3uja3a. Y TOM KOHTEKCTY, OMJbHH eKC-
TPAKTH NPEACTaBIbajy IPUPOIHY AITEPHATUBY CHHTETUIKUM HHXUOUTOPUMA, Ca TIOTSHIIN]JTHO
OnaxuM HexesbeHnM edekTrMa. L{nsb oBor ucTpakuBama je GUTOXEeMHjCKa KapaKTepu3aluja
Y UCTIUTHBAKE aHTUOKCHATHBHE M OMOJIOIIKE aKTUBHOCTH €KCTPaKTa JIMCTa OOPOBHUIIE, Ca
MoceOHUM OCBPTOM Ha HETOB MOTEHITU]aJI Y MOTYJIAIUjU €H3UMa YKJbYUYEHUX Y METa00oII3aM
VIJbEHHUX XUjpaTa. Y OBOM pajay HCIUTaHA je MHXMOUTOpHA aKTHBHOCT TpeMa O-aMHJIa3u |
O-TITYKO3H/IA31, KA0 KJbYYHHM €H3UMUMA O] 3Ha4aja 32 KOHTPOITY MOCTIIPAH/IH]jaJTHE TTTHKEMHU]E.
duroxemujcKu MpopuI eKCTpakTa oapeheH je IpUMEeHOM CaBpeMEHUX aHATUTHYKUX TEXHUKA
UPLC-ESI-TQD-MS/MS u HPLC-PDA. Canpkaj ykynuux (enosna u ¢aBoHoua oapehes je
CIEKTPO(OTOMETPH)jCKUM METOAaMa, JIOK jé aHTHOKCHAAHTHA aKTHBHOCT MPOLICH-EHA TIPUME-
HoMm DPPH u FRAP TtectoBa. UnentudukoBane cy pa3inuute Kiace OMOAKTUBHUX jeIUIHEIba,
yKJbyuyjyhu praBoHONE (IOMUHAHTHO JIepUBaTe KBEPIETHHA), PEHOTHE KUCennHe, (praBaH-3-
onenupuaonae. Pesynraru ykasyjy 1a eKCTpaKTIMCTa OOPOBHUIIE CaPKH BUCOK HUBO YKYITHHX
¢denona (222,94 mg exBuBasieHaTa rajiHe kucenune/g) u piaasononsa (96,07 mg ekBuBageHara
KaTrexuHa/g). Y CKiIagy ca THM, €KCTPAKT je MCIIOJHHO 3HAUYajHy aHTHOKCHJIAHTHY aKTHBHOCT,
ca IC,, spennomhy y DPPH tecty ox 0,22 mg/ml u penykumonom crnoco6nomhy y FRAP
tecty on 209,88 mg/g. [Topen Tora, 3abenexena je 3Ha4ajHa MHXUOUTOPHA aKTUBHOCT TpemMa
MCTIMTHBaHUM eH3umuMa, ca IC, Bpennoctuma ox 1,61 mg/ml 3a a-amunasy u 0,33 mg/ml 3a
a-rryko3uasy. JlooujeHn pe3yinTratu ykasyjy Ha U3pakKeH OMOJIONIKY MOTEHIIH]jal eKCTPaKTa
nrcta OOpOBHHUIIE, KOJH C€ MOXKE JJOBECTH Y BE3y Ca H-eTOBHM BUCOKHM CaJipikajeM (EeHOITHUX
jemumema, moceOHo (haBoHOMA M PEHOTHUX KucenuHa. Ha OCHOBY OBUX pe3ynTara MOXe ce
3aKJBYUHTH J1a JIUCT OOpOBHHMIIE MPECTaBIba NEPCIEKTHBAH MPUPOJHH U3BOP OMOAKTHBHUX
jenumema ca MOryhoM puMeHOM y pa3Bojy (DyHKIIMOHAIIHE XpaHe U HyTpaleyTHKa, Kao Uy
MIPEBEHIN]H U KOHTPOJIH JrjadeTeca MemuTyca Tumna 2.

Kwyune peuu: 60poBHUIIA, aHTHOKCUIAHCH, TUja0eTec.
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Phytochemical Profile and Biological
Activities of Bilberry Leaf
(Vaccinium myrtillus L.)

Ruzica Zdero Pavlovi¢”, Sara Hourani?, Alicja Kucharska®,
Branimir Pavli¢’ and Boris M. Popovié!

"University of Novi Sad, Faculty of Agriculture, Novi Sad, Serbia
2University of Novi Sad, Faculty of Technology, Novi Sad, Serbia
>Wroctaw University of Environmental and Life Sciences, Wroclaw, Poland
* ruzica.zdero@polj.uns.ac.rs

Bilberry leaf (Vaccinium myrtillus L.) represents a significant source of bioactive compounds
with pronounced antioxidant and antidiabetic potential. Epidemiological studies indicate
that diets rich in plant-based foods, particularly fruits and vegetables, are associated with a
reduced risk of chronic diseases, including type 2 diabetes mellitus. These effects are largely
attributed to the presence of phenolic compounds, which can influence carbohydrate metabolism
through the inhibition of key digestive enzymes such as a-amylase and a-glucosidase. In this
context, plant extracts represent a natural alternative to synthetic inhibitors, which are often
associated with undesirable side effects. The aim of this study was to perform a phytochemical
characterization and evaluate the antioxidant and enzyme inhibitory activities of bilberry leaf
extract, with particular emphasis on its potential to modulate enzymes involved in carbohydrate
metabolism. In this study, inhibitory activity against a-amylase and a-glucosidase was assessed,
as these enzymes play a key role in the control of postprandial glycemia. The phytochemical
profile of the extract was determined using advanced analytical techniques, including UPLC-
ESI-TQD-MS/MS and HPLC-PDA. Total phenolic and flavonoid contents were determined
by spectrophotometric methods, while antioxidant activity was evaluated using DPPH and
FRAP assays. Various classes of bioactive compounds were identified, including flavonols
(predominantly quercetin derivatives), phenolic acids, flavan-3-ols, and iridoids. The results
indicate that bilberry leaf extract contains high levels of total phenolics (222.94 mg gallic
acid equivalents/g) and flavonoids (96.07 mg catechin equivalents/g). Accordingly, the extract
exhibited significant antioxidant activity, with a DPPH ICso value of 0.22 mg/mL and a FRAP
value 0f 209.88 mg/g. In addition, significant inhibitory activity was observed against the tested
enzymes, with ICso values of 1.61 mg/mL for a-amylase and 0.33 mg/mL for a-glucosidase. The
obtained results indicate a pronounced biological potential of bilberry leaf extract, which can
be associated with its high content of phenolic compounds, particularly flavonols and phenolic
acids. Based on these findings, it can be concluded that bilberry leaf represents a promising
natural source of bioactive compounds with potential applications in the development of func-
tional foods and nutraceuticals, as well as in the prevention and management of type 2 diabetes
mellitus.

Keywords: bilberry, antioxidant, diabetes.
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AKYTHA OpPaJIHA TOKCUYHOCT
HUIEePMETPUHA U TEOYKOHA30J1a KO/
Bpcre Eristalinus aeneus (Scopoli, 1763)
(Diptera: Syrphidae)

Munuya Padenxosuh’, /lanujena Kojuh’, Jenena Ilypah’, Huxona Kpusoxyha',
Tea Cxenpuh', WP2 WildPosh Consortium u Anme Byjuh’

!'Vuusepsuter y Hosom Cany, [Ipupoano-mMaTeMaTiuku GakynreT, JlemapTMan 3a OHOJIOTH]Y U
exonorujy, Hosu Can, CpOuja
* milica.radenkovic@dbe.uns.ac.rs

CBe MHTEH3HMBHUja MPHUMEHA MMECTHIUIa MOXKE HETraTHBHO YTHIIATH Ha onpainuBaue. Mako cy
OCOJIMKE MYBE Ba)KHH OIPAIINBAYN Y €KOCHCTEMHUMA, FbHIXOBa OCETILUBOCT HA MECTUIIHIC jOII
HUje JOBOJHHO UCTpakeHa. LIy oBor paga O6mo je 1a ce ucnuTa akyTHa OpajHa TOKCHYHOCT
MHCEKTHUIIHMA IUIepMEeTprHA U (QyHrHIUAa TeOyKOHA30J1a, MPUMEHEHUX MOjeMHAYHO H Y
KOMOHMHAIH]H, KOJI OAPACIIHX JeIUHKU BpcTe Eristalinus aeneus. ExcriepuMenT je 00yXBaTuo
yKynHO 30 jeInHKHU MO TpeTMaHy, pacrope)eHuX y MecT peruIMKanyja ca 1o meT jeAnHKU. Y
CBaKOj peruIrKaIyju npumemneHo je 100 pL pacTBopa mectunnaa mo3Hare KoHIeHTpaiuje. Paau
npahema yHOCa pacTBOpa, jeANMHKE Cy Ouie o3Ha4YeHe 00joM, a OHE KOje HUCY KOH3yMUpale
pacTBOp MCKJbYYEHE Cy M3 aHaJu3e. YHOC MO JeIUHKH MPOICHEH jé Ha OCHOBY IPOMEHE Ma-
ce pacTBOpa TOKOM TPOYACOBHOT MEPHO/Ia U3Jarama, To je OMOryhmiio u3padyHaBame MpH-
onmvkHe 03¢ 1o jeqnHKH. CMPTHOCT U cyOetanHu epexTH (mapaiu3a, CMambeHa KOOpIuHAIH]a
U HeyoOHMuajeHo noHamame) npahenn cy Hakon 4, 24, 48 u 96 yacoBa. CMpTHOCT HaKoH 96
gacoBa u3zHocwia je 33,33% nakoH m3narama runepmerpuny (0,16 pg mo jenuHkH), 0K Te-
Oykonazon (24,69 ug mo jenMHKH) HUje M3a3Bao CMPTHOCT. KOMOMHOBaHA MpUMEHA OBUX
necturmaa (mumepmerpud 0,07 pg mo jeaunaku; Tedykonaszon 11,40 pg mo jeAMHKN) q0BENa je
10 HemTo Behe cMpTHOCTH 071 36,67% HakoH 96 yacoBa. CyOerannu epexTu munepmMeTpruHa
yodeHu cy Beh y mpBa yeTupu 4yaca U ykJbyuuBanu cy 19,23% mnapanuze, 15,38% cmamene
koopauHanuje u 3,85% HeyoOHdYajeHoT MOHAIIamka, alld Cy TOTOBO Y MOTIYHOCTH HECTAU
HakoH 48 yacoBa. Ko/ KoMOMHOBaHOT TpeTMaHa 3a0eJIeKeHH Cy U3paXKEHU)U TOYETHU epeKTr
(20,83% mapanuse, 4,7% cmamene koopauHanuje u 33,33% HeyoOnvajeHoT oHAIamka), KOju
cy ce Takohe moBykim 10 48. yaca. TeOykoHa30:1 HUje n3a3Bao cybneranue edekre. Pezynratu
OBOT HCTPaXKHUBaba yKa3yjy Ja ofpacie jequHke Bpcre Eristalinus aeneus nokasyjy onpehenu
CTEMNCH TOJICpaHIIMje Ha MCIUTHUBAHE MECTHIUIC, alld Ja M3Jlarame HUICPMETPUHY TOBOJIU
710 3HaYajHEe CMPTHOCTH W M3paXXeHHUX cyoOneranHux edexara. OBu ehekTH MOTYy HApYLIUTH
KpeTame, UCXpaHy M u30eraBame MpeaaTopa, YUMe ce CMambyjy IIaHCe 32 MPEKUBIHABAKE Y
MPUPOIHUM yciaoBuMa. JloOujeHu pe3ynTaTy HariamaBajy norpedy 3a JaJbuM HCTPaKUBambIMa
yTHIIaja ecTuiuaa Ha aeonemune. 3axearnuya: OBaj paj je moapxkaH Kpo3 nporpam EBporr-
cke yamje Horizon Europe 3a ucTpakuBame W MHOBAIlMje, Y OKBHPY YrOBOpa O TpaHTy Op.
101135238 (WildPosh), kao u ox ctpane MuHUCTapCcTBa HAayKe, TEXHOJOIIKOT Pa3Boja U UHO-
Barja PerryOmuke Cpouje (yroBopu 0p. 451-03-33/2026-03/200125 n 451-03-34/2026-03/200
125).

Kwyune peuu: nednenune, cyonerannu eQpeKkTd, CMPTHOCT, U3JI0KEHOCT MECTUIIHINMA, OTIPAIINBAYH.
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Acute Oral Toxicity of Cypermethrin
and Tebuconazole in Eristalinus aeneus
(Scopoli, 1763) (Diptera: Syrphidae)

Milica Radenkovié¢', Danijela Kojié', Jelena Purac', Nikola Krivokuéa',
Tea Skendzié', WP2 WildPosh Consortium and Ante Vuji¢!

"University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia
* milica.radenkovic@dbe.uns.ac.rs

Increasing pesticide application can negatively affect pollinators. Although hoverflies represent
important pollinators in ecosystems, their sensitivity to pesticides remains insufficiently studied.
The aim of this study was to investigate the acute oral toxicity of the insecticide cypermethrin
and the fungicide tebuconazole, applied individually and in combination, in adult individuals of
Eristalinus aeneus. The experiment included a total of 30 individuals per treatment, distributed
across six replicates with five individuals each. In each replicate, 100 uL of pesticide solution
of known concentration was applied. To track solution intake, individuals were marked by
color, and those that did not consume the solution were excluded from the analysis. Intake per
individual was estimated based on the change in solution mass during a three-hour exposure
period, allowing calculation of the approximate dose per individual. Mortality and sublethal
effects (paralysis, reduced coordination, and unusual behavior) were monitored after 4, 24, 48,
and 96 hours. Mortality after 96 hours was 33.33% following cypermethrin exposure (0.16
pg/individual), whereas tebuconazole (24.69 ng/individual) did not induce mortality. The com-
bination (cypermethrin 0.07 pg/individual; tebuconazole 11.40 pg/individual) of these pesti-
cides resulted in a slightly higher mortality of 36.67% after 96 hours. Sublethal effects of cy-
permethrin were observed within the first 4 hours, including 19.23% paralysis, 15.38% reduced
coordination, and 3.85% unusual behavior, buthad almost completely disappeared by 48 hours. In
the combined treatment, stronger initial effects were recorded (20.83% paralysis, 4.7% reduced
coordination, 33.33% unusual behavior), which also subsided by 48 hours. Tebuconazole did
not induce sublethal effects. The results of this study indicate that, although adult individuals
of Eristalinus aeneus show a certain level of tolerance to the tested pesticides, exposure to
cypermethrin leads to significant mortality and pronounced sublethal effects. These effects can
impair movement, feeding, and predator avoidance, reducing the chances of survival in natural
conditions. The findings highlight the need for further research on the effects of pesticides on
hoverflies. Acknowledgements: This work was supported by the European Union’s Horizon
Europe research and innovation programme under grant agreement No. 101135238 (WildPosh)
and the Ministry of Science, Technological Development and Innovation of the Republic of
Serbia (Grants No. 451-03-33/2026-03/ 200125 and 451-03-34/2026-03/ 200125).

Keywords: hoverflies, sublethal effects, mortality, pesticide exposure, pollinators.
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JInHaMuKa THpeonUuTa y
MeTHUMA30JI-UHAYKOBAHOj
XHUIIOTHPEO3H KO/I MAaIo0Ba

Mupena Yxkponuna”, Mapuja Byphesuh' u Maja Yaxuh-Munoweeuh’

! Vuusepsuret y beorpany, buonomiku ¢akynrer, MHCTUTYT 3a 300510TH]jy, Beorpan, Cpbuja
" mirela@bio.bg.ac.rs

ItuTHa J1€37a Mpou3BOAU U ocliobal)a TUpEeOoUTHE XOPMOHE TPUJOATUPOHUH U TETPAUOITH-
poHuH (TUpokcuH). OBM XOPMOHH YyTUUY HA FOTOBO CBaKy henujy y opraHuszmy, nojactuuyhu
MeTaboIr3aM yrJbeHUX XHUpaTa U CUHTe3y nporeuHa. [lopen Tora, THpEOUIHU XOPMOHH pe-
ryaumy henujeky nponudepanujy 1 cMpPT IPBEHCTBEHO MPEKO HYKJICAPHUX PEIenTopa KOoju
yTUUy Ha eKcrpecHjy reHa. [IpousBoama THPEOUTHIX XOPMOHA PEryJuile ce MPEKO TUPEO-
ctumysmmyher xopmona (TCX), koju ce cTBapa y xunodusu; nopemehaju MOry JOBECTH J0
XUIIOTUPEO3€ UK XUTIEpTUPeo3e. MeTHMa3071 je aHTUTUPOUTHH JIEK KOJU C€ KOPUCTU Y Tepaniju
xuneptupeose. OH UHXUOUpaA TUPOUIHY MTEPOKCHIA3Y, clipedaBajyhul joaupame THPO3UHCKUX
ocTaTaka y THPEOrJIoOy/lIHHYy, YMME Ce 3ayCTaBjhba CHHTE3a TUPOUIAHHX XOPMOHA M U3a3MBa
3HauajHo nosehame TCX. MelyTum, HeajekBaTHa J03a MOXE JOBECTH JI0 XHMIIOTHPEO3E.
[{nsp oBOT MCTpakuBama OWO je na ce ucnutajy henmjcke nuHamuke GoymKynapHux hemuja
HITUTHE JKJe3/ie (TUPEOInTa) y eKCIEPUMEHTAIHO WHIYKOBAHO] CHCTEMCKO] XMIIOTUPEO3H.
Toxom Tpu Hexesbe, Myxjann Wistar maroBa mojie/beHu cy y ase rpyne (n = 6). ['pyna koja
je mpumana metumason (M) umana je HeorpanundeH npuctyn 0,02% pacTBopy MeTHMa3zoia
y Boau 3a nuhe, 10k je koHTpoiHa rpymna (C) mobujana Boay ca yecme. HakoH cTtangapIHux
MOCTynaka 3a CBETJIOCHY MHUKPOCKONH]y, mpuMmemeHa je LSAB merona uMmyHoxuctoxemuje
Ha TpecelrMa IITUTHE JKJe3[e KopucTtehr MOHOKIOHCKO MPUMapHO aHTUTeNo aHTUu-Ki67
(M7248, DakoCytomation, 1:30) 3a unentudukanujy henuja y ceum dazama mutose. Ki67 je
HYKJIEApHU MPOTEHH, CICHU(PUIHO TPAHCKPUMIIIMOHU (paKTOp MoBe3aH ca hennjckoM MpoJiu-
depanmjom u TpanckpurnmujoMm pudoszomanHe PHK. KonnenzoBana wnm dparmeHTrcana je-
npa MpTBUX henuja uaeHTH(PHUKOBaAHA Cy MeToJoM Oojema mponuaujym-joauaom (PI), mpu
yemy PI wmaTepkamupa y JIHK 6e3 npedepenunmje cekBenie. Mopdomerpujcka Mepema
u3BpiIeHa cy nomohy ImagelJ codpreepa. ¥ C rpynu Ki67-mo3utuBHa jeipa HHCY yOdeHa,
JIOK je y M rpynu BHXOBO MPHUCYCTBO OMII0 3Ha4yajHO, ca 51 hemwjom/mm? mpeceka TKUBA.
Takolhe je youeHa mpomMemeHa XHUCTOJIOIIKA OpraHM3alHja: yMECTO YOOUUajeHUX OKPYIJIUX
donukyna, Gomukynu y M rpynu Ouim cy CTpyKTypHO mnopemeheHH, cMameHe BeInurnHe U
npahern u3paxeHoM xurepTpodujom TrpeoruTa. Jeapa MpTBux henauja 6una cy HHTEH3UBHO
1pBEeHO o0ojeHa M jacHO QuryopecneHTHa. Yemhe cy yodeHe y M rpymu Hero y C rpymnmu.
MptBe henuje cy y C rpynu yriiaBHOM Ouiie MpUCYTHE Yy JIyMeHY (OJHUKyIla, oK ¢y y M
TpynH youeHe U YHyTap (OJIUKYJIapHOT enuTena. Y 3akjbyuKy, KOHTUHYHpaHa CTUMYJalyja
TCX nosehaBa u nponudepannjy 1 cMpT THPEOIHUTA, IITO MX YUHH JIAKIIUM 32 yOUaBambE
MO/l CBETIIOCHOM MHUKpockonujoM. [Ipomudepannja Tupeouura je CHa)XXHO MOJCTAKHYTa y
MOKYIIajy HOpMallM3allije HUBOA THPOUIHUX XOpMOHa. MelyTum, cHHTE3a XOpMOHa OCTaje
OmokupaHa 300r HHXUOUTOPHUX edekaTa MeTHMMa30ja, IITO Ha Kpajy JOBOAU 0 MOTIYHOT
npecTaHka ociobahama XopMoHa y KpB.

Kwyune peuu: miTuTHA XKJe31a, XUMOTHPEO3a, CBETIOCHa MHKpPOCKOIHUja, nponudepanynja, hemujcka
CMPT.
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Thyreocyte Dynamics in
Methimazole-Induced
Hypothyroidism in Rats

Mirela Ukropina'*, Marija Purdevi¢' and Maja Caki¢-MiloSevic!

! University of Belgrade, Faculty of Biology, Institute of Zoology, Belgrade, Serbia
* mirela@bio.bg.ac.rs

The thyroid gland produces and releases the thyroid hormones triiodothyronine and tetraio-
dothyronine (thyroxine). These hormones affect nearly every cell in the body, promoting car-
bohydrate metabolism and protein synthesis. Additionally, thyroid hormones regulate cell pro-
liferation and death primarily through nuclear receptors that influence gene expression. The
production of thyroid hormones is regulated by thyroid-stimulating hormone (TSH), which is
produced in the pituitary gland; abnormalities can lead to hypothyroidism or hyperthyroidism.
Methimazole is an antithyroid drug used to treat hyperthyroidism. It inhibits thyroid peroxidase,
preventing the iodination of tyrosine residues within thyroglobulin, thus halting thyroid hor-
mone synthesis and causing a significant increase in TSH. However, inadequate dosage can
result in hypothyroidism. The goal of the present study was to explore the cellular dynamics of
thyroid follicular cells (thyrocytes) in experimentally induced systemic hypothyroidism. Over
three weeks, male Wistar rats were divided into two groups (n = 6). The methimazole group
(M) had unrestricted access to a 0.02% methimazole solution in their drinking water, while the
control group (C) received tap water. Following standard procedures for light microscopy, the
LSAB method of immunohistochemistry was performed on thyroid gland sections using the
anti-Ki67 primary monoclonal antibody (M7248, DakoCytomation, 1:30) to identify cells in
any phase of mitosis. Ki67 is a nuclear protein, specifically a transcription factor associated
with cellular proliferation and ribosomal RNA transcription. Condensed or fragmented nuclei
of dead cells were identified using the propidium iodide (PI) staining method, in which PI
binds to DNA by intercalating between base pairs without sequence preference. Morphometric
measurements were performed using Imagel software. In the C group, Ki67-positive nuclei
were not observed, while in the M group their presence was significant, with 51 cells/mm? of
tissue section. The general histological organisation was also altered: instead of the usual round
follicles, follicles in the M group were structurally disturbed, reduced in size, and accompanied
by marked thyrocyte hypertrophy. Nuclei of dead cells were intensely stained red and clearly
fluorescent. They were observed more frequently in the M group than in the C group. Dead
cells were mainly present in the follicular lumen in the C group, whereas in the M group they
were also observed within the follicular epithelium. In conclusion, continuous TSH stimulation
increases both proliferation and death of thyrocytes, making them easier to observe under light
microscopy. Proliferation of thyrocytes is strongly favoured in an attempt to normalise thyroid
hormone levels. However, hormone synthesis remains blocked due to the obstructive effects of
methimazole, which ultimately leads to a complete cessation of hormone release into the blood.

Keywords: thyroid gland, hypothyroidism, light microscopy, proliferation, cell death.
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MeTHMAa30,10M HHAYKOBAHA XHIIOTHPE03a
yTH4Ye HA XHCTOJIOIKY OPraHU3aIujy
IITUTHE KJIe3/1e KO/l ManoBa

Mupena Yxkponuna”, Mapuja Byphesuh' u Maja Yaxuh-Munoweeuh’

! Vuusepsuret y beorpany, buonomiku ¢akynrer, MHCTUTYT 3a 300510TH]jy, Beorpan, Cpbuja
" mirela@bio.bg.ac.rs

ITuTHa XJ1€3/a je eHIOKPHUHA XkKJIe3/1a KOja Tydl XOPMOHE TPUjOITUPOHUH U TETPAjOITUPOHUH
(TupoxcuH). OBH XOPMOHHU PETYIHINY TPOU3BOHY TOIUIOTE Y OPraHU3MYy M CTOIy 0a3aiHor
MeTaboIr3Ma U HEONIXOAHHU CY 32 PacT U ca3zpeBame Mo3ra. CHHTe3a TUPOUJIHUX XOPMOHA KOH-
TpoJsiicana je Tupeoctumysuiryhum xopmoroM (TCX); mopemehaju y ;eroBoj perysiaiuju Mo-
Ty JIOBECTH JI0 XUIIOTHPEo3e Uiu xuneptupeose. L{1b oBor uctpakupama OHO je Ja ce UCInTa
XHMCTOJIONIKA OpTraHu3allija MITUTHE KJIe3/Ie Y YCIOBUMa €KCIEPUMEHTATHO MHAYKOBAHE CH-
CTEeMCKE XUIIOTHpeo3e. Y HUCTpaKuBamwy cy KopuirheHu Myxjauu Wistar manosa, pu yemy
je Opoj jeauHKH y cBaKkoj Tpynu 0uo n = 6. JKUBOTHIE Cy IpiKaHE Y CTaHIapAHUM J1abopaTo-
PHUjCKUM YCIIOBUMA U XpameHe KOMepIHjaTHOM XpaHoM 3a rionape. Kontponna rpyma (C)
“Maja je ci000/aH MPHUCTYIT BOJM ca YecMe, JIOK je KOJl eKcrepuMeHTaiHe rpymne (M) xuro-
THUpeo3a u3a3zpana naBameM 0,02% pactBopa metnmasona y Boau 3a nuhe. Ha xpajy tpehe
HeJleJbe eKCIEPUMEHTa IITHTHE JKJe37ie Cy M30JI0BaHEe M PYTHHCKH oOpaljeHe 3a CBETIIOCHY
Mukpockomnujy. [Ipecernu TkuBa 00jeHN Cy XeMaTOKCHIIMHOM M €03WHOM Pajiy MPHKa3a OIIITE
XHUCTOJIONIKE OpraHu3aiyje, kao u HoBennjeBoM METOAOM pajau MpuKas3a BacKyjapuzallyje.
MopdomeTpujcka aHaim3a u3BpiieHa je momohy codrepa Imagel n oOyxBaTana je Mepeme
MOBPIIUHA NOjeIMHAYHUX (HONHKYTa, POTUKYIAPHUX TyMEeHA U (POTUKYJIapHOT enuTena, Kao
u BucuHe enutena. [Togamnu cy npukaszanu kao cpeama BpeanocT = CEM. Xucromopdororika
aHaJIM3a rnokasana je aa cy gomaukynu y C rpynu OKpyrJior iU OBAJTHOT OOJIMKA U UCITYH-EHU
kosnougoM. henuje ponukynapHor enurena (THPEOLMTH) YTIABHOM CY KOILIKACTOT, a IOHEKa ] U
riodactor oonuka. Y M rpynu tunuyHa ponukynapHa CTpyKTypa je u3ryosbena. PemonenoBano
TKHBO IITUTHE KJIE3/IE MPETEKHO CAAPKU JSIMMUYHO WM MOTIYHO Tpa3He (onukyne, npu
yeMy [MUIMHAPUYIHU TUPEOIUTH YecTo POpMHUpajy HUHBATMHAIIHM]Y Ka TyMEeHY Ha jeZJHOj CTpaHU
donukyna. Backynapuszamuja je mnojayaHa, ca MpOUIMPEHUM KPBHHUM CYJOBHMA HCITYH-EHUM
eputpounTuMa. Bpino mManu Qoiaukynu, 0JHOCHO MUKPO(MOIUKYIH, MPUCYTHHU Cy delrhe He-
roy C rpynu. ¥ M rpynu CTyIeHTOB t-TE€CT MOKa3ao j€é CTATUCTUYKU 3HAUaJHO CMAbEHE
MoBpIIKHE nojeauHavyHux pomukyna (4,74 + 0,305 um? y C rpynu u 2,77 £ 0,247 um? y M
rpynu) u ¢ponukymapHor symena (2,97 £ 0,271 um? y C rpynu 1 0,94 + 0,162 um? y M rpymn),
kao u noBehame Bucuue enutena (6,54 0,147 umy C rpynu u 12,23 £ 0,306 um y M rpymmn).
OBe XHUCTOJIOLIKE NMPOMEHE Y CKIIay Cy ca CHCTEMCKOM XHUIIOTHPEO30M U KOHTHMHYHPAHOM
ctumynanujoMm TCX-oM. OBO je HAPOUHUTO YOUJBHMBO y XUNEPTpodHjH, KOja ce oryiena y Io-
Behamy BUCHHE €MUTeNa U MPe/ICTaB/ba KapaKTEepUCTHUHO 00elNexkje akTUBalje TUPEOIIUTA.
MelyTum, 300r HHXUOUTOPHOT JI€jCTBA METUMA30JIa HA CHHTE3Y TUPOUTHUX XOPMOHA, MOXKE
Ce OYEKMBATHU MOCTENEHO (PYHKIMOHAIHO UCLPIIJbUBAKE MApEHXUMA TUTHE KIIE3/IE.

Kwyune peuy: mTuTHA KJ€3/1a, XUIIOTUPEO3a, CBETIIOCHA MUKPOCKOIINja, MOpHOMETpH]a.
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Methimazole-Induced Hypothyroidism
Affects Histological Organisation of
Thyroid Gland in Rats

Mirela Ukropina'*, Marija Purdevi¢' and Maja Caki¢-MiloSevic!

! University of Belgrade, Faculty of Biology, Institute of Zoology, Belgrade, Serbia
* mirela@bio.bg.ac.rs

The thyroid gland is an endocrine gland that secretes the hormones tritodothyronine and tetraio-
dothyronine (thyroxine). These hormones regulate body heat production and basal metabolic
rate and are essential for brain growth and maturation. The synthesis of thyroid hormones is
controlled by thyroid-stimulating hormone (TSH); disorders can lead to hypothyroidism or
hyperthyroidism. The aim of this study was to investigate the histological organisation of the
thyroid gland in experimentally induced systemic hypothyroidism. Male Wistar rats were used,
with n = 6 for each group. Animals were kept under standard laboratory conditions and fed
commercial rodent food. The control group (C) had free access to tap water, while the experimental
group (M) was rendered hypothyroid with a 0.02% methimazole solution in drinking water. At
the end of the third week of the experiment, thyroid glands were isolated and routinely processed
for light microscopy. Tissue sections were stained with haematoxylin and eosin to demonstrate
general histological organisation, and with the Novelli method to demonstrate vascularisation.
Morphometric analysis was performed using ImagelJ software and included measurements of
the surface areas of individual follicles, follicular lumens, and follicular epithelium, as well as
epithelial height. Data are reported as mean + SEM. Histomorphological analysis showed that
follicles in the C group are round or oval and filled with colloid. The follicular epithelium cells
(thyrocytes) are mostly cuboidal, sometimes squamous. In the M group, the typical follicular
structure is lost. The remodelled thyroid parenchyma predominantly contains partially or com-
pletely empty follicles, with cylindrical thyrocytes often forming an invagination into the lu-
men on one side of the follicle. Vascularisation is increased, with dilated blood vessels filled
with red blood cells. Very small follicles, or microfollicles, are more frequently present than in
the C group. In the M group, Student’s t-test showed a statistically significant reduction in the
surface area of individual follicles (4.74 £ 0.305 um? in the C group and 2.77 £+ 0.247 pm? in
the M group) and the follicular lumen (2.97 + 0.271 pm? in the C group and 0.94 + 0.162 um?
in the M group), as well as an increase in epithelial height (6.54 = 0.147 pum in the C group and
12.23 + 0.306 um in the M group). These histological changes are consistent with systemic
hypothyroidism and ongoing stimulation by TSH. This is particularly evident in hypertrophy,
indicated by increased epithelial height, which is a hallmark of thyrocyte activation. However,
due to methimazole’s inhibitory effect on thyroid hormone synthesis, gradual functional ex-
haustion of the thyroid parenchyma can be expected.

Keywords: thyroid gland, hypothyroidism, light microscopy, morphometry.
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Bucoxka koHLEHTpanMja JeKCTpo3e
HHAYKYje OKCUIATUBHHU CTPEC y LPEBY
nanosa: yjora Nrf2/ HMGB1/NF-kB nyra

Kcenuja Benuuxosuh'', Anljenuja I'voen’, Hesena Casuh’, Becna Omawesuh’,
Munuya Mapxenuh', Ana Cmanuuh’ u Hnujana I'puzopoé’

"Vuusepsuret y beorpany, buonomiku dakynrer, Kateapa 3a Ouonorujy henuja u TkuBa,
Beorpan, Cpouja

2VuusepsureT y beorpaay, HCTHTYT 3a OnoJIoNIKa HCTpakuBama ,,Cuaniia CTaHkoBuh™ —
WucTutyT 01 HalMOHAIHOT 3Havaja 3a Peryomuky Cpoujy, Onesberhe 3a MOJIeKyIapHy
ouonorujy, beorpan, Cpouja

* ksenija@bio.bg.ac.rs

[Tosehan ynoc padunucanux mehepa, mely kojuMa je U IEKCTpo3a, MpeAcTaB/ba 3Ha4YajaH
3[IpaBCTBEHU MPOOJIEM [TOBE3aH ca pU3UKOM 0J1 IjabeTecan APyrux 000sbeha. XUMepriukeMuja
noBehaBa mpoAyKIHjy peakTUBHUX BpcTa kuceoHuka (ROS), Mok mpekoMepHO HarOMUJIaBaHkE
reoxha J0AaTHO MOACTUYE JUMHMIHY MEPOKCUIALN]Y U aKyMyJauujy 4-XuApOKCHHOHEHANa
(4-HNE). Iluss oBe cTymuje je na ce McnuTajy epeKTd OocMOHenesbHe ucxpaHe oborahene
nekctpo3oM (20% unu 60%) Ha MeTaboIMyKe MmapaMeTpe KpBH, akyMmyJanujy rBoxha u nu-
MUIHY TIEPOKCUAALN]Yy y IpeBy naroa coja Wistar, ctapoctu 3 (Miaau) u 16 (agyntu) me-
ceru. Ilopen Tora, ucnurana je exkcnpecuja Nrf2, penokc ceH3UTUBHOT (akTopa Kao M MH-
¢namatopaux mapkepa, NF-xB u HMGBI1. Cse ekcnepumenrtanse rpymne cy umaie mo 8
KUBOTHIA. Y TOCIEN0] HEJeJbH eKCIIepUMEeHTa je ypaheH Tect ontepehema riayko3oMm, a
TKHMBO I[PEBA jeé HAKOH 3aBpIIETKAa €KCIIEPHUMEHTa MPUIIPEMIBEHO 3a IOoCMaTpamke Ha HUBOY
cBetnocHe Mukpockonuje. Jlereknuja 4-HNE anykra, kao u excrnpecuja Nrf2, NF-kB u
HMGBI nerexToBaHa je UMYHOXHUCTOXEMH)CKOM METO/I0M. 32 CTATUCTUYKY 00pay mojaraka
kopuuthen je GraphPad Prism 8 codrtBepcku maker, y3 ynorpedy JBOCMEpHE aHAIM3E Ba-
pujance (two-way ANOVA). 3a rpaHiyYHy BPEJHOCT CTATHUCTHUYKE 3HAYAJHOCTHU j€ y3€TO p <
0,05. TpeTmaH neKCTPO30M HUje U3a3Ba0 3HAYajHE MPOMEHE KOJ MaloBa CTapoCTH 3 Mecela,
Ka0 HU KOJ aJyNTHHUX manoBa Tpetupanux 20% nekcrpozom. Mako je TemecHa maca ocrania
HenmpoMemeHa, yHoc 60% IeKcTpose je JOBeo 0 MpHupacTa TeIecHe Mace KOoj aayATHHX Ia-
1I0Ba, CMambHO YHOC XpaHe, MoBehao yHOC TEUHOCTH U MoBehao yKymaH KalopHjCKH YHOC y TIO-
pehemy ca KOHTpoHOM, HeTpeTupanoM rpynom (p < 0,001; cBe). AxynTHH NAlOBU U3JI0KEHH
60% neKCTpo3M MOKa3aJIv Cy HETOJEPaHIIH]y Ha TIYKO3Y, IITO je MOTBP)eHO BUIIMM HUBOUMA
riyko3e y kpu TokoM [PGTT tecta u moBehanom AUC BpenHouthy y nopehemy ca KOHTPOJIOM
(p < 0,05). Mehytum, Bpeanoctu riaykose, nacynuHa 1 HOMA-IR ocrane cy y rpanumaMa
HOpMaJie, IITO YKa3yje Ha 0OJICYCTBO MHCYJIUHCKe pe3ucteHnuje. [lambe, nekctpo3om oborahena
ucxpana (60% kox amynra) HapyIIWIa je XOMeocTasy rBoxkha y TAaHKOM LIPEBY, IITO je JOBEJIO
1o nosehane yHyTaphemnujcke akyMmyJaiuje reoxkha y enuTeTHuM, UMYHUM U HEpBHUM henu-
jama. Ha HMBOY cBeTJIOCHE MUKPOCKOIHje youeHa je u noBehana akymynanuja 4-HNE, mro
yKa3yje Ha rojauaHy JUIUAHY nepokcuaanujy. [lopex tora, youeHa je CTaTUCTUYKHU 3HaYajHA
tpanciokanja HMGB1 y muromasmy u Nrf2 y Hykieyce y aayiaTHOj Tpyny TPETUPAHO] ca
60% nexctpo3om y nopehemy ca onroapajyhom koutpoiom (p < 0,001). Hacynpot Tome, of-
paciy MaoBH N3JI0KEHHU BUCOKO] KOHLIEHTPAIN]H JEKCTPO3€ MOKa3alu Cy cMameH yneo NF-kB
MMYHONO3UTHBHUX HyKIeyca (p < 0,001) y mopehemy ca koHTposoM. Y3eTu 3ajeJHO, pe3yaTu
OBe CTyaMje mokasyjy aa nosehan yHoc nexcrpose (60%), 3a pa3nuKky off OCTaluX TpEeTMaHa
JIOBOJH JIO HETOJIEpaHLIMje alyITHUX MAIl0oBa Ha IIIyKo3y, moBehane akyMmysanuje joa reoxha
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y eHTepoLMTHMA IpeBa, U noBehaHe auNuAHe nepokcuaanuje. Ha mosexynckom HHBOY, OBe
npoMeHe cy npaheHe aktuBanujoM npouHpaamatopHor monekyna HMGBI1, u nosehane Hy-
KieycHe ekcmpecuje Nrf2, mro ompakaBa aKTHBAIM]y aHTHOKCHUIATHMBHUX OI0paMOeHUX
MeXaHH3aMa IPOTUB OKCUIATUBHOT cTpeca. CmameH yaeo NF-kB nMyHono3utuBHuX HyKieyca
y aJIyITHO] TPYIH TpeTUpaHum ca 60% AeKCTpO30M He y IpuiIor mocrojehoj nureparypu koja
ykazyje na Nrf2 moxe na cynpumupa NF-kB akTuBHOCT y ITJbY yCIiOCTaBJbamba HHGIaMaTOpHE
U PEIOKC paBHOTEXE, IPU YeMy Milal)e )KUBOTHH-E MOKa3y]y jauy UH(IaMaTOpHYy aKTHUBAIH]y,
JIOK aJyJTHE HCIOJbaBa]y KOMIIEH3aTOPHU aHTUOKCHUIATHBHHU OAroBOp. 3axsanHuya: OBaj
pan je ¢uHaHCHUpaH o7 cTpaHe MUHHCTApCTBA 3a HAYKY, TEXHOJIONIKA Pa3BOj U WHOBAIH]E
Penry6uke Cp6uje (6poj yrosopa: 451-03-33/2026-03/200007).

Kwyune peuu: upeBro, 1eKCTpo3a, OKCUIATUBHU CTpeC, HHGIaMalyja.

High Concentration of Dextrose Induces
Oxidative Stress in the Rat Intestine: Role
of Nrf2/ HMGB1/NF-kB Pathway

Ksenija Veli¢kovi¢', Andelija Gudelj’, Nevena Savic?, Vesna Otasevic?,
Milica Markelié¢', Ana Stancic¢? and Ilijana Grigorov’

"University of Belgrade, Faculty of Biology, Department of Cell and Tissue Biology, Belgrade, Serbia

2University of Belgrade, Institute for Biological Research “Sinisa Stankovi¢” — National Institute of
the Republic of Serbia, Department of Molecular Biology, Belgrade, Serbia

* ksenija@bio.bg.ac.rs

Increased consumption of refined sugars, including dextrose, is a significant health concern
linked to the risk of diabetes and other diseases. Hyperglycemia increases the production of
reactive oxygen species (ROS), while excessive iron accumulation further promotes lipid
peroxidation and the accumulation of 4-hydroxynonenal (4-HNE). This study aimed to in-
vestigate the effects of an eight-week dextrose-enriched diet (20% or 60%) on blood metabolic
parameters, iron accumulation, and lipid peroxidation in the intestines of 3-month-old (young)
and 16-month-old (adult) Wistar rats. Additionally, the expression of Nrf2, a redox-sensitive
factor, and the inflammatory markers NF-kB and HMGB1 was examined. Each experimental
group comprised eight animals. During the final week, an intraperitoneal glucose tolerance
test (IPGTT) was performed, and intestinal tissue was prepared for light microscopy analysis
after the experiment. Detection of 4-HNE adducts and the expression of Nrf2, NF-kB, and
HMGBI was assessed using immunohistochemistry. Statistical analysis was conducted using
the GraphPad Prism 8 software package with two-way ANOVA. Statistical significance was set
atp <0.05. Dextrose treatment did not induce significant changes in 3-month-old rats or in adult
rats treated with 20% dextrose. Although body weight remained unchanged in most groups,
60% dextrose intake led to body weight gain in adult rats, reduced food intake, increased fluid
intake, and higher total caloric intake compared to the untreated control group (p < 0.001; for
all). Adult rats exposed to 60% dextrose exhibited glucose intolerance, confirmed by higher
blood glucose levels during the IPGTT and increased AUC values compared to controls (p <
0.05). However, glucose, insulin, and HOMA-IR values remained within the normal range,
indicating the absence of insulin resistance. Furthermore, a dextrose-enriched diet (60% in
adults) disrupted iron homeostasis in the small intestine, resulting in increased intracellular
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iron accumulation in epithelial, immune, and neuronal cells. Light microscopy also revealed
increased accumulation of 4-HNE, indicating enhanced lipid peroxidation. In addition, a
statistically significant translocation of HMGBI into the cytoplasm and Nrf2 into the nuclei was
observed in the adult group treated with 60% dextrose compared to the corresponding control
group (p < 0.001). In contrast, adult rats exposed to a high concentration of dextrose showed
a reduced proportion of NF-kB-immunopositive nuclei (p < 0.001) compared to controls. In
summary, the results of this study demonstrate that increased dextrose intake (60%), unlike the
other treatments, induces glucose intolerance in adult rats, promotes iron ion accumulation in
intestinal enterocytes, and enhances lipid peroxidation. At the molecular level, these changes
were accompanied by activation of the proinflammatory molecule HMGBI1 and increased
nuclear expression of Nrf2, reflecting the activation of antioxidant defence mechanisms against
oxidative stress. The reduced proportion of NF-kB-immunopositive nuclei in the adult group
treated with 60% dextrose is consistent with existing literature suggesting that Nrf2 may
suppress NF-kB activity to maintain inflammatory and redox balance, with younger animals
exhibiting stronger inflammatory activation, while adult animals display a compensatory
antioxidant response. Acknowledgements: This work was supported by the Ministry of Science,
Technological Development and Innovation of the Republic of Serbia (Contract no. 451-03-
33/2026-03/200007).

Keywords: intestine, dextrose, rats, oxidative stres.

buoakruBuu norenuujan Fistulina
hepatica: aHTUMHUKPOOHA AKTUBHOCT
U nHXxuOuIuja uukiaookcurenase (COX)

Jea Manewesuh'", lujana Anexcuh’, Munana Paxuh’, Mapuna Ilanuh’,
Maja Kapamarn?, Carwwa Kpcmuh’ u Munena Pawema’

' Vuugepsurer y HoBom Cany, [IpuponHo-mMaTematnuku GakynTet, Jlenaprman 3a XeMujy,
OnoxeMujy ¥ 3aTHTY )KUBOTHE cpeaune, Hosu Can, CpOuja

2 Vuusepsuret y HoBom Cany, I[IpupoaHo-maremaruuku dakynret, Jlemaprman 3a GHOIOTH]Y
u exonorujy, ProFungi Jlaboparopuja, HoBu Can, Cpouja

3 Vuusepsuret y I'paity, MHcTHTYT (hapmarieyTcKux Hayka, [ pail, AycTpuja

" leamalesevicll@gmail.com

JecTrBe MaKkpOTJbMBE MPEICTaBIbajy BaXKHE pe3epBoape HyTpaleyTHka U (hapMaKOIOIIKH aK-
TUBHUX jeIUCHA. Y 0BOj CTYAHjH, UCIIUTAHA CYy YeTUPU eKCTpakTa Bpcte Fistulina hepatica
(Schaeft.) With. 1801, ykpyuyjyhu dpakuujy 6oraty monucaxapuanma U eKCTpakTe J00HjeHe
kopunthewem 70% eranona (EtOH), 80% meranona (MeOH) u xnopodopma (CHCls), kako 6u
ce MpOICHUIa ’UXOBa aHTUUH(IAMATOPHA U aHTUMHUKpPOOHA CBOjCTBAa. AHTUHH(]IAMATOpHA
aKTHBHOCT j€ oJipeh)eHa ncmUTHBamkeM HHXUOUIIH]je eH3uMa nukinookcurenase (COX-1u COX-
2) IPUMEHOM KOJIOPUMETPHU]CKOT i1 Vitro TeCTa, JOK je aHTUMUKPOOHA €PUKACHOCT MPOLICHEeHa
METOJI0M MUKPOJMITYITH]e IPOTHB Staphylococcus aureus, Bacillus cereus, Pseudomonas aeru-
ginosa u Escherichia coli. Melyy Tectupanum y3opuuma, ekctpakt CHCls je mokaszao Hajsehy
o6uoaktuBHOCT, nHXxHOUpajyhu COX-1 3a 37,5% u COX-2 3a 70,8%, mTo je ymopeauBo
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ca /aejcTBOM pedepeHTHOr MHXHOUTOpa menekokcuboM (66%). Ilopen Tora, mcmospuo je
3HayajHe aHTUMHUKPOOHE edeKTe, ca MUHUMAIHUM HHXHUOUTOpHUM KoHIeHTpaunjama (MUK)
on 0,0125 mg/mL npotus B. cereus n P. aeruginosa, n 0,03125 mg/mL npotus S. aureus,
nako Oaxrepuraaa (MBL]) aktuBHOCT HEje 3a0enexxeHa. Hacynmpot Tome, octanm eKCTpakTH
Cy moka3zanu cialy WM He3HaTHY akTHUBHOCT. JloOMjeHH pe3ynTaTH yKasyjy Ja MaKporJbhBa
F. hepatica moxe npencraBibatu obehaBajyhu npupogHU HM3BOp jeIUEHA Ca JIBOCTPYKUM
JIeJIOBak-EM, KOja UCI0JbaBajy cesieKTUBHY MHXuounjy COX-2 1 aHTUMUKPOOHU MOTEHI]jal,
IITO MO/IP’KaBa HeHY MPUMEHY Y pa3Bojy HYTpaleyTHKa.

Kwyune peuu: MakporjbiBe, OMOAKTHBHA jeIUHCHa, aHTHHHpIaMaTopHa aktuBHOCT, COX-1/COX-2,
Makpo(hyHTaTHU CKCTPAKTH.

Bioactive Potential of Fistulina
hepatica: Antimicrobial Activity and
Cyclooxygenase (COX) Inhibition

Lea Malesevi¢'”, Dijana Aleksié', Milana Raki¢’, Marina Panié', Maja Karaman?,
Sanja Krsti®> and Milena Raseta’

''University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and
Environmental Protection, Novi Sad, Serbia

2University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, ProFungi
Laboratory, Novi Sad, Serbia

3 University of Graz, Institute of Pharmaceutical Sciences, Graz, Austria

* leamalesevicll@gmail.com

Edible macrofungi represent important reservoirs of nutraceuticals and pharmacologically active
compounds. In this study, four extracts of Fistulina hepatica (Schaeff.) With. 1801 were
investigated, including a polysaccharide-rich fraction (PSH) and extracts obtained using 70%
ethanol (EtOH), 80% methanol (MeOH), and chloroform (CHCls), to assess their anti-inflam-
matory and antimicrobial properties. Anti-inflammatory activity was assessed by evaluating
cyclooxygenase inhibition (COX-1 and COX-2) using a colorimetric in vitro assay, while
antimicrobial efficacy was determined by the microdilution method against Staphylococcus
aureus, Bacillus cereus, Pseudomonas aeruginosa, and Escherichia coli. Among the tested
samples, the CHCls extract demonstrated the highest bioactivity, inhibiting COX-1 by 37.5%
and COX-2 by 70.8%, which is comparable to the reference inhibitor celecoxib (66%). In
addition, the extract exhibited notable antimicrobial effects, with minimum inhibitory concentra-
tions (MICs) of 0.0125 mg/mL against B. cereus and P. aeruginosa, and 0.03125 mg/mL against
S. aureus, although no bactericidal (MBC) activity was detected. In contrast, the remaining
extracts showed minimal or no significant activity. The results of this study suggest that £
hepatica may serve as a promising natural source of dual-function agents with selective COX-
2 inhibitory and antimicrobial potential, supporting its potential application in nutraceutical
development.

Keywords: macrofungi, bioactive compounds, anti-inflammatory activity, COX-1/COX-2, macrofungi
extracts.
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Pa3Boj XxapMOHU30BaHOT aJji1aTa
3a ayToMaTH30BaHu n3pauyH EjgendeproBux
HHIUKATOPCKUX BPHjeIHOCTH

Jejna Myjaxuh' u Kenan Korouh’

! Vuusepsurer y Tysznu, [Ipupoaro-matematuuku ¢paxyaret, Tysna, bocra u Xepierosuna
? Texuonomku uactUTyT Kjyrry, Kurakjymry, Jaman
" lejlamujakic@gmail.com

EnenbeproBe MHANKATOPCKE BPUjSTHOCTH IIMPOKO CE€ KOPHCTE 32 MPOI[jeHY YCIIOBA KHBOTHE
CpelMHe W CKOJIOIIKUX TpajidjeHara Ha OCHOBY cacTaBa OWJbHHMX BpcTa. OBU HHIMKATOPH
OIHCYjy OJTOBOP BpCTa Ha cefam ekoiomkux ¢akrtopa: temmneparypy (T), Bmaxuoct (W),
peakuujy 3emspumta (R), cHadmjeBenoct azorom (N), cBjemiocT (L), kouTuHeHTamMHOCT (K)
u canuauTeT (S). Jla Ou ce moOwmiIa moy3gaHa MpOIjeHa CTAHUITHUX YCIIOBA, MHIUKATOPCKE
BPHjETHOCTH MOPajy ce KOMOMHOBATH ca MoJjarmMa o0 OpojHOCTH BPCTa, KOjU ce Hajdenrhe u3pa-
*aBajy KopulrhemeM cKalie TOKpOBHOCTH U OpojHocTH Bectxod—Ban aep Mapena (Westhoff—
van der Maarel). Ypkoc mMpoKoj IpUMjeHH y UCTpa)XKMBamkbUMa BEreTalldje, n3padyHaBame
EnenOeproBux MHIMKATOPCKUAX BPHUjEIHOCTH YECTO je OTEXKAaHO 300T HEMOTIYHHX CKYIOBa
nojiaTaka, pasiuka u3Mel)y permoHaqHHMX CHCTeMa MHIMKATOpa W HEJIO0CTaTKa CTaHIap.Iu-
30BaHOTI ajlaTa 3aCHOBAaHOI Ha XapMOHM30BaHUM IOJalliMa Ha EBPOICKOM HHBOY. [lnib
OBOT' MICTpaXKMBama OWO je pa3Boj copTBepcKor anara koju omoryhaBa cTaHmapin30BaH U
ayTOMaTu30BaH H3padyH EJeHOeproBUX WHIUKATOPCKUX BPHjSIHOCTH KOpHIIhemeM Xap-
MOHHU30BaHe 0a3e MojiaTaka eBpONCKUX BaCKyJapHUX Oubaka. AJaT mpeBa3uiia3u OrpaHHYCHa
MOBE3aHa ca HeA0CTajyhiM HHANKATOPCKUM BPHj€JHOCTUMA 33 TIOj€MHE TAKCOHE U YITOTpeOoM
pervoHanHuX 0aza mojaraka Koje He Mpe/ICTaB/bajy Ha aJieKBaTaH HA4YWH BEreTalljy M3BaH
HeHTpasHe u 3anaane EBporne. HTErpanmjom XapMOHN30BaHUX WHANKATOPCKUX BPHjEIHOCTH
y JeAMHCTBEHY IUTaT(HOpPMY, Pa3BHjEHH MPHUCTYI MOOOJBIIABA JOCIHEIHOCT U YIOPEAHBOCT
exonomkux aHanmza. CoTeep je 3acHoBaH Ha 0a3u moparaka ,,Ellenberg-type indicator val-
ues for European vascular plants“, koja caapxu npuonmkao 9.000 jeTMHCTBEHUX TaKCOHA U
o0jenumyje HHIUKATOpPCKe BpHujenqHocTH u3 13 panuje objaBibeHnx Oa3a momaraka. Homen-
KJIaTypa BpCTa CTaHJapAM30BaHa je y ckiaay ca 6azom Euro+Med PlantBase, nok cy Heno-
crajyhe nnu HeneduHUCaHE BPUjETHOCTH JOCIHETHO TPETUPAHE TOKOM HM3padyHaBama. Pamu
JaKIIe MPaKTUYHE MpHUMjeHe, alUTMKaldja yKJbydyje (yHKIHje MpeTpare TakCOHa W ayTo-
MaTCKOT JIONyHaBama yHOCa, MTO oMoryhasa edukacaH paja ca mojandma 3aCHOBaHMM Ha
Bectxod—Ban nep MapenoBoj ckanu OpOJHOCTH U MOKPOBHOCTU. [JIaBHHM JTOMPUHOC OBOT
paza oriiesia ce y ycrocTaBJbamy jeJMHCTBEHOI OKBUpA 32 M3padyyHaBaE XapMOHH30BAHUX
EneHOeproBux MHIMKATOPCKUX BPHUJETHOCTH 3a IIMPOK CHEKTap EBPOICKUX BaCKYJIAPHHUX
Ouspaka. 3a pa3nuKy oj mocrojehux MmpHCTyIa KOju Ce OClIamajy Ha CTaTHCTUYKH CO(PTBEP
OIIITE HAMjeHe, Pa3BHjeHU ajaT MpPEeACTaB/ba CIENNjaTH30BaHO pjeliehe HAMUjEHEeHO aHa-
nmu3u Bereranyje. JloOujeHa armkaiyja mojeIHoCTaBbyje 00paay mogaraka, CMamyje HelIo-
CJBEHOCTH KOje Tpom3Jia3ze M3 HEJOCTYNHHUX WM HECTaHIapAW30BAHUX WHIUKATOPCKHX
BpHUjeTHOCTH M moBehaBa e(PpUKACHOCT EKOJIOIIKMX TpoljjeHa. Pa3BujeHn amar mpencraBiba
NpaKTHYaH PECypC 3a UCTPAKHUBAYC U CTPYUYHaKe y OONACTH 3alITUTE KHUBOTHE CPEITUHE KOjU
ce OaBe TpOy4yaBamEeM BEreTalldje, MPOIjEHOM CTAHHUINTA M CKOJOUIKMM MOHHTOPHHIOM.
0O06e306jehyjyhu cranmapam3oBaH METO/ 3a M3padyyHaBamke XapMOHH30BaHUX ElleHOeproBux
MHJIUKATOPCKUX BPHUjETHOCTH, OH JIONPUHOCH NOBehamy MOy3JaHOCTH, PENPOAYKTHBHOCTH U
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YHOPEAUBOCTU aHANIM3a )KMBOTHE CpeJIMHE 3aCHOBAHMX Ha BereTaluju. Ajar nojap:xasa MpH-
MJjEHY y MpOIjeHH BEreTallje U CTAHUIITA, BPEAHOBAKY KBAJIUTETA 3€MJBUIITA, €KOJIOUIKOM
MOHHUTOPUHTY U (PUTOIIEHOIOUIKUM UCTPAKMBAKIMa KOja C€ KOPUCTE y YIIpaBJbamkby )KUBOTHOM
CPEIMHOM U IJIAHUPAY 3alITUTE IPUPO/IE.

Kwyune pujeuu: Enenbeprose HHINKATOPCKE BPUjEIHOCTH, BaCKyJapHe OMibKe, OUJbHE 3aje1-
HUIIE, EKOJIOIIIKA aHaJIM3a, XapMOHU30BaHa CKaJa.

Development of a Harmonized Tool
for Automated Calculation of
Ellenberg-Type Indicator Values

Lejla Mujaki¢'™ and Kenan Konjié?

! University of Tuzla, Faculty of Natural Sciences and Mathematics, Tuzla, Bosnia and Herzegovina
2 Kyushu Institute of Technology, Kitakyushu, Japan
* lejlamujakic@gmail.com

Ellenberg indicator values are widely used for assessing environmental conditions and
ecological gradients based on plant species composition. These indicators describe species
responses to seven environmental variables: temperature (T), moisture (W), soil reaction (R),
nitrogen supply (N), light (L), continentality (K), and salinity (S). To obtain a reliable assess-
ment of habitat conditions, indicator values must be combined with species abundance data,
commonly expressed using the Westhoff—van der Maarel cover-abundance scale. Despite their
broad application in vegetation science, the calculation of Ellenberg-type indicator values is
often complicated by incomplete datasets, differences among regional indicator systems, and
the absence of a standardized tool based on harmonized European-scale data. The aim of this
research was to develop a software tool that enables standardized and automated calculation of
Ellenberg-type indicator values using a harmonized database of European vascular plants. The
tool addresses limitations associated with missing indicator values for certain taxa and the use
of regional datasets that may not adequately represent vegetation beyond Central and Western
Europe. By integrating harmonized indicator values into a single platform, the developed ap-
proach improves the consistency and comparability of ecological analyses. The software is
based on the database “Ellenberg-type indicator values for European vascular plants,” which
contains approximately 9,000 unique taxa and incorporates indicator values from 13 previously
published datasets. Species nomenclature was standardized according to Euro+Med PlantBase,
while missing or undefined values were handled consistently throughout the calculations. To fa-
cilitate practical use, the application includes taxon search and autocomplete functions, allowing
efficient data entry based on the Westhoff—van der Maarel abundance and cover scale. The main
contribution of this work is the creation of a unified framework for calculating harmonized
Ellenberg-type indicator values across a broad range of European vascular plants. Unlike ex-
isting workflows that rely on general-purpose statistical software, the developed tool provides a
dedicated solution specifically designed for vegetation analysis. The resulting application sim-
plifies data processing, reduces inconsistencies arising from unavailable or non-standardized
indicator values, and improves the efficiency of ecological assessments. The developed tool
represents a practical resource for researchers and environmental professionals involved in
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vegetation studies, habitat assessment, and ecological monitoring. By providing a standardized
method for calculating harmonized Ellenberg-type indicator values, it contributes to improving
the reliability, reproducibility, and comparability of vegetation-based environmental analyses.
The tool supports applications in vegetation and habitat assessment, land-quality evaluation,
ecological monitoring, and phytocoenological studies used in environmental management and
conservation planning.

Keywords: Ellenberg indicator values, vascular plants, plant communities, ecological analysis, harmoni-
zed scale.

Bjemrauke 0amre Kao 0AroBOp
Ha KJIMMATCKe MPOMjeHe

Tarwa Maxcumosuh'" u /Jluno Xacanacuh’

! Vuusepsurer y bawoj Jlyuu, [Ipupoaro-maremaruuku dakyaret, bama Jlyka, Pemy0iuka
Cprcka, bocHa n Xepuerousa
" tanja.maksimovic@pmf.unibl.org

VY nocspenmoj AeleHrju BjelITayKe OalTe CBE BUIIIE MPUBJIaYe MaKkhy Ka0 HHOBATUBAH MO-
7en 3a yOnmakaBarme HETaTUBHUX e(dekaTa KIMMATCKUX TPOMjeHa, Ka0 M CaBPEMEH IMPHCTYII
OJIP’)KMBO] M TEXHOJIONIKU YHarpHjeleHoj MpOou3BOAKBH XpaHe. Y KOHTEKCTY yOp3aHUX KIIMMaT-
CKHX MIPOM]jeHa, Koje ce MaHU(EeCTyj]y Kpo3 MopacT MIOOAITHUX TeMIIepaTypa, CBE y4eCTalH]joj
CyII W TYOUTKY OMOTUBEP3UTETA, jaBJba C€ MOTpeda 3a pa3BojeM OTHOPHUJUX U PECYpPCHO
e(rKacHUJUX TIOJHONIPUBPEIHUX crcTeMa. BjemTauke OarmTe oroBapajy Ha OBe U3a30B€ Kpo3
MHTETPaINjy EKOJOMIKMX TPUHIINIA, CAaBPEMEHOT apXUTEKTOHCKOT IH3ajHa W HalpeIHUuX
TEXHOJIOIIKHUX pjelIemha, oMoryhasajyhu KOHTpoIMcaH y3roj Ousbaka He3aBHCaH OJ1 CTIOJhAIIIFbHX
KJIIMMAaTCKUX YyCJIOBa yuMe ce 00e30jehyje crabuiiHa, KOHTUHYUpPAaHA U IjeJIOTOIUIIA TIPO-
M3BOMa XpaHe. [IpuMjeHoM TeXHOJIOoTHja Kao IITO Cy XHAPOTOHM]ja, acpornonuja, LED pa-
CBj€Ta, CEH30PCKHM CHCTEMH W BjelITauka WHTEIUTCHIIM]a, OMOTryhaBa ce Mperu3Ha KOHTpoIa
(dbu3uonomKuX mporeca Ousbaka. Ha Taj HaunH moctmxke ce Beha MpOAYKTHBHOCT Y3 3Ha4ajHO
CMambeHhe TOTPOIIKHE BOJIC, CHEPTUje U ynoTpede nectunuaa. [lopen Tora, oBakBu CUCTEMHU
JOTIPUHOCE TO0O0JBINAaky KBAJUTETA Ba3lyXa U CMamkemy edekra ypOaHUX OCTpBa TOIUIOTE.
b pana je ananmm3a caBpeMEHHUX KOHIIENaTa M TEXHOJIOTH]a BjeIITAYKUX OAIlITH, Kao U MPo-
I[jeHa BUXOBOT 3Ha4aja 3a OAPKUBY IMMOJHONIPUBPENY, YpOaHH pPa3BOj U CMambECHE HETAaTUBHUX
yTUIaja KIMMATCKUX TpoMjeHa. [locebaH akieHaT CTaBJbEH je Ha yJIOTY ayToMaru3alldje,
OMOTEXHOJIOTH]€ U BjCIITaYKe WMHTEIMUIEHIIM]Ee y YHarpehewmy e(pUKacHOCTH M OAP>KUBOCTH
cUCTeMa MPOMU3BOMIC XpaHe. VcTpakuBame je 3aCHOBAaHO HAa KBAJIMTATUBHO], JECKPUIITUBHO]
Y KOMITAPaTUBHO] aHAJIM3W HAyYyHE W CTPyYHE JIUTEparype, Kao M PEIICBAHTHUX IUTHUTATHUX
M3BOpa U3 o0sacTu ypOaHe MOJFONPUBPEIEC U CaBPEMEHUX cUcTeMa y3roja. [lomamnu cy npu-
KYIUbCHH M3 HAyYHHX DPaJIOBa, CICKTPOHCKUX 0a3za momaraka (kao mrto cy Google Scholar
n ScienceDirect), cTpydyHux myOIMKaiyja, Kao U JTOCTYMHUX WHTEPHET U3BOpa U3 00JIaCTH
yp0OaHe MoJpONPUBPEC U CABPEMEHHUX CHCTEMa y3roja. PesynraTu ucrpaxkuBama 1mokasyjy aa
BjeIITayKe OariTe uMajy 3Ha4ajaH MOTSHITHjall 3a TpaHCchopMaln]jy caBpeMeHe OJbOTPUBPETIE,
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Hapo4MUTO y ypOaHUM CpeHaMa ca OTPaHUYEHUM pecypcuMa 1 N3paKeHUM €KOJIOLIKUM U3a-
3oBuMa. KibydHU pe3ynaTar yka3yjy Ha MOTYNHOCT 3HauajHOT CMamEeHa MOTPOIIHE BOAEC U
yrotpede mecTuiaa, noBehama MPOAYKTUBHOCTH B 00e30jehuBama KOHTHHYHpPAHE MPOU3-
BO/IE-C XpaHe TOKOM Itvjenie roguue. Takohe, moTBpl)eH je ’BUXOB IMO3UTHBAH YTHIA] HA ypOaHe
€KOCHCTEME KPO3 cMambembe emucuje CO, n nobosblIarme KBAJIUTETa KUBOTHE cpeaune. MnTe-
rpauyjomM OMOTEXHOJOTHje, ayToMaTU3allije U BjelITayke MHTEIUIeHIIM]je, BjelTayke Oalre
MPEICTaBIba]y KJbYUHH KOpPaK Ka OAPKUBUJUM U TEXHOJIOIIKH HAMPEIHUJUM CUCTEMHUMA TIPO-
n3BOAKE XpaHe. Ha ocHOBY cripoBe/ieHe aHa/IM3€e MOXKE CE€ 3aKJbYUMTHU Ja BjelliTauke Oalire
MIpeJ/ICTaB/bajy 3HaYajaH U MEPCHEeKTUBAaH IpaBall pa3Boja CaBPEMEHHUX MOJbOIPUBPEIHUX CU-
cTema, MocebHO y ypOaHMM cpeluHamMa CyOueHHM ca M3a30BMMa KJIMMATCKUX NPOMjEHa U
orpaHWYeHUX pecypca. tbuxoa cnmocoOHOCT na 00e30ujeie KOHTPOJIUCaHy, CTAOMIHY U pe-
CYpCHO e(UKacHy MTPOU3BOAY XpaHe YNHHU UX BaKHUM €JIEMEHTOM OJIP>KHUBE MOJHOIIPUBPEIE.

Kwyune pujequ: Bjemtauke 6amre, KITIMMaTCKe IPOMjeHE, OJIPIKUBA MTOJLONIPUBPEIA, CMAHECHE EMUCH]E
CcO
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Artificial Gardens as a Response
to Climate Change

Tanja Maksimovié¢™ and Dino Hasanagic’

! University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of
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* tanja.maksimovic@pmf.unibl.org

In the last decade, artificial gardens have increasingly attracted attention as an innovative model
for mitigating the negative effects of climate change, as well as a modern approach to sustainable
and technologically advanced food production. In the context of accelerated climate change,
manifested through rising global temperatures, more frequent droughts, and biodiversity loss,
there is a growing need to develop more resilient and resource-efficient agricultural systems.
Artificial gardens respond to these challenges through the integration of ecological principles,
modern architectural design, and advanced technological solutions, enabling controlled plant
cultivation independent of external climatic conditions and ensuring stable, continuous, and
year-round food production. Through the application of technologies such as hydroponics,
aeroponics, LED lighting, sensor systems, and artificial intelligence, precise control of plant
physiological processes is achieved. In this way, higher productivity is attained alongside a
significant reduction in water and energy consumption, as well as pesticide use. In addition,
such systems contribute to improved air quality and the reduction of the urban heat island
effect. The aim of this paper is to analyze contemporary concepts and technologies of artificial
gardens and to assess their importance for sustainable agriculture, urban development, and
the reduction of the negative impacts of climate change. Special emphasis is placed on the
role of automation, biotechnology, and artificial intelligence in improving the efficiency and
sustainability of food production systems. The research is based on a qualitative, descriptive,
and comparative analysis of scientific and professional literature, as well as relevant digital
sources in the fields of urban agriculture and modern cultivation systems. Data were collected
from scientific papers, electronic databases such as Google Scholar and ScienceDirect, pro-
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fessional publications, and available online sources related to urban agriculture and modern
cultivation systems. The research results indicate that artificial gardens have significant po-
tential to transform modern agriculture, particularly in urban environments with limited
resources and pronounced environmental challenges. The key findings point to the possibility
of substantially reducing water consumption and pesticide use, increasing productivity, and
ensuring continuous year-round food production. Furthermore, their positive impact on urban
ecosystems has been confirmed through the reduction of CO, emissions and the improvement
of environmental quality. By integrating biotechnology, automation, and artificial intelligence,
artificial gardens represent an important step toward more sustainable and technologically
advanced food production systems. Based on the conducted analysis, it can be concluded that
artificial gardens represent a significant and promising direction in the development of modern
agricultural systems, particularly in urban areas facing the challenges of climate change and
limited resources. Their ability to provide controlled, stable, and resource-efficient food
production makes them an important component of sustainable agriculture.

Keywords: artificial gardens, climate change, sustainable agriculture, CO, emission reduction.

I[IpeuMUHAPHU Pe3yJITATH HCIIUTUBAKHA
CE30HCKe IMHAMHKE U CACTaBa 3ajeIHULe
300ILIAHKTOHA HAa PamcapckoM noapyujy
bapnaua

Jenena /lumumpujesuh’, /lyopaexa Illkpaoa Jypruna'', Pajko Powouh’
u Bepa Huxonuh'

! Vuusepsuret y beorpany, buonomku ¢akynrer, beorpan, Cpouja

2 Vuusepsuret y bamoj Jlymu, [IpupoaHo-maremaruuku dakynret, bama Jlyka, Penyoinka
Cprcka, bocHa u Xepuerouna

" dubravka@bio.bg.ac.rs

[Tonpyuje bapnaue npeacraBiba jeAMHCTBEH €KOCHCTEM HACTA0 MHTEPAKIIMjOM OpOjHUX MPHU-
ponHux M aHTponoreHux gaxropa. Jlokanujau yrunaj pexa Case u Bpbaca nupexTHo Cy yTHUIIAIN
Ha TeHEe3Y T€0JIONIKE CTPYKTYPE, IITO Ce aJbe 0/Ipa3niIo Ha MeI0JIONIKE KapaKTepUCTHKE KOje
cy mpenoapeausie pas3Boj (iope u ¢ayne oBor noapydja. KomriekcHa cTpykTypa TepeHa
TUKTUPA U XUAPOJIOIIKE KapaKTEPUCTHKE, KOje Cy OJApEeAUsie XUIPOJIOUIKM PEKUM 3HaYajaH
3a pa3Boj MOYBapHOT craHumITa. [lopen HaBeAeHUX MPUPOJIHUX KapaKTEPUCTUKA, HEOTIXOIHO
je Hariacutu na je y nocieamux 50 roarHa aHTPOIIOT€HU YTHUIIAj, C je/IHE CTpaHe, OCUTYPao
OTICTaHaK M pa3B0Oj EKOCHCTEMA, JIOK I'a je, C ApyTe cTpaHe, Aerpaaupao. OBaj KOHPIUKT pa3iu-
YUTHUX IPOCTOPHUX yTHIIaja IPUCYTaH j€ U AaHac. XUTHO je MoTpeOHa 00HOBa OBOT OCETJHHBOT
eKocHcTeMa Kako Ou ce MOBpAaTHO OMOAMBEP3UTET, MPUBYKIO MHTEPECOBAHKE HAYYHHKA U
TypHUCTa, U TIOJICTAKa0 €KOHOMCKHU pa3B0Oj OBOT MOJpy4Yja. JemaH of mokaszaresba cTama OHo-
JMBEP3UTETA j€ U cacTaB 3ajeHUIIC 300IUIaHKTOHA, HAPOUYUTO Y HOBO(POPMHUPAHUM BOJCHUM
noBpiuHama. [{usbs uctpakuBama je J1a ce Mo MpBU MyT YTBPU CacTaB OBe crienuduyHe 3a-
JeIHUIle TOKOM BUIIIE CE30HA. 3a 0Ba UCTPaKUBaba Y3€TH CY Y30PIIH y ABE ce30He, jeceH 2025.
u nponehe 2026. ronuHe noMohy ABe IJIAHKTOHCKE Mpexe mpomepa okna 50 pm u 75 pm.
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VY3opak je ¢pukcupan momohy 70% ertaHoisia 1 mocmaTpas moa Mukpockornom Leica DM 1000
LED, mpu yBenuuamy o 600 myta. Hakon nerepmunanuje y y3opky oz 18. 09. 2025. yrephenu
cy cnenehu takconu: Protista (Euglenozoa, Arcellinida), kao u Cladocera (Chydorus sp.,
Daphnia/Alona sp.). llpencraBauimm Rotifera u Copepoda nucy 3a6enexenu. Y y3opky ox 21.
04. 2026. xoncTaToBaHO je pucycTBO cieachux takcona: Protista (Euglena sp., Phacus sp.),
Rotifera (Keratella sp.), Cladocera (Bosmina sp.), Copepoda (Cyclops sp.). CactaB 3ajeqHUIIE
300MJIaHKTOHa Y HOBO(OPMHUPAHO] BOJEHO] MOBPIIMHU y KomIuiekcy bapaaua ykasyje Ha
YHGCHUITY J1a CBaKa UCTPaKWBaHA rPyTa 300IUTAHKTOHA TIOKa3yje CrieU(HIHEe OATOBOPE IITO
3aBHCH O] XeTEPOTCHOCTH CTAHUIIITA M XHUIPOJIOIIKOT CTamkha MOApydja, U yKa3yjy Ha BaKHOCT
THUIa MUKPOCTAHUIITA Y 3aCTYIJEHOCTH U PAa3BOjy CIIEIU(PUIHUX 3ajeTHUIA 300TUIAHKTOHA.

Kmwyune peuu: bapnaua, 3001IaHKTOH, CE30HCKA THHAMUKA, IPEIIUMUHAPHN PE3YITATH.

Preliminary Results of the Study on
Seasonal Dynamics and Community
Composition of Zooplankton in the
Bardaca Ramsar Site

Jelena Dimitrijevi¢’, Dubravka Skraba Jurlina™, Rajko Rolji¢? and Vera Nikolic¢!

! University of Belgrade, Faculty of Biology, Belgrade, Serbia

2 University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina

* dubravka@bio.bg.ac.rs

The Bardaca area represents a unique wetland ecosystem formed through the interaction of
numerous natural and anthropogenic factors. The location and the influence of the Sava and
Vrbas rivers have directly shaped the geological structure, which in turn determined pedological
characteristics and influenced the development of flora and fauna in this region. The complex
terrain structure further dictates hydrological features, defining a regime essential for the
maintenance of wetland habitats. However, during the past 50 years, anthropogenic impacts have
played a dual role, both supporting ecosystem persistence and contributing to its degradation,
resulting in an ongoing conflict of spatial influences that is still evident today. Consequently, re-
storation of this sensitive ecosystem is urgently required to enhance biodiversity, attract scientific
and tourism interest, and support local economic development. One of the important indicators
of biodiversity status is the composition of the zooplankton community, particularly in newly
formed water bodies. The aim of this study was to determine, for the first time, the composition
of this specific community across different seasons. Sampling was conducted during two pe-
riods, autumn 2025 and spring 2026, using plankton nets with mesh sizes of 50 pm and 75 um.
Samples were fixed in 70% ethanol and analyzed under a Leica DM 1000 LED microscope at
600x magnification. The analysis of the sample collected on 18 September 2025 revealed the
presence of the following taxa: Protista (Euglenozoa, Arcellinida), Cladocera (Chydorus sp.,
Daphnial/Alona sp.). Rotifera and Copepoda were not recorded in the sample. In the sample
collected on 21 April 2026, the same major taxonomic groups were recorded: Protista (Euglena
sp., Phacus sp.), Rotifera (Keratella sp.), Cladocera (Bosmina sp.), Copepoda (Cyclops sp.).
The obtained results indicate that the zooplankton community composition in newly formed
water bodies within the Bardaca complex is strongly influenced by habitat heterogeneity and
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hydrological conditions. Each investigated zooplankton group exhibits specific responses to
environmental variability, highlighting the importance of microhabitat type in shaping the dis-
tribution and development of distinct zooplankton communities. These findings represent a
preliminary contribution to understanding biodiversity patterns in this Ramsar site and provide
a basis for future, more detailed investigations.

Keywords: Bardaca, zooplankton, seasonal dynamics, preliminary results.

Pa3HOBPCHOCT M IPOCTOPHA AUCTPUOyLHja
3ajeqHMUA Komenoaa y bokokoropckom
3aJIMBY, jy’KHM JaJpaH: 3Ha4aj 32 MOHUTOPUHT
KJIMMATCKHMX MPOMEHAa

Bepa Bykanuh'" u Muoopaz Manoeuh’

"' VuuBep3uret y [Ipumituau ca npuBpeMeHnM ceauinteM y KocoBckoj Mutposwuiy,
[Mpuponno-matematnuku Qakynret, Karenpa 3a 6uonorujy, Kococka Mutposuia, Cpouja

2 VuuepsureT y beorpany, HoBanmonu rientap TeXHOIONIKO-METATYPIIKOT (haKkysTeTa,
Beorpan, Cpouja

* vera.vukanic@pr.ac.rs

Konenoau cy ioMuHaHTHA rpyna 300IIAHKTOHCKUX PAKOBA Y MOPCKUM €KOCUCTEMUMA H UMAjy
(dbyHIaMEeHTaIHy YJIOTY y MeNarvjajHuM JIaHIIMMa HCXpaHe, 300T Yera mpejicTaBibajy BpeaHe
MH/INKAaTOpe BapyjaOMIHOCTH KUBOTHE CPEAMHE U TIPOMEHa y eKocucTeMuma. bokokoTopcku
3aJIMB, Ka0 MOJTy3aTBOPEHHU MPUOOATHN CUCTEM Y Jy>KHOM JaapaHy, 1Mo/l CHAKHUM j€ YTHIIajeM
KaKoO BOJa OTBOPEHOT MOpa TaKO M CIATKOBOAHMX JOTOKA, IITO CTBapa BeOMa JUHAMUYHE
yCIIOBE )KHUBOTHE cpenuHe. Ll1ib oBor ncrpaxuBama OHO je 1a ce UCIUTajy cacTaB BpCTa, pas-
HOBPCHOCT, XOpPU30HTAJIHA IUCTPUOYIMja M CE30HCKA TMHAMHKA 3ajeHUIA KOIEeToaa, Kao U
bUXOBA MTOBE3aHOCT Ca MTapaMeTpHMa )KUBOTHE CPEeIUHE. Y 30PIIM 300IIaHKTOHA TPUKYIIJbaH!
cy MecedyHo TokoM 2012. rofrHe Ha YETHPH CTaHUIIE y30PKOBalbha CMEIITEHE y LEHTPATHUM
JieoBUMa 3a51MBa. VICTOBpeMEHO Cy MepeHH U aHAJIM3UPAaHU TeMIIEpaTypa, CaTuHUTeT, pH Bpe-
HOCT, PaCTBOPEHH KUCEOHUK, 3aCHNEHOCT KUCEOHHKOM, ITPOBUAHOCT BOJIE U 00ja Mopa. PazHo-
BPCHOCT BpCTa TpoliekeHa je momohy MapranedoBor HHIEKCa pa3HOBPCHOCTH. YKYITHO je
UACHTU(PUKOBAHO 65 BpCTa KOIENO/a, IITO TOTBpl)yje BUCOK OMOTUBEP3UTET OBOT MPHOOATHOT
exkocucreMa. Jlomunantue Bpcte Oune cy Paracalanus parvus, Centropages kréyeri, Acartia
clausi, Oithona nana, Microsetella norvegica, Euterpina acutifrons, Oncaea media u Oncaea
subtilis, koje cy unHMIE puOImKHO 39,6% yKymHE OpojHOCTH Komenoaa. borarcTBo BpcTa
CMamMBaJo Ce O]l CIIOJhAIILUX JIEIOBA 3aJIMBa Ka YHYTPAILIHHM, 3aTBOPEHU]UM MOAPYYjUMa,
JIOK ce OpOJHOCT KapaKTEpUCTHYHUX €CTyapCKO-HEPHUTCKUX BpcTa moBehaBasa. 3abenexena
Cy JIBa C€30HCKa MakcMMyMa OpojHOCTH: mpojehHr MakcCUMyM moBe3aH ca moBehanom Opoj-
HoIIhy Komenoja u JIETHhH MaKCUMYM, TIpe CBera ycioBJbeH Penilia avirostris u3 rpyne Cla-
docera. M3paxene ce30HCKe (IyKTyalyje TeMIepaType U CaTMHUTETa, y3 CTATHO BUCOKY 3a-
cheHOCT KMCEOHHKOM, YKa3uBajie cy Ha moBehaHy OMONOMIKY MPOAYKTUBHOCT M €yTpodHe
ycnoBe y 3anuBy. [lojaBa KOMenoaCcKuX BpPCTa OTBOPEHOT MOpA Y CIIOJBAIIHEM ey 3ajiBa
oJpakaBajia jeé CHaKaH YTHWIa] BOJA JyXHOT JaapaHa Ha CTPYKTYpYy 3ajennuna. Pesynraru
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yKa3yjy Ha cTaOWJIHE IPOCTOPHE U CE30HCKE oOpaciie UCTprOyIHje KOIenoa, HCTOBPEMEHO
Harjamanajyhu BHUXOBY OCETJHUBOCT HAa BapHjaOMIIHOCT >KMBOTHE cpeauHe. McTpaxuBama
Pa3HOBPCHOCTH 300IUIaHKTOHCKHX PaKoBa, MOCEOHO KOTEmNo1a Kao TOMUHAHTHE TAKCOHOMCKE
rpy1ne, npyxajy BpeaHe nHpopmalirje 3a OTKpUBakhe HOBUX €KOJIONIKUX TPEHI0Ba MOBE3aHUX
ca KJIMMaTCKUM npomeHama. JlyropodHo mpaheme 3ajeqHuIa KONENoJa CTOra MpeicTaBiba
BaYKHO CPEJICTBO 3a MPOLIEHY yTHIlaja KIMMATCKUX MPOMEHa, eyTpo(dUKalHje U aHTPOIIOT€HUX
MpUTHCaKa Ha mpHobaiHe eKocucTeMe JaapaHCcKor MOpa U MEUTEPAHCKOT PErnoHa.

Kwyune peuu: Copepoda,300TIIaHKTOHCKH paKOBH, OMOAMBEP3NUTET, CE30HCKA TMHAMHKA, BOKOKOTOpCKH
3aJIUB, JYKHH JaapaH, KITUMATCKE TPOMEHE.

Diversity and Spatial Distribution of
Copepod Communities In Boka Kotorska
Bay (Southern Adriatic Sea): Implications
for Climate Change Monitoring

Vera Vukani¢' and Miodrag Malovié?

"'University of Pristina in Kosovska Mitrovica, Faculty of Sciences and Mathematics,
Department of Biology, Kosovska Mitrovica, Serbia

2 University of Belgrade, Innovation Centre of Faculty of Technology and Metallurgy,
Belgrade, Serbia

* vera.vukanic@pr.ac.rs

Copepods are the dominant group of zooplankton crustaceans in marine ecosystems and play
a fundamental role in pelagic food webs, making them valuable indicators of environmental
variability and ecosystem change. Boka Kotorska Bay, a semi-enclosed coastal system in the
Southern Adriatic Sea, is strongly influenced by both open-sea waters and freshwater inputs,
creating highly dynamic environmental conditions. The aim of this study was to investigate
the species composition, diversity, horizontal distribution, and seasonal dynamics of copepod
communities, as well as their relationship with environmental parameters. Zooplankton samples
were collected monthly throughout 2012 at four sampling stations located in central parts
of the bay. Simultaneously, temperature, salinity, pH, dissolved oxygen, oxygen saturation,
water transparency, and sea color were measured and analyzed. Species diversity was assessed
using Margalef’s diversity index. A total of 65 copepod species were identified, confirming
the high biodiversity of this coastal ecosystem. The dominant species were Paracalanus par-
vus, Centropages kroyeri, Acartia clausi, Oithona nana, Microsetella norvegica, Euterpina
acutifrons, Oncaea media and Oncaea subtilis, accounting for approximately 39.6% of the to-
tal copepod abundance. Species richness decreased from the outer parts of the bay toward the
inner enclosed areas, while the abundance of characteristic estuarine-neritic species increased.
Two seasonal abundance peaks were recorded: a spring maximum associated with increased co-
pepod abundance and a summer maximum, primarily driven by the Cladocera Penilia avirostris.
Marked seasonal fluctuations in temperature and salinity, together with consistently high oxygen
saturation, indicated elevated biological productivity and eutrophic conditions within the bay.
The occurrence of open-sea copepod species in the outer bay reflected the strong influence of
Southern Adriatic waters on community structure. The results reveal stable spatial and seasonal
patterns in copepod distribution while highlighting their sensitivity to environmental variability.
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Studies of crustacean zooplankton diversity, particularly copepods as the dominant taxonomic
group, provide valuable information for detecting emerging ecological trends associated with
climate change. Long-term monitoring of copepod communities therefore represents an im-
portant tool for assessing the impacts of climate change, eutrophication, and anthropogenic
pressures on coastal ecosystems of the Adriatic Sea and the Mediterranean region.

Keywords: Copepoda, Crustacea zooplankton, biodiversity, seasonal dynamics, Boka Kotorska
Bay, Southern Adriatic Sea, climate change.

Makpo03000eHTOC U3BOPUILITHOT
aMjesia BOA0TOKa Bpujeka y
abdapckom nmoJby

Csjemnana I[eujuh’’, Bnaoan Bykajnoeuh', Jenena Ooopuna’ u /lejan /Imumposuh’

! VuuBepsurer y bawoj Jlyuu, [Ipupoano-maremaruuku dakynret, bama Jlyka, Peny0nuka
Cprcka, bocha u Xepierosuna
* svjetlana.cvijic@pmf.unibl.org

Pujexa Bpujeka Hanasu ce y Mcrounoj XepueroBunu Ha rnpocropy Peny6muke Cpricke (jyro-
uctok bocue u Xeprerosune). Teue kpo3 Jlabapcko mosse y Ty>KWHU 011 0KO 2,5 km, HakoH dera
noHupe. Y JheTHUM Mjecennma HajBehu 1o koputa oe Tekyhwurie je mormyHo cyB. M3y3erak je
M3BOPUIIIHHU IO TOKA, YHjH j€ KUBH CBHjET HEJTOBOJHHO HCTPAXKEH. Y BE3U C THM, OCHOBHH IIHJb
OBOT pajia OWo je caryie/jaBame KBATUTATUBHOT U KBAHTHTATUBHOT cacTaBa Makpo3000eHToca
M3BOPUIITHOT JIMjesia BOJOTOKa Bpujexa. AHamM3upaHo je U cTame oJabpaHux aOMOTHYKUX
¢baxTopa oBe Tekyhurie (TeMnepaTtypa BoJIe, TUIT U TOKPOBHOCT KOMITOHEHATA JTHA — CACTAaB MH-
KkpoctanumTa). TepeHcku paj je peasinzoBaH y aBrycty 2019. u janyapy 2020. roqune (JbeTHA U
3MMCKa Ce30Ha) Ha MeT AMoHMIA ayxuHe 1o 50 m. Ha Taj HaunH nctpaxkupameM je 00yxBaheHo
nmouetTHuX 250 m Toka oBe Tekyhwuire. Temmeparypa BoJie MjepeHa je TEpMOMETPOM, a CacTaB
MUKPOCTAHUIITA OJIpel)eH je MaKJbUBUM ITOCMATPabeM MOBpIINHE JHA. MynTuxadutar y3op-
KOBamke MaKpO3000€HTOCa M3BPIICHO je MPUMjEHOM CTaHiaapaHe pyuHe mpexe u Cypbep
Mpexe. Y30pIH cy GUKCHpaHH €TaHOJIOM, a FbUXOBa aHaJM3a 00aBJbEHA je Y TabopaTopHju.
Bpujennoctu remneparype Boze kperaie cy ce ox 11,0 °C Ha cBUM AMOHHIIAMA y 3UMCKO]j CE30HU
1o 11,2 °C Ha cBUM THOHHIIAMA Y JheTHO]j. OBaKaB TEeMIIEPATYPHH PEIKUM YKa3yje Ha U3BOPCKE
ocoOuHe BomOTOKa Bpujeka ay 4uTaBOTr moTe3a Koju je oOyxBaheH mcTpaxkuBameM. J[HO
JOMHUHAHTHO YnHE (paKiije MUHEpaTHe KOMIIOHEHTE, KOje ce HIyhrn HU3BOJHO CMjEHBY]y O
HajKpyMHHUjUX (MerajuTai) A0 Gpakiyja BeTuurnHe nujecka (rmcamain). Oprancka KOMIOHEHTa
JIHA YTJIABHOM j€ 3aCTYIJbeHa (PUTAJIOM, TPETEKHO y BUAY MaXOBHHA PETUCTPOBAHUX HA JIBH]E
nroHuIe. KBaauTaTHBHOM aHAJIH30M y30paKka MaKpo3000eHToca MpoHal)eHo je HEKOIMKO Jece-
THHA TAKCOHA Pa3IMUMTOr HUBOA Kiacu(UKalije, BUIIE y aBryCTy Hero y janyapy. Cpenma
BpHjEeTHOCT Opoja jeqMHKH Ha jeTUHHIly ToBpInnHe aHa n3Hocu 807,6 ind/m? y JjbeTHOj ce3o-
HH, a 451,3 ind/m? y 3uMCKOj, IITO CE JIOBOJU y BE3y ca MPOMjEHOM YKYITHE MTOBPIIUHE JTHA Y
pPa3IMYUTUM YCJIOBHMA BOAOCTAaja TOKOM TOJIMHE (CHIDKEH je Yy aBrycCTy). TaKCOHOMCKH Haj-
3aCTYIUbEHH]Y Tpymy unHe npeactaBHunu Arthropoda, koju OpojuyaHO TOMUHHUPAJy HA CBUM
nuoHuIaMa y obje cesone. ['yctnHa muUXoBOT Hacesba kKpehe ce y pacmony ox 342 mo 1696
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ind/m?, npu yemy je Ha BehuHu nuonuna Beha JbeTu Hero 3uMHu. Y mopehemy ca ocTaaum
3raaBKapumMa yTBpheHo je aa mpenctaBHUIM pona Gammarus GpojuaHo JOMHHHUPA]Y Ha CBUM
JTUOHHUIIAMA y 3MMCKOj CE€30HM, Kao M Ha BehuHm nuonuna y jbetHOj. [IpencraBHunm Kiace
Insecta 3actynsbenu cy ca Hajpehum Opojem Ttakcona. Ctame EPT Takcona (Ephemeroptera,
Plecoptera u Trichoptera), koju cy HapOYMTO OCj€TJHHBH Ha 3aral)ermne, yKkazyje Ha BUCOK HUBO
KBaJIMTETa BOJIC M3BOPHUIITHOT JIHjeia BoAoToka Bpujeka. CBe mpeTxoaHO HaBeeHO MOTBPhyje
Jla MaKpo3000€HTOC U3BOPHILIHOT JIMjenna oBe TeKyhulle o/ipaskaBa MpUpoIHE EKOJIOMIKE Kapak-
TEpUCTHKE, HarJamaBajyhu 3Ha4aj leroBOI 0UyBamba.

