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N3TPAIIbA OKHA HOIT II 3A IIOTPEBE
HOBE BEHTVJIALIVJE Y PYIHVIKY YIJbA BEJIEIHE

VERTICAL SHAFT SINKING NOP IT FOR A NEW
VENTILATION PURPOSES IN VELENJE COAL MINE

DOI: 10.25075/BM.2017.01

MapjaH Xynej Marjan Hudej
Mapko Pansunrep Marko Ranzinger
Pyonux yemwa Benerve Velenje Coal Mine
marjan.hudej@rlv.si marjan.hudej@rlv.si

Caxerak: Bepmukanua uszpadrwa okHA 3a nompebHe nod3eMHOz Npeso3a je 6eoma 3axmesaH Pyoapcku u
2e0MexXHONOUIKY NPOUeEC, KOjU 3axmesa cneytdu4Hy u nocebHo OU3ajHupary mexHonouiky onpemy. Mcmospemero
MO je MexHONOUIKY NPOoUec KOju ce KOPUCTU 00 CAMUX NO4emKa Ho6e4aHcmea, ¢ 003UPoM Ha mo 0a je pyoapcmeo
jeona 00 Hajcmapujux unoycmpuja. Cepxa paoa je 0a nokaxce mexHuuxke U3azose 06aK6Ux npojexama.

Pyonux yema Benetve 0oHeo je 001yKy 0a ce usepaou Ho80 0KHO 3a 8eHmunauujy, 0youre 393 mempa. Ilouenu
camo ca npunpemuum padosuma 2011, a ca uzepadrwom 2012. Y pady cy npukasarnu npunpemuu paosu, onpema
HeONnxX00HA 34 U32padtby OKHA, NPUKAZAHA CY NPUMAPHA U CeKYHOAPHA Meperbd U MOHUMOPUH2 PyOapcKux
padosa.

KibyuHe peun: uszepadra okHa, 8eHMUNAUUOHO OKHO, PYOHUK yerba Bernerve

Abstract: Vertical shaft sinking for underground transportation purposes is a very demanding technological pro-
cess in mining and geotechnology which requires specific and specially designed technological equipment. At the
same time it is a technological process that humanity deals with from its beginning, since mining is one of the oldest
industries in the world. The aim of the article is to show the technical challenge of this projects.

Velenje Coal Mine has made up the decision for the sinking of a new ventilation shaft, depth of 393 meters. We
started with the preparation works in 2011 and with a shaft sinking in 2012. The paper presents preparatory work
before the start of actual operation, described equipment necessary for the vertical winding of the window, the pri-
mary and secondary additional measurements and supervision of mining works are shown.

Key words: building a shafts, ventilation shaft, Velenje coal mine

HOBO BEHTWJIAIMMIOHO OKHO HOII IT NEW VENTILATION SHAFT NOP II

Pynnux yrma Beneme je mogseMHM PYJHUK YI/ba, Velenje Coal Mine is an underground coal mine
KOjI1 y TIpeCeKy FOAMIII e IIPON3Befie OKO 4 MIIIOHA with average annual production around 4 million
TOHA TUTHNUTA. My cMo 2009. oTmoueny TeXHUYKe tons of lignite coal. In 2009 we started technical and

U eKOHOMCKE CTy/Jje O HOBOM BEHTHIALVIOHOM economic studies for new ventilation shaft. New
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okHy. HoBo oxuo ,HOII II” Hamasu ce Gmmke
aKTUBHMM PaJM/IUIITUMA 33 TIPOU3BOY, OMIDKe
TETIOHNjJ ¥ TepMOe/IEKTpaHy Ha HoBpIInHN. Hakon
JeTa/bHMUX CTY/IMjCKMX aHA/IM3a U PeBU3Nje, KpajeM
2010. mobmmm cMO CpefcTBa 3a MHBECTHpabe U
CaITIACHOCT 3a I0YeTaK ONEePAaTUBHMX aKTUBHOCTHU
Ha npojekTy. OCHOBHE TeXHMYKE KapaKTepPUCTUKE
0 HOBOM OKHY fiaTe Cy y Tabemu 1.

shaft ’NOP II” is located closer to active production
panels underground, closer to stock deposits and
closer to power plant on the surface. After exhaus-
tive study and revision, at the end of 2010, we got
allowance for investment and approval to start op-
erative activities on our project. You can find some
basic technical characteristic for our new shaft in
table 1.

Ta6ena / Table 1, Texnuuxe xapaxkmepucmuke H0602 BeHMUNAUUOHOZ OKHA /
Technical characteristics for new ventilation shaft

YHyTpammsy npedHnk okHa / Shaft inner diameter (m) 6,15

[Tpeuynnk mckona / Diameter of excavation (m) 8,00

Mly6una okHa / Shaft depth (m)

393,00

[IpenuMmuBapHn pafoBu IOYeNM Cy y jaHyapy
2011. ropuue. Y mpBoj u fpyroj (asyu IPUIPEMHUX
pagoBa IPUIPeMUIN CMO MHQPACTPYKTYpy 3a
TpajiVINIITe, U3PAAIN CMO paM (CepKiak) OKHa
u ybaummm Bobuny mo gybune og 37 m momohy
KpaHa. ¥ anpuny 2012. modenym cMO ca MOHTaKOM
u yrpagwoMm Bucehux miatrdopmm, ropmer
MOK/IONIIA, IPMBPEMEHOT ITTABHOT OKBMpa U caje
3a BUTIAAa. KoMIleTaH ceT ompeMe 3a M3Tpajiby
OKHa 610 je cripemaH y centeM6py 2012. kaa cMo
Hoveny ca pafgoBuma. ¥ geuem6bpy 2017, Hanasumo
ce Ha AyomHM of 393 MeTpa M IpUBEIM Kpajy
U3Ipajiiby OKHa.

TEXHOJIOUIKA OITPEMA
3A M3I'PAQIILY OKHA

Ha mokanuju HOBOT OKHa 00aB/BEHO je HeTa/bHO
TeOTIOIIKO MCTPaXMBame, a MMajiu CMO o
nH(pOpMAaIje U3 COICTBEHOT MCKYCTBA O OKHIMA
KOja Cy Ipe BUIIE TOAMHA Msrpal')eHa Ha MUCTOM
noApydYjy. Y TOM CMUCITy, 3HaJIM CMO T€OJIOIIKe
U XNAPOTEOJIOIIKE YC/IOBE 3a M3TPafby OKHa.
Omryunnm cMo fila KOPUCTMMO KOHBEHIIMOHATHM
PYAApCKu MeTOJ M3Tpajiibe OKHA, KOPUCTUIN CMO
Bucehe mrardopme y okuy, Hocehe pusammie,
Hoceha BUT/IA 1 IpuBpeMeHe IJIABHE paMOBe Ha
MOBPIIVHY, U HOMoth OIIPEMY 3a O[BOJIbaBalbe,
BeHTWIaNVjy uty. [’maBHu pam rcehux matdopmu
U OCTajie Ye/IM4He CTPYKTYype IPOjeKTOBAIM Cy
crpyumanyu Pynnuka Beneme, a mpoussene cy ux
Hallla 3aBUCHA JPYLITBA.

Preliminary-works have started in January 2011. In
first and second phase of pre - works we prepared
infrastructures for construction site, we construct-
ed shaft collar and we sank shaft to depth of 37 m
using crane at open shaft collar. In April 2012 we
started with assembly and installation of hanging
platforms, top cover, temporary headframe and
winch hall with nine winches. Complete set of shaft
sinking equipment was ready in September 2012
when we started with shaft sinking. At the Decem-
ber 2017, we are at depth 393 meters and we are in
the end of shaft sinking.

EQUIPMENT IN THE SHAFT
SINKING TECHNOLOGY

On location of new shaft detailed geologic explora-
tion was done and we had some experience infor-
mation from shafts which were sunk in the same
area years ago. Therefore we knew exactly what will
be geological and hydrological conditions for shaft
sinking. We decided to use conventional mining
shaft sinking method; using hanging platforms in
the shaft, drum hoists, drum winches and tempo-
rary headframe on the surface and other auxiliary
equipment for dewatering, ventilation, gas moni-
toring, etc. Hanging platforms headframe and other
steel structures were designed by experts at Velen-
je Coal Mine and manufactured at our subsidiary
companies.
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Cnuxa / Figure 1, Jlokayuja u npecex okta / Location and cross section of shaft

Paona nokauuja - ono okna: Ha pagHoM gHY OKHa
IIOCTaB/beH j€ €IeKTPOXMUAPAYINIKM yTOBapuBayd
3a JICKOTIaBatbe IPOdIIa OKHA 1 YTOBAP MCKOIIAHOT
MaTepujajza y BENpPO 3a M3BOXKEIbe. YTOBApMBaY
je Manu, Ha TyceHMIlaMa, ca poTanujoM 360° oko
cBoje oce. Moxe ra mopuhu ImaBHa [Au3anmnIa
U TO HOTpebM y HEKOMMKO OJfBOjeHNX [e/oBa
TpaHCIOpTOBaT Kpo3 Bucehy mmardopmy y mo
noppuinHe. Ha pagHoj nmokanumju je n ompema 3sa
CUTHA/IM3aLMjy I KOMYHUKALNjY, 32 TaCOMETPU]Y,
IOyMIe ¥ LeBM 32 OfBONIbABAIbE VM ITHEYMATCKU
amat. Ca IOBpIIMHE Ce yAyBaBa CBEX Bas3AyX
nomMolly BeHTWIaTOpa ¥ BeHTIWIALMOHE IIeBM
npeynuka 800 mm.

Work site - bottom of the shaft: At the bottom of the
shaft we installed electrohydraulic loader which can
excavate profile of the shaft and load muck in the
kibbles. Loader is small and movable on tracks; it
can also rotate 360° around its axis. It can be lift-
ed from the bottom by the main drum hoist and
in few separate parts it can be transported through
hanging platforms up to the surface. At work site
you can find signalling and communication equip-
ment, gas monitoring equipment, dewatering pump
and pipelines, pneumatic tools. Fresh air is coming
from surface, pushed by ventilator down the shatft,
through 800 mm ventilation tube.

Cnuxa / Figure 2, Paounuwime / Work site

Paona nnamgopma: He Buiie o feceT MeTapa UsHaf,
pawnIITa HOCTaB/beHa je mpBa Buceha miatdopma,
T3B. pagHa Iwiardopma. Pamxa miatrdopma mma
1Ba HuBOA. IIpBM HMBO ce MOYKE KOPUCTUTH Kao
watopMa ca Koje MokeMo u3BpumTu onpebene
orepanyje U VICTOBPEMEHO IPEeNCTaB/ba 3alUTUTHI

Working platform: At maximum of ten meters above
work site is positioned first hanging platform, so
called working platform. Working platform has
two levels. First level can be used as platform from
which we can execute certain operations, but at the
same time it is protection shield above work site



M. Xyoej, M. Pansuneep, Msepaorwa oxna HOII II 3a nompebe Hose 6enmunayuje y pyonuxy yemwa Benerwe, 5-13
M. Hudej, M. Ranzinger, Vertical Shaft Sinking NOP II for a New Ventilation Purposes in Velenje Coal Mine, 5-13

IITUT Hajl pagumireM. Jpyru HuBo je rpaheBnncka
OIUIaTa 3a 3aBPIIHY OETOHCKY OO3M],

ITnamgopma 3a samesarve: Oxo 30 go 50 m m3Hap
pagMIuIITa HamasM ce CeKyHfapHa Buceha
wiatdopMa, TaKo3BaHa IUIATPOPMA 3a 3aTe3arbe.
Texxu oxo 40 t, ¥Ma TPy HMBOA JM HeHA INABHA
¢byHKIUja je 3aTesame BohuIja 3a ycMepaBame.
Ha mnpBoM HHUBOy ce Hamasum KOHTEjHep 3a
BOLy ¥ HIyMIIa 3a OJBOJMAaBalbe, U OINpeMa 3a
Hallajatbe eNIeMKTPUYHOM €HEPIUjoM pajyInIITA.
[Tnatdopma 3a 3aTe3are ce KOPUCTHU U 33 YIPauby
OIIaTe OKHA, YK/BYy4yjyhm saBpumiHM HUBO ca
ckeroM. CKeJla ce MOHTHUpA Y UCTO BpeMe Kajja ce
HOCTaB/ba 3aBpIIHM OeToHCKM 063up. LleBu 3a
OfIBOJIbaBalbe, 1IeBU 32 KOMIIPUMOBAHY BasfgyX 1
6eton yrpabyjy ce ucrospemeno. Vsmeby panue un
wiaTdopMe 3a 3aTe3arbe IOCTAB/beHe Cy Mep/eBIHE
Off KOHOIIIA 32 U3/1a3 Y CIIy4ajy OIaCHOCTH.

O6e miardopme 1Majy OTBOpe 3a IIpoJIas Bexpa 3a
U3BOXKEHhe OTKOMAHOT MaTepMjana Ha PajyIALITY.
Kperame Bempa je ycMepeHO (KOHTPOIUCAHO)
HOMohy japMa Koju KIM3U JYX Bobuia of
noBpuimHe o 1aatpopMe 3a 3aTe3ame, Off
wiatropmMe 3a 3aTe3ame O PAUINIITA KpeTabe
Befpa je Oe3 Bobua.

ITnamgopma nunuje conouparea: Ilnardopma miHmje
COHJMparba je puKcrpana oko 10 m MCIIOf OBPIIHE.
OBpe cMO WMHCTaIMpPaTM MOCT IUIATGOPMY Koja
HOCH JIMHMjY COHIMpan-a IieHTpanHe oce. ITomTo ce
KOPJCTM 3a LIEHTpMpame OKHa OBO je HajBaKHMja
7uHMja CoHiMpama. OcuM OBe, HA OBOM HUBOY je
yrpabeHo joumr mrecT nMHWMja COHAMpama. Tpu ce
KOpMCTe 3a IpElM3HYy YIpajilby IJIABHUX [prKaya
CKeJle, a OCTaJIe ce KOPUCTe 3a YIpa/iby Bobhuiia.

Hospuwuncku noxnonay: Ha nmospumuu, Ha pamy
OKHa, HajIlasy ce IOKJIONalLl ca IapaleTHUM 3U/I0OM
BUCOKVM 1,5 m, KOju IITUTM OTBOP OKHa, oMoryhasa
u3[yBaBambe KopuilheHor Basgyxa 1 omoryhasa
YHoIIemhe MHPPACTPyKType Y oKHO. [ToBpImMHCKN
IOK/IONAll je MacKBHA 4YeIM4YHa KOHCTPYKIuja
Koja HoOcM MONoBMHY omnTepehema mmardopme
3a 3aTesame. KpajeBu Bobuia 3a ycmepasame cy
IIOBE3aHN Ca JIp>KauuMa MOK/IONIA XUAPayINYKUM
cucteMoM Koju omoryhaBa ofiBOjeHO TofiellIaBambe
cmle 3aTe3ama y cBakoj obunm. Ha mosprmmsackoM
HOK/IONITY Cy IBa OTBOPA Ca TyMEHMM IOK/IONLIVIMA,
OTBOP 3a MHCIIEKIUjy IIaTPOpMe U CKele.

Topar: Ha nmoBpummHu je Topam 37 m BUCOK, ca
IPEHOCHMM KOTypadamMa 3a cBe cajne. Topam
Ma Mambl YHYTpallib!l OKBMP Ca KIM3adeM 3a
INpaXHehe BeflPpa Ca MCKOIAHUM MaTepUjajioM.
IToce6an mHeymMaTcky npubop y rmasu omoryhasa
OfjBajarbe Befpa Of japMa paju M3MEHe Befapa.

at the bottom. Second level of working platform is
construction formwork for final concrete lining.

Tensioning platform: Some 30 up to 50 m above
work site is positioned second hanging platform, so
called tensioning platform. Its weight is about 40 t,
it has three levels, and its main purpose is tension-
ing of the guidance ropes. On the first level we have
water container and dewatering pump and there is
electric equipment for power supply to the work
site. Tensioning platform is also used for installation
of shaft insets including final ladder compartment.
Ladder compartment is installed simultaneously as
final concrete lining is done. Dewatering pipeline,
pipelines for compressed air and shotcrete are in-
stalled at the same time. Beneath working platform
and tensioning platforms we are using rope ladders
as emergency escape way. Both hanging platforms
have openings to enable kibbles to pass through on
their way to the bottom/surface. Kibbles are guided
by guiding frame - yoke which slides along guid-
ance ropes to the tensioning platform; beneath ten-
sioning platform kibbles are driven unguided.

Sounding line platform: Sounding line platform is
fixed level about 10 m beneath surface. There we
have installed bridge platform which carries the
central axis sounding line. This is the most im-
portant sounding line used for shaft cantering.
Additional on this level we have installed six more
sounding lines. Three of them are already used for
accurate installation of main holders of ladder com-
partment, and the rest of them will be used later at
installation of guidance rails.

Top cover: On the surface, on shaft collar, we have
top cover with 1,5 m high parapet wall, which pro-
tects shaft entry, allows used air exhaust and ena-
bles all infrastructure to enter in to the shaft. Top
cover is massive steel construction which also car-
ries half of load on tensioning platform. Tail ends
of guidance ropes are connected to holders of top
cover with special hydraulic system, which enables
us to adjust tensioning force in each rope separately.
On top cover we have two openings with pneumat-
ic flaps, entry to inspection platform and to ladder
compartment.

Headframe: On surface we have 37 m high head-
frame with deflection sheaves for all ropes. Head-
frame has smaller inner frame with manger slide
for muck which is used for emptying kibbles. Par-
ticular pneumatic tool in headframe also enables us
to separate kibble from guiding yoke to exchange
kibble. We are using three different type of kibbles
for man-riding and transportation of different ma-
terial.
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Kopucre ce Tpu Tima Befapa, 3a IpeBO3 /bYAU U
TPAHCIIOPT MaTepujaa.

Iozomcka cana u sumna: KopucTumo iBa He3aBIUCHA
IIOTOHCKA CUCTeMa 3a IPEeBO3 JbYAU M TPAHCIIOPT
MaTepyjana, ca dYeTHPM BNUTIA 3a PYKOBame
w1aThOpMOM 3a 3aTe3aibe, ABa BUT/IA 3a IIOMeparbe
papHe marhopMe ¥ jeIHO BUTIO 3a PYKOBambe
eHepreTCKMM KabmoM. YKYIHO [eBeT BUTana y
IIOTOHCKOj Ca/lif, y K0joj Cy U IoceOHe KabuHe 3a
€IEKTPUYIHY OIIPEMY 11 KOMaHIHa KaOuHa.

LA

Winch hall and winches: We are using two inde-
pendent drum hoists for man-riding and trans-
portation of material. Then we have four winches
to manoeuvre tensioning platform, two winches to
move working platform and one more winch for
manoeuvring main energetic cable. All together
nine winches, which are installed on massive foun-
dation in winch hall. In winch hall we have a special
room for electric equipment and separate control
room for winch operator.

Cnuxka / Figure 3, Ilozoncka cana / Drive room

CuzypHocHU CUZHATUZAYUOHU U KOMYHUKAUUOHU
cucmem: CaBpeMeH) CUTYPHOCHM CUTHA/IM3ALMOHN
CUCTEM MCIIPOjeKTOBAJIO jeé M MHCTAIMpPao Halle
oco6mwe. CucreM 06e36elyje mururanHe 1 aHamorHe
curHajle 3a npaheme 1 yIpasjbabe pajioM M3BO3HOT
CUCTEMA, M BUSYEIHM IPUKA3 Ha KOHTPOTHOM
HaHelTy oreparopa. 3a KOMyHMKAIMjy ceé KOPUCTe
TPM CHCTeMa, KOHBEHIIMOHA/THA Tee)OHCKa TIVHMja,
OTBOpeHa JMHUja ¥ OeXMYHa KOMYHUKaluja.
CBa Tpu cucrema Cy INpOjeKTOBaHAa fla pajie y
excrtosusHoj armocepn (ATEX M1, Ex ia).

TEXHOJIOI'MJA M3TPAJILE OKHA

EnexTpoxmpayinyHuM yTOBapuBadeM Ha paju-
JIMIITY ce JCKONaBa IMpOQUI OKHAa ¥ VCKONAHU
MaTepujan yToBapa y Bepo (M3BOSHM cyp). Y
3aBVMICHOCTU Ofi TEOJIOIIKUX YCIoBa HPOGMI ce
KOIla y BepTUKa/nHOM 3axBary ofi 0,75 o 1,5 m. 3a
IPYMapHy MOAPIIKY KOPUCTUMO Y€IUYHE TYKOBE
U GeTOHCKe apMaType OjayaHe YeTMIHOM MPEeXOM,
Koja ce yrpabyje y iBa croja. Y TeIIKUM reoOMIKIM
YC/IOBMMa KOPUCTUIIM CMO U IIUIIOBE, CUPA U HEKe
ofiBOfiHE Matepujaie (Mpeka, TeOTEeKCTIII, LIeBI 3a
ozsox). OcTBapeHO MPOCEYHO JHEBHO HAIIpefloBakbhe
Ha MCKOIly ¥ IpMMapHO] noxgpumuyu je 1,0 m/man.
Caaxux 20 5o 25 m noBehaBaMo monpevHy mpecex
VICKOTIA KaKo OMCMO HarpaBMIU TeMe/b Cpefber
IIPCTEHa Ca 3aBPLIHUM YHYTPAIIbUM IPEYHUKOM Of
6,15 m. 3aTV¥M HacTaB/baMO C TPOyO/baBabeM OKHa
Hapenuyx 20 mo 25 m. Jlox mckomaBamo crmenehu

Safety signalling system and communication systerm:
Modern safety signalling system was designed and
installed by our personnel. System also provides
digital and analog signals to safety circuit of hoist-
ing winches and to visualization display on opera-
tors control panel.For communication we are using
three systems; conventional telephone line, open
line communication units and portable wireless
communication units. All three systems are de-
signed to operate in explosive atmosphere (ATEX
M1, Ex ia).

SHAFT SINKING TECHNOLOGY

Electrohydraulic loader on the bottom is used to
excavate profile of the shaft and load muck in the
kibbles. Profile is excavated in steps of 0,75 up to
1,5 m, depending on geologic conditions. For pri-
mary support we are using steel arches and shot-
crete reinforced with steel mesh, which is installed
in two layers. In difficult geologic conditions we
were also using piles, anchors and some drain-
ing materials (mesh, geotextile, draining tubes).
Achieved average daily advancing at excavation
and primary support is 1,0 m/day. Every 20 up
to 25 m we increase excavation cross section to
make intermediate ring foundation with final in-
ner diameter 6,15 m. Then we continue with shaft
sinking and we excavate next 20 up to 25 m. While
we excavate next section, we are surveying upper
section (pre-installed extensometers, convergenc-
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CeIMEeHT OKHa, M3BOJIe Ce Meperba TOpIber CerMeHTa
(excTeH30MeTpHM, KOHBepreHiyja). AKO HeMma
roMmepama Wi fedopMaryja, MOXXeMO U3BPIINTIH
3aBpILIHO OeTOHMparbe. 360r OeToHMpama Mopa ce
IpeMeCTUTH pajiHa Iiatdopma ca rpaheBrHcKuM
omraramMa Jfa OM 3aBpUIHM OETOHCKM O003U[
U3APXKA0 CPEfbY OCHOBY IPCTeHa U (UKCHpao je
y HONOXaj 3a GeTOHMparbe. 3aBpIIHM MOHOTUTHU
OeToHCKM 003mp peOmune je 500 mm u ojavaH
YeIMYHOM MPEXOM; HapaBHO apMarypa desyKa
Mopa OWUTHM IIOCTaB/beHA y WCIPABHU IIO/IOXKQ]
Ipe Hero IWITO Ce OIvlara moMepu ¥ QUKCHUpa.
BeToH moce6HMX KapaKTepuUCTVKa MHpHUIpeMa ce
y JIOKaJHOM IIOCTPOjebY M JI0BO3M Ha JIOKALjy
okHa. Ha papgymminTe y OKHY, TpaHCIIOpTYyje ce y
BefjpMMa HaMereHUM 3a IpeHoc GeroHa. Kopak
GeToHNMparba 3aBPLIHOI 003NU/a je BUCHHE 10 3 m
U paji ce y 24-9aCOBHOM LIMKIIYCY, HAPEIHOT fjaHa
crlefile HapegHa 3 m GeTOHUpama. Y 3aBUCHOCTH
of, yrapeHoctu usMely cpemmux IIpcTeHOBAa 1
paspmabyuHe u3Mehy OTBOpa INaBHOr Ap)kada 3a
CKely, IOHEKaJl MOpaMO MONeCUTH | CMAmUTH
BUCHHY OeToHMpama. IIpocedHa edukacHOCT
GeToHNMpara 3aBpLIHOT 0031Aa je 2,7 m/faH. Kaga
3aBPILIMMO 3aBPILIHN OETOHCKM 003U, ITOMepamo
pagny miardopmy Hivke. Cremyt MaHeBpUCaibe
ca wiarpopMOM 3a 3aresare U MCTOBPEMEHO
MOHTHparbe 3aBpIIHE CKele M LeBM. IIpocedHa
edukacHocT oBe dase paza je 7,5 m/maH.

es). If there are no movements or deformations we
can make final concrete lining. For concreting we
must move working platform with construction
formwork for final concrete lining to last inter-
mediate ring foundation and fix it in position for
concreting. Final monolithic concrete lining is 500
mm thick and also reinforced with steel mesh; of
course steel reinforcement must be installed in
correct position before formwork is moved and
fixed. Concrete with special characteristics is pre-
pared in local concrete-plant and transported to
shaft site. Further, down shaft, it is transported
in kibbles designed for concrete transportation.
One step of concreting final lining is up to 3 m
high (which is determined by formwork height)
and we are doing it in 24 hour cycle; so next day
we move up working platform with formwork for
next 3 m and execute concreting in next section.
Depending on distance between intermediate ring
foundations, and distance between openings for
main holder for ladder compartment, sometimes
we must adjust/reduce height of concreting step.
Average efficacy at concreting final lining is 2,7
m/day. When final concrete lining is finished, we
move working platform in lower position. Then we
make manoeuvre with tensioning platform and si-
multaneously we install final ladder compartment
and all pipelines. Average efficacy at this phase is
7,5 m/day.

Slika / Figure 4, Okno, skela / Shaft, ladder compartment

Y jenHoj cMeHM panu JieceT [0 jefaHaecT paJHMKa,
yK/bY4yjyhu enexTpuuapa M MexaHM4Yapa 3a
OCHOBHO OfipXXaBame. Paji ce ofiBMja y Tpu CMeHe,
ceaM gaHa HepmebHO. IIpoceyHa edukacHOCT
pazioBa usrpajme okHa je 0,6 m/maH.

10

One shift crew is ten up to eleven workers includ-
ing electrician and mechanic for basic maintenance.
Work is running in three shifts, seven days a week.
Average efficacy at complete shaft sinking is 0,6 m/
day.
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Cnuxa / Figure 5, Padosu y okny / Work at the site in shaft

T'EOJIOIUJA

Kao mro je Beh peueHo, Teonormja Ha MOKaIUju
HOBOT' OKHa OWa je HoOpO I0O3HaTa U Ipe HEro
IITO CMO MTOYE/IH Ca IPOjeKTOM. YIIPKOC YMH-EHUIIN
ma 00aB/baMO JONATHO MCIUTHBaIe OyIIeeM.
Bymoruna JYT - 48/09 (zy6una 521m) mckomaHa
je y mpoduTy HOBOT OKHa. Je3rpo 113 0Be OyIIOTIHE
KopuIheHo je 3a Ta4HY TeOoJIONIKY IIPOCTIEKIIN]Y.

/I3 reonomKkux mpocrekaTa cMo 3Hanu fia hemo y
npBux 100 m Mopatu mpehu Tpu IakeTa reoIomKux
clojeBa Koju caipKe BOAY (mecak, LIbYHAaK).
3a TIIpenM3HMja XUJIPOTEOJIOIIKA CaIjieflaBamba
usbyuieHa je 6ymoruna JYT-49/09, nybune 175 m,
yhabeHa 35 m o7 LeHTpa okHa. KommumuHa Bosie
Ipoliel-eHa je 3a CBe TPU cepuje, 3a HAKHAJHA
npahewa CceH30pM MIPUTUCKA IIOCTAaBBEHU CY
y opBojeHuM cnojesuma. IIpema oBom xmppo-
TeO0/IOIIKOM MCTPAKMBamby, NPOLEHhEeH je IPUINB
BOJe TOKOM M3rpajme okHa of 150 mo 320 1/min,
U3 CBE TPY TeONIOLIKE CepHje.

CTBapHM IPUIMB BOJie HA UCKOIY y TIPBOj CEpUju
(mybuna 28 - 39 m) Ha noyeTky 6mo je 80 1/min,
KacHMje je mao Ha 40 1/min. bumn cvmo cripemun 3a
onBoAmaBame, OBaj NpUINB HUje IPENCTaB/bAO
HJIKaKaB IIpo0sieM 3a u3Bobeme panosa.

Y mpyroj cepuju (nybuna 49 — 60 m) npumus je 610
muoro Behn. Ha gy6mun 52 m nmamm cMo BOAY U
IeCaK KOjIt Cy 3ayCTaBIIM PafioBe 32 HEKOJIMKO JjaHa.
ITpunus Boge je 6110 Bure of 200 1/min Ha moyuetky,
KacHUje je cMameH U crabmwimsoBan Ha 80 1/min.
YoueHo je u mpuUCyCTBO racoBa. Y TPEHYTKY IIPBOT
IpeKusia pajioBa, KOHIeHTpamMja MeTaHa - CH .
nosehaBama ce go 7% sampemune. VcmymmaBain
CMO BOAY 1 yK/IaEa/Ii [IeCaK HeKO/IMKO [JaHa IIpe Hero
IITO je IPUTHCAK BOfe omao. CTalHO CMO IIPaTHIN
IPUTICAK Taca U BOfje CEH30PVIMa IPUTICKA KOjU Cy
uHCTa/mpanu y 6ymornan JYT-49/09.

GEOLOGY

As already mentioned, geology on location for new
shaft was well known even before we started with
the project. Despite this fact we execute additional
exploration drilling. Borehole JUG - 48/09, depth
521 m, was drilled in the profile of new shaft. Core
from this borehole was used for exact geologic
prospection.

From geologic prospection we knew that in first
100 m we will have to cross three packages of ge-
ologic layers which are containing water (sand,
gravel). For more precise hydro-geologic survey
another borehole, JUG - 49/09 (depth 175 m), was
drilled in distance of 35 m from shaft centre. Water
affluence was estimated in all three packages, and
pressure sensors were installed in separate layers
for latter monitoring. According to this hydro-ge-
ologic survey anticipation for water afflux during
shaft sinking was 150 up to 320 /min, from all three
packages.

Actual water afflux at excavation in first package
(depth 28 - 39 m) was 80 I/min at the beginning
and later dropped to 40 1/min. We were prepared
for dewatering and this afflux cause no problem.

In second package (depth 49 - 60 m) water afflux
was much bigger. At depth of 52 m we had wa-
ter and fine sands irruption which stopped us for
several days. Water afflux was more than 200 1/
min at the beginning, later reduced and stabilized
at 80 1/min. Presence of gases was detected. At
the time of first irruption concentration of meth-
ane - CH, rises up to 7 vol. %. We were pump-
ing water and removing irrupted sand for several
days before water pressure has dropped. We were
constantly monitoring gas and water pressure by
pressure sensors which were installed in borehole
JUG - 49/09.
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Ha ocHOBY mckycTBa ca Apyrom cepujoM, Omim
CMO BeoMa OMpesHM Kajia CMO Ce TPpUOMIDKaBan
tpehoj cepuju (mybuna 85 — 95 m). VsBpiumin
CMO [IONATHO HUCTpaXHO Oymeme, Mebyrtum wns
OBOT' C/I0ja TOTOBO fla HUje OMIO HpPUINMBA BOJE.
[TpucycTBOo raca m Bofe y OBOj cepuju 6uma je
3HAaTHO HIDKA Ofj OYeKMBaHe, U PaJjoBMMa CMO
npomtu 6e3 mpo6nema. Ca TeOOLIKOT aCIeKTa,
ycnoBu cy 6mumm mobpu. VImMamu cMO HEKONUKO
MeTapa 4YBpPIINMX M TBPAUX CJIOjeBa, aly HICMO
MIMaJIi 3Ha4ajHUX IpobreMa.

T'EOTEXHMYKM HAZI3OP

3a Tako aMOUIVIO3HY HOfI3eMHY KOHCTPYKLIMjY Kao
HITO je OKHO, BeOMa je Ba)KHO MMAaTH aJjeKBaTaH
reoTexHUYky Hazpzop. Oppebennm  TexHMYKM
ImapaMeTpu O CaMOj KOHCTPYKUMjU U HEHOM
YTHUIIajy Ha OKONMHY MOPajy ce CTaaHo mpatutu. [la
OU ce OCTUITIA 3aXTeBaHa TAYHOCT IIPU USTPANIBY
OKHa, TeOfeTCKM Haf30p je BeoMa BaKaH.
Ocum conpupama U Bohemwa NPy VCKOIABABY
U OeTOHUpamy, TeOeTCKM HAA30p 3aBPIIHOT
o63upa obyxBara M HajiIefjame IIOMepama Ha
HOBpLIMHY OKO OKHa. Ilopen Tora, ypabene cy
TpU BepTUKaJIHe OYIIOTMHE OKO OKHa, ja 6m ce
ocMaTpaa Moryha omMeparma ropmIx XOpy3oHaTa
70 100 m. [eonoMIKO 1 XMAPOTreoI0NIKO OCMaTparbe
U3BOIM Ce CBaKOJHEBHO. leoTexHmuky mpodum
(excTeH30MeTpHM, KOHBEPreHTHU IpodwIn) Cy
MHCTaNMpaHy y OKBUPY IpYMapHe MOfIpIIKe Kajia
je ToTpe6HO (y 3aBUCHOCTY Off T€OIOLIKIX YCIOBa).
Joi HEKONMMKO TEXHUYKUX IapaMeTapa je MepeHO
u HajrnefaHo. Ha mpumep, TeXHMYKM MapaMeTpu
O KOHTPO/IM KBajUTeTa OeTOHa WIM TEXHUYKU
IapaMeTpy O BEHTUTALIM)I.

3AK/bYYAK

IIpojexaT msrpajiie HOBOT BEHTM/IALIMOHOT OKHA
y Pynuuky yrpa Benemwe Tede mobpo. TpenyrHa
mnybuna je 393 m um pajoBM ce 3aBpIUaBajy.
Yenemno cMo m3Benu pagose Kpo3 nmpsux 100 m,
KaO HajTeXOj TeOJIOIIKOj JEOHMLM Of YKYIIHIX
393 m. V TpeHyTKy mmcama OBOT pafia MU CMO
y 3aBpiHoj dasu mpojekra. Y pmeuem6bpy 2017.
TOfMHE YCIOCTABMIM CMO Be3y ca IIO3€MHUM
xopHnuyMa y PynHuky yrba Beneme.
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With experience from second package, we were
very careful when we were approaching third pack-
age (depth 85 - 95 m). We execute some additional
exploration drilling, but there was almost no water
afflux from this layer. Permeability to gas and water
in this package was much lower and we crossed it
with no problems. According to geologic prospec-
tion geologic conditions was good. We had several
meters of more solid and hard layers but we didn’t
have significant problems.

GEOTECHNICAL SURVEILLANCE

For such pretentious underground construction as
mine shaft, it is very important to have adequate
geotechnical surveillance. Certain technical pa-
rameters about construction itself and its influence
to surrounding must be constantly monitored.To
achieve demanded accuracy at shaft sinking geodet-
ic surveillance is very important. Beside sounding
and guiding at excavation and concreting the final
lining geodetic surveillance also includes ground
movement surveillance on the surface around the
shaft. Additionally we have three vertical borehole
inclinometers, which are located around the shaft,
to observe possible horizontal movements in top
100 m strata.Geologic and hydro-geologic obser-
vation is done on daily basis. Geotechnical profiles
(extensometers, convergence profiles) are installed
in primary support when needed (depending on
geologic conditions). Of course, there are several
more technical parameters which are measured and
monitored. For instance technical parameters about
concrete quality control, or technical parameters
about ventilation in the shaft.

CONCLUSION

Shaft sinking project for new ventilation shaft at
Premogovnik Velenje, is running well. At the mo-
ment shaft depth is 393 m and we finish with a
shaft sinking. We have successfully sunk the shaft
through first 100 m, which was geologically most
difficult part of whole 393 m. At the moment of
writing this paper, we are in the final phase of the
project. In December 2017 we established a connec-
tion with underground tunnels in the Coal Mine
Velenje.
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Caxerak: Y 060om pady je npuxazana memooonozuja, 00HOCHO cée npamehe padtve Koje ce npedy3umajy ko0 uzpade
dyboxux okana. Onucana je cama mexnonozuja, popmuparse pyoHuuKoe Hacemwa, Kao u npamekhe denamuocmu
- popmuparve yeoeopa, u npameha 3axoucka pezynamusa. Ha nojedunum npumepuma je npuxasano Ha xoju
HAYUH ce NPUcMyna camoj uspaou u pewiasajy oopehenu npobnemu Koju mozy HACMAMU npe U MOKOM came
uspaoe okna. IToce6Ho je onucan pobomusosanu npovec uspade okaHa.

Kipyune peun: okHo, uspada, pobomuxa

Abstract: This paper shows the methodology, that is, all the supporting activities that are undertaken in the con-
struction of deep shafts. We describe the technology, formation of mining village, as well as all the supporting
activities - design of contracts and supporting legal regulations. In some examples, it is shown how to approach the
construction itself and solve certain problems that can arise before and during the construction of the shaft. The

robotized process of shaft construction was described separately.

Key words: Shaft, construction, robotic

YBO/[,

Y HenocpenHoj OynyhHOCTH OYekyje Hac cmmasak
y cBe Behe gybuHe pagy moaseMHe eKCIUIoaTaluje
MeTa/IMYHIX MUHEPATHIUX CHPOBIHA, HIIP. 6akpa y
Bopy (mexxumure “Bopcka pexa”), mexxuire Jyka-
py Ilexy u nexxmire jagapura Kog, JIosHulle, ann u
3a MMOfI3eMHY eKCIUIOATALN]Y YI/ba, HIIP. Y PYAHUKY
»,Coko“. 3Hauy Tpeba IUIAHMPATH, MIPOjeKTOBATH,
TPAfiuTU U eKCIUIOATHCAaTy fyOoKa OKHa ca Ayou-
HOM of tpeko 1000-1200 m [6,8].

Ha OCHOBY 3aKYIVb€HOT' IIpaBa JICTpaKlBarba Me-
TAIMYIHNUX MIHEpAJTHNX CUPOBMHA Y Tumouxkom

INTRODUCTION

In the immediate future, we are expected to de-
scend into deeper depths for the underground ex-
ploitation of metallic mineral raw materials, for ex-
ample, copper in Bor (Borska Reka deposit), Cukar
Peku deposit and iadarite deposit near Loznica, but
also for underground exploitation of coal, for exam-
ple, in the mine “Soko”. Therefore, we need to plan,
design, build and exploit the deep shafts which are
more than 1000-1200 m deep [6,8].

Based on the leased right to research metallic min-
eral resources in the Timisoara Andesitic massif,
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aHJIeSNTCKOM MacMBYy M3BplIeHa cy ofipeheHa
UCINUTUBAamba U OTKPUBEHO BEMUKO U 6oraro e-
KMINTe Hamasyra 6akpa u 3nara, dykapy Ilexy,
Koje IpeMa pacIoNOKMBMM IIOfAllIMa Cafip>Kiu
npeko 70 mummoHa ToHa pygme. Cagpyxaj 6axpa je
2,6%, a 3mata 1,5 rpama no ToHM pypge. To sHaun
T JIeKUIITe CafipXXM OKo 1,8 MuInoHa ToHa 6akpa
u oko 100 ToHa 37mata. OBO /EXUILITE MO TPEHYT-
HIM IjeHaMa MeTaa Ha JIOH/JOHCKOj 6ep3n MeTasna
(JIME) Bpenu oxo 13 Munujapmu gonapa.

VIsHeTy mopany ropope ja IoMeHyTe KOI4He 60-
raTe pyzie Mory fma y 6mickoj 6yayhroctu omoryhe
BEMKY IPOV3BONIGY, MAKO Ce JISKUIITe HaTasy Ha
my6uHu of mpeko 1.000 metapa. Ty je u 13a30B ja ce
OfIMax IPUIIPEMMMO 3a Ipajmy O0yayhux usBo3HuX
U BEHTIWIALMOHMX OKaHa fy6uHe 1.200 u Buie Me-
Tapa. BepyjemMo 7a 0BO JIEKHINTE 3aCTyXKyje caBpe-
MEHO IIPOjeKTOBaIbe U MpUMEHY CO(PUCTULIPAHNX
MeTofIa I M3TPajiibe OKaHa Kao 1 1360p coducTuim-
PaHMX MeTOJja TOA3eMHOT OTKOIIaBarbha PyZie y3 MaK-
CUMaITHO UcKopuitherbe CYIICTaHIle — a Ty ITpe CBeTa
Tonmase MeTofe M3 TPyIle MacHBHOT lobujama pyfe
3apyIlIaBameM, Kao IITO je O/IOK — KejBUHT U pasHe
BapMjaHTe MOAETKHOT 3apyllaBama, WM aKo pPy-
TApCKO-TEOJONIKM YC/IOBY JI03BO/baBajy, Ay TOMATH-
30BaHO OTKOIIaBaIbe IIVIPOKUM YE/IOM.

Ja 6u ce ocTBapma mpaBuiHa U epuUKacHa peann-
3anyja 1 Urpajba OKHa, HEOIXOIHO je M3BPIINTHI
HY>KHe IIpUIIPeMHe pafibe, jep ,Ao6pa mpumpema
je moja moca‘, a To Ipe cBera 3Ha4M 06aBuUTH 0ba-
Be3Ha UCTPAXMBamba KaKo CIeN Y a/beM TeKCTY I
perucrpoBaTu u 06pafUTH CBe MOJATKE.

[NPETXOJHA MCTPAJKVIBATbA U
NCIIMTVIBAILA

Kapna je Beh ogpebena mokaunja 6ygyher okxa o6a-
BE3HO je M30YLINTI UCTPAXKHY OYIIOTUHY y LEHTPY
ITaHUPaHe 0Ce OKHA VIV Y HEIIOCPERHO] O/IM3IHY
MICTOT, METOZ{OM JYOMHCKOT OyIIIerha Y3 KOMIIETHO
jesrpoBatbe M PErncTpoBarbe CBUX II0jaBa Y TOKY
uspage 6yIIOTIHE, KaKo 011 ce TOOMIN peleBaHTHI
TEXHUMYKIU, (I)I/ISI/I‘IKI/I, XeMI/IjCKI/I, XNAPOJIOIIKY, Ta-
COHOCHM, TeMIIepaTypHM, MUHEPOJIOIIKH, IEeTPO-
rpad)CKI 1 OCTA/IN IONALY U [TAPaJIe/IHO M3BPIINIIA
naboparopyjcka NCIUTUBAIbA JOOMjeHNX y30paKa
Ha YBPCTONY, pe3nBOCT, 6YMIMBOCT, OTHOPHOCT Ha
MUHNIpame, CUCTEM IIPpCIVHA N HyKOTI/IHa, rpaHy—
Jpanyjy [PV UCKOIY CTeHe, OMIO pe3areM WK
OylIebeM I MIHVPAbEM.

Takobe, Tpeba yTBpANTI €BEHTYa/IHY I10jaBy IOf-
3eMHMX BOJIQ, IbJIXOB XeMMjCKM CACTaB U JIOKALV]y
UCTUX, KaO U IJMXOBY arpecBHOCT, IPUTHUCAK,
TeMIIepaTypy U ocTaje IapaMeTpe, Kako Ou ce ca-
IJIefla0 KOMIUIETHM COPUCTULVMPAHY MHXKEHEPUHT
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certain tests were carried out and a large rich de-
posit of copper and gold, namely Cukar Peku, was
found, which, according to the available data, con-
tains over 70 million tons of ore. Consistency of
copper is 2.6% and of gold is 1.5 grams per ton of
ore. This means that ore deposit contains about 1.8
million tons of copper and about 100 tons of gold.
This ore deposit is worth about 13 billion dollars
according to the current prices of metal on the Lon-
don Metal Exchange (LME).

The data show that the mentioned abundant ore
quantities can in near future enable large production,
although the deposit is located at the depth of more
than 1,000 meters. It is also a challenge to prepare
immediately for the construction of future trans-
portation and ventilation shafts of 1,200 meters and
more. We believe that this ore deposit deserves mod-
ern design and application of sophisticated methods
of shaft construction, as well as the selection of so-
phisticated methods of underground ore excavation
with maximum exploitation of the substance - this
first of all includes the methods from the group of
massive ore mining by caving, such as block-caving
and various variants of sub-floor caving, or if the
mining and geological conditions allows do, the au-
tomatized excavation with a wide breast.

In order to achieve accurate and efficient realiza-
tion and construction of the shaft, it is necessary
to perform the obligatory preparatory actions, be-
cause “good preparation means half the work done”,
which above all else means to perform mandatory
research as described later in the text, and process
all the data.

PREVIOUS RESEARCH AND TESTS

When the location of the future shaft is determined,
it is necessary to drill an exploration borehole in
the center of the planned axis of the shaft or in the
immediate vicinity of it, by method of deep drilling
with complete coring and registration of everything
that occurs during the drilling of the borehole, in or-
der to obtain the relevant technical, physical, chem-
ical, hydrological, gaseous, thermal, mineralogical,
petrographic and other data and simultaneously
perform laboratory tests of the obtained samples on
strength, resilience, drilling, blast resistance, crack
and fracture system, granulation during excavation
of the wall, either by cutting or drilling and blasting.

Moreover, possible occurrence of underground
waters should also be determined, their chemical
content and location, as well as their aggressiveness,
pressure, temperature and other parameters, in or-
der to consider the entire sophisticated engineer-
ing of shaft construction. This should also include
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usrpame okaHa. OBjie Tpeba YK/bYUUTH U CHabzie-
Bame PaJiVIMIITA OTPeOHOM OIIPEMOM M PeIpo-
MaTepujaanMa, Kao U aHTa)KOBalbe CTPYYHe pajHe
CHare, HaJI30PHO-TEXHIYKOT 0CO0/ba U MEHAIIMEHT.

IToce6HO mpoBepnuTy (PUHAHCKjCKY CTAOUIHOCT
¢upme koja he n3BoguTU pajoBe U HeH OOHUTET,
Te IeH YIJIe] y IIOCTIOBHOM CBeTY.

360p nsBohaua pagoBa Ha Oyuremny

V360p usBobada pagoBa Ha OylIewmy IUIAHMPaHe
UCTpaKHe OYIIOTVHEe Off OUTHOT je 3HadYaja, Kako
y IOIJIefly OIIpeMe Ca KOjOM ITOCTAB/beHN 3afjaTak
Tpeba 06aB/pATH, TAKO U Y MOIIENY KBaIUTETHOT
HepcoHaa Koju Tpeba fa u3BpIM KOMIUIETHH I10-
Ca0 U IPUKYIIU/PETUCTPYje CBE M0jaBe Off BaXKHOC-
TV 1 TO Ha CBAKOM MeTpy OYIIOTIHE: je3TPOBaIbeM,
MepemeM, CHUMAambeM 1 M3PafoM HoTpebHe [o-
KymeHTanuje. O CBeMy MHBECTUTOP M/IN BIACHMK
PYAHNKA, OFHOCHO Off bera aHraxxosaHa kyha,
Mopa Aa caynmHM ofrosapajyhu yrosop ca makcu-
MajHO TpenmsupaHuM obocTpaHuM obaBesama,
y3 oTpebHA OCUTYpatba, TapaHIIje I yBepema, a
he nmpenBubern mocao 61TH afeKBaTHO M3BPIIEH U
HOTpeOHN MOfALH FOOVjeHL.

CHuMame OynmoTiHe

Kox cummama Oyurotute Tpe6a KOPUCTUTH U YC-
JTyTe Clieljann3oBaHux QUpMI 3a U3pagy KapoTa-
e OYLIOTIHE IO 11e/10j WeHoj ayxuHu. He Tpeba
IPOIIYCTHUTH A2 Ce PETHUCTPY)Y eBEHTyaIHe KOMOPe,
KaBepHe ¥ CIMYHYU [OA3eMHI IIPOCTOPH, KaKo 61
ce Kox myb/bera OKHa IpefBufena oxrosapajyha
HeomnxofHa obesbeherma u ofprkana morpedHa 6es-
6emHOCT paja, 0cobspa 11 OIpeMe.

TaconocHocT

TacoOHOCHOCT je Takobe HeOIIXOIHO PEerMCTPOBATH I
y3MMarbeM y30paKa YTBPANTY XEMIUJCKY CACTaB Ta-
COBa, IPUTICAK U €BEHTYa/IHY ONACHOCT II0 3aI10C-
JIeHe ¥ IITeTHOCT 110 OIIPEMY, jep 4ecTO y CTeHaMa
II0CTOje AeIIOHOBAHM FaCOBM Kao ILITO CY YI/beH -
OKCIJ, YI7/beH MOHOKCH, CYMIIOP AMOKCHJ, a30THI
racoBY, METAH U JPYIY YI/BOBOJOHMIN, O KOjUX
HEKU MOTY OMTHI 1 eKCIUIO3UBHU Y ofpeleHoj KoH-
LieHTpalyju. 3a Meperbe cacTaBa jaMCKOT Basjyxa
Tpeba 06e36enuTH ofroBapajyhy onpemy.

CanmHnTeT BOfa

Ca/mHMTeT BOJiA je HEOIIXOHO OfPENUTH KaKo 611
ce mpupeMua afeksatHa ofeha (ckadanpgepn) un
3aIITUTHE HAao4ape, jep caHa Boja owmrtehyje oun 1
KOXXY JbYICKOT TeJIa, I1a Ce 11 3a TaKaB CIIy4aj Tpeba
IPUIPeMUTH.

providing the construction site with the necessary
equipment and materials, as well as the engagement
of professional workforce, monitoring and techni-
cal staff and management.

Financial stability of the company that will execute the
works should be checked separately, as well as its cred-
it worthiness and reputation in the business world.

Selection of contractors for the drilling

Selection of contractors for the drilling of the
planned exploratory borehole is very important,
both in terms of the equipment which is to be used
for the task, and in terms of the quality personnel
which is supposed to perform the entire works and
collect/register all occurrences of importance at
every meter of the borehole by: coring, measuring,
surveying and designing the necessary documen-
tation. Investor or the owner of the mine, i.e. the
company engaged by him, must make an adequate
contract about everything stating the mutual obli-
gations as precisely as possible, and with necessary
insurance, warranty and certification that the in-
tended work will be performed adequately and that
the necessary results will be achieved.

Borehole surveying

When carrying out borehole surveying, servic-
es of the companies that specialize in production
log along its entire surface should also be used. It
should not be missed to register possible chambers,
caverns and similar underground spaces in order to
anticipate the appropriate necessary safety of shaft
sinking and maintain the necessary safety of the
work, personnel and equipment.

Gassiness

It is also necessary to register gassiness and deter-
mine the chemical properties, pressure and poten-
tial danger of gas for the employees and harmful-
ness to equipment by taking samples, because rocks
usually contain deposited gases, such as carbon-di-
oxide, carbon-monoxide, sulfur dioxide, nitrogen
gases, methane and other hydrocarbons, some of
which may be explosive at a certain concentrations.
Adequate equipment should be provided for meas-
uring the properties of the pit air.

Salinity of waters

Salinity of waters needs to be determined in order
to prepare the adequate cloths (overalls) and pro-
tective glasses, because salty water damages eyes
and skin of human body, so we need to prepare for
this as well.
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Temneparypa Bopga

TemrepaTypy eBeHTYa/IHUX ITOfI3€MHIX BOJIA KPO3
Ile0 BepTUMKAIHU Ipo(II OKHA Tpeba perucrpo-
BaT! U CIPEMUTH Ce 3a €BEHTYAIHU paj y yCIo-
BIMa BICOKEe TeMIIepaType BOfe, y3 Kopuirhere
noce6Hux opena (cxadaunpepa), obyhe um macku.
Takobe, IpeaBue TN peryIncame TeMIepaType oc-
TaB/babeM TAKBe BOJIE fia Ce IIPUPOSHO XAV VTN
YaK JOIPEMOM X/IafjHe BOJie Pajiyl Melllarba ca [Ipu-
POZHO TOIUIOM BOJOM ¥ CBODemeM Ha JJO3BOJbEHY
papgHy Temmeparypy. Pagu ob6esbehemwa xmapme
Bofe 3a pacxiahuBarme dena payiinTa OKHa, O-
TpeOHO je MHCTamMpary ofrosapajyhm crcrem 3a
xmabemwe. Y cyd4ajy mojaBe Boe 4ija TeMIIepary-
pa mpenasy rpauuiy 6esbegHOr pajia, IMOTPeOHO
je aHraxxoparyu mnoramajyhe mymmne oprosapajyher
KBQ/INTETA U KalaluTeTa 3a N3baIBame BOfe Ha
HOBPILIVHY.

DU3MYKO-MEXaHMYKe KAPAKTEPUCTUKE pPajHe
cpenuHe

DusHYKO-MeXaHNYKe  KAPAKTEPUCTUKE  pajHe
CpefuHe, MUHEPOJIOIIKY CACTaB ¥ OTIOP pesamy,
OylIey 1 pasapamy eKCITIO3UBOM, Tpeba ofpery-
TI 1a60PATOPUjCKUM MCIUTUBABIMA, KaKo 61 ce
M3BPIINO IITO NPABIIHKjK U300p ompeme 3a 6y-
IIeEbe 1 IIPeBIIeNIa 3ALITUTA Off IPAIIIHE KOja Ha-
CTaje mpu U3pagy MUHCKMX OyurotuHa. OBfe Tpe-
6a mpegBuAeTy U ofrosapajyhy samrrury ompeme
off xabama U IITETHOT [ie/IOBaka BOfle KOja 4ecTo
CaJIp>KM IITeTHE MaTepuje.

MuHepcKu pajoBu

MuHepcKUM pajioBMMa y pajHUM YCIOBMMa Ca
nosehanoM BraxHouthy Basgyxa moce6Hy Maxmsmy
Tpeba mocBeTUTN MU3OO0PY, CKIALUIITEHY, TPAHC-
IOPTy ¥ IpYMEHM OfroBapajyher ekcrrosusa u
CpeficTaBa 3a Ia/berbe, KAaKo 01 ce IIOCTUITIA 3a/0-
BojpaBajyha edukacHocT y pagpy. [locebny maxmsy
IIOCBETUTY €BEHTYa/HOj II0jaBM 3alla/bUBNX, U Y
opipel)eHoj MelaBMHM ca Ba3AyXOM, eKCIVIO3MBHIX
racoBa (MeTaH U fip.).

Temneparypa crena

Temmeparypy CTeHa IMPWIMKOM M3pajie Ipodua
OKHa Tpeba yHaIpes [I0O3HABATU KaKO OU ce yTBp-
IMO TeMIlepaTypHM I'pajiyijeHT 1 obe3bemyia Heo-
IIXOfiHa oIlpeMa 3a X/Iahere Yema pagyiniTa go-
BObemeM X/Ta/iHe BOfie Cca IOBpIIHe y3 Kopuinherme
oxroBapajyhmx xmuma ypebaja (xmagmonmka) Ha
4elly pafMIMINTa VIV Y HEeIOCPeJHOj OMM3VHM.
OBpie ce MPOjeKTOM MMa OCTBapuUTH OfroBapajyha
Ha0aBKa M MOHTaXXa JOBOZHOI U IIOBPATHOI Iie-
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Water temperature

Temperature of potential underground waters
throughout the entire vertical profile of the shaft
needs to be registered and prepared for a possible
work in conditions of high temperature of waters,
with use of special cloths (overalls), shoes and
masks. Also predict the regulation of the tempera-
ture by leaving the water to naturally cool down, or
even by providing cold water in order to mix it with
the naturally hot water and decrease the tempera-
ture to the allowed operating temperature. For the
purposes of providing cold water for cooling down
of the breast of the shaft, it is necessary to install
an adequate cooling system. In the event of the oc-
currence of water which temperature surpasses the
level of safe operation, it is necessary to engage im-
mersion pumps of appropriate quality and capacity
for pumping out the water to the surface.

Physical and mechanical characteristics of the
working environment

Physical and mechanical characteristics of the
working environment, mineralogical properties
and resistance to cutting, drilling and blowing by
explosives, should be determined by laboratory
tests in order to make the best selection of drilling
equipment and predict the protection against dust
that is made in the process of drilling boreholes.
Here, we should also predict adequate protection of
equipment from wear and tear and harmful effects
of water which often contains harmful substances.

Miner works

In miner works in working conditions with in-
creased humidity of air special attention should be
given to the selection, storage, transportation and
application of adequate explosives and ignition de-
vices, in order to achieve the satisfactory efficiency
in the operation. Special attention should be given
to the potential occurrence of flammable and, in
certain mixture with air, explosive gases (methane,
etc.)

Rock temperature

In designing the profile of the shaft, rock tem-
perature should be known in advance in order to
determine the temperature gradient and provide
the necessary equipment for cooling of the breast
by transporting the cold water from the surface
with help of appropriate air conditions (fans) at
the breast of the shaft or in its immediate vicini-
ty. Here, the project has to procure and assemble
an inlet and return pipeline for the supply of nec-
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BOBOJIa 3a fiompeMy moTpebHe Boje 3a xmabeme
y3 kopuinherme OCeOHNUX CIIOjHMIA Ha LIEBOBOLY
Koje Cy criocoOHe ma usgpyke omnrepeherma camo-
Hocehux, ogHOCHO Bucehux 1eBOBOJa, jep ce mcre
He OCJIambajy Ha Hocade y okHy (koH3ore). OBakBa
CIielujasHa BpCTa CIOjHNUIIA L[eBU ce 06aBe3HO KO-
PUCTI KOF, M3pajie [YOOKMX OKaHa [5].

Bentunanmja

Onropapajyhum cucremom BeHTMmanuje cHabpe-
Bahe ce 4eT0 pafuIMIITa CBEXNM BasfyXoM, KOjit
ce KOPUCTH JeTIOM 3a MOTpebe 3aIl0C/IeHNX, a Je-
oM 3a xabere OKONHUX CTeHa Kpo3 Koje ce Ayou
okHo. Takobe, mpaBuIHOM BeHTHIALIMjOM Uesta pa-
mwmra o6e3bebhyje ce u ogBobeme ucTpomeHoOr
Bas/yxa J [IpallliHe Ha IOBPIINHY, Y/Me Ce 3HATHO
1060/plIIaBajy PaHI YCIOBIL.

Omnpema 3a Gyniere yroBap

3a Kao IIOroHCKa eHepruja 3a paj usabpane onpeme
3a GyIueme 11 yTOBap KOPUCTHU Ce€ KOMIIPUMUPAHN
BasflyX, Koju Tpeba JOBECTU ca MOBPIINHE CaMO-
Hocehum/Bucehnm neBoBogoM ca oxrosapajyhum
criojHumama [1,5].

Kop caBpeMeHujux MammnHa 3a Gylieme 1 yToBap
3a MOTOH ce Kopuctu Beh yBemuko paspaben cuc-
TeM XUAPayINIKuX ypebaja.

CucreM KOMyHIKanje

Vsmely moBpivHe U 4ema pagumiiTa OKHa Mopa
TIOCTOjaTy CTa/THA Te/le)OHCKA MM PAJIMo Besa, KaKo
61 HaJI30pPHO-TEXHNIKO 0COO/bE ¥ CBAKOM TPEHYTKY
MOIVIN Ia TIpaTe Paji Ha dejTy pajyIuIITa, Kako Ou ce
OCUTYpajIo 0baBeIlITaBame O OUIO KAaKBOj MOTPeOM
VIHTEPBEHIMje, HIp. Y CTy4ajy TOBPeJie 3arOoC/IeHNX,
ourrehersa Orpeme i HeKUX IPYrUx HpobieMa.

Y uwby no6ospluama KOMyHUKaLMje M 60/be KOH-
TpoOJIe pajia, Kao 1 JIOKyMEHTOBalba U3BEJEHNX pa-
IoBa y HOBUje BpeMe ce Ha ofjpeheHnM moxarjama
MHCTa/NINpPajy BUJEO KaMepe Koje Ha aJleKBaTaH Ha-
YYH PETUCTPYjy CBa 30MBarba Yely pajyIAIITa M Ha
Brcehoj pagHoj wardopmu okHa. 3a Te CBpxe MH-
craimcanu cy oxrosapajyhu smcehn camonocehn
Ka6/10BM Ca ABOjHUM HAIlajatbeM e/IeKTPUIHOM eHep-
THjOM U TO U3 €/IEKTPO MPEXKe U U3 aKyMy/aTopa.

Ila 61 ce ocurypana HeOIIXOfHA BUAJ/BUBOCT Ha paji-
HOM MeCTY, TIOpe]i IMYHNUX JIAMIIN 3aII0C/IeHNX, pea-
Nusyje ce ¥ Moce6HO OCBeT/bebe, Ca OfroBapajyhum
pedrnexropuma 3amrtrheHuM of yTHIaja Biare,
BOJie U IpalllHe, a CHabJeBare eHeprijoM ce I0-
cripke foBohemeM mcTe moMohy emekTpuYHOr ca-
MoHoceher Ka61a (0jadaHOr YeTMIHUM Y)KeTOM WJIN,
y HOBUje BpeMe, Y)KeTOM Off BEIITaYKIX B/IAKaHa).

essary cooling water with the use of special cou-
plings on the pipeline that are able to withstand
the loads of self-supporting or hanging pipelines,
because they do not rely on the carriers in the shaft
(consoles). This special type of pipe couplings is
used for design of deep shafts [5].

Ventilation

The breast of the shaft will be provided with fresh
air with the adequate ventilation system, which is
partly used for the purposes of the employees and
partly for cooling the surrounding rocks which are
being drilled. Moreover, correct ventilation of the
breast of the shaft also provides removal of used air
and dust back to the surface, which significantly im-
proves the working conditions.

Equipment for drilling and loading

Compressed air is used as the driving energy for
the operation of the selected drilling and loading
equipment, which should be brought from the sur-
face with a self-supporting / hanging pipeline with
the corresponding couplings [1,5].

When it comes to the modern drilling and loading
machines, the already developed system of hydrau-
lic devices is used.

Communication system

There must be a permanent telephone or radio
connection between the surface and breast of the
shaft, so that supervisory and technical staff at any
moment can monitor work on the shaft, in order to
ensure that any intervention is needed, for example,
in the event of employee injury, equipment damage
or other problems.

In order to improve communication and better con-
trol of the work, as well as recording the performed
works, nowadays video cameras are installed in cer-
tain locations, which adequately register all events
at the breast of the shaft and on the suspended work
platform of the shaft. For these purposes, suitable
self-supporting hanging cables with dual power
supply from the power network and from storage
battery have been installed

In order to ensure the necessary visibility at the
workplace, in addition to the personal lamps of the
employees, special lighting is also provided with ap-
propriate reflectors protected from the influence of
moisture, water and dust, and the supply of energy
is achieved by bringing the energy with an electric
self-supporting cable (reinforced with steel rope or,
more recently, a rope of artificial fibers).
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beronnpame okHa

CHabpeBame 6eTOHOM 3a U3pafy CTalHe OeTOHCKe
obyiore BpiM ce ofroBapajyhnum nesoBogoM-6ero-
HOBOJIOM, KOjJI Ce TIOC/Ie CBaKe LVK/INIHE YIOTpe-
0Oe 1cIepe 41CTOM BOJZOM. AKO ce OKHO oarpabyje
T6MH3NMa TIpesiBuba ce mocebHa ompema 3a yr-
panmy 1 sanTuBame [2].

CHabgeBame TEXHITYKOM BOJTOM

CHabreBarbe TOTPEeOHOM KOTIMUMHOM TEXHITIKE BOTE
Kop Oyirera MMHCKMX OyLIOTMHA pajy obapama
IpallyHe 1 3aIITUTE Of ITHEyMOHNMKO3a (CIIMKO3a
wiyha 1 ¢11.), Bpim ce MOCe6GHNM 1{eBOBOZOM.

CHa0peBame e1eKTPIMYHOM eHEePrijoM

CrabzeBatbe e/leKTPUIHOM €HepIIjoM IIOTPeHO je
06e30enuTy 13 [Ba He3aBIMCHA M3BOpPA HaIlajarba.
Ykomuko To Huje Moryhe (HIIp. ako ce OKHO W3-
pabyje y soHU 6e3 BICOKOHAIIOHCKEe MpeXKe) OHZa
ce eJIeKTpUYHA eHepruja o6e3behyje momohy musen
arperata. Y CIydajy mpekuja CHabneBama efek-
TPUYHOM €HEepPIUjOM Y TOKY CMeHe, pajHNKe ca
Jela OKHa Tpeba 1M3BeCcTy HaIlo/be, a 33 TO Ce KO-
pucte moce6HM cUrypHocHu ypebaju — Kour 3a iBe
ocobe, ca ToceGHIM IIOTOHOM Ha JM3e]l TOPUBO.

V3B03 nicKOmaHOT MaTepHjaia U CHabmeBame pe-
NMpoMaTepyjanom

3a M3BO3 MCKONIAHOr Marepujana (MUHMPAEbeM,
pesameM, UT/.) KOpUCTe ce ofrosapajyha Bezpa, a
3a cHabmeBame HMOTPeOHMM perpoMaTepujainMma,
eKCIUIO3MBOM I €KCIUIO3VBHUM CpPEeACTBMMa KO-
pucre ce moce6Ha Befjpa MU KOLIEBM.

3a MuHMpame ce Kopuctu nocebun camonocehn
KabJI, Koju je ce Hajasy Ha MOCEOGHOM KOTYpy Y
TOpIY Ha IOBPLIMHM, M KOjU Ce, MO MoTpebn,
CIyLITAa [0 Yela PafWIMIITA U MOAYDKe HoMohy
OCeOHOT BUTIIA.

3Bo3Hu TOpam

Ha 6u ce cBu onrosapajyhu ypebaju ox Butiosa
MOITIM TIPEKO KOTypada y>KafiuMa CIYyCTUTU Ja
BIICE Y OKHY, HEONXO/]aH je M3BO3HIU TOPalb OATO-
Bapajyhe KOHCTpyKIjuje Ha KOMe Ce MOHTUPajy
noTpebHe KoTypade. Topak MOXKe GUTM UenMdHe
VIV apMUPaHOOETOHCKe KOHCTPYKIHje, 8 3aBJYCHO
OfI I/IaHa VIHBECTUTOPA NPOjeKTa, TOparb Ce MOXKe
IIPOjeKTOBATHU U USTPAJUTH:

a) 3a yrorpe0y caMo KOfj M3rpajitbe OKHA Y OCTA/INX
nparehnx objexara (HaBO3MINTa, KOMOPA, IIyMIIHE
CTaHuIle, BOAOCAOMpHMKA, BOJHMX Bpara/OpaHa,
KOMOpa 32 PajJIOHMIIe, MEH3E, 32 APOOIIIaHY, KOMO-
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Shaft concreting

Supply with concrete for the production of a perma-
nent concrete lining is carried out with the appro-
priate pipeline-concrete piping, which is cleaned
after each cyclic use with clean water. If the shaft
is supported with tibings, special equipment for in-
stallation and sealing is provided [2].

Supply with technical water

Supply with the necessary amount of technical wa-
ter for drilling of mine boreholes in order to lower
dust and protect against pneumonicosis (lung sili-
cosis, etc.) is carried out with a special pipeline.

Supply of electricity

Electricity needs to be provided from two inde-
pendent power sources. If this is not possible (for
example, if a shaft is made in a zone without a
high-voltage network) then the electricity is pro-
vided by a diesel engine. In case of interruption
of power supply during shift, the workers from the
breast of the shaft should be go outside, using spe-
cial safety devices - a hopper for two persons, with
special engine for diesel fuel.

Transportation of the excavated material and
supply of material

Suitable vessels are used for the transportation of
excavated material (by blasting, cutting, etc.), and
special vessels or hoppers are also used to supply
the necessary raw materials, explosives and explo-
sive devices.

For blasting, a special self-supporting cable is used,
which is located on a special hose reel in the tower
on the surface, and, if necessary, it descends to the
breast of the shaft and is lifted using a special winch.

Export tower

In order to allow all suitable winding devices to be
lowered into the shaft via hose reels, an export tow-
er of the appropriate structure is needed to mount
the necessary reels. The tower can be a steel or re-
inforced concrete construction, and depending on
the plan of the project’s investors, the tower can be
designed and built:

a) for use only in the construction of shaft and
other accompanying facilities (pit-eye, chambers,
pumping stations, water pumps, water doors /
dams, workshops chambers, canteens, coal crush-
ing mill, isolation chambers in case of emergency
and the arrival of the rescue team, storage of ex-
plosives and ignition devices, tools and equipment
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pe 3a M30IaLujy Y CIy4ajy XaBapuje o Jo/Iacka eKi-
Ile 32 CrlacaBarbe, MaralHa eKCIUIO3MBa 1 yIasbava,
MaralyHa ajiaTa i olpeMe, MaralyHa Iu3es ropuBa
- axo he ce KopucTUTH Au3en yToBapHA M TpaHC-
IOPTHA OIIpeMa, peMu3e JTOKOMOTMBE, KOMOpe 3a
HYHWINIITA CKUIIOBA U IIPUPYYHUX OYHKepa, I7IaB-
HMX XOJJHUKA OTBapama I paspajie IKNIITA);

6) 3a kopuiheme Ipyu U3paau OKHa U objekara mo-
MEHYTUX IIOJ a) I 3a KacHuje Kopuihemwe KOf pe-
TOBHE IIPOV3BOME PYIHMKA. Y OBOM CIy4ajy ce ca
TOpHba JIEMOHTVIPA CBa OIIpeMa 3a M3PaxYy, a YTpaan
oIlpeMa 3a CTa/lHy IIPOM3BOJKBY. Y OBOM CIIydajy
HOCTIDKe ce ofroBapajyha yumrega y TpolmKoBMMa
usrpagme objexara y LieJMHIL.

VY cBakoM ciy4ajy oBjie ceé MOpa OCTBapUTH HEOII-
XOZHa O/ICKa capajba MHBECTUTOpPA U M3Bohava
pazgoBa, Ha 060CTPAHO 3a0BO/BCTBO U KOPUCT.

beronnpame 1 MOHTa)Ka apMaType OKHa

3a paj Ha 6eTOHMPAKY U MOHTaXI ApMaType OKHa:
HONpeYHNIa, BohuIa KolleBa-CKMUIIOBA, IIPO/Ias-
HOT Ofje/betba, HOCAYa CTA/THMX Kab/IoBa 11 IleBOBO-
Za, Kopucre ce oarosapajyhe Bumreeraxxse Bucehe
6uHe-marpopme [2].

ButnoBu 1 u3Bo3He MalImHe

3a momepame CBUX I[eBOBOJa, Kab/IoBa, 1M3BO3-
HIIX CyZI0Ba KOPJMCTe ce OfiroBapajyhu BUTIOBM Ha
€/IeKTPOIIOTOH, OJHOCHO 32 IJIABHM M3BO3 MCKOIIA
KOpIUCTe ce jefHOOyOmacTe 1 fBoOyOmacTe us-
BO3He MallllfHe, a HepeTKo 1 600uHe.

M3Bo3Ha yxap,

3a u3BO3 MaTepujaia, MOMepame BUTIOBA U IIpe-
BO3 Jby/M KOpPHCTe ce ofrosapajyha uenmyna yxap,
06u4He WM 3aTBOpeHe KOHCTPYKIMje, C TUM Ja ce
ca [IOpacToM AyOuHe YevHa yKaj, 3aMerbyjy JTaK-
IIVIM U ja4¥M Y>KaJ/Ma Off BEIITa4KuX BjakaHa. Ca
y>Kajj MOpajy OUTH MCIIUTAHA VI aTeCTVPaHa Off CTpa-
He ofiroBapajyhe akpennrosane maboparopuje [4].

CHa0peBame KOMIPUMIPAHNM Ba3TyXOM

Ia 6u ce 06e36ehnBana norpeOHa eHeprija KOMIpPH-
MIHVPAHOT BasfjyXa, HEOIXOJHO je MHCTaTMpaTH
KOMIIPECOPCKY CTaHNILY, HOTPeOHOT KallaljuTeTa.

CepBucupame onpeme

3a cepBuCKpame OIpeMe OpPraHNu3yjy ce OfroBa-
pajyhe pamuonniie, modyes oy omTperma 6ypruja ma
IIPEKO MeXaHUYKe, eIeKTpo, OpaBapcke pagyoHNU-
1ie, IO TIepPMOHNIIe BO3NIA, UTH.

warehouse, diesel fuel storage unit- if diesel load-
ing and transport equipment will be used, locomo-
tives, chambers for filling of skips and hand-bins,
main corridors for opening and exploration of the
deposit);

b) for use in the construction of shafts and fa-
cilities referred to in item a) and for later use in
the regular mine production. In this case, all the
equipment for the construction is removed from
the tower, and the equipment for permanent pro-
duction is installed Thus, appropriate cost savings
are achieved in the construction of the facility as
a whole.

Be that as it may, the necessary cooperation be-
tween the investor and the contractor must be real-
ized here, on mutual satisfaction and benefit.

Concretingand installation of shaft reinforcement

For working on concreting and installation of shaft
reinforcement: Appropriate multi-story hanging
stage platforms are used for traverse, ropes of hop-
pers-skips, through rooms, carrier of permanent
cables and pipelines [2].

Winches and export machines

For the movement of all pipelines, cables, export
vessels, appropriate electropneumatic winches are
used, that is, one-barrel or double-barrel export
machines are used for the main export of the exca-
vation, and sometimes bobbins are also used.

Export ropes

For the export of materials, the movement of winch-
es and the transport of people, appropriate steel
ropes, plain or closed structures are used, with the
steel ropes being replaced with lighter and stronger
ropes of artificial fibers with increasing depth. All
ropes must be examined and certified by a suitably
accredited laboratory [4].

Supply with compressed air

In order to provide the required compressed air en-
ergy, it is necessary to install the compressor station
of he required capacity.

Servicing of equipment

For the servicing of equipment, appropriate work-
shops are organized, starting from the sharpen-
ing of drills and mechanical, electrical, locksmith
workshops, to the car wash, etc.

21



P Mumuh, C. Mumuh, Codpucmuyupana uzzpadtea 0y6oxux pyoapckux okaua, 15-29
R. Miti¢, S. Miti¢, Sophisticated Construction of Deep Mining Shafts, 15-29

CaHuTapHu geo

Papm opp>xaBama XurmjeHe Mopajy ce OpraHU3O-
BaT! KyTIaTH/Ia Ca TOTIOM M X/TaJfHOM BOZIOM, 6era
U IJpHa rappiepo6a, KyXuma, Kao ¥ CBU IOTpeOHN
caHuTapHu u KumMa ypebaju. O6aBesnu feo o6yx-
BaTa U NOTpebaH CMENITaj, IPOCTOpP 3a 0CoOIbe,
PecTopaH 1 ToaserT.

OBJEKTU HA ITOBPUIVIHN

Kako ce pagm o u3pagy OrpOMHOT KamUTaaHOT
objexTa-nybOKOr OKHa (MM [Ba OKHA) ca IIpa-
tehum objextuma Ty he cBakako 6MUTY aHra>)KOBaH
notpeban 6poj pafHNMKa pasHUX CTPYKa U KBa/IN-
¢duxauuja, a Taj 6poj Huje Manu, 360r TOra je Heo-
IIXO[{HO M3paguTu ofpehenn 6poj objexara pasHe
HaMeHe Ha TOBPIIVHIL.

Ty ce Mucu TIpe cBera Ha 3[jpaBCTBEHY CTAHNULY ca
CTal[MOHAPOM, IEKAPOM I MEVILIHCKIM 0CO0/beM,
Kao U aroTeKy CHabJeBeHY MOTPeOHUM JIeKOBMMA
U IpU6OPOM.

Crambenn kommrekc (KomoHuja) Tpeba ga mma
oproBapajyhe KyITypHe, CIOpTCcKe, 3a6aBHe U Bep-
CKe cafipXKaje, 0 4eMy ce MOpa BOSUTHU padyHa IIpM
IIPOjeKTOBAY CIIO/BHIX ObjeKara.

3a KBa/mMTeT KMBOTA, XUTVjeHe I IPOjeKTa y Lie/-
HII TOKOM u3Bobema pasoBa (a u KacHuje) Tpeba
o6e36emuty oprosapajyhe cHabneBame 31paBoM,
qycToM IjahioM BOZOM y JOBO/BHVM KONMYMHAMA,
¥ TO IIPUK/BYYIKOM Ha OfroBapajyhu jaBHy BogoBof,
VIV Peann30BaTi CBOj COIICTBEHM BOJZOBO, Ca 3aX-
BatoM, uuinhermeM, xmopucameM 1 obesdehemem
op, mMoryher 3saraljerba, Kao U CTaTHOM KOHTPO/IOM
KBQ/IMTETA. Y TAKO BEMMKOM KaMITy IMa 1 JOCTa OT-
Ia{HOT MaTepujaa, GpeKanmja it C1. I1a ¥ To Tpeba Ha
3aI0BOJ/baBajyhy HaulMH peIINTH Ha HAjMOJEPHUjU
HauyH y3 Kopuiiherbe caBpeMeHe orpeMe.

OrpomaH 6poj /byfyt, 4€CTO ¥ IIOPOAMIIE Ca [ELiOM
¥ KMBOTHIbAMA JbYOMMIIMA, Y KAMITy TPaXKIt U Off-
roBapajyhe noce6Ho cHabneBamwe xpaHoM, muhew,
XUTMjeHCKUM IOTpeMITiHaMa, ofehioMm ma u To
Tpeba carenatu 1 06e36eRuTIHL.

YecTa ya/beHOCT off Hajommkux Behnx mMecra, cao-
Opahajunira, ayTo myTeBa, XenesHuLle, aePOAPOMA,
TPaXM OpraHM3aLyjy fobpe MyTHe MHPPACTPYK-
Type U CpefcTaBa TPAHCIOPTa, ayTOOyCUMa, CaHM-
TeTCKa BO3W/IA, TEPEHCKA BOSIIA.

Y TakBUM C/Iy4ajeBUMa Ce y HellOCPelHOj OmM3MHIM
TPafW/IMINTA OPraHU3Yje Urpajba XeMMOogpoMa Ha
KOju, 110 HOTpeby Io mosuBy ponehy, xemikomnre-
pU, HAPOUNUTO 37paBcTeHe CIyX0e, 360r Yera Tpeda
Ofip)KaBaTy CTATHE KOHTAKTe Ca HajO/IVDKIM jaBHUM
yCTaHOBaMa.
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Sanitation

In order to maintain hygiene, bathrooms with warm
and cold water, white and black dressing rooms,
kitchen, as well as all necessary sanitary and air con-
ditioners must be organized. The obligatory part in-
cludes the necessary accommodation, a room for the
staff, a restaurant, a toilet.

OUTDOOR FACILITIES

Considering that this it is about the construction of
a huge capital facility - a deep shaft (or two shafts)
with accompanying facilities, there will certainly be
a need for the number of workers of various pro-
fessions and qualifications, and this number is not
small, therefore it is necessary to create a number of
facilities for various purposes on the surface.

First of all, here we are talking about a stationary
health station, a doctor and medical personnel, as
well as a pharmacy equipped with the necessary
medicines and accessories.

The residential complex (colony) should have ap-
propriate cultural, sports, entertainment and reli-
gious contents, which must be taken into account
when designing outdoor facilities.

For the quality of life, hygiene and the project as a
whole during the execution of the works (and even
later), adequate supply of healthy, clean drinking
water in sufficient quantities should be provid-
ed, by connecting to the appropriate public water
supply system, or by realizing personal water sup-
ply system, by means of water tapping, cleaning,
chlorination, protection against possible pollution,
as well as constant quality control. In such a large
camp there is also a lot of waste material, feces etc.
and this should be satisfactorily solved in the most
modern way by using modern equipment.

A lot of people, often families with children and
pets, are in the camp which also requires special
food, drink, hygiene and clothing, and this should
be looked at and provided.

The frequent distance from the nearest major cit-
ies, roads, highways, railways, airports, requires the
organization of good road infrastructure and trans-
portation means, such as buses, medical vehicles,
terrain vehicles.

In such cases, in the immediate vicinity of the con-
struction site, the construction of heliports is or-
ganized, where helicopters, especially for medical
services, come as required, and therefore, constant
contacts with the closest public institutions should
be maintained.



