PYITAPCKU
H TJIACHUMK

BULLETIN OF MINI




m PYIAPCKU TJIACHUK
BULLETIN OF MINES

1903.

ISSN 0035-9637 (mrammano nspae / printed edition)
e-ISSN 2956-2457 (online)

PYIOAPCKU ITACHUK

InaBuM n OATOBOPHN YpETHUK

Ip Jacmuua Henkouh
e-TIolITa: jasmina.neskovic@ribeograd.ac.rs

NspaBau:

Pymapcku mHTHTYT J1.0.0. Beorpap
Beograd, batajanuku myT 2,

Tem: 011 21 95 112; dpaxc: 011 26 14 632
www.ribeograd.ac.rs

3a usgaBaya:

Ip Csernana Ilonasnep, nupekrop PV-a

IIpeBon;

Jlena JIonuap

[Ipumnpema 3a mrammy:

JlemmocaBa Kuexxesuh
Ip IaBne CrjerranoBuh
Pape lapar

IllTamma:

Klik commerce d.o.o. beorpan

Tupax:

300 npuMepaka

MecTo U roHa U3JaBaba:
Beorpag, 2025.

ISSN 0035-9637 (1TaMIIaHO U3IaMbe)
e-ISSN 2956-2457 (online)

Appeca:

Pemaxnuja Pymapckor rnacHmka
11080 beorpag, barajanuku myT 2

AyTopu 3afip)kaBajy ayTopcKa IpaBa HaJ| 06jaB/be-
HIUM WIAHI[MA, a U3[aBady J1ajy HeeKCKIY3MBHO
[paBoO Jla PYKOIMC O0jaBM, a y C/Iy4ajy Masber
kopuitherba wiaHka Oyfle HaBeleH Kao HeroB
IpPBY U3JaBay, Kao U [a AUCTpUOYMpa WIAHAK Y
cBuM obnunuma u Menjuma. O6jaBbeHN WIaHIIN
nucTpubympajy ce y cknany ca nuieniiom Creative
Commons Attribution 4.0 International (CC BY)

(CXXII) 1-2

BULLETIN OF MINES

Editor in Chief:

Dr Jasmina Neskovi¢
e-mail: jasmina.neskovic@ribeograd.ac.rs

Publisher:

Mining Institute Ltd. Belgrade

Belgrade, Batajnicki put 2,

Phone. (381 11) 21 95 112; Fax. (381 11) 26 14 632
www.ribeograd.ac.rs

For publishers:
Dr Svetlana Polavder, director of the MI

Translation:

Lela Loncar

Prepress:

Leposava Knezevic¢
Pavle Stjepanovié
Rade Sarac

Press:

Klik commerce d.o.0. Belgrade

Circulation:

300 copies

Place and year of the issue:
Belgrade, 2025.

ISSN 0035-9637 (printed edition)
e-ISSN 2956-2457 (online)

Adress:

Editorial Board of the Bulletin of Mines
11080 Belgrade, Batajnicki put 2

Authors retain copyright of the published papers
and grant to the publisher the non-exclusive right
to publish the article, to be cited as its original
publisher in case of reuse, and to distribute it in
all forms and media. The published articles will
be distributed under the Creative Commons
Attribution 4.0 International License (CC BY)



m PYJAPCKUTJTACHUK
BULLETIN OF MINES

1903.

ISSN 0035-9637 (mrrammano usnasse / printed edition)
e-ISSN 2956-2457 (online)

PEJAKIIUJA

Ip Csetnana IlonaBnep
Pygapcku unciiuitiyini g.o.o. beoipag

Ip Iasne CrjenanoBuh

Pygapcxu uncmuinyin g.o.o. Beoipag
Ip Canppa ITerkosuh ITanamasapoy
Pygapcku unciiuitiyini g.o.o. beoipag
Hp Jocun Mmex

Pygapcxu uncmuinyin g.o.0. Beoipag
Ip VBaHa JoBanoBuh

Wncmuinyin 3a pygapcinieo u meiianypiujy bop
Ip Bragumup JopaHoBuh

MUTHMC, Beoipag

Jenena Vicaunosuh

Pygapcxu uncmuinyin g.o.o. beoipag
Buonera Yomakosuh

Pygapcxu uncimiuinyin g.o.0. Beoipag

EDITORIAL BOARD

Dr Svetlana Polavder
Mining institute Ltd. Belgrade

Dr Pavle Stjepanovi¢
Mining institute Ltd. Belgrade

Dr Sandra Petkovi¢ Papalazarou
Mining institute Ltd. Belgrade

Dr Josip ISek

Mining institute Ltd. Belgrade

Dr Ivana Jovanovic

Mining and Metallurgy Institute Bor
Dr Vladimir Jovanovi¢

ITNMS, Belgrade

Jelena Isailovié

Mining institute Ltd. Belgrade

Violeta Colakovi¢
Mining institute Ltd. Belgrade

(CXXII) 1-2




m PYJAPCKUT/JTACHUK
BULLETIN OF MINES

1903.

ISSN 0035-9637 (wrammano usnate / printed edition)
e-ISSN 2956-2457 (online)

MEBYHAPOIOHU N3JABAYKIM CABET

Axapemux npo¢. ap Crnobogas Byjuh
Axagemuja urncervepcxux nayxa Cp6uje, Cpouja

Axapemuk npod. ip Banentun Yanrypuja

Pycxa axagemuja nayxa, Pycuja

Axapemux npoo. ap Heho Bypuh

Axagemuja nayxa u ymjeitinocitiu Peiiy6nuxe Cpiicke,
Bbocna u Xepueiosuna

ITpo¢. xp Cpehko Cronuh

IME MUncmuimyimi  3a IIpouecno uwxcervepcitieo u
peyuxnuparwe, RWTH Yuusepsuitieini y Axeny, Hemauka

ITpod. mp Benunucnas ViBaHos

Pygapcku gaxynitieit, Bylapcka

ITpod. ap 3opan ITanTOB

Yuusepsuitiein Toue lenues, Dakynitieil apupogrux u
mexHuukux nayxa, lllimui, Cesepra Maxegonuja

ITpod. mp Mapex Iana

AT'X yHueepsuiileiti 3a Hayky u tiexnonoiujy, Kpaxos,
Tomwcka

Ipod. xp Apyna Manranmanu

Havuonannu uncitiuiniyin 3a iiexnonoiujy, Pygapcxu
ogcex, Kapnamaxa, Nnguja

IIpod. mp Tyuuen M. Jerymanu

Konymobuja ynuseepsuinieit, Pygapcka wixona Xenpu
Kpym6, Fbyjopk, CAL]

ITpod. mp Bepemur Joen

Ynueepsuitieini y Ileinipowanujy, Pygapcku dpaxynitieid,
Pymynuja

ITpod. mp Kapcren Jpebenmiter

TY Pygapcka axkagemuja Opajbepi, Mnc. 3a pyg, Hemauka
IIpod. np Munosas Ypouresnh

Kpiiun Yuueepsuiniein, Ilepini, Ayciipanuja

ITpod. xp Abpynax OuinHe

Texnuuku yuueepsuifieiti Vcmanbyn, Ogcex pygapckoi
unncervepcinea, Typcka

Ip Mapjan Xyzej

PI'TI Benetwe, Cnosenuja

Jp Cnasomup Xpenszax
Wncmuinyin Teotiexnuxe, SAS, Kowuue, Cnosauxa

(CXXII) 1-2

INTERNATIONAL PUBLISHING COUNCIL

Academician prof. dr Slobodan Vuji¢

Academy of Engineering Sciences of Serbia, Serbia
Academician prof. dr Valentin Canturija
Russian Academy of Sciences, Russia

Academician prof. dr Nedo Duri¢

Academy of Sciences and Arts Republic of Srpska, Bosnia
and Herzegovina

Prof. dr Sre¢ko Stopic¢

IME Institute for Process Metallurgy and Recycling, RWTH
Aachen University, Aachen, Germany

Prof. dr Vencislav Ivanov

Mining Faculty, Bulgaria

Prof. dr Zoran Pantov

University Goce Delchev, Faculty of Natural and Technical
Sciences, Stip, North Macedonia

Prof. dr Marek Cala

AGH University of Science and Technology, Krakow,
Poland

Prof dr Aruna Mangalpadi

National Institute of Technology, Department of Mining,
Karnataka, India

Prof. dr Tuncel M. Jegulali

Columbia University, Henry Crumb School of Mines,
New York, USA

Prof. dr Veres Joel

University of Petrosani, Faculty of Mining,

Romania

Prof. dr Carsten Drebenstet

TU Bergakademie Freiberg, Institute of Mining, Germany
Prof. dr Milovan Urosevi¢

Curtin University, Perth, Australia

Prof. dr Abdulah Fisne

Istanbul Technical University, Department of Mining
Engineering, Turkey

Dr Marjan Hudej

RGP Velenje, Slovenia

Dr Slavomir Hredzék

Institute of Geotechnics SAS, Kosice, Slovakia



m PYJAPCKUTJTACHUK
BULLETIN OF MINES

1903.

ISSN 0035-9637 (mrrammano usnasse / printed edition)
e-ISSN 2956-2457 (online)

PELIEH3EHTI

Axapemux npod. ap Crnobopas Byjuh
Axagemuja unncerwepcxux nayka Cpouje, Cpouja
Ipod. np Munan Tpymnh

Texruuku daxynitieini y bopy, Cpbuja

ITpo¢. np Hopak Breunh

Pygapcko ieonowku daxynieit, beoipag

ITpo¢. xp Bragumup Mumcasmesnh

Pygapcko ieonowku gaxynitieis, beoipag

Ipod. mp Oyman Bepucaspesnh

Pygapcko ieonowku gaxynitieins, Beoipag

IIpod. mxp Cpehko Cronuh

IME Mncmummyin 3a IIpoyecHo unsiceroepcitiéo u
peuuxnuparwe, RWTH Yuusepsuitieiti y Axeny, Hemauka

ITpod. xp Munour Tanacujesuh
Pygapcko ieonowku daxyniieit, beoipag
Ipod. mp penpar JTasuh

Pygapcko ieonowku gaxynitieins, Beoipag
Ipod. sp Munena Kocrosuh

Pygapcko ieonowiku gaxyniein, beoipag
ITpod. mp JTasap Kpuuax

Pygapcko ieonowku gaxyninein, beoipag
[po¢. xp Bragucnas Yebamek
Pygapcko ieonowku gaxyniiein, beoipag
IIpod. np Tomucnas lllybaparosuh
Pygapcko ieonowku daxynitieis, beoipag
ITpod. mp Pape Jenenkosuh

Pygapcko ieonowiku daxynitieis, beoipag
ITpod. np Munenxo ITymuh

Pygapcko ieonowku gaxynitieis, Beoipag
Ipod. mp 3opan Hukuh

Ilymapcku gaxynitieins, Beoipag

Ipod. mp erap [Mannh

Pygapcko ieonowiku gaxyniiein, beoipag
ITpod. np Bragumup Cumuh

Pygapcko ieonowku gaxyniiein, beoipag
IIpod. np Hejau CreBanosuh

Pygapcko ieonowku gaxyniiein, beoipag
Ip Mumusako PagocaspeBuh

Pygapcku unciiuitiyii g.o.o. beoipag, Cpbuja
Ip Ceeromup Makcumosuh

Axagemuja umxncervepcxux nayxa Cpbuje

Ip Anexcanpgap MutpaumHosyh
Wncimuinyin mexnuukux nayka CAHY, beoipag, Cpbuja

Ip Mupocnas Coxnh
MUTHMC, Beoipag

(CXXII) 1-2

REVIEWERS

Academician prof. dr Slobodan Vuji¢
Academy of Engineering Sciences of Serbia
Prof. dr Milan Trumi¢

Technical Faculty in Bor, Serbia

Prof. dr Novak Bleci¢

Faculty of Mining and Geology, Serbia
Prof. dr Vladimir Milisavljevi¢

Faculty of Mining and Geology, Serbia
Prof. dr Dusan Berisavljevi¢

Faculty of Mining and Geology, Serbia
Prof. dr Srec¢ko Stopi¢

IME Institute for Process Metallurgy and Recycling,
RWTH Aachen University, Aachen, Germany
Prof. dr Milo§ Tanasijevi¢

Faculty of Mining and Geology Belgrade
Prof. dr Predrag Lazi¢

Faculty of Mining and Geology, Belgrade
Prof. dr Milena Kostovi¢

Faculty of Mining and Geology, Belgrade
Prof. dr Lazar Kricak

Faculty of Mining and Geology, Belgrade
Prof. dr Vladislav Cebagek

Faculty of Mining and Geology, Belgrade
Prof. dr Tomislav Subaranovié¢

Faculty of Mining and Geology, Belgrade
Prof. dr Rade Jelenkovié

Faculty of Mining and Geology, Belgrade
Prof. dr Milenko Pusi¢,

Faculty of Mining and Geology, Belgrade
Prof. dr Zoran Nikié,

Faculty of Forestry, Belgrade

Prof. dr Petar Papi¢

Faculty of Mining and Geology, Belgrade
Prof. dr Vladimir Simi¢

Faculty of Mining and Geology, Belgrade
Prof. dr Dejan Stevanovi¢,

Faculty of Mining and Geology, Belgrade
Dr Milinko Radosavljevi¢

Mining Institute Ltd. Belgrade, Serbia

Dr Svetomir Maksimovi¢

Academy of Engineering Sciences of Serbia
Dr Aleksandar Mitrasinovié¢

Institute of Technical Sciences of SASA, Belgrade, Serbia

Dr Miroslav Soki¢
ITNMS, Belgrade






m PYJIAPCKU TJIACHUK
BULLETIN OF MINES 1903.

ISSN 0035-9637 (mrrammano usnasse / printed edition) (CXXII) 1-2
e-ISSN 2956-2457 (online)

CAJIPKAJ / TABLE OF CONTENTS
PYIOAPCKIM
ITIACHMEK

Yacotiuc Pygapcxu inaciuk usnasu og 1903. u Hameren je
C8UM Uctupaxcusauuma U Clipyurwayuma y gomeHy thexHuu-
Ko-tiexHonowkux Hayka. daconiuc je bectinaiiaH, oieopeHol
apucitiyia, o6jasmyje peueHsupare HayuHe U CHiPyuHe UAAH-
Ke Koju cagpice 3HauajHe HOBUHe, eKcllepumeHiante U iieo-
pujcke, HayuHe u umlNcerepcKe pesyniiaile y pygapciisy, ieo-
nofuju u cpogrum obnacimiuma. Ocum unanaxa objasmyjy ce u
UpuUno3u HeHAy4Hol Kapaxkiiepa Kao wiitio cy tipeinegu HOBUX
AybnuKayuja, UpuKa3yu HAYHHUX U CIPYUHUX CKYTL08a Y 3eMbU
U UHOCTHPAHCILBY, UHPOPMALUje O HAJHOBUJUM THEXHUMKUM
gocitiuinyhuma u cu.

The journal Bulletin of Mines has been published since 1903 and is intended for all researchers and experts in the
area of technical and technological sciences. The journal is free of charge, open access, and publishes peer-reviewed
scientific and professional articles containing significant novelties, experimental and theoretical, scientific and
engineering results in mining, geology, and related areas. In addition to articles, non-scientific contributions are
also published, such as reviews of new publications, reports of scientific and professional conferences in the country
and abroad, information on the latest technical achievements, etc.

PATTOBM / ARTICLES

IITA CY CPBM 3HAJIM O 3EMJbM OJI VII 1O XVII CTOJIERA
WHAT THE SERBS KNEW ABOUT THE EARTH FROM THE 7TH TO THE 17TH CENTURY
Anexcanpap Ipy6uh / Aleksandar Grubic .. 7-50

KAPBEOTEPMAJIHA PEIYKIMJA BOKCUTHOT (UPBEHV MYJb) U MITIMEHUTHOT (TMOHUT)
OTIIAJA: OJPXVB ITPYICTVYII U3[IBAJAILY PECYPCA

CARBOTHERMAL REDUCTION OF RESIDUES OF BAUXITE (RED MUD) AND ILMENITE
(TIONITE): A SUSTAINABLE APPROACH TO RESOURCE RECOVERY

Cpehxo Cromuh, Jymko Koctuh, Murap Ilepymmh, Florian Wegmann, Henap Hukomuh, Bernd Friedrich /
Srecko Stopi¢, Dusko Kosti¢, Mitar Perusi¢, Florian Wegmann, Nenad Nikoli¢, Bernd Friedrich ..........oceveuneunce 51-62

VMHTEPIIPETAIIMJA PE3YJITATA BYIIEIHA KPEYILAKA KOPMIITREILEM E - S IVIJATPAMA
INTERPRETATION OF LIMESTONE DRILLING RESULTS USING E - S DIAGRAMS

Vitazoslav Krupa, Mdria Bali Hudakova, Edita Lazarovd, Pavol Vavrek, Alexander Kiovsky,

Lucia Ivani¢ovd / Vitazoslav Krupa, Maria Bali Hudakova, Edita Lazarova, Pavol Vavrek,

Alexander Kiovsky, LUCIa IVANICOVA ....uureueucececrinrimecnenisescseesessensenesesessessessesessesessessessessescssessessensensescssens 63-76




m PYJIAPCKU TJIACHUK
BULLETIN OF MINES 1903.

ISSN 0035-9637 (wrammano usnate / printed edition) (CXXII) 1-2
e-ISSN 2956-2457 (online)

CTPATEIIKO YIIPAB/bAIGE PYTJAPEILEM Y CBET/TY HE[JOCTATKA PECYPCA U MI3A30BA
OIOP)KMBOCTU N 3AIUTUTE ) XMBOTHE CPENVIHE

STRATEGIC MINING MANAGEMENT IN LIGHT OF RESOURCE SCARCITY AND SUSTAINABILITY
AND ENVIRONMENTAL PROTECTION CHALLENGES

VBan CreBoBuh, Diana Mihaela Tirca / Ivan Stevovi¢, Diana Mihaela TIrCa .o eecrecnecnenesineeneeseeseneieenes 77-95

YJIOT'A PYJAPCKOI CEKTOPA HA IIPMBPEJHU PA3BO]
THE ROLE OF THE MINING SECTOR IN ECONOMIC DEVELOPMENT
Tlparasx Muomesuh, [iparo Ahumosuh, Pape Ilapary / Dragan Milogevié, Drago A¢imovi¢, Rade Sarac ... 97-105

XEMUJCKM OTMCAK TEHIKMX METAJIA (YKYITHU CAIPXKA]) IUTHUTA CPBUJEY
BPEMEHY - CKPAREHM BOINY KPO3 ITPOIIVTIA BPEMEHA

HEAVY METALS TIME FOOTPRINT (TOTAL AMOUNTS) OF SERBIAN LIGNITE - A BRIEF GUIDE
THROUGH PREVIOUS TIMES

Boroby6 BydkoByh / BOZOLUD VUCKOVIC ...ttt sessssssse s sssssss s sssassssessssssssssssees 107-122

OIITMMM3AIIMJA KOHTYPA ITOBPIIMHCKNMX KOITOBA LERCHS-GROSSMANN 2D MOJEJIOM,
INIPMUMEHOM ITPOT'PAMA 3A TABEJIAPHE ITPOPAYYHE

OPTIMIZATION OF SURFACE MINE CONTOURS WITH THE LERCHS-GROSSMANN 2D MODEL,
USING SPREADSHEET PROGRAMMES

CalIa LIBHUR / S350 CVIIC wovvrrrirsreesssessesssssssseessssssssessssssssssssssssessssssssesssssssssssssssssessssssssessssssssessssssssessssssssessses 123-141

IVMMEH3VOHVCAIBE ITAPIVJATHE KOCMHE OJIJTAT AJIVIIITA ITOBPIIVMHCKOTI KOITA
IIOJBE E'Y 30HM PAITA OIIJTATAYA O-6

DIMENSIONING OF THE PARTIAL SLOPE OF THE LOCAL OPEN-PIT MINE LANDFILL IN THE O-6
SPOIL-DISPOSAL MACHINE OPERATION ZONE

BpaHKO ITeTPOBUN / Branko PEIrOVIC.. o erceeirereireeeireeireeiseesseeseeesessesessesessessssssssessssessesessesesssscssssesessesessssessenees 143-151

MEBDYCEKTOPCKA AHAJIM3A ITPOIIECA 3ATABEILA PAJOM TEPMOEJIEKTPAHA HMKOJIA
TECJIA V1 IIOBPIIMHCKMX KOITOBA JIMTHUTA PG KOJIYBAPA PEITYB/IMKA CPBUJA

INTERSECTORAL ANALYSIS OF POLLUTION PROCESSES CAUSED BY THE OPERATION OF
THE THERMAL POWER PLANT NIKOLA TESLA AND OPEN PIT LIGNITE MINES, MB KOLUBARA,
REPUBLIC OF SERBIA

Cseromup Makcumosuh, XKerpko [Tpawrano, Page Iapa / Svetomir Maksimovié, Zeljko Prastalo, Rade Sarac...153-163

PYIOAPCKA YETA HA YEJIY OTIIOPA ®AIIN3MY Y IPYTOM CBETCKOM PATY

THE MINING COMPANY AT THE FOREFRONT OF THE RESISTANCE TO FASCISM IN THE SECOND
WORLD WAR

bpanko MwraguuoBuh / Branko Miladinovic. . 165-182
OCTAJIO / OTHER

JOKTOPCKE OMCEPTAIIMJE / PhD THESIS
SHAYAJHN DOTABAJU / SIGNIFICANT EVENTS
KIBUTE / BOOKS ottt s a st s s 189
HAYYHNM M CTPYYHM CKYIIOBM / SCIENTIFIC AND PROFESSIONAL MEETINGS...cceoeviirrireiereirerececnenens 193
JEOVIHCTBEHA MAEHTUO®MKALINJA AYTOPA / OPEN RESEARCH AND CONTRIBUTOR ID (ORCID)......... 195
YITYTCTBO AYTOPUIMA / INSTRUCTION FOR AUTHORS .ottt 197




O

m PYJIAPCKU TJIACHUK
BULLETIN OF MINES 1903.

ISSN 0035-9637 (mrrammano usnasse / printed edition) (CXXII) 1-2
e-ISSN 2956-2457 (online)

HITA CY CPBM 3HAJIN O 3EMJbU
Ol VII 1O XVII CTOJIERA

WHAT THE SERBS KNEW ABOUT THE EARTH
FROM THE 7TH TO THE 17TH CENTURY

DOI: 10.5937/RG2502007G
OpurnHaMIHM Hay9HU paf
Original Scientific Paper

Anekcanpgap [pyouh Aleksandar Grubi¢
Axkapiemnja nrxemepckux Hayka Cpouje Academy of Engineering Sciences of Serbia
aleksandar_grubic@yahoo.com aleksandar_grubic@yahoo.com

[Mpumsmen 1. 9. 2025; Perrensupan 15. 10. 2025; [Tpuxsahen 17. 10. 2025.
Received 1 September 2025; Received in revised version 15 October 2025; Accepted 17 October 2025

Caxxerak: Axo Kopucitiumo uciiopujcky iogeny leonoiuje na tiepuoge: ipanayuua, emOPUOHATHA, KAO geo
IIpupogoiiuca, ocamociianena, e6onyuUona, Heokamacmpopuciuuxa u moodunucimiuuxa(l]; onga cy Cpou og
cegmol go cegamHaeciiol 86eKa UMAnU 3HAwA 0 3eMbU HA HUB0Y Up6ea géea iiepuoga.

Toxom VII u VIII ciioneha 6unu cy iaianu a cy uMany emuaupujcka 3Harea Gopexiom us pasHux genaHociu
(nomouipuspege, pygapciiea, ipahesunapcitied, kepamuxe, otiekapcitiea, u3 kamenonoma uiig). Teopujcxu cy
camo 3Hanu Kaxo je 60i Ceapoi citieopuo 3emmwy U cée HA HOj.

Y IX sexy apumunu cy xpuwhancizieo tia cy ce ogmax o tiopexsy Semme obasecitiuny u3 Ceeitiol iucma. Ilowitio
cy ce yiopego u ofiucmeHunu fioenu cy ga ipesoge krwuie Ha c60j jesux. CasHanu cy geitiame o ,,Ciléaparvy
3emme” u weHum ocobunama u3 wux kruia. Y iiom toinegy HajéaxcHuju ciiucu 6unu cy ,Xexcaemeponu® (=
IlecitiogHesu) a Hapouuilio oHaj koju je Hatiucao Bacunuje Benuxu (iipesegen Ha cpiicku ionosuxom XIV
sexa). To je 6una jequna xwuia toceehena y uenunu camo 3emmu. Taxea ob6asewilieHocili, ¥3 Halipegosarve
emuupujckoi 3narea, ociiana je cee go XII sexa.

Wsmehy XII u XV eexa gecuna cy ce wipu upoueca: (1) tioueno je pactiapuasarve cpiicke gpicase; (2) jako cy
Hatipegosana eMuupujcka 3Hara o Semmwu unitieH3usuparem pygapciiea iog Hemarouhuma u y Jecitotiiosuru;
u (3) octiteapuo ce iiocitieilenu iipenas y cnegehu tiepoug. Y iliome 6enuky ynoiy umano je 06HA6bare MAHACTHUPA
Xunangapa.

Packomagana inepuitiopuja cpiicke gprcase (Yiapu u Mneuanu og XII eexa), Typuu (og XIV sexa) u Ayciipujanyu
(0g XV1 sexa) pasopunu cy xomoienociti cpiickoi Hapoga. To je buitino yiuyanou Ha gudepenyujayujy yenoxyiite
HAYUOHANHe KYNType Ua u ycrose 3a Houeiliak emOpuoHante ieonoiuje. 3ajegnuuko je 6uno camo 3Hare u3
»Iecitiognesa” Bacunuja Benuxoi. 3a Cpbe tiog Typuuma iio je itiaxo ociano go ocnoboherwa y XIX sexy. Camo
y Xunangapy ob6asmanu cy Gpeducu Krouia ipomeHpUs UM UHITLe3UTHLETIOM.

Ha mepuitiopujama Yiapcke, Mneuana u Aycitipujaraya, mehyitium, 6une cy gocimiyine ungopmayuje ca 3aiiaga
(o Kouniepruxy, Konymbosum oitixpuhiuma, Maienanosoj exciieguuuju, Benuxum ieoipadckum oimixpuhuma, o
MuHepanuma, cifienama, o ,ieopujama emme’, Halipegosary tomoupuspege u gp.) Cee o je yiliuyano Ha
gotiywasarwe u UCUPABKY UpUMUTUeHUX 3Harwa u3 ,1llecitiognesa“ Bacunuja Benukoi (natiucanoi y IV eexy) u
apowupusarse xopusonaiia iwiux Cpoa cee go xpaja iepuga. OHu HUCY UMATU C60je CHlipyHrbaKe 3a Tipoyuasare
3emme u wenux citiena. Ilkone cy pagune anu Cpou cy y um 3emmpama Moinu OUiliy camo 60jHUUY, C6eULTTeHUUU
u ageoxatiu. 3aitio um je 6una kopucha ,,iiomoh* geojue ognuunux uimanujanckux ieonoia: Mapcumuja (1699-
1726) na Oynasy u Qopiniuca (1774) y Hanmavuju.




Anexcangap Ipy6uh, Illina cy Cpou snanu o semmwu og VII go XVII cizioneha (7-50)
Aleksandar Grubi¢, What the Serbs Knew About the Earth from the 7th to the 17th Century (7-50)

Ilpenas y cnegehu tiepug oguipao ce usmehy 1794. u 1811. iogune. OgHocHo og ysohewa Ileoinosuje y
Tumnasujy y Cpemckum Kapnosuyuma u iiojase 1io3naiioi (anu cxpajuyiioi 3001 ypxeeHOCno8eHcKol jeduka)
»Ecitiecitisosnanuja“ II. Kenienua. To epeme je 6uno obenesxceHo 00jasom Cpuckux Krould ca ieonouikum
cagpaxcajem (y okeupy gpyiux upupogHux Hayka) u 3Hatminum oboiahusarem emuupujcKux 3Hara.

Kbe‘IHe peun: CPbY, 3EMJbA, XEKCAEMEPOHI, BACMIMJE BEJIMKN

Abstract: If we use the historical division of Geology into periods: pre-scientific, embryonic, as part of Natural
History, independent, evolutionary, neo-catastrophic and mobility periods [1]; at that time, from the 7th to the 17th
century, the Serbs had knowledge about the Earth at the level of the first two periods.

During the 7th and 8th century they were pagans, so they had empirical knowledge originating from various
activities (agriculture, mining, construction, ceramics, brickmaking, quarrying, etc.). Theoretically, they only knew
how god Svarog created the Earth and everything on it.

In the 9th century, they adopted Christianity and immediately learned about the origin of the Earth from the Holy
Scriptures. Since they also became literate at the same time, they began to translate books into their own language.
They learned details about the “creation of the Earth” and its properties from these books. In this regard, the most
important writings were the “Hexaemerons” (= Six Days), especially the one written by Basil the Great (translated
into Serbian in the mid-14th century). It was the only book dedicated entirely to the Earth. Such knowledge, along
with the advancement of empirical knowledge, remained until the 12th century.

Between the 12th and 15th centuries, three processes took place: (1) the disintegration of the Serbian state began;
(2) empirical knowledge about the Earth greatly advanced with the intensification of mining under the the rule
of the Nemanji¢ dynasty and in the Despotate; and (3) a gradual transition to the next period was achieved. The
restoration of the Hilandar Monastery played a major role in this.

The fragmented territory of the Serbian state (Hungarians and Venetians from the 12th century), the Turks (from
the 14th century) and the Austrians (from the 16th century) destroyed the homogeneity of the Serbian people. This
significantly influenced the differentiation of the entire national culture and even the conditions for the beginning
of embryonic geology. The only thing that was common was the knowledge from the «Six Days» of Basil the Great.
For the Serbs under the Turks, it remained so until liberation in the 19th century. Only in the Hilandar Monastery
book copies were made with varying intensity.

In the territories of the Hungarians, Venetians and Austrians, however, information from the West was available
(about Copernicus, Columbus’ discoveries, Magellans expedition, the Great Geographical Discoveries, about minerals,
rocks, about «theories of the Earth», the progress of agriculture, etc.). All this influenced the completion and correction
of primitive knowledge from the «Six Days» of Basil the Great (written in the 4th century) and the expansion of the
horizons of those Serbs until the end of the period. They did not have their own experts for studying the Earth and its
rocks. Schools were open, but Serbs in those countries could only be soldiers, priests and lawyers. That is why the «help»
of two excellent Italian geologists was useful: Marsiglia (1699-1726) on the Danube and Fortis (1774) in Dalmatia.

The transition to the next period took place between 1794 and 1811. That is, from the introduction of Geognosy to the
Gymnasium in Sremski Karlovci and the appearance of the famous (but abridged due to the Church Slavonic language)
«Estestvoznanije» by P. Kengelech. That time was marked by the appearance of Serbian books with geological content
(within the framework of other natural sciences) and a significant enrichment of empirical knowledge.

Key words: SERBS, COUNTRY, HEXAEMERONS, BASIL THE GREAT

YBOZ INTRODUCTION

OBaj TEKCT OTHOCH Ce Ha BeOMa JIyTO BpeMe Of This text refers to a very long period of ten cen-

meceT BekBa. 1o cy nmepuopy KacHor Cpener
BeKa, PeHecance u panor HoBor Beka, 3a TO
BpeMe y EBponn cy ce gecuu MmHOru forabaju,
koju Hu Cpbe HUCY OCTaBU/IU HA MUPY.

ITpacioBenn cy BeKOBMMA >KMBEIN y palliTpKa-
HUM IUIEMEHCKVM 3ajeflHMIlaMa Ha IIpeKoKap-
natckoM npoctopy Vicroune, Cpenme u genom

8

turies. These are the periods of the late Middle
Ages, the Renaissance and the early Modern Age,
during which time many events took place in Eu-
rope, which did not leave the Serbs in peace.

For centuries, the Proto-Slavs lived in scattered
tribal communities in the Transcarpathian re-
gion of Eastern, Central and partly Western
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3anmagne EBpomne. O HauMHy HBUXOBOT XMBOTA
BIIIIE Ce CTTYTY HETo IITO Ce 3Ha, IIOIITO O TOMe
HeMa 3allMCaHMX IoflaTaka. Bepyje ce ma cy
CBJ VIMa/I CIMYaH MHOTOOOXKAYKM KYJT, 00-
perne, o6M4aje 1 1 Cy ,,[IMCanu YpTaMu 1 pesa-
M1, BusaHTHjIM Cy 3anmcany fia je To ,BeoMa
6pojan Hapop . [IpBy nycaHy mogany o wUMa
HOTUYY TeK M3 IIeCTOor Beka [2].

ITocne pacnafa PuMckor napcTBa Ha /iBa fiena,
476. TofyIHEe, OCTA0 je Kao caMOCTajiHa Jp>Ka-
Ba caMO HeroB MCTOYHU Jeo. Taj feo, mop 1a-
peMm JyctunnjanoM I, y VI Beky he ysetu Hasus
»BuzanTtuja“. Beh kpajem Tor Bexa, CrioBeHu Ha
VICTOKY, OCETI/IN CY Jia ce JIumec He OpaHy Tako
eMKacHO Kao paHuje Ia Cy MOCTEIeHO 04N
Jla Hace/baBajy M OCBajajy jeBy obany JlyHaBa.
IIpBo cy mpopupanu ca Te mosuuyje y mnpad-
KalllKe IToxofie cBe fio nonosyuHe Ipuke. Ilocre,
30py>KeHU ¢ ABapuma 567. rofjuHe, 3aIoCen
cy IlaHoHUjy. 3aTVM, Cy HaCTaBM/IV I/bauyKalllKe
nogyxsare cse fo Llapurpaga. Ilocne Tux ynaga
y ByOmu meo ap>kaBe, ABapu cy ce Bpahamu y
ITanoHujy, a CnoBenu cy ocrajanu. Tako ce cMa-
Tpa Jia je o 516. ronpune bankancko nomyocrp-
BO OWJIO Hace/beHO C/IOBEHCKVM IUIEeMEHUMA.
Herne o nonosuue VII Beka muxose pasasoje-
He 3ajefHNLe, TPeTHpPaHe Cy Kao ,,CkIaBuHmje”
u fobujase nmoce6Ha MMeHa. YITIaBHOM IIpeMa
reorpad)CKMM IIOJI0XKajuMa Ha KOj/Ma Cy ce Ha-
nasymn. (H.ap. Tumouann, Heperspanu nth,.).

CpeHOM ceMOT BeKa, Y CTapoj IOCTOjou-
Hu Meby CnoBeHMMa [07asy CIIOHTaHO [0
u3fiBajamba MOCeOHNX Hapopa. YIpaBo Taja
npeko Kapmara npemase Cpbu u XpBaru kao
noce6HO 0pOpPM/BEHN HApOAM Ca TAaYHO YT-
Bphennm HasuBuma. Cpbe je mpenBopua jen-
Ha WIM HeKONMMKo Behux 6o/be opraHmsoBa-
HUX POJOBCKUX 3aje[JHNIIA, OKO KOjuX Cy Oma
OKyIUb€Ha ¥ Mamba IjieMeHa. [Ipema napy Kosn-
cranTuHy Ilopduporenery (X Bek), Ha OCHOBY
MMCaHUX [JOKyMeHaTa U IOfaTaKa U3 yCMeHe
Tpaguuuje, Cpou cy ce Hacemmu kox ConyHa.
bps3o cy ce mpegomucnnny, Mehytum, u o go-
3ponu napa Vpaxnuja (VII Bek), mpecennmu ce
Ha npocTop naMehy pexa J/Iuma u Iluse. Jama
ucropuja Cpba Ha bajkaHCKOM IIOTyOCTpBY,
mpeMa UCTOpUYapyMa, 6uia je AUHAMUYHA U
npaheHa MHOTMM CyKOOMMa, KOMIUIMKOBAaHUM
OJTHOCMMA Ca BM3AHTUjIMMa M KOMINMjaMa U
mocefuiiaMa TUxX mpoteca [2].

Europe. More is suspected than known about
their way of life, since there is no written infor-
mation about it. It is believed that they all had
a similar polytheistic cult, rituals, customs and
that they “wrote with lines and cuts”. The Byz-
antines wrote that they were a “very numerous
people”. The first written data about them go
back only to the sixth century [2].

After the Roman Empire split into two parts in 476,
only its eastern part remained as an independent
state. This part, under Emperor Justinian I, took
the name of “Byzantium” in the 6th century. By the
end of that century, the Slavs in the east felt that the
Limes was not being defended as effectively as be-
fore, so they gradually began to settle and conquer
the left bank of the Danube. First, they penetrated
from that position in plundering campaigns all the
way to half of Greece. Then, united with the Av-
ars in 567, they occupied Pannonia. Then, they
continued their plundering ventures all the way
to Constantinople. After these incursions into the
deeper part of the state, the Avars returned to Pan-
nonia, while the Slavs remained. Thus, it is believed
that until 516, the Balkan Peninsula was inhabited
by Slavic tribes. Somewhere from the middle of
the 7th century, their separate communities were
treated as “Sclaveni” and were given special names.
Mainly according to the geographical locations in
which they were located. (e.g. Timocani, Neretvl-
jani, etc.).

In the middle of the seventh century, in the old
homeland among the Slavs, the separation of sep-
arate peoples occured spontaneously. It was then
that the Serbs and Croats crossed the Carpathians
as separately formed peoples with precisely de-
fined names. The Serbs were led by one or several
larger, better organized clan communities, around
which smaller tribes were also gathered. Accord-
ing to Emperor Constantine Porphyrogenitus
(10th century), based on written documents and
information from oral tradition, the Serbs set-
tled near Thessaloniki. They soon changed their
minds, however, and with the permission of Em-
peror Heraclius (7th century), moved to the area
between the Lima and Piva rivers. The further
history of the Serbs on the Balkan Peninsula, ac-
cording to historians, was dynamic and accom-
panied by many conflicts, complicated relations
with the Byzantines and neighbours, and the con-
sequences of these processes [2].
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Y ysaBpenoj Esponm Cpbu cy 6umm, mpso,
ocBajauy na KuexxeBmHa y Busantuju. 3atum
cy ocHoBaym KpapeBuny nop Hemamwuhnma n
HymaHoBo napctso. Ilocne merose mponactu u
TYPCKOT 3aIloceiarba N300pIIN Cy ce 3a Ba3a-
Hy decrioroBuny (0 1453) a moTOM Cy JjoCIIenu
0[], TPAjHY JUPEKTHY TYPCKY OKyTIaLiNjy.

Y3 mHore 60p6e mopemenn cy Cpbu usmehy
jaunx pp>xaBa. IIpBo cy 6mmu pasaBojenu (ox
XII Beka) jep cy Ha ceBepy OWIN IOKOpeHM
Yrapuma a Ha jyrosamagy Cy MX IPUCBOjUIN
Mnevann. Konauno, Bohenn CprickoMm mpa-
BOCTTABHOM IIPKBOM M OpraHM30BaHNU y Boj-
HUM KpajyiHaMa, XMBEIN CY I0f, AyCTPUjCKOM
ynpaBom (om XVI Beka) Ha ceBeposamapy.
Taxo mmoT/IaueHN MpeXxuBbaBaIy Cy cBe Jo Be-
nuke ceobe Cpba (1690) u Kaprmosaukor Mupa
(1699), opnocHo TemumuBapckor cabopa y Cp.
Kapnosumma (1791). Pas6bujenu, mop ympa-
Bama Typcke, Yrapcke, Benenuje u Aycrpuje
KVUBEJM CY Y MOTIIYHO Pas/IMIUTUM yCIOBMMA
u MoryhHOCTMMa 3a yCIellaH Hanpefak. Tako
Cy YIIM y OCAMHAeCT! BeK, y KOMe Cy ce OUT-
HO Pa3/IMKOBa/IN BUXOBA KY/ITypa U 3HaHE O
3em/bl, IIpeMa CpefiiHaMa y KojuMa cy obura-
Bau [2].

Jlo6puM fenoM joll Of paHuje, amu ¥ TOKOM
TOT CpeAbOBEKOBHOT KolMapa, Cpbu cy cTek-
JIM [iBe BPCTe 3Hama 0 3eM/bM U IHEHNM CTe-
HaMa: IPaKTUYHA U TeopujcKa. [Ipaktuyna cy
HOTHUIIATIA 3 MCKYCTBA, KOja Cy [IOMa3NIa 13
py@apcTBa, MeTanypruje, rpabeBnHapcTBa, Ka-
MEHOPe3auKOlI, Kpe4yapCKOT, TPHYAPCKOT, OIle-
KapCKOT, jyBe/IMPCKOT 1 Apyrux 3aHata. Hapo-
YITO Pa3BMjeHO je OM/I0 MO3HaBambe MIHepaa
u pyna 3a BpeMe Hemamnha n JJecmoroBnne
(XII mo XV Beka). Tparame 3a muma y pas-
HJM CTe€HaMa U TepeHrMa 1 npahere mpoMeHa
CJI0jeBa IIpY eKCIJI0ATALMjY Py/ia OfBUjaIN Cy
ce y “pymama’, Kako Cy Taja TpeTUpPAHU PYA-
uunu. [Tpema ,,3akony o pyguniuma“ Jlecmora
Credana Jlazapesuha (n3 1412) [3] reonomku
II0Ca0 Y PYAApPCTBY Ce Ha3MBao ,y360j“ Behnu-
Ha TUX IIOCJIOBA U HbUXOBA IIpaKca, I10 IpaBu-
1y, 6unu cy ecHa)CKu ¥ Tajuin Cy ce y Iopo-
auiama.

Teopujckn u yxoBHYM IpOLIEC CasHaBaba pas-
BMjai Cy Ce€ HE3aBUCHO Off MPaKTUYHMUX aJIK
UITaK OBM APYTHU Cy MManu oppeheH 3Havaj. Y
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In a turbulent Europe, the Serbs were, first, con-
querors and then the Principalities in Byzantium.
Then they founded the Kingdom under the rule
of the Nemanji¢ dynasty as well as the Empire of
Dusan. After the collapse of thereof and the Turk-
ish occupation, they fought for a vassal Despotate
(until 1453) and then came under permanent di-
rect Turkish occupation.

With many struggles, the Serbs were divided be-
tween stronger states. First, they were separated
(from the 12th century) because they were con-
quered by the Hungarians in the north and ap-
propriated by the Venetians in the southwest.
Finally, led by the Serbian Orthodox Church
and organized in the Military Borderlands, they
lived under Austrian rule (from the 16th centu-
ry) in the northwest. Thus oppressed, they sur-
vived until the Great Migration of Serbs (1690)
and the Peace of Karlovci (1699), and the Council
of Timisoara in Sr. Karlovci (1791), respectively.
Broken, under the rule of Turkey, Hungary, Ven-
ice and Austria, they lived in completely different
conditions and opportunities for successful pro-
gress. Thus they entered the eighteenth century,
in which their culture and knowledge of the Earth
differed significantly, according to the environ-
ments in which they lived [2].

For the most part, even before, but also during
that medieval nightmare, Serbs acquired two
types of knowledge about the Earth and its rocks:
practical and theoretical. The practical knowl-
edge came from experience, which came from
mining, metallurgy, construction, stone-cutting,
lime-making, pottery, brick-making, jewelry and
other crafts. Knowledge of minerals and ores was
particularly developed during the Nemanji¢ dy-
nasty and the Despotate (12th to 15th century).
Searching for them in various rocks and terrains
and monitoring changes in layers during the ex-
ploitation of ores took place in “holes’, as mines
were treated at that time. According to the “Law
on Mines” of Despot Stefan Lazarevi¢ (from 1412)
[3], geological work in mining was called “uzboj”
Most of these jobs and their practices were, as a
rule, guild-based and cultivated within families.

Theoretical and spiritual processes of knowl-
edge developed independently of the practical
ones, but the latter still had a certain impor-
tance. At first, they were inherited mythical
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HIOYEeTKY TO Cy Ourte HacneheHe MuTcke mpude a
HocJie ¢y 3ago6uie u xpuiheHcKy 00pasoBHY U
KY/ITYpHY NOfpILIKY. Ped je o Tpu Beoma 3Ha4aj-
Ha TIpOLIeca, KOji Cy OCTaBWIN AyOOKe Tparose
y kacuujoj ucropuju Cpb6a. [Tpouecu, o xoju-
Ma je OBfie ped, OWIM Cy: XpUCTHjaHU3ALNja,
OIICMeaBatbe 1 y/Ia3aK Y KPYT BU3AHTHUjCKOT
KyATypHoOr yruiaja. OBa Tpu Ipoljeca TeK/a cy
yIiopefo, HepaBHOMEPHO 1 JI0CTa CIIOPO.

IIpBu je 6mo mporec nokpiuTaBamwa. V3 coje
cTape MOCTOj6MHe Yy HOBY foMoBMHY Cpb6u
cy pouum Bepyjyhm y crape coBeHcke 6oro-
Be U HacTaB/bajyhm mparehe obuuaje u opro-
Bapajyhe obpene. bum cy yBepenu fa je 1eo
cBeT, He60, 3em/py 1 6uha cBOpMO jeaH cBeMO-
ryhu n Bemmku 6or Cpapor. Hexu cy ra spamm
u Ilepyn n CeroBup (OTyfa Ccy Ta TPy Hasu-
Ba C/I0BE€HM IOBE3UBA/IN Y jEAMHCTBEH I10jaM
»Ipurnas“). CBapor je IJITaBHU IpefaK CBUX
ocTanux 6orosa, koju cy My 6unn nogpehenu.
Tu 6oroBu, gpyror pena, OWIM CY y MUTOBYMA
WIN ,3ay>KeH!  3a mojefuHe onpebheHe cTBa-
py mmu ¢y 6mmy samrutHUI. Vnage, Cp6u cy
TBPJIO BEPOBA/IM KaKO Iiely 3eM/by OfIpXKaBa y
IEHOM CTaOVJIHOM IIOJIOXKAjy jeflaH OrpOMaH
xpact. 360r Tora ce XpacT CMaTpao 3a CBETO

npBo [4].

[ToMeHyTO ITaraHcKo 1 BUIIEO0XKAUKO YBeperbe
HIje MOITIO IYTO Jja Ce OfPXKY Y XpUIIThaHCKOM
okpyxemy. To je mpBu mpumerno KHe3 Bia-
ctuMup oko 850. ropguHe Ia ce MOKPCTHO ca
nopopuIioM u nparuonuma y Lapurpany. buo
jé YBepeH KaKoO je TUMM IIOCTYIIKOM XPUCTUja-
H13oao n neo Cprcku Hapop y ap>xasu. Ha-
XaJIOCT, TO je Ouma Benuka 3abnmypa. 3aTo je
IeTB CMH KHe3 MyTtumup 879. samonmo napa
Bacwmmja mpsor MahenoHma a My moMorse
y HoKpumTaBawky Hapopa. Kaga je map mpu-
KYIJO JOBO/bHO CBELITEHMKA OHM CY HOILLIN
meby Cpbe 1 TeMe/bHO MX cBe MOKpCTMIN. To
je 6uno Beh 0361/pHO U IIPABO IOKPIITABAIbE.

Cp6bu cy mpenasak u XpumhaHCTBO caMo Jie-
JIMMUYHO pasyMmenu. [lonasunm cy pefoBHO y
6oromorsbe, KpCTUIN Ce ¥ CITyIIamu TUTypruje
a/y HUIITA HUCY pasyMesnu Off CIyxoe, jep cy
TPYKM IIONOBM TO M3BOAWINM Ha CBOM je3UKY.
360r Tora, Cpbu, xox kyhe, HacTaBWwIM Cy ca
CBOjMM CTapyM IaraHckum obmuajuma. OBaj
[lyannsaM je Tpajao OKo jBa Beka. MebhyTum,

stories, and later they also gained Christian ed-
ucational and cultural support. These are three
very significant processes that left deep traces
in the later history of the Serbs. The processes
in question here were: Christianization, litera-
cy, and entry into the circle of Byzantine cultur-
al influence. These three processes proceeded
in parallel, unevenly, and quite slowly.

The first was the process of Christianization.
From their old homeland to their new home-
land, the Serbs came believing in the old Slav-
ic gods and continuing the accompanying
customs and appropriate rituals. They were
convinced that the entire world, sky, Earth and
human beings were created by one almighty
and great god Svarog. Some called him Perun
and Svetovid (hence the Slavs connected these
three names into a single concept “Triglav”).
Svarog is the main ancestor of all other gods,
who were subordinate to him. These gods,
of the second order, were in myths either “in
charge” of certain specific things or were pro-
tectors. Otherwise, the Serbs strongly believed
that the entire Earth was maintained in its sta-
ble position by one huge oak. Therefore, the
oak was considered a sacred tree [4].

The aforementioned pagan and polytheistic
beliefs could not be maintained for long in a
Christian environment. Prince Vlastimir was
the first to notice this around 850, so he was
baptized with his family and companions in
Constantinople. He was convinced that by
doing so, he had also Christianized the entire
Serbian people in the state. Unfortunately, this
was a great mistake. Therefore, in 879, his son
Prince Mutimir asked Emperor Basil I of Mace-
donia to help him in the Christianization of the
people. When the emperor gathered enough
priests, they came among the Serbs and thor-
oughly baptized them all. This was already a
serious and true Christianization.

The Serbs only partially understood the con-
version and Christianity. They came regularly
to places of worship, were baptized and listened
to the liturgies, but they did not understand an-
ything of the service, because the Greek priests
performed it in their own language. Therefore,
the Serbs, at home, continued with their old pa-
gan customs. This dualism lasted for about two
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Csern CaBa, Kajia je pafi¥io Ha OpTaHM30Balby
Cpricke nmpaBoC/IaBHe LIPKBE, jOLI YBEK je MMao
ca TMe Be/lMKe MyKe. VInak Huje fo Kpaja cBe
yCIIe0, OCTAJIO je TparoBa IaraHCKUX elleMeHa-
Ta y Bepu 1 gabe. O301/baH MOAYXBaT y pella-
Bakby OBOT IIpo6/IeMa HAaCTYINO je TeK Kajia Cy
rpuku nonosu opcTpamwenu n3 CIIIT [2].

[Tpumamem xpuinhaHCTBa IIOKpEHYTO je WU
onucMemapama C/IOBEHa, Y PYroj MOJOBMHA
IX Beka (863). To cy usBena 6paha Rupnno u
Metonuje nz Conyna. Ha mon6y Bemuxor kue-
3a MopaBcke 1 ofj06pera BIU3aHTHjCKOT 1BOPa,
6paha cy uspazgmna y MopaBcKoj HOBO CTIOBEH-
CKO IICMO, KOje je Ha3BaHO “Ilaro/puua‘ Y3 to,
HOYe/IV Cy fia IIPeBOJie HEOIIXOHE ¥ BayKHE I[PK-
BeHe Kmpure. To je yerno npumbeno meby jyx-
HuM CroBennma. OBaj OuTaH novetak (HoBe?)
IJCMEHOCTM IIOCTaBMO je TeMe/be 3a YCIIo-
CTaB/balbe ILUXOBE KIbVDKEBHOCTU UM KYITYpe.
Haxxanoct, Meroguje nocie fBajieceTak rofu-
Ha je mpeMunyo. CBe 1mTO Cy ypagmna 6paha je
3a0parbeHO a HUXOBY YYEHMIV Cy IPOTEPaHN
u3 fipxase. [Tobenumm cy KaTonmmum.

MeropujeBu u hupunoBy ydeHuIy ca 3afo-
BO/BCTBOM Cy NpuM/beHU y bByrapckoj (886.
ropune). Knmument n Haym cy ce cmectunm y
Oxpupy u Tamo noYeNn OfMax fia pajie Ha HO-
BOM IICMY, jep Ce I0Ka3ajo Ja je I7aro/buiia
HempakTnyHa. Ocnmamajyhm ce (i Ha crapo
CTIOBEHCKO) M/IM Ha I'PYKO IMCMO, OHU CY OC-
Mo ,hupwmmny®, koja je 6muna Beoma
dyHKIMOHaMHA. 360T Tora je IOTHCHY/A IIa-
ropuiy noctereno mehy Cnosennma. Kmure
nycaHe TaaropunoM sa Cpbe HUCY cauyBaHe
ma ce o WwuMa 1 He 3Ha HumrTa. (Huje nckmy-
4EeHO Jia Cy Clla/beHe y 3MMY Kajla Cy ce Tpejaimn
MOHacH, 360T CTpaIlHe 3uMe y XuIaHgapy, Ima-
nehu cysumHe kmpure.) — Taxo je omucmema-
Bae Tpajano po XII Beka.

"Rupunuia, murypruja, 60rocny’x6He Kiure u
ApYru eneMeHTH XpuinhaHCTBA Ha I[PKBEHOC-
JIOBEHCKOM je3uKy ogoMahmim cy ce Kof CBUX
jyxuyx n ucrounux CroseHa. Tako je 6110 u
kopt Cp6a, Koju Cy IPUXBAaTUIN U CBe I/IaBHE
rpaHe BU3aHTHjcKe nuBwmsanyje. [Toce6Ho y
BpeMme ycrioHa Hemammha (XII - XV Bek). /s-
Meby ocTaror, mopacna je moTpeba nopusama
XpaMoBa Kao objekaTa 3a IJpKBeHe obpere.
IIpBo cy TO 6UIe CKpoMHe OpBHape a IOCIe
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centuries. However, Saint Sava, when he worked
on organizing the Serbian Orthodox Church,
still had great difficulty with it. However, he did
not succeed in everything until the end, traces
of pagan elements in the faith still remained. A
serious attempt to solve this problem occurred
only when the Greek priests were removed from
the Serbian Orthodox Church [2].

The adoption of Christianity also initiated
the literacy of the Slavs, in the second half of
the 9th century (863). This was carried out by
the brothers Cyril and Methodius from Thes-
saloniki. At the request of the Grand Duke of
Moravia and with the approval of the Byzantine
court, the brothers created a new Slavic script
in Moravia, which was called “Glagolitic”. In
addition, they began to translate necessary and
important church books. This was well received
among the southern Slavs. This important be-
ginning of (new?) literacy laid the foundations
for the establishment of their literature and
culture. Unfortunately, Methodius died about
twenty years later. Everything the brothers did
was banned and their students were expelled
from the state. The Catholics won.

Methodius and Cyril's students were gladly re-
ceived in Bulgaria (886). Clement and Naum
settled in Ohrid and immediately began work-
ing on a new script there, because the Glagolitic
script proved impractical. Relying (either on
the Old Slavonic script) or on the Greek script,
they devised the “Cyrillic script”, which was very
functional. Therefore, it gradually replaced the
Glagolitic script among the Slavs. Books written
in Glagolitic for the Serbs have not been pre-
served, so nothing is known about them. (It is
not excluded that they were burned in the win-
ter... when the monks were warming themselves,
due to the terrible winter in the Hilandar Mon-
astery, by burning unnecessary books.) - Thus,
literacy lasted until the 12th century.

The Cyrillic alphabet, liturgy, liturgical books
and other elements of Christianity in the
Church Slavonic language became familiar to
all South and East Slavs. The same was true
of the Serbs, who also accepted all the main
branches of Byzantine civilization. Especially
during the rise of the Nemanji¢ dynasty (12th -
15th centuries). Among other things, the need
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3sujaHe IpkBe u MaHacTupu. Ha oBaj mpouec
MoNasuIy Cy yTUIIQjU U3 BU3AHTHUjCKe IpaKce
am ¥ 13 60roMosba JAJIMATMHCKMX I'PajioBa,
IITO Ce jaCHO BUAM Ha apXUTEKTypu objexa-
Ta, KOje Cy TPajuIM NaJIMaTMHCKU MajCTOPU.
OBaj npoliec OKpymeH je 00HOBOM XWIaHaapa
1198. rogusne op ctpane Cb. CaBe u Cs. Cume-
yHa. Op Tajja na cBe Jjo mpomnacTu Busantuje
Xunanpgap je 61o I1aBHa Ip)KaBHA U KYITypHa
Besa n3Mmehy Cp6a u Llapurpapa [2].

"Rupununa je umana BeoMa BaXkHy y/IOry y pa-
HOj CPIICKOj KibVKeBHOCTH. Cpbu ¢y 6mnm of,
CHa)XHMM yTHuIajeM Op1jbaHTHOT 00pa3oBama,
KIBVDKEBHOCTM M KYIType KOjU Cy Ce IMIMpPUIN
n3 apurpapa no nenom npasocinasHoM Vicro-
Ky of X Beka mo 1453. - Ilocnme mpeBobhemwa
obaBesHNUX I[PKBEHUX KmbUra Jjocta 6p3o ce
H0jaBmIa oTpeba U 3a APYroM JTUTEPATYPOM.
Hapounto tokoMm ocamocraspuBama CIILI,
noderkoM XIII coneha. YcnocraBmameMm cTa-
PUX ¥ HOBYX MaHACTUPCKMX Y IPUBATHUX OM-
O1roTeKa IpenucuBame U IpeBobheme Lemmnx
Kb1ra cy ce yMHOXMIN. Kmure cy pahene camo
10 HapyOuHM 1 6ue cy Beoma ckyie. [Tomy-
nmapHu cy 6mnm, MehyTum, nsBoau U3 pasHux
crnca, ckpaheHe Bepsuje, 300pHMIIN Iie/INX
MambJX KbUra, pparMeHTy ¥ HbUXoBe KOMIIN-
nanuje. To je 6uno ycknabeno, npe cBera, aH-
raxoBamweM OparcTBa y XwIaH#apy aam 1 ca
dbopmupamemM ce Beher 6poja HOBUX LIeHTapa
3a Te nocnose (Hoso Bpno, Cmenepeso u ap.).
[TaBHU Kajap 3a 0Baj mocao 6w cy gujany u
MOHACH NIPEBOAMOLIY U IIpecuBadn. ,[Ipema
cauyyBaHMM KibUraMa y IpBO BpeMe B/Iajjao je
MHTepecC 3a ,MEIIOBUTHUM 300pHMIIIMA aHTO-
norujckor Kapakrepa“ [5]. [Tocne cy gouurte Ha
pen u apyre kiure. Mehy muma usyseraH 3Ha-
Jaj ¥ MHTepeC B/IaJjao je 3a ,XeKcaeMepoHuMa“
(mmm ,,lllecropueBnuma)“ [21].

XekcaeMepoHU Cy OuIu 3amycaHa IpefaBama
(T.3B. OMOHUj€) WIM ITOCeOHO MICAaHN TEKCTO-
BUL. Y BJIMa je M3BeJjeHa BUIIE VI Marbe yCIe-
Ja uHTerpanuja 6ubmjcke, Mojcujese ,,Kmwure
[OCTama“, Kao TEOJIOIIKe OCHOBE, M PasHUX
aQHTUYKNX (WI030PCKMX, HAYYHUX M KOCMO-
JIOWIKMX TyMadema o cBeTy. IloueB op Puia
Anexcaupgpujckor (I Bex) kpos croneha Hajmy-
Iipuje LipKBeHe TMYHOCTY CacTaB/bajle Cy XeK-
caeMepoOHCKa fiefia. Paszmuumror KBaamureTa U
pasHux npodua. [TosHaro je oko 125 obpaga

to build temples as buildings for church cere-
monies increased. At first, these were modest
log cabins, and later brick churches and mon-
asteries. This process was influenced by Byzan-
tine practice, but also by places of worship in
Dalmatian cities, which is clearly visible in the
architecture of the buildings built by Dalmatian
masters. This process was crowned by the res-
toration of Hilandar in 1198 by St. Sava and St.
Simeon. From then until the fall of Byzantium,
Hilandar was the main state and cultural link
between the Serbs and Constantinople [2].

The Cyrillic alphabet played a very important role
in early Serbian literature. The Serbs were strong-
ly influenced by the brilliant education, literature
and culture that spread from Constantinople
throughout the Orthodox East from the 10th cen-
tury to 1453. — After the translation of obligatory
church books, the need for other literature quick-
ly arose. Especially during the independence of
the Serbian Orthodox Church, at the beginning
of the 13th century. With the establishment of
old and new monastery and private libraries, the
copying and translation of entire books multi-
plied. Books were made only to order and were
very expensive. However, excerpts from various
writings, abridged versions, collections of entire
smaller books, fragments and their compilations
were popular. This was coordinated, first of all,
with the engagement of the brotherhood in Hi-
landar, but also with the formation of an increas-
ing number of new centres for these tasks (Novo
Brdo, Smederevo, etc.). The main personnel for
this work were the students and monks, trans-
lators and copyists. “According to the preserved
books, at first there was interest in “mixed collec-
tions of an anthological nature” [5]. Later, other
books came into play. Among them, the “Hexae-
merons” (or “Six Days)” was of exceptional im-
portance and interest” [21].

Hexaemerons were recorded lectures (so-called
omonies) or specially written texts. They were a
more or less successful integration of the Bible,
Moses’ “Book of Genesis’, as the theological ba-
sis, and various ancient philosophical, scientific
and cosmological interpretations of the world.
Starting with Philo of Alexandria (1st century)
throughout the centuries, the wisest church fig-
ures composed hexaemeron works. Of varying
quality and various profiles. About 125 versions
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XeKcaemepoHa ca Buie of, 40 pasHuX Hac/IoBa
[5]. ¥ muxoBuM cafpkajuMa CKOpPO PejOBHO
HOJALM WIM MUIUbEma O 3eM/bU 3ay3UMajy
BIIIIE VIV Mambe IIpocTopa. VI3ysenn cy peTk.
ITomTo cy Hay4yHa oTkpuha 1 HoBe MHpOPMa-
nyje 0 3eM/b) y TO BpeMe CIIOPO HallpeJoBaln,
001YHe /by/ie TO Hije MHOTO HI MIHTE€PECOBAJIO
a cBe je U MHaYe OMIO MOJ KOHTPOJIOM LIPKBe.
CBu cy 61IM BepHMIY I1a Cy Ce 3a/{0BO/baBa/IN
OHVIM IITO je 3amucaHo y bubnmju.

IToper xekcaeMepoHa, MebyTuMm, nucano je o
MOCTAaHKY 3eM/be jOII ¥ Y T. 3B. MCTOPUjCKUM
»IlanejaMa® 1 Ha OYETKY MHOIMX CpebOBe-
KOBHMX XPOHUKa. ,llaneje“cy Ha cprcky pe-
Hakuyjy npeBobeHe Kao ,, HasBaHMje“ a caja
Ou ce MOITIe IpeBeCTH Kao ,HaroMmeHe . To cy
Oue ,aHOHVMHE KOMIIV/IALMje PasIMInTIX
TyMadera CTApO3aBETHNUX TEKCTOBA, 4€CTO U
U3 anoKpudHux n3popa“ [6].

CBe 0BO, 0 XeKCaeMepOHIMA, IpPUIIAJA y Kia-
cnpuKauuju Hayke y CTafujyM ,IlIpaHayke
1ie/le jecTacTBeHMIe" 1Ia u reoyoruje [1].

3aHuMBUBO je, Takobe, ja ce pasMoTpu u Ka-
KaB je 610 offHOC 3Hama 0 3emspu n3Meby mo-
nerpenux Cpb6a Ha Victoky u 3anmany. Teneparn-
HO, 6110 je cM4yHO 3Hame BehuHe o6uyHOTr
CTAaHOBHUINITBA Ha 00e CTpaHe ajy MOCTOjana
je n ogpebena pasnuxa.

Ha Vctoky, cBe mo mama Llapurpama (1453)
010 je y TOKy MHTe3MBaH VHTENIeKTYaTHU K-
BOT. ,,Jomr of Muxajna Ilcena, xoju je Ha mpary
APYTOT MUJIEHMjyMa Iocne XpucTa, OCHOBAO
YHMBep3uTET, 4Uju YITIEN je Ofp>KaBaH CBE IO
XIV Beka, pasBujaia ce IpOCBeTa, YMju Cy KO-
peHu, IpeKo cBeTux oTana Tpeher u veTBpTor
BEKa, Ce3a/u CBe JI0 IPECOKPaTOBala U JaBain
oxgmuHe mogose [7].

ITocne mama Ilapurpaga, Typcka HacTaBma C
HOBJM ocBajamuMa. To je 611a ocHOBHa dto-
30¢uja meHe ekoHoMuje. OcBajama 1 IJbauKe
3a HOBa OCBajama. Crame je 6110 MPOMeH/bI-
BO. (3aBucmo je o Benukux Besupa. Kama cy
TO 61K JBYyAY HopeknoM Cpbu >KuBeo ce na-
ropiHMje v 06pHyTO.) TakBU yCIOBU y Ap>KaBM
yHemu cy CpOuma BeIMKM KOLIMAap y OIIITH
Pa3Boj May CBe elIeMeHTe KY/AType 1 3Hama. 3a
HayKy HMje OM/I0 HUKAaKBUX ycnoBa. BehnHowm,
14

of the hexaemeron are known with more than
40 different titles [5]. In their contents, data or
opinions about the Earth almost regularly occu-
py more or less space. Exceptions are rare. Since
scientific discoveries and new information about
the Earth were progressing slowly at that time,
ordinary people were not much interested in it,
and everything was otherwise under the control
of the church. They were all believers, so they
were content with what was written in the Bible.

In addition to the hexaemeron, however, the
creation of the Earth was also written about in
the so-called historical “Paleia” and at the be-
ginning of many medieval chronicles. The “Pa-
leia” were translated into Serbian as “named”
and could now be translated as “notes”. These
were “anonymous compilations of various in-
terpretations of Old Testament texts, often
from apocryphal sources” [6].

All this, about hexaemerons, belongs in the clas-
sification of science to the stage of “pre-science
of the whole of nature” and even geology [1].

It is also interesting to consider what the re-
lationship of knowledge about the Earth was
between the divided Serbs in the East and the
West. In general, the knowledge of the majority
of the ordinary population on both sides was
similar, but there was also a certain difference.

In the East, until the fall of Constantinople
(1453), an intensive intellectual life was under-
way. “Ever since Michael Pselus, who founded
the University on the threshold of the second
millennium after Christ, whose reputation
was maintained until the 14th century, educa-
tion has been developing, the roots of which,
through the holy fathers of the third and fourth
centuries, reached all the way to the Pre-So-
cratics and bore excellent fruits” [7].

After the fall of Constantinople, Turkey contin-
ued with new conquests. This was the basic phi-
losophy of its economy. Conquests and plunder
for new conquests. The situation was change-
able. (It depended on the grand viziers. When
they were people of Serbian origin, life was
more comfortable and vice versa.) Such condi-
tions in the country brought a great nightmare
to the Serbs in terms of general development,
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Ba)kKHa je Omma caMo 60pba 3a rony eraucTeH-
uujy. Cpbu usonosanu nop Typuuma, og XV
BEKa I1a Haflajbe, TEIIKO a Cy Ca3Ha/IM HEIITO
o Konymb6oBum orkpmhuma (1498 mo 1504);
3aTumM, o HecpehHo-cpehHOM 3aBpureTKy Ma-
reJIaHOBOT MOPCKOT ITyTa OKo cBeta (1527) u
KonepHnkoBOM  X€/MOLEHTPUYIHOM  CHUCTe-
My (1543). VcTo Tako, 3aroHeTHa Cy HBUXOBA
casHama 0 BemkuM reorpadckum otkprhmma
(1450 po 1750), uth. Tpeba possomuty, mehy-
THUM, KaKO Cy O CBEMY IIOMEHYTOM IIOjeVIHIIN
UIIaK HELITO MOIJIY YyTH M CasHaTH, 6ap fenm-
MIYHO, Off CBOjUX CyHaponHuka Cp6a, koju cy
>KMBETU TIOf, yIIpaBaMa BeHenuje, AycTpuje u
Yrapcke, ¢ KojuMa Cy ce CpeTany Ioj, PasHUM
okomHocTyMa. OHO WITO je CUrypHO, MehyTum,
TO je Jla Cy pasyMeBayu, TOKOM BpeMeHa CBe
607be 1 607be, OHO IITO je HaNMCaHo Y ,,Illecro-
nHeBy Bacunmja Bennkor. bes nkaxkBux Hapo-
YUTUX U3MeHa 1 fonyHa. Tako je To ocTasno cBe
mo XVIII Beka. Y Kpaj0j IMHUjU, TO 3HAYM Ja
cy Cp6u cBe 0 TOT BpeMeHa 3Ha/IM OHO ILTO je
6110 KapaKTepuCTUYHO 3a erany [IpaHayke o
3eMbH.

Ha 3anany Cp6u, takobe, Hucy mmanu 1mo-
TOHOCTH 3a HeKakaB 030M/bHMjY 0Opa3sOBHM
U KyITypHU Hampefak. JVmak, >kuBenu cy y
fpyradnjeM ambujenty. O6pasoBarme 1 3Hambe
OWIIV Cy pe3epBICaHM 32 BIACTEIY, IPeIIO3Ha-
BaHM Cy 1 LemweHn. Mehytum u tamo cy 6mim
I0J] CHKHUM yTuLajeM upkse. [llTaBuiue, cu
JbY[M IOTITYHO CY OV/IN 1 y pyKaMa KaTOIM4Ke
npkse. HapounTo omrpo 3Hame je OMI0 KOH-
TPO/INCAHO U L|EH3YPUCaHO Of cTpaHe VIHK-
Busnyje (XIII go XIX Bek). 3a ,,OrperiHo”
00jaB/beHO [IE/I0 VTN U3PAKEHO MUIIbEHE
rybuna ce rmasa. [IpeBoan XekcaemepoHa ca
TPYKOT VIV TIMCHY Ha JIATMHCKOM 1 Ha 3amany
0wy Cy BeMa IIOITy/IapHU U ,,CUTYPHA TuTepa-
Typa“ [eHepainHo, cTame je 6uo cnenehe.

Exonomnuja ¢eypmanne BapmjaHTe Kammra-
JM3Ma 3a CBOj OIICTAHAK M Pa3BOj TPaXkua je
HayKy. YTUIIQj aHTUYKUX 3Hama O 3eM/bM je
usrybbeH pacmajgom Pumckor napcrsa. Tek
monackoM Apamna y EBpony u mUXOBUM IIpe-
BOJIMMa Ca TPYKOT Ha ApalCKM ¥ JATMHCKU
IIOHOBO jeé OTKPMBAaH AapUCTOTENIN3aM aju je
nobuo npasyu 3amax y XII Beky. 36or Tora cy
3Hama o 3em/bM KacHmuIa. [Ipso y Mramuju a
3atuM y Opannyckoj n Hemauxoj koHauHO

including all elements of culture and knowl-
edge. There were no conditions for science. For
the most part, only the struggle for bare exist-
ence mattered. The Serbs, isolated under the
Turks, from the 15th century onwards, hardly
learned anything about Columbus’ discoveries
(1498 to 1504); nor about the unfortunate-hap-
py ending of Magellan’s sea route around the
world (1527) and Copernicus’ heliocentric sys-
tem (1543). Likewise, their knowledge of the
Great Geographical Discoveries (1450 to 1750),
etc., is enigmatic. It should be allowed, howev-
er, that individuals could still hear and learn
something about all of the above, at least par-
tially, from their fellow Serbs, who lived under
the rule of Venice, Austria and Hungary, whom
they met under various circumstances. What is
certain, however, is that they understood, over
time, better and better, what was written in the
“Six Days” of Basil the Great. Without any spe-
cial changes or additions. It remained that way
until the 18th century. Ultimately, this means
that the Serbs knew until that time what was
characteristic of the stage of Pre-Earth Science.

In the West, the Serbs also did not have the fa-
cilities for any serious educational and cultur-
al progress. However, they lived in a different
environment. Education and knowledge were
reserved for the nobility, they were recognized
and appreciated. However, there they were
also under the strong influence of the church.
Moreover, all people were completely in the
hands of the Catholic Church. Especially sharp
knowledge was controlled and censored by
the Inquisition (13th to 19th centuries). For a
“wrong” published work or expressed opinion,
one could lose one’s head. Translations of the
Hexaemeron from Greek or written in Latin
and in the West were very popular and and
were considered as “safe literature”. In general,
the situation was as follows.

The economy of the feudal variant of capitalism
required science for its survival and development.
The influence of ancient knowledge about the
Earth was lost with the collapse of the Roman
Empire. It was only with the arrival of the Arabs
in Europe and their translations from Greek into
Arabic and Latin that Aristotelianism was redis-
covered, but it gained real momentum in the 12th
century. Therefore, knowledge about the Earth
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Cy M3all/Ia U3 AYroTpajHOr creneHa [IpaHay-
ke. [Ipenuna cy y erany ,EmOpuHanne Hayke®
ca rmovenyMa XymanusMma u PenecaHce, Herpe
OKo nmoyeTka XV Beka. 3Hama 0 3eM/bM jOILI Cy
Ovla Ha HOBOY MH/IMBYYa/THUX HAIlOpa Ioje-
nuHana. To je BpeMe y KoMe Cy ycaM/beHM UC-
TPa)XMBAUY CBOjy Paflo3HAJIOCT 3a/I0BO/baBa/IN
pasMUIUbakUMa, ONXamMMa M IUCMEHUM
npukasysamweM. O6aB/baM Cy TO CaMOCTATHO
u 6e3 MHOTO MHTepecoBama Kako he To 6urtn
npuxsaheno [1].

Y XVI cronehy crame ce Mano IOIpaBMUIO
Ia Cy ce IojaBwIe 1 ImpBe cuHTe3e. Kao mokas
MOXe JIa ce HaBefle Kmura ,O IMOCTaHKy IIa-
HuHA“ o Banepujyca ®dasenrtumeca (ammjac
akagemuka Valerio Faenzi- a, 6eHemMKTUHIIA,
1561) [22], objaBbeHa y Benennjckoj akape-
Muju. Y TOj KibU3M IJIaBHE IUIAHMHE Cy Ha-
crane xazia je bor crBopmo 3emsmy. Ilocne cy
IIaHuHe GOopMupaHe YClIel pasHMX YTHUIAja
(sem/poTpeca, mcmymyema 3Jem/be YCef Be-
NMKe BJIare, jaKMX IPUTUCAKA y HMOA3EMIbY O
CTpaHe ,3apo0/beHOr" Ba3[yxa, Off MOA3EeMHe
BaTpe, 0] yTHLajeM 3Be3/a a moce6Ho CyHIa,
Off epos3yje, jaKMX BeTpoBa, UTA.). OBK Apyru
YTULIAju Aeiyjy Ho/MaKa Ma MX MU ,CMPTHULIN
1 He 3anakamo. CBI apTyMeHT) O TOMe Ce Ha-
Ma3e MCK/bYYNBO y AeMMMa aHTUYKUX ayTopa
(Apucrorena, Anakcarope, Tameca, Xecnopa,
u Jlemoxpura; Cenexke, Innunja, Anbepra, Ca-
TyCTHA, Y APYTUX PUMCKUX IINCALA).

Toxom Penecance (XIV - XVI Bek) 3Hama o
3eM/bM KOHAYHO Cy Ipolia Kpo3 ¢ase: ,Ha-
Typdunos3oduje’, IpBUX reoTOUIKUX YOIIIITA-
Bama ) CacTaB/bama T. 3B. “leopuja 3emsbe”.
Herne no nonosune XVII Beka. To je 6uno Beh
BpMe 3a KOje Ce MOXX€ CMaTpaT! Jia CBAaKaKo
cmaga y ucropujy leonoruje. Yocramom, nojam
»leomoruja®, mo A. Jle Bypty [1] npBo je ymo-
Tpebben y Hemaukoj yak 1473. anu je ocrao
He3alnakeH. 3aTuM, TO MCTO ypajuo je Angpo-
BaHU KpajeM XVI Beka y jefHOM pyKOIMCYy
a 1 To Huje npuxsaheHo. Y cBakoM ciydajy o
jacHO M3/BOjeHoj Haynu leonoruju Moxe ma ce
rospu Texk of moueTka XIX Beka. — CBo TO Bpe-
me Cp6u, okynupanu Ha cojuM J3, 3. u C. te-
puUTOpMjaMa M OHM KOjU Cy MUTPATUBHO O6Mm
yla/beHu,- ocTanm cy Ha HuBoy IIpanayke mmm
Majio MopudukoBaHe u yHanpebene [Ipanayke
u3 ,,IllecrogHeBa“ Bacunuja Bemmkor. Ped je o
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was late. First in Italy and then in France and
Germany, it finally emerged from the long-last-
ing stage of Pre-Science. It moved into the stage of
“Embryonic Science” with the beginnings of Hu-
manism and the Renaissance, somewhere around
the beginning of the 15th century. Knowledge
about the Earth was still at the nascent stage of
individual efforts. That was a time when solitary
researchers satisfied their curiosity with reflec-
tions, observations and written accounts. They
did it independently and without much interest
in how it would be accepted [1].

In the 16th century, the situation improved a lit-
tle, and the first syntheses appeared. As evidence,
we can cite the book “On the Origin of Moun-
tains” by Valerius Faventies (alias of academician
Valerio Faenzi, a Benedictine, 1561) [22], pub-
lished by the Academy of Venice. In that book,
the main mountains were created when God cre-
ated the Earth. Later, mountains were formed due
to various influences (earthquakes, bulging of the
Earth due to high humidity, strong pressures un-
derground by “trapped” air, by underground fire,
under the influence of stars and especially the
Sun, by erosion, strong winds, etc.). These other
influences act more slowly, so we “mortals” do
not even notice them. All arguments about this
are found exclusively in the works of ancient au-
thors (Aristotle, Anaxagoras, Thales, Hesiod, and
Democritus; Seneca, Pliny, Albertus, Sallust, and
other Roman writers).

During the Renaissance (14th-16th centuries),
knowledge about the Earth finally went through
the phases of: “natural philosophy”, the first ge-
ological generalizations and the compilation of
the so-called “Theory of the Earth” sometime
by the middle of the 17th century. That was
already a time that can be considered to cer-
tainly belong to the history of Geology. After
all, the term “Geology”, according to A. De Burt
[1] was first used in Germany as early as 1473,
but it remained unnoticed. Later, Aldrovandi
did the same at the end of the 16th century in
a manuscript, but that too was not accepted. In
any case, one can only speak of a clearly sepa-
rate science of Geology from the beginning of
the 19th century. All that time, the Serbs, occu-
pied in their SW, W and N territories and those
who were migratoryly distant, remained at the
level of Pre-Science or a slightly modified and
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TOMe fja Cy OHV MOI/IM Ca3HaTH, Y CBOjUM Cpe-
[MHAMa, Ja je 3eM/ba OKPYIJIA, 3aTHM fia Ce 00-
phe oxo CyHua, fa y Ty MMa pasHuX pyja Koje
Ce eKCIUIOATHIIY UTJ, /i TO Huje 6110 OILITe
npuxsaheHo of Hapopa.

Ha tepuropmjama Ha Kojuma cy obuTaBamm
Cp6u 3HavajHa MO3UTMBHA I10jaBa, U3 TOT IIe-
puza, 6110 je YyBeHU UTa/TNjaHCKM HOTUXUCTOP
Mapcuby, TBOpal, IpBE BPeMEHCKe IIofene
CTeHa I IUVIaHJHA Ha ,,lIpYIMapHe" U ,,CeKyH/Iap-
He“. Kao aycTpujcku renepai, nocne Kapnosau-
Kor Mupa 1699. reosouiku je paguo y beppamny
n nop Opymkom ropom, pamu QyHAMpama
tBphaBe y [lerpoBapaauny. Taza je mpormacno
Ty Hally IUIAaHWHY ,lIpuMapHOM. [lakie, jou
y XVII Bexy @pymikoj ropu je onpebhena mena
»CTapOCT IpeMa TaJallbUM KPUTEPUjyMu-
Ma.-Y [lanmmanuju reonorujy je pagmuo Apyru
nosHatu Vtamujan A. ®optuc [8] npso cam, a
nocie Kao mpodecuonanuy Bopnd. Haxamoct
Cp6u 0 TOM IOC/Ty HIUCY 3HA/IM HUIITA /TN Jia
Cy ¥ 3Ha/IV He 61 Ta pa3yMenn.

IIpen XekcaeMepoH Ha LIPKBE€HOCTOBEHCKOM
jesuky Oyrapcke pepmakuuje 6ma je o6uMHa
kmura JoaHa Erzapxa (ca nmpenasa IX-X Bek).
Cp6u cy Mormm ofMax fia je KOpUCTe Kako je
HamnycaHa. Ha cpIcKy pefakunjy IpeHerTa je y
XIII Bexy op crpane HecpehHnor Teopopa Ipa-
Matuka y Xwuranpapy. Kmura uma mspasuro
eKJIEKTIYKI KapaKTep, Ipu 4eMy Cy Kopuurhe-
Hu TekcToBu: ITapmenupa, [lnorena, Jemoxpu-
Ta, Tameca, ApucroTena u gpyrux ayropa [5].
HajaxHMja uynmeHnnna je ga je Ersapx y cBojy
KOMIIWIaIujy yHeo Benmuke fenose [llecTonne-
Ba Bacmnmja Benukor. PykomucHmu opurmzan
oBe Kmure npener je y XVII Beky y Pycujy n
maHac ce Hanmasu 'y Mocksu. Ko Hac je cauyBan
camo mweros npemnuc u3 XVII Beka [5].

Ocum Ersapxose kmwure ypabenn cy jomr mpe-
BOIM XeKcaeMepoHa: JoBaHa 3/1aTOycCTOI, Ba-
cunnja Benmkor, Teopruja Ilncupe, CeBepuna
Jlororeta u CeBepuna aBanckor [5]. Hapoun-
To nonynapan Mehy Cpbuma 6mmu cy: npeBon
Kmbure off J. 3maToycror (36or 6oraTor JyXoB-
Hor cazipxxaja) u of I. IIncupe (jep je moerckn
6110 pYMOBAHO CAaCTaB/beH M TO Ha M3BaHpEN-
HO JIETIOM je3VKY). Y OBOM IIOITIefly 3HA4ajHO
je 6mo, Takobe, mro je Bragucnas Ipamaruk
1469. ypaguo npenuc IllectomneBa Bacunuja

improved Pre-Science from the “Six Days” of
Basil the Great. The point is that they were able
to learn, in their environments, that the Earth
is round, also that it revolves around the Sun,
that there are various ores in the soil that can
be exploited, etc., but this was not generally ac-
cepted by the people.

In the territories inhabited by Serbs, a significant
positive phenomenon from that period was the
famous Italian poly historian Marsigli, the cre-
ator of the first temporal division of rocks and
mountains into “primary” and “secondary”. As
an Austrian general, after the Peace of Karlovac
in 1699, he worked geologically at Derdap and
at the foot of Fru$ka Gora, in order to found
the fortress at Petrovaradin. At that time, he de-
clared our mountain to be “primary”. So, back in
the 17th century, the “age” of Fruska Gora was
determined according to the criteria of the time.
In Dalmatia, another famous Italian, A. Fortis
[8], first alone and then as a professional guide,
worked on geology. Unfortunately, the Serbs
knew nothing about that work, but even if they
had known, they would not have understood it.

The first Hexaemeron in the Church Slavonic
language of the edited by the Bulgarians was a
voluminous book by John the Exarch (from the
turn of the 9th-10th century). The Serbs could
immediately use it as written. It was transferred
for Serbian editing in the 13th century by the un-
fortunate Theodore the Grammaticus in Hilan-
dar. The book has a distinctly eclectic character,
using texts by: Parmenides, Diogenes, Democri-
tus, Thales, Aristotle and other authors [5]. The
most important fact is that the Exarch had includ-
ed large parts of the Six Days by Basil the Great in
his compilation. The original manuscript of this
book was transferred to Russia in the 17th centu-
ry and is today in Moscow. Only its copy from the
17th century has been preserved with us 5].

In addition to the Exarch’s book, translations
of the hexaemerons were also done: by John
Chrysostom, Basil the Great, George of Pisida,
Severinus Logothetus and Severinus of Gaval
[5]. Particularly popular among Serbs were: the
translation of the book by J. Chrysostom (be-
cause of its extensive spiritual content) and by
G. of Pisida (because it was poetically composed
in rhyme and in an extraordinarily beautiful
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Benukor ca ucror npesojia ca Kora je usBefeH
u XuaHfjapcKu npumepax. To ce BUaM 10 mu-
x0Boj ucropeTHocTU. OH Cce cafja Hajsasu y 3a-

rpe6y (y XA3Y) [9].

PykoBopiehn ce mpeTXOmHO HaBeEHNM UMEbe-
HMIIaMa, IJcall OBOT TEKCTa OJIy4Mo je Jia
3Hama ¥ Munubera Cpba 0 3eM/bM y BpeMeHy
usmeby VII u XVII Beka msnoxn npema Ille-
cTopHeBy Bacmmmja Bemukor. VimMa Hekonmko
pasiora 3a oBakaB 1360p. (1) OBaj TekcT je pe-
Ipe3eHTaTuBaH 3a To 3Hame. 2) lllectonHes Ba-
cunmja Benmykor je Baxuo 3a jefiaH off HajOo/buX,
ILITO HHUje Iy/HO, jep je ayTop 610 13y3eTaH Io-
3HaBa/Iall AHTMYKOT 3HAIba U TO, HE U3 XE/IEHN-
CTUYKMX BUSAHTUjCKUX U3BOPA, HETO U3 ayTeH-
TUYHOT rpukor Hacneba. (3) 3aro mro ympaso
cajla MMaMO Ha paclojiaramwy OfIM4aH HajHO-
BUju npesoy Kwure off C. Jakumha. (4) IlIto je
TMcal] MOTao Jja Kopycty fomahy mureparypy
0 CaMOM [IelTy a/y ¥ O YC/IOBMMA I10J, KOjUMa je
3Hame IMpeHo. To je cacBUM JJOBOJBHO.

ITopep cBera mTO je HaIpeJ, HANMCAHO, BEOMa
BaJ)KHa CY joll fBa ImuTama: (1) Kommko cy 6una
pammpena 3Hama o 3emmbu u3 lllectanesBa
Mmeby Cpbuma, u (2) kakBa je Ouma CTpyKTypa
OHVIX KOjU Cy H0OpO Io3HaBanu Ty Kiwury Ba-
cunuja Benukor, jep oHa je 611a rmaBHY U3BOP
TUX 3Hamba.

Konmko je 6mmo pammpeno 3Hame n3 Xekca-
eMepoHa Bacunmja Benmkor Temko je jmaHac
OflpeIUTH AU ce Moxke npepnocraBut. Cu-
TYpHO je HajBehy [leo CTAHOBHMIITBA HAYYNO
1 BepoBao y Mojcujesy ,,Kmury mocrama“ us
bubnuje. Victo Tako, BeoMa BepOBATHO je Ja
HIje 610 mamu 6poj Cpba, Koju Cy 3Hanu mTa
je HarmcaHo y lllacropuesy. To, mehyTum, Huje
010 yjefiHaueHO 1 omuTenpyxBaheHo 3Hame.
3aBMCUIIO je Of TOora fla MM Cy TOjeiINHIN IU-
PEKTHO IPOYNTANM ¥ PA3yMeNnu TEKCT WU CY
€BEHTYya/IHO CaMO YyIM HEMITO O 3eM/bM U3
pasHuxX usBopa. HapaBHo, 1 Konmmko cy Bepo-
Ba/IM y Ta Ca3Hamba.

Ha ppyro nurame OArOBOp je MHOTO JIAKILNL.
Ha npBoM MecTy 10 3Hamy lllecropHeBa 61
Cy AMjaly IPEeBOAMOLM M IIPEHNMCUBAYM U
JbYAU KOjU Cy OMIV Ca HbUMa Y HEIOCPEeHOM
KOHTaKTy. OfjMax [0 BbUX OMIN CY JbYAU KOju
Cy BOAM/IN MaHACTUPCKe U jaBHe 6Mbnmmorexe
18

language). In this regard, it was also significant
that Vladislav the Grammarian made a copy of
the Days by Basil the Great in 1469 from the
same translation from which the Hilandar copy
was derived. This is evident from their identity.
It is now in Zagreb (in the HAZU) [9].

Guided by the previously mentioned facts, the
writer of this text decided to present the knowledge
and opinions of Serbs about the Earth in the peri-
od between the 7th and 17th centuries according
to the Six Days of Basil the Great. There are several
reasons for this choice. (1) This text is represent-
ative of that knowledge. 2) The Six Days by Basil
the Great was considered one of the best, which is
not surprising, because the author was an excep-
tional connoisseur of ancient knowledge, and not
from Hellenistic Byzantine sources, but from the
authentic Greek heritage. (3) Because right now we
have at our disposal an excellent, recent translation
of the book by S. Jaksi¢. (4) That the writer was able
to use domestic literature on the work itself, and
also on the conditions under which the knowledge
was disseminated. That is quite sufficient.

In addition to everything written above, two
more issues are very important: (1) how wide-
spread was the knowledge about the Earth from
the Six Days among the Serbs, and (2) what was
the structure of those who were very familiar
with that book of Basil the Great, as it was the
main source of that knowledge.

How widespread the knowledge from the Hexae-
meron of Basil the Great was is difficult to deter-
mine today, but it can be assumed. The majority
of the population must have learned and believed
in Moses’ “Book of Genesis” from the Bible. It is
also very likely that there was not a small number
of Serbs who knew what was written in the the Six
Days. However, this was not a uniform and gener-
ally accepted knowledge. It depended on whether
individuals had directly read and understood the
text or possibly just heard something about the
Earth from various sources. Of course, and how
much they believed in that knowledge.

The answer to the second question is much easier.
In the first place in terms of knowledge of the Six
Days were the students, translators and copyists,
and people who were in direct contact with them.
Immediately next to them were people who ran
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VUM 9aK MIMaJIu CBOje IMYHe 6ubnmoTeke: B/a-
flapCcKe U BeNMKAlIKe IOPOfAMLe, CBY IMUCMe-
HY MoHacy 13 XWIaHAapa U CBELITEHUIN ca
6ubnmorekama, JTOTOTETH MM JacKamu (y4m-
terpy). Tpehy rpyny 4mHWIM Cy CBY IMCMeHU
JbY[IV KOjU Cy OMJIM 3aMHTepecOoBaHM 3a CBOje
obpasoBame U BUX0Ba OKO/MMHA. KoHauHoO, Ty
Cy CHajanmy U pefloBHYU TOCTM Y MaHACTUPUMA
KOju Cy cnymanu ,oMmoHuje Ha IllectomHeB®
Bacunmja Benukor Koje cy pefoBHO 4MTaHe
HIOCTIe 3aBPLIEHOT PyYKa 3a BpeMe Be/TNKOT I10-
cra. To cBe Huje 610 Manyu yKymaH 6poj fo6po
ob6asemmrenux o IllectopHesy.

Benuky ymory y npocsehuBamwy umao je Xu-
JIaHJap Kao MpPeJBOJHNK. JOII Of merose 06-
HOBe /I TOKOM KacCHMjer pa3Boja uMao je OuTHy
y/ory y ocBajamy 3Hamwa Cpba y nenmuun. buo
je CPIICKM YHMBEpP3UTET M PACajHUK 3Harba.
Ocrao je To BekoBMMa, 6e3 0631pa Ha IpoMe-
He Koje Cy ce femaBajte. [Toce6Ho je 6umo 3Ha-
YajHO LITO je MaHACTMpCKa O6mbmmoTeka 6mma
HajboraTuja Kmburama Ha 1enoj Ceroj ropu.
[Tpobnemu cy HacTajanu caMoO OHJA Kaja je
MaHacTHp 6mo fupektHo nop Typunma y XVI-
XVII u XVIII-XIX Beky.

Ospie Tpe6a moce6HO HATIACUTH fIa CY 3HAA O
3emmu us llecTognesa Bacunuja Benmxor, kao
MepUTOpHA ¥ OMOMUjCKM 1 HAyYHO HOKa3aHa,
nomunypana Mehy Cpbuma cBe o kpaja XVII
BeKa a fesioM cy kopumrhena u y XVIII, mro
JI0Ka3yjy IpeIICH U3 TOT BpeMeHa.

Ha kpajy oBor mMasno fy>ker yBofa mucal, OBOTr
TEeKCTa MMa IpUjaTHy noTpeby fja ce 3axBanu
CBUM IIperaonyMa 13 Hallle CpefyHe KOju Cy
ce 6aBM/IM pasHMM IOMEHUMa UCTOPUje U KyJI-
Type Halller Hapopa wm 6aur u gupextHo Ille-
crogHeBoM Bacwnmja Bemmkor. bes muxosor
YIOPHOT U 3aHETOT pajja IIyHOT /bybaBu He 61
6110 HU OBOT TEKCTA.

O XEKCAEMEPOHY
BACWJINJA BEJIMKOTI'

ITo H. Cakocy [10] ,Hwuje nosnara ropmua
Kazia je Bacunuje Benukn usrosopno cBoje Ge-
cezie Ha IllecropneB. Moxpaa je To 6mmo 370.
roguHe“. To M3I7Ieffla BEpOBATHO jep OHO IITa
je y ’bMMa 3allCcaHoO CBeJOYM O BUCOKOM MH-

monastery and public libraries or even had their
own personal libraries: the ruling and noble fam-
ilies, all the literate monks from Hilandar and
priests with libraries, logothetes or daskali (teach-
ers). The third group consisted of all the literate
people who were interested in their education
and their surroundings. Finally, this included
regular guests in the monasteries who listened to
the “Six Days sermons” by Basil the Great, which
were regularly read after lunch during Great Lent.
All this was not a small total number of those well
informed about the Six Days.

Hilandar played a major role in the enlighten-
ment as a leader. Ever since its restoration and
during its later development, it played an im-
portant role in the conquest of knowledge by
the Serbs on the whole. It was a Serbian Uni-
versity and a hotbed of knowledge. It remained
so for centuries, regardless of the changes that
occurred. It was especially significant that the
monastery library was the richest in books on
the entire Holy Mountain. Problems arose only
when the monastery was directly under the
Turks in the 16th-17th and 18th-19th centuries.

It should be especially emphasized here that the
knowledge about the Earth from the Six Days
by Basil the Great, as both meritorious and
biblically and scientifically proven, dominated
among the Serbs until the end of the 17th cen-
tury and was partly used in the 18th century, as
proved by the copies from that time.

At the end of this somewhat longer introduc-
tion, the writer of this text has a pleasant need
to thank all the scholars from our communi-
ty who have dealt with various domains of the
history and culture of our people or actually
directly with the Six Days of Basil the Great.
Without their persistent and passionate work
out of love, this text would not exist.

ON THE HEXAEMERON
OF BASIL THE GREAT

According to N. Sakos [10] “The year when
Basil the Great delivered his sermons on the
Sixth Day is not known. Perhaps it was in the
year 370”. This seems likely because what is
written in them testifies on the high intellectual
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TE/IeKTYa/THOM HMBOY TOBOPHMKA U OJINY-
HOM II03HABAOLy U L[PKBEHOT y4era U 3HambYy
anTnukor Hacneha. ToBopHMK ce cmyxu Ted-
HO KIbJDKEBHMM je3MKOM CBOT BpeMeHa U “TO
TaYHVMM aTMYKMM JujanektoM  mpumehyje Ka-
cuopop (cTp. 46). Bacunmje je roBopmo ocam
Oecepa meT /jaHa, HajBepOBaTHUje y TOKY Bac-
KpLImer rocrta (cTp. 44), jep cy TakBe Oecefe
Oune yobuyajeHe Gamr y TakBUM NpUIMKaMa.
ToBope je mpxao y Kecapuju Kamamoxujckoj
(ctp. 38). ,J nopex Tora mro cy 6ecene 6ue
Ha BYICOKOM HMBOY, Ca yCIIEXOM UX je IpaTu-
JI0O MHOIITBO HapOJa, Tfie Cy OMIN 3aCTyI/beHN
3aHaT/IVje, yMETHVUIIN, PAJHUIIN 1 >KeHe U3 Ha-
pona. VMako Hucy 6muie yHampep 3abenexeHe,
6une cy fo6po MCITaHMpaHe a, IOoC/e HUXO0-
BOT 3allJICVBamba Off CTpaHe Op3ommcala, 04n-
IJIe[HO je Ja ¢y Owmte mogHoeHe Bacunujy Ha
nonpasky [11].