Kwyune pujeyu: maxponaBeptedpare, OEHTOC, H3BOP, XHUAPOCKOJIOTH]ja, prjeka Bpujeka.

Macrozoobenthos of the Spring
Section of the Vrijeka Watercourse
in Dabarsko Polje

Svetlana Cviji¢”, Viadan Vukajlovi¢’, Jelena Oborina® and Dejan Dmitrovié?

! University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina
* svjetlana.cvijic@pmf.unibl.org

The Vrijeka River is located in Eastern Herzegovina, within the territory of the Republic of
Srpska (southeastern Bosnia and Herzegovina). It flows through Dabarsko Polje for approxi-
mately 2.5 km before sinking underground. During the summer months, most of the riverbed
becomes completely dry. An exception is the spring section of the watercourse, whose biota
has been insufficiently studied. Therefore, the main objective of this study was to assess the
qualitative and quantitative composition of the macrozoobenthos inhabiting the spring section
of the Vrijeka River. In addition, selected abiotic factors were analysed, including water tem-
perature and the type and coverage of substrate components (microhabitat composition). Field-
work was conducted in August 2019 and January 2020 (summer and winter seasons) at five
50-m-long sections. Thus, the first 250 m of the watercourse were included in the study. Wa-
ter temperature was measured using a thermometer, while microhabitat composition was de-
termined through careful observation of the streambed surface. Macrozoobenthos sampling was
performed using a standard hand net and a Surber sampler following the multihabitat sampling
approach. Samples were preserved in ethanol and subsequently analysed in the laboratory.
Water temperature ranged from 11.0 °C at all sections during the winter season to 11.2 °C at
all sections during the summer season. Such a temperature regime indicates spring-like cha-
racteristics of the Vrijeka River throughout the entire investigated stretch. The streambed is
predominantly composed of mineral substrate fractions, which gradually change downstream
from the coarsest fractions (megalithal) to sand-sized fractions (psammal). The organic compo-
nent of the substrate is mainly represented by phytal habitats, primarily in the form of mosses
recorded at two sections. Qualitative analysis of macrozoobenthos samples revealed several
dozen taxa of different taxonomic levels, with higher diversity recorded in August than in
January. The mean density of individuals per unit area was 807.6 ind/m? in summer and 451.3
ind/m? in winter. This difference is associated with seasonal changes in the total streambed
area under varying water-level conditions throughout the year, which were lower in August.
Arthropods constituted the most taxonomically diverse group and numerically dominated at
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all sections in both seasons. Their density ranged from 342 to 1,696 ind/m? and was generally
higher in summer than in winter. Compared with other arthropods, representatives of the genus
Gammarus were numerically dominant at all sections during winter and at most sections
during summer. Members of the class Insecta were represented by the highest number of taxa.
The status of EPT taxa (Ephemeroptera, Plecoptera, and Trichoptera), which are particularly
sensitive to pollution, indicates a high level of water quality in the spring section of the Vrijeka
River. Overall, the results confirm that the macrozoobenthos of this spring-fed section reflects
natural ecological characteristics, highlighting the importance of its conservation.

Keywords: macroinvertebrates, benthos, spring, hydroecology, Vrijeka River.

Makpo3000eHTOC K20 OMOMHIUKATOP
ypOaHor U HHAYCTpHUjCcKOr 3arahema
pujeke Jase y Ty3au

Eneupa Xauuaxmemosuh Jypuoa', Ampa Hxunuh', Ena Hesuposuh Omepouh’,
Maja Illubapesuh’ u Pajko Powouh’

"'Vuusepsuret y Tyszmu, [IpupoaHo-matemarnuku dakynret, Tysna, bocha n Xepiieropuna
2Vuusepsuret y bawoj Jlyuu, [Ipupoaro-maremaruuku dakyiaret, bama Jlyka, Bocha n
XepueroBuHa

" elvira.h.jurida@untz.ba

Maxkpo3000€eHTOC Mpe/icTaBba jeIHy 0/1 Haj3HAYajHUjUX OMOJIOIIKMX KOMIIOHEHTH Y TIPOIjeHU
€KOJIOIITKOT CTama CJIAaTKOBOJIHUX €KOCUCTEMA, jep MPOMjEHE Y CACTaBy M CTPYKTYPH HETOBUX
3ajeIHHIIA TTOY3IaHO OJIpaKaBajy HHBO aHTpororeHor ontepehema u kBanureT Bone. Mcrpa-
KHMBaWbe je TpoBelieHO y Majy 2024. ronuHe Ha TpU JIOKAJUTETa pHjeKe Jaie Ha moapydjy
Tysne, gyx rpaavjeHta ypOaHuX U UHAycTpHjckux ytunaja: Jama 1 (Iopmwa Tysna), Jana 2
(Cunopexc) u Jana 3 (Mammncka mkona). [uss ucrpakuBama Ouo je MpoljjeHa mpomjeHa
y cacTaBy MaKpo3000C€HTOCa M EKOJIOIIKOT CTama BOJIOTOKa. Meromoioruja je o0yxBaTuia
y3UMambe jeHOT jeTHOKPATHOT y30pKa BOJE IO JIOKAIUTETY 3a (PU3UYKO-XEMH]CKY aHAIU3y
U TpU OMOIEHOJIONIKA Y30pKa MaKp03000€HTOCA O JIOKATUTETY PajH MPOIjeHe CTPYKType
OMOJIOIIKKX 3ajeJHHIIA K MHTETPUCAHE OI[jeHe KBAIMTETa BoJIe. AHATN3a PU3MUKO-XEMH]jCKIX
napamMeTapan cacTaBa MaKpo3000€HTOCa yKa3aliaje HamOCTOjambe N3PasKEHOT JIOHTUTY AMHATTHOT
rpaaujeHTa 3arahema 1y Toka pujeke Jane y Tyznu. Ca mopacToMm KOHIIEHTpAIHja OPraHCKUX
MaTepHja, a30THHUX jEeHbCHA, CICKTPOIIPOBOIJBUBOCTH U CYCIICHIOBAaHUX YECTHUIA, 3a0Uibe-
KEHO je MPOTPECHBHO CMambCHE JUBEP3UTETa Makpo3ooOeHToca U mosehame yijena Tole-
pPaHTHUX OpraHu3ama, moceOHo npezacTtaBHuka mopoauie Chironomidae. Ha y3BogHOM J1oKa-
JUTETY NMPHUCYTHA j& OrpaHHuYEHA PAa3HOJIMKOCT OCHTOCKE 3ajeHHIIE, IOK CPEIbU U HU3BOTHH
JIMj€TIOBH TOKA MOKa3yjy U3pakeHy JOMUHAIIN]Y OpraHu3aMa OTIIOPHUX Ha OPTaHCKO ONTepe-
heme, mTO KyJIMHHHMpA TOTITYHOM JoMuHanKjoM Chironomidae Ha nokanutety Jana 3. OBak-
BU PE3YJITaTH jacCHO MOTBPlYjy CHa)xkaH yTHIA] ypOaHUX M WHAYCTPHUJCKUX OTMATHUX BOJA
Ha JIeTpajialnjy €KOJIOIIKOT CTama pUjeKe Jaie W ykasyjy Ha 3Hauaj Makpo300OCHTOCa Kao
MOY3/IaHOT OMOWHMKATOPA KBAJUTETa TIOBPIIMHCKUX BOJIA.

Kwyune pujeuu: Makpo3000eHTOC, OMOMHIMKATOPH, aHTPONIOreHo 3aral)eme, pujeka Jana, Tysna.
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Macrozoobenthos as a Bioindicator of
Urban and Industrial Pollution of the
Jala River in Tuzla

Elvira HadZiahmetovi¢ Jurida'', Amra Ikinié', Ena Nezirovi¢ Omerdié’,

Maja Sibarevi¢’ and Rajko Roljic?

"University of Tuzla, Faculty of Natural Sciences and Mathematics, Tuzla, Bosnia and Herzegovina
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Herzegovina
* elvira.h.jurida@untz.ba

Macrozoobenthos represents one of the most significant biological components in assessing
the ecological status of freshwater ecosystems, as changes in the composition and structure of
its communities reliably reflect the level of anthropogenic stress and water quality. The study
was conducted in May 2024 at three localities along the Jala River in the Tuzla area, following
a gradient of urban and industrial impacts: Jala 1 (Gornja Tuzla), Jala 2 (Siporex), and Jala 3
(Masinska Skola). The aim of the research was to assess changes in the macrozoobenthos com-
position and the ecological status of the watercourse. The methodology included collecting a
single grab water sample per locality for physico-chemical analysis and three biocenological
macrozoobenthos samples per locality to evaluate the structure of biological communities and
provide an integrated assessment of water quality. The analysis of physico-chemical para-
meters and macrozoobenthos composition indicated the presence of a pronounced longitudinal
pollution gradient along the course of the Jala River in Tuzla. With the increase in concen-
trations of organic matter, nitrogen compounds, electrical conductivity, and suspended solids, a
progressive decrease in macrozoobenthos diversity and an increase in the proportion of tolerant
organisms, particularly representatives of the family Chironomidae, were recorded. At the up-
stream locality, a limited diversity of the benthic community was observed, while the middle
and downstream sections of the river exhibited a marked dominance of organisms resistant to
organic pollution, culminating in the complete dominance of Chironomidae at the Jala 3 loca-
lity. These results clearly confirm the strong impact of urban and industrial wastewater on the
degradation of the ecological status of the Jala River and highlight the importance of macro-
zoobenthos as a reliable bioindicator of surface water quality.

Keywords: macrozoobenthos, bioindicators, anthropogenic pollution, Jala River, Tuzla.
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I'muzaBuu Pamcapcekor noapyuja
Bbapnauya — cnucak BpcTa ca eKoJIOIMKUAM
U KOH3ePBALIMOHUM IOAAIUMA

TIopan Illykano™ u /lejan /Imumposuh’

! Vuusepsurer y bawoj Jlyuu, [pupoaro-maremaruuku dakynaret, bama Jlyka, Pemy0inka
Cprcka, bocHa n Xepuerosusa
* goran.sukalo@pmf.unibl.org

VY Peny6aumu Cprickoj, Pamcapcko noapydje bapaada nmpencrassba jeIMHO MOYBAPHO MOIPYY-
j€ yBpiITeHo Ha PaMcapcky IucTy, Kao | JeIMHO TOApYyYje 01 Mel)yHapoIHOT 3Hauaja 3a MTHIIE
(IBAs — Important Bird Areas). Jlocanainima UCTpa)KMBamkba KMUMEHaKa OBOT MOApydja Ou-
Ja cy mpuMapHo (QokycupaHa Ha pube, nTuie U Boxozemie. Llwb oBor pana O6uo je uspanga
(bayHucTHUKOr criucka rmu3aBana Pamcapckor noapyyja bapaaya, 3acHOBaHOT Ha TOCTYITHUM
JTUTEPATypHUM TOJAllIMa ¥ BUILIETOIUIIHBLUM TEPEHCKUM UCTpaKUBambUMa ayTopa, y3 pa3ma-
Tpame oApeheHUX EeKOJIOIIKHX acleKaTa M KOH3EpBalMOHOI cTaTyca 3a0WJbeXEHUX BPCTA.
TepeHcka uctpakupama cripoBezieHa cy y nepuoay of 2011. go 2025. rogune. [Ipumujemen je
METOJ] TPAHCEKTA, a UCTPAKUBAILE j& PEAIM30BAHO Y PA3IMYUTUM BPEMEHCKUM YCIIOBHUMA U Y
Pa3NUYUTUM BPEMEHCKIUM HHTEPBAIMMA TOKOM AaHa. [ MU3aBIM Cy XBaTaHH PYKOM WK ToMOhy
pyuHe Mmpexe npuuBpirheHe Ha ayru mran. HakoH XBatawa jeauHke cy ¢ororpaducane,
uaeHTuduKoBaHe momMohy cTaHAapAHE XEPIIETOIOIIKE TUTepaType U MyIITeHE Ha MjecTO TIje
cy u yxBahene. Ha 0oCHOBY BHUILIETOUIIBLUX TEPEHCKUX UCTPAKMBamba yTBPH)EHO je Moy3aaHo
MPUCYCTBO C€llaM ayTOXTOHUX BpcTa rmusaBana (Emys orbicularis, Anguis fragilis, Lacerta
viridis, Podarcis muralis, Natrix natrix, Natrix tessellata n Vipera berus), a 3a0uibexeHa
je U jemHa jeIMHKA allOXTOHE IPBEHOyxe Kopmwade (Trachemys scripta). JJoMUHAHTHE BpCTE
IMH3aBalia TOKOM TEPEHCKUX UCTpakuBama Ouie cy 0jenoyuika (N. natrix) n 6apcka Kopmbada
(E. orbicularis). C npyre ctpane, mapka (V. berus) je nponalena npa myTa, 10K je pudapura (V.
tessellata) 3abuspexxeHa camo jeTHOM. TOKOM TEPEeHCKUX UCTpakKMBamba YOUCH € MHTCH3WBAH
AHTPONOreHU IPUTHCAK U 3HaYajaH 'yOUTaK CTAHUIITA, ILITO j€ PE3YJITUPAJIO TPUM]ETHUM aJI0M
OpOjHOCTH TOMMHAHTHHUX BPCTA TMU3aBalla Ha HCTPAXKUBAHOM 1oipy4jy. [Ipema mutepaTypHuM
MoJalMa 3a UCTPAXKUBAHO MOJPYYje HABOAM CE HaJla3 je/IHE JeIMHKE AJIOXTOHE MEKOOKJIOITHE
Kopmwaue (Pelodiscus sinensis), Te XKUBOPOAHOT Ty1Tepa (Zootoca vivipara). YcIbe UCKIbYYUBO
MOjeIMHAYHUX Halla3a aJJOXTOHUX BPCTa KOPHaua Ha UCTPaKUBAHOM MOJIPYY]jY, Ko U OJICYCTBa
JIOKyMEHTOBAaHHUX PENPOAYKTHUBHUX Tomynanuja y PemyOmumm Cprickoj, oBe BpCTe ce HE OU
Tpebane cMaTparu aujesiom (payHe rmuzabara Pamcapcekor noapyyja bapnada. C npyre ctpane,
MIPUCYCTBO BpPCTE Z. Vivipara HajBjepOBaTHHU]E j€ 3aCHOBAHO HA MOTPENIHO] UACHTU(DUKAII]H.
ITpema IUCN 1pBeHOj TMCTH yTPOKEHUX TaKCOHA, Oapcka KOpmhaya Hala3| ce y KaTeropuju
roToBo yrpoxkeHux — ,,NT*, 1ok npeocranux mect BpcTa 'MHU3aBalia UMa CTaTyC HajMame 3a-
opumaBajyhux — ,,LC“. JIBuje BpcTe rMu3aBala Koje HacesbaBajy UCTPAKUBAHO MOJPYyUje Cy
ctporo 3amrtuhene y Pemy6mumu Cprickoj. Jeqna 3a0uspexena BpcTa je oo0yxBahena Anekcom
II EBporicke nupekTuBe 0 CTaHUIITUMA, a yeTupu Bpcte Anexkcom V. Uetnpu nponahene Bpere
cy yBpurene y Anennukc Il bepHcke kOHBEHIH]e, 10K Cy TpU BpcTe 00yxBaheHe ATIeHINKCOM
III. Ympkoc u3ocTaHKy (hopmaliHe 3aIUTUTE HA EHTUTETCKOM M IP>KaBHOM HMBOY, CTPYKTYpa
xeprnerodayne Pamcapckor moapyuyja bapnaua, yxipyuyjyhu 3amtuhene u yrpokeHe Bpcre
O]l HAITMOHAITHOT U Mel)yHapoaHOT 3Ha4yaja, y KOMOMHAIIM]U Ca YOUEHUM aHTPOIOT€HUM IMpH-
THUCIIMMA, TI0JaBOM QJIOXTOHHMX M TaJ0M OpPOJHOCTH paHH]e YECTHUX BPCTa, yKa3zyje Ha BHCOK
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KOH3€pBaIlM]CKU 3Ha4a] OBOT TMOApyYja ¥ MOTPeOy HEroBe aJeKBaTHE 3aIlITUTE.

Kwyune pujeyu: bapaada — MouBapHU KOMIUIEKC, (payHa rMu3aBania, yrpokeHe Bpcre, 3amTrheHe Bpere,
AJIOXTOHE KOpHaye.

Reptiles of the Bardaca Wetland
Ramsar Site — Species Checklist with
Ecological and Conservation Data

Goran Sukalo’ and Dejan Dmitrovié!

"University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka,
Republic of Srpska, Bosnia and Herzegovina
* goran.sukalo@pmf.unibl.org

Within the Republic of Srpska, the Ramsar Site Bardaca Wetland is the only wetland area included
in the Ramsar List and the only area of international importance for birds (IBAs — Important
Bird Areas). The previous studies on vertebrates of this area were primarily focused on fishes,
birds and amphibians. The goal of this study was to prepare a faunistic checklist of reptiles of
Ramsar Site Bardaca Wetlands, based on the available literature references as well as several
years of original field research, with discussion of certain ecological aspects and conservation
status of the recorded species. The field studies were conducted in period 2011-2025, using the
method of transects, realized in various weather conditions and time intervals during the day.
The reptiles were captured by hand or using a hand net attached to a long pole. After capture,
individuals were photographed, identified by using standard herpetological literature and released
to the same spot where they were captured. The multi-year field studies have proven presence
of seven autochthonous species of reptiles (Emys orbicularis, Anguis fragilis, Lacerta viridis,
Podarcis muralis, Natrix natrix, Natrix tessellata and Vipera berus), as well as one individual
of allochthonous Red-eared Slider (7rachemys scripta). The dominant species recorded in this
field study were Grass Snake (N. natrix) and European Pond Turtle (E. orbicularis). On the
other hand, Adder (V. berus) was recorded twice and Dice Snake (N. tessellata) only once.
The field research brought forth evidence of intensive anthropogenic pressure and significant
loss of habitat, resulting in noticeable decrease in abundance of dominant reptile species in the
study area. The literature references for the study area include records of single individuals of
allochthonous Chinese Softshell Turtle (Pelodiscus sinensis) and Viviparous Lizard (Zootoca
vivipara). As allochthonous turtle species were represented in the study area exclusively as
single individuals, with a lack of documented reproductive populations in the Republic of Srp-
ska, these species should not be considered part of reptile fauna of the Ramsar Site Bardaca
Wetland. On the other hand, reported presence of species Z. vivipara was most probably caused
by misidentification. According to the IUCN Red List of Threatened Species, European Pond
Turtle is included in the category of Near Threatened (NT), while the remaining six reptile
species are in the Least Concern category (LC). Two reptile species inhabiting the study area
have the status of strictly protected taxon in the Republic of Srpska. One species is included in
Annex II of the European Habitats Directive, while four species are included in Annex IV. Four
recorded species were included in Appendix II of the Bern Convention, while three species
are included in Appendix III. Despite the lack of formal protection of Ramsar Site Bardaca
Wetland on entity or state level, the structure of its herpetofauna, including the protected and
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endangered species of national and international significance, in combination with the recorded
anthropogenic pressure, appearance of allochthonous species and decrease in population size
of formerly common species, indicates a high conservation significance of this area and the
need for adequate conservation.

Keywords: Bardaca — wetland complex, reptile fauna, endangered species, protected species, allochtho-
nous turtles.

YTunaj temneparype U naJiaBuHa
Ha OpojHocT BpcTe Culex pipiens

Ena Hesuposuh Omepouh’” u Eneupa Xauuaxmemosuh Jypuoa’

!'Vuusepsurter y Tysznu, [IpupoaHo-matematuuku paxyaret, Tysna, bocHa u Xeprieropuna
* ena.nezirovic@untz.ba

Komapan Culex pipiens npencraBiba jeJJHy O] HajpacpOCTPAk-EHUJUX U €KOJIOITKY Haj3HAYA]-
HUJUX BpCTa KOMapara y yMjepeHuM KIMMATCKUM mopydjuma. OBa BpCTa je MIMPOKO MPUCYTHA
y ypOaHUM, IPUTPAJCKUM U PypaTHUM CpEIUHAaMa, T/Ije KOPUCTH Pa3InunTe THIIOBE cTajahinx
BOJIa Ko MOTOIHA MjecTa 3a pa3Boj JapBu. 3Hauaj Bpcte Culex pipiens oryienia ce y lbeHO]j yII03U
MOTEHIINjaJTHOT BEKTOpa OpOojHUX TMaToreHa, ykipyuyjyhu Bupyc 3amamnor Huma, 30or vera
HBEHA OPOJHOCT U CE30HCKA TUHAMUKA UMAajy BEJIMKH 3HAYA] 3a jaBHO 37[PaBCTBO U €KOJIOTH]Y.
Kiumatcku dakropu, moceOHO Temreparypa Ba3ayXxa U KOJUYUHA MaJaBUHA, UMA]y KIbY4HY
YIIOTY y peryJialiiju pa3Boja, penpoayKIlHje ¥ aKTUBHOCTH MOMyJauja ose Bpcre. [IpoMjene
KIIMMATCKUX YCJIOBAa MOTY 3HAYajHO YTUIIATH HA MOBehame OpOjHOCTH KoMapara, MpoayKemhe
Nepuojia BUXOBE aKTUBHOCTU U IIUPEH-¢ HAa HOBA NojapydYja. Llwb oBor McTpakuBama OHO
je yTBpauTH moBe3aHocT m3Mely Temmeparype, KolruunHe nagaBuHa u OpojHoctu Bpete Cu-
lex pipiens, ka0 1 UACHTU(PHUKOBATH KIMMAaTCKe YCIOBE KOjU HajBHIIE TOTOY]y Pa3BOjy U OII-
cTaHKy mnomynanuje. MctpaxuBame je o0yxBaTuiio npaheme OpojHOCTH OpACIIUX jeAUHKU Y
ypOaHOj cpearHu y CKIIOMy JiokanuTeTa Ynka Mumunna crasza y JlykaBily TOKOM Tepuojia oj
Mjecelia MapTa Jio Mjecena jyna 2026. roquHe, y3 HCTOBPEMEHO MPUKYTIThahe METEOPOIIOIKHX
1o/IaTaka O MPOCjEYHUM CEIMHYHMM U MjECCYHHM TeMIlepaTypama M KOJHMYMHU Ia/IaBUHA.
VY30pKoBame KoMaparia BpIICHO je CTaHAapJHIM €HTOMOJIOMIKMM METoAaMa, YKJbydyjyhu mo-
CTaBJbakhe KIIOMKH 32 OJJPACIIC jeIMHKE U IPEIJIE/I TOTSHIIMjaTHUX CTAHHUIITA K0 IITO CY KaHAJIH,
Oape u pe3epBoapu ca ctajahom Bogom. [IpuKyIbeHN TTOAIM aHATH3UPAHU CY CTATUCTUIKUM
MeToZiamMa pajiv yTBphuBama Kkopemnaiyje n3mel)y KImMarckux mapameTapa u mpomMjeHa y 0poj-
HOCTH nonyrnaiumje. Pe3ynraru ucrpaxxuBama ykasyjy J1a mosehame TeMreparype u mpucycTBo
YMjepeHHX Ma/IaBUHA MTO3UTUBHO YTUUY Ha pacT OpojHocTu Bpcte Culex pipiens. Burie temre-
parype yOp3aBajy pa3Boj J1apBH, ckpahyjy Tpajame )KHBOTHOT ITUKITyca 1 moBehaajy pernpomyk-
TUBHH TOTEHIIMjaJ MOIyJIalluje, T0K MagaBuHe oMoryhaBajy gopmupame MorofHuX BOJCHUX
CTaHWUIITA 32 pa3Boj JapBeHHUX o0nuKa. C Ipyre cTpaHne, eKCTPEMHO BUCOKE TEMIIepaType U AyKu
CYILIHH TIEPUOJIM MOTY JIOBECTH JI0 CMarbEHha JJOCTYITHOCTH JIAPBATHUX CTAHHINTA U HETATUBHO
YTHLIATH Ha OTICTaHaK rnomynamuje. Hajseha OpojHoCT 3a0MIbekeHa je TOKOM TOTUTHjUX U BIIaX-
HUJjUX Mjecely MOIMyT Maja U jyHa, IITO MOTBphyje 3Ha4ajaH yTHIA] KIMMATCKUX (akTopa Ha
CE30HCKY JAMHAMHKY BpcTe. JloOMjeHn pe3yaTaTd MOTy JONPHHUJETH O00JbeM pa3yMujeBamby
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exonoruje Bpcte Culex pipiens v IpeicTaB/baTH OCHOBY 3a yHanpeheme Mjepa MOHUTOPUHTA U
KOHTpOJIE KOMaparia, moce0Ho y ypoaHUM MOopydjuMa U3JI0KECHUM KIMMATCKUM ITPOMjeHaMa.

Kwyune pujeuu: Culex pipiens, Temneparypa, maaBuHe, KINMaTCKA (DaKTOPH, OPOJHOCT TOIYIIAIIH]E.

Influence of Temperature and
Precipitation on the Abundance of
the Culex pipiens Species

Ena Nezirovié Omerdié"” and Elvira HadZiahmetovié¢ Jurida'

"University of Tuzla, Faculty of Natural Sciences and Mathematics, Tuzla, Bosnia and Herzegovina
* ena.nezirovic@untz.ba

Culex pipiens mosquito represents one of the most widespread and ecologically significant
mosquito species in temperate climatic regions. This species is widely distributed in urban,
suburban, and rural environments, where it utilizes various types of stagnant water as suitable
breeding sites for larval development. The importance of Culex pipiens is reflected in its role as
a potential vector of numerous pathogens, including the West Nile virus, making its abundance
and seasonal dynamics highly significant for public health and ecology. Climatic factors, parti-
cularly air temperature and precipitation, play a crucial role in regulating the development, re-
production, and activity of populations of this species. Changes in climatic conditions may sig-
nificantly influence the increase in mosquito abundance, prolong the period of activity, and
facilitate the spread of populations to new areas. The aim of this study was to determine the
relationship between temperature, precipitation, and the abundance of Culex pipiens, as well
as to identify the climatic conditions that most favor the development and survival of its popu-
lations. The research included monitoring the abundance of adult individuals in an urban envi-
ronment within the locality of Cika Misina Staza in Lukavac during the period from March to
June 2026, along with simultaneous collection of meteorological data on average weekly and
monthly temperatures and precipitation levels. Mosquito sampling was performed using standard
entomological methods, including the placement of traps for adult individuals and inspection
of potential habitats such as canals, ponds, and reservoirs with stagnant water. The collected
data were analyzed using statistical methods in order to determine the correlation between cli-
matic parameters and changes in population abundance. The results indicate that increased tem-
peratures and the presence of moderate precipitation positively affect the population growth of
Culex pipiens. Higher temperatures accelerate larval development, shorten the duration of the
life cycle, and increase the reproductive potential of populations, while precipitation enables
the formation of suitable aquatic habitats for larval stages. On the other hand, extremely high
temperatures and prolonged drought periods may reduce the availability of larval habitats and
negatively affect population survival. The highest abundance was recorded during warmer and
more humid months, such as May and June, confirming the significant influence of climatic
factors on the seasonal dynamics of this species. The obtained results may contribute to a better
understanding of the ecology of Culex pipiens and provide a basis for improving mosquito mo-
nitoring and control measures, particularly in urban areas exposed to climate change.

Keywords: Culex pipiens, temperature, precipitation, climatic factors, population abundance.
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Exosoruja u mopgoJsioruja nsonpyracre
ykauje (Alburnoides bipunctatus) u3
pujexe Bpoame

Jlapko 3eueeuh’ u J/Ipazojna I'onyo™

! Vuusepsurer y bawoj Jlyuu, [pupoaro-maremaruuku dakynaret, bama Jlyka, Pemy0inka
Cprcka, bocHa n Xepuerosusa
* dragojla.golub@pmf.unibl.org

JlBonipyracta yknuja (Alburnoides bipunctatus) je CHTHa CIIaTKOBOJIHA pruOa IMHUPOKO PACTIpo-
cTpameHa y EBporn, 1ok ce y bocau n Xepreropunu jaBsba y JlyHaBckom ciauBy. OBa BpcTa
HaceJhaBa Tekyhe BO/e pa3MYUTHX TUIIOBA, Hajuyenlhe Cpee U TOpHe TOKOBE pUjeKa, Iije
npedeprpa 100pO OKCUTreHHcaHa CTAaHUIIITA Ca IJbYHKOBUTUM WM MjECKOBUTUM THOM. OcuM
TOTa, MMa 3Ha4YajHy YJIOTry Y TPOQUUYKO] CTPYKTYpU PHJEUHUX €KOCHCTEMA U JIOTPUHOCH OJIp-
aBarmby OMOJIOIIKe paBHOTEXE y TeKyhnM Bogama. 300T U3paskeHe 0CjeTJbUBOCTH Ha IPOMjeHE
y ’KMBOTHO] CpPEIMHH, CMaTpa ce MOy3JaHUM HHIUKATOPOM €KOJIOIIKOT CTamba M YeCTO Ce KO-
PHUCTH y MpOIjjeHaMa KBAJIUTETa pUjedHNX ekocrucTeMa. MopdomeTpujcke U MEpUCTUUKE aHa-
JU3e MPEeJICTaBIbajy BajkaH anaT y MXTHOJOIIKUM UCTpakuBamuMa, oMmoryhasajyhu npoijjeny
MHTpACIIEN]jCKe BaphjaOUITHOCTH, CTPYKTYpE MOMyJalyja U aIaiTUBHUX OATOBOpA HA yCIIOBE
cpenune. [{usb oBe cTyauje 6mo je ucnutat MOPGHOMETPH]CKY B MEPUCTHUKY BapHjaOHMITHOCT,
Kao M YTBPIUTH IOJHHU AuMopdu3aM U KOHIUIMOHO CTame mnomynanuje A. bipunctatus w3
pujeke Bpbame. Y3opak je odyxBatno 93 jenunke npukymsbeHe Tokom 2018. u 2020. roau-
HE TIPUMjEHOM eJIeKTpopuOosoBa. MjepeHe cy ykynmHo 24 MopdomeTpHrjcke ocoOMHE W Maca
THjeNa, IOK Cy MEPUCTHYKE KapaKTepUCTHKe oOyxBaTaje Opoj 3paka y mepajuma u Opoj
KpJbymTu y 604yHOj auHUju. [lon je oapehen Ha ocHOBY mperieaa rorana, a @yiaToHOB Koe-
(UIMjEHT KOHAMIIN]E U3padyHaT je paJiy MPOIjeHe OmmTer (U3HOJIOIIKOT CTakha JeAMHKH. 3a
CTaTUCTUYKY 00pajay IojaTaka MpUMHUjEeEHU Cy JECKPUIITHBHA CTAaTUCTUKA U oJroBapajyhu
TecToBH 3HauajHOCTH (p < 0,05). Pesynratu ykasyjy Ha TOTOBO YPaBHOTEKEH OJHOC MOJIOBA
ca 0y1arom JOMHHAITM]OM KEHKH Y aHAJIM3UPAHO] MOMYJIAKju. 3HauajaH MOJHU JTUuMOpQu3am
yTBpheH je ko Behnne mopdomeTprjckux ocoOMHa, IpH YeMy Cy JKEHKe uMaiie Behe TjenecHe
nuMeHsuje u Behy Macy y oJHOCy Ha My’Kjake, IIITO je y CKIIaay ca penpOoAyKTUBHUM CTPATETH-
jama OpojHHMX BpcTa puba. YoueHa BapHjaOMITHOCT MOP(POMETPHjCKUX KapaKTEPUCTHKA YITy-
hyje Ha u3pakeHy (PEHOTUIICKY TUTACTHYHOCT U MOTYhy afanTtanujy Ha cierupuaHe eKOJIOIIKe
ycnose pujeke Bpbame. HacympoT Tome, MeprcTHUKe KapaKTepUCTHUKE TIOKa3aje Cy penaTHB-
HO HUCKY BapHjaOMIHOCT M CTa0WIIHE paclioHe BapHpama, 0e3 M3paKeHUX MOJIHO YCIOBJbE-
HUX pa3liiKa, Te Cy yriaBHOM Ouje y CKJIaay ca mojanuma JOCTYIHUM Y JUTepaTypH 3a OBY
BpcTy. DynTOHOB KOSHUIIMJEHT KOHAMIIM]E YKa3ao je Ha T00po (hU3HOJIOIIKO CTamhe jeIUH-
KM U Cyrepucao pelaTUBHO CTAOMITHE U TIOBOJbHE YCIIOBE CTAHMILTA Y UCTPAKUBAHOM JTUjEITy
pujeke. Bpujennoctu DynToHOBOT KOehHUIIMjEHTa KOHAMIMjE yKa3yjy Ha A00po ¢u3Ho-
JIOIIKO CTam€ JeIUHKU U MOBOJbHE YCIIOBE CTAHUINTA Y UCTPAXKUBAHOM JIUjEIIy PHUjeKe, IITO
JOJIaTHO TOTBpl)yje CTaOMITHOCT ToIyianyje. 3akJby4dHo, Tomynanuja A. bipunctatus 3 puje-
ke BpOame omukyje ce nu3pakeHoM Mop(hOMETpHjCKOM BapujaOMITHOMINY M jaACHUM TTOJTHUM
TUMOP(PHU3MOM, JTIOK Cy MEPUCTHYKE OCOOMHE CcTaOuiaHe M KoH3epBaTwBHE. J[oOwjeHu pe-
3yJATaTU JOMpUHOCE O0JbEM pa3ymHjeBarmby OMOJIOMIKMX M €KOJIOIIKHX KapaKTepUCTHKA OBE
BpCTE U MPEACTaBIba]y 3HaUajHy OCHOBY 3a Oyayha uctpakupama, OMOMOHUTOPHUHT U TUIAHU-
pame Mjepa 3allTUTe Y pPUjeuHuM eKocucTeMumMa. VicToBpeMeHo, MOTy MOCITyKUTH Kao pede-
peHTHa OCHOBA 3a npaheme Oyayhux nmpoMjeHa y mormynamnujama o1 yTHIajeM aHTPOIOTeHUX
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MIPUTHCAKA U KIIMMATCKUX (akTopa.

Kwyune pujeuu: Alburnoides bipunctatus, BapujaOWIHOCT moOITynaiuje, MopdomMeTpujcke ocobune,
MEpHUCTHUYKE KapaKTePUCTHKE, MOTHU TUMOpU3aM, KOS(HUIH]jeHT KOHTUIIH]E.

Ecology and Morphology of Spirlin
(Alburnoides bipunctatus) from the
Vrbanja River

Darko Zecevié¢' and Dragojla Golub™

''University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina
* dragojla.golub@pmf.unibl.org

The spirlin (Alburnoides bipunctatus) is a small freshwater fish widely distributed across
Europe, while in Bosnia and Herzegovina it occurs within the Danube River basin. This species
inhabits various types of lotic environments, most commonly medium and upper river reaches,
where it prefers well-oxygenated habitats with gravel or sandy substrates. In addition, it plays an
important role in the trophic structure of river ecosystems and contributes to maintaining ecolo-
gical balance in running waters. Due to its pronounced sensitivity to environmental changes,
it is considered a reliable indicator of ecological status and is frequently used in assessments
of river ecosystem quality. Morphometric and meristic analyses represent an important tool in
ichthyological research, enabling the assessment of intraspecific variability, population struc-
ture, and adaptive responses to environmental conditions. The aim of this study was to examine
morphometric and meristic variability, as well as to determine sexual dimorphism and the con-
dition of the 4. bipunctatus population from the Vrbanja River. The sample comprised 93 individ-
uals collected during 2018 and 2020 using electrofishing. A total of 24 morphometric traits and
body mass were measured, while meristic characteristics included fin ray counts and lateral line
scale counts. Sex was determined by gonadal inspection, and Fulton’s condition factor was cal-
culated to assess the overall physiological condition of individuals. Descriptive statistics and
appropriate significance tests (p < 0.05) were applied for data analysis. The results indicate a
nearly balanced sex ratio with a slight predominance of females in the studied population. Sig-
nificant sexual dimorphism was observed in most morphometric traits, with females showing
larger body dimensions and higher body mass compared to males, consistent with reproductive
strategies in many fish species. The observed variability in morphometric traits suggests pro-
nounced phenotypic plasticity and possible adaptation to the specific environmental conditions
of the Vrbanja River. In contrast, meristic traits showed relatively low variability and stable
ranges, with no pronounced sex-related differences, and were generally consistent with data
reported in the literature for this species. Fulton’s condition factor indicated good physiological
condition of individuals and suggested relatively stable and favourable habitat conditions in the
studied river section. The values of Fulton’s condition factor further confirm the stability of the
population. In conclusion, the population of A. bipunctatus from the Vrbanja River is charac-
terized by pronounced morphometric variability and clear sexual dimorphism, while meristic
traits remain stable and conservative. The obtained results contribute to a better understanding
of the biological and ecological characteristics of this species and provide a solid basis for future
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research, biomonitoring, and the planning of conservation measures in freshwater ecosystems.
At the same time, they may serve as a reference framework for monitoring future population
changes under the influence of anthropogenic pressures and climatic factors.

Keywords: Alburnoides bipunctatus, population variability, morphometric traits, meristic characters,
sexual dimorphism, condition factor.

IHonyaannoHo-eK0JI0IKe KAPAKTEPUCTUHKE
BpcTe Austropotamobius torrentium y NoToxy
Pajueposo Bpeso (bam 0Opno, bama Jlyka)
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[Momynanwmja Bpcte Austropotamobius torrentium WCTpaXWBaHa je y TOTOKY PajHepoBo
Bpesio Ha JjokanuteTy bam Oppo, rpan bama Jlyka. HaBenena Bpcra mpencraBiba jeHY O
MET ayTOXTOHUX EBPOICKHX BPCTa CIATKOBOJHHMX paKkoBa W MMa 3HAuYajHY KOH3EPBAIHOHY
BpujenHocT. [Ipema knacudukaiuju Melhynapoaae yauje 3a 3amrury npupojae (IUCN), Bpera
ce TpeHyTHO Hana3u y kareropuju LC (HajMame yrpoxkeHa BpCTa), ajld j&é HICTOBPEMEHO 00Y-
xBaheHa OpojHUM EBPOIICKUM U HAIIMOHAIHUM ype1oama 0 3alITUTH PUPOJIE 300T OCjeTIbUBOCTH
CTaHHINTA ¥ (PparMeHTUPAHOCTH onyanuja. L{nss ncrpakuBama 610 je MOTBPAUTH IPUCYCTBO
BpPCTE Ha JIOKAJTUTETY, T€ aHAIM3UPATH OCHOBHE IOITYJIAIMOHO-EKOJIONIKE KapaKTEPUCTHKE,
yKIbyuyjyhu OpOjHOCT, TIOJHY M CTApOCHY CTPYKTYpy Momynanuje. TepeHcka UCTpaKuBamba
cripoBesieHa cy TokoMm 2021. ronuHe, MpH 4eMy Cy jeIMHKE CaKyIUbaHE PY4HO, YyHOTpeOOM
PYYHHX MPEXKHIIA U aKTUBHUM MPETPAKUBAKHEM MUKPOCTAHUINITA. Y KYITHO jé pETUCTPOBAHO 18
jemwHKH, ox yera 11 myxjaka ¥ 7 ®eHKH. AHAIN30M TIOJTHOT O/IHOCA MPHMjEHOM XH-KBaJpar
tecta (x* = 0,889; df = 1; p > 0,05) Huje yrBpheHa craTucTuuku 3Ha4ajHa pasnuka. CtapocHa
CTPYKTypa TOMyJalije rmokasyje AOMHHALM]Y JEAMHKH YKYITHE Iy>KUHE THjella y PacloHy
60—-80 mm, nok mpubmmwkHo 80% jenWHKHM MpHUMaga KaTerophjHu MOJHO 3pENX OpraHu3ama,
IITO YKa3yje Ha PEnpOAYKTUBHO CTAOMIHY IMOMyJalHjy. YOUeHH MOJHU AUMOp(du3aM u3pa-
KEH je KpO3 MPONOPIIMOHATTHO pa3BHjeHH]ja KIIUjelITa U poOyCHHje TjeJIecHe TUMEH3H]je KO
MyXjaka, JOK JKEHKE KapaKTepHIle CTaTUCTUYKH IIMpPU aOIOMEH, IITO je y CKJIaxy ca pe-
MPOAYKTUBHOM (PYHKIIMjOM HHKyOaruje jaja. JloOujenu pesynratu motBplyjy aa morok Paj-
HEPOBO BPEJIO MPEACTaBIba U3y3€THO 3HAYajHO CTAHUIITE W MOTEHIMjaTHU pedyrujym 3a Jo-
KaJTHy TIOIyJanujy Bpcre A. torrentium, dvje Ccy TIOMyJAIUje Y PETHOHY YeCTO MaJIOOpOjHE U
MIPOCTOPHO K30sI0BaHe. O4yBamke KBAJIUTETA OBOT CTAHUINTA UMA KIBYUHY YJIOTY Y TyTOPOYHO]
CTaOMIIHOCTH U 3aIITUTH BpcTe Ha nopy4jy Pemyomuke Cpricke.

Kwyune pujeuu: moTouHU pak, ayTOXTOHA BPCTa, CTPYKTypa nomyianyje, PajuepoBo Bpeo.
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The population of the species Austropotamobius torrentium was investigated in the Rajnerovo
Vrelo stream at the Banj Brdo locality in the city of Banja Luka. This species represents one of
the five native European freshwater crayfish species and holds significant conservation value.
According to the International Union for Conservation of Nature (IUCN) classification, the
species is currently listed as Least Concern (LC). However, it is simultaneously covered by
numerous European and national nature protection regulations due to habitat sensitivity and
population fragmentation. The aim of the study was to confirm the presence of the species at
the locality and to analyze its core population and ecological characteristics, including abun-
dance, sex ratio, and age structure. Field research was conducted during 2021, with individuals
collected manually using hand nets and by actively searching microhabitats. A total of 18 indi-
viduals were recorded, consisting of 11 males and 7 females. Sex ratio analysis using the chi-
square test (x> = 0.889; df = 1; p > 0,05) revealed no statistically significant difference. The
age structure of the population shows a dominance of individuals with a total body length in
the range of 60—80 mm, while approximately 80% of the individuals belong to the category of
sexually mature organisms, indicating a reproductively stable population. The observed sexual
dimorphism is manifested through proportionally more developed chelae and more robust
body dimensions in males, whereas females are characterized by a statistically wider abdomen,
which is in accordance with the reproductive function of egg incubation. The obtained results
confirm that the Rajnerovo Vrelo stream represents an exceptionally important habitat and a
potential refugium for the local population of A. torrentium, whose populations in the region
are often small and spatially isolated. Preserving the quality of this habitat plays a key role in
the long-term stability and protection of the species within the Republic of Srpska.

Keywords: stone crayfish, native species, population structure, Rajnerovo Vrelo.
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IIpocTropHa pacnoajesia aayJjara u
KOKOHA Branchiobdella sp. na 0jesionorom
paxky Austropotamobius pallipes u3 pujexe
3ajioMKe: MpeJIMMUHAPHU HAJIA3U

Pajxo Powvuh’, Auhena Cuxumuh’, Kamapuna I'pavexnc’, Maja IlTubapesuh’
u Bepa Huxonuh’
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Bpanxunobaenuie Cy CUTHE Tapa3uTCKe OJIMTOXETe, MPOCjedHe aykuHe oko 10 mm, koje Hace-
JbaBajy THjella CIIATKOBOJHUX pakoBa. Mopdosomky Cy Nperno3HaT/buBe MO PeIyKOBAHOM
Opojy cerMeHaTta W CHEIU(PUIHO] 3a/TH0] THjaBKUA KOjoM ce (PHKCHpajy 3a er30CKeNeT JoMa-
huHa. ¥ OKBHpPY OBOT MCTpa)kHMBama, CIPOBECHA je MPEIMMUHAPHA aHAIN3a jeIUHKH POja
Branchiobdella n muxoBUX KOKOHa Ha OjeoHOTUM pakoBuMa (Austropotamobius pallipes) n3
pujeke 3anomke. Y3opkoBame je usBpineHo 11. jyna 2025. rogune Ha y30pKy on 15 jemuHku
(7 »xeHkm U 8 MyKjaka), Mpu yemy je yrBpheHa ctoma mpeBaiennuje on 100%, mro ykasyje
Ha TMOTIYHY MPUCYTHOCT OBHX €KTOOMOHATA y HMCIUTHBAHO] Momyiaruju. [IpumapHu 1musb
paga OO je MPENr3HO YTBPIUTH MPOCTOPHY AUCTPUOYIU]Y aayJITHUX jeJIMHKU U KOKOHA Ha
TUjeny nomahuHa Kako O ce CTEeKao yBUJI Y BbHXOBE MUKPOCTAHUIITHE TipedepeHtuje. Y30p-
U Cy IPUKYIUBCHU JTUPEKTHOM METOOM, JCTabHUM MPErIe oM CrelupUIHIX peruja Tena
nomahuna. Hakon nipeOpojaBama in situ, jenunke cy uxcupane y 96% eranomy. Unentu-
¢uKkanyja opraHm3amMa M aHallM3a KOKOHA W3BpIICHE cy momohy crepeoMukpockomna Leica
EZ4D y na6oparopuju IIpupogno-maremarnukor Qaxynrera YHuBep3urera y bamoj Jlymm.
AHanu3a agynTHUX jeIMHKH TOKa3aia je Ja cy Ouiie mpucyTHe y cibeaehum perujama y pas-
JUYHUTOM TIPOIICHTY: Ha Mpena3y MOKPETHOT M HemoKpeTHOr npcra kimjemTa (30,56%), oko
ycHor oTBopa (25,93%), Ha mepenononama (15,74%) u abnomeny (14,81%), ok je Mamu
Opoj perucTpoBaH Ha yinaly y mKpxkHY Aymby (12,96%). OBu pe3ynratu yka3yjy Ha jacHYy
CEJICKTHBHOCT ayJITHUX OpaHXuoOenuia mpeMa J1jeIoBUMa THjena MOBE3aHUM Ca HUCXpa-
HOM H KpeTambeM jqoMahnHa. KokoHM Cy TIOKa3anu mupy NpoCTOPHY TUCTPUOYIIH]Y, ca HajBe-
hum OpojeM 3abmibeskeHUM OKO ycHUX ekcrpemurera (19,62%), abnomeny (16,17%), y uep-
BukasiHOM TaBy (14,03%) u Ha mepewnomnonama (13,67%). 3HauajHa KOHIEHTpaIlja KOKOHA
npucyTHa je u Ha kmjemtuma (10,58%), u Ha mieononama (10,58%), mok cy ocranu auje-
JIOBU THjeNa Mame 3acTyrsbeHu (yponozae 7,13%, poctpym 4,28%, tenson 3,92%, knujemra
1,43%). OBu ofanu yka3syjy Ja ce KOKOHHU OJIJIaKy y 3amTHheHrje 1 MOp(OJIONIKH CIIOKEHU]e
TMjesioBe Tujena, unMe ce noehasa BjepoBarHoha ycmjenrHor pa3Boja moroMctsa. JloOujeHu
pe3ynratu noTBplyjy MUKpOCTaHHUIIHY AudepeHtujanujy Branchiobdella sp. — agynTtu nipe-
(bepupajy aujenoBe THjela MOTOIHE 32 XPAhEmhe U MHTEPAKIIH]Y ca JoMahuHOM, JTOK c€ KOKOHU
CEJICKTUBHO OJIaXy y 3amrTuhieHnM 3oHama. OBa pacrojjeia HCTOBPEMEHO OJlpakaBa ajarl-
TUBHE CTpaTerHje eKTOOMOHATa, a IbUXOBa OPOJHOCT MOXKe OUTH MHIMKATOP CTamba MOITyJIaIije
nomahuHa y pujeny 3aJI0MKH.

Kwyune pujeuu: Branchiobdella sp., Austropotamobius pallipes, ekTOOMOHTH, IPOCTOPHA PACIIOJjea,

pHjeka 3ajJoMKa.
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Spatial Distribution of Adults and Cocoons
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Zalomka River: Preliminary Reports
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Branchiobdellidans are small parasitic oligochaetes, with an average length of approximately
10 mm, that inhabit the bodies of freshwater crayfish. Morphologically, they are characterized
by a reduced number of segments and a specific posterior sucker used for attachment to the
host’s exoskeleton. In this study, a preliminary analysis of the genus Branchiobdella and their
cocoons was conducted on white-clawed crayfish (Austropotamobius pallipes) from the Za-
lomka River. Sampling was carried out on June 11, 2025, using a sample of 15 individuals (7
females and 8 males). A prevalence rate of 100% was established, indicating the total presence
of these ectobionts within the examined population. The primary objective of the research was
to precisely determine the spatial distribution of adult individuals and cocoons on the host’s
body to gain insight into their microhabitat preferences. Samples were collected using a direct
method, involving a detailed examination of specific body regions. After in sifu counting, the
specimens were fixed in 96% ethanol. Identification of the organisms and cocoon analysis were
performed using a Leica EZ4D stereomicroscope at the laboratory of the Faculty of Natural
Sciences and Mathematics, University of Banja Luka. Analysis of adult individuals revealed
their presence across various regions in different percentages: at the junction of the dactyl and
propodus of the chelae (30.56%), around the oral opening (25.93%), on the pereiopods (15.74%),
and on the abdomen (14.81%), while a smaller number was recorded at the entrance to the
branchial cavity (12.96%). These results indicate a clear selectivity of adult branchiobdellidans
toward body parts associated with the host’s feeding and movement. The cocoons exhibited
a wider spatial distribution, with the highest numbers recorded around the oral appendages
(19.62%), on the abdomen (16.17%), in the cervical groove (14.03%), and on the pereiopods
(13.67%). Significant concentrations of cocoons were also present on the chelae (10.58%) and
pleopods (10.58%), while other body parts were less represented (uropods 7.13%, rostrum
4.28%, telson 3.92%, and chelae 1.43%). These data suggest that cocoons are deposited in
more protected and morphologically complex body parts, thereby increasing the probability of
successful offspring development. The obtained results confirm the microhabitat differentiation
of Branchiobdella sp. — adults prefer body parts suitable for feeding and interaction with the
host, while cocoons are selectively deposited in protected zones. This distribution reflects the
adaptive strategies of these ectobionts, and their abundance may serve as an indicator of the
host population’s status in the Zalomka River.

Keywords: Branchiobdella sp., Austropotamobius pallipes, ectobionts, spatial distribution, Zalomka
River.

BOOK OF ABSTRACTS
OF THE SCIENTIFIC CONFERENCE WITH INTERNATIONAL PARTICIPATION “PRIMAT30”

81







SAHITUTA ’KXUBOTHE CPEIMHE
ENVIRONMENTAL PROTECTION




84

3ALITHTA ZKUBOTHE CPE/IUHE

HN3a30Bu y cipoBohewy HMPKYJIapHe
€KOHOMHje HA JIOKAJHOM HUBOY M YTHLIA]
HA )KMBOTHY CPEJNHY
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Pactyhu npuTtucak Ha mpupoJiHe pecypce, y3 HHTEH3UBUPambhe KIMMATCKUX IPOMjeHa U JIerpa-
naryje KUBOTHE CpeHe, yKa3yje Ha HEOMXOJHOCT Mpesacka Ka OJpKUBUM MOJETUMa pas-
BOja. Y TOM KOHTEKCTY, HUPKYyJapHa eKOHOMM]ja Mpe/ICTaB/ba 3HayajaH OKBHp 3a TpaHchop-
Maiujy oOpasaiia Mpou3BOIBE U MOTPOIIHE, ca MjepJbUBUM €EeKTHMa Y CMambEelhy eMHUCH]a
racoBa ca e(eKToM cTakJieHe Oallre, KOJIMYMHE OTNaga U MOTPOIIkE MPUMApHUX pecypcea.
[ToceOHa maxkma ycMjepaBa ce Ha yJIOTy JOKAJIHUX CaMOyIlpaBa, Koje UMajy KJby4uHY MO3H-
1]y y MOBE3MBalkby €KOHOMCKHX aKTUBHOCTH U 3aIITUTE JKUBOTHE CpPEeIHMHE KPO3 JOKAITHE
MOJINTUKE, PEryJaTOpHe HHCTPYMEHTE U ONEepaTHBHE MpaKCce yIpaBibama OTMAIOM U Pecyp-
cuma. Mako moctoju oOMMHA TUTEpaTypa O IUPKYJIApHO] EKOHOMHU]JH, OTpaHUYeH OpOj UCTpa-
KUBamba CUCTEMATCKH aHaJIU3Mpa KOHKPETHE yNpaBJbayke MEXaHM3ME Ha JIOKATHOM HUBOY,
IbUXOBY CEKTOPCKY MPHUMjeHY M JUPEKTHE €KOJIONIKe e(eKTe, MOCeOHO Y KOHTEKCTY 3eMasba
y Tpan3unyju. L{use oBor pana je Aa uaeHTtuduKyje U aHaIu3upa MPEHOCUBE MOJIETIe yIpaB-
Jbaba KpO3 KOje JIOKaJHE CaMOyIpaBe MOTY MOJPXKAaTH TPAaH3MUIHM]y Ka IHUPKYJIAPHO] €KO-
HOMH]jH, ca TOCEOHUM OCBPTOM Ha HUXOB yTHIIA] HAa )XKUBOTHY cpeluHy. VMcTrpaxuBame ce
3aCHMBA Ha KBAJIMTATHUBHO] M KOMIIAPAaTHBHO) aHAIM3U CelaM CTyHja ciayyaja U3 eBPONCKUX
rpanoBa (Jbybspana, Mapubop, Amcrepaam, Munano, ['masros, Konenxaren u bapcenona),
KOJU Cy 0JladpaHy Ha OCHOBY HHMBOA MMIUIEMEHTAllMje LUPKYJIApHUX MPAKCH, JOCTYMHOCTH
pEJIeBaHTHHUX TMOJAAaTaKa U CEKTOPCKE Pa3HOBPCHOCTH. AHanH3a 00yxBaTa CEKTOpPE KOMYyHal-
HOT, TEKCTWJIHOT M OTIaJa OJl XpaHe, KOju cy oJadpaHu 300T BUCOKOT MOTEHIIMjaja 3a JIo-
KaJlHE MHTEpBEHIMje, KPAaTKUX JlaHAIla BPUJEHOCTH M 3HAYajHOT JOMPHUHOCA €MHCHjaMa U
reHepucamy ornajaa. JlomatHo, ykibydyeHa je aHanu3a onadpanux npumjepa u3z bocue u Xep-
LIErOBHHE, C IIUJBEM MPOI]jeHe MPUM]jEHUBOCTH UICHTU(HUKOBAHUX MOJIENa Y yCIIOBUMA Orpa-
HUYCHUX WHCTUTYLMOHATHUX U pUHAHCH]CKUX KananuTtera. [loceOHa maxma nocsehena je u
KOHIENTY MHIyCTPUjCKe cCUMOMO03e Kao 0OIMKY LIUPKYJIapHe EKOHOMHU]j€ 3aCHOBAHOM Ha pa3-
MjeHH pecypca u3Mel)y nmpuBpeaux cy0jekaTa. Pesynratu yka3yjy 1a mpuMjeHa HHTETPUCAHUX
CHCTEeMa O/IBOJEHOT MPHUKYIUbakha OTMa/la, EKOHOMCKUX MHCTpyMeHaTta (Ha Mpumjep, ,,IuiaTu
KOJIMKO Oanuii*) u pa3Boj HHPPACTPYKType 32 TOHOBHY yHOTPeOy MOTY JTOBECTH JIO 3HAYajHOT
CMamemha KOJMYMHE JISTTIOHOBAHOT OTHajJa M €MHUCHja racoBa ca e(eKToM CTakjeHe OariTe.
KomnaparvnBHa aHanu3a 1mokasyje Ja cy HajyCIjelIHUjH MOJICITM OHHM KOjH KOMOWHY]Yy peryJa-
TOpHE Mjepe, eKOHOMCKEe IOJCTUIaje W akTUBHO yuenthe rpahana. ¥ kontekcty boche u
XepueroBuHe, uAeHTU(GUKOBAHU Cy TIO3UTUBHU MOMAIM y yBohewmy cUCTeMa CelleKIrje OTma-
7la U jauamy capaJibe ca MPUBATHUM CEKTOPOM, KAa0 M MOYETHHU OOIMIIM WHAYCTPH]CKE CUM-
O0uno3e y MojeAMHUM TPOU3BOIHUM JIAHIIMMA, IITO yKa3yje Ha TMOTEHIHjall 3a JIaJbh PasBoj
HUPKYJIApHUX MPaKCcH. 3aKJbY4YHO, YCIjelIHa TpaH3UIMja Ka HUPKyJIapHOj EKOHOMHUJU Ha JIO-
KaJTHOM HHMBOY 3aXTHje€Ba CTPATEIIKU U KOOPAWHUCAH MPUCTYII, jadamhe MHCTUTYIIMOHATHUX
KamanureTa u npuiarohaBame Mel)yHapoqHuX TOOpHX MpaKCH JTOKAIHOM KOHTEKCTy. [loe-
3UBamkE€ YIPaB/bauKUX MeEXaHH3aMa ca MjepJbUBHM €KOJIOIIKMM HCXOJUMa MpPeCTaBiba
KJbYYHH TIPeIyclioB 3a e(pukacHy HMMILIEMEHTAIM]y LUUPKYyJIapHe €KOHOMH]jE U IMOCTH3AMmE
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[IWJbEBA OJPKUBOT pa3Boja. [lopex Tora, pe3ynTaTu HCTpaKMBama HarlamiaBajy 3Haua] KOH-
TUHYHUpaHOT Mpahemwa 1 eBatyalyje UMIUIEMEHTUPAHUX Mjepa, Kako O ce oMoryhuiio luxoBo
npuiarohaBame CHEMUPUUYHUM JIOKATHUM YCJIOBMMAa M OCHrypajia JyropoyHa OJIp>KMBOCT
LUUPKYJApHUX UHUIIM]aTHBA.

Kwyune pujeuu: mupKyIapHa eKOHOMHja, JJOKAJHE CaMOyIpaBe, yIpaBJbakbe OTIAI0M, YTUIA] HA JKHU-
BOTHY CpPEINHY, OJP’KUBHU Pa3Boj.

Challenges in Implementing Circular
Economy at the Local Level and Its
Environmental Impact

Dusica PeSevic”™

''University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina
* dusica.pesevic@pmf.unibl.org

Increasing pressure on natural resources, along with the intensification of climate change
and environmental degradation, highlights the necessity of transitioning toward sustainable
development models. In this context, the circular economy represents an important framework
for transforming production and consumption patterns, with measurable effects in reducing
greenhouse gas emissions, waste generation, and the consumption of primary resources. Par-
ticular attention is given to the role of local governments, which hold a key position in linking
economic activities with environmental protection through local policies, regulatory instru-
ments, and operational practices of waste and resource management. Although there is an ex-
tensive body of literature on the circular economy, a limited number of studies systematically
analyze concrete governance mechanisms at the local level, their sectoral application, and di-
rect environmental impacts, particularly in the context of transition economies. The aim of
this paper is to identify and analyze transferable governance models through which local go-
vernments can support the transition toward a circular economy, with a particular focus on
their environmental impact. The research is based on a qualitative and comparative analysis of
seven case studies from European cities (Ljubljana, Maribor, Amsterdam, Milan, Glasgow, Co-
penhagen, and Barcelona), selected according to the level of implementation of circular prac-
tices, availability of relevant data, and sectoral diversity. The analysis covers municipal waste,
textile waste, and food waste sectors, which were selected due to their high potential for local
interventions, short value chains, and significant contribution to emissions and waste generation.
Additionally, selected examples from Bosnia and Herzegovina are included in order to assess
the applicability of identified models under conditions of limited institutional and financial
capacities. Special attention is also given to the concept of industrial symbiosis as a form of
circular economy based on the exchange of resources between economic actors. The results
indicate that the implementation of integrated waste separation systems, economic instruments
(e.g. “pay-as-you-throw”), and the development of reuse infrastructure can significantly reduce
the amount of waste sent to landfills and greenhouse gas emissions. The comparative analysis
shows that the most successful models are those combining regulatory measures, economic
incentives, and active citizen participation. In the context of Bosnia and Herzegovina, posi-
tive developments have been identified in the introduction of waste sorting systems and the
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strengthening of cooperation with the private sector, as well as initial forms of industrial sym-
biosis in certain production chains, indicating the potential for further development of cir-
cular practices. In conclusion, a successful transition toward a circular economy at the local
level requires a strategic and coordinated approach, strengthening institutional capacities, and
adapting international best practices to the local context. Linking governance mechanisms
with measurable environmental outcomes represents a key prerequisite for the effective im-
plementation of the circular economy and the achievement of sustainable development goals.
Additionally, the research findings emphasize the importance of continuous monitoring and
evaluation of implemented measures, in order to enable their adaptation to specific local con-
ditions and ensure the long-term sustainability of circular initiatives.

Keywords: circular economy, local governments, waste management, environmental impact, sustainable
development.

A30THA jerbeba Kao NMoKa3aTe/bu
NMPOMEHA KBAJIMTETa BojAe peke /lyHas
nyx Ilonynasckor pernona 'y Cpouju

Hnxana Pawmwvanun Mauosuh' u Munana ITanmenuh’

"' Vuausepsuter y HoBom Cany, [IpuponHo-matemarnuku dakyntert, [lenapTMan 3a reorpadujy,
Typu3am u xorenujepctBo, Hosu Can, Cpbuja
* ilhanarasljanin@gmail.com

Tok peke /lynaB y CpOuju je jenaH o HajBaKHUjUX BOAHHUX pecypca W MMa BHUIIECTPYKU
3Havaj 3a [lomgyHaBcku pernoH. OBaj pernoH OJUIMKYje C€ M3PaKEHOM KOHILIEHTPAIM]jOM CTa-
HOBHUIITBA, MOBEhaHOM MTPOM3BOAKBOM, MOTPOIIHOM U yCIIyrama Koje ux noapxanajy. [1po-
CTepUTeT U Jajb¥ pa3Boj IlomyHaBckor pernona y CpOuju y BEITUKO] MEPH MOKE 3aBUCHTHU
o kBanmuTeTa Boje peke /lynaB. KBamuter Boje je KJbydaH 3a 37paBibe JbyIU U €KOCUCTEMA
U MOXX€ YTHUIIATH Ha OpOjHE NMPHBPEIHE aKTUBHOCTH Kao IITO Cy MOJHOIPUBPE/IA, pUOOIIOB,
WHIYCTpHja, Typu3aM U caobOpahaj, anu u Ha Apyre acmekTe )KMBOTa. A30THA jeIUbEHa KO-
ja oOyxBarajy HHTpare, HUTPUTE U aMOHHjyM jOH jellaH Cy 3HAYajHUX IOKa3arejba KBaJlU-
Teta u 3araliema Boja. A30T je MAaKpOHYTPHjEHT OUTaH 32 OpOjHE KUBOTHE MPOIIECE MUKPO-
opraHmzama, Ousbaka M >KMBOTHHbA. Mmak, moBehaHe KOHIIEHTpaluje a3oTa y BOJH MOTY
M3a3BaTu OpOjHE EKOJIOIIKE U 3APAaBCTBEHE MpoodiemMe. Y pajay Cy aHaIU3UpaHe KOHIIEHTpaInje
a30THHX jeubema y Boau peke JlynaB myx [lomynaBckor pernona y CpOuju. 3a motpebe
OBOT' UCTPaXXKMBamka KOPHUIINEHN Cy TOAAIM M3 TOJMIIbaKka ATeHIMje 3a 3alTHTY KHUBOTHE
cpeanHe, MHUHUCTApCTBa MOJBOIIPUBPEIE U 3alITUTE KUBOTHE cpeaune Pemybnmke Cpowuje.
AHanu3upaHu Ccy TOAaly KOHIIEHTpAalMje a30THUX jeIMbeha ca 0CaM MEPHHUX CTAaHUIA, 3a
nepuon ox 2014. no 2023. rogune. Llnsb ncTpakuBama je aHain3a MPOCTOPHUX M BPEMEHCKUX
MIpOMEHa KOHIIEHTpallKja a30THUX jelUberha M MPOlleHa HBUXOBOT 3Hayaja Kao MoKa3aTesba
kBayuTeTa Boje peke JlyHar y CpOouju. MeTogoM JIECKPUNITHBHE CTATHCTUKE je yTBpHEHO 1a
MOCTOj€ IPOMEHE Y KOHIICHTpaIlijaMa a30THHX jeInbema. [IpocTopHO mocMaTpaHo, HajBHIIE
KOHIICHTpAallMje HUTpaTa U aMOHHjyM joHa 3a0eliekeHe Cy Ha yJa3HUM HpopuimMma peke
HynaB y Cp6ujy (be3gan u borojeBo) u cmamyjy ce mpema u3iaa3HoM TOKy peke. [ToBprmHcke
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BOJIC TIO/I TAKBUM YCIIOBHMa Tpunanajy kiacu Il u \BUX0B eKoJOmKH cTaTyc je neuHuCcaH
Kao ymepeH. TakBe Bojie MOTY ce KOPUCTHTH y ojipel)eHe cBpxe y3 MpeTxoHe TpeTMaHe yHa-
npehema kBaguTeTa Boje. KoHIleHTpalija HUTPUTA j€ Ha CBUM MpoduiimMa ToKa peke Ouma
HIDKa W MIOBPIIMHCKE BOJIE IO/ TAKBUM YCJIOBUMA NpUTIaiajy Kinacu [ mro oarosapa oaanmaHOM
€KOJIOIIKOM cTaTycy. BpeMeHcku mocMaTpaHo, HHj€ yOU€eH jacaH TPeH/I MOropiliama KBaJInTeTa
BOJIe TOKOM IIOCMaTpaHOT Teproa, Beh ymMmepeHe BpeMeHCKe OCITMIIAI]e W POCTOPHA BapH-
JaOMIIHOCT KOHIEHTpalllja a30THUX jeubema. Pe3ynaratu uctpaxuBama MOoTBplyjy 3Hauaj
a30THUX jeIUHCHHA y CHCTEMY MOHUTOPHHTA TIOBPIIMHCKUX BOJIA U JONIPUHOCE O0JbEM pazyme-
Bamy MNPOCTOPHUX U BPEMEHCKHX IpoMeHa KBanuTera Boje peke JyHas y Cpouju.

Kwyune peyu: KBaIuTeT BOKE, a30THA jeINbeHa, peka JlyHas, [lomyHaBcKH pernoH.

Nitrogen Compounds as Indicators
of Water Quality Changes in the Danube
River along the Danube Region in Serbia

Ilhana Rasljanin MadZovié¢"" and Milana Panteli¢’

! University of Novi Sad, Faculty of Science, Department of Geography, Tourism and Hotel
Management, Novi Sad, Serbia

* ilhanarasljanin@gmail.com

The flow of the Danube River in Serbia is one of the most important water resources and has
multiple significance for the Danube region. This region is characterized by a pronounced con-
centration of population, increased production, consumption and the services that support them.
The prosperity and further development of the Danube region in Serbia may largely depend on
the quality of the water of the Danube River. Water quality is crucial for the health of people
and ecosystems and can impact numerous economic activities such as agriculture, fishing, in-
dustry, tourism and transportation, as well as other aspects of life. Nitrogen compounds that
include nitrates, nitrites and ammonium ions are significant indicators of water quality and pol-
lution. Nitrogen is a macronutrient essential for numerous life processes of microorganisms,
plants and animals. However, increased concentrations of nitrogen in water can cause numerous
ecological and health problems. The paper analyzes the concentrations of nitrogen compounds
in the water of the Danube River along the Danube region in Serbia. For the purposes of this
research, data from the annual report of the Environmental Protection Agency, Ministry of
Agriculture and Environmental Protection of the Republic of Serbia was used. The data on
the concentration of nitrogen compounds from eight measuring stations has been analyzed
for the period from 2014 until 2023. The aim of the research is to analyze the spatial and tem-
poral changes in the concentrations of nitrogen compounds and the assess their significance
as indicators of water quality in the Danube river in Serbia. Using descriptive statistics, it has
been determined that there are changes in the concentrations of nitrogen compounds. Spatially
observed, the highest concentrations of nitrates and ammonium ions were recorded at the entry
profiles of the Danube River into Serbia (Bezdan and Bogojevo) and decrease toward the river’s
outlet flow. Under such conditions, surface waters belong to class III, and their ecological status
is defined as moderate. Such waters can be used for specific purposes with prior treatments to
improve water quality. The concentration of nitrites was lower at all profiles of the river flow, and
the surface waters under such conditions belong to class I, which corresponds to an excellent
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ecological status. From a temporal perspective, no clear trend of water quality deterioration
has been observed during the monitoring period, but rather moderate temporal oscillations and
spatial variability in the concentrations of nitrogen compounds. The reasearch results confirm
the significance of nitrogen compounds in the surface water monitoring system and contribute
to a better undestanding of the spatial and temporal changes in the water quality of the Danube
river in Serbia.

Keywords: water quality, nitrogen compounds, Danube River, Danube region.

Onrumu3anmja jJoxkanuje (pOTOHAMOHCKUX
cucrtemMa y bocun u XepueroBunu npumMeHoM
Solar Global Atlas u RETScreen

Heuuya IJeemrosuh' u Ilpeopaz Kyzmanosuh’*

! UHTepHanmoHaaHu yHuBEp3uTeT bpuko nuctpukT, bpuko, bochHa n Xepuerosuna
? KpMUHAIMCTHYKO-TIOJIMIN]CKU YHUBEP3UTET, 3eMyH, beorpan, Cpbuja
* predrag.kuzmanovic@df.uns.ac.rs

Ca mopactoMm moTpede 3a OJPKUBUM U3BOPHMA CHEPTHje U CMAmBCHEM €MHCHje MITETHUX
racoBa, CoJlapHa €Heprvja MmocTaje jeJaH oJ KJbyYHUX pecypca y CaBpEeMEHOM E€HEPreTCKOM
iaaupamy. L{usk oBor pajna je uaeHTudUKaIrja onTUMaIHe JIOKaIHje 3a HHCTananujy Goro-
HanoHckux (PV) cuctema Ha OCHOBY yIOpeIHE aHAIIM3€E COJIAPHOT EHEPTETCKOT MOTCHITHjalla
neT onabpanux rpanosa y bocau u Xepuerosunu (bama Jlyka, bujessuna, Tysma, CapajeBo u
Bbpuko). UcTpakuBame je 3aCHOBAaHO Ha EMITUPH)CKO-CTATHCTUYKO] KOMITApaljy TEXHUUKHX,
reopu3MIKNX, EHEPreTCKUX U KIMMAaTCKO-METEOPOJIONIKMX MapamMeTapa KOju yTudy Ha eQu-
KaCHOCT KOHBEP3Hj€ COJIapHE eHEPTHje Yy eNeKTPUYHY. AHAIN3a 00yXBaTa KIbYYHE HHIUKATOPE:
rinobanny xopuzoHTanHy uHconanujy (GHI), aupextrny HopmanHy uHconauujy (DNI), cre-
mupuaan PV uzna3 (PVout), remmepatypy, HaAMOPCKY BUCHUHY U KIIMMATCKE yCIIOBE Y Tie-
PHOY OJ1 TOCIEBHX AeceT roguna. Iloganu cy mpuKynbeHH ca METEOPOJIOUIKUX CTAHUIA
peneBaHTHUX CO(PTBEPCKUX TIATGOPMH 3a MPOLEHY COJAPHOT MOTEHIMjalia, y3 pa3MaTpame
TEXHUYKO-CKOHOMCKHX acriekara npuMmene PV cucrema. MeTOIOOMIKH MPUCTYTT YKIBYUYje
IIpUMEHY T€ONPOCTOPHUX M eHepreTckux anara kao mro cy Global Solar Atlas, RETScreen
Expert, PVGIS u NASA 6a3e nmogaraka. O0paja mogaraka u3BpIiieHa je KOMOMHAIIU]jOM CH-
MYJAIIMOHOT MO/IETIOBaba M yIIOPEIHE CTATUCTHYKE aHATTN3e, Y3 TabenapHy U rpaduiKy HHTep-
nperanujy pesyirata. JloOWjeHH pe3ynTaTH yKaszyjy Ha 3HauYajHE pa3iuKe Yy COJAPHOM TIO-
TEHIMjaTy u3Mel)y aHanM3upaHuX JIOKAIKja, IIPU YeMy M0jeJMHH I'PaI0BH MIOKa3yjy OBOJbHH]E
YCIIOBE 3a EKCIIoATalMjy coyllapHe eHepruje. Ha oCHOBY MHTerpasiHe aHajm3e M3BPIICHO je
paHrupame JOKalija U N3/Bajarmbe HajIOBOJbHH]E 32 HHCTANIAIH]Y (POTOHATIOHCKUX eNIEKTPaHa.
3akspydyje ce Jla IpUMeHa BHIIe He3aBUCHUX M3BOPA IMOJIaTaKa M COPTBEPCKUX ajaTra OMOTY-
haBa moy3anujy mporeHy cojapHoT MOTEHIMjalla 1 ONTUMH3ALH]y n300pa tokaruje. Pax narna-
I1aBa 3Ha4aj MYJITUIUCUUILIMHAPHOT TPHUCTYIA Y IUIAHUpamky OOHOBJBUBUX M3BOpa €HEPrHje U
JOTIPHHOCH yHarpehemy MeTOI0I0THje eHEPreTCKOT MOJIENIOBakha Y PETHOHATHUM YCIOBUMA,
y3 peJeBaHTaH €KOJIOMIKH aCIeKT.

Kwyune peyu: conapaa enepruja, GOTOHANIOHCKH CUCTEMH, COJIAPHU MTOTEHIIM]jall, ONTUMHU3ALH]ja JIOKa-

muje, RETScreen.
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Optimization of Photovoltaic System
Location in Bosnia and Herzegovina
Using Solar Global Atlas and RETScreen

Ivica Cvetkovié' and Predrag Kuzmanovié®”

!International University of Bréko District, Bréko, Bosnia and Herzegovina
2 University of Criminal Investigation and Police Studies, Zemun, Belgrade, Serbia
* predrag.kuzmanovic@df.uns.ac.rs

With the increasing demand for sustainable energy sources and the reduction of greenhouse
gas emissions, solar energy has become one of the key resources in modern energy planning.
The aim of this study is to identify the optimal location for the installation of photovoltaic (PV)
systems based on a comparative analysis of the solar energy potential of five selected cities in
Bosnia and Herzegovina (Banja Luka, Bijeljina, Tuzla, Sarajevo, and Brcko). The research is
based on an empirical-statistical comparison of technical, geophysical, energy, and climate—
meteorological parameters that influence the efficiency of solar-to-electric energy conversion.
The analysis includes key indicators: global horizontal irradiation (GHI), direct normal irra-
diation (DNI), specific PV output (PVout), temperature, altitude, and climatic conditions over
the last ten years. Data were collected from meteorological stations and relevant software plat-
forms for solar potential assessment, with consideration of the technical and economic as-
pects of PV system implementation. The methodological approach includes the application of
geospatial and energy tools such as Global Solar Atlas, RETScreen Expert, PVGIS, and NASA
databases. Data processing was performed using a combination of simulation modelling and
comparative statistical analysis, with tabular and graphical interpretation of results. The ob-
tained results indicate significant differences in solar potential among the analyzed locations,
with certain cities showing more favorable conditions for solar energy exploitation. Based on
the integrated analysis, a ranking of locations was performed and the most suitable site for the
installation of photovoltaic power plants was identified. It is concluded that the use of mul-
tiple independent data sources and software tools enables a more reliable assessment of solar
potential and optimization of site selection. The study highlights the importance of a multi-
disciplinary approach in renewable energy planning and contributes to the improvement of
energy modeling methodologies in regional conditions, with a relevant environmental aspect.

Keywords: solar energy, photovoltaic systems, solar potential, location optimization, RETScreen.
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IIpomjene unconanuje y bocuu u
Xepuerosunu y nepuoay 1961-2024.
roauHe

Tamjana Ilonos’, Cnoooan I'mamo’ u I'opan Tpouh'

! Vuusepsurer y bawoj Jlyuu, [pupoaro-maremaruuku dakynaret, bama Jlyka, Pemy0miuka
Cprcka, bocHa n Xepuerouna
* tatjana.popov@pmf.unibl.org

VY pany cy aHanu3upaHe caBpeMeHe MpomjeHe nHcomnanuje y bocuu u XepreroBunu, nerep-
MUHHUCaHe TPEH/ aHAIM30M U aHAIM30M MpoMjeHa u3Mely mocibenma ABa cTaHapHa KIH-
MAaTOJIOIIKA TIepro/ia. AHATIU3€ Cy U3BPIIEHE HA OCHOBY Mj€CEYHHX MOJaTaka 0 MHCOJAIU]H ca
MeT METEOPOJIOIIKUX CTAaHUIIA JOLUUPAHUX Y PANUYUTUM peruonnMma bocue u Xepiierosune,
a 3a Koje IMocToje ayroroauinma Mjepema — Cancku Moct, bamanyka, CapajeBo, Cokouair
u Mocrap. [loganu cy npeysetu on PemyOnnykor XuapomMeTeoposIomKor 3apoaa Penyonrke
Cprcke u @enepanHor XUIpOMETEOopoIomKor 3aBoia. Man-Kennanos tect kopuniheH je 3a
MPOIIjeHy Harnba TPEeHI0Ba TOUIIIHE M CE30HCKE HHCoManuje y neproay 1961-2024. nu muxone
CTaTUCTUYKE 3Ha4yajHOCTH, a KoamoropoB—CMHUPHOBIBEB TECT 32 aHANU3y MpoMjeHa usmehy
MOCJbeIhba JIBa CTAaHJApAHA KIMMATOJIONIKa mepuoaa: pedepeHtHor mepuoma 1961-1990.
roauue u nepuoaa 1991-2020. roguHe, y KojeM KIMMAaTCKe MPOMjEHE MOCTajy HU3pakKeHH]e.
YTBpheno je aa cy y bocuu u XeprieroBunu npucyTHU MO3UTUBHU TPEHJIOBU MHCoauje. Y
nepuony 1961-2024. ronunae cTaTUCTUYKY 3Ha4ajaH (p-Bpujennoct < 0,001) mo3uTuBaH TpeH,T
TOJUIIIbEe UHCOMAIM]e YTBpheH je Ha CBUM aHAIM3UpPAaHUM CTaHMIIaMa, y pacnony o 29,9 h
1o JICNIEHUJU Y HajToIIMjeM aujeny Tteputopuje (Moctap) mo 72,6—82,0 h mo nenenuju Ha
cjeBepy, y nepunaHoHcKoM pernoHy. Ha monpyyjy CapajeBa roauiima HHCONAIMja mopacia
je mo nuHuju TpeHaa 3a 47,9 h no neuennju, a y Coxory 58,3 h nmo nenenuju. Tpenn nopa-
CTa WHCOJIAIM]e IPUCYTaH je y CBUM ce30Hama (ocuM y MocTtapy y ce30HH jeceH). Y TBpheHH
TPEH/IOBU MOpAcTa Ha CjeBepy 3HAUajHU Cy Y CBUM CE30HAMa, a HAPOUHUTO Cy U3PAKEHU Y
HajXJIQJIHA]EM W HajTOILTMjeM TepHoay ToauHe (Ha mpumjep, y bamanynm je nHconamnuja y
ce30HaMa 3MMa | JbeTO Topacia 3a 6,7 h mo nenenuju 1 9,7 h Mo AeNeHUjU, PECIIEKTUBHO).
3HavajaH mopacT uHconamuje npucyTal je 'y Cokony (rmoBehame y jeceH 3Ha4ajHO je caMo
Ha HUBOY p -BpHjeaHoct < 0,1), nok je y CapajeBy mopact 3HayajaH camMo y ce30Hu 3uma (7,5
h mo aenenuju). Y nujeny bocHe n XeprieroBuHe Koju ce OJIMKYje HajBehoM MHCOIAINjOM
3HAYajHU TPEHI0BH 3a0UJbEKECHH Cy C€30HaMa JLETO U npoJsbehe (Ha mpuMjep, y Mocrapy 4,5 h
1o ferieHuju u 3,6 h 1o aeneHuju, pecnekTuBHO). Jla mHCoaIuja pacte Ha I1je0] TEPUTOPH]U
MOKa3yje U KoMIapaTHBHA aHallM3a MPOCjeYHE TOAUIILE U Ce30HCKE MHCOJaIlje TOKOM JBa
MOCJbE/ A CTaHAap/IHA KITMMATOJIONTKA eproa. Y kacHujeM nepuoay (1991-2020) npocjeuna
TOJUIIIHa HHCOTAIM]a Iopacia je Ha CBUM aHaJM3upaHuM cTaHuiama 3a 6,4—13,0% y ogHocy
Ha pedepenTHu nepuoy (1961-1990), a yrBpheHe cy u 3HadajHEe MpOMjeHE TUCTPHOYyIHje —
noMjepame MpeMa BHIIUM BpHjeIHOCTHMa uHconanuje. IIpocjeune ce3oHCKke BpHUjeAHOCTH
nHconanuje takohe cy moBehaHe Ha cBUM craHmmama (ocuMm y Moctapy y jeceHn). Hajsehe
noBehame 3a0MsbekeHo je y ce3onu 3uma — oA 10,1% y Mocrtapy no 34,4% y CapajeBy (y
bawanyuu 23,4%). Pesyntatu KonMoropoB—CMHUPHOBIBEBOT TecTa MOKa3yjy JAa Cy Yy Ha-
BEJICHO] CE30HM MPUCYTHE W 3HAYajHEe MpoMjeHe nuctpudynmje (ocum y Moctapy). 3HavajHe
MpoMjeHe TUCTpUOYIHje 3a0nIbeKeHe Cy B y ce3oHama mpoJbehe u jbero (ocuMm y CapajeBy
y ce30HM JheTo). Mako 6u youeHo nosehame nHCoONAIMje TeHEPATHO MOTJI0 OUTH KOPHUCHO 32
OnsbKe (CBE JOK HE MOCTaHE NMPEMHTEH3UBHO M HE Tpehe KpuTudHe rpaHuiie), ¢ 003MpoM Ha
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TO J1a je mpaheHo MO3UTUBHUM TPEHI0BUMA TEMIIEpaType Ba3ayxa U eKCTPEMHHUX BPEMEHCKHUX
noraljaja, HEOIXO0/IHA CY JlaJba UCTPAKUBAHA YTHIIAja MPOMH]CHCHUX KIMMATCKUX YCIIOBA Ha
OWJBHU CBH]jET, KaKO OM ce OaroBpeMeHo mpeysene oarorapajyhe mMjepe aganrarmje.

Kwyune pujevu: naconanyja, TpeH I, KIMMaTcke mpomjeHe, bocHa n XeprieroBrHa.

Insolation Changes in Bosnia and
Herzegovina in the 1961-2024 Periods

Tatjana Popov'", Slobodan Gnjato’ and Goran Trbié’!

"University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina
* tatjana.popov@pmf.unibl.org

The study analyzes contemporary changes in insolation in Bosnia and Herzegovina, determined
through trend analysis and an analysis of changes between the last two standard climatological
periods. The analyses were conducted based on monthly insolation data from five meteorological
stations located in different regions of Bosnia and Herzegovina with long-term measurements
available — Sanski Most, Banjaluka, Sarajevo, Sokolac, and Mostar. Data were obtained from
the Republic Hydrometeorological Institute of the Republic of Srpska and the Federal Hydro-
meteorological Institute. The Mann—Kendall test was used to assess the slope of annual and
seasonal insolation trends in the 1961-2024 periods and their statistical significance, while
the Kolmogorov—Smirnov test was applied to analyze changes between the last two standard
climatological periods: the reference period 1961-1990 and the period 1991-2020, in which
climate change becomes more pronounced. It was found that positive insolation trends are pre-
sent in Bosnia and Herzegovina. In the 1961-2024 periods, a statistically significant (p-value
< 0.001) positive trend in annual insolation was found at all analyzed stations, ranging from
29.9 h per decade in the warmest part of the territory (Mostar) to 72.6—82.0 h per decade in the
northern, Peripannonian region. In Sarajevo, annual insolation increased by 47.9 h per decade,
while in Sokolac the increase was 58.3 h per decade. An increasing trend in insolation is pre-
sent in all seasons (except in Mostar in autumn). The observed positive trends in the north are
significant in all seasons and are particularly pronounced in the coldest and warmest parts of
the year (for example, in Banjaluka, winter and summer insolation increased by 6.7 h per de-
cade and 9.7 h per decade, respectively). A significant increase in insolation is also present in
Sokolac (the increase in autumn is significant only at the p-value <0.1 level), while in Sarajevo
the increase is significant only in winter (7.5 h per decade). In the part of Bosnia and Herzegovina
characterized by the highest insolation, significant trends were recorded in spring and summer
(for example, in Mostar 4.5 h per decade and 3.6 h per decade, respectively). The increase in
insolation across the entire territory is also confirmed by a comparative analysis of mean annual
and seasonal insolation over the two most recent standard climatological periods. In the later
period (1991-2020), average annual insolation increased at all analyzed stations by 6.4—-13.0%
compared to the reference period (1961-1990), and significant distributional changes were
also identified — a shift toward higher insolation values. Average seasonal insolation values
also increased at all stations (except in Mostar in autumn). The largest increase was recorded in
winter — from 10.1% in Mostar to 34.4% in Sarajevo (23.4% in Banjaluka). The results of the
Kolmogorov—Smirnov test indicate that significant distributional changes are also present in
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this season (except in Mostar). Significant distributional changes were also recorded in spring
and summer (except in Sarajevo in summer). Although the observed increase in insolation
could generally be beneficial for plants (as long as it does not become excessively intense and
exceed critical thresholds), given that it is accompanied by positive trends in air temperature
and extreme weather events, further research is necessary on the impact of changing climatic
conditions on vegetation, in order to timely implement appropriate adaptation measures.

Keywords: insolation, trend, climate change, Bosnia and Herzegovina.

Pa3B0j 1 MHTEH3UTET UCTPAKUBAKHA
yp0aHe KJIuMe Ha IPOCTOPY 3amaaHor
baakana

Cmesan Casuh®*, Jenena Jlexuh', l'opan Tpouh’u /lanuena Apcenosuh’

"Vuusepsurer y HoBom Cany, [Ipuponso-matemarnuku dakynrer, Hou Can, Cpouja

2 VuuBep3uret y bawoj Jlyuu, [Ipupoano-maremarnuku dakyiret, bama Jlyka, Pemyonuka
Cprcka, bocha u Xepiierosuna

* stevan.savic@dgt.uns.ac.rs

KoMOnHOBaHM yTHIIA] HHTEH3WBHUX TOILIOTHUX Tajlaca TOKOM JIETa M Ipolieca ypOaHu3aIuje
y TpaJioBUMa BOJIM Ka T0jaBH MOAM(DUKOBAHUX KIMMATCKUX, I TPE CBEra TEMIIEPaTypPHUX
yCIIOBa y TpaZioBUMa, y mopehemy ca KIMMaTCKUM YCIIOBIMA Y PYpajTHUM, OJHOCHO HeypOa-
HU30BaHUM cpeinHama. M3 Tor pasiora, rmo0aiHu yTHIIAj U KIIMMATCKHUX IIPOMEHA TPUMOPaBajy
rpajsioBe aa Oyy OTIOPHHUjU HAa IPOMEHJbUBE KIIMMATCKE M BPEMEHCKE YCIIOBE U Aa Oyny BU-
I1Ie IPUJIAroJJbMBHjH Ha eKcTpeMHe norahaje. Ha ocHoBy Tora, mpaheme KIMMaTCKUX Bpe-
HOCTH Ha JIOKaJTHOM U MUKPO HHBOY Y TpaJIOBUMa pErHOHA MOKE OMTH AparoreHo 3a oyayhe
cTpaTeruje ypOaHor qu3ajHa U INIaHUpamka, a y CKIIaAy ca KIMMAaTCKUM IMpoMeHama. Y 1ociie-
BUX 15 roavHa BUIJBHB je Pa3BOj HCTpaXKUBama ypOaHe KIMMe Ha moapyyjy 3ananHor ban-
kaHa. [IpBa nerasbHa MCTpakWBama M KIMMAaTCKA MOHHUTOPHHT j€ peajM30BaH y ypOaHoj
cpeanan HoBor Caza, a TOKOM HapeJHHX ToJUHA, KOHKPETHE KaMIame Mepema y ypoaHuM
cpeanHama cy cripoBolhene y beorpany, bamanynu, Tpebumy, npe cBera kopuctehu moduinHe
MEpHE HHCTPYMEHTE Ha Pa3InUUTUM JIoKanujama. MIcToBpeMeHo, youeHa Cy OYeTHA Mepema
ny XpBatckoj (3arpe6 u Ocujek) u CnoBenuju (JbyOipaHa), TOK ca Ipyre CTpaHe JI0 cajia HACY
3a0enexxeHe myoJIMKaimje Koje moTBplyjy peann3zoBaHa HCTpakuBama ypoOane kiume y LipHoj
I'opu, An6anuju u CeBepHoj Makenonuju. O0jaBibeHe MyOIUKaIlMje Ha OCHOBY JTyTOPOYHHX
Mepema u3 Hoeor Cana, bamanyke u beorpana moka3syjy aa ce y ypoaHuM cpeauHama y pe-
THOHY TPEHJ TeMIepaType Ba3lyXa KOHCTAaHTHO MoBehaBa, U /1a je HICTOBPEMEHO WHTEH3UBAH
TPEH/] pacTa CHOJbAIIBET TEPMATHOT KOM(Opa, HAPOUHTO Y MOCIIEAkE 1Be Aerenuje. JlonatHa
HCTPaKMBaba MUKPO-KIMMATCKUX YCIIOBA y HaBEeICHUM T'paloBIMa MOTBPhyjy /1a y 30HaMa ca
WHTEH3UBHOM ypOaHU3alUjoOM MOCTOje “Bpyhe Tauke’, KOje MpeACcTaBibhajy IPOCTOPE KOjH Ce
BEOMa MHTEH3WBHO 3arpeBajy TOKOM TOIUIOTHHX Tajaca (TemIeparypa Ba3ayXa JIOKaJHO JI0-
ctiwke u npexo 40 °C) u npencTaBibajy 030MIbHI TEPMATHU PU3UK 32 CTAHOBHHUIITBO. TOKOM
netmux ce3oHa 2021. u 2022. roauHEe OpraHU30BaHE Cy KaMIake Mepema Ha 38 JIokanuja y
okBHpY ypOanux 30Ha beorpana, Hosor Cana, bamanyke u Tpeouma. Onabpane mepHe J0Ka-
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[IMj€ OJJTUKY]Y C€ PA3IMUYUTUM ypOaHUM AM3aJHOM Kao IITO Cy: a) IEHTap rpaga — rycTo u3-
rpahene ,,cuBe” o0sacTu; 0) KakOHCKE YJIHIIE; 11) YHUBEP3UTETCKH KaMITyC — ,,CHBO-3€JIeHE”
obnacTu; 1) Manu ypOaHU TProBU — MOTUIOYAHE U 'CHBE ~ TIOBPIIMHE; €) cTaMOeHa MoaApydja
— ,,CHBO-3es1eHe” oOsactu; () ypOaHU MapKOBH UK ypOaHe mryme — ,,3eJeHe’” TMOBPIIUHE; T)
obarne peka — ,,3emeHo-aBa” moapyyja. OBa Mepema Cy BpIleHa y3 MPETIOCTaBKy /1a CBa-
K1 THUII I/ISFpabeHOCTI/I WM 3E€MJbHMIIHOI TMOKpHMBAadYa MMa pPas3jinduT TEMIICPATYPHU OTUCAK.
Bpeme mepema je 6unmo Tokom mana, ogHocHO o 8 wim 10h CEST no 16 unm 20h CEST.
JloOujern pesynaTaTu Cy IMOKa3ald Ja ce TeMIlepaTypHE pasiiiKe jaBibajy u3Mely mokaruja
y UCTOM THUIy ypOaHOT nu3ajHa, OJHOCHO, OBW PE3y/ITaTH HarjaliaBajy na ypOaHa moapydja
KapakTepuIly CHelU(pUYHMA TOIUIOTHH YCIIOBM M Ha MUKpOHHBOY. McToBpemeHo, noOujeHu
pe3ynTaTy Cy MoKa3alld U3pa3uTe TepMallHE pasiuke (y HEKHM ciydajeBuMa U Bumie of 10
°C) m3mel)y rycto m3rpaheHuX moapydja ca HEPOIYCHOM MOBPIITMHOM M 3€JIEHUX TIOBPIIIMHA
(yriiaBHOM ypOanux napkosa). KoHauHo, pe3yaTaTu cy MoKas3ajiu Jja CeHKE U KPaTKOTalIacHO
1 IyTOTAJACHO 3pavueHe Urpajy IIaBHy YJIOTY y TepMaHO] BapujaOMIHOCTH. JIMPEKTHO U pe-
(hneKTOBaHO 3paveHke Ha JeTHOM MeCTy Mepema rmosehaso je repmainne Bpennocta u 10 10 °C,
y opehemy ca IpyruM MEpHUM MECTOM KOj€ je OMII0 y CeHIH.