P Mumuh, C. Mumuh, Codpucmuyupana uzzpadtea 0y6oxkux pyoapckux okaua, 15-29
R. Miti¢, S. Miti¢, Sophisticated Construction of Deep Mining Shafts, 15-29

Bennka Maca cBeTa XeTepOTe€HOT CacTaBa, Hallle
HaBJIKe, YeCTO HEeJOBO/BHO JIENIO BACIUTambe, KO-
puurherse anKoXoa, pore, IPUCYCTBO IPOCTUTY-
1yje, crBapa Meby /pyauMa 31y KpB, a U KPUMU-
HajHe pafwe mohy mo mspaxaja, 36or dera Tpeba
Offp>KaBaTy NOTpeOHe KOHTAaKTe Ca JIOKATHOM IIO-
LM OM, SKaHFAPMEPUjOM M CIMYHUM CITy>KOama
jaBHe 6e30egHOCTH.

JIpyXeme ca JIOKaJHMM CTAaHOBHUIITBOM MOXe
OUTU M KOPUCHO U IITETHO, Ma Tpeba BORUTH pa-
YyHa: JIa IV IOCTOoje HeKe 6oecTy Kao mro cy XVB
(ANIC), cucmnuc, ebona, TyOepKynosa 1 C1. Ha
npenysetu ogrosapajyhe mepe. Uecto ce pemasa
Ja ce ca JIOKaJIHMM JbYAMMaA Ve Y JIOB Ha pasHy
IVB/bay, KOja 4ecTO MOXKe OMUTY 3apaKeHa, HIIp.
6eCHIIO KOJI JIMCULIA, ITa U TO U30eraBaTyl, OffHOCHO
aJIeKBaTHO JIeJIOBATIL.

PajosHanoct /jbynu je HeorpaHM4eHa, IIa 4YeCTO
Ofly Y HOCETY U OOMIDKIYM MaHACTUPKMA (aKO UX
uMa), 6e3 0631pa Ha jesuuke Oapujepe rne ce Apy-
e, HabaB/bajy ankoxonHa mrha, a Hitje pefak ciy-
4aj Jla CTyIle Y XOMOCEKCYa/IHE OJHOCE, KOji MOTY
ma O6yny 34paBCTBEHO OMACHIL.

JlemaBa ce u Ja je JIOKaJHO CTAaHOBHMIUTBO He-
IpUjaTe/bCKM PACIIONOXKEHO IIpeMa IpajjuTe/byiMa
U3 KaMIla/Hacesba, Ia 1 Ty Tpeba ocurypaTtu 6es-
6enHy orpany KamIa, ofroBapajyhe ymasno-usmas-
He Kallje i HapaBHO, YyBape, YaK ako Tpeba 1 Ha-
opy>kKaHe cTpakape.

3a mporec m3pafe OKaHa HEONXOAHO je U KO-
puirheme onacHUX MaTepujaia (HIp. TBPHOT 0/10Ba
3a Crajame yXKera ca KapabuHepOM U KyKOM, eKc-
T/I03UBa, Te KUCEeNMHA 33 aKyMy/IaTope, pasHa y/ba,
XeMUKajje 3a 1aboparopujy, UTA.) Of KOjUX Ha-
CTaje OoIlacaH OTHaj Koju Tpeba IPOINCHO YCKIa-
AUIITUTHY, 9YBAaTU U MCHOPYYIUTM Ha YHUIITEHE,
3aBIICHO Off IIPOTINCA 3eMJbe T/l Ce U3BOJIe PAfIOBIL.

YecTo ce pajioBu U3BOJE HA BEMKIM HAJIMOPCKIM
BIICVHAMa, Ifie Cy II0TpeOHe pajjHe MallHe ca [0-
Ce6HO KOHCTPYMCAHNM MOTOPYIMA, Ifi€ je HEOIXOf-
HO MHCTA/IMPATH IIOCTPOjerba U Hace/ba JaleKo Of
yTHUIjaja CHEXXHVX JIABUHA, a I0CeOHO BPIIUTY U3-
60p mepcoHaa 3a Te BUCUHCKE YCTIOBe paja, KOju
obaBe3Ho Mopajy mpohu oprosapajyhm nexapcku
nperier, 3a yrBphuBame croco6HOCTH 3a paj y
TAaKBUM yC/IOBVMA.

/1 nopex Tora, Moyke ol 10 HeXXe/beHVX MOCIeNIa,
I1a TIOHEKA/| I Ca CMPTHIM VCXOJIOM, IIPY Y€MY Ce Ha-
Mmehe u mpo6yem nospahaja ympror kyhu, y3 noce6ny
capajiby ca JIOK/IHUM 3/;PaBCTBEHIM, TOIALIVCKIM
VI TIOTPAHIYHNM B/IACTVIMA, & y CTPAHOj 3eMJBML U Ca
KOH3y/IaToM/ambacaioM COICTBeHe 3emsbe. Heorr-
XOJIHa je U capajiiba ca IPEBO3HMKOM, PeLyIMO aBM-

The great mass of the world of heterogeneous com-
position, our habits, often inadequate education,
the use of alcohol, drugs,and the presence of pros-
titution, create conflicts among human beings, and
even criminal activities become present, which re-
quires maintaining the necessary contacts with the
local police, gendarmerie and similar services for
public security.

Socializing with local people can be both helpful
and harmful, so keep in mind the following: are
there any diseases such as HIV (AIDS), syphilis, eb-
ola, tuberculosis, etc. so take appropriate measures.
It often happens that local people are hunting for
a variety of game, which can often be infected, for
example, rabies in fox, so this is to be avoided, i.e.
You should respond appropriately.

Curiosity of people is unlimited, and they often go
on a visit to nearby monasteries (if any), regardless
of the language barriers where they mingle, get al-
coholic drinks, and it is not uncommon for them to
get into homosexual relationships that can be dan-
gerous to health.

It also happens that the local population is hostile
towards campers / villagers, and there also needs to
be provided with a safe camp fence, an appropriate
entrance-exit gate and, of course, guards, armed if
needed.

For the process of shaft construction, it is also nec-
essary to use hazardous materials (e.g. hard lead
for connecting the rope with carabiner and hook,
explosives, acid for batteries, various oils, chemi-
cals for the laboratory, etc.) from which hazardous
waste arises which should be properly stored, kept
and delivered for destruction, depending on the
regulations of the country where the works are be-
ing carried out.

The works are often carried out at high altitudes,
where it is necessary to work on the machines with
specially designed engines, where it is necessary to
install plants and settlements far from the influence
of snow avalanches, and in particular to select per-
sonnel for these altitude conditions, which must
undergo appropriate medical examination for de-
termining their the ability to work under such con-
ditions.

Nevertheless, undesirable consequences may occur,
sometimes with a fatal outcome, with the problem
of returning the deceased person to home, with
special cooperation with the local health, police and
border authorities, and in a foreign country and
with the consulate / embassy of their own country.
It is also necessary to cooperate with the carrier, e.g.
airline company, because not every airline will carry
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OKOMITaHMjoM, jep Hehe cBaka aBMO KOMIaHMja fia
HPeBO3M YIIOKOjeHe, TOIITO Ce 32 OBe HaMeHe 06MYHO
KOPUCTY IIPOCTOP VCIIOR KOKNNTA (KabyHe MIIOTa).

3anompaBame oxpebhenor 6poja pynu U3 penosa
JIOKa/IHOT CTAHOBHUIITBA 4€CTO yC/IOB/baBa JpiKa-
Ba goMahuH npojekTa, a Ty Cy U pasHM CUHAMKATH
KOjJ1 Ka0 OpraHusalyje pagHIKa TO YIIOPHO CIIPO-
Boge. 3aro je morpebHO M Ty Hahm oprosapajyhe
moryhnocti koje he sagoBomuTu cBe 3amHTepe-
coBaHe crpate. Kaj cy y nuramy kBammpnKoBaHm
MajCTOPH CBMX IOTPeGHMX CTPYKa M 3aHATA, Tafid
HJe JaKIlle, ajli 9eCTO je y MUTamy 00MYHa HeKBa-
nuduKoBaHa U HEIMICMeHa pajjHa CHara, ra tpeba
OuTu ompesaH, jep ux Tpeba M 00y4MTH/KBANIU-
¢drkoBaru 3a onpehera saHnMama.

Y cnyvajy Hammacka Ha apXeoJIolLIKe My pOCH/IHe
OCTaTKe y TOKY pajia, 0 ToMe 00aBeCTUTH HaJIex-
He nHcTUTyLUje. To yecTo MoXKe OMTH Y3POK 3a-
CTOja 'y pajy 1 Cropa.

HapsopHo-TexHmyKa cmyxo6a

Toxom wussobema pagoBa moTpe6HO je opra-
HM30BaTy HAJ[30PHO-TEXHUMYKY Cayx0y koja he
KOHTPOJIMCATY KONMWYMHe, KBamuteT yrpabheHor
MaTepujama ¥ BOJUTU TOTPeOHY JOKyMeHTa-
IMjy - pyAapcko-TpaheBMHCKM [HEBHUK, pyAap-
cko-rpaheBMHCKY KIBUTY M YHOCH CBe M3MEHE Y
OJIHOCY Ha ITPOjeKaT, ¥ Te M3MeHe TauyHO JIOLMpPaTy
MepembeM U IPABUIHO PerMCTPOBATH.

POBOTM30OBAHA VM3PAJA OKAHA

Kon poborusoBaHe m3pame OKaHa MeTOHOM Oy-
HIeha ¥ MUHMpaba IOTPeOHO je MHCTanIMpartu u
Kopuctutu [3]:

» KOMIIjyTepu3oBaHe poOOT MallnHe 3a Oylierme U
yymhere MUHCKMX OYLIOTVHA,

* KOMIIjyTepU30BaHe MalllfHe 32 yTOBAp KaHIIACTOT
VY JIOTIATACTOT THTIA,

« KOMIIjyTepusoBaHe po6oT moramajyhe mymre 3a
OfIBOJIfbaBalbe Ca Yesla PafyInIITa,

« KOMIjyTepU30BaHy KAWITHY ITyMITy Ha Bucehoj
wiatopMu 3a U3balyBame BOfie Ha IOBPIINHY,
Ca je[HMM VIV BUIIE CTEIIEHN MOTHUCKA.

Ha 6u cBe QpyHKUMOHNMCANTO Tpeba MMATH OfrOBa-
pajyhm Brcoko 06pa3oBaHM TeXHOJIOLIKO-pyAap-
CKI U padyyHapCKU MeHA|IMEHT, KOju 61 yCIIeIIHOo
MHCTIMPAO U IIYCTHO Y paji KOMIUIETaH po6oTH-
30BaHM cucteM (0 M360pa MaIIVHA 1A O MHCTa-
nupama Ha ofpeheHa MecTa), KOPUCTHO Ta, KOH-
TPOIICAO U OAPIKABAO.
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the deceased, since for these purposes, usually the
space under the cockpit (pilot’s cabin) is used.

Employing a certain number of people from the
ranks of the local population is often conditioned
by the host country of the project, and there are
various unions that serve as workers” organizations,
and they continuously deal with this. That is why it
is necessary to find adequate possibilities that will
satisfy all the shareholders. When it comes to the
qualified craftsmen of all trades, it is easier, but usu-
ally we deal with ordinary unskilled and illiterate
workforce, so it needs to be cautious because they
need to be trained / qualified for certain occupa-
tions.

If you happen to come across an archaeological
or fossil remains during the work, you need to
inform the competent institutions about it. This
can often be the cause of stoppage of works and
disputes.

Supervisory and technical service

During the execution of works it is necessary to
organize a supervisory and technical service that
will control the quantities, quality of the built-in
material and keep the necessary documentation -
the mining-construction log, the mining-construc-
tion book and enter all the changes in relation to
the project, and accurately locate those changes by
proper measuring and documentation.

ROBOTIZED SHAFT CONSTRUCTION

When it comes to the robotized shaft construction
by means of drilling and blasting, it is necessary to
install and use [3]:

« Computerized robot machines for drilling and
cleaning of mine boreholes,

« Computerized machines for loading of crab and
knob types,

» Computerized robot immersion pumps for drain-
age from the shaft breast,

» Computerized piston pump on the hanging plat-
form for pumping the water back to the surface,
with one or more degrees of pressure.

In order for everything to function properly, we
should have the appropriate highly educated tech-
nological and mining and computer management,
which would successfully install and put into op-
eration a complete robot system (from machine se-
lection to installation to specific locations), used it
control it and maintain it.
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Taj MeHaIMEHT Mopa fla CTBOPU U ofrosapajyhu
PajHU IIePCOHA OCIOCOO/bEeH fla CUCTEM IPaBUII-
HO KOPUCTU KaKo 6 paji KOMIIjyTepi30BaHOr-PO-
6OTCKOT cHUCTeMa a0 XKe/beHe Pe3ynTaTe.

3a OTKOIaBame ce MOXKe KOPUCTUTYU U poOOTU30-
BaHU CHCTeM Ha IIMPOKOM dYerly, YKOIMKO pajHa
CpefuHa TO HO3BO/baBa.

PYKOBOBELE OCOB/BEM

YecTo ce mocrap/ba MUTameE IITA je yIpaB/bambe, a
mra je HapehuBame, mrTo Tpeba mpenusuparyu 3a
TaTe yC/IoBe.

OCTBapI/IBaH)e capajib€ Ha CBMM HMBOVMA I yBa-
aBame nsMeby 3armoceHor u Haf[30pHO-TeXHMY-
KOT 0c007ba je Bp/1o OGUTHO.

Tpeb6a cymatu 1 MUIbeba HoApeheHnx n kaj rog
je TO MUII/belbe VICTIPABHO 1 KOPVCHO 3a YHarpehu-
Bambe Ipolleca M3pajie OKaHa U YOIIITe jaMCKUX
objexara, Tpeba ra NPUXBATUTYU ¥ IPUMEHUTH, a
capaJiHMKe OCeOHO HAarpafluT! 1 jaBHO MX ITOXBa-
JINTH, jep IbYAM BOJe CTUMYIIALVje OUIIO [ja Cy HeMa-
TepujaHe IPUPOJie — YCMeHe U IMCMeHe II0XBasle,
monene IUIaKeTa, Iofie/ie OpAeHa, VI MaTepyjaiHe
Ipupofie — HOBYAHE HArpaje, TOAMIILY OfMOP O
TpOIIKy Ipenyseha, cTpy4yHa ImyToBama 1 CII.

He Tpe6a noucrosehuBary MeHanMeHT ca JAfIEp-
CTBOM, TIONITO je yHpaBsbame ymyheHo Ha opra-
HU3ALNjy, Tj. HA CBe HEXMUBE pecypce KOMIIaHUje
(TexHONOIMja, €HepIHja, IPOCTOP...) & PyKoBODemwe
Ce TOTOBO €KCK/Iy3MBHO Be3yje 3a jelMHU >KUBU
KOMITAHWjIH PeCypc - 3a 40BeKa - U ujepu tpeba
Jia pasBMjajy HOBE HaulHe pasyMeBamba Koju BOJe
3aI0ciIeHe HOBYM KBanu@uKanmjama, Ije je yuerme
CYIITHHA XMBOTA VI TPEKUB/baBambe mpefyseha ma-
Hac, a TO BOAY JYTOBEYHOCTY OM3HICA, Tj. LITO je
ydeme IPUCYTHHje — OM3HIC je fyToBevHujn (HeMa
ONyIITama).

JIupepu Tpeba ma yue Kako a yIpaB/bajy ,HEKUM',
OJIHOCHO KaKo Jia Bofe (ycMepaBajy) ,,HeKor'

CranHo o6pasoBatbe mogpeheHnx je HeOIXOFHOCT,
jep yBek MMa HOBUX CasHama KOJ COPUCTHIIpaHe
USrpajibe OKaHa I APYrux objekara y jamu, a IHO-
ce6HO KOJ OTKOIIaBaiba U PefOBHE IIPOU3BOMIHE,
OCeOHO aKO Ce MOXKe KOPUCTUTI pOOOTH30BaHM
CTPYr Ha LIMPOKOM ey, Ka0 IITO Ce€ KOPUCTHU Y
jemHOM II0fI3eMHOM PYRHUKY 6akpa y [Tomckoj [3].

[Toceban 3Ha4aj 3a TEXHOJIOLIKY IIPOLEC MMa IIpa-
BIIHO U 6e30eIHO yIpaB/bame OlpeMOM, CUPOBH-
HaMa U €HEPIUjOM.

This management must also create an appropriate
working personnel capable to use the system prop-
erly so that the work of the computerized robot sys-
tem could give the required results.

Robot system can be used for excavation on the
wide shaft breast if the environment allows so.

MANAGING THE PERSONNEL

It is often asked what is managing and what is or-
dering, what should be explained in more detail for
the given conditions.

Realizing cooperation at all levels and appreciation
between employee and supervisory-technical staff
is very important.

The opinions of the subordinates should be listened
and whenever this opinion is correct and useful for
improving the process shaft construction and the
pit facilities in general, it should be accepted and
applied, and the specialists rewarded and public-
ly praised because people like stimulation be that
immaterial - oral and written praise, awarding
of plaques, decorations, or material - monetary
awards, paid annual leave, professional trips, etc.

Management should not be identified as leadership,
since management is directed to the organization,
i.e. to all the inanimate resources of a company
(technology, energy, space ...) and leadership is al-
most exclusively linked to the only living company’s
resource - for man - and leaders need to develop
their own ways of understanding which lead the
employees to new qualifications, where learning is
the essence of life and survival of modern enterpris-
es, which leads to the longevity of the business, i.e.
the more learning is more present - the longer the
business will last (no relaxation).

Leader should learn how to manage “a person’ i.e.
how to lead (guide) “a person”.

Permanent education of subordinates is a necessi-
ty, because there is always something new to learn
about the sophisticated construction of shafts and
especially about excavation and regular production,
especially if robotized borings can be used on the
wide breast, as it is used in one underground copper
mine in Poland [3].

Proper and safe management of equipment, raw
materials and energy has a special importance for
the technological process.
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OVIHAHCUPAIBLE U3TPAIILE

Vusecturop obesbebyje cpencraa 3a uspagy okaHa
1 ocTannx objeKara i3 CONCTBEHIX CPefCTaBa VTN
u3 kpeputa. Kpepuru ce mory yseru xop fomahux
WIN CTpaHVX GaHaKa, a aKo y U3PALM YIeCTBYje 1
ctpanu m3Bohau, y Hajpehem 6pojy cmydajeBa oH
06e36ebyje xkpenur.

CBaxku Kpegut Tpaxku obesbebeme koje nsnaje nH-
BECTUTOPOBA IPBOK/IAacHa OaHka. [loTBpma o6es-
Oebema BpiM ce MeHMIIAMA.

Opo6peHn Kpenut ce, IO IUIaHy, 06e36enu 3a cBe
TOJIMHE U3TPAJIEbe U 32 UCTE OfIpe/ie TPAHIIIE JOfieTe
u nospahaja 3ajma.

VHBecTUTOp CKOPO pemoBHO opoOpaBa m3Boba-
4y pajloBa aBaHC Ha M3BeJeHe pafioBe, KOjU OBaj
ormnahyje ymamuBameM MeCEYHUX CUTyalyja 3a
HaIUIaTy U3BeJEeHMX pagoBa. IIpexo cBoje mpso-
K/IacHe 6aHKe 13BoDay faje rapanuyjy fa he aBanc
ypenHo oTirahusari.

VsBobau Takobe maje rapaHIMjy 3a KBalIUTETHO
U3BpILIEHE PafioBa, a UHBECTUTOP TapaHINjy fia Cy
ob6esbehena cpencTBa 3a peanusaiyjy KOMIIETHOT
IIpOjeKTa.

HeomnxonHo je ocurypame pajjoBa KOfi OCUTYpa-
Bajyhmx ppymtasa of cTpaHe msBobavya pagosa y
TOKY M3pafie pyflapcknx objekara. OBo ocurypame
ocnrypasajyha pyImTsa BpIe caMo Ipy U3TPabI
PyHapcKrx objexaTa, JOK TO HMKAKO He IPUXBATajy
TOKOM peJIOBHE eKCIIoaTanuje.

YI'OBOP O M3I'PAIIBM OBJEKATA

Vsrpanma objexara ce Moke 00aB/baTi Ha BHILE
HadlHA:

* Y COIICTBEHOj PEXM)jH,

o ycTymameM pomahem crenujan3oBaHOM 13-
BoDbauy,
* yCTyIameM CTPaHOM CIIeL1jaIn30BaHOM U3BOha-

qy, UIn

o ycTymameM KoH30pumjymy momaher m crpanor
nsBobaua.

V3 cBako ycTyname paZioBa BaH MaTH4HE KOMIIa-
HIje, PeOBHO Ce pacHicyje ofroBapajyhm KoH-
Kypc ca MOTpeGHOM TeH/IepCKOM JOKYMEHTALVIjOM,
KOja CaZip>KI:

* OIIIITE YC/IOBE,

o IIpefMep pajfoBa, y KojeM moHybau maje cBoje
1LleHe pajioBa II0 jefVIHULIM Mepe.
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FINANCING THE CONSTRUCTION

The investor provides the funds for construction of
the shafts and other facilities from its own resources
or from loans. Loans can be taken from domestic
or foreign banks, and if a foreign contractor is in-
volved in the development, in most cases he pro-
vides the loan.

Each loan requires a collateral which is issued by
the investor’s first-class bank. Confirmation of col-
lateral is done by bills of exchange.

The approved loan is, according to plan, provided
for all years of construction and for the same de-
terminants of the tranche of loan allocation and
repayment.

The investor almost regularly gives the contractor
an advance payment for works done, which he re-
pays by reducing the monthly situation for settle-
ment of the executed works. The contractor gives a
guarantee that he will regularly repay advance pay-
ments through his first-class bank.

The contractor also gives a guarantee for quality ex-
ecution of works, and the investor guarantees that
the funds are provided for the realization of the en-
tire project.

It is necessary to insure works with insurance com-
panies by the contractor during the construction of
mining facilities. This insurance is provided by in-
surance companies only in the construction of min-
ing facilities, while it is not accepted during regular
exploitation.

CONTRACT ON THE CONSTRUCTION
OF FACILITIES

Construction of facilities can be carried out in var-
ious ways:

« With personal overheads,
« By assigning to a domestic specialized contractor,
« By assigning to a foreign specialized contractor, or

« By assigning a consortium of domestic and for-
eign contractors.

With every assignment of works outside the parent
company, a regular tender is announced with the
necessary tender documentation, which contains:

« General requirements,

« Bill of quantities, where the bidder gives his prices
of work per measure unit.
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[Tpoepy TauHOCTH ObOpadyHa moHyheHMx pajoBa
BpIIM HOCeOHa CTPyYHa KOMUCH]ja, IIOMITO HIUje
pelaK cay4aj ja ce OKyIllaBajy IPUMKPUTH IIpefipa-
JyHCKe BPEHOCTH, KaKo 01 ce JOOMIa IITO HIDKA
BpEINHOCT NoHyfe. HajHioka 1leHa He 3HaUM 1 ayTo-
MaTCcKy u360p Tor usBohaua, Majia ce y mpakcu To
JecTo JelllaBa, Beh ce 61pa HajIOBOBHMY U, IIpe
cBera, Hajmoyspanuju usBobau xoju he mpojexar
peanusoBaru.

Hakon usbopa nssobada pajoBa, IpIUCTyIIa ce n3-
paau yroBopa usmely nHBecTnTOpa 1 M3Bohaya o
usBohemwy pagosa

Kaxko ce gecto papgu o MelyyHapogHOM yroBopy, To
hemo y maeM TekcTy faTy Heka mocebGHa 3ama-
Kama [7].

Y OmmTuM ycnoBuMa yroBopa HaBeleH! CY CBU
nparehu efleMeHTH yroBopa, U TH Ce OIIITH YCIO-
BJI TIOTIINCYjy YHAIpeS, Kao IPMXBAT/bUBY, MHade
ydemthe Ha TeHpiepy Huje Moryhe. Heperko Haiuu
nocmoBHY byAu OmIITe YC/IOBe MOTICYjy M He
IPOYNTABLIN VX, & ¥ IbJIMa Ce CKOPO PEJOBHO Hajla-
3€ KJ1aysyJie o 6uTHe BaXXHOCTH. 3aT0 je moTpebHO
HEKOJIMKO flaHa Off fjaBama MOHyfe Tpeba mocTa-
BUTH TIpuMenbe Ha HojexuHe wiaHoBe y OnmTum
yCTIOBMMa, ca KOjiMa HJCMO IIOTIYHO Car/lacHU
(HempaBepHY, HAMETHYTM YC/IOBH, T3B. ‘TyHbajyhu
npuxsar’). To Tpeba yYMHNMTH NMCaHUM IIyTeM,
WIN eleKTPOHCKOM IIOIITOM, IIOIITO aKO €BeHTY-
aJIHO ffobe 10 HEKOT CIIopa y Besy yroBOpa, CYA MK
apbuTpaxka Mopa U TO y3eTH y 003up.

Kako manpr yrosopa (“mpadt”), CKOpo pemoBHO
IpejIake MHOCTPAHM IAPTHEP, TO Tpeba CBe Kia-
y3yJie HoceGHO PasMOTPUTI U 3ajefHITIKI IPUXBa-
tuti. HapounTy maxmsy Tpeba obparuty Ha:

« KJIAy3y/IN O PACKUJY YTOBOPA,
o IIOJIeTTy PU3NKa,

o BUIITY CULY,

« OTpaHNYEHY YTOBOPHE OfITOBOPHOCTI,

* YTOBOPHY Ka3Hy (IIeHa/IMMa),

o OaHKapCKe rapaHIuje U KOHTparapaHuuje,
o apbuTpa 1 N36OPY UCTOT,

« T3B. “mrammam’ win “nonohHe” Kaysyie, Koje ce
y yroBope y6aijyjy y KaCHUM BeYepUM YacOBI-
Ma,

o M360p MEPOJaBHOI IIpaBa - €BPOIICKOI KOHTM-
HEHTA/THOT MJIM AQHT/TTOCAKCOHCKOT

ITocroje u Mopenu yrosopa mapabenu op crpane
MebhyHaponHuX opraHmsanyja, Kao IITO Cy HIIp.
Mebynapopna npuspenHa komopa y Ilapusy min

Assessment of accuracy of the calculation of the
offered works is done by a special expert commis-
sion, as it is not a rare case to attempt to disguise
the pre-calculated values in order to obtain the
lowest value of the bid. The lowest price does not
automatically mean the selection of this contractor,
although in practice this often happens, rather the
most favorable one is selected, and above all, the
most reliable contractor will implement the project.

After the selection of the contractor, a contract is
drawn up between the investor and the contractor
for the execution of the works

Since this is often an international agreement, we
will give some special observations below [7].

The General Terms and Conditions of the contract
contain all the accompanying elements of the con-
tract, and these general terms are signed in advance,
as acceptable, otherwise participation in the tender
is not possible. It is not uncommon that our busi-
ness people sign the General Terms and Condi-
tions without reading them, and they almost always
contain clauses of vital importance. Therefore, it is
necessary to submit comments to certain articles of
the General Conditions within several days , with
which we do not completely agree (unfair, imposed
conditions, the so-called. “Grumbling acceptance”).
This should be done in writing or via email, since in
case of any possible dispute regarding this contract
the court or arbitrage must also take this into con-
sideration.

Since the draft of the contract is almost always pro-
posed by the foreign partner, all the clauses should
be considered separately and accepted jointly. Spe-
cial attention should be paid to:

« clause on termination of the contract,

o risk sharing,

« force majeure,

« limitation of contractual liability,

« contractual penalty (penalties),

« bank guarantees and counter-guarantees,

« arbitrator and the selection of the arbitrator,

eso called “champagne” or “midnight” claus-
es, which are inserted into contracts in the late
evening hours,

« choice of applicable law - European continental or
Anglo-Saxon

There are also models of contracts made by interna-
tional organizations, such as, e.g. The International
Chamber of Commerce in Paris or the Internation-
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MebyHapogau TproBuHcku ueHTap y JIoHOHY
KOj¥ Cy HOCTYIIHU IIpeKo MHTepHeTa. Takobe, Tpe-
6a momIToBaTM M KOHBeHIMje o MehyHapomHuM
CTaHflapAiuMa.

Kao npumep mpumeHe HejacHUX QopMyanyja
HaBOJVIMO “BOJIHY KJIay3y/ly KOJ yroBapama Uu3-
rpajme CKUII OkHa y Pypumky 6akpa “Bop”. Ilo
TOj cTaBKM u3Bohau pajjoBa OO je my>kaH ja 1o
ozipebeHor mpmnuBa Bofe Y OKHO TOKOM mM3page
OKHa M3BOAM PajioBe II0 yTOBOPEHOj LieHn. Y CIIy-
4ajy Jla IpUTOK Boje 6yne Behm o yroBopoMm jo-
TOBOPEHOT, IIOTPeGHO je IperoBapaTyi O HOBUM yC-
noBuMa mspage. Y 60pCcKoM CIIydajy, Mocao uspase
OKHa 0110 je II0BepeH KOH30PLIjyMy upmu u3 3a-
nmagHe Hemauke u Jyrocnasuje, CTuM fja HeMadka
¢dupma ucropyuu cBy noTpebHy ompeMmy, a Hallla
06e30en morpebHy panHy cHary. CBe je MIIO IO
IUIaHY, JOK HIje JOIIO O HAIJIOT ¥ OOMMHOT K-
JIMBa BOJE Ha paJuIMIITEe OKHA, KOjU je UCYBHUIIe
OMeTao HalpefoBame pagosa. KoHsopuujym je 3a-
XTeBAO Off MIHBECTUTOPA JOTOBOP Paj M3MeHe yro-
BOpa I MPEJIOKIO fja PajjoBe HACTABYU IIO CTBAp-
HUM TpouKoBuMa +10% npodura. VHBecTHTOP
ce II03Ba0 Ha HejaCHY “BOJHY KJIAy3yly U OfOMO
npemior koHzopuujyma. Konsopuumjym obycraspa
pajgoBe U HAITYILITA PAJIVIINIITE.

HaxoH Tora, MHBECTUTOP TpaXku Apyror, fomaher
u3Bobava pazmoBa, Koju he HacTaBuTH pajgoBe oII-
peMOM KOjy je MHCTa/nMpao KOH30PLUjyM, OFHOC-
HO cTpaHu usBobhadu pagoBa, IOJ IPETIIOCTABKOM
ma he mcry orkynuru. ITocTuruyT je [0oroBop o
OTKyIIy ompeMe, Te je apyru, somahu mssobay,
HACTaBMO pajfioBe. Y3 OTPOMHE HAIOpPe M MHCTA-
nanujy Beher 6poja mymnu y HU3Y [0 BepTUKAIIN,
momahnu usBobau je uspagmo mpeocTany geoHUIy
OKHa U KOMIUIeTHpao objekar, Takopehm mpo-
OuBIIN “TpynuMa’ HOCIENHBY NEOHMI[Y, YaK 1 Y3
JbYZICKE XKPTBE.

3AK/bYYAK

Vspaja nybOKMX OKaHa je KOMIUIEKCAH 3aJaTak
Koju OyxBaTa Bullle (pasza off KOj/X 3aBUCHU YCIIeLIHA
peanusanuja pagosa. Hajope je morpe6HO meTasn-
HO 00pafuTy HOfATKe O PAJHOj CpelnHI, obesbe-
INUTY OfroBapajyhy onpeMy 1 pafHy CHAry, a 3aTUM
caB/afiaTy U CBe a[MMHICTpATHBHe Telrkohe. ¥
OBOM pajiy je yu4umbeH HoKylIaj fa ce Oynyhum nH-
BeCTUTOpMMa 1 m3Bobaurmma pagoBa OaKIIa caM
nporec 1 omoryhn epuxacuuje usBoberme pagosa.

28

al Trade Center in London that are available online.
Moreover, conventions on international standards
should also be respected.

As an example of the application of vague formula-
tions, we quote a “water clause” when contracting
the construction of a shaft skip in the Copper Mine
“Bor”. According to this item, the contractor was
obliged to carry out work at the contracted price to
a certain inflow of water in the shaft during the con-
struction of the shaft. In case the water flow is high-
er than the agreed in the contract, it is necessary to
negotiate new conditions of production. In the case
of Bor, the work of shaft construction was entrusted
to a consortium of companies from West Germany
and Yugoslavia, whereby the German company was
supposed to deliver all the necessary equipment,
and our company was supposed to provided the
required workforce. Everything went according to
plan until there was a sudden and extensive inflow
of water to the site of shaft construction, which se-
verely hampered the progress of the works. The con-
sortium required that the investor agree to change
the contract and proposed to continue the work at
real costs + 10% of profits. The investor called upon
the unclear “water” clause and rejected the proposal
of the consortium. The consortium suspended the
works and left the site.

After that, the investor sought another domestic
contractor, who would continue the work with the
equipment installed by the consortium, i.e. the for-
eign contractor, under the assumption that it will
be repurchased. An agreement was reached on the
purchase of equipment, and another domestic con-
tractor continued the works. With enormous efforts
and the installation of a larger number of pumps in
a row along the vertical axis, the domestic contrac-
tor built the remaining section of the shaft and com-
pleted the facility, so to speak by breaking through
the last section, even with human casualties.

CONCLUSION

The construction of deep shafts is a complex task
that involves several stages on which the successful
realization of the works depends. First, it is neces-
sary to process the data on the working environment
in detail, to provide the appropriate equipment and
work force, and then to overcome all administrative
difficulties. In this paper we tried to make it easier
for future investors and contractors to perform the
process itself and enable more efficient execution of
works.
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YBOJ

Hammnm ncrpaxnsamem obyxsahenu cy HajsHawaj-
Huju y CpOuju pymHMIM, PYyAApCKO-UHAYCTPUjCKI
KOMILIEKCH, ¥ PyJlapCKe IIPOjeKTHEe ¥ Pa3BOjHO-MC-
Tpa)kMBayKe OpraHusanyje.

Y excmroaTanyju yr/pa To ¢y orpaHum Emextpo-
npuspene Cpbuje: Pymapcku 6acen Komybapa u
Tepmoenexrpate u konosu Kocromnar, [Tpuspegto
APYIITBO 32 IIOABOAHY eKCIUIOATALV)y yr/ba Pys-
HyK KoByH u JaBHO mpenysehe 3a mopzemny exc-
IJI0aTaLyjy yriba PecaBuiia.

Y excrroaTanyju MeTaJINYHVX MUHEPaTHUX CU-
pOBMHA, pyfa 000jeHMX U IUIEMEHUTHUX METAsa,
6akpa, 0710Ba, [IHKA, cpebpa u 3aTa o ¢y Pygap-
cko-TommoHnyapcku 6acern bop (Pymuuk 6axpa
bop u Pynuuk 6axpa Majpanmnex) u Pynuux u ¢o-
Tanuja PynHuk.

INTRODUCTION

Our study includes the key mines, mining and in-
dustrial complexes, as well as project and develop-
ment and research mining organizations in Serbia.

In coal exploitation, these are the branches of Elec-
tric power industry of Serbia: Mining basin of Kol-
ubara and Thermal power plants and pits Kostolac,
Company for subaqueous exploitation of coal Mine
Kovin and Public company for underground ex-
ploitation of coal Resavica.

For exploitation of metallic mineral raw materi-
als, deposits of non-ferrous and precious metals,
copper, lead, zing, silver and gold, we have Mining
and Smelting Combine Bor (Copper mine Bor and
Copper mine Majdanpek) and Rudnik and flotation
of Rudnik.
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Y excmmoaranuju HeMeTaMYHUX IIEMEHTHUX, Ke-
PaMMYKUX U ONEKAPCKUX MMHEPATHUX CMPOBMHA
To cy beounHcka dabpuka nemenTa, Pabpuka 1e-
menta Kocjepuh, ®abpuka nementa Hosu Ilomo-
Ball, mpoussobaun omneke u upena [Torucje Kawn-
ka, Iloner HoBu beuej n Crpaxkxunoso Cpemckn
Kapnosiu. Vcrpaxkupama cy obyxBaTuia U Hay-
YHe, pasBOjHe U NpOjeKTHe OopraHmsauuje, Pymap-
cxu MHCTUTYT beorpay, VIHCTUTYT 32 py#apcTBO 1
meranyprujy bop n Kony6apa ITpojexr JTasapesau.

[Tpukymwpame mnogaraka u MHOpManyja 0 NM-
IJIeMeHTUPAHOCTH  MehyHapogHMX —CTaHAapa
3a CuCTeMe MeHaiMeHTa y pygapctBy Cpbuje

ALY g

f i.l 0 8

15)

For the exploitation of non-metallic cement, ce-
ramic and brick mineral raw materials, we have the
Beocin Cement Factory, Cement Factory Kosjeri¢,
Cement Factory Novi Popovac, manufacturers of
brick and roofing tiles Potisje Kanjiza, Polet Novi
Becej and Strazilovo Sremski Karlovci. The studies
also included scientific, development and project
organizations, Mining Institute of Belgrade, Insti-
tute for Mining and Metallurgy Bor and Kolumara
project Lazarevac.

The collection of data and information about the
implementation of international standards for sys-
tem management in Serbian mining was published

JIETEHJIA / LEGEND

@ yran /coal

@ oSojerm MeTamn / non-ferrous metals
(O memeTamH/ non-mefals

() mpojeKkTHe H HCTpaXKHBaTKe Kylie
~ project and research houses

Cnuxka / Figure 1, Jlokyuje ankemupanux KOMnanuja u uHCmumyuuja
/ Locations of companies and institutions in which the survey was carried out [1]

Tymau / Legend: 1- Kous / Kovin, 2— Komy6apa / Kolubara, 3 — Kocronan / Kostolac, 4 - PecaBurja / Resavica, 5 - bop /
Bor, 6 - Pyguuk / Rudnik, 9 - Beounn / Beocin, 8 - Kocjepuh / Kosjeri¢, 9 - Ilonosar; / Popovac, 10 - Kamixa / Kanjiza,
11 - HoBu Beuej / Novi Becej, 12 — Cpemckn Kapnosiu / Sremski Karlovci, 13 — Beorpap / Belgrade, 14 — Bop / Bor, 15 -

Jlasapesa / Lazarevac
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00aBJ/beHO je aHKeTOM NoMohy yImuTHuKa y KoMe
ce ocaM NMTalba OHOCK Ha MOJATKe O OpTaHM3a-
uuju, a 10 murama Ha MehyHaponHe cTaHzapze ca
¢doKycoM Ha BpeMe, MOTUB, Tpajame, TPOLIKOBE
U HayMH yCIOCTaB/bakba MHTEIPUCAHOT CHCTEMA
MeHalMeHTa, [SO cepruduxare, KOHKpeTHe OCT-
BapeHe edeKTe IPUMEHOM CaTH/Ap/a, OLieHa JI0-
BO/bHOCTM MHTETPUCAHOT CYCTEMa MEHAIIMEHTA 32
yIpaB/bakbe OPraHM3aljoM, LT je HEOIXOJHO 3a
yCIocTaB/babe e(UKACHOT HaI30pa U yIpaB/bakba
y opranusanuju (pygHUKY), 3allaXkarba, CyrecTuje
U MULBEHA.

Cnuxa / Figure 2, 3acmynmwenocm
obnuka excnioamauuje
MUHEPATHUX CUPOBUHA Y
ankemu / Representation of the
forms of exploitation of mineral
raw materials in the survey

Ha cnunu 1 mpukasaHe Cy loKaljuje aHKeTUpaHUX
PYBAPCKUX U PYAAPCKO-UHAYCTPUjCKUX KOMIIHMj€E
U MUHCTUTYLMja.

OBako NPUKYI/beHNU IIOfjallM IIPYXKajy MepUTOp-
HY C/IMKY O MMIIEMEHTUPAHOCTU MehyHapomuux

craHpiapaa y pysapcrsy Cpouje.

PE3YIITATU ICTPAXKUBAIbA

V3 mocnoBHNX pasjiora y pagy HUCY M3HETH IOje-
OVHAYHY OfICOBOPM y aHKeTM M TO 32 OBa MCTpa-
KIBama Huje off 3Hadaja. OfroBOpM Ha NNMTama
Cy CUCTeMaTM30BaHMU, CTATUCTUYKM obOpabeHu u
OPUKTAIHO TpadMyuKU IIpUKa3aHV, CIuKe 2-14.
O06jeKTUBHOCT OBMX MICTpaXkKMBaba IOTBPhyje ek-
BMBaJIeHIIMja 00/IMKa eKCIUIoaTallje MUHepaTHIX
CHPOBMHA Y aHKETU ¥ PEaJHOT CTama y CPICKOM
pymapcrBy, rpaduk Ha oy 2. [ToBpmHcKa exc-
IIoaTalyja je 3acTyIlbeHa ca 56%, Iofi3eMHa ca
22%, a 3aCcTYIUBEHOCT KOMOMHOBaHe (IIOBpIIMH-
CKa+II0/I3eMHa) I IIOIBOJHE eKcIrIoaranyuje je 11%.

Cnuxka / Figure 3, 3acmynmweHoctn
PyOHUuKUX cuctnema npema 6pojy
eKCNI0aAMAayUoHUX 06jexama
/ Repre-sentation of the mining
systems according to the number
of exploitation facilities

in a survey by using questionnaires in which eight
questions referred to the information about the or-
ganization, and 10 questions referred to the inter-
national standards with focus on time, motive, du-
ration, expenditure and manner of implementation
of integrated management system, ISO certificates,
actual effects achieved through the implementation
of standards, assessment of the sufficiency of the in-
tegrated management system for organization man-
agement, which is necessary for establishing effective
monitoring and management in the organization
(mine), observations, suggestions and opinions.

Cnuxka / Figure 4, Cmpykmypa
pydapckux Komnauuja npema
spcmu murepante cuposuna /
Structure of mining companies
according to the type of
mineral raw materials

Figure 1 shows the locations of the mines and min-
ing and industrial companies and institutions in
which the survey was carried out.

The data obtained in such a way show a construc-
tive picture of the implementations of international
standards in Serbian mining.

RESEARCH RESULTS

Due to business reasons, this paper does not contain
individual answers in the survey and this is not rele-
vant for these studies. Answers to questions are sys-
tematized, statistically processed and appropriately
graphically illustrated, figures 2-14. The equivalence
of the forms of exploitation of mineral raw materi-
als in the survey and the real situation in Serbian
mining confirm the objectivity of these studies, dia-
gram in figure 2. Surface exploitation is represented
with 56%, underground exploitation with 22% and
combined (surface+underground) and subaqueous
exploitations are represented with 11%.
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Y nmpomopnuju 3acTyI/beHOCTH Cy PYAHUYKY CUC-
TeMM ¥ IpeMa 6pojy eKCIUIOATAIOHUX objeKara,
Haj3acTYIUbEHMje Cy OpraHM3aliyje ca je[lHUM eKC-
II0aTallMoOHNM objekToM 44%, ca [Ba pyAHUKA
11% u ca Buie of iBa 44%, cnnka 3.

Tpehm mnoxasare/b afieKkBaTeHe 3aCTYIUbEHOCTHU
PYAHMKA, Y OBUM MCTPaXMBaMMa je CTPYKTY-
pa pygHMKa IpeMa BPCTM MMHEpalHe CUPOBMHE
y ekcmtoatanuju. Ha rpaduky Ha cmunm 4 Bupn
ce Jja je Haj3acTyIUbeHMja eKCIUIoaTalyja yIba ca
45%, cnmegu eKcroaTalyja HeMETATMYHUX MIHI-
HepajTHuX cMpoBUHA 33% M eKcIyIoaTanyuja pyza
o6ojeHnx mertana 22%.

3a 00jeKTUBHO carjlefjaBaime MOTpeba, MOTEH-
Iyjana U ancophnuuoHux MoryhHocTu pypHuKa
y IOI/Iefy yBobewa 1 ycrocTaB/batba MHTETPUCa-
HOT CJICTeMa MEHAIIMEHTa, Ba)XHO je Jla CTPYKTY-
pa npema NpPOM3BOJHUM, OJHOCHO €KOHOMCKMM
MoryhHoCTMMa aHKeTUpaHUX PYAHMKA Oyae mpu-
OmVDKHA peanHoj CTPYKTypu pynHuka y Cpb6uju.
OBaj KpuTepujym je 3afloBO/beH Ca CTPYKTYPOM
Yy Kojoj je 45% Manux pyAHMKA ca TOAMIIEKHOM
npousopmoM mo 500.000 t pyze, 22% cy pya-
Hunu cpepmux Kanapurera 500.000-2.000.000 t
TOJIUIIIE, PYSTHUIYM BENMKUX NPOU3BOLHUX MO-
ryhnoctu 2.000.000-15.000.000 t pyze rogumime
takode, 22%, 1 BeoMa BEIUKU PyAHULIM Ca TO-
oUIIBUM Kamanurtetuma Behum om 15.000.00 t
pyne 11%, cnuka 5.

Ca acmekra motpe6a, 3aXTeBHOCTH VIMIUIEMEHTa-
1yje ¥ TpYMeHe IHTETPUCAHOT CYCTEMA MEHAIMEH-
Ta, 3HaYjHA je TEXHOJIOMIKA CTPYKTYMPAHOCT Opra-
Husanuje. OBaj mokasaTe/b je YK/by4eH Y aHANINU3y
IIOCPEIHUM ITyTeM IIPEKO TOKa HaMeHe IIPOM3Befe-
He MMHepajiHe CUPOBMHe. TeXHNYKO-TeXHONOUIKY
CTIOKEHOCT OpTaHM3alljeé Ofip’kaBa TOK HaMeHe
MMUHEpaJIHe CMPOBMHE, Y NPUHUUIY TEXHOJIOIIKMA
HajCIOKeHUjM Cy CUCTeMM KOMOMHOBaHe HaMeHe
CUPOBMHE, C/Iefie CCTEMM Ca MHTEPHOM I eKCTep-
HOM HaMeHOM MMHepanHe cuposuHe. Ha rpapuxy
Ha CIMLM 6 BUAM Ce Ja Cy CBa T 00/NMKa paBHO-
MEpPHO 3aCTyIUbeHa, IPMOMIDKHO 1o 1/3.

bpoj sanmocnenux mma ymimBa Ha TeHepuCambe
nobyne n mmiieMenTanyjy VICM y pymapckum
opranmsanyjama. OBaj ImapaMeTap Iokasyje fia y
CTPYKTYpM aHKeTMpaHUX PYJApPCKMX KOMIIaHMja
ca nmmeMenTrpainM VICM, HajsacTylbeHNjn ca
45% cy cuctemu ca BeoMa BEMKMM O6pojeM 3armoc-
nennx, uute of 1.000 pagHuKa, cieme cpegmbu ca
100-500 sanmocnennx n manu o 100 3amocieHux
HofijefIHaKe 3aCTYI/beHOCT 22%, Ha 3a4erby Cy CHC-
TeMn ca BemkuM 6pojem 500-1000 samoceHux,
cnuka 7.
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The mining systems are also proportionally rep-
resented according to the number of exploitations
facilities, the most represented being the organi-
zations with one facility 44%, with two mines 11%
and with more than two 44%, figure 3.

In these studies, the third indicator of the adequate
representation of mines is the structure of the mines
according to the type of mineral raw material being
exploited. Diagram in figure 4 shows that exploita-
tion of coal is the highest with 45%, followed by the
exploitation of non-metallic mineral raw materials
with 33% and the exploitation of non-ferrous met-
als 22%.

For objective evaluation of the needs, potentials
and absorption capacities of the mine with regard
to the introduction and implementation of an inte-
grated management system, it is important that the
structure according to the production or economic
capabilities of the surveyed mines is approximate
to the real structure of the mines in Serbia. This
criterion was fulfilled with the structure that con-
tains 45% of small mines with annual ore produc-
tion of 500.000 t, 22% of medium-capacity mines
with annual 500.000-2.000.000 t, mines with large
production capabilities of 2.000.000-15.000.000 t of
ore annually - also 22%, and lastly very large mines
with annual capacities larger than 15.000.000 t of
ore - 11%, figure 5.

Technological structure of the organization is im-
portant from the aspect of needs, complexity of
implementation and application of an integrated
management system. This indicator is indirectly in-
cluded in the analysis via the course of the purpose
of the produced mineral raw material. The course
of the purpose of the mineral raw material main-
tains the technical and technological complexity of
the organization, in principle, the systems of com-
bined raw material purpose are the most complex,
followed by the systems with internal and external
purpose of mineral raw material. The graph in fig-
ure 6 shows that all of three systems are equally rep-
resented, approximately 1/3 each.

The number of employees has an impact on gener-
ating the initiative and implementation of ISM in
mining organizations. This parameter shows that
in the structure of the surveyed mining companies
with implemented ISM, the most common, with
45%, are the systems with a very large number of
employees, with more than 1.000 workers, followed
by the medium systems with 100-500 employees,
and small systems of up to 100 employees, each be-
ing equally represented with 22%, and lastly the sys-
tems with a large number of employees, 500-1000
employees, figure 7.
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Cnuxka / Figure 5, Cmpykmypa
KoMNnaHuja npema ooumy
npoussoorwe / Structure of
companies according to the

scope of production

PauyHapcka OIpeM/BEHOCT MMa pedriekcujy Ha
umnnaemenTanujy u npumeny ISO. IIpema ankeru,
TIOBO/baH CTEIEH ONpeM/bEHOCTH MMa 45% opra-
HM3aLmja, fodap 22% u Bpio gobap 33%, ciuxa 8.
[Tpema rogmum ycnoctaspama 1SO, 11% je mpu-
menuno ISO 2006. rofune, TO je HOYETAK IPUMEHEe
ISO cranpappa y HamuM pygHunuma, 2008. romm-
Ha floMuHKpa ca 45%, ciepu 2013. ropuHa ca 22%
n 2015. ca 11%, rpadmk Ha crmum 9.

Cnuxka / Figure 6, Cmpykmypa
KOMNAHUja npema HameHU
npoussedere Murepante
cuposune / Structure of companies
according to the purpose of the pro-
duced mineral raw material

Cnuka / Figure 7, Cmpykmypa
pydapckux KomMnanuja npema
6pojy sanocnenux / Structure
of the mining companies
according to the number
of employees

Computer equipment has a reflection on the im-
plementation and application of ISO. According to
the survey, 45% of the organizations has a sufficient
level of equipment, 22% has good level and 33% has
a very good level, figure 8. According to the year of
ISO implementation, 11% has implemented ISO in
2006, which is the start of implementation of ISO
standards in Serbian mines; the year of 2008 dom-
inates with 45%, followed by the year of 2013 with
22% and 2015 with 11%, diagram in the figure 9.

In the phase of
introduction .

U fazi

Cnuka / Figure 8, Cmpykmypa
KoMnanuja npema cmeney
pavynapcke onpemmerocmu /
Structure of the companies
according to the level
of computer equipment

ITopen you/bMBO IPUCYTHOT HaBODema yOIIITeHNX
y IUTepaTypyu HaBoheHUX MoTUBa 3a yBobhemwe ISO,
y aHKeT! PYAapCKUX KOMITaHMja JOMWHPA MOTUB
yHarnpehema nmponssonme 42%, cnenu egpuKacHOCT
pazia 33%, KOHTpOJIa IPOTOKA M TPAHCIAPEHTHOCT

Cnuxka / Figure 9,
Toduna ycnocmasmarea
ISO xomnanujama / The year
of ISO implementation
in companies

Cnuxka / Figure 10,
Cmpyxmypa momusa ysoherva
ISO y xomnanujama / Structure

of the motives of ISO
implementation in companies

In addition to the visibly present quotations of gen-
eral quoted motives for implementation of ISO in
literature, in the survey of mining companies the
motive of production development predominates
with 42%, followed by work efficiency with 33%,
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nHpopManuja 17% 1 HUBO OpraHN30BaHOCTH 8%.
Crnopa/iu4Ho Kao MOTMBM HaBOJIE C€ 3ALUTUTA K-
BOTHE CpefiliHe, CMamebe TYOUTaKa, 3a0BOJbEHbe
Kylana, IOfiM3albe BPeJHOCTM KOMIIAaHUje WTH,
rpaduk Ha cun 10.

Y onroBopy Ha IUTame HauMHA MMIIEMEHTaIje
ISO, ca 78% moMuHMpa MMIIIEMEHTAIja y3 moMoh
U TOAPIIKY CIIeI[UjalN30BaHNX KOHCYITaHTCKUX
kyha, y 22% Ha yBobemwy ISO aHraxosanu cy cor-
CTBEHU Ka/[pOBHI.

Ily>xuHa BpeMeHa 3a yBobeme ISO y pymapcke koMm-
maHuje Bapupa usMeby 6 u Buie ox 12 meceru. Y
56% cny4ajeBa 3a mMmIuieMeHTanujy ISO 6mno je
motpebHO 0KO 12 Mecery, y 22% 9 meceny, y 11%
LIeCT MeCeLy, ¥ Y UCTOM IIPOLIEHTY Cy PYSHULIN
KojuMa je 3a yBoherme 611710 moTpe6HO Buite of 12
mecery, rpaduk Ha cmmim 11.

More than
12 months

Hlaganja / [nwestments (din)

Cnuxa / Figure 11, Bpeme ysoherwa ISO /
Time of 1SO implementation

18000000
16000000 -
14000000 -
12000000
10000000

flow control and transparency of information with
17% and level of organization with 8%. Environ-
mental protection, reduction of losses, customers’
satisfaction, increasing the value of the company,
etc. are sporadically mentioned as motives, graph
on figure 10.

In response to the question of the manner of ISO
implementation, the implementation with help and
support of specialized consultant houses dominates
with 78%, whereas personal staff is engaged in the
remaining 22% of ISO implementation.

The duration of ISO implementation in the min-
ing companies varies between 6 and more than
12 months. In 56% of the cases, ISO implementa-
tion required around 12 months, in 22% it took 9
months, in 11% it took 6 months, and the same per-
centage goes for the mines that required more than
12 months for implementation, graph in figure 11.

1 2 3 4 5 ] 7
Budarska kompanija / Mining company

Cnuxka / Figure 12, Ynazarwa y ISO, npema docmasmwenum
nodayuma u3 uiecm ankemupanux komnanuja / ISO investments,

according to the submitted information from six surveyed companies

Ha cmmum 12 ¥3 noc/oBHUX pas3jiora U30CTaB/beHN
CYy Ha3MBY PyJAPCKMX KOMITaHNja, HIeCT KOMITaHMja
YMju Cy TOflallyl O y/IaramblMa YHeTV O3HadeHe Cy
OpojeBuma 1 10 6. VKyIIHM TPOLIKOBU MMIUIEMEH-
rauynje VICM, Bapupajy usmeby 15.592.500 gunapa
u 350.000 guHapa. OBo je pasym/pMBO U 0bjalIbN-
BO, aKo ce robe oy Tora ga nmiemeHnTanuja ICM
y ClOXKeHe pYZHMYKE IpPOM3BOJHE M IIOCTIOBHE
cucrteMa, K 2 u 4 Ha cauuy 12 ogHOCe ce Ha [iBa
BE/IMKA PyJapcKa CUCTEMa, KOUITa 3HATHO BHIIE
Off ICT€ AKTUBHOCTM Ha HUBOY MalbUX PyAHNKA,
NMKOBY 3, 5 1 6. YKYIIHM TPOIIKOBM 3aBVICE U O
6poja ISO crangapaa, mro takohe objammasa 13-
paxkeHOCT pasnuka. MehyTnm, aHam3a oTBapa gu-
JIeMY BeJIMKe Pa3IMYUTOCTH TPOIIKOBA 10 jeTHOM
CTaHJapyy, LipBeHa TecTepacTa JMHYja Ha rpadu-
Ky cmmke 12, ca ocrioBameM nsMehy MuHMMyMa
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Figure 12 for business reasons leaves out the names
of mining companies, the six companies whose in-
vestment data were used are marked with numbers
from 1 to 6. The total costs of ISM implementation
vary between RSD 15,592.500 and RSD 350,000.
This is understandable and explainable if we start
from the fact that ISM implementation into complex
mining production and business systems, peak 2
and 4 in figure 12 refer to two large mining systems,
costs much more than the same activity at the level
of smaller mines, peaks 3, 5 and 6. Total costs also
depend on the number of ISO standards, which also
explains the presence of differences. However, the
analysis opens up the dilemma about large variety of
costs per one standard, the red sawtooth line on the
diagram in figure 12, with an oscillation between a
minimum of RSD 350,000 for a mine with a mark 6
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350.000 guHapa 3a PyJHMK Ca O3HAKOM 6 ¥ MaKCH-
Myma 5.197.500 guHapa 3a pyJHUK Ca O3HAKOM 2.
Junema je Beha xaza ce ynopene mojanm pygHmuka
HOPUOIVKHO CIMYHMX TeXHUYKO-TEXH/IOUIKNX HY-
BOa, 03HakKa 1, 2,4 u 5.

ISO 14001
31%

Cnuxa / Figure 13, Yuewihe nojedunux
ISO cmandapoa y cmpyxkmypu yeedeHux
cmandapda y komnanujama / Involvement
of certain ISO standards in the structure of
implemented standards in the companies

AHanusa yvemrha nojenyuux mMehyHaponHux cTas-
Tapaa y CTPYKTypU MMIIEMEHTHPAHUX CTaHAApHa
Y PYyBapCcKMM KOMIIaHMjaMa IpeiCTaB/beHa je Ipa-
¢uxom Ha cmuu 13. Ipaduk mokasyje fa je cras-
mapp ISO 9001 y cTpykrypnm 3acTymbeH ca 39%,
ISO 14001 ca 31%, ISO 18001 ca 26% u ISO 22000
ca 4%. OBaj ofHOC je TIOTMYaH ¥ TPEHYTHOT je Ka-
pakTepa, Memahe ce MO HIMHAMMIM YCIOB/BEHO]
TeXHITYKO-TEXHOJIOMIKNM HAIpPeJKOM, ¥ IIOf, YTH-
1]aj)IMa HOBUX YC/IOBA VI OTPAHMYEHha, IITO je TeIIKO
IIPOTHO3VPATL.

JenHO ImUTaMe y aHKETU OHOCIUIO Ce Ha KOHKPeTHe
KOpucTH 11 edpeKTe of ycroctasmpamwa ISO cTangap-
ma. Ilocne punrpanmje u MsysuMarma yOIIITEHNX
HauyeJTHUX OfTOBOPA, Y CTPYKTYpH 0froBopa ca 45%
moMuHupa “607pa opraHusaluja paja’, MoAjeIHaKo
ca 22% Kao KOpMUCTM HaBofe ce “moBeharse ofro-
BOPHOCTHM 3aIlOC/IEHNX U “CMamberbe IOBpefa Ha
pazy’, Ha IocyIeilbeM MecTy ca 11% je oljeHa “kBa-
JINTETHU)I IPOU3BOS, .

3AK/bYYAK

VcTpakmBama IOKa3yjy fa je y MoCycTasnoj pysap-
ckoj mpuspeny Cpbuje, koja ce 60pu ca JHEBHUM
eKOHOMCKVIM  €T3VCTEHLMja/ITHNM IpobrIeMuMa,
IpyMeHa WHTETPUCAHOT CHMCTeMa MeHalIMeTa ca
mebyHapogHUM cTaHmapAuMa y (QYHKIMOHATHO]
Be3) ca MarepMjaJHUM MOTYRHOCTMMa ¥ TPOII-
KoBMMa yBoDema, ceprudukanmje n ofpkaBama
ISO. To objammasa U CTPYKTYpPy PyRapCKUX 1 Py-

(%) 120

100 +

80

and a maximum of RSD 5,197,500 for a mine with a
mark 2. The dilemma is bigger when we make a com-
parison of the data of mines with similar technical
and technological level, mark 1, 2, 4 and 5.

150 2001 IS0 14001 I50 18001 150 22000

Cnuxa / Figure 14, IIpoyenam ysedeHux

ISO cmandapoay anxemupanum pydapcxum

komnanujama / The percentage of implemented
ISO standards in the surveyed mining companies

The analysis of involvement of certain international
standards in the structure of implemented stand-
ards in the mining companies is represented in the
graph in figure 13. The graph shows that standard
ISO 9001 is represented in the structure with 39%,
ISO 14001 with 31%, ISO 18001 with 26% and ISO
22000 with 4%. This ratio is logical and is of a tem-
porary nature, it will change according to the dy-
namics conditioned by technical and technological
progress, and under the influence of new conditions
and limits, which is hard to foresee.

One question in the survey referred to the actual
benefits and effects of the implementation of ISO
standards. After filtration and excluding general
principle responses, “better organization of work”
dominates in the structure with 45%, and “increase
of the employees’ responsibility” and “reduction of ac-
cidents at work” with equal 22% are stated as bene-
fits, while the last place goes to the evaluation “more
quality product” with 11%.

CONCLUSION

Studies show that in the legging mining economy
of Serbia, which is struggling with daily economic
existential problems, the application of an integrat-
ed system of management with international stand-
ards is in the functional relationship with material
opportunities and costs of implementation, certifi-
cation and maintenance of ISO. This also explains
the structure of mining and mining-industrial
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JAPCKO-MHAYCTPUjCKMX KOMIIaHMja Ca YBENEHUM
Mmebynapopuum cranpappuma. ISO 9001, 14001 u
18001 nma yBeniene 73% aHKETUPaHUX PySHMUKA U
ycraHoBa VIMmieMeHTalja MHTETPUCAHOT CUCTe-
Ma MeHalIMeTa ca MehyHapomHVUM cTaHfapauMma y
Hay4YHVM, PasBOjHO - UCTPAXUBAYKUM U IPOjeK-
TAHTCKMM MHCTUTYLMjaMa JOMMHAHTHO jeé MOTH-
BJICAHA MAaPKETMHIIKJM pasno3uMa.

360r mpupoye AeIaTHOCTHU Y PYAAPCTBY Ce OffyBeK
HOfjpa3yMeBao U MpUMEHIBA0 IPUHINII Ha KOMe
H0YBa IHTEIPYICAHM CUCTEeM MEHAIIMEHT, OTyfia ce
yBobeme ISO craHmappa He cxaBaTa Kao VMIIepa-
TUB 3a IOJM3akbe VM M060/bllIahe TEXHUIKO-TeX-
HOJIONIKMX, IIPOU3BOJIHO-IIOC/IOBHMX, OpraHM3a-
IVIOHMX, CUTYPHOCHUX, 0e30eJHOCHUX, pa3BOjHUX
U IpYTUX neppopMaHCH PyLHYKA.

3a mocTusame MOTHYHNX edeKkaTa IpUMeHe MHTe-
rpMcaHor cucTeMa MeHarMeTa ca ISO cTanmapauma
y PYAHMIIMMA, HEONXOAHO je CIpesame QYHKIMja
MHTETPMCAHOT CUCTeMa MeHalIMeTa U PYSHUYKOT
padyHapCKy MHTETPMCAHOT HaJ[30PHO-YIIpaB/bad-
KOT CJICTEMa Yy PeaTHOM BpeMEHY, MUII/bEbeE je TO-
TOBO CBUX aHKETHPAHUX, ayTopu Takobhe fere oBo
MUIJbEbeE.
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companies with implemented international stand-
ards. 73% of the surveyed mines and facilities have
implemented ISO 9001, 14001 and 18001. The im-
plementation of the integrated management system
with international standards in scientific, develop-
ment-research and project institutions is dominant-
ly motivated by marketing reasons.

Because of the nature of the trade, mining always
included and applied the principle on which the
integrated management system is based, therefore,
the implementation of ISO standards is not seen as
an imperative for boosting or improving technical,
technological, production, business, organizational,
safety, security, development and other mine per-
formances.

In order to achieve the full effects of implementing
an integrated management system with ISO stand-
ards in mines, it is necessary to combine the func-
tions of the integrated management system and the
mine computer integrated monitoring-and-man-
agement system in real time, and this is the opinion
of almost all respondents, but the authors also share
this view.
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Cakerak: ITospuiuHcKy Konosu cy ca acnekma 00600rwaA6atea 6e0MA OUHAMUYHU CUCTHEMU U CAM NPOUeC
006001a6at6a je NPUCYMAH Y C6UM NePUoOUMa NOBPUILHCKe eKcniioamanuje. AHanu3a npovyeca 00600tasaroa
U3BPUIEHA je Y KOHMeKCIy OCMANUX NOCIO8HUX NPOuecd, anu U HUBOMHO2 UUKTYCA, 00HOCHO Nepuooa
nospuiuHcke excnioamayuje.

K)by'-lHe peyn: npouec, aHanusa, oasoamaaaﬂae, NOBPUIUHCKU KON

Abstract: From the aspect of drainage, opencast mines are quite dynamic systems and the dewatering process itself
is present throughout all of the periods of surface exploitation. The analysis of the dewatering process was conducted
in the context of other work processes, as well as the lifecycle, that is the surface exploitation period.

Key words: process, analysis, dewatering, opencast mining

YBO/[,

Ca acriekta OfjBO/IbaBambha, MOBPIIMHCKY KOIOBI
Cy IO IPaBIy BeOMa AMHAMMYHU CUCTEMU IIOX
yTHUIIajeM BEIMKOr Opoja IPUPOFHUX, TEXHIIKO
TEXHOJIOIIKIX, €KOHOMCKIX, eKOIOMKuX u 6e3be-
JTOHOCHUX (paKTOPA M OTPAHUUEHA ¥ CBUM IIEPUO-
AMMa XUBOTHOT IyKiayca. XKuBoTHU HMKIyC cBa-
KOT MOBPIIMHCKOT KOIIa, 6e3 003mpa Ha BeMn4nHy
WIV MMHEPATHY CHUPOBMHY KOja Ce eKCIUIOATHIIIE,
4MHe TPM HEePUOJA, CIMKA 1, IIpe eKCIIOATALMOHN
ePHOJI, eKCIIOATALIMOHM IIePHOJ U TTOCTIe eKCIIO-
aTaIVIOHY TIePUO,.

INTRODUCTION

From the aspect of dewatering, opencast mines are,
normally, very dynamic systems conditioned by a
large number of natural, technical- technological,
economic, environmental, and safety factors as well
as the limitations in all of the periods of the lifecy-
cle. The lifecycle of a opencast mine, regardless of its
size or the mineral ore that is being exploited, con-
sists of three periods, figure 1, the pre-exploitation
period, the exploitation period and the post-ex-
ploitation period.
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NEPUOAN NMOBPLUVMHCKE EKCMNOATALWJE / PERIODS OF SURFACE EXPLOITATION

OTBAPAHE U
PA3BOJ KOMNA
OPENING AND
DEVELOPMENT OF
THE OPEN PIT

NCTPAXMBAHGE,
AHANWSE, NNAHUPAHE
RESEARCHES,
ANALYSES, PLANNING

MYHA MPOU3BOAHA 3ATBAPAIE
KOMA

TOTAL PRODUCTION CLOSING OF
OF THE OPEN PIT

MOCIE 3ATBAPAHA
KOMA
AFTER THE CLOSING

THE OPEN PIT OF THE OPEN PIT

nNPE
EKCMINOATALIMOHU

PRE-EXPLOITATION
PERIOD

MNOBPLUMHCKW KON
OPEN PIT MINE

nEPVoR EKCMIOATALOHM MEPUOL
THE EXPLOITATION PERIOD THE

Mocne
EKCMIOATALIMOHM
NEPUOL

POST-EXPLOITATION
PERIOD

Cnuxa / Figure 1, ITepuodu nospuiutcke excnnoamauuje / Periods of surface exploitation

IIpe excrjoaTalMOHN II€PUOJ, TOBPIIMHCKOT KO
YMHE CBE aKTMBHOCTM Be3aHe 3a TeOJIOIIKa KC-
TPAXXMBalba, TEXHO E€KOHOMCKE aHajamu3e, U3paja
TEXHMYKE MOKyMEHTaluje, eKCIpOoIpujanuja u
TeHJepCcKe aKTMBHOCTYM Ha Ha0aBLY IUIaHMpaHe
onpeMe 3a eKCIJIoaTanujy. Y 3aBMCHOCTHU Of Bpe-
MeHa peanusalyje pafoBa Ha MOBPIIMHCKOM KOIIY,
TIepUOf, eKCIIIoATaIje YiHe ase Ipurpeme 1 OT-
Bapamba, Ppasa MpousBopme 1 asa 3aTBapama.

ITeo >KMBOTHM LIMKITYC HepUHMCAH KPO3 Iepuofie
HOBIINMHCKe eKCIIoATallje peannsyje ce Kpo3 Hu3
HOCTIOBHYX IIpoOlieca y CBaKOM Of Iepuofa Koju
omoryhaBajy edukacHy, epekTUBHY U HOy3HaHY
eKCIUIOATaljy MUHepalHe CHUPOBMHE Ha IIOBP-
IIHCKOM KOIYy. JeflaH off K/bYYHMX IIpolleca je 1
HpolieC OfIBOJIbaBara MOBPIIMHCKOT KOma. AHa-
JM3a mpolieca OiBOAIbaBaba U3BPIIEHA je Y KOH-
TEKCTY OCTA/IMX IOCTOBHUX IIpolieca, alnu U K-
BOTHOT LIMK/TyCa, OJHOCHO IIepMOfia TIOBPIINHCKe
eKcIIoaTanyje.

OA3E ITPOLECA OBOJIbABAIHA

Ca acmexTa IMOCTIOBHMX ITpolieca MOBPIINHCKE eKC-
IUIOATalMje TIPolLieC OfIBOJbaBatba MPUIaZia TPyNn
IIpolieca TeXHIYKe TOf[pIIKe 3a peannsanujy mnpo-
1eca MpOM3BOJILE U Ipolleca pekynTusanuje. Ha
cuuy 2, IpUKas3aH je AujarpaM TOKa aHaau3upa-
HOT TIpOLieca OfiBO/IbaBamba ca npumnasajyhum mor-
IpoliecrMa U MPOIeCHUM aKTUBHOCTMMA.

[Tpukasany gujarpam ToKa IIpolieca OfiBOAbaBarba,
C/IMKA 2, je Ha KOHTEKCHOM HUBOY U IIPUMEH/BUB je
6e3 00631pa Ha BEMMYNHY MOBPIIMHCKOT KOIIa, BPCTY
MMHEpa/IHE CUPOBMHE KOja Ce eKCIIOATUILIE ¥ C/I0-
JKEHOCT JIOKMIIHMX ycrmoBa. Takobe, mprMeH/bUB
je IpUIMKOM OTBaparba HOBOI IIOBPIIMHCKOT KOIIa,
a/my U Kaja je HOTpeOHO AM3ajHUpATH WU PeRu3aj-
HUpaT! IIPOIEC OfIBOAIbaBarba Ha IIOBPIIMHCKOM
KOITy Ha KOME Ce BPIIN eKCIIOATalyja.
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The pre-exploitation period of a open pit mine
comprises all of the activities related to geological
researches, technical- economic analyses, drafting
of the technical paperwork, expropriation and the
auction activities for the obtaining of the planned
exploitation equipment. Depending on the time
necessary for the realization of all the work at a
open pit mine, the exploitation period consists of
the preparation and opening phase, the produc-
tion phase and the closing phase.

The whole lifecycle, defined through the peri-
ods of surface exploitation, is realized through a
series of work processes in each of the periods,
which allows for an efficient, effective and re-
liable exploitation of mineral ores at a open pit
mine. One of the crucial processes is the dewatering
process. The analysis of the dewatering process was
conducted in the context of other work processes and
the lifecycle that is, the surface exploitation period.

PHASES OF THE DEWATERING PROCESS

From the aspect of the work processes of surface
exploitation, the dewatering process belongs to the
group of technical support processes for the realiza-
tion of the production and reclamation processes.
In figure 2, the course of the analyzed dewatering
process with comprising sub-processes and proce-
dural activities diagram is shown.

The shown diagram of the course of the dewa-
tering process, figure 2, is at the contextual level
and is valid regardless of the size of the open pit
mine, the type of the mineral ore being exploit-
ed, and the complexity of the ore bed conditions.
Moreover, it is valid when opening a new open
pit and when it is necessary to design or redesign
the dewatering process at the open pit that is be-
ing exploited.
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MPOLIEC OBOAOHABAHE / PROCESS DEWATERING

MPOLIEC MEOLIEC
PROCESS PROCESS

START

AHAJIN3A YNA3HNX NOOATAKA N U3BOP METOA, OBJEKATA U CUCTEMA OABOAHABAHA / THE
ANALYSIS OF THE INPUT DATA AND THE CHOICE OF THE DEWATERING SYSTEM, METHODS AND OBJECTS

XN
v v

E MOHUTOPUH

CONTROL

‘ KOHTPONA
CONTROL

FPAHULIA NPOLIECA / THE PROCESS BORDER ¢
MPOLIEC MPOLIEC
PROCESS PROCESS

1] [\

Cnuxa / Figure 2, ujazpam moxa npoyeca 008o0wasarwa / The diagram of the course of the dewatering process

Tymau / Legend: I - Omneparusna mogppmka / Operational support, II - Texumuka moppiuka / Technical support,
A - ITnan mormTopunra / The monitoring plan, B — Ilnan nsrpagme objexaTa ofsofmabama / The dewatering objects
construction plan, Al - MOHUTOPUHT OLBOAMABarka MOBPUMUIMHCKMX Boga / The monitoring of the surface water
dewatering, A2 - MOHNUTOPUHT OfjBOfHaBama Mop3eMHux Boja / The monitoring of the groundwater dewatering,
A3 - VsBemraBamwe / Reporting, B1 — Vsrpaamwa 1 ekcIUioaTarja objekata ofjBOAaBamba IMOBPIIMHCKUX Boxa / The
construction and exploitation of the objects for the dewatering of surface water, B2 — Vsrpanma u excivioaranuja objexara
OfIBOZIIbaBama mopseMHuux Boga / The construction and exploitation of the objects for the dewatering of groundwater, B3 -
Onpxasame objexata / The maintenance of the objects, B4 - M3BemraBame / Reporting, III - Pexynrusaruja / Reclamation,
IV - IIpoussopma yrpa / Coal production, 2 — Kpaj / The end

Y KOHTeKCTy Iepyojia MOBPLIMHCKE eKCIUIoaTalyje,
(ase wm mpolieca OfiBO/ABAbA PeATU3Yjy Ce ¥ 3a-
BYICHOCTY JIa JIY C€ Pajiyi O HOBOM ITOBPILIMHCKOM KOITY
wm nocrojehem, Ha KOM ce BpILM eKCIUIoaTalyja.

AKo je ped 0 HOBOM HMOBPIIMHCKOM KOITY, OHZIa Ce
¢asa mIaHMpama OfBOABAA Peannayje y mIpe
€KCIJIOATAI[IOHOM TIePUOJy MOBPUIMHCKE eKCIIIO-

In the context of the period of surface exploitation,
the phases of the dewatering process are realized
depending on whether it is a new or an existing sur-
face dig that is being exploited.

When it comes to a new open pit mine, the phase
of the dewatering planning is realized during the
exploitation period of surface exploitation and the
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aranuje, a asa peanmusalyje ofBoOfbaBamba y Gpasn
eKCIUIoaTalje M MOCIe eKCIUIOATalMoHoj a3y,
CBe 10 3aTBaparba MOBPUIMHCKOT KOIIA ¥ KOHAYHOT
3aBpIIeTKa Ipolieca peKyaTuBaIje.

Tpeba moMeHyT™I a 06jeKTU OfjBOfHbaBarba OfjIara-
JIAIITA OCTajy Y PYHKLNjU 1 IOC/Ie OKOHYarba IIpOLie-
ca peKy/ITyBalyje, Kaja ce Ipefiajy Ha kopuuiherme 1
yIIpaB/babe HOBMM KOPVICHUIIVIMA IIPOCTOpaA 3aTBO-
PEHOT U PEeKYATUBIICAHOT MOBPIINHCKOT KOIIa.

Kapa je peu o mocrojehuM moBpIINHCKUM KOIIOBY-
Ma Ha KOjMMa Ce BPIIM eKCIUIOaTalllja MUHEpPajIHe
cupoBrHe, (ase IIaHUPaba U peannsaluje mpo-
lleca OfIBOJilbaBama IIOK/IAIAjy ce ca eKCI/IoaTa-
LVIOHOM (a3oMm.

OBa curyanmja yrmaBHOM ce jaBjba Kafia je Ha Io-
crojeheM MOBPIIMHCKOM KOITy TOTpe6GHO pemu-
3ajHMpPATV WIM 4YaK JM3ajHMPATH IOTIYHO HOB
CHCTEM OfIBOJHhaBatba, 300T IpOMeHe TIPUPOJHIX,
TeXHMYKMX U TEXHONOMKMX (aKTOpa U yCIoBa Ha
MOBPIIMHCKOM KOITY.

Ha cmmm 3 npukasana je ¢asHo mpolecHa yc-
KrabeHOCT ofBOAMWaBama ca IepUOAMMA IIOBP-
HIMHCKE eKCIUIoaTalyje.

phase of the dewatering realization in the exploita-
tion and the post-exploitation period up to the
closing of the open pit and the final ending of the
reclamation process.

It should be mentioned that the objects for the de-
watering of the waste dump remain active even after
the reclamation process is over. Then they are hand-
ed over to the new users who are to manage and
control the area of the closed and reclaimed open
pit mine.

When it comes to the existing open pits at which
the exploitation of mineral ores is being done, the
phases of the dewatering planning and realization
coincide with the exploitation phase.

This situation mainly occurs when it is necessary
to redesign or even design a whole new dewater-
ing system at an existing dig due to the changes
in natural, technical and technological factors and
conditions at an existing open pit mine.

In figure 3 the phase-procedural synchronization of
the dewatering with the periods of surface exploita-
tion is shown.

NEPMOON EKCMNNOATALINJE 3A HOBW MOBPLUMHCKK KOM
PERIODS OF SURFACE EXPLOITATION FOR ANEW OPEN PIT MINE

MNPE EKCMNIIOATALIMOHN NEPUOA
THE PRE EXPLOITATION PERIOD

EKCMNJIOATALMOHM NEPMOL
THE EXPLOITATION PERIOD

MOCIE EKCMNOATALMOHN NEPUOA
THE POST EXPLOITATION PERIOD

®A3A MNAHUPAHA
PLANNING PHASE

®A3A PEANU3ALINIE
REALIZATION PHASE

®A3A PEANU3ALINIE
REALIZATION PHASE

Wctpaxusakba, aHanuse,
obpaga nopataka v ugop
meTope, objekata 1

Warpaprba, ekcnnoarauuja v ogpxaBare
objekaTa oaBoAtbaBatba
Construction, exploitation and maintenance of
the dewatering objects

Ekcnnoatauuja u ogpxaBatbe
objekaTa oABOAH-aBaA
Exploitation and maintenance of
the dewatering objects

cucTeMa oflBoAH-aBak-a
Researches, analyses,
data processing and the
choice of the dewatering
method, objects and
system

®A3E 1 MPOLIECK OBOHABAHA
PHASES AND PROCESSES OF DEWATERING

MoHuTOpUHT
Monitoring

KonTpona
Control

MOHUTOPUHT KowTpona
Monitoring Control

Cnuxka / Figure 3, @asno npouecra ycknahenocm 00800asarba u nepuodad nospuiutcke excnioamavuje /
The phase-procedural synchronization of the dewatering with the periods of surface exploitation

AHAJIM3A ITPOLIECA
OJBOIIABAIBA

[Tpy amanusyu mpoleca ofgBOfbaBaba HEOIIXOLHO
je TIpe cBera fia ce OH y HOTIYHOCTH Ae(pUHMIIE,
IIpY 4eMy je MoTpeOHO 3HATH fia:

e TIPOLeC OfIBO/IbaBamba IPeICTaB/ba CKYNl aKTUB-
HOCTH,
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ANALYSYS OF THE
DEWATERING PROCESS

During the analysis of the dewatering process it is
crucial to, first of all, define the process completely
taking into account that:

« the dewatering process represents a group of ac-
tivities,
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 aKTMBHOCTH TIpOlieca OfBOJIbaBatba NOIPHMHOCE
CTBapamby BPeJHOCTH,

« aKTMBHOCTYM TpOIieca OfBOfbaBama M3BOJE
JBYAYL VI/ VIV OTIpeMa,

« IIPOIIEC OfIBOA-aBaka Y€CTO YK/bY4yje HEKOTMKO
OpTaHM3ALOHMX jefVHULIA.

Kaxo 61 ce nporjec ycnemHo geduHmucao, HoTped-
HO je 3HaTW U IberoBe Kapakrepucruke. OCHOBHe
KapaKTepUCTUKe CBAKOT Ipoljeca, Ia M Ipoleca
ofiBOfbaBaa cy cenehe:

e CBaKM NPOIIEC MIMa CBOj LINJb,

e CBAKI IIPOLIeC MMa CBOT BJIACHVIKA,

e CBaKU IIpoLieC MMa CBOj II04€TaK I 3aBplI€TaK,
e y IIpoOlieC yIa3e inputi, a usnase outputi,

e IIpoLeC je CacCTaB/b€H O] CCKBEHLU/IjaTIHO n3-
BOJIJbUBUX aKTUBHOCTH,

o Jlako ce yrBphyjy edexTuBHOCT M edUKacHOCT
porieca,

« Hens6exxuo KoHTHHYanHo yHanpebeme mporeca.