Y To BpeMe HAC/IOB fie/ia IIPBEHCTBEHO je Of-
pebuBan npema HacmoBy mpBe 6ecene. Ipuro-
puje Huckn n Ipuropuje borocnos, mehynm,
BacunujeBo peno opMax cy HasBaIM CaMo
»XekcaemepoH*“ (,,Illecromues®) [10].

Y IllecornueBy Bacmnuje Benukm kopuctu
3a OCHOBY CBOT M3narama Mojcujey ,,Kmury
nocrama“ 13 bubmije xao ancomyTHY MCTH-
Hy. Kao mokase o ctBapamy cBera, MehyTnm,
IIMPOKO KOPVUCTY 3Hama U3 aHTN4Ke Gumoso-
¢uje u mpupopHux Hayka (=ducuka) creve-
HUX Ha cTygujama y Atunm. [Ipu Tome, Hekama
IpUXBaTa ¥ IPEHOCH 3Hama U3 aHTUKE ay Y
HI3Y CITy4ajeBa ,Teoplje IPUKUX MyApana‘“ ofi-
6ailyje 1 He IpUXBATa 3aTO IITO HUCY Y CKIAMy
ca CBeTUM NUCMOM.

Y cBojum 6ecemama Bacunuje Bemvkn y Bemm-
KOj Mepy ce ocnmamao Ha IImaTona (u meros
“Tume;j“). Ta mpuBp>keHOCT OMIIa je KO Te Mepe
71a je ,OIIA0 /10 3aK/byuKa /la Ce IJTATOHU3aM Y
M3BECHOM IIOTTIefy He criaxke ca bubmmjom, ann
TO HMje HUTHM MOXKe OMTU CMeTHa fla ce oTalj
upeamicTuuke Gpunosoduje He MHTETpUIIE ca
xpuuthanctsom® [5, 12] Hamasm Kako je ayrop
JTOCTa KOPUCTUO M APUCTOTeNNa U CTOUKe.- [pu-
KU KOMEeHTaTropy, MehyTum, He MCTUYy TOMN-
Ko BacunujeBy BesanocT 3a Ilmarona xommko
Hajase Jia je ,, IpIeo IofaTKe U3 YeTBOPUIlE
BeMMKMX Tmmcama: ApucroTena, Ilmyrapxa,
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level of the speaker and his excellent knowledge
of both church doctrine and knowledge of the
ancient heritage. The speaker is fluent in the
literary language of his time and “in the exact
Attic dialect”, notes Cassiodorus (p. 46). Basil
delivered eight sermons over five days, most
likely during the Easter fast (p. 44), since such
sermons were common on such occasions. He
delivered his speeches in Caesarea Cappadocia
(p. 38). “Despite the high level of the sermons,
they were successfully followed by a multitude
of people, including artisans, artists, workers,
and women from the people. Although they
were not recorded in advance, they were well
planned and, after they were written down by
stenographers, it is obvious that they were sub-
mitted to Basil for correction [11].

At that time, the title of the work was primar-
ily determined by the title of the first sermon.
Gregory of Nyssa and Gregory the Theologian,
however, immediately called Basil’s work sim-
ply “Hexaemeron” (“Six-Day”) [10].

In the Six Days, Basil the Great uses Moses’
“Book of Genesis” from the Bible as the basis
for his exposition as the absolute truth. As ev-
idence for the creation of the world, however,
he widely uses knowledge from ancient philos-
ophy and natural sciences (=physics) acquired
during his studies in Athens. In doing so, he
sometimes accepts and transmits knowledge
from antiquity, but in a number of cases he re-
jects and does not accept the “theories of the
Greek sages” because they are not in accord-
ance with the Holy Scriptures.

In his sermons, Basil the Great relied heavily on
Plato (and his “Timaeus”). This devotion was to
the extent that he “came to the conclusion that
Platonism in a certain respect does not agree
with the Bible, but this is not and cannot be an
obstacle for the father of idealistic philosophy
to integrate with Christianity” [5, 12] finds that
the author made extensive use of both Aristotle
and the Stoics. Greek commentators, however,
do not emphasize Basil’s attachment to Plato as
much as they find that he “drew information
from four great writers: Aristotle, Plutarch,
Aelian and Diogenes Laertius, and then from
the books of Diodorus Siculus, Oppian, Di-



Anexcangap Ipy6uh, Iliwa cy Cpou snanu o semmu og VII go XVII citioneha (7-50)
Aleksandar Grubié, What the Serbs Knew About the Earth from the 7th to the 17th Century (7-50)

Enujana u [Inorena Jleapruja, a 3aTuM U3 KibU-
ra [Inopopa Cununujanna, OnujaHa, JInocky-
puna, ®unoHa Jynejua n xpumhaHCcKUX myca-
1a VMinonura n Opurana [10].

ITo H. Papomesuh [12] Bacunoje Bemkn ca
IpyTUM ,,BennkaHyuma 3maTHOT jo6a Beka KiIa-
cYHOT 00pa3oBama, MYApO YyCIeBajy, Bogehn
padyHa Jla He CKIM3HY y THOCTHUKY jepec, fa
Ipey3My 13 aHTUYKOT Hac/ieba cBe mTo ce Huje
JIIPEKTHO KOCHJIO Ca JOTMATCKUM OCHOBaMa 1
IITO je IPaBIJIHO XpUIIhaHCTBO, MOIIO /ia 060-
rary xpunrhancky mucao“. Mebytnw, ,,Kapga my
ycarmaiaBame MojcujeBe Ipude ca palyoHal-
HJM HayYHMM OOjallibebyMa Hifje IOIa3nIo 3a
pykoM, Bacwnje je HacTamm mpo6bieM mpeny-
CTHO MYAPOCTH HOXKaHCKOT IpoBubema

IIITo ce Tiye rpukux npemnuca u npesopa C. Ca-
Koc [10] xaske: 1a X MMa MHOTO ¥ [Ja CBU IIOTH-
uy n3 Ipuke 1 Mane Asnje. ,HaBoge ce pyxomnu-
cu U3 9 Beka, Koju ce 4yBajy y Ilapnsy u Beoma
fobpor cy kBanureTa. Tako je, Ha mpumep J.
Garnier y Ilapusy mrammao gema Bacunmja Be-
mukor y Tpu ToMa (1839). Cem Tora, S. Giet (ITa-
pu3,1949) mpupenno je nspame ,,Ha OCHOBY JIBa-
JieceT CTapUX PYKONMCHUX KOfieKca 13 9 Beka“
(koju ce 4yBajy y Tamonoj HaryonanHoj 6u-
6moreny).- Kao Hajcrapuju npesop K. Xpucry
[11] HaBozM Kako je ,,Oxo 400. rofyHe N3BECHN
Escraruje, koju je xxuBeo y Pumy, nmpeseo be-
cene Ha lllecropHes Ha matuHCKH je3uk ', IToce
TOTa IPAB/bEHN CY U IPYTU IIPEINCH T1a je JIeTI0
¥ Ha 3amajy 61710 IOIy/IapHO.

Y mornemy mpeBofia M Ipemnuca Ha CPICKY
pemaxkumjy y MUTepaTypyu ce HaBOAU KaKo je
npBu npesoy lllectognesa Bacunuja Bennkor
nspaguo Huxkon Jepycanummcku 1439. rogune.
ITomume ce, Taxobe, fia je To Aeo ,IllecTonHe-
Ba“ u3 maHactupa CaBume us 1439. Meby-
tuM, H. Papgomesmh [12] kaxe: ,,Pykommc
MaHactupa XumaHpgapa 6p. 405. cactaBbeH
oko 1400. romune, capgp>xu, 3a caja, HajcTa-
pYj¥ NpeBOJ, MHTETPATHOT CPICKOT a YjelHO
U CIIOBEHCKOT IIpeBofa IeBeT ,,becena Ha Ille-
cropHeB” Bacunuja Bemmkor. Tako ce Bpeme
npeBobema Ha CPICKOCIOBEHCK) OBOT iefa
noMepa Ha cpeguHy XIV Beka“. OBaj BaxaH
IojlaTak ayTopKa AonymwaBa ,OBaj MpeBof...
MHOTO je y HayuM IOSHaTUjU IO jeSHOM

oscurides, Philo the Judaean and the Christian
writers Hippolytus and Origen [10].

According to N. Radosevi¢ [12] Basil the Great
and other “Giants of the Golden Age of Classi-
cal Education, wisely succeed, taking care not
to slip into Gnostic heresy, in taking from the
ancient heritage everything that did not direct-
ly contradict the dogmatic foundations and
proper Christianity that could enrich Christian
thought” However, “When he failed to recon-
cile the stories of Moses with rational scientific
explanations, Basil left the resulting problem to
the wisdom of divine providence”

As for Greek copies and translations, S. Sakos
[10] says: that there are many of them and that
they all originate from Greece and Asia Minor.
“Manuscripts from the 9th century, which are
kept in Paris and are of very good quality, are
mentioned. For example, J. Garnier printed the
works of Basil the Great in Paris in three vol-
umes (1839). In addition, S. Giet (Paris, 1949)
prepared an edition “based on twenty old man-
uscript codices from the 9th century” (which
are kept in the National Library there). As the
oldest translation, K. Christu [11] states that
“Around the year 400, a certain Eustathius, who
lived in Rome, translated the Sermons on the
Sixth Day into Latin”. After that, other copies
were made, so the work was also popular in the
West.

In terms of translation and transcription into
Serbian, it is stated in the literature that the first
translation of the Six Days of Basil the Great
was done by Nikon of Jerusalem in 1439. It is
also mentioned that it is part of the “Six Days”
from the Savinja Monastery from 1439. How-
ever, N. Rado$evi¢ [12] says: “The manuscript
of the Hilandar Monastery No. 405, compiled
around the year 1400, contains, for now, the
oldest translation of the integral Serbian and
also Slavic translation of the nine “Homilies on
Six Days” by Basil the Great. Thus, the time of
the translation into Serbo-Slavic of this work
is shifted to the middle of the 14th century”
The author adds to this important information
“This translation... is much better known in
science by a younger transcript, which is kept
in Zagreb (HAZU) as part of the collection of
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mnabem mpenucy, Koju ce y OKBUPY 300pHMKA
BrmapgucnaBa Ipamarmka ns 1469. roguHe yyBa
y 3arpe6by (XA3Y). Huje nosunato, mehyrum,
HU KO je Hapy4MO HU KO je IIpeBeo HU KO je
Hamucao oprorpad ror npespa. Ocum oBo-
ra IIOCTOj! jOoII MHOTO IIPEBOJIa TOT CIMCA Of
KOjMX Cy HEKUM BeOMa JIEIN.

Ilogaum o IectopneBy Bacmnuja Bemmkor y
HAIIOj JINTepaTypy HaBOJE Ce U NOMMUIbY Ha
MHOTo MecTta. HajBuine KOHKpeTHMX M KOpu-
CHVIX MI3BEIITaja O TOM CIuCy, MehyTum, Hama-
3u ce y nmybnukanyjama: [I. Iparojnosuha [5,
19]; H. Papowesuh [6, 9, 12] u A. Apkaanje-
Bu4 Typuosa ca JI. MomkosoMm [19]. Ha cas-
peMeHN CPIICKM KHbJDKeBHU jesuk, C. Jakmmh
je ypazmo HOBM IIPEBOJ Ca TPYKOT IIperyca 3a
bubmmrexy CertooTauko 6orocnosmpe CIII]
(Tpm m3pama: 2001, 2003 u 2008).

Moske ce IOCTaBUTU U TIUTame: 3aIlTO Kox
Cp6a HeMa paHujux npesoga u npemca Ille-
cropHeBa Bacummja Bemukor?! Oprospa mory
OmTy Ba: wu Cy cBU Tv ipeBopu (6ap 3a cana)
npomam mm cy ce Cpou gyro 3aoBoJ/baBaIN
oHyM 1To cy o ToM IlllecTtogHeBy ca3Hanm mo-
cpenHo. V3 IllectopneBa JoBaHa Erszapxa (u
BEroBOT IIPeBOfia Ha CPIICKM off cTpaHe Teo-
mopa Ipamaruka us 1262-3. roguue). Ersapx
je M3/I0XMOo BeNMKM Jieo Bacunmjesor cmca y
CBOM OOVMHOM [IeTy.

3acToj y npenucusamy lllecTromueBa u gpyrux
KIbJDKEBHUX Jlefla HaCTYINO je y BpeMe IIpo-
nacTy [lyIIaHOBOT LapCTBa, yCle cnabbermba
opxaBe u Hajesge Typaxa. HoBu mHTepec 3a
crinc Bacunuja Benukor, mehytum, no 1. Jpa-
rojnosuhy [5] mojaBuo ce y Bpeme Jlecrioro-
BuHe (o oxo 1400. ropuHe) ,Kama MOYUEbE
eroxa peuHTerpaunje [Inatona u mraToHnsMa
y MICAOHOM >XMBOTY EBpome ma n cpenmo-
BEKOBHOj KibikeBHOCTI (cTp. 190).- [Tagom
HecnoroBune (oko 1450) ¥ HOBUM TYpCKUM
OCBajamluMa OIeT je OIla0 MHTepeC 3a IN-
cameM 1 ynTameM.- Tek y XVII u XVIII Beky
0OHOB/bEHM CY IIPEBOAM 1 IIpemIcy Kiure Ba-
cunuja Benuxor.

Murepec 3a IllectopHeB Bacmmmja Benmxor
Tpajao je u fambe. EBo u capia, mucan oBux pe-

TOBa KOPUCTUO je HOBU IIpeBof ca rpukor C.
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Vladislav Grammaticus from 1469. However,
it neither known who commissioned it, who
translated it, or who wrote the orthography”
of that translation. In addition to this, there are
many other translations of this work, some of
which are very beautiful.

Information about the Six Days of Basil the Great
is cited and mentioned in many places in our lit-
erature. Most of the specific and useful informa-
tion on this writing, however, is found in the pub-
lications of: D. Dragojlovi¢ 5, 19]; N. Radosevi¢ 6,
9,12] and A. Arkadijevi¢ Turilova with L. Mosko-
va [19]. S. Jaksi¢ produced a new translation from
the Greek transcript into modern Serbian literary
language, for the Library of the Holy Fathers The-
ology of the Serbian Orthodox Church (three edi-
tions: 2001, 2003 and 2008).

The question can also be asked: why are there
no earlier translations and transcripts of the Six
Days of Basil the Great among the Serbs? There
can be two answers: either all these translations
(at least for now) have failed, or the Serbs have
long been content with what they had learned
indirectly about the Six Days. From the Six
Days of John the Exarch (and its translation
into Serbian by Theodore the Grammaticus
from 1262-3). The Exarch presented a large
part of Basil’s writings in his extensive work.

A halt in the copying of the Six Days and oth-
er literary works occurred during the fall of
Dusan’s empire, due to the weakening of the
state and the invasion of the Turks. However,
according to D. Dragojlovi¢ [5], a new interest
in the writings of Basil the Great appeared dur-
ing the Despotate period (from around 1400)
“when the era of the reintegration of Plato and
Platonism in the intellectual life of Europe and
even medieval literature began” (p. 190). With
the fall of the Despotate (around 1450) and the
new Turkish conquests, interest in writing and
reading declined again. Only in the 17th and
18th centuries were translations and copying of
the book of Basil the Great renewed.

Interest in the Six Days of Basil the Great contin-
ued. Even now, the writer of these lines used S.
Jaksi¢s new translation from Greek, printed by
“Beseda” from Novi Sad, in its third edition (2008).
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Jaxumnha koju je mramnana ,becena“ us Hoor
Capia n o y Tpehem nsnamy (2008).

ITo [I. Oparojnosuhy [5] mehy Hajnemme py-
kxomuce IlecromneBa Bacunmja Benukor cna-
ma npenuc Bmapgucnasa Ipamarmka us 1469.
ropuHe, nucaH 3a Humutpuja KantakyseHa u
npeson laspuna Credanosuha Beniprosnha
u3 1734. rogune nucan y Komopany u Hypy.

3a cpIcKor YMTala 1 CIyIlaola, Y IPUrogHIM
IpUIMKaMa, Off MOMEHTa Kajila je IpeBefieH
[lecTomHeB Ha Hall je3UK M KacHUje, CBe JO
XVIII Beka, To je 6uma BakHA €HIMK/IONEMjA
3Hama 13 npupope. Vs me je Morao ga ce ymo-
3Ha ca TyMademuMa o 3eM/bJ IIpeMa LIPKBEHO]
KIbJDKEBHOCTH U ¥ 110 MUI/bEMMa aHTUY-
KMX IIpMpOAmaKa, 6e3 o63upa mro Bacuamje
Benmku BehrHOM He HaBOAM HIXOBA VIMEHA.

Bacunuje Benuku je ToBOpMo 4eCTO y KOHTH-
HYUTETy O HeKOj TeMu anu BehmHoM aconmja-
TUBHO. 3aTO ce MMUCIM O IOjefVHMM TeMaMma
Hajlase pasMeIITeHe 110 Le/I0j KIbU3N. Y TEKCTY
Ipell YUTAOLEeM TO je MOopajo Jia ce IpoMe-
Hu. IIpuMemen je MeTon M3aBajama Mcedaka
ca pedMMa, pedeHuIamMa MacocuMa U LeuM
CTpaHMIIaMa O CBUM TeMaMa Koje cy obpabe-
He. 3aTUM je U3BeJJEHO HUXOBO OAroBapajyhe
JIOTMYKO IOBe3Bambe. TaKo Cy cacTaBj/beHa
oBJle ToceOHa Iorasspa: 0 Heby, 3eM/bu, BOAN,
cseTnoctu uTA. IIpu ToMe, cBakM Mceyak Ha
Kpajy je 03HaYeH Ta4HMM MECTOM Ifie Ce Haja-
31 y aKkTyenHoM npesopy us 2008. Y sarpapn
M3a LMTaTa ce Hajasy IPBO PUMCKHU Opoj Ge-
cezie (uH.1mp. V), 3atum, aparcku 6poj 3a pegHu
II07I0XKAj OfIOMKa y Oecemyu M Ha Kpajy Opoj
cTpaHuIe y Kibusu usganoj 2008 ropmue. Ha
Taj HA4MH Ce BUJY KAKO CY MCe4lly II0Be3aHN.
To je 610 HEONIXOHO jep HeKaja MOTUYY K3
BeMa yJa/beHMX JIe7IoBa TEKCTA a Of[HOCE Ce Ha
MICTe MUCTIM M VICTY IPOO/IEMaTHKY.

3HAIE O 3EMJ/bM YV HIECTOJHEBY
BACWJINJA BEJIMKOT

O ITIOCTAHKY CBETA

Bacunuje Benuku y npsoj 6ecenn, apxehu ce
CeeTor nmucMa, ofIydHo Kaxe: ,,CBeT je cas-
[aH JICTOT TPeHyTKa Kaja je M3pedeHa BoJba

According to D. Dragojlovi¢ [5], the most beau-
tiful manuscripts of the Six Days of Basil the
Great include the copy by Vladislav Grammat-
icus from 1469, written for Dimitri Kantakou-
zenos, and the translation by Gavrilo Stefano-
vi¢ Venclovi¢ from 1734, written in Komoran
and Dur.

For the Serbian reader and listener, on appro-
priate occasions, from the moment when the
Six Days of Basil the Great was translated into
our language and later, until the 18th centu-
ry, it presented an important encyclopedia of
knowledge from nature. From that translation,
the reader could learn about the interpretations
of the Earth according to church literature but
also according to the opinions of ancient natu-
ralists, regardless of the fact that Basil the Great
generally does not mention their names.

Basil the Great often spoke continuously about
a topic, but mostly associatively. That is why
thoughts on individual topics are scattered
throughout the book. In the text before the read-
er, this had to change. The method of separating
excerpts with words, sentences, paragraphs and
entire pages on all the topics that were covered
was applied. Then their appropriate logical con-
nection was made. Thus, separate chapters were
composed here: on heaven, Earth, water, light,
etc. In addition to that, at the end of each excerpt
the exact place where it is located in the current
translation from 2008 is marked. In brackets
after the quotation, first is given the Roman
number of the sermon (e.g. V), then the Arabic
number for the ordinal position of the excerpt in
the sermon and finally the page number in the
book published in 2008. In this way; it is possi-
ble to see how the excerpts are connected. This
was necessary because they sometimes originate
from very distant parts of the text and relate to
the same thoughts and the same issues.

KNOWLEDGE ABOUT THE EARTH IN
THE SIX DAYS OF BASIL THE GREAT

ON THE CREATION OF THE WORLD

In his first sermon, Basil the Great, adhering
to the Holy Scriptures, decisively states: “The
world was created at the very moment when
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Boxja u To 6e3 mpotoka BpemeHna“ (I, 24-25,
cTp. 65). lllTa Buiie, HUje MOpPaIO YaK HM TO A2
Oyne, »,JOBO/baH je caMo MUT merose Bobe” (II,
34, cTp. 91) mam IoMMcao, ,,6e3 peuu fa npeHe-
ce cBoje samucmu (I11, 7, ctp. 98).

Jlarbe, 0 IOCTaHKY CBeTa, MOXKTIa, 1 He 61 Tpe-
6ao mycaty jep cBe M3INeAa ysamygHo. Vima,
MehyTnm, y mpobnemMaTuI cTBapama CBeTa
4uTaB crekTap nHdopmammja o kojuma Cpobu
HICY MIMay 1ojMa. 360T TOra je mycal OBMX
pefioBa OfITy4Mo Jla M3Hece Iiely CTBap y LIK-
peM KOHTEKCTY.

Bor/Xpucrtoc kKao rpaguTe/b BEMUKUM LVIPK-
noM ¢opmupa “HebecKu CBOJ, KOju pasjBaja
BaceJ/beHY ca BOJIOM JICIIOf, M M3HAJ hera. YMeT-
HMK CT00OfHO KOPUCTU [iBe IIepCIIEKTVBE,
BepTUKaIHy 3a Vcyca um LUpKITy, M XOPU30H-
TAJIHO-KOCY 3a 3eM/by U Bace/beHy, Ha Ha4MH
KaKo TO JOXWB/baBa M BuAu. - VIrycrparuja
u3 jenHe ¢paniycke bubnmje us XIII croneha,
(cnmmxka 1) [23].

the will of God was pronounced, and without the
passage of time.” (I, 24-25, p. 65). Moreover, it did
not even have to be that, “just a moment of his will
is enough” (II, 34, p. 91) or the thought, “without
words to convey his thoughts” (IIL, 7, p. 98).

Further, perhaps we should not write about
the creation of the world because everything
seems in vain. However, there is a whole range
of information in the issue of the creation of
the world that the Serbs had no idea about.
That is why the writer of these lines decided to
present the whole matter in a broader context.

God/Christ as a builder forms the “celestial
vault” with a large circle, which separates the
universe with water below and above it. The
artist freely uses two perspectives, vertical for
Jesus and the circle, and horizontal-oblique
for the Earth and the universe, in the way he
experiences and sees it. - Illustration from a
13th-century French Bible, (Figure 1) [23].

Cnuxa 1, Boi/Xpucitioc xao ipaguitiern [23]
Figure 1, God/Christ as a Builder [23]

Ilocne HaBemeHe KoHCTaTaluje, Bacunuje Be-
JIMKM He TOBOPU BHu1IIe O ,,jeny TBopua“ Beh ce
paspadyHaBa ca TyMauemMMa aHTUYKUX IpU-
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After the above statement, Basil the Great no
longer speaks about the “work of the Creator”
but rather comes to terms with the interpreta-
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ponmwaka u ¢puro3oda o ToMa Kako je ycro-
CTaB/bEH CBeT.

[oBOpHMK Ce IO3MBa Ha pa3/IMunTa CXBaTama
Ipupoje ¥ HAaCTaHKa CBeTa ,OHMUX KOjU Cy
usBaH npkse“ (III, 42, ctp. 113). Oun ,cma-
TPajy Aa je 0Baj CBET OJyBEK II0CTOjao 3ajeJHO
ca borom u He mpuxBarajy ga je of mera Io-
crao, TBppiehn fa cBeT cam no cebu mocrojan
n ,y4e ga bor jecre yspo4HuMK cBerTa, anm ys-
pounuk 6e3 cBoje Bome“ (I, 27, cTp. 66, n 14,
cTp. 61; Kcenodon u np.). Tpehn, omner, ,,yue o
TOMe Jja CBeT 6€CKOHAYHO MHOTO ITyTa IIpoIa-
Ia v n3HOBa ce paba. OHM TBpfie a Bace/beHa
carope BaTpOM a OHJIa OIIeT OXKVIBM U3 CeMeHa
3aIlpeTeHor BaTpoM y cnasbeHoj marepuju” (1,
42, cTp. 115; Xepak/InT 1 CTOULN).

Ha gpyrom Mmecty, mopaje Kako Cy ,HEKU Of
BUX IpuberaBanu Maeju Jja je OCHOBAa CBeTa
BellITacCTBeHa (MarepujanHa), TBpaehn ma ys-
POK CBEMY YlHE BEIITACTBEHM €JIeMEHTH CBe-
ta. [Ipyru cy, omnert, 3aMuUIL/baAyu Jja IPUPORY
CBera BUJ/bMBOT YJMHE aTOMM ¥ HeJie/bliBa Teja
U TeXMHe U 1pasHu npoctopu. Iomro ce He-
Jie/bMBa Tella 4ac y3ajaMHO Cjelnibyjy a 4ac
pasjequibyjy, of TOra 3aBYUCH IIOCTOjarbe WU
Iponajame; a Hajjauy CIUIET aToMa HajTpaj-
HMjUX Tela IOCTaje Y3pOK OfpKarba CBETa...
3aT0 ux je 6€360>KHOCT, Koja Oellle y mb1Ma, Ha-
BeJIa Ha 3a0/TyJHY IOMMCA0 Ja CBE LITO IIOCTOj!
jecte 6e3 mopeTka 1 6e3 BohcTBa 1 kpehe ce mo
ciny4dajuoctu (I, 7-8, cTp. 57-58; [lemokpur).

[ToBOOM TaKBUMX MMII/bEHa CTAPUX IPUKUX
MyjJpalia TOBOPHMK KaXKe: KaKO Cy OHM , O
IPUPOAM MHOTO PacIpaB/baly aayu HU jefi-
Ha BJIXOBAa TeOpUja He OCTajle YBPCTa U He-
nokoje6/p1Ba: yBek je cemeha omoBpraBama
nperxopgHy. Huje Hame fma muxose Teopuje
pasobnmM4yaBaMo JJOBO/BHY Cy M OHUM CaMM Ja
OIIOBPraBajy jeqHu gpyre. Jep onu Koju 3a bora
HIICY 3HaJIV HUCY TIPUXBATAJIM TO 4 je IIpH Io-
CTaHKY CBeTa 610 IPUCYTaH pasyMHU y3POK,
Beh cy y ckimany ca cBOjuM IpBOOMTHUM He-
3HambeM 3aK/by4nBa o oHoMe uito caepn” (I,
7-8, cTp. 57-58).

Ilocme cBera HapefeHor Bacummje Bemmxwm,
mebhyTrM, 6ecroroBopHO y3uma fia je 3a Io-
CTaHaK CBeTa ,IIPBEHCTBEHO y4Yelbe JI0OrMarTa o
cTBapamy 1 ycTpojctBy cBeta“ (1,13, cTp. 60).

tions of ancient naturalists and philosophers
about how the world was established.

The speaker refers to the different understand-
ings of the nature and origin of the world of
“those who are outside the church” (III, 42, p.
113). They “consider that this world has always
existed together with God and do not accept
that it was created by him, claiming that the
world exists in itself” and “teach that God is
the creator of the world, but the creator with-
out his will” (I, 27, p. 66, and 14, p. 61; Xeno-
phon and others). And others “teach that the
world has been infinitely destroyed and reborn
many times. They claim that the universe has
been burned in fire and to revive again from
the seed threatened by fire in burnt matter” (I,
42, p. 115; Heraclitus and the Stoics).

Elsewhere, he added that “some of them had
resorted to the idea that the foundation of the
world is material (= material), claiming that the
cause of everything are the material elements of
the world. Others, on the other hand, imagined
that the nature of everything visible consists of
atoms and indivisible bodies and weights and
empty spaces. Since indivisible bodies are at
one moment mutually united and at another
moment separated, existence or decay depends
on this; and the strongest intertwining of atoms
of the most durable bodies becomes the cause
of preservation of the world... Therefore, the
impiety that was in them has led them to the
erroneous idea that everything that exists is
without order and without guidance and moves
by chance (I, 7-8, pp. 57-58; Democritus).

Regarding such opinions of the ancient Greek
sages, the speaker says: how they “discussed na-
ture a lot, but none of their theories remained
firm and unshakable: each theory always refuted
the previous one. It is not our business to expose
their theories; it is enough for them to refute each
other. For those who did not know about God did
not accept that a rational cause was present at the
creation of the world, but in accordance with their
original ignorance they rather concluded about
what follows” (I, 7-8, pp. 57-58).

After all the above, Basil the Great, however,
unquestionably assumes that for the creation of

the world, “ teaching of the dogma about the
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OcuM oBe onmMpHe paclpaBe 0 HACTAHKY CBe-
Ta 110 TpYKNM ayTopumMa Bacunuje Benukuy, ro-
BOpM AYy>ke mm Kpahe U 0 [pyruM nuramuma
13 TOT JOMEHa U 3ay3uMa ofipeheHe craBoBe.

Mosxa, Ha PBOM MeCTy Tpeba MCTaKHYTH
KaKO je TOBOPHMK IIOf IIOjMOBMMA ,CBeT" I
»Bace/beHa ToapasyMeBao: He6O, 3eMmpby u
MOpa I OHO ILTO Ce 1/13Me1')y wux Hanasu (I, 28,
CT. 67).

3aTuM je BaKaH ayTOPOB KaTeropu4YaH CTaB:
~BpeMe je ctBopeHo kax u marepuja“ (I, 20,
cTp. 63; I, 23, cTp. 64). Tume je npy>xno noru-
YaH OITOBOP Ha TO BaYXHO INTame O KOMe ce
030M/BHO pacIpaBsbaIo.

Temko je maHac pasymeTu KakKo Cy CPIICKM
CTYHIaOLM y TOYETKY, NPWINKOM IPUTOfHUX
jaBHMX YUTama, WAV HOjeAVHIM YMTAOLU TUX
TEKCTOBa CXBaTalM JM IpUXBATaaM OBa pas-
MaTpama O IOCTAaHKY Bace/beHe MU3IOXKEHUX
y lllectropeBy Bacunuja Benukor. Hapouuro y
BpeMe IbJXOBOT IIOKPIITaBaha IITO Hije UIIIO
teyHo u 6p3o. V3 [llacTonneBa JoBana Ersapxa
y X BeKy TO UM je O6M/I0 MPUCTYHAYHO Ha Oy-
rapcKoj pefaKItju, a TeIIKo Aa Cy 6110 mTa
ofi cBera tora fobpo pasymenu. BepoBaTtHO
je a Cy KacHMje IOCTENEeHO alu U IPEeBOJOM
Ha cprcku jesuk y XIII Bexy nmodenu ga cxsa-
Tajy KaKoO ce IIOCTAaHaK CBeTa He TyMadu jef-
HOCTaBHO Kao y BUXBUM MUTOBUMa: ,CBapor
je CTBOPMO CBET, HETO ia Ty MMa Pa3INuUTUX
4eCTO CYNIPOTCTAB/bEHUX MUII/bEHA, JUIeMA 1
TyMadema. Ha kpajy, To UM je mocrano MHO-
ro jacHMje Kaja Cy JOOWIN y pyKe IpeBoje U
npenuce IllectopneBa Bacunmja Benukor na
CPIICKO] pefaKLMjyu Herje OoKo monosyuHe XIV
Beka [12]. Tapga cy 6unm Beh moBopHO Tpu-
IIpeM/beHU /Ia Pa3a3Hajy IITa U KaKo Cy O TOM
B2)XHOM IIUTakby paclpaB/baly aHTUYKY MIUC-
JIMOLY a KaKo ce TO objalrmaBa y IIPKBH.

O HEBY

ToBopHMK oO6jamimaBa OTKyfa je ,He60“ fo-
6o Taj HasuB. Kaxe kako ,He60“ Ha rpuKOM
3HAYM ,,BUJIETU " I1a Ce TYIMe OIINCYje fia je ,,Bas-
myx unct u nposupan” (VI, 38, ctp. 111).

Bacunuje Bennku koHcTatyje fa He60 u 3empa
KOjU Cy CTBOPEHM MCTOBPEMEHO, ,,IIPE/ICTa-
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creation and organization of the world is pri-
mary “ (I, 13, p. 60).

In addition to this extensive discussion of the ori-
gin of the world according to Greek authors, Basil
the Great speaks at length or in brief about other
issues in that domain and takes certain positions.

Perhaps, in the first place, it should be empha-
sized that the by the terms “world” and “uni-
verse” the speaker meant: the sky, the Earth and
the seas and what is between them (I, 28, st. 67).

Also, the author’s categorical position is im-
portant: “Time was created when matter was
created” (I, 20, p. 63; L, 23, p. 64). In doing so,
he provided a logical answer to that important
question that was seriously debated.

It is difficult today to understand how Serbi-
an listeners initially, during appropriate public
readings, or individual readers of those texts
understood and accepted these considerations
about the origin of the universe presented in
the Six Days of Basil the Great. Especially at the
time of their Christianization, which did not
go smoothly and quickly. From the Six Days of
John the Exarch in the 10th century, this was
accessible to them in the Bulgarian edition, but
it is unlikely that they understood any of it well.
It is likely that later, gradually, but also with the
translation into Serbian in the 13th century,
they began to understand that the creation of
the world is not interpreted simply as in their
myths: “Svarog created the world”, but that
there are different, often opposing opinions, di-
lemmas and interpretations. In the end, this be-
came much clearer to them when they got their
hands on the translations and transcriptions of
the Six Days of Basil the Great in the Serbian
edition, somewhere around the middle of the
14th century [12]. At that time, they were al-
ready sufficiently prepared to discern what and
how ancient thinkers discussed this important
issue and how it is explained in the church.

ON THE SKY

The speaker explains where the name “sky”
comes from. He says that “sky” in Greek means
“to see” and thus describes “the air as pure and
transparent” (V1, 38, p. 111).
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B/bajy KpajHoctu Bacebene (I, 28, ctp. 67).
OHpia I0CTaB/ba MUTAbE: ,[IOCTOje JIV YOIILITe
nBa Heb6a“ (IIL, 9, cTp. 99). IIpu ToMe, fOBOAU
y cyKob rpuke ¢punozode Koju Kaxy ,ha Ho-
CTOju HeoOMYHO MHOro Hebeca M cCBeTOBA“
(Jleyxu, [JeMokpuT) 1 AprCTOTENA, KOjU TBP-
Iu #a ,IocToju camo jegHo He60“ (III, 9-10,
cTp. 99-100).

3atum, 6ecemHMK Kaxke:“Mu cMo, IaK, TOIUKO
JAJIeKO Off TOra /la He BepyjeMO Y IOCTOjame
fpyror He6a, ma Yak mcrpaxyjemo u tpehe®
(mo mcanmy 6naxenor Ilasma). Ho, ,mcamm
KOju HaM roBpu O Hebecuma Hebeca Ipyxa
HaM CasHame O TOMe Jja IIO0CTOje M BuIle He-
6eca®. 3atum, nonaje ,Io 6e3 cymme, Huje He-
BepoBaTHUje Of II0CTOjarba cefjlaM Kpyrosa Io
KOj/Ma ce, KaKO CKOPO CBU jeJJHOIVIACHO TBP-
e, xpehy 3Be3ne” (III, 12, ctp 101), ogHOCHO
»manere“ (IV, 34, ctp. 169), ,Mecen u CyHie®
(mo ITnarony). T mOMeHyTV KPYrOBU ,,KaKo
BeJle, Hajla3e ce jeflaH y ApyrMe HajauK Ha Cy-
IOBe, KOjI Cy CTIOXKeHM jefiaH y apyrome. Kpy-
xehu y cynporHom cmepy op Bacemene” (III,
12, cTp. 101).

OBo cnoxeHo nuramwe Bacunuje Benuku 3a-
K/bydyje Kako Tpeba OCTaBUTK He3HAOOII-
IVIMa JIa Cé OHM pacIpaBibajy, a CTyLIAOLIMA
je BaXHO OHO mTO Kaxke CBeTo mucmo. Tamo
HyIle KaKo IOCTOjM CaMo jeHO He6o a “OHO
IPYTO... TPEACTaB/ba HELITO APYro y OfIHO-
Cy Ha OHO HebO Koje je CTBOPEHO Y IIOYETKY...
yppinhe je U JaTo My je HAPOUUTO MMe ,,CBOJ,
Hebeckn“ (III, 45 str.117) u gpyra ,HameHa y
BacerpHU (111, 14 cTp. 102). OHpa Bacunuje Be-
JIMKY TOBOPU O ,,CBOAY Y 00MKY cepe Koju
je cTBOpeH Jia ,,pactaBu Boay of Boge™ (II1, 4,
cTp. 97; 23, ctp. 105). To je 6uno noTpebHO jep
je y modeTky 3em/pa 61Ia IIOKPUBEHA OIPOM-
HOM KoymmuyuHoM Bogie. (OBO yBepeme je 6uio
caMo Tpar TasecoBor MUIIJbEbA ¥ BeOMa CTa-
pOr Me30I0TaMMIjCKO-eTMIaTcKor yoehema a
CBe IOTN4e 13 BOfeE.)

Taxo je TBopal moce6HMM ,,CBOOM ™ OfIBOjIO
Jieo BOJie KoOja je ocTana y Bace/beHU (pexe, je-
3epa, MOpa, Bas3[yllHa BOJA) Of BOJE KOjOM
je Leo mpocTop Halle Bace/beHe oOyxBaheH ,,
IIa je OHA y LI/IMHYU IIOTIYHO 3apo0JbeHa u3-
meby HempernegHor mopa“ (III, 30, cTp. 110).
KonayHo, roBopehn o Bopu He npaBy HUKaK-

Basil the Great states that the sky and the Earth,
which were created simultaneously, “represent the
extremes of the universe” (I, 28, p. 67). He then asks
the question: “are there two heavens at all” (I, 9, p.
99). In doing so, he brings into conflict the Greek
philosophers who say “that there is an unusually
large number of heavens and worlds” (Leucippus,
Democritus) and Aristotle, who claims that “there
is only one heaven” (III, 9-10, pp. 99-100).

Then, the speaker says: “We are so far from not
believing in the existence of a second sky that we
are even investigating a third one” (according
to the psalm of the blessed Paul). However, “the
psalm that speaks to us about the skies of skies
gives us knowledge that there are more skies”
Then, he adds “This is undoubtedly no more
incredible than the existence of seven circles in
which, as almost everyone unanimously claims,
the stars and planets move” (IIL, 12, p. 101), (IV,
34, p. 169), “Moon and Sun” (according to Pla-
to). These mentioned circles “as they say, are lo-
cated inside one another like vessels, which are
stacked inside one another. Rotating in the di-
rection opposite to the universe” (IIL, 12, p. 101).

Basil the Great concludes this complex ques-
tion by saying that it should be left to the pa-
gans to discuss, and what is important for the
listeners is what the Holy Scripture says. It says
there that there is only one sky and that “the
other... represents something different from the
sky that was created in the beginning... is more
solid and is given the special name “the firma-
ment of heaven” (III, 45 p.117) and has another
“purpose in the universe” (III, 14 p. 102). Then
Basil the Great speaks of a “sphere-shaped fir-
mament” that was created to “separate water
from water” (IIL, 4, p. 97; 23, p. 105). This was
necessary because in the beginning the Earth
was covered with a huge amount of water. (This
belief was only a trace of Thales’s opinion and
the very old Mesopotamian-Egyptian convic-
tion that everything comes from water.).

Thus, the Creator separated with a special
“arch” the part of the water that remained in the
universe (rivers, lakes, seas, air water) from the
water that covers the entire space of our uni-
verse “so that it was completely trapped in the
midst of the vast sea” (III, 30, p. 110). Finally,

when speaking of water, he does not make any
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BY Pas/lMKy y 0cOOMHaMa BOJe y Bace/beH! U
»0He Bofie Koje cy Hax Hebecuma“ Beh kaxe:
»CXBaTMO Bopy kao Bopy" (III, 45, cTp. 116).
Ca oHMMa KOju 3aCTyIIajy MUII/bebe O I0ceo-
HUM ocoOMHaMa ,,Bofie Hebecke, TOBOPHMK ce
mweraun (II, 14. ctp. 102).

Ymagpueuo je kako Bacunmje Benukn tBpmu
[a Cy 3Besfie ,, Kao I[BETOBYM OKUTMIE He6O®
(VL 3, cTp. 156) a He nctude fa ce CyHue n
Mecer ,Hanmase Ha HeOy“. Ta gBa cBeT/Ia Tenma
IIOMMIb€ Ha MHOTO MeCTa ajiii TaKo Kao Ja ce
Hajlase y OKBMPY Bace/beHe. VI3HaZ Baspyxa 1
eTepa Koje OCBeT/baBajy ca BelMKe JabuHe. To
ce Moxe 3aKk/pyunty us cnegeher rexcra ,,CyH-
e 1 Mecer cy Benuka (Tesa) He 3aTO LITO CY
Beha of mpyrux 3Bespa, Beh 3aTo 1o cy Tonu-
KIX pasMepa Jia je CBET/IOCT, KOja Off lbUX Jo/a-
31, JOBOJbHA 12 0bacja u HeOOo 1 BasAyX, U CBY
sempy u Mopa“ (VI, 47, str. 175). IIpu tome,
yrosopasa Ja Cy MIIAK BeJMKU jep Cy OnmvKu
3empu of 3Be3fa ma Hac ,,CyHie obacjaBa ca
Mame ynabenoctu ( VI, 49, ctp. 175).

OBpe Ba/ba HAIIOMEHYTH JlJa TOBOPHVK BEIITO
u3beraBa OHO IITO BPJIO jacHO nuile y CBeToM
nucmy: “Ilotrom peue Bor: Heka 6yny cBetuna
Ha cBopty HebeckoM®. [lakie, CyHie n Mecen
Cy Ha ,,CBOAy HeOecKOoM“ 3ajefHO ca 3Be3fa-
Ma. To TOBOPHMK Ty M Ha APYIMM MeCTMMa
3aMemyje caMo Kao ,cBetwna Hebecka“ (VI,
7-9, cTp. 157-158), 3aT0 IITO aCTPOHOMM jaCHO
Buje pasnuky mnaMmely ymamenoctu CyHua u
Mecerna of1 3Be3fia.

3axpyuyjyhu o Heby Bacunuje Benmukn omo-
MMIbe U THIIE: ,aKO BEIMYaHCTBEHOCT Heba
Ha/l//Iasy Mepy Y0BEKOBOT pasyMa, Kako he ym
OUTH y CTamy Ja carjiefa IPUPOLY OHOra LITO
je Be4HO ,, (VL, 6, cTp. 157).

3aHuM/BUBO je, Takobe, ma je mokymao Bacu-
nuje Benuku ga Tymaun u nurame: mra je 6umo
Ha TOM IIPOCTOPY IIpe CTBapaiba Hallle Bace/be-
He? Ha ocHOBY 13pasa ,, y HO4eTKy CTBOPU, 113
Bubnuje, 3ax/py4no je fja je ,,HEIITO IOCTOjAIO0
U TIpe OBOT CBETA, HELITO IITO HAlll YM MOXe
3aMMCIIUTH /N je OHO cxBaheHo Kao HemcTpa-
JKeHo... buiio je To crame koje je crapuje of
IIOCTaHKa CBETa, MOJOOHO HEeOECKUM CUIIaMa;
CTambe Ha/[BPeMEHO, BEYHO U 6ECKOHAYHO. YM-

CTB€HA CBET/IOCT Ca XapMOHNYHVIM CBETOM YM-
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distinction between the properties of water in the
universe and “the waters that are above the skies”
but says: “let us understand water as water” (III,
45, p. 116). The speaker is joking with those who
advocate the opinion about the special properties
of “heavenly water”, (II, 14, p. 102).

It is striking how Basil the Great claims that the
stars “like flowers adorned the sky” (VI, 3, p.
156) and does not emphasize that the Sun and
the Moon “are in the sky” He mentions these
two luminous bodies in many places, but as if
they were within the universe. Above the air and
ether that they illuminate from a great distance.
This can be concluded from the following text:
“The Sun and the Moon are great (bodies) not
because they are larger than other stars, but be-
cause they are of such a size that the light that
comes from them is sufficient to illuminate both
the sky and the air, and all the land and sea” (VI,
47, p. 175). At the same time, he warns that they
are still great because they are closer to the Earth
than the stars, so “the Sun illuminates us from a
smaller distance” (VI, 49, p. 175).

It needs to be noted here that the speaker clever-
ly avoids what is very clearly written in the Holy
Scriptures: “Then God said, Let there be lights
in the firmament of the heaven” Hence, the Sun
and the Moon are in the “firmament of the heav-
en” together with the stars. The speaker replaces
this here and in other places only as “the lights
of the heaven” (VI, 7-9, pp. 157-158), because as-
tronomers clearly see the difference between the
distance of the Sun and the Moon from the stars.

Concluding about heaven, Basil the Great
warns and writes: “if the magnificence of heav-
en exceeds the measure of human reason, how
will the mind be able to perceive the nature of
what is eternal” (VI, 6, p. 157).

It is also interesting that Basil the Great tried to
interpret the question: what was in that space
before the creation of our universe? Based on the
expression “in the beginning God created”, from
the Bible, he concluded that “something existed
before this world, something that our mind can
imagine but it is understood as unexplored....
It was a state that is older than the creation of
the world, similar to the heavenly forces; a state
that is timeless, eternal and infinite. .. intellectual



Anexcangap Ipy6uh, Iliwa cy Cpou snanu o semmu og VII go XVII citioneha (7-50)
Aleksandar Grubié, What the Serbs Knew About the Earth from the 7th to the 17th Century (7-50)

cTBeHux 6mha, xoja Hagmiaase Ham pasym“(,
17-18, cTp. 62; 21, cTp. 63). OHa Cy Ha ,,JI0YeT-
Ky IIOCTOjalba CBUX BU/BUBUX U yBCTBUMA
poctynHux crBapu” ( I, 21, cTp. 63). OBOMe
nonaje ,,Hemoryhe je Bubemwe ymcTBeHMX cTBa-
P 11 Heo6jallIibUB je y IOTIYHOCTH HBIXOB JIO-
roc“ (IL, 1, cTp. 72).

(ITpBu feo ImpeTXOFHOT IIacoCa, Y IIPEBOAY
laBpmna Credanosnha Benwnosuha, mo [I.
IIparojnosuhy [5], Huje 6ykBamaH IpeBOx Kao
HaBefilenu Jakmnhes (I, 17-18, cTp. 62), Hero
je ckpahen. [Iparojnosuh muure ma Bacunuje
Benuku nocrapsba ,,IIMTambe 1ITA je IPEeTXOM-
70 cTBapamy. Iberos ogrosop Kommko je jen-
HOCTaBaH TOJMKO je M MHTepecaHTaH. ,lIpe
CTBapama BMJJBMBOI cBeTa, nuiue Bacunnje
Benukmu, mocrojana je camo eHepruja u cmia
Koja je crapuja og Marepujansor csera (I. C. B.
¢on 3). OBo [Iparojmosuhy npysxa moryhHocT
3a BeOMa 3aHMM/bUB KOMEHTap. ,[puka ¢u-
no3oduja HUKa/A HIje JOUIIa [0 IIojMa Cuie
UM €eHePIUje Kao CTalba ,lIpe CBaKOT BPEMEHA,
CTama BEYHOr ¥ HempeKkupgHor . OBa Ha IIpBU
norzefi ¢aHTacTMYHA M CAacBUM HeHay4Ha
TBpAMaA OIa je Bp/Io 3HaYajHa jep je cafpika-
Basa Behy Jleo OHOT Haropa MauITe Koju je 61o
noTpebaH jja ce MHOro KacHuje cropu Komep-
HMKOBA XMIIOTe3a 1 MOfiepHe (QU3NUIKe Teopuje
o eHepruju u cuan'.- OBaj UCKOpAaK 13 Halle
TeMe caMo moTBphyje fa caBpeMeHMIM HUCY
y3alyqi pasyMenu BICOK ¥ BeoMa HaflapeH MH-
TelleKTya/lHy KananuteT Bacummja Benmkor.)

Ocum cBera Tora, TBopar je ,Ha caMOM IIO-
4eTKy CBOT jie/lla IIOCTaBMO M Wb CBeTa ILITO
je ctBopuo“ (III. 48, ctp, 118). Konauno, bor
je »3HAo KOJIMKO je BpeMeHa OJpefyo CBeTy
3a tpajame (III, 26, cTp.107), cBe HOK He mobe
»4ac kajja he ce 6utn cuprxeno sarpom™ (II1,
10. cTp. 1 10), kapma ce cBe 3aBPILN ,,OKOHYAIbEM
Bacerbere” (IX, 6, cTp. 226; V, 56, cTp. 154).

CBa oBa M3jararma TOBOPHUK je 3aK/bydyo
KOHCTaTaImjoM; ,,CBe LITO je y BpeMeHY 3aI1o-
4eTO HY)KHO je Ja Ce y BPeMeHY U 3aBpIUN...y
menosuma u y nemvan (I, 13, ctp. 60).

O 3EM/b

Bacunuje Benmukn mctmde kKako, mo CeeToM
IIACMY, Y MOMEHTY KaJja je HacTaja ,3eM/ba je

light... with a harmonious world of intellectual
beings, which surpass our reason” (I, 17-18, p.
62; 21, p. 63). They are at the “beginning of the
existence of all visible and sensible things” (I,
21, p. 63). To this he adds “The vision of mental
things is impossible and their logos is completely
inexplicable” (I1, 1, p. 72).

(The first part of the previous passage, translat-
ed by Gavrilo Stefanovi¢ Venclovi¢, according
to D. Dragojlovi¢ [5], is not a literal transla-
tion like the one by Jaksi¢ (I, 17-18, p. 62), but
rather an abbreviated one. Dragojlovi¢ writes
that Basil the Great asks “the question of what
preceded creation. His answer is as simple as it
is interesting. “Before the creation of the visi-
ble world, writes Basil the Great, there was only
energy and force that is older than the material
world (G. S. V. fol. 3). This provides an oppor-
tunity to Dragojlovi¢ to give a very interesting
comment. “Greek philosophy never came to
the concept of force or energy as a state “before
all time, a state eternal and continuous.” This
at first glance fantastic and completely unscien-
tific claim was very significant because it con-
tained a large part of the effort of imagination
that was needed to create the Copernican hy-
pothesis and modern physical theories of en-
ergy and force”. This digression from our topic
only confirms that it was not in vain that the
contemporaries understood the greatly gifted
intellectual capacity of Basil the Great).

In addition to all this, the Creator “set the goal
for everything he had created at the very be-
ginning of his work” (III. 48, p. 118). Finally,
God “knew how much time he had decided
for the world to last (III, 26, p. 107), until “the
hour came when everything would be burned
up with fire” (II1, 10, p. 110), when everything
would end with “the end of the universe” (IX, 6,
p. 226; V, 56, p. 154).

The speaker concluded all these statements
with the statement; “Everything that is begun
in time must necessarily be finished in time...in
parts and on the whole” (I, 13, p. 60).

ABOUT THE EARTH

Basil the Great points out that, according to
the Holy Scriptures, at the moment when it
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Ouma mycra M HeBUUBMBA“. Y CTBapu OHa je
6wa ,Imycra“ 360r TOra LITO ,,Ha H0j HItje 6110
uuaera“ (I1, 4, ctp. 78) a ,,HeBu/bMBa“ U3 BuILe
pasora. IIpBo, 3aTo wTO HKje 61TIO CBeTIA Ta
je Bmapana ,gy6oka Hoh® (II, 19, ctp. 85). Ipy-
rO, LIITO ,,jolI He Oemre yoBeka Aa je Buau (II, 4,
cp 78) u tpehe, 3aro 1o jy je ,,6e3maH mpexpu-
Bao“ (I, 18, 84). [Ipyrum pednma, 3aTO LITO je
JeXxxana BeoMa RyOOKO NCIOR BOfeHe Mace,
KOja je ca ,CBMX CTpaHa OKPY>KMBaja 3eM/by"
(I, 23, cTp. 106). Jep ce Bome“ jor He Gexy ca-
Opane“y cBoja ,,360pumra“ (11, 4, 78).

Jla/be TOBOPHUK KaKe ,,JIMa X KOju Y31Majy Jja
je MaTepuja ,II0 CBOjOj IPUPOAU U HEBUIJbU-
Ba U 6e300/I1M4YHa, Te je WbYy. Ipey3eo YMeTHUK
TOBEO je y IopefaK 1 TaKo je Off e Ca3fao CBe
IITO je BU/BVBO".

Bacunuje Benukwm, oBfie ce paspadyyHaBa ca
rHoctTuiuMa. HasuBa ux ,usonadnre/beM yc-
THe" Koju ,u3Bphy cMmcao CBeTor mmcMa u
iy 1o concrseHoM Haxobewy“ (II, 6, cTp.
79).

3atum je opmenmmo TBopal jemHUM ,,CBOXOM
UCTy BOAY Ha IBa fe/la: M3HAL U MCIOf, TOT
~Hebeckor cBoma“ (I, 4, ctp. 97; 111, 45, cTp.
116). Tako je Tpeher nana pasfe/beHO KOITHO O
BOJle, KOja ce MOBYKJIa Y CBOja ,CIIpeMMIITA".
OpnMax ce mokasaja ,,cyxa“ 3em/ba Ia He Tpeba
cMarpari Aa je ,CyHIle y3pOK Cylierma 3eMbe”
jep je ono Hactano kacumje (IV, 22, cp. 128).
Ocum Tora, U3[BOjeHe Cy U ,BeluKe crajahe
BOJIe, Koje je bor kacHmuje HAYMHMO U HA3BAO
ux mopuma‘“ (IL, 4, ctp. 78).

[Toce6HoO je Bacunuje Bemuku pacripasbao fBa
KPYIIHA IUTaka: Ha YeMy je 3eM/ba OCHOBaHaA 1
3aIlTO je HeMOMMYIHA?

IToBomoM mpBoOr MMTama Nucal caBeTyje aa ce
OHO He UCTpaxyje , jep he T ce Taga pasym
HOMYTUTH, KaKO Ce TO BUAM IO pasMaTparbu-
Ma ctapux ¢umnosoda (I, 33, crp. 69). ,Axo
y3Mell fla Cce VCHOfI 3eM/b€ Ha/lasM Bas3Ayx
(AnakcumeH, AHakcaropa, eMoKput) wmm
BOJ]a IMTame je KaKO OHa He IpOoIajiHe I II0-
TOHE 300T CBOje Te>XXMHe. AKO IPEANOCTaBUII
Ia ce 3eM/ba OC/Tamba Ha HEKAKBO JIPYTO TeJO,
Koje je TBpbe oz 3emmpe (Kcenogon, Kanodan)
OHJIa MOpAIIl [ia Y3MelI KaKO Ce TO Te/IO OIeT
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was created, “the earth was desolate and invis-
ible” In fact, it was “ desolate” because “there
was nothing on it” (II, 4, p. 78) and “invisible”
for several reasons. First, because there was no
light and “deep night” reigned (II, 19, p. 85).
Secondly, because “there was no man yet to see
it” (IL, 4, sr 78) and thirdly, because “the abyss
covered it” (II, 18, 84). In other words, because
it lay very deep beneath the mass of water,
which “surrounded the earth on all sides” (III,
23, p. 106). For the waters “had not yet gath-
ered” into their “gatherings” (II, 4, 78).

The speaker further says, “There are those who
hold that matter is “by its nature both invisible
and formless, and that ...it was taken over by
the Artist who brought into order and thus cre-
ated from it all that is visible”

Basil the Great here deals with the Gnostics. He
calls them “perverters of the truth” who “distort
the meaning of the Holy Scriptures and write
according to their own whims” (I, 6, p. 79).

Then the Creator separated the same water with a
single “firmament” into two parts: above and be-
low that “firmament” (I, 4, p. 97; 111, 45, p. 116).
Thus, on the third day, the dry land was separat-
ed from the water, which retreated into its “res-
ervoirs” Immediately, “dry” land appeared, so we
should not assume that “the Sun is the cause of
the drying of the earth” because it came into being
later (IV, 22, p. 128). In addition, “great standing
waters, which God later made and called seas”
were also separated (IL, 4, p. 78).

Basil the Great in particular discussed two ma-
jor questions: what is the Earth founded on and
why is it immobile?

Regarding the first question, the writer advises
not to investigate it “because your mind will be
confused then ”, as can be seen from the con-
siderations of the ancient philosophers (I, 33,
p. 69). “If you assume that there is air (Anax-
imenes, Anaxagoras, Democritus) or water un-
der the earth, the question is how it does not
collapse and sink due to its own weight. If you
assume that the earth rests on some other body,
which is harder than the earth (Xenophon,
Calophanes), then you must assume that this
body rests on some other hard body beneath
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OC/Iama Ha HeKO IPYTro TBPAO TeJIO UCIIOf bera
u tako hemo pocneru no 6eckpaja“ (Apucrup;
I, 34, cTp. 70). YMeCTO CBMX TUX IpPEANOCTaB-
Ku Bacunuje Benmmku sakpydyje: ,3ap pedn
u3 Ilcanma ,OH je Ha MOpyMMa 3eM/by OCHO-
Bao“ MIITA IPYro Kasyjy HEro To Aa je 3emba
ca CBUX CTpaHa OKpY>keHa BojoM? VI kako To
[la BOJIa KOja je Te4YHa U 110 IIPUPOAU Ce CMBa
HM3 CTPMMHE, OCTaje Ha BMCMHAMA M HUKYZJA
He oTude? A TV He IOMUII/BAII HA TO Jja CTY
TONMNKY, Ta 4aKk 1 Behy, Hemoymuiy Haiem
yMy IIpefcTaB/ba 3eM/ba KOja 110 cebu cToju y
npoctpy (IV, 4. cTp.123) a mo mpupopu je Tem-
Ka. Asu 6MIo Ia cMaTpaMo fia 3eMjba 1o cebn
cToju, 6110 a KaXkeMo Ja IUTyTa IOBPX BOJe,
He Tpeba 1a ce yfa/paBaMo of 0/1ar04ecTUBOr
pasMuiubpama Beh Tpeba fma ucrmosegamo fa
CBe 33jegHO ofpxKaBa cuaa TeBopua. OgHOCHO,
Kako Ilcanm kaxe ,, y pyuu boxjoj cy xpajeBn
semasbcKu. To je HajoysmaHMje HAIIEM YMY U
Off KOPUCTH je oHMMa Koju cayuajy” (I, 36-37,
crp. 71; IV, 4, cTp. 123).

Y morneny ,y3poka 360r KOjUX 3eM/ba CTOjU
HertoMmnauo“ (I, 38, cTp. 71) roBopHUK criegu
32 ApHUCTOTENIOM U TyMademeM, KOje je y TO
BpeMe 6uto ommtenpuxsaheno. Kaxe: ,, jacHo
je, maxJe, la ce IIpemMa OHOj TauyKu, IIpeMa Kojoj
Te)XXe ITOjefMHNU [IelIOBM Bace/beHe, cabupa u
4yyTaBa Bace/beHa. [1a momto kameme n gpsehe
U CBe IITO je 3eMasbCKO TeXU IIpeMa Hole, 3a-
JICTa je TO MECTO KOje je YNTaBOj 3eM/bU CBOj-
CTBEHO U KOjé jOoj ImpuIlaja... a pasyM HaMm je
II0Ka3ao0 fia To ,,joie” jecte cpepuuite. Hemoj
ce, laKjle, IYyAUTH IITO 3eM/ba HUKY/A He majja
jep OHa IIO MpUPOAM 3ay3VMa CPeNNIIbe Me-
cro (I, 39, ctp. 72-73). To je eHO IPUPORHO U
HYxHO MecTo (I, 38, cTp. 72). 3emmpa y cTBapn
»CTOj/I caMa 1o cebu“ ¥ paBHOMEPHOCT pac-
TOjalba KOja IOCTOj€ OKO kb€, He JO3BO/baBa Jia
oHa y koM mpaBny ToHe” (I, 18, ctp. 71). OBpe
ce micall IOTCMeBa HeKuM punos3oduma Koju
pacnpenajy u o TakBuM npobnemuma (Emma-
IOKJIE).

Ha sanumbnB HaunH Bacunnmje Benuku ce fo-
TUYe U IMUTama o6mka 3emsbe. O TOMe Kaxe:
»IIMCIIM Koju Cy O CBEeTy HMCaau, MHOTO Cy
pacmpas/pami 0 06nMMIMMa 3eM/be, OGHOCHO O
TOMe JIa /I je 3eMJba Kao JIOITa MM Kao Bajbak,
VIV je MOXKZAa Ha/MK Ha JVICK KOjU je OJacByL,
TIO/Ij€[THAKO 3a0KPY>KEH, M/IM Ha BEJPO KOoje je y

it, and so we will reach infinity” (Aristides; I,
34, p. 70). Instead of all these assumptions, Bas-
il the Great concludes: “do the words from the
Psalm “He founded the earth on the seas” say
anything else than that the earth is surrounded
on all sides by water? And how is it that wa-
ter, which is liquid and naturally flows down
steep slopes, remains on high ground and does
not flow anywhere? And you do not think that
the earth, which by itself stands in space (IV,
4, p. 123) and is by nature heavy, presents an
equal, and even greater, dilemma to our mind.
But whether we consider that the earth stands
on itself, or whether we say that it floats on the
surface of the water, we should not stray from
pious reflection, but should confess that the
power of the Creator holds everything together.
Namely, as the Psalm says, “in the hand of God
are the ends of the earth” This is most reliable
for our mind and is beneficial to those who lis-
ten” (I, 36-37, p. 71; IV, 4, p. 123).

Regarding the “reasons why the earth stands
still” (I, 38, p. 71), the speaker follows Aristotle
and the interpretation that was generally ac-
cepted at that time. He says: “It is clear, there-
fore, that the whole universe is gathered towards
that point towards which the individual parts of
the universe tend to go. Since stones and trees
and everything earthly tend downwards, this is
indeed the place that is inherent to the whole
earth and belongs to it... and reason has shown
us that this “downwards” is the centre. Do not
be surprised, therefore, that the earth does not
fall anywhere, for it naturally occupies the cen-
tral place (I, 39, pp. 72-73). This is its natural
and necessary place (I, 38, p. 72). The earth ac-
tually “stands by itself” and the uniformity of
the distances that exist around it does not allow
it to sink in any direction” (I, 18, p. 71). Here
the writer mocks some philosophers who talk
about such problems (Empadocles).

In an interesting way, Basil the Great also touch-
es on the question of the shape of the Earth. He
says about this: “The writers who wrote about
the world have discussed a lot the shapes of the
Earth, that is, whether the Earth is like a ball or
like a cylinder, or whether it is like a disk that
is equally rounded on all sides, or like a buck-
et that is hollow in the middle (“for all these
theories were expressed by those who wrote
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CpefuHM IyIUbe (,jep CBe Te Teopuje U3pasuim
CY OHU KOjy Cy IIIICaJI O CBETY, OIIOBprapajyhn
jemuu gpyre, IInraropa, [Tnaron, AHakcumaH-
map). Hehy cmarpatn ma je Hame cxBaTame
IIOCTamba CBETA Marbeé 3HA4YajHO Of HUXOBOIa
36o0r Tora mro Mojcuje, cnyra boxxuju, Humta
HIje PeKao Ja 00uM 3eM/be U3HOCK OCAMHAEeCT
MUpUjajie CTafguja 1 HUje U3MEPUO Ha KOIMKO
ce TPOCTOpa Yy Ba3flyXy IpyXa CEHKa 3eM/be
kayia ce CyHie Habe ucroy; me, 1 Kako Ta CeHKa
nanajyhu Ha Mecer nsasuBa nompademe” (IX,
3, cTp. 224). Bacunuje Benuku je y oBoM usna-
ramy MOTIIYHO HellpaBeJaHO IIMHMYAH IpeMa
TOTOBO CBMM ITIABUM TIpYKuM ¢unozopuma a
CBOj O[ITOBOP O TOM Ba>KHOM IIUTaIby HUje [ao.
Koncraranuja, ,, OHO IITO 32 HAC HEMA HUKAK-
BOT' 3Hauaja, To je (Mojcuje) M30CTaBMO Kao
HEeWITO 1ITO HaM Huje of kopuctu™ (IV, 3, cTp.
124), n HIje HMKAKaB, YaK HU IOBPIIaH OATO-
BOP. 3a CPIICKOT 4nTaona, MehyTum, oBaj Tekct
je 610 BeoMa Ba)kaH M3BOP Pa3INUNTHX TyMa-
4era OBOT IIpobiieMa.

Y crBapu Bacunuje Benuku 1o6po je 3Hao na je
061K 3eM/be jeHO BeoMa OMTHO MUTalbe Ia,
3asupyhu op jepecu rHocTMIU3MA, M36erao
je ma ce oTBOpeHO M3jacHM. Maxja 6u pajo
OpUXBAaTMO JIOTMYHO Mull/bere IImrarope,
[Tapmennupa n IlnaTona o nonracToM OOMMKY
3eMrbe a/in He CMe TO OTBOPEHO Jja Kaxke.- VIMa,
mebytum, jenno mecto y lllectopHeBy Ha KoMe,
oBofIoM KpeTamba CyHIla, HeXOTHIle IMIIE: [a
je »HaH Mepa BpeMeHa 3a Koje CyHue mpebe
xemucepoM, Koja je M3HAJ jeHe IOTOBUHE
sempe (V-VI, 45-46, ctp. 174-175). A, mra
je ca Ipyrom ,IIOJIOBMHOM 3eM/be“? AKO je TO
»Apyra IO/IOBMHA“ OHZIAa Tpeba fia je ucTa mm
C/IMYHA Ca ,IIPBOM; @ IIPBa je KOIIHO U Hebec-
Ka Xemucdepa; OZHOCHO, APYTHU JIeO Bacesbe-
He. VI3 oBora ce Buju fa je Bacunmje Benmku
3BaHMYHO IIPUXBATUO PABHY 3e€M/bY Y ,, BEU-
KM MOpMMa Koja 00yXBaTajy IpOCTOp Halle
Bace/beHe..3apob/beH m3Mely HempermegHux
Bopa (III, 30, cTp. 110).

C mpyre cTpaHe, Bacunuje Bennku Huje Morao
onnako fia npehe npexo unmwennte xa y ,Kmonu-
311 ITOCTama“ HeMa HJ pedy O INTamby: Off Yera
je 3empa marpahena? foBopHUK Kaxke fa ,TU
UIIaK CBOjUM YMOM Tpeba Jja 3aMMUCIIMII KaKo
je ce marpaheHo op 3emsbe, Bofie, Ba3ayxa U
Batpe” (I, 28, cTp. 67), Kao IpOCTUX IPBOOUT-
32

about the world, refuting each other”, Pythago-
ras, Plato, Anaximander). I will not consider our
understanding of the creation of the world to be
less significant than theirs because Moses, the
servant of God, did not say anything about the
circumference of the earth being eighteen myri-
ads of stadia, and did not measure to what extent
the space in the air is covered by the shadow of
the earth when the Sun is below it, and how this
shadow, falling on the Moon, causes an eclipse”
(IX, 3, p. 224). In this statement, Basil the Great
was quite unjustly cynical towards almost all the
major Greek philosophers and did not give his
answer to this important question. The state-
ment, “what is of no importance to us, was left
out (by Moses) as something that is of no use to
us” (IV, 3, p. 124), and is no answer, not even a
superficial one. For the Serbian reader, however,
this text was a very important source of different
interpretation of this problem.

In fact, Basil the Great knew very well that the
shape of the Earth was a very important issue,
so, fearing the heresy of Gnosticism, he avoided
making an open statement. Perhaps he would
have gladly accepted the logical opinion of
Pythagoras, Parmenides, and Plato about the
spherical shape of the Earth, but he did not
dare say so openly. There is, however, one place
in the Six Days where, regarding the movement
of the Sun, he inadvertently wrote: that “a day is
a measure of the time in which the Sun passes
through the hemisphere that is above one half
of the Earth” (V-VI, 45-46, pp. 174-175). And
what about the other “half of the Earth”? If it
is the “second half]” then it should be the same
or similar to the “first”; and the first is the land
and the celestial hemisphere; that is, the sec-
ond part of the universe. From this it can be
seen that Basil the Great officially accepted a
flat Earth in the “great seas that encompass the
space of our universe...trapped between im-
measurable” waters (III, 30, p. 110).

On the other hand, Basil the Great could not
easily overlook the fact that in the “Book of
Genesis” there was not a word about the ques-
tion: what is the Earth made of? The speaker
says that “you should still imagine with your
mind how everything is made of earth, water,
air and fire” (I, 28, p. 67), as simple original el-
ements or “primordial elements” (IV, 26-27, p.
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HUX eJleMeHaTa WIN ,, paeneMenara” (IV, 26-
27, ctp. 129). Op wux cy usrpahene cBe cioxe-
He CTBapM a ,, OHU eJIEMEHTH KOjy Cy YBPLITEHU
Y KaKBO TeJI0, ¥ IIOTIA/Iajy MO} YY/IHO OIaXKalbe,
MIOCeNYjy CIpery Tux csojcrasa. Huira og oHo-
ra ITO BUAMMO ¥ IUTO YY/IHO OIaXKaMo, HHje
MOTIYHO CaMO, HUTH je IIPOCTO W/IM HecMellla-
HO; HETO je 3eM/ba CyBa M XJIafiHa, Ba3gyX TO-
IIa0 U BJIa)KaH, a BaTpa TOIUIA U CyBa. Tako u3
CIIpere CBOjCTaBa Ipousnasy MoryhHocT fia ce
CBU €JIEMEHTH MeUIjy jeflaH ca Apyrum. Haume,
CBaKM Off IbMX MEIIA Ce Ca CYCETHIM €/1eMEHTOM
KpPO3 3ajeJHMYKO CBOjCTBO, ¥ KPO3 3ajelHMUILLY
ca CyceHMM €JIEMEHTOM CIIaja ce Ca OHUM KOju
My je mpoTuBaH. Kao 11TO ce 3eM/ba, Koja je cyBa
U XJIaJiHa, CjefyIbyje ca BONOM jep Cy CpojHe
no xyagHoh, a IIpeko BOfie Cjelumbyje ca Bas-
ILyXOM, TaKO UCTO Ce CjefiIuIbyjy U BOJQ, BasfyX
U BaTpa I1a ce OCTBapyje KPYyT U CKJIAJIHO KOJIO,
IIOUITO Cy CBM OBU €/IEMEHTH Yy CaIjiacjy, 4 jefjan
fipyrome onroapjy. tbuxso pasmmanto KoMbm-
HOBAaHO Melllalbe KapakTepuiue (CBaKy) Ipef-
met (IV, 26-29, ctp. 129-130).

Ha oBaj nauus, no JI. [Iprojnosuhy [5] Bacu-
nuje Benuku y3uma Kako ce ,,CBe Hala3! y CBe-
My (I, 28, 67) y jenHoj caBpiIeHOj XapMOHUjU
(I, 21, crp. 105; IV, 28-29, ctp. 130). IIpn
TOMe, ,, [IPUIINCYje XapMOHUjU IOCeOHY Y/IOTy y
CBETY, XapMOHNja IMa Y/IOTY IIPMPOJHOT 3aKO-
Ha KOjU yC/IOB/baBa ¥ CIOXKEHOCT HIPUPORHUX
cruxuja“ (cTp. 197).

Kpos Hasegene craBoBe Bacmmmja Bemmxor
jacHO ce BUJY KaKoO IIpuXBara y4eme EMmamok-
J1a O ,9eTUPH IpaesieMeHTa" ¥ APUCTOTENIOBY
HaJTPafiiby O IIXOBMM OCOOMHAMA.

TakBo je cTame cBarfe rje cy IpaeneMeHT!
»CMellaHn . VHade, rie cy ImpaeieMeHTH ca-
MOCTaJIHM 1a ce Haby y HermocpeHOM offHOCY
Ca CBOjUM CYNIPOTHOCTMMA OHM CTYIajy y CTa-
NaH cykob - ,,Iporre ce y mehycob6Hoj 60p6M”
(IL, 19, 89) cBe moK jauu He HafBIazia crabujer,
Ha IpuMep kao ogHoc Barpe n Boge (III, 25,
cTp. 107).

O mop¢onoruju KomHa rOBOPHUK MHPOPMIU-
me BehmuoM ysrpesxo. Hemro mano Buiue
y Tpehoj 6ecemu (111, 28-29 n 30). Ty usnaxe
KaKo II0CTOje Ha KOIIHYy MHore peke (OyjudHe
u Hempecyiyjyhe) of Kojux cy Heke BeoMma

129). All complex things are built from them,
and “those elements that are included in some
body, and fall under the sense perception, pos-
sess the combination of these properties. Noth-
ing of what we see and perceive with the senses
is completely alone, nor is it simple or unmixed;
but earth is dry and cold, air is warm and moist,
and fire is warm and dry. Thus from the com-
bination of properties arises the possibility that
all elements mix with each other. Namely, each
of them mixes with the neighbouring element
through a common property, and through the
union with the neighbouring element it unites
with the one that is opposite to it. Just as earth,
which is dry and cold, unites with water because
they are related in coldness, and through water
it unites with air, so likewise water, air and fire
unite, and a circle and a harmonious circuit are
realized, since all these elements are in harmo-
ny and correspond to each other. Their various
combined mixing characterizes (each) object”
(IV, 26-29, pp. 129-130).

In this way, according to D. Dragojlovi¢ [5],
Basil the Great takes the view that “everything
is found in everything (I, 28, 67) in one perfect
harmony (III, 21, p. 105; IV, 28-29, p. 130). In
doing so, he “attributes a special role to har-
mony in the world, harmony has the role of a
natural law that conditions the complexity of
natural disasters” (p. 197).

Through the above-mentioned positions of
Basil the Great, it is clearly seen that he accepts
Empedocles’ teaching about the “four primal
elements” and Aristotle’s superstructure about
their properties.

Such is the state wherever the primal elements
are “mixed”. Otherwise, where the primal ele-
ments are independent and find themselves in
direct relation with their opposites, they enter
into constant conflict. “They are consumed in
mutual struggle” (II, 19, 89) until the stronger
overcomes the weaker, for example, like the rela-
tionship between fire and water (III, 25, p. 107).

The orator mostly provides casual information
about the morphology of the land. Somewhat
more in the third speech (III, 28-29 and 30).
There he explains that there are many rivers on
the land (torrential and never-ending), some
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BeJIVIKe a Y3 IHIUX Hajlase ce U HbIUXOBe JJONNHEe
(V, 51, 159). Behnnowm Te peke nsBupy ca mna-
HIUHa Kao mrto cy Kaskas, [Inupuneju u Puno
(Anme) (II1, 29-39, cTp. 109-110). [Tnannne cy
ca ,BpxoBuma“ (V, 51, crp. 153), ,ynybunama
u nsbpaspane rygypama ,, (IV, 13, ctp. 125) un
SkmaHmMa“ (V, 1, crp. 125). Ocum miaHuHa,
nocroje u ,paBuute“. Heke cy mame (V, 27, cTp.
146) a Heke HU3Mje ,,I10 BeIMYMHA Kao HajBeha
mopa“ (V, 13, 125). [Toce6HO ncTnde fa nocroje
U je3epa pasHe BeJIM4MHE ¥ 0COOMHA.

[Tomumwe Bacmnmje Benmku wu myctume (V,
54, 153) u octpsa y mopuma ( 1V, 13, 132; IV,
36, 133). VI3 cBUX HaBeJjeHUX fieTa/ba Ce jaCHO
BU/IVI KaKO je TOBOPHMK JOCTa OOPO IMO3HABA0O
reorpadujy cor moba. ,,IIppobutHy Mopdo-
JIOTHjy CyXe 3eM/be" OINCAO je AVCKOHTUHYM-
paHo M BepHO amm 6e3 MKaBe HAIlOMEHe Ja ce
OHa MeIba TOKOM BpeMeHa.

Y morneny ommcuBama ,,CyXOr' KOIHA ITycall
HaBOJIM CaMO jOLI KAaKO CYy MHOTY Hb€eTOBM JIE/O0-
B ,,[IOPO3HM 1 TIPEITyHY IIIINM/ba“ U IOfiaje Aa »,
UICTO TaKO y MOfI3eMJ/bY Ce Hajlase KpPUBYHABU 1
npasy KaHamy u npomasu” (IV, 32-33, cTp. 132),
JIorm4HoO je WITO je ayTOp NPEHEO OBO CXBATAMHE
AHaKcuMaHJIpa 1 IPYTMX IPYKUX IPUPOAH-aKa
jep je To ymaj/bUBO BUJ/bMBA U IIO3HATa OCO-
OuHa rpykor kapcra. Ta npeja je ynopHo u 03-
OWBHO IpeHoIeHa y Hayuu cBe o XIX Beka.
HajnotnyHuje npenera je u rpadyuyky mpuka-
3aHa of cTpate A. Kupxepa [13].

O BOIIU

Ha nmpsom MmecTy, Bofja je BakaH IpafiiBHU
IIpaeleMeHT Bace/beHe. Kaja je cTBopeH cBer,
Benu Bacunmje Benuku, ,,HeM3MEPHO MHOLITBO
BOJle 6110 je pa3/MBEHO II0 3eM/bU 1 Huje 6110
CpasMepHO 10j, Beh jy je MHOrOCTpyKO Ipema-
myBano ‘. To Huje 6mIO Cay4ajHO ,, jep Benu-
KI YMeTHUK, je Tako mpensupeo 6yayhHoct®
O ToMme GecemHUK Kaxke: Barpa u Bopa y Ba-
Ce/beHN Kao ,,JiBa e/ieMeTa IPOTUBHU Cy jefjaH
ApyroMe ¥ YHMILUTABajy jefaH ApPYyrora: Barpa,
HauMe, YHUINTaBa BOAY KaJia IPEOBIajlaBa y
CHa3}, a BOfIa YHMIITAaBa BaTpPy Kajja je Haf-
MaInyje MHoOIITBOM. [lakie, crapajyhu ce To-
JIMKO O TE€YHOCTH, bor jy je cBy yckmagumrno
Ha TaKaB HA4YMH [Ja OHA MICTPaje 0 IOCTaB/beHe
TpaHUIle Ca3fjarba CBETa U JIa Ce TIOTAKO TPOLIN
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of which are very large and have their valleys
alongside them (V, 51, 159). Most of these rivers
originate from mountains such as the Caucasus,
the Pyrenees and the Ripo (=Alps) (III, 29-39,
pp- 109-110). The mountains have “peaks” (V,
51, p. 153), “hollows and furrowed by ravines”
(IV, 13, p. 125) and “ravines” (V, 1, p. 125). In
addition to mountains, there are also “plains”.
Some are smaller (V, 27, p. 146) and some are
plains “as large as the largest sea” (V, 13, 125). He
especially emphasizes that there are also lakes of
various sizes and characteristics.

Basil the Great mentions deserts (V, 54, 153)
and islands in the seas ( IV, 13, 132; IV, 36, 133).
From all the above details it is clear that the
speaker knew the geography of his time quite
well. He described the “original morphology of
the dry land” discontinuously and faithfully, but
without any mention of its changing over time.

In terms of describing the “dry” land, the writer
only states that many of its parts are “porous
and full of caves” and adds that “there are also
crooked and straight channels and passages in
the underground” (IV, 32-33, p. 132). It is logi-
cal that the author conveyed this understanding
of Anaximander and other Greek naturalists
because it is a strikingly visible and well-known
feature of the Greek karst. This idea was persis-
tently and seriously conveyed in science until
the 19th century. It was most fully conveyed
and graphically depicted by A. Kircher [13].

ABOUT WATER

First of all, water is an important building block
of the universe. When the world was created,
says Basil the Great, “an immense amount of
water was spread over the earth and was not
proportional to it, but exceeded it many times
over.” This was no accident, “for the great Artist
thus foresaw the future” The orator says about
this: Fire and water in the universe as “two el-
ements are opposed to each other and destroy
each other: fire, namely, destroys water when
it prevails in strength, and water destroys fire
when it surpasses it in quantity... Therefore,
taking such care of the liquid, God stored it
all in such a way that it would last until the set
limit of the creation of the world and would
slowly be consumed by the power of fire. He,
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cHaroM BaTpe. OHaj, Baxie, Koju je CBe TO IIO-
CTeIIeHO M Ca MEPOM YCTPOjMO 3HAO je KOJIVKO
je BpeMeHa ofipenyo cBeMy 3a Tpajame” ( III,
25, cTp. 106-107).

3anosemthy BoxujoMm, ,,CTBOPEHO je BENIMKO
IPOCTPAHCTBO, CIPEMMUINTE Y KOTa Ce CTeK/IO
mHo1TBo Bozie“ (IV, 15, cTp. 126). Taj mpocTop
Bacunmje Benvku je HasBao u ,,360pumiTe” ma
TILIe /1a TO HUCY ,Cy4ajHe CKYIVHe Bofie, Beh
u3yseTHe U HajBehe y kojuma ce mokasyje ca-
6pano cBo BemrecTBo Bome“ ((IV, 17, cTp. 126).
Jep je To 36opumITe Behe o CBUX ¥ 110 BeINYN-
HIU ,,jemHaKo ca semboM” (IV,18, ctp, 127).

3a pas/nuKy of OrPOMHe BOJieHe Mace, Koja ce
Ha/Iasy y MOpPYMa, Ha KOIIHY MMa MamIX 300-
puLITa BOJa KOje CTaHO TEKY ,came of cebe”
jep mpBobuTHOM 3amoBenuthy ,HuKaza He IO-
cycrajy“ (IV, 9, cTp. 123).

Jesepa, Ha puMep, MOTy [ia MMajy ,,MHOILUTBO
BOJI€, KOja je IO 3alI0BECTY CKYII/beHa TeYeheM
y cBOja 30opuiITa M HUKy#a He oTmduy..fbux
Huje Moryhe HasBaTu MOpMMa 4YaK M aKO Cy
HeKa C/aHa M TyCTa, Te Cy CIMYHA BEeIMKOM
Mopy, Kao 1mTo je Acanturcko jesepo (=Mprt-
BO Mope) y Jyneju u CepBoaTcko jesepo, Koje
ce nporexe usMmehy Ermnra u Ilamectune y
Apanckoj nyctumu“ (IV,18, 127). Jesepa cy de-
cro crenuiuTa peka (IV, 13, ctp. 132).

TOBOpHUK MCTMYe KaKO je ,MHOTO BOfie pas-
JIMBEHO II0 3eM/bY, T€ Ce OHA IMPOCTUpE TOBPX
CBeTa BU/bUBOT ¥ KOHAYHO IIPOZUpE Y CBE Ay-
6une 3emaspcke” (111, 28. ctp. 108). IlomMume u
3neHIe (6yHape) Koju Cy y CTBapu ,,pyKOTBO-
peHa 36opuiiTa BOAEHA, MOIMITO Ce TEYHOCT
KOja je pasacyTa MCIIOf T/Ia M3/IMBa y MecTa
u3nyO/beHa y 3eM/bM

Kapa je peu o texyhum Bomama Bacunmje Be-
JIMKU Kaxe: ,,CTojehn mosuine nsBopa us Kojer
TEKy 4YMTaBM IIOTOLY, IIOMMUCIMII: KO 1M Ty
BOJly TIOTHUCKYje U3 JlaTyMa 3eMa/bCKUX; Kyha
Ta BOJja CTpeMM; KaKo ce TH M3BOpU He JCLp-
I/bYjy; ¥ KAKO Ce CTELIMIITA BOfieHa He MpeIy-
He?“ [/TaBHe ofirOBOpE je IIPUXBATIO Off aHTUY-
KX Ipupopaka (Apucrorena u fip).

Bacunmje Benuku wmctmde pa ,,I7TaBHU U3BOP
CBaKe T€YHOCTH Ha 3eM/bJ IIPefiCTaB/ba MOPCKa

therefore, who gradually and with measure ar-
ranged all this... knew how much time he had
determined for everything to last” (III, 25, pp.
106-107).

By God’s command, “a great expanse was created,
a storehouse in which a multitude of water was
gathered” (IV, 15, p. 126). Basil the Great also
called this space a “meeting place” and wrote that
these are not “random gatherings of water, but ex-
ceptional and largest in which all the magic of wa-
ter is displayed together” ((IV, 17, p. 126). Because
this meeting place is larger than all others and in
size “equal to the earth” (IV, 18, p. 127).

Unlike the vast mass of water found in the seas,
on land there are smaller pools of water that
constantly flow “of their own accord” because,
according to the original command, “they nev-
er cease” (IV, 9, p. 123).

Lakes, for example, can have “a multitude of
waters, which, according to the command, are
gathered by flowing into their pools and do not
flow anywhere. They cannot be called seas even
if some are salty and dense, and are similar to
a large sea, such as the Asphaltite Lake (=Dead
Sea) in Judea and the Serboat Lake, which
stretches between Egypt and Palestine in the
Arabian Desert” (IV, 18, 127). Lakes are often
the confluences of rivers (IV, 13, p. 132).

The speaker emphasizes that “a lot of water is
spread over the earth, so that it spreads over
everything visible and finally penetrates all the
depths of the earth” ((III, 28, p. 108). He also
mentions wells, which are in fact, “man-made
water reservoirs, since the liquid that is scat-
tered under the ground pours out into places
hollowed out in the earth”

When it comes to flowing waters, Basil the Great
says: “standing above a spring from which entire
streams flow, you think: who is pushing this wa-
ter out of the earth’s underground tunnels; where
is this water heading; how are these springs not
exhausted; and how are the water pools not over-
flowing?” He accepted the main answers from an-
cient naturalists (Aristotle and others).

Basil the Great points out that “the main source
of every liquid on earth is sea water.” It flows into
35
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BOfia. ,OHa ce pasnuBa y HEBU/I/bUBE I1O/I3€M-
He IPOXOfie, Kao IITO /I0Ka3yjy OHM JeIOBU
KOIIHa KOj) Cy IOPO3HM M NPENyHM LINNba,
UCIIOf, KOjUX Ka0o KpPO3 HEKaKBe KaHajle Ipo-
TH4e MOpe, IIa Kajja BOfla MCIIYHM KpUBYfa-
Be, a He IIpaBe, MI0Jj3eMHE KaHaJjle, IIOKPEHY-
Ta je BEeTPOM KOju MOTHCKYje, I1a pasapajyhu
HOBPIIMHY 3eM/be M3/1a3M Hamo/be. Tamo ce
nehemem ocnobabha ropunne Te Tako mocraje
nutka“ (IV, 32, ctp. 132). Tako HacTajy cra-
HY 3Bopu 1 1o Apuctoteny. (OBo TyMaderme
0 MOPCKOM IIOPEK/Ty M3BOPCKUX BOJA, TaKobe,
je 6umo BeoMa pacIpOCTPameHO U BEKOBJMMA
Y3MIMaHO Kao HeIoONTHA MCTUHA.) 3aHUM/BY-
BO je, mehyrum, na je Bacunuje Benmxu po-
3BOJIMO Jla CE€ HEITO C/IMYHO MOXKE y3€TH U 3a
OHe ,,BOfie Koje cy y Omusuunm pexa“ (IV, 33,
cTp. 132). IpyruM pedmma, cMarpa jja HEKU
U3BOPU TIOpeJ, peKa MOTy Jia IOTUYY Off BOJie
U3 CyCeHUX IOBPUIMHCKIX TOKOBA.

Bogme xoje Teky ,came op ce6e” (IV, 10, cTp.
123) ,, 6uno ga cy o 3MMCKuX Oyjuia 6mmo fa
Cy HelpecylIHe“ y BUAY peKa pasHe BelnuuHe
Opaspajy ,IpocTop Halle Bace/beHe . 3aTuM,
micall Kao IpUMepe HaBOAM MHOTE BeJMKe
peke ¥ IUXOBE IPUTOKE U3 Tajla IO3HATOT
CpeposemHor ceera of VMuaa n Huma, npexo
Apaxoca, [lona u Vcrpa fo peka ca Ilupu-
Heja (III, 28-29, cTp. 108-110). 3a Hame /byne
3aHMM/BUBO je fla ToBopu u o Victpy (cTapn
Ha3yB 3a [lyHaB) Kako ,ce, mpoTexyhm myx
Espomne, nmpenaje Llpaom mopy“ (I1I, 29, 109).
Mopa cy cTenmiura CBUX THX peKa jep ,IIpu-
Majy TOKOBe Ca CBMX CTpaHa.

3a TepMaJiHe ¥ MUHEpaJHe I3BOPE ayTOp y3U-
Ma Jla BOJa 13 MOfI3eMHUX KaHasa ,u3nasehn
HaIlo/be Off MeTajIa UCIOf, MOBPIIMHE IpUMa 1
CBOjCTBO TOIUIOTE; a Off BeTpa Koji je mokpehe,
II0CTaje Bpeia 1 4eCTO Kao oraimb TO C€ MOXe
BUZIETM HAa MHOTMM OCTpPBMMA ¥ Ha MHOIMM
obanckum mectnma“ (IV, 33, cTp. 132).

OcuMm cBera nmomeHyTor o Bogu, Bacummje Be-
TIMKM je U3TIOKMO U 3Hambe O ,yMCTBEHOM Kpe-
Tamy Bofie". Mope ,,3arpeBaHo 3paiyma CyHIla,
II0CTaje Y3pOK ¥ M3BOP BasfyLIHMX BOJA, Te Ca
UCIapemyMa UCIyIITa ¥ HajCUTHMjE YeCTHLIE
BOJI€, KOje ce, IIpMBYYeHe Y BUCHHE, 3aTUM XJIaJE,
jep ce Iewy MOBMUIIIE Off 3paKa Koji ce onoujajy
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invisible underground passages, as evidenced by
those parts of the land that are porous and full
of caves, under which the sea flows as if through
some kind of channels, and when the water fills
the crooked, and not straight, underground chan-
nels, it is set in motion by the wind that pushes it,
and, destroying the surface of the earth, it comes
out. There, by squeezing, it is freed from bitterness
and thus becomes drinkable” (IV, 32, p. 132). This
is how permanent springs are created, according
to Aristotle. (This interpretation of the marine
origin of spring waters was also very widespread
and for centuries was taken as an undeniable
truth.) It is interesting, however, that Basil the
Great allowed that something similar could be
taken for those “waters that are near rivers” (IV,
33, p. 132). In other words, he believes that some
springs next to rivers may originate from water
from neighbouring surface streams.

Waters that flow “of their own accord” (IV, 10, p.
123) “whether from winter torrents or from in-
exhaustible” in the form of rivers of various siz-
es furrow “the space of our universe”. Then, the
writer cites as examples many large rivers and
their tributaries from the then known Mediter-
ranean world from the Indus and the Nile, via
the Araxos, the Don and the Istrian to the rivers
of the Pyrenees (I1II, 28-29, pp. 108-110). For our
people, it is interesting that he also speaks of Is-
tria (the old name for the Danube) as “stretching
along Europe, it gives itself to the Black Sea” (III,
29, 109). The seas are the confluences of all these
rivers because “they receive flows from all sides.

For thermal and mineral springs, the author as-
sumes that water from underground channels
“coming out from the metal beneath the surface
also receives the property of heat; ... and from
the wind that moves it, it becomes hot and often
like fire... this can be seen on many islands and
in many coastal places” (IV, 33, p. 132).

In addition to everything mentioned about water,
Basil the Great also presented knowledge about
the “mental movement of water”. The sea “heat-
ed by the rays of the Sun, becomes the cause and
source of air waters, and with evaporation it re-
leases even the smallest particles of water, which,
drawn to the heights, then cool, because they rise
higher than the rays that are reflected from the
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off 3eM/be, a TOLITO CeHKa Heba MCTOBPEMEHO
pacrpoctupe xmafHhy oHe MOCTajy Kuilia Koja
Harama sempy (IV, 34, ctp. 132;111, 40, cTp. 114).

O BA3YXY

Baspgyx je Takobe jemaH on BaKHMX IIpaeneMe-
Hara Bace/beHe u3Mehy “sem/be m He6a“. Ha-
Ma3y ce CMeIlaH ¥y 3eM/bl. , 10 HaM IIOKa3yjy
uCIIapema Koja OHa MCIHyIITa U3 cebe Kaja je
BraxHy Cynne sarpesa“ (I, 28-29, cTp. 67).
3atum, Bacunuje Benmkm kaxe: ,Hema ra uc-
0J] 3eM/be jep 61 OHa Ty MEKy TBap ca MHO-
IITBOM IIPa3HMHA...TOTMKOM TEXMHOM, KOja ra
IPUTKCKA 1 He 6U MOI/IO OUTH fia Ce Ba3AyX He
IPOBA/IM U He pacIie Ha CBe CTpaHe. Y CTBapu
OH je yBeK rope mpeko semsbe (I, 33, cTp. 69).

Baspyx y modeTky cTBapama ,Huje 610... mo-
KpuBa4 3eM/be, IPUPOZIA Ba3JyXa je peTKa U
IPOBUJHA, 11 Y WeMy ce Kpehy cBe BpcTe BU-
IJbMBUX CTBOPEHA a OH KX IIOKadyje odmma
oHux koju rremajy (II, 14, crp. 82). Tama ce
BasgyX Halasluo ,pasauBeH Uu3Haj...6e3fia-
Ha,..Koju je mpekpusao semmy (II, 18, crp.
84; 11, 27, ctp. 88) a mo wemy je 6mo...“nyx bo-
xuju (1, 28, ctp. 88). ITomrto ce moByk/Ia Boga
M HacTajJa CBET/IOCT, ,Basayx Gere obacjaH,
6orpe pehy, y IOTIYHOCTV ITOMEIIAH ca CBeT-
nomhy, oganmbyhn mocByzsa y cBe cBoje mpe-
Jiene jacHe O/muCTaBe 3pake. Jep y BUCHHY je Jo-
CTHU3a0 JI0 CaMOT eTepa I 1o Heba, a y MMpUHY
je y TpeH oka obacjao cBe fiefioBe cBeTa... Ibe-
roBa IIPMpPOJA je TONMMKO TaHAaHA ¥ IIPO3UPHA,
fla CBET/IIOCTU He Tpeba HY HajMamy IPOTOK
BpeMeHa jja 6u kpo3 wera nporwta“ (11, 31-32,
crp. 90).

~IBPCT 1 ONMUIUBMB Ba3fyX Kafia je 3aTedeH y
TeCHally o0Jaka M Kaji IpPOBa/byje HACUIHO
OfiaT/Ie IPOM3BOAY TPeCaK U IPM/bAaBUHY @ TO
je »yrBpbhuBame rpoma“ (I, 18-19, ctp. 104).-
Moxe u pa ce ,Kpehe ma Taga mocraje Berap“
(IV, 32, str. 132); xoju mokpehe u moruckyje
»1103eMHe Bozie“ (ApuCTOTeN) WK Ha ,MOpUMa
npasu Bemmke tanmace” (IV, 12, ctp. 124).

»JacHO hemr BupeTn... Basgyx Koju ce pasiu-
Ba, KOju je 110 CBOjOj IPUPOAY MEK U B/IaKaH,
VI KOjU CBEMY LUTO T'a yAulle Jaje CBOjy TPajHy
XpaHy; a 360r cBOje TAHAHOCTY y3MI4e U pas-
JiBaja ce Ipef; OHMM CTBapuma Koje ce kpehy

Earth, and since the shadow of the sky at the same
time spreads out its cold, they become rain that
soaks the earth” (IV, 34, p. 132; 11, 40, p. 114).

ABOUT AIR

Air is also one of the important protoelements
of the universe between “earth and sky”. It is
also found in the Earth. “This is shown to us by
the vapours that it emits from itself when the
moist Sun heats it” (I, 28-29, p. 67). Then, Basil
the Great says: “it is not found under the earth
because it would have that soft substance with
a multitude of voids... such a weight, which
presses it down and it could not be there for
the air would break through and spread out on
all sides. In fact, it is always above the earth” (I,
33,p. 69).

