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YBOTHA PEY

IIpsu Spoj Pygapckoi inacuuka, najciiapujei uacoiiu-
ca 3a pygapciniso y Cpduju, witiamiiar je 1903. iogute
u pegosro je usnaszuo go 1912. iogune xaga je wiam-
fiarve 00yciliasmeno us dunancujckux pasnoia. OcHu-
6au u 671acHUK uacotiuca SUo je pygapcku uiceroep
Ieiniap Unuh.

Iocne tiona eexa Pygapcxu uwnciiuinyii y beoipagy
HOKpeEHYO je u3gasarve Yacouuca 1Uog UCum HA3UBoM.
IIpsu Spoj odHosmeroi Pygapckoi inacHuka witiamian
je 1962. iogune. Yacotiuc je 5p30 Hocitiao Upecitiuian u
BUCOKO PAHIUPAH Y CUIPYUHUM U HAYUHUM KPYI0BUMA.
Pegostio je usnasuo go 1999. iogure xaga je 3601 maitie-
pujantux u gpyiux tipodnema gouisio go 3aciioja.

Iocne citio jeganaeciii ioguxa og usnacka tipeoi dpo-
ja u tiegeceiti u gee iogure og 0d0HABMAA U3JABALA
uacotiuca, 060 je Hoéu Haciiaéak Pygapckol inacnuxa
uuju cy usgasaqu Pygapcku unciiuitiyii y beoipagy u
Ogemerve pygapckux, 1€0N0MKUX U CUCTHEMCKUX HAYKA
Akagemuje unncervepckux nayka Cpduje.

Y Hosoj mucuju uacoiiuc he HacTASUITY ga WUPU Ha-
yuHe U CilpyuHe XOpU3oHilie pygapcitiéa, ieonoiuje u
dnuckux odnaciiu, ga omoiyhasa tpowiox uxpopma-
uuja, casHarea, ugeja, pasmery MuLUberba, KPUMUUKUX
Ccitiasoea u oyend, odyxeammajyhu wupox kpyi ilema u3
PYgHUMKUX ilexHonotuja, Upuiipeme MUHEPATHUX CU-
posuHa, pygHuuke u gpyiux odnaciiiu ieonoiuje, eKOHO-
MuKe UHgyciipuje Mmunepand, ipojexitiosarea pygHuka,
leomexaruxe u MexaHuke ciiieHd, 0g80grbasarba pygHu-
Ka, pygHu4Ke otipeme U Mauiuna, ayilomaiiusayuje u
yupasmara upouyecuma, eKCiuno3usa U MUHUparea, ma-
iemMatliuuKol M0genosarea u CUmynayuje, CUCIeMCKUX
HAyKa U OUepayuoOHUX UCTUpaxusarod, oueHe pusukd,
HpumerbeHol pauyHapcitiea u UHMHOPMAUUOHUX HEXHO-
710iuja, 3auitiuitie HUBoIIHe cpequHe, peKyniiusayuje,
3awituuide Ha pagy, pygapckux meperba, UHicerepcKkol
odpasosatrva, ucitiopuje pygapciiéa, upouuca, ciiaH-
gapga, 3aKoHcKe pelynaiiuse u gpyiux ilema 8e3aHux
30 MUHEPATTHO-CUPOBUHCKU KOMILEKC.

Mpaio nam je ga sac ilo3oeemo Ha capagrby, 8auiu go-
fpuHocU cy 0g K/by4Hoi 3HA4Aja 3a HOHOBHO YCHOCIa-
87barbe BUCOKUX CHIPYUHUX U HayuHux cillangapga Py-
gapckoi inacHuxa.

FOREWORD

The first issue of the Bulletin of Mines, the oldest min-
ing journal in Serbia was printed in 1903. and regularly
came out until 1912. when printing was stopped for fi-
nancial reasons. The founder and owner of this maga-
zine was mining engineer Petar Ilic.

After half a century the Mining institute of Belgrade
has recommenced the publishing of the magazine
under the same name. The first issue of the renewed
Bulletin of Mines was printed in 1962. The magazine
quickly became prestigious and was highly ranked in
expert and scientific circles. It regularly came out un-
til 1999. when printing was halted because of materi-
al and other problems.

After a hundred and eleven years since the first issue
came out and fifty two years since the magazine’s re-
newal, this is a new continuation of the Bulletin of
Mines of which the Mining institute of Belgrade and
the Division of Mining, geological and system scienc-
es of the Academy of engineering sciences of Serbia
will all act as publishers and provide support.

In this new mission the magazine will continue to
expand the scientific and expert horizons in mining,
geology and associated sciences, to enable the flow
of information, knowledge, ideas, exchange of opin-
ions, critical viewpoints and evaluations, encom-
passing wide range of themes about mining technol-
ogies, preparation of mineral ores, mineral industry
economy, mine designing, geo-mechanics and rock
mechanics, mine drainage, mining equipment and
machinery, automation and processes management,
explosives and mining (demolition), mathematical
modeling and simulations, systemic sciences and
operational research, risk evaluation, applied com-
puters and information technologies, environment
preservation, reclamation, job safety, mining meas-
urements, engineering education, history of mining,
regulations, standards, legislation and other themes
related to the mineral-ore complex.

We are pleased to extend this invitation to you be-
cause your contribution is of great importance for the
reestablishment of high expert and scientific stand-
ards of the Bulletin of Mines.

Cnodogan Byjuh / Slobodan Vuji¢
Inasnu u ogiosopru ypegrux / Editor in Chief
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I[MTPMPOOHE KATAKJIM3ME KAO ITOCJIEIULIE
[NEPMOIMYHMX KOHTPAKIVJA U IIVPEHA 3EMJBE

NATURAL CATACLYSMS AS A CONSEQUENCE OF PERIODIC
CONTRACTION AND EXPANSION OF THE EARTH

Anb6eprt B. 3y6koB, Jakos V. JIunus,
VBan B. bupjydjyos, Koncrantun B. Cenus,
Ceprej B. Cenrjabos

Pyoapcku uncmumym Ypanckoe odemwera Pycke akademuje nayxa,
stress.igd@mail.ru

Albert V. Zoubkov, Yakov I. Lipin,
Ivan V. Biryuchyov, Konstantin V. Selin,
Sergey V. Sentyabov,

Institute of Mining, Urals Division of Russian Academy of Sciences
stress.igd@mail.ru

Casceifiax: YCillaHo6/veHo je ga 8apuparba HAMOHCKUX geopmManja semmune Kope KOPeCUOHGUPATY Ca UUKAUMHUM BaAPU-
parwem conapHe KoHciliaHTile, WO ce 0iflega y penaimiusHum gedopmayujama ciiencke mace iioxom 11-ioguireei tiepuoga,
gocimiuzarea epegHociiu € = (2-4)x10%, dyncupajyhei naiipesara (10-20) MPa, ca iiocneguyama y o0nuxy xamaciapopan-
HUX 7I0M064 TLOBPUAUHCKUX U TlOg3eMHUX CTeHCKUX CIpyKTiypa. Y pagy ce apiymeniliosano ilokasyje 6e3a upupogrux kawa-
ciipodpa, Bapupara HAOHCKUX geopMAauja y 3eMpuHoj Kopu u ipomena conapHoi 3pauetrva.

Kwyune peuu: semmuna xopa, HatloHcka gedopmauja, sapuparee conapHe KOHCaiile, UpupogHa xamacipoda.

Abstract: It has been determined that the variations of stress-strain state of the Earth’s crust correspond to cyclic variations of Solar
constant, resulting in relative deformation of the rock mass during 11-year period of time, reaching the value of ¢ = (2-4)x10* and
pulsating stresses reaching the value of (10-20) MPa and as a consequence in catastrophic failures of both surface and underground
structures. The paper advpcates a connection of natural cataclysms, variations in stress-strain deformations of Earth’s crustand the

variations in Solar radiation.

Key words: earth’s crust, stress-strain state, solar constant variations, natural catastrophy.

Bapupama HanoHckux gedopmanuja y
3eM/bIIHOj KOpH

ITpupopHe KaTacTpode MoBe3aHe Cy ca BapupameM
HAIIOHCKUX JiehOopMaliija y 3eM/bMHO] KOPY, a MaHM-
dbecryjy ce semporpecuma 1 mopemehajuma y cTpyk-
TypM CTEHCKMX Maca. [1aBHU 3apatak JladopaTtopuje
3a reOIMMTHaMMKY M CTEHCKM IIPUTMCAK Py,uapcxor JH-
CTUTYTa YpascKor ofienierba Pycke akamemuje Hayka
u3 JekaTeprHOYpra, je UCTpaKMBambe HallOHA y CTEeH-
CKIM MacCHBVMa 3BAaH 30HE miuaja IOA3EMHIX PY-
mapckux pasioBa. OBakBa UCTPaKMBarba CIPOBE/IeHA
cy Ha 25 nexxumra Ypana, Kasaxcrana u Cudnpa [1].

Y ommteM 0OnMKY, HAaIIOHE Y CTEHCKOM MACHBY OIIN-

Cyjy penanuje:

C

o, =MH+o,,

+0,,
_ C
G, =AyH+ Cyp + 03,

. C
o, =AMH+oy, +0,,

Stress-straine state variations in Earth’s crust

Natural cataclysms are associated with variations of
stress-strain state (SSS) of the Earth’s crust resulting
in earthquakes and failures of structures erected in
rock masses. The main task of the Geodynamics and
Rock Pressure Laboratory of Institute of Mining with-
in Urals Division of Russian Academy of Sciences (IM
UD RAS) is investigation of stresses in rock masses
outside zone of influence of underground mining op-
erations and these investigations have been carried
out at 25 ore deposits of Urals, Kazakhstan and Siberia
(Zoubkov et al, 2010).

In general form they obey to following relationships:

C

o,=MH+o,,

+0,,
_ C
G, =AyH+ Oy + 03,

. C
o, =AMH+oy, +0,,



3y6xos A. u 0p., Pydapcku enacnux 1-2 (CXI), 1-6 / Zoubkov A. et al., Bulletin of Mines 1-2 (CXI), 1-6

Izie Cy:

H - nydnna mMepersa, m;

Y - crenuguyHa TeXnHA cTeHa mosare, KN/m’;

\ - Koe(UIMjeHT XOPM30HTATHOT HAIIOHA Y OIICETY
w1-u mo 1.0;

u — IToacoHos koeduIujeHT;

0, 0y, O, — CTATHU TEKTOHCKM HATIOHIL, MPa;

0, Osyp Oy, — TEKTOHCKN nyacupajyhu Hamonn,

MPa.

ITo mpBu myT, BPEAHOCTU O, PErMCTPOBAHE CY TO-
KOM eKCIIepMMeHaTa y MOA3eMHUM IIpOoCTopujaMa
Ha ayduny 300 MeTapa IIOfHOXja IUIAHUHE, [TIE je
y paspodmy 1990-1996. permcrposaHo mnosehame
BpegHocTH otp 3a 8 MPa.

Excriepumentn Besanu ca yrephusamem otp ua Ce-
BepHOM, CpefitbeM 1 Jy)KHOM Ypaiy y NOA3eMHUM
pyAHunuMa yrpa y dnusuHu rpagosa KpacHory-
puHCK, Hikmwu Tarnn, Bepjososcku u I'yn movenn
cy 1998.

where:
H - depth at which measurements are made, m;
y - specific weight of overlying rocks, kN/m?;

\ — coeflicient of horizontal stress which is within
range from p/1-p to 1.0;

p — Poisson’s ratio;
0,050, = constant tectonic stresses, MPa;

o O\~ tectonic pulsating stresses, MPa.

zrp’ 03Tp’ 1T

For the first time otp have registered during exper-
imental work performed in galleries being driven at
the level of 300 meters above mountain foot where
orp has increased by 8 MPa during the period of
time from 1990 to 1996.

Regular special experiments associated with deter-
mination of orp in the North, Middle and South
Urals in underground ore mines of cities Krasnot-
our’insk, Nizhny Tagil, Beryozovsky and Guy have
begun from 1998.

.L;I! [ “"."I ['[1;]
1368
1366
1364 [ o
1362
S0 22 Shal g = pok= [ 1n] o2 (= (2= 10 12 14 1 12 20
5.0
-
0.0 i
1995 20015 2020
=50 — -6

= 10,0 -1.2

=150 \ ‘=1.8

=20, \df \-",4

=250 =30
.., MPa e (x10™)

#Guy  ® Nizhny Tagil & Bervozovsky

# Krasnolyrinsk % Uchaly © Abaza

#F Yekaterinburg

Cnuxa 1. IIpomete Hatipesaroa ciliercke mace (0 U &) u cynuesol spauera S, y pygruuuma yira na Ypany u'y Cudupy.

Figure 1. Variation of rock mass stress-strain state (o and &) and solar radiation S at coal mines of Urals and Siberia.

Ha oBum pygHuIMMa Cy U3BaH 30HE yTHIaja IOA-
3eMHMX PYAapCKUX pajioBa II0CTaB/beH! da3HM IIPo-
bun pasnMYNTUX asuMyTa U HyxuHa 40-50 Mera-

At these ore mines base lines having 40-50 meters
length with different azimuth have been laid outside
zone of influence of underground mining opera-
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pa. Ha ocHOBY Tpu Mmepemwa pedopmannja ycien
XOPM3OHTA/IHNX HaIpe3damba 1 a3uMyTa bUXOBOT
nenosama (Ao, Ao,, a) opehen je TeKTOHCKM TIyT-
cupajyhu Hamon:

Oy =(A01 +A62)/2

[Topen oBUX Mepema U M3pauyHABaba, BPEHOCTI
30, yrBphuBane cy u odpagom moparaka Mepema
HallOHa y pygHMUIMMA Y OnmusuHM rpajjoBa Yuamm
Ha Ypany u Adasa y Cudupy, cmuka 1, [2]. Hoduje-
He BPEIHOCTU 3a TEKTOHCKe Iy/cupajyhe Harmome
otp IpOjeKTOBaHe Cy Ha KPUBY Bapujaljije comapHe
KOHCTaHTe S, cnukal, npema Mepembnuma Ousnako-
-MeTeoposIolKe ornceppatopuje JJaBoc, CBETCKOM
LeHTPY 3a 3pademe [3].

Kopenarusnocr npomena S u o,
P

Amnanmsa pesynTara IokKasasa je fia Cy:

o Ilepmopu Bapmjaiuja comapHe KoHCTaHTe SO 1
TeKTOHCKUX myncupajyhnx HamoHa 0,, eKBIBa-
JIEHTHU U Jla TPajy npoce4yHo 11 roguna;

o PenaruBHa Bapujainuja COMAPHOT pajujyca €,
=AR /R =AS /S Toxom nmkimyca 21-23 mopacmna
je ca 3,1x10* na 5,1x10** xopecmonpupajyhu ca
IIPOMEHOM Off R0 10 200-250 km;

o MaxkcumanHa BpeJHOCT o,y OJJBOjEHVM LIVKTY-
cuma msHocuna je 10-20 MPa xopecniongupa-
jyhu ca penatuBHOM AedopMalijoM CTEHCKOT
MmacuBa 3x10* u moryhoj Bapujauuju mnomy-
npeunnka 3embe R 3a 1,5 - 2,0 km.

CxopHO oBoMe penatuBHa jedopmannja CyHIa u
3eM/be ¥ IIPOCEKy ce TOKJ/IAIa ako ce gedopMarnuja
CTEHCKEe Mace MpoIIupu Ha 3eM/bUHY Kopy. Moxe
ce MPeTIOCTABNUTH Jla IIOCTOje TaKBa Gu3nIKa Mosba
y cBeMMpy Koja uMajy uctu ytunaj Ha CyHie u Ha
3eMiby.

YTuiaj o, Ha CTEHCKY Macy CTBapa BE/MKe OIACHO-

CTHU, HIIp. OeTOHCKA IV apMUPAHO deTOHCKA KOH-

CTPYKLVja V3BelleHa Y IPUIIPEeM/bEHOM IIPOCTOPY Y

3eMspM (ycek 3a OpaHy XMApOe/NeKTpaHe WIN OTBa-

patba PyJIHMKA) TOKOM Bapypaa O, 'y TOTITYHOCTH

npeysuma onrepeheme:

+ IIpu nopacty o, KOHCTpyKIuje ce caduja u
MO>Ke duTH 3pod/beHa;

o Ilpu cMamemy Otp KOHCTPYKIIMja Ce pacTexe U
MoyKe OUTHU IMPeKMHYTa Kao mocienuia noseha-
ha JVMIMeH3Nje ,IIyIUbIHe ;

o TokOM eKCIUIOQTalIOHOr BeKa (Tpaje Bulle

tions. Based on combinations of three measurements
of deformations changes in horizontal stresses and
azimuths of their action (Ac,, Ao, and a) have been
determined and then:

Gy =(A61 +A02)/2

In addition to these data values of orp have been
determined by means of special processing of
stress measurement results received at ore mines
of Urals (Uchaly city) and Siberia (Abaza city),
Figure 1 [2]. Received values of stresses o, have
been projected onto the curve of variation of so-
lar constant S provided by Phisikalish-Meteorol-
ogisches Observatorium Davos World Radiation
Center [3].

Correlation of S, and o, variations

Analysis of these results has shown that:

+  periods of variation of solar constant S  and oTp
are equal in average to 11 years;

+  relative variation of solar radius e, =AR /R =
AS /S, during cycles 21 - 23 has increased from
3.1x10* to 5.1+10* corresponding to variation
of R, to 200-250 km;

o maximum value of orp in separate cycles has
been equal to 10 - 20 MPa corresponding to rel-
ative deformation of rock mass up to 3x10* and
possible variation of Earth radius R by 1.5 - 2.0
km.

Consequently relative deformation of the Sun and
Earth in average coincide if deformation of the
rock mass extend to the Earth’s crust. It may be
supposed that there are such physical fields in the
cosmic space that have equal influence on the Sun
and Earth.

Effect of o, on the structure created in a rock mass
bring the following major danger. Usually concrete
or ferroconcrete structure is created in already pre-
pared space (canyon for dam of hydroelectric station
and mining opening) and during variation of orn
completely take the load:

«  atincreasing o, the structure may be squashed;

« atdecreasing o, the structure may be disrupted
as a result of increasing dimensions of “cavity”;

o during several decades capital structure experi-
ence several cycles of expansion and contraction
of the Earth with various intensity.
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Bucuna opamne, T'oguua T'onuna xaga
Objexar Wi fy6yHa pyqHuKa MoYeTKa ce 10roauaa c, KomenTap
(m) usTpagme Hecpeha
XUJAPOEJIEKTPAHE
VYenen mmpema KamboHa
Cent (DpaHC.I/IC, 60 1924 1928 min u crabiberba KOHTaKTa
Kamudopruja ca KOCMHaMa, JEI0BU
BOJIOTOKA MOPYIICHH.
INyname 3akuBaka Ha Kyhumry
Taxkroriy, [lamup 215 (1975) 1982-83 ~ max TypOUHE yciie]] KOHTPaKIuje
y TyHely TypOHHe.
1961 - [Myname 50 3aBpTHEBa U
Hyper, Manp 300 (1972) 1983 - max 3aKMBaKa Ha Kyhumry TypouHe.
Cajano- 1967 - [Tyname 65 % 3aBpTIHEBa
[yurenckaja 275 (1978) 2009 ~ max Ha Kyhuuiry TypOuse.
PYJHULIN
Pynnuk Tawrrarou, ) [TyxoTuHe y 6€TOHCKO] HOATpaal
HoBo-xanuranuaja, 1964 1971 max min | yTpu npasua, mmpuse 20-
1960
Cubup 200 mm u gyxuHe 10 m.
Ilykotune y 6€TOHCKO]
MoJArpaau Ha xyounu 560 — 606
Pynauuko 1991 min m, ¥ Ha apMHPaHO-OETOHCKO]
okHo, Cubup MoJrpaau Ha qyounu 840 —
965 m. Ilojauana moarpase
Ha y6uHn 756 — 865 m.
Pyﬁz;l;l«;‘:[l;(;omo Xasapuja 200 m GeToHCKe
Z ana Kpovra 1980 1984 max MOATpajie Ha ayOuHama
Pata BPOMTAY, 520 1 720 m.
Kazaxcran
Pynuuk Can XaBapwja BEpTHKAJIHOT U KOCOT
Iloze, Ynite 700 2010 max oKHa Ha ryonHama 400 u 500 m.
gzﬂg?;(,s;f M, 1986 max I[Nonnassben pyIHUK
Pymeux Commicamr, 1995 max 3eMJbOTPEC MarHUTYJIE 5 CTEEHH
bp. 2, Ypan P e
Egé??g,;;fes}mx“’ 2006 ~ max IToraBsbeH pyIHUK
Pynnuk
COKOJIOBCKH, 2006 max [NomTaBsbeH pyaHAK
Kazaxcran
Pynuuxk 3acjanko W3HeHasHa npoBana MeTaHa
MeMOpHja, 1078 2006-2007 ~ max Hactpanmaino 13 nuna
Vkpajuna Hactpanano 89 nuua
Pymiuk Jlewsu, 2006 ~ max Hacrpanano 41 ianue
Kazaxcran
PyHHHK. Xenemba, 1030 2006 ~ max Hacrpanaino 23 nuia
ne3uja
Pynnnk
VIbaHOBCKaja, 2007 ~ max Hactpazaino 110 numa
Kys0ac
Pyanunk
Pacnasckaja, 2010 max Hacrpazaio 90 suia
Kys0ac
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Table 1. Accidents at hydro power plants and mines

Dam height, A
Beginning of .
. underground S Accident,
Object . construction c Remark
mine depth, year ™
m (start up), year
HYDRO POWER PLANTS
Saint-Francis Waterside sections have been broken off as
. . . 60 1924 1928 min a result of canyon expansion and weaken-

station (California) . . . .

ing of their contact with waterside slopes
Taktogul s.ta- 215 (1975) 1982-83 ~ max RupFure 9f bolts of t}lrblne cover as a resu.lt of
tion (Pamir) turbine pit deformation during its contraction

. Rupture of 50 nuts and pins of tur-

Nurel.< station 300 1961 1983 ~max | bine cover from 72 nuts and pins (69%)
(Pamir) (1972) .

as a result of the same action

- - o . -
Sayano Shush 275 1967 2009 ~ max Rupture of 65% nuts and pins of turbine
enskaya station (1978) cover as a result of the same action
MINES

Tashtagol ore mine,
“Novo-Capitalnaya” - 1964 max | Failure of concrete support, along 3 azimuths;
underground 1960 1971 min cracks had width 20-200 mm and L =10 m
mine (Syberia)

Cracks in concrete support at H = 560
Mine shaft (Syberia) 1991 miin — 606 meters and in ferroconcrete sup-

Y port at H = 840 — 965 meters. Repeated

supporting at H = 756 — 865 meters.
Mine shaft in .
Kirmnciy
(Kazakhstan) PP
San-Jose under- 700 2010 max Failure of vertical and inclined shafts
ground mine (Chile) at H =400 and 500 meters
Berezniki ore mine . .
No.3 (Urals) 1986 max | Flooding of ore mine
Solikamsk ore . . .
mine No.2 (Urals) 1995 max | Earthquake with magnitude of 5 points
Berezniki ore mine . .
No.1 (Urals) 2006 ~max | Flooding of ore mine
Sokolovsky
underground mine 2006 max | Flooding of ore mine
(Kazakhstan)
Zasyadko Memo- Sudden gas outburst
rial underground 1,078 2006-2007 | =~max | Death of 13 persons
mine (Ukraine) Death of 89 persons
Lenin Memorial
underground mine 2006 ~max | Death of 41 persons
(Kazakhstan)
Halemba un-
derground mine 1,030 2006 ~max | Death of 23 persons
(Silesia)
Ulyanovskaya
underground 2007 ~max | Death of 110 persons
mine (Kuzbass)
Raspadskaya
underground 2010 max | Death of 90 persons
mine (Kuzbass)
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IelleHMja) OBaKBe KalNTalHe KOHCTPYKILuje
IIpoja3e Kpo3 HeKOMMKO IVUKITyca KOHTpaKIMja
U MIMperba 3eM/be Pas3IN4IuTOT NHTEH3UTETa.

3ak/pyvaK

Kama o, mopacre 3a 10 - 20 MPa, cTpykTypa KOH-
CTPYKLMje IOCTaje CIMYHA CTEHCKOj Mach CITyLITe-
HOj 3a 400 - 800 meTapa y omHOCY Ha IocTOjehy
Ho3uLNjy, y3poKyjyhu tako omrrehera kanuramHux
odjexara y pasfodmy makcumanse (0, = max, of-
HOCHO S, = min) 1 MMHMMAJIHE KOHTPaKuuje (otp
= min, OfIHOCHO S| = max) KOHTpaKmuje 3eM/bIHe
Kope, Taderna 1.

VKonMko 01 ce JOrofuiao cMamermbe SO Ha 1.364 no
2.020 w/m?* [4] Tayra Su ce BpemHOCTH Gtp MOTTIE TIO-
Behaty Ha 30 - 40 MPa wm Bume, ITO je eKBU-
BAJIEHTHO CIIyIITalky HMBOA PYJApCKUX pajoBa 3a
1.000 - 1.500 meTapa u BuIlle Y OGHOCY Ha JOCTUTHY-
Ty nyduny. To du nsaspano xaBapuje Behune dpana
U 3ayCTaBIUJIO PaJloBe Y PYJHUIIMIMA.

[Ipummen: jyn 2013.
[puxsahesn: geremdap 2013.

Conclusion

When o, increase by 10 - 20 MPa our structure be-
come as-if lowered in the rock mass by 400 - 800
meters in relation to existing depth of the structure
thereby causing failures of capital structures during
periods of maximum contraction of the Earth’s crust
(O'TP = mayx, that is S, = min) (Table 1) and minimum
contraction of the Earth’s crust (cfTp = min, that is SO
= max).

If one would cater for projected decrease of S to
1,364 w/m? till 2,020 (Abdusamatov Kh.1.) then o,
may increase to 30 — 40 MPa and more and it will be
equivalent to lowering of the level of mining opera-
tions by 1,000 - 1,500 meters and more in relation
to those depths that have been reached. It will cause
failures of majority of dams in canyons as well as per-
manent workings and stopes at ore mines.
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Canceiniax: Meitianuunu munepannu pecypcu Cpduje cy HACTATU Y CTOMEHUM TpOUecuma MetianoieHellickol paseoja rere itle-
puitiopuje, {Hokom suie Melianoienelickux eiioxa. Ilocmaitipano ca aciiexiiia ieonouiKo-eKOHOMCKOT 3Hauaja, mehy wuma cy og
fioceSroi unitiepeca: 1) pecypcu Cu (Y Au), Pb-Zn (¥ Ag), u, y 3natiino marwoj mepu, 2) pecypcu Sb, Ni, Co, Sn, W, Mo, Mn, U, Ti u
aipupogro neiupanux pyga isonha. Y yumy iiosehiaroa yKyiHUX Konuduna memanuuHux Mmurepaniux pecypca u pesepeu Cpduje,
Y HapegHoM liepuogy THoKOM TeonoUWKUX UCTAPANCUBAtLA, TOCeSHY Uy Tpeda HoCBeliUiiiu: XUGPOTHePMATTHUM JeHUMTAUMA
Cu-Au u pacejanoj murepanuzayuju 31aiia y cegumeHttiHuM citieHama Ha fiogpy4jy bopcke meifianoieHeificke 30He U CyceqHUxX
iniepena; nopdupckum Cu-Au nexcuwiiiuma y meiianoieneitickoj sonu Jeye-Xanxugux; Pb-Zn¥ Ag/Au nescuwitiuma Cpiicko-
-MAaKegoHCKe GpPOBUHIUIe U NeUiTiuma nefupajyiux meimiana y pasnuquiium ieonowkum cpegurama. Teonowixa uciipancu-
8arba NIEHUATTLA YpaHa Haa3e ce y PyHKUuju cilipaitieuikux otipegerveroa gpase y fioineqy xkopuuheroa enepiellickux pecypca.

Kwyune peuu: meinianuune pyge, pecypcu, munepantu ioitienyujan, CpSuja.

Abstract: The metallic mineral resources of Serbia were formed by complex processes of metallogenic development and in vari-
ous geological epochs. The most important group of them includes Cu (VY Au), Pb-Zn (VAg), and, to a considerably lesser extent,
Sb, Ni-Co, Sn, W, Mo, Mn, U, Ti and the naturally mixed Fe ores. All of them were formed by complex processes of metallogenic
development of territory of Serbia and in numerous geological epochs. In future geological explorations greater attention should
be given to the hydrothermal Cu-Au and sediment-hosted gold deposits localized in the Bor metallogenic zone, the porphyry
Cu-Au deposits in the Lece-Halkidiki metallogenic zone, to the Pb-Zn deposits (Au-Ag with the accompanying elements) in the
region of the Serbian-Macedonian province, and to the deposits of alloyed metals. The exploration of uranium ores will depend

on the strategy of the state concerning the utilization of energy resources.

Key words: metallic ores, resources, mineral potential, Serbia.

VBop,

Mertamanu MuHepanan pecypcu Cpduje, Kao 1 mmpe
METAJIOT€HETCKE jefVHNIIEe Y OKBUPY KOjUX Ce Hajase,
IIPEJCTaB/bajy €0 METATIOT€HEeTCKMX I T€OTEKTOHCKMX
jemUMHMIIA PETMOHANHMX PasMepa Koje Ipe/ase reo-
rpadcko-NONMUTIYKe TpaHMIe IbeHe Tepuropuje. V3
IIOMEHYTUX PA3JIOra, IOMI0XKaj, BpeMe U YCTIOBU CTBa-
pama MeTaMMIHNX MUHepamHux pecypca Cpduje, Ha-
mase ce y QYHKIUjU CTIOXKEHMX TIpolieca BYIKaHM3MA,
CefMMeHTalje U MeTaMOp(I3Ma Ha HEHOj TEePUTO-
puju, any U Off TeOTEKTOHCKE €BONyLje IpETr Ipo-
CTOpa BUXOBE JI0Kamusanuje. [eomomkn 1 eKOHOMCKM
3Hauaj MeTa/MMYHUX MMHepamHumx pecypca Cpduje,
MebyTuM, y IOMEHYTUM TeOTEeKTOHCKUM M MeTaJlo-
TeHEeTCKVM jefiMHNIIAMA, YCTIOB/beH je TpumagHomhy
JeXNIITA ofpeheHNM reHeTCKUM K/Iacama, BpeMeHOM
U KapaKTepUCTMKaMa CpeJyHa IbUXOBOT CTBapama,
TUIIOMOP(HIM MUHEPATHUM acoLjaljaMa PyFHIX

Introduction

The metallic mineral resources of Serbia and the
metallogenic units within which they are located are
constituent parts of regional metallogenic and geo-
tectonic units larger than its territory. Accordingly,
the position, time and conditions of the formation
of the metallic mineral resources of Serbia depended
to a large extent on the geotectonic evolution of that
broad territory accompanying volcanic, sedimentary
and metamorphic processes. The importance of the
metallic mineral deposits in the above mentioned
metallogenic and geotectonic units varies depending
on their territorial distribution, their type and envi-
ronment, the extent of their occurrences, the asso-
ciation of the ore and accompanying elements, and
the chronological span of their formation. From the
metallogenic point of view, they are all incorporated
into the Tethyan-Eurasian Metallogenic Belt, or, in
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u nparehux eneMeHara, cafp)KajuMa KOPUCHMX U
IITETHUX KOMIIOHEHTH A/l HUXOBOM TE€PUTOPUjal-
HOM JMCcTpuOYLMjoM 1 yuecTaHoIINy 1ojaB/buBamba.

ITocmaTpaHO ca acIeKTa MeTaJIOreHeTCKe PejoHM-
3alnuje, MeTaJM4HN MuHepanHu pecypcu Cpduje
cy meo Cekxropa CU Mennrepana Tetujcko-eBpo-
asujckor MeranoreHerckor mojaca (TEMII) [Jan-
koBuh, 1990; 1997], omHocHO pmeo Ajrcko-Ban-
kaHcKo-KapmaTcko-/IuHapusicke  MeTa/lIOTeHeTCKe
u reopuHamiake nposuHuuje (ABLIIT) Terwmjckor
(mwm  Anncko-XMMaajckor) OpOTeHOr  CUCTeMa,
Koj ce Ipy»ka ca nofpydyja 3anagae Espome fo JU
Asnje [Heinrich and Neubauer, 2002; Schmid et al,
2008]. Jleta/pHMja MeTaJOTeHETCKA pejoHM3aLuja
MeTa/JIMYHUX MUHepalHux pecypca Cpduje yHyTap
IOMEHYTe TeOTeKTOHCKO-MeTa/JIOreHeTCKe jeIMHI-
1ie, 3aCHOBAHA je Ha aHa/IM3M OfIHOCA MOjelHaYHIX
JIOKUIITa MeTaIMYHNMX MUHEPATHUX CUPOBMHA U
crieruUIHNX TeOOUIKNX CPeArHa 3a Koje Cy OHa
IIPOCTOPHO 1 (IIapa) reHeTCKy Be3aHa [JaHkoBuh,
Jeneuxosuh u Byjuh, 2003; Jenenkosuh et al, 2008].

Ilopexio u eBonyuja MuHepaan3anuje

Mertamyay Mugepanan pecypcu Cpduje cy rpymnu-
CaHM y YeTUPY MEeTa/IOTeHeTCKe jeAMHMIIe PETMOHAT-
HOT KapakTepa: 1) 3a JIMHAapuCKy MeTamoreHeTCKy
IIPOBMHIMjY KOja 3aXBaTa IIPOCTOP 3allafiHE U jyro-
samagHe Cpduje, satum 2) 3a Kapmarto-bankancky
MmeTanoreHeTcky mposuHnyjy (CBMP), xoja je pa-
3BMjeHa Ha Tepuropuju ucroyre Cpduje, 3) Cprcko-
-MaKeJIOHCKY MeTajIoreHeTCKy npoBuHIujy (SMMP),
Ha mpocropy LeHTpanHe Cpduje u 4) 3a JJaxujcky
MertasoreHeTcke mposyHIje (DcMP) y kpajwem CI
meny Cpduje. YHyTap MOMEHYTUX MeTa/lIOTr€HeTCKUX
TPOBVHIIMjA Ha/la3! Ce BUIIIE METa/IOTeHeTCKIX 30Ha,
PYEHUX 08/1aCT! ¥ PYSHUX II0Jba, CIIEUPUIHNX Ka-
PAKTEpNUCTUKA y TIOITIEAY CTBapama PYAHUX JIeXKN-
IITa, HIXOBE IMPUIIAJHOCTH ofpeheHnMM renerckmx
K/IacaMa JIeXMIITa ¥ eKOHOMCKOM 3Hadajy (. 1).

He)KI/IHITa MeTa/INYHUX MI/IHepaHHI/IX CI/IpOBI/IHa
Cpduje ¢y cartacHO KOHILEIIIMV)J TEeKTOHUKE IUIO-
Ya M3[BOjeHa Y YeTHpPHM Tpylle: 1) JIeKUIITa Be3aHa
3a Ipoliece MHTPAKOHTMHEHTANHUX pudroBama;
2) MeXUIITa Be3aHa 3a OUOMUTCKE KOMITIEKCE; 3)
JIOKUIITAa Be3aHa 3a Ipolece cyOmykuuje un 4) je-
JKMIITA Be3aHa 3a IPOIIeC Cyfaparma KOHTIHEHATa 11
nparehy TeKTOHCKY U BYJIKaHCKY aKTMBHOCT. Vlako
Cy Mel')y BblUIMa JOMVHAHTHA MarMaToreHa JIeKNIIITa
MeTa/INMYHUX MI/IHepaHHI/IX CI/IpOBI/IHa, IIO3HAaTa "
OpojHa JIeXWIITA MeTaIMYHIX MUHEPATHUX CUPO-
BIUHA y CEeJVIMEHTHIM 6aCQHI/IMa HeOoreHe CTapOCTI/I
(ypas, mutujym u gp.) [Jankosuh, 1990].

the broader scale into the so-called North-Eastern
Mediterranean Sector [Jankovié, 1990; 1997], or, the
Alpine-Balkan-Carpathian-Dinaride = metallogenic
geodynamic province (ABCD), which is part of the
Tethyan (or Alpine-Himalayan) orogenic system
that extends from Western Europe to South East Asia
[Heinrich and Neubauer, 2002; Schmid et al., 2008].
A more detailed territorial grouping of these units
is based on an analysis of the relationship between
the mineral deposits and the geological environment
with which they are genetically and territorially asso-
ciated [Jankovi¢, Jelenkovi¢ & Vuji¢, 2003; Jelenkovic
et al., 2008].

The origin and evolution of mineralization

Metallic mineral deposits of the Serbia are con-
centrated into four regional metallogenic units
that spatially extend territory boundaries of the
country: 1) the Dinaridic metallogenic province
(DMP) covering western part of Serbia, 2) the Car-
patho-Balkan metallogenic province (CBMP) in
the NE part of the Serbia, 3) the Serbo-Macedoni-
an metallogenic province (SMMP) in the central
part of the Serbia and 4) the Dacian metallogenic
(DcMP) province that include an extremely small
area in the far north-eastern part of Serbia. All
of them are subdivided into several metallogenic
zones, ore districts and ore fields, some of which
have specific features associated with the origin of
the ore deposits (Figure 1).

According to the contemporary knowledge of plate
tectonics and of the geotectonic and metallogen-
ic development of the terrain in Serbia, its metallic
mineral resources can be classified as: 1) deposits re-
lated to intracontinental rifting; 2) deposits related
to ophiolite complexes; 3) deposits of subduction re-
lated setting and 4) deposits of continent-continent
collision related setting the collision of continents.
Apart from magmatogenic ore deposits, some other
mineral deposits (uranium, lithium etc.) hosted by
Neogene basins had been identified in Serbia [Jank-
ovi¢, 1990].

Deposits related to intracontinental rifting. The
processes of rifting, both of the initial and advanced
stages, lasted from Early to Late Triassic have been
suggested, but in some sectors of Serbia (Dinar-
ides, Vardar zone) continuated lateral spread of
the sea-floor, have led to the opening of the ocean
(Late Triassic - Late Jurassic). Tectonic setting is
characterized by elongated and mostly subparallel
horst-graben structures. Two principal groups of
magmatic rocks are distinguished in relation with
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Cnuxa 1. Inasne memianoieneiticke jegunuye, pygra nexumiia u
3HauajHuje ojase meilianuuHux mutepaniux cuposuna Cpduje.

Figure 1. The main metallogenic units, mineral deposits and
some important metallic mineral occurrences of the Serbia.

Jlexxnita Be3aHa 3a MHTEPKOHTMHEHTATHA P TOBa-
1ha. CIIOKeHI TPOLeCy MHTEPKOHTMHEHTATHOT pud-
TOBaa NCIO/bEHN y HojenuHnM aenoBuma Cpduje
y HepMofy of HOmer 1o ropmwer Tpujaca, ycrmoBumm
CY JIaT€PaHO HIMpEebe, UCTABNBABE Y PasMILIAbe
KOHTVHEHTA/IHe KOpe, LITO je y KOHAYHOM OO/INKY Y
Iepuony of, ropmer Tpujaca o ropme Jype, Ha po-
cropy Junapupa u Bapgapcke 30He OBEIO [IO OTBa-

intracontinental rifting and opening and oceanic
spreading: 1) quartzkeratophyres, porphyrites and
albite-granites (processes of intracontinental rift-
ing) and 2) diabases and basalts (spilites), processes
of opening and spreading.

Predominant types of ore mineralization in relation
to intracontinental rifting are lead-zinc and subordi-
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pama OKeaHa. Y IIOMEHYTUM IpOLeCHMa, Ha OBOM
IpocTopy GOpMMpPaHO je BuUIE U3LY>KEHUX, CyoIa-
PaJIeTHMX XOPCT-TpadeH CTPYKTypa 3a Koje Cy Besa-
He JIBe OCHOBHe IpyIle CTeHa: 1) KkBapLKepaTodupy,
HopGupUTH U AIOUTCKYU TPAHNUTY BE3aHU 3a IIPOLjece
VMHTPAKOHTUHEHTA/IHNX pudToBama 1 2) nujadasu
u dasaymm (CIvInTH), Be3aHM 3a Ipoliece OTBapama
U HUperma OKeaHCKe Kope. 3a IIOMeHyTe IIpolece U
IBIIXOBE IIPOAIKTe, Be3aH je U HaCTaHaK eKOHOMCKU
BUIIIe 3HAYAJHUX JIOKMUIITA OI0BA U LIVHKA, [e/IOM U
nexXuIITa dakpa Koja MpuIafajy rpymama: 1) xmgpo-
TepMaJIHO-CeAVIMEHTHUX U XMAPOTEPMATHO XXITIHUX
U IITOKBEPKHUX OpyAIbera ¥ 2) IPyIU XULpOTep-
MaJIHUX MAacUBHO-CYIQUIHUX U XUAPOTEpPMaHO-
-KIYHMX Opy[Iberha Be3aHMX 3a OQMOIMTCKU Me-
mamx 3amagHe Cpduje. Ha nctom mpocropy, Hamasu
ce U BUIIe JIKUIITA IPYTUX MIHEPaTHUX CHUPOBUHA:
a) BMCOKOTeMIIEpaTypHa XUIpOTepMa/Ha >KIUYHA U
coumBacra Jiexuirra rBoxba; §) nexumra Fe-Mn
okcupa u KapdoHara mpaheHa HIDKMM cafpiKajuma
Pb-Zn u Fe; 11) nexxuiira >xnBe ¥ [I) IEKAIITA SOKCH-
Ta y KapCTU(OUKOBAHNM KPeUhaliliMa.

Pymna nmexwmTa BesaHa 3a OQMONMTCKE KOMIIIEK-
ce. JlarepanHo IIMpeme KOHTMHEHTATHE KOpe Koje
je 3amoveno y IOYETHOM CTafiujyMy MHTPAKOHTU-
HEHTaTHOT pudToBama, 0BEO je O CTBapama HOBE
OKeaHCKe Kope I Ha ¥ VICIIOf] OKeaHCKOT /{Ha, dpojHMX
TeKTOHCKIX eJleMeHaTa (aKT/BHe oce Mpema, Bpyhe
Tayke U JIp.) KOjU Cy Off MOCEeOHOT MeTa/loTeHeTCKOT
3Hayaja 3a CTBapama PyAHNUX IexuInTa. ObuommTckn
KOMIIJIEKCH KOji Cy HAaCcTaaM y OBUM ITPOLIECHMMA, Ha
nonpydjy Cpduje rpajie /jBa Tojaca: 3amajgHu, T0Ka-
NIM30BAaH Ha NPOCTOPY YHyTpammux [unapupga n
UCTOYHM, KOjU Ce TIpy>kKa off Bapmapcke 30He 1o A3n-
je. Meraorenuja IOMEHYTHX II0jaceBa je Be3aHa ca
IbJIXOBE TI€TPOXEMMjCKE KAPAKTEPUCTUKE U T€OTEK-
TOHCKY Tpabhy. ¥V cacTaBy ohMONMUTCKMX KOMIITEKCa
3aIlafHOT Iojaca npeosnabyjy nepsonuty, radponn-
POKCEHNTI ¥ OPTOIMPOKCEHNUTH, [OK Cy IpeoB/ahy-
jyha eHpjorena nexuiuTa MeTaTUYHUX MUHEPATHUX
CHPOBJHA Be3aHa 3a Te KOMIUIEKCe, CyIbuHa JIeKI-
mta Ni-Co-Cu-Fe, dakpoHOCHO-IIMPUTCKA JIOKMIITA,
CIIOPAJINYHO JIeKUIITA MarHeTUTAa U Hozpeheno, mu-
Hepa/jm3sanuja 3/aTa. Y cacTaBy O(QUOINTCKUX KOM-
T/IeKca MICTOYHOT Tojaca Tpeosnabyjy mepupoTuti
dorary MarHesujymom u fyEuTH. OCHOBHO 0deresxje
JXOBE METAJIOTEHNje je MPUCYCTBO JIEKUIITA XPO-
MWTa ¥ €KOHOMCKM 3HAuajHMX OaKpOHOCHO-IIVIPUT-
CKMX JIEXMIITA, IOKATHO CUIMKATHUX JIEKMUIITA HU-
KJIa Y HUKJIOHOCHMX JIeKMIITa TBoXDa.

Jlexxyiita Be3aHa 3a 30He cydpykuuje (cyOmykumja
VICTION, aKTMBHMX KOHTMHEHTA/THUX MapIUHa /er-
ma/) ce Hamase y mcTouHoj Cpduju, Ha ImpocTopy
Kapmaro-dankaHcke MeTalOreHeTCKe IIPOBMHIMje.
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nate copper. From the genetic point of view, they are
classified as follows: 1) hydrothermal volcano-sed-
imentary, hydrothermal stockwork and vein types
and 2) hydrothermal massive sulphide ores and hy-
drothermal veins in relation to ophiolite melange of
Western Serbia. Several another groups of mineral
deposits in addition to Pb-Zn and Cu, are present: a)
high temperature hydrothermal Fe-veins and lenses;
b) Fe-Mn oxides and carbonates accompanied by
minor Pb-Zn and Fe sulphides; ¢) mercury deposits
and d) bauxite deposits developed on the karstified
limestone.

Ore deposits related to ophiolite complexes. When
the lateral spreading of continental crust continues
from the stage of intracontinental rifting, new oce-
anic crust begins to form. The floor of the ocean has
many tectonic elements (the active spreading axes,
hot-spot etc.) that are considered to be significant
metallotects of ore deposits. The ophiolites form
two distinct belts: the Western Belt located in the
Inner Dinarides, and the Eastern Belt, extends from
the Vardar zone to the Asia. Metallogeny of these
ophiolitic complexes is closely associated with their
petrochemical features and geotectonic settings.
The ophiolites of the Western Belt are character-
ized by the dominance of lherzolite peridotite, gab-
bro-pyroxenite and orthopyroxenite. Endogenous
ore deposits related to these ophiolitic complexes
are mostly the Ni-Co-Cu-Fe sulphides, pyritic cu-
priferous deposits, sporadically magnetite deposits
and minor gold mineralization. The ophiolites of
the Eastern Belt consists mainly of Mg-rich perid-
otite and dunite. Their metallogeny is characterized
by major chromite and significant pyritic cuprifer-
ous deposits, locally nickel silicate and nickelifer-
ous iron deposits.

Deposits of subduction-related setting (subduc-
tion beneath the active continental margin /Cre-
taceous/) are located in the East Serbian part of
Carpatho-Balkan metallogenic province. The most
important deposits related to subduction-relat-
ed setting are of the porphyry copper and related
high sulphidation Cu-Au mineralization (mas-
sive-sulphide): Bor, Majdanpek and other deposit
(Bor metallogenic zone) and Ridanj-Krepoljin zone
(Reskovica etc.) and, rare Pb-Zn. The ore elements
are mostly leached from the host rock (andesites
and analogue plutonites; magmatic arc above the
subduction zone or of the rifts over the subduction
zone) in the convectional systems by fluids derived
from the subducted oceanic plate and partly dehy-
drated continental crust mixed with descedenting
solution.
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ExoHOMCKM HajaxkHMja Mehy mwyma cy nopdupcka
nexumTa dakpa u ca muMa mosesana Cu-Au mexu-
ILITa THIIA BUCOKe Cynupysanije (JTeXmIITa MacuB-
HUX cyndupa): nexxnmra bop, MajgaHnek u gpyra
(Bopcka MeTanoreHeTCKa 30Ha), 3aTVUM JISKMIITA HA
npocropy Pupamcko-kpenomuscke 30He (Pemxo-
BIIIA U Jp.), U, pebe, MuHepanmsaluja onosa 1 UMH-
Ka. PymHu eneMeHTM KOju ce Hajase y IOMEHYTUM
JIOKMIITHMA, HajBehuM f1e7loM IOTHYy 13 OKOMTHMX
cTeHa (aH/|e3MTa ¥ AaHA/MIOTHNX IUTyTOHWUTH; MarMar-
CKIU JIYK M3HaJ CYOmYKLMOHE 30He WIN pU(TOBU y
30HU CYOAyKIMje) U3 KOjUX Cy M3MY>KeH! KOHBEK-
TMBHMM CHUCTeMMMa XUJPOTEPMaTHUX QIynpia, Tj.
MeIIaBMHOM BOJa 13 OKeaHCKe KOpe, AeXUpHpaHe
KOHTMHEHTATHe KOpe 1 JeCIiefleHTHUX PacTBOpa.