Huje o6aBe3Ho ma cBaku Ipoliec Koju JMICHyHaBa
OBe HaBeJleHe 3axTeBe Oyfie 1 KBaluUTeTaH IIpoliec.
3a cTuname TaKBOI eNUTeTa, OTPeOHO je 1a 3aj0-
BO/BU U criefehe 3axTese:

. Outputi mnmporeca Tpe6a CTa/IHO [1a [OMAjy MOATY
BPEJHOCT,

o Hpouec Tpe6a oa Ma KOMIIETEHTHOT B/IaCHUKa,

« [Ipormec Tpeba fa je pasymM/bUB Off CTpaHe CBUX
U CBI HETOBJ WIAHOBM Cy YK/BYYEHU Y OTydN-
Bambe,

o [Tponiec Tpeba fa mMMa MHAMKATOpE 3a Mepere
epUKacCHOCTI U epeKTUBHOCTH,

Y ¢yHKUMju yrpap/bama MPOLECOM OffBOIIbaBaba
U3[Bajajy ce yIpap/badyKy IIPOIIeCH Be3aH! 3a I/IaHM-
pambe, peamn3anyjy, MOHUTOPYHT 1 KOHTPOy. YIpa-
B/BAYKI IIPOLIECH IUIAHMPAIba Y peal3aliije MOry ce
HOVCTOBETHUTH ca (pazaMa IPoLieca OfBOMbaBaba.

AHaNM30M JyjarpaMa ToKa IIpolieca OfBO/baBatba
Ha KOHTEKCTHOM HMBOY, jaCHO C€ MOTY M3[IBOjUTHU
MOTIIPOLIECH U IIPOLIECHE AKTUBHOCTHU KOj€ Ce MOTY
rpymmcaTti y gase Imporjeca ofiBOJbaBarmba.

Tako, rpyma IOTIpoOlleca M IPOLECHUX AKTUB-
HOCTM aHa/IM3a yIa3HUX [OfaTaKa 1 n360p MeTofa,
objexara u CrCTeMa OBOAaBakba npumaga Gasu
IWIaHypamwa. V3ma3 u3 mpoueca wim Qase miaHu-
pama Cy IUIAHOBM M3rpajie objekara OfBOAIba-
Barba 11 MOHMTOPVHIA I OHM [IPEACTaB/bajy y/IasHe
elleMeHTe peasn3aliyje Ipolieca OfBOAbABAbA.

« the activities of the dewatering process contribute
to the creation of values,

« the activities of the dewatering process are con-
ducted by people and/or equipment,

« the dewatering process often includes several or-
ganizational units.

For a successful definition of the process it is neces-
sary to be familiar with its characteristics. The fun-
damental characteristics of each process, including
the dewatering process, are:

« each process has its own goal,

« each process has its owner,

« each process has a beginning and an end,

« inputs enter each process and outputs exit it,

o the process is comprised of sequentially possible
activities,

o It is easy to determine the effectiveness and the
efficiency of a process,

« an unavoidable and continual improvement of the
process.

Every process that is in accord with the mentioned
requests is not necessarily a quality process. To be
recognized as such, a process has to satisfy the fol-
lowing requests as well:

o The process outputs need to continually add up
the added value,

o The process has to be completely owned,

« The process needs to be intelligible by all and all

its members are involved in the decision-making.

o The process has to possess the indicators for the
measuring of the efficiency and effectiveness,

For the successful management of the dewatering
process, the managing processes related to planning,
realization, monitoring and control are emphasized.
The managing processes of planning and realization
coincide with the phases of the dewatering process.

The analysis of the diagram of the course of the
dewatering process at the contextual level, clear-
ly shows the division of the sub-processes and the
procedural activities which can be grouped into the
dewatering phases.

Thus the group of sub-processes and procedural ac-
tivities the analysis of the input data and the choice
of the method, objects and the system of the dewa-
tering belongs to the planning phase. At the end of
the planning phase of the dewatering there are the
plans for the construction of the dewatering and
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Ipyna mormporjeca ¥ INpPOIECHMX aKTUBHOCTU
U3rpajikba, eKCIUIoaTaluja M ofjpKaBame o00je-
KaTa OJBO/IbaBama Ipumana ¢hasy peannsanuje.
l3nas m3 mporeca unu ¢ase peamusaluja of-
BOJjlbaBamba Cy KOHTMHYMPAHU TOflAl[M O pamy,
KamaluTeTy, 3aCTOjuMa, eUKACHOCTU 1 edek-
TUBHOCTM CHCTeMa OfBOJbaBara Ha IOBPIINH-
CKOM KOTIy.

[Tpoliec MOHUTOPMHIA U KOHTPOJIE peansyjy ce
CBe BpeMe eKCIIToaTalje objekaTa OffBO/ibaBama
U IPaKTUYHO IpUIafiajy ¢hasu peanusanuje.

ITpouecHo, ofBOAbaBame Ce MOpa aHANIM3MPATH
Ca aclleKTa YIpaB/badyKMX IIpolieca M ca acIlek-
Ta TeXHMYKO TEXHOJOIIKMX Iponeca. Ca acrekTa
yIIpaB/baiba, CTAH[APM30BAHN MOfell KOju 4MHe
npoliecu IUIAaHMpPalba, peannsalnije, MOHUTOPUHTA
U KOHTPOJIe YlHe JI0BO/bAaH U MOTpebaH HUBO Jie-
Ta/bHOCTH.

TeXHMYKO TeXHOTOUIKM IPOL[eCH OJJBOAbABaA
Cy cBM OHM mpolecu Koju oMmoryhasajy ja ce
epeKTUBHO U eMKACHO peanusyje ONBOIHA-
Bame MOBPUIMHCKOT Koma. JleTa/bHOM aHau-
30M IIpoljeca OfIBOJiIbaBamba IOBPHIMHCKOT
KoIa MIeHTU(UKOBAHM CY crlefiehu TeXHUYKO
TeXHOJOWKM IPOIeCH: aHalM3a MPOCTOPHUX
acIeKara, aHaaM3a TeoJOUIIKMX YyCIOBa, aHa-
NM3a XUIPOTeONOIKNUX MapaMeTapa, aHauu3sa

monitoring objects and they represent the input el-
ements of the realization of the dewatering process.

The group of sub-processes and procedural activities
the construction, exploitation and managing of the
dewatering objects belongs to the realization phase.
At the end of the realization phase of the dewatering
there are the continuous data about the functioning,
capacity, malfunctioning, efficiency and effectiveness
of the dewatering system at a open pit mine.

The processes of monitoring and control are real-
ized during the whole process of exploitation of the
dewatering objects and practically belong to the re-
alization phase.

As a process, dewatering must be analyzed from
the aspect of managing processes and from the as-
pect of the technical-technological processes. From
the aspect of management, the standardized mod-
el which is comprised of the planning, realization,
monitoring, and control processes make a sufficient
and necessary level of thoroughness.

The technical-technological dewatering process-
es are all those processes that enable the effective
and efficient realization of the open pit dewatering.
A thorough analysis of the open pit dewaterig pro-
cess identified the following technical-technologi-
cal processes: the analysis of the spatial aspects, the
analysis of the geologic conditions, the analysis of

XMJIpOJIOIIKMX IapaMeTapa, aHajausa pyjap-

MNPOLIEC / PROCESS

AHANN3A YCITOBA 3A
PEAIN3ALINJY MPOLIECA
— OOBO[HABAHA

ANALYSIS OF THE CONDITIONS
FOR THE DEWATERING PROCESS
REALIZATION

the hydro-geologic parameters, the analysis of the

W3BelTaj o

reOTEXHUYKNM
VcTpaxusarnma n

na6opaTopujckum
ucnuTuBawmma

MOTMNPOLIEC / SUB-PROCESS

Reports on the geo-
mechanical researches

and the laboratory
examinations

AHanusa reoMmexaHU4Knux
roaaraka 1 ycrnosa CTabunHoctn
NOBPLUNHCKOr kKona

Analysis of the geo-mechanical
data and the conditions of the
open pit stability

Ba3sa nopataka 3a
mMoaen noBpLInHCKOr
kona

Database for the model
of the open pit mine

NoTNPOLEEC
SUB-PROCESS

W36op cuctema

ekcnnoatauuje
Choice of the surface
exploitation system
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MPOLIEC <>_

PROCESS
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dewatering system

TexHuuKe cTyavje n
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oABoAHaBaa
Choice of the
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technical studies and
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W36op pynapcke
onpeme
Choice of the mining

projects

Cnuxa / Figure 4, Moden npoueca aHanu3a ycnosa 3a peanu3auujy npovyeca 00800masaroa /
Model of the process of analyses of the conditions for the realization of the dewatering process
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CKUX pajioBa, M300p cucreMa ORBOJHaBalba,
usrpajma objekara ofjBOAMmaBama, N300Op om-
peMe, CUCTeM MOHUTOPMHIA, CUCTeM KOHTpOJIe
U Ofip>)KaBame CUCTeMa OfBO/IbaBalba.

Ha ocHOBY nogaTaka jo6MjeHIX U3 OBUX aHA/IN3A,
HacTaje MOfie/l IIpolieca KOju je JIe0 YKYIIHe IIpo-
Leaype IUIaHMpama ¥ peanusanyje CUCTeMa Off-
BOZIlbaBama C/IMKa 4.

3AKJbYYAK

ITonasHe ocHOBE 3a I/TaHMParbe IPOLECa OfIBObHA-
Balba MOBPIUMHCKMX KOIIOBA IIPOMCTUYY M3 aHa-
713€e IPOCTOPHMUX acIeKaTa JIeKMUIITa MIHepaiHe
CUPOBJHE Kao ¥ FeroBe ONVKe 1 Jla/be OKONMHE.
Ca acriekTa OiBOIbaBarba y3 IIOMEHYTE, TOCEOHO
Cy B&XHU €KOJIOLIKM YCTIOBM O/MIDKe ¥ IIMpe OKO-
JIMHE JIEKMILUTA, KA0 M 3aXTEBM KOjU y 3HA4YajHOj
MepH yTU4y Ha OOMM U [MHAMUKY eKCIIIoaTalje
neXumTa. JleTa/lbHOM aHa/IN30M Ce IeTEPMUHUILY
jolI M XMOPOJOIIKM, XU/IPOTEOTOIKN U TeOoTeX-
HIYKM IOflAIiN.

Ha 6a3u oB1x nomaTaka ajm 1 ogaTaka us Mojiena
JIOKNIITA Kao M MOflaTaKa O IpVMeEHmeHOj pymap-
CKOj TeXHOJIOTUjU U YC/IOBUMA CTAaOVIHOCTH IIOBP-
IIMHCKOT KOIIa, BPILIM ce u360p cucremMa OfiBOJba-
Bama IMOBPIIMHCKOT KOTIa.

Csaxkaxko Tpeba uctahu fia je 3a usbop cucrema on-
BOJIbaBatba HEOIIXOAHO AHAM3UPATH U PU3MKE,
OffHOCHO MOY3[AQHOCT CaMMX Y/Ia3HUX I[OAaTaka
oce6GHO aKo Ce MMa Ha YMY Jia ce pajii O Majarima
IOOVjeHNM TeOTIOIIKIM, XU/POTeOIOMIKIM 1 Y-
TVIM UCTPAXMBABYIMaA PajiHe CPEVHE.

Cam m3bop cucTeMa OffBOfiFbaBama je UTEpPATH-
BaH MPoIieC KOji YK/bydyje aHa/Mn3y MOy3JaHOoCTH,
edekTuBHOCTU M e(PUKACHOCTM M3aOpaHOT CUCTe-
Ma.
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hydrologic parameters, the analysis of the mining
proceedings, the choice of the dewatering system, the
construction of the dewatering objects, the choice of
equipment, the monitoring system, the drainage con-
trol system and the dewatering maintenance system.

Based on the data obtained from the analyses, a
model of the process which is a part of the total
dewatering system planning and realization proce-
dure is created figure 4.

CONCLUSION

The initial bases for the dewatering process plan-
ning at open pits arise from the analysis of the
spatial aspects of the mineral ore bed as well as
the nearer and farther surrounding area. From the
aspect of dewatering, along with the already men-
tioned factors, especially important are the envi-
ronmental conditions of the nearer and farther sur-
rounding area of the bed as well as the requests that
significantly affect the scope and the dynamic of the
exploitation of the bed. Furthermore, a thorough
analysis determines the hydrological, hydro-geo-
logical, and geo-technical data.

Based on the mentioned data as well as data from
the model of the bed and the data about the applied
mining technology and the conditions of the stabil-
ity of open pits, the choice of the system of dewater-
ing of open pits is made.

Surely, it should be emphasized that in order to choose
a dewatering system it is crucial to analyze the risks
too, that is the reliability of the input data, especial-
ly after taking into consideration that the data is ob-
tained through the geological, hydro-geological and
other researches of the working environment.

The choice of the dewatering system itself is an inte-
grative process that includes the analysis of reliabili-
ty, effectiveness and efficiency of the chosen system.
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Cancemax: Hesanamhene naoasune u nonnage cpedurom maja 2014. nawene cy wimemy ozpomrux pasmepa Cp-
6uju. Y nohu usmehy 14. u 15. maja nabyjana pexa Konybapa ca npumokama, nonsasuna je nospuiuHcke Konose
»Tamnasa 3anaono nomwe* u ,,Benuxu Lpmenu . Msnuno ce oko 214,4 munuona m?* 6ode y denpecuje konosa. I1oo
8000M Ce HAWIIO nem PomopHux bazepa, bazep éedpuuap, 08a 00ndaza4a, yemupu bazepa OpeenajHa, nem camo-
X00HUX mpancnopmepa, 22 nozoxcke cmanuye u 29,3 km mparcnopmepa, 10 mpancgopmamopckux cmanuua,
desem paseooHux nocmpojerva u 17 nomohnux mawiuna (6yndosepu, ymosapuea4u, yesononaza4u umo.). Oso
je najeeha necpeha xoja je 3adecuna Pyoapcku 6acer Komybapa 00 ocnusarea. Y pady je npuxasar mox nonnas-
HUxX 002aharba HA NPOCMOPY MAMHABCKUX NOBPUIUHCKUX KONOBA.

Kmwyune peuu: Ilomnasa 2014, pymapcku 6acen Komybapa, Tamuasa 3amagso Ilose, Bemuku Lppern

Abstract: Unprecedented precipitation and floods during the mid of May 2014, have caused damage of considerable
proportions in Serbia. In the night between 14th and 15th of May, the swollen river Kolubara with its tributaries, has
flooded the open-pit mines ,Tamnava West field” and ,\Veliki Crljeni”. Around 214.4 million m® of water burst into
the depression of the pit. The water completely covered five bucket-wheel excavators, bucket dredger, two spreaders,
four bucket draglines, five self-propelled conveyors, 22 working units and 29.3 km of conveyors, 10 transformer
stations, nine distribution plants and 17 auxiliary machines (bulldozers, loaders, pipe laying machines etc.). This is
the greatest disaster that has struck the Mining basin of Kolubara since it was founded. This paper shows the flow
of the flooding events on the open-pit mining.

Key words: flood 2014, mining basin Kolubara, Tamnava Zapadno Polje, Veliki Crljeni

YBO/[], INTRODUCTION

Benuke magaBuHe 1 moOIIaBe IOCHAEANIA CY IIPO-
Topa XJIaJJHOT BasjyXa Impeko Anma y obmact Cpe-
To3eM/ba, IITO je JOBeno 7o dopMupama Impoc-
TOPHO AYOOKOT LVIKJIOHA Koju ce 13. Maja crnopo
mpeMemitao npeko bamkanckor momyoctpsa. Ha
noapydjy cnmBa peke Komybape, mpoyspokosao je

Large precipitation and floods are the result of the
penetration of cold air across the Alps into the
Mediterranean region, which led to the formation
of a spatially deep cyclone that slowly shifted over
the Balkan Peninsula on 13 of May. In the area of
the basin of Kolubara River, it caused extreme pre-
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Cnuxa / Figure 1, ucmpubyyuja
YKYNHUX KOTU4UHA NA0A6UHA HA
mepumopuju Penybnuxe Cpbuje 00
12. 00 18. maja 2014. / Distribution
of the total amount of precipitation at
the territory of the Republic of Serbia
from 12 May to 18 May 2014. [3]

eKCTpeMHe KOJM4YNMHe [aflaBJHa, KUIIA je Mafana
HempekupHo 14. u 15. Maja, Ha BehuHM MecTa Ko-
amunHe magaBuHa 6mre ¢y 170 1/m? go 220 1/m?,
y HeKMM MeCTVMa y OKO/VHM BajbeBa Ipemasuie
cy 300 1/m? cnmka 1. Hagmamenu cy 6pojanu ma-
HaBMHCKM PEKOPAY M BOLOCTaju peka. IIpe oBora,
noppydje Cpbuje je op 14. anpuna o 5. Maja 6umo
U3/I0XKEHO BIYKHOM IIePMOAY Ca KOMMYMHAMA T1a-
maBuHa y Behmuu mecta nsmehy 120 I/m? u 170 I/
m? Tako /ja je y MOMEHTY MajCKIX OOVM/IHMX maja-
BuHa 1710 Beh 6mno sacuheno Bomom [3].

ExcTpeMHe KomrumHe MagaByHA CIIMIE CY €€ UCTO-
BpeMEHO IITO je IPOY3POKOBAJIO M3/IMBAabe peKe
Kony6ape, npuroka Ilemran u Bpanuuusne, mpe-
JMBambe U poOMjarbe 3alITUTHIX HaCcUIIa Ha BIIIIe
MeCTa Jy>K PeJHOT TOK4, IUIaB/berbe YPOaHNUX MOf-
pyYja, IO/BOIPUBPENHNX IOBPIIMHA, TOBPIINH-
CKMX KOTIOBA ,,JaMaHaBa 3amaHo 1osbe ™ 1 ,, Benmnku
Lppenn” y yrpenoMm 6aceny Konmybapa, yanireme
crouHor ¢oHfa, pymeme Kyha, MOCTOBa, IIyTeBa,
110jaBy KIM3UINTA, IETPafalLnjy >KIBOTHE CpefuHe
nth. [1,2,3].

360r mpenuBama U pyllera 3AMTUTHUX HACKUIIA
Ha peun Komybapm m mpurokama BpanmumHa u
Ilemran, y3BOZHO Of jy>KHe TpaHMUIle IOBPIINH-
ckor koma ,TamMHaBa-VICTOYHO mobe“ Ha KoMe je
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cipitation, the rain fell steadily on 14th and 15th of
May, in most places the amount of rainfall was 1701
/ m*to 2201/ m?, in some places around Valjevo ex-
ceeding 3001/ m?, figure 1. Numerous precipitation
record and water levels of the river were surpassed.
Before this, from 14th of April to 5th of May, the
territory of Serbia was exposed to a wet period with
precipitation levels in most places ranging between
1201/ m?and 1701/ m? so at the moment of heavy
rainfall in May the soil was already saturated with
water [3].

Extreme amounts of precipitation fell at the same
time, which caused the Kolubara River to burst,
as well as its tributaries PeStan and Vranicina, the
overflow and piercing of protective embankments
in several places along the river flow, the flooding of
urban areas, agricultural areas, surface mines ,,Tam-
nava West field” and ,,Veliki Crljeni” in the Kolubara
coal basin, destruction of livestock, demolition of
houses, bridges, roads, occurrence of landslides, en-
vironmental degradation, etc. [1,2,3].

Due to the overflow and demolition of protective
embankments on the Kolubara River and the trib-
utaries Vrani¢ina and Pe$tan, upstream from the
southern border of the open-pit ,Tamnava- East
field”, where the exploitation of coal was complet-
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3aBpllleHa eKCIIoaTallja yI/ba, SOILUIO je 10 U3-
nMBama U mpoMeHe Toka Komybape, ciuxe 2 n 7.
Peka je mpocekna HOBO KOpuUTO Kpo3 mocrojehe
KOpuUTO BpaHuumHe 10 HOBPIIMHCKOT KoMa ,,TaM-
HaBa-VIcTouHo mojpe”, mpobojem opbpambeHOT
HacHIa KOj! je MITUTUO TAMHABCKe KOIIOBe Off Be-
nmukux Bopa Konmy6ape, Bpaununne u motoka Cxo-
6a’b, BOJOTOK Ce YCMepHO Y IPOCTOP HEaKTMBHOT
HOBPIINHCKY KOIL. [IOTOKOM OBe Bofie 11 Tpo6ojeM
6pane ,Kmaguuna“ (VIHCTUTYT 3a BOJOIPUBpERY
»Japocnas Yepuu“ Beorpap, 2016.) [1], motorben
je MOBPIIMHCKIM KOI ,,[aMHaBa-3aMaHo mobe"

ITpema VsBemrajy ,,Ilommase y Cp6uju 2014“ VH,
EY, Ceercka 6auka, Braga Peny6nuke Cp6uje [2],
MajcKe IOIUIaBe Cy IIOTofimie OKo 1,6 MmamoHa
JbyAM y 38 onmTuHa 1 rpagosa, oko 32.000 myau je
€BaKyMCaHO U3 CBOjUX JOMOBA, caMo 13 OOpeHOB-
1ja oxo 25.000. ToxoM oBe mpyuponHe KaTacTpode
51 ocoba je n3ry6usa >KuBOT, O dera ce 23 yaaBu-
0. Y 24 HajBuIIe TOTOheHe ONMITIHE YKYITHA IITe-
Taje 1,525 munujapau epa op Tora 0,885 Munujap-
I je BPEFHOCT YHUIITEHNX MaTepyjaTHNuX jobapa
a 0,640 Munujapoy eBpa IyOMLM Y IPOU3BOLGMLL.
AKxo ce y3My y 0631p cBe TIOTODeHe OMIITHHE, YKY-
IIHa IOTeTa Off IOIIaBa Iemwe ce Ha 1,7 Mummjapan
eBpa. [2]

ed, there was an outflow and change of Kolubara
flow, figures 2 and 7. The river passed through a
new basin through the existing basin of Vrani¢ina
to the open-pit ,Tamnava East field”, by breaking
through the defensive embankment that protect-
ed the Tamnava pits from the great waters of Kol-
ubara, Vranicina and Skobalj stream, and the water
flow was directed to the inactive open-pit. By the
inflow of this water and the breaking through the
dam ,Kladnica” (Institute for Water Management
»Jaroslav Cherni’, Belgrade, 2016) [1], the open-pit
»Tamnava West field” was flooded.

According to the Report ,,Floods in Serbia 2014
the UN, the EU, the World Bank, the Government
of the Republic of Serbia [2], about 1.6 million peo-
ple were affected by the floods in May in 38 munic-
ipalities and cities, about 32,000 people were evacu-
ated from their homes, whereby about 25,000 were
from Obrenovac only. During this natural disaster,
51 persons lost their lives, out of which 23 lost their
lives by drowning. In the 24 most affected munic-
ipalities, the total damage is 1.525 billion euros of
which 0.885 billion is the value of destroyed mate-
rial assets and 0.640 billion euros are losses in pro-
duction. If all the affected municipalities are taken
into account, the total flood damage is rising to 1.7
billion euros. [2]

Cnuxka / Figure 2, IlomonmeHu mamanascku nospuiuncku konosu / Flooded open-pits of Tamnava

Tymau: 1 - [IK , Tamuasa Vicrouno nome, 2 - I1K ,,Benuku Lpmenn®, 3 - [1K ,TamuaBa 3amagHo mojme”
Legend: 1 - OP ,Tamnava East field*, 2 - OP ,Veliki Crljeni®, 3 - OP ,Tamnava West field"
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Y pempecujy MOBpPIIMHCKOT Komla ,,laMaHaB 3a-
[MafiHO TOoJbe" M3AUI0 ce OKO 187 mMmimona m?®
BOJIE, a Y IelIpecHjy IOBPIIMHCKOT Koma ,,Benukn
Lpmenu” oxo 27,4 Mmunrona m* Boge. Ilog Bogom
Ce HAIIUIO TIeT POTOPHUX Oarepa, 6arep Begpuyap,
IBa ojIaraya, 4eTupu 6arepa jperiajHa, meT ca-
MOXOJHUX TPaHCIOpTepa, 22 IOTOHCKE CTaHUIlE
u 29,3 km tpancnoprepa, 10 tpancpopmarop-
CKUX CTaHMIA, JIeBE€T Pa3BOJHUX IIOCTpOjema U
17 momohnux mammua (6ynmo3epy, yroBapadi,
nesononarauu utx.) [7], cniuke 2, 3 u 8. BpegHoct
VHUIITEHNX ¥ omTeheHnMX pymapcKux u eHepret-
ckux pobapa je 181,1 MunmoH eBpa, rubuiy y
npoussopmwu 305,8 MuUIMOH eBpa, YKYIIHa LITETa
je 487,7 munuoHa eBpa [2]. VicmymmaBame Bofe 113
TaMHaBCKJUX NTOBPUIMHCKIX KOIIOBA TPajasio je Off
Maja 2014. o Kpaja anpmia 2015.

1250m

About 187 million m?® of water burst into the
»Tamnava West field” depression of the open-pit,
and in the depression of the open-pit ,Veliki Crl-
jeni” about 27.4 million m’ of water. The water
completely covered five bucket-wheel excavators,
bucket dredger, two spreaders, four bucket dra-
glines, five self-propelled conveyors, 22 working
units and 29.3 km of conveyors, 10 transformer
stations, nine distribution plants and 17 auxiliary
machines (bulldozers, loaders, pipe laying ma-
chines etc.) [7], figures 2, 3 and 8. The value of de-
stroyed and damaged mining and energy assets is
181.1 million euros, production losses amount to
305.8 million euros, and the total damage is 487.7
million euros [2]. Pumping the water out of Tam-
nava open-pits lasted from May 2014 until the end
of April 2015.

Cesep / North
— >

S 1

k+76,2m

Cnuxka / Figure 3, Ckuya no3uyuja Mawuna y nomonwveHoM No8PUILHCKOM KON
Slamnasa 3anaono nomwe* (JI. Kusxosuh) / Sketch position of machines in the
overflooded open-pit ,Tamnava West field “ (L. Zivkovic) [7]

OCHOBHA OBEJIEKJA
XMIAPOTPAGUJE ITOAPYYJA

Ha mupem moapydjy Pymapckor 6acena Komy-
6apa ca pasBMjeHOM XMAPOrpadCKOM MPEKOM
pexa Komybapa je rmaBHM BOJOTOK KOju Ipa-
BIIEM jyr-CeBep HpOTHUYE LEHTPAJTHUM JeIoM
yr/beHor 6acena. Pexa Hacraje cmajamem OO6-
Hulle 1 JabnaHuie Kox Bamesa, gyrauxa je 86,5
km. 3nauajuuje nese npuroke cy Tamuasa u Yo,
a mecHe Ipapar, Pubunua, /bur u Ilemran. Ynu-
Ba ce y CaBy xop O6penosua. IToBpinHa cnusa,
cinuka 4, je oko 3.600 km? a mpocedaH mpoTOK
31 m*/s. Boguu pexxum Kony6ape oanukyjy Ha-
IJ1a ¥ BelnKa Kojebama BOJOCTaja M IPOTOKA.
Papu 3aurtute o momasa 06aB/beHN Cy 3HAYA]-
HU XUJIPOMENMOPALMOHN PaJJOBM HU3BOJHO OF
yutha pexe Jbur.
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BASIC HYDROGRAPHIC
CHARACTERISTICS OF THE AREA

In the wider area of the Kolubara Mining Basin
with developed hydrographic network, the Kol-
ubara River is the main watercourse that flows in
the direction south-north through the central part
of the coal basin. The river is formed by merging
two rivers- Obnica and Jablanica near Valjevo, and
it is 86.5 km long. More important left tributar-
ies are Tamnava and Ub, and right tributaries are
Gradac, Ribnica, Ljig and Pestan. It flows into Sava
near Obrenovac. The surface of the basin, figure 4,
is about 3,600 km?* and the average flow is 31 m?/s.
Water regime of Kolubara is characterized by sud-
den and large variations in water levels and water
flow. For the purposes of protection from floods,
significant hydromelioration works were carried
out downstream from the estuary of the Ljig River.
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JIETEHJIA / LEGEND

Pexe/ Rivers

1 — Tammapa / Tamnava
2 - ¥Y6/Ub

— O6unma / Obnica

— JaGnanura / Jablanica
I'papan / Gradac

— PuGauna / Ribnica
— JbHr / Ljig

8 — Ilemran / Pestan

9 — Komy6apa / Kolubara
10 — CaBa / Sava

11 — Jlyrae / Danube

F I NV S o)
|

12 —IMoxpyuje cimBa peke KomyGape
The area of the Kolubara River Basin

13 — BameBo / Valjevo

14 — O6peHoBar / Obrenovac

15 — Beorpaz / Belgrade

16 —IToppmmHCcKH ko ,TamaHaBa 3an. mosee”
Open pit mine "Tamanava West field"

17 — IMopmHHCKH Kon ..Bemukn Ipibenn™
Open pit mine "Veliki Crljeni"

Cnuxa / Figure 4, Ckuya cnueHoz noopyuja pexe Konybape
/ Sketch of the area of the basin of Kolubara River [1]

I[MTPMKA3 IIOIUVTABHUX DOTAHAILA

ITomanarve nospuurickoe kona ,Tamuasa 3anaomo
nome"

PEKA KOJIYBAPA: V ckmonmy npumpema 3a OT-
Bapame IOBPIIMHCKOT Komna ,lamHaBa VIcToyHo
H0Jbe", Y3BOJHO Off MOCTA Ha MHAYCTPUjCKO] TIPy3I
Bpeoru - O6penoBan o yutha pexke Bpannunse,
y my>xuunu of 8,5 km ussegneno je 1975 - 1977. us-
MemTame peke Komybape. Kopuro je numensnonn-
CAaHO 3a PaYyyHCKY XM/baJyTOUIIIbY BEIUKY BOLY
ca Ha/IBMIIEEM KPYHe HacuIla IIpema Komy 3a 1,0
m. Illupuua kopura y gHy je 16 m, mag axa 0,90
%o a pacrojame nsMehy Hacuma 140 m. Y cioydajy
nojase jour Behux Bopa, mpexsubeno je ga pexa Ko-
nmybapa mpenuje AeCHM HaCUI M M3JMje ce y Tafia
HeHace/beHO INpuobasbe mpema lbapckoj Marmc-
Tpasm.

Jy’kHO oOf TpaHMIle MOBPIIMHCKOI KOINa IpeMa
JlajkoB1ry, of ymha peke Bpanudnse o acant-
Hor myTta (6mBire mpyre Jlajkosar - M. Bopax)
usrpabeH je mompedHu Hacui gyXuHe OoKO 2 km
3a 3alUTUTY Of BeMMKMX Bofja pexe Komy6ape.
Hacumn je o6yxBarao c1mBHO mofpydje pexe Bpa-
Hu4uHe ¥ noroka Cxob6asp, a JUMEH3MOHNUCAH 3a
PAaYIYHCKY XWbaAyrognIIby BEJIMKY BOAY Ca Haf-
BULIEHEM KPYHE HacuIa mpema komy 3a 1,0 m,

REVIEW OF FLOOD EVENTS

Overflooding of open-pit ,,Tamnava West field”

KOLUBARA RIVER: In the course of preparations
for the opening of the open-pit ,Tamnava East
field®, upstream from the bridge on the industrial
railway Vreoci - Obrenovac to the estuary of the
Vranicina river, the relocation of 8,5 km of the Kol-
ubara River was carried out during the period from
1975 to 1977. The basin is dimensioned for calculat-
ing a thousand-year-old large water with a crown of
the embankment rising for 1,0 m over the pit. The
width of the basin at the bottom is 16m, the bottom
lowers for 0.90 %o and the distance between the em-
bankments is 140 m. In the event of the occurrence
of even larger waters, it is envisaged that the Kol-
ubara River overflows the right bank and flows into
the uninhabited coastline towards the Ibar highway.

South from the border of the open-pit towards Lajk-
ovac, from the estuary of the Vranic¢ina River to the
asphalt road (former Lajkovac - M. Borak railway), a
2 km long transverse embankment was constructed
for protection from the great waters of the Kolubara
River. The embankment encompassed the basin area
of the Vrani¢ina river and the Skobalj stream, and it
was dimensioned for calculating a thousand-year-
old large water with a crown rising 1.0 m over the
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Kop myTa (6uBire mpyre) 3a oko 1,5 m. [Tranom
3allITUTe Off BeIMKMX BOJja 6110 je mpeBubeno fa
ce MyT 3aTBapa 3a caobpahaj HacumameM 3eMba-
HOI MaTepujaa.

ITpexo perymucanor Kopura nsrpaben je apmupano
6eTOHCKI MOCT Ha IPWIA3HOM IIyTy IIpeMa IIOBp-
IIMHCKOM KoIly ,,JaMHaBa VIcTO4HO mobe’, ca BO-
J03axBaTOM 3a TepMoesieKTpany ,,Kony6apa A ITo
3aBpIIEHOM M3MELITamy I perymanuju peke Komy-
6ape, M3BPIICHOM TEXHUYKOM IIpEIIefy U IpujeMy
panoBa, objexar je mpenat JII CpbujaBope Ha fajbe
yIIpaB/batbe I OAPXKABAIbE.

‘oPaaseso

UIETERD

o CrybneHuua

pit, and about 1.5 m by the road (ex-railway). The
plan for the protection from large waters prescribed
closing the road for traffic by dumping in layers of
ground.

A reinforced concrete bridge was built over the reg-
ulated basin via the access road towards the ,,Tam-
nava East field*, with water intake for the thermal
power plant “Kolubara A”. After the completed rea-
lignment and regulation of the Kolubara River, the
technical inspection and the reception of the works,
the facility was handed over to PUC Srbijavode for
further management and maintenance.

o Crenojesal)
%

5 Benuku Liprsenu

| oBpeoun

Cnuxa / Figure 5, O6jexmu, cmeposu noniagHoe moxa u usnueu /
Facilities, directions of the flood flow and effluents

Tymau: 1 - IIK ,,Tamuasa 3amagso nowe, 2 - ITK ,,Tamuasa Vicrouno nospe, 3 - IIK ,,Bermku Lp/penn, 4 - Moct n
BOJI03axBaTa 3a TepMOe/IeKTpaHy, 5 — IImaBu MocT, 6 —Petensuja Kinaguuia, 7 - Perensuja Ha [Ily6okoM IIOTOKY, 8 —
Axymynauuja ,,ITapysn Bun, 9 -Tynen akymynanuje, 10 - Peka Bpanmunsa, 11 - Mecto ckperama pexe Konybape y
IIK ,TamuaBa Victouno nome®, 12 - Vznus Ileurrana, 13 - Viznmus Kony6ape, 14 - Ilpenusame Hacnma, 15 - ITIK ,,ITome ¢

Legend: 1 - OP ,Tamnava West field, 2 - OP , Tamnava East field*, 3 - OP ,\Veliki Crljeni”, 4 - Bidge and intake of water
for thermal power plant, 5 - Blue bridge, 6 - Flood-way Kladnica, 7 - Flood-way on Duboko polje, 8 - Accumulation
»Paljuvi Vi§”, 9 - Accumulation tunnel, 10 - Vrani¢ina River, 11 - Place where Kolubara River turns into OP ,,Tamnava East
field”, 12 - Effluent of Pestana, 13 - Effluent of Kolubara, 14 - Overflooding of the embankment, 15 - OP ,,Field D”

Perymucano xopuro pexe Kony6ape HussogHo of
BOJIO3axBaTa 3a TepMOENKTpaHy ,Komybapy A“
U y3BOJHO OfI T3B. ,,IImaBor mocra“ 6110 je 06-
pacio pacTHIEM, HeCYM/BMBO fa je To moseharo
KoeUIMjeHT OTIIOpa M CMABIJIO IIPOIYCHY Moh
KOpHTA.

Ha peoHnIy HU3BOJHO Off BOf03aXBara 3a TEPMO-
eNKTpany ,Komybapy A“ mouuio je fo mpenuBama
BOJje IIPEKO JIeBOT I IeCHOT HACHIIA, JIEBO [IPe/nBe-
Ha BOJja IoIIaBua je Hacerbe Cymel), a ecHo morm-
JIaBMJIA je IO/bOIPMBPEIHO 3eM/BIIITE U JOLUIA O
Hb6apcke marucTparte.
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The regulated bed of the Kolubara River down-
stream from the water intake for the thermal power
plant “Kolubara A” and upstream of the so called
“Blue Bridge” was covered with bushes, and this un-
doubtedly increased the resistance coeflicient and
reduced the permeability of the riverbed.

In the downstream part of the water intake for the
thermal power plant “Kolubara A”, the water flowed
over the left and right embankments; on the left,
the water flooded the settlement Sumed, and on the
right, it flooded agricultural land and reached the
Ibar highway.
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Y3BopgHO 4,68 km of BogoszaxBara 3a TepMOes-
KTpany ,Konybapy A 36or mpuaasa moBpIINH-
CKOM KOITy, ITOCTaB/beH je ~1982. Ha GeTOHCKUM
06aTHMM OCJIOHIIMMa MOHTaXKHM MOCT Bejmu KoH-
cTpykuuje pacmona oko 20 m. Kacunuje, o6anuum
OCTIOHIJIMA TIOCTaB/b€H je YeMYHU T3B. ,llm1aBn
MocT, u usrpahen achanTHu Oyt y HUBOY Hacu-
Ia 3a BenuKy BoAy. TokoM IoIiaBHOT Tamaca 36or
Cy’Kema IPOTHUIIjHOT podua, HaHoca fipseha u
CBera HITO je IOIUIABHM Tazac IOKYINO 1 JIOHEO,
HACTao je YCHOp BOJie ca BEIMKOM OpP3UMHOM Te-
Yyema OKo oc/ioHana Mocra. ITocnenuiia je pymieme
OCJIOHALIa ¥ MOCTa KOju je Bojja ofHesa oko 100 m,
cnuka 9. HusBosiHo o MocTa oko 150 m Ha moTesy
KPUBMHE, BOJIa je TIOfIJIOKa/Ia ¥ Pasopuia KaMeHy
o6rory 2008. perynucanor koputa Komnybape.

SAIITUTHM HACHUIL: ¥V dasu obycraBe exc-
mjoaranyje yI/ba Ha HOBPUIMHCKOM KOIy ,lam-
HaBa VICTOYHO mO/be, PyHApCKUM pajjoBUMa je
3axBahen [E€0 IIOIPEYHOT 3aAIITUTHOI HacuIla Ha
my>xuHM oko 400 m 1 kaHam CKko6as/bCKOT ITOTOKA.
3aro je ~2002. usrpaheH HOBU HacUI TY>KIMHE OKO
250 m, u u3MelITeH KaHaa HoToka CKobamb - jyx-
HO off mocTojeher, Mcrpen rpaHNIle 3aXBaTa MOBP-
IIMHCKOT Koma. Kpaj Tpace HOBOT 3aIITUTHOT Ha-
cuma npema Ckobasby, moMepeH je jy)xHo oko 300
m poTHpameM OKO TauyKe CIIoja ca MocTojehmm
HAaCUIIOM.

4,68 km upstream from the water intake for thermal
power plant “Kolubara A, due to the approach of the
open-pit, the portable bridge called Bailey Bridge about
20 m wide, was constructed on the concrete coastal
support. Later on, the so-called “Blue Bridge” was con-
structed on the coastal support, as well as asphalt road
in the level of the embankment for great waters, During
the flood wave due to the narrowing of the flow pro-
file, the deposits of trees and everything that the flood
wave had picked up and brought, the waters started
flowing much slower around the support of the bridge.
This resulted in the demolition of the supports and the
bridge, which the water carried for about 100 m, figure
9. About 150 m downstream from the bridge, on the
curve, the water undercut and destroyed the stone cover
of the Kolubara riverbank, which was regulated in 2008.

PROTECTIVE EMBANKMENT: In the phase
of stopping the exploitation of coal on the open-
pit “Tamnava Isto¢no polje”, mining works have
covered a part of a transverse protective embank-
ment at a length of about 400 m and the channel of
Skobaljski stream. That is why around 2002, a new
embankment was built which was about 250 m long
and the channel of Skobaljski potok was reallocat-
ed south from the existing one, before the border
of the pen-pit mine. The end of the route of the
new protective embankment towards Skobalj was
moved south about 300 m by rotating around the
point of connection with the existing embankment.

:oog‘Go'o‘gle

Cnuxa / Figure 6, Tokosu nonnasHux 600a jy#Ho 00 mamHABCKUX KONO06a /
Directions of the flooding waters aouth from the pits of Tamnava

Tymau: 1 — MecTo ckpeTama I/1aBHOT ToKa peke Konybape, 2 — 3aurrutau Hacun us 1977,
3 — 3amwrturHy Hacun u3 2002, 4 - Jleo samrtuTHOr Hacuma u3 1977. 3axsaheH pypapckuM pagoBuMm,
5 - Yurhe Ilewrrana, 6 - Visnus Ilemrana, 7 - ®apma ,,Jabydje”

Legend: 1 - The place where the main stream of the Kolubara River turns, 2 - Protective embankment
from 1977, 3 - Protective embankment from 2002, 4 - A part of the protective embankment from 1977,
affected by mining works, 5 - Estuary of Pestan, 6 - Overflooding of Pe$tan, 7 - Farm ,,Jabucje”
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Hosowusrpabhenn Hacum je HUDKM off HMBeJIeTe ITyTa
(6uBure mpyre) oxo 0,30 m u oko 1,92 m of cra-
por Hacuma nsrpabenor 1977. Ha mecty cnoja kota
cTapor Hacuma je +99,50 m a HoBor +97,58 m. Is-
nmuBame peke Komybape onBujano ce Tako mToO je
IpBO TOIUIaB/beH mpoctop u3Meby kopura pexe,
HOIIPEYHOT HaCUIIa U My Ta (IITO Ce M paHuje Jiela-
BaJIO). Y3BOZIHO off perynucaHor fiena Komyb6ape Tj.
npe yurha BpaHudnHe HeMa Hacuma, I1a je U3/MBe-
Ha BOJa TeK/Ia IIpeMa HOBOM 3alITUTHOM HACHIT.
Kapa je HMBO BOfie NOIIABHOT Tajaca IOpacTao
U3HaJl KOTe KpyHe HOBOr Hacuma (+97,58 m), mo-
II7IO je O MpenMBama M pyllela flela Hacuma y
IyXMHU oko 150 m. 360r Benuke Op3MHe Tederwa
Ipe/MBeHe BOfie IIpeMa JeNpecyjy IOBPUIMHCKOT
KOIIa, Ha IIOI/IaB/beHOM IIOAPYYjy CTBOPEHE Cy /1y-
6oKe japyre y BUIIIe TIpaBalla. JeflaH Ipapal] je Ka-
Has peke BpanmumHze Koja ce ynusao y Komybapy
~1,5 km ucrouno op cpymenor Hacuma. [Tomrro je
T/IO Ofi MEKMX IEeCKOBUTUX PEYHMX Ce[JMEHaTa,
7eo BOZie ITTABHOT TOKA IOIUIABHOT Tajaca KPeHyo
je KaHajloM peke BpaHuumue y cynmpoTom cMmepy,
IPOIIMPKO T M YIMO C€ Y MOBPIIMHCKM KOII Ha
Mecty Beh cpymenor Hacuma. Ha oBo mecty je
IIaBHU Tpoyiop Bofe us Komybape y mopummHcke
Komose ,,lamHaBa VcTouHo“ u ,TamMHaBa 3amagHo
nope’, cnuke 5,6 u 7.

AKYMVYJIALIINJA TTAJbYBY BUII: Pagu 3amtn-
Teé TAaMHABCKMX MOBPIIMHCKUX KOIOBA Off BEN-
Kux Boja peka Kiapguume, msrpabena je 1984.
akymynanuja ,IlajpyBu Bum®, xopuche sampe-
myHe 11,40 MmimoHa m?. QyHKIMja aKyMyna-
nuje je ma MpUxBaTH 6e3 IpennBamba BeNnKe BOJie
XIMJbaJyTOUIIbe BepoBaTHONe IojaBe U ofBefe
UX TYHEJIOM Y peKy Bpanuunny us we y Konyb6a-
py. Tynen je myrasax 1.750 m, mpeynuka 2,0 m,
Kamanurera 7,7 — 8,2 m*/s, Ha ynasy ca 3aTBapa-
yyMa. [IpepBubeHo je ma TokoM ekcIuloaramyje
yI/ba Ha TaMHaBCKMM HOBPIIMHCKMM KOIOBMMa
aKyMynanuja Oyzie mpasHa, OCMM MPTBOT IIPOCTO-
pa sanpemute 300.000 m®. Ha 6panu je nsrpaben
apMUpaHO OETOHCKM IIpeNuB ca OP30TOKOM U
CIIalMINTEM, NVMEH3MOHMCAaHUM 3a JeCeTOXM/ba-
Iyropuilme Bennke Bofe. IIpojeKkToBaHM pexxum
pazja akymynanuje peanusonad je go 2000. Ympa-
B/balbe AKyMY/IaLlMjoM IIpey3uMajy pubOIOBILM,
CIyLITajy ¥ ONIOKMpajy 3aTBapadye Ha OfBOJHOM
TYHeNly UM IIyHe aKyMy/lalWjy M3HaJ IUIaHMpaHe
KOTe MPTBOT IPOCTOpa.

ITonmasHu Tanmac pexe KnagHuiie je mpeko saTe-
YyeHe BOJie Y aKyMy/IalMji U IIPeKo NpennBa, cTa-
PUM KOPUTOM HACTaBMO O peTeH3uje Ha Kiman-
HULM, usrpabeHe 3a 3amTUTY OF BEMUKUX BOAA
HOBPUIMHCKOT KONa ,lamMHaBa 3amagHo Iojbe’.
ITop HaneTOM BOfle peTeH3Mja Ce MpeuiIa U Cpy-
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The newly built embankment is about 0,30 m lower
than the finished level of the road (former railway)
and about 1,92 m lower than the old embankment
built in 1977. At the place where they join, the
ground level of the old embankment is +99.50 m and
the of the new +97.58 m. The overflooding of the
Kolubara River happened in such a way that the area
that was first flooded was between the river beds, the
transverse embankment and the road (which has
happened before). Upstream of the regulated part
of Kolubara, i.e. before the estuary of the Vrani¢ina
river there was no embankment, so the water flowed
towards the new protective embankment. When the
water level of the flood wave rose above the crown
of the new embankment (+ 97.58 m), a part of the
embankment was overflown and demolished in the
length of about 150 m. Due to the high flow rate of
spilled water towards the depression of the open-pit,
in the flooded area deep mounds were created in sev-
eral directions. One of the directions is the channel of
the Vranicina river, which flows into Kolubara about
1,5 km east from the demolished embankment. Since
the soil consists of soft sandy river sediments, part
of the main stream water of the flood wave started
at the channel of the Vranic¢ina River in the opposite
direction, expanded it and entered the open-pit at
the site of the already demolished embankment. This
is the place of the main penetration of water from
Kolubara to the open pits ,Tamnava East field” and
»Tamnava West field”, figures 5, 6 and 7.

RESERVOIR PALJUVI VIS: In order to protect the
open-pits of Tamnava from the great waters of the
river Kladnica, the reservoir ,,Paljuvi Vi§” was built in
1984, with a useful volume of 11.40 million m®. The
purpose of the reservoir is to take without spilling a
large water of a thousand-year probability of occur-
rence and transfer it by tunnel into the river Vrani¢in
and from it in Kolubara River. The tunnel is 1,750 m
long, has 2.0 m in diameter, and a capacity of 7.7 to
8.2m’/ s, at the entrance with shutters. It is envisaged
that during the exploitation of coal on the Tamnava,
open-pits the accumulations should be empty, except
for a dead space of 300,000 m>. A reinforced concrete
topping with a swift and waterfall was built on the
dam, dimensioned for tenth-year-old large water. The
designed working regime of accumulation was real-
ized until 2000. The management of the accumulation
is handled by the fishermen, they lower and block the
seals on the drainage tunnel and fill the accumulation
above the planned level of the dead space.

The flood wave of the Kladnica River continued
through the accumulated water in the reservoir and
over the embankment, following the old riverbed
until floodway at Kladnica, built for the protection
from the great waters of the surface mine ,,Tamnava
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IIN/IA, 3 BOZla OTeK/Ia Y NMOBPUIMHCKM KOII ,,]aMm-
HaBa 3amafiHo mospe’, cnuke 5 u 6. Ha perensuju
Knapguuna je mymMmHO IOCTpoOjeme KalaluTeTa
2,2 m*/s xoje je 360T MpeKuja y Halajamy eneK-
TPUYHOM €HEPIMjoM U IUIaB/beleM OWMIO BaH
¢dynknyje. IIpema nsMepeHoM Tpary HuUBOa BOJie
Ha npenusy 6uo je 1,10 m, a mporumaj 51,0 m?/s.
IIporena je fa ce 0BUM IIyTeM y KOII Y/IUIO OKO 15
MUINOHA m® Bofe.

PETEH3UNJA HA JOYBOKOM IIOTOKY: 3a
3aIITUTY TAMAHABCKMX KOIIOBA Off BOAA Ca jy>KHOT
Zenma cnuBa, usrpabeHa je perensuja Ha ly6okom
IIOTOKY, 3ampeMuHe oko 0,4 MIIMOHA m’, ca Ip-
IIHOM cTaHMioM Kamanurera 0,40 m®/s. Bogpa je
mpeuia GETOHCKY IPeuB U OTEK/IA Y IOBPIIVH-
ckn Kol ,,JTamuaBa 3amagHo moke”. OBe Bofe HUCY
3HayajHe 3a IOTallambe KOoma.

West field”. Under the sudden flow of the water, the
floodway was over flooded and cracked, and the wa-
ter swelled into the open-pit “,,Tamnava West field”,
figures 5 and 6. At the floodway Kladnica there is a
pumping plant with a capacity of 2.2 m* / s, which
was out of function due to interruptions in power
supply and flooding. According to the measured
trace of the overflow, the water level was 1.10 m and
the flow was 51.0 m?/s. It is estimated that about 15
million m*water entered into the pit in this way.

FLOODWAY AT DUBOKI POTOK: For the pro-
tection of the pits of Tamnava from the waters from
the south part of the basin, a floodway was built
on Duboki potok, with value of about 0.4 million
m?, with the pumping station capacity of 0.40 m?/s.
The water crossed over the concrete overflow and
entered the open-pit ,Tamnava West field”. These
waters are not significant for overflooding of the pit.

Cnuxa / Figure 7, Yausarwe Konybape y IIK ,,Tamuasa Vcmouro nomwe” na mecmy npo6oja Hoeoe
sawmumuoe nacuna / Estuary of Kolubara into OP ,Tamnava East field” at the place where
the new protective embankment was pierced

ITomanarwe nospuiurickoz kona ,Benuxu Lpwenu ™

MN3MEIITAILE KOJIYBAPE: ¥V ckmony pagosa
Ha OTBapamy INOBPUIMHCKOT Koma ,Benuku Ipibe-
i, 2008. je msmewmrteH fgeo kopura Komybape
perynucasnor 1977. KopuTo je M3MelTeHO IIPeKo
YHYTpallber OlIarajiiTa IIOBPIIMHCKOI KOIla
»TamHaBa Vicrouno nome” Ha gyxxuun 2,90 km n
1,78 km mpexo nocrojeher Tepena. I'eomerpujcku
U XMAPAyIMIKM IapaMeTpy U3MEHmeHNU Cy y Ofi-
HOCy Ha pewerme u3 1977, maj Kopura CMarmeH
je ca 0,9 %o Ha 0,35 %o0. Kopurto je numeH3noHu-
CaHO 3a PAayyHCKy Benmmky Bopy Qmax1% = 708
m?/s, ca HagBuIIemeM Hacuma MuH. 1,0 m 3a

Overflooding of the open-pit “Veliki Crljeni”

RELOCATION OF KOLUBARA: As part of the works
on the opening of the open-pit “Veliki Crljeni’, a part
of the Kolubara riverbed, which was regulated in 1977,
was relocated in 2008. The riverbed was relocated over
the inner landfill of the open-pit ,,Tamnava East field”
for 2,90 km and 1,78 km over the existing terrain. Ge-
ometric and hydraulic parameters were changed in
relation to the 1977 solution, the fall of the riverbed
was reduced from 0.9 %o to 0.35 %o. The riverbed was
dimensioned for great waters Qmax1% = 708 m®/s,
with the banking of the embankment min. 1,0 m for
Qmax0,1% = 940 m?/s. It should be taken into consid-
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Cnuxa / Figure 8, IlTomonmwene mawune xHa I1K ,Tamuasa 3anadxo nomwe*/
The subersed machines at the OP ,, Tamnava West field*

Cnuxa / Figure 9, Cpywena koncmpyxkuuja ,Ilnasoe mocma“/
Demolished construction of the ,,Blue Bridge”

Qmax0,1%=940 m*/s. Tpe6a umaTu y BUny u fa
je y BpeMe HamIacka IMOI/IABHOT Tajlaca MpoIyCHa
moh HoBOT KOprTa 61Ia cMareHa 360r o6pacmoc-
TV PacTHIeM HU3BOJHOT Jlefla KOPNUTA. Y3BOJHO
Ofl IPUIA3HOT TIyTa M BOJ033aXBaTa 3a TepMoe-
nexTpany ,Komybapa A mporurajun npodun u
KOTe HacuIla Ha BY>KUHU ~150 m HucCy Memann. Y
KOPUTY je u3rpal)eHo IpOTOYHO jesepo IOBpLINHE
12 ha, Ha /mOKanuju paHuje IJIAHMPAHE KaceTe
3a OfifIarame IIeIefa M3 TepMoeneKTpaHe. Paju
3alITuTe Off MHQUITpaLje BOJe, KOPUTO U Jieo
jesepa 06/10)KeHM Cy BOJJOHEIIPOIYCHOM (OJIjoM
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eration that at the time of the flood wave, the rate of
flow of the new riverbed was reduced because of the
upstream part of the bed which was covered in bush-
es. Upstream from the access road and water intake
for thermal power plant “Kolubara A, the flow profile
and levels of the embankment at the lengths ~150m
remained unchanged. Running lake was built in the
riverbed with surface of 12ha, at the location of the
previously planned coffer for disposal of ash from the
thermal power plant. For the purposes of protection
from water infiltration, the riverbed and a part of the
lake were covered in fireproof foil and the slopes were
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a KOCIMHe KaMeHOM. Je3epo je 06pacio pacTumeM
U [e/IOM 3aIyHeHO HAHOCOM.

V3BopHO ~150 m of Bojo3axBara 3a TepMOeJeK-
TPaHy HOIUIABHM TAJIaC je IPeINo 1 CPYLIVO [0
JleCHOT HACHIIA. JefjaH JIeo IpenBeHe BOJ€ je KaHa-
70M ,,1]pHe Bope® yIIao M IOTOMMO IOBPIIMHCKU
Kot ,,Benmnku Llp/peHn ca ceBepHe cTpaHe, Halpa-
BUO AyOOKYy japyry, a APyIM [ieo Ce M3/MO IpeMa
J6apckoj MarucTpany, MOTONNO IPUIA3HN YT 1
npuobape.

IIpema TparoBuma BOfie y KOPUTY peke Bpanu-
YMHe Y3BOJHO Off IIPOIIyCTa Ha myTy JlajkoBam-M.
Bopak, mpoTtuiaju ¢y 6unm Maju, U HIUCY UMK
6uraH yruiaj. IIpema Tpary Bofie Ha JeCHOM HO-
BoM Hacuny peke Komybape, Ha mpoduny kpu-
BMHE - Y3BOJHO Off BOofo3axBara oko 300 m, HMBO
Bone 01O je ucnoyp xpyHe Hacumna 0,3 - 0,50 m.
ITporeHa je, na ce feo Boge Konybape Huje nsnmmo
Yy IpOCTOp NMOBPUIMHCKOT Koma ,IamMHaBa Vcrou-
HO mo/be’, HoBOM3TpaheHO KOPUTO BEPOBATHO
He6M MOITIO [ja IIPOITYCTU OBe BOfe, Te Ou ce 13-
nuie y HeNpecujy MOBPIIMHCKOT Koma ,,Bemukn
Lpmenn®.

PETYTAIIMJA TIEHITAHA: Pamgu 3amTure
IIO/bOIIPUBPENHOr 3eM/bMINTA, 1974. usseneHa je
perynauuja Ilemrana. Koputo muMeHsmoHmcaHo
3a Pa4yHCKY CTOTOIMIIIY BenuKy Bomy Q 1%=175
m?®/s, y HagmexxHoctu je JII Beorpapsope, 6mmo
je obpacno pactumeM. Peka ce paHmje moBpeMe-
HO U3MMBajga ¥ IUVIABM/IA 3€M/BMIITE Y3BOGHO Off
Vbapcke marucrpane. Y BpeMe perynmaiuje peke
[Tewrran, noBpuMHCKOr Koma ,,Benmuku Ipmpenn®
HMje 6110 HY y TUIAHOBYMA, TaKO JIa IeCHU HACHII
peka Ilemran ysBopHo off yurha y peky Komybapy
ny>xxuse ~200 m, HMje [MMEH3MOHMCAH Ia OCUTYpa
3aIITUTY HOBPIIMHCKOT Koma ,,Benuku Ipmenn”. Y
OBaKBVM OKOJTHOCTVMaA y3BOAHO off yurha ITemran
y Konyb6apy ycnen ycropa Bojie HOIIIIO je 10 Ipenm-
Balba, MECTMMMYHOT pylleHa HacuIla I OTUIAmba
BOJIe ITpeMa MOBPIIHCKOM Komy ,,Bermku Lpern®
ca jyroucTouHe cTpase, popmupajyhu gyboxe ja-
pyre.

IIOYKA

HetepmuHanyjy u  (QyHKIMOHNCAmE PYZHUY-
KIX CMCTEMA 32 3aIUTUTY Off BOJJa MHTEPAKTUBHO
Crajajy cBe aKTMBHOCTM Off feduHMcama KOH-
LeNLMje pellema, NMpojeKToBama O OfpKaBamba
U ynpaBbama cuctemMoM. Ha oBakBoM mpucry-
Iy IOCMaTpaH NpoO/ieM IOTallalkba TaMHABCKUX
MOBPIIMHCKMX KOIIOBA, UCTUYE AWIEMY Ja JIU CY
eKCTpeMHe MaflaB/He ca KaracTpodanHUM IIOI-
JIABHMM Ta/IacOM Kao IIOC/IEINLIOM, Koju je 14. 1 15.

covered in rocks. The lake was covered with over-
growth and partly filled with deposits.

About 150 m upstream from the water intake for the
thermal power plant, the flood wave covered and
demolished a part of the right embankment. One
part of the spilled water entered through the channel
“Crna voda” and overflooded the open-pit “Veliki
Crljeni” on the north side, and made a deep gorge,
whereas the other part spilled towards Ibar highway,
and overflooded the access road and coastline.

According to the traces of water in the riverbed of
Vranicina river, upstream from the channel on the
road Lajkovac - M. Borak, the discharges were rath-
er small and had no significant impact. According
to the traces of water at the right side of the new
embankment of the Kolubara river, the level of the
water below the crown of the embankment was 0,3-
0,50m at the profile of the curve - upstream from
the water intake about 300 m. It is estimated that,
hadn’t a part of the Kolumara river spilled into
the space of the open-pit ,Tamnava East field”, the
newly built riverbed probably wouldnt have put
through all these waters, so they would have spilled
in the depression of the open-pit “Veliki Crljeni”

REGULATION OF PESTANTI: For the purposes of
regulation of the agricultural land, a regulation of
Pestani was carried out in 1974. The riverbed was di-
mensioned for calculative centennial large water Q 1%
=175m’/ s, and it was under jurisdiction of PUC Be-
ogradvode, and it was covered in bushes. The river had
occasionally spilled and flooded the land upstream
from the Ibar highway. At the time of the regulation of
the Pestan river, the open-pit “Veliki Crljeni” was not
even in the plans, so the right bank of the Pestan River
upstream of the estuary of the Kolubara River ~ 200 m
long was not dimensioned to ensure the protection of
the open-pit “Veliki Crljeni”. In these circumstances,
upstream from the estuary of Pestan and Kolubara,
due to the water’s downfall, there was spillage of water,
partial collapse of the embankments and swelling of
the water toward the open pit “Veliki Crljeni” from the
southeast, forming deep gorges.

CONCLUSION

The determination and functioning of protection of
mine systems against waters, interactively connect all
the activities from defining the conceptual designs,
designing itself to maintenance and management of
the system. This approach views the problem of over-
flooding of the open-pits of Tamnava, highlights the
dilemma as to whether extreme precipitation with
a catastrophic flood wave is a consequence, which
on 14 and 15 May 2014 struck the area of the cen-
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Maja 2014. 3axBaTuo IOApydje LEHTPaTHOr Jesa
yrbeHor 6aceHa Komy6apa, Mck/pyunBu yTuIajHu
YYHW/IAL, IUIaB/beha Komoba. OfroHeTKa INaBO-
noMKke ,,1ITa 6u 6110 Ha je 61m0?“ OTBapa MUTabA
KaKo 61 ce TOMIaBHMU TIPOLIeC OIBUja0 U KaKBe 61
HOCTIeiMIIe IO MOBPIINHCKE KOIOBe 611Ie [ja Cy BO-
IHU 00jeKTU Ofp>KaBaHU ¥ KOHTPOJIVCAHU IIpeMa
IIPOjeKTHMM 3aXTE€BMMA, TEXHNYKMM CTaHJApAIMA
Y HOPMaTUBMMA, I Cy HACUIM OWIIM jaduu Ha KpU-
TUYHUM MecTuMa UTA. [la HaM OBy BeoMa CKyIly
JIeKIIMjy Tmpupofia He 61 MOHOBM/IA ¥ HAIIIATUIIA,
HEOIXOJHO je M3Byhm Imoyke TeMe/bHOM CTpyd-
HOM aHaJM30M MHTepaKljyje MOIMIaBHOT IIpolieca
U QYHKIMOHMCAba CUCTeMa 3a 3alTUTY Off BOJA.
Hu y jenHoj obnacTtit kao y py#apcTBY IPMPOfa I1e-
PMOAMYHO He TeCTMpa HaIly CHPEMHOCT Ha U3He-
Habema, 3aT0 OM pe3ynTaTy OBaKBe aHA/IM3e VIMAJIN
IIMPOK 3HAY3j 32 MHXKEemHEePCTBO U HayKy. OcuM mo-
Oyze y TOM CMICITY, paji HeMa ipyre pedepeHuuje.
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tral part of the coal basin Kolubara, and is the ex-
clusive influential factor in the floating of the mines.
The solution to the puzzle “What would have hap-
pened?” opens up questions about how the flood
process would unfold and what the consequences for
the open pit would be had the water facilities been
maintained and controlled according to the design
requests, technical standards and norms, had the
embankments been stronger at critical places, etc. It
is necessary to draw conclusions from a detailed ex-
pert analysis of the interaction between the flooding
process and functioning of the system for protection
against waters so as not to have the Nature repeat this
very expensive lesson. In no area like mining does
the Nature periodically test our readiness to sur-
prises, and that is why the results of such an analysis
would have great contribution to engineering and
science. Apart from the initiative in this regard, the
paper has no other preferences.
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dobujenux nodamaxa caznedana 6u ce mozyhiHocm no6omuiarwa HOCUBOCMU CMAOUTIHOCIY 00TIONEHUX MACa
NPUMEHOM BePIMUKATIHUX WbYHUAHUX OPeHOBA.

KTI)Y‘IHC pevn: nospuiuHcKU Kon, obﬂaeanumme, KAu3uwime, 6epmuKaitu aPEH

Abstract: One of the most significant problems in the surface exploitation of coal in Serbia is the instability of inter-
nal landfills and the appearance of landslides of larger proportions. The cause of such phenomena is the insufficient
previous drainage of the excavation that is being dug and the absence or non-functioning of the predisposed objects
of pre-drainage and drainage.

The increased loads of deposited masses in conditions of exceptional drainage of the landfill led to the movement of
deposited masses and the creation of landslides on several locations in the area of the internal landfill of PK Drmno.
Continuation of disposal of tailings in the internal landfill requires a complex approach and analysis of newly formed
relationships primarily in the body of the landfill, as well as the analysis of the interaction of the natural characteristics
of the soil, where the land[fill and deposited tailings were formed. On the basis of the obtained data, we would consider
the possibility of improving the load capacity of the deposited masses using vertical gravel drainage.

Key words: land mine, landfill, landslide, vertical drain
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Hajsehn nospiunacky konosu yrea y Cpouju page
y cactaBy JaBHor mpepyseha ,Enexkrpompusepna
Cpbuje.

BuineneneHnjcka pyapcka Ipakca Ha KomybGap-
CKMM U KOCTOTA4KMM KOIIOBMMa IIOKasaja je CBe
MabKaBOCTH YIIpaB/baiba YHYTPALIBUM OfjIara-
JMIITHMA. YIJIABHOM Cy Ce IPpOoO/IeMn Ofjp>KaBarba
CTaOWTHOCTY YHYTPAIIBYX OfIAra/INIITA CBOAIIN
Ha TIpUMeHy ofipeheHIX TeXHOMOMIKIX 3aXBaTa KOjit
Cy Ce y IpaKcy IIOKa3aiy LenucXonHnm. Jaaexo 6u
ce Behu edexTn ocTBapmIu fa cy ce T npobmemu
pelraBam Kpo3 mopmsame edekara OGraroBpeme-
HOT IIPefjOfBOfbaBaba M OfBOAIbABAbA KOIOBA.
Y pymapckoj Impakcy, Ha MOBPLIMHCKMM KOIIOBMMA
ympa y 3anapHoj EBpomy, anropuram akTMBHOCTH
je Jpyraumje MOCTaB/beH 1 IMPo6IeMIt CTaGMITHOCTI
YHYTpALUIbIX OfJIAra/ININTA je JaeKO Marbyl a ce
YIIPaBO 13 TVX Pa3/iora HICY 3HaYajHIje pasBuIe HU
MeTOfje 32 ITOfM3abe HIBOA IIXOBE CTaOVTHOCTIL.

ITpojexranTcku M Pypapckor muHcturyTa be-
orpaji IpUCTYIMO je AaHAIUTUYKY, AETa/bHO I
cBeoOyXBaTHO Y caIjleflaBalkby OBOT MpobeMa.
KoHKpeTHO MpOjeKTHO pellewme je IPaKTUIHO
NIPYMEHEHO Ha jeJHOM [ely YHYTpallliber Of-
nmarammTa Ha IIK [IpMHO u capa je oHO y ¢asu
npahema 1 penysajHupama.

XMAPOTEOJIOIIKE M TEOMEXAHMYKE
AHAJIVI3E YHYTPAIIILEL OIJIATAJIMIITA

Yuyrpamme opmarammmre IIK JIpmHO je aHTpo-
ToreHy flenosut usrpaben HajsehuM frenmom ox meca,
IIpalllHa ¥ CUTHO3PHMX IIeCKOBA Y KOjeM Hje MOo-
ryhe pedunucaty 6m10 KakBy BPCTY C/I0jeBUTOCTH
jep je omyarame jaJoBYHE OY/I0 HeCe/IeKTUBHO.

Ha ocHOBy pesynTara rpaHy/IOMeTPMjCKOT cacTaBa
y3eTHUX y30paKka U3 MCTPaXHMX OyIIOTHHA WM3Be-
OEHMX Y YHYTpaAlllbeéM O[JIara/INIITYy, IIPYMEHOM
eMnypujckor obpacua (XaseH) cpadyHaTe Cy Bpef-
HoCTH KoeduumjeHTa urrpanuje koju ce kpehy
y nHTepBanty of 107 mo 10® m/s [2]. Ha ocHoBy
mobujeHNX BpemHOCTM KoeduuyjeHta uirpa-
I[uje MOXe Ce 3aK/bY4MUTH Ja Ce 32 OIBOJIbaBaIbe
YHYTpalIIber OfjlarajaniiTa HE€ MOIry KOPUCTUTU
rpaBuTanuonn 6ynapu. OBaj 3aK/bydak je y3eT y
0031p NIPUINKOM pasMaTparsa BapMjaHTHUX pe-
IIerba [peHnpama 3a notpebe gexommpecnuje (cra-
Owmnsanyje) yHy Tpallber Of/Iara/niiTa.

Ha ynyTpammeM ofjarajuiuTy y IIepUOAY Of
2008. go 2010. ropmHe BplIeHa Cy OCMaTparba HU-
BOa IIO[[3eMHIX BOJIa Ha JleceT IMje3oMeTapa Ynju
HMBOTPaMII Cy IpUKasaHu Ha cmnun 1 [2].
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INTRODUCTION

The largest surface coal mines in Serbia work as a
part of the Public Enterprise “Elektroprivreda Sr-
bije”.

Decades of mining practice on Kolubara and Kos-
tolac mines showed all the defects in the manage-
ment of internal landfills. Mainly, the problems of
maintaining the stability of the internal landfills
were reduced to the application of certain tech-
nological interventions, which in practice proved
to be worthwhile. Far more effective effects would
have been realized that these problems were solved
by raising the effects of timely pre-drainage and
drainage. In mining practice, on surface coal mines
in Western Europe, the algorithm of activities is
different, and the problems of stability of internal
landfills are far smaller, and for these reasons, the
methods for raising the level of their stability have
not significantly increased.

The design team of the Mining Institute in Bel-
grade has come up with analytical, detailed and
comprehensive analysis of this problem. Specif-
ically, the project solution is practically applied
in one part of the internal landfill on PK Drmno,
which is now in the phase of monitoring and re-
designing.

HYDROGEOLOGICAL AND GEOME-
CHANICAL ANALYSIS OF THE INTERNAL
LANDFILL

The internal landfill of PK Drmno is an anthropo-
genic deposit built mostly of wood, dust and fine
sand, where it is not possible to define any type of
layering since the laying of the tailings was non-se-
lective. Based on the results of the granulometric
composition of the samples taken from the explor-
atory wells carried out in the internal landfill, us-
ing the empirical form (Hazen), the values of the
filtration coeflicient are calculated from the interval
from 107 to 10" m/s [2]. Based on the obtained val-
ues of the filtration coeflicient, it can be concluded
that gravity wells cannot be used for the drainage of
the internal landfill. This conclusion is taken into
account when considering variant drainage solu-
tions for the decompression (stabilization) of the
internal landfill.

At the internal landfill in the period from 2008 to
2010, observations of the groundwater level were
performed on ten piezometers whose levels are
shown in figure 1 [2].
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Cnuxa / Figure 1, Husoepamu na ocmampanum UO u OB nujesomempuma na ynympauwirwem oonazanumwmy ITK
Jpmro oxayuja u npecex okHa / Levels at observed UO and OB piezometers on internal landfill of PK Drmno

Y nepuopny op,26.9.2013. no 4.12.2014. rofuHe Bplie-
Ha cy ocMarpama Ha PUO nmjesomeTpuma 4mju Hi-
BOTpaMI Cy ITpuKasanu Ha cvnn 2 [2]. Perucrposa-
HU HUBOM nop3eMHux Bofa Ha PUO nujesomerprma
VHyTap Tella YHyTpalliber ofarammiura kpehy ce
on xore +5.6 m (PUO -2/14) mo xore +115.47 m
(PUO-5) rze je peructpoBan caMousnus [2].
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In the period from 26.9.2013. to 4.12.2014. surveys
were carried out on PUO piezometers whose lev-
els are shown in figure 2 [2]. The recorded levels of
groundwater on the PUO piezometers within the
body of the internal landfill range from the angle
+5.6 m (PUO -2/14) to +115.47 m (PUO-5) where
self-drainage is registered [2].
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Cnuxa / Figure 2, Husoepamu na ocmampanum PUO nujesomempuma na ynympawrem oonazanuuwimy ITK
Hpmro oxayuja u npecex okHa / Levels at observed PUO piezometers on internal landfill of PK Drmno

3a perucrpoBaHe HMBOTPaMe Ha MEPEHUM IIMje30-
MeTpMMa y yHyTpaumeM ofnaranumTy 11K Ipmuo
KapaKTepUCTUIHO je oAcycTBO Behmx Komebama.
CKOpoO CBU HUBOTPAMU CY XOPU3OHTATHU Y JIy>KeM
BPEMEHCKOM II€PUOJly OCMaTpama LITO yKasyje Ha
OICYCTBO yTHIIaja IpeHaKHMX OyHapa JTOLMPaHNUX
OKO YHYTpallllbel' OJjIara/iiiTa U aTMoCchepCcKux
IaflaBMHA Ha KojeOame HMBOA MOA3EMHMX BOfid y
I1je30MeTPMMa ¥ Ha BeOMa yCIIOPEH IMPOoIlecC BOJO-

Registered levels of measured piezometers in the
internal landfill of PK Drmno are characterized by
the absence of major fluctuations. Almost all of the
levels are horizontal in the long period of observa-
tion, which indicates the absence of the influence
of drainage wells located around the inner landfill
and atmospheric precipitation on the fluctuation
of the groundwater level in the piezometers and
on the very slow process of water-intake and poor
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3aMeHe 1 c1aby BOZOIIPOIYCHOCT Kao0 MOCTEANLLY
Ma/lX BPeSHOCTH KoeduimjeHTa (urpanmuje of-
JIOXKeHoT MaTepujana [3].

3a pas/uKy of IpUpoHe, HerlopeMeheHe BOTOHOCHe
CpenMHe Koja OKpY)Kyje YHyTpallllbe OfijIarajIiIITe
IIK IpmHO The mOcToju CMOOGOTHO, TPaBUTALIOHO
KpeTame TOJj3eMHIUX BOfia I IJie je PajloM JIpeHaX-
HMX OyHapa IIOCTUTHYT HMBO IIOfI3¢MHE BOJe M3Me-
PeH y MHTepBaly of KoTe +16 m /10 ckopo xore +70
m y Iuje3OMeTpyMa y YHYTPAIIbeM OfiTara/luIuTy
Cy PEerMCTPOBAaHY apTeCKU U Cy6apTeCKy HIBOY IITO
yKasyje Ha KpeTame IMOfI3EMHMX BOJA BEPTUKATHO
HaBJIIIe Kao IOC/IeIUIIA IIpolieca KoHcomaanyje [3].

C 00631poM fia OIIOKEHN MaTrepyjal KapaKTepylle
BE/IMKO NPUCYCTBO MUKPOIOPA, KalliIapHe CUJIe Cy
TOMMHAHTHE Y Be3UBamby BOJE 3a YECTUIIE ja/IOBU-
He. Paiyt ce 0 XUTPOCKOITHOM MaTepujay KOju 1aKo
yTInja BAary am je Temko ornyuTa. Kako je cajjaima
IOBPIIMHA YHYTpAllliber OfjlaraniuTa mpexo 8 km?
MOXKe ce 3aK/byYMTH! Jia Cy aTMocdepcKe IajaBuHe
TOMVHAHTAH M3BOp Bofie y ommaramuty [3]. Hens-
MEHMYHUM CMEHUBAK-EM IIPOIleca Ofjlaraiba HOBMX
KOJIMYMHA jaJIOBIHE, aTMOCEPCKIX IafjaBMHA, VH-
¢bunTpaiyje 1 ynujama Bofe Off CTpaHe Of/IOXKEHUX
Maca nosehaBa ce KonmumHa BOJE Y OJIaraJIAILTY.
Y camoM opjlaranmIuTy IPUCYTHE Cy TIOPHE BOfE U
HOPHU HPUTHCIM KOji OUTHO YTUUY Ha CTaOMITHOCT
OfIOKeHNX Maca. VismMepeHe BpefHOCTI HIBOA T10]I-
3eMHe BOJIe Y IMje30MeTpUMa YKasyjy Ha Belndn-
He TOPHMX NPUTMCAKA Y OHOM JIely Of/Iara/MiiTa
I7ie je TIOCTaB/beH BONOIPUjEMHM JIEO NIje30METPa.
Ca nosehameM KoTa OIJIOKEHMX Maca Ha OfjIara-
Ty nosehapajy ce HOPHM IPUTHCLM IITO Ce Ma-
HudecTyje Kpo3 BUIle M3MepeHe BPEFHOCTI HUBOA
NOZI3EMHMX BOJia y nujesomeTpyma. [lopuenn mop-
HU TIPUTKCLIM Y jeHOM TPHYTKY MOTY Jia Y3POKYjy
CTIOM CTPYKTYPE€ OIJIOXKEHOT MaTepujajia 1 Jia oBe-
Iy IO IojaBa MyKOTHMHA 1 Kam3uiTa. Juctprubynnja
HOPHMX MIPUTUCAKA Yy YHYTPAI-EM OfI/IaTa/IAILTY je
HepaBHOMepHa 11 3aBucK off Beher 6poja IpupoFHIX
U BEIITaYKUX QakTopa.

360r IPETXOHO HABENEHOT HEOIIXOJHO je Y HORMHY
U Ty OJYIATA/IMIITA YIPAAUTU ApeHaXHe objexre
KOju 611 CMarbUBaIi BPESHOCTH TIOPHMX IIPUTHCAKA
[1]. Tpeba HarmacuTH Ia ce ofjIarame jaToBUHE MOpa
BPILIMTY HA CYBOj, IIPUIIPEM/BEHO] LIOIIO3M [IPY Y€MY
BOfa U My/b MOPQjy OmTH CcOMmMpuQUKOBaHN VIV
OJICTpaEbeH 13 BOJOCAOMPHIMKA U KaHA/IA TIPe U~
XOBOT' 3aTpHaBarba jaJIOBMHOM. Bijio 61 HeorrXoxHo
BOJJOCAOMPHIIKE 1 KaHAJIe HA YI/by mocie unirhersa
Off My/ba 1 IIpe 3aTPIIaBarba jaJIOBMHOM IIPETBOPUTI
y OpeHaXXHe 06jeKTe YIPajitbOM Te0TeKCTIIA U OIr0-
Bapajyher rpanyara. [ToBesnBarem Tako uspahernx
IpeHaXHUX objekara ca HoBomsrpabeHmM Bomoca-

62

watertightness as a result of the small values of the
coeflicient of filtration of the deposited material [3].

In contrast to the natural, undisturbed water-bear-
ing environment that surrounds the internal landfill
of PK Drmno, where there is a free, gravitational
movement of groundwater, and where the level of
groundwater reached by the work of drainage wells
is measured from an angle of + 16m to an almost +
70m in the piezometers in the internal landfill arte-
sian and sub- artesian levels were registered, which
indicates the movement of underground waters
vertically upward as a result of the consolidation
process [3].

Since the deposited material is characterized by a
large presence of micropores, the capillary forces
are dominant in the binding of water to the tailings
particles. It is a hygroscopic material that easily ab-
sorbs moisture but hardly releases it. Since the cur-
rent surface of the internal landfill is over 8 km?,
it can be concluded that atmospheric precipitation
is the dominant source of water in the landfill [3].
By alternating succession of process of disposing
of new quantities of tailings, atmospheric precipi-
tation, infiltration and water absorption by the de-
posited masses, the amount of water in the landfill
increases. In the landfill there are pores of water and
pores pressures that significantly affect the stability
of deposited masses. Measured values of groundwa-
ter level in piezometers indicate the size of the pores
pressure in the part of the landfill where the wa-
ter-reception part of the piezometer is placed. With
the increase in the angles of deposited masses in the
landfill, the pores of the pressure increase, which
is manifested through the more measured values
of the groundwater level in piezometers. Increased
pores pressure can in one moment cause a break-
down of the structure of the deposited material and
lead to the appearance of cracks and landslides.
Distribution of the pores pressure in the internal
landfill is uneven and depends on a large number of
natural and artificial factors.

Because of the above, it is necessary to install drain-
age facilities in the floor and the body of the land-
fill, which would reduce the values of pore pres-
sures [1]. It should be emphasized that the laying of
tailings must be done on a dry, prepared substrate,
where the water and sludge must be solidified or re-
moved from the water tank and the canal prior to
their deposition by tailings. It would be necessary
to convert water collectors and canals on coal af-
ter cleaning from sludge and before deposition of
tailings into drainage facilities by installing geotex-
tile and appropriate granulate. By connecting the
so constructed drainage facilities with newly built
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OMpHMIMMa Ha HIDKMM KOTama y Komy jobuia 6u
Ce XIJIPOTeONOLIKY jeAMHCTBEHA [peHaXka MOANHe
opytaraymira. 360r XuApOreonoLiKe IPUPOfe OLI0-
JKeHe jasioByHe e(hekar yrpaheHe apeHaxe y MOAMHN
U Tefty ofyiaramiTa 6uhe orpaHndeH caMmo Ha MeCTO
IbIXOBE yTPajitbe.