At the beginning of creation, air “was not...
a ground cover, the nature of air is rare and
transparent, and in it all kinds of visible crea-
tures move and it shows them through the eyes
of those who are looking” (II, 14, p. 82). At that
time, the air was “spread out over...the abyss,...
which covered the earth” (II, 18, p. 84; II, 27, p.
88) and it was covered by...“the spirit of God”
(II, 28, p. 88). After the water receded and light
appeared, “The air was illuminated, or rath-
er, completely mixed with light, sending forth
clear, brilliant rays everywhere in all its regions.
For in height it reached the very ether and the
sky, and in breadth it illuminated all parts of
the world in the twinkling of an eye... Its nature
is so thin and transparent that light does not
need even the slightest passage of time to pass
through it” (II, 31-32, p. 90).

“Solid and tangible air, when it is caught in a
strait of clouds and when it breaks through vi-
olently, it produces a crash and thunder from
there” and this is the “strengthening of thunder”
(III, 18-19, p. 104). It can also “move and then
become wind” (IV, 32, p. 132); which moves and
pushes “the waters of the earth” (Aristotle) or
“makes great waves on the seas” (IV, 12, p. 124).

“You will clearly see... the air that spreads out,
which is by its nature soft and moist, and which
gives its permanent nourishment to everything
that breathes it; and because of its thinness it
retreats and separates itself from those things
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TaKo Jla He IPeJICTaB/ba MIPEIpPEKy, 3a KpeTatbe
kpo3 wera“ ( IV, 4, ctp. 121). Kapa ce ,,CyHie
cenu jy>KHUM KpajeBMMa U TUMe YMHU Ja Ce Y
HallleM Kpajy IpOAY>X) CeHKa Hohm; Taja ce
OXJIa[iV Ba3[yX KOjU je IIpU 3eM/bU, U CBA VC-
Iapema TeYHOCTH ce cabupa M3HaJ| Hac U3a3n-
Bajyhu tako kuury u Mpas u Bermmku cHer (VI,
40, ctp. 171). ,,Onarne cenehn ce ka cesepy...
CyHue HaM npyka Hajuoyxe paHe. [la momrro
AyrO BpeMeHa OCTaje y Ba3[gyXy, OHO YMHMU
y>KapeH!M Bas[lyX HaJl HAlllVIM IJTaBaMa 1 UCY-
1Iyje CBy 3eM/by, IIOMakxyhu Tume ga ce pas-
Buje 3acejanu 6wpHM cBeT  (VI, 42, cTp. 172).

Y cmenu pana u Hohu m kapa ,,CyHie mma
B/IACT HAJ [AHOM... [aH IIpefCTaB/ba Bas3Ayx
koju je ocBer/beH CyHuem™ (VI, 45, cTp. 172).

»Bas3ayliHe mpoMeHe ce Takobe, mpumaroba-
Bajy.... MeceyeBM MeHaMa; O TOME HaM CBeJIO0-
4ye M3HEHaHe ONyje, Koje ce 3a BpeMe MJIAJioT
Mecella 4eCTO I10jaBjbyjy, IOCIE CIIOKOjHOT U
TUXOT BpeMeHa“ M ,MOpCKe CTpyje, IIMMa U
ocexa“ (VI, 59, ctp. 179-180).

»1IITO je 3a KOIIHEHe XMBOTUIbE Ba3AyX TO je
3a IJIOBHE BPCTe BOJA, PA3Jor 3a TO je OYUT.
Y Hac, HauMe, nocToje 1wiyha, jefan moposax
UIYIUbMKAB OPTaH, KOju KaJia ce IIpca HaIMMajy,
y3uMa y cebe Basfyx Te myuMe OMaXn U pac-
x1ahyje Hally yHyTpallby TOIUIOTY, JOK BOJie-
He )KMBOTHUIbE JUIIY IIMPEHeM U CKYII/baheM
mkpra“ (VIL, 5, cTp. 185).

»IITHIle ... Ha CIMYaH HauyH y3 ITOMOh Kpwia
mose 1o Basayxy" (VIIL 11, ctp. 205).

~nore... ce XpaHe OHMM IITO JIETH 110 Ba3Ay-
xy“ (VIII, 11-12, cTp. 205). ,Baspyx je mpeuc-
HyHbeH NTHUIlaMa Koje 1o wemy jere (VIII, 32,
cTp. 215).

ITo CetoM mucmy ,,He60 ce IaK, OBJie TAKO Ha-
31Ba jep je Ba3AyX HaJi HAIMM IJIaBaMa HeIlTO
cabujennju y nopehemy ca TeXMHOM eTepa U
rymhyu 360r ucnapaBama Koja 03[0 Hojase”
(VIII, 32, cTp. 215).

Y aHTMIIM Ccy BepoBaaau ja y Bace/beHU IIO-
CTOjM TTIOCEOHO TACOBUTO CTarbe Koje Cy Hasu-
Ba/n ,erep“. 36or Tora u Bacunuje Benuku ra

VICTO y3UMa Yy 003Up U O BeMy Kaxke: eTep je ,,
38

that move so that it does not present an ob-
stacle to movement through it” (IV, 4, p. 121).
When “the sun moves to the southern regions
and thereby causes the shadow of night to
lengthen in our region; then the air that is near
the ground cools, and all the vapours of the liq-
uid gather above us, thus causing rain and frost
and heavy snow” (VI, 40, p. 171). “From there,
moving northward... the sun gives us the long-
est days. And since it remains in the air for a
long time, it makes the air above our heads hot
and dries out all the earth, thereby helping the
sown plant world to develop” (VI, 42, p. 172).

In the change of day and night and when “the Sun
has power over the day... the day represents the
air that is illuminated by the Sun” (VI, 45, p. 172).

“The changes of the air also adapt themselves...
to the moon phases; this is evidenced by the
sudden storms, which often appear during the
new moon, after calm and quiet weather” and
“the currents of the sea, the tides and the ebbs”
(V1, 59, p. 179-180).

“What air is to land animals, water is to float-
ing species, and the reason for this is obvious.
In us, namely, there are lungs, a porous hollow
organ, which when the chest is inflated, takes
in air and with it softens and cools our internal
heat, while aquatic animals breathe by expand-
ing and contracting their gills” (VII, 5, p. 185).

“Birds ... in a similar way, with the help of their
wings, navigate through the air” (VIII, 11, p.
205).

“Shrike ... feeds on what flies through the air”
(VIIIL, 11-12, p. 205). “The air is full of birds
that fly through it” (VIII, 32, p. 215).

According to the Holy Scriptures, “the sky is
called so here because the air above our heads
is somewhat more compressed compared to
the weight of the ether and denser due to the
evaporations that come from below” (VIII, 32,
p. 215).

In antiquity, they believed that there was a
special gaseous state in the universe that they
called “ether” Therefore, Basil the Great also
takes it into account and says about it: ether is
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ropwu paspehenn neo Basgyxa“ Ilo mpuponu
je »ormeH u 3anapus” (III, 33, ctp. 111), Tako
»KO OJ1 Ta CIIpeyro Ja 3amaim 1 ia Caropu CBe
IITO je Y ’eroBoj 6mmsnuu. 360r Tora HoCToju
BaslylllHA BOJA a TOPHM IIPOCTOPU CY IIO-
KpMBEHM 0oO/anyMa Kako ce eTep He 6u cBera
JIOXBATHO M CBE Caropeo".

O CBETJIOCTU

Bacunuje Benukn y 4eTBpTOM IpefaBamy ro-
BOP) O CBETIOCTM 3aTo ITO Xxohe Ja yBepn
CITyLIaoLie KaKo je 6all CBET/IOCT jefiaH Off OUT-
HUX yC/IOBa 32 XMBOT Ha 3ampu. CUTYPHO je,
Takobe, fja cy u Cpbu 13 CBaKOTHEBHOT JICKY-
cTBa Beh 3Ha/mM MHOTO CTBAapM O KOj/MMa InIiIe
y LllecropueBy. 360r Tora y 0oBOM Ofe/bKY Ce
HaBozu BehuHoM oHO mTo Cp6y HUCY TOBOJB-
HO TO3HAaBa/IM Tajallllba TyMadema y Busan-
TIjU 0 0cOOMHAMa ¥ TopeKTy nojase. Hapoun-
TO 0 ,HapgHebeckoj ceemoctn™ (11, 25-26, cTp.
87-88) u 0 BaXXHMM 0cobOMHaMa ,,iBa CBET/INIIA
Cynny n Meceny xoju Hucy nctu“ (VI, 17, ctp.
160) a oxpebyjy ,Hebecky cermoct ( II, 45,
cTp. 93).

Ha npBom Mmecty, npe npujema xpuinhancTsa
Cp6u HUCY HM CTyTWIM Ja je IIPBO CTBOpEHa
caMo ,II0jaBa CBETJIOCTM  I1a TeK OHJA HaK-
HAJHO U ,, ABa cBeTmmia CyHue n Mecen® (I,
17, ctp. 62; 1V, 9, 158). IIpBa cBeTIOCT je 6mta
caMO IIpUBpEMEHa, ,yMCTBeHa“ M d4eKama je
cBOj y3pok ( I, 49, ctp. 62).-IIpe Te ceTnOCTH,
FOBOPHIVK MCTHUYE, IIOCTOja/Ia je caMo “BeYHa,
IIpaBa yMCTBEHA CBET/IOCT  KOja Ce Ha/asy, Of
Taja, camMo usBaH Hamie Bace/beHe (II, 25-26.
cTp. 87-88).

ITortom, Temko ma cy CpbOu minrta 3HamM fa
je 6am ,I'sopan CyHue cTBOpMo #a 6yme HO-
cutar oBe NMPBOCTEIIEHe CBETIOCTY ¥ CBOT Ta
saxerao“ (VI, 10, ctp. 159) u ,,mogapuo My to-
IJIOTY“ CpasMepHY HeroBOM yfia/beHouhy of
3eM/be... la CBOjOM IIpETEPAHOM CUIMHOM He
caxexe sempy” (VI, 53, ctp. 178). IIpu ToMe,
oppenuo je CyHIy Aa 3a PaBHOTEXY HErOBOj
»BaTpPy KOPUCTYM OHY BOAY Of JCIapaBama
Mopa u gpyrux 6asena (III, 35-37, crp. 112-
113).

Vcro Tako Cpbu Hucy 3Hamu fia je ,CyHIge...
IPYMMIO CBETIOCT M CMeIajo Ta ca cobom

“the upper rarefied part of the air”. By nature,
it is “fiery and flammable” (III, 33, p. 111), so
“who could prevent it from setting fire to and
burning everything in its vicinity. Therefore,
there is air water and the upper spaces are cov-
ered with clouds so that the ether would not

reach everything and burn everything”

ABOUT LIGHT

In the fourth lecture, Basil the Great speaks
about light because he wants to convince his
listeners that light is one of the essential condi-
tions for life on Earth. It is also certain that the
Serbs already knew many of the things he writes
about in the Six-Days from their everyday ex-
perience. Therefore, this section mostly states
what the Serbs did not know enough about the
interpretations of the time in Byzantium about
the properties and origin of the phenomenon.
In particular, about the “supercelestial light” (II,
25-26, pp. 87-88) and about the important prop-
erties of the “two luminaries of the Sun and the
Moon that are not the same” (V1, 17, p. 160) and
that determine the “celestial light” (II, 45, p. 93).

In the first place, before the adoption of Chris-
tianity, the Serbs did not even suspect that only
the “appearance of light” was created first, and
only later on the “two luminaries, the Sun and
the Moon” (I, 17, p. 62; IV, 9, 158). The first light
was only temporary, “mental” and awaited its
cause (I, 49, p. 62). Before that light, the speak-
er emphasizes, there was only the “eternal, true
mental light” which has been located, since then,
only outside our universe (II, 25-26. p. 87-88).

Also, it is unlikely that the Serbs knew anything
about the fact that “the Creator created the Sun
to be the bearer of this primary light and set it
on fire” (VI, 10, p. 159) and “gave it heat” pro-
portional to its distance from the earth... so that
it would not burn the earth with its excessive
force” (VI, 53, p. 178). In doing so, he ordered
the Sun to use the water from the evaporation
of the sea and other basins to balance its “fire”
(11, 35-37, pp. 112-113).

Likewise, the Serbs did not know that “the
Sun...received light and mixed it with itself and
retained that light, not removing it from itself,
while the Moon continually casts off light from
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U Ty CBETJIOCT 3a[pXkaBa, He otaxyhu je o
cebe, ok Mecers HerpekaHO 36aryje ca cebe
CBET/IOCT U M3HOBA ce koM orphe” (VI, 16-17,
cTp. 160-161).

3atum Bacunuje Benuku ommupHO roBopu o
CyHuy koje ce ,, okpehe kpy>xHo o He6y (II.
41, ctp. 93)... Ia Tako cTBapa yc/loBe 3a JaH,
Kajla je Ha IONYIONTM Heba M3HAZ 3eM/be”
a ,Hoh kama ce saximonu“ (II, 38, crp.97).
VcToBpeMeHO TONaKao ce IpeMelTa IpeMa
jyry u Bpaha nema ceBepy IITO yTiU4e Ha CMe-
HY ,,ropuimmux fooa“ (VI, 39-42, crp. 171). Ha
Taj HAYMH ,,3A0KPY>KYje BpeMe Of TOVIHY [IaHa,
Kajia ce BpaTy Ha JCTO OHO MeCTO Ca KOra je
nodesno nomepame” (VI, 46, ctp. 174).

O BpemeHy, MehyTuM, ,IOCTOjI... BeOMa 3Ha-
4YajHO C/I0BO, KOjeé ce IIPEHOCU CKPUBEHNM
npepameM . Kako je TBopail ,,onpenyo nepnoz
laHa Kao MepHe jefMHuIIe 3a Mepeme (BpeMe-
Ha), u Mepehnu ra cegmmiiama, 3amoBefno Ja
ce cefMIIle CTAJHO IIOHaB/bajy Opojehu Tako
npoToK BpeMeHa. CegMuIly , OmeT cauyMmbaBa
jellaH JIaH KOju ce IOHaB/ba CefaM IIyTa, a TO
je Kpy>KHI OO/IMK jep Touuibe Of Hhera U 3aB-
pummhe ce wume. Beky je, makie, cBOjcTBeHO
yIpaBo To, ia ce Bpaha y cebe 1 Jja ce Hurje He
3aBpmaBa. Oryza y Cs. [IncMy Ha Buile MecTa
ce TOBOPU ,,BeK BeKoBa“ 1 BekoBu Bekosa“ (II,
42-43, c1p. 94).

O Cynuy Bacunmje Benmukum nonemuiie ca
ApYradyMjyM CXBaTambUMa, I1a KaXke KaKo ,HeKI
KaXy Jla CyH4YeBa TOIUIOTA HOTa3u oOff 6p3or
obprama“ (III, 34, ctp. 112; Apucroren). Ilo-
6uja Takohe, U MULIUBeRe ,HEKNX 3a0/TyIeINX
npuponmaka fa je CyHIle BUHOBHMK CBera
LITO pacTe Ha 3eM/bH... jep je OHO II0 CBOM Ha-
cranky minabe ox Tpase u 6wmpa“ (VI, 3-4, cTp.
134-135).

[Tocne CyHija roBopHMK ce mocBehyje Tyma-
4yemy ,Mecena u mweroux MeHa“ (VI, 15-16,
cTp. 160). Bacunuje Benuku xoHcraryje: ,, Cse
OHO 1ITO je pedeHo o CyHIly, MOXe ce IIpuMe-
HUTU U Kafia je ped o Meceny. Jep u meroso
Teno je Benuko u nocie CyHua HajonucTasuje.
Ay OH MIIaK HUje YBeK BUI/bUB CBOM CBOjOM
BE/IMYMHOM HETO je IEeroB KPYyr HeKaJ caBp-
IIeH a HeKaja M3refila HEMOTIYH M yMalbeH,

nokasyjyhu ca obe cBoje cTpaHe 1eo Koju My
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itself and again clothes itself with it” (VI, 16-17,
pp- 160-161).

Then Basil the Great speaks at length about the
Sun which “revolves in a circle in the sky (II. 41,
p. 93)... and thus creates the conditions for day,
when it is in the hemisphere of the sky above
the earth” and “night when it is hidden” (II, 38,
p. 97). At the same time, it slowly moves to the
south and returns to the north, which affects
the change of “seasons” (VI, 39-42, p. 171). In
this way, it “completes the time of one year,
when it returns to the same place from which
the movement began” (V1, 46, p. 174).

About time, however, “there is... a very signif-
icant word, which is transmitted by hidden
tradition” How the Creator “determined the
period of the day as a unit of measurement for
measuring (time), and measuring it in weeks,
commanded that the weeks be constantly
repeated, thus counting the flow of time. A
week, however, is made up of one day that
is repeated seven times, and this is a circular
form because it begins with it and will end
with it. It is inherent for age, therefore, that it
returns to itself and does not end anywhere.
Hence in the Holy Scripture it is spoken in
several places of “age of ages” and ages of ages”
(11, 42-43, p. 94).

Basil the Great disputes different views about
the Sun, saying that “some say that the sun’s
heat comes from its rapid rotation” (III, 34, p.
112; Aristotle). He also refutes the opinion of
“some misguided naturalists that the Sun is the
cause of everything that grows on earth... be-
cause it is younger in its origin than grass and
plants” (VI, 3-4, pp. 134-135).

After the Sun, the narrator devotes himself to
the interpretation of “the Moon and its phas-
es” (VI, 15-16, p. 160). Basil the Great states:
“Everything that has been said about the Sun
can also be applied to the Moon. For its body is
also large and, after the Sun, the most brilliant.
But it is not always visible in its full size, but
its circle is sometimes perfect and sometimes
appears incomplete and diminished, showing
on both sides the part that is missing. For when
it grows, one part of it is darkened, and during
the time of its decrease, the other part remains
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HeJloCTaje. Jep KaJ, pacTe OHJA je jejlaH mberos
Jieo TIOMpayeH, a y BpeMe CMamblBamba, JPyru
lieo My ocTaje ckpuBeH®. [lakie, y TOj 4ecToj
IpoMeHM O0/IMKa, HMOCTOjU jefjaH Heu3peLy-
BU HayK npemyzapor TBopua“ (VI, 54-55, cTp.
178). OBpe roBOopHUK, HeMOhaH gma o6jacHu
Y3POK MeceyeBUX MeHa (a Hyje IPUXBATHO TY-
Mademe KaKo ,,CeHKa CyHYeBe CBeTJIOCTI y3PO-
Kyje MeceueBe MeHe(IX, 3, cTp. 224), Kopuctu
NpWINKY ja mpebe Ha conyjasHy TeMaTuky,
Ia Jiofiaje MOyKY: ,, Ta MeceuyeBa MeHa IIpy’ka
jacaH ImpuMep Hallle IPUPOJie, OTHOCHO Kasyje
Jia HYUIITA LITO je YOBEYaHCKO HIje IIOCTOjaHO .

Hacraspajyhu ja/pe roBopHUK 0 Meceny Kaxe:
» TIOLITO Mecell CTUTHe JI0 BTaCTUTOT BPXYHIIA
Y TIOLITO Y MOTIYHOCTY HaBpIIN CBOjy Kpajiby
Mepy, IOCTEIIeHUM OllaflarbeM Ce TPOLIN U IIPO-
Iajia, ¥ Ha KOHIIY Ce TIOTIIYHO CMamby U HecTa-
He“ (VI, 55, ctp. 178). Omet oBfie 1o3uBa ce Ha
IIPOMEHE Y YOBEKOBOM >KIBOTY.

Bacunmje Benmkm pocrta objamrmaBama II0-
cBetno je BemnurHy CyHia u Mecena. ITpso
je 3ax/pyuno ja je ,CyHIle, Koje je IOIOKHO
HPOIA/BUBOCTH; ,BEIUKO“ I ,,CPa3MepHe Be-
mmunHe ca BacerbeHoM (VI, 6, cTp. 175). 3a-
TUM, BN fia je 1 Mecel orpoMaH anu usriega
MamU jep ra CBM MU I7TIeflaMO ,,Ca TOTIMKO BeN-
ke papune” (VI, 64, ctp. 182). To je ,,m03HaTO
U Ha 3eM/bM: Kafia I7IeflaMo JbyZie U IpefMeTe y
[Q/bUHY OHM CY M, KaJia UM ce IPUOIVKu-
Mo BuauMo fa cy Benmuku (VI, 50, ctp. 176).

Y HebecKy CBET/IIOCT CIaja ¥ KpyHa Off ,BE€H-
a 3Be3pa“ (II, 4, ctp. 78). bes 063upa 1mTo ux
je MHOTO ,,0He HICY Tako cBeTe kao CyHle 1
Mecen“ (VI, 52, ctp. 177). Taj ,,ykpac Heba“
(VI, 3, ctp 156) Xanpejuu (BaBunonin) ysu-
Majy 3a OCHOBYy ,HayKe O jgaHMMa pobema“
(VI,24, ctp. 164). OHn ,,Besie KaKo Halll XUBOT
3aBICH Off KpeTama Hebeckux Tena“. OXHOCHO,
TBpZe , Jla y3ajaMHM OJHOC IOjeINHNUX 3BE3-
Zia Koje ce kpehy u 3Besfia Koje ce Hamase y 30-
IMjadKoM KpyTy, Kaia oHe 06pasyjy oxpehenn
0011k, ofpehyjy OBakBy Myt OHaKBY CyROMHY
nojenvuuua (VI, 24, 164-165). 3a Ty ,cMelIHy
Henoctojehy Bemrtuny“ (Acrponorujy; VI, 29,
cTp. 167) Bacunuje Benmuku nctude Kako uma
»MHOTO 0e3yM/ba, a jour Buie 6a300)KHOCTIL...
Axo 1 IIOCTOje KakBe 3Be3fie KOje U/He YOBEKY
HITETY, OHJa OV Tpebano 3aK/byduTn aa je ys-

hidden from it” Therefore, in this frequent
change of form, there is an ineffable teaching of
the all-wise Creator” (VI, 54-55, p. 178). Here
the narrator, unable to explain the cause of the
moon’s phases (and not accepting the interpre-
tation that “the shadow of the sunlight caus-
es the moon’s phases” (IX, 3, p. 224), uses the
opportunity to move on to social topics, and
adds a lesson: “that phase of the moon provides
a clear example of our nature, and it says that
nothing that is human is permanent.”

Continuing further, the narrator says about the
Moon: “after the Moon reaches its own peak
and after it has fully reached its ultimate meas-
ure, by gradual decline it is consumed and it
decays, and in the end it completely diminishes
and disappears” (VI, 55, p. 178). Here again he
refers to the changes in human life.

Basil the Great devoted a lot of explanation
to the size of the Sun and the Moon. First, he
concluded that “the Sun, which is subject to
decay”, is “large” and “of a size commensurate
with the universe” (VI, 6, p. 175). Then, he
says that the Moon is also huge but appears
smaller because we all look at it “from such a
great distance” (V1, 64, p. 182). This is “known
on earth: when we look at people and objects
in the distance, they are small, when we ap-
proach them we see that they are large” (VI,
50, p. 176).

The celestial light also includes a crown of “a
garland of stars” (I, 4, p. 78). Regardless of the
fact that there are many of them, “they are not
as bright as the Sun and the Moon” (VI, 52,
p. 177). This “ornament of the sky” (VI, 3, p.
156) is taken by the Chaldeans (Babylonians)
as the basis of the “science of birth dates” (VI,
24, 164). They “say that our life depends on the
movement of the heavenly bodies”. That is, they
claim “that the mutual relationship of individu-
al moving stars and the stars located in the zo-
diac circle, when they form a certain shape, de-
termine this or that fate” of an individual (VI,
24, 164-165). For this “ridiculous non-existent
art” (Astrology; VI, 29, p. 167), Basil the Great
points out that there is “much foolishness, and
even more impiety... If there are any stars that
harm man, then it should be concluded that
the cause of their evil lies in the one who creat-
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POK IJXOBOT 3/1a Y OHOM KO UX je cazpgao” (VI,
35, cTp. 169). ,Jep ce Humra He 6 36UBaNO
no yoseunjoj Borpu“ (VI, 38, ctp. 171).- Cse-
My ToMe Bacunuje Benvku ce cynporcrasiba 1,
ocrajyhu Ha CBOM cTaBy, 6/1arOHaK/IOHO XaJ-
Iejuuma nopydyje ,, Vima nu nmra cMeniHuje
og oBora“ (VI, 31, ctp. 167).

O MOPY

Mopa cy Hajseha 36opuuira Boge. IlocToje n
U3y3eTHO Be/INKa MOpa, Koja 00yXBarTajy ,,IIpo-
CTOp Hallle Bace/beHe... 3apob/beHe n3Meby He-
npertegaux Boga (I11, 30, ctp. 110). Ilo wuma
ce ,MOPEIUIOBLY He OfBaXYjy Ha IIOBUAOY"
(IV, 15, cTp. 126). Y muMa ,HeMa OCTpBa HUTK
ca ipyre cTpaHe 1uMa nkaksor konsa“ ( VII, 20,
cTp. 196). To cy: ,,ceBepHO, jy>KHO, MCTOYHO
u 3amagHo mope®. Ilocroje, mehyTum, u ,mo-
CeOHNX MMeHa HeKa MOpa Mama“ Kao IITO je
Lpnro mope, ITpononTHjcko Mope, XeecHoHT,
Erejcko mope u Jorcko u CapainHMjCKO, I1a IeT
Cunmmujancko u Tupenujcko® (IV, 20, crp.
128). Ta mopa cy, mehyTum, noBesana ma ce
360r TOra 3a HEKO IPUBUIHO M30/I0BAHO MODE,
kao wTo je Kacnmjcko n Lipseno mope mpen-
II0OCTaB/ba fia Cy ,HEKaKBUM OTBOPOM CIOje-
Ha ca Hajsehum mopuma“ (IV, 18, ctp. 127).
(OBo nocnenme ,06jalrmbermbe OMIO je oMmbe-
Ha TMMa aHTMYKMX MMcana; ApUcoTen u Aap).
“Mopa cy caHa 1 TOpKa 3aTo ILITO MM je TaKBa
IpUpOfa, a He caMo 3aTo mTo CyHIje crnapaBa
Boxy 13 wux (III, 37, 113, Apucroten).

Mopa ,,uMajy BemuKy cHary. MehyTum, mako ge-
cTo bGecHe 300T [fyBara BETPOBA, U MOAVDKY Ta-
7ace 710 BENMKIX BUCKHA, KaJla CTUTHE JIO CBOjUX
obama, pactpuyjyhu cBojy >kecTuHy y IIeHy
Bpaha ce Hasap... Hanme, meckom, koju je o1 cBe-
ra Hajcmabuju, o0y3aHo je Mope Koje je Hesa-
IpXKMBe CUIVHE, KO 61 nHade crpeuno IlpBeHo
Mope Jia ce pasnuje 1o unTaBoM Erumnry, xoju je
Hipku off wera“ (IV, 12, ctp. 124; Apuctoten).
Y3 10, Bacwmmje Bemiku obasemnraBa unTaona
0 HeyCIe/M IOKYIIajiiMa eTUIIATCKMX (apaoHa
7la MoBexy ,,Erumarcko u VIaamjcko, y koMme je
LpBeno mope“ (IV, 13, 124).

Bacumuje Benmkn rosopu, Takobe, n o moja-
BaMa II/IMME M OCEKe; OJHOCHO O M3[U3aIy U
CIIyIITaby MOPCKe NOBPIIMHE YCIeT, ,,Mecede-
Bux Mena“ (VI, 59, ctp. 180).
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ed them” (VI, 35, p. 169). “For nothing would
happen according to man’s will” (VI, 38, 171).
Basil the Great opposes all this and, remaining
true to his position, benevolently addresses the
Chaldeans “Is there anything more ridiculous
than this” (VI, 31, p. 167).

ABOUT THE SEA

Seas are the largest bodies of water. There are
also extremely large seas, which encompass
“the space of our universe... trapped between
immeasurable” waters (II1, 30, p. 110). In them
“sailors do not dare to sail” (IV, 15, p. 126). In
them “there are no islands, nor on the other side
is there any land” (VII, 20, p. 196). These are:
“the northern, southern, eastern and western
seas”. There are, however, also “special names
for some smaller seas” such as the Black Sea,
the Propontian Sea, the Hellespont, the Aegean
Sea, the Ionian Sea, the Sardinian Sea, the Five
Sicilian Seas, and the Tyrrhenian Sea” (IV, 20, p.
128). These seas are, however, connected, and
therefore some apparently isolated seas, such as
the Caspian and the Red Seas, are assumed to
be connected to the largest seas by “some kind
of opening” (IV, 18, p. 127). (This last “explana-
tion” was a favorite of a team of ancient writers;
Aristotle et al.). “The seas are salty and bitter
because that is their nature, and not only be-
cause the Sun evaporates the water from them”
(I11, 37, 113, Aristotle).

Seas “have great power. However, although
they often rage because of the blowing of the
winds, and raise the waves to great heights,
when they reach their shores, dispersing their
violence into foam, they return back... Namely,
by sand, which is the weakest of all, the sea is
restrained, which is of unstoppable force, oth-
erwise who would prevent the Red Sea from
spreading over all of Egypt, which is lower than
it” (IV, 12, p. 124; Aristotle). In addition, Basil
the Great informs the reader about the unsuc-
cessful attempts of the Egyptian pharaohs to
connect “Egypt and India, in which is the Red
Sea” (IV, 13, 124).

Basil the Great also speaks of the phenomena
of tides; that is, the rising and falling of the sea
surface due to the “changes of the moon” (VI,
59, p. 180).



Anexcangap Ipy6uh, Iliwa cy Cpou snanu o semmu og VII go XVII citioneha (7-50)
Aleksandar Grubié, What the Serbs Knew About the Earth from the 7th to the 17th Century (7-50)

ToBopHMk mnoce6Ho ucrmie CeBepHO Mope
360r meroBux ocobenoctu ,Cnaba je, Hanme,
OHa BOJa Of] BOJIe OCTAJIOT MOpa, jep ce CyHIie
HaJl ’OM KpaTKO 3/Ip)KaBa M CBOjUM 3paljyMa
He M3BJIa4M 13 e CBe OHO LITO je nUTKo.“ OHO
je LIUINTKO M IPOCTPAHO U M3NIOKEHO jaKUM
BETPOBMMaA, Te MMa Majio obama 1 KyOOKMX
MecTa. 300T Tora ra BeTpOBU JIAKO MOTY y30yp-
KaT! JI0 CaMoT JIHa, TaKO Jia ce TajlacuMa Mella
U Ilecak Koju je y pybunama. OHo je, Takobe,
3MMI BeOMa X/TaJTHO 11 Y IbeTa Ce y/IMBajy MHOTe
Benmuke peke“ (VII, 23-24, ctp. 192-193; Apu-
CTOTEN).

O OPTAHCKOM CBETY, MHEPAJIIMA
1 METAJIMMA

Ckopo monoBuHy cBoOr usnarama Ha lllecro-
nHeB Bacunmje Bermmku ynorpe6bno je 3a 06-
pasmnarawe opranckor cseta (V, VII, VIII nu
IX 6ecena). Ty nma Benuka KOMM4IMHA OAATa-
Ka, TyMadema I MUIIbemha 0 OM/bKaMa U XKu-
BOTHMIbAMA, KOjII C€ Majo0 OJHOCEe Ha 3Hama O
HOpeKITy, cacTaBy, U porahajuma BesaHUM 3a
3emspy. OBO je u3BaHpelaH €0 KIbUTe Y KOMe
UMa TONMKO MHOTO MaTrepujajia 3aHVM/bUBOT
3a 6uosore.

Kama cy 6mwpke y nmuramy Bacunuje Bemukn
Ka)ke Jla Cy OHe ,Ha 3aIloBeCT M3HUKHY/e U3
3eM/be Y BI/Jy HeOpOjeHOr MHOIITBA pacTuma
ITorom, mopaje: “ra 3amoBecT U cajja nmpebusa
Y 3eM/b) U CBaKe TOJjYIHE VICIIO/bY CU/TY Jia Ha-
CTaHy TpaBa U ceMeme 1 apsehe 1 To he 6utn
CBe IO OINIIer OKOHYamwa BacebeHe (V, 55-56,
cTp. 154). OBa TOBOPHMKOBA PEYEHNIIA, TOPeS,
HU3a IPYTUX a/li Mambe AUPEKTHUX, jaCHO OT-
KpuBa Bpro ofipeheH u jacaH Teonmomku mya-
mmusaM Bacunuja Bennkor.- Cynne ,,Huje BUHO-
BHUK CBEra IITO PacTe U3 3eMJ/bE... OHO je IO
cBoM noctanky mmabe“ (V, 3-4, ctp. 135-136).
Ocum rora, ,HUIITa Of TOra 61/ba HIje HacTa-
710 y3anyp u 6e3 ukakse kopuctu” ( 'V, 21, cTp.
141), jep wnu je XpaHa XUBOTUAMA WM CITy-
XM Kao JIeK of 60/1ecTn.

O XMBOTHbaMa TOBOPHUK KaXKe: fIa CBaKa Off
BUX ,y3aCTONHUM IPUjeMCTBOM 4yBa HeUs-
MEBJBOCT CBOje BPCTe CBe [0 OKOHYama Ba-
cerpene” (IX, 6, cTp. 226). 3aHUM/BMBO je Ha
Bacunuje Benuku 3a nTuie cMarpa fa €y Kao n
pube u ,,motuyy us Boge” (VIIL11, 205). IIpn

The speaker particularly highlights the North
Sea because of its peculiarities: “ Namely, that
water is sweeter than the water of the rest of
the sea, because the Sun stays over it for a short
time and does not extract from it with its rays
all that is drinkable” It is “shallow and spa-
cious and exposed to strong winds, and has
few shores and deep places. For this reason,
the winds can easily stir it to the very bottom,
so that the sand that is in the depths is mixed
with the waves. It is also very cold in winter and
many large rivers flow into it” (VII, 23-24, pp.
192-193; Aristotle).

ON THE ORGANIC WORLD, MINERALS
AND METALS

Almost half of his lecture at the Sixth Day, Bas-
il the Great devoted to explaining the organic
world (discourses V, VII, VIII and IX). There
is a large amount of data, interpretations and
opinions about plants and animals, which have
little to do with knowledge of the origin, com-
position and events related to the Earth. This
is an extraordinary part of the book, in which
there is so much material of interest to biolo-
gists.

When it comes to plants, Basil the Great says
that they “sprouted from the earth at the com-
mand in the form of an innumerable multitude
of plants”. Then, he adds: “that command even
now resides in the earth and every year mani-
fests its power to produce grass and seeds and
trees, and this will be until the general end of
the universe” (V, 55-56, p. 154). This sentence of
the narrator, in addition to a number of others
but less direct, clearly reveals a very specific and
clear theological dualism of Basil the Great. The
sun “is not the culprit of everything that grows
from the earth... it is younger in its origin” (V,
3-4, pp. 135-136). In addition, “none of these
plants arose in vain and without any benefit” (V,
21, p. 141), because they are either food for ani-
mals or serve as a medicine for diseases.

Regarding animals, the narrator says: that each
of them “preserves the immutability of its spe-
cies by successive reception until the end of the
universe” (IX, 6, p. 226). It is interesting that
Basil the Great considers birds to be like fish
and to “originate from water” (VIII, 11, 205).
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TOMe, IO HTHIjaMa IOApasyMeBa CBe LITO
JIeTH, YaK U CJIeTie MUILEBe KOjI CY ,,y UCTU MaxX
yerBoponouny u nrute” (VIIL, 34, 215). ¥3 To
monase u 6e3bpojHe ,, NTHUIlE KOje ce Ha3MBajy
MHCEeKTH, Kao LITO cy muene u ocure” (VIIIL, 35,
cTp. 218).

IToce60 mecTo y 6ecenu Bacunuje Bemuku mo-
K/Iamba XMBOTUbaMa Koje ,, U cajia M3/1a3e KIBe
13 3eM/be. Jep 3eM/ba y KMIIHUM IeproMa He
ucrymra u3 cebe camo LBpuke nian 6e36poj-
HO MHOIITBO KaKBUX ITMYMjUX BpcTa (=MH-
cekata, om. A. I)... Beh ona us cBoje yrpobe
paba u kojexakse MuuIeBe 1 xabe...Y Erunry...
3eM/ba Cé CMeCTa HaIlyHM IalloBMMa... [incte
He HaCTaHy Jipyraduje, Hero of 61ata, jep HUTH
M3/1a3e U3 jajalara HUTY Ha OUI0 KOju IPyTH
Ha4MH I0CTajy, Beh cy pobhene n3 semme” (IX,
7, cTp. 226-227). OBO je 6110 AHaKCaropuHO u
ApucroTenoBo Tymademe Koje je 6umo Beoma
HOMNY/IApHO 1 y Hapofy 1 y Hayu. OfpkaBao
ce ce o XVII Beka, Kajja je 1 eKcriepuMeHTal-
HO JI0Ka3aHO ja Huje TayHo. Tako, MehyTum
Hyje 6o Hu Kopy Cpba HM MHaYe Y LIKPOj T10-
nynanuju. Y Ty cTapy 3abmyy BepoBajo ce je-
JIMMMYHO CKOPO J10 IpBe NnonosuHe XX BeKa.

Bacunmje Benvku roBopu o ToMe 1a ce 6ucepu
Hajla3e y OCTpUrama, Koje ,Jiexxe Ha obanmama
u cupynosuma‘. Takobe, mocroju u gparoueHn
»KOPAJICK/ KaMeH " KOj! ,,je Y BOM MeKaH Kao
TpaBa a Kajja n3ahe Ha Bas;myx oH ce cTBpAHE®
(VI 30, cp. 196). O janTapy 3Ha MHOTO ,,HEKI
YaK Ka)XXy KaKo je UM jaHTap 3alpaBo MiIedal|
KOju ce Lieayt u3 Ou/baka, IIa ce CTBpAHE I IOo-
CTaje Ha/MMK KaMeHy. [la je To Tako, cBefode
TpaBKe U HajCUTHUjU MHCEKTU KOjU CE Y IbeMY
MOTY BMUJETH, a KOjU CY, HOK je Mievar 6mo
TeyaH y weMy 6 3apobmenn” (V, 48, crp.
151). Tako ce 6ecenHuk 6aBuo n pocunmma a
Zia, TIpY TOMe, Huje 6110 HU CBECTAH O YeMy Io-
BOPIL.

Bacunumje Benuky HaBogu Kako ce y IMOofi3eM/bY
Hanmase u Metamm (IV, 33, cTp.132) op Kojux
anocrpodupa camo raoxbe (I, 28, ctp. 67) ,,
Koje HacTaje U3 3eM/be”. [ToMube 1 jBa KaMeHa
: »KPUCTAJIHU KaMeH KOjU ce IIpeTBapa y TaKaBs
007K 360T IIpeBeMKOT 3TylibaBama Bofie I
,IIPOBMIHU KaMeH KOj/ ¥IMa HapOYNUTY M YUU-
CTY IPO3PAYHOCT... CACBMM HA/IMK Ha Ba3gyX

44

In addition, by birds he means everything that
flies, even bats that are “at the same time quad-
rupeds and birds” (VIII, 34, 215). In addition,
there are countless “birds that are called insects,
such as bees and wasps” (VIII, 35, p. 218).

A special place in the sermon of Basil the Great
is given to animals that “even now emerge alive
from the earth. For the earth in rainy periods
does not only emit from itself crickets or an
innumerable multitude of some bird species
(=insects, op. A. G.)... but it also gives birth
to all kinds of mice and frogs from its womb...
In Egypt... the earth is immediately filled with
rats... Worms do not arise otherwise than from
mud, because they neither emerge from eggs
nor become in any other way, but are born
from the earth” (IX, 7, pp. 226-227). This was
the interpretation of Anaxagoras and Aristotle,
which was very popular both among the people
and in science. It was maintained until the 17th
century, when it was experimentally proven to
be incorrect. However, this was not the case
neither among the Serbs nor in the wider pop-
ulation. This old misconception was partially
believed almost until the first half of the 20th
century.

Basil the Great speaks of pearls being found
in oysters, which “lie on the shores and reefs”.
There is also a precious “coral stone” which
“is soft like grass in water, but when it comes
out into the air it hardens” (VI, 30, p. 196). He
knows a lot about amber, “some even say that
amber is actually a jelly that is squeezed out of
plants, then hardens and becomes like stone.
That this is so is evidenced by the grasses and
the smallest insects that can be seen in it, which
were trapped in it” while the jelly was liquid (V,
48, p. 151). Thus, the orator also dealt with fos-
sils without even realizing what he was talking
about.

Basil the Great states that metals are also found
in the underground (IV, 33, p. 132), of which he
only mentions iron (I, 28, p. 67) “which arises
from the earth”. He also mentions two stones: “a
crystalline stone that is transformed into such a
form due to the excessive condensation of wa-
ter” and “a transparent stone that has a special
and pure translucency... quite similar to air”
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(II1, 19-20, cTp. 104). OBpe je TOTOBO CUTYPHO
fia je ped 0 KpucraanMa KBapla.

Msnaramwe 0 MyHepanuma U MeTanuMma Bacu-
nuja Benukor je cKpOMHO, jep U MHade Huje
6110 HapOYMTO MO3HATO A/IM Y 3aTO IITO CE O
wmIUMa He roBopu y CeToM nucmy. To je ncro
pasyor mro 6eceHNK HUIITA U HE IOMUIbE Y
[llecTogHeBy 0 BY/IKaHMMA M 3eM/bOTpeCUMa a
CUTYPHO je fia je 0 TUM II0jaBaMa 3Hao JOCTa
joIl M3 ATMHCKOT YHUBEpP3UTETA.

BACWJIMJE BEJIMKN

Bacunuje Bemuxu (Kecapmjcku mmm Kamapo-
KIjcKn) 61O je jemaH O HEKONMMKO HajBaK-
HUjUX L[PKBEHMX OTalla M y4uTe/ba y BeoMa
6utHO Bpeme [Tarpuctuke.

ITo K. Xpucry [11] Bacunmje je motumao un mo
ony Bacunujy n no majun Emenuju us nosHa-
tnx mnemuhkux nmopopuna. Ortan my je 6mo
yuntesb. VImao je 6pahy u jenny cectpy. Mmabhu
6pat he 6utu ncrakay™n 6orocnos Ipuropuje
Hucku. Bacunmje je poben 330. rogune Bepo-
BaTHO Yy Heokecapuju y Ilonty. On pane mna-
focTu 6mo je HexxHe rpabe u 6omempus. Of-
JIMYHO 0Opa3oBame CTEKao je Y MOPOAMLN a,
nocrne o4ese cMpTH, y mkonyu Kecapuje Kana-
mokujcke. JKebaH Hayke IPOBEO je MPBO TOAM-
Hy laHa Ha cTapoM YHuBep3utery y Lapurpa-
Iy, 3aTUM je mpemao y AtuHy (352. ropuHe).
Ty, Ha YHUBEP3UTETY CNYIIAO je: KIbVYKEBHOCT,
peropuky u ¢unosodujy (etuxy, ¢pusuky n
MeTau3uKy). 3a BpeMe CTYAMja CTAaHOBAO je
ca CBOjUM BENUKUM IIpujaTe/beM Ipuropmjem
u3 ApujaH3a, Koju he kacHuje mocratm uc-
TakHyTHU fenatHUK [laTpuctuke Ipuropuje bo-
TOCJIOB.

Bacunuje je saBpummo crymmje 356. roguHe u
Bparuo ce y Kecapujy (Kanmagokujcky). Opmax
je Toyeo fla IpKy BeoMa yCIIelllHa pasHa Ipe-
llaBama Koja Ccy pafo cnymana. Ilosusamm cy
ra 1 U3 apyrux rpajgosa us Heokecapuje. Ty ce
Halllao IIOHOBO ca nopoaunoM. Majka Emennja
u cecTpa MakpuHa cy npummse XpuurhaHcTBO
U OCHOBajle MOHAIIKy 3ajegnuny. Ilox Tum
HOBUM YTHUIIajeM TOKpCTHo ce u Bacunmje u
yny6ouo ce y untame xpumhanckux cimca. Or-
KpMO je ,HOBY CBET/IOCT  KOjy HUje Halasuo y
MHOTO0O>KaYKIM KIbJTaMa.

(II1, 19-20, p. 104). Here it is almost certain that
we are talking about quartz crystals.

Basil the Greats presentation of minerals and
metals is modest, because they were not par-
ticularly well known in any case, but also be-
cause they are not mentioned in the Holy
Scriptures. This is also the reason why the ora-
tor does not mention anything in the Six Days
about volcanoes and earthquakes, although it is
certain that he knew a lot about these phenom-
ena from the University of Athens.

BASIL THE GREAT

Basil the Great (of Caesarea or Cappadocia)
was one of the most important church fathers
and teachers in a very important period of Pa-
tristics.

According to P. Christ [11], Basil came from
well-known noble families through both his
father Basil and his mother Emelya. His father
was a teacher. He had brothers and one sister.
His younger brother was the prominent theo-
logian Gregory of Nyssa. Basil was born in 330,
probably in Neocaesarea in Pontus. From an
early age, he was of delicate build and sickly.
He received an excellent education in his fam-
ily and, after his father’s death, in the school
of Caesarea Cappadocia. Eager for learning,
he first spent a year at the old University of
Constantinople, then moved to Athens (352).
There, at the University, he studied: literature,
rhetoric and philosophy (ethics, physics and
metaphysics). During his studies, he lived with
his great friend Gregory of Arians, who would
later become a prominent figure in Patristics,
Gregory the Theologian.

Basil completed his studies in 356 and returned
to Caesarea (Cappadocia). He immediately be-
gan to give very successful lectures that were
eagerly listened to. He was also invited from
other cities in Neocaesarea. There he found
himself with his family again. Mother Aemelia
and sister Macrina converted to Christianity
and founded a monastic community. Under
this new influence, Basil was also baptized and
immersed himself in reading Christian writ-
ings. He discovered a “new light” that he had
not found in pagan books.

45




Anexcangap Ipy6uh, Iliia cy Cpou suanu o semmu og VII go XVII ciioneha (7-50)
Aleksandar Grubié, What the Serbs Knew About the Earth from the 7th to the 17th Century (7-50)

Bacunmje ce okpeHyo mOTHYHO XpuIIhaHCTBY
U Jjajbe CTyAuje M pasMUIUbama IIOCBETUO
je HOBOj Bepu. Kako 6m mrto 60/pe pazymeo
xpuurhaHcTBO, a MOCeOHO MOHAUIKY (G1I030-
¢ujy n npakcy, npomyrosao je Cupujy, Meso-
noramujy, [Tanectuny u Erunar. Ha Tom myry
yII03Ha0 je H13 60rocnosa.

IloBpatkoMm ca myTa y Kecapujy pykonomnoxen
je 3a hakona. Tako je mOYeO HEroB ILPKBEHU
XMBOT (360. roguHe). YO6p3o je 610 npucyran
cabopy y Llapurpany. 3aTum, y ocamu, TeMerb-
HO je mpoy4asao OpuraHose cliyce 1 10Y€0 Ja
IyIlIe alojIoreTcka fiena y Ilonry.

Or 365. cripujate/bo ce ca CBOjUM eNMCKOIIOM
JeBceBMjeM U IOY€EO fa MY IIOMaXKe y aMUHN-
cTpauuju aujeniese. HacraBuo je ma ce 6aBu
XYMaHUTAapHMM PaJioOM U NPOAYXUO f[a YUM.
Kapia je emmckon nmpeMmuHyo CBM Cy 3HaIM Ja
je Bacunmje Beoma criocobaH U eIOKBEHTaH
LPKBEHM YOBEK Ia je 376. roguHe XUPOTOHU-
caH 3a emyckorna. Taga je HacTynwio jour Behe
aHTakoBambe y IpKBU. OCHUBambe HOBUX €IIN-
ckonuja y Kecapuju, HacTojame fa moBexxe cBe
IIpaBOCHaBHe emuckorne VIcToka mportus je-
pecy, WTO je 6MI0 BeoMa TEIIKO Y TO BpeMe.
Vnak ycneo je ga objenuu BehuHy emmckormna
Ha VcTtoky m mocraHe mpepgsopgHuk Ilpaso-
CNaBiba.

Y HOBOM CBOjCTBY [1€/10BAO je YCIIEIIHO U Y I10-
rieny: ypebemwa 6orocnyskema, Oprann3oBamy
MOHAILIKOT >KMBOTA, U JPYLITBEHOM [Iel0Balby.
[Topenmo je cBoje HacneheHno nmamwe y [ToHTy,
a jelaH Jieo Offpefyo fa ce ycrocrase JoOpo-
TBOPHE YCTaHOBE.

3AK/bYYHU PE3VIME

INEPMO[ ITPAHAYYHE T'EOJIOTMJE Y CPBA

[TpubmmxHo cpenraoM Cpenmer Beka (y VII
BeKy), kaga cy Cpbu sabenexenu Ha bankan-
CKOM IIOTyOCTPBY, OHU CY OMJIV IIaraHy C MHO-
ro mutoBa. O 3emspu cy 3Hanu Mano. CaMo Ko-
JIMKO je IIPOM3/Ia3nIo U3 MUTA KaKo je 3eM/by
U CBe LITO Ce Hajasy Ha 10j CTBOPMO ITIABHU
6or CBapor. 3a pas/nnKy Off TOra, UMaJu Cy fO0-
CTa Pa3BUjeHO €MIMPUjCKO 3HAIbE O CTEHAMa,
KaMemy U 3eM/bUIITY, U3 BEKOBHOT MICKYCTBa
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Basil turned completely to Christianity and de-
voted his further studies and reflections to the
new faith. In order to better understand Chris-
tianity, and especially monastic philosophy and
practice, he traveled to Syria, Mesopotamia,
Palestine, and Egypt. On this journey, he met a
number of theologians.

Upon returning from his trip to Caesarea, he
was ordained a deacon. Thus began his church
life (360). He was soon present at the Council
of Constantinople. Then, in solitude, he thor-
oughly studied the writings of Origen and be-
gan to write apologetic works in Pontus.

From 365, he became friends with his bishop
Eusebius and began to assist him in the admin-
istration of the diocese. He continued to engage
in humanitarian work and continued to study.
When the bishop died, everyone knew that
Basil was a very capable and eloquent church-
man, so in 376 he was ordained a bishop. Then
he became even more involved in the church.
The establishment of new bishoprics in Caesar-
ea, an effort to unite all the Orthodox bishops
of the East against heresy, which was very dif-
ficult at that time. Nevertheless, he managed
to unite the majority of the bishops in the East
and become the leader of Orthodoxy.

In his new capacity, he also acted successful-
ly in terms of: regulating worship, organizing
monastic life, and social activities. He divided
his inherited property in Pontus and assigned a
part to establish charitable institutions.

FINAL SUMMARY

THE PERIOD OF PRE-SCIENTIFIC GEOLOGY
AMONG THE SERBS

Around the middle of the Middle Ages (in the
7th century), when the Serbs were recorded on
the Balkan Peninsula, they were pagans with
many myths. They knew little about the Earth.
Only what came from the myth that the Earth
and everything on it was created by the main
god Svarog. In contrast, they had a fairly devel-
oped empirical knowledge of rocks, stones and
soil, from centuries of experience in the affairs
of their ancestors and their own lives. In the
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0 IIOCIOBMMaA TIpefjaka M CBOT XMBOTA. Y HO-
BOj CpellMHY, TaKO je TO OIICTajano [Ba BEKa.
CykoOu M KOHTaKTM, Y MMPHUjUM BpEMeHU-
Ma, ca BusaHTHjuMMa ¥ HBUXOBOM KYITYpPOM,
mebhyTuM, mocrerneno cy oborahmsanm muxo-
BO MCKYCTBO.

[Tpumame xpuimhaHCTBa U ONMUCMEHABAbEe Y
IX Bexy NMpOMeHMIN Cy HAIJIO IbUXOB KUBOT,
HaBJIKe, 3Hambe 11 XopusoHTe. Ha moueTky kac-
Hor Cpenmer Beka (y X Beky) Beh cy umanu Ha
pacnonarawy lllectogneB (XekcaemepoH)
6yrapckor nucna J. Ersapxa. VI3 Te pasHoBpc-
He 11 OoraTe Kiblre casHaBalu Cy MHOTO TOTa
IITO Y OIIITEe HACY 3HA/IM O 3eMJbJL. Jauy 3aMax
I06WMIIO je TO yueme IOCIe OOHaB/bama Xua-
nanpapa (XI Bek) 1 ycrocTap/barba mberose o6u-
6nmoTexke. Jour Buiire ce yop3sano npesohememM
»lecronneBa“ Bacumuja Benmukor Ha cprcky
penakuyjy (oko monosuHe XIV Beka). Ta kwu-
ra, noceeheHa y ILemMHM caMO IO3HaBamwby
3emspe (Heba, 3eMjbe, BOJIe, CBET/IA, MOpa U Ha-
CTaHKYy IUIaHeTe), 6ua je 3acHoBaHa Ha CBe-
TOM NUCMY U HeroBOj KOMOMHALMjI ca Haj/lo-
TUYHVUUM CXBaTambyMa aHTUYKUX MNcala U
npupoamaka. YmnosHana je Cpbe ca xpumhas-
CKMM CXBaTamwyMa 0 3eM/b) /U je HOIpUHe-
7Ia ¥ y MO3HABamky [APYrauMjux MuULUbema. Y
CBAKOM CJIy4ajy Le/I0 TO y4Y€rbe OfIBUjano ce
y OKBUpMMa HaTypua030(dCKux mormega Ha
NPUPOAY ¥ eMIIMPUjCKMX MCKYCTaBa CTAHOB-
HUIITBA.

OsakBa obasenrreHoct Cpba o 3am/mpn ocra-
7a je cBe 10 CpefinHe U Kpaja KacHor Cpenmer
Beka; ogHocHO Hemamnhke ppkase (XII-XV
Bek) 1 [lecnoroBuHe (XVBek). CHOXHUM pas-
BOjeM pyAapcTBa, rpaheBMHApCTBa M Apyrux
npatehux HeIaTHOCTM BEMMKMM KOpalyMa
cy mpornpeHa u oboraheHa BIacTUTa eMIIN-
pujcka sHama Cpba. Taxo je 3aBpliueH Hepuop
CpIICKe ,,IIpaHayKe 0 3eM/bU , KOjU je Tpajao of
VII o XII Beka. Vamehy XII u XV Beka cme-
CTM/IA Ce PACIUIMHYTa I'PaHUIA IPOTEK/IOT U
cneneher nepuopa.

INEPMO EMBPMOHAIJIHE TEOJIOTUJE
Y CPBA

Toxom XII Beka moyeso je KoMajiakbe MPOCTO-
pa Hace/beHNX Cp6uma. CeBepoMCTOUHE Tepy-
TOpUje 3aI0CeM Cy Yrapu a jyrosamanae Me-

new environment, this persisted for two centu-
ries. Conflicts and contacts, in more peaceful
times, with the Byzantines and their culture,
however, gradually enriched their experience.

The adoption of Christianity and literacy in the
9th century abruptly changed their lives, hab-
its, knowledge and horizons. At the beginning
of the late Middle Ages (in the 10th century),
they already had at their disposal the “Hexae-
meron” (Hexaemeron) by the Bulgarian writer
J. Exarch. From that diverse and rich book, they
learned much that they did not know about the
Earth in general. This learning gained greater
momentum after the restoration of Hialandar
(11th century) and the establishment of its li-
brary. It accelerated even more with the trans-
lation of the “Hexaemeron” by Basil the Great
into Serbian (around the middle of the 14th
century). That book, dedicated entirely to the
knowledge of the Earth (sky, land, water, light,
sea and the origin of the planet), was based on
the Holy Scriptures and its combination with
the most logical understandings of ancient
writers and naturalists. It introduced the Serbs
to Christian understandings of the Earth, but
it also contributed to the knowledge of differ-
ent opinions. In any case, all this learning took
place within the framework of natural philo-
sophical views on nature and the empirical ex-
periences of the population.

This awareness of the Serbs about the Earth
remained until the middle and end of the late
Middle Ages; that is, the Nemanji¢ state (12th-
15th centuries) and the Despotate (15th centu-
ry). With the strong development of mining,
construction and other related activities, the
Serbs’ own empirical knowledge was expanded
and enriched in great strides. Thus ended the
period of Serbian “primordial science of the
Earth”, which lasted from the 7th to the 12th
centuries. Between the 12th and 15th centuries,
a blurred boundary between the previous and
the next period was established.

THE PERIOD OF EMBRYONIC GEOLOGY
AMONG THE SERBS

During the 12th century, the fragmentation
of the areas inhabited by the Serbs began. The
northeastern territories were occupied by the
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yauu. Op XIV Bexa HacTaBU/IM Cy Ta OCBajama
Ocmannuje a y XVI BeKky OIpuapyXuUmm ¢y UM
ce AycTpujaHuM Ha ceBeposamnagny. OBako pas-
Ie/beHO CTAaHOBHUIITBO MMAJIO je CIMYHA OcC-
HOBHA 3Ham>a 0 3eM/bM a/Ii TOKOM BpeMeHa Ha-
CTajle Cy ¥ 3HaTHe pasinuke u3Meby ofBojeHnx
IeioBa UCTOT Hapoja.

Ha mpocropy samoceguytom Typuuma, ys3
60pOy 3a oy OIICTaHaK, 3a/ip>Kasia Cy ce CaMo
3Hama u3 lllecrogueBa Bacunnmja Benukor. Ca-
cBMM je Moryhe fia cy Heke HOBe nHoOpManyje
0 3em/b) ca 3amajia UIAK IIPUCTU3A/e IPEKO
cycenuux okynupanux Cp6a. 3aHUM/BMBO je,
mehyTum, fa ¢y y To BpeMe Omim gocta MH-
TEH3VBHM TIPeBOAMIAYKM, IMPENUCUBAYKM U
PemaKTOpCKM TOCToBM y XwlaHAapy. 3aro-
CTaB/balbeM PYAAPCTBA IIOCTEIIEHO Ce TacUIO U
€MIIMPUjCKO 3HAIbE.

Cp6uma ca TepuTOpMja OKYIMpPaHNUM Off CTPaHe
ApYTUX [p>KaBa, Hopex nomenyTor Illectonne-
Ba U HAIlpeJoBamba HIIXOBOI eMIIMPUjCKOT VC-
KyCTBa U3 IPUPOJie, CTU3aje Cy MHpopManuje
o Texyhum otkpuhuma us 1enor cBeTa TOKOM
PenecaHce, panor u kacHor Hosor Beka (XIV mo
XVII Bek). Criopo anu cy unak ctusane. Cpou
U Jla/be HUCY MMalU BIACTUTUX CTPY4YHbaKa,
3HaWa M IOCIOBa U3 reonoruje. Tex y apyroj
TIOJIOBVMHM TIEPYOJA U TO HAPOUNTO IIPEJ, IeTOB
Kpaj I0jaBMJIE Cy C€ KIbUTEe Ca T€OJIOLIKNM Ca-
AprKajeM 00jeqMbeHNM C OCTa/INM IPUPOTHNAM
HaykaMa. bes ncTuijama Kako je ped o moce6Hoj
Hayu. [IpBa TakBa Kmura 6mo je Opdennos
»BednTy KaseHgap“ ca peBeeHNM IIOITIaB/beM
»O cospanujy mupa“ (1783) [14]. Oaj nmepuop,
takobe, ce ofBujao y okpupy npeosnabyjyhe
Harypdunosoduje.

Tpeb6a, mehytum, ucrakuymn ga cy tm Cpbu
UM/ ,JICIOMON“ Y Teo/loIKNM HOC/IOBMMA
o]} IBOjLie CT paHaua, KpajeM XVII u moyeTkom
XVIII Beka. ¥3 [lynas, y Hepaany u Ha ¢yH-
nupamy [lerpoBapaguucke TBphaBe, papno je
MIO3HATY UTA/INjAHCKU MOJIMXUCTOP U ayCTpUj-
cku renepan JI. @. Mapcwmpu (1699 no 1726)
[15] a y Janmanuju opnMyaH WUTalIMjaHCKH,
npaBu TepeHcku reonor A. Qopruc (1774; A.
Fortis) [8]. IbuxoBe Kmwure 6mmy cy IpBu cu-
TYPHU JOKYMEHTU O TeOJIOIMjU ,KaMEHUTUX
IJIaHMHA" ca CPIICKUX TepeHa.
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Hungarians and the southwestern by the Vene-
tians. From the 14th century, these conquests
were continued by the Ottomans, and in the
16th century, they were joined by the Austri-
ans in the northwest. This divided population
had similar basic knowledge about the Earth,
but over time, significant differences emerged
between separate parts of the same people.

In the area occupied by the Turks, with a strug-
gle for bare survival, only knowledge from the
Six Days of Basil the Great was preserved. It is
quite possible that some new information about
the Earth from the West still arrived through
the neighbouring occupied Serbs. It is interest-
ing, however, that at that time there was quite
intensive translation, copying and editing work
in Hilandar. With the neglect of mining, em-
pirical knowledge was gradually extinguished.

Serbs from territories occupied by other states,
in addition to the aforementioned Six Days and
the advancement of their empirical experience
in nature, received information about current
discoveries from all over the world during the
Renaissance, early and late modern ages (14th
to 17th centuries). Slowly but surely, informa-
tion arrived. The Serbs still did not have their
own experts, knowledge and work in geolo-
gy. Only in the second half of the period, and
especially towards its end, did books with ge-
ological content combined with other natural
sciences appear. Without emphasizing that it
was a separate science. The first such book was
Orfelins “Eternal Calendar” with a translated
chapter “On the Creation of Peace” (1783) [14].
This period also took place within the frame-
work of the prevailing natural philosophy.

It should be noted, however, that these Serbs
had “help” in geological matters from two for-
eigners, at the end of the 17th and beginning of
the 18th century. Along the Danube, in Derdap
and on the foundation of the Petrovaradin for-
tress, the famous Italian polyhistorian and Aus-
trian general L. E Marsili (1699 to 1726) [15]
worked, and in Dalmatia the excellent Italian,
true field geologist A. Fortis (1774) [8]. Their
books were the first reliable documents on the
geology of the “rocky mountains” from Serbian
terrain.
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Ipanura osor nepuopa ca cinenehnm, taxobe,
focTa je pasBydeHa. [Touena je yBohemwem Ieo-
THO3Mje, Kao fgena ITpupoponuca, y Kapnosau-
Ky ruMHasnjy (1794). OxBujana ce Kpo3 Kibure
npeBefeHnx tekcropa A. CrojkoBmha (1801-
1803) [16] u J. Byjuha (1803) [17]. Cse po II
Kenbema (1811). Csojom kmurom ,Ecte-
CTBOC/IOBHje®, TIYHOM OIaXkamwa 13 IPUPOJE,
B/IACTUTUX MJEja, eKCIepUMeHaTa, OpUTMHAI-
HVM TyMadereM HaCTaHKa IVTAHVHA Y MI3jaBOM
KaKo ,IIPeMeT CTBapama CBeTa Huje TeMa 3a
6orocose Beh 3a mpupopmake” (cTp. 23), oH
je pasjacHmo 1Ta KO Tpeba ga pajgu [18]. V3 To,
IIOCTABIO je jacaH KaMeH IPaHNYHUK cefiehem
nepuony ,leonoruju xao geny ITpupomonnca®
ox moyetka XVIII Beka.
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Cakerak: L]pseru mym, Hyclipoussog gooujarea inunuye U3 60KCUilia, U WUOHUTH, OCTHATHAK U3 UPOU3BOGIve
WUAH-gUOKCUga U3 UnMeHutlid, Upegcitidémwdjy gea o00uMHA UHGYCHipujcka OMilidga ca 3HAYAjHUM
yiliuyajem Ha HUBOTUHY CPequHy U HegoBomHO uckopumhenum pecypcHum toitienyujanom. O6a ocitiaiixa
cagpice 8ucoke KoOHueHpayuje isoxha u gasa Koje Hoce WUTHAHUJYM, AU HUX08A CIAOUTHOCTH U CTIOHEHA
Mmumepanoiuja oiliexasajy gupexkiiny sanopuzavujy. Y osom pagy ipumervena je citipaitieiuja kapboitiepmujcke
pegyxuuje pagu uciiospemeHoi yknawarba i6oxha u cilipykilypHe mogupuxayuje muimanujymcke pase.
Kanyujym-oxcug je ysegen xao tliotiuiliern, He camo ga 6u ce fiobomuiana Kuxeiiuka pegykyuje éeh u ga 6u
ce HOgCwiakno popmupare Kanyujym-muianaiiia, wume ce geciiabunusyje pywunom 6oiaitia cilipykiypa
wiuoHuitia. Ipumapuu yum 6Uo je cenekimiusHa pegykuyuja u ogeajare isoxcha, y3 gobujarve wuilianujymom
6oiatiie wimaxe mogugurxosare CaO-om, Hioiogre 3a HakHagHo nyxere. O8aj Upuciliyil uciiuue geocmpyxy
KOpUcili: cmatrverve exonouwikoi oitiepehierva uHgycpujckum omiiiaguma u obezbehusarve iyiia ka usgeajarwy
isoxcha u wuimanujyma.

Kipyune pequ: VIIMEHUT, LIPBEHV MYJb, PEIIYKIIVJA, U3[IBAJAESE METAJIA
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Abstract: Red mud, a by-product of alumina production from bauxite, and tionite, a residue from
titanium dioxide manufacturing from ilmenite, represent two large-scale industrial wastes with significant
environmental impact and underutilized resource potential. Both residues contain high concentrations of
iron and titanium-bearing phases, yet their stability and complex mineralogy hinder direct valorization. In
this work, a carbothermal reduction strategy was applied to simultaneously address the removal of iron and
the structural modification of titanium phase. Calcium oxide was introduced as a fluxing agent, not only to
enhance reduction kinetics but also to promote the formation of calcium titanate, thereby destabilizing the
rutile-rich tionite structure. The primary objective was the selective reduction and separation of iron, while
preparing a CaO-modified titanium-bearing slag suitable for subsequent leaching. This approach highlights
a dual benefit: mitigating the environmental burden of industrial residues and providing a pathway toward

resource recovery of iron and titanium.

Key words: ILMENITE, RED MUD, REDUCTION, METAL RECOVERY

YBO[

ITponsBoyba INIMHNUIIE Y TUTAHWjYM-AVOKCHUAA Y
Be/IMKNMM pa3MepaMa II0Be3aHa je ca HacTajambeM
OTPOMHMX KOJIMYMHA VHAYCTPUjCKOT OTIAfia,
KOjy TIPEACTaB/bajy M €KOJIOIIKY 13a30B U IIPU-
MUKy 3a W3JBajalbe KOPUCHNUX KOMIIOHEHTH.
Mebhy wuma, npsenu My (IIM), Hyciponssop,
mobujama rmmHMIE bajepoBMM HOCTYIIKOM, M
TMOHUT, OCTAaTaK M3 IIPOM3BOJHE TUTAHMjYM
muokcupa (TiO)) wms wmnmenura cyndarnum
IIOCTYIIKOM, NPeCTaB/bajy fABa Haj3Ha4YajHUja
ormaga. IbuxoBo 6e3beqHO omTarame OcCTaje
I7I00aTHO aKTyelmaH IpobieM, ami XeMMjCKI
CacTaB U MMHEpajoruja OBUX MaTepyjana VC-
TOBpeMeHO ux unHe 1 obehasajyhum cexyHpap-
HJMM pecypcuMa 3a M3JiBajarbe MeTajla U Apyre
MHAYCTpUjcKe IpuMeHe [1, 2].

Ipsenn mymb Hactaje y kommuunu of, 0,5 no 2,0
TOHE TI0 TOHU IPOV3BeJIeHe IMHNIIIE, A TTI00aTHEe
3a/IIXe Cy IpeMa IIpolieHaMa IIpeMallie 5 M-
mvjapay ToHa o 2020. ropmHe. Fberosa Kapak-
TEpUCTMYHA I[pBeHa 00ja MOTMYe Of BVCOKOT
cagpxaja okcupa rBoxkha, a1 Takobe campxku
3a0CTay DIVHMULLY, CUIALIAJYM-IMOKCUJ, THUTa-
HUjyM-IMIOKCUTI, 1 a/IKajiHe oKcupe. Martepujan je
uspasurto ankanad (pH 9-13), mro npepcrasmba
0301baH pusMK off 3araherba 3eM/BUIITA U TIOf-
3eMHIX BOJJa, KOpO3yje MHPPaCTPYKType U TOK-
CMYHOCTU 3a eKocucTeMe. [lopen Tora, merosa
CUTHA TpaHy/Iallija OTeXKaBa CYBO CK/IAIVIITEhe
300r CTBapama MparimHe. TpagunmoHarHo ce
OJUIaXe TAJIOKEHEM y BUJY CYCIIeH3Vje, CYBUM
IETIOHOBAEeM WM CYIIeHheM Ha CYHLY, i
LIPBEHN MYJb Ce U Ja/be KIacu(uKyje Kao oracaH
MaTtepujaj 300r CBOT cacTaBa J CHIeLpUYHIIX 3aX-
TeBa 3a pyKoBambe. /mak, 6pojHa ncTpaxnBama cy
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INTRODUCTION

The large-scale production of alumina and ti-
tanium dioxide is associated with the genera-
tion of massive volumes of industrial residues
that present both environmental challeng-
es and opportunities for resource recovery.
Among these, red mud (RM), a by-product
of alumina production through the Bayer
process, and tionite, a residue from titanium
dioxide (TiO,) manufacturing from ilmenite
via the sulfate process, represent two of the
most significant waste streams. Their safe dis-
posal remains a pressing global issue, yet their
chemical composition and mineralogy also
make them promising secondary resources
for metal recovery and other industrial appli-
cations [1, 2].

Red mud is generated in quantities ranging
from 0.5 to 2.0 tons per ton of alumina pro-
duced, with global stockpiles estimated to
exceed 5 billion tons as of 2020. Its character-
istic red color derives from a high iron oxide
content, but it also contains residual alumina,
silica, titanium dioxide, and alkali oxides. The
material is highly alkaline (pH 9-13), which
poses serious risks of soil and groundwater pol-
lution, corrosion of infrastructure, and toxicity
to ecosystems. Furthermore, its fine particle
size makes dusting a challenge in dry storage.
Traditionally managed by slurry disposal, dry
stacking, or solar drying, red mud continues to
be classified as a hazardous material due to its
composition and handling requirements. Nev-
ertheless, extensive research has highlighted
its potential utilization in applications such as
stabilization materials, adsorbents, catalysts,
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VICTaK/Ia HeroB MOTEHLVja/l 3a IPUMEHY y 00/a-
CTMMA Ka0 IITO Cy CTaOWIN3ALMOHY MaTepyjaii,
afIcOpOEHCH, KaTa/M3aTopH, KepaMyKa, NI MEHT,
LIeMEHTH, @ HAPOUNTO Y M3/IBajatby MeTala MOy T
rBo>xba, arymmHUjyma u TutaHujyma [3-21].

Tuonut, ¢ mpyre cTpaHe, HacTaje IPETEXKHO Y
cyndarnom nocrynky npoussopme TiO,, re ce
HAKOH JIy>KeHa OfiBajajy HepacTBOPEHU OCTaLN
py#e. OB ocTaly Cy KOMIUIEKCHY U CacToje ce
Ol HepearoBaHMX jefiuiberba TUTAHMjyMa, OKCH-
ma rBoxba, Opyrnx MeTamHMX OKCHMAQ M 4ecTO
3a0CTa/IMX TparoBa CyMIIOpHe KiucenuHe. Takas
CacTaB YMHY TYIOHUT V1 €KOJIOIIKY IIPO6/IeMaTi-
HUM M TeWIKMM 3a Ipepany. VMako xmopupHn
IIOCTYIIAK TakKole reHepuine ocraTke borare Ti-
TaHUjyMOM, TMOHUT M3 CYI(aTHOT IOCTYIIKA je
JaTeKO 3acTYIUbeHMji. 300T BMCOKOT cafjpsKaja
TiO, u muHepanormje 3acHOBaHe Ha PYyTHIY,
TUOHWUT IpefCTaB/ba IOTEeHLMjaTHN CeKyHpap-
HJI Pecypc, alu HberoBa CTaOMIHOCT OTeXaBa
IVIPeKTHy NpyMeHy. Jlocafanimba UCTpaKmBarba
o0yxBaraza Cy XUIpOMETaTypIIKO JTy>KeHbe Pafyu
U3/iBajarba TUTAHU]yMa, IMPOMETATYPIIKY KOH-
Bep3ujy y L/bake 6oraTe TUTAHUjYMOM, PEMHTe-
rpanyjy y npoussopiy TiO,, kao u mpumene y
peMenvjalyjy XKMBOTHE CpeayHe, rpaheBMHCKIM
MaTepHujaluMa UM IPOU3BOJIbY KaTalnusaTopa.
Ynopkoc TuM Hamopyuma, MeTOfe 3a MAacoB-
HIjy yrioTpeby jolI yBeK HICY pasBUjeHe, Te Cy
norpebHe MHOBaTMBHe CTpareruje koje he mc-
TOBPEMEHO CMAMUTH €KOJIOUIKE PU3MKE Y OMO-
ryhury uckopuithemwe noreHumjana (2, 22-27].

Jeman o o6ehaBajyhux myTeBa 3a ucToBpeMeHy
Ba/JIOPU3ALVjy LIPBEHOT My/ba U TMOHMTA jecTe
Kapborepmujcka pegykiyja. OBaj mocTymak
oMoryhaBa CeleKTMBHY pefyKIVjy U U3JBajarbe
rBokba, 4nMe ce pelraBa jemaH Off K/bYYHMX
npob/ieMa y BIXOBOj yIOTpebn. Y cmydajy Tvo-
HNTA, JOAATaK KaILMjyM-OKCHJA He caMo Ja
Jieryje Kao TOIMTE/b M OJIaKIIaBa pefyKuujy, seh
noacTude ¥ (GopMypame KallyjyM-TUTaHATa,
YyMe ce HapyllaBa CTabM/IHA PyTWIHA CTPYK-
Typa ¥ IpMIIpeMa MaTepyja 3a HAKHaJHY IIpepa-
ny. Kom oba ocratka, pemykumja mnpepicTaBba
npunpeMHy ¢asy 3a ayxeme, omoryhasajyhu
U3[IBajatbe KOPVCHMX METATHUX KOMIIOHEHTH Y3
cTabum3anujy Ipeocrase mjbake.

OBo mncTpakmuBame je YCMEpPEHO Ha KOM-
OMHOBAaHM TPETMAH LIPBEHOT MY/ba U TMOHNUTA

ceramics, pigments, cements, and particularly
in the recovery of valuable metals such as iron,
aluminum, and titanium [3-21].

Tionite, on the other hand, originates main-
ly from the sulfate process of TiO, produc-
tion, where undissolved ore residues are
separated after leaching. These residues are
complex, consisting of unreacted titanium
compounds, iron oxides, other metal oxides,
and often entrapped sulfuric acid. This com-
bination makes tionite both environmentally
problematic and difficult to process. While
the chloride process also generates titani-
um-bearing residues, tionite from the sulfate
route is particularly abundant. Due to its high
TiO, content and rutile-dominated mineral-
ogy, tionite represents a potential secondary
resource, though its stability makes direct
utilization challenging. Approaches investi-
gated for tionite valorization include hydro-
metallurgical leaching for titanium recovery;,
pyrometallurgical conversion into titani-
um-rich slags, reintegration into TiO, pro-
duction, and applications in environmental
remediation, construction materials, or cat-
alyst production. Despite these efforts, large-
scale solutions remain underdeveloped, and
innovative strategies are required to both
mitigate environmental risks and unlock its
resource potential [2, 22-27].

A promising pathway for the simultaneous val-
orization of red mud and tionite is carbother-
mal reduction. This process enables selective
reduction and separation of iron, addressing
one of the key obstacles for their utilization. In
the case of tionite, the addition of calcium ox-
ide not only acts as a fluxing agent to facilitate
reduction but also promotes the formation of
calcium titanate, thereby disrupting the stable
rutile structure and preparing the residue for
downstream processing. For both residues, the
reduction step serves as a preparatory stage for
subsequent leaching, allowing recovery of val-
uable metal components while stabilizing the
remaining slag.

This study focuses on the combined treatment
of red mud and tionite via carbothermal
reduction with CaO addition, aiming to (i)
remove iron efficiently, (ii) destabilize the
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KapOOTepMIjCKOM PpefyKLMjoM y3 [LOAaTaK
CaO, ca mywmweM fia ce: (i) epuKacCHO YKIOHU
reoxbe, (ii) mecrabunusyje crabuinHa TuTa-
HUjyMcKa asa y tmonuty u (iii) mpunpemn
II/baKa IIOTOJHA 32 Ty>Kerbe U Jla/be N3/IBajarbe
Metasna. VHTerpanujom MeTaaypuUIKUX 1 eKO-
JIOIIKMX aclleKaTa, OBaj pajl JOIPUHOCU pa-
3BOjy OfpXIBe CTpaTeruje 3a ynorpeby oBux
UMHJYCTPUjCKUX OCTaTaKa.

MATEPUJAJIN I METOJIE

Y oBOM pafy, Kao CMpOBMHA je KopuiaheH
LpBeHU My/b U3 abpuke ,, ATymMMHA" 1.0.0. 13
3BopHuKa. LIpBeH My/b je IPeTXOJHO OCYLIEH,
caM/beBeH J IIPUIIPEM/bEH 3a IIPOLieC PeRyKIyje.
Y rtabemm 1 mpukasaH je cacraB KopuurheHor
LIPBEHOT MY/ba.

stable titanium phases in tionite, and (iii)
prepare a leachable slag suitable for further
resourcerecovery. Byintegrating metallurgical
and environmental considerations, this work
contributes to the development of sustainable
strategies for the utilization of these major
industrial residues.

MATERIALS AND METHODS

In this work, red mud from the factory ,,Alu-
mina“ d.o.o. was used as a raw material from
Zvornik. The red mud is previously dried,
ground, and prepared for the reduction pro-
cess. In Table 1. the composition of the used red
mud is shown.

Tabena 1, Cacitias uypeenoi myma us padpuxe , Anymuna“ g.o.o.

Table 1, Composition of red mud from ,, Alumina” d.o.o.

Jemumere % Jenumeme %

Compounds ° Compounds ’
i ove 1 000 C 82 G0, 0225
SiO, 10,52 CuO 0,007
Fe O, 49,29 K,0 0,159
Na,0 2,45 TLO, 0,088
TiO, 4,59 MnO 0,145
CaO 8,23 MgO 0,627
ALO, 12,03 NiO 0,034
Ag,0 0,001 PbO 0,019
BaO 0,014 PO, 0,930
Cr,0, 0,133 ZnO 0,016
S¢,0, 0,011 V,0, 0,135
Co,0, 0,012 SrO 0,075

Ha cmymm 1. mpukasan je XRD xopumrhenor

I[PBEHOT MY/ba.
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On figure 1. XRD analysis of used red mud is

shown.
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Cnuka 1, XRD ananusa ypeeHoz myma
Figure 1, XRD analysis of red mud
XRD anamusa je MOTBpAMIA IPUCYCTBO XeMa- The XRD-analysis has confirmed the presence
TUTA U IPYTUX BeOMa CTAOMIHVX OKCUJA 3a pe- hematite and other very stable oxides for re-
RYKLMjy, yKbydyjyhu namennt. AHammsa Takobhe duction including ilmenite. Analysis shows
HOKa3yje IPNCYCTBO APYIMX MMHepaja IMOIMyT other non-ferrous minerals perovskite, calcite,
NIeEPOBCKUTA, KAJILINTA, AMACIIOpa, 6eMIUTa, aHXN- diaspore, boehmite, anhydride etc. which will
Apupa u ap., Koju he TokoM pemykipje okcuzia undergo structural change caused by iron oxide
rBoxkha mpohu Kpo3 cTpyKTypHe IIpoMeHe. reduction.
XRD ananusa TMOHMTA IIPYIKa3aHa je Ha CIIVIL 2. XRD analysis of tionite is shown in Figure 2.
[T
— b
&
g =
=
: i
] X L] L4 W
28 (*) (Cu)
Fedde - s 2 I 1
- b | L I & o g
Rutle |- o . Ep A
MgTiOnide [ TR A JOETENRR T |
Kennedyite | l NI o

Cnuxa 2, XRD ananusa miuonuitia
Figure 2, XRD analysis of the Tionite sample
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XRD pudpakrorpamMu THOHUTA OTKPUBAjy (a-
3HI CAaCTaB y30pKa. Y30paK IIOKasyje IpUCY-
CTBO JOMMHAHTHUX as3a, a TO Cy pyTui,
Mg-Ti oxcup u keHemut (rBoxbhe-TuTaHNUjyM-
-MarHe3ujym okcup). PyTun ce jampa xao fo-
MMHaHTHa (a3a, IITO je BU/BIBO 3 M3PAXKEHNX
IMKOBA IIpK HIDKUM 20 yrmoBuma, oko 25-30°.
ITpucycrso Mg-Ti okcnpa ykasyje Ha popmu-
pame KOMIUIeKCHe (ha3e Koja MOXKe YTUIIATU Ha
PEAKTMBHOCT TUTaHUjyMa TOKOM JTy>ema. Tako-
be je merexToBaH M KeHeaNT Y Mamb0j Mepu. Xe-
MMjCKV CacTaB TMOHMUTA je IPMKa3aH y Tabemn 2.

Tabena 2, Xemujcku caciiias wuoHuiia
Table 2, Chemical composition of Tionite

The XRD patterns of Tionite reveal the phase
composition of the sample. The sample shows
the presence of dominant phases which are
rutile, Mg-Ti oxide, and kennedyite (iron tita-
nium magnesium oxide). Rutile appears to be
the dominant phase. This is evident from the
strong peaks at lower 20 angles around 25-30°.
The presence of Mg-Ti oxide suggests the for-
mation of a complex phase that could influence
the reactivity of titanium during leaching. Ken-
nedyite which is a less common phase is also
detected. The chemical composition of Tionite
is shown in Table 2.

Enemenrt Tutanujym Cuwmniujym Anymunnjym IBoxxbhe
Element Titanium Silica Aluminium Iron
Konumunna (%)
Amount (%) 33,9 7,72 1,94 >68

XeMUjCKM cacTaB y30pKa yKasyje Ha TO Ja je
TUTAHUjyM [IOMUHAHTHU €/IeMEHT Ca YJeloM
1o 33,9% ykynse Mace. CUIMIVjyM-JOKCHT, je
Takobe IIPUCYTaH y KOMMYMHY OF, 7,72%, IUTO
MOYKe yTULIATK Ha IIPOLieC Ty>Kemba CTBapambeM
CuIMKa-Tena nox ogpebenum ycnosuma. Ay-
MUHUjYM je IPUCYTaH y Kommauan of, 1,94%, a
rBoxxbe 5,68%, 1ITO CY HVDKE BPEJHOCTH, alu U
Ia/pe Mory yTuiaty Ha dasHe Tpancdopmaryje
¥ TIOHAIIIakbe IIPY PeAYKLNj/ TOKOM obpasie.

METOJIE

XRD anammsa je ypabena kopuuthemeM nncg-
pakromerpa Bruker D8 Advance onpem/benor
LynxEye nerekropom. Bruker D8 Advance npen-
CTaB/ba MojiepaH u BeoMa cHaxkaH XRD cucrem
MO3HAT II0 BJCOKOM KBJIUTETy aHaluse.
ICP-OES anamusa je msppmieHa Ha ypebajy
Agilent 5000 ICP-OES ca HanipegauM QyHKIN-
jama 3a mob6ospiane nepgopmance. OBaj cu-
CTeM je BeoMa epuKacaH 1 ITO3HAT IO BUCOKO]
0CET/bUBOCTH M IMPOKOM JITHAMIYKOM OIICETY,
mTo oMmoryhasa #eTeKIujy U KBaHTU(UKALUjY
He caMo ITIaBHUX, Beh e/leMeHara y TparoBuma.
Hampenna onTuka u fIeTeKTOpCKa TEXHONOTUja
06e36ehyjy nmoyspaHe 1 penpopyKTUBHE pe3y-
TaTe 3a TOTOBO cBaky efieMeHT. EDS ananmsa je
cripoBefieHa omohy gerexkropa Octane Plus-A
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The elemental composition of the sample
indicates that titanium is the dominant ele-
ment with up to 33.9% of the total mass.
Silica is also present at 7.72%, which could
influence the leaching process by forming
silica gel under certain conditions. Aluminum
have amount of 1.94%, iron 5.68%, which are
lower amounts but still it may affect phase
transformations and reduction behavior du-
ring processing.

METHODS

XRD analysis was conducted with Bruker D8
Advance diffractometer equipped with a Lynx-
Eye detector. The Bruker D8 Advance is a mod-
ern and very powerful XRD system known for
its high quality of analysis. ICP-OES Agilent
5000 ICP-OES equipped with advanced fea-
tures for enhanced performance was used. This
system is very efficient and known for high
sensitivity and wide dynamic range, detecting
and quantificating not just major but also trace
elements. Advanced optics and detector tech-
nology ensure reliable and reproducible results
for almost every element. EDS analysis was
performed using an Octane Plus-A detector by
Ametek-EDAX. This detector is very popular
and has high-resolution capabilities and sensi-
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kommanuje Ametek-EDAX. OBaj perexrop je
BEOMa PAaCIIPOCTPAEH U OIIMKYje Ce BICOKOM
pesonynujoM U ocer/pMBoLINYy, IITO Ta YMHK
IIOTOJHVIM 34 JICTa/bHY e/leMEHTApHY aHaIIN3Y.

IIponec pepykuuje YI/beHMKOM OfIBUjaO ce y
DC enexrponyunoj nehn. Tpu (3) xuaorpama
LpPBEHOI My/ba M TUOHMTA, 3ajeJHO Ca Ipa-
($UTOM Kao pPefyKIMOHVM areHCOM, MOMeIIaHN
cy u ybadenn y neh. 360r Bucoke BUCKO3HOCTHI
II/baKe HAKOH pefyKIyje oKcua reoxkha, mybaka
je TIOKa3MBalIa TeHMEHIVjy CTBapama IeHe. [la
Oy ce cMamIMIa BUCKO3HOCT, fopaT je CaO kao
tormresb. [losutuBaH edexar popmatka CaO
orzefia ce y ToMe ITo ce eBeHTyanHn FeO u3
Fe,SiO4 moHOBO pacTBapa y lUbaliy, y3 IOBOJbHY
npomeny aktuBHOCTH FeO, a icToBpeMeHo foma-
31 U IO HapyllaBaba CTAOWIHE PYTIUIHE CTPYK-
Type y pesykuuju Tnonnta. HakoH ybaryBama
cMelle, peflyKuyja ce OfBujana y Tpajamy of 45
MMHYTA, KaKO OY yI/beHJK PearoBao ca /baKoM.
ITo mcrexy BpeMeHa 3anp>KaBama, U34BOjEHa je
MeTajHa asa Fe, ok je nmypaka ocrana y nehn.

Jlo6ujenn ysopum Cy 3aTuM OfBOjeHM Mexa-
HIYKM KopuinhemeM MarHeTHe celapanuje.
Jo6ujenu npoussopu cy ananusupanu XRD n
EDS ananmmsom.

PE3YIITATU VI IICKYCHUJA

Pesynratu ICP ananmse (M3pakeHU y MaceHUM
IPOIIEHTNMA, Wt%) TIPMKa3yjy cacTaB K/byIHNX
elleMeHaTa y IUballl HAaKOH KapboTepMMmjcKe
penykumje, yxwydyjyhm reoxbhe (Fe), tnra-
mnjym (Ti), cummujym (Si), amymmanjym (Al) n
KamujyM (Ca).

[wits)

KonuenTpaumja / Concentratior

tivity, making it suitable for detailed elemental
analysis

The reduction process with carbon took
place in a DC electric arc furnace. Three (3)
kilograms of red mud and tionite and graphite
as carbon-reducing agent are mixed and
charged into the furnace. Because of the high
viscosity of the slag after reducing the iron-
oxides, the slag has been creating a foam. To
lower the viscosity, CaO has been added as a
fluxing agent. The positive side effect of CaO
is, that possible FeO from Fe SiO, is dissolved
back into the slag with a positive change of
activity of FeO and also altering the strong
rutile structure in tionite reduction. After
charging, a holding time of 45 minutes has
been started, to let the carbon react with the
slag. After the holding time, the furnace was
tapped to extract the Fe metal phase, while the
slag phase remained in the crucible.

The samples were separated mechanically using
magnetic separation. The obtained products
were analyzed by XRD and EDS analysis.

RESULTS AND DISCUSSION

The results of ICP analysis (expressed in weight
percent, wt%) illustrate the composition of
key elements in the slag after carbothermal
reduction, including iron (Fe), titanium (Ti),
silicon (Si), aluminum (Al), and calcium (Ca).

Enemedts [ Elements

Cnuka 3, Enemenmapra ananuza uibaxe 0oobujeHe KapoomepmaiHom peoyKyujom ypeeHos mysbd
Figure 3, Elemental analysis of carbothermally reduced red mud slag
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3Ha4ajHO BUCOKA KOHIEHTpalMja KaalujyMa,
6mu3y 30 mac.%, ofpakaBa HaMepHO HOJA-
Babe CaO Kao TommTe/ba TOKOM IIporeca. Y
nopebewy ca IOYETHUM IPBEHUM MY/bEM,
KOjI je cafipKao caMO TParoBe Kajllujyma, 0BO
IofaBame je 3Ha4ajHO 000raTU/IO PeLyKOBaHY
uvbaky. Capyxaj arymMmuHujyma je takobe 6ma-
ro nosehaH, gocTiokyhu BpujemHOCTM M3HAJ
10 mac.%. Konnenrpauuja reoxxha je sHagajHo
omasa Ha 5-10 mac.%, mro norephyje edukac-
HY penyKuujy okcupa reoxxba. Vcrospemeno,
CUIALIVjYM U TUTaHUjyM CYy KOHLIEHTPUCAHU Y
HI/bALIN, LITO je Y CKJIA/ly Ca IBbIXOBOM Hepeak-
TMBHomhy IIOJ, IPUMEHEHNM PENYKIMOHUM
ycnoBuma. OBU pesynTaTi yKasyjy Ha CHaXKaH
ytunaj popgarka CaO, koju je mocrao go-
MMHAHTHAa KOMIIOHEHTa y pUMHATHOj /b

A notably high concentration of calcium,
close to 30 wt%, reflects the deliberate addi-
tion of CaO as a fluxing agent during the pro-
cess. Compared with the original red mud,
which contained only trace levels of calcium,
this addition significantly enriched the re-
duced slag. Aluminum content also increased
slightly, reaching values above 10 wt%. Iron
concentration decreased markedly to 5-10
wt%, confirming the effective reduction of
iron oxides. Meanwhile, silicon and titanium
remained concentrated in the slag, consistent
with their relative inertness under the applied
reducing conditions. These results demon-
strate the strong influence of CaO addition,
which became the dominant component in
the final slag.

[MP24050_26.y] #Dabe: 13-May-24 08:10; Sample: Siopec 3 20 MybenZ 2 Scan Mo 13.05.2004
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Cnuxa 4, [Jugpakimoipamu wmwake upeeroi myma pegykosare Ha 1600° C
Figure 4, Diffractograms for red mud slag reduced at 1600° C

XRD aHanmsa y mpaxy Ha COOHOj TeMIlepary-
pM M3BefieHa je Ha Y30pI¥Ma peJyKOBaHOT
IIPBEHOr My/ba, a (hase Cy MAeHTU(DUKOBAHE
kopuurhewem ICDD 6ase nopataka. OpcycTBo
XeMaTuTa y JudpakuynoHoM obpaciy ykasyje
Ha IbeTOBY IIOTIIYHY PeAYKLM)Y, JOK JeTeKIyja
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Room-temperature X-ray powder diffraction
(XRD) analysis was performed on the reduced
red mud samples, with phases identified using
the ICDD database. The absence of hematite
reflections in the diffraction pattern indicates
its complete reduction, while the detection of
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MarHeTUTa Cyrepuire fia je geo roxkbha ocrao
JNeMMMUYHO OKCufoBaH y wwbaum. Ilojaa
neposckura (CaTiO;) morsphyje crabummsa-
LVjy TUTaHUjyMa Y OKCUIHOM OOJNUKY, HOK
¢dopmupame renenuta (Ca,Al,SiO;) ogpaxkasa
C/IO’KE€He BUCOKOTEeMIIepaTypHe MHTepakluje
usMeby okcupja IpUCyTHUX Y CUCTEMY.

Caeykynno, XRD pesynratu mokasyjy ma Kap-
6oTepMaHa pefyKuuja TpaHCcPOpMMUIIE IpBe-
HJI My/b 13 HeroBe IPBOONTHE CTIOXKeHe CMe-
e OKCHJA M CUIMKATa y II0jeJHOCTaB/beHN
CUCTEM KOjU Ce CacTojyu Of MeTamHor reoxkha
u urpake MopudukoBane CaO-oM, mpeTex-
HO CacTaB/beHe Off EPOBCKNUTA U Ie/IEHNTa, ca
MaIbVM yJIE/IOM MarHeTHUTa.

Ha cmunu 5 npuxasana je XRD ananmsa pe-
IYKOBaHOT TMOHUTA.
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magnetite suggests that a fraction of iron re-
mained partially oxidized in the slag. The ap-
pearance of perovskite (CaTiOs;) confirms the
stabilization of titanium in oxidized form, while
gehlenite (Ca,AlLSiO;) formation reflects the
complex high-temperature interactions among
oxides present in the system.

Overall, the XRD results reveal that carboth-
ermal reduction transforms red mud from its
original complex mixture of oxides and silicates
into a simplified system dominated by metallic
iron and a CaO-modified slag phase, primarily
composed of perovskite and gehlenite, with mi-
nor magnetite also present.

On figure 5. XRD analysis of reduced tionite is
shown.

14 15 " !
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Cnuxa 5, Juppaxitioipamu pegyKko8anoi lUOHUTA
Figure 5, Diffractograms for reduced tionite

XRD ananmsa M3BefieHa je Ha y3opLuMa pe-
IYKOBAaHOT THOHNTA, a JIeTeKTOBaHe (ase Cy
upentudukosane kopunthewem ICDD 6ase
nopataka. IlocmarpaHe cy HOBe ¢ase Koje
cafipke TUTAHUjyM, INTO OfipakaBa edekaT
nogatka CaO m BUCOKOTEMIIEpaTypHE pefyK-

X-ray diffraction (XRD) analysis was per-
formed on the reduced tionite samples, and
the detected phases were identified using the
ICDD database. Several new titanium-bearing
phases were observed, reflecting the effect of
CaO addition and high-temperature reduction
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IMje Ha CTaOWIHOCT OpPMIMHAIHE PYTHUIHE
crpykrype. IIpucycTBO KeHemuTa, KOMILIEKC-
HOT TUTaHATa CPOJHOT IICEYAOOPYKUTY M
CTPYKTYPHO C/IMYHOT apMa/IKOINTY, yKasyje
Ha oncexxHy mopmbuxanujy moderHe TiO,
¢ase. Jerexnuja Tntannta (CaTiSiOs) ykasyje
Ha MHKOPIOpauujy Kajauujyma U CUINLujymMa
TOKOM peaKIMjCKOT IIpoIleca, cyrepuiryhm
cHaxHe nHTepakyje n3Mehy CaO u cummkaT-
HMX KOMITOHeHTH TnoHuTa. ITopep Tora, dop-
mupamwe mneposcknura (CaTiOs;) mnorspbyje
ovekusany peakuujy msmeby TiO, n CaO y
PENYKIMOHUM yC/TOBUMA.

CBeyKynHO, IOjaBa TUTaHUTa ¥ MEPOBCKUTA
uctude TpaHchpopMauujy pyrmwioMm OGoraror
TUOHUTA Y IIUbaKy JoMuHMpany HoBuM Ca-Ti
¢dasama. OBu pe3ynTaTy NOKA3yjy Aa JOHATaK
CaO He caMo fa o71aKIIaBa yKIamame rBoxba,
Beh u pecrabunmsyje CTaOWIHY pPyTUIHY
CTPYKTYpY, IpumpeMajyhu cucrem 3a HaKHaj-
HO JTy>Kerbe U U3JBajarbe TUTAaHUjyMa.