JlexxuiiTa Be3aHa 3a 30He Cyfapa KOHTMHEHara. 3a-
TBapame TETUjCKOT OKeaHa [y 30He Bapmap-Is3-
mup-LleHTpanHa AHajonyuja MOYeB Off O/IUIOLiEHa,
TOBETO je 710 cymapa adpUUKOr ¥ €BPOICKOT KOH-
THMHEHTA U JCIIO/baBamba 3HauajHe MarMaTCKO-TeK-
TOHCKe aKTMBHOCTM. PynHa jie)xmiiTa HacTama mysx
aKTVMBHE KOHTMHEHTA/THe MapIVHe Be3aHa Cy 3a Cpefi-
IbEKICeNe BYIKAaHCKe M MarmMaTckKe CTeHe, HacTajle
KPMCTAIM3ALMjOM MarMe Koja je U3/IBOjeHa I3 TOIX
Te/IoBa KOHTUMHEHTA/IHE KOPe, ajll KOja je TOKOM Kpe-
Tama Ka IIOBPLIVHIL, MOIVIA fia Oyfie KOHTaMJHVPaHa
HOjefJHUM e/IeMEeHTUMa 13 Tadpo-IIepUIOTUTCKUX
komtekca (Cu, Au), miu oppehenum murodumHIM
efleMeHTMMa 113 KOHTUHeHTanHe kope (Sn, W, Nb, Ta).
Y nopebery ca ByIKaHCKMM CTeHaMa Koje Cy pa3Bl-
jeHe y 30HaMa CyORyKIMje ¥ MCTOYHOCPIICKOM JIemy
Kapmato-dankannya, ByTKaHCKe CTeHe TepIjapHe
CTapOCT! y OBOj TEKTOHCKO]j CPEIVHM KapaKTepPUILy
ce IIOBMIIEHVM CaJip>KajliiMa 0/10Ba 1 LIMHKA U HYDKUM
campkajuma Oakpa. ImaBHa pymHa nmexumTa Besa-
Ha Ca OBJMM I'eOTeKTOHCKUM yCIoBUMa (Ha HOApPYYjy
Bapmapcke 30He n CpIICKO-MaKeJOHCKOT MacKBa) Cy
CKapHOBCKAa 1 XMJPOTEpMaJiHa JIEKMIITAa Be3aHa 3a
BY/IKAaHO-MHTPY3VMBHE KOMIIIEKCE: XU pOTepMasHa
MeTacoMaTCKa U XKUYHa, ToKamHO nopdupcka Cu n
IITOKBEpKHO-MMITperHanmona Mo. Ilpeosnabyjyhn
MeTanu y TuM nexuuruMa ¢y Pb-Zn, Sb, Bi, Ag, As,
TOK ce dakap M 37aTO Hajase CIOpafudHoO. Pymanm
€lIeMEHTI Cy U3/Ty>KEHU U3 OKOJIHUX CT€HA MellaBu-
HOM (rrynyTa Koju Cy BesaHM 3a CyOKPyCTalTHe MarMe
Vl-Tuima, KOHTaMUHUPAHUM KPYCTaJHUM MaTepuja-
JIOM U 3aTP€jaHNM JieCIIefIeHTHUM pacTBOpMMa.

ITocrojehe cTame n moTeHjamm
MeTaTUYHNX MUHepaTHUX pecypca Cpduje

Ha nmoppyujy Cpduje ce Hamasn 214 nexxumrra (Fe-30;
Mn-7; Cr-26; Ni-Co-8; W-1; Sn-4; Mo-1; Cu-33; Pb-
-Zn-50; Sb-17; Hg-2; bx-9; Au-14; U-11; Ti-1) n 990

Deposits of Continent-Continent Collision-relat-
ed Setting. The closure of a branch of the Thetyan
Ocean along the Vardar-Izmir-Central Anatolia
zone, starting in Oligocene, was followed by the
collision between Africa and Europe, resulting in
magmatic-tectonic activity. Ore deposits formed
along the active continental margin are related to
intermediate volcanic and magmatic rocks. Mag-
mas are derived from the lowest levels of up-domed
continental crust, but during upward movement,
they can be contaminated by some elements from
gabbro-peridotite complexes (Cu, Au), or some
lithophile elements from the continental crust (Sn,
W, Nb, Ta). In comparison with the volcanic rocks
developed in the subduction-related setting of the
Eastern Serbian part of the Carpatho-Balkanides,
the Tertiary volcanic rocks in this tectonic setting
are characterized by an increased content of lead
and zinc, and by a diminished content of copper.
The principal ore deposits in Serbia associated with
this geotectonic condition (at the territory of the
Vardar zone and the Serbo-Macedonian Massif)
occur as skarn-type to hydrothermal deposits relat-
ed to volcano-intrusive complexes (hydrothermal
metasomatic and veins, locally porphyry-Cu and
stockwork-disseminated Mo-types). The dominant
metals in these deposits are Pb-Zn, Sb, Bi, Ag, As.
Copper and gold occurs only occasionally. Ore ele-
ments were leached from host rocks by fluids from
the subcrustal magmas of I-type, strongly contam-
inated by the crustal material and mixed with the
heated descendent solutions.

The present state and potential of the metallic
mineral resources of Serbia

There are 214 metallic mineral deposits (Fe-30; Mn-
7; Cr-26; Ni-Co-8; W-1; Sn-4; Mo-1; Cu-33; Pb-
Zn-50; Sb-17; Hg-2; bx-9; Au-14; U-11; Ti-1) and
990 metallic mineral occurrences (Fe-86, Mn-25;
Cr-127; Ni-Co-6; W-23; Sn-7; Mo-27; Cu-235; Pb-
Zn-239; Sb-62; Hg-8; bx-11; Au-46; U-83; Ti-1; As-
4) at territory of Serbia [Jelenkovi¢, 2011]. Many of
ore deposits were still exploited until as late as the
end of the twentieth century. Today, however, the
mining production has been either abandoned (Fe,
Cr, Mn, W, Ni and others) or greatly reduced (Pb-
Zn, Cu, Au, Ag, Sb). This is a consequence of the
intensive exploitation of the better-quality reserves
in order to reduce the production costs, of the ex-
haustion of economic reserves of Cr, Mn, W and
other ores, as well as of the considerable reduction
of geological exploration. The base metals (Cu, Pb-
Zn), precious metals, partly Ni, Al, and some oth-
ers, have been more thoroughly explored and their

11
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0jaBa MeTA/IMYHUX MMHepalnHux cuposnHa (Fe-86,
Mn-25; Cr-127; Ni-Co-6; W-23; Sn-7; Mo-27; Cu-
235; Pb-Zn-239; Sb-62; Hg-8; bx-11; Au-46; U-83; Ti-
1; As-4) [Jenenkosuh, 2011]. Jo xpaja XX Beka MHOra
Off BIX O1Ia Cy Y eKCIUIoaTalluji, HOK je JaHaC PYA-
HI[YKA IPOU3BOJHA Y MHOTVIM JISKMIITIIMA ITpecTasa
(Fe, Cr, Mn, W, Ni u aip.) wnn je ycren, MHTeH3UBHE
eKCIIIoaTalyje KBaTUTeTHUjUX Pe3epBM pajyl CHU-
JKerba TPOLIKOBA IIPOVM3BO/IbE U 3HAYAJHOT CMaIberba
o0MMa TeOJIOIIKUX MCTPaXINBama OUTHO CMameHa
(Pb-Zn, Cu, Sb, Au, Ag) nnu je ycien ucLpIbUBaba
dumancHux pesepsu (Cr, Mn, W u fip.) odycTaB/beHa.
Odojenn metamu (Cu, Pb-Zn), miemenuTn meramu
(Au), germom Al, Ni n np., HemITO Cy HeTa/bHUje Cy MC-
TPa>KMBAHU I IUXOBM YKYIIHU pecypcn ¢y yBehanu,
TaKo J]a YIPKOC OPOjHMM IIpodIeMnMa OHM 1 Jajbe
IpeCcTaB/bajy pasBojHy noreHuujan Cpduje.

ExonoMckM HajsHaYajHMjU METAIMYHN MUHEPATHA
pecypcu Cpduje mory ce rpynucaTy Ha ciegehn Ha-
YMH:

o MeTanMyHy MMHEpATHM PECYpCH Y eKCIIoaTa-
Lj} Ca 3HaYajHMM pe3epBaMa Ha KojuMa cy Beh
nsrpabenn npepabusauxn xamaruretn (Cu-Ay,
Pb-Zn-Ag) a xoje u fa/pe IpefCTaB/bajy OCHOBY
UMHAYCTPUjCKOT pasBoja 3embe. OBOj Ipymu pe-
cypca npunazajy: mexxumrra dakpa bopcke 30He,
Pb-Zn nexuinra MeranoreHeTckux 3oHa Korma-
oHuka, lllymanuje, Jlera, Becue Kodure, kao un
pejona bopame. OcHOBHe KapaKTepUCTUKe IIO-
MEHYTUX JIEKUILTA Cy IPETEKHO HU3AK CaIPiKaj
MeTaja ¥ 3Ha4ajHU PySHY NOTEHLMjaIN.

o MuHepamHu pecypcu ca MAEHTU(OUKOBAHUM,
€KOHOMCKM MHTEPECAHTHMM, IPETEXXHO Ma/IUM
pesepBaMa Koje HUCY Y eKCIUIOATallMjy a 4duje
je mosehame Moryhe, kao 1 cupoBuHe Koje ce
Hajla3e y MaauM KOIMYMHAMa, IOBO/LHUM 32
KpaTKe Ilepuofie IPOU3BObe ¥ IIOKpUBambe
momahux norpeda. OBy IpyIy cMpOBUHA YMHE
Mo, Sn, Mn, U n Ti.

o IloTeHnujanHo 3HayajHe CHpPOBMHE Ca HEIOT-
IyHO feUHNMCAaHVM pecypcuMa 4iuja je Bajo-
pusanmja ycloB/beHa TEXHMYKO-eKOHOMCKMM
IapaMeTpMUMa, Kao ¥ CUPOBMHE HMCKOT CTele-
Ha MCTPa)K€HOCTH Ca TIOBO/bHUM M3TTIEfiUMa 32
nosehame pesepsu. tbux unue Ni, Co, Sb, Al,
Kao 1 mpupopHo nerupane Fe-pyne. [Tomenyroj
Tpynu CUMpoBMHa npunazajy u Au u Ag. VMako
Cy OB€ CMPOBIHE YITTaBHOM HMCKOT CTeleHa Uc-
Tpa>keHOCTH, ITpeMa II03HaBamby reoIoIKe Tpa-
be u metanorenuje Cpduje, mocroje NOBOBHU
U3T7IeV 3a IPOHAaTa3aK HOBUX pecypca.

o CupoBuHe 4nje ce IPIUCYCTBO MOXKE OYEKIBATHI
Ha tepuropuju Cpduje (Au, Ag, peTkn u pace-
jaHu Merannu). Ha ocHOBU crpoBefieHUX MeTa-
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resources have been augmented, so that they still
represent, in spite of numerous problems attending
their exploitation, the developmental potential of
Serbia.

The economically most important metallic mineral
resources of Serbia may be grouped as follows:

o Metallic mineral resources with significant
reserves, which are in exploitation and are
already provided with processing capacities
(Cu-Au, Pb-Zn-Ag), and which continue to
be the basis of the industrial development of
the country. This group includes the Cu de-
posits in the Bor zone, the Pb-Zn deposits in
the metallogenic zones of Kopaonik, Sumadija,
Lece, Besna Kobila and the Podrinje. The basic
characteristics of these deposits are a predom-
inantly low metal content and substantial ore
potential.

o Mineral resources with identified, economically
interesting, predominantly small reserves which
are not in exploitation, and mineral resources
occurring in small quantities, sufficient for brief
periods of production and the supply of domes-
tic requirements. This group includes Mo, Sn,
Mn, U, and Ti.

«  Potentially significant resources with partly de-
fined resources, the valorization of which de-
pends on technical-economic parameters, as
well as the partly explored mineral resources
with favorable prospects for reserve increase.
They include, Au, Ni, Co, Sb, Al, mixed Fe-ores.
Although most of these resources are only partly
explored, the study of the geological setting and
metallogenic processes of Serbia show that there
are favorable prospects for the discovery of new
resources.

«  Mineral resources likely to be found in the ter-
ritory of Serbia (precious and disseminated
metals). The metallogenic analyses carried out
so far show that new resources of gold are like-
ly to be discovered in the Eastern Serbia (sedi-
ment-hosted deposits), the Blagojev Kamen area
(hydrothermal quartz-vein type in the Neresni-
ca-Beljanica zone), the Timok volcanic complex
(porphyry copper-gold and related epithermal
Cu-Au deposits in the Bor metallogenic zone)
and Lece volcanic complex (high and low sul-
phidation epithermal Cu-Au mineralization)
in the Lece-Halkidiki metallogenic zone and in
some other areas.

o Mostly exhausted or non-economic mineral

resources. They include Cr, Fe (suitable for the
technology of blast furnaces) and W. Prospects
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JIOTEHETCKMX aHa/lN3a, PeajHo je OdYeKUBaTu
HOBE MMHEpajHe pecypce 3/aTa Ha HOApYYjy
ucroune Cpduje (pacejana MuHepamusayja
3/1aTay CelMEHTUMa), 3aTUM Y pejoHy braroje-
Bor Kamena (xmppoTepmanHe KBapliHe >KuUlle),
TuMOYKOT BYTKaHCKOT KOMIIIEKca (mopdupcka
u enutepMmanHa Cu-Au eXMUIITa Ha HOAPYYjy
Bopcke MeramoreHetcke 30He) 1 Jlenkor Mar-
MaTCKOT KoMItekca (nexxumra Cu-Au Bucoke
U HUCKe Cynduaanmje) Ha IPOCTOPY MeTajore-
HeTcke 30He Jlerje-XanKuauk u ap.

o Hajsehum gmemom ucuprubeHe WM HEEKOHO-
muune cuposuHe (Cr, Fe, W). Manu cy usrnegu
3a [TPOHA/Ia3aK HOBMX, EKOHOMCKM IOTEHIIMjal-
HO 3HAYajHUX MMHEepaIHNUX pecypca.

Ha ocnoBy nperxontor, Moryhe je sakpyuntn fma cy
Haj3HAYajHMjI METAIMYHM MMHepamHu pecypcu Cp-
duje pecypcr 000jeHNX U IVIEMEHUTHX MeTala, IOTOM
pecypcu nerupajyhux MeTaa i, Ie/oM, pecypcu pagu-
OaKTVBHUX e/leMeHara. EKOHOMCKMM 3Ha4ajeM ¥ IIO-
TeHIMjamiMa, Meby muMa ce MCTUdy eXuITa dakpa u
371aTa, Ko VI JISKNIIITa 0JI0Ba-IMHKA 11 cpedpa ca IpaTe-
hom acoumjanmjom pyarmx enemenara (tadema 1).

Bakap. ExoHOMCKNI HajsHadajHMje pyme dakpa y Cp-
duju Hamase ce Ha mpocrop: 1) bopcke Metanore-
HeTcke 30He KapmaTo-dankaHcKe MeTasloreHeTCKe
nposuHLyje (mopdupcka aexumTa dakpa 1 BUCO-
KOCy/I¢pMUAALMOHA JIOKNUIITA MACUBHIUX Cyaduia), 2)
y OpUOINTCKOM MEAHXKY PYAHOTr pejoHa JlajkoBade
(xmppoTepManHa BY/IKaHO-CEAVMEHTHA JICKMIITA
MacyUBHUX cyndupa) u 3) MerajmoreHeTcke 3oHe Jle-
ne-Xankupuk (mopdupcko Cu-Au nexumre Knce-
mak). OcuM Bux, y Tepernma Cpduju nsBojeHn cy
U OpojHM APYTU IIPOCTOPK Y KOjUIMa IIOCTOje peajHe
reoJIoIIKe MPEeAVICIO3UIYje 33 IPOHATaKemhe HOBUX
Cu-7mexninTa, IPeBaCXOZHO IOPQPUPCKOL, [e/IoM
U MacVBHO-CYIQUIHOT THIA. Y jeTHOM Of IMX, Ha
IpPOCTOPYy pyAHOT Toka bpecrosan, ~5 km jyxHO
or; Bopa, HeaBHO je mpoxahero nexxnire dakpa Uy-
Kapy Ilexn. Pygna MyHepanmusanyja oBOT JIEKUINTA
Hpuiafa TopGUPCKOM TUITY OPYAHeHha U TUILY BU-
coke cyndupanmje, a Hamasu ce UCToy, Buie of 250
m fiedesIor IaKeTa MMOLICHCKUX Y KPeJHIX CefyMe-
HaTa. MHepa/m3anyja dakpa 1 3/1aTa y TUITY BUCOKe
cynupusanyje (MacuBHU CyI(UAN) IPeEfCTaB/beHa
je KOBeIMHOM ¥ QOPHUTOM, Kao JIOMVHAHTHNM MIU-
Hepa/jmMa, IofpeheHo eHapruToM ¥ XaJIKO3MHOM.
[TomeHyTV MMHepasy ce y JIeKUIITY Hajmase y BULY
MaCHBHIX Te/Ia, XXM 1 IIeMeHTa y XU POTepMaTHUM
dpedama. IIpocTopHO Cy Be3aHM 3a 30He HaIpefHe
aprwmsanyje (KBapL-aIyHUT) M 30HY aprIUINTICA-
HUX aHfje3nTa. Y NyO/bMM JHeTOBMMA JIKUILTA IIpe-
ormabyje mopdupcky TMn MuHepanmsanmja dakpa
IPeJCTaB/beH XaTKOMMPUTCKO-TIMPUTCKMM SKMIjaMa

for the discovery of new, economically signifi-
cant reserves are small.

The most important metallic mineral resources of
Serbia are non-ferrous metals and precious metals,
ferroalloy metals, partly fissionable metals. Especial-
ly important, as regards resource potential and eco-
nomic importance, are the deposits of copper-gold
and lead-zinc-silver, with the accompanying ele-
ments of association (table 1).

The non-ferrous metals and precious metals are
economically important group of metallic mineral
resources of Serbia. The most important are: Cu, Pb-
Zn, Au and Ag.

Copper. The most important copper ores are located
in: 1) the Bor metallogenic zone of the Carpatho-Bal-
kan metallogenic province (porphyry copper and re-
lated high sulphidation massive sulphide deposits),
2) the Lajkovaca ore district (hydrothermal volca-
no-sedimentary massive sulphide deposits) - one of
ophiolitic melange, and, partly, 3) in the Lece-Hal-
kidiki metallogenic zone (Kiseljak porphyry Cu-Au
deposit).

The metallogenic analyses carried out so far in Ser-
bia have indicated the areas the geological features
of which show that they are likely to contain new
Cu-deposits, predominantly of a porphyry type, and,
to a lesser extent, of a massive-sulphide ore types (the
Bor metallogenic zone). One of them is the Cukaru
Peki deposit, located ~5 km south of the Bor (the
Brestovac ore field). Ore mineralization covered by
up to 250 m of Miocene sediments, is of both epith-
ermal high sulphidation systems and porphyry style
mineralization. High sulphidation Cu-Au ,,massive
sulphide” mineralization consists of covellite with
bornite, enargite and chalcocite in zones, blebs,
veins, hydrothermal breccias with copper minerals
as matrix and replacements hosted by strongly al-
tered advance argillic (quartz-alunite) and argillic
andesite. Porphyry style chalcopyrite-pyrite veins or
blebs with rare molybdenite have been intersected in
the deeper intervals, often with a later overprint of
disseminated covellite with strongly altered argillic
andesite.

According to results of today explorations, inferred
resource for the high sulphidation zone (above a
1% CuEq cut-oft grade) to be 65.3 Mt (2.6% Cu
and 1.5 g/t Au). The inferred resource includes the
high-grade massive sulphide domain containing
an estimated 6.8 Mt at an average grade of 9.6% Cu
and 5.9 g/t Au at a 1% CuEq cut-off, and a signif-
icant proportion of the semi-massive sulphide do-
main containing 14 Mt at an average grade of 3.2%

13
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Tabena 1. Memanuunu munepantu pecypcu Cpbuje
(ussop: Munucmapcmeo npupooHux pecypca, pyoapcmea u npocmopHoz NaAaHUpared; MoouPuKoeaHo).
Table 1. Metallic mineral resources of Serbia
(source: Ministry of natural resources, mining and spatial planning of Serbia; modified).

W3mepenu + MHMIMPaHK pecyper / IIpernocraBibenu pecypeu /
Measured + indicated resources Inferred resources

Pecypcu / Canpxaj / Merana / Pecypcu / Canpxaj / Merana /

Resources Grade Metal Resources Grade Metal
Cut 1.250 Bt* 0,38 % 4,75 Mt 1.350 Bt 0,37 % 4.99 Mt
Au? 0,138 g/t 173 t 0,11 g/t 149 t
Ag* 1,04 g/t 1.295t 0,95 g/t 1.285t
Cu? 300,5Mt? | 0,27 % 811,41t
Au? 0,26 g/t 78,13
Cu® 63 Mt 2,6% 1,638 Mt
Aud 1,5 g/t 94,5t
Au* 46,3 Mt 1,56 g/t 72,3t 8,7 Mt 1,3 g/t 11,31t
Pb 16.27 Mt 4% 0,65 Mt 2.69 Mt 4% 0,11 Mt
Zn 3% 0,49 Mt 3% 0,08 Mt
Ag 95 g/t 1545t 82,8 g/t 223t
Pb® 31.26 Mt 4.1 % 1,28 Mt 2447 Mt | 4% 0,98 Mt
Zn® 3% 0,94 Mt 3% 0,73 Mt
Ag® 110 g/t 3438 t 70 g/t 1713 t
Fe + 3.97 Mt 37.53 % 1,49 Mt 115.4 Mt 23.99% 27,68 Mt
Ni¢ - - - 90 Mt® 0,7% 0,63 Mt
Mn - - - 9,5 Mt 20 % 1,9 Mt
Cr 89.000 15,7% 13.973 0.02 Mt 15% 3000 t
Ti - - - 56000t 42% TiO,
Ni 19,92 Mt 0,75 % 149.400 t 18.73 Mt 1.14 % 213.522t
Co 0,08% 15.936 t 0,07% 13.111t
Sh 0,98 Mt 1,53 % 14.994 t 1.2 Mt 1.3% 15.600 t
Al 2,69 Mt 44-48% AL0, | - 1,2 Mt 35-40% ALO, | -
SnO, 5,49 Mm?® 286,3 g/m® 1,572 t 20 Mm?® 167 g/m® 3,340 t
Ta-Nb 4,96 Mm?® 86,01 g/m® 427t 20 Mm?® 10 g/m® 200t
Mo 150 Mt 0,044 % 66.000 t 164.5 Mt 0.07 % 115.150 t
W 0,33 Mt 3,5% WO, 11.500 t WO, | 0.025 Mt 1,65% WO, 4125t WO,
Hg 0,083 Mt 0,33 % 27.390 t - -
U 2.154 Mt 338 g/t 728,1t 1.5 Mt 310 g/t 465t

ca PeTKMM MOMUOIEHNTOM U, Y 30HAMa aprIJINTICA-
HIIX aHJe31Ta, MIahyM, pacejaHuM KOBEIHOM.

[Tpema mopanyuMa [0 flaHAC M3BPLIEHMX MCTPAXKM-
Bamba, NIPETIIOCTAB/beHN MUHEPAIHN pecypcr dakpa
U 3/1aTa Y 30HM BUCOKe Cyndupaiuje (TpaHIYHN ca-
Ipxaj je m3Haxg 1% CuEq) msHoce 65,3 Mt pyzme (2,6%
Cun 1,5 g/t Ay). Y okBMpY OBe 30He Ha/as! ce Mamba
cyd30Ha MacuBHUX cyndupa ca 6,8 Mt pyze u cpep-
B1M cagpxkajeM Cu og 9,6% u 5,9 g/t Au (rpaHnYHK
cazipxaj je msHaz 1% CuEq), kao 1 ceMMMacuBHO CyJI-
¢upHa 30Ha ca 14 Mt pyzne u cpensum cagpxajem Cu
o1 3,2% u 2,7 g/t Au (rpaHn4Hu cagpskaj je 3% CuEq).
IMopdmpcka MyuHepamu3sanuja dakpa Koja ce Halasy
MCIIOJ 30HE MAaCUBHUX cyn(l)m,ua, y nyﬁ}bI/IM IeJIOBUMaA
TepeHa, jOIl YBEK HUje JeTa/bHO UCTpakeHa. VIcTpa-
JKHUM dy1ierseM je mpociehena Ha pactojamwy o ~700
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Cu and 2.7 g/t Au at a 3% CuEq cut-off grade. The
underlying porphyry type mineralisation has not
been modelled at this time. It is drilled ~700m with
0.8-0.9% CuEq grade (potential resources are 0.5-
1.0 Bt, respectively), with a ~300m thick sub-inter-
val with ~1.1% CuEq grade (~210Mt or ~2.1Mt of
CuEq).

Gold and other elements of ore association occur
either together with copper (porphyry copper de-
posits, massive sulphide, hidrothermal quartz-
veins, placer deposits) or separately. The potentials
of gold are great. According to results of geologi-
cal explorations performed in period 2008-2013,
along the western margin of the Timok magmatic
complex is dicsovered a previously unrecognized
sediment-hosted style of gold mineralization (SHG
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m, ca 0,8-0,9% CuEq (moTeHImjamHy pecypcy nsHoce
usMeby 0,5-1 Myjapau ToHa pyzie), a y OKBUPY Bbe ce
Hajlasy cyOuHTepBai gedpnHe ~300 m ca cafpxajeM
~1,1% CuEq (~210 Mt wu ~2,1 Mt CuEq).

3mato u mpatehy eleMeHTH acolyjarje ce y JIexKN-
mtuma Cpduje Hamase 3ajeHO ca dakpom (mopdup-
CKa JIeKNIITa daKpa, MacUBHM Cyl1QNUAM, XUAPOTep-
MajlHe KBapliHe )Xuile, HaHOCK 1 fip.), pebe y Bumy
CaMOCTa/THuX KOHLeHTpauyuja. [Torenujanm snara cy
Berky. IIpema pesynraTtiMa TeoNoOUIKMX MCTPXKM-
Bama KOja Cy U3BpleHa caMo y nepuony og 2008. no
2013. ropuHe, y 3anaHOM odogHOM nojacy Tumoukor
MarMarTcKor KOMIUIeKCa je mpoHabeH HOBU, paHuje
HEIO3HATY TUII pacejaHe MUHepaIu3alje 3/1aTa y ce-
mumenTnMa (CXT mojac), Koju ce Ipy>Xa Ha Ty>KMHN
oz 30 km, mpu nmpuau Behoj ox 8 km. Ox moceduor
3HayYaja Ha OBOM IIPOCTOPY je HOBOOTKPMBEHA PY/I0-
HocHa 30Ha [lotaj Yyka - TucHmia, y Kojoj ce Hama-
3e nexxuinTa 3mara Kopkan, Kpaky Ilemrep n burap
Xnn. MuHepanusanyja 3jaTa Koja je y IOMEHYTUM Jie-
JKUIITYMA UCTPAKMBAHA AMjAMAHTCKUM UCTPAKHUM
dyluermeM, Be3aHa je 32 MHTEH3VIBHO TEKTOHU3MPaHe
K/IaCTHYHE CefuMeHTe, moppeheHo 1 Kpeumake, 3a-
TYM 3a 30HEe YC/IOjeHMX KIACTHUTa, LieMeHT dpeda y
IIa7IeOKAPCTY 1 32 TEKTOHCKE CTPYKTYpe 3 IIPepPyIHOM
MoHIoHuTy Ilotoj Yyke. Ha ocHOBY maHac mosHaTux
KapaKTepUCTHKa OKO/THIX CTeHa OPYberba, aCoIja-
1yja pyaHux u nparehnx enemenara (Au, As, Hg, T1, S
u Sb > Pb, Zn, Cu), Bucokor ogroca Au: Ag, punosp-
He IIpUpOJie MUHepaIn3alje 371aTa Be3aHe 3a IMMPUT
(peakiuje cyndumannuje) u dpojHux daryjama Xugpo-
TepMaJIHMX a/ITepalija Koje YKIbYqyjy KaoMMHI3aIM-
jy, mekapdoHaTM3anMjy KapOOHATHMX CeIVMEHTHIX
CTeHa y IM3MHM MUHepaan3anuje 3/aTa u, mogpebe-
HO, IIPUCYCTBA [JacIIepon/ia, youeHa je CIMYHOCT MU-
Hepanusalyje 31aTa Ha nmpocropy Iloraj Yyka — Tu-
CHUIIA ca Kap/IMHCKMM THUIIOM JIEKIUIITA.

Onoso u yunx. Pb-Zn nexwnmra Cpduje cy dpojra
1 eKOHOMCKM 3HauajHa. Hajsehu Opoj mcrux ce Ha-
nasu Ha Kocosy. IloTeHiujanum pecypcu cy Takobe
3HA4YajHY U Hajlase ce y HelloCpefHOj SMM3MHY HOo-
3HaTux nexymra (brarogar, Jlene, Benmuku Majnas,
Crapn Tpr), kao 1 y cpegyHaMa y KojuMa IIOCTOje
IIOBO/bHE META/IOTEHETCKE MPENNCIO3ULIMjE 3a -
X0BO (opMMpame - HPETeKHO y HOMEHY KajKo-
-aJIKa/IHNX BY/IKQaHO-MHTPY3MBHUX KOMIIJIEKCa He-
OreHe CTapoCTy Ha MpocTopy CpIICKO-MaKeJoHCKe
MeTajloreHeTcKe NpoBuHuuje. IIperBapame JaHac
MIO3HATUX, U3MEPEHNUX, MHJUIVPAHU U IIPETIOCTa-
B/bEHMX MIHEPA/IHNX pecypca 0JIoBa 1 UHKaA (MK
jeTHOT HVXOBOT JIeTla) y BepoBaTHe U JlOKa3aHe pe-
3epBe 3axTeBa BpeMe, CUCTEMATCKY IIPOCIeKLNjy 1
Ta/ba TeOJIONIKa MCTPaXMBama. 3HaUajaH mpodieM
IIPY BaJIOpU3alMji Py/ia BE3aH je U ca BUCOKUM pPas-

belt); it extends over a strike length of more than 30
km and is up to 8 km wide. Of the special interest is
the Potaj Cuka-Tisnica zone, were Korkan, Kraku
Pester and Bigar Hill gold deposits are located. To
date, gold mineralization intersected in diamond
drilling has been associated with brecciated (fault-
ed) clastic sediments and subordinate limestone,
‘stratabound’ intersections within clastic sediments,
paleokarst infill breccias within limestone-domi-
nated stratigraphy and within the monzonite (Potoj
Cuka) pre-ore stock.

On the basis of the character of the sedimentary
host, the metal association (Au, As, Hg, T1, S and Sb
> base metals), high Au:Ag ratio, the fine grained
nature of the gold mineralization, association with
pyrite (sulfidation reaction) and a number of altera-
tion styles including kaolinitization, decarbonatiza-
tion of calcareous sedimentary rock adjacent to the
gold mineralization and occasionally jasperoids, it
is recognizes the similarity of the sediment-hosted
gold in the Potaj Cuka-Tisnica with Carlin-type de-
posits.

Lead and zinc. The Pb-Zn deposits of Serbia are
numerous and economically significant. The great-
est number of them is in Kosovo. The potential re-
sources are also substantial and are located in the
vicinity of known deposits — Blagodat, Lece, Veliki
Majdan, Stari Trg, and in environments with favora-
ble metallogenic conditions — predominantly in the
region of calc-alkaline, volcano-intrusive complex-
es of Neogene age in the SMMP. The conversion of
measured, indicated and inferred lead-zinc miner-
al resources (or a part of them), into proven and
probable reserves requires time and further explo-
rations. An important problem in the valorization
of these ores is connected with the high mining loss
during excavation and low flotation recovery.

Tin. The resources of tin are small and cannot meet
domestic demand over a longer period. Tin is found
in greissen and alluvial deposits. The primary Sn-oc-
currences are not economically interesting because
of the small resources and low content, while the
placer deposits are on the verge of rentability. It
should be pointed out, however, that not much at-
tention has been devoted to the prospecting of the
Sn-deposits in the past.

Aluminium. The deposits of bauxite are of small eco-
nomic significance. They are of limited extent and

poor quality.

Resources of iron and ferroalloy metals (Fe, Mn, Ti,
Cr, Ni, Co, Mo, and W) are, generally speaking, rath-
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dmaxkemUMa IIpU OTKOIABAKY PyAe, Ka0 U HUCKUM
¢noranyjckum nckopuihemnma.

Kanaj. Y Cpduju je mo3HaTO HEKONMMKO MAUX Jle-
KUINTA Kajlaja Koja He MOTY Jia 3aJl0BO/be IOTpede
3eM/be y Iy>KeM BpeMeHCKOM Ilepuopy. Vicra npumna-
Tajy KlacaMa Ipaj3seHCKIX M aTyBUja/THIX JIEKMIITA.
[TprmapHa neXMIITa Kajiaja HUCY €KOHOMCKU MHTe-
pecaHTHa ycye, MaJuX pe3epBU I HUCKUX CafipKaja,
MOK Cy HAHOCHA JIEKUINTA Te CUPOBMHE Ha TPAHUIIN
penTadune Banopusanyje. Tpeda, mehytum, ncra-
hu ma mpocnexiyju Sn-nMeXMIITa y MPOTEKIOM Iie-
puony y Cpduju Huje IOK/IambaHa IOcedHa MaXKmba,
MAKO Ha OCHOBY ME€TAJIOTEHETCKUX KapaKTepUCTUKA
HALIMX TPAaHUTOU/IA HUje UCK/bYYEHO Jla Cé MOTY OT-
KPUTHU U €KOHOMCKU MHTE€PECAHTHA JIEKUILTA.

Anymunujym. Jlexxumra dokcnra Cpduje cy ckpo-
MHOT €KOHOMCKOT 3Ha4aja, TPeTeKHO Ma/INX Cy pas-
Mepa U HUCKOT KBa/lUTeTa.

Pecypcu reoxxba n dpeponerypa (Fe, Mn, Cr, Ni, Co,
Mo u W) cy reHepaHO IOCMaTpaHO, OTPAHNYCHOT
€KOHOMCKOT 3Hauaja; HeJJOBO/bHO Cy MCTpa’KeHM,
HeHOTHyHO TEXHOJIOIIKNM VICIIITAHU M HA OCHOBy oa-
HalllIbeT CTelleHa TI03HaBamba, He MOTY fla 3al0BO/be
noTpede nomahe Metanypruje y fyxeM Iepuoxy.

I8osche. TlocMaTpaHO ca €KOHOMCKOT CTaHOBHIITA,
y Cpduju cy HajsHadajumju cnegehn tumosu pyga
rBoxba: 1) 1akoTONMBe TMMOHNUTCKE PYJe U3 JIeXKI-
mra MajpaHIrek; 2) MaTHETUTCKe Pyfie U3: a) cKap-
HOBCKIX JIOKUINTA, §) MeTaMOP(OreHNX JTeXNUIITa
U 1) NOpOUPCKUX JIeXKMIITa daKpa; 3) KOMIUIEKce
OKCUJHO-KapOOHATHO-CM/IMKaTHEe PyHe U3 BYJIKa-
HOTEHO-CEeIUMEHTHUX JISKUIITA U 4) TaTepUTCKe U
nperanoxere narepurcke Fe-Ni-Cr pyme rsoxba.
Mako je mUX0B MUHEPA/THM OTEHIMjaJl PETATUBHO
3Ha4ajaH, TPEHYTHO HUCY of Beher mHTepeca ycien
HEI0OBOJ/bHO YTBpheHOr KBamuTeTa.

Manian. Hajsuavajanje pyse manrana Cpduje cy: 1)
OKCUJTHE U CUIMKOMAHIAHCKe Py/ie BYJIKaHOT€HO-Ce-
AMMEHTHOT THIIa KOje Cy HacTajie y Bes) ca fijadas-
-poxxnaukoMm samagte Cpduje 1, pebe, mopduput-po-
YKHAYKOM (OpMaIijoM CpelmbeTpujacke CTapoCTH, U
2) omronntcke Fe-Mn xapdonatne pygpe. IIpsu Tun
Py7Aia je y IpoIIocTy 8110 eKCIIoaTicaH JioK, JaHac,
MO3HATUX pe3epBu Hema. IloTeHIujamHe pymOHOCHE
CpefyHe 3a INPOHA/NA3aK HOBUX JIEKMINTA CUIMKO-
MaHTaHCKUX pyga cy 3oHa IIpudoj-TytuH u pejon
[Iymanuje ca pygama 4nje TEXHOJIOIIKA CBOjCTBA HICY
Y HOTITYHOCTH U3y4eHa; IPETIIOCTaB/ba Ce [ja CaipKu
u o 0,1 Mt Mn. [lepnHncame MUHepaIHOT IOTEHLIU-
jama Manrana CpOuje 3axTeBa CHCTEMATCKa IOJIOIIKA
UCTPa)KMBarba i TEXHONOIIKA U3ydaBamba. OMroHuT-
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er limited and do not meet the requirements of the
domestic metallurgy.

Iron. The economically most important iron ores
are: 1) the easy meltable limonitic ores from Ma-
jdanpek deposit; 2) the magnetite ores from: a)
skarn deposits, b) metamorphogenetic deposits
and c) magnetite in porphyry Cu deposits; 3) the
complex oxide-carbonate-silicate ores of the volca-
no-sedimentary type and 4) lateritic and redepos-
ited lateritic Fe-Ni-Cr ores. The mineral potential
of the redeposited Fe-Ni-Cr ores is great, but they
have not been sufficiently explored from the metal-
lurgical point of view.

Manganese. The most important manganese ores in
Serbia are: 1) the oxide and silico-manganese ores
from the volcanogenic-sedimentary deposits which
originated in association with ophiolitic melange
or, less frequently, porphyrite-chert formation of
Middle Triassic age, and 2) the Fe-Mn carbonate
ores. The first type was exploited in the past, but at
present there are no known reserves any more. The
potential environments for the discovery of new de-
posits of silica-manganese ores are the Priboj-Tutin
zone and the Rzav zone. Another area is Sumadija,
with ores whose technological characteristics have
not been fully explored yet, and which is supposed
to contain ~0.1 Mt Mn. The determination of the
mineral potential of manganese in Serbia requires
systematic geological explorations and technolog-
ical analyses.

The Fe-Mn carbonate ores of manganese in Serbia
originated in association with the sulphide Pb-Zn
deposits in the Kopaonik metallogenic zone: Stari
Trg deposits etc. They have not been much exploit-
ed in domestic metallurgy in the past, although they
contain iron in addition to carbonates.

Titanium. Primary titanium deposits of Serbia are
small and economically limited. In contrast, the me-
chanical sediment deposits have significant amount
of ilmenite, which under certain conditions may be
of economic importance. They are located in the riv-
er sediments of the Zukovacka reka near Knjazevac.

Chromium. Chromium is exploited in Serbia in
the period from 1945 to 1970. Miner’s production
is stimulated primarily from mining complexes in
DPakovica and Brezovice. Today, the production of
chromium due to exhaustion of known reserves and
limited perspectives for finding new resources.

Nickel and cobalt. The Ni-Co deposits of Serbia are
associated with the lateritic zones of serpentinites
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cke pygme MaHrana Cpduje cy HacTaje y Be3U ca CyJl-
¢uparM Pb-Zn nexunmruma Komaonmuke odmactu
(Crapu Tpr u fip.). Y IpoLiocTy HICY 3HaYajHUje KO-
puurheHe y IpHOj MeTaTyprisjit MaKo, IIOpef KapdoHa-
Ta, CajipyKe I JI0 leCeTaK MpolieHara rBoxkha.

Tuitian. Ilpumapre mojase TuTana y Cpduju cy Manmx
pasMepa 1 MajIor eKOHOMCKOT 3Hauaja. 3a pas/mKy of
BIX, Y TIOjeAMHUM JISKUIITUMA MEXaHUIKUX CefluMe-
HaTa Hajlase ce 3HaYajHMje Mace MIMEHNUTA Koje IIOf
oppehennM ycmoBuMa Mory SUTH M Of €KOHOMCKOT
3Havaja (HaHOC JKykoBauke pexe kop, KibaxkeBIia).

Xpom. Xpom je y Cpduji eKCIIoaTCaH y IepUOLy
on 1945-1970. ropuse, NMPBEHCTBEHO U3 PYAHUKA
y xommnekcuma haxosunie n Bpesosniie. [lanac je
IIPOM3BOJba XpOMa yCilell MCIPIUbeHOCTM IO3Ha-
THUX pe3epBM 00yCTaB/beHa a IIEePCIEKTUBE 3a IPO-
HaJla3aK HOBUX pe3epBI Cy MaJle.

Hukn u xodani. Jlexuiira HMKIA U KodanTa Cy
Ha nogpy4jy Cpduje BesaHa 3a Kope paclajiamba Ha
cepnenTrHUTIMA KocoBa, Bpmwauke bamwe u gpyrum
7oKa/uMTeTMa. IbuxoBa JeTa/bHAa HCTpPaKMBamba,
Ha>)kaJIOCT, HICY BpIIeHa a HeOIIXOHa Cy y a3y mpe
€BeHTYyaJ/IHe Bajopusanuje pyze.

Monudgen. Hajsehe mace momudpena y Cpduju ce Ha-
nase y nexxuiuTy Madkaruna. Y ucToj MeTanoreHeT-
ckoj 30uu (becna Kodwa) Hamasu ce u BuIme mojaBa
MornmdyieHa Koje HUCY Y TIOTIIYHOCTY TeO/IOIIKO-eKO-
HOMCKI oLierbeHe. CBe 0CTajIe IojaBe Cy caMo Mpen-
MIHAPHO UCTpaXMBaHe (KOHTaKTHe 30He I'PaHUTON-
na bopame 1 Kornaonnka, kao 1 Mo-MuHepanmsanmja
u3 nopdupckux Cu-mexumnrra y uctouroj Cpduju).

Bongpam. Pecypcu Bondpama cy Masi 1 yIIaBHOM
BEe3aHM 3a KBAPI[HO-IIENNTCKe XMIle Y 30HM braro-
jesor Kamena. Ilojpyyja Koja MOTEHIMja/IHO MOTY
dutn of 3Havaja cy: bmarojes Kamen, Tonmja n Ko-
maoHuK. Moryhe je na he HoBuM ncrpaxnBamuma y
HOMeHYTUM cpefiuHamMa duTu npoHabheHe HOBe 1O-
jaBe eMnTa y CKapHOBJMMA 4Mj/i €KOHOMCKM 3Hayaj
maHac Huje Moryhe mpegBumeTH.

Pecypcu nerupajyhux merama Cpduje cy orpanude-
HOT eKOHOMCKOT 3Hauaja. HajsHauajuuju Meby muma
CY pecypcu aHTMMOHa.

Anttiumon. be3 0031pa Ha YMIbEHNUIY fia CY Ha IIO-
Apydjy 3anmagHe Cpduje MHOTa paHje MO3HaTa pyAHa
T€/a aHTUMOHA JICIPIIVbEHA, OHO jOHI YBEK IIpencTa-
B/ba HAjUHTEPECAHTHUjM IPOCTOP 3a IPOHATAXKEbE
HOBUX pecypca Te MuHepanHe cupoBuHe. OCUM bUX,
Y MHOTVIM JIEKMIITMIMa aHTMMOHA Ca OBOI' IIOAPYY-
ja Hamase ce 3HaYajHM PECypCu Te CUPOBUHE, KOju

of Kosovo, within the Rudjinci-Veluce ore zone etc.
More thorough explorations are necessary, however,
for a valorization of the ore.

Molybdenum. The largest deposit of molybdenum in
Serbia is Mackatica. Several occurrences of molybde-
num have been found in the Besna Kobila metallo-
genic zone, but no full geological and economic esti-
mate of them has been made so far. Only preliminary
explorations have been made in the case of the other
occurrences (the contact zones of the granitoides
of the Podrinje ore district, Kopaonik metallogenic
zone, and the Mo-mineralization in the Majdanpek
porphyry copper deposit).

Tungsten. The resources of tungsten are small. It is
mainly concentrated in quartz veins (shellite). The
areas of potential interest for the prospecting of
tungsten are the zones of Blagojev Kamen, Golija
and Kopaonik. It is possible that future explorations
will lead to the discovery of the occurrences of sheel-
ties in scarns, the economic significance of which is
not possible to predict.

Resources of minor metals and related non-metals
are of limited economic importance is Serbia. The
most important of them are antimony deposits.

Antimony. Western part of Serbia, despite the pre-
vailing exhaustion of known ore bodies, is still the
most interesting area in terms of antimony miner-
alization. Mineral resources in a number of depos-
its are significant but marginal or non-economic.
Special interests has the complex Sb-Pb-Zn-As
Rujevac deposits. Its resources may be treated
only as a conditional-balanced until the issue is re-
solved technological process of preparing and ob-
taining commercial concentrate antimonite. The
future of mining production of antimony in Ser-
bia, especially in a period of 10-15 years, basically
depends on successful technological and econom-
ic solutions to obtain commercial concentrates of
antimony from Rujevac, as well as solutions that
would eventually allow the use of poor minerali-
zation Sb-Pb from Raji¢eva Gora. Potentiality yet
unidentified mineral resources of antimony jasep-
eroide type, especially in western Serbia, it is still
considered a significant but under-researched and
explored.

Fissionable metals. The most significant concen-
trations of uranium in the territory of Serbia are
associated with the granitoide complexes of Her-
cynian age (Mezdreja deposit), Tertiary age (Paun
Stena deposit), sedimentary series of Permian
age (Dojkinci deposit) and Neogene basins in the

17



Jenenxoeuh P, Pydapcku enacnuk 1-2 (CXI), 1-15 / Jelenkovic R., Bulletin of Mines 1-2 (CXI), 7-19

Cy yorIe CIIOKeHUX TeXHOJIOMIKMX KapaKTepUCTHKA
TPEHYTHO MapIVHAHOT €KOHOMCKOr MHTepeca. On
rocedHor 3Hayaja Meby wiMa je komiuiekcHO Sb-Pb-
-Zn-As nexute PyjeBal umju ce mo3HaTH pecypcu
YCTIell HepellleHNX TeXHOJIOIIKNUX TIpolieca fodujama
KOMepLVja/H/X KOHIIEHTpaTa AaHTMMOHUTA MOTY
cmatparyt ycaoBHO-OmwmaHcHnM. Otyma ce dymyha
IpON3BOAa aHTUMOHNTA y Cpdujn, mocedno y me-
prony of HapenHux 10-15 rogyHa, Hamasu y QyHK-
LjJ YCIIENIHOCTY Hajla)Kerha HOBMX TeXHOJIOIMIKUX
U eKOHOMCKI MCIUIATVBMX pellersa Ipepajie pyfie U
Todujara KOMepLVjaTHIX KOHLIEHTpaTa 13 JIeKUIITa
PyjeBa, kao u peema koja he omoryhuru npepany
cupomainte Sb-Pb munepamisanyje n3 nexxymrra Pa-
juhesa Iopa Ha Konaonuky. [ToTeHIMjaIHO 3HAYAjHY
CY 1 jOII yBeK HeIIOTIIYHO Ae(MHUCAHN U HeTOBO/BHO
MCTPaKeHU U MCIMTAHM Pecypcy aHTUMOHA Ijacrie-
POMIHOT THIIA ca Hofpydja 3anagHe Cpduje.