Y nopyuum yHyTpammer ofnaranumra 11K JJpmuo
HaJIa3} ce CJI0j HeOTKOIIaHOT yIjba febpyHe 0,5 m
Kao Xupporeonomku usonarop. Konmmko rop je To
Moryhe Tpeba peann3oBaTi CeTeKTHBHO OjIararmbe
jarmoBUHE y3 CTaTHY MOHMTOPMHT U KOHTPOJY JIC-
TOT, TIApajIe/THO Ca BODemeM eBUJEHIUje O OTKO-
IIaHMM MacaMa y ¢asyu oTKpuBama. Tpeba Bognutu
CTa/iHy €BUJEHLM)jy CKU/Iakha jaJlOBUHE U HbEHOT
TeNOHOBalka M CHUMAambe TeOfleTCKMX CHUTYaluja
XPOHOJIOMIKY CBAKOT MecCella NN Y JY>KUM MHTep-
BajMMa. HeonmxonHo je BOMUTY CTaNnHy eBUECHILjY
KOjU MaTepyaJl je OTKOIIaH (Ilecak, JbyHaK, JIeC) U
I7ie je IeTIOHOBAH Ha YHYTPalllibeM OfJIara/lnIITy.

[eoTexHMYKa MCTpaXMBama YHYTPAIIbET Ofila-
ramumra I1K JIpMHO BpllleHa Cy y Bulle eTana y
Pa3IUYUTYIM BPEMEHCKMM IlepyopMa. Y Tabernn
1 npukasaH je oOMM M3BPUIEHNX UCTPKHUX Te-
onmomkux paposa [3]. Ha ysopnuma ysetum u3
OymIOoTMHA Koje Cy O1le O3HadeHe Kao reomexa-
HMYKe ypaheHM Cy efloMeTapcKm OIUT U TPaHy/Io-
METPUjCKI CaCcTaB.

AHanM3ypaHM Cy U TOfIAIIM KOju Cy o6ujern 1abo-
PaTOPMjCKMM MCHOUTUBAbeM OTKOIIAHOT MaTepuja-
J1a KOjM Ce OfjjIaske Ha CIOJballlbe Of/IaTaInIITe.

water collectors at lower points in the excavation,
hydrogeological unique drainage of the floor of the
landfill would be obtained. Due to the hydrogeo-
logical nature of the deposited tailings, the effect of
the built-in drainage in the floor and the body of
the landfill will be limited only to the place of their
installation.

In the floor of the internal landfill PK Drmno there
is a layer of uncovered coal with a thickness of 0.5
m as a hydrogeological insulator. As far as possible,
selective landfilling should be carried out with the
continuous monitoring and control of it, in paral-
lel with the keeping of records on the masses in the
detection phase. It is necessary to keep a permanent
record of removal of tailings and its deposit and re-
cording geodetic situations chronologically every
month or at longer intervals. It is necessary to keep
a permanent record of the material being excavated
(sand, gravel, wood) and where it is deposited on an
internal landfill.

Geotechnical investigations of the internal landfill
PK Drmno were carried out in several stages at dif-
ferent times. Table 1 shows the scope of exploration
geological works carried out [3]. On samples taken
from wells that were designated as geomechanical,
edometric experiment and granulometric composi-
tion were performed.

The data obtained by laboratory testing of excavat-
ed material deposited on an external landfill were
also analyzed.

Tabena / Table 1

Toguna Jloxanuja bpoj XI'/TM Y3opiu / Samples
Year Location XI'/TM HG/GM
— (m) PI'/RG XT/HG M/ GM
Number of
YI' | MUH | Ilopemehen | ITopemehen | Hemopemehen
HG/GM . . :
wells UG | MIN Disturbed Disturbed Undisturbed

2007 ViyTpanbe 6 328.8 / / 20 40 12
2009 Ofj1araanimTe 16 365.2 / / 17 33 23
2013 Internal 9 602.3 / / 41 77 16
2014 landfill 3 139.3 / / 30 / /

Tymau / Legend: YT-yram / UG-coal, MIH-nparehe munepanse cuposune / MIN-accompanying mineral raw materials,
I'M-reomexaunuke 6ymornne / GM-geomechanical wells, XI-xunporeonouxe 6ymorune / HG- hydrogeological wells

CraructiakoM 06pagoM pesyTara 1abopaToprjcKix
UCIUTYBaKa MapaMeTpa uBpcrohe Tra meduHyucane
Cy BeTarHe Ha HuBOy 90% moysnanocTu (17 ormra):

c9=190
e ¢ =3 kN/m?
.g=19kN/m3

Statistical analysis of the results of the laboratory
tests of the soil strength parameter defined the sizes
at the level of 90% of the reliability (17 experiments):

c@=190
e c =3 kN/m?
ogz 191(I\I/I’l'l3
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3AK/bYYAK

Ha ynyrpammem opmaranmumty IIK Jpmuo mpu-
CyTHE Cy KOMIIIEKCHE XMJIPOT€O/IONIKe KapaKTe-
PUCTHKE OfITIOXKEHE ja/IOBUHE YCTIe]] 4era ce Kao Ho-
CJIefIIa jaBjbajy reOTeXHIYKe HeCTaOVIHOCTH Koje
HEraTMBHO YTUYY Ha I|€0 IPOLEC eKCIIoaTaluje.
Haxon carnefjapama MOYETHOT CTaiba, YBUIOM Y
IHOKYMEHTALMOHM MaTrepujai, Kao M OOMIacKoM
YHYTpaIIbEer OfjlarajniiTa, yo4€Ha Cy KpUTUIHA
MeCTa y IpOLeCy Ofijlaramba OTKPUBKE Ha IIOBP-
MIMHCKOM Komy [IpMHo. KpuTnyna Mecta ce MaHM-
decTyjy Ha caMOM TepeHy y BUJAY NOTambarmba Ma-
Tepyujaia Ha MOjeIMHNM eTa)KaMa, ITyllarba PaJHIX
T/1aToa 10 KojiMa ce Kpehe MexaHM3aImja, mpeKu-
Jia TIpolieca ofjIarama y HeCTaOM/IHIM 30HaMa.

3a motpebe carnegaBama MoryhHocTn kopuirherba
BEPTUKA/THMX IUbYHYAHUX [PEHOBA 33 XUJPOTEX-
HMYKY CTabWIM3alujy OM/IOKeHe jaJloBUHE BeoMa
BaXaH 3aJjaTak je OMO aHaNIM3Mpare TeOTeXHUY-
Ke ¥ XUIPOTeoJIolIKe CUTyanyje. Y TOM CMUCIY, ¥
BIIIIE HaBpaTa, M3BPIIEHO je MCTPAKHO Oyllewme 1
obpaja y3opaka Kako 61 ce mto 60/pe gedrHmICao
HpefMeTHN TpocTop. Ha OCHOBY pacHONIOXMBUX
HojaTaka MOXKe Ce 3aK/bYIMTH [ja Ha CeBEpO 3amaf-
HOM JIe/Ty YHY TpallliberT Of/Iara/INIITa, Ha IIPBOj Haj-
HIDKOj €TaXM IIOCTOje MOBO/BHY XUPOTEOIONIKI
Y TEOTEXHWYKN YCIIOBM 32 NPUMEHY BEPTUKATHUX
LUBYHYaHUX ApeHoBa [4]. Kako 61 ce y6psao mpo-
Iiec KOHCOTMAaLuje, IPeTXOfHO onTepeheme decto
ce KOMOMHyje ca ynoTpe6oM BEepTUKATHUX LIbYH-
YaHUX IPEHOBA. YIPaJlhOM BepPTUKATHNUX LbyHYa-
HIX JpeHOBa MOpHa Bofa ce Kpehe paanjanHo mpe-
Ma HajOnmDKeM OpeHy Te ce Tako 3HadajHo ckpahyje
HyT UcTHIama [5]. [IpeHnpameM ce CMarbyjy MOPHM
HOPUTKUCLY YUMe T/IO JOJAasy Y JPEHUPAHO CTambe
IITO TTOBO/BHO JENyje Ha CTAaOMTHOCT.
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CONCLUSION

In the internal landfill PK Drmno, complex hy-
drogeological characteristics of deposited tailings
are present, resulting in geotechnical instabilities
which have a negative impact on the entire process
of exploitation. After examining the initial state,
insight into the documentation material, as well as
visits to the internal landfill, critical points were
detected in the process of disposing of the discov-
ery on the surface mine Drmno. Critical sites are
manifested on the ground in the form of materi-
al transfer on certain floors, cracking of working
platforms under which machinery moves, in-
terruption of the process of disposal in unstable
zones.

For the purpose of considering the possibility of
using vertical gravel drainages for hydrotechni-
cal stabilization of deposited tailings, a very im-
portant task was to analyze the geotechnical and
hydrogeological situation. In this sense, on several
occasions, exploration drilling and sample pro-
cessing were performed to better define the area
in question. Based on the available data, it can be
concluded that in the north western part of the
internal landfill there are favorable hydrogeolog-
ical and geotechnical conditions for the applica-
tion of vertical gravel drainages on the first, lowest
floor [4]. In order to speed up the consolidation
process, the previous load is often combined with
the use of vertical gravel drainages. By installing
vertical gravel drainages, pores water moves radi-
ally towards the nearest drain, thus significantly
reducing the drainage path [5]. Draining reduc-
es the pores of the body, which causes the soil to
enter into a drainage state, which is favorable for
stability.
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Abstract: On the ash landfill of thermal power plant “Nikola Tesla B, storage space is filled by direct decanting of
thick hydro-mixture of ashes and clinker from the perimeter fill. Ash is deposited near the fill, and a protective lake
is formed in the central part of the landfill and it is filled only with water and with time it only becomes deeper. Now
the depth of the central part is more than 10 m. With the intention that filling is performed evenly, Mining Institute
used “turn-key system” to design and hand over the floating decanting system which represents an addition to the
existing decanting system and which will enable even filling of the landfill, that is, its more rational usage. This
paper gives the description of this system, which is currently at the installation phase.
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YBOI INTRODUCTION

Ever since they were put into operation, in all ther-
mal power plants in Serbia ash and clinker have
been deposited hydraulically as hydro-mixture.
Until 2006, the deashing technology was applied

Ha cBum tepmoenexrpanama y Cpbouju of moder-
Ka pajia Ierneo U I/baKa Ce OJIaKY XUIPAy/Ind-
HO y BuUAy xuppomemasHe. Ce fo 2006. roguHe
IpUMEbMBAaHA jeé TEeXHOJIOIMja OTIeNe/bUBambha
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OMOhy ejekTopa WIM TaKO3BaHMX “YajHMKA“ ca
YHYTpAIIbUM TPAHCIOPTOM [0 GaseHa y Garep
cTaHuLy 6a3aITHUM KaHAINMa, a IOTOM LIeBOBO-
mumMa momohy Garep IMyMIM [O JelOHMja IIerena
naryHckor tuna. KapakrepucTiuka oBe TexHOMOrmje
je kopuiherse eHOpMHe KOMIYIHE BOJIE, 4 IeIIOHO-
Barbe Ierefa Ce BPLIM CTOOONHNUM TaloXKemeM y
(bOpMIpPaHOM TalOXXHOM je3epy.

ITomenyte 2006. roguue TepmoenekTpane Kocro-
nan b u Hukona Tecna b pexoncrpyniy cucreme
TpeTMaHa IleTeNa I NIJbaKe, yBOJE CyBO OTIEIe/bH-
Bame I CMellTaj memena y cunoce. To omoryhyje
dbopMypame TIycTe XuApOMeIIaBMHE IIeNena MU
Hbake M IeH TPAHCHOPT JO JIETIOHMje Ielerna.
KapaxTepucruka oBe TexHOMOIMje je Kopuinheme
3HAYajHO Mame KomM4MHe Bofe (40 myTa Mame),
3HAYajHO CMambemhe eHepruje 3a TPaHCIOPT U 3Ha-
JajHO 6O/be TeoMeXaHNJKe OCOOUHE OJIOKEHOT
Terena U Nbake. Y TIOT/eNly JIeIOHOBamba, OUTHa
pasIMKa je IUTO Ce JEeMOHOBakbe BUINE He OfBUja
CITO6OTHNM Ta/IoXKemeM, Beh Tmerreo 1 mybaxa Tamo-
’Ke Y TaHKMM C7I0jeBMMa jeflaH Ipeko apyror. OBo
3a TTOCTIeANITY MMa hopMupare Ierena y3 HacuII ca
KOjeT ce JeTIOHOBalbe O/IBIja, A je3epO KOje CTa/IHO
pacTe ca JellOHIjOM OCTaje He3alyheHo.

Oga nojapa je HeraTMBHa Ca IBa aCleKTa:

» HepaBHOMEPHO IIONyHaBame JeIIOHMjCKOT TIPoC-
TOpa U OPXKU PacT JIeTIOHje;

« Ty60KO jesepo 1Ma HelOBO/LHM)Y YTUIIAj Ha IIPO-
1ieC ApeHnpama y OKBUPY CUCTeMa OJBOJbaBatba
HeIoHje.

VI3 Tux pasmora IpojeKToBaH je cuctem Koju he
omoryhutu paBHOMepHHUje MOINyHhaBame jesepa
nospumHe oko 100 ha y pagnoj kacetu. ITpojek-
TOBAaHU CHUCTEM je JomyHa mocrtojeheM cucremy u
YK/bydyje ce U ICK/by4yje Off CTpaHe PyKOoBaolja Ha
IeIOHMjU TOKOM paja mocTojeher cucrema.

OIINC ITPOJEKTOBAHOI' CMCTEMA

TexHonoruja sanymaBama IPOCTOPa UCIOJ, IIOBP-
IIVHE jesepa aKTuBHe Kacere: [Ipumenena TexHo-
JIOTHja HeTIOHOBAaba MICTAKamheM I'yCTe XMIpOoMella-
BIHe IIeIlefIa I II/bake He oMoryhyje 3amymaBame
KOMIIIETHE TIOBPILNHE aKTVBHE KaceTe MOMITO je y
cpepuuITy KaceTe GOPMUPAHO je3epo Koje 3ay3uma
npocrtop off 60% 0 70% yKyIHe MOBPIIMHE KaceTe
1 y KOjeM He JOJIa3y IO 3HayajHMjer 3allymaBama
ca IIeTeJIOM U LI/bAKOM. Je3epo je HamepHO ¢op-
MHUPAHO Ca 3a/JaTKOM Ja C€ MAKCHMMATHO CMambu
U3JI0’KEHOCT MOBPIINHA IeTIOHOBAHOT MaTepyjaa
aKTMBHE KaceTe BETPY KOjU Y3POKYje IeroBO OJHO-
IIere 11 pasBejaBambe Ha OKOIHO nonpydyje. Kako he
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via ejectors or the so-called “kettle” with internal
transport to the pool in the dredge station through
basalt canals, and then through pipelines with
dredge pumps to the landfills of ash of lagoon type.
This technology is characteristic for using enor-
mous amounts of water, and stockpiling of ash is
performed by free depositing in the formed deposit
lake.

In the said 2006, thermal power plants Kostolac
B and Nikola Tesla B reconstruct their systems of
treatment of ash and clinker, they introduce dry
deashing and storage of ash in storage bins. This en-
ables the formation of thick hydro-mixture of ash
and clinker, and its transportation to the ash land-
fill. The characteristic of this technology is the use
of significantly smaller amount of water (40 times
smaller), significant reduction of energy for trans-
portation and significantly better geo-mechani-
cal properties of the deposited ash and clinker. In
terms of stockpiling, it is important to notice the
difference that stockpiling is no longer done by free
depositing, but rather the ash and clinker are depos-
ited over one another in thin layers. This results in
the formation of ash near the fill from which stock-
piling is performed, and the lake which is continu-
ously growing with the landfill remains non-filled.

This phenomenon is negative from two aspects:

o Uneven filling of landfill space and faster growth
of the landfill;

« Deep lake has a more unfavorable impact on the
process of drainage within the system of landfill
dewatering.

For these reasons, a system was designed which
would enable a more even filling of the lake which
has the surface of 100 ha in the working cassette. The
designed system is an addition to the existing system
and it can be turned on and off by the operator on the
landfill during the operation of the existing system.

DESCRIPTION OF THE DESIGNED
SYSTEM

Technology of deashing of the space underneath
the surface of the lake of active cassette: The applied
technology of stockpiling by decanting of the thick
hydro-mixture of ash and clinker does not enable
the filling of the entire surface of the active cassette,
since there is a lake in the middle of the cassette which
takes up 60% to 70% of the total surface of the cas-
sette where there is no significant filling with ash and
clinker. The lake is intentionally formed in order to
maximally decrease the exposure of the surfaces of
the stockpiled material of the active cassette to wind,
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jesepo Ha aKTMBHOj KaceTy er3sUCTUpaT JOK rof ce
oHa 6y/ie KOPMCTIIIA 32 OfjIaTakbe IeTleNa 1 MJbake,
3a 3aIlymaBambe HeCKopuIIheHor MpocTopa UCIIOx
HOBpIINHE jesepa mpeasuba ce mocebHa TEXHOTIO-
ruja.

OBa TexHoONOIMja y3uMa y 003up HeMoryhHocT
3HaAyYajHUjer pas/lyuBamba MaTepujaja Koju ce Of-
JIa)Ke JICIOJ, TMOBPIIMHE BOJE, OJHOCHO KapaKTe-
PUCTHKE TOABOJHO JETNOHOBAHOT MaTepujana fa
¢dbopmipa 3HaYajHUje cTpMUje Harnbe of MecTa uc-
TaKarba VCIOJ IIOBPIIMHE je3epa Ka IIeHTPy KaceTe.
O63mpom fia Huje Moryhe ca jemHOT MecTa 3aITyHba-
BaTU IPOCTOp 107 jesepoM Ha Behoj mospuyHy,
pelierse Mopa 6uty Iwyrajyhm cucrem umja he ce
JCTaKayKa MecTa denrhe ImpeMeInTaTyl U JOBOGUTH
Ha NOTPeOHO MeCTO 3a PaBHOMEPHO 3allybaBambe
IIPOCTOPA UCIIOJ, TOBPIIMHE.

ITnyrajyhu mcrakaukm cucrem: VcTakauknm ie-
BOBOJ] MO>Ke [ja Ce IPUK/bY4M Ha OUIO KOju pas-
BOJHM L[€BOBOJ, OKO KaceTe YMeCTO jefHOTr Of
nocrojehnx ncrakada. CacToju ce o HaJ3eMHOT
Tela LeBOBOJIA IIOCTAB/bEHOT II0 TepeHy (IUIaXn),
¢bnexcubuaHe ueBu Koja omoryhyje sakperame
wiuBajyher fena 1jeBoBOfia y OGHOCY Ha (UKCHM
HaJ3eMHI fieo 1eBoBoAa. Hapzemun u mwiyrajyhn
MCTAaKa4KM LeBOBOJ cacTaB/beH je o HDPE nesu
(monuernnieHa BUCOKe TYCTHHE), TPAaHCIOPTA U
memoHoBama. OBe I[eBM MMajy BeMKe TeMIlepa-
TypHe AWIATallMje Kafia Kpo3 BHUX He HMpoTude
XUJIpOMeEIIABIHA, alu CY 3a IpefBubeHy HaMeHy
HOTOfiHe, jep Aunaranuja Hehe cMeraty mwiosehem
11eBoBOJy omITo he kpaj 1eBoBofa 6UTH PUKCH-
paH 3aTe3HNM y>KaguMa

ITosunmonupame ncrakaya Ha jesepy: PaBHomepHO
3aIyIbaBame IEOHNMjCKOT IIPOCTOPA MCIIOf TOBPIIHN-
He jesepa CyouyaBa ce ca JBa OCHOBHA ITpobieMa:

« 3aITyeHM IIPOCTOP JICHIOJ] TOBPINNHE je3epa Hilje
BUUbUB N

o [TmoBehn HDPE 11eBOBOZ je caBUT/BUB, Ia YCIIEn
ofylarama XMApOMellaBMHEe WM YCled BeTpa
Moke fohu 10 moMepama MCTaKayKor MecTa TO-
KOM pafia.

ITpocrop Koju ce 3anymwaBa Huje BU/bUB IIa he ce
TeTIOHOBaIbe OfIBUjaTH IO YHAmpefs, NpUIpeMbe-
HOM IUIaHY ¥ Y3 PelOBHY KOHTpPONTYy HyOMHe, Of-
HOCHO IOCTUTHYTE KOT€ 3aIlyheHOCTH IIOPE] UCTA-
KayKor MecTa. Kaga ce mpocTop mucnpey ncrakada
3amyHu o fy61He of 1 m MCIIOf OBpLINHE je3epa,
UCTaKauy ce oMepajy y craesehm mmaHmpanu mo-
JI0K2j.

[Tpo6meM CaBUT/BMBOCTHU LI€EBOBOLA U IIOMeparbe
MCTAaKa4YKOI MeCTa pellaBa Ceé TaKO LITO Ceé KPaj
MCTAKAuKOT 11eBOBOAA Besdyje moMohy IrreTeHmx

which causes it to be carried away and scattered to the
surrounding area. Since the lake will exist on the ac-
tive cassette as long as it is used for disposal of ash and
clinker, a special technology is intended for filling of
the unused space underneath the surface of the lake.

This technology takes into consideration the im-
possibility of a more significant spillage of materials
which is deposited underneath the water surface,
that is, the characteristics of the material which
is deposited under water to form significant steep
slopes from the point of unloading underneath the
surface towards the center of the cassette. Consid-
ering that it is not possible to fill in the space under-
neath the lake from one point on the largest surface,
the solution must be the floating system, whose un-
loading points will be moved more frequently and
lead to the special place for even filling of the space
underneath the surface.

Floating filling system: Unloading pipeline can
be connected to any distribution pipe around the
cassette instead of one of the existing unloaders. It
contains the overhead part of the pipeline which
is placed around the terrain (beach), flexible pipe
which enables turning of the floating part of the
pipeline in relation to the fixed overhead part of
the pipeline. The overhead and floating decanting
pipeline is comprised of HDPE pipes (polyethylene
of high thickness), transportation and stockpiling.
These pipes have high temperature dilatations when
there is no hydro-mixture in them, but they are suit-
able for the intended purpose because dilatation will
not get in the way of the existing pipeline since the
end of the pipeline will be fixed with guying ropes.

Positioning of the unloader in the lake: Even fill-
ing of the landfill space underneath the surface of
the lake is faced with two basic problems:

« The filled space underneath the surface of the lake
is no longer visible and

« The floating HDPE pipeline is flexible, so in case
of disposal of the hydro-mixture or in case of
wind, the unloading point can be moved during
operation.

The space which is filled in is not visible, so stock-
piling will be performed according to the previ-
ously prepared plan and with regular control of the
depth, that is, the achieved level of filling near the
unloading point. When the space in front of the un-
loader is filled in until the depth of 1 m underneath
the surface of the lake, the unloaders are moved to
the next planned position.

The problem of the flexibility of pipes and mov-
ing of the unloading point is solved by connecting
the end of the unloading pipeline to fixed support
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Je/IMYHUX Y>Kafiu 3a pUKCHe ocnoHIe. PUKcHM oc-
JIOHIIM Cy iBe OeToHMpaHe IaTdopMe Ha KojuMa
Cy IIOCTaB/beHa BHUT/NA 3a HaMOTaBame yXKeTa ca
yrpabeHOM CHUI'ypHOCHOM KOYHMIIOM. BeTOHCKM
OCJIOHIIM Tpajie ce Ha IUIAXM Topef jesepa MO3MU-
IIVIOHMPAHUM TaKoO J]a Ce LIeBOBOJ, CTATTHO 3aTeXke
IpeMa UCTaKayKuM MecTuMa. Ha oBaj HaumH 1ieBo-
BOJ je GMKCHMpPaH ca TpU Be3He Tauke, Iie je Tpeha
Be3Ha Tauka Kpaj Haji3eMHOT IleBoBofa. Ha crmin
1 mpmkasaHa je meMa ofjlarama Ileresna 1 IUbake
u3 wiyTajyher ofyaradkor cucrema

Ha ynyTpammeM ojjlaraquiuTy y IEpPUOAY Of
2008. go 2010. ropnue BpiIeHa Cy OCMaTparba HU-
BOa MOJi3€MHUX BOJIa Ha JleceT MujesoMeTapa 4mjn
HUBOTPaMU Cy IpUKasaHy Ha cnuny 1 [2].

with plaited steel ropes. Fixed support are two con-
crete platforms on which there are two winches for
wire-winding with a built-in safety brake. Concrete
supports are built on the beach near the lake which
is positioned in such a way so as to continuously
tightens the pipes towards the unloading points. In
this way, the pipeline is fixed with three connect-
ing points, where the third connecting point is the
end of the overhead pipeline. Figure 1 represents
the scheme of disposal of ash and clinker from the
floating disposal system.

At the internal landfill in the period from 2008 to
2010, the level of groundwater was measured on ten
pedestrians whose levels are shown in figure 1 [2].

Tymau / Legend:

A - IleBoBO[ ca
noHToHuMa / Pipeline
with pontoons

B - Yennuano yxe /
Steel rope
C - Butno / Winch
1-4 - npenBubenn mojacu
3a 3arymaBarme /

prescribed belts for
filling in

Cnuxa / Figure 1, Illema 3anywasarea npocmopa ca enemenmuma niaymajyhee
ucmaxaukoe cucmema / Scheme of filling in of space with elements of floating decanting system

OIINC ITPOJEKTOBAHOI' CMUCTEMA

ITonToHcku ocmonum: IloHTOHCKY OCOHAL (op-
MUpa ce CIlajalbeM [iBa IIOHTOHA IIPMKA3aH Ha CIN-
1y 2. [Toutonu cy ypahenn og UV — crabunmcanux
HOMMETUIEHCKUX IIEBU UCTTYHeHMX CTUPOIIOPCKUM
Ty/bLIMMA 1€JIOM 3aIIPEMIHOM. Y TIOHTOHMMA C€ I10
IpeYyHMKY Ha JiBa MecTa Oyllle TapaieHy OTBOPIU.
Kpos wux ce ybanyjy uesu og HDPE u 3aBapyjy 3a
oMmoTau moHToHa. Kpos dopmupane sobuie mpo-
BJIaYM Ce NOIVHKOBaHa IieB. J3Mel)y monToHa 1M0-
cTaB/ba ce fucTraHiep, fieo HDPE nesn npeynnka
oprosapajyhe myxuHe kojoM ce oxpebhyje momoxaj
neBu n3Mmeby nmonTona. IIOHTOHN 1 1IeBOBO, Be3a-
HM cy momohy naHIa.
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DESCRIPTION OF THE PROJECTED
SYSTEM

Pontoon supports: Pontoon support is formed
by connecting two pontoons shown in the figure
2. Pontoons are made of UV-stabilized polyethyl-
ene pipes filled with styropor flange adaptors in its
entire volume. Parallel openings are drilled in the
pontoons per diameter in to spots. HDPE pipes are
placed through them and they are welded to the
coating of the pontoon. Through the formed turn-
ing piece, a galvanized pipe is inserted. Between the
pontoons an outstrip is placed, a part of the HDPE
pipe with diameter of adequate length which deter-
mines the position of the pipes between the pon-
toons. Pontoons and pipeline are tied by a chain.
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Cnuxa / Figure 2, I]e0600 Ha nonmonckum ocnonyuma / Pipeline on the pontoon supports

Buro 3a HaMmoTaBame YenmyHe cajne: Koncrpyn-
CaHO BUTJIO je HaMeHeHO 3a puBJIadee mnoseher
MICTAKA4KOT 11€BOBOJIAa 110 IOBPLIVHIM BOJiEe HA Jie-
nonuju nernena u nvbake TEHT B. 3a mnosehn ne-
BOBOJI, ca 06e CTpaHe, 3aKa4eHO je BYYHO YeTINIHO
Y>Ke Koje IIpeKO BOJie I IIeTIesia 0/1a3) Ha BUTJIO Ifie
ce HaMOTaBa WIM OfMOTaBa IO MOTpebu. Vsrmex
BUT/IA IPMKa3aH je Ha camuu 3.

Winch for winding of the steel cable lock: The con-
structed winch is intended for moving the floating de-
canting pipeline over the surface of the water on the
landfill of ash and clinker TENT B. A pooling steel
rope is connected to the floating pipeline on both
sides, which is attached to the winch through the wa-
ter and ash where it winds and unwinds as needed.
The appearance of the winch is shown in figure 3.

Cnuxa / Figure 3, IIpukas koncmpyucaroe sumna / View of the constructed winch

Butno je meTanHe KOHCTPYKIMje ca PyYHUM IIOTO-
HoM. CacToju ce U3: 3yIYacTor pefyKTopa, pyuke
3a py4yHO OoOpTame ylmasHe OCOBUHE DeyKTOpa,
crojuute, 6yOma 3a HaMoTaBamwe y)xera, GpuKcHOr
YIeXNUIITeha OCOBMHe OyOma, MeranHe Hocehe
KOHCTpyKIuje ypaheHe saBapuBamem UNP mpo-
¢wa, cToIIe Off MMMa 33 Be3UBaIbe Ha TIOZIIOTY.

Winch is a metal construction with manual drive. It
contains: CHC reductor, handle for manual turning
of input mandrel of the reductor, coupling, drum
for wire-winding, fixed dip of the drum mandrel,
metal loadbearing construction made by welding
of UNP profile, metal footing for connecting to the
base.
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IT1oBMIO 32 KOHTPOILY, MOHT)XXY U AEMOHTAXY
mryrtajyher cucrema: 3a MOHTaXy ¥ AeMOHTaXY
1I€BOBOJIA Y BOAM, MHTEPBEHIINjy Ha IIOHTOHMMA, 32
KOHTPOJTY 11€BOBOJIA, TPAHCIIOPT L|eBY Ca IOHTOHU-
Ma, OCMaTpabe 3alyeHOCTH Y je3epy, 3aMMIIbe-
HO je 0ce6HO IIOBM/IO — KaTaMapaH, HallpaB/beH
Off 2 TIOHTOHA KPY>KHOT 0671Ka, Mehyco6HO moBe-
3aHMX PELIeTKACTOM YeTUYHOM KOHCTPYKIVjOM.
OcHOBa IUIOBNIA je ITPMKa3aHa Ha camun 4.

Vessel for control, assembly and disassembly of
the floating system:_For assembly and disassem-
bly of the pipeline in the water, intervention on the
pontoons, for control of the pipelines, transporta-
tion of pipes with pontoons, monitoring of filling in
the lake, a separate vessel is intended - catamaran,
made of 2 rectangular pontoons, mutually connect-
ed with a laced steel construction. The base of the
vessel is shown in figure 4.

Cnuxa / Figure 4, CepsucHo IIIOBUTIO y ipumipeMu / service vessel in preparation

Jleo mpepBulene u MpojekToM meduHMCaHe Ompe-
Me Ha JIENOHMjY TIeTeIa U I/baKe y TePMOENeKTpa-
uu TEHT b je mpukasan na crmiu 5.

=

A part of the prescribed equipment defined by this
project at the landfill of ash and clinker in the ther-
mal power plant Thermal power plant Nikola Tesla
B is shown in figure 5.

Cnyika / Figure 5, Monmasca npojexmmuo Oepunucare onpeme Ha NeIOHU)U HeTeNna /
Assembly of the equipment defined by the project at the land[fill of ash
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3AK/bYYAK

CBpxa OBOI' pelllera jecTe paspajia TeXHOJIOTVje
3alymbaBamba [IPOCTOpa JCIIOf, IIOBPIINHE je3epa
kojoM he ce 3amyHuTN HemckopuurheHn IpocTop
IeIOHMje, YCIIOPUTHU AVHAMUKA U3rpajibe HacuIla
yCIiel paBHOMEpPHIjer 3allyibaBamba aKTUBHE Kace-
Te, a Ca aClleKTa CTabVIHOCTY CMabUTV MOryhHOCT
IIpoJopa BOJie Y KOCHHE KaceTe.
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CONCLUSION

The purpose of this solution is to develop the technol-
ogy for filling in of space underneath the surface of
the lake, which will fill the unused space of the land-
fill, slow down the dynamics of the construction of the
slope due to a more even filling of the active cassette,
and also lower the possibility of water spillage into the
slopes of the cassette from the aspect of stability.
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Caxerak: OcHosy npuspedHoz passoja epadcke onwmure Kocmonay, npedcmasmwa pyoapcko - eHepzermcku
KoMNTIeKC Kao jedaH 00 OUmHuUxX HoCUoUa npuspeoHoz passoja He camo Iloxapesya Kao wez0602 AOMUHUCMPA-
mueHoez yeHmpa éeh u Bpanuuesckoe oxpyea. Teoepadcku nonoxaj, Komykayuore éese u HenocpeoHa 6uU3UHA
Beoepada cy camo Hexe nosomHocmu 0se 06nacmu.

IIpuspednu passoj obnacmu 3axmesa aKMUSHOCMU CIPYKIMYPHUX HUHUWIAUA Y PeanU3aUUfu yce0jeHux 0y2o-
POUHUX CMPAMEeKUX UUbesa aKmyenu3ayujom eepuduxosanux npojekmuux pewerva. Ha npocmopro nna-
Hupawe ymude HU3 eleMeHMAPHUX napamemapa u3 obnacmu ekoHomuje, UHPOPMAUUOHUX MeXHONI02U]d,
unoycmpuje, epahesunapcmea, pyopacmea, exonozuje u ocmanux npamehux wununaya. Cadpicaj naanckux
AKMUBHOCMU Y NPOUECY 0CBAPUBAtbA 0Y20POUHUX UHIMEPeCcA 3aXMe6a YcaniaueHocm npedsuheHux u peaimo
0CBAPLUBUX NPOJEKMHUX petierva.

Mspaoda npojexmme dokymenmayuje npeyusupana je 3aKOHCKOM pezynamusom a niaHcku 0euHucana npue-
peoHumM npozpamom npeomerHe oonacmu. AHAIU3A YIASHUX NAPAMEMAPa, CMPYUHA MULLIbetbd, CTNedeHa UCKY-
CM6a M00esI06aHA U UMNTIEMEHMUPAHA Y BePUPUKO8AHUM NPOJEKIMHUM PeluerbUMA UMAfy oueKusanu egexam
camo y cry4ajy npumene y nianuparom nepuody. Hepemxo ce Oeuiasa 0a ce akmyenmu npojexmu He peanusyjy
Ycr1ed HeycaznauleHoCu UHMePCHUX 2pynayuja. Y mom cMucry HeonxooHo je aHumupamu ymuyajHe pyKogsoo-
crmeeHe cMpyKmype Ha JI0KAJIHOM HUBOY KAKO OU ce NoKpeHyle AKIMUBHOCMU NPUMeHe NPOjeKMHUX peuletva.

Kibyune peun: npojexmua peuierva, mysej pyoapcmea, 1ukosHa KoIoHUja, 06pasosHu u cnopmcko - pexpea-
MUBHU KOMNTIEKC

Abstract: The basis of the economic development of the city municipality of Kostolac is the Mineral-Energy Com-
plex as one of the important carriers of economic development not only of PoZarevac as its administrative center,
but also of the district of Branicevo. Geographical position, communication and immediate vicinity of Belgrade are
just some of the advantages of this area.

Economic development of this area requires the activity of structural factors in the realization of the adopted long-
term strategic goals with actualization of verified design solutions. Space planning is affected by a variety of elemen-
tary parameters from the field of economy, information technologies, industry, civil engineering, mining, ecology
and other supporting elements. The content of planned activities in the process of achieving long-term interest
requires the harmonization of envisaged and realistic design solutions.
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Design of project documentation is precisely defined by legal regulations, and the plan is defined by the economic
program of the field in question. The analysis of input parameters, expert opinions, acquired experience modeled
and implemented in the verified design solutions have the expected effect only in case of the application in the
planned period. It is not uncommon that the current project aren’t realized due to discrepancies among interest
groups. In this sense, it is necessary to animate the influential managerial structures at the local level in order to

start the activities of implementation of design solutions.

Key words: design solutions, mining museum, complex, art colony, educational and sports and recreational com-

plex

YBO/[

Cse Beha morpeba 3a eHeprijoM ycnoB/baBa 1 I0-
Behambe KamamyTeTa MPOU3BOJHNUX CHCTEMA Y TIOBP-
IIMHCKOj €KCIIOATalyji. PesynTar TakBMX 3axTeBa
npaheH je 6p)XOM U IPOCTPaHUjOM Jerpafaliijom
obmacTu y kpahuM BpeMeHcKuM nepronuma. Hame-
Ha 1 ypebeme mpocTopa yTBpbyje ce myropounum
HPOCTOPHMUM ¥ YPOAQHUCTUYKUM KOHLIEITUMA ¥ TO
Tpe CBera MofjpasyMena ycKnahyBame HacTax us-
MEHa Ca YCBOj€HMM TEXHOTOUIKMM pellerbyMa.

Y 30HaMa yTHnIlaja BeIMKNX CHCTEMA CaI/IeflaBajy ce
€KOHOMCKI, coumjam—m, TEXHMYKO - TEXHOJIOIIKN 1
€KOJIOIIKM aCIeKTH, a MPOjeKTHa OCHOBA 3aCHUBA
Ce Ha pe3y/ITaTuMa MCTPaXXKMBakha 1 aHA/IM3aMa 110
Pa3nmmMINTM TEMATCKUM O6IIaCTI/[Ma. HPI/UII/IKOM
IIaHupama 1 ypehema mpocTopa, pojeKTHe aK-
TUBHOCTH VMajy o6aBe3y IpyMeHe 3aKOHa, Tofi3a-
KOHCKMX aKara I IIpOIca U3 o6/IacTy pysapcTBa,
eHepreTuKe, VHAYCTpUje, IO/BOIpPUBPEe, BOJO-
TIpuUBpefie, KUBOTHE CpPefVHe, 3aIlTUTe IPUPOTE,
3allITUTE CIIOMEHNMKA KYy/IType U IPp.

ITonasny ocHOBY 3a M3pajy IpojeKaTa IpeacTa-
B/ba BeJMKM Opoj yrasHUX mapamerapa. Ibuxosa
HOY3[aHOCT JAedUHMIIE KBAIUTET IMPOjeKTHUX
pelllera a YCIOB/bE€HA je aHA/IM30M HHU3a IIpa-
rehux YMHMIalla ¥ yTHULAja PyAapcko — eHep-
TeTCKO - NPOM3BOJHMUX IPOIeCa Ha OKONMMHY. Y
LM/bY U3pajie KBaIUTETHUX IIPOjeKTHUX pellierba
3axTeBa ce pas3BMjeH HUBO MHQOpMaIUja, TeX-
HUKa IJIAHMPakha, MCKYCTBO KA0 U BYUICOK CTeIleH
KOOpAMHalLMje IPOjeKTHUX TMMOBa. ExoHOoMUja,
uH(pOpMaLNOHe TeXHOJIOTHje, MHAYCTPHja, Tpabe-
BUHAPCTBO, T'eOJIOTMja, eKOMOTUja U OCTane 06-
JIACTH, IPENCTaB/bajy KBATUTATUBHY IOJJIOTY 32
u360p ONTHMATHOT IIPOjeKTHOT pelera. [Ipume-
Ha HajHOBMjUX Hay4HUX gocTurHyha yckmahenux
ca mocrojehuM CTeleHOM TEeXHOJOLIKOT pa3Boja
U CTeYEeHNMM MCKYCTBMMA IIPOjeKTHUX THMOBA
TOIPMHOCK M3pafiX JYTOPOYHMUX CTpaTeruja Kao
CMepHMIIa IPUBETHOT Pa3Boja.

O6macTyt pyEapcKo - eHepreTCKUX CUCTeMa YCTIOBIbe-
He IIpOMeHaMa IPUPOJHMX eKOCUCHTEMA Kao TOocTe-
IuIa eKCIvIoaTalyoHux mponeca. Heypebenocr u
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INTRODUCTION

The increasing demand for energy conditions the
increase of capacity of the production systems in
the surface exploitation. The result of such requests
is followed by a faster and wider degradation of are-
as in shorter time periods. Purpose and landscaping
of space are determined by long-term spatial and
urban concepts, which above all includes harmoni-
zation of resulting changes and adopted technolog-
ical solutions.

In the zones of influence of large systems, eco-
nomic, social, technical, technological and en-
vironmental aspects are considered, and the
project basis is based on the results of research
and analyzes in different thematic areas. During
planning and landscaping of the space, project
activities are obliged to implement laws, by-laws
and regulations in the fields of mining, energy,
industry, agriculture, water management, envi-
ronment, nature protection, cultural monuments
protection, etc.

A large number of input parameters make the
starting basis for design of projects. Their relia-
bility defines the quality of project solutions and
it is determined by the analysis of a range of sup-
porting factors and impact of mining-energy-pro-
duction processes on the environment. In order to
develop quality design solutions, a required level
of information, planning techniques, experience
and a high degree of coordination of project teams
are required. Economy, information technologies,
industry, civil engineering, geology, ecology and
other fields represent the qualitative surface for
the selection of the optimal design solution. The
application of the latest scientific achievements
harmonized with the existing level of technolog-
ical development and the acquired experience of
project teams contribute to the design of long-
term strategies as the guidelines of economic de-
velopment.

The fields of the mining and energy systems are
conditioned by the changes of natural ecosystems
as a result of exploitation processes. Disorder and
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3aIIyIITeHOCT MPeIMETHIX IOApYYja YeCcTO Cy pesyi-
TaT HeNpodeCrOHaTHOT OfHOCA CTPYYHUX OpraHM-
3aIMOHMX CTPYKTYpa IIPOU3BOJHIX CHCTeMa, T1acyB-
HOCTM JIOKA/JHMX 33jeJHUIIA, KaO U TIPUOPUTETHUX
aKTMBHOCTY HAMETHYTUX IIOMUTUYKIM MHTepecHMa.
To cy camo Heku off y3poKa Kojy Ha JIOKa/IHOM HUBOY
CIIyTaBajy THPMMeHY BepU(UKOBAHMX MPOjeKTHUX
pelllersa y pa3Bojy PerMOHATHIX 00/IacTH.

IIpecraHak pajoBa Ha €KCIUIOATalMji, 3a0CTaIN
PYAapCcKu pajfioBM M 3aTBpambe PyJHMKA ca efle-
MEHTapHUM IIOC/IefMIaMa Jierpajanyje Iogpydja
IMpeNnyIITeHNX yTUIajUMa JleloBakba IPUPOJHUX
IIpolieca IpeJCcTaB/bajy BEOMa YeCT Cy4aj y Hallloj
PYZAapCKOj IPAaKCH. JeflaH Off TpuMepa IpeficTaB/ba
u pynHuk KneHoBHUK, Ha KoMe je jom 2008. rogyHe
IpecTasa eKCIyIoaTaluja yrba.

Y uwsy mNpMBpefHOr pasBoja a carrefasajyhu
OKOJTHOCTH TPEHYTHUX JielaBama y KocTomaukom
Oaceny, Koja cy mpaheHa 4ecTUM KapOBCKUM IIPO-
MeHaMa, O4MI/IefiHa je moTpeba fa ce cybjekTmma
KOj¥ Ha JIOKaJIHOM HUBOY OJITY4Yyjy O XpOHONIOTUjU
aKTUBHOCTY IPUKAXKY, Y OKBUPY CTPYIHUX U BEPH-
(MKOBAaHNX MPOjeKTHUX JOKYMEHATa, aHaTu3upa-
He MoryhHocTi pasBoja ca mparehmm edexruma.
Tume 6u ce moOfCTaKIa peanyusaluja CBUX OHUX
IpojeKaTa Koju ce ofHoce Ha ypebheme HapyIIeHnx
IpPOCTOpa @ ¥ CKIAZly ca M3MEeHEeHUM MPUPOTHUM
yCIOBMMa, 3aXxTeBMMa yHampehema 1 odyBama
KBQ/IUTETa >XMBOTHE CpPeAMHEe 1 CUTYPHOCTH Y
BUJY CMamemwa pusnka u mrera. Tpeba ucrahm fa
ce mpojekTHa pertersa 3a [1K ,,KnenoBunk® ogaoce
Ha CTarbe PajioBa HAKOH IIPeCTaHKa eKCIIoaTalje
yI/ba, ca IpelBU)eHOM KOHIIEMIIjOM U YCBOjeHNM
pelienyMa 1 fla ce Kao Takpa Tpebajy cMaTparn
ob6aBesyjyha kaza ce paiu 0 BUXOBOj IPUMEHIL.

IVDTAHCKA M ITPOJEKTHA PEIIIEHA
YPEBEA HAPYIIEHVX ITPOCTOPA
KOCTOJIIAYKOTI YIJbEHOI' BACEHA

OcHoBy mpuBpefHoOr pasBoja noppydja Iloxape-
BlJa IIPE/ICTaB/ba TEPMOEHEPIeHTCKM KOMILIEKC
ca npepcraBEMITBOM Y Koctomny. Ocum mnpyc-
TPMjCKOT IIOTEHIIMja/Ia OBO IOAPYYje PacIonaKe 1
Ca 3HA4YajHUM KYITYPHUM U TYPUCTUYKUM Cafp-
JKajMMa. Je[laH Ofi HajsHA4YajHMUjUX JIOKAIUTETA Ha-
IOMaK IOBPIINHCKOT KoIa ,,JIpMHO” je apxeosom-
KO Hajla3ullTe BuMmHanmjym, Koje je KaTeropuca-
HO Ka0 HeIOKPETHO KYITYPHO Z0OPO Off 13y3eTHOT
3Hauyaja 3a Pemy6rmuky CpoOujy, ca mpepmorom 3a
YIIUC y IPENMMUHAPHY IUCTY CBETCKE KYATYPHE U
npupopte 6amriuae UNESCO.

I[TomasHy OCHOBY y cMUCTTy ypeherma >KMBOTHOT OK-
py’kema IpefcTaB/ba ,IIpocTopHy IIan nofpyyja

neglect of the areas in question are often the result
of the unprofessional relationship between profes-
sional organizational structures of production sys-
tems, the passivity of local communities, and the
priority activities imposed by political interests.
These are just some of the causes that disturb the
implementation of verified design solutions in the
development of regional areas.

Termination of exploitation works, late mining
works and mine closing with elementary conse-
quences of the degradation of areas adrift to the ef-
fects of natural processes are a very common case
in our mining practice. One of the examples is the
mine Klenovnik, where the exploitation of coal
stopped back in 2008.

For the purposes of economic development and by
considering the circumstances of current affairs in
the Kostolac basin, which are followed by frequent
personnel changes, it is evident that the entities
that decide about the chronology of activities at the
local level should be presented with the analyzed
possibilities of development with accompanying
effects with the framework of professional and ver-
ified project documentation. This would encour-
age the realization of all those projects that refer to
the landscaping of disturbed areas, in accordance
with the changes natural conditions, requirements
of improvement and preservation of the quality of
the environment and safety in the form of risk and
damage reduction. It should be pointed out that de-
sign solutions for PK “Klenovnik” refer to the state
of works after the termination of coal exploitation,
with the default conception and adopted solutions,
and as such they should be considered as binding
when it comes to their application.

PLAN AND DESIGN SOLUTIONS FOR
LANDSCAPING OF DISTURBED AREAS
OF THE COAL BASIN OF KOSTOLAC

The basis of the economic development of the
area of Pozarevac is the thermoenergetic complex
with headquarters in Kostolac. In addition to in-
dustrial potential, this area also disposes with
significant cultural and tourist contents. One of
the most important sites near the open-pit min-
ing “Drmno” is the archeological site Viminaci-
um, which is categorized as immobile cultural
property of great importance for the Republic of
Serbia, with a proposal for enrollment in the pre-
liminary list of the world’s cultural and natural
heritage UNESCO.

The starting point in terms of landscaping of the
environment is “Spatial plan of the special purpose

77




JI. Munowesuh, XK. IIpawmano, T. Xaprep-/bybenosuh, Peanuzauuja akmyeniux eepuduxayuoHux nianckux u npojekmnux peuierva..., 75-82
D. Milosevi¢, Z. Prastalo, T. Hafner-Ljubenovié, Realization of Current Verified Plan and Social Development of Kostolac, 75-82

noce6He HameHe”, ofHOCHO KocTomaukor yr/beHor
Gacena. HameHa mpocTOpa MOBPLIMHCKOT KOIIA
,K/IeHOBHMK” HaKOH 3aBplIeTKa eKCIIoaTalje
yI/ba yCaIJallleHa je ca IPOCTOPHUM ¥ ypOaHuc-
TUYKUM IJIAHOM.

Ha mpocropy HapylieHuX MOBpIIMHA aKTyeTHOM
IPOjeKTHOM JIOKYMEHTAaIlMjoM, ZAepUHMCAHU Cy
capip>kaju ypehera mpeMeTHOT pOCTOpa ca OCHOB-
HUM LIIW/bEM YCMEPEHMM Ka TYPUCTUYKO] OpHjeH-
rauuju. To ce mpe cBera ofHOCK Ha JIOLMPalbe HO-
BIX PEKpEaTNBHIUX, I/I3IIO)K6€HI/IX, YMETHUYIKUX U
CMEIITAjHMX cafipKaja. Ypebemwe mocTekcmioara-
LVIOHVX IIpefienia mpeaBuba mounrympaBame u Gop-
MIpame 3alTUTHUX nojaceBa, Ha OHVM IIOBPIIN-
HaMa Koje HIICY TIOTOfiHe 3a IpyBoheme Mo/bonpuB-
penHyM Kynrypama [4]. Msmeby ocrasor, morpe6HO
je IOfICeTUTN Ce [a 3aBPIIETAK eKCIUIoaTalje Ha
HOBPIINHCKOM Koty ,,KireHoBHUK 06aBesyje Orpa-
Hak TE-KO ,Kocroman® pga peanusyje mpojexTHa
petera 1o moctojehoj MpojeKTHOj JOKyMeHTaIji
Y 3aKOHCKMM OKBVIPVIMA.

Ypebewe mpocTopa moBpmIMHCKOT Koma ,Kie-
HOBHUK" TIpenBuba fja ce y ceBepHOM Jeny MOBp-
IIHCKOT KOTIa U3TPajiil yMeTHIYKA KOJIOHMja. 3a-
IaJIHN [leo IUTAHMPAH je 3a U3TPajmy Myseja py-
[apCTBa M eAYKATMBHO - CMELITajHOT KOMIUIEKCA.
IleHTpaZHM [0 MOBPIIMHCKOr Koma mpexsuba
USTPaiiby CIOPTCKO - PEKPeaTHBHOT KOMIIIEKCA.
YHyTpallbe OflarajayiiTe HaMembeHo je 6VIONI-
KOj PeKy/ITHBALMj} U HOBPATKY 3eM/bUILTA IPBO-
OUTHOj HAMEHI.

Mysej pyoapcmea, Kao M3IOXKOEHNM MPOCTOpP ca
IPUKa3OM pasBoja PylapCTBa, KPO3 PETPOCIIEK-
TUBY pyJapema of IOYeTKa /10 JaHALIKUX [JaHa je
caMo jemaH of mocrojehnx mpojexara, xoju je mmo-
TpeOHO peannsoBaty y Luby uckopuirheHOCTH
PacIONIOXKMBUX KalanuTeTa. Y UCTOM Ou ce U3/a-
rajii CBU IIPeIMETH U PyflapCKe MallMHe, KOje Ipu-
Kasyjy Iepuof pyfapema Ha mpocropuma Kocro-
MAYKKX pymHMKA. HeonxomHo je HarmoMeHyTH fia ce
le0 OIpeMe Hajlas¥ Ha IPeJMETHOM JIOKA/TUTETY
YaK je I JeTMMUYHO PeCTaypupaH, IITO 3HAYM JIa je
HOTPeOHO HACTAaBMUTM Ca IUIAHMPAHMM aKTUBHOC-
TUMa IIpeMa CaJpiKajy MPpOjeKTHEe JOKyMEHTalje.
Y TOM KOHTEKCTY y rOAMUILUM [/IAHOBMMA HEOII-
XOJHO je IIpeBUIETH KalaluTeTe 32 KOHTUHYMPa-
HO 1M3BODeme pajjoBa IO MPeAMEeTHUM IIPOjeKTH-
Ma. IlocTaBbame COMApHUX IIaHEIA HAa YEINYHO]
HOAKOHCTPYKLMjIL, KOju 61 OM/IN HaICTPEIIHNI[A
yjeqHO M 3aIUTUTa Off CYHI[a 32 MapKUPaHa BO3WU/IA
je jemHo op peema. lleo KoMIIIEKC je onacaH mpo-
TUBIIOXXapHMM IYTEM. Y3 HOBOIUIAHMPAHY HPYTY,
aKTYe/THOM IIPOjEeKTHOM NOKYMEHTALIjOM je IIpefl-
BubeHo fa nospiinHa u3Mely napkmHra u Tpra mc-
npesi Myseja pygapcTBa ocTaHe 3aTpabmeHa. Kao
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ared’, that is, the coal basin of Kostolac. The purpose
of the area of open-pit mine “Klenovnik” after the
termination of coal exploitation is harmonized with
spatial and urban plan.

On the area of the disturbed surfaces with the cur-
rent project documentation, the contents of land-
scaping of the area in question are defined with the
main goal focused towards the tourist orientation.
This above all refers to locating new contents for
recreation, displays, art and accommodation. Land-
scaping of post-exploitation areas includes affores-
tation and formation of protective belts, on those
surfaces which are not suitable for agricultural crops
[4]. Among other things, it is necessary to remem-
ber that termination of exploitation at the open-pit
mine “Klenovnik” obliges the Branch of TE-KO
“Kostolac” to realize design solutions according to
the existing project documentation within the legal
framework.

Landscaping of the area of open-pit mine “Kle-
novnik” envisages the construction of an artistic
colony in the northern part of the open-pit mine.
West part was intended for construction of the
mining museum and educational-accommodation
complex. The central part of the open mine envis-
ages the construction of sports and recreational
complex. Internal landfill is intended for biologi-
cal reclamation and return of land to its original
purpose.

Mining museum, as a show-room displaying the
development of mining through retrospect of min-
ing from its beginning to modern days, is only one
of the existing projects, which needs to be realized
in order to use the available capacities. It would
also display all mining items and machines, which
represent the period of mining on the territory of
the mines of Kostolac. It is necessary to mention
that a part of the equipment is located at the site
in question, and that it is partially restaurated,
which means that it is necessary to continue with
planned activities according to the content of pro-
ject documentation. In this context, it is necessary
to predict the capacities for continuous execution
of works in the annual plans according to the pro-
jects in question. Placement of solar panels on the
steel sub construction, which would represent a
canopy and at the same time roof protection from
the sun for the parked vehicles, is one of the solu-
tions. The entire complex is circumscribed with
escape roads. Along the newly planned railway,
the current project documentation envisages that
the surface between the parking and the square in
front of the Mining Museum should remain cov-
ered in grass. The Square in front of the museum
is intended as the central open space, which rep-
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IIeHTPaTHU OTBOpeHM IpocTop npensuben je Tpr
ucmpep objekta My3eja, KOji IpefcTaB/ba MeCTO ca
KOjer e 3aII04ibe MOCeTa [eIOM JIOKAIUTETY, IIITO
je yjemHo 1 MecTo cycpeTa 1 OKyIbama. Ha camom
Tpry npensuba ce cTenenacta ¢poHTaHa ca 6ucToMm
Bopba Bajdepra. Y3 Tpr je ausajuupan OTBOpeHn
am¢urearap ca moryhnomhy HatkpuBama MOH-
TaXHO-IEeMOHTaXHOM HajictpenraunioM. Ha Tpry
ce Haymasu u [eonomkn cTy6, kao u VIHPo maHen ca
IeTa/bHNUM 06jalllbeyIMa IPOCTOpa.

IIpoctop wusmehy Mysejckoe u EdyxkamusHo -
cMewmajHoz KomnieKkcd, OpraHM30BaH je Kao o3e-
JTlerbeHa TOBPILINMHA, KOjy IIpecelia IIpyra, IIpefi-
BubeHa 3a 0OHaB/balbe HEKAMJALIIHET TPAHCIIOPTHOT
KOJIOCEKa y HOBO]j (DYHKIIMjI, OMHOCHO 3a IPEBO3 TY-
puCcTa Off IPUCTAHNUIUTA Ha JlyHaBY 11 apXeOJIOMIKOT
Ha/la3uIlTa - BumuHatmjyma fo Myseja pydapcmea
- Kocromnary. Osenerwenu nmpoctop 6u 6110 popmupan
Kao TPaBHbaK a IIPOjeKTOM Cy npepiBrbeHe 1 mmermay-
Ke KOMyHMKal[yje, a OHe Koje 611 ce TOKOM BpeMeHa
HojaBMle Kao ajTepPHATMBHM IIpaBLy, Takobe 61
MoOTJIe JIa ce YKJIOIe y IPBOOMTAH KOHLIENT IIPOjeKTa.

Cmewimajno-edykamueHu Komniekc TIpelCcTaB/ba
BE/MKN IOTEHIMjasl 33 egyKalujy OMIafyHe M TO
yIIpaBO Ha MeCTy Ifje ce Beh melleHmjamMa BpIIM eKc-
mioaranyja pyze. [lopen yBua y ncTopmjcku pasBoj
U U3JIOXKEHNX MAIVHA Y OKBUPY Myseja pyoapcmea
U My3ejCKe [TOCTaBKe Ha OTBOPEHOM, haru xoju 6u
6wt cMmenrteHn y okBupy Cumewsmajno - edykmu-
8HO2 YeHmpa, UMV 61 Ha PACIIOIaramy YIMOHNIIe
umaboparopuje. Benke 3eyieHe MOBpIINHE Y OKBUPY
camor EdyxamuseHo - cmewimajroz xomnexca, puc-
Ky/ITypHa cajia I UTPAJIMIIITA 32 fielty, Kao 1 Cnopm-
CKO - pekpeamusHu yenmap, KOji ce HafjoBe3yje Ha
nokanujy EdykamueHo - cmewimajnoe xommnnexca,
IIpeACTaB/bajy Cajipkaje 3a CIIOPTCKE, OGHOCHO pe-
JIAKCAIlYIOHe aKTVBHOCTY HOCeTIana. [4]

MsrpaamoM oBaKBIX KOMIIIEKCA, TIOAPXKaBa ce nfieja
TelieHTpanm3anyje n pactepehnparma I/TaBHUX IPaji-
CKUX LIEHTapa Off CafpkKaja, KOju IO CBOjOj TeMU U
Be3aHOCTHM 3a ofipeheHy mpocrop, Mory 6uTn of, fa-
neko Behe KopucTy, ca KBaIMTETHWMM CafpyKajuMa,
HPOCTOHO ¥ PYHKIMOHATTHO 60/be OPraHM30BaHN.

OYEKMBAHW EQGEKTU [TIPVIMEHE
[MPOJEKTHMX PEIIEA Y KOCTOJIAY-
KOM YIJbEHOM BACEHY

[Tpumikom uspape oBor pajia kopuirheHe Cy OCHOBe
IVTAHCKMX JIOKYMEHATa M aKTyeTHOT IIPOjeKTa, KOju
ce 3aCHMBajy Ha ypebemy cBUX IIpocTOpa IIpegMeT-
HOT VHAYCTPUjCKO - €HEPreTCKOr KOMIUIEKCa, Ha
KOj/IMa je HAKOH 00yCcTaBe pafjoBa It lerpajaLiyje Te-
peHa moTpe6HO USBPILINTI CAHALU]Y OFHOCHO IIpe-
HaMeHy HeKOpI/IIHheHI/IX n HaHyIIITeHI/[X HpOCTOpa.

resents the place from where the visit to the entire
site commences and at the same time represents
the place of meeting and gathering. A staircase
fountain with a bust of Georg Weifert is intended
to be placed on the Square itself. Along with the
Square, an open amphitheater was designed with
the possibility of covering the assembly and dis-
mantling canopy. There is also a Geological pillar
on the square, as well as Info panel with detailed
explanation of space.

The space between the Museum and Educational-ac-
commodation complex is organized as a landscaping
surface, which is interrupted with a railway, intended
for reclamation of a former transportation track in
the new function, i.e. For the transportation of tour-
ists from the dock on the Danube and archaeological
site - Viminatium to the Mining Museum - Kostolac.
The landscaping space would be formed as a grass-
land, and the project also envisages pedestrian roads,
and those roads which would appear over time as al-
ternative directions could also be implemented into
the original concept of the project.

Education-accommodation complex is a giant poten-
tial for the education of young people in the very
place where exploitation of ore has been carried out
for decades. In addition to the insight into the his-
toric development and displayed machines within
the Mining Museum and mining layout in the open,
the students who would be accommodated within
the Educational-accommodation center could be
able to use classrooms and laboratories. Big green
surfaces within the Education-accommodation com-
plex, such as gym hall and playgrounds for children,
as well as Sports and recreational center, which con-
tinues on the location of the Education-accommo-
dation complex, are contents for sports, i.e.recrea-
tional activities of the visitors. [4]

Construction of these complexes supports the idea
of decentralization and relieving the main city
centers from contents, which, according to their
theme and connection to a certain space, may be
far more useful , have more quality contents and
have better spatial and functional organization.

EXPECTED EFFECTS OF APPLICATION
OF DESIGN SOLUTIONS IN THE COAL
BASIN OF KOSTOLAC

In writing this paper, the basics of planning doc-
uments and the current project were used, which
are based on landscaping of all areas of the indus-
trial - energy complex in question, where after the
suspension of the work and the degradation of the
terrain it is necessary to perform remedial measures
or replace unused and abandoned spaces.
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Tymau / Legend:

1 - YmerHmuka Konmonuja / Artistic
colony

2 - Bupukosar / Belvedere

3 - 3ereHe MOBPILIIHE IO TPAaBOM
pexpeanuone nmusagie / Green
surfaces covered with grass of
recreational meadows

4 - 30Ha eKCTpEeMHMX cropToBa / Zone
of extreme sports

5 — Bohmanm / Orchards

6 — Illyme / Forests

7 - Ilo/bonpuBpesHO 3eM/bULITE /
Agricultural land

8 — IMospunHe mop TpaBom / Surfaces
covered in grass

CICNCNCICACEGES

9 — CMeITAjHO - eyKaTVBHU KOMILIEKC
/ Education-accommodation complex

10 - TTapkunr / Parking

11 - Mysej pymapcTsa / Mining Museum

12 - CriopTcku Tepenn / Sport terrains

13 - 3eneHe MOBpIIMHE IPENyLITEHE
IpUpofHOM pasBojy / Green
surfaces left for natural development

14 - CniopTcky Tepenn / Sport terrains

Cnuxka / Figure 1, IIpojekmosanu cadpxcaju na npocmopy I1K ,Knernosnux
(Moejna kpeayuja Jacmunax u Bnadumup Leejuh) / Designed contents on the area
of PK “Klenovnik” (Conceptual creation Jasminak and Vladimir Cvejic) [4]

[IpenBubena mpojexTHa pellermba KOHIUIMPaHa Cy
y ummby ypebemwa u cripedaBama fja/be Aerpajaiuje
3axBaheHNX MpOCTOpa MOBPIIMHCKOM €KCIIIOATa-
11joM Ha npoctopy Kocromaukor yrbeHor 6aceHa.
Ypebeme npocTtopa camo 1o ce6u mpefcTapba jef-
HY Off Mepa OYyBama XXIBOTHE CpefliHe Koja Tpeba
Ia yCKIaiu cBe oHe (aKTope KOju TOMUHUPA]Y Y
HpeIMeTHOj 06/macTu.

ApxeonomKko Hamasuimre BuMmnanmjym, Mana-
ctup Pyxymmja, ymeTHmuka ranepuja Mutena
[TaBnoBuh - bapwiu cy meo TypucTuuke u Kyil-
TypOJIOIIKE IIOHYJE OBOT OKpyTra. ¥ TOM CMMCIy
HEOIIXOJHO je HAaIIOMEHYTHU Jia je Y TOKY IIPETXO[HE
TOfiHe apXeoJIOIIKO HajasuIuTe BuMmmHanujym
o6ymmno okxo 300.000 mocetnmana. Carnegasajyhm
eKOHOMCKe edeKTe Typu3Ma, HEONXOHO je CTBO-
PUTV IPEyC/IOBE 3a ETOB Pa3BOj Y3 IeTa/bHO M3-
rpabeHe pernoHaiHe IIaHOBe.

Y TOM KOHTEKCTY mocrojehu TypucTuuky moTeH-
mujan Ha noapydjy Kocronia moryhe je ymormy-
HUTHU Y3 OIMCaHE IPOjeKTOBaHE cafipykKaje, LITO
6u 6mma moOpa OCHOBa 3a HOBa MHBECTHUIIMOHA
y/larama, OTBapame HOBMX PaJiHUX MEeCTa, CaMUM
TiM nosehare IpUBpenHOT pasBoja obmacTu. Yop-
3aH eKOHOMCKV pasBOj IOApYydYja yTuijao 6um Ha
CMameme MUrpalyja u nosehame KBanurera >Ku-
BOTa CTAHOBHUILTBA.

Typusam Moyke OMTV 3HaYajaH ¥ Ca acleKTa AUpPeKT-
HUX CTPaHMX y/arama y CBUM OHMM IOfpydYjuMa
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The intended design solutions are designed for the
purposes of landscaping and prevention of fur-
ther degradation of the affected areas by surface
exploitation in the area of coal basin Kostolac.
Landscaping itself is one of the measures of pres-
ervation of the environment, which needs to har-
monize all the factors that dominate in the field in
question.

Archaeological site Viminatium, monastery Ru-
kumija, art gallery Milena Pavlovi¢ - Barili are all
part of the tourist cultural offer of this region. In
this sense, it is necessary to mention that during the
past year, the archaeological site Viminatium was
visited by approximately 300.000 visitors. Taking
into account the economic effects of tourism, it is
necessary to create preconditions for its develop-
ment with detailed regional plans.

In this context the existing tourist potential in the
region of Kostolac can be completed with described
design solutions, which would be a good basis for
new investments, opening of new job positions,
and thus the increase of economic development
of this area. Faster economic development of this
area would affect the reduction of migration and
increase the quality of life of the population.

Tourism can also be significant from the point
of view of direct foreign investments in all
those areas that have potential, applicable and
attractive spatial plan, and harmonized current
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KOja MMajy IOTeHLMjaJl, IPYMEH/bUB Y aTpaKTNBaH
IIPOCTOPHM II/IaH, yCaIJallleHy aKTyelHy IPOjeKTHY
TOKMEHTalyjy. Y3 capafiy JIOKajlHe CaMOYIIpaBe,
IIPMMEHOM jeJHOCTaBHMX HPOLEAYPATHUX IIOCTY-
maka Tpeba oMoryhmrm peanmusaiujy HaBeZeHUX
YYHMIALA Yy MHTEpecy IIupe APYIITBEHE 3ajef-
Hune. Vasrpagmwa Myseja pymapctBa, Epyxarus-
HO CMeNITajHOT KOMIUIeKca, JIMKOBHe KO/oHWuje,
CHopTcKO - pPeKpeaTMBHOT KOMIUIEKCA MOXKE [a
IpefcTaB/ba BeoMa aTpakTuBaH ‘business plan”

MsrpagmoM ommcaHuX cajpikaja, Hofp)KaBa ce
uyeja geneHTpanmusanuje u pacrepehusama Behux
rpajckux IeHrtapa. IlapanenHo ca USTpafmboOM
npepsubeHnx  uMHQpacTpyKTypHMX  objekaTa,
ypebemeM HapylleHMX IOBpIINHA YIOTIYHUIA 61
ce TYpUCTMYKa IIOHYJA, Koja Ou ca KyJITypOJIOLI-
KUM cafip)KajuMa IpefcTaB/bajla jefUHCTBEHy Iie-
ymHy noppydja Kocronua. Ty ce mpe cBera myucin
Ha ypebeme npuobansor nojaca JlyHasa, usrpagma
IpUCTAaHMIITA ¥ MapyuHa y 30HM Kocromia, kxao
u ypebeme mocrojeher crmoprckor aepogpoma Ha
CpenmeM KOCTOMAYKOM OCTPBY.

OmnncaHa IpojeKTHa pelllelha HaBe[eHOr cafipyKaja
KOja joIll HICY peajn30BaHa, YIOTIYHMIA 6K TY-
PUCTUYKY TIOHY/ly OBOT PETMOHA M TEK HAKOH TOra
Ou ce yBUEO 3Hauaj U eeKTH HUXOBE MpUMEHe
Kao M YTUIIAj Ha NMOOO/bIIAH KBAIUTET XMBOTA Ha
OBUM IPOCTOpMMA.

CymTiHa cBera HaBeJleHOr Tpeba Jja ofiCTaKHe ca-
BECT CBUX OHMX JPYHITBEHO YTULAjHUX YMHN/IAIIA
Jla OpMjeHTaLN]jy IPUBPEIHOr Pa3Boja YMHE CTPyY-
Ha MMIUbEHa a HMKAKO HJieje MHTEPCHUX Ipyla-
1yja. CXOOHO 3aKOHCKOj PErynaTuBy, IIPUBPENHOM
IUIaHY, PacIONOXMBYM KallallUTeTHMA, CTeYeHUM
UCKYCTBMMA, CTPYYHVMM I YCaIJlAleHUM MIII-
JbeIbVIMa, BepUPNKOBAHNM MPOjeKTHUM pelIeHN-
Ma peanusoBaHMM y GpopMu IpojeKara HEOIXOTHO
je MOKpEHYTU aKTUBHOCTU y IM/bY ypebera mome-
HYTOT IPOCTOPA.
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project documentation. With the cooperation
of the local self-government, simple proce-
dural processes should enable the realization
of these factors which is in the interest of the
wider community. Construction of the Mining
Museum, Education-accommodation complex,
Artistic colony, Sports and recreational com-
plex can represent a very attractive “business
plan”.

The construction of the described contents sup-
ports the idea of decentralization and relief of major
city centers. Parallel to the construction of the en-
visaged infrastructure facilities, landscaping of the
affected surfaces would complete the tourist offer,
which would represent a unique offer of the Kos-
tolac region together with cultural contents. First
of all, this refers to the landscaping of the coastal
belt of the Danube, the construction of a dock and
marina in the Kostolac zone, as well as landscaping
of an existing sports airport on the central island of
Kostolac.

The described design solutions of the men-
tioned content which still haven’t been realized,
would complete the tourist offer of this region,
and only after that the significance and effects of
their implementation, as well as the impact on
the improved quality of life in this region would
be seen.

The essence of all of the above should encour-
age the conscience of all those socially influen-
tial factors that the orientation of economic de-
velopment consists of expert opinions, and not
the ideas of interest groups. In accordance with
legal regulations, business plan, available capaci-
ties, acquired experience, expert and harmonized
opinions, verified project solutions realized in
the form of projects, it is necessary to start ac-
tivities for the purposes of landscaping the men-
tioned area.
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Caxxetak: Kod npopauyra cmabunrocmu (He3asucHo 00 memo0donozije Koja ce KOpucmu), nocmoje 08a npucmy-
na: demepmuHucmuuky u cmoxacmuuxu. IIpeu npedycnos 3a 6uno kakee npopauyHe je 0a nocmoju 0080bHO
nodamaka Koju ce mozy cmamucmuuku 06padumu — d0a 3adosome Cmydenm pacnodeny. Koo demepmunucmuy-
KUX Memooa 2nasna 8enutuHa ca Koja gueypuuie y npopavyHuma je cpedroa 8pedHocm, 00K cy K00 crmoxacmuy-
Kux npopauyHa céu pesynimamu 000ujeHu 1a60pamopujckum Uiy mepeHcKUM UCnUmuaruma pasHonpasHo
cy sacmynmwenu. 3axeanyjyhu mome y npopauyte je ysedena u HexomozeHocm macusad. Y paoy je usnoxera
MemoOonI02Uja CroxXacmu4koz npoPauyHa, U Ha jeOHoM npumepy npukasana ynopeoHa aHanu3a pesyimama
CMoxXacmuukoe u 0emepmMuHUCMU1K02 NPOPAUYHaA.

Kibyune peun: cmoxacmuxa, npopauyx cmabunHocmu, pasam 1om

Abstract: When using the calculation of stability (regardless of the methodology that is being used), there are two
approaches: deterministic and stochastic. The first prerequisite for any calculations is that there are enough data that
can be processed statistically - to satisfy the Student classification. When using the deterministic method, the main
value to be taken into account in the calculations is the mean value, whereas when using stochastic calculations, all
the results obtained by laboratory or field examinations are equally represented. Thanks to this, non-homogeneity
of the massif has been introduced to the calculations. This paper presents the methodology of stochastic calculations,
and shows one example of comparative analysis of the results of stochastic and deterministic calculations

Key words: stochastic, calculation of stability, plane failure

YBO/[,

I[TpBu npenycoB 3a 6e36emHO 06aB/bambe eKCIIOa-
Talyje Ha OBPILIMHCKIM KOIIOBYIMA je [ia He J0/a-
31 JI0 3apylIaBara 3aBPIIHNX WM PAHUX KOCHHA
koma. [la 61 ce oBo 06e36equio mOTpebHO je u3-
BPIUNTH JleTa/bHa TepeHCKa 1 1aboparopujcka re-
OMEXaHMNYKa UCIINTUBAGA, I Ha OCHOBY HO6I/IjeHI/[X
HofaTaKa ypajguTi KOpEeKTHe IpopadyHe cTabuiI-

INTRODUCTION

The first prerequisite for safe performance of ex-
ploitation at the open-pit mining is that there is
no caving in of the final or working slope of the
pit. In order to achieve this, it is necessary to per-
form detailed field and laboratory soil mechanic
examinations, and on the basis of the obtained
data, complete the corrective calculations of sta-
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HOCTU 1 Ha Taj HA4YVMH N3BPIINTHI TVIMEH3VIOHNMCAHE
KOCIHa.

[TpopauyHe crabumHOCTM (HE3aBUCHO Of IIpuU-
MerbeHe MeTofonoruje) moryhe je ypapguty Ha fBa
Ha4YlHA: eTEPMIHICTIYKIL ¥ CTOXACTUYKIAL.

Y oBoMe pajly cy npyKasaHa o6a IpPMCTYIA Kao 1
yHOpe/iHa aHa/M3a HOoOUjeHNX pesynTara.

MOJEIN N CUMYJIALINJA

Mogenu Mory OMTV CTOXaCTUYKM U JeTepMIHIC-
tiaku. Koy meTepMMHMCTUYKUX MOfiena CBaka Ba-
pujabia 1 mapamerap nMajy TaqHo ofipebene Bpen-
HOCTM 3a IIPeTIOCTaB/beHe YCI0Be. 3a Pas/nKy Of
JNETEPMUHUCTUYKIX MOJ€/Ia KOJI CTOXaCTUYKKX je
YK/BYY€H U yTI/IHaj HEXOMOTI'€HOCTM Y/Ia3HMX IIapa-
MeTapa.

Cumynanyja je HaunMH Kopuinhema MOLena, a CBU
pesyaTaTy KobujeHn cuMynanujom Tpedano 6u na
ce, YKOIMKO je TO Moryhe, HOTBpfe eKCIlepuMeH-
TaJIHO.

LIwb CBMX reOMeXaHWYKMX [POpPadyHa CTaOMIHO-
CTH je A ce IITO Ipelu3Huje feuHNINY YCIOBY
crabunHocT nocTojehe MMM HOBOIpOjeKTOBaHe
KOCHHe. Perpe3eHTaTBHOCT yIasHMX PadyyHCKUX
IapamMerapa, opef 1360pa MeTOfOJIOruje Ipopa-
4yHa, HajBUINE yTUYe HA TaYHOCT HOOMjeHOr pe-
IIeHba.

Kiracnunu HaunHu npopadyHa ctabmiHocTy 6asu-
panm Cy ce Ha IPETIOCTAaBLM A jeé CPEMHA 3a KOjy
ce padyHa XOMOT'€Ha, IIOIITO Cy PAuyHCKI ITapaMe-
TPMU KOjI Ce KOPUCTe Y IPOpadyHy Cpefjibe BpefHO-
ctu. Ha ocHOBY pesyiTaTa U3BpLIEHOT IIPOpavYyHa
(dpakTop curypHOCTM) IpOLEYjy ce YCIOBM CTa-
OumHOCTY (Ha /M je M KOMMKO KOCKMHA CTabuiHa).
OBakaB IIOlaTaK He IIOKa3yje KOMMKO IIPOMeHa
HEKOT Off TapaMeTapa yTude Ha JoOMjeHo pelembe.

Kopuithewe cumynanuje y mpopauyHmMa cra-
OUTHOCTY JIOBEIO je IO KBaJIMTATUBHOTI CKOKA KO
IIpe3eHTaTULMje pe3yaTara, a Koju je Ioclefuua
yBobema HeXOMOTeHOCTI MaTep1jaja y IIpopadyHe.

Kop mpopauyHa cTabMIHOCTY KOCHHA jaB/ba Ce 4n-
TaB HU3 y/Ia3HUX IIapaMeTapa KOoje je BP0 TELIKO
mepunucat. HeXoMOreHOCT cpeiyHe 3a KOjy ce
00aB/bajy IpopadyHM OOMYHO TOBOAYU IO 3HATHOT
pacumama pesyirara Jab0paTOpUjcKUX WIM “in
situ” ucnuruBamwa. [losehamwe o6uMa ucnUTHBaba
ZoBoxY o Behe IOy3naHOCTM OOMjEeHUX pe3yTa-
Ta, a/lY Ma KO/MuKo ce nosehao o6uM ucnuruBama
oppeheHo pacumame pesynrara Mopa fia IIOCTOjMU.
VHTeHsuTeT pacumnama pesyinTaTa IOKasyje KOmu-
KO je CpeliHa HEXOMOT€Ha.
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bility and thus perform the dimensioning of the
slopes.

Calculations of stability (regardless of the applied
methodology) can be performed in two ways: de-
terministic and stochastic.

This paper shows both approaches, as well as the
comparative analysis of the obtained results.

MODELS AND SIMULATION

Models can be stochastic and deterministic. When
using deterministic models, each variable and pa-
rameter have exactly defined values for the default
conditions. Unlike deterministic models, stochastic
model also includes the impact of non-homogenei-
ty of input parameters.

Simulation is a way of using the models, and, if pos-
sible, all the results obtained by simulation should
be confirmed experimentally.

The aim of all soil mechanic calculations of sta-
bility is to define the conditions of stability of the
existing or newly designed slope as precisely as
possible. Key input calculation parameters, in ad-
dition to the chosen methodology for calculation,
have the biggest impact on the accuracy of the ob-
tained results.

The classic ways of calculation of stability were
based on the assumption that the environment for
which calculations are being made is homogene-
ous, since calculation parameters that used in the
calculations are mean values. Based on the results of
the completed calculation (safety factor), the condi-
tions of stability are assessed (whether the slope is
stable and how much). This information does not
show how much of an impact a modification of one
of the parameters has on the obtained results.

Use of simulation in calculations of stability has led
to a qualitative increase in the presentation of re-
sults, as a result of introducing the non-homogene-
ity of materials into calculations.

When calculation the stability of slopes, there is a
whole set of input parameters that are very hard
to define. Non-homogeneity of environment for
which the calculations are performed usually leads
to significant divergence of results of laboratory
or “in situ” examinations. Increasing the scope of
examination leads to a greater reliability of the ob-
tained results, but no matter how much the scope
of examination is increased, there will always be
some divergence of results. The intensity of diver-
gence of results shows how much the environment
is non-homogeneous.
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Kao mpBu Kopak KOJi CTOXaCTMYKOT HaulHa pellla-
Bama npobnema je mzbop mapamerapa koje he y
popadyHy 6uTy croxactudke Bemrunte. Kaga cy
OBJI TTapaMeTpu Ae(pUHMCAHN IPUCTYIIA Ce CTATHC-
TIYKOj 0Opaiy pesyrara 1ab0paTOPUjCKIX UCIIN-
TIUBaba VIN TEPEHCKIX Mepeba.

3amorpebe CTOXaCTUYKOTr HAUVHA IIPOpaYyHaBarba
HEOIIXOJHO je fiepMHICaTH TUII pacIIofierie 110 KOjoj
ce TIOHAIIA CBaKa Off IPOMEH/bUBUX. Y F€OMeXaHM-
¥ Ce, YITIABHOM, IIPETIOCTaB/ba Jla C€ reoMexa-
HIYKM TIOfjallyl MTOHANIAjy IO 3aKOHMMa HOpMaJHe
VIV JIOT-HOPMAJIHE pacIofiernie.