3AK/bYYAK

Kap6orepmujcka penykuuja y3 gogarak CaO
IOKa3aja ce Kao eduUKacHa cTpaTeruja 3a
TpaHCPOpMAIVjy IIPBEHOT My/ba M TMOHNUTA Y
KopucHe npoussoje. ICP ananusa je nmorsp-
auaa 3Ha4yajHo oboraheme Kamujyma y pe-
OyKOBaHMM IIIJbaKaMa, IOK je KOHILleHTpanuja
reoxkha 3Ha4YajHO cMameHa Ha 5-10 mac.%,
IITO TOKa3yje epUKACHO yKiIamarme rBoxba.
XRD pesynratu cy OTKpuIM IOTIIYHY pe-
OYKLIMjy XeMaTUTa y LPBEHOM MY/by U He-
roBy TpaHchopMmanyjy y MetanHo reoxxhe u
mbakoM Mopudukosanom CaO-oM, mperex-
HO CacTaB/bEHOM OJ] IEPOBCKNUTA U T€/IeHNTA,
ca MamuM Y[4eIOM MarHeTura. Y Caydajy
TUOHUTA, PYTWIHA CTPYKTypa je mecTabu-
NM30BaHa, IITO je AOBeno A0 (GopMupama
HoBux Ca-Ti ¢asa, momyTt mnepoBckuTa 1
tutaHuTta. OBM pesynTaTi UCTUYY IBOCTPYKY
ynory CaO kao tommrteba M cTabunmsaropa
jemumema OoraTux TUTaHMjyMOM. CBeyKyIl-
HO, IIpOIlec He caMo Ja oMoryhaBa n3jBajame
reoxxha, Beh u npunpema npaky morogHy 3a
nyxemwe, boraty Ca-Ti ¢asama, orBapajyhu
IyT 32 HAaKHAJHO M3JiBajarbeé TUTAHMjyMa U
OpYyTUX e/leMeHarTa.
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on the stability of the original rutile structure.
The presence of kenedyte, a complex titan-
ate related to pseudobrookite and structural-
ly similar to armalcolite, indicates extensive
modification of the initial TiO, phase. The
detection of titanite (CaTiSiOs) points to the
incorporation of calcium and silicon during
the reaction process, suggesting strong inter-
actions between CaO and the silicate compo-
nents of tionite. In addition, the formation of
perovskite (CaTiOs;) confirms the expected
reaction between TiO, and CaO under reduc-
ing conditions.

Overall, the emergence of titanite, and perov-
skite highlights the transformation of rutile-
rich tionite into a slag dominated by novel
Ca-Ti phases. These results demonstrate that
CaO addition not only facilitates iron removal
but also destabilizes the stable rutile structure,
preparing the system for subsequent leaching
and titanium recovery.

CONCLUSION

Carbothermal reduction with CaO addition
proved to be an effective strategy for transform-
ing both red mud and tionite into value-added
products. ICP analysis confirmed a significant
enrichment of calcium in the reduced slags,
while iron concentration was markedly de-
creased to 5-10 wt%, demonstrating efficient
iron removal. XRD results revealed the com-
plete reduction of hematite in red mud and
its transformation into a system dominated by
metallic iron and a CaO-modified slag phase,
primarily composed of perovskite and gehlen-
ite with minor magnetite. In the case of tionite,
the rutile structure was destabilized, leading
to the formation of new Ca-Ti phases such as
perovskite and titanite. These findings high-
light the dual role of CaO as a fluxing agent and
a stabilizer of titanium-bearing compounds.
Overall, the process not only enables iron re-
covery but also prepares a leachable slag rich in
Ca-Ti phases, paving the way for subsequent
extraction of titanium and other valuable ele-
ments.
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Caxerak: Ynanax ce 6asu moiyhnowhy iipoyere tpoyeca Oyuserva y edeximiusHoj 3onu xopuutherwem E-S
gujaipama. Excliepumenitiu cy cilposegeru Ha 1a60pammopujckoj unatmipopmu 3a 6yuieroe ipu Oyulervy kpeuroaxa
omohy geejy epcitia kpyHa 3a Oyuierve ca UOBPUUHCKU HOCTHABHEHUM GNIETOM CA JUJAMAHTHCKOM KPYHOM.
Wsmepenu iiogayu cy obpahenu Hymepuukum meiiogama u yiiopeheru ca iieopujckum mogeauma, ioxasyjyhu
BUCOKY cainacHocili usmelhy upopauyHa u excilepumenitia. Pesynimamau cy tiokasanu ga ce euxacna 30Ha
bywerva cacitioju og gee ase ca pasnuuuition cileyduunom enepiujom u cuaiom 6ywera. Iopehere o6ejy
KpyHa 3a Oyuierve YKa3asno je Ha yiopequey epukacHocil paciiagara kpeurvaxa. CHlamuUciiuuKka ananusa je
imaxohe HOMWBPGUAA KOPUCHOCTH KoeuyUjeHilia pe3arba KA0 UHGUKamtiopa onliuMusdayuje HauuHa 6yuerva.
IIpegnoscena meiiogonoiuja uma oleHUUja 3a WAUPY TpumMeHy Y gpyium epciliama citieHa u modxice goiipuHeiiu
ouTHUMU3AUUU TTiexHONOTUja Oyuerva y TeotlepMAanTHUM OYuoTHUHAMA, PYGAPCTIEY UMY UHMNerepCKoj Teonoiuju.

Kbequ peun: CIIEHMONYHA EHEPTUJA; JAYMHA BYIIEIDA; E - S IMJATPAM; KOEOUIIMJEHT PE3AIbA; EPEKTVIBHA
30HA BYIIEIbA

Abstract: The article deals with the possibility of evaluating the drilling process in the effective area using E-S
diagrams. Experiments were carried out on a laboratory drilling rig when drilling limestone with surface-set
diamond core drill bits of two types. The measured data were processed by numerical methods and compared with
theoretical models, confirming a high agreement between calculations and experiment. The results showed that
the efficient drilling area consists of two phases with different specific energy and drilling strength. Comparison of
both drill bits indicated comparable efficiency of the limestone disintegration. Statistical analysis also confirmed
the usefulness of the cutting coefficient as an indicator of drilling mode optimization. The proposed methodology
has the potential for wider application in other types of rocks and can contribute to the optimization of drilling
technologies in geothermal wells, mining or engineering geology.

Key words: SPECIFIC ENERGY; DRILLING STRENGTH; E - S DIAGRAM; CUTTING COEFFICIENT; EFFECTIVE DRILLING AREA

63




V. Kriipa, M. Bali Huddkovd, E. Lazarovd, P. Vavrek, A. Kiovsky, L. Ivanicovd, Vnmepiapemayuja pesyninaiia 6yweroa kpeurvaxa kopuuheroem
E - S gujaipama (63-76)
V. Kriipa, M. Bali Huddkovd, E. Lazarovd, P. Vavrek, A. Kiovsky, L. Ivanicovd, Interpretation of Limestone Drilling Results Using
E - S Diagrams (63-76)

YBOZ

Y OKBMpY €KCIEpMMEHTAJTHOT WCTpa’K/MBamba
pacraziama CTeHa OyllereM Ha HallleM pafHOM
MECTY, jaBWIa ce MOTpeba 3a KpeupameM Me-
TOJOIOTMje Koja eUKacHO TyMaduy M3MepeHe
BCIIMYIMHE N OMOI‘YhaBa OHTI/IMI/ISaHI/ij pexXn-
Ma Oyurema. Llwp oBe cTymuje je aHamsa pe-
3ynrara Oyllema Kpedmaka yIoTpeboM jjieTa
MAJIOT TIpeYHMKA Ca [IjaMaHTCKOM KPyHOM Ha
nmaboparopujckoj Iathopmm 3a Oylreme Ko-
puuthemwem E-S (,criennduyuna enepruja“ — ,ja-
4yHa Oylema“) AujarpamMa 1 MOBe3aHMX VHV-
karopa edukacHoctu. Kouuent crennbnyne
eHepruje, neduHMCaHe Kao eHepruje moTpeOHe
3a yK/Iamarbe jeIHILIe 3allpeMIHe CTeHe, jefjaH
je Off OCHOBHIX ajIaTa 3a IPOLeHy epUKaCHOCTH
Oyurema jour ox TunoBor Kmacu4Hor paga [1] u
jOII YBeK je OCHOBA 3a KOHTMHYMPAHO Ipaheme
¥ KOHTPOJIy Ipoljeca Oyurema [2, 3].

Ca craHoBmmTa GU3MYKe VHTepIIpeTanyje,
E-S pujarpam mporemyje HamoH Tokom Meby-
cobHe MHTepakIuje ajara U creHe Kopucrehn
IMHAMITYKe BEMMUNHE Koje Cy IoBe3aHe ca Ipy-
MeHCHIUM PEXMMOM Oylema (cyma/IpuTucax,
oOpTHM MOMeHT M 00pTaju) 1 oproBapajyhy
BeMMMHY - AyOUHY Ipopvpama (OMaK ajara
110 00pTajy), YMMe ce CTBapa OKBUP 3a MIEHTH-
¢dukanyjy epekTUBHOT pexxuMa Oylerma 1 KBa-
posa (amp. VcTymberme cedeHnIa, IPEKOMEpPHO
Tpelbe, TIOHOBHO Oyllere (pparmMeHara CTeHe).
Teopujcku Mozeny ofi3yBa OyIllerba JTOMATacTIX
Iieta KBaHTUQMKYjy ofHOCe M3Mehy mpuricka,
0OpTHOT MOMeHTa, Op3JHe IIPOVPatba 11 YTAOHe
6psune [4, 5], omoryhasajyhu ¢usnuxm koH3u-
CTEHTHY MHTEPIpPETaLjy eMIMUPUjCKUX KpU-
Bux y E-S npoctopy. ¥V onepatusaum ycnosu-
Ma, TIPVCTYII IIPOIleHe MeXaHW4Ke CrierpuiHe
eHepruje I0Ka3ao ce edukacHUM y nosehamy
Op3une npopupamwa (ROP) u anjarHocTUKOBaKY
Hee(uKacHUX ycroBa [2, 6, 7].

CrierMYHOCTY MaTepyjaja 3HAYAjHO YTUUY
Ha yOoueHe TpPeHJOBe: KOJI KOMIIAKTHMX CTeHa
(HIIp. TPaHNUT), HOTPOLIkA eHEepruje je OCeT/bN-
Ba Ha ITapaMeTpe OyIIema ¥ YCIOBe Hallpe3ama
[8], mOK MpHUCYCTBO MIM MHAYKLUja MUKPO-
INyKOTMHA CMamyje MOTpebHy crenuduyHy
eneprujy [9, 10]. IllTaBuime, KTACMYHN PafOBU
TIOKa3yjy pasimKy usMeby cTaTMuKux m AyHA-
MUYKUX TectoBa onrepehema cumom [11], mto
64

INTRODUCTION

In the framework of experimental research on
rock disintegration by drilling at our work-
place, there was a need to create a methodol-
ogy that effectively interprets the measured
quantities and allows for the optimization of
the drilling regime. The aim of this study is to
analyze the results of drilling limestone using
small-diameter diamond core bits on a labora-
tory drilling rig using E-S (“specific energy” - “
drilling strength ”) diagrams and related effi-
ciency indicators. The concept of specific en-
ergy, defined as the energy required to remove
a unit volume of rock, has been one of the ba-
sic tools for evaluating drilling efficiency since
Teale’s classic work [1] and is still the basis for
continuous monitoring and control of the drill-
ing process [2, 3].

From the point of view of physical interpreta-
tion, the E-S diagram evaluates the stress dur-
ing the mutual interaction of the tool and the
rock using dynamic quantities that are asso-
ciated with the applied drilling mode (force/
pressure, torque and revolutions) and the
corresponding quantity - penetration depth
(tool feed per revolution), thereby creating a
framework for identifying the effective drill-
ing mode and failures (e.g. blunting of cut-
ting edges, excessive friction, re-biting of rock
fragments). Theoretical models of drilling re-
sponse of drag bits quantify the relationships
between pressure, torque, the rate of penetra-
tion, and the angular velocity [4, 5], allowing a
physically consistent interpretation of empiri-
cal curves in E-S space. In operational condi-
tions, the mechanical specific energy assess-
ment approach has proven to be effective in
increasing the rate of penetration (ROP) and
diagnosing inefficient conditions [2, 6, 7].

Material specificities significantly influence
the observed trends: in compact rocks (e.g.
granite), energy consumption is sensitive to
drilling parameters and stress conditions [8],
while the presence or induction of microc-
racks reduces the required specific energy
[9, 10]. Furthermore, classical work shows
the difference between static and dynamic
force loading tests [11], which is important in
transferring results from the laboratory to in
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je BOXHO IIpY IIPEHOLIeY pesyaITaTa u3 1a6o-
paropuje y ycnoBe in situ. ¥ TOM cMMCITy, KO-
puctumo E-S mujarpame u edukacHe rpanuie
30He Oylerma Kako 61CMO TyMadumIn eKCIiepH-
MeHTe Oyllema Kpeymaka M KBaHTU()UKOBAIN
ONTHMaJIHe ITapaMeTpe yHyTap ¢asa I/IL

JTABOPATOPUJCKH
EKCITEPMMEHTAJIHV JEO I METOIE

ExcniepuMeHTanHM IIporpaM je CIIpOBEfleH Ha
XOPM3OHTATHO] ITaTGopmu 3a Oyuieme, Crika
1. ITnarpopma 3a Oyeme ce KOPUCTH y UCTPa-
XKMBaYKe CBpXe OyIlerma U MICINUTYBAmba ajaTa
3a Oymeme 1o npeyHrka 59 mm. I[Tnardpopma
3a Oyuieme omoryhaBa mpuMeHy pexuma 0y-
mema ca 6p3nHama potauuje 1o 2200 o/min u
criorbanrmsuM ontepehemnma o 20 kN ca Mak-
CMMaJTHOM JY>KMHOM Oyllema jeflHOT y30pKa
of 26 cm. Hamra maboparopuja je onpem/beHa
ypebajuma 3a Mepeme (U3NMUKO-MeXaHMIKIX
CBOjCTaBa CTeHA, Meperme abpasMBHOCTH CTe-
Ha, Mepeme Xabama IMjaMaHTCKIX ajlaTa U Me-
pembe BenunHe 1 06/mKa pparMeHara CTeHa.

situ conditions. Against this background, we
use E-S diagrams and efficient drilling area
boundaries to interpret limestone drilling ex-
periments and to quantify optimal parameters
within phases I/11.

LABORATORY EXPERIMENTAL
PART AND METHODS

The experimental program was carried out on a
horizontal drilling rig, Figurel. The drilling rig
is used for research purposes of drilling and test-
ing drilling tools up to a diameter of 59 mm. The
drilling rig allows for the application of drilling
modes with rotation speeds up to 2200 rpm and
external loads up to 20 kN with a maximum
drilled length of one sample of 26 cm. Our lab-
oratory is equipped with devices for measuring
the physical and mechanical properties of rocks,
measuring the abrasiveness of rocks, measuring
the wear of diamond tools and measuring the
size and shape of rock fragments.

aliid

Crnuxa 1, Excilepumenitianta inaitidopma 3a 6yuieroe u weHu i1asHu genosu
Figure 1, Experimental drilling rig and its main parts

Tymaw: 1 - EnextpoMotop; 2 - Kanuruy noros; 3 - LipeBo 3a OBOJ, TEUHOCTH 32 Oyliebe;
4 - JesrpeHa IieB ca KPyHOM 3a Oyliebe; 5 - Y30pak CTeHe; 6 - AKIleTepoMeTpy;
7 - OxBup 3a QUKCHpabe y30pKa CTeHe; 8 - XuapayInaHy UIMHAPY FBOCTPYKOT [ejCTBa.
Legend: 1 - Electromotor, 2 - Belt drive, 3 - Drilling fluid supply hose,
4 - Core barrel with drill bit, 5 - Rock specimen, 6 - Accelerometers,
7 - Rock specimen fixing frame, 8 - Double-acting hydraulic cylinders.
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Y oBOM pajiy ce pasMaTpajy pesynTary eKCIiepy-
MEHTAJTHOT OyIllerha Kpeurbaka [IeTOM IPeYHNKa
46 mm y KOHCTaHTHOM PEXXMMY IIPY IIPUMEIHEHO)
Op3uny poranyje n = 1000 o/min u criospaimbeM
onrepehery cunom F = 14 kN. Koputhere cy ise
HOBPILINHCKY IIOCTaB/beHe IVjaMaHTCKe KpyHe 3a
Oyireme: KpyHa 3a Oyurere (16/25) u KpyHa 3a
Oymrerme (25/40). Kpyna 3a 6yureme (16/25) uma
AMjaMaHTCKa 3pHa TeXMHe 16-25 KaMeHa II0 Ka-
pary, a KpyHa 3a Oyurere (25/40) nma gujamMaHT-
CKa 3pHa TexnHe 25-40 KamMeHa 110 KapaTy. Ajatu
3a OyImeme ce cacToje Off TPU Pe3Ha CeIMeHTa, ca
CIIO/BAITIBYM IIPEYHNKOM KPYHE 3a OyIIerse off 46
mm U yHy TPaIlibyM IPEYHMKOM Of 32 mm.

ITpwmKoM n3BOhera CBaKOT eKCIIePIMEHTa, MC-
IIyEbeH je YCIIOB XOMOTEHOCTH Yy TIOI/IERY Ay)KIHE
OymoTuHe jegHor y3opka crete (1=20 cm), 6p3u-
He poTanyje n 1 iMHeapHo pactyher ontepeherma
cinoM F no 3apate KoHcTaHTHE BpegHOCTH. Ce-
JlaMHaecT OYIIOTHHA je HaIlPaB/beHO KPYHOM 3a
Oyurere (16/25), a 27 6yIIOTHHA je HAIIPAB/bEHO
KpyHOM 3a Oymreme (25/40). CBaka OymoTuHa
je HalpaB/beHa Ha y30PKy Kpedumaka M3 KaMe-
HonmoMa Buemape (CroBauka), Koju je mcedeH
KPY>KHOM TeCTepoM KyOHOT OO/MKa AVMeHsMja
150x150x260 mm. Kpeumax je KOMIIaKTaH ca 13-
MmepeHoM Behom uBpcrohom. To je cemmmenTHa
CTeHa CacTaB/beHa Off Ka/IuTa (KaayjyM Kap6o-
HaT, CaCO3) Koji caipykyt MIHepaJjie OKCYJA TBO-
xba. VIma perraTuBHO QuHY 10 Cpeftbe rpyoy Tek-
crypy. CTpyKTypa je yI/laBHOM MaKpOKPUCTa/THa,
Cruxa 2. VI3mepeHa ¢pu3idka 1 MEXaHIIKa CBOj-
CTBa KpeubaKa IipyKasaHa cy y Tabemu 1.

This paper discusses the results of experimen-
tal drilling in limestone with bits of 46 mm
diameter in a constant mode at an applied
rotational speed n = 1000 rpm and an exter-
nal force load F = 14 kN. Two surface-set dia-
mond drill bits were used: drill bit (16/25) and
drill bit (25/40). Drill bit (16/25) has diamond
grains with a weight of 16-25 stones per carat
and drill bit (25/40) has diamond grains with a
weight of 25-40 stones per carat. The drilling
tools consist of three cutting segments, with an
outer diameter of the drill bit of 46 mm and an
inner diameter of 32 mm.

When performing each experiment, the ho-
mogeneity condition was met regarding the
length of the borehole of one rock sample (1=20
cm), the rotational speed n and the linearly in-
creasing force load F up to set constant value.
The seventeen boreholes were made with the
drill bit (16/25) and 27 boreholes were made
with the drill bit (25/40). Each borehole was
made on a limestone sample from the Vcelare
quarry (Slovakia), which was cut on a circular
saw into a cuboid shape with dimensions of
150x150x260 mm. Limestone is compact with
a measured higher strength. It is a sedimentary
rock composed of calcite (calcium carbonate,
CaCO;) containing iron oxide minerals. It has
a relatively fine to medium-coarse texture. The
structure is mostly macrocrystalline, Figure 2.
The measured physical and mechanical prop-
erties of limestone are shown in Table 1.

Cnuka 2, Cmpykmypa Kpeursaka uz kameronoma Buenape (Crnosauxa)
Figure 2, The structure of limestone from the Vcelare quarry (Slovakia)
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Ta6ena 1, Ocobune kpeurbaxa
Table 1, Properties of limenstone

e e e
CraTuctiyke BpefHOCTI 5 (MPa) (kg.mm™) .
N (kg.m?) (MPa) (MPa)
Statistical values ) UCsS . HB
Bulk density (MPa) Brazilian test (ke.mm-?) Punch shear
(kg.m") e (MPa) & (MPa)
Bpoj npouemeHnx yaopaka 14 15 10 10 10
Number of samples evaluated
Hpocene 2,691 9,3 466,4 9,5
Mean
Cpentve 2,691 9,5 457,1 10,0
Median
Muimym 2,682 6,5 416,3 52
Minimum
Makcumym
. 2,702 10,8 521,8 14,2
Maximum

Tymaw: UCS - JenHoocHa uBpcToha Ha nputucak, HB - Bpunernos tect tBpaohe, Bpasmiicku tect - VIHupeKTHa 3aTesHa uBpcroha.
Legend: UCS - Uniaxial Compressive Strength, HB - Brinell Hardness Test, Brazilian Test - Indirect Tensile Strength.

Ilpema cnoBaukoj TexHuukoj Hopmu ON
441121, xpeumak nMa flepUHNCAHY BPEIHOCT
abpasusHOCcTHM 0f 0,0186 mg.m™ u crraga y cre-
He ca HMCKOM abpasuBHoIhy.

OIVIC EOVIKACHE ITOBPIIMHE
BYHIEIbA KOPUIITHEILEM
E-S IVJATPAMA

3a KBaHTUTATUBHO Nopeheme anara 3a Gynreme
kopuimtheHe cy nBe Mertoponoruje (16/25) u
(25/40). Meroponoruja E-S pgujarpama [5] n
MeTOJI0/IOTHja 3a IMPOolieHy eprKacHe 30He Oy-
Iema ca onTepehemeM CIIO/BANTHOM CHIOM Y
untepsany Fon F_ o 2F . [12].

E-S pujarpam rpadumuku npukasyje 3aBuc-
HOCT crnenuduuHe eHepruje E om uspcTohe
Oymema S, rae cy E m S nBe BemmumHe ca
JUMEH3MjaMa HaIlOHa Koje Cy IIpOIOpLMO-
HajHe o6pTHOM MoMmeHTY T m omrepehemy
criorbanTmoM cuoM F n 06pHYyTO MpomopIiy-
oHasHe y61HM pesa p [5].

Crnenudnuna enepruja E je oppebhena uspa-
3oM (1),

According to Slovak technical norm ON
441121, limestone has a defined abrasiveness
value of 0.0186 mg.m™” and belongs to rocks
with low abrasiveness.

DESCRIPTION OF THE EFFICIENT
DRILLING AREA USING
E-S DIAGRAMS

Two methodologies were used for the quanti-
tative comparison of drilling tools (16/25) and
(25/40). The E-S diagram methodology [5] and
the methodology for evaluating of the efficient
drilling area with external force loading in the
interval F from F_ to 2F,  [12].

The E-S diagram graphically depicts the de-
pendence of the specific energy E on the
drilling strength S, where E and S are two
quantities with stress dimensions that are
proportional to the torque T and the external
force load F and inversely proportional to the
depth of cut p [5].

The specific energy E is determined by the ex-
pression (1),

—ﬁ (MPa) (1)
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e je:
A - KOHCTaHTa Koja M3pakaBa MOBPILINHY
KOHTaKTa n3Meby amara u crene A = m(R?
- r*), (mm?);
R - crio/palimy MONYIPEeYHNK MalIHE 33
Oyweme, (mm);
7 - YHYTpAIlb) IOAYIPEeYHNK MalIMHe 32
Oyweme, (mm);
p - aybuHa mpopupama (IIOMak ajara Io
06pTajy), (mm);
T - 06pTHM MOMeHT, (Nmm).

Chara 6ymrema S fgata je ogHOCOM (2),

F
(R-r)p

Ize je:
h - mupuna cermeHTa meduHMcaHa Kao
pasmmka m3mely cnomammer u yHy-
TpallllbeT pajyjyca MalliHe 3a Oyllerbe,
(mm).

Mopenupame on3yBa 13 HOjefMHAYHUX eKC-
HepUMEHTATHUX Oylllema Kpedmadkux OyIo-
TIMHA MOXKe Ce IMPEKTHO MOBe3aTH ca Bapuja-
6unHomhy cwe morucka F u ny6mHoMm pesa
p meduuucameMm edeKTMBHe IOBpIINHE OY-
IIeHba.

Ec¢ukacnHa nospmmHa Oyiiema ce MaTeMaTd-
K1 fobuja aHam3oM jemHaunua (3) u (4),

where:
A - constant expressing the surface area of
the contact surface between the tool and
the rock A = (R? - r?), (mm?);
R - outer radius of the drill bit, (mm);
r - inner radius of the drill bit, (mm);
p - penetration depth (tool feed per revo-
lution), (mm);
T - is the torque, (Nmm).

The drilling strength S is given by the relation-
ship (2),

£ (MPa) 2)

h.p

where:
h - segment width defined as the differ-
ence between the outer and inner radius of
the drill bit, (mm).

Modeling the response from individual exper-
imental limestone borehole drillings can be
directly linked to the variability of the thrust
force F and the depth of cut p by defining the
effective drilling area.

The efficient drilling area is obtained math-
ematically by analyzing the equations (3) and

(4),

p(F)=p, . [I- e“F (i+ch)] (mm) (3)

T(F)= x [ F+O (¢5-1)] (Nmm) (4)

KOju JleUMHUIITY KPUBY 3aBUCHOCTU AyOUHE
Ipofupama p of crio/banimer ontepehemwa F u
obpraor momenTa T op F. Koepuunmjentn cyn-
ctuTynuje p_,w, k a © ogpehenn cy metrogom
HajMambMX KBaJipara.

Jloma rpanuna epukacHe 30He Oyiiema je fie-
dunncana cnomammum ontepehewem F_ og-
pebennm y Taukm nperuba p-F kpuse, jenHa-
ypHa (5).

which define the dependence curve of the pen-
etration depth p on the external load F and the
torque T on E. The substitution coefficients p_
,w, k a ® are determined by the least squares
method.

The lower limit of the efficient drilling area is
definition by the external load F,  determined
at the inflection point of the p-F curve, equa-
tion (5).

Fi=2(N) (5)
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Topmwa rpanuia edukacHe 30He Oylemna je ae-
¢unmcana xao F, = 2 F_. Yuyrap edextunHe
30HE je BPEJHOCT CIOJbAllllber onrepehema
F . IITO je apryMeHT MiHMMA/IHe crenudimy-
He eHepruje.

Ontepehemwe F —pemn euxacny nospuntny
Oymema Ha e ¢pase. Pasy I pexxuma Oyurema
(om F,_ mo Fopt), rme spenHocTy 1 E u S onagajy
ca noBehameM cropammer ontepehema cu-
noM (moppydje epMKacHOTr paclafama CTeHa),
u ¢asy II pexxuma 6yuema (of FOpt no F,), rme
BpenHocTH E 1 S Takobe pacty ca mosehamem
cropalmer onrtepehema cumom (moppyuyje
epMKacHOT pacrajjaba CTeHa ca HOLATHUM
CeKyHflJapHMM Jpob6bereM Beh pacmaganux
ocraraka creHe). IIpenmasna ¢asa je Bu/puBa
usMmeby oBux ¢asza. Pasa pacmajama cTeHa
uMa cropaina onrepehema ox F = 0 1o F .3a
MeXaHI3aM MOBPIINHCKe abpasuje.

EKCIIEPMMEHTA/THO V1 TEOPUJCKU
OBPABEHMN PE3VIITATU

VismMepeHM eKCriepuMeHTaTHY TOfjaLyu foouje-
HU OyulermeM Kpeurmaka KopuinheHu cy 3a
M3padyHaBarbe TEOPUjCKIX BPETHOCTH JyOuHe
Hpoayparma u 06pTHOr MOMeHTa Kopuirhemem
jemHaumHa (3) u (4) y MATLAB nporpamy 3a
CBaKM M3BEfleHN eKcIiepuMeHT. ExcriepumeH-
TAJIHM U TEOPUjCK ITOMIALIY MMAjy BEOMa BICO-
Ky KOpenaiyoHy 4BpcTohy, OZHOCHO aKTUBHO
ce uaTpupajy omcTymama eKCIepuMeHTasl-
HUX TIOJJaTaKa y3pOKOBAaHA HeMAeHTU(NKOBA-
HVIM ,,HeVICIPaBHUM KOJIMYMHaMa .

Wspauynate xpuse E-S, nmpema jegHaumnama
(1) - (2), 3acHOBaHe Cy Ha TEOPUjCKMM IIOfja-
nuMa Oyliema Kpedmaka moMohy KpyHe 3a 0y-
weme (16/25) HakoH 6yuiemwa 1,74 m, Cruka 3.

Cmuka 3 mpukasyje IpoMeHe crennpuyHe
e"epruje E 1 oTnopa cTeHe Ha pacnajame S ca
IpoMeHaMa CIlo/ballllber onTepehema cumom
F. Osnauene Tauke oppebhyjy Bennunny cune F
Kao apryMeHT MuHumyma E u S.

The upper limit of the efficient drilling area is
defined as F, =2 F,__. Inside the effective area is
the value of the external load F_, which is the
argument of the minimum specific energy.

The load F_| divides the efficient drilling area
into two phases. Phase I of the drilling mode
(from F__ to Fopt), where the values of both E
and S decrease with increasing external force
load (area of efficient rock disintegration), and
phase II of the drilling mode (from F_ to F),
where the values of E and S also increase with
increasing external force load (area of efficient
rock disintegration with added secondary
crushing of already disintegrated rock debris).
A transition phase is visible between these
phases. Stage of the rock disintegration has ex-
ternal loads from F =0 to F_ for surface-abra-
sion mechanism.

EXPERIMENTAL AND THEORETICAL
PROCESSED RESULTS

The measured experimental data obtained from
the limestone drilling were used to calculate
the theoretical values of penetration depth and
torque using equations (3) and (4) in the MAT-
LAB program for each experiment performed.
Experimental and theoretical data have a very
high correlation tightness, that is, deviations
of experimental data caused by unidentifiable
»faulty quantities” are actively filtered.

Calculated curves E-S, according to equations
(1) - (2), are based on theoretical data from
drilling limestone using a drill bit (16/25) after
drilling 1.74 m, Figure 3.

Figure 3 shows changes in specific energy E
and rock resistance to desintegration S with
changes in external force load F. The marked
points determine the magnitude of force F as
an argument of the minimum E and S.
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Cnuxa 3, Kpuse senuuuna E u S y sasucnociiu og F
Figure 3, Curves of the quantities E and S depending on F

Cnuka 4 npukasyje npomere Benmndnaa E u S
y obmactu epuKacHOr paclajjama Kpedmaka.
Y dasu I, ca nosehamwem cnomainmer omnre-
pehema on Bpegnoctu F,_ fo Fopt’ BPEIHOCTHI
crienuuUyIHe eHepruje U BeMudnuHe S CMamyjy
Ce Ha CBOj JOCTVDKHM MMHMMYM. MMUHMMYyM
u E u S Hamasu ce y npenasnoj ¢asu usmehy
¢asa I u II. Pasa II kapakrepuire nosehame
BpenHocT! E 1 S ca moBehamwem crnosparumer
onrepehema of BpeHOCTU Fopt,uo E,.

Figure 4 presents the changes in the quantities E
and S in area of the efficient limestone disintegra-
tion. In phase I, with the increase in the external
load from the value F  to Fopt, the values of the
specific energy and the quantity S decrease to the-
ir achievable minimum. The minimum of both E
and S is found in the transition phase between
phases I and II. Phase II is characterized by the
increase in the values of E and S with the increase

in the external load from the value FOpt to F..
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Cnuxa 4, IIpomene spegrociiiu E u S y obnacitiu epuxacrujei
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Figure 4, Changes of the values E and S in the more effective limestone
disintegration region determined of the phase I and phase 11
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Teopujckn mpopadyH 3a omabpaHy eKcepu-
MEHT OfIpefio je KoepuLnjeHTe CYICTUTYLuje
jepHaunHa (3) u (4) n upentTudukosao cnenehe
napamerpe e(eKTVBHe IOBpIINHe Oyllema,
Bupgetn Tabena 2.

The theoretical calculation for the selected ex-
periment determined the substitution coeffi-
cients of equations (3) and (4) and identified
the following parameters of the effective drill-
ing area, see Table 2.

Tabena 2, Pesyniniatiiu excliepumeHniiia Oyuieroa Kkpeurbaka mawiuHom 3a 6yuerve (16/25) na L = 1,74 m
Table 2, Results of an experiment drilling limestone with a drill bit(16/25) at L= 1.74 m

ITapameTpn Bpennoct Hamomene
Parameters Value Notes
MaxkcumanHa fy6Ha IpoAnparba, KoepuiujeHT CYICTUTYLje
u3 jegHaunHe (3)
Pinax 1,15 mm Maximal penetration depth, the substitution coefficient from
Eq. (3)
Koednuujenr cyncruryunje ns jegHaunte (3)
—1
@ 0,1169 kN The substitution coefficient from Eq. (3)
< 6,57 mm Koe(bmum‘.]eﬂ? CYNCTUTYIUjE U3 jeAHaMHe 4)
The substitution coefficient from Eq. (4)
0 0.9687 kKN Koe(bmumjen? CYHCTI/['.I‘YIJ,'I/Ije‘ u3 jegHaunHe (4)
The substitution coefficient from Eq. (4)
B Jloma rpaumnija 30He eyKacHOr Oylermba
inf 8,556 kN > p = 0,301 mm The lower boundary of the zone of efficient drilling
1,648 F. , aprymeHT MyHMMyMa E
— inf>
opt 141 KN > p = 0,564 mm 1.648-F, , argument of the minimum E
F 17,11 KN > p = 0,683 mm }“f)p}ba rpaHuia 3oHe eprKacHOT 6ym§}§a N
2 T'he upper boundary of the zone of efficient drilling
E 1,121 MPanpu F = 14,1 kN | MunumanHa cnenudnyHa eHepruja
min 1,121 MPa at F = 14,1 kN Minimum specific energy
S 3,562 MPa npu F = 15,1 kKN | MuHumanHa jaunHa Oyiema
min 3,562 MPa at F = 15,1 kN Minimum drilling strength
E 1,109 MPa Bpennoct Ha Bpxy pesada
cr Value at cutter point
S 3,534 MPa Bpennoct Ha BpXy pe3ata
cp Value at cutter point

Hobujenn ognocu usmeby cnennguyne enep-
ruje 1 cHare Oyllema 3a KpyHy 3a Oylleme
(16/25):

—®dasal: E=0,1834S + 461,62;
— ®dasall: E = 0,624S - 1.095,5.

Hatiomena 1: CiiomHo otiitiepehierve E,=8556
kN ogiosapa gybunu apoguparea p = 0,301 mm.
Munumanna cieyuduuna enepivja E, = 1,121
MPa uma apiymenii F, = 14,1 kN. ITapameitipu
E_, uS,_, gajy epegrociiiu ciieyuduure erepiuje
u uepcitiohe bywera Ha épxy pesaua, Wij. HA
upecexy nunuja gase I u gpase I1.

The resulting relationships between specif-
ic energy and drilling strength for drill bit
(16/25):

- Phase I: E=0.1834S + 461.62;
- Phase IT: E = 0.624S - 1,095.5.

Note I: The external load F, = 8.556 kN cor-
responds to a penetration depth p = 0.301 mm.
The minimum specific energy E, = 1.121 MPa
has an argument F, = 14.1 kN. The parameters
E_, and S_, give the values of the specific energy
and drilling strength at the cutter point, i.e. at the
intersection of the lines of phase I and phase I1.
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Ca cxopo uCTOM Ry>KMHOM Oyuewa L=1,73 m,
pesynratu Oyuiema Kpeumbaka KpyHOM 3a 6y-
meme (25/40) npukasanu cy y Tabemn 3.

E - S Diagrams (63-76)

With almost the same length drilled L=1.73 m,
the results of drilling limestone with a drill bit
(25/40) are shown in Table 3.

Tabena 3, Pesynitiailiu excilepumeHizia 6yuieroa kpeurvaka KpyHom 3a Oywerve (25/40) na L = 1,73 m
Table 3, Results of an experiment drilling limestone with a drill bit (25/40) at L = 1.73 m

ITapameTpn Bpennoct Hamomene
Parameters Value Note
MaxkcumanHa fy6uHa npogupama, KoeQUIujeHT CyICTUTYLje
u3 jegHaunHe (3)
Pinax 1,11 mm Maximal penetration depth, the substitution coefficient from
Eq. (3)
Koedpuuujenr cyncrnryunje n3 jegnaunte (3)
1
@ 01336 kN The substitution coefficient from Eq. (3)
Koednmujent cynctutynmje n3 jenHaunHe (4)
B 744 mm The substitution coefficient from Eq. (4)
Koedunujent cyncrurynuje us jenHaunse (4)
® 0,6769 kN The substitution coefficient from Eq. (4)
_ Jowa rpanniia 30He epuKacHOTr OylIemna
inf 7484 kN > p = 0,294 mm The lower boundary of the zone of efficient drilling
12,5 KN 5 p = 0,552 mm 1.67-F_, apryment MUHIMYMA E
opt 1.67-F, , argument of the minimum E
_ Topma rpanuia 3oHe epuKacHOTr OylIema
E, 1497 KkN > p = 0,665 mm The upper boundary of the zone of efficient drilling
E 1,167 MPa ipu F = 12,5 kN | MunumanHsa cnenudndHa eHepruja
min 1,167 MPaat F=12,5kN | Minimum specific energy
S 3,231 MPa iput F = 14,1 kN | Munnmansa jaunsa Oyuerba
min 3,231 MPaat F = 14,1 kN | Minimum drilling strength
E 1,150 MPa Bpennoct Ha BPXY pesaua
cr Value at cutter point
BpenmnocT Ha Bpxy pesaya
Scr 3:180 MPa Value at cutter point

Hobujenn ogHocu usmeby cnennguyne enep-
ruje n cHare Oyllema 3a KpyHy 3a Oylleme
(25/40):

— @asal: E =0,2409S + 384,41;
— @aszall: E=0,4921S - 414,56.

EBanyanujom 17 y3acTONHUX eKcIepume-
HaTa Oyllema KpyHOM 3a Oymeme (16/25)
u 27 eKcIepyMeHaTa ca KPYHOM 3a Oylueme
(25/40) mobumm cMO TpocedHe BPENHOCTHU
eKcTpeMa (MMHMMYMaA) crenuduyHe eHep-
ruje E u cHare 6ymema S, Koje cy mpukaszaHe
y Tabenu 4.
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The resulting relationships between speci-
fic energy and drilling strength for drill bit
(25/40):

— Phase I: E = 0.2409S + 384.41;
— Phase II: E = 0.4921S - 414.56.

By evaluating the 17 subsequent drilling ex-
periments with the drill bit (16/25) and the
27 experiments with the drill bit (25/40) we
obtained the average values of the extremes
(minima) of the specific energy E and the
drilling strength S, which are presented in
Table 4.
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Tabena 4, IIpoceune epegHocitiu ciieyuduume enepiuje E u cnaie 6ywierva S iiociiiuinyiiie tipu 6yuiersy Kpeurbaxa
kpyHom 3a 6ywetrve (16/25) u (25/40)
Table 4, Average values of specific energy E and drilling strength S achieved when drilling limestone with (16/25)
and (25/40) drill bits

Cnenmonyna enepruja E / Specific energy E Jaunmna 6ymema S / Drilling strength S
(MPa) (MPa)
Kpynasa | Apyrveriaxa Cranmanmio Aputverwuxa |
6)’}“6}‘.’3 cpenma o CTHH}:;e ITpoceuyna cpenma R CT'HHF;ie ITpoceuyna
Drill bits BPEHOCT ATy BPEIHOCT BPEIXHOCT AeTY BPEJHOCT
. . Standard . . . Standard .
Arithmetic L Median Arithmetic L Median
deviation deviation
mean mean
16/25 1.084,736 75,835 1.104,034 3.532,136 400,991 3.538,662
25/40 1.102,519 94,710 1.093,267 3.267,816 316,145 3.347,523

[IpwmikoM Oyirerma Kpedmaka KpyHOM 3a Oy-
wesse (16/25) ca BehyM anjamMaHTNMa, jaunHa Oy-
1Ierba S je HeIIOBO/BHA]A, Tj. CTeHa Ipy»ka Behu ot-
nop 6y1uesy. [IpenHocT KpyHe 3a Oy1uere (16/25)
je Marba BPeTHOCT MIHVIMA/IHE JOCTVDKHE CIIeI-
¢uune enepruje E. Pasyior 3a oBaj mapajiokc je Taj
IITO je ONTMMAJHO CIOjballlibe onTepeheme 3a
KpyHy 3a Oywerse (16/25) F | = 15,81 kKN ca mpo-
CEeYHOM JyOVMHOM IpOayparma P, = 0,633 mm.
KpyHa 3a Oymreme (25/40) ca MarbOM BeTMUYMHOM
JMjaMaHaTa MMa ONTMMaHe Bpemsoctn F - =
13,86 kN cap_, =0,617 mm. Mehyrim, pasiike y
BPEHOCTVIMA MVHMMAJIHE CIIeLMpUIHe eHeprije
E cy HesHaTHe u 06e Oypruje MaryHe 3a Oyermbe
Cy yIopemyBe IO CBOjoj eduKacHOCTH TIpu Oy-
ey Kpeumaka. Cmuka 5 mpukasyje rpadmdke
pesy/nTaTe MUHMMATHNX BPEIHOCTM CIendud-
He eHepryje E u jaunne Oyiuema S npu Oyirery
Kpeumbaka.

When limestone drilling with drill bit (16/25)
with larger size of diamonds the drilling
strength S is less favorable, i.e. the rock offers
greater resistance to drilling. The advantage of
drill bit (16/25) is the smaller value of the min-
imum achievable specific energy E. The reason
for this paradox is that the optimal external
load for drill bit (16/25) is FOpt = 15.81 kN with
an average penetration depth p = 0.633 mm.
Drill bit (25/40) with smaller size of diamonds
has optimal values F | = 13.86 kN with p_ =
0.617 mm. However, the differences in the val-
ues of the minimum specific energy E are in-
significant and both drill bits are comparable
in their efficiency in drilling limestone. Figure
5 show the graphical outputs of the minimal
values of the specific energy E and the drilling
strength S when drilling limestone.
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Cnuka 5, Munumanue epeonocmu cneyughuune enepeuje E u jauune oywersa S ca noseharoem
Oyacune Oywerna L kopuwihiervem kpyne 3a oyuerse (16/25) u kpyne 3a oyuwerse (25/40)
Figure 5, Minimal values of specific energy E and drilling strength S with
increasing drilled length L using drill bit (16/25) and drill bit (25/40)
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V3 pesynrara mpuKasaHMX Ha CIMUIY 5, MOXe
ce pehn na mpouec 6yurema cacroju ce ox dpasa
onopaBka 1 ¢asa omajama epukacHocTu Oy-
mema. [IpeTrocTaB/baMo fia je CMamberbe Ben-
uynHe E 1 S y3pokoBaHO opMmpameM HOBUX
OHITpUX MBUIIA ,[[]/IjaMaHaTa. Hakxon muxosor
dbopmupama, mpornec pasziBajama je eduxac-
HMjM CBE JOK CE 3pHa IMjaMaHTa He UCIIONNPajy
U MOpajy ce IIOHOBO (OPMUPATI HOBE OLITpPe
uBuie. OBaj HUKITYC ce IIOHaB/ba. VI3pauyHaTtu
onsoc E/S je nponopunonanas Y, rae je | Koe-
¢dunmjeHT pesama, jerHaunHa (6).

IToBpruyHa epuKaCHOT pacrafama Kpedrmaka Off-
pebeHa je Ha OCHOBY M3padyHATVX MVYHUMATHIX
BpenHoCTH crietydudHe eHeprije E u uBpcrohe
Oyuera S kopyithemeM jefHadnua (1) u (2), cm-
Ka 5. HakoH Tora cy uspadyHare perpeciose jef-
HauyHe KoeduiyjeHTa pesama | = 0,8478 (E/S) 3a
KpYHY 3a Oymeme (16/25), a 3a KpyHy 3a Oylierse
(25/40) onpeben je koeduumjeHT pesama [ = 0,847
(E/S). Koedunmjentn serepmunarmje R* = 1. Cro-
ra ce MO>ke peht ia KoeduijeHT pesara (L pef-
cTaB/ba IpUOMmoKHO 85% opHoca E/S y ontuman-
HOM PeXuMYy OyLIerba.

Y Tabemu 5 cy mapadyHare CTaTHCTUYKe Ka-
PaKTepyuCTUKe 3a KoeUIVjeHT pesama [l U
opHoc E/S 3a xopnmhene MammHa 3a Oyeme.

From the results presented in Figure 5, it can
be stated that the drilling process consists of re-
covery phases and decay phases of drilling effi-
ciency. We assume that the decrease in the size
of E and S is caused by the formation of new
sharp edges of diamonds. After their formation,
the separation process is more efficient until
the diamond grains become polished and new
sharp edges must be formed again. This cycle
repeats. The calculated E/S ratio is proportional
to p,where p is cutting coefficient, equation (6).

(6)

The area of the efficient limestone disintegra-
tion was determined based on the calculated
minimum values of specific energy E and dril-
ling strength S using equations (1) and (2), Fi-
gure 5. Subsequently were calculated the regres-
sion equations of the cutting coefficient p =
0.8478.(E/S) for drill bit (16/25) and for drill bit
(25/40) was determined the cutting coefficient
= 0.847.(E/S). The coefficients of determina-
tion R? = 1. It can therefore be stated that the
cutting coefficient u represents approximately
85% of the E/S in the optimal drilling mode.

In Table 5, the statistical characteristics for the
cutting coefficient u and the E/S ratio for the
drill bits used are calculated.

Tabena 5, Cpegroe 6pegrocitiu koepuyujenitia pesaroa p u clieyuduunoi enepieitickoi ogroca E u jauune 6yweroa
S docimiuinyiie tpu 6yuiervy kpeuraxa ca kpyHom 3a 6yuerve (16/25) u ca kpyHom 3a 6yueroe (25/40)
Table 5, Mean valuesof cutting coefficient y and specific energy ratio E and drilling strength S achieved when

drilling limestone with drill bit (16/25) and drill bit (25/40)

Koedumujent pesamwa y / Cutting coefficient y Opnoc E/S / E/S ratio
Kpyna sa ApuT™MeTndKa CranmapiEo ApuTMeTHYKa CranmapmHo
Gymierse npoceyHa Hapa Cpenma npocedHa Aapn Cpenma
Drill bits OCTyHame OfiCTYIIalbe
Bpemoct Standard BpemHoct BpemHoct Standard BpeAtoct
Arithmetic o Median Arithmetic o Median
ean deviation ean deviation
16/25 0,262 0,024 0,263 0,310 0,029 0,310
25/40 0,287 0,020 0,290 0,339 0,023 0,343
OVCKYCHJA DISCUSSION

ExcniepuMeHTanHM pe3ylTaTy Cy MOKasanu Ja
YaK J Y Mambe abpasuMBHMM CTeHaMa Kao IITO
je Kpedmak, IIPOMeHa reoMeTpuje gUjaMaHT-
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The experimental results showed that even
in less abrasive rocks such as limestone, the
change in the geometry of diamond grains
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CKMX 3pHA UI'pa BOXXHY y/IOTy y e(pMKacCHOCTU
Oymemwa. Onctynama of +10% Mory ce mpu-
mMcaT AMHAMMYKMM IIpOME€HaMa Yy PE€3HUM
uBHUIIaMa(cedyeHnIaMa), Koje ce HaM3MEeHIIHO
CTBapajy u Tpolie TOKOM Oyierma. OBa mojasa
OJroBapa 3alakambyMma ApyIrux ayTopa Ipuin-
KOM JMCIINTUBAama IpaHnTa [8, 9], rue je edexar
6110 joLI M3paKEHUjIL.

Jol jemaH acmexT je morogHOCT Kopuurherma Ko-
eduLjeHTa pe3ara Kao MHAMKATOPa OITIMIU-
3anyje pexxuMa Oyurema. Pesynratu ykasyjy Ha
TO J1a KoeUIMjeHT JOOPO OIMCYje OFHOC CIIell-
nduyHe eHepruje U cHare OyIlema YaK ¥ IOJ
IIpOMEH/bMBUM YC/I0BMMA. [Intame IIpeHOCU -
BOCTU METOJ0JIOTHje 13 TabOpaTOpujcKMX yc-
70Ba 'y in situ, re cy npucyTHM Apyryu paKTOpu
Kao LITO CY yTHUIIAj LINIKK 33 OyIlIerbe, TeMIle-
parype, IpUTUCKA VI OIPUCYCTBA PACXIafHIX
TEYHOCTH, OCTaje AUCKYTAOVIIHO.

Ca IpakTUYHe [MepCreKTBe, BKHO je a MeTo-
ponoruja oMoryhasa neHTUpUKAIN]y ONTIMAI-
HIIX IapaMeTapa OyIlera, IITO MOXKe JOIPIHe-
TU CMabelby TPOIIKOBA €HEPITje U IPORYKErY
BeKa Tpajama ajara. Y OyayhHoctu ce npenopy-
Jyje ieHa BepyduKanyja Ha BeheM pacioHy cre-
Ha J1 Y PeaTHIM TePEHCKIM YCTTOBYMA.

3AK/IbYYAK

[Tpommpeme epanyanuje epukacHe IOBpLINHE
Oymema xkopuurheweM E-S gujarpama onaxia-
70 je TyMauemve ase I n dase II. EBanynpann
eKCIIepyMeHT! Oyllema Kpedmaka KPYHOM 3a
Oymeme (16/25) n kpyHOM 3a Oyeme (25/40)
IOKa3yjy Ja je KpeurmaK CTeHa ca HUCKMM abpa-
3MBHUM [I€jCTBOM U Jja Cy CTOTa HOCTUTHYTU
pe3y/ITaTi caMoO He3HAaTHO IoroheHy xabameM
MallnHe 3a 6yieme. Vnak, cTaHgapaHe feBuja-
nuje o oko 10% Bpepnoctu E u S ykxasyjy Ha To
7la ce M 'y OBOM CIy4ajy fielllaBajy IPOMeEHe Y Te-
OMeTpUj! IMjaMaHTCKMX 3pHa. YTBpbeHo je ma
OIJHOC MMHUMAMHMX BpegHocTy E 11 S ofrosapa
BPEIHOCTIMA KoeDUIMjeHTa pe3amba |L.

3AXBAJTHUITA

OBoO ucTpakxupame je IOAPKaHO MPOjeKTUMa
VEGA 2/0090/23 nu APVV-23-0364.

plays an important role in drilling efficiency.
Deviations of £10% can be attributed to dy-
namic changes in the cutting edges, which are
alternately created and worn during drilling.
This phenomenon corresponds to the obser-
vations of other authors when testing granites
[8, 9], where the effect was even more pro-
nounced.

Another aspect is the suitability of using the
cutting coefficient as an indicator of drilling
mode optimization. The results indicate that
the coefficient well describes the ratio of spe-
cific energy and drilling strength even under
changing conditions. The question of the trans-
ferability of the methodology from laboratory
conditions to in situ, where other factors such
as the influence of the drill string, temperature,
pressure or the presence of cooling fluids, re-
mains debatable.

From a practical perspective, it is important
that the methodology allows for the identifi-
cation of optimal drilling parameters, which
can contribute to reducing energy costs and
extending tool life. In the future, its verification
on a larger range of rocks and in real field con-
ditions is recommended.

CONCLUSION

The extension of the evaluation of the efficient
drilling area using E-S diagrams made it easi-
er to interpret phase I and phase II. The eval-
uated experiments of drilling limestone with
drill bit (16/25) and drill bit (25/40) prove that
limestone is a low abrasive rock and therefore
the achieved results are only slightly affected
by drill bit wear. Nevertheless, the standard
deviations of about 10% of the E and S values
indicate that changes in the geometry of dia-
mond grains occur in this case as well. It was
found that the ratio of the minimal values of E
and S corresponds to the values of the cutting
coefficient p.
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Caxerak: CaspemeHo pygapciiieo Hanasu ce Ha packpuihy usmehy pacitiyhux doifipeba 3a muHepanHum
CUPOBUHAMA U 0IPAHUHEHUX APUPOGHUX PECYPCa, Y3 UCTOBPeMEHO HojauaHe APUTHUCKe ja6HOCTIU U pelyNattiopHUX
ilena ga ce ouysajy exocucitiemu. Cilipailieuiko yipasmwarve pygapckum akimiugHoCcmuma 3axiieéa uHieipayujy
eKOHOMCKUX, eKOTIOUIKUX U COUUJANTHUX acileKailid, Kao U ycainauasarve ca UpUHUULUMa yupKynapHe ekoHomuje.
Lum o060l paga je ga ce ananusupajy Kwy4Hy Usazosu y gomery ogpiusociiu, ugeHmuduxyjy paximopu koju
YCTI0670A6AJY HeqoCTLAlak MUHePpANTHUX pecypca u ioHyge ciipaitieiuje 3a gyiopouro tinanupare. Meiiogonoiuja
je 3acHo8ana Ha KOMUAPATHUBHO] AHATIU3Y TI00ANHUX THPEHGO8A, UPOUeHU PACHONIONUBOCTHU PYGHUX TIeHUUTHA
U aHanusu Yiluyaja Ha KHUeoiiny cpequHy kpos uHgukatiope xao witio cy emucuje CO,, floilipouirva 6oge u
geipagayuja semmuwinia. Pesyniiatiu ykasyjy Ha toiipe6y ipumere uxitielpucanoi yipasmwaukoi upuciiyia,
Da360j exHONOWKUX uHoBauuja 3a toseharwe epuKACHOCTHU eKchnoaiayuje U yciociliasmarve CHPoOIux
exonowKux ciliangapga. Juckycuja iiokasyje ga yciewHa mparcopmayuja pygapcxkoi cexiiopa 3asucu og
gylopouHe 8u3uje, jasHOUPpUBAHOI HAPIIHEPCIIBA U yCMEPABAtba UHEECTUUYUA KA UCTAPANCUBALY U PeUUKIIANCU
CeKYHGAPHUX CUPOBUHA. 3AKbYHaK UCiuYe ga je camo XOMUCMuuKu Upucitiyil, Koju ucitiospemeno mipemupa
eKOHOMCKY goOUili U 3aitiuiily UpupogHoi okpyxucerva, y citiary ga 06e3begu ciliabunHocii U Upuxeattipbusocii
pygapcitiea y HapegHum geueHujama.

K}by‘[]—[e peum: CTPATEIIKO YITPAB/bAIBE, PYJAPCTBO, UVPKYJIAPHA EKOHOMUJA, OJIPKMBU PA3BOJ, SAIITUTA
JKMBOTHE CPEIVIHE

Abstract: Modern mining is at the crossroads of growing demand for mineral resources and limited natural
resources, while at the same time increasing public and regulatory pressure to preserve ecosystems. Strategic
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management of mining activities requires the integration of economic, environmental and social aspects,
as well as compliance with the principles of the circular economy. The aim of this paper is to analyze key
challenges in the field of sustainability, identify factors that determine the scarcity of mineral resources and
offer strategies for long-term planning. The methodology is based on comparative analysis of global trends,
assessment of the availability of mineral deposits and analysis of environmental impacts through indicators
such as CO, emissions, water consumption and land degradation. The results indicate the need to apply an
integrated management approach, develop technological innovations to increase the efficiency of exploitation
and establish strict environmental standards. The discussion shows that the successful transformation of the
mining sector depends on a long-term vision, public-private partnerships and directing investments towards
the exploration and recycling of secondary raw materials. The conclusion emphasizes that only a holistic
approach, which simultaneously addresses economic profit and environmental protection, is able to ensure the
stability and acceptability of mining in the coming decades.

KeYWOI‘dS: STRATEGIC MANAGEMENT, MINING, CIRCULARECONOMY, SUSTAINABLE DEVELOPMENT, ENVIRONMENTAL

PROTECTION

YBO[

PymapcTBO je mMCTOpMjCKM IIpENCTaB/bao OC-
HOB VHJYCTPUjCKOTI pa3BOja 1M TEXHOJIOIIKOT
HAIIPETKA, a/li jé MCTOBPEMEHO M3a3BajI0 3Ha-
4ajHe IPOMEHE y NPUPOJHNUM €KOCHCTEMMMA.
Y mocnenmuM reieHmjamMa, HaI/IM PacT CBETCKE
HOITy/IALiMje M MHAYCTPpUjausanyja TOBeIu Cy
o nosehaHe IOTpaXKibe 3a MeTaMIMa U MIHe-
panuma, NITO Pe3yATMpa UCHPIUbUBALEM BU-
COKOKBA/IMTETHVX JI&KMIITA ¥ pacTyhum mpy-
TMCKOM Ha >KMBOTHY cpefiuHy. OrpaHi4YeHOCT
pecypca U CBe CTPOXXM €KOJIOLIKM CTaHJapAu
HaMelly moTpeOy 3a IpencHUTHBameM [oca-
JALIBYX TIPAKCH ¥ U3PAJIOM OfiroBapajyhe mpo-
CTOpHO ITaHCKe flokyMeHTanyje [1]. CaBpeme-
HO PyJapCTBO BMIIE HE MOXE Jla C€ ITOCMATpa
VICK/BY4MBO KPO3 IIPM3My €KOHOMCKe JJOOUTH,
Beh 3axTeBa XOMICTUYKY NMPUCTYII KOjU YK/bY-
4yje KOHLIENT OfPXKUBOI PasBoja, APYLITBEHE
OITOBOPHOCTU ¥ YIIPaB/batba PUSKIIMIMA.

VcToBpeMeHO, KIMMaTCKe IpOMeHe, IyOuTaK
OvopuBep3uTeTa U HAerpajialyja 3eM/BMIITA
Hamehy HoBe nsasose [2]. Crpareruje Koje ce
IpUMewyjy y BojehmMm pymapckum 3emba-
Ma CBe BUIEe MHTETPUILY IPOLIEHY >KUBOTHOT
IIMKITyCa ¥ TEXHOJIOLIKe MHOBalje HOIyT ay-
TOMaTu3auyje M JUTUTanu3anuje pygapcKux
mpoleca, a HoCceOHO Cy yCMepeHN Ka Ipenasy
Ca IMHeapHe Ha LUMPKY/IapHY EKOHOMM)Y, KOja
je mpm Kopuinhewy HEOOHOB/BMBMX M3BOpa
eHepruje jour Behu yMIepartus Hero Kop 06-
HoB/buBUX [3]. LIn/b oBOT paja je ma ucTpakn
KaKO CTpATelLIKO yIpaB/babe MOXe JOIpIHe-
TI epuKacHUjeM Kopuirhewy pecypca, MUHNI-
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INTRODUCTION

Mining has historically been the basis of
industrial development and technologi-
cal progress, but it has also caused signifi-
cant changes in natural ecosystems. In the
recent decades, rapid growth in the world
population and industrialization have led
to increased demand for metals and miner-
als, resulting in the depletion of high-qual-
ity deposits and increasing pressure on the
environment. Resource limitations and in-
creasingly stringent environmental standards
impose the need to review previous practic-
es and develop appropriate spatial planning
documentation [1]. Modern mining can no
longer be viewed exclusively through the
prism of economic profit, but requires a ho-
listic approach that includes the concept of
sustainable development, social responsibil-
ity and risk management.

At the same time, climate change, biodiversity
loss and land degradation pose new challenges
[2]. Strategies implemented in leading mining
countries increasingly integrate life cycle as-
sessment and technological innovations such
as automation and digitization of mining pro-
cesses, and are particularly focused on the
transition from a linear to a circular economy,
which is an even greater imperative when us-
ing non-renewable energy sources than when
using renewable ones [3]. The aim of this pa-
per is to explore how strategic management
can contribute to more efficient use of re-
sources, minimizing environmental impacts
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MM30Bamby €KOJNOIIKUX yTHIaja u 06e3bebu-
Batby AyTOPOYHE OAP>KIBOCTI CEKTOPA.

PynapcTBO Kao K/by4Ha MHAYCTPUjCKa TPaHa y
XXI Beky [4] Hamasu ce mpep CI0KeHUM HU3a-
30BJMa KOju IIPOUCTUYY u3 cBe Behe rnobanxe
HOTPaXKibe 32 MIHEPATHUM PeCypcrMa, orpa-
HI4YeHe ,I[OCTYHHOCTI/I CI/IPOBI/IHa, Ka0 " €KO-
JIOLIKMX Hp]/[TI/[C&Ka U 3aXTeBa 3a OI[p)KI/IBI/IM
pasBojeM. CTpaTelIKo yIpaB/babe pyfapemheM
II0CTaje MMIIePATUB, jep Hofpa3yMeBa OaaH-
cupame n3Mel)y eKOHOMCKUX MHTepeca, eHep-
reTcke 6e30eTHOCTY, COLMjaTHUX HOTpeba u
3alITUTE )KNBOTHE CPEVHE.

METOJOJIOTUJA

MeTop0/IOMIKY IPUCTYII Y OBOM Pafy 3acHO-
BaH je Ha IIPUMMEHNU MYITHKpUTepMjaHe aHa-
mse (MCA) [5], koja omoryhasa eBanyaunjy
PasIMYNTIX acleKaTa pyfgapcKe MHAYCTpuje y
OJfHOCY Ha IIM/beBe OfIPXKMBOT pasBoja.

Kipyunu kopaiy metoponoruje o6yxsarajy:

- Vpentndukanuja pecypca n mnorpeba -
yTBphuBame K/bYYHMX MUHEPAHUX U
EHEePreTCKNX Pecypca y CBETy 1 PEeryoHY,
Kao 1 TPEH/I0BA HIXOBE IOTPOLIbE 1 YTHU-
11aja Ha )KUBOTHY CPelMHY.

- KoMmmnaparusHa aHanmm3a Hajo0/BMX IIPAKCH
— CTyAuje Ciaydaja U3 3eMasba ca pasBuje-
HUM CHCTEMMMA YIpaB/baba PYapCTBOM
(unp. Hopsemka, Kanaza, Aycrpanmja).

MeTomONOMIKY OKBUP MCTpaKuBama 00yX-
BaTa aHAIM3y IVI0OATHMUX TPEH/I0BA U M3BOpa
noparaka. Kopuurthene cy cratuctuke Meby-
HapoJjHe areHuyje 3a eHeprujy, CBeTcke 6aHKe
un YH o npousBopmu, pesepsama 1 IOTPOLIBA
K/bYYHMX pyfa/MyHepana (yramp, 6akap, rBo-
xbe, peTku efieMeHTH).

[Ipukymwsenu nogaum cy obpabenu crartm-
CTUYKUM MeTofama KopuinhemweM codTBep-
ckux makera Microsoft Excel m IBM SPSS
Statistics 24.

KBanuraTuBHM NMOJAIy NMPUKYIUbEHM CY U3
HAayYHUX pajioBa, CTyAuja ciydaja (Aycrpa-
nuja, Ynne, Cpbuja) u u3BelITaja KOMIaHMja.

and ensuring the long-term sustainability of
the sector.

Mining, as a key industry in the 21st centu-
ry [4], faces complex challenges arising from
the increasing global demand for mineral re-
sources, the limited availability of raw mate-
rials, as well as environmental pressures and
the requirements for sustainable development.
Strategic mining management is becoming
imperative, as it involves balancing economic
interests, energy security, social needs, and en-
vironmental protection.

METHODOLOGY

The methodological approach in this paper
is based on the application of multi-criteria
analysis (MCA) [5], which allows for the
evaluation of various aspects of the mining
industry in relation to sustainable develop-
ment goals.

The key steps of the methodology include:

- Resource and needs identification — deter-
mining key mineral and energy resourc-
es in the world and the region, as well as
trends in their consumption and environ-
mental impact.

- Comparative analysis of best practices -
case studies from countries with developed
mining management systems (e.g. Norway,
Canada, Australia).

The methodological framework of the research
includes an analysis of global trends and data
sources. Statistics from the International Ener-
gy Agency, the World Bank and the UN on the
production, reserves and consumption of key
ores/minerals (coal, copper, iron, rare earth el-
ements) were used.

The collected data were processed based on
statistical methods using the software pack-
ages Microsoft Excel and IBM SPSS Statistics
24.

Qualitative data were collected from scientif-
ic papers, case studies (Australia, Chile, Ser-
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KBanturatuBHu nopaunu cy obpabenu u ge-
CKPUIITUBHOM CTaTUCTUKOM, IpaduuKkuM 1
tabelapHUM IpuKasuma TpeHpoBa. Llwb
MeTofloNIorMje je ;a oMoryhm cmcremcko ca-
I7leflaBambe PyJapCcTBa Kpo3 IPU3MY pecypca,
TEXHOJIOTUje, PEry/aTUBe U JPYLIITBEHO-EKO-
JIOLIKKX YTUIIAja.

PE3YJITATU

[TIOBATHU JEOVILINT PECYPCA

Vcrpaxusamwa MehyHnapopnne arenmuje 3sa
eneprujy (IEA) [29] ciposenena 2024. rogu-
He [6] n eonomxkor nucturyra CAJl (USGS)
[7, 30] moka3syjy ma ce pesepBe BUCOKOKBa-
JMUTETHUX PYAa Y CBETy cMamyjy. [ogumma
CTOIA Taja M3pakeHa y MeraroHama (Mt)
npukasaHa je y Tabenu 1 3a 6axap, HUKJI, u-
TUjyM 1 Kobant. Pesynratu nmokasyjy u ja je
IpOocedYaH caapyaj MeTaja Y HOBOOTKpUBe-
HUM JIEXUNIITNMAa 3HATHO HVIJKUM HETO Yy PyQ-
HUIVIMa KOjU CY Ce eKCIUIOATUCANN Y APYTOj
nonosuHu XX Beka. Ha npumep, nmpocedan
cajgpxaj 6akpa y HOBOpPa3BUjeHUM pPY[AHU-
guma Ynmea omao je ca 1,2% Ha oxo 0,6% y
nocnenmwe Tpu geuennje [8]. Hacramm ycimo-
BU IOJpa3yMeBajy yABOCTpYyYelbe KONMYNHE
PYZAe Koja ce MOpa IpepafiiTy 3a UCTY TOHA-
Xy MeTasna, y3 nosehamwe morpomme eHep-
ruje u Boge [9].

bia) and company reports. Quantitative data
were also processed using descriptive statistics,
graphical and tabular displays of trends. The
goal of the methodology is to enable a systemic
view of mining through the prism of resources,
technology, regulations and socio-ecological
impacts.

RESULTS

GLOBAL RESOURCE SHORTAGE

Research by the International Energy Agen-
cy (IEA) [29] conducted in 2024 [6] and the
United States Geological Survey (USGS) [7,
30] shows that the world’s reserves of high-
grade ores are decreasing. The annual rate of
decline in megatons (Mt) is shown in Table 1
for copper, nickel, lithium and cobalt. The re-
sults also show that the average metal content
of newly discovered deposits is significantly
lower than in mines that were exploited in the
second half of the 20th century. For example,
the average copper content of newly developed
mines in Chile has fallen from 1.2% to about
0.6% in the last three decades [8]. The resulting
conditions imply a doubling of the amount of
ore that must be processed to produce the same
tonnage of metal, with increasing energy and
water consumption [9].

Tabena 1, Inobannu ilipeHgosu pesepsu u Howipas toe 3a 0gabpaHum Meianuma y ceeiy
Table 1, Global trends in reserves and demand for selected metals in the world

[Tpouemene rnobante | [ogniumpa moTpoIHa IIpoceunn pact Hli)oc?an canp Kf ) ?f;e
Mertan pesepse (Mt) 2023 (Mt) notpaxe (%) verage ore grade (7o
Metal Estimated global Annual consumption |Average demand growth
reserves (Mt) 2023 (Mt) (%) 1980.god | 2023.god
year year
bakap
N 870 27 3,5-4,0 1,2 0,6
Copper
Huiern 95 3,4 4,5-5,0 2,0 1,1
Nickel
Tutitjym 26 0,14 7,0-10,0 1,5 1,0
Lithium
KoGarr 7,6 0,19 6,0 0,3 0,2
Cobalt
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PesynTtaty mcToBpeMeHO IOKa3yjy fa CBETCKa
IIOTpaXiba 3a KpUTUYHVIM MMHEpaIMMa Ipa-
MaTH4HO pacTe. EHeprercka TpaHsuuuja, mpe
cBera elleKTpuduKaluja TpaHCIOPTa U Pa3Boj
CKIAiLITA €HEPIUje, Y3POKYje TOMULIbI PACT
Tpaxkme 3a 6aKpOM, TUTUjYMOM, KOOAITOM 1
peTkuM 3emybaMa. CaMo 3a IpOU3BOAbY baTe-
pUja 3a eleKTpUYHA BO3MIA, OYeKyje ce fa he
notpebe 3a mutujymoM po 2030. mopactu 3a
Bure o 300% y ogHocy Ha HuBO u3 2020. OBa
pucniponiopryja n3Mely Temma ekcroaranuje
1 popmupama HOBMX pPe3epBH yC/IOB/baBa IMo-
PacT LieHa Ha I71006a/HNM Oep3aMa U FeHepIIie
reonoNUTNIKe TeHsuje, mocebHo mameby Bo-
mehyx mponssohada 1 moTpomraya.

Y Cp6buju, kao geny 3anagaor bankana, moce6-
Hy Kby 13a3UBajy JeKUIITa OOPCKUX Oa-
KapHUX pygma [10] u jagapckor mmurujyma [11],
Ta6ena 2. Vicropujcku rnefano, bop je jenan op
Haj3HAYAjHUjUX €BPOICKUX LIEHTapa 3a IIPOU3-
BOZIbY 0akpa, alm AyroTpajHa eKcIuroaranuja
[IOBeTIa je [0 Majia cajpkaja 6akpa y pyau ca
HeKaflammyx 2% Ha ucnop 0,6% [12]. ITpojexar
»Jamap“ Koy JIo3HuIle, MAKO jOILI YBEK IpefMeT
jaBHMX M perymaTopHux pacmpasa [13], mo-
Kasyje KO/IMKO Cy peTKa M BpeflHa Haja3MIITa
muTHUjyMay EBponm 1 KONMMKo ¢y MHBeCTULIMj€ Y
TaKBe pecypce M0Be3aHe Ca APYIITBEHNM OTIIO-
POM U €KOJIOLIKNM pudnnymMma.

The results also show that global demand for
critical minerals is growing dramatically. En-
ergy transition, primarily electrification of
transport and development of energy storage,
is driving annual growth in demand for cop-
per, lithium, cobalt and rare earths. For the
production of batteries for electric vehicles
alone, lithium demand is expected to increase
by more than 300% by 2030 compared to the
2020 levels. This imbalance between the rate of
exploitation and the formation of new reserves
is driving up prices on global stock exchanges
and generating geopolitical tensions, especially
between leading producers and consumers.

In Serbia, as part of the Western Balkans, the
Bor copper ore deposits [10] and Jadar lithium
[11] are of particular interest, Table 2. Histori-
cally, Bor has been one of the most important
European centres for copper production, but
long-term exploitation has led to a drop in
the copper content of the ore from the former
2% to below 0.6% [12]. The Jadar project near
Loznica, although still subject to public and
regulatory debate [13], shows how rare and val-
uable lithium deposits are in Europe and how
investments in such resources are associated
with social resistance and environmental risks.

Tabena 2, ITpumepu us CpbOuje, ipouere 3a b6axap u nuitiujym
Table 2, Examples from Serbia, estimates for copper and lithium

WcTopujckn
Jlexxymite Pyna/munepan| cappxaj (%)
Deposit Ore/Mineral Historical

content (%)

TpenyTHn
caapxaj (%)
Current
content (%)

ITpouemene
pesepse (Mt) Kipyunu nsasosu
Estimated Key challenges

reserves (Mt)

Bop (Benukn
Kpusem,llepoBo)

bakap

ca2,0Hal,2

Crape TexHonoruje
npepajie, €KOIOIKMN
YTHUL3j

I > .
Bor (Veliki Krivelj, Copper from 2.0 to 1.2 0.5-0.6 300 Old processing
Cerovo) technologies,
environmental impact
Exonomka
JTutujym- MIPUXBAT/BUBOCT,
Jagap (Jlosuniia) 6oparu . IPYLITBEHY OTIOP
- 1,8 (Li, >1 .
Jadar (Loznica) Lithium- 8 (L.0) 00 Environmental
borate acceptability, social

resistance
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OBu nopany jacHoO IOKas3yjy [ja ce CBETCKI Py-
TAPCKU CEKTOP CyOYaBa Ca ,JBOCTPYKMM MaKa-
3amMa“ — ca jefiHe CTpaHe pacTe norpeba 3a Mu-
Hepa/iyMa 300T AMTUTaNu3anuje U eHepreTckKe
TpaH3uLyje, a ca Apyre CTpaHe Ollafia KBaIUTET
PyZia 1 YCIOXIbaBajy ce eKONmomKy ycnosu. 11o-
Behaun pusunm op HecrabwaHOCTH CHabne-
Bama 3aXTeBajy pa3Boj cTpaTeruja 3a eduxac-
HItje Kopuirheme pecypca, peLKIaxy, 3aMeHy
MaTepMjaja M ylaarame y UCTPKUBAbEe HOBUX
JIeXNITa y3 MUHMIMA/IaH miuaj Ha OKO/INHY.

EKOJIOHIK!M [TPUTUNCIN

Pypmapcke akTMBHOCTM MMajy CIOXKEH U BUILIE-
CJI0jaH yTULAj HA >KMBOTHY CPEJUHY, KOju ce
MaHUdecTyje Kpo3 eMICHje TacoBa CTaKIeHe
OaTe, Aerpafanyjy 3eM/bMINTA, KOHTAMIHA-
I1jy BOJIOTOKOBA, I'yOMTaK OMOAVBEp3UTETa I
nosehame OyKe 1 ITpalInHe y TOKaTHUM 3ajef-
HujaMa. EHepreTckM MHTEH3MBHM IIpOLECH
Ipobmbema, MIeBemwa 1 GIoTaluje pyae 3axTe-
Bajy BeNMKe KONMYMHE eIeKTPUYHE eHepTuje I
BOJIe, IITO Y KpajibeM UCXOAy Boau nosehamy
YI/bEHMYHOT OTMCKA M IIPUTKUCKY Ha JOKa/THEe
BofiHe pecypce. Iloganm MebynaponHe areH-
nyje 3a enepretuxy (IEA) [29] n Mebynapon-
HOT caBeTa 3a pymapctBo u Mertane (ICMM)
[31] u3 2023. rogyHe IOKa3yjy Jia PyAapcKu
CEKTOP I7I00a/THO y4ecTBYje ca MpUOIVDKHO 7%
y YKyoHUM MHAyCTpujckuM emucujama CO,,
Ipy 4eMy OTBOPEHM KOIOBM UM MeTalyplLIKe
npepajie fonpuHoce HajseheM yzery.

Pesynrary nokasyjy ma ce HeraTUBHM YTUILIAjU
PYIAapCKMX aKTMBHOCTYM Ha XXMBOTHY CPeVHY
Hajuemrhe nojaBpyjy y cnepehum obmactuma:

- Bopnu pecypcu - y nepuopy 2010-2020.
IIpoceYyHa MOTpPOIlba BOfie IO TOHU Pyfe
nosehaHa je 3a oko 18% [14, 15, 16, 17, 18,
19]. OBo je mocnennia nmaga cagprxaja Me-
Tasa, ITO U3NUCKyje Behu 06uM npepazne u
VMHTeH3VBHUje UCTIVpalbe.

- KoHTammHanmja sempuilTa 1 BOfie — Ly-
peme Kncenux pygapcknx Boga (acid mine
drainage) moBomM O pacTBapama TEIIKUX
MeTaJIa I IbXOBOT YHOCA y BOfIEHE TOKOBE,
ca IyroTpajHuM edeKkTruMa Ha eKOCUCTeMe.

- buopusepsurer u mnejsaxx — BEIUKU OTBO-
PEHM KOIIOBM M [IeIIOHMje jalOBUHE Y3PO-
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These data clearly show that the global mining
sector is facing a “double-edged sword” - on
the one hand, demand for minerals is growing
due to digitization and energy transition, and
on the other hand, the quality of ores is declin-
ing and environmental conditions are becom-
ing more complex. Increased risks of supply in-
stability require the development of strategies
for more efficient use of resources, recycling,
material substitution and investment in the ex-
ploration of new deposits with minimal envi-
ronmental impact.

ENVIRONMENTAL PRESSURES

Mining activities have a complex and mul-
tifaceted environmental impact, manifest-
ed through greenhouse gas emissions, land
degradation, water contamination, biodiver-
sity loss and increased noise and dust in lo-
cal communities. The energy-intensive pro-
cesses of crushing, grinding and flotation of
ore require large amounts of electricity and
water, which ultimately leads to an increase
in the carbon footprint and pressure on lo-
cal water resources. Data from the Interna-
tional Energy Agency (IEA) [29] and the
International Council on Mining and Metals
(ICMM) [31] from 2023 show that the min-
ing sector contributes approximately 7% of
total industrial CO, emissions globally, with
the largest share of open pit mining and met-
allurgical processing.

The results show that the negative impacts of
mining activities on the environment most fre-
quently occur in the following areas:

- Water resources — in the period 2010-2020.
average water consumption per ton of ore
increased by about 18% [14, 15, 16, 17, 18,
19]. This is a consequence of decrease in the
metal content, which requires a larger volume
of processing and more intensive leaching.

- Soil and water contamination - leakage of
acid mine drainage leads to the dissolution
of heavy metals and their entry into
water courses, with long-term effects on
ecosystems.

- Biodiversity and landscape - large open pit
mines and tailings dumps cause habitat loss,
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Kyjy TyOMTaK cTaHuMIITa, parMeHTaIjy
€KOCHCTeMa U TpajHe IIpOMeHe Yy Mopdo-
JIOTUjy TepEHa.

[Ipomaranuja 3arabemwa y pysapckum 3oHama
OTBOpPEHNX KOIIOBA IIPMKAa3aHa je LIeMaTCKU
Ha Caunn 1.

Open pit mine Tailings dump

ecosystem fragmentation and permanent
changes in terrain morphology.

The propagation of pollution in open pit min-
ing zones is shown schematically in Figure 1.

and Sediment

groundwater

sSiorage

Cnuxa 1, Hlemaiticku dpuxa3 iokosa 3aiaheroa y pygapckum 30Hama oili60peHUx Koiosa
Figure 1, Schematic representation of pollution flows in open pit mining zones

Pesynratu ncrpakusama 1okasyjy Aa cy pyaap-
cke 30He y Cpbuju Hajuemhe IjpHe Tayke M-
BOTHe cpeayuHe. 3arahyjyhe marepuje, mpe cBera
TEIIKM MeTaly M HoayMeTanyu (6akap, apceH,
0JI0BO, KaJMIjyM), TIOC/Ie VCIYILITamba y IOBp-
IIMHCKe Bofie (peke, je3epa) MOCTENEHO Ipera-
3e 13 BofieHe (ase y UBPCTY a3y U Taloxe ce
Y DOIJM CTI0jeBMMa PEYHOT, MJIN je3ePCKOT IHA.

XeMMjcKa peakluja ce OfiBMja TaKO IUTO ce
pacTBOpeHe joHCke (opMe MeTana Bedyjy 3a
4ecTulie IN1He, OPIaHCKY MaTepujy M OKCHUfie
rBoxxha/MaHraHa, Ima ce Tajo)Xe Kao Hepac-
TBOP/bMBA jeIbEIba.

JenHoMm kapm ce mertamu Haby y cemuMeHry,
OHU OCTajy IyTO, 4ecTo flelleHjaMa, U MOTy
noHoBo Ipehn y Bogy ako mobe mo mpomene
pH, OKcMEAIMOHO pefyKIMOHUX YCI0Ba WU
XUZIpOAMHAMMKE, IITO y pe3yaTary jjaje fAyro-
pouHM pe3epBoap 3arahema.

Exonomky pusuk je 3HauajHo nosehan, jep
CeVIMEHT IOCTaje ,CKIAANIITe  TOKCUYHUX
MaTepuja Koje MOTY YJIa3!UTH y JIaHal] ICXpaHe
(6bnoakymynanyja y fHy, IIKO/bKaMa, pubama).

Cpbuja nma ayry pymapcky tpaguuyjy (bop,
Majpannex, Tpemya) [20], mTo je moHeno 3Ha-

Research results show that mining zones in Ser-
bia are the most common environmental black
spots. Pollutants, primarily heavy metals and
semi-metals (copper, arsenic, lead, cadmium),
after being released into surface waters (rivers,
lakes) gradually pass from the aqueous phase to
the solid phase and settle in the lower layers of
the river or lake bottom.

The chemical reaction occurs as dissolved ionic
forms of metals bind to clay particles, organic
matter, and iron/manganese oxides, and are de-
posited as insoluble compounds.

Once metals are in sediment, they remain
for a long time, often decades, and can be
re-introduced into the water if there is a
change in pH, redox conditions, or hydrody-
namics, resulting in a long-term reservoir of
pollution.

The environmental risk is significantly in-
creased, as sediment becomes a “storage” of
toxic substances that can enter the food chain
(bioaccumulation in the bottom, shellfish,
fish).

Serbia has a long mining tradition (Bor, Ma-
jdanpek, Trepc¢a) [20], which has brought sig-
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JajHe eKOHOMCKe OeHedure, anmym U 0361M/bHE
€KOJIOLIIKe TTOCIIEIILIe:

1. Bopcku pymapcKo-MeTaTyplIKyu 6aceH:

- JleneHujcka excruroaranuja 6akpa fo-
BeJa je O aKyMy/laluje jaJloBUINTA U
noBehaHuMX KOHIEHTpalyja TEeIIKUX
MeTana (apceH, KaMUjyM) Y OKOTHOM
3eM/BUIITY ¥ BOJOTOLMMA.

- Emucwje SO, 13 TonmoHnne, nako cMa-
IbeHe MOJEPHU3ALMjOM IIOCTpOjerba
y 2021. rommuu [21], m pa/pe mpen-
CTaB/bajy 13a30B 33 KBA/JIMTET Ba3gyxa
n s,upaB)be CTaHOBHUMIITBA.

2. Japapcku 6aceH (IIOTEHIVjATHO JIEKMIITE
TUTHjyMa):

- Moryhu ytuuaju ykmydyjy usMmeHy
BOJHOI peXMMa peKe Jajap, CTBa-
pambe BEIMKMUX KOIMYMHA ja/loBMHE
Ca pU3MKOM Of Liypema y Iof3eMHe
BOJIe U JleTpajjaliljy I0/bONPUBPESHOT
3eM/bUIITA.

- JlokasHe 3ajefHuIle N3pakaBajy 3a0pu-
HYTOCT 300T HEJIOCTAaTKa TPAHCIIAPEHT-
HOCTM U JyTOPOYHMX TapaHIMja 3a pe-
KY/ITUBaLYjy.

3. Crapa janoBuiuTa M HeCaHUTApHE J[EIO-
Huje:

- Ha Bume nokanmja (Cromune, 370T,
3BevyaH) MpPUCYTHM Cy HacleheHn
Ipo6/IeMy HEKOHTPOJIMICAHOT IIyperba
TEIIKMX MeTasla ¥ KUCeMX BOfja y ped-
He CHCTeMe, IITO pe3ylITHpa XpOHUY-
HUM 3arabemeM.

Pesynratu aHanmmse IopaTaka M3 KOMOMHUX
jaBHO JOCTYyNHUX wu3BemTaja MebyHnaponne
areHnuje 3a eHepretuxy (IEA) [29], Mebys-
JIAIVHOT IIaHela O KIMMATCKMM IpOMeHaMa
(IPCC) [32], jaBHM M3BeMITaju TepMOeNIEKTpa-
Ha [33, 34] 1 aka/IleMCKIX CTyAMja O eMICHjaMa
YIJbeHAMOKCU/A, CYMIIOPAMOKCHU/A, MOTpPO-
IIEbe BOJIE VI CaprKaja TeLIKVX MeTaa y Cefiu-
MEHTY Ha HeKMM IocTojehyM ¥ IIaHupaHuM
nokanmjama y Cpbuju [22] cy npmkasanm y
Tab6enu 3 y3 nopeheme ca pedepenTHNM Bpefi-
HOCTMMa ITpoceyHuM 3a EY.
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nificant economic benefits, but also serious en-
vironmental consequences:

1. Bor Mining and Metallurgical Basin:

- Decades of copper mining have led
to the tailings storage and increased
concentrations of heavy metals (arsenic,
cadmium) in the surrounding soil and
waterways.

- SO, emissions from the smelter,
although reduced by modernization of
the plant in 2021 [21], continue to pose
a challenge to air quality and public
health.

2. Jadar Basin (potential lithium deposit):

- Possible impacts include alteration
of the water regime of the Jadar
River, generation of large amounts
of tailings with risk of leakage into
groundwater, and degradation of
agricultural land.

- Local communities express concerns
about the lack of transparency and
long-term guarantees for reclamation.

3. Old tailing dumps and unsanitary land-
fills:

- In several locations (Stolice, Zlot,
Zveclan) there are inherited problems
of uncontrolled leakage of heavy metals
and acidic waters into river systems,
resulting in chronic pollution.

The results of the analysis of data from com-
bined publicly available reports of the Inter-
national Energy Agency (IEA) [29], the In-
tergovernmental Panel on Climate Change
(IPCC) [32], public reports of thermal power
plants [33, 34] and academic studies on car-
bon dioxide, sulphur dioxide emissions, wa-
ter consumption, and heavy metal content in
sediment at some existing and planned sites
in Serbia [22] are presented in Table 3, along
with a comparison with the EU average refer-
ence values.
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Tabena 3, Kwyunu unguxaitiopu yimiuyaja pygapcinea Ha sueoiminy cpequny (ipumep Cpbuje)
Table 3, Key indicators of the impact of mining on the environment (example of Serbia)

Majnannex PedepentHa BpegHOCT
[Tapamerap Bop (2023) (2023) Jamap (nmpojexuuja) (EY)
Parameter Bor (2023) Majdanpek Jadar (projection) Reference value
(2023) (EU)

Enmenja CO» (Vrom) |y 550 000 ~380.000 450.000 -

CO, emissions (t/year)

SO, (mg/m® Basnyxa) | 40-80 (mux >100) 30-50 _ <20 (mumur)
SO, (mg/m” air) 40-80 (peak >100) <20 (limit)
ITorpouma Boze

3
T (m®/Tona) ‘ 42 38 5.0 <3,0 (mobpa Hpa1‘<ca)
Water consumption <3,0 (good practice)
(m?/ton)
Temxn metamm y Cu <50
cepuMeHTy (mg/kg) Cu 320. As 75 Cu 210. Pb 55 Li_ As <20 (opujeHT.)
Heavy metals in ’ ’ Cu <50
sediment (mg/kg) As <20 (approx.)

Pesynratu ncrpaxusama y Cpbuju cy moka-
3a;u fia je y 3oHama bopckor Tumoka u Ilexka,
BUILETOAIMIIHA AKTVBHOCT PY/JHYKA JIOBE/IA 10
nosehaHux koHUeHTpanyja 6akpa (Cu), onoBa
(Pb) m apcena (As) y cenumenTuMma [23], mro je
NOTBph)eHO MOHUTOPUMHIOM ¥ UCTPAKUBAHY-
ma Teonmomxor 3asopa [35].

AxyMynanmja y CeIMMEHTY je OIacaH TpaHC-
¢ep 3arahema u3 Bofle y HAaHOC Ha JHY, KOjU
BpeMeHOM JieNyje Kao ,apxuBa“ 3arahusada u
HOTeHIVja/THM CeKYHapHY U3BOP, aKO YCTIOBM
OKpYy»Xemwa oMoryhe moHoBHO ocnobabame.

Vimmukanyje oBakBux 3arabema yTudy He-
raTVBHO Ha BojHM OwraHc. Pactyha koHky-
peHuja usmeby MHAyCTpUje, MO/BONIPUBpPeEne
u pomahmHCTaBa y fONMMHaMa BeJIMKUX peKa
3aXTeBa KBaIUTAaTUBHY U KBAHTUTATUBHY KOH-
TPOJY ¥ peLUKIIaXy IPOLIeCHUX BOJA.

Pesynrat oBakBux 3arahema y Cpbuju cy ny-
ropouny pusunnu. Hacnehenn crapu pymapckn
00jeKTy 3axTeBajy caHaljy, jep IpefCcTaB/bajy
JIATEHTHM M3BOP XPOHUYHOTr 3arabema. Cxop-
HO TOMe je IIOTPeOHO NMPUIATOfUTY U 3aKOHO-
maBcTBO. ViMmnemeHtanuja EY pgupextuBa o
yIpaB/balby OTIAZOM U BOJAaMa OCTaje 13a30B,
N0CeOHO Y CETMEHTY MOHUTOPMHTA U TPAHCIIa-
PEHTHOCTHM IofaTaKa.

Research results in Serbia have shown that in
the Borski Timok and Pek zones, long-term
mining activity has led to increased concentra-
tions of copper (Cu), lead (Pb) and arsenic (As)
in sediments [23], which has been confirmed
by monitoring and research carried out by the
Geological Survey of Serbia [35].

Sediment storage is dangerous transfer of pol-
lution from water to sediment, which over time
acts as an “archive” of pollutants and a potential
secondary source, if environmental conditions
allow for re-release.

The implications of such pollution have a neg-
ative impact on the water balance. Growing
competition between industry, agriculture and
households in the valleys of large rivers re-
quires qualitative and quantitative control and
recycling of process waters.

Such pollution in Serbia carries long-term
risks. Inherited old mining facilities require
rehabilitation, as they represent a latent source
of chronic pollution. Accordingly, legislation
needs to be adjusted. Implementation of the
EU directives on waste and water management
remains a challenge, especially in the segment
of monitoring and data transparency.

85




Wean Cimesosuh, Diana Mihaela Tircd, Ciipaitiewixo yiipassarse pygapersem y céeitiny Hegocilailika pecypea U u3asosa 0gpiusociiu
u 3auiitiutiie xusotire cpegume (77-95)
Ivan Stevovié, Diana Mihaela Tircd, Strategic Mining Management in Light of Resource Scarcity and Sustainability

and Environmental Protection Challenges (77-95)

YBUIW N3 CTYANJA CIIYUAJA

AHanmusa ynopegHux npumepa us Aycrpainmje,
Yunea, CpOuje u 3eMapa ca HajpasBUjeHUjUM
CHCTEMMMA YIpaB/balkba PYLAPCTBOM  OMO-
ryhaBa ma ce pasMoTpe CTBapHIU JOMETH IpH-
MEEHUX TIOMNTUKA Y TEXHONOWKMX pellerha
Y KOHTEKCTY OFPKMBOCTY U 3aLUTUTE XKMBOTHE
cpenuHe. YMECTO M30/I0BAHOT IPUKa3a YMEbe-
HULIA, OBJle Cy Pe3yATaTy MHTETPMCAHU y Ha-
paTuB KOji yKasyje Ha K/by4He 3aKOHUTOCTU U
HOyKe pe/IeBaHTHE 3a CPIICKI PYJapCKU CEKTOP.

Y AycTpammju ce TOKOM IOCTENH€ [iBE Jie-
LeHUje  pasBMO  KOHIENT  MHTETPUCAHOT
yIpaB/pama pecypcuma [24] koju mcroBpe-
MEHO y3uMa y 003up moTpebe Impuspene u
O4yBame EKOCHCTeMA. YCBajameM 3aKoHa O
3aIITUTYU >XMBOTHE CpefiuHe U OMommBep3nu-
teta (EPBC) cTBOpeH je mpaBHU OKBMP KOju
He JONyIITa OTBapame BeIMKOT PyJHMKa Oe3
cBeoOyxBaTHe IpOIleHe YTHUIIdja M jaBHe pac-
npase. VicTpaxuBama II0Ka3yjy fja je CIUCTeM
LIIPOTPeCUBHE peKyITUBalyje’, Ipyu KoMe
ce Beh MCKOIaHe MOBpIINHE IAPATETHO 00-
HaB/bajy TOKOM pajia KOIIa, 3Ha4YajHO CMarmbuo
ferpajanyjy sem/buinTa 1 omoryhmo spahame
byHKIMOHAMHNUX eKocucTeMa Ha mpeko 40%
IOBPIINHA Y POKY Off II€T TOAVHA I10 3aBPIIET-
Ky ekcroaranuje. JlomaTHo, yBobeme cysor
OfiTarama jajoBMHE U 3aTBOPEHMX KDPyroBa
BOJIe CMAbIJIO je PUSVIK Off MI3/IMBakba Vi IyOuT-
Ka BOJe, IITO Ce IT0CeOHO UCTIYE Y TOTyCYII-
HUM NOApyYjuMa 3amagHe AycTpanuje.

Umurne, kao Bogehu cBeTcku mponsBohay H6akpa,
CyodaBa ce ca M3pasUTUM BOTHNUM AepuInToM
y apupgHMM 30HaMa Arakame [25]. Pesynra-
TU IIpMMEHE IIOCTPOjera 3a AeCalTMHU3ALN)Y
II0Ka3yjy fa je BMIIe Of MOJTOBMHE HOTpebda
BOfle 3a BeNNMKe PymHMKe, IOmyT EckoHmupa,
o6e36eheHo M3 MOpCKUX M3BOPA, YMMe je 13-
6eI‘HyT IIPUTHMICAK HA ITIOA3EMHE U ITIOBPIINHCKE
ToKoBe. [TapajenHo, CHCTeM OHJIajH MOHUTO-
PpMHIa emMucuja mpammHe ¥ CyMIIOp-AMOKCHA
oMoryhaBa TpeHYTHO pearoBarbe HaJJIeXKHUX
CTy>KOU ¥ TPAHCIIAPEHTHOCT IIpeMa jaBHOCTH.
OBaxBa IIpakca He CaMo Jja PefyKyje HeraTus-
He yTuiaje Beh ¥ JOIPMHOCH U3Tpajiby II0-
Bepema JIOKA/IHMX 3ajefHNIIA, IITO Ce yodaBa
KpO3 cMameme Opoja KoH(IMKaTa 1 IPaBHUX
CIIOpOBa HAKOH yBODema OBUX Mepa.
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INSIGHTS FROM CASE STUDIES

Analysis of comparative examples from Aus-
tralia, Chile, Serbia and countries with the most
developed mining management systems allows
us to consider the real scope of the applied pol-
icies and technological solutions in the context
of sustainability and environmental protection.
Instead of an isolated presentation of facts, here
the results are integrated into a narrative that
points out key regularities and lessons relevant
to the Serbian mining sector.

In Australia, the concept of integrated resource
management [24] has developed over the past
two decades, simultaneously taking into ac-
count the needs of the economy and the pres-
ervation of ecosystems. The adoption of the
Environmental Protection and Biodiversity Act
(EPBC) created a legal framework that does
not allow the opening of a large mine without
a comprehensive impact assessment and pub-
lic debate. Research shows that the system of
“progressive reclamation’, in which previously
excavated areas are restored in parallel during
mining operations, has significantly reduced
soil degradation and enabled the restoration of
functional ecosystems to over 40% of the areas
within five years of the end of exploitation. In
addition, the introduction of dry tailings dis-
posal and closed water circuits has reduced the
risk of spills and water loss, which is particular-
ly emphasized in the semi-arid areas of West-
ern Australia.