Hyxneapru munepannu pecypcu. HajsHadajamju MyuHe-
paJIHU pecypcu ypaHa Ha rtpoctopy Cpduje cy BesaHU
3a I'PaHUTOMIHE KOMIUIEKCe TepLUjapHe U XepLVH-
cke crapoctn (Llep, bykypa, Jawa u fip.), cenymenT-
He cepyje nepMoTpujacke crapoctu (JojkiHum), Kao
U 3a HeoreHe daceHe Y 0OOOHUM 30HAMa IPaHUTOUJA
(Bpamcku dacen, berranoauk, dacen VBepka, bape-
Ky daceH NUTH.). [eHepa/THO OCMATpaHo, IPUITALAjy
rpyIaMa IIPeTe>KHO HUCKO JIO CPefiibe TeMIIEPATyPHIX
XUPOTEPMA/IHMX JIOKUINTA ¥ KIacu MHQUITpanm-
OHO-CEIIMEHTHUX JIKMIITA. EKOHOMCKYM Haj3Havaj-
HMja JIOKUINTA ypaHa ce Halase y Kapnaro-bankanu-
muMa ucroune Cpduje (Jamwa) m CpIicKo-MaKeJOHCKe
MeTajioreHeTcKe IposuHuje (bykyma, Lep u ap.).
XugpoTepManHa JIeKUIITa Cy YIJIABHOM JKIYHOT U
IITOKBEPKHOT THUIIA, JIOKA/JIM30BaHA y 30HAMa pasja-
Mamba, JJOK JIOKMINTA ypaHa y CeAMMEHTHVIM cepujaMa
npuapajy roll front tuy Munepamsanyje. Jama vic-
TpaKyBamba HyK/IeapHUX pecypca Cpduje ce Hamase y
(YHKLHjU CTPATELIKOT OIIpefie/berba fP>KaBe Ka HhIX0-
BOM Kopuiihermy Kao eHepreTCKIX CUPOBIHA.

3ak/pyvaK

ITocnemmwe ropmue XX u nmoyetak XXI Beka o3Haya-
Bajy IIEPMOJ], 3HAYAjHOT ITaJja PyIHNYKE IIPOU3BOJIbE ¥
MHOTVM JIEKUIITYMA METaJINIHUX MUHEPATHUX CH-
posuHa Cpduje. TakBo cTame IpefcTaB/ba MOCTeNN-
11y Buiite (paKTOpa IIPY 4eMy Ce OCHOBHMM CMATPajy:
1) MHTeH3MBHA eKCIUIoaTallija pyAa BUIIET KBajITe-
Ta; 2) 3HAYajHO CMamberbe 00MMa TeOJIOLIKIX UCTpa-
XKUBamba ¥ 3) HeNOBO/bHA MaTepMjajlHA ylarama y
PasBoj HOBMX T€XHOJIOTMja IPUIIPEME U TIPepajie M-
Hepa/IHVX CPOBIHA Ha OCHOBI KOjVIX OM MOIJIe KOM-
IJIEKCHO Ja Oy[y BaJIOpM30BaHe U CUPOBMHE HIDKET
KBasuTeTa. [la/by pasBoj METaJMYHMX MUHEPATHUX
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fringe zones of granitoides. Uranium deposits as-
sociated with the granitoide complexes belongs
to the group of hydrothermal vein and stockwork
deposits located in the fault zones, while uranium
deposit related to sedimentary series belongs to
the group of ore of roll-front type of mineraliza-
tion. The further exploration of the uranium re-
sources will depend on the strategic decision of
the state to use them as the raw material for the
production of energy.

Conclusion

At the end of the twentieth century and the begin-
ning of the twenty-first century marked a period
of substantial decline of the mining production
in many deposits of metallic mineral resources of
Serbia. This is a consequence of several factors,
the most important being: 1) intense exploitation
of higher-quality ores; 2) substantial reduction of
the basic and applied geological exploration and 3)
inadequate investments in the development of new
technologies of the preparation and processing of
mineral resources which would enable the valoriza-
tion of lower quality ores as well. The further devel-
opment of the metallic mineral resources of Serbia
depends on the mineral policy of the country, new
mining law, the strategic decisions concerning fu-
ture investment of domestic and foreign capital into
systematic geological exploration of deposits and
prospective terrains, the development and intro-
duction of new technological methods of ore pro-
cessing, the adaptation of the existing procedures
of ore processing to the newly discovered deposits
of mineral resources and the increased profitability
of exploitation.
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VYBop,

3eM/be ca Pa3BMjeHOM PYAAPCKOM MHAYCTPUjOM pajie
Ha pa3Bojy U yBoDery y IpUMeHy HallpeHUjUX CUCTe-
Ma 32 IIpMKa3/Balbe KBAaHTUTATYBHOT U KBAIMTaTUB-
HOT CTama CBOjUX MUHepanHux pecypca. To je yTuia-
710 Ha noBehare Opoja U PasIMINTOCT HALMOHATHUX
cucTeMa I TI0jadaso mpodieM KOMIIATadMIHOCTH. Yo-
YeHO je fia ce dpojHe HAlMOHAIHE KIacUKALje M-
HepPaIHNX CHPOBJHA MOIY XapMOHM30BarTy y3 momoh
jemHCTBeHOT MebhyHapogHOr OKBMpPHOr cucTeMa. Y
TOoM cMucITy EKOHOMCKa KoMucHja YjenumbeHuX Halyja
3a Esponry (YH/ELIE) ypanuna je "YH oxBupny Meby-
HapofHy KIacuuKalmjy pesepBu/pecypca 4BPCTHX
ropuBa 1 MuHepaaHux cuposuHa' (ckpaheno: YH
okBypHa Kracudukanuja — YHOII) [1], koja mpencra-
B/ba OCHOBY 3a Pa3BoOj IIPUMEH/BUBOT MehyHapomHor
IIOCTYTIKa TEXHO-€KOHOMCKE ITPOLieHe MMHEPATHUX
CHPOBMHA 3a YC/IOBE TPXKMIITHE €KOHOMIjE 1 Y3 yBayKa-
Bambe KpUTEpPMjyMa HallMOHa/IHe eKoHoMuje. Ipucrymn
je 3aCHOBaH Ha IIPUOIVDKHOM yjeTHa4aBamy KpUTEpU-
jyma mpukasa 1 Kmacudukyje MUHepanHe CHpOBUHE,
Ha N0dO/blIalby KOMYHMKalMje Ha HAIVIOHaTHOM U
mebhynapogaoMm HuBOY, 0de3debhemy domer mehycod-
HOT' pasyMeBama ) IIOTIYHOM IIO3HaBamby PacIoJo-
JKUBIUX pe3epBu 1 pecypca. Lwb je ma ce pematuBHO
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Introduction

Countries with a developed mining industry are
working on development in introduction in applica-
tion of advanced systems for displaying the quantita-
tive and qualitative states of their mineral resources.
This has influenced the increase in the number and
diversity of national systems and has increased the
problem of compatibility. It was determined that nu-
merous national classifications of mineral ores can be
harmonized with help of a unified international clas-
sification system. In this sense the Economic com-
mittee of the United nations for Europe (UN/ECE)
has created the “UN framework for the international
classification of reserves/resources of solid fuels and
mineral ores” (in short: UN framework classification
- UNFC) [1], which represents the basis for devel-
opment of the applicable international procedure of
techno-economical evaluation of mineral ores for
the conditions of the market economy all the while
respecting the criteria of a national economy. The ap-
proach is based on a proximate criteria equalization
of displays and classification of mineral ores, and for
improvement of communication on a national and
international level, securing a better international
understanding and a complete overview of available
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jemHocTaBHOM 1 pasympusoM YH®II npouenypom
UHBECTHPambe Y MUHEPATHO-CUPOBMHCKI KOMIIJIEKC
YYMHU CUTYPHUjUM U ITPUB/IAYHVj VM.

Y papy cy odjaurmenn ocHOBHM npuHuymm YH
OKBUpHe Kracudukanuje, u [aTo je Halle Buberme
pelerma HaIlMOHATHOT CUCTeMa Knacudukanuje 3a-
cHoBaHor Ha Y HOII-y.

OcuoBuu npuaminyu YH®II-a

[Tonmasehu of caBpeMeHOTr IOIIefa Ha MUHEPATHE
CHPOBUHE Ka0 TP>KUIIHO-€KOHOMCKY KaTeropujy,
Mambe Kao Harypanny, Y HOI] npegsuba ga ce y Mo-
meny Knacugukanuje MUHepaTHIX CUPOBIHA MHTe-
rpumry: reonomka (I'), Texauako-rexxnonomka (P) u
exoHoMcKa oweHa (E). Y moperny ce ycrocTasba Besa
usMeby crenena reomomke ncrpaxenoct (I'), HuBoa
odpajie TeXHNYKO-TEXHOIOLIKe oKyMeHTanuje (D)
u cTeneHa ekoHOMUIHOCTH (E).

IIpema cTeneHy reoyomke MCTPaXKeHOCTH (HeTa/bHa
UCTPa>KMBamba, OCHOBHA UCTPAXIBaKha, IIPOCIIEKIIN-
ja, peKOrHOCIMparbe) pajy ce FeoJIoNIKa CTyAuja Kao
nogora 3a yrephuBame n kracuduxamujy pecypca
U 32 TEXHUYKO-TeXHONOUIKY (D) oLleHy oIrpaBiaHOCT
eKCIUIoaTalyje, AepuHICaHy MPETXOTHOM CTYANjOM
UCIUTATMBOCTY, CTYAWjOM MCIUIATMBOCTY Y PyHap-
cknM 1pojekToM. OBako QopMUpaHa TEXHUYKO-
-TeXHOJIOIIKA JIOKyMEHTalllja IpeNCTaB/ba OCHOBY
3a eKOHOMCKO BpenHoBamwe (E) nexuira mmm pena
JIKUIITA, KOje MOXe QUTI: eKOHOMIYHO, IIOTeHIIN-
jaJIHO eKOHOMMYHO VI HeeKOHOMUYHO (MOXKe VIMa U
CBOjCTBa €KOHOMUYHO IV YCIIOBHO €KOHOMIYHO).
Jaxse, 4eTHpy CTelleHa TeOJIOLIKe MCTPAKEHOCTH
(I' =1 mo 4), Tpn cTereHa odpaje TEXHUYKO-TEXHO-
nomike fokymeHTanyje (P = 1 o 3) u Tpu cTereHa
exonommyHocTH (E = 1 o 3) onpenersyjy KO (EDT)
KOHKPETHOT JIKUIITA WIN Jea IeKuTa. CariacHo
nsnokeHoM YH®IL] mparMaTMyHO M paLMOHAIHO
pajM jefHOCTaBHMjET ITOCTYIKA IpefIaXke MaTpu-
ny xracuduxanuje pesepBu 1 pecypca, tadema 1.
OcHOBHe KapaKTepICTUKe OBe KIacudukanyje cy:

a) HanuoHanHy crcTeMy y IpMHLMIY IpUXBaTa
YHO®II uctpaxuBama I OIeHe;

0) BpenmHoBame u Kracudmkaumja Mory OUTH u3-
BEJICHM TI0 KOMEPLMjaTHUM WM HalMOHATHUM
KPUTEPUjYMMMA, ¥ TO:

o  KomepuumjanHo BpenHOBame, M3BOAM Ce Ha
HOPVHIUIVMA TPXKUIIHUX HOPMU, MepEHO
KOMepIIja/THiM CTONIaMa eKOHOMUYHOCTH.

o  Haumonanuo BpennoBame (H), yrBpbyje ce
IIpeMa YC/I0B/IMa HAllMOHATHIX €KOHOMCKIX
KpUTepIjyMa, 3a JISKMIITA Pa3BPCTaHa y [iBe

resources and reserves. The goal is to make invest-
ments in mineral ore complexes safer and more
appealing through a simple and understandable
UNEC procedure.

This paper explains the basic principles of the UN
framework classification, and presents our view of
the solution for the national classification system
based on the UNFC.

Basic principles of UNFC

Starting off from the modern viewpoint on the min-
eral ores as a market category, less as natural, UNFC
foresees that in the model of mineral ores classifi-
cation the following be integrated: geological (G),
technical-technological (F) and economical eval-
uation (E). This model establishes a link between
the degree of geological exploration (G), the level at
which the technical-technological documentation
is processed (F) and the economical degree (E).

According to the degree of the geological exploration
(detailed research, basic research, prospection, recon-
naissance), a geological study is done as a basis for the
determination and classification of resources and for
the technical-technological (F) evaluation for the jus-
tification of exploitation, defined by a previous study
of profitability and a mining project. Thusly formed
technical-technological documentation represents the
basis for the economical evaluation (E) of the deposit
or part of a deposit, which can be: economical, poten-
tially economical and non-economical (it can also have
the properties of economical or conditionally econom-
ical). Therefore there are four degrees of exploration
(G=1 to 4), three degrees of processing of the techni-
cal-technological documentation (F=1 to 3) and three
degrees of economics (E=1 to 3) determine CODE
(EFG) of a particular deposit or part of the deposit. In
accordance with the presented UNFC pragmatically
and rationally and in order to simplify the procedure
a matrix of reserve and resource classifications, table 1.
Basic characteristics of this classification are:

a) National systems accept in general accepts
UNEFC research and assessments;

b) Evaluation and classification can be conducted
according to commercial or national criteria
and are:

o  Commercial evaluation, conducted on the
principles of market norms, measured in
commercial degrees of profitability.

e  National evaluation (N), is determined ac-
cording to the conditions of national eco-
nomic criteria, for deposits separated in
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Tadena 1. YH xnacugukayuja pe3epéu u MUHepaIHux pecypca, KOMePpUUjanto u HauUuoHAaIHo 6pegHosarve.

OxBupHa Knacuduxanmja Vcrpaxnpame
HeramHo reon. | OCHOBHO reon. .
ITpocneknuja Pexornociypame
YH Hanmonanno UCTPAXKMBAIbE | MICTPAKUBaHe
) @) (3) (4)
. . (1) curypne
Crypuja Crynmja peaepse
MCTUIATUBOCTI VCITATUBOCTY (111)
v/vnm 1 | Pymapcku npojexat Huje 6urnO
(2) curyphuu
pyRapcku Jlyropo4nu mporpam
Tpojexar €eKCIIIoaTaluje % 3 pe(;}lql);u
Bl
- % § (1) moryhe pesepse
eTXOJHa . =
ETYI[]/I;I 5 | Tperxonua crymuja % é (121) (122)
UCIUIATMBOCTH VCIUIATHEOCTH = o20) (2) moryhn pecypcu o
1
Leonomxa 2= | 12=0 (1-2)=0) ®
crvmia 3 | Teonomka cTyguja IIpopauynatn | Vinguxarusum | IlpetnocraBbenn | Pexkornucuympann
YA pecypcn (331) | pecypenm (332) | pecypen (333) pecypcu (334)
. . (1) Curypue
Crynuja Crypuja pesepse
VICTUIATUBOCTI VICIITTATUBOCTI (H-111)
/v 1 | Pymapcku mpojexar 5 Huje 6urno
pyRapcku Jlyropo4Hu mporpam 55 (2) Curyprn
npojexar eKcIuIoaTanyje =] ey
=
S g (H-211)
=
% § (1) Moryhe pesepse
IIperxonna . . 2 2 Y| (H-121) (H-122)
crymja ) peTXoHa CTyAuja S| )
=
UCIUIATUBOCTI MCIIATHBOCTH § 2 % " 221()2) Moryhn PecYPcE/IH )
° | = 3 - -
Z | 2K
(=9
g1 57 12=0) 1-2)=(3) 1-2)=(3) @
. g ITpopauynaru | Vupukarusuu | IIpernocraBbeHn )
Teomnomka cTynuja z ecvbo PO ecvpon Pexornucumpann
: P()H—};gl) I()H—};I;Z) I()H—};l;ﬁ) pecypan (H-334)
g
E 3 (1) HKJI - (1) HKJI - (1) HKJI -
S pesepse pesepse pesepse
Teonomxa S8 HKL3) | (HKI132) (HKJI-133)
cryamnja = HeK}IaCI/ICbI/IKOBaHO
Teonomka E g (2) HKJI - (2) HKJI - (2) HKJI -
crymmja (HKJT) € E pecypcu pecypcn pecypcu
E 2 (HKJI-231) (HKJI-232) (HKJI-233)
Y Y
S «© —
E ® ITpaKkTHYHO ce He I10jaBIbyje (Z)eg};]c]m (?) HKIJI - pecypcu
| (HKJI-331) (HKJI-332) (HKJ1333) (HKJI-334)

Tymau: Citieiter exoHomuunocitiu: (1) Exonomuuno, (2) Ioitienyujanto ekonomuuro, (3) o tioitienyujanto
exoHomMUH1HO, (4) IIpucyiine unguyuje exonomuurocitiu, H - Hayuonanto epegosarve, HKJI - Huckokauuimania
TeHUWTIA (HUCKOKATUTHATHO ynaiaree Y eKCAnoatmiauusy).
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rpymne: (1) JIexxuira cpefmsux 1 BUCOKUX Ka-
NMTATHNX yIarama 1 (2) JTeKUITa HICKUX
KaIUTATHNX Y/Iarama, TO Cy JIeXNIIITa Koja
Ce KOPNCTe 3a Makbe JIOKalHe ToTpede mim
JIOKAJTHY MHEYCTPUjCKY HOTPOLIKY (IIMHA,
Iecax, IIUbYHAK, KpeUrbaK U Jip.) LITO ce 0dy-
XBara TEPMIHOM "MajIo PyHapCcTBO".

Ha ocHOBy usBpIIeHOr BpefHOBamba, Klace pe-
3epBU U pecypca odenexxaBajy ce ofrosapajyhyum
KOI-om (E®T) m mnpeduxcoM HaIMOHATHOT
BpenHoBamwa (H) mmm (HKJI). Ha npumep: KOJJ
(122) 3naum pa cy To Moryhe pesepse, 3a Koje je

9)

two groups: (1) Deposits of medium and
high capital investments and (2) Deposits
of low capital investments, these are depos-
its which are used for smaller or local needs
or local industrial consumption (clay, sand,
gravel, limestone etc.) for which the term
“small mining” is used.

Based on the completed evaluation, reserve
and resource classes are marked with a proper
CODE (EFG) and a prefix of national evalua-
tion (N) or (LCD). For example: CODE (122)
means that these are possible reserves, for which
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Table 1. UN classification of reserves and mineral ores, commercial and national evaluation.

Framework Classification Exploration
Detailed General . .
. . . Prospecting Reconnaissance
UN National exploration exploration
3) 4)
(1) (2)
- . (1) Safe reserves
Feasibility Lzl sy (111)
study and/or 1 mining project Unimportant
Y long-term mining (2) Safe
mining report program resources
= (211)
-
5 »% (1) Possible reserves
. g2 |2 (122)
Prefetas:lblllty 2 | Prefeasibility study 8 %
study © (2) Possible resources
(221) (222)
. (1-2)=(3) (1-2)=(3) (1-2)=(3) ®
1 1
Ge;)t:fca 3 | Geological study Calculated Indicative Assumed Reconnaissed
4 resources (331) | resources (332) | resources (333) resources (334)
- 2 | (1) Safe reserves
Feasibility Fee}s1jb ility st.udy £ (N-111)
study and/or 1 mining project g Unimportant
ey long-term mining = (2) Safe
mining report program - resources
g (N-211)
E (1) Possible reserves
<
ibili £ | (N-121) (N-122)
Prefeasibility 2 | Prefeasibility study i
study . = (2) Possible resources
& B (N-221) (N-222)
=
S )
= g (1-2)=(3) (1-2)=(3) (1-2)=(3) @
X 'T:é g Calculated Indicative Assumed o
Teonomika cryamja g i Reconnaissed
5 g resources resources resources resources (N-334)
S| < (N-331) (N-332) (N-333)
&
S | E (1) LCD - (1) LCD - (1) LCD -
. g reserves reserves reserves
Geological $ | (HKI-131) (HKJI-132) (LCD-133)
study Eo Unclassified
Geological study & (2) LCD - (2) LCD - (2) LCD -
= resources resources resources
(LCD) =
= (LCD-231) (LCD-232) (LCD-233)
= LCD -
g Practically does not appear (rae)sofrces (?) LCD - resources
kE (LCD-331) (LCD-332) (LCD-333) (LCD-334)

Legend: Profitability degree: (1) profitable, (2) potentially profitable, (3) potentially profitable, (4) present indications

of profitability. N - National evaluation, LCD - Low capital deposits (low capital exploitation investments)

r)

IOKa3aHa KoMepIiyjaHa eKOHOMITYHOCT eKCIIO-
arauyje (E = 1), xoja je yrBphena y IIperxonHoj
cryauju ucwiatusoctu (P = 2), mocre n3Bplire-
HIIX OCHOBHJIX IeO/IOLIKNUX McTpaxkuBama (I = 2).

Knacudunxanuja gomymra komOuHalujy pesep-
BM ¥ pecypca BPEJHOBAaHUX IO PasIUMYUTUM
KPUTEPUjyMIUMA.

Marpuia xracuukaiyje pesepsu u pecypca, Tade-
na 1, uMa 10 Kmaca Koj, KOMEpLMjaTHOT ¥ HaIlMOHA/I-

HOT' BPEIHOBaba, 4 KOJ HUCKOKAINMTATHYX JIeKUIITA
(HKJI) ocraspera MoryhHOCT hopMuparsa Tpu Kirace
HKJI-pesepsu u net xmaca HKJI-pecypca. 3a passp-

d)

a commercial exploitation profitability has been
proved (E=1), which was determined in a pre-
vious profitability study (F=2), after conducted
basic geological research (G=2).

The classification allows for the combination of
reserves and resources evaluated through differ-
ent criteria.

The classification matrix of reserves and resources,
table 1, has 10 classes for commercial and national
evaluation, and for low capital deposits (LCD), the
possibility of formation of three classes of LCD re-
serves and five classes of LCD resources exists. In or-
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Tadena 2. Kpuitiepujymu knacuduxayuje (iipegnoi)
Table 2. Criteria and classifications (proposition).

EKOHOMCKO BpeHOBame
Cremen Ioysxanoct Profitability evaluation
PesepBe n TreoJIOIIKe BOKyMeHTaIje Komepuujanno Hammonanuo
pecypcu KO[ VCTPaKEHOCTV | ¥ TPOLIKOBA Commercial National
Reserves and CODE Degree. of Documentatl.on K = xomepuujanno UPP | K = nayuonanno UPP/
resource geological and expendi- / komepuujanto JIC nayuoranto JIC
exploration | turereliability | g _ o mmercial IRR/ | K =national IRR/
commercial DS national DS
CurypHe pesepse 111 1 > 90% > 1,00
Safe reserves 211 1 > 75% >0,70
Moryhe pesepse 121 1 >75% > 0,80
Possible reserves 122 2 > 75% > 0,80
Moryhu pecypcu 221 1 >75% > 0,60
Possible resources 222 2 > 75% > 0,60
erypHe pesepse | N-111 1 > 90% > 1,00
Safe reserves
CI/{prHM pecypcu | N-211 1 S 75% > 0,70
Safe resources
Moryhe pesepse N-121 1 > 75% > 0,80
Possible reserves N-122 2 > 75% > 0,80
Moryhu pecypen N-221 1 > 75% > 0,60
Possible resources N-222 2 > 75% > 0,60
HKJI-131
LCD-131 ! E
HKJI-pesepse HKJI-132 ) E
LCD-reserves LCD-132
HKJI-133
LCD-133 3 E
HKJI-231
LCD-231 ! PE
HKJI-232
LCD-232 2 PE
HKJI-pecypcn HKJI-233 3 PE
LCD-resources LCD-233
HKJI-333 3 HE
LCD-333 UP
HKJI-334 4 HE
LCD-334 UP

Tymau: E-exonomuuno, I1E-itoitienyujanto exonomuuro, HE-Heli03HATIA eKOHOMUYHOCT.
Legend: E-economical, PE-potentially profitable, UP- Unknown profitability.

CTaBambe 10 KIacama, OfHOCHO feduHucame mpuia- der to classify them i.e. define the attributing CODE

majyher KOJI-a mpenopy4yjy ce cnenehm kprrepujymn: the following criteria are recommended:

1. CrerneH reonmolke NCTPAXKEHOCTI. 1. Degree of geological exploration

2. Tloyspanoct (HMBO Odpaje) TEXHWYIKO-TEXHO- 2. Reliability (processing level) of the techni-
JIOLIIKe I eKOHOMCKe JOKYMeHTalllje 3a IIaHMU- cal-technological and economic documentation

paHy eKcIIoaTanu;jy.

for the planned exploitation.

3. EKOHOMMYHOCT eKCIUIoaTaljuje MCKa3aHa Koe- 3. Profitability of the exploitation displayed
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¢unmjentom exonomuuHoctn (K), xoju mMoxe
nmati: (1) xoMepuujanHo BpepHoBame (Kk),
Kao OffHOC yTBpheHe MHTepHe cToIe peHTaduI-
HocTyt (VIPP) u KoMepliujanHe JMCKOHTHE CTO-
ne (JC). (2) Haunonanuo BpenHoBame (Kh),
Kao OZHOC yTBpheHe HalMOHATHE MHTEPHE CTO-
e peHTadMTHOCTY ¥ HAIVIOHATHE AMCKOHTHE
CTOIIe 32 [0jeiMHe IPUBPeIHe IPaHe.

IIpenor xputepujyma mnpukasas je y tademu 2, ca
HaIlOMEHOM Jja 0 BpefHOCTUMa KoedpunyjenTa Kk u
Ku tpeda noctuhu ommrry crpyuny carmacHoct. bes
KOPEKTHO JileTePMUHICAHUX KpUTepMjyMa IIpoljeHa
U KIacuduKanmja pesepBr 1 pecypca 1o 0BOj Me-
Toptonoryju rydu cmmcao. IlpumMep npumpeme noga-
TakKa II0 KJacaMa 3a moTpede IpolieHe 1 Knacudu-
Kalllje pe3epBI U pecypca IpuKasaH je y Tadenn 3,
Y KOjy Cé yHOCe CBU Pe/IeBaHTHU MOflalli U3 CTyfiuje
VM IIPOjeKTa

Tabena 3. IIpumep fiogaitiaxa 3a jegry knacy pesepéu / pecypca.

through the profitability coeflicient (C), which
can have: (1) commercial value (Cv), as a re-
lation of the determined profitability degree
(IRR) and a commercial discount rate (DR). or
(2) National value (Cn) as a ratio of the deter-
mined national internal profitability rate and
the national discount rate for certain branches
of industry.

The proposal of the criteria is displayed in table 2,
with a remark that about the values Kk and Kn a gen-
eral expert consensus is yet to be reached. Without
correctly determined criteria of evaluations the re-
serve and resource classification in accordance with
this methodology loses its meaning. An example of
perparation of data by classes for the needs of assess-
ment and classification of reserves and resources is
presented in table 3, containing all the relevant data
from the case study or the Project.

Table 3. An example of data for a single class of reserves / resources.

CremneH MCTPAKEHOCTH JerabHo
Exploration level Detailed
Crynuja ucrutatuBoctu / Pynapcku npojekat (F = 1) Curypse pesepse (111)
Feasibility study / Mining Project (F = 1) Safe reserves (111)
KomroneHnTe y MUHEpaIHOj MacH M M M M
Mineral mass components 1 2 3 Tt
Munepanna maca ,,in situ®
Weight of the minerals "in situ", t
Cajprkaj KOMIIOHEHTH ,,in Situ‘
Contents of components "in situ", % or g
Maca KOMIIOHEHTH ,,in situ®
= Components weight "in situ", t
ﬁi s Hckopumiheme pyu OTKONaBamby
2= Mining recovery, %
s
R Ocupomarniemne IpH OTKONIABAbY
'E E Quality deterioration in mining, %
&
5 = Maca poBHE HCKOTMHE
2 g Weight of run-or-mine ore, t
o . .
% 2 Cayiprxaj KOMIOHEHTH Y POBHO] MCKOITHHU
X © Contents of components in run-of-mine ore, %
H Maca KOMITOHEHTH y POBHOj HCKOIIMHU
Weight of components in run-of-mine ore, t
Hckopumheme y npunpeMyn MUHEPAITHIX CHPOBHHA
Mineral processing recovery, %
Hckopumrheme y MeTaypIikoM Iporecy
Metalurgical process recovery, %
Mace KOpHCHUX KOMIIIIOHEHTH 32 TPXKHILTE
Valuable components weights for the market, t
3ak/pyyak Conclusion

Y papy je cakeTo NMPMHLMIIMjETHO IPMKa3aHa Kia-
cudmKanyja pesepBu 1 MIHEPaIHUX pecypca IpemMa

This paper concisely and in principle displays the re-
serve and mineral resource classification according
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MeToponoruju Yjepumwenux Hanuja, koja Munepanne
CHPOBMHE HE TPETMpPa CaMO KPO3 HaTypaaHy BpeEN-
HOCT Beh ¥ Kao TP)KMITHO-eKOHOMCKY KaTeropujy.
HeormxozHo je fa ce y Hallloj HOPMAaTUMBHO] U 3aKOH-
CKOj perynatusy ca npareluM ymyrcTBuMa ocaspe-
MeHN KmacuduKanyje pesepsy MITHEpaTHNUX pecypca
ysaxasajyhu YH®II npucryn. Ha Taj Haunu nmoctur-
HyTa KOMIIaTadMIHOCT ca MehyHapomHMM KOHBeH-
IjaMa U CTaHAgapAuMma, oMoryhmma du moyspanuje
BPENHOBabe MIHEPATHO-CUPOBUHCKIX MOTEHIIMjajIa
" KBaJTUTETHU]y TPAaHCMIUCH)y MHOpMaIyja, ITo je
OJl KJbY4HOT 3Hayaja 3a y/larama ¥ pasBoj py/lapcTBa,
32 HALMOHAJIHA CTPATEIlKa OIpeNe/berba Y MUHEpa-
HOj eKOHOMMj! 1 HAPOYNUTO y yCIIOCTaB/batby edyKa-
CHIX HaJ30PHO-YIIPAB/bauyKIX MeXaHM3aMa.
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to the UN methodology, which does not treat ores
only through their natural value but market-eco-
nomical value as well. It is necessary that in our
normative legislative regulations with the following
guidelines, the classification of reserves of mineral
resources modernize in accordance with the UNFC
approach. Thusly achieved compatibility with inter-
national conventions and standards, would enable
a more reliable evaluation of mineral-ore poten-
tials and a higher quality information transmission,
which is of key importance for investments and min-
ing development, for national strategic predilections
in ore economy and especially in establishment of
efficient supervisory-management mechanisms.
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Casnceiiax: Mehycekiiopcku Mogencku Upuciiiyil ipeqgciiiasnajy 3Ha4ajan UHO8AUUOHY UCKOPAK Y CUCTHEMCKUM HAYKaMa,
anu jout ysex Hem 3Hauajuujy ipumeny y pygapciiey Cpduje. Yeammene tiokyuiaje uununa je ipyiia aymopa okyibeHa oko
apod. gp J. Ileitipuha, a y Hosuje speme usgecHu iomayu cy Hatipasmwenu Ha Kailiegpu 3a tpumeny pauyHapa u cUciiieMcKo
urervepcitieo Pygapcxo-ieonowxom daxynitieitiy y Beoipagy iiog pyxosogcitieom iipod. gp C. Byjuha, ige je ypahena u tipéa
gokinopcka gucepiiayuja Ha osy itiemy kog Hac. Ha iipumepy IT1]] TE-KO Kocitionay, y pagy je iokazan mehycexiziopcku mo-
gen 3a ogpuiKy Unanuparey u UpoussogHo-ioci08Hy aHANU3Y C/I0HEHOT PYGapcKo-eHepiedlickol cuciiema.

Kwyune peuu: Enexinpotpuspega Cpduje, Kocitionau, mehycekimiopcku moges, apoussogra yina u enexiipo eHepiuje.

Abstract: Inter sector approach model represents a significant innovative step forward in system sciences, however it is still
not widely applied in mining operations of Serbia. Some attempts were made by a group of authors gathered around prof. dr
J. Petri¢, and lately certain progress was made at the department for applied computers and systems engineering at the Min-
ing-geological faculty in Belgrade under management of prof. dr S. Vuji¢, where the first doctoral dissertation in our country was
written on this subject. In the example of Business association Thermal power plant - Open pit mines (BA TPP-OPM) Kostolac,
the inter sector model for support in planning and production-business analysis of a complex mining-energy system is displayed.

Key words: Electric power industry of Serbia, Kostolac, intersector model, production of coal and power.

VBop,

Enextponpuspena Cpduje je y mpouecy pecTpyKTy-
pupama 1 TO y BPJIO CIIOKEHMM YCTIOBMMa KOji HaMe-
hy nmorpedy nprumene caBpeMeHNX eKOHOMETPUjCKUX
" MAaTEMATNYKNX MOJEIN KO IPUIIPEME 11 TOHOIIEHA
IaJIeKOCeXHNX ITOCTIOBHUX OfyKa. IIpuMena Moperna
MmebycexTopcke anamse y EIIC-y n mweroBum mpu-
BpeIHNUM [pylITBMMa uMa Behy 3Hadaj 1mocie OHO-
mema ofpeheHNX CHUCTeMCKMX 3aKOHA ¥ OLITPUjUX
3axTeBa 3a ModosbIIame GMHAHCUjCKUX U TEXHO-EKO-
HOMCKUX ITeppOpMaHCU IPOU3BO/IbE U IOC/IOBAIbA.

Y HaMepu fia ce umraonyma IpudmMLKM Mebycek-
TOPCKYM MOJEJICKM NPUCTYI Kao epuKacaH Marema-
TUYIKO-MOZIE/ICKM Q/IaT 32 YIIPaB/babe CI0KEHUM
HpOI/I3BOJIHI/IM " IIOCJIOBHUMM CUCTEMIMa, y HpBOM
Tey pafia usjnoxeHe ¢y ocodeHocTn Mehycekropcke
aHa/mM3e, a Y HACTABKy Cy IIPUKAa3aHU HeKu Off ede-
Kara Koju 811 ce MoCTUIIN IpuMeHOM Mehycekropcke
aamse y IIJI TE-KO Kocronan. Hamepa je, ma ce

Introduction

The Electric industry of Serbia is in the process of
restructuring under very complex conditions which
require the application of modern econometric and
mathematical models for the preparation and making
of long term business decisions. The application of the
inter sector analysis model within EIS and its subsid-
iaries has a greater significance after certain systemic
laws and stricter requirements were made for the im-
provement of financial and technoligical-economical
performance of production and enterprising.

With the purpose of making the readers acquainted
with the inter sector model approach as an efficient
mathematical-model tool in management of com-
plex production and business systems, the first part of
the paper presents the characteristics of inter sector
analysis, and in the second some of the effects which
would be achieved through application of inter sector
analysis in BA TPP-OPM Kostolac. The purpose of
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yKa)Ke Ha MPaKTUYHM 3HA4aj pUMeHe MOofena KOf
OpraHNM30Bama, YCIOCTaB/baba U PasBoja CUCTeMa
3a MOAPUIKY OAIY4MBaIY, OJHOCHO KOJ ITAHMpA-
Ba, npahema U yIpaB/bamba CJIOKEHUM IIPOU3BOJ-
HO-TIOC/IOBHUM CUCTEMMMA.

Metoponoike ocHoBe Mel)ycekTopcke aHammse

Mopemn MebycekTopcke aHami3e IIPOU3BOLHO-IIO-
CJIOBHUX CUCTeMa CIMYHU Cy MopernMa MebycexTop-
CKe aHa/M3e MaKPOEKOHOMCKMX CHCTeMa. YCIIOCTa-
B/batbe CKIAJHNUX OfHOCA M3Mely opraHmsanyoHmx
jemMHMIA YHYTap KOMIUIEKCHUX IPUBPETHUX OPYy-
IITaBa, OpraHM3aIyja y CBOjCTBY CHadeBaya penpo-
MaTepujaliuMa, €HePreHTIMA, Pe3EPBHUM JIETIOBMMA,
€KCIUIO3MBMMA ¥ JIp., ¥ KOPMCHMKA IIPOM3BOLA U
yCiyra, y IPUHIUILY j€ 3aXTEBHO I C/IOXKEHO.

ITohumo op mpeTHoCcTaBKe [ja IPUBPETHO APYIITBO
(IT11) umHM n ocHOBHMX papnux jemuuuna (P]) x,
Xppeer X, 1A je cBaka PJ saokpy>keHa IIpOM3BOJHO-
-TeXHOJIONIKA LieJIMHA ca JeMHUCAHOM HPOU3BOJ-
BOM M TpollemeM ofipeheHMX MaTepujalHUX pe-
Cypca JIMHeapHO 3aBUCHO Off 08VMa IIPOM3BOAIbE.
Mebycekropcky Tadeny, Tadena 1, unne Tpu Tade-
JIapHa CerMeHTa ca efleMeHTMMa (I0KasaTebuMa)
BPEIHOCHOT TUIA. Y IPBOM CerMeHTy (8) omucaHa je
CTPYKTypa perpoayKunoHe noTpoiumme usmehy PJ:

i=1

Hpyru cerMeHT (B) IpuKasyje CTPYKTypy eKCTepHe
peanusanuje, OTHOCHO UCITOPYKe (pUHATHUX IIPON-
spogamycnyraPl: Y, Y .., Y ;

Y tpehem cermenrty (a) koju je ucmox cermenra (9),
CafIp)KaHU Cy eJIeMeHTI eKCTepHYX Tpomuikosa PJ (pe-
IIpOMaTepujasl, eHepreHTy, pe3sepBHI [e/IOBU U JIpy-
ro), OPYLITBEHA [JaBamba, IMYHU HOXOLY, aMOPTU3a-
1yja, GOHAOBU UTH. YKYIIHA HPOU3BOAHA, OFHOCHO
dmmancHa jenunmyHa mpoussonmwa PJ (X)) nsnocu:

this is to point out the practical importance of apply-
ing the model in organization, implementation and
development of support systems in decision making
i.e. planning, monitoring and management of com-
plex production-business systems.

Methodological basics of intersector analysis

The models of inter sector analysis of produc-
tion-business systems are similar to those of inter
sector analysis of macro economical systems. Estab-
lishment of harmonious relations between organiza-
tional units within complex companies, organization
in terms of supplier of raw materials, energy resourc-
es, spare parts, explosives etc., and users of products
and services is in principle, a demanding and com-
plicated process.

With the assumption that a company (C) consists
of n base working units (WU) x, X,,...., X, and that
each WU is a rounded production-technologi-
cal whole with a defined production and resource
expenditure with linear dependence on the pro-
duction. The inter sector table, table 1, is made up
of three tabular segments with value type elements
(indicators). The structure of reproduction expendi-
tures is described in the first (b) segment.

n n
D xp ) x5 hj=12,.,0
=1

The second segment (v) displays the structure of ex-
ternal realization i.e. shipment of finalized products
and servicesR]: Y, Y ..., Y ;

In the third segment (a) located under the (b) seg-
ment, are the elements of expenditures of WU (raw
materials, energy sources, spare parts etc.), societal
payments, personal income, amortization, funds etc.
The overall production, i.e. the balance unit produc-
tion R] (X)) is:

X, =D X+, =12,m @
j=1

Ize je:

where:

D X[ #jij=12,..,0)

i=1

npousBofma PJ kojy xopucte (mpeysumajy) ocTanu
CEKTOPI.
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Tadena 1. OtiwiGiu mogen mehyceximopcke Maimpuye.

Table 1. General model of the intersector matrix.

Ilpumaomit | Penpomykiyona MOTPONIbA Y PAFHIM jeMEMIaMa | OuHaNHA TOTPOLIHA /eKCTepHa peanu3aiuja/ YiymHo

Receivers pacrog,.

Reproduction expenditure in working units Final expenditure /external realization/

TIpOU3B.
Z Overall
q distrib.
1 2 [~ j || n | Z DZH | INV | I1zV | LP | OP s
Hasaonu product.

Providers X

X E Xy AZI ]1 El Cl Kl Y1 Xl

2 X, Xy || Xy || X | XXy AZ, J, Ej G, K, ¥, X,

n T Xp || Xy || X | XX | AZ, Ja g, C, K, Y, X,

Marepuja/Hy TPOLIKOBY II0 CETMEHTVIMA
Material expenditures by segments

n n n

%, | o | 2% | | 2x | 22x, | Zaz 2]

i=1

M-
m
M-
e
=
~
™M
=<
™M
>

™M
i1

H

M=

n
YKynHM MaT. TPOIIKOBU Ilosehame 3amnxa
MT MT, | -+ | UMT,| - MT UMT,
UMT UMT, | UMT, i UMT, )2::1 )| MT 6 verall mat. expenditures DZH Stockpile increase
n . u
AM D;‘ Dlz ])l Dx ZDIJ AM AMOPT.M33.]_[M)3 INV HBECTUIMIOHA noTpomﬂxa
J " j=1 Amortisation Investment expenditure
n
2 2 2 2 2 H Vi3Besenn mponsBoaM
NP D, D, |~| D |[=]| D, | ZD |np Ferompmom 1Zv pouanon
j=1 Net incomes Exported products
n
0 0 0 0 " Bumax npousopme JImana moTpomma
\%23 D, D, DJ D, E J ve Production excess p Personal expenditure
n
D D D D 3D JIpymTBeHN NpON3Box, op OmmTa noTpommHa
DP 1 E J n P bp Societal product General production
n
DBP X, | X || X |[=| X, | XX [ppp [RyumensGpyroupoussox
= Social gross product
—_— — JE— — — L —
AZH AZ, | AZ, || Az || AZ, | ZAZ | azg Crawemesamia
i j=1 Stockpile decrease
- VBo3
uv U, u [~ U [~ U )ZlU LA
n
y
RS X, X, XJ X, 3 X) RS KyITHa PacIiono)XnBa MpoN3BoHa

Overall available production

> Xo(i=j1j=1,2,..,n) )

j=1

IpousBofba PJ Kojy oHa KOPUCTH 3a COLCTBEHE I10- production of WU which it uses for its own purpos-
Tpede; es;

pousBopma P] HaMemeHa eKCTePHO] pean3ariyji. production of WU intended for external realization.
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IIpema xomoHaMa y Tademu 1 jegHaunMHa TPOUIKOBA
I71acu:

According to the columns in table 1 the expenditure
equation is:

X, =Y X;+D;, j=12,..,n G)

=1

Ife cy:

where:

> X, b,j=12,..n
j=1

IpOM3BOLHY (MaTepMja/IHy) TPOIIKOBU HACTAIM Y
MHTEPHO] Peann3auujn

Dj,j =1,2,.., 10, - fogaTHY (eKCTepPH!U TPOLIKOBM), Cy
CBY OCTA/IV TPOLIKOBY IPOV3BOAE:

production (material) expenses generated through
internal realization

Dj, j =1,2,.., n, - additional (external expenses) i.e.
all remaining production expenses:

Dj:MJ.+Oj+Am+NZ+UO+Z0

Ife cy:

Mj — TPOLIKOBY MaTepujaja 1 ycayra

O, - ocranu TpouKoBn

A_ - amopTusanuja

N, - HeTo 3apajia

U, - yroBopene odaBese

Z - 3aKOHCKe 0daBese

ITomohy dmmancHux (1) u jegHaunHa TpoIkKosa (2),
a nomasehn op pemanuje Xi=Xj KOjOM ce m3pakaBa
CYWITUHY MeDyCeKTOpCKOT MOJe/ICKOT IIPMHINUIIA,

daymanc nameby npousBozme 1 TPOIIKOBA, foduja ce
jemHaYMHa:

where:

M, - expenses for materials and services

0O, - other expenses

A_ - amortization

N, - net profit

U, - contractual obligations

Z, - legal obligations

Using the balance (1) and expenditure (2) equations,
starting from the relation X;=X which expresses the
essence of the inter sector model principle, the bal-

ance between production and expenditures, give the
following equation:

n n
DX +Y, =) X, +D;, i,j=12,..,n (4)
j=1 i=1

Koja 3a mpuspenHo apymrso nma popmy:

i=1

Vi y caxxeToM odnuKy:

Which for a company has the following form:

n n n n n
Z ZXUJFZ;YJ. :Z‘ ZXU +D,
= i= j=

i=

Or the abridged version:

ZI:Yi :Z;Dj
i= j=

Mebycexropckn mopen IIJ] TE-KO Kocromar

Mebycektopckn Mofen 3a YeTUPM pajiHe jefUHU-
e ITJI TE-KO Kocroman mocrasmbeH je yBobemem

30

Intersector model of BA TPP-OPM Kostolac

The inter sector model for four work units of the BA
TPP-OPM Kostolac was implemented by introduc-
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TeXHMYKNUX Koe(uiujeHaTa, KoeuijujeHaTa peamn-
3alyje M DOATHUX (eKCTepHMX) TpoukoBa. OBako
HOCTaB/beH MehycekTopcky Mogmen omoryhasa aHa-
JM3y eKOHOMCKUX ofHoca n3Meby PJ y npuspenHom
mpyurrBy. HamommmeMo ma je MOfern IIOCTaB/beH 3a
HOTpde UCTpaKMBama y TOKY M3paje JOKTOPCKe -
cepranuje, mpe odycrase pagosa Ha IIK hupuxosar.

ing technical coeflicients, realization coefficients and
additional (external) expenses. Thusly set inter sec-
tor model enables the analysis of economic relations
between WU’s in a company. It should be pointed
out that this model was created for research purposes
for a doctoral dissertation, before operations ceased
at the OPM Cirikovac.

PD TE-KO / BA TPP-OPM

KOSTOLAC
. e ) ) |
v v | v |
Final PK/OPM PK/ OPM TE/ TPP TE / TPP Final
expenditure Drmno Cirikovac A B expenditure
1 I | 5 A | | ‘)

Cnuxa 1. Hlematiicku iipuxa3s mehysasucrociiu ipoussogHux genosa I1]] TE-KO Kocitionay,

Figure 1. Schematic display of dependancies of production parts of PD TE-KO Kostolac.

Texmmuku xoeduiyjenty, tadere 2 u 3, Koju ¢y y
cyurtHM HopMatuBu pasmene usmeby PJ, ca xoe-
¢uLujeHTIMa eKCTEPHUX TPOIIKOBA CIy>Ke 3a VC-
NUTUBambe eKOHOMcke MehysaBucHoctn PJ, u P] u
TPIKUIITA - OMHOCHO CHadeBaya KOjJ TeHepHIILy eK-
CTepHe TpolIKoBe. 3a cBaKy PJ yrBpbene cy morped-
He KOJIMYMHE MaTepujaja, €Hepruje u PyTrux pecyp-
ca (eKCTepHUX TPOIIKOBa) Koje Tpeda ode3demutu
Ta O jemyHMIIA PYHKIMOHNUCAIA Y CK/IOITY CUCTeMa.

Texmmuku xoeduiyjenty, Tadena 2, IpefCcTaBbajy
IOVMPEKTHY IIPOM3BOJHY 3aBUCHOCT PJ, a xoeduuu-
jeHTU MHBep3He MaTpulle, Tadena 3, Kao MHAUPEKT-
He 3aBUCHOCTH, IIOKa3yjy KommMko Tpeda moseharn
nponssofwy i-te PJ ma 81 excTepHa peamusanuja
j-te PJ mopacna 3a jemmuuny. V3 tadene 2 youasa
ce f1a je 3a PJ morpedno 0,01629 jenuuuia us npo-
usBofe PJ, wmu up. ga PJ 0,09696 jequnuua us
cBoje mpousBoze ymyhyje PJ, u 0,81088 jenmumiia
3a PJ,. Ykonmko je morpedno nosehatn mmm cmamu-
TU IPOUSBOAIbY U yCIyTe PJ, Ha OCHOBY TeXHUYKMX
KoeduIjeHaTa Wiy HOpMaTuBa IIPOU3BOJHE YTBP-

Tabena 2. Maitipuya iexHuuKux Koeduyujenaiia A:[ai].].
Table 2. Matrix of technical coefficients A=[a,]

Technical coeflicients, tables 2 and 3, which are in
essence norms of exchange between WU, with the
coeflicients of external expenses serve to examine
the economic co-dependence of WUs, and WUs
and the market i.e. the suppliers that generate exter-
nal expenses. For each WU, the required amounts
of materials, energy and other resources (external
expenditures) which have to be necessitated for the
unit to function as part of the system is determined.