Kwyune peuyu: ypbana ximma, ypoaHO OCTPBO TOIUIOTE, TEPMATHH KOM(OpP, MOHUTOPHHT, 3aIaaHu
bankan.

Development and Intensity of
Urban Climate Research in the
Western Balkans

Stevan Savié'?, Jelena Dekié', Goran Trbi and Daniela Arsenovié!

I'University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia

2University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina

* stevan.savic@dgt.uns.ac.rs

The combined influence of intense heat waves during the summer and the processes of urba-
nization in cities leads to modified, and primarily elevated, climatic conditions in urban areas
compared with rural or non-urbanized environments. Consequently, global climate-change im-
pacts compel cities to be more resilient to variable climatic and weather conditions and to be
more adaptable to extreme events. On this basis, monitoring climatic values at local and micro
scales in the cities of the region can be invaluable for future urban design and planning strategies
in the context of climate change. Over the past 15 years, urban climate research in the Western
Balkans has progressed. The first detailed studies and climate monitoring were conducted in the
urban environment of Novi Sad, and in the following years, targeted measurement campaigns
in urban settings were implemented in Belgrade, Banja Luka, and Trebinje, primarily using
mobile measurement instruments at various locations. At the same time, initial measurements
were observed in Croatia (Zagreb and Osijek) and Slovenia (Ljubljana); however, publications
confirming urban climate research in Montenegro, Albania, and North Macedonia have not yet
been recorded. Publications based on long-term measurements from Novi Sad, Banja Luka,
and Belgrade indicate a rising trend in air temperature in urban environments in the region, as
well as a concurrent increasing trend in outdoor thermal comfort, particularly over the last two
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decades. Additional microclimate studies in the mentioned cities confirm that highly urbanized
zones contain “hot spots”, areas that heat up intensely during heat waves (local air temperatures
locally exceed 40 °C), posing significant thermal risks for residents. During the summer sea-
sons of 2021 and 2022, measurement campaigns were conducted at 38 locations within the
urban zones of Belgrade, Novi Sad, Banja Luka, and Trebinje. The selected locations exhibited
distinct urban designs, including: a) downtown, densely built “gray” areas; b) canyon streets;
c) university campus — “gray/green” areas; d) small urban squares — paved and “gray” surfaces;
e) residential areas — “gray/green” zones; f) urban parks or urban forests — “green” surfaces; g)
riverbanks — “green/blue” areas. These measurements were conducted under the assumption
that each built-up or land-cover type presents a different thermal footprint. Measurements were
taken during daytime, from 08:00 or 10:00 CEST to 16:00 or 20:00 CEST. The results show
temperature differences between locations within the same urban design type, underscoring
that urban areas exhibit specific thermal conditions even at the micro or nano-scale level.
Additionally, the results reveal pronounced thermal contrasts (in some cases exceeding 10 °C)
between densely built, impervious areas and green spaces (primarily urban parks). Finally,
the results indicate that shade and short- and longwave radiation play major roles in thermal
variability. Direct and reflected radiation at a single measurement site increased thermal values
by up to 10 °C compared to another site in the shade.

Keywords: urban climate, urban heat island, thermal comfort, monitoring, Western Balkans.

IIpumena kpanTuratuBHux u 'NC
METO0/a Y MCTPAKUBAKY YPOAHOI 0CTPBA
Tomsiore beorpana (1954-2024)

Tujana Paoocaswesuh’, Cnalhana Ilonosuh' u Jbenocasa Ilaxkanosuh’

!'Vuusepsuter y beorpany, I'eorpadcku daxynret, Beorpan, Cpbuja

2 VHHUBEP3UTET 3a MocaoBHe cTyauje y bamoj JIynu, bama Jlyka, Penyomuka Cpricka, bocHa u
XepLeropuHa

* tijana.radosavljevic.2000@gmail.com

denomen ypoanor octpBa Torutore (eHr. Urban Heat Island) nocraje jeman o1 HajBaXXHUJUX
M3a30Ba MoJiepHe Kiaumaronoruje. To ce youaBa HApOYHUTO y YCIOBUMA CBE M3PAKECHUJUX
I00ATHUX KIUMATCKUX mpoMeHa. /leduHuIne ce kao rmojaBa Kaja je TpajJicKo MoJpydje
3Ha4YajHO TOIUIMj€ y OJHOCY Ha pyOHE JIeJIOBEe Tpaja WM OKOJHE pypaiHe aenoe. Kao
MIPUMapHU Y3POYHHUK H37Bajarba CIEHU(PUIHOr THUIA KIMME — KJIMME TpaaoBa — edekar
ypOaHOT OCTpBa TOIUIOTE YyTHUYE HA JKUBOT M PaJi CTAHOBHUKA YpOAHUX pervja, ajid U Ha
EKOJIOIIKY PaBHOTEXY HHXOBOT HEIOCPEIHOT OKpYyKema. Paj je 6a3upaH Ha JIeTaJbHOM
UCTpaXkuBamy (eHoMeHa ypOaHOT ocTpBa ToIioTe beorpana y ceiMoICIIeHU]jCKOM TTepHo-
ny (1954-2024). ®oxkyc ucTpakuBama YCMEPEH je Ha nmpaheme n3MeHa BpeJTHOCTH HOhHUX
TeMreparypa Basjayxa, Oyayhu ga ce TOIIOTHa aHOMalldja Tpajia HajjacHUje€ MCIOJbaBa
HAaKOH 3ajacka cyHua. Tajga ypOaHO TKUBO €MHTYje TOIUIOTY aKyMyJIHMpaHy TOKOM JiaHa,
JIOK C€ pypaiHa Moapyyja ,,xyane’. [ TaBHU y3pOUHHUIIM T€ aHOMAJIHje Cy U3yBHHU racOBH,
HEKOHTPOJIMCaHa U HEeTUIaHCKa rpajiiha, OCTOHCKE MOBpIIMHE U acdant. Tume je oTe:kaHo
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WJTY TIOTITYHO CIIPEUYEHO CI000IHO KpeTame U YUIIheme Ba3ayxa, IITO JOBOIH 10 aKyMy-
JTMpama BelIMKe KoJMW4duHe Toruiore. Melhy y3pounuke Tpeba momaTé W HEIOCTaTaK WIIH
CMambeH-¢ 3EJICHUX MOBPINNHA, KOje yOJa)kaBajy BPEIHOCTH TeMIIepaType Ba3ayxa y rpai-
ckuMm cpeannama. [Ipaheme pa3Boja ypOaHoT OCcTpBa 3HA4YaJHO j€, TIPE CBera, 300T 371paBiba
JbyW y TpagoBUMa. [ 0TOBO CBake roMHE PerucTpyje ce moBehan Opoj TOTUIOTHHUX yaapa
U pecrupaTopHUX 000JbEHa, IITO CE MOXKE IOBECTH y Be3y M ca OBUM (deHOMeHOM. [lo-
mohy codrBepa QGIS, uzBpiieHa je npocTopHa U BpEMEHCKa aHaIM3a MoJjlaTaka ca Me-
TeopoJiomike cranure beorpan (9=44°48’,A=20°28"), mpumeHOM MeTOIE ,,Bpyhux Tauaka“.
Takolhe, momohy reonpocropue 6aze CORINE Land Cover u3BpiieHa je aHain3a HaMeHe
3eMJbHuIITa Ha TepuTopuju I'pana beorpana. Tako je mpoMeHna Temmeparype Basayxa y
Beorpany noBenena y Be3y ca ONIITUM TpeHAOM ypOaHuzanuje. Pagu mro mpenusHuje
aHanuse, kopuirheHe cy u oapehene kBaHTUTaTUBHE MeToAe, monyT Man-Kennan u [letur
tecta. CBpXa BUXOBOT Kopulllhewa jecTe yTBphuBame TpeHaa KpeTama TeMIiepaTrype Bas-
IyXa | Iepruoja kKaaa je monuio a0 Behux npomena. [Topen nokanHe ananuse, paj HyId U
Iy MEePCIIEKTUBY KPO3 KOMITapalnjy ca pa3BojeM APYTUX BUIIEMUIIMOHCKUX IpajioBa y
cBeTy. Ha Taj HauuH cy yTBplheHU yHUBep3aIHU oOpacly KpeTama TeEMIIEpaType Ba3ayxa
y ypbanum 30Hama. Pe3ynraTu uctpakuBama Mpy»xKajy jacHy CIUKY O JTUHAMHIIM IPOMEHE
temriepatype y beorpagy. ¥ mocmarpanom meproay MocToju 3Ha4dajaH pacTyhu TpeH, IMITO
3HAYM J1a ce BPEIHOCTU TeMIeparype Baszjayxa noehaBajy TokoM BpemeHa. To je HapOuUTO
mpaxeno ox 1997. rogune, Koja je y3era Kao KJbydHa Tauka nmpomeHne. [locmaTpano 1o ce3o-
HaMa, y aHAJIM3UPAHOM TIEPHOTY JIOUIO je A0 3HaYajHOT IMOpacTa BPEIHOCTH TEMIIEpaType y
CBUM roaummuM 1ob6mma. Ha MeceunoM HUBOY, 3HavajaH pacTyhu TpeH 3a0eNeKeH je TOo-
KOM IpojiehHUX U JNeTHhUX Mecelu (MapT—aBrycT), HapouuTo y jyiy. JloOujeHu pesynraru,
ca CTaHOBUIIITA HayKe, MOTBP)y]y JOMPUHOC ypOaHU3aIH]e IpOMEHaMa JIOKajaHe Kiume. 300r
TOTa j€ HEOIMXO/IHO HATJIACUTH 3HAauUa] CTPATEIIKOT IJIaHUpamka pa3Boja ypOaHUX 30HA Y ITUJbY
yOnakaBama HETATHBHUX e(eKaTa TOIUIOTHOT OCTpBa.

Kwyune peuu: yp6ano octpso tomiore, [ IC, Man-Kennan u [letut tect, ypbanuzaiuja, TeMnepa-
Typa Ba3ayxa.

Application of Quantitative and GIS
Methods in the Study of the Urban Heat
Island of Belgrade (1954-2024)

Tijana Radosavljevié'*, Sladana Popovié¢' and LJeposava Plakalovié®

! University of Belgrade, Faculty of Geography, Belgrade, Serbia

2 University of Business Studies in Banja Luka, Banja Luka, Republic of Srpska, Bosnia and
Herzegovina

* tijana.radosavljevic.2000@gmail.com

The phenomenon of the Urban Heat Island has become one of the most significant challenges
in modern climatology, especially in the context of increasingly pronounced global climate
change. It is defined as the occurrence when an urban area is considerably warmer compared to
the outskirts of the city or surrounding rural areas. As the primary cause of the emergence of a
specific type of climate—the climate of cities—the Urban Heat Island effect influences the life
and work of urban populations, as well as the ecological balance of their immediate environment.
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This paper is based on a detailed study of Belgrade’s Urban Heat Island phenomenon over a
seventy-year period (1954-2024). The research focuses on monitoring changes in nighttime air
temperatures, since the city’s thermal anomaly is most evident after sunset. At that time, the urban
fabric emits heat accumulated during the day, while rural areas “cool down”. The main causes
of this anomaly are exhaust gases, uncontrolled and unplanned construction, concrete surfaces,
and asphalt. These factors hinder or completely prevent the free movement and cleansing of
air, leading to the accumulation of large amounts of heat. Contributing factors also include the
lack or reduction of green spaces, which otherwise mitigate air temperature values in urban
environments. Monitoring the development of the Urban Heat Island is important primarily for
human health in cities. Almost every year, an increased number of heat strokes and respiratory
illnesses are recorded, which can be linked to this phenomenon. Using QGIS software, spatial
and temporal analyses of data from the Belgrade meteorological station (¢p=44°48’, A=20°28")
were conducted, applying the “hot spots” method. Additionally, land-use analysis was per-
formed using the CORINE Land Cover geospatial database for the territory of Belgrade. Thus,
changes in air temperature were correlated with the general trend of urbanization. For more
precise analysis, quantitative methods such as the Mann-Kendall and Pettitt tests were applied,
with the purpose of determining temperature trends and identifying periods of major change.
Beyond the local analysis, the paper offers a broader perspective through comparison with the
development of other megacities worldwide, establishing universal patterns of air temperature
trends in urban zones. The results provide a clear picture of the dynamics of temperature change
in Belgrade. During the observed period, there is a significant upward trend, meaning air tem-
peratures have increased over time. This is particularly evident from 1997, identified as a key
turning point. Seasonal analysis shows a notable rise in temperatures across all seasons, while
monthly data reveal a strong upward trend during spring and summer months (March—Au-
gust), especially in July. From a scientific standpoint, the findings confirm the contribution of
urbanization to local climate change. Therefore, strategic planning of urban development is
essential to mitigate the negative effects of the heat island phenomenon.

Keywords: urban heat island, GIS, Mann-Kendall and Pettitt test, urbanization, air temperature.

IlojaBa u Tpajame CyIIHUX NEPUOAA
KA0 1eTePMUHAHTH PU3MKA O] IIYMCKHX
nos;kapa: npumep Ucroune Cpouje

Cmanumup Kueanoeuh', Munena 'oyuh’" u Munena Pucmuh’

! CexTop 3a BaHpenHe curyanmje, beorpan, Cpouja

2 Vuusepsuret y Humry, [Ipupoano-marematuuku ¢paxynret, Jlenaprman 3a reorpadujy u Typusam,
Huw, Cpbuja

* milena.nikolic@pmf.edu.rs

JepuuuT najaBuHa ¥ MPOAYKEHU CYIIHH NMEPUOIU MPECTaBIbajy KJbyUYHE METEOPOJIOIIKE
(akTope KOju yTUUy Ha HACTAHAK M IIHUPEHE IIYMCKUX MOXapa. Y OBOM pajy aHalu3upa ce
OJHOC U3Mel)y KJIMMAaTCKHX yCJIOBa U IMOjaBe HIYMCKHUX IMOKapa KOpUIIThemeM JTHEBHHUX I10-
JaTaka o MajaBMHaMa U MAaKCHMAJIHOj TEMIIEPAaTypH Baszayxa ca METEOpPOJIOIIKE CTaHHIIE 3a-
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jeuap 3a nepuoa 2011-2024. ronune. [logpydje uctpaxxupama o0yxBara 3aje4apcku yIpaBHU
OKpyT, ca 3ajedapoM Kao aJMHHHACTPATHBHHUM IICHTPOM Yy KOME j€ JIOIIMpaHa METEeOpPOJIONIKa
cTaHuma. Tpajame CymIHUX Mepuoja, U3paKeHO KPO3 MHEKC y3aCTOIHUX CYITHHUX JaHa H3-
padyHar je Ha OCHOBY THEBHHX I0J]aTaKa O TaJaBUHaMa U MHTETPUCAH Y MOJIeNl OMHApHE JI0-
TUCTHYKE perpecuje. [[obujeHn Mojen mokasyje CTaTUCTUYKH 3HaYajHe W TIOY3/1aHe TIPEIHK-
THUBHE MepopMaHce 3a CBE aHAIM3WpaHe NMPOMEHJbHBE. MaKkcMaaHa THEBHA TeMIlepaTypa
Ba3/lyXa W BPEIHOCTH Y3aCTONHUX CYIIHUX JaHa W3/IBajajy ce€ Kao KJby4yHU (aKTOpU KOjU
onpelyjy BepoBaTHOhy mojaBe IMIYMCKHX IMOXkapa. AHalM3a CE30HCKUX o0Opa3ala ykasyje Ha
M3pakeH MaKCHUMyM aKTHBHOCTH IOXapa TOKOM MapTa u anpuia (38,4% yKymnmHO eBHIEH-
THpaHUX TMoXKapa), Kao 'y nepuoay aBryct—cenremoap (33,9%), mro ynyhyje Ha 3akjbydax
Jla MHTEH3WBHU CYIITHHU yCJIOBH TOKOM jE€CEHET M 3UMCKOT TIepHOa 3HAYajHO JOTPHHOCE I10-
Behamwy pusnka ox moxapa y HapeaHoj mpoisiehHoj ce3onu. JloOujeHu pe3ynratu Npyxkajy
KBaHTUTATUBHY OCHOBY 3a yHanpeheme mporieHe pru3uKa off ITyMCKHUX MOKapa ¥ TPe/ICTaBIbajy
3HauajHy MOJPIIKY JTOHOIICHY OIyKa 3aCHOBAaHMX HAa HAYYHHM JIOKa3uMa y OOIacTH yIrpaB-
Jbama IIYMCKHUM €KOCHCTEMHMA, Ca IIMJbEM CMaherha SKOJIONIKE JeTpatalije 1 eKOHOMCKHAX
ryOuTaKa u3a3BaHUX IIyMCKHM MOKapHMa.

Kwyune peyu: cyninm nepruoiu, IyMCKH IOKapH, OMHApHA JIOTUCTHYKA Perpechja, 3ajedapcKy yrpas-
HU OKPYT.

Dry Period Timing and Duration as
Determinants of Forest Fire Risk:
Evidence from Eastern Serbia

Stanimir Zivanovié¢', Milena Gocié” and Milena Risti¢?

'Emergency Management Sector of Serbia, Belgrade, Serbia

2University of Ni§, Faculty of Science and Mathematics, Department of Geography and
Tourism, NiS, Serbia

* milena.nikolic@pmf.edu.rs

Precipitation deficits and prolonged dry periods are key meteorological drivers of forest fire
occurrence and spread. This study examines the relationship between climatic conditions and
forest fire occurrence using daily precipitation and maximum air temperature data from the
ZajeCar meteorological station for the period 2011-2024. The study area is the ZajeCar Admi-
nistrative District, with ZajeCar as its central city, where the meteorological station is situated.
Dry spell duration, expressed as Consecutive Dry Days (CDD), was calculated from daily
precipitation records and incorporated into a binary logistic regression framework. The model
demonstrates statistically robust predictive performance for all predictors. Daily maximum air
temperature and CDD are the primary determinants of forest fire occurrence. Seasonal pat-
terns show peak fire activity during March-April (38.4% of total recorded fires) and August—
September (33.9%), indicating that pronounced meteorological drought conditions in autumn
and winter significantly increase fire susceptibility in the following spring. These findings pro-
vide a quantitative basis for improved fire risk assessment and support evidence-based deci-
sion-making in forest management to mitigate ecological degradation and economic losses
associated with forest fires.

Keywords: dry spells, forest fires, binary logistic regression, Zajecar Administrative District.
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3eM/bUIIIHU OKPUBAY Y QYHKIUjH
NMoJbONpPHUBPEIHE Mpou3BoaAe. CTyauja
ciaydaja: HHlibuBoBUYKa NJIaHUHA ca
noaropunom y Ucrounoj Cpouju

Jenena Kuexoeuh'"

! Vuaugepsuter y Humy, [IpupoaHo-maremaruuku dakynaret, Jlenaprman 3a reorpadujy u
typusam, Hum, CpOuja
* jelena.zivkovic@pmf.edu.rs

3Hama 0 3eMJBHILTY U HHX0BA Be3a ca JbYJCKOM JIeNaTHOLINY pa3Bujaia cy ce MmapajeiHo ca
MOJHONIPUBPEIOM. JOIII Cy HEONUTCKE JhbYyICKE Tpymalnje Ipu Oupamy JIOKalije Hacelba pas-
MaTpalie MI0JHOCT 3eMJBUINTA U BUXOBY ,,CIIOCOOHOCT® 1a 00e30ene xpaHy. M nanac oreHa
3eMJBHIITHOT MOKpPUBaya 3ay3UMa MOCeOHO MECTO Yy BPEIHOBaY MPUPOJHUX YCIOBa OUTHUX
3a noJbonpuBpeny. ['ajeme Ouibaka Ha 3eMJBUIITY, IIPE CBEra OHUX KOj€ C€ KOPUCTE Y UCXPAHU,
00e30ehyje My yrory jeTHOT 0/1 HajBaXKHH]UX MPUPOTHUAX pecypca, 10K HCTOBPEMEHO OHO 00€3-
6elyje u )KMBOTHU MPOCTOP 3a JbYE, 3aIUITUTY OMOANBEP3UTETA, KyITypHOT Hacieha u apyro.
[{urbeBu paga cy geduHUCamE MeI0CUCTEMCKIX jeIUHUIA (TUIIOBA TJIa) U IbUXOB Pa3MeIlTaj
Ha npoctopy lLIibBOBHUKE TITAHWHE Ca TOJATOPUHOM, Kao U OIIeHa BPETHOCTH U3/IBOjEHHUX TH-
MoBa TJIa 3a MOJHOIIPUBPEIHY MPOU3BOAKY. MeTo/ie pajia ¢y YKbyuuBaie aHajau3y nocrojehe
TuTepaType, NeAOJIOMIKUX U TomorpadcKux Kapara, TEPeHCKH paj U KapTorpadCKd METOJ.
Kaprorpadcku meron je kopurrheH 3a u3pay KapTe TUIIOBA 3eMJBHILTA HA OCHOBY MEOIOIIKUX
kapata CDPJ, 1ok cy TepeHCKa UCTpakMBama Oujla KJby4yHa 3a Bepu(uKalmjy rnojaraka ca Ka-
pata. Jenan oJ mokasaresba IUIOAHOCTH M MPOU3BOJHE CIIOCOOHOCTH j€ OOHUTET 3€MJBHUIITA
KOJH je aHaJIu3upaH Ha OCHOBY moctojehe nmurepatype. [Ipema kinacudukanuju Koja ce gaHac
npuMmenyje y CpOuju, 3eMJBHILTE Ce pa3BpcTaBa y Irpyme pa3inuyuTor HUBOA: peIoBe, Kiace,
TUIIOBE, IOJITUTIOBE, BapujeTrere U Gopme. [IIIbUBOBUYKY TIAHUHY U MOATOPUHY MPEKPUBA]Y
3eMJBHIITA ayTOMOP(HOT U XUApoMop(hHOT pena. 3eMIbUITa ayTOMOPGHOT peia 3ay3uMajy
94,26% nospumHe 1IJbMBOBHYKE TUTAHWHE U TOATOPUHE U MPEACTaBIbEHA Cy TPUMA KJlacaMa:
KJIACOM HEpa3BHjeHUX 3EMJBHINTA, XyMYCHO-aKyMYyJaTUBHUM 3€MJbHIITUMA U KaMOUYHUM
3eMJbUIITUMA. Y OKBUPY KJlace Hepa3BHjeHUX 3eMJbhIlTa Ha TepuTopuju lllsbuBoBHUKE ITa-
HUHE ca MOATOPUHOM, 3aCTyIJbeHA Cy TPH TUIA: KaMemap, CUPO3eM M KOJTYBHU]aTHO 3€MJbU-
mre. Kiaca XyMycHO-aKyMyJIaTUBHUX 3€MJBHIIITA j€ TPECTaB/beHa ca TPU TUIA: KPEUHAYKO-
-JIOJIOMUTHOM I[PHULIOM, PEHA3UHOM M CMOHHUIIOM. Ca acrneKkTa MoJbOIMPUBPEIHE MTPOU3BOIHE
y MOCMaTpaHOM IPOCTOPY CMOHUIIE Cy jeJlaH Of Haj3HAUajHUJUX 3EMJbHIIHUX TUIIOBA U Y
cacTaBy IMEAOJIOUIKOT MMOKpHBaya yuecTByjy ca 13,2%. YHyTap kiace KaMOMYHUX 3eMJBHILITA,
3acTyIJbeHa Cy JIBa TUIA: Tajibaue (eyTpruuHU KaMOucon) u cMel)a 3eMIbUINTa Ha Kpeumaluma
U JIOJIOMUTHMA (KaJIKOKaMOWCOmH). PaznmuyuTy MOATHUIIOBH, BapHjeTeTH U (opme rajmaya
y TIeI0JIONIKOM MOKpUBady yuecTByjy ca 21,85%. ¥V moaropunu lllibuBoBHYKE MIaHHHE HA
IUMa je 3aCTYIJbeHa MPOU3BO/IHA PATAPCKUX, MOBPTAPCKUX, BONAPCKUX M BUHOTPAAAPCKUX
KYJATYypa, 10K c€ JINTUYHE Tajibaye Ha ceBepHUM naanHama [I5puBoBHYKe MIaHUHE Halla3e MO/
JUCTOMATHOM, YIJIaBHOM OYKOBOM M XpacTOBOM IIyMOM. /[pyru THN KaMOWYHHX 3€MJBHUIITA
MpeJICTaBJbEH je cMehiM 3eMJBUIITEM Ha KpeumaluMa U J0JIOMUTHMA (KaJIKOKaMOHCOIMa),
a y MeAOJOUIKOM cacTaBy YyKyIlHe Tepuropuje ydectByje ca 10,88%. Pen xumpomopduux
3eMJBHILITA 3aCTYIIJbEH j€ KJIacoM (PIIyBHjaTHUX 3€MJBUIITA U TUIIOM aTyBUjaIHUX 3€MJBUIIITA.
AnyBujanHa3emsbHILTa ((PIYBUCOIHN) yUECTBY]Y Y IIEI0IONIKOM OKpUBauy ca 5,74%. Ha wmuma
]€3acCTYIJbEHO y3rajame paTapCcKUX U MOBPTApCKUX KyNTypa. KBanurer 3eMIbUIIHOT TOKpHUBaya
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[I;pBOBHYKE TIJITAHWHE W TTOATOPHUHE j€ IPOLICHEH Ha OCHOBY M3BpIICHE OOHU(DUKAIH]E 3eM-
spumTa y [loHumarspy. ¥ TOM CMUCTY HajKBAIMTETHHja 3€MJBHINTA MPUTIANAjy Apyroj 0o-
HUTETHO] KJIacH, KOja je MpeCTaB/beHa aJyBHjaIHUM 3€MJBUIITEM. 3eMJbULITA ApyTe, Tpehe u
YETBPTE KJIace Cy MOTO/HA 3a Tajemhe BehrHE MOJbONMPUBPEIHUX KyATypa. 300T Tora je y apea-
Ty BUXOBOT MPOCTHPaha MOJbONMPUBPEIHA TPOU3BOIHA HAjHHTEH3NBHU]A.

Kwyune peyu: 3emspnite, Tunosy, lpnBoBruka mnannna, Cpouja.

Soil Cover and Agricultural Land Use.
A Case Study: Sljivovi¢ka Planina Mountain
and Its Foothill in Eastern Serbia

Jelena Zivkovié"”

! University of Nis, Faculty of Sciences and Mathematics, Department of Geography and
Tourism, Ni§, Serbia
* jelena.zivkovic@pmf.edu.rs

Soil knowledge and its relationship with human activity developed in parallel with agriculture.
As early as the Neolithic, human groups considered soil fertility and its “ability” to provide food
when choosing settlement locations. Even today, the evaluation of soil cover occupies a special
place in assessing natural conditions important for agriculture. The cultivation of plants on soil,
especially those used for food, gives it the role of one of the most important natural resources,
while at the same time it provides living space for humans, protection of biodiversity, cultural
heritage, and more. The objectives of this paper are to define and map pedosystem units (soil
types) in the area of Sljivovi¢ka planina Mountain with its foothill zone (Podgorina), as well as
to assess the value of the identified soil types for agricultural production. The research methods
included the analysis of existing literature, pedological and topographic maps, fieldwork, and
the cartographic method. The cartographic method was used to produce a soil type map based
on the pedological maps of the former SFRY, while field research was crucial for verifying map
data. One of the indicators of fertility and production capacity is the soil quality rating, which
was analyzed based on existing literature. According to the classification currently applied in
Serbia, soils are categorized into groups of different levels: orders, classes, types, subtypes, va-
rieties, and forms. Sljivovi¢ka planina Mountain and its foothill zone are covered by soils of the
automorphic and hydromorphic orders. Automorphic soils occupy 94.26% of the area and are
represented by three classes: undeveloped soils, humus-accumulative soils, and cambic soils.
Within the class of undeveloped soils, three types are present in the study area: lithosols (rocky
soils), regosols, and colluvial soils. The class of humus-accumulative soils is represented by
three types: calcareous—dolomitic chernozem, rendzina, and vertisol (smonica). From the
perspective of agricultural production, vertisols are among the most important soil types in
the study area, accounting for 13.2% of the pedological cover. Within the class of cambic
soils, two types are represented: eutric cambisols (gajnjaca) and brown soils on limestones
and dolomites (calco-cambisols). Different subtypes, varieties, and forms of eutric cambisols
make up 21.85% of the soil cover. In the foothill zone of Sljivovi¢ka planina Mountain, these
soils are used for the production of field crops, vegetables, fruit, and vineyards, while lithic
cambisols on the northern slopes are covered by deciduous forests, mainly beech and oak. The
second type of cambic soils — brown soils on limestones and dolomites (calco-cambisols) —
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accounts for 10.88% of the total area. The hydromorphic soil order is represented by the class
of fluvial soils, specifically alluvial soils (fluvisols), which make up 5.74% of the pedological
cover. These soils are used for growing field and vegetable crops. The quality of the soil cover
of Sljivovicka planina Mountain and its foothill zone was assessed based on soil bonitation
conducted in the NiSava region. In this sense, the highest-quality soils belong to the second
bonitation class, represented by alluvial soils. Soils of the second, third, and fourth classes
are suitable for cultivating most agricultural crops. Therefore, agricultural production is most
intensive in the areas where these soils are distributed.

Keywords: soil, types, Sljivovicka Planina Mountain, Serbia.

I'eorpagcko-MeAMIUHCKHN NIPUKA3
aKyTHe peyMaTcKe rpO3HHIIE: CTyIHja
ciaydaja nanujenara MHcTuTyTa 32
KapauoBackyJapHe 0osectu Bojpoauna

Emuna Kpuukoeuh'", Tun JIykuh®'?, Anacmazuja Cmojuuuh Munocasveeuh’
u 3opan Kpuuxosuh’

''Vuusepsuret y beorpany, I'eorpadcku dakynrer, beorpan, Cpouja

2Vuusepsuret y Hosom Cany, ITpupomHo-mareMatnuku dakyiarer, JemapTMan 3a reorpadujy,
Typu3aM u xotenujepctso, Hosu Can, Cpouja

$TIpuBaTHA MHTEpHAIIMOHAIHA 1Ko ,,Pyhep bomkosuh”, beorpan, Cpbuja

4 MucTuTyT 3a Kapanosackynapue 6onectu Bojsomune, Cpemcka Kamenuma, Cpouja

SBojuoreorpadcku nacTuTyT ,,I'eHepan Cresan bomkosuh®, beorpan, Cpbuja

* emina.krickovic@gef.bg.ac.rs

AxyTHa peymarcka rpo3nuna (API') mpeacraripa MyaTHCHUCTEMCKH HH(IaMaTOpHU opemehaj
KOJH HacTaje Kao rmocjaeana abHOpMaTHOT UMYHOJIOIIKOT OIT0BOPa Ha MH(PEKIN]y OaKTepHjoM
rpyne A Streptococcus. bonect Mo)ke 3aXBaTUTH BUILIE OPraHCKUX CUCTEMA, YKIbYuy]jyhi cpiie,
3r1000B€, KOKY U IIEHTPAJIHU HEPBHU CHCTEM. TOKOM MOCIEAHUX HEKOJIUKO JeleHH]a 3a-
OeekeH je 3HavajaH naj ydectanoctd APIL, mTo ce 10BOaM y Be3y ca MHPOKOM MPUMEHOM
AHTUOMOTHKA y TePaNHjHu CTPENTOKOKHUX MH(EKIH]ja, 00Jb0M JOCTYIHOIINhY 31paBCTBEHE 3a-
mTUTE, Kao 1 yHanpehemem xuBoTHOT cTtanaapaa. Umak, API™ u naske mpeacrassba 3Ha4YajaH
JaBHO-3/IpaBCTBEHU MPOOJIEM Yy TOJeIMHUM PETHMOHMMA, YKJby4dyjyhu u PemyOnuky CpOujy.
b oBOT pajsa npeacTaBba reorpadcko-meauHCKy ananu3zy API ko manyjenara ieueHux
y UHctutyTy 3a kapauoBackynapHe 6onectu Bojpomune (MKBB) y Cpemckoj Kamenunu y
nepuony 1995-2023. rogune. MctpaxuBame 00yxBaTra aHalW3y MPOCTOPHE JUCTPUOYIIH]E
00o01eux Ha HUBOY Hacesbha, Kao M IeMOrpa)CKUX KapaKTepUCTHKA MalfjeHaTa, YKby4dyjyhu
MOJIHY, CTapOCHY U 00pa30BHY CTPYKTYpy. Pe3ynraTu uctpaxkupama yKasyjy Jia Cy ciydajeBu
APT peructpoBanm y 12 Hacespa, ca Hajeehum Opojem obonenmunx y Hosom Cany (16), 3aTum
y baukoj [lamanmm (6) u Berepuuky (4), nok cy y bedejy u Hoom MusomieBy 3abenexeHa
1o J1Ba ciay4aja. ¥ ocranum HacesbuMa (bykosair, Pyma, Com6op, Kpyurauh, Ceeto3ap Mure-
tuh, lajkam u Kiex) eBunentupan je mo jeman ciyuaj. APIT ce yuectanuje jaBpajga KoOJ
xeHcke (64,86%), nero xkon myuike nonynamnuje (35,14%). Hajcrapuju nauujenr je umao 82
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roauHe, a Hajmitahu 22, ca MeaujaiHOM BpeaHollhy cBuX 3abenexeHux nanujeHara — 45 ro-
nuHa crapoctu. OOpa3oBHA CTPYKTypa je MoKas3aia Ja j€ HajBHIIe CiIydajeBa 3a0eeeHo ca
CPeImOM M BUCOKOM CTPYYHOM cIipeMoM — 110 11 cirydajeBa, ca BUIIOM CTPYYHOM CIIPEMOM —
4 ciyyaja, ca OCHOBHHM 00Opa3oBameM — 2 cirydaja u 6e3 (popmanHor obpazoBama — 1 ciyuaj.
Kon 8 mauujenara Huje eBUAEHTHPAH HUBO CTpyuHe cupeme. O yKymnHor 6poja 3abenexeHnx
nanujeHata ca API', nBa nmauujenta cy npemunyna y UKBB, o6a mymikor nona. [Ipu cMpTHH
nucxonzaodenexxenje201 1. roguae koA mayjeHTa crapocT 46 roanHa, 10K je APYTH peTUCTPOBAH
2015. roguHe ko manujeHTa crapoctu 62 roauHe. ['eorpadcko-menunmacka ananuza APT
omoryhaBa uaeHTU(UKALM]Y PUSHUYHUX TOJpYYja U OCET/BUBUX MOMYJAMOHUX TPy, MITO
MOJKe JTIOTIPUHETH e(pUKaCHUjeM IIaHUpamky MPEBEHTUBHUX Mepa U yHarpehemy 3apaBcTBeHe
3amrtute. Takolje, pe3ynraTi OBOT HCTPaKHBaka MOTY ITOCITY)KUTH Ka0 OCHOBA 3a J1ajba eIH-
JI€MHOJIOIIKA U MHTEPAMCIUIIMHAPHA UCTPaXKUBamba y IIUJbY 00JbET pazyMeBama pakTopa Koju
yTUYy Ha T10jaBy U AUCTpUOYIHjy oBe Oosectu. 3axsarnuya: OBa cTyauja je moapikaHa Kpo3
[Iporpam capanme ca CprickoM HayYHOM JHjacriopoM — 3ajeTHUIKA UCTPAKUBAYKH TIPOJEKTH —
DIASPORA 2023, xoju ¢punancupa @on 3a Hayky Pemy6nuke Cpowuje, y okBupy npojexra The
Loess Plateau Margins: Towards Innovative Sustainable Conservation — LAMINATION, 6poj
npojekra: 17807, kao 1 MuHHCTapcTBa HayKe, TEXHOJIOMIKOT pa3Boja U MHOBaluja Pemyomuke
Cp6wuje (6p. 451-03-137/2025-03/200125, 451-03-136/2025-03/200125 u 451-03-33/2026-03/
200091).

Kwyune peuyu: akyTHa peyMaTcka rpo3Huia, MHCTHTYT 3a kapauoBackyinapHe 6onectu Bojsoaune, jaB-
HO 3/IpaBJbe, reorpa)cKo-MeTUIIMHCKA aHaIN3a.

Geographical-Medical Overview of
Acute Rheumatic Fever: A Case Study
of Patients Treated at the Institute of
Cardiovascular Diseases of Vojvodina

Emina Krickovi¢', Tin Lukié>'3, Anastazija Stojsi¢ Milosavljevié¢! and
Zoran Krickovié

I'University of Belgrade, Faculty of Geography, Belgrade, Serbia

2University of Novi Sad, Faculty of Sciences, Department of Geography, Tourism and Hotel
Management, Novi Sad, Serbia

3Ruder Boskovi¢ School, Belgrade, Serbia

*Institute of Cardiovascular Diseases of Vojvodina, Clinic of Cardiology, Sremska Kamenica, Serbia

>Military Geographical Institute “General Stevan Boskovi¢”, Belgrade, Serbia

* emina.krickovic@gef.bg.ac.rs

Acute rtheumatic fever (ARF) is a multisystem inflammatory disorder that develops as a conse-
quence of an abnormal immune response to infection caused by A4 Streptococcus bacteria. The
disease may affect multiple organ systems, including the heart, joints, skin, and central ner-
vous system. Over the past several decades, a significant decline in the incidence of ARF has
been observed, which is associated with the widespread use of antibiotics in the treatment
of streptococcal infections, improved access to healthcare, and enhanced living standards.
Nevertheless, ARF remains an important public health issue in certain regions, including the
Republic of Serbia. The aim of this study is to provide a geographical-medical analysis of
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ARF among patients treated at the Institute of Cardiovascular Diseases of Vojvodina (ICDV)
in Sremska Kamenica during the period 1995-2023. The research includes an analysis of the
spatial distribution of affected patients at the settlement level, as well as their demographic
characteristics, including sex, age, and educational structure. The results indicate that ARF cases
were registered in 12 settlements, with the highest number of patients recorded in Novi Sad (16),
followed by Backa Palanka (6) and Veternik (4), while two cases each were identified in Becej
and Novo MiloSevo. In the remaining settlements (Bukovac, Ruma, Sombor, Krusci¢, Svetozar
Mileti¢, Sajkas, and Klek), one case was recorded in each. ARF occurred more frequently in
the female population (64.86%) than in the male population (35.14%). The oldest patient was
82 years old, while the youngest was 22, with a median age of 45 years. The educational struc-
ture showed that the highest number of cases was recorded among patients with secondary and
higher education — 11 cases each — followed by those with college-level education (4 cases),
primary education (2 cases), and no formal education (1 case). For 8 patients, the level of
education was not recorded. Out of the total number of registered ARF patients, two patients
died at the ICDV, both male. The first death was recorded in 2011 in a 46-year-old patient,
while the second was registered in 2015 in a 62-year-old patient. The geographical-medical
analysis of ARF enables the identification of high-risk areas and vulnerable population groups,
which may contribute to more effective planning of preventive measures and improvement
of healthcare services. Furthermore, the results of this study may serve as a basis for future
epidemiological and interdisciplinary research aimed at a better understanding of the factors
influencing the occurrence and distribution of this disease. Acknowledgments: This study was
supported by the Program of Cooperation with the Serbian Scientific Diaspora — Joint Research
Projects — DIASPORA 2023, from the Science Fund of the Republic of Serbia, under the project
LAMINATION (The Loess Plateau Margins: Towards Innovative Sustainable Conservation),
Project number: 17807 and the support of the Ministry of Science, Technological Development
and Innovation of the Republic of Serbia (Grants No. 451-03-33/2026-03/200125, 451-03-
34/2026-03/200125 and 451-03-33/2026-03/200091).

Keywords: acute rheumatic fever, Institute of Cardiovascular Diseases of Vojvodina, public health, geo-
graphical-medical analysis.

IIpocropHo-aemorpadgcka rucTpudynuja
crpaHe paaHe cHare y Cpouju

Januya llanmuh'

' Vuusepsuter y beorpany, I'eorpadcku dakynret, beorpaa, Cpbuja
* danica.santic@gef.bg.ac.rs

VY ycnoBuMma JeleHHjcKe Jernonyianyje 1 MHTeH3uBHe emurpanuje, Pemybnmnka Cpouja mo-
CIIENBbUX TOJMHA Oeliexu mopacT Opoja CTpaHMX pajHUKA, IITO YyKaszyje Ha CTPYKTYPHY
TpaHcopMaIjy opraHu3airje eKOHOMCKIX aKTUBHOCTH M pacrojiesiec CTAaHOBHUIITBA. OBaj
MpoIIeC Ce 0/IBHja POCTOPHO CEeNEKTUBHO, npatehu mocrojehy ypbany xujepapxujy, pa3BojHe
KOpUope ¥ (QPyHKIMOHATHE PErHOHe ca BehoM KOHIIEHTpAIMjoM €KOHOMCKHUX aKTHBHOCTH.
[{use pana je aHanwm3a IpPOCTOpPHE AUCTPUOYIIM]e CTPAaHUX PaJHHKA, Ca ITOCEOHUM OCBPTOM Ha
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beorpancku pernoH kao JOMUHAHTHU UMHUTPAIIMOHU LIEHTap, Ka0 U Ha UHIyCTPHU)JCKE 30HE U
uHppactpykTypHe npasie y Bojpogunu u Llentpannoj CpOuju. [Tonaszu ce ox npernocraBke
Jla aHra)XOBalk€ CTpaHe pajHe CHare, nmopen yonaxaBama aeduuuTa paJHUKA y TOJeIUHUM
CEKTOpHMa, UCTOBPEMEHO yTHYE Ha MpoyOJbUBame NMPOCTOPHUX HEJeIHAKOCTH H3Mely nu-
HaMHYHUX YpOaHUX je3rapa u nepudepHux, AeMONyIalioHuX moapydja. MeToI0I0MKY MpHr-
CTyn 00yxBaTa aHAJIM3y MOJaTaka O MU3JAaTHUM JeIMHCTBEHUM JI03BOJIaMa, AeMorpad)CKu mpo-
¢un ctpanux paanuka 'y CpOuju, Kao U BUXOBY PerHOHANIHY pacrozeny. Pesyiararu ykasyjy
Ha jacHy MPOCTOPHY KOHIIEHTPAaIN]y CTpaHuX pajanuka y CpOuju, mpe cBera y ceKTopuma rpa-
heBuHapCcTBa, MPOU3BO/IIHE, JOTUCTUKE U YCIyra, IITO YKa3yje Ha CEIeKTUBHU KapaKTep MHU-
IpallMOHUX TOKOBA U HUXOBY MOBE3aHOCT Ca EKOHOMCKHUM IOoTpedama pa3IMuuTUX PEeruoHa.
Juctpubyuuja cTpaHuX paJHHUKa [IpaTH pa3BojHE KOpUIope U ypOaHy Xujepapxujy, ykaszyjyhu
Ha MPOCTOPHE HEJeTHAKOCTH y JOCTYMHOCTH paJHE CHAare M KOHIEHTPALUjy MUTPALMOHUX
TOKOBa y €KOHOMCKHM aKTUBHUM pernoHuMma. [IpucyctBo ctpane paane cHare y Cpouju HUje
M30JI0BaH Mpoiiec Beh je 1eo mupux eBporncKUX MUTPAllMOHUX TOKOBA U MOJIUTHKA TPXKUILTA
pana, npu uemy CpOuja urpa KJbyuHy TPaH3UTHY U PETYJIATOPHY YJIOTY Y KOOpAUHAIIM]H aHTa-
KOBama paJHMUKa y CKIIaAy ca ImpoleaypaMa U Mexanusmuma EBporncke yHHje 3a yrpaBJbambe
MoOuHolThy pajgHe cHare.

Kwyune peuu: murpanuje, crpaHa pajiHa cHara, pocTopHO-aeMorpadcka auctpudynuja, Cpouja.

Spatial-Demographic Distribution of
Foreign Labour in Serbia

Danica Santié"”

"'University of Belgrade, Faculty of Geography, Belgrade, Serbia
* danica.santic@gef.bg.ac.rs

Over the past decade, marked by depopulation and substantial emigration, the Republic of Ser-
bia has experienced a notable increase in the number of foreign workers. This trend signals a
structural transformation in the organisation of economic activities and the distribution of the
population. The influx of foreign labour is spatially selective, aligning with the country’s urban
hierarchy, development corridors, and functional regions that concentrate economic activity. This
study analyses the spatial distribution of foreign workers, with special attention to the Belgrade
region as the dominant immigration centre, as well as to industrial zones and infrastructural
corridors in Vojvodina and Central Serbia. It is posited that the engagement of foreign labour,
while mitigating sector-specific labour shortages, also contributes to widening spatial disparities
between dynamic urban centres and peripheral, depopulating areas. The methodological ap-
proach includes analysing data on issued work permits, demographic characteristics of foreign
workers in Serbia, and their regional distribution. The findings reveal a pronounced spatial
concentration of foreign workers, especially in construction, manufacturing, logistics, and ser-
vice sectors. This pattern underscores the selective nature of migration flows and their con-
nection to the economic needs of different regions. The distribution of foreign workers mir-
rors development corridors and the urban hierarchy, accentuating spatial inequalities in labour
accessibility and the clustering of migration flows in economically active regions. The presence
of foreign workers in Serbia also reflects broader European migration dynamics and labour
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market policies. Serbia has emerged as a key transit point and regulatory hub, managing the
employment of foreign workers in accordance with European Union procedures and labour
mobility frameworks.

Keywords: migration, foreign labour, spatial-demographic distribution, Serbia.

Jemorpadgcka ogp:xusoct Penyoinke
Cpricke u yJjiora MJjaamux

Jlpawxo Mapunxosuh'

! Yausepsutet y bawoj JIymu, [Ipupoano-marematnuku ¢paxynret, bamwa Jlyka, Penyonuka
Cprcka, bocua u Xepuerosuna
* drasko.marinkovic@pmf.unibl.org

Jlemorpadcka OAp>KMBOCT IpEJICTaB/ba jelaH O] KJbYUYHUX Pa3BOjHUX M3a30Ba PemyOinke
Cprcke, umajyhu y BUIy 1yrorpajHe HeraTMBHE JieMorpad)cke TPeHI0Be KOjU Cce Oryenajy y
HUCKOM MPUPOJHOM IPUPALITA]y, HHTEH3UBHOM CTapeky CTAHOBHHUIITBA M KOHTUHYMPAHUM
MUTpalnujaMa MiaaJior, paJHo CIIOCOOHOT U (PEPTHUIIHOT CTAHOBHUIITBA. Y TOM KOHTEKCTY, YJIO-
ra MjaJaux y NpouecuMa IUIaHupamba MOPOMILIE U IOHOIIECHA OJUTyKa O OCTAaHKY MJIH OAJIACKY
no6uja nocedan 3Hayaj. Llub paga je aHanusa craBoBa MJaJuX O 3aCHUBaIY MOPOJUIIE, pe-
NPOAYKTUBHUM HaMjepaMa U MUTPALlMOHMM ONpejjesbebuMa, Kao U yTBphUBame KIbYUHHUX
JPYIITBEHO-eKOHOMCKHX (haKTopa KOju YTHUUy Ha BUXOBe ojaiyke. Paj ce 3acHMBA Ha pe3yJ-
TaTMMa aHKETHOT UCTPa)KUBakba CIPOBEICHOT HA PEIPE3EHTATUBHOM y30PKY MIIaJIUX, Y3 MPH-
MjeHy JaeMorpad)ckor MeToAa, CUCTEMCKO-CTPYKTYpHE aHajlM3€ M CTaTHUCTUYKe oOpajne Io-
naraka. Ilona3Ha xumoresa paja jecte J1a, yOpKOC MPUCYTHUM €KOHOMCKUM U APYIITBEHUM
OrpaHUYEHUMa, KOJ MJIAJUX MOCTOJU M3pa)XKeHa *kesba 3a ocTaHKoM y PemyOmuuu Cprckoj
U 3aCHUBAK-EM IOPOULIE, alli A je HhEeHa pean3aliija yCIOB/beHa M000IbIIAKEM )KUBOTHOT
CTaHJapAa, MOTyhHOCTH 3amollbaBakba U CTAMOCHOT 30pHbaBama. Pe3ynTatu nucTpaxupama
JonpruHoce 00JbeM pazyMujeBamy (hakTopa Koju 00JIUKY]y JeMorpadcKo MOHAIIAkE M X, Te
IIPE/ICTaBJbajy HayYHY OCHOBY 3a KpPEUpPamE Mjepa IPOHATAIUTETHE U OMJIaJUHCKE MTOJUTHKE.
Pax HarnamaBa 3Hayaj MHTETPUCAHOT MPHUCTYNA JeMOrpadCcKoj MOJUTHULIM, YCMjEepeHOr Ha
CTBapame yclioBa 3a geMorpadcky oOHOBY M JyropodHy oapxuBocT PemyOnnke Cprcke.

Kwyune pujeuu: nemorpadcka ogpxuBocT, mitaan, Permyomuka Cpricka.
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Demographic Sustainability of
the Republic of Srpska and the
Role of Young People

Drasko Marinkovié'”

'"University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic
of Srpska, Bosnia and Herzegovina
* drasko.marinkovic@pmf.unibl.org

Demographic sustainability represents one of the key development challenges of the Republic
of Srpska, given the long-term negative demographic trends reflected in low natural population
growth, intensive population ageing, and continuous migration of young, working-age, and
fertile population groups. In this context, the role of young people in family planning processes
and in making decisions about staying or leaving acquires particular importance. The aim of this
paper is to analyse young people’s attitudes towards family formation, reproductive intentions,
and migration aspirations, as well as to identify the key socio-economic factors influencing their
decisions. The study is based on the results of a survey conducted on a representative sample
of young people, using demographic methods, systems-structural analysis, and statistical data
processing. The main hypothesis of the study is that, despite existing economic and social
constraints, young people demonstrate a strong desire to remain in the Republic of Srpska and
start families, but that the realization of these intentions depends on improvements in living
standards, employment opportunities, and housing conditions. The research findings contribute
to a better understanding of the factors shaping the demographic behaviour of young people
and provide a scientific basis for the development of pronatalist and youth policy measures.
The paper emphasizes the importance of an integrated approach to demographic policy aimed
at creating conditions for demographic renewal and the long-term sustainability of the Republic
of Srpska.

Keywords: demographic sustainability, young people, Republic of Srpska.

IIpobaemu nemorpadckor passoja
rPaHUYHMX U NEPUYPOAHUX HACEbA
IIuporcke odacTu

Mapko Ceonax’, Hemarwa Jocugpose' u Bnaoumup Manunuh’

"'Vuusepsuret y beorpany, I'eorpadcku dakynrer, beorpaa, Cpouja
" marko.sedlak@gef.bg.ac.rs

VY pany cy ananusupanu gemorpadcku npoOaemMu Ha CTYIWJU jeIHe O ACTOMYJAlMOHO Haj-
yrpoxxenujux obmsactu CpoOuje. Jlemorpadcku npobiemu cy KOMIUIEKCaH (PEHOMEH Koju je
3HauyajaH 3a pa3Marpame pa3BojHUX mpobiema oxapehene obnmactu. [Ipumapuu dokyc je Ha
JICTIONYJIAIN] 1, KOja je MOKpeTau CMambekha MPUPOIHOT MPHUpAIITaja U yIIIaBHOM HETMOJbOBHE
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CTapocHe, 00pa30BHE U EKOHOMCKE CTPYKType cTaHOBHHUINTBA. OBa Hacesba ce MPETEKHO O/
JUKYjy CTapUjUM W YIJIaBHOM €KOHOMCKHM HEAaKTHBHMM CTaHOBHMILITBOM. 3Hauaj OBE TeMe
oryiena ce y uiIeHTU(UKOBakY KJbYUHUX JeMOorpaCKux mpodiema oBe 00IacTu ca IUJbeM Ja
Cce Ha Taj HAYMH OBU MOJAAIHM yroTpede y Oyayhum pa3BojHUM cTpaTeryjaMa U peBUTATH3AIN]U
oBor nepudepHor u mapruHansor aena Cpouje. [Ipumapuu nusb je uaeHTudUKanmja KIbyYHUX
nemorpadekux nmpobiema y [Tuporckoj obnactu. U3 wera npouctruye BUIE CEKYHIAPHUX 1IH-
JbeBa: KOMMapalyja pa3inka u3Mel)y Hacesba Koja ce Hacjlamajy Ha rpaHuily ca byrapckom y
OJIHOCY Ha mepuypOaHa Hacesba Koja ce Hajla3e y OKpYKeHY IPaJICKUX Hacesba; MpeoyaBame
HEraTUBHUX JieMora)CKUX Mpoleca o] JOKAIHOT, MPEKO PErHOHATHOT A0 HAllMOHAIHOT MPO-
Onema; yka3uBame Ha npojekuuje oyayher nemorpadckor pa3Boja yKOJIMKO ce HaBeJCHE TEH-
JeHIIMje HacTaBe. Y paay cy KopuirheHu nofamnu PemyOnuukor 3aBoja 3a CTAaTHCTUKY 3a TO-
nuce craHoBHHUIITBA u3 2002, 2011. u 2022. rogune. Teputopuja ucTpakupama o0yxBaTa
[Tuporcky 06sacT y urjeM cacTaBy ce Hajla3u YeTHPH jeIMHHULIE JIOKaTHe camoytpase: [Tupor,
Jumutposrpaa, baGymnuna u bena Ilananka. OBa Teputopuja yma ykynuo 214 Hacema. Y
0] ce IIaBHU AeMorpadcku npodiaemu pediaekTyjy kpo3 naj 6poja cranoBHuKa (ca 105.654
y 2002. Ha 76.700 y 2022. roguHM), cTapeme cTaHoBHUIITBA (ca 43,5 roguna y 2002. roguHu
Ha 47,2 roqune y 2022. TOANHM), CBE HEMOBOJFHUJU OJTHOC MIIAJOT U CTapHjer CTAHOBHUIITBA
(y 2022. rogunau 6uio je 12% muagor cTaHOBHUIITBA U 27% CTaHOBHUILTBA CTapujer ox 65
roguHa). [IpumapHu MeToa y 0BOM pajy je mpuMeHa uHzaekca aemorpadceke aenpecuje. OBaj
CUHTE3HU T0Ka3aTesb ce J00Hja Ha OCHOBY OcaM IOKa3aTesba: yAeo CTaHOBHUINTBA /10 14 ro-
JIMHA CTapOCTH; y1e0 CTAHOBHMKA CTapHjer o 65 ronHa; yJeo CTAHOBHUIITBA cTapujer o 80
TOJIMHA; YJI€0 CTAHOBHUIITBA CTApPOT 75 U BUIIE TOJAMHA Y YKYITHOM Op0jy CTAHOBHHMKA CTaporT
65 u BuIIe TO/IMHA; TPOCEYHA CTAPOCT; UHAEKC CTapemha; KOeUINjeHT eKOHOMCKE 3aBUCHOCTH.
Bpennoctu unaexca nemorpadcke nemnpecuje kpehy ce y pacnony ox 0 1o 1. mro cy oHe Be-
he, To yka3yjy Ha BUTanHMja Hacesba. Kinacudukaiuja 1001jeHIX BPEAHOCTH je U3BpIlEHA Ha
MeT KaTeropuja: A KaTeropuja Koja o3HayaBa 03pa3UTO JEMPEecHUBaH MPOCTOp (BPEIHOCTH Y
pacnony oxa 0 1o 0,16), b kareropuja cnabuje nenpecusan npoctop (0,17-0,31), L] xkaTeropuja
— mpoctop Ha pyOy nemorpadeke nenpecuje (0,32-0,47), J1 kareropuja — BUTaiIaH MpocTop
(0,48-0,60), E kareropuja — uzpaszurto Butanan npoctop (0,67-1). [Ipema noganuma u3 2022.
roauHe 93 Hacespa ce Hana3wio y A karteropuju, 60 Hacesba y b xareropuju, 40 Hacespa y 1]
kareropuju, 20 Hacesba y /| kareropuju u 1 Hacesbe y E xaTeropuju. 3akibydyHa pa3marpama
ce oJIHOCe Ha UACHTU(UKOBame KIbYUHUX AeMorpadcekux nmpobiema y Hajsehem Opojy Hace-
sba [luporcke obmactu, anu u Behe BUTanHOCTH nepuypOaHuX Hacesba. MMIemeHTanuja
pa3BOjHUX CTpaTeruja U MHBECTHUIIMja y OBy 00sacT nmokpehe ca coboM u nmutame eKOHOMCKE
OTPaBIAHOCTH, ¢ 003MPOM Ha UPEBEP3UOMITHOCT HETATUBHUX JAeMOrpadcKuxX TeHAEHIMja Ha
BEJIMKOM JIeJly OBE TEPUTOPH]E.

Kwyune peuy: cennnusanuja, MapruHajn3anyja, nepudepuja, aemomynanmja, [ lnpotcka odmact (Cpouja).
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Problems of Demographic Development
of the Border and Peri-Urban Settlements
of the Pirot Region

Marko Sedlak™, Nemanja Josifov' and Viadimir Malinié’

I'University of Belgrade, Faculty of Geography, Belgrade, Serbia
* marko.sedlak@gef.bg.ac.rs

The paper analyzes the demographic problems in a study area of one of the most demographically
threatened areas of Serbia. Demographic problems are a complex phenomenon that is signi-
ficant for considering the developmental issues of a particular area. The primary focus is on
depopulation, which is a driver of the decline in natural population growth and a largely non-
agricultural age, educational, and economic structure of the population. These settlements are
predominantly characterized by an older and generally economically inactive population. The
significance of this topic lies in identifying the key demographic problems of this area, with the
goal of using this data in future development strategies and the revitalization of this peripheral
and marginal part of Serbia. The primary goal is the identification of key demographic pro-
blems in the Pirot region. From this, several secondary goals stem: a comparison of the diffe-
rences between settlements bordering Bulgaria and peri-urban settlements located in the vi-
cinity of urban areas; presenting negative demographic processes from a local, through a
regional, to a national problem; pointing out projections of future demographic development
if the aforementioned trends continue. The paper uses data from the Republic Statistical Office
for the 2002, 2011, and 2022 population censuses. The study area includes the Pirot region,
which consists of four municipalities: Pirot, Dimitrovgrad, Babusnica, and Bela Palanka. This
territory has a total of 214 settlements. The main demographic problems are reflected in a
decline in the number of inhabitants (from 105,654 in 2002 to 76,700 in 2022), and an aging
population (from 43.5 years in 2002 to 47.2 years in 2022. years), and an increasingly un-
favorable young-to-old population ratio (in 2022, there was 12% young population and 27%
population over 65 years old). The primary method in this paper is the application of the de-
mographic depression index. This composite indicator is derived from eight indicators: the
share of the population under 14 years of age; the share of residents over 65 years of age; the
share of the population over 80 years of age; the share of the population aged 75 and over in the
total population aged 65 and over; average age; aging index; economic dependency ratio. The
values of the demographic depression index range from 0 to 1, with higher values indicating
more vital settlements. The obtained values were classified into five categories: Category A,
which denotes a highly depressive space (values in the range of 0 to 0.16); Category B, a less
depressive space (0.17-0.31), C category — area on the edge of demographic depression (0.32—
0.47), D category — vital area (0.48-0.66), E category — highly vital area (0.67—1). According to
2022 data, 93 settlements were in category A, 60 in category B, 40 in category C, 20 in category
D, and 1 in category E. The concluding remarks relate to identifying the key demographic
problems in the majority of settlements in the Pirot region, as well as the greater vitality of peri-
urban settlements. The implementation of development strategies and investments in this area
also raises the question of economic viability, given the irreversibility of negative demographic
trends in a large part of this territory.

Keywords: senilization, marginalization, periphery, depopulation, Pirot Region (Serbia).
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PernonaJsine gemorpagcke qucnponopuuje:
npuMep oaa0paHMX MOTPAHUYHMX U YHYTPAIIHUX
jenuHuua JokajgHe camoynpase y Cpouju

Paoocnaeé Panxosuh' u Cnahana Ilonosuh’

!'Vuusepsurer y beorpany, I'eorpadcku dakynret, Beorpan, Cpbuja
* rankovicradoslav3@gmail.com

Hajsehu neo teputopuje CpoOuje oUIHKyje ce HEMOBOJLHUM JIeMorpad)CKUM MpoIiecuMa, mTo
j€ TIoCTIeINIIa Pa3INdUTUX Pa3BOjHUX MPHIIMKA KOje Cy ce JelaBaje TOKOM MPETXOTHOT BeKa.
Nako ce jequHuUIE JIOKAJTHE CaMOYIpaBe MOTY 3HAYajHO Pa3IMKOBATH, OMIITE CTAHOBHIITE j&
Ja Cy TIOTPaHUYHE jeJIMHUIIC JIOKATHE CaMOYIIPaBe Makbe Pa3BHjCHE Y OJIHOCY HAa YHYTPAIIhe,
IITO je YTUIIAIO Ha TI0jaBy perHoHamHuX Aemorpadcekux quctponopiuja y Cpouju. Y ckinamy
ca THM, TIPEIMET pajia OTHOCH Ce Ha aHaIM3y OJadpaHuX WHAWKATOpa (MHAEKC IPOMeHe Opo-
ja CTAaHOBHHUKA y TIOCIIEIEM Meh)yOomMCHOM Mepuoy, MPOCeYHa CTapOCT, HHICKC CTapemha,
KOC(DUIMjEeHT CTapOCHE 3aBHCHOCTH M yJIe0 JKeHa y (DEepTHUIIHOM MEpUOy Yy YKYITHOM CTa-
HOBHUINTBY) 3a net norpannunux (bajuna bamra, JbyGoBuja, [Tpuboj, Yxkune u Yajernna)
u niet yHyTpammux (Apanhenosan, Jlazapesan, Jbur, MinanenoBan u Tomona) jeauHuna Jjo-
KkaHe camoympase y Cpouju. Tepuropujaman 00yxBaT HCTPaKUBAA YCTAHOBJBEH j€ TI0 TIPHHITHITY
cIy4ajHOr oabupa, a 1Mk paja je Moapa3yMeBao0 KBAaHTUTATUBHO MOTBPHUBALE OIIITE TE3E.
VY paay cy IpUMEHEHH CTATUCTUYKH, KapTOrpad)CKH M KOMITAPATUBHH METOJ, a Pe3yJITaThu
MOKa3yjy Jia ce YHYTpAIIkhe jeJIMHUIIC JIOKATHE CaMOYIPaBe OJJIMKY)Y MOBOJBHHJUM MPOCEY-
HUM BpEJIHOCTHMA CBHX TIET aHAJIM3UPAHHUX MOKaszatesba. OmabpaHe yHYTpAIlbe jeINHHIEC
JIOKQJIHE CcaMOyIpaBe Cy W3ryousie Mmame cTaHOBHHMINTBA y mepuoxy 2011-2022. roaune,
BUXOBO CTAaHOBHMIITBO je OWiIo mpocedHo Mialhe, BPEIHOCTH WHIEKCA CTapema M Koe-
¢duImjeHTa cTapocHe 3aBUCHOCTH Cy OWJIe Mame, JOK je YAeO kKeHa Y (epTHITHOM IEePUOTY
y ykymHoj momynanuju Omo Behu. Takohe, y ciydajy mopehema mojeuHUX jeAWHHIIA
JIOKAJIHE CaMOyIpaBe WM Hacesba MOHA0CO0, MPUCYTHE CY OHE aJIMUHHCTPATHBHO-TEPHUTO-
pHjaliHe jeIMHUIIE KOjeé MOTY OJICTYNaTH OJ MpaBHja YHYTPAIIHkOCT—IIOTPAaHUYHH TPOCTOP.
To je mpenoapeheHo cnenupuUIHUM JTOKATHUM (aKTOpUMa TOIMYT reorpadckor moaoxkaja,
MPUPOJHHUX KapaKTEPUCTHKA ITPOCcTOpa, caoOpahajHe moBe3aHoCTH, (PyHKIIMOHAIHE ONpeMJIbe-
HOCTH UTH. JloOWjeHn pe3ynTaTh MOTY CIYKUTH y (YHKIMjU mpahema JOCTUTHYTOT HUBOA
PETHOHAHOT Pa3BOja M3JIBOJEHUX TEPUTOPHja TIpeMa 0JladpaHUM TOKa3aTe/bUMa, Ha OCHOBY
KOjUX j€ HEOITXOTHO YCIIOCTaBUTH MEXaHN3Me KojuMa he ce HermoBoJbHE pa3BOjHE TEHICHIIN]E
YCIIOPUTH.

Kmwyune peyu: norpaHnyHe jeJMHUIIC JOKATHE CAMOYIIPaBe, YHYTPALIHE JeTUHHUIIC JIOKAITHE CaMOyIIpa-
Be, pErHOHAJIHE JIeMOTpadCcKe TUCTIPOTIOPIINje, perHOHAIHU pa3Boj, Cpouja.
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Regional Demographic Disproportions: An
Example of Selected Border and Interior
Local Self-Government Units in Serbia

Radoslav Rankovié'” and Sladana Popovié'

"University of Belgrade, Faculty of Geography, Belgrade, Serbia
* rankovicradoslav3@gmail.com

The majority of Serbia’s territory is characterized by unfavorable demographic trends, largely
resulting from uneven development trajectories over the past century. Although local self-
government units differ significantly, it is generally assumed that border local self-government
units are less developed than interior ones, contributing to pronounced regional demographic
disproportions. Accordingly, this paper analyzes selected demographic indicators — population
change index during the latest intercensal period, average age, aging index, age dependency
ratio, and the share of women of reproductive age in the total population — across ten local
self-government units. The analysis includes five border (Bajina Basta, Ljubovija, Priboj,
Uzice, and Cajetina) and five interior local self-government units (Arandelovac, Lazarevac,
Ljig, Mladenovac, and Topola). The study area was defined based on a random selection ap-
proach, while the primary aim was to quantitatively verify the main hypothesis. Statistical,
cartographic and comparative methods were used in this research and the results indicate that
interior local self-government units are characterized by more favorable average values across
all five analyzed indicators. In the period 2011-2022, these areas experienced lower population
decline, their population was on average younger, also recorded a lower aging index and age
dependency ratio, and had a higher share of women of reproductive age in total population.
At the same time, analysis at the level of individual local self-government units or settlements
reveals deviations from the general border—interior pattern. These exceptions are influenced by
specific local factors, including geographical location, natural conditions, transport connectivity,
the level of functional development etc. The findings can be used to assess the level of regional
development and highlight the need to establish mechanisms to mitigate adverse trends.

Keywords: border local self-government units, interior local self-government units, regional demographic
disproportions, regional development, Serbia.

Cucrem npuxsara ap:xaB/baHa bocHe u
XepueropuHe Ha OCHOBY CIIOPa3yMa 0 peagMHUCHju

Jlpazana Buouh'

! PenyOnuuky cekpeTapujar 3a pacesbeHa Jiniia U Murpaimje, bama Jlyka, Penyomnnka
Cprncka, bocna n Xepuerosuna
* d.vidic@rsrlm.vladars.rs

VYrpasibame MUTpalljaMa UMa BEOMa CII0KEHY CTPYKTYPY. Y OKBHPY MUTPAIIMOHE TTOJIUTUKE
EBporncke ynuje (EVY), ciopazymu o peaaAMUCHju TIPEICTaBIbajy HHCTPYMEHT y 00pOu MpOoTHB
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HEe3aKOHUTUX Murpanyja. [loBparak y MaTHuHy 3eMJbY U peaMUCH]ja IPeICTaB/bajy BeoMa Ba-
’KaH CETMEHT y yNpaBJbalby MUTpalldjaMa, KOjU YKIbYydyje KOOpJIMHAIU]Y U capaamy u3Mehy
3eMaJba OJJpeIUIIITa, TPAH3UTA U TIOpHjeKJIa, Tpu yemy Tpeba nomroBatu [losesby EY 0 ocHOB-
HuM npaBuMa. L{nb paja je aa ce ananu3npa HOpMaTUBHU M MHCTUTYITMOHATHH OKBUP CHCTEMA
peaamucuje y bocau u XepiieroBunu, ¢ moceOHUM OCBPTOM Ha pacmlojijeiny HaAJeKHOCTH U
MeXaHu3Me Mel)yHHCTUTYIIMOHATHE KOOpAMHAILIMjE Yy MPOollecy MpUXBaTa U MHTETpaluje pe-
aamucupanux nuua. [lonasu ce oa xumnoTese 1a caoKeHa MOJIUTUIKO-aIMUHIUCTPATUBHA CTYK-
Typa boche u XepiieropuHe y3pokyje U CJIOXKEH CHUCTEM y cipoBohemy obaBesa y oOmactu
peaamucuje. Y paay je mpuMHjemheHa METo/1a aHallu3e cajipkaja pesieBaHTHUX Mel)yHapoTHIX
u fomMahux MpaBHUX U CTpATEIIKUX JOKYMEHAaTa, Kao U HAJJISKHUX WHCTUTYIMja U aKTepa y
Bbocuu u Xeprerosunu. CriopasyM o cTabMIN3aluju U IPUIPYKUBAKY je TpaBHO 00aBe3yjyhu
Mehynapoauu yrosop umely EY u 3emasrba 3anagnor bankana y mpouecy npuctynama EY
U npuiarohaBama 3aKOHOJABHOT OKBHMpa €BPONCKUM cTaHaapauma. CropasyMu o peajMu-
cuju (IoBpaTak JIMIla Koja HE3aKOHHUTO OOpaBe Ha TEpUTOpHUjU oiapeheHe 3emibe) cy Mmelhy-
HApOJHOIPABHU aKTH MOTHHCAHU Ha OulaTepaIHoM HUBOY U u3Mel)y npxkasa u EY. Pezynratu
noTBpl)yjy MOTa3Hy XUIIOTE3Y jep Y CUCTEMY peaMUICH]e YUeCTBYjy UHCTUTYIIM]€ U YyCTAaHOBE Ha
CBMM HHMBOMMA YIIpaBJbarha, Kao U OpraHu3alivje [UBIIHOT APYIITBA. 3Hauaj paja orjeaa cey
CUCTeMAaTH3alllji HOPMATUBHOT U MHCTUTYIIMOHATHOT OKBUpa y o0nactu peagmucuje y bocau
1 XepleroBUHM U yKa3uBamy Ha KJby4HE W3a30Be Mel)yHHCTUTYILIMOHANIE KOOPAUHALIN]E, IITO
MOJK€ MOCITY>KMTH Kao OCHOBA 3a YHarpelheme npolieca npuxara U UHTErpaiuje peagMucupa-
HUX JTUIA.

Kmyune pujeuu: cKynbame TpajoBa, TpPaH3UIMja, ypOAHH CHCTEMH, IeMOTpadCKu M (QYHKIMOHAIHH
pa3Boj, Perryonmka Cpricka.

The Reception System of the Bosnia and
Herzegovina Citizens Who Return under
Readmission Agreements

Dragana Vidié"”

' Republic Secretariat for Displaced Persons and Migration, Banja Luka, Republic
of Srpska, Bosnia and Herzegovina
* d.vidic@rsrlm.vladars.rs

Migration management has a very complex structure. Within the framework of the European
Union’s (EU) migration policy, readmission agreements are an instrument in the fight against
illegal migration. Return to the home country and readmission represent a very important seg-
ment in migration management, which includes coordination and cooperation between the
countries of destination, transit and origin, while respecting the EU Charter of Fundamental
Rights. The aim of the paper is to analyze the normative and institutional framework of the
readmission system in Bosnia and Herzegovina, with a special focus on the distribution of
competencies and mechanisms of inter-institutional coordination in the process of reception
and integration of readmitted persons. In order to asses the a priori hypothesis that the complex
political and administrative structure of Bosnia and Herzegovina also causes a complex system
in the implementation of obligations in the field of readmission, a analysis method of the relevant
international and domestic legal and strategic documents, as well as relevant institutions and
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stakeholders in Bosnia and Herzegovina was conducted. The Stabilization and Association
Agreement is a legally binding international agreement between the EU and the Western Balkan
countries in the process of accession to the EU and the adjustment of the legislative framework
to European standards. Readmission agreements (the return of persons residing illegally on
the territory of a certain country) are international legal acts signed at the bilateral level and
between states and the EU. The results confirmed the initial hypothesis, i.e. the readmission
system involves institutions and establishments at all levels of governance, as well as civil so-
ciety organizations. The significance of the paper is reflected in the systematization of the nor-
mative and institutional framework in the field of readmission in Bosnia and Herzegovina and
in pointing out the key challenges of inter-institutional coordination, which could be used as a
basis for improving the process of admission and integration of readmitted persons.

Keywords: return, readmission, integration, Bosnia and Herzegovina, European Union (EU).

DeHOMEH ,,CKYIUbamkba* rpajoBa —
TpaH3uuuja ypoanor cucrema PemyOuiuke
Cpricke — y3pouu 4 noc/beauine

Mupa Manouh™ u /Ipazuua /lenuh’

"' Vuusepsurer y bawoj Jlyuu, [Ipupoano-maremarnuku daxynrer, bama Jlyka, PemyOnuka
Cprcka, bocHa u XepueroBuna

* mira.mandic@pmf.unibl.org

[Ipornec ypbanusaiuje je riio0aiHu MPOoIec KOjH Ce OJIBHja Pa3IMYUTOM IMHAMHKOM U HCII0JbaBa
MIPOCTOPHUM IOCJbETUIIAMA YHjU KapaKTep O0JIMKY]y OpOjHU YHYTPAIILH U BalbCKU (PaKTOPH.
HayuHo-TexXHOIOIIKH pa3Boj, TI00aiHa pa3MjeHa CUPOBHHA, €HepreHara, poda 1 pajHe cHare
yOp3aBajy u ycMjepaBajy pa3BOjHE Mpoliece YTUuyhu Ha AWHAMHKY U TpaHchopMauujy yp-
0aHuX cucTeMa YHju ¢y (YHKIMOHAIHH MOTSHLHMjAIN M3JI0XKEHHU Pa3IMYUTUM yTUIAjUMa U
KOHKYPEHIIMJU T€ c€ MOpajy KOHCTaHTHO npuiarohaBatu. CTabmiIHOCT ypOaHUX CUCTEMA je Y
cTabmIHOCTH ypOaHe mpuBpeie M MaHU(ecTyje ce y PyHKIIMOHAIHOM KalaluTeTy, yaarambuma,
yp6aHoj uHdpacTpykrypu u aemorpadckum kperamuma. CriocoOHocT mpusarohasama ypoa-
HUX CHCTEMa UCIOJbeHA je Yy ajanTaluuju ypOaHHX CTPYKTypa M KapaKTepUCTHKama JeMO-
rpadcKuX KpeTama. PalbUBOCT MOjeIMHUX ypOAHUX CHCTEMA U eJleMeHaTa lUXOBUX ypOaHUX
CTPYKTypa peruoHanHo je nudepenuupana. [locsbenmux aeneHuja 300r rpaHcKoOr U Ipo-
CTOPHOT Ipepa3MjeliTama IpUBpeie Ha II100aTHOM HUBOY, IPUMJETHO je crabiberme OazHuX
(¢yHKIM]ja IrpaZioBa CEKTOPCKU OPHjEHTUCAHUX HA METAIYpPrHjy U MOjeMHE WHAYCTpPHUje KO-
ju nemorpadceku u pyHKIHoHanHO atpodupajy. HaBenena mojaBa y pa3BHjeHUM 3eMJbama,
npepacia y mpolec 1mo3Har kao ()eHOMEH ,,CKyIJbama“ rpajJoBa, HArjaleHo je KapaKTepH-
CTMYHA 32 3eMJb€ TPAH3ULIM]€ IPYIITBEHOT CUCTEMA U3 COLMjajIu3Ma y TPJKUIIIHE OJHOCE, TaK-
ne u 3a npoctop 6usmie Conujanuctuuke deneparuBue PenyOnuke Jyrocnasuje. Y dokycy
pana je TpaHsuiuja ypbanor cucrema Pemy6nuke Cpricke Kao Mocsbeaulia MoJIMTHYKE U €KO-
HOMCKE JIe3MHTerpauuje, rpahjanckor pata U MpoMjeHe APYILITBEHOr cuUcTeMa. Y paay cy
aHAJM3UPaHU y3POIH 1 TIOKa3aTeJbu JeMorpadcke U eKOHOMCKE ,,aTpoduje’ U KapakTep TpaH-
3uNHMOHE TpaHcdopmalmje ypdanux Hacesba y PemyOnunu Cprckoj. KomnapatuBHoMm aHa-
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JM30M JIeMOrpa)CKUX U COIIMOCKOHOMCKHX IOKa3aTesba YTBpheHe Cy MpoMjeHe y BeTHYNHH
ypOaHuX Hacesba U CTPYKTYpH MpuBpeae, Tpanchopmaiuja 6a3HuX JjeIaTHOCTH Koje ciabe
JCUHYCTPUjATH3aIAjOM H jadameM CEKTOpa YCIyra M MOTpPOIIkE Kao MmoKa3aTesba KapakTe-
pa caBpeMeHOT ypOaHoT pa3Boja. [IpocTopHo-(yHKIIMOHATHA OpraHu3alrja ypoaHuX Hacesba
Y BUXOBA JIMHAMHUKA OJ[payKaBajy MPHUCTYI ypOaHO] EKOHOMHjH, 3aKOHE TPXKHUIIITA U MTPUCTYII
ypOaHOM TUTaHUpawy. Y paay Cy KOpPHUINTEHEe MeToje reorpad)cke HayKe: pa3BOJHH METO],
KOMITapaTHBHA aHaJK3a, CTATUCTHYKO-MATEMATUYKH METOJ U METOJl CHHTE3e, a pe3yJITaTu
aHanmm3e (EHOMEHa ,,CKyIUbama' TpaJioBa MPHKa3aHW Cy TEKCTyalHO, TpaHuuKd U KapTo-
rpadcku.

Kmyune pujeuu: cKynbame TpajoBa, TPaH3UIM]ja, ypOAHW CHCTEMH, IeMOTpadCKu M (QYHKIMOHAIHH
pa3Boj, Perryonmka Cpricka.

The Phenomenon of “Shrinking”
Cities — Transition of the Urban
System of the Republic of Srpska —
Causes and Consequences

Mira Mandié"” and Dragica Delié’

"'University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic
of Srpska, Bosnia and Herzegovina
* mira.mandic@pmf.unibl.org

Urbanization is a global process that unfolds at different rates and produces spatial consequences
whose character is shaped by numerous internal and external factors. Scientific and technological
development, together with the global exchange of raw materials, energy resources, goods, and
labour, accelerates and directs development processes, influencing the dynamics and trans-
formation of urban systems whose functional potentials are exposed to various influences and
competition and therefore require constant adaptation. The stability of urban systems is based
on the stability of the urban economy and is manifested through functional capacity, investment,
urban infrastructure, and demographic trends. The adaptive capacity of urban systems is reflected
in the adaptation of urban structures and in the characteristics of demographic trends. The
vulnerability of individual urban systems and elements of their urban structures is regionally
differentiated. In recent decades, due to the sectoral and spatial redistribution of the economy
at the global level, a weakening of the basic functions of cities sectorally oriented towards me-
tallurgy and certain industrial branches has become evident, leading to their demographic and
functional atrophy. This phenomenon, which in developed countries has evolved into a process
known as the phenomenon of “shrinking” cities, is particularly characteristic of countries
undergoing transition from socialism to market relations, including the area of the former
SFRY. The paper focuses on the transition of the urban system of the Republic of Srpska as a
consequence of political and economic disintegration, civil war, and changes in the social sys-
tem. The paper analyses the causes and indicators of demographic and economic “atrophy”,
as well as the character of the transitional transformation of urban settlements in the Republic
of Srpska. Through a comparative analysis of demographic and socio-economic indicators,
changes in the size of urban settlements and in the structure of the economy were identified, as
well as the transformation of basic activities, which are weakening due to deindustrialization
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and the strengthening of the service and consumption sectors as indicators of the character of
contemporary urban development. The spatial-functional organization of urban settlements and
their dynamics reflect the approach to the urban economy, market laws, and urban planning.
The paper applies methods of geographical research, including a historical-developmental ap-
proach, comparative analysis, statistical-mathematical method, and synthesis. The results of
the analysis of the phenomenon of “shrinking” cities are presented textually, graphically, and
cartographically.

Keywords: shrinking cities, transition, urban systems, demographic and functional development, Repu-
blic of Srpska.

Yiora KJIMMaTCKUX M €KOJOIIKO-TIEj3aKHUX
(pakTOpa y 0ApP:KUBOM TYPHUCTHYKOM Pa3BOjy
Cnomenuka npuponue ,,IIBpuka‘

Tawa Muwiruyxu Tomuh' u Bykocasa Yonuh'

"' Vuusepsurer y bawoj Jlyuu, [Ipupoano-maremarnuku daxynrer, bama Jlyka, PemmyOnuka
Cprcka, bocHa u Xepuerosuna
* tanja.mislicki-tomic@pmf.unibl.org

OnprxuBH pa3Boj 3amITHheHNX MPUPOTHUX MOJPYUja y BEJIMKO] MjepH 3aBUCH 0] Mehy/jeoBama
KIIMMATCKUX U €KOJIOMIKO-TIEj3aKHUX (PaKTopa KOju OOJIMKY]Y BUXOBY MPOCTOPHY, BPEMEHCKY
U (QYyHKIIMOHAJIHY OCjeTJbUBOCT, MOCEOHO Y KOHTEKCTY KIMMATCKUX MPOMjE€HA U OAPIKUBOT
yIpaBJbama MPOCTOPOM. Y TOM OKBHPY, pa3yMHUjeBambe KIMMATCKUX YCJIOBa U MPUPOIHUX Ka-
paKTepUCTHKA MPeCTaBba KIbyYHH MPEAYCIIOB 3a MPOLjeHy KIMMATCKUX OTpaHuYera U I1o-
TeHIIMjaja 3a OAPKHUBO Kopuinheme 3amruhenux noxapydja. Llwb ucrtpaxkuBama je aHanusa
yJi0re KJIMMAaTCKUX U €KOJIOUIKO-TIEj3aKHUX (pakTopa y 0OJIMKOBamkY KIMMATCKE MOTOJHOCTH U
npocTtopHe QpyHKIoHaIHOCTH ClIOMEeHUKa Tpupoae ,, L Bpiika®, ca poxycoM Ha HIeHTU(DUKALH-
Jy ce30HCKuX oOpasala KIMMAaTcKe BapujaOMIHOCTH, NMPOLjEHy OrpaHHyYema U AepuHucame
MOTEHIIMjajia 3a OAP>KUBU Pa3Boj TypU3Ma y IpUPOAHUM noapyyjuma. Mcrpaxxupame je ycmje-
PEHO Ha yTBpHUBamE CE30HCKE KIMMATCKE OCjeTJbUBOCTH MPOCTOPA M HIEHTH(UKALHK]y Te-
pHoO/a ca MOBOJHHUJUM U HEMOBOJHHUJUM YCIOBHMA 3a Pa3IMUUTEe aKTUBHOCTH y NPHUPOIH,
yKJbY4yjyhu ¥ MmpoIjeHy MHTEH3UTeTa KopHIIhema MpocTopa Y 3aBUCHOCTH Ol KIMMATCKUX
ycnoBa. AHanu3a je 3acHoBaHa Ha ERAS peananusu kimmarckux nojaraka (European Centre
for Medium-Range Weather Forecasts — ECMWF) 3a nepuon 1991-2019. ronune, ykibyuyjyhu
Cpeambe MjeceuHe TeMIeparype Ba3ayXa u yKyITHe MjeceyHe MaJJaBiHe Ka0 OCHOBHE KJIIMMATCKe
unaukatope. [Ipoctop uctpaxkuBama o0yxsara CrioMmeHHK npupoze ,,LIBpiuka® y 3anagHom au-
jery OGamaityuke peruje, y penazHoj 30H1 u3Mel)y miaHuHCKOT M KOTJIMHCKOT pesbeda, ITo OMO-
ryhaBa aHanu3y JIOKaJHUX KIMMAaTCKUX yciaoBa. MeTOIOMOMKH NPUCTYH 00yXBara Ce30HCKY
KIIMMATCKy aHaJIN3Y, JECKPUIITUBHY CTATUCTUKY U MHTEPIIPETALIN]y €KOJIOIIKO-TI€j3aKHUX Ka-
PaKTEepUCTHKA, Y3 HHTETPALMjy KIMMATCKUX IapaMeTapa ca IpUpoIHUM O00MIbEXjUMa, YKIbY-
qyjyhu nej3axHy CTpyKTYypY, €KOJOIIKH 3Ha4aj U TYPUCTUUKY aTpaKTUBHOCT mpocTopa. Pa3-
BUJE€HH Cy MHJIMKATOPU KJIMMATCKe MOTOJHOCTH, YKJbYUyjyhu HHIEKC TepMHUUYKOT KoM(opa U
WH/IMKATOP MaJaBUHCKE MOTOIHOCTH, KOju oMoryhaBajy KBaHTUTAaTUBHY IPOL[EHY CE30HCKE
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TYpUCTHYKE MOToJHOCTU. [10BOJbHU KIMMATCKH yCIIOBU Je(pUHHUCAHU CY Kao TeMIleparype y
pacnony oz 15-30 °C u magaBune ucnoy 100 mm MjecedHo, 0K Cy BpHjeIHOCTH BaH OBHUX I'pa-
HUIA KJIaCU(UKOBaHE Ka0 yCIOBHO ITOBOJHHE MU HEMOBOJbHE. PesynTaru ykasyjy Ha U3paxeHny
CE30HCKY KJIMMATCKy BapHjaOWUIIHOCT, MPU YeMy JbeTHU MEPHOJ MPEACTaBIba HAJIOBOJbHUJU
OKBHD 32 Pa3B0j aKTUBHOCTU Ha OTBOPEHOM, YKJbYUY]jyhHl pekpeaTUBHU TypH3aM, eKOTYpH3aM U
aKTUBHU TypH3aM Yy IPUPOJIH, 10K TpoJbehe U jeceH MMajy TPAaH3ULIMOHH KapaKTep ca MOTOJHUM
yCIIOBMMA 32 IUTAaHUHAPEH-E, U3JIETHUYKE U €[yKaTUBHE aKTUBHOCTH, a 3MMCKH IIEpUO/I TIOKa3yje
M3pakeHa KJIMMaTCKa OrpaHHuera y Kopullhemy mpocTtopa. 3akibydyje ce J1a WHTerpaiuja
KIIMMATCKUX 1 €KOJIOIIKO-TIej3aKHUX (hakTopa oMoryhasa mpoIfjeHy TypUCTHUKOT MOTeHIIMjaa
Y KJIIMMaTCKUX OTpaHUYeba 3alITHheHnX opyyja, IITO je 3Ha4ajHO 3a MPOCTOPHO MTAaHUPAHE
U yIpaBJbamke MPUPOIHUM pecypcuMa y yciioBuMa roBehane kimmMarcke ocjeTsbuBocTH. [loce-
0aH 3Hauaj MMa MpHUMjeHa pe3ysTaTta y 1euHucamky OJPKUBUX MOjieNa Kopulthema npocTopa
y OKBUpY 3amtuheHor noapyyja ,,LIBpuka‘ u npunarohaBamwy TypuUCTHUKE MOHY/IE CE30HCKUM
KIIMMAaTCKUM YCJIOBHMA, Kao U y yHanpehemwy cTpaTreruja yrnpasibamba NPUPOIHUM pecypcuMa.

Kmwyune pujeuu: KITAMaTCKO-TYPUCTHYKA MOBE3aHOCT, CE30HCKA MTPOCTOPHA (PYHKIIMOHAIHOCT, 3alITH-
hena nmpuponna noapydja, ERAS peananmza, ekonomko-mej3axan GakTopu.