Haxon 1mto cy fiedyHMCaHY 3aKOHU PacIIofieNie CBa-
KOT' IIOje[JUHOT MapaMeTapa, IPUCTYIa Ce TeHepHu-
camy CIy4ajHUX BPETHOCTYM HEKOM off moctojehmx
MeTofonoruja, Ha npumep MerogoM Monte Carlo.
Oma ce cacToju y ToMe Jla Cé Ha OCHOBY M3BpIIEHE
cratuctiiyke obpase meduHuUIIe pacrofena u us-
pagM KyMy/laTMBHA KpUBa IlapaMeTpa KOju Bapu-
pa. Hakon Tora ce reHepuine CTOTMHY MU BUILe
cnydajHMX 6pojeBa (Koju ofrosapajy geMHICaHO]
pacrofienn) 1 3a CBaKM Offpeiy IpeceyHa Tayka Ha
KyMYJIaTUBHOj KpuBoj. CHyliTameM BepTHKaja 13
OBYIX Tayaka 106ujajy ce BpeHOCTH KOje he ce kopu-
ctuty y npopadyHuma. Ilonynmanuja renepucanmx
BPEJHOCTH, YKOIMKO j€é METONO/OINMja CIIPOBEeJeHa
MICIPaBHO, MOPa OIrOBapaTy MOMY/IALMji YIa3HUX
mapaMeTapa (cpefiibe BPEFHOCTHU ¥ CTaHAApAHE Je-
BUjaLuje Mopajy fa 6yny IpUOIIDKHO KCTe).

Y oBOM pafiy reHepucame CIy4ajHUX 6pojeBa u3-
BpLIEHO je moMohy pauynapa (dyukiuja RND()),
a mpeBobeme THX 6pojeBa Ha HOPMaJIHy PACIOAENy
BapypaHor mapamerpa box-Myep-oBoM MeTo-
HOM:

The first step in the stochastic methods of solving
problems is the selection of parameters which will
be stochastic values in the calculation. Once these
parameters are defined, statistical evaluation of the
results of laboratory examinations or field measure-
ments can start.

For the purposes of the stochastic method of cal-
culation, it is necessary to define the type of classi-
fication for each of the variables. In soil mechanics
it is generally assumed that soil mechanics data are
susceptible to the laws of normal or log-normal
classification.

Once the laws of classification for each of the pa-
rameters are defined, the random values can be
generated by some of the existing methodologies,
such as the method of Monte Carlo. It consists in
defining the classification and creating the cumu-
lative curve of the parameter that varies, based on
the completed statistical processing. After that,
hundreds or more random numbers are generated
(corresponding to the defined classification) and
for each of them an average point on the cumula-
tive curve is determined. By drawing vertical lines
from these points, the values that are to be used
in the calculations are obtained. Population of the
generated values, if the methodology was correctly
implemented, must correspond to the population
of the input parameters (mean values and standard
deviations must be approximately the same).

In this paper, random numbers are generated via
computer (operation RND()), and translation of
these numbers to a normal classification of the
varied parameter was performed with Box-Muller
method:

X=X, +0-,/-2-10g(RND) - cos(2-7-RND) (1)

pyu 4emy:

X - C/Iy4ajHO TeHepHCaHa BeIM4MHa KOja O[iIroBapa
pacrofiennu Tomynaiuje T1ab0opaTopUjCKUX pesyl-
TaTa

X, - cpefma BPeIHOCT TOMynamuje nabopaTopuj-

S|

CKMX pe3yniTara

0 - CTaHJapAiHa [eBuUjalMja Iomyanuje 1abopaTo-
PUjCKuX pe3ynTara

TeHepucame cay4ajHMX 6pojeBa MOXKe Ce M3BECTH
u Ha cnefiehy HaumH: M3abepe ce jemaH YeTBOPO-
mdpeH 6poj ma ce oH KopeHyje. YeTupn cpefme
mudpe gobujeHe BPEHOCTH CY IPBU CIyYajHM
Opoj Koju ce KOpeHyje a 4eTHpH cpeftbe Ludpe
oBora 6poja npencTasmajy cnegehn cnydajun 6poj.

where:

X - is a randomly generated value which corre-
sponds to the classification of population of labo-
ratory results

X - mean value of the population of laboratory

mean

results

o - standard deviation of population of laboratory
results

Random numbers can also be generated in the fol-
lowing manner: a four digit number is chosen and
then its square root is calculated. Four medium
digits of the obtained value are the first random
number for which square root is calculated, and
four medium digits of this number are the next ran-
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[TocTymak ce ImOHaB/ba OHOMMKO ITyTa KOJMKO Ce
XKenmy cydajHux 6pojesa. ITocme oBora ce Ha cBa-
KOM CcTy4ajHoM 6pojy usBoau box-Mynep-oBa Me-
TOfIA.

Kapa je mobujena nmomynanuja reHepucaHux Bpefi-
HOCTM IOTPeOHO je M3BPIIUTM CTATUCTUYKY OO0-
pajy 1 oBe pesynTare YIOPe[UTH Ca Pe3yaTaTiuMa
TOOMjeHNM CTaTMCTUIKOM 00pPasioM pe3ynTaTa ja-
60paTOPUjCKNX VCIUTHBaka. YKOMIKO Ce Cpefiibe
BPENHOCTU U CTaHJAPAHE JeBujalije 3HaTHO pas-
JIMKYjy TO yKasyje Jja reHepucarbe HUje U3BENEHO
Ha JUCIIpaBaH HauyVH, M HOTPeOHO je IPOBEPUTU
kopuirheHy MeTOfOIOrHjy.

PacrioH reHepucaHux BpegHOCTH je yBek Behu of
OHOTa KOju IIOCTOj| Y CTBAPHUM Pe3y/ITaTuMa Ja-
OopaTopujckux ucnmTuBamba. OBO 3HAYM fla re-
HepyiCaHe BPEJHOCTY MMajy Malbe MUHUMYMe, a
Behe MakcuMyMe off omy/aLyje 1a60paTOPUjCKUX
JUCOUTMBama. Pasnor osoMe je ITO reHepucame
CIy4ajHMX BPEFHOCTM 3axBaTa pacroH Behm on
+30.

Kapa cy renepmcane ciydajHe BpPeJHOCTM CBUX
IPOMEH/BMBUX, IPUCTYTIA C€ IPOPaYyHABaIbY CTa-
OMITHOCTY TIO HEKOj OJi METONOJIOIHMja, Ha IIpUMep
Xoek-bpayH mpopauyH paBHOI JIOMa Yy UBPCTUM
CTEHCKMM MacaMa.

IIpopauyHnm ce u3BOfle Ha Taj HA4MH IITO Y CBa-
KOj TPyIIlM IIPOpavyHa IIOCTOjM jefHa CTOXacTU4-
Ka IIPOMEH/bMBA JIOK CE€ OCTajle yCBajajy Ha HUBOY
cpeame BpegHocT. Kao pesynrar gobuja ce mo-
nynanuja ¢GakTopa CUTYPHOCTM KOja 3aBUCH Of
usabpaHe IIPOMEH/bMBE a KOja Ce [ja/be MOXKe CTa-
tuctiaky obpabusatn. Kaga ce saBpmm npsa rpy-
IIa IpopadyHa, Tajla ceé y3/Ma HOBa CTOXACTMYKA
IIPOMEH/BIBA, 2 CBE OCTAJIE KAO CPENEbE BPEIHOCTIL.

Ha taj HaunH ce gobuja Bulile pasInInTIX HOIyIa-
11ja paKTopa CUTYPHOCTH T/ie y CBaKoj Gpurypuiie
TIO jeflHa CTOXaCTHYKA IPOMEH/bIBA.

YnopebeweM KyMmMynaTUBHMX KpuBMX ¢aKTOpa
CUTYpPHOCTH, Hajuelthe ce MoOXe 3aK/by4UTHU KOjU
je mapaMeTrap HajyTULAjHUju, Tj. 4uje Bapuparme
moBoxm fio Hajeehe mpomeHe dakTopa cUrypHOC-
TH, IITO je BEOMa 3Ha4ajHO Kajia Ce CIIPOBOJE Mepe
caHayuje.

Ha i 1 je mpuxasaHa KyMy/aTMBHa KpyBa Qak-
TOpa CUTYPHOCTH Kaja je y IIpopadyH1Ma 4Bpcroha
Ha IIPUTHUCAK Y3€Ta KaO CTOXaCTMYKA BE/IMYMHA.

KracuyHuM HaumHOM IpOpayyHa 3a UCTEe YC/IOBE
¢axrop curyprocty usHocu F=1.15. Oa BpegHOCT
HpUOIIKHO OirOBapa BPEHOCTH Ca iujarpaMa 3a
50% pmsuKa, IIOWITO Ta TadykKa OJrOBapa CpPem0j
BPENHOCTH KOJI K/TACMYHOT Haul{Ha IPOpadyHa.
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dom number. This procedure is repeated as many
times for as many random numbers you want. After
this, Box-Muller method is applied to each random
number.

Once the population of the generated values is ob-
tained, it is necessary to perform statistical assess-
ment and compare these results with the results
obtained by statistical assessment of the results of
laboratory examinations. If mean values and stand-
ard deviations differ a lot, it shows that generating
was not performed adequately, and the used meth-
odology must be checked.

The range of generated values is always larger than
the one that exists in the real results of laboratory
examinations. This means that generated values
have smaller minimums and larger maximums
than the populations of laboratory examinations.
This is because generating random values includes
the ranger larger than +30.

When mean values of all variables are generated,
the stability can be calculated by using one of the
methodologies, for example, Hoek-Brown calcula-
tion of plane failure in bedrocks.

Calculations are carried out in such a way that
there is one stochastic variable in each group of
calculations, while the rest are implemented at the
level of mean values. As a result, a population of
safety factors is obtained, which depends on the
chosen variable, and which can further be pro-
cessed statistically. When the first group of calcu-
lations is completed, then the new stochastic vari-
able is taken, and the rest are mean values.

In such a way multiple different populations of
safety factors are obtained and one stochastic var-
iable is taken into account in each.

By comparing cumulative curves of the safety fac-
tors, it can usually be deducted which parameter
has the greatest impact, i.e. Variation of which fac-
tor leads to the greatest change of the safety factor,
which is very important for the implementation of
remedial measures.

Figure 1 shows a cumulative curve of the safety
factor when pressure strength is taken as stochas-
tic value.

By using the classical methods of calculation for
the same conditions, the obtained safety factor is
F=1.15. This value is approximately equal to the
diagram value for 50% risk, since that point corre-
sponds to the mean value in the classical method
of calculation.
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Slika / Figure 1, Kumulativna kriva faktora sigurnosti / Cumulative curve of the safety factor

Beh cama unmmeHMIa fla ce YMECTO jeHOT pesy-
tara (Tayka Ha KyMy/IaTMBHOj KpyuBU 50% pusuka)
mobuja KpuBa (haKTOpa CUTYPHOCTH yKasyje Ha
KBa/IMTET OBAKBOT pellemba.

Pasmyanty Harmbu KymynaTuBHe KpyBe (axTopa
CUTYPHOCTH YKa3yjy KOJIMKO IIPOMEHa HEKOT Iapa-
MeTpa yTu4e Ha Kpajibe pelerme. YKOIMKO je KpuBa
CTpMMja TO 3HA4YM Jja Maja IIPOMEHA CTOXaCTUYKe
BeJIMYMHE JOBOAM [0 JpacTU4He IIpoMeHe (PaKTo-
pa curypHocti. OBO je KBa/MTeT KOji He IOCTOjI
KOJ| KJIaCMYHOT Ha4lMHa IpOpavdyHa.

Ha cnmuy 1 mpukasad je ujarpam ToKa CTOXacTud-
KOT TIpOpadyHa CTabMIHOCTH KocuHa. VI3abpana
MeTofo/Ioruja 3a ofpehusame pakropa curypaoc-
THU je meTepPMMHMUCTUYKA MeTola XoeK-bpoyH-a 3a
IpOpadyH CTabMTHOCTH KIMHA. YMeCTo e Moryhe
je KopucTUTH 6UI0 KOjy KIACUYHY METOONOTH]Y
TOIITO je CYLITHHA CTOXaCTUIKMX IPOpadyHa y 13-
6opy mapameTapa ¥ MHTEpPIpPETALMj} pesy/ITara a
He y 3abpaHoj METOM MpOpavyHa CTAOMITHOCTIL.

Kao yrmasHe croxacTidke Be/MdmHe yMeCcTO YBpcTohe
Ha MIPUTICAK MOTY OWTU y3eTU pPe3ynTaru VCIUTHU-
Baa CMULAKbA 110 [VICKOHTUHYUTETY HA Y30pLIMa
30x30 cm. 3a pas/mKy of pesyarara HOOMjeHMX Ha
OCHOBY UBpCcTOhe Ha IIPUTHCAK OBJiE Ce J06Mjajy yrao
yHyTpalmer Tpewa (¢) 1 koxesyja (C). Ilomro ce 'y
OBOMeE CITy4ajy pajyl O CIAPeHVM IapaMeTpyMa Kojit
ce He MOTY BapupaTy He3aBUCHO, Paiil Ce PErpecroHa
aHamm3a. Koz oBakByx omiTa He 04eKyje ce HeKa 4Bp-
CTa Be3a OBJIX ITapaMeTapa IOIITO Ce CMUIIAMbE M3BOJ
LYK MCKOHTMHYNUTETA KOjU MOTY 3HATHO Jia ce pas-
JIUKYjy TIO TalacacTOCTH 1 360r 06MYHO Maior 6poja
VCIIATHBAb TIOLITO OBY OINTH CIIafiajy y CKyIUbe.

The very fact that instead of one result (point at the
cumulative curve of 50% risk) a curve of safety fac-
tor is obtained shows the quality of this solution.

Different tilts of cumulative curve of the safety fac-
tor indicate how a modification of a parameter im-
pacts the end result. If the curve is steeper, it means
that a small change of stochastic value leads to a
drastic change of the safety factor. This is a quali-
ty which does not exist in the classical method of
calculation.

Figure 1 shows a diagram of flow of stochastic cal-
culation of slope stability. For the calculation of
slope stability the chosen methodology for deter-
mining the safety factor was deterministic method
Hoek-Brown. It is not possible to use any other clas-
sical method instead, since the essence of the sto-
chastic calculations is in the selection of parameters
and interpretation of results, and not in the chosen
method of the calculation of stability.

Instead of pressure strength, the results of exami-
nation of shearing along discontinuity on samples
30x30 cm can be used as the input stochastic values.
Unlike the results obtained on the basis of pressure
strength, here we obtain the angle of inner abrasion
(¢) and cohesion (C). Since in this case we are deal-
ing with joint parameters which cannot be varied
independently, regression analysis is carried out.
These experiments are not expected to have a strong
connection between the parameters since shearing
is done along the discontinuity, which may vary
significantly in wave form because of usually small
number of examinations since these experiments
are among the more expensive ones.
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Ha ocHoBy perpecuone aHanuse gobuja ce koeu-
LMjeHT Kopealyje KOju HaM yKasyje Ha YBPCTUHY
Bese 1 3aBucHoCcT C=f(¢@)Ha 0CHOBY Koje f0o61jaMo
BPENHOCTH KOXe3uje.

YKOMMKO ce TIpoIeHM fAa JfoOujeHe BpefHOCTH
MMajy Makap 671aTy IMOBe3aHOCT MOXKe Ce TPUCTY-
NUTY Ja/bUM NIPOpadyyHUMa KOji Ce cacToje y CTa-
TUCTNYKOj 06paay yrmosa Tpema. Ha ocHOBY cTa-
THCTNIKe obpaje feduHMIIe Ce pacrofena, CTaH-
JapyiHa JieBMjalLiuja 1 cpefimba BpefHocT. OBM mapa-
MepH CIIy>Ke 3a TeHepUCatbe CIy4ajHIX BPEJHOCTI
II0 MTOCTYIKY KOjU je IPETXOIHO U3HECEH.

Kapa je reHepucan saxteBaHM Opoj yIioBa Tpema,
BIUXOBe BpefHoCcT ce Bpahajy y 3aBucHocT C=f(¢p)
rnie ce onpebyje 3aBUCHO MPOMEH/bIBA KOXe3Uja.

Ha Taj HaunH ce 1o6Mja OHOMMKYM HU3 CIIAPEHNX
BPEeIHOCTH YITIa TPeba I KoXeslje KOUKO je 611710
reHepyucaHyx BpegHocTy (06114HO 100-200) KOju1 Ce
KOPUCTU Y IPOPadyHIMa CTaOMTHOCTIL.

Kao xpajwu pesyrarar gobuja ce nomynannja ¢ax-
TOpa CUTYPHOCTHU Koja ce cTaTucTiuku obpabyje, a
pesynTaTi ce IPUKa3yjy KyMYIATVBHOM KPUBOM
pusuk/BeposatHoha ocTBapema (akropa curyp-
HOCTIL.

Based on the regression analysis, a coefficient of
correlation is obtained, which indicates the strength
of the connection C=f(¢) based on which the value
of cohesion is obtained.

If it is assessed that the obtained values have at least
some small connection, further calculations can be
carried out, which consist of the statistical assess-
ment of the abrasion angles. On the basis of the
statistical assessment, classification, standard devi-
ation and mean value are defined. These parameters
serve for generating random values according to
the abovementioned procedure.

Once the desired number of abrasion angles is gen-
erated, their values are again placed in dependency
C=f(¢), where dependent variable cohesion is de-
termined.

In this way, the number of the joint values of abra-
sion angles and cohesion we obtain corresponds to
the generated values (usually 100-200), which are
use in the calculations of stability.

As the end result, the population of the safety factor
is obtained, which is statistically assessed, and the
results are shown on the cumulative curve of risk/
probability of the safety factor realization.

Tabena / Table 1, [Joseomene 8pedHocmu pusuka 3apyuiasared K00 npojekmosarba KocuHa /

Permitted values of risk of caving in when designing slopes

Ob6jexar Bek Tpajama /yTpOsKeHOCT JlosBo/peHa BepoBaTHONA T0Ma
Facility Working life / vulnerability Permitted probability of failure (%)

3aBpiIHa KOCKHA Cpenme gyro / Kputndne kocune 1.5-5.0

Final slope Medium long / Critical slopes o

3aBpIrHa KOCHHA Cpenme / Kputnuna kocnna 5.0-15.0

Final slope Medium / Critical slopes ’ ’

3aBpIIHa KOCKHA Cpenme / Huje xputuana 5.0-15.0

Final slope Medium / Not critical ’ ’

3aBpIIHa KOCKHA Kpatko-cpenme / Huje xpuruana 15.0-30.0

Final slope Short-medium / Not critical T

Papna xocuna KpaTko / Huje KputndHa 30.0-50.0

Working slope Short / Not critical T

Papna xocuna

Working slope 0 >0

ITAPAMETPY KOPMITREHN Y PARAMETERS USED IN THE

ITPOPAYYHVMA

Yspcrohe Ha mpuTHCcak Koje cy kopuinhene 3a cTo-
XaCTUYKY IPOPAYyH CTAOMIHOCTY IIPUKA3aHe CY ¥
tabenu 6poj 2, a pe3y/ITaTy CTaTUCTIIKe 0Opaje Ha
CIUIu 2.
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CALCULATIONS

Pressure strengths used in the stochastic calculation
of stability are indicated in table 2, and the results of
statistical assessment in figure 2.



C. Ropnyka, T. X. Jbybenosuh, C. Jankosuh, XK. IIpawmano, [Ipumena cmoxacmuukux memooa npopasyHa crnabunnocmu KOCUHa ..., 83-91
S. Corluka, T. H. Ljubenovié, S. Jankovié, Z. Prastalo, Application of Stochastic Methods for Calculation of Slopes Stability in a Solid Rock, 83-91

Tabena / Table 2, BpedHnocmu uepcmohe Ha npumucax kopuuihere y npopauyruma /
Values of pressure strengths used in the calculations

YyecTanocT nojaereweara / Frequency of occurence

YUspcroha Ha mputucak O/ Pressure strength 0 (kN/m?)
43000 40000 40000 39000
39000 40000 39000 37000
38000 42000 41000 44400
38000 39000 36000 45000
36000 49000 44000 45000
38500 39000 41000 39000
38900 31000 33000 42000
34500 35000 47800 40000
32000 33000 40000 38000
41000 43000 40000 41000
37000 42000 34000 40500
37600 47000 37000 47000
40230 33000 42000 43000
42000 47000 43000 36000
Bpoj ysopka !/ Mumber of samples a6 Ipanuue noyagadocti/ Reliability limits
CpentaepegHoct/ Mean value 3982911 MoyanaHoeT/ Reliability % Nowa/ Lower Fopkea f Upper
MuHumanHa epegHoct / Minimum value 31000.00 90 34575.21650 45082.99779
MakcumanHa epegHocT / Maximum value 459000.00 80 36392.65609 43265.56820
CTaHgapaHa geewjauwja f Standard deviation  4049.00 70 37693.37265 41964 84163
60 38799.71066 40858.50363

CTEHAIROCK

12

...... %%//

7,

30000 32000 34000

36000 38000

40000

SIGMAC

420 44000

46000

48000 S0000

Cnuxka / Figure 2, Pesynmamu crnamucmuuke o6pade uspcmoha Ha npumucax /
Results of the statistical assessment of the pressure strengths
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ITPOBEPA CTABMJIHOCTU - PABAH
JIOM - CTOXACTUYKNM ITPOPAYYH

ITpoBepa cTabMIHOCTM U3BpLIEHA je 3a YBpcTohe
Ha NPUTNCAK MpuKasaHe y tabemu 2. Ha ocHoBy
OBUX IIOaTaKa reHepucano je 100 HoBux BpegHO-

Bpoj yaopka | Mumber of samples 100
Cpenwa epegHocT/ Meanvalue 1.00
MuHWMManHa epegHoct / Minimum value 0.8z
MakcumanHa epegHocT / Maximum value 1.1

CTaHnapaHa geewjaumnja f Standard deviation 0.04

KoedwuunjeHT eapujaunje / Coefficient of variation  1.00

ASSESSMENT OF STABILITY - PLANE
FAILURE - STOCHASTIC CALCULATION

Assessment of stability was carried out for pressure
strengths displayed in the table 2. Based on this
information, 100 new values of pressure strengths

MaHuye noysgadocT / Reliability limits

Moyzpadoct / Reliability % Jowa !l Lower [opwa f Upper
an 0.95513 1.04867
80 0.97143 1.03337
70 0.98313 1.02167
60 0.99310 1.01170
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PakTop curypHocTK / Safety factor

Cnuxa / Figure 3, Xucmoepam ¢paxmopa cueyprocmu 0obujenux npopauynuma cmadounnocmu /
Histogram of the safety factor obtained by using the calculation of stability
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Cnuxa / Figure 4, Puzuyu 3apyuasara KOCUHe 3a paziudume HUB0e 600€ y MeH3UOHO] NYKOMUHU /
Risks of caving in of the slope for different levels of water in the tension fracture
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ctu yBpcroha Ha IpUTHCAK 3a KOje Cy U3BPIICHN
HpOpavyHM CTAOMITHOCTIL.

IIpopauynm cy usBpienu sa Kocuny Bucute 100 m
U yrao Haruba KocuHe off 48 CTeIeH.

Pesynratu nmpopadyHa IIpMKa3aHM Cy Ha C/IMKaMa
3u4.

3AKJbYYAK

CrabuIHOCT eTaXka IOBPILIMHCKOT KOIA AMPEKT-
HO yTM4Ye Ha TeXHOJIOIIKe Ipoliece OTKOMaBama
JIeKUIITa MUHEpaTHMX cupoBKHA. JIoMoBUM KO-
CMHa MOTY 3aXBaTUTHU BUIIE eTaXKa ¥ TOBECTU [0
omrehema MexaHusauuje, yrpoxkaBama JbYACTBA 1
y CBaKOM CJIy4ajy 3aXTeBajy HOJAaTHE pajioBe U pe-
MeTe Ipoliec eKCIIoaTanyje.

Texniire oBora pama je fia c€ yKa)Ke Ha IIPEJHOCT
CTOXaCTUMYKOI Ha4MHa IIpopadyyHa y OAHOCY Ha
KJIaCMYHU — OETEPMUHUCTUYIKN.

CToXacTUYKY IPUCTYI YBOAM y IIPOpavyHe HEXO-
MOT'€HOCT MaTepHujana Tj. CBU pe3yNTaTu JoOujeHm
71a60paTOPMjCKMUM MCIIUTHBAbIMA WM MeperbiMa
Ha TepeHY, KOPUCTe Ce 3a IpopadyHe CTaOVIHUCTI
3a PA3/IUKY Off MEeTEPMUHUCTUYKOL IIPUCTYIIA ITIE Y
npopadyHuMa GuUrypuiie cpefba BPeJHOCT.

Pesynratu mpopadyHa cy KpuBe pu3MKa Koje IO-
Kasyjy BepoBaTHONy MCITymema IIPeTIIOCTaBbe-
HOT (haKTOpa CUTYPHOCTH — Hajuyerrhe rpaHMYHOT
crama Tj. Fs=1.00.
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were generated, for which stability calculations
were carried out.

The calculations were carried out for slope 100 m
high and the angle of slope inclination of 48 degrees.

The results of the calculations are shown in the fig-
ures 3 and 4.

CONCLUSION

Stability of the floor of the open-pit mining has a
direct impact on the technological processes of ex-
cavation of ore deposits. Slope failures can encom-
pass more floors and lead to the damage to mech-
anization, endangering the manpower, and in any
case, they require additional works and disturb the
exploitation process.

The focus of this paper is to highlight the advan-
tage of using the stochastic method of calculation in
comparison to the classical method - deterministic.

Stochastic approach introduces non-homogeneity
of materials into the calculations, i.e. all the results
obtained during laboratory examinations or meas-
uring on the field are used for calculating stability,
unlike the deterministic approach where mean val-
ue is taken into account in the calculations.

The results of the calculations are risk curves that
show the probability of realization of the pre-
supposed safety factor - usually border state, i.e.
Fs=1.00.
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Caxerak: Y pady cy npuxasauu pesynimamu UCNUMUEAHA NPOUeCa 32yUltbasarbd 0eUHUMUBHOZ KOHUeH-
mpama 6axpa u3 nexcuwima “bopcka pexa”. Vlcnumueanu KoHueHmpam je npemxooHo 006ujeH nocmynkom
pnomayujcke xonyenmpayuje. Excnepumenm manoxcerva wecmuya KoHyeHmpama y meu3ypu useedeu je npu
nouemuom caopicajy uepcme ase 00 30%. Lobujenu pesynmamu cy noxazanu 0a ce 0euHUMUBHU KOHUEH-
mpam manoxy no8oLHOM OP3UHOM Y3 PeNIAMUEHO MATLY NOMPeOHy CneUUPUuHy NOSPUIUHY 32y Uitbasatvd, 00
cadpacaja uspcme gase y 32ycHymom npou3eooy 00 55%.

KibyuHe peun: xonyenmpam baxpa, 32yuiroasaroe

Abstract: This paper presents the results of thickening test for the final copper concentrate from the “Borska Reka”
deposit. Copper concentrate was previously obtained by the flotation concentration process. The experiment of con-
centrate particles sedimentation in the graduated cylinder was performed with initial solid phase content of 30%.
The results showed that the final concentrate had favorable rate of sedimentation, with a relatively low required
surface area for thickening to 55% of solid phase in the thickened product.

Key words: copper concentrate, thickening

YBOI

Jlexxumrre “bBopcka Peka” je cacraBHM eo TuMouKor
MarMaTcKoT' KOMIUIEKCA ¥ Ha/lasu ce y ceBepo-3a-
magHOM 060fHOM feny rpafa Bopa, ncrop gonuze
bopcke pexke, y cacTaBy aKTMBHOTI py[HMKa JaMe.
Jlexxure je my>xuHe oko 1000 m u mmpuHe OKO
500 m, 3anexxe NpeMa 3amany IOf yIIoM of 45°

INTRODUCTION

The “Borska Reka” deposit is an integral part of
the Timok Magmatic Complex and is located in
the north-western peripheral part of the town Bor,
beneath the Borska Reka valley, as a constituent of
the active mine Jama. The deposit is about 1000
m long, about 500 m wide, and inclined towards
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mo 55° carmacHo 3ayeramwy BOpCKUX KOHIIOMe-
pata 1 Temryapa, a of bopcke XuaporepManHe
30He ofiBaja ra bopcku pacep [1]. Hocamammsum
UCTPKUBAbEM je KOHCTAHTOBAHO Jia PYIHO Telo
“Bopcka peka” mpuIiaga IpyIy BpIO BeMUKNX Jie-
KUIITa 4Kja IpoceyHa MohHocT mpemasu 300 m
[2]. Hocapammsym ucnutuBamuMa yTepheHo je na
y nexxumty “bBopcka Pexa” cpenmu cagpikaj 6akpa
usHocu 0,50% Cu, 3mara 0,204 g/t Au, cpebpa 1,62
g/t Ag, monubpaena 35,89 g/t Mo u cymmopa 7,8% S
[3]. Jlexxniute “Bopcka Pexa” ce jour yBek He eKc-
IJIOATHIIIe, /N Ce CMaTpa fla MMa 3HavajaH MOTeH-
nyjan 3a 6ynyhy npoussopmy 6axpa [4].

3a mpo¢uTabuiHy excroaranujy oppebenor se-
JKMIITa HEOITXOJHO je HajIpe CIpOBeCTU 0OMMHA
HCTPKUBaba Y3 OAroBapajyhly eKOHOMCKY IIpo-
neHy [5]. CxogHO ToMe, 06aB/beHa Cy TEXHOJIOIIKA
MCINTYBAbA Ha je3rpyMa OYLIOTHHA U3 JIeXUINTA
“Bopcka peka” y OKBUPY KOjUX je, u3Mehy ocraror,
npenBubeHo f1a ce ofpese mapaMeTpu Koju Kapak-
Tepuily fedUMHUTMBHE IIpoM3BoAe (IOTALMjCKe
KOHIIEHTpAIMje y OCTYIIIMMA IBIXOBOT OJBO/Hba-
Bama. Y CKJIajly ca TUM, U3BpIIeHa Cy 1aboparo-
pUjcKa MCIMTUBaEkA Ca CBPXOM yTBphuBama mo-
Kasare/ba Ipolieca 3rylibaBarma Ae(UHUTUBHOT
KOHIIeHTpaTa 6akpa.

EKCITEPVIMEHTATHNM ITOCTYIIAK

Kapakrepusanuja nonasHor ysopka: Y3opak KOH-
LeHTpaTa 6akpa Koju je kopuiheH y OBOM mcmu-
TUBamY K00OUjeH je mpeMa YTBpHeHOj TeXHOIOLIKO]
meMy InpukasaHoj Ha cmuuy 1. ITpumenom pmate
TEXHOJIOLIKe IlIeMe, KpO3 NPEeTXOJHA UCIIUTYBAKA,
HOCTUTHYTH Cy ONTUMAJIHM PE3YITaTU Y MOIIeHY
cagprkaja u uckopuinhemwa 6aKpa y KOHLEHTPaTY.

30 g/t KEX
25 g/t D2so 15 gt KEX 15 gt KEX

28%
70% t=5min
70%-0,075 mm pH1I Ko

75 tKEX

|«

SSmin 90%-0.075mm
pHILS

70% 28%
70% -0,075 mm =5min

pH11
n 5 5 10 }—0]

15 gt KEX 15 gt KEX

30 g KEX
25 g/t D250

94

west at angle of 45° to 55°, in accordance with the
inclination of Bor’s conglomerates and sandstones.
It is separated from the Bor hydrothermal zone
by the Bor fault [1]. The researches so far have
proved that the ore body “Borska Reka” belongs
to a group of very large deposits whose average
thickness exceeds 300 m [2]. Previous studies
have shown that “Borska Reka” deposit contains
(on average): 0.50% Cu, 0.204 g/t Au, 1.62 g/t
Ag, 35.89 g/t Mo and 7.8% S [3]. The “Borska
Reka” deposit has not yet been exploited, but is
considered to have significant potential for future
copper production [4].

Profitable exploitation of a certain mineral deposit
requires extensive previous researches with
appropriate economic assessment [5]. Accordingly,
technological tests were carried out on exploration
drill cores from the deposit “Borska Reka”, where,
among other things, it was predicted to determine
the parameters that characterize dewatering
properties of final flotation products. Therefore,
laboratory tests were performed with the purpose
of determining the indicators of the final copper
concentrate thickening.

EXPERIMENTAL

Characterization of the starting sample: The
copper concentrate sample used in this study
was obtained according to the technological
scheme shown in figure 1. According to presented
technological scheme obtained by the previous
studies, optimal results were achieved regarding the
content and recovery of copper in the concentrate.

Cnuxka / Figure 1, Texnonouika wiema
dobujarea KoHuenmpama 6axpa /
Technological scheme of the flotation
concentration of copper minerals
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bunaHc KoHILIeHTpaluje Kojyu oAroBapa JaToM eKc-

HepPUMEHTY IIpKKa3aH je y Tabenu 1.

The obtained results of flotation are shown in
table 1.

Ta6ena / Table 1, Ocmeapenu 6unarmc pnomayujcke konuenmpavuja / Technological results of the examination

m, % Cu,% | RCu% S, % RS, % | Augt | RAw% | Agglt | RAg%
U 100,00 0,485 100,00 6,37 | 100,00 0,16 100,00 1,63 100,00
J 89,29 0,056 10,31 3,98 55,75 0,05 28,11 0,80 43,95
K, 10,71 4,06 89,69 | 26,35 44,25 1,07 71,89 8,51 56,05
K, 2,45 16,56 83,77 | 29,76 11,46 3,24 50,10 22,78 34,39
M, 8,25 0,35 592 | 2533 32,79 0,42 21,79 4,27 21,67
M, 0,79 1,85 301 | 24,53 3,04 0,90 4,47 4,50 2,19
K, 1,66 23,54 80,75 | 32,25 8,42 4,36 45,63 31,46 32,20
M, 0,25 6,69 343 | 23,99 0,94 2,40 3,76 17,00 2,60
K, 1,41 26,50 7732 | 33,70 7,48 4,70 41,87 34,00 29,60

[yctmHa mcnmTBaHOT y30pKa ofpebheHa je craH-
TapHOM MeTOfIOM MoMONy CTak/IeHOT MMKHOMe-
Tpa. BpegHOCT rycTuHe [edMHUTMBHOT KOHIIEH-
Tpara 6akpa nsHocu 3,80 t/m’.

OnpebuBame rpaHylIOMeTPMjCKOT cacTaBa IIO-
JIa3HOT Y30pKa KOHIIeHTpaTa 0akpa WU3BPIIEHO
je MOKpMM IIpOcCejaBarbéeM Ha Cepuju CUTa TUIa
“IMPACT TEST”, a pesynrary cy mpuKa3aH! y Ta-
6emm 2 1 Ha cnu 2.

The density of the tested sample was determined
by a standard method using a glass pycnometer.
The density of the final copper concentrate was
3.80 t/m’.

Grain size distribution of the initial copper
concentrate sample was carried out by wet sieving
on the “IMPACT TEST” sieves and the results are
shown in table 2 and figure 2.

Soedr (|| ROD DGO
+0,090 4,5 4,50 100,00
-0,090+0,075 7,0 11,50 95,50
-0,075+0,063 2,0 13,50 88,50
-0,063+0,053 4,0 17,50 86,50
-0,053+0,045 6,0 23,50 82,50
-0,045+0,038 4,0 27,50 76,50
-0,038+0,020 17,5 45,00 72,50
-0,020+0,000 55,0 100,00 55,00

Tabena 2 u Cnuka 2/ Table 2 and Figure 2, Ipanynomempujcku cacmas y30pxka 0epuHumugHoe
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KoHuenmpama baxpa / Grain size distribution of the final copper concentrate

IIpema pesynrTraTuma NpuKa3aHMM Ha COuULyu 2
MOXe C€ yOUNTNn 3Ha‘{ajHO IIpUCYCTBO CUTHUX KJIa-
ca (ucrop 20 um) y y30pKy KOHIL[eHTpaTa.

The results in figure 2 show a significant presence
of the finest classes (below 20 um) in the copper
concentrate sample.
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OppehuBame mapamerapa srymmaBama gedu-
HUTHBHOT KOHIIEHTpara 6akpa: Y 1mby Mcnm-
THUBamba MapaMeTapa 3ryllibaBama JeQMHUTIBHOT
KOHIleHTpaTa Oakpa, ypabeH je ommT Tamoxema
KOHIIEHTpaTa y MeH3ypu sampeMute 1000 cm®.
MeHnsypa je onpem/beHa MUIMMETaApPCKOM TPAaKOM
3a OUNTaBame BUCHHEe GOPMUPAHOT CTyOa 3TyCHY-
Te mynmne. Pagu jacHor youaBama rpaHuie usmehy
U30UCTPEHOr HMBOA TEYHOCTM ¥ 3TYCHYTe IIyIIIe,
KopuIIheH je eNeKTPUYHYU USBOP CBETIOCTH.

EKC]'[epI/IMeHT Ta/I0)KEba YECTNIIA KOHIIEHTPpAaTay MEH-
3ypM U3BEJIEH je IPUIIOYETHO] I'YCTUHY ITy/irie off 1,284
t/m’, ogHOCHO IIpu cagpxajy uBpcre dase on 30%.
OBaj cagpxkaj uBpcTe (pase y Iy/m yCBOjeH je Ha Oc-
HOBY MCKYCTaBa U3 VHYCTPUjCKe TIPAKCe y Pas/du-
M noroHnma PTB Bop (mocTpojersa 3a rmoTanmjcky
KoHLeHTpaiyjy y Bemukom Kpuserby 1 Majnanmexy).

OunraBame BUCUHe (HOpPMUpPAHOr CTyba 3rycHY-
Te my/mne (OfHOCHO BICHMHe HIBOA OUCTpe 30HE) Y
MEH3YpU U3BPILIEHO je y ofpeheHnM BpeMeHCKNM
uHTepBanuma. Ha cimiu 3 a) 6) u 11) AaT je npukas
usBobema eKCIeprMeHTa TalOXKeha y PasTUIUTUM
HepUOJVMa Off IOYeTKa Ipolieca CefUMEeHTALHje.

Determination of the thickening parameters of
the final copper concentrate: The examination
of the parameters of the final copper concentrate
thickening was performed in the graduated cylinder
of 1000 cm’. The graduated cylinder was equipped
with a millimeter tape for reading the height of
thickened pulp. In order to clearly see the boundary
between the clear level of liquid and the thickened
pulp, an electric light source was used.

The experiment of sedimentation of concentrate
particles in the graduated cylinder was carried out
at an initial pulp density of 1.284 t/m?, i.e. with a
solid phase content of 30 %. This content of the
solid phase in the pulp was adopted based on the
experience of industrial practice in various plants
of MSC Bor (flotation concentration plants in Veliki
Krivelj and Majdanpek).

The height of the thickened pulp (or the clear zone
height) in the graduated cylinder was reading
at certain time intervals. An overview of the
sedimentation experiment at different times from
the beginning of the sedimentation process was
presented in figure 3 (a, b and c).

Cnuxka / Figure 3, Cedumenmauuja depunumueHoz KoHyeHmpama 6axpa y meH3ypu
/ Sedimentation of final copper concentrate in the graduated cylinder

Tymau / Legend: a) HakoH 12 MuHyTa Tanoxema / after 12 minutes of sedimentation;
b) HakoH 45 MuHYyTa TanmoXema / after 45 minutes of sedimentation;
) HakoH 250 MUHYTa Tanmoxema / after 250 minutes of sedimentation

PE3YIITATU UCIIMTUBAIbA U
IVICKYCHUJA

PesynTaty mpoMeHe BUCHHE 30HE OUCTpe TEIHO-
CT) Ca BPeMEHOM, K40 J IIPOMEeHe BPeZHOCTH 3a-
[pEMVHCKe KOHIIEHTpalyje YBPCTUX 4YeCTHIa y
Iy/INNU OPYKa3aHy Cy y Tabemn 3.
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RESULTS AND DISCUSSION

Changes in the height of the zone of clear liquid with
time, as well as changes in the volume concentration
of solid particles in the pulp are shown in table 3.
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[ToueTHa KOHIIEHTpalMja YBPCTUX YeCTULA Y MTYII- Initial concentration of solid particles in the pulp
mu (C,)) onpebena je mpema obpacity: (C,) is determined according to the formula:

C,=m,/V=385,1/1000= 0,385 (t/m?) (1)
Iy YeMy: where:
m, — Maca y30pKa KOHI[eHTPaTa, g m, — mass of the concentrate sample, g
V - sampemuHa MeH3ype (Kojy 4MHU 30Mp 3ampe- V - volume of the graduated cylinder (sum of water
MJHA BOJle 11 KOHLIeHTpara), cm’ and concentrate volumes), cm?

Tabena / Table 3, Pesynmamu ceOumenmauuje uspcmux yecruua depuHumusHoes KoHueHmpama 6axpa /
Results of sedimentation of the final copper concentrate solid particles

Pepuu 6poj Bucuna cry6a Bucuna 6uctpe | Konuenrpanuja
Mepema / No of Bpeme / Timet (min) STYCHYTE Y€ | 5 ome / Clear zone | Concentration Ck/Co
measurement Th.lckened pulp height H1 (mm) Ck (t/m3)
height H (mm)
L. 0 335,0 0,0 0,385 1,000
2. 0,5 333,0 2,0 0,387 1,006
3. 1 330,5 4,5 0,390 1,014
4. 2 324,5 10,5 0,397 1,032
5. 3 318,5 16,5 0,405 1,052
6. 4 312,5 22,5 0,413 1,072
7. 5 307,5 27,5 0,419 1,089
8. 6 302,5 32,5 0,426 1,107
9. 8 293,0 42,0 0,440 1,143
10 10 283,5 51,5 0,455 1,182
11 15 261,5 73,5 0,493 1,281
12 20 241,0 94,0 0,535 1,390
13 25 220,0 115,0 0,586 1,523
14 30 200,0 135,0 0,645 1,675
15 40 163,0 172,0 0,791 2,055
16 50 132,0 203,0 0,977 2,538
17 60 115,5 219,5 1,117 2,900
18 80 108,5 226,5 1,189 3,088
19. 100 105,0 230,0 1,228 3,190
20. 150 99,0 236,0 1,303 3,384
21 200 96,0 239,0 1,343 3,490
22. 250 94,0 241,0 1,372 3,564
23. 300 93,5 241,5 1,379 3,583
24. 400 93,0 242,0 1,387 3,602
25. 500 92,8 242,2 1,390 3,610
26. 1200 92,5 242,5 1,394 3,622
27. 2000 92,5 242,5 1,394 3,622
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ITopen Tora, KOHIlEHTpaluja YBPCTUX HeCTHIIA
(Ck) y meny sampeMmHe Kojy 3ay3uma 3TYCHyTa
Iy/llla HAKOH BpeMeHa t, ofpeheHa je Ha ocHOBY
obpacra:

C,=C, (H,/ H), tm’

py 4emy:
H, - moueTHa BUCHHA My/Ie y MEH3YPHU, mMm

H - BucuHa CTy6a 3IyCHyTe ITy/lle HAKOH BpeMe-
Ha f, mm

Jla 611 ce yTBpaMIa Cpefba Op3MHa TalToXKeHa dec-
THUL[Aa KOHIIEHTpaTa 6akpa, 3aBUCHOCT usMeby Bu-
cuHe GUCTpe 30HE U BpeMeHa TaI0XKerha KOHIIEH-
TpaTa mpyKas3aHa je rpaduukn, cmka 4.

In addition, the concentration of solid particles (C,)
in the part of the volume taken by the thickened
pulp after time ¢, is determined on the basis of the
equation:

2)

where:

H, - initial height of pulp in the graduated cylinder,
mm

H - height of column of thickened pulp after time
f, mm

To determine the mean rate of concentrate particles
sedimentation, the dependence between the clear
zone and the concentrate sedimentation time is
shown graphically, figure 4.
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Cnuxa / Figure 4, CeOumenmayuona Kpusa y30pxka 0epuHumuHoz KonyeHmpama 6axpa /
Sedimentation curve of the final copper concentrate sample

3a oppebuBame Op3mHe TanoXKewa usabpaHa je
Metofa mpod. Murpocdanosa. Y Taukm Ipeceka
IPaBUX KOje KapaKTepPUIIy 30HY TaJIOXKekba I 30Hy
KoMIIpecuje (Ha cnuuy 4 OBe IpaBe Cy O3HAYeHe
3eeHOM 60joM) oumTaHe Cy ofrosapajyhe Bpern-
HOCTM BUCHHe OGUCTpe 30He 1 BpeMeHa Talo)Kerba
KoHIjeHTpaTa. Ha 6a3y oBux moparaka, cpegma 6p-
31IHA TaJIoXKema (V) M3HOCH:

v=H,/t =0,2419/0,8412

IIpK Yemy:

H, - BucuHa 6MCTpe 30HE OYNTAHA Ca CEIMMEHTa-
LYIOHE KpMBe, m

t, — BpeMe Koje ofrosapa sucunyu H , h

98

The method of prof. Mitrofanov was chosen for
sedimentation rate determination. At the point of
intersection of the straight lines characterizing the
sedimentation and compression zones in figure 4
these lines are colored green, the corresponding
values of the clear zone height and concentrate
sedimentation time can be read. On the basis of this
data, the mean sedimentation rate (v) is:

=0,27 (m/h) (3)

where:

H, - height of the clear zone, read from the

sedimentation curve, m

t, - time corresponding to height H , h
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Hakon yTBphuBama cpeptbe Op3uHe TanoXerba,
moryhe je oppemmTu creumpuuHy MOBPLINHY
3rylimaBara (S) Ha OCHOBY M3pasa:

After determining the mean sedimentation rate,
it is possible to define required surface area for
thickening (s) based on the expression:

s=(C,-C,)/(C,xC,xv)=(0,925-0,385) / (0,925 x 0,385 x 0,27) = 5,605 (m¥/th)  (4)

IIpY 4EMY:

C, - 3aBplIHa KOHIEHTpAllMja YeCTUIa KOHIIEH-
Tpara Koja OfirOBapa cafipKajy YBPCTOT y 3TYCHYTOj
nynu of 55%. OBaj cagpskaj YBpcTOr 1 3abpaHje-
Ha OCHOBY IIOflaTaKa 113 MHIYCTPMjCKe IIpaKce y Io-
roanma PTD Bop.

Jlo6ujenn pesynraTu ykasyjy Ha TO Aa Ce KOHIIEH-
Tpar 6aKpa TaloKy IIOBO/BHOM OP3VHOM U MMa pe-
JIATMBHO MaJy MOTpeOHy CrelU4Hy HOBPIIMHY
STylIbaBarba IIPK 3alaTuM ycnoBuMa. Hanme, kpos
MHIYCTPUjCKy mpakcy y noronuma PTB bop, npu
OBVIM YCIIOBMMa, OCTBapyBaHe Cy HemTo Behe Bpef-
HOCTHU CIelVI(pMYHYX ITOBPIIVHA 3ryllbaBamba [6].

3AKJbYYAK

3a motpebe oppehumBama IOKasaTe/ba IIpolieca
3IylibaBaa AePVHUTUBHOI KOHIIEHTpaTa Oakpa
u3 nexnra “bopcka pexa” m3BpuieHa cy nmabo-
paTopujcKa MCIIUTHBaba Ta/loXKemha KOHLEHTpaTa
y MeHsypu. KoHIleHTpar je foOujeH MOCTYIKOM
¢drmoranmjcke KOHLIEHTpalLuje IpeMa OITYMAIHOj
TEXHOJIONIKOj HIeMM. IpaHymoMeTpujcKoM aHamu-
30M je YTBpDHeHO 3HaYajHO IPMUCYCTBO CUTHUX KITa-
ca (ucnog 20 um) y y30pKy KOHIIEHTpaTa.

Ha ocHOBY pesynrara 10o0MjeHNX TalT0XKeHheM KOH-
HeHTpara 6akpa y MEeH3ypy MOXe Ce 3aK/byduTi
7la ce MCTY Ta/loKy TIOBOJBHOM CPeboM OP3VHOM
(0,27 m/h) u uMa penaTuBHO Masny MOTpe6HY crre-
IUQUYHY MOBPLINMHY 3rymmkaBama (5,605 m?*/t/h),
IpY TYCTUHM ynasHe mymme of 1,284 t/m’ u cazp-
Kajy uBpcTe ase y sSTyCHyTOM ITPOM3BORY off 55%.

3AXBAJIHOCT

OBaj paj je HacTao kao pesynrar [Ipojexra TP33007
“VIMnieMeHTalija CaBpeMEHUX TEXHIYKO-TEXHO-
JIOLIKVIX VI €KOJIOLIKYX pelllersa y mocrojehum mpo-
usBogHuM crucremyuma PBb u PEM” u Ilpojexra
TP34025 “Pa3Boj eKOMOLIKNUX IIOCTYIAKa TPeTMa-
Ha IITeTHUX Marepuja mpuMmeHoM depata (BI) u
eJIeKTPOXeMIjCKe OKCUaLje VLU PefyKiuje” Koje
¢uHaHCHMpa MMHUCTApCTBO IIPOCBeTe, Hayke U
TEeXHOJIOLIKOT pa3Boja Pemybuke Cpouje.

where:

C, - final concentration of particles corresponding
to the solid content of 55% in the thickened pulp.
This solid content has been chosen on the basis of
data from industry practice in MSC Bor plants.

The obtained results indicate that the copper
concentrate is sedimented at a favorable rate
and has a relatively low required surface area for
thickening under the given conditions. Namely,
considering the industrial practice in MSC Bor
plants, somewhat higher values of surface area for
thickening were achieved under these conditions

[6].

CONCLUSION

In order to determine the thickening parameters
of the final copper concentrate from the “Borska
Reka” deposit, the laboratory test of concentrate
sedimentation in the graduated cylinder was
performed. The final copper concentrate was obtained
by the flotation process, according to the optimum
technological scheme. Granulometric analysis of the
initial copper concentrate sample shows a significant
presence of the finest classes (below 20 pm).

The obtained results of the examinations indicate
that the copper concentrate is sedimented at a
favorable average rate (0.27 m/h) and has a relatively
low required surface area for thickening (5.605 m?/
t/h) under the given conditions (at the initial pulp
density of 1.284 t/m*® and a solid phase content of
55% in the thickened product).
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Caxerak: Kpucmanozpagcko-xemujcke kapakmepucmuxe canepuma uz pyonoz nexmcuwma Kuxesak cy
kopuwhene 3a nopeherwe ca odzosapajyhium kapakmepucmuxama Hekux Opyeux pyouux nexcuwima: Ilynma
Cmujena-bpcxoso, Jleue, Cenanau, Tpenua, Jarweso, Ilpeuuna, Ijpsenu bpez u L]pray, kao u 3a npeaumuxap-
HO pasmamparve ycrosa rwuxose eeHese. Céu 0o0ujeHu pe3ynmamu cy ynopehusamu ca pe3ynmamuma Koju cy
dobujenu nomohy opyeux pasnuumux memoda. OuueneOHu cy Marbe WU 8UUle PA3TULUMU YCI06U NOCAHKA
3a uchumusaue canepume U3 paTUMUMUX PYOHUX TIEHUWMA, KOJU CY y 060M pady noodemweHu y mpu epyne:
HUCKO, cpedtbe U BUCOKO memnepamypHu peeuon. Jlobujene memnepamype u npumucyu nomohy Kullerud-ose
(1953) kpuse u jeOHauune u oujazpama koju cy npuxasanu Lusk u Ford (1978) eeoma 3nauajHo odcmynajy 00
pesynmarma 0o0ujerux nomohy opyzux u pasautUmux memood, mako 0a ce Moy CMAMPAMU Ye/la8HOM Henpu-
xeammusum 3a oopehusarve 2erese canepuma. Mehymum, canepumu us pasnuuumux pyoHux aexuuima ca
cnuuHum cadpxajuma FeS komnonenme ce kapakmepuuty 6eoma pasaudumum oumensujama jeduruqne henuje
(a0) koje 6u, cxo0HO mome, mozne 0a ykaxcy Ha pasnuqume P u/unu t ycnose nocmanka. O63upom Ha my uurve-
HUYY, cmampamo da 6u mpebano ucnumamu Heke Hose mozyhrnocmu 3a oopehusarbe wux06802 nocmankad, jep
1o Hawem Muuibervy 0se OumMeH3uje jeduruume henuje moey 6umu eeoma saxcve, a 0a canepum mosxe Oumu
UCTNOBPEMEHO KOPUCIAH U KAO 2e0mepMOMemap U Kao eeobapomemap.

Kibyune peun: Kusesak, Opyza nexcuwima, cpanepumu, kKpucmanozpagcko-xemujcke Kapakmepucmuke, yno-

peherva, npenumMuHapHU YCr06U NOCMAHKA.

Abstract: Crystallographic-chemical characteristics for sphalerites from the ore deposit Kizevak were used for the
comparison with the corresponding characteristics of some other ore deposits: Suplja Stijena-Brskovo, Lece, Se-
lanac, Trepca, Janjevo, Precica, Crveni Breg and Crnac, and also for the preliminary reconsideration about the
conditions of their genesis. All of the obtained results were compared with the results which were obtained by other
various methods. There are obvious more or less different formation conditions for the studied sphalerites from the
various ore deposits, which are in this paper separated into three groups: low, middle and high temperature region.
Obtained temperatures and pressures by Kullerud's (1953) curve and equation and diagram which were presented
by Lusk and Ford (1978) very significantly deviated from the results which were obtained by other and different
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methods, and therefore they could be consider as mostly unacceptable for determination of the sphalerite genesis.
However, sphalerites from the different ore deposits with similar contents of the FeS component are characterized
with different unit cell dimensions (a0) which could, accordingly, indicate to the different P and/or t formation
conditions. Regard to that fact, we consider that it should be studied some new possibilities for the determination
of their formation, because by our opinion these unit cell dimensions could be very important, and that sphalerite
could be useful simultaneously as a geothermometer and as a geobarometer.

Keywords: KiZevak, other deposits, sphalerites, crystallographic-chemical characteristics, comparisons, prelimi-

nary formation conditions.

YBO/]

3Hauaj cyndUIHMX MUHeEpaja y pyfaMa je Hyro
610, 1 HacTaB/ba 1 Jla/be fia Oyze, IIABHM PA3JIOT
MHTEpecoBama MIHepaora I reoxeMmnyapa 3a oBe
marepujane. OnpebuBame pyHIaMeHTanHEe XeMuje
cynduna npencTapba K/byd 3a pasyMeBarbe HhIXO0-
BJIX yC/IOBA IIOCTAHKA 1, CXOZHO TOMeE, T€O/IOIIKIX
Ipoleca Iof KOjuM Cy ofpeheHa pymHa JexumTa
HacTana. OBO HAM MOXKe, 3a y3BpaT, IPY>XUTY VH-
¢dbopmanuje y Be3u cTparernuja Koje ce MOry KOpu-
CTUTN IPU VICTPAXKNBAIby TAKBUX JIEXXNIITA U b~
XOBY HaKHa/IHy eKCIIJIoaTanujy. Y TOM KOHTEKCTY,
BeOMa je BaKHO [I03HABabe CTPYKTYPa, CTaOMIHO-
cTy, (asHUX ofgHOCa U TpaHCopMauyja, 3ajeqHoO
Ca pE€I€EBAHTHUM TEPMOAVHAMMYKUM U KNHETNYI-
kuM nopanyma (Vaughan, 2006).

Mpxu 1 XyTH BapujeTeTi canepura ca pasin-
YUTUX XOpu3oHaTa of 670, 690 u 710 m nmonume-
tamuyHor Pb-Zn pymnor nexunmra Kimkesak, cy
IIPETXOJHO IPOyYaBaHy PeH/ITeHCKOM, XeMIjCKOM
u cnekrpoxemujckom MetopoMm (Tamumh, 2004;
Tanunh u Cypmap, 2004 u 2005). VispauyHnate cy
IuMeHsMuje jenyHIYHMX henuja 3a Koje je moTBphe-
HO Jia pacty ca nopactoM Fe, FeS u X(Fe,Mn,Cd)S
cajp)Kaja, Kao U Ja omnazajy ca mopacrom Cu caap-
xaja. CactaBu cdanepuTa 1 HUXOBUX AMMEH3NjA
jemHnyHMX henmuja cy Bulle WM Mambe pasindy-
TY Ha PasIMINTUM JyOuHaMa, a Takobe ce pasnu-
KYyjy 3a MpKe 1 >XyTe Bapujetete. OBe pasinke ce
takohe Mmanudecryjy y mehycobHo pasmmuntum
Harnbyma JIMHHUja Koje MpPefCTaB/bajy 3aBUCHOCT
IMMeH3Mja jenMHMYHUX henuja y omHocy Ha cac-
TaBe cdanepuTa U3 PasTUIUTUX XOPU3OHATA, a
takobe u kopn cdaneputa pasmmuntux 6oja. Tom
HIPWINKOM je MpPEeTIOCTaB/beHO Aa oBU Mehycob-
HO pas/IMYMTY Harubu yKasyjy Ha pasnaumduTe Xe-
MIjcKe cacTaBe (Off KOjUX je HajsHauajHUjU cajp-
xaj Fe), amu taxkobhe BepoBaTHO M Ha pasnmuuuTe
yCIOBe IOCTaHKa cajepura, U CXOFHO TOMe Ha
pasnMyuTe ycIoBe MOCTaHKA MHAMBUIYATHUX XO-
pU3OHaTa U BapujeTeTa OBOT PYAHOI JIEKMIITA.
Cagpxaju  X(Fe,Mn,Cd)S HajBepoBaTHMje HMCY
Off KOPUCTH 32 00jeKTUBHE 3aK/bYUKe Y KPUCTATIO-
rpad)CKOM CMICIY, 360T TOra LITO [TOKA3Yjy 3HaYaj-
HO HIDKe ,Kpajibe” AruMeH3nje jenHndHux hemmja
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INTRODUCTION

The importance of sulfide minerals in ores has long
been, and continues to be, a major reason for the
interest of mineralogists and geochemists in these
materials. Determining the fundamental chemistry
of sulfides is a key for understanding their forma-
tion conditions and, hence, the geological processes
by which certain ore deposits have formed. This, in
turn, may inform the strategies used in exploration
for such deposits and their subsequent exploitation.
In this context, knowledge of structures, stabilities,
phase relations and transformations, together with
the relevant thermodynamic and kinetic data, is
critical (Vaughan, 2006).

Brown and yellow varieties of sphalerites from the
different horizons at 670, 690 and 710 m of the
poly-metallic Pb-Zn ore deposit Kizevak, were
previously studied with the X-ray, chemical and
spectral-chemical method (Tanci¢, 2004; Tancié
and Sudar, 2004 and 2005). There were calculated
unit cell dimensions for which it was confirmed
that increase with the increasing of the Fe, FeS and
>(Fe,Mn,Cd)S contents, and that they decrease
with the increasing of the Cu content, as well.
Sphalerite compositions and their unit cell dimen-
sions are more or less different at different depths,
and they are also different for the brown and yel-
low varieties. These differences are also manifested
at mutually different slopes of the lines which are
representing the dependence of the unit cell dimen-
sions by sphalerite compositions from the different
horizons, and also for sphalerites of the different
color. At that occasion it was presumed that these
mutually different slopes indicate to the different
chemical compositions (from which is of the most
significance the Fe content), but also probably to
the different formation conditions of sphalerites,
and accordingly to the different formation condi-
tions of the individual horizons and varieties of this
ore deposit. Contents of the X(Fe,Mn,Cd)S most
probably are not useful for the objective conclu-
sions at the crystallographic sense, because they
show considerable lower “ending” unit cell dimen-
sions than Fe and FeS contents, which are showing
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y opHocy Ha Fe u FeS cagpixkaje, a xoju moxasyjy
ucre. VspauyHate fuMeHsuje jenuHu4HuX hemmja
U3 PEeH/ITeHCKMX NpOoy4yaBama Cy 3Ha4yajHo Behe y
OJIHOCY Ha OHe Koje Cy uspadyHare momohy jemHa-
YJHA U3 TMTEPATyPHNUX IIOfIaTaKa, IOK Ce Ta Pa3/IN-
Ka cMamyje ca moBehamwem Fe, FeS n X(Fe,Mn,Cd)
S cagpxaja.

OBU IIpeTXOfHO J0OMjeHu KpucTranorpadcko-xe-
MUjCKU pe3ylITaTy pymHOr jexuimra KuxeBak
(Tanumh, 2004; Tanunh u Cygmap, 2004 u 2005) cy
xopunrheHn y oBoM IpoydaBamy pajgyu nopebema
ca KpUCTaJIOrpaCKO-XeMUjCKUM  pesyaTaTiMa
HEKMX JPYTUX PYSHMX JIeXMINTa U3 cregehux jo-
kammrera: lllympa Crujena-bpckoso (JankoBuh u
Jaukosuh-MwunocasmpeBuh, 1955); Jlene, Cenanair,
Tperua, JameBo, IIpeunna u IlpBennm DBper
(Kpcranosuh u Kpcranosuh, 1962); u IlpHar
(Huxonuh un ap., 1978).

Jobujenn pesynraru cy takohe xopumtheHu 3sa
[PENTMMIHAPHO pasMaTparbe y Besy IeHe3e OBUX
caneprta U PyEHUX JIEKUINTA, YIPKOC OPOjHUM
U 3HAYajHO BEMMKMM HeC/TaramiMa, I1a Yak 1 He-
KUM KOHTPA/JIKTOPHMM pe3y/ITaTiMa KOju ce Ma-
Hudectyjy y morneny mehycoOHux omHoca Kpuc-
TasorpadCKuUX IMOJaTaKa M XEMMUjCKMX CACTaBa; Y
HOITIEAY MUTaa 0 POopMIpay charepuTa; 3aTUM
ma mu 6u caneput Morao fa 6yme KOPUCTAH Kao
reotepMoMeTap, Kao reobapomerap, UTH.; a IITO
CBe TIpefCTaB/ba CTBAp HeKUX fAebara 1O JaHac
(Toulmin u gp., 1991; Vaughan, 2006).

[maBHM pasjor 3a oBakKBa IIPOydYaBama je fia I10-
CTOju 030M/baH HEOCTAaTaK TEPMOAVHAMUYKIX
THoflaTaKa 3a MIHepaJie ¥ pyfHa nexuira y Cpouju
(Bumetu Ha mpumep: Jankosuh (1990) u umrupa-
He pedepente yHyTap). 360r Tora, y oBe CBpxe Cy
kopuinheHe cBe OCTYIHE jeHAYNHE U AMjarpaMu
op xaza je Kullerud (1953) yrBpauo fa uBpctu pac-
tBOp FeS y ZnS pacte ca temmeparypom u mcro-
BPEMEHO 13a31(Ba MOPACT AMMEH3Mja jefMHNIHIX
henuja a, u To 6e3 063Mpa f1a 1 Cy OHe N0 laHAC
KBa/IM(UKOBaHEe Kao ,3aHeMapeHe, HelpUKIafHe,
HepeasHe, UTH., VIV HUCY.

Hajsan, moHOBO cy pasMaTpaHa 3anakama goouje-
Ha op crpaHe Tamumh u Cygap (2005) o yrumajy
>(Fe,Mn,Cd)S cappxaja y cmucity fobujama 06jex-
TUBHMjUX 3aK/by4aKa (ca eBeHTYa/IHUM peBU3uja-
Ma 1 KOpeKIijaMa) y KpUCTanorpadcKoM CMUCITY,
Kao U BJXOB YTHUIAj Ha ofpehuBame TeMmeparypa
u mpuTHcaxa y nopebemy ca Fe u FeS cagpxajuma.

the same. Calculated unit cell dimensions from the
X-ray studies are considerable bigger related to that
which are calculated from the equations from the
literature data, while that difference decrease with
increasing of the Fe, FeS and X(Fe,Mn,Cd)S con-
tents.

These previously obtained crystallographic-chemi-
cal results of the ore deposit Kizevak (Tanci¢, 2004;
Tanci¢ and Sudar, 2004 and 2005) were used in this
part of the study for comparison with the crystallo-
graphic-chemical results of some other ore deposits
from following localities: Suplja Stijena-Brskovo
(Jankovi¢ and Jankovi¢-Milosavljevi¢, 1955); Lece,
Selanac, Trepca, Janjevo, Precica and Crveni Breg
(Krstanovi¢ and Krstanovi¢, 1962); and Crnac
(Nikoli¢ et al., 1978).

Obtained results were also used for the preliminary
reconsideration about genesis of these sphalerites
and ore deposits, despite to the numerous and con-
siderable large disagreements, and even to the some
contradictory results which are manifested in the
view of the mutually relations of the crystallograph-
ic data and chemical compositions; in the view of
the questions about sphalerite formation; then if
sphalerite could be useful as geothermometer, as
geobarometer, etc.; and which is the matter of some
debate up to date (Toulmin et al., 1991; Vaughan,
2006).

The main reason for this explorations is that there
is a serious lack of the thermodynamic data about
minerals and ore deposits in Serbia (see for ex-
ample: Jankovi¢ (1990) and references within).
Because of that, for this purpose there were used
all of the available equations and diagrams since
Kullerud (1953) established that solid solution of
FeS in ZnS increases with temperature and simul-
taneously causes increasing of the unit cell dimen-
sions a, regardless if they are up to date qualified as
“disregarded, unsuitable, unreal, etc, or not.

Finally, it was again reconsidered the observations
by Tanci¢ and Sudar (2005) of the influence of the
>(Fe,Mn,Cd)S contents for the more objective con-
clusions (with eventually revision and corrections)
at the crystallographic sense, and to its influence to
the determination of temperatures and pressures in
comparison with the Fe and FeS contents.
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PE3VIITATU N JICKYCHUJA

1. Ilopebemwe kpucramorpadcko-xeMmujcKux pe-
synrara u3 KiokeBaka ca HeKuM JpyruM pygHUM
JIeKNIITAMA Y IpeTMMIHapHO oxpebuBame TeM-
neparypa i IpUTICaKa IOCTaHKa

Y opmHOoCcy Ha Kpucranorpadcko-xeMujcka Ipo-
yuaBama coamepura y Cpbuju n Lpuoj Topwu,
npoHabeHO je caMO HEKONMKO IOfaTaka Koju Cy
YITIaBHOM CTapujer garyma: Jankosuh u Jankosuh-
Mmunocasmesuh (1955) koju cy mpoy4yasanu cda-
nepute 13 pypHor nexumta Ilymwpa Crujena-
Bpckoso; Kpcranosuh 1 Kpcranosnh (1962) xoju
cy mpoydaBamu camepure U3 pasIMUIUTUX PYA-
Hux nexniTa: Jlene, Cenanan, Tpemda, Jameso,
[Tpeuntia u Lpsenn bper; u Hukonuh u mp. (1978)
KOjy Cy Ipoy4YaBaan jefaH Qpakimonncann coa-
neput us pypHor nexuinta Lipuar. OBu pesynraru
cy kopuihenn 3a nopebeme ca pygHUM JIeXXNIITEM
Kwkepak (Tanunh, 2004; Tanunh u Cygap, 2004 un
2005).

3a npenMMIHApHO ofipehuBame TeMIepaType
nocTaHka kopuuthenn cy:

1. FeS cappsxaju (y mol. %) 3a gujarpam Kxoju je
npencrasuo Kullerud (1953)-t,,

2. Z(Fe,Mn,Cd)S capgpxaju (y mol. %) 3a gujarpam
xoju je npencrasuo Kullerud (1953)-t,,

3. Cu cagpxaju (y wt. %) 3a jefHa4MHY U AMjarpam
xoju cy npencrasumu Wiggins n Craig (1980)-t,,

4. Cd cagpsxaju (y ppm) usmeby canepnra u ra-
JIEH)TA 3a jefHa4MHY U I1jarpaM Koju Cy TIpefi-
craBunu Bethke n Barton (1971)-t,, u

5. Mn cagpsxaju (y ppm) usmeby cdanepura u ra-
JIEHWTA 3a je[lHa4YVMHY U JyjarpaM Koju Cy Ipej-
craBumu Bethke n Barton (1971)-t..

3a oppebuBamwe mpurucka nocranka xopuirhexu
Cy jemHadMHa ¥ JyjarpaM KoOju Cy IPeNCTaBUIN
Lusk u Ford (1978)-P.

Kapakrepucruxe chanepura u3 pygHOT JTeXUIITA
Mynspa Crujena-bpckoso (Jaukosuh u Jankosuh-
Munocasmwesnh, 1955) cy npukasane y Tabemn
1; us pypuux nexuurra Jlene, Cenanarn, Tperua,
Jaweso, Ilpeunna n Lpsenn Bper (Kpcranosmh
u Kpcranosuh, 1962) y Tabenn 2; u3 pygHor je-
xxumrta puan (Hukonnh u gp., 1978) y Tabenn
3; n u3 pygHor nexuinta Kikesak (Tanunh, 2004;
Tanunh n Cygap, 2004 u 2005) y Tabenn 4.
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RESULTS AND DISCUSSION

1. Comparison of the crystallographic-chemical
results from Kizevak with some other ore depos-
its and preliminary determinations of the tem-
peratures and pressures of formation

Relative to the crystallographic-chemical researches
of the sphalerites in Serbia and Montenegro, there
were found only a few data which are mostly of the
older date: Jankovi¢ and Jankovi¢-Milosavljevié
(1955) who studied sphalerites from the Suplja
Stijena-Brskovo ore deposit; Krstanovi¢ and
Krstanovi¢ (1962) who studied sphalerites from the
various ore deposits: Lece, Selanac, Trep¢a, Janjevo,
Precica and Crveni Breg; and Nikoli¢ et al. (1978)
who studied one fractioned sphalerite from the
Crnac ore deposit. These results were used for com-
parison with the ore deposit Kizevak (Tanci¢, 2004;
Tancié and Sudar, 2004 and 2005).

For the preliminary determination of the tempera-
ture of formation there were used:

1. FeS contents (in mol. %) for the diagram which
was presented by Kullerud (1953)-t ,

2. 2(Fe,Mn,Cd)S contents (in mol. %) for the dia-
gram which was presented by Kullerud (1953)-t,,

3. Cu contents (in wt. %) for the equation and dia-
gram which was presented by Wiggins and Craig
(1980)-t,,

4. Cd contents (in ppm) between sphalerite and
galena for the equation and diagram which was
presented by Bethke and Barton (1971)-t » and

5.Mn contents (in ppm) between sphalerite and
galena for the equation and diagram which was
presented by Bethke and Barton (1971)-t..

For the determination of the pressure of formation
there were used the equation and diagram which
were presented by Lusk and Ford (1978)-P.

Characteristics of the sphalerites from the Suplja
Stijena-Brskovo ore deposit (Jankovi¢ and
Jankovi¢-Milosavljevi¢, 1955) are presented at
Table 1; from the Lece, Selanac, Trepca, Janjevo,
Precica and Crveni Breg ore deposits (Krstanovié
and Krstanovié, 1962) at table 2; from the Crnac
ore deposit (Nikoli¢ et al., 1978) at Table 3; and
from Kizevak ore deposit (Tanci¢, 2004; Tanci¢ and
Sudar, 2004 and 2005) at table 4.
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Characteristics of the sphalerites from Suplja Stijena-Brskovo

Tabena / Table 1, Kapaxmepucmuxke cpanepuma u3 Lllynwe Cmujene-bpckosa /

3enenkacrn / greenish Kyru / yellow Mpxku / brown Tamnuu / dark

a, 5,408(1)" 5,409(1)" 5,409(1)° 5,414(1)°
Fe (wt. %) 1,85 3,26 3,45 6,20

FeS (mol. %) 3,40 5,09 5,38 11,93

t (°C)' 110,00 160 170 330

P (kbar)! 20,07 17,29 16,84 7,88

FeS (mol. %)! 2,91 513 543 9,76

t, (°O)! 100,00 160 170 280

P _(kbar)' 20,90 17,23 16,76 10,55

Tymau / Legend: ' - oBaj pap/this paper, '- mpeTmocTas/beHa MpoljerbeHa CTaHAapAHa AeBujaliuja
y oBoM papy/presumed estimated standard deviation in this paper

JankoBuh u Jankosumh-Mwusocasmesuh (1955) cy
3aK/by4nu jia je FeS canpykaj y pysHOM IeXUIITY
[Iymea Crujena y omcery of 2,2 to 6,8 mol. %, a
Ia cy ofroBapajyhe Temneparype Ipy HOpMaTHOM
nputucky oz 100 go 220 °C. OBe TemnepaType Cy
TOJIaTHO KOPUTOBAHE yC/Ief, yTHIaja IPUTICKA Off
1000 mo 2000 atm (mro je = 1-2 kbar-a, mpumen6a
I1.T.) na oy 130 po 250 °C. Cagpxaj FeS y pynHom
nexuiry bpckoso je 3,9 mol. %, mro opgrosapa
temueparypu on 130 °C. Takobe, oHu cy 3akmy-
4y Jia je mopact Fe capprkaja yruijao Ha mopact
fUMeHsuje jenuHudHe hemuje a, u ma moctoju
KBA/IMTATUBHA CAIJIACHOCT, a/Ii Ca HEeKVM KBaHTM-
TatuBHUM HecnarambeMm ca Kullerud-osom (1953)
KPUBOM.

Y oBoM pany momaTHO cy KopurosaHm FeS cap-
xkaju (JankoBuh u JankoBuh-Munocasmesuh,
1955) y FeS' canpxaje Ha ocHOBy Fe capmpxaja.
Temmneparype (t,) u nputucuu (P) cy uspauyna-
T Ha ocHOBY FeS canpikaja, mok cy tremmepaType
(t,) m mpuruciu (P, ) uspauynatu Ha ocHosy FeS'
cagpskaja. Takobe, 3aTo ITO poLeeHe CTAHAAPA-
He JeBUjaluje 3a jeqMHUYIHY hemnjy Hucy my6mm-
KOBaHe, OHe Cy IPeTIIOCTaB/beHe Ha IbIXOBe IIpH-
OmbKHe peasiHe BpefHoCcTH Tabenma 1, per 2.

Jankovi¢ and Jankovi¢-Milosavljevi¢ (1955) con-
cluded that the FeS content at the Suplja Stijena
ore deposit is in the range from 2.2 to 6.8 mol. %,
and corresponding temperature for the normal
pressure is from 100 to 220 °C. Those temperatures
were additionally corrected for the pressure influ-
ence of 1000 to 2000 atm (which is = to 1-2 kbar,
remark by PT.) from 130 to 250 °C. The FeS con-
tent at the Brskovo ore deposit is 3.9 mol. %, which
corresponds to temperature of 130 °C. Also, they
concluded that increasing of the Fe content influ-
enced to the increase of the unit cell parameter a,
and that there is qualitative agreement, but with
some quantitative disagreement with the Kullerud’s
(1953) curve.

In this paper there were additionally corrected the
FeS contents (Jankovi¢ and Jankovi¢-Milosavljevi¢,
1955) into the FeS' contents according to the Fe
contents. Temperature (t,) and pressure (P,) were
calculated at basis of the FeS contents, while the
temperature (t, ) and pressure (P ) were calculat-
ed at basis of the FeS! contents. Also, because the
estimated standard deviations for the unit cell were
not published, they were presumed to their approx-
imate real values” table 1, row 2.

Tabena / Table 2, Kapaxmepucmuxe cpanepuma us J/leya, Cenanya, Tpenue, Jaresa, Ipeuuye u L]pseros
Bpeza / Characteristics of the sphalerites from Lece, Selanac, Trepca, Janjevo, Precica and Crveni Breg

JTene I JTene 11 Cemanarg Tpemua JameBo IIpeunna I psenu Bper
Lecel Lece II Selanac Trepca Janjevo Precica Crveni Breg
a 5,4050(1) 5,4099(1) 5,4182(1) 5,4214(1) 5,4223(1) 5,4225(1) 5,4239(1)
Fe (wt. %) 0,56 3,51 9,86 11,90 11,96 12,61 14,35
FeS (mol. %)" 0,88 5,53 15,52 18,73 18,83 19,85 22,59
t,(°C) <100,00 140,00 460,00 550,00 560,00 590,00 620,00
t, (°C)! 29,00 170,00 410,00 485,00 485,00 510,00 560,00
P (kbar)! 24,53 16,60 4,09 1,38 1,30 0,58 -1,04

Tymau / Legend: ' - oBaj pan/this paper
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Kpcranosuh u Kpcranosuh (1962) ykasyjy Ha crna-
rame Ca PesylTaTuMa 3a a; U3 PYHOT JMEKUIITA
Mynspa Crujena-bpckoso (Jankosuh u Jankosuh-
Munocasmesuh, 1955) 1 3a Iofatke fare of cTpa-
He Swanson u Fuyat (1953) u Kopp u Kerr (1958),
a/IV 11 Ha Hec/arame ca pesyntaTuma Skinner u ap.
(1959) n Skinner (1961). o6ujene Temmeparype
HJICY KOPUTOBaHe Ha YTHUIAj IPUTUCKA, U YCTIeH
TOTa IIPETIOCTAB/beHe Cy Ka0 MUHMMAIIHE.

Y oBOM paply momaTHO cy m3pauyHaTtu FeS' canp-
XKaju y cKkmany ca Fe cappxajuma, ¥ KOpUroBaHe
cy temneparype-t, (Kpcranosuh n Kpcranosuh,
1962) na temmeparype-t y cxmagy ca Kullerud-
oBoM (1953) kpmsom. IlpuTnciu cy mspadyyHaTn
Ha ocHOBY FeS' campikaja.

Krstanovi¢ and Krstanovi¢ (1962) indicate to
an a agreement with the results of a  from the
Suplja Stijena-Brskovo ore deposit (Jankovi¢ and
Jankovi¢-Milosavljevi¢, 1955) and data by Swanson
and Fuyat (1953) and Kopp and Kerr (1958), but to
the disagreement with the results by Skinner et al.
(1959) and Skinner (1961). Obtained temperatures
were not corrected for the pressure influence, and
therefore they were assumed as minimal.

In present paper there were additionally calculat-
ed the FeS' contents according to the Fe contents,
and corrected the temperature-t, (Krstanovi¢ and
Krstanovi¢, 1962) to the temperature-t, according
to the Kullerud’s (1953) curve. Pressure was calcu-
lated at basis of the FeS' contents.

Tabena / Table 3, Kapakmepucmuke gpakyuorucaroe canepuma us Lipnuya /
Characteristics of the fractioned sphalerite from Crnac

Kytn/ Kyrn/ Kyrn/ Kyrn/ Kyrn/ Kyrn/ Kyrn

yellow yellow yellow yellow yellow yellow yellow
a, 54119(5) | 54123(5) | 54124(5) | 54133(5) | 54126(5) | 5415(1) | 5,418(1)
Fe (wt. %) 0,79 1,38 1,36 1,67 2,15 3,67 5,89
FeS (mol. %) 1,24 2,17 2,14 2,63 3,38 5,78 9,27
t,(°C)! 41,00 71,00 71,00 85,00 110,00 180,00 270,00
P (kbar)' 23,87 22,20 22,25 21,39 20,10 16,21 11,19
X (Fe,Mn,Cd)S (mol. %)’ 6,62 8,49 9,86 10,04 10,40 12,53 17,67
t,(°C) 220,00 280,00 310,00 330,00 330,00 400,00 500,00
t, (°C)! 205,00 250,00 285,00 290,00 300,00 345,00 460,00
P (kbar)' 14,94 12,25 10,42 10,19 9,73 7,19 2,20
Cu (wt. %) 0,0045 / 0,0040 0,0038 0,0035 0,0200 0,0200
t,(°C)! 113,00 / 108,00 106,00 103,00 186,00 186,00

Tymau / Legend: ' - oBaj pap / this paper, -npopauyHaBame Monekynckux (FeS, MnS u CdS) cagpkaja je U3BpILEHO IOCTYII-
KoM Koju cy cyrepucanu Kopp 1 Kerr (1958), ogrocHo ma 1 mol. % CdS = 3,6 mol. % MnS = 11,5 mol. % FeS / calculation
of the molecule (FeS, MnS and CdS) contents was done by the procedure which was suggested by Kopp and Kerr (1958),

respectively that 1 mol. % CdS = 3.6 mol. % MnS = 11.5 mol. % FeS

Huxonuh u gp. (1978) cy saxpy4nnn aa je coare-
PUT KpuUCTanucao y iBe ¢ase: BUCOKO-TEMIIEPATyp-
Ha ¢asa ca 27% ydenrha ca TeMIiepaTypoM HaCTaHKa
o 500 o 330 °C, 1 HucKo-TeMIeparypHa asa ca
73% ydemha ca TeMmepaTrypoM HacTaHKa of 330 1o
220 °C. Oppebene cy aBe moMuHaHTHe (pakiyje:
npsa ca X(Fe,Mn,Cd)S cagpxajem og 6,62 mol. %
(ca 64,5% yuemha) u ca TemIepaTypoM HacTaHKa
or; 220 °C, u mpyra ca X(Fe,Mn,Cd)S capgpskajem ox
10,04 mol. % (ca 16,5% yuenrha) u ca Temmeparypom
HacTaHka of 330 °C. Taxobe, oHu cy ykasamm Ha pe-
IATMBHO JI06PO Crarame IPOMeHe A Ca XeMUjCKIM
cacraBoM ca pesynratuma Skinner u zip. (1959).