Technical coefficients, table 2, represent the direct pro-
duction dependence of a WU, and the coefficients of
the inverse matrix, table 3, as an indirect value, display
how much the production should be increased in the
WU denoted with i so that external realization of WU
denoted with j is increased by 1. From table 2 it is deter-
mined that WU, requires 0,01629 units from the pro-
duction of WU, or for example, WU, sends 0.09696
units from its production to WU, and 0.81088 units to
WU, If there is a requirement to increase or decrease
production and services of a WU, based on the techni-
cal coefficients or norms of production, the necessary

Tabena 3. Mneepsua maimipuya
mexHuukux xoepunyujenatia (I - A)".

Table 3. Inverse matrix of technical coefficients (I - A)*

PJ PJ
PJ wu PJ wu
WU WU
1 2 3 4 1 2 3 4

1 | 000043 0 0,09696 | 0,81088 1 1,014 0,010 0,270 0,519

2 0 0,00052 | 057173 0 2 0 1013 0,330 0

3 0 0,02150 | 0,01686 0 3 0 0,040 1,030 0

4 | 001629 0 0 0,01086 4 0,027 0 0,007 1,025
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byjy ce morpedne konuunHe U BpCTe MpOM3BOAA 1
ycnyra octanux PJy cuctemy. Vi3 Taderne 3 Hip. Busu
Ce 1 je 3a IPOUSBOAIY jefMHIIIe (PMHATHOT IPOU-
3Bofia PJ, moTpedHo mosehatn meHy mponsBonimby 3a
1,014 u PJ, 32 0,027 jenuuuiia npousBopa. Texunakm
KOepUIMjeHTN 1 KOePUIVjeHT NHBep3He MaTpH-
Ile ITOTOJHM Cy 3a aHajM3e €KOHOMCKMX OfHOCa U
crpykrypae ycknahenoctu PJ y cucremy.

VHpupeKTHA 3aBUCHOCT Y OBOM TEKCTY OfIHOCHU Ce
Ha IIPOM3BOJHY, a MOXKe Ce€ OJHOCUTU J Ha YBO3HY
3aBUCHOCT. Marpuna koeduijjeHata MHANPEKTHe
saBucHoctu PJ IT]] TE-KO KocTomary nma odmmk:

quantities and types of products and services of other
WUs in the system is determined. For example, in ta-
ble 3 it is shown that in order to manufacture a unit of
a finalized product of WU , it is necessary to increase
its production by 1.014 and of WU, by 0.027 units of
product. Technical coeflicients and inverse matrix co-
efficients are suitable for analysis of economical rela-
tions and structural harmony of WUs in the system.

The indirect dependence in this text relates to pro-
duction, and can also relate to import dependence.
The matrix of coefficients of indirect dependence of
WU PD TE-KO Kostolac is as follows:

0,01357 0,00100 0,01165 0,01310
iAS 0 0,01248 0,00965 0
<" | 0 000163 001314 0
0,00088 0,00700 0,01414
i y TadenapHoj popmu: or, in tabular form:
Tabena 4, Maitipuya [I1- A] . Tadena 5, Mngupexiina 3asucrociti y (%).
Table 4, Matrix [I- A] . Table 5, Indirect dependence in (%).
PJ PJ
PJ WU PJ Wu
WU WU
1 2 3 4 1 2 3 4
AP JINP
DR | 100043 0 0,25835 | 0,50590 DR | 9866 0 95,69 97,48
L MHI G 01357 | 001000 | 0,01165 | 0,01310 VIHHIE g9y | 10000 | 431 2,52
IND IND
S | 1,01400 | 0,01000 | 0,27000 | 0,51900 5 100,00 | 100,00 | 100,00 | 100,00
TP JIUP
IR 0 1,00052 | 0,32035 0 e 0 98,77 97,08 0
2 | UHJQ 2 | uHA
ND 0 0,01248 | 0,00965 0 D 0 1,23 2,92 0
Y 0 1,01300 | 0,33000 0 y 0 100,00 | 100,00 0
TP TP
e 0 0,03837 | 1,01686 0 IR 0 95,93 08,72 0
3 | MHT 3 | MHA
D 0 0,00163 | 0,01314 0 N 0 4,07 1,28 0
3 0 0,04000 | 1,03000 0 D 0 100,00 | 100,00 0
JP P
DR | 002612 0 0 1,01086 DR | 9674 0 0 98,62
4 | HHI 6 60088 0 0,00700 | 0,01414 4| MHIL 508 0 10000 | 138
IND IND
s | 0,02700 0 0,00700 | 1,02500 D 100,00 0 100,00 | 100,00
Zgg 1,02655 | 1,03889 | 1,50556 | 151676 %PIIFI; 9861 | 97,73 | 9747 | 9824
| MHIUL 01445 | 002411 | 0,04144 | 002724 X | MHILT g a9 2,27 2,53 1,76
IND IND
S | 1,04100 | 1,06300 | 1,63700 | 1,54400 y 100,00 | 100,00 | 100,00 | 100,00
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Penpopykionu mporiec, taderna 4, koju 0deszdehyje
Hmp. fa PJ, npoussesie jequnuiry npoussona (yrasm)
y BpepHocTu o penumo 100 nuHapa, 3axTeBa fga ce’y
BUJIYy MHAVPEKTHE IIPOM3BOJHE 3aBICHOCTH JOMAT-
HO npoussene y PJ, jour 1,36 nunapa ay PJ, 0,09 nu-
Hapa. Y IpOTMBHOM BuiledasHM perpofyKLOHN
npolec He du MOrao (pyHKI[MOHNCATH.

Ha penatuBan 3Hauaj [JUpPEKTHE M WHAUPEKTHE
npousBofiHe 3aBUCHOCTH P] ykasyje tadema 5. Ha
npumep PJ| Koja mpousBojiu yrab 3aBIUCHA je Off UC-
HopyKe efieKTpuyHe eHepruje us PJ, ca 96,74%, a He-
3HATHO Off QYHKIMOHNCamka PEIPONYKI[MOHOT TOKa
y PJ, ca 3,26%. Cnuano je u ca P],, oHa IMpeKTHO 3a-
BICH Off CTIOpYKe yr/ba u3 PJ ca 97,48%, a HesHart-
HO Off GYHKI[MOHNMCaMkha PEIPONYKI[MOHOT TIpoIieca
y PJ(1) ca 2,52%.

JUMpeKkTHa U MHOMPEKTHAa IIPOM3BOJHA 3aBJMCHOCT
npepabnBauke ox npoussopHe PJ, cBeneno Ha jenu-
HUITY (UHAIHE TIOTPOLIIEbe, IPUKasaHa je y Tadenn 6.

Tadena 6. Citipyxiniypa maiwpuue [I- AJ".
Table 6. Matrix Structure [I-A] !

The reproduction process, table 4, which secures for
example, that WU, makes a unit of product (coal)
for a value of about 100 dinars, requires that in the
form of indirect production dependence additional
1,36 dinars are produced in WU, and 0,09 dinars in
WU,. Otherwise the multi phased reproduction pro-
cess could not function.

The relative importance of direct and indirect pro-
duction dependence is pointed out in table 5. For ex-
ample, WU which produces coal is dependent on the
supply of electricity from WU, with 96,74%, and lit-
tle dependent on the functioning of the reproduction
process in WU, with 3,26%. It is similar with WU,
it is directly dependent on coal shipments form WU,
with 97,48%, and less dependent on the functioning
of a reproduction process in WU(1) with 2,52%. The
direct and indirect production dependency of a re-
fining WU on the production WU, reduced to a unit
of final consumption, as displayed in table 6.

Tadena 7, BpegrocHa cilipyxitiypa o jeguruuu gurante
upoussogrve.

Table 7. Value structure by final production unit.

PJ
vl:/t WU
. , 5 y o 1 2 3 4 5
’é‘l’g 9610 | 0 | 1578 | 3277 Igf; 0,33935 | 017652 | 0,09284 | 0,03261 | 0,14304
1 Iﬁg 131 | 094 | 071 | 085 UMT Iﬁzlé[ 0,00550 | 0,00909 | 0,13234 | 0,17639 | 0,10894
s | o741 | 094 | 1649 | 3362 S | 034485 | 0,18561 | 0,22518 | 0,20900 | 0,25198
lé‘f; 0 | 9412 | 1957 | 0 %II/I; 0,20830 | 0,08594 | 0,05682 | 0,22694 | 019177
2 Iﬁg{ 0 117 | 059 | 0 AM Iﬁé‘ 0,00804 | 0,00561 | 0,10287 | 0,11699 | 0,07381
D 0 | 9520 | 2016 | o© s | 021634 | 0,09155 | 0,15969 | 0,34393 | 0,26558
Z[I)Ig 0 | 361 | 6212 | 0 Zgg 0,10470 | 0,31442 | 0,12499 | 0,02832 | 0,08253
3 Iﬁg 0 016 | 080 | 0 NP Pllﬁél 0,00223 | 0,01014 | 0,13598 | 0,05505 | 0,04504
y 0 | 377 | 6292 | o0 s | 0,10693 | 0,32456 | 0,26097 | 0,08337 | 0,12757
%VI‘FE 251 0 0 | 6547 Igg 0,32110 | 0,38423 | 0,14979 | 0,19537 | 024189
4 1:1'51[))1 0,08 0 | 043 | o001 Ve Iﬁ:‘é‘ 0,01078 | 0,01405 | 0,20437 | 0,16833 | 011298
s | 259 0 | 043 | 6638 s | 033188 | 0,39828 | 0,35416 | 0,36370 | 0,35487
lé?; 9861 | 9773 | 97.47 | 9824 %Ig 0,63410 | 0,78459 | 0,33160 | 0,45063 | 051619
X Iﬁg 139 | 227 | 253 | 176 DP Iﬁg 0,02105 | 0,02980 | 0,44322 | 0,34037 | 0,23183
s | 100,00 | 100,00 | 100,00 | 100,00 s | 0,65515 | 0,81439 | 0,77482 | 0,79100 | 0,74802
1 1 1 1 1
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Tako Hup. ga du PJ, nana saxteBaHy IpOU3BO[IDY,
PJ, joj us cBoje mpousBofime wucrnopydyje 2,51%
€/IEKTPUYHE eHEPruje, TAKO JIa je Y3 COINICTBEHN yTajb
96,10%, ykymHa 3aB1cHOCT 98,61%. OBo He du duto
OCTBAp/bMBO YKOJIMKO PENPOAYKIMOHM CUCTEM He
du mao jour Hegocrajyhux 1,39% op xomdnHa yrjba
u efleKTpu4He eHepruje PJ .

Y BpefHOCHOj CTPYKTYpu (PMHAJIHE jefUHMUIIE IPO-
u3Bonme ydemhe 1MMajy KOMIIOHEHTe IIPOU3BOJA,
YKONMKO Cy HNPUCYTHU VM MaTe€pUjaJHU TPOLIKOBK
eKCTepHOT TIOpeKyIa OHN ce Takobe yxpyuyjy. Kon-
KPeTHO y OBOM MOfIe/ly Ta IO3ULMja HUje YKIbyde-
Ha. BpenmHocHa cTpykTypa (uHaIHEe IPOU3BOLHE
jemHNIY IIpMKa3aHa je y Tademu 7. JefuMHMLA IIPO-
usBofbe us PJ, Koja cry)xu 3a mopMuperse mpou-
3BOJjIbE €IEKTPUYHE eHepruje, y usHocy oy 100 gu-
Hapa cafip>Ky IPOU3BOJ, Off 65,5 NHapa HEMOCPENHO
HacTao npousBonwoM PJ ca 63,4 guHapa u uHIK-
PEKTHOM aKTMBHOIINY pelpogyKIVIOHOT CHCTeMa ca
2,1nmHapa, Tadena 8. Y jenMHUIIN IPOM3BOZA PJ, Ha-
MerbeHOM (IHATHOj IOTPOILIY HIfje Caffp)KaH caMo
IMpeKTaH APYLITBEHU IpousBoy, Beh je odyxsahen

Tadena 8, [Ipywiitiseru ipou3sog.

Table 8, Social product.

For example, in order for the WU, to output the re-
quired production, WU, must deliver 2,51% of elec-
tricity from its production, so that with its own coal
96,10% the total dependency is 98,61%. This would
not be possible if the reproduction system was not
supplying the missing 1,39% of coal and electricity
to WU .

In the value structure of the final unit of production
the components of the product also participate, and
if there are material costs of external origin they are
included as well. However this model does not in-
clude this position. The value structure of final pro-
duction unit is displayed in table 7. Production unit
from WU, which serves to settle electricity produc-
tion, for the amount of 100 dinars contains a prod-
uct of 65,6 dinars which is immediately produced in
WU, for the value of 63,4 dinars and indirect activity
of the reproduction system for 2,1 dinars, table 8. The
unit of product of WU | intended for final consump-
tion does not only contain the direct social product,
but encompasses a hidden social product made by
multi phased activities of the reproduction system.

Tadena 9. Buwax tipoussoga.

Table 9. Product excess.

PJ Py

PJ WU Py WU
WU WU

1 2 3 4 1 2 3 4
TP TP
ST | 063410 - - - ST | 032100 - - -
VIINHéI 0,00888 | 000634 | 017121 | 0,32910 ! If;é[ 0,00450 | 0,00321 | 0,08670 | 0,16665

5 064298 | 000634 | 017121 | 0,32910 s | 032550 | 0,00321 | 0,08670 | 0,16665
NP ) ) ) NP ) ) )
DIR 0,78459 wr 0,38423
WH]T 2 | uHA
e ; 001020 | 0,25891 - e - 0,00499 | 012680 ;

5 ; 079479 | 0,25891 - 5 - 038922 | 012680 ;
WP ] ] ] AP ] ] ]
A 0,33160 A 0,14979
UHJT 3 WUH]

i 001326 | 0,00995 " 0,00599 | 0,00449

5y ; 001326 | 0,34155 - 5y - 0,00599 | 0,05428 ;
JANP ) _ ) JANP ) ) )

A 0,45063 A 0,19537
VHIL ) 01917 - 000315 | 001127 4 AHIUL 0507 ; 0,00137 | 0,00488
IND IND

5 0,01217 - 0,00315 | 0,46190 s | 000527 - 0,00137 | 0,20025
%VIIF[: 0,63410 | 078459 | 0,33160 | 0,45063 Igf; 032109 | 038423 | 0,14979 | 0,19537
Iﬁé{ 002105 | 002980 | 044322 | 0,34037 ) 1:15[))1 0,00977 | 001419 | 021936 | 0,17153

5 065515 | 0,81439 | 0,77482 | 0,79100 s | 033086 | 039842 | 036915 | 036690
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U CKPUBEHU JPYLITBEHN IPOU3BOJ, HACTAO BuIIeda-
3HUM aKTMBHOCTMMA PENPOAYKIMOHOT CUCTEMA.

JemuuuIa MpOM3BOJIbe HaMEHEHE IMOJMUPEY II0-
Tpeda (prHaIHE OTPOIIbe y BpegHOCTH of 100 ayHa-
Pa caap>Ku BULIAK IIPOUSBOJIbE Y BPEJHOCTH Off 33,1
[MHApa HACTaJIe HETMOCPENHOM IPOU3BOAHOM PJ, 3a
32,1 omHapa, Tadena 9. VI3 penpopyKumoHe aKTUBHO-
CTU P]1 U3IBOjeHO je 3a amoptusanyjy 0,45 muHapa,
a us PJ, 0,53 nunapa. Hajsehe nsipajame 3a Buimax
npousBofitbe je y PJ, 39,8 nuuapa, mto Huje pesynrar
OCTBapeHe NPoM3BOAbe Beh mpepacrozienie y OKBUPY
NPOM3BOJHOL CUCTeMa, a HajMarbe y PJ 33,1 gunapa
(mourro cy us ose P] npenera cpesicTsa Ha PJ.).

JemuHuna MPOM3BOAIbE HAMEEHA MOIMUPERY II0-
Tpeda (QuHaMHe HmOTpOLIke y BpegHoctH of 100
JVHApa Cafip>kKy aMOpTHU3aLnyjy y BpegHocTu o 19,3
IVHAapa HacTajie OMPEKTHOM IpoussBoimoM PJ1 3a
18,5 junapa. Vs penpopykumotre aktuBHocTH PJ 13-
IBOjeHo je 3a amopTusanujy 0,26 junapa, a us PJ, 0,54
nunapa. Hajsehe nsnsajare 3a amoprusauujy je y PJ,
34,4 puHapa, Tadema 10. la du ce mpoussena jemu-

Tadena 10. Amopiausayuja.

Table 10. Amortization.

Unit of production intended to settle the needs of
final production in the value of 100 dinars contains
production in excess of 33.1 dinars made through
direct production of WU, for 32.1 dinars, Table 9.
From the reproductive activity WU1 a total of 0.45
dinars was separated for amortization, and from
WU4 a sum of 0.53 dinars. The highest expenditure
for excessive production is noted in WU2, 39.8 di-
nars, not as the result of the production achieved, but
of the redistribution within the production system.
The lowest is in the WU, at 33.1 dinars (since the
resources were transferred from this WU to WU,)

Unit of production intended to settle the needs of
final production in the value of 100 dinars con-
tains amortization for the value of 19,3 dinars made
through direct production of WU, for the value of
18,5 dinars. From the reproduction activity of WU,
0,26 dinars were set apart, and from WU, 0,54 di-
nars. The biggest amount set apart is for WU, 34,4
dinars, table 10. In order to produce a unit of pro-
duction for the value of 100 dinars in WU , 10,47
dinars should be paid to the workers in net profit,

Tadena 11, Heitio 3apaga.
Table 11. Net profit.

Py PJ
Py WU Py WU
WU WU
1 2 3 4 1 2 3 4

JANP ) ) ) JANP ) ) )
S | o188 S| 010470

! If,\}llé[ 0,00259 | 0,00222 | 0,05692 | 0,10996 ! ylllil{él 000147 | 000105 | 002827 | 0,05434
s | 018740 | 0,00222 | 0,05692 | 0,10996 s | 010617 | 000105 | 002827 | 0,05434
NP i ) ) Anp } ; _
A 0,08594 A 0,31442

2 |wuHp| ] 2 luHp| ]
s 0,00112 | 0,02836 s 0,00409 | 010376
D - 0,08706 | 0,02836 - 5y - 031851 | 010376 ;
TP TP
e - - 0,05682 - e - - 0,12499 ;

3| ung 3 | uHa
e - 0,00227 | 0,00170 - s - 0,00500 | 0,00375 ;
5 - | 000227 | 005852 - 5y 0,00500 | 012874 ;
AP ) ) ) JANP ) ) )
A 0,22693 A 0,02833

4 [ HHI 6 osas - 0,01589 | 0,00703 4 HHIUE 6 65076 ; 0,00020 | 0,00071
IND IND
s | 0,00545 - 0,01589 | 0,23396 s | 000076 - 0,00020 | 0,02904
%Ig 018481 | 0,08594 | 0,05682 | 0,22693 %yll; 010470 | 031442 | 0,12499 | 0,02833

)y Iﬁg‘g 0,00804 | 0,00561 | 0,10287 | 0,11699 ) 1:1;1{)1 000223 | 001014 | 013598 | 0,05505
s | 0,19285 | 0,09155 | 0,15969 | 0,34392 s | 010693 | 032456 | 026097 | 008338
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HUIA TIPOU3BOJtbe Y BpenHocTu oy 100 nuuapa y PJ,
tpeda ncrtarutu 10,47 oyHapa pafHULIIMA Kao HETO
3apajly, JOK Ce 3a IIPOMU3BOAILY IIPOM3BOIA KOjU CY
paHnje xopuitheH y OKBUPY PEIpPOAYKLMOHOT CH-
creMa (ma 81 ce 0de3dennmy ycimoBu 3a IpOU3BOALY
y PJ,), Tpeda nctnaruru jou 0,223 iunapa, tadenma 11.

3axk/pyvaK

AHanu3a, y pagy caMo JeTMMIYHO IIPUKA3aHOT, Me-
hycexropcxor mogena ITJ] TE-KO Kocroma nctide
ma oBu Mopenn odesdebyjy edpmxacHy mnpopma-
TUBHY IPETIEJHOCT, IPEITIEFHOCT MaTepUjalHNX U
eHepPreTCKUX TOKOBA, eKCTEPHUX TPOIIKOBA ¥ APY-
ruX OMTHMX IPOM3BOHO-eKOHOMCKIX IIapaMeTapa,
BeoMa IIOTO/IHO 3a OIEPaTVBHO IUIAHMpAme y Py-
TapCKUM CUCTEMMMa Ca CJI0KEHOM IIOCTIOBHO-IIPO-
U3BOZHOM CTPYKTYPOM Kao LITO Cy PyAAapCKO eHep-
rercku cucremu Komydapa n Kocroman v Hip.
Pynapcko Tomonnyapcku dacen bop.

VipaBmame KOMIIZIEKCMMA eKCIIZIoaTaluje  yI/ba
U TIpOU3BOJibe €NeKTPUYHE €Hepruje, OFHOCHO Y
PymapCcKUM KOMIUIEKCUMA Yy HIVPEM CMICTY, IIpeN-
CTaB/ba CTAJIHO OTBOPEHO IOAIpydYje 3a MHOBaLMje
U UCTPaXNBakba, Koja TeHepUIIy IIOMaKe y Pas3Bojy
HOBUX IIPUCTYHA 3a HMOAPLIKY ofryunBamy. C 00-
3MPOM Ha peMaHEHUMjy UHAYCTPUje YI/ba U pPyhap-
CTBa yOIIIITE, ITpMXBaTatba 1 IIPMMEHE HOBIUX ajaTa
3a HOAIpPLIKY OfJIy4MBamy, ofiBujahe ce HEMIHOBHO,
a/Iu yCIIOPEHO U IIOCTENEHO, Y TOM CMUCTY IpeIo-
3Haje ce 1 IpyuMeHa Mel)ycekTopcke aHam3e.
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whereas for the production of the products which
were previously used for the reproduction system
(in order to secure the necessary production con-
ditions in WU)), 0,223 dinars should be paid out,
table 11.

Conclusion

Analysis, only partially displayed in this paper, of the
inter sector mode of BA TPP-OPM Kostolac points
out that these models secure an efficient informative
overview, as well as overview of material and energy
flows, external costs and other important produc-
tion-material parameters, which is very suitable for
operative planning in mining systems with a com-
plex business-production structure such as mining
energy systems Kolubara and Kostolac or for exam-
ple, mining and smelting basin Bor.

Management of coal and electricity production com-
plexes i.e. of mining complexes in a broad presents a
constantly opened area for innovation and research,
which generate improvements in development of
new approaches for decision making support. Con-
sidering the remanence of the coal industry and
mining in general, accepting and application of new
tools for support in decision making, will imminent-
ly continue, but gradually and in sequence, in which
sense the application of inter sector analysis is rec-
ognized.
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Canceinax: Ognyvusarve u yipasmwaree y pygapciiey kapaxiepuuly CcnoxeHocil, dpomeHbuUe0Cil, UliesHa4Hocill, oce-
WBUBOCT U PU3UK. Jegar 0g KbyuHux pasnoia osaxee aimipudyuuje je mynimusapujaSunnocii amOujeHtantux ycnosa u
PYHKUUOHATHA U CTIPYKILYPHA CTIOHEHOCTHL PYGAPCKUX cucitiema [4oeex - ipupoga (PagHa cpeguna) - MAuUHa — oKpysieroe];
3HauajHo osome goupurocu He Hociliojarve oluiille HayuHe calnacHOCTlU 0KO oueHe H0I0gHOCHIU MOgena 3a HogpUuiKy ogny-
uusarby u yipasmware. Tpehu jax pasnoi je uurenuya ga ako Su cainacHociii u Gociiojana, Huje cuiypHo ga ou paciionoruseu
Mmogenu, meilioge u MaKiuKe 0gay4usarea u yipasmvared, gane ekeusaneHitine pesyniiaiie 3a ucitie pygHuuxe ycnose. Y iiom
CMUCTY pag y caxceitiom 06nuKy gaje ipuxas ipobdnema u mogena yiipasvarea y pygHU4KUM ycnosuma.

Kmwyune peuu: mynitiueapujadunnocii, pygapciiieo, 0gay4usaree, yilpasvaree, Mogenu yiupasmatod.

Abstract: Decision making and management in mining is characterized by complexity, variability, polysemy, sensitivity and
risk. One of the key reasons for such characterization is the multi-variability of the ambient conditions and a functional and
structural complexity of mining systems [man - nature (work environment) - machine - surroundings]; This is significantly
contributed to by the non-existence of a general scientific consensus about evaluation of models for support in decision making
and management. The third strong reason is the fact that even if such consensus existed, it is uncertain that the available models,
methods and tactics of decision making and management, would provide equivalent results for the same mining conditions. In
that sense this paper concisely displays the problems and models of management in mining conditions.

Key words: multi-variability, mining, decision making, management models.

VYBop,

Ynpas/bame MPOjeKTMMa M aKTMBHOCTUMA Y PyAap-
CTBy y IPMHLUIY je 3aXTeBaH BMIIe3HAYHM MHXKe-
EPCKI 3a/1aTaK, YeCTO BYCOKE OCET/BIBOCTY 1 HUCKE

TO/lepaHLlUje IpeMa pu3NuLuMa. [JoHoIIeme OfIyKa

ce Hajyemhe He opBuja de3 mpodnema 1 Temkoha, y

pymapcTBy cy To [1]:

1.  Vrunaju remko npensBui/bUBUX YMHMIALA, HIIP.
KOHIIEHTpalija MeTaHa y jaMy, IPOJOP BOJE,
HIIeKyaaTiBHaA Oep3aHcka porabama (mpomene
nieHa HadTe, 000jeHNX MeTala, 371aTa UTH.), TeX-
HOJIOIIKM eKCLIeCH, TI0XKapy U C1.

2. CrnoxeHa MM TelIKa Mep/bUBOCT U KBaHTU(DU-
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Introduction

Management of projects and activities in mining is
principally a demanding poly-significant engineer-
ing task, often of high sensitivity and a low tolerance
for risks. Decision making is mainly not done with-
out problems and difficulties, and in mining those
are [1]:
1. Influence of factors that are difficult to predicti.e.
methane concentration in a pit, water spills, spec-
ulative stock event (changes in oil prices, color-

ed metals, gold etc.), technological excesses, fires
and the like.

2. Complex or difficult measurability and quanti-
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Kallfja CBUX peJeBaHTHMX IlapaMeTapa Kao
odernexxja cTama U IMpoljeca y pyJHUIMMA, HIIP.
HAIIOHCKO-Je(pOpMAIIIOHA CTalba CTEHCKOT Ma-
CMBa, AaHU30TPOIINja pajjHe CpeiyiHe U CL.

3. Hepocrarak fOBO/BHOT dpoja MOY3HaHNX IIOfiA-
Taka 1 MHGOpMalMja 0 CTambyUMa U IpoLiecuMa
Y CUCTEMY U Y OKPY>KebY, HIIp. Opoj 1 mosuwuja
TeO/IOIIKNX M TeOMEXaHMYKNX y30paka y Jy-
JKeM BPEMEHCKOM IIepUOY.

4. OrpaHN4YeHOCT BpeMeHa 3a ONIy4MBaIEe I
yIIpaB/badyko Je/IOBabe, HAPOYUTO Y Op3uM
IIPOIeCHMa, ¥ HEIOCTAaTaK BpeMeHa 32 TeCTHpa-
e VI IPOBepy NOHyheHor pellera, HIP. HAIIA
IpOfIOpM BOfie, IIPOMEHA AMHAMMKe BeHTH/Ia-
I[IOHOT TIpoIleca y PySHMUKY, HO3Upame peare-
Haca y 1oTaIujcKoM IIpoIiecy 1 CII.

5. IlpucyctBO KOHQIMKTHUX CHUTyaluja, IOBU-
IIeHNX PM3MKa U HeNOBO/BHUX fHorabaja, HIIp.
MHTEPAKI[ja TeXHONONIKNX MpOoIieca 1 reocTa-
THYKe CTaOMITHOCTY PyIHUYKMX odjeKaTa, yTu-
I1aj TOfI3eMHMX PYHAPCKMX pajioBa Ha Clerame
TepeHa U CIL.

JloHolIe e yIpaB/bayKyX OfIyKa y PyAapCcTBY OMmo
Ot Mabe 3aXTeBHO M PU3MYHO /ja Hje HellpelBUI/bY-
BUX IIpOMeHa U forabama y pySHMYKUM CUCTEMMMA,
OJJHOCHO KaJia QM JOHOCHIALl OIJIyKe YBeK MOrao
IpEBUIETV HOBA CTamba TOKOM YIIPaB/badKoOT JIeNo-
Barba - N3BPLIEba OTyKe. [[ak/ie IpUCyTHa je peatHa
MoryhHOCT Jja JOHOCHIIAL] OFVTYKe ¥ TIOpef; KOPEKTHOT
13d0pa pelllerba y JaTUM OKOTHOCTMMA, MIIAK Iorpe-
IV V1 JIOBEfie PYHUYKY CUCTEM Y HEIIOBOJbHY CHUTYya-
uujy. Vinycrpauuje pagyu y3sMmuMo IpuMep yIpaB/barba
¢roranujckum npotecom [2]. Ha ocHoBy mapamerapa
HodMjeHNX aHaNIM30M y3opaka u3 duotaruje (MuHe-
panusanuja, cagpykaj KOpUCHe KOMIIOHEHTE Y Dyau,
TeOXeMUjCKM IIapaMeTpy UTA.) JO3UPajy ce (IoTarj-
CKU peareHcu 1 0BO ¥ Ce OfBIjaJI0 PEeaTIBHO jeHO-
CTaBHO Ja HeMa peMaHeHIyje [1], momTo ce omryka
0 Jo3Mparmy peareHaca M KOPEKTMBHO YIPaB/bauKo
IenoBarbe Ha QrroTaLujckn npotec, foraha ce mocre
nodMjeHnx pesynraTa 1adOpaTOPMjCKUX aHA/IM3a, Y
MOMEHTY Kajja pellepHy TIPOLIECHN TTapaMeTpy MOTY
3HAYAjHO OZICTYTIATH Off KOHCTAaTOBAHNX.

Ortyza je 10rMYHO Ja je KOf JOHOLIEha YIIPaB/bauKIX
OIVTyKa OCKM IIOy3/IaHMX J1 IIPaBOBPEMEHMX II0fjaTa-
Ka 11 napopManuja morpedHa u ogrosapajyha HayaHo
3aCHOBaHa METOO/IONIKA IOPIIKa. JJoHOLIebe yIIpa-
B/baYKIX OIUIyKa y OBaKBUM aMOMjeHTUMa, [Ofpasy-
MeBa n3dop jenHe of Moryhux anTepHaTnBa Kao edu-
KacHe, pallyIOHa/IHe, ONITMMAJIHe I Ha APYTY HauMH
meduHuCaHe. Y TOM CMUCIY HEOIIXORHO je medpumHu-
CaTy LJWb WIN LJ/beBe PellIaBarba 3a/laTKa, KPUTepn-
jyMe KojuMa ce Mepy NOCTHU3ame I/ba/beBa U U3-
MeDhy pacrnonoXuBUX aITePHATUBHIX pellerba n3dop

fication of all relevant parameters as charac-
teristics of the state and processes in mines i.e.
tension-deformation states of the rock massive,
anisotropy of the work environment etc.

3. Lack of a sufficient amount of reliable data and
information about the states and processes in a
system and the environment for example, the
number of positions of geological and geo-me-
chanical samples in a longer time frame.

4. Time limitations for decision making and man-
agement, especially in fast processes, and the
lack of time for testing and reviewing the solu-
tion presented for example, sudden water spills,
change of dynamics of the ventilation process-
es in a mine, dosing of reagents in the flotation
process etc.

5. Presence of conflict situations, increased risks
and unfavorable events i.e. interaction of tech-
nological processes and geo-static stability of
the mining facilities, the influence of under-
ground mining operations on terrain settling
etc.

Decision making in mining would be less demand-
ing and risky if it were not for unpredictable chang-
es and events in mining systems i.e. if the decision
maker could always predict new conditions during
management - decision making. Therefore there is a
real possibility that the decision maker could make a
mistake and jeopardize the mining system even if he
made the right decision. For illustration purposes, let
us take the example of flotation process management
[2]. Based on the parameters given through sample
analysis from the flotation (mineralization, share of
the useful component in ores, geo-chemical parame-
ters etc.), flotation reagents are dosed and this would
be relatively simple if remanence was not present [1],
and this takes place after the results of lab analysis
are obtained which means that the benchmark pa-
rameters could significantly deviate from the ones
determined.

Hence, it makes sense that when making decisions,
besides reliable and timed data, a suitable scientific
methodology support is required. Making manage-
ment decisions in such ambiance, means choosing
one of the possible alternatives as efficient, rational,
optimal or in other ways defined. In this sense it is
necessary to define a goal or goals for problem solv-
ing, criteria which measures goal achievement and
making a choice of one available alternative solution
which would most efficiently achieve the goals set.
This process means evaluating the possible solutions
- decisions. When evaluation is done according to
one criterion and a decision is determined through
which the value of the goal function is emphasized,
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OHOT KOje Hajdosbe HOCTIDKE IIOCTAB/beHY IN/b/LVI/be-
Be. Y 0BaKBOM IIOCTYIIKY YIIpaB/baTy 3HA4M BPETHO-
BaTy Moryhe ofryka - pemema. Kaga ce BpegHoBame
U3BOJY TIPEMA j€FHOM KPUTEPUjYMY U AeTEPMIUHMIIIIE
OJUTyKa KOjOM Ce eKCTpeMU3Npa BPeNHOCT QYHKIMje
LW/ba, NIOCTYNAK Ce JeK/Iapuile Kao jeTHOKpUTEepH-
jymcka ontumusanuja[3]. V pymapcrsy cy mebyrnm
gerthy C/IOXKeHNjU CTPYKTYMpaHy IpodiieMi, THe ce
n300p Hajdo/ber U3 rpyle MOryhux peliera, U3BOLK
Ha OCHOBY BJIIIe KPUTEPHjyMa, I1a ce VI IOCTYIIaK NH-
IVKaTVBHO Ha3MBa BUIIEKPUTEPYjyMCKI /I BUILIIea-
TpudyTHI, 4nja Cy OCHOBHA odenexja [1,4]:

1. VicroBpeMeHO IOCTOjale BUILE KPUTEPUjyMa,

1ecTo MebycodHO onpedHnx 1 KOHPINKTHIX;

2. Vuxommatmdunxoct moryhux peiera (jenHo
pellere je do/be Of IPYToOr pelliera Mo jeTHOM
KPUTEPUjyMYy, @ IO APYTOM HIje);

3.  Hemoryhnoct nepnHucama domer pemnrerma des
npedepeHIyje JOHOCUOLA OfIYKe;

4.  Yi/pydmBarbe JOHOCHOLA OfJIyKe Y IIOCTYIAK, ¥
Behoj W Mamoj Mepyu oTBapa IpOCTOP YTHULA-
jy T3B. "cydjexTuBHE 00jeKTUBHOCTN

5. He moctoju pemteme Koje je dobe of Apyrux pe-
IIeka 10 CBUM KPUTEPUjyMUMA, T€ Y CTPOTOM
MaTeMaTU4KOM CMMCITYy He IIOCTOj) ONTUMATHO
Beh KOMITPOMIICHO peliterse mpodiema.

[TocTaBrpajy ce Tpu BaxkHa nuTama: Kojy Hopmanm-
3ayjy IPMMEHUTH TP PeAYKUMjU TIOTa3He CTPYK-
Type mpodjemMa, Kako 0djeibeHO TPETUPATH BUIIIE
KPUTEPUjyMa, U KAKO OFPESUTU OfCTyTIarba Of Ujie-
QJTHOT peliermba’

OpnroBope Ha OBa IIMTamba, Ca I3BECHNUM Pa3/nKaMa,
Tlajy METOJie BUIIEKPUTEPUjYMCKE aHA/IM3€e y UHTEP-
aKTUBHOj CIpe3) ca JIOHOCMOLIEM OJIyKa, Yuju je
3aJlaTaKk y OBOM IIOCTYIIKY MHOTO CYITIIHUjU U 3a-
XTEeBHUjI Off JOHOIIEHha KOHAYHE OJJIyKe, a OHOCH Ce
Ha fepuHICabe MOTyhNX aITepHATUBHUX pellera,
u3d0p KpuTepujyMa 3a OLieHe alTepHATHBA U BeoMa
0CeT/bUBO INTakbe AedrHICaba IpedepeHIja.

Mertope BUILIEKPUTEPUjYMCKE aHa/IN3€e OIMKYje pa-
3IMYUTOCT KPUTEpjyMa 1300pa, a OC/IeHIIA je fa ce
y pelliaBamy UCTOT IIpod/ieMa f0d1jajy pasamauTy nc-
XOJIH, LIITO JOHOIIEHE YIPaB/badKMX O/TyKa jOIl BULIE
KOMIUIMKYje 1 YUHU OCeT/bUBIjUM. VI300p KOHauHOT
pelliema, HE 3aBUCU CaMO Off TIOHYJEe a/lTepHaTUBa,
usdopa Kputepujyma u feduHucama npedepeHnnja,
Beh ¥ off IpuMermeHe MeTofie BUILEKPUTEPUjyMCKe
anammse. ITonasehn o oBora, ynpas/bame y pysap-
CTBY MHTETPUILIE: CAI/IeflaBatbe PeaTHNX PYTHUYKMUX
yClOBa 1M OTrpaHMYeba, KapaKTepusalujy IOTEHIN-
jaTHO TNIPMMEH/BMBMX METOJA BUINEKPUTEPUjYMCKE
aHa/IM3e y pelllaBarby yIPaB/bauKor 3a/jaTKa, yIopes-
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the process is declared as a one criterion optimi-
zation [3]. In mining however, complex structural
problems are more frequent, where the best choice
is picked based on multiple criteria, hence the name
multi-criteria or multi-attribute, and has the follow-
ing qualities [1,4]:

1. Simultaneous existence of multiple criteria, of-

ten in contrast and conflict with each other;

2. Incompeatibility of possible solutions (one solu-
tion is better than another solution according to
one criterion and is not according to another);

3. Inability to define a better solution without the
decision maker's preference;

4. Inclusion of the decision maker into the process,
leaves room in lesser or greater measure, for the
so-called "subjective objectivity";

5. 'There is no solution that is better than other
solutions according to all of the criteria, so that
in a mathematical sense there is no optimal, but
a compromise solution to the problem.

Three important questions are posed: Which nor-
malization should be applied during reduction of
the initial problem structure, how to uniformly treat
multiple criteria and how to determine deviations
from the ideal solution?

Answers to these questions, with certain differenc-
es, are given through methods of a multi-criteria
analysis in an interactive relation with the decision
maker, whose task in this process is more subtle and
demanding than the final decision, and refers to de-
fining possible alternative solutions, criteria choice
in order to evaluate alternatives and the very sensi-
tive question of preference definition.

The multi-criteria analysis method is characterized
by the diversity choice criteria, the consequence be-
ing that in solving the same problem different out-
comes are achieved, which makes decision making
even more complex and sensitive. The choice of a
final solution, does not depend only on the alter-
natives offered, criteria chosen and definition of
preferences, but also on the applied method of the
multi-criteria analysis. Starting from this, mining
management integrates: overview of the real min-
ing conditions and limitations, characterization of
potentially applicable methods of the multi-criteria
analysis in management task solution, comparative
analysis of methods in real problematic conditions
and identification of approach in determining a
compromise solution in a plethora of offered alter-
natives, Figure 1.
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Obpehenocm
Heusaecrioem
Prusux
Kongnurn

Cenaenujammoctt

Vipapmadkn 3alaTak

AMGHEHTUIHN YTIPABMLAMKN VOB .

A ATEPHATHBHOCT VIIPaRBAYMENE OUIYES

Kpurepujysmin it KputepHjyMcKe ollene

IlpoénemMckit opHjeHTIICAH MATEMATHYKN Mojlen

[pusena HopMaTHBHIX MeTofa [ ONTHMUSALIGA ¥ YikeM cMucny

Pemerse u nonomense Ynpapbaqke oliayEe

Ynpapmauko fenosarme Jlomyna nndopmaruja

Pymuissn npotecu [ponecnparse nnopmanmja

Cnuxa 1. Ienepanuszosanu aniopuiiam yipasmearea.

Hy aHa/IM3a Ofj311Ba METOJa Y PeaTHIM IIPOSIEMCKIM
YCIOBUMA 1 MAEHTUPUKAL)Y IPVCTYIIA eTePMIHA-
I1/1je KOMIIPOMICHOT pellletba § KOHIIOMEPATy IIOHY-
benux anrepratusa, civka 1.

Mopenu ynpaBbama

MynTuBapujadumHOCT aMOUjeHTaIHNUX YC/IOBA PYA-
HMYKMX CHCTeMa, HUje IOBO/bHA 3a CHCTEMaTu3a-
L[Mjy NPUCTYIIa YIpaB/balba aay He 3HAuM fla HUje
Moryha mpema 3ajegHMYKMM cBojcTBUMa. OBO HUje
¢dopmanHo Beh CyIITMHCKM BaXHO HHUTame, KOje
ode3debyje cenexiujy u agexBaran n3dop mMarema-
TUYKO-MOJeNICKMX IPUCTYIA 3 MOAPUIKY OIIY4M-
Balby U yIpaB/baby. Y JUTEpaTypu ce HyOy BMUIIe
KIacuduKanyja, MIIIbemba CMO Ja je Kracuduka-
IMja yIpaB/bamba IpeMa ofpeheHocTu crama peai-
HOT' CHCTeMa HajIIOrOfHMja 3a pygapctso. IIpema
0BOj KTacupMKaLWjy YIpaB/babe MOXe OUTH ¥:

1. Vcnosuma ogpebhenocrty;
2. YcmoBuMa HeM3BECHOCTH;
3. YcnoBuMma pusnka;

4.  VcnoBuma KOHPIUKTA;
5

YcnmoBuMa CeKBEHIMjaTHOCTI.

Yripap/bame y ycoBuMa ofipeheHOCTH je HajIoXKerb-
HIje, QI Cy CUTYyaluje ca HOTIyHOM ofpehenomthy
PpeatHor CucTeMa M OKPY>KeHa, KaJja JJOHOCUIAL] OfITy-
Ke MOXe ca curypHothy a TBpAM Koja je OfyIyKa Haj-
dorba, BeoMa peTKe y pyapckoj mpakcy. OnyunBarbe
y ycnosuma oppehenocty mogpasymesa curyauuje y
KojuMa ce ca curyproruhy sHa y koM he cramwy dutn

Certainty
Uncertainty
Risk
Conflict

Cexsenyujannocm

Management task

g 3i
Sur g fe

Alternativity of managing decisions

Criteria and criterium decisions

Problem oriented mathematical model

Normative method application/ Optimization in a narrower sense

Solution and bringin the managament decision

Management action Information addendum

Mining processes Processing information

Figure 1, Generalized algorithm of self-management.

Management models

Multi-variability of the ambient conditions in min-
ing systems is not favorable for systematization of
the management approach but this does not mean
that it is not possible according to common quali-
ties. This is not a formal but an important question,
which secures selection and an adequate choice of
the mathematical-model approaches for support in
decision making and management. Literature offers
multiple classifications, but we are of the opinion
that the management classification according to the
condition of the real system is most suitable in min-
ing. According to this classification and management
can be done in:

1. Conditions of certainty;

Conditions of uncertainty;

2

3. Conditions of risk;

4. Conditions with conflict;
5

Conditions of sequentiality.

Management in conditions of certainty is most desir-
able, but situations with complete certainty of the real
system and environment, when the decision maker
can claim with certainty which decision is best, are
very rare in mining practice. Decision making in
conditions of certainty refers to situations in which
one knows with certainty in what condition the sys-
tem will be when the decision is made and is execut-
ed. The problem with decision making in conditions
of certainty comes down to choosing an alternative
which would be most efficient in conditions given.
Methods of linear and non-linear programming are
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CHCTeM Kajja ce OfyIyKa JOHece ¥ IOCTaHe U3BPIIHA.
[Tpodem opryunBama y ycmoBruma ofipeheHoCTy cBO-
Iu ce Ha u3dop anTepHaTMBE Koja he maty HajBehm
edekaT y 3aJjaTiM yC/IOBMMA. 3a pelllaBatbe OBe K/lace
3ajjaTaKa OfTyuMBaiba Hajuenthe ce KOpPUCTe MeTOfiE
JIMHeapHOT U He/IMHEeapHoT ITporpammpama [1,3].

OpyunBame II0 yCIOBUMMa IIOOpOjaHMM IOf, ABa
U TpU, TOTOBO je yodudajeHO 3a pymapctBo [5]. Y
3HaTHOM OpOjy PYyEHMYKVX CHUTyalluja IPUCYTHO je
U OJUTy4MBabe II0 YeTBPTOM YC/IOBY. Y YC/IOBMMA He-
U3BECHOCTH, IIPETIIOCTaB/ba Ce fIa PYSHUYKY CHCTEeM
MO>Ke OUTH Y HEKOIMKO CTama. AKO ce 3a CBaKO Of
crama MOXe fiepuHICaTN BepoBarHOhe MojaBe, cMa-
Tpa ce Ja ce OmIyKa HOHOCK Y YC/IOBMMA pU3VKA. Y
CITy4ajy Kajia II0CTOju JIMCTa MOryhmx crama crcremMa
a1 He 1 BepoBaTHONe BUXOBIX I10jaBa, Y IUTAY je
TOHOIIEHe OIyKe Y YCIOBUMA HEU3BECHOCTY VJIN
Heoppebenoctu. Hajueurhu xpurepujymn ogmydnsa-
13 Y YCIOBMMA HEM3BECHOCTH 11 py3uKa cy [1]:

e  Kpurepujym ontmmmsma, momasu of MpeTIo-
craBke f1a he yBeKk HacTymary HajiOBO/BHUjA CTa-
ma crcreMa Koja he omoryhasaru makcumanuu
edekar of JoHeceHe yIpaB/bauke OfITyKe.

o Kpurepnjym necummsma, CyripoTHO IIpeTXO{HOM,
TI071a3M Off eCHMMCTIYKe IIPEeTIIoCTaBKe fia he 3a
OWI0 KOjy a/ITepHATHBY YBEK HACTYIIUTY HajHeIIo-
BOJbHIje CTabe CUCTeMa, J CyTepHIIle OIIPe3HOCT.

o  Kpurepujym xamema, TymMaunM ce Kao M3Iy-
d/beHa IpMIMKa 3a JOHOIIEHe OITyKe Koja du
ode3demma HajIOBO/BHIHU pe3y/Tar. 3a Mepy
JKajbera y3MMa ce pasnmuka usMeby pesynrara
Koju Ou ce mocturao M3dOpPOM HajIOBOBHIjE
OZITYKe 3a CTBApHO CTarbe CCTEMa J pe3y/nTara
KOju OM ce OCTBApMO JJOHECEHOM OJITYKOM, Off-
HOCHO 13a0paHOM a/lTepHATIBOM.

o  Kpurepujym paumoHaIHOCTH, OFHOCHK Ce HA CH-
Tyalyje OfyIyInBarba y yCIOBMMA PU3NKY,  I10-
JIa3y Off IPETIIOCTABKE [JA j€ MAJIO CTarba y KOjiMa
ce cmcTeM Moyke Hahn 11 3a Koja ce He MoXe fiedu-
HICaT! BepoBaTHoha IojaBe.