Chile, the world’s leading copper producer,
is facing severe water shortages in the arid
Atacama Desert [25]. Results of implemen-
tation of desalination plants show that more
than half of the water needs of large mines,
such as Escondido, are met from sea sources,
thus avoiding pressure on groundwater and
surface watercourses. In parallel, an online
monitoring system for dust and sulphur diox-
ide emissions enables immediate response by
the relevant authorities and public transpar-
ency. This practice not only reduces negative
impacts but also contributes to building trust
among local communities, as can be seen in
the reduction in the number of conflicts and
legal disputes following the introduction of
these measures.
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Cpbuja ce Ha/lasy y TPaH3UIVIOHOM IIOTIOXKajy,
I/ie UICTOPMjCKY Hacnehern mpobmemu — moce6-
Ho y bopy 1 Majmanneky - u game ontepehyjy
KBAJIUTET BOJIE U CEAVIMEHATA TEIIK/M METa/IN-
Ma [26]. HoBu 3aK0OH 0 pyfapCTBY 1 Fe0/IOMKIM
uctpaxmpamyma (2021) mocTaBmo je TeMerb
3a ycarlallaBambe Ca €BPOICK/M E€KOTOMIKMM
CTaHJApAIMMA, /N CIpoBobheme OCTaje M3a30B
300r OrpaHMYEHMX MHCIEKIUjCKMX KaIlaluTe-
Ta U HEMOBO/bHE JUTUTANM3ALMje MTOfaTaKa. Y
MOjeNVHUM IIPOjeKTUMa, IOIYT UCTPaXK1Batba
MTHjyMa y JONMMHY Janpa [27], 3aXTeBu jaBHO-
CTM 3a TPAHCIIAPEHTHOCT U 3AIUTUTY XMBOTHE
CpenuHe IOBENN Cy [0 CYCIEeH3Mje aKTUBHOCTH
VI OTBOPW/IM PacIpaBy O COLMjaJHOj JIMILEH-
1y 3a pafl. Vnak, mmiIoT-mpojekTi pennKiaxe
CTapMX ja/IOBMHA U MPETBaparba OTHAJHUX Ma-
Tepujana y CEKyHJapHe CMPOBMHE IIOKa3yjy fa
HIOCTOjM TIOTEHILIMja/l 32 yBODemwe IMpKyTapHe
ekoHoMuje y pysapctBo Cpouje.

YBup y npakcy Hopsemke [36] n Kanazme maje
iparolieHe CMepHUIe 3a Ja/be YyHampeheme.
Hopsemika je passmia crenudndad MOfeN Of-
narama y (jopmoBuMa y3 CTPOr MOHUTOPUHT
KOHIIEHTpalyja TEeIIKNX MeTala, Y/Me je pUsMK
3a 6I/IOTy CBC€ICH HAa MIHJMA/IaH HUBO "1 OMO-
ryheHo KOHTVMHYMpaHO npaherse KyMy/TaTHBHIX
eexara. Kanapa, ¢ gpyre cTpaHe, MHCHUCTIPa Ha
M3pajgy JeTa/bHOr IUIaHA 3aTBapama pyLHMKA
IIpe T0YeTKA Pafia, Y3 aKTUBHO YK/by4MBabe I0-
MOPOZAUKIX 3ajeJHNLIA Y TPOLEC OITY4MBaIba
Jieberbe eKOHOMCKMX kopuctu [28]. Takas mpu-
CTYII He CaMo fla CMambyje MOTeHIMjaTHe CyKobe
HEro Ipajiit JyrOpOYHU APYIITBEHM KOHCEH3YC O
IIpUXBAT/bMBOCTN PyAAPCKMX aKTUBHOCTU.

Ynopennu pe3ynTaTi yKasyjy fa cy epMKacHOCT
Mepa I CTelleH IPUXBaTamba PYAAPCKIX IIpoje-
KaTa y BE/IMKOj MepM YC/IOB/bEHN TPAHCIIAPEHT-
Houhy, NpaBOBpeMEHUM YK/bydMBameM jaB-
HOCTIU ¥ TeXHIMYKVM pellemyMa Koja CMambyjy
BOJHI I €HEePreTCKN OTUCaK. JloK 3eM/be Oy T
Aycrpanuje u Unnea geMOHCTpMpajy fja ce U Y
MHTEH3VBHOM PYJApCTBY MOTYy mocTuhu Buco-
KII eKOJIOLIKY CTaHfapay, NcKycta Hopserke
n Kanage HarmamraBajy BaKHOCT IIpefBUAU-
BUX PETYIATOPHNUX MeXaHN3aMa U COLMjaTHe
munente. 3a Cpbujy, Koja HacToju fa moseha
yueuthe pymapcrsa y B[II-y, moyka je ma 6e3
yHampehewa MOHMTOpMHrA, TpaHCIAPEHT-
HOCTYM M YK/by4MBamba JIOKATHUX 3ajeJHMIA

Serbia is in a transitional situation, where his-
torically inherited problems - especially in Bor
and Majdanpek - continue to burden water
quality and sediments with heavy metals [26].
The new Mining and Geological Exploration
Act (2021) has laid the groundwork for compli-
ance with the European environmental stand-
ards, but enforcement remains a challenge due
to limited inspection capacity and insufficient
data digitization. In some projects, such as lith-
ium exploration in the Jadar Valley [27], public
demands for transparency and environmental
protection have led to suspension of activities
and opened a debate on a social work permit.
However, pilot projects for the recycling of old
tailings and the conversion of waste materials
into secondary raw materials show that there
is potential for introducing a circular economy
into Serbia’s mining industry.

Insights into the practices of Norway [36] and
Canada provide valuable guidance for further
improvement. Norway has developed a specific
model for disposal in fjords with strict mon-
itoring of heavy metal concentration, which
minimizes the risk to biota and allows for con-
tinuous monitoring of cumulative effects. Can-
ada, on the other hand, insists on the develop-
ment of a detailed mine closure plan before the
beginning of operations, with active involve-
ment of indigenous communities in the deci-
sion-making process and sharing of economic
benefits [28]. Such approach not only reduces
potential conflicts but also builds long-term
social consensus on the acceptability of mining
activities.

Comparative results indicate that the effective-
ness of measures and the degree of acceptance
of mining projects are largely determined by
transparency, timely public involvement and
technical solutions that reduce water and ener-
gy footprints. While countries such as Australia
and Chile demonstrate that high environmen-
tal standards can be achieved even in intensive
mining, the experiences of Norway and Can-
ada emphasize the importance of predictable
regulatory mechanisms and social licences. For
Serbia, which is striving to increase the share of
mining in the GDP, the lesson learned is that
without improved monitoring, transparen-
cy and involvement of the local communities,
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HeMa AYTOpOYHe OfP>KMBOCTY HM APYIITBEHE
IMPUXBAT/BUBOCTH PYIaPCKMX O yXBaTa.

VICKOITABATBE I KBAJIUTET YIJbA
Y CPBUN

Cpbuja pacnonake 3Ha4YajHMM pe3epBaMa
JMTHUTA, mpe cBera y Komy6apckom n Kocro-
JMayKoM 6OaceHy, ca YKYIHMM IIPOLCHEHUM
KONMM4YMHaMa Ipeko 4 Mmunmjappe ToHa [37].
JIurauT ynHM Bue of 65% IpuMapHe eHep-
TUje y €/IeKTPOEHEPreTCKOM MUKCY 3eMJbe.
MebhyTrM, KBamuTET OBOT YI/ba j€ PETaTUBHO
HU3aK — KapaKTepulle Ia BMCOKA BJIaXKHOCT
(mo 50%), HM3aK IO Cpefmy JOHmYU TOIUIOTHU
noteHuujan (7-9 MJ/kg) u nosehan cagpxaj
nernesa ¥ cymmnopa. Ta cBojcTBa ycimoBbaBajy
Behy crenndnyny noTpomy 1o npoussepe-
HoM kWh u Bumy emucujy CO, y nopehemwy
ca yI/beM BUILET KBa/JNUTETa KOjU c€ KOPUCTHU Y
IIOjeIHUM pa3BMjeHNM 3eM/baMa.

Tepmoenextpane ,Hukomna Tecnma“ n ,,Kocro-
Mal’ cy IJIaBHM HOTpoayy gomaher muranra
u n3Bop oko 70% HaumoHnanHux emucuja CO,
u3 eHepreTckor cekropa [38]. Husak crenen
edukacHOoCTM cTapux 67mokoBa (25-33%) po-
matHo mosehaBa emucujcku ¢akrop. ITpena-
3aK Ha TEXHOJIOTHje Ca BMUIIMM CTEIEeHOM MC-
kopuihemwa, caHanuja ryburaka u yBoheme
cucTeMa 3a Jecyndypusanyjy IpefcTaB/bajy
K/by4He KOpaKe 3a CMamele YI/beHNYHOT
OTHCKA. Y KOHTEKCTy eBpOIICKE eHepreTcKe
TpaHsunyuje, Cpbuja he moparu ma npencnura
AYTOPOYHY Y/IOTy TUTHUTA U yOp3a ynarama y
0OHOBJBMBE M3BOPE €HEepTyje ! Mepe eHepreT-
CKe e(pMKaCHOCTI.

Pesynratum cratumcTMykux aHanmmsa MehyHa-
POIHOT MOHMTOPMHTA KBa/IUTeTa HEKUX YI/be-
Ba [29] y Cpbuju u Hekum 3embama EY [32] ca
HOC/IeANIHNM eMucujama [33] cy mpukasanm y
Tabenn 4.

Emucuja CO, no kWh Bapupa y 3aBucHocTH
o7 KBa/jmTeTa yrba (Of cafpskaja Biare, CyM-
Topa, Iernerna), epuKacHOCTI OCTpOjerba, Ha-
4yHa paja (IyH KalauuTeT, IIOJIOBUYAH paj),
Kao ¥ Off Mepa Kao LITO Cy pasHU CUCTeMMU 3a
CMambembe eMICHja.
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there is no long-term sustainability or social
acceptability of mining ventures.

MINING AND QUALITY OF COAL
IN SERBIA

Serbia has significant reserves of lignite, pri-
marily in the Kolubara and Kostolac basins,
with total estimated quantities of over 4 bil-
lion tons [37]. Lignite accounts for more than
65% of primary energy in the country’s electric
power mix. However, the quality of this coal
is relatively low - it is characterized by high
humidity (up to 50%), low to medium lower
heating potential (7-9 M]J/kg) and increased
ash and sulphur content. These properties re-
sult in higher specific consumption per kWh
produced and higher CO, emissions compared
to higher quality coal used in some developed
countries.

The Nikola Tesla and Kostolac thermal pow-
er plants are the main consumers of domestic
lignite and the source of about 70% of national
CO, emissions from the energy sector [38]. The
low efficiency of old units (25-33%) further in-
creases the emission factor. Switching to tech-
nologies with higher efficiency, remediation
of losses and introduction of desulphurization
systems are key steps for reducing the carbon
footprint. In the context of the European ener-
gy transition, Serbia will have to reconsider the
long-term role of lignite and accelerate invest-
ments in renewable energy sources and energy
efficiency measures.

The results of statistical analyses of interna-
tional monitoring of the quality of some coals
[29] in Serbia and some EU [32] countries with
the resulting emissions [33] are presented in
Table 4.

CO, emissions per kWh vary depending on
coal quality (moisture content, sulphur, ash),
plant efficiency, operating mode (full capac-
ity, half-load operation), as well as measures
such as various emission reduction systems.
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Tabena 4, Ilopehete wotinoininol domienyujana u emucuja CO, us yima (fipocek)
Table 4, Comparison of thermal potential and CO, emissions from coal (average)

oy TOnIOTHN
MOTeHIMjas Emucuje CO,
3emrpa / Pernon Tum yrpa (M]/kg) (g/kWh) Hamomena
Country / Region Coal type Lower heating | CO, emissions Note
potential (g/kWh)
(M]/kg)
TE ,Huxoma Tecna®, Hucka
Cpbuja (Konybapa) JIurHuT 1.050-1.150 epuKacHOCT
Serbia (Kolubara) Lignite ’ ’ TPP “Nikola Tesla”,
low efficiency
Hemauka (JIysaruja) JIuraut CaBpemenn 6710koB1 >38%
~ . . 950-1.000 .

Germany (Lusatia) Lignite Modern units >38%
IMorbcka Kamenn yram Cpenma epuKacHOCT

Poland Hard coal 18-22 850-900 Medium efficiency
AYCTpaTI.I/I]a Kamenn yram 2225 820-860 BMCQK KBa/UTeT yIyba

Australia Hard coal High quality coal

CAJl (ITPB - Bajomunr) | Cy66uTyMUHO3HN 16-19 880-930 MopepHe enexkTpaHe

USA (PRB - Wyoming) | Subbituminous Modern power plants
IIVICKYCUJA DISCUSSION

Pymapcka nHAycTpuja je jema op cTyb6oBa eKo-
HOMCKOT pasBoja, jep 00e36ebyje HeorxonHe cu-
POBUHE 3a €HEpreTUKY, MHAYCTpuUjy rpabheBnH-
CKIX MaTepujajia, BYCOKOTEXHOJIOIIKE CEeKTOpe
¥ HoJpONIpUBpeny. MehyTnm, ncropujckn passoj
pymapctBa 6mo je mpaheH OpojHNM HeraTUBHUM
Hoc/egyIamMa — JerpalalijoM 3eMJBMINTA, 3a-
rahermeM Bojie 11 Bas[yxa, yHUIITaBabeM OVOfN-
Bep3NTeTa 1 030V/PHUM YTUIIAjIMa Ha 3[paBIbe
JIOKa/IHUX 3ajefHUIA. 3aTO Ce Yy CaBpeMeHUM
yc/oBMMa I106a3anyje 1 KIMMAaTCKUX IIpoMe-
Ha, IT0CTaB/ba MMIIEPATVB 32 HOBUM IIPUCTYIIOM
yIpaB/baby PyapCKUM aKTYBHOCTVIMA.

HepocraTak pecypca, HApO4YMUTO PETKUX MeTa-
7Ia M MMHepasia Koji CY K/byYHU 33 IUTUTATHY
Y eHepreTcKy TpaH3uuujy (IMTujym, Kobant,
HMKJI, peTKe 3eM/be), YC/IOB/baBa IIPOMEHY
CTpaTeruje M 3aXTeBa pasBOj ONPXKUBUX MO-
Jiena ylpas/bama. [IuTame ofp>XMBOCTU Huje
BUIIIe caMo om1yja Beh Hy>)KHOCT Koja 06yxBa-
Ta cBe ¢ase PyHapCKOT LMKIyca — Of UCTpa-
JKMBamba U €KCIUIOATallMje 10 peKy/ITUBaLMje 1
3aTBapama pyHUKA.

Y TOM KOHTEKCTY, CTpaTellIKo yIpaB/bakbe Py-
HapemeM Tpeba IIOCMAaTpaTH Kao CUHTE3y AY-

The mining industry is one of the pillars of
economic development, as it provides the nec-
essary raw materials for the energy sector, the
construction materials industry, high-tech sec-
tors and agriculture. However, the historical
development of mining was accompanied by
numerous negative consequences — land degra-
dation, water and air pollution, destruction of
biodiversity and serious impacts on the health
of local communities. Therefore, in the modern
conditions of globalization and climate change,
an imperative is set for a new approach to the
management of mining activities.

The lack of resources, especially rare metals and
minerals that are key to the digital and energy
transition (lithium, cobalt, nickel, rare earths),
necessitates a change in strategy and requires
the development of sustainable management
models. The issue of sustainability is no longer
just an option but a necessity that encompasses
all phases of the mining cycle - from explora-
tion and exploitation to reclamation and mine
closure.

In this context, strategic mining management
should be seen as a synthesis of long-term
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TOPOYHOr IUIaHMparba, yIpaB/batba PUSKLIN-
Ma, MMIUIEMEHTALMje YUCTUjUX TEXHOIOTMja U
IOLITOBAkba IPUHIMIA APYIITBEHE OArOBOP-
HOCTHU. YIIPaBO OBaKBa MHTErPajHa MEepPCIeK-
TBa oMoryhasa fa pymapcTBo He Oyzie caMo
MHAYCTpUja eKcIutoaTanyje, Beh 1 cektop koju
MOXKe Jja IONpMHEeCe OCTBApUBalby I7I00ATHIX
LIM/bEBA OJPXKUBOI PasBoja.

AHanM30M TPEHYTHOT CTaka PyJapcTBa y cBe-
Ty youaBa Ce HeKONMKO K/bYYHUX TPEeHIoBa:

- Dio6anHu mopact HOTpaXKibe 3a KPUTUIHIM
MmyHepamuMa: IIpema mpouenama Mebyna-
ponHe areHIyje 3a eHeprujy [29], mo 2040.
TOfyiHe MOTPXIba HIIP. 38 MUTHjyMOM 61the
yBehana 3a wetupy fo et myrta. CramaHn
TPEH/IOBU YOUaBajy Ce U 3a KOOAIT 1 HUKIL,
IIITO CTBApa IPUTHUCAK Ha IT0cTojehe pecypce.

- HepocTatak eKONOIIKM OAP>XMBMX ITpaK-
ci: Y MHOTHUM 3eM/baMa y pa3Bojy, pyAap-
CTBO C€ jOII YBEK 3aCHMBA Ha 3aCTape/IuM
TeXHOJIOTHjaMa Koje JOBOJie 1O IIpeKoMep-
He IIOTPOLIbE BOJie, eHepruje u 3arabhema.

- Tlotpeba 3a LUpKyIapHOM eKOHOMMjOM:
Pecypcu m3 cexyHpmapHumx wussopa (pe-
IMK/IaXka eJIeKTPOHCKOT OTmaja, obpasa
VHJYCTPUjCKUX OCTaTaka) IIOCTajy CBe
Ba)XHU)!, jep MOIY JeIVMMUYHO 3aMEHUTH
NPYMAPHY eKCITOaTalujy.

- Exomomka pexyntusanuuja: MogepHe cTpa-
TeTuje pymapema MOpajy YK/bYIUTH ILIa-
HOBE 3a PEKYITMBALMjy MPOCTOPAa HAKOH
3aTBaparba PyJHMKA/OTBOPEHUX KOIIOBA,
IITO IOf;pa3yMeBa MOIIyM/baBatbe, OOHOBY
3eM/BMILTA ¥ Pa3BOj HOBMX HaMeHa (eKo-
TypM3aM, IO/bOIIPUBPETIA).

- [pymTBeHa OATrOBOPHOCT: YCIIENIHM IIPU-
mepu (Hnp. Kanaza) mokasyjy ma ykmpyun-
Babe JIOKATHUX 33jeJHNUIIA Y IIPOLIeC OJTy-
4MBama CMamyje KoHbmuKTe n nosehasa
NPUXBAT/BUBOCT PYyAAPCKMX IIpOjeKaTa.

CrparellIKy UCIIpaBaH IPUCTYI ONTUMATHOM
yIIpaB/balby MMHEPATHUM pecypcuMa Mopa fia
Canp>X1, aIn 1 Jla He Oy/ie OrpaHIYeH Ha:

- Ekormomiky aHanmusy - IpolieHa yTuliaja

pyHapcTBa Ha 3eM/bUINTE, BOAY, Ba3AyX 1
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planning, risk management, implementation
of cleaner technologies and respect for the
principles of social responsibility. It is pre-
cisely this integral perspective that allows
mining to be not only an extractive industry;,
but also a sector that can contribute to the
achievement of global sustainable develop-
ment goals.

An analysis of the current state of mining in the
world reveals several key trends:

- Global growth in demand for critical min-
erals: According to estimates by the Inter-
national Energy Agency [29], by 2040, de-
mand for, for example, lithium will increase
by four to five times. Similar trends are ob-
served for cobalt and nickel, which creates
pressure on existing resources.

- Lack of environmentally sustainable prac-
tices: In many developing countries, min-
ing is still based on outdated technologies
that lead to excessive consumption of wa-
ter, energy and pollution

- Need for a circular economy: Resources
from secondary sources (e-waste recycling,
industrial residue processing) are becom-
ing increasingly important, as they can par-
tially replace primary exploitation.

- Environmental reclamation: Modern mi-
ning strategies must include plans for the
reclamation of areas after the closure of
mines/open pits, which includes affores-
tation, land restoration and the develop-
ment of new uses (ecotourism, agricul-
ture).

- Social responsibility: Successful examples
(e.g. Canada) show that involving local
communities in the decision-making pro-
cess reduces conflicts and increases the ac-
ceptability of mining projects.

A strategically sound approach to optimal min-
eral resource management must include, but
not be limited to:

- Environmental analysis — an assessment
of the impact of mining on land, water, air
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OuopuBep3uTeT, YK/bYdyjyhn emucuje ra-
coBa ca eeKTOM CTaK/IeHe Oamire.

- EKOHOMCKY aHa/mmM3y — aHa/lusa TPOLIKOBA
U KOPUCTY, YK/bydyjyhu gyropouse edexk-
Te Ha JIOKa/IHY U HAallMOHAIHY eKOHOMUJY.

- CouyjanmHe acreKkTe — IpolieHa yTHliaja py-
JapcTBa Ha JIOKa/IHE 3ajefHulle, 3aIloll/ba-
Baibe, 3[[paB/be CTAHOBHMIIITBA U MUTpalilje.

- Yopapjpame pU3MIMMa — M3paja CleHa-
puja 3a Moryhe exomomke ¥ eKOHOMCKe
Kpu3e y CeKTOpY.

I/I,ueHTI/[(bI/IKaLU/Ija €KOJIOIIKNX MHAMKATOpa
je 3HayajHa y NIPOLIEHM YITbEHMYHOI OTUCKa,
BOJIHOT OMJTaHCa U IyOMTKa 3eM/BUILITA, KA0 U
yIopefgHa aHa/IM3a HOpMaTUBHUX okBypa (EY
mupektuBe, ISO 14001 cranpappm) u npep-
CTaB/bajy K/by4He KOpaKe IpM CTPaTELIKOM
YIpaB/balby PyGapCKUM pecypcumMa.

Yuanpebemwe Crparemknx aHanmsa moryhe je
npuMeHoM SWOT (anammsa cHara, cmabocry,
npumka 1 npetsy, Cmka 2) n PESTEL (mo-
JIUTUYKOL, €KOHOMCKOL, [APYIITBEHOI, TEXHO-
JIOLIKOT, eKOJIOLIKOT ¥ IpaBHor, Crmka 3) mpu-
CTyma 3a UfeHTUUKALMY NPUINKA, pUSMUKa
1 HEOIIXOAHMX Me€pa y IUVIaHMpay pydapCKUX
AaKTMBHOCTI.

SWOT
aHaIH3a 3a CTPATEIlKO YIPaB/bakbe PyAapCTBOM

and biodiversity, including greenhouse gas
emissions.

- Economic analysis - an analysis of costs
and benefits, including long-term effects
on the local and national economy.

- Social aspects — assessment of the impact
of mining on local communities, employ-
ment, population health and migration.

- Risk management - development of sce-
narios for possible environmental and eco-
nomic crises in the sector.

Identification of environmental indicators is
important in the assessment of carbon foot-
print, water balance and soil loss, as well as
comparative analysis of regulatory frameworks
(EU directives, ISO 14001 standards) and rep-
resent key steps in the strategic management of
mining resources.

Improvement of Strategic Analysis is possible
by applying SWOT (Strengths, Weaknesses,
Opportunities and Threats Analysis, Figure 2)
and PESTEL (Political, Economic, Social, Tech-
nological, Environmental and Legal, Figure 3)
approaches to identify opportunities, risks and
necessary measures in planning mining activ-
ities.

analysis for strategic mining management

Cnuxa 2, SWOT ananusa 3a ynatipeherve clipaifiewskol yipasmarea pygapciiieom
Figure 2, SWOT analysis for improving strategic mining management
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Cnuxa 3, O6yxsaiti PESTEL ananuse y ¢pynxyuju citipaitieuixol yipasmarea pygapciieom
Figure 3, Scope of PESTEL analysis in the function of strategic mining management

Cucremcka MHTeTpanyja eKOHOMCKMX, €KO-
JIOWIKUX ¥ conmjanHux (hakTopa IpeacTaB/ba
HPERyCIIOB  OfPKMBOT  pyAapcTBa. [Ipumena
KoHIlenTa ,Hero mosuruBHOr yrumaja“ (Net
Positive Impact) mompasymeBa fma pymapcku
pojexar, roper; ybnakaBara HeraTuBHIX ede-
Kara, aKTUBHO JOIPMHOCHU ¥ OOHOBYM €KOCKCTe-
Ma. VIcToBpeMeHO, HyropoYHO IUIAHUpAbe pe-
3€pBU U VICTPAXXMBakhe A/TTePHATUBHIUX U3BOPA
CHpOBUHA (PELMKIAKOM elTeKTPOHCKOT OTIIA/[a)
MOTY 3HA4ajHO YOIMaXnT feUInT MIHepara.

CnpoBefieHe aHajM3e IOKasyjy Aa je HeOI-
XOHO IpeMemitame (oKyca ca KpaTKOpod-
HMX EeKOHOMCKNMX JoONuTaka Ha HyropodHe
GeneduTe OAP>KUBOT yIIpaB/bama. CaBpeMeHN
KOHLIENIT pyAapema HOfpasyMeBa U IPUMEHY
AUTUTATHNAX TEXHOJIOIMja (BelTayka MHTeN-
TeHIINja, ,[IaMeTHM PYSHULM ) pajyl CMambema
HOTpOIIe pecypca u moBehama 6e3begHOCTH.

I[Ipenopyke cy fia ce fla/ba UCTpa>KuBamba MOTY
pasBujaTu y cnegehnm cTparekuyM npaBLyMa:

- Texnonouke nHOBanyje — yBobhemwe ayTo-
MaTM30BaHMX CHUCTeMa, Ipepaja pyje Y3
HIDKY TIOTPOLIKY €Hepruje M pPeryuKIn-
pame CeKyHJJApHMUX CHPOBIHA.

- IlmpxynapHa exoHoMmMja — wuckopuurha-
Bale PYAAPCKOT OTHaja 3a IPOU3BOMIY
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The systemic integration of economic, envi-
ronmental and social factors is a prerequisite
for sustainable mining. The application of the
concept of “Net Positive Impact” implies that a
mining project, in addition to mitigating nega-
tive effects, actively contributes to and restores
the ecosystem. At the same time, long-term
reserve planning and research into alternative
sources of raw materials (recycling electronic
waste) can significantly alleviate the mineral
deficit.

The conducted analyses show that it is necessary
to shift the focus from short-term economic
gains to long-term benefits of sustainable man-
agement. The modern concept of mining also
implies the application of digital technologies
(artificial intelligence, “smart mines”) to reduce
resource consumption and increase safety.

Recommendations are that further research
can be developed in the following strategic di-
rections:

- Technological innovations - introduction
of automated systems, ore processing with
lower energy consumption and recycling of
secondary raw materials.

- Circular economy - utilization of mining
waste for the production of construction
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rpabeBMHCKIX MaTepujaia, U3B/Iaderbe Me-
Tasla U3 CEKyH/IaPHUX TOKOBA.

- Perymaropuu uHCTpyMeHTM - YycKIahu-
Bame ca MehyHapomHuM cTaHfapayMa,
TPAHCIIAPEHTHO M3BEIITaBambe O eKOJIOLI-
KIM, conyjanauM u ynpaspadkuM (ESG)
VHAMKATOPUMA M YK/bYYVBatbe JIOKaTHIUX
3ajeHIIIA Y O[Ty YMBabe.

Conujamay acnekT pyflapcTBa Kao IpUBpegHe
TpaHe je BP0 3HavajaH. PymapcTBo je decTo
M3BOp 3allOLI/baBamba ¥ MHPPACTPYKTYPHOT
pasBoja, a/mu 1 conMjayHux KoHdmKara. [lo-
cajjallliba MICKYCTBA II0KA3Yjy /la PaHO YK/bydM-
Bambe 3ajelHNIle, IpaBelHa pacIofena f00UTn
U IOLITOBambe /bYACKUX TIPaBa U KpUTEpUjyMa
3aIUTUTE )XUBOTHE CPEMHE 3HAYAJHO CMAKbY]y
PU3UK Off OTIIOPA 1 IIPABHMX CIIOPOBA.

3AK/bYYAK

CrparellIko yIpap/baibe pyJapemeM y ycilo-
BUMa HeJOCTaTKa pecypca u cBe Behmx exo-
JIOIIKMX 13230Ba 3aXTeBa IIPOMEHY IapajjurMe
— OfI KpaTKOpOYHe eKCIlIoaTalMje Ka JAyro-
POYHOM YIIpaB/baiby NMPUPOLHUM PeCcypcuMa.
PynapcTBo Bullle He MOXe OMTHU ITOCMAaTPaHO
€aMo Kao M3BOP CUPOBMHA, Beh kao KoMIIeKc-
HM CHUCTeM Koju he MHTerpmcary eKOHOMCKe,
€KOJIOILKE U IPYIITBEHE LM/beBe.

Pesynratum mokasyjy ma OymyhHoct pymap-
CTBa JI&XN y IPUMEeHM KOHIIeNaTa LUpKy/l1ap-
HE E€KOHOMMje, pas3Bojy 4YMCTUX TEXHOJIOTMja
U yBobemwy cucTeMa 3a eKOJIOIIKY PeCTUTY-
uujy. VIcToBpeMeHO, YK/by4MBame JOKaTHUX
3ajefHNMIIA M TPAHCIAPEHTHOCT Yy IIpolecy
yIIpaB/bamba IPeACcTaB/bajy ycIoB 6e3 Kora Hije
moryhe o6e36emuTn APYLITBEHY NPUXBAT/BU-
BOCT PYJapCKUX IIpojeKara.

YBobeme cTpaTelIKOr IUIaHMpamwa, Koje VH-
Terpuile M €KOJIOIIKe M COLyjajiHe VMHJMKa-
TOpe y IpolieC HOHOLIeHma OfIyka, omMoryha-
Ba CMameme pusuKa, nosehame ApylmITBEeHe
IPUXBAT/BMBOCTYU U OYyBambe 6uocdepe 3a Oy-
nyhe rerepanuje. CaMo XOMMCTUYKM IIPUCTYTI
KOji HaaWIasy TpPafULJOHA/HE €KOHOMCKe
OKBMpPE MOKe [apaHTOBaTH Ia PyJapcTBO, Kao
jemHa off HajcTapyjMX NPVBPENHMX J[I€/TATHO-

materials, extraction of metals from secon-
dary streams.

- Regulatory instruments — harmonization
with international standards, transparent
reporting on environmental, social and
governance (ESG) indicators and inclu-
sion of local communities in decision-
-making.

The social aspect of mining as an economic sec-
tor is very significant. Mining is often a source
of employment and infrastructure develop-
ment, but also of social conflicts. Experience to
date shows that early community involvement,
fair distribution of benefits and respect for hu-
man rights and environmental protection cri-
teria significantly reduce the risk of resistance
and legal disputes.

CONCLUSION

Strategic management of mining in the con-
text of resource scarcity and growing environ-
mental challenges requires a paradigm shift
- from short-term exploitation to long-term
management of natural resources. Mining can
no longer be viewed solely as a source of raw
materials, but as a complex system that will
integrate economic, environmental and social
goals.

The results show that the future of mining lies
in the application of circular economy con-
cepts, the development of clean technologies
and the introduction of environmental resti-
tution systems. At the same time, the involve-
ment of local communities and transparency
in the management process is a pre-condition
without which it is not possible to ensure the
social acceptability of mining projects.

The introduction of strategic planning, which
integrates both environmental and social in-
dicators into the decision-making process,
allows for risk reduction, increased social ac-
ceptability and preservation of the biosphere
for future generations. Only a holistic approach
that goes beyond traditional economic frame-
works can guarantee that mining, as one of the
oldest economic activities, remains a driver of
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CTH, OCTaHe IIOKpeTad pa3Boja y3 MIHUMAJIAH
€KOJIOILIKY Tpar.

3ax/pyuyje ce fia je CTpaTelKO YIpaB/baibe Py-
JapCTBOM K/bYYHO HE CaMO 34 CMarbekbe HEraTyB-
HIX eKOJIOIIKVX Iocieauia, Beh u 3a ybpsame
eHepreTcKe TPaH3MIMje M IIOCTU3ame I706as-
HVIX IM/beBa OfIpXKMBOT Pa3Boja. Y TOM CMVICIY,
PYApCTBO MOXKe OVTH IPENO3HATO KAO CEKTOP
KOjJ, YKO/IMKO je MPaBIIHO BODheH, JOompyHOCH
oppK1BOoj 6ynyhHOCTH, a He Kao IpeTHa 1boj.

3AXBAJIHOCT

PesynTaTy mpefcTaB/beHN y OBOM UTPaXKu-
Bamy Cy HOAP>KaHMU Off CTpaHe MuHUCTapcTBa
3a HayKy, TEXHOJIOLIKM Pa3BOj M MHOBaIje
Peny6nmuke Cp6buje, 6poj yrosopa: 451-03-
136/2025-03/200213.
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development with a minimal environmental
footprint.

It is concluded that strategic management of
mining is crucial not only for reducing negative
environmental impacts, but also for accelerat-
ing the energy transition and achieving global
sustainable development goals. In this sense,
mining can be recognized as a sector that, if
properly managed, contributes to a sustainable
future, rather than being a threat to it.
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Caxxerak: Pygapcku cexitiop uma 3Ha4ajHy ynoiy y upuepegHom pas3eojy 3emme, KAKo Yy eKOHOMCKOM CMUCTY,
MAaKo U KA0 OCHOB8a 3a PA3eoj gpyiux uHgyciipujckux ipana. Yiuuaj ce modxce docmatmipaitiu Kpo3 eute
actiekaiiia: eKOHOMCKU goUPUHOC, Paseoj uHPpacilipykiliype, 3atiouipasarbe U 10KATHU pA3eoj, UHGYCTpujcka
6asa, WexHOMOWKY PA360j U UHOBAYUje, U3A308U U OGPHUBU PA3B0], leOTONMUTUYKY 3HAYUA] U g.

MogepHu pygapcku cexitiop ipumervyje HalpegHe iiexHos0luje 3a UCpaiusarse, excisioamayujy u ipepagy
MUHEPANTHUX CUPOBUHA, L0 Tlogciliude THeXHONOWKY Hatlpegak u ipancdep 3Harwa y gpyie obnacitiu. Benuxu
U3a306U YKbYUyjy ouysarve HUsoiiHe cpeguHe, pAuUOHANHY YIOAPeOy pecypca u coyUjanty 0gio0pHOCIH.
Caspemenu Gpucitiyit. pygapcitiey #ogpasymesa HOWMI06Ae UPUHUUTA 0gPHUB0T pA3eoja: exonoiujy,
coyujanny UpUX6aliBLUBOCT U eKOHOMCKY edukacHocili. Pygapcke cuposune, fioce6HO KpuitiuuHu u
ciipatiiewiku MuHepanu, umajy cée éehu suauaj y mehynapoguum ogHocuma, wiitio G03ULUOHUPA PygapcKe
3emme Kao eaxcHe akiiepe Ha inobanuoj cuyenu. Pygapcitieo goupurocu paciity BJII-a, ioce6Ho y 3emmama
boiattium MUHEPATHUM Pecypcuma.

K)by‘-IHe peun: PYTAPCTBO, EKOHOMMJA, 3SAIITUTA JXMBOTHE CPEIVHE

Abstract: The sector plays a significant role in the country’s economic development, both in economic terms and as a
basis for the development of other industrial branches. The impact can be viewed through several aspects: economic
contribution, infrastructure development, employment and local development, industrial base, technological
development and innovation, challenges and sustainable development, geopolitical significance, etc.

The modern mining sector applies advanced technologies for the exploration, exploitation and processing of mineral
raw materials, which encourages technological progress and the transfer of knowledge to other areas. The major
challenges include environmental protection, rational use of resources and social responsibility.

A modern approach to mining implies respect for the principles of sustainable development: ecology, social
acceptability and economic efficiency. Mining raw materials, especially critical and strategic minerals, is of
increasing importance in international relations, which positions mining countries as important actors on the
global stage. Mining contributes to GDP growth, especially in countries rich in mineral resources.

Key words: MINING, ECONOMICS, ENVIRONMENTAL PROTECTION
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YBO/]

MuHepanHe CHpPOBMHE 4YeCTO IpefCTaB/bajy
3HaYajaH Jieo 13B03a, YMMe JOIPUHOCE CTabm-
NM3anMju IIATHOOVW/IAHCHE TO3MI{Mje 3eMIbe.
Pymapcke aKkTMBHOCTM 4ecTO MOACTUYY W3-
Tpajiby ITyTeBa, >KENe3HNUIIA, €Heprercke M
Te/leKOMYHMKAIMIOHe MHQPACTPYKType, LITO
MMa HIMpe KOPUCTH U 33 IpYTe CEKTOpe eKOHO-
muje. Pymapckm cekrtop o06e36ebyje mmpexr-
Hy M VHJVPEKTHY 3allOCTIeHOCT, NOCeOHO Y
PYP2IHUM M Mame pasBUjeHMM IOApYyYjUMa.
Pa3Boj pymapckux npojekara Bogyu Ka IIOpacTy
MOTPOLIbE Y IOKAIHVM 33jeJHULIaMa U Pa3Bojy
Manux 1 cpefmbux npepyseha (ycmyre, Tprousa,
rpabeBuHapcTBO U C1.). MHOTe MHAYCTpUjcKe
TpaHe, IOIYT MeTamypruje, rpaheBMHapCTBa,
XEMIjCKe VMHIYCTpUje M €HepreTuke, AUPEKT-
HO 3aBIICe Off pyAaapckor cekropa. Obe3beheme
moMahVX CMpPOBVHA CMambyje YBO3HY 3aBUCHOCT
U ja4a MHIYCTPUjCKY KOHKYPEHTHOCT.

YJIOTA PYJAPCKOI CEKTOPA'Y
ITPVIBPETHOM PA3BOJY KMIHE

Yuemhe pymapcrsa y BAII-y je oko 2,6% (2023).
3anoc/ieHn y pyAapcTBy YMHE IPEKO 6 MIIMOHA
pypu. Hajsehu mponssobau yrpa (>50% cBercke
IIPOU3BOJIEbE), PETKUX 3eMasba > 60% rmobanHe
MpOU3BO[Ibe 37aTo, Oakap, rBoxkbhe. VuBectu-
IMje 4MHe BMCOK HMBO foMahmx u mpexorpa-
HIYHMX yrarama (moce6Ho y Adpunm, Jlatus-
cKoj Amepuiy). Yiora y pasBojy je mratdopma
3a MHAYCTpUjaMM3alyjy M eHeprercky Oesbern-
HOCT, MHTEH3VBHO IIOBe3aHa ca rpaheBuHCcKuM,
MeTanonpepabuBayKuM ¥ U3BO3HUM CEKTOPOM
Y CTpaTelIKV 3HAa4aj y JIAHLVMa CHalOfeBama
(ump. 6atepuje, enekTponuka) [1].

YJIOTA PYJAPCKOI CEKTOPA'Y
ITPVIBPEIHOM PA3BOJY CAll - a

Yuemhe y B/III-y je oko 1,5% (6e3 HadTHOT 1
TaCHOT CEKTOPa). 3allOC/IeHN Y PyAAPCTBY YMHe
oko 600.000 mypu. [maBHM pecypcu cy: yrasb,
3naTo, 6akap, MUTHjyM, Hadra 1 rac. VI3Bo3
pynmapckmux npomssoga je > $100 munmjapnu
TOAUIII-E. YIOTa y PasBojy je MOApIIKa eHep-
TeTCKOj He3aBYICHOCTH, BaXKHA ¥ TEXHOJIOLIKOM
cekTopy (0b6e3bebherme KpUTUYHMX MMHepaa)
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INTRODUCTION

Mineral raw materials often represent a signifi-
cant part of exports, thereby contributing to the
stabilization of the country’s balance of pay-
ments position. Mining activities often stimu-
late the construction of roads, railways, energy
and telecommunications infrastructure, which
has wider benefits for other sectors of the econ-
omy. The mining sector provides direct and in-
direct employment, especially in rural and less
developed areas. The development of mining
projects leads to increased consumption in lo-
cal communities and the development of small
and medium-sized enterprises (services, trade,
construction, etc.). Many industrial branches,
such as metallurgy, construction, chemical in-
dustry and energy, directly depend on the min-
ing sector. Securing domestic raw materials
reduces import dependence and strengthens
industrial competitiveness.

THE ROLE OF THE MINING SECTOR IN
CHINA'S ECONOMIC DEVELOPMENT

Mining contribution to GDP is around 2.6%
(2023). Employment in mining is over 6 million
people. Largest producer: coal: >50% of world
production, rare earths >60% of global pro-
duction gold, copper, iron. Investment is high
level of domestic and cross-border investment
(especially in Africa, Latin America). Role in
development is platform for industrialization
and energy security, intensively linked to the
construction, metalworking and export sectors
and strategic importance in supply chains (e.g.
batteries, electronics) [1].

THE ROLE OF THE MINING SECTOR
IN THE ECONOMIC DEVELOPMENT
OF THE USA

Contribution to GDP is around 1.5% (exclud-
ing oil and gas). Employment in mining is
around 600,000 people. Main resources: coal,
gold, copper, lithium, oil and gas. Exports of
mining products > $100 billion per year. Role
in development: support for energy inde-
pendence, important in the technology sector
(providing critical minerals) and research and
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U UCTPaXWBalkha ¥ WMHOBauuje y obmactu
eKOJIOIIKM Ofip>KMBe eKcIvtoaranyuje [1].

YJIOTA PYJAPCKOI CEKTOPA'Y
ITPVIBPETHOM PA3BOJY PYCUJE

Yuemhe y BAII-y je mpexo 8% (yxmyuyjyhu
HadTy U rac). 3alOC/IeHN y PYAAapCTBY YMHe
npeko 1 munoH. Bogehu je mpoussobhau: raca
(2. MecTO y cBeTy), HadTe, yI/ba, AAAV]yMa,
HUK/IA, QIyMMHUjyMa, [AujaMaHata. JVI3Bo3
pysHUX pecypca je > 60% yKymHOr 1M3BO3a
Pycnje. Ymora y pasBojy cy: k/byuHu ¢puckan-
HY 1M3BOp (OTPOMHM NPUXOAM Off M3BO3HUX
TAaKCY), TeOIOMUTUYKY 3Hadyaj (YTHULAj Kpo3
eHepreTcKe TOKOBe U CHPOBMHCKE pecypce) u
IpUBpeJia je CHAKHO OC/IOMmbeHa Ha eKCIUIoaTa-
11jy mpupogHux 6orarcrasa [1].

EQEKTU PYJAPCKOI CEKTOPA 'Y CPBUJU

Pynapcku cekrop y Cpbuju nma 3HadajHy yio-
Iy Y YKYIHOM €KOHOMCKOM pa3BOjy 3eMJbe.
3axBabyjyhu mpupomHuM pecypcuma, Ipef-
CTaB/ba OCHOBY MH/IYCTPHjCKOT Pa3Bojay 3eM/bI
U ¥Ma Ba)KHY yJIOIy y PeIrMOHa/JIHOM PasBojy.
Cpbuja pacnonake 3Ha4ajHUM pe3epBaMa
MMHEepaTHUX CUPOBMHA: Oakap, 371aTO, yrasb,
0/I0BO, LIMHK, JUTHUjyM, Kao u rpaheBuHckn
M MHAYCTPUjCKM KaMeH, IITO 4MHU pyAap-
CTBO jeHMM OJf CTPATEIIKNX CeKTopa gomahe
npuspepe. HakHaza 3a kopuirheme MuHepa-
HUX CUPOBMHA, IIOpe3U U [OIPUHOCHU, Kao
U ynarama CTpaHMX KOMIIaHWja, JOIIpMHOCE
6pyro momahem mpoussony Cpbuje m mpep-
CTaB/bajy BaKaH M3BOP NPUXOJA.

PymapcTBo je 4ecTo jemyiHu pasBMjeHM CEKTOP
y TI0jeVIHMM /11 HEpeTKO U Maibe Pa3BJjeHUM
nozpydjuma Cpbuje, rae pyAHULIN JOIIPUHOCE
JIOKAQJTHOM Pa3Bojy OTBapameM palHUX MecCTa,
ylnaramweM y MHQPACTPYKTypy (IIyTeBe, e/ek-
TPOMPEXY) U IOIPLIKOM 3ajeHNuIamMa (34paB-
CTBO, 00pasoBambe, €KOJOMWKM IIPOjeKTH).
ITpencras/ba M3BOPHM OCHOB 3a pajfi METAIyp-
ruje, XeMIjCKe U LleMEeHTHE UHAYCTpUje, eHep-
reTuKe, rpabeBuHapcTBa u ap.

MebyTum, mako pygapcTBO MMa €KOHOMCKNU
3Ha4aj, IpaTe ra ¥ 0301M/bHYU 13a30BY: OJijIara-

innovation in the field of environmentally sus-
tainable exploitation [1].

THE ROLE OF THE MINING SECTOR
IN RUSSIA'S ECONOMIC DEVELOPMENT

Contribution to GDP is over 8% (including oil
and gas). Mining employment is over 1 million.
Leading producer of: gas (2nd in the world), oil,
coal, palladium, nickel, aluminum, diamonds.
Export of mineral resources: > 60% of Russia’s
total exports. Role in development is: key fiscal
source (huge revenue from export duties), geo-
political importance (influence through energy
flows and raw materials), and economy heavily
reliant on the exploitation of natural resources

[1].

EFFECTS OF THE MINING SECTOR IN
SERBIA

The mining sector in Serbia plays a significant
role in the overall economic development of
the country. Thanks to its natural resources,
it is the basis of industrial development in the
country and plays an important role in regional
development. Serbia has significant reserves of
mineral raw materials: copper, gold, coal, lead,
zing, lithium, as well as construction and in-
dustrial stone, which makes mining one of the
strategic sectors of the domestic economy. Fees
for the use of mineral raw materials, taxes and
contributions, as well as investments by foreign
companies, contribute to the gross domestic
product of Serbia and represent an important
source of income.

Mining is often the only developed sector in
some, but often less developed, areas of Serbia,
where mines contribute to local development
by creating jobs, investing in infrastructure
(roads, electricity grids) and supporting com-
munities (health, education, environmental
projects). It represents the original basis for the
work of metallurgy, chemical and cement in-
dustries, energy, construction, etc.

However, although mining has economic im-
portance, it is also accompanied by serious
challenges: landfills/landfills, the need to re-
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JITa / ieTioHmje, moTpeda 3a CaHAIMjOM CTa-
PUX PYAAPCKUX IIOCTPOjetba, EKOTOLIKY Y TULIAjI,
OTIIOp JIOKa/IHOI' CTAHOBHMIUTBA IIpeMa HOBUM
IPOjeKTUMA U IPYTY HeTaTHBHU eeKTI.

VJIOTA PYJIAPCKOTI CEKTOPA Y
TIPVIBPEJTHOM PA3BOJY CPBMJE

Yuemrhe pymapcrsa y BIII-y je oko 2% B/II-a
(momamm 3a 2022-2023). Ca moBe3aHMM CeK-
TopMMa (eHepruja, IIpepajia MeTana) — MHAVPEKT-
HI YTUIRj je 3HaTHO Behn. 3amocienn y pymap-
cTBY 4rHe 0Ko 22.000 - 25.000 jbynu, yIIIaBHOM y
HOBPIIVMHCKO] €KCIIIOATALIUj! YI/ba Y METaTHUM
pymama. [maBHUM pecypcu cy: MUrHUT, 6akap u
3/1aTO, IMHK, OJIOBO, JUTHUjyM (TIOTEHIWjalIHO:
Jamap), MuHepam 3a rpaheBMHApCTBO (KaMeH,
IIUbYHAK), M3BO3 PYAApCKuX Inpoussoma (2023)
ca ripexo 1,2 Mumjappe eBpa, Of 4era JOMVHIpPA
6axap, 37mato u Metan [1].

Ynora pymapcTsa y nmpuBpefHOM pas3sojy Cp-
Ouje ce MOXKe ITIOCMATpaTH ca [iBa acIeKTa:
dosuitiueHu aciexitiu (puckamHu npuUxony,
MHOCTpaHe WHBECTHIMje, M3BO3 U IUIATHO-
OunaHcHU edekaT ¥ pasBoj MHPPACTPYKType
Y PYIApCKMM pPeTMOHMMA) M U3A306U U PU3U-
yu (eKOJIOIIKY TPUTUCIY, COLMjaTHN OTIIOP,
3aBMICHOCT Off CTPaHNMX KOMIIaHMja ¥ cmaba
[IoOfAaTHA BPEJHOCT — M3BO3 CHPOBMHA, a He
(dUHATHKUX IPOK3BOAA).

BAJIOPVISAIIVJA PYJAPCTBA'Y
I[TPUBPENHO]J OBJIACTV CPBUJE

I[Tpernen HajBaXKHMjMX IIPOU3BOJIA Y CIIO/BHOTP-
TOBMHCKO]j pasMeHy CpOuje n3BplieH je mpema
IoflaliMa pasIuMYUTUX U3BOPA y LMU/BY ILUTO
60/be aH/UTHKe.

Y noMeHy M3BO3a JOMMHUPAjy e€/IeKTpOMa-
IMHCKA MHAYCTpHja, rBoxkhe / uenmk, ryma,
HOJBOIPUBpeNHN IpousBoau (Bohe, >xmurapu-
1ie), pyZie ¥ KOMIOHEHTH 33 BO3WJIA.

Illto ce tmue yBOo3a HajBuule npeosnabyjy
MIHepajHa TOPUBA, €eKTPOTEXHMKA, MHAY-
CTpUjcKa oIlpeMa, IUIaCTHKa, BO3WIIA, apMa-
LEYTCKM TPOM3BOMM U METaJL.
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habilitate old mining facilities, environmental
impacts, local population resistance to new
projects, and other negative effects.

THE ROLE OF THE MINING SECTOR
IN THE ECONOMIC DEVELOPMENT
OF SERBIA

Mining contribution to GDP is around 2%
of GDP (data for 2022-2023). With related
sectors (energy, metal processing) - the in-
direct impact is significantly higher. Mining
employment is around 22,000-25,000 peo-
ple, mainly in surface coal mining and met-
al ores. Main resources: lignite, copper and
gold, zingc, lead, lithium (potentially: Jadar),
construction minerals (stone, gravel), ex-
port of mining products (2023) is over 1.2
billion euros, dominated by copper, gold and
metals [1].

The role of mining in Serbia’s economic de-
velopment can be viewed from two aspects:
positive aspects (fiscal revenues, foreign invest-
ments, exports and balance of payments effect
and infrastructure development in mining re-
gions) and challenges and risks (environmental
pressures, social resistance, dependence on for-
eign companies and weak added value - export
of raw materials, not final products).

VALORIZATION OF MINING
IN THE ECONOMIC AREA
OF SERBIA

An overview of the most important products in
Serbia’s foreign trade was conducted based on
data from various sources in order to provide
the best possible analysis.

In the export domain, the electrical engineer-
ing industry, iron / steel, rubber, agricultural
products (fruit, cereals), ores and vehicle com-
ponents dominate.

As for imports, the most prevalent are mineral
fuels, electrical engineering, industrial equip-
ment, plastics, vehicles, pharmaceutical prod-
ucts and metal.
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Tabena 1, Jeceili HajeaxcHujux ipoussoga y clionHoimpiosurckoj pasmenu Cpouje itioxom 2024.
(6o epegrocitiu, y munuornuma USD) - V3603 - Y803 [1,2,3]

Table 1, Ten most important products in Serbia’s foreign trade in 2024

(by value, in millions of USD) - Export - Import [1,2,3]

M3Bo3 / Export VYBo3 / Inport

Kareropuja / HS cucrem* mun USD | Kareropuja / HS cucrem™ mun USD
Category / HS system* mil USD | Category / HS system* mil USD
Enexrpuyna u enekrponmnyka onpema / 85 3.819 Munepanna ropusa u fiepusatu / 27 5.560
Electrical and electronic equipment / 85 ’ Mineral fuels and derivatives / 27 '
Mupycrpujcka ompema / 84 Komopureryu HeBesanu 3a BpcTy / 99

. . 1.805 " 5.000
Industrial equipment / 84 Commodities not related to type / 99
[Tnactyka v Mpou3BoAM Off IIacTuke / 39 1378 EnexTpuyHa 11 e1eKTpOHNYKa oIpeMa /85 3.840
Plastics and plastic products / 39 ) Electrical and electronic equipment / 85 '
IBoxxhe n yenux / 72 1218 Mupycrpujcka onpema / 84 3.440
Iron and steel / 72 ’ Industrial equipment / 84 ’
I'yma / 40 ITnactuxa u npoussopu / 39
Rubber / 40 1137 Plastics and products / 39 2.060
Bohe u opamractu nogosu / 08 975 MotopHaa Bo3wia u fennosu / 87 1.920
Fruit and nuts / 08 Motor vehicles and parts / 87 '
Pyne / 26 946 PapmaneyTcku mpoussopu / 30 1.540
Ores / 26 Pharmaceutical products / 30 '
MoropHa Bo3una 1 fenosu / 87 939 Yemryum npoussopu / 72 1.030
Motor vehicles and parts / 87 Steel products / 72 ’
JKurapuue / 10 908 Yemmanu npoussopy / 73 956
Grains / 10 Steel products / 73
Hamerraj / 94 313 Anymununjym / 76 314
Furniture / 94 Aluminum / 76

*HS cucreM KopucTy ce I71o6anHo 3a Knacudukanujy pobe y mehynaponnoj rprosunn. Passuia ra je CBeTcka apuHCKa
opranusanyja (WCO) 1 KOpuCTH ce 3a CTATUCTHKY, LJapUHe, aHaIn3e UTH.

*The HS system is used globally to classify goods in international trade. It was developed by the World Customs Organization
(WCO) and is used for statistics, customs, analysis, etc.

Y numby mTo 60/ber cariefaBama yTHULAja py-
mapctBa Ha exkoHomujy Cpbuje, y pamy cy
NPUKa3aHV HajBaKHUjJ VHITYTU Y CIIO/bHOTP-
TOBMHCKj pa3MeHI.

Ilpema cTaTucTMukoM mperneny [4] Ha
cnMKaMa 1 u 2, mpuKasaHy Cy IIeT HajBaXKHMjUX
IPOM3BOJA Y CIIO/bHOTPTOBMHCKOj PasMEHM
Cp6uje mo CT, 2024. y mun. USD.

In order to better understand the impact of
mining on the Serbian economy, the paper
presents the most important inputs in foreign
trade.

According to the statistical review [4], Figures
1 and 2 show the five most important products
in Serbia’s foreign trade by CT, 2024 in million
USD.
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Cnuxa 1, Hajeehux tiefli u3603HuUx fipou3eoga y cilormHOTPIosUHCKO] pasmeru [4]
Figure 1, Five largest export products in foreign trade [4]

Tymax: 1 - CeToBM IPOBOJHNMKA 32 ABMOHE, BO3MIA, GPOROBe; 2 - Pyze 6aKpa 1 KOHLIEHTpATH;
3 - Pa¢mHucanm 6axap; 4 - Enexrpuana enepruja; 5 - HoBe criojbHe IIHeyMaTCKe TyMe 3a ayTOMOOMTIE.
Legend: 1 - Wire harnesses for aircraft, vehicles, ships; 2 - Copper ores and concentrates;
3 - Refined copper; 4 - Electricity; 5 - New outer pneumatic tires for automobiles.

1.600
1.400

200

&00
400
0

Cnuxa 2, Hajeehux iletii y803Hux tipoussoga y ciiomHoimipiosurckoj pasmeru [4]
Figure 2, Top five imported products in foreign trade [4]

Tymau: 1 - Hadrra v y/ba of 6MTyMMHO3HUX MUHEpasIa, CUPOBY; 2 - JIEKOBM,HH,3a Ma/IOLIPOAA]Y;
3 - [IpuponHM rac y racOBUTOM CTamy; 4 - EnexTpudna enepruja; 5 - I'acHa yrba.
Legend: 1 - Petroleum and oils obtained from bituminous minerals, crude; 2 - Pharmaceuticals, n.p.,
for retail sale; 3 - Natural gas in gaseous state; 4 - Electricity; 5 - Gas oils.

Y tabenu 2. ce MOTY BUETH JieceT HajBasKHMjIX
U3BO3HUX IPOM3BOJA Y CIIO/bHOTPTOBUHCKO]
pasmenn Cpb6buje, CTaTUCTMYKM Ka/eHJap
Peny6rmke Cpb6uje 2025, mok cy y Tabemn 3.
NPUKa3aHY BaXHUjU MHIEKCH EKOHOMCKMX
KpeTama, Ha OCHOBY IloflaTaka MecedHor cra-
THCTHYKOT 61nTeHa 01/2025.
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Table 2 shows the ten most important export
products in Serbias foreign trade, Statistical
Calendar of the Republic of Serbia 2025, while
Table 3 shows the most important indices
of economic trends, based on data from the
Monthly Statistical Bulletin 01/2025.
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Tabena 2, Jeceiit HajéaxcHujux apoussoga y ciiomHompiosurckoj pasmenu — 13603, io CT, (mun. USD) [4]
Table 2, Ten most important products in foreign trade - Exports, by CT, (million USD) [4]

Omc / Description 2019. 2020. 2021. 2022. 2023.

CeToBM IPOBOTHMKA 3a aBJOHe, BOSIIIZ, §pon036 1242 L161 422 1509 1798
Sets of conductors for aircraft, vehicles, ships
Pyne 6akpa 1 KOHI[eHTpaTn 855 1768 1464
Copper ores and concentrates
Pagumucarn Gaxap 438 345 470 506
Refined copper
E}IeKTPI./I‘{Ha eHepruja 891 1374
Electricity
Hosge criopae THEYMATCKe IyMe 3a ayTomobute 547 495 623 667 578
New outer pneumatic tires for cars
Kyxypys, ocram 506| 621|557 364
Corn, other
TPF (Fe, vener. yenux) Herpesyd. [II>=600 mm, koTyp
TPF (Fe, non-alloy steel) uncoated, W>=600 mm, coil 482 260 473 456
OcTanu genoBy u IpuGOp 3a MOTOPHA BO3WIIA

. . 366 586
Other parts and accessories for motor vehicles
Manuse, CMPp3HYyTe, 6§3 mehepa 206 426 373
Raspberries, frozen, without sugar
Hpenapgm (nparbe., ‘{I/II.I.IhCH.)e), HH, 32 MJIONPOA]y 260 418 480 418
Preparations (washing, cleaning), nec, for retail sale
Yiymko 19.630| 19.498| 25.564| 29.058| 30935
Total

Tabena 3, BaxHuju ungexcu exoHomMcKux kpeitiaroa [5]
Table 3, Important economic trend indices [5]

r‘@ﬁ’;a 2015. | 2016. | 2017. | 2018. | 2019. | 2020. | 2021. | 2022. | 2023. | 2024. Hgf;;"g}e'o
1. 108,3| 102,8| 110,6| 945| 1063| 102,5| 974 104,1| 1069| 1004 103,4
2. 1083| 956| 1093 - 112,2| 1002 - 1163 989| 1069 -
3. 102,1] 1082 111,3| 964| 1072| 100,1| 99,2| 1002| 1067 1026 103,4
4. - 93,0/ 1085| 905| 1007| 1117 - 1125 1117 909 -
5. 106,1| 1041| 107,1] 1053| 110,9| 1032| 1043| 101,8| 1041| 1027 105,0
6. 1005 1002| 1052| 1067| 107,7| 1042| 1039| 100,8| 1088| 1072 104,5
7. 102,4] 1024 101,9] 102,1] 1020 101,1] 1082 1158] 1064] 1046 104,7

*1. VIHgycTpujcka Hpou3BOAma, Guamuku obum; 2. PymapcrBo; 3. Ilpepahusauka mnpyctpuja; 4. CHabneBame el
€HepI1joM, racoM, IapoM U KImMmaTnsaija; 5. Ilpomer pobe y TproByuHy Ha MaJIo, y CTa/THUM LieHaMa; 6. ITpoceuHe 3apaje
6e3 Topesa 11 JOPUHOCA, peanHe; 7. [ToTpormayke IeHe.

*1. Industrial production, physical volume; 2. Mining; 3. Manufacturing; 4. Electricity, gas, steam and air conditioning
supply; 5. Retail trade turnover, at constant prices; 6. Average wages without taxes and contributions, real; 7. Consumer
prices.
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Y cextopy Pypmapctso, mepuog op 2015. mo
2024., 3a6enexxeH je mpocedyaH pacrt of, 6,7%, a
y cektopy CHabpieBambe eJ1. eHepriujoM, racom,
mapoM M KiamMmarmsanuja 2,5%. ¥ Pymapckom
cexTopy HajBehm map op 11% 3abenexeH je y
2018., a Hajsehm pacT op 30,6% je 6mo y 2021.
Y cextopy CHabpieBambe e/1. €HeprujoM, racom,
IapoM 1 KIMMaryu3sanuja Hajsehu mag og 18,7%
3abenexeH je 2021., a Hajpehn pact ox 23,7%
6mo je 2015.

[Tpema craTucTMYKMM mopanyMa Pemy6mmd-
KOT 3aBO/Jja 32 CTATUCTUKY, CIIO/JbHOTPrOBMHCKA
POOHY TPOMeT, 3a M3BO3 U YBO3 IT0 €KOHOMCKO)]
HaMeHM EBpoIicKe yHUje, KOja BpIIU CTPYKTY-
upam-e IPoM3BOJa y IeT IPYyIIa, IpMUKasaHa je y
HapeaHoj Tabenn.

In the Mining sector, the period from 2015 to
2024, an average growth of 6.7% was recorded,
and in the Electricity, gas, steam and air con-
ditioning supply sector 2.5%. In the Mining
sector, the largest decline of 11% was recorded
in 2018, and the largest growth of 30.6% was
in 2021. In the Electricity, gas, steam and air
conditioning supply sector, the largest decline
of 18.7% was recorded in 2021, and the largest
growth of 23.7% was in 2015.

According to statistical data from the Statistical
Oftice of the Republic of Serbia, foreign trade
turnover, for exports and imports by economic
purpose of the European Union, which struc-
tures products into five groups, is shown in the
following table.

Tabena 4, 13603 u y603 iio ceximopuma u obnaciwmiuma KD (tipouseognu tpunyuii), y mapg. PC/I [3]
Table 4, Exports and imports by sectors and areas of KD (production principle), in billion RSD [3]

Janyap - Henembap/January - December
Yrieo y ykynHom Ymeoy
U3BO3Y YKYIIHOM yBO3y
Vspo3 yBo3 Share in total Share in total Canpo
Export Inport . Balance
exports imports
% %
2023. | 2024. * 2023. | 2024. * 2023. 2024. | 2023. | 2024. | 2023. | 2024.
1. 169,9 | 191,9 | 113,0 | 454,3 | 391,8 86,3 5,1 5,4 10,5 8,6 | -284,4| -199,9
2. 0,2 0,1 74,1 51,1 33,3 65,3 0,0 0,0 1,2 0,7| -50,9 -33,2
3. 0,2 0,0 2,4| 357,8| 293,2 82,0 0,0 0,0 8,3 6,4 | -357,6 | -293,2
4. 167,3 | 189,2 | 113,1 33,3 53,4| 160,4 5,0 53 0,8 1,2 134,0| 1358
5. 2,2 2,6 121,1 12,2 11,9 98,0 0,1 0,1 0,3 0,3| -10,0 -9,3

*Mupexc; 1. Pynapcrso; 2. Ekcrinoataryja yripa; 3. Exciutoatanuja cupoBe HadTe U IPUPOJHOT raca;

4. ExcrinoaTanuja pyne merana; 5. Ocrano pygapcTBo.

*Index; 1. Mining; 2. Coal mining; 3. Crude oil and natural gas mining; 4, Metal ore mining; 5, Other mining.

3AKIbYYAK

PypapctBo y Cpbuju crapa y Hajsehe HOCKO-
Ile IPUBPETHOT PacTa, 3B03a, MHAYCTPYjCKOT
pasBoja 1 3amolrbaBama. Iberos 6ygyhu mo-
IIPUHOC 3aBJCY Off OATOBOPHOT YIIpaB/bamba pe-
CypcuMa, y/Iarama y TeXHOJIOTHjY, HOLITOBamba
eKOJIOLIKMX CTaHfjapAa U capajibe ca JIOKay-
HUM 3ajefHMIlaMa. HeocnopHa je 4mmeHMIIa
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CONCLUSION

Mining in Serbia is one of the largest drivers of
economic growth, exports, industrial develop-
ment and employment. Its future contribution
depends on responsible resource management,
investment in technology, compliance with envi-
ronmental standards and cooperation with local
communities. It is an indisputable fact that the
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Ia caBpeMeHM pasBoj pymapctBa y Cp6buju
Mopa 6uty yckmaheH ca mpuHLMIIMMA Ofp-
JKVMBOT pas3Boja, TPAHCIIADEHTHOCTU M jaBHE
KOHTpOJIE.

Pymapcku cextop y Cpbuju je crpaTemku
Ba)KaH, IAKO YMHI PeTATUBHO MU IIPOL[eHaT
blIl-a, oH uMa CHa)XaH MYJITUIUIMKATVB-
HI edeKaT Ha JIOKaIHYy eKOHOMMjy, U3BO3HE
npuxofe U MHPpPacTpyKTypHM passoj. Meby-
TUM, 6aanc u3Mel)y eKOHOMCKOT MHTepeca U
3aITUTE >XMBOTHE CpefJHe IOCTaje K/by4Ha
TayKa IOJINTUKE Y PYapCTBY.
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modern development of mining in Serbia must
be aligned with the principles of sustainable de-
velopment, transparency and public control.

The mining sector in Serbia is strategically
important, although it accounts for a rela-
tively small percentage of GDP, it has a strong
multiplier effect on the local economy, export
revenues and infrastructure development.
However, the balance between economic
interest and environmental protection is be-
coming a key point in mining policy.
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2025., https://www.stat.gov.rs.

[5] Meceunn cratuctudku O6umiaTeH, Pemy6mmd-
K/l 3aBOJl 3a CTaTUCTHUKYy, beorpam, 2016/1-
2025/1, https://www.stat.gov.rs.

105







O

m PYJIAPCKU TJIACHUK
BULLETIN OF MINES 1903.

ISSN 0035-9637 (mrrammano usnasse / printed edition) (CXXII) 1-2
e-ISSN 2956-2457 (online)

XEMHWJCKN OTUCAK TEIIKVMX METAJIA (YKYITHM CAIPXKA])
JIMTHUTA CPBUJE Y BPEMEHY - CKPA'/REHV BOAMY
KPO3 ITPOIIIJIA BPEMEHA

HEAVY METALS TIME FOOTPRINT (TOTAL AMOUNTYS)
OF SERBIAN LIGNITE - A BRIEF GUIDE THROUGH

PREVIOUS TIMES
DOI: 10.5937/RG2502107V
IIpernepnu pap
Review
Borompy6 Byukosuh Bogoljub Vuckovié
Enexrponpuspena Cp6uje A.Jl.,Orpanak Pb Kony6apa, Joint stock company Elektroprivreda Srbije, Kolubara
O11 ,,ITpojexT’, JTasapesari, Cpbuja coal basin, Division ,,Project’, Lazarevac, Serbia
bogoljub.vuckovic@eps.rs bogoljub.vuckovic@eps.rs

Osaj pag uma ieonowiKuy u eKonOUKY Hieopeilicku Kapaxiiep.
Osaj pag je ipowupena sepsuja paga caoiuiitienol Ha Kouipecy ,,Pygapcitieo 2025 Cpbuja.
This paper has a strong emphasis on theoretical considerations, in the geological and ecological aspect.
This is an extended paper from the Congress ,Rudarstvo 2025 Serbia.

[MpumsbeH 29. 7. 2025; Penensupan 5. 9. 2025; ITpuxsahen 9. 9. 2025.
Received 29 July 2025; Received in revised version 5 September 2025; Accepted 9 September 2025

Caxetak: Tepmo enepieticku kanayuitiediu Enexinpoupuspege Cpouje (EIIC) 3acrusajy ce Ha auiHuiiuma, Koju
Cy CKOHUeHIpUcany y gea eenuxa yimena/pygapcka 6acera. Ilpsu je Kociionauxo-Kosumncku 6acer ca yxyiHom
Hospuurom og oko 320 km? u uma oxo 5,7 munujapgu t ieonowikux pecypca u pesepeu nuinutiia. Excinoatiayuja
yima ogsuja ce gyxce og 150 ioguna. Tarcobe, Kao gpyiu je K0ﬂy6apc1cu bacen jeca eKCUnoatad umiHom nospuuUHoOM
og okxo 200 km? u ca yxyino oxo 4,1 munujapgu t ieonowxux pecypca u pesepsu nuinuiia. Excinoaimiayuja
yima ce ogsuja gyxce og 130 ioguna. Ykyiixo, ipe oitixoisarwa, EIIC je pacilonaiao ca ckopo 10 munujapgu t
leonowiKux pecypca u pesepsu nuiHuiia y oba yimapcka tiogpy4ja. Og toia, g06ap geo og oxo 1,9 munujapgu t
aeh je ottikotian. VI nagare, iipeocitiarne cy oipoMHe KonuvuHe yimpa 3a oiiKoiasarve.

O8um padom 6asumMo ce 2e0xemMujcKuM KapakmepucmuKama y2/beHux ciojeday ooa y2mena bacena u 8puumo
YNOpeoHy aHaau3y ca 00aOpaHUM apxeonrouKUM, AHMPONIOUKUM U OCMATUM CABPEMEHUM NPUMEPUMA U3
Cpouje, Eepone u Ceema. OHo wmo aymopa u uumaoye Hajéuule 3aHumd jecme — 0d au mewKu Memanu u3
Vema 0Cmassajy XeMujcku omucax 'y epemeny. ¥V napeonum noanasmsuma oopaouhemo o8y npooiemamuxy.

Kn,ytn{e peuu: JTUTHUT, TJIO, CEOIVIMEHTU, XEMUJCKN OTUCAK, TPAT

Abstract: The thermal energy capacities of the Electric Power Industry of Serbia (EPS) are based on lignite, which
is concentrated in two large coal/mining basins. The first one is the Kostolac-Kovin Coal Basin with a total area
of about 320 km? and has about 5.7 billion tons of geological resources and lignite reserves. Coal mining has been
going on for more than 150 years. Also, the second one is Kolubara Coal Basin. It has an exploitable area of about
200 km? and a total of about 4.1 billion tons of geological resources and lignite reserves. Coal mining has been going
on for more than 130 years. In total, in the previous years, EPS had almost 10 billion t of geological resources and
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lignite reserves in both coal mining areas. Out of this, a good part of about 1.9 billion t has already been mined. And
furthermore, there are huge amounts of coal left to be mined.

In this paper, we deal with the geochemical characteristics of coal seams in both coal basins and perform a
comparative analysis with selected anthropological, archeological and contemporary construction materials based
on examples from Serbia, Europe and worldwide. The author and readers are most interested in whether heavy
metals from coal cause a chemical footprint in time. We will deal with this issue in the following chapters.

Key words: LIGNITE, SOIL, SEDIMENTS, CHEMICAL FOOTPRINT, TIME FOOTPRINT

OTIIITE MH®OPMAIIMJE O YIJbY

JIMTHUTCKN BACEH
KOCTOJIALI-KOBMH (MICTOYHA CPBHUJA)

['eHepaHO, TUTHUTCKY GaceH ce Ha/lasy y Jic-
tounoj Cpbuju, Ha 50 km ymaeHOCTH, MCTOY-
HO op beorpapma. Hamasu ce y anmyBujamHum
naTomMa peka Benvke Mopase n Mnase, Koje
ce obe ynuBajy y pexy JlyHas (cmuka 1). Pexa
JlyHaB ra menu Ha fiBa fiena - jy>kHo of JlyHasa
Hanasy ce Kocronauku yribenu 6ace, a ceep-
Ho of lynaBa KoBuHcku yrpenu 6acen. Ilpe
CaBpeMeHe TeoNIoTuje, IMOfI3eMHa eKCILIoaTa-
LMja Io4YMbe CpefuHOM U KpajeM XIX Beka,
am y manom obumy. CaBpeMeHa TeoJIOIIKa
UCTpAKMBarba Iovena cy 1941. ropmHe u
HaCTaB/bajy ce o faHac. IleT cnmojeBa nurauTa
YIIAaBHOM HNCY JieQVHUTUBHO OKOHTYpPEHU
HJI JTaT€PaTHO HUTU IO AyOVHM, Ia MOCTOjU
IIOTEHLMja/l 33 FUXOBO [a/be UCTPaXKUBarbe
BaH nocrojehnx ucTpaxHux mosmpa. [Ipopauyn
pecypca/pesepBu 3a CBUX 5 C/IojeBa JIMTHUTA
70 je OKO 5,7 MUIMjapayu TOHA.

KOJIYBAPCKUN JIMTHUTCKN BACEH
(BATTAZIHA CPBUJA)

JIurautckn 6aceH ce Hamasu y 3amagHoj Cp-
6uju, 50 km jyrosamagno op beorpapa, y
amyBujamHoM cnuBy peke Komybapa, koja ce
Hagabe ymuBa y peky Cay (cmuka 1). ITpe
caBpeMeHe TeoJioTuje, MOfi3eMHa eKCIIoaTa-
nyja je modena KpajeM XIX Beka, y MaloM
o6umy. Ilepuon reomoUIKUX UCTpa>KUBaba Of
1936. mo 2025. ropyHe, y T€OIOUIKOM U PyAap-
CKOM acIIeKTY je BeoMa ycremaH. Kao pesynrar
TOI'a, UCTPAXXEHO je OKOo 4,1 Munmjapme ToHa
Te0JIOLIKMX Pe3epBU M pecypca JIMTHUTA, Kao
Y IOJJaTHUX HEKOJIMKO CTOTMHA MIIVOHA Ky0-
HUX MeTapa pecypca HeMeTaTHUX MMHepaTHIX
cupoBuHa. VcTpaxuBame ¥ eKcIUIoaTaluja

108

GENERAL INFORMATION ABOUT COAL

LIGNITE BASIN
KOSTOLAC-KOVIN (EAST SERBIA)

Generally, the lignite basin is located in eastern
Serbia, at a distance of 50 km east of Belgrade. It
lies in the alluvial plates of the rivers Velika Morava
and Mlava rivers, which both flow into the Danube
river (figure 1). It is divided into two parts by the
Danube river - to the south of Danube lies the Ko-
stolac Coal Basin, and to the north of the Danube
lies the Kovin Coal Basin. Before contemporary
geology, underground mining activities started in
mid and late XIX century, on a small scale. Con-
temporary geological explorations began in 1941
and have continued to this day. In total, 3,900 bore-
holes were drilled in the last 80 years, i.e. 305,000
m of drilling. The 5 lignite layers are generally not
definitively contoured either laterally or in depth,
but there is a potential for their further research
outside the existing exploration fields. The gener-
al calculation of lignite resources for all 5 lignite
seams yielded about 5,7 B t of lignite.

LIGNITE BASIN KOLUBARA
(WEST SERBIA)

The lignite basin is located in western Serbia,
50 km southwest of Belgrade, in the Kolubara
alluvial river basin, which further flow into
the Sava river (figure 1). Before contemporary
geology, underground mining started in the
late XIX century, on a small scale. The period
of geological surveys from 1936 up to 2025 in
the geological and mining aspects is very suc-
cessful. As a result, about 4,1 B t of geological
lignite reserves and resources were explored,
as well as additional few hundred million m?
resources of non-metallic mineral raw ma-
terials. Lignite exploration and exploitation
began in the eastern part of the basin, where
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JIUTHNUTA [I0Ye/Ia je y ICTOYHOM fiey 6aceHa, Ifie
je U1 majbe y TOKY, a/lit Ce TIO/IAKO CEN Y 3aIlaH
Zieo OaceHa, Tfe OCTaje CBe 3HAYajHUja.

& Pancevo
Belgrade *-
i 3 50 km

Obrenovac
50 km

Smederevo

Kolubara Coal
Mines

Mladenovac

Lazarevac

Arandelovac
*. Valjevo ;

it is still ongoing, but is slowly moving to the
western part of the basin, where it is becoming
more important.

Kovin
- T 4
Kostolac Coal
Mines
feorpagckmn nonoxaj,
PoZarevac Gmgle Earth Pm
Geographic position,
Google Earth Pro

Cnuxa 1, I'enepannu npuxas eeoepagpcxoe nonoxcaja Konybapcxoe u Kocmonauxoe
yemenoe bacena, Kocmonauxo-Kosuncku bacen je na 50 km ucmouno,
ook je Konybapcku b6acen na 50 km 3anaono 00 beoepaoa
Figure 1, General geographical position of the Kostolac-Kovin and Kolubara Lignite Basins;
Kostolac-Kovin Coal area is 50 km east, and Kolubara Coal Area is 50 km west of Belgrade

PYJAPCKA NOCTUTHYRA

Y o6a nozpydja oiBuja ce Beoma 06MMHa pyzap-
CKa eKCIII0aTaIyja Ha OBPIIVHCKVIM KOTIOBYIMA.
OBo cy Hajsehu konoBu yr/ba y Cpouju, anv 1 Ha
Bankany. O6a pygapcka HOApydja OIICaHa Cy y
HEKO/IVKO pedeHNIIa u fyjarpama (cmmke 2 u 3).

KOCTOJIAYKO-KOBVMHCKN BACEH

Capamima rofguiima IPOM3BOAiha IUTHUTA Ca
MOBPUIMHCKOT Koma JIpMHO usHOCK 0KO 8 M t/
god. u y many je nmosehame TUX Kamanmrera.
Ca cnuke 2 yodaBa ce Jja je OTKOIIaHO BUIIIE Off
750 M m? jamoBuHe 1 oko 220 M t 1urHuTa,
IPBEHCTBEHO Ha IIOBPIIMHCKMM KOIOBMMA
(TpM HOBpIIMHCKA KOIIa), 3aK/by4HO ca 2017.
TOJVHOM. Y[ieo jaMcke ekciulioaranuje (Tpu
crape jame) je MuHOpaH. Y okBupy EIIC-a, oBaj
pyBHUK 06e36ebyje oko 25% roguuImbux KOmm-
YJHA yI/ba. 32 OTKOIIaBalbe Ha MOBPIIMHCKIM
KOIIOBMMA y HapelHOM II€PUOJly IIPEOCTANIO je
jour oko 550 M t nurHuTa.

MINING ACHIEVEMENTS

In both areas, extensive mining operations are
carried out in open-pit mines. These are the
largest coal mines in Serbia, but also in the
Balkans. For both mining areas are described
in a few sentences and diagrams (figures
2 and 3).

KOSTOLAC-KOVIN MINING AREA

The current annual production of lignite from
the Drmno surface mine is about 8 M t/year.
and the plan is to increase those capacities. In
Figure 2, it can be seen that more than 750 M
m® of overburden and about 220 M t of lignite
were excavated, primarily in open pits (three
open pits), up to 2017. The share of under-
ground exploitation (three old pits) is minor.
Within EPS, this mine provides about 25% of
annual coal volumes. About 550 M t of lignite
remains to be excavated in surface mines in the
following period.
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MpownseogHsa yrrba
v TE KO KocTonauy,

750 Mm?® OTkpHEKe,
220 Mt Yrroa,
550 Mt ¥Yrrea 3a oThonaBamse.

Kostolac Mine Coal and
Overburden Production

JALOVINA

ERELEEREEE BeEr bR bt EE R

EebtbEtEEebEER R a2 R T R
Ll >

Cnuxa 2, ['enepannu Gpuxas ociiéapenux pe3yninaimia pygapcke apoussogroe
y TE—KO Kocitionay, (nakon Byukosuh, 40-47)
Figure 2, General Mining Achievements of the Kostolac Coal Mine (after Vuckovic, 40-47)

KOJIYBAPCKHM BACEH

Topyuwa MponsBofba MTHUTA HA MOBPIUVH-
CKMM KoroByMa (10 TTOBPIIMHCKMX KOIIOBA, OF
Kojux cy dervpu Beh saTBOpeHa) o 2022. ro-
myHe n3HOCWIA je 1 1o 30 M t/god. ITo saxTeBuma
EIIC-a y miany je Mpou3sBO-a IMTHUTA Of, OKO
22-23M t/god. Ca cmmke 3, youaBa ce ja je OT-
komaHo Buitre of 1,35 Mlrd t nurHuta, mpBeH-
CTBEHO Ha MOBPIIMHCKVM KOIIOBMMA, 3aK/by4HO
ca 2024. roguHOM. 3a UCTM HEPUOJ, OTKOIaHe
KO/IMYMHE janoByHe nsHoce oko 3 Mlrd m’. Yaeo
jamcke excrutoaranyje (12 jama, HakoH 1973. cBe
cy 3arBopeHe) je MmHOpaH. Y oksupy EIIC-a,
OBaj pyRHMK 06e36ehyje 0Ko 75% TOaMIIBIX KO-
NMYMHA YI/ba. 32 OTKOIAaBakhe Ha MOBPUIMHCKIM
KOIIOBMMa Y HapeJHOM IIepUOJly ITIPEOCTasio je
jorr oko 1,5 Mlrd t imramTa.

Godiinja profzvodnja uglja na kopovima, za perlod 1950. - 2024, godine
Annual coal open pits production, period 1950, - 2024, year

¥ Kolubara Open Pits (Lignite Production, M mt) i

Tt B P e i

e il

Torwt ol e ki .

KOLUBARA MINING AREA

The annual production of lignite at surface
mines (10 open pits, four of which are already
closed) until 2022 was up to 30M t/year. Ac-
cording to the requirements of EPS, the pro-
duction of lignite of about 22-23 M t/year is
planned. From Figure 3, it can be seen that
more than 1.35 billion t of lignite was mined,
primarily in surface mines, by the end of 2024.
For the same period, the amount of overbur-
den excavated is about 3 billion m®. The share
of pit exploitation (12 pits, all closed after 1973)
is minor. Within EPS, this mine provides about
75% of annual coal volumes. About 1.5 billion t
of lignite remains to be mined in surface mines
in the following period.

Znatajne proizvodne godine
Significant Production Years

Undergraund mining 13461874, y.
12,6 Mmt

] Dpen pits, after 1952, year

11971 | 5.000.000 ¢

(LTI zom0oo0
1986 25,000,000t

B e O O T T e FE LT m 30"“““‘0{“:. l

et 31.000.000't, record

E= 25-30.000.000 t

Cnuka 3, I'enepantu tipukas ocitisapenux pesynitiaitia pygapcke tipouseogroe y Pb Kony6apa (Byukosuh, 2024.)
Figure 3, General Mining Achievements of the Kolubara Coal Mine (after Vuckovi¢, 2024)
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OIIIITE MHOOPMAIMJE O
T’EOXEMUMJCKOM Y30PKOBAILY

Y Kocromauko-koBuHcKOM 1 Komybapckom
JIMTHUTCKOM 0aceHy CIIpOBefieHe Cy OpojHe
nabopatopujcKe aHa/mmse 3a onpehyBame KBa-
JIUTeTa JIMTHUTA, Kao U OpOjHe IpyTe 3a reoTex-
HIYKe ¥ XMIPOTEOJIONIKe CBpXe. YITTABHOM Y
IOCTIeNIbUX JleceT TONVHA, HMoceOHa MaXmba je
noceeheHa M EKONMONIKMM KapaKTepyCTHKaMa
JIMTHUTA, a ofipehnBaH je ykyman cagpyxaj 20 TM
(temky Metamu). Ilopen murauta, ysopum cy
Y3€TV U U3 CBUX CelIMEHATa Y XOPM30HTATHOM
¥ BEPTUKATHOM TIPOQuIIy; Kao U 13 TIOBPIINH-
CKOT C710ja 3eMJ/bUIIITa M3HAJ, IeXKUINTa JIpMHO 1
V3 IIUbYHKa 13 mmper noapydja. Y Komybapckum
JIMTHUTCKUM PYJFHMIVIMA TTOCTOje eKOTIOIIKA JIC-
TpaXX1Batba Y MabeM 001MY.

TOKCMYHM TEIIKM METAJIN'Y
JIUTHUTY - OYEKVIBAILA JABHOCTU
M CTPYYIHLAKA O 3ATABEILY EKOJIOTMJE

HapaBHo, oBa TeMa je M3y3€THO aKTye/Ha I
IPUCYTHA je y CBMM MOTYNVIM BJTa[IHUM MeJy-
juMa, YHMBEp3UTeTMMa, MHCTUTYTUMA, OMPO-
UMa, KaHIellapujaMa, 3aTUM HEBJIaJUHUM Op-
raHusalyjama 1 Tako fape. CBu o4eKyjy fa he
€KCIUIOaTallMja ¥ CaropeBarbe TUMTHUTHUX Maca
U3y3€THO 3arafiUTy XUBOTHY cpefiuHy. To upe
TOJIVIKO JaJIeKo fia je Beh mocranmo Heka BpcTa
MaHTpe. CMaTpa ce [1a TEpMOEHEPTeTCKY CEKTOP
Cp6uje y Benukoj Mepu 3arabyje )UBOTHY cpe-
AVHY 1 Jla ce oAroBapajyhe mMepe samrute mm
caHalyje MOpajy Ipefy3eTy IITO je Ipe Moryhe.

Mebhyrtum, 6pojun nopmauy Meperwa TM (cmu-
Ka 4) M3 TOBPIIMHCKUMX PYAHMKA JIMTHUTA
y Kocronuy n Komybapy, kao u momamu o
Ieneny U3 IIOBE3aHMX TEpMOENIeKTpaHa, He
yKasyjy Ha TO. Y IOCHEHbUX HEKOIMKO IO-
IVHA OBa TeMa je IpeficTaB/beHa 1 00jaB/beHa
y Hekonmmko pajosa y CpOuju m MHOCTpaH-
ctBy. Kao marpuna je xopuimheH yBek mctu
yrap Kony6apa/Kocronan, koju je ynopeben
Ca MHOTUM pas3IM4UTUM IpuMepuMa (ypbaro
3emmpundiiie, Ipagcku UapKosu, UOBPUIUHCKU
CT10] 3eMbUUTNA, PeUHU CequMeHTiU, opiaHcKe
maitepuje, OpiaHcka KUSA, UHGYCHPUCKO
u pygapcko 3emmuwiitie,uiig.). buno je us-
y3€THO MHOTo IpuMepa 3arabhema y HeKuM

GENERAL INFORMATION ABOUT
HM GEOCHEMICAL CYCLE

At the Kostolac-Kovin and Kolubara Lignite
Basins numerous laboratory analyses were
performed to determine the quality of lignite,
as well as numerous others for geotechnical
and hydrogeological purposes. Mostly in the
last ten years, special attention has been paid
to the ecological characteristics of lignite, and
the total contents of 20 HM' have also been
determined. Apart from lignite, samples were
also taken from all sediments in the horizon-
tal and vertical profile of the deposit; as well
as from the top soil above the Drmno deposit
and from gravel from the wider area. In Kol-
ubara Lignite Mines there are ecology explo-
rations on a smaller scale. In this paper we
deal with the total amounts of specific HM.

TOXIC HEAVY METALS IN
LIGNITE - PUBLIC AND EXPERT
EXPECTATION OF ECOLOGY POLLUTION

Of course, this topic is extremely hot and is
present in all possible governmental media,
universities, institutes, bureaus, offices, NGOs
and so on. Everyone’s expectations are that the
exploitation and combustion of lignite masses
will extremely pollute the environment. This
goes so far, that it has already become a kind
of mantra. It is considered that the thermal
energy sector of Serbia has been polluting the
environment to a great extent and that appro-
priate protection or remedial measures must be
urgently taken.

However, numerous HM (figure 4) measured
data from surface lignite mines in Kostolac
and Kolubara, as well as data on ash from re-
lated thermal power plants, do not indicate
this. At last few years this topic was present-
ed and published in several papers in Serbia
and abroad. The same Kolubara/Kostolac
Coal was used as a matrix and compared
with a lot of different examples (urban soils,
city parks, top soils, river sediments, organic
matters, organic tissues, industrial and min-
ing grounds, banking value, etc.) There were
many examples of pollution in some matters
throughout Serbia, the Region, Europe and
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Mmarepujama umpom Cpbuje, pernona, EBpone
VI CBETA, KOje HUCY Y HUMKAKBOj BE3M Ca JIUTHU-
TUMA, IITO Jelyje Kpajibe Heo4eKNBaHO (BU-
IeTV IpeTXofHe pajioBe ayTopa) [40-47].

[Ar]) 3d“as?
\ Jransition Metals

the World, that appear to be unexpected (see
the authors of previous papers) [40-47].

Crnuxa 4, JTucitia nabopainiopujcku ananusupanux TM y nuinuitiuma Konybape u Kociionua (Byuxosuh, 2024.)
Figure 4, List of Heavy Metals assayed in the Kolubara and Kostolac Coal Mines (after Vuckovic, 2024)

I'TE CY DJAHAC ITPMCYTHUM TM?

Ha ocnoBy ceenpucyTHor crpaxa of TM, na
7 3HaMo, 6apeM MH(POPMATUBHO, Ije MOXKEMO
nporahu TM y HaleMm HajO/DKeM OKpYXXery
(cmuke 5, 6). Y cBakoM CIy4ajy, Te ,,CTBapu' Cy
yBeK IIPUCYTHE y HaIlleM >KUBOTY U HOCTaJIe Cy
HAIIIM O)KMBOTHM IIPATUOL IIPe MHOTO TO/IVHA.

MUOSELIE

NOWDAYES, WHERE ARE HM PRESENT?

Given the extended fear of HM, do we know, at
least informatively, where we can find HM in
our nearest neighbourhood (figures 5, 6). An-
yway, those “things” are always present in our
life and they became our lifelong companion
long ago.

Cnuxa 5, CéaxogresHu 6ugosu u3sopa ewkux meimana (Hip. 6aitiepuje, Kyxurcko fiocyhe)
Figure 5, Some Heavy Metals Everyday Sources (e.g. batteries, kitchenware)

Cnuxa 6, CéaxkogresHu 6Ugosu U3e0pa THewKux Memana
(niip. fiactie 3a 3y0e, MeqUUUHCKU CYlneMenTiiu, MOOOUTHY TTenedoHu)
Figure 6, Some Heavy Metals Everyday Sources (e.g. tooth paste, medical supplements, cellular phones)
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Kao mro BuaMMoO, MoCTOje CByAa IO HALINM
TOMOBMMA U TO je IleHa CaBPeMEeHOT YKMBOTA.
Anm, fia iu ¢y onacHu Uy Tokcudnu? Hapasao
ma Hucy, jep ce T TM Hamase y Beoma cTa-
OWJIHMM MUHepPaTHUM OOnuIvMa/nerypama y
TUM CBaKOJHEBHMM IpefMeTuMa. He mocToju
MoryhHOCT fia ce aKTMBMpAjy M MOOWINLLY,
npousBohaun ce OpuHy 0 TOMe.

KAJIA JE IIOYEJIO 3ATABEIGE TM?

Jaxie, CBEIIpUCYTHO OMIITEHAPONHO, CTPYYHO I
HAay4HO pasMUIIUBaIbe CMATpa fia je OBO IPNCY-
crBo TM y HallleM cBaKOIHEBHOM >KIBOTY IIOY€ETIO
onmax HakoH IIpBe MHAycTpHjcKe peBoIynyije,
Koja je mouerna (1780. fogune y Benuxoj Bpuitia-
Huju; tiocne 1830-1840. wiupom ceeitia). Bemvka
MHIYCTPUjCKA U PyHApCKa IPOM3BO/ba YTULIAIN
Cy Ha )KMBOTHY CPeIVIHY 11 jaBHO 31pas/be. ['ofuae
(u >KMBOTHA CpefMHA) IIpe TOT Iepuoya Oue cy
umwimydHe, 6e3 MKakBux Tparosa 3arahema TM.
[Jla nu je oBo TauHO cxBaheno? [1-49]

BPEMEHCKA CKAJIA XEMUJCKOT
OTHUCKA

Y oBoM pajly I7eflaMo MHOTO TOfIMHA YHasaf,
IOYEBLIM Off PAHOT HACTAaHKA JbYJICKE BPCTe
(crapoctu 1,4 M ropuHa) ma cBe [0 IOYeTKa
XXI Bexa. BpojHy o6jaB/beHV Hay4dHU pajoBU
OaBe ce oBUM mmutameM [1-40]. [TocebHy naxkmy
ob6pahajy Ha ykymau cagpxaj TM y ysoprmma
nehHCKOr  cefMeHTa, IOBPIIMHCKOT  CJIoja
3eM/be M3 TAJAlIbUX Hace/ba, pparMeHaTa Ip-
HYapuje, XMBOTULCKUX U TbYSCKUX KOCTU)Y U3
PasTIMUNTHIX BPEMEHCKMX Ilepuopa 1 rpabheBuH-
CKOT MaTepyjajia 3a M3rpajiiby CTaMOeHIX VI Bep-
ckux objexara. [Taxxma je moceheHa ysopryma
paHux JbYyACKMX BPCTa Koju pgatupajy 1,4 mm-
JIMOHA FOfJIHa TIpe HOBe epe, 3aTVM 3y0y MaMyTa
carpoctu 130.000 romvHa, CeAVMEHTVIMA HEaH-
mepranckux nehmua crapoctu 50.000 go 25.000
rogyHa M QparMeHTMMa TIpHYapyje Jbyau 13
KaMeHOT Heomutckor joba. Takobe, obyxsahene
cy npse Xerutcke u Ermmnarcke jbyncke LyBU-
Nu3anuje, 3aTMM 6aKapHO, OPOH3aHO ¥ TBO3EHO
moba, CTapu XelMeHCKM ¥ PUMCKU TIEpHOT,
PaHM BM3AHTUjCKM ¥ MCTAMCKM TIEPYOT, 3aTUM
CpeilOBEKOBHI TIepUOJ; KOji Ce TIPOTeXKe KPo3
XVII-XIX Bek, na cBe 7o XX Beka I KOHA9HO 0
noverka XXI Beka (ciuka 7).

Aswe can see, they exist all everywhere in our
homes and that is the price of contemporary
life. But, are they dangerous or toxic. Of
course not, because that HM stay in very
stabile mineral forms/alloyes in that everyday
items. There is no possibility to activate and
mobilize them, the producers take care about
that.

WHEN DID HM POLLUTION START?

Thus, the ubiquitous popular, professional and
scientific thinking holds that this presence of
HM in our daily lives began immediately after
the First Industrial Revolution, (which began
in the 1780s in Great Britain; after 1830-1840s
worldwide). Large-scale industrial and mining
production has affected the environment and
public health. The years (and the environment)
before that period were idyllic, without any
traces of HM pollution. Is this understood cor-
rectly? [1-49]

CHEMICAL FOOTPRINT
TIME SCALE

In this paper we have looked back to see what
it was like many years ago, starting from the
origin of early human species (1,400,000 years
ago) up to early XXI century. Numerous pub-
lished scientific papers deal with this issue.
They pay special attention to the total content
of HM in samples of cave sediment, top soil
from settlements, pottery fragments, animal
and human bones from different time periods,
and building materials for the construction of
residential and religious buildings. Attention is
paid to samples of early Human Species dating
1,4 My BP, and a Mammoth tooth dating back
130,000 years, Neanderthal cave sediments
dating back 50,000 to 25,000 years, and frag-
ments of pottery from Stone Age people. Also,
the first Parthian and Egyptian human civili-
zations, Copper, Bronze and Iron Age, the old
Hellenic and Roman periods, the early Byzan-
tine and Islamic periods, then the Medieval
period; going through the XVII-XIX centuries,
up to the XX century and finally into the early
XXI century (figure 7).
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Time Scale Footprint,
year early 2025
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From Lower Paleolithic Age (1,400,000 years ago), over Plesitocene Mamouth Tooths
{130,000 years BP) up to XXI century [Paleclithic, Neanderthales, Pleistocene,
Neolith, Bronze Age, Iron Age, Parthian and Egyptian Empires, Hellenic and Roman
Epoches, Byzanth, Medievel Centuries, Islamic Empires, XVII-XIX Century, XX Century

(Modern Age) up to these days)
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Kony6apcxux u Kocitionauxux nuinuitia (Byuxosuh, 2025.)
Figure 7, Time Scale Footprint; at bottom light gray — Kolubara and Kostolac Lignite sampling years (after Vuckovic, 2025)

Kao 1rro BuymMo, BpeMeHCKI PaCIIOH je IpIIn-
yHO 1mmpok. IIpe moverka I Vinmycrpujcke Pe-
Bomymmje y Ceery (1780. roayHe) 1 Ipe Hammx
CBET/IO CYIBVIX TOf/HA (MICKOMaBambe M CaropeBa-
e muranTa y Pb Kony6apa n TE-KO Kocronar),
cBe 6u Tpebano ma Oyze arcomyTHo yncto of, TM.
Crnepehux Hekommko pujarpama he mpuxasaru
M3MepeHe (IIOfjALM M3 CBETCKe JIMTEpaType 1
Hallle MepeHe BPeHOCTH) KoHLeHTparyje TM n
BIX0BO ynopebemwe ca murantoM (cvke 8-13).
Hamomena, Ha iujarpamMmma je BpX Ha IHY.