The Role of Climatic and Eco-Landscape
Factors in Sustainable Tourism Development
of the “Cvrcka” Nature Monument

Tanja Mislicki Tomi¢" and Vukosava Colié!

"University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina
* tanja.mislicki-tomic@pmf.unibl.org

The sustainable development of protected natural areas largely depends on the interaction be-
tween climatic and ecological-landscape factors that shape their spatial, temporal, and functional
sensitivity, particularly in the context of climate change and sustainable spatial management.
Within this framework, understanding climatic conditions and natural characteristics represents
a key prerequisite for assessing climatic constraints and the potential for sustainable use of pro-
tected areas. The aim of this research is to analyze the role of climatic and ecological-landscape
factors in shaping climatic suitability and spatial functionality of the Nature Monument “Cvrcka”,
with a focus on identifying seasonal patterns of climatic variability, assessing constraints, and
defining the potential for sustainable tourism development in natural areas. The study aims to
determine the seasonal climatic sensitivity of the area and to identify periods with more and less
favorable conditions for various nature-based activities, including the assessment of intensity
of spatial use under varying climatic conditions. The analysis is based on ERAS reanalysis cli-
mate data (European Centre for Medium-Range Weather Forecasts - ECMWF) for the period
19912019, including mean monthly air temperature and total monthly precipitation as key
climatic indicators. The study area covers the Nature Monument “Cvrcka” in the western
part of the Banja Luka region, located in a transitional zone between mountain and valley
relief, which enables the analysis of local climatic conditions. The methodological approach
includes seasonal climate analysis, descriptive statistics, and the interpretation of ecological
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and landscape characteristics, integrating climatic parameters with natural features such as
landscape structure, ecological significance, and tourism attractiveness. Climatic suitability
indicators were developed, including a thermal comfort index and a precipitation suitability in-
dicator, enabling a quantitative assessment of seasonal tourism suitability. Favorable climatic
conditions were defined as temperatures ranging from 15-30 °C and total monthly precipitation
below 100 mm, while values outside these ranges were classified as conditionally favorable
or unfavorable. The results indicate pronounced seasonal climatic variability, with the summer
period identified as the most suitable for outdoor activities, including recreational tourism, eco-
tourism, and active nature-based tourism, while spring and autumn represent transitional periods
with favorable conditions for hiking, excursion, and educational activities, and the winter pe-
riod shows significant climatic constraints that reduce spatial usability. It is concluded that the
integration of climatic and ecological-landscape factors enables simultaneous assessment of
tourism potential and climatic constraints in protected areas, contributing to spatial planning
and natural resource management under increasing climate sensitivity. The application of the
results is particularly important for defining sustainable spatial use models within the “Cvrcka”
protected area and for adapting the tourism offer to seasonal climatic conditions, as well as for
improving natural resource management strategies.

Keywords: climate—tourism relationship, seasonal spatial functionality, protected natural areas, ERAS
reanalysis, eco-landscape factors.

DoJKI0pHO HacIehe upHOropcKe
eTHUYKE 3ajeJHULe KA0 MOTEeHIMjas
TypuUCTHYKe MOHyAe BojBoanne

Jenena Munanxosuh'’, Auhenuja Hexoe [luzypcku’, /lpazana Bykosuh
Bojnoeuh’ u Becna Bynamosuh’

! Vausepsurer y Hosom Cany, ITpupoano-maremaTnyku (akynrer, JlemapTman 3a reorpadu;jy,
TypusaM u xotenujepctBo, Hosu Can, CpOuja

2 Vuusepsuret y HoBom Cany, @akynrter Texunukux Hayka, Hosu Can, CpOuja

* jelena.milankovic85@gmail.com

donkiopHo Hacnelhe mpencTaBsbajeaH 0 HajBUTATHH]UX CTyOO0Ba ETHUYKOT UJICHTUTETA U TIPY-
Ka 3HauajHe MoryhHOCTH 3a oO6orahuBame TypUCTUUKE MOHYE MYJITHKYITYpaTHUX CPEIUHA.
VY xonTekcty BojBoauHe, IpHOTOpPCKA 3ajeTHAIA 3ay3uMa criennpuaHo mecTto, Oyayhu na je
KpO3 JIEIIEHN]€ CY>KHMBOTA yCTeNia /la 09yBa ayTEHTUYHE €JIEMEHTE CBOje TPaJUIIHje, YIPKOC
MIPUPOJHUM TpOIEeCHMa aKyJITypaluje U npuiarohaBama HOBOM 1oaHeOsby. Paj ce 3acHuBa
Ha KBaJUTATUBHO] aHAJIM3H, YKJbYUuyjyhu TepeHCcKa HCTpakuBama, HHTEPB]ye ca WIaHOBUMA
KYJATYpHUX VAPYXEHa U aHAIN3Y MaHu(pecTannja Koje TONPHHOCE OUyBamky U MPE3CHTAIN]U
tdonxnopuor Hacneha. OBaj pan aHanmu3upa mporec Tpaachopmaliije MPHOTOPCKOT KYJITYPHOT
Hacseha 13 JoMeHa IPUBATHOT MOPOAUYHOT KUBOTA Y JaBHU IPOCTOP, Ca MOCEOHUM OCBPTOM
Ha MOTEHIMjall leroBe TYPUCTHUKE Bajopu3anuje. PazmaTpajy ce KibydHH €J1eMEHTH MaTepu-
JjaJHe ¥ HeMaTepHjalHe KyJAType — o/l crieliu(pUIHE HAPOIHE HOLLIHE U TPAAULMOHATTHUX Urapa,
CBE JI0 TACTPOHOMCKHUX CIENU(UIHOCTH KOje Cy MpeTpIrieie U3BECHE MPOMEHE MOl YTULAjeM
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BojBOhaHcKke cpeanne. [Toceban Gpokyc cTaBIbEH je Ha yIOTy KyJITYPHUX yApYKemka U MaHude-
CTallfja Kao HHCTUTYIIH]a KOje MTUPEKTHO MPEHOCE TPAIUIIHN]Y U CITyKe Kao tuiatdhopma 3a ieHy
MPE3CHTAIN]y Y TYPUCTHUKE CBpXE. 3aKJby4yje ce Jia aJIeKBaTHO MPEACTaBIbahE IPHOTOPCKOT
donkopa, Kpo3 opraHu3zoBaHe MaHHu(pecTaluje, eTHO-cobe U racTpoHOMcKe norahaje, Moxe
3HA4YajHO JOTIPHHETH TUBEP3U(DUKALNU TypUCTHUKOT nMHuLIa BojBoanHe. OBakaB PUCTYIT HE
camo Jia JOTPHHOCH €EKOHOMCKOM pa3Bojy, Beh CiTyXH 1 Ka0 MeXaHu3aM JyrOPOYHOT OYyBamka
KYJITYPHOT HJICHTUTETA IPHOTOPCKE 3ajeTHUIIC Ha OBUM TIPOCTOPUMA.

Kwyune peuu: ponknopno Hacnele, Lipnoropiu, Bojsoanna, KynTypHH Typr3aMm, €THUUKH HICHTUTET.

Folklore Heritage of the Montenegrin
Community as a Tourism Resource
in Vojvodina

Jelena Milankovié', Andelija Ivkov DZigurski', Dragana Vukovi¢ Vojnovié!
and Vesna Bulatovié®

! University of Novi Sad, Faculty of Sciences, Department of Geography, Tourism and Hotel
Management, Novi Sad, Serbia

2 University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia

* jelena.milankovic85@gmail.com

Folklore heritage represents one of the most vital pillars of ethnic identity and provides signi-
ficant opportunities for enriching the tourist offer of multicultural environments. In the con-
text of Vojvodina, the Montenegrin community occupies a specific place, having managed to
preserve authentic elements of its tradition through decades of coexistence, despite the na-
tural processes of acculturation and adaptation to a new environment. The research is based
on qualitative analysis, including field research, interviews with members of cultural asso-
ciations, and the analysis of events that contribute to the preservation and presentation of
folklore heritage. This paper analyzes the process of transforming Montenegrin cultural herita-
ge from the domain of private family life into the public sphere, with a special emphasis on
the potential for its tourism valorization. Key elements of both tangible and intangible culture
are considered — from specific folk costumes and traditional dances to gastronomic specialties
that have undergone certain changes under the influence of the Vojvodina milieu. A particular
focus is placed on the role of cultural associations and manifestations as institutions that di-
rectly transmit tradition and serve as a platform for its presentation for tourism purposes. It is
concluded that the adequate presentation of Montenegrin folklore, through organized mani-
festations, traditional households, and gastronomic events, can significantly contribute to the
diversification of Vojvodina’s tourist image. Such an approach not only contributes to economic
development but also serves as a mechanism for the long-term preservation of the cultural
identity of the Montenegrin community in this region.

Keywords: folklore heritage, Montenegrins, Vojvodina, cultural tourism, ethnic identity.
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KomnaparuBHa aHasu3a pa3Boja
Ttypusma I'paga bawa Jlyka Hekaa u caj

Ceemaana Munowesuh Kpejuh'

! Vausepsurer y bawoj Jlyuu, IIpupoano-marematnuku daxynrer, bama Jlyka, PemyOnuka
Cprncka, bocna n Xepuerosuna
" svetlana.milosevic@pmf.unibl.org

I'pajsckn Typuzam Kao HajKOMIUIEKCHHUJU BUJ TypU3Ma MPEACTaBIba MPEAMET PA3INIUTUX TY-
pu3MoJIOmKuX ucTpakuBama. [ pan bama Jlyka, kao Beh apupmucana TypucTiduka JeCTUHAIN] A,
Mpe/ICTaB/ba M3a30B 3a HUCTPAXKUBAaHE CABPEMEHOT pa3Boja TypusMma. [IpupoaHe u KynaTypHe
TypucTtnike aTpakuuje ['pana bama JIyka ocHOBa Cy FbeHOT TypUCTHYKOT ITPOU3BO/IA U TIIABHA
MOJICTHIIA] HACTAHKY TYPUCTHYKE TPaKi-e. Pa3BOjHU IMJbEBHU M MOJUTHKE y 00JIaCTH TypHU3Ma
y I'pany Bama Jlyka ycmjepaBanu cy mpuje cBera kpo3 Ctparerujy pa3Boja Typusma [ 'pana
bama JIyka 2013-2020. roqune u Ctpaternjy pa3Boja rpana bama Jlyka 3a nepuoa 2018-2027.
rOJMHE, y KOjUMa je TypH3aM IIPETo3HaT Kao 3HauajHa jeJIaTHOCT U je/1aH O]l IpaBalia JOKaJTHOT
pasBoja. Y TUM JOKYMEHTHUMA J1e(UHHUCAHU CYy U BPETHOBAHU M0j€AMHH 00U TypU3Ma, IpU
YyeMy Cy y MpBOj CTpaTeryju BPEeIHOBAHU NMPUMJEHOM TPKUIIHO-KOHKYPEHTCKOT, a Y ApPYyToj
MIPUMjEHOM Pa3BOJHO-WHTETPATUBHOT TpHUCTyNa. Peann3annjomM OBUX IUIBEBA, MIPBEHCTBEHO
KpO3 IJIAHCKO YCMjepaBame HHBECTHUIIN]a, yHaNpeheme TypucTHuKke HHQPACTPyKType, jadame
CMJjEIITaJHUX U YTOCTUTEJbCKUX KallaluTeTa, Te ypehewe jaBHUX U PEKpPEeaTUBHUX MPOCTOPa,
CTBOpPEHA je MaTepHjaiHa 0a3a pa3Boja Typu3Ma. YTOPEI0 ¢ THM Pa3BHjaIH Cy C€ U JbYJICKH
pecypcH HEOIXOAHH 3a pa3Boj oBe njenaTtHocTH. Kao pesynrar HaBeneHor, bama Jlyka je na-
Hac Boaeha rpaacka typuctuuka nectunanuja y PemyGmumu Cprickoj nmpema Opojy aosaszaka
Typucta. ONIITH TUJb UCTPAXKHUBAKA j€ J1a Ce MPUM]EHOM HAay4HE JAECKPUIILIN]Ee U TEPEHCKOT
UCTPaKUBaa, Y3 MPUKYIUbalkhe, 00paly U UHTEPIIPETaln]y nojaraka, johe 10 TaYHUX U IPOo-
BjepJBHBUX 3HAMKA O pa3Bojy Typusma y I'pany bama Jlyka Hekana u nanac. Kpajmbu nusb je na
Ce Ha OCHOBY JJ00MjeHUX MoJlaTaka U3BPIIK KOMIIapaTUBHA aHalu3a y K0joj he outu ynopehen
pa3Boj TypHu3Ma y MPETXOJHOM MEPHOY ca CaAallllbUM CTalkbeM M CaBPEMEHUM TPEHIOBHMA.
VY paay cy KOpHUILITEHE OMNIITEe HAyYHE METOJE, IPHUje CBEra MeToJa aHaIu3€e U CUHTE3€ paau
caryieflaBama 1 ynopehusama paspoja Typusma y I'pany bama Jlyka Hekana u qanac. Meron
TEPEHCKOT MocMaTpama oMoryhuo je mobujame mojaTtaka Ha OCHOBY HEMOCPETHOT HAyYHOT
rocMarpama pa3Boja Typus3Ma, 10K j€ JECKPUNTUBHU METOJ KOPUIITEH MPH Mperiely MocTo-
jehe nuTeparype u paHHjUX UCTpakuBama. HIyKTHBHA MeTO1 oMOoryhuo je 1a ce pe3yaraTu
KOMITApaTUBHE aHAJIW3€ MPUMH]EHE B Ha OCTase rpajacke aectuHamuje y Pemy6muim Cprckoj.
KapTtorpadcku MeTo1 KOpUIITEH je 3a MPUKa3uBambe TYPUCTHIKUX aTPaKINja, a CTATUCTHYKA
Y rpapUIKy METON 3a MPHUKA3MBakhe KBAHTUTATUBHUX TI0Ka3aTesba BE3aHHUX 3a Typu3am. Me-
TOJl MHTEPBjya KOPHILUTEH je paau 100Mjama mojaTaka OJf TYPUCTHUKUX pajaHuka y ['pamy
bama Jlyka. UcTpaxuBame 00yxBara mpoCcTOpHO-reorpad)cKe moaarke, moJaTke 0 MPUPOTHIM
U KyJITYpHUM BpHjeIHOCTUMA Tpaja, MOAATKEe O MaTepujaiHoj 0a3u Typus3Ma, CMjEIITajHUM
U YTOCTUTEJHCKUM KalalUTETHMa, TYPUCTUYKOM IPOMETY, MPOCjedHOM OOpaBKy TypHCTa W
KBaJINTATUBHE IOJIaTKE W3 UHTEPBjya O pa3BOjy TypHU3Ma, HETOBUM MOryhHOCTHMa W IpO-
6nemuma. Teopujcku 1 eMIOUPUJCKH PE3YNITATH yKa3y]y Ha 3HadajaH HarnpeaaK TYPUCTHUKE Jije-
JATHOCTHU U NOTBplyjy noBosbHe nepcnektuse bame Jlyke kao Boaehe rpajacke gectuHaiuje
y PenyOnunu Cprickoj. CBe ucTpakuBaHe KOMIIOHEHTE Typu3Ma 1oO0JbIIaHe Cy Y OAHOCY Ha
paHUju EPUO, 1A C€ MOXKE 3aKJbYUUTH Ja je Typusam y ['pany bama Jlyka moxuBruo BeIuKy
TpaHcopmalujy, y ckiaay ca rio0amHuM TpeHaoBuma. [IpumjeHa komnapaTuBHE aHaIHM3€
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MOTBPJWIIA j€ 3HAYajaH pa3BOj TYPUCTUYKE JjEJIaTHOCTH KAO PEe3yiTaT KBAJIUTETHOT pajaa y
TypU3My.

Kayune pujeyu: rpancku typusam, I'pag bamwa Jlyka, koMnapaTuBHaA aHAIM3a.

Comparative Analysis of Tourism
Development in the City of Banja
Luka — Past and Present

Svetlana MiloSevi¢ Krejié'”

! University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic
of Srpska, Bosnia and Herzegovina
* svetlana.milosevic@pmf.unibl.org

Urban tourism, as the most complex form of tourism, is the subject of various tourismological
studies. The City of Banja Luka, as an already established tourist destination, represents a chal-
lenge for researching the contemporary development of tourism. The natural and cultural tourist
attractions of the City of Banja Luka form the basis of its tourism product and the main incentive
for the emergence of tourism demand. Development goals and policies in the field of tourism in
the City of Banja Luka have primarily been guided through the Tourism Development Strategy
of the City of Banja Luka 2013-2020 and the Development Strategy of the City of Banja Luka
for the period 2018-2027, in which tourism is recognized as an important activity and one of
the directions of local development. These documents also define and evaluate certain forms
of tourism, with the first strategy assessing them through a market-competitive approach, and
the second through a development-integrative approach. Through the implementation of these
goals, primarily by means of planned investment guidance, improvement of tourism infra-
structure, strengthening of accommodation and hospitality capacities, and the development of
public and recreational spaces, a material basis for tourism development has been created. At
the same time, the human resources necessary for the development of this activity have also
been developed. As a result, Banja Luka is today the leading urban tourist destination in the
Republic of Srpska according to the number of tourist arrivals. The general aim of the research
is to obtain accurate and verifiable knowledge about the development of tourism in the City
of Banja Luka in the past and today, through the application of scientific description and field
research, along with the collection, processing, and interpretation of data. The ultimate goal is
to conduct a comparative analysis based on the obtained data, comparing the development of
tourism in the previous period with the current situation and contemporary trends. The paper
uses general scientific methods, primarily the methods of analysis and synthesis, in order to
examine and compare the development of tourism in the City of Banja Luka in the past and
today. The method of field observation made it possible to obtain data based on direct scientific
observation of tourism development, while the descriptive method was used in reviewing
existing literature and previous research. The inductive method enabled the results of the com-
parative analysis to be applied to other urban destinations in the Republic of Srpska as well.
The cartographic method was used to present tourist attractions, while statistical and graphical
methods were used to present quantitative indicators related to tourism. The interview method
was used to obtain data from tourism workers in the City of Banja Luka. The research includes
spatial-geographical data, data on the natural and cultural values of the city, data on the material
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basis of tourism, accommodation and hospitality capacities, tourist turnover, average length
of tourist stay, and qualitative data obtained through interviews on tourism development, its
opportunities, and its problems. Theoretical and empirical results indicate significant progress
in tourism activity and confirm the favorable prospects of Banja Luka as the leading urban
destination in the Republic of Srpska. All examined components of tourism have improved
compared with the previous period, and it can therefore be concluded that tourism in the City
of Banja Luka has undergone a major transformation in line with global trends. The application
of comparative analysis confirmed the significant development of tourism activity as a result
of high-quality work in tourism.

Keywords: urban tourism, City of Banja Luka, comparative analysis.

IIpupoaHu MOTEHIMjaTH KAO
reonoJIMTHYKA KAaTeropuja
Peny0sinke Cpricke

Bawa Mupjana Byjuh'" u Hzop 3exanosuh’

"' Vuusepsurer y bawoj Jlyuu, [Ipupoano-maremarnuku daxynrer, bama Jlyka, PemyOnuka
Cprcka, bocHa u XepueroBuna
* vanja.mirjana.vujic@pmf.unibl.org

[IpupoHM MOTEHLIMjaIu MIPEICTaBIbajy CUHTE3Y eJeMeHaTa MPUPOIHE CPEANHE MTOBE3aHUX Y
1jeJIOBUT MPHUPOIHU KoMIUTeKc. Jlomupanu cy y ojapeh)eHoM reornpoctopy U y GyHKIHJU CY
BpEeMEHa Koje omnpezjesbyje lUXOB MeONOJUTUYKY 3Havaj. Pemmybmuka Cpricka pacronaxe ca
pecreKTadMITHUM IPUPOJIHUM MOTEHIMjaTuMa (IIyMCKUM KOMIUIEKCOM, XUPOIOTEHIIN]aJIoM,
MOJbONPUBPETHUM 3€MJBUILITEM, PYAHUM U MUHEPAIIHUM pECYpCUMa, KITUMATCKUM YCIIOBUMA)
KOjU TPEeCTaBJbajy Ba’kKaH CETMEHT Y BaJOPU3allMjU H-EHOT T€ONOIUTHYKOT MOJI0XKaja carje-
JAHOT KpO3 MPU3MY ,,l€OIOJIUTUKE pecypca‘ Kao caBpeMeHe JeTEPMUHAHTE pa3Boja v re0nou-
THYKE JIOKTPUHE KOja JlaHaC Mpe/ICTaB/ba HEM30CTaBaH CErMEHT y Mel)yHapoaHUM oJlHOCHMa,
Jep IPUCTYI U CUTYPHO paclioiarame NPUPOIHUM MOTEHIMjaJIMMa U CUPOBUHCKUM pe3epBaMa
onpehyje MehyHapoaHH cTaTyc U oHOCE M3Mel)y MONMUTHYKO-TEPUTOPUjATHUX 3aj€HULA Ha
JIOKAJTHOM, PETHOHAIHOM M T7100aiHoM HUBOY. [IpenmeT uctpakuBama y pamy he ce oTHOCUTH
Ha apTUKYJIMCakhe, aHAINU3Y U YJIOTY IPUPOJHHUX MOTEHIM]jalla y TeOMOIUTHYKO] BaJIOPU3aLUjU
Peny6mnuke Cprcke, raje 0u ¢pokyc UcTpakuBama OMo ycMjepeH Ha WICHTU(UKOBAkE Be3a U
MHTepakija u3Mely ersucTeHIMjaIHuX KaTeropuja JaTor MpocTopa — FeoNnOIUTHYKUX, Jie-
Morpadckux u ekoHoMckuX. L{usb ucrpaxkuBama he ykazatu na 6u reonpocrop PemyGunke
Cpricke MOrao mocTaTd ycljellaH MpUMjep MOJIUTUYKO-TEPUTOPUjaTIHE 3ajeTHHUIE Y KOjOj
OU eeMEeHTH NMPHUPOJIHE CPEeIUHE NPEACTaB/baId OCOBHHY KOHIIETITa PETHMOHAIHOT pas3Boja U
Ha Taj HAYUH OJIPEeINII0 MHTEPIUCIUIUIMHAPHO MPOOJIEMCKO MOJpyYje, MPHOPUTETH U UICH-
TU(HUKOBAJIE CMjepHUIIE 3a UMIUIEMEHTalujy oapeheHux pjemema. Takole, HUIb UCTPaXKH-
Bama OM ykazao jaa reompoctop PermyOimke Cpricke Moke MocTaTH yCIjellaH IpuMmjep pa-
[IMOHAJIHE eKcIUloaTaluje MPUPOTHUX pecypca ca jelHe M ,,aJantaundje’ Ha creuuduyHe
MOJIUTUYKO-Teorpa)cKke OKOJIHOCTU ca Jpyre cTpaHe. Pan ce miaHupa peaau3oBaTH KOM-
IUIEKCHOM METOJI0JIOTHjOM MCTPaXXKMBamkba Ha OCHOBY (DYHKLMOHAJIHOT M CTPYKTYpPHO-(YHK-
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IUOHATHOT METOJIOJIONIKOT MPHUCTYIIA, MPEIU3HNje, KaKO ONIITUM (aHaju3a, CHHTEe3a, KOH-
KpeTu3alyja, TreHepaiu3alidja) Tako U TMOCceOHMM MeToJaMa HWMAaHEHTHHM Treorpadckum
UCTpaXMBamkUMa (KOMITapaTUBHA, IPOCTOPHA aHAIN3Aa) Y3 aJICKBaTHE TEXHHUKE 00pajie mojara-
Ka (cratucTuuka, kaprorpadcka, rpadpuuka, [IC ananuza). Pesynratu uctpaxuBama nmahe
Pa3HOBPCHY TEOPH]CKY M aIlNTAKATHBHY BPHjETHOCT, a 3aKJbyYHA IIPOMHUIIIbaba OU MTOTBPAHITH
XHIIOTE3Y Ja IJIAHCKO W PallMOHAIHO YIPaBJbakhe MPUPOJIHUM MOTEHIIMjaMa MPEICTaBIbha
jemny on Oynyhux cMmjepHHIIAa perHOHaJIHO-pa3BojHOT uaeHTtuTera PemyOnuke Cpricke He
caMo y €KOHOMCKOM KOHTEKCTY, Beh M CMjepHHUIly T€ONOIUTHYKE CTAOMITHOCTH IITO IMOJIpa-
3yMHjeBa MOJUTHYKY, EKOHOMCKY, IeMOrpad)CKy M €KOJIOIIKY OJPYKHBOCT T€OMPOCTOpa Kao
Y HaYYHU apryMEHT Jia je Ae(UHUTHBHO NpeBa3nl)eHO MUIBEHE 0 MUHUMAIIMCTHYKO] Y031
reorpadckux hakTopa v MPUPOIHUX MOTEHIIHMjalla y TI100aIHOj CTPYKTYPH CBJE€TCKOT TOPETKA U
CaBpPEMEHHMM CKCITAaH3MOHUCTUYKHM ITMJbeBHMa Y cBHjeTy. [I[poMuniubama he jacHO MOTBpAuTH
YHELEHUILY J]a CE€ Kao 3JIaTHA HUT MPOKUMA HAYYHO YTEeMeJbeHa Mapajurma Jia MpUpOIHH I10-
teniyjanu PenyOnuke Cpricke UTEKako MMajy CBOjy IeONMONMTHYKY AuMeH3ujy. Ha kpajy
pana, 3aKJjpby4ak he ykazaTu Ha TpEMHCY, Jla HaKO KHBUMO y BPEMEHY HAy4YHO-TEXHOJIOIIKE
PEBOJIYIUje U €pH JOMUHAIIM]jE BjEIITAYKe HHTEJIUTCHIIN]E, UITaK, TEOTTOJIUTHYKE TEOpHje yTe-
MeJhCHE Ha JCTEPMUHUCTUYKUM IOCTYJaTUMa 3a KOje Ce CMaTpajo Jia MpeCTaBibajy peTpo-
rpajiHa IPOMHUIIbaKka U Cy0jeKTHBHE WHTEpIpETAIMje Ka0 U 3Ha4aj MPUPOJHHUX pecypca 3a
er3UCTEHIIM]Y HEKE MOJUTHYKO-TEPUTOPHjaTHE 3ajeTHHIIC UTCKAKO MUMajy YIOPHINTE y ca-
BpeMEeHUM Mel)yHapoITHUM oJlHOCHMA U A00Hjajy CBOjy MyHY adupmaiujy u noTBpy Ha MpU-
Mjepy Pemybnuke Cprcke, bocue n Xepiieropune, anu u MeljyHapoaHe 3ajeTHUIE Y I[jeIUHU.

Kwyune pujeuu: mpupoanu norteHuujanu, PemyOnuka Cpricka, perMoHaIHO-Pa3BOjHHU HIECHTHTET,
,,PEOTIOJINTHKA pecypca’, FeONoIUTHYKA BAIOPU3aLIH]a.

Natural Potential as a Geopolitical
Category of the Republic of Srpska

Vanja Mirjana Vujié¢'" and Igor Zekanovié!

"'University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic
of Srpska, Bosnia and Herzegovina
* vanja.mirjana.vujic@pmf.unibl.org

Natural potentials represent a synthesis of elements of the natural environment integrated into
a coherent natural complex. They are located within a specific geospatial framework and are
influenced by temporal dynamics that determine their geopolitical significance. The Republic
of Srpska possesses considerable natural potentials (forest complexes, hydropower potential,
agricultural land, mineral and raw material resources, and favorable climatic conditions), which
constitute an important segment in the valorization of its geopolitical position, viewed through
the prism of the “geopolitics of resources” as a contemporary determinant of development and
a geopolitical doctrine that represents an indispensable component of modern international
relations. Access to and secure control over natural potentials and raw material reserves deter-
mine international status and relations between political-territorial entities at local, regional,
and global levels. The subject of this research focuses on the articulation, analysis, and role
of natural potentials in the geopolitical valorization of the Republic of Srpska, with particular
emphasis on identifying the relationships and interactions between key existential categories
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of the given space — geopolitical, demographic, and economic. The aim of the research is to
demonstrate that the geospace of the Republic of Srpska could become a successful example of
a political-territorial entity in which elements of the natural environment form the backbone of a
regional development concept, thereby defining an interdisciplinary problem area, establishing
priorities, and identifying guidelines for the implementation of specific solutions. Furthermore,
the research aims to indicate that the geospace of the Republic of Srpska can serve as a suc-
cessful example of both rational exploitation of natural resources and adaptation to specific
political-geographical circumstances. The study is planned to be conducted using a complex
research methodology based on functional and structural-functional approaches, employing
both general methods (analysis, synthesis, concretization, generalization) and specific methods
inherent to geographical research (comparative and spatial analysis), along with appropriate data
processing techniques (statistical, cartographic, graphical, and GIS analysis). The results of the
research will have both theoretical and applied value, and the concluding considerations will
confirm the hypothesis that planned and rational management of natural potentials represents
one of the future directions of the regional development identity of the Republic of Srpska, not
only in an economic context but also as a guideline for geopolitical stability, encompassing
political, economic, demographic, and environmental sustainability of the geospace. The re-
search will also provide scientific arguments that the previously held view of the minimal role
of geographical factors and natural potentials in the global structure of the world order has
been definitively surpassed. The reflections will clearly confirm the scientifically grounded
paradigm that natural potentials of the Republic of Srpska possess a significant geopolitical di-
mension. Finally, the conclusion will emphasize that, despite living in an era of scientific-tech-
nological revolution and the dominance of artificial intelligence, geopolitical theories based on
deterministic postulates — once considered outdated and subjective interpretations — as well as
the importance of natural resources for the existence of a political-territorial entity, still have a
strong foundation in contemporary international relations and gain full affirmation through the
example of the Republic of Srpska, Bosnia and Herzegovina, and the international community
as a whole.

Keywords: natural potentials, Republic of Srpska, regional development identity, geopolitics of resour-
ces, geopolitical valorization.

Penyo6auka Cpncka: U3mely ,,me6eanx
U TAHKHUX® PErMOHAJHUX HACHTUTETA

TI'opan Mymaé6uuja'

"Vuusepsuret y Vcrounom CapajeBy, @unozodceku dakynrert, [Tane, Penyonuka Cprcka,
Bbocna u Xepuerosuna
* goran.mutabdzija@ffuis.edu.ba

[Ipenmer pajga oHOCH ce HA aHAIM3y PErHOHATHUX HIeHTUTeTa yHyTap PemyOnmke Cpn-
CKe, BUIIE3HAYHOI T0jMa KOjU C€ IMOJjeIHaKO OJHOCH Ha 00a XHjepapxHjcKka HHBOA, Ha Tpa-
JMLMOHANHE reorpacke peruje, ald U Ha y>K€ PEerHoHaJIHE I[jeJIMHE ca U3PAKEHUM HJICH-
TUTETCKUM MOTEHIUjalIoM (TpajJicKa U ceocka noapydja). Ilonasny ocHoBy he unHUTH nperien
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reorpadckux peruja PemyOimke Cpricke U OIHC BbEHUX TPAJAUIIMOHATHAX PETHOHATHUX HJICH-
TUTETa, 3aCHOBAHMX Ha €THOrpa)CKO-aHTPOTOJIOMIKKM MPETIocTaBkaMa. M3 oBako mupoko
neGUHUCAHOT MPeIMETa paJia MPOUCTUYE ITHJb HCTPAKHBAMa, a TO j€ IPETI03HABAKE elIeMeHATa
KOjJU KapakTepHIly yop3aHu mpoliec ypObaHu3alMje U MUTpalnja, kao (hakropa ca npecyHuM
YTHIIajeM Ha MOJTU(PHUKOBAKE TPAJAUIIMOHATHUX PETUOHATHUX HICHTUTETa. OCTBapeHe OBOT
IIUJba TOJpa3yMujeBa JieUHUCAake TPH jacHA 3a/1aTKa, OJ1 KOJUX Ce MpBa JIBa OJJHOCE Ha IH-
jemu mpoctop Pemy6nuke Cprcke, a Tpehu Ha uzabpano moxapyyje (Mcrouno CapajeBo).
KBaHTUTaTUBHU OMHC €JeMEHAaTa IMOJUTHKE PETHOHAIHOT Pa3Boja (CMameHhe PEerHOHATHUX
C€KOHOMCKHX pa3iuKa, JeMorpadcka oOHOBa, MOJCTUIAC WHBECTHIIMjA Y Mambe Pa3BHjCHE
OIIITHHE W jayamke MHPPACTPYKTYpHE, MMOCIOBHE U TEXHOJIOIIKE MOBE3aHOCTH CBUX PETrHja)
Y KBJIUTATHBHH OITHC OIIITSKHUBOTHUX YCJIOBa YHYTap HEPa3BUjCHUX MOIpyYja (OMIITHHCKA
U Makpo-(pU3MOHOMCKH OKBUp) he NpyXHUTH jacHY NHpeACTaBy O €KOHOMCKOreorpadckum
OCHOBaMa PErMOHATHUX HJCHTUTETa. KOHKpeTH3anuja OBUX T€HEpaTHHUX oJpenHuia he ce
OCTBapUTH KPO3 aHAIN3Y MPOCTOPHO-(QYHKIM]CKHX Be3a YHYTap KOMIUICKCHE M XCTEPOTCHE
teputopuje Mcrounor CapajeBa, yHyTap koje he ce anoctpoduparu riaBHe TEHACHIHU]E Y 0-
MeHy TpoMjeHe: Opoja CTaHOBHHKA, H-ErOBOT pa3MjelliTaja U Mel)yeHTUTETCKUX MUrpaluja;
TPaTUIIMOHATHUX EKOHOMCKOTEOrpa)CKUX CTPYKTYpa, O HHIYCTPHUje Ka TPTOBUHU, TYPU3MY
U yclyrama; Te ypOaHO-pypalHUX Mpolieca, KOju Kpo3 H3pakeHy KOMEPIIHjaan3alujy CTaHo-
rpajame nonapusyjy Mcrouno CapajeBo. CX0IHO IPEIMETY UCTPAXKHBaba, OCHOBHH METOJICKU
noctymnak ouhe reorpadcka aHaln3a, 3aCHOBaHA Ha NPOYyYaBamy CTATHCTUYKHX MTOKA3aTeJha
0 JneMorpacKuM, eKOHOMCKOTeorpadcKuM U TPOCTOPHO-(QYHKIIM]CKHM TEH/ICHIM]a YHyTap
TpaIUIMOHATHUX Teorpadckux peruja Pemyomuke Cpricke. [Ipyru MeToacku mocrymak he ce
OJTHOCUTH Ha TIPUM]jEHY JCKOHCTPYKIMje CaBpeMEHHX ypOaHUX Tpolieca, peko koje he ce
Ha3HAYUTH HEJIOBOJHHO BUJBHBH TIpoliecH y ypoanoMm TkuBy Hctounor CapajeBa. O4ekrBaHU
pe3ynTatu he HarlacuTH TEHIEHIMjE Y Kperpamy HOBUX M3BOpa PErHOHATHUX MJICHTHTETA,
3aCHOBaHUX Ha MPOMjEHHU MjecTa cTaHoBama (Murpamuje u3 CapajeBa y Mcrouno CapajeBo),
pana (momaszaka rpaheBuHckux pamHuka u3 Typcke u bauckor Mcroka) wim cryaupama (J10-
na3zak cryaeHata u3 Jyxse Asuje Ha YHuBep3uteT y Mcrounom CapajeBy). CBH OBH MPOIIECH
HACTajy MOJ yTHIIajeM MOJUTHKE U Tobanu3anyje, koje y ypoanom tkuBy Mcrounor CapajeBa
MPETo3Hajy MOBOJbAH aMOMjEHT 3a JKUBOT, Pajl H CTYyIUPamke, T TaKO BPIIEC AUCKPETHH TPH-
THUCAK Ha MHCTUTYIM]je W JNPYIITBEHE MpPEXe, MPEKO KOjUX ce KUXOB 3Ha4ya] U MOh MyJITH-
wmnupa. [IperxoaHa uctpakuBama oMoryhuhe pazymujeBame akTyelTHUX CBOjCTaBa PEruo-
HAJTHUX WICHTHUTETa, Koja he ce moToM Kkiacu(UKOBATH Ha TpaaulMoHanHe (,,aebene’) u
caBpemeHe (,,tanke ). Ha ocHoBy Tora he ce aeguHHcaTu 3aKjbydlld O TeHJEHIMjaMa yHY-
Tap CaBpEeMEHUX APYIITBEHO-€KOHOMCKHX KpeTama Ha mojapy4djy PemyOimke Cpricke, 3acHO-
BaHUX Ha MelyHapoJqHO] mopjenu paja. 3akbyyHa pa3Marpama he HarijacuTH IojayaHy
WH/IMBUyIH3a1IH]y Y IPYIITBY, T€ TpaHCHOPMAIIH]y IPYIITBEHUX MPEKa M pa3yMHUjeBabE H3-
MUjCHCHUX PETUOHAHUX uaeHTUTeTa. To he npen uactutynuje Penmyonuke Cpricke NOCTaBUTH
CIIOKEeHH]€ 3a7aTKe, Tpaxxuhe caBpeMenuje (opme oroBopa Ha Mperno3HaTe n3a3ose, a unje he
ce MpHUXBaTambe MOMjepaTh 01 moTpede pasyMujeBama ,,1e0enX’ Ka ,,TAHKUM" peTHOHATTHUM
UJICHTUTETUMA.

Kwyune pujeuu: Pemryonmuka Cpricka, Mctouno CapajeBo, permoHaiHa MOJUTHKA, peTHje, ,,1e0emn u
TaHKH'* PETHOHATHH UICHTUTETH.
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The Republic of Srpska: Between “Thick”
and “Thin” Regional Identities

Goran MutabdZija"

''University of East Sarajevo, Faculty of Philosophy, Pale, Republic of Srpska, Bosnia
and Herzegovina
* goran.mutabdzija@ffuis.edu.ba

The subject of this paper concerns the analysis of regional identities within the Republic of Srpska,
a multifaceted concept that applies equally to both hierarchical levels: traditional geographical
regions and smaller regional units with pronounced identity potential (urban and rural areas).
The starting point of the study will be an overview of the geographical regions of the Republic
of Srpska and a description of their traditional regional identities, based on ethnographic and
anthropological assumptions. From this broadly defined subject emerges the main research ob-
jective: to identify the elements characterizing the accelerated processes of urbanization and
migration as factors exerting a decisive influence on the modification of traditional regional
identities. Achieving this objective entails three clearly defined tasks. The first two relate to
the entire territory of the Republic of Srpska, while the third focuses on a selected area (East
Sarajevo). A quantitative description of regional development policy elements (reducing re-
gional economic disparities, demographic renewal, encouraging investment in less developed
municipalities, and strengthening infrastructural, business, and technological connectivity
among all regions), together with a qualitative description of general living conditions in un-
derdeveloped areas (municipal and macro-physiognomic frameworks), will provide a clear
picture of the economic-geographical foundations of regional identities. These general deter-
minants will be further specified through an analysis of spatial-functional relationships within
the complex and heterogeneous territory of East Sarajevo. Particular emphasis will be placed
on the main trends concerning changes in population size, population distribution, and inter-
entity migration; the transformation of traditional economic-geographical structures from in-
dustry toward trade, tourism, and services; and urban-rural processes that, through the pro-
nounced commercialization of housing construction, contribute to the polarization of East
Sarajevo. In accordance with the research subject, the primary methodological approach will be
geographical analysis based on the study of statistical indicators relating to demographic, eco-
nomic-geographical, and spatial-functional trends within the traditional geographical regions
of the Republic of Srpska. A second methodological approach will involve the application of
deconstruction of contemporary urban processes, through which less visible processes within
the urban fabric of East Sarajevo will be identified. The expected results will highlight trends
in the creation of new sources of regional identities, based on changes in place of residence
(migration from Sarajevo to East Sarajevo), employment (the arrival of construction workers
from Turkey and the Middle East), and education (the arrival of students from South Asia to
the University of East Sarajevo). All of these processes arise under the influence of politics and
globalization, which recognize the urban environment of East Sarajevo as a favorable setting
for living, working, and studying. Consequently, they exert subtle pressure on institutions
and social networks through which their significance and influence are multiplied. Previous
research will facilitate an understanding of the current characteristics of regional identities,
which will subsequently be classified as traditional (“thick’) and contemporary (“thin”). Based
on this classification, conclusions will be drawn regarding trends within contemporary socio-
-economic developments in the Republic of Srpska, shaped by the international division of
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labor. The concluding discussion will emphasize increasing individualization within society,
the transformation of social networks, and the understanding of altered regional identities. This
will place more complex demands on the institutions of the Republic of Srpska, requiring more
contemporary forms of response to the identified challenges. The focus of these responses will
gradually shift from the need to understand “thick” regional identities toward understanding
“thin” regional identities.

Keywords: Republic of Srpska, East Sarajevo, regional policy, regions, “thick” and “thin” regional iden-
tities.

byayhHoct reorpaguje y o0pazoBHomM
cucremy PenyoOauke Cprcke Kpo3 npuzmy
Pa3JIM4YUTUX 00Pa30BHUX TPAAULIMja

Munxa Ipmywa™

" Vuausepsutet y Hcrounom CapajeBy, @unosodeku paxynrert, [Tane, Penyonuka Cpricka,
BbocHa u Xepuerosuna
* milka.grmusa@ff.ues.rs.ba

VY paay ce pa3MaTpa yTUIlaj CABPEMEHHX TTI00aTHUX 00pa30BHUX KpeTama U BUXOB Moryhu
yTHIIa] Ha 00pa3oBame y PemyOmumu Cprickoj, moceOHO Ha mpeaMeT reorpadujy u reorpadcko
obpaszoBame. L{uib paja je cariienaTu yTHIaj pa3IndauTUX 00pa30BHUX TPAIUIU]a, TPUCYTHUX
Ha €BPOIICKOM IPOCTOpPYy, Ha reorpadujy Kao mpeaMeT W pa3MOTpuUTH Oymyhu pas3Boj reo-
rpadckor obpa3zoBama y o0pa3oBHOM cucteMy PenyOmmke Cpricke. Ha Temesby peneBaHTHE
Hay4YHE JINTepaType U MPUMjCHOM METO/IC TEOPH]CKE aHAITN3E, Y paly C€ KPUTHYKH cariie/iaBajy
YTHIIAjU Pa3THUUTHX 00pa30BHUX TPAAHIIN]a, aHAIU3HUPA]Y UCKYCTBA IPYTHX 3€Masba O YTHIIA]Y
MOJIEPHOT KYypHUKYJIyMa Ha Teorpadujy Kao mpeaMeT, Te mpeuiaxy mpasiu Oyayher pa3soja
reorpadckor oopazoBama y Permyonumu Cprickoj. Ha eBponckoM npocTopy you4sbHBO je TpH-
CYCTBO HEKOJIMKO pa3IMYUTHX 00pa3oBHHMX Tpaauiyja. Kao mpma m HajcTapuja, mpuUCyTHA
j© KOHTHHEHTAJHA WM CPEIE-OCBPOIICKA TPAAMIMja, OJJHOCHO KJIACHYHA JHJAKTHKA Koja je
UCXOJIMINTE TPATUIIMOHAIHOT KyPUKYyJIyMa WM KaKo ce KOJ HaC Ha3MBa HACTABHOT IUIaHA U
nporpama, a Koju ce TeMeJbH Ha 3Hakby U Ha JACHO OTPaHIMYCHUM HaCTaBHUM IpeMeTuma. J{pyra
j€ aHTJIOCAaKCOHCKA TPAIMIINjA Y YH]jO] j€ OCHOBHU TEOpHja KypUKYITyMa KOja je UCXOMIIITE JaHAC
TJI00aJTHO TIPUCYTHOT MOJIENA MO3HATOT KA0 MOJACPHU KyPUKYIYM yCMjepeH Ha KOMITETEHITH]e
(KOMITETEeHIIN)CKU MOIeT KypHUKyTyMa). OBaj KypUKYyIJIyM c€ TeMEJbU Ha TeHEPUYKUM (OTIIITHM)
BjeIITHHAMA, HA MHTEPIUCIUILTMHAPHOCTH U MMa TEH/ICHIIN]Y HHTErprcamba npeamera. OCHOB-
Ha 3aMjepKa OBOM MOJICNTy KypHKYJIyMa jeCTe HeJJOCTaTaK TCOPUjCKOT AUCIMIUTMHAPHOT 3Ha-
Ha, Kao M MpoOJIeMH BE3aHM 3a CaJIpKaj yuerma M HacTaBe. Y EBpomM ce uecTo m3aBaja jorrn
jemHa oOpa3oBHA TpaauInja, Kao Tpeha, a TO je ckaHanHaBCKa 00pa30oBHA TPAIUIIM]a KOja TIPH-
CTyIa M3paau KypuKyiayma nomryjyhu aunaktuuky tpaaunujy. CKaHAMHABCKH HAYYHHIU Y
obiacTi 0Opa3oBama MO3MBAjy HA AMjajor u3Mmely AMTaKTHKE U TEOpHje KypUKYIymMa Kako
6u ce omoryhmio cBeoOyXBaTHO pa3yMHje€Bame HACTaBe, a CBE Y IMJbY yHarpehema meHor
KBaJIMTETa. Y CKaHIMHABCKUM 3eMJbaMa Ce MOCeOHa NaKha MOKJIamkha TEOPH)CKOM U CIIUTLIH-
HApHOM 3HaWy Yy KYPHKYJIyMy (Jakiie IMpeIMeTnMa) U MpaBy CBAaKOT JjeTeTa Jja uMa MPHUCTYI
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TaKBOM 3Hamy. bocHy 1 XepIreroBuHy kapakTepuIie Ayra Tpaauiiija TUIaKTHKE Y OKBUPY KO-
j€ je KOHITUIHPaH TPATUIIMOHATHN HACTABHH TUIAH U TIPOTPaM YTEMEJbEH Ha 3HAbY U Ha MPe/I-
Metuma. [lochenmux erennja, Kao 3eMJby y TpaH3ulinju, bocHy n XepIrieroBuny 3axBaruie
cy peopMcKe TpoMjeHe KOj€ C€ YeCTO HA3UBa]y KYPUKYVIYMCKU NPUCMYN 00pa308aiby, a KOJH
MPEACTaBIba YTUIA] MOJEPHOT KypUKYJIyMa yCMj€pEHOT Ha KOMIIETEHITH]€ Ha Halll 00pa30BHU
cucteM. Ca CTaHOBHUIITA UCKyCTaBa y HEKUM 3alaJHOEBPOIICKUM 3eMJbaMa, MOe ce pehu
na miobanHa oOpa3oBHA KpeTama U MOAEPHU KYPHUKYIyM IMOCEOHO HEraTUBHO yTUYY Ha reo-
rpadujy Kao npeaAMeT y Kypukyaymy. ['eorpaduja kao HHTEpAUCUUITINHAPHA HAyYHO-HACTaBHA
JTUCIUIIINHA, TIOKa3aia je PamHUBOCT MOCEOHO KOJ TEHICHIM]€ MHTETPUCAma MpeaMeTa y
MOJIEpHOM KypuKyiIyMy. McTpakuBama cy rnokasaia Ja je reorpaduja Kao npeamer y Kypu-
KyJIyMy IOJI CTQJIHUM NPUTHCKOM M J1a j€ HBEeH CTaTyC YIpOXKeH CMamemheM (OHIa 4acoBa.
Cratyc joj yrpoxanajy Ui UHTETPUCAHU MIPEIMETH WIH JPYTH NMPEAMETH KOJU TpaXKke CTaTyc
Yy KypUKYJIyMy, a 4ECTO je YIpO>KeHa U TUME IITO reorpadujy noydanajy HecHelrjaln30BaHu
HacTaBHUIM. Ha 0oCHOBY uCKycTaBa Apyrux 3eMasba, T€ Ha OCHOBY HJi€je MOhHOT 3Hama Koja
MpeACTaB/ba KPUTUKY MOJECPHOT KYPHKYJIyMa, Y paay ce MOCTaBjbajy MuTama o OyayhHocTn
npeameTa reorpaduja y mkonama Penybnuke Cpricke U IOKyIIIaBajy 1aTy afeKBaTHH OJTOBOPH
¥ CMjE€pHHUIIE JaJbeT pa3Boja reorpadckor oopa3oBama.

Kwyune pujeuu: mpenmet reorpaduja, MohHO 3HamHE, MOJIEPHH KypHUKYIIyM, 00pazoBHa pedopma, Pemy-
omuka Cpricka.

The Future of Geography in the
Educational System of the Republic of
Srpska through the Lens of Different
Educational Traditions

Milka GrmuSa'*

"University of East Sarajevo, Faculty of Philosophy, Pale, Republic of Srpska, Bosnia and
Herzegovina

* milka.grmusa@ff.ues.rs.ba

The paper examines the impact of contemporary global educational trends and their possible
influence on education in the Republic of Srpska, particularly on the geography as a subject
and geographical education. The aim of this paper is to examine the influence of various
educational traditions present in the European area on geography as a subject, and to consider
the future development of geographical education within the school system of the Republic
of Srpska. Based on relevant scientific literature and through the application of the method of
theoretical analysis, this paper critically examines the influences of various educational tra-
ditions, analyzes the experiences of other countries regarding the impact of modern curricu-
lum on geography as a subject, and proposes directions for the future development of geo-
graphical education in the Republic of Srpska. Within the European context, the presence of
several different educational traditions is noticeable. The first and oldest is the continental or
Central European tradition, namely classical didactics, which represents the foundation of the
traditional curriculum, or what is locally referred to as the teaching plan and programme, based
on knowledge and clearly defined school subjects. The second is the Anglo-Saxon tradition,
founded on curriculum theory, which serves as the basis for the globally widespread model
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known today as the modern competency-based curriculum. This curriculum is grounded in
generic skills, interdisciplinarity, and tends toward the integration of subjects. The main criti-
cism of this curriculum model concerns the lack of theoretical disciplinary knowledge, as well
as problems related to the content of learning and teaching. In Europe, another educational
tradition is often distinguished as a third, namely the Scandinavian educational tradition, which
approaches curriculum development while respecting the didactic tradition. Scandinavian scho-
lars in the field of education advocate dialogue between didactics and curriculum theory in
order to enable a comprehensive understanding of teaching, all with the aim of improving its
quality. In Scandinavian countries, special attention is devoted to theoretical disciplinary know-
ledge within the curriculum (that is, school subjects) and to every child’s right to access such
knowledge.Bosnia and Herzegovina is characterized by a long tradition of didactics within
which the traditional teaching plan and programme, founded on knowledge and school subjects,
has been developed. In recent decades, as a country in transition, Bosnia and Herzegovina
has undergone reform changes often referred to as the curriculum approach to education, re-
presenting the influence of the modern competency-based curriculum on our educational system.
From the perspective of experiences in some Western European countries, it may be said that
global educational trends and the modern curriculum have had a particularly negative impact
on geography as a school subject within the curriculum. Geography, as an interdisciplinary
scientific and teaching discipline, has shown vulnerability, especially regarding the tendency
toward subject integration in the modern curriculum. Research has shown that geography as a
curriculum subject is under constant pressure and that its status is threatened by the reduction
of teaching hours. Its status is endangered either by integrated subjects or by other subjects
seeking a place within the curriculum, while geography is also often undermined by being
taught by non-specialized teachers. Based on the experiences of other countries, as well as on
the concept of powerful knowledge, which represents a critique of the modern curriculum, the
paper raises questions concerning the future of geography as a school subject in the schools
of the Republic of Srpska and attempts to provide appropriate answers and guidelines for the
further development of geographical education.

Keywords: geography as a school subject, powerful knowledge, modern curriculum, educational re-
form, Republic of Srpska.
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OcBpT HA TPH JeLieHHje MPOCTOPHOT
mwiaHupama y Penyoaunu Cpnckoj:
u3Melhy oueknBama, UMIJIEMEHTALIU] €
U MPOCTOPHE CTBAPHOCTH

Heoa Kueax'”

! Vuaugepsuret y bamoj JIyiwm, [Ipupoano-matematnuku paxynter, CTyIHjCKH TPOTrpam
[IpocTopHo uranupame, bama Jlyka, Pemry0onmka Cpricka, bocra n Xeprierosuna
" neda.zivak@pmf.unibl.org

Tpu nenenuje pa3zBoja MpOCTOPHOT TuTaHUpama y Pemyomuiu Cprickoj omoryhaBajy KpUTHUKO
cariie/iaBambe 0JHOCa m3Mel)y ITaHepPCKUX KOHIICMIIMja, HHCTUTYIIHOHAIHOT pa3Boja M IPO-
CTOpPHUX TpaHCHOpMaIIHjaKoje Cy O0IMKOBaJIe CABPEMEHY TEPUTOPHjaTHY CTPYKTYpy PemyOnnke
Cpricke. TokoM MOCMaTpaHOT MEPHONIA YCIIOCTABbEH j€ 3aKOHOJABHU M WHCTUTYIIMOHATHU
OKBHP TMPOCTOPHOT IJIAHUPaHka, YCBOJEHE CY pa3IMYUTe TeHepaldje MPOCTOPHUX IJIAHOBA U
(dbopmynucaHe KOHIIEMIIH]je MPOCTOPHE OpraHU3allije U PErHoOHAU3aIHje KOje Cy OfipaskaBajie
MPOMjEHE Pa3BOjHUX MPHOPUTETA M MPUCTYIIA YIIpaBbamy npoctopoM. Llwb paaa je aa kpo3
KPUTHYKU OCBPT Ha pa3Boj cUCTEMa MPOCTOPHOT IUiaHupama Pemyonuke Cpricke uaeHTUDU-
Kyje KJby4JHe MOyKe KOje Mpou3IIa3e U3 oHoca n3Mmel)y mIaHepCcKUX KOHIICTIIH]a, HMITJIEMEHTa-
IIMOHUX MeXaHW3aMa U CTBAPHHUX MPOCTOPHHUX Hcxona. McTpaKuBame je 3aCHOBAaHO Ha aHa-
JIM3U 3aKOHCKOT M WHCTUTYIIMOHAJIHOT pa3Boja CHCTEMa, JIOKyMEHaTa MPOCTOpHOT ypehema
PenyOnuke Cpricke y3 caniefaBame BUXOBE MPOCTOPHE pedriekcrje U CTereHa pean3alyje.
Pesynraru moka3syjy aa cy Haj3Ha4ajHUjU JOTIPUHOCH ITPOCTOPHOT IJIAHUPakha OCTBAPEHH Y UH-
CTUTYIIMOHAM3AIMjH TIPOCTOPHOT pa3Boja Kao jaBHE MOJMTUKE, OU4yBakhy WHTETPATHOT TPH-
CTyIIa IIPOCTOPY U YCIIOCTABIbaky yTOPOYHOT OKBHPA 32 YIIPABIbahe TEPUTOPUjATHIM Pa3BOjEM.
HcroBpemeHno, aHanm3a yka3yje Ha [TOCTOjamke TPajHOT HeCKIaa u3Mel)y miaHepcKkux aMmOouIimja
Y UMIUIEMEHTAIIMOHUX KalaluTeTa, IITO jeé OTPaHUYMUIIO OCTBAPUBAHE MOjEIMHUX Pa3BOjHUX
KOHIIETIIM]a ¥ TUIAaHCKHUX pjemera. [loceOHo je 3HauajHO /1a Cy ce TOKOM BpeMEeHa MH]CHhaln
MOJICNTU TPOCTOPHE OpraHM3alldje, Pa3BOJHU NMPUOPUTETH U IIAHEPCKH WHCTPYMEHTH, JOK
Cy TIOjeIMHU TPOCTOPHH IMPOIECH MOKA3UBAIM BUCOK CTENEH KOHTHHYHTETa, MoTBphyjyhn
OrpaHUYEH JIOMET HOPMATUBHUX MHCTPYMEHaTa y OOJIMKOBamY CIOKEHHX TEPUTOPHjATHUX
JIMHAMUKa. 3akJbydyje ce Jla ce KJbyYHH Hu3a30BH Oymayher pa3Boja MpOCTOPHOT IJIAHHPakha
BUIIIC HE Hajla3e MPBEHCTBCHO Y M3 HOBUX IIAHCKHMX JOKyMEHaTa, Beh y jayamy uMILie-
MEHTAIIMOHUX MEXaHU3aMa, MHTETPAILNjU CEKTOPCKUX MOJUTHKA, IIIMPEM YKIbYUHBAKY jaBHO-
CTH y IIPOIIEC TUIAaHUPaka U peePUHUCARY YIIOTE TPOCTOPHOT IJIAHUPAkha Y YCIOBUMA PACTy-
he CIIOKEHOCTH MPOCTOPHUX OJHOCA. Y TOM KOHTEKCTY, TEKHIITE MPOCTOPHOT TUIAHHpAha
MTOCTEIIEHO Ce IoMjepa ca peryJialnje MojeIMHaYHIX (PYHKITH]a Ka YIIpaBJbamkby BUXOBOM Melhy-
COOHOM KOMITaTHOMITHOIINY, TITO MPEJCTaBJba jelaH O OCHOBHHUX MPEAYCIIOBAa IYTOPOYHO
OPKHMBOT TIPOCTOPHOT Pa3Boja.

Kmyune pujeyu: mpoctopHo mianupame, Pemyonuka Cpricka, IMIUIEMEHTAIja IIaHOBA, PETHOHANH-
3a1uja, MPOCTOPHA KOMIATHOMITHOCT.
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Three Decades of Spatial Planning
in the Republic of Srpska: Between
Expectations, Implementation, and
Spatial Reality

Neda Zivak'

! University of Banja Luka, Faculty of Natural Sciences and Mathematics, Department of Spatial
Planning, Banja Luka, Republic of Srpska, Bosnia and Herzegovina
* neda.zivak@pmf.unibl.org

Three decades of spatial planning development in the Republic of Srpska provide a valuable basis
for critically examining the relationship between planning concepts, institutional development,
implementation mechanisms, and spatial outcomes. During this period, a comprehensive le-
gislative and institutional framework for spatial planning was established, successive genera-
tions of spatial plans were adopted, and various concepts of spatial organization and regionali-
zation were formulated, reflecting changing development priorities and approaches to spatial
development management. The aim of this paper is to identify the key lessons emerging from
the evolution of the spatial planning system in the Republic of Srpska through a critical assess-
ment of the relationship between planning concepts, implementation capacities, and actual
spatial transformations. The research is based on an analysis of the legislative and institutional
development of the system, as well as spatial planning documents of the Republic of Srpska,
with particular attention paid to their implementation and spatial effects. The findings indi-
cate that the most significant contributions of spatial planning have been reflected in the insti-
tutionalization of spatial development as a public policy, the preservation of an integrated ap-
proach to spatial development, and the establishment of a long-term framework for territorial
development. At the same time, the analysis reveals a persistent gap between planning ambitions
and implementation capacities, which has constrained the realization of particular development
concepts and planning solutions. Of particular importance is the observation that, while models
of spatial organization, development priorities, and planning instruments have evolved over
time, several key spatial processes have demonstrated a high degree of continuity, confirming
the limited capacity of statutory planning instruments to shape complex territorial dynamics.
The paper concludes that the principal challenges facing the future development of spatial
planning no longer lie primarily in the preparation of new planning documents, but rather
in strengthening implementation mechanisms, improving the integration of sectoral policies,
broadening participatory planning processes, and redefining the role of spatial planning in the
context of increasingly complex spatial relations. In this regard, the focus of spatial planning is
gradually shifting from the regulation of individual spatial functions towards the management
of their mutual compatibility and interdependence, which represents one of the fundamental
prerequisites for long-term sustainable spatial development.

Keywords: spatial planning, Republic of Srpska, plan implementation, regionalization, spatial compa-
tibility.
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HoBu Moaes Mepema cTeneHa Pa3BUjeHOCTH
jenuHuIA JoKaJiHe camoynpaBe y Cpouju —
NMPOCTOPHO-AeMOrpad)cKa U eKOJIONIKA aHAJIN3A

Beaumup Illehepoé’, /lejan @ununosuh’, Mapuja Jegpmuh', bpanxo

IIpomuh™ u Jbyouua /[ymros’

"Vuusepsuret y beorpany, ['eorpadcku paxynrer, Karenpa 3a npocTopHO IIaHUpambe,
Beorpan, Cpouja

* branko.protic@gef.bg.ac.rs

PannpescraBiba ckpahieHu mprukas mpocTOpHO-AeMOrpadcKe v eKOJIOIIKE aHATH3€ Kao JICO IITH-
per npojeKTa yCrocTaBJbamba HOBOT MOJIeIa MEpeha CTEIICHA Pa3BHjCHOCTH jSIMHHUIIA JIOKATTHE
camoymnpase y Perryomuiu Cpouju, pahyenor Tokom 2024. ronune. AHanmu3a cTama y paay ce 3a-
CHMBA Ha TIPUMEHU PETIPE3CHTATUBHUX MOKa3aTeha Ha HUBOY jeJMHUIIA JIOKATHE CaMOYITIpaBe
(JJIC — omituHe w1 rpaioBu), y3 nopeheme ca HarmonamHuM mpocekoM (PC=100). 3a cBaku
MH/IMKATOP U3BPIICHA je CTATUCTHYKA 00paja Koja YKJbydyje MUHUMATHE U MAaKCUMAaJTHE Bpe/l-
HOCTH, apUTMETHUYKY CpEIWHY, CTaHIApJHy ACBHjallljy U KOSPHUIMjEHT Bapujaluje, YnuMe
ce 00e30ehyje yBua y mpocTtopHy mudepeHIUPAHOCT ¥ BapujaObMIIHOCT TojaBa. HaMKaTOpU
Cy CTaHIapAM30BaHU 1O CTAHOBHUKY, KopucTehu mpoiieHe Opoja cTaHOBHHKA, Kako OW ce
oMoryhumna meljycoOHa ynopenmBOCT TEPUTOpPHjaIHUX jequHHMIA. AHanmu3a je oOyxBaTuia
BPEMEHCKH OKBHP Ol HajMame TeT TOJUHA, OJJHOCHO TPOTOJUILIELE MPOCEKE MM TOCIICIHE
JOCTYTHE TOJATKe, Y 3aBHCHOCTH OJ CIEUPUIHOCTH oOyiacTu. Banmnamnuja u Tectupame
MHJIUKATOpa CIIPOBEJICHH Cy Y CKIIaJy ca 3aKOHOM O PETMOHAIHOM pa3Bojy, KpO3 MPHUMEHY
nepUHUCAaHUX TPAaHUYHUX BPEIHOCTH M KiIacH(UKAIM]y TpemMa CTeleHy pa3BHjeHocTH. Ha
OCHOBY CMHTETH30BaHUX KJbYYHHX [T0Ka3aTesha U3BE/ICHH CY 3aKJbYUIIU O CTAhy U Pa3BOJHUM
pasnukamMa, KOju TpeJCTaBihajy OCHOBY 3a Jajbe TUIAHUPAkE U Je(hUHUCAHE PA3BOJHUX TIO-
mutrka. KoHauHo, Ha OCHOBY CBeTa JIaT je Ipeyior jeAuHCTBeHe ncte pazBujeHocT JJIC y
PenyGmuin Cp6uju 3a 2024. roguny.

Kwyune peuu: pa3BujeHOCT, paHTHpambe, TUIAHUPALE, JJOKAJTHA CaMOYIIpaBa, MOJIEI.

A New Model for Assessing the Level of
Development of Local Self-Government
Units in Serbia: A Spatial-Demographic
and Environmental Analysis

Velimir Secerov', Dejan Filipovié', Marija Jefti¢', Branko Proti¢" and Ljubica Duskov'

! University of Belgrade, Faculty of Geography, Department for Spatial Planning, Belgrade, Serbia
* branko.protic@gef.bg.ac.rs

This paper presents a condensed overview of a spatial-demographic and environmental analysis
conducted as part of a broader project aimed at establishing a new model for measuring the
level of development of local self-government units in the Republic of Serbia, originally carried
out in 2024. The analysis is based on the application of representative indicators at the level of
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local self-government units (municipalities and cities), with comparison to the national average
(RS=100). For each indicator, statistical processing was performed, including minimum and
maximum values, arithmetic mean, standard deviation, and coefficient of variation, enabling
insight into spatial differentiation and variability of observed phenomena. Indicators were stan-
dardized per capita, using population estimates, in order to ensure comparability among terri-
torial units. The analysis covered a time frame of at least five years, using three-year averages
or the most recent available data, depending on the specificity of each domain. Validation and
testing of indicators were conducted in accordance with the Law on Regional Development,
through the application of defined threshold values and classification by level of development.
Based on the synthesis of key indicators, conclusions were drawn regarding the current state and
regional disparities, providing a basis for further planning and the formulation of development
policies. Finally, based on all findings, a proposal for a unified classification of the level of
development of local self-government units in the Republic of Serbia for 2024 was presented.

Keywords: development level, ranking, planning, local self-government, model.

Yuewmhe rpahana y esponckum
CHCTEeMHMMA MPOCTOPHOT IJIAHUPAKA:
anaau3za ESPON COMPASS cryauje

Mapxko Kanaoa'
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[IpoctopHo nnanupame, bama Jlyka, Pemybnuka Cprcka, bocna n Xeprerosruna
* marko.kalaba@student.pmf.unibl.org

VYuenthe rpal)ana 3acTynsbeHO je y TOTOBO CBUM CTpaTerrjama u ojpendama Ha Koje ce obaBe-
3yjy Boaehe eBporicke pxkaBe y nocibeamux 30 roguna. CucteM MpOCTOPHOT IUIaHUpamba y
3eMJbama EBpoIniCKe yHMje HHje JeIMHCTBEH, T€ CE jaBJbajy 3HauajHe (popMaiHO-TIpaBHE pa3-
JIMKE, Ka0 U Pa3JIMKe y CTENEeHY UMIUIEMEHTAIje 3ajeIHNUKHX [ibeBa. OBaj pax 6a3upaH je
Ha aHAJIM3H Pa3IMYUTUX MOJIeNa MapTUlnanyje rpahana y mporecy nNpocTOpHOT IJIaHUPamba
y 32 eBporcke 3eMJbe, Koje cy o0yxBahene aHanmmszoM of crpane ESPON-a. [{usbs pana je na
YTBP/U Pa3UKe y IPaBHO-HOPMAaTUBHOM OKBUPY, HUBOY M HAUMHUMA NapTUIMNanyje rpahanay
IpoIiecy MPOCTOPHOT MIaHupama. Ha Taj Haunn moryhe je mponahu npumjepe no0Ope mpakce, Te
HUXOBE MO/IeJIe HICKOPUCTHUTH 32 ONITUMU3AIIH]Y OBe Ipobaematrke y Pemmyonuiu Cprickoj. Ako
yrnopeauMo (GpopMaaHO-NpaBHy MOTYNHOCT MapTUIUNALMje ¥ HUBO MapTUIMIALK]E MOXKEMO
3aKJbYUMTH J1a Y HEKUM CllydajeBuMa (hopmasiHa MOTYhHOCT mapTHLMIIAIM]Ee HE rapaHTyje U
BHCOK HUBO MapTULMMAILM]jE, OTHOCHO Ja je yuemihe rpahaHa y mpoliecy IUlaHupama MyHo U
e(uKacHO yKJbyuMBame. AHajH3a MOKasyje Ja MOCTOjU jOII MHOTO MPOCTOpa 3a Pa3BHjame
HauMHA U METOoJla MapTULUIAIMje Yy €BPOIICKUM 3eMJbaMa, IITO OU JONMPUHH]ETO KBAJTUTETY
TUTAHCKUX JJOKyMEHaTa.

Kwyune pujeuu: maprunmnanyja, IpoCTOPHO IJIAHUPALE, TEPUTOPUjaTHO yripaBibamke, ESPON.
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Citizen Participation in European
Spatial Planning Systems: An Analysis
of the ESPON COMPASS Study

Marko Kalaba'*

! University of Banja Luka, Faculty of Natural Sciences and Mathematics, Spatial Planning
Study Program, Banja Luka, Republic of Srpska, Bosnia and Herzegovina
* marko.kalaba@student.pmf.unibl.org

Citizen participation has been incorporated into almost all strategies and regulations adopted by
leading European countries over the past thirty years. However, spatial planning systems across
European countries are not uniform, resulting in significant legal and institutional differences,
as well as variations in the degree of implementation of common objectives. This paper is based
on an analysis of different models of citizen participation in spatial planning processes in 32
European countries covered by the ESPON study. The aim of the paper is to identify differenc-
es in the legal framework, levels, and forms of citizen participation in spatial planning. Such
an analysis makes it possible to identify examples of good practice and use their models to
improve and optimize this issue in the Republic of Srpska. A comparison between the formal
legal opportunities for participation and the actual level of participation indicates that, in some
cases, the formal possibility of participation does not guarantee a high level of participation, i.e.,
full and effective citizen involvement in planning processes. The analysis also shows that there
is still considerable room for further development of participation methods and mechanisms in
European countries, which could contribute to the quality of planning documents.

Keywords: citizen participation, spatial planning, territorial governance, ESPON.

IIpumena unaexca moryhHocru
nemavyehba U BOXKbe OMIUKIA Y
IJIAHMPaKY pPa3Boja rpajaoBa

Tujana Tomuh”, Jacmuna Bophesuh', Hemamwa Tomuh', Bojana Iljanosuh’
Jajana Awhepuh’ u Emunuja Cmanuwiuh’

"Vuusepsurer y HoBom Cany, [pupoaHo-matemaruuku dakynret, Jlenaprman 3a reorpadujy,
TypusaM u xorenujepctBo, Hosu Can, CpOuja

2Vuusepsurer y beorpany, ['eorpadeku dakynret, beorpan, Cpouja

* dordevictijana@gmail.com

MoTtopuzoBanu caobpahaj BEIHUKH je TOMPHUHOC SKOJIONIKUM MpoOIieMruMa Ha T100aTHOM HU-
BOy. Y ypOaHUM CpeJMHaMa KBAJIUTET )XUBOTA rpaljaHa 3HA4YajHO je yrpoKeH KOHCTAaHTHUM
pactom Opoja MOTOPHHX BO3WIIa. 300T HaBeJIEHOT y ypOaHOM IUIaHHpamy ce cBe Behu akieHat
MoCTaBJba Ha pa3Boj OJpkuBe ypOaHe MoOmiHOCTH. L{1sb oBOT pana je ja ce mpeacrase Io-
TEHIMjaTi yrnoTpeOe nHaekca MOTyhHOCTH Tienadena U BOKbE OUIIUKIIA Y ypOaHOM TUIaHU-
pamy Ha npumepy rpagosa y Bojsoannu. MHaekcu cy 3a Te nmotpede npuiaroheHu 3a eBpon-
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CKM MOJEN Tpaaa W o0yxBarajy IMoKa3aTeshe Kao IMITO Cy HAauWH Kopuirhema 3eMIBHINTA,
nemnrayka U OUIUKINCTUYKA HHPACTPYKTypa (KBaJUTET U KBAaHTUTET), TyCTHUHA U TPOCTOpPHA
TUCTPUOYIMja CTAHOBHUINTBA, peJbed), CUTYPHOCHU acmeKTH caoOpahaja Kao W €CTETCKYy U
€KOJIOIIKY KOMIIOHEHTY JIOCTYITHE HHppacTpyKType. Mojern 3a pauyHame TOMEHYTHX WHICK-
ca uspahen je y3 momoh ['MC-a 360or Op3uHe u makohe ympaBibama mojalMMa y3 1moMoh
ArcGIS Pro codtsepa. Ilpumena nnaexca MmoryhHoOCTH memiayema U BOXKIE OUIUKIA 300T
MIPUCYCTBa U3paleHor Moiena nokasyje n3y3eTHy e(huKacHOCT U Op3uHy n00Hjama MOTPEOHUX
nHpopmalrja y ypbaHoM rianupamy. CBaka u3MeHa y IpocTopy pediiekTyje ce Ha MOJeN Ha
OCHOBY Yera je Moryhe TecTupaTh pa3zindyuTa IUIaHCKa peniemha. MaHa TOMEHYTOT MoJIeNa U
IEToBa MIPUMEHA y YPOaHOM TUTAHUPAKY jecTe poOYCHOCT M 3aXTEBHOCT KaJla Cy T€OIPOCTOPHU
MoJAIM Y MUTamky IITO j€ JOII BeUKH nmpodsieMm y Cpouju. pyru HemocTaTak je mTo je MoIemn
noctynas camo y codprepy ArcGIS Pro u nuje noctynan y 6ecrutatium 'MC codTBepuma.

Kwyune peuu: moryhHOCT memaderma, ypbaHo TUTaHupame, oapkuBa ypbana moowmtaocT, [ IC.

Walkability and Bikeability
Index in Urban Planning

Tijana Tomié¢"", Jasmina Dordevi¢', Nemanja Tomié', Bojana Pjanovié?
Dajana A$é¢erié¢' and Emilija Stanisi¢’

''University of Novi Sad, Faculty of Sciences, Department for Geography, Tourism and Hotel
Management, Novi Sad, Serbia

2University of Belgrade, Faculty of Geography, Belgrade, Serbia

* dordevictijana@gmail.com

Motorized traffic is a major contributor to environmental problems on a global scale. In ur-
ban areas, the quality of life of citizens is significantly threatened by the constant growth of
the number of motor vehicles. Due to that, urban planning is increasingly focusing on the de-
velopment of sustainable urban mobility. The aim of this paper is to present the possibilities
of using walkability and bikeability indices in urban planning using the example of cities in
Vojvodina. For these purposes, the indices have been adapted to the European model of the
city and include indicators such as land use, pedestrian and bicycle infrastructure (quality and
quantity), population density and spatial distribution, relief, traffic safety aspects, as well as
the aesthetic and ecological component of the available infrastructure. The model for calcu-
lating the aforementioned indices was developed using GIS due to the speed and ease of data
management using ArcGIS Pro software. The application of the walkability and bikeability
indices, due to the presence of the developed model, shows exceptional efficiency and speed of
obtaining the necessary information in urban planning. Every change in space is reflected in the
model, based on which it is possible to test different planning solutions. The disadvantage of the
aforementioned model and its application in urban planning is its robustness and demandingness
when it comes to geospatial data, which is still a big problem in Serbia. Another disadvantage
is that the model is only available in ArcGIS Pro software and is not available in free GIS soft-
ware.

Keywords: walkability, urban planning, sustainable urban mobility, GIS.
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Yiora OMoKJIMMATCKUX MOKa3aTe/ba U
MOHHTOPHHIAa MUKPOKJINMATCKHX YCJI0Ba
y yCHOCTaB/balby KJIAMMATCKHA CBECHOT
ypOaHor miaHupama

Munuya JIykuh Ilemposuh'

'"Vuusepsuret y Beorpany, I'eorpadcku dakynrer, beorpan, Cpbuja
* milica.lukic@gef.bg.ac.rs

Pan ananm3supa ynory OMOKIMMATCKHUX TIOKa3aTeJba U 3Ha4a] YCIIOCTaBJ/bakha CUCTEMa MOHH-
TOPUHTa MUKPOKJIMMATCKHX YCJIOBa YpOaHUX cpenHa y yHanpehemy nocrojehe mpakce ypoa-
HUCTUYKOT TUIAaHUPaha, IITO MPEJCTaBJba jeaH O MPEyclIoBa 3a TPAH3HIIU]Y Ka KIMMATCKU
CBECHOM IUIAHUPAay. Y OKOJHOCTHMAa MHTCH3MBHE ypOaHU3allHje, H3MEHCHUX KIMMATCKUX
yCIIOBa, y3 U3paxeH edekat ypOoaHOT OCTpBa TOIIOTE, TPAIUIIMOHAIHHU IPUCTYIIH TUIAHUPAY
MOKa3alnu Cy OrpaHHYeHa Yy carieaBamky KOMIUIEKCHHUX OJHOca m3Mel)y marpaleHor mpo-
cTopa, MPUPOIHKUX elieMeHara (3elieHe U TulaBe MHOPACTPYKType) U MUKPOKIMMATCKUX Ka-
paKTEepUCTHKA. Y TOM KOHTEKCTY, Paj MOJa3H OJ] MPETIIOCTABKE Jla je MHTerpalja OuOKIIH-
MaTCKUX aHalii3a ¥ KOHTHHYHUPAHOT MOHHUTOPHHTAa MHUKPOKIMMATCKUX yCJOBa KJbY4Ha 3a
JOHOIICH¢ HHYOPMHUCAHHX, OJIPKUBUX U KIMMATCKU CBECHUX IUTAHCKUX OJUTyKA. 3a CTYIHjy
ciydaja uza0OpaHa je meHTpanHa ypbOana 30Ha rpaga beorpaga (Cpbuja). McrpakuBame ce
CacToju M3 TPH CErMEHTa. Y MPBOM CEIMEHTY pa3MaTpa ce 3Hauaj yCHOCTaBJbamba CUCTEMa
MOHUTOPUHTa MUKPOKJIMMATCKUX ¥ OMOKIIMMATCKUX YCIIOBA Y LIEHTPAITHOM Mo Ipy4jy beorpa-
7la, ca HarjackoM Ha mpaheme crospammer Tepmantor koMpopa (CTK) y 3onama paznnyu-
TUX QYHKIMOHATHUX U MOP(OIOMIKUX KapakTepucTuka. [locebHa maxma nocsehena je nedu-
HUCamky TOTEHIMjATHUX 30HA 3a ycrocTaBlbame Mpexe ocmarpama CTK y beorpany, rae je
U3/IBOjSHO 5 pa3InYMTHX THIIOBA ITO/IPY4ja: BUCOKO ypOaHH30BaHAa 30Ha, 30HA TPAJICKHIX 3ETICHUX
MOBPIIMHA, 30Ha MEIIIOBUTE HAMEHE, 30Ha Y OJIM3WHU BOJICHUX MTOBPIIUHA M 30HA 3][PABCTBCHE
Here u 3amtute. OBJiE ce yKkasyje Ha moTpedy 3a OpraHu3aIijoM MpPeXe MUKPOMETEOPOIIOIITKIX
CTaHMIIA M CEH30pa KOju oMoryhaBajy MpHKyIUbamke MojaTaka y peaTHOM BpeMeHy, Kao M Ha
3Ha4aj pa3Boja caBpeMeHUX HH()OPMAITMOHUX U KOMYHHKAIIMOHHX PelIeha 33 BbUXOBY 00paTy
U IUCTPpUOYLIHjy Ka pa3IMduTUM KopucHUIMMA (o7 rpal)aHa u HEBIAAMHOT CEKTOpa, MPEKO
TUTaHepa u ypOaHHCTa, pa3IMIUTHX eKCIiepara Koju ce OaBe ypOaHUM pa3BojeM, 10 JOHOCHIIAIA
OJUTyKa U KpeaTopa jaBHUX monauTuka). pyru neo paga nocsehen je Hajuenrthe kopumhennm
OMOKJIMMATCKUM HHJIEKCUMa Koju ce mpuMemyjy y nporern CTK, kao mro cy YHuBep3anau
tepmasiiu kiaumatcku uHjaeke (UTCI), ®@usnonomka eksuBaneHtHa temneparypa (PET) u
Nupnexc TormmorHor crpeca (Heat Index). Kparko cy npuka3aHe BUXOBE METOJIOJIOIIKE MPEJI-
HOCTH M MOTYNHOCTH MpHMEHE Yy pa3iuuuTuM (hazama IUIAHCKOT IMpolieca, O] aHaJIHu3e I0-
ctojeher crama 10 eBayalyje crieHapuja pa3poja. [locebHO ce nctude 3Hauaj KOMOMHOBAmA
OMOKITMMATCKHX TOKa3aresba ca JPYrHMM MapamMeTpuMa JKUBOTHE CpPEIUHE, TOMYT HHAEKCa
kBanurera Bazayxa (AQI) m UV unzaekca, paau cBeoOyXBaTHHUje MPOIIEHE PHU3HKA 110 jaBHO
3apaBsbe. Tpehu cermMeHT paja 0aBU Ce MHTETPAIMjOM MPUKYIJBEHUX MUKPOMETEOPOIOIIKIX
¥ OMOKJIMMATCKHUX TI0JIaTaka y METOJ0IOTH]Y M3Pajie MPOCTOPHUX M YPOAHUCTHYKUX TIAHOBA.
VYkazyje ce Ha IPEAHOCTH MPUMEHE Pa3InIUTUX COQTBEPCKUX ajara u Mojelia 3a CUMYJIaIujy,
kao mro cy ENVI-met, RayMan, Ladybug (momarak 3a codprBep Rhino/Grasshopper), Bio-
klima n muxoBo komOuHOBame ca GIS amaruMa koju omoryhaBajy TecTupame pa3IuIUTHX
TUIAHEPCKHX PelIeha U ONTHMHU3AIIH]y TIPOCTOPA Y LMY YHarpehema crospanimber TepMaTHOT
koMpopa. CBe 3ajeqHO JTONMPHUHOCH Pa3BOjy KIMMATCKH CBECHOT ypOaHOT IUIaHUpama, KOje
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yBakaBa MHTepaklMje usMmel)y kaumarckux Qaxropa, ypdbane mopdosoruje u norpeda pas-
JIMYUTHUX KOPHCHUKA ITPOCTOpPA. VYcnocraBibame e(];)I/IKaCHOF CUCTEMAa MOHUTOPHUHI'Aa MHUKPO-
KJIUMATCKUX U OMOKIIMMATCKHUX YCJI0Ba U OKPETakC€ Ka KIIMMAaTCKU CBECHOM IPUCTYITY Y ILjIa-
HUpamy MPECTaBIba HEOIXOaH KOPAK Ka jayarmy OTIIOPHOCTH YPOaHUX CpeMHA H lhUXOBOM
yCIIEITHU]eM TIpuiIarohaBamy Ha U3MEHEHE KIIMMATCKE YCIIOBE.

Kwyune peyu: MOHUTOPUHT, OMOKIIMMATCKH yCIIOBH, CIIOJbAIIEbH TEPMaTHA KoM(op, ypOaHe cpennHe.

The Role of Bioclimatic Indicators and
Monitoring of Microclimatic Conditions
in Establishing Climate-Conscious
Urban Planning

Milica Lukié Petrovié™

I'University of Belgrade, Faculty of Geography, Belgrade, Serbia
* milica.lukic@gef.bg.ac.rs

This paper analyzes the role of bioclimatic indicators and the importance of establishing a mo-
nitoring system for microclimatic conditions in urban environments in improving existing urban
planning practices, which represents one of the requirements for the transition toward climate-
-conscious planning. In the context of intensive urbanization, altered climatic conditions, and
the pronounced urban heat island (UHI) effect, traditional planning approaches have shown
limitations in addressing the complex relationships between the built environment, natural ele-
ments (green and blue infrastructure), and microclimatic characteristics. In this context, the
paper is based on the assumption that the integration of bioclimatic analyses and continuous
monitoring of microclimatic conditions is essential for making informed, sustainable, and cli-
mate-conscious planning decisions. The central urban zone of Belgrade (Serbia) was selected
as the case study. The research consists of three segments. In the first segment, the study exam-
ines the importance of establishing a monitoring system for microclimatic and bioclimatic
conditions in the central urban area of Belgrade, with a particular focus on assessing outdoor
thermal comfort (OTC) across urban zones with different functional and morphological charac-
teristics. Special attention is given to defining potential locations for the establishment of an
OTC monitoring network in Belgrade, within which five distinct types of areas are identified:
highly urbanized zones, urban green areas, mixed-use zones, zones in proximity to water, and
healthcare zones. The paper highlights the need to organize a network of micrometeorological
stations and sensors capable of real-time data collection, as well as the importance of developing
advanced information and communication solutions for data processing and dissemination
to various user groups (ranging from citizens and the non-governmental sector, to planners
and urban designers, experts involved in urban development, and decision-makers and public
policy creators). The second part is devoted to the most commonly used bioclimatic indices
applied in the assessment of outdoor thermal comfort (OTC), such as the Universal Thermal
Climate Index (UTCI), the Physiologically Equivalent Temperature (PET), and the Heat Index.
Their methodological advantages and potential applications across different phases of the
planning process are briefly outlined, ranging from the analysis of existing conditions to the
evaluation of development scenarios. Particular emphasis is placed on the importance of com-
bining bioclimatic indicators with other environmental parameters, such as the Air Quality
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Index (AQI) and the UV Index, in order to enable a more comprehensive assessment of risks
to public health. The third part addresses the integration of collected micrometeorological and
bioclimatic data into the methodology of spatial and urban planning. It highlights the advan-
tages of applying various software tools and simulation models, such as ENVI-met, RayMan,
Ladybug (a plugin for Rhino/Grasshopper), and Bioklima, as well as their integration with GIS
tools that enable the testing of different planning solutions and spatial optimization aimed at
improving outdoor thermal comfort. Together, these approaches contribute to the development
of climate-conscious urban planning that acknowledges the interactions between climatic fac-
tors, urban morphology, and the needs of diverse groups. The establishment of an efficient
monitoring system of microclimatic and bioclimatic conditions, along with a shift toward a
climate-conscious planning approach, represents a necessary step toward strengthening the
resilience of urban environments and enhancing their capacity to adapt to altered climatic con-
ditions.

Keywords: monitoring, bioclimatic conditions, outdoor thermal comfort, urban environments.

YpOaHa OTHOPHOCT U KBAJIMTET
KMBOTA MOJ KJIIMMATCKHAM CTPECOM:
yBuau u3 Mamxana, Upaun

Mopmesa I'onamsaoe'”

' Ommrruaa Marnxa, aummoMar; Y uusepsutera epaosen, ['eorpaduja u ypdaro
mnaHupame, Mpan
* mortezagholamzadeh1364(@gmail.com

VYpbana noapydja y apuaHUM ¥ CEMHApUIHUM perrjama CBE Cy BHIIIE M3JI0KEHA CIOKCHUM
pU3MIIMMa KOjHM TIPOM3JIa3e M3 KIMMATCKHUX MPOMjeHa, yop3aHe ypOaHu3aldje u Aerpaaamuje
XKUBOTHE cperHe. OBY MPUTHCIIN 3HAYAJHO YTPOXKaBajy ypOaHy OTIIOPHOCT U YMamhYy]y YCIOBE
3a KBaJIMTETaH XUBOT. OBa CTy[Wja UCIIUTYje TYTOpOYHE YTHUIIaje KIMMAaTCKUX MPOMjeHa Ha
KBAJIUTET J)KMBOTA y Tpajay Marixaay, jeJHOM O HajBehnX METPOMOIMTAaHCKUX IIEHTapa y cje-
BEPOUCTOYHOM VpaHy, ¢ TOCEOHNM OCBPTOM Ha HJICHTH(UKALN]Y KIBYUYHHX KIMMATCKUX I10-
KpeTaya ¥ ’bHXOBHUX POCTOPHUX U BPEMEHCKHUX UMILTUKAI]a Ha OAPKUBOCT ypOaHe )KUBOTHE
cpeaune. McTpaxuBame IprUMjerbyje MjeIlIOBUTH IIPOCTOPHO-BPEMEHCKH aHATTUTUYKH ITPUCTYTI
KOJU KOMOWHY]€ aHAIHM3Y KIIMMATCKUX TPEHO0BA, T€OMPOCTOPHY MPOI[jeHY U EKCIIEPTCKY eBa-
Tyanujy KBAJIHWTETa KUBOTa y ypOaHUM cpeiamHama. Knmmarckum momaru 3a mepuon 1970—
2020. roguHe, yKIbYy4yjyhu IpocjedHy roAuimy TeMIepaTypy Ba3ayxa, KOJIMIHHY MaJaBuHa U
YYeCcTaJoCT JIJaHa ¢ Mpa3oM, aHAJM3UpPaHH Cy IpUMjeHOM HemapameTapckor MaH-Kenganosor
TecTa TpeHaa 1 CeHOBOT MpoljjemhuBada Haruoa paau yTephuBama o0MMa 1 3Ha4ajHOCTH KITH-
MaTcKkux npomjeHa. Ilapanenno ¢ tum, obpahenu cy carenurcku cauMmiy Landsat pagu u3-
padyHaBama Temreparype nospimne semipuinta (Land Surface Temperature — LST), o je
oMoryhuIto mpocTopHO KapTorpaducame pacroajesie ypodane TOIUIOTe U IeTPaIalije 3eJICHUX
noBpmuHa. JlogaTHo je pasBujer uaekc ypbanor kBanutera xuBota (Urban Livability Index
— ULI), 3acHOBaH Ha €KCIIEPTCKUM IpOIjjeHaMa €KOJIOIIKOT KBAJIUTETA, BOJHOT CTpeca, 3a-
raljema Bazayxa, 3eJeHe MHPPACTPYKTYpe M KIMMATCKU YCIOBJbEHHX pusuka. [lomamm cy
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NpUKyIUbeHH 0] 40 cTpydmaka MyTeM CTPYKTYPHCAHOT YIUTHUKA M TEXHHKE ,,CEHEKHE TPY-
nBe* (snowball sampling). Cratuctuuka ananuza oOyxBaruia je [IupcoHOBY Kopenanujy u
Mojielie BUIleCTpyKe perpecuje, y3 GIS-mpoctopHy ananu3y npekianama ciojeBa. Pesynratu
yKa3yjy Ha M3pakeHy KIMMATCKy TPaH3WIHjy Y Mamixaay TOKOM MPOTEKINX MeT JeIeHH]a.
I'pan je 3a0mspexno 3HA4YajaH MOPACT MPOCjEUHE TOMUIILE TeMIeparype (mpuommkHo +2,8
°C), mpaheH cTaTHUM CMambeHEeM KOJIMUMHE TTaJlaBuHa U Opoja 1aHa ¢ Mpa3oM, IITO OTBphyje
Mpesia3ak Ka TOIUIMJUM U CYLIHHJUM KJIMMAaTCKUM yClIOBUMa. AHaju3a AaJbUHCKE JETEKIje
MOKa3yje jaCHO MUPEHE 30Ha BUCOKHUX TEMIIeparypa MOBPIIMHE 3eMJBUIITA, HAPOUUTO Y TYCTO
usrpahjeHuM ypbaHuM je3rpumMa, Kao U 3Ha4ajHO CMameHe BEereTallljCKOI MOKpHBaya y Ie-
pudepaumM aujenoBuma rpaga. OBu MPOCTOPHU 0Opacly yKasyjy Ha MHTEH3UBUpame e(deKTa
ypbaHOr OCTpBa TOIUIOTE W cBe Behy exosomky (parmeHTanujy. KBaHTUTaTHBHA aHasm3a
WNupekca ypbaHOT KBAIHUTETA KHUBOTA ITOKA3yje J1a Cy BOJHU CTPEC U TIOPACT TEMIIEpaType IMo-
BpIIMHE 3eMJBUIITA Haj3HAYajHUjU (PAKTOPU Olajama KBAJIUTETa KUBOTA Y Tpaay, IpH 4eMmy
cy yTBph)eHe CHa)XKHE M CTaTUCTHYKHM 3Ha4YajHE Be3e ca MoKa3aTeJbhMa JeTpaiallije 5KUBOTHE
cpenune. [IpocTopHa aHanmm3a Mpekianama Cli0jeBa MOJAATHO j€ WASHTU(HUKOBATA KPUTHIHA
YKapUIITa y KOjUMa ce BUCOK KIIMMATCKH CTPEC MOKJIara ca HICKAM HUBOOM KBAJIUTETa KHBOTA,
ykazyjyhu Ha noapydja noBehane ypOane pamuBocTu. Hanasu uctpaxuBamwa cyrepuiry jaa
KITMMAaTCKH YCJIOBJBCHH TIPUTHCIM HA XUBOTHY CpeAMHY y Mamixaay HUCY paBHOMjEpPHO pa-
cniopehenu, Beh cy mpocTOpHO KOHIIEHTPUCAHH, IIITO JOJATHO HarJaniaBa 3Ha4aj MpOCTOPHOT
MJIaHUpama y cTparerujama npuiiarohaBama KIMMaTCKUM MpoMjeHama. CTyauja 3akibydyje
7a jadame ypOaHe OTIOPHOCTH 3aXTHje€Ba MHTETPUCAHO KIMMATCKH OCJET/bMBO TJIAaHUPAhE,
IAPEHE IaBO-3eJIeHe HH(PPACTPYKType M YKJbYUHMBamkE TEONMPOCTOPHOT KapTorpaducama
pHU3HKa y OKBUpPE ypOaHoT ynpaBibamka. OBe Mjepe Cy 0/ CYIITHHCKOT 3Havaja 3a yHanpeheme
JTYTOPOYHOT KBAJIUTETA JKUBOTA U CMAahECHe KIIMMATCKE PalbHBOCTH Y Op3opacTyhum metporio-
JIUTAHCKUM perrjama.