OpnyunBarbe 1 yrpas/babe ¥ yCIOBMMA PU3NKA, Kao
IITO CMO KOHCTAaTOBa/IN, IOfjpasyMeBa Jja ce CUCTeM
Mo>xe Hahn y Buie crama unje cy BepoBarHohe mo-
3HaTe, MIM YKOIMKO HUCY IO3HaTe IIPeTIIOCTaBKa
je ma MX JOHOCMIIAL| OJTyKe MOXKe IIOY3JJaHO IIpO-
LUEeHNTU. Y PYOAPCTBY Cy peTKe CUTYyaluje y KOju-
Ma ce 3Hajy BepoBarHohe mojaBa opebenux crama
cucreMa, Te ce IPMIMKOM JJOHOIIeHa OJ/INKA OBaj
npodiem npemonrhaBa ocamameM Ha CyOjeKTUBHY
IPOLIeHY JIOHOCKOLIA OJUIyKe OC/TIOMIeHY Ha MCKY-
CTBO, a Ka0 KPUTEPUjyM 3a U3d0p anTepHaTUBE Ipe-
TEKHO Ce KOPUCTYM MaKCHMMaHa BPEJHOCT OYeKM-
BaHe Kopuctiu. Kopi moHollewa ofIyKa y ycIoBuMa
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used for solving this class of assignments in decision
making [1,3].

Decision making in order of conditions mentioned
under numbers two and three, is almost common
in mining [5]. In a considerable number of mining
situations, decision making according the fourth
condition is present. In conditions of uncertainty, it
is assumed that a mining system can be in several
states. If a probability of an occurrence of each of
the conditions can be defined, it is considered that

the decision is being made in risky conditions. In a

case when there is a list of possible conditions of a

system but not the probabilities of their appearance,

the decision is considered to be made in conditions
of uncertainty i.e. indeterminacy. The most common
criteria for decision making in conditions of uncer-

tainty are [1]:

o  Optimism criterion, goes from the assumption
that the most favorable system conditions will
occur and enable a maximum impact of the de-
cision that was made.

o Pessimism criterion, opposite to the criterion
above, goes from the assumption that for any
alternative, the most unfavorable system condi-
tions will occur, and sugests caution.

o  Criterion of mourning, interpreted as a lost
opportunity for making a decision that would
give the best result. As a mourning measure-
ment the difference between results which
would be achieved through making the best
decision for the real condition of the system,
and results which would be achieved by the
decision being made i.e. the chosen alterna-
tive.

»  Rationality criterion, refers to situations of de-
cision making in conditions of risk, and goes
from the assumption that there are few con-
ditions in which the system could be and for
which a probability of occurrence cannot be
defined.

Decision making and management in risky con-
ditions, as previously mentioned, means that a
system can be in multiple conditions for which
probabilities are known, otherwise if they are un-
known it is assumed that the decision maker can
reliably assess them. In mining, situations in which
the probabilities of certain system conditions are
known are rare, in which case during the process
of decision making this problem is bypassed by re-
lying on the subjective assessment of the decision
maker based on his experience, and as a criterion
for choosing an alternative, the maximum value of
expected gain is used. When making a decision in
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pM3MKa MM HEM3BECHOCTH, Tpeda BOAWUTH padyHa
U O HeM30eXXHO MPUCYTHOM CYOjeKTMBHOM OTHOCY
TOHOCHOLA OIIyKe ITpeMa pusnky [4]. ITosHato je fa
ce /byaM He IOHAIIAjy jefHaKO y CUTYyalijaMa Ipu-
CYTHOT pU3UKa, HeKO /IaKO IIPMXBaTa PUSNK ¥ CKITOH
je pM3UKY, Ipyry uMajy ogdojaH cTas, a Tpehn panu-
OHaJIaH OffHOC TIpeMa PU3NUKY.

OpyunBame 1 yIIpaB/bame Y yCIOBUMa KOH(INKTA,
je ommydnBame y YCIOBMMA IIOCTOjarba CYIpPOTCTa-
B/bCHIX MHTepeca [iBe WIV BUILIe CTPaHa, Y IPUCY-
cTBOM HeopipeheHOCTH M380pa MOryhmx anTepHaTUB-
HUX penlema. OIydnBame ce OfBUja y YCTOBMMA
npucycTBa KoHQMKTa 1 HeoppehenocTn, Te ce kao
HajIIoJleCHMj M MaTeMaTUYKO-MOJE/ICKH a/laT KOPUCTU
Teopyja urapa. 3afgaly ojIydrBamba OBe KIace Ipo-
dnema, y mpaxcn ce Hajuenthe cBofe Ha MIPUKYIUbabe
nHbOpMaIja 13 IPOLUIOCTH U CTATUCTIIKOj Pop-
MajM3alyju Heke KOHQMKTHe curyanuje. OBakaB
IPUCTYI He yBaXKaBa JOIyHCKe MH(POpPMALje 10 KO-
jUX JOHOCWIAL] MOYKe HaKHA/IHO JOhu, 1 Koje MOry y
M3BECHO] MepY CMambUTI IPBOOUTHY HeoxpebheHOCT.
VHave jeyuay MpUXBAT/bUB HAYMH Mepema Heonpe-
benoctu u pusuxa je Beposaruoha [4].

OpnyunBame 1 yIpap/barbe y YCIOBUMA CEKBEHIN-
jalmHOCTH, je OTy4MBarbe Kajla OCTOj ) MHTEPAKTUB-
HU HM3 CUTYyalija M CTamba y KOjUMa Ce PYJHUYIKU
CHCTeM MO)Ke Ha/lasUTH. 3a MOJe/IoBame IpodmeMa
CEKBEHIMja/THOT Ofl/TyYMBakba U YIIPaB/batha KOPUCTH
ce TexXHMKa CTadnma ofTyunBama dasupana Ha bajeco-
BOj CTaTVCTHIN, HOpPManMM30BaHa Ha IPUHIUITMMA:

o Anammse cTpykType u dopMupame gujarpama
TOKa OITy4UBamba;

o AnHammse BepoBaTHOha;
o AHajmse KOPUCTY U BpeTHOCTY MH(DOpMaLyja;

. Hpopaquy BpEeAHOCTU CeKBeHHI/IjaIIHI/IX YBO-
poBa;

. CUHTEeTUIKOM IIpUKa3y pe3ynTara.

CekBeHIMja/IHM TIPYUCTYI Ce CBOMY Ha KPEaTHBHY
UIPy Kao y IIaXy JOHOCMOLA OJJIyKe Ca pealHMM
cucremoM 1 yBohera BepoBarHoha mojaBa moryhnx
crama cucrema. [TodeTHM 3ammc 3ajjaTKa yIpaB/ba-
a QopMannsyje ce y MaTpUIHOM OJNINKY, y Tadenn
1 [1] mat je mrycTpaTuBaH IpUMep.

OcuM HaBefieHUX e/leMeHaTa, 3a OfIyuMBame U
yIIpaB/babe BaKHO je VM TTI03HABaIbe:

o IlpaBa JoHOLIEA yIPaB/BAYKMX ONIYKA, Jie-
¢uHncaHor HapexHouy y OpraHM3alOHOj
CTPYKTypu pynHuka (mpenyseha, kommanuje,...);

o Toka nnmm IIponeca ojyry4dnBaiba 1 yIipaB/batba,
YCIOB/BEHOT TCXHOTIOFI/[jOM IIpON3BOAILE, ITPU-

conditions of risk or uncertainty, one should take
care about the inevitably present subjective views
of the decision maker towards the risk [4]. It is
common knowledge that different people do not
react the same way in situations of risk, some easily
accept it and are prone to taking risks, others avoid
it at all costs, and some take a rational approach
towards it.

Decision making and management in conditions of
conflict done in situations where sides of opposing
interests exist, and the choice of possible alternatives
is undetermined. In such a case, the most suitable
mathematical-model tool is the game theory. Tasks
of decision making in this class of problems are in
practice usually reduced to gathering of information
from the past and a statistical formalization of a cer-
tain conflict situation. This approach does not make
room for additional information which the decision
maker can get later on, and which could in some
measure reduce the original uncertainty. The only
acceptable method of measuring uncertainty and
risk is probability [4].

Decision making and management in conditions of
sequentiality, is decision making when an interactive
set of situations and conditions in which the mining
system can be exists. In order to model the problems
of sequential decision making and management the
tree technique is used based on the Bajesovoj statis-
tics, formed on the principles of:

o  Structure analysis and formation of the decision
making diagram;

o  Probability analysis;

o Usefulness and information value analysis;

o Calculation of the values of the sequential knots;

«  Synthetic result display.

The sequential approach is reduced to a creative
game, like in chess, of the decision maker with the
real system and introduction of the probabilities of
the possible conditions of the system. The initial re-
cord of tasks for management is formalized in the
form of a matrix, table 1 [1] illustrates this.

Apart from these elements, in order to reach a deci-
sion it is also important to be familarized with:

o  The rights of making managerial decisions de-
fined by jurisdiction within the mine organiza-
tional structure (enterprise, company...);

« The flow ie. process of decision making and
management, conditioned by production tech-
nology, applied approaches (models) during

decision making and management of the mine.
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MemheHVM IpucTymuMma (MOfenumMa) M TOKOM
OITy4MBatba U yIpas/bamba y PyAHUKY.

Tadena 1. [Toueitita Malipuya cekeHUUjanHoi Upuciinyia.

Table 1. Initial matrix of the sequential approach.

Moryhe ynpasmauke Moryh;} aJTepHATHBHA pefmeﬂ,a
Possible alternate solutions
oLIyKe
Possible managing R, R, R,
decisions
PRY= | PRY= | P(RY=
o, € n) €
o, x € €5
0, €y €y €3

Tymaw: p (R) - Beposaitiroha tipumere anitiepHaitiueHoi peie-
ta;
e, - Edpexaini iipumene anitiepHainiusnoi peuieroa.

Legend: p (R) - probability of alternative application;
e, - effect of alternative application

ITpermnocTaBKa YCIEIHOCTY YIIPaB/batba je CTPYK-
TYMPaHOCT IIpolieca O/Ty4MBama, CIMKa 1, Koja
odyxBaTa MHULIMjA/IHY, aHATUTUYKY U a3y KoHad-
He OJI/TyKe, Ca Ae(pUHICAHUM:

o [lmmem wny IWbEBM YIIPaB/barba, KOjU IPOU3N-
nmasu(e) U3 HaMepe Ja ce HelTo nocturHe. [nmp
VIV LW/beBY MOPajy OUTH MpennsHo nedrHmca-
HM, IITO y TIPAKCH MOHeKaJ IPaBU M3BECHE Te-
mkohe. JloHOCHIIAL] yIIpaB/bauke OTYKE, MOXeE
OUTM jefaH MM BUIIe CTPYYEbaKa KOjI y TOM CITy-
Yajy TUMCKM JJOHOCE OfIyKe. Pajiu enMuHucama
WIV MYHMMUSHUPaba CydjeKTUBHOCTU JOHOCUO-
Ia yIIpaB/badke OATyKe, yBeK Kaja je To moryhe
Hperopydyje ce TUMCKO JOHOLIeHe OfnyKa [3].

o AnTtepHaruBaMa, Kao CpeACTBMMA 3a IIOCTHU-
3ame jefHOI MM BUIIE LM/beBa, U IHpeicTa-
B/bajy Moryha pemrema mpodiema amy Koja ce
MebycodHo uckmyuyjy. IIpodnem omnyunsama
IOCTOjM 3axBabyjyhu mocrojamy Bulle Ha-
YMHA 33 NOCTM3aEbe LM/ba WM LM/beBa, Kajia
TOra HeMa, HeMa HI ofinyunBamwa. Popmuparme
CKyIla aNTepHATUBHMX pelllea je KIbYYHO Ba-
KaH 1 HajKpeaTVBHUj! Jieo 3aJlaTak y Mpolecy
opnydnBama. OcKM Off IO3HaBama MpodieMa,
CTPYYHOCTM, 3Hama, MCKYCTBA, CIIOCOOHOCTU
U JOMUIIJ/BATOCTI aKTepa Y JOHOIIEHY OJTYKE,
dbopMupame CKyIa aaTepHATUBA 3aBUCU U O
npodnema. Hema omrer ymyTcTBa 3a reHepu-
cambe aJITePHATHBA, 2 HETIOCPEHM aKT OJITyKe je
u3dop jelHe Off aNTepPHATHUBA, Y TOM CMIUCIY ja-
CHO je fia je KBaJIUTET OfITyKe YCIIOB/beH KBa/IN-
TeTOM MOTyhMX a/TepHaTUBHUX pelrema [2,3].

° YcmoBuMma, kao CKYIIy YyIZIIBa KOjI/I yTnay Ha
I/I360p a/ITEpHATNBA, OJHOCHO Ha CXO[ OJ/TYKeE.

o Kpurepujymom mm xpurepujymmma usdopa.
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The assumption of the success rate of management is
how the decision making process is structured, pic-
ture 1, which encompasses the initial, analytical and
final decision stages, with defined:

o Goal or goals of management, which come from
the intention to achieve something. Goal or
goals must be precisely defined, which can in
practice, lead to certain difficulties. The decision
maker, can be one or several experts which in
such a case, make decisions as a team. In order
to eliminate or reduce subjectivity of the deci-
sion maker, it is always recommended to reach a
decision as a team [3].

o Alternatives, as means of achieving one or mul-
tiple goals, also represent possible solutions for
problems but are mutually exclusive. The prob-
lem of decision making exists due to the exist-
ence of multiple alternatives to achieve a goal.
When there are no alternatives, there is no need
for decision making. Forming a set of alterna-
tive solutions is essential and the most creative
part of the task in decision making. Asside from
knowing what the problem is, expertise, knowl-
edge, experience, abbilities and resourcefulness
of the decision makers, the formation of a set
of alternatives depends on the problem as well.
There is no general guideline for the creation of
alternatives, and the immediate act of the deci-
sion is choosing one of them, and in this sense it
is clear that the quality of the decision is deter-
mined by the quality of the possible alternative
solutions [2,3].

o Condition which as a set influence the choice of
alternatives i.e. the outcome of the decision.

o  Criterion or criteria of choice. If the outcome of
a decision depends on one criterion it is called
uni-criteria, whereas in practice more common
are the cases where the outcome of the decision
depends on several factors in which case the
problem is a multi-criteria problem.

Beside the quality of the suggested alternatives, the
quality of the decision is influenced by the choice of
criteria and the definition of criteria values for each
of the alternatives. When solving practical problems
in mining, numerous and different criteria are present
out of which some are mutually exclusive - in conflict.
The criteria formation can be quantitative (number
values i.e. profit, expenses, rentability, production out-
put, consumption...) or qualitative (verbal values i.e.
good, bad, the best, weak, high, low, warm, cold, ra-
tional...) Criteria choice and criteria value definitions
of the alternatives depends on the problem at hand,
which is a very delicate and demanding engineering
task, with an immediate influence on the final out-
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AKO MCXOJ, OfiTyKe 3aBUCUTH Off jeJHOT KpUTe-
pujyMa Kaxe ce fia je mpodieM jefHOKpUTEpH-
jyMCKH, y TIpaKcu ¢y derhm cmydajeBu ja UCXON
OZTyKe 3aBUCM Of] BMIIE ITOKas3aTesba, Tafja ce
Ka>Ke JIa je IIpod/ieM BUILIEKPUTEPHjyMCKIL.

OcuM of KBajIMTeTa IIPE/IOKeHNX a/ITePHATIBA, Ha
KBaJIUTET OJJIyKe yTude M3dop Kpurepujyma u Je-
¢buHICabe KPUTEPHUjYMCKIX BPEFHOCTH 3a CBAKY OFf
a/TepHaTUBa. Y pelllaBamby HNPaKTUYHNX IpodieMa
Y PyBapcTBy, Gurypuiy SpojHU U pasIUIUTH Kpu-
TepujyMu Off Kojux cy Heku Mehycodno cymporcra-
BbeHN — KoH(uKTHU. PopMyammja Kputeprjyma
Mo>ke OMTM KBaHTHUTATHBHa (OpojuyaHe BPETHOCTI,
HIIp. TPOQUT, TPOUIKOBY, PEHTAOWIHOCT, OOUM
IPOU3BOMbE, HOTPOIIA, ..) VIV KBaJIUTAaTVMBHA
(BepdayHe BpemHOCTH, HIIP. JOdPO, JIoLIe, HAjOOIbE,
c1ado, BIMCOKO, HIICKO, TOIUIO, XJIAJTHO, PallMOHAIHO,
...). VI3dop xpurepujyma u fepmHmCabe KPUTEPHjYM-
CKJIX BPeHOCTY a/ITePHATIBA 3aBUCH Off KOHKPETHOT
npodjeMa, TO je BeOMa OCeT/bUB U 3aXTeBaH JHXKe-
EPCKI 3a/IaTaK, Ca HeIIOCPeTHUM YTHLIajeM Ha KOHa-
YaH ucxof, omryke [2,3]. OceT/bMBOCT U 3aXTE€BHOCT
3ajaTaka 1300pa KpuTepujyMa M KPUTEPUjyMCKUX
BPENHOCTY IO aJITepHATVBaMa, IPUCYTHA je 300r
Hen3deXHOCTH (akTopa cydjeKTMBHOCTH, MaHuU(e-
CTOBAHOT IPEKO OATOBOPHOCTH U IpedpepeHIuje 10-
HOCHOLIA OITYKe, IIpeMa KpUTEPUjyMIMa, HBIXOBUM
BPENHOCTVMA, IIpeMa PUSVLIMMA U CL

Mertope 3a u3dop anrepHaTUBe (JOHOLIEHE YIIpa-
B/BAYKMX OJJIYKe), KOHCTUTYUCAHE Cy Ha KBaIu-
TaTUBHUM WIM KBAaHTUTATUBHUM TNPUHIUINMA.
KBanuratnBHe MeTofie Cy dasypaHe Ha aHUMALUjU
eKCIIepTa MU eKCIIEPaTa, a KBAHTUTATIBHE KOPUCTE
MaTeMaTI4KO-MOJIeTICKe ajaTe 3a m3dop (Hajdosbe,
HajeuKacHuje, paljyIOHa/IHe, ONTUMAJIHE UTH.) jeli-
He n3Meby pacronoxuBux anrepHaTuBa.

3ak/pyvaK

Ynpappamby y MYITUBapMjadVIHMM PYSHUYKUM
yCIOBMMa MOXe ce Ipuhy Ha pasinyuTe HaulHe, Y
npuHIMITy oM ce MehycodHo He mcksbydyjy. ¥V mu-
jpey Moryhmx mpucrya, 1300p je KOMIUTMKOBAHMU)I
HETO IITO Ce YMHU. JeflaH pasyIor je IITO HeMa OIIITe
IIPUMEH/bMBOT MOJIeTIa YIIpaB/bakba M CaIZTaCHOCTH
OKO HayMHa M3dopa MeTofia M IPUCTYIIA YIIpaB/ba-
3, A PYTH je IIITO HeMa CUTYPHOCTH fia he ucte mwm
CTIYHE MeTOofe M NPUCTYIM Jalu UCTe pes3ysrare y
pasmranTyM ycnoBuMa. Jlodpa fujarsosa ympasipad-
KOT IIpod/ieMa He TapaHTYje caMo 10 cedu edrkacan
PELeNT 3a HBEroBO pelllerse, alu de3 AMjarHOCTUKO-
Bara HeMa HU Hafle ja he mpodnem durtu amexBar-
HO pelleH. 3aTo je 3a OOpO pasyMeBame IpodieMa
yIIpaB/balba Y KOHKPETHUM PYJHUYKUM YCIOBMMA

come of the decision [2,3]. The sensitivity and require-
ments of the tasks when choosing criteria and criteria
values for alternatives, is present because of the un-
avoidable factors of subjectivity, manifested through
the responsibility and preference of the decision mak-
er, towards the criteria, their values, risks etc.

The methods for choosing an alternative (making
a management decision), are based on qualitative
and quantitative principles. Qualitative methods are
based on the animation of experts, and quantitative
use mathematical-model tools for making a choice
(best, most eflicient, rational, optimal etc.) of one of
the alternatives available.

Conclusion

Management in the multi-variable mining condi-
tions can be approached in many ways, which in
principle are not mutually exclusive. In the milieu of
possible approaches, the choice is more complicated
than it seems. One reason is that there is no generally
applicable management model and consensus on the
matter of choosing a the method and management
approach, and the other is that there is no guaran-
tee that the same or similar methods in the approach
will give the same results in different conditions. A
good diagnosis of the management problem is not
its own guarantee for an efficient recipe for its solu-
tion, but without it there is no hope that the problem
will be properly solved. This is why it is necessary
to thoroughly review the system and its surround-
ings, to study the relevant factors and to use different
methods of observation.
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SELECTING THE LAND RECLAMATION TYPE AT THE
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Casceiiax: Y 060om pagy iipuxaszar je iipodnem peanusayuje ociieKcinoamiauuoHux ipegena, Hacanux HAKoH HoPULH-
cKe exciinoaifiayuje nexcuuiinia yina Ha tospuiunckom xoity boiyiioso Ceno kog Yimesuxa y Petiydnuuyu Cpiickoj. 3akoHom o
pygapciuey gedunucana je peanusavuja iexHuuxe u Suonouike pexynitiueayuja u ypehere upociiopa, y pyHKuuju 3auiiiu-
e JHUBOTIHE CpeguHe, KAO U peieHepaluje, pesuitianusauujau ypeherve HapyuieHux HoPUUHA HA HOBPUUHCKUM KOTLOBUMA
u ognaianuwiniuma. [naeHu 3agamax upurukom Upojexitiosara 0gHocu ce Ha U3dop pexynitiueayuoHe sapjanitie KAo KOHAY-
HOT peuderba u ypeheroa tiej3axcHol iipegena HAPyuleHUxX Ho8puUHa. 3a pewiasarve 08ux Upodnema ipumerbeHa je suneattipu-
Symna ananusa meimiogom PROMETHEE u gaini ananuitiuuky u ipeineguu wadenapru apuxas pe3ynitiaitia 0801 mogena.

Kwyune peuu: Iociliekciinoailiayuonu ipegeo, pekynmusayuoro peuerve, suieattipudyimina ananusa, Ho8PUUHCKU KOT
Boiyitioso Ceno

Abstract: This paper presents the problem of realization of post exploitation areas, created after the exploitation of the coal
deposit at the open pit Bogutovo Selo near Ugljevik in Republika Srpska. The realization of technical and biological reclamation
and landscaping, for the purpose of environment preservation, as well as regeneration, revitalization and sanitation of compro-
mised surfaces at open pits and deposits has been defined through the Mining bill. The main task during planning is to choose
a reclamation variant as a final solution and landscaping of the compromised areas. In order to solve these problems, a multi
attribute analysis was implemented using the PROMETHEE method and an analytical and tabular overview of the results of

this model is displayed.

Key words: post exploitation area, reclamation solution, multi attribute analysis, open pit Bogutovo selo

VBop,

Inperme NOBPIIMHCKE €KCIINIOATALIVj€ MUHEPATHUX
CMPOBMHA a HAPOYUTO E€HEPTeTCKUX pecypca ¢o-
CUJIHUX TOPUBA, YMHM IIOBPIIMHCKE KOIIOBE YITba
IPOCTOPHO IOMUHAHTHNUM O8jeKTMMa BETUKUX PY-
Tapckmx daceHa KaKo y Hac Tako u'y cseTy. Excro-
aTalMOHA aKTUBHOCT, IPATU HETaTMBHE €KOJIOMIKE
yTHULaje Ha )XMBOTHY CPeJUHY IIMpPe OKOIMHE, IITO
Hac odaBesyje Ha MHTETPATHO IIaHNPahe, PeBUTA-
nusanujy, pekyatusanujy u ypeheme Hapymenor
IPOCTOPA 32 HeroBo IIOHOBHO XyMaHO Kopuinherme
y mocTeKcmioatanquonoM mnepuopy. Ilocrekcmmoa-
TAaLMOHO CaHMpaibe U ypeherme npenena HOBpIINH-
CKIMX KOIIOBA M OfiJIarajIMINTa OJHOCHO HapyIUIEHOT
IIPOCTOPA M3a3BAHOT PYyNapCKMM PafOBMMa U Ipa-
tehux odjexara, TpefcTaB/ba CHUHTETHYKM MYI-
TUAUCUUIIMHADHO-UHTEPAUCHUIIIMHAPDAH  BeoMa

Introduction

The expansion of surface exploitation of minerals, en-
ergy sources of fossil fuels in particular, makes open
coal pits spatially dominant objects of big mining ba-
sins in our country as well as in the world. The ex-
ploitation activities negatively impacts the environ-
ment in a wide area, which obligates us to conduct
integral planning, revitalization, reclamation and
landscaping of a compromised area for its subsequent
humane use in the post exploitation period. The post
exploitation sanitation and landscaping of open pits
and deposits i.e. compromised areas created through
mining operations and subsequent facilities, presents
a synthetically multi disciplinary - inter disciplinary
complex multi phased engineering project assign-
ment.
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KOMIIIEKCaH BuIIedasHN MHKeHbePCKY IPOjeKTHN
3a/laTak.

Jocagamma peKy/ITUBalMOHa IIPAKca y CBETYy, IO-
Kasayma je MOryhHOCT cTBapama HOBMX IIO/bOIPU-
BpEHIX, LIIYMCKIX, aKBaTOPHIX, IMBAICKNX U JIpy-
IUX 0OHOBJbEHUX IIPOCTOpE YeMy Tpeda TeXUTU U Y
Hac. PexynruBanuja MMa MyITUAMCUUIUIMHAPHU U
VHTePOVMCUUIUIVMHAPHY KapaKTep jep IpefcTaB/ba
CUHTe3Y pyapCcKO-TeXHOJIOLIKIX, IHXEHePCKO-Teo-
JIOMIKUX (T€OTeXHWYKUX U XNUAPOTEONOMIKNX), XM-
IOPOTEXHMYKMX Y OMOMHKEHepPCKMX (arpOHOMCKUX
U LIYMapCKMUX MEIMOPATUBHMX IIOCTYIAKa), KA0 U
IPYIUX TEXHUYKIX Mepa Koje ce IIPefysuMajy y LUbY
TpaHchOpMalje TEXHOTeHO HapyLIeHOT 3eM/BMIITA
y CTabe IIOTOJHO 32 II0JbONIPUBPENY, IIyMapCTBO, PU-
dapcTBO, peKpealujy, TypusaM, 1 IIPOCTOP 3a Tpajiu-
TE/bCTBO Pa3TdnTe HaMeHe, IAPKOBCKE U IIej3aXKHO
amOujeHTanHe LenuHe. [Ipuponmwadky mocMaTpaHo,
PEKy/ITHBAIMjOM Ce IOCIelyje 0dHaB/bame CTapuX
U OXXVBJ/baBakbe HOBUX OM/BHMX M SKMBOTUECKUX Bp-
cta, popMupame CTAOWIHNX eKO-3ajeIHIUIA Y LU/bY
eKOJIOLIKe PaBHOTEXXe YOBEKOBE OKOMMHE U OIPIKU-
BOT' pPa3Boja IPUPOSHNX OOHOB/BUBNX ¥ HEOOHOBIBN-
BIUX pecypca. Y TOM CMUCITY Ipefie0 PeKYATUBICAHUX
HOBPILVHA YK/IaIla ce y mocTojehn exo cucTeM mimm ce
AK Y Le/IMHY VIV JeIIMIYHO Meba eroBa HaMeHa
3a HOBMM IoTpedama.

IToppummucku Kon boryroso ceno

IospmmHCcKM Kot boryToBo ceno y cBojoj 3aBpIIHOj
KOCHHIL, IIPOCTHPE Ce Ha IIOBPILIVHM Of 0KO 3,5 km?2,
Ipy 4eMy IoBpiunHa npocropa CeBepHOT peBupa
usHocu oko 2,3 km?, a moBpinHa Jy>XHOT peBupa
oko 1,2 km?

[Nospummackny kom boryToso Cero - YI7beBUK je mo-
nebeH Ha CeBepHU 1 Jy>kHM peBup. MaKcuMaaHa
ny>xyHa CeBepHOT peBUpa y IPaBIy MCTOK-3aIlaf
usHoCK 2,4 km JOK je MaKcMMajIHa Jy>KIHA Jy>KHOT
peBupa y ucrom mpasny 1,7 km. Makcumarnsa mm-
pUHa MOBPIIMHCKOT KOTIa Y IIPaBIly CEBEP-jyT U3HO-
cn oxo 2 km, mmpune CeBepHor pesupa og 1,05 km
a Jyxsor pesupa 0,95 km.

JunaMmuka usBobema pyHapcKMx pajoBa IO TOAU-
HaMa pajia AeMHICAHA je HA OCHOBY IpOpadyHa-
TUX KOIMYNHA OTKPUBKE U yr}ba II0 peBupuMa ca
3aJaTM TOAMIILYM KalalMTeTOM Ha IIPOMU3BO[-
I yI/bad PAfiyl IOY3AAHOT CHadJeBama TepMOe/IeK-
TpaHe. [IpousBonma yr/pa Koja je ode3dehnpana 13
CeBepHOT peBypa MOBPLIMHCKOT KOIIA, 110 IPOjeKTy
je Tpedano pa dyme 3aBpureHa 2009. rogyHe, Kaja je
OTIIOYENIa €KCIIoaTallja yI/ba Y Jy>KHOM PpeBUPY.
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The reclamation practice in the world has demon-
strated so far the possibility of creating new agri-
cultural, forest, aquatic, plane and other renewed
areas to which we should strive as well. Reclama-
tion has multi disciplinary and inter disciplinary
characteristics because it represents a synthesis of
mining-geological, engineering-geological (geo-
technical and hydro geological), hydro technical
and bioengineering (agronomical and forest melio-
ration actions), as well as other technical measures
which are taken for the purpose of transformation
of the compromised land into a state suitable for
agriculture, forestry, fishing, recreation, tourism,
area for facilities of various purposes, parks and
landscape ambiance as a whole. From a naturalis-
tic perspective, reclamation enables a renewal of
the old and new plant and animal life, formation of
stable eco-communities for the purpose of ecolog-
ical balance of the environment and a sustainable
development of naturally renewable and un-renew-
able resources. In that sense, the area of reclamated
surfaces either fits into the existing ecosystem or its
purpose is altered wholly or partially in service of
other necessities.

Open pit Bogutovo selo

The open pit Bogutovo Selo spreads across the sur-
face of around 3,5 km? at its end slope, while the sur-
face of North mining district is around 2,3 km? and
the South mining district’s surface area is around 1,2
km?.

The open pit Bogutovo Selo - Ugljevik is divided into
the North and the South mining district. Maximum
length of the North district in direction east-west is
2,4 km while the length of the South district in the
same direction is 1,7 km. The maximum width of the
open pit in the north-south direction is around 2 km,
the North district being 1,05 km and the South dis-
trict being 0,95 km wide.

The dynamics of mining by years is defined based
on the calculated quantities of waste rock and coal
in the mining districts with a target annual capac-
ity for coal production in order to properly supply
the thermal power plant. According to the project,
coal production from the North mining district was
supposed to be completed in 2009. when the coal
exploitation in the South mining district began.
Digging of waste rock in the South district began
in 2004. with a capacity of 1.100.00 m* per annum
which in the fifth year of exploitation would reach
5.950.000 m’ per annum. Mining operations secured
the required amounts of coal, by first supplying it
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PajoBu Ha OTKONaBamwy OTKPUBKE y Jy>KHOM peBU-
py otmovenu cy 2004. ropuse, ca KamaluTeTOM Of
1.100.000 m*/ropumuime fa 8 y meToj TOWMHM eK-
cIUIoaTanyje Taj KamanuTeT nocturao 5.950.000 m?/
roguimwe. Pymapckum pagoBuma odesdebuBana je
CUTypHa IPOM3BOJba IOTPeSHMX KOMMYMHA YITha,
TaKo LITO ce IpBo ode3dehnBana camo 3 CeBepHOr
peBupa, 3aTUM UCTOBPeMeHO 13 CeBepHOr 1 Jy>KHOT
peBupa a Ha Kpajy caMo U3 Jy>KHOT peBupa.

IloBpmmHe HapylleHe eKCIJIOaTalMjoM YI/ba Ha
IpOCTOPY MoBpIIMHCKOT Koma boryroso Ceno ody-
XBaTajy NMOBPIIMHE PeBMpa Y KOjUMa jeé BPIIEHO OT-
KOIIaBae OTKPUBKe, yI/ba 1 CIojHe u Mebycmojue
janmoBuHe, Kao ¥ MOBPIIMHE CIO/bAIlbUX Of/Iaraii-
IITA ¥ MHAYCTPUjCKUM KPYTOM. YKYIIHA IIOBPUIMHA
3em/pMINTa 3axBaheHa yTuiajuMa pygapckux pajio-

only from the North mining district, then from both
the North and the South mining districts, and in the
end only from the South mining district.

Surfaces which were compromised through coal
exploitation at the open pit Bogutovo Selo en-
compass areas of the districts in which waste rock
digging, coal mining and layered and interstitial
waste, as well as the areas of outer depositories
and the factory grounds. The total area impacted
through mining is 815,7 ha according to the pro-
ject, and divided into mining districts and deposi-
tories, table 1.

Table 1, OP Bogutovo Selo, areas
encompassed by mining operations

Ba IIO IIPOjeKTHOM pelrewy usHocu 815,7 ha, a ox Area Area (m?)
TOra 1o peBI/IPI/IMa u ogrIarajInuiTrmMa, Ta6ena 1. 1. North mining district 2.311.000
2. | Mining district Stara Jama 140.000
Tabena 1, IIK Boiyitioso Ceno, fiospuiuiie 3. | South mining district 1.059.000
saxeahene pygapckum pagoeuma 4. | Jablani mining district 322.000
MoBpunna Mospmuna (M?) 5. | Western depository 3.737.000
1. | Ceepuu peBup 2.311.000 6. | Northern depository 588.000
2. | Peup Crapa Jama 140.000 > 8.157.000
3. JyxxH1 peBup 1.059.000
4. | Penup Jabnaim $22.000 As the future purpose of this area is not defined, a
5. | 3amano oxnaramure 8.737.000 part of the areas mentioned which are presented as
6. | Cepepro opnarammmre 588.000 outer depositories are intended for reclamation. The
) 8.157.000 area of the open pit in its entirety i.e. individual dis-

Kako fo cap Huje sepununcana Sygyha namena osor
IPOCTOPA, /Ie0 IOMEHYTUX IOBPIINHA KOje CY Ipef-
CTaB/b€HE CIIO/bAIlIbUM OfIaraTMUITUMA Cy HaMe-
IbeHe 3a pekyntuBauujy. IIpocrop mosprmHCKOT
KOIA Y LeNMHYU, OFHOCHO IOje[JUHMUX PEBUpa, U y
dynyhnoctu he dutn y dynxuuju excrmoaranuje
yI7ba YI/beBIYKOT yI/beHOT daceHa, Kao IPOCTOop pe-
3epBJICAH 3a CMEIITaj OTKPMBKE U jaJIoBMHE ca dyxy-
hiyx MOBPIIMHCKUX KOIOBA, Ka0 U Iellefa U Ijbake
u3 TepmoeneKTpane. Ha oBaj HaunMH MOXKe ce peanu-
30BaTM OCHOBHM CTPAaTEIIKN UMb Y odmactu pesn-
Ta/llM3alMje ¥ PEKYITUBALMje IIPOCTOPa U 3alITUTe
JKMBOTHE CpeiVHE: CMaIbE€he€ HEITOBO/bHIX yTI/[uaja
eKCIIoaTalije M Ipepajie TUTHUTA Ha CTame Io-
/bONIPUBPENHOr 3€M/bUIITA, HIIyMa, BOMA, Ba3gyxa,
JKMBOT CB€Ta M OPYIUX NPUPOAHMX M COLMO-EKO-
HOMCKIX YC/IOBa XXMB/b€Hba, YIOPENIO Ca IIpely3uMa-
meM e(UKACHIX Mepa 3a ITOCTeNIeHO OCTBapHBAkbe
CTa/THOT U IIPVYIMETHOT modorbIllaBarba €KOJIOIIKUX,
eKOHOMCKVIX ¥ aMOMjeHTa/THO-Iej3aKHUX 0de/lexja
ertor mogpyyja.’[5]

tricts will still be used as areas reserved for deposit-
ing waste rock and waste from future open pits, as
well as for the deposition of ash and bottom ash from
the thermal power plant. In this manner the main
strategic goal of revitalization and reclamation and
environment preservation can be realized: decrease
of undesirable influences from lignite exploitation
and processing on agricultural lands, forests, waters,
air, flora and fauna and other natural and socio-eco-
nomical living conditions, and at the same time
implementing efficient measures for gradual reali-
zation of a permanent and noticeable improvement
of ecological, economical and ambiance-landscape
features of the entire area. “[5]

Throughout the designing of the reclamation project
for the open pit Bogutovo Selo - Ugljevik, the main
engineering task will be to chose the manner and a
technical-technological solution for reclamation and
landscaping of the post exploitation pit area. The
plethora of possible alternatives i.e. solutions, the
multitude of their combinations, the number of cri-
teria and their contrasts opens a teamwork question:
what is the best solution?
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M3pagoMm npojexTa peKynTuBanyje 3a MoBPIIMHCKI
ko IToepummackn xom Boryroso Cerno - YIbeBUK,
IJIaBHM MHXXEHEPCKU 3aflaTak ompepnepusahe 13-
dop o0mMKa M TeXHNYKO-TEXHOJIOLIKOT pellerha
pexynITuBanyje n ypebema mpocropa IocTeKCIUIO-
aTaIYIOHOT IIPOCTOpa I0J/ba. BpojHOocT Moryhmx
a/ITepHATMBHUX BapjaHTU WIN pellea, PasHOMM-
KOCT BJIXOBJX KOMOMHaLMja, Opoj KpUTePHjyMCKIX
ycnoBa 1 mlyxoBa MebycodHa cympocTaB/beHOCT
OTBapa MUTambe TMMCKOT KapaKTepa: IITa je Hajdobe
pentere? OnepaTuBHY OATOBOP IIPY)Ka BUILEATPU-
OyTHa WM BUIIEKPUTEPMjyMCKa aHa/IM3a.

Kop n3dopa mopena BumrearpudyTHe aHanuse, KOH-
Cy/ITOBaHa je K}IacmbMKaqua ca JiBe TpyIle MOfiesna:

1. 'V mpBoj cy Mopmenu Ipema KOjuMa ce BUIe-
aTpuOyTHU IIpodleMU KOHTUHYAJHOI MaTe-
MaTWYKOT OdNMKa CBOZE Ha NpOdmeM pemms
HEKOM Off TO3HATUX NIPUCTYIa MaTeMaTWIKOT
IpOTpaMMpama, 1

2. YV ppyroj rpynu Cy MOfeIM IpeMa Kojuma ce
npodneMu pelaBajy aHAIM30M U paHTUpa-
eM anTepHaTuBa. IIpeTnocTaBka je fa cy cBe
a/JITepHATUMBE KPUTEPUjYMCKM BPEIHOBaHE Ha
VCTU HA4MH, a IOCTYIAK BPEJHOBamba MOXKE
OUTM MaTeMaTMYKO M3padyHaBame, eKCIepu-
MEHTA/IHO Meperbe, XeyPUCTUIKO BPeJHOBabe
WY CYQjeKTUBHO OLieIbMBabe.

ITpmpona u ormxa oBor mpodnema, yryhyje Ha fpyry
rpymy mogena kao mTto cy: ELECTRE, PROMETHEE,
AHP, VIKOR u sip. meby kojuma Tpeda Tpaxutu mpu-
CTyI 3a 1300p Od/MKa ¥ HauMHA peKyITuBaLuje U
ypebema mpefiena eKCII0aTaIIOHOT M0/ba OB PILIVH-
cxor Kora borytoso Certo - Yr/beBIK. 3a moTpede 1po-
jexTHOr pelema npennakeM momen PROMETHEE.
bes ymaxema y aHammM3y U OLieHy BUIIeaTpUOyTHUX
MofierIa, TIpK 1300py MOfeIa IIpeBary 1Ma JMCKyCTBO
y BeroBoM Kopuinhemy, HNOCTUTHYTH HOCATAlIEbU
pesynrarn u yrpabemocr y PROMETHEE wmopen
IIeCT TeHepaI30BaHNX KpUTepujyMa 3a MCKasMBa-
e IpedepeHINja JOHOCHOLA OfIYKe, ITO YOIaKaBa
cydjekTBUTET JOHOCKUOLA omryke. OBO He Herupa
OCTajle MeTOfie U1 He MCK/bydyje IBUXOBY IIPUMEH/bU-
BOCT Y pelllaBaiby OBOT THIIa IIpodiema [7].

BumearpudyTan mopern

ITpenmMMuHApHOM aHA/M30M YCTAaHOBJbEHO je /ia Cy 3
yCII0Be MOBPHIMHCKOT Koma borytoso Ceno - Yribe-
Buk Moryha cneneha pexynTuBaioHa peliemba:
a, - UIyMapcTBO, a, - MOJbONPUBpENa (PaTapcTBo U
TIOBPTAapCTBO), &, - MojbonpuBpesa (BohapcTpo), a, -
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The operative response is supplied through the multi
attribute i.e. multi criteria analysis.

When making the choice for a model of multi attrib-
ute analysis, a classification with two groups of mod-
els was considered:

1. In the first are models according to which the
multi attribute problems of a continual math-
ematical character are reduced to a problem
solvable through one of various approaches of
mathematical programming, and

2. The second group which contains models ac-
cording to which problems are solved through
analysis and ranking of alternatives. The as-
sumption is that all of the alternatives are cri-
teria evaluated in the same manner, the process
of evaluation being mathematical calculations,
experimental measuring, heuristic evaluation or
subjective evaluation.

The nature and logic of this problem directs us to the
second group of models such as: ELECTRE, PRO-
METHEE, AHP, VIKOR etc. amongst which an
approach for choosing the manner of reclamation
and landscaping of the exploitation area of the open
pit Bogutovo Selo - Ugljevik. For the purposes of a
design solution I would suggest the PROMETHEE
model. Without getting into the analysis and evalu-
ation of multi attribute models, the advantage it has
above other models is the experience in its use, the
accomplished results so far and integration of six
generalized criterions into the PROMETHEE mod-
el to display the preferences of the decision maker,
which reduces the subjectivity of the choice maker.
This does not negate the other methods and does not
exclude their applicability in solving these types of
problems [7].

The Multi attribute model

Through preliminary analysis it has been deter-
mined that the following reclamation solutions for
the open pit Bogutovo Selo - Ugljevik are possible:
a, - forestry, a, - agriculture (farming and olericul-
ture), a, - agriculture (pomiculture), a, - forestry
and agriculture with the combination a /a,, a,, a,, a,
- aquatic complex (water areas for sports and recrea-
tion) + fishing with the combination a,-a,, a, - indus-
trial construction area, a, - temporary deposits (ash,
bottom ash, waste, etc.) with the combination al - a,,
a, — farming-animal husbandry complex combined
with tourist and park landscaping with the combina-
tion a,, a, a,, a, - expansion of natural reservations
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IITyMapcTBO U TOJ/bOTIPUBPENia KoMOMHanmje a,/a , a,,
a,, a - aKBaTOPUja/THM KOMIUTEKC (BOfieHe TIOBPIIMHE
3a CIIOPT ¥ peKpeanysjy) + pudapcTBo y KOMOMHALV U
a,-a , a, - 30Ha 3a MHJIYCTPUjCKY TPaJitby a, - TPUBPe-
MeHa ofjIara/immrTa (Irelrera, ybake, jaJIOBUHe U Ip.)
y KomMduHauju a, — a,, a, — crodapcko-dapmepckn
KOMIUIEKC Y KOMOMHAIIM)M ca TYPUCTUYKMM U IIap-
KOBCKMM ypebemeM u y komdnHanuju ca a,3a,a,a,
- IpOLIVperbe IIPUPOJHIX pe3epBara I (duopesepsa-
Ta) y koMmOmHanuju ca Behum dpojeM pernera.

and (bioreservations) u combined with a number of
solutions.

It is estimated that 12 criterions cover the ecological,
technical-technological, economical, aesthetic-land-
scape, local, social and other aspects of evaluation
that are important for choosing the reclamation
solution. K, - The height of investments per unit of
surface, K, - Investment period, K, - Time required
for the investment to pay off, K, - Annual expenses

Tadena 2, IIK Boiyitioso Ceno, uHuyujanta mMampuua oguy4ueatoa.

Table 2, OP Bogutovo Selo, initial decision matrix.

Kpurepujym
AJTepHaTHBa Criterion
Alternative
Kl KZ K3 K4 KS KG K7 KS KQ KlO Kll KlZ
a, 3 9,5 3 3 8 7 5 4,5 8,5 80 8,5 6,5
a, 10 2,5 6,5 6 8,5 8,5 6,5 6 8 20 8,75 7
a, 25 6 75 5,25 9 9 6 55 8,5 70 9 6
a, 12,67 6 5,6 4,75 8,5 8,25 6,5 53 8,25 80 8,75 6,5
a, 2.5 2,5 15 3 4 4 3 3 5 10 4 2
a, 30 4 3,5 8,5 6,5 5 5 7 8,5 6
a, 10 2,5 75 4 6,5 5 4 35 3 30 5 7
a, 20 9 2 9 9,5 9,5 75 7 9 30 9,5 3
a, 1 6 3,5 4,0 8 7 5 4 5 25 5 4
Tun kpureprjyma | - [ | [ [ [ [ [ | | | [
Criterion type
Teraria 07 | 06 | 06 | 08 | o5 | 09 | 03 | 03 | 06 | 01 | 085 | 025
Weight
Excrpem
: MIN MAX MIN MIN MAX | MAX MIN MIN MIN MAX | MAX | MAX
Extreme in value

OuemeHo je fa 12 KpuTepujyma OKpUBa €KOJIOLIKE,
TeXHIYKO-TEXHOJIOIIKEe, €KOHOMCKE, eCTeTCKO-IIej-
3a)KHe, JIOKaJ/IHe, COLMja/iHe U JpyTe acleKTe Bpefl-
HOBamba Ba)KHe 3a U300p pellema peKyITUBaLuje.
Kl - Bucuna MHBECTUIMOHMX yarama I10 jeIVHMN-
uy nospuinte, K, - ViHBecTunmonn nepuon — Bpe-
Me MHBeCcTHpama, K, - Bpeme nmospahaja ynoxenux
cpencrasa, K, - Tonnusy TPOIIKOBY KOHTUHYMPA-
HOT Ofip>KaBarba 110 jeJUHNI TIOBPIINHE, K5 - Ykno-
IUBMBOCT PEKY/ITUBALMOHOT pellerba Y aMOujeHTaI-
ny uenuny, K, - Jlokanne norpede (murepec noxante
3ajegHuIe), K, - TexHomomka coxxeHocT n3Bohema
PEKYNTUBANMOHMX PajioBa, K, - Oprannsannona sa-
XTeBHOCT (crToxkeHOCT) n3Bohera payosa, K, - Bpe-
Me IIOCT PeKY/ITUBALMOHOT KOHTUHYMPAHOT Ofp>Ka-
Bawa, K| - [IponenTyannu yneo peKynTuBanuoHe
dopme (BapujaHTe) Y YKYIIHOM PeKy/ITMBAaLMOHOM
saxBaty, K|, - ConujajiHu 1 eKOHOMCKM 3Ha4aj pe-
KyNTUBalUje 3a JIOKanHy sajefuuny, K , - Koperna-
I[MOHM OJHOC IIPOCTOPHE M BPEMEHCKe [JUHAMIUKe
PeKy/ITHBAllIOHUX pajioBa. Ha ocHOBY oBako IO-

of continued maintenance pre surface unit, K, - In-
tegration of the reclamation solution into the ambi-
ent, K - Local requirements (community interests),
K, - Technological complexity of reclamation opera-
tions, K, - Organization requirements (complexity)
of reclamation, K, - The period of post reclamation
continued maintenance, K, - The percent share of
the reclamation form (variant) in the total reclama-
tion procedure, K|, - Social and economical signif-
icance of the reclamation for the local community,
K, - Correlation between the spatial and temporal
dynamics of reclamation. Based on these criteria
the initial matrix model for multi attribute problem
analysis has been determined using the PROMETH-
EE method.