OriginPeriod

As we can see, quite a wide range, lasting more
than 1,400,000 years. Before light gray years
(lignite excavation and combustion) at the very
bottom of list, everything should be absolutely
clean of HM. The next few diagrams show the
specific HM measured total amount concentra-
tions and its comparation with lignite’s (figures
8-13). Note, on diagrams top is on bottom.

Time Footprint
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l'l'ﬁ.“ BC-14 AD, Sidowalh

.
a Lig

ites VS. Archealogical Sites Worldwid

year early 2025
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...m el
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IN HUNT:

[ESP, 25,000 BL, Gibraltar, Neanderthal Gorham Cave Sediments
5P, 12,000 BE, Gibealtar, Neandevthal Gorham Cave Guano.

52, 25,000 BE, Gibealesr,

LA

ESP, l,lmsc.m-,

Cart

TOP FIVE:
A,

ESP, 50,000-35,000 B, Gibraltar,
ITA,18C Roman Age,
FUS, 10,000 BE, Neslithic Coramic, Popovily Lug

ESP, 450,000 BC, Iberia,

1500

Cnuka 8, Zn Bpemercxu oifiucax; ceeitino cuse konoxe — cagpuaju TM y ogpehenum ysopyuma,
ypHe KonoHe — Hajeuue KoHyenitpayuje TM y ysopyuma, cuse konore — cagpxaj TM y ysopyuma
Kony6apcxux u Kocitionauxux nuinuitia (Byuxosuh, 2025.)
Figure 8, Zn Time Footprint; light gray bars - assayed HM concentration at specific items, black bars - extremely
high levels of HM, gray bars — Kolubara and Kostolac Lignite HM levels (Vuckovi¢, 2025)
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Time Footprint

Pb (ppm) - Kostolac & Kolubara Lignites VS. Archeological Sites Worldwide,
year early 2025

AT BOTTOM:

TUR, 3,300 BC, Early Bronze Age Human Bones

CHN, V - XV Century AD, Great Wall Area, Medieval Bricks

ESP, 50,000 BC, Gibraltar, Mid Pale g Clay
EGY, Xl Century BC, Egyptian Empire, Iron Age, Coptic lar, E1 Hibeh

ITA, 509 - 27 BC, Roman Age, Herculaneum, Thermaopilium, Mortar

IN HUNT:

ALG, XI - XIV Century AD, Islamic Hammadite Period Pottery, Bab E| Fuka
ALG, XI - XIV Century AD, lslamic Hammadite Period Pottery, Yemma Gouraya
ESP, 2,000 BC, Bronze Age Human Bones, Cartagena

ESP, V1 - IX Century AD, Byzantine Epoche Human Bones, Cartagena

ESP, 11 - Il Century AD, Roman Epoche Human Bones, Cartagena

TOP FIVE:

ITA, Xl - XIV Century AD, Canonica of San Niccolo, Tuscany, Cu-Pb-Zn Area, Mortar
ALG, K - XIV Century AD,

Period Pattery, Bejala M
IRN, XIII AD, Islamic Empire Pottery, Sistan

ALG, X1 - XIV Century AD, Islamic Hammadite Perlod Pottery, Yemma Yamna

ALG, X1 - XIV Century AD, lslamic Hammadite Perlcd Pottery, Atar n Feroun

27

2000 3000 4000 . 5000 v 6000
Crnuxa 9, Pb Bpemencxu otfiucax; ceeilinio cuse konone — cagpxcaju TM y ogpehernum y3opyuma, ypHe Konote —
Hajeuue konyenitipayuje TM y y3opyuma, cuse konowe — cagpscaj TM y yzopyuma Konybapckux
u Kocmonauxux nuinuiia (Byuxosuh, 2025.)
Figure 9, Pb Time Footprint; light gray bars — assayed HM concentration at specific items, black bars — extremely

high levels of HM, gray bars — Kolubara and Kostolac Lignite HM levels (Vuckovic, 2025)
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Cnuxa 10, Mn Bpemercku oifiucak; ceéeiiinio cuse konowne — cagpxcaju TM y ogpehernum yzopuuma,

UpHe KonoHe — Hajeéue koHuenipayuje TM y y3opyuma, cuse xonoue — cagpyaj TM
y y3opyuma Konybapckux u Kocitionauxkux nuinuiiia (Byuxosuh, 2025.)
Figure 10, Mn Time Footprint; light gray bars — assayed HM concentration at specific items,
black bars - extremely high levels of HM, gray bars — Kolubara and Kostolac Lignite HM levels
(Vuckovié, 2025)
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Cnuxa 11, Cd Bpemencku oiiucak; ceetiino cuse konoxe — cagpucaju TM y ogpehenum y3opyuma,

upHe KonoHe — Hajeuuie konuenimpayuje TM y y3opyuma, cuse konowne — cagpscaj TM
y y3opyuma Konybapckux u Kociionauxux nuinutia (Byuxosuh, 2025.)
Figure 11, Cd Time Footprint; light gray bars - assayed HM concentration at specific items,
black bars - extremely high levels of HM, gray bars — Kolubara and Kostolac Lignite HM levels
(Vuckovié, 2025)

Kao mto Mmo>xeMo BujieT! Ha TOPHUM CIMKaMa
(cmuke 8-11), yBeK IIOCTOjU TeHAeHLMja fia
cuBe (Halll IMTHNUT) KOTyMHe OY/y Ha JHY iuja-
rpama. [Tonekasn, HeKe M3MepeHe CTBapu CKOYe
Ha U3y3eTHO BUCOKe HuBoe (Hip. cagpuaj Cd
je 500 x eehu y Eiutiaitickoj ipHuapuju og tipe
3.300 ioguHa Heio y Hauiem TUIHUTHLY; cagprcaj
Mn je 300 x sehu y Cimapoeiutiaitickoj ip-
Huapuju, anu u y caspemerom Hemauxom un-
gycmipujckom yemeniily us XX eexa; cagprcaj
Pb je 275 x eehu y upkseHom manitiepy us XVII
8exa, anu u 'y cpegrwosexosnoj Vcnamckoj ip-
Huapuju; cagpicaj Zn je 85 x sehu y ypkeeHom
maniiepy us XVII eexa, 3aiiuum y Heonuiti—
cxoj iprnauapuju us Pycuje ciiapoj oxo 10.000
ioguna unu y cequmeninuma Heangepinanckux
uehuna y lllaanuju ciiapum oxo 50.000 ioguna,

utig.).
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As we can see from the above few pictures (fig-
ures 8-11), there is always a trend for gray (our
lignite) bars to be at the bottom of scale. Some-
times, some measured things jump to extremely
high levels, (e.g. Cd is more than 500 x higher in
Egyptian Empire Pottery 3,300 years ago than in
our lignite; Mn is 300 x higher in old Egypt pot-
tery and in German contemporary cement; Pb is
275 x higher in XVII century church mortar and
medieval Islamic pottery; Zn is more than 85 x
higher in XVII century mortar, Russian Neolithic
pottery 10,000 years old, or in Neanderthal Cave
Sediments 50,000 years ago, etc.).
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e Co (ppm) - Kostolac & Kolubara Lignites VS. Archeological Sites Worldwide,
Vi year early 2025
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ITA, 44 BC - 14 AD, Roman Age, | Palestra

KOLUBARA, XXI Century AD, Lignite OP "TWF 1"
KOLUBARA, XXI Century AD, Lignite OP "FIELD D"
GER, XX Century AD, Blastfurnace Cement

IN HUNT:

EGY, VI Century BC, Helenistic Age Ceramic Shreds, El Hibeh

EGY, VI Century BC, Helenistic/Roman Age Import Cookpot, El Hibeh
EGY, XX Century AD, Modern Nile Clay, EI Hibeh

EGY, XIl Century AD, Islamic Silt Bowl, El Hibeh

EGY, Xl Century BC, Iron Age Egyptian Striped Ware, El Hibeh
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Cnuxa 12, Co Bpemencku omiucax; céeiiino cuse konote — cagpxcaju TM y ogpehenum y3opyuma,
upHe KonoHe — Hajeuue KoHyenitpayuje TM y ysopyuma, cuse konore — cagpxcaj TM y ysopyuma
Kony6apcxux u Kocitionauxux nuinuitia (Byuxosuh, 2025.)

Figure 12, Co Time Footprint; light gray bars — assayed HM concentration
at specific items, black bars — extremely high levels of HM, gray
bars - Kolubara and Kostolac Lignite HM levels (Vuckovi¢, 2025)

Origin/Perlod

Time Footprint
Cu (ppm) - Kostolac & Kolubara Lignites VS. Archeological Sites Worldwide,
year early 2025

AT BOTTOM:

ITA, 27 BC-62 AD, Herculaneum Terme Centrali, Mortar

MAL, VI Century AD, Batu Temple Bricks

GER, XX Century, Blastfurnace Cementi

ESP, 10,000 BE, Neolithic Age Human Bones, Cartagena

ESP, 25,000 BC, Iberla Upper Vanguard Cave Clay
TUR, lll Century AD, Roman Imperial Period, Human Bones, Kayserl

E5P, 2,000 BC, Iberla Bronze Age Vanguard Cave Clay

IN HUNT:

5YR, 4,000 BC, Late Neolithic Age, Tel Kouzama Pottery

SER, Il Century AD, Roman Epoche, MEDIANA, Mortar

IRN, XIll Century AD, Islamic Empire Pottery, Sistan

ITA, 44 BC-14 AD, Roman Age, Herculaneum, Palesta, Mortar

IRN, 2,000-500 BC, Parthlan Empire Pottery, Sistan

ALG, XI-XIV Century AD, Islamic Hammadite Period Pottery, Bab el Fuka
EGY, VI Century BC, Helenistic/Roman Age Import Coocpot, El Hibeh

g T

TOP FIVE:
ITA, XII-XIV Century AD, Canonica of 5an Niccolo, Cu-Pb-Zn Area, Mortar
ESP, 50,000-35,000 BC, Gibraltar, Mid Neolith ierthal Gorham Cave

EGY, Xll Century AD, Islamic Silt Bowl, El Hibeh
ALG, XI-XIV century AD, Islamic Hammadite Period Pottery, Atar n Feroun
ESP, 450,000 BC, |beria, Early Homo Species, gran Dolina Cave Guano
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Cnuka 13, Cu Bpemencku omucak,; ceemio cuge koione — caopoicaju TM y oopehenum yzopyuma,
ypHe KoloHe — Hajeuwe konyeumpayuje TM y yzopyuma, cuse xonone — caopxcaj TM y yzopyuma
Konybapckux u Kocmonauxux auenuma (Byuxosuh, 2025.)

Figure 13, Cu Time Footprint,; light gray bars — assayed HM concentration
at specific items, black bars — extremely high levels of HM, gray
bars — Kolubara and Kostolac Lignite HM levels (Vuckovi¢, 2025)
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Kao mto MoXeMo BUieTV Ha FOPHe ABe CIIMKe
(cnuke 12, 13), mocTOju TPEHT fia CMBe KOTyMHe
Oyny Ha cpenyHy cKane. Heke MepeHe cTBapn
CKauy /10 13y3eTHO BUCOKMX HIBOA (Hip. Co je
suuie og 50 x eehu y manitiepy Xepkynaneyma
U3 ciilapopumckoi goba Heio y Haulem nuinuiile,
anu u y Ciiapoeiutiaitickoj yeo3roj Xenencko/
Pumckoj ipnauapuju; Cu je 15-20 x eehu y
Iyano ysopuuma us ilehure ca panum vygeKum
spciiama ciiapum oxo 450.000 ioguna, anu u 'y
cegumenitiuma Heangepiniancke iehune y Illia-
Huju citiapoj oxo 50.000 foguna).

Tako 7@ Ha OCHOBY HEKOJMKO IPETXONHUX
JujarpaMa 1 Kpajibe I10jeJHOCTaB/beHNX I10ja-
IIHEba, MOXKEMO 3aK/BYYNTH Ja CY CampKaju
HaBe[IeHNX 1 aHaIM3MpaHuX/yHnopehusanmx
TENIKNX MeTaja pefloBHO 3HadajHo Behm of
OHUX KOje CaBpeMeHUM J1abopaTOPUjCKUM
UCIIUTUBABIMA PETUCTPYjeMO y NUTHUTHUMA.
V3 Tora mposwmnasum ¥ 3aK/by4aK CKPOMHOT
reosora (ayTopa paga) Koju ce 6aBM OBOM
npobnematukoM Beh ABamecer ropmHa, ga cy
cafip>Kajyl TEIIKVX MeTaja y 6/IVKoj MM Jajboj
HpOLIIOCTY OVIN janeKo Behn o caBpeMeHux
y IUTHUTUMA Koje oTKomaBamo. Hamu mperu
HQKa/IOCT HIUCY HU OVM/IM CBECHU TOTA INTA MX
OKPYXYje Y ’bMXOBOM CBaKOJZHEBHOM >KIBOTY.
Y cBaKoM Ci1yd4ajy Oy Cy 5KMBU U 3[paBIL.

Hasxanocr, jeman op orpaHmdaBajyhmx dgax-
Topa 3a gmaka mopehema jecre TO mTO CY
naboparopujcka opgpehuBama Ha MOMEHYTUM
JIoKalMjaMa/y30pLuMa BpIlieHa y MambeM 001-
My (Tek no Hexommko TM), mTo je reHepamHO
MHOTO Mamwy 06uM oapehuBama o oHOT KOju
EIIC mpaktmkyje. Mu cmo oppebusamm mo
20 XxeMMjCKuX ejleMeHaTa (TM) y ysopuuma
JTUTHNUTA y 71ab0paTopujy, amym Cy CTPYYHHU
TUMOBM Ca OpOjHUX JIOKallMja IIMPOM CBeTa
onpebuBanu Tek mo oko 4-5 enemeHara, a camo
HEKOJIMKO ITyTa M BUILE Off TOTa, OHAKO KaKo je
06jaB/beHO.

3AK/bYYAK

JIurantn Kocronauko-Kosuuckor n Kony6ap-
CKOT JIMTHUTCKOI 6aceHa TeHepaHO MMajy
HIICKe KOHIIEHTpaljyje TeIIKMX MeTana, Yy
nopehemy ca ogabparnum CpIIcKuM, pernoHaI-
HUM, EBponckum 1 CBeTCKMM apXeolOUIKIM
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As we can see from above two pictures (figures
12, 13), there is trend for yellow bars to be at the
middle of scale. Some measured things jump to
extremely high levels, (e.g. Co is more than 50
x higher in Herculaneum mortar from Old Ro-
man Age than in our lignite, or in old Egyptian
Hellenic/Roman imported pottery; Cu is 15-20
x higher than in 450,000 years old Early Homo
species cave Guano samples; or in Neanderthal
Cave Sediments old 50,000 years ago).

So, based on several previous diagrams and
extremely simplified explanations, we can con-
clude that the contents of the mentioned and
analyzed/compared heavy metals are regularly
significantly higher than those that we register
in lignites with modern laboratory tests. From
this, the conclusion of a modest geologist (the
author of the paper) who has been dealing with
this problem for twenty years, that the con-
tents of heavy metals in the recent or distant
past were far higher than the current ones in
the lignites we are excavating. Unfortunately,
our ancestors were not even aware of what was
surrounding them in their everyday life. They
were alive and well anyway.

Unfortunately, one of the limiting factors for
further comparisons is that the laboratory de-
terminations at the mentioned locations/sam-
ples were performed on a smaller scale (only
a few TM), which is generally a much smaller
scale of determination than ours. We deter-
mined 20 chemical elements (HM) in lignite
samples in the laboratory; but expert teams
from numerous locations worldwide deter-
mined about 4-5 elements, only a few times
even more than that. Atleast that’s how it’s been
published. The conclusions are up to you.

CONCLUSION

The lignite’s of the Kostolac-Kovin and Kol-
ubara Lignite Basins generally has low total
amounts of concentrations of heavy metals,
compared to selected Serbian, regional, Euro-
pean and Worldwide archeological, anthropo-
logical samples, as well as ancient settlements
constructions and sediments or top soils. In
this work, special attention is paid to the total
content of HM as pollutants in Time Footprint
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Y aHTPOTIOJIOIIKUM Y30pILIMa, a1 U ca y30p-
nyuMa rpaheBMHCKMX aMTepujana cefyMeHaTa
¥ T/Ia U3 Hacerba win nehHa cTapux BpeMeHa.
Y oBoM papy, nmoce6Ha maxma je nocsehena
YKYIIHOM Cafip’kajy TELIKMX MeTala Kao 3a-
rabuBava Ha ckamu BpemeHCKor oTmcka. Ha
OCHOBY TOTa, MO>Ke Ce 3aK/BYUUTH Jja CY YKYII-
He KOHI[eHTpalyje HEKOIMKO OfabpaHux u
aHa/MM3MpaHuX Tewkux Metana (Mn, Zn, Pb,
Cu, Hg, Cd, Ni, As) sHauajno Behe y crapum,
IIa YaK U NPacTapuM, y30pLuMa IpUKa3aHUM
Ha CKalIM BPEMEHCKOT' OTMCKA Hero IITO Cy Y
CaBpeMEHOM CPIICKOM JIUTHUTY.
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CaxkeTak: Y 060M pagy pasmaitipa ce ORUMUIAUU]A KOHTYPA HOBPUUHCKUX KOT08a Kopuuthervem Lerchs—
Grossmann mogena y geogumensuonantom oonuxy (2D). Ouiumusayuja ipanuya Ho8PUIUHCKUX KOiL08A
fipegciiasba OCHOBHY 3gatliaK y Inanupary u ipojexifiosdrvy HOBPUIUHCKUX KOTI08d, CA UUbeM OCTBaAPU-
sarba Hajeehe exOHOMCKe BPegHOCITIU IEIUWTHA Y3 UCTHOBPEMEHO TOULITE0BAIbE THEXHONOUKUX, TeOTHEXHUUKUX
u exoHoMCKUX oipanuyerva. Y pagy je gaii ocnosnu (ieopeiticku) okeup Lerchs-Grossmann aniopuitima, kao
u iipuxas moiyhuocitiu ipumene jegrociiaene 2D ouiiumusayuje ilomohy ipoipama 3a mabenapue apopauyHe
(y pagy je xopuwhen Microsoft Excel), kpo3 tipakitiuunu ipumep.

KJI:Y'{]-IC pedn: OIITYMM3ALIN]A, KOHTYPE IIOBPIIMHCKOT KOIIA, B/JIOK MOJJEJI, LERCHS-GROSSMANN, EXCEL

Abstract: This paper discusses the optimization of open pit contours using the Lerchs-Grossmann model in
two-dimensional (2D). The optimization of open pit boundaries is a fundamental task in the planning and
design of open pits, with the aim of achieving the highest economic value of the deposit while complying with the
technological, geotechnical and economic constraints. The paper presents the basic (theoretical) framework of
the Lerchs-Grossmann algorithm, as well as a presentation of the possibilities of applying simple 2D optimization
using a spreadsheet programme (Microsoft Excel was used in the paper), based on a practical example.

Key words: OPTIMIZATION, SURFACE MINING CONTOURS, BLOCK MODEL, LERCHS-GROSSMANN, EXCEL

YBO[

ITmanupame NOBPIIMHCKNX KOMOBA jelaH je Of,
K/bY4YHUX KOpPaKa y Py4apCTBY, OGHOCHO Y II0-
BPILINHCKOj eKciytoaranuju. [IpasuinHo pedu-
HIICaHe I'PaHMIle HOBPLIMHCKOT Koma oMmoryha-
Bajy IIOCTU3ambe MAKCUMAaTHOI €KOHOMCKOT

INTRODUCTION

Planning of open pit mines is one of the key
steps in mining, or rather in surface exploita-
tion. Properly defined boundaries of an open
pit mine allow for achieving maximum eco-
nomic effect with optimal management of
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edexTa y3 ONTMMATHO yIIpaB/baibe TPOLIKO-
BJMMa OTKPMBKE M €KCIUIoaTanuje. Y NpVHLIMN-
1y, ONTMMM3aNMja KOHTYpa BpIy ce momohy
CIIeMja/IM30BAHNMX IPOTPAMCKIX ITAKeTa, aji
C€ OCHOBHU a/ITOPUTMN MOFy UMITJIEMEHTHNPA-
TU U Y jefHOCTaBHUje ajlaTe, IIOIYT Iporpama
3a TabenapHe IpopadyyHe, pajyu 0Opa3sOBHIUX,
ONIEPATVBHUIX U MICTPAXKNBAYKUX CBpXa.

3HAYA] OIITUMM3ALINJE Y
IMOBPIIMHCKO] EKCIDIOATAIITNU

OnTuMusanyja KOHTypa IOBPIIVHCKUX KOIIO-
Ba IpeJCTaB/ba jefiaH O OCHOBHUX IIpo6yeMa
y MpOjeKTOBabY U IUIAHMPAby PYHAPCKUX pa-
nosa. IIpyMapHM LWk OBOT Ipolieca je aedu-
HJCalbe ONTMMA/He 3aBpIIHE KOHTYpe IOBp-
IIMHCKOT KoIla Koja o6e36ebhyje makcumanan
npoduT pypapckor mpojekra. Ilpu tome, mo-
Behame TPOIIKOBa OTKONaBama, TPAHCIOPTA
VIV TIpepajie MO>Ke OMTI IPUXBAT/BIMBO YKOMN-
Ko Boziu BeheM poduTy, a CXOHO HaBeEHOM,
CBU ITapaMeTpH Ce pasMaTpajy y QYHKIMjI eKo-
HOMCKOT Pe3y/ITaTa, a He M30/I0BAHO Y CMUCITY
VICK/BY4MBOT CMaibetba TPOLIKOBA MJIV MaKCH-
MaJIHOT McKopuirherma MIHepalTHIX pecypca.

IMPEITIEQ METOIA OIITVIMMU3AIIMNJE

CaBpeMeHM Mofien ONTUMM3AIMje KOHTYpa
IOBPIIMHCKIX KOIIOBA Cy CBeOOYXBAaTHY 1 IOJI-
pasyMmeBajy IpopayyHe Maca Ha OCHOBY PaJiHMX
¥ 3aBPIIHMX YITIOBAa KOCVHA, LleHe MUHepaiHe
CUPOBIHE, TPOIIKOBA eKCIII0ATallje, TPOIIKO-
Ba Iipepajie, uckopumihema y KOy ¥ Ipepajy,
Kao U MOryhHOCT IIpOMeHa IleHa U TPOIIKOBa
TOKOM BpeMeHa. KoHayan m3bop onTymanHor
pellemba CUCTEMATCKY Ce TTIOCTIKe eKOHOMCKOM
AHA/IM30M CBaKe FeHepUCcaHe KOHTYPE, C LIM/beM
nocTu3ama Hajseher Moryher npodura.

Y nomeHy codpTBepcKM NOAP>KAHMX pelllerba 3a
ONTUMM3AIMjy TPaHMI[A HOBPIIMHCKOT KOIIa,
IBe HAjUCTaKHyTHje ¥ Hajmupe npuxsahene
MeTofie Cy MeTOfia ,IMBajyher KoHyca“ 1 Me-
topa ,,Lerchs—Grossmann®.

OIITMIMM3ALIVIJA KOHTYPA
INOBPIIMHCKNMX KOIIOBA

OnTuMmmsanyja rpaHuija IOBPIIMHCKOT KOIa
uMa 3a IWb ofpehuBame 06MMKa U JUMeH3Mja
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discovery and exploitation costs. General-
ly, contour optimization is performed using
specialized software packages, but the basic
algorithms can also be implemented in sim-
pler tools, such as spreadsheet programmes,
for educational, operational and research
purposes.

THE IMPORTANCE OF OPTIMIZATION
IN SURFACE MINING

Optimization of open pit contours is one of the
fundamental problems in the design and plan-
ning of mining operations. The primary goal of
this process is to define the optimal final con-
tour of the open pit mine that ensures maxi-
mum profit for the mining project. In addition
thereto, an increase in the costs of excavation,
transportation or processing may be acceptable
if it leads to higher profits, and accordingly, all
parameters are considered in terms of econom-
ic results, and not in isolation in terms of exclu-
sively reducing costs or maximizing the use of
mineral resources.

OVERVIEW OF THE IMPLEMENTATION
METHOD

Modern models for optimizing open pit bound-
ary conditions are comprehensive and include
mass calculations based on working and finish-
ing slope angles, mineral raw material prices,
operating costs, processing costs, mining and
processing utilization, and the possibility of
price and cost changes over time. The final se-
lection of the optimal solution is systematically
achieved by economic analysis of each generat-
ed contour, with the aim of achieving the high-
est possible profit.

In the domain of software-supported solutions
for optimizing open pit boundary conditions,
the two most prominent and widely accepted
methods are the “floating cone” method and
the “Lerchs-Grossmann” method.

OPTIMIZATION OF OPEN-MINE
CONTOURS

Optimization of open-pit mining boundaries
aims to determine the shape and dimensions of
an open-pit mine that will provide the greatest
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HOBPIIMHCKOT Koma Koju he 06e36enyty Hajsehy
€KOHOMCKY fjo06uT. IIpo6em ce cBozv Ha 6anaH-
cupame IpUXOfia Off MUHEpalHe CHPOBUHE Ca
YKYIIHMM TPOIIKOBMMA KOj/i HACTajy TOKOM OT-
KOIIaBama, TPAHCIIOPTa ¥ Tpepajie pyHe, Kao 1
ylpaB/bakba jaIOBUHCKUM MaTepUjaIoM.

JEOVHMCAILE TPAHUITA TIOBPIIMHCKOT
KOITA V1 IMJBEBU OITTUMM3ATLIUJE

[paHuIia TOBPIIMHCKOT KOTA HIije IPOU3BOJb-
Ha, Beh 3aBucu ox:

TreO0/IOIIKMX YC/I0Ba y IEKUIITY,
- LI€HE MITHEpPA/THE CMPOBUHE,

- cTemeHa uckopuinhema 1 THUIIA IIpUIIpe-
Me (IIpepajie) MUHepaIHe CUPOBIIHE,

- TpOLIKOBA OTKOIIaBamba U TPaHCIIOPTa,

- TPOIIKOBA yIpaB/balba M OTKOINABarba
janmoBumHCKOr Marepujana (OTKPMBKa,
MHTEpCcnojHa 1 MebycnojHa janmoBuHa,
JAIOBUMHCKE CTPYKType Yy HeNpaBuUiI-
HVM PYIHUM TelNMa),

- TEOMETPUjCKMX OrpaHMYerha CTAOMITHO-
CTM KOCHHa.

ITopey HEITOCPETHNUX I'€O/IOUIKUX VM TEXHUYKUX
IapaMeTrapa, Ha IpaHuile MOBPLIMHCKOT KOIa
3HA4YajHO yTU4y 1 crio/bHu dakropu. To yKby-
gyje reorpadcke KapakTepucTyke (peke, I0To-
1u...), nocrojehy mnHppacTpykrypy (myresn,
Tpyre, Hace/ba) 1 €KOJIOIIKA U aIMIHICTPATUB-
Ha orpaHudera. K/byuHo je ma ce 0BU CIO/BHM
(baKTOpY MHTETPULIY Y eKOHOMCKY aHa/IN3Y, jep
Ce MOTEHI[Mja/TH! TPOLIKOBY IJIXOBOT M3Mel-
Tama WM yOIakaBama IPOLelnYjy Y OGHOCY Ha
€KOHOMCKe KOPYCTY Off IPUCTYIIa MYHEPaTHIM
pesepBaMa Koje ce Hajlase VCIOf BbIIX.

EKOHOMCKM BJIOK MOJEJI
N KPUTEPUJYMIM HETO BPETHOCTU

ITponec meduHMCcama TpaHMIIA TOBPIIMHCKOT
KOIIa 3aCHMBA ce Ha KOHCTpYKimju 3D mospum-
Ha Koje IpefiCTaB/bajy KOHTYpe U TpaHulie I1o-
BPILINHCKOT KOIIA, Y OKBYPY €KOHOMCKOT 010K
Mogena. Jlexxumre ce fem Ha MPeXy jeHaKuX
MMHMO/IOKOBA, TIPM YeMy CBaKM O7I0K HOCH II0-
JaTKe O CBOM IIOJIOXKajy M BPETHOCTH, Y3 TIOIITO-
Babe CTAOMIHIX YyI710Ba 3aBpIIHNX KOCMHA.

economic benefit. The problem boils down to
balancing the revenue from mineral resources
with the total costs incurred during mining,
transportation and processing of the ore, as
well as the management of overburden.

DEFINING THE BOUNDARIES OF OPEN-PIT
MINING AND OPTIMIZATION GOALS

The boundary of an open-pit mine is not
arbitrary, but depends on:

- geological conditions in the deposit,
- the price of the mineral raw material,

- the degree of utilization and type of pre-
paration (processing) of the mineral raw
material,

- the costs of excavation and transportation,

- the costs of management and excavati-
on of overburden material (overburden,
interlayer and interlayer overburden,
overburden structures in irregular ore
bodies),

- geometric constraints on slope stability.

In addition to the immediate geological and
technical parameters, the boundaries of an
open pit mine are also significantly influenced
by external factors. These include geograph-
ical features (rivers, streams, etc.), existing
infrastructure (roads, railways, settlements),
and environmental and administrative con-
straints. It is crucial that these external factors
are integrated into the economic analysis, as
the potential costs of their relocation or miti-
gation are assessed against the economic ben-
efits of accessing the mineral reserves beneath
them.

ECONOMIC BLOCK MODEL
AND NET VALUE CRITERIA

The process of defining the boundaries of a
surface mine is based on the construction of
3D surfaces that represent the contours and
boundaries of the surface mine, within the eco-
nomic block model. The deposit is divided into
a network of equal miniblocks, with each block
carrying data on its position and value, while
respecting stable angles of the final slopes.
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Cpaku 010K mobuja (MHAHCHjCKY BPEFHOCT,
Koja ce onpebyje kao pasnuka usmehy mpojek-
TOBaHe ITPOJIajHe IleHe KOPUCHE MIHepaHe CHi-
POBMHE I TPOIIKOBA OTKOIIABarba ¥ IIpUIpeMe
MIHepaHe cMpoBuHe. blIoKoBUM ca MyHepan-
HOM CHPOBMHOM I/[Majy IIO3NTUBHY BpPE€AHOCT
(mpoduT), HOK 6/I0KOBY OTKPUBKE OFHOCHO ja-
JIOBVHE MIMajy HETaTUBHY BPENHOCT (TPOLIAK).

LInp onTummsanyje je mosehame ykynne HeTo
BpenHOCTH (NV) MOBPIIMHCKOT KOIIa, IITO Ce
IOCTIDKe M360pOM CKyIa 67I0KOBa KOjU YMHe
ONTMMAJIHYy KOHTYpY. 3a CBaku 610K ofymy4yje
ce /1a /I je yK/bydeH WIN He, TIPY YeMy ce Mopa
IOLITOBATY K/bYYHO OTpaHMYere: 010K MOXKe
OUTU YK/bYYeH CaMO aKO Cy CBM OJIOKOBM 13-
HaJl ’era, HEOIIXOIHY 3a Ofp>KaBame CTabMII-
HOT yI7Ia KOCVHe, TaKohe YK/by4eH.

OBe 3aBucHoctu wm3Mmely OnokoBa mpen-
CTaBJbajy ce moMohy ,,1ykoBa“ min ,,cTpenmua‘
y rpady, mro omoryhaBa nmpuMeHy anropura-
Ma Teopuje rpadosa. Ha Taj HaumH cmoxeHn
reOTeXHIYKY YC/IOBY IIPEBOJE Ce Y je[JHOCTaB-
He MareMaryuyke OfHOCe, 6amaHcupajyhu us-
Meby npernusHocTy 1 6p3uHe IpOpadyHa.

KOHIIEITT KOE®MIIVMJEHTA OTKPUBKE

KoedunujeHT oTKpyBKe IpefcTaB/ba OZHOC
usMehy KomMdmMHe OTKpMBKe Koja ce Mopa
YKJIOHUTH 1 OfiroBapajyhe Komm4umHe KOpUCHe
MuHepanHe cupoByHe. OH je K/by4HU II0Ka3a-
Te/b NPUPOSHUX M TEXHUIKUX KapaKTePUCTH-
Ka JIOKUIITA, jep ofipakaBa OOMUK, MONOXA]
1 fe6/bMHY PYSHOT Tefa, CBOjCTBA MMHepasHe
CUPOBVHE U OKOJHNX CTeHa, Kao M KOHPUry-
pauujy TepeHa.

Y mpakcy nocToje pasmuuuTy o6y Koedu-
IVjeHTa OTKPUBKe: CpefiblU, KOHTYPHH, Ipa-
HIYHM, TeKYNU ¥ IUTaHCKY, a IIpeMa IIpYMeHN
PasuKyjy ce TeOoNOIKM, eTaXXHM ¥ eKOHOMCKI
koedpuuujeHTn. ToKOM pa3Boja MOBPIIMHCKOT
KoIla KoepMIMjeHT OTKpUBKe OOMYHO pacrTe,
jep ce ca mupemeM M NpOAyO/bUBaEmEM IIO-
BPIIMHCKOT KOIIa Hajyemrhe mpucTyma MuHe-
palHUM CHPOBMHAMa HIDKET KBaluTeTa Y3
Behe kommumHe janmoBuHe. OBa TeHfeHIUja
nosehama IMPEKTHO yTHU4e Ha eKOHOMCKY JC-
IJIATUBOCT €KCIIoaTaluje.
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Each block is assigned a financial value, which
is determined as the difference between the
projected selling price of the useful mineral re-
source and the costs of mining and preparing
the mineral resource. Mineral resource blocks
have a positive value (profit), while overburden
or tailings blocks have a negative value (cost).

The goal of optimization is to increase the
total net value (NV) of the open pit, which is
achieved by selecting a set of blocks that form
the optimal contour. For each block, a decision
is made whether to include it or not, with a key
constraint that must be respected: a block can
only be included if all the blocks above it, nec-
essary to maintain a stable slope angle, are also
included.

These dependencies between blocks are repre-
sented by “arcs” or “arrows” in a graph, which
allows the application of graph theory algo-
rithms. In this way, complex geotechnical con-
ditions are translated into simple mathematical
relationships, balancing between accuracy and
speed of calculation.

CONCEPT OF THE OVERBURDEN
COEFFICIENT

The overburden coefficient is the ratio between
the amount of overburden that must be re-
moved and the corresponding amount of use-
ful mineral raw material. It is a key indicatoSr
of the natural and technical characteristics of
the deposit, as it reflects the shape, position and
thickness of the ore body, the properties of the
mineral raw material and surrounding rocks,
as well as the configuration of the terrain.

In practice, there are different forms of over-
burden coefficient: average, contour, bounda-
ry, current and planned, and geological, bench
and economic coefficients are distinguished
according to the application. During the devel-
opment of an open-pit mine, the overburden
coefficient usually increases, because with the
expansion and deepening of the open-pit mine,
lower quality mineral raw materials are most
frequently accessed with larger amounts of tail-
ings. This tendency for increasing directly af-
fects the economic profitability of mining.
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ITPOI'PAMCKU ITAKETU 3A OIITUMMU-
3AIIN]Y KOHTYPA

ITPEITIEN CIIEUMJAIVI3OBAHMX POTPAMA
KOJM CE KOPVCTE Y PYJAPCTBY

3a onTMMM3aLyjy KOHTypa U IJIAHMPAHe eKC-
Ij10aTanyje KOpucTe ce Crelnjaan3oBaly Mpo-
rpaMcKy nakeTy, Meby kojuma ce usgBajajy:

- Whittle Programming: Ilo3Har 1o cBojum
3D u 4D mopenuMa, KOji Cy U3ajHMPaHN 3a
reHepycarbe ONTUMA/THIX EKOHOMCKMX KOH-
Typa IOBPLIMHCKOT Koma. 4D moper je cro-
cobaH a yrpajy MoTeHIMjaTHe eKOHOMCKe
IpOMeHe TOKOM BPEMEHA, LITO T'a YMHY I10-
TO/IHMM 32 JIyTOPOYHO IIAHMPAK-e eKCIIOa-
TaIyje 1 yOMHCKY aHa/IM3Y OCET/bUBOCTIAL

- Maptek Vulkan: CBeobyxBaTaH Iporpamcku
TIaKeT 32 MOJIe/IMPabe ITOBPIIMHCKIX KOIIOBa.
ITocenyje ¢dnexcubunHy 6asy noparaka Koja
omoryhaBa JieTa/bHy aHa/M3y Cafip>kaja Mu-
Hepa/IHVX CHPOBVHA, GopMIparbe eTaxa I
ONTVMM3ALjy MONPEYHNX Ipeceka. Maptek
Vulkan noppxasa 2D u 3D mopemuparmwe u
Hy/M KOPYCHIYKY IIPUKa3 32 €KOHOMCKY OIl-
tumumzanyjy ca Whittle Pit Optimization.

- Lynx Geosystems (MMS & Micro Lynx+):
Lynx MMS je rpa¢puuky makeT 6asupaH
Ha UNIX pagHmM craHmmama. YKbydyje
Mopyne 3a obpajy M aHaIM3y IIOfIaTaka,
TeOJIOIIKY MHTEPIpeTanyjy, MOMEINpPare
MOBPIIMHCKUX KOIIOBA U IIAHMpAme [u-
HaMUKe IpousBofmwe. Micro Lynx+ mpy»xa
peleme 3a IepCOHa/IHE PadyHape ca MO-
IyIMMa 33 UCTPAXKUBAbe JIEXNUINTA U TOBP-
LIVHCKY eKCIIZIOaTaLjy.

- Micromine: Hymym maker mnporpama Koju
o0yxBaTajy aHa/M3y UCTPAXMBaMba JIEXKMN-
IITa, FEOJIOIKO MOJE/NNpPatbe, OKOHTYpeHe
HOBPLIMHCKOTL KOIIa, KOHTPOTY KBa/lMTeTa 1
reofieTcKe (Mepauke) pajjoBe.

- Datamine Guide System: Kapakrepumie
ra VHTEPaKTUBHO TpaduiIKo OKpyXKerbe
KOje OJaKIlaBa IIPMKa3 ¥ MaHUIYIALUjy
nozanyMa u3 OyImoTuHa, 610K MOfenMa,
2D n 3D wireframe Mogenuma (AUrnTaTHNA
TepeHCKM MOJieN), TadKaMa U U3OJIMHMja-
Mma. [TogpkaBa 3D Mofenupame IeXUIITA,
OKOHTypele IOBPIIMHCKOT KOIla U VHTe-
PaKTVBHO IUTaHUPAbe IPOU3BOJIEbE.

CONTOUR OPTIMIZATION SOFTWARE
PACKAGES

OVERVIEW OF SPECIALIZED PROGRAMMES
USED IN MINING

Specialized software packages are used for con-
tour optimization and mining planning, with
emphasis on the following:

- Whittle Programming: Known for its 3D
and 4D models, which are designed to gen-
erate optimal economic contours for open
pit mining. The 4D model is capable of
incorporating potential economic changes
over time, making it suitable for long-term
mine planning and in-depth sensitivity
analysis.

- Maptek Vulkan: A comprehensive software
package for surface mine modelling. It has
a flexible database that allows for detailed
analysis of mineral content, formation of
layers, and optimization of cross sections.
Maptek Vulkan supports 2D and 3D mod-
elling and offers a user-friendly view for
economic optimization with Whittle Pit
Optimization.

- Lynx Geosystems (MMS & Micro Lynx+):
Lynx MMS is a UNIX workstation-based
graphics package. It includes modules for
data processing and analysis, geological
interpretation, surface mine modelling,
and production dynamics planning. Micro
Lynx+ provides a PC solution with mod-
ules for deposit exploration and surface
mining.

- Micromine: Offers a programme package
that includes deposit exploration analysis,
geological modelling, open pit contouring,
quality control, and surveying.

- Datamine Guide System: Features an in-
teractive graphical environment that fa-
cilitates the display and manipulation of
borehole data, block models, 2D and 3D
wireframe models (digital terrain models),
points, and contours. Supports 3D deposit
modelling, open pit contouring, and inter-
active production planning.

- Surpac Software International: Features a
unique contour data structure that allows
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- Surpac Software International: ITocenyje je-
IMHCTBEHY CTPYKTYPY IIOfaTaKa M30MMHMja
KOja omoryhaBa CBakoj Tauky [ja IPUXBATU
ByIIe arpyuOyTa IofaTaka, omoryhasajyhu
cBeobyxBarHe 3D npesentarnyje. [TogpkaBa
OKOHTYpelbe MOBPIIMHCKOT KOTIa ¥ OfjjIara-
JIIITA, TEONETCKy (MepauKy) MHTepIpeTa-
IVIjy TePeHa, aHa/IN3Y IPOU3BOJIHbE U T/IAHN-
patbe peKyaTuBaLuje.

- Runge Mining (Talpac, XERAS): PasBuja
CHeLyjalu3oBaHe I[AKeTe 3a IUIAHMParbe
IPOV3BO/IIbE, AHAMNM3Y Kalal[UTeTa OlpeMe
(Talpac, 3a xaMyoOHe ¥ MeXaHU3aALNjy) U fie-
Ta/baH MpopauyH Tpouikosa (XERAS), koju
YK/bydyje aHa/IU3y TOp1Ba, THEYMAaTHKa, I10-
TPOLLHMX Y pe3epBHIIX [IeTI0Ba, cBe paheHo
KpPO3 aHa/IN3y TOKa HOBLIa.

- Geovariances International (Multipit): ITpo-
TPAaMCKV IIaKeT [M3ajHMPaH 3a TeoCTaTH-
CTUYKY OITMMM3ALMjy IOBPIIMHCKUX KO-
II0Ba, CIOCOOAH J1a ONTUMM3Yje Ha OCHOBY
Pas3IMUNTX eKOHOMCKUX (QYHKIMja U TeX-
HIYKMX [TapaMeTapa JIeKUIITA.

- Yausepsurer y bBeorpanmy (Pymapcko-reo-
nowky  Qaxynrer): JJompuHeo je passojy
CHMY/ALIOHNMX MOJIeNa 3a KOHCTPYKLVjY
HOBPIIMHCKIX KOIOBA, pokycupajyhn ce Ha
KOMITO3UIINjy €TaKHUX PaBHM U TIOfIeNTy Ha
MMHMO/IOKOBE.

YJIOTA OIIIITUX ITPOTPAMA 3A TABEJIAPHE
[TPOPAYYHE Y OIITVIMM3AIINA

Nako cy cnenujannsosanu codpTsepy Koju ce
KOPUCTe Y PylapCTBY He3aMeH B 32 CBEOOYX-
BatHy 3D onTuMM3anujy BeIUKMX JIEXIIITA,
IpOrpaMM OIIITe HaMeHe OfHOCHO Tabermap-
Ha npopauyHe nonyT Microsoft Excel-a, umajy
3HAYajHY Y/IOTy ¥ PYIapCKOM MHKEEhEePCTBY.

Microsoft Excel je, mto he mokasaru u mpakrtu-
4yaH npuMmep norogaH 3a Lerchs-Grossmann 2D
MOJeTI, jep BberoBa CTPyKTypa omoryhasa:

- jacHO pa3yMeBarbe JIOTMKE aJITOPUTMA,

- peluaBame mpobreMa Mamux pasMmepa u
aKa/ieMcKux (06pa3oBHMX) IpUMeDa,

- IpUIIPEMY U yIpaB/baibe MOJalNMa,

- TpaHCIapeHTHO npaheme 1 mpoBepy Mpo-
padyHa.
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each point to accept multiple data attrib-
utes, enabling comprehensive 3D presenta-
tions. Supports open pit and dump con-
touring, surveying, production analysis,
and reclamation planning.

- Runge Mining (Talpac, XERAS): Develops
specialized packages for production plan-
ning, equipment capacity analysis (Talpac,
for trucks and machinery) and detailed
costing (XERAS), which includes analysis
of fuel, tires, consumables and spare parts,
all monitored through cash flow analysis.

- Geovariances International (Multipit): A
software package designed for geostatisti-
cal optimization of open pit mines, capable
of optimizing based on various economic
functions and technical parameters of the
deposit.

- University of Belgrade (Faculty of Mining
and Geology): Contributed to the devel-
opment of simulation models for the con-
struction of open pit mines, focusing on
the composition of floor planes and the di-
vision into miniblocks.

THE ROLE OF GENERAL SPREADSHEET
PROGRAMMES IN OPTIMIZATION

Although specialized software used in mining
is indispensable for comprehensive 3D opti-
mization of large deposits, general-purpose
spreadsheet programmes such as Microsoft Ex-
cel play a significant role in mining engineer-
ing.

As shown in a practical example, Microsoft

Excel is suitable for the Lerchs-Grossmann 2D
model, because its structure allows for:

- clear understanding of algorithm logic,

- solving small-scale problems and academic
(educational) examples,

- data preparation and management,

- transparent monitoring and verification of
calculations.

Microsoft Excel cannot, on the one hand, re-
place specialized mining programmes, but
on the other hand, it is a valuable tool for
teaching and preliminary analysis, connect-
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Microsoft Excel He MOXe ca jeHe CTpaHe 3aMeHN-
TU CIeLMjaTN30BaHe IPorpaMe y pyAapCTBy, am
ca Jipyre CTpaHe IPeJICTaB/ba BPeaH ajarT 3a Io0-
IydJaBarbe Vi IpeVMIHAPHe aHa/3e, ToBe3yjyhn
TeOpMjCKe NPUHLIMIIE Ca TPAKTMYHOM IIPYMEHOM.

IMPVMHIWIT MOJEIA
LERCHS-GROSSMANN 2D

Lerchs-Grossmann anroputam (Hactao 1965.
rofiMHe) IpefcTaB/ba MeTofh 3a oppebhnBame
ONTUMA/JHMX KOHTYpa IIOBPIIMHCKOI KOIIa.
Iberos npuHINII ce 3acHMBA Ha:

1. Tlopmena nexxuira Ha OTOKOBE y MpeXMu
(2D wnm 3D).

2. [lopmepuBamy €KOHOMCKE BPEJHOCTU CBa-
KOM 0710Ky (IIpUXo0f; Off MUHEpajHe CUpPO-
BIJIHE YMambeH 3a TPOIIKOBE OTKPUBKeE).

3. TlocTaBpamy OorpaHNyera CTAOMIHOCTI —
610K ce MOYKe eKCIIZIOaTICaTH CaMO aKo Cy
YKITOIEHM CBY O/IOKOBY MI3HAJ] FbeTa.

4. Tlpumenm Teopuje rpadoBa, JEKUIITE Ce
Mofienyje Kao ycMepeH rpad, rie 4Bopo-
BU IIpEfiCTaB/bajy O7I0KOBe, a TpaHe Ipef-
CTaB/bajy 3aBUICHOCTI.

5. IlpoHanmakewmy MaKCUMAJIHOT IOATpPa-
da koju MakcuMmmsyje CymMy HO3UTMBHUX
BPEHOCTH, IITO JeduHMIIe TPAHUITY OII-
TUMa/IHOT ITOBPIIMHCKOT KOIIa.

OCHOBHE ITPETIIOCTABKE U
MATEMATUYKIM KOHIJEIIT

Anropuram Lerchs-Grossmann je MeTofa 3a ofi-
pebuBarme onTuManHe KOHType IOBPIIMHCKOT
KOIIa, 3aCHOBaHa Ha €KOHOMCKOM OJI0K Mozierry
nexmTa. CBakoM O/IOKY HOfie/byje ce Bpen-
HOCT (TpoduT 1 Tpolak), fobujeHa Kao pas-
nuKa n3Meby npuxopa of MuHepaHe CHPOBIHE
M YKYIHUX TPOIIKOBAa eKCIUIOaTaljije 1 IpHu-
IpeMe MIHepaHe cupoBuHe. [Iup anropurma
je ImpoHajIaXKee KOHType MOBPLIMHCKOT KOIIa
Koja 06e36ehyje MakcuManHy HETO BpERHOCT
Y3 MOIITOBabe TeOTEXHIYKIX OTPaHIYeha, [I0-
ceOHO CTaOMTHMX YI/IOBA KOCHHA.

IIpegnoct Lerchs-Grossmann metoge je y ra-
paHIMju Ja JoOujeHa KOHTypa IpeicTaB/ba

ing theoretical principles with practical ap-
plication.

PRINCIPLE OF THE MODEL
LERCHS-GROSSMANN 2D

The Lerchs-Grossmann algorithm (developed
in 1965) is a method for determining the opti-
mal contours of an open pit mine. Its principle
is based on:

1. Dividing the deposit into blocks in a grid
(2D or 3D).

2. Assigning an economic value to each block
(revenue from the mineral resource minus
discovery overburden costs).

3. Setting stability constraints — a block can
only be mined if all blocks above it are
removed.

4. Applying the graph theory, the deposit is
modelled as a directed graph, where nodes
represent blocks and branches represent
dependencies.

5. Finding the maximum subgraph that
maximizes the sum of positive values,
which defines the boundary of the optimal
open pit mine.

BASIC ASSUMPTIONS AND MATHEMATICAL
CONCEPT

The Lerchs-Grossmann algorithm is a method
for determining the optimal contour of an open
pit mine, based on an economic block model
of the deposit. Each block is assigned a value
(profit or cost), obtained as the difference be-
tween the revenue from the mineral resource
and the total costs of mining and preparation of
the mineral resource. The goal of the algorithm
is to find the contour of the open pit mine that
provides the maximum net value while com-
plying with the geotechnical constraints, in
particular stable slope angles.

The advantage of the Lerchs—Grossmann meth-
od is that it guarantees that the resulting con-
tour represents an absolute mathematical max-
imum, i.e. no block can be added or left out in
order to increase the profit.
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alCOMyTHY MaTeMaTU4KM MAaKCUMYM, TO jecT
HIjeflaH 670K ce He MOXKe JOfATU WM M30CTa-
BuTH fia 61 ce mopatHO nmoBehao mpodur.

Y Lerchs-Grossmann 2D Mopeny mnpobiem ce
CBOOII Ha HOHpe‘-IHI/I HpeCCK JIeKUIIITA, HPI/I
4eMy je K/byd4aH IIapaMeTap yrao 3aBpIIHE
kocuHe (Pz), IOBe3aH ca OJHOCOM AMMEH3Uja
6moka (p):

In the Lerchs-Grossmann 2D model, the prob-
lem is reduced to the cross-section of the de-
posit, where the key parameter is the final slope
angle (pz), related to the block dimension ratio

(p):

p—b— anf.

Ife cy:
h - Bucuna 6moka [m];
b - mmpuHa 610ka [m].

BucnHa 6110ka ce Hajuernhe y3uma Kao BUCHHA
eTaxe (y IpaKTMYHOM IIPUMepY 5 MeTapa), JOK
ce ocTasne guMeHsuje oxpebyjy npema TexHoso-
TUj/ Pajia X TYCTUMHY UCTPAKHMX ITOJaTaKa.

MMPOLIENYPA PAJA LERCHS-GROSSMANN 2D
AJITOPUTMA

[Tpouenypa pama Lerchs—Grossmann 2D anro-
puTMa 3a ofpehuBame ONTMMaTHMX KOHTYpa
MOBPIIMHCKUX KOIIOBA 3aCHMBA C€ Ha KpUTe-
PUjyMy ONTHMMAaTHUX eKOHOMCKNX edekara 1
HoJie/beHa je y TpM ITIaBHe dase.

dasa 1: Yrephusame uncror npogura cpa-
Kor 6/10Ka.

IIpetnocTaBka MeTOf€ je a ce IpOodUT MoXKe
IPUIICATY CBAKOM O/IOKY II0CeOHO, Kajia ce OH
npoBefie Kpo3 cBe (ase MPOU3BOAHE 1A Ce Off
BPeIHOCT TOTOBOT IIPOM3BOZA OROMjy YKYII-
HJ TPOIIKOBI. [l0 ONTMMa/IHE IpaHIYHe AyOu-
He IIOBPIIMHCKOT KOIIa IIpeKo Ipo¢uia fona-
31 Ce IIOCTYIIKOM KOjJ je TIOfie/beH y Tpu dase.
Y mnpBoj ¢asm ce, HAKOH [VIMEH3VMOHNUCaIbA
6710ka, yrBphyje umcT mpodur cBakor 610Ka
IONIPEYHOT Ha OCHOBY IbeTOBe TEXUHE, IpK
YeMy je HeraTMBHA BPEJHOCT jeHaKa TPOLIKY.
Ha npumep, BpegHOCT 6710Ka (an) usHocu [3]:

where:
h - block height [m];
b - block width [m].

The block height is generally taken as the height
of the floor (in the practical example, 5 metres),
while the other dimensions are determined ac-
cording to the work technology and the density
of the exploration data.

OPERATION PROCEDURE OF
THE LERCHS-GROSSMANN 2D ALGORITHM

The operation procedure of the Lerchs-Gross-
mann 2D algorithm for determining the opti-
mal contours of surface mines is based on the
criterion of optimal economic effects and is di-
vided into three main phases.

Phase 1: Determining the net profit of each
block.

The assumption of the method is that profit can
be attributed to each block separately, when it is
applied in all stages of production and the total
costs are deducted from the value of the finished
product. The optimal depth limit of the surface
mine across the profile is reached by a process
divided into three phases. In the first phase,
after the block is dimensioned, the net profit of
each transverse block is determined based on its
weight, with a negative value equal to the cost.
For example, the value of block (Vi,j) is [3]:

_ T‘C'S'P;J

if

I7ie Cy:
T - TexxuHa 6710Ka [t];
C - mpopajHa [jeHa MUHepaTHe CUPOBM-
He W KoHLeHTpara [RSD, €, ...];
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where:
T - block weight [t];
C - selling price of mineral raw materi-
al or concentrate [RSD, €, ...];
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S - creneH uckopuinhema y npumnpe-
MM MUHepaJIHe CUPOBIHE;

P, - mponenar MeTana y 610Ky;

K - xBajmreT MuHepalHe CHUPOBUHE
VIV KOHL[EHTpara.

3a mapamerpe S, P, n K ymncyje ce penmmansa
BpeMHOCT y pacniony of, 0 mo 1. Ako Hema nipu-
IIpeMe MUHepajHe CUPOBMHE, OFHOCHO HIje
OutaH mpoueHaT KopucHe KommoHeHTe (K)
ycBaja ce 1. ITomoxxaj cBakor 6710ka oppeben
je HyMepM4KUM cucTeMoM rpe (i) mpezncrasiba
6poj pena, a (j) mpexcTa/ba 6poj KOMOHe.

TenepaiHo, BpeHOCT 6/10Ka ce CBOAY HA IIPO-
¢buUT MUHYC TPOIIKOBY eKCIUIOATalyje 1 IIpe-
pape (mpurpeMe MIHEpaTHe CPOBIHE).

ITocne nspadyyHaBama IOYETHUX BPEAHOCTH 3a
cBaKM 070K, 3a CBaKy KOJIOHY Ce BPIIM pady-
Hame KyMy/IaTUBHE BPETHOCTU IPOPUTa, IpK
4eMy ce BPeHOCTH CBAKOT 6JI0Ka y KOJIOHM J10-
Zaje BpegHOCT NpeTxofHor 6oka. OBa cabpa-
Ha BpeJHOCT II0CTaje HOBA BPEHOCT 3a ITOCMa-
tpanu 671ok. Ha kpajy oBe dase gonaje ce pen.

[Ipecek jemHOr €KOHOMCKOT O/I0OK Mofiena ca
KyMY/TaTVBHMM CyMaMa (IIPaKTUIHM IIpUMep)
IpyKasaHa je Ha cmny 1.

S - degree of utilization in the prepa-
ration of mineral raw material;

P, - percentage of metal in the block;

K- quality of mineral raw material or
concentrate.

For the parameters S, P, and K, a decimal value in
the range from 0 to 1 is entered. If there is no prepa-
ration of mineral raw materials, i.e. the percentage
of useful component (K) is not important, 1 is
adopted. The position of each block is determined
by a numerical system where (i) represents the row
number and (j) represents the column number.

In general, the value of a block is reduced to
profit minus the costs of mining and process-
ing (preparation of the mineral raw material).

After calculating the initial values for each
block, the cumulative value of profit is calcu-
lated for each column, whereby the value of
the previous block is added to the value of each
block in the column. This summed up value
becomes the new value for the observed block.
At the end of this phase, a row is added.

A cross-section of an economic block model
with cumulative sums (a practical example) is
shown in Figure 1.

1 4 4 4 4 4 4 4 4
2 4 | T 7 7 7 4
3 i | 7 7 7 7 i
4 4 | T 7 7 7 T
5 -4 4 5 7 7 7 7 7
3 4 4 4 4 4 7 7 7
I -1 -1 0 0 0 -4
8 4 5 5 5 5 5
9 ! i 4 | il

4 4 4 4 4 4 4 4 n

7 4 7 1 7 7 7 7 1 4

7 7 7 7 7 : H 1 4

3 3 3 4 4 4 4 4 4 4

0 0 4 4 4 7 7 4 4 | 4

7 7 7 7 7 7 4 4 4 4
4 1 3 3 1 1 1
5 5 5 4 4 4 4
L 1 4 4 1

Cnuxa 1, IIpecex exonomckoi 6710Ka Mogena ca KyMynamiueHum cymama
Figure 1, Cross-section of an economic block model with cumulative sums

Y Tabemu 1 mpukasaH je Ipolec M3padyHa-
Bama KyMY/JIaTHMBHE BPEJHOCTU Ipodura 3a
0/10kOBe YHYTap jefiHe KOJNOHE (j=6) eKOHOM-
ckor 610k Mopena. ITpukasyje kako ce mpaBsa
BPETHOCT CBAKOT 0/10Ka CYKIIECMBHO [Ofiaje
KYMY/IaTUBHO] BPEJHOCTV IPETXOJHOT 6/10Ka
y UCTOj Kononu. Ibena BpeHOCT je y TOMe IITO
jacHO IpuKasyje Kako ce TpaHCGOPMUILY I10je-
IMHAYHEe BPEJHOCTY O/I0KOBA y KyMy/IaTVBHe

Table 1 shows the process of calculating the
cumulative value of profits for blocks within a
single column (j=6) of an economic block mod-
el. It shows how the true value of each block is
successively added to the cumulative value of
the previous block in the same column. Its val-
ue lies in the fact that it clearly shows how the
individual values of the blocks are transformed
into cumulative sums, which is a key prereq-
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CyMe, LITO je K/bYYHU IPENYyCIOB 32 HapemHe
¢ase anropurma Lerchs-Grossmann.

uisite for the subsequent stages of the Lerchs-
Grossmann algorithm.

Tabena 1, IIpoyec uspauyrasarba KymynaiiusHe 8pegHOCIliU KOJIOHE j=6
Table 1, Process for calculating the cumulative value of column j=6

Pen |IIpaBa BpegHOCT 6710Ka KymynarusHa BpegHOCT 6710Ka
Row Actual block value Cumulative block value
i=1 -4 -4

i=2 7 3=-4+7

i=3 7 10=-4+7+7

i=4 7 17=-4+7+7+7

i=5 7 24=-4+7+7+7+7

i=6 7 31=-4+7+7+7+7+7

i=7 0 31=-4+7+7+7+7+7+0
i=38 5 36=-4+7+7+7+7+7+0+5
i=9 -4 32=-4+7+7+7+7+7+0+5-4

[To ucroM npuHUMIY Kao 3a KOJOHY (j=6)
padyHajy ce KyMy/JIaTMBHe BPEJHOCTM 3a CBe
ocTae konoHe. Kajja ce 3a cBe KOJIOHe 3aBpIIN
padyHame KyMy/JIaTMBHE BPeJHOCTH JIofiaje ce
pen i = 0, xoju cagpxu 61okoBe BpegHOCTY 0
(cnuxka 2).

Following the same principle as for column
(j=6), cumulative values are calculated for all
other columns. When the cumulative value
calculation is completed for all columns, row i
= 0 is added, which contains blocks of value 0
(Figure 2).

o 0 0 0 0 0 o ] 0 0
1 -4 -4 4 4 4 4 2 B 24
2 4 12 12 12 -1 2 12 28 36
3 12 - - M 2 9 d 4 a6
4 6 -2 -3 0 7 15 34 58 &7
5 20 | -3 -a8 fo-16 17 41 |12 B
B 24 44 -Gl 63 -27 4 48 7 B8
-28 52 r2 w47 -7 3 M B4
B 32 | 80 B4 R - T I -
9 ¥ 68 9% 111 7B 37 10 61 T

110

0 0 0 0 0 0 0 0 0 0
45 T %2 112 121 141 151 154 157 153
B0 95 116 125 145 155 158 161 1% 157
4 113 133 142 152 151 154 164 165 153
114 123 143 141 150 146 165 177 161 149
121 13 145 144 153 170 182 173 157 141
138 137 153 151 168 180 176 169 149 133
16 136 153 159 171 1% 174 161 141 1N
131 141 158 155 167 172 186 158 19 109
137 137 154 151 1599 154 158 141 117 93

Cnuka 2, M3pauynama Kymyniamuena 8peOHOCH 3a c8e KOOHe U 0ooamu peo i=0
Figure 2, Calculated cumulative value for all columns and added row i=0

®asza 2: Popmupame KyMyIaTBHe BpegHO-
CTH 32 1710 JIeKMIITE.

Y oBoj ¢asu, mspauyHaBa ce KyMyIaTHMBHM
npodur no konoxama (M, ) Ha 0OCHOBY uspasa

[3]:
M‘J=Z Mg.i»
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Phase 2: Formation of cumulative value for
the entire deposit.

In this phase, the cumulative profit is calculated
by columns (Mi,j) based on the expression [3]:

zaq=l, 2, ..., i
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Tabena 2, IIpuxas Gpunyuila Gopmuparea KyMynaitiueHUX 6pegrociiu
Table 2, Presentation of the principle of formation of cumulative values

Omnc Wnycrpanuja
Description Mlustrations

[Tpouec mounme o 61oka B (1,1) (i=1, j=1).
The process starts from block B (1,1) (i=1, j=1).

AHanusnpajy ce oKonHY 6710KOBU KOju ce ¥ ofHOCY Ha 6110k B (1,1) Hamase:
rope neBo 6710k B (0,0),

neso 6mox B (1,0)

nore n1eBo 610k B (2,0).

The following surrounding blocks are analyzed,

being located in relation to block B (1,1):

upper left block B (0,0),

left unit B (1,0) and

lower left unit B (2,0).

Op ananusupanux 6710koBa 6upa ce oHaj ca Hajsehom BpegHouthy B (0,0).
HberoBa BpegHOCT ce cabupa ca BpegHouthy moderHor 6moxa B (1,1).
Osa 36mpHa BpefHOCT ce ymucyje y 610k B (1,1) ymecTo merose
opuruHanHe BpegHocty. V3 6moka B (1,1) mpra ce cTpenniia ka 670Ky ca
HajBehom BpenHoIIhy.

From the analyzed blocks, the one with the highest value B (0,0) is selected.
Its value is added to the value of the initial unit B (1,1).

This sum value is written to block B (1,1) instead of its original value. An
arrow is drawn from unit B (1,1) to the unit with the highest value.

OBa aHajIM3a ce HACTaB/ba 3a OCTajIe 6IOKOBE
Y KOJIOHHU, a 3aTUM Ce ILIe0 IIpOoIec CIPOBOAY
3a CBaKy HapefgHy KOJIOHY (ca /ieBa Ha Jiec-
HO). Ha Taj HaumHu ce fobuja KymynaTuBHa
BPEJHOCT 3a 1e/I0 JIeXKUIITE, a CTPENIie 110-
Ka3yjy mpasBlje IpyXama 610okoBa ca Behum
cajp)kajeM KOpucHe KOMIOHeHTe (Tabema 2
U cIuKa 3).

This analysis is continued for the remaining
blocks in the column, and then the entire pro-
cess is carried out for each subsequent column
(from left to right). In this way, a cumulative
value is obtained for the entire deposit, and the
arrows show the directions of the blocks with a
higher content of the useful component (Table
2 and Figure 3).

N o, 0y Oy Oy Oy 0 0 0 0O ¢ ¢ 0 0 0 ©0 0 0 0 @
A T e S B
1 4 4 4 4 4 4 2 -] M 31 45 e 112 121 I1]. 151 .1.5'1 157 =153
'\ .

'\::;: 129> 12y 13 2%, 12% 28 ¥ %" 9% 80% % "/ns“’f 25% 145 sst\raﬂ 1% 157
 EETTETM T R PR /45* ¥ ma‘/ 139133 % 1028 1526 151 554 153
3 AN RSTINTN AL LT .r “

B 16,0 25 w0 T 155,45 53‘,5?‘, ¥ ez 143% 141150 148 sa 161

T 20w T w g 174 41 % 72 ¥ 81 M 101X 121 130% 146 4 144% 153% 170 ;az,;\m 151"\;-11
o RN RN P «88 1088 1284137 £ 1538 151" 1685 180§ 1780 "‘1-19:‘\‘133
1 NI T E RS w‘/ 105 126 1% 153% 159 1714 1769174 1{51“1-11 121
: 26 ‘\'_ﬂ‘\ -"N ‘\22‘\ -\'?l 898110 /13 "Xlli !ﬁ(lﬁ 67 1?2‘\\155 .1.53 129 10‘9
B Wy 60 Bl D5y 58 v\ -\

a3 35 ™~ 68 ‘\'-"}_" -1 11‘\ T8 ‘\ '\ '\ ‘\ *\ 21\13;‘\ 15!.5‘\ ‘\1 11?‘\53

Cnuxa 3, VIspauynailia KymynamiueHa 8pegrocili 3a Ueno siexcuniiie
Figure 3, Calculated cumulative value for the entire deposit
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®asa 3: OppehuBame onTMManHe KOHType
MOBPIIMHCKOT KOIa.

Y nmocnenmwoj pasy M3padyHaBa ce MaKCUMa/THU
npodut (Pi,j) T10 Heke Moryhe KOHType IOBpIINH-
CKOT KOITa KOji1 YK/by4yje 670K (i, j) Kao rpaHmd-
HI e/IeMeHT, MOXKe Ce IIPEACTaBUTH 13pasoM [3]:

Phase 3: Determining the optimal contour of
the open pit.

In the last phase, the maximum profit (Pi’j) is cal-
culated up to some possible contour of the open
pit that includes block (i, j) as a boundary element,
which can be represented by the expression [3]:

P =M+ Max, (P j.1)

Kako jer = -1, 0, +1, OMoryhaBa ce ysuMame
OHOT' KyMy/IaTMBHOT mpoduTa 13 Konoxe (j-1)
Koju je MakcuMmainaH. Iomro ce ycBoju Bpen-
HOCT 3a (1), mpaBalj IpeMa Tako feUHICAaHOM
610Ky ce o3Hauy nprunoM. IIpatehn npasie
OITVMAJIHOT TpOU/Ia jeFHOCTABHO Ce J0/a3Nn
JIO ONTMMAaJIHe KOHTYype MOBPLINHCKOT KOIIa Ha
npoduity u berose rpanndHe ny6mHe. [lomro
ce yropepe 1 yCK/Iajie CBM IOIPeYHN Ipoduin
JIOKUILTA I0a3M Ce 1O HajBepOBaTHMUjeT OITH-
MaJTHOT Y3[Iy>KHOT TpO(NIa, a 3aTUM U IO OIl-
TYMaJIHe KOHTYpe IOBPIINHCKOT KOIIa.

Ha ocHOBY rope 13HeTOr, aHaIM3Mpajy ce 6710Ko-
BI Y IIpBOM peny (i=1), ¢ lecHe Ha JIeBY CTpaHYy,
ca LWbeM HajlaKerma OHOI ca HajsehoM Bpep-
Howhy. Harprane crpemue ynyhyjy Ha apyrn
6710k ca fiecHe cTpaHe (komoHa j = 18, peni =1,
ca BpegHotuhy +157). OBaj 6110k je ipBu koju he
6uty 3axBaheH 3aBPIIHOM KOHTYPOM ca JecHe
crpane. [IpahemeM mpaBaia cTpenuia of 0BOT
6710ka Hagjasbe, KoOMja ce ONTMMAIHA KOHTYpa
noBpiHCKor Koma (cmmka 4). Kymynatusha
BPEHOCT OBOT O7I0Ka 3aIIpaBoO IIPECTaB/ba YKY-
IIaH [IPVXOT 32 ONTUMAIHY KOHCTPYKLIVY.

Sincer=-1,0, +1, itis possible to take the cumu-
lative profit from column (j-1) that is maximal.
After the value for (r) is adopted, the direction
towards the block thus defined is marked with
a dash. By following the directions of the opti-
mal profile, the optimal contour of the open pit
on the profile and its limiting depth are sim-
ply reached. After comparing and matching
all the transverse profiles of the deposit, the
most probable optimal longitudinal profile is
reached, and then the optimal contour of the
open pit.

Based on the above, the blocks in the first row
(i=1) are analyzed, from right to left, with the
aim of finding the one with the highest value.
The drawn arrows point to the second block
on the right (column j = 18, column i = 1, with
the value +157). This block is the first to be
affected by the final contour on the right. By
following the directions of the arrows from this
block onwards, the optimal contour of the open
pit is obtained (Figure 4). The cumulative value
of this block actually represents the total reve-
nue for the optimal design.
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Cnuxa 4, Ogpehusarve outtiumMante KoHilype HOBPUUHCKOT KOTA
Figure 4, Determining the optimal contour of an open pit

Lerchs-Grossmann MeTOJia je IPBOOUTHO pasBuje-
Ha Kao rpairdka 2D MeTozia 3a pyuHy ynoTpeby
Ha BepTUKAIHIM Ipeceryma. OBako TpaHchop-
MIicaH 6710k Moyier oMoryhasa jobujare cymapHe
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The Lerchs-Grossmann method was originally
developed as a graphical 2D method for man-
ual use on vertical sections. The transformed
block model allows obtaining a summary value
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BPETHOCTH 3a Ie0 MPOCTOP OTKOIIaBama, cabu-
pajyhu camo BpemHOCTH y 6/I0KOBMMA KOjI JIEXKe
Ha TPaHNYHOj IMHMUjY (TIOBPIIN) KOTIA.

MNPENJHOCTU 1 OTPAHNYEIHA
LERCHS-GROSSMANN 2D MOJEJTA

[Tpepnoctu. [IBomymensuonanuu Lerchs-Gros-
smann MOfeN ¥Ma 3HayajHe IPEJHOCTH Yy Ofi-
pebenum curyanyjama. Ilpe cBera, jemHOCTaBaH
je 3a Iporpammpame 11 pasyMeBame y nopebhemwy
ca cnoxxeHujuM 3D MopienmMa. YIipaBo Ta jegHo-
CTaBHOCT T'a YVHY TIOTOIHMM 32 0Opa3oBHe CBp-
Xe 1 3a WIyCTpaLMjy OCHOBHMX NIPUHIUIIA OIITH-
MM3alije KOHTYpa IOBPIIMHCKOT Koma. Mogen
omoryhasa 11 iedyHICabe MYHVMATHVX JVIMEH-
3uMja [jHa TIOBPIUVHCKOT KoIa, yBogehu gomaTHa
orpaHMyera Kajia je morpe6bHo. Vcropujcku rie-
aHO, ’eroBa rpaduyka npypona omoryhmna je
PY4YHy IpUMMEHY Ha BEPTMKA/IHUM IIpeceliuMa,
IITO je MMaJIo MoceOaH 3Hayaj Ipe Hero IITO je
PpadyHapCcTBO IOCTaJIO IVMPOKO JOCTYIIHO.

Orpanndena. Vnak, Lerchs-Grossmann 2D mo-
el TIpefCTaB/ba IIOjeJHOCTAB/bEHE PEeaTHOT
crama Ha TepeHy. OH IofpasyMeBa yjeqHade-
HO JIOKMIITE 10 IPYXKamy, IITO je PeTKO CIy4aj
y mpakcu. 360r Tora He MO)Ke y IOTITYHOCTH i
00yXBaTy TPOAVIMEH3MOHAIHE 3aBUCHOCTI Meby
07I0KOBVIMA ¥ 4eCTO He fiaje I7T06a/THO ONTIMAII-
HO pelllelbe 3a CTI0XKeHa pyAHa Tenma. Tako, Ha
HpyMep, MeTola KOHyca, MAKO jeHOCTaBHA 3a
IPVIMEHY, 4eCTO JJOBOAM IO KOMIIPOMMCA: IIPO-
¢uTabunHy G7I0KOBM MOTY OCTAaTV M3BaH KOH-
Type, a HenpopuTabwIHM 67I0KOBY MOTy OUTH
YK/by4deHU 300T TEXHIYKIX OrpaHndema. Takobe,
2D npucTym He ycrieBa ia IOBEXKe pas/duTe fie-
JIOBE JIKUIITA aKO Ce OHM IIOCMATPajy OfIBOjeHO.

Ca pasBojeM padyHapcKe TEXHUKE, OTpaHNYeba
TponuMeH3noHanHor Lerchs—Grossmann anro-
putMa cy npepasubena. [Janac mocroje 6pojuu
CIleNVjaln30BaHy IIPOTPaMCKU IAKEeTH 3aCHO-
BaHU yIIpaBO Ha 0BOj METOMM, Ca Ay TOMaTCKUM
aHa/M3aMa eKOHOMCKe OCeT/bMBOCTH ¥ Moryh-
Horhy o6paze Benmkor 6poja 61okoBa.

IMTPAKTMYAH ITPVIMEP

3a IpaKTH4aH IpUMep y3eT je jefaH mpodui ca
JIeXXUIITa Kepamuyke riauHe ,, [Ipen xox Jlasa-
peBla, Ha koMe npenysehe ,, Komybapa-Ipabe-

for the entire excavation area, summing only
the values in the blocks lying on the boundary
line (surface) of the excavation.

ADVANTAGES AND LIMITATIONS OF
THE LERCHS-GROSSMANN 2D MODEL

Advantages. The two-dimensional Lerchs—
Grossmann model has significant advantages
in certain situations. First of all, it is easy to
program and understand compared to more
complex 3D models. It is precisely this simplic-
ity that makes it suitable for educational pur-
poses and for illustrating the basic principles of
surface mine contour optimization. The model
also allows for the definition of minimum di-
mensions of the bottom of a surface mine, in-
troducing additional constraints when neces-
sary. Historically, its graphical nature allowed
for manual application on vertical sections,
which was of particular importance before
computers became widely available.

Limitations. However, the Lerchs—Grossmann
2D model is a simplification of the real situation
in the field. It assumes a uniform deposit along
the strike, which is rarely the case in practice.
Therefore, it cannot fully capture three-dimen-
sional dependencies between blocks and often
does not provide a globally optimal solution
for complex ore bodies. For example, the cone
method, although simple to apply, often leads
to compromises: profitable blocks may be left
out of the contour, and unprofitable blocks may
be included due to technical limitations. Also,
the 2D approach fails to connect different parts
of the deposit if they are viewed separately.

With the development of computer technol-
ogy, the limitations of the three-dimensional
Lerchs-Grossmann algorithm have been over-
come. Today, there are numerous specialized
software packages based on this method, with
automatic economic sensitivity analyses and
the ability to process a large number of blocks.

PRACTICAL EXAMPLE

A practical example is taken from a profile
from the ceramic clay deposit “Dren” near La-
zarevac, which is mined by the company “Kol-
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BrHap“ 1.0.0. Jlasapesan n3 JlasapeBua Bpiin ubara-Gradevinar” d.o.0. Lazarevac from Laza-
€KCIIJIOaTaLujy. revac.

Kpeuparme  Tabere/mMarpuiie  eKOHOMCKIUX Creating a table/matrix of economic values of

BpepHocTn 610KoBa (cmmka 5). Y rabmmyy/ blocks (Figure 5). The values of the blocks are
MaTpHUIfy e yHOCe BpeHOCTH 670K0Ba (Hera- entered into the table/matrix (negative values
TUBHE BPEHOCTH IPE/ICTaB/bajy O/OKOBe ca represent blocks with a loss, positive values
TyOUTKOM, IOUTHBHE Ca JOOUTKOM). 3aTum ce with a profit). Then, the boundaries for condi-
yerocTase rpaniie 3a yOTOBHO Gopmatiparse tional formatting are established that highlight
Koju MCTHdy HajnosutiBHMje GroKoBe (y mpu- the most positive units (in the example -4 is the
Mepy -4 je majmami, a 7 je Hajsehu mpocur). smallest, and 7 is the largest profit). The width
Illupuna 61oxa je 10 Metapa, a BucuHa (jexHa- of the unit is 10 metres, and the height (equal to
Ka IIPOjeKTOBAaHOj BUCHHE eTaKe) 5 MeTapa. the designed floor height) is 5 metres.

Cnuxka 5, Tabena/mattipuy,a eKOHOMCKUX 8pegHOCITIU 6710k064
Figure 5, Table/matrix of economic values of blocks

TaGena/MaTpuLa KyMy/IaTUBHOT 361pa 110 pe- Table/matrix of cumulative sum by rows (Fig-
nosuma (cmuka 6). Y hemujy Cl4 yHocumo ure 6). Into cell C14 we enter “=C3”. This for-
,=C3 OBa (opMyna ce KOIMMpa ¥ MOB/IAYN mula is copied and dragged to the right and
JIeCHO U Jio7Te IOK ce He nomyHu omicer D14:U14. down until range D14:U14 is filled.

3atum ce y hemujy C15 ymucyje ,=C14+C4% Then we enter “=C14+C4” into cell C15 and
a oBa opMy/Ia ce MOBMAYM (KOMMpPa) AECHO I this formula is dragged (copied) to the right
[io7Ie JIOK ce He momyHu omcer C15:U22. and down until range C15:U22 is filled.

21 -
17 4

Cnuxa 6, Tabena/matmipuya KymynawueHol 36upa io pegosuma
Figure 6, Table/matrix of cumulative sum by rows

Ta6ena/maTpuifa 06padyyHaTOr KyMY/aTUBHOT The table/matrix of the calculated cumulative
npoduta (cnuka 7) ce uspabhyje (o6pauynasa) profit (Figure 7) is created (calculated) from
Off 7eBe Ka JiecHOj cTpanu. Hajmpe ce mopaje left to right. First, a row is added (in the ex-
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pexn (y mpuMepy To je pex 25) ca BpefHOCTUMA ample, row 25) with the values 0 (in the range
0 (y omcery B25:U25), a 3atum u konona B (y B25:U25), and then column B (in the range
omcery B25:B34). B25:B34).
Y hemnjy B26 ynocumo ,,=C14“ (mpeHomreme In cell B26, we enter “=C14” (transfer of values,
BPEHOCTH, NIPBU pefi Apyre Tabene/Marpurie the first row of the second table/matrix is the
KyMYJIaTUBHM 30Mp IO pefoBuMMa). 3aTUM ce cumulative sum by rows). Then this formula is
oBa (popMy/a mopaun (Kommpa) Ay>X KOJIOHe dragged (copied) along column B in the range
B y oncery B27:B34. B27:B34.
Y hemjy C26 ymicyjemo ,,=C14+MAX(B25:B27) In cell C26, we enter “=C14+MAX(B25:B27)".
OBa ¢opmyna ce mosmaum (Kommpa) pec- This formula is copied to the right and down
HO U Ji0/Ie [0 IPETIOCNIeNbEr pefia y OIICery to the penultimate row in the range C26:U33.
C26:U33.
In the last row in the table, i.e. in cell C34, we
Y nocnenmweM peny y Tabenn, ogHOCHO Y he- enter “=C22+MAX(B33:B34)”. This formula is
mmjy C34 ynucyjemo ,=C22+MAX(B33:B34)“ then copied along row 34 in the range C34:U34.
3aTum ce oBa popMya moayn (Komympa) gyx
pena 34 y oncery C34:U34. The opening point, ie. the boundary of the
surface mine, is shown in cell W26. This is
Tauka oTBaparma, OZHOCHO IPaHMI[A OBPIIVH- the maximum value of the values in the range
CKOT KoIla IpyKasaHa je y hemju W26. To je C26:U26 and for this example it is 157, so the
MaKCHMa/Ha BPEJHOCT BPEJHOCTM M3 OIICera opening point is on the right side of the profile
C26:U26 1 32 0Baj mpuMep OHA M3HOCH 157, TaKo in the (shaded) cell T26. In cell W24, it is nec-
fia je TauKa OTBapame ca IeCHe CTpaHe Mpo¢uia essary to enter “=MAX(C24:U24)"

y (ocenuenoj) henmmju T26. Y hennjy W24 neomn-
XOZIHO je ymmcarn ,=MAX(C24:U24) .

0 o Q 1] L] 0 1] ] o Mam iy

4 44l 4] 4 2l e Jaalxmlas ] se [nelonn]oe[15]13a]287 | 157 |

& 12 | -12 | -12 =1 12 28 3% | A ED | 95 | 116 | 125 | 145 | 155 | 158 | 161 | 156 | 157

-12 -0 | -2 ) - 2 23 | # i) 7 | 104 | 113 ) 133 | D42 | 132 | 151 | 154 ) 164 | 165 | 153

-16 28 | -36 | -0 7 M | 58 4 | 114 | 023 | 143 | 141 | 150 | 145 ) 168 | 177 | 161 | 149

20 | % | 48| 47|18 amn 100 | 120 | 190 | 146 | 104 | 153 | 170 | 482 | 173 | 487 | a1

4| a4 | 60 | 83 | 27 @ | 108 | 128 | 137 | 159 | 151 | 168 | 180 | 178 | 169 | 149 | 133

=26 92 | -T2 | -7 | 47 35 | ™ B4 ) 105 | 126 | 136 | 153 [ 159 | 171 | 176 | 174 | 161 | 140 | 1

-32 60 | B4 | 85 | -58 | - P B3 ) 110 | 131 | M40 | 156 | 155 | 167 | 172 | 166 | 153 | 129 | 108

=% B8 | 96 |-l -7 ) 97| W | &l T7 | 006 ) 127 | 137 | 154 ) 0151 | 155 ) 164 | 158 | 141 | 117 | 93

Cnuxa 7, Tabena maitipuya o6pauyHaitiol KymynamueHol apopuitia
Figure 7, Table of calculated cumulative profit matrices

Ta6ena/mMatpuija ofpehuBama KOHTypa IOBp- Table/matrix for determining the contours of a
muHCKOr Koma Ha mpodury (cmuka 8). YV he- surface mine on a profile (Figure 8). In cell C37
nujy C37 yHOCHMMO: we enter:
,=IF(C26=$W$26;IF(AND(B27>=B26;B27>= »=IF(C26=$W$26;IF(AND(B27>=B26;B27
B25);;IF(B26>=B25;2;3));|[F(OR(D38=3;D37 >=B25); LIF(B26>=B25;2;3)); IF(OR(D38=
=2);IF(AND(B27>=B26;B27>=B25);1;IF(B26> 3;D37=2);IF(AND(B27>=B26;B27>=B25);1;
=B25;2;3));0))" IF(B26>=B25;2;3));0))“
3arum ce oBa popMy/Ia mOBIaYM (KOIIpa) fyK Then this formula is dragged (copied) along

pema y oncery C37:U37. the row in the range C37:U37.
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3atum y hennjy C38 ynucyjemo:

,=IF(OR(D37=3;D36=2;D35=1);IF(AND(B26
>=B25;B26>=B24);1;IF(B25>=B24;2;3));0).

OBa Qopmyna ce mopmaum (Kommpa) pec-
HO U Ji0/Ie [0 IPETIOCNIeNEr pefia y OICery
C38:U44.

U Ha Kpajy, y HoCIeqmeM peny y Tabenn, of-
HocHO y hemnjy C45 ymmcyjemo ,,==IF(OR(D
44=1;D45=2);IF(B34>=B33;2;3);0) 3arum ce
oBa ¢opMysa mopaun (kommpa) gyx pena 35
y omncery D45:U45.

Pagu mpermeqHOCTN, M3BPLIEHO j€ YCIOBHO
obmmkoBamwe henmja y Tabemu rue cy oceHde-
He hemuje xoje mmajy Bpemnoct henuje Behe
of 0 (Hyma). Y cymrunu, oceHdeHe hemuje
IIPefiCTaB/bajy KOHTYPY IOBPIIIHCKOT KOIIa Ha
IpeAMeTHOM IPOQIITy.

Jonemene 6pojuane BpegHoctH y Tabemu (0, 1, 2,
3), Cy 3aITpaBo 3aMeHa 3a CTPETINIIE 1 O3HAYABAjy:

- 0 - HeyrpanHa BpefHoCT (mpasHa henuja),
- 1 - crpenuua fvjaroHaIHO Ha 71eBO jore (¢ ),

- 2 - crpemuua Ha 1eBo ( + ),

- 3 - CTpenmIia AVjaroHaIHO 1eBO HaTope (™ ).

Then in cell C38 we enter:

“=IF(OR(D37=3;D36=2;D35=1);IF(AND(B26
>=B25;B26>=B24);1;IF(B25>=B24;2;3));0).

This formula is dragged (copied) to the right
and down to the penultimate row in the range
C38:U44.

And finally, in the last row in the table, that
is, in cell C45 we enter “==IF(OR(D44=1;D4
5=2);IF(B34>=B33;2;3);0)”. Then this formula
is dragged (copied) along row 35 in the range
D45:U45.

For clarity, conditional formatting of cells in
the table has been performed, where cells with
a cell value greater than 0 (zero) are shaded. Es-
sentially, the shaded cells represent the contour
of a surface mine on the profile in question.

The assigned numerical values in the table (0,
1, 2, 3) are actually substitutes for arrows and
indicate:

- 0 - neutral value (empty cell),
- 1 -arrow diagonally down to the left ( v ),

- 2 -arrow to theleft ( «),

- 3 - arrow diagonally up to the left (~ ).

oo o|lo|lo |||

olo|o|la|lo|oa]a

Ex
=
oo loo|la|lo|a|o |
oo lo|o|o|o ||| a
[=RE=J =3 (=R F=4 " 8E=]L=]L=]
O oD | O D | OO O
[=2E=11=3 ("} =1 [=3F=0[=1]}~]
oOollo |o|lo|a|a|a
[=RE=J =3 8 E=3 E-RE—A L0 -]

=

[=RE=J =0 0 L=4L=RE=0L=0L=]

OCoIoRN IO || O | O
ooooj=|lo|a|lo|a
(=R -3 -0 -0 0 f-4 -0 L-]
[=RE=J L=J (=0 [=4 =014 [=]L=]
[=RE=J L=J (=R =4 L=J| 4 [=]L=]
(=R =) o Lo [ [ P § O )
oo lo|o|a|o|aka|a
ooloo|o|lo| oo
oo o|oo | ol o

(=]

Cnuxa 8, Tabena/mattipuy,a ogpehusaroa KOHIYPa fLo6PUUHCKOT KOla HA Tipodusy
Figure 8, Table/matrix for determining the contours of the surface mine on the profile

Tabena/marpuna nposepa hennja (6710ka) (crmm-
Ka 9) Koje y4ecTByjy y KOHTypama MOBPIIVH-
CKOT KoIla Ha Ipoduiay. Y mocnenmeM peny, ¥
hemmju C56 ynocumo: ,=C45“ (mpeHolIeme
BPeIHOCTY, IIOCHeHM pefi Tabeme/Marpuie
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Table/matrix for checking the cells (blocks)
(Figure 9) that participate in the contours of
the surface mine on the profile. In the last row,
in cell C56, we enter: “=C45” (transfer of val-
ues, the last row of the table/matrix for deter-
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oppehuBama KOHTypa IOBPIIMHCKOT KOIA Ha
npoduny). Oa ce popmysa nosaun (Konupa)
IyX pena 56 y orcery D56:U56.

3atum y hennjy C48 ymmcyjemo
»=IF(OR(C37>0;C49>0);1;0)“. OBa ¢opmyna
ce moBjauy (Komupa) JecHO U [oje O MpeT-
nocrenmwer peaa (y KojeM cy Beh ynete popmy-
JIe — OIMCAHO Y IPETXOAHOM IIaCyCy) y OIcery
C48:U55.

Pajiut iperiefHOCTH, U3BPILIEHO je YCTIOBHO 00-
nuKoBamwe henmyja rie cy 6710K0BU Koju ynase y
CacTaB IOBPIIMHCKOI KOIA OCEHYEHE jefHOM
6ojoMm (bpojuaHo osHaueHu OpojeM 1), a oHU
KOjI1 He y/ase apyrom 60joM (6pojuaHo o3Haue-
H11 6pojem 0).

mining the contours of the surface mine on the
profile). This formula is dragged (copied) along
row 56 in the range D56:U56.

Then in cell C48, we enter
“=IF(OR(C37>0;C49>0);1;0)”. This formula is
dragged (copied) to the right and down to the
penultimate row (in which formulas have al-
ready been entered - described in the previous
paragraph) in the range C48:U55.

For clarity, a conditional cell formatting was
performed where blocks that are part of the
surface mine are shaded in one colour (numer-
ically designated as 1), and those that are not
part of the mine are shaded in another colour
(numerically designated as 0).

Cunuxa 9, Tabena/mampuya npogepa henuja (bnoxa) Koje yuecmayjy y KOHmypama
NOBPUUHCKO2 KONA
Figure 9, Table/matrix for checking the cells (blocks) that participate in the contours
of an open-pit mine

Tabena/maTpuiia MakCUMaaHe  BPELHOCTH
nonpeyHor npodwna (cnmmka 10). Hacrana je
kopuitheweM mofaTaka 13 Tabene/MaTpu-
Ile eKOHOMCKUX BpegHOCTM O6710koBa (c/mmKa
5) u tabene/Marpuie mposepa hemmja (6710-
Ka) (cmmka 9) Koje y4ecTBYjy Yy KOHTypama
noBpinHCKor Koma. Y hemnjy C59 yHOCMMO
»==IF(C48=1;C3;”-")“. OBa popmyna ce Konu-
pa ¥ MOB/IaYM NECHO U JoJie JOK Ce He MOIMyHM
omcer C59:U67.

YKynHy BpegHOCT mpoduna pobuja ce y
hemuju W59 y xojy je yHera c¢opmyna:
»=SUM(C59:U67)“. Jobuja ce BpegHOCT Of
157. OBa BpegHOCT je jefHaKa BpeIHOCTHU KOja
je mobujena y tabenu/MaTpunu ob6padyHaror
KyMyZIaTuBHOT npodura (cmmka 7) y henuju
W26.

Table/matrix of maximum cross-sectional val-
ues (Figure 10). It was created using data from
the table/matrix of economic values of blocks
(Figure 5) and the table/matrix of cell (unit)
checks (Figure 9) that participate in the surface
mine contours. In cell C59, we enter «==IF-
(C48=1;C3;»-»)». This formula is copied and
dragged to the right and down until the range
C59:U67 is filled.

The total value of the profile is obtained in cell
W59, where the formula: «<=SUM(C59:U67)» is
entered. The value obtained is 157. This value is
equal to the value obtained in the table/matrix
of calculated cumulative profit (Figure 7) in cell
W26.
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Cnuxa 10, Tabena/matipuya maxcumante spegHociiiu iotipeunol ipopuna
Figure 10, Table/matrix of maximum cross-section values

U Ha Kpajy mpuMepa Ha IOYeTHY Tabermy/ma-
TPUIY eKOHOMCKIX BpeTHOCTM 6/10K0Ba (C/mKa
5) Hanehe ce rpaHNIIa KOHTYpa MOBPIIMHCKOT
Kora 8 (uBuie Gere 60je) IITO je MPUKA3AHO Ha
cmunuy 10.

And at the end of the example, the boundary
of the open-pit mine contour 8 (white edges)
will be applied to the initial table/matrix of eco-
nomic values of blocks (Figure 5), as shown in
Figure 10.

Cnuxa 11, IIpuxas ipanuya iospuitutckol Koia Ha
mabenu/mMattipuyl eKOHOMCKUX 8pegHOCTiY 6710K06a
Figure 11, Display of the boundaries of the open-pit mine on
the table/matrix of economic values of blocks

Ca cnuke 11 jacHO ce youaBa fJa je Jie0 €KO-
HOMCKM MCIUTaTMBUX 6I0KOBA OCTA0 BaH KOH-
Typa noBpmuHcKor Koma. ITpmmena Lerchs-
Grossmann 2D Mopena y KoMOMHanujum ca
nporpaMuMa 3a TabeapHe IpOpadyyHe OMO-
ryhaBa oppehmBame onTMManHMX KOHTYpa
nojequHux npoduma, mpu demy ce mobuja
KOMIIPOMIC 13Mely eKOHOMCKe BPeTHOCTH U
TEXHOJIOIIKMX YCTI0Ba OTKOIIABalba.

3AK/bYYAK

Lerchs-Grossmann MeTOp, IpeficTaB/ba II0Yy3-
[aH MaTeMaTM4KM MOfen 3a ofgpebuBame or-
TUMAJTHMX KOHTYpa HOBPIIMHCKUX KOIIOBA.
Nako ce y mpakcu Hajuemrhe Kopuctu Kpo3
cIleliujaaM30BaHe IIpOrpaMcKe Iakere, Moryhe
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Figure 11 clearly shows that a part of the eco-
nomically viable units remained outside the
contours of the open-pit mine. The application
of the Lerchs-Grossmann 2D model in com-
bination with spreadsheet programmes allows
the determination of the optimal contours of
individual profiles, thereby obtaining a com-
promise between economic value and techno-
logical conditions of excavation.

CONCLUSION

The Lerchs-Grossmann method is a reliable
mathematical model for determining the opti-
mal contours of open pit mines. Although in
practice it is generally used through specialized
software packages, it is possible to carry out
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je crpoBecTy nojegHocTaB/beny 2D ananmusy n
y IporpammmMa 3a TabelapHe IpopadyHe, IITO
je moce6HO 3HaYajHO 3a 0Opa30BHE, ONepaTUB-
He U MCTpaXmBauke cBpxe. [IpakTi4aH mpu-
Mep INpMKas3aH y pajy IOKasyje Ja U ,,jelHO-
craBHU amaty’ (monyT Microsoft Excel-a) mory
IOC/TY)KMTH 32 pasyMeBambe I pelllaBambe I1oje-
OVHVX ONTVMMM3aLIOHNX METOA y PYLapCTBY.

JINTEPATYPA / LITERATURE

[1] Jlasmh A.. IIpojekToBame HOBPLIMHCKUX
KOIIOBa Ca MOJIENIMPabeM CHICTeMa eKCIIoaTa-
uuje, PT'®, Beorpap, 1998, ISBN 8673520452.

[2] Komomwa b., Cresanosuh [I.: ITpojexToBame
HOBpIHI/IHCKI/IX KOIIOBa — I/IHTepHa CKPI/IHTa,
2005.

a simplified 2D analysis in spreadsheet pro-
grammes, which is especially important for ed-
ucational, operational and research purposes.
The practical example presented in the paper
shows that even “simple tools” (such as Micro-
soft Excel) can be used to understand and solve
certain optimization methods in mining.

[3] IIaBmoBuh B.: Cucremmu mnoBpIIMHCKE eKC-
mnoatauuje, PI'®, beorpam, 1998, ISBN
8673520207.

[4] Bywosuh H.: [IpojekToBame pygHUKA — UH-
TepHa cKpunra (mpeseHranyja), TexHU4YKu
dbaxynrer y bopy, 2021.

141







O

m PYJIAPCKU TJIACHUK
BULLETIN OF MINES 1903.