Y oBoM papy fopaTHO Cy uspadyHatu FeS' canp-
Kaju y cknapy ca Fe campykajuma, 1 Ha OCHOBY Tora
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Nikoli¢ et al. (1978) concluded that sphalerite crystal-
lized into two phases: high-temperature phase of 27%
content with formation temperature from 500 to 330
°C, and low-temperature phase of 73% content with
formation temperature from 330 to 220 °C. There
were obtained two dominant fractions: one with the
¥(Fe,Mn,Cd)S content of 6.62 mol. % (with 64.5% con-
tent) and with formation temperature of 220 °C, and
second with the X(Fe,Mn,Cd)S content of 10.04 mol. %
(with 16.5% content) and with formation temperature
of 330 °C. Also, they indicate to a relatively good agree-
ment of the variation of a with the chemical composi-
tion with the results by Skinner et al. (1959).

In present paper there were additionally calculated
the FeS' contents according to the Fe contents, and
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Cy uspadyHare Temreparype-t, u nputuctu-P . Ha
ocHoBy X(Fe,Mn,Cd)S cagpsxaja (Huxonuh u znp.,
1978) kopuroBaHe Cy TemrepaType-t, Ha TemIepa-
Type-t, y cknany ca Kullerud-osom (1953) xpusom
u uspadyHaru cy nputucuu-P,. Takobe, canpxaju
Cu (Hukonuh u mp., 1978) cy xopuuthenn sa uspa-
JyHaBatbe TeMIeparype-t,.

Y tabenu 4 temmeparype t, M t, Cy KOpUrOBaHe
ycen U3padyHaTor IIPUTICKA U3 jefHAYMHE KOje Cy
npesenroBam Lusk u Ford (1978) Ha Temmeparype
t, Mt ,ay CKlamy ca jefHaYMHAMA KOje Cy Hajm
Bethke u Barton (1971). OBpe 6u Tpebano Hamome-
HyTH fia je Takobe 6mmo moryhe kopumhese jenHa-
yyHa gatux of crpane Hall m mp. (1971), xoje cy y
CYLITMHN VCTe U Koje O ce MOITe KOPUCTUTH 3a

at that basis there were calculated the temperature-t,
and pressure-P . At basis of the Z(Fe,Mn,Cd)S con-
tents (Nikoli¢ et al.,, 1978) there were corrected the
temperature-t, to the temperature-t, according to
the Kullerud’s (1953) curve and calculated the pres-
sure-P,. Also, the contents of Cu (Nikoli¢ et al., 1978)
were used for the calculation of the temperature-t,.

At table 4 temperatures t, and t, were corrected for
the calculated pressures from the equation present-
ed by Lusk and Ford (1978) to the temperatures t,
and t,, according to the equations presented by
Bethke and Barton (1971). Here should be men-
tioned that it could be also used the equations given
by Hall et al. (1971), which are essentially the same
and which could be used for the lower tempera-

HIKE TeMIIEpaType. tures.

Tabena / Table 4, Kapakmepucmuxe cpanepuma us Kuscesaxa / Characteristics of the sphalerites from Kizevak

15.611 15.611 15.640

15.635 15.633 15.623 MPKO- 15.634 15.629 15.604 MPKO- MPKO-

KyTn/ KyTn/ KyTn/ KyTn/ MpKu/ MpKu/ MpKku/ | upBenn/ | upHu'

yellow yellow yellow | brownish | brown brown brown | brownish | brownish

-yellow -red -black’

EZEEZTE;) 710 710 690 670 710 710 690 670 690
a 5,4184(6) | 5,4185(5) | 5,4186(4) | 5,4186(6) | 5,4187(5) | 5,4190(5) | 5,4189(4) | 5,4195(6) /
Fe (wt. %) 0,82 1,06 1,35 1,41 2,88 4,06 5,19 7,80 10,96
FeS (mol. %) 1,29 1,67 2,12 2,22 4,53 6,39 8,17 12,28 17,25
tl("C)l 41,00 53,00 68,00 71,00 145,00 195,00 240,00 340,00 450,00
Pl(kbar)1 23,78 23,09 22,28 22,11 18,19 15,28 12,70 7,47 2,55
frflf)elfﬁz‘)l’Cd)s 4,77 5,03 6,06 6,10 8,17 9,75 11,16 16,05 21,42
tz("C)l 150,00 160,00 185,00 190,00 240,00 280,00 315,00 425,00 540,00
Pz(kbar)l 17,81 17,39 15,78 15,72 12,70 10,56 8,79 3,60 -0,42
Cu (wt. %) 0,0070 0,0316 0,0170 0,0300 0,1200 0,0320 0,2000 0,0316 0,3160
t,(°C)! 132,00 214,00 176,00 210,00 320,00 215,00 374,00 214,00 432,00
g;‘:;frhl-/lc‘igﬂm 2200/40 | 2100/18 2500/47 / 2100/72 2100/48 / 2100/48 /
I(\g;;g')»/angalm 500/30 500/6 500/36 / 1100/18 500/35 / 1300/30 /
chl 55,00 116,67 53,19 / 29,17 43,75 / 43,75 /
t4(°C)l 464,00 388,00 468,00 / 544,00 491,00 / 491,00 /
t,.(°O)"? 242,00 194,00 259,00 / 355,00 343,00 / 419,00 /
K,' 16,67 83,33 13,89 / 61,11 14,29 / 43,33 /
ts("C)1 871,00 457,00 950,00 / 512,00 937,00 / 583,00 /
tSa("C)l’2 368,00 145,00 446,00 / 248,00 595,00 / 465,00 /

Tymau / Legend: ' - oBaj pag / this paper,-npopadynasame monexynckux (FeS, MnS u CdS) cagpskaja je M3BpIIeHO IIOCTYII-
KoM Koju cy cyrepucamu Kopp u Kerr (1958), ogrocto fa 1 mol. % CdS = 3,6 mol. % MnS = 11,5 mol. % FeS/calculation
of the molecule (FeS, MnS and CdS) contents was done by the procedure which was suggested by Kopp and Kerr (1958),
respectively that 1 mol. % CdS = 3.6 mol. % MnS = 11.5 mol. % FeS, *-temneparype t, u t, Cy KOpuroase yc/iesn mpUTHCKa
Ha Temmeparype t, u t, /temperatures t, and t, were corrected by the pressure to the temperatures t, and t_,
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Haxanocr, ycnen HefocTaTka ofrosapajyhux Heo-
IIXOJHUX IOflaTaKa Huje 6o Moryhe nspauyHaTn
cnenehe TeMneparype:

-on t, o t, 3a camepute U3 PYAHMUX NEKUIITA
Mymmpa Crujena-bpckoso, Jleme, Cemanan,
Tpemua, Jamweso, [Ipeuna u [Jpsenu bper,

-3a t, 3a jenny dpakumjy ysopka cdanmepura us
pyaHor nexxumra IpHan, n

-3at, ut, 3a cBe y30pKe chajseputa U3 pyiHOT Jie-
xumra IpHan u 3a Tpu ysopka cdanepura us
pynHor nexumTa Kmkesak.

Y oBoM papy Takobe je mpoydaBaH MPKO-IL[pHU
y3opak cdanepnra (15.640, ca xopusonra ox 690
m) Koju uMa Hajsehn Fe cappxaj on cBux cdare-
puTa Koju cy nmpoHabheHm ¥ Ipoy4aBaHU U3 PYLHOT
nexumra Kiokesak (Cygap, 2001 1 2003).

Kao mrro ce moxe Bupietn us Tabema 1-4, pesynraru
onpebuBaHIX TemIlepaTypa 1 IPUTKCAKA 32 CBa IIPO-
y4aBaHa PyIHA JISKNIITA JOOMjEHNX M3 Pas/MUUTIX
jemHaYMHA 1 Iyjarpama, Cy BULIe W Matbe PasdiTI.

Osnie 61 Takohe Tpebao HaIIOMEHYTH fia Cy Pe3yi-
TaTy TeMIleparypa JOOMjeHNUX Y OBOM pajy y HeKoj
HeCaIJTaCHOCTM Ca pe3ynTaTMMa Koju Cy JoOummm
Ipyru aytopu Tabene 1-3, a Koje O6u ce JeMMUYHO
Morie objacayty i norpemHyM FeS nspadyHa-
BamuMa 13 Fe cagpkaja (oBaj pan vs. Jankosuh u
JaukoBuh-MwunocasbeBuh, 1955), win geTMMIIHO
M3MeLITEeHOM IIpolieHoM TeMieparype u3 Kullerud-
oBe (1953) xpuse (oBaj pap vs. Kpcranosuh u
Kpcranosnh, 1962; u Hukomuh u up., 1978).

Pesynraru mpomeHe myMeHsuje jemyHuuHe henmuje
(a,) ca Fe u FeS capip>xajuma 3a pyjiHa exuiiTa Koja
MMajy BUIIe Off jemHor y3opka canepura (T.. 3a
pynna nexumra Ilymma Crujena-bpckoso, Liphary
u KiokeBak) cy xopuuthena sa uspany cimke 1.

Ca cmuke 1 MOXKe ce BUJIETH JIa @ pacTe ca mopac-
toM Fe u FeS cappikaja, u a omaga ca nopactom Cu
cazpxaja. CactaBu canepnra 1 HUXOBUX AVMEH-
31ja jeBMHNYHYX hennja ¢y O4uIZIefHO pasIMIuTI
3a pasnuuuTa pygHa nexumTa. OBe pasiuke ce Ta-
xobe maHudectyjy mehycobno pasnmuantum Haru-
OuMa NMHUja Koje IpeNcTaB/bajy IPOMeHe IVIMeH-
3uja jemuHMYHMX henmja ca cactaBuMa cdanepu-
ta. OBU Mehyco6HO pasmmumTy Harubu yxasyjy
Ha pasnIuMunTe XeMUjcKe cactaBe (OF KOjUX je of
HajBeher sHauaja Fe cappxaj), amu takobe HajBe-
poBaTHMje M Ha pasmuunrte P-t ycrmose Hacral-
ka pygHux nexumrTa Hlynpa Crujena-bpckoso,
IpranuKipkeBax, a IITO je y CaI/TaCHOCTY Ca ITPeT-
xonHuM npoyyasamwyuma (Tanunh n Cygap, 2005).
Taxobe, oBe pasnuke omapajy ca mopactom Fe n FeS
cafipKaja.
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Unfortunately, because of the lack of the corre-
sponding necessary data there was impossible to
calculate following temperatures:

- from t, to t_ for the sphalerites from the ore depos-
its Suplja Stijena-Brskovo, Lece, Selanac, Trepca,
Janjevo, Precica and Crveni Breg,

- for t, for one fraction of the sphalerite specimen
from the ore deposit Crnac, and

- for t, and t, for all of the sphalerite specimens from
the ore deposit Crnac and for three sphalerite
specimens for the ore deposit Kizevak.

In this paper it was also studied the brownish-black
sphalerite specimen (15.640, from the horizon at
690 m) which has the biggest Fe content of all of
the sphalerites which were found and studied at the
Kizevak ore deposit (Sudar, 2001 and 2003).

As it could be seen from the tables 1-4, the results of
the determined temperatures and pressures for all of the
studied ore deposits which were obtained with various
equations and diagrams, are more or less different.

Here it should be also mentioned that results of
temperatures obtained in this paper are in some
disagreement with the results obtained by other au-
thors tables 1-3, which could be partially explained
either by wrong FeS calculation from the Fe content
(this paper vs. Jankovi¢ and Jankovi¢-Milosavljevi¢,
1955), or either by something shifted temperature
estimation from the Kullerud’s (1953) curve (this
paper vs. Krstanovi¢ and Krstanovi¢, 1962; and
Nikoli¢ et al., 1978).

Results of the variations of the unit cell dimension
(a,) by the Fe and FeS contents for the ore deposits
which has more than one sphalerite specimens (i.e.
for ore deposits Suplja Stijena-Brskovo, Crnac and
Kizevak) were used for the construction of figure 1.

From figure 1 it can be seen that a  increases with
increasing of the Fe and FeS contents, and that de-
creases with increasing of the Cu content. Sphalerite
compositions and their unit cell dimensions are ob-
viously different for the various ore deposits. These
differences are also manifested with mutually dif-
ferent slopes of the lines which are representing the
variation of the unit cell dimensions by sphalerite
compositions. These mutually different slopes indi-
cate to the different chemical compositions (from
which is of the most significance the Fe content),
but also most probably to the different P-t for-
mation conditions of the Suplja Stijena-Brskovo,
Crnac and Kizevak ore deposits, which is in agree-
ment with the previously studies (Tan¢i¢ and Sudar,
2005). Also, these differences decrease with increas-
ing of the Fe and FeS contents.
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Cnuxa / Figure 1, IIpomera dumensuje jedunuune henuje (a,) ca Fe u FeS cadpxcajuma 3a nexcuwma
Illynwa Cmujena-bpcxoso, Lipnay uKusxcesax / Variation of the unit cell dimension (a )
by the Fe and FeS contents for the ore deposits Suplja Stijena-Brskovo, Crnac and KiZevak.

Mebyrtum, u mro je jour ox Behe BaxxHocTy, pas-
MYNTe AUMeHsuje jemyHMYHMX henmmja xop yso-
paka ca npubmpkHO canaHnM Fe u FeS cappikaju-
Ma apryMeHTOBAHO YKasyjy Ha pasiuduTe yCIOBe
Hactanka (P u/wmm t). CxogHo ToMe, Hallle MUII-
Jbelbe je a AUMeHsMje jenMHUYHuX hemmja mory
6utu Beoma BaxkHe u sia Kullerud-osa (1953) kpu-
Ba U jeJHAYMHA U IMjarpaM Koje Cy IIPE3eHTOBaIN
Lusk n Ford (1978) He Mory OuTy IpuxXBaT/bMBI 32
oppebnBame TeMIeparypa 11 IpUTICaKa y OBAKBUM
CTy4ajeB1Ma,3060r TOora IITO [jajy CIMYHe U HeTadHe
BPENHOCTH, U fa 61 ycren tora Tpebano npoHahu
HeKo HOBO pelrerse(a). Hajame, oBae He mocroju
Hecjarame ca 3anaxatmeMm Barton-a m Toulmin-a
(1966) na cy numMensuje jemuundHe henuje op mane
KOpUCTHU 32 ofpehuBame cacTaBa npupopHux cda-
jepuTa, U 300r TOra, Hallle MUIUbEHE je Ja OHe
MOTy OUTI Bp/IO KOpUCHe 3a P-t onpen6y.

2. Youene pasnuke usmelhy npupognux ysopaxa
¥ 1a60PaTOPUjCKO-TEOPUjCKUX UCTPAKMBAba

[Tpomene aumensuje jenuumdne henmje (a ) ca Fe u
FeS cagprkajuma koje cy mpefcTaB/beHe Ha iy 1
ce mpeceljajy Ha /1eBoj cTpaHu gujarpama. Kako 6u
Ce YCTAaHOBMIIO TJie OU ce OBe POMeHe MOTJIe Impe-

But, and what is more important, different unit
cell dimensions of specimens which have approxi-
mate similar Fe and FeS contents strongly indicate
to the different formation conditions (P and/or t).
Accordingly, our opinion is that the unit cell dimen-
sions could be very important and that Kullerud’s
(1953) curve and equation and diagram which were
presented by Lusk and Ford (1978) couldn’t be ac-
cepted for the temperature and pressure determina-
tion in such cases, because they gave similar and in-
correct values, and therefore there should be found
some new solution(s). Furthermore, there is no
disagreement with Barton and Toulmin’s (1966) ob-
servation that the unit cell dimensions are of little
benefit for determination of the natural sphalerite
composition, and because of that, our opinion is
that they could be very useful for the P-t determi-
nation.

2. Observed differences between the natural sam-
ples and the laboratory-theoretical studies

Variations of the unit cell dimension (a ) by the Fe
and FeS contents which were presented at the figure
1 have intersections at the left side of the diagram.
In purpose to establish where those variations could
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cellaTy Ha JIeCHOj U TOPHOj CTPaHM OBOT Jujarpa-
Ma, ClMKa 1 je JonymeHa ca:

a. pesynraruma npomene Fe ca a  (Kpcranosuhu
Kpcranosnh, 1962);

6. mpomenoM FeS ca a, (oBaj paj) Kop IpUpOTHMX
y3opaka 13 pygHux nexxuinra Jlene, Cenanarr,
Tpemnua, Jaweso, [Ipeuntta u Ilpsenu bper; n

B. ca TabOPaTOPUjCKO-TEOPUjCKOM MPOMEHOM a,ca
FeS cagpsxajuma (Barton u Toulmin, 1966).

Ha TaxkaB Ha4MH, KOHCTpPyMCaHa je CIMKa 2 Koja
MHOTO jacHIje IIpuKasyje ogHoce nsmehy chanepn-
Ta U3 PA3INMINTIX PYAHUX JIEKUIITA, KaO U pa3in-
Ke 13Mehy BIXOBUX ycoBa HaCTaHKa.

a9 [A]
A

5.424

intersect at the right and upper side of this diagram,
figure 1 is supplemented with:

a. the results of the Fe variation by a  (Krstanovi¢
and Krstanovi¢, 1962);

b. the FeS variation by a, (this paper) for the natu-
ral samples from the ore deposits Lece, Selanac,
Trepca, Janjevo, Precica and Crveni Breg; and

c. with the laboratory-theoreticalvariation of a by
the FeS contents (Barton and Toulmin, 1966).

At such manner, it was constructed figure 2 which
more clearly represents the relations between the
sphalerites from the various ore deposits, and differ-
ences between their formation conditions, as well.
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Cnuxa / Figure 2, IIpomere dumensuje jedunuure henuje (a,) ca Fe u FeS cadpxicajuma 3a nexcuwima
Illynmwa Cmujena-bpckoso, /leye, Cenanay, Tpenua, Jarweso, Ilpeuuya, Lpeernu bpee, Llpnay, u Kusxesax.
Jlunugje: 1. ca Fe cadpacajuma (Barton u Toulmin, 1966); 2. ca Fe cadpxajuma (Kpcmanosuhu Kpcmarosuh
(1962); u 3. ca FeS cadpaajuma (osaj pad) / Variations of the unit cell dimension (a ) by the Fe and FeS
contents for the ore deposits Suplja Stijena-Brskovo, Lece, Selanac, Trepca, Janjevo, Precica, Crveni Breg,
Crnac and KiZevak. Lines: 1. by the FeS contents (Barton and Toulmin, 1966); 2. by the Fe contents
(Krstanovié¢ and Krstanovié (1962); and 3. by the FeS contents (this paper)

[TpetxogHO CIIOMEHYTH y30pak 15.640 Tabema 4
je Takohe mpmkasaH Ha cIMIM 2 Ca O3HAKOM ,X .
HaxkamocT, Huje mocTojanma J[OBO/bHA KOIMYM-
Ha OBOT Y30pKa 3a pEeHJFeHCKa IIpoyyaBama, U
ycrie Tora, MMeHsuja jenuHudHe henuje a Huje
Mor7a 6MTH TpepadyHaTa M ymopeheHa ca ocra-
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The previously mentioned specimen 15.640 table
4 is also presented at figure 2 with the “x” mark.
Unfortunately, there was not enough content of this
specimen for the X-ray studies, and because of that,
the unit cell dimension a, couldn’t be calculated and

compared with the other results. With approxima-
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muM pesynratuma. IlyreM ampokcumanuje, mper-
IIOCTaB/beHO je fa 61 oBa jemuuuyHa hemja Morma
6uTn oxo 5,42A.

Kao mrto ce Moxe BupieTH1, [YIMEH3Mj€ jeNVHNIHIX
hemja yrmaBHom pacty mo cneneheM pemocneny:
Jlene, Illympa CrujeHa-bpckoso, Lpran, Cenmanar,
KikeBak, Tperua, JameBo, [Ipeuntia u Llpsern bper.

Y oBoM crryuajy, Hallle MuLbembe je fia 6u Kullerud-
oBa (1953) xpuBa Moria OUTM AETMMUYHO HPH-
XBaT/pMBa 3a opnpebuBame TeMmeparype camo
KOJ, IIPUPOIHMX y30paKa Koji Cy BpJIO 01113y Win
npecenajy nuuuje 1 u/uam 3 Koje IpefcTaBbajy
TpoMeHe AuMeH3Nja jenunudHe henmje (a ) ca FeS
cagpkajuma. Ca cimke 2 MoOxXe ce BUJIeTU fAa IIo-
CToje BU/bUBe pasyrke usMely nobmjennx Harnba
nuHMja 1 u 3, yonen HajMame HeKoanko crefehmx
pasyora, Kao IITo Cy:

1. JTabopatopujcku P-t-X ycmoBu Hukaja He MOTy
OUTM Ta4HO TOfjjefHAKM Ca YCIOBUMA Y IPUPO-
Iu, 360r TOra IITO je jeflaH CUCTEM 3aTBOPEH,
IOK je npyru otBopeH. Takobe, cdaneput moce-
Iyje BaTpocTaaHe KapaKTepUCTUKe ¥ CyNUan y
IPUPONY MMajy BpeMeHa U TeKyhux areHaca mro
uM omoryhaBa Jja ce IIOHOBO pe-ypaBHOTeXe Ha
HIICKUM TeMIeparypama (Vaughan, 2006);

2. TloueTHa a, BPETHOCT 3a YUCT ZnS Of CTpaHe
Barton-a n Toulmin-a (1966), a Takobe u ocra-
mux uctpaxusada (Skinner n fip., 1959; Skinner,
1961; u Wiggins u Craig, 1980) je 5,4093A, mrro
je 3Ha4ajHO Behe off BpefHOCTM OFf 5,406A KOjy cy
mamm Swanson 1 Fuyat (1953). Jeman op moryhnx
pasiora 3a OBaKBO CMameme jefuHn4yHe hennje
6y Mor/Ia 6MTI 3aMeHa CyMIIOpa Ca KICEOHIKOM
KaJia IIpeTajioxeHu caneputu Koju cagpxe 0,7
wt.% ZnO nmajy jenuanany hemnjy ox 5,4065(3)
A, mox caneputn Hactamm peakumjom YBpCTOT
pacTBopa Zn u S mMMajy jeuHuIHy hemmjy of
5,4093(3)A (Skinner u Barton, 1960); 1

3. Ha pasnuumuTuM feIoBMMa Jujarpama IIOCTOje
pasmmunre P-t mpomene. [lakie, yTuuaj npu-
Tucka Ha FeS cagpikaj je pasnmuuT Ha BUCOKUM
U HUCKVM TeMIIepaTypaMma, 10K je yTHIaj TeMIle-
parype Ha FeS cazipxaj pasnuumut Ha BUCOKUM 1
HICKMM TIPUTHCIVIMA.

Jok cy pasnosu 1 1 2 HEITO OYUITIENHNjU U OBJie
Beh o6jaimimeHy, pasnor 3 3axTeBa MCTOPUjCKU
Iperes, faba IpOydaBama 1 objalllberba U3 He-
KUX IPETXOHNX PajioBa.

ITpBo, Kullerud (1953) je Ha OCHOBY eKcIIepuMeH-
Ta/IHNX IIOfIaTaKa yCTaHOBMO fia pacTBop FeS y Zn$
pacte ca temmneparypoM. Takobe, mopact FeS capp-
Kaja MicToBpeMeHo nosehapa AyMeHsMje jeHuYHe
henmje a . Ha ocHOBy Tora, Kao 1 Ha OCHOBY Ja7bMX

tion, it was presumed that this unit cell could be of
about 5.42A.

As it could be seen, the unit cell dimensions mostly
increase in following order: Lece, Suplja Stijena-
Brskovo, Crnac, Selanac, Kizevak, Trepca, Janjevo,
Precica and Crveni Breg.

In this case, our opinion is that the Kullerud’s (1953)
curve could be partially accepted for the tempera-
ture determination only for the natural specimens
which are very near or intersect lines 1 and/or 3
which represents the variations of the unit cell di-
mension (a ) by the FeS contents. From the figure
2 it can be seen that there are visible differences
between the obtained slopes of the lines 1 and 3,
because of minimum of several following reasons,
such as:

1. Laboratory P-t-X conditions couldn’t never be
exactly the same as the conditions in nature, be-
cause one system is closed, and another is open.
Also, sphalerite has refractory character and
sulfides in nature have time and fluxing agents
which cause them to re-equilibrate to low tem-
peratures (Vaughan, 2006);

2. Starting a, value for pure ZnS by Barton and
Toulmin (1966), and also by other research-
ers (Skinner et al., 1959; Skinner, 1961; and
Wiggins and Craig, 1980) is 5.4093A, which is
considerable bigger than the value of 5.406A
presented by Swanson and Fuyat (1953). One
of the possible causes for that unit cell decrease
could be the substitution of sulfur with oxygen
when precipitated sphalerites which have 0.7
wt.% ZnO has unit cell of 5.4065(3)A, while
sphalerites formed by solid state reaction of Zn
and S has unit cell of 5.4093(3)A (Skinner and
Barton, 1960); and

3. At the different parts of the diagram there are
different P-t variations. Therefore, the pressure
influence on the FeS content is different at high
and low temperatures, whereas the temperature
influence on the FeS content is different at high
and low pressures.

While the reasons 1 and 2 are something obvious
and here already explained, the reason 3 requires
history review, further studies and explanations
from some previous papers.

First, Kullerud (1953) at basis of the experimen-
tal data established that solution of FeS in ZnS
increases with temperature. Also, increasing of
the FeS content simultaneously increases the unit
cell dimensions a,. At that basis, and with some
further significantly corrections (see for example:
Skinner et al., 1959; Skinner, 1961; and Barton
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3HaYajHMX KOpeKLyja (BuaeTn Ha mpumep: Skinner u
ap., 1959; Skinner, 1961; n Barton u Toulmin, 1966),
canepur je y Tom meprogy 6o mpoko kopuinhen
Kao reorepmometap. Mehytum, dasun gujarpam je
U lajbe 6110 OTPpaHMYeH Ha PETVOH Ca IIPUCY THUM ra-
COBMMSA, JIOK je fieo ucron oko 580 °C 6mo 3acHOBaH
Ha eKCTpAIIoNaLyjy IIoflaTaKa JoOMjeHNX Ha BUIINM
temreparypama (Toulmin u mp., 1991).

Hewro kacHwmje, 11 ca ga/buM IPOyYaBambyUMa Ipy-
POJHIX Y30paKa U eKCIIepUMEHTATHIM UCTPAKN-
BambIMa KOja Cy Ce OfiBUjajia Ha CHVDKEHUM TeM-
neparypama jo oxo 300 °C 1 HyDKe off TOTa, y/Iora
cameprta Kao reoTepMOMETpA IIOCTAje KPUTUKO-
BaHa I 3Ha4YajHO Beha makmba My ce Ipujaje Kao re-
obapoMeTpy y 6pojHUM pajjoBUMa (BUIETY Ha IIpU-
Mep: Boorman, 1967; Einaudi, 1968; Chernyshev
u Anfilogov, 1968; Boorman n gp., 1971; Scott u
Barnes, 1971; Scott, 1973; Scott m Kissin, 1973;
Scott u gmp., 1977; Hutcheon, 1978; Lusk n Ford,
1978; Ringler, 1979; Bristol, 1979; Boctor, 1980; u
Bryndzia u mp., 1988 u 1990). Heku ox ucrpaknu-
Bava (Schwarcz u gp., 1975; u Hutchinson u Scott,
1983) npuMemyjy cdaneput kao reobapomerap 4ak
" Kof; MeTeoputa (T3B. ,,chanepuTckn KocMobapo-
mertap“). Y Tom mepuopy, Hajuenthe npuxsahenu
obnuk cdanepura Kao reobapomeTpa ce 3aCHMBAO
Ha IIPETIIOCTABLM Jia je cacTaB cdanepura Hesa-
BJICTaH Of] TeMIlepaTypa ucnop oko 550 °C Ha cBuM
IpUTHCIMMa HaBuIne 1o HajMame 10 kbar-a.

MebyTtum, 4nHu ce fa HI 0Baj IpUCTYII Takobe Huje
Y CarIACHOCTH ca [ja/buM 3amaxamwyumMa Toulmin-a u
mp. (1991) xoju cy TBpAWIN [ja jaKy TePMOJIHAMIY-
KI apTyMEHTM 3axTeBajy 3Ha4ajHy TeMIepaTypHY
3aBJCHOCT y 0BOM pernony. OHu cy HaBenu jja cda-
JlepuTCKa reobapoMeTpuja 3axTeBa CaMo IAXIbU-
BUjy IPMMEHY I pelllaBatbe MIPeoCcTanor KOH(IMKTa
usMeby Teopuje 1 ekcriepuMeHTa Kako 61 ce 06e3be-
IMO M3y3eTHO KOPUCTAH aJ1aT ¥ TyMadery reoIoL-
KX IIpOLleCa TOKOM BpeMeHa. Y TUIIaj IPUTUCKA Ha
FeS canpxaj y chanepury je ehu Ha HUCKUM TeM-
meparypaMa Hero Ha BUCOKUM TeMIlepaTypama, y
CaIJIaCHOCTM Ca IIPETXOHO HOOMjeHNM pe3ynTaTi-
Ma Barton-a u Toulmin-a (1966) ox: ~12 mol.% FeS/
kbar nHa co6Hoj TeMmeparypy; ~7 mol.% FeS/kbar na
250 °C; n ~5 mol.% FeS/kbar ra 450 °C. IToctoju cBe
jade M3pa>keHUju TeMIIEpATyPHI YTUIIAj HA CafIpKaj
Fe y chaneputy koju je y paBHOTeXM ca MUPUTOM 1
IMPOTHHOM KaKO ce IPUTHCAK Hosehasa, mTo je y
Cyko0y ca eKCIlepMMeHTaTHIM JOKa3uMa. Pesynrar
IIIXOBIX [IPepadyHa je 3afp>KaBarbe U3PasUTUX 3a-
KPUB/bEHOCTH 1300apHIUX ,solvus® mmuumja. Takobe,
maru FeS canpikaj kop cdanepura y Cu-nexxnirnma
noxpasyMmesa Behu npurmcak Hero 1to 6u 610 Kox
maparetesa 6e3 Cu, a Husak Cu cazipxaj y canepu-
TY He yKa3yje Ha BICOK IIPUTHCAK.
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and Toulmin, 1966), sphalerite was at that period
widely used as a geothermometer. But, the phase
diagram was still limited to the vapor-present
region, and the portion below about 580 °C was
based on extrapolation of data obtained at higher
temperatures (Toulmin et al., 1991).

Something later, and with further studies of nat-
ural specimens and experimental researching
down to about 300 °C and lower, sphalerite role
as a geothermometer become criticized and con-
siderable more attention it received as a geoba-
rometer in numerous papers (see for examples:
Boorman, 1967; Einaudi, 1968; Chernyshev and
Anfilogov, 1968; Boorman et al., 1971; Scott and
Barnes, 1971; Scott, 1973; Scott and Kissin, 1973;
Scott et al., 1977; Hutcheon, 1978; Lusk and Ford,
1978; Ringler, 1979; Bristol, 1979; Boctor, 1980;
and Bryndzia et al., 1988 and 1990). Some of the
researchers (Schwarcz et al., 1975; and Hutchinson
and Scott, 1983) applied sphalerite geobarometer
even to a meteorites (so called “sphalerite cosmo-
barometer”). At that period, commonly accepted
form of the sphalerite geobarometer is based on
the supposition that the composition of sphalerite
being independent of temperature below about
550 °C at all pressures up to at least 10 kbar.

However, this approach also seems to be in dis-
agreement with further observations by Toulmin
et al. (1991) who argued that strong thermody-
namic arguments requires a significant tempera-
ture dependence in this region. They stated that
the sphalerite geobarometer requires only careful
application and resolution of the remaining con-
flict between theory and experiment to provide
an extraordinary useful tool in the interpreta-
tion of geologic processes over time. Pressure ef-
fect on the FeS content of sphalerite is greater at
low temperature than at high temperature, in an
a agreement with the previously obtained results
by Barton and Toulmin (1966) of: ~12 mol.% FeS/
kbar at room temperature; ~7 mol.% FeS/kbar at
250 °C; and ~5 mol.% FeS/kbar at 450 °C. There
is an increasingly strong temperature effect on the
Fe content of sphalerite in equilibrium with pyrite
and pyrrhotite as pressure increases, in conflict
with the experimental evidence. The result of their
recalculations retains the strong curvature of the
isobaric solvus lines. Also, a given FeS content in
a Cu-bearing sphalerite implies a higher pressure
than it would be in Cu-free assemblage, and a low
Cu content of sphalerite is not a guide to high
pressure.

Furthermore, this situation could be more com-
plex because there are indications that sphalerites
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Hapasbe, oBa cutyaryja Mo>ke 6MTH jOII KOMIUIEKC-
HUja 300r Tora IITO IIOCTOje MHAMKauuje ga cda-
JIEPUT IPOJIa3K Kpo3 T3B. ,,long-range ordering“ xa
CTPyKTypama HIDKe CHMeTpHje Ha TeMIlepaTypama
KOje Cy caMO MaJjIo HIKe Off OHUX KOje Cy eKCIepy-
MEHTAJIHO IIPOyYaBaHe, WIU YaK M Ha BUILINMM TeM-
neparypama (Balabin u Sack, 2000).

Jaxie, ersakTHa (YHKIMOHaMHA 3aBUCHOCT FeS
cafipxxaja y caeputy off IPUTICKa U TeMIIepaType
je u masbe cTBap febare Koja Tpaje KO JaHALIBYX JaHa
(Buperu Ha npumep: Toulmin u ap., 1991; Vaughan,
2006; u pedepeHlie yHyTap), U yTHULaIA je Ha edu-
KacHOCT cacTaBa c(ajiepura Kao reobapoMerpa.

3. Heka 3amakama 13 1o01jeHnx pesyirara

V3 npeTxofHuX Hornas/ba 1 M 2 MOTy ce U3BeCTH
HeKa 3anakama. Haume, xao mTo ce Moxxe BupeTH,
OUMITIEIHM CY Marbe VM BUIIe PasININTH YCTIOBU
HacTaHKa IPOy4YaBaHMX caaepuTa U3 pasindu-
TUX PYJHUX JIOXKMIITA, a KOju Cy y OBOM pajy Io-
Te/beHN Y TPU IpyIIe:

1. Hucko TemmneparypHu peruos (<200 °C) 3a cda-
nepuTe U3 pypHuUx nexuirra Jleme (t ox 29 o 170
°C; Pop 16,6 mo 24,5 kbara); Illympa Crujena-
Bpckoso (tox 100 mo 170 °C; Pox 16,8 mo 20,9
kbara); Ipnary (tog 41 mo 180 °C; Pop 16,2 no
23,9 kbara) n Kmxkesax (tog 41 mo 195 °C; Pop
15,3 mo 23,8 kbara);

2. Cpepnme TemnepaTypau pernot (og 200 go 450
°C) 3a canepute us pyguux nexumra llympa
Crujena-Bpckoso (t=280 °C; P=10,6 kbara);
LpHan (t=270 °C; P=11,2 kbara); KmkeBax (t o
240 mo 450 °C; Pog 2,6 mo 12,7 kbara) n Cenanar
(t=410 °C; P=4,1 kbara); u

3. Bucoko Temmeparypum peruon (>450 °C) sa
cdanepute n3 pygumx nexninra Tpemya (t=485
°C; P=1,4 kbar); Jameso (t=485 °C; P=1,3 kbar);
[Tpeuna (t=510 °C; P=0,6 kbar) u Llpenu bper
(t=560 °C; P=-1 kbar).

VspauyHaTe IpoceyHe BPENHOCTU TeMIIEpaTypa

u nputncaka n3 FeS n X(Fe,Mn,Cd)S cagpsxaja (y

3arpajgama) cy:

a. 3a 11en1o pypHo nexuTe Jlene: 100 °C n>20 kbara;

6.3a ueno pyguo nmexminre Illymma Crujena-
bpckoso: 178 °C n>16 kbara;

B. 32 Leno pyaHo nexumre Ipram: 118 °C n>19
kbara (305 °C u>9 kbara);

I. 3a 1jefo pyAHo nexxumte Kiwkesak: 178 °C n>16
kbara (276 °C n>11 kbara);

- 3a Xopu3oHT 670 m: 206 °C n>14 kbara (308 °C
n>9 kbara);

undergoes so called “long-range ordering” to
lower symmetry structures at temperatures only
slightly bellow those studied experimentally, or
at even higher temperatures (Balabin and Sack,
2000).

Therefore, the exact functional dependence of the
FeS content of sphalerite on pressure and temper-
ature is still a matter of debate which is up to date
(see for examples: Toulmin et al., 1991; Vaughan,
2006; and references within), and has impacted the
efficacy of the use of sphalerite composition as a ge-
obarometer.

3. Some observations from the obtained results

From the previous Chapters 1 and 2 some observa-
tions could be derived. Namely, as it could be seen,
there are obvious more or less different formation
conditions for the studied sphalerites from the var-
ious ore deposits, which are in this paper separated
into three groups:

1. Low temperature region (<200 °C) for sphalerites
from the ore deposits Lece (t from 29 to 170 °C; P
from 16.6 to 24.5 kbars), Suplja Stijena-Brskovo
(t from 100 to 170 °C; P from 16.8 to 20.9 kbars);
Crnac (t from 41 to 180 °C; P from 16.2 to 23.9
kbars); and Kizevak (t from 41 to 195 °C; P from
15.3 to 23.8 kbars)

2.Middle temperature region (from 200 to 450
°C) for sphalerites from the ore deposits Suplja
Stijena-Brskovo (t=280 °C; P=10.6 kbars); Crnac
(t=270 °C; P=11.2 kbars); Kizevak (t from 240
to 450 °C; P from 2.6 to 12.7 kbars) and Selanac
(t=410 °C; P=4.1 kbars); and

3. High temperature region (>450 °C) for sphalerites
from the ore deposits Trepca (t=485 °C; P=1.4
kbar), Janjevo (t=485 °C; P=1.3 kbar), Precica
(t=510 °C; P=0.6 kbar) and Crveni Breg (t=560
°C; P=-1 kbar).

The calculated average temperature and pressure
values from the FeS and X(Fe,Mn,Cd)S (in paren-
theses) contents are:

a. for the whole studied Lece ore deposit: 100°C and
>20 kbars;

b. for the whole studied Suplja Stijena-Brskovo ore
deposit: 178 °C and >16 kbars;

c. for the whole studied Crnac ore deposit: 118 °C
and >19 kbars (305 °C and >9 kbars);

d. for the whole studied KiZevak ore deposit: 178 °C
and >16 kbars (276°C and >11 kbars);

- for the horizon at 670 m: 206 °C and >14 kbars
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- 3a Xopu3oHT 690 m: 253 °C n>12 kbara (317 °C
n>8 kbara);

- 3a xopusoHt 710 m: 108 °C u>20 kbara (208 °C
n>14 kbara);

- 3a xyTe Bapujerere: 54 °C n>23 kbara (165°C u
17 kbara); n

- 3a MpKe Bapujerere: 240 °C n>13 kbara (332 °C
n>8 kbara).

V3 no6bujeHnx pesynrara 1 3alia)KeHNX pasiInKa 13-
meby nprpogHux ysopaka u 1abopatopujcko-Teo-
PUjCKUX IIPOyYaBamba, MOXKE Ce BUNETH Jia Cy Hajus-
paxeHMju KOHMIUKTA 1 OfCTYIamba Kof chanepu-
Ta KOjy MMajy Mame of oko 12 mol. % FeS,mo je
oxrosapajyhe 3a reMmreparype Koje cy HIDKe Off OKO
350 °C npema Kullerud-osoj (1953) xpuBu cnuka
2. Taxobe, npema jegHauMHN U fUjarpaMy Koje Cy
npencrasuan Lusk u Ford (1978), TakBu cdanepu-
TU Cy HacTaIM u3Haf oko 7 kbara, mTo cy f0BOB-
HJ1 Pas3/iosy 3a OCHOBaHY CyMIby 300T Tora IITO Cy
TaKBY €HOPMHY IPUTKUCLIY BP/IO PETKU Y IPUPOJM.

Ca mpyre cTpaHe, canepuTy Koju cafipyke BIIIIE OFf
oko 21 mol. % FeS, mTo je ogrosapajyhe 3a temre-
parype koje cy nsHag oko 530 °C npema Kullerud-
0B0j (1953) KpMBM HacTajy Ha HeTaTMBHMM IIpU-
TUCUMMA IIpeMa jefHaYMHU U JMjarpaMmy Koje Cy
npepcraswm Lusk u Ford (1978), mto je Takobe
HeMmoryhe.

Hapasbe, 0Bu jo6ujeHn pesynraru 3a TeMIepaType
u nputncke nomohy Kullerud-ose (1953) xpuBe u
jemHAYMHE ¥ AUjarpaMa Koje cy mpepcraBymm Lusk
u Ford (1978) Bpo 3HauajHO OACTYIIAjy Of, pe3yl-
Tara KOju Cy ZOOMjeHNU APYIVM I PAsTUIUTUM Me-
ToflaMa ¥ MyHepamMa (T.j.onpebene temmeparype
t,, t,ut yTabemama 1-4), u ycrey Tora ce MOTy CMat-
paTy Kao yIZIaBHOM HENIPUK/ITaATHE VI HEIPUXBAT/bI-
Be 3a ofpehuBame renese canepura. Hamme, ose
IBe MeTofe Cy 3acHOBaHe Ha oxpebusamy P-t yc-
JIOBa HaCTaHKa c(pasepuTa MCK/bY4NBO Ha OCHOBY
cagpxaja npucyTHe FeS kommoHeHTe.

MebyTum, chaneputu us pasInIUTUX PYSHUX JIe-
XKMINTA Ca CIMYHUM cafpkajuMa FeS kommoneHTe
ce KapaKTepyIly pasINIUTUM AMMeHsMjaMa jefy-
HiyHe henje (a)) koje 61, cXofHO TOMe, MoTIe fia
YKa)Xy Ha pasmuuute P u/umm t ycrose mocTaHKa.
O631poM Ha Ty UMIEHUITY, CMaTpaMo #a Ou Tpe-
6aso ucmuTaTy Heke HoBe MoryhHocTH 3a ofjpehu-
Babe IBIXOBOT IOCTAHKA, jep 10 HallleM MUII/bEebY
oBe uMeHsje jenuHmnuHe hennje Mory 6uty Beoma
BaXKHe, a Jla cajepuT MoXKe OUTH UCTOBPEMEHO
KOPUCTaH I Kao re0TepMOMeTap 1 Kao reobapome-
Tap. Y Te CBpXe, KOHCTPYKLMja PasAUYNTUX OIILIMja
4eTBOPO-KOMNOHEHTHNX 2 -FeS-P-t  nmjarpama
je Beh y Toky, n 6nhe nybnukoBana y Hamum 6y-
nyhum pagoBnma.
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(308°C and >9 kbars);

- for the horizon at 690 m: 253 °C and >12 kbars
(317°C and >8 kbars);

- for the horizon at 710 m: 108 °C and >20 kbars
(208°C and >14 kbars);

- for the yellow varieties: 54 °C and >23 kbars (165
°C and 17 kbars); and

- for the brown varieties: 240 °C and >13 kbars (332
°C and >8 kbars).

From the obtained results and the observed differences
between the natural samples and the laboratory-theo-
retical studiesit could be seen that the most expressive
conflicts and deviations are for the sphalerites which
have less than about 12 mol. % FeS what corresponds
to the temperatures bellow of about 350 °C according
to the Kullerud’s (1953) curve figure 2. Also, accord-
ing to the equation and diagram which were presented
by Lusk and Ford (1978), such sphalerites formatted
above of about 7 kbars which are enough reasons for
reasonable suspicion because such enormous pres-
sures are very rare in nature.

On the other hand, sphalerites which have more
than about 21 mol. % FeS what corresponds to
the temperatures above of about 530 °C accord-
ing to the Kullerud’s (1953) curve formatted at the
negative pressures according to the equation and
diagram which were presented by Lusk and Ford
(1978), which is also impossible.

Furthermore, these obtained temperatures and pres-
sures by Kulleruds (1953) curve and equation and
diagram which were presented by Lusk and Ford
(1978) very significantly deviated from the results
which were obtained by other and different methods
and minerals (i.e. determined temperatures t, t, and
t, at tables 1-4), and therefore they could be consider
as mostly inappropriate and unacceptable for deter-
mination of the sphalerite genesis. Namely, these two
methods are based at determination of the P-t for-
mation conditions of sphalerite exclusively from the
content of the present FeS component.

However, sphalerites from the different ore depos-
its with similar contents of the FeS component are
characterized with different unit cell dimensions
(a,) which could, accordingly, indicate to the differ-
ent P and/or t formation conditions. Regard to that
fact, we consider that it should be studied some new
possibilities for the determination of their forma-
tion, because by our opinion the unit cell dimen-
sions could be very important, and that sphalerite
could be useful simultaneously as a geothermom-
eter and as a geobarometer. For that purpose, con-
structions of the various options of the four-com-
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Taxobe, Hu X(Fe,Mn,Cd)S canpskaju HajBepoBar-
HYje HICY IOTOOHM 3a OOjeKTMBHUje 3aK/byuKe,
3aTO IITO [IOKAa3yjy 3Ha4YajHO BuIle JOOUjeHe TeM-
neparype (A=187 °C 3a Lpnan n A=92-111 °C
3a KmxkeBak), n Hmwke nputncke (A>10 kbarasa-
Llpuan u A>4-6 kbara sa KmkeBax) y ogHOCY Ha
oHe fobmjeHe us FeS campxaja, 1 y caracHOCTI
ca mperxogHuM pesynratuma (Tanumh u Cygap,
2005). Hanarme, Scott (1973) je uutmpao mopatke
ma ce canepurcku $HasHM OTHOCH HUCY IPOMEHN-
M 4YaK U y IPUCYCTBY Hekommko wt. % CdS, mox
cy Toulmin u gp. (1991) 3ak/by4nnu ga IPUCYCTBO
TeOJIOIIKM HOPMATHUX KOHII@HTpPalija KOMIIOHEH-
T Kao wro cy CdS, MnS, ZnSe, CoS n cnnynmx
BJMa, He YTUYY Ha IaplyjaTHy MOJIApHY 3alipe-
muHy FeS y chaneputy. Bepyjemo fa he Heka mama
IpoyyaBama Ca BUIIe y30paKka IOTBPAUTU WM
OIIOBPTHYTHU OBa 3aIlakarba.

3AK/bYYAK

Y oBoM pajy aHanusupaHo je 27 yzopaxa care-
puTa ca pasIMYUTUM JMMEH3MjaMa jeIMHUYHUX
hemuja u FeS cagpxajuma. Kpucranorpadeko-
XEMUjCKM Pe3yNTaTH PyHBHOTr NexuiTa Kukesak
cy ymopebusanm ca oprosapajyhum pesynra-
TMMa HEeKUX JApyrMX pygHux nexumTa: Ilymnpa
Crujena-bpckoBo, Jlene, Cemanan, Tpemua,
Jameso, [Ipeunna, Llpsenu Bper n LpHan, kao u
3a IIPeNMMUHAPHO Pa3MaTpaibe y Be3N HbUXOBeE Te-
Hese. Pasmunty npoy4aBany cdaneputy 1 pysHa
JIOKMIITA Ce MOTY IOAENUTU Y TPU TpyIe: HUCKO,
cpefbe 1 BUCOKO TeMIIEPATyPHM PErMOH.

Csu pgobujenn pesynraru cy ynopehusanm ca pe-
3ynTaTMMa KOji Cy HOOMjeHU APYIMM U pasnudnu-
TUM MeTofiama. Ycies, yTBpheHux koH@nmkara u
OfCTyIama, Haile Muuvbewe je ga ce Kullerud-
oBa (1953) kpuBa U jeHauYMHA U [uUjarpaM Koje cy
npesenrosamyu Lusk u Ford (1978) mory cmarparu
Kao YIJIABHOM HENPMKIAIHU Y HEIPUXBAT/bUBL
3a oppehuBame renese cdanepura. Kullerud-osa
(1953) xpuBa 6u MOIZa OUTM CaMO JHEIUMUIHO
npuxsarmbuBa. Takobe, Hu cagpxaju X(Fe,Mn,Cd)
S HajBepoBaTHIje HICY KOPUCHU 3a 00jeKTUBHIje
3aK/bydKe, 3aTO IITO IOKAa3yjy 3HAYajHO BMILE JO-
OujeHe TeMIlepaType ¥ HVDKe IIPUTHUCKE Y OLHOCY
Ha oHe nobujeHe u3 FeS canpikaja.

Ca gpyre cTpaHe, camepuTyt U3 pasIMuUTUX PYA-
HUX JIOXNIITA Ca CIMYHUM cafjpKajuma FeS xom-
IIOHEHTE C€ KapaKTEepUINy PA3IUYUTUM JUMEH-
3ujama jeguHnaHUX henuja Koje 6u Morte, y CKIagy
ca TuM, Jia yKasyjy Ha pasmuuure P u/umm t ycmose
HacTtanka. O63MpPOM Ha Ty UMibeHNIy, Tpebano 6u
npoy4nTi Heke HOBe MoryhHocTu 3a ogpehuBame
BJIXOBOT HacTaHKa, 300T Tora IITO O6M JUMeH3Uje

ponent a -FeS-P-t diagrams are already in progress,
and they will be published in our further papers.

Also, neither the X(Fe,Mn,Cd)S contents are most
probably not useful for the objective conclusions,
because they show considerable higher obtained
temperatures (A=187 °C for Crnac and A=92-111
°C for Kizevak), and lower pressures (A>10 kbars
for Crnac and >4-6 kbars for Kizevak), regard to
those obtained from the FeS contents,and in agree-
ment with previous results (Tan¢i¢ and Sudar, 2005).
Furthermore, Scott (1973) cited the data that the
sphalerite phase relations are not changed even at
the presence of several wt. % of CdS, while Toulmin
et al. (1991) conclude that the presence of geologi-
cally normal concentrations of components such as
CdS, MnS, ZnSe, CoS and like does, do not affect
to the partial molar volume of FeS in sphalerite. We
believe that some further studies with more samples
will approve or disapprove this observation.

CONCLUSION

In this paper 27 sphalerite samples with various
unit cell dimensions and FeS contents were analyz-
ed. Crystallographic-chemical results of the ore de-
posit Kizevak are compared with the corresponding
results of some other ore deposits: Suplja Stijena-
Brskovo, Lece, Selanac, Trep¢a, Janjevo, Predica,
Crveni Breg and Crnac, and for the preliminary re-
consideration about their genesis. Various studied
sphalerites and ore deposits could be separated into
three groups: low, middle and high temperature re-
gion.

All of the obtained results were compared with the
results which were obtained by other and various
methods. Because of the observed conflicts and de-
viations, our opinion is that the Kullerud’s (1953)
curve and equation and diagram which were pre-
sented by Lusk and Ford (1978) could be consid-
er as mostly inappropriate and unacceptable for
determination of the sphalerite genesis. Kullerud’s
(1953) curve could be only partially accepted.Also,
neither the contents of X(Fe,Mn,Cd)S most prob-
ably are not useful for the objective conclusions
because they show considerable higher obtained
temperatures and lower pressures regard to those
obtained from the FeS contents.

On the other hand, sphalerites from the different
ore deposits with similar contents of the FeS com-
ponent are characterized with different unit cell di-
mensions which could, accordingly, indicate to the
different P and/or t formation conditions. Regard to
that fact, it should be studied some new possibilities
for the determination of their formation, because
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jemHnyHMX henumja Morme 6UTH o KOPUCTH 3a Te-
oTepMOMeTpHjy U reobapometpujy. JumeHsuje je-
IMHMYHUX henmja yrmaBHOM pacTy IO pefociefny:
Jlene, Hlynpa Ctujena-bpckoso, pHar, Cenanarii,
Kmxesak, Tpemnua, Jameso, IIpeunna n IlpBenn
Bper. Bepyjemo pa he Heka 6ynyha npoyuaBama ca
BIIIIE Y30paKa MOTBPAUTH MY OIOBPTHYTH OBaK-
Ba 3allaXama.
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Meby npeux 16 axagemmka CpIlcke KpasbeB-
cke akafieMuje (maHac Cpricka axajemuja Hay-
Ka 1 yMmeTHocTy, cKkpahunna CAHY), uMmenosao
ux je xpasb Munan O6penosuh 5. ampua 1887,
wiaHoBM Ope/berba NPUPOSHMX HayKa OWmm Cy:
Jocu¢ Ilanunh - nexap u 6oranuyap, Aumurpuje
Hemmh - matematnyap, JoBan JKyjosuh - reonor
u Jbybommp Kiepuh - pymapckm nmxemep. On
Tajia 10 JaHAC HMjeJaH Off leCeTaK KaHANIOBaHNX
PYIApCKuX CTPydmaKa Hje YAOCTOjeH YWIAHCTBA Y
CAHY. BepoBaTtHO 611 0Baj 130-rogyumy IpeBuy,
pynapcke Hayke u nmxemepctsa y CAHY nHacra-
BIO He IipuMeheHo 1a yMHOXaBa FOIMHE Ja ce Huje
Y HaflaZieKo YyBeHOj Pyckoj akazeMuju Hayka jen-
HOj Off HajyI/Ie[IHNUjUX HAYYHUX MHCTUTYLMja CBETA,
Zoropyo 1360p Halller KoJjere jeHor Off Ipefiara-
Hux 3a CAHY. OBo fo caga Hajeehe npusHame cpi-
CKOj Py[apCKOj HAyL U MHXKEhEPCTBY Kao 1 Hallla
OITOBOPHOCT U o0aBe3a IIpeMa pyHapCTBY Haja-
o ¢y fa ce obparumo CAHY u ykaxemo Ha OBy
YMEbeHNIY. TeKCT mMcMa MOC/IaTor Ha ycaralia-
Bame Pymapckom mucturyTy Beorpan, Pymapcko-
reoJIOIIKOM (akynITeTy YHMBep3uteTa y beorpany,
Ympasu 3a mpomsBopmwy yr/ba Enekrpompuspepe
Cpb6uje, l[eonomkom 3aBony Cpbuje, ViHcTUTYyTY 32
pyRapcTBo m MeTtanyprujy bop u Axkagemuju mH-
XKemwepckux Hayka Cpouje, Imacuo je:

DOI: 10.25075/BM.2017.12

Milinko Radosavljevi¢
SvetomirMaksimovié

Mining Institute Belgrade

direktor@ribeograd.ac.rs

The first 16 academicians of the Serbian Royal
Academy (today the Serbian Academy of Sciences
and Arts, abbreviated as SASA), named by King
Milan Obrenovi¢ on 5 April 1887, included the
following members of the Department of Natural
Sciences: Josif Panci¢ - doctor and botanist, Dimitrije
Nesi¢ - mathematician, Jovan Zujovi¢ - geologist and
Ljubomir Kleri¢ - mining engineer. Since then un-
til now, none of the dozens nominated mining ex-
perts have been granted membership in the SASA.
Probably this 130-year oversight of the mining sci-
ence and engineering in the SASA would continue
to insensibly multiply the years but for the election
of our colleague, one of the suggested for the SASA,
in the well-known Russian Academy of Sciences, one
of the most distinguished scientific institutions of
the world. This so far the greatest acknowledgment
to Serbias mining science and engineering as well
as our responsibility and obligation towards min-
ing has forced us to address the SASA and point to
this fact. The text of the letter sent for the harmo-
nization to Mining Institute of Belgrade, Faculty
of Mining and Geology of University of Belgrade,
Directorate for Coal Production of Electric power
industry of Serbia, Geological Institute of Serbia,
Mining and Metallurgy Institute Bor, and Academy
of Engineering Sciences of Serbia, read:
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Tocnopune npencenunue CAHY,
Bucoxko nomroBann akagemuye Kocruhy,

M3 momroBama mpema Bama, npema Cprickoj aka-
TeMuju HayKa ¥ yMETHOCTH, 300T 3Hauaja sorabaja
3a Hallly 3eM/bY ¥ HayKy, 4acT HaM je 00aBeCTUTH
Bac pma je na ceguunu Ipesupnjyma Pycke akape-
Muje Hayka 28.11.2017. y Mocksu, npeficefHUK
akagemuk Cepree AnexkcaHpap MuxajomoBuy
ypyuno mpod. ap Crnobomany Byjuhy mummomy
MHOCTPaHOT Y/IaHa.

BpenHocHY 1 BpeMeHCKy IIMEH3Mjy OBOT BUCOKOT Ha-
YYHOT IIpM3HaH-a IIOMEPA CAONIITEHO Ha CBEYAHOCTH,
Ia je mpoc. Byjuth ipBu pymapcku nmxerep MHOCTpa-
HUM wiaH Pycke akajgemmje Hayka. Huje ped camo o
MepM MMOHMPCKMX M BPXYHCKMX Pe€3y/ITaTa Koju Cy
VICIIMICA/IN CBET/IE TPEHYTKE Halle pyfapcke HayKe 1
MH>KEEPCTBa, Beh 1 0 exy yCIIoHa Halller pyfiapcTBa
710 HajBUINNX HUBEJIETA y IPYTOj MOIOBMHY JiBajiece-
TOr Beka. V3nanak Te mikorie je i mpod. Byjuh.

Y OKONMHOCTMMa [laHAIUBLUX CHAOKEHUX IPUIMKA,
CKTIOHOCTY TIOTUCKMBambha, CaMONOpUIIarba, HETu-
pama, 3abopaB/baiba, HEIMOIITOBama, ymporrha-
Barba, HETOBaba IOTPENIHOCTY ¥ HE3HaIba, OfIy-
4MBama XPAmbEHOT Ipefipacyama, 3abmyama, sio-
BOJBOM, CyjeTOM 1 3aBumIhy a mogp>kaBaHor 106u-
pameM, 1360p Halller Ko/ere 3a MIHOCTPAHOT YIaHa
Pycke akamemmje HayKa [OXXMB/baBaMO CIMYHO
ocehajy n uckycTBy pedriekca, Kao CBOjeBPCHY HC-
IIPaBKy IOTPELITHOT [I0)KMB/baja CTBAPHOCTI.

Op 1887. rommue kapja je mpod. gp Jbybommp
Knepnh, mmmiomupanum WHXemep pyHapcIBa,
VHa4Ye OCHMBAY IIKOJIEe MAIIVHCTBA ¥ MeXaHMKe
Ha YHuBep3uteTy y beorpany, uMeHOBaH 3a YlaHa
Cpricke Kpa/beBCKe aKajieMije, 10 JaHac HujeflaH
Off IeceTaKk KaHAMIOBAHNX PYHAPCKUX CTPydbaKa
Huje ypocrojed ynancTBa y CAHY. OBy unmenn-
Iy CMeLITaMO y TParuyaH CIUIET OKOJIIHOCTH U He
objalmbyBe CTBAPHOCTIL.

[NomrToBaHM TOCHOAHE MpeficefHIYE, HEOCTIOPHO
je mpaBo CAHY Ha comncTBeHy U360pHY MeTPUKY,
c1o60ofy U ayTOHOMHOCT 1360pa 4IaHOBa, I1a U Ha
He [I0O3HaBambe PyJapCTBa, anu He u Ha 130-To ro-
IV IPEBUJ, HajcTapyje IpUBpeNHe ¥ TEXHIYKeE
Hay4JHe 06/1acTH, Koja je Kao IpyITBeHa CyOCTpyK-
Typa 6ua u jecTe He caMoO OCTIOHAl] eKOHOMCKOT,
KY/ITYPHOL, ypOaHOTI, [[yXOBHOT, HAyYHOT, TeXHIY-
KO-TeXHOJIOIIKOT M OIIITer pa3Boja, Beh je kao
MaTUIla VHXKEHhePCTBa M3HENPUIa CBe KIacUIHe
UHXebepCKe JUCHUIIIIHE.

IIpusname Pycke akafieMnje HayKa, apecupaHo Ha
JIMYHOCT a yryheHo Hallloj 3eM/bM, HALIO] HAYLIM U
UHXEHhEPCTBY, I03/1Ba Ha pa3MUIIbabe.

Cpehno!
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Dear Mr. President of the SASA,
Highly respected academician Kostic,

Out of respect for you, the Serbian Academy of
Sciences and Arts, due to the significance the event
has for our country and science, we are honored to
inform you that the President Academician Sergeev
Aleksandr Mikhailovich delivered the title of a for-
eign member to Prof. Slobodan Vuji¢, PhD, at the
session of the Presidium of the Russian Academy of
Sciences on 28 November 2017 in Moscow.

The value and time dimension of this high scien-
tific recognition is extended by the wording of the
ceremony that Prof. Vuji¢ is the first mining engi-
neer foreign member of the Russian Academy of
Sciences. It is not just about the measure of pio-
neering and top results that have written the bright
moments of our mining science and engineering,
but also about the echo of the rise of our mining to
the highest levels in the second half of the twentieth
century. Prof. Vuji¢ is the offspring of this school.

In today’s complex circumstances, tendencies of
suppression, self-denial, neglect, oblivion, disre-
spect, simplification, fostering of wrongness and
ignorance, decision-making fed by prejudices, mis-
conceptions, animosity, vanity and envy and sup-
ported by lobbying, we perceive the appointment of
our colleague as a foreign member of the Russian
Academy of Sciences similarly to the feel and ex-
perience of reflex, as a kind of a correction of the
wrong experience of reality.

Since 1887, when Prof. Ljubomir Kleri¢, PhD, B. Sc
in Mining, the founder of the School of Mechanical
Engineering and Mechanics at University of
Belgrade, was appointed a member of the Serbian
Royal Academy, none of the dozens nominated
mining experts have been granted membership to
the SASA. We attribute this fact to a tragic array of
circumstances and inexplicable reality.

Dear Mr. President, we do not contest the right of
the SASA to its own electoral metrics, the freedom
and autonomy in the election of its members, or
even the lack of knowledge in mining, but we do
contest the 130-year-long oversight of the oldest
economic and technical scientific field, which, as a
social substructure, was and is not only a support
of economic, cultural, urban, spiritual, scientific,
technical-technological and general development
but also a mother of engineering that spawned all
the classical engineering disciplines.

The recognition of the Russian Academy of Sciences,
addressed to a figure but directed to our country, our
science and engineering, calls for consideration.

Good luck!
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Ca wmsysetrkoM Pypmapcko-reonomkor ¢akynrera
YHuBepsutera y beorpamy, ocTtame MHCTUTYLUje
HoApsKazie Cy MHULMjaTUBY M MPEIOKEHN TeKCT
micMa npuxsatune. CraB Pypmapcko-reomomkor
¢daxynTeta objacHMO je meKaH y mopyuu of 30. fe-
nem6pa 2017. ynyhenoj pupexropy Pynapckor nH-
CTUTYTa, OHa KPAaTKO ITIacu: ,[lowmosaru, ynpasa
Pydapckoe odcexa Huje HaxknoweHa noOPuLYU KaH-
oudamype npod. Byjuha y CAHY. C nowmosaroem,
IIpoep. [p Hywian Ionomuuh":

With the exception of Faculty of Mining and
Geology of University of Belgrade, other institu-
tions have supported the initiative and accepted the
proposed text of the letter. The position of Faculty
of Mining and Geology was explained by the Dean
in the message dated 30 December 2017 and sent to
the Director of Mining Institute which reads: “Dear,
the leadership of the Mining Department is not in-
clined to the support of the candidacy of Prof. Vuji¢
in the SASA. Sincerely, Prof. DusanPolomcié, PhD”.
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Beorpanben, 19 Aeuswtap 2017

A HASA ¥ YWETHOCTH
pecea AEMMK BRARMAAD KOZTHR

11000 B arpan

3 WA 083 35

Tocnogume npeacesmiae CAHY,
BIHcoRd NOWION A araaguimie KocTrhy,
V3 Nowronaiea noewa Bawa, npema CANCHO) SKSAEWMIM HAVKE U YWETHOCTH, 360t aavsja
A0rahaa 33 WALy SEMLY W HIYAY, Y3TT HaW [B OSIOCCTITW BAr 52 |2 Ha ceAmu Npesiauyna
Pycke ananemule Haya 26.11.2017. y MOCKEK, NPSACEIMAN BKALEM 68 ANKCaHazD
Mieajnopins s npod. o CroBomasy Byjuby funncay weocTpsice

BPEAHOCHY ¥ BPEMENCKY JMMEHIWY. DBOT BUCOKDT MByHHOT NH3KGH:A MCMENS CAONLTEHD. Ha
CBRSEHOCTY, 43 J& D06 Byjuh NDBW PYRIDCK WHMERED UMDCTRIHM 4I3H PYLHE SRaLEMME
WayHa. HUJE RE4 CIMO O MEDH MADHSARCHIX W BEAYMCHSS DETYATATE KO Cy MOTACAIN CSETAE
TREHYTHE HIWE PYAAPCKE HAVKE W MMOKEMepCTBa, Beh i O Xy YEAGHS HAWE™ PYSAPCTES 40
WEIBHUIMX HABENETA Y APNTO) NONCOHHM AIANECETOT B2ka, MIABHEK TE Weone | 1 npod. Byikh,

¥ GROAMOCTAME ABHALI) SHAx TPUARKS, CXNOHDS ACRHBIS, COMENOPHIZHS,
O peLHOCTA W HESaRa,
o vaama, 3aB/vaams, L Cyjevom w o samwhy @
1, U3B0P H3LWEr KOMEE 33 WOCTRSKOT 4A3Ha Fycse akagenvie Hayka
ADMHELIEIME Crers0 OCENZ)Y W WCHYCTSY PESNENCS, KIO CACISEACHY WCNDIBKY NOMDELHOT

BB ETOAHOTH,

04, 1887, rope kaaa je npod. Ap oG Haepwh, AMANOWApaK KHSERED DYARPETAS, Wiase
DCHMERS LINOE MBLHHITES W MEXIMMKE =3 Yissepsrery y Beorpay, MMeMoRax 33 unaua
CONCHE KPAMEBCHE ANBAEMME, AD AIMAC HAJBAIH O MECETAX KAMAHACSBHME IADCHAX
CTPYradka male yROCTGiEn daarcrea y CAHY. Ofy umrsridy CMEWTIMG Y TRAMM3N CAET
ORAAHOETA M e OBjaLU B2 CTRIPHDCTY,

PasROja, Do @ KaD MATHUE HHKErESCTBS

3HO Ha NMUHOCT @ YrYTIENO HALI] 38MbH, HALID)
, MIO3HEA HA PASIANULALE e

Cpehno!

€ nowranaem,

Pyaanck whetiryT Beorpan
Amgeriop

gt Murpos, AT W, DYA,

Teoncwin Jascg Cpbuje
AupesTop
,

A &

VIHCTATYT 3 pyaapcTeo u meranypriy bop
anperiop
BpWATERYIaphy Lo 7 e e

Cnuxka / Figure 1, Konuja nucma ynyhenoe npedceonuxy CAHY /
A copy of the letter addressed to the President of the SASA

Ha mmcmo ca mornmucmma pupexropa Pymapckor
uHcTUTyTa Beorpay np Mumnka PagocaspeBuha,
IVMpeKTopa YIpaBe 3a MPOM3BOAIY yI/ba Enekrpo-
npuspegie Cpbuje Cnobomana Murposuha, pum.
MHX. PyAapacTBa, aupekTopa leonomxor sasopa
Cpb6uje npod. ap Iparomana Pabpenosuha, pupek-
Topa VIHCTMTYTa 3a PyfapCcTBO U MeTamyprujy bop
op Mwunera Byrapmua m mpeficefHMKa AKajeMuje
nmKxemepcknx Hayka Cpouje mpod. ap Bpamka
Kosauesuha, npencennnk CAHY axagemnk npod.
ap Bmaguvup Koctuh, onrosopmo je 17. janyapa
2018. MO3UTHUBHO, C pasyMeBambeM U N3PAXKABAbEM
CITIPEMHOCTH JIa Ce IMYHO 3ay3Me, peuMa Ha Kpajy:
»Bauty 6puey doxusmam xao uspas 6puee, kojy no-
wmyjem u o x0joj hy nuuno so0umu pauyna.”

On 17 January 2018, the President of the SASA
and Academician Prof. Vladimir Kosti¢, PhD,
replied positively to the letter signed by the
Director of Mining Institute of Belgrade, Milinko
Radosavljevi¢, PhD, the Director of Directorate
for Coal Production of Electric power industry
of Serbia Slobodan Mitrovi¢, B.Sc. in Mining, the
Director of Geological Institute of Serbia Prof.
Dragoman Rabrenovi¢, PhD, the Director of Mining
and Metallurgy Institute Bor Mile Bugarin, PhD,
and the President of the Academy of Engineering
Sciences of Serbia Prof. Branko Kovacevi¢, PhD,
expressing his appreciation and readiness to per-
sonally involve concluding: “I perceive your concern
as an expression of concern which I respect and will
personally take care of”
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From: Dusan Polomcic [mailto:dusan.polomcic@rgf.bg.ac.rs]
Sent: Saturday, December 30, 2017 10:26 AM

To: Milinko Radosavljevic <direktor@ribeograd.ac.rs>
Subject: Re: R

Postovani,

uprava Rudarskog odseka nije naklonjena podrsci kandidature prof. Vujica u SANU.
S postovanjem,

Prof. Dr Dusan Polomci¢

Cnuxa / Figure 2, Konuja nopyke dexana Pydapcko-zeonowixoe gpaxynmema ynyhene oupexmopy
Pyoapckoz uncmumyma / A copy of the message of the Dean of Faculty of Mining and Geology
sent to the Director of Mining Institute

Jla i je oBakaB CTaB Hallle MaTMYHE IIKOJIE CIIy- Let time tell whether this attitude of our parent
YajaH WIM je joLl jejHa eNM30fia KOHTHMHYWUTETa school is a coincidence or just an episode of the
yCyAa HOpHUIIaka M CaMONOpHIjalba HEeKa BpeMe continuity of denial and self-denial, therefore, it

OfITOHETHE, 3aTO Tpeba [ja OCTaHe 3aMNCaHO. should be recorded.
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Caxxerak: Y semu 0a cavysamo gaxmozpadujy o akmusHocmuma u dozahajuma y Ho6Ujoj ucmopuju Hauiez py-
dapcmea, samonunu cmo npog. 0p Padomupa Cumuha, pedosoe unana Axademuje unicervepckux Hayka Cpouje,
0a kao ceedok spemena Hanuuie céoja cehara o ocnusarwy u pady Komumema 3a nospuuHcKy excnioamauyujy
Casesa uHiucervepa u mexnudapa pyoapcke, 2eosiouike u memanypuike cmpyxe Jyeocnasuje. Pedaxyuja ce 3ax-
samyje npodecopy Ha npuxeamarvy nO3U6a U yr0HeHOM mpyoy.

Klby‘[He pe4yn: Kkomumem, NOBPUIUHCKA eiccn/zoamauuja, cehawa

Abstract: Wanting to preserve the factography of activities and events in the recent history of mining in Serbia, we
asked prof. dr. RadomirSimi¢, a regular member of the Academy of Engineering Sciences of Serbia, to as a witness
of time write his memories of the establishment and operation of the Committee for Surface Exploitation of the
Association of engineers and technicians of the mining, geological and metallurgical profession of Yugoslavia. The
editorial staff is grateful to the professor for accepting the call and his invested effort.

Keywords: committee, surface exploitation, memories

OCHUMBAIBE KOMUTETA

IToyeTkOM cefaMfieceTUX TOfMHA, 300 BEIMKOT
MHTEpeCoBamba PYJAPCKUX 1 TeO/TOUIKIX CTPYUbha-
Ka 3a pap y CaBesy MHXXelhepa M TeXHMYapa py-
JapCTBa, TEONOIMje M MeTamypruje Jyrocmasuje,
II0Y€JIO je pasMMUI/baibe 1a CE Y OKBUPY ITOMEHY-
Tor caBesa y3 moctojehe kommurere, popmmpa u
KoMuter 3a HOBPUIMHCKY €KCIUIOATALINjy KOju 611
KOOPAVHMPAO AKTUBHOCT PYAAPCKUX CTPy4baKa
y 00JIacTy HOBPILIMHCKE eKCIIOATalyje JeXXMIITa
MUHEpaJHUX cupoBuHa. VHminujatusa o ¢op-
mupamy Kommrera pasmaTpaHa je Ha HOBOOC-
HoBaHOM CMepy 3a NOBPIIMHCKY €KCIUIOATaIlVjy
Pynapcko-reonomkor dakynrera y beorpagy, Ha
kojeM je mpsu medp Cmepa 6uo mpod. Bopucmas

ESTABLISHMENT OF THE COMMITTEE

At the beginning of the 1970s, due to the great in-
terest of mining and geologic experts in the work
of the Association of Engineers and Technicians
in Mining, Geology and Metallurgy of Yugoslavia,
the idea was made to form a Committee for Surface
Exploitation within the aforementioned alliance
with the existing committees, which would coordi-
nate the activity of the mining experts in the field
of surface exploitation of deposits of mineral raw
materials. The Initiative on the establishment of
the Committee was considered on the newly estab-
lished Department for Surface Exploitation of the
Mining and Geological Faculty in Belgrade, where
the first head of Department was prof. Borislav
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Cnacojesuh, med JIaboparopuje 3a MOBPLUIMHCKY
eKcIUIoaTalyjy y oksupy nocrojeher Cmepa 6mo
je mou. gp Byk Papmesuh. maBHuU Teper Te MHU-
nujatuse Hocun ¢y npod. bopucnas Cracojesuh
u pou. ap Byk PapmeBuh m wranoBum mocebHor
VaunujatuBHor onbopa. VHunujatusa je, mHa-
Ye MMasa CHa)XHY HOApIIKY Bomehux pymapckmx
CTPy4YmbaKa KOjii Cy PpajiyiIi y TMOBPIIMHCKOj eKC-
IIOATALMjM. Y3 PU3UK Ja HEKO MMe HelpaBeJHO
M30CTaBMM, HajBehy [OIPMHOC TOj MHULMjaTUBU
cy paBayu: Iletko Jopanosuh u Hosnija Criacuh 13
[Tpuimnne, 3atum npod. Bunko Pobrpek, Hemama
[Tommosuh, Mexmen IInupuh n 3npasko Bonunmna
u3 Tysne, Bragumup Byxmuposuh n3 Hukmmha,
Munan Ilepban u Mwnoje Bapjakrapesnh u3
Beounna, Muogpar Ahumosnh u Tojko Yomosuh
u3 IeBama, [ony6 hoceBcku u CrnaBe KoteBcku
u3 Maxkenonnje, CserucnaB PanusojeBuh u3
Majnanneka, Yemomup TpajkoBuh n CnaBomy6
ViBomr u3 Kony6ape, Kocra Maxap n3 Kocronia,
mou. Jypuj VBamermh wu3 Crnosenuje, npod.
Bragummp A6pamosuh n Mwman bBoxuh ns
3arpeba n Auppuja Bpanemr n Kocra IIpctuh us
bopa.

OcnuBame KomureTa 3a MOBPUIMHCKY €KCII/IOATa-
1yjy o6aBsbeHO je 1972. Ha [IpBOM jyTOC/IOBEHCKOM
CUMIIO3MjyMY O IIOBPIIMHCKO] €KCIIZIOATALMj I, KOjU
je, y3 IpMCYCTBO BUILIE CTOTVHA Y4eCHMKA OfIp>KaH
y beorpany. Ha ocanBaukoj Ckymurtian Komurera
npoynTaH je mpepmor CraTyTa Koju je jegHOINa-
CHO YCBOjeH. 3a NpBOr mpencefHnka Kommrera
usabpat je mpo¢. bopucnas CrnacojeBuh, 3a wia-
Ha IpeficefHUIITBA ol Byk Pamesuh, a 3a mpsor
cexperapa Cno6opan Byjuh, Tex nzabpann acuc-
TeHT Pymapcko reomomkor gaxyarera 3a mpegmer
IIpojexToBame MOBPIIMHCKMX Komoba. Kommrer
3a MoBpIIMHCKY excrtoaranyjy CUTPIM] je Beo-
Ma Op30 JOCTUTao BUCOKY adyupMalyjy, a BeIUKU
ygHM ayropureT npod. bopucnasa Cnacojesnha,
TOj adupMaIyjH je faBao MocebaH Ieyar.

ImaBuu 3ajauy y pagy Komnrera 6umm cy: opranu-
3alyja jyroCc/IOBEHCKMX CMMIIO3MjyMa O TIOBPIUMH-
CKOj eKcIyIoaTaluju, ydemha Ha CUMIO3UjyMIMa
u xoHpepenunjama CUTPIM], pacmpase o Haj-
BOXHUjUM CTaTyCHUM HUTamMMa CTpy4Yrbaka 3a-
MIOCTIEHNMX Y TIOBPIIMHCKO] €KCIITIOATALINj I, 3aTUM O
06pa3oBamy KaJipoBa 3a OBY 00JIaCT pyflapcKe eKc-
IUTOATallMje M, HAPOYMUTO, O KBAIMTETHOM ydemihy
IIOBPILIMHCKeE eKCIIoaTanyje Ha Beh Tpaguimonan-
HUM TIO/bCKO jYTOCTOBEHCKUM CUMIIO3MjyMMMA.
Cse Te 3agaTke Kommurer je ca ycrmexom 06aB/bao
U cBe BuIe Ipeysumao Bopehy ymory y panmy
CHUTPI'M]. Tome je monpuHOCKIA BeNMKA MOAPII-
Ka CTpy4maka KOju Cy pafiuau y IOBPUIMHCKO]
eKCIUIoaTaluju, Koja je, Beh Taga 611a HajBaXKHMja
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Spasojevi¢, the Head of the Surface Exploitation
Laboratory within the existing Department was
doc. dr. VukRadevi¢. The main burden of this ini-
tiative was carried out by prof. Borislav Spasojevi¢
and doc. drVukRadevi¢ and members of the spe-
cial Initiative Committee. Otherwise, the Initiative
had a strong support of the leading mining experts
who worked in surface exploitation. Bearing the
risk that I may leave out some of the names, the
greatest contribution to this initiative was given by:
Petko Jovanovi¢ and NovicaSpasi¢ from Pridtina,
followed by the prof. VinkoRobljek, Nemanja
Popovi¢, Mehmed Dzindi¢ and ZdravkoVoncina
from Tuzla, Vladimir Vukmirovi¢ from Niksi¢,
Milan Serban and MilojeBarjaktarevi¢ ~from
Beoc¢in, Miodrag Aéimovi¢ and GojkoColovi¢
from Pljevalj, Golub Cosevski and Slave Kotevski
from Macedonia, SvetislavRadivojevi¢  from
Majdanpek, CedomirTrajkovi¢ and SlavoljubIvos
from Kolubara, Kosta Makar from Kostolac,
doc. Jurijlvaneti¢ from Slovenia, prof. Vladimir
Abramovi¢ and Milan Bozi¢ from Zagreb and
Andrija Vranes and KostaPrsti¢ from Bor.

Establishment of the Surface Exploitation
Committee was carried out in 1972 at the First
Yugoslav Symposium on Surface Exploitation,
which, in the presence of hundreds of participants,
took place in Belgrade. At the founding Meeting of
the Committee, the draft Statute was read and it was
unanimously adopted. Prof Borislav Spasojevi¢ was
appointed as the first president of the Committee,
doc.VukRadevi¢ was appointed as the member of the
presidency and Slobodan Vuji¢, the newly appointed
assistant on the Faculty of Mining and Geology for
the course Design of Open-Pit Mining, was appoint-
ed as the first secretary The Surface Exploitation
Committee of SITRGM]J quickly reached a high af-
firmation, and the great personal authority of prof.
BorislavaSpasojevi¢, gave a special seal to that affir-
mation.

The main tasks in the work of the Committee were:
organization of Yugoslav symposiums on surface
exploitation, participation at symposiums and con-
ferences of SITRGM], discussions on the most im-
portant status issues of experts in surface exploita-
tion, then on the training of personnel for this field
of mining exploitation and, in particular, on the
quality participation of surface exploitation at al-
ready traditional Polish-Yugoslav symposiums. All
these tasks were performed by the Committee with
success and it took an increasing leading role in
the work of the SITRGM]. This was achieved with
the great support of experts who worked in surface
exploitation, which was already the most impor-
tant mining technology in the mining industry of
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pyZapcka TeXHO/MOIMja y PymapcTBy Jyrocimasuje.
PasBoj jyrocmoBeHcKe MOBPIIMHCKE eKCIIIoaTalije
Ha YI/bY, OOKCUTY, 6aKapHO] PyZU, Kele3Hoj pyau,
MarHe3NTY, KBapIJHOM IIeCKY, KpeUIbaKYy, JOTOMUTY
U IPYTUM HeMeTa/IMYHMM MUHEPaTHUM CUPOBIHA-
Ma, HOCHO je y ceby1 6pojHe TeXHIUKe, TeXHOJIOIIKe,
OpraHN3alyiOHe, UHBECTUIMIOHE Y KaJlpOBCKe IIpo-
6reme, Ha Koje je Tpebaymo Ipy)XaTu KBalTUTETHe
u 6maroppemeHe onrosope. 36or tora je Komurer
3a TOBPUIMHCKY €KCIUIOATallljy IOCTAo jefjaH Of
HajBOXHUjMX CTybOBa y TOM pasBojy. [IpuxBahen
ofi TIpMBpefie JO0OPO OpPraHN30BaH, MOCTaje MEeCTO
TOTOBOPA O CBMM CTPATElIKUM IIUTambMMa Koja Ka-
PpaKkTepuIy IOBPUIMHCKY eKcinoaranyjy. [loueTan
ayToputeT Koju je mpod. bopucnas CrmacojeBnh
mao GyHKIUjU mpencenHnKa Kommrera, safpxaH
je mo maHac, Tako ja cy Ha 4eny Kommrera 6mmm
BeoMa apMPMUCAHU M LIeHEeHU CTpyumani. buma
je 3acTyI/beHa M3MEmbNBOCT CBaKe YeTUPY TOfIMHE,
a TIPefICeHUIIN Cy OUIU U3 CKOPO CBUX penyOnnKa
oHpaue Jyrocmasuje. ITocne mpod. Bopucnasa
Cnacojepnha, mpencemumim cy 6umu Mexmen
IInanuh, mp Kocra Ilpctuh, npod. np Pagomup
Cummh, gp Mwogpar Tomunmanosmh, a caga je
npod. ap Bragumup Ilasnosuh.