Analysis results

Based on the multi criteria analysis using the PRO-
METHEE method table 2 is presented, which gives
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CTaB/b€HUX YCIOBA JIETEPMUHICAH j€ VHUIVjaTHU
MAaTPTUYHM MOJe]l 3a BUINEATPUOYTHY aHAIU3Y
npodnema metogom PROMETHEE.

PesynraTu ananuse

Ha ocHoBy BuIEKpUTEPUjyMCKE aHAIM3E METO-
mom PROMETHEE podujena je Tadena 2, koja maje
BPEIHOCTH MHJEKCa MpedepeHIja M0jefNHIX IPOo-
jeKTHI/IX PEKYITUBAaIOHUX peIIeba Kao MOI'th/IX
a/ITepHATUBHMX BapMjaHTM ypehema IIOCTpeKyITH-
BallIOHMX IIpeQiejla Ha IIOBPIIMHCKOM KOITy 1 Ofjia-
ra/IMIIHYM IIPOCTOpUMa Ha TpuMepy boryroso Ceno

the index values of preferences for certain project
reclamation solutions as possible alternatives of
landscaping of the post reclamation areas at the open
pit and the depository areas in the Bogutovo Selo
coal basin example. Through ranking the optimal
solution for the given areas was found: 1. a, - For-
estry, 2. a, - Expansion of natural reservations (bio-
diversity), 3. a, - Animal husbandry-farming com-
plex, 4. a4 - Forestry and agriculture combined, 5. a,
- Agriculture (pomiculture), 6. a_ - Aquatic complex
(water areas and fishing), 7. a, - Agriculture (farming
and olericulture), 8. a, - Temporary deposits (ash,
slack, slurry and communal waste), 9. a, - Industrial
construction site.

Tadena 3, IIK Boiyitioso Ceno, ucxogna maitipuya PROMETHEE ananuse.
Table 3, OP Bogutovo Selo, outcome matrix of the PROMETHEE analysis.

a a, a, a, a, a, a, ag ag T* T ;Z:E
a, 0,0000 | 0,5231 | 0,5615 | 0,5077 | 0,4923 | 0,6385 | 0,7769 | 0,5615 | 0,4923 | 0,5692 | 0,2212 1
a, 0,4769 | 0,0000 | 0,3308 | 0,3769 | 0,4000 | 0,4923 | 0,4385 | 0,4538 | 0,3846 | 0,4192 | -0,0885 7
a, 0,3462 | 0,6692 | 0,0000 | 0,3923 | 0,4923 | 0,5462 | 0,4538 | 0,3615 | 0,4000 | 0,4577 | -0,0106 5
a, 0,4385 | 0,3692 | 0,5154 | 0,0000 | 0,4923 | 0,5846 | 0,5462 | 0,4692 | 0,4000 | 0,4769 | 0,0154 4
a, 0,3846 | 0,5077 | 05077 | 0,5077 | 0,0000 | 0,4308 | 0,4154 | 0,5077 | 0,3077 | 0,4462 | -0,0462 6
ag 0,2308 | 0,5077 | 0,2308 | 0,4154 | 0,4769 | 0,0000 | 0,4538 | 0,3462 | 0,3077 | 0,3712 | -0,1692 9
a, 0,2231 | 0,3231 | 0,4538 | 0,4538 | 0,4923 | 0,4692 | 0,0000 | 0,4538 | 0,2385 | 0,3885 | -0,1269 8
ag 0,4385 | 0,5462 | 0,6385 | 0,5308 | 0,4923 | 0,6538 | 0,5308 | 0,0000 | 0,5462 | 0,5471 | 0,0962 3
a, 0,2462 | 0,6154 | 0,5077 | 0,5077 | 0,6000 | 0,5077 | 0,5077 | 0,4538 | 0,0000 | 0,4933 | 0,1087 2
T- 0,3481 | 0,5077 | 0,4683 | 0,4615 | 0,4923 | 0,5404 | 0,5154 | 0,4510 | 0,3846
YIJbeBMYKOr daceHa yIjba. PaHrupameM je modujeHo Conclusion

HajdoJbe - OIITHMAJIHO pelllerhe 3a iaTe IIpefiesie Y OHO
npepicraBba: a, - [lomrympaBabe, 2. a, - IIpomunperse
IpupoHMX pesepsara (duonusepsurera), 3. a, - Cro-
4apcKo-(apmMepcKn KOMIEKS, 4. a, - lllymapcTo n
O/bONIPUBPeENA y KOMOMHALM]jH, 5. a, - [Tommonmpuspe-
nia (BohapcTpo) 6. a, - AKBaTOpUjaTHI KOMITTEKC (BO-
JieHe TIOBpLIMHE U pudapcTBo), 7. a, - Ilomonpuspe-
fia (paTtapcTBo M MOBPTApCTBO), 8. a, - [IpuBpemena
ofyTaraymnTa (Ielesa, ybake, ja/IOBUHE Y KOMYHaJI-
HOT OTHaja) , 9. a, - 30Ha 3a MHIYCTPUjCKY IPaJIiby.

3ak/pyvaK

V3dop ypebemwa 1 TeXHUYKO-TEXHONIOMIKOT PEKYI-
TUBAMIOHOI pell€iha HAPYHIEHMX IOCTEKCIIIOAa-
TAalJMOHMX IIOBPIIVHA, IIPENCTaB/ba BI/IHIe(I)aSHI/I n
MYNTUAUCIUIUIMHADHY IIPOjeKTHU 3aflaTak, Off Y-
jer ucxopa 3aBuce OMOOIIKO-eKOJIOMIKY, APYLITBE-
HO-€KOHOMCKM, €CTETCKM, aHJIPAroIIKO-XyMaHM!-
CTUYKU U [PYTHU ACIEKTH Ca AYTOPOIHUM ePeKTuMa
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The choice of landscaping and technical-technolog-
ical reclamation solution of compromised post ex-
ploitation areas, presents a multi phased and multi
disciplinary project assignment, out of who’s out-
come the biological-ecological, socio-economical,
aesthetic, andragogy-humane and other aspects with
long-term impacts on nature and man depend. The
approach this paper presents, can be an inspiration
in the solution of this and similar cases, and thusly
transcends the importance for just one open coal pit.
The experience so far shows that the PROMETHEE
method is effective in the analytical approach of a
similar type, while choosing and determining the
variant of a reclamation solution in analogous multi
criteria i.e. multi attribute problems of optimization
in the mining area and beyond.

In this example, obviously the main factor that
contributed to the choice of forestry was the low-
est cost, and a relatively high foresting area, among
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Ha IpUpoJy 1 YoBeka. [Ipukasanyu mpucTym y opom
pamy, Moyke OMTM MHCIIMPaIMja 3a pellaBame mpesi-
METHOT I C/IMYHMX C/Ty4ajeBa, I1a C TOra IpeBasuia-
31 3Ha4aj jeJHOT IOBPLIMHCKOT Koma yI/ba. JJocama-
IIbe UCKYCTBO yKasyje fia je MeTtoga PROMETHEE
[eTOTBOPHA Y aHAIMTUYKMM MPUCTYIMMA CIMIHOT
THUIA, IPY U3d0PYy ¥ OJTyUNBaby BapjaHTe PeKy-
TUBALMOHOT pelllerba KOJ aHaJOTHUX BUIIEKPUTE-
PUjYMCKMX OFHOCHO BUIIEAaTpuOyTHMX IIpodiema
ONTUMM3AIMje y 0d/macTu pygapcTBa 1 Mmupe.

OuurnenHo je Ha OBOM IIpUMEPY, IPECY/lAaH YTULIA]
Ha 1300p IOIIyM/baBama MMaja arcoayTHO Haj-
HVDKa L€HA, 1 peTaTUBHO BJMCOKa Moryha IIOBpIIN-
Ha 3ay3MMarba LIYMOM, IOPEN, OCTa/luX IIOBO/BHUX
KPUTEPUjyMU KOju Cy yTULIAM HA IOHOLIEIE OBa-
KBE€ OJ/TyKe. 3aTUM CJiefie IPOLIMpera TPUPOJHIX
pesepBara u (duopeseppara), cTo4apcko-dapmep-
CKI1 KOMIIJIEKC Y KOMSI/IHaLU/IjI/I Cca TYPUCTUYKUM U
HapKOBCKMM ypehemeM, koMOMHaIMja MIyMapcTBa
U TIO/bOIIPUBPEJIE, AKBATOPUjaTHU KOMIUIEKC Y BULY
BOJEHNUX IIOBPIIMHA 3a CIOPT U pekpeauujy u/
WM pudapcTBO, PaTapCTBO ¥ MOBPTAPCTBO, IIPHU-
BpeMEHa OJjIaTa/IMIITa IIelleia, I/baKe, jalOBUHE
U [IpYro, ¥ Ha Kpajy MOryhHOCT m3rpaje 30He 3a
UHIYCTPUjCKY TPafiiby. Y CBaKOM CIIy4ajy 3a jeflaH
OpHOBUT 1 3aTamacaH KPajonnk Kakas je yI/beBIUKI,
OBM Pe3y/ITaTu e YKJIamajy y mocrojehu exo cucrem
U TIPe/ICTaBIbajy Morth PEKyATUBALIVIOHN M350p y
TIOTTIENy OMOAMBEP3NUTETCKOT, T1€j3a)KHOT, aHTPOIIO-
TeHOT ¥ APYLITBEHOr Hacleha u Tpagumje.
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other favorable criteria that influenced the making
of this decision. This is followed by expansion of
natural reservations and (bio reservations), animal
husbandry-farming complex combined with tour-
ist and park landscaping, a combination of forestry
and agriculture, aquatic complex envisioned as wa-
ter bodies for the purpose of sports and recreation
and/or fishing, farming and olericulture, temporary
ash, slack and slurry deposits, and finally industrial
construction areas. In any case, for such a moun-
tainous and undulating territory such as Ugljevik,
these results fit into the existing ecosystem and
present a possible reclamation choice viewed as a
bio diverse, landscaped, anthropogenic and cultural
heritage and tradition.
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BASIN OF KOSTOLAC, AN EXAMPLE OF A POSSIBLE
APPROACH IN SUSTAINABLE SURFACE COAL MINING
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Caxncemar: 3a G08PUUHCKY eKcUnoatmiauujy yimna, ganac gomunupajyhu odauk excinoattiayuje ose cuposuHe, UpucyimHo je
muuimperve y jasHocill ga geipagupa ipegeo. Ca ciipyuroi acliekitia Hema gusneme y iom fioinegy, anu Hema HU guieme ga je
oCiliBaPHLUBA YCHEWHA CAHAUUJA HAUUEHUX ,,0371ega” HA HOBPUUHAMA THepeHa, ca moiyhium yHatpehervem susotiite cpegu-
He u fipegena. Y pagy ce Hasequ iipumep koju iio dotiephyje, a Kocitionauku yimenu dacen ca tipojexitiom Knenosrux ysuma
ce Kao Hoka3Hu Upucilyii goSpoi inanuparba ogpicuee HospUIUHCKe eKCiiioaimiayuje yina.

Kmyune peuu: fiospuiuncka exciinoammayuja yina, ogpiueoci, Kocionay, KnenosHux.

Abstract: Surface mining of coal, today the dominant form of mining of this ore, is thought by the general public to be degrading
for the mining areas. From an expert perspective that is not even a question, however there is also no question that successful
rehabilitation of the “damage” done to the surface areas, with possible improvements of the environment is also possible. This
paper provides examples which confirm this claim, with the coal basin of Kostolac with the Klenovnik project being taken as
an example of good planning of sustainable coal mining. Key words: Open pit, end slope, contour of the mining field, borderline

procedure, Mutalj, cement factory of Beocin.

Key words: open pit coal mining, sustainability, Kostolac, Klenovnik.

VBop,

IIpojekToBame peKynTMBaLMje Ha PyJAHMIMMA, Kao
U3BPIIHY KpeaTVBaH MHXEHhePCKI 3aJaTaK, KOHKpeT-
HIVIM pellleyMa Tpeda ja OTKIOHY 1N y Hajsehoj Mo-
ryhoj mepu ydmaxxy mocrmenuiie HacTane M3BohemeM
pymapckux pasioBa. CarmacHO 3aKOHY O PylapCTBY Yy
HOCTYIIKY NIprdaB/bamba Of0dperba 3a eKCIUIOATALV)Y
muHepanHe(ux) cupoBuHe(a) 1 ogodperba 3a u3Bohe-
e PYAApCKUX PafioBa y JIEKUIITY, TOTpedaH je mpo-
jeKaT peKynTUBalMje Ha KOjU je JlaTa CaIIaCHOCT MM-
HICTApCTBA HAJJIE)KHOT 3a IIOC/IOBE 3alITHUTE JKUBOTHE
cpenyHe. Car/lacHO OBOMe, ITPOjeKTOBAhe PEKyNITHBA-
Luje HUje CaMo car/leflaBarbe IOCT eKCIIOATallIOHOT
CTama U JIeTepMUHNUCabe pelllerha OTKIamama WM
ydmaxkaBama mocienuia, Beh je mmaHmpame mpaso-
BpeMeHOr crpoBobema Mepa Oamanca usmeby py-
TApCKUX pajioBa, 3aIUTuTe, Here 1 ypebhema mpenena
€KCIUIOAaTalMoOHOT 1ojka [1]. OBako moCTaB/beH LWb,
Huje Moryhe ocTBapyuTH CaMO peliemyMa y IPOjeKTy
pexynrtuBanyje. bes 0d3yupa KOMMKO Cy OHa CTPYYHO

Introduction

Designing of reclamation of mines, as an executive
creative engineering task, is meant to remove i.e.
mitigate the consequences of mining operations in
the broadest possible way. In accord with the min-
ing laws about the procedure of gaining permission
for mineral ores mining and the permission for
mining at a basin, a reclamation project approved
by the department designated for environment
preservation is necessary. In accordance with this,
reclamation designing does not consist only of the
overview of the post mining conditions and deter-
mining the solution for removal or mitigation of
mining consequences, but also planning of a timed
implementation of measures of balance between
mining operations, preservation, care and landscap-
ing of the mining field area [1]. A goal set like this,
is not possible to achieve only through solutions of
the reclamation project. Regardless of how expertly
they are planned, it is necessary that the solutions of
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Zodpo OCMMUIIIbEHA, HEONIXOMHO je fla pellerba Y TeX-
HUYKMM IIPOjeKTMa ITIABHOT PYAapCKOT ITPOjeKTa,
KOja ce OffHOCE Ha OTBapambe JISKNUIITA, OTKOIIABAE,
YTOBap, TPAHCIIOPT, OJJIarame, OJHOCHO IETIOHOBAIbE
Maca (jaJoBMHe M KOpUCHe MUHepajHe CHUPOBUHE),
U 3aIITUTY PyAHNKA Off BOZA, Oyly XapMOHM30BaHa
Ca KOHIIENINjOM M pelleuMa IMPOjeKTa PeKy/ITH-
Banyje. Jlakme, mpodneM peKynTMBaNje M 3alITH-
Te XMBOTHE CpefiuHe Yy PYAApCTBY, HMje CTATM4YaH
npodjeM KOHAYHOT CTama, Beh aKTUBHOI Tpajama y
TOKY ¥ HAKOH eKCIUIOATAIVIOHOT BeKa PYJHMKA KOju
MOXKe TpajaTy BUILE [leCeTMHA FOJMHA U ¥ TOKY KOjer
ce MOT'y JIeCUTH IIPOMeHe YC/IOBA M YTULIAQjHMX YMHM-
Jaxa (TPXKMIIHYX, IPUBPEJHNX, HOTUTIYKIIX, 3aKOH-
CKJX, HOPMATUBHUX, YPOaHMCTUYKIX, COLVja/IHMX,
eKOJIOLIKIX, ...) [1]. ¥ ToM cMucity mipojekToBambe pe-
KylITHBallMje Ha PyAHUIIVMA, IIPENCTaB/ba OCET/bUB,
CTIOKeH U 3aXTeBaH MHXEHEPCK! 3aflaTak, Koju y
IPOCTOPY M BpeMeHyY, Tpeda [ja IpegBUAU YTUIdje,
carnena moryha gorabama m mocmenuie, u mpyxu
KOHKpETHA PallMOHA/THA Pellleba, yCArTAIleHNX eKOo-
HOMCKIUX ¥ T€XHMYKO-TEXHOJIOIIKMX LIM/beBa ca 3a-
XTeBMMa 3aIUTHUTeE M OYyBaba KIUBOTHE cpefuHe [2].

Oderexja MOBpUIMHCKe eKCINIOATALIMje YI/ba

IoBpmmHCKa eKcrIoaTanyja yI/ba, JaHac JOMUHMpa-
jyhu odnux excrimoarariyje oBe CrpoBIHe, HOCH ITeYaT
SIIp/baBe” TmponsBofme. OBaj OOMNK eKCIUIoaTaIn-
je UBPCTUX MUHEPATHUX CMPOBMHA CTBapa M3BeCHE
npodyeMe eKOJIONIKe IPYPOJie, /M je Y YMIbeHNLIA 1A
Ce IMOBPILIMHCKOj eKCIIOaTalji YBPCTUX MUHEpPaI-
HUX CMPOBMHA IPUMINCYje MHOTO BUIe HETaTMBHOT
HETO IIITO OHA CTBApHO TO YyHM [1]. OCHOBHU pasjor
HEraTMBHOT MUIIbEHa JABHOCTY JIEXKM Y BUSYETHOM
YTUCKY KOjy NOBPIIMHCKYM KOIOBM CTBapajy, pasa-
pameM CTEHCKe Mace, 3ay3UMambeM U IeTpajupameM
HO/bOIIPUBPENHOT 3€M/BIIITA, YHUIITABAHbEM IIOMIY-
M/beHVX IToBpuIMHA UTA. [Ipu oBoMe ce 3adopasiba,
He 3Ha WIM jeHOCTaBHO He yBuba 4nmeHuI, ja je
TO IPUBPEMEHO CTame IIPOCTOpa y KOMe Ce M3BOfe
PYEApCKM pafoBH, U fia ce MepaMa TeXHIYKe 1 Ouo-
JIOLIIKe PeKy/ITUBALMje AerpaipaHil IIPOCTOPU MOTY
YCIIELTHO PeKY/ITUBUCATI U YPeauTH [2].

Kao aprymeHT 0BOM CTaBy HaBOAMMO IIpUMep IIOBP-
myHCcKor koma muranta Popryna (Fortuna) y Hemau-
KOj I'Tie Cy eKCIIZIOaTallMOH!M PafioBy 3aBpuieHn 1993.
ropuHe. [IpuiipeMHN pafioBy 3a OTBaparbe IIOBPIINH-
ckor xoma iuraura ®opryna Tapcpop¢ (Fortuna
Garsdorf) mouenn cy 1953. ropyHe, IOBPIINHCKI
Kol je orBopeH 1955. rogmue [1]. Toxom ekcriioa-
TalMOHOI BeKa, Ha MOBPIIMHCKOM Kory PopTyHa
Tapcmopd oTkomano je oko 2.090 MwmoHa MeTapa
KyOHyx oTkpuBKe 1 1.030 MwmioHa ToHa yrjba. Haj-
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the technical projects of the main mining project,
which have to do with the opening of the pit, min-
ing, loading, transport, deposition i.e. deposition of
masses (waste and ore), waterproofing the mines,
be harmonized with the concept and reclamation
project solutions. Therefore, the problem of recla-
mation and environment preservation in mining, is
not a static problem, but a variable one which goes
on throughout and after the mining period which
can last for several decades and during which con-
ditions can change as well as other impactful condi-
tions (market, industrial, political, legal, normative,
urban, social, ecological etc.) [1]. In this sense rec-
lamation designing for mines, presents a sensitive,
complex and demanding engineering task, which
has to foresee influences, consider events and con-
sequences, and provide concrete rational solutions,
with harmonized economical and technical-tech-
nological goals along with the goal of environment
preservation [2].

Open coal pit mining characteristics

Open coal pit mining, today a prevalent form of
mining of this ore, bears a stigma of a “dirty” form of
industry. This form of mining of mineral ores creates
certain problems which are ecological in nature, but
the fact remains that the open pit mining is attrib-
uted with far more negative influences than it actu-
ally has [1]. The main reason for a negative opinion
in the public is the visual impression that open pit
mining creates, by destroying of rocks, overtaking
and degradation of agricultural areas, deforestation
etc. However, people seem to forget, do not know,
or simply neglect the fact that these are temporary
conditions of an area where mining is done, and that
through measures of technical and biological recla-
mation, these areas can be successfully reclaimed,
and landscaped [2].

As an argument for this stance, the example of the
open lignite pit Fortuna in Germany where min-
ing ceased in 1993. is pointed out. The preparation
operations for the opening of the open lignite pit
Fortuna Garsdorf began in 1953. with the open pit
being opened in 1955.[1]. During the mining peri-
od, at the open pit Fortuna Garsdorf around 2.090
million cubic meters of waste was dug, and around
1.030 million tons of coal. The greatest depth of the
open pit was 360 m. The greatest coal production of
48 million tons was achieved in 1979. The last tons
of coal were produced on 13th of May 1993. The
mining operations encompassed 2.220 ha. Out of
that 1.730 ha was reclaimed into agricultural sur-
faces (figure 2.5), 420 ha into forests and swamps,
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Beha ayOuHa MOBPIIMHCKOT KOIIAa M3HOCKA je 360 m.
Hajsehu roguinma mpoussopma off 48 MunoHa ToHa
yrba octBapeHa je 1979. ropmne. Ilocnenme ToHe
yI7ba Ha KOITy Cy pousBefieHe 13. maja 1993. ropune.
Pynmapckum pajjoBuma yKyIHo je 3axsaheno 2.220 ha.
Op tora je pexynrusucano 1.730 ha y momonpuspen-
He noBpiyHe (cmmka 2.5.), 420 ha mryme u mouBape, a
oko 30 ha ce Hamasu nox caodpahajunnama. Jlo kpaja
1993. ronute, oko 50 % saxBaheHnx mospunHa je seh
duto pexynTusucaso [1]. laHac ce Ha MeCTy Ha KOMe
Cy ce M3BOAWIN PYHAPCKU PafjoBM Hamase dapme, a
y 30HI 3aBPIIHNX PafjoBa IOBPIINHCKOT KOIa, (Gop-
MupaHo je 1997. ropuHe jesepo nospinse 20 ha, koje
ca OKOJIHMM IIOBpIINHaMa 3aysyuMa oko 90 ha u nma
HajBehy pyduny 25 m. [ToBpinHa o IrymMaMa faHac
je pBOCTpYKO Beha Hero Ipe OTHOUMbaba PyHAPCKIX
papioBa. PekynTuBanyja Ha IpOCTOPY MOBPIIMHCKIX
konosa beprxajm u Fapcropd 3aBpirena je 2005.

Ca cTpy4HOr acnieKTa, HeMa JyjieMe Jja ce TOBPIINH-
CKOM €KCIITIOaTallijoM yIJba JIETpafypajy MOBpUIMHE
3eM/bUIITA, ¥ HEMA JWJIEME Jla je OCTBap/blBa yCIle-
IIHA CaHAIMja HAYMEEHUX ,037efa’ Ha IOBPIIN-
HaMa TepeHa, ca Moryhum yHampebemwem >KMBOTHe
cpenuHe [1]. YTumaju pymapckux pajosa Ha OMIDKy
U LMPY OKOMMHY IIOBPIIMHCKMX KOIIOBA MOTYy Ce
MaHNQECTOBATU: 3ay3MMarbeM IO/bOIPUBPENHOr U
IIYMCKOT 3eMJBMIIITA, IIpOMeHaMa Mopdororuje Te-
peHa, CTBapameM CTePM/IHUX 3€M/BUIIHMX MOBPIIN-
Ha (OjIarajmiuTa, jaJIOBUINTA), MHVILIMjaIN3aLNjOM
€pO3MOHMX TIpOlleca, M3MEIUTalmeM BONOTOKOBA,
MUKPOK/IMMATCKMM IIPOMEHaMa, XMUIPOTreOTOMIKIM
IIpOMeHaMa-CHIDKABabeM HMBOA M IIPOMEHaMa pe-
JKIMa CTpyjamba MOJ3EMHMX BOJA YC/IEN NPEHaXKHOT
yTUIIaja Jerpecyja KOIoBa 1 JiejCTBa CUCTeMaA 3a OfI-
BOJIFbaBalbe Y TOKY 13BODema eKCIVIOATALIIOHNX Pa-
moBa, Moryhe cy mojaBe momMepasa T1a, IPeKIy TaH-
I1a JICXpaHe U Jpyre IIpoMeHe d1olieHo3e, MUrpanyja
NOITy/Ialija, M3MeNITalbe Haceba, MHIYCTPUjCKUX
odjexaTa, KYITypHUX, MCTOPUjCKUX CIOMEHUKA U
Apyrux odjexara [1].

Crrenjupmaan KOHQUIMKTY CY Ca apXeOIOLIKUM Ha-
JIASUINTIMA, CIIOMEHNIIUMA Ky/IType u samtuhennm
HOZIpyYj/Ma Kao LITO Cy HallMOHAIHM apkoBu. Cra-
pa KuHecKa IIOC/IoBMIIA ,,Hukazia ce He 3Ha 3amTo je
HEIITO A0OPO’, Y M3BECHUM KOH(IMKTHIM CUTYALN-
jaMa oBora THIIa IMa cBOje TyMadese [1]. [la Huje mo-
BpIINMHCKe eKCIUIoaTanuje, JaHac 81cMo Ommm yeKpa-
henn 3a sHavajHa apxeoyIOIIKa HAJIASNIITA, KAO 1IITO
jé HITp. MM IPauCTOPUjCKO Hacerbe cTapo 5000 ropu-
Ha IIpe HOBe epe Ha JIOKAJINTEeTy HOBPIIMHCKOr KOIa
TamuaBa 3amagHo moke y Pb Komydapa nmm anTind-
KI TPaji ¥ BOjHM JIOTOp BuMuHaumjym, IaBHu Ipaj
pumMcke nposuHIyje lopma Mesuja, Ha TOKanUTETY
HOBPIIVHCKOT KoIla yI/ba Ipmuo y Koctomy [1].

and around 30 ha is now beneath roadways. By the
end of 1993, around 50% of encompassed surfac-
es were already reclaimed [1]. In the place where
mining was performed, today there are farms, and
in the zone of end operations of the open pit, a lake
was formed in 1997 with a surface of 20 ha, which
along with surrounding areas takes around 90 ha
with the greatest depth being 25 m. The forest area
today is twice the size it was before mining began.
The reclamation at the open pit area Berghaim and
Garsdorf was completed in 2005.

From an expert perspective that is not even a ques-
tion, however there is also no question that suc-
cessful rehabilitation of the “damage” done to the
surface areas, with possible improvements of the
environment is also possible [1]. The impact of min-
ing operations on narrow and wider area of open
pits can be manifested as: overtaking of agricultural
land and forests, changes to the land morphology,
creating sterile land surfaces (depositories, waste),
initializing of erosion processes, relocation of wa-
ter flow, micro climate alterations, hydro-geological
changes - lowering of the level and changing the
course of underground waters because of the drain-
age influence of pit depressions and the influence
of the drainage systems during mining, soil shifts
are possible, breaking of the food chain and other
changes in biocenosis, population migration, set-
tlement, industrial, cultural, historical monuments
and other object relocation [1].

Special conflicts are with archeological sites, cultur-
al monuments and protected areas such as nation-
al parks. The ancient Chinese proverb “You never
know why it is a good thing” can be applied in some
of these conflict situations [1]. Were it not for open
pit mining, today we would not know of many ar-
cheological sites, such as the ancient historical settle-
ment dating back to 5000 B.C. at the location of the
open pit Tamnava Zapadno Polje in Mining Basin
Kolubara, or the ancient city and military encamp-
ment Viminacium, capital of the Roman province of
Upper Moesia, at the location of the open coal pit
Drmno in Kostolac [1].

Reclamation and landscaping
of the OPM Klenovnik

The Mining institute of Belgrade has engineered
the Main mining project for permanent cessation of
operations at the open pit Klenovnik. As part of the
project a reclamation and landscaping solution for
the degraded area of the mining field 2.7 million m?
in surface [3].
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Pexynrusanuja u ypehemwe npegena
IIK KneHoBHUK

Pymapckn unctutyt us beorpama ypanuo je IlmaBau
PYHApCKM IIpojekar 3a TpajHy odyCTaBy pajoBa Ha
MOBPIIMHCKOM KoIly K/IeHOBHUK. Y CKJIOIly IIpo-
jeKTa [aTo je pelreme pekyaruBauuje un ypebema

IeTpafiMpaHor TIpefeia eKCIUIOATALIIOHOT o/ba MO~
BpluMHe 2,7 MyimoHa m?* [3].

ITpema npojeKTy IIaHMpaHe HaMeHe MOBPIUHA CY Y
MehycodHoj (yHKIMOHAIHOj Bes) U YK/IOIUbEHE CY Y
amdujent Kocromauxor yrpeHor daceHa, cmka 1, mpu
ToMe Bofiehu padyHa O MPUPOSHUM U TYPUCTHIKUM
MOTEHIVja/IMa, KYITYPHUM M UCTOPUjCKUM Cafp-
xKajuma 1 motpedama jokamHe 3ajepuuiie [4]. Ce-
BEPHM JIeO eKCIUIOATAI[VIOHOT Iojba MpefBube je 3a
MIONTyM/baBakbe U TIPEITyIITare IPUPOIHO]j CYKITeCH-
ju, y LeHTpaTHOM ey mpeaBubeno je gopmuparse
JIMKOBHE KOJIOHNj€, My3€ja PyJapCTBa, CIOPTCKO-pe-
KpeaTVBHOT KOMIUIEKCa U IIeHTpa 3a odpasoBaime ca
CMelITajHuM KoMrekcoM [3,4]. Ha jyxunm nospimm-
HaMa JlerpafiMpaHor IPOCTOpa IVIAHMPAHO je popMI-
Ppabe NO/bONPMBPENHNX MOBPIINHA, IIOITYM/baBabe I
dopMuparbe IyMCKIX 3aIITUTHYUX II0jaceBa, CIMKa 2.

Mysej pygapcTBa IO OpPraHM3aLVju U Cafip>Kajy eK-
CIIoHara d1o OM jeAMHCTBEH Ha mpocropuma barn-
KaHa, cIMKa 3. 3rpaja Myseja koja du ce fodwa pe-
KOHCTPYKLIjOM M MamOM [OrpafmoM moctojeher
PYBHUYKOT OdjeKTa CIyXmia 01 Kao M3IOKOeHn
IIPOCTOP 3a Majle eKCIIOHATe, 3a TPa(IIKO U BUPTY-
€/IHO TIpefcTaB/batbe pygapcTsa Kocrona ca caom
OIIpeM/bEHOM 32 IIPe3eHTallje, IPefaBatba I CIMIHe
aKTUBHOCTH. Ha OTBOpEHOM IPOCTOPY y IAapKOB-
ckoM amOujeHTy mpenBubeHa je CTalHa IOCTaBKa
OpUTVMHAIHE OIIpeMe I MallHa Koje cy KopuirheHe
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According to the project the planned uses of surfac-
es are in an inter-functional relationship and fitted
into the ambiance of the Kostolac coal basin, figure
1, all the while taking care of natural and tourist
potentials, cultural and historic content and local
community requirements [4]. The northern part of
the mining area is designated for forestry and to be
relinquished to natural succession, an arts colony is
planned for the central area as well as a mining mu-

Cnuxa 1, Kociionauxu Sacen, iio-
ciiojehuy u tnanupanu odjexitiu:

1 - IIpucmanuwitie Ha [lynasy,

2 - Ipag Kocitionau, 3 - Mysej pygapciiiea,
4 - IIpociniop nHexagawrei ITK KnenosHux,
5 - Tepmoenexitipare,

6 - Apxeonowiku iapx Bumunayujym,

7 - IIK [Ipmno, 8 - Ceno JlpmHo.

Figure 1, Basin of Kostolac,
existing and planned objects:

1 - Port at the Danube, 2 - City of Kostolac,
3 - Museum of mining, 4 - Area of the
former OP Klenovnik, 5 - Thermal plants,
6 - Archeological park Viminacium,

7 - OP Drmno, 8 - Village of Drmno.

seum, sports-recreational complex and an education
centre with living facilities [3,4].

On the south areas of the degraded surface, forma-
tion of agricultural areas, forestry and the formation
of forest protective layer is planned, figure 2.

The mining museum would be unique in the Bal-
kans because of its organization and content, fig-
ure 3. The museum building which would be made
through reconstruction and extensions of the exist-
ing mining object would serve as an exhibiting area
for small items, with a graphic and virtual presenta-
tion of mining in Kostolac with a hall equipped for
presentations, lectures and similar activities. In the
open area in a park ambiance, original equipment
and machines used in mining in Kostolac is planned
to be placed. A special item of the museum will be
an underground dig with a display of underground
coal mining [4].

The sports and recreation complex was designed as
a combined structure of green parks and sports fa-
cilities such as football fields, tennis fields, basketball
fields, volleyball fields, bowling alleys, rugby, bicycle
tracks, running and walking tracks etc. [4]. The goal
of this complex is to provide the possibilities for rec-
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A: 286.000m?
B: 1.042.000 m*
C: 30000m?
D: 748.000m*
E: 43.000m°
F: 35.000m*
G: 513.000m?

y Kocromuy. IToceSHy 3aHMM/BMBOCT My3eja IIpef-
craB/bahe NOTKOII ca IPMKa30M IHOJ3eMHE eKCIIIoa-
Taryje yrba [4]. CIOpTCKO peKpeaTMBHU KOMILIEKC
IPOjeKTOBAH je Ka0 KOMOMHOBAaHA CTPYKTypa 3erie-
HMX TIAPKOBCKMX Cafpykaja M CIHOPTCKUX odjexaTa
Kao IITO Cy Tepeny 3a Qyndas, TeHUC, KOLIAPKY, py-
KOMeT, 0fid0jKy, dohatbe, pardu, SUIMK/IUCTIYKe CTa-
3e, CTase 3a TpyYame U Xofama 1 c4Ho [4]. s je
Za cajpyKajy OBOT KoMIUTeKca 0desdene MoryhHocTn
3a peKpealyjy, S0paBaK y IIPMPOJN, a/li 1 YCIOBE 32
IpUIIpeMe BPXYHCKMX CHOPTUCTA.

ITnanupate cy Be Le/He 0OPa30BHOT ¥ CMEIITajHOT
KOMII/IEKCa, jefiHa Tpeda fia IIPY>KH YCTIOBe 3a OfjprKa-
Bamkb€ HACTaB€ TOKOM BUIICOHEBHOT 80paBKa y4eHn-
Ka, a APYyTH 3a BIUX0B KoMpopaH cmenrraj. Kommekc
je YKOMIIOHOBaH y IIapKOBCKM amOujeHT. Y yMerT-
HIYKO] KOTOHMjU HpeaBuheHa je Msrpajma rajaepu-
je, aTerbea, amapTMaHa, Kadea, pajiOHNIIE ¥ IIIATO
3a jaBHe cazipxxaje. O0jeKT Cy TaKO IOCTAaB/bEHN [ia
Tlajy CEBEPHY OpjeHTALMjy OCBET/berba M IOITIEN, Ha
Hynas. [lo/onpuspenne mapuesne 1 IyMcKe CeKiuje
Ha jY>KHOM JIeNTy YK/IOIUbEHE CY Y CTPYKTYPY OKOTHOT
npepena. 3apaBeHe IOBPLIMHE HAMEEHE CY I107bO-
IpUBpeNN, Ha MafgrHaMa je mpensubeno popmuparse
Bohmaka, a Ha IPeoCTa/INM MOBPIINHaMa IpefBube-
HO je TIOIIyM/baBatbe 1 Cafiba XKOYHACTUX BPCTa [4].

Y uwsy QyHKUMOHAIHE HHTETPALYje CBUX CafpiKaja
Ha npoctopy Kocromaukor yrisenor daceHa npepjio-
JKHA je M3Tpajiihe YCKOKOIOCeYHe Ipyre Koja Ou Io-
Besana Jlynas n Kocroman ca cagpkajuma Kienos-
HUKa ¥ apXeOoJIOIKOT TTlapKa BummHanujym, cnmka 1.
Boxmsa TypucTiakuM BozoM usMeby oBux oxanmja
Suna du 3a moceTnole 3aHNM/bIBA.

Cnuka 2, IInan Hamene flospuiuna:

A - Caonitianu tipoyecu, B - Ilowymme-
Ho, C - /Iuxoena kononuja, D - Ciiopiii
u pexpeayuja, E - Mysej pygapciuea,

F - Obpazosru u cmewiitiajHu ipociiop,
G - Homotipuspega u uiymapciieo.

Figure 2, Area repurposing plan:

A - Spontaneous processes, B - Forests,

C - Arts colony, D - Sports and recreation,

E - Mining museum, F - Educational and
living facilities, G - Agriculture and Forestry.

reation, staying in nature, as well as conditions for
training of professional athletes.

Two units of the educational and living complex are
planned, one is supposed to provide conditions for
teaching and several day long stay of students, and
the other is for their comfortable lodging. The com-
plex is integrated into a park ambiance.

For the art colony, construction of a gallery, studio,
apartments, cafes, workshops and public content pla-
teaus is planned. The facilities are oriented towards
the north lighting conditions and have a view of the
Danube.

The agricultural parcels and forest sections at the
south area are integrated into the structure of the
surroundings. The flattened areas are intended for
agriculture, the slopes are intended for orchards, and
the remaining surfaces are intended for forestry bush
planting [4].

For the purpose of better integration of all contents
at the area of the Kostolac coal basin, construction of
a narrow railway line which would connect the Dan-
ube and Kostolac with the contents of Klenovnik and
the archeological park Viminacijum has been pro-
posed, Figure 1. The ride on a tourist train between
these locations would be interesting for visitors.

Conclusion

This approach, with integrated restoration of natural
functions of a degraded area, functional connection
of the contents of the Kostolac coal Basin and the
establishment of new economic functions of signif-
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Cnuxa 3, Mysej pygapcitisa, inau ypeheroa u komijyiiiepcka anumauuja usinega myseja.

Figure 3, Mining museum, landscaping and a computer animation of the appearance of the museum.

3ak/pydaK

IIpencrapbeny DPUCTYI y KOME je MHTErpUMCaHO
Bpahame mnpupogHux ¢QyHKUMja [erpagupaHOM
IIpOCTOpPY, (YHKIMOHATHO IIOBe3MBame Cajpiaja
KocTomaykor yr/beHOr daceHa U yCIOCTaB/babe HO-
BUX eKOHOMCKMX GYHKIIMja Off 3Ha4Yaja 3a JIOKa/IHY U
NPy 3ajeJHNUITY, IPUMEPEH je CaBPEMEHMM IIOTTIe-
I¥IMa He caMO PeKyITHBalluje, peBUTanusanuje u
ypebema nHEyCTpUjcKU lerpagupaHyx mpefena eh
U 9yBaibe MHAYCTPUjCKe MCTOPUjCKe daluThHe.
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icance to the local and wider community, is appro-
priate for the modern age of not only reclamation,
revitalization and landscaping of the industrially
degraded areas but also, protection of the history of
industry.

References

1. Vuji¢S,, Cveji¢J., Miljanovi¢ I, Drazi¢ D., Recla-
mation designing and landscaping of open pits,
Mining and geology institute, University of Bel-
grade and the Academy of engineering sciences
of Serbia 2009, pg. 366 (In Serbian)

2. Vuji¢ S, Cveji¢ J., Ratkovi¢-Vuji¢ M., Reclama-
tion and revitalization of the open pit areas of
Majdan I and II in Kanjiza - landscaping, archi-
tectural and zoning solution, Komseko98, Kan-
jiza, 1998, pg. 227-232 (In Serbian)

3. Dimitrijevi¢, B., Vuji¢, S., Mati¢, 1., Marijanac,
S., Nikoli¢, J., Colakovi¢ V.,Multiattribute Mod-
el Support in Selecting the Land Reclamation at
the Open Pit Mine Klenovnik of the Coal Basin
Kostolac, Journal of Mining Science, Springer,
Vol. 50, Ne2, 2014, pp. 136-143.

4. Makar N., project manager, Main mining pro-
ject for permanent cessation of operations at
the open pit Klenovnik, Mining institute of Bel-
grade, 2013. (In Serbian).

Ipumben: pedpyap 2014.
ITpuxsahen: jynn 2014.

Received: February 2014.
Accepted: June 2014.



PYAJAPCKU TJTACHUK
BULLETIN OF MINES

[

YU ISSN 0035-9637

N

1903.

(CXI) 1-2

TPAJHA OBYCTABA EKCIUIOATAIIMJE YITbA U
ITPEHAMEHA TTPOCTOPA IIK hMIPMKOBAIL]

PERMANENT CESSATION OF COAL MINING AND
REPURPOSING OF THE OPM CIRIKOVAC AREA

Hparan Muomesuh, JKepko IIpamrano

Pyoapcku uncmumym
dragan.milosevic@ribeograd.ac.rs

Dragan Milo$evi¢, Zeljko Prastalo

Mining Institute
dragan.milosevic@ribeograd.ac.rs

Cancettiax: AKyuoHUM UNAHOM 3AUTHUTTE HUBOTIHE cpeguHe Kociionaukol peluona u ognykom CilipyuHoi caseiia Enexitipo-
upuspege Cpduje, ogpeheno je ga ce tieiteo u wmwaxa us Tepmoenexitipane Kocitionay, b ognase y ottikotianu apocisiop io-
spuunckol koiia Rupuxosay,. IIpojexiino pewlerve geiloHuje yckaaheHo je ca UPpOCTHOPHUM U THEXHOTIOUKUM OIpaHUHerveM,
PUBUUKO-MEXAHUMKUM KAPAKIAEPUCTHUKAMA PagHe cpeguHe U gpyium ycnosuma. Y pagy cy tpukasana odenexja upociiopa,
YCno6u cilladunHoCiiu tepeHa U OCHOBHU THeXHONOUIKY efleMeHTlU usipagre getionuje iletiena u wimpaxe Ha ITK Rupukosay,.

Kmwyune peuu: Kociionay, Hupuxosay, Hospuuncky kol yirma, Knuduwiie, Goiiiopru degem.

Abstract: Through the action plan of environment preservation of the kostolac region and the decision of the Expert council
of the Electric industry of Serbia, it was determined that the ash and bottom ash from the thermal plan Kostolac B should be
deposited into the dug up area of the open pit of Cirikovac. The project solution for the depository has been coordinated with the
spatial and technological limitations, physical-mechanical characteristics of the work environment and other conditions. This
paper presents the characteristics of the area, field stability conditions and the basic technological elements of the ash and bottom

ash depository construction at the OP Cirikovac.

Key words: Kostolac, Cirikovac, coal open pit mine, landslide, support enbankment.

VBop,

Ca odycrapmameM eKcroaranuje yrba 2009. ropu-
He Ha MOBPIIMHCKOM KOITy "hupuxosamn, I[IpuspenHO
mpywrso (I1]]) Tepmoenexrapue u xonosn (TE-KO)
Kocromar, y mocTynky Tpajae odycTaBe pymapcKux
pamoBa MOYNMIbY aKTMBHOCTM Ha IPUIIPEMU [EIpe-
CMje KOIla 3a OJijlaTame Ienesa U Lijbake u3 Tepmo-
enexrpade (TE) Kocronan b. C tiM y Besu mpojex-
TaHTCKM 3ajaTak OMO je HeTepMUHAIWja TpaHNIA
IIPOCTOpa JeTIOHMje, CeBEPHE KOCUHE [0 KoTe +92
m ¥ PeKOHCTPYyKIuja THocTojeher cumcrema mpuKy-
I/bak-a, TPAHCIIOPTA U Ofj/Iaraiba Iemesia 1 Ibake U3
TepMO€EJIEKTPaHe paJyl MUHMMM3alyje HeraTMBHUX
yTHIaja JeIOHNje Ha OKpyXembe (BOAY, 3eM/BMIITE 1
Ba3nyXx).

OcHoBHa odenexja crama IIK hiupukosan

ITo npecranky excnnoaranuje yrba Ha 11K hupuko-
Bal, mo4yeTkoM anpua 2009. roguHe, HaCTaB/bEHU CY

Introduction

With the cessation of coal mining in 2009. at the open
pit Cirikovac, Business association (BA) Thermal
power plant and open pits (TPP-OPM) Kostolac, in
the process of permanent cessation of mining oper-
ations, the preparations on the depression of the pit
begin in order to deposit ash and bottom ash from the
thermal power plant (TPP) Kostolac B. With this in
mind, the project task was to determine the bounda-
ries of the depository, North Slope to the altitude +92
m and the reconstruction of the existing gathering,
transport and bottom and top ash depositing systems
from the thermal plant in order to minimize the nega-
tive impact of the depository on the surrounding area
(water, land and air).

Basic characteristi;s of the
conditions at OP Cirikovac
Upon cessation of mining of coal at the OP Cirikovac,
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paHUje 3aI0YeTy pafoBUMa Ha Ipuipemu u ypebe-
by IIPOCTOpPa Jleopecuje KOIa 3a Ofijlarame Ielnesna
u nvbake. Kpajem ampuia samaskeHe Cy IojaBe ITy-
KOTVMHA Ha CEBEPHOj KOCUHI, a 1. Maja 2009. ropnue
TIOLIJIO je 0 TIOMepama T/Ia, CIuKa 1.

at the beginning of April 2009., efforts on prepara-
tion and landscaping of the depression area of the
dig site for depositing top and bottom ash have been
continued. By the end of April, cracks at the north
slope were spotted, and by May 1st 2009. a landslide
occurred, Figure 1.

Cnuxa 1, IIK Rupukosay, neso-kocuta ipe odyciiase excinoaiiayuje yina, 8. aupun 2009, ge-
CHO- Hlo8pUUHA TlepeHa usHag Hajeuule eilaxce Ha xkocunu, 01. maj 2009.

Figure 1, OP Cirikovac, left-slope before coal mining ceased, 8. April 2009,
right- surface of the terrain of the highest floor at the slope, 1. May 2009.

Y 0BakBOj cuTyanuju MpUOPUTET y NMPOjEKTOBAILY
JIeTIOHNUje, ONHOCHO M3TPajiibll KaceTe 3a OfjIarambe
rycTe XujpOMelIaBJHe 13 TepMOeTIeKTpaHe, JaT je
CaHAlMjM KIM3UIITA Ko IPEHyCIOBYy 3a M3TPafiby
odjexara fenonuje. VIcToBpeMeHO y POKYCY MaKibe
du1o je caHMparbe HajBMILe eTaxe 0 0001y Koma y
dmusuHM MaHactupa Pykymuja, ydnmakaBarme yIyio-
Ba KOCMHA y I10jaceBMMa KOjy Cy MOIJIV TeHepHUcaTn
HACTaBaK KIM3ama (IIpe CBera) y 30HNU [IOCTAB/baba
¢ornuje 3a n3010BabE EMIOHN]je IeTIeNIa 1 IUbAKE.