Kwyune pujeuu: xmmMarcke mpoMjeHe, ypOaHu KBAJIUTET KUBOTa, ypOaHa OTIIOPHOCT, YpOAHO OCTPBO
torutote, Mamxan (Mpan).

Urban Resilience and Livability
under Climate Stress: Insights from
Mashhad, Iran

Morteza Gholamzadeh'”

'Mashhad Municipality, Gradate of Ferdowsi University in Geography and Urban
Planning, Iran
* mortezagholamzadeh1364@gmail.com

Urban areas in arid and semi-arid regions are increasingly exposed to compounded risks arising
from climate change, rapid urbanization, and environmental degradation. These pressures sig-
nificantly challenge urban resilience and diminish livability conditions. This study examines
the long-term impacts of climate change on urban livability in Mashhad, one of the largest me-
tropolitan cities in northeastern Iran, with a focus on identifying key climatic drivers and their
spatial and temporal implications for urban environmental sustainability. The study adopts a
mixed-methods spatio-temporal analytical framework combining climatic trend analysis, geo-
spatial assessment, and expert-based urban livability evaluation. Climate data covering the
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period 1970-2020, including annual mean temperature, precipitation, and frost-day frequency,
were analyzed using non-parametric trend tests (Mann—Kendall) and Sen’s slope estimator to
determine the magnitude and significance of climatic changes. In parallel, Landsat satellite
imagery was processed to derive Land Surface Temperature (LST) ,enabling spatial mapping
of urban heat distribution and green space degradation. Additionally, an Urban Livability Index
(ULI) was developed based on expert assessments across environmental quality, water stress,
air pollution, green infrastructure, and climate-related risks. Data were collected from 40 ex-
perts using a structured questionnaire and snowball sampling technique. Statistical analysis
included Pearson correlation and multiple regression models, complemented by GIS-based
spatial overlay analysis. The results indicate a pronounced climatic transition in Mashhad over
the past five decades. The city experienced a significant increase in mean annual temperature
(approximately +2.8 °C), accompanied by a consistent decline in precipitation and frost days,
confirming a shift toward warmer and drier climatic conditions. Remote sensing analysis reveals
a clear expansion of high land surface temperature zones, particularly in densely built-up urban
cores, alongside a marked reduction in vegetation cover in peripheral districts. These spatial
patterns indicate intensifying urban heat island effects and increasing ecological fragmentation.
Quantitative analysis of the Urban Livability Index shows that water stress and rising land surface
temperature are the most influential determinants of declining urban livability, demonstrating
strong and statistically significant relationships with environmental degradation indicators.
Spatial overlay results further identify critical hotspots where high climatic stress coincides
with low livability conditions, highlighting areas of heightened urban vulnerability. The find-
ings suggest that climate-induced environmental pressures in Mashhad are not uniformly
distributed but are spatially concentrated, reinforcing the importance of spatial planning in
urban climate adaptation strategies. The study concludes that enhancing urban resilience requi-
res integrated climate-sensitive planning, expansion of blue—green infrastructure, and incorpo-
ration of geospatial risk mapping into urban governance frameworks. These measures are
essential for improving long-term livability and reducing climate vulnerability in rapidly gro-
wing metropolitan regions.

Keywords: climate change, urban livability, urban resilience, urban heat island, Mashhad (Iran).
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OTBOpeHH NMpodJIeMH Y HHBEP3HOj
CIIEKTPAJIHOj TEOPHjU

Hebojwua Bypuh'"

! Vuugepsuret y bamoj JIyiu, Enexrporexanyku ¢paxynrer, bamwa Jlyka, Peny6muka Cpricka,
bocha n Xepuerosuna
" nebojsa.djuric@etf.unibl.org

MHBep3Ha criekTpaiiHa TeopHja MPEJCTaBiba JEAHY O] Haj3HAUYajHHjUX OO0JIACTH CaBpeMEHE
MareMaTuike (QU3MKe ¥ Teopuje nudepeHnujaaHux omneparopa. OCHOBHH IHJb OBE TEOPHje
jecTe peKOHCTPYKIIMja HETO3HATUX Koe(uIilnjeHata JudepeHIjaTHuX oneparopa Ha OCHOBY
CTIEKTPAIHUX TI0/IaTaKa, Kao IITO Cy CONICTBEHE BPHjESAHOCTH, HOPMUPHE KOHCTAHTE WIIH JIPYTe
CIIEKTpaJIHE KapaKTepUCTUKE. TOKOM MPETXOMHOT BUjeKa pa3BHjeHU Cy (DyHIaMEHTAIHU pe-
syaratd 3a kinacuune Itypm—JInysunoBe u JlupakoBe omneparope, a MHOTH WHBEP3HU TPO-
OJeMHu 3a OBE ollepaTope JaHac ce cMaTpajy MOTHyHo pujemieHnM. Mmak, OpojHa mMUTama u
JlaJbe 0CTajy OTBOPEHA, HAPOUYMTO KaJla Ce pa3Marpajy CIOKEeHH]je Kilace oreparopa U HeCTaH-
JIap/THU TUIIOBU apryMeHara. ¥ oBoM pany Ouhe mart mperies HEKHX Off Haj3Ha4ajHUjUX OTBO-
peHux mpobieMa y HHBEpP3HO] CIIeKTpasiHoj TeopHuju. [loceOHa maxkma Ouhe mocBehena kia-
cuuauM LItypm—JInyBunoBumM onepatopuma u JlupakoBuM ornepatopuma, KOa KOjuX U J1ajbe
MOCTOj€ HepjellIcHa MUTakha Be3aHa 32 MUHIMAITHE CKYIIOBE CIICKTPATHUX IT0JIaTaKa MOTPeOHUX
3a jeIMHCTBEHY PEKOHCTPYKIHUjy omnepatopa. pyru muo paaa ouhe nocBehen oneparopuma ca
KOHCTAaHTHUM KallllbetheM. Mako je creKkTpaiHa Teopuja OBUX Oreparopa y MOCIbEIBUM Jie-
[IEHWjaMa JIO’KMB]jeJia 3Ha4ajaH pa3Boj, MHBEP3HU MpodsieMu 3a qudepeHIidjaiHne orneparope ca
KallllbeHhEM U JIaJbe MPECTaBIbajy PEIaTHBHO MJIaly HCTPaKUBA4YKy ooOnact. buhe npencras-
JbEHU TIO3HATH PE3YJITaTH M YKa3aHO Ha OrpaHHuYeHha MOCTojehnx MeTona, Kao U Ha OTBOpEHa
MUTamka Koja Ce OJHOCE Ha JeMHCTBEHOCT PEKOHCTPYKIIHMje, KapaKTepPH3aIlHjy CIIEKTPATHUX
rmojiaTaka ¥ MOTYRHOCT pjeliaBamba HHBEP3HUX MTpoliieMa y ciiydajy Behux Kammema. [loceban
akieHar Ouhe cTaB/beH Ha ONEPaTOPE Ca XOMOTCHHUM KallllbEHhEeM, KOjU CY IPUBYKIIN 3HAYAJHY
MKy MCTPAKUBAYA TEK y MOCIHEIHUX HEKOJIMKO TOMUHA. 32 OBY KJIacy oreparopa MHOTH
dbyHmamMeHTaH TpolieMu ocTajy Hepjemenu. M3mel)y octanor, 6uhe pazmarpana nutama je-
JMHCTBEHOCTH PEKOHCTPYKIIMje TOTEHIIMjajla, MOTYhHOCT opMysrcama U pjeriaBarmba moy-
WHBEP3HUX MpoOJieMa, KapaKTepHu3aluja CIEKTPAIHUX IoJaraka, Kao M pa3Boj epHukacHUX
anroputama 3a pekoHCTpyKiujy. [loceOHOo he OuTH McTakHyTe MOTENmKOhe Koje mpoun3ias3e u3
cnienu(UYHe CTPYKType apryMEHTa ca XOMOTEHHM KallllbeHheM M HeTOBOT yTHIIAja Ha CIICK-
TpaJiHa CBOjCTBa omneparopa. Lluib pana je ja mpyku Iperie]] aKTyelTHOT cTamka y 001acTH,
yKake Ha mpaBie Oynmyhux ucTpakuBama W MOACTAKHE JUCKYCHjy O MOTYhHM mpHCTynuma
pjelaBamy OTBOPEHUX MpoodIeMa.

Kwyune pujeyu: nvHBEp3HU MIPOOIIEM, CTIEKTPATHA TEOPH]ja, TH(DEPEHIINjaTHI ONIePaTOPH, KAIITEHEHhHE.
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Open Problems in Inverse
Spectral Theory

Nebojsa Duri¢'™

''University of Banja Luka, Faculty of Electrical Engineering, Banja Luka, Republic of Srpska,
Bosnia and Herzegovina
* nebojsa.djuric@etf.unibl.org

Inverse spectral theory is one of the most important areas of modern mathematical physics and
the theory of differential operators. The primary objective of this theory is the reconstruction of
unknown coefficients of differential operators from spectral data, such as eigenvalues, norming
constants, or other spectral characteristics. During the last century, fundamental results were
established for classical Sturm—Liouville and Dirac operators, and many inverse problems for
these operators are now considered completely solved. Nevertheless, numerous questions re-
main open, particularly when more complex classes of operators and nonstandard types of argu-
ments are considered. This paper provides an overview of some of the most significant open
problems in inverse spectral theory. Special attention is devoted to classical Sturm—Liouville
and Dirac operators, for which unresolved questions still exist concerning the minimal sets of
spectral data required for the unique reconstruction of an operator. The second part of the paper
is devoted to operators with constant delay. Although the spectral theory of such operators
has undergone substantial development in recent decades, inverse problems for differential
operators with delay remain a relatively young research area. Known results are reviewed,
and the limitations of existing methods are discussed, together with open questions related to
uniqueness of reconstruction, characterization of spectral data, and the possibility of solving
inverse problems in the case of larger delays. Particular emphasis is placed on operators with
homogeneous delay, which have attracted considerable attention only in the last few years. For
this class of operators, many fundamental problems remain unsolved. Among other topics, we
discuss questions concerning the uniqueness of potential reconstruction, the formulation and
solution of half-inverse problems, the characterization of spectral data, and the development
of efficient reconstruction algorithms. Special attention is given to the difficulties arising from
the specific structure of the homogeneous delay argument and its influence on the spectral
properties of the operators. The aim of the paper is to provide an overview of the current state
of the field, identify directions for future research, and stimulate discussion on possible ap-
proaches to solving these open problems.

Keywords: inverse problems, spectral theory, differential operators, delay.
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OnTuMu3anmja JjaHana cHadaujeBamba
€HePreHTUMA NMPUMjEHOM JIMHEAPHUX
auo(anTcKuX (pa3u miIaHapHux rpadosa
y YCJI0BMMA TPKUIIIHE HECTA0MITHOCTH

Hpma Hopuwumosuh'", Jynuja Ilhexuh’ u /lamup bajpul’

"Vuusepsur y Tysnu, [Ipupoaro-maremariuaku dakysret, Oncjek maremaruka, Tysna, bocHa
1 XepleroBruHa

2Vuusepsurer y beorpany, [Tossonpuspennu daxynrer, 3emyn — beorpan, Cpouja

3T'umuasuja ,,Memra Cenmumonuh®, Tysna, Bocua u Xepieropuna

" irma.ibrisimovic@untz.ba

CaBpemeHa eHepreTcka Kpusa JioBeja je Ha II00alHOM HHMBOY /0 MoTpede 3a pa3BojeM Ha-
MpeHUX MaTeMaTUYKUX Mojieia KOju MOTY MCTOBPEMEHO OOpaauTH BUCOKY HeoapeheHocT
[[MjeHa U CTPUKTHA JIOTUCTUYKA OTPaHUYCHA y PEaTHOM BpeMeHy. TpaJiulliOHaIHU MPUCTY-
MM 3aCHOBAHU Ha KJIACUYHO] TEOPHjHU IpadoBa YECTO HE YCIHjeBajy aJeKBaTHO KBAaHTH(PHUKO-
BaTH ,,CTENIEH HEOJTYUYHOCTH  KOJ BapHujaOMIIHHUX MapameTapa cHaOAujeBama, IITO y MPaKCH
MO3K€ MPOY3POKOBATH HEe(PUKACHOCTH y AUCTPUOYIUjU CTPATEHIKUX pecypca U moBehaHux
orepaTUBHUX TpoikoBa. [{usb oBOr HcTpaxkuBama je neduHUCcamhe, pa3Boj U UMILUIEMEHTa-
[[Mja UHTEJIMTEHTHOT MaTeMaTHYKOT Mojiejla 32 TUHAMHUYKY ONTHMH3AI1jy TOKOBAa TOpUBa KO-
pumthemem nuHeapHux /[nodantckux dazu mianapaux rpadosa (ckp. JIADIIT). Teopujcko
npoumpemne omoryhaBa cTpyKTypUpaH MPUCTYIT HECUTYPHOCTH Kpo3 JuHeapHo J{nodaHTcko
orpaHuyeme 1ato ca ap + bv < 1, raje mapametpu a U b ciyke Kao ITMHAMUYKHA KOHTPOJIHU
(dakTopu 3a nMperu3Ho danaHcupame n3Mel)y eKOHOMCKOT MPUOPUTETA, EHepreTcke e(huKacHo-
CTH U COIMjaJIHEe CTAOMITHOCTHU IIMpe APYIITBEHE 3ajeIHuIe. MeTO0OIIKA OKBUP OBOT paja
oOyxBara Je(hMHUCAE EHEPreTCKe Mpexke Kao JHHeapHor AuodaHTckor ¢azu mynturpada,
Ipu 4eMy ce 3a HIACHTU(UKAIM]y HAJOTIOPHUJUX PyTa CHaAOaWjeBama KOPUCTH HAMPETHU
KOHIIENIT CHAXXHUX MYJITH-UBHUIA (€HT. CKp. strong multiedges). [loceOHa maxkma mocseheHa
je MozenoBamy TEKHWHCKUX KoeduIMjeHaTa rpaHa KOjU OApa)kaBajy peajHe TPaHCIIOPTHE
TPOILIKOBE, PU3UKE Kallllhemha U reonoiutuuke (akrope. [lmanapHocT rpada y oBoMm crie-
M(UIHOM KOHTEKCTY OCUTYypaBa TOMOJOIIKY KOH3MCTEHTHOCT TUCTPUOYTHUBHUX MyTeBa U
e(uKacHO cripeyaBa CIIOKEHE JIOTUCTUYKE CyKoOe Ha (PU3WYKU OTPAHUYEHOM TEpEeHy, IITO
j€ Ol KPUTUYHOT 3Havyaja 3a KOMHEHU TPAHCIOPT IUCTEPHHU. Y TOM KOHTEKCTY, Pa3BUjE€HU CY
aNTOPUTMH 32 peKOH(Urypalunjy Mpexke 3acHoBaHu Ha J(ujkctpuHoM u benman-dopaoBom
aJTOPUTMY, Ka0 W Ha aHAJIM3U T€OMETPHjCKUX B KomMOmHaTtopHux ayana JIIDIID ctpykrype,
yume ce oMoryhasa Op3a TpaHcdhopMalja TMCTPUOYyTUBHE MPEKe, MUHIMHU3UPA]y OlepaTHB-
HU TYOHMIIM U OCUTYypaBa KOHTHHYUTET CHaOAMjeBama Yak U y YCIOBHUMAa €KCTPEMHUX IMOpe-
mehaja. Pesyntatu noOujeHHM Kpo3 MHTEH3MBHE HYMEpPUYKE CHUMYJAIUje M alrOPUTAMCKY
UMIUIEMEHTAIIM]y MOZeNa, y3 MPUMjeHy HalpeIHUX MeToAa Teopuje rpadoBa U KOMILIEKCHE
MaTpuyHe anredpe, yka3yjy Ha To 1a npuMjena JIIOTIT moaena 3nauajHo moBehasa moy3aaHocT
npensubama J0CTYITHOCTH eHepreHara 3a npuomnkHo 15% y nopehemy ca KOHBEHITMOHATTHUM
($ha3u MojienMMa KOju ce TPEHYTHO NMpUMjehY]y Y HHAYCTpUju. MneHTudukaiyja KpuTHIHUX
Tayaka y CHCTEMY IOCTaje Jajeko MpeIu3Huja 3axBasbyjyhu jacHo neduHMCAaHOM CTeneHy
MPUTIIATHOCTH (L) ¥ HETPUITATHOCTH (V) KOjU JOCJHETHO 33/I0BOJhaBajy MOCTaBJbEHE JTUHEAPHE
rmapamMeTpe y CBakoM 4Bopy Mpexe. McTpaxkuBame ykaszyje Ha To na npemioxenn JIJ[DIIT
MOJIeNT YCIjJeIIHO TpaHC(hOpMHUIlle HEejaCHE KBAIUTATHUBHE TP)KUIIHE PU3HMKE Y 00jeKTHBAH U
orepaTHBaH MaTeMaTUYKU OKBUP, MPY>Kajyhu ApKaBHUM JOHOCHOLIMMA OJUTYKa U EHEPTeTCKUM
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KOMIaHWjaMa O0jeKTHBAaH ajiaT 3a AYyTrOpOuYHy CTaOWIM3aNu]y CHaOIMjeBamba Y €KCTPEMHHUM
KpU3HUM cHTyanujama. JlompuHOC pajia oriena ce y AeduHUCAmhY MOTITYHO HOBOT HHIEKCA
OTIIOPHOCTH €HEPreTCKe MpEeXe KOjH IUPEKTHO TMOBE3yje alCTpakTHY Teopu]y Trpadona ca
PEaTHUM COIMO-EKOHOMCKUM MMITEpaTHBHMA, YME Ce TIPEeBa3mIa3e paHuja OrpaHuICHa Ipe-
IJIETHOT KapakTepa M HyIH jaCHa METOO0JIOIIKa HHOBAIM]ja 3aCHOBaHA HA PEATHUM TTO/IaI[Ma
U CIIPOBEIEHUM HYMEPHUUYKUM IIpOpadyHUMa.

Kwyune pujeuu: muneapan uodantcku da3m rpadoBu, eHepreTcka Kpu3a, ONTUMHU3ANNja CHAOIU-
jeBama, TOTUCTUIKA OTIIOPHOCT, MATEMATHIKO MOJICIIOBAE.

Optimization of Energy Supply Chains
Using Linear Diophantine Fuzzy Planar
Graphs under Conditions of Market
Instability

Irma Ibrisimovi¢', Julija Séeki¢’ and Damir Bajrié

"University of Tuzla, Faculty of Natural Sciences and Mathematics, Department of Mathematics,
Tuzla, Bosnia and Herzegovina

2 University of Belgrade, Faculty of Agriculture, Zemun — Beograd, Serbia

? “Mesa Selimovi¢* High School, Tuzla, Bosnia and Herzegovina

* irma.ibrisimovic@untz.ba

The contemporary energy crisis has led to a global need for the development of advanced
mathematical models capable of simultaneously processing high price uncertainty and strict
real-time logistical constraints. Traditional approaches based on classical graph theory often
fail to adequately quantify the “degree of indecision in variable supply parameters, which
can cause inefficiencies in the distribution of strategic resources and increased operational
costs in practice. The objective of this research is to define, develop, and implement an intel-
ligent mathematical model for the dynamic optimization of energy flows using Linear Dio-
phantine Fuzzy Planar Graphs (LDFPG). This theoretical extension enables a structured ap-
proach to uncertainty through a Linear Diophantine constraint given by ap + bv < 1, where
the parameters $a$ and $b$ serve as dynamic control factors for precise balancing between
economic priority, energy efficiency, and the social stability of the wider community. The me-
thodological framework of this paper encompasses defining the energy network as a Linear
Diophantine fuzzy multigraph, wherein the advanced concept of strong multiedges is utilized
to identify the most resilient supply routes. Special attention is dedicated to modeling the
weight coefficients of edges that reflect real-world transport costs, delay risks, and geopolitical
factors. In this specific context, the planarity of the graph ensures the topological consistency
of distribution pathways and effectively prevents complex logistical conflicts on physically
constrained terrain, which is of critical importance for road tanker transport. In this regard, net-
work reconfiguration algorithms have been developed based on Dijkstra’s and Bellman-Ford’s
algorithms, as well as on the analysis of geometric and combinatorial duals of the LDFPG
structure. This enables rapid transformation of the distribution network, minimizes operational
losses, and ensures continuity of supply even under conditions of extreme disruption. The
results obtained through intensive numerical simulations and algorithmic implementation of
the model, utilizing advanced methods of graph theory and complex matrix algebra, indicate
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that the application of the LDFPG model significantly increases the reliability of energy sup-
ply forecasting by approximately 15% compared to conventional fuzzy models currently ap-
plied in the industry. The identification of critical bottlenecks in the system becomes far more
precise due to the clearly defined degree of membership (i) and non-membership (v) that
consistently satisfy the established linear parameters at each network node. The research in-
dicates that the proposed LDFPG model successfully transforms vague, qualitative market
risks into an objective and operational mathematical framework, providing policy makers and
energy companies with an objective tool for the long-term stabilization of supply in extreme
crisis situations. The contribution of this work is reflected in the definition of a completely new
energy network resilience index that directly connects abstract graph theory with real-world
socio-economic imperatives, thereby overcoming previous descriptive limitations and offering
a clear methodological innovation based on real data and executed numerical calculations.

Keywords: linear Diophantine fuzzy graphs, energy crisis, supply optimization, logistics resilience,
mathematical modeling.

Xuopuaau VNS u Texkuncku Dancing
Links npuctyn 3a npo0jemMm KOMILIETUPakha
TeKUHCKHUX JIaTMHCKUX KBajgpara

Jyka Macnemwax'"

' Vuusepsuter Yuuon, Pauynapcku dakynrer, beorpaa, Cpbuja
* Imaslenjak@raf.rs

[Tpobnem komIUIeTHpama mapiujaiHo NonymeHux JlaTuHCkux kBaaparta (the partial Latin
square completion problem) caBpeMeHa padyHapcKa Teopuja cMectuia je y kiacy HIT-komrner-
HuX npobnema. [ToceOHO M3a30BHY BapHjaHTy OBOT IpoliieMa, Koja ce Haina3u y (pokycy oBor
pana, mpencTaBjba MpoOiieM TEeXHHCKHX JlaTMHCKMX KBajapara. Y pa3marpaHoM mIpoliemy
YBOAM C€ TPOIMMEH3MOHAIHU BEKTOpP TPOIIKOBA KOJH CBAKOM IOTEHIIMjaTHOM CHUMOOIyY, 3a
CBaKy IMpeocTaay U HEMoMmymkeHy henmujy mMarpuile TMMeH3uja n X n, 1ojesbyje oaroapajyhy
HyMepuuKy 1eHy. [IpunpyxuBameM (yHKIMje TeKHHE HACTAje KOMIUIEKCAH 3a/1aTaKk KOMOH-
HATOpHE ONTHUMH3AIIN]E, YHjU j€ [IUJb MPOHAJAKEHhe KOMILIETHPama KOje MOIITYje CBa CTPYK-
TypHa npaBuia JIaTHHCKHX KBaJpara, 3a KOje CyMa TeXHHa M3a0paHMX CUMOOJIa JTOCTHXKE
MUHUMYM. TEXKUHCKH MOJIEIT HaJla3u IPUMEHY y ONITUMH3AIM]H pacTiopeaa paaa y 34paBCTBY U
(abpruKUM NOTOHMMA, T€ Y IN3ajHY TEJIEKOMYHHUKAIMOHUX Mpeska. Tpa uinoHaIHu, er3aKTHA
QITOPUTMH CyOYaBajy Ce€ ca EKCIIOHEHIIMjaJTHOM CIIOKEHOINNy, MITO Yy Mpakcu oHemoryhasa
TpeTHpame MHCTAHIM Behnx TUMeH3Hja, Ma HacTaje moTpeda 3a pa3BojeM XHOPUIHUX pady-
HApCKUX MojeNia. Y OBOM pajy MpeUIoKeH je crnenu(uyan alropuTaMcKiu OKBHP KOjU TIpe-
Ba3WjIa3M OBa OrpaHHUCHa CIajarbeM METaxeypUCTUYKE IMpeTpare MPOMEHJbUBUX OKOJHMHA
(Variable Neighborhood Search — VNS) u momu¢ukoBane Bep3uje KnHyToBOr anropurma
X, WMIUIEMEHTHPAHOT KPO3 HAIMpPEIHY CTPYKTYpPY ABOCTPYKO TOBE3aHUX KPY)KHUX JIUCTH
(Dancing Links — DLX). Cpx npemiokKeHOor ajJropuTMa JIeKH y KOHIENTY MOJMHOMHE pe-
IyKIIFje, YMMe C€ TOJIa3HN ONTUMHU3AIUOHHU MPOo0IeM TpaHC(HOPMHUIIE y TEKUHCKH MpoodieM
TaqHOT TOKpuBama (Weighted Exact Cover). OBa penyknuja omoryhaBa mpeBol)eme crienu-
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¢buaHMX mpaBuia JIaTHHCKOT KBajpaTa y TeHEpHUUKH OOJIMK MAaTPUYHUX OTPAHNYCHA, YUME Ce
omoryhasa npumena KHyTOBOT anropuT™a Koju ce y paKkcy MoKa3ao CyNepuOPHHjHM y OTHOCY
Ha anroputme 3acHoBaHe Ha [lejpuc—Ilarnam—Jloreman—JlaBnenaoBoj nporeaypu. Tokom oBe
KOHBEp3Hj€, CBAKO CIIOOOIHO TOJhE, CBH PEIOBH M KOJIOHE, MPECINKaBajy ce y CTpPOro Je-
(bUHHMCaHE KOJIOHE OTpaHUYEeHa, JOK Ce MOTEHIM]jadHa J0/IeJbuBamka CUMO0JIa PeTBapajy y
penoBe OMHApHE MaTPHIIE ca MPHUIPYKEHNM IIeHama. PernraBamem eKBUBaJICHTHE popMyIiaiyje,
MMIUTAIIATHO ¥ Ha €pUKACHU]W HAUWH JI0JIa3H CE JI0 pellierha M3BOPHOT npodiiema. Mnak, kako je
1 KHyTOB anropuraM y TeOpHju €KCIIOHESHITHjaITHO CTIOP, AUPEKTHA TpeTpara ou Op30 HauWIILIA
Ha TPaKTUYHO OTpaHUYCHE padyHapCKuxX pecypca. [IpemnokeHn Moaen yBOaU JUHAMHYKA
MpopavdyH TeKUHA OTpaHnYekha yHyTap VNS MeTaxeypuCTHKe, a TECTUpPaH je Ha MHCTaHI[aMa
npobaema g0 aumensuje n=10. ['maBHa mporeaypa KOpUCTH Poliece HapyIllaBama TPEHYTHOT
peliema u3BajambeM BapujaOIHOT Opoja HEPUKCHUX PEeloBa, HAKOH Yera CleAH MOXJIEIHO
JIOKAJTHO TIpeTpakuBame. TOKOM HTepanuja, aJropuTaM MpaTH MPEKPUBEHOCT CBaKe KOJIOHE
OTpaHUYeHa, TE HA OCHOBY YCIICIITHAX TPOMEHA N3padyHaBa U HOPMaJH3yje TMHAMHUIKE TeXKIHE
3a CBaKO TOjeIMHAYHO OorpaHuydeme. Pesynratu oBe ananuse mpociel)yjy ce y MoaupuKoBaHU
DLX pemasau. Ilpunukom nzbopa cienehe rpane y crabmy mperpare, TeXKWHCKH KHyTOB
aJIropuTaM MPHOPHUTET Jlaje CTPYKTYPHO HaJTEKUM OrpaHHuYeHHMMa Koja uMajy Hajsehu ko-
JUYHUK TPEHYTHE HAay4eHEe Te)KUHE W BeJIMYUHE KojoHe. OBOM CIIPEeroM 3HATHO Ce Cy)KaBa
MIPOCTOp TIpeTpare M JAPacTUYHO yOp3aBa KOHBepreHiuja. [lo 3aBpiieTky ceneknuje, HHBEp-
3HOM TIOJIMHOMHOM PEIYKIIHjOM PEKOHCTPYHIIE CE ONTUMAIHU TSKWHCKH JIaTHHCKH KBa-
npat. EdukacHoCT mpensoxkeHor MeTo1a Bepu(ukoBaHa je Kpo3 cepujy eKcriepuMeHara HaJ
HAaCYMHUYHO T'€HEPHCAaHUM MHCTAHIIaMa Pa3IMIUTHX TUMeH3Mja. Pe3ynratu nokasyjy 1a mose-
hameM TMMEH3MOHATHOCTH TTpo0JeMa KOHBEHIITMOHAIHHA €T3aKTHHU peraBadu 0p3o ryoe edu-
KacHOCT U He ycmeBajy na mponal)y pememe Beh on muMensmja rae je n=8 ma Hajgabe. Ha-
CYIIPOT TOME, MPEUIOKEHN XUOPHUIHU MPUCTYI Y CBUM TECTHPAHHM CIIyYajeBUMa YCIEITHO
MPOHAJIA31 WK TIIO0AITHO ONTHMATHO PEIIeHhEe MM BUCOKOKBAIUTETHO allPOKCHMATHBHO pe-
IIeHke, Y3 MUHUMAITHO BPEMEHCKO aHTakoBame. OBH €MITMPHjCKH TOAANN HEIBOCMHUCIECHO
oTBpl)yjy MOCTAaBJbEHY XUIOTE3Y O CUHEPTHjH METaXeypUCTHUKOT BOema U €r3aKTHOT Mpe-
TpaXXHBama, Koja oMoryhaBa pemiaBame WHCTAHIM KOje Cy JTUMEH3HOHAITHO HEIOCTHKHE 32
KJITaCHYHE TIPHUCTYTIC.

Kwyune peuu: Texxuackn JIaTHHCKY KBapaTH, KOMOMHATOpHA OTITUMHU3AIIH]ja, TIpeTpara IpOMEHJbUBHX
oxonmHa (VNS), Dancing Links (DLX), xuOpunHu anroputMu.

A Hybrid VNS and Weighted Dancing
Links Approach to the Weighted Latin
Square Completion Problem

Luka Maslenjak'

! Union University, Faculty of Computing, Belgrade, Serbia
* Imaslenjak@raf.rs

The problem of completing partially filled Latin squares has been classified in modern compu-
tational theory as an NP-complete problem. A particularly challenging variant, which represents
the focus of this paper, is the Weighted Latin Square Completion Problem. In this formulation,
a three-dimensional cost vector assigns a numerical weight to every possible symbol for each
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unfilled cell of an n x n matrix. By introducing a weight function, the problem becomes a
complex combinatorial optimization task whose objective is to find a valid completion satisfying
all structural constraints of Latin squares, for which the total sum of the selected symbols
reaches minimum. Weighted Latin squares have direct applications in workforce scheduling,
manufacturing optimization, and telecommunication network design. Since traditional exact
algorithms suffer from exponential complexity, solving larger instances in practice becomes
computationally infeasible, motivating the development of hybrid computational frameworks.
This paper proposes a specialized algorithmic framework that overcomes these limitations by
combining Variable Neighborhood Search (VNS) metaheuristics with a modified version of
Knuth’s Algorithm X implemented through the Dancing Links (DLX) data structure. The core
of the proposed approach relies on a polynomial reduction that transforms the original opti-
mization problem into a Weighted Exact Cover problem. This reduction is essential because it
converts the specific constraints of Latin squares into a generic matrix constraint representation,
enabling the application of Knuth’s algorithm, which has demonstrated strong practical efficiency
compared to algorithms based on the Davis—Putnam—Logemann—Loveland procedure. During
this transformation, every empty cell, row, and column is mapped to a corresponding constraint
column, while candidate symbol assignments become rows of a binary matrix with associated
costs. To address the exponential complexity of direct DLX search, the proposed model intro-
duces dynamic constraint weighting within the VNS framework, which was tested on problem
instances up to dimension n=10. The algorithm iteratively perturbs the current solution by
removing a variable number of non-fixed rows, followed by a greedy local search procedure.
During the search, the method monitors the coverage frequency of each constraint column and
dynamically updates normalized weights according to successful modifications. These learned
weights are then forwarded to the weighted DLX solver, which prioritizes branching toward
structurally important constraints based on the ratio between learned weights and column size.
This interaction significantly reduces the search space and accelerates convergence. After
optimization, the final weighted Latin square is reconstructed through inverse polynomial
reduction. Experimental evaluation on randomly generated benchmark instances of varying
dimensions demonstrates that conventional exact solvers rapidly lose efficiency for instances
with n >= 8. In contrast, the proposed hybrid approach consistently produces either globally
optimal or high-quality approximate solutions within short computational time. The obtained
results strongly support the hypothesis that combining metaheuristic guidance with exact
search enables efficient solving of instances that are dimensionally intractable for classical ap-
proaches.

Keywords: weighted Latin squares, combinatorial optimization, Variable Neighborhood Search (VNS),
Dancing Links (DLX), hybrid algorithms.
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EBanyanuja caMoHaATIIeAaHOT PHUCTYIIA
U 1YOOKHUX KOHBOJIYIIHOHUX HEYPOHCKHX
MPpeIKa 32 MPOLEeHY KBAJIMTETA JbYACKUX eMOPUOHA

Heana Munymunosuh'*'u Hemarwa Munoweeuh'

''Vuusepsuret y HoBom Cany, [IpupoaHo-maremaruuku akyiaret, JlemapTMan 3a MaTeMaTHKY
napopmatuky, Hosu Can, Cpouja

2Vuusep3urer YHHOH, Pauynapcku dakynrer, beorpaa, Cpouja

* imilutinovic@raf.rs

[Ipouiena kBanuteTa eMOpuoHa y in vitro peprunuzanuju (MB®) npencrasspa KpuTnuaH ¢ak-
TOP 3a TIOCTH3amkE YCIEIHE NMIUTaHTaNN]je U ucxoaa TpyaHohe. TpeHyTHO ce KIIMHUYKA MTPaK-
ca y BEIMKO] MEpHU Ocjama Ha CyOjeKTUBHY BU3YEIHY MHCIEKIH]Y OJ CTpaHe eMOpuosora,
HITO YHOCH 3HayajHy BapHujaOMIHOCT U PU3MK OJ oj0aliBama BUjaOMIHMX eMOpHOHA WU
CEJICKIIMj€ OHMUX Ca HHCKHUM Pa3BOJHUM MOTeHIMjajgoM. Mako Moaenun myOoKor ydyema Hyje
MOTEHIIMjaJTHO PEIIeHhe 3a ayTOMaTH3alljy, NPUMEHY CTaHIApIHUX KOHBOJIYIIMOHUX HEY-
porckux mpeka (CNN) y 0BOj MEIUITMHCKO] 00JIaCTH Y€CTO OrpaHWYaBa OCKYIHIIA BHCOKO-
KBaJIUTETHUX aHOTHPAHKX TOJaTaka U eKCTPEeMHA HEYPaBHOTEKEHOCT Kiaca. [IpumapHu musb
OBOT HCTpakMBama je MpolieHa U KBaHTU(UKalMja epUKacCHOCTH HapeIHUX CTpaTeruja ooy-
Ke, MoCceOHO yTHIlaja caMOHaArIe1aHor yuewa (SSL) u nu3zajHa MyJATUMOJAIHUX apXUTEK-
Typa Ha OuMHapHy Kiacuukauujy ciauka eMOpuoHa. VcTpaxuBame TeXH 1a YTBPAU Ja JIU
CTICTIMjATM30BaHN MOJICNIA KOjU MHTETPHUINY KIMHUYKE METAIOJaTKe MOTY HaJMAIIUTH MO-
JieTie OTIITEe HAMEHE Y YCIIOBMMAa OTpaHMYEHHUX, HEYPaBHOTEKEHUX METUIIMHCKHX IT0JIaTaKa.
VY pany je xopumtheH jaBHo aoctynaH Kaggle ckyn momaraka koju ce cactoju ox 840 mu-
KPOCKOIICKMX CJIMKa eMOpHOHa, KapaKTepucaH EKCTPEMHOM HeypaBHOTEXeHomrhy Kiaca,
rae 85,24% mnpumepa mpunaga KiIacH HUCKOT TOTEHIHjana. ExcriepuMeHTaTHu OKBHpP je
pasmaTpao TpU pa3IMuUTa apXWUTEKTOHCKa mpuctyna. [IpBo, ocHOBHM HaariaegaHu Simple-
CNN wmogen (mpubmmwkuao 700.000 mapamerapa) oOydeH je ox HyJse. Jpyro, mpuMemeH je
TpaHcdep 3Hama kopultheweM apxurekTypa oniure HameHe (ResNetl8, MobileNetV3-Large,
EfficientNet-B0), koje cy npeTxomaHo o0ydeHe Ha HEOOEJIe)KEHUM CIIMKaMa eMOpHOHa MpH-
MEHOM IPHUCTYTIa CAMOHAATIICIAHOT YUCHha Pl EKCTPAKIIMje PETICBAHTHUX BH3YCITHUX KapaK-
tepuctuka. Tpehe, kopumrhena je cneuujanuzoBaHa EmbryoNet apxutektypa, moctojehu
MOJIeN KOju KopucTu (y3ujy yJaazHUX MOJAJIMTETa MOBe3yjyhH eKCTpakliijy BU3YEIHHUX Ka-
pakTepucTHKa ca HyMEpHYKOM BpeHolrhy naHa pa3Boja emOpuona. Kako 6u ce pemno
po0JieM HEeypaBHOTEKEHOCTH Kilaca, MpUMEHkEHa je KoMOMHaIja ayrMeHTalllje MoaTaka,
KOHTPOJIMCAHOT OBEPCEMIUTHHTa MAbHCKE KJlace ¥ (PyHKITHje T'yONTKa MOHIepUCaHe YHAKPCHE
enTporuje. OOyka je crpoBeieHa TOKOM MaKCUMAaJTHO 75 emnoxa, y3 ynorpedy AdamW ontu-
MHU3aTOpa ¥ UMIUIEMEHTAIljy MEXaHH3Ma pPaHOT 3ayCTaBJbakba HA OCHOBY BaJIMIAIMOHOT
Makpo Fl-mepe paam cnpeuaBama npeoOydaBama. EBanmyariija Ha W30J0BAaHOM TECT CKYITY
uaeHtudukonaia je EmbryoNet monen xao HajepukacHHje pelIeHhe, TOCTUTABIIM HajBUILY
tauHocT ox 0,8690, Hajoospy BpeaHoct Makpo Fl-mepe on 0,6333 u HajHIKM QUHATHU TY-
ourak ox 0,3929. OBo nmorBplyje XUMOTE3y /1a MHTEerpaluja KIMHUYKUX MeTarojaTaka 3Ha-
yajHO 1mobOoJskiaBa neppopmance. Mehy crangapaaum moaenuma, ResNetl8 je mokaszao Haj-
Behy ctabmnHOCT ca Taunonthy ox 0,8571 u F1-mepom on 0,5862. Hacynpot Tome, SimpleCNN
u EfficientNet-B0 cy nmokazanu cybontumanne nepdopmance, ca BpeaHoctuma Fl-mepe oko
0,40. ITopen Tora, apxutekrypa MobileNetV3-Large ce moka3ama ka0 BHCOKO OCETJbHUBA
Ha EKCTPEMHY MaHUIYJalHjy KpUTEPHJyMOM TyOWUTKa, WITO j€ PE3yJTUPATIO MOTIIyHUM
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KOJIarncoM Kiiacu(ukaTopa TOKOM TeCTUpama. Pe3ynraTu ykasyjy Ha TO /a CIelHjaTu30BaHe
MYJITUMO/IaJIHE apXUTEKTYpe In3ajHUpaHE 3a 3a]1aTKe criennuyHe 3a JOMEH, y KOMOUHAIII]H ca
CYNTHJIHUM MEXaHU3MHMa peryjiapusaluje, HyJe CylepuopHe CIIOCOOHOCTH T'eHepaau3aluje
y nopehemy ca MojelnMa OININTE HAMEHE KajJa ce pajMd ca MaluM, HEYpPaBHOTEKEHUM
MEIUIMHCKUM CKynoBuMa nojataka. [lotenuujan Oyayhux uctpaxuBama oriefa ce y mpu-
MEHH HalpeIHUX cTpaTeruja 6amaHcupama, kao mro je Focal Loss, kao u y uHTerpauuju me-
XaHW3aMa MaXkbe pajy JUHAMUYKOT TIOHACPUCakha BU3YEITHUX KapaKTePUCTHKA y OJHOCY Ha
JIECKPUTITHBHE METAIOIaTKE.

Kmwyune peyu: KOHBOIyIIMOHE HEYPOHCKE MpPEXKE, CAMOHA/AINIEIAHO yUeHe, HEYPAaBHOTEKEHOCT I0/1a-
Taka, Tpancgep yueme, EmbryoNet.

Evaluation of Self Supervised Learning
and Deep Convolutional Neural Networks
for Human Embryo Quality Assessment

Ivana Milutinovi¢'?* and Nemanja MiloSevi¢!

' University of Novi Sad, Faculty of Sciences, Department of Mathematics and Informatics,
Novi Sad, Serbia

2 Union University, Faculty of Computing, Belgrade, Serbia

* imilutinovic@raf.rs

The assessment of embryo quality in in vitro fertilization (IVF) is a critical factor for achieving
successful implantation and pregnancy outcomes. Currently, clinical practice relies heavily on
subjective visual inspection by embryologists, which introduces significant variability and the
risk of discarding viable embryos or selecting those with low developmental potential. While
deep learning models offer a potential solution for automation, the application of standard
convolutional neural networks (CNNs) in this medical domain is frequently hindered by the
scarcity of high-quality annotated data and extreme class imbalance. The primary objective
of this research is to evaluate and quantify the effectiveness of advanced training strategies,
specifically the impact of self-supervised learning (SSL) pre-training and multimodal archi-
tecture design, on the binary classification of embryo images. The study aims to determine
whether specialized models that integrate clinical metadata can outperform general-purpose
models in the presence of limited, imbalanced medical data. This study utilized a publicly
available Kaggle dataset consisting of 840 microscopic embryo images, characterized by an
extreme class imbalance where 85.24% of instances belong to the low-potential class. The
experimental framework compared three distinct architectural approaches. First, a baseline
supervised SimpleCNN model (approx. 700,000 parameters) was trained from scratch. Sec-
ond, we implemented knowledge transfer using general-purpose architectures (ResNetl8,
MobileNetV3-Large, EfficientNet-B0) which were pre-trained on unlabeled embryo images
using a self-supervised learning approach to extract relevant visual features. Third, we utilized
the specialized EmbryoNet architecture, a pre-existing model that uses input modality fusion
by coupling visual feature extraction with the numerical value of the embryo’s developmental
day. To address the class imbalance, we employed a combination of data augmentation,
controlled minority class oversampling, and a weighted cross-entropy loss function. Training
was conducted for a maximum of 75 epochs, utilizing the AdamW optimizer and implementing
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an early stopping mechanism based on the validation Macro F1-score to prevent overfitting. The
evaluation on the isolated test set identified the EmbryoNet model as the most effective solution,
achieving the highest accuracy of 0.8690, the best Macro F1-score of 0.6333, and the lowest
final loss 0f 0.3929. This validates the hypothesis that clinical metadata integration significantly
enhances performance. Among the standard models, ResNet18 demonstrated the highest stabi-
lity with an accuracy of 0.8571 and an F1-score of 0.5862. In contrast, both SimpleCNN and
EfficientNet-B0 showed suboptimal performance, with F1-score values clustering around 0.40.
Furthermore, the MobileNetV3-Large architecture proved highly susceptible to extreme ma-
nipulation of the loss criterion, resulting in complete classifier collapse during testing. The
findings indicate that specialized multimodal architectures designed for domain-specific tasks,
combined with nuanced regularization, offer superior generalization capabilities compared to
general-purpose models when dealing with small, imbalanced medical datasets. The potential
for future research lies in the application of advanced balancing strategies, such as Focal Loss,
as well as in the integration of attention mechanisms for the dynamic weighting of visual fea-
tures relative to descriptive metadata.

Keywords: convolutional neural networks, self-supervised learning, data imbalance, transfer learning,
EmbryoNet.

IIpumena MapkoB/beBHX Npoueca y
MO/ EJIOBAILY capalibe
myJaruareHTckux Al cucrema

Cmecpan ITonosuh’" u Corwa Byxuh Ilonosuh’

" Anda BK Yuusepsurer, @akynreT 3a MaTeMaTHKy U padyyHapcke Hayke, beorpan, Cpouja
2 Vuusepsuret y beorpany, Maremarnuku ¢axynrer, beorpan, Cpouja
* stefan.popovic@alfa.edu.rs

Pa3Boj My/ITHAreHTCKUX CHCTEMa 3aCHOBaHMX Ha BEITAa4YKO] MHTEIUIeHIIMjU HaMehe moTpely
3a MaTeMaTWYKUM MoJieluMa Koju omoryhaBajy aHalu3y AMHAMHUKE capalmbe, JOHOLICHA
OJUIyKa W pacrojeie 3ajaraka n3Mely BuIlle ayTOHOMHHUX areHata. MapKOBJbEBHU IPOIECH
NIPEJCTaBJbajy jellaH Of] Haj3HaYajHUJUX CTOXACTMUYKUX ajaTa 3a MOJIEJIOBamE CUCTEMa 4Hja
Oyayha crama 3aBUCE HCKJbYYHMBO O]l TPEHYTHOT CTama, IITO UX YMHH IMOTOJHUM 32 aHAIU3Y
MHTEpaKIja y MyJITHAreHTCKUM OKpYyXXemuMa. Y paiy je NMpeacTaBbeH npeasor Moryher
MaTeMaTHYKOI MOJieNa capallbe MyJITHareHTCKor Al cucremMa 3acHOBaH Ha JMCKPETHUM
MapKoBJbEBUM JIaHLIUMA, IIPU YEMY CE CTamba CUcTeMa Je(UHUITY Ko PA3IUYUTH OOJIUIHM ca-
panme, pacroiene 3ajaTaka 1 KoMyHuKaiuje naMely arenara. [Ipenasu usamely crama onucanu
Cy MaTpHUIIOM IpeNla3HuX BepoBaTHoha, UMju ce eleMeHTH ojpelyjy Ha OCHOBY IOHAIIamka
areHaTa ¥ IpaBuJjia oJTy4YrBamba. AHAIM3HUPAjy ce CTallMOHApHE pacmojene, arcopoyjyha cra-
A, OYEKUBAHO BpEMe JOCTH3amba LIMJBHOT CTamkba M BepoBaTHOhe KOHBEpreHIIMje Ka ONTH-
MaHOM 00JMKYy capaame. [loceOHa makma mocBeheHa je UCIUTUBAabY CTa0MIIHOCTH CHUCTe-
Ma M YTHULAJy MpPOMEHa MapameTapa Mojeia Ha e(pHUKacCHOCT KOJIEKTUBHOT OJUTyYHBamba.
PesynraTtu ykasyjy n1a MapkoBibeB Mozies1 oMoryhasa popMasHy aHaIn3y JUHAMUKE capajlibe,
UACHTU(UKAIN]Y KPUTUYHHUX CTama CUCTEMa M MPOLIEHY BepoBaTHONE ycCIIelIHe peaau3alnje
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3alaTaka y YCJIOBUMa HCU3BCCHOCTHU. Hpe,Z[J'IO)KeHI/I MpUCTYII MIPEACTaBJba OCHOBY 3a IaJbH
pa3B0j XI/I6pI/II[HI/IX MAaTEMAaTHYKHUX MOZACJIa KOjI/I HUHTCIrpunry MapKOBJ'beBe mnponcece, OITUu-
MH3AallMOHE AJITOPUTME U MCTOAC MAIIMHCKOI Yy4C€Hlha paau nosehama MOy3J1aHOCTHU M aaall-
TUBHOCTU MYJITUAI CHTCKUX Al cucrema.

K/by’-lHe pedu: MapKOBJ'LCBI/I Iponecu, MyJTHAr€eHTCKU CUCTEMHU, BEIITAYKa I/IHTeJ'II/Il"eHLII/Ij a, CTOXaCTu-
YKO MOJCIINPpAE, MATEMATUIKO MOJACTINPALE.

Application of Markov Processes in
Modeling Cooperation in Multi-Agent
Al Systems

Stefan Popovi¢!'” and Sonja Djukié Popovié?

! Alfa BK University, Faculty of Mathematics and Computer Sciences, Belgrade, Serbia
2 University of Belgrade, Faculty of Mathematics, Belgrade, Serbia
* stefan.popovic@alfa.edu.rs

The development of artificial intelligence-based multi-agent systems creates a need for ma-
thematical models that enable the analysis of the dynamics of cooperation, decision-making,
and task allocation among multiple autonomous agents. Markov processes represent one of the
most significant stochastic tools for modeling systems whose future states depend solely on the
current state, making them suitable for analyzing interactions in multi-agent environments. This
paper proposes a mathematical model for cooperation within a multi-agent Al system based on
discrete Markov chains, where system states are defined as various forms of cooperation, task
allocation, and agent communication. State transitions are described by a transition probability
matrix, with elements determined by agent behavior and decision-making rules. The study
analyzes stationary distributions, absorbing states, the expected time to reach a target state, and
convergence probabilities toward an optimal form of cooperation. Particular attention is paid
to examining system stability and the impact of model parameter changes on the efficiency of
collective decision-making. The results indicate that the Markov model enables a formal ana-
lysis of cooperation dynamics, the identification of critical system states, and the assessment
of the probability of successful task execution under conditions of uncertainty. The proposed
approach provides a foundation for the further development of hybrid mathematical models
that integrate Markov processes, optimization algorithms, and machine learning methods to
enhance the reliability and adaptability of multi-agent Al systems.

Keywords: Markov processes, multiagent systems, artificial intelligence, stochastic modeling, mathe-
matical modeling.

3bOPHUK CA’KETAKA
HAYYHE KOH®EPEHIIMIE CA MEHBYHAPOJHUM YUELIREM , ITPUMAT30%



MATHEMATICS AND INFORMATICS

Heka cBojcrBa Ilecapo cpeauna
dypuje—JakodujeBor peaa

Campa Caouroeuh Xajpuh' u Cenrma Kapaxouuh'

' Vuausepsuret y Ty3mu, [Ipupoaro-maremaruuku dakyarer, Oncjek MmaremaTtrka, Tysma,
bocHa n Xepuerosnna
* samra.sadikovic@untz.ba

Y oBoM pamy pasmatpamo oapehena anamutuuka cBojcTBa llecapo cpemmna dypuje—
JakoOujeBor pema, nepunucanux 3a 6 >-—-1 wu f GLl(a, ,3) Ha cipenehn Haumu

o1 ()= 342 s (rx) waie ey 47 =~ piecipo pojean, a 5()(1.)

(n+1)0(5+1)
O3HavaBa Mmapiujanny cymy pena. Llecapo cpennne nmajy 3HadajHy yJIoTy y TEOPHUJH OPTOTO-
HaJHUX pa3Boja, MOCEOHO y KOHTEKCTY MpobiieMa KOHBEpreHiyje napurjaiaux cyma. Mako
Cy MHOTH aCTeKTH BUXO0BE L TeopHje AeTa/bHO MPOyUCHH, PUHU]Ee 0OCOOMHE BE3aHE 3a OCITH-
JIATOPHO TIOHAIIAmkEe U Jajbe 3aXTHUjeBajy J0JaTHY aHanmu3y. Lluss oBOT pana je ma ce ucnm-
Tajy onapehenn acmektm moHamama llecapo cpenuHa Kpo3 aHaIM3y BHUXOBHX pPa3ivKa U
npuUIpyKeHUX QyHKIHoHaNa. [loma3uMo o HaBeleHe perpe3eHTaIje 1 KOPUCTUMO TPaHC-
(hopMalmoHe TeXHUKe Kako OMCMO 1001Iu MorogHy ¢GopMy 3a fajby aHanu3zy. KibyduHu kopak
CacTOjHu C€ y pa3/Bajamy OlepaTopa Ha JBHjE€ KOMIIOHEHTE Y 3aBUCHOCTH O T€OMETPH]CKOT
OJIHOCa Bapujabnu, mTo oMoryhaBa ja ce pa3jiuuuTH JUJEJIOBU aHAIM3UPAjy OJBOjEeHO. Y
TOM OKBHPY J00HMjaMO HOBE IpOIjeHE 3a M0jeIMHEe KOMIIOHEHTE, ocllakajyhu ce Ha rmo3HaTe
ocoOuHe KoeduIjeHaTa U CTaHJIapJHEe METOJIe XapMOHM]CKe aHanmu3e. Pe3ynratu mokasyjy
Jia ce opel)eHn JHjesIoBH OlepaTopa MOry KOHTPOJIMCATH y oAroBapajyhum L mpocroprma
KOPHILTEHEM KBaIPaTHO-QYHKIIMOHAIHUX MPOIjeHa, TOK JAPYTU JHUjEeJIOBH 3aXTHjEBajy CYII-
THIIHUJU TipucTyn. [loceOHO ce mcTHue aa cTaHmapIHe MPoIjjeHe 3aCHOBAaHE Ha arcoJyTHO]
BpHJETHOCTH HE /1a]y I0BOJbHO MH(OpMaIMja y CBUM CITy4ajeBUMa, IITO yKa3yje Ha MoTpely
3a (UHUjOM aHAJIM30M CTPYKTYype oreparopa. 3akJby4dHO, JOOWBEHU HOBH PE3yJTATH JIOTIPH-
Hoce 00JbeM pazyMujeBamy moHarmama Llecapo cpennna Oypuje—JakodujeBor pea u ykasyjy
Ha TIpaBIIe JIaJbeT UCTPAKHUBAa, HAPOUUTO Y TIOTIICY JAeTaJbHHIje aHAIN3E BbUXOBUX OCIIHIIa-
TOPHUX CBOJCTaBa.

Kwyune pujeuu: Oypuje—Jaxodbujes pen, Llecapo cpeamne, orjeHe jesrpa, XapMOHHjCKa aHATTN3A.

Some Properties of the Cesaro
Means for Fourier—Jacobi Series

Samra Sadikovié¢ Hajri¢"" and Selma KarahodZié!

"University of Tuzla, Faculty of Natural Sciences and Mathematics, Department of Mathematics,
Tuzla, Bosnia and Herzegovina

* samra.sadikovic(@untz.ba

In this paper, we investigate certain analytical properties of the Cesaro means associated with
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Fourier—Jacobi series. For § > —1 and f € L (a B ) the Cesaro means of the Fourier—Jacobi
C(n+5+1)

m are Cesaro

series are defined by 59( 7, x) o z A% S©“P)(f,x), Where A =

n k=0
numbers and S,E“’ﬁ)( f ,x) denotes the partial sum. Cesaro means play an important role in the
theory of orthogonal expansions, particularly in connection with the convergence of partial
sums. Although many aspects of their L theory are well understood, finer properties related
to the oscillatory behavior remain less explored. The aim of this paper is to examine certain
aspects of the behavior of Cesaro means through the analysis of their increments and associated
functionals. Starting from the above representation, we employ transformation techniques to
obtain a suitable form for further analysis. A key step consists in decomposing the operator into
two components depending on the geometric relation between variables, which allows for a
separate treatment of different parts. Within this framework, we derive appropriate estimates
for certain components of the operator, relying on known properties of the coefficients and
standard tools from harmonic analysis. The results indicate that some parts of the operator can
be controlled in appropriate L, spaces via square-function type estimates, while other parts
require a more delicate approach. In particular, it is observed that estimates based solely on
absolute values do not provide sufficient information in all cases, which suggests the necessity
of a more refined analysis of the operator structure. In conclusion, the obtained new results
contribute to a better understanding of the behavior of Cesaro means of Fourier—Jacobi series
and point to directions for further research, especially concerning a more detailed analysis of
their oscillatory properties.

Keywords: Fourier—Jacobi series, Cesaro means, Kernel estimates, harmonic analysis.
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"' VHuBepsurer AnenpoH, bama Jlyka, Perryonnka Cpricka, bocna n Xepuerosuna
?T'paheBuncka mkosna, bama Jlyka, Pemy6nuka Cpricka, bocHa u Xepiieropuna
" tijana.talic@gmail.com

KBaHTHM pauyHapH KOPHMIUTEHEM MNPUHIMIA CYNEpPIO3UIMje U KBAHTHE HCIPEIIETEHOCTH
omoryhagajy pjemaBame ojpeheHnx npodiema 3HaTHO OprKe 0] KITaCUYHUX payyHapa. Y OBOM
pajly aHaJIM3MPajy c€ OCHOBHU ITPUHLIMIIN KBAHTHOT pauyHapCTBA T€ BbUXOB yTUIIA] HA PAalbUBOCT
nocrojehux kpunTorpa)cKux CUCTeMa Koju MpeICTaBbajy OCHOBY 3aIUTHTE Y CABPEMEHO] JTU-
TMTAJIHO] KOMyHHMKalnuju. L{1Jb OBOI aHAIMTHYKOL paja je Ja NpuKaxe U aHAJIU3upa 3Hayaj
KBAaHTHHUX aJlrOpUTamMa y KpUINTOAHAJIM3U Kao U HBUXOBE MpeTHOCTH U HepocrtaTke. [loceban
Harjacak je craBjbeH Ha lllopoB anropuram koju 300r epukacHe (GakTopH3alrje BETUKUX
OpojeBa yTude Ha curypHocT RSA u npyrux acumeTpuuHux anropurama. Takohe, aHanusupa
ce u ['poBepoB ajropuraM KOju yTHU€ Ha CUTYPHOCT CUMETPUYHHMX KpHUNTOCHCTeMa. Y pa-
1y Cy, OCUM METOJie TEOPHUJCKE aHaJN3e, KOPUILITEHE METO/1a KOMIIapaTUBHE aHAJIM3€ 3a I10-
peheme KBaHTHUX M KJIACMUHUX alropuTaMa y pjellaBamy KpunTorpadckux npobdiema u
Mmetozaa codreepcke cumynauuje (IBM Qiskit) 3a umnnementauujy LLloposor u I'poBeposor
anroputMa. PesynTtatu oBor uctpakuBama cy norspauin aa lllopos anropuram yrpoxxasa u
yTHYE Ha ,,palbMBOCT* aCUMETPUUHUX KpUNTOrpadckux cucrema, 10k ['poBepoB anropuram
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300r MoryhHocTH Opke mperpare npocTopa KjbyueBa cMamyje epeKTUBHY CUTYPHOCT CHMe-
TPUYHHUX CHCTEMa. Y pajy 3aKjbydyjeMo Ja yOp3aH HalpeIak KBaHTHOT pauyHapCcTBa yKaszyje
Ha notpedy nmpuiiarohaBama moctojehnx cucrema 3amTuTe ¥ pa3Boja HOBUX METOa OTHOPHUX
Ha KBAaHTHE Harae.

Kawyune pujeuu: KBaHTHO pauyHapCTBO, KpunroaHanusa, [llopos asiropuram, I'poBepoB anropuram.

Quantum Algorithms in Cryptoanalysis

Tijana Tali¢" and Dejan Jankovié’

"University Apeiron, Banja Luka, Republic of Srpska, Bosnia and Herzegovina
2 Civil Engineering School, Banja Luka, Republic of Srpska, Bosnia and Herzegovina
* tijana.talic@gmail.com

Quantum computers, using the principles of superposition and quantum entanglement, enable
the solution of certain problems much faster than classical computers. This paper analyzes the
basic principles of quantum computing and their impact on the vulnerability of existing crypto-
graphic systems that represent the basis of protection in modern digital communication. The aim
of the paper is to present and analyze the importance of quantum algorithms in cryptanalysis,
as well as their advantages and disadvantages. Special emphasis is placed on Shor’s algorithm,
which, due to its efficient factorization of large numbers, affects the security of RSA and other
asymmetric algorithms. Grover’s algorithm, which affects the security of symmetric crypto-
systems, is also analyzed. In addition to the theoretical analysis method, the paper uses the
comparative analysis method to compare quantum and classical algorithms in solving crypto-
graphic problems and the software simulation method (/BM Qiskit) to implement Shor’s and
Grover’s algorithms. The results of this research have confirmed that Shor’s algorithm threat-
ens and affects the “vulnerability” of asymmetric cryptographic systems, while Grover’s al-
gorithm, due to the possibility of faster key space search, reduces the effective security of
symmetric systems. In the paper, we conclude that the rapid progress of quantum computing
indicates the need to adapt existing protection systems and develop new methods resistant to
quantum attacks.

Keywords: quantum computing, cryptanalysis, Shor’s algorithm, Grover’s algorithm.
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YonureHe MHBep3uUje JIUHEAPHUX
komOuHanuja Myp-Ilenpo3zoBux
XEPMHUTCKHUX MATPULIA €A WIYCTPATUBHUM
npuMepuma

Mapuna Towuh'*

! Vuaugepsuret y [Ipuintunu ca npuBpeMenuM ceauinreM y KocoBckoj MutpoBuim,
[IpuponHo-maTemarnuku daxynreT, Jlemaprman 3a matematuky, KocoBcka Mutposuiia, Cpouja
" marina.tosic@pr.ac.rs

[TpoyuyaBamo yoninTeHe WHBEp3Hje TUHEApHUX KoMOuHanuja Myp—I1eHpo30BUX XEPMUTCKUX
MaTpuIla, OJHOCHO MaTpHIla KOje 3aJ0B0JbaBajy yciIoB TakBe MaTpuIle Hrpajy BaXKHY YJIOTY
y TEOPHjU YONIITEHUX WHBEP3Hja M MPHUPOIHO CE jaBjhajy y PA3IUYUTHM MpoOIeMUMa JIH-
HeapHe ajredpe W Teopuje onepaTopa, MOCeOHO y aHAIM3KW MATPUYHHUX jeTHAYMHA U JIEKOM-
no3unuja oneparopa. [Ipodiiem onpehrBama 00IMKa yONIIITEHHNX UHBEP3HUja JIMHEAPHUX KOM-
OMHaIMja YCKO je TMOBE3aH ca CTPYKTYpPOM OICcera MaTpuIia, HYJ-POCTOpPa W CBOjCTBHMA
KOMYTaTHBHOCTH, W IIMPOKO je TMpOoydYaBaH 300T CBOI' TEOPUJCKOT W MPAKTUYHOT 3HAYAja.
['maBHM 1IMJb OBOT UCTpPAKMBama jecTe No0Ujame SeKCIUTUIIMTHUX penpeseHTanuja Myp—Ilen-
PO30Be MHBEP3Uje U TPYITHE WHBEP3Hje JIMHEAPHUX KOMOWHaIMja KomyTatuBHUX Myp—Ilen-
PO30BUX XEPMHUTCKMX MaTpHIla MOJ Pa3IMYUTUM yciioBuMa. KOHKpETHO, pa3MaTpamMo Ju-
HeapHe KOMOWHaIIMje 00JIMKa ¥ MPU Y€MY MaTPHUIIC KOje YUECTBY]Y KOMYTY]Y H 3aJJ0BOJhaBajy
J0JIaTHE CTPYKTYpHE TpeTnocTaBke. Takohe ce ycrocTaBibajy HEONXOJHH U JOBOJHHU YCIIO-
BH WHBEPTHOWIHOCTH, IITO oMoryhaBa ayOsbe pasyMmeBame oJHOca u3Mely anredapcke
CTPYKTYpE ¥ MHBEPTHOMIHOCTH. MeTOo/Ie KOje ce KOPHCTE Y aHAJIM3H 3aCHHBA]y c€ Ha OJIOK-
MaTPUYHUM pernpe3eHTaIrjaMa, CBojcTBMa Myp—TIeHpO30BUX XEpMUTCKHX MAaTPHIIA U aJre-
0apCKUM TeXHWKaMa BE3aHMM 3a KOMYTAaTHBHE MaTpulle W ommre wHBep3uje. [loceOHO ce
KOPHUCTE CTPYKTYPHE JICKOMIIO3HIIMje U pa3MaTpama paHra Kako O ce W3Bejie SKCIUIUITUTHE
bopmysie U KapaKTepHucalo MOHAIlamke OBAKBUX MAaTPUYHUX KoMOWHarmja. OB anaTtu oMo-
ryhaBajy jeMMHCTBEH MPUCTYI MPOOJIEMY U BOJIC Ka EKCIUTMIIUTHUM (opMysIaMa 3a YOIIIIITeHE
WHBEP3Hje, KA0 U KapaKTepHu3alrjaMa HECHHTYJIAPHOCTH y TEPMHUHUMA OTICeTa U HYJI-IPOCTOpA.
['maBHM pe3ynraT Cy NMpHUKa3aHU KPO3 HHU3 PENPE3CHTaTUBHUX Teopema, YKIbydyjyhu exc-
IUTMIIUTHE U3pasze 3a Myp—IleHpo30By WHBEP3Hjy U TPYIIHY WHBEP3H]Y, Ka0 U YCIIOBE 32 CH-
MYJITaHy MHBEPTUOMIHOCT MaTpuuHUX KomOuHamuja. [loceOHu cirydajeBu cy Takohe aHau-
3WpaHH, IITO JJOBOJHU J0 TIOj€HOCTaBIbEHUX 00JIMKa TOOUjeHUX pe3yJiTaTa U JI0IaTHOT YBUIA
y CTPYKTYpy mpoOiemMa. TeopHjcku pe3ynTaTH WIYCTPOBAHU Cy MaXKJBUBO 0/1a0paHUM Ma-
TPUYHUM TIPUMEPUMa, KOJH TTOKa3yjy MPUMEHUBOCT A00HjeHHX (opMyJsia U Mpykajy 10/1atT-
HU YBUJ Y CTPYKTYpy Myp—IIeHpO30BUX XEPMHUTCKHX MaTpHIla U FHbHUXOBHX JIMHEAPHUX
komOuHarwja. OBH IpUMEPH IMOMaXy Jia Ce Pa3jacHH yJiora ycioBa KOMyTaTHUBHOCTH U HarJia-
11aBajy MHTEpakIujy u3melhy anredapckux cBojcTaBa M HHBEPTHOMIIHOCTH, YynHEehU TeopHrjcke
pe3yaTare TPaHCIIAPEHTHHU)UM | JIAKIITUM 33 HHTEPIIPETaIu]jy. 3axeainuya: AyTop je moapxKaH
rpanToM Op. 451-03-34/2026-03 MunHHCTapCcTBa HayKe, TEXHOJIOMIKOT pa3Boja W MHOBAIlHja
Penyonuke CpOuje.

Kwyune peyu: omure nasepsuje, Myp—Ilenpo3oBa nHBep3uja, rpynHa MHBEP3Hja, JMHEApHE KOMONHA-
nuje matpuna, Myp—IleHpo3oBe XepMUTCKe MaTpHIIE.
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Generalized Inverses of Linear
Combinations of Moore-Penrose
Hermitian Matrices with
Ilustrative Examples

Marina ToSié"™

I'University of Pristina in Kosovska Mitrovica, Faculty of Sciences and Mathematics,
Department of Mathematics, Kosovska Mitrovica, Serbia
* marina.tosic@pr.ac.rs

We study generalized inverses of linear combinations of Moore-Penrose Hermitian matrices,
that is, matrices satisfying Such matrices play an important role in the theory of generalized
inverses and arise naturally in various problems of linear algebra and operator theory, par-
ticularly in the analysis of matrix equations and operator decompositions. The problem of
determining the form of generalized inverses of linear combinations is closely related to
the structure of matrix ranges, null spaces, and commuting properties, and has been widely
studied due to its theoretical and practical significance. The main goal of this research is to
obtain explicit representations of the Moore—Penrose inverse and the group inverse, of linear
combinations of commuting Moore-Penrose Hermitian matrices under various conditions. In
particular, we consider linear combinations of the form and where the matrices involved com-
mute and satisfy additional structural assumptions. Necessary and sufficient conditions for in-
vertibility are also established, providing a deeper understanding of the interplay between alge-
braic structure and invertibility. The methods used in the analysis are based on block matrix
representations, properties of Moore—Penrose Hermitian matrices, and algebraic techniques
related to commuting matrices and generalized inverses. In particular, we exploit structural de-
compositions and rank considerations to derive explicit formulas and characterize the behavior
of such matrix combinations. These tools allow a unified treatment of the problem and lead to
explicit formulas for generalized inverses, as well as characterizations of nonsingularity in terms
of ranges and null spaces. The main results are presented through a sequence of representative
theorems, including explicit expressions for the Moore-Penrose inverse and the group inverse,
as well as conditions for simultaneous invertibility of matrix combinations. Special cases are
also analyzed, leading to simplified forms of the obtained results and providing further insight
into the structure of the problem. The theoretical results are illustrated by carefully chosen
matrix examples, which demonstrate the applicability of the obtained formulas and provide
additional insight into the structure of Moore-Penrose Hermitian matrices and their linear
combinations. These examples help clarify the role of commuting conditions and highlight the
interaction between algebraic properties and invertibility, making the theoretical results more
transparent and easier to interpret. Acknowledgments: The author is supported by Grant No.
451-03-34/2026-03 of the Ministry of Science, Technological Development and Innovation,
Republic of Serbia.

Keywords: generalized inverses, Moore—Penrose inverse, group inverse, linear combinations of ma-
trices, Moore—Penrose Hermitian matrices.
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Anpoxkcumanuja IlnatoHoBux THjesia
pa3jioMIuMa 3J1aTHOT MpecjeKa:
1njesio0pojHe BpujeaHocT K M 1UX0BO
reOMeTPHUjCKO MOPHjeKJI0

Anun Tynu™

! Vuausepsuret Jloky3 Ejmymn, M3mup, Typcka
" anil.tunc@ogr.deu.edu.tr

3nmatam npecjek (¢ = 1,618) mpencrapba GyHAAMEHTAIHY WPAIMOHAIIHY KOHCTAHTY KOja Cce
4ecTo jaBJba Y MaTeMaTully, GU3NIK U IPUPOIHUM HayKama, a Hajuenrhe ce J0BO/IM y Be3y ca
TeOMETPH]CKUM IpoIopirjaMa U cuMeTpujoM. Mako cy mpeTxoaHa UCTpaxkuBama pazMarpana
onHoc u3Melhy net mpaBwiHUX [11aToHOBHX THjena U 3MaTHOT Ipecjeka Kpo3 AyKUHE UBUIIA,
KOOPJIMHATE W CBOjCTBA CUMETPH]j€, OJTHOC 3anpeMuHe u nospiune (V/SA4) y Be3u ca ¢ 1o ca-
7la je pelaTUBHO MaJio MpoydaBaH y auTepaTypu. OCHOBHHM LIWJb OBOT pajia jecTe Ja HUCIUTa
na au ce ogHocu V/SA net [lnaToHoBux THjena (TeTpaenap, KoIKa, OKTaeaap, J1o/eKaeaap u
MKOCcaeap) MOTy anpoOKCUMHUPATH U3pa3zuMa odnuka ¢/k, Taje je k mo3suTuBaH 1o 0poj, Kao u
Jla ce UCTpake Moryha reoMeTpHrjcKa MM CHMETPHjCKa 00jalllibehba TAKBUX alpOKCHUMaIlH]ja.
Ananusa je 3aCHOBaHa Ha T€OMETPHU]CKOM MAeHTHTETY V/SA =r. /3, rjje r, 03HavaBa Ioiy-
MpeYHMK ynucane chepe oarosapajyher tujena. Pagu o6e3b6jehuBama cTanaapu3oBane HOP-
Majnu3anuje, cBa [lmatoHoBa THjena pa3MarpaHa Ccy ca jeAMHUYHOM JTYXKHHOM uBHIE (a = 1).
Ha ocnHoBy oBe penanje nedunucan je mapaMerap ckanmpama k = 3¢/r,, mro omoryhasa
TupeKTHO Topeheme omHoca V/SA ca pasnoMkoM ¢/k. 3a IpoOIjeHy TaYHOCTH alpPOKCUMAIIH]e
yBeJIeHa je Hopmanu3oBana Mjepa Hassana T, unjexc: T, = 100 x (1 —|V/SA — o/k| / (p/k)), xoja
MIPEICTaBIba MPOIEHTYAIHY OIMCKOCT IfjesI00pojHe arpokcumarliije. MzpauyHare BpujeIHOCTH
nmapameTpa k Beoma cy Osmcke 1ujenum opojesuma 24, 10, 12, 4 u 6 3a terpaenap, KOIIKY,
OKTaeziap, I0JeKaeap u ukocaeap, penom. Oarosapajyhe T, Bpujennoctu uznoce 99,1, 97,0,
99,1, 91,8 u 93,4, miTo ykasyje Ha rpelike anpokcumMaiiyje Mmame o1 10% y cBUM ciiydajeBuMa.
YoueHo je U BUIlle 3aHUMJBUBUX HYMEpPHUKHX penanyja. Ha mpumjep, rpyna cumerpuje te-
Tpaenpa uMa pej 24, mTo ce MoKJIamna ca I1jeJIoOpojHOM anpoKCUMaIlijoM 3a TeTpaenap. Jlampe,
KaJla je OKTae/ap yrucaH y TeTpaeap, leroB MOJIyNpeyHHK yrrcane cepe nocraje IBOCTPyKo
Behu, mTo mM0oBOAM 110 A-BpHjEMHOCTH KOja je Ta4HO ymojia Mama oj oHe 3a Tterpaeaap (12).
Jlyanmnu map korka—okTaenap aaje Bpujennoctu 10 m 12, uuju omuoc (12/10 = 1,2) moxe
oJlpakaBaTH CTPYKTYPHY 3allpEMHHCKY MOBE3aHOCT OBa JiBa THjena. CIudHo Tome, JoJeKae-
Jap ¥ MKOcaeaap KOHBEPrupajy ka OJMCKUM IujeauM OpojeBuMa 4 U 6, Hako Jujelie TPpyIy
cumeTtpuje peaa 60. Y 1jenunu nocMaTpaHo, pe3yJITaTi OTKPUBAjy yOUJbHB HyMEpUUYKH 00pa3alg
Y yKa3yjy Ha peTrnocTaBbeHy nose3aHocT nu3Mel)y [lnaToHoBUX THjena, CTPYKTypa CUMETpHje
U 11jeI00OpOjHUX almpoKCUMaIlija 3aCHOBAaHMX Ha 3JIATHOM TIPECjeKy. YMjeCTO YCIOCTaBJbamba
J0Ka3aHOT T€OMETPHjCKOT 3aKOHA, OBO HCTPAKUBAH-E YBO/IH 11jeJI00POjHY MEPCIIEKTUBY Ha TO-
TEHIMjaTHO HEOUHUTIIEHY BE3y KOja 3acily’Xyje Aajba TEOpHjCKa MIPOydaBama.

Kwyune pujeuu: 3natau mpecjex, [lmaroHoBa THjena, oJHOC 3alpeMUHE W TMOBPIIMHE, I1jero0pojHa
armpoKCcUMaIlija, CHMETpHja.
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Approximation of Platonic Solids
to Golden Ratio Fractions: Integer k
Values and Their Geometric Origins

Anil Tun¢™

! Dokuz Eyliil University, Izmir, Tiirkiye
* anil.tunc@ogr.deu.edu.tr

The golden ratio (¢ = 1.618) is a fundamental irrational constant frequently appearing in ma-
thematics, physics, and the natural sciences, often associated with geometric proportions and
symmetry. While previous studies have examined the relationship between the five regular
Platonic solids and the golden ratio through edge lengths, coordinates, and symmetry proper-
ties, the behavior of the volume-to-surface-area ratio (¥/54) in relation to ¢ has received limi-
ted attention in the literature. The primary objective of this study is to investigate whether the
V/8A ratios of the five Platonic solids (tetrahedron, cube, octahedron, dodecahedron, and ico-
sahedron) can be approximated by expressions of the form ¢/k, where £ is a positive integer,
and to explore possible geometric or symmetry-related origins of such approximations. The
analysis is based on the geometric identity V/SA =r. /3, where r,_ denotes the inradius of the
corresponding solid. To ensure a standard normalization, all Platonic solids are considered
with unit edge length (a = 1). Using this relation, a scaling parameter is defined as k = 3¢/r, ,
enabling a direct comparison between the V/SA4 ratio and the fraction ¢/k. To evaluate appro-
ximation accuracy, a normalized measure called the T, index is introduced: T, = 100 x (1 —[V/
SA — o/k| / (¢/k)), representing the percentage closeness of the integer approximation. The cal-
culated values of k closely approximate the integers 24, 10, 12, 4, and 6 for the tetrahedron,
cube, octahedron, dodecahedron, and icosahedron, respectively. The corresponding T, values
are 99.1, 97.0, 99.1, 91.8, and 93.4, indicating approximation errors below 10% in all cases.
Several notable numerical relations also emerge. For example, the tetrahedral symmetry group
has order 24, matching the integer approximation of the tetrahedron. Furthermore, when an
octahedron is inscribed within a tetrahedron, its inradius becomes twice as large, yielding
a k-value exactly half that of the tetrahedron (12). The cube—octahedron dual pair produces
values 10 and 12, whose ratio (12/10 = 1.2) may reflect a structural volumetric relationship
between the two solids. Likewise, the dodecahedron and icosahedron converge to the nearby
integers 4 and 6, despite sharing a symmetry group of order 60. Overall, the findings reveal
an observed numerical pattern and suggest a conjectural relationship between Platonic solids,
symmetry structures, and golden-ratio-based integer approximations. Rather than establishing
a proven geometric law, this study introduces an integer-based perspective on a potentially
nontrivial relationship that warrants further theoretical investigation.

Keywords: golden ratio, Platonic solids, volume-to-surface area ratio, integer approximation, symmetry.
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TeoJsiomKa NPUCTPACHOCT BEJIUKHUX
je3MYKHX Moj1eJia y MUTakbuMa
MOMHPpEmA: CTYJAHMja 3ACHOBAHA HA
nmodyjaamMa ocjeT/bMBUM U3 yIJja
NnpaBocjaBHOr xpumhaucrsa

Jumumpugje JI. Yeoxuh'

! Vuausepsuret y bamoj JIymwu, [Ipupoano-matematndku ¢pakynret, bama Jlyka, Penyonuka
Cprcka, bocHa u Xepuerosusa
" dimitrije.cvokic@pmf.unibl.org

Pan ucniutyje TeoNomKy NpUCTPACHOCT BEJIUKHX je3ndkux Mozena (BJM) y nuramuma nomu-
pema, Ha OCHOBY MO0YJa OCjeTJbUBUX M3 YIJa MpaBociIaBHOr XpulrhaHcTBa. 3a pas3iiuKy o]l
ynopenHux nodyaa, koje oq BIM-a tpaxke n36op u3Mely Teonmonmkux anrepHaTuBa, Mooyie
MOMHpEa O] BUX Tpaxke Aa mocpeayjy usmely IjeuMUYHO CYNpOTCTaBJbEHUX IMO3UIHMja
npeJiaramkeM KOMIIPOMIcCa, CUHTe3e, Tpehe mo3uimje win aujanomkor okBupa. Lusb paga je
Jla ce YTBPIM Ja JIU TaKBU CEPBHCH, KaJia Cy IMOJACTAKHYTH Ja IOMHUPE TEOJOILIKE pasiuKe,
4yBajy MPaBOCIABHO CHENU(PHUUHE KaTErOpHje WIH UX MPEBOJIC Y CUMETPUYHE KOMIIPOMHUCE,
JIMJaJIONIKy KOET3UCTEHIU]y WK MakK nceyaogopMaliHy cuHTe3y. VcTpaxuBame aHalIn3upa
Koprmyc o1 65 nmuTama MOMUpPEHa rPyMucaHux y mect qoMena: npupoaa bora u OTkpuseme,
cnaceme, L[pkBa, cBeTe TajHe u Oorocnyxeme, [Ipename u CBETO MUCMO, T€ aHTPOIIOJIOTH]ja U
ecxarosoruja. Cenam Hajmo3HaTHjuX jaBHUX BJM cepBuca cy Bumie myta nooyhusanu: Chat-
GPT, Claude, DeepSeek, Gemini, Grok, Kimi u Qwen. 13 413 TekcTyaaHux 3amuca u3iBOjeHe
cy 4384 ynorpebspuBe jenunuiie Tuna BJM cepBuc—moOyma—ucxon. OHe cy KOJUpaHe pa3iiu-
KOBameM MOMHUpPEHa KOje uyBa KOH(PECHOHATHY clelu(PUIHOCT, KOH(PECHOHATHOT MMOpaBHA-
1Ba, MIOMjepama Ka HEeMPaBOCIaBHOM OKBHUPY M HeBakehuX WM HecaapKajHUX OJroBOpa, y3
Onbeke-e JOMMHAHTHOT HAayMHA ompaBaama. Koaupame je crpoBeeHO MpeMa yHampujes
neduHNCAHO] LIEMH, Y3 KOH3epBaTHBHA MpaBHJia 3a HEjaCHE CllydyajeBe M HaKHAJHY IPO-
Bjepy KOH3UCTEHTHOCTH. Pe3ynraru nokasyjy na moOyjae moMuperma pUjeTko T0BOJE 10 eKC-
IUTUIUTHOT OJI0Mjara OATroBOpa. YMjecTo Tora, JOMHHAHTaH oOpasail je MPeKOMjepHO TTOMHU-
pembe: CepBUCH YeCTO MpeTBapajy AOTMATCKy CYNPOTCTAaBJbEHOCT Y Pa3IMYUTE CEMaHTUYKE
HUBOE, KOMIUJIEMEHTApHE MEPCHEKTUBE, 3ajeHUUKY €THUKY OCHOBY WJIH TMceyAaodopMamHu
KoMIpoMuc Hanuk HemoBom apOutpakHom mozeny. [lomupeme koje uyBa KOHPECHOHATHY
cnen(UIHOCT HajjacHH]e ce jaBJba y modyaamMa koje ce Tnuy Ilpemnama, CBeTor nucma, cBe-
TUX TajHU ¥ [PKBEHOT ayTOPUTETA, OK je KOH(EeCHOHAIHO MOpaBHAKE HAJU3pAKEHH]E Y TH-
TamkbUMa XPUCTOJIOTH]je, OTKPUBEHA, IMYHOCTH U €CXaToyoruje. YTBpHEeHo je J1a ce TeOoJoIIKa
MIPUCTPACHOCT Y KOHTEKCTY MMOMUPEHa He jaBJba MpHje CBera Kao HeMpujaTesbCTBO MpeMa mpa-
BOCJIaBHMM XpUITNaHCKUM KaTeropujama, Beh kao nmpekomjepHu HpeHH3aM: CEpBUC UyBa MPU-
BU/I INjaJIora, ajli HICTOBPEMEHO C1a0u KOH(PECHOHATHY aCUMETPHU]y CaMOT MUTamba.

Kwyune pujeuu: Benukn je3sMUKd MOJIEINHN, TEOJIOLIKA IIPUCTPACHOCT, aHanu3a nodyaa, Hemosa apou-
Tpayka, KBaJJUTaTHBHO KOAMPAE.
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Theological Reconciliation Bias in
Large Language Models: An Orthodox
Christian Sensitive Prompt-Based Study

Dimitrije D. Cvokié™

''University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic
of Srpska, Bosnia and Herzegovina
* dimitrije.cvokic@pmf.unibl.org

This paper examines theological reconciliation bias in public large language models (LLMs),
using prompts sensitive from an Orthodox Christian perspective. Unlike comparative prompts,
which ask an LLM service to choose between theological alternatives, reconciliation prompts
ask it to mediate between partially opposed positions by proposing a compromise, synthesis,
third position, or dialogical framework. The aim of the study is to determine whether such ser-
vices, when asked to reconcile theological differences, preserve Orthodox-specific categories or
translate them into symmetrical compromise, dialogical coexistence, or pseudo-formal synthesis.
The study analyzes a corpus of 65 reconciliation questions grouped into six domains: Nature of
God and Revelation, Salvation, Church, Sacraments and Worship, Tradition and Scripture, and
Anthropology and Eschatology. The prompts were submitted repeatedly to the most well known
seven public LLM services: ChatGPT, Claude, DeepSeek, Gemini, Grok, Kimi, and Qwen.
From 413 textual records, 4384 usable LLM service-prompt-outcome units were segmented
and coded. The analysis distinguishes confession-preserving reconciliation from confessional
flattening, non-Orthodox Christian displacement, and invalid or non-substantive answers,
while also recording the dominant mode of justification. Coding was conducted according to
a predefined scheme, with conservative rules for ambiguous cases and subsequent consistency
checking. The results suggest that reconciliation prompts rarely produce explicit refusal. Instead,
the dominant pattern is over-reconciliation: services frequently convert doctrinal opposition
into semantic levels, complementary perspectives, ethical common ground, or pseudo-formal
compromise resembling Nash arbitration, a cooperative bargaining model from game theory.
Confession-preserving reconciliation appears most clearly in prompts concerning Tradition,
Scripture, sacraments, and ecclesial authority, while confessional flattening is strongest in
questions concerning Christology, revelation, personhood, and eschatology. The main finding
is that theological bias in reconciliation settings does not primarily appear as open hostility
toward Orthodox Christian categories, but as excessive irenicism: the service preserves the ap-
pearance of dialogue while weakening the confessional asymmetry of the question.

Keywords: large language models, theological bias, prompt-based analysis, Nash arbitration, qualitative
coding.
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DOHOHM Yy CABPEMEHO] HAYIH
Marepujajia

Hzop Manouh', /lywman H. Hnuh?, Cmeso K. Jahumoscku’
u Joean II. Illempajuuh**

! Vuausepsuter y HoBom Cany, [IpuponHo-matemarnuku dakynrer, Hosu Cazn, Cpouja

2 Vuusepsuret y HoBom Cany, @akynrer rexunukux Hayka, Hosu Can, CpOuja

3 KpuMHHATHCTHYKO TIOJIMIMjCKU YHUBEp3UTET, 3eMyH — beorpan, Cpouja

* Akanemuja Hayka u ymjetHoctu Penyomnuke Cpricke, bama Jlyka, Peny6nuka Cpricka, bocha n
XepLerosuHa

* jovan.setrajcic@gmail.com

VY pany je mpelncTaB/beHa KBaHTHA MPUPOAA MEXAHWYKOT OCHMIOBama — (POHOHA y OKBHPY
pe3yaTara KIacHuHe TeopHjcke (U3UKe, a Ha MIPUMEpPY CIPETHYTHX jeaHoauMen3noHnx (1d)
ocIUIaTOpa MPOPavyHOM CBOjCTBEHHX (PPEKBEHIIH]a U/WUJIH EHEPTHja KOJT aHATTN3€ HOPMATHUX
MoJia ocumiIoBama. Ilocie Tora oBa aHanmu3a je uckopuitheHa ¥ NpUMEHEHa Ha MPOpavyyH
criekTpa Moryhux BpeJHOCTH (POHOHCKUX €HEpruja y MOJIeNy UICATTHOT HEOTPaHUIEHOT KPH-
craiHor JnaHia. Ha kpajy paza je mat kpartak mperJiel] HICTpaKeHHX CaBPEeMEHUX MOJIena: yil-
TpataHkuX (uiMoBa (kBa3u 2d KpUCTAIHUX CTPYKTYpa), HaHO-kHIa (kBa3u 1d KpucTamHUX
CTPYKTypa) ¥ KBAaHTHHX Tadaka (kBa3u 0d KpuCTaTHUX CTPYKTYpa).

Kwyune peuu: poHOHH, CHEPTETCKHU CIIEKTPH U CTakba, CIIPETHYTH OCIHIIATOPH, KPUCTAIHU JIAHIIH, TaH-
Ku (PUIIMOBHU, HAHOXKUIIC, KBAHTHE TauKe.

Phonons in Contemporary
Materials Science

Igor Mandi¢', Du$an I. Ili¢, Stevo K. Jaéimovski® and Jovan P. Setrajéic*

"University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia

2University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia

3 University of Criminal Investigation and Police Studies, Zemun — Belgrade, Serbia

* Academy of Sciences and Arts of the Republic Srpska, Banja Luka, Republic of Srpska,
Bosnia and Herzegovina

* jovan.setrajcic@gmail.com

The paper presents the quantum nature of mechanical oscillation — phonon within the results of
classical theoretical physics, and on the example of coupled one-dimensional (1d) oscillators
by calculating the natural frequencies and/or energies in the analysis of normal modes of oscil-
lation. After that, this analysis was used and applied to the calculation of the spectrum of
possible values of phonon energies in the model of an ideal unbounded crystal chain. At the
end of the paper, a brief overview of the researched modern models is given: ultrathin films
(quasi 2d crystal structures), nano-wires (quasi 1d crystal structures) quantum dots (quasi 0d
crystal structures).