PAJ1 KOMUTETA

Beoma je remko mmo6pojaTi CBe AaKTUBHOCTH
KomuTtera 3a MOBPIIMHCKY €KCIZIOATaLM)y, jep je
IIepMOJL Off HEroBOT OCHMBAIbA 0 JaHac, 010 Mc-
nywmeH 6pojuum pomahmm cummosmjymmma, Ha-
YYHUM M CTPYYHMM KOH(epeHIMjaMa, CTPy4IHNUM
pacnpaBama, MehynapopHuM —cumnosujymmma,
KoH(depeHIIMjaMa, CaBeTOBamb}Ma 1 KOHIPECH-
Ma, Kao ¥ OPOjHUM CTPYAMjCKUM IyTOBABmMMA Y
3eM/bM ¥ MHOCTPAHCTBY. O CBMM OBMM aKTMBHOC-
TuMa crapano ce IlpencegaumTeo Komurera Koje
ce cacTajajlo BeoMa 4ecTo, 110 MpaBuy, Ha Behum
MOBPUIMHCKMM KOIIOBMMA IIMPOM JyrociaBuje.

ImaBHa maxwa Kommrera je 6mma ycMepeHa Ha
OpraHN30Bame JyTOCIOBEHCKOT CUMIIO3MjyMa O
MOBPIIMHCKO]j EKCIUIOATAlVj ). YKYIIHO je OfIp>KaHO
ocaM TakBuX cumnosujyma. IIpu jyrocnosenckn
cuMnosujyMm je ompxkaH y beopamy 1972, mpep-
CeTHMK OPraHM3aIMIOHOT KoMuTeTa 610 je mpod.
Bopucnasa Cnacojesuha, a cexperap Crobopan
Byjuh, Ha cumnosujymy je popmupan Komurer u
u3abpaHo Weropo npso IIpeacenHNIITBO.

Hpyru jyroclIoBeHCKM CUMIIO3UjyM j€ ORp>KaH y
Tysmm 1975, a Tpehu y Bapaxanny 1978. Ta npsa
TPU CUMIO3UjyMa Ouma Cy BenmKa IOKpeTadka
CHara, pPyJapcKy CTPy4rbalyl y MOBPIIMHCKOj €KC-
IUTOATAIVj ) TIOYEN Cy [a NIy HaydHe U CTpyde
PajioBe, a pacmpapa M 3aK/bydly ca CUMIO3MjyMa

Yugoslavia. The development of Yugoslav surface
exploitation of coal, bauxite, copper ore, iron ore,
magnesite, quartz sand, limestone, dolomite and
other non-metallic mineral raw materials has con-
tained numerous technical, technological, organ-
izational, investment and personnel problems, for
which quality answer should have been provided
in a timely manner. That is why the Committee for
Surface Exploitation became one of the most im-
portant pillars in this development. Accepted and
economically well organized, it became a place of
agreement on all strategic issues that characterize
surface exploitation. The initial authority that prof.
Borislav Spasojevi¢ gave to the function of the pres-
ident of the Committee was kept event today, so the
heads of the Committee have always been highly af-
firmed and appreciated experts. The presidents were
elected every four years, and the they came from al-
most all republics of former Yugoslavia. After prof.
Borislav Spasojevi¢, the presidents were Mehmed
Dzindi¢, BA KostaPrsti¢, prof. dr. RadomirSimi¢,
dr Miodrag Gomilanovi¢ and now the president is
prof. dr. Vladimir Pavlovic¢..

WORK OF THE COMMITTEE

It is very hard to list all the activities of the
Committee for Surface Exploitation, since the pe-
riod from its foundation up until today was filled
with numerous domestic symposiums, scientific
and professional conferences, expert discussions,
international symposiums, conferences, consulta-
tions and congresses, as well as numerous student
trips in the country and abroad. The Presidency of
the Committee took care of all of these activities,
which met very often, as a rule, on larger pen-pit
mines throughout Yugoslavia.

The main attention of the Committee focused on
the organization of the Yugoslav Symposium on
Surface Exploitation. Eight such symposiums were
held in total. The first Yugoslav symposium was
held in Belgrade in 1972, and the president of the
organizational committee was the prof. Borislav
Spasojevi¢, and the secretary was Slobodan Vuji¢; at
this symposium the Committee was established and
its first Presidency was elected.

The second Yugoslav symposium was held in Tuzla
in 1975 and the third in Varazdin in 1978. The
first three symposiums were a great driving force,
because mining experts in surface exploitation be-
gan to write scientific and expert papers, and the
discussions and conclusions from the symposium
were an important scientific and expert platform
for the overall development of surface exploita-
tion. The fourth Yugoslav symposium was held in
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Oumy Cy 3HayajHa Hay4YHa M CTPy4Ha IUIaTdopma
3a YKyIlaH pa3Boj IOBPLIMHCKE eKCIlIoaTanyuje.
YeTBpTM jYTOCTIOBEHCKM CHUMIIO3UjyM, OJpKaH
1981. y JlasapeBuy moce6HO je omoryhmo ma ce
YYECHUIIM CHMMIIO3MjyMa HEeIIOCPeJHO YIIO3Hajy ca
crameM pagosa Ha Ilomy b u [Tomy I y Komy6apn,
pu 4emy je ouemeHo Aa Ilome [ mpezncTabba Be-
OMa CaBpeMEH M BUCOKONPOAYKTMBAH IOBPLIVH-
CKM KOII yI/ba. IleTu jyrocmoBeHCKM CHMIIO3UjyM
onpxKaH je 1983. y Cxommy, y srpagyu MakefoHCke
akazieMije Hayka ¥ yMeTHOCTH). To je, IO OIIITOj
OLIeHN CTPY4YHe jaBHOCTH, OMO jefaH Of Haj3HaYaj-
HUjUX HAyYHMX M CTPYYHUX CKYIIOBA, OffpP>)KaHUX Te
roguHe y MakemoHmji. YBOJZHO M3JIarame je ¥Mao
ITpod. mp Byx Papmesuh, xoju je aHanutuyuku u
HIpoO6IeMCKI M3HEO YNMTABY JIeTe3y IpobneMa Koju
KapaKTepUIly jyrocTOBEHCKY IOBPIIMHCKY €KC-
mIoatanyjy. Vsmarame je M3a3Bano BeVKU MHTe-
pec u ILITeTa je IITO HMje IITAMIIAHO Y 300PHUKY
panoBa ca Tor cumnosujyma. Tysna je, 1986. nono-
BO OPTaHN3aTOP OBE BENNMKE CTPy4He MaHMpecra-
nuje, a 1989. CegMn jyrocIOBEHCKM CUMIIO3UjYM
ce opxaBa y beounny, ca Beh yxogaHuM BIUCOKUM
opraHusanyoHuM craHgapguMa. Ocmm jyrocio-
BEHCKM CMMIIO3MjyM O IOBPIIMHCKOj €KCI/I0aTa-
uuju, ofpkat je 1991. y Mrany. Ocehao ce moue-
TaK BeJIMKe jyTOCJIOBEHCKE Tparefuja, panmpHo je
610 cMmameH Opoj ydecHMKA U OpOj CAOMIITEHUX
pasoBa. ImaBHM opraHM3aToOp OBOT CUMIIO3H]jY-
Ma 6mwmu cy Bmagmmup Byxmmposuh, Mwuoppar
Tomunanosrh u Munytun Kopah.

TenepanusoBaHo Moxke ce pehu f1a je ocam ofpika-
HUX JYTOC/IOBEHCKUX CUMIIO3MjyMa O TIOBPIIMHCKO]
eKCIUIOATalyjy TPEefCTaB/baio CMOTPY CTPYYHO-
CTH y 067TacTH TTOBPIIMHCKe eKciroaTanyje. To cy
6unme BenMke MaHUdecTanyje, ca BUIIE CTOTVHA
YYECHMKA, Ca CTOTMHY HayYHUX M CTPY4YHUX pa-
IOBa, CTPyYHMM u3noxbama u MoryhHowhy na ce
Ha jeHOM MECTY pasMeHe MCKYCTBa, YIIO3HA aKTy-
€THU HMBO M TEXHMYKO-TEXHOJIOIIKU TPEHMIOBU Y
MOBPUIMHCKOj eKcInoaTanyju. Vsa ceakor cumo-
3MjyMa ocTajamy ¢y 360pHMIM pajjoBa, KOji Cy Ha
BIUIIE CTOTVMHA CTPAaHUIIA Tpe3eHTOBamu AoMaha
U CBeTCKa UCKYCTBa ¥ focturHyha. CuMmosujymm
Cy UManu ¥ CBeYaHM KapakTep, mpaheHn cy oxro-
BapajyhmM KynITypHUM aKTMBHOCTVIMA, a y TOKY
pajla CUMIIOSMjyMa Ofip)KaBaHe Cy CKYIIITHHE
Komurera u cBevaHo ypy4mBaHe IOBE/be 3aCIyXK-
HYM 1 TIOYacHMUM 4iaHoBuMa Komurera.

Beoma 3HauajHO MecTO y akTMBHOCTMMa KomuTeTa
UMaNu Cy jyrOCITOBEHCKO-TIO/bCKM CUMIIO3UjyMIL.
Maya Huje cauyBaHa KOMIIJIETHA JNOKyMeHTaluja,
cMmarpa ce fa je 1963. momio 10 HemocpegHux
koHTakata usMehy CaBesa pymapcKux MHKembe-
pa u Texumuyapa Ilomcke n CaBesa mHKemepa U
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1981 in Lazarevac and it made it possible for the
participants of the symposium to become directly
acquainted with the state of works in Field B and
Polje D in Kolubara, where it was estimated that
Field D represented a very modern and highly pro-
ductive coal mine. The fifth Yugoslav symposium
was held in 1983 in Skoplje in the building of the
Macedonian academy of sciences and arts. This, ac-
cording to the general assessment of the profession-
al public, was one of the most important scientific
and expert meetings held that year in Macedonia.
The introductory presentation was given by prof.
drVukRadevi¢, who analytically and problemat-
ically presented the whole range of problems that
characterize Yugoslav surface exploitation. His
presentation triggered great interest and it is a
shame that it was not printed in the collection of
texts from this symposium. This huge profession-
al manifestation was again held in Tuzla in 1986,
and in 1989 the seventh Yugoslav symposium was
held in Beoc¢in, with now already developed high
organizational standards. The eight Yugoslav sym-
posium on surface exploitation was held in 1991 in
Igalo. The beginning of the great Yugoslav tragedy
could be felt, the number of participants was rap-
idly reduced, as well as the number of papers an-
nounced. The main orhanizers of this symposium
were Vladimir Vukmirovi¢, Miodrag Gomilanovi¢
and Milutin Kora¢.

In general, it can be said that the eight held Yugoslav
Symposiums on Surface exploitation represented a
view of expertise in the field of surface exploitation.
These were great manifestations, with hundreds of
participants, with hundreds of scientific and profes-
sional papers, professional exhibitions and the pos-
sibility to exchange experience at one place, to get
to know the current level and technical and techno-
logical trends in surface exploitation. Behind every
symposium, collections of papers remained, which
contained hundreds of pages on domestic and in-
ternational experiences and achievements. The
symposiums were also ceremonial in nature, they
were followed by appropriate cultural activities, and
during the work of the Symposium, the Meetings of
the Committee were held and charter were ceremo-
nially given to the deserving honorable members of
the Committee.

Yugoslav and Polish symposiums had a very im-
portant place in the activities of the Committee.
Although the complete documentation has not
been preserved, it is believed that in 1963 there
were direct contacts between the Association of
Mining Engineers and Technicians of Poland and
the Association of Engineers and Technicians in
mining, geological and metallurgical profession of
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TeXHUYapa pyAapcKe TeoNOLIKe M MeTaaypliKe
cTpyke Jyrocmasuje. VIHmiujatopm Te capafime
6umn cy npod. bpanko Joxanosuh ca Pymapcko-
reonomkor Qakynrera beorpay u Pabcstyn ca
Pymapcko meranypuke akagemuje Kpaxos. ITpsu
jYTOCJIOBEHCKO-IIOJbCKM  CUMIIO3MjYM OJPKaH je
1964. y Beorpany, 3axBa/pyjyhu u moppunm xojy je
7a0 TOj capajibll OHJALILU AUPEKTOP YApy>Kama
uHpycTpuje yrba Karosune benon Crpane, Kac-
HIje TpencefHuK MebyHapogHor opraHmsaryo-
Hor KommreTa CBETCKOT PYAAPCKOI KOHTpeca.
[Ipema cehamy cTapujux pymapcKuX MHXemepa
[TpBu cummnoswujym cy opranmsosamu b. Kocruh,
J. Pabcatyn, [. Opaukuh, J. Oymex, M. [Iparosuh,
JI. IlnyTa, I. Tapab6a, b. KoBauesuh, M. Ilepuumth
(mpBu mupexTop Pymapckor mHctnTyTa Beorpan).
Ha cummosujymy je mogHeTo cefjaM MO/bCKUX 1 TIeT
jyrOCIOBeHCKUX pedeparta.

Jpyrn  TO/bCKO-jyTOCTIOBEHCKM  CHMMIIO3MjyM
onpxaH je 1966. y Bpommosy, bonmecnasuy un
3ropsemy. bumo je cTOTMHY jyrocmoOBEHCKMX
yuecHUKa, a ca Ilo/bcke cTpaHe IpeKo [IBecTa,
6poj peepata 6110 je 3HaTHO Behu Hero Ha IIpBoM
CUMITO3MjyMy. [JTaBHM OpraHM3aTOpM TOT CHMMIIO-
3ujyma 6mmm cy IsosneH Jopanosuh n3 Pymapckor
MHCTUTYTa bBeorpas, koju je y To Bpeme papmo
TOKTOpcKy muceptauujy y Ilomckoj, J. Hymek u J.
Jlojac. IlITo ce TMe caMe MOBPIIMHCKE eKCIIIOATA-
IVlje OpraHM3aTOpK capajme y Toj obmactu 6y
cy, mpe cBera, fip X. Typana, gupextop Pygapckor
MHCTUTYTa y BpolmaBy, BeMMKM M OCBELOYEHM
jyrocmoBeHCKM mpumjaresb, 3atuMm 3. Kosmoscku,
C. Iposgowckn, P. Yoepma, T. Muepswa, KacHuje
M. IJjonrex, moTmpecegHuk CaBe3a pPymapCKMX
UHXemepa 1 TexHndapa Ilosbcke, a ca jyrocnoseH-
cke crpane P. Cumuh M. [Iunpguh, H. ITonosuh,
M. JaxoBau, Y. Makcumosuh, B. Byxmuposuh, 3.
Bonunna, C.Byjuh, K. IIpctuh, M. Tomnnanosuh,
P. hynmub6pxk, 3. Yambep u gpyru.

o 1976. Komurer je Ha jyrocnoBeHCKO-IO/bC-
KMM CUMIIO3MjyMMMa Yy4eCTBOBAO y CEKIUju 3a
NMOBPIIMHCKY eKCIuloaTanujy, 1976. ogppxaH je
cumnosujym y Kuemny, y Ilomckoj, y nennunm
nocBeheH MOBPIIMHCKOj ekcIutoaTauuju. Taksu
CUMIIO3MjyMM OfIp>KaHM Cy KacHuje y Bapuiasu u
Bpounasy y Ilobckoj, a kop Hac y Jy6poBHUKY,
Kab6maky n Kocromy. Iloce6Ho ce usznBajajy cum-
nosujymn Ha JKabmaxy u y Kocrony. Tema cum-
nosujyma Ha Kabmaky, 1984, 6una je: ,,Crame 1
IIpaBLY JIeI0Barba y MOBPIIMHCKO] €KCIIOAaTaljI
panu yurene eHepruje u Marepujana‘. V3 ITomcke
je 6umo 36, a n3 Jyrocmasuje 195 yuecnuxa. Cu
MI U3 JyrocnaBuje, KOjui CMO y4eCTBOBA/IM Ha TUM
CUMIIO3MjyMUMA, Y>KUBaIM cMo 360or MoryhHoCTI
fla HaIlMM HO/bCKUM KOJIEraMa IIOKaXKeMO JIEOTY

Yugoslavia. The initiators of this cooperation were
prof. Branko Jokanovi¢ from the Faculty of Mining
and Geology in Belgrade and Rabsztyn from the
Mining and Metallurgical Academy of Krakov.
The first Yugoslav-Polish symposium was held in
Belgrade in 1964, thanks to the support given by the
then Director of the Association of the coal industry
Katowice BenonStrane, who later became President
of the International Organizing Committee of the
World Mining Congress. According to the mem-
ories of the senior mining engineers, the First
Symposium was organized by B. Kosti¢, J. Rabsztyn,
D. Draski¢, J. Dudek, M. Dragovi¢, L. Pluta, G.
Taraba, B. Kovacevi¢, M. Perisi¢ (the first director of
the Mining Institute of Belgrade). Seven Polish and
five Yugoslav papers were submitted at the sympo-
sium.

The second Polish-Yugoslav symposium was held in
1966 in Vroclov, Boleslavec and Zgorzelec. There
were hundreds of Yugoslav participants, and over
two hundred from the Polish participants, the
number of papers was much higher than at the First
Symposium. The main organizers of this symposium
were Gvozden Jovanovi¢ from the Mining Institute
of Belgrade, who at that time worked on his doctoral
dissertation in Poland, J. Dudek and J. Lojas. When
it comes to the surface exploitation itself, the organ-
izers of the cooperation in that area were, first of all,
dr. H. Turala, the director of the Mining Institute
in Vroclav, a great and proven friend of Yugoslavia,
then Z. Kozlovski, S. Drozdowski, R. Uderma, T.
Mierzwa, later M. Pjontek, the vice president of the
Assosiation of mining engineers and tehnicians of
Poland, and from the Yugoslav side R. Simi¢ M.
Dzindi¢, N. Popovi¢, M. Jakovac, C. Maksimovi¢,
V. Vukmirovi¢, Z. Voncina, S.Vuji¢, K. Prsti¢, M.
Gomilanovi¢, R. Culibrk, Z. Camber, etc.

Until 1976 The Committee participated in the
Yugolav-polish symposiums in surface exploitation
section. In 1976, a symposium was held in Kielce,
Poland, which was as a whole devoted to surface
exploitation. Such symposiums were later held in
Warsaw and Wroclaw in Poland, and in our regions
in Dubrovnik, Zabljak and Kostolac. Symposiums
in Zabljak and Kostolac are especially distin-
guished. The topic of the symposium in Zabljak, in
1984, was: “Condition and directions of activities in
surface exploitation for the purposes of energy and
material savings”. There were 36 participants from
Poland and 195 participants from Yugoslavia. All
of us from Yugoslavia, who participated in these
symposiums, enjoyed the opportunity to show
our Polish colleagues the beauty of Zabljak, which
looked wonderful in the sun. Every single free
moment we used for walking together, for visiting

127




P. Cumuh, Yemupu u no devyenuje mpajaroa KoMumema 3a no8pCUHcKy ekcnioamauujy, 123-129
R. Simié, Four and a Half Decades of Duration of the Committee for Surface Exploitation, 123-129

JKabrpaxa, koju je obacjaH CyHI|eM [ieloBao dygec-
Ho. CBakm cmo6OfaH TPeHyTaK CMO KOPUCTWIN
3a 3ajeHMUKe IIeTHe, 33 00MIa3aK MpefMBHUX
IUIAHMHCKMX je3epa, 3a AMCame IMyHUM IuTyhmma.
Curypau cmo fa he Halre moj/bcke Kosere 6opaBak
Ha JKab/paky ImaMTUTM Kao HeCBaKUJAIIBU JO-
rahaj, ca M3y3eTHO KBaJMTETHOM OPraHM3AIMjOM.
ObaBesa je, Tora pagu nucrahu Bemuky FoIpu-
HOC OpraHM3alyji CUMIO3MjyMa IpelcefHMKA
Opranusaunonor og6opa Muogpara Ahumosnha,
u Kormera Muoppara lfomunanosnha n Bragnmupa
Byxkmuposnha, taga npencennnka CTPIM]J.

JyTOCITIOBEHCKO-TIO/bCKY  CUMIIO3VjyM Offp)KaH Y
Kocromy, 1989, Takohe u3yseTHO opraHusoBaH,
3a TeMy je MMao: ,,IIpuMeHa padyHapcKe TeXMHMKE
Y TOBPIIMHCKO]j €KCIUIOATALVjX MMHEPaJTHUX CH-
posrHa“. CBOjuM MOpyKama, IMCAHUM MaTepuja-
JIIMa, HApO4YMUTO TpaAgNIVIOHaTHOM HpMjaTeII)CKOM
arMocdepoM, 0Baj cuMIo3ujyMm he ocraty TpajHO
3abe/ieKeH y MCTOPUjI Ccapajiibe PYJAPCKMX HH-
xkemepa Ilobcke n Jyrocmasuje. Teper opranmusa-
nuje nogHenu cy aupexrop Pb Koctoman Mupocnas
Jaukosuh, [paromup [paromuposuh, Yacmas
ITanosuh, MwmBoje Makap, Bragucnas Jlukap,
Hparocnas Jannhnjesuh, Kocra IIpctuh, mpepcen-
Hrka Oprannsanyonor ogbopa u Jonera Kepuympa
u3 Majmaneka. Capajmpa pyfapcKUX CTpPydmaxa
Iomcke u Jyrocmauje mpekmuyTta je 1992. mpen
ofp>KaBama CcuMIosujyma y Bpomasy, 3a xoju je
KommreT 3a HOBPUIMHCKY €KCIIOATALIMjY LITAMIIA0
360pHIMK pafioBa, HAKATOCT PA/JOBY HUCY M37IaTaHI.

OcuM jyrocmoBeHCKMX CHMIIO3MjyMa O IOBPILIVH-
CKOj eKCIUIoaTalMjii ¥ II0/bCKO-jyTOC/IOBEHCKOT
cuMmosujyma, KoMuTeT 3a MOBPUIMHCKY €KCILIO-
aranujy je 6mo axTuBaH ydyecHuk KoHdepeHiuje
0 KaJlpoBMMa y PyJapCTBY, T€OJIOTUjU U MeTapyi-
ruju, oppxane 1979. y IlInbenuxy. CaBeToBama
O HayYHUM M TEXHMYKO-TEXHOJOIIKMM MCTParKM-
BalbyIMa y T€O/NOTMjU, PYAAPCTBY M MeTalypruju,
oppxanoM 1980. y Heymy 1 Kodepennuje o crpa-
TerMjyi Hay4HO TEXHOJIOLIOI pasBoja y I'eONOIuju,
PYAApCTBY U MeTanypruju JyrocnaBuje, Ofgp>KaHoOj
1988. y Omaruju. IToce6ro Tpeba ncrahu gompu-
Hoce Komurera y papy 11. CeeTckor pypapckor
KOHTpeca, ofip>kaHor 1982. y beorpany. Oroman
TepeT M3BaHpeIHe OpraHu3alyje MofHeo je mpod.
ap Pagomup Cumuh ca wianosuma Kommurera 3a
HOBPIIMHCKe eKCIIoaTamjy (omacka Pegakiyje).

Ambunuje y mnorneny MebyHapopnue capapme
Komurera 6ure cy semuke. Ilmanupann cy 3ajef-
HUYKM cumnosujymu ca konerama us CCCP-a,
Ipuke, Aycrtpuje, YexocnmoBauke u Byrapcke.
PeanusoBaH je jefaH jyrocIoBeHCKO-4€X0CI0BAYKI
cumnosujym, 1990. y Tysnu u jenan cosjeTcko-jyro-
CNIOBEHCKM CUMIIO3MjyM, ofp>kan 1991. y Mocksu.
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beautiful mountain lakes, and for breathing with
full lungs. We are sure that our Polish colleagues
will remember the stay in Zabljak as an unusual
event, whose organization was of excellent quality.
Thus, it is our obligation is to point out to the great
contribution of the President of the Organizing
Committee, Miodrag Acimovi¢, to the organiza-
tion of the symposium, as well as of his colleagues
Miodrag Gomilanovi¢ and Vladimir Vukmirovi¢,
te former President of the SITRGM].

The Yugoslav-Polish symposium held in Kostolac
in 1989 was also exceptionally organized, with
the theme: “Application of computer technology
in surface exploitation of mineral raw materials”
With its messages, written materials, especially the
traditional friendly atmosphere, this symposium
will remain permanently recorded in the history
of cooperation between the mining engineers of
Poland and Yugoslavia. The burden of the organ-
ization was carried by the director of RB Kostolac
Miroslav ~ Jankovi¢, = DragomirDragomirovi¢,
CaslavSanovi¢, Milivoje Makar, VladislavLikar,
Dragoslav Janicijevi¢, KostaPrsti¢, president of the
Organizing Committee and JonelKer¢ulja from
Majadepek. Cooperation between the mining ex-
perts of Poland and Yugoslavia was terminated in
1992 before the Symposium in Wroclaw, for which
the Committee for Surface Exploitation published
a Collection of Works, yet unfortunately, the works
were not exhibited.

In addition to the Yugoslav Symposium on Surface
Exploitation and the Polish-Yugoslav Symposium,
the Committee for Surface Exploitation was an
active participant in the Conference on Personnel
in Mining, Geology and Metallurgy, held in 1979
in Sibenik. Consultations on scientific and tech-
nical-technological researches in geology, mining
and metallurgy, were held in Neum in 1980 and
the Conference on the Strategy of Scientific and
Technological Development in Geology, Mining
and Metallurgy of Yugoslavia, was held in 1988
in Opatija. In particular, we should point out the
Committee’s contributions in work of the 11th
World Mining Congress, held in 1982 in Belgrade.
The enormous burden of extraordinary organ-
ization was carried by prof. dr. RadomirSimi¢,
with the members of the Committee for Surface
Exploitation (note of the Editorial staff).

The ambitions regarding the international cooper-
ation of the Committee were huge. Joint symposi-
ums were planned with colleagues from the USSR,
Greece, Austria, Czechoslovakia and Bulgaria. A
Yugoslav-Czechoslovak symposium was held in
1990 in Tuzla and one Soviet-Yugoslav symposium
was held in 1991 in Moscow.
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Kapga ce rosopum o pamy Kommrera He Mory ce
3a06uhu OpojuHa cryoujcka u nHOpPMATHBHA
cTpyuHa nyTtoBama y Ilomcky, Ipuky, AycTpujy,
Yexocnosauky, Mabapcky u Uranujy.

ITocne pacrypamwa CP Jyrocnasuje, nsmebhy 1992.
u 2012. opprkaHo je geBeT MebyHaponHux KoHpe-
peHnyja O MOBPIIMHCKO]j eKCIIoaTaluju y opra-
Hysanuju CaBesa MH)KeHmepa PyJapcTBa 1 Ieosio-
ruje, KoMurera 3a MOBPIIMHCKY €KCIZIOATALINjy U
Pynapcko-reonoukor ¢akynirera YHUBepsuTeTa y
beorpapy.

3AITAJKAIBA 1 OLIEHA

Ocehamn cMo ce Kao jefHa BeMKa CIOXHA MOPO-
IMLA KOja yAPYXKYje PyAapcKe CTpy4ibaKe y TEXXIbU
32 HOBUM 3HAaIbMIMa, HOBMM IIpHjaTe/b/iMa I HOBUM
TeXMKaMa 1 TexHosorujama. buso je, HapasHo, cBe
MHOTO JIaKIlle Hero faHac. Vimam cMo fobpe panHe
YCIIOBE, CABpEMEHY ONPEMY, BENMKM yITIEN, Y CBETY
U 106py MaTepujaTHy OCHOBY. SHaJIM CMO Jia TIOBP-
IIMHCKA €KCIIJIoaTallMja, ¥ aKo IIPOjeKTOBaHa Ha
HajcaBPEMEHUjUM TEXHMYKUM CasHamblMa, MOpa
HETPEeKMIHO Jja ce 0Py MPOTHUB TEXHOJIONIKOT 320-
CTajama 1 Ja ce euKacHO npunarohasa nHTErpan-
HOj mHAycTpujckoj Tpanchopmanuju. Ocehamn
cMo fia he y HeHTpy Te HOBe TEXHOJIOINIKE CTPYK-
Type OUTK 3Hame, KOje Y3 ONTUMAIHO [O3HABabe
pajiHe cpefyHe ¥ MPUCYTaH IOPacT CHare pygap-
CKe TeXHMKe Mopa OUTHO Jia ce OCIamba Ha KOMIIjy-
Tep, MHPOPMaAINjy, ayTOMATCKO yIpaB/babe IPO-
IlecMa U ONTUMAJHO cKpaheme HelpOTyKTUBHOT
IIPa3HOT IIPOM3BOJIHOT Xofia. Tparamm cmo 3a pe-
memyMa Koja he pasBoj MOBpIIMHCKe €KCIUIOATa-
LMje yCaIJIaCUTU Ca HOBMM IIONA3UIITUMA Y 4YMjoj
CY OCHOBM €/IeKTPOHMKA, MUKPOIIPOLECOPU Ta U
HOBM MaTepuja. 360r TAKBOT Pa3BOjHOT KOHIIETI-
ta KoMmreT HaM je 6110 HEOTIXO/IaH U MU CMO Fbero-
B€ aKTUBHOCU MaKCMMATHO KOPUCTHIN.

JINTEPATYPA

1. 360pHMIM pasoBa JyroC/IOBEHCKOT CMO3UjyMa
3a MOBPUIMHCKY €KCIUIOaTaLljy.

2. Berenike 1 IM4Ha JJOKyMeTalyja ayTopa.

Whentalking about the work of the Committee,
we cannot fail to mention numerous studies and
informational professional trips to Poland, Greece,
Austria, Czechoslovakia, Hungary and Italy.

After the disintegration of the FR of Yugoslavia,
between 1992 and 2012, nine International
Conferences on Surface Exploitation were organ-
ized by the Association of Engineers in Mining and
Geology, the Committee for Surface Exploitation
and the Mining and Geological Faculty of the
University of Belgrade.

REMARKS AND ASSESSMENT

We felt like a large, happy family that brings
together mining experts in the pursuit of new
knowledge, new friendships and new tech-
niques and technologies. Of course, everything
was much easier than it is today. We had good
working conditions, contemporary equipment,
great reputation in the world and good material
foundation. We knew that surface exploitation,
although designed on the latest technical knowl-
edge, must constantly fight against technological
lag and effectively adapt to an integrated indus-
trial transformation. We felt that knowledge will
be in the center of this new technological struc-
ture, which, with an optimal knowledge of the
working environment and the increased pres-
ence of the power of mining techniques, has to
rely heavily on computer, information, automatic
process control and optimal shortening of unpro-
ductive empty production strokes. We searched
for solutions that will harmonize the develop-
ment of surface exploitation with new starting
points based on electronics, microprocessors and
new materials. Because of this development con-
cept, we needed the Committee and we used its
activities to the maximum.

REFERENCES

1. Collection of papers of the Yugoslav symposium
for surface exploitation.

2. Notes and personal documentation of the au-
thor.
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SHAYAJHUJU DOTA'BAJV
SIGNIFICANT EVENTS

JOIENIA TIPUSHAIBA AKAJTEMMJE MHXXEBLEPCKMX HAYKA CPBUJE, BEOTPAJL, 2 JYHM 2017.
ITosema ,Axagemuk /bybomup Knepuh“sa HaydHO M MHXKeHmEPCKO [Ie/I0 y TeOJIOTUjM ypydeHa je ap ViBaHy
Antuhy, a akagemuxy Brmagany Dopbhesuhy sa HayuyHO M MHXKEHEPCKO Jie/I0 y CHCTEMCKMM HayKaMa M 3a
HOJPIIKY U JOIIPUHOC IeKCUKOTpadyji CPIICKOT PYAAapCTBa 1 Fe0JIOTHje.

[Toserma ,,IIpod. np Iumurpuje AHTyIa“3a BpXyHCKa MHXemePCKa 0CTBapema Y PyAapcTBy ypydeHa je mpod.
np Crnobomany Byjuhy, 3a BpxyHCKa MHXemepcka ocTBapema y reonoruju Pagocasy ITanTuhy, oumn. mmx.
reonoruje u npod. ap Cunumm boposuhy 3a BpXyHCKa ocTBapema y CUCTEMCKOM MH>KEHEPCTBY.

AWARD OF THE ACADEMY OF ENGINEERING SCIENCES OF SERBIA, BELGRADE, JUNE 2, 2017.
Charter ,,Academician Ljubomir Kleri¢“ for scientific and engineering work in geology was presented to Dr.
Ivan Anti¢, and academician Vladan Djordjevi¢ for scientific and engineering work in system sciences and for
the support and contribution to the lexicography of Serbian mining and geology.

Charter “Prof. Dr. Dimitrije Antula” for top engineering works in mining was awarded prof. Dr. Slobodan Vuji¢,
for top engineering engineering in geology Radosav Panti¢, B.Sc.Eng. geology and prof. Dr. Sini§a Borovi¢ for
top achievements in system engineering.

IIpupenno / Edited by: Svetomir Maksimovi¢
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3nauajuu dozahaju y 2017. / Significant Events in 2017

MEBYHAPOJHIM CUMIIO3NJYM PYIAPCTBO U I'EOJIOIMJA HAHAC, onpsxan y beorpagy 18-20.
cenrteM6pa 2017, opranusaropu Pymapckm mHctutyt Beorpas, BanmkaHcka akafeMmuja pymapcKMX Hayka U
Axaziemuja MHXemepcKux Hayka Cp6uje. Y 360pHIKY pajjoBa Ha 418 cTpana my6nukosaH 41 paz, 108 ayTopa
u3 10 3emaspa.

INTERNATIONAL SYMPOSIUM MINIG AND GEOLOGY TODAY, held in Belgrade 18-20. September
2017, organizers Mining Institute Belgrade, Balkan Academy of Mining Sciences and Academy of Engineering
Sciences of Serbia. In the Proceedings of the 418 pages published 41 papers, 108 authors from 10 countries.

IMpupenuo / Edited by: Svetomir Maksimovi¢
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VII BATTKAHCKI PYITAPCKM KOHIPEC, oppxan 11-13. okTobpa 2017 y ITpujenopy, Peny6nuka Cprcka
Bocnan XepuerosnHa, opranusarop Pymapcku ¢axynrer IIpujenop Yausepsureray bamwoj JIyun. Y 360pHuky
panoBa, y Ba ToMa Ha 662 cTpaHa nmyb6muKkoBaHo 87 pajoBa, 221 ayTop us 15 semaspa.

B T =S

VII BALKAN MINING CONGRESS, Held 11-13. October 2017 in Prijedor, Republic of Srpska Bosnia and
Herzegovina, organizer of the Faculty of Mining Prijedor University in Banja Luka. In the Proceedings of the
papers in two volumes on the 662 page published 87 papers, 221 authors from 15 countries.

[Mpupenuo / Edited by: Svetomir Maksimovi¢

BAJIKAHCKA AKAJTEMUJA PYIAPCKMX HAYKA - MI350PV, V BuiiecTeneHoj n300pHOj IpoLeaypH,
7. cerrreMbpa 2017. ropune y Beorpany nsabpaHu cy, a Ha cBedaHOCTH OoTBapama VII bankaHckor pygapckor
koHrpeca 11. okro6pa 2017. ropuse y ITpujenopy IpoMoBucaHY HOBY WIaHOBY bajlkaHCKe akajeMuje
PYHAApCKUX HayKa.

PepoBunu wranosm: Akafemuk mpod. gp Anexcanpap Ipy6uh, Cpbuja; Emepuryc npod. ap HagexxpaRamuh,
Cpb6uja; np Munuuko Pagocasmesuh, Cpbuja; np Ceromup Makcumosnh, Cpbuja; npod. np Beniucnas
VBanoB, Byrapcka; npod. ap /byben Tores, Byrapcka; np Vnuja Tapkos, Byrapcxka; mpod. fp 3opasn [lecriozos,
Maxenonuja; npod. mp ejan Mupakoscku, Makefonnja; ip Mapjan Xyzej, Cnoernuja.

[Touacuu yraHoBu: Akagemuk npod. op Hukonaj H. Memuukos, Pycuja; Akagemux mpod. ap Banentnn A.
Yantypuja, Pycuja.

[Tpuppysxenn wianosu: biaaroje Crackoscku, Cp6uja; Iparomup dparanos, Byrapcka.
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BALKAN ACADEMY OF MINING SCIENCES - ELECTIONS, In the multistage electoral procedure, on
September 7, 2017 in Belgrade, they were elected, and at the opening ceremony of the VII Balkan Mining
Congress on October 11, 2017, new members of the Balkan Academy of Mining Sciences were promoted in
Prijedor.

Full members: Academician Prof. Dr. Aleksandar Grubié, Serbia; Emeritus Prof. Dr. Nadezda Calié, Serbia;
Dr. Milinko Radosavljevi¢, Serbia; Dr. Svetomir Maksimovi¢, Serbia; Prof. Dr. Venzislav Ivanov, Bulgaria; Prof.
Dr. Lyuben Totev, Bulgaria; Dr. Iliya Garkov, Bulgaria; Prof. Dr. Zoran Despodov, Macedonia; Prof. Dr. Dejan
Mirakovski, Macedonia; Dr. Marjan Hudej, Slovenia.

Honorary members: Academician Prof. Dr. Nikolai N. Melnikov, Russia; Academician Prof. Dr. Valentin A.
Chanturiya, Russia.

Joined members:Blagoje Spaskovski, Serbia; Dragomir Draganov, Bulgaria.

ITpupenmo / Edited by: Slobodan Vuji¢

VIII BAJIKAHCKIM PYJAPCKM KOHIPEC, Ha cegaunyu MehyHapogHOT KOOPAMHALIMOHOT KOMUTETa
BankaHckor pygapckor KoHrpeca, 10. oxrobpa 2017. rogmue y Ilpujemopy, Pemy6nuxa Cpricak Bocha u
XepuerosnHa, nosepeHa je opranmsanuja VIII bankanckor pypgapckor KoHrpeca PypmapckoM MHCTUTYTY
beorpag, 2020. ropuse.

VIII BALKAN MINING CONGRESS, At the meeting of the International Coordination Committee of the
Balkan Mining Congress, on October 10, 2017 in Prijedor, Republic of Srpska Bosnia and Herzegovina, a
decision was made to entrust the organization of the VIII Balkan Mining Congress to the Mining Institute
Belgrade, 2020.

ITpupenuo / Edited by: Svetomir Maksimovi¢

[TPE3NIN]YM PYCKE AKAIEMUJE HAYKA, Mocksa, 28. HoBeMbap 2017. ITpencenunk Pycke akapmemuje
Hayka akasemyuk CepreB Anekcanpgap MuwxajmoBny, Ha 3acefamy IIpesupujyma, ypydmo je AUIIIOMY
MHOCTpaHOr WiaHa Pycke akagemuje Hayka npod. np Cnobomany Byjuhy, momohHuky gupexTopa 3a HayKy
Pypmapckor nuncturyta beorpazn.

PRESIDIUM OF RUSSIAN ACADEMY OF SCIENCE, Moscow, November 28, 2017 President of the Russian
Academy of Sciences academician Sergev Alexander Mihaylovich, at the meeting of the Presidium, awarded the
diploma of a foreign member of the Russian Academy of Sciences to Prof. Dr. Slobodan Vuji¢, deputy director
for science of the Mining Institute Belgrade

ITpupenuo / Edited by: Svetomir Maksimovi¢
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EJVIONIA OKMBOT WM JEJIO CPIICKMX
HAYYHMKA. Cpncka akagemmja HayKa U yMeT-
Hoct (CAHY) Beh Bmmre op 20 ropuna uspaje
cepujy Kmbura 1ocBeheHy HaIlMM HajiCTaKHY-
TUjUM HayYHUIIMMA U3 TIPOIUIOCTH KOj Cy ce 6a-
BU/IM TIIPUPOJHUM HayKama. Vieja 3a oBaj He Maiu
HOJlyXBaT IOTEKJa je of akajeMuka Muoja P.
Capuha (1925-2002) 1992. rox. xaja je ¥ OCHOBaH
Oobop 3a npoyuasare inusoma u
paoa nayunuxa y Cpouju u HayuHu-
Ka CpncKoe nopexnid, YUju je IpBU
HpefcefHNK 6110 yIIpaBo aKageMIK
Capuh. Oznbop je myHe yeTupu ro-
AVHE pajiio BPEJHO M IpefaHo Ha
NpPUKYIUbakby PeleBaHTHOT Mare-
pujama ¥ cacTap/bakby CIMCKa Ha-
Y4HMKa 0 KojuMa 6u y 6ynyhHoctu
Tpebano nucaru. Taj MHULMjaTHK
CIIMCAK je CafipXKao HEUITO IIPeKo
200 HayyHMKa U3 OOIACTU IIpU-
POZIHO-MaTeMATVYKIX, TeXHUIKIX
M MeIMIMHCKMX HayKa, KOju Cy
pesyaTaTMa CBOTa pajia, CBOjUM
YTHIajeM Ha Pa3BOj HayYHe MIUC/IA
y HAlllOj CPefVMHM M TOAU3ABEM
yIena sem/be y MehyHaponHoj Ha-
Y4HOj jaBHOCTH, 3aBpeJe/N TPAjHU
IIOMEeH y MCTOPUjM Hallle HayKe ¥ Ky/IType YOIIlITe.
[Tocne cmpry akagemuka Capuha, Ha MecTy mmpeq-
cepanka Ombopa Hacmeayo Ta je akageMuk Braman
II. Hophesuh.

IIpBa kmwura Egunmje msamma je 1996. rop., a mo
cama je msgaTo 15 Kmbura. Y myMa Cy Ha oko 8500
crpanuna obpabeHe X1UBOTHe u pajHe 61orpaduje
186 Hay4HUKa KOju Cy ce GBI IIOMEHYTHM Hay4-
HVM JMCLVMIUIMHAMA, ca IyHuUM Oubmmorpadckum
nopanyma. Ibuma cy o6yxsahenn n HayyHUIN KOjU
Hycy 6mmu unanosu CAHY. Vima ux ckopo 40%.
Vspare cy Taxobe u aBe mocebHe Kmure (jenHa Io-
CTle JleceTe KIbWTE, a JIpyTa IIOC/Ie TIeTHaecCTe) Koje

- Chnexa gk mayka n ghemmoen

EDITION LIVES AND WORK OF THE SERBIAN
SCIENTISTS. For more than 20 years, the Serbian
Academy of Sciences and Arts (SASA) has been pub-
lishing a series of books dedicated to our most prom-
inent scientists from the past who were engaging in
natural sciences. The idea for this not-so-small ven-
ture came from academician Miloje R. Sari¢ (1925-
2002) in 1992 when the Committee for the Study of
Lives and Work of Scientists in Serbia
and Scientists of Serbian Origin was
established with academician Sari¢ as
its first chairman. For four years, the
Committee worked hard in a com-
mitted manner to collect relevant
material and compile a list of scien-
tists that should be written about in
the future. This initial list contained
around 200 scientists from the field
of natural and mathematical, tech-
nical, and medical sciences who, by
their influence on the development
of scientific thought in our midst
and by raising the reputation of the
country in the international scientif-
ic community, have merited a lasting
commemoration in the history of
our science and culture in general.
After the death of academician Sari¢, academician
Vladan D. DPordevi¢succeeded to the chairmanship
of the Committee.

The first book of the Edition came out in 1996, and 15
books have been published so far. About 8500 pages
of the books review the life and work biographies of
186 scientists who were engaged in the aforemen-
tioned scientific disciplines, with full bibliographic
data. The books also include scientists who were not
members of the SASA. They make up almost 40%.
Two special books were also published (one after the
tenth book, and the other after the fifteenth) con-
taining only summaries in English and portraits of
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Cy cafip)Kajie CaMO Ca)KeTKe Ha €HIJIECKOM je3UKy U
nopTpeTe HayyHuka. Ilo HalleM casHamy oBa IO-
cebHa M3ama 3HaYajHO JompuHoce nosehamwy MH-
TepecoBama 3a Beh 06jaB/beHNM MaTepujaioM, 1 TO
KaKO KOJ| uMTajala y 3eM/bJ, TAKO U KOJ, YMTaIala
y uHocTpaHcTBy. Ilopey caxxeTaka u moprpera, oBe
KIbUTE Caip>kKe ¥ HU3 KOPYMCHUX JloflaTaKa y Kojuma
Cy HayYHMIM PasBPCTAaHU IO TOAMHM poherba, 06-
JIACTU pafia, U C1L., @ TaKohe Cy HaBefleH! i OCHOBHU
HOfIallM O ayTOPMMA KOjI Cy O IbJIMa IMUCAIN.

Kop Hac je 1 paHMje nmucaHo O MOjefUHUM HAyYHU-
I1Ma, Hajuernhe MOBOJIOM 3HAYajHUX TOAMIIIBNIIA
pobemwa um cMpTH, W 06eNleXxaBarma TOTUIIbI-
1Ja yCTaHOBA y KOjMMa Cy PajyIu, ajli TO je Yhibe-
HO JIOCTa CIIOPafiMyHO U HeyjegHaueHo. buio je n
036M/bHMjUX MOAyXBaTa, KakaB je Ha Ip. 6uo 1o-
nyxsar npodecopa Bragumupa Illomaje xoju je mpe
TOCTa TOAMHA M3[A0 CEPUjy KIbUTa IOJ, Ha3MBOM-
Ilymesu uncerwepcmea y Cpbuju. Mehytum, xao
IITO TO ¥ CAMO MMe Ka’Ke, Cepyja ce OfHOCHIIA CaMO
Ha TeXHMYKe HayKe KOJ] HAac, a He ¥ Ha ocTaje 06-
nacru. [Ipema Tome, oceharna ce nctuncka norpeba
Ja ce IIpoyvyaBaby KMBOTA M pafia CPICKUX Hayd-
HMKa TIPYUCTYIIN 030M/bHO U TeMerbHO. To ce yrpaBo
u 4uHM y oBoj Exnnuju. BpmxsenBo ce 6upa aytop
cBakor wiaHka. To je Hajuenrhe HeKO Ko je mOoTeKao
U3 ,,lIKO/Ie HayYHMKA O KOMe Ce IIMIIe, BeroB JOK-
TOpaHT U c/1. [To moTpebu, oH ycnocrapba Be3y ca
HOTOMIIMMA HAay4HMKa, aKO IIOCTOje, a 611 Off BIUX
0610 Heke KapaKTePUCTUYHE IeTasbe U3 HheroBor
XUBOTa, poTorpaduje u fp. [Ipn mucamwy nocebny
HaXmy nocsehyje KOHKPETHUM HAay4YHUM JIOHPH-
HOCHMA Hay4HMKA M Of[jeKy KOjer Cy OHM MMaiu
KoJ Hac 1y cBeTy. CBaKM YIaHaK Ce 3aBPIIaBa KOM-
IIeTHOM 6ubmorpadujom HaydHMKa, a Takohe u
CIIMCKOM IIPETXONHMX HAINCA O IbeMY, aKO ITOCTOje.
[Tpunrkom aHrakoBamwa ayTop of Onbdopa mobuja
JeTa/bHO YIYTCTBO O MMCalby WiIaHakKa y Enunmjn,
KOje My ITOMa)ke /ja FbeTOB WIaHaK IIpobe kpo3 mpo-
IleC pelieH3uje ca LITO Makbe IIPUMeOI.

Cynehu mo nHTepecoBamy jaBHOCTU oBa Epuimja
je mompuHena mosehamy MHTepecoBama 3a UCTO-
pujy Hallle HayKe, I TO HE CaMO KaJja Cy y NMUTamby
IpUpOJHE HayKe, HETO M XyMaHUTapHe HayKe,
KIbVDKEBHOCT, yMeTHOCT. Hanme, H1je ncKbydeHO
ma he ce y jorneHo BpeMe ojaBUTU CIMYHE Cepuje
KIbJITA KOje OU MOKpusIe ¥ OCTaJle, OBJie MobpojaHe
obmactu. IlIto ce tnue paga Opbopa koju ce 6aBu
HIPUPONHNUM HayKaMa, OH je Beh mpumpemmo mate-
pujan3a 16. KIbUIy KOja ce Hajas) y IUTAaMIIN U YBe-
JIMKO paJy Ha IPUIIPEMU MaTepujaja 3a 17. Kibury.

ITpupenno: Axagemuk Bragan Hophesuh
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scientists. According to our knowledge, these spe-
cial editions significantly contribute to the increase
of interest in the already published material, both of
the readers in the country and the readers abroad.
In addition to summaries and portraits, these books
contain a number of useful supplements in which
scientists are classified by year of birth, field of work,
etc., and which also provide basic information about
the authors who wrote about them.

It was written about individual scientists in our
country before, most often on the occasion of sig-
nificant anniversaries of birth or death, or mark-
ing the anniversaries of institutions in which they
worked, but this was done quite sporadically and
unevenly. There were also more serious undertak-
ings, such as the one of Professor Vladimir Solaja,
who published a series of books titled Roads of
Engineering in Serbia many years ago. However,
as the name implies, the series concerned only
technical sciences, not the other fields. Therefore,
there was a genuine need to approach the study
of lives and work of Serbian scientists seriously
and thoroughly. This is exactly what this edition
deals with. The author of each article is careful-
ly chosen. It is most often someone who comes
from the “school” of the scientist he/she writes
about, his PhD student, and so on. If necessary,
the author connects with the descendants of the
scientist, if any, to obtain some specific details of
his life, some photos, etc. In writing, the author
devotes special attention to scientific contribu-
tions of the scientist and their echo that sounded
in our country and in the world. Each article ends
with a complete bibliography of the scientist, as
well as a list of previous articles written about
him, if any. During the engagement, the author
receives detailed instructions on writing articles
in the Edition from the Committee, which helps
the article to go through the review process with
as few remarks as possible.

Judging by the public interest, this Edition has con-
tributed to increasing interest in the history of our
science when it comes to not only natural scienc-
es but also humanitarian sciences, literature, art.
Namely, it is not excluded that similar series of
books will be published in the foreseeable future
to cover other fields listed herein. As for the work
of the Committee dealing with natural sciences, it
has already prepared the material for the 16" book
which is in press and is largely working on the
preparation of material for the 17" book.

Edited by: Academician Vladan Djordjevi¢
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M. PapiocaspeBith, MEHYHAPOIOHM CTAHIAP-
Iy PYOAPCTBY CPBMJE - Y ®YHKIUJU
VHTEIPMCAHOI' CICTEMA MEHAIIMEHTA,
Pymapckn wunctutyT beorpan, bankancka aka-
ZeMMja pYLApCKuX HayK, AKafleMMja MHXKemep-
ckux Hayka Cpbuje, ISB 978-86-
82673-12-5(P1), DOI 10.25075/
MO2017.01, beorpag, 2017, 126
cTp. MoHorpaduja y K0joj cy npu-
Ka3aHM pe3yNTaTyl UCTPaKMBarba
HacTa/ly TOKOM M3pajie JOKTOPCKe
mucepranyje. To je mpBo MOHOI-
padcKo ieno Ha CPIICKOM je3UKy
I jeHO Off PETKMX y CBETY Koje
UCTpaXyje M aHanusupa QYHK-
Ljyije MHTETPUCAHUX CUCTEMA Me-
HaIIMeHTa ¥ MehyHapomHuxX cTaH-
Iappa y pygapcTBy. Marepuja je
Yy KIBbU3M CaipiKajHO TIOfe/beHa
y mer mornasba: CuHepruja py-
JapcTBa M MHTETPUCAHMX CHCTe-
Ma MeHalMeHTa, MebhyHapomHK
craHgapau y pygaunuma Cpouje,

Milinko Radosavljevié

MEDUNARODNI
STANDARDI U
RUDARSTVU SREBIJE

U FUNECISI INTRCRISANOG SISTEMA MENADIARNTA

M. Radosavljevi¢, INTERNATIONAL STANDAR-
DS IN MINING OF SERBIA - IN THE
FUNCTION OF THE INTEGRATED MANA-
GEMENT SYSTEM, Mining Institute Belgrade,
Balkan Academy of Mining Sciences, Academy of
Engineering Sciences of Serbia,
ISB 978-86-82673-12-5(P11),
DOI 10.25075/M02017.01,
Belgrade, 2017, 126 p. A mono-
graph showing the results of the
research done during the prepa-
ration of the doctoral disserta-
tion. It is the first monograph in
the Serbian language and one of
the few in the world that explores
and analyzes the functions of in-
tegrated management systems
and international standards in
mining. The material is divided
into five sections in the book:
Synergy of mining and integrat-

-
e N_ ed management systems, inter-

national standards in Serbian

HPOLIECHN aNTOpUTaM XMOpUIHEe

CTPYKTYpe 32 MHTETPUCAHU HAJ30p U YIpaB/bambe
y PYSHUIVIMA, Y IIeTOM IIOITIaB/bY CYMUPAHU CY
Pe3yATaTy UCTPaKMBama, JaTa OLleHa U IpefIor
Ta/bUX UCTPaXKMBakba Ha IIPeMETHOM IIOJbY.

[Tpupepuna: Ceernana Ilonasaep

3bOPHMK  PAIOBA  MEBYHAPOJHOT
CVIMIIO3MJYMA PYJAPCTBO M TEOJIOTMJA
IOAHAC, CIP 55(082), 622(082), COBISS.SR-ID
244649484, DOI mpeduxc 10.25075/81.2017, opra-
HU3aTopy M M3fgaBadn Pymapcku
MHCTUTYT beorpas, bankancka
aKajieMyuja  pyfapcKUX — Hayka,
AxanieMMja MHXeHBEPCKUMX HayKa
Cpbuje, VI3BpuiHM OpraHmuszaTop
U usfaBad Pymapckum mHCTUTYT
beorpap, ISBN 978-86-82673-13-2
(RI), 418 cTpane. llITammarme K-
re omoryhmmu cy Pymapckm mH-
ctutyT beorpan, MuHMUCTapcTBO
IpoCBeTe, HayKe M TEXHOJIOII-
Kor pasBoja Pemy6nuke Cpbuje
u Huesker Synthetic GMBH,
Germany.

Ypemuuim  akagemuxk Crobonan
Byjuh, np Mummuko Pagocasmesuh,
op Csernmana IlomaBuep, #p
Cseromup Maxcumosnh.

PYJTAPCTBO I
I'EOJIOI'NJA JAHAC

stehyiapoam cuynosjy s

MINING AND
GEOLOGY

international symposium

mines, process algorithm hybrid
structure for integrated monitoring and manage-
ment in mines, in Chapter 5 summarized the re-
sults of research, data assessment and proposal of
further research on subject field.

Edited by: Svetlana Polavder

BOOK OF WORKS OF INTERNATIONAL
SYMPOSIUM MINING AND GEOLOGY DAYS,
CIP 55 (082), 622 (082), COBISS.SR-ID 244649484,
DOI prefix 10.25075 / SL2017, organizers and
publishers ~ Mining Institute
Belgrade, Balkan Academy of
Mining Sciences, Academy of
Engineering Science of Serbia,
Executive organizer and pub-
lisher Mining Institute Belgrade,
ISBN 978-86-82673-13-2 (RI), 418
pages. The printing of the book
was made possible by Mining
Institute Belgrade, the Ministry
of Education, Science and
Technological Development of the
Republic of Serbia and Huesker
Synthetic GMBH, Germany
Editors academician Slobodan
Vujic, dr Milinko Radosavljevic,
dr Svetlana Polavder, dr Svetomir
Maksimovic.

DAY
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Cummnosujym je oppxkan 18-20 cemrembpa 2017. ro-
muHe y beorpany. Teme cummosujyma ofHOCKTIE CY ce
Ha NpPUMEHY HOBUX TEXHOJIOTHja Y PYyHApCTBY U Ieo-
JoTuj1, carjefiaBame U IpMMeHa HOBUX AocTUrHyha
y o6macTy 3alITUTe XXMBOTHE CpefMHe, Kopuinheme
HOBIJX TEXHOJIOIIKMX IIOCTYIAKa y TPEeTUpamy OIac-
HMX MaTepuja, pasBoj HOBUX COPTBEPCKMX pellema y
reo7IoTyj1, EKOHOMUKY PyJapcKe IPOU3BOMILE U AKTY-
ellaHy 3aKOHCKY perynatuBy. O6jaBibeH je 41 pap, 108
aytopa u3 10 semarpa.

[Mpupenno: Bragan Yanosuh

3b0OPHIMK PAJIOBA VII BAJIKAHCKOT PYIIAP-
CKOI' KOHIPECA, Kmwura I u II, ISSN 2566-
3313, DOI mpeduxc 10.7251/BMC17070, nspasaun
YuuBepsuter y bawa Jlynm, Pymapckm daxynrer y
IIpujenopy u Pymapcku unctutyt beorpap. Kmura I,
ISBN 978-99955-681-7-7 (Faculty
of Mining), 382 crpane. Kwura II,
ISBN 978-99955-681-8-4 (Faculty

W3

7" Balkan Mig

The symposium was held on September 18-20, 2017
in Belgrade. The topics of the Symposium related
to the application of new technologies in mining
and geology, the examination and implementation
of new achievements in the field of environmental
protection, the use of new technological procedures
in the treatment of hazardous substances, the de-
velopment of new software solutions in geology, the
economics of mining and current legislation.There
are 41 papers published, 100 authors from 10 coun-
tries.

Edited by: Vladan Canovi¢

BOOK OF PROCEEDINGS VII BALKAN MINING
CONGRESS - BALKAN MINING FOR THE
FRIENDSHIP AND PROGRESS, Volume I and II,
ISSN 2566-3313, DOI prefix 10.7251 / BMC17070,
publishers University of Banja Luka, Mining Faculty
in Prijedor and Mining Institute
Belgrade. Book I, ISBN 978-
99955-681-7-7  (Faculty  of

=

Congress

%

of Mining), 280 cTpana. YpegHuiu
akagemuk Cno6opan Byjuh, npod.
op Bmagummp Manbaumh, Tex-
HUYKM ypefHMK mpod. np Jlasap
CrojanoBuh.

Konrpec je ogpxxan 11-13 okTo-
6pa 2017. roguue y Ilpujenopy.
OpranmsaTopu VYHUBEpP3UTET Y
bawa Jlyuu, Pymapckm dakyn-
ter y Ilpujemopy, banxancka
AxajeMmja pygapckux — Hayka,
AkajieMnja HayKa ¥ yMjeTHOCTHU
Peny6nuke Cpmcke u Cases
UHXemhepa pyflapa U reoiora
Peny6nuke Cprcke. Teme KoH-
rpeca OJHOCHJIE CY C€ Ha eKCI/IO-
aTallyjy MUHEPATHUX CUPOBMHA
U pyZlapcKe TEXHOJIOUIKE IIpOljece, FeONIOIIKe Je-
JTATHOCTU ¥ €KOHOMMKY MUHEPa/JHO-CUPOBMHCKOT
KOMIIJIEKCA, CUCTEMCKO MHXXEHEPCTBO, PU3UKE, Me-
HalIMEHT U CaBpeMeHe TPeH/IOBE Kao U JIOTUCTIYKE
mpoliece 1 exonouike epexte. Y 360pHUKY pajjoBay
IBa TOMa Ha 662 cTpaHe, IyOIMKOBaHO je 87 panoBa,
221 ayrop us3 15 semasma.

IMpupennna: Jacmuna Hemkosuh
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Mining), 382 pages. Book I, ISBN
978-99955-681-8-4 (Faculty of
Mining), 280 pages. Editors acad-
emician Slobodan Vuji¢, prof. Dr.
Vladimir Malbasi¢, technical edi-
tor, prof. Dr. Lazar Stojanovié.
The Congress was held on October
11-13,2017in Prijedor. Organizers
University of Banja Luka, Faculty
of Mining in Prijedor, Balkan
Academy of Mining Sciences,
Academy of Sciences and Arts
of the Republic of Srpska, and
Union of miners and geologists
of Republika Srpska. The topics
of the congress were related to the
exploitation of mineral resources
and mining technological processes, geological activ-
ities and economics of the minerals and raw materials
complex, system engineering, risks, management and
contemporary trends as well as logistic processes and
environmental effects. Proceedings of the papers in
two volumes on the 662 page published 87 papers, 221
authors from 15 countries

Edited by: Jasmina Neskovi¢
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HAYYHNM 1 CTPYYHN CKYIIOBUA
SCIENTIFIC AND PROFESSIONAL MEETINGS
Hajasa / Announce

PYOAPCTBO M TEOJIOTUJA JAHAC
MINING AND GEOLOGY TODAY
II MEBYHAPOIHV CIMIIO3UJYM / II INTERNATIONAL SYMPOSIUM
BEOTPA]] / BELGRADE
1-2.12.2018.

OPTAHM3ATOPHM / ORGANIZERS

%)

ENC
PYIAPCKI AKAJTEMUJA BAJTIKAHCKA MMHUCTAPCTBO ITPOCBETE,  EJIEKTPOITPMBPEJIA
VHCTUTYT VIHXEBEPCKNX AKAJTEMUJA HAYKE U TEXHOJIOIIKOT CPBMJE / ELECTRIC
BEOI'PA]T / MINING HAYKA CPBUJE PYITAPCKMX HAYKA PA3BOJA / MINISTRY OF POWER INDUSTRY
INSTITUTE BELGRADE ACADEMY OF BALKAN ACADEMY EDUCATION, SCIENCE OF SERBIA
ENGINEERING OF MINING SCIENCE AND TECHNOLOGICAL
SCIENCES OF SERBIA DEVELOPMENT

Y Hamepu ycnocraB/baba [eOTBOPHOL JMjajora
0 aKTyeJIHUM NpOO/IeMuMa, HaAyYHUM, CTPYUHNM,
MHOBALMOHMM U IPOU3BOJHUM TOKOBMMA U TPEH-
TOBMMA Yy PYJAapCTBY M reomoruju, Pymapcku mH-
ctutyT 13 beorpaga ca OnememeM pylapcKux, reo-
JIOIIKMX U CUCTEMCKUX HayKa AKaJieMIje MHKeHep-
ckux Hayka Cpb6uje, bankaHckoM akageMujom
PyZAapcKuX Hayka, MMHMCTApCTBOM IPOCBETE, Ha-
yKe 1 TeXHOJIOIIKOT pa3Boja u Enekrponpuspenom
Cpbuje opranmsyje MehyHapopHu HaydHM CKyI
“PymapcrBo u reonoruja ganac’. JKespa je ga cum-
IIO3UjyM IIOCTaHEe IIOCTOjaHA CIOHA IIOBE3UBalba
CTpyumaka 0aJKaHCKMX M JIPYIMX 3eMajba, paju
IMjaTHOCTMKE U OlieHe CTama, IpeCTaB/bamba pe-
3yNTaTa, Pa3MeHe UCKYCTaBa U 3HAIba, yIIO3HABAba
uzieja ¥ MHOBAalMja y pyAapcTBy u reonoruju. Osu
Cy UM/b€BU OCTBAP/bUBY 3aje[IHUYKUM [IE/IOBAHEM,
Te ca 3aJJ0BO/bCTBOM IO3MBAMO Jla HaMepy IOfip-
JKITE y4eCTBOBabeM y NPUIIPEMU U PaJy CUMIIO-
3MjyMa, a KOMIIaHHje TI03MBaMO Jla IIOCTaHy HapT-
HepU CUMIIO3MjyMa

With the aim of establishing an efficient dialogue on
current problems, scientific, professional, innovation-
al and manufacturing developments and trends in
mining and geology, the Mining Institute in Belgrade,
along with the Mining and Geological Engineering
Department of the Academy of Engineering Sciences of
Serbia, Balkan Academy of Mining Sciences, Ministry
of Education, Science and Tehnological Development
and Electric power industry of Serbia organizes the in-
ternational scientific assembly “Mining and Geology
Today” Our wish is for the Symposium to become a
stable link, connecting experts from the Balkan and
other countries, with a view to establishing the diag-
nostics and evaluation of the state, presenting results,
exchanging experiences and knowledge, introducing
ideas and innovations in mining and geology. These
goals are accomplishable by joint efforts; therefore, it
is our pleasure to invite you to support our intention
by participating in the preparation and work of the
Symposium, and we invite the companies to become
partners of the Symposium.

KOHTAKT M AIPECA / CONTACT & ADDRESS
np Csernana ITomasgep / dr Svetlana Polavder, tel. + 381 11 21 92 479
Appeca / adress: Rudarski institut, Batajnicki put 2, 11080 Beograd
E-agpeca / e-mail: rgd@ribeograd.ac.rs
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VIII bankancku Pymapcku Konrpec
VIII BaLKAN MINING CONGRESS

PEIIYBJIMKA CPBUJA / REPUBLIC OF SERBIA
2020.

BAJIKAHCKA AKAJTEMIJA PYIAPCKI AKAJEMIJA
PYJAPCKMX HAVKA VHCTUTYT VHXEHBEPCKIMX
BALKAN ACADEMY OF BEOTIPAJT HAVKA CPBUJE
MINING SCIENCE MINING INSTITUTE ACADEMY OF ENGINEERING
BELGRADE SCIENCES OF SERBIA

IIpepcenuux OpraHN3anMOHOr KOMUTETA
Chairman of the Organizing Committee
Dr. Milinko Radosavljevi¢
MHOOPMAIIMJE / INFORMATION

http://ribeograd.ac.rs; e-mail: bmc@ribeograd.ac.rs; tel. +381 11 21 92 479

AP EOM

W

APCOM 2019:
Mining Goes Digital
[TprMeHa pauyHapa U ONepalMOHNX UCTPAXKMUBAha Y UHAYCTPUjU MUHEpaIa

Application of Computers and Operations Research in the Mineral Industry,

ITobcka - Bpounas
Poland - Wroclaw

04-06.06.2019.

Hereby MineTronics, Wroclaw University of Science and Technology, Faculty of Geo-Engineering, Mining and
Geology, KGHM Cuprum and the Mining Committee of Polish Acadamy of Sciences (PAN) are announcing
the 39th APCOM (Application Of Computers And Operations Research In The Mineral Industry) conference
to be performed on June 04 - 06, 2019 in Wroclaw under the headline: Mining Goes Digital.

KOHTAKT / CONTACT
https://apcom.info/; e-mail:pcybulska@mt-silesia.com
tel. +48 71 798 1607
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) %
ﬁ“‘i XXIX IMPC
) IMPC 2018 | Gy
SEPTEMBER, 15-21, 2018 £
Q @ MOSCOW, RUSSIA PROGESSING. COUNEIL
7

XXIX MEBYHAPOIHW KOHI'PEC O
[TPUITPEMIM MIMHEPAJIHVX CVIPOBIMHA

THE XXIX INTERNATIONAL MINERAL
PROCESSING CONGRESS

MOCKBA - PYCUJA / MOSCOW- RUSSIA
Csercku TproBuHcku nentap / World trade center

15-21. 09. 2018.

KOHTAKTH / CONTACTS
International Agency of Congress Management «MAKO»
+7 (499) 705-79-25
info@impc2018.com

[Tpencenuuk / Chairman
Valentin Chanturiya
chairman@impc2018.com

ITporpamcku KOMUTET
Program Committee
Tamara Matveeva
program@impc2018.com

OpraHusanyon KOMUTET
Organizing Committee
Andrey Kozlov

org@impc2018.com
BAJKHU JATYMM Y 2018. / IMPORTANT DATESIN 2018.
Pox 3a gocTaBmabe pagosa / Deadline of Article Submission: 01.03.2018
Ouena pazoa / Article Expertise: 01.05.2018.
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CERAIBE / IN MEMORIAM

Byx Pagesuh, (Ietume, 28.8.1930
- Beorpap, 22.9.2011), gumm. MHX.
PyZapcTBa, Op TEXHMYKMX HayKa,
penoBHU Tpodecop YHUBep3UTeTa
y Beorpanmy, MCTakHYTU CTpy4mbaK
U jeflaH Off OCHMBAYa CPIICKe HIKOJIe
32 MOBPIIMHCKY eKCIUIOATaINjy MU-
HepanHux cuposuHa. IlIkonosao ce
y Iopropuun. Cryauje pymapcTsa
3aBpmno je 1959. Ha Pymapcko-reo-
JOMIKOM (aKyITeTy YHUBep3uTeTa
y beorpapny. TokoM cTyaupama Kao
aKTUBHU CIIOPTHCTa 610 je perpe-
3€HTAaTVBAL] Y BEIMKOM DPYKOMETY.
JJOKTOpCKY fiucepTanujy ca TeMOM
U3 TOBPIIMHCKE eKCIUIoaTaluje
Ipanuye payuonante 0y6ute nosp-
WUHCKe  eKcniioamayuje aueHuma
y Jyeocnasuju opbpanuo je 1965.
Ha MaTM4YHOM (aKyITeTy IIpef KO-
MMCHjOM Y cacTaBy mpodecopa:
BopuBoje Munmaguuosuh, Makc
HItpajxep u Benmumup-Bena Muny-
THHOBM.

[ocre 3aBpIIeHMX CTyAMja 3aIoc-
o ce Ha Pypmapcko-TeonomkoM
¢akynrery y bBeorpamy kao acmc-
TeHT Ha mpepgmety IIpojexmosarve
pyoHuka - nospuiutcko (IpeEMeT
je 1973. mpeumenoBaH y IIpojex-
mosarbe NOBPUIUHCKUX KONO0BA), 32
IolieHTa je Ompan 1966, y 3Bame
BaHpenHor mpodecopa 1973. a 3a
penoBHor npodecopa 1984. [Tensu-
HucaH je 1995.

Yramnpebemwy IIKome pygapcKor MH-
JKEHhepCTBa 1 CTaJIAHOM OCaBpe-
MemaBalby BUCOKOT 00pasoBama
PYHApCKUX CTPY4HbaKa [ao je Beu-
ku porpuHoc. Ilokperamem (1968),
ypebuBameM 1 aHraxoBameM Y
TEXHUYKOj TPUIPEMM M M3JIaBarby
jenMHCTBEHOT YacomMca y TO BpeMe
36opHuka (Hay4HUX U CTPYYHUX)
padosa cmydenama Pydapcko-eeo-
nowikoe gaxynmema y beoepady, no-

Vuk Radevi¢, (Cetinje, 8/28/1930 -
Belgrade, 9/22/2011), graduated en-
gineer of mining, Ph.D. in technical
sciences, full professor at the Uni-
versity of Belgrade, renowned expert
and one of the founders of the Ser-
bian school of Surface Mining. Stu-
died in Podgorica. He finished mi-
ning studies in 1959 at the Faculty of
Mining and Geology of the Univer-
sity of Belgrade. During his studies,
as active sport player, he was a repre-
sentative in big handball. He defen-
ded his doctoral dissertation about
surface mining titled The limits of
the rational depth of surface exploita-
tion of lignite in Yugoslavia in 1965 at
the Faculty of Mining and Geology
of the University of Belgrade before
the commission which composed
of the following professors: Borivoje
Miladinovi¢, Max Streicher and Ve-
limir-Veca Milutinovié.

After completing his studies, he star-
ted working at the Faculty of Mining
and Geology in Belgrade as assistant
professor for the course Mine Design
- surface (the course was renamed in
1973 into Open-pit Mining Design),
he was appointed as docent in 1966,
as associate professor in 1973 and
full professor in 1984. He retired in
1995.

He largely contributed to the im-
provement of the school of mining
engineering and permanent mo-
dernization of high education of the
mining experts. By starting (1968),
editing and engaging in the techni-
cal preparation and publication of
the magazine which was unique at
the time The Collection of (scienti-
fic and professional) Papers of the
Students of the Faculty of Mining
and Geology in Belgrade, he awoke
enthusiasm of the youth and the
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Oyauo je eHTy3ujasaM U CTBapaauke
HOTEHLIMjasle CTy/leHaTa ca HeOUeKM-
BaHMM pe3yATaTMMa BE3aHNM 3a
HajaBe HOBO-7loMaseher y pymapcTBy
y 0O/MacTy HPUMEHEHOT padyHap-
CTBa ¥ OIIEPALVIOHNX MCTPAKMBAIba.
Vaniyjatop je 1 jemaH je of OCHU-
Bada Cmepa (14.06.1971) u Karenpe
(9.10.1973) 3a MOBPILIMHCKY €KCIIO-
aTalyjy YBPCTUX MMHEPATHMX CUPO-
BMHA Pymapcko-reonomikor — Qakyr-
TeTa YHuBepsutera y beorpamy. Kao
myroropuusy e Cvepa u Karenpe,
¢ BemmkoM mnocsehenouthy, ycTpaj-
Houhy, NaXOM, 3HaWeM U LIMPO-
KOM cTpy4HoIhy yrarao je cBy CBOjy
KpeaTHBHY eHeprijy y OOMIKoBambe I
CTaJIHO yHampehere HacTaBHUX IPO-
rpaMa Ha PEOBHVM M IOCTIEAUITIOM-
CKMM CTyMjaMa IIpeMa HajBUILIM
cranpapimMa. Jleo OBMX HacTojarba
je m ycrmocrap/barbe HaydHe U CTpy-
YHe capajiibe ca OpOjHMM HAaydHUM
U VICTPOXMBA4KO-Pa3BOjHMM  Ii€H-
TPVIMA ¥ YHUBEP3UTETUMA Y 3EM/BU U
MHOCTPAHCTBY, pasMeHe IIpodecopa,
CreLjanv3anyje  CTymujcku 6opa-
BLJ acUCTeHaTa Ha HajyIJIENHUUM
MHCTUTYTUMA U IIKO/IaMa, JOKTOPCKe
CTyamje, pasMeHa CTyfeHaTa uty. Be-
JIVKY TIOKIbY je TIOK/Iarbao IPaKTIY-
HOM o6pasoBama Oyryhux nmxermepa,
OfTHOCHO TEPEHCKO]j HAaCTaBY Ha PETIOB-
HUM CTYAMjama.

3axBapyjyhu meroBoMm saysumamy
Hupexnuja beorpajckor cajma je
1971. kynuna Ha CajMy TeXHMKe U
IOKJTIOHMIA  Pyzapcko-TeonomkomM
¢daxynarery mpBu Lydapcku pady-
Hap Logabax 1200. Jemas je ox mnu-
IMjaTopa ¥ y4eCHUKa y HabaBLu
1974. nydapckor padyHapCKOr Cuc-
TeMa Hay4yHe HameHe Wang 2200.
OBMM aKTMBHOCTMMA ¥ ydeurhem
1974. y dopmupamy PauyHapckor
1eHTpa Pymapckor onceka, mogpxao
je yBobeme y HacTaBy Ha pelOBHUM
U THOCHIEAUIUIOMCKUMM  CTyAMjaMa
HOBUX TIpeJMeTa U3 IPUMEHEHOT
padyHapCcTBa, OIEPALMOHNX UCTPa-
JKMBamba, MaTeMaTU4KOT MOJENo-
Barba 1 T€OCTATUCTHUKE.
borarcTtBOM, IIMpPMHOM ¥ aKTYyenl-
Houhy mpeja, 3padno je yTuiao Ha
CTpy4YHa ¥ HaydHa OIpefie/berba
CBOjUX capajlHMKa M CTYyJeHara.

creative potentials of the students
with unexpected results related to
the announcement of what is new
in mining in the field of applied
computer sciences and operational
research.

He is also the initiator and one of
the founders of the Department
(06/14/1971) and Chair (10/9/1973)
for Surface Mining at the Faculty of
Mining and Geology of the Uni-
versity in Belgrade. As a long-time
Head of the Department and Chair,
he showed great dedication, perse-
verance, attention, knowledge and
extensive expertise, and invested
all his creative energy in the desi-
gn and continuous improvement of
curricula in basic and postgradua-
te studies according to the highest
standards. Part of these efforts is
also the establishment of scientific
and professional cooperation with
numerous scientific and research
centers and universities in the co-
untry and abroad, exchange of pro-
fessors, specializations and study
visits of assistant professors to the
most prestigious institutes and sc-
hools, doctoral studies, student ex-
change, etc. He paid great attention
to the practical education of future
engineers, that is field teaching in
basic studies.

Thanks to his initiation, the Directo-
rate of Belgrade Fair in 1971 bought
the first Digital Computer Logabax
1200 at the Technology Fair and do-
nated it to the Faculty of Mining and
Geology. He was one of the initiators
and participants in the procurement
of the digital computer system for
scientific purposes Wang 2200 in
1974. With this activities and par-
ticipation in the formation of the
Computer Center of the Mining De-
partment in 1974, he supported the
implementation of new courses into
lectures on the basic and postgradu-
ate studies, such as applied computer
sciences, operational research, mat-
hematical modeling and geostatistics.
His rich, broad and modern ideas
made him influence the professional
and scientific choices of his collea-
gues and students. He was in charge
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PykoBonnmo je uspagom 34 gumnom-
CKa paja, 13 Marucrapckux resa u 7
TOKTOPCKUX JiyiCepTaLja.

JIpxao je mpefaBama Ha IIOCIIe-
IUIUVIOMCKMM ~ CTygujama  Pymap-
cko-reonomkor daxynrera y Tysnu
u Texunukor ¢axynrera y Bopy, Ha
CTIEeIMja/TUCTUYKUM KypCceBUMa Y
pymapckuM 6acennma Kocroman n
Konybapa, mocebue nukmyce mpe-
maBama ofpxao je y DocdarHoj
KOMIIaHUju y AMaHy JopmaH u Ha
Pymapckoj monmurexnunu y Bpou-
naBy ITombcka.

Cryzujcku je 6opasuo y YCCP,
Iomckoj, CAl, Ayctpanuju, @pan-
1yckoj, Xomauauju, Ipukoj n He-
MauKoj.

HayyHa u cTpy4Ha AenaTHOCT Ipod.
PapeBuha dokycupana je Ha Teopujy,
IIPUCTYIIE, METOfIE ¥ EKOHOMETPU)Y
y TIPOjeKTOBaIby PYSHUKA, Y IIMPEM
CMICITY 33 MOBPUIMHCKY €KCIIJIoaTa-
Iyjy MuHepamHux cuposyHa. Cam
WY ca capafHNIIMa 00jaBlo je OKO
80 cTpyuyHuMX M Hay4HMX paJoBa.
KoayTop je mybmuxarmje Memode
onmumusayuje - npUMeHa 1UHeapHoz
npozpamuparea y noepUuLUHCKoj exc-
nnoamayuju  (Pymapcko-reomnomKu
¢axynret beorpag, 1976)

Jomprsoc npod. Pagesnha pymackom
MHKEHePCTBY, HAYLM 1 CTPYYHOM 00-
PpasoBamby OITIEN)A CE U Y HherOBOM aH-
raxoBamwy Ha popmupatsy 1972. Jyro-
CTIOBEHCKOT KOMMTETa 3a MOBPIIMHCKY
€KCIUIOaTalyjy, KOjUM je jeHO BpeMe
IpefceiaBao, M IOKpeTamwy 1973
opraHusanyje JyrocloBeHCKOT CUM-
TI03MjyMa O TIOBPLUVMHCKO] €KCIIOATa-
Lju, KOjU Ce€ LIMK/INYHO y PESOBHUM
MHTEPBa/IIMA OfPKaBao.
Vmxemwepcko gmeno mpod. Pape-
Buha, Kao IpOjeKTaHTa, YTKAHO je
y TIPEKO CTO CTYAMja, MHBECTULINO-
HUX TIpOrpaMa, UJejHNX, IITABHUX U
TEXHUYKMX IIpOjeKaTa FOTOBO CBUX
3HAYAjHUjUX pYlaHMKa ca IOBp-
IIMHCKOM eKcItoaTauujom y Cp-
Ouju u JyrocmaBuju, Wi Kao 4ia-
Ha OpOjHMX KOMMCHja 3a CTpPydYHe
OlleHe IIPOjeKTHe NOKYMEeHTalyje 1
IpujeM pyFHUYKMX objekaTa, U Kao
Y/laHa eKCIepTcKor Tuma Brase Pe-
ny6mke Cpbuje 3a muspagy Ilpoc-
topHor m1aHa Cpbuje.

of preparation of 34 graduation the-
ses, 13 master theses and 7 doctoral
dissertations.