Konuennuja ypehemwa npocropa
u u3Bohema pagona

Jla Ou ce yTBpAMO MeXaHW3aM, TpaHMIle U OOUM
KIM3ama Ha ceBepHOj KocuHM IIK hupukosar, us-
BeJleHa Cy MICTPaXMBalba Koja Cy 00yXBaTua refet-
CKO CHUIMambe, HCTPKHO OyIlIere Ca yrPagmboM -
jesoMeTapa ¥ MHK/IMHOMETAapa, KapTupame jesrpa,
U 1adopaToprjcka reoMeXaHUYKa MCIUTUBaba Ha
ysetuM ysopuuma. HakoH pgodmjeHux pesynrara,
aHAIM30M je YCTaHOB/bEHO Jla Ce K/IM3ahe OfBUjalo
AY>X 4 KNIM3He MOBPILY Off KOjUX je HajHIDKA Ha [Iy-
Sunn Behoj o 100 m, cnmka 2, AeTepMUHICAHE Cy
Mace, 001IM CaHAIMOHMX 3eMa/baHNX PafjoBa, TEXHO-
joruja u AMHaMMKa usBobhema pajosa.

IIpema oBOM pelemy y HU3y aKTUBHOCTY ITPUOPU-
TeTHa je ypebeme ceBepHe KocuHe, Koje odyxBara
CeKBeHUNjaTHO HOpMIUpatbe eTaXka Of HajBUIIe Ka
HajHIDKOj, Off 3allajfia IpeMa CeBepOUCTOKY. KoH-
CTPyKILMja 3aBplLIHE KOHType Jelpecije IOBp-
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In a situation such as this, the priority in deposito-
ry design i.e. the construction of a cassette for dep-
osition of a thick hydro-mixture from the thermal
plant, is landslide sanitation as a prerequisite for the
construction of the depository facilities. At the same
time the focus of attention was the sanitation of the
highest floor at the ridge of the dig site near the Ru-
kumija monastery, smoothing of the slope angles in
the areas which could have generated other land-
slides (most importantly) in the zone for placement
of the foil for insulation of top and bottom ash.

Concept of area landscaping and construction

In order to determine the mechanism, limits and the
extent of the landslide at the north slope of OP Cirik-
ovac, research which included geodetic recording,
exploratory drilling with installation of monitoring
wells and inclinometers, mapping of the core, and
lab geo-mechanical tests on samples was conduct-
ed. After the results were obtained, analysis showed
that the landslide went along 4 slide surfaces out of
which the lowest was at a depth greater than 100 m,
Figure 2, masses, the extent of sanitation operations,
the technology and the operation dynamic were de-
termined.

According to this solution, the priority is to repair
the north slope, which includes floor creation in
sequence from the highest to the lowest, from west
to northeast. The construction of the final contour
of the depression of the open pit is adjusted to the
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Cnuxa 2, IIK Bupuxosay, ipodun cesepte kocure 8-8'
Tymau: 1 - Citiarwe tipe tiojase knusuwiitiia; 2 - Iocne itojase kausuwitia; 3 - Knusne fiospuiu.

Figure 2, OP Cirikovac, profile of the north slope 8-8
Legend: 1-Condition before the landslide; 2 - After the landslide; 3-Landslide surfaces.

IIMHCKOT KOIIa IpuiaroheHa je cramy Ha TepeHy,

a BepudmKaija M3BefieHa FeOCTATUIKOM aHAJIM-

30M cradurHocTu KocuHa. [Ipodumicke nuHuje 3a

reoCTaTUUKy aHaIM3y CTaOMWIHOCTY IOCTaB/beHe

Cy, Tako fja 00yxBaTe Te/IO K/IMSUIITA, 30Hy MaHa-

crupa Pykymnja, Bpagapauko rpodpe, pajose Ha

KOCMHaMa BaH K/IM3NIITA VI BETPO3ALITUTHA HOjaC.

Ha curyanmoHoM ITaHy Ha cuny 3 ImpHKasaHe Cy

nosuiyje IpodUICKMX JIMHIja Ha KOjUMa Cy U3BP-

IIeHe reCTaT4Ke IIPOBepe 13 KOjUX Cy IPOMUCTEKIN

cnenehn sakpydmm:

o Jleo ceBepHe KocuHe 3axBaheH KIMSMINTEM
MoOpa Ce OCUTYpaTu IOTIOPHMM HAacUIIOM Ha
KOTM +72 m, KOCMHA M3HaJ] HacUIla MOXKe MMa-
n yrao 119

o VYrao Ha fiely ceBepHe KOCHHe KOji Hlfje HecTa-

field conditions, while verification was conducted
through a geostatic analysis of slope stability. The
profile lines for the geostatic analysis were placed so
that they would encompass the landslide body, mon-
astery Rukumija area, Brdaratko cemetery, opera-
tions on slopes outside of the landslide and the wind
protection belt. In the situation plan in Figure 3, po-
sitions of the profile lines at which geostatic checks
were made and from which the following conclu-
sions were drawn:

o  Part of the north slope affected by the landslide
must be secured with a support embankment at
the altitude +72 m, the slope above it can be at
an angle of 11 °;

o The angle at the part of the north slope which is
stable can be 14 °, and the angle of the slope of

Cnuxa 3, IIK Bupuxosay, cuiilyayuoHu inau, 1eo - ho3uyuje Gpoduickux 1unuja Ha Kojuma je uzsege-
Ha leoctatiuyxa iuposeepa, gecHo — paciiopeq otiKonasareq, yiiosapa, mpancilopiiia u ognaiarea maca.

Picture 3, OP Cirikovac situation plan, left - positions of the profile lines at which the geostatic
check was conducted, right - order of digging, loading, transport and masses deposition.
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dumaH Moxke duty 14°, a yrao KocuHe yHyTpa-
IIbeT Ofi/IarajIMIITa 5%

o IIpe moyerka u3rpajbe BETPO3ALITUTHOT Oefle-
Ma, U3BeCTH IpodHY HeoHMIY fa du ce IpoBe-
pw mapamerapu uBpcrohe yrpabenor mare-
pujana;

o Kocune tpeda fja ce 3aurture off mMOf3eMHIX U
MTOBPIIMHCKIX BOJIA.

Ha xapakrepucrudan mpodu 8-8' ceBepHe KOCHHE,
Ha CIMIU 4 TIPUKA3aHO je IPOjeKTHO pelleme. 3a
usBolhere IOTIIOPHOT HACHUIIA Y TIOFHOX)Y CeBepHe
KOCHHE IIPEMTIOKEHO jé PalliOHA/IHO Pellieibe Ipe-
Ma KOMe Ce KOPNCTe CyQMIIUTHe Mace IPUINKOM
ypebema-odmukoBarma kocuHe. Y IOIIefy OTKOIa-
Bamba, TPAHCIIOPTA U YTPajibe 3eM/baHOT MaTepyjaa
y MOTIOPHM Hacun dynposepuma 1 darepuma fpe-
I7IajHMMaA, pelle/be je PallJIOHaIHO U je[fHOCTaBHO 3a
usBobeme.

IIpema mpojexty npensubeHo je ma ce pajoBu Ha

canaiuju u ypebewy npocropa IIK Hupnkosai,

CeBEpHe U ceBepo3alajHe KOCKHE, M U3Tpajibe Be-

TPOSALITUTHOT II0jaca, u3Bexy dyimo3epuma i dare-

puMa fiperajHuMa y fise dase:

o Y mpBoj dasu ypebyje ce mpocrop samagHoO of
nuHuje mpoduna 8-8', rpangy Kaceta 2 U 3amo-
YMbY PaflOBM Ha MSTPaJbU JPYTUX 0djeKara.

o Jlpyra dasa mnpemsuba ypebewe mpocropa
MICTOYHO Of mpoducke nuuuje 8-8' u popmu-
pame Kacere 1.

the internal depository can be 5

+  Before the beginning of the construction of the
wind protection belt, a test section should be
constructed in order to test the solidity parame-
ters of the installed materials;

o The slopes should be protected from under-
ground and surface waters.

On the characteristic profile 8-8” of the north slope,
Figure 4, displays the design solution. For the con-
struction of the support embankment in the foothill
of the north slope, a rational solution was suggest-
ed according to which the excess masses would be
used during the landscaping-shaping of the slope.
In terms of digging, transport and installation of the
ground materials into the support embankment with
bulldozers and dragline dredges, the solution is ra-
tional and simple to implement.

According to the project, the work on sanitation and
landscaping of the area of the OP Cirikovac, north
and northwest slope, and construction of the wind
protection belt, should be done using bulldozers and
dragline dredges in two stages:

o In the first stage the area west of the profile line
8-8 is landscaped, cassette 2 is built and con-
struction on other facilities begins.

o In the second stage the area east of the profile
line 8-8 is landscaped and cassette 1 is formed.

The operations are different at a certain point. Dig-
ging and pushing of materials down the hillside of

Crnuxa 4, IIK Bupuxosay, iipogun 8-8', canauuono peuierve
Tymau: 1 - Ilpojexitiosaro ciiarwe; 2 — Ilocne iiojase knusuwiitia; 3 - IowiiiopHu Hacud.

Figure 4, OP Cirikovac profile 8-8’, sanitation solution
Legend: 1 - Projected condition; 2 - After the landslide; 3 - Support embankment.

VsBobeme pajoBa je TEXHOIOLIKN Y U3BECHOj MepuU
ce mudepentHo. OTKOIABame 1 Typambe MaTepija-
Jla HM3 IAiMHY CeBepHe KOCUHE,M3BOIM ce dynpio-
3epuMa JI0 30He 3axBara darepa JperiajHa, Kojuma
ce 3aTuMM Ipedaliyje y HOTIOPHM HACHUII, CIMKa 5.
Husenncamwe n nmpumapHo 30ujarme HACyTOr Mare-
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the north slope is done using bulldozers up to the
zone of dragline dredges, which then transport the
materials into the support embankment, Figure 5.
Leveling and primary compression of the poured
materials is done with bulldozers, and then addition-
ally compressed with rollers.
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pujama odaBpa ce Oynmo3epuma, U 3aTUM LOLATHO
3dmja Ba/pLMMA.

ITo ypebemy ceBepHe KOCKHe, pafoBI Ce HACTAB/bA]Y
Ha ypebemy ceBeposamagHe KOCHHE XUAPAYINIHIM
darepoM 1 kaMMoHMMa. Jleo Maca ca ceBepHe I ce-
Bepo3alajiHe KOCKHe, oftarahe ce 1o Tpacu mpojex-
TOBaHOI BETPO3AlITUTHOT I0jaca. BeTposamrnutan
I0jac Ha MCTOYHOM Jeny msrpapuhe ce ox Maca ca
ceBepoucToYHOr 0dofa. Mace ca yHyTpalImer Ofi-
nrannurra duhe HUBeMUCamEM CaMO MPerPyIICaHe
Kako du ce popMupana KOCHHA IPOjeKTOBAHOT Ha-
ruda 5°.

IIpema mpojeKTHOM pelilewy, Aa Ou Ce MOCTHUITIA
cradwrHOCTH KocuHa Tpeda GopMMpaTy eTake Ha
Kotama +72, +92, +100, +110, +120, +130 n +140
m. OpoHT pagoBa Ko GopMUpaba eTaKHIX PaBHI,
IIPOjeKTOBAH je Of MCTOKA IIpeMa 3alafy, ca MajoM
3% mpema jyry. Ha Tako npunpem/beHMM HUBe/IeTa-
ma duthe nsrpabusanu odjextu ofBoHaBamA.

YpebemeM jy)KHe KOCKHe, Tj. YHyTpallmber Ofjara-
mmrta ITK hupukosan cTBapajy ce ycioBu 3a 3a-
IITUTEH Nonarame Gpommje 1 GopMuparme Kacera 3a
Ofi/Taramoe IeIena 1 M/bake Ca HajHIYKOM HIBENETOM
+40 m 1 HajBMIIOM +92 M Kao NPOjeKTOBAaHOM TIpa-
HIYHOM KOTOM OfjjIaraa Ieresia i Hjbake.
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3a samury genpecuje ITK hupukosar on nmogsem-
HIX BOfa usrpabeH je [peHa>KHM TeNMX Ay>K HOXMI-

Upon the landscaping of the north slope work con-
tinues on the landscaping of the northwest slope
with a hydraulic dredge and trucks. A part of the
masses from the north and northwest slope, will
be deposited along the route of the projected wind
protection belt. Masses from the internal depository
will be regrouped through leveling in order to form
a slope of 5°.

According to the project solution, in order to achieve
stability of the slopes, floors at altitudes of +72, +92,
+100, +110, +120, +130, and +140 m should be
formed. The front of the operations of floor forma-
tion is projected from east to west, with a drop of 3%
towards south. On vertical alignments prepared like
this, drainage facilities will be constructed.

By landscaping the south slope i.e. the internal de-
pository of OP Cirikovac, the conditions for installa-
tion of the protective foil and formation of cassettes
for top and bottom ash deposition with the lowest
altitude of +40 m and the highest of +92 m as well as
the projected border height for top and bottom ash
deposition are created.

In order to protect the depression of OP Cirikovac
from underground waters, a drainage carpet was
built along the foot of the north slope. Along the

Cnuxka 5, IIK Rupukosay, GpuHyuiiujenHa iliexHo-
JI0UKA wema popmuparea nonopHol HACUa.

Figure 5, OP Cirikovac, principal technological scheme
of the formation of the support embankment.

south slope drainage canals were installed and inte-
grated into the drainage carpet. Based on the same
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e ceBepHe KocuHe. [0 jy>KHOj KOCHMHM U3BEEHN Cy
IOPEHaKHM KaHalM KOju Cy YBENEHM y JPEHaKHU
rerux. Ilo uctoM mpuuuumny npegsubena je rpaz-
Iba IPEHAKHMX KaHajla Ha CEBEPHOj KOCHMHYU HAKOH
IbeHe caHanuje. Boje u3 [peHa>kHOT Temnuxa ce Inpe-
KO I[pITHe CTaHMIe OIBOJie Y IJTABHYU BOJOCAONPHIUK
U U3 1hera TOTUCHMM LI€BOBOJOM M 3aTUM KaHaJIoOM
TpaBUTALMIOHO OfIBOJIE Y peKy MiaBy.

Eraxnu KaHamm cKyIbajy MOBPIIMHCKY BOIY Ca €Ta-
JKHMX PaBHU Ha CEBEPHOj KOCUHM 1 OFBOJIE BaH KOH-
Type KoIla y 30upHM 000IH! KaH/Ia, 8 IIOTOM Y I7IaB-
HM BOTOCadMpHNK. 3a 3aIITUTY jyTo3anajHe 1 jy’KHe
KocuHe npeaBuhenn cy odonHM KaHalu U3 KOjuX ce
Bofla aTMOC(epCKOT MOpeKIa OfBOAY ¥ BOOCAdMp-
HUK a U3 Ibera MOTUCHUM L[EBOBOJIOM M 3aTUM KaHa-
JIOM TPaBUTALMOHO Y peKy MtaBy, cimka 6. IIpocrop
usMeby Hacuma ¥ BETPO3AMTUTHOT T10jaca, Off aTMO-
chepckux Bofa ITUTH Ce HA CTYAH HAYMH.

I[Tpojekar npensuba pekynITUBALY KOjOM Ce >Keu
CITPEYNTH epo3uja ¥ MOOYAUTHU TIelOTeHeTCKN TIPO-
ec xojuM he ce popmMmpaTi HOBU IeHOIOLIKY CIIOj.
KonauaH 1u/b peKy/nITUBalMje je yCIIOCTaB/balbe HO-
BOT €KOCHCTEMA Ha Jerpagupanom npocropy ITK
Rupukosan. Ha cnmuny 7 npukasaH je HMBeNAIno-
HU IJIaH TeXHUYKE PEKyITUBALMje.

3ak/pyvaK

Ha oxo 30 ha ceBepHe KocuHe je Byl K/IM3HNUX I10-
BpIIMHA 10 KOjMa Ce OiBMja IIoMeparbe Maca. AHa-
NM3a M UCKYCTBO yIyhyje Ha OIpe3HOCT, IPOrHO3a
je ma he xmsuiTe ¥ Jabe SUTY aKTUBHO aM CIIO-
pujeg momeparma. 3aTo je HEOIXOIHO TOKOM M3BO-
bema pajjoBa cTanmHO ocMaTpame KOCHHA, ¥ HpeMa
CUTYyallMju afalITUBHO NpuiarohaBaTy AMHAMUKY U
TEXHO/IOTY)y U3Bohema pagoBa.
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principle, the construction of drainage canals at the
north slope is planned after its sanitation. Waters
from the drainage canal go through the suction sta-
tion and into the main water collector from where
they are moved via the pressure pipeline and finally
gravitationally drained into the Mlava river.

Floor canals collect the surface water from the floor
planes on the north slope and drain it outside of
the contour of the dig site into the collection ridge
canal, and after that into the main water collector.
In order to protect the southwest and south slope,
ridge canals are planned from which the atmos-
pheric water would be drained into the water col-
lector from which it would be drained through a
pressurized pipeline and wind protection belt, grav-
itationally into the river Mlava, Figure 6. The area
between the embankment and the wind protection
belt is protected from atmospheric waters in a sim-
ilar way.

This project predicts reclamation which would
prevent erosion and create a pedogenetic process
which would form a new pedological layer. The
final goal of reclamation is the establishment of a
new ecosystem at the degraded area of OP Cirik-
ovac. Figure 7 displays the leveling plan of techni-
cal reclamation.

Conclusion

On about 30 ha of the north slope there are sever-
al landslide surfaces along which landslides occur.
Analysis and experience point towards caution, the
prognosis being that the landslide will remain active
but slower in movements. That is why it is necessary
to constantly observe the slopes during construction,
and according to the situation adjust the dynamics
and construction technology.
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VMHTEPAKIIMJA KOHCTPYKIMJE 3ABPIITHE KOCMHE 1 KOHTYPE
EKCIUIOATAIIMMOHOI 3AXBATA HA ITOBPHIMTHCKOM KOIIY MYTAJb

INTERACTION OF THE END SLOPE AND CONTOUR CONSTRUCTION
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Casnceiiax: Y iipojexitiosarey foSPUUHCKUX KOTI06a gedpunucarwe ipanuyuHol 3axeatiia je y UpuHyuily 3agaiiiak ycnoemweH
OpojHUM HUHUOUUMA, KAO WO CY: TeoMeXaHuuKe Kapakiiepucliiuke pagHe cpeguHe, XUgporouiku u XugpoieonowKu ycuo-
68U, cagpiaj KopucHe KomiloHeHilie, gedbUHA CI0ja MUHePAHe CUPOBUHe, KoeduyujeHill OTKpusKe, eKclilepHu akiiopu,
KOHUecuoHo tipaso uitig. Ha tipumepy iiospuiurckoi koiia kpeurwaxa Myitiam Koju fiocnyje y cucitiemy Beouurcke padpuxe
uemeniia, y pagy je ipegcitiasmen upodnem unitiepaxkyuje ieomeitipuje 3a8puiHe KOCUHe, KOHILype eKCUN0ATHAUUOHOT T10/ba
U YUY AjHuXx YuHUIauq.

Kmyune peuu: iiospuiuncku Kotl, 3a6puiHa KOCUHA, KOHTLYPA eKCII0ATAYUOHOT 10ba, IpaHuuHy 3axeaii, Myiiam, deouun-
cka padpuxa uemeniia.

Abstract: In the designing process of open pits defining of the borderline web is mainly a task conditioned by numerous factors
like: geo-mechanical characteristics of the work environment, hydrological and hydro-geological conditions, contents of the
useful component, the thickness of the ore layer, overburden coefficient, external factors, concession rights etc. In the example of
the open pit Mutalj which operates as part of the Cement factory of Beocin, this paper presents the problem of interaction of the

end slope geometry, the contour of the exploitation area and influential factors.

Key words: open pit, end slope, contour of the exploitation field, borderline procedure, Mutalj, cement factory of Beocin.

VYBop,

Ha nospmmnckoM Komy MyTamb eKcIioaTuiie ce
KpeumhaK 3a IPOU3BOAY LieMeHTa y BeounHckoj ¢a-
dpurm nemenTa. Kom je Ha jy>xanM magmaama Opy-
1IKe rope, oko 19 km op mHmycTpujckux moroxa ¢a-
dpuke neMenTa y beounny.

Kpeumak n HpaTehM CeIIMEHTH, ITIMHA, TAIOPLN U
IelrYapy, OTKOIABAjy ce XMAPAYINIHNM darepuma 1
TPAHCIOPTYjy KAMIOHMMA, KOPUCHA CHPOBUHA Y (a-
Opuky y beounny, a jasoByHa ce ofyaxe y gernpecuju
noBpuHCKor kona bemn Kamen rie cy odycraspern
€KCIIoaTalMoHN pafoBu. Jlexumre kpedmaka My-
Ta/b UCTPAXKEHO je OylllermeM Ha IOBPIIMHY 0Ko 100
ha. Teoroluky cpeanHy rpaje jesepcKu CeIMMEHTH,
cacTaB/beHM Off ITIMHA Ca COYMBMMA IIUbYHKOBUTO-
-IZTMHOBUTHUX II€II4Yapa M MOPCKUN CEAVIMEHTU KOje
4qNHE Kpedballl, 1eC 1 IIECKOBUTO-II/bYHKOBIUTE IJIN -
He. Kpeumalu cy mpoMen/buBe fied/p1He Off 6 m 'y ce-
BEPOMCTOYHOM JIelTy 0 136 m 'y jy>KHOM 1 jyTOMCTOY-
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Introduction

At the open pit Mutalj limestone is being exploited for
cement production at the Cement factory of Beocin.
The pit is located on the southern slopes of Fruska
Gora, about 19 km away from the industrial facilities
of the cement factory of Beocin.

The limestone and trace sediments, clay, marlstone
and sandstones, are being mined with hydraulic
dredges and transported by trucks, useful ores into
the factory at Beocin, and waste is being deposited
into the depression of the open pit Beli Kamen where
exploitation has ceased. The Mutalj limestone basin
was explored by drilling at a surface of around 100 ha.
The geological area consists of lake sediments, made
out of clays with lenses of gravel-clay sandstones and
out of sea sediments that consist of limestone, loess
and sand-gravel clays. The limestone is of variable
depth ranging from 6 m in the north-east to 136 m
in the south and south-east part of the basin, of aver-
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Cnuxka 1. ITospuuncku koti kpeurvaka Myiiarm.

Figure 1. Open limestone pit Mutalj.

HOM JIe/ly JIeXKMILTA, IIPOCedHe Cy fed/buHe OKO 53
m. Kpeumak 3aexe Ka jyry u jyrosamnagy 1oj yriom
oxt 16-29°. TIpoceuHa fedpuna OTKpUBKe je 23,5 m,
MaKCHMaJlHa je 65 M y UICTOYHOM JeTy JIEXKUILTA.

Y TeKTOHCKOM IIOITIefly KapaKTepPUCTMYHO je Ta
IIOCTOje [Ba CUCTeMa TEKTOHCKUX pacefia, 4 pacesia
NpaBlia C€BEPO3alaj-jyTONCTOK U 3 pacefia IpaBlia
jyrosamnaj-ceBepouCTOK, KOju KacKaJJHO pasjBajajy

age thickness of about 53 m. The limestone stretch-
es from south and south-west at an angle of 16-29°.
The average waste thickness is around 23,5 m, with
its maximum being 65 m in the eastern part of the
basin.

In tectonic sense it is a characteristic that there are
two systems of tectonic rifts, 4 rifts in the direc-
tion northeast-southeast and 3 rifts in the direction

|
|
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Crnuxa 2. Jlexcuwiitie kpeurvaxa Myiian, kapakiiepucitiutan ieonowxku iapogdunu [2].

Figure 2. Limestone basin of Mutalj, geological profiles [2].
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Tabena 1. Jlexcuwiiiie kpeurvaxa Myiiamw, pusuukomexanuuku dapameripu nexcumiia [3].

Table 1. Limestone basin of Mutalj, physical-mechanical parameters of the basin [3].

3anpeMHHCKA TeKUHA Yrao yHyTpammer Tpema Koxesuja
CenumeHT . e .
Sediment Bulk density Internal friction angle Cohesion
v (kN/m?) ¢ () ¢ (kPa)
OTKpHBKa, IPOCEYHO 20,53 2125 2081
Overburden, average
Jlec 20,57 21,19 17,98
Loess
I'nuna
20,21 18,35 21,00
Clay
Kpeurvar 25,69 36,57 3,54
Limestone
HoBoonnoxenu MaTeppg an 17.11 15.43 9.28
Newly deposed material

TeloBe NIeXNITa, cnuka 2. [Tomro cy cegumentn
Yy IOAMHM KpedrhaKa BOJNOHENPOIYCHM WMIM Cla-
domporrycHm, a Kpedmaly BOJOIPOIYCHH, Y CTIOjy
Kpedmaka je popMupaHa U3JaH Koja ce IPUXparby-
je Bojjama arMocdepcKux majjaBuHa 1 U3 00OTHUX
usfaun. Y tademn 1 mpukasaHu cy GusMIKOMexa-
HMYKNM IMapaMeTPpU INTOIOIWKMX YJIaHOBA Y JI€XKN-
oTy.

KoHcTpyKiuja 3aBpIIHe KOCHHe
MOBPIINHCKOT KOIIa

38or crennduyHor MONTOXKAja MexuiTa y 3ouu Ha-
LMOHAIHOT Mapka PpyliKa ropa, eKCIaoaTaloHn
3axBaT jeXXumTa MyTajb YCIIOB/bEH je He caMo TIpu-
POAHUM, TEXHMYIKO-TEXHONIOIKNM ¥ €KOHOMCKUM
arpudyrtnma Beh u 3axteBuma IIpocTopHor mrana
®pywka ropa. IIpojexToBaHe cy Tpu ¢ase passoja
MOBPIIMHCKOT Koma MyTasb, OJHOCHO TP €KCIIO-
ararone ¢ase:

1. Y KOHTYpM MaKCHMMAJHOI 3aXBaTa pe3epBU
KpeumaKa;

2. Y KOHTYpM 0fJ0dpEHOr eKCII0aTallMOHOT 1107ba;
3. ¥ xourypu I dpase passoja.

[ToppummHcKM Konm MyTa/b IPOjeKTOBaH je TaKo
fla CEeBEpOMCTOYHA ¥ MCTOYHA 3aBPIIHA KOCHUHA,
pyaHndka caodpahajuHmiia um IIaTO 3a IpeToBap
Kpeumaka MMajy CTalaH IO0JI0Xaj y cBUM (aszama
excrtoaranyje. IlpucyraH je 1 3HadajaH mpodiem,
KOJIMYMHE jaJlOBMHE y KOHTYPU €KCIIJIOATallllOHOT
nojba Behe cy op Kamaipyrera ofjlarajmiiTa Ha I10-
BpummHCcKoM Koty bermt Kamen, Tako ma Tpeda 0des-
deluTH JOJATHY CMELITajHU HPOCTOP 38 OTKPUBKY.

To cy pasnosu mTO je OTKOMaBame KpeuraKa I Ipa-
tehnx cenmmenara y koutypu I dase (3) ca omara-

IheM ja/IOBMHE Ha MOBPIIMHCKOM Komy benu Kamen
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southwest-northeast, which separate parts of the ba-
sin in a cascade, picture 2. Since the sediments in the
limestone floor are waterproof or semi waterproof,
and limestone is permeable, in the limestone layer
an well water was formed which is fed with waters of
rain and from rim well waters. Table 1 displays the
physical-mechanical parameters of lithological fac-
tors in the basin.

The construction of the end slope
of the Open pit

Because of the specificity of the position of the basin
in the zone of the National park of Fruska Gora, the
mining of the Mutalj basin is conditioned not only
by natural, technical-technological and economical
attributes, but also by the demands of the Zoning
plan of Fruska Gora. Three stages of development
were designed for the open pit Mutalj i.e. three ex-
ploitation phases:

1. In the contour of the maximum range of the
limestone reserves;

2. In the contour of the approved exploitation
area;

3. Inthe contour of the first stage of development.

The open pit Mutalj was designed so that the north-
east and east end slope, mining roadway and the
limestone reloading plateau have a fixed position in
all exploitation stages. A big problem is present here,
the amounts of waste in the exploitation field con-
tour are greater than the capacity of the depository
at the open pit Beli Kamen, and therefore additional
deposition areas must be assigned.

These are the reasons why the limestone and trace
sediments exploitation with waste deposition at the
open pit Beli Kamen in the st stage (3) has been de-
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medUHMCAHO Ka0 MPEIasHo pelere o odeszdehema
yC/I0Ba 3a HOPMa/IHM Pa3Boj PajjoBa y KOHTYPU Of10-
SpeHOT eKCIIoaTalMoOHOT moba (2).

VnTepakuyja orpannyasajyhux unHmiana (mpupoa-
HUX, TEXHUYKMX, TEXHOJOIIKIX, KOMYHUKALIOHNX,
OKPY>KYjyhux 1 fip.) ¥ IPOCTOPHMX OrpaHUYeHa pa-

fined as a transitional solution until conditions for
normal work development in the contour of the ex-
ploitation field are provided (2).

The interaction of the limiting factors (natural, tech-
nical, technological, communication, surroundings
etc.) and spatial limitations of the mining develop-

Cnuxa 3, Ilospuiurcku koii Myiiarm, pa3eoj u KOHCIPYKUUja 3a8PUIHUX KOCUHA

Tymau: 1 - Ipanuya ogodpeHoi ekciinoaiayuonoi iomwa; 2 - 3aspuina kocuna gase 3; 3 - 3aspuina kocuna dase 2.

Figure 3. Open pit Mutalj, construction development of the end slopes

Legend: 1- boundary of the approved exploitation field; 2 - end slope of phase 3; 3 - end slope of phase 2

3BOja PYJJApPCKMX pajloBa, YTUIIAJIO jeé Ha aJlallTUBHO
neduHMCambe 3aBpIHe KOCKHE IIpeMa pa3Bojy pamo-
Ba Ha MOBPUIIMHCKOM Koy MyTarb, cnmke 3 u 4.

TeocTaTnyka aHa/mmsa CTAOMIHOCTM OBAKO KOH-
CTPYMCAaHNX KOCVHA IIOBPIIMHCKOT Kolla ypabeHa je
OJ{BOjEHO 3a KOCVHE Y KpeUmaKy U Y OTKpuBLu. Me-
togoMm A. W. Bishop-a ananusupana je cradmmaHoct
KoCuHa y oTkpuBLy, a MetofoM E. Hoek-a (paBan
JIOM KOCHHE) y Kpeurbaky. Ha 0CHOBY oBe aHause, a
IpeMa 3axTeBaHuM (PaKTOpUMa CUTYPHOCTH 3a paji-

ment, has affected the adaptive definition of the end
slope towards exploitation development at the open
pit Mutalj, pictures 3 and 4.

The geostatic analysis of stability of thusly construct-
ed slopes of the open pit was done separately for
slopes in limestone and overburden. Using the meth-
od of A. W. Bishop, slope stability in the overburden
was analyzed, and using the method of E. Hoek (flat
break of the slope) stability of limestone was analyz-
ed. Based on this analysis, according to the safety re-
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He F =1,3 n 3aBpmne kocune F_ =1,5, nedunn-
min min

CaHU Cy KOHCTPYKTUBHM IIapaMeTPH: yrao 3aBplIHe

KOCIHe, yTao Harnda eTaxa, IIMPIHA eTa)XKHEe PaBHI

¥ BUCVHA eTaXKe.

pesngvenaf

ERFEEE

111

SEASSSESNNRENE i

quirements for exploitation F = 1.3 andend F_, =
1.5 slopes, construction parameters were designed:
the angle of the end slope, angle of the floor, width of
the floor plane and floor height.

IR RN E]

]

Cnuxa 4. Teonowku tipogunu IIK Myitiarm.
Figure 4. Geological profiles of the OPM Mutalj.

3ak/pydaK

Excrinoaranuja kpeumaxa y nexuury MyTam ofi-
Blja Ceé Yy C/IOXEHUM IIPUPOJHNUM, TEXHUYKO-TeX-
HOJIOIIKMM M OKPYXyjyhum ycmoBuma, [OgaTHO
OTeXXaHUM IocedHNM 3axTeBuMa 3dor dnusuxe Ha-
LIMOHANMHOT Mapka Ppynika ropa. ¥ MmpojeKTaHTCKOM
CMICITy IOBPIIMHCKY Kol MyTass moTBphyje mpasu-
JI0 [ia y IIPOjeKTOBamy HeMa Iponopuuje usMeby Be-
JIMYVHE PYAHUYKOT 00jeKTa, CIOKEHOCTU U 3aXTeB-
HOCTH y Kpenpamy IIPOjeKTHNUX pelllerba.
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Conclusion

Limestone exploitation in the Mutalj basin is being
conducted in complex natural, technical-technolog-
ical and surroundings conditions, made additionally
harder because of the special requirements due to the
proximity of the National park of Fruska Gora. In a
design perspective, open pit Mutalj confirms the rule
that in design there is no proportion between the
size of the mining object, complexity and demands
in creation of design solutions.
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OTABAJU

BECIIMJTIOTHA AEPO®OTOIPAMETPUJA

Pa3Boj decnmIoOTHUX ETHINIA 32 LIUBUIHE HAMeHe
je HOBMjer BpeMeHa, TaHaC je y BE/IMKOM YCIIOHY, U Y
aepoQoTorpaMeTpuju NpeCcTaB/ba 3Ha4ajaH TEXHO-
JIOLIKY MCKOpaK. MMHMjaTypHe poOOTH30BAHE TeTH-
nuLe ocuM GyHKIMje aBUOHa, Ipey3nMajy QYHKIUjy
IINJI0Ta, HAaBUTAaTOpa 1 CHMIMaTesba, 1 IIOCTajy €KBIBa-
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EVENTS

UNMANNED AEROPHOTOGRAMMETRY

The development of unmanned drones for civilian
use is new, with its use spreading in the present, and
represents a significant technological step forward
in a technological sense. Miniature robotic aircrafts
take the functions of an airplane, and besides that,
the functions of the pilot, navigator and cameraman,

b i s ) o R L

Tospuuncku xowi Jlpmro / Open pit mine Drmno

JIEHT K/IACUYHUM aBUOHCKUM aepo(OTOorpaMeTpuj-
CKUM cHCTeMMMa. Y JOMeHY Meperba, mpahersa cTamba
U IpOMeHa Ha IOBPLIMHAMa, aepodoTorpamerpuja
SeCHI/I}IOTHI/IX JIETVINIIA HENCHPITHNX TEMATCKMX MO-
ryhHoCTH, 3a/50BO/baBa OCHOBHH YCIIOB - IIPELM3HOCT
CHUMatba ¥ 3HaTHO moBehaBa epuKacHOCT Hai30pa 1
yIpaB/batba y IPOLIMPEHOM 1 pEaTHOM BPEMEHY.

Camim
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and are becoming an equivalent to classical airplane
aero photogrammetric systems. In the tracking do-
main, state monitoring and monitoring of changes on
surfaces, aero photogrammetry of unmanned drones
satisfies the basic condition of recording precision
and greatly increases the efficiency of supervision and
management in expanded and real time as well.

Alslala] ufs clagcsigs nf e S[E zipje]
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Iospuuncku xoti Citipaxcunoso / Open pit mine Strazilovo

Y opHOCY Ha K/IAaCHM4HY, IIPEFHOCTH OeCHUIOTHe
aepodoTorpamerpuje Cy: ZOCTYIHOCT, PACIIONIOXMI-
BOCT, I[eHa, 0e30eIHOCT, epUKACHOCT U MIUPOK OII-
cer npuMeHa. TeXHO/IOIMja He 3aXTeBa CIIeIMjann30-
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Compared to the classical, the advantages of un-
manned aero photogrammetry are: availability,
price, safety, efliciency and a wide range of appli-
cations. The technology does not require special
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BaHy 00y4eHOCT 3a aepoOTO CHUMaIbE, KOje je KOF
K/IAaCMYHOT pajia MCK/by4uBa IIpUBUIErMja Crenuja-
IN30BaHMX TE€OAETCKNX M MHIKEHEPCKUX MHCTUTY-
11ja, JOCTYIIHA je IIPOKOM KPYTy KOPUCHUKA 11 (a-
MIIMjapHa y HOITeRy ekcrvioaTanumje. Omoryhasa
de3 pusMKa Meperma TeUIKNX, HEIPUCTYIATHUX UIN
omacHuX TepeHa u odjekara. [Ipukymmpame 1 odpaga
nogaTaka je edukacHa, He 3aBUCH Of OPOjHUX UM-
HM/IaLa Kao KOJ§ K/TACHYHOT aBIO CHUMalba, 1 dpyka
je of1 d1I0 KOje TepecTpUUKe TEXHOJIOTIje Meperba.

training for aerial photo recording, which is with
the classical approach an exclusive privilege of spe-
cialized geodetic and engineering institutions, and
is available to a wide range of users and familiar for
the purposes of exploitation. It enables a risk-free
measuring of difficult, unreachable, or dangerous
terrains and objects. Gathering and information
processing is efficient, does not depend on numer-
ous factors as with classical aerial recording, and is
faster than any terrestrial measuring technology.

Iospuuncku koti boiyiioso ceno / Open pit mine Bogutovo selo

Tum cTpyumaka J/InuBone u Pygapckor mHCTUTYTa 13
beorpap 24. jyma 2013. ropyHe, Ha MOBPUIMHCKOM
komy yrpa Jpmuo y Kocronmy, odasno je mpso
aepodoto cHuMame y Cpduju decnmnorHoM eTn-
munoM. ITocme Mecen faHa CHUMambe je IIOHOB/LEHO
panu ymopebema crama pajjoBa 1 OTKOIIAHKUX Maca
Ha Je/Iy OTKOIHOT (ppoHTA. AHajaM3a MOKasyje Aa
Cy pesy/ITaTu CHUMama OeCHIIOTHOM JIETH/INIIOM
€KBIBA/JIEHTHIN Ppe3y/lITaTIMa KOHBEHIVOHA/ITHUX
TeOfleTCKVIX Meperba CIIPOBEeHNX 110 PeOBHOj IIPO-
nenypu. ITocte moYeTHUX OIINYHNX pe3y/ITaTa, U3-
BefleHa Cy Mepemba JoKaruje dyayher moBpumHckor
Kora rmHe Cpefma ctpana un CrenujamHor pesep-
Bara npupope Cnano Konoso xog Hosor beueja, mmo-
BPIIMHCKOT Koma rnHe CTpaxnnoBo y CpeMcKuM
KapoBuyMa, MOBPIIMHCKOT KOIIA YI/ba y YI/bEBUKY
u ¢roTaryjckor janmosuurra y bopy.
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A team of experts from Livona and the Mining insti-
tute of Belgrade has conducted the first aerial photo
recording in Serbia via an unmanned drone on June
24.2013. at the open coal pit Drmno in Kostolac. Af-
ter a month the recording was conducted again in or-
der to compare conditions of operations and dug up
masses at the area of the mining front. A comparative
analysis has shown that the results of the aerial photo
recording via the unmanned drone are co-relative and
equivalent with the results of conventional geodesic
measuring methods. After the initial excellent results,
measurements of the location of the future open clay
pit of Srednja strana and the Special nature reserva-
tion Slano Kopovo near Novi Becej, the open clay pit
in Sremski Karlovci, open coal pit in Ugljevik and the
flotation tailings in Bor were conducted.

Dnotuayujcko janosuwiitie bop

e
' Flotation tailings Bor
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Yaumajyhn y od3up cagainma meuraBama, pasBojHe
) alUIMKATUBHE TPEHJOBE Ha OBOM IIOJbY, PEATTHO
je OYeKMBATH Ja/bM YCIIOH IPOQeCHOHAIHE NMILIe-
MeHTaIje OecmuIoTHe aepodoTorpaMerpujcke
TEXHOJIOTHje.

PYOAPCKU BACEH KOJIYBAPA
ITOTOIUBEHMU ITOBPIIMHCKM KOIIO-
B BEJIMKI IPJbEHU 1 TAMHABA
3AITATHO I1IOJ/bE

CpennHoMm Maja 2014. rognue Hesamamhene mafa-
BUHE U IIOIIVIAaB€ HAHEIE Cy H.[TeTy OIrpOMHUX pa3Me-
pa Cpdujn. Y nohu nsmeby 14. u 15. maja Hadyjama
peka Konydapa, ca nmpurokama Ilemran u Typuja,
IIOITABIJIA je TIOBPLIMHCKe Komose Bemuku Iprbe-
uu 1 TamuaBa 3amagHo nobe v Pymapckom daceny
Komnydapa. Vanumo ce oko 210 muaona m® Boge y
nernpecuje Komosa. ITof BOoM ce HaIlIoO IeT POTOP-
HUX darepa, darep Begpuyap, ABa Ofjlarada, Y€TUPK
darepa gpernajHa, IeT CAMOXOJZHUX TPAHCIOPTepa,
22 moroHcke ctanute u 29,3 km tpancmoprepa, 10
TPaHCPOPMATOPCKUX CTAHUIA, [EBET PasBOFHMX
mocTpojema 1 17 momohuux mammua (Synmosepu,
yTOBapMBadl, LeBOIIOIATaYY UTH. ).

Ha ocHoBy oneHe Jja ce U3 Jienpecuje IOBPIIMHCKOT
koma Benmku Lp/pern Moxke Spike YKIOHUTY BOJA U
MIOKPEHYTH NIPOU3BOJiiba YI/ba, UCIYMIIaBalbe BOJe
je sanoueto 20. maja 2014. rouHe. AHraXKOBaHe Cy
34 nentpudyranHe myMmie, 10 6. aBIycTa UCIyMIIa-
HO je 27 MuImoHa m’® BOfie U 3arodeTa IIpOU3BOAHba
yI/ba, IPOCEYHO HHEBHO 0KO 20.000 t.

Taking into consideration the present events, the
developing and alternative trends in this field, it is
realistic to expect a further expansion of professional
implementation of unmanned aero photogrammet-
ric technology.

THE MINING BASIN OF KOLUBARA
FLOODED OPEN PIT MINES VELIKI
CRLJENI AND TAMNAVA ZAPADNO
POLJE

In the middle of May 2014. unrecorded rainfalls
and floods inflicted great damage to Serbia. In the
night between the 14. and 15. of May, the river Kol-
ubara with its tributaries Pe$tan and Turija, has
flooded the open pits of Veliki Crljeni and Tamna-
va Zapadno polje in the mining basin of Kolubara.
About 210 million m*® of water flooded the depres-
sion pits. Five rotary dredges, a bucket dredge, two
stackers, four dragline dredges, five loading units -
transporters, 22 drive stations and 29,3 km of con-
veyor belts, 10 transformer stations, 9 distribution
lines and 17 auxiliary machines (bulldozers, load-
ers, pipelayers, etc.)

Based on the evaluation that the water could be re-
moved faster from the depression of the open pit
Veliki Crljeni, and coal production restarted, the
drainage of water began on May 20" 2014. 34 cen-
trifugal pumps were deployed and by the 6th of Au-
gust, 27 million m® of water were drained and coal
production began with an average of 20.000 t daily.
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W3 penpecuje moBpuIMHCKOT Komna TaMHaBa 3amajHo
IO/be UCITyMIIaBarbe je 3amovero 24. jylna IyMIIOM
cHare 3 MW u xananuteTa oko 3 m*/s. [IpecTajamem

At the depression of the open pit Tamnava Za-
padno polje, drainage began on July 24. with a
pump of 3 MW and a capacity of 3m’/s. When

HOTpede aHTKOBaFba ITYMITH Ha MOBPIINHCKOM KOITy
Bemukn p/benn, npemMeniTane Cy Ha MOBPIIMHCKYI
kon TamuaBa 3amagHo moke. o 17. centemdpa 2014.
TOfI. YICIIYMIIaHO je 21,4 MyymoHa m’ Bofie, KaJia je Ha
UCIIyMIIaBakby aHTraXoBaHa ¢upma ,,EHeprorexnmxka
- Jyxna Bauka® ca 18 gusen myMIm BeIMKOT Karla-
UTeTa, NIpOCEIaH THEBHN KallalIUTET I/ICHyMHaBaH)a
MOAUTHYT je Ha 1,2 MwmmoHa m’ Bofie. Ha MonTaxu
" OEMOHTAXX!M IIOHTOHA U HOCTaB}I)aH)y ITyMInmn aHra-
»KoBaHa je 1 orpema Bojcke Cpduje. o 16. neremdpa
U3 Jierrpecuje MOBPIIMHCKOr Koma TamHaBa 3aman-
HO TIOJbe NMCITYMITAaHO je OKO 127 MmimoHa m’ Bofe.
OsBo je HajBeha Hecpeha koja je sagecwra Pymapcku
dacen Komydapa of ocHuBama.

TEPMOEJIEKTPAHE 1 KOITOBM KOCTO-
JIAILL: ITPOBJIEM CA BOJJOM HA IIOBP-
INIMHCKOM KOIIY IPMHO

IMocne odwnnux magasuHa (y jyny 289 1/m? xuiue)
usmehy 22. m 23. jyma 2014. romuHe y 3amafHOM
feny, Ha HajHI/DKI/IM KOoTaMa ITOBPLIMHCKOI' KoIla
ympa JIpMHO, foupyio je o OyjUYHOr IUIaB/berba
BOIOM } My/beM [e/la Pyfapcke OIpeMe Ha IIPOM-
3BOAbM yI/ba. IIOTOIUBEHA Cy ABa POTOpHa darepa
U TPY TPaHCHOPTHe Tpake AykuHe 1.130 m. [la du
Ceé 3aCTOj Y IPOU3BOJILY YI/ba OTKIOHNO, OfMAX je
3allo4eTa MHTEPBEHIVja Ha YCIIOCTaB/balby TPAHC-
HOpTHe Bese 3a yrab npeko I BTO cucrema, mro je
ycIemHo 3asplireno 29. jyma 2014. roguHe, u 0des-
dehen HeoMmeTaH pama TEPMOEHEPreTCKUX OIOKOBA.
TokoM pefloBHOT peMOHTa YITbeHOTI cuctema of, 10.
centemOpa 1o 10. oktodpa 2014. roxnHe u3BemeHa

the need for pumps at the open pit Veliki Crljeni
ended, they were relocated at the open pit Tam-
nava Zapadno polje. By September 17. 2014. 21,4
million m® of water was drained when the com-
pany “Energotehnika - Juzna Backa” was con-
tracted for 18 diesel pumps of large capacity, the
daily average of drained water was raised to 1,2
million m® of water. For the installation and re-
moval of the pumps, the equipment of the Army
of Serbia was contracted. By December 16. aroun
127 million m? of water was drained from the de-
pression of the open pit Tamnava Zapadno polje.
This was the greatest disaster to ever hit the min-
ing basin of Kolubara since its founding.

THERMAL POWER PLANTS AND OPEN
PIT MINES KOSTOLAC: PROBLEM WITH
WATER AT THE OPEN PIT DRMNO

After large rainfalls (289 1/m? of rain) between 22. and
23. of July 2014. in the western part, at the lowest al-
titudes of the open coal pit of Drmno, there has been
a flooding of water and sludge of a part of the mining
equipment for coal production. Two rotary dredges
and three conveyor belts 1.130 m in length were flood-
ed. In order to remove the hold up in coal production,
the establishment of a transport line for coal through
I ECS systems began immediately which was success-
fully completed on 29. of July 2014. and unimpeded
operations of thermal energy blocks was secured.
During regular maintenance of the coal system from
10. of September to 10. of October 2014. a manda-
tory reconstruction was done for the export systems

77




Jlozahaju, Pyoapcku enacnux / Events, Bulletin of Mines

je y OBUM OKOTHOCTMMA M3HyheHa peKOHCTpyKIja
M3BO3HOT CUCTeMa 3a yrasb. VsBefieHe cy HOBe Tpa-
ce, IPEHECEHO je Ha HOBe nmosunyje sumie of, 3000 m
TPaHCIOPTEpPa, TPM IOTOHCKE CTAHMUIE U CIL., YUMe
je ycrocTaB/beH HOBM TPAHCIOPTHMU IIyTa 3a yTrajb
IpeMa ApOdIMINYHOM HOCTPOjerbY.

for coal. Two new lanes were made, more than 3000
m of conveyor belts were placed at new locations,
three drive stations were placed etc. through which a
new transport route for coal was established towards
the processing facility.