ISSN 0035-9637 (mrrammano usnasse / printed edition) (CXXII) 1-2
e-ISSN 2956-2457 (online)

IVIMEH3VIOHVCAIBE ITAPIIVIJAJTHE KOCVHE OJJTATAJIMIIITA
I[TOBPHIMHCKOTI KOITA ITOJBE E Y 3OHM PAJA OJJTATAYA O-6

DIMENSIONING OF THE PARTIAL SLOPE
OF THE LOCAL OPEN-PIT MINE LANDFILL
IN THE O-6 SPOIL-DISPOSAL MACHINE OPERATION ZONE

DOI: 10.5937/RG2502143P

Crpyunu pajg
Expert paper
bpaunko [lerpouh Branko Petrovi¢
EIIC Beorpap, Pb Kony6apa, JTasapesau, Cpbuja EPS Belgrade, RB Kolubara, Lazarevac, Serbia
branko.petrovic@eps.rs branko.petrovic@eps.rs

[TpumsbeH 29. 7. 2025; Pertensupan 25. 8. 2025; IIpuxsahen 3. 9. 2025.
Received 29 July 2025; Received in revised version 25 August 2025; Accepted 3 September 2025

Caxerak: Haxon 3aspueitika exciinoaiiayuje yiwa na apociiopy IIK IIOJBE ][I, yiam u3 ucitiounoi gena Pb
KOJIYBAPA he ce oitikottasaitiu Ha Hosom Koity, [IK IIO/BE E. Beoma cnosena ieonowika ciipyxiiypa, ioce6Ho
Y JYHHOM U ce8epHOM geny Wioi tiorba, KAo U 6eIUKA 3a80gHEHOCII, 0CHOB8HE Cy Kapakiiepuciiuke ol Upociiopa.
Toxom 2022. jogure u ioueiixom 2023. iogure gouisio je go 3apyuiasaroa eitiaxca y jyxHoj kocunu koia. Ognyxom
pyxosogciniea Pb KOJIYBAPA y iy 301y Koila ipebauen je ognaias O-6 kaxo 6u ognaiareem janosuHcKux maca
Popmupao sauiiuitHy begem u cilpeuno gampe KIu3are KoCuHe.

Y osom pagy fipukasanu cy pe3yniiatiu amanuse CHAOUTHOCTIU HOB0POpMUPaHe janOBUHCKe eltiaxce
(3awmuitinu 6egem) Hacitiane pagom ognaiaua O-6.

K}by‘IHe peun: ETAJKA, OJIJTATAJINIITE, ®PAKTOP CUTYPHOCTU

Abstract: After the exploitation of coal on the site of PK POLJE D has been completed, the coal from the eastern
section of RB KOLUBARA will be excavated at the new mine, PK POLJE E. The area is characterized by a highly
complex geological structure especially in its southern and northern parts and substantial water saturation. During
2022 and the beginning of 2023, some benches on the southern slope of the mine collapsed. Following a decision
by the management of RB KOLUBARA, the spoil-disposal machine O6 was relocated to that zone of the mine to
deposit waste rock masses and form a protective embankment to prevent further slope failure.

This paper presents the results of a stability analysis of the newly formed waste rock bench (protective berm) created
by the operation of the machine O6.

Key words: SLOPES, LANDFILL, SAFETY FACTOR

YBO/J] INTRODUCTION

Konybapckn /murHnTcky GaceH je noLMpaH Ha The Kolubara Lignite Basin is located approxi-
oko 50 km jyrosamagno on beorpama m 3ay- mately 50 km southwest of Belgrade and occupies
3UMa JiefioBe TepuTopuja ommTrHA Jlasapesarr, parts of the municipalities of Lazarevac, Lajkovac
JTajkoBan 1 Y6, yKyIiHe HOBpLIMHE OF O0KO 600 and Ub, with a total area of approximately 600

km? (Cnmka 1). km? (Figure 1).
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Cnuxa 1, I'eoipagcka kapitia gena Cpbuje ca Konybapckum yimoHocHum baceHom
Figure 1, Geographical map of the part of Serbia with the Kolubara Coal Basin

Hospmnuckn kxon IIO/BE E ce namasm y
KpajibeM jyrOMCTOYHOM Jielny OaceHa, MOBp-
muHe of oko 12,9 km? (Cnuka 2). Ca merose
UCTOYHE cTpaHe je oTKonHo noke IIOJBE I,
Ha ceBepHOM geny rpannunu ce ca [IOJbEM ]I
nok cy Ha 3anagHoj crpanu [IOJbE I u IIOJbE
®. Jy)kHa cTpaHa je OKOHTypeHa TPaHMIIOM
IPUPOJHOT UCK/INIHERA YT/BEHOT CI0ja.

The POLJE E (FIELD E) open-pit mine is lo-
cated in the extreme southeastern part of the
basin, with an area of approximately 12.9 km?
(Figure 2). On its eastern side, the excavated
field FIELD C is located, on the northern side
it borders FIELD D, while FIELD G and FIELD
F are on the western side. The southern side is
contoured by the boundary of the natural out-
crop of the coal seam.

Cnuxa 2, Ilpeinegua xapitia Konybapcxoi yimonocnoi 6acena (IIOJBE E y jyioucitioutom geny)
Figure 2, Overview map of the Kolubara coal basin (FIELD E in the southeastern part)
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Ha mnpocropy Oymyher mnoBpumHCKOr Kora
ITIOJbE E, Ha meroBoM KpajmeM UCTOKY, Hajlase
ce mHppacTpykrypHu objektu Ilomohne Me-
xaHyu3anyje (pafMiOHNYKM U MAaTalyHCKY IIPO-
CTOP), KOTIApHUIIA, TPadOCTAHNIA, CKIA/IVIIITE
rOpyBa, IPOCTOP HaMeHeH 32 MOHTKHM IUIALl,
a cBe y O/MmM3uMHM M3MelITeHOT mIyTa Bpeoun
— ApanbenoBal, 1 M3MeNITEHOT KOpUTa peKe
IMemran (Cmka 3) [1].

On the site of the future open-pit mine FIELD
E, at its easternmost point, there are infrastruc-
tural facilities of the Auxiliary Mechanization
(workshop and warehouse space), a boiler
room, a substation, a fuel storage facility, a
space intended for an assembly site, all in the
vicinity of the relocated road Vreoci — Arand-
jelovac and of the displaced bed of the Pestan
river (Figure 3) [1].

Crnuxa 3, Ilonoxaj ungpactmpykisiypHux o0jexaitia Ha jyHHoj KOCUHU Kofia
Figure 3, Location of infrastructure facilities on the southern slope of the pit

Toxom 2022. ronuHe 1 moyetkom 2023. rognHe
TOLIIO je JO 3apyllaBama jy)KHe KOCHMHe KoIla
TaKo Ja Cy TpadocTaHMLa M IIOCTpOjere
3a Ipepagy BOfie, KOjU Cy ce Hanasuam y
HeIrocpeiHoj OnmusuHM 06ozia KOIa, MOpajn
OuTM uU3MeINTEeHM KAaKO He OM [OONUIO [0
muxoBor omrehemwa. OmIykoM pyKOBOACTBa
Pb KOJIYBAPA y Ty 30Hy KoIla lonIpeM/beH
je ogaray (O-6) ca HaMepoM Jja ce OjJIarambeM
janoByuHe U GpopMupamweM O10Ka CIIpedn fjajbe
K/IM3ame KOCHHE I Ia Ce Ha Taj Ha4MH OBaj Ie0
KoIla yunHu 6e3bemHuM [2].

OCHOB JIETOHOBAHOT MaTepujala YMHE CUBO-
I/IaBe IJIMHE Ca IPOMEH/BMBUM CafipXKajeM
IIeCKOBUTE KOMIIOHEHTe, parMeHara yrba u
AMjaTOMUTA, CUBO-XKyTe ITIMHE ca oOmynuma
KBaplia, 3aI7IMIbEHN ITIECKOBM, YITh€BUTA ITIMHA,
KOMaJyl IMjaTOMHUTA U yT/ba.

During 2022 and early 2023, the southern
slope of the pit collapsed to the point that the
substation and water treatment plant, which
were located in the immediate vicinity of the
pit perimeter, had to be relocated to avoid
damage. By decision of the management of
the RB KOLUBARA, a spoil-disposal ma-
chine (O-6) was relocated to that zone of the
mine to deposit waste rock masses and form
a protective embankment to prevent further
slope failure and thus make this part of the
pit safe [2].

The basis of the deposited material is made
up of gray-blue clays with variable content of
sandy components, fragmented coal and dia-
tomite, gray-yellow clays with quartz pebbles,
silty sands, carbonaceous clays, pieces of dia-
tomite and coal.
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Y cBpxy oppehuBama (pu3NUKO-MeXaHNIKMX
CBOjCTaBa TOT MaTepyjajia U [UMeH3MOHMCabha
reoMeTpyje KocuHe HOBOGOPMMpPAHOT 61oKa
ja/lIOBMHE, HEOIIXO/IHO je OM/I0 y3MMame y30paka
MaTepyujana U BIUXOBO 1a00PaTOPUjCKO MCIIN-
tuBame. Ha Crmiy 4 nmpukasanm cy nmpodum
Ca Ha3HaYeHMM MeCTUMa y3UMamba y30pakKa.

In order to determine the physical and me-
chanical properties of this material and dimen-
sion the geometry of the slope of the newly
formed waste rock block, it was necessary to
take samples of the material and conduct their
laboratory testing. Figure 4 shows the profiles
with the sampling locations indicated.

=1 R

Cnuxa 4, Ilonoxaj tpopuna u mecitia y3umarba y30paxa 3a 1a60paimopujcka uchuitiueara
Figure 4, Location of profiles and sampling points for laboratory testing

PesynTaTn 1abopaTOpUCKX MCIINTHBaKbA Of}I0-
YKEHOT Marepujasa npukasanu cy y Tabemn 1.

The results of laboratory testing of the deposit-
ed material are presented in Table 1.

Tabena 1, Pesyniniaitiu 1a60paitiopuckux uciuiniueara ognoxieHoi maiiiepujana
Table 1, Results of laboratory testing of the deposited material

30HA OJI/TATAYA (0-6)
SPOIL-DISPOSAL MACHINE ZONE (O-6)
Osnaka ITpodmma ¢ C y
Profile Tag Q) (kN/m>) (KN/m?)

ITpodurn - 1 (K-53)

Profile - 1 (K-53) 41 9 17,16
ITpodur - 2 (K-53)

Profile - 2 (K-53) 43 5 17,04
IMpodun - 3 (K-53)

Profile - 3 (K-53) 39 3 17,72
ITpodun - 4 (K-53)

Profile - 4 (K-53) 34 6 17,52
Hpodmn - 5 (K-53)

Profile - 5 (K-53) 41 3 17,63
ITpodun - 1 (K-34)

Profile - 1 (K-34) 37 5 17,58
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30HA OJI/TATAYA (0O-6)
SPOIL-DISPOSAL MACHINE ZONE (0-6)
Osnaxka IIpodmna ¢ C Y
Profile Tag © (kN/m?) (kKN/m?)
IMpodun - 2 (K-34)
Profile - 2 (K-34) 38 8 16,71
ITpodmr - 3 (K-34)
Profile - 3 (K-34) 37 > 17,31
[Tpodurn - 4 (K-34)
Profile - 4 (K-34) 36 7 17,07
IMpodun - 5 (K-34)
Profile - 5 (K-34) 41 6 16,86
AHAJIM3A CTABMJTHOCTU ANALYSIS OF STABILITY
ITAPIIMJA/THE KOCMHE OF PARTIAL SLOPE

[TpopauyH QaxTopa CUTYpPHOCTH HapIyijanHe
kocuHe (Fs) ypahen je npumenom codrBepckor
nakera SLIDE 6.0, Rocscience Inc, y3 Mohr-
Coulomb-oB kputepujym 7oma. Pesyrratu
IpopayyHa TIIpUKasaHM Cy TIpapuukyu ™
tabenmapHo. [Togauy 3a Qu3MUKO-MeXaHMUKA
CBOjCTBa OJyIara/lMIITA KOju Cy KopuitheHu y
npopavyHy, ysetu cy u3 Tabere 1.

Ha cnymm 5 n ey 6 mpyiKasaHa je mapiyjaatHa
KOCMHAa HOBOGOPMMPAHOT OIaTaIUIITa U
nobujeHe BpenHOCTH akTopa curypHocti (Fs)
3a Tajalllbe CTarbe KOCKHE, IpU KoepUIIjeHTy
nopHor nputuckar =02ur =0,3 [3].

The calculation of the safety factor of a partial
slope (Fs) was performed using the software
package SLIDE 6.0, Rocscience Inc, with the
Mohr-Coulomb failure criterion. The results of
the calculation are presented graphically and
in tables. The data for the physical-mechanical
properties of the landfill used in the calculation
were taken from Table 1.

Figure 5 and Figure 6 show the partial slope of
the newly formed landfill and the obtained val-
ues of the safety factor (Fs) for the current state
of the slope, at the pore pressure coefficient r_
=02andr =0.3[3].

PO I - O A RTE (o e 080 nei 3

Cnuxa 5, Iapyujanua xkocurna ognaianuwitia IIOJBE E kog ognaiaua (O-6) -
gaxiop cuiyprocimiu Fs = 0,99 (sucuna eimiasxce He = 16 m; naiu6 emmiasxe o = 40% r =0,2)
Figure 5, Partial slope of the landfill FIELD E near the spoil-disposal machine (O-6) -
safety factor Fs = 0.99 (floor height He = 16 m; floor slope a = 40°% r =0.2)
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T T T e——————

Cnuxa 6, Iapyujanua kocura ognaianuwitia IIO/bE E xog ognaiaua (O-6) -
gaxinop cuiyprocimiu Fs = 0,83 (sucuna eimiaxce He = 16 m; naiub etmiase o = 40% r =0,3)
Figure 6, Partial slope of the landfill FIELD E near the spoil-disposal machine (O-6) -
safety factor Fs = 0.83 (floor height He = 16 m; floor slope o = 40°; r =0.3)

JacHO je ma mpu OBaKBOj reOMETPUjU KOCHHA
HeMa 3aXTeBaHy CUTYPHOCT U JIa je HeOIIXOJTHO
KOPUTOBame HeHOT yIIa Harnba u Bucuxe. /3
TOT pasjiora, 3a pas/jMuuTe BUCUHE ¥ Harmbe
KocuHe ypabeHa je ananmusa crabunHoctn [4].

Y Taberm 2 u Tabenmu 3 MpuKasaHe Cy BPeHOCTH
¢axropa curyproctn (Fs) 3a kocrHe BucHHe O
10 m mo 22 m, Harube oz 20° mo 40° u koedu-
LMjEeHTe ITOPHOT IIPUTYCKA r = 0,2m r = 0,3.

It is clear that with this geometry the slope does
not have the required safety and that it is neces-
sary to correct its angle of inclination and height.
For this reason, a stability analysis was performed
for different heights and slopes of the slope [4].

Table 2 and Table 3 show the values of the safe-
ty factor (Fs) for slopes with heights from 10 m
to 22 m, inclinations from 20° to 40° and pore
pressure coefficients r = 0.2 and r = 0.3.

Tabena 2, Pesyniniaitiu ananuse cilabunHociiu apyujante Kocuxe
ognatanuwiia IIO/BE E - sona paga xog ognaiaua (06), (r, = 0,2)
Table 2, Results of the stability analysis of the partial slope of the landfill
FIELD E - work zone of the spoil-disposal machine (06), (r, = 0.2)

Haru6 ®dakrop curypuocru Fs 3a Bucuny eraxe / Safety factor Fs for floor height
eTaxe
Flo‘;r(il)ope H=10m | H=12m | H=14m | H=16m | H=18m | H=20m | H=22m

20 2,29 2,25 2,13 2,14 2,05 2,04 2,02
22 2,10 2,05 1,94 1,95 1,86 1,86 1,83
24 1,93 1,89 1,78 1,78 1,71 1,70 1,68
26 1,79 1,74 1,65 1,64 1,57 1,56 1,54
28 1,66 1,61 1,53 1,52 1,46 1,44 1,42
30 1,55 1,50 1,41 1,41 1,35 1,34 1,32
32 1,45 1,40 1,32 1,31 1,26 1,24 1,22
34 1,36 1,31 1,24 1,22 1,17 1,16 1,14
36 1,28 1,23 1,16 1,14 1,09 1,08 1,06
38 1,20 1,16 1,09 1,07 1,02 1,01 0,98
40 1,13 1,09 1,02 0,99 0,96 0,94 0,92
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Tabena 3, Pesyniniattiu ananuse ciliabunHociiiy iapyujante Kocume
ognatanuwiia ITO/BE E - 30na paga xog ognaiaua (06), (r, = 0,3)
Table 3, Results of the partial slope stability analysis of FIELD E
landlfill -spoil-disposal machine work zone (06), (r, = 0,3)

Haru6 @axrop curyproctu Fs 3a Bucuny etaxe / Safety factor Fs for floor height
eTaxe
Floorslope | H=10m | H=12m | H=14m | H=16m | H=18m | H=20m | H=22m
a(®)
20 2,02 1,98 1,87 1,88 1,79 1,78 1,77
22 1,85 1,80 1,70 1,70 1,63 1,62 1,60
24 1,70 1,65 1,56 1,56 1,48 1,47 1,45
26 1,57 1,52 1,43 1,43 1,36 1,35 1,33
28 1,45 1,41 1,32 1,31 1,25 1,24 1,22
30 1,35 1,31 1,23 1,22 1,16 1,14 1,13
32 1,26 1,21 1,14 1,13 1,07 1,06 1,04
34 1,18 1,13 1,06 1,04 0,99 0,98 0,96
36 1,10 1,05 0,99 0,97 0,92 0,91 0,89
38 1,03 0,98 0,92 0,90 0,85 0,84 0,82
40 0,97 0,92 0,85 0,84 0,79 0,77 0,76
Ipadpmuka wHTepmpeTaluja TOfaTaKa K3 Graphical interpretation of the data from
Tabene 2 u Tabene 3, mata je Ha cuny 7 u Table 2 and Table 3 is given in Figure 7 and
cnuuy 8. Figure 8.

[Napumjansa kockua [OJBE E (omaramirme - soua won (O-6)); 1, =02
Partial slope FIELD E (landfill - zone (O-6)); ¢ =02
E e
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E 3 h-"""-‘.________ - ™ —— 7
.:l h_-h‘-—ﬂh______ N
& — . —, ——24
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Cnuxa 7, Bpegnocitiu paxiniopa cuiyprociiu (Fs) y 3asucnocitiu og sucure eiiaxce (He)
u Haiuba eimiaxce («) upu Koeduyujenity toprol upuitiucka r,=0,2
Figure 7, Values of the safety factor (Fs) depending on the floor height (He)
and the floor slope () at the pore pressure coefficient r =0.2
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IMapumjana kocuna [OJBE E (onaramme - 3oua kon (O-6)); 1, =03

Partial slope FIELD E (landfill - zone (O-6)); r =03

:“‘; ' -
15 %____ -

10 11 12 13 14 15

dakrop cHrypHocTH/salcly
=}
v

17 18 19 20 21 22 =——e=—d0

Bucuna eraxe/lloor height (m)

= = «[Fgm] ]

Cnuxa 8, Bpegrociiu gpaximiopa cuiyprocitiu (Fs) y 3asucHocitiu og sucune eitiasxce (He)
u naiuba etiiace () pu Koeguyujentiy toprol dpuiniucka r =0,3
Figure 8, Values of the safety factor (Fs) depending on the floor height (He)
and the floor slope («) at the pore pressure coefficient r =0.3

3AK/bYYAK

[IpaBumHO AMMeH3MOHMCame eTaxe (ofpe-
buBame weHe BucuHe 1 Harnba) Beoma je 6UT-
HO IIpe CaMoT [I0YeTKa IIpoljeca eKCIUIoaTarje
U3 Bullle pasjora. IIpBeHCTBEHO, IIPaBMIHO
meduHMCAaHM TIapaMeTpU eTaKe [UPEKTHO
YTUUY Ha BeHY CTaOVIHOCT ¥ CUTYPHOCT IpH
pajiy LITO Ce MO3UTMBHO OApakaBa Ha JMHA-
MMKY TEeXHOJIOIIKOT IIpolleca ¥ eKOHOMCKe
IIOKa3aTesbe.

ITapunjanna xocuua ogymaranuiuta [IK IIOJbE
E y 30HM paga ommaraua O-6 Mo>ke ce AVIMeH-
3noHucatn Kopucrehu pujarpame (cnmmka 7 n
cnMKa 8), KOojy Cy HacTamy IpOpayyHoM ¢axk-
topa curyprHoctu (Fs) 3a pasHe ob6nuke etake
(BucuHa etaxke ox 10 mo 22 m, maru6 ox 20° go
40°) [5].

CxopHo Haru6by eraxe, onpebyje ce mweHa Bu-
crHa (Ha arcumcu), Tako a BpegHocT akropa
curypHoctu (Fs) Oyne nsHap 1ipBeHe NCIIpeKu-
mane nmuuyje (Fs 21.1). Ha npumep, 3a etaxy
Haruba a = 30°, BucuHa eTaxke Moxe 6utu 20
m IITO Ce U Nperopyyyje y OBOM KOHKPETHOM
CIIy4ajy.
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CONCLUSION

Proper dimensioning of a floor (determining
its height and slope) is very important before
the very beginning of the exploitation process
for the above reasons. First of all, correctly de-
fined floor parameters directly affect its stabil-
ity and safety during operation, which has a
positive effect on the dynamics of the techno-
logical process and economic indicators.

The partial slope of the PK POLJE E landfill in
the O-6 spoil-disposal machine operation zone
can be dimensioned using diagrams (Figure 7
and Figure 8), which resulted by calculating the
safety factor (Fs) for various floor shapes (floor
height from 10 to 22 m, slope from 20° to 40°)

[5].

According to the slope of the floor, its height is
determined (on the abscissa), so that the value
of the safety factor (Fs) is above the red dashed
line (Fs 21.1). For example, for a floor with a
slope of a = 30°, the height of the floor can be
20 m, which is recommended in this particular
case.



Bpanxo Ieitiposuh, [lumensuonucaree dapyujante kocume ognaianuuiiia wospuiunckoi koiia Iomwe E y 3onu paga ognaiaua O-6 (143-151)
Branko Petrovic, Dimensioning of the Partial Slope of the Local Open-Pit Mine Landfill in the O-6 Spoil-Disposal Machine Operation Zone (143-151)

JINTEPATYPA / LITERATURE

(1]

(2]

CrpyuyHa u (OHEOBCKa JOKyMeHTauuja PB
Konyb6apa.

IMerposuh B.: AHanmmsa crabunHOCTH jy>KHE
kocute I[TK ITora E - PB Kony6apa y soHu ns-
¢dpacTpykTypHux objexara, XI mehyHapopna
KoH(pepeHIMja Yra/b U KPUTUYHY MUHEPaIN
(CCM 2023), 3natubop, Cpbuja, 2023., cTp.
160-167, 36o0pHuk papmoBa, ISBN: 978-86-
83497-30-0.

Pavlovi¢ N., Petrovi¢ B., Subaranovi¢ T.,
Pavlovi¢ V.: Opencast mine internal dump
sanation risks International Geomechanics
Conference, Varna, Bulgaria, 2022., pp. 235-
241, Proceedings, ISSN: 1314-6467.

[Terposuh B., Byjuh C., Yebamex B., T'ajuh T,
Urmwarosuh [I.: TIporHOsHbI aHAMM3 YCTOM-
YUBOCTU OTKOCOB BHYTPEHHNX OTBAjIOB IOCTIe
3aTOIVIEHMA YTONBHOTO Kapbepa TamHapa 3a-
nmagHoe Tone, JKypHan, ®usuko-TexHMyecKue
1po6/IeMBI Pa3pabOTKM MO/IE3HBIX MICKOTIAEMBIX,
HOMEP 1, Mocksa, Pycyja, 2016., pp. 110-115,,
ISSN 0015-3273, UDK 622.271: 624.131.

ITerpoBuh B.: AHanmm3a cTabumHOCTM KOCKMHA
ommaraimiura I1K. TamuaBa-3amagHo I1o/be
y GYHKIMjM MCITyMIIaBamwa Bofe 13 Koma, XI
MebynaponHa KoH(depeHIyja 0 ITOBPIINHCKO]
excmoatanyju, 3natnbop, Cpbuja, 2014., cTp.
311-319, 360pHux pagosa, ISSN: 1314-8877.

151







O

m PYJIAPCKU TJIACHUK
BULLETIN OF MINES 1903.

ISSN 0035-9637 (mrrammano usnasse / printed edition) (CXXII) 1-2
e-ISSN 2956-2457 (online)

MEBYCEKTOPCKA AHAJIM3A ITPOLECA 3ATABHEIHA PAIIOM
TEPMOEJIEKTPAHA HVKOJIA TECJIA M TIOBPIIVMHCKNMX KOITIOBA
JIMITHUTA Pb KOJIYBAPA PEITYBJIMMKA CPBUJA

INTERSECTORAL ANALYSIS OF POLLUTION PROCESSES CAUSED
BY THE OPERATION OF THE THERMAL POWER PLANT NIKOLA TESLA
AND OPEN PIT LIGNITE MINES, MB KOLUBARA, REPUBLIC OF SERBIA

DOI: 10.5937/RG2502153M

Crpyunu paj

Ekspert paper
Caeromup Makcumosuh' Svetomir Maksimovic¢!
JKermpxo IIpamrano? Zeljko Prastalo?
Pape Ilapan? Rade Sarac?
' AkapieMuja nHxKemepckux Hayka Cp6uje, Cpouja 'Academy of Engineering Sciences of Serbia
*PygapcKu MHCTUTYT 1.0.0. Beorpan *Mining institute Ltd. Belgrade
svetomir.maksimovic@gmail.com svetomir.maksimovic@gmail.com

Ipumrmen 29. 9. 2025; Peuensupan 23. 10. 2025; [Tpuxsahen 23. 10. 2025.
Received 29 September 2025; Received in revised version 23 October 2025; Accepted 23 October 2025

Caxerak: [Ipoitiepusarse yia Kao cilipaitieuikoi eHepieHilla je U3paxceHo y MHOTUM eBPOUCKUM gpiasama.
Huje ciiopro ga tinanuparoe exepieitiuke mopa yeaxcuitiu exonouike u eKkoHOMCKe yumwese. Brage u kpeaitiopu
HonuiliuKke MOpajy eHepiellicKy 0gpiUsoCii ypasHoitiexeHo Cliposoguiliu u gaiiu moiyhHoCHl ga ce eHepieilicka
cuiypHocili ocitisapyje y konitiunyuitieiniy. To suauu ga ce sesa usmely enepiuje, sueoiline cpequHe U eKOHOMUje
mopa objexiiusHo ycknaguitiu. Mehycekitiopcka ananusa je yipaso anaiii xoju tupysa moiyhnociti itiakeoi
cainegasarad.

Y pagy je camo jegrum genom, tipumerom mehycexiiiopcke aHanuse, HAIUSUPAH OGHOC HeKux 3alahueaua HACTHANUX
y tipoyecy ipoussogrve y iepmoenexiipanama ,Huxona Tecna“ (TEHT) u tiospusurckum kotiosuma nuinuitia y Pb
»Konybapa“ u tipoussogrux pesynitiaiiia y ipoussogrom geny Jasroi iipegyseha ,,Enexitipotipusepega Cpbuje”.

Kn,y'me peun: MEBYCEKTOPCKE AHAJIU3E, BATABEHOCT, IIOBPIIMHCKM KOITIOBM, TEPMOEJIEKTPAHE

Abstract: The expulsion of coal as a strategic energy source is expressed in many European countries. It is
indisputable that energy planning must take into account environmental and economic goals. Governments and
policymakers must implement energy sustainability in a balanced manner and provide an opportunity for energy
security to be achieved in continuity. This means that the relationship between energy, the environment and the
economy must be objectively harmonized. Intersectoral analysis is precisely the tool that enables such perception.

The paper only analyzes in one part, by applying cross-sectoral analysis, the relationship between some pollutants
generated in the production process of the Thermal Power Plants Nikola Tesla (I'PPNT) and open-pit lignite mines
at the Kolubara coal mine, and production results in the production part of the Public Enterprise «Electric Power
Industry of Serbia».

Key words: CROSS-SECTORAL ANALYSES, POLLUTION, OPEN-PIT MINING, THERMO-POWER PLANTS
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YBO[,

EBporicka eHepreTcka 3ajefHNUIA je aHaM3Mpaa
U yCTaHOBWIA fia 16 TepMOeNeKTpaHa Ha yrab y
3em/baMa 3amagHor bamkaHa 3arabyje pervon u
Espony Buie Hero cBux ocrtamux 250 Tepmoe-
NeKTpaHa Ha yra/b y EBporn [1]. bes o63mpa Ha
TAYHOCT HaBefleHe KOMIIapalyje pobseM je eBu-
JeHTaH U MMa HETaTVBHY €KOJIOIIKY IVIMEH3M)Y.

Axo ce mocMaTpajy ¢UHAIHM IIPOV3BOAN,
yTab U eIeKTPUYHA eHeprija, aHaausa Ipole-
ca 3arahuBama je BeoMa 3aXTeBHA ¥ C/IOXKEHa.
ITpousBomma yr/ba U e€NeKTpUYHE eHepruje
NIpOY3pYKyje eMUCHjy IITETHUX MaTepyja U TO
HE CaMoO y BbUXOBOM IPOM3BOJSHOM JENY, HETO
U Yy IPeTXOGHUM IIPOU3BOJHUM aKTVBHOCTHU-
Ma. MHore ,uncre” npuBpegHe IpaHe KOpU-
crehn eneKTpUYHY eHeprujy 1 yrab y mpoliecy
IPONM3BOJbE CY MHAMPEKTHM 3arahusaum uto
ce la/be IIPEHOCH Ha BUIIE HUBOE.

ITosHato je fma je mpomsBOfma €l1EeKTPUYHE
€Hepruje y TepMoenKTpaHaMa Ha turaut y PC
Hajehn mojenyuaynnm sarahmsau. Pagm ce o
CTapuM TEPMOKAIaUUTETHMa KOje CaropeBajy
JINTHUT CBE Mambe TOIIOTHE MOh.

Ykynna wmHcramucana cHara TEHT wmsnocu
3.346 MW u roguiime ce mpoussefie oko 28.484
GWh enexrpuuHe enepruje. IIponsopama yrba
y Pb ,,Komy6apa®“ ogsuja ce Ha 4eTHpy aKTyB-
Ha KOIIa 11 M3HOCHU Y IpoceKy 30 MuInoOHa TOHA
roguie. 3a norpebe TEHT mcnopydyje ce
28,5 MWIMoOHa TOHa, a 3a GMHAHY MOTPOIIY,
yKbydyjyhu n mpepagy yr/pa 1,5 MUIMoHa TOHa.

Mebycexropcka aHanmsa npysxa MoryhHoct fia
Cce YTBP/AY Ha KOjJ Ha4MH KOMITOHEeHTe (pVHa/IHe
HOpPOIIbe YUYy Ha YKYIHY 3araheHocT, Koju
Jleo YKYITHUX eMJCHja Ujie Ha TepeT JIMYHe I10-
TPOLIbe, M3B03a UT/,. 11 KOJIMKO ce 3aral)eHocT
nsberaBa yBO30M e/IeKTpUYHE eHepruje 1 yI/ba.
3a aHa/mM3y npolieca 3arahuBama KOpICTe ce KO-
edunujentu 3arahuBama. 3a aHa/MM3y YOBEKOBe
KMBOTHe cpeayHe JleonTned y mebhycexropcky
aHa/IN3y YK/bydyje JOflaTHe MHAYCTPUjCKe Tpa-
He Koje ce 6aBe 3aIITUTOM >KVMBOTHE CpeJHe
(»Antipollution - industries®). ¥ oBom pagy
Cy IpuKa3aHe MeTofe MebhycekTopcke aHamm3e
mpolieca 3arahusama y nponssogHoM aeny JI1
»Enextpornpuspena Cpbuje®
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INTRODUCTION

The European Energy Community has ana-
lyzed and established that 16 coal-fired power
plants in the Western Balkan countries pollute
the region and Europe more than all other 250
coal-fired power plants in Europe [1]. Regard-
less of the accuracy of the above comparison,
the problem is evident and has a negative envi-
ronmental dimension.

If we look at the final products, coal and elec-
tricity, the analysis of the pollution process is
very demanding and complex. The production
of coal and electricity causes the emission of
harmful substances, not only in their produc-
tion part, but also in previous production activ-
ities. Many “clean” industries using electricity
and coal in the production process are indirect
pollutants and this is further transmitted to
higher levels.

It is known that the production of electricity
in lignite-fired power plants in the Republic of
Serbia is the largest single polluter. These are
old thermal capacities burning lignite of de-
creasing thermal power.

The total installed capacity of TPPNT is 3,346
MW producing approximately 28,484 GWh
of electricity annually. Coal production at the
Kolubara coal mine takes place at four active
mines with an average of 30 million tons per
year. For the needs of TPPNT 28.5 million tons
are delivered, and 1.5 million tons for final con-
sumption, including coal processing.

Cross-sectoral analysis provides an opportu-
nity to establish how the components of final
consumption affect total pollution, what part of
total emissions is borne by personal consump-
tion, exports, etc., and how much pollution is
avoided by importing electricity and coal. Pol-
lution coefficients are used for analyzing pol-
lution processes. For the analysis of the human
environment, Leontief includes additional in-
dustrial branches that deal with environmental
protection in the intersectoral analysis (“Anti-
pollution - industries”). This paper presents
methods for the intersectoral analysis of pollu-
tion processes in the production part of the PE
“Electric Power Industry of Serbia”
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JIJEOHTUEBA MA'BYCEKTOPCKA
AHAJIM3A - UTHBEP3HA MATPUIIA
TEXHNYKNX KOEOUIIMJEHATA

Ila 61 ce ycrocraBmia aHamusa 3arabusama
KVMBOTHE CpefiliHe Mopa ce mohy o MeTozo-
JIOWIKMX OCHOBa Mofena Melycekropcke aHa-
Nu3e, TPAHCAKIMOHE YIa3HO - U3/Ia3He Tabere
U TeXHMYKUX KoepUIMjeHaTa. 3a pasinuKy Of
TeXHNYKNX KoepUIMjeHaTa Koju IoKa3yjy fu-
pekTHe MOTpebe IO jeVHMUIV IMPOU3BOAE
IPOM3BOJHOTr ceKTopa (j) 3a moTpebe mpyror
IIPOM3BOJHOT ceKTopa (i), emeMeHT NHBep3He
Mapule TeXHMYKMX Koe(ulMjeHaTa YKasyjy
Ha HAUMH PacIpoCTUpama YKYINHUX edekara
IO LIe/IOM IIPOM3BOJJHOM CHCTEMY KOjy HacTajy
nosehameM jeIMHMIlEe eKCTepHe peasm3alje
ofipeheHOr IPON3BOIHOT CeKTOpa.

JleoHTHeBa aHanu3a Ha HPYMEPY OTBOPEHOT
CTAaTUYKOT I/IHHYT-OYTHYT MOJ€na MMa OIIITU
00/NK:

LEONTIEF’S INTERSECTORAL
ANALYSIS - INVERSE MATRIX
OF TECHNICAL COEFFICIENTS

In order to establish an analysis of environmen-
tal pollution, one must start from the method-
ological foundations of the intersectoral analy-
sis model, the transactional input-output table
and technical coefficients. Unlike technical
coefficients that show direct needs per unit of
production of a production sector (j) for the
needs of another production sector (i), the el-
ements of the inverse matrix of technical coef-
ficients indicate the manner of spreading the
total effects throughout the entire production
system that arise from an increase in the unit of
external realization of a particular production
sector.

Leontief’s analysis on the example of an open
static input-output model has the general form:

X=Ax+Y (1)
OpHOCHO, And,

(I-A)x=Y (2)
Tzie Cy: Where:

X - BEKTOP IIPOU3BOLE;
Y - BekTOp (prHa/IHE IOTPOLIHHE;
X - jenMHMYHA MaTPULIA;

A - MaTpuIIa TeXHNYKUX KoepuIMjeHaTa.

JarpuM pemaBameM IO X, jefHaunHa (2) mo-
6uja cnepehn o6mmk:

x - production vector;
Y - final consumption vector;
X - unit matrix;

A - technical coefficient matrix.

By further solving by x, equation (2) takes the
following form:

x=(X-A)'Y 3)

OBako M3BefieHa jeflHAYMHA M3paXkaBa TpPoO-
IIKOBe peanmu3anuje ofpehenor mpoussopHor
cektopa (j) y YHKIIVj1 Off eKCTepHMX TPOIIKO-
Ba CBMX IIPOM3BOJHUX ceKTopa. EnemenTn M-
Bep3He Marpuie (X - A)' mokasyjy 3a KOIMKO
he ce mosehatn TpomkoBu peanusanyje j-ror
IPOM3BOJHOT CEKTOPa aKO NOJATHU eKCTePHU
TPOLIKOBY i-TOT IIPOU3BOJHOT CEKTOPA Mopa-
CTY 3a jeiVHULY.

Ha ocHoBy noparaka go6ujennx us Vssemraja
o nocnoBamwy JII ,Enexrponpuspena Cpbuje*
3a aHa/MM3MpaHy TOAMHY, ypabeHa je ocHOBHa

The equation thus derived expresses the
costs of realization of a certain production
sector (j) as a function of the external costs
of all production sectors. The elements of the
inverse matrix ( X - A)" show by how much
the costs of realization of the jth production
sector will increase if the additional external
costs of the ith production sector increase by
one unit.

Based on the data obtained from the Business
Report of the PE “Electric Power Industry of
Serbia” for the analyzed year, the basic input -
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Y/Ia3HO - M3/1a3Ha MaTpPUIIA IIPOM3BOJHIUX CEK-
topa cucrema PB ,Kony6apa“ u TEHT u npu-
KasaHa je y Tabenu 1.

PE3YIITATU UCTPAJKMBAIbA

Tpeba umatu y Bupny u cnenehe mapamerpe:

- Cpenmba BpeZHOCT [OHe TOIIOTHe Mohu
yrba usHocn 7.390 kJ/kg.

- VIHBecTmumoHa ynarama y KOIIOBe U Tep-
MOO/IOKOBe HeMajy yTHIlaja Ha OCHOBHY
YIa3HO - U3/Ia3HY MaTPUILY.

- Ca mnosehameMm IleHe uCIOpy4YeHe eJl-
KTpUYHE eHepruje IpONOPIIOHATHO pac-
Te 1 IeHa yI/ba.

output matrix of the production sectors of the
MB “Kolubara” and TPPNT systems was pre-
pared and is shown in Table 1.

RESEARCH RESULTS

The following parameters should also be taken
into account:

- The average value of the lower heating val-
ue of coal is 7,390 k] /kg.

- Investments in mines and thermal blocks
have no impact on the basic input-output
matrix.

- With an increase in the price of supplied
electricity, the price of coal increases pro-
portionally.

Tabena 1, OcHosHa ynasHo - usnasHa iwabena ipoussogrux cexitiopa Pb ,,Konybape“ u TEHT tpuxasana je u 10° PC/]
Table 1, The basic input-output table of the production sectors of MB «Kolubara» and TPPNT is shown in 10° RSD

Penponyxkiona morpouma / Reproduction consumption
ITpumaory ITponsBopma enexTpiraHe
Users IIpoussonma 1 npepaja yrba E ‘e vTE VPII | ®II PC
Coal production and processing Heprmey ~ ~
Hasaorm Electricity production in TPPs TRC | FC DF
Donors
K-1 | K2 | K-3 | K-4 | KII | TEHT-1 | TEHT-2 | TEK | TEM
K-1 | K2 | K3 | K4 | KP |TPPNT-1|TPPNT-2| TPPK | TPPM
Ilij 0 0 0 0 0 196 3.063 0 0 3.259 77 | 3.336
K-2 J
2l o 0 0 0 0 639 6.609 0 0 | 7.248 | 185 |7.433
K-2 o
K-3 g
K3 Eg 0 0 0 0 0 7.364 269 |[1.712| 538 | 9.883 0 9.883
o
K-4 =
Ko 8 0 0 0 0 300 0 0 50 0 350 60 410
IIEE 0 0 0 0 4 0 0 52 3 59 3.000 | 3.059
TEHT-1
TPPNT-1 B 36 | 117 0 0 0 925 0 0 0 1.078 | 17.506 | 18.584
oW
TEHT-2 25
M
TPPNT-2 E = 35 | 115 0 0 0 0 516 0 0 666 |16.700(17.366
TEK E-] é 0 0 574 | 42 118 0 0 129 0 863 | 3.737 | 4.600
TPPK S : :
88}
TEM
TPPM 0 0 0 0 0 0 0 0 30 30 1.170 | 1.200
Yiynio 71 | 232 | 574 | 42 | 422 | 9.124 | 10457 [1.943| 571
Total
Hpousponrsa 3.265(7.201(9.309| 368 |2.637| 9.460 | 6.909 |2.657| 629 |42.435
Production
PCP
AR 3.336|7.433|9.883| 410 |3.059| 18.584 | 17.366 [4.600|1.200|65.871
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[1I1Y - [Ipoussopma u npepasa yrpa y Pb Kony6apa
CPP - Coal production and processing at MB

[TEETE - [IpousBopsa enekTpudHe eHepruje y
trepmoenekTpanama (TEHT)

PEETE - Electricity production in TPPs (TPPNT)

YPII - YkyniHa penpofyKIioHa IOTPOIIba
TRC - Total reproduction consumption

OII - OdynHamHa MOTPOIIHA
FC - Final consumption

PC - Pacniopierbena cpefcta
DF - Distributed funds

PCP - Pacnionoxxusa cpefcTBa
AF - Available funds

[1K - IToBpmmHCKM KOII

OPM - Open pit mine

TEHT - Tepmoenextpana ,,Huxoma Tecma“
TPPNT - Thermal Power Plant ,,Nikola Tesla“

Y Mopeny cMo uspBsojum crnefehe BpegHOCTIH:

a) Texunuxe KoeduiujeHTe (HOPMATUBY IIPO-
U3BOJIHE)

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

Alaij] = 0 0 0 0
0,010791 0,015740 0 0
0,010492 0,015471 0 0
0 0 0,05808  0,10244
0 0 0 0

0.003 0.000 0.000

0.005 0.000 0.000
0.005  0.007 0.040
0.000  0.000

(I-A)'= 0.000  0.000 0.001 0.001
0.011  0.017 0.000 0.000
0.011  0.016 0.000 0.000
0.000  0.000 0.061 0.108
0.000  0.000 0.000 0.000

Enementnn muBepsHe marpute (I - A)! mo-
ka3yjy mia nosehame dunanne morpommbe Y,
3a jemMHUIY Y3poKyje noBehame nponsBoame
yr/pa Ha K-1 (xl) od 1,002 jenunniia, nosehame
npousBofe yriba Ha K-2 (x,) od 0,005 jenu-
Hu1la, Tosehame Mponssosme yriba Ha K-3 (x,)
ox 0,005 jemmuuna, nosehame IpousBOAmE
enextpuune enepruje y TEHT-1 (x.) om 0,011
jemmnnma n TEHT-2 (x)) om 0,011 jemmuu-
na. VMcrum nocrynkom ce yrBpbyje ¢unanna
HOTpoOIlba eneKTpuyHe eHepruje y TEHT-1
(y,) sa jemuummy, nosehamem NpOU3BOMIIbE
enexTpuuHe eHepruje (x,) ox 1,053 jenuuuia,
nosehawem mpoussozibe yriba Ha K-1 (x,) of

In the model, we have extracted the following
values:

a) Technical coefficients (production standards)

0 0,01055  0,17638 0 0

0 0,034384 0,380571 0 0

0 0,396255 0,01549 0,372174 0,448333
0,098071 0 0 0,01087 0
0,001308 0 0 0,011304 0,00250
0 0,049774 O 0 0

0 0 0,029713 0 0
0,038575 0 0 0,02804 O

0 0 0 0 0,02500

0.000 0.011 0.183 0.000 0.000
0.000 0.036 0.396 0.000 0.000
0.019 0.427 0.020 0.392 0.470
0.099 0.000 0.000 0.013 0.001

0.000 0.000 0.012 0.003
0.000 -0.0()9 0.000 0.000
0.000 0.001 0.000 0.000
0.051 0.026 0.001 0.028

0.000 0.000 0.000 0.000 _

The elements of the inverse matrix (I - A)!
show that an increase in final consumption Y,
per unit causes an increase in coal production
at K-1 (x,) of 1 TPPNT.002 units, an increase
in coal production at K-2 (x,) of 0.005 units, an
increase in coal production at K-3 (x,) of 0.005
units, an increase in electricity production at
TPPNT-1 (x,) of 0.011 units and TENT-2 (x,)
of 0.011 units. The same procedure determines
the final electricity consumption in TPPNT -1
(y,) per unit, by increasing electricity produc-
tion (x,) by 1.053 units, increasing coal pro-
duction at K-1 (x,) by 0.011 units, K-2 (x,) by
0.036 units, K-3 (x3) by 0.427 units, increasing
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0,011 jemmuuua, K-2 (x,) ox 0,036 jemunuia,
K-3 (x,) op 0,427 jemquuniia, nosehame mpons-
BOfbe enekTpuyune enepruje y TEHT-2 (x) op
0,001 jequuuua i TEK (x,) on 0,026 jepuunia.

C/IMYHO TeXHUYKUM Koe(UIMjeHTNMA 3, Koe-
$uumjentn sarabema z feuamcany cy Ha oc-
HOBY IIPETIIOCTABKe /IMHeapHe 3aBUCHOCTH 13-
MeDy 061Ma Ipon3BObe IPON3BOLHOT CEKTOPa
j, C jenHe cTpaHe, ¥ KOIMYMHEe eMUTOBAHE ITET-
He Marepuje k y cektopy j ¢ mpyre cTpane [1]:

electricity production in TENT-2 (x,) by 0.001
units and TEK (x,) by 0.026 units.

Similar to the technical coefficients a, the pol-
lution coefficients z* are defined based on the
assumption of a linear dependence between the
volume of production of the production sector
j» on the one hand, and the amount of emitted
harmful substance k in sector j on the other
hand [1]:

el =2k x; (4)
24 = el/x; (5)
I/ie Cy: where

ekj - YkynHe emucuje mretHe Marepuje k y
IIPOU3BOHOM CEKTODY j;

X, - O61M npou3BOIHE j-TOT CEKTOPA;

z"j - Koednmujent sarabema j-tor cexropa
(mpencTaBba cieUpUIHY eMUCH]y ITeT-
He MaTepyje K 1o jenmHMIM TIpoOM3BOfa
IPOU3BOJHOT CEKTOPA j.

Matpuna emucuje E nobuja cnepehn o6nmk:

[Tpumenom penanuje (5) u marpute (6) no6uja
ce MaTpuLa 3arabhema z:

Marpuia emMucuje uckazaHa Ipeko z 1Ma ciie-
nehy pemanujy:

ekj - Total emissions of harmful substance k
in production sector j;

x, - Production volume of the jth sector;

z,; - Pollution coefficient of the jth sector
(represents the specific emission of
harmful substance k per unit of product of
the production sector j.

The emission matrix E takes the following form:

(6)

By applying relation (5) and matrix (6), the pol-
lution matrix z is obtained:

(7)

The emission matrix expressed in terms of z
has the following relation:

E=z+D(x) (8)
And,
z=Ex[Dx)]’ 9)

I'me je D(x) nujaronasHa MaTpuIia BEKTOpa X, a
[D(x)]"! meHa nHBep3HA MaTpULA.
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Where D(x) is the diagonal matrix of the vector
x, and [D(x)] ! is its inverse matrix.
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Based on a review of the documentation of the
Public Enterprise “Electric Power Industry of
Serbia”, other available documentation and cal-
culated values, a table of emissions of harmful
substances was formed (Table 2).

Ha ocHOBy mpernefa moKyMmeHTanyje JaBHOT
npenyseha ,Enexrponpuspena Cpbuje®, gpy-
re pacIo/OKMBe JOKYMEHTALuje ¥ PAIyHCKM
U3BeJeHNX BpeJHOCTH, popMupaHa je Tabemna
eMICHje ITeTHUX MaTepuja (Tabena 2).

Tabena 2, Emutiiupare konuuuHe WinieiliHux Maiiiepuja y ipou3sogHum ceKitiopuma
Table 2, Emissions of harmful substances in production sectors

Emurupane konmunse (t/rox.) / Emissions (t/year)
BPCTE} [TponsBopba 1 Ipepaja yrba HpomBOTTb;(e)z}i:iE M:::Nf:ep ey
eMucnja Coal production and processing . pmoerexTp
Type of Electricity production in thermal power plants
emissions
K-1 K-2 K-3 K-4 KII TEHT-1 TEHT-2 TEK TEM
K-1 K-2 K-3 K-4 KP TPPNT-1 | TPPNT-2 TPPK TPPM
CO, 15.000| 20.000{ 30.000| 5.000{ 21.500 9.750.000{ 9.600.000| 2.500.000 750.000
E _
NO_ 2.857 3.653| 4.897 98 361 16.900 16.700 4.500 1.640
[Ipumenom penanuje (9) sobujene cy cnenehe Applying relation (9) the following values were
BPETHOCTH: obtained:
4,4964 2,6906 3,0354 12,1951 7,0283 524,6475 552,7680 543,4750 624,9975
z = |2,1346 13376 12462 05146 02595 4,7353 5,1246 3,2608 4,1666
0,8564 0,4914 10,4955 10,2390  0,1180 0,9094 0,9616 0,9782 1,3667

From the matrix z (7) only one row of pollution
coefficients is taken (in this case the pollutant
is sulfur dioxide SO,):

V3 marpuie z (7) mpeyseT je caMo jefilaH pefn
KoedurmjeHara 3arahyBama (y oBOM CIydajy
sarahusad je cymmop-auoxcug SO,):

z=[2,1346 1,3376 1,2462 0,5146 0,2595 4,7363 5,1246 3,2608 4,1666] (10)
For the cross-sector analysis of the pollution pro-
cess, the vector z from relation (10) is brought
into the form of a diagonal matrix D(z). The
mutual emission connection of the production
sectors is obtained by multiplying equation (3)
on the left side with the matrix D(z) [1].

3a mehycexTopcky ananmsy mporeca 3arabu-
Bama, BEKTOp z n3 penanuje (10) ce poBomm y
06mMk fujaronanHe marpuie D(z). Mebyco6-
Ha eMMCHOHA MTOBE3aHOCT MPOM3BOJHMX CeK-
TOpa Bo0uja ce MyITUIUIMLUPAbEM jefHauNHe
(3) c neBe cTpane ca marpurom D(z) [1].

D(z) *x =D(z) x(I-A)" =y (11)
By multiplying the matrix D(z) and the matrix
multiplier (I - A)", we obtain the “matrix emis-
sion multiplier”, in this case for the six-phase
emission of SO,.

MHoxemeM Marpuiie D(z) u MaTpuU4HOT MyJI-
tummkatopa (I - A)?' mobujamo ,,MaTpuyHM
MYITUIUIMKATOP eMICHje’, y OBOM CIIydajy 3a
mwereTHy emncujy SO..

We will denote the matrix product D(z) * (I -
A)"' by v. For the harmful substance SO,, the ma-
trix emission multiplier has the following form:

Cavhemo o3HaunTy MaTpyunu nponssop D(z)
* (I - A)". 3a mreTHy matepujy SO, MaTpuuHN
MYITUIUIMKATOp eMucuje nma cregehn obnuk:
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2,1389  0,0064  0,0000 0,0000 0,0000 0,0235 0,3906 0,0000  0,0000
0,0067  1,3470  0,0000 0,0000 0,0000 0,0496 0,5455 0,0000 0,0000
0,0062  0,0087 1,2749  0,0498  0,0237 0,5321 0,0249 04885 0,5857
0,0000  0,0000 0,0005 05151 0,0509 0,0000 0,0000 0,0067  0,0005
V= 0,0000  0,0000 0,0002 0,0002 0,2600 0,0000 0,0000 0,0031 0,0008 (12)
0,0521  0,0805  0,0000 0,0000 0,0000 4,9863  0,0426  0,0000  0,0000
0,0564  0,0820  0,0000 0,0000 0,0000 0,005 53244  0,0000 0,0000
0,0000  0,0000 0,1989 0,0282 0,1663 0,0848 0,0033  3,4369 0,0913
0,0000  0,0000  0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 4,2749

W3 MaTpuiie v MOXKe Ce 3aK/bY4UTH A je CBAKK
¢duHaTHY TON3BOJ, (IIPOU3BEEHM yTrab 3a LIN-
poky nmorpouwy) Ha K- 1 ontepehen ykymaom
eMMCHjOM U TO: JupeKTHoM emucujom K-1 'y
BUCMHU 0Of 2,1389 jenuHNLIa ¥ MHAVMPEKTHUM
emucujama og, 0,0067 jepuuauna ca K-3, 0,0521
jenmuune ns TEHT-1 1 0,0564 ns TEHT-2.

2z.a,=21389+0,0067 + 0,0521 + 0,0564 = 2,2541

CXOHO IpeTXOJHOM IIpMMepPy MOXKe ce Ha
VICTY HauMH YTBPAUTY fia je GUHAIHY IIPOuU3-
Bofi (enextpuuHa eHepruja) y TE onrepehen
YKYIIHOM eMMCHjaMa:

2z.a,=49863+0,0496 + 0,5321 + 0,0051 + 0,0848 = 5,6579

Tj. pupekTHoM emucujom TEHT-1 y BucuHuN
4,9863 jenuHuLA M MHOVPEKTHUM eMICHjaMa O
K-1yBucunn 0,0235 jesunanua, ITIK-2 y BpenHo-
ctu 0,0496 jemmunua, K-3 y Bpegroctn 0,5321
jenmuunna, TEHT-2 y Bpennoctu 0,0051 jennun-
1a u TEK y BpegrocTu 0,0848 jennunua.

YBohewem Bextopa Y y jegnaumny (13) mo-
6ujamo ykynny emucujy SO, (Tabena 3).

From the matrix v it can be concluded that each
final product (produced coal for general con-
sumption) at K-1 is loaded with total emissions,
namely: direct emissions K-1 in the amount of
2.1389 units and indirect emissions of 0.0067
units from K-3, 0.0521 units from TPPNT-1
and 0.0564 from TPPNT-2.

(13)

According to the previous example, it can
be determined in the same way that the final
product (electricity) in TE is loaded with total
emissions:

(14)

i.e. direct emission of TENT-1 in the amount of
4.9863 units and indirect emissions from K-1
in the amount of 0.0235 units, OPM-2 in the
amount of 0.0496 units, K-3 in the amount of
0.5321 units, TPPNT-2 in the amount of 0.0051
units and TPPK in the amount of 0.0848 units.

By introducing the vector Y into equation (13)
we obtain the total emission of SO, (Table 3).

Tabena 3, ITpoussog ,mawipuuHol MyATHUUNUKATIOPA eMucuje” u punanHe Hompouitve, emucuja Hactiana 360i SO,
Table 3, Product of the «emission matrix multiplier» and final consumption, emission caused by SO,

Emmcnja nacrama 36or SO,/ SO, Emissions
2 r YKymHO

K-1 K-2 K-3 | K4 KII | TEHT-1 | TEHT-2 TEK TEM Total

K-1 K-2 K-3 K-4 KP TPPNT-1| TPPNT-2 | TPPK TPPM
Ej 164,70 1,18 0,00 0,00 0,00 411,39] 6.543,73 0,00 0,00] 7.121,00
Ei 0,52| 249,20{ 0,00 0,00 0,00/  868,30| 8.824,98 0,00 0,00|  9.943,00
Ei 0,48 1,61| 0,00 3,00 71,10 9.314,19 415,83 1.825,52| 685,27 12.317,00
K-4
Kod 0,00 0,00 0,00f 30,91| 154.46 0,00 0,00 25,04 0,59 211,00
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Emucyja Hactana 36or SO, / SO, Emissions
2 2 Ykynno

K1 | K2 | K3 ] K4 [ KO [TEHT-1| TEHT-2 | TEK | TEM Total

K-1 K-2 K-3 K-4 KP TPPNT-1| TPPNT-2 | TPPK TPPM
II?P] 0,00 0,00 0,00, 0,01| 781.47 0,00 0,00 11,58 0,94 794.00
TEHT-1
TPPNT-1 4,01 14,90 0,00 0,00 0,00| 87.269,67 711,42 0,00 0,00| 88.000,00
TEHT-2
TPPNT-2 4,34 15,17 0,00| 0,00 0,00 89,28| 88.891,21 0,00 0,00| 89.000,00
TEK
TPPK 0,00 0,00 0,00 1,69| 498,90/ 1.484,51 55,10/ 12.853,00, 106,80 15.000,00
TEM

0,00 0,00 0,00, 0,00 0,00 0,00 0,00 0,00{ 5.000,00{ 5.000,00
TPPM
Ykynno
Total 174,05 282,06/ 0,00| 35,61| 1.505,93(99.437.34 | 105.442,27| 14.715.14| 5.793.60|227.386,00

Yxynna emucnja SO, usnocn 227.386 jequuniia,
ogtorayK-17.121 jepunnua, K-2 9.943 jenuun-
a, K-3 12.317 jepuunna nta. EMmucnonnx 164,7
jemmunma y K-1 Hacrano je 36or 411,4 jenuaniia
y TEHT-1n6.543,7 jepuunnay TEHT-2. To 3na-
4n f1a je puHaIHA Ipoyiaja yrba y K-1 mpoyspo-
KoBana 164,7 jequnniia gupextuux u 0,52, 0,48,
4,01 n 4,34 jepuHuua MHAMPEKTHUX eMUCHja
SO, ogHOCHO 174,05 YKYITHMX EMUCUOHNX jef-
Huia. C pyre crpase, GpuHaMHA Tpofaja cTpyje
y TEHT-1 npoyspykosana je 87.269,67 jenuuu-
Lla AUPEKTHIX, a 411,39; 868,30; 9.314,19; 89,28
u 1.484,51 jequunna naaupektHnx emucuja SO,
Tj. YKYIIHO 99.437,34 eMUCHOHMKX jeqVIHULIA.

[IperxonHo ypaheHa anamisa 3a SO, IpuMereHa
je m ipu anammsy mreThux Marepuja CO, u NO_
u fobujeHe cy cnenehe emucuje (tTabene 4 u 5).

Total SO, emissions are 227,386 units, of which
7,121 units in Q-1, 9,943 units in Q-2, 12,317
units in Q-3, etc. The 164.7 emission units in
Q-1 were due to 411.4 units in TPPNT -1 and
6,543.7 units in TPPNT-2. This means that the
final sale of coal in Q-1 caused 164.7 units of
direct and 0.52, 0.48, 4.01 and 4.34 units of in-
direct SO, emissions, or 174.05 total emission
units. On the other hand, the final sale of elec-
tricity in TPPNT -1 caused 87,269.67 units of
direct, and 411.39; 868.30; 9,314.19; 89.28 and
1,484.51 units of indirect SO, emissions, i.e. a
total of 99,437.34 emission units.

The previously performed analysis for SO,
was also applied to the analysis of harmful
substances CO, and NO_and the following
emissions were obtained (Tables 4 and 5).

Tabena 4, ITIpouseo0 ,mampu4roz Mynmunaukamopa emucuje”u dunanre nompouirve, Emucuja nacmana s6oe CO,
Table 4, Product of the «emission matrix multiplier» and final consumption, Emissions due to CO,

Emucuje Hactane s6or CO, / CO, Emissions
_ Ykynno

K-1 K2 [K-3 K-4 KP TENT-1 TENT-2 TEK TEM Total

K-1 K-2 K-3 K-4 KP TPPNT-1 TPPNT-2 TPPK TPPM
Iéj 34,92 2,50 0 0 0 866,55 13.740,76 0 0 14.956,73
K-2
K2 1,03| 501,24 0 0 0 1.696,33 17.793,85 0 0 19.992,45
Iﬁiz 1,17 3,92 0 7,28 173,10  22.689,53 1.013,69 4.446,66|  1.669,12 30.004,47
K-4
Kod 0 0 0| 732,44 3.621,90 0 0 592,31 14,27 4.960,92
KP
KP 0 0 0 0,42| 21.126,90 0 0 315,03 24,69 21.467,04
TENT-1
TPPNT-1 444,37| 1.650,01 0 0 0]9.671.256,22 78.854,06 0 0| 9.752.204,66
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Emucuje nacrasne s6or CO, / CO, Emissions
- Ykynno

K-1 K-2 |K-3| K-4 KP TENT-1 TENT-2 TEK TEM Total

K-1 K-2 K-3 K-4 KP TPPNT-1 TPPNT-2 TPPK TPPM
TENT-2
TPPNT-1 468,19( 1.636,20| 0 0 0 9.677,32| 9.591.242,53 0 0 9.603.024,24
TEK
TPPK 0 0 0] 3.521,72| 83.151,60| 247.365,03 9.076,45(2.140.638,06| 17.804,24| 2.501.557,10
TEM
TPPM 0 of o 0 0 0 0 0[ 750.259,46|  750.259,46
Ykynno
Total 1.261,68| 3.793,87| 0| 4.261,86| 108.073,50|9.953.550,98| 9.711.721,34(2.145.992,06| 769.771,78| 22.698.427,07

Tabena 5, ITpoussog ,Mampu4Hol MyATAUANUKATIOPA emucuje” u punane Hotmpouirve, Emucuja naciiana 360t NO,
Table 5, Product of the «emission matrix multiplier» and final consumption, Emissions due to NO,

Emucuje Hacrane 36or NOx / NOx Emissions
Ykynno

K-1 K-2 K-3 K-4 KP TENT-1 | TENT-2 TEK TEM Total

K-1 K-2 K-3 K-4 K-P | TPPNT-1 | TPPNT-1 TPPK TPPK
Iéj 66,07 048] 0,00 0,00 0,00 164,56|  2.616,89 0,00 0,00  2.848.00
Ej 0,18  91,54| 0,00 0,00 0,00 309,86  3.249,82 0,00 0,00  3.651.40
I;j 0.19 0.65 0,00 1.19 28.20|  3.704,30 165.33 72573|  272,49|  4.898.08
K-4
o 0.00 0.00| 0,00 14.35 71.10 0.00 0.00 11.58 0.23 97.26
KP
o 0.00 0.00| 0,00 0.01|  354.60 0.00 0.00 5.23 0.35 360.19
TENT-1
Tt | 077 285 0,00 0.00 0.00| 16.762.75 136,94 0.00 0.00| 16.903.31
T?SI\THZ | o2 2.85 0,00 0.00 0.00 17,51]  16.684,97 0.00 0.00| 16.706.15
TEK
- 0.00 0.00| 0,00 6.34| 14970  444.65 16,70|  3.852.85 32.06|  4.502.30
TEM
I 0.00 0.00[ 0,00 0.00 0.00 0.00 0,00 000 1.640.57|  1.640.57
%’(’2’3“0 68.03| 9837 0.00] 21.89|  603.60| 21.403,63| 22.870,65|  4.595.39| 1.945.70| 51.607.26

Ykynue emucuje SO,, CO, u NO,_ ce ogHoce
Ha caropeBame JIMTHUTA y TePMOOIKOBYIMA, a
y Mam0j Mepy 3a QyHKIIMOHNCalbe MeXaHM3a-
Iyje Ha KOIOBMMA, CaMOYyIlajie yHyTap Koma
U Ha pygHUYKOj menonuju. Kako ce pagu o
eMMcujaMa MITeTHUMX TacoBa Koje Cy BUILeE
nyTa Behe o eMucuja y TepMoenKTpaHamMa Ha
yrab y EBponn, menanepu EIIC mopajy ca-
I7IeflaTy CBé ME€XaHM3Me HUXOBOT CMambema.
Y TOKy Cy paioBM Ha pelllaBamy IpobaemMa
OfICyMIIOpaBama IacoBa y TepMOOIKOBMMA
TEHT, a pymHmuka TeXHOJOIMja OTKOIIA-
Bamba U TpeTMpama yI/ba Tpeba CBeCTM Ha
ontumanHy Huso. [Ipumena mebycekTopcke
aHa/mM3e Ha TOAMIILEM HUBOY MOXe YKa3aTu
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Total SO,, CO, and NO_ emissions relate to
the combustion of lignite in thermal blocks,
and to a lesser extent to the functioning of the
mine machinery, self-ignition within the mine
and at the mine dump. Since these are emis-
sions of harmful gases that are several times
higher than emissions from coal-fired thermal
power plants in Europe, EPS’s managers must
consider all mechanisms for their reduction.
Work is underway to solve the problem of gas
desulphurization in TPPNT thermal blocks,
and mining technology for mining and coal
treatment should be reduced to an optimal
level. The application of cross-sectoral analy-
sis on an annual basis can indicate the effec-
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Ha e(PMKACHOCT CBUX YBefIeHUX Mepa I10jen-
HAYHO 33 CBAKM IIPOM3BOJHN CEKTOP U YKYII-
Ho crame y EIIC.

3AK/bYYAK

ITosHaBame ykymHor onrepehema ¢uHamHMxX
IpOM3BOfla eMMCHjaMa ILITEeTHUX MaTepuja
3Ha4ajHO je 3a CIIpoBolerbe 3aIITNTe KMBOTHE
CpefyiHe Y €KOHOMCKOj IIOJIMTHLIM He CaMo JaB-
Hor mpenyseha ,Enexkrponpuspena Cpo6uje®
Beh u Peny6nmke Cpb6uje. TexHomouike mo-
CTyIIKe Ha HOBPIIMHCKUAM KOIIOBMMA 1 TePMO-
elIKTpaHaMa Ha yrab Moryhe je epukacHo aHa-
NM3UpATH IPUMEHOM MehycekTopcke aHammse.
ITprkasauy paj je KOHKpeTaH IIPUCTYI aHa-
nuse mpoleca 3arabuBame KMBOTHE CpefyHe
y TpPOM3BIHOM CeKTOpYy ,Enekrpormpuspene
Cpbuje“ M MoXXe MOCTYXUTU MeHallepuma
EIIC y npahewy u fedunncamy npruopurera
y edMKacHOM CMamemy npoleca 3arahnsama
IITeTHUM MaTepujama.
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Caxerak: [eseitiol maja 2025. ioguHe, HABPUAUTIO Ce TA4HO ocamgeceili ioguHa og tiobege HAG PAUAUIMOM U
kauuiiynayuje Hayuciiuuke Hemauxe y Jpyiom ceeitickom paitiy (1945-2025). Osaj easxan gaimiym koju uma
{loce6aH UCTOPUjcKY 3HAYA] 3a PYCKU HAPOG U MUPOLYOUBU CBelll Y UenuHU, 00enexeH je c6eUaHoM 80jHOM
wapagom y Mockeu.

Pagom ce tipenocu xonexiiusHo cehawe u emiiaiiuja ipema jegHoj 0geaxHoj u xpabpoj ienepauuju pygapa
Tpeiiue, Benoi 6pga u Mbapckux pyguuka, koju cy y jyny 1941. iogune ociliasunu pygapcku anaiti u ca wyuikom
¥ Pyyu ce Upukpyuuny ioxkpeitiy omiiopa dawiusmy, 60pou tpoiiue okyiaiiopa u 6e3063upHoj excinoaitiayuju
ione pagHe cHaie.

Og tipse uckpe exciinosuje Ha suuapu pyguuxa Tpeitue, pygapu Pygapcke ueitie cy tipowinu cée pailiHe cilipaxoiiie
IIpse tiponeitiepcke 6puiage og 1941. go 1945. iogune u céojom kpemwy gyooko Hamouuny 6ojuiitia Ha wyiiy Ka
ceeiiloj cnobogu.

3attio Hawa ceharwa Ha Xepojcka gena osux pygapa, mopajy Ouiliu 6e4Ha Kao Wiio je U wuxoead c1aéa e4Hd.

KibyuHe peuu: PYITAPY, PYJAPCKA YETA, ®AUIM3AM, TIOKPET OTIIOPA, IVUBEP3AHTHU TPEITYE

Abstract: On May 9", 2025, exactly eighty years had passed since the victory over fascism and the capitulation of
Nazi Germany in the World War II (1945-2025). This important date, which holds special historical significance
for the Russian and the peace-loving people as a whole, was marked by a solemn military parade in Moscow.

This paper conveys the collective memory and empathy toward a courageous and brave generation of miners from
Trepca, Belo Brdo, and the Ibar mines, who in July 1941 laid down their mining tools and, with rifles in hand,
joined the resistance movement against fascism, the struggle against the occupier, and the ruthless exploitation of
labor power.
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From the first spark of the explosion on the Trepca mine cableway, the miners of the Miners’ Company endured all
the wartime horrors of the First Proletarian Brigade from 1941 to 1945 and soaked the battlefields with their blood

on the road to sacred freedom.

Therefore, our memory of the heroic deeds of these miners must be eternal, just as their glory is eternal.

Key words: MINERS, MINERS' COMPANY, FASCISM, RESISTANCE MOVEMENT, TREPCA SABOTEURS

YBO[

Heseror maja 2025. roguHe, BOjHOM IapazioM y
MockBn, 06enexeHa je 0caM/iece TOTOMIIILIIIA
nobeyie Hajy GAIIM3MOM ¥ KaIlUTYy/Ialje Haly-
ctiuke Hemauke y JIpyrom cBeTCKOM paty.

OBMM pajioM, TeXma je Omma Ja ce OCBexe
cehama Ha Xepojcke maHe pymapa Tpemye, be-
yor 6ppa 1 VIbapckux pynHMKa Koju cy ce 1941.
TOJVIHE II0J] 3aBUOPEHVIM PYyJapCKMM Oapjakom,
NPUK/BYYMIN TOKPETy OTIOpa (alMCTIIKOj
okymnanuju Cpbuje 1 Tafallmse Jyrociasuje.

TokoMm parHux faHa, y penosuma IIpse mpore-
Tepcke Opurafie, ped ,,pyaap’ je MMana Crery-
¢rranO 3Havee. HeyHMIITBY IyX ¥ OIJTyYHOCT
pydapa, CIpeMHM fAa Y4MHE M IOFHECY MHOTO
BUILIE HETO LITO YCIOBM Y IATOM TPEHYTKY IIpy-
Kajy, f13ajia je Mopas i aBajia Hafy IpOoIeTepu-
Ma. I[IOHOCHU CTe4eHOM TpajuIujoM deTe, OGuIo
je Heder MoceOHOT KOJ PyAapa, a To je CIocob-
HOCT JIa YBeK y 60p6u 1 Ha [ieTy MOKaXy fia Cy
IOCTOjHU MIMEHA pyaapa. ,la Tpagmiuja Kojy cy
PyHapy HOCMIHN, CHara KojoM Cy OBJ/IafiaBasiy CBa-
KM KO TOJI je y/Ia3yo y pefoBe 6opalja mbIXoBe
YeTe — TO je HELITO HajJIeTIle M HajyliedyaT/buBuje
yera ce ceham ..” patau BetepaH b. Borasaij [2]

ITPEOPATHW PA3BO] PYJIHUKA TPEITHA
M IITPAJK PYJAPA

3HavajHUju pa3BoOj pygHUKaA Tpemnda, MoUYNube
on 1926. ronuHe, OMHOCHO Of BpeMeHa Kaja
je xoHnecuja Tpermya mpenia y BIaCHUIITBY
yIopyXemwa Koje ¢y ynHuam 20 eHITIeCKUX Ka-
OUTAIICTAa ¥ jemaH amepukaHay (Selection
Trust Ltd u3 Jlounona) [1]. IIpopaja xoHIecuje
je 6buma o MaxuHaluje u npeBape Enresa
y3 momoh pmomahmx MmaHumynaHata pygHUM
6orarctBom Cp6buje. EHrmecka xommnanmuja
je Kymmma xoHnecujy on Papa Ilammha, cuna
npepcennuka Brage Huxone ITammha [5].
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INTRODUCTION

On May 9, 2025, the eightieth anniversary of
the victory over fascism and the capitulation of
Nazi Germany in the Second World War was
marked with a military parade in Moscow.

This paper aims to revive the memory of the
heroic days of the miners of Trepca, Belo Brdo,
and the Ibar mines who, in 1941, under the
raised miners’ flag, joined the resistance move-
ment against the fascist occupation of Serbia
and the former Yugoslavia.

During the war, within the ranks of the First
Proletarian Brigade, the word “miner” carried
a special meaning. The indomitable spirit and
determination of the miners - ready to do and
endure far more than circumstances allowed
- lifted morale and inspired hope among the
proletarians. Proud of the tradition upheld by
their company, the miners possessed something
unique: the ability to prove in combat, time
and again, that they were worthy of the miners’
name.“That tradition carried by the miners, the
strength with which they influenced anyone
who entered the ranks of their company’s fight-
ers — that is the most beautiful and striking thing
I remember...” war veteran B. Bogovac [2].

PRE-WAR DEVELOPMENT OF THE TREPCA
MINE AND THE MINERS’ STRIKE

The significant development of the Trepca
mine began in 1926, when the Trepca conces-
sion passed into the ownership of a group of 20
English capitalists and one American (Selection
Trust Ltd of London) [1]. The sale of the con-
cession was an act of manipulation and fraud
by the English, aided by domestic exploiters of
Serbia’s mineral wealth. The English company
bought the concession from Rade Pasi¢, son of
Prime Minister Nikola Pasi¢ [5].
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Enrnesu cy omMax opraHmM3oBaIyM MCTPaXKu-
Bama I pylapcke IIpUIpeMe, a Kajja je moTBphe-
Ha OTPOMHA TeOJIOIIKa IOTEHLMjaTHOCT JIe-
xuymrta Crapy Tpr (pejoH cema MubeHNIa 1 Ha
TperruanckoM 6ppy), OCHOBaHa je y fierieMopy
1927. ropune xommanuja Trepéa Mines Ltd ca
cegumiTeM y JIOHZOHY 1 AVPEKLIMjOM y 3BEUaHY.
Vicre ropuse je ocnoBan u Kopaonik Mines Ltd,
OTpaHaK eHITlecKe Kommanmje Selection Trust
Ltd, ca iijbeM eKcIUIoaTalje OJI0BHO-IHKaHe
pyze us nexxuinra beno 6pno Ha Komaonwmky [1].

CBeyaHOCT IOBOJOM OTBapamwa pyfsHukKa Tpe-
m4a je opprkana 10. oktobpa 1930. ropuue.

3axBasbyjyhu 60raToj pyam u HOBO/BHIM YCIIO-
BUMa eKcIUIoaranuje, EHrnesn cy npoussoamy
U3 TOJUHY Y TOAVHY Harno yBehaBamu. Y Be3n
TaKBe UHaMMKe npoussopamwe C.Byjuh [5] Ha-
Boan: ,,CTapy Tpr je 3a KpaTKo BpeMe II0CTao
Hajeehu pygHMk onosa u unHka y Esporm. To
HIje IpecTIDKHO Beh 1IKo/Icky mpumep pay6o-
Bamba JIOKUIITA U I/bauKe .

Camo y nepuogy 1939-1940. rogmse, OTKOIIAHO
je roroo 700.000 ToHa pyme u Taja mpousBe-
neno 74.000 ToHa 071I0BHOT KOHLIEHTpaTa, 14.000
TOHa paduHupaHor onosa u 44.000 ToHa KOH-
LeHTpaTa UMHKA. [lo moyeTka JIpyror cBeTcKor
para 1941. ropuHe, y pyniHuKy Tpemda je mpous-
BefIEHO YKYIHO 5.972.909 ToHa 0/10BHO-LIMHKa-
He pyfe OIIMYHOT KBanuTeTa [1].

Kaxo ce pasBujao pymamk u yBehasao kammrarn
EHIJIECKMM KOHILIECMOHAPMMA, TaKO Cy YC/IOBU
pajia y PYSHMKY OMM CBe HETOJHOIUBMBIL.
Temxm ycnoBu pajja y pylapcKum jamama Ijie cy
PyZAapy yaycam OJI0BHY ITPAIINHY, Ca CKPOMHUM
JTHEBHMI[AMA, HEPEOBHMM IIPUMabUMa U JIpy-
TYIM HEBO/baMa, YMHIJIE CY CTBAPHOCT TaJaIlliber
py#apckor xkuBoTa y Tperrun. JKusenu cy Telxo,
9eCTO VCTIOf] JbYACKOT JOCTOjaHCTBA. Y MOTpasyu
3a TI0C/IOM, MHOTY JOCE/bEHUIIN U3 Pas/INUUTIX
KpajeBa OHJalllibe Jyroc/maByje, MIPUXBATAIN Cy
CypOBe yClIOBe XXMBOTA II0Ji KPOBOBMMA Pyfiap-
CKVIX yIIepHIa M TIOTyCPYIIeHNX IpBeHNX 6apaka
Tperrue. ITojemuun cy npeHohuiTa Hamaswm y
OKOTHVM TrehyHaMa 1 y HaIyIITeHVM BIKHIM
IpoCTOpMjaMa PyAapcKux jama [1].

Hemmnocppao uckopumhasame pajHe cHare,
yjenubaBao je BO/bY U HaIlope pyjapa ja ce

The English immediately organized explora-
tions and mining preparations, and once the
enormous geological potential of the Stari
Trg deposit (in the area of the village Miljen-
ica and on the Trepca hill) was confirmed, in
December 1927 the company Trepca Mines
Ltd was established with headquarters in
London and a directorate in Zvec¢an. That
same year, Kopaonik Mines Ltd, a branch of
the English company Selection Trust Ltd, was
also founded with the aim of exploiting the
lead-zinc ore from the Belo Brdo deposit on
Kopaonik [1].

The ceremony marking the opening of the
Trepc¢a mine was held on October 10", 1930.

Thanks to the rich ore and favorable exploita-
tion conditions, the English rapidly increased
production year after year. Regarding this
pace of production, S. Vuji¢ [5] notes: “Stari
Trg quickly became the largest lead and zinc
mine in Europe. This was not prestige, but a
textbook example of plundering the deposit
and looting”

In the period 1939-1940 alone, almost 700,000
tons of ore were mined, producing 74,000 tons
of lead concentrate, 14,000 tons of refined
lead, and 44,000 tons of zinc concentrate. By
the beginning of the World War II in 1941,
Trepc¢a had produced a total of 5,972,909 tons
of high-quality lead-zinc ore [1].

As the mine expanded and the English con-
cessionaires grew wealthier, the working
conditions in the mine became increasingly
unbearable. Harsh conditions in the mining
shafts, where miners inhaled lead dust, com-
bined with meager wages, irregular pay, and
other hardships, defined the miners’ lives in
Trepc¢a. They lived in misery, often below
human dignity. In search of work, many mi-
grants from different parts of then-Yugosla-
via accepted the harsh living conditions in
makeshift shacks and half-collapsed wooden
barracks. Some even found shelter in nearby
caves or in abandoned, damp mine cham-
bers [1].

The ruthless exploitation of labor united the
will and efforts of the miners to oppose the
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KPO3 PaJHIYKN IIOKPeT CYIpPOTCTaBe yIpaBy
PYAHUKA U Ha Taj HauYMH u36ope 3a 607bM 1 Xy-
MaHUj )KUBOT.

ITo opbujamy ympaBe pyAHUKA Aa IPUXBATU
3axTeBe pyhapa 3a paj off 8 yacosa, y IOTOHY
IIpeu TyHen je mouuto o obycTaBe paja 14.
Mmaja 1936. ropmue. Pymapu y Crapom tpry cy
ce IPUK/bYYIWIN IITPajKy, TAKO Jja je y IpoTe-
cry 6o 1.763 pynapa [1]. ltpajkauxku ogdop
je HakoH Tora o6jaBmo 10 3axreBa pynapa. ITo-
pesl TOIITOBamka PAjJIHOr BPEMEHa, pyflapyu Cy
TPaOXWIN U TT0OObIIabe XUTHjEHCKMX YC/IOBa,
HOBA KYIIAaTWIA, OCBeT/betbe y 6apakama rie cy
KMBEJN, IPEBO3 PajIHMKA JIO PYJHNUKA, CIOOOf-
HO YZIPY>XKUBambe Y CMH/IMKA/THYy OpPraHU3alu;jy,
0o/be yCIIOBe CTaHOBaMa, IoBehamwe 3apaje, ra-
paHIMjy #a mTpajkadn Hehe 6MTH Ka)kKibaBaHM
HaKOH OKOHYaba ITpajka 1 fip. (c/Ka 1, 1eBo).

ITocne nyHo MyKa, ynpasa Tpemue je 2. jyHa
1936. rogyMHe mpuUXBaTM/IA IITpajKadyKe 3ax-
TeBe. b1o je 0BO BeMKM ycIex 3a caMe pyfa-
p€ anu 1 MHOTO BUIIE Of TOTa, jep je jaBHOCT
IpeKo ILITaMIle Koja je mpaTwia jorabama y
Tpemuny, casHama UCTUHY O YC/IOBMMA pajia 1
0e3003MpPHOj eKCIUIoATaVju pyAapa 1 fomahe
pafiHe CHare 3a pauyH eHIJTIeCKOT KaIluTasla.

mine management through the workers’ move-
ment and thus fight for a better and more hu-
mane life.

After the management refused the miners’
demand for an eight-hour workday, work was
stopped in the First Tunnel plant on May 14™,
1936. The miners of Stari Trg joined the strike,
and in total 1,763 miners took part in the pro-
test [1]. The strike committee then issued 10
demands. In addition to an eight-hour work-
day, miners demanded improved hygiene con-
ditions, new baths, lighting in their barracks,
transportation to the mine, the right to freely
organize a union, better housing, higher wag-
es, a guarantee that strikers would not be pun-
ished after the strike, and more (Figure 1, left).

After much struggle, on June 2", 1936, the
Trep¢a management accepted the miners’ de-
mands. This was a great success for the miners
themselves, but also much more, because the
public, through newspapers that reported on
events in Trepca, learned the truth about the
working conditions and ruthless exploitation of
miners and local labor for the benefit of Eng-
lish capital.

WA PAaN iR AN S TPanY
B V- 1948 r oy,

Cnuxa 1, O6yciiasa paga y jamu ,Citiapu wwpi” [9], cnuka neso cnummena 28. maja 1936.
u 360p pygapa Tpeiiue, 12. jyn 1939., cnuxa gecto [1]
Figure 1, Work stoppage in the “Stari Trg” mine [9], left image, May 28, 1936
and Assembly of Trepéa miners, July 12", 1939, right image [1]

Ycnen cBe Behe mHQManmje, He3HaTHO IO-
Behame 3apaga pygapa 6p3o je mocramo 6e3-
BpenHO. Hes3anoBo/bCTBO je pacio, anu 5. jaHy-
apa 1937. rognHe Kaja je cTurma nHpopmanyja
710 py/iapay jaMu Jia je Ha HaroBop yIIpaBe py/Ji-
HIKa, TIONMIMja yXamcuaa cekperapa CuHau-
168

Due to growing inflation, the modest wage in-
crease quickly became worthless. Discontent
grew, but on January 5%, 1937, when the min-
ers learned underground that, at the urging of
the mine management, police had arrested the
secretary of the Union Organization, work was
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KaJIHe OpraHu3alyje, JOLIO je 1o obycTaBe paja.
Pymapu cy 3abapykagupamu ynase y jame (T3B.
»JAMCKM IITPajK’) ¥ TPaKWIV XUTHO IYILITarbe
Ha C7I000/Ty CHHIVIKA/THOT IpeficTaBHMKA. To je n
Y4ME-EHO HAKOH TPM JaHa IITpajka [1].

Toxom 1937. ropuse, 6op6a pynapa 3a 60sbe yc-
JIOBe pajia je OvIa MCKa3aHa LITPAjKOM 1 y PYA-
HUKY KaMEHOT yI/ba JapaH/IO 1 HOBOOTBOPEHOM
pynHuKy onosa beno 6pno Ha Komaonuxy.

O remkom monoxajy pygapa b.boxxosuh [1],
HaBOJIN: ,,Y M3BelITajy bparuHcke 6marajHe 3a
1938. ropuHy HaBoxu ce Aa je Meby pymapuma
Omno 25 CMpTHMX CTydajeBa U 75 TEMIKUX U
Heu3/IeuyBUX 000/beba — YITTABHOM Ty0OepKo-
7103¢€, a yIIpaBa je CBe pafiHMKe KOjy BUILIE HUCY
Oty crioco6HM 3a paji OTITYIITA/IA C TOC/Ia 6e3
MKaKBe HakHafe (camka 2).

Kako je jyma 1939. roguHe mcCTMULIa0 TPOro-
AUIIBY KOJIEKTUBHM yroBop naMely pagHmka
u ynpase Tperde (CKIOIUbeH HaKOH IITPajKa
1936. romyHe), py#apcKM CUHAMKAT Ce IpuU-
IIpeMao 3a MOTHUCUBAK€ HOBOT yTOBOpa aln
ca 19 gomaTHuX Tavaka (cimka 1, mecHo).

Kapa je ympapa nckasana HENoNyCT/bMBY CTaB
u ofi6uia 3axTeBe, pyfapu cy 19. jyma 1939. ro-
JIMHe, IPOITIACUIIN IITPajK. Y 06ycTaBy paja y
Tpemun je yaectBoBaso 3.600 pagHuKa.

Yenepune cy owmrpe Mepe M IPUTUCIK Jia ce
CJIOMM WITPajK. BracHunuma pyfiHmKa je npu-
Teka y momoh u gomaha Brnacr. Ilomunuja un
JKaHflapMepHuja je 3amocena pyAHUK. Cpeckn
HaYe/THMK je 3a0paHMo JIOKA/JTHUM TProBIMMa
Jia Ipofiajy WITpajKayMMa >KMBOTHE HAMUPHU-
Iie, a yIIpaBa pyJgHUKA je 00ycTaBmIa UCIUIATY
pagHUIIMA 3a0CTajIe JHEBHUIIE.

Bpurenn cy nokymaju nogmuhuBama 4wiaHoBa
IITPajKavykor ofbopa, Xalllewme M NPOTepu-
Bame, Kao 1 6pojHe ipyre Mepe. A oHpia je 15.
aBrycra 1939. rogmse cTuIzia HOBa IIpeBapa:
»lIpema pemewy nupekuuje y JIongony pyn-
HUK Tpemnuya je 3arBopen” [1]. Ha Taj HaumH je
oTnymreHo 3.600 pagHuKa 1 CBa KpUBUIA 3a
3aTBapame PyJHUKA je IpeOaueHa Ha paJHUKE.
Onu Hucy o6pahany naxmy Ha TO ¥ y pyIHN-
Ky je Bafiao pef 1 mup. CBU paJHULY ca Cea,
a YMHMIN Cy TpehMHy 3anoCIeHnx, JOHOCUIN

stopped again. The miners barricaded the mine
entrances (so-called “pit strike”) and demanded
the immediate release of their union represent-
ative. This was done after three days of striking

[1].

During 1937, the miners’ struggle for better
working conditions spread with strikes at the
Jarando coal mine and the newly opened Belo
Brdo lead mine on Kopaonik.

Regarding the dire position of the miners, B.
Bozovi¢ [1] notes: “In the report of the Brat-
inska Treasury for 1938, it was stated that
among the miners there were 25 deaths and
75 serious and incurable illnesses - mostly
tuberculosis, and the management dismissed
from work all laborers who were no longer
able to work, without any compensation.”
(Figure 2).

As the three-year collective agreement between
the workers and the Trep¢a management (con-
cluded after the 1936 strike) was set to expire in
July 1939, the miners’ union prepared a supple-
ment to the new agreement with 19 additional
points (Figure 1, right).

When management took an uncompromising
stance and rejected the demands, on July 19%,
1939, the miners declared a strike. At Trepca,
3,600 workers joined the work stoppage.

Severe measures and pressures followed to
break the strike. The mine owners were sup-
ported by the local authorities. Police and gen-
darmes occupied the mine. The district chief
forbade local merchants from selling food to
the strikers, and the mine management sus-
pended payment of back wages.

Attempts were made to bribe strike commit-
tee members, to arrest and expel them, and to
apply numerous other measures. Then, on Au-
gust 15%, 1939, came a new deceit: “According
to the decision of the directorate in London,
the Trepca mine is closed” [1]. Thus, 3,600
workers were dismissed, and all blame for the
closure of the mine was placed on the work-
ers. But the miners ignored this, and order and
peace prevailed in the mine. All workers from
surrounding villages, who made up one-third
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Gypcau u JlamGepr Wymurai.

Crpasiuy Kao exXCIIOATaTOPH
Beacues vtrals Triim® 0 Boos :

¥ reimoj necpefa y pygumey Tpenua® [
HaCTRagana ¢y fea pyjapa

Kocoscka Murposnua, 25 cemeaﬁapl

Cunob oxo ocaw wacoss Y PYIAHHKY
+Tpenua” aoroanaa ce, NPUAHKOM Te
hu_r._m-ua Pyadpa, Tewka Hecpeha y
K0jo] ¢y noctpaiaam  pyaapw Cuso

TR e T
e AR, X i 00 SR O

JAUTHTR  Dafbhta

JEAAH HEYYBEH DOCTYTIAR - ¢ i
Y 3uaK npovTecra wWro ¢e NpaBy NWTAILO NOBO oM
-necpefie noia ce REHNA ¥ 1eHOM PYAHNKY,
B ynpasa ,,Tpen4e" le evnycruna
| . TN CTOTHHE pagWWka '~

3awTo ¢Mo @ Gopuan
| ' — 3ap sacrpanue excanoaravope —

Cnuxa 2, Hattitiucu y witdamiiu o Hecpehu y Tpetiuu u obeciipasmenocitiu pygapa [1]

Figure 2, Newspaper headlines about the accident in Trepca and the miners’ lack of rights [1]

Cy pajHMIIMa M LITPajKauKoM OHOOpY XKu-
BOTHEe HaMMpHuIe. To Cy YMHMIN U JIOKaTHN
TproBuu 6e3 063upa Ha 3abpaHy.

IomTo HUCY ycnienu ma yryie ITpaj 3a 47 faHa
u nopeq 134 yxamiieHa pafgHuka, 1. centembpa
1939. rogune, ynpasa Tpemde je normucana ca
pagHUIIMa HOBY KOJIEKTUBHM yToBOp. Pymapu
CY MICTpajany y CBOjUM PaflHUYKMM IIpaBUMa.

ITOKPET OTIIOPA Y TPEITYMN

Ilo namapgy manucTuyke Hemauke Ha Jyrocna-
BUjy, EHrnesu cy ogpmax Hanycrumm Tpemay. V3
nomoh mete konmoHe (Jpornhesara, Goakcaoj-
yepa, Oenorappejana, anbaHCKuX Qamumcra
U fpyrux areHara), Hemmnu cy okymupamn
Tpemay. MoTopusosaHe HeMauke TpyIne y Ko-
COBCKOj MuTposuny, fodekao je 16. ampuia
1941. roguHe npefpaTHM HeMadKy areHT Ila-
¢ep esa, a y CrapoM Tpry TeXHUYKM yIIpaB-
HUK pymHukKa uHX. Hopbe JummurpujeBuh,
HO3HaTy /boTuheBall ¥ HempujaTe/b pajHMKa
[1]. KocoBo u MeToxuja je 6uma utanmjaHcka
OKYIallYIOHa 30Ha, ocuM Tpemde Kojy Cy KOH-
Tpomucanmy Hemum.

TajHy areHTM U IHETOKOJIOHAILY, Npefamu Cy
OKYIIaTOpY IOTIIYHO cadyBaHe PyJZHMKe U IIO-
CTpOjera 3a INpepajy pyhe, TaKo Ja je Ipo-
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of the workforce, brought food to the miners
and the strike committee. Merchants did the
same despite the ban.

Since the strike could not be crushed after 47 days
and despite the arrest of 134 miners, on Septem-
ber 1%, 1939, the Trepca management signed a
new collective agreement with the workers. The
miners persevered in defending their labor rights.

THE RESISTANCE MOVEMENT
IN TREPCA

After Nazi Germany’s attack on Yugoslavia, the
English immediately abandoned Trepc¢a. With
the help of the fifth column (Ljoti¢’s follow-
ers, Volksdeutsche, White Guards, Albanian
fascists, and other agents), the Germans oc-
cupied Trepca. The motorized German troops
were welcomed in Kosovska Mitrovica on April
16™, 1941, by the pre-war German agent Xhaf-
er Deva, and in Stari Trg by the mine’s techni-
cal manager, engineer Porde Dimitrijevi¢, a
well-known Ljoti¢ supporter and enemy of the
workers [1]. Kosovo and Metohija fell under
the Italian occupation zone, except for Trepca,
which was under German control.

Secret agents and fifth-columnists handed over
to the occupiers completely preserved mines
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n3BOmma ogMax ormodena (cimmka 3). Vinre-
PEHCAHTHO je Ja je 3a CBe BpeMe HeMadKoT
ynpasmbamwa Tpermuom o 1944. rogune, safp-
XKaH je OpUTaHCKM HAa3UB PYJHMKA.

Hemaukoj ynpaBu py#Huka je 6umo crano ga
ce pynia ZaHOHONHO M3B/Tauy 13 jaMe pyJHMKA
Crapu tpr u obmoxmwer noroxa IIpsu Tyner.
Pyna je sxmyapom gyrom 6,35 km u ca kamanu-
teroM 100 t/h, TpancnoproBaHa of pygHMKa
Crapu Tpr o IoCTpojema 3a Ipepagy y 3Be-
vaHy (cmmka 3). TeXHOOMWKMM IIPOLecoM TIpe-
paze py#e 1o fobujama OJIOBHOT KOHI[EHTpaTa
(mocre yera ce u3 myJIIe OfiBajao LMHK, A OHJA
IVPUT), €0 KOHIIEHTPaTa ce MOTOM JOIpPeMao
y TOIMOHMIY ¥ Ha KPajy TeXHOJIOLIKOT IIpO-
1eca 106Mjano o0BO BUCoke uncrohe (padu-
HIPaHO 0710BO). /I3 3BeuaHa, 0/10BO je TpaHC-
IOPTOBAHO >Ke/lesHUIoM Ipeko Kpamesa 10
beorpapa, a onpa 3a Hemauky. Tpacy xenes-
HIYKe IIpyTe ¢y obesbehusane nmocebHe jenn-
HUIIE, 2 caM PYJHIUK je 4yBajia HeMadKa BOjCKa,
Bojua >xanpapmepuja, TajHa BojHa mommuuja.
Y ToMe cy MM 1omaranm anbaHCKy KBUCTUH3M,
PYIHMYKA CTpaXKa 1 Jip.

and ore processing facilities, so production
began immediately (Figure 3). Throughout
German management of Trepc¢a until 1944, the
British name of the mine was retained.

The German mine administration insisted for
ore to be extracted day and night from the Stari
Trg mine and the nearby First Tunnel plant.
The ore was transported by cableway, 6.35 km
long with a capacity of 100 tons per hour, from
the Stari Trg mine to the processing plant in
Zvecan (Figure 3). Through the technological
process, lead concentrate was produced (from
which zinc was later separated, and then py-
rite). A part of the concentrate was sent to the
smelter, and at the end of the technological
process, high-purity lead was obtained (refined
lead). From Zvecan, the lead was shipped by rail
via Kraljevo to Belgrade, and then to Germany.
The railway line was secured by special units,
while the mine itself was guarded by German
military forces, military gendarmerie, and se-
cret military police. They were assisted by Al-
banian collaborators, mine guards, and others.

Cnuxa 3, ociwpojerve ,Tpeiiue”, 3seuarn 1940. [1]
Figure 3, The “Trepca” facility, Zvecan, 1940 [1]

Hakon Xwutnepose ommyke O Hamagy Ha
Cosjercku Case3 22. jyHa 1941. ropuse, 1o-
Tpeba HeMayKe BOjHE MHAYCTPMje 3a MeTa/INy-
HMM cpoBUHaMa 6ure cy ce Behe. Hemauknu
ynpaBHuk Tpemue k. Epact Kpayse nckyc-
HU PYBApCKNU CTPY4HmaK M JUPEKTOp pySHU-
Ka XeJIBUI, M3 IEeTHUX XXWIA ce TPYAWIM Ja
»ONOBHA peka” m3 Tpemde, HENIPeKUHO Tede
ka Tpehem pajxy. Pagum moctmsama rsospe-

After Hitler’s decision to attack the Soviet Union
on June 22", 1941, the German war industry’s
need for metal raw materials grew dramatically.
The German manager of Trepca, engineer Ernst
Krause, an experienced mining expert, and the
mine director Helwig did everything they could
to ensure that the “river of lead” from Trepca
flowed continuously to the Third Reich. To es-
tablish iron discipline and absolute obedience,
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He JVICHUIUINHE VM aICOTyTHE MOCTYLIHOCTH,
cripoBobeHe Cy Mepe Ka)kKibaBatba U 3aCTpaLlN-
Bama pajHuka [1].