Keywords: phonons, energy spectra and states, coupled oscillators, crystal chains, thin films, nanowires,
quantum dots.
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EHeprercku 3aBucaH npeJsa3y

CTPYKTYPH JABOYECTUYHHUX KOPeJIALHUja
ramMa-0/beCKoBa 3a0H/besKEHHX TeJeCKOINOM
Fermi Large Area Telescope

O.wa Boplhuh'

! VuuBepsuretr y bawoj Jlyuu, [IpupoaHo-maremaruuku dakynret, bama Jlyka, PenyOiuka
Cprncka, bocna u Xepuerosuna
* olja.djordjic@pmf.unibl.org

[IpencraBbamMo aHanM3y ABOYCCTHUHUX Kopenamuja rama-epyniuja (GRB) kopucrehn mamo
nogaraka o poToHnMa BUCOKUX eHepruja u3 katanora Fermi-LAT (Large Area Telescope), ca
doxycom Ha moapy4je emucuje y GeV eHeprerckoM oricery. KoHcTpyncameM 3ajeTHIIKAX
BpeMeHCKUX (At) u eneprerckux (AE) xopenanmonux (yHKIMja 3a y30pke ogabpaHe mpema
€HEepIruju aKTUBAIMOHOT (trigger) (OTOHA, UCTPAXKYjEMO YHYTpalllkby OpPTraHU3aIUjy BHCO-
keHneprercke emucuje GRB-oBa u3Ban crangapaae opse dasze y keV-MeV noapydjy. YouaBamo
M3pa3uTy peopraHu3alnjy Koperannonux odpasama npu GeV eHeprujama. BpemeHncka cTpyk-
Typa TMOKa3yje MOCTETIeHO MOTHCKUBAKE LIEHTPAIHE (core) eMHCH]e y OAHOCY Ha MPOIINPEHE
(side) nonpuHOCe, IITO JOBOAM O CUCTEMATCKOI IIOpAcTa OJHOCA MPOLIMPEHE U LEHTPAIHE
KOMIIOHEHTE Ca PacTOM €HEepruje akTUBauuOHOT (oToHa. VIcToBpeMeHo, eHepreTcka Kopema-
MoHa (pyHKIMja TIOKa3yje 3Ha4ajHO MPOIIHPEHE CTPYKTypa Ha OMUCKO] cTpaHu (near-side),
3ajeJHO Ca CTAaTUCTHYKU 3HAYajHUM MOPACTOM KOpeialuja Mpu BeTUKuM BpujeqHoctuma AE,
IITO yKa3yje Ha moBehaHy eHepreTcKy JeKopemamujy Mpu BUIIUM eHeprujama ¢orona. Haj-
3HAYajHHUj€ j€ TO IITO KOMIIOHCHTAa Ha CYNPOTHO] CTpaHu (away-side), Koja je NMPU HUKUM
eHeprujama nojpeheHa, ynasu y pexxuM MjepJpUBOT MOpacTa ¥ NPUHOCA U HIMPHUHE, IITO CY-
TepHIIIC [10jaBy KBaJIUTATUBHO JAPYTradnje KOpeJIalMoHe CTPYKTYPE Y TPAHUIM BUCOKHX CHEPIH-
ja. OBu xoMOMHOBaHM e(eKTH yKa3yjy Ha Tpesia3 ca KOMIIAKTHUX, CHaKHO KOPEIHCAaHUX
oOpa3ala eMucHje Mpyu HIKUM €HeprijamMa Ka pacriofifjesbeHn)j0j KOPEIaoHO0] TONOJIOTHjH
y GeV nonpyuyjy. JloOujeHn pe3ynraT MpeacTaBibajy JA0Ka3 1a (OTOHH HAjBHUINUX SHEPrHja
U3 TaMa-epyniyja UCTUTY]y mocebaH peKuM eMHUCH]e KapaKTepUCaH peopraHM30BaHUM Bpe-
MEHCKO-CHEPTeTCKMM KopeJalyjama, ImTo je y CKJIaay ca MPeIa3oM Y OCHOBHO] JTWHAMUIIU
€MICH]e WK IPOCTHUPamha 3pauetba. TeXHUKe ABOYECTUIHUX KOpealrja Ha Taj HAUMH OTKPUBA]Y
TPEHYTHO Hepa3pHjelieHy CTPYKTYpPHY IpPOMjeHy y BHCOKeHeprerckoj emucuju GRB-oBa u
NpyXKajy HOBO OTPaHMYCH-E HAa BHUIICCTPYKY HMPUPOIY PEIaTHBUCTHYKUX IPOTOKA MaTepHje.
Nnentudukyjemo mpena3 o1 KOMIIAKTHUX Ka PACIIONH]eJbeHUM KOPEIIAIMOHUM CTPYKTypama
3a oToHe u3 rama-epymuuja npu GeV eHeprujama, 4uMe ce ykasyje Ha MOCTOjame MoceOHOoT
BHCOKEHEPTeTCKOT peKHMa EMHCH]€.

Kmwyune pujeyu: nBodectrnune kopenanuje, nogaud u3 Fermi-LAT karanora, BpeMeHCKa CTPYKTypa,
EHEepreTcKa Kopesaluona (QyHKIH]a.

BOOK OF ABSTRACTS
OF THE SCIENTIFIC CONFERENCE WITH INTERNATIONAL PARTICIPATION “PRIMAT30”

165




166

DOU3UKA

Energy-Dependent Transition in Two-Particle
Correlation Structure of Fermi Large Area
Telescope Gamma-Ray Bursts

Olja Dordié"™

! University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic
of Srpska, Bosnia and Herzegovina
* olja.djordjic@pmf.unibl.org

We present a two-particle correlation analysis of gamma-ray bursts (GRBs) using a part of
high-energy photon data from the Fermi-LAT (Large Area Telescope) catalog, focusing on
the GeV emission range. By constructing joint temporal (At) and spectral (AE) correlation
functions in trigger-energy-selected samples, we probe the internal organization of high-
energy GRB emission beyond the canonical keV-MeV prompt phase. We observe a distinct
restructuring of correlation patterns at GeV energies. The temporal structure exhibits a pro-
gressive suppression of compact (core) emission relative to extended (side) contributions,
leading to a systematic increase in the side-to-core ratio with trigger energy. In parallel, the
spectral correlation function shows a strong broadening of near-side structures together with a
statistically significant enhancement of large-AE correlations, indicating increased energy de-
correlation at higher photon energies. Most notably, the away-side component—subdominant
at lower energies—enters a regime of measurable growth in both yield and width, suggesting
the emergence of a qualitatively different correlation structure in the high-energy limit. These
combined effects indicate a transition from compact, tightly correlated emission patterns at
lower energies to a more distributed correlation topology in the GeV regime. These results
provide evidence that the highest-energy photons in GRBs probe a distinct emission regime
characterized by reorganized temporal—spectral correlations, consistent with a transition in the
underlying emission or propagation dynamics. Two-particle correlation techniques thus re-
veal a previously unresolved structural change in GRB high-energy emission, offering a new
constraint on the multi-scale nature of relativistic outflows. We identify a transition from com-
pact to distributed correlation structures in GRB emission at GeV energies, revealing a distinct
high-energy emission regime.

Keywords: two-particle correlation, data from the Fermi-LAT catalog, temporal structure, spectral
correlation function.
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3aBucHoct ®ypujeoBux KoepuiujeHaTa
0/1 B&JIMYMHE CUCTEMA U MYJITHILIMIUTETA

y pp 4 pPb cynapuma

O.wa Boplhuh'

! VuuBepsuret y bawoj Jlyuu, [IpupoaHo-maremaruuku dakynret, bama Jlyka, PenyOinka
Cprncka, bocna u Xepuerosuna
* olja.djordjic@pmf.unibl.org

Y oBoM pazy u3BpuieHa je DypujeoBa IeKOMIO3HIIN]a IBOYSCTHYHIX a3UMYTATHUX KOpeJalmja
Yy Pp CyAapuma mnpu \s=7TeV u pPb cynapuma mipu VsNN = 5,02 TeV, HAKOH EKCILIUIIUTHOT
omy3uMama aumnoinHe (n = 1) kommnoHeHTe noBe3aHe ca He-flow kopenarujama, MPBEHCTBEHO
KopealnujaMa HaCTaJIMM yCJbe T MiIa3oBa (jeToBa). AHaIHM3a KOPUCTH TIOCTYIAK TII00ATHOT 3a-
miahuBama paay M3aBajama JyTOJOMETHE KOPEIalMoOHe CTPYKType MpHje XapMOHH]CKOT (hu-
ToBama. Y pp cymapuma npu \s = 7 TeV, usaBojern ®ypujeosn xoeduuujert Vi i Va 1o-
Kazyjy HETpUBHjAIHy 3aBUCHOCT OJI MYJATHIUTHLIUTETA orahaja, mpu uemy oba koeduiujenra
MMajy IojadaHe BPUjeIHOCTH Y KIIACH Ca HajBUIIUM MYJITHUIUIMIIUTETOM, HAKOH Yera CIIUjean
MoCTerNeHa MPOMjeHa MpeMa KjlacaMma ca HIDKUM MYJATHILTHIATETOM. JumonHu koeduiujeHt
Vi je MOo3UTUBAH U 10 BEJIMYMHHU YIIOPEIUB ca KOePUIMjeHTOM Vs, IITO je Y CKIamy ca J0-
MUHAHTHUM JONPUHOCHMA MOBPATHHUX e(deKaTa yCcIbe/l OuyBama UMITyJIca M KOpelaluja u3a-
3BaHUX MJIa30BHMa. XapMOHUIM BUILer peaa (Vs, Vau Vs) ocTajy Maiu ¥ Iokasyjy camo cialy
3aBHCHOCT O] MYATHIUTHIIUTETA, IITO YKa3yje Ha OJICYCTBO U3PAKEHOT KOJEKTHBHOT OJrOBOPA
3a oBe Buie OypujeoBe xapMOHUKE y pp cynapuma. Hacympot Tome, pPb cynapu npu VsNN
= 5,02 TeV mnoka3yjy jacHy 3aBUCHOCT KoepHIHjeHTa V2 0] MyITHILTUIIUTETA, IPU YEMY Hbe-
roBa BPHUjEIHOCT pacTe ca MOpacTOM MYATHILIMOUTETa norahaja. Y OKBHpY NpHUMHjEH-CHE
aHaJu3e, U3/[BOjCHHU JUIOIHH KOeQHUIMjeHT Vi nMa HEraTUBaH MPe3HaK 3a CBE KJIace MYJITH-
TUTMLUTETA, TOK FET0Ba arcoiyTHA BPHjeTHOCT IMOKa3yje CIMYHY 3aBUCHOCT Kao U Vi. OBaKBO
MOHAIIAE CYTEPHILIE J1a HAKOH O/1y3uMama He-flow nonpuHoca mpeocTanu IMMOIHA YIaH HHje
JOMHHAHTHO ofipel)eH Kopeanyjama MoBe3aHnMa ca MiIa30BUMa 1 IOBpaTHUM edekTuma, Beh
oflpakaBa 3a0CTaJly AYTOJOMETHY KOMIIOHEHTY KOja IOKa3yje CIMYHEe CHCTEeMaTCKe OCOOHMHE
Kao XapMOHHIIM BUILIET pefa. Y pp cyaapruMma youeHO TOHAIIAKkE je Y CKIIaay ca Kopenanujama
KojuMa JoMuHupajy He-flow edekru, mok y pPb cymapuma mpeocrana qyrogoMeTHa CTPyKTypa
MOKa3yje KapaKTePUCTUKE KOje Cy BUIIIE y CKJIa Ty Ca KOJIEKTHBHOM JJUHAMUKOM CHCTEMa. YOUeHA
CIIMYHOCT CKanmupama uzmehy Vi u Vs y pPb cynapuma ykasyje Ha Moryhe 3ajeTHUYKO TOPH]jSKII0
OBHMX KOMIIOHEHTH, ITOTCHIINjAJTHO TIOBE3aHO ca (piyKTyaryjaMma reoMeTpHje IOYEeTHOT CTama U
HAKHAJHUM OJITOBOPOM CTBOPEHOT MeaujyMa. MelyTuM, arcomyTHU Ipea3HaK KoeduilijeHTa
V1 3aBuCH 071 ZieTajba MOCTYIIKA Oy3uMama 1 DyprjeoBe JEKOMITO3UITH]je Te Ta Tpeda TyMauyuTH
UCKJbYUUBO y OKBUPY NPUMH]jCHEHE METOAOJIOTH]E.

Kwyune pujeuu: nouectnyne kopenauuje, @ypujeou koeduimjentu, pp cyaapu, pPb cynapu, 3aBuc-
HOCT O MYJITUIUIMIUTETA.
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System-Size and Multiplicity
Dependence of Fourier Coefficients
in pp and pPb Collisions

Olja Dordié"™
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* olja.djordjic@pmf.unibl.org

We perform a Fourier decomposition of two-particle azimuthal correlations in pp collisions at
s =7 TeV and pPb collisions at \/SNN = 5.02 TeV, after explicit subtraction of the dipole (n=1)
component associated with non-flow correlations, primarily jet-like contributions. The analysis
employs a global smoothing procedure to isolate the long-range correlation structure prior to
harmonic fitting. In pp collisions at \s = 7 TeV, the extracted Fourier coefficients Vi and V.
exhibit a non-trivial dependence on event multiplicity, with both showing an enhancement in
the lowest multiplicity bin followed by a gradual evolution toward higher multiplicity classes.
The dipole coefficient V1 is found to be positive and comparable in magnitude to Vs, consistent
with dominant contributions from recoil effects arising from momentum conservation and jet-
-induced correlations. Higher-order harmonics (Vs, Vi, and Vs) remain small and display only
a weak dependence on multiplicity, indicating the absence of a strong collective response for
these higher order Fourier harmonics in pp collisions. In contrast, pPb collisions at S =35.02
TeV show a clear multiplicity dependence of V2, which increases toward higher multiplicity
classes. The extracted dipole coefficient Vi is found to be negative across all multiplicity clas-
ses within the present analysis framework, with a magnitude that scales similarly to Vs. This
suggests that, after non-flow subtraction, the residual dipole term is not dominated by recoil-
-driven jet correlations, but instead reflects a remaining long-range component exhibiting
similar systematics to higher-order harmonics. In pp collisions, the observed behavior is
consistent with correlations dominated by non-flow effects, while in pPb collisions the residual
long-range structure exhibits feature more consistent with collective dynamics. The observed
scaling between Vi and Vs in pPb suggests a common underlying origin, potentially related
to initial-state geometry fluctuations and their subsequent medium response. However, the
absolute sign of Vi depends on the details of the subtraction and decomposition procedure and
should be interpreted within that framework.

Keywords: two-particle correlations, Fourier coefficients, pp collisions, pPb collisions, multiplicity
dependence.
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IIperJien epeKTUBHUX MpecjeKa
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* Akasiemuja Hayka u ymjeTHocTu Peny6nuke Cprcke, bama Jlyka, Pemy6uka Cpricka, bocna
1 XepleroBruHa

* snjezana.dupljanin@pmf.unibl.or

OBaj paa mpecTaBiba CUCTEMAaTHYaH MperJie]l 1o1aTaka 0 epeKTUBHUM IPEC)eLMa 33 pacHjame
€JIEKTPOHA Ha MOJIEKYJIMMa HEKOJIMKO KJbYYHHMX IacoBa KOjU AUPEKTHO WIM MHJIUPEKTHO J10-
npuHOCE eeKTy cTakjeHe Oamre. Y KOHTEKCTY CBE M3PaKEHUJUX KJIMMATCKHX IPOMjEHa,
pa3yMujeBame MHTEPAKIIMja HA MUKPOCKOIICKOM HMBOY ITOCTaj€ 3HA4YajHO 3a MPEIH3HO MoJie-
JIOBam-€ Tpolieca Koju ce JAelaBajy y aTMocdepu 3emibe Kao U 3a U300p racoBa 3a HEKe Of
TEXHOJIOTHja KOJl KOjux je Moryhe ucmymrame racoBa y armocgepy. Ilopen noMuHaHTHUX
aTMOC(epCKHX racoBa ca eekToM crakieHe Gamre, kKao mro cy yribeH-auokcua (CO,),
yribeH-monokenn (CO), meran (CH,) u asor-cy6okenn (N,O), nocebna naxma nocsehena je
rpynu anTponorenux xuapodiayopoyriboBononuka (HFC). Yuayrap oBe rpyrme, aerasbHoO je
ananuzupan monekyn 1,1,1,2-rerpadyopoeran (C,H,F,), uecto o3nauaBan kao R134a, koju je
JIelIeHujaMa CITy>KHO Kao IPUMapHU pacxXJjiafHu (Iyu1y HHIYCTPH]jH, aJTd YUjH j€ YTHIIA] Ha [J10-
6anHo 3arpujaBame 3a0pumasajyhu. C 063upom Ha TO Ja HOTEHIM]jaj ITI00AIHOT 3arpHjaBama
(GWP) 3a mostexyn C,H,F, nznocu 1430, HEONXOHO j€ IETa/bHO MCITUTATH H>ETOBO TIOHAILIAE
y IJIa3MU U TOPHUM cJojeBUMa aTMocdepe. AHATU3UpaHu Cy U yropeheHu eekTHUBHHU Ipe-
CjellM 3a eJacTUYHO pacHjame Kao M Mpecjelid 3a eJIeKTPOHCKE U BHOpalMOHE eKCLUTalMje
KOjH Cy KJbYYHH 32 €HEPrHjCKU OMIIAHC y HUCKOTEMIIEpaTypHHUM IutazMama. [loceban akieHar
CTaBJbEH j€ Ha MPOIIece jOHU3AIH]e U AUCOLHNJaTUBHOT €JIEKTPOHCKOT 3aXBaTa, KOjU JUPEKTHO
yTUYY Ha XEMH]CKY TpaHChOpMalnjy MOJIeKyJia y atMochepu U Jerpajalifjy OBUX jeIUbEHba.
AHanu3upaHu cy pe3yiTaTd JOOMjeHH TUPEKTHUM EKCHEPUMEHTAIHUM MjepemhuMa (IOIyT
TEXHHUKA Ca YKPIITEHUM CHOTIOBUMA), TEOPH)CKU MOJIEIH 3aCHOBAHU HAa KBAHTHO-MEXaHUUKUM
IIpopavyHUMa, T€ Pe3yJITaTH U3BEACHU HHANPEKTHO, IPUM]EHOM METO/I€ €IIEKTPOHCKUX pOjeBa
KpO3 aHaJM3y TPaHCIOPTHUX KoeduiujeHata. McrpaxkuBame ykasyje 1a moctoje oapehena
Hecllarama y J0CTyITHUM 0a3ama rojiaTaka, YuMe ce IoCTaBJba OCHOBA 3a Oy 1yha nctpaxuBama
y u3unm cyjapHUX Ipolieca i €KOJIOIKOM HHXHEEPUHTY, ca IMJbEM ITPOHAIACKa a/IeKBATHUX
3amjeHa 3a racose ca Bucokum GWP dakropom. Ilopen C, H,F, npesentupahemo nonarke u 3a
Jpyre YribOBOJOHUKE KOjU Cy 100MjE€HH METOJIOM POjeBa.

Kwyune pujeuu: eekTuBHY Ipecjeny, pacujame eNeKTPOHA, TaCOBH CTaKJIeHe OalTe.
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This paper presents a systematic review of electron scattering cross-section data for several key
gases that directly or indirectly contribute to the greenhouse effect. In the context of increasingly
prominent climate change, understanding interactions at the microscopic level has become
significant for precise modeling of processes occurring within the Earth’s atmosphere, as well
as for the selection of gases for technologies with a potential risk of atmospheric emissions. In
addition to the dominant atmospheric greenhouse gases, such as carbon dioxide (CO,), carbon
monoxide (CO), methane (CH,), and nitrous oxide (N,O), particular attention is paid to the group
of anthropogenic hydrofluorocarbons (HFCs). Within this group, the 1,1,1,2-tetrafluoroethane
(C,H,F,) molecule, often designated as R134a, is analyzed in detail; while it has served for
decades as a primary refrigerant in the industry, its impact on global warming is concerning.
Given that its Global Warming Potential (GWP) is 1430, it is essential to thoroughly examine
its behavior in plasma and the upper layers of the atmosphere. Cross sections for elastic scatter-
ing, as well as cross sections for electronic and vibrational excitations that are crucial for the
energy balance in low-temperature plasmas are analyzed and compared. Special emphasis is
placed on ionization processes and dissociative electron attachment, which directly influence
the chemical transformation of that molecule in the atmosphere and its degradation. Results
obtained through direct experimental measurements (such as crossed-beam techniques), theo-
retical models based on quantum mechanical calculations, and results derived indirectly using
the electron swarm method through the analysis of transport coefficients are analyzed. The
research indicates certain discrepancies within the available databases, thereby establishing a
foundation for future research in collision physics and environmental engineering, aiming to
identify adequate replacements for gases with high GWP factors. In addition to C H,F, we will
review data for other hydrocarbons obtained by the swarm technique.

Keywords: cross sections, electron scattering, greenhouse gases.
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Tomnosomke gpa3He npomMjeHe y
neopMHUCAHUM YIJbeHUYHUM
HAHOTy0aMa

Canopa Topouua'" u 3opan II. ITonosuh’

''Vuusepsuret y bawoj Jlyuu, Enexrporexanuku dakynret, bama Jlyka, Penyonuka Cpricka,
bocHa n Xepuerosnna

2 Vuusep3uret y beorpany, ®usnuku dpakynrer, beorpan, Cpouja

* sandra.torbica@etf.unibl.org

HcnutnBaHe cy Tonosomke ¢pazHe NpoMjeHe MOoIyNPOBOIHUX YIIbeHUYHUX HAaHOTY0a, yCIbe
MeXaHUUKUX AedopMmanuja. YribeHH4He HaHOTyOe MpeAcTaBbajy MOroJaH Mojes 3a Mpoyva-
Bamb€ EJIEKTPOHCKUX CBOjCTAaBa M TOMOJOMIKMX (ha3a JeJHOIMMEH3UOHUX CHCTEMa, IPU YeMy
MexaHuuke Jedopmaiuje omoryhaBajy KOHTUHYaJIHY KOHTPOJIY HUXOBE €JIEKTPOHCKE CTPYK-
Type. Pa3marpane cy camo xomorene Jedopmaligje, ¢ 003upoM Ha TO J1a He JJOBOJIE 0 Hapy-
1IeHka YKYITHE CUMETpHje HaHOTYyOe, Te Mpe/ICTaBibajy aaujadarcke (Copo Mujemajyhe) npo-
nece. AHaIM3MpaH je yTULAj TOp3uoHe Jedopmalirje, Moy>KHEe U yraoHe AUMepu3aluje Ha
€JIEKTPOHCKY CTPYKTYpPY yrJbeHHMUHUX HaHoTyOa. [Tocmarpan je cet ox 30 HanoTyGa u 3a pa-
YyHame BUXOBUX EIEKTPOHCKUX 30HA KOpHIITEH je ,,POLSym* kon, Te je 3a cBaky mojenuHy
TyOy (n,, n,) u3 cera npahena npomjeHa CTpyKType 30He yciben Aepopmanuje. YoueHo je 1a
3a onpeheHn mHTEH3UTeT AedopMmalije J10Ja3u A0 TOMOJIOMIKOr (ha3HOTr IMpea3a MPUIMKOM
3aTBapamba €HEePreTCKOr refa 30Ha MCTOr aHTyJapHOI KBaHTHOT Opoja. HajBuine momymweHO
U HajHU)KE HETOMYyHEHO CTame MOCTajy CKOpO JereHepucaHu, NMpUOIMkKaBajy ce A0 Tauke
3aTBapama remna, y CKJiajy ca paBUJIoOM HelpecHujerama. Y 1UbY TOMOJIOIKE HHTepIpeTaluje
N00MjeHnX pes3ynTara, pa3MarpaH je aHaJOTHU jeqHoauMeH3umoHu moxen tuma SSH (Su-
Schrieffer-Heeger). Y okBupy oBor Mojena, XaMHWITOHHjaH C€ MOXKE U3PAa3UTH NPEKO BEKTOpa
d(k), unju obuna3zak OKO CHHIyJIapHE Tayke (Tauke Ijje A0Ja3u J10 MpuoIrKaBamba 30Ha) Je-
¢bunme ,,winding* 6poj Kao TOMOIOWIKN HHBapujaHT. [lokazaHo je 1a 3aTBapame rema oaro-
Bapa MpoMjeHu ,,winding* Opoja, yume ce noTBplyje Tonosomka npupoaa (hasHor mpeiasa.
AHaJIOTHO MOHAIIAke YOUECHO je U KOA 1e(hOPMHUCAHUX YITbeHHYHUX HAHOTYyOa MoCMaTpaHuX
y OBOM CeTy, IITO yKa3yje Ha eKBUBAJICHTHOCT u3Mel)y oBa aBa cucrema. Pasmarpano je u aa
JIM IPUITMKOM H3je[IHa4YaBama yAaJbeHOCTH MOjeAMHUX aToMa OJ PeACTaBHUKA opOuTe (aToma
C,y)» €kBUBaNeHTHO SSH MOzIeNy ¥ M3jeIHavYaBamby XOMMHT apamMeTapa, 10J1a31 JI0 3aTBaparba
eHepreTckor rpoljena. [locMaTpaHu cy caMo aToMH Ha yla/beHocTH 10 4A o mpencTaBHuKa
opburte. Y ciyuyajy Top3uoHe aedopmaliuje, o1 yKyImHOT CeTa, OBO MOHAIIAKE j€ YOUEHO KOJ
5 HaHOTYyOa, 3a yraoHy auMmepusanujy ko 12, a 3a mogyXHy Ko 8 HaHOTyOa, IpU yemy ce
KOJI HEKMX HaHOTyOa jaBJba BUIIIE MTyTa, 3a pa3InuUTe CTENeHe AedopmMaligje. 3a HOAYXHY JH-
MEpHU3aLKjy je YOUEHO MU3jeTHaYaBame yAaJbeHOCTU MPBUX Cycjesia IpeACcTaBHUKA opouTe, Ha
ynameHoctu Hemrto Behoj on 1A. Jlo6ujenn pesyntatu ykasyjy na MexaHudke aedopmaiiyje
MOTY CITY’KUTH Kao e(huKacaH MEXaHN3aM 3a KOHTPOITY €JIEKTPOHCKHX U TOTIOJIOIIKHUX CBOjCTaBa
YIJbEHUYHUX HAaHOTY0a, Te omoryhaBajy AMPEKTHO MOBE3MBabE€ MUKPOCKOIICKUX MapaMerapa
crcTeMa ca ’eroBUM TOMOJIOMIKMM KapaKTepHCTUKaMa.

Kmwyune pujeuu: mononomku (pa3Hu Mpeiasu, yribeHHIHe HaHOTyOe, MeXaHn4Ke aeopMaliyje, 3aTBa-
pame eHepreTCKor rema, ,,winding* 6poj.
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Topological Phase Transitions in
Deformed Carbon Nanotubes

Sandra Torbica' and Zoran P. Popovié?

"'University of Banja Luka, Faculty of Electrical Engineering, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina

2University of Belgrade, Faculty of Physics, Belgrade, Serbia

* sandra.torbica@etf.unibl.org

Topological phase transitions in semiconducting carbon nanotubes induced by mechanical de-
formations are investigated. Carbon nanotubes represent a suitable model for studying electronic
properties and topological phases of one-dimensional systems, where mechanical deformations
enable continuous control of their electronic structure. Only homogeneous deformations are
considered, as they do not break the overall symmetry of the nanotube and represent adiabatic
(slowly varying) processes. The influence of torsional deformation, longitudinal and angular
dimerization on the electronic structure of carbon nanotubes is analyzed. A set of 30 nanotubes is
considered, and the “POLSym” code is used to calculate their electronic band structures. For each
individual nanotube (n , n,) from the set, the evolution of the band structure under deformation
is analyzed. It is observed that, for a certain deformation, a topological phase transition occurs
upon the closing of the band gap between bands with the same angular quantum number. The
highest occupied and lowest unoccupied states approach each other up to the gap-closing point,
while their behavior is constrained by the non-crossing rule. For the topological interpretation
of the obtained results, an analogous one-dimensional SSH (Su—Schrieffer—Heeger) model is
considered. Within this model, the Hamiltonian can be expressed in terms of the vector d(k),
whose winding around a singular point (the gap-closing point) defines the winding number as
a topological invariant. It is shown that the gap closing corresponds to a change in the winding
number, confirming the topological nature of the phase transition. An analogous behavior is
observed in the set of deformed carbon nanotubes, indicating an equivalence between the two
systems. It is further examined whether the equalization of distances between certain atoms
and the orbit representative (atom C, ), analogous to the SSH model and the equalization of
hopping parameters, leads to the closing of the band gap. Only atoms within a distance of 4A
from the orbit representative are considered. In the case of torsional deformation, this behavior
is observed in 5 nanotubes from the set, for angular dimerization in 12, and for longitudinal
dimerization in 8 nanotubes. In some nanotubes, it appears multiple times for different deforma-
tion strengths. For longitudinal dimerization, the equalization of distances between the nearest
neighbors of the orbit representative is observed at a distance slightly larger than 1A. The ob-
tained results indicate that mechanical deformations can serve as an efficient mechanism for
controlling the electronic and topological properties of carbon nanotubes, enabling a direct
connection between microscopic system parameters and its topological characteristics.

Keywords: topological phase transition, carbon nanotubes, mechanical deformations, band gap, winding
number.

3bOPHUK CA’KETAKA
HAYYHE KOH®EPEHIIMIE CA MEHBYHAPOJHUM YUELIREM , ITPUMAT30%



PHYSICS

AHaJiM3a coJIapHe upaaujauuje u npoijeHa
NPOU3BOAIHE eJIEKTPUUYHE eHepruje: CTyauja
ciay4daja Ha [IpupoaHo-maTreMaTHUYKOM
¢pakyarery y bamwoj Jyuu

Jywanxa Mapuemuh'", Bojan Kosauesuh', /lujana Byxkuh’, Kevka
Ocmojuh’ u J/lpazowvyo Mupjanuh’

"Vuusepsuret y bawoj Jlymu, [IpuponHo-matemarnuku dakynrer, bamwa Jlyka, Penyonuka
Cprncka, bocHa u Xepuerosuna

2 Vuusepsuret y bawoj Jlyun, Mammucku ¢akynrer, bama Jlyka, Pemyomuka Cpricka, bocHa
1 XeplueropuHa

* Akanemuja Hayka u ymjetHoctd Penyonuke Cpricke, bama Jlyka, PemyOnuka Cpricka, bocHa
1 XepueropuHa

* dusanka.marcetic@pmf.unibl.org

VY epu kMMaTtcke Kpuse, 0OHOBJBMBH U3BOPH €HEPTHje OMOTyhaBajy eKOJIOLUIKY IPUXBATIbUB U
OJIp’KUB HAUMH MTPOU3BO/IHE €IEKTpUUHE eHepruje. HanpeTrkom poTOHAOHCKUX TEXHOJIOTH]a,
CoJIapHE eJIEKTPaHe PA3IMUUTUX KalaluTeTa, y pacloHy O MaJMX CUCTeMa 3a JoMahnHCTBa
710 BEJTMKUX COJIApHUX (hapMH, ITOCTAJIE Cy HIMPOKO pacrpocTpameHe. HTerprucame colapHux
MHCTajanujay noctojehy uHpacTpykTypy u, jOl BaXkHHU]je, y a3y NpojeKTOBamba HOBE IPaIibe
MOJKe 3Ha4ajHO MOO0JBIIATH HCKOPHUIITEHE CoapHe eHepruje. OBa CTyuja UCTHYE IPEAHOCTH
CHUMYJIALIMOHUX ajlaTa y MPEeM3HOM MOJIENIOBaby U IUIaHUpamky COJIApHUX MHCTananuja. Pan
MIPEJCTaBJba ACTaJbHY aHAJIU3y TyTOpOYHE cojlapHe Hpaaujanyje Ha gokanuju [IpupoaHo-ma-
tematuukor ¢axkynrtera y bamoj Jlyiu, y3 npolijeHy mpou3BO/AmbE eIeKTPUUHE SHEepruje u3
COJIapHUX MOJIyJIa MHCTAJMPAaHUX Ha KPOBY 3rpaje. AHanu3a je usBeneHa npumjeHom doro-
HarnoHcKor reorpadckor nHpopmanuoHor cucrema (Photovoltaic Geographical Information
System — PVGIS), koju ciry>ku kao OecryiaTHa MHTEpHET 0a3a mojaraka M ajaT 3a IpopayyH
MoryhHocT kopuiihema conapue enepruje. Jla Ou ce moTBpamIa g0cbeTHOCT u3Mely Teo-
PHjCKHUX TpOILjjeHa ¥ eMIHUPH]CKUX IoJaTaKka, mapamMeTpu cuMmyianyje (ykjbyuyjyhu TexHo-
norujy henmja, yrao Haru0a naHena, a3uMyT ¥ MHCTAJIMCAHU KamalMTEeT) 0JabpaHH Cy TakKo
Jla TIPEIM3HO O/IroBapajy cnenudukanyjama cTBapHe COapHe eJeKTpaHe myuTeHe y pag 12.
Mmapra 2026. rogune. OGjexaT uMa yKyITHM HOMMHAJIHUA UHCTaIMCaHu KarmauuTeT o 19,8 kW.
ConapHu aHesu cy MOHTUPAHU Ha KPoB, ciujenehn narud kposa 0o130°. /IBuje Tpehune moynia
OPHjEHTHUCAHO je o] a3uMyToM oA 37° jyro3anajHo, 10K je mpeocTtasia TpehuHa ycMmjepeHa ka
-53° jyroucrouHo. Ha ocHOBY MeTEOpOJIOMIKMX MMOAATaKa MPUKYIJbAaHUX Y MEPHOAY O CKO-
PO JBajeceT rojuHa, CTyAMja MpeacTaBba MPOCjeUHy TeMIIepaTypy, OJHOC MPOCjedHe -
¢dy3He u rinobamHe Hpaaujalyje, Kao U MpocjeuHe MjeceyHe M TOAUIIbE BPUjEIHOCTH TII0-
OanHe mpaaujanuje u3payyHate 3a GUKCHU HaruOHU yrao uHcrananuje oa 30° u TeopujcKu
ontumanHu yrao oz 36°. Konauno, nate cy mpoljjeHe Mpou3BOIbE €JIEKTPUUHE EHEpruje 1o
MjecelliMa M Ha TOAMIIHEM HUBOY, 32 MHCTAJTMCAHU KananuTeT cuctema. [IporujemeHo je aa
OU roIMIIkHa MPOU3BO/IHHA 3a CIeUU(UUHY KOHPUTYpalHjy HHCTAJIMCAHE eIeKTpaHe U3HOCHIIA
npubmmkao 21,4 MWh. 3a mectoMjecedHu mepuo, of jyHa 10 HOBeMOpa, MpoljjeHa U3HO-
cu 12,3 MWh. Ontumuszanyja opujeHTanuje U yria Haruba nosehaBa MpOLMjEHEHU MPH-
HOC 3a OKO 5% y mopehemy ca BpHujeqHOCTHMA TOOWJEHUM ca MapaMeTpuMa CTBapHE KOH-
¢urypammje. To maprunanHo nosehame ykasyje Ja je Majo OJCTyIName Haruba KpoBa O]
ONTUMAJTHOT Harnba roToBo Oe3HayajHo, T€ Ja je MpojeKaT reHepasHo 100po u3ajHUpaH ca
n06po onabpanuM asumyToM. HakoH mito cuctem OyJie y OroHy JJOBOJBHO IYTO J1a ce 100ujy
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MOY3/IaHH 1T0/1a1T, HarpaBuhe ce mopeheme MjepHIX MmolaTaka ¥ pe3yirata CUMyianyje. AHa-
m3oM he ce nposjeputn TauHocT PVGIS mpenBubama Hacmpam mojpataka MPUKYIUBEHUX Y
peaTHIM YCJIOBHUMA paJia OBE KOHKPETHE CTY/H]je cllydaja. Y KOHAYHHIIM, OBa CTY/IHja TEKH Ja
JOMIPUHECE IUPO]j PUMjCHH CUMYJIAIIMOHKX aJIaTa 3a MPOIjeHY, OIITUMHU3AIH]Y U TOOO0JbIIake
nepopmancu Oynyhux corapHUX HUHCTANAIIN]A.

Kwyune pujeuu: conapna enepruja, Ipou3Bo/ika eJICKTPUYHE EHEPTUje, CUMYIalja, BalnaaLuja.

Analysis of Solar Irradiation and Assessment
of Electrical Energy Production: A Case
Study at the Faculty of Natural Sciences and
Mathematics in Banja Luka

Dusanka Maréeti¢"”, Bojan Kovacevié', Dijana Pukié, Zeljka Ostojié’
and Dragoljub Mirjani&

! University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic
of Srpska, Bosnia and Herzegovina

2University of Banja Luka, Faculty of Mechanical Engineering, Banja Luka, Republic of Srpska,
Bosnia and Herzegovina

3 Academy of Sciences and Arts of the Republic of Srpska, Banja Luka, Republic of Srpska,
Bosnia and Herzegovina

* dusanka.marcetic@pmf.unibl.org

In the era of climate crisis, renewable energy resources provide a clean and sustainable path for
electric energy production. With the advancements in photovoltaic technologies, solar power
plants of various scales, ranging from small household systems to large-scale solar farms,
have become widely deployed. Incorporation of solar installations into existing infrastructure,
and more crucially, into the design phase of new construction, can significantly improve so-
lar energy utilization. This study highlights the advantages of simulation tools for accurate
modeling and planning of solar installations. The study presents a detailed analysis of long-
term solar irradiation at the location of the Faculty of Natural Sciences and Mathematics in
Banja Luka and an estimate of the electrical energy generation from solar modules installed
on the roof of the building. The analysis was conducted using the Photovoltaic Geographical
Information System (PVGIS), which serves as a free web-based database and calculation tool
for solar energy exploitation. To validate the consistency between theoretical estimates and
empirical data, simulation parameters — including cell technology, tilt angle, azimuth, and in-
stalled capacity — were selected to precisely match the specifications of the actual solar power
plant commissioned on March 12, 2026. The facility has a total nominal capacity of 19.8 kW.
Solar modules are mounted on the roof, following the roof inclination of 30°. Two-thirds of the
modules are oriented at a 37° southwest azimuth, while the remaining third is directed toward
-53° southeast. Based on meteorological data that has been collected over a nearly twenty-year
period, the study presents an average temperature, average monthly diffuse to global irradiation
ratio as well as average monthly and annual global irradiation values calculated at the fixed
installation tilt angle of 30° and the theoretical optimum angle of 36°. Finally, it provides
estimates for monthly and annual electrical energy output for the system’s installed capacity.
It is estimated that the annual production for the specific configuration of installed power plant
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is approximately 21.4 MWh. For a half-year period, from June to November, the estimate is
12.3 MWh. Optimization of the orientation and tilt angle increases the estimated annual yield
by about 5% compared to the values obtained with system’s configuration parameters. This
marginal increment indicates that the slight deviation of the roof inclination from the optimum
value is almost insignificant and that the project is generally well designed with the well-
chosen azimuth. After the system has been operational long enough to obtain representative
datasets, a comparison between simulated and measured performance data will be conducted.
This analysis will validate the precision of PVGIS predictions against data collected under real
operating conditions in this particular case. Ultimately, this study aims to make a contribution
to the widespread application of simulation tools for estimating, optimizing and improving the
performance of future solar installations.

Keywords: solar energy, electric power generation, simulation, validation.

IIpupoxnu pagnonykauau (U4, U?*® u Ra?*%)
y Boau 3a nuhe, pujedyHUM U NPUOOATTHUM BOJaMa
y bocuu u Xepuerosunu (2022-2025)

3opana Hnuh', Angppeo Buouu’, Hpma /luoosuh’ u
Mun Asoucnaxuh’
! 3aBon 3a jaBHO 3apaBcTBo DBuX, Ciyx0a 3a 3amTUTy 01 3padctka, Capajeso,

bocHa u Xepuerosuna
* z.ilic@zzjzfbih.ba

[TpupoaHu paTuoOHYKIHIN Y BOACHUM CpeIMHAMA ITPEICTaBIbha]y 3HaUajHy KOMIIOHEHTY paJIno-
AKTUBHOCTH XHBOTHE CPEIMHE U TONPHHOCE YHYTPAIIHEM 03paunBamby JbYIH MPBEHCTBEHO
myTeM yHoca Boje 3a nuhe. Mehy wuma, uzoronu ypanujyma (**U u »*U) u pagujym-226
(**Ra) ox moceOHOT cy 3Ha4aja 300T CBOje PaAMOTOKCUYHOCTH, AYTOT BpeMeHa Ioyrypacnaaa
Y T€OXEMH]jCKE TOKPETIHHBOCTH y TPUPOJIHUM BOJICHIM cucTeMuma. Liusb oBor HeTpaxinBama
0uo je ma ce oapeae KoHIEeHTpanuje akTuBHOCTH 2*¥U, 2**U u ?*Ra y pa3auuuTUM BOJICHUM
cuctemuma y bocHu u XepueroBuHu — BoJau 3a nuhe, pujedyHuM Bojaama (pujeke bocHa u
Hepersa) u npuobannoj mopckoj Boau (Heym, Jagpancko mope) — Te ga ce mpoIujeHn mi-
XOBa MPOCTOPHA U BpeMEHCKa BapHjabuiaHocT y nepuony 2022-2025. ronune. Ilopen tora,
aHAJIM3UpaHU Cy U ofHOocU akTuBHOCTH ***U/*¥U kao mokaszaTesbl MeOXEeMHjCKUX Ipolieca U
MIPUPOIHE paIMOAKTUBHE HEPABHOTEXKE. Y KYITHO Cy IPHUKYyTIJbeHa 63 y3opka (40 y3opaka Boje
3anhe, 16 y3opaka pujeune Bojie ¥ 7 y30paka MOPCKe BOJI€), Y30PKOBAHHX J[Ba ITyTa TOTUIITELE,
a aHaJIM3€ Cy U3BpIIEHE NPHUMJEHOM PaJMOXEMHU]CKOT pa3fBajama U ajnda-CreKTPOMETPU]OM.
AHAIMTHYKA KBAJUTET KOHTPOJIMCAH j€ CTaHAapAM30BaHUM IpOIeaypama Kako Ou ce 00e3-
Oujenuia nMoy3aaHOCT U MOHOBJBUBOCT pe3yJiTaTa. 3a KapaKkTepusalujy BapujaOUIHOCTU YHY-
Tap W W3Mel)y UCIMTUBAHUX BOJEHUX CHUCTeMa KOpHUITheHH Cy AECKPUNTHBHU CTATUCTHYKH
napamMeTpH (Cpeliiba BpUjeIHOCT, CTaHIapIHa IeBHjalija U pacnoH). Pesynraru cy mokazanu
JacHe pasiiMKe y pacmojjelu paJuoHyKIuaa u3Mely pa3nuauTux TUNoBa Boaa. Boga 3a mu-
he mokasana je yMjepeHe KOHILIEHTpallje aKTUBHOCTH, ca CpelbUM BpHjeaHocTMa of 4,70
mBq/L 3a ***U, 6,64 mBq/L 3a #*U u 1,862 mBq/L 3a **Ra. Pujeune Boje cy yriiaBHOM
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MoKasalie HIKe HUBOE aKTUBHOCTH, i Behy peslaTUBHY BapujaOHITHOCT, IITO O/IpakaBa yTH-
11aj JIOKaJHE TeOJIOTHje W XHMIPOJIOMKHUX ycioBa. OYeKMBaHO, MOPCKA BOJA caaprkaBalia je
3Ha4YajHO BHIIIE KOHIIEHTpaIije akTuBHOCTH ypanujyma (40,05 mBq/L 3a 2**U u 45,09 mBq/L
3a 2**U), y3 Maiy BapujaOMIIHOCT, HITO je y CKJIaJy ca KOH3EPBATHMBHHM IOHAIIAKBEM ypa-
HUjyMa U epUKACHUM MHjelIaleM Y MOpCcKoj cpeannu. Hacympor Tome, *?°Ra je moka3nuBao
U3paKEHY MPOCTOPHY XETEPOTCHOCT, MOCEOHO Y CIATKOBOJHUM CHCTEMHMA, IITO yKa3yje Ha
CHa)KaH YTHI[a] HHTEPAKIIN]je BOIa—CTH]jEHA U JIOKAITHUX T€OXEMH]jCKHX ycaoBa. OTHOCH aKTHB-
Hoctu >**U/>*¥U Ounm cy nocibenHo Behu of jeauHuIle y ¢BUM THoBUMa Boja (1,59 y Boau
3a nuhe, 1,62 y pujeunoj Boau u 1,13 y Mopckoj BofH), ITO MOTBphyje MOCTOjamke MPUPOTHE
paZiioaKTUBHE HEPABHOTEXE U U3pakeHU]y MoOmmm3aiujy U y cIaTKOBOIHUM CperHaMa.
VY 1jenuHu ocMaTpaHo, pacro/ijea paluoHyKIHIa IPBEHCTBEHO j€ YCIOBJbEHA TPUPOIHUM
XHIPOTEOXEMH]CKUM ITPOIIECHMA, 0€3 T0Ka3a 0 aHTPONIOTeHOM 3aral)erby MITH paIiOJIONTKAM aHO-
Manijama. JloOujeHu pe3ynTaTtu JonpuHoce 00JbeM pa3yMUjeBamby MOHAIIAKbA PATHOHYKINIA
y pa3IMYUTAM XUAPOTCOIONIKIM yCIOBUMA M YCIIOCTaBJbajy pedepeHTHY OCHOBY 3a mpahe-
e PaIMOAKTUBHOCTH JXUBOTHE cpenuHe y bocHu m XepueroBunu. OBaj cKym mojaraka
NpeJICTaBlba BpHUjeaH OKBHUp 3a Oymyhe mporpame MOHHUTOPHHTA, YIIOPEIHA MCTPAKHBAHA
U IyrOpoYHe paauoJionike npoijene. bynyha uctpaxuBama Tpedano 61 ycMjepuTy Ha Mpo-
IIUPEHE MPOCTOPHOT OO0yXBaTa M YKJbYYHMBaWkE JOJATHUX HM30TONCKUX U TEOXEMH)CKUX
napameTapa pajau 00Jber pa3yMHjeBamba MeXaHu3amMa TPAHCIIOPTA PaTUOHYKIIHIA.

Kwyune pujeuu: anda-cnekTpoMeTpuja, paInoXeMHjCKO pa3/iBajamke, H30TOIH YPaHHujyMa, PaujyM-226,
HPUPOIHE BOJIE.

Natural radionuclides (U*4, U**® and Ra??*%)
in drinking, river and coastal waters
in Bosnia and Herzegovina (2022-2025)

Zorana Ili¢", Alfred Vidic', Irma Didovié' and
Din Avdispahié’
! Institute for Public Health FB&H, Radiation Protection Service, Sarajevo, Bosnia

and Herzegovina
* z.ilic@zzjzfbih.ba

Natural radionuclides in aquatic environments constitute an important component of environ-
mental radioactivity and contribute to internal human exposure primarily through the ingestion
of drinking water. Among them, uranium isotopes (***U and #**U) and radium-226 (**Ra) are
of particular interest due to their radiotoxicity, long half-lives, and geochemical mobility in
natural water systems. The aim of this study was to quantify the activity concentrations of 24U,
234U, and ***Ra in different aquatic systems in Bosnia and Herzegovina—drinking water, river
waters (Bosna and Neretva Rivers), and coastal seawater (Neum, Adriatic Sea)—and to assess
their spatial and temporal variability over the period 2022-2025. In addition, #**U/**U activity
ratios were evaluated as indicators of geochemical processes and natural radioactive disequi-
librium. A total of 63 samples (40 drinking water, 16 river water, and 7 seawater samples) were
collected on a semi-annual basis and analysed using radiochemical separation followed by
alpha spectrometry. Analytical quality was controlled through standardised procedures to en-
sure the reliability and reproducibility of the results. Descriptive statistical parameters (mean,
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standard deviation, and range) were used to characterise variability within and between the
investigated water systems. The results revealed clear differences in radionuclide distribution
among water types. Drinking water showed moderate activity concentrations, with mean vaues
of 4.70 mBg/L for 2**U, 6.64 mBq/L for #**U, and 1.862 mBq/L for **Ra. River waters gen-
erally exhibited lower activity levels but higher relative variability, reflecting the influence of
local geology and hydrological conditions. As expected, seawater contained significantly high-
er uranium activity concentrations (40.05 mBg/L for #**U and 45.09 mBq/L for 2**U) with low
variability, consistent with conservative behaviour and efficient mixing in the marine environ-
ment. In contrast, ***Ra displayed pronounced spatial heterogeneity, particularly in freshwater
systems, indicating strong control by water—rock interaction and site-specific geochemical con-
ditions. Activity ratios of 2**U/**U were consistently above unity across all water types (1.59
in drinking water, 1.62 in river water, and 1.13 in seawater), confirming natural radioactive
disequilibrium and the preferential mobilisation of 2*U in freshwater environments. Overall,
radionuclide distribution is primarily governed by natural hydrogeochemical processes, with
no evidence of anthropogenic contamination or radiological anomalies. These findings im-
prove the understanding of radionuclide behaviour in diverse hydrogeological settings and
establish a reference baseline for environmental radioactivity in Bosnia and Herzegovina. The
dataset provides a valuable framework for future monitoring programmes, comparative stud-
ies, and long-term radiological assessment. Further research should focus on expanding spatial
coverage and integrating additional isotopic and geochemical parameters to better constrain
radionuclide transport mechanisms.

Keywords: alpha spectrometry, radiochemical separation, uranium isotopes, radium-226, natural waters.

PainoakTMBHOCT KAOJIMHU3UPAHUX TPAHUTA
y Cpouju u Penyosinum Cprickoj

Ilpeopaz Kysmanosuh'', /Ilyman Mpha’ u Josana Kuexcesuh Paouh’

' KpMHHAJIMCTUYKO-TIOJIUIIMjCKY YHUBEP3UTET, JlenmapTMaH (pOpeH3HYKOT HHKSHEPCTBA,
3emyH, beorpan, Cpouja

> Vuusepsurer y HoBom Cany, [Ipupoano-maremarnuku dakynrer, Jlenaprman 3a Gpusuky,
Hosu Can, Cp6uja

* predrag kuzmanovic@df.uns.ac.rs

VY paay je nmpuka3aHa KOMIIapaTHBHA aHAIHM3a MIPUPOIHE PAANOAKTUBHOCTH KAOJUHU3UPAHUX
rpanuta u3 CpOuje n PemmyOnuke Cpricke ca IHJbEM MPOICHE HBUXOBE MOTOJHOCTH Kao CH-
POBMHE Yy KE€paMHUKO] HHAYCTPHjU. AHAIM3UPAHO je YKYIHO 23 y30pka ca jexumra bein
Majnan kox Jlosznune (Cp6uja) u 100 y3opaka ca nexumra bammha 6ape xox bocanckor
Kob6ama (Peny6muka Cpricka), mpuMeHoM HECKO(OHCKe rama-criekrpomerpuje. Onpehene cy
KOHIICHTpAIINje aKTUBHOCTH MPUPOIHUX paaronykiuaa (**°Ra, 2*Th u *K), kao 1 rama uHJICK-
CH M TOAMIIE €PEKTUBHE J103€ 3HAYAjHU 32 MPOLICHY CIIOJbALIbE N3TI0KEHOCTH 3pauewky. 3a
y3opke u3 Pemyonuke Cpricke 1oOujeHu ¢y pacrionu aktuBHOcTH o1 76200 Bq kg™ 3a **Ra,
44-156 Bq kg' 3a »2Th u 820-1390 Bq kg 3a K, npu 4uemy cy cpeme BPEIHOCTH U3HAL
CBETCKOT Ipoceka 3a rpaleBuHcke Marepujane. Hacynpor tome, y3opuu u3z Cpouje nokasyjy
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HIDKe BpenHocTH 3a 2°Ra (18.8—67.3 Bq kg ') u #Th (28.7-46.7 Bq kg '), 10K Cy BpeaHOCTH 32
K (9061395 Bq kg ). Ynopenna aHanmu3a ykasyje Ja ¢y mpocedHe akTHBHOCTH **°Ra u »**Th
y KaoJMHU3UpaHUM rpaHuTuMa u3 Penyonuke Cpricke npubamkHO 2-3 myTa Behe y omHOCy
Ha y3opke u3 Cpbuje, 1ok cy BpenHoctu K ymopeause. OBe pasivke MOTY CE€ JIOBECTH Y
BE3y Ca Pa3IMUYUTHM TEOJIOIIKAM yCIoBUMa (hOpMHpama JISKHUINTA. XHjepapXujcka KiacTep
ananmuza (HCA) 3a y3opke u3 Penybmmke Cpricke u3iBojuia je B TIIaBHE TPyTie, IITO YKazyje
Ha MOCTOjambe Pa3IMUUTOr (MarMarcKor W XUAPOTEPMAHOT) Mmopekyia marepujaia. M mopen
MOBHINCHHUX BpeAHOCTH 2°Ra u 2?Th y y3opuuma u3 Penyonuke Cpricke, MPOIEHEHE TOAUIIIHE
e(eKTUBHE J103€ 3a CIOJbAlIbY U3JI0KEHOCT Y CBUM CliydajeBuMa cy ucrnoa 1 mSv rox!, mro
yKa3yje Jla He MOCTOj! 3Ha4YajaH PaJHuOJIOIKA PU3HK MPH PYKOBaKkY OBUM MaTE€PHjaioM HUTH
MIPH KETOBO]j MIpUMeHH y rpal)eBuHapcTBY. JJoOujeHn pesyntaru noTBphyjy Aa KaOIUHU3UPAHU
IPaHUT U3 00€ 00JIaCTH MPEICTaBIba PAAUOIIOIIKKA 030€HY U TEXHOJIOIIKU MPUXBAT/HUBY CH-
POBHHY 3a MPOM3BO/IHY KEPAMHYKUX KOMITO3HTA, Ca MIOTECHIIMjAIOM J1a 3aMEeHH (esIIcrar.

Kwyune peuu: xaonvHU3UpaHW TPAHWT, PUPOJHA PAJHOAKTHBHOCT, raMa-CIIEKTPOMETPH]ja, Pauo-
nykiaan (*°Ra, 22Th, “°K), paTHoIoOnIKK pusuK.

Radioactivity of Kaolinized
Granite in Serbia and the Republic
of Srpska

Predrag Kuzmanovi¢', DuSan Mrda’ and Jovana KneZevi¢ Radié?

! University of Criminal Investigation and Police Studies, Department of Forensic
Engineering, Zemun, Belgrade, Serbia

2 University of Novi Sad, Faculty of Sciences, Department of Physics, Novi Sad, Serbia

* predrag.kuzmanovic@df.uns.ac.rs

This paper presents a comparative analysis of the natural radioactivity of kaolinized granites
from Serbia and the Republic of Srpska, aimed at evaluating their suitability as raw materials in
the ceramic industry. A total of 23 samples from the Beli Majdan deposit near Loznica (Serbia)
and 100 samples from the Basi¢a Bare deposit near Bosanski Kobas (Republic of Srpska) were
analyzed using low-background gamma spectrometry. The activity concentrations of natural
radionuclides (***Ra, ***Th, and “’K), as well as gamma indices and annual effective doses rele-
vant for the assessment of external radiation exposure, were determined. For samples from the
Republic of Srpska, activity ranges of 76-200 Bq kg for ***Ra, 44-156 Bq kg for #?Th, and
820-1390 Bq kg for K were obtained, with average values above the world reference levels
for building materials. In contrast, samples from Serbia show lower values for ***Ra (18.8-67.3
Bq kg') and #?Th (28.7-46.7 Bq kg'), while *K values (9061395 Bq kg') are comparable.
Comparative analysis indicates that the average activities of *’Ra and ***Th in kaolinized granites
from the Republic of Srpska are approximately 2—3 times higher than those from Serbia, while
40K levels are comparable. These differences can be attributed to distinct geological conditions
of formation of the deposits. Hierarchical cluster analysis (HCA) of samples from the Republic
of Srpska identified two main groups, indicating different origins of the material (magmatic
and hydrothermal). Despite elevated levels of *Ra and »*?Th in samples from the Republic of
Srpska, the estimated annual effective doses for external exposure in all cases are below 1 mSv
y’!, indicating no significant radiological risk during handling or industrial application. The
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obtained results confirm that kaolinized granite from both regions represents a radiologically
safe and technologically suitable raw material for the production of ceramic composites, with
potential to partially or fully replace feldspar.

Keywords: kaolinized granite, natural radioactivity, gamma spectrometry, radionuclides (***Ra, *2Th,
YK), radiological risk.

3Hayaj eKcCIepUMEHTAa Y HACTABH
(pusuke: aHaIM3a CTABOBA YYCHHUKA
U epekaTa NPaKTUYHOI pajaa

Jlpacana Manueyk Iak", Cwexncana /[ynvanun’, bojan Kosauesuh’
u Tamjana Mapuh'

! Vausepsurer y bawoj Jlyuu, IIpupoano-marematnyku daxynrer, bama Jlyka, PemyOnnka
Cprncka, bocna n Xepuerosuna
* dragana.malivuk-gak@pmf.unibl.org

CaBpemeHnu 00pa30BHHU TIPOLIEC j€ JOIIl YBU]EK Y BEIMKO] Mj€pH 3aCHOBAH Ha TPAJUITHOHATHUM
MPUHLMIIMMA, Y KOjMa HACTaBHUK Yy HajBeheM aMjeny HacTaBHOT Ipolieca U3Jiaxke cajipixaje,
JIOK Cy YYCHHIIM YECTO Y YJIO3U IocMarpada ca CMambeHUM HUBOOM aHTa)KOBama Y MPOIECY
yuewa. CTpareruja pa3Boja BacnuTHO-00pa3zoBHOr cuctema Pernydnuke Cprcke (2022-2030),
Harjamana 1moTpedy 3a aKTHBHHjOM YJIOTOM YYEHHUKA M MPHMjEHOM CaBPEMEHUX HACTaBHUX
MeToa, Meh)y KojuMa eKCIIEpUMEHTAHU paj 3ay3uMa 3Ha4dajHO MJjecTo. Y CKIaay C THM
MIPOBEJICHO j€ MCTPAXHBAKE Ca IUJHEM HCIUTHBAKA CTABOBA YUYEHHMKA OCHOBHE MIKOJE O
3aCTYIJBEHOCTH M 3HA4Yajy eKCTIIEPUMEHTAIHOT pajla y HacTaBU (U3WKE, Kao W yTBphHBame
7la T eKCIIEPUMEHTAITHH TIPHUCTYI JONMPHUHOCH JIAKIIEM pa3yMHujeBamy rpaanBa u Behoj mo-
TUBALUjU 32 yuewe. McTpaxkuBame je cipoBeieHo Mely 199 yueHnka ceamor, ocMOr U I€BETOT
paspena, y OKBUpY TIpOjeKTa ,,Mama nikosia Gu3uke’, yHyTap Kojer Cy YUYEeHHUIIN MOIMyHhaBaln
yIJla3He U W3J1a3He aHKeTe ca MaKJbUBO 0JJa0paHuM MUTakbUMa. Y JIa3HOM aHKETOM CY UCTIUTAaHH
CTaBOBHM YYCHHKa O HACTAaBH (pH3HKe y lbUXOBUM IIKOJIAMa, 3aCTYIIJLEHOCTH eKCTIepUMEHAaTa 1
BUXOBUM aUHUTETUMA 32 pall (MHIUBUYATHH, pajl y TIapy U rpymnHu pan). Ha camom kpajy
paZMoOHHUIIA KOje Cy Ce cacTojalie y U3paau eKCIeprMeHaTa KOoju Cy mponucaHu HactaBHUM
TIJITAHOM M TIPOTPaMoOM 3a oJipeheHn pas3pell, CIPOBEICHA je M3Ja3Ha aHKeTa pajid yTBphHuBama
MPOMjeHa y CTaBOBMMa y4eHHUKa. JlompruHOC HCTpaxuBama Orjie/ia ce y KOMIIapaTHBHO] aHa-
JIM3U CTaBOBA YUYCHHKA TPHje W HAKOH €KCIIEPUMEHTAHOT paja, MTO oMoryhaBa qupeKTaH
yBUJ y e(heKTe MPaKTUIHUX aKTUBHOCTH Y PEATHOM IIKOJICKOM KOHTEKCTy. PesynraTu uctpa-
KHBamba Cy TMOKa3ajiH J1a eKCIEPUMEHTAIHH paJ HUje JOBOJHHO 3aCTYIUBCH Y PEIOBHOj Ha-
cTaBH (M3MKE Y OCHOBHUM IIIKOJIaMa. YUEHUIIM Cy MCKA3aJM TIO3UTHUBAH CTaB MpeMa eKCIie-
pPUMEHTAIHOM pany, HaBojehu na MM TakaB HauWH paja YMHU HACTaBY 3aHUMJIBHBH]OM H
JOTIPUHOCH 00JbEM pa3yMHjeBamy HACTABHOT caapkaja. Takohe, HAKOH eKCIIEPUMEHTAITHUX
aKTUBHOCTH 3a0WMJbeKeH je Behu MHTepec yueHuKa 3a paj y napy u rpymnama. JloOujenu pe-
3yATaTy NMOTBplyjy 3HaUaj eKCepUMEHTAIHOT IPUCTYIa y HAacTaBH (PU3HMKE Ka0 CPEeICTBA 3a
noBehawe MOTHBaIMje U ePUKACHOCTH yuewa, Te Ou ce mocrojeha HacTaBHa Mpakca Moria
3HAYajHO YHAINPHjEAUTH Kpo3 Behy MHTErpalnjy eKcriepuMeHaTa U aKTUBHUX METOJa paja y
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penoBHY HacTaBy (PU3MKE Y OCHOBHUM IIIKOJaMa.

Kwyune pujeuu: ekcriepuMeHTaIHU pajl, HacTaBa (PU3UKE, CTABOBU YUEHHKA, MOTUBAIIH]a.

The Importance of Experiments in
Physics Teaching: Analysis of Students’
Attitudes and the Effects of Practical Work

Dragana Malivuk Gak™, SnjeZana Dupljanin’, Bojan Kovacevié’
and Tatjana Marié’
! University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka,

Republic of Srpska, Bosnia and Herzegovina
* dragana.malivuk-gak@pmf.unibl.org

The contemporary educational process is still largely based on traditional principles, in which
the teacher predominantly delivers content, while students often take on the role of passive ob-
servers with a reduced level of engagement in the learning process. The Development Strategy
of the Education System of the Republic of Srpska (2022-2030) emphasizes the need for a
more active role of students and the application of modern teaching methods, among which
experimental work holds a significant place. In accordance with this, a study was conducted
with the aim of examining primary school students’ attitudes towards the representation and
importance of experimental work in physics teaching, as well as determining whether an ex-
perimental approach contributes to easier understanding of the subject matter and increased
motivation for learning. The study included 199 students from the seventh, eighth, and ninth
grades, within the project “Small School of Physics”, where students completed pre- and post-
surveys with carefully designed questions. The initial survey examined students’ attitudes
towards physics teaching in their schools, the presence of experiments, and their preferences
for different forms of work (individual work, pair work, and group work). At the end of the
workshops, which consisted of conducting experiments prescribed by the curriculum for
specific grade levels, a final survey was administered to identify changes in students’ attitudes.
The contribution of the research lies in the comparative analysis of students’ attitudes before
and after the experimental work, providing direct insight into the effects of practical activities
within a real school context. The results showed that experimental work is not sufficiently
represented in regular physics teaching in primary schools. Students expressed positive atti-
tudes towards experimental work, stating that this approach makes lessons more interesting
and contributes to a better understanding of the content. Additionally, after participating in
experimental activities, an increased interest in pair and group work was observed. The ob-
tained results confirm the importance of the experimental approach in physics teaching as a
means of increasing motivation and learning efficiency. The current teaching practice could be
significantly improved through greater integration of experiments and active learning methods
into regular physics classes in primary schools.

Keywords: experimental work, physics education, students’ attitudes, motivation.
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Yiaora BannacraBaux STEAM
AKTHBHOCTH Y Pa3B0jy HHTEPECOBama
YYeHUKA 32 NPUPOJAHE HAYKE

Cmeghan Kosauesuh'', Cnooooan Cpouh' u Munena /lamjanosuh’

LTY Menuntmacka mkona J[060j, Jlo6oj, Penrydauka Cpricka, bocha n Xeprierosuna
* stefan.kovacevic.ph@gmail.com

HacraBa npuponHux Hayka y cpenmuM Imikongama y PenmyOmuuum Cprickoj, o HauyMHY opra-
HHU3allMje, 3aCHUBA C€ HAa U3yyaBamy I0jeIMHAYHUX MIPEeaMeTa, IITO MOXKE JTI0BECTH 10 (par-
MEHTHCAHOT 3Hama M CMAamkEHOT WHTEPECOBama YUYCHHKA 3a (PU3HUKY, OMOJOTHU]Y U CPOIHE
TUCHUILIMHE. Y LUJbY MpeBa3uwiIakema OBor npodiemMa, cBe Behy naxmy npusiauu STEAM
(Science, Technology, Engineering, Arts and Mathematics) TpUCTYI, KOJU TOICTAYE WHTE-
rpalujy 3Hama, UHTEPIAUCIUIUIMHAPHO OBE3UBaLE, MPAKTUYaH paj U KPEaTUBHOCT yUEHUKA.
VY Penyb6mumu Cprckoj, Permyonuuku nemaromku 3aBon PemyOmmke Cpricke Beh myxu HH3
ro/IMHa OpraHu3yje JbeTHE U 3UMCKE KaMIIOBE Ha PEIyOIMYKOM HUBOY, JOK j€ O] IIKOJICKE
2024/25. roquHe yBeAeH U MOZCI MPoJbehHUX KaMIIOBa Ha PETHOHATHOM HHUBOY, KOJH C€ pea-
JU3yjy y OpraHu3alljyu CaMUX IIIKOJIa y capamby ca PemyOoamukuM negaromkum 3aBojom Pe-
nmyonuke Cpricke, y3 Behy ayTOHOMH]Y HaCTaBHUKA y OCMUIIIJbaBay U U3BOhewy paguoHuIa
n aktuBHOCTH. HacraBuunum 50 cpenmux mkona y Pemyomuiu Cprickoj, ydecHHUIIa TPOjeKTa
TABJIA Toxom mkoscke 2021/22. roqune, pomiy ¢y 00yKy 3a IpUMjeHY OBOT MPUCTYTIA y Ha-
cTaBH. Y OBOM pajy UCIUTYje ce yTulaj BaHHacTaBHUX STEAM akTMBHOCTH, peann30BaHUX
y hopMu MIKOJICKUX MPoJbehHUX KaMIOBa MPUPOJHUX HAayKa, HA Pa3BOj MHTEPECOBamba U aH-
ra)kOBaHOCTU yueHuKa. l{usb ucTtpaxkuBama je YTBpAUTU y KOJO] MjepH OBAKBE aKTHBHOCTHU
nonpuHoce nosehamky MOTHBAIMje yueHHKa, O0JbEM pazyMHjeBamby I'paJuBa U MOBE3UBABY
3Hama U3 PA3IMUUTUX HAydHHX oOmacTH. MeTtomgonmoruja oOyxBara pa3roBope ca y4eHHUIIUMa
MpHje U HAKOH ydenrha y KaMIOBHMa, aHAJIU3y HUXOBE YKJbYUEHOCTH Y aKTUBHOCTH, Kao U
KBAJINTATUBHO MOCMAaTPamkE pajia yueHUKa TOKOM pealln3aliije eKCIIepUuMEHTAIHNUX 3a/1aTaKa;
J0JIaTHO, MPUKYTIJbEHE Cy MOBpaTHE HHPOpMAIHje IPEeIMETHUX HACTaBHUKA O yTULIa]y yueriha
Ha JlaJbe AaHTa)KOBAH-E€ YUECHUKA Y PEI0BHO] HACTaBU. AKTUBHOCTHU y OKBHPY KaMIIOBa 3aCHHUBAJIE
Cy Ce Ha TPaKTUYHOM PaJly, C HArJIaCKOM Ha U3UKY, OMOJIOTH]Y U XEMU]Y, U YKJbYyYHBaJe Cy MHOTO
TOTa, O]l JelIHOCTAaBHUX EKCIIEPHMEHATa, Mjepemha U UCTPAKUBAHKa, [MOBE3MBAkHAa HACTABHOT
IporpamMa ca CBaKOJHEBHUIIOM M OCBPTOM Ha MYJATHME/IMjaTHE CapiKaje U IPYLITBEHE MPEXKE, Y3
OrpaHHYeHy NPUMjEeHy JUTUTATHUX ajlaTa 3a 00pa Ly ¥ mpHKa3 rnojaraka. Mlako He UCKIbYy4HBO,
MPUMAapHY HUJbHY TPy YHHWIM Cy YUEHUIU 3aBPILHUX pa3pe/ia OCHOBHUX IIKOJIA, Kako 300T
MoryhHocTu G1aroBpeMeHe eBaiyallije 1 ycMjepaBamba lbUXOBUX HHTEPECOBAbA, TAKO U 300T
MIPOMOILIMj€ CPEehe IIKOJIE U HEeHUX HACTaBHUX Iporpama. Pesynrtatu ykasyjy Ha 3HadajHO
noBehame MHTEpecOBamka yUEHHKA 3a MPUPOAHE Hayke, Behy akTMBHOCT M aHTa)KOBaHOCT Y
HACTaBH, Ka0 M U3PAXKEHHU]y CIIOCOOHOCT MOBE3MBaba TEOPH]CKUX 3HaMa ca MPAKTUYHUM TpHU-
MjeHaMa. Y YeHHMIIU Cy MMOKa3aJli pa3BHjeHH]€ KPUTHUKO MUIIBEHE, TOCTABJHAIN CBPCUCXO/IHA
MATakma U MCKa3aJdu WHTEPECOBAKE 32 MOTYNHOCTH Jajker oOpazoBama M MpodecHoHaTHOT
OaBsbema HaykoM. /loOujenn Hanmaszu noTBplhyjy na BanHactaBHe STEAM akTuBHOCTH, MO-
cebHO y (hopMU TeMaTCKUX KaMIIOBa, MPEACTaBIbajy e(pUKacaH MeAArolKky MPUCTYI KOjU J0-
MIPUHOCH yHarnpehewy HacTaBe NPUPOAHUX HayKa. 3aKJbyUyje ce J1a OBaKBU OOIHIIM paja UMajy
3Ha4ajaH MMOTEHLK]aJ 3a MNPy NPUMJEHY, KaK0 Y OCHOBHOM, TaKO U Y CPEIHOLIKOICKOM 00pa-
30Bamy, T€ C€ MPENopyyyje BbUX0oBa yentha nHTerpaiuja y KoJICKy MPakcy, Kao U yBPIITABAKE
y KpUTepHjyMe HarpaljuBama yuyeHHKa M HacTaBHUKa (ydeHHK reHepaunuje, CBerocaBcka Ha-
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rpajia ¥ CIIMYHO).

Kwyune pujeyu: STEAM npuctyn, MoTHBaIvja yaeHUKa, MPUPOTHE HAYKe, BAHHACTaBHE aKTUBHOCTH,
nposbehHM KaMITOBH.

The Role of Extracurricular STEAM
Activities in DevelopingStudents’ Interest
in Natural Sciences

Stefan Kovacevi¢!”, Slobodan Srdié' and Milena Damjanovié!

"Public Institution Medical High School Doboj, Doboj, Republic of Srpska, Bosnia
and Herzegovina
* stefan.kovacevic.ph@gmail.com

The teaching of natural sciences in secondary schools in the Republic of Srpska is, in terms
of its organization, based on the study of individual subjects, which may lead to fragmented
knowledge and reduced student interest in physics, biology, and related disciplines. In order
to overcome this issue, the STEAM (Science, Technology, Engineering, Arts and Mathe-
matics) approach is attracting increasing attention, as it promotes knowledge integration, inter-
disciplinary connections, practical work, and student creativity. In the Republic of Srpska, the
Republic Pedagogical Institute of the Republic of Srpska has been organizing summer and
winter camps at the republic level for many years, while since the 2024/25 school year a model
of spring camps at the regional level has also been introduced. These are implemented by
schools themselves in cooperation with the Republic Pedagogical Institute of the Republic of
Srpska, with greater autonomy granted to teachers in designing and conducting workshops and
activities. Teachers from 50 secondary schools in the Republic of Srpska, participants in the
TABLA project during the 2021/22 school year, were trained to apply this approach in teaching.
This paper examines the impact of extracurricular STEAM activities, implemented in the form
of school spring science camps, on the development of students’ interest and engagement. The
aim of the research is to determine the extent to which such activities contribute to increased
student motivation, better understanding of subject content, and the integration of knowledge
from different scientific fields. The methodology includes interviews with students before and
after participation in the camps, analysis of their involvement in activities, as well as qualitative
observation of student work during the implementation of experimental tasks. Additionally,
feedback from subject teachers was collected regarding the impact of participation on students’
further engagement in regular classes. The camp activities were based on practical work, with an
emphasis on physics, biology, and chemistry, and included a range of activities such as simple
experiments, measurements, and investigations, connecting the curriculum with everyday life
and contemporary media content, with limited use of digital tools for data processing and
presentation. Although not exclusively, the primary target group consisted of students in the
final grades of primary school, both due to the possibility of timely evaluation and guidance
of their interests, as well as for the promotion of secondary schools and their curricula. The
results indicate a significant increase in students’ interest in natural sciences, greater activity
and engagement in classes, as well as a more pronounced ability to connect theoretical know-
ledge with practical applications. The students demonstrated improved critical thinking, asked
purposeful questions, and expressed interest in opportunities for further education and scien-
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tific careers. The findings confirm that extracurricular STEAM activities, especially in the
form of thematic camps, represent an effective pedagogical approach that contributes to the
improvement of science teaching. It is concluded that such forms of work have significant
potential for wider application in both primary and secondary education, and their more fre-
quent integration into school practice is recommended, as well as including participation in
the criteria for student and teacher awards (Student of the Generation, Saint Sava Award, etc).

Keywords: STEAM approach, student motivation, natural sciences, extracurricular activities, spring
camps.
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NHcyanHcKka pe3ucTeHuja: NpUcTynu
HHAYKIMjU U 01a0paHe MeTo/e 1
HH/IEKCH 32 NPOIjeHy

Ajoun Myjezun’*', Amugha Ajanosuh’, Maja Kazazuh’ u Hcmem Taxuposuh’

' Vuusepsuret y CapajeBy, Berepunapcku ¢paxynrer, CapajeBo, bocua u Xepieropuna

2 Vuusepsuret y CapajeBy, [Ipupoano-marematiuku (axynrer, CapajeBo, bocua u Xepieropuna

3 Vuusepsurert ,,Ileman bujenuh® y Mocrapy, HactaBuuuku dakynarer, Mocrap, Bocha n
XepueroBuHa

" ajdin.mujezin@vfs.unsa.ba

WHcynuH je riiaBHA aHAOOJIMYKU XOPMOH YHje je J[jelIOBambe HEOIXOHO 3a TPaBWUIIaH pacT U
pa3Boj TKMBA, KA0 U 32 OJJpXKaBakhE XOMEOCTase rIyKo3e. IHCYIIUH peryJuiie XoMeocTasy Iiry-
KO3€ IMOCPEICTBOM BUIIIE MEXaHH3aMa: CMamyje OMOCHHTE3Y TIIYKO3€ Y JeTPH IyTEM CMakhCHha
TITyKOHEOTeHEe3€ U TIIMKOTeHOJIM3e, Te TToBehaBa Op3uHY Mpey3uMama riTyKo3e, IPBEHCTBEHO Y
henujama ckenerHux mumuha u MacHor TkuBa. [lopen Tora, MHCYJIMH yTHYe HAa METa00JIM3aM
JUMHUIA CTUMYJIAIIYhH BHXOBY CHHTE3y Yy jeTpu W henujama MacHOT TKWBA, UCTOBPEMEHO
nHXuOMpajyhu ocinobahame MaCHUX KHCEITMHA U3 MaCHOT TKUBa. CTamke CMambeHE 0C]€TJbUBOCTH
IIMJBHUX TKMBA Ha HOpMAJTHE IIUPKYJIHITyhe KOHIIEHTpaIlHje HHCYJIMHA KIIACUYHO ce AeuHuIe
kao mHCynnHcKa pesucreHimja (MP). MHcynuHCKa pe3ucTeHIMja JTOBOIM 10 HEMOTITYHOT
cy30Hjama TPOAYKIIHje IIYKO3€ Y JETPH U CMAKEHOT TPey3uMara TITyKO3¢e MOCPEIOBAHOT MH-
CYJIUHOM Y niepu(epHrM TKUBUMA, K0 IITO Cy CKEJIETHU MUIIMNY U MaCHO TKUBO, IIITO PE3YII-
tupa noBehannm norpedama 3a mHCynuHOM. Kana moBehane moTpeOe 3a MHCYIMHOM HHCY
npaheHe MOBUIIEHUM HHBOMMA MHCYJIMHA, J0JIa3H JI0 pa3Boja Xurepriukemuje. HCyIHMHCKA
PE3UCTEHIMja UMa IIEHTPAIHY YJIOTY Y pa3Bojy Aujadereca TUMa 2, a IOBE3aHa je U ca JIPYTUM
31paBCcTBEeHUM NopeMmehajuma, ykibyuyjyhu ieHTpaiHy roja3HOCT, HHTOJIEPAHITU]y Ha TITYKO3Y,
TUCTUIUACMH]Y U xuniepTeH3njy. OBu nmopemehaju 3ajeiHO ce Kiacu(uKyjy Kao MeTaboTHIKH
CHHJPOM (ITO3HAT U Ka0 CHHAPOM X) M MPEJCTaBIbajy (aKTOpe pH3HKa 3a KapJHOBACKyJIapHa
oboJbemwa. [{nsb OBOT MperieIHOT pasia Ouo je cymupame mocrojehux cazHama 0 pa3THIuTHM
MPUCTYTIMMA UHTYKITHjH HHCYJIMHCKE PE3UCTEHIIN]je, Kao U O PUM]jCHHU O/IroBapajyhux mMetoaa
Y MHJICKCA 32 HeHY MPOIljeHy. 3a N3a31UBamke MHCYIMHCKE PE3UCTEHIIN]E KOJI JIAO0OPATOPH)CKUX
KUBOTHH-A (Hajuemhe MHINEBa M TAI0OBa) KOPUCTE C€ CEHU(PUIHU PEKUMHU HCXpaHe, Kao
IITO Cy UCXpaHa Oorara MacTHMa W/WIM YribeHUM Xujapatuma. OBH PEKUMHU MOTY C€ TpH-
MjECHHUBATH MOjeIMHAYHO WK Y KoMOMHaIuju. Mcxpana 6orata MacTuMma pasiukyje ce y 3a-
BHCHOCTH OJ1 BpcTe MacTu (3acuhene wim He3acuhene). HamupHauile 6uspHOT mopujekia 6o-
rare 3acMheHuM MacHUM KHCEeIMHaMa YKJbYydyjy KOKOCOBO yJbe (86,1%) M mamMuHO yibe
(47,2%), MoK HaAMHpHUIE >KUBOTHE-CKOT TOpHjekja Oorare OBUM KHCETHMHAMa YKIbYdyjy
nytep (50,9%) u rosehu 10j (49,8%). C npyre crpane, mel)y uzBoprMa OUIJLHOT MOpHjEKIIa
Ooratum He3zacMheHHMM MAaCHUM KHCEJIMHAMa M3/1Bajajy c€ BUCOKOOJEHHCKO yibe IadpaHuKe
(92,5%) 1 BUCOKOJIMHOIHO CYHIIOKPETOBO YyJbe (87,6%), AOK N3BOPH )KUBOTUE-CKOT TIOPHjeKiIa
YKJbYUYy]y yJbe jeTpe Oakamapa (75,2%) u maprapun (60,7%). Ilopen tora, ucxpana 6orara
YIJbEHUM XUJIpaThMa Takohe MOKe BapupaTH y 3aBUCHOCTH O] BPCTE YIJbEHUX Xuapara (jel-
HOCTaBHHU, Kao MITO je (ppyKTO3a, WIH CIOKEHH, Kao IITO je KYKypy3HH CKpoO). Y ekcre-
PUMEHTAJIHUM CTY/IMjaMa Ha )KHBOTHaMa 32 HHYKIIH]y HHCYJIMHCKE PE3UCTEHIT]e Hajuenihe
ce KOpUCTH KoMOnHaruja 3acuheHnx MacT U ppykrose. Jlasbe, MocToje pa3InuuTH MIPUCTYIIH
71a00paTOPHjCKOj TIPOILjeHH MHCYJINHCKE pe3ucTeHIje. OHa ce MOKe MPOIIjeHhUBATH TUPEKT-
HUM MjepeHhEeM YHOCA ITyK03€ KOjH je ITOCPE0BaH HHCYJIMHOM y 0a3aIHOM MJIH CTUMYJTHCAHOM
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CTamy, IIOCPEIHO Ha OCHOBY PEJIATHBHUX KOHIIEHTPAIH]ja TITYKO3€ U MHCYJIMHA WITH IPOI[j€HOM
cyporaT-mapKepa HHCYJMHCKOT JjjejoBama. KoHKpeTHHje, THCYJIMHCKA PE3UCTEHIIN]a MOXKE Ce
MPOLjeUBATH METOJaMa Kao IITO Cy XUIIepUHCYIMHeMH]cKu-eyrinkemujcku kinamn (HIEC),
opanuu TecT Toaepaniuje Ha rayko3y (OGTT) u 6p3u TecT ocjeTsbuBocTr Ha mHCYHH (RIST),
ykibyuyjyhu unnexce nzenene u3 OGTT u RIST TecroBa, 1ok je mpoljjeHa XoMeoCTaTCKOT
mozena (HOMA) najuenrhe kopuirheHu jeIHOCTaBHU CYpOraTHU MHAEKC. 3aKJbY4YHO, C 003HU-
POM Ha TO J1a METAOOIUYKH MyTEBH KOJH JIEKE Y OCHOBH Pa3BOja WHCYJIMHCKE PE3UCTEHITH]E
JOIII HUCY Y TIOTIYHOCTH Pa3jalll-eHH, HEOMTXOAHA Cy J1ajba UCTPAKHUBAa KaKo OM ce CTeKIa
HOBa Ca3Hama YCMjepeHa Ka yHarpehemy MpeBeHIMje OBOT CTama, Kao U C UM TMOBE3aHUX
MeTabomnukux mopemehaja.

Kwyune pujeuu: VHCYNMHCKA PE3UCTEHIIN]a, Y)KUBOTUHCKH MOJICIH, HHIYKIIH]ja ITyTeM HCXpaHe, METoJIe
nporjene, HOMA-IR.

Insulin Resistance: Induction
Approaches and Selected Methods and
Indices for Assessment

Ajdin Mujezin'*, Atifa Ajanovié', Maja Kazazi® and Ismet Tahirovié?

"University of Sarajevo, Veterinary Faculty, Sarajevo ,Bosnia and Herzegovina

2University of Sarajevo, Faculty of Science, Sarajevo, Bosnia and Herzegovina

> University “DzZemal Bijedi¢” of Mostar, Faculty for Education, Mostar, Bosnia and Herzegovina
* ajdin.mujezin@vfs.unsa.ba

Insulin is the principal anabolic hormone whose action is essential for proper tissue growth and
development, as well as for maintaining glucose homeostasis. Insulin regulates glucose ho-
meostasis through several mechanisms, by reducing hepatic glucose biosynthesis via decreased
gluconeogenesis and glycogenolysis and by increasing the rate of glucose uptake, primarily
in skeletal muscle and adipose tissue cells. Moreover, insulin affects lipid metabolism by stimu-
lating lipid synthesis in the liver and adipose tissue cells, while simultaneously inhibiting the
release of fatty acids from adipose tissue. A state of reduced responsiveness of target tissues to
normal circulating levels of insulin is classically defined as insulin resistance (IR). IR results
in incomplete suppression of hepatic glucose output and reduced insulin-mediated glucose
uptake in peripheral tissues such as skeletal muscle and adipose tissue, leading to increased
insulin requirements. When increased insulin requirements are not matched by elevated in-
sulin levels, hyperglycemia ensues. IR plays a central role in the development of type 2 dia-
betes mellitus and is also associated with other health disorders, including central obesity,
glucose intolerance, dyslipidemia, and hypertension, which together are classified as metabolic
syndrome (commonly known as syndrome X) and represent risk factors for cardiovascular
disease. The aim of this review was to summarize existing knowledge regarding different ap-
proaches to the induction of IR, as well as the application of appropriate methods and indices
for its assessment. To induce IR in laboratory animals (most commonly mice and rats), specific
dietary regimens such as high-fat and/or high-carbohydrate diets are employed. Thus, these
dietary regimens can be applied either individually or in combination. High-fat diets differ
according to the type of fat (saturated or unsaturated). Plant-derived foods rich in saturated
fatty acids include coconut oil (86.1%) and palm oil (47.2%), whereas animal-derived foods
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rich in these fatty acids include butter (50.9%) and beef tallow (49.8%). On the other hand,
among plant-derived sources rich in unsaturated fatty acids are high-oleic safflower oil
(92.5%) and high-linoleic sunflower oil (87.6%), while animal-derived sources include cod
liver oil (75.2%) and margarine (60.7%). Apart from that, high-carbohydrate diets can also
vary depending on the type of carbohydrate (simple, such as fructose, or complex, such as corn
starch). In experimental animal studies, a combination of saturated fats and fructose is most
commonly used to induce IR. Furthermore, there are various approaches to the laboratory as-
sessment of IR. IR can be assessed by directly measuring insulin-mediated glucose uptake in
the basal or stimulated state, by inferring it from relative glucose and insulin concentrations,
or by evaluating surrogate markers of insulin action. More specifically, IR may be assessed
using methods such as the hyperinsulinemic-euglycemic clamp (HIEC), oral glucose tolerance
test (OGTT), and rapid insulin sensitivity test (RIST), including indices derived from OGTT
and RIST, while homeostasis model assessment (HOMA) is the most commonly used simple
surrogate index. In conclusion, given that the metabolic pathways underlying the development
of IR are not yet fully elucidated, further research is essential to generate new insights aimed
at improving the prevention of this state, as well as associated metabolic disorders.

Keywords: insulin resistance, animal models, dietary induction, assessment methods, HOMA-IR.

Boaramerpujcko oapehuBame
TPUNTO(PAHA NPUMEHOM CTAKJIACTOT
YI/beHMKA MOAU(PUKOBAHOI XUTO3AHOM
U rpaeH oKcuaoM

Kamapuna Ilocmonosuh'" u 3opxa Cmanuh’

" Vuusepsutet y Kparyjesity, [Ipupoano-matemMaTndku pakynrer, MTHCTUTYT 3a XeMHUjy,
Kparyjesan, Cpouja
* katarina.postolovic@pmf.kg.ac.rs

Ecennyjanna aMuHOKHCeNMHA TPUNITO(AaH MMa BeOMa BasKHY YJIOTY 32 HOPMAJTHO (hyHKITHOHH-
came oprann3ma. TpuntogaH ydecTByje y pa3induTUM METa0OINYKUM MTPOIIECHMA U, Kao Ipe-
Kypcop 3a no0ujame HEKOJIUKO HeypoTpaHcMurepa (YKbydyjyhu cepoTOHUH U MEIATOHWH),
MPEeJICTaBJba BaXKaH JIe0 IIEHTPATHOT HEepBHOT cucTtemMa. OCHUM MCXpaHOM, HEONXOJIHA KOJH-
yrHa TpUnTodaHa y opraHu3My ce Moxe 06e30eauTn u KopuihemeM pa3nuduTux Qapma-
HEYTCKUX mpenapata. MiMajyhu y Buay aa HeIO0BOJbHA KOJMYMHA TpUNTO(aHA MOXKE y3po-
KOBaTH Pas3lIMYHUTEe TICHXOJIOIIKEe mopeMehaje, HEOMXOJHO je& HEeroBO KOHTPOIHUCAE, AllH U
onpehuBame KOHIIEHTpaIje y IpexpamMOeHuM 1 (hapmariey TCKUM MpOou3BoIMMa. 3axBajbyjyhu
MoryhHOCTH Jja TpunTo(haH Mmoaeke peakijama OKCHI0PEAYKIIH]je, TPUMEHCHE Cy Pa3IHInuTe
MOTU(UKOBAHE EIEKTPO/IE 32 FheTOBO BOJITAMETPH]CKO o/ipehuBame. AKTyeIHa HCTPaXKHBaba
Cy yCMepeHa mpeMa pa3BHjamkby BOJITAMETPH]CKUX CEH30pa KOjU Cy OMOKOMITATHOWIIHU U je/I-
HOCTaBHHM 3a IpunpemMame. OCHOBHU [IUJb OBOT UCTPAXHMBaba YIPABO jeCTE UCIIUTUBAE T10-
TEHIIMjajla eJIeKTPoJie Ha 0a3W CTAKJIACTOT YIJbeHHKA, MOAU(PHUKOBaHE OMOKOMMIATHOMIHUM
MaTepHjaiiMa XUTO3aHOM M EJIEKTPOXEMH]CKH PEIyKOBaHUM rpadeH OKCHUAOM. XHTO3aH
MpeJICTaBJba HETOKCHYAH, OMoerpagaduian 1 jeJMHA TPUPOIHHU, IIO3UTHBHO HACTICKTPUCAHU
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nonucaxapui. PactBapameM xuTo3aHa y pa30iakeHo] cupheTHOj KucenuHu popMupa ce Xu-
JPOTeN KOjU y BOJITAMETPUJCKOM CEH30pYy MoBehaBa MPOBOIJEUBOCT M aKyMyJIallljy aHAJN-
Ta Ha MOBPIIMHU MOJU(UKOBaHE eleKkTpojie. EnexTpoxemMujcku peaykoBaHu rpadeH OKCH,
no0ujeH MPUMEHOM LUKINYHE BOJITaMeTpHje, MPeICTaB/ba OJMYaH KaTAIUTUUKU MaTepujal
KOJHM MMa 3HauajaH yTUIId] HA KHHETHKY PEIOKC PeaKIije aHaauTa. Y OKBHPY OBOT HCTPaXKH-
Bama, UCIHTAH j€ YTUIA] KaKO MOjeMHAYHUX MOAU(]UKaTOpa, XUApOorena XUTo3aHa U eJeK-
TPOXEMHU]CKH PEYKOBAHOT TpadeH OKCHIA, TAKO M FbUXOBE CMEIIe, HA BOJITAMETPU]CKU CHUT-
Hai TpuntodaHa. Y mpolecy ONTHUMHU3alMje cacTaBa BOJTAMETPHJCKOI CEH30pa, BapHpaHe
Cy KOHIICHTpAIIHje MOjeIMHAYHUX MOIU(HUKATOpa, KA0 U 3alpeMHHA CMEIIe KOJOM j€ MOIH-
(uxoBaHa enexTpoa. ONTUMH30BAHU Cy U YCIIOBH 3a ofipehuBame Tpuntodana (pH BpenHocr,
MOTEHIIM]jaJl ¥ BpeMe akymyanuje). JlooujeHu pe3yaTaTu cy moka3ajiu J1a IPUCYCTBO XUTO3aHa
omoryhasa Behy akymynanujy Tpuntodana Ha MOBPIITUHY €JIEKTPOIE 3aXBasbyjyhu ocTBapeHUM
BOJOHMYHHMM Be3ama u3Mel)y aHanura u moaudukaropa, aid U (pOpMHpPaHUM eleKTpocTa-
TUYKUM U IpyruM MehymoiiekysickuMm uHTepakuujama. C apyre crpaHe, €IeKTPOXEMH])CKU
penykoBaH TpadeH OKCHJ je 3HauajHO MmoBehao MPOBOIAJBUBOCT €JIEKTPOXEMU]CKOT CEH30pa,
cHIKaBajyhu rpanuily aereknuje tpuntodana. OapehuBameM aKTUBHE MOBPIIMHE IPUIPEM-
JbEHUX eJIeKTpoa, yTBpheHo je 1a oba moaudukaropa yrudy Ha nosehame akTUBHE MOBPILHU-
He, ali ¥ Opoja akTMBHUX MecTa Ha enekTpoan. Bapupamem pH BpeaHocTH, mokasaHo je 1a
BeoMa Kucena, ajau U 0a3Ha cpeauHa HUCY MOrojHe 3a oApehuBame Tpunrodana; Hajsehu
BOJITAMETPH]CKU CUTHaNIM Tpunrodana nodujenu cy y omcery pH Bpennoctu 5,0-7,0. Ta-
kohe, yTBpheHo je ma ce y penokc peakiuju TpunrodaHa pasMeHHU jeHaK Opoj MPOTOHA U
enekTpoHa. M3 pesynrara no0HjeHHX NMPUMEHOM IUKIMYHE BOJTAMETPUjE€ M HUCIUTHUBABEM
pasIUuUTUX Op3MHA CKeHHPamka, U3padyHaTo je J1a Opoj pa3MEmEHNUX eJIEKTPOHA U3HOCH 2. V3
ONTHMAaJHE €KCIIEpUMEHTAIIHE YCIOBE U MPUMEHOM AU(EpeHIjaiHe MyJCHE BOJITaMeTpHje,
onpehex je Tpuntodan y oncery konnentpamuja 0,2—100,0 umol/L. CenekTuBHOCT ceH30pa je
WCIIUTaHA y OJTHOCY Ha yOOWUYajeHO MPUCYTHA JeIUbEeHha y y30pIHrMa KO CaapiKe TPUIITO(aH.
[IpumensbuBOCT ceH3opa je moTBpheHa onpehuBameM TpuntodaHa y peasiHuUM y30pLHUMa —
KOMEpIHjaJIHO AOCTYIHUM (papMaleyTckum (opMyialjamMa U CHHTETUYKOM ypuHy. Mmajy-
hu y Buay cBe mobujeHe pe3ynrare KOju YKJbydy]y HUCKY TPaHHUITy IETEKIIHje aHanuTa, O T4~
HY CEJIEKTUBHOCT, PEIPOJYKTUBHOCT pe3yJiTaTa, CTAOMIHOCT CEH30pa, MOXKE C€ 3aKJbyUUTH
7la pa3BUj€HH CEH30p TOCeIyje 3HauajaH MOTeHIM]al 3a oJipehuBame Tpuntodana y mmupoKoM
OTICery KOHIIEHTpalyja, Kako y OHOJIOIIKUM y30pLKMa, Tako U y (apmaneyTckuMm (popmy-
Janyjama.