IToueTkoM cenTeMdpa IMOHOBO je OO 5O OOVIHM-
jux magasyHa (oxo 150 1/m?), mrro je moropruano un
oBako Beh Temko crame. Op 22. jyna mo 1. HoBemOpa
2014. ropuHe ca NOBPIIMHCKOT Koma JIpMHO MCITyM-
IIaHO je OKO 2 MIJIIOHA M’ BOJIe.

PYIJAPCKU BACEH KOJIYBAPA: IIOKPE-
HYTA ITPON3BOIbA YITbA HA ITOBP-
INIMHCKOM KOITY TAMHABA
3AITAJHO IIO/BE Y

ITowro je U3 fienmpecuje NOBPIIMHCKOT Koma TamHa-
Ba 3alafIHO IO/be MUCITYMIIAHO OKO 130 MymoHa m’
BOJIe ¥ CHYDKEH HMBO BMIIE Of 23 m, CTBOPEHN CY
YCJIOBM 3a ITOKpeTarbe IPOU3BOJbe yIba. VI3 Bofe je
“msponmno” metr darepa, Tpancnoptepu II BTO cn-
CTeMa, [ileo TpaHCIOpTepa YIbEHUX CUCTeMa 1 Jieo
moMohHIX ManHa.

ITa ce He Ot YeKasIo Ha CaHALM]Y U PeBUTAIN3ALIjY Ma-
IIMHA Koje Cy QMM TIOJ BOZIOM, Ca MOHTa)KHOT IIIaria
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In the beginning of September great rainfalls oc-
curred again (around 150 1/m?) which worsened an
already difficult situation. From 22. of July to 1. of
November 2014. around 2 million m® of water was
drained.

MINING BASIN KOLUBARA: PRODUC-
TION OF COAL AT THE OPEN PIT TAM-
NAVA ZAPADNO POLJE STARTED

Since 130 million m* of water was pumped out the
open pit Tamnava Zapadno polje and the water lev-
el was lowered by more than 23 meters, the prereq-
uisite conditions for coal production continuation
were achieved. Five excavators, transporters and
BTO systems, a part of transporters of coal systems
and some auxiliary machines.

In order to skip the waiting for sanitation and ma-
chine revitalization, a new rotary excavator SchRs
740%25/6 was moved from the montage area to the
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HpeMeInTeH je HoBu poropHu darep SchRs 740x25/6
Ha etaxy II BTO cucrema. Tpaucropt darepa je odeo
15. HoBemOpa 2014. roguHe Ha feoHuIM of 5.500 m.
On 8. meriemdpa 2014. ropuHe darep je pajio Ha OTKO-
maBamy janoBuHe Ha eTaku II BTO cucrema, a 3atum
je mpemernteH (2.700 m) Ha yrbeHy eTaxy I BTY cu-
CT€éMa Ha I/ICTO‘{Hy CTpaHy TIOBPIINMHCKOT KOIIa, ITI€ O
26. merjemdpa 2014. ropuHe pajy Ha OTKOIIABAY YI/ba.

OCHOBHe TeXHMYKe KapaKTepUCTUKe POTOPHOT
darepa SchRs 740x25/6 : TeopeTcKUM KamanuTeT
4.800 m*h, cmenuduyna cruma OTKOmaBama 3a
yrab min 100 kN/m, MakcuManHa BUCKHA KOIIamba
25 m, MaKcuMajiHa ;uySMHa KOIlakba MCIOMA HMUBOA
njaHyma 6 m, pacTojame Off 0Ce pafHOT TOYKa 10
oce darepa (XOpM3OHTa/IHA O3MIIMjA CTPeNe paj-
HOT TOYKa) 35 m, dp3mHa Am3ama HOCada pajHOT
TOYKa MepeHa y IIeHTPy pajgHOr ToYkKa 5 m/min,
OpsuHa odprama ropwte rpajme MepeHa Y OCU
papgHoT Touka off 6 ;o 30 m/min, mpuUTKCaK HA T/IO
max 112 kN/m?, dp3una tpancnopra 3 fo 6 m/
min, HyHa dpsuHa 8 m/min, HajMambu pagujyc
KpuBuHe ~ 50 m, dpoj rycennua 6 (1 crauonapan
u 2 BobheHa mapa).

PYOAPCKO-TOIIMOHMNYAPCKI BACEH
BOP: HOBA TOIIMOHUIIA I PABPUKA
CYMIIOPHE KMCEJIVTHE

Y Pymapcko-rommonndapckoMm daceny Bop je 23.
meuemdpa 2014. ropyuHe odenmeXxeH 3aBplLIeTaK U3-
rpajitbe HOBE TOMMOHMIIe U (padpuKe CyMIIOpHE K-
cenuHe. OyHKIMOHATHO UCIUTHBAbE OIIPEME U I10-
cTpojema Tpajahe Tpu Mecerra, a 3aTuM Hasbere nehn
U HeHO IOCTeIleHo 3arpeBaibe 21 fgaH. Ilokperame
HOBMX IIOTOHa TONMOHMIe M (adpyKe CyMIOpHe
KICENMHE je Off BeTMKOT €KOHOMCKOT 1 €KOJIOIIKOT
3Havaja 3a PTH bop u neny gpxasy. Emucuja cym-
nopa y atmocepy, Kao jefiHa o OCHOBHMX IOdyzaa

floor II of the BTO system. The transport of excava-
tor began on November 15. 2014. on a section 5,500
m long. Since December 8. 2014. the excavator e was
digging waste rock at the floor II of the BTO system,
and was later moved (2,700 m) to the coal floor I
of the BTU system to the east side of the open pit,
where it is digging coal since December 26. 2014.

Poitiopnu daiep SchRs 740x25/6 y pagy Ha
nospwunckom koity Tammaea 3aiiagHo tiorme,
26.12.2014. (Poinio: kWh Enexinipoiipuspega Cpduje)

Rotary excavator SchRs 740x25/6 in operation
at the open pit Tamnava Zapadno polje,
26.12.2014.(Photo: kWh Electric Industry of Serbia)

The main technical characteristics of the rotary excava-
tor SchRs 740x25/6 : theoretically the capacity is 4.800
m?/h, the specific coal digging force is min 100 kN/m,
maximum digging height is 25 m, the maximum dig-
ging depth below the plane level is 6 m, the distance
from the axis of the operating wheel to the axis of the
excavator (horizontal position of the operating wheel
arrow)35m, the speed at which the operating wheel
carrier is lifted measured at the centre of the operating
wheel is 5 m/min, the speed of rotation of the upper
build measured in the operating wheel axis is from 6
to 30 m/min, the soil pressure is 112 kN/m?, transport
speed is 3 to 6 m/min, the necessary speed is 8 m/min,
the smallest curve radius is ~ 50m, the number of cat-
erpillars is 6 (1 stationary and 2 guided pairs).

MINING-SMELTING BASIN BOR: A NEW
SMELTER AND SULFURIC ACID
FACTORY

The completion of construction of the new smelter
and sulfuric acid factory at the Mining-smelter Ba-
sin Bor was marked on December 23rd, 2014. Func-
tionality tests of equipment and the plant will last for
another three months, and will be followed by the
furnace starting and its gradual heating for 21 days.
The startup of the new smelter and sulfuric acid fac-
tory is very important both in economy and ecology
sense for the MSB Bor and for the country in whole.
The emission of sulfur in the atmosphere, being one
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peanmsanuje oBOr IpojekTa, duhe ucmop mpomnuca-
HUX BPEJHOCTH, a IpeBobhere CyMmop Anoxcuaa y
KOMEpLIMjaTHM TPOU3BOJ, - CYMIIOPHY KUCEIVHY
duhe Behe ox 98%. Ouekyje ce Behe TeXHOMOMIKO Kc-
kopuiheme dakpa, Ha OCHOBY CafIAIIbBUX LieHa da-
Kpa, IIpoIleHe Cy fia OU caMo IO 0BOj OCHOBU JOOUT
Tpedana fa n3HOCK 20 MMUIMOHA [JOMapa TOANIIE.
ExoHOMCKe KOpMCTH ce 04eKyjy 1 of Beher nckopu-
mhema 371aTa, cpedpa, Behe mpousBopme CyMIOpHe
KICeJIVHE I CJL.
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Doinio / Photo: Kolektiv, Bor

of the primary reasons for this project, will be lower
than required by law, and the transition of sulfur-di-
oxide into the commercial product - sulfuric acid
will surpass 98%. Higher technological recovery is
expected, and based on the current copper prices, it
is estimated that solely on this basis, the profit mar-
gin would exceed 20 millions of USD per year. Eco-
nomical benefits are expected also from the higher
recovery of gold, silver, higher production capacity
of sulfuric acid, etc.



ITPVIKA3 KIbUTA

OA3M IOTUKA'Y PYJAPCTBY

Y umspamy Opembema pymapcKIx,
TEO/JIOKNX U CUCTEMCKMX HayKa
AxazieMuje MHXeHEPCKUX HayKa
Cpduje n Pymapckor MHCTUTYTa y
Beorpapmy odjaB/beHa je MOHOIpa-
¢uja ,,Pasnu moruka y pysapcBy.
Kmura je pe3ynraT Zyroroguilmer
UCTPOKUBAYKOL U MHXKEHEPCKOT
papa ayTopa, npod. ap Crodopa-
Ha Byjuha, npo¢. ap Vropa Mu-
JbaHOBMNA 1 BXOBUX CapajgHNKa,
Yy pelraBamwy pygHNYIKNM HPOSHC'
MMMa IUIaHVMpatba U YIIpaB/batba ¥
IPOLIMPEHOM U PealHOM BpeMe-

HY.

Op 1995. rofune Kapa je 0djaB/beH

pap ,llmanupame nponssoimbe y

CTIOKEHUM PYHApCKMM CHCTeMMMa Ca BHUIIE IIOBp-
IIMHCKUX KomoBa a3y JMHeapHUM IIporpamupa-
eM" mpuMeHa (asy JIOTUKe ¥ PYAAPCTBY je 3HATHO
eBOo/TyMpasa 1 IPOLIMpPeHa Ha Pa3InynuTa MoApyyja,
O MATEMATUYKO-MOJECTICKUX, aHAIMTUNYKNX U MTHXXE-
BEPCKUX IIPMMEHA Y IOAPLINN OATy4dlMBalby, IIPEKO
perynanuje, ayToMarusanuje 1 ynpab/barba Ipolie-
CUMa, pa3Boja PYJHUYKUX padyyHAPCKU MOJP)KAHUX
HaJI30pHO-YIIpaB/badyKNX CHCTEMA, PasBoja HOBE Te-
Heparije podOTU30BAHNX PYAAPCKIX MAIIHA UTH,.

3a BehmHy pymapckmx cTpydmaka, jOII yBeK ce 13a
uspasa ,,(asu J0rnKa” Kpuje HelO3HAHMIIA U TajHO-
Butoct. OBO Huje crmydajHO, Beh mocimeguua mHep-
nuje odpasoBHor crcreMa. Ha cpehy, TexHomomku
HaIpefiak ce He 0dasype Ha MHEePUMjy MIKOJIe, 1 Ipef
13a30BJIMa BPEMEHa, a ¥ LN/bY 3a/J0BO/beHba 3aXTeBa
u 1oTpeda, CBOjOM JIOTMKOM OTBapa HOBe U LINMPK
nocrojehe myTeBe MCTpaXKMBamba 1 PasBoja Ha IOJbY
npuMeHe (asu joruke y pysapcrsy. Gasu moruxa je
IpUXBaT/bUBa PYLAPCTBY Kao epMKACHO, pasyM/bl-
BO, JIAKO TIPWJIATON/BMBO ¥ MAHUIIY/IATUBHO pejla-
TUBHO jeJHOCTaBHO MaTeMaTudko opybe, moroguo
3a IIOAPIIKY OA/Ty4NBalby y IPOIIMPEHOM U p€a/IHOM
Bpemeny. ®asu joruka Moxe Outy e(PUKACHO ajn
Huje cBeMoryhe opybe y pykama nmkemepa. Pesyn-
TaTU IIpMMeHe He 3aBlCe Off leHe MOTEeHIUjaTHOCTH
Beh off ycremHocTH crioja (pa3mMIOrMIKor MpUCTyIIa

BOOKS REVIEW

FUZZY LOGIC IN MINING ENGINEERING

The monograph “Fuzzy logic in
mining” was published by the
department of mining, geologi-
cal and systemic sciences of the
Academy of engineering sciences
of Serbia and the Mining insti-
tute of Belgrade. The book is a
result of longtime research and
engineering by the authors, prof.
dr Slobodan Vuji¢, prof. dr Igor
Miljanovi¢ and their associates,
in solving mining problems and
planning and management in ex-
panded and real time.

=4 Since 1995. when the paper
“Planning of production in com-
plex mining systems with mul-
tiple open pits through fuzzy linear programming”
was published, the application of fuzzy logic in min-
ing has significantly evolved and has expanded to
different areas, from mathematical-model, analyti-
cal and engineering applications in support of deci-
sion making, to regulation, automation and process
management, development of computer supported
surveillance-management systems, development of
a new generation of automated mining machines
etc.

For most of the mining experts, the phrase “fuzzy
logic” represents something unknown and mys-
tical. This is not by accident, but a consequence of
the inertia of the educational system. Luckily, tech-
nological progress is not influenced by the inertness
of the schools, and when confronted with the tests
of time through its logic, for the purpose of meeting
the demands and needs, opens and expands the ex-
isting areas of research and development in the field
of application of fuzzy logic in mining. Fuzzy logic is
acceptable to mining as an eflicient, understandable,
adaptable, and manipulative relatively simple math-
ematical tool, suitable for support in decision mak-
ing in expanded and real time. Fuzzy logic can be an
efficient but not omnipotent tool in the hands of an
engineer. The results of application do not depend on
its potential but on the connection of the fuzzy logic
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ca peajHUM IpodeMoM. Y ToMe TOMVHAHTHY TI031-
LIMjy MM 3Harbe KOPUCHMKA.

Kwura ,®asu jmormka y pymapcTBy ImpefcraBiba
CTPYYHO M HAy4YHO JIENI0 KOje CIIaja Mujeje U pellemba.
Martepuja je u3joxKeHa y met Iornasmba: Ysog; OcHo-
Be dasu noruke; IIpuMepn nprumeHe ¢asu JoOruke y
yIpaB/balkby PYAHUMYKOM IIPOU3BOJHOM y IPOLIM-
peHoMm BpeMeHy; Ilpumepn mpumeHe ¢asm joruxe
y OpUIPEMM MMUHEPAJHUX CUPOBMHA M 3aK/bydak.
[Tormnc xopuntheHNX MMTEPATYPHNX U3BOPA CAIPXKI
132 dudmmorpadcke jefuHMIe ca BIUIIE je3IKIX I0-

npyyja.

Kmura je mmcana Tako fja Oyzie pasym/byBa IIMpO-
KOM KPYTy KOPMCHMKA, MICTPAXMBAYMMA, PyIapCKUM
U IPYTUM CTPY4HbaliiMa, TOKTOPAaHTUMA, & MOXe ce
KOPUCTUTHU U KaO IIOMONHM yIIOeHNMK Ha OCHOBHUMM,
MacTep, CHEeNVjaTuCTUYKUM U JOKTOPCKUM CTYy/uja-
Ma. [TomTo je TO jemHa Off peTKUX KEbITa Ha OBY TEMY,
OHa je U TIPOMOTOp a3y OTUKE U HeHe IPUMeHe y

PYRapCTBY.

CPIICKO PYOAPCTBO UTEOJIOTUNJA'Y
OPYTOJ IIOJIOBMHMN XX BEKA

Ilocne Bumie of ImeT rommHa MC-
TPaXXMBAYKOI pajia, IPUKYI/ba-
Ba, aHaM3e ¥ 0dpajie M3BOPHU
nojjaTaka, Myucama U IPUIIPEME,
U3 IITaMIIE je Y U3famby AKajeMu-
je mmxemepckux Hayka Cpduje,
Marnue cpricke n Pygapckor nH-
cturyTa y beorpagy msamio xa-
HUTA/IHO €10 CPIICKOT PyJapcTBa
U Teosloruje, WUXOB ,Magnum
Opus®  Mouorpadpuja Cprcko
PYGApCTBO M TEONOTHja y APYTOj
nonoBuHNM XX BeKa INpefcTaB/ba
jeMMHCTBEH M OOMMAaH MCTPaXKM-
BauKM M M3[ABAYKM IIOJYXBar.
Omna HMje caMO CBEIOYAHCTBO O
PYHApCKOj M TEOJIOLIKOj HayILu,
IIKOJIM, MHXXEHhEPCTBY 1 IPUBpe-
oy y ipyroj nonmoBuHy XX CTose-
ha, Beh je Bpegan ¢axrorpadckn
U3BOP 3a IIMpa IpoyvaBama Ha-
mer passoja. ClIoXeHOCT M 3a-
XTeBHOCT OBOT W3[JaBauKOT ITOJYXBaT des3 ImpemIija
Y CPIICKOM PYZiapCTBY, MIYCTPYjy crnemehy momarm:
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approach and the problem. This is where the user’s
knowledge is key.

The book “Fuzzy logic in mining” represents an ex-
pert and scientific paper which combines ideas and
solutions. The material is presented in five chapters:
Introduction; Basics of fuzzy logic; Examples of fuzzy
logic application in management of mining pro-
duction in expanded time; Examples of fuzzy logic
application in preparation of mineral ores; and the
conclusion. The literature used contains a list of 132
bibliographic units from multiple languages.

The book was written so that it would be understand-
able to a wide circle of users, researchers, mining and
other experts, doctor candidates, and can be used as
an auxiliary textbook for basic, master, specialist and
doctoral studies. Since it is one of few books on the
subject, it acts as a promoter of fuzzy logic and its ap-
plication in mining.

SERBIAN MINING AND GEOLOGY
IN THE SECOND HALF OF XX CENTURY

After more than five years of re-
search, gathering, analysis and
processing of source data, writing
and preparation, published by the
Academy of engineering sciences
of Serbia, Matica srpska and the
Mining institute of Belgrade, a
capital paper was published on the
subject of Serbian mining and ge-
ology, their “Magnum Opus”. The
monograph Serbian mining and
geology in the second half of the
XX century represents a unique
and extensive research and pub-
lishing endeavor. It is not only a
testament about the mining and
geology science, school, engineer-
ing and industry in the second
half of the XX century, but is also a
valuable factual source for broad-
er studies of our development. The
complexity and demands of this
publishing endeavor is unmatched in Serbian mining,
illustrated by the following data:

CPIICKO
PYIAPCTBO
A
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2370 crTpaHa M3BOpPHOI Marepujana, 592 cTpaHe
IITAMIIAHO U3fabe, 617 rpaduukux nnyctpanuja, 530
II0jMOBa Y MHAEKCY K/bYIHUX peunt, 214 ckpahenuna,
350 mraMmaHux mpuMepaka, 15 wianosa ypebhnau-
Kor oxdopa, 75 ayTopa, 12 peljeH3eHara, 4 JIeKTOpa,
88 ropgmHa Hajcrapuju ayrop, 30 ToAMHA HajMIIa-
bu aytop u 13 mHCTUTYUMja MaTepyjasHO IIOMOITIO
IITaMIIAIbE;

Kama ce nma y BUAy 00MM M PasiIMUMTOCT IOfjaTa-
ka 1 nHdopManuja pasyhenor mpocropa cprickor
pyAapcTBa U reojioruje, CXBata ce 3allTo je pabarme
MoHorpaduje Tpajaso meT rofgyHa U KOIUKO je Suio
HOTPedHO KPeaTHBHOT HAIIOPa, UCTPaXKMBaYKe eHep-
ruje n cnenVpUYHNX CTPYYHUX 3Hama. [Ipen HoCcu-
OLIMMa OBOT 3aflaTKa CTajajia je IlyMa pasHOBPCHMUX,
4YeCTO CKPMBEHMX M TEHIKO NOCTYIHMX IIOflaTaKa y
dpojHuM M3BOpMMa, MOHOTpadMjaMa, KmbUTraMa, uH-
KEHhepPCKO-TIPOjeKTHOj, TeXHIYKOj 11 POTO JOKyMeH-
TallMji, y CTAaTUCTUYKUM MpEINiefiuMa, apXUBCKUM
MaTepujaluMa, UHTEPHET M3BOPUMA, IMYHOj JOKY-
MeHTaLuju, 10 KOjUX je Hajipe Tpedaio fohn, a 3a-
TVIM IIPOBEPUTH, OOPALIUTH, afleKBATHO U TAYHO IIPY-
Kas3aTu. Y TOM CMIUCTY, KIbUTa je MCTPAXKUBAYKO JIETI0
unja he BpegHOCT 11 3HavYaj BpeMmeHoM dutu cBe Beha.

3a ocaM xusbajia TOf[IHA TPajarba Py/IapCTBa U Feo/Ioruje
Ha HaIllVIM IIPOCTOpYUMa HajBehu pa3Boj 1 YCIIOH CPIICKO
PYZRRPCTBO ¥ TeOTIoTHja HOKMBENN CY Y fiBa pasfodba —
Y BpeMe IpoLBaTa CPENbOBEKOBHE CPIICKE ApXKaBe U
y apyroj nonosuan XX Beka. Hemocpenna nopebersa
OBIX pasgod/ba HICY Moryha, HeMa eKCIUINIINTHIX Me-
TPUUKMX IIOfjaTaKa O PYAAPCTBY CPe/iiber BeKa, /i 0OBa
YMEbeHNIIA UCTIYe 3HAY4j AuyIeMe o Moryhoj cimaHocTn
nodyyia Koje Cy yTHIfae fia dalll oBa iBa pasziodrba nma-
jy oBaxBy aTpudyTcKy cmuHocT. OIroBop je y pasyme-
Barby PYJAPCTBA U TEOJIOIMje KaO CYNCTPYKType CBUX
LVMBWIN3ALIN]A, CYIICTPYKType Koja je Aemia CynOuHy
JOBEYAHCTBA M MMaJla YCIIOHE 1 CTarHaLluje.

MoHorpaduja Kpo3 ca 4eTUpPH IOTMIKI MHTEIPHUCAHA
nornae/ba, Kopenn, Hayune, mkoncke u gpyre uH-
ctutyuuje, Teomornja u Pymapcto, odyxsara ¢ak-
TorpadcKe ¥ aHAMUTUYKE eleMeHTe KOji MpPEeIN3HO
OC/IMKaBajy YCIIOH, pa3Boj, ocTuriyha u map cpm-
CKOT py[japCTBa U TeoIoruje y Apyroj monosuum XX
BeKa.

2370 pages of source material, 592 printed pages, 617
graphical illustrations, 530 terms in the key word in-
dex, 214 abbreviations, 350 printed copies, 15 mem-
bers of the editorial boarsd, 75 authors, 12 reviewers,
4 lectors, 88 years of age of the oldest author, 30 years
of age of the youngest author, 13 institutions which
finantially helped with printing;

Having in mind the complexity and diversity of infor-
mation and data of the jagged area of Serbian mining
and geology, it can be understood why the birth of
the Monograph took five years in how much of the
creative effort, research energy and specific expert
knowledge was needed. In front of the bearers of this
task was a forest of diverse, often hidden and barely
obtainable data in numerous sources, monographs,
books, engineering-project, technical and photo doc-
umentation, in statistical reviews, archive materials,
internet sources, personal documentation, which first
had to be found, then checked out, processed, and ad-
equately and accurately displayed. In this sense, the
book is a work of research whose value and signifi-
cance will only grow over time.

In eight thousand years of mining and geology on our
territory, the greatest development and rise of mining
and geology happened in two periods - in the time of
abundance of the medieval Serbian state and in the
second half of the XX century. Immediate compari-
sons between these periods are not possible, there
are no explicit metrical data about the mining of the
medieval times, but this fact does point out the signif-
icance of the dilemma about a possible similarity of
motives which have influenced that these specific pe-
riods have such and attributive similarity. The answer
lies in understanding of mining and geology as a sub-
structure of all civilizations, a substructure which has
shared in mankind’s fate and had its ups and downs.

The Monograph is integrated through four logically
connected chapters, Roots, Scientific, educational and
other institutions, Geology and mining, encompasses
factual and analytical elements which precisely pres-
ent the rise, development, accomplishments and the
fall of Serbian mining and geology in the second half
of the XX century.
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CERAIBE

Munusoje Maxkap (Cupay, Ocjex,
16.01.1928 - bBeorpan, 08.06.2012)
IMIUL. MHX. PYAApCTBa, MCTaKHYTHU
IIPOjeKTaHT y OOJacTU IIOBPIIVHCKE
excryioaranyje yrma. lllkonosao ce y
Ocjexy n beorpany. Cryamje pynap-
cTBa 3aBpuno je 1953. rogune Ha Py-
mapckoM ¢akynrery TexHIUKe Benuke
mkone y beorpany. On punnomupama
1o 1956. roguHe pajguo je Ha NpojeK-
ToBamwy y PynHuknpojexty y beorpa-
ny. Ilpenackom 1956. rogune y Pypap-
cko-eHeprercku komOuuar Komydapa,
panuo je Ha IMOCTOBMMa ILieda MHBe-
CTMLIMOHMX PaJioBa Ha MOBPIIVHCKOM
xorry yrpa Ilome ,,b% meda IIpojext-
HOT d11poa, IIaBHOT Ha[[30pHOT MHXXe-
Bepa U3rpajilbe MOBPIINHCKOT KOIa
yrpa [lospa ,,J1“ 1 merosor gupekropa.
ITpenasu 1968. y Pymapcku MHCTUTYT
y beorpapy rme pamyu 1o IeH3MOHM-
cama 1993. roguHe Kao IPOjeKTAHT,
Ha4eJIHMK TeMaTcKe 0O/IaCcTH U YIIpaB-
HUK 3aBOfia 32 IOBPIUIMHCKY €KCIIIO-
arauujy. Ha Pypmapcko-reonomxkom
¢daxynrery YHusepsurera y beorpany,
Ha 4eTBPTOj rofuHu cryauja Ha Cme-
PY 32 MAalIVHCTBO U €l1eKTPOTEXHMUKY
y PYBapCTBY, Vv pasgodmy 1968-1970.
d10 je XOHOpapHO aHTaXOBaH y Ha-
CTaBM U3 NIpeaMeTa MamHe 3a IOBp-
IIVHCKY €KCIIZIOAaTalujy.

AyTop je dpojHMX HayYHUX U CTPYY-
HUX pajioBa U CTyfuja U3 0dmacTu mo-
BPUIMHCKE €KCIUIOaTaluje, CTPy4He
mydmkanyje 3a 0dyKy HaJI30pHMKA U
pyKoBaola darepa Ha IOBPLIMHCKUM
KOIIOBMMA M jeAVHCTBEHe MOHOTIpa-
¢uje Teopuja darepoBama pOTOpPHUM
darepuma (PV1, Beorpap, 1990), Homu-
HoBaHe 3a OKT0dapcKy Harpajy rpaja
Beorpaga. Koayrop je MoHorpaduje
CeleKTMBHO OTKOIIABabe U OfjjIarame
OTKpUBKe y (YHKIVjU peKy/ITHBaIje
MOBPIIMHCKMX Komoa yrba (AMHC,
PI'® n EIIC, Beorpan, 2006). buo je
HOCHJIAI] jyTOCTIOBEHCKOT Jiena pedepa-
Ta Ha CBETCKOM pY[apCKOM KOHTpecy

IN MEMORIAM

Milivoje Makar (Sira¢, Osijek,
16.01.1928 - Beograd, 08.06.2012)
graduate mining engineer, prominent
designer in the area of surface coal
exploitation. Educated in Osijek and
Belgrade. Graduated in 1953. from
the Mining faculty of Great technical
school in Belgrade. Since his grad-
uation up to 1956. he worked as a
designer in Rudnik-projekat in Bel-
grade. In 1956. he moved on to work
as the head of investment projects at
the open coal pit Field “B”, head of
the project bureau, chief supervis-
ing engineer on the construction of
the open coal pit Field “D” and was
its director with the mining and en-
ergy combine Kolubara. In 1986 he
moved on to the Mining institute in
Belgrade where he worked until his
retirement in 1993. as a designer,
chief of the theme field, manager of
the bureau for surface exploitation.
He was hired as a freelancer in the
period from 1968. to 1970. by the
Mining and Geology institute of Bel-
grade at the fourth year of studies in
the Machines and Electro-technology
department to lecture on the subject:
Surface mining machines.

He authored numerous scientific and
professional papers and studies in the
field of surface mining, expert publi-
cation on training a supervisor and a
dredge operator for open pits. He also
authored a unique monograph: The-
ory of dredging with rotary dredges
(Mining Institute Belgrade, 1990)
which was nominated for the Octo-
ber award of the city of Belgrade. He
is also a co-author of the monograph
Selective digging and waste rock dis-
posal for the purpose of reclamation
of the open coal pits (Academy of En-
gineering Sciences of Serbia, Faculty
of Mining and Geology, and EPIS,
Belgrade 2006). He was also the point
man for the Yugoslavian report sec-
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onp>xanoM 1990. ronune y IlexuHry.

Kao rraBHM 11 OATOBOPHU HPOjeKTaHT
PYKOBOZAMO je U3pafioM OpOjHUX HPO-
jexara IOBpIIVMHCKEe eKCIUIoaTa Iije
ypa y Komydapckom, Kocromaukom
u KocoBckoMm yrbeHoM daceny (ITome
"I", Rupuxosat, [IpmHo, Todpo Cerno,
Benahesar;, KoBuH - mipBu nopBogHm
eKCIIepVIMEHTa/IHU KOIl yI/bd y CBe-
TY, UTA.). VI3 BEroBor mpojeTaHTcKor
OIlyca M3JiBaja ce [0 MHOBATMBHOCTI
¥ [IPBOj IPVMEHM KOHTUHYA/IHE TeX-
HOJIOTHje Y eKCIUIOATal[ijii JIAIlopLia,
[IpOjeKar IOBPIIMHCKOT Koma Pum-
jama beounHcke padpuke LeMeHTa.

[IInpoxom cTpyunohy, doratum nH-
JKEIbEPCKUM 3HAIbEM, BEIVMKMIM JICKY-
CTBOM I ITIO3UTVIBHVIM OJHOCOM IIp€Ma
CapaflHMIVIMa, 3HAYajHO je YTULAO U
IIOMOTa0 yCaBpIIABAlby M IIKOTIOBA-
Iby MHOI'MIX VMHXX€IEpPA, a MHXXEIbEP-
CKO-KpP€AaTVBHVIM [I€7I0M, WHXEIHEP
Maxkap je 3Ha4ajHO JONPUHEO YCIIOHY
CPIICKOT PYJAPCTBa y APYTOj IOIOBU-
Hu XX BeKa U y HbeMy OCTaBMO HeM-
30pUCUB Tpar.

Hocuna je Buie mpusHama 3a CTpyd-
He VI Hay4He JJOIIPUHOCE, OJ/IMKOBAH je
opneHoM Papa ca cpedpHuM BeHieM,
naypear je ITppomajcke Harpaje, 1a-
kera PEVIK Konydapa, PEK Kocro-
na, Pymapckor MHCTUTYTa UTH,

Iparan OpaxoBuh (Pamka,
23.10.1954 - DBeorpap, 08.06.2013)
IUIUL. MHX. pyAapcTsa. lllkonosao ce
y Pamixoj u Beorpany. Crynuje pynap-
cTBa 3aBpuno je 1979. na Pypmapcko-
-reonomkoM Qakynrtery y Beorpanmy
Ha CMmepy 3a IpUIIpeMy MIHEPATHUX
cuposuHa. Op 1979. po 1991. paguo
je Ha IIOCTIOBMMA TEXHMYKOT PYKO-
BOAMOIIA U YIpaBHUKa QIoTamyje
Pynumka Cysa pyga. Op 1991. paguo
je y Pymapcxom nnctutyty beorpag,
y TPyIM 3a HENeNIITa, Kao IPojeK-
taHT u ued. Of 2000. pykoBoOpuoO je
3aBOfIOM 3a IMPUIIPEMY MUHEPATHUX
CHPOBMHA.

Y majrexxem BpeMeHy 3a Pymapcku
MHCTUTYT Off 1€TOBOT OCHIBAIba, Of
Mmapra 2004. roguHe Ouo je Ha Iy-

tion at the World mining congress
held in Beijing in 1990.

As head designer he managed nu-
merous projects of coal surface
mining in the basins of Kolubara,
Kostolac and Kosovo (Field “D7
Cirikovac, Drmno, Dobro Selo, Be-
la¢evac, Kovin - First experimental
underwater coal mine in the world,
etc.). Out of all of his projects the
one that stands out the most because
of its innovation and first application
of continual technology in marble
mining, is the project of the open pit
Filijala of the Beo¢in cement factory.
Through great expertise, wide
knowledge of engineering, a lot of
experience and a positive attitude
towards his co-workers he signifi-
cantly influenced and helped in spe-
cialization and education of many
engineers, and through engineer-
ing - creation part, engineer Makar
has greatly contributed to the rise of
Serbian mining in the second half of
the XX century and left a mark that
cannot be erased.

He is the bearer of multiple recog-
nitions for his expert and scientific
contributions, he was awarded the
medal of Work with silver wreath, he
is a laureate of the May first award,
plaque of REIK Kolubara, REK Kos-
tolac, Mining institute etc.

Dragan Drazovi¢ (Ragka, 23.10.1954
- Belgrade, 08.6.2013) graduate en-
gineer of mining. Educated in Ras-
ka and Belgrade. In 1979. graduated
from the Mining and Geology Faculty
in Belgrade at the Mineral Processing
department. From 1979 to 1991. he
worked as a technical and flotation
manager in the mine Suva ruda From
1991. he worked at the Belgrade Min-
ing institute as part of a group des-
ignated for ash dumps, as a designer
and group manager. Since 2000. he
managed the Department for mineral
processing.

In the hardest period for the Min-
ing institute since its founding, from
March 2004. he was made deputy, and
from July the same year the Director.
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JKHOCTM 3aME€HMKa, a off jyna 2004.
nupekTopa. Iberopum eduxacHuM
pykoBohemeM HeraTuBHe TE€HIEHIN-
je cy saycTaB/beHe U paj VIHcTUTyTa
je HopmanusoBaH. Kao BpcTaH MHxe-
Ibep PYKOBOAMO je UCTPakKMBamUMa
U M3pagoM SPOjHMX CTyAUja 1 Ipoje-
KaTa, I0CedHO y pelaBamy npodie-
Ma oJiIarama memena 1 mmpbake u3 TE
Kocoso, lanxo, Hukona Tecma Odpe-
noBail, Kocroman u ITmeBpa. 3Hava-
jaH MH>XXEHmEPCKM JOIPUHOC [ao je y
IPOjeKTOBaky (IOTALMjCKUX jano-
BMIITA.

Ayrtop je wmm Koayrop OpojHUX
CTPYYHUX U Hay4yHUX pasioBa. Koay-
TOp je mareHTa ,,COpOeHT 3a ancopi-
LMjy YITbOBOIOHMKA Ca YBPCTUX M
BOJEHVX MOBPIIMHA“ YCHEIIHO HIpU-
MEHEHOT y IIPAKCH.

Bnaxxo Bykmh (Jbepopeuku Tysu,
23.08.1929 - beorpagm, 19.07.2014)
INIUL MHX. pygapcrsa. lllkomoBao ce
y Kocosckoj Mutposuiy 1 beorpany.
Ha Pymapckom ¢axynrery y Beorpa-
ny pumomupao je 1957. Op 1956. o
1961. pazuo je y pymaniima Pemdac—
PecaBnija, Ha wMHBecTMIMjaMa, Kao
YIIpaBHUK IIOTOHCKOT IleHTpa PecaBn-
1ja (jy>KHM U CeBepPHU IIOTKOIL), yIIpaB-
HyK Pynnuka PaBHa peka 1 3aMeHMK
YIIpaBHMKA Jy>KHOT peBUpa (pySHMUIM:
PaBna peka PecaBmia, Cemckn pyzn-
Huk u Cucesar). On 1961. o meHsm-
oHucama 1991. pagno je y Pymapckom
MHCTUTYTY beorpam kao capapgHMK,
HavyenHuK Temarcke odmactu 1oj-
3eMHa eKCIIoaTalja U CaBeTHUK Ha
u3pajy IpojeKara, CTyauja U UCTpa-
XKUBamwyMa noprpabmueama oTkoma
u caodpahajHnna y pysHuLIMMa yrba
Jyrocnasuje.

AyTop je Tpu MoHOrpaduje u dpojHux
CTpyYHNUX pasioBa. Ha moctaumiom-
ckuMm crygujama PT'®-a y beorpamy
Ko IIpefiaBady 1o MO3MBY AP>KAo je Ha-
CTaBy 13 OffadpaHUX IIOI/IaB/ba IIPef-
Mmera Ilogrpabusame u mnpopadyHU
noarpage. Vmxkewep BHykuh mpurma-
Jla 3aCTy>KHOj IeHepalyji pyJapCcKux
CTpy4mbaKa KOja je Kpeupana 1 ompe-
merbyjyhn yrunasma Ha pa3Boj u yCron
CPIICKOT PyJapCTBa y PYroj IOIOBU-
H1 XX Beka.

Through his eflicient management
the negative tendencies were halted
and the Institute returned to normal
operation. As a skilful engineer he
managed research and several studies
and projects, especially in solving the
problems of ash and slurry deposition
from TP Kosovo, Gacko, Nikola Tesla
Obrenovac, Kostolac and Pljevlja. He
contributed significantly in designing
of flotation tailings.

He is an author and co-author of nu-
merous expert and scientific papers.
Co-authored the patent “Sorbent for
hydrocarbon from solid and liquid
surfaces” which was successfully used
in practise.

Blazo Djuki¢ (Ljevorecki Tuzi,
23.08.1929 - Belgrade, 19.07.2014)
graduate engineer of mining. Ed-
ucated in Kosovska Mitrovica and
Belgrade. Graduated at the Mining
Faculty of Belgrade in 1957. From
1956. to 1961. he worked in the
mines Rembas-Resavica, in invest-
ments, as a manager of the operating
centre of Resavica (south and north
mine), manager of the Ravna reka
mine and deputy manager of Juzni
revir (mines: Ravna reka, Resavica,
Senjski rudnik and Sisevac). From
1961. up to his retirement in 1991.
he worked at the Mining Institute
of Belgrade as an associate, chief of
the Thematic area of underground
mining and as an advisor in project
designing, studies and research of
support placement for dig sites and
transport routes in the coal mines of
Yugoslavia.

He is an author of three monographs
and several expert papers. As a pro-
fessor he held several lectures form
select chapters in subjects support
placement and support placement
calculations. Engineer Djuki¢ is part
of a generation of mining experts
who have created and greatly influ-
enced the development and rise in
Serbian engineering in the second
half of the XX century.
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OpnukoBaH je OpmeHoM 3acniyra 3a
Hapop ca CpedpHUM BeHILieM, HOOUT-
HIIK je IIpM3Hamba 3a CTPy4YHe JIOIpH-
Hoce off Pymapckor nacTHTYyTa, rpaja
Beorpana, Pygunka Pemdac, Pynuuxa
Pamra n CaBesa nH>xermepa ¥ TeXHUYa-
pa Jyrocnasuje UTH,.

Vmmja Bokosuh (beorpap, 31.07.1941
- 18.07.2014) muIuL. MHX. Teoyoruje,
MOKTOP TEXHMYKMX HayKa, PEJOBHU
npodecop Yuusepsurera y Beorpany
U PENOBHU 4YIaH AKajieMuje WHXKe-
mwepcknx Hayka Cpduje. IIkonosao
ce y Kparyjesuy n beorpany. Juno-
Mupao je Ha Pymapcko-reonomkom
dakynrery y Beorpagy 1965, maru-
crpupao 1972. n poxropupao 1980.
3anocmmo ce 1966. y leonouikom 3a-
Boxy Cpduje, satum y VIHCTHTYTY 32
UCTPXXMBakbe HYK/IEaPHUX U JIPYTUX
MMHEPaTHUX CUPOBMHA.

Y 3Bame pefoBHOT podecopa dupan
je Ha MaT4HOM (akynarety 1991. [Ip-
>Kao je HacraBy Ha Pypmapcko-reono-
IIKOM (paKyITeTy 13 BUIIE IpefMe-
Ta. Ha mocnepunnomMckum crygmjama
IIpefjaBao je Ha HEKONMKO CIIeVjann-
CTMYKMX KypceBa. [Ipkao je HacTaBy
1 Ha Pypapcko-meranypiukom dakym-
teTy y KocoBckoj Mutposuum n'y Vc-
TpakuBadkoj cranuuy Ilernuna. buo
je MEHTOp M WIaH KOMMCHja OpOjHUX
IOMIUVIOMCKMX ¥ CIIELMja/TUCTUYKIX
PpafoBa, MarncTapCcKuX Tesa ¥ JOKTOP-
CKIIX JiyIcepTalyja.

Yd4ecTBOBaO je y Kpeupamy 1 uspagu
IP>KaBHMX T€ONIOIIKMX KapaTa Jpana
u JInduje. Vinejun je TBOpar Hose [eo-
nomike kapre Cpduje 1:50.000. Aytop
wmy KoayTtop je 11 monorpadwmja, mpu-
py4yHuKa u yypdeHuka, Buie of 150
CTPYYHUX M HAy49HUX pajioBa M OKO
140 mpojexara, CTynuja, T€OTOIIKNUX
KapaTa, IIaHoBa u emadopara. Hocu-
a1y je BUIIe IPM3Hama 33 CTPy4HE U
Hay4He JOIPUHOCe.

He was decorated with the Medal of
services for the people with a silver
wreath, he was acknowledged for his
contributions by the Mining insti-
tute, city of Belgrade, Rembas mine,
Rasa mine, as well as the Engineers’
and technicians’ alliance of Yugosla-
via etc.

Ilija Djokovi¢ (Belgrade, 31.07.1941.
- 18.07.2014) graduate engineer of
geology, PhD in technical sciences,
professor at the University of Bel-
grade and a member of the Academy
of Engineering sciences of Serbia.
Educated in Kragujevac and Bel-
grade. Graduated from the Mining
and Geology Faculty of Belgrade in
1965, got his master degree in 1972.
and PhD in 1980. In 1966. He was
employed by the Geological depart-
ment of Serbia, and afterwards by the
Institute for research of nuclear and
other mineral resources.

He was elected professor at the Fac-
ulty of Mining and Geology in 1991.
He lectured at the Faculty on sever-
al subjects. He also held lectures on
several specialist courses at post-
graduate studies. He also held lec-
tures at the Mining and metallurgy
Faculty in Kosovska Mitrovica and at
the research station Petnica. He was
a mentor and member of committees
of numerous graduate and postgrad-
uate papers, master’s thesis’ and doc-
toral dissertations.

He also took part in the creation of
state geological maps of Iran and
Libya. He is the idea creator of the
new geological map of Serbia 1:50
000. He authored and co-authored
11 monographs, manuals and school
books, more than 150 expert and sci-
entific papers and around 140 pro-
jects, studies, and geological maps.
He has multiple recognitions for his
expert and scientific contributions.
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Hecumup CreBuh (Bape, Iloxape-
Bai, 23.03.1949 - 06.11.2014.) gyt
uHX. pygapcrtsa. llIkonosao ce y Ilo-
ape1y 1 beorpany. Crynuje pygap-
CTBa 3aBpLINO je Ha Pygapcko-reono-
koM ¢akynrery y beorpany 1975.
3anocmno ce 1976. y HaycTpujcko
eHepreTcku komdmHat Kocroman n
IIpBa MHXKembEPCKa MICKYCTBA CTUIIA0
Ha TIOBPIIMHCKOM KOIy yI/ba hupu-
KOBall.

Y Kocronny je paagyo 0 NeH3MOHM-
cama 2014. Ha MHXXEHEPCKUM OIlepa-
TUBHMM 1 pyKkoBopehum mocmosuma,
duo je IIaBHM OllepaTHMBHM IUIaHEP
MIPOM3BOJIbe, ITTABHY MHXKEmhep Mpo-
M3BOAE, TeXHUUYKM JUPEKTOp IO-
BPHIMHCKOT KOIla, BpLINMJIAL, TY>KHO-
CTU IMPEKTOPa MOBPIIMHCKOT KOIa,
nred pymapcke mpuipeMe, TeXHUYKN
pyKoBopman fena npenyseha, rmnas-
HU MHXemep Cryxde NpousBoime y
Texun4xom cexTopy, gupexrop y In-
PeKLMju 3a MPOU3BOAILY YITha, AM-
PEKTOp IPOM3BOSHO-TEXHMYKUX I10-
cnoBa y [Jupexuuju 3a yHampebeme
MPOM3BOJIbE, 3aMEHMK Te€HepaTHOT
IVPEKTOPa ¥ CaBeTHMK TIe€HEepaTHOT
IMpeKTopa 3a TeXHMYKa nurama. Od-
jaBMO je BHUILle CTPYYHUX PafioBa, duo
je KOHCY/ITAHT IIpU U3pajiy IIpojeKaTa
3a MOBpUIMHCKe Komnose y KocTomy.

Y4ecTBOBAO je y pajy CTPyYHMX ca-
Bera Enexrpomnpuspene Cpduje npu-
TUKOM  JiepVHMCama  MPOjeKTHNUX
3a/laTaka ¥ CTPYYHMX OLE€HA CTY[u-
ja. [lpymrBeno je dopuo BeoMma aH-
Ta)XOBaH, OMO je IpeficeqHUK YIIpas-
Hor opdopa DoHpma 3a pasBoj rpaja
IToxapeBIja, WiaH YipaBHOT oxdopa
Enexrponpuspene Cpduje, pemerar
Pagamuxor casera 3ppykene Emex-
Tponpuspepe, fenerat y CKyIIITIHI
ITpuBpenne xomope Cpduje 3a eHep-
retuky. Hocunan je Buiie npusHama
U Harpajia 3a OCTBapeHe pe3yirare y

pany.

Desimir Stevi¢ (Bare, Pozarevac,
23.03.1949.-06.11.2014) graduate
of engineer of mining. Educated in
Pozarevac and Belgrade. Completed
mining studies at the Faculty of Min-
ing and Geology of Belgrade in 1975.
Gained employment in 1976. at the
industrial energy combine Kostolac
and gained his first experiences at the
open pit of the Cirikovac mine.

He worked in Kostolac until his re-
tirement in 2014. at engineering and
management positions, he was head
operative planner of production,
head production engineer, technical
director of the open pit, acting direc-
tor of the open pit, chief of mining
preparation, technical manager of a
part of the company, head engineer
of production in the technical sector,
director of the coal production direc-
torate, director of production-tech-
nical operations at the directory for
production enhancement, deputy
general director and advisor to the
director general for technical issues.
He published multiple papers, was a
consultant for the designs of open pits
in Kostolac.

Participated in expert councils of the
Electric Power Distribution Compa-
ny of Serbia in issues regarding the
definition of project assignments and
expert evaluations of studies. Socially
he was very active, he was chairman
of the Executive board of the Founda-
tion for the development of the city of
Pozarevac, member of the Executive
board of the Electric Power Distribu-
tion Company of Serbia, delegate of
the Workers council of united Elec-
tric industry, delegate in the cham-
ber of industry for energy. Bearer of
multiple recognitions and awards for
results accomplished in his work.



ISSN 0035-9637



	Korice RG-F Dec.
	Rudarski glasnik 1-2014
	03 Uvodna rec
	04 Sadrzaj
	05 Zubkov
	06 Jelenkovic
	08 Maksimovic
	10 Dimitrijevic
	11 Radosavljevic
	12 Milosevic
	15 Knjige

	Korice RG-F Dec.