Ose pemnpecusHe Mepe n cBe Behe pasbykra-
Bame para y EBporn u cBety, ybpsaie cy ak-
TUBHOCTY Ha CTBapamy IIOKpeTa OTIopa 1
meby pymapuma Tpemde. Ha ocHoBy npemnopy-
Ka Hajsyumx oprana KIIJ, y O6macHoM komu-
teTy 3a KocoBo u Meroxujy n MecHoMm koMu-
tety KocoBcke Mutposule, pasmMaTpaHe Cy
BapujaHTe fuBepsuje y Tpemun.

Opnyka je joHeTa fa ce AyBep3uja M3BPILY HA
Xudapy Koja og Crapor Tpra Boau io 3Be4aHa
(cnuka 4). Hemocpenna oprannsanuja u pyko-
BoDheme akKIMjoM, IOBepeHa je TPUAECeToro-
muimeM pymapy Hanuny bpxmpaay - lanery,
Komady pyze y Tpeman (cmmka 5).

Jlane je 6mo pomom us Bemuke Ilommue, kpaj
Ipavana. ¥ moTpasu 3a ersucTeHIujoM, IIyT ra
jé Kao 1 MHOTe IeroBe 3eM/bake JoBeo y Tper-
qy. Y pafHIYKOM IIOKpeTy je 610 akruBaH. Ka-
MO ce y obpadyHMMa ca yIpaBOM PyJHMKA U
B/1aCTyIMa TOKOM BUIICHEOCbBHUX ].LITpajKOBa,
Kajja je TpeOasio HaIIperHy T CBe CHare ja 6u ce
U3ZIpKaso Jo Kpaja. Pymapu cy y memy Bupenu
9JCT MOPATHM JIMK TPOQECHOHATHOT pyfiapa.

Jlane 360r Tora Huje MMao Teukohe y nsbopy
pynapa Koju 6u yaectBoBanmu y susep3uju. Ha
CIUCKY Cy 6]/[}'[]/[ VICTaKHYTU aKTUBUCTU paf-
HITYKOT ITIOKPETa, PyAApH y Koje je IMIHO NMAo
HoBepema:

1. Joeo Josanuh, xonau pyne y norony IIpsu
Tynen-Pexa;

2. Ilepo Bypuua, pynap M TONVOHUYAPCKU
pagHuK Tperue;

3. Page Munuhesuh, jamcku BO3a4 pygme y
Tpemum;

4. Huxkona Jlabyc - Hukuya, TOMOhHMK KO-
nada pyze y Tpermy;

5. Munow JIabyc — Mune, noMOhHUK KoIlaya
pyne y Tpemuu;

6. Huxona Kpitiuruh, jaMckyt Bo3ad y IIOTOHY
[Tpsu Tyner.

JMBepsaHTCKa aKIyja je 3a BUX MMaia JgBO-
CTPYKM 3Ha4aj: yapal HEMa4KoOM OKYIIaTopy y
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measures of punishment and intimidation of the
workers were enforced [1].

These repressive measures, along with the esca-
lating war in Europe and worldwide, accelerated
the creation of a resistance movement among
Trepc¢a miners. Based on the recommendations
of the Central Committee of the Communist
Party of Yugoslavia (CPY), the Regional Com-
mittee of the CPY for Kosovo and Metohija
and the Local Committee in Kosovska Mitro-
vica considered variants of sabotage actions at
Trepca.

The decision was made to carry out sabo-
tage on the cableway connecting Stari Trg and
Zvecan (Figure 4). The immediate organization
and leadership of the action were entrusted to
30-year-old miner Danilo Brklja¢ - Dane, an ore
digger at Trepca (Figure 5).

Dane was born in Velika Popina, near Gracac.
Like many of his countrymen, he had come to
Trepca in search of work. He was active in the
workers'’ movement, hardened in clashes with
mine management and authorities during weeks-
long strikes, when all strength had to be mustered
to endure to the end. The miners saw in him the
moral character of a professional miner.

Because of this, Dane had no difficulty choos-
ing miners to take part in the sabotage. On the
list were prominent activists of the workers’
movement, miners in whom he had personal
trust:

1. Jovo Jovanic, ore digger in the First Tunnel
plant — Reka;

2. Pero Durica, miner and smelter worker at
Trepca;

3. Rade Mili¢evi¢, underground ore hauler at
Trepca;

4. Nikola Labus - Nikica, assistant ore digger
at Trepca;

5. Milos Labus - Mile, assistant ore digger at
Trepca;

6. Nikola Krtini¢, underground ore hauler in
the First Tunnel plant.

The sabotage action had a dual purpose: to
strike at the German occupier in the mine,
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pymHMKY ¥ oprasak Ha Komaonuk pagm dop-
Mupama KomaoHmykor mapTusaHcKor ofpena
[1]. Axumja je mpunpemana y Tajaocty. Exc-
IJIO3UB 332 MUHUParbe XKIYape je TajHO U3HET
U3 jaMe, CKpMBeH y BaroneTuhy ca pypgom. Ilo
IIaHY KOj! je II0CTOja0, IpUXBaTHa 6a3a 3a py-
[lape HaKOH fiuBep3uje je 6uo ceno JIucuHa Ha
KomaoHuky.

Jusepsuja je usBenena y Hohnm 30. jyma 1941.
rogune y 23.30 wacosa. Ha ocHoBy mogaraka
13 HeMauKe apxuBe, AuBep3yja Ha TpendnHoj
KIYapy je M3BpIIeHa Ha IOTIOBMHY PACcTOjarba
usmeby Crapor Tpra u 3Bedana. EkcniosusHO
Iymembe je OVM/I0 IT0CTaB/beHo Ha 3 cTyba Ku-
Jape 1 1 TOpam je 610 MOPYyILIeH, JOK Cy Apyra
nBa 6ma camo omreheHa.

and to enable the group to move to Kopaonik,
where they would form the Kopaonik Partisan
Detachment [1]. The action was prepared in
secrecy. Explosives for destroying the cableway
were smuggled out of the shaft, hidden in ore
carts. According to the plan, the reception base
for the miners after the sabotage was the village
of Lisina on Kopaonik.

The sabotage was carried out on the night of
July 30", 1941, at 23:30. According to German
archival data, the diversion of Trepca‘s cable-
way was executed halfway along the route be-
tween Stari Trg and Zvecan. Explosives were
set on three towers of the cableway: one was
destroyed, two others damaged.

Cnuxa 4, 2Kuuapa pyguuxa ,Ciliapu wpi” Ha kojoj je
useegena gusepsuja 30. jyna 1941. [1]

Figure 4, The cableway of the “Stari Trg” mine on which
the sabotage was carried out on July 30", 1941 [1]

Haxon pusepsuje, y Tpenum je Bmajana ma-
Huka. Ilogenu cy mporonu u xammema. [pyma
pyH#apa Koja je 6una ,KOMIPOMUTOBaHa  IIpef
HOIMLMjOM, CKIOHI/IA Ce U3 PYJHMKA IIpe U3-
BplI€ema UBEp3Mje Ha Xu4dapy. [IBaHaectopu-
Ia BUX je cTuria Ha Komaonuk omax sa cefi-
MOPMIIOM [IBEP3aHaTa.

After the sabotage, panic reigned at Trepca.
Persecution and arrests began. A group of min-
ers, “compromised” before the police, left the
mine even before the action began. Twelve of
them reached Kopaonik shortly after the seven
saboteurs.
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3a Hemeby maHa, y JIucnHama Ha KomaoHwmky,
okymmo ce Beh 60 6opana BehnHOM pygapa,
Tako ja je 10. aBrycra 1941. roguse, popmupan
mrab Komaonmukor ompema. Op cemmopuiie
TpemunHyx puBepsaHara, QyHKIMje y mITaby
cy umanu Jlane BpK/ba4 Koju je moCcTao 3aMeHnK
KoMecapa, a JoBo JoBaHuh MHTEHJAHT.

Komaonnuku ofper je 6uo npsa opy»xaHna ¢op-
Manmja Koja je Ha nmpocTopy Kocosa, cpenmer
nena Vbapcke fo/He ¥ HOBOIIa3apCKOT KpPaja,
VIMaJIa paTHe OKpIllaje ca HeMayKOM OKYIIaIo-
HOM BojckoM. Hajsehn 6poj opykanux akiuja
je cpoBenieH ma 6u ce oHeMoryhmia HeMadka
I/bayKa PYJHOT 60TaTCTBA 13 OBOT Kpaja.

IToyeTkom aBrycra 1941. rogune, MUHMPAHO je
HOCTpojebe Ha pyaHuKy Kpemuhn, a 23. aBry-
CTa je U3BEJEH Halla/l Ha JKEJIESHUYKY CTaHUIy
y Yurhy.

Tpaucnopt onosa u3 Tpemue 3a Hemauky je mo-
pao Jia ce IIpeKIHe 110 CBaKy LieHy. Par 3a onoBo
Tpermde je HacCTaB/beH aKLVjOM Koja je M3BefeHa
1. centembpa 1941. roguue. MuHMpaH je TyHen
Kofi cenma TBphaHa, Ha mpysu msmeby crammia
Jlemka u JlenocaBuha. Hapeguor pgana je mo-
HOBO M3BeJleHa aKIJja Ha TPEITYMHY XXKI4apy.
OBor myTa je cpylIeHa 4eyHa KOHCTPYKIja
3aTe3He CTaHMIe >kmdape Kpaj Opaxosa. ¥ ma-
Hyny, Hemiu cy ca KBUCIMH3MMa OpraHmso-
Ba/IN TIOTEPY. JemHy IPyIy pyAapa AyBep3aHaTa
y noyadeny Ka KomaoHnky, npecpenn cy Kop,
cera bopuana >xangapmu 1 BunHetapyu (anbaH-
CKa KBUC/IMHIIKA CTpaxka). Pymapu cy Taga mo-
JIOXKVIV IIPBY >KPTBY y YCTaHKY KOjU CY ITONT-
mm nporus ¢ammsma. [Tornuyo je pymap Tomop
Munuhesuh, mmabu 6par Pagera Munuhesnha
(jemnor ox cemmopmie TpermrunHNX AMBep3aHa-
ta). Hakon oBor morabaja, Komaonnuxm oppep,
je Hocmo nme ,,Togop Mumthesnh’”.

Opy>kaHa aK1yja Ha pyJHIK 0/10Ba 1 IIHKa berno
Opno Ha KomaoHuky, mnsBefieHa je 2. okrobpa
1941. ropuse. ITocne Benuke 6opbe ca >kaHmap-
MJMa, Pyfiapcka MOCTPOojerba U PYJHUK Cy OV
TaKO pa3sopeHy fia ra Hemum HuCy MO KOpu-
CTUTHU 710 Kpaja paTa. Tama je youjeH ympaBHUK
PYOHMKA, IIO3HATV IIeTOKOJOHAIl 13 Tperde
ux. Hophe dumurpujesnh. Ilokpery ormopa
ce IpuK/pyIno 52 pygapa Bernor 6pza [1].
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Within a week, 60 fighters, mostly miners, had
gathered in Lisina on Kopaonik, so on August
10™, 1941, the headquarters of the Kopaonik
Detachment was formed. Of the seven Trepca
saboteurs, Dane Brklja¢ became deputy com-
missar, while Jovo Jovani¢ was appointed quar-
termaster.

The Kopaonik Detachment was the first
armed formation in Kosovo, the central Ibar
valley, and the Novi Pazar region to engage
in combat with German occupation troops.
Most actions were aimed at preventing the
Germans from looting mineral wealth from
the area.

In early August 1941, the plant at the Kremic¢i
mine was blown up. An attack on the railway
station in Us¢e was carried out on August
231,

The transport of lead from Trepca to Germa-
ny had to be stopped at any cost. The war for
Trepcéas lead continued with an action car-
ried out on September 1%, 1941. A tunnel near
the village of Tvrdan, on the line between the
Lesak and Leposavic¢ stations, was mined. The
following day, another sabotage targeted the
Trepca cableway, this time, the steel structure
of the tension station near Orahovac was de-
stroyed. In panic, the Germans and quislings
organized a manhunt. One group of miners
retreating toward Kopaonik was intercepted
near the village of Bor¢ane by gendarmes and
vilnetari (Albanian quisling guards). There,
miners made their first sacrifice in the upris-
ing against fascism: Todor Milicevi¢, brother
of saboteur Rade Mili¢evi¢, was killed. After
this, the Kopaonik Detachment bore his name
- “Todor Mili¢evic”.

On October 2", 1941, an armed action tar-
geted the Belo Brdo lead and zinc mine on
Kopaonik. After fierce fighting with gen-
darmes, the mining facilities were so de-
stroyed that the Germans could not use them
until the end of the war. The mine manager,
engineer Porde Dimitrijevi¢, the well-known
fifth-columnist from Trepca, was killed. Fif-
ty-two miners from Belo Brdo joined the re-
sistance movement [1].



Bpanko Munagunosuh, Pygapcka ueiia Ha ueny oimiiiopa dawiusmy y Jlpyiom ceeiwickom pairy (165-182)
Branko Miladinovié, The Mining Company at the Forefront of the Resistance to Fascism in the Second World War (165-182)

Ca 60p6eHNM UCKYCTBOM 1 OpraHMU3ALVIOHUM
ojauameM Koje je cTekao, KomaoHmdukm ofpen
je KpeHyo ca akijama y gonuny Vo6pa. Pamka
je ocno6obena 3. okrobpa 1941. ropue, a Ha-
penHor naHa u baspeBar; ca pyHUKOM KaMEeHOT
yI/ba JapaHnfio.

A oHpla cy KpeHyJIe U IIpBe XXpTBe TpermunHnx
IMBep3aHaTa-pyjapa.

IIpy MyHUpamwy >KeITeSHMYKOI MOCTa IIPEKO
V6bpa xop cena [TpuaBopuiie, HemameKo Of CTa-
Hune Catuza, y 6op6u ca Hemunma 4. okro6pa
1941. ropuHe, TIOTMHYO je NPBU Of CEAMOPHULIE
myBep3aHara TpemanHe xuaape, Ilepo DHypuia.

Hakon ocmo6ohema Jorrannuke 6arme n Yirha
(y capejcTBy ca Kpa/beBaukiM ofipeioM KOjuM
je komanposao Ilasne Jakmnuh), nonnna VM6pa
je 6ua ocno6ohena ox Hemara. Tume je 6mno
oHemoryheno pmame kopumhere BaxHe ca-
obpahajuurie 116apckoM JOMMHOM 32 HEMAYKy
IUBA4Ky PyAHOr 6OrarcTsa u3 OBOT Kpaja. Par
3a 0JI0BO je IIPUBPEMEHO JOOMjeH.

36or MHOLITBA pyfapa y oppeny u Beher 6poja
PYAHIKa Ha OBOM IIOZPY4jy, PyAapy Cy CIOOOLHY
TepuTopujy y fomvieu Vibpa HasBam ,,Pymapcka
peny6muka”. BpameHa je o oKymaropa 42 faHa,
ort 3. oktob6pa 1o 13. HoBem6pa 1941. roguse [2].
ToKOM HEHOT IIOCTOjama, YCIIOCTaB/beHa je Ha-
POZiHA BIIACT U Pafi >KeIe3HITIKe IIpyTe 3a IPeBO3
ITyTHMKA Ha penanyju Pamka-Boryrosar.

Criefie 3aTyIM HOBY PATHY OKPILAjJ, A Ca bUIMA 1
HOBa CcTpajama pygapa. Pymapu Komaonmukor
Ofipefia Cy y4ecTBOBAmM Y OKTOOAPCKMM/HO-
BeMbapckum 6opbama oko Kpamesa, a Tokom
HOBeMOpa 11 y ofi0paHn Y>Kuduke pernyoimke.

Ileo 6oparia KomaoHm4kor ofpesa Koju ¢y TOKOM
HoBeMOapa 1941. roauHe, BOLWIM paTHE OKp-
maje ca Hemrmma xop, KpaspeBa, y mosagersy
Ca pameHNUIMA MIPEKO jY>KHMX IafyHa Jemue,
Owm cy 3apob/beHI Of CTpaHe YeTHNUKA Y 3a-
6uroM rraHnHCKoM cery [opmsu [y6au. ¥V oBoj
TPYIN CY Ce HAllUIa ¥ ABOJULIA TEIIKO PAbeHNX
pynapa muBep3aHara Tpermde 1 To 6uBLIM Bobha
rpyne [lane bpxmway 1 Muse Jlabyc. Fbuxosa
cynOuHa je 6m1a OKOHYaHa HAKOH IIap JjaHa Kaja
cy ux 4eTHUIM npegam Hemuma y HYauky.

With its gained combat experience and
strengthened organization, the Kopaonik
Detachment moved into the Ibar valley. Ras-
ka was liberated on October 3™, 1941, fol-
lowed the next day by Baljevac with its Jaran-
do coal mine.

Then came the first losses among the Trepca
saboteurs/miners.

While mining the railway bridge over the Ibar
near the village of Pridvorica, close to the Slati-
na station, on October 4™, 1941, one of the sev-
en cableway saboteurs, Pero Durica, was killed
in combat with the Germans.

After liberating JoSanicka Banja and Usce
(together with the Kraljevo Detachment of
Pavle Jaksi¢), the Ibar valley was cleared of
Germans. This prevented the occupiers from
using this key transport route to loot the re-
gion’s mineral wealth. The war for lead was
temporarily won.

Because of the large number of miners in the
detachment and the many mines in the area,
the fighters named the liberated territory in
the Ibar valley the “Miners’ Republic” It was
defended from October 3 to November 13%,
1941, a total of 42 days [2]. During its exist-
ence, people’s government was established and
the railway line Raska-Bogutovac was used for
passenger transport.

New battles followed, bringing further miner
casualties. Miners of the Kopaonik Detachment
took part in the October/November fighting to
liberate Kraljevo, and in November also in the
defense of the Uzice Republic.

Another group of Kopaonik fighters, who had
fought the Germans near Kraljevo, retreated
with the wounded across the southern slopes
of Jelica. They were captured by Chetniks in
the remote mountain village of Gornji Dubac.
Among them were two severely wounded
Trepca saboteurs: former leader Dane Brklja¢
and Mile Labus. Their fate was sealed when the
Chetniks handed them over to the Germans in
Cacak a few days later.
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Opbpana Yxuuke penyOnuke, Kakas Iapa-
JIOKC: jemuHy CIOOOJHY TEPUTOPUjy HA TIy
nopo6mene EBporne on Haunctiake Hemauxe,
6pannhe Cpbu - mponerepu op Hanaga Cp6a -
HalMoHaMMCTa. TuMe he 3ampaBo 1 3BaHNYHO
3anoueTu rpahancku par y Cp6ouju.

Maro je nosnato ma je 30. oktobpa 1941. ro-
AuHe, TPyIy pyAapa fobpoBobana U APY-
rux 6opaua u3 gonuHe V6pa, moBeo 3a Yxu-
e CTy#eHT pyaapcrBa Mmnytur ByjoBuh
- Byjakmja, pagu ogbpane Yxxuuke peny6mu-
ke. Beh 1. HoBeMOpa 1941. roguue, y Yxuny
je dopmupana Illecta nbapcka yeta Y>KIIKor
Ofipefia y umjeM cacTaBy Cy Omiu u pymapu ca
V6pa. MUy THH je IOCTaB/beH 3a MOMUTUYIKOT
KoMecapa oBe yeTe. TOKOM IIpBe [O/IOBUHE HO-
BeMOpa, pymapu llecte nbapcke yere cy yude-
CTBOBA/IM Y TeWIKUM 6opbama ca deTHMUI[MMA
Ha IIVpeM MpoCTopy Yxuna: Ha Tpeurmsury,
BykoBuma, IlpHokocu u apyrum 6ojuitmuma.

Y pomuum VM6pa 9. u 10. HoBeMOpa 1941. ro-
AuHe, TOKOM OOpOeHe aKIiyje ca YeTHMUI[MMA
3a Pamiky, 610 je TelKO pameH jOLI jefjaH Of
ceMOpulie pyfapa AuBep3aHara Ha Tpemuu-
Hy X1n4apy, Jopo JoBanmh. Y mosmayemy u3
Pamke npema buony rpe je 61o nonypas mrab
Komaonuukor ofpefa, ympo je xpabpu pynap.
Y T0j 60p6M, IOTUHYO je ¥ HBeroB APYT U3 AU-
Bep3aHTCKe rpyne, pymap Hwuxona-Hukuma
JTabyc. Taxo je of cemmopulie pyaapa Koju cy
MOKPEHY/IN IIOKPEeT OTIOpa HEMAadyKOM OKY-
naropy y jyny 1941. rogpuae y Tpemun, ocrana
X1Ba caMo iBojuua pyzaapa Huxona Kpruanh
u Page Munuhesuh.

Y ppyroj monoBuHu HoBeMOpa 1941. ropuHe,
KpeHy/Ia je BelMKa HeMayka oQaH3MBa y 3a-
nagHoj Cp6uju. ¥ KomaoHuukoMm oppeny cy
nperpynucann 6opiy y detupu dere. Pymapu
cy 6unu y cactaBy Tpehe pymapcke uete [6].

3arBapame npasna Kpameso-Yavak npep Ha-
nerom 113. HeMauKe OUBU3Mje KOja je IOBYyYe-
Ha ca MICTOYHOT QpOHTa, Huje ycnerno. IIpogop
u3 npasna bajune bamre npexo Kapnmaue ka
Yxxuiy je HanpaBuia 1 243. HeMadKa IMBU3MNja.
Yxnuka perny6imka Huje ogbpameHa. Pymapn
u3 Komaonnuxor oxpesia u fgenosu Kpamesau-
KOT OfIpefia, y TpyIIaMa Cy ce Ipo6ujany npema
Cannyaxy.
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The defense of the Uzice Republic — what a par-
adox: the only free territory on the soil of occu-
pied Europe under Nazi Germany would be de-
fended by Serbs proletarians from the attacks of
Serbs nationalists. This would, in fact, officially
mark the beginning of the civil war in Serbia.

It is little known that on October 30, 1941, a group
of volunteer miners and other fighters from the
Ibar valley was led to Uzice by mining student
Milutin Vujovi¢ - Vujaklija in order to defend the
Uzice Republic. On November 1, 1941, the Sixth
Ibar Company of the Uzice Detachment was
formed in UZice, and miners from the Ibar region
were among its members. Milutin was appointed
the political commissar of this company. During
the first half of November, the Sixth Ibar Compa-
ny took part in heavy battles against the Chetniks
in the wider UZice area: at Tre$njica, Bukovi, Cr-
nokosa, and other battlefields.

In the Ibar Valley, on November 9 and 10,
1941, during a combat action against the Chet-
niks for Raska, another one of the seven miners
who had carried out the sabotage on Trepca’s
cableway, Jovo Jovani¢, was severely wound-
ed. While comrades carried him in retreat
toward Bioce, where the Kopaonik headquar-
ters was located, the brave miner died. In that
same battle, his comrade and fellow saboteur,
Nikola “Nikica” Labus, was also killed. Thus,
of the seven miners who launched the resist-
ance movement against the German occupier
in Trepca in July 1941, only two remained alive:
Nikola Krtini¢ and Rade Mili¢evié.

In the second half of November 1941, a major
German offensive was launched in western Ser-
bia. The Kopaonik Detachment reorganized its
fighters into four companies. The miners were
part of the Third Mining Company [6].

Blocking the Kraljevo-Cacak route against the
advance of the 113" German Division, with-
drawn from the Eastern Front, was unsuccess-
ful. The advance toward Uzice from the direc-
tion of Bajina Basta, across Kadinjaca, was also
carried out by the 243 German Division. The
Uzice Republic was not defended. The miners
from the Kopaonik Detachment and elements
of the Kraljevo Detachment broke through in
groups toward Sandzak.
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Pynapu n3 cacrasa Illecte nbapcke dete Koju
Cy ce 3aTeK/IM y YKUILy IIOC/Ie HeycIiene ofopa-
He Y)xmuke perry6nuke 29. HoBeMbpa 1941. ro-
AVHE, KPEHY/IN Cy Ca I'TaBHMHOM CHara IIp€kKo
3matn6opa ka CaHIaKy.

PYIOJAPM 'Y ITPBOJ ITPOJIETEPCKO]
BPUTAIN

Y patHOM CTpojy Ha jaH dopmupama IIpse
nposnetepcke 6purage 21. fenem6bpa 1941. ro-
AvHe Ha Tpry y Pymom, 6una je nocrpojeHa u
Pynapcka gera, kao Tpeha yera y cacraBy Yert-
BPTOT Kpa/beBavyKor 6aTa/boHa.

Tor mana Pypmapcka uyera je mmana 63 6opua.
OxocHuny uete je ynHwiao 33 pypapa [1, 4].
IMlect pymapa je 6uno pacropeheno y [Ipyry
4eTy Kpaj/beBaukor O6aTa/poHa [4].

3a oBe paTHe faHe pyfapa, Tpeba ucrahm par-
HU IIyT [IBaJleCeTABOTONMIIIbET CTyHEeHTa PY-
mapctBa MunyrtuHa ByjoBuha - Byjaknuje o
KoMe je rope Beh 6mo peun. Poyjom je 6mo n3
Yayka. HakoH KpaTKOTpajHOT allpUICKOr paTa
U HeMadKe OKylanuje Jyrocnasuje, Munytua
je mpeKnHyo cryauje u u3 beorpaza je otmmao
jyHa 1941. rogune y Mbapcke pymnuke. o
IM3amby yCTaHKa, OffMaxX ce NpuK/by4dno bame-
Baykoj yetn. Kao obpoBospaly je yuecTBOBaO
y ombpanu Yxuuke penyonuke, a y Pygom je
IIOCTaB/bEH 3a UTeHJaHTa y YeTBpTOM Kpasbe-
BayKoM Oatabony. KacHuje je 6o xomecap y
Ipyroj detu oBor 6ara/poHa [7]. MunyTus je
HpeXnBeo par [6].

JenuHa >xeHa y cTpojy Pymapcke dere y Pymom
je 6mma Anekcanppa Kpcronoumh — Hanmia
(cnuka 6). Vimana je caMo ocaMHaecT TOAVHA.
Ponom je 6una ns Cpb6obpana. ¥ Yuthe je pgo-
mta 1941. ropyHe ca MajKoM Koja je nsbersa s
Bojsogune. Kao yuennna VII paspena kpasbe-
Bauke I'MMHasuje [7], XpabpocT 1 OEBaXKHOCT
je ucnosbuia npu Hanagy KpabeBadkor ofpe-
ma Ha Ymhe, kaza je joctaBuaa mraby ogpena
IpeLus3He IOJATKe O paclopefly OKyIaTop-
ckux cHara [1]. IIpu nosnadewy xa CaHaky
KpajeM HOBeMOpa 1941. royuiHe, YeTHULI CY je
3apoOWIN anm je Ha Kpajy UIIaK ycIena jja ce
nomorHe Pyna y bocHn.

Miners of the Sixth Ibar Company who were
still in UZice after the failed defense of the
UZice Republic on November 29%, 1941, with-
drew with the main forces across Zlatibor to-
ward Sandzak.

MINERS IN THE FIRST PROLETARIAN
BRIGADE

On the day of the formation of the First Pro-
letarian Brigade, December 21%, 1941, in the
square in Rudo, the Mining Company was also
assembled, as the third company within the
Fourth Kraljevo Battalion.

That day, 63 fighters stood in the ranks of the Min-
ers Company. The core of the company consisted
of 33 miners [1,4]. Six miners were deployed to the
Second Company of the Kraljevo Battalion [4].

For these wartime days of the miners, it is im-
portant to highlight the military path of the twen-
ty-two-year-old mining student Milutin Vujovi¢
- Vujaklija, who has already been mentioned
above. He was originally from Cacak. After the
short April War and the German occupation of
Yugoslavia, Milutin interrupted his studies and
went from Belgrade to the Ibar mines in June
1941. Following the outbreak of the uprising, he
immediately joined the Baljevacka Company. Asa
volunteer, he took part in the defense of the Uzice
Republic, and in Rudo he was appointed quarter-
master of the Fourth Kraljevo Battalion. Later, he
served as commissar in the Second Company of
this battalion [7]. Milutin survived the war [6].

The only woman in the ranks of the Mining
Company in Rudo was Aleksandra Krstonosi¢
— Nanica (Figure 6). She was only eighteen years
old and originally from Srbobran. She came to
Us¢ée in 1941 with her mother, who had fled from
Vojvodina. As a seventh-grade student at the
Kraljevo Gymnasium [7], she displayed courage
and bravery during the attack of the Kraljevo De-
tachment on Usce, delivering precise information
about the deployment of the occupying forces to
the detachments headquarters [1]. During the
retreat toward Sandzak at the end of November
1941, she was captured by the Chetniks but ulti-
mately managed to reach Rudo in Bosnia.
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IIpen Bewe mcror maHa Kaga je ¢opmupana
IIpBa nponerepcka 6puraga y Pymom (21. ge-
nem6pa 1941. rogune), KpapeBauku 6aramoH
u Pymapcka deTa y meroBoMm cacramy, Omia
je ogmax ymyhena npema ceny laounhnma, y
CyCpeT KOJIOHM MTa/IMjaHCKe BOjCKe Koja ce
u3 Bumerpazna kperana npema Pymom. Ilocne
HAIIOPHOT Mapllla I10 JIefleHOj HOhM U IIaHMH-
ckoM becnyhy, y 3opy 22. nenem6bpa 1941. ro-
OVHE IIPY TYCTOj MAI/IM, OTIIOYEO je CHaXKaH
Hamnafi Pyzmapcke dere M Opyrux jefMHMIIA Ha
Wranujane. Y ToM He3aApXMBOM jypuIly, IIO-
TMHYO je 3aMeHMK KoMaHAupa Boga Hukoma
Kprunnh, mectn najmnabu on cenmopure py-
fapa Koju Cy cpywmnn xu4apy Tpemue y jyny
1941. ropune [2]. Hukona je umao 27. roguHa.

Cnuxka 5, Jlanuno Jane bpxmwau [1]
Figure 5, Danilo Dane Brkljac [1]

Y6p30 HakoH Tora, cpeiuHOM debpyapa 1942.
roguHe, ceno IIpade Ha ceBepOMCTOYHUM IIa-
AVMHaMa JaxopuHe, octahe pymapuma 3ayBek y
TyHOM cehamy. Y >xectmHn 6opbe ca ycra-
maMa ¥ JoMOoOpaHMMa, KOji Cy MMau TapHU-
30H y OBOM CeJly, IIOTMHYJIO je cefjaM pypapa:
Bbomko u Bojun baposuh, bomrko bourmosuh,
Papucas VBanosuh, Hukona Muposuh, [Ipa-
raH JajuanuH u Hoak Jymikosuh 4, 2].

Y Crakasunu ko Korop Bapouiu 6. feembpa
1942. ropuHe, orunyo je pygap Tpemue ViBan
IlIynentnh, a 6p3o HakoH Tora 1. janyapa 1943.
roguHe y 60op6m 3a ocno6obewe Tecmmha u
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On the evening of the same day the First Prole-
tarian Brigade was formed in Rudo (December
21%, 1941), the Kraljevo Battalion and the Min-
ing Company within it were immediately sent
toward the village of Gaocidi, to intercept a col-
umn of the Italian army moving from Visegrad
toward Rudo. After a strenuous march through
the icy night and mountain wilderness, at dawn
on December 22", 1941, in dense fog, the Min-
ing Company and other units launched a strong
attack on the Italians. During this unstoppable
assault, the deputy platoon commander Nikola
Krtini¢ was killed; he was the sixth youngest of
the seven miners who had destroyed the Trepca
cableway in July 1941 [2]. Nikola was 27 years
old.

Cnuxa 6, Anexcangpa Kpciionowuh Hanuya [1]
Figure 6, Aleksandra Krstonosi¢ Nanica [1]

Soon afterward, in mid-February 1942, the
village of Praca on the northeastern slopes of
Jahorina would remain forever in sorrowful
memory for the miners. In a fierce battle with
Ustase and Domobrans garrisoned there, seven
miners were killed: Bosko and Vojin Barovic,
Bosko Bos$njovi¢, Radisav Ivanovi¢, Nikola
Mirovi¢, Dragan Jaj¢anin, and Novak Juskovi¢
[4,2].

In Stakavi¢i near Kotor Varos, on December
6, 1942, the Trep¢a miner Ivan Sulenti¢ was
killed, and shortly thereafter, on January 1,
1943, in the battle for the liberation of Teslié,
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ITepo Crynap, mammnHosoba y pysuuky Tpen-
qa [7].

Patan AaHM, My4YHHM 1 TEIIKN Yy CBaKOJHEBHUM
6opbama 1 ycu/beHUM MaplleBuMa 1o 60caH-
CKVM IUVIQaHMHCKMM TE€pE€HNMA, MYY€HU HENU3-
BecHouthy, rmaby, ucipnmuBano je pysape un
6op1ie mporeTepcKe BOjCKe O KPajHNUX IPaHM-
I1a M3PXK/BUBOCTIL.

Y Toky uerBpTe HeMmauke odaH3uBe, y HOhM
m3meby 22. n 23. dpebpyapa 1943. ronuue, Py-
lapcKa dYeTa je BOmWIA TemKy 6op6y ca Hem-
nyMa Ha VIBaH-cemty (IVIaHMHCKOM IIPEBOjy Ha
VBan nmaHuHN ceBeponcTouHo ofi Komuia, Ha
nyty npema Xaymhuma u Capajey). IIpn ma-
KJIEHOj apTWhepucKoj BaTpu Hemarna, jenHa on
eKCIvTo3uja OpOjHMX TpaHaTa je pasHena neba
3aMeHNKY KoMecapa Pymapcke dere, Xxpabpom
nymkomuTpabecy Hukomu Bybany, nBapecet-
ABOrOAMIIeM pynapy u3 Tpemue (crmxa 7) [7].

ToxoMm oBe Hemauke odaH3NBe, IOKPTBOBAHA
6onanyapka Anekcanpgpa-Hauuma (cnimka 6)
TIOK je mednia obornerne 6opie of Tudyca, 1 cama
ce pasbornena ox oBe omacHe 6omectu. Hakon
npenacka Heperse MmapTa 1943. roguse, y Tem-
KMM MyKaMa je ympra y LlenrpamHoj 6omanim
20. mapra y ceny Pubapu, oxo 20 km jy>xHo of
Komuma [7]. Victor maHa y oBOM cefy je u3Bp1o
camoy6ucTBo Tudycom nsmydenn JKerap [Jane.
Ckpomunu u noBydenu Jlane je 6mo pynap y pya-
H1KY Berno 6pno na Komaonuky [7].

Y meroj Hemaukoj o¢aH3MBM KoOja je OfIIOderna
15. maja 1943. ropuHe, Boaue cy ce 6opbe cBoM
CBOjOM >KeCTVMHOM Y fomHama peka Tape, Iluse
u Cytjecke. Pymap Page Mwmhesnh (cmmxa 8),
koMecap Pymapcke dere, 610 je Beh mpexameHn
Oopall, jenyHY XXUBY PYAAp OF CEAMOPULIE KOjI CY
MMHMpamm xudapy Tpemde y jymy 1941. ropuse.

Toxom oBe o¢aH3MBe, y [PYT0j IOTOBMHM Maja
1943. roguue, Pynapcka dera ce nmpobujana ca
ocra/uM jeguHuaMma IIpse mponerepcke guBu-
3uje on Yene6nha npema cesepy ka ®oun. Kop
cerna 3rmaTHu 60p Ha fiecHOj o6anu peke Tape, py-
Japu cy 22. maja 1943. ropyse BOJMIN ITAK/IEHN
okpaj ca Hemipma 13 cactaBa apTubepyjcKOT
nuBusnoHa. Hamagom Ha HeMue, mwtutmm cy
nosaguHy npema Yene6buhy rme ce Hamaswmia
LlenTpanHa 60/MHNIIA Ca pambeHUIIMA.

Pero Stupar, a machinist at the Trepca mine,
also fell [7].

The wartime days, arduous and grueling in dai-
ly battles and forced marches across the Bos-
nian mountain terrain, tormented by uncer-
tainty and hunger, exhausted the miners and
tighters of the Proletarian Army to the very
limits of endurance.

During the Fourth German Offensive, on the
night of February 22"4-23%, 1943, the Miners’
Company fought a grueling battle with the Ger-
mans at Ivan-sedlo (a mountain pass on Ivan
Planina northeast of Konjic toward Hadzi¢i
and Sarajevo). Under the hellish German artil-
lery fire, one of the numerous shell explosions
tore apart the back of the deputy commissar of
the Mining Company, the brave machine-gun-
ner Nikola Bubalo, a twenty-two-year-old min-
er from Trepca (Figure 7) [7].

During this German offensive, devoted nurse
Aleksandra-Nanica (Figure 6) contracted ty-
phus while caring for the sick. After crossing
the Neretva in March 1943, she died in great
suffering at the Central Hospital on March 20™
in the village of Ribari, about 20 km south of
Konjic [7]. On the same day, in this village, Ze-
gar Dane, exhausted by typhus, took his own
life. Modest and withdrawn, Dane had been a
miner at the Belo Brdo mine on Kopaonik [7].

During the fifth German offensive, which be-
gan on May 15, 1943, fierce battles raged in the
valleys of the Tara, Piva, and Sutjeska rivers.
The miner Rade Mili¢evi¢ (Figure 8), com-
missar of the Mining Company, was already a
seasoned fighter and the only surviving miner
of the seven who had sabotaged the Trepca ca-
bleway in July 1941.

In mid-May 1943, the Miners’ Company, to-
gether with other units of the First Proletarian
Division, was breaking through from Celebiéi
northward toward Foca. Near the village of
Zlatni Bor on the right bank of the Tara River,
on May 22", 1943, the miners fought a heavy
battle with Germans from an artillery battal-
ion. By attacking the Germans, they shielded
the rear near Celebi¢i, where the Central Hos-
pital with the wounded was located.
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Cnuxa 7, Huxona By6ano, napogru xepoj [1]
Figure 7, Nikola Bubalo, People’s Hero [1]

Y TOKy cHakHe pasMeHe BaTpe 23. Maja 1943.
ropuHe, Page Munnhesnh (cnuka 8) je cMptHO
CTpajiao of MMHoOamaYke MUHe Koja je eKc-
IJI0A/[VIpasa y HBeroBOj HeIoCpefHOj O/IM3MHN
[3]. [Tocne oBor morabaja, >KMBUX AMBep3aHaTa
Tpemnue Buie Huje 6mI0.

ITopen Paga Mumrhesuha na CyTjecun cy xu-
BOTe NONOXUIM U pymapu Murap Crpyrap,
Bojucnas [lyruna u Munys VBanosuh.

Murtap Crpyrap pygap u3 Tpemde je moruayo
y MubeBMHM TOKOM 3aBpIIHUX 60pOM HaAKOH
npo6oja obpyda Ha Bammuosny 9/10. jyna
1943. roguue [1].

Bojucnas [lytuna pypap m3 VMbapckux pyz-
HIKa, Kao MHBanuy ca Vrmana, 6mo je y Ilen-
TpalHOj 6ONMHUIM U TOTUHYO je 11. jyHa 1943.
rogyHe Ha Byuesy [6].

Munyn ViBaHoBuh je 6uo pymap y VMbapckum
pysHunuMma, bernom 6pay u Tpemun. Kao 6oparn
[Ipyre mponeTepcke 6purajie, TELIKO je parbeH
Ha Komurypy. ITo mpo6ojy o6pyua Ha Bannuos-
1y, IOTMHYO je y MIbeBMHM TOKOM aBMOHCKOT
6ombappoBama [1].

JlanoHohHe 60p6e HEMMTTOCPIHO CY OXHOCUTIE
XXMBOTe Ha Xmbaje 6opana. Oxn 33 pyaapa koju
cy y Pynom 6unn y crpojy Pymapcke gere, par
je mpexxuseno 17 pypapa [4]. 3a HapopHe xe-
poje cy nmpornautenu pysapu Page Munuhesnh
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Cnuxa 8, Page Munuhesuh napogru xepoj [1]
Figure 8, Rade Milicevic People’s Hero [1]

In the hellish exchange of fire on May 237,
1943, Rade Milicevi¢ (Figure 8) was killed by
a mortar shell that exploded right next to him
[3]. After this event, none of the Trepca sabo-
teurs remained alive.

Alongside Rade Mili¢evi¢, other miners also
laid down their lives at Sutjeska: Mitar Stru-
gar, Vojislav Dutina, and Milun Ivanovi¢.

Mitar Strugar, a miner from Trepca, was killed
in Miljevina during the final battles after the
breakthrough at Balinovac on June 9-10%,
1943. [1].

Vojislav Dutina, a miner from the Ibar mines,
who had been disabled on Igman, was in the
Central Hospital and was killed on June 11%,
1943, at Vuclevo [6].

Milun Ivanovié, a miner in the Ibar mines,
Belo Brdo, and Trepca, fought in the Second
Proletarian Brigade. He was severely wounded
at Kosur, and later killed in Miljevina during
an air bombardment [1].

Day and night battles mercilessly claimed
thousands of lives. Of the 33 miners who
stood in formation with the Miners’ Company
in Rudo, 17 survived the war [4]. The miners
Rade Mili¢evi¢ and Nikola Bubalo were pro-
claimed People’s Heroes. Outside the Miners’
Company, Milun Ivanovi¢, also a miner, was
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u Huxona By6ano. Ban Pypmapcke dere, 3a Ha-
penHOr Xepoja je mpornaien u pygap Munyn
VBanosuh [1]. CBa Tpojuna cy 6mmm crapu
NO3HAaHNIN, pygapu u3 Tpermde (cmuka 9).

later proclaimed a hero [1]. All three were
old acquaintances, miners from Trepca (Fi-
gure 9).

Cnuxa 9, bamesau, cilomenux anum pygapuma 1941-1945, geno sajapa Hangopa Inuga [10]
Figure 9, Baljevac, Monument to the Fallen Miners 1941-1945, the work of sculptor Nandor Glid [10]

YMECTO 3AK/bYUKA

»Cetno cam ce [1use, Tape, Komaprune, hexo-
tuHe, Cytjecke u [pune, AproBua, IInBckux
IIaHuHa, 3maTHor 6opa, Tpospxa, Hypmu-
topa, Marnuha, Bonyjka, Kourypa, Kpekosa,
Cyxe, Byuesa, Yene6uha, Tjentniura, 3enen-
rope, baBana u bammuoBua. Cetmo cam ce
CBUIX HaIlafia ¥ IPOTUBHAIIAJA, jypullIa I po-
TUBjypUIlLa, Yapa u npoTtusygapa. CeTtno cam
ce HalIMX jpyrapuiia u apyrosa Ha CyTjeciy,
Kao U Ha APYrMM OOjMINTMMA, KOjyU Jajolle
Be4HOj HOhM fjaH cBojux ounjy ... Te Haue, kao
U Xwhbafie ¥ Xubajie APYIUX XpTaBa, Jane cy
CBOje >KMBOTe 3a CJI0OOZLY KOjyI HUCY [OXKUBe-
an” OBa cehamwa Borgana 3enmha [7] memana
Cy ce ca MOKIMYMMa Oopalja Kajja je Herzme y
okonmyHM 3arpeba, CTUITIA [0 IITaba HIXOBE
jenuHuIe pafocHa BecT 9. Maja 1945. rogune.
»Y KpBU CTBapaHa, Oe/ba of cyHua u cpehe,
crurna je cmobopma” [7], mcnucano je mepo

INSTEAD OF A CONCLUSION

“I remembered Piva, Tara, Komarnica, Cehoti-
na, Sutjeska and Drina, Avtovac, the Piva moun-
tains, Zlatni Bor, Trovrh, Durmitor, Magli¢, Vo-
lujak, Kosur, Krekovi, Suha, Vucevo, Celebidi,
Tjentiste, Zelengora, Bavan and Balinovac. I
remembered all the attacks and counterattacks,
charges and countercharges, strikes and coun-
terstrikes. I remembered our comrades, women
and men, at Sutjeska as well as on other battle-
fields, who gave the eternal night in place of the
day in their eyes... Those comrades of ours, like
thousands and thousands of others, gave their
lives for freedom which they themselves did not
live to see” These memories of Bogdan Zeli¢ [7]
mingled with the shouts of fighters when, some-
where near Zagreb, the joyful news reached their
units headquarters on May 9, 1945. “Born in
blood, whiter than the sun and happiness, free-
dom has arrived” [7], wrote the hand of Bogdan
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y pyuu borpana 3enmha, cmaBHOr xepoja ca
CyTjecke, y faHuMa co6ope Koji Cy JOLUINL.

Y ropunu jybuineja, 80. roguHa o cmoma ¢a-
mKU3Ma U 3aBpmeTKa [Ipyror cBeTcKor para,
oBaj pap je jom jemeHo mopcehame Ha xe-
pojcke maHe pysmapa Pynapcke gere, Ha Hame
PyZape Koju Cy Imaay TOKOM aHTUaMNCTIY -
Kor pata 1941-1945, Ha 6ojumTumMa Jyrocna-
BUj€E.

Heka um je Beuna cnaBa u xBasna!

3AXBAJIHUIIA

CpmayHo ce 3axBasbyjeM AKafeMMKy Ipod. ap
Cno6opnany Byjuhy sa kopuche cyrectuje To-
KOM IIJCara OBOT pajia.
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Zeli¢, the famous hero of Sutjeska, in the days
of freedom that had finally come.

In this jubilee year, the 80th anniversary of the
defeat of fascism and the end of the World War
11, this paper stands as another remembrance
of the heroic deeds of the miners of the Miners’
Company, of our miners who fell during the
antifascist war of 1941-1945, on the battlefields
of Yugoslavia.

Eternal glory and gratitude to them!
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HOKTOPCKE IMCEPTALM]JE / PhD THESIS

Hp IMaBne CrjenanoBuh, AUIULMHX.pyfapcTBa

CTOXACTUYKN MOJEJI YIIPAB/bAIbA
3AJINXAMA KAO OCHOBA
IVTAHVPAIHLA HABABKE ITPOLJECHMX
MATEPUJAJIA'Y IIPUITPEMU
MIVHEPAJTHVIX CIPOBMHA

Yuusepsutet y Beorpany, Texunuknu dakynrer y
bopy, 31. 10. 2025.

MeHTOpY npod. Ap Munan Tpymuh, YanuBepsutet
y Beorpany, Texuuuku daxynrer y bopy u mpod.
1p Mapuja Kysmanosuh, Yausepsurer y beorpany,
Qaxy/nTeT OpraHM3alMOHNX HayKa

CakeTak: YIpaB/bame 3a/11XaMa IIpeJiCTaB/ba
jemaH o KJby4HMX paKTOpa PUHAHCHUjCKe CTa-
OMTHOCTY ¥ KOHTMHYNTETA II0CTIOBaba y CaB-
peMeHOM [VHAMUYHOM OKpYXKemy. 3anuxe
00yxBaTajy WIMPOK CIIEKTap MaTepujaJHUX
pecypca — O CMPOBMHA M IIONyNPOMU3BOJA
[0 TOTOBMX NPOM3BOJiAa ¥ MOTPOIIHUX Mare-
pujana — a BUXOBO MPABUIHO IIAHMpPabe U
KOHTpOJIa IMPEKTHO YTUYYy Ha TPOIIKOBE U
epMKaCHOCT TPOM3BOAHOr IIpoleca. YKyI-
HU TPOIIKOBY 3a/IMXa MOTY ce TOfleTuTY Ha
TPOLIKOBe HabaBKe, Ip>Kara I HeJOCTATKa, 11a
je oITMMU3allMja OBMX TPOIIKOBA Off CYIITHH-
CKOT 3Hayaja 3a cBako npepgysehe.

CaBpeMeHN NPUCTYNM YyIpaB/bamby 3au-
XaMa OC/Iamajy ce Ha MaTeMaTU4Ke MoJelle,
MeDy Kojuma ce n3fiBajajy feTEpMUHUCTUIKA
U cTOXacTUUKU. JIOK IeTEpMUHUCTUYKMA MO-
Tenu 1osjase off NpeiBUAMBMUX OFHOCA, CTO-
XaCTUYKY MOJeNM OJIUKYjy ce oxpeheHum
OpojeM K/byYHMX e/leMeHaTa, ojf KOjuX CBaKN

Dr Pavle Stjepanovi¢, mining engineer

STOCHASTIC INVENTORY
MANAGEMENT MODEL AS A BASIS
FOR PROCUREMENT PLANNING
OF PROCESS MATERIALS IN
THE MINERAL PROCESSING

University of Belgrade Technical Faculty in
Bor, 31 October 2025

mentors prof. dr Milan Trumi¢, University of
Belgrade, Technical Faculty in Bor and prof.
dr Marija Kuzmanovi¢, University of Belgrade,
Faculty of organizational sciences

Abstract: Inventory management is one of
the key factors for financial stability and
business continuity in today’s dynamic en-
vironment. Inventories encompass a wide
range of material resources — from raw mate-
rials and semi-finished products to finished
products and consumables - and their proper
planning and control directly affect the costs
and efficiency of the production process. The
total cost of inventory can be divided into
acquisition, holding and shortage costs, so
optimizing these costs is essential for every
company.

Modern approaches to inventory management
rely on mathematical models, among which
deterministic and stochastic stand out. While
deterministic models start from predictable
relationships, stochastic models are charac-
terized by a certain number of key elements,
each of which plays a very important role in
construction and analysis. These are random

183




Joxitiopcke gucepitiayuje / PhD Thesis

UTpa BeOMa BaXHY Y/IOTY y KOHCTPYKIVIjK
u aHammsu. To cy ciydyajHe ImpOMeH/bUBE,
puctpubynuje BepoBatHohe M BpeMeHCKM
wau npoctopHy mapamerpu. Omoryhasajy
pasyMeBame U yIpaB/babe HeM3BEeCHOCTIMA
KpO3 MNpUMEHy MeTOfa IONmyT MapKoBibe-
BUX, laycoBux u JleBujeBux npoueca, Monre
Kapno cumynanuja m pgpyrux npo6abmmu-
CTMYKNX TeXHMKA. CTOXaCTMUYKM CUCTeMM
WTPajy BUTANHY Y/IOTy y pelllaBamy MHXe-
PEHTHNUX HEM3BECHOCTU y YIpaB/bamy 3a-
nMxaMa Marepujana, Hygehu moHocmonuma
OJTyKa ajaTe 3a Mobo/plIame epUKacHOCTH,
CMamembe TPOUIKOBA 1 MOOO/bIIamke YKYyIHe
OTHOPHOCTY IIPOM3BOJHOT Ipoljeca.

MctpaxkuBama cy peannsoBaHa Ha TeOPUj-
CKOM M HPMMEHEHOM IPAKTUYHOM HIUBOY.
[Toce6aH 3Hayaj MCTpaXKMBamba OKPEHYT je Ka
PYHApCTBY, Ifie yIpaB/babe 3a/11XaMa Ipolec-
HMX MaTepujania (eHepruja, peareHcu, peseps-
HM JIe/IOBY) IMPEKTHO yTU4Ye Ha KOHTMHYUTET
IIPOM3BOJbE U EKOHOMCKY OfIp>KMBOCT. Ekcre-
pPMMeEHTa/IHA MICTPaXKMBamba CIIPOBEJieHa Cy Ha
pearHoOM Cy6jeKTy, OffHOCHO Ha IIOfaIiMa 13
TEXHOJIOMIKO (IIOTAIjCKOr mpoueca, PymHu-
Ka 1 protanyje PygHuK 100., Koja Cy Mmokasa-
Na [a OMHAMMYKO CTOXACTUYKO MOJENMpPar-e
YCIIEIHO OC/IMKABa peajiHe IPOMEHe Y MOTPO-
HIBY IPOLeCHUX MaTepujana. AHanusa gece-
TOTOAMIIbET TTpaherba MOTPOLIbe IPOIeCHIX
Mateyjana y ¢moranuju PygHmk, mommmera-
JIMYHE PyJie OJI0Ba, LIMHKA 1 6akpa, oMoryhm-
na je peduHUCame ONTUMMATHNMX VHTEpBaIa
MeCEYHMX 3a/1MxXa IOTPOIIHOT Marepujana u
IbMXOBY €KOHOMCKY Banmpauujy. Pesynratu
Cy TOKasalM Jia ONTUMMM3AMjOM 3a/I1Xa MOTY
la ce NMOCTUTHY 3HaYajHe yIITe[le Ha Mecey-
HOM, KBapTaJlHOM ¥ BUILETO/IMIIILEM HUBOY,
y3 MCTOBpeMeHO 06e3behuBame KOHTMHYNTE-
Ta IPOM3BOJHOT IpOIleca. YIOpeJIHa aHaau3a
IPOCEYHMX, MAKCMMA/THUX ¥ ONTUMA/lHUX 3a-
NMXa NOTBPAN/IA j€ ja MOJIeN IIPEIU3HO OC/IN-
KaBa IMHAMMKY PeaJHOT CUCTEMA, YMMe Ce I10-
TBpDyje meropa NpaKTUYHA MPUMEH/BUBOCT.

3aK/by4ak UCTpakKiBamba jaCHO yKasyje fia je
OVIHAMMYKO CTOXAaCTMYKO MOflelMpame Ba-
MMpaH ¥ epUKACcaH ajaT 3a ONTUMU3ALUjY
3aj1Mxa YOIITe y MHAYCTPUjU a/ly ca aKILleH-
TOM Ha IpUIIpEMY MIMHEPATHUX CUPOBMHA U

184

variables, probability distributions and tem-
poral or spatial parameters. They enable un-
derstanding and management of uncertainties
through the application of methods such as
Markov, Gaussian and Lévy processes, Mon-
te Carlo simulations and other probabilistic
techniques. Stochastic systems play a vital
role in resolving the inherent uncertainties in
material inventory management, offering de-
cision makers tools to improve efficiency, re-
duce costs and improve the overall resilience
of the production process.

The research was carried out at the theoretical
and applied practical level. The research is of
particular importance in mining, where the
management of process material inventories
(energy, reagents, spare parts) directly affects
the continuity of production and econom-
ic sustainability. Experimental research was
conducted on a real subject, i.e. on data from
the technological flotation process, the Rud-
nik and Flotation Rudnik doo, which showed
that dynamic stochastic modeling successful-
ly reflects real changes in the consumption of
process materials. Analysis of ten-year mon-
itoring of the consumption of process mate-
rials in the flotation plant Rudnik, a polyme-
tallic ore of lead, zinc and copper, enabled the
definition of optimal intervals for monthly
supplies of consumables and their economic
validation. The results showed that inventory
optimization can achieve significant savings
on a monthly, quarterly, and multi-year basis,
while ensuring the continuity of the produc-
tion process. A comparative analysis of aver-
age, maximum, and optimal inventories con-
firmed that the model accurately reflects the
dynamics of the real system, thus confirming
its practical applicability.

The conclusion of the research clearly indicates
that dynamic stochastic modeling is a valid
and effective tool for optimizing inventories in
general in industry, but with an emphasis on
the preparation of mineral raw materials and
mining. Theoretical considerations and anal-
yses revealed that the problem has not been
researched adequately for its importance for
the preparation of mineral raw materials and
mining. This dissertation, in addition to its ba-



Joxiniopcke gucepimiayuje / PhD Thesis

pymapcTBo. V3 TeopmjcKux pasMaTpama 1
aHa/IM3a IPONCTEK/IA Cy Ca3Hama Jla je Ipo-
671eM He VICTpakeH IPUMePEHO BerOBOM 3Ha-
Yajy 3a IpUIpPeMy MUHEPATHU CUPOBMHA M
pymactso. OBa fucepTanuja, OCUM OCHOBHOT
HAayJYHOT 3Hayaja ¥Ma 1 abupMaTuBHY QyHK-
UUjy IIKperba BULOKPYTa O 3Havajy IpuMeHe
CTOXAaCTWYKe ONTUMM3AIVje 3a/1MXa, Kao U
eKOHOMCKe OeHeduTe 3a MUHEpPATHO-CUPO-
BUHCKY ¥ MHIYCTPUjCKY KOMIIJIEKC Y HajIIu-
pem cmucny. Ha oBaj HaumH ce mompuHOCK
pasBojy Teopuje M IpaKce yIpaBj/bakba 3a-
NMXaMa, y3 HaI/lallaBambe 3Ha4aja CMambermha
3anuxa un nmoBehama ePUKACHOCTHU Kao I7I0-
6amHor TpeHpa. Pesynratu nmotBphyjy ma ce
IPUMEHOM OBAKBVX MOJie/Ia MOTY OCTBApPUTHU
3HayajHe eKOHOMCKe KOPUCTHU, CMABUTH PH-
3UIM Off 3aCTOja y IpoM3BOAKBY 1 nosehatn
OTHOPHOCT IIOCTIOBHUX CHCTEMA, IITO Mpeji-
CTaB/ba Ba)KaH JIONPMHOC HAYYHO] M IpaK-
TUYHOj 06/TaCTV yIpaB/baba 3a/IMXaMa.

sic scientific significance, also has the affirma-
tive function of broadening the horizons of the
importance of applying stochastic inventory
optimization, as well as the economic benefits
for the mineral-raw materials and industrial
complex in the broadest sense. In this way, it
contributes to the development of inventory
management theory and practice, while em-
phasizing the importance of reducing invento-
ry and increasing efficiency as a global trend.
The results confirm that the application of such
models can achieve significant economic ben-
efits, reduce the risks of production downtime,
and increase the resilience of business systems,
which represents an important contribution to
the scientific and practical field of inventory
management.
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SHAYAJHM JOTABAJU / SIGNIFICANT EVENTS

CBEYAHA AKAJEMHJA ITIOBOJOM ]JV-
BWJIEJA 65 TOOVMHA PAIA PYIOAPCKOI
VMHCTUTYTA oppxana je 26. cenreMbpa
2025. ropuHe y Benukoj canu tearpa MapgHe-
mmaHyM y 3emyHy. CKyny Cy IpUCYTBOBaIu
npefcTaBHUIY MuHMUCTapCcTaBa, AeKaHn a-
KYy/ITeTa, YHUBEP3UTETCKY Tpodecopu, OpojHM
IMPEKTOPU MHCTUTYTA, KOMIIAHHUja ¥ MOC/IOB-
HM capagHuiy. OKyIUbeHUMa Cy ce 0OpaTyIn:
mupekropka Pymapckor muHctuTyTta np Csert-
naHa IlomaBziep M OCKOpallby AUPEKTOP [P
Munmmako Papocamesuh, a satum y ume pe-
COpHOT MUHNICTAapCTBa HayKe, TEXHOJIOUIKOT
pasBoja u mHOBaumja Ap Mapuja ImwartoBuh,
Ap>KaBHU ceKpeTap, Kao 1 ap VIBaH Jaukosuh,
noMohHUK MMHUCTpa, MuHMCTapcTBa py-
JapcTBa U eHepreTuke. HakoH mpeseHTanumje
ucropujata Pymapckor mHcTMTyTa M Kpaher

THE ACADEMY CEREMONY ON THE
OCCASION OF THE 65TH ANNIVERSARY
OF THE MINING INSTITUTE was held on
September 26, 2025 in the Great Hall of the
Madnelianum Theater in Zemun. The meeting
was attended by representatives of ministries,
faculty deans, university professors, numerous
directors of institutes and companies, and
businessassociates. Theaudience wasaddressed
by: Director of the Mining Institute Ltd, dr
Svetlana Polavder and the previous director, dr
Milinko Radosavljevi¢, and then, on behalf of
the relevant Ministry of Science, Technological
Development and Innovation, dr Marija
Gnjatovié, State Secretary, as well as dr Ivan
Jankovi¢, Assistant Minister of the Ministry of
Mining and Energy. After a presentation of the
history of Mining Institute and a short musical

Tanepuja pororpaduja ca cBedaHe AkafieMuje JOCTYIIHA je Ha CajTy Pymapckor MHCTUTYTA [1.0.0.
https://ribeograd.ac.rs/

A photo gallery from the ceremonial Academy is available on the Mining Institute Ltd. website

https://ribeograd.ac.rs/
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3nauajuu goiahaju / Significant Events

MY3IYKOT IIPOrpaMa, JOfie/beHe Cy ITaKeTe 3a-
XBaJTHOCTH 32 IYTOTOAMIIEbY Capa/iiby 3aCITy K-
HyM VIHCTUTYyLIIMjaMa ¥ KOMITaHMjaMa.

ITnakere cy ypyumnu nupekropka ip CBeTaHa
[TonaBpep n weH 3ameHuK Mapko IlaBrosuh.
JobutHNMLYM npu3Hamka Cy: MMHUCTapCTBO Ha-
yKe, TEXHOJIOIIKOI pasBoja U MHOBaLuja, Mu-
HUCTApCTBO PYZlapCTBa U eHepreTuke, Enek-
tponpuspena Cpbuje AJ] beorpag, Serbia Zijin
Copper Bor, Serbia Zijin Mining Bor, Pynap-
cko reonomkyn ¢paxynrer y beorpany, leonor-
ku 3aBop Cpb6uje, Enepronpojext Enren Al
beorpap, I1]] Teopan 1.0.0, Lafarge Srbija d.o.o.
Beo¢in, Pynuux yrva Kosun A]ll, Pynaux u
¢dnoraunja Pynnux n.0.0, JaBHO mpepysehe 3a
HOZI3eMHY eKCIlTToaTalujy yrba Pecasuna, JKII
beorpapckn metrpo m Bo3, Mucturyr MOJI
m.0.0, VV Proing d.o.o. Beograd, MiHcTUTYT 32
HyK/leapHe Hayke BuHua, VIHCTUTYT 3a Bofio-
npuspeny Japocnas Yepuwu, Jlenra mHKeme-
puHT 1.0.0. beorpan, Aepomnab 1.0.0. beorpap,.

[TocebHa mTakeTa, 3a WU3y3eTaH JOIPUHOC
HayLM M M3[AaBAyKoj JleMaTHOCTM Pymapckor
MHCTUTYTA JOJe/bEHA je aKaJleMUKy Ipod. ap

Cnobopany Byjuhy.

[Tpupenno: np Munuuko Pagocasmpesuh
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program, plaques of gratitude for long-term
cooperation were awarded to deserving institu-
tions and companies.

The plaques were presented by Director dr
Svetlana Polavder and her deputy Marko
Pavlovi¢. The recipients of the awards are:
Ministry of Science, Technological Development
and Innovation, Ministry of Mining and Energy;,
Serbian Electric Power Company AD Belgrade,
Serbia Zijin Copper Bor, Serbia Zijin Mining
Bor, Faculty of Mining and Geology in Belgrade,
Geological Survey of Serbia, Energoprojekt Entel
AD Belgrade, PD Georad Ltd, Lafarge Serbia
Ltd. Beoc¢in, Kovin Coal Mine AD, Rudnik
and flotation Rudnik Ltd, Public Company for
Underground Coal Exploitation Resavica, PUC
Belgrade Metro and Train, Institute MOL Ltd,
VV Proing Ltd. Belgrade, Institute of Nuclear
Sciences Vinca, Institute of Water Management
Jaroslav Cerni, Delta Engineering Ltd. Belgrade,
Aerolab Ltd. Belgrade.

A special plaque for exceptional contribution to
science and publishing activities of the Mining
Institute was awarded to Academician prof. dr
Slobodan Vuji¢.

Edited by dr Milinko Radosavljevi¢
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KIBUTE / BOOKS

NCTOPUJCKA BEPTUKAJIA PYOAPCTBA HA ITPOCTOPY CPBEMJE
HISTORICAL VERTICAL OF MINING IN SERBIA

Cno6opas Byjuh / Slobodan Vuji¢

PYOAPCKU MHCTUTYT HOO BEOI'PA]], UHOOPMATVIKA Al GEOTPALL /
MINING INSTITUTE LTD BELGRADE, INFORMATIKA AD BELGRADE

ISBN 978-86-82673-23-1, DOI: 10.25075/M02024.01, COBISS.SR-ID 156399369, 2024, (527)

OO6MMHO, jeIMHCTEBHO, [[ParoLeHo
Hay4HO [I€/I0, HAaCTaJl0 Kao pe3yi-
TaT BUIIENELEHNjCKUX MCTPaKN-
Bala I IPUKYyIUbamba MCTOPUO-
rpadcke rpabe.

On Moxpma Hajseher yoBeKoBOT
orkprha fa KoMaj CTeHe y BaTpu
Ipenasy y MeTajl, CasHajHUM IIpo-
LIECOM [IO [iaHaC, PylapCTBO ce Kao
OpYLITBEHA CYICTPYKTYpa, Y3[u-
32710 WIM CTarHMpPAajo, HOHOCU-
70 OrarocTama WM CTpajjalba M YTUIANIO Ha
VICTOpUjCKe TOKOBe. [IBa cy paspo6rba HajayHa-
MUYHMjer pa3Boja U YCIIOHA CPIICKOT PyflapCTBa
— BpeMe IpolBaTa CpPefmhOBEKOBHE CPIICKE JIP-
aBe (pygapcke Belecusie TOT BpeMeHa) U Ipyra
nonoBuHa XX Beka. Y CpeflbOBEKOBHO] IP>KaBI
PYHApCTBO je OMIO0 OKOCHMI[A GOraTcTBa, €KO-
HOMCKe, TIOJIMTIYKe, BOjHe Mohm, KyITypHOT 1
IYXOBHOT Y3[M3ama. TOKOM Jipyre IIOTIOBMHE
npouior croneha, koja je y KmU3M MCIPITHO
obpabeHa, pymapcTBO je OC/IOHAI IOC/TepaTHe
06HOBe pasopeHe M OIYCTOLIECHE 3eM/be, eKO-
HOMCKOT 1 OIITET pasBoja, C BaXKHOM [EeMO-
rpad)cKoM, COLIMja/THOM, PEIVMOHATHO Pa3BOjHOM
¥l HeMep/bJBO 3HAYajHOM (YHKIIVjOM Y OUyBakby
CyBepeHMTeTa 3eM/be. 3axBa/byjyhu u ucK/byun-
BO loMahoj mamMeTy — Hayly, 3HakY ¥ CTPYJHO-
CTV PYHAPCKMX, TEOIOMIKNX VM MHKembepa Omu-
CKMX CTPyKa INKOJIOBaHMX HA HAIIVM IMIKO/aMa,
Yy TOM BpEMEHY IPOM3BEJEHO je 36 MIIMOHA
TOHa Hadre, 27 MIWIMjapaM MeTapa KyOHNUX raca
u 2,133 Mmunmjappie TOHa YBPCTMX MUHEPATHUX
CUPOBMHa, off, Tora: 1,104 Munujappe ToHa yI/ba,
0,754 mMunujapie TOHa IOMMMETAIMYHUX PyAa
0060jeHNX 1 IIeMEHUTHX MeTaa 1 275 MIIMOHA
TOHA HEMETA/IMYHIX MUHEPATHUX CPOBIHA.

CnoBoLag BYIHE

HCTOPHJCKA
BEPTHHAIA
PYIAPCTBA

HA [IPOCTOPY

A comprehensive, unique, valu-
able scientific work, created as a
result of decades of research and
collection of historiographical
material.

From perhaps man’s greatest discov-
ery that a piece of rock in fire turns
into metal, through a cognitive pro-
cess to the present day, mining as a
social substructure has risen or stag-
nated, brought prosperity or suffer-
ing, and influenced historical trends. There are
two periods of the most dynamic development
and rise of Serbian mining - the time of the hey-
day of the medieval Serbian state (the mining
superpower of that time) and the second half of
the 20th century. In the medieval state, mining
was the backbone of wealth, economic, polit-
ical, military power, and cultural and spiritual
advancement. During the second half of the last
century, which is exhaustively covered in the
book, mining was the mainstay of the post-war
reconstruction of the devastated and devastated
country, of economic and general development,
with an important demographic, social, region-
al development and immeasurably significant
function in preserving the country’s sovereignty.
Thanks to the exclusively domestic intelligence -
the science, knowledge and expertise of mining,
geological and related engineers educated at our
schools, during that time 36 million tons of oil, 27
billion cubic meters of gas and 2.133 billion tons
of solid mineral raw materials were produced, of
which: 1.104 billion tons of coal, 0.754 billion tons
of polymetallic ores of non-ferrous and precious
metals and 275 million tons of non-metallic min-
eral raw materials.

189




Kwuie / Books

TexcT Kmbure mpernefaH, XapMOHUYaH, XPOHO-
JIOLIKY CTPYKTyMpaH, obyxsaTa u obpabyje pas-
BOj pyaapcrsa Ha mpocropy Cpouje, of HeormTa
T jaHac, y ocam LenmHa: Kopenn (KameHo no6a);
Pumcka enoxa; Cpenmbu Bek; Ilepuop aycrpujcke
okymanuje; XIX Bex; IIpsa momosuna XX Bexa;
Hpyra nmonosuHa XX Beka 1 IToyerak XXI Beka.

Hacrajame oBakBor fena nogpasymeBa IPOKY
00pa3soBaHOCT, HEOCIIOPAH HAYYHU ¥ CTPYYHM
ayTopuTeT, TI0cBeNeHOCT CTPYIIN, MOTHBICAHOCT
U VCTPAjHOCT, OTPOMHY aKyMy/Mal/jy 3Hamba,
yiryheHocT y ucropuorpadujy, peKOHCTpyKIujy
U KOpeanujy UCTOPUjCKU TUCTaHTHUX CEKBEH-
LI y TPajarby OcaM MWIEHUjyMa.

3Hauaj MoHorpaduje 3a pyAapCTBO, Fe0NOTHjY,
UCTOPUjCKY HAYKy M APYIITBEHY 3ajeqHMUIY,
HUje CaMO y ayTeTMYHOCTM WHTETPUCAHOT
IIpyKasa MCTOPUjCKE BepTMKale pasBoja py-
mapctBa Ha npoctpy Cpbuje Beh n y uyBamy
ot 3abopaBa ¢axrorpaduje o CprickoM pysap-
CTBY HOBUjeT fob6a.

Kmura je m3pata y3 nomoh MuHmcrapcTBa Hayke,
TEXHOJIOIIKOI pasBoja M MHOBauuja, Pymapckor
MHCTUTYTA [1.0.0. beorpan, VInpopmaruke a.i. be-
orpaj, 1 VIHcTuTyTa 3a pyflapcTBO U MeTamyprujy
bop.

[Tpupennna: fp Jacmnua Hemkosuh

The text of the book, reviewed, harmonious, and
chronologically structured, encompasses and dis-
cusses the development of mining in Serbia, from
the Neolithic to the present day, in eight parts:
Roots (Stone Age); Roman Era; Middle Ages; Pe-
riod of Austrian Occupation; 19th Century; First
Half of the 20th Century; Second Half of the 20th
Century and Beginning of the 21st Century.

The creation of such a work implies broad edu-
cation, undisputed scientific and professional
authority, dedication to the profession, moti-
vation and perseverance, a huge accumulation
of knowledge, familiarity with historiography,
reconstruction and correlation of historically
distant sequences spanning eight millennia.

The significance of the monograph for mining,
geology, historical science and the social com-
munity lies not only in the authenticity of the
integrated presentation of the historical verti-
cal of mining development in Serbia, but also
in preserving from oblivion the facts about Ser-
bian mining in recent times.

The book was published with the assistance of
the Ministry of Science, Technological Devel-
opment and Innovation, the Mining Institute
Ltd. Belgrade, Informatika a.d. Belgrade and
the Institute of Mining and Metallurgy Bor.

Edited by dr Jasmina Neskovi¢

VMIEJHA PEINEIBA 3ABPINHOI M3TJIEJA ITOBPIIVMIHCKMX KOIIOBA
HEMETAJIMYHMX MMHEPAJIHNX CMPOBMHA
IDEAL SOLUTIONS FOR THE FINAL LAYOUT OF SURFACE MINES
OF NON-METALLIC MINERAL RAW MATERIALS

I paran Munomesuh / Dragan Milosevic
PYOAPCKNM MHCTUTYT HOO BEOI'PA]] / MINING INSTITUTE LTD BELGRADE
ISBN 978-86-82673-25-5, DOI: 10.5937/M02025.01, COBISS.SR-ID 170361353, 2025, (297)

Y xwusu cy obpahena nexumra
Kpe4rbaka, JOJIOMUTUYHIX Kpedrba-
Ka, JOJIOMUTA, JOTIOMUTCKOT MepMe- o
pa, MepMepa, MepPMEpUCAHOT Kpe- e
4IbaKa, Aujadasa, CmmTo — aujaba-
3a, aH/Ie3UT — Oasara, rabpa, JanuTa,
TPAHNTA, T/IVHE, 3€0TUTICAHOT Tyda,
necka M OGeHTOHMTA. AHAM3MPaHN
Cy TeOJIOLIKY, TeHETCKV, TeXHMYKO
—  eKCIUIOATALMOHM, TEXHOJIOUIKM,
PETVOHA/IHY, TP>KUILIHM, €KOJIOLIKN,
APYLITBEHO — eKOHOMCKY (paKTOpy 1
HaTypaJIHU TI0Ka3aTe/bi. Y CBAKOM Off IIOIVIaB/ba
OIIVICaH je KapaKTepUCTUYAH TeO/IOLIKI TIPOQuI
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The book covers deposits of lime-
stone, dolomitic limestone, dolomite,
dolomitic marble, marble, marbleized
limestone, diabase, spilite-diabase,
andesite-basalt, gabbro, dacite, gra-
nite, clay, zeolitic tuff, sand and
bentonite. Geological, genetic, tech-
nical-exploitation, technological, re-
gional, market, ecological, socio-eco-
nomic factors and natural indica-
tors were analyzed. Each chapter
describes a characteristic geological
profile of the deposit. In addition to morpholo-
gy, outlines of lithology, geological structure of
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nexxumTa. [Topen Mopdornoruje, matu cy cyvken
JIUTOJIOTHje, TeOTIOIIKe Tpabe MeKUITa, XUIpO-
rpaduje, KIMMATCKMX IIPWINKA, MOTYhHOCTM
IpYMeHe MUHepajiHe CHMPOBJHE, HAulHA eKC-
IUIOATAIVIOHVX aKTVBHOCTY U Ap. Y CKOPO CBUM
HOITIaB/BMMA IIPUKA3aHM CY KapaKTePUCTUYHU
HPOpavyHM, KaKBY C€ KOPYCTE IPVINKOM U3pajie
TEXHO — eKOHOMCKe OlLieHe, KOja Ce pajiil y OKBUPY
enaboparta o pesepBama.

OunrneHa je >Ke/ba M 3aMIICA0 ayTOpa KEbUTe
fa uynraoumma omoryhm mro Behu 6poj mmy-
CTpalyja IIOBPIIVHCKe eKCIUIOATalyje TeKNIITA
HeMeTa/IMYHMX MMHepaMHuX cuposyHa. Ha oc-
HOBY CTEYEHVX Ca3Hama U JMCKYCTBA, ayTop je
Ha oOpabheHNM JIeXUINTIMA NIPUKa3ao 3axBare
TeO/IOIIKIX Pe3epBI M3PAZIOM VAEJHOT pellleba
3aBPIHOT M3I7Iefia TOBPIIMHCKOT KOIIa.

BpenHocTy 0BOT Jie/Ia HECYMIBMBO je JIOIPUHETIO
BE/VKO JIMYHO NPO(ECHOHATTHO 3HAME M UCKY-
CTBO ayTopa y 0BOj obmacty. Kombunanyjom te-
OPUjCKOT 3HaIba 1 eMIVMPUjCKOT MCKYCTBA ayTopa
TPeJICTaB/beH je CBOjeBPCTAH TEKCT U rpaduKa Ha-
MEHeHM e[yKalVjJ TeONIOUIKIX Y PYAAPCKIX MH-
xemepa. OunTo 1a je ayTop Y010 MHOTO TPyZa
y U3pajly OBOT PYKOINCA, KOji IIpeficTaB/ba BU-
COKOIPO(ECMOHAHO V1 CTPYYHO JIETIO KOje MOXKe
HOCTTYXXUTY Kao JparoLeH M3Bop MHQpopMarja
3a CBe KOjJ Cy 3aMHTEPeCOBAHM 3a OBY O0/IACT.

[Tpupennna: fp Jacmnua Hemkosuh

the deposit, hydrography, climatic conditions,
possibilities of application of mineral raw mate-
rials, methods of exploitation activities, etc. are
given. Almost all chapters present characteristic
calculations used in the preparation of a tech-
no-economic assessment, which is carried out
as part of a reserves study.

It is obvious that the author of the book wanted
and intended to provide readers with as many il-
lustrations as possible of the surface exploitation
of non-metallic mineral deposits. Based on the
acquired knowledge and experience, the author
presented the geological reserves in the worked
deposits by developing a conceptual solution for
the final appearance of the open pit mine.

The value of this work has undoubtedly been
contributed by the author’s extensive personal
professional knowledge and experience in this
field. The combination of theoretical knowl-
edge and empirical experience of the author
presents a unique text and graphics intended
for the education of geological and mining en-
gineers. It is clear that the author has put a lot of
effort into the preparation of this manuscript,
which represents a highly professional and ex-
pert work that can serve as a valuable source of
information for anyone interested in this field.

Edited by Dr Jasmina Neskovi¢

OIEJBEILE PYTAPCKUX, TEOJIONIKNX VI CUCTEMCKMX HAYKA AKAJTEMU]JE
VHXEBEPCKVIX HAYKA CPBUJE, CABE3 MHJKEILEPA PYJAPCTBA VM TEOJIOTUJE
CPBUJE, YHUBEP3UTET ¥ BEOTPALY - PYIJAPCKO-TEOJIOIIKN ®AKYJITET
DEPARTMENT OF MINING, GEOLOGICAL AND SYSTEM SCIENCES OF
THE ACADEMY OF ENGINEERING SCIENCES OF SERBIA, ASSOCIATION OF MINING
AND GEOLOGICAL ENGINEERS OF SERBIA, UNIVERSITY OF BELGRADE - FACULTY
OF MINING AND GEOLOGY

Ypenuuk Crnob6opan Byjuh / Editor Slobodan Vujic
ISBN 978-86-908506-0-0, COBISS.SR-ID 179646473, 2025, (213)

HenoxepHa oco6uHa mnpucytHa y
JbyIMMa je CyMIbMYaBOCT IIpeMaA ay-
Tobuorpadujama, caMOKasMBamIMa
M CIMYHVMM 3alMCUMa, 300T CyMibe
y TpMKpUBame IMYHMX OCOOMHa,

An undesirable trait present in peo-
ple is suspicion of autobiographies,
self-narratives and similar records,
due to suspicion of concealing per-
sonal characteristics, justifying and

OIIPABJABALE U YMabUBAIE TEXKI- CERARbA minimizing the severity of certain
He M3BECHMX IIOCTYIIAKa, UCTULAMbE actions, emphasizing the non-exis-
HerocTojeher, yrenmraBame ycrome- tent, embellishing memories, sup-
Ha, TIOTUCKVBame WM Opucame 13 pressing or erasing from memory
cehama porabaja u /pymu Koju HuUCy N events and people that are not to
10 BO/bY WM MJIEa/IM30Bake OHUX their liking or idealizing those who

Koju cy roByiab)eHu, 360r CBeCHOT 1

are favored, due to conscious or sub-
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THIOJICBECHOT HA/ITOpIbaBaba Ca MMUIBEHEM O
ceO1, 1 y XKeJbM JIa Ce COTICTBEHA CTMKa PeTYIIN-
pa 1 ynenuia.

C HaMepOM HeJlaBama pasjora 3a OMI0 KakBy
CYMIbIYABOCT, CBECHN J1a je unH cehama Hana
o6aBesa, Opebeme pPyHapCKuX, TEOJONIKMX
n cucreMcknx Hayka (OPT'CH) Axapmemuje
nmwkemwepckux Hayka Cpb6uje (AVIHC) oBom
MoHorpadmjom emum pga dyea cehame Ha
XKVMBOT U JI€JI0 TPUAECET U jefHOT IPEMUHYIIOT
Korere — yiaHa Opnepema. Cehame Ha BUX je
U €0 caryieflaBara M pa3yMeBarba HAcTajarmba
u passoja AVIHC n OPI'CH, Ba>kxHO He caMo
maHac, Beh BaxHMje cyTpa, peKocyTpa, 3a
BpeMe Koje [0/1a3y M HeMIHOBHO jezie cehama.
Papg Ha mpumpemu u mucawmwy MoHorpaduje,
IIETHAECT ayTOpa, TPajao je OKO TPM TOAMHE.
[Ipatwne cy ra remkohe mperexxHo 360r
HecpeheHocTM Ouorpadcke ¥ OCKygHOCTH
¢doTo-goKyMeHTaIHje.

MarepujasHny ¥ TEXHUYKY IOAPUIKY Koja je
omoryhmta ma MoHorpaduja yriena cBeT/IOCT
IaHa, npy>xum cy: PakynreT OpraHn3aOHNX
Hayka beorpan, VMucTturyT 3a BOmOmpuUBpeny
»JaponaB Yepuu” Beorpajn, CaBe3 mHxermepa
pymapcrBa u reonoruje Cpbuje u Pymapcko —
reoromky ¢akynrer beorpap,.
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conscious inflating one’s opinion of oneself, and
in the desire to retouch and embellish one’s own
image.

With the intention of not giving reason for any
suspicion, aware that the act of remembering
is our obligation, the Department of Mining,
Geological and Systems Sciences (DMGSS) of
the Academy of Engineering Sciences of Serbia
(AESS) wishes to preserve the memory of the
life and work of thirty-one deceased colleagues
- members of the Department with this mono-
graph. Remembering them is also part of ob-
serving and understanding the emergence and
development of AESS and DMGSS, important
not only today, but more importantly tomor-
row, the day after tomorrow, for the time that
is coming and inevitably eats memories. The
work on preparing and writing the monograph,
fifteen authors, lasted about three years. It was
accompanied by difficulties mainly due to the
disorganization of the biographical and scarci-
ty of photo documentation.

The material and technical support that enabled
the monograph to see the light of day was pro-
vided by: the Faculty of Organizational Sciences
Belgrade, the Institute for Water Management
“Jaroslav Cerni” Belgrade, the Association of
Mining Engineers and Geologists of Serbia and
the Faculty of Mining and Geology Belgrade.
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PYOJAPCTBO M TEOJIOTUMJA JAHAC
MINING AND GEOLOGU TODAY
IV MEBYHAPOIHU CMITIO3UNJYM / IV INTERNATIONAL SYMPOSIUM

26-27.11. 2026.

OPTAHM3ATOP / ORGANIZER
m
i

PYOAPCKU MHCTUTYT JOO BEOT'PALl / MINING INSTITUTE LTD BELGRADE

Y Hamepu ycIocTaB/baiba I€MOTBOPHOT [Ijasio-
ra 0 aKTYeJTHUM IpoO/IeMuMa, HaydHNUM, CTPYyd-
HVIM, MTHOBAallVIOHUM, ITIPOM3BOAHVM TOKOBMMA U
TPEHJOBMMA Yy PylapCTBy u reonoruju, Pymap-
CKM MHCTUTYT [.0.0. beorpap, Tpamunyonan-
Ho, opranmsyje IV mehyHapomHu Hay4yHu CKyII
»PymapctBo u reonmoruja manac. YKema Ham je
Jla CMIIO3MjyM OCTaHe IIOCTOjaHa CIIOHA IIOBe-
3UBama CTPyYmaka Kako OalKaHCKUX TaKo 1
IPYTUX 3€Majba, Kao U IIPU/INKA 32 OLIEHY CTamba,
IPeJICTaB/balbe Pe3yaTara, PasMeHy MCKYCTaBa 1
3Hamba, YIIO3HaBaba Mjieja M MHOBaLja y pydap-
cTBy U reonoruju. OBM LWBEBU Cy OCTBAp/bVBI
CaMo 3ajefHNIKOM MHTEPaKIIMjOM, Te Bac ca 3a-
TOBO/BCTBOM ITIO3MBAMO fia HAIIY BU3W)y IOAp-
JKUTE YIeCTBOBABEM Y pajy, a KOMIIaHUje 03M-
BaMO /la [IOCTaHy IIApTHEPY CUMIIO3MjyMa.

With the aim of establishing an efficient dialogue
on current problems, scientific, professional, in-
novational, manufacturing developments and
trends in mining and geology, the Mining Insti-
tute Ltd. Belgrade, traditionally organizing the
IV International scientific symposium “Mining
and Geology Today”. Our wish is that the Sym-
posium will remain a permanent link connect-
ing experts from the Balkan and other countries,
as well as an opportunity for assessing the state,
presenting results, exchanging experiences and
knowledge, introducing ideas and innovations
in mining and geology. These goals can only be
achieved through joint interaction, so we are
pleased to invite you to support our vision by
participating in the work, and we invite compa-
nies to become partners of the Symposium.

MHOOPMAIMIJE / INFORMATION
e-nomrra / e-mail: rgd@ribeograd.ac.rs
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YIIVTCTBO AYTOPVMMA
INSTRUCTION FOR AUTHORS

HOJIHOI]ICH)C YIaHAKa

CBa KOpeCIOHJIeHIWja, YK/bydyjyhu mopHO-
IIekbe YWIAHAKA M IOCTYIAK pelieHsnje, 06aBba
ce IyTeM e-TOIUTe INIABHOI M OfTOBOPHOT
ypenHuKa.

YnaHoM ce pasBpCTaBajy y Kareropmje y
cknany ca [IpaBMIHMKOM O KaTeropusauyju u
paHrupamy HayyHux vacommca (,CryxOeHn
r1. PC”, 6p 80/24, 85/25 u 110/25, Ilpuor 1)
U TO Kao:

Hayunu unanyu

OpuruHanad HayYHM paj
IIpernenuu pap,
[TperxoHO caommTeme
Hayyna xputnxa

Ciupyunu unanuyu

CrpyuHu pag
udopmaruBHM IpUIOT
IIpukas

Crpy4Ha KpUTHKa

IIpunipema pagoBa

Yacomnuc Pygapcku I/1acHMK HeMa orpaHIderha
y BY>KMHU YIaHaKa, ajy UCTU He 61 Tpebano
ma 6yny xpahu ogn 5 cTpanuna. Yranke tpeba
nycat Ha cpruckoMm (hupumnuiom) u eHrre-
CKOM jesuKy, ca cnegehom cTpykrypom: Hac-
JIOB, IMEHA U IIpe3UMeHa ayTopa, Ha3UB yCTa-
HOBe ayTopa (apuamjanuje), e-Mamn ayropa
3a kopecmoieHnnjy, ORCID 6poj cBux ayropa

Submission of articles

All correspondence, including the submission
of articles and the requests for revisions, will
be done through the e-mail address of editor
in chief.

Typesof Contribution (Pravilnik o kategorizaciji
i rangiranju nau¢nih casopisa ,,Sluzbeni gl. RS,
br 80/24, 85/25 1 110/25, Prilog 1):

Scientific articles

Original Scientific Paper
Review

Preliminary Report
Critical Review

Expert articles

Expert Paper
Informative article
Expert Review
Expert Criticism

Preparation of articles

Journal Bulletin of Mines has no restric-
tions on the length of the articles, but arti-
cles should not be shorter than 5 pages. Ar-
ticles should be written in Serbian (Cyrillic)
and English, with the following structure:
title, authors, affiliations, e-mail of cor-
responding author, ORCID number of all
authors (if they have), abstract, key words,
main text, acknowledgements (option),
references. In main text use no numbered
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(ykonMko Mx MMajy), CaXkeTak, K/by4He pedln,
TEKCT WIAHKa, 3aXBa/HNLA (YKOIUKO ITOCTOjM)
U muTeparypa. Y TeKCTy WIaHKa He KOPUCTU-
T HyMepucaHe HacloBe 3a ciefieha nmormasmpa
Kao IITO CY: YBOJ, €KCIIepMMeHTaHa JMCTpa-
KUBamba, Pe3yNITaTH, AUCKYCHja U 3aK/bydaK.

PagnioBe Tpeba mpuIpeMuTy Ha CTaHAApAHOM A4
¢dopmary (210x297 mm). Ce MapruHe Tpeba 11o-
fecuTyt Ha 25 mm (TOpHba, A0k, 71eBa I IeCHA).

Tekct paga nucaru y Times New Roman fontu,
12 pt, justified, npopen jenan pen (single). Pas-
MakK IIpe I NocJie acyca nogecuT Ha 6 pt. Ca-
XeTak He 61 Tpebao fa mpenasn 200 peun. 3a
ONNIC cafipXKaja paja, UCIOJ, CaXeTka, Tpeba
HaBeCTU HajBUIIE IIeT K/byYHUX PEUM.

Cae Tabene u miycrpanuje (cnimke n rpadu-
KOHe) Tpeba Jja MMajy oprosapajyhu Hasus u
ma Oyay HyMepucaHe pefoCIefjoM II0jaBJbMi-
Bama y TEKCTY, Y3 00aBe3HO II03MBalbe Ha
BIX Y TekcTy. Hymepanuje n Hasuse Tabena
myucaTy yBek M3Haj Tabena. Hymepanuje u
HasyBe WIycTpauuja (CIMKa) IMCaTH YBeK
UCIION, MiycTpanuja (cnmka). YKOIMKO VITy-
cTpanuja (CIMKa) HUje M3BOPHM JOIPUHOC
ayTopa 06aBe3HO je HaBoheme n3Bopa (ako je
mryctpanyja seh o6jaB/beHa), OGHOCHO ayTo-
pa of Kojer je mpeyseTa (aKo MWIyCTpanyja jor
HIje 00jaB/beHa).

O6aBe3HO je MO3UBambe HA IUTEPATYPY Y TEK-
CTY 4JIaHKa IO peflociefly 10jaB/bUBIba Y TEK-
CTy, HaBeleHe Y YITIaCTUM 3arpajama, Hip. [1,
3]. JInteparype ce He IpeBOfie Ha je3NK paja.
Hacnosu nurupanux gomahux yacomnmca jajy
Ce y OpPUIMHAIHOM, IIyHOM WM cKpaheHoM,
aJIVl HUKAKO Y IIpeBeeHOM 00/IMKY.

JIucry nuteparype Tpeba IPUIIPEMUTH 32 pa3-
m4nTe BpcTe pedepeHiy Ha crefgehy HaumH:

[1] Ayrop, A. B., Ayrop, b. 11, Hacos unan-
Ka, Hacnos vaconnuca, 48 (1), 2024, 10-
20. https://doi.org/XXX

[2] Ayrop, LI, Hacnos unanka, Hasus koH-
¢depennnje, Ipan, Opxasa, ISBN 360p-
HIUKa, 2024, 21-41. https://doi.org/ XXX

[3] Ayrop, [I, HacnoB kmure, 6p. uspmame,
Mspasay, Ipag, 2020, cTp., ISBN kmwure
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headings for the following sections: intro-
duction, experimental, results, discussion
and conclusions.

The articles should be prepared on the standard
A4 format (210x297 mm). All the margins
should be set at 25 mm (top, bottom, left and
right).

Text of the article should be written in Times
New Roman, 12 pt, justified, single line
spacing. Spacing before and after paragraphs
6 pt. The Abstract should not exceed 200
words. A maximum of five key words should
be indicated below the abstract to describe the
content of the article.

Alltables and figures should have an appropriate
titleand be numbered in the order of appearance
in the text, with mandatory reference to them
in the text. Table numbers and titles are always
above the tables. The numbering and titles of
the pictures are always below the pictures. If
the figures is not the original contribution of
the author, it is mandatory to cite the source (if
the figures has already been published), or the
author from whom it was taken (if the figures
has not yet been published).

References to literature in the text of the article
must be cited in the order of their appearance in
the text, listed in square brackets, for example
[1, 3]. References to literature are mandatory
in the text of the article. References are not
translated into the language of the paper. Titles
of cited domestic journals are given in the
original, full or abbreviated form, but never in
translated form.

Reference list should be prepared for different
types of references, as follows:

[1] Author, A.B., Author, B.C, Article title,
Journal title, 48 (1), 2024, 10-20. https://
doi.org/XXX

[2] Author, C, Article title, The name of the
Conference, City, Country, Proceedings
ISBN, 2024, 21-41. https://doi.org/ XXX

[3] Author, D, Book title, No. Edition,
Publisher, City, 2020, pages, ISBN of the
book
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[4] Ayrop, E. Hacno mnormasma, Hacmos
kwure (E. Ypepumk), Vspmamaw, Ipap,
2022, 17-29, ISBN kmbure

[5] Aytop, E. Hacnos aucepranuje, Yausep-
suret, Ipan, [Ip>xaBa 2022, cTp.

[6] Aytop, @. Hacnos usBemrraja, 2021, mmHk
BeO cTpaHMIa, (JaTyM IpuCTyIa).

Op ayTopa ce Tpaki1 ia HaBefly fia je JOCTaB/be-
HYl WIAHAK OPUTMHAJIAH Pafl VIV IPOLIVPEHN
KOH(EepeHIIVjCKH paf.

YKonuko ce paiu 0 IPOIIMPEHOM pajly ca KOH-
dbepeHuuje, ayropu Tpeba ma Aajy pesume Koju
objalmaBa IpyMerbeHa Ho0o/blIIaba y Bep3uji
YIaHKa 3a yacomuc. Paj Tpeba mpoummpuru no
Be/IMYMHE MCTPaKMBaYKOTr WIaHKa ca HajMame
30% noBor cappxaja. Oprosapajyhu pap ca
KOoH(QepeHIVje Tpeba UTUPATH U 3a0eTIeKNTH
Ha IIPBOj CTpaH! IIPOLIMPEHOT YIaHKa. More ce
ayTOpM Jia Y3 IOCTaB/beHM YIaHaK IPUIOXKE U
CBOj pe/leBaHTHY, paHuje 00jaB/beHN paj,.

O6aselreme

Yacomnc Pymapcky IMacHMK M371a3y jefaHITyT
y TOAVHY JaHa Kao nABOOpoj. YmaHum ce
00jaB/byjy Ha CPIICKOM I €HIJIECKOM je3UKY, a
o6jaB/puBame je 6eCIIaTHO.

IIpucTurie 4YmaHKe Npernefajy peLeH3eHTH
KOjU Cy CTpy4mal y saroj oomactu. Obaser-
Teme O NIPUXBATaby WIAHKA, ayTopu Ko6mjajy
Off CTPaHe ypeJHNKa.

Ynanak Kxoju je Beh 06jaB/beH y HeKOM 0ff 4aco-
nyca He MOXe ce 006jaBuTn y qaconucy Pypap-
CKM IJIACHUK.

Panosu, y PymapckoM riacHuky, he ce mram-
IIaTH Y U3BOPHOM OOJIVKY, ayTOPY CY OfiTOBOP-
HI 33 IIPE3E€HTOBAHE IIOJATKE Y paflOB/Ma.

[4] Author, E, Chapter title, Book title (E.
Editor), Publisher, City, 2022, 17-29, ISBN
of the book

[5] Author, E, Dissertation title, University,
City, Country 2022, pages

[6] Author, E Report title, 2021, link of web
pages, (accessed date).

Authors are asked to disclose that the submitted
article is original work or extended conference

paper.

If it is extended conference paper, authors
should be provide summary explaining the
improvements made in the journal version.
The article should be expanded to the size of
a research article with at least 30 % of new
data. The conference paper should be cited
and noted on the first page of the submitted
article. Authors are requested to attach to the
submitted articles their relevant, previously
published paper.

Notification

Journal Bulletin of Mines is published as a
double-issue, once a year. Articles will be
published in Serbian and English, publication
is free of charge.

Submitted articles will be reviewed by reviewers
who are experts in the given area of research.
Authors will be notified of the acceptance of
the article by the editor.

A article that has already been published in one
journal cannot be published in journal Bulletin
of Mines.

The papers in the Mining Bulletin will be
printed in their original form, and the authors
are responsible for the data presented in the

papers.
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