Kwyune peuy: Tpuntodan, XUTO3aH, €IEKTPOXEMH]CKH peIyKOoBaH rpad)eH OKCHJI, CTAKIIaCTH yIIbECHUK,
BOJITAMETPHU]JCKH CEH30pP.
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Voltammetric Determination of
Tryptophan Using Glassy Carbon
Electrode Modified with Chitosan
and Graphene Oxide

Katarina Postolovié'™ and Zorka Stanid’

"University of Kragujevac, Faculty of Science, Department of Chemistry, Kragujevac, Serbia
* katarina.postolovic@pmf.kg.ac.rs

Tryptophan is an essential amino acid and plays a very important role in maintaining normal
physiological function. Tryptophan participates in various metabolic processes. As a precursor
for the formation of several neurotransmitters (including serotonin and melatonin), tryptophan
represents an important component of the central nervous system. Besides dietary intake,
the necessary amount of tryptophan in the organism can also be provided through the use of
various pharmaceutical preparations. Considering that an insufficient concentration of trypto-
phan in the organism can cause various psychological disorders, it is necessary to control its
concentration, as well as to determine it in food and pharmaceutical products. Thanks to the
ability of tryptophan to undergo redox reactions, various modified electrodes have been applied
for its voltammetric determination. Recent studies have been focused on the development of
biocompatible voltammetric sensors that can be easily prepared. Accordingly, the main aim of
this study is the examination of the potential of a glassy carbon electrode modified with bio-
compatible materials, chitosan and electrochemically reduced graphene oxide. Chitosan is a
non-toxic, biodegradable, and the only naturally occurring positively charged polysaccharide.
Dissolution of chitosan in dilute acetic acid leads to hydrogel formation. Its presence in a vol-
tammetric sensor enables higher conductivity and increased accumulation of the analyte on
the surface of the modified electrode. Electrochemically reduced graphene oxide represents an
excellent catalytic material, obtained using cyclic voltammetry, and has a significant influence
on the kinetics of the analyte redox reaction. Within this study, the influence of individual
modifiers, the chitosan hydrogel and electrochemically reduced graphene oxide, as well as
their mixture, on the voltammetric signal of tryptophan was analyzed. The concentrations of
individual modifiers, as well as the volume of the mixture used for electrode modification,
were optimized. Also, the optimal conditions for tryptophan detection (pH value, accumulation
potential, and accumulation time) were determined. The obtained results indicated that the
presence of chitosan enabled greater accumulation of tryptophan on the electrode surface, pri-
marily due to the formation of hydrogen bonds between the analyte and the modifier, as well
as electrostatic and other intermolecular interactions. On the other side, electrochemically re-
duced graphene oxide significantly enhanced the conductivity of the electrochemical sensor,
thus enabling higher sensitivity of tryptophan detection. By determining the active surface area
of the prepared electrodes, it was established that both modifiers contribute to an increase in
the active surface area and the number of active sites on the electrode. Variation of the pH val-
ues demonstrated that highly acidic and basic environments were not suitable for tryptophan
determination; the highest voltammetric signals were obtained in the pH range of 5.0-7.0. It
was also found that an equal number of protons and electrons are exchanged in the tryptophan
redox reaction. Results related to the cyclic voltammetry and the examination of different scan
rates indicated that the number of exchanged electrons is 2. Utilizing the optimal experimental
conditions and differential pulse voltammetry, tryptophan was determined in the concentration
range of 0.2—100.0 umol/L. The selectivity of the sensor toward compounds commonly pre-
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sent in samples containing tryptophan was also assessed. The applicability of the sensor was
confirmed through tryptophan determination in real samples — commercially available pharma-
ceutical formulations and synthetic urine. Considering all the obtained results, including the
low detection limit of the analyte, excellent selectivity, reproducibility of results, and sensor
stability, it can be concluded that the developed sensor possesses significant potential for the
determination of tryptophan over a wide concentration range, both in biological samples and
in pharmaceutical formulations.

Keywords: tryptophan, chitosan, electrochemically reduced graphene oxide, glassy carbon electrode,
voltammetric sensor.

FTIR ananu3a nojucaxapujaHe
dpaxuuje Cyclocybe aegerita (V. Brig.)
Vizzini 2014

Jujana Anexcuh’, Jlea Manewesuh', I'opoana I'ojzuh-I[eujosuh’ u
Munena Pawema’

''Vuusepsurer y Hosom Cany, IIpupogHo-MareMaTndky haxynTer, JlemapTMan 3a XeMujy,
O6noxeMujy ¥ 3aTHTY )KUBOTHE cpeaune, Hosu Can, CpOuja

2Vuusep3uret y beorpaay, MTHCTUTYT 3a XeMH]jy, TEXHOJIOTHjy U METalIyprujy, Jlenaprman
3a xemujy, beorpazn, Cpouja

* dikakodibro@gmail.com

[lojenunu B-rnykanu, ykibydyjyhu oHe npucytHe y Bpctu MakporJbuse C. aegerita okasyjy
CIIOCOOHOCT AMPEKTHE MHXUOUIMje pacTa TymMOpa U pa3Boja MeracTa3a, UCTHuyhu ribuBe Kao
obehaBajyhe MeTe 3a mpeBeHIIN]y KaHIIEPa, KA0 U KETOBY Tepanujy. Y OBOM paidy je ypaheHa
FTIR ananmu3a monucaxapumane ¢pakmuje rpuBe C. aegerita MPUKYIJbEHE HA TEPUTOPH]U
rpana HoBor Cana (Pemy6mmka CpOuja). JloOMjeHn pe3yiTaTd yKa3ad Cy Ha MPUCYCTBO
MPOTEHHA ¥ apOMAaTHUYHUX je/lubea (MpuMapHo nojugeHosa) yHyTap aHalnusupane Qpak-
nuje 6orate monucaxapuauMa. Pesynratu ykasyjy Ha IpUCYCTBO TIOJIMCAaxapyaa ca KapakTe-
PUCTUYHUM [-TJIMKO3UIHUM Be3aMma M MPOTEHMHCKUM (pakiyjama, IMTO MOTBphyje caapikaj
azota ox 5,07% oapehen mukpoananuzoM. [loceOHO je 3HAYajHO OJICYCTBO CymIiopa y aHa-
JTU3MpaHoj (pakuuju, MITO yKa3yje Ha BHCOKY CEJIEKTHBHOCT IpOleca €KCTPAKIMje KOjoM
ce PUMapHO U30J1Y]y TOJIUCAXaAPUAH Y3 3a/Ip)KaBamkbe CYMIIOPHHUX JeUbeha yHyTap hemnja
rspuBa. OBO oTkpuhe je BaXKHO jep MoKa3yje JAa Mpolec eKCTPAKIM]je CeNEKTUBHO U30IIy]e 10~
nucaxapuae 0e3 KOEKCTpaKIije MOJIeKysia 00raTux CyMIIOpoM, Kao MTo ¢y oapeheHu mpo-
TEWHH, TIMKOIIPOTEHHN WIIN CEKYHAApHU METa0O0JIMTH KOjU Cy 3aCTYIUbCHH y 3HAYajHUM KOH-
LeHTpallijaMa y ribuBama kao o je C. aegerita.

Kwyune peuu: Cyclocybe aegerita, MemuiuHCKe TIbUBE, onucaxapumaaa ¢pakmuja, FTIR, mukpoana-
Jm3a.
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FTIR Analysis of Polysaccharide Fraction of
Cyclocybe aegerita (V. Brig.) Vizzini 2014

Dijana Aleksi¢", Lea MaleSevié', Gordana Gojgic¢-Cvijovié? and Milena RaSeta’

"University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and
Environmental Protection, Novi Sad, Serbia

2University of Belgrade, Institute of Chemistry, Technology and Metallurgy, Department of
Chemistry, Belgrade, Serbia

* dikakodibro@gmail.com

Some B-glucans, including those from macrofungi C. aegerita, have shown the ability to di-
rectly inhibit tumor growth and metastasis, highlighting fungi as promising targets for cancer
prevention and therapy. In this study, FTIR analysis was performed on the polysaccharide frac-
tion of the mushroom C. aegerita collected in the territory of the City of Novi Sad (Republic
of Serbia). The results indicated the presence of proteins and aromatic compounds (primarily
polyphenolics) within the polysaccharide-rich fraction. The results indicate the presence of
polysaccharides with characteristic B-glycosidic bonds and protein fractions, which is con-
firmed by the nitrogen content of 5.07% found by microanalysis. Notably, the absence of
sulfur in the analyzed fraction indicates a high selectivity of the extraction process that isolates
polysaccharides while retaining sulfur compounds within the fungal cells. This finding is signi-
ficant as it shows that the extraction process selectively isolates polysaccharides without co-
extracting sulfur-containing molecules, such as certain proteins, glycoproteins, or secondary
metabolites that are present in notable concentrations in macrofungi such as C. aegerita.

Keywords: Cyclocybe aegerita, medicinal fungi, polysaccharide fraction, FTIR, microanalysis.

CuHTe3a M CTPYKTYPHA KapaKTepu3auuja
xpom(IIl) kommiiekca ca 2-xuapokcu-1,3-
-nponanauaMuH-N,N,N’,N’-Terpaauerarom

Bojana [lanmosuh', /lapxo Amanun’?, Henao /[pawxosuh’, Murow Bypan*
u Buwana nuwuh’

! Vuusepsutet y Kparyjesity, [Ipupoano-maremMaTidku Gaxynret, MHCTUTYT 3a XeMHjy,
Kparyjesan, Cpouja

2 Vuusepsuret y Kparyjesity, MHCTUTYT 3a HHpOpMAIIHOHE TEXHOIOTH]E, JlenapTMan 3a HayKy,
Kparyjesan, Cpouja

3 Vuusepsuret y [pumruan—KocoBcka Mutposuiia, [Tossonpuspennu dakyorer, Jlemak, Cpouja

4 Cpricka akajieMuja Hayka 1 ymMmeTHOCTH, beorpan, Cpouja

* bojana.pantovic@pmf.kg.ac.rs

Benuko nHTEepecoBame y 001acTH KOOPAMHAIIMOHE XeMHje Beh yrd HU3 ToJJuHa YCMEPEHO je
ka edta* nuranny (etwnenaunamu-N,N,N’,N’ -TeTpaalierar) U lerOBUM CTPYKTYPHHUM aHaJo-
3uma koju nocenyjy N,O, 1oHopcku ceT aTtoma. Y oxHocy Ha edta*, 1,3-pdta* nurang onnu-
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Kyj€ C€ IPOIy’KEHUM IMaMUHCKKM Jlan1eM 3a jenny —CH — rpymy. OBaj turan, Kao v leroBu
JiepyuBaTH 100MjeHH aJbuM CTYKTYpHUM Monaupukauujama (muranau 1,3-pdta-tuma), ca Be-
JUKUM OpojeM joHa TIpesla3HuX MeTaja rpaje cTabuiHe, y BOJIU PaCTBOPHE OKTaeIapCKe KOM-
mekce omre Gopmyne [M(1,3-pdta-tum nuranna)|™, koju mokasyjy pasHOBPCHE CTPYKTYpHE
KapaKTepHCTUKE. Y OBOM Pajy HCIIUTAH je YTUIIa] IPUCYCTBA XUIPOKCUITHE TPYTIe Ha IIEHTPa-
HOM aTOMy yTrJbeHHKa |,3-pOnaHIuaMHUHCKOT JIaHIla Ha CTAOWMIIHOCT M CTPYKTypHE Kapak-
TEpUCTHKE KoMIUIekca. cTpaxkuBame je 00yxBaTHIIO CUHTE3y U Kapaktepuszanujy xpom(IIl)
KOMITIeKca ca Xxekcaaentataum 2-OH-1,3-pdta* nurangom (2-xuapokcu-1,3-nponanainaMuH-
N,N,N’,N’-terpaanierar), hopmyne K[Cr(2-OH-1,3-pdta)]. Komrmiekc je cCHHTETHCAH Yy peaKin-
Ju CrCl, ca narpujymoBoM comu 2-Xuapokcu-1,3-nponananamun-N,N,N’, N -TeTpaanerarne
KHCEJIMHE Y BOJIEHO] CPEeIMHU, ITPH YEMY je peaKkIMoHa cMmela Memana 2 h y3 3arpeBame Ha 80
°C. YnapeH u oxjaleH jbyOM4acTOLPBEHN PAcTBOP MPOIMYLITEH j€ KPO3 KOJIOHY Ca aHjOHCKOM
mmMemuBadkoM cmosiom Dowex 1-X8 y Cl o6muky. Hakon ucnupama BOJAOM, KOMILUIEKC j€
exyupan 0,1 M pactBopom KCl, npu yemy je youeHa HHTEH3UBHO 000j€Ha Tpaka Koja OJro-
Bapa [Cr(2-OH-1,3-pdta)] xomruiekcHoM aHjoHy. Emyar je 3atum ymapeH, o0ecosbeH Tel-
¢dbuntpamujom (Sephadex G-10 xosoHa, ecTriioBaHa Boja kao enyeHr), 3atuM je K[Cr(2-OH-
1,3-pdta)] xonnenTpoBan Ha 10,0 mL, HakoH uera je mojarta jeHaKa 3almpeMUHA €TaHOJA.
Kpucranuzamnuja je mocTurHyTa dyBameM pactBopa 7 gaHa Ha 4 °C. Uuctoha u cactaB cuH-
TETHCAHOT KOMITJIEKCA MOTBPHEHU Cy eJIeMEHTATHOM MHUKPOAHAIU30M, IOK je CTPYKTypHA
KapakTepu3anyja usBpiieHa nomohy IR cnekrpockonuje, UV-Vis cnekrpodoromerpuje u
pPEHITreHCKe CTPYKTYpHE aHajm3e. PesynraTw peHAreHCKe CTPYKTypHE aHaM3e KOMILUIEKCa
nmokazanu ¢y ga je 2-OH-1,3-pdta* nurang xexcamenrtatno xkoopauHoBaH 3a xpom(IIl) jou
MIPEKO JIBa aToMa a30Ta U YeTHPU aTOMa KHUCEOHHKa KapOOKCWJIATHUX rpymna, ¢popmupajyhu
OKTaeJapCcKy T€OMETPH]Y, IOK C€ jJOH KaJlMjyMa Halla3u y CIIOJhallkh0j KOOPIUHAIIMOHO] cde-
pu kao koHtpa-joH. UV—Vis cnekrap K[Cr(2-OH-1,3-pdta)] komriekca mokasyje aBe CH-
METpUYHE Tpake 0e3 YOuUJpMBOT IIeMama, KOje OJroBapajy mpeiazuma y 4T1g(0h) u 4ng(Oh)
CTama, IITO je KapakTepucTuyHo 3a okTaenapcke xpoMm(Ill) kommiekce u y carmmacHOCTH je ca
cponHuM cucremnMma 1,3-pdta-tumna. IR crnekrap mokasyje MHTEH3UBHY M IIHPOKY Tpaky Ha
1634 cm™!, o ykasyje ma cy cBe kapookcuiare rpyrme 2-OH-1,3-pdta* nuranga koopauHOBaHe
3a joH MeTana. Takohe cy yodeHe W Tpu MHTEH3WBHE U omTpe Tpake Ha 1363, 1329 u 1302
cm!, Koje MOTUYY OJ] CHMETPHYHHX BaJCHIIMOHUX BHOpAI[Hja KOOPIUHOBAHUX KapPOOKCHITHUX
rpyna. Bpennoct Momapue npoBomsbuBocTH ykasyje na ce K[Cr(2-OH-1,3-pdta)] xommiekc
MoHarma kao enekrpoaut tuna 1:1 y Bogu. Pesynratu nobujeHu y 0BOM paay MOTy OWUTH Of
3Hauaja 3a JaJjbM Pa3BOj KOOPAMHAIIMOHE XEMH]j€ KOMILJIEKCA JOHA TMpela3HuX MeTajia ca Ju-
AMHHOTIOIMKAPOOKCHIIATHUM JIUTaH/INMa.

Kwyune peyu: xpom(Ill) xommiexkc, peHAreHCKa CTPYKTypHa aHain3a, CIEKTPOCKOMHja, aMUHO-
MTOTMKAPOOKCHUIIATHH JINTaH/IH.
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Synthesis and Structural Characterization
of a Chromium(IIl) Complex with
2-Hydroxy-1,3-Propanediamine-
-N,N,N’,N’-Tetraacetate

Bojana Pantovié"', Darko ASanin’, Nenad Draskovi&, Milos Duran’ and

Biljana Glisié!

! University of Kragujevac, Faculty of Science, Department of Chemistry, Kragujevac, Serbia

2 University of Kragujevac, Institute for Information Technologies, Department of Science,
Kragujevac, Serbia

3 University of Pristina—Kosovska Mitrovica, Faculty of Agriculture, LeSak, Serbia

4 Serbian Academy of Sciences and Arts, Belgrade, Serbia

* bojana.pantovic@pmf.kg.ac.rs

Significant interest in coordination chemistry has long been focused on the edta* ligand
(ethylenediamine-N,N,N’,N -tetraacetate) and its structural analogs featuring an N,O, donor
atom set. Compared with edta*, the 1,3-pdta* ligand possesses an extended diamine backbone
with one —~CH,— group. This ligand, as well as its derivatives obtained through further structural
modifications (1,3-pdta-type ligands), forms stable, water-soluble octahedral complexes with
a wide range of transition metal ions, generally described by the formula [M(1,3-pdta-type
ligand)|™ and exhibiting diverse structural features. In this work, the influence of a hydroxyl
group introduced at the central carbon atom of the 1,3-propanediamine backbone on the stability
and structural properties of the complexes was investigated. The study included the synthesis
and characterization of a chromium(III) complex with a hexadentate 2-OH-1,3-pdta* ligand
(2-hydroxy-1,3-propanediamine-N,N,N’, N -tetraacetate), with the formula K[Cr(2-OH-1,3-
pdta)]. The complex was synthesized by reacting CrCl, with the sodium salt of 2-hydroxy-1,3-
propanediamine-N,N,N’, N -tetraacetic acid in aqueous medium, and the reaction mixture was
stirred for 2 h at 80 °C. The concentrated and cooled purple-red solution was passed through a
column packed with the anion-exchange resin Dowex 1-X8 in the C1~ form. After washing with
water, the complex was eluted with 0.1 M KCl, yielding an intensely colored band corresponding
to the [Cr(2-OH-1,3-pdta)]” complex anion. The eluate was then concentrated and desalted by
gel filtration (Sephadex G-10, distilled water as the eluent). The resulting solution of K[Cr(2-
OH-1,3-pdta)] was concentrated to 10.0 mL, followed by the addition of an equal volume of
ethanol. Crystallization was achieved by storing the solution at 4 °C for 7 days. The purity and
composition of the synthesized complex were confirmed by elemental microanalysis, whereas
structural characterization was performed using IR spectroscopy, UV—Vis spectrophotometry,
and single-crystal X-ray diffraction analysis. X-ray structural analysis revealed that the 2-OH-
1,3-pdta* ligand coordinates in a hexadentate manner to the chromium(III) ion via two nitrogen
atoms and four oxygen atoms from carboxylate groups, forming an octahedral geometry,
whereas the potassium ion is located in the outer coordination sphere as a counterion. The
UV-Vis spectrum of K[Cr(2-OH-1,3-pdta)] shows two symmetric absorption bands without
noticeable splitting, corresponding to transitions to the *T g(O,) and “T,g(O,) states, which are
characteristic of octahedral chromium(IIl) complexes and are consistent with related 1,3-pdta-
type systems. The IR spectrum exhibited a strong and broad band at 1634 cm™, indicating
the coordination of all the carboxylate groups to the metal ion. Additionally, three intense
and sharp bands at 1363, 1329, and 1302 cm™ are observed, corresponding to the symmetric
stretching vibrations of coordinated carboxylate groups. Molar conductivity measurements
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indicate that the complex behaves as a 1:1 electrolyte in aqueous solution. The obtained results
may be significant for the further development of the coordination chemistry of transition metal
complexes with diaminopolycarboxylate ligands.

Keywords: chromium(Ill) complex, X-ray diffraction analysis, spectroscopy, aminopolycarboxilate
ligands.

dotorepmanina NEMS-FTIR
CIIEKTPOCKONMja 32 XeMHCKY
HICHTU(PHUKAIM]Y MUKPO- M HAHOILIACTHKE

Jenena Tumapauy-Ilonosuh®’", Joxanec Xuzoepzep’, Enoupa Illecmo’,
Huxknac JIyman?, Apujana I'uspuen’, Xajpyoun Bewuh?, JKosujan I1. Jlagpnep’
u Cunean IlImuo’

! Texunuku yHuBep3uteT y beuy, THCTUTYT 3a CEH30pPCKE U aKTyaTopcke cucteMe, bed, Ayctpuja
? Invisible-Light Labs GmbH, beu, Ayctpuja
* jelena.popovic@tuwien.ac.at

Jlerekuyja U XeMHUjcKa HICHTU(UKAIMja MUKPOIUIACTHUKE W HAHOIUIACTHUKE MPEACTaBIbajy
3Ha4ajaH aHAJTUTUYKY 132308 300T BUXOBE Majle BEJTMYMHE U HUCKOT MaceHor ontepehema, 10K
MOTEHIIM]jaJTHH YTUIIaj1 OBUX YECTHUIIa HA )KUBOTHY CPEIMHY U 3/JpaBJbe JbY11 U3a3UBajy cBe Behy
3a0pUHYTOCT. Y OBOM pajy NpeaCcTaB/beHa je MH]ppalpBeHa CreKTpockonuja ca OyprujeoBoM
TpaHcopMalnjoM 3aCHOBaHA Ha HaHoeseKkTpomexaHnukuM cucremuma (NEMS-FTIR) 3a ne-
TEKIH]Y, UACHTUPHUKALN]Y U KBAHTU(DUKALK]Y TOTUMEPHUX MUKPO- U HaHouecTHna. L{usb oBor
ucTpaxuBama 0uo je na ce npounjeHu cnocoonoct NEMS-FTIR TexHuke n1a 1eTeKTyje Mou-
MEpHE YeCTULIE MUKPO- 1 HAaHOpa3Mjepa MpH U3y3eTHO HUCKUM Macama, y3 O4yBame HBUXOBE
xemujcke crienudpuunoctu. OcHoBa TexHuke je NEMS pe3onarop koju ce cactoju o1 MeMOpaHe
CUJIUIH]yM-HUTpUaa 1e6sprHe 50 nm, Koja CIIy’KU U Kao MOJI0Ta 32 y30pakK U Kao aKTUBHU CEH-
3opcku eneMeHT. MHdparpsena (IR) arncoprnimja yectuia 1enoHOBaHUX HA MEMOpaHU Ipe-
TBapa ce y Nomjepaj pe3oHaHTHE (PEKBEHLUje TMOCPEACTBOM (OTOTEpMAIIHE TPAHCAYKIIH]E.
IIpomjena pesonantHe (pexBenimje NEMS pezonaropa npornopiimoHaiHa je ancopOoBaHoj
CHa3M M OMJbeXH ce Kao (PyHKIIM]ja TajdacHe Ty KHUHe, To omoryhasa pekoHCTpykiujy IR cnekTpa
y3opka. NEMS-FTIR cnekTpockomnuja npuMHjemeHa je Ha MOJMMEpHE YeCTULE Pa3IuyUTOr
cacTaBa W BelIMYMHE, yKJbyuyjyhu nomunpomnunen (PP, 54 nm), nomuctupen (PS, 100 nm),
nonuBuHWI-xnopun (PVC, 262 nm) u nonuetunen-tepedranar (PET, 1350 nm). CBu y3opiu
cy Hanecenu Ha NEMS pe3onarope momohy nue3oeneKTpHUyHOr J03aTopa HAHOKAIJbHIIA,
IITO jeé OMOTyhmiio mpenu3Ho U KOHTPOJIMCAHO HAHOUICHE y30paka 0e3 orpaHHyeHmha yClIOB-
Jb€HUX BEJIMYMHOM decTuia. OBa TeXHUKa OMOTyhmia je XeMHjCKy MACHTU(HUKAIM]Y CBUX
UCIHUTHUBAHUX TOJHMMEPa y3 OUyBame HHUXOBHUX KAapaKTEPUCTUYHMX HH(QpaLpBEHUX CIIEK-
TPaJTHUX OTHCAKa, IIPU IPaHUIAMa AETEKLHje Mace Y pacloHy OJ] HEKOJIMKO CTOTHHA ITUKOTpa-
Mma. To npencraBsba moOoJbIIAKE O MPUOIMIKHO jeIHOT pejla BETMYUHE Y OAHOCY Ha 00jaBibe-
HE TpaHuLIe IeTEKIUje MUPOIU3HE FracHe XpoMarorpaduje—MaceHe ClIeKTpOMETPHje 3a aHATTU3Y
HaHorutacTuke. [lojeMHauHy ONMMMEpHU CUTHAIN YCIIjEIIHO CY Pa3iydeHU U Y MjeIIOBUTUM
y30pIHMMa YeCcTulla, MpU YeMy Cy KOMIIOHEHTe Morjie OUTH UICHTU(UKOBAHE Y OKBHUPY jel-
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Hor criekTpa. [lopen Tora, curHan 100MjeH o1 HaHOYECTHUIA TOJTUCTUPEHa OMOTYhHO je KBaH-
TUTATUBHY MPOI]jeHy JEMOHOBaHE Mace, MOoKa3yjyhu Kako XeMHjCKe TakO M KBAaHTHTATHUBHE
MoryhHoctu oBe merone. Kako Ou ce mokasana MpUMjEHJBUBOCT Yy PEATHUM YCIOBUMA JKH-
BoTHE cpenuHe, NEMS-FTIR cnektpockonuja je kopuinheHa 3a aHanu3y UCHHpaka HajloHa
ocloboheHrx U3 MaTepHjalia HajIOHCKUX Bpehulla 3a 4aj TOKOM yOOH4ajeHUX YCI0Ba MPUIIPEME
HanuTka. Huje 6una morpeOHa HUKAKBa MPETXOAHA KOHIIEHTpAIlfja UK MpUIIpeMa y30paka,
a MCTIMPIU HajJIOHA YCITJeIIHO CYy JETEKTOBAaHU YaK M y MPUCYCTBY CIIOKEHE YajHE MaTpHUIle
Koja camapku OusbHH Matepujai. 3a nopeheme, ATR-FTIR mjepema y uctum ycinoBuma, 4ax
U y3 NpUOIIKHO TeT MyTa Behy 3anmpeMuHy y30pKa, Aalia Cy TeK je/lBa YOUJbUB CUTHAJ Haj-
nona. OBu pesynrtaru mnokazyjy crnocooHoct NEMS-FTIR cnektpockonuje 3a 0CjeT/bUBY
JETEeKIN]y, XeMH]CKY WACHTU(UKALN]Y U KBaHTU(UKAIM]Y TOTUMEPHUX YECTHIIA HA HUBOY
MUKOTrpaMckux Maca. Merosa Takol)e omoryhasa aHanu3y MjeIIOBUTHX MOJTMMEPHUX CUCTEMA U
JTUPEKTHY CIIEKTPOCKOIICKY KapaKTepu3allijy MUKPO- U HAHOIIJIACTHKE MaJie Mace, IITO HCTUYE
HEH MOTEHIMjal 32 MOHUTOPUHT TUIACTUYHE KOHTaMHHAIIM]€ Yy KUBOTHO] cpeanHu. Behnna
pesyaTara OBOT MCTpakuMBama o0jaBibeHa je y yaconucy ACS Nano (https://doi.org/10.1021/
acsnano.5¢22099).

Kmwyune pujeuu: HaHOTUTACTHKA, MUKPOIIIACTHKA, (POTOTEPMAITHO CEH3UPAHE, HAHOCICKTPOMEXaHIMIKH
cucTteMu, HH(]paIpBeHa cCeKTpocKkonja ca PypujeoBoM TpaHCHOPMAITHjoM.

Photothermal NEMS-FTIR Spectroscopy
for Chemical Identification of Micro- and
Nanoplastics

Jelena Timarac-Popovié'*', Johannes Hiesberger®, Eldira Sesto’, Niklas
Luhmann’, Ariane Giesriegl', Hajrudin Besi¢’, Josiane P. Lafleur’ and
Silvan Schmid’

I'TU Wien, Institute of Sensor and Actuator Systems, Vienna, Austria
2 Invisible-Light Labs GmbH, Vienna, Austria
* jelena.popovic@tuwien.ac.at

The detection and chemical identification of micro- and nanoplastics are analytically challenging
due to their small size and low mass loadings, while their potential impacts on environmental
and human health are of growing concern. Here we present nanoelectromechanical system-
based Fourier transform infrared (NEMS-FTIR) spectroscopy for the detection, identification
and quantification of polymer micro- and nanoparticles. The aim of this study was to evaluate
the capability of NEMS-FTIR to detect micro- and nanoscale polymer particles at extremely
low mass levels while preserving their chemical specificity. The core of the technique is a
NEMS resonator consisting of a 50 nm thick silicon nitride membrane, which serves as both
the sample substrate and the active sensing element. Infrared (IR) absorption by particles
deposited on the membrane is converted into a resonance frequency shift via photothermal
transduction. The frequency detuning of the NEMS resonator is proportional to the absorbed
power and is recorded as a function of wavelength, enabling the reconstruction of the IR
spectrum of the sample. NEMS-FTIR spectroscopy was applied to polymer particles of dif-
ferent compositions and sizes, including polypropylene (PP, 54 nm), polystyrene (PS, 100
nm), polyvinyl chloride (PVC, 262 nm), and polyethylene terephthalate (PET, 1350 nm). All
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samples were deposited onto the NEMS resonators using a piezoelectric nanodroplet dispenser,
enabling precise and controlled sample loading without limitations imposed by particle size.
The technique enabled chemical identification of all investigated polymers while preserving
their characteristic IR fingerprints, with mass detection limits in the low hundreds of picograms
range. This represents an approximately one-order-of-magnitude improvement over reported
pyrolysis-gas chromatography-mass spectrometry detection limits for nanoplastic analysis.
Individual polymer signatures were also successfully resolved in mixed particle samples,
where components could be identified within a single spectrum. In addition, the signal from
PS nanoparticles enabled quantitative estimation of the deposited mass, demonstrating both
chemical and quantitative capability. To demonstrate applicability in a realistic environmental
scenario, NEMS-FTIR spectroscopy was used to analyze nylon leachates released from nylon
teabag material under typical brewing conditions. No sample preconcentration or preparation
was required, and nylon leachates were successfully detected even in the presence of a complex
tea matrix containing plant material. For comparison, ATR- FTIR measurements under the
same conditions, even with approximately fivefold higher sample volume, yielded only a barely
visible nylon signal. These results demonstrate the capability of NEMS-FTIR spectroscopy for
sensitive detection, chemical identification, and quantification of polymer particles at pico-
gram mass levels. The method further enables analysis of mixed polymer systems and direct
spectroscopic characterization of low-mass micro- and nanoplastics, highlighting its potential
for environmental monitoring of plastic contamination. The majority of this work has been
published in ACS Nano (https://doi.org/10.1021/acsnano.5¢22099).

Keywords: nanoplastics, microplastics, photothermal sensing, nanoelectromechanical systems, Fourier
transform infrared spectroscopy.

CuHTe32 M CTPYKTYpPHA
kapakrTepu3aunuja cpedpo(l) kommiiexca
ca 1-peHmmMuIa30J/10M

Hesena Cmesanosuh', Jakoo Kwyn’ u Buwana Inumuh’

"Vuusepsurer y Kparyjepuy, [IpupogHo-matemaTnuku pakynrer, MTHCTUTYT 3a XeMujy,
Kparyjesan, Cpouja

2 Vuusepsuret y JbyOspanu, dakyiareT 3a XeMujy ¥ XeMujcKy TexHosornjy, Jbyospana, CioBenuja

* nevena.stevanovic@pmf.kg.ac.rs

Cpebpo(]) komIiekeu noceIibuX ToJMHA IPUBJIade 3HauajHy HaKiby y 001aCTH KOOPIUHALINO-
HE ¥ MEJUIIMHCKE XeMHje 300T CBOJUX M3PAKEHUX aHTUOAKTEPH]CKHUX, aHTU(YHTATHUX U T10-
TEHIMJaJTHUX AHTUKAHIEPOTeHUX aKTUBHOCTH. McTpakuBama Cy ycMepeHa Ha KOMIUIEKCe
cpebpa(l) ca apomarnyHUM N-XETEPOLUKIMYHUM jeIUBEHUMA, KOJU UMa]y KIbYUHY YJIOTY Y
ofipehuBamy CTAOMITHOCTH, PACTBOPJBHUBOCTH M OMOJIOIIKE AKTUBHOCTH JJOOM]EHUX KOMILJIEKCA.
CxomHO TOME, y OBOM pajy MpHUKa3aHa je CHHTE3a U CTYKTYypHa KapakTepu3alija KOMIUIEKCa
cpedpa(l) ca 1-pennnmmuazonom (phim). Kommiexe [Ag(phim),|SbF, je nobujen y peakuuju
cpeopo(l)-xexcadmyopoantumonara(V) u 1-peHmmMugazona xoja je u3BeAeHa y MOJICKOM
onHocy 1 : 1y eranony Ha coOHOj TemmepaTypu. PeakiimoHu ycioBU Cy ONTHMHM30BaHU Ka-
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ko 6u ce u3berna penaykmuja Ag(l) jona. Kpucranu cpedpo(l) komrmnekca morogHu 3a peHji-
TeHCKY CTPYKTYpHY aHaJIM3y Cy HacTalu yIapaBambeM pPacTBOpa JOOHjEHOT pacTBapameM
OeJor Taymora y cMemnu anetToHuTpuii/Boaa (v/v 1:1) Ha coOHOj TemriepaTypu HakoH 3—5 na-
Ha. Yucroha u cactaB cuHTeTHCAaHOT KoMILiekca cpedpa(l) je moTBpheHa mpuMeHOM eleMeH-
TaJHe MHKpoaHanmu3e, MoK je komruieke cpedpa(l) okapakrepucan mpumenoMm 'H NMR u
IR cmektpockomnuje, UV-Vis crnektpodoTomeTprje, MEpemeM MOJapHe MPOBOIJEUBOCTH
U peHATeHCKE CTPYKTypHE aHanmu3e. Pe3yntaTu peHIreHcKe CTPYKTypHE aHallu3e KpucTala
cpebpo(l) komruiekca cy mokasaiu Jia cy [Ba MoJieKyia 1-peHumIMMuaa3ona MOHOJEHTaTHO
koopauHoBaHa 3a Ag(l) jon mpeko aToma a3oTa U3 MUMHUIA30JI0BOr IpcTeHa (dopmupajyhu
[Ag(phim),]" KOMIUIEKCHM KaTjoH, JIOK C€ y CIOJballlb0] KOOPAWHALKOHO] chepu Halasu
SbF,~ anjon. J[Ba aroma asora u3 1Ba MOJeKyJ1a 1-heHunMmuIasosa ce Haase Ha Mo/1j€THAKO
yaasbeHoM pactojamy o1 Ag(l) jona, mpu yemy KOMILIEKC UMa OJ1aro TMCTOPTOBaHY JIMHEApHY
reomeTpujy. Uadpanupsenu cnekrap Ag(l) komriekca mokasyje ouekuBaHe TPake Koje ce MOTy
MPUITUCATH KOOpauHOBaHOM phim nuranay. [IprcyTHa je HHTEH3WBHA Tpaka Ha 656 cm™' koja
noruye o1 SbF,~ anjona koja ykasyje Ha 10 ia Hema koopaunaiuje SbF .~ ca Ag(I) jonom. [Topen
TOTa, KapakTepucTuuHe BuOpanuje apomaruanux npcrenosa, V(C, =C ) u v(C =N), koje ce
Hamase y oncery (1597-1440 cm™), momepene cy y oHOCY Ha oaroBapajyhe Tpake y CekTpy
HEKOOpAMHOBAaHOT 1-(peHnnumuaaszomna, noTephyjyhu Ha Taj HAYMH HETOBY KOOPAMHAIIM]Y 32
Ag(I) jon. 'H NMR cnekrap cpedpo(l) kommnekca caumiber y DMSO-d, nopehen je ca criek-
TPOM HEKOOPIUHOBAHOT phim juranaa y uctom pactsapady. bpoj curnanay 'H NMR criektpy
KOMIUIEKCa OiroBapa Opojy CUrHalla y CIEeKTPy HEKOOPAUHOBAHOT 1-peHunInMuaa3ona, npu
yeMmy je HajBehe XeMHjCKO MOoMepame YOUeHO 3a MPOTOH KOjU je CyCelaH KOOPIWHOBAHOM
phim nurangy. ¥V muby ucnuTtuBama crabuiHoctu Ag(l) kommiekca caumibenu ¢y UV-Vis
cinektpu 1 'H NMR crnektpu y DMSO oamax HakoH pacTBapama KOMIUIEKCA, Ka0 U HaKOH
24 h u 48 h Ha cobHOj Temmeparypu. [Ipumehena je He3HaTHa MpoOMEHA y MHTEH3UTETY
aTrICOPMIIMOHOT MakcuMyMma Aok je oonuk UV-Vis cnekTpa octao HenmpomemeH. [lopen Tora,
y 'H NMR crnekrpy Ag(l) komriekca CHUMJbEHOM HakoH 48 h HUCY ce mojaBuIIe Tpake Koje
KOj€ TOTUYY O]l HEKOOPJAWHOBAHOT phim JHranaa, MTO yKa3yje Ha YHILEHUILY Ja He J0Ja3u
710 CYTICTUTYIIHj€ OBOT JIMTaH/a MOJIEKYJIOM pacTBapaua. Pe3ynraTu oBOr HCTpakUBamba MOTY
OuTH O] 3HAYaja 3a JajbH Pa3B0j KOOPAUHALMOHE U MeIulnHCKe Xemuje cpedpo(l) komriekca
ca N-XeTepOIUKINYHUM jeIUbECHUMA.

Kwyune peuu: cpedpo(l) kommureke, 1-heHMIMMIIa307, KpUCTATHA CTPYKTYPHA, CIIEKTPOCKOITH]a.

Synthesis and Structural
Characterization of a Silver(I)
Complex with 1-Phenylimidazole

Nevena Stevanovi¢'”, Jakob Kljun’ and Biljana Glisi¢’

"University of Kragujevac, Faculty of Science, Department of Chemistry, Kragujevac, Serbia
?University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ljubljana, Slovenia
" nevena.stevanovic@pmf.kg.ac.rs

Silver(I) complexes have recently attracted considerable attention in the field of coordination
and medicinal chemistry due to their pronounced antibacterial, antifungal and potential
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anticancer activities. Research has been focused on silver(I) complexes with aromatic
N-heterocyclic compounds, which play a key role in determining the stability, solubility, and
biological activity of the resulting complexes. Accordingly, this work presents the synthesis
and structural characterization of a silver(I) complex with 1-phenylimidazole (phim) as ligand.
The complex [Ag(phim),]SbF, was obtained by reacting silver(I) hexafluoroantimonate(V)
with an equimolar amount of 1-phenylimidazole in ethanol at room temperature. The reaction
conditions were optimized in order to prevent reduction of the Ag(l) ions. Crystals suitable
for single-crystal X-ray diffraction analysis were obtained by slow evaporation of a solution
prepared by dissolving the white precipitate in an acetonitrile/water mixture (v/v = 1:1) at room
temperature after 3—5 days. The purity and composition of the synthesized silver(I) complex
were confirmed by elemental microanalysis, while the complex was further characterized by 'H
NMR and IR spectroscopy, UV-Vis spectrophotometry, molar conductivity measurements, and
single-crystal X-ray diffraction analysis. The results of the X-ray structural analysis revealed
that two 1-phenylimidazole molecules are monodentately coordinated to the Ag(I) ion through
the nitrogen atom of the imidazole ring, forming the [Ag(phim),]" complex cation, while the
SbF,~ anion is present in the outer coordination sphere. The two nitrogen atoms from the two
I-phenylimidazole molecules are located at equal distances from the Ag(I) center, resulting in
a slightly distorted linear geometry. The IR spectrum of the Ag(I) complex shows characteristic
bands attributable to the coordinated phim ligand. A strong band at 656 cm™', assigned to the
SbF,~anion, indicates the absence of coordination between SbF,~ and the Ag(T) ion. In addition,
the characteristic vibrations of the aromatic rings, v(C=C) and v(C=N), in the range (1597—
1440 cm™), are shifted compared to the corresponding bands in the free 1-phenylimidazole
spectrum, confirming its coordination to the Ag(I) ion. The '"H NMR spectrum of the silver(I)
complex recorded in DMSO-d, was compared with that of the free phim ligand in the same
solvent. The number of signals in the spectrum of the complex corresponds to that of the unco-
ordinated ligand, while the most significant chemical shift was observed for the proton adjacent
to the coordinated nitrogen atom. To investigate the stability of the Ag(I) complex, UV-Vis and
"H NMR spectra were recorded in DMSO immediately after dissolution, as well as after 24 and
48 h at room temperature. Only a slight change in the absorption intensity was observed, while
the shape of the UV-Vis spectrum remained unchanged. Furthermore, in the "H NMR spectrum
recorded after 48 h, no signals corresponding to the free phim ligand were detected, indicating
that no ligand substitution by solvent molecules occurs.

Keywords: silver(I) complex, 1-phenylimidazole, crystal structure, spectroscopy.
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Cunte3a u kapaxktepusauuja Fe(Ill)
koMmiuiekca ca lllugoBum 6azama
NO0UjeHUM U3 CYNICTUTYHCAHUX
OeH3asexuaa u 3-aMuHO(eHoIa

Jun Asoucnaxuh' u Cabuna becuh’

! Vuaugepsuret y bamoj JIywu, [Ipupoano-matemarnuku pakynter, CTyIHjCKH mporpamM Xemuja,
bama Jlyka, bocHa u Xepuerosuna

2 Vuusepsuret y CapajeBy, [Ipupoano-marematiuku paxynrer, Oacjek 3a xemujy, Capajeso,
bocha n Xepuerosuna

* din.avdispahic@student.pmf.unibl.org

Komruiekcu npenazHux MeTasna NpecTaBibajy BaKHY KJacy XeMH]CKUX JeIU-EHa 300T CBOje
CTPYKTypHE Pa3HOBPCHOCTH M IIMPOKE MPUMjEHE y KaTalu3u, Haylll O MaTepujaauma u Ouo-
HEOPraHCKoj XeMHUju. Y TOM KOHTeKCTY, [lIndoBe 6a3e npuBiave 3HaUajHy NaXKkbY 3aXBajbyjyhu
CB0jOj] M3PaXKEHO] CIIOCOOHOCTH KOOPJAHMHAIM]E, CTPYKTYPHO] Pa3HOBPCHOCTH, j€AHOCTABHO]
CUHTE3H M OMOJIOIIKO] aKTUBHOCTH, YKJbYUyjyhu aHTHOAKTepH]jCKO, aHTH(YHTATHO, aHTHOKCH-
JTaTUBHO M aHTUTYMOPCKO JjeroBame. Kommuiekcu koje rpaae npenasau Metanu u [ludose
0a3e yecTo ucrnoJbanajy Behy OMOJIOMIKY aKTUBHOCT OJ1 OATroBapajyhux cio00 HUX JIMTaHA/a,
IITO UX YUHHU BaXKHUM 3a JlaJba UCTPAXKHUBAba U MPUMjEHY Y MEIULIMHCKO] XeMHju. [{usb oBor
pana 6mo je cunTe3a u kapaktepusanuja Fe(Ill) kommiekca ca [lIndosum 6azama nooujeHUM
KOHZeH3ajoM 3-amuHOpEHONa ca 0Ja0paHUM CYNCTUTYHCAaHUM O€H3allexuaumMa, U TO
2-XJOpOOEH3ANIEXUIOM, CATUIUIAIAEXUIOM U 4-nuMeTninamMuHooen3anaexunom. [loceban
Harjlacak CTaBJbEH j€ Ha pa3jallmbaBambe KOOPAMHAIMOHOT TIOHAIIamkha CHHTETUCAHUX JIUTaHa-
na npema jony Fe(Ill) m onpehuBame mwuxoBux HaumHa koopauHarje. llludore Gaze cy
CHUHTETHCAHE peaKlijaMa KOHJICH3aI1je Yy ariCOJIyTHOM €TaHOIy Mo peduiyKcoM, MPU YeMy
cy ¢opmupane crabuinHe azometruHcke (C=N) ¢ynkunonanne rpyne. Oarosapajyhu Fe(IIl)
KOMIUIEKCH TpunpemibeHu cy peakiujoM roxhe(Ill)-xmopuna ca cuHTeTHCaHUM NUTaHa-
JMa y MOJICKOM OJHOCY MeTaj : Jurasj 1:2, moa KOHTpoducaHuM ycioBuma. CTpyKTypHa
KapakTepH3alyja JuraHajga U KOMIUIEKca M3BpIICHA je MPUMjeHOM HH(paIlpBEHE CIEKTPO-
ckormje ca dypujeoBom Tpanchopmamujom (FTIR). KoopaumHammoHo moHamame aHau-
3upaHo je nopehemeM MHpALPBEHUX CHEKTapa CIOOOJHHUX JIMTaHala U KOMILUIEKCa, ¢ TO-
CeOHMM OCBPTOM Ha KapaKTepUCTHYHE BuOpanuoHe Tpake azomeTuHcke (C=N) rpymne u
(dheHoTHUX (DYHKITMOHAIIHOCTH, KA0 M Ha MPOMjeHe M3a3BaHe KoopauHanujoM. JloOujenn pe-
3yJATaTH ToKa3yjy aa je koopauHaryja 3a Fe(Ill) nmenrap npahena yousbuBuM momjepamuma
BHOpaInmoHuX (PpeKBeHIja, MTO MOTBphyje ydemnhe JOHOPCKUX aTOMa a30Ta U KUCEOHHKA.
[IIudose 6aze nodbujeHe n3 2-xM0podeH3aNIeXUIa U 4- TMMETHIIAMHHOOSH3IIEX U 1a TOHAIIajy
ce kKao a"joHcku OuaeHTtatHu O,N-IOHOPCKU JTUTaH/IH, 3ay3uMajyhu 4eTupu KOopAMHALIMOHA
Mjecta oko jona Fe(IIl), mok cy mpeocTayia q1Ba mosioxaja momymeHa XJIOPUIHUM JOHUMA, IIITO
yKa3yje Ha OKTaeaapcKy reoMerpujy komruiekca. Hacympor tome, IlIudosa 6a3a modujeHa
U3 caJMIMIaiIexuia MmoHama ce Kao aHjoHcku TpuneHTaTHu O,N,O-10HOpPCKU JHUTaH, KO-
opauHuiyhu ce mpeko cBux mect koopauHarmonux Mjecta jona Fe(Il). Tlopen tora, HOBe
Tpake crmabor nmHTeH3uTeTa ucnoa 600 cm™' mpunucyjy ce popmupamwy Fe—N u Fe—O Besa.
3akspyuHo, ycrjenrHo cy cunretucanu u FTIR metonom okapakrepucanu Fe(Ill) kommuiekcu ca
Iudosum 6azama. PezynraTu npy»kajy Bpujeiad YBU Y BbUXOBO KOOPMHAIIMOHO MOHAIIAHE
U CTPYKTYpPHE KapaKTepHUCTHKE, n3BeeHe Ha ocHOBY FTIR ananuze. Takolhe, noOujenn Hasta3u
MpeACTaBIbajy 100py OCHOBY 3a Oyayha mcrpakuBama, YK/bydyjyhu TpUMjeHY I0JaTHUX
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CHEKTPOCKOIICKUX METOJa KapaKkTepusallije, Ka0 U HUCIUTUBAKE MOTEHILUjaJHe OMOJIONIKE
AKTUBHOCTH OBUX JETUHEHHA.

Kwyune pujeuu: 1lludose 6aze, kommiekcu reoxkha(Ill), cuaresa, kapakrepmsaruja, FTIR cnexrpo-
CKOTIHja.

Synthesis and Characterization of Fe(III)
Complexes with Schiff Base Ligands
Derived from Substituted Benzaldehydes
and 3-Aminophenol

Din Avdispahi¢'” and Sabina Begic?

! University of Banja Luka, Faculty of Natural Sciences and Mathematics, Chemistry Study
Program, Banja Luka, Bosnia and Herzegovina

2 University of Sarajevo, Faculty of Natural Sciences and Mathematics, Chemistry Department,
Sarajevo, Bosnia and Herzegovina

* din.avdispahic@student.pmf.unibl.org

Transition metal complexes represent an important class of chemical compounds due to their
structural diversity and wide applicability in catalysis, materials science, and bioinorganic
chemistry. In this context, Schiff base ligands have attracted considerable attention owing to
their strong coordination ability, structural versatility, straightforward synthesis, and biological
activity, including antibacterial, antifungal, antioxidant, and antitumor effects. Complexes
formed by transition metals and Schiff bases often exhibit enhanced biological activity than
the corresponding free ligands do, making them relevant for further investigations and appli-
cations in medicinal chemistry. The aim of this study was to synthesize and characterize Fe(IlI)
complexes with Schiff base ligands obtained by the condensation of 3-aminophenol with selected
substituted benzaldehydes, namely, 2-chlorobenzaldehyde, salicylaldehyde, and 4-dimethyl-
aminobenzaldehyde. Special emphasis was placed on elucidating the coordination behavior
of the synthesized ligands toward the Fe(IIl) ion and determining their coordination modes.
The Schiff base ligands were synthesized via condensation reactions in absolute ethanol under
reflux conditions, forming stable azomethine (C=N) functional groups. The corresponding
Fe(IIT) complexes were prepared by reacting iron(III) chloride with the synthesized ligands at
a 1:2 metal-to-ligand ratio under controlled conditions. Structural characterization of both the
ligands and complexes was carried out using Fourier Transform Infrared (FTIR) spectroscopy.
The coordination behavior was assessed by comparing the infrared spectra of the free ligands
with those of the complexes, focusing on characteristic vibrational bands of the azomethine
(C=N) group and phenolic functionalities, as well as coordination-induced changes. These re-
sults indicate that coordination to the Fe(Ill) center is accompanied by noticeable shifts in
vibrational frequencies, confirming the involvement of nitrogen and oxygen donor atoms.
The Schiff bases derived from 2-chlorobenzaldehyde and 4-dimethylaminobenzaldehyde be-
have as anionic bidentate O,N-donor ligands, occupying four coordination sites around the
Fe(IIl) ion, whereas the remaining two positions are occupied by chloride ions, suggesting
an octahedral geometry. In contrast, the Schiff base derived from salicylaldehyde acts as an
anionic tridentate O,N,O-donor ligand, coordinating through all six coordination sites of the
Fe(III) ion. Furthermore, new low-intensity bands below 600 cm™ are attributed to Fe—N and
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Fe—O bond formation. In conclusion, the successful synthesis and FTIR characterization of
Fe(IIT) complexes with Schiff base ligands have been demonstrated. The results provide valu-
able insight into their coordination behavior and structural features, as inferred from FTIR
analysis. Furthermore, these findings provide a solid basis for future investigations, including
the application of additional spectroscopic characterization techniques as well as evaluation of
the potential biological activity of the compounds.

Keywords: Schiff bases, iron(III) complexes, synthesis, characterization, FTIR spectroscopy.

IHomumepuu komiuiekc xkuBe(Il) ca lludosom
0a30M: CHHTE3a M CTPYKTYPHA aHAJIU3a

Mapujana C. Pezojesuh’’, Jbuwana C. Bojunosuh Jewuh, Mapxo B.
Poouh’ u Mupjana M. Paoanosuh’

"'Vuusepsurer y HoBom Cany, [puponHo-matemarnuku dakynretr, Hosu Can, Cpouja
" marijana.kostic@dh.uns.ac.rs

Iudose 6aze mpeacTaBibajy Kiacy OpraHCKUX jeAHmbCHha KOja calipske a30METHHCKY TPYILY,
JaKo ce A00Mjajy KOHJIEH3allljoM IPUMapHUX aMHUHA ca KapOOHUITHUM jeAUHCHUMA U OJJIH-
KyJy ce CTpyKTypHOM (rekcubmiHomhy koja oMoryhaBa mojeniaBambe KOOPIWHAITMOHUX
cBojctaBa. L{usb oBOTr pana OMO je cMHTE3a U CTPYKTypHA KapakTepH3aluja KOMIUIeKca K-
Be(Il) ca IlludoBom Gazom 2,6-guanermnnupuania (L), ka0 U UCTIUTHBAakE HETOBUX (DHU3H-
4KO-XeMHUjCKHX cBojcTaBa. Kommiexke ¢opmyne [HL] [HECL] nobujen je nupekTtHOM pe-
akuujom HgCl) u nuranma y mosckom onanocy 1:1, y mpucycTBy alneToHa W METaHOJa, Ha
651aro MOBMILIEHO] TEMIEpPATypH, MPU YeMy cy (opMHUpaHU HapaHUacTH Kpucrtamu. Kapax-
Tepu3alyja je u3BpileHa npumMeHoM uHPpaipseHe cnekrpockomnuje (IR), mepemem momap-
HE MPOBOJJLUBOCTH, TepMOrpaBuMeTprjckoM aHanu3oM (TG) u peHareHckoM AUQPPaKIIHjoM.
HcnutuBame pacTBOPJHUBOCTH MOKa3yje Ja c€ KOMIUIEKC He pacTBapa y €TaHOIy, alleTOHU-
TPUITy, alleTOHY U BOJH, IETUMHYHO PACTBOPJHUB Y METaHOIY, a T0OpPO pacTBOPJHUB Y AUME-
tunpopmamuay (IAM®). Hucka BpeaHocT MonapHe mpoBoAbUBOCTH y JIM®D—y ykasyje Ha
HEEJIEKTPOJIUTCKO MOHAIIAE, IITO C& MOXKE IMOBE3aTH Ca MOJUMEPHOM MPUPOJIOM jeIUHEHHA.
CrpykTypHa aHanu3a MoKasyje Ja ce KOMIUIEKC CacTOju O MOJMMEPHOT KaTjOHCKOT Jeia
y KOME je JIUTraH] MpucyTaH y npotoHoBaHoj ¢opmu (HL)* u He xoopauHyje ce TUPEKTHO
3a Hg(Il) jon. AHjoHCKHM A€o mpenacTaBiba nonuMepHu xiaopuanu komreke Hg(Il), y kome
cy Hg(Il) joun moBe3aHu XJIOPUIHUM JOHHMA Yy jeTHOAMMEH3HOHAIHY JIAaHYaHY CTPYKTYDY.
XJIOpUAHU JOHU JIeNyjy Kao MOCTOBHHM Jurannu, popmupajyhu Hg—Cl-Hg Bese u rpaaehu
cTabuiaH TOJUMEPHU OKBHP y UBPCTOM cTamy. Dopmupame OeCKOHAUHMX JaHala Io-
CPEICTBOM XJIOPHIHUX MOCTOBA JOBOJH /10 M300JIMYeHa KOOPAUHAIMOHOT OKpyxema Hg(I1)
[ICHTPA, IITO je y CKIIay ca uekcubmiHoM ctepeoxemujom d'* cucrema. TG ananu3za ykasyje Ha
3a/10BoJbaBajyhy TepMHuKy cTabuiHoCT, A0K IR criekTpu moTBplyjy mpucycTBO a30METHHCKE
rpy1e v MpoToHOBaHOT o0nnka turanaa. Koopaunannona xemuja jona xkuse(1l) mpuBnaun nax-
By 300T BeHe TOKCUYHOCTU U CIIOCOOHOCTH (hOpMHUparma Pa3IuuUTHX CTPYKTYPHUX MOTHUBA.
Oprancko—HeOpraHCKM MaTepHujaii KOMOWHY]y CBOjCTBa 00€ KOMIIOHEHTE Yy jeIMHCTBEHOM
cucteMmy. 3axBasbyjyhu hopMupamy MOJIUMEPHHUX CTPYKTYpa, lbUXOBa CBOJCTBA MOTY C€ IO-
JemaBaTi M300poM MeTana, XajJoreHuaa uiau jaurasHaa. /loOujeHu pesydaratu mokasyjy na
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CUHTETUYKHU MPUCTYI oMoryhasa Gopmupame cTaOMIHOT KOOPAUHAIIMOHOT MoluMepa aedu-
HHUCAHE CTPYKTYpe, mTo motBphyje nmotenmujan [lndosux 6aza y nuzajay marepujana Ha 6a3u
xuse(Il).

Kwyune peuu: ludona 6a3a, xusa(ll) xomrieke, 2,6-1HaneTUIMTUPUINH, KOOPAUHAIIMOHHU TTOTHMED,
KpHUCTAIHA CTPYKTYpA.

Polymeric Mercury(II) Complex with a Schiff
Base: Synthesis and Structural Analysis

Marijana S. Regojevi¢'”, Ljiljana S. Vojinovié¢ Jesié, Marko V. Rodié’
and Mirjana M. Radanovié’

''University of Novi Sad, Faculty of Science, Novi Sad, Serbia
* marijana.kostic@dh.uns.ac.rs

Schiff bases are a class of organic compounds containing an azomethine group, readily formed
by condensation of primary amines with carbonyl compounds and characterized by signifi-
cant structural versatility that enables fine tuning of their coordination behavior. The aim of
this study was the synthesis and structural characterization of a mercury(Il) complex with
a Schiff base ligand (L), as well as the investigation of its physicochemical properties and
solid-state organization. The complex of the formula [HL] [HgCl,] was obtained by direct re-
action of HgCl, and L in a 1:1 molar ratio, in the presence of acetone and methanol, at slightly
elevated temperature, yielding orange crystals suitable for further analysis. The compound
was characterized using infrared (IR) spectroscopy, molar conductivity measurements, thermo-
gravimetric (TG) analysis and X-ray diffraction (XRD). Solubility studies indicate that the
complex is insoluble in ethanol, acetonitrile, acetone and water, partially soluble in methanol,
and readily soluble in dimethylformamide (DMF). The low molar conductivity in DMF solu-
tion indicates non-electrolytic behavior, which can be attributed to the polymeric nature of the
compound and the absence of significant dissociation in solution. IR spectral analysis con-
firms characteristic shifts associated with the azomethine group, indicating its involvement in
protonation and electronic redistribution within the system. Structural analysis reveals that the
complex consists of a polymeric cationic part in which the ligand is present in its protonated form
(HL)* and does not directly coordinate to the Hg(II) ion, but is electrostatically stabilized within
the crystal lattice. The anionic fragment corresponds to a polymeric mercury(Il) chloride unit, in
which Hg(I1) ions are interconnected through chloride bridges, forming a onedimensional chain
structure. Chloride ions act as bridging ligands, generating Hg—Cl-Hg linkages and building a
stable polymeric framework in the solid state. The asymmetric unit comprises the protonated
ligand and a fragment of the one-dimensional [HgClL, ]~ polymer. Thermogravimetric analysis
indicates satisfactory thermal stability over a relatively broad temperature range, while XRD
results confirm the formation of a well-defined crystalline phase consistent with the proposed
structural model. The obtained results demonstrate that the applied synthetic approach leads to
the formation of a stable coordination polymer with a well-defined structure, highlighting the
relevance of Schiff base systems in the construction of mercury-based coordination assemblies
with potential for further structural and property tuning.

Keywords: Schiffbase, mercury(I) complex, coordination polymer, crystal structure, 2,6-diacetylpyridine.
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Kpucraaorpagcka u CrieKTpocKoncka
anam3a komiiekca 3aara(Ill) ca
4-(2-aMHUHOETHJ ) TMPUIUHOM
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"Vuusepsuret y Kparyjepiy, [IpupoaHo-maTtematnuku ¢akynrter, MTHCTHTYT 3a XeMHjy,
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3 Cpricka akajsieMuja Hayka ¥ yMeTHOCTH, beorpan, Cpouja

* tina.andrejevic@pmf.kg.ac.rs

Otkpuhe anTHTyMOpCKe akTMBHOCTH nucmatune, cis-[PtCL(NH,),], o3naunno je mouerak
MOJIEpPHE €pe Y pa3BOjy U KIIMHUYKO] MPUMEHH JICKOBa Ha 023 KoMILIekca meTasna. KoMrekcu
wiatuae(Il) ce m maske MUPOKO KOpHCTE Yy KIMHUYKO] MpaKkcH 300T Jg0KazaHe eQUKaCHOCTH
npeMa pa3InduTUM TUIIOBUMA TyMopa. MelyTum, ynpKkoc lUXOBOM KIMHUYKOM YCIIEXY, KOM-
ieken matuae(Il) He nenyjy cneunduyno Ha henmje paka, Beh HeraTuBHO yTHYY M Ha JIpyra
3[IpaBa TKMBA, Ko IITO Cy OHA y KOILITaHOj CP>KU M TACTPOMHTECTUHAITHOM TpakTy. To nqoBoan
70 M3PaXEHUX HEXEJbeHUX edeKaTa KOju OrpaHuvyaBajy MAaKCHMaJHYy 103y aHTUTYMOPCKU
aKTHUBHOT KOMILJIEKCa KOja ce MOXe MPUMEHHUTH Ko manujeHata. [lopesn Tora, mUXoBa Tepa-
MUjcKa €PUKACHOCT je YeCTO OTpaHUYEHA Pa3BOjeM KaKO MHTPUH3UYHE TAaKO M CTEUCHE Pe3u-
CTEHIIMje, Ka0 U PEJIATUBHO YCKUM CIIEKTPOM aHTHUTYMOPCKOT AenoBama. OBa OorpaHuYema
MOJICTaKIIa Cy cBe Behe MHTepecoBame 3a AM3ajH HOBHX JIEKOBAa Ha 0a3u KOMIUIEKCA APYTUX
joHa Metana. TakBa KOMIUIEKCHA jeIUIbEHha MOTY UCIIOJbaBaTH AITEPHATUBHE MEXaHU3ME Jie-
JIOBama, MOOOJBIIAHY CEJIEKTUBHOCT MpeMa TYMOPCKUM henujama, cMameHy TOKCHYHOCT H
noBehaHy akTHBHOCT TIpeMa Pe3UCTEeHTHUM TyMOpHUMa, TipecTaBsbajyhu o6ehaBajyhu mpasarig
y pa3Bojy HOBHX aHTUTYMOPCKHUX JIEKOBA. Y TOCIEABUM JeleHHjaMa, 3HauajHa MaXmba I10-
ceehena je xommiuexcuma 3nata(lll) kao MoOTeHNIMjaTHUM AHTHTYMOPCKMM areHcuma. OBO
WHTEpecoBame mpousnasu u3 unmenue aa je Au(lll) jorm m3oenexrponcku ca Pt(Il) joHom
(d® enextponcka koHpurypanuja). [Topexa tora, cauuno Pt(I1) jouny, Au(Ill) rpagu komruiekce
KBaJIpaTHO-TUTAHAPHE TEOMETPH]e, TE Ce CXOHO ToMe cMmartpa Jia 6u komruiekcn 3mata(1ll) mo-
TJIM TPEACTaBIbaTH JT0OpYy antepHatuBy 3a KoMmiuiekce riatune(Il). Jeman on moryhmx me-
XaHM3aMa aHTUTYMOpPCKE aKTUBHOCTH Komiuliekca 3iara(lll) moxe ykjbyumBaTHM M HUXOBY
untepakijy ca JJHK. Mehytum, Tepanujcka epukacHOCT OBUX jeAMIbEHa 3aBUCH U O HhH-
XOBOT' a)HUTETa BE3WBaa 3a MPOTEHHE MPHUCYTHE y KPBHOj IJIa3MH, KOJH MMajy KIbYUHY
VIOTY Y BbBUXOBOM TPAHCHIOPTY 10 TyMOpckux hemmja u GuopacnonoxuBocth. [lonmuaeHTaran
uraan (N-XeTepouuKINIHa jeTUeha) KOjU Yy CBOjOj CTPYKTYPH CaJpiKe a30T, YKIbydyjyhu
eTUJICHIUaMHH, (PeHAHTPOJINH, TUETUIICHTPHAMUH U TEPIIUPUIIH, TIOKA3aJH CY C€ Kao MOCeOHO
epukacHn y moBehamy CTaOMIIHOCTH M TMOTEHIUjaJIHE OMOJIOIIKE AKTUBHOCTH KOMILIEKCA
snara(Ill). Umajyhu y Buny naseneno, y peakuuju K[AuCl,] ca eKBUMOTapHOM KOJIMYHHOM
4-(2-amunoetun)nupuauHa (AEP) y eraHony Ha coOHOj TemMmepaTypu CHHTETHUCAH je HOBU
komrmiekc 3nara(lll). Kpucranu morogHu 3a peHATSHCKY CTPYKTYPHY aHaIu3y JTOOHWjeHH Cy
CTIIOPHUM HCIIapaBAKEM U3 MATHYHOT €TAHOJIHOT PacTBOpa, YMMe je omoryheHa ieTajbHa CTpyK-
TypHa KapakTepu3alja KoMIuiekca. JloOujeHn pe3yaTaru cy MmoKasaiu Ja je CHHTETHCAH JIH-
HyKyIeapan koMiuieke, popmyine [Au,Cl (AEP-H)]-C,H,OH (AEP-H npencrassba nenpoToHoBa-
HU 4-(2-aMMHOETWI)[TUPUINH), Y KOME Cy MOJIEKYJIH €TaHoJIa, TaKole, IPUCYTHHU y KPUCTAIIHO]
pemetku. HalheHo je 1a nenpoToHOBaHU a30T aMUHO T'pyIe 10aTHO MOCTHO TIOBE3Yje APYTH
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Au(IIl) jon, ynme ce ycmocTaBiba AUMEPHA CTPYKTypa Komruiekca. [lopen peHareHcke cTpyk-
Type, 100MjeHN KOMILJIEKC j€ OKapaKTepUCaH €JIeMEHTATHOM MUKPOAHAIN30M, MEPEHEM MO-
JapHe MPOBOIBMBOCTH, criekTpockornckum metoaama (IR, 'H u *C NMR, UV-Vis), kao u enek-
TPOXEMHUJCKOM METOAOM (LHMKJINYHA BosTameTpuja). CTaOMIHOCT CHHTETHCAHOTI KOMILIEKCa
3nata(Ill) ncnutuBana je npumenom UV-Vis criekrpodoToMeTprje, IUKINYHE BOJITaMETpPH]E,
Kao ¥ MepemkeM MOJIapHE TIPOBOIJBUBOCTH, HETIOCPETHO HAKOH pacTBapama KOMITIEKCa Y OJIro-
Bapajyhem pactBapady, kao u 24 u 48 h HakoH pacTBapama.

Kwyune peuu: 3maro(lll) xommuiekcu, apomatnyaa N-XeTepOIUKINYHA jeIUH-EHha, PEHATEHCKa CTPYK-
TYpHa aHaJIu3a, CIIEKTPOCKOIICKE METOJE.
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The discovery of the anticancer activity of cisplatin marked the beginning of the modern era in
the development and clinical application of metallodrugs. Platinum-based drugs remain widely
used in clinical practice due to their proven efficacy against a variety of tumors. However,
these agents lack selectivity for cancer cells and affect rapidly dividing healthy tissues, such
as those in the bone marrow and gastrointestinal tract, leading to severe dose-limiting side
effects. In addition, their therapeutic efficacy is often compromised by the development of both
intrinsic and acquired resistance, as well as by a relatively narrow spectrum of activity. These
limitations have stimulated growing interest in the design of novel metallodrugs based on other
transition metal ions. Such compounds may exhibit alternative mechanisms of action, improved
selectivity toward malignant cells, reduced systemic toxicity, and enhanced activity against re-
sistant tumors, thereby representing a promising direction in anticancer drug development. In
recent decades, considerable attention has been devoted to gold(IIl) complexes as potential
antitumor agents. This interest arises from the fact that the Au(Ill) ion is isoelectronic with
the Pt(II) ion (d® electronic configuration). Moreover, similar to Pt(Il), Au(IIl) readily forms
four-coordinate square-planar complexes, which initially suggested that it could serve as an
alternative with a comparable mode of anticancer action. One of the proposed mechanisms
underlying the antitumor activity of gold(Ill) complexes involves their interaction with DNA.
However, the overall therapeutic efficacy of such compounds also depends on their binding
affinity toward plasma proteins, which play a key role in their transport and bioavailability.
In this context, the stabilization of the Au(III) ion is of particular importance. Polydentate ni-
trogen-donor ligands, including ethylenediamine, phenanthroline, diethylenetriamine, terpyri-
dine, and related aromatic N-heterocyclic compounds, have proven especially effective in
enhancing the stability and potential biological activity of gold(IIl) complexes. Considering
these facts, a new gold(IlI) complex was synthesized by reacting K[AuCl,] with an equimolar
amount of 4-(2-aminoethyl)pyridine (AEP) in ethanol at room temperature. Crystals suitable
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for single-crystal X-ray diffraction analysis were obtained by slow evaporation from the
mother ethanolic solution, enabling detailed structural characterization of the complex. Single-
crystal X-ray diffraction analysis revealed that the synthesized complex is dinuclear, with the
general formula [Au,ClL,(AEP-H)]C ,H,OH (AEP-H represents deprotonated 4-(2-aminoethyl)
pyridine), with ethanol molecules also present as solvent in the crystal lattice. The AEP ligand
acts as a bridging ligand between two Au(Ill) centers. It coordinates in a bidentate manner to
one Au(III) ion through the pyridine nitrogen atom and the nitrogen atom of the deprotonated
amino group. The deprotonated amino nitrogen further bridges to the second Au(Ill) ion,
thereby linking the two metal centers into a dinuclear structure. The synthesized complex was
structurally characterized by elemental analysis, molar conductivity measurements, spectro-
scopic methods (IR, 'H and *C NMR, UV-Vis), and electrochemical methods (cyclic vol-
tammetry). The stability of the synthesized gold(IlI) complex was investigated using UV-Vis
spectrophotometry, cyclic voltammetry, and molar conductivity measurements, performed im-
mediately after dissolution of the complex in the appropriate solvent, as well as 24 and 48 h
after dissolution.

Keywords: gold(Ill) complexes, aromatic N-heterocyclic compounds, X-ray analysis, spectroscopic
methods.

Kunernuka cryauja peaykumje
HukJI(I)-okcuga y armocepu BojoHHKA
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Penyximja MmeTanmHux oKcHa C IUJbeM 1001jamba MeTana BUCOKe yucTohe 1 (yHKIIMOHATHOCTH
je jenaH oJ HajBaXHMJUX MOTYyMaka y Metanypruju. [IpousBeaenu marepujanu cy CBOjy ImpHu-
MjeHy MPOHAIUIH y: KaTaJu3u, KOHBEP3UjU €Hepruje, u3paiau eneKTPOHCKUX ypehaja, kao u
y aepoHaytund. [lo cana cy ucTpaxxuBama peayKiidje MeTaJTHUX oKcuaa paheHa mpu Bapuja-
OWJTHUM YCJIOBMMA M MCHHUTHBAHA PA3IMUYUTUM HHCTPYMEHTAJIHUM TE€XHHKama. 300T cloxe-
HOCTH MEXaHM3Ma peakiivje, KOju yKJbydyje UCTOBpEMEHEe XeMujcke U nudy3uoHe mpoiece,
pazymHjeBame KMHETHKE jelaH je O/ KJbYYHHX KOpaka y ONTHMM3AIMjU CaMOr MOCTYIIKA.
[{usb oBOT paja je UCIIUTUBAKE KHHETHUKHX MapamMeTapa U MeXaHu3Ma peakiifje IpuMjeHOM
CaBpPEeMEHUX MHCTpyMEHTaTHUX MeTona. M3oTepmanna peaykuuja nuki(ll)-okcuna, cuHTeTH-
CaHOT COJI-TelNl MOCTyNKoM, u3BoheHa je Ha 400 °C y armocdepu BoAOHHUKA, YIOTPeOOM CH-
MyJTaHe TEepPMOTPAaBUMETPHUjCKE aHanu3e/AudepeHujatHo ckeHupajyhe Kaiopumerpuje
(TT-ACLI). Kapakrepuzanuja cunretucanor npaxa Huki(Il)-okcuaa BpiieHa je ymorpedom
ckeHupajyhe enekrponcke mukpockonuje (CEM), 10k cy KMHETHUKH MapaMeTpH J00HjeHU
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nomohy caBpemeHor kuHeTHukor codrepa Kinetics2015, npuMjeHOM H30KOHBEP3HOHOT U
JTUCKPETHOT KWHETHYKOT Mojiena. TepmorpaBuMeTpHrjcKa aHaiM3a je TmoKazaia Jia je MpoIec
pasnarama HuKI(I])-okcuaa jenHocTenenu mpoiec, aemana ce y uareppaiy oxa 225 °C ngo 475
°C, ca magom Mace npuommkHo 81,3%, y3 MUHHMMAaaH 3a0CTaTak KUCEOHHKA YHYTap KpH-
CTaJlHE pelleTKe cUHTeThcaHor Hukia (<0,15). BpujenHoct eHepruje aktuBanuje qo0ujeHe
M30KOHBEP3MOHUM KHHETHYKUM MojienoM u3HocH 87 kJ/mol u ocraje penaTuBHO KOHCTaHTHA
ca CTENEeHOM KOHBEp3Hje, IITO caMUM THM IMOTBplyje Ja ce peakiyja JAelaBa y jJeTHOM KO-
paky u na je yaudopmHua. YnopehuBameM eKCIIEpUMEHTAITHO T00H]eHE BPH]eTHOCTH ca PUTo-
BaHUM KWHETHYKUM MOjeNnMa, Hajpehe ciaramem je ca H-TUM penom peaknuje (78 kJ/mol)
u MonenoMm HykJeanuje u pacrta (74 kJ/mol). Behe oactyname ce jaBmiio KoJ AMCKPETHOT
kuHeTnakor monena (102 kJ/mol). Ha ocHOBy matmx momaraka MOXKe c€ 3aKJbyUWTH Ja CE
Mexanuzam penyknuje Huki(Il)-okcuna y armocdepu BooHMKA 0/IBHja TAKO IITO HA TIOYETKY
HAaCTajy MaJld IIEHTPH HyKJIealrje, KOju aJbuM TOKOM peakIlfje pacTy U Ha Kpajy H00ujaMo
arjoMepaTte 4ucTOr Hukiaa. Mehytum, peakuuja je MpHUIMYHO XOMOT€HAa W HE JIelaBajy ce
BEJIUKE CTPYKTypHE TIpomMjeHe, mrto noTephyjy u CEM ciuke. CBU rope HaBeIeHH pe3yJTaTh
yKa3yjy Ja je mporec peayKiije Moryhe onTHMU30BaTH BapHjallijoM ImapaMeTapa rmomyT: TeM-
nepaType TEpMaJIHOT TpETMaHa, arMocdepe penykirje, Op3uHe IpoToKa raca, ajTi U TPUMjEHOM
HOBUX TE€XHHKA U KHHETHYKUX MOJIE]a Y TyMadewmy N00ujeHux pesynrata. 3axsarnuya: J1. J.,
C. M. u 1. M. cy 3axBanuu AHYPC u CAHY 3a nonpuiky kpo3 npojexat 451-03-137/2025-
03/200146 u kpo3 CAHY mpojekat F-190.

Kwyune pujeuu: auxn(1l)-oxenn, penykmja, TT'-JICL, CEM, KHHETHYKH MOAEIH, EHEPTHja aKTHBAILIH]e.
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Reduction of metal oxides aimed at obtaining metals of high purity and functionality is one of
the most important processes in metallurgy. The produced materials have found applications
in catalysis, energy conversion, electronic device fabrication, and aeronautics. To date, studies
on the reduction of metal oxides have been conducted under variable conditions and examined
using different instrumental techniques. Due to the complexity of the reaction mechanism,
which involves simultaneous chemical and diffusion processes, understanding the kinetics is
one of the key steps in optimizing the process. The aim of this study is to investigate the kinetic
parameters and reaction mechanism using modern instrumental methods. Isothermal reduction
of nickel(Il) oxide, synthesized via the sol-gel method, was carried out at 400 °C in a hydrogen
atmosphere using simultaneous thermogravimetric analysis/differential scanning calorimetry
(TG-DSC). Characterization of the synthesized nickel(Il) oxide powder was performed using
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scanning electron microscopy (SEM), while the kinetic parameters were obtained using the
advanced kinetic software Kinetics2015, applying isoconversional and discrete kinetic models.
Thermogravimetric analysis showed that the decomposition of nickel(Il) oxide is a single-step
process occurring in the temperature range of 225-475 °C, with a mass loss of approximately
81.3% and a minimal residual oxygen content within the crystal lattice of the synthesized
nickel (=0.15). The activation energy obtained using the isoconversional method is 87 kJ/mol
and remains relatively constant with the degree of conversion, confirming that the reaction
proceeds in a single step and is uniform. Comparison with fitted kinetic models shows the best
agreement with the n-th order reaction model (78 kJ/mol) and the nucleation and growth model
(74 kJ/mol), while greater deviation is observed for the discrete kinetic model (102 kJ/mol).
Based on the obtained results, it can be concluded that the reduction mechanism of nickel(II)
oxide in a hydrogen atmosphere involves the initial formation of small nucleation centers,
which grow during the reaction and ultimately form agglomerates of pure nickel. However, the
reaction remains relatively homogeneous without significant structural changes, as confirmed
by SEM images. All the above results indicate that the reduction process can be optimized by
varying parameters such as thermal treatment temperature, reduction atmosphere, gas flow
rate, as well as by applying new techniques and kinetic models for interpreting the results.
Acknowledgements: D. J., S. M., and D. M. acknowledge ANURS and SANU for support
through project 451-03-137/2025-03/200146 and SANU project F-190.

Keywords: nickel(Il) oxide, reduction, TG-DSC, SEM, kinetic models, activation energy.
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VY KOHTEKCTY aKkTyelHEe KpH3€ Yy OJp>KMBOCTH JlaHalla MUHEpalHuX cupoBuHa y EBpomu u
cBe Behe MCUPIIBLEHOCTH MPUMAapHUX JISKUIITA pyae IBoxha, CeKyHAapHE CUPOBUHE TOIYT
HCTOPHjCKE METaIypIIKe TPOCKE MOCTajy CTpATEIIKH 3HayajaH pecypc. Mcropujcku mporecu
TOIUbEH-a PyJe OWIIM Cy 3HATHO Mame e(hUKACHH O] CABPEMEHHX, LITO j€ Pe3yITOBAJIO OJ|Ia-
rameM OTIaJa KOjJU U JlaJbe CaAp KU BUCOKE KOHIIeHTpalyje MeTana. OBaj paja UCTpaxkyje Mmo-
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TEHIIM]jaJl 32 BAJOPHU3AIH]y pUMCKe Tpocke Ha monpy4jy bocHe u Xepuerosune, ca moceOHIM
(doxycoM Ha mupy perujy rpana [Ipujenopa. Llnsms uctpaxubama je 610 yTBphUBamke XeMU]CKOT
Y MUHEPAJIOIIKOT CacTaBa PUMCKE TPOCKE KaKo OW ce MPOILHjeHIIa FheHa YIIOTPEOHLUBOCT Y
OKBHpY KpykHEe ekoHOoMHje. C 003MpOoM Ha TO J1a ce mpeaBul)a NCIPIIBUBAKBE PE3EPBH PYIE Y
PYIHHKY jkeJjbe3a y OMapcKoj y HapeJHUM TOAWHAMa, HCTOPH)CKA TPOCKA MOXKE TTOCITYKUTH
Kao aJTepHATUBHU M3BOP TBOXkNa 3a KeJbe3ape, Koje y MojaepHuM nehuma Beh kopucrte 30—
60% penukIaxHOT MaTepujana. Meromonoruja paga o0yxBaTwia j€ KapaKTepu3amujy y30-
paka xopumhemem XRF m XRD meroma pamu nedunucama (aszHor cactaBa U caapxkaja
Metana. Pesynratu cyrepumry na ce Fe ¢pakuuja u3 Tpocke Moke e(hUKaACHO WU3IBOJUTH U
BPATUTH y TPOU3BOJIHH ITUKIYC, JOK C€ OCTaTak MaTepHjana (aTyMHHOCHIMKAaTHA MaTpPHUIIA)
MOX€E BaJOPHU30BATH KAa0 CHUPOBHMHA y Tpal)eBUHCKO] MHAYCTPHJU 3a MPOU3BOIKY IIEMEHTA
i arperata. Pag takohe Boam u ka yckial)eHOCTH ca €BpOIICKMM peryjiaTrhBama, Kao IITO
je Perynatusa 2024/1252, koja Hanaxke 00aBe3HO UCIUTUBAKE KPUTUUYHUX CUPOBUHA Yy PY-
JapCKOM OTIaay W TPOMOBHIIE HBHXOBY Bajopu3anujy. Bajmopmsammja puMcKe TPOCKe He
camo Ja Ou JOMpHHM]jeNla CMambey Jerpaaalije )KUBOTHE CPEIUHE U KOJUYHUHE PyAapCKor
otnaja, Beh Ou u omoryhuna bocuu u XepueroBuHu J1a 3aJip>ku CTaTyc 3€MJbE ca 3HaYajHUM
KamnauTeTUMa 3a Mpou3BOkY TBOka, CMamyjyhu 3aBHCHOCT O] yBO3a Y YCIOBHUMA II100aTHE
HECTaOMITHOCTHU TP)KUIITA CUpOBHHA. McTpakuBame je MOTBPAUIIO J1a OBaj UCTOPH]CKU OTIIA[]
MPEeJCTaBJba BPUjEaH €KOHOMCKH pecypc KOjH TOJprKaBa MPHHIIUIE OJPKUBOT pas3Boja W
,»Net Zero* crpareruje.

Kwyune pujevu: Banmopuszanyja, pyna, rBoxhe, oap>KUBOCT, Kpy>KHa eKOHOMH]a.
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In the context of the current crisis in the sustainability of mineral resource chains in Europe
and the increasing depletion of primary iron ore deposits, secondary raw materials such as
historical metallurgical slag are becoming a strategically important resource. Historical ore
smelting processes were significantly less efficient than modern ones, resulting in the disposal
of waste that still contains high concentrations of metals. This paper investigates the potential
for valorization of Roman slag in the territory of Bosnia and Herzegovina, with a special focus
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on the wider region of the city of Prijedor. The aim of the research was to determine the chemi-
cal and mineralogical composition of Roman slag in order to assess its usability within the
framework of a circular economy. Given that the ore reserves of the Omarska iron mine are
expected to be depleted in the coming years, historical slag can serve as an alternative source
of iron for ironworks, which already use 30—-60% recycled material in modern furnaces. The
methodology of the work included the characterization of samples using XRF and XRD methods
to define the phase composition and metal content. The results suggest that the Fe fraction from
the slag can be efficiently separated and returned to the production cycle, while the remaining
material (aluminosilicate matrix) can be valorized as a raw material in the construction industry
for the production of cement or aggregates. The work also leads to compliance with European
regulations, such as Regulation 2024/1252, which mandates the mandatory testing of critical
raw materials in mining waste and promotes their valorization. The valorization of Roman slag
would not only contribute to reducing environmental degradation and the amount of mining
waste, but would also enable Bosnia and Herzegovina to maintain its status as a country with
significant iron production capacities, reducing its dependence on imports in the face of global
raw material market instability. The research confirmed that this historical waste represents a
valuable economic resource that supports the principles of sustainable development and the
,Net Zero* strategy.

Keywords: valorization, ore, iron, sustainability, circular economy.

IIpoujena crenena 3araema U mopujexiia
MOTEHIUjAJTHO TOKCMYHUX MeTaJjia y
ceAUMeHTHMA pujexe Bpoac

Cama Ilpsicyn’", N'opuua Becenunosuh’, Cawwa Cmojaounosuh?,
Munuya Kawmanun-Ipyoun’, Munuua banaoan’, /lejana Casuh’
u Bpanumup Josanuuhesuh’

! VuuBepsuret y bawoj Jlyuu, [Ipupoano-maremaruuku dakynret, bama Jlyka, PenmyOnuka
Cprcka, bocha u Xepierosuna

2 VuuBep3uret y beorpany, MHCTUTYT 3a XeMHjy, TEXHOJIOTH]y U MeTalyprujy, LleHrap 3a xemujy,
Beorpan, Cpouja

* Vuusepsuret y beorpany, Xemujcku ¢axynrer, beorpaa, Cpouja

* sanja.sehovac@pmf.unibl.org

Pujexa Bpbac mpezacraBiba jemaH ol HajBaXHUjUX ekocucTeMa Yy bocHM M XepreroBuHH.
MebhyTtum, ypbanusanuja 3ajelHO ca pacTyhnM MHIYCTPH]CKUM U TIOJHOTIPUBPEIHUM aKTHB-
HOCTHMa 3HATHO je yTHIaja Ha mheH KBanuteT. [lopen Tora, pujexka Bpbac HUje moBHa, anu
Cy JyX HEHOT Iujesior Toka m3rpaheHe caobpahajuuile koje Takohe nMajy yTHIaj Ha OBaj
exocucteM. [IOTeHIIMjaTHO TOKCUYHM METaIH Y PHjeYHUM CEAMMEHTHMa MOTY BOJUTH IO-
PHjEKIIO O] TPUPOJAHUX T€OJOUIKUX MPOIeca, Kao IITO Cy pachajame CTHjeHa U epo3uja, aju
MOTY OWTH ¥ MMOCJbEIUIIA PA3IUIUTUX AHTPOTIOTEHUX aKTUBHOCTH. CTOra je TJIaBHU LIUJb OBOT
UCTpaXKUBamba OMO J1a Ce TMPOIMjCHH aHTPOIOTEHU YTHUIA] HA aKyMYJIAlHjy ¥ TUCTPUOYIIH]jY
OBHX METalla y ceIuMeHTHMa pujeke Bpbac. Y3opum cennmeHTa NpuKyIsbeHu cy ca 17 mo-
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KanuTeTa ayx npubmmxkHo 250 km ayror Toka pujeke TokoM okToOpa u HoBemOpa 2021. ro-
nuHe. [ToBpIIMHCKY y30pIH ceIuMeHTa y30pKoBaHHU ¢y 10 AyOuHe o 10 cm u nmpunpemMbeHu
3a aHalu3y peHAreHcKoM (iayopecueHTHOM crnektpomerpujoM (XRF) mpumjenom metone
MOKpor cujama. dpakiyja ceuMeHTa Mamwa o 63 um ocylleHa je, XOMOre€HH30BaHa ca Ia-
pauHOM M TIpecoBaHa y TeJeTe 3a aHajdu3y. AHTPONOTCHH JONPUHOC aKyMYyJIAIUji MOTEH-
L[Mja]THO TOKCUYHHUX MEeTaja y CeAMMEHTHUMA MPOLU]EHEH je KOpUIIhemheM HEKOINKO HHICK-
ca 3arahema, yKJbyuyjyhn WHIEKC TeoakymyJaiuje (Igeo), dakrop xonramunamuje (C) n
uHzeKe exonomkor pusuka (E). JloOujenn pesynrarv moxasand Cy H3paXKeHe IPOCTOPHE
BapHjalyje KOHIEHTpallKja MOTEHIUJaJHO TOKCMYHUX MeTana Iy pujedHor Toka. [Ipema
M3padyHaTUM WHJEKCMMa 3aral)ema, KoHlleHTpaije Pb oune cy 3HauajHo Behe y ogHOCy Ha
konHneHtparmje Co, Cr, Cu, Ni, V u Zn. Bpujenaoctu I 32 Pb xperane cy ce ox 7,04 no 8,92,
IITO je UCTPaXMBAHE CEIMMEHTE CBPCTAIO Y KaTerOpHjy eKCTPEeMHO KOHTAMHHUPAHUX, TOK
je Ni mokazao ymjepeHy 10 jaKky KOHTaMHHAIM]y ca BPUJETHOCTUMA I, 10 1,97. TloBumrene
BpH]JE€THOCTH [, m C, 3a Ni, Cr u Zn napouuro Cy 3abusbexene y ypbanoj sonn bame Jlyke,
yKka3yjyhu Ha 3HadajaH cTeNeH KOHTaMWHAIlM]e€ Ha HEKOJIMKO JIOKAIUTETA Y OBOM JHjely pH-
Jexe. Hajsumie Bpujenuoctu C, peructposane cy 3a Pb, mro norephyje Beoma BUCOK CTemneH
KOHTaMHUHalllje Yy CBUM aHaJIM3UpaHuM y3opuuma cenumenta. Hacympor tome, Co, Cr, Cu,
V 1 Zn yrmaBHOM Cy TOKa3MBaJld HU3aK JI0 YMjepeH CTeTNeH KoHTamuHaiyje. [Ipomjena exo-
JIOUIKOT PU3MKa M0Ka3alia j€ U3pa3suTo BUCOKe BpHjeaHocTu E 3a Pb, mro ykasyje na nsyseTtHo
BHCOK €KOJIOIIKH PU3HK TIOBE3aH Ca OBUM €IIEMEHTOM YK ITH]jeJIOT HCITUTHBAHOT TOKA PHjeKe.
Bpujennoctn E_3a Co, Cr, Cu, Ni, V u Zn Ouiie Cy 3HaTHO HMKE U YTJIABHOM Cy OJIrOBapaie
KaTeropujama HHUCKOT WJIM YMjEPEHOT €KOJIOMIKOT pu3uka. JloOMjeHn pe3ysiTaTi jJaCHO MoKa-
3yjy 3Ha4ajaH yTHIIa] aHTPOIIOTCHUX aKTUBHOCTH Ha KBaJUTET CEIMMEHTa y pujeru Bpbac u
Harjamanajy notpedy 3a KOHTHHYHPaHUM MOHHTOPHUHTOM XKHBOTHE CPEIMHE, Mjepama KOH-
TpoJje 3araljema U OJIp>)KUBUM CTpaTervjaMa yIpaBibakha PUJEYHUM CIMBOM YCMjEpEHUM Ha
OUYyBam€ aKBaTHYHUX eKocrucTema y bocHu n XeprieroBuHH.