He held lectures at postgraduate
studies at the Faculty of Mining and
Geology in Tuzla and at the Techni-
cal Faculty in Bor, at specialist co-
urses in the mining basins Kostolac
and Kolubara, held special lecture
cycles at the Phosphate Company in
Amman Jordan and at the Mining
Polytechnic in Wroclaw, Poland. He
paid study visits to the Czechoslovak
Socialist Republic, Poland, the USA,
Australia, France, Holland, Greece
and Germany.

Scientific and professional activities
of the professor Radevi¢ focus on
the theory, approaches, methods and
econometrics of mine designing, in a
wider sense for the surface mining.
Alone or with co-authors he publis-
hed about 80 professional and scien-
tific papers. He is co-author of the
publication Methods of optimization
- application of linear programming
in surface mining (Faculty of Mining
and Geology of the University of
Belgrade, 1976).

Contribution of prof. Radevi¢ to
mining engineering, science and vo-
cational education is also reflected
in his engagement in the formation
of the 1972 Committee for Surfa-
ce Mining of Yugoslavia, which he
presided over for some time, and
founding of the 1973 organization of
the Yugoslav Symposium on Surface
Mining, which was cyclically held at
regular intervals.

Engineering works of prof. Radevi¢,
as the designer, have been incorpo-
rated into more than one hundred
studies, investment programs, pre-
liminary, main and technical desi-
gns of almost all important mines
with surface exploitation in Serbia
and Yugoslavia, or as a member of
numerous committees for expert
evaluation of project documentation
and handing-over of mine facilities,
and as a member of the expert team
of the Government of the Republic
of Serbia for the preparation of the
Spatial Plan of Serbia.

He is the holder of numerous awards
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Hocmnan, je Buime mpusHama 3a
CTpy4YHe U Hay4He JOIpPMHOCE, IO-
yacHU je wiaH CaBe3a MHXemepa I
TeXHMYapa pyfapa, reojiora 1 MeTa-
nypra Jyrocnasuje.

ITpupenno: Cnobopan Byjuh

Becna (IIyjun) JoBuuuh (Kapro-
Bal, XpBarcka, 24.2.1927 - Hosnu
Cap, 27.10.1996), muMIULUHX. py-
JapcTBa, Ip TeXHMYKMUX HayKa, pe-
moBHM mpodecop YHuBep3uTeTa
y beorpapy, mcraknyTu crpydmax
3a BEHTWIALVjy PySHMKA, jefHa Of
IIPBUX JKE€Ha MHXXeepa pyJapcTBa
y Cpbuju. Illkonosana ce y Cra-
poj Mopasuiu (Bauka Tormorna)
n 3pemwanuny. Kao cTtumenpucra
Mabapcke Brajie, CTynuje apXurek-
Type Ha YHmBepsurery y bymum-
ety 3amodere 1947. mpekmpa
HapenHe ropuHe 36or MebhyHapop-
HMX MOMUTUYKMX NpUIKKa (JeKra-
pauuja VMHdopmbupoa), Bpaha ce
y 3eM/bY U yINCYje CTYAMje pymap-
cTBa Ha Pymapckom ¢axynrery Be-
JMKe TeXHM4Ke IIKone y beorpany,
punnomupana je 1952. Tosopuna
je Hemaukm, Mabapckm, eHImecku
U pyckn jesuk. JJOKTOpCKy pucep-
TalMjy ca TEMOM M3 BEHTU/IALMje
pysauka [onpuroc npoyuasarvy
mozyhHocmuy — npumere  meopuje
U3EHMPONCKO2 AePOOUHAMUUKOZ 10~
menyujana 3a 0yboke pyoHuke, Ha
npumepy eenmunayuje jame Cmapu
Tpe - Tpenua y cadauiroj nepcnex-
mueHoj gasu passoja, ombpaHmIa
je Ha MaTmuHOM d(akynrery 1973.
nper KomucujoM mpodecopa: bpan-
ko JoxaHoBuh, Bpanko Iyrrdesnh
u ‘Hophe Kaukus.

Hakon saBpiieHuMx crygmja, ca
cynpyrom leoprujem xoju je 610 y
BOjHO]j Ccrmy»x6m, KpajeM 1952. oma-
3u y Jby6rpany. Tpu rofyHe KacHuje
Bpaha ce y Beorpay 1 samonupasa y
Pypuuky yrma Bppauk. Yausepsu-
TETCKy Kapujepy 3amodena je 1956.
Ha MaTMYHOM (DaKy/ITeTy Kao acuc-
TEeHT Ha IpegMmery Benwmunauuja,
mexHuuKa 3aumuma u 00600a-

for professional and scientific contri-
bution, he is an honorable member
of the Federation of Engineers and
Technician Miners, Geologists and
Metallurgists of Yugoslavia.

Edited by: Slobodan Vuji¢

Vesna (Pujin) Jovic¢i¢ (Karlovac,
Croatia, 2/24/1927 - Novi Sad,
10/27/1996), graduated engineer of
mining, Ph.D. in technical sciences,
a full professor at the University of
Belgrade, a prominent expert in
ventilation of mines, one of the first
women among mining engineers
in Serbia. She studied in Stara Mo-
ravica (Backa Topola) and Zrenja-
nin. Having a scholarship from the
Hungarian government, she stopped
studying architecture at the Univer-
sity in Budapest in 1948, which she
started only a year before, because
of the international political circum-
stances (the Informbiro declarati-
on), and she returned to Serbia and
enrolled at the faculty of the High
technical School in Belgrade, whi-
ch she finished in 1952. She spoke
German, Hungarian, English and
Russian. She defended her doctoral
thesis about mine ventilation titled
Contribution to the study of the po-
ssibility of applying the theory of isen-
tropic aerodynamic potential for deep
mines, on the example of the ventilati-
on of Stari Trg - Trepca pit in the pre-
sent perspective of the development
phase, at the Faculty of Mining and
Geology of the University of Bel-
grade in 1973 before the committee
of professors which composed of:
Branko Jokanovi¢, Branko Gluscevi¢
and Djordje Kackin.

After completing her studies, she
moved to Ljubljana in 1952 with her
husband Georgije who was in the
military service. Three years later,
she returned to Belgrade and started
working in the coal mine Vrdnik.
She started her university career in
1956 at her faculty as assistant pro-
fessor for the course Ventilation,
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sarwe pyoHuxa, Toe yOp30 IOCTaje
med /Tabopartopuje 3a BEeHTUIALI]Y
U 3aLUTUTY.

3JHavyajHO je JIONpMHENA  YHa-
npebewy HaydHe [MATHOCTU U
OcaBpeMerbaBalby HacTaBe Ha OC-
HOBHVM I TOCTIEIUIVIOMCKUM CTY-
mjama. [Ipennoxxnnia je u Ha mbeHO
MHCHUCTUpatbe HabaB/beH je KpajeM
1970. Ha Pygapcko-reonomkom da-
KY/ITeTy IPBU PAauyyHApCKM CUCTEM
TAPA 50 (cxpahennna ox Tpausuc-
topcku Ananoray PAuynap). buo je
TO BE/IVIKY Y IIPABOBPEMHI UCKOPaK
KOjUM Cy CTBOPEHH YC/IOBU 33 OTBa-
parbe HOBUX UCTPaKMBAYKIX XOPU-
30HAaTa, MaTeMATIYKOT MOfleNIoBamba
U cUMyNanyje PySHMYKMX IIpolie-
ca, IpoyvyaBama ¥ IPOjeKTOBama
BEHTW/IALIMOHMX MpeXa, CTpyjama
MOfI3EMHMX Bofla UTH. PauyHap je
6p30 yBefieH y HacTaBy, TOAMHaMa
je xopuinheH 3a eKcIepyMeHTaTHA
UCTpaXUBama IPUINKOM M3pajia
MarucTapcKuxX Te3a M JOKTOPCKUX
JycepTanuja.

Buna je n3yseTHo LiereH mpodecop,
KpajeM IIe3[eceTMX U II0YETKOM
ceflaMjieceTVX TOfiHA 6 je mpo-
JeKaH 3a HacTaBy M CTY/IeHTCKa
IUTama, Ofi OCHMBama Karenpe sa
BEHTMW/IALMjYy ¥ TeXHMYKY 3allTH-
Ty PYSHMKA [0 OfJIacKa y TIEH3Wjy
1990. 6una je mweH 1ed, pyKoBogyIa
je M3pamoM OpOjHMX IMIUIOMCKUX
pafoBa, MarMCTapCKUX Te3a U JIOK-
TOPCKMX JMicepTalyja.

[Tnopny Hay4YHY U CTPY4HY Kapujepy
oboraTunma je AYTOTOAMIIIBOM Ca-
pazmoM ca JlabopaTopujoM 3a BeH-
TUIALMjY M 3aLITUTY >KUBOTHE M
pagHe cpenyHe Pypmapckor mHCTH-
TyTa y beorpapy.

AyTtop mmu KoayTop je OpojHMX
CTPYYHMX U HayYHMX PajioBa, Hay4d-
HIIX CTyAyja, IpojeKara 1 myoImnKa-
1[11ja Ca TeMaTMKOM U3 BEHTU/IALMje,
TEXHUYKE 3aLITUTE M OFBOJbaBarba
pyJOHMKA.

AyTtop je wmIKONCKe myOnMKanuje
Benmunayuja pyonuxa (YHuBepsu-
teTa y beorpagy Pymapcko-reomomi-
ku dakynret, Beorpan, 1974), xbu-
re Benmunayuja pyonuxa (YHusep-
suteta y beorpamy Pymapcko-reo-
nowky akynrer Beorpam, 1989)

technical protection and drainage of
mines, where she soon becomes the
Head of the Laboratory for ventilati-
on and protection.

She significantly contributed to the
improvement of scientific activity
and modernization of teaching in
basic and postgraduate studies. She
suggested and insisted on obtaining
the first computer system TARA 50
(abbreviated as Transistor Analog
Computer) at the end of 1970 at the
Faculty of Mining and Geology. It
was a big and timely step that created
the conditions for opening up new
research horizons, mathematical
modeling and simulation of mining
processes, studying and designing
ventilation networks, flowing grou-
ndwater, etc. The computer was qu-
ickly introduced in teaching, for ye-
ars it has been used for experimental
research in the preparation of master
theses and doctoral dissertations.
She was a highly respected professor,
at the end of the 1960s and early
1970s, she was the Vice-Dean for
Teaching and Student Affairs, and
since she founded the Department
of Ventilation and Technical Prote-
ction of Mines until her retirement
in 1990, she was the head of her
department, and was in charge of
numerous theses, master theses and
doctoral dissertations.

She has enriched her fertile scientific
and professional career with long-
term cooperation with the Labora-
tory for Ventilation and Protection
of the Living and Working Environ-
ment of the Mining Institute in Bel-
grade.

She is either the author or co-author
of numerous professional and scien-
tific papers, scientific studies, proje-
cts and publications with topics in
ventilation, technical protection and
drainage of mines.

She is also the author of school pu-
blication Ventilation of Mines (Uni-
versity of Belgrade Faculty of Mi-
ning and Geology, Belgrade, 1974),
the book Ventilation of Mines (Uni-
versity of Belgrade Faculty of Mi-
ning and Geology, Belgrade, 1989)
and co-author of the book Security
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u Koaytop kmwure CueypHocm u
mexHuuKa 3aumuma y pyoapcmey
(Pymapcku ¢axynret Tysna, 1987).
Benukyu KpeaTMBHU MHKEHEPCKU
U3a30B, YCIIELIHO pelleH, 610 je
IIpojeKaT BEHTU/IAIIOHOT CUCTEMa
pysuuka Crapu Tpr Tperrya Ha kome
je ¢ mpod. bpankom Jokanosuhem
U capaJHMIMMa pajuia CKOpo
Tpu rofyHe. AyTOp UM KOayTop je
OpojHMX TpojeKaTa BeHTWIALje,
TeXHUYKE 3aLITUTE M OFBOJbaBarba
PYJHMKA ca IIOf3€MHOM €KCIIJIoa-
tauujoM 1pom Jyrocnasuje (bop,
bpesa, Kakam, 3enuna, Hltum,
Cace, Anekcunai, Jlen, PecaBmuiia,
Crpmocten, Vbapcku pygHuim,
boroBuHa, Cemcku pyguuk, Coko,
Wcrapcku pymuunm uth). Crpyd-
Homhy, 3HameM U BEIUKUM UC-
KyCTBOM YTHUIIa/Ja je M JIOMpUHENa
yHanpebemwy pygHUUKe 3aKOHCKE U
HOpMaTHBHe peryjatuBe U (YHK-
Iyja pernyOnIMuKuX MHCIEKIMjCKIUX
opraHa. busa je 4maH excrepTcKux
KOMMCHja 32 UCHMTMBama Hecpeha
y PYSHMLMMA yI7ba Ca IOJ3€MHOM
excnoatanjom  (Bpesa, Kakam,
CemCKM PyIHVK UTH.).
JloCcTOjaHCTBOM, OFHOCOM, TIper-
HyheMm u pesynratmma paja, ocra-
BIIA je yOOK Tpar M yTHMI[aja Ha
IIOMeparba HayYHMX, MHKEHhEPCKIX
U 00pa30BHUX TPaHUIA Y CPIICKOM
pydapcTBy papyre monoBuHe XX
BeKa.

3a HayyHa gocturHyha u 3acmyre
ommmkoBaHa je OppmeHoM papja ca
37IaTHMM BeHI1IeM, HOCU/IALL je U [ipy-
VX IPU3HAIba 32 HAy4YHe, CTPYYHE U
06pa3oBHe IOMPIMHOCE.

[Mpupepmu: Iparan Jouunh u Crno6o-
naH Byjuh

and Technical Protection in Mining
(Faculty of Mining Tuzla, 1987).

Her first major engineering challen-
ge, which she successfully comple-
ted, was the project of ventilation
system of the mine Stari trg Trepca,
where she worked with the prof.
Branko Jokanovi¢ and colleagues for
almost three years. She is either aut-
hor or co-author of numerous pro-
jects on ventilation, technical pro-
tection and drainage of mines with
underground exploitation throug-
hout Yugoslavia (Bor, Breza, Kakanj,
Zenica, Stip, Sase, Aleksinac, Lec,
Resavica, Strmosten, Ibar mines, Bo-
govina, Senje mines, Soko, Istra mi-
nes, etc.). Her expertise, knowledge
and great experience has influenced
and contributed to the improvement
of mine legislation and normative
regulations and functions of repu-
blic inspection bodies. She was a
member of expert commissions for
the investigation of accidents in coal
mines with underground exploitati-
on (Breza, Kakanj, Senje mine, etc.).
Her dignity, attitude, effort and re-
sults of work left a deep trace and in-
fluenced the shift of scientific, engi-
neering and educational boundaries
in Serbian mining in the second half
of the XX century.

For scientific achievements and ac-
complishments, she was honored
with the Order of the Work with a
Golden Wreath, and she is the hol-
der of other awards for scientific,
professional and educational contri-
butions.

Edited by: Dragan Jovi¢i¢ & Slobodan
Vuji¢
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Munosan JKynuh (LIserosar, Jla-
3apeBar], 1948 - Beorpag, 2017),
IMIUL VIHXK. PYapCTBa, UCTAKHYTU
CTpy4maK U IPUBPETHMK 3a MOBP-
IIMHCKY eKCIUIoaTallujy yI/ba MU
eHepreTuky. llIkonoBao ce y pogHOM
serosny, Jlasapesny u beorpapny.
Crynuje pymapcrsa - 06/1acT moBp-
IIMHCKA eKCIUIOATalyja 4YBPCTUX
MJHEPaTHUX CHPOBMHA 3aBPLINO je
1977. na Pygapcko-reonomkoM ¢a-
KynreTy YHuBepsutera 'y beorpapny.
ITogeo je ma pajy joun 0K je CTymm-
pao 1969.

Papno je Ha onepaTuBHMM 1 PyKO-
BofichuM MH)XemepCKuM II0C/I0BHU-
Ma y Pymapcko eHepreTcko MHAyc-
TpujackoM Kombunary Komybapa
n Enexrponpuspenn Cpbuje, xao
med cmene, med cucrema, med
HPUIIPEMHUX PafioBa, HOMONHUK U
ynpasHuk [lospmmHckor xona Tam-
HaBa — VIcrouno nome 1977-1992,
mupexTop IToBpumHckor xomna Tam-
HaBa - 3amagHo mosbe 1992-1997,
HOMONHVK TeHepalHOr AMpeKTopa
u pupeKkTopa Jlupekuuje 3a mpoms-
Bozmy yrba Enexrponpuspene Cp-
6uje 1997-2000. [To ommacka y meH-
sujy 2013. paguo je y Jupexuujn
3a IpOM3BOJILY eHepruje Enekrpo-
npuspeze Cpbuje.

buo je wran ynpasaux ogbopa Enex-
tpoupuspege Cpbuje, Tepmo enek-
tpane Hukona Tecnma, Vnmycrpuje
VBo Jlona Pubap n Knyundkor ueH-
tpa Cpbuje. bro je mpencepuuk Ca-
Beta Pymapcko-reomonikor ¢aky-
tera ¥ wiaH CaBeTa YHMBep3uTeTa
y Beorpany, ombopauk CkymuiTu-
He Jlasapepan u CKymumTuHe rpa-
Ia beorpaj, HapogHU NOCIAHUK Y
Ckymtuan Penrybmuke Cp6uje y
nBa maHzgaTa 1993-2000.

AyTop wm KoayToje je OpojHMX
CTPYYHMX pafioBa. MHOrO je pasnu-
YUTYUX VHKEHEePCKUX Y TIOCIOBHMX
113a30Ba KOje je YCIENIHO TyMadyo
U pelIaBao HEeMCIPIHOM PAaTHOM I
CTBApa/IAykOM EHEepIVjoM, eTaHOM,
3HameM, MCTpajHouhy, BepoM U
OITUMM3MOM, ayTOPUTETOM, IIPO-
HUIPBMBOIINY U y KPUTUIHUM MO-
MEHTMMa IIPOMMIIBEHOM JIMJEp-
ckoM xpabpomuthy. Jlomunumpao je
ycrpaBHOINY 1 JOCTOjaHCTBOM 1

Milovan Zunié¢ (Cvetovac, Lazare-
vac, 1948 - Belgrade 2017), gradu-
ated engineer of mining, renowned
expert and businessman for surface
exploitation of coal and energy. He
studied in his home tome Cvetkovac,
Lazarevac and Belgrade. He finished
his mining studies - the Department
of surface mining in 1977 at the Fa-
culty of Mining and Geology of the
University of Belgrade. He started
working while studying in 1969.

He worked on operational and ma-
nagerial engineering tasks in the Mi-
ning basin Kolubara and Electric Po-
wer Industry of Serbia, as the head
of shifts, the head of the system, the
head of the preparatory work, assi-
stant and manager of the Open-pit
Tamnava - East field 1977-1992, the
director of the open-pit Tamnava
- West Field 1992 -1997, Assistant
Director to the General Director and
the Director of the Coal Production
Department of Electric Power Indu-
stry of Serbia 1997-2000. Until he
retired in 2013, he worked in the Di-
rectorate for Production of Electrici-
ty in the Electric Power Industry of
Serbia.

He was a member of the manage-
ment boards of the Electric Power
Industry of Serbia, Nikola Tesla
Thermal Power Plant, Ivo Lola Ribar
Industry and the Clinical Center of
Serbia. He was the President of the
Council of the Faculty of Mining
and Geology and a member of the
Council of the University of Belgra-
de, a member of the Assembly of La-
zarevac the Assembly of the City of
Belgrade, a member of parliament in
the Assembly of the Republic of Ser-
bia in the two mandates 1993-2000.
He is either author or co-author of
numerous scientific papers. There
are many different engineering and
business challenges that he succe-
ssfully interpreted and solved with
inexhaustible working and creative
energy, elane, knowledge, perseve-
rance, faith and optimism, authori-
ty, insight and critical moments of
calculated leadership courage. He
dominated with his stamina and
dignity, even when life was not fa-
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Kajja My )KUBOT Hlfje 610 HaK/TOMbeH.
JInpiepckoM 1 CTPYYHOM CIPEMHO-
mhy y M3y3eTHO TeIIKUM YCIOBUMA
3a 3eM/by TIOKPEHYO je IIPOU3BOIILY
Ha [loBpumuckom komy TamHa-
Ba — 3amajlHO IOJbe, IIPEINO3HAo je
U TIOAPKA0 MJEjy O HEOIXOZHOCTHU
yCHOCTBa/batba  BUCOKO-COPUCTH-
IVIPAaHOT ~ HaI30PHO-YIPaB/badKOr
cuctema IlospumHckor koma Tam-
HaBa 3aIlafHO II0Jbe, NPYXKMO je U
BOXHY HOApHIKY 1999. usrpanmn
padyHapCKU MHTEIPMCAHOT €KCIIIO-
aTanyoHor cucrema IloBpuiHCcKor
xona Majpan III ITotucja n3 Kamn-
ke. Ca TUMOM BPCHUX MHXemepa
Jupekiyje 3a NPOM3BOAIY €Hep-
ruje Enextponpuspene Cpbuje Ha
4ijeM je 4eny 610, y fpaMaTUdHIM
morabamuma 3a sempy 1999. opp-
’Kao je MpousBoimy yrba Kocos-
CKMX PYJHMKA JIO HOCTENBUX MO-
ryhHocTH.

JToOUTHMK je BUIlle TpU3HAA 34 TO-
IIPMHOCE PyapcTBY, Meby KojuMa je
HajsHayajHMja OKTObGapCcKa Harpazma
rpajia beorpama 1995. 3a mokperame
IIPOM3BOfilbe Ha  IIOBPIIMHCKOM
kony TamHaBa - 3amajjHO TOJbe, Y
U3Yy3€THO TELIKMM YCTIOBMMA y Bpe-
Me CaHKI[Mja ¥ eKOHOMCKe 6/1oKaje
Cpb6uje.

ITpupenno: Cnobopan Byjuh

Cresan Ilymrpuh (Hagam, Bpbac,
1930 - Beorpag, 2017), FUIUL. MHX.
PYBapcTBa, Op TEXHMYKMX HayKa,
penoBHU THpodecop YHUBep3uTeTa
y beorpapny, yrmegHn cTpyumax 3a
IpUIIpeMy MUHepaTHUX CUPOBU-
Ha. [lIkonoBao ce y pogHOM MecTy
n y Hosom Capy. Cryauje pynmap-
CTBa O0MAaCT HpUIIpeMa MUHepas-
HIUX CMPOBHa 3aBpuno je 1958. Ha
Pynapcko-reonomkom  akynrery
Yuusepsutera y beorpapy. Ha Temn
Ilpoyuasare ymuyaja pacmeopHux
conu bakpa u 2603cha Ha pnomavujy
CynguoHux murepana 6axpa KOKTo-
pupao je 1965. Ha MaT4HOM (ak-
Ty TeTY.

Kao MammHCKM TeXHMYAp pajmo
je y mpenysehy ,Ilerap [pammuu®

vorable to him. His leadership and
professional readiness in extremely
difficult conditions for the country
made him start the production at
the open-pit Tamnava - West Field,
he recognized and supported the
idea of necessity of establishing a
highly sophisticated supervisory
and control system of the open-pit
Tamnava-West Field, and he also
provided important support in 1999
for the construction of the computer
integrated mine exploitation system
of the open-pit Majdan III Potisje of
Kanjiza. With the team of expert en-
gineers of the Directorate for Ener-
gy Production of the Electric Power
Industry of Serbia, over which he
preceded, in the dramatic events for
the country in 1999, he continued to
produce coal in the mines in Kosovo
to the last resorts.

He has won several awards in mi-
ning, among which the most impor-
tant one is the October Award of the
City of Belgrade in 1995 for the star-
ting the production at the open-pit
Tamnava - West Field, in extremely
difficult conditions at the time of the
sanctions and economic blockade of
Serbia.

Edited by: Slobodan Vuji¢

Stevan Pustri¢ (Nadalj, Vrbas, 1930 -
Belgrade, 2017), graduated engineer of
mining, Ph.D. in technical sciences, full
professor at the University of Belgrade,
a reputable expert in the preparation of
mineral raw materials. He studied at his
home town and in Novi Sad. Mining
studies, course of preparation of raw
materials, were completed in 1958 at
the Faculty of Mining and Geology of
the University of Belgrade. He defen-
ded his doctoral dissertation about sur-
face mining titled Study of the Effects of
Soluble Salts of Copper and Iron on the
Flotation of Sulphide Minerals of Copper
in 1965 at the Faculty of Mining and
Geology of the University of Belgrade.

He worked as a mechanical technician
at the company of “Petar Drap$in” in
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y Mangenosny n beorpany, 1949-
1950. Ilocrme 3aBpuIeHMX CTyAuja
pagno je y ®moraumju Pymap-
CKO-TOMMOHMYapcKor GaceHa bBop,
1958-1962. YHUBEpP3UTETCKy Ka-
pujepy 3amodeo je 1962. Ha Kare-
IpY 3a IPUIIPEMY MMHEPATHNUX CH-
POBMHA, U3 3[JpaBCTEBHMX Pa3Jiora
npekunyo 1991. Ilpomao je cBa
u300pHa 3Bama, 3a PEOBHOT IIPO-
¢decopa 6upaH je 1979. Ha marny-
HOM (aKy/ITeTy Jp>Kao je HacTaBy
us3 npegmerta: [Ipunpema Munepan-
HUX CUPOBUHA, IIpojekToBame no-
CTpojema y npunpeMu 1 Mamune
3a NpPUIIPEMY MMHEPATHMUX CUPO-
BuHa. Ha MeTtanypmkoM ofcexy
Texnonomko-MeTanypmkor  da-
KynTera y Beorpany zmpxao je Ha-
cTaBy us npegmMeta [Tpunpema mMu-
Hepa/JIHMX CUPOBMHA. buo je uran
Penryb6mmixe KoMucuje 3a Ioyarame
CTPYYHOT MCIINTA.

Y crpynm Kojoj je 610 HOTIYHO
mpenas, uMmao je cpehy ma je paguo
y Bpeme Hajseher ycmona cprckor
PYHApCTBa, /10 IOYeTKa pacTypama
JyrocnaBuje. 3HauajHO je JOIpPUHEO
pasBojy Katenpe n Cmepa 3a mpu-
IIpeMy MUHEPATHIX CUPOBMHA, YHa-
npebewy HacTaBe, MHTE3UBUpAY
UH)KEHepCKe IPOjeKTaHTCKe  Jie-
JIATHOCTY ¥ MHULMPaKy PasBOjHUX
UCTpaXMBama ) HAy4HOT pajia Ha
Karempy, moxkpeTamy U OpraHu3o-
Bamby MOC/IEANIUIOMCKMX U JOKTOP-
CKUX CTyAMja U3 06/1aCTH IpUIpeMe
MMHepaTHIX CHpoBuHa. bio je med
Cmepa 3a mpumpeMy MUHEPaTHUX
cupoBuHa, pykoBopmnan Beha 3a
MOCTIEIUIIOMCKY HacTaBy U PYKO-
Bopuar; JTabopatopuje 3a mpumpe-
MY MMHEPA/IHUX CHPOBUHA.
Hajsnauyajamje Hayde pesynraTe
OCTBapyMoO je y MCTpaXKMBambMMa
TexXHOMoruje (GIoTUpara MUHepaa
6akpa U M3faBajama KOHI[EHTpaTa
37ara U3 HAIMX OAKPOHOCHUX U
37TATOHOCHUX pyZa.

Aytop wam koaytop je OpojHMX
Hay4HMX M CTPYYHUX pajioBa U3
IpUIpeMe MMHEpPaTHUX CUPOBMHA,
Pa3BOjHMX M Hay4YHMX IIpoOjeKaTa
U TpojeKaTa 3a moTpebe pyaapcke
IIpUBpeEfE.

Mladenovac and Belgrade, 1949-1950.
After completing his studies he wor-
ked at the Flotation of the Mining and
Smelting Basin in Bor, 1958-1962. He
began his university career in 1962 at
the Department for the preparation
of mineral raw materials, interrupted
due to medical reasons in 1991. He pa-
ssed all elective titles, and was elected a
tull-time professor in 1979. At the Fa-
culty of Mathematics he held lectures
on the subject of: Preparation of mi-
neral raw materials, Design of plants
in preparation and Machines for the
preparation of mineral raw materials.
At the Metallurgy Department of the
Faculty of Technology and Metallurgy
in Belgrade, he held lectures on the
subject of Preparation of mineral raw
materials. He was a member of the
Republic Commission for professional
examinations.

In the profession he was fully commi-
tted, he was fortunate to have worked
during the greatest rise of Serbian
mining, until the beginning of the
disintegration of Yugoslavia. He si-
gnificantly contributed to the deve-
lopment of the Department and the
Course for the preparation of mineral
raw materials, the improvement of te-
aching, intensification of engineering
design activities and the initiation of
research and scientific work at the
Department, launching and organi-
zing postgraduate and doctoral stu-
dies in the field of preparation of mi-
neral raw materials. He was the Head
of the Course for the preparation of
mineral raw materials, the head of the
Postgraduate Studies Council and the
head of the Laboratory for the prepa-
ration of mineral raw materials.

He achieved the most profound
scientific results through research on
the flotation technology of copper
minerals and the separation of gold
concentrates from our copper and
gold-bearing ores.

Author or co-author of numerous
scientific and expert papers from
the preparation of mineral raw ma-
terials, developmental and scientific
projects and projects for the needs of
the mining economy.
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buo je mcrakuytu unan Komurera
32 IpUIPEMY MUHEPATHUX CHUPO-
BuHaM CaBesa MHXXerbepa U TeXHM-
Yyapa pygapa, Teojiora 1 MeTaayrpa
JyrocnaBuje 1 y4eCHUK y OPraHM30-
Bamy OPOjHUX HAYYHMX U CTPYIHMX
cxynosa Komurera.

OpnmuxoBan je OppeHoM paja u
HOCWJIAL, BUILIE [IPYTUX IpPU3HaMba,
Meby xojuma cy: CrioMeH IakeTa
rpaga beorpapa, 3a pan u 3anarame
Ha pasBojy beorpajma 1944-1969;
IIpBomajcka Harpaga Pymapckor
uHCcTUTyTa beorpanm 3a HayuHe
JoIpMHOCe Yy 06macTu mpuIpeMe
MUHPAJIHUX cupoBuHa, 1975; Ilo-
BeJba 3a YCIELIAH Paji ¥ Capajiby Ha
pasBojy 1 yHampebemy 1IKone 1 Ha-
yke Pymapcko-reomnomkor gakynre-
Ta YHuBepsutera y beorpany, 1980;
Junmoma 3acmy>kHor 4iaaHa Kommu-
TeTa 3a IPUIPEMY MUHEPATHUX CU-
poBuHa, 1985. ntp.

[Mpupepune: Hapexaa hamth
u JacMuHa Hemkosuh

Baco Enesosuh (Yarbuna, 1939 —
Beorpap, 2015), aum. MHX. pynap-
CTBa, MarucTap TEXHMYKUX HayKa,
YITIEHHM CTPY4IbaK 3a CUTYpPHOCT 1
BeHTMNManWjy pygHuka. lIxonmosao
ce y pogHoM rpany. Crynuje pymap-
CTBa 3aBpIINO je Ha Pymapcko-reo-
7omKOM (aKynITeTy YHUBep3uTeTa
y beorpagy 1965. Ha marumunoMm
daxynrery ongbpanmo je 1975. ma-
TUCTApCKy Te3y Hof, HasuBoM IIpu-
MeHA eNIeKMPU1HOZ AHATIOZHO2 MO-
Oenuparea 3a peuiasarbe BeHMuUsIA-
yuonux mpexca Ha npumepy Cmape
jame Kaxar. Panyio je y Pymapckom
uHCTUTYTY beorpam op 3spuie-
HIUX CTyJuja [0 OJIacKa y IIeH3Ujy
2000, y 3aBony 3a BeHTMIALUjy U
TEXHUYKY 3aIUTUTY, KO CTPY4YHM
CapajHMK, IJIABHU MHXXEmep U Kao
pykosogmian, Ipyme 3a BeHTuMIa-
Lyjy pygHMKA. AyTOp MM KOAyTop
je OpOjHNX CTPYYHMX U HAYYHMX pa-
TOBa, MHXKEHePCKIX pelllerha 1 TeX-

He was a prominent member of the
Committee for the Preparation of Mi-
neral Raw Materials of the Association
of Mining Engineers and Technicians,
Geologists and Metallurgists of Yugo-
slavia and participant in the organiza-
tion of numerous scientific and expert
meetings of the Committee.

He was decorated with the Order of
Work and is the holder of several other
awards, among which are: Memorial
plaque of the city of Belgrade for work
and advocacy on the development of
Belgrade from 1944-1969; First Prize
of the Mining Institute of Belgrade for
Scientific Contributions in the Field of
Preparation of Mineral Raw Materials,
1975; Charter for successful work and
cooperation on development and im-
provement of school and science of
Faculty of Mining and Geology, Uni-
versity of Belgrade, 1980; Diploma for
an Honorary Member of the Com-
mittee for the Preparation of Mineral
Raw Materials, 1985, etc.

Edited by: Nadezda Cali¢
& Jasmina Neskovi¢

Vaso Elezovi¢ (Capljina, 1939 -
Belgrade 2015), graduated engineer
of mining, M.Sc. in technical scien-
ces, renowned expert for safety and
ventilation of mines. He studied in
his home town. He completed his
studies in mining in 1959 at the Fa-
culty of Mining and Geology of the
University of Belgrade. Here he also
defended his master thesis in 1975,
which was titled Application of ele-
ctrical and analog modeling for the
solution of ventilation networks on
the example of Old Kakanj mine. He
worked with the Mining Institute of
Belgrade since completing his stu-
dies until his retirement in 2000,
at the Institute for Ventilation and
Technical Protection, as an expert
associate, chief engineer and as
manager of the Mining Ventilation
Group. He was author or co-author
of numerous expert and scientific
papers, engineering solutions and
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HIYKMX [TPOjeKaTa U3 CUTYPHOCTH U
BeHTWIallJje PyJHNUKA Ca IOf3eM-
HOM €eKCIUIOATalljoM MMHepaTHUX
CMpOBMHA. VIHXemepcKuM [ienoM
IPUCYTaH je Ha TOTOBO CBUM DYJ-
HUILIMMA TI0fi3eMHe eKCIIoaTalnuje y
HeKaJjalmwoj Jyrocnasuju u Cpouju.

[Tpupenmo: Mummuko Pagocasrpeuh

He6ojma Bupmanosuh (Beorpap,
1957 - 2016), gUIUL. MHX. pymap-
CTBa, JIp TEXHMYKMX HayKa, pe-
TOBHU Ipodecop YHUBep3uUTeTa y
Bpeorpagy, MCTaKHYTU CTpy4HaK
3a U3pafy jaMckux npocropuja. Ha
Pynapcko-reonomkom  dakynrery
Yuusepsureray beorpagy na Cme-
Py 3a M3pany MOA3eMHMNX IIPOCTO-
pyja puiuiommpao je 1983, marmc-
Tpupao 1987. n gokropmpao 1996.
Ha TeMm JI3yuaeare noHauiara
yereHe mace ca CMAHOBULUNA toe-
HOZ pasaparba MexaHudkKum cpeo-
cmeuma.

YHuBepsuTercky Kapujepy Ha Py-
TapCKO-TeONMOIKOM (aKyATeTy y
Beorpapy s3amoueo je oMax Io 3a-
BpIIEHUM CTyAMjamMa m3bopom 3a
acucTeHTa Ha mpenMery “VIspama
jamckux mpocropuja” Ilpormao je
CBa 3Bama, 3a PEJOBHOr Ipodeco-
pa 6upas je 2007. Ox 2003. 5o 2009.
o6aBspao je GyHKujy medpa Cmepa
3a TIOfI3eMHY eKCIUIoaTanujy Je-
KMIITA MMHEPATHUX CUPOBVMHA U
uspajly MoA3eMHUX IIPOCTOpPUja, 32
meda Karegpe 3a pynapcke pagose
U U3pajly MOA3EMHUX IPOCTOpHja
nsabpas je 2006. Kao ympaBHUK
@axynrerckor (UIKOICKOL)  PYA-
Huka “LipBenn 6per” Ha ABanu of
1987, 3HayajHO je ypajuo Ha OI-
peMamy U cpehuBamy pyngHuKa 3a
usBobeme NpakTUYHE HACTaBe U
YMHIO HAIlope fa PYAHUK YBPCTU
Y KYITYPHO-TEXHOIOIIKY GalITUHY
rpaga beorpapa.

AyTop unmu KooayTop je 79 Hayd-
HUX VM CTPYYHUX PafIOBa, ieBeT Y-
OeHrKa 1 MOHoOrpaduja y usmamy
Pynapcko-reonomkor ¢axynrera y
Beorpapy: Cmabunnocm nodsem-

technical projects about the safety
and ventilation of mines with un-
derground mining exploitation. His
engineering works are present in
almost all mines of underground
exploitation in the former Yugosla-
via and Serbia.

Edited by: Milinko Radosavljevi¢

Nebojsa Vidanovi¢ (Belgrade,
1957 - 2016), graduated engi-
neer of mining, Ph.D. in technical
sciences, full professor at the Uni-
versity of Belgrade, a prominent
expert in the construction of cave
facilities. He graduated from the
Faculty of Mining and Geology of
the University of Belgrade in the
course of Underground Facilities
production in 1983, he obtained
a master’s degree in 1987 and his
doctorate in 1996 on the topic of
Study of the behavior of coal from
the point of view of its destruction
by mechanical means.

He began his university career at
the Faculty of Mining and Geology
in Belgrade immediately after com-
pleting the studies through an assi-
stant election in the course of “Cave
facilities production” He passed all
titles, and was elected as a full-time
professor in 2007. From 2003 to
2009 he served as head of the De-
partment for Underground Explo-
itation of Mineral Deposits and
Underground Facilities, and was
elected as Head of the Department
of Mining and Underground Works
in 2006. As manager of the Faculty
mine of “Red basin” on Avala, since
1987, he has done a significant job
in equipping and arranging the mi-
nes for practical teaching and made
efforts to place the mine into the
cultural and technological heritage
of the city of Belgrade.

He’s the author or co-author of 79
scientific and professional papers,
nine textbooks and monographs
published by the Faculty of Mining
and Geology in Belgrade: Stabili-
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Hux npocmopuja (1992), Ipakmu-
Kym U3 uspaode jamckux npocmopuja
(2002), Ynanpeherve mexnonomkux
npoueca nod3emHe  eKcnI0ama-
Uuje yeroa y HOBOHACMANUM YCIIO-
suma npuspehusarwa (2002) uUTH.
PykoBofuo je mim Kao capagHUK
y4eCcTBOBAaO y u3pajgu 56 crynuja,
HPUBPENHNX IIPOjeKTa U eKCIIepTU-
3a. PykoBomno je McTpakuBamu-
Ma Ha BMIIe HAy4yHUX IpojeKaTa
MuHncrapcTBa IpocBeTe, HayKe U
TEXHOJIOIIKOT Pa3Boja.

Capabusao je ca MucturyToMm 3a
crangappusanujy Cp6uje, 6mo je
IpeficeiHNKa YIpaBHOT opbopa
JaBHOT mpenyseha sa moaseMHy
eKcIIoaTanujy yrba PecaBuia,
IpeficelHNKa YIpaBHOT ofbopa
Pyguuka u ¢dnoraunje ,PysHux”
u opnamheHM HpefcTaBHUK OC-
HuBava y I1]] ,,Kony6apa” Jlasape-
BaIl.

3a Hay4yHe M CTpPy4He JJOIPMHOCE
HOCMJIALl je HeKOJMKO IIPM3Hama,
610 je momucHM WiaH VHxXemepcke
akagemuje Cpouje.

[Mpupenno: Page Tokanuh

Cno6oman UMskoBuh (Jlecroro-
Ba1, 1941 - Beorpan, 2017), oum.
MHX. MaIIHCTBA, JOKTOP TeXHIY-
KX HaykKa, pefjoBHM mpodecop
Yuusepsutera y beorpapy. IIko-
JI0Bao ce'y pofHOM MecTy, hiynpuju
n Comb6opy. Ha Mamunckom ¢a-
kynrety y beorpamy mumnommpao
1965. n Ha mctoM ¢akynTery je
Maructpupao 1977. JJoxTopcky
IucepTanyjy mop HasuBoM Iloys-
0aHOCM  MeXAHUMKUX efleMeHama
OCHOBHUX MO20HA U mpaHcnopma
BTO cucmema opbpanno je Ha Py-
TapCKO-T€ONOIIKOM  (paKynTeTy
Yuusepsureray beorpamy 1980.
O] MEHTOPCTBOM TIpodecopa Ap
Munana Tp6ojesuha. ¥V mepuony
1965-1971. Cnobopman Viskosuh
je paguo y dabpuiu ayromobuma
y Ipubojy xHa Jlumy, satum y Tex-
HIYKOj KoM y JlecoToB1y, rie
je 610 medp MAIIMHCKOT OficeKa a

ty of underground facilities (1992),
Practice for cave building (2002),
Improvement on technological pro-
cesses of underground exploitation
of coal in new conditions of economy
2002). As a leader or an associate,
he participated in the preparation
of 56 studies, business projects and
expertise. He has led research into
several scientific projects of the Mi-
nistry of Education, Science and Te-
chnological Development.

He cooperated with the Institute for
Standardization of Serbia, he was
the Chairman of the Management
Board of the Public Enterprise for
Underground Exploitation of Coal
in Resavica, the President of the Ma-
naging Board of the Rudnik and the
Flotation “Rudnik” and the authori-
zed representative of the founders of
PD “Kolubara” Lazarevac.

He received several awards for
scientific and professional contri-
butions, he was a correspondent
member of the Engineering Aca-
demy of Serbia.

Edited by: Rade Tokali¢

Slobodan Ivkovi¢ (Despotovac,
1941 - Belgrade, 2017), graduated
mechanical engineer, Ph.D. in tech-
nical sciences, full professor at the
University of Belgrade. Studied at
his home town, Cuprija and Som-
bor. He graduated from the Faculty
of Mechanical Engineering in Bel-
grade in 1965 and got his masters
degree from the same faculty in
1977. He defended his doctoral the-
sis titled Reliability of Mechanical
Elements of Basic Operations and
Transportation of the BTO System
at the Faculty of Mining and Geo-
logy at the University of Belgrade in
1980 under the mentorship of Pro-
fessor Milan Trbojevi¢. In the peri-
od of 1965-1971 Slobodan Ivkovi¢
worked at the Priboj on Lim car
factory, then at the Technical Sc-
hool in Despotovac, where he was
the head of the Mechanical Sector
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KacHMje JUPEKTOp. 3a acHUCTEeHTa
Ha Pypmapcko-reonomkoM daky-
TeTy m3abpaH je 1971. rme je pa-
o cBe 1o meH3moHmcamwa 2006.
Y sBame pemoBHOT mpodecopa
610 je nzabpan 1992. 3a HacTaBHe
npefMeTe MaIIMHCKM e1eMeHTH U
OCHOBM KOHCTpyMCala Ha OCHOB-
HUM CTyAMjaMa U 3a pegmere u-
HaMMKa pyflapckux MammHa, Onp-
kaBambe MamyHa u Iloysgmanocr
MallyHa Ha  IOCTAMUIIIOMCKUM
cryoujama. Capabusao je nHa Ma-
muHCKoM dakynTery u TexHomorm-
KO-MeTanypukoM dakynrery y be-
orpazy, Ha DaKynTeTy TEXHUYIKUX
Hayka y Yauky, Ha Pymapcko-re-
onouiko-HapTHOM ~ (aKynTeTy Y
3arpeby. buo je xoayrop Ha BuIie
YHUBEP3UTETCKUX yliOeHmKa: Ma-
IMIMHCKY €/IEMEHT — IIPUPYYHUK
3a Bexxbe ca U3BOJIOM M3 Teoplje,
Pepykropu, MauiHe 3a 6yuierme u
excioaTanyjy Hadre u raca. To-
KOM YHMBeP3UTEeTCKe Kapujepe 610
je med Cmepa 3a MexaHU3ALUjY ¥
PYZapCTBY, IPOJEKaH 32 HACTaBy U
Hay4HM paj, y 4eTUpPYU MaH/aTa 6u-
paH je 3a wiaHa CaBera (akyre-
Ta, y Tpu MaHjara 4iaH CTpy4yHOr
Beha TexHMYKMX Hayka YHMBep-
sureTa y beorpapmy, mpencegHuk
Komucuje 3a nsfaBauky memaTHOCT
¢daxynrera. [lyru Hu3 rogyHa 6110
je MEHTOp y KOMICHjaMa 3a II0/Ia-
rame CTPYYHOT MICIIUTA U3 pyHap-
CKe CTpPYKe, 00/1acT MeXaHu3auuja y
pynmapctBy npu CaBesy MHXemepa
u texunyapa Cp6uje. HactaBun u
HeJArolIKM pajl yCMepPHo je Ka pas-
BOjy M IPUMMEHM TeOopuje OIIITUX
MAIIMHCKMX KOHCTPYKLIMja Ha py-
Japcke MalllMHe, cariefaBajyhm
CBe Crenu(UYHOCTY, 3aXTeBe U
orpaHNyema pygapcke MHAYCTpuje
U MHXXEmhePCTBa Ofp)KaBama TeX-
Huuykux cucrtema. Haywunm pap C.
VBxoBuha ycMepeH je Ka UCTpaxku-
BabJIMa II0Y3[JAHOCTH, YIIPaB/baka
JKUBOTHMM BEKOM, KOHCTPYMCama,
eKCIIJIoaTalije M Ofip>KaBama py-
TApCKMUX MalllHA 1 oIpeMe. AyTop
nau Koayrop je Buiue of 100 Hayy-
HUX U CTPYYHMX pafioBa. Y U3Jamy
Pynapcko-reonomkor ¢axynrera y
Beorpagy ayTop je yubennka Ma-

and later the director. He was ele-
cted as an assistant at the Faculty of
Mining and Geology in 1971 whe-
re he worked until retirement in
2006. He was elected as a full-time
professor in 1992 for the subjects of
Mechanical Elements and Basics of
Construction for Basic Studies and
for subjects such as Dynamics of
Mining Machines, Machine Main-
tenance and Machine Reliability at
Postgraduate Studies. He worked
at the Faculty of Mechanical Engi-
neering and the Faculty of Techno-
logy and Metallurgy in Belgrade, at
the Faculty of Technical Sciences
in Cacak, at the Faculty of Mining
and Geology in Zagreb. He was
a co-author of several university
textbooks: Mechanical Elements
- A Practice Exercise Manual, Re-
ductors, Drilling and Exploitation
Machines for Oil and Gas. During
his university career he was the
Head of the Mechanism for Mining
Machinery Course, Vice Dean for
Teaching and Scientific Work, in
four terms, he was elected a mem-
ber of the Faculty Council, in three
terms, a member of the Council of
Technical Sciences of the Universi-
ty of Belgrade, the Chairman of the
Faculty Publishing Commission.
For many years he was a mentor in
the commissions for professional
examinations in the mining profe-
ssion, field of mechanization in mi-
ning at the Association of Engineers
and Technicians of Serbia. Teaching
and pedagogical work focused on
the development and application
of the theory of general mechani-
cal constructions to mining mac-
hinery, considering all the specifics,
requirements and limitations of the
mining industry and engineering
maintenance of technical systems.
S. Ivkovic’s scientific work is focu-
sed on reliability studies, life-cycle
management, construction, explo-
itation and maintenance of mining
machinery and equipment. He’s the
author or co-author of more than
100 scientific and professional pa-
pers. In the edition of the Faculty
of Mining and Geology in Belgra-
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UWUHCKU efleMeHmu: NPpupy4Hux 3a
sexcoe (1995), monorpaduje Omxa-
3u enemeHAmMa pyoapcKux MauuHa
(1997) u xoaytop MoHOrpaduje
IIpojexmosatve 00paasarwa onpeme
nospuiuHckux xonosa yemwa (2008).
IornucHuk je npeko 80 cTyanja u
npojekarta. Hajsnauajuuju cy: Cry-
Iuja o yHampebemy oppxkaBama
3a PB Komy6apa u Ilpeca 3a Tpu
aKcMja/iHa TeoMeXaHM4Ka WCIIU-
TUBamba Ca IIPEHOCHUM OJHOCOM
Impexo 12 MuinoHa. Y4ecTBOBao je
y 6pojHMM KOMICHjaMa 32 OLieHe,
peBusuje, €KCIepTHU3e U peleH-
suje. buo je unan YnpasHor ogbopa
JyrocmoBeHCKOT IpYIITBa 32 MOTO-
pe u Bo3ua u YrpasHor ofbopa JII
Kocromari.

[Mpupenno: Muour Tanacujesuh

Becemuun Baramosuh (ITeh, 1950
- Beorpap, 2015) gumn. uMHX. py-
TapCTBa, JOKTOp TeXHMYKNX HayKa,
penoBHM Ipodecop YHUBepsuTe-
ta y DBeorpagy, mcrakHyTM uHO-
Barop. llIkonoBao ce y Ilehun. Ha
Pynapcko-reonomkom akynrery
Yuusepsurera y beorpagy gunio-
Mupao je Ha CMepy 3a MalMH-
ctBo 1973, marucrpupao 1987. n
TOKTOPCKY [UCepTallijy ca TeMOM
IToy3zdanocm u odpicasarwe cucme-
MA 34 XUOPAYTUYHU MPAHCHOPM
gnomayujcke janosure ozOpPaHIO
1991.

On 1973. go 1986. paguo je y pya-
HunuMa Kumnuna u Hoso bpmo
Ha VHXEHEePCKUM 3aJaliuMa Of
MOYeTHUYKMX IIOCTIOBa IO TeX-
HIYKOT PYKOBOJMOLIA OfpKaBama
MexaHM3allMje Ha IIOBPIIMHCKOM
kony Kumnnna u y pymHuky Aj-
BaJlija, yIIpaBHUKA LIeHTpaIHe Ma-
IIMHCKe pafiuOHMIe ¥ TeXHUYKOT
IVMpeKTOpa OpraHM3AIVIOHOT [efa
“OppxaBame 1 Tpancmopr. Ha
Pynapcko-reomomkom akynrery
Yuusepsutera y beorpany samoc-
7o ce 1986. Kao acUCTEHT Ha IIpef-
MeTy MalnHcKn efneMeHTH. 3a pe-
moBHor Tpodecopa 6upan je 2002.

de, he is the author of the textbooks
such as Mechanical Elements: Pra-
ctice Manual (1995), monographs
Demissions of Elements of Mining
Machines (1997) and co-author of
the monograph Design of mainte-
nance of surface coal mines (2008).
He’s a signatory of over 80 studies
and projects. The most significant
being: Study on maintenance impro-
vement for RB Kolubara and Press
for three axial geomechanical tests
with a transfer ratio of over 12 mi-
llion. He participated in numerous
commissions for evaluations, re-
visions, expertise and reviews. He
was a member of the Managing Bo-
ard of the Yugoslav Society for Mo-
tors and Vehicles and the Managing
Board of JP Kostolac.

Edited by: Milo$ Tanasijevi¢

Veselin Batalovi¢ (Pe¢, 1950 - Bel-
grade, 2015) graduated engineer of
mining, Ph.D. in technical sciences,
full professor at the University of
Belgrade, an outstanding innova-
tor. Studied in Pe¢. Graduated from
the Faculty of Mining and Geology,
University of Belgrade, in 1973, in
the course of Mechanical Enginee-
ring in 1973, got his Masters degree
in 1987, and defended his doctoral
dissertation on the topic Reliability
and maintenance of the system for
hydraulic transportation of flotation
tailings in 1991.

From 1973 to 1986 he worked in the
mines of Ki$nica and Novo Brdo on
engineering tasks from beginner
jobs to the technical manager of
mechanization maintenance on the
surface of Ki$nica and in the Ajva-
lija mines, manager of the central
machine workshop and technical
director of the organizational se-
ctor “Maintenance and transport”
At the University of Mineralogy
and Geology in Belgrade, he star-
ted working in 1986 as an assistant
in the subject of Mechanical Ele-
ments. He was elected a full-time
professor in 2002. He has been the
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e Karempe 3a omiute MammH-
CTBO U TePMOJMHAMUKY 6110 je off
2011.Y nsgamy Pymapcko-reomnom-
KoT (aKy/niTeTa ayTop je yHMBep3u-
TeTCKUX yibeHuka Xuodpaynuuke u
nHeymamcke Mawiune y pyoapcmey
(1995), Mawune u ypehaju y py-
dapcmey Hagpme u eaca (2001), Ma-
wiuHe u ypehaju 3a 6ywere u on-
pemarve HAPMHUX U 2acHUX 6yui0-
muna (2011) n monorpaduje Xu-
OpaynuuKy mMpaHcnopm uspcmux
mamepujana (2006). Kao ayrop
MU KOAyTOP 00jaBHO je IPeKo CTO
HAayYHNUX U CTPYYHUX PajioBa, IIO
3Ha4ajy uspnBajajy ce: Erosive Wear
Model of Slurry Pump u Impeller
Slurry Pump Impeller Wear: Testing,
Journal of Tribology-Transactions
of the ASME (Vol.132, No. 2, 2010)
u Centrifugal separator, the new
technical solution, application in
mineral processing, International
Journal of Mineral Processing (Vol.
100, No. 3-4,2011).

buo je mocBehen nHOBaIOHO] He-
natHocT. Ha Ttaxmudemy 2006.
3a Haj00/by TEXHOJONIKY MHOBA-
ujy MMHUCTapcTBa 3a HayKy U
TEeXHOJIOIIKM Pa3Boj, TUM KOju je
IIpeIBOJVIO OCBOjUO je 2. MeCcTo
3a MHOBAIMOHO [IeNo ,,MoOWIHN
ypebaj 3a cemapaumjy mnppaBux
¢nynna CEII-180/3“ PykoBopuo
je MMM y4ecTBOBAO Kao CapajjHMK
y M3pajM IpojeKaTa UM TeXHUUKe
TOKyMeHTaluje 3a morpebe Bulle
pynuuka y Cpouju.

Bumectpyku je maypear crenujan-
HNUX IIpU3Hamba 3a pPasBOj HOBUX
IIpOM3BOJa ¥ TEXHOJIOTHja Ha caj-
MOBMMa IIPOHAJIAa3aIITBa. 3a Hay4-
He U CTpy4He JOIpPUHOCE HOCUIAL]
je HEeKO/MKO ITpU3HaMbA.

[Mpupenno: dejau Visesuh

Head of the Department of General
Mechanics and Thermodynamics
since 2011. In the edition of the Fa-
culty of Mining and Geology, he is
the author of university textbooks
such as Hydraulic and pneumatic
machinery in mining (1995), Mac-
hinery and equipment in oil and gas
mining (2001), Machines and devi-
ces for drilling and equipping oil and
gas holes (2011) and a monography
Hydraulic transport of solid mate-
rials (2006). As author or co-author
he published over a hundred scien-
tific and professional papers, with
the following standing out: Erosive
Wear Model of Slurry Pump and Im-
peller Slurry Pump Impeller Wear:
Testing, Journal of Tribology-Tran-
sactions of the ASME (Vol.132, No.
2, 2010) and Centrifugal separator,
the new technical solution, applicati-
on in mineral processing, Internati-
onal Journal of Mineral Processing
(Vol. 100, No. 3-4,2011).

He was dedicated to innovative
activities. At the 2006 competition
for the best technological innova-
tion of the Ministry of Science and
Technological Development, the
team he led won 2nd place for the-
ir innovative work “Mobile Device
for the Separation of Dirty Fluids
SEP-180/3”. He has led or partici-
pated as an associate in drafting
projects and technical documenta-
tion for the needs of several mines
in Serbia.

He is a multiple laureate of special
awards for the development of new
products and technologies at inven-
tion fairs. He received several awar-
ds for scientific and professional
contributions.

Edited by: Dejan Ivezi¢
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Joan IlejumnoBuh (Kpymesnia,
1937 - Beorpag, 2014), AUIUL. MHX.
pyZapcTBa, p TEXHMYKMX HayKa,
penoBHM ITpodecop YHUBepsuTeTa
y Beorpany, crpyumak 3a BeHTWU/Ia-
LUjy PySHMKA ¥ 3alITUTY Ha pajy.
Ixonosao ce y Kpymesuru, Knt-
HoM ITotoky u bopy. Ha Pygmapcko
- TeONOMKOM (aKyITeTy YHUBep-
suteTa y beorpapy gumnmomuapo je
1961, marucrpupao 1978, a pok-
topupao 1991. ma Temn Jonpuroc
usyuaeary 6eHmunayuje Komop-
HUX 01KONA NPUMEHOM Mernooe Xu-
Opomodenuparea Ha npumepy 0mxo-
na pyonuxa “Ipenua” Cmapu Tpe.
YcappmaBo ce u creumjanusyupao
y MHCTUTYTHMa U Ha (QaKyITeTH-
Ma y Eceny un boxymy Hemauka, y
CCCP-y y acturyry CKOUMHCKI
Mocksa, VIHCTUTYTY 3a BeHTUIA-
uujy Kpusn Por u Pygapckom yun-
Bepautery y Jlewunrpapy. Cry-
mujckn je 6opasmo y IlIBemckoj,
MInannju, ®unckoj, ITomckoj, Ka-
Hagu, CAJl, Ayctpanuju UTH,.

Ilo s3aBpuIeHOj CpefmOj TeXHUU-
KOj IIKOJIM PaJiMo je y PyAHULMMA
yrmpa ,Pembac” PecaBuua, mospe-
MEHO M Y TOKY CTyAuja. Y pyfHHU-
Ky ,Ipemuya“ — Crapu Tpr pazmo
je Kao MHXemep 332 BEHTWIALUjy 1
yIpaBHUK jaMCKOTr IoroHa 1960-
1964. Y pypuniuma ,KomaoHuk“
- Jlemax ,,beno bppo“ u ,,lpnarn
6110 je TeXHUYKM JUPEKTOp U [U-
pekTop pymHuKa 1964 - 1971. Op
1971. mo 1992. paguo je y Pymap-
CKOM HMHCTUTYTy beorpap y 3a-
BOJla 32 BEHTWIALWjy M TEXHUYKY
3amtuty, 6mo je mwed Ipyme sa
BEHTW/IALM)y PYIHUKA, YIPAaBHUK,
3aMeHNuK pupexkTopa JHcTMTyTa
U IMPEKTOp HaydHOT pasBoja. Of
1992. o omracka y nensuje 2002.
pazpuo je Ha Pymapcko-reonomxkom
¢daxynrery y Beorpany, kao BaH-
penHu u pefoBHU mpodecop. buo
je med Katenpe 3a BeHTHIALM]Y U
TeXHUYKY 3aIITUTY.

AyTop MM KOayTop je 3HadajHOTr
6poja HayYyHMX ¥ CTPYYHMX pajo-
Ba. Y uspamy Pygapcko-reomomkor
¢dakynTeta KoayTop je yibeHMKa
Oosodwasare pyoHuxa. PykoBo-
IMO je MM Y4ecTBOBAO y M3pajyu

Jovan Pejc¢inovie (Krusevica, 1937 -
Belgrade, 2014), graduated engineer
of mining, Ph.D. in technical scien-
ces, full professor at the University
of Belgrade, Expert in Mine Venti-
lation and Occupational Safety, was
educated in Krugevica, Zitni Potok,
and Bor. He graduated from Mining
and Geological Faculty of Universi-
ty of Belgrade in 1961, received his
master’s degree 1978, and defended
his doctoral dissertation in 1991 on
the topic Contribution to the study of
ventilation of chamber digging using
the hydro-modeling method for the
excavation of the mine “Trepca” Stari
Trg. He specialized at the institutes
and faculties in Essen and Bochum,
Germany, at the Skochinski Insti-
tute, Moscow, the USSR, Ventilati-
on Institute Krivi Rog, and Mining
University in Leningrad. He resided
for researching purposes in Sweden,
Spain, Finland, Poland, Canada,
USA, Australia, etc.

After completing the Secondary
Technical School, he worked in the
coal mines “Rembas” Resavica, oc-
casionally during the course of his
studies. In the mine “Trepéa” - Stari
Trg, he worked as a ventilation en-
gineer and underground mining
manager from 1960 to 1964. In the
mines “Kopaonik” - Le$ak “Belo
Brdo” and “Crnac’, he was the te-
chnical director and mine director
from 1964 to 1971. In the period
from 1971 to 1992, he worked at
Directorate for ventilation and te-
chnical protection of Mining Insti-
tute in Belgrade, he was the head of
the Group for mine ventilation, the
manager, the deputy director of the
Institute and the director of scien-
tific development. From 1992 until
his retirement in 2002, he worked
at Mining and Geological Faculty
in Belgrade, as a part-time and full
professor. He was the Head of the
Department of Ventilation and Te-
chnical Protection.

Jovan Pejéinovie is the author or
co-author is a significant number of
scientific and professional papers.
He is the co-author of the textbook
Mine Drainage published by Facul-
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oko 170 mpojekara u emabopara
U3 BeHTWIALMje, OfiBOAMbaBama I
3aITUTe Ha pajly y PySHMULUMA.
KoayTop je marenTa ,,JI3omanuonn
caMOoCIacHyaIl ca cabMjeHNM Kice-
OHVKOM".

bno je cexperap JyrocmoBeHc-
KOI' KOMMTETa 3a CUTYPHOCT IpHU
CaBesy MHXemepa 1 TexXHUdYapa
JyrocnaBuje, umaH HaydHor Beha
Pymapckor muctutyTa beorpan u
PemaKIMjCKUX KOJIeTHjyMa JacoIm-
ca ,I[logseMHu pagoBu“ y usgamy
Pynapcko-reonomkor — ¢axynarera
Beorpag u ,Ecologica“ y uspamy
Cases nHxemepa 1 Texundapa Cp-
Ouje.

[Mpupenno: Anexcanpap Llsejuh

JoBo ITaBnuia (Toptwa Ilnoua, Ipa-
yal, XpBarcka, 1937 - beorpap,
2016.), oUIUI. MHX. PYLapcTBa, AP
TEeXHMYKUX HAyKa, PEJOBHM IIPO-
¢decop Yuusepsurera y Beorpapy,
CTPY4mbaK 3a IPUIPEMY MUHepas-
Hux cuposuHa. IlIxomosao ce y
3emyny. [umnnomupao je 1961. Ha
Pynapcko-reomomkom Qakyntery
y Yumsepsutera y Beorpagmy Ha
Karegpy sa mpumpemy MuHepain-
HUX cUpoBMHA. Maructpupao je
1974. Ha YauBepsureTy MuHecora,
Muneanonuc CAJl, a gokTopupao
1983. Ha MaT4HOM (PAKyITETy Ha
TeMu Yimuyaj gepo jona Ha Oenpu-
mupawe cdanepuma HAMPUjyMm-
UUJAHUOOM.

ITocne saBpuieHMX CTyfAuja, Kao
CTUIIEHINCTA, pajguo je y Pymap-
CKO-TOMMOHNYApCKOM 6aseHy Bop
y ®notauuju, opakne onjgasyM Ha
nocneguiioMcke cryauje y CAJL
Ilo noBpatky y 3em/by pagu y VH-
cTuTyT 3a 6akap y bopy. Centembpa
1975. u3abpaH je 3a acUCTeHTa Ha
Karempu sa npunpeMy MuHepanaHux
CHpOBMHA ¥ TOYMIbE [a pajiM Ha
Pymapcko-reonomkom  akynrery
Yuusepsutera y beorpany. Ilpommao
je cBa M3OOpHA 3Bama, 3a PEJOBHOT

ty of Mining and Geology. He led
or participated in the development
of about 170 projects and studies in
the field of ventilation, drainage and
occupational safety in mines. He is
the co-author of the “Self-contained
breathing apparatus with compres-
sed oxygen” patent.

He was the secretary of the Yugo-
slav Security Committee of the Uni-
on of Engineers and Technicians of
Yugoslavia, a member of the Scien-
tific Council of Mining Institute of
Belgrade and the editorial boards
of “Underground Works” magazine
published by Faculty of Mining and
Geology in Belgrade and “Ecologi-
ca” published by the Union of Engi-
neers and Technicians of Serbia.

Edited by: Aleksandar Cveji¢

Jovo Pavlica (Gornja Plo¢a, Gracac,
Croatia, 1937 - Belgrade, 2016), gra-
duated engineer of mining, Ph.D. in
technical sciences, full professor at
the University of Belgrade, expert
for the mineral processing. Studied
in Zemun. He graduated in 1961 at
the Faculty of Mining and Geology
at the University of Belgrade at the
Department of mineral processing.
He got his masters degree in 1974
at the University of Minnesota, Mi-
nneapolis, USA. . He defended his
doctoral dissertation about surface
mining titled The effect of ferro-ion
on the deposition of sfalerite with so-
dium cyanide in 1983 at the Faculty
of Mining and Geology of the Uni-
versity of Belgrade.

After completing his studies, as a sc-
holarship holder, he worked at the
Mining and Smelting Pool Bor, in
Flotation, from where he went to
postgraduate studies in the United
States. Upon returning to the country
he worked at the Copper Institute in
Bor. In September 1975, he was ele-
cted as an assistant at the Department
of Preparation of Mineral Resources
and started working at the Faculty of
Mining and Geology of the Universi-
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npodecopa 6upaH je 1996. [Ip>xao je
HacraBy Ha CMepy 3a IpUIpeMy MMU-
HepaJIHMX CUPOBMHA U3 IIpefMeTa:
VHpycTpujcka MpUMeHa IpUIpeMe
MMHEpaTHNX cupoBuHa u IIpojek-
TOBambe IIOCTPOjerba 3a MPUIIPEMY
MMHEpaTHIX CUPOBMHA. [Ipykao je u
HactaBy Ha CMepy 3a MCTpa)KUBarba
JIOKMIITa MUHEPATHUX CHPOBUHA
MaTuyuHor (akynrera n Ha TexHo-
JIOIIKO-MeTATyPIIKOM (HDaKynTeTy y
beorpapy.

Kao HacraBHMK 6mo je mocBehen
pafly ca CTy[leHTVMa, y4eCTBOBAO je
y IIKOJIOBakby BUILIE TeHepaliija NH-
Kewmepa Y 00/1acTy MpuIpeMe Mu-
HepaJIHNX CHPOBJHA, PYKOBOZNO je
VIV TIOMArao y Uspajy JUIUIOMCKIX
pajioBa, HEKOIMKO MArMCTapcKux
Te3a U JOKTOPCKYX JiYCepTaIja.
AyTop nnu koayTop je Beher 6poja
HAay4YHUX ¥ CTPYYHMX pajioBa U
BUIIE  Pa3BOjHO-UCTPAKUBAYKUX
U HAay4yHUX IIpojeKata (MHAHCU-
PaHNUX Off CTpaHe MMHICTapCTaBa
Peny6nuke Cpb6uje. PyxoBopno je
WIN je y4eCTBOBAO Y uspapu 6poj-
HIUX CTyJUja U IIpojeKaTa 3a IoTpe-
6e cprcke pymapcke mpuspefe. Y
Peny6muuu Bypjaruja (Pycka Oe-
mepanyja) pagno je 1993,y Bpasuny
Ha HUCTpaXuBamyMa MoryhHocTu
nosehama nckopninhemwa 3nara us
KOHIIEHTpPaTa Pajiuo je IOBPEeMEHO
1997-2000. Ilensmonmucan je 2002.

[Ipupenune:
Hapgexpga Rannh u Jacmuua Hemko-
Buh

Pagusoj IIBermhanun (Mure-
tuheso, 1929 - Beorpag, 2017),
IMIUL. MHXX. Teosoruje, Ap Teo-
JIOIIKUX HaykKa, pefoBHM Hpode-
cop Yumsepsutera y beorpapy.
[IIkonoBao ce y pofHOM MeCTy U
3pewanuny. Cryamje reonoruje
3aBpIINo je Ha Pypmapcko-reomnom-
KoM (akynTeTy YHUBep3uTeTa y
beorpamy 1955. JIoKTOpcKy an-
cepTaumjy ca TeMOM JypcKu yerpo-
HOCHU MepeHU UCMOYHEe U jy20ouc-
moune Cpbuje ombpanuo je 1963.
Ha MaTu4YHOM (aKynTeTy mpef

ty of Belgrade. He passed all elective
titles, and was elected a full-time pro-
fessor in 1996. He held a lecture for
the course of Preparation of Mineral
Resources in the subject of: Industrial
application of mineral raw materials
preparation and Design of plants for
mineral processing. He also held a
lecture at the Faculty of Technology
and Metallurgy in Belgrade, on the
subject of Research of raw minerals
deposits.

As a teacher he was dedicated to wor-
king with students, he participated in
the education of several generations
of engineers in the field of mineral
raw materials preparation, managed
or assisted in the preparation of gra-
duate papers, several master theses
and doctoral dissertations.

Author or co-author of a number
of scientific and professional papers
and several development, research
and scientific projects financed by
the Ministries of the Republic of
Serbia. He has led or participated
in the preparation of numerous
studies and projects for the needs
of the Serbian mining economy.
In the Republic of Burjatija (the
Russian Federation), he worked in
1993, and in Brazil, on the research
of possibility of increasing the utili-
zation of gold from the concentrate,
he worked occasionally from 1997
to 2000. He was retired in 2002.

Edited by:
Nadezda Cali¢ & Jasmina Neskovié

Radivoj Cveti¢anin (Mileti¢evo,
1929 - Belgrade, 2017), graduated
engineer of geology, Ph.D. of geo-
logical sciences, full professor at the
University of Belgrade. He studied
at his home town and Zrenjanin. He
completed his studies of geology at
the Faculty of Mining and Geology
at the University of Belgrade in 1955.
He defended his doctoral dissertation
about surface mining titled Jurassic
Coal Territories of Eastern and Sout-
heastern Serbia in 1963 at the Faculty
of Mining and Geology of the Univer-
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komucujom: C. Jaukosuh, b. Mu-
nosanosuh u ®. Oxerosuh. Cre-
I[MjaIM3Upao U yCcaBpILIaBao ce y
Pynapckom unctuTyTy y Eceny y
CP Hemaukoj 1 MocKOBCKOM Ap-
JKaBHOM T€OJIOIIKOM MHCTUTYTY
CCCP.

[Tocne 3aBpuIeHMX CTyAUja Pagyo
je y 3aBomy 3a reosnolka, reou-
3MYKa M pyHAapcKa UCTPaXkKMBamba
HP Cpbuje, y Onememwy 3a ucmu-
TuBame yrbeBa. Ca msbopom 3a
acuUcTeHTa Ipenasu Ha Pymap-
cko-reoyomky Qakynrer y beo-
rpany 1960. [Tpomrao je cBa nsbop-
Ha 3Bama, 3a peffoBHOTr podecopa
6upat je 1970. OcuM HaCTaBHUX U
UCTPpaXMBAYKMX 3ajaTaka 1 oba-
Besa Ha MaTUYHOM (QaKyITeTy,
obaBpao je QyHKUMjy mpomeka-
Ha (1971-1973) u pnexana (1973
- 1977). Ipxao je mpepaBarma Ha
MHCTUTYTUMA U BaKyITeTVMa BaH
3eM/be M JIONPUHEO YHampebemy
MebyHaponHe capapme. IleHsuo-
HMCaH je 1994.

Hayuyna m yxa cTpy4yHa penar-
HocT P. IIBeTnhannna BasaHa je 3a
UCIUTUBaba YI/beBa, (alyjamHy
aHanmm3y u meTporpadcka mcnu-
TUBaba jyPCKNUX YITbOHOCHMX 6a-
ceHa (QOPMUPAHUX Y HapascKuM
TPeCeTHUM MoYBapaMa JCTOYHe
u jyroucroune Cpbuje (Jobpa Ha
IynaBy, Jepma, Bpmka Yyka, Cra-
pa mranuHa, Mupou, O6pangose
Cronuue). 3axBampyjyhu casHamu-
Ma OBMX UCTpaKMBama AepUHU-
cao je kmacuukaiyjy KaMeHUX
yIJbeBa UCTOYHE M jyrOMCTOYHE
Cpbuje. 3HayajHe HOIpPUHOCE a0
je M y MCTpakMBamuMa TreHese
yrpoHocHMx 6GaceHa Cpbuje, re-
onouke rpahe u xBamuTeTa yripe-
Ba borosunckor, IlmeBabckor u
Hypbesnukor 6acena. Cemampe-
ceTux ropguHa XX Beka, Kao 4lIaH
MebhynapogHor komureTa 3a Ie-
TPOJNOTUjy YI/beBa, Y4eCTBOBAO
je y mepuHucamy knacuduxannje
KaMeHuX yrbeBa. PykoBopmo je
WIN je Kao 4IaH TUMa Y4ecTBO-
Bao 3a M3pafy OpOjHUX CTyAUja U
IpojeKkaTa O FeoJIOIIKMUM KapaKTe-
PUCTHKAMA, CTPYKTYPHOM CKIIOITY,
KBaJIMTETy ¥ pe3epBaMa T'OTOBO

sity of Belgrade before the commissi-
on which composed of the following
professors S. Jankovi¢, B. Milovanovi¢
i E Ozegovi¢. Specialized and advan-
ced in the Mining Institute in Essen
in the Federal Republic of Germany
and the Moscow State Geological In-
stitute of the USSR.

After completing his studies, he wor-
ked at the Department of Geological,
Geophysical and Mining Research
of NR Serbia, in the Department for
Coal Testing. With the election for
an assistant, he moved to the Faculty
of Mining and Geology in Belgrade
in 1960. He passed all the elective
titles, and was elected as a full-time
professor in 1970. In addition to te-
aching and research tasks and duties
at the Faculty, he performed the fun-
ction of Subdean (1971-1973) and
Dean 1973 - 1977). He held lectures
at institutes and faculties outside the
country and contributed to the im-
provement of international coopera-
tion. He retired in 1994.

Scientific and narrow professional
activity of R. Cveti¢anin is conne-
cted to the research of coal, facial
analysis and petrographic inve-
stigations of the Jurassic coal ba-
sins formed in the paralymic peat
swamps of eastern and southea-
stern Serbia (Dobra on the Danube,
Jerma, Vrika Cuka, Stara Planina,
Miro¢, Obradove Stolice). Thanks
to the findings of this research, he
defined the classification of stone
coal of eastern and southeastern
Serbia. Significant contributions
have been made in the research of
the genesis of Serbia’s coal basins,
geological structures and quality of
coal of the Bogovinski, Pljevaljski
and Djurdjevi¢ basins. In the 70’s of
the twentieth century, as a member
of the International Committee for
Coal Petrology, he participated in
defining the classification of coal
stones. He led or has been a mem-
ber of the team that participated in
the preparation of numerous stu-
dies and projects on geological cha-
racteristics, structural sets, quality
and reserves of almost all of the im-
portant coal basins of Yugoslavia.
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CBUIX 3HAYajHUjUX YI/BOHOCHUX Oa-
ceHa Jyrocnasuje.

AyTtop mnu koaytop je oko 130
Hay4YHMX ¥ CTPYYHUX pajJioBa U3
obmacty reojoruje 1 meTPONOruje
yrbeBa. Y mspgamy Pymapcko-reo-
nomkor ¢axynrera beorpap ay-
TOp je yubeHuka leonozuja yemwesa
(1963, II gomymweno usgamwe 1971).
PykoBoamo je mspasom mmu 610
YJIaH KOMIICHja 3a OLleHYy U ofibpa-
HY OpOjHMX IUIUIOMCKUX PajoBa,
MarucTapCKMUX Te3a M JOKTOPCKUX
JucepTanuja.

3a pesynTare ByrorofuIImber paja,
Ipencepguumrso CPP] ognukosa-
7o ra je 1981. OppmeHoMm paja ca
3maTHUM BeHneM. Hocuman je u
BlIIE IPYIMX NPU3HAIba 32 Hay4-
He U CTpy4He jionpuHoce. buo je
YIaH HeKomuko goMahux u meby-
HapOJIHMX HAyYHUX M CTPYIHUX
aconujanyja u ygpysKema.

[pupennna: Iparana JKusotuh

Bnagumup VisanoBuh (Beorpaxn,
1937 - Aycrpanmja, 2016), aumL.
UHX. PYJApPCTBa, P TeXHUYKUX Ha-
yka. IlIkonoBao ce y pogHOM rpapy,
a CTyjuje py#sapcTBa 3appumo 1962.
Ha YHuBepsurery y 3arpe6y. Ha Py-
TapCKO-Te0NoMKOM (BaKynTeTy YHU-
BepsuTeTa y beorpamy marmcrpm-
pao je 1996, a noxropupao 2000. Ha
memu Vcmpaxusarwe pusuxa paoa
00 WMEMHOCU HA NOBPUAUHCKUM
KONOBUMA JIeXUUMa pyoa memana.

Op  punyommpama o Ofjiacka y
neHsujy 2001. pagmo je y Pymapckom
UMHCTUTYTY y beorpapy, xao crpyd-
HJ ¥ BUIIM CTPYYHM CApafiHUK, Kao
IJIaBHU VHXKerep, Ied TpyIe 1 Ha-
YeTHMK 3aBOfa 32 TEPMOTEXHMUKY,
BEeHTWIALVjy ¥ 3aIUTUTy CPEMHE.
Paguio je Ha uspagu crymuja, mpoje-
KaTa U enabopara M3 BeHTWIALHje,
TEXHNYKE 3aLITUTE Off arpecHBHOT
TenoBama M eKCIIO3MBHOCTU IIpa-
IIVHE Y PySHULIMMA U TTOCTPOjerbN-
Ma 3a IPUITPeMy MIHEPATHNX CUPO-
BIUHA, HAa KaTeropMsalyji pPyJHMKA
IIpeMa MeTaHy, arpecHBHOj MMHe-
PalHO] M EKCIUIO3MBHO] YIJbEHO]

He’s the author or co-author of abo-
ut 130 scientific and expert papers
in the field of geology and petrology
of coal. In the edition of the Faculty
of Mining and Geology, University
of Belgrade, he is the author of the
textbook on Geology of coal (1963,
II supplementary edition, 1971). He
led the project or was a member of
the commission for the assessment
and defense of numerous graduate
papers, master theses and doctoral
dissertations.

For the results of many years of
work, the Presidency of the SFR]
honored him in 1981. with the Or-
der of Work with a golden wreath.
He is also the holder of several ot-
her awards for scientific and pro-
fessional contributions. He was a
member of several domestic and
international scientific and profes-
sional associations and affiliations.

Edited by: Dragana Zivoti¢

Vladimir Ivanovi¢ (Belgrade
1937 - Australia 2016), gradua-
ted engineer of mining, Ph.D. in
technical sciences. After comple-
ting school in his home town, he
studied mining at Zagreb Univer-
sity, where he graduated in 1962.
At the Faculty of Mining and
Geology of Belgrade University
he obtained his M.Sc. in 1996,
and a PhD in 2000 on the topic
of Risk Research on Hazards on
the surface mines of metal ore de-
posits. Since his graduation until
his retirement in 2001, he worked
at the Mining Institute Belgrade
in the following positions: expert
associate, senior expert associa-
te, chief engineer, the head of the
group and head of the Depar-
tment for thermotechnics, venti-
lation and environmental prote-
ction. He worked on studies, pro-
jects, and proposals concerning
ventilation, technical protection
against aggressive effects and
explosivity of dust in mines and
mineral processing facilities, and
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HpaIIYHA. YYecTBOBAO je Y U3paiu
ITaHOBa OfOpaHe U CIacaBamba, ca-
Halje PyJHWYKNX [0XKapa, OTIIpa-
IIVBakba PajiHe CPeyiHe, TePEHCKIX
Mepera 1 oOpajie IMOfaTaka Me-
pemba. AyTOp WIN KOayTop je Buile
op 50 CTpyYHUX M Hay4HMX PajioBa
00jaB/beHNX Y 3eM/BM ¥ MHOCTPAH-
cTBY. PyKOBOAMO je Wi y4ecTBOBao
Ka0 CapajHUK Y HCTPOKMBAbIMA
BIILIE HAYYHVIX IPOjeKaTa 13 3allTH-
Te 1 6e30eMHOCTI Ha paay Y pyAHU-
Ma.

[Tpupenno: Henap Pagocaspesuh

categorization of mines accor-
ding to methane, aggressive mi-
neral and explosive coal dust. He
developed plans for defense and
rescue, fire damage restoration,
de-dusting, terrain measurement,
and terrain measurement data
processing. He was the author or
co-author of 50 scientific papers
published at home and abroad.
He participated in or steered a
number of scientific projects on
mining protection and safety.

Edited by: Nenad Radosavljevi¢
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