Kwyune pujeuu: Bpbac, MOTEHITHNjaTHO TOKCHYHH METAJIA, aHTPOTIOTEHU YTHUIIAj, PSHATCHCKA (IIyo-
pecuentHa ananuza (XRF).

Assessment of Degree Contamination
and Origin of Potentially Toxic Metals in
Sediments of the Vrbas River

Sanja Priulj”, Gorica Veselinovi¢’, Sanja Stojadinovié’, Milica
KaSanin-Grubin®, Milica Balaban', Dejana Savi¢' and Branimir Jovanciéevié

''University of Banja Luka, Faculty of Natural Sciences and Mathematics, Banja Luka, Republic of
Srpska, Bosnia and Herzegovina

2University of Belgrade, Institute of Chemistry, Technology and Metallurgy, Center of Chemistry,
Belgrade, Serbia

3University of Belgrade, Faculty of Chemistry, Belgrade, Serbia

* sanja.sehovac@pmf.unibl.org

The Vrbas River represents one of the most important and valuable freshwater ecosystems
in Bosnia and Herzegovina. However, urbanization together with increasing industrial and
agricultural activities has considerably affected its quality. Furthermore, the Vrbas River is
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not navigable, but transport routes have been built along its entire course, which also have
an impact on this ecosystem. Potentially toxic metals in river sediments may originate from
natural geological processes such as weathering and erosion, but they can also derive from
various anthropogenic sources. Therefore, the main objective of this study was to assess the
anthropogenic influence on the accumulation and distribution of these metals in sediments of
the Vrbas River. Sediment samples were collected from 17 locations along the approximately
250 km long river course during October and November 2021. Surface sediment samples
were collected to a depth of 10 cm and prepared for X-ray fluorescence (XRF) analysis using
the wet sieving method. The sediment fraction smaller than 63 um was dried, homogenized
with paraffin, and pressed into pellets for analysis. The anthropogenic contribution to heavy
metal accumulation in sediments was evaluated using several pollution indices, including the
geoaccumulation index (Igeo), contamination factor (C), and ecological risk index (E). The
obtained results revealed pronounced spatial variations in heavy metal concentrations along the
river course. According to the calculated pollution indices, Pb concentrations were significantly
higher than those of Co, Cr, Cu, Ni, V, and Zn. Igeo values for Pb ranged from 7.04 to 8.92 which
classified the investigated sediments as extremely contaminated, while Ni showed moderate
to strong contamination with Igeo values up to 1.97. Increased Igeo and C, values for Ni, Cr, and
Zn were particularly observed within the urban zone of Banja Luka, indicating a considerable
degree of contamination at several locations within this section of the river. The highest C values
were recorded for Pb, confirming a very high degree of contamination in all analyzed sediment
samples. In contrast, Co, Cr, Cu, V, and Zn generally showed low to moderate contamination
levels. Ecological risk assessment revealed extremely elevated E_values for Pb, indicating an
extremely high ecological risk associated with this element throughout the investigated river
course. In comparison, E_values for Co, Cr, Cu, Ni, V, and Zn were considerably lower and
corresponded mostly to low or moderate ecological risk categories. Overall, the obtained results
clearly demonstrate the significant impact of anthropogenic activities on sediment quality in the
Vrbas River and emphasize the necessity for continuous environmental monitoring, pollution
control measures, and sustainable river basin management strategies aimed at preserving
aquatic ecosystems in Bosnia and Herzegovina.

Keywords: Vrbas River, potentially toxic metals, anthropogenic impact, XRF.

Ykiaamame Opraincke Marepuje
TOKOM €JIEKTPONPeUIUTALINje CTPYBUTA

Hamawa /Tyoykoeuh’", Anuma Jleosauy Mahepax', Hamawa Cnujenuesuh’,
Jlpazana Kmyxkuh' u Bypha Kepkes'
' Vuugepsuter y HoBom Cany, [IpuponHo-maTematndku Gakyntet, JlenaprMan 3a XeMujy,

OroxeMujy W 3aTHTY )KUBOTHE cpeaune, Hosu Can, CpOuja
" natasa.varga@dh.uns.ac.rs

EnextponpenunuTaiiija CTpyBUTa IpeCTaBba MEPCIEKTUBAH IPUCTYT y TPETMaHy OTHaHUX
BOJIa, jep oMoryhaBa HCTOBPEMEHHU OTMIOpaBaKk HyTpHjeHaTa U CMambebe OpraHckor ontepehema.
Pekynepanuja HyTpujenara, noceOHo ¢ocdopa ka0 KpUTHUHOT U OTPaHUYCHOT pecypca, uMa
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BEJIMKH 3Ha4aj 3a pa3Boj IIUPKYJIapHE EKOHOMH]E M OJIPKUBE MmoJbonpuBpeae. Ca apyre cTpaHe,
YKIIalhalkhe OPraHCKUX MaTeprja BaXKHO j€ paay CMameHmha HEraTUBHOT YTHIlAja OTIAHUX BO-
Jla Ha KMUBOTHY CPEIMHY M BOJIEHE €KOCHCTeMe. Y OBOM pajy MCIUTaH je yTHla] BpeMeHa
TpeTMaHa U TYCTUHE CTPYje€ TOKOM €JIEKTPOINPEIUIHUTAILIN]€ CTPYBUTA HA YKIIalhalhe OPraHCKe
MaTepuje U3 OTHaJHE BOJE, U3paKEeHE KPO3 XEMHUJCKY U OMOXEMU)CKY MOTPOIIbY KUCEOHHKA
(XTIK u BIIK,). ExciepuMeHTH Cy CIIPOBENEHH Y 1abOPaTOPHjCKUM YCIOBUMA Y3 BAPUPAILE
ryctune crpyje (10, 20 u 30 A/m?) u Bpemena tpermana (30 min, 1 h u 1,5 h). Pesyararu mo-
Ka3yjy Aa noBehame rycTHHE cTpyje 3HauajHO yHarpehyje epuracHOCT yKiiamama OpraHCKe
Mmarepuje. Bpenroct XIIK ce cmamyje ca mouetHor HuBoa of 176 mg/l Ha cBera Hekonmmko mg/l,
IIpU YeMy ce IPU HajBUIIOj TYCTHHU CTpYje MOCTHKE MOTMyHa enumMuHanuja. MctoBpemeHo,
speanoctu BIIK, omanajy ca 78,4 mg/l na nuBo ucnon 4 mg/l, mro yxasyje Ha epukacHo
yKJIambambe OuopasrpaJuBUX opraHckux Martepuja. [Ipoayxerak BpeMeHa TpeTMaHa JOJATHO
JIOTIPUHOCH CMamelhy KOHIIEHTpallMje OpraHcke Martepuje, nmoTBphyjyhu 3Hauaj KUHETHKE
npoueca. YoueHo Mo0oJbllIake yKIambamha OPraHCKe MaTepuje MOXKE Ce JIOBECTH y Be3y ca
KOMOWHOBaHMM €(eKTUMa eJIEKTPOKoarysaije u MPeuuruTaimje, Mpu 9eMy J0Ja3u 0 Je-
cTabuimn3alyje u arperainje KoJOoUJHUX U paCTBOPEHUX OPraHCKUX MaTepuja, Kao U HHXOBE
ajzcopnuuje Ha popmupane yecTuile cTpyBuTa. [loBehameM rycTrHe cTpyje HHTEH3UBHUPAjy Ce
€JIEKTPOXEMHU|CKH IIPOLIECH Ha EIEKTPOAaMa, ILITO I0AATHO JOTIPUHOCH €(PUKACHOCTH YKJIamhamha
U yKa3yje Ha CHHEpPrucTH4ku edekar udmel)y ornopaBka HyTpujeHaTa U PEIyKIHje OPraHCKOT
ontepehema. [lobujeru pesynratu moTBpl)yjy /1a €IeKTPONPEIUIUTAII]a CTPYBUTA, OCUM IITO
omoryhaBa oropaBak HyTpHjeHaTa, MpeACTaBba epUKacaH MPUCTYIl 32 YKIAkHakhe OpraHCKe
MaTtepuje U3 oTnagHux Boga. ONTUMU3alMja ONEPaTUBHUX MapaMeTapa, Mpe CBera ryCTHHE
CTpyje ¥ BpeMeHa TpeTMaHa, UMa KJby4Hy yJory y yHampehemy nepdopmaHcu mporeca.
OBakaB MPUCTYI MpeACTaBJba MOTEHIM]AIHO OJP>KUBO pPELICHE KOje MHTErpUIIEe TPEeTMaH
OTIaJHUX BOJIa U BaJIOPHU3aLMjy pecypca y CKIaay ca NPUHIMIMMA [UPKYJIapHEe €KOHOMHU]E.
3axeannuya: VctpaxuBama je GuHAHCHpPaTo MHUHUCTAPCTBO HAyKe, TEXHOJIOIIKOT pa3Boja
u uHoBanuja Penmyonuke Cpouje (EB. Op. 451-03-33/2026-03/ 200125 u 451-03-34/2026-03/
200125).

Kwyyne peuu: enekTponpelUIATAIII]a CTPYBUTA, OTIopaBak Gocdopa, yKiIamame OpraHCKe MaTepuje,
UPKyJIapHa CKOHOMH]A.

Organic Matter Removal during
Struvite Electroprecipitation

NataSa Dudukovi¢'”, Anita Leovac Macéerak', NataSa Slijepcevié’,
Dragana Zmuki¢' and Durda Kerkez'
! University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and

Environmental Protection, Novi Sad, Serbia
* natasa.varga(@dh.uns.ac.rs

Struvite electroprecipitation represents a promising approach in wastewater treatment, as
it enables simultaneous nutrient recovery and reduction of organic load. Nutrient recovery,
particularly phosphorus as a critical and limited resource, is of great importance for the develop-
ment of a circular economy and sustainable agriculture. On the other hand, the removal of
organic matter is essential for reducing the negative impact of wastewater on the environment
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and aquatic ecosystems. This study investigates the effect of treatment time and current density
during struvite electroprecipitation on the removal of organic matter from wastewater, expressed
as chemical oxygen demand (COD) and biochemical oxygen demand (BODs). Experiments
were conducted under laboratory conditions by varying current density (10, 20, and 30 A/
m?) and treatment time (30 min, 1 h, and 1.5 h). The results show that increasing current den-
sity significantly enhances the removal efficiency of organic matter. COD decreases from an
initial value of 176 mg/l to only a few mg/l, with complete removal achieved at the highest
current density. At the same time, BOD; is reduced from 78.4 mg/1 to below 4 mg/1, indicating
effective removal of biodegradable organic matter. Extending the treatment time further con-
tributes to the reduction of organic load, highlighting the importance of process kinetics. The
observed improvement in organic matter removal can be attributed to the combined effects of
electrocoagulation and precipitation, leading to destabilization and aggregation of colloidal and
dissolved organic compounds, as well as their adsorption onto the formed struvite particles. In-
creasing current density intensifies electrochemical reactions at the electrodes, further enhancing
removal efficiency and indicating a pronounced synergistic effect between nutrient recovery
and organic load reduction. The findings confirm that struvite electroprecipitation not only
enables nutrient recovery but also represents an effective approach for organic matter removal
from wastewater. Optimization of operational parameters, particularly current density and
treatment time, plays a key role in improving process performance. This approach represents
a sustainable solution that integrates wastewater treatment and resource recovery within the
framework of circular economy principles. Acknowledgement: This research was supported by
the Ministry of Science, Technological Development and Innovation of the Republic of Serbia
(No. 451-03-33/2026-3/200125 and 451-03-34/2026-03/200125)

Keywords: struvite electroprecipitation, phosphorus recovery, organic matter removal, circular economy.

Ynorpeda TMMyHCKe KHCEJIMHE Y HUJbY
NnocIjelemna anHaepooHe
AUrecCTHje U KBAJUTETA JUrecTara

Jpazana ;Kmyxuh'*, Bypha Kepkes', Hamawa /[yoykosuh' u
Anuma Jleosay Mahepax!

' Vuusepsuter y HoBom Cany, [IpuponHo-mMaTematuuku GakynTet, JlenaprMan 3a XeMujy,
OnoxeMujy ¥ 3alTHTY )KUBOTHE cpeaune, Hosu Can, CpOuja
* dragana.zmukic@dh.uns.ac.rs

AmnaepoOna gurectuja (AJ]) npeacraBiba 0JIp>KUBY TEXHOJIOTH]Y 32 HCTOBPEMEHY TIPOU3BOIEHY
Ouoraca ka0 0OHOBJEMBOT M3BOpA CHEPTHUje U CTAOMIM30BAHOT JUTECTAaTa Ca MOTCHIN]aTHOM
MIPUMjEHOM Y TOJBONIPUBpeIn. Y by noBehama mpuHoca Ouoraca u mo00JbIIaka KBAINTETA
JUrecTaTa mpuMjey]jy e pa3InYUTH MOCTYIIU KOJH YECTO YKIbYUYjy YHOTpeOy MOTEHIHjaTHO
IITETHUX XEMHUKAJIMja UM BUCOKY €HepreTcKy norponimy. [loceban nzazoB y anaepoOHO]j u-
TeCTHUjU MPEJICTaBIba 0CjETJHUBOCT MUKPOOHOJIOIIKE 3ajeJHUIIE Ha TopeMehaje MmpoliecHe paB-
Hotexe. Ll oBe crynuje Ouo je ucnutuBame edekra MpuMjeHe JTUMYHCKE KUCENIHUHEe, Kao
€KOJIOIITKY MPUXBAT/FUBOT aTUTHBA, Ha yHaIpehembe aHaepoOHe JUrecTHje MyJba H KBAJTUTETa
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nobujeHor nurectata. Mysb W3 mocTpojema 3a mpeuunthaBame otnmagHux Boma (I1TTOB),
KopuirheH je Kao CYICTpat, 0K je CyNepHaTaHT CIy>KHO Kao MHOKYIyM. ExcriepumeHt je
CIIpOBENICH y cepujckuM peaktopuma 3anpemune 300 mL (pagna 3anpemuna 150 mL), npu
MezopmtHuM yermoBuMa (37 °C), y3 mpuMjeHy NeT pa3IHuuUTUX J03a JIUMYHCKE KHUCEITMHE
(0,02-0,1 g/g ykynuux uBpctux marepuja). [lpogykuuja 6uoraca npaheHa je BoIyMeTpujcKoM
METOJZIOM TOKOM JIeCeT JiaHa, OJHOCHO JO TpecTaHKa M3/Bajama raca. [Ipon3Boama MeTaHa
nocturaa je 28,5 mL CH4/g ucnapspuBHX UBPCTUX MaTepHja, Y KOHTPOJIHO] TPYIH, JIOK je
HajBumm npuHoc on 73,8 mL CH4/g ucnapspuBuX YBPCTUX MaTepuja, 3a0UIbEKEH MPHU Haj-
BHINIO] J03U JMMYHCKE KHCEIMHE. AHalM3a JAUTecTara rokasajga je Ja KOHTPOJIHHU y30paK
MMa HajIOBOJHHU]U OHOC yribeHHKa U azota (C/N). Y ogHocy Ha koHTposiHM y3opak (C/N
= §,18), naspe moBehame 03¢ TMMYHCKE KHCETUHE NOBeo je no cMmamema C/N omHoca y
ocTtaiuM y3opiuMma. Mlako oBo MOXe MpeACTaB/baTh CIIEU(PUIHOCTH MPU MTPUMJEHH Y TTOJHO-
MIPUBPENIN, TO HE 3HAYM HYKHO HETAaTHBAH yTHIAj HA MUKPOOPTaHU3Me y 3eMJbHIITY. Edexar
OBAKBOT' JUTECTaTa MPUMAPHO 3aBUCH OJI MHUIIMjATHOT KBAIUTETA M TUTIA 3eMJBUINTA, KA0 U
HYTPUTUBHUX 3aXTj€Ba KOHKPETHUX OMJBHUX KynTypa Koje he ce rajutu. 3axeannuya: Vctpa-
XKUBama je pruHaHcupanio MUHHCTApCTBO HayKe, TEXHOJIOUIKOT pa3Boja M MHOBalja Pemyomuke
Cpowuje (EB. 6p. 451-03-33/2026-03/ 200125 n 451-03-34/2026-03/ 200125).

Kwyune pujeyu: MUKpOOpTraHU3MH, MYJb, TUMYHCKA KHCEIWHA, bnorac, yopusa.

Use of Citric Acid to Improve Anaerobic
Digestion and Digestate Quality

Dragana Zmukic¢", Purda Kerkez', Natasa Dudukovi¢' and
Anita Leovac Maéerak’

! University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry
and Environmental protection, Novi Sad, Serbia
* dragana.zmukic@dh.uns.ac.rs

Anaerobic digestion (AD) is a sustainable technology for the production of biogas as a
renewable energy source and stabilized digestate suitable for agricultural applications. To
achieve high biogas yields and improve digestate quality, various enhancement strategies have
been applied; however, these often involve the use of potentially harmful chemicals or are not
energy-efficient. A key challenge of anaerobic digestion remains the sensitivity of the microbial
community, which governs all process phases and is highly susceptible to process imbalance.
The aim of this study was to explore the effect of citric acid as an environmentally friendly
additive on improving anaerobic sludge digestion and the quality of the obtained digestate.
Sludge generated at wastewater treatment plants (WWTPs), often considered a by-product with
limited use, was utilized as the substrate, while the supernatant served as the inoculum. Batch
anaerobic digestion experiments were conducted in 300 mL bottles with a working volume of
150 mL under mesophilic conditions (37 °C). Five different doses of citric acid were applied
(ranging from 0.02—-0.1 g/g total solids). Biogas production was monitored using the volumetric
method over ten days, or until gas evolution ceased. Methane production reached 28 mL CH4/g
volatile solids in the control group, while the highest yield of 73.8 mL CH4/g volatile solids was
recorded at the highest dose of citric acid. Compared to the control sample (C/N = 8.18), further
increase in the dose of citric acid led to a decrease in the C/N ratio in other samples. Although
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this alters its chemical characteristics, it does not necessarily imply a negative impact on soil
microorganisms. Instead, the applicability of the obtained digestate will highly depend on the
specific soil quality and characteristics, as well as the nutrient requirements of the target crops.
Acknowledgement: This research was supported by the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia (No. 451-03-33/2026-3/200125 and
451-03-34/2026-03/200125)

Keywords: microorganisms, sludge, citric acid, biogas, fertilizers.

IIpoueHa UMTOTOKCHUYHOT U
FeHOTOKCHYHOI MOTEHIHja1a 0yTHI0BAHOT
XUAPOKCUAHM30JIA in Vitro

Muna Kocmuh'', Jenena @uaunosuh Tpuuxosuh', Mapujana Januh',
Kcenuja Paoowmesuh’, Tamjana Momuh', Munow Towuh' u
Ana Banenma Illooom’

! Vuusepsuter y beorpany, THCTUTYT 3a HyKIeapHe Hayke ,,Bun4a” — HanmoHaHH MHCTHTYT
Penyonuke CpOuje, beorpan, Cpouja
* kostic.mila@yvin.bg.ac.rs

ByTtunoBanu xunpokcuannzon (BHA) je cuaTeTnukn peHOTHN aHTHOKCHIAHC KOJH C€ ITHPOKO
KOPHCTH Ka0 KOH3EPBAHC 3aXBasby]jyhu U3pakeHOj CIOCOOHOCTH J]a MHXUOUPA OKCHIAIIN]Y JIH-
MU/1a U OJip’KaBa CTaOMIIHOCT MPOU3BOJA. Y BEIMKO] MEPH CE NMPHUMEYje Y KOH3EPBHUCAY
npexpaMOeHuX MPON3BO/Ia, (hapMaleyTCKUX Mperapara u KO3METHYKUX ITPOU3BO/1a PaJu CIIpe-
YyaBama OKCHIATUBHE JETpajannje JUMHIA U JPYTUX OCETJHUBUX KOMIIOHEHTH, IITO W3a3MBa
3a0pUHYTOCT 300T KOHTHHYHpPAHE U3JI0KEHOCTH JbY U IyTEM BUIIIE pa3IHUNTHX mmyTeBa. [1u-
poka ynorpeba BHA u cranHa M31m05Ke€HOCT JbyIU JIOBEJIE CY O KOHTUHYHMPAHUX HAYYHUX H
peryIaTOpHUX pacipaBa y Be3u ca lberoBoM 06e30eanomhy. EBporicka arenimja 3a 6e30e1HOCT
xpane (EFSA) cmarpa BHA 6e30eqanmM y KO3MeTHIKUM GopMyiaiidjaMa y 103BOJbEHUM KOH-
[IEHTpaIMjama, oK ra AMepruka arernyja 3a xpany u jekose (FDA) knacudukyje xao cyn-
CTaHIly KOja je ommTenpu3HaTo 0e30enHa 3a yrnoTpely y XpaHu y MPONHCAHUM TpaHUIaMa.
MelyTum, eKCriepuMeHTAIHN Pe3yJITaTH U3 JINTEPATYype yKa3yjy Ha MOTCHIIHjaTHE OUOJIOIKE
edexTe Ipu BUIIMM KOHIIEHTpAIMjaMa U pa3IMYUTHM HauyMHUMA u3loxeHocTH. [lopex Tora,
300T BeroBe ynoTpede y Bumie (haza mpou3BoE, MPepajie U MaKkoBama XpaHe, KyMyJaTHBHA
M3JI0KEHOCT MO>ke oBehaTu BepoBaTHONY Ipekopayuema MPUXBaT/FUBOT JHEBHOT yHOCA. To je
JIOBEJIO JI0 T10jauaHOT HHTEPECOBAhA 32 F-eTOBE MOTEHIINjaTHE IIMTOTOKCUYHE U TeHOTOKCUYHE
edexte. Llusb OBOT MCTpakuBama OMO je J1a ce MPOIEHE HUTOTOKCHYHH M T€HOTOKCUYHU
edexTH pa3nuuuTuX KoHueHTtpamuja BHA koje mory 6uTtu npucyTHe y IpOU3BOJMMA Hame-
IEHUM JbY/ICKO] YIOTpeOu y CKIIaay ca BakehnM peryinatopHuM orpaHuuemuma. Kao exc-
MEPUMEHTATHN MOJIe]l KopuinheHe Cy MOHOHYKJeapHe henmuje mepudepHe KpBU YOBEKa
(PBMCs). LIUTOTOKCHYHOCT y IIMPOKOM OTICEry KOHIICHTpalllja MCIUTHBAHA j€ MPUMEHOM
XTT Ttecra BujabumHOCTH paau yTBphuBama ytunaja BHA Ha npexwusipaBame henuja. Ha
OCHOBY JIOOMjEHUX pe3yJiTaTa o1adpaHe Cy HEIMTOTOKCHYHE KOHIICHTPALIKje 3a JJaJby aHAITU3Y.
I'enoroxcnunu morteHnujan u nponudeparuHa cnocodoHoct PBMC henuja mpouemuBanu
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Cy MPUMEHOM TeCTa MHUKpOHYKieyca ca Omokamom mutokuHese (CBMN), koju omoryhasa
NETEKIH]y XpoMo3oMckux omrehema. Muaekc mponudeparuje ca 010KaaoOM ITUTOKUHE3E
(CBPI) uspauynar je paau nmpoiieHe Moryhux edekara Ha KHHETHKY helrjcke 1e00e U 1UTo-
CTaTHYKy akTUBHOCT. BHA je m3a3Bao KOHIIEHTPAIIIOHO 3aBHCHY IUTOTOKCUYHOCT, TIPH YEMY
J€ M3paXeHO CMameme BHjabmiHOCTH henmuja youeHo mpu KoHneHTpanujama ox 200 uM u
BUIIUM, IITO yKa3yje Ha jacaH JO03HO 3aBHCaH e(eKkar Ha MeTaboIM4YKy aKTUBHOCT heinuja.
Ha ocnoBy oBux Hanaza, koHmneHTpanuja o1 50 uM ogabpaHa je ka0 HajBUIIA KOHIICHTpAIlHja
3a mporeHy reHorokcnyHocTd. Kom PBMC henmja ydectanoct MUKpOHYKJEyca mokazaja
je tpenn nosehamwa nmoueB of koHUeHTpauuje 20 UM u Ouna je Hajuzpaxenuja mnpu 50 pM,
MaKo OBE MMPOMEHE HUCY JAOCTHUIIIE CTATUCTUIKY 3HAYajHOCT y €KCIIEPUMEHTAIHUM YCIOBHUMA.
Bpennoctu CBPI ocrane cy yrmiaBHOM cTaOuiHe HaKOH 24-9acOBHE W3JIOKEHOCTH y CBUM
WCIIUTUBaHUM KOHIIEHTpalijama, o ykasyje 1a BHA Huje 3HauajHO yTHIIa0 Ha Tpoudepanu-
Jy henvja y ICHUTHBAHOM OIICETY KOHIICHTpaluja. Y MEeINHU TTOCMaTPaHo, pe3yJITaTh yKasyjy
na uurotokcnunu epexktu BHA nocTajy nzpakeHuju npu BUIIUM KOHLIEHTpalldjaMa, 10K HU-
K€ KOHIIEHTpalije MOTYy M3a3BaTy CyNTUJIHE TeHOTOKCHYHE OJIr0BOpe 0€3 3Ha4yajHOr yTUIlaja
Ha niposudepanuj]y. OBU Hajla3u HaTJIalllaBajy 3Hauyaj JaJbUX UCTPAKUBAKA AU pa3jalllkhemha
MexaHu3ama omtehewa nzazBanux BHA u Gosser nedunucama NOTEHUUjATHUX PU3UKA 10
31IpaBJbE JbYAH IIOBE3aHUX Ca U3JI0KEHOIINY OBOM IIUPOKO KOpUIITheHOM aTUTHBY . 3aX8aHUYA:
OBaj pan je moapkano MUHHUCTApCTBO HayKe, TEXHOJIOIIKOT pa3Boja M WHoBaIMja Pemyonuke
Cp6uje (6pojeBu yroopa: 451-03-136/2025-03/200017 u 451-03-3627/2025-03/3456).

Kwyune peuu: 6ytunoanu xuapokcuanu3oi (BHA), reHOTOKCHYHOCT, IIMTOTOKCHYHOCT, TECT MUKPO-
HyKJIeyca, MOHOHYKJIeapHe henmje mepudepre kpeu goBeka (PBMCs).

Assessment of the Cytotoxic and
Genotoxic Potential of Butylated
Hydroxyanisole in vitro

Mila Kosti¢", Jelena Filipovi¢ Trickovi¢!, Marijana Janié', Ksenija RadoSevié',
Tatjiana Momié', Milos§ Tosi¢' and Ana Valenta Sobot’
| University of Belgrade, “VINCA” Institute of Nuclear Sciences — National Institute of the

Republic of Serbia, Belgrade, Serbia
* kostic.mila@yvin.bg.ac.rs

Butylated hydroxyanisole (BHA) is a synthetic phenolic antioxidant widely used as a pre-
servative with the strong ability to inhibit lipid oxidation and maintain product stability. It is
extensively used in the conservation of food, pharmaceuticals, and cosmetic products to prevent
oxidative degradation of lipids and other sensitive components, which raises concerns regarding
continuous human exposure through multiple routes. The widespread use of BHA and continuous
human exposure have raised ongoing scientific and regulatory concerns regarding its safety.
The European Food Safety Authority (EFSA) considers BHA safe in cosmetic formulations
at permitted concentrations, while the U.S. Food and Drug Administration (FDA) classifies it
as generally recognized as safe for use in food within specified limits. However, experimental
results in the literature indicate potential biological effects at higher concentrations and under
different modes of exposure. Furthermore, due to its use at multiple stages of food production,
processing, and packaging, cumulative exposure may increase the likelihood of exceeding
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the acceptable daily intake. This has caused increasing attention to its potential cytotoxic and
genotoxic effects. The aim of this study was to evaluate the cytotoxic and genotoxic effects
of a range of BHA concentrations that may be present in products for human use according
to current regulatory limits. Human peripheral blood mononuclear cells (PBMCs) were used
as the experimental model. Cytotoxicity over a wide concentration range was assessed using
the XTT viability assay to determine the effects of BHA on cell survival. Based on these re-
sults, non-cytotoxic concentrations were selected for further analysis. Genotoxic potential and
proliferative capacity in PBMCs were evaluated using the micronucleus cytokinesis-block
test (CBMN), which enables the detection of chromosomal damage. The cytokinesis-block
proliferation index (CBPI) was calculated to assess potential effects on cell division kinetics
and cytostatic activity. BHA induced concentration-dependent cytotoxicity, with a pronounced
reduction in cell viability observed at concentrations of 200 uM and higher, indicating a clear
dose-related effect on cellular metabolic activity. Based on these findings, 50 uM was selected
as the highest concentration for genotoxicity assessment. In PBMCs, micronucleus frequency
showed an increasing trend starting at 20 pM and was most pronounced at 50 uM, although these
changes did not reach statistical significance under the experimental conditions. CBPI values
remained largely stable following 24 hour exposure across all tested concentrations, suggesting
that BHA did not significantly affect cell proliferation within the tested concentration range.
Overall, the results suggest that cytotoxic effects of BHA become more pronounced at higher
concentrations, while lower concentrations may induce subtle genotoxic responses without
marked effects on proliferation. These findings highlight the importance of further studies to
clarify the pathways of BHA-induced damage and better define the potential human health
risks associated with exposure to this widely used additive. Acknowledgements: This work
was supported by the Ministry of Science, Technological Development and Innovation of the
Republic of Serbia (Grant no. 451-03-136/2025-03/200017 and 451-03-3627/2025-03/3456).

Keywords: butylated hydroxyanisole (BHA), genotoxicity, cytotoxicity, micronucleus assay, human
peripheral blood mononuclear cells (PBMCs).

YT1Huiaj BpeMeHa eKCTPaKuuje Ha
(pUTOXEMUjCKH CKPUHUHT U AHTHOKCUIATUBHY
AKTHUBHOCT KaJ(uje npuMeHoM 1y00KHuX
eYyTEeKTHYKHNX pacTBapava

Mapujana Januh”, Muna Kocmuh', Kcenuja Padowesuh’,
Ana Banenma Illooom’, Tamjana Momuh'u Jenena @ununosuh Tpuuxosuh'
! Vuusepsurter y beorpany, THCTUTYT 3a HyKIeapHe Hayke ,,Bunda” — HanmoHaHH WHCTHTYT

Penyonuke CpOuje, beorpan, Cpouja
* marijana.janic@vin.bg.ac.rs

Kandwuja (Salvia officinalis L.), Bpcta n3 nopoauiie Lamiaceae, MHTEH3UBHO je MTPOyYaBaHa
300T CBOjUX Pa3HOBPCHUX OMOJIONIKUX aKTHBHOCTH U OoraTor (JUTOXEeMHU]jCKOT cacTaBa. bpojHa
HCTpaKMBamba MoKa3aia cy Jia )aiduja UCroJbaBa MMPOK crieKTap hapMakoJIOMKNUX edeKarTa,
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YKJbYy4yjyhy aHTHOKCHUAATUBHO, aHTUMH(IIAMAaTOPHO, aHTUMUKPOOHO, aHTH/I1]a0ETUYKO U aH-
TUTYMOPCKO J/I€JCTBO, Ka0 U CBOjCTBA KOja JONPUHOCE MOOOJbIIakhy KOTHUTUBHUX (DYHKIIH]A.
OBu edexTH ce y BEIMKO] MepU NMPUIHICY]y BUCOKOM CaApXkajy MOTHU(PEHOTHUX JeTUIEHba.
[TocebHO ce nctrue kao 3Ha4ajaH M3BOp (HEHOTHUX KUceTrHA U (IaBOHOHA, TIPH YEMY CY
NepuBaTH KapenHCKe KUCeNIMHEe, HApOUNUTO py3MapHHCKa KUCellnHa, Mel)y Haj3acTyJbeHUjuUM
KOMIIOHEeHTaMa. Jlpyra 3HavajHa jequmema o0yxBaTajy (EHONHE AWTEPIICHE, Kao IITO Cy
KapHO3MHCKa KHCEIMHA U KapHO30J], Kao U (praBoHOUE, YKIbYyUyjyhu JIyT€OanH, allureHuH,
KemIideposl U KBEpPLETHH, 3ajeJHO Ca HBUXOBUM TIIMKO3UIHUM JepuBatumMa. Pactyhe unre-
pecoBame 3a OBa JeUb-CHha JOBEJO j€ 10 UHTEH3UBHUJUX HCTpakUBama e(hUKACHUX METO/a
exkctpaknuje. KoHBEHITMOHAIHE TEXHUKE EKCTpaKIfje Hajuenihe KOPUCTe OpraHCKe pacTBa-
pade MomyT MEeTaHOJa, aJlH j€ ’bUXO0BA IPUMEHA OrpaHuYeHa 300T TOKCUYHOCTH U HETaTUBHOT
yTHUIIaja Ha KUBOTHY cpefauHy. 300T Tora je Makmkha yCMEpEeHa Ka Pa3BOjy €KOJIOIIKU TpH-
XBaTJbUBHjUX antepHaTuBa. JlyObokm eyrektmuku pactBapaun (DES) m3nBojunu cy ce xao
MepPCIeKTHBHA Kilaca 3€JICHUX eKCTPaKIMOHuX Menujyma. OBu cuctemu ce Hajuemrhe ¢op-
MHpajy KOMOMHOBAmkEM JJOHOPA M aKLIENITOpa BOJOHUYHUX BE3a, IIPU YEMY j€ XOJIMH-XJIOPU]
Hajyemhy akienTop, MTo JI0BOJIU 0 GOpMUpPAKHA TEUHOCTH J€AUHCTBEHUX (PU3HUKO-XEMU]-
ckux cBojctaBa. DES ce omnmkyjy HMCKOM TOkcuyHolnhy, 6uopa3rpaauBoiihy, eKOHOMHY-
HOIINY W jJeJHOCTAaBHOM MPHUIIPEMOM, IITO MX YMHHU MOTOAHUM KaHAMJIATHMa 3a OJPKHUBY
eKCTpaKI1jy OMOAKTUBHMX jeIMIbEHha U3 OMJBbHMX MaTpula. ¥ OBOM pajy 3a €KCTpaklujy
OMOAKTHUBHUX jefumbemha U3 kanduje kopumtheH je 1yO0ku €yTeKTHUYKU pacTBapay Ha 0a3u
xonmuH-xyopuaa u ypee (ChCl:U, monapau ogHoc 1:2) ca 10 % (m/m) Boxe. YTunaj Bpeme-
Ha eKCTpakuuje ucnutuBaH je nopehewmem aBa ycioBa: 60 m 90 mMuHyTa (O3HAYEHH Kao
ChCl:U-60 u ChClL:U-90). {obujeHn ekcTpakTH aHAIM3UPAHH CY Ha YKYIIaH cajpxkaj heHomna
(TPC), yxynan caapxaj Tanuna (TTC) u ykynan canpxkaj pnaBonouna (TFC). Ilopen Tora,
AHTHOKCHJIATUBHA aKTHUBHOCT NpolemeHa je npumeHom DPPH (2,2-nudennn-1-nuxpui-
xunapazui) u ABTS (2,2°-a3uno-6uc(3-eTrnin0eH30THa30IuH-6-cy1(hOHCKa KUCENIMHA)) TECTOBA
yKIIamkama CI000aHNX paaukana. Pesynratu cy mokazanu na je excrpakt ChCl:U-60 umao
Behe Bpennoctn TPC, TTC u TFC y nopehemy ca exctpakrom ChCl:U-90. ¥V ckiany ca Tum,
DPPH TecT je mokazao Behy aHTHOKCHAATUBHY aKTUBHOCT €KCTpaKTa 100ujeHor KpahuM Bpe-
MeHOM ekcTpakuyje, Aok koa excrpakta ChCl:U-90 nuje youyena aktuBHocT npema DPPH
pamukany. Takohe, y ABTS tecty excrpakt ChCl:U-60 nokazao je uuxy [Cso BpeaHOCT, ITO
yKa3yje Ha Behu aHTHOKCUAATUBHU KananuTeT. CMameH ca/ipkaj Noau(EeHOIHUX JeTUmbEemha U
ocliabJbeHa aHTHOKCUATHBHA aKTUBHOCT youeHH KoJ ekctpakta ChCl:U-90 najBepoBaTHuje
Cy mocneauia Aerpajaanrje GUTOKOHCTUTYEHATa TOKOM MPOJIYKEHE eKCTpakiuje. Y HeTuHu
MOCMaTpaHoO, OBHM PE3YJTaTH yKa3yjy Ha MOTEHIMjasl TyOOKOI €yTeKTHMUYKOI pacTBapaya Ha
0a3u XOJMH-XJIOpHA U ypee Kao OApKHUBE U ePUKAacCHE alTepHATHBE 3a €KCTPAKLU]y MpHU-
POJHHUX TPOU3BOJAA BHCOKE BPEIHOCTH M3 )Kal]uje, ynMe ce JOMPUHOCH Pa3BOjy 3€JICHUX
eKCTPAaKIIMOHUX TEXHOJIOTHja Y MpexpaMOeHo], papMalieyTCKo] U HyTpaleyTCKOj UHIyCTPHUjH.
3axeannuya: OBO HCTpaXUBambe MOAPKAIO je MHUHUCTapCTBO HayKe, TEXHOJOIIKOI pa3Boja
n nHoBanuja Pemy6mmke Cp6uje (6p. mpojekata 451-03-33/2026-03/200017 u 451-03-3627/
2025-03/3456).

Kwyune peuy: aHTHOKCHIIAHC, TyOOKH €yTEKTHUKH pacTBapad, MoaudeHoH, xanduja.
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Impact of Extraction Time on
Phytochemical Screening and
Antioxidant Activity of Sage Using
Deep Eutectic Solvent

Marijana Janié", Mila Kosti¢', Ksenija RadoSevi¢', Ana Valenta Sobot',
Tatjana Momic¢' and Jelena Filipovié Tric¢kovié!
! University of Belgrade, ,, VINCA® Institute of Nuclear Sciences — National Institute of the

Republic of Serbia, Belgrade, Serbia
" marijana.janic@vin.bg.ac.rs

Sage (Salvia officinalis L.), amember of the Lamiaceae family, has been extensively investigated
due to its diverse biological activities and rich phytochemical composition. Numerous studies
have demonstrated that sage exhibits a broad spectrum of pharmacological effects, including
antioxidant, anti-inflammatory, antimicrobial, antidiabetic, and anticancer activities, as well
as cognitive-enhancing properties. These effects are largely attributed to its high content of
polyphenolic compounds. In particular, sage is recognized as a significant source of phenolic
acids and flavonoids, with caffeic acid derivatives—especially rosmarinic acid—being among
the most abundant constituents. Other notable compounds include phenolic diterpenes such as
carnosic acid and carnosol, as well as flavonoids including luteolin, apigenin, kaempferol, and
quercetin, along with their glycosidic derivatives. The growing interest in these compounds has
led to increased research on efficient extraction methods. Conventional extraction techniques
commonly employ organic solvents such as methanol; however, their use is limited by toxicity
concerns and environmental impacts. As a result, attention has shifted toward the development
of greener alternatives. Deep eutectic solvents (DESs) have emerged as a promising class of
environmentally friendly extraction media. These systems are typically formed by combining
a hydrogen-bond donor and a hydrogen-bond acceptor, most commonly choline chloride, re-
sulting in a liquid with unique physicochemical properties. DESs are characterized by low
toxicity, biodegradability, cost-effectiveness, and ease of preparation, making them suitable
candidates for the sustainable extraction of bioactive compounds from plant matrices. In this
study, a choline chloride—urea DES (ChCI:U, 1:2 molar ratio) with 10% (w/w) water was em-
ployed for the extraction of bioactive compounds from sage. The influence of extraction time
was evaluated by comparing two conditions: 60 and 90 minutes (denoted as ChCl:U-60 and
ChCI:U-90, respectively). The resulting extracts were analyzed for total phenolic content (TPC),
total tannin content (TTC), and total flavonoid content (TFC). In addition, antioxidant activity
was assessed using DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2’-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid)) radical scavenging assays. The results indicated that the
ChCI:U-60 extract exhibited higher TPC, TTC, and TFC values compared to the ChCl:U-90
extract. Consistently, the DPPH assay revealed greater antioxidant activity for the extract
obtained at the shorter extraction time, whereas the ChCl:U-90 extract showed no detectable
activity against the DPPH radical. Furthermore, in the ABTS assay, the ChCl:U-60 extract
demonstrated a lower IC, value, indicating superior antioxidant capacity. The reduced levels
of polyphenolic compounds and diminished antioxidant activity observed in the ChCl:U-90
extract are likely attributable to the degradation of phytoconstituents during prolonged ex-
traction. Overall, these findings highlight the potential of choline chloride—urea DES as a
sustainable and effective alternative for the extraction of high-value natural products from sage,
contributing to the advancement of green extraction technologies in food, pharmaceutical, and
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nutraceutical applications. Acknowledgements: This work was supported by the Ministry of
Science, Technological Development and Innovation of the Republic of Serbia (Grant no. 451-
03-33/2026-03/ 200017 and 451-03-3627/2025-03/3456).

Keywords: antioxidant, deep eutectic solvent, polyphenols, sage.

3esieHn 1y0OKH eyTeKTUYKH pacTBapay Ha 0a3mu
XOJIMH-XJIOPU/JIA U MAJIOHCKE KHCeJIMHe:
ONTHMHU3ALMja CHHTE3€e U MPOLEeHA HMTOTOKCUYHOCTH

Kcenuja Paoowmesuh'", Muna Kocmuh', Mapujana Januh', Munow Towuh',
Cuexcana bpxosuh', Ana Banenma Illooom’ u Jenena @ununosuh Tpuukosuh'’
! Vausepsurer y beorpany, THCTUTYT 3a HyKjIeapHe Hayke ,,Bunda‘ — HanpoHa HH MHCTHTYT

Penry6imuke Cpbuje, beorpan, Cpouja
* ksenija.radosevic@vin.bg.ac.rs

JHy6oku eyrexktnuku pactBapauu (DES) npeacraBsbajy ”HOBaTUBHY KJIacy ,,3€JICHUX " pacTBa-
paya ca 3Ha4YajHUM TOTEHIIM]jAJIOM 3a OJIP)KMBE XEMHU]CKE M OMoMenunuHCcKe npumene. Ca-
CTOje C€ O] JIB€ WJIM BUIIE KOMIIOHEHTH — akienrtopa BojonuuHe Be3de (HBA) u monopa
BogoHn4dHe Beze (HBD) — unjum ce koMOnMHOBameM y ojpel)eHuM MoJIapHUM OJHOCHMa (op-
MHpPajy CMEIIe ca HUKOM TauKOM TOIUbEHAa Yy nopehemy ca mojeuHavYHIM KOMITOHEHTaMa.
3axBaspyjyhu jeTHOCTAaBHO] CHHTE3HM, HUCKO] TOKCUYHOCTH U T0OPOj OMOKOMIATHOMIHOCTH,
DES ce cBe BuIille UCTpaKyjy Kao €KOJOUIKM NMPUXBATIbUBA aITepHATHBA KOHBEHIIMOHATHUM
pacTBapaymma y Mporecuma eKCTpakiije OMOaKTUBHUX jeANbEha U3 Ousbaka, hopmyaiuje
AKTUBHUX CYIICTAaHIM ¥ CUHTE3€ PYHKIIMOHAIHUX MaTepujaia. MelyTum, MoJapHU OTHOCH TO-
JeIMHAYHUX KOMIIOHEHTH Y CMEIIN YTUuy Ha pusnuko-xemujcka cBojcrBa DES-a, kao mTo cy
CTaOUITHOCT, TauKa TOIJbEHa, BACKO3HOCT U PACTBOPJBUBOCT, ILITO MOYKE YTUIIATH U HA HbUXOBE
ouonomke egexre. Manoncka kucennna (MA) npencraiba eukacad JOHOP BOJOHUYHE BE3€
Koju y koMOuHanuju ca xonuH-xjuopuaoM (ChCl), kao akuentopoM BOJOHHUYHE Bese, Qop-
Mupa BHCKO3aH Ouopasrpamus pactBapad ChCL:MA. Mehytum, moganu u3 nureparype y
MoTJIe Ty MOJIAPHUX OJHOca KopuimheHux 3a (opmupame oBor DES-a Hucy y mormyHOCTH
ycarnamienu. [lopen Tora, manoHcka kucenuHa nosehaBa HMBO aHTUOKCUAATUBHUX €H3MMa
nyteMm aktuBanmje axropa Nrf2 (enrn. Nuclear factor erythroid 2-related factor 2), cma-
Byje TPOAYKIM]y peakTUBHUX BpcTta kuceoHuka (ROS) m ynamHe mpormece, JOK XOJIWH-
XJIOpU TOTIPUHOCH OUyBamy MHTETpuTeTa henmrjcke MeMmOpaHe, eMUTreHeTCKO] peryaanuju u
Metabomm3my smnuaa. 36or tora ChCl:MA mnpencraBsba MmepcreKTUBaH HOBU pacTBapad 3a
paznuuure 6MoMeIUIMHCKe TpuMeHe. Mnak, HeoNXoAHO je ONTUMHU30BaTH MOJIAPHU OAHOC 32
cuntesy crabuiHor ChCl:MA cuctema u ogpenntu 6€30e1aH OTcer KOHIICHTPaIlija 32 lerOBYy
omomMenuiMHCKy npuMeny. Llusbs oBor pama 6mo je 1a ce oxpean onTuMaaaH MOJIApHU OHOC 32
cunte3y ChCl:MA u ncnura \eroB MMTOTOKCHYHU Mpodui Ha XymaHo] B-numdobimacronaHoj
hemujckoj muanju TK6, Koja ce cMaTpa 371aTHUM CTaHIapA0M 3a TOKCHUKOJIOIIKA UCTIUTUBAA iNl
vitro. ChCl:MA je cunretucan komonHoBambeM ChCl u MA y Tpu paznuuuTa MojiapHa OHOCa
—1:1, 1:2 u 2:1 — Ha MarHeTHOj MeMAIUIM 10 (OpMUPaA POBUIHUX TEUHOCTH, a 3aTHM je
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oKapakTeprcaH uHpalpBeHoM ciekTpockonujoMm ca OypujeoBom Tpancpopmarnujom (FTIR).
[IporieHa IUTOTOKCHYHOCTH U3BpIlieHa je mpuMeHoM X T T Tecta HakoH 24-4aCOBHOT TpeTMaHa
onabpanum DES-oBuma y konnienTpannonom oncery on 0,1 10 2 mg/mL. PesynTaru cy mokazanu
na cy ChCl:MA cuctemu y monapaum onHocuma 1:1 u 1:2 ¢popmupanu ctabuiaHe MPOBUIHE
TEYHOCTH, IOK KOMOMHOBame KOMIOHEHTH y ofHOCy 2:1 Huje noBeno 10 Gpopmupama DES-a.
FTIR cniektpu MOTBpAMIIY Cy Ja BOJOHUYHE Be3€ JOMUHHUPA]Y Y MOJEKYJICKO] CTPYKTYpU CH-
ctema ChCI:MA 1:1 u 1:2, 3a paznuky ox ¢opmynanuje 2:1. MicnutuBame IUTOTOKCUYHOCTH
nokaszajo je aa ¢opmynanuje 1:1 u 1:2 HUCY ucnosbuie 3HaYajaH MUTOTOKCUYHU edeKar 10
KoHIIeHTpanuje o 1 mg/mL. Bumia konnenTpanuja on 2 mg/mL u3a3Bana je 01aro cMamemhe
BUjabmiHOCTH KONl popmynanuje 1:1, mok je kox ¢popmynamnuje 1:2 edexar OMo U3pakeHUju,
ca oko 70% mnpexusenux henuja. Jogarno, ChCl:MA y monapnom ogHocy 1:1 npu KoHIIeH-
tpanujama 10 0,8 mg/mL noseo je 1o noBehama BUjabmIHOCTH henuja, MTO yKa3yje Ha HEroB
MOTEHIINjaJTHU 3aIITUTHH eekat. 3akjbyuHO, JOOMjeHH pe3yNTaTH yKa3yjy Ja je MOJIapHH OJI-
HOC KJbY4HU (akTop Koju oapehyje u cradminoct u 6uonomku oaroop ChCl:MA cucre-
Ma. OBH Hanas3u JOMPUHOCE M300PY ONTUMATHHMX MOJAPHUX OJIHOCA TOKOM MpHUIIpEME Y-
OOKHMX EyTeKTHYKHX pacTBapaya U IMOCTaBJbajy OCHOBY 3a HHXOBY 0€30eIHy NpPUMEHY Yy
Oyayhum OHOMEIUIIMHCKUM UCTpPaKUBakbUMa U IpUMeHaMa. 3axgsarHuya: OBO UCTPAKUBAHE
nojap:kano je MUHHCTapCTBO HayKe, TEXHOJOIIKOT pa3Boja v nHoBaiuja Pemyonuke CpOuje
(Op. mpojexara 451-03-33/2026-03/200017 u 451-03-3627/2025-03/3456).

Kmwyune peuu: my00KH €yTEKTHUKN pacTBapavy, MaJIOHCKA KUCEIIMHA, XOJIUH-XJIOPUT, TUTOTOKCHYHOCT, TK6.

Green Deep Eutectic Solvent Based on Choline
Chloride and Malonic Acid: Synthesis Optimization
and Cytotoxic Evaluation

Ksenija RadoSevi¢'”, Mila Kosti¢', Marijana Janié¢', Milo§ ToSié,
SneZana Brkovié', Ana Valenta Sobot' and Jelena Filipovi¢ Trickovié!
! University of Belgrade, “VINCA” Institute of Nuclear Sciences — National Institute of the

Republic of Serbia, Belgrade, Serbia
* ksenija.radosevic@vin.bg.ac.rs

Deep eutectic solvents (DES) represent an innovative class of “green” solvents with significant
potential for sustainable chemical and biomedical applications. They consist of two or more
components, hydrogen bond acceptor (HBA) and a hydrogen donor (HBD), whose combination
at specific molar ratios forms mixtures with a lower melting point compared to the individual
components. Thanks to their simple synthesis, low toxicity and good biocompatibility, DESs
are increasingly being explored as environmentally friendly alternatives to conventional sol-
vents in the processes of extraction of bioactive compounds from plants, formulation of active
substances and synthesis of functional materials. However, molar ratios of the individual
components in the mixture influence the DESs physico-chemical properties, such as stability,
melting point, viscosity, and solubility, which might affect their biological effects. Malonic
acid (MA) is an effective HBD that, combined with choline chloride (ChCl) as a HBA, forms a
viscous biodegradable solvent, ChCl:MA, but the literature data regarding molar ratios used for
the DES formation remains ambiguous. Additionally, MA increases the levels of the antioxidant
enzymes through the activation of Nuclear factor erythroid 2-related factor 2 (Nrf2), decreases
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reactive oxygen species (ROS) production and inflammation, while ChCl contributes to the
preservation of the cell membrane integrity, epigenetic regulation, and lipid metabolism,
making the ChCl:MA a promising novel solvent for various biomedical applications. However,
the molar ratio for the synthesis of stable ChCl:MA should be optimized, and the safety
window for its biomedical application should be determined. Therefore, the aim of the present
study was to determine the optimal molar ratio for synthesis of ChCl:MA and examine its
cytotoxic profile on the human B-lymphoblastoid cell line TK6, which is used as the gold
standard for the in vitro toxicological studies. ChCl:MA was synthetized by combining ChCl
and MA in three different molar ratios — 1:1, 1:2 and 2:1 on a magnetic stirrer until a transparent
liquids are formed, and characterized by Fourier-Transform Infrared spectroscopy (FTIR). The
cytotoxicity assessment was performed by XTT assay upon 24-hour treatment with selected
DESs, at the concentration range from 0.1-2 mg/mL. The results showed that the ChCl:MA
at the molar ratios of 1:1 and 1:2 produced stable transparent liquids, while combining the
individual components at the molar ratio of 2:1 didn’t lead to the formation of DES. FTIR
spectra confirmed that hydrogen bonds prevail in the molecular structure of both 1:1 and 1:2
ChCIl:MA, in contrast to 2:1 formulation. The cytotoxicity assessment revealed that both 1:1
and 1:2 formulations didn’t exhibit significant cytotoxic effect up to 1 mg/mL. Higher con-
centration of 2 mg/mL induced minor viability reduction for 1:1, and more pronounced, up
to 70% of viable cells, for 1:2 ChCl:MA. Additionally, 1:1 ChCI:MA at the concentrations up
to the 0.8 mg/mL lead to increased cell viability, highlighting its potential protective effect.
In conclusion, the obtained results highlight the molar ratio as a critical determinant of both
the stability and biological response of the ChCI:MA system. These findings contribute to the
selection of molar ratios during DESs preparation, and also establish a foundation for safe
implementation of DESs in future biomedical applications. Acknowledgements: This work
was supported by the Ministry of Science, Technological Development and Innovation of the
Republic of Serbia (Grant no. 451-03-33/2026-03/ 200017 and 451-03-3627/2025-03/3456).

Keywords: deep eutectic solvents, malonic acid, choline chloride, cytotoxicity, TK6.

JAu3ajH, ciHTe3a 1 0MOJIONIKA eBaJlyalnja
HOBHX AHJAPOCTAHCKHUX XHUAPA3ZOHO-XUAPA3HIHUX
nepusara kao unxuouropa AKR1C3

Boplje Jankosuh'", Cogpuja bexuh', Maja Mapunoeuh’, Mapuna Casulh’,
Anlenka henuh’, Edward Petri’ u Josana Ajoyxosuh’

"Vuusepsurer y HoBom Cany, [IpupomHo-mMaTemarndku (akynret, Jlenaprman 3a XeMujy,
OnoxeMujy ¥ 3alTHTY )KUBOTHE cpeaune, Hosu Can, CpOuja

2Vuusepsurer y HoBom Cajy, [IpupoaHo-marematinuku dakysaret, JlemaprMan 3a GHOI0THjy U
exonorujy, Hosu Can, CpOuja

* djordje.jankovic@dh.uns.ac.rs

Creponnu mpencTaBibajy BEIUKY Kacy CeKyHIApHHUX METa0OJUTa KOjH MMajy BaXKHY YJIOTY
y peryJjamuju pasHuX CUTHAJHUX IyTeBa, hemujckoj mponudepanuju, Te YI4eCTBYjy y pa3Bojy
pa3HUX MaTOJOMIKUX CTama, yKibydyjyhu u xanmep. Ango-ketro penykraze (AKRs) cy NAD-
(P)-3aBucHE okcHIOpEAYKTa3e KOje UTPajy KIbYUHY YJIOTY Y METaboIM3My CTeponIa, MpocTa-
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TNIaHJMHA U Pa3HUX KCeHOOMOTHKaA, YKJbyuyjyhu u nekoBe. Enzum AKRI1C3 je Bucoko ekc-
MpPUMUpPaH Y pa3HUM TUIIOBMMa TyMOpa M MMa 3HA4ajHy YJIOTY y PE3UCTEHIUjU KaHIepa Ha
Tepanujy u MeTaboJIu3My CTEpPOMJHMX XOPMOHA, 300T uera MpejacTaBiba 3HAUajHy METY Y
pa3Bojy aHTHKaHIEepckux JekoBa. HacynpoT Tome, AKR1C4 je mpetexHO mpuUCyTaH y 31pa-
BUM TKHMBHMa, HAPOUUTO Yy JE€TPH, TJi€ YUYECTBYje Y JAETOKCHUKAIMJU KCEHOOHOTHKA. XUIpa-
30HO-XUIpa3uHa Tpyla Mo3HaTa je MO LIUPOKOM CHEKTPYy OUOJIONIKE aKTUBHOCTHU, YKIbY-
qyyjyhu 1 aHTUTYMOpCKO ziejcTBO. CTOra je 1nJb OBOT pajia OMo CHHTE3a HOBUX aHIPOCTAHCKUX
XUIPA30HO-XUJIpa3uaa y Monoxajy 17 CTepOuaIHOT je3rpa U UCIIUTHBAKE HUXOBOT MOTEHIIN-
janma xao unxuburopa AKRIC3. LlubHa jenumera CUHTETH30BaHA Cy KOpUIThemeM THO-
KkapOoxuapaszuaa u GpeHwITnoceMrkap0asuia, npu 4emy je Moaudukanuja y mnoioxajy 17
onabpaHa Kao MOTOJHA 3a CTPYKTYpPHY ONTHMM3AIM]y CTEPOHIHOT ckeiera. MHXxubuTopHa
aktuBHOCT npema AKR1C3 ucnutana je in vitro peKOMOMHAHTHUM €H3UMCKHUM €CejeM, JIOK je
CEJIEKTUBHOCT mpoliemeHa y ogHocy Ha AKR1C4. O6a jenumera nokasaia cy yMepeHy 10 J10-
Opy unxuburtopny aktuBHocT npema AKR1C3, 1ok je jenumemne ca peHunTuoceMrukap0Oa3oH-
CKUM CYICTHTYEHTOM II0Ka3all0 M3PaKE€HHU]y CEeNeKTUBHOCT. JloOMjeHu pesynratu ykasyjy
Jla CHHTETH30BaHa jeIUb-Cha MPEICTaBibajy Bojehe CTPYyKType 3a Jajbu pa3Boj HHXHOUTOpA
AKRI1C3.

K/byllHe pedu: CTeCpouiu, XuApasuau, JIOKUHI' aHaJIM3a, aJlJ0-KCTO pEAYyKTa3€, aHTUKAHIICP.

Design, Synthesis and Biological Evaluation
of Novel Androstane Hydrazono-Hydrazide
Derivatives as AKR1C3 Inhibitors

Dorde Jankovié”, Sofija Beki¢', Maja Marinovi®®, Marina Savi¢', Andelka Celi,
Edward Petri’ and Jovana Ajdukovié’

'University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and
Environmental Protection, Novi Sad, Serbia

2 University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia

* djordje.jankovic@dh.uns.ac.rs

Steroids represent a large class of secondary metabolites that play an important role in the
regulation of various signaling pathways, cell proliferation, and are involved in the development
of numerous pathological conditions, including cancer. Aldo-keto reductases (AKRs) are
NAD(P)-dependent oxidoreductases that play a key role in the metabolism of steroids,
prostaglandins, and various xenobiotics, including drugs. The enzyme AKR1C3 is expressed in
various tumor types and plays a significant role in cancer therapy resistance and the metabolism
of steroid hormones, making it an important target in the development of anticancer agents. In
contrast, AKR1C4 is predominantly present in healthy tissues, particularly in the liver, where it
participates in the detoxification of xenobiotics. Hydrazono-hydrazide moieties are known for
their broad spectrum of biological activities, including antitumor effects. Therefore, the aim of
this study was the synthesis of novel androstane hydrazono-hydrazide derivatives at position
17 of the steroid nucleus and the evaluation of their potential as AKR1C3 inhibitors. The
target compounds were synthesized using thiocarbohydrazide and phenylthiosemicarbazide,
with modification at position 17 selected as suitable for structural optimization of the steroid
scaffold. The inhibitory activity was evaluated in vitro using a recombinant AKR1C3 enzyme
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assay, while selectivity was assessed in relation to AKR1C4. Both compounds exhibited mo-
derate to good inhibitory activity against AKR1C3, whereas the compound bearing a phenyl-
thiosemicarbazone substituent showed enhanced selectivity. The obtained results indicate that
the synthesized compounds represent promising lead structures for the further development of
AKRIC3 inhibitors.

Keywords: steroids, hydrazides, docking analysis, aldo-keto reductases, anticancer.

HcenutuBame porokaraiuse
uunpogaokcanuHa y npucycrsy MgAl
npesjaka gonupanux ca ZnO u CeO,

Jlywuua Josanosuh'', Maja Illhenanosuh’, Mupjana I pyjuh-bpojuun?,
Cmesan Cmojaounosuh’, /lanuena Illojuh Mepkynoe', Cabonu Boznap'
u Huna @unuyp’

" Yausepsuter y HoBom Cany, [IpuponHo-maTemarnuku dakyntert, [lenaptMan 3a XeMujy,
OunoxemHujy M 3alITUTY KUBOTHE cpeaune, Hosu Caxn, CpOuja

2 Vuusepsuret y beorpany, MHctutyt 3a ¢usuky, Lenrap 3a pusuky uBpcTOr CTamha 1 HOBE
Mmatepujaie, beorpan, Cpouja

> Vuusepsuret y beorpany, ®usuuku paxynrer, beorpan, Cpouja

* dusica.jovanovic@dh.uns.ac.rs

Hunpodoxcanun (L{UIT) je XMHOIOHCKM aHTUOMOTHK KOJU C€ Y MEIUIIMHA KOPUCTHU 3a JIH-
jedeme OakTepujCKuX MH(pEKIMja YPUHAPHOT U pECIUpaTOpHOr TpakTa. MelyTum, HaKoH u3-
JTy4yHBamka, OH JOCIH]EBa Y BOJECHE CHUCTEME IyTeM OTIaJHUX BOJa, HETPOMU)EHEH WU Y
BUIy Merabonuta. HberoBo akymysupame y IPUPOAHUM BOJaMa MOXKE Y3POKOBAaTH Pa3Boj
OTIOPHOCTH OaKTepHja Ha aHTUOMOTHKE, ITO OTEKaBa JHjeuewmhe MH]eKIHja, 300r yera je
MpOHANIAXKEHE 3€JCHUX M OAPKMBUX TEXHOJIOTMja 3a CaHAIMjy BOJA OJl M3y3€THOT 3Hayaja.
Kao exosnouiku npuxBatjbuB Ipolec, (poTokaranusa je MorojaHa 3a ykiamame 3aralyjyhux
MaTepHja, IOMyT aHTUOMOTHKA, U3 BOJIEHE CpeauHe. Y MPHUCYCTBY 3payerma M KaTajlnzaropa,
OpojHEe peakTHBHE BpCTE, Koje ce (OopMHpajy, aKTUBHO YUECTBY]Y Y YKIambamby CIOMEHYTHX
saral)yjyhux marepuja u wuxoBoj moryhoj munepamuszauuju go CO,, H,O u oarosapajyhux
HEOPraHCKHUX joHa. MelyTum, KJbydHO OorpaHHuYeH-e (OTOKATaIN3e — pa3/iBajambe HAKOH Mpo-
1eca — 4ecTo je y3pok 3a ryoutak ¢orokatanuzaropa. HoBuju npuctyn (orokaraiusu 3ato
nojipazyMujeBa pa3Boj (oTokaTaqu3aTopa y BHUIY HNpeBlaka, YMMe ce IpeBasuiasze Ipo-
O1eMu TpaJULIMOHATHUX (OTOKATAIN3aTOpa y Mpaxy, jep Ce Ha OBaj HAUMH CMamyje CIIOo-
KEHOCT PYyKOBama, a MCTOBPEMEHO MoBehaBa e(pUKACHOCT IMpoleca U MPOIIUpyje CIeKTap
3a MPaKTUYHY IpuMjeHy. 300T CBOje Maje I'yCTHHE, MeXaHH4Ke uBpcTohe U HETOKCUYHOCTH,
JIETYpe MarHe3ujyma 4ect cy n3bop marepujasa 3a uaepthe nogiore. Jlonarak ZnO u CeO,, kao
Jje(THHIX HETOKCUYHHX MOIYIPOBOAHUKA Ca MOKEJbHUM ONITUYKUM CBOjcTBUMa y Y B/6nuckom
BUJIJbUBOM OIICETY, JOIMPUHOCH 00Jb0j (POTOKATAIUTHUYKO] AKTUBHOCTH HACTAJIOT XETEPOTEHOT
katanuzatopa. CTora je y OBOM UCTpaxkMBamy MCIHUTaHa epUKacHOCT ykiuamamma LTI (0,05
mmol/dm?) u3 Bogene cpenune, TokoM 120 min cumynupaHor cyHueBor 3pauema (CC3), y
npucyctsy net MgAl npesnaka nonupanux ca ZnO u CeO,. [Ipesnake cy Ouiie npunpeMibeHe
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€JIEKTPOJIMTUYKOM OKCHJIAIIMjOM TUIa3MOM y alyMUHATHOM eNeKTpoiuTy. CBU eKCIepUMEHTH
doropasrpaame OWIN Cy U3BEICHU y MAPKHOM (DOTOpPEakTopy ca KCEHOHCKOM JIaMIIOM Kao
uzBopoM CC3, a 3a npaheme epuxacnoctu pasrpaame LIUII kopunrhen je Teunu xpomarorpad
ca (pmyopeclieHTHUM JeTeKTopoM. [loaTHo, KOTMYKMHA jOHA HAcTaluX y TOKY Ipolieca Xere-
porene ¢orokaranuze LIMII y mpucyctBy Tpu (QOTOKaTaIUTHUKH HajaKTUBHHUjE MpPEBIIAKE:
MgAl-1 (0 g/dm’ ZnO, 0 g/dm’ CeO,), MgAl-4 (6 g/dm’ ZnO, 2 g/dm’ CeO,) u MgAl-5 (6 g/
dm’ ZnO, 4 g/dm’ CeO,), 6una je onpehena na jouckom xpomarorpady. Jobujenn pesynaratu
MOKa3aJy Cy J1a je MPUMjEHOM E€KOJIOLIKY MPUXBATIbUBE XeTeporeHe (hoTokaraanse, HakoH 120
min 03paurBama U3 BoJicHe cpearHe Omio ykinomeHo 80-94% antubuoruka LIUI1 y npucyctBy
ceux net MgAl npesnaka nonupanux ZnO u CeO,. HcnutnBameM NOHOBBUBOCTH yHOTpeDe
npesnake MgAl-4 yTBpheHo je n1a je ucra 3aapxaiia CBOj MHTETPUTET U HAKOH TPHU y3acTOIHA
dotokaranuTnuka nukiyca (94—75—64%). 3a kpaj, pe3yaTaTu joHCKe XpomaTorpaduje mo-
TBPAWIN CYy U3/Baja-e€ HUTpaTa, HUTpUTA, Quyopuaa, popMujata u anerata HakoH 120 min
o3paurBama BogeHor pactBopa LIUII, mto je 6o y ckiany ca cTpykrypom momekyna LTI
U JIOKa3 HEroBe yCHjellHe pasrpaame. 3axsarnuya: VictpaxuBama je punancupano MunHu-
CTapCTBO HAyKe, TEXHOJIOIIKOT pa3Boja u nHosanuja Penyonuke Cpouje (EB. Op.

Kwyune pujeuu: nmnpodiokcanys, (GoTOKaTanu3a, €ISKTPOJIMTHYKA OKCHaanuja muasmoM, MgAl
IpeBJaKa.

Exploring the Photocatalytic Fate of
Ciprofloxacin in the Presence of ZnO
and CeO,-Doped MgAl Coatings

Dusica Jovanovié'”, Maja S¢epanovié?, Mirjana Gruji¢-Brojéin?, Stevan
Stojadinovié, Daniela Soji¢ Merkulov', Sabol¢ Bognar' and Nina Fincéur’

! University of Novi Sad Faculty of Sciences, Department of Chemistry, Biochemistry and
Environmental Protection, Novi Sad, Serbia

2University of Belgrade, Institute of Physics, Center for Solid State Physics and New Materials,
Belgrade, Serbia

3 University of Belgrade, Faculty of Physics, Belgrade, Serbia

* dusica.jovanovic@dh.uns.ac.rs

Ciprofloxacin (CIP) is a quinolone antibiotic used in medicine to treat bacterial infections of
the urinary and respiratory tracts. However, after excretion, it reaches water systems via waste-
water, either unchanged or as metabolites. Its accumulation in natural waters can cause the
development of antibiotic resistance in bacteria, making it difficult to treat infections, which is
why finding green and sustainable technologies for water remediation is of utmost importance.
As an environmentally friendly process, photocatalysis is suitable for the removal of pollutants,
such as antibiotics, from the aquatic environment. In the presence of radiation and a catalyst,
the numerous reactive species that are formed actively participate in the removal of the afore-
mentioned pollutants and their possible mineralization to CO,, H,O and the corresponding
inorganic ions. However, a key limitation of photocatalysis — post-process separation — is
often the cause of photocatalyst loss. A newer approach to photocatalysis therefore involves
the development of photocatalysts in the form of coatings, which overcomes the problems of
traditional powder photocatalysts, as this reduces the complexity of catalyst handling, while
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at the same time increases the efficiency of the process and expands the spectrum for practical
application. Due to their low density, mechanical strength and non-toxicity, magnesium alloys
are a common choice of material for inert supports. The addition of ZnO and CeO,, as in-
expensive non-toxic semiconductors with desirable optical properties in the UV/near visible
range, contributes to better photocatalytic activity of the resulting heterogeneous catalyst.
Therefore, in this study, the efficiency of CIP removal (0.05 mmol/dm?) from an aqueous medium
was investigated during 120 min of simulated solar irradiation (SSI) in the presence of five
MgAl coatings doped with ZnO and CeO,. The coatings were prepared by plasma electrolytic
oxidation in aluminate electrolyte. All photodegradation experiments were performed in a
batch photoreactor with a xenon lamp as the SSI source, while a liquid chromatograph with
a fluorescence detector was used to monitor the efficiency of CIP degradation. Additionally,
the quantity of ions formed during the heterogeneous photocatalysis of CIP in the presence
of the three most photocatalytically active coatings: MgAl-1 (0 g/dm’ ZnO, 0 g/dm’ CeO,),
MgAl-4 (6 g/dm’ ZnO, 2 g/dm’ CeO,) and MgAl-5 (6 g/dm’ ZnO, 4 g/dm’ CeO,), was
determined on an ion chromatograph. The results obtained showed that by using eco-friendly
heterogeneous photocatalysis, after 120 min of irradiation, 80-94% of the antibiotic CIP was
removed from the aqueous medium in the presence of all five MgAl coatings doped with ZnO
and CeO,. Reutilization of the MgAl-4 coating showed that the coating retained its integrity
even after three consecutive photocatalytic cycles (94—75—64%). Finally, the results of ion
chromatography confirmed the formation of nitrate, nitrite, fluoride, formate and acetate ions
after 120 min of irradiation of the aqueous CIP solution, which was consistent with the structure
of the CIP molecule and evidence of its successful degradation. Acknowledgments: The authors
acknowledge the financial support of the Ministry of Science, Technological Development and
Innovation of the Republic of Serbia (Grant Numbers:

Keywords: ciprofloxacin, photocatalysis, plasma electrolytic oxidation, MgAl coatings.

Yruunaj macene konuenrpauuje Pd/TiO,
dporokaranuzaropa Ha ePUKACHOCT YKIAKHAKA
(p1yopecuernHa ¥ reHepucame BOJOHUKA Y
NMPUCYCTBY CUMYJIUPAHOT CYHUYEBOT 3pavermha

Teooopa Buoosuh', Heana Bacapuh' u Hemarmwa Banuh'

"Vuusepsurer y HoBom Cany, [IpuponHo-matemarnuku dakyntet, Jlenaprman 3a XxeMujy,
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WuTen3uBHa ynorpeda (GOCHIHUX rOpUBa JOBOJM J0 3HaYajHUX HETATMBHUX YTHUIIAaja HA KH-
BOTHY CPEIMHY, YKJbYyuyjyhu emucHjy racoBa ca e(peKTom cTakjieHe OaiiTe, MTo JOMPUHOCH
KJIMMAaTCKKUM IIPOMEHaMa 1 I100aTHOM 3arpeBamy. 300T HaBeIeHHX HEraTUBHUX YTHUIA]a, jaBJba
ce motpeba 3a pa3BojeM U MPUMEHOM aJITEPHATUBHUX U3BOPA EHEPIH]je Kao 3aMeHe 3a (OCUIIHA
ropuBa. BogoHUK ce cMaTpa YMCTUM U MEPCIEKTUBHUM H3BOpoM eHepruje. doTokaranusa
oMoryhaBa meroBy Nnpou3BoAmYy KopullhemeMm CyHUYeBe eHepruje, 0e3 cTBapama MITETHHX
MIPOM3BO/1a, IIITO OBA] MPOLIEC YMHU OAP>KUBUM U €KOJIOIIKH NpuXBaT/buBUM. Ca Jpyre cTpaHe,
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BOJIa C€ IIUPOKO MPUMEY]e Y Pa3INYUTHM HH]LyCTPHjCKUM MpoliecuMa, Mel)yTHM HHTeH3UBHA
WHAYCTpalu3alirja JoBOIU J0 MoBehaHe MPOU3BO/IHE OTIAHUX BOJA KOj€ CaJpikKe TOKCUUHE
3aralyyjyhe marepuje, kao mro cy oprancke 0oje. C 003upoM Ha AyroTpajHe MTETHE ePeKTe
oBuX 3araljyjyhux mMarepuja Ha >KMBOTHY CPEAMHY U 3/paBJbe Jby/U, HEOMXOTHO j€ HBUXOBO
edukacHo ykiamame. Ctora noctoju cse Beha morpeda 3a pa3BojeM caBpeMeHUX, EKOHOMHUYHO
UCIUTATUBUX M €KOJIOIIKM MPUXBATJEUBUX METOJa 3a mpeuunithaBame oTnagHux Boga. Mebhy
HampeIHUM MeTo/aMa, (OTOKATAIUTUYKA pa3rpajimka MPUBJIAYU 3HaUajHy Maxmby 300T CBOje
CIOCOOHOCTH J1a pa3rpaau paznuuute 3aral)yjyhe matepuje 10 jeJHOCTaBHUJUX U Mah€ IITET-
HUX jeaumberma. DoTokaranusa, Kao Mpolec KOju KOPUCTU 3payeme U (poTokaTanmzarop 3a
yOp3aBame XeMHUJCKHX peakiidja, MpecTaB/ba eukacaH MpUCTYN 3a YKIambame OPraHCKUX
00ja U3 OTHaHUX BOJA. Y OBOM pady KopuiheHu (poTokaTann3aTop CUHTETHCAH j€ METOJIOM
poroxemujcke penykuuje Pd na komepuujannom TiO,, mpu macenom oanocy Pd:TiO, ox 2,5%
(w/w). Ucniutana je ¢oTokaTanuTHuka e(prUKacHOCT OBOT (DOTOKATaIMu3aTopa ca pa3IuuuTUM
MaceHUM KOHIICHTpallljama 3a yKjlamame (pIyopeciienHa U reHepHucame BOJOHUKA O JIe]-
CTBOM CHMYJIHpaHOT cyHuYeBOT 3padema (CC3). MaceHe KoHIEHTpaluje (poToKaTanuzaTopa
kopuiiheHe 3a ykinamame (ayopeciierna ouie cy y oncery o 0,17 mo 3,33 g/dm’. Kunetuka
yKIamama (Qiayopecuierta npahena je gpotomerpujcku. TokoM ykamama Giryopeciienta mpa-
hena je u mpomena pH BpenHoctu kopuirhemeM KOMOMHOBaHE cTakieHe enektpone. [lof
yrunajem CC3, 3a cBe uCnUTUBaHE MaceHe KoHueHrtpauuje 2,5%Pd/TiO, ocTteapen je mpu-
ONMMKHO MCTU cTereH pasrpajme (~93%), nakon 180 muHyTa. 32 HajONTUMANIHU]Y MaceHy
KOHIIEHTpaljy yTBpheHa je BpenHoct ox 0,17 g/dm’, jep ce mocTmxke rcta epukacHOCT yKiia-
wama (QuyopecienHa npu Kopuimhemy Mame KoiauuunHe katanuzaropa (93,52%). [louetHe
pH BpeaHOCTH HCIIMTUBAHUX CYCIIEH3Mja Halla3uie cy ce y omncery ox 5,88 m10 6,26, a HakOH
180 munyTta yknamama pH Bpennoctu cy Oune y omcery on 4,87 no 6,37. Hcnurana je u
edukacHoCT ajcopriuje diayopeciienHa, mpu yemy je eduxacHoct Bapupaia on 0% 3a ma-
ceny kourenrpamujy ox 0,17 g/dm® mo 18,86% 3a maceny koureHtpamnujy oa 3,33 g/dm’.
Macene koHIeHTpaluje (poTokaTanuzaropa kopuiiheHe 3a reHepucame BOJOHUKA KpeTaje cy
ce y oncery ox 0,06 g/dm?® no 0,15 g/dm?. 3a npahemwe edukacHOCTH reHepUcamba BOIOHUKA
kopuntheHa je racHa xpomarorpaduja ca JETEKTOPOM TOIUIOTHE MpoBOAJbMBOCTU. HajBehy
Op3uHy reHepHcama BOJOHMKaA TOKa3ao je 2,5%Pd/TiO, nmpu MaceHo] KOHLEHTpaluju O
0,06 g/dm’ (8,44 umol h' g' H,), 1ok cy ocrajne mMaceHe KOHIEHTpalUje MOKa3aue HUKY
Op3uHy reHepucama y untepsany oa 300 munyta. OBo ykasyje Aa najbe nmoBehame mMaceHe
KOHIIEHTpaIlHje He JOBOAU J0 MoOoJblIama e(UKaCHOCTH TeHepHUCamha BOJIOHHUKA.

Kmyune peuu: dorokatanmusa, reHEpUCae BOJIOHUKA, CHMYJIMPAHO CYHUYEBO 3paucme, MasaanjyM,
(yopectenH.
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Influence of the Mass Concentration of

Pd/TiO, Photocatalyst on the Efficiency of
Fluorescein Removal and Hydrogen Generation
under Simulated Solar Radiation

Teodora Vidovié, Ivana Basari¢' and Nemanja Bani¢'”
’

! University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and
Environmental Protection, Novi Sad, Serbia
* nemanja.banic@dh.uns.ac.rs

The intensive use of fossil fuels leads to significant negative impacts on the environment, in-
cluding the emission of greenhouse gases, which contributes to climate change and global
warming. Due to the aforementioned negative impacts, there is a need to develop and apply
alternative energy sources as a replacement for fossil fuels. Hydrogen is considered a clean and
promising energy source. Photocatalysis allows its production using solar energy, without the
creation of harmful by-products, which makes this process sustainable and environmentally
friendly. On the other hand, water is widely used in various industrial processes; however,
intensive industrialization leads to increased production of wastewater containing toxic pollut-
ants, such as organic dyes. Given the long-term harmful effects of these pollutants on the
environment and human health, their effective removal is necessary. Therefore, there is a
growing need to develop modern, cost-effective and environmentally friendly methods for
wastewater treatment. Among the advanced methods, photocatalytic degradation has attracted
significant attention due to its ability to degrade various pollutants into simpler and less harmful
compounds. Photocatalysis, as a process that uses radiation and a photocatalyst to accelerate
chemical reactions, is an effective approach for removing organic dyes from wastewater. In
this study, the photocatalyst used was synthesized by the photochemical reduction of Pd on
commercial TiO,, with a Pd:TiO, mass ratio of 2.5% (w/w). The photocatalytic efficiency of
this photocatalyst with different mass concentrations for fluorescein removal and hydrogen
generation under simulated solar radiation (SSR) was tested. The mass concentrations of the
photocatalyst used for fluorescein removal ranged from 0.17 to 3.33 g/dm?. The kinetics of flu-
orescein removal were monitored photometrically. During fluorescein removal, the change in
pH value was also monitored using a combined glass electrode. Under the influence of SSR,
all tested mass concentrations of 2.5%Pd/TiO, achieved approximately the same degradation
degree (~93%) after 180 minutes. The most optimal mass concentration was determined
to be 0.17 g/dm’, as it achieves the same fluorescein removal efficiency (93.52%) using a
smaller amount of catalyst. The initial pH values of the tested suspensions ranged from 5.88
to 6.26, while after 180 minutes of removal, the pH values ranged from 4.87 to 6.37. The
efficiency of fluorescein adsorption was also examined, with efficiency ranging from 0% at
a mass concentration of 0.17 g/dm’ to 18.86% at a mass concentration of 3.33 g/dm®. The
mass concentrations of the photocatalysts used for hydrogen generation ranged from 0.06 to
0.15 g/dm®. Gas chromatography with a thermal conductivity detector was used to monitor
the hydrogen generation efficiency. The highest hydrogen generation rate was observed for
2.5%Pd/TiO, at a mass concentration of 0.06 g/dm’ (8.44 umol h' g'' H.), while the other mass
concentrations exhibited lower generation rates over a 300 minutes interval. This indicates
that further increasing the mass concentration does not contribute to improving hydrogen
generation efficiency.

Keywords: photocatalysis, hydrogen generation, simulated solar radiation, palladium, fluorescein.

BOOK OF ABSTRACTS
OF THE SCIENTIFIC CONFERENCE WITH INTERNATIONAL PARTICIPATION “PRIMAT30”

229




230

XEMHUJIA

Y1unaj porokaraauTuukux (pakropa
U BOJACHOI MATPHUKCA HA e(PUKACHOCT
yriaamama EE2 y npucycTBy 3e/1eHUX
ZnO HaHo4YeCcTHLIIA

Cabonu Boznap'', Becna /lecnomosuh’, Huna @unuyp’, /lymuya Josanosuh’
u /lanuena Illojuh Mepkynoe'

U Vuusepsumem y Hosom Caoy, Ipupoono-wmamemamuuxu gpaxynimem, Hosu Cao, Cpbuja
* sabolc.bognar@dh.uns.ac.rs

3arahuBame Bojia ca MEP3UCTEHTHUM OPTaHCKUM MOJTyTaHTHMA MpeACTaBIba je1aH o Hajehux
riodanHux u3aszosa. 17a-etununectpanuon (EE2) npunaga eHIOKpUHUM AMCPYNTOpPUMA U
MCTOJbaBa TOKCHYHO JIjCTBO HA JKMBE opraHusMme. L{usb oBOr HcTpaxuBama je UCIUTHBAKE
(oToKaTaTUTUYKE aKTUBHOCTH HOBOCHHTETUCAHMX 3eJeHnX ZnO HaHouecTHIa Ha 0a3u eKc-
TpakTa KoMuHe rpokha y pasrpaamu EE2 npumenom cumynupanor cyHueBor 3padema (CC3).
Hajseha oTokaTanmuTuika akTHBHOCT j€ TIOCTUTHYTA IPU MAaceHO] KoHIleHTpanuju o 0,5 mg/
cm® y 6a3Hoj cpeaunu (pH ~10), npu demy je pasrpaheno ~90% EE2 nakon 120 min CC3.
Takobhe, ekcriepuMeHTH W3BECHH Y BOIU U3 peke Tuce, mpu HajOOBMM (POTOKATAITUTHUKUM
yCIIOBUMA, TIOKa3aJI ¢y HUXKY e(puKacHOCT, Tj. ykiomeHo je ~30% EE2 nakon 120 min CC3,
IITO C€ MOJKE MPHUIUCATH IPUCYCTBY HEOPTaHCKUX joHa, HapounTo SO+* u NOs~. 3axgannuya:
HcTpaxuBame je pruHaHCHUpaIo MUHUCTapCTBO HayKe, TEXHOJIOMIKOT pa3Boja M nHoBaiuja Pe-
ny6nuke Cpowuje (eB. Op. 451-03-33/2026-03/ 200125 u 451-03-34/2026-03/ 200125).

Kwyune peuu: 3arahusame Boza, xereporeHa (oTokarannsa, 3eJI€HH HAaHOMArepHjasiu, 170-eTHHUII-
eCTpajIuoJI, peuHa Boja.

Effect of Operating Conditions and
Water Matrix on EE2 Photocatalytic
Degradation Efficiency Using Green
ZnO Nanoparticles

Szabolcs Bognar'", Vesna Despotovi¢', Nina Finc¢ur', DuSica Jovanovié’
and Daniela Soji¢ Merkulov'

"'University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia
" sabolc.bognar@dh.uns.ac.rs

Water pollution, by persistent pollutants, represents one of the greatest global challenges.
17a-ethinylestradiol (EE2), a synthetic hormone, belongs to endocrine disruptors and exhibits
toxic effects on living organisms. The aim of this study was to investigate the photocatalytic
activity of green ZnO nanoparticles synthesized using grape pomace extract in the degradation
of EE2 under simulated solar radiation (SSI). The highest photocatalytic activity was achieved
at catalyst loading of 0.5 mg/cm?® and in alkaline medium (pH ~10), where ~90% of EE2
was degraded after 120 min of SSI. Experiments conducted in water from Tisa River, under
the previously established optimal conditions, showed lower efficiency with ~30% of EE2
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removed after 120 min of SSI, due to the presence of inorganic ions, particularly SO+* and
NOs™. Acknowledgments: Financed by the Ministry of Science, Technological Development
and Innovation of the Republic of Serbia (Grants No. 451-03-33/2026-03/ 200125 & 451-03-
34/2026-03/ 200125).

Keywords: water pollution, heterogeneous photocatalysis, green nanomaterials, 17a-ethinylestradiol,
river water.

YTHunaj pazjim4uaTiuX eKCIePUMEHTAJTHUX
napamMerapa Ha e)UKacHOCT (POTOKATATUTHYKE
pasrpaame riamgocara npuMeHOM
HoBOocuHTeTHCAaHUX ZnO HaHOYECTHIIA

Kamapuna Xauns", Caoonu boznap' u /lanuena Illojuh Mepkynoe'

" Yausepsuter y HoBom Cany, [IpuponHo-maTematnuku dakynter, Jlenaprman 3a XxeMujy,
OnoxemHujy M 3alITUTY KUBOTHE cpeaune, Hosu Can, CpOuja
* katarina.hainz@dh.uns.ac.rs

Excnansuja uHAyCTpHje U Pa3BOj MOJHOMPUBPEAE Cy BaXHU (AKTOpU KOJU Cy JOBEIH N0
3araljema BojieHUX pecypca. Llsb oBor pajga Ouo je ucnuTHBame (GOTOKATATUTUUKE aKTHB-
HOCTH 3eJIeHO CHHTeTHcaHuX ZnO HaHoyecTula, JOOMjeHUX YNOTpeOOM eKCTpakTa OuJbKe
Inula helenium, y pasrpaamu rudocarta (I'JIM) mox cuMmynupaHuM CYHYEBUM 3padyemheM
(CC3). Hajeeha ¢orokaranuTUuka aKTUBHOCT MOCTUTHYTa j€ NMPU MAcCeHO] KOHLEHTpaluju
karanu3atopa on 1,0 mg/cm® u npu pH-Bpeanoctu ~7, rae je HakoH 60 min ycmemHo pas-
rpaheno 49% I'JIW. Ilpu ucnutuBamky MexaHM3Ma caMor Mpoleca, YOUeHO je 1a MO3UTHBHE
LIyIUbMHE UMajy TOMMHAHTHY yjory. McnuTana je 1 HTOHOBJBUBOCT HOBOCUHTETUCAHOT (OTO-
KaTaju3aropa, IpH 4YeMy je HAaKOH TPHU Y3aCTOIlHA E€KCIIEpHMMEHTaJIHA LMKIyca yO4eH Maj
(oTOoKaTaTUTUYKE aKTUBHOCTH. Jaxearnuya: VicTpaxuBame je puHaHcupanio MUHUCTapCTBO
HayKe, TEXHOJIOIIKOI' pa3Boja W nHoBauuja Pemy6nuke CpOuje (eB. Op. 451-03-33/2026-03/
200125 u 451-03-34/2026-03/ 200125).

Kwyune peuu: xereporena orokaranmsa, rimudocar, 3eneHa cunaresa, lnula helenium, cumymupaHo
CYHYEBO 3paucihe.
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Influence of Different Experimental
Parameters on the Efficiency of
Photocatalytic Degradation of Glyphosate
Using Green-Synthesized ZnO Nanoparticles

Katarina Hainz", Szabolcs Bogndr' and Daniela Soji¢ Merkulov'

! University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and
Environmental Protection, Novi Sad, Serbia
* katarina.hainz@dh.uns.ac.rs

In recent decades, the expansion of industry and agricultural development is one of the
important factors that have caused the pollution of water resources. The aim of this study was
to investigate the photocatalytic activity of green ZnO nanoparticles synthesized using /nula
helenium plant extract in the degradation of glyphosate (GLY) under simulated solar radiation
(SSI). The highest photocatalytic activity was achieved at catalyst loading of 1.0 mg/cm? and
at pH ~7, where 49% of GLY was degraded after 60 min. When the reaction mechanism was
investigated, it can be concluded that positive holes play the dominant role. The reusability
of the newly synthesized photocatalyst was also investigated, and after three consecutive
experimental cycles, a decrease in the photocatalytic activity was observed. Acknowledgments:
Financed by the Ministry of Science, Technological Development and Innovation of the
Republic of Serbia (Grants No. 451-03-33/2026-03/ 200125 and 451-03-34/2026-03/ 200125).

Keywords: heterogeneous photocatalysis, glyphosate, green synthesis, /nula helenium, simulated solar
irradiat